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PREFACE

Cancer:	Principles	&	Practice	of	Oncology	is	back	again	in	its	11th	edition	36	years	after	the	publication	of	the
first	edition	in	1982,	or	a	new	edition	about	every	3.5	years.	It	remains	the	most	popular	cancer	text	in	the	world
and	the	only	cancer	text	that	is	both	online	and	continuously	updated	online.

Each	 new	 edition	 provides	 the	 opportunity	 for	 the	 editors	 to	 mix	 and	 match	 chapter	 authors	 to	 adjust	 the
content	of	the	text	to	changing	times.	Indeed,	we	change	about	a	third	of	the	authors	with	every	edition,	and	we
are	grateful	to	the	many	physicians	and	scientists	who	have	contributed	and	made	the	book	what	it	is	today.

The	 rate	 of	 change	 of	 scientific	 discovery	 continues	 to	 be	 breathtaking	 and	 matched	 by	 the	 impressive
reduction	 of	 time	 between	 discovery	 and	 application,	 although	 clinical	 trials	 remain	 the	 rate-limiting	 step	 in
getting	discoveries	to	the	bedside.	The	online	updates	prepared	by	experts	selected	by	the	editors	and	imbedded	in
the	text	in	each	chapter	will	continue	to	keep	each	edition	fresh.

Since	the	10th	edition,	the	field	of	immunotherapy	has	literally	exploded,	and	there	is	hardly	a	tumor	type	that
is	 not	 amenable	 to	 some	 type	 of	manipulation	 of	 the	 immune	 system.	These	 changes	 are	 reflected	 in	 the	 new
edition,	not	only	in	the	disease-related	chapters	but	also	in	new	chapters	summarizing	the	scientific	basis	of	the
new	immunotherapies	and	the	many	new	immunotherapy	agents	available	and	in	development.	Integrating	all	the
new	approaches	to	the	management	of	cancer	is	the	challenge	of	the	future.

Textbooks	remain	unique	in	that	unlike	scientific	papers,	they	present	each	new	advance	in	the	context	of	what
has	come	before;	they	remain	the	ideal	way	for	physicians	to	refresh	their	knowledge	of	the	field	and	laboratory
scientists	to	put	their	discoveries	in	proper	perspective.

PPO,	 as	 it	 is	 commonly	 known,	was	 unique	 in	 the	 field	when	 it	was	 first	 published	 in	 1982,	 and,	with	 the
changes	 in	 format,	 authors,	 content,	 and	 presentation,	 it	 remains	 a	 unique	 resource	 for	 all	 providers	 in	 cancer
medicine.

Vincent	T.	DeVita	Jr.,	MD
Theodore	S.	Lawrence,	MD,	PhD
Steven	A.	Rosenberg,	MD,	PhD
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PART	I

Molecular	Biology	of	Cancer



1 The	Cancer	Genome
Yardena	Samuels,	Alberto	Bardelli,	Yochai	Wolf,	and	Carlos	López-Otin

INTRODUCTION
There	 is	 a	 broad	 consensus	 that	 cancer	 is,	 in	 essence,	 a	 genetic	 disease	 and	 that	 accumulation	 of	 molecular
alterations	in	the	genome	of	somatic	cells	is	the	basis	of	cancer	progression	(Fig.	1.1).1	In	the	past	10	years,	the
availability	 of	 the	 human	 genome	 sequence	 and	 progress	 in	 DNA	 sequencing	 technologies	 has	 dramatically
improved	knowledge	of	this	disease.	These	new	insights	are	transforming	the	field	of	oncology	at	multiple	levels:

1.	 The	genomic	maps	are	redesigning	the	tumor	taxonomy	by	moving	it	from	a	histologic-	to	a	genetic-based
level.

2.	 The	success	of	cancer	drugs	designed	to	target	the	molecular	alterations	underlying	tumorigenesis	has	proven
that	somatic	genetic	alterations	are	legitimate	targets	for	therapy.

3.	 Tumor	genotyping	is	helping	clinicians	individualize	treatments	by	matching	patients	with	the	best	treatment
for	their	tumors.

4.	 Tumor-specific	DNA	alterations	represent	highly	sensitive	biomarkers	for	disease	detection	and	monitoring.
5.	 Finally,	the	ongoing	analyses	of	multiple	cancer	genomes	will	identify	additional	targets,	whose

pharmacologic	exploitation	will	undoubtedly	result	in	new	therapeutic	approaches.

This	chapter	reviews	the	progress	that	has	been	made	in	understanding	the	genetic	basis	of	sporadic	cancers.
An	emphasis	is	placed	on	an	introduction	to	novel	integrated	genomic	approaches	that	allow	a	comprehensive	and
systematic	 evaluation	 of	 genetic	 alterations	 that	 occur	 during	 the	 progression	 of	 cancer.	 Using	 these	 powerful
tools,	cancer	research,	diagnosis,	and	treatment	are	poised	for	a	transformation	in	the	next	years.

CANCER	GENES	AND	THEIR	MUTATIONS
Cancer	 genes	 are	 broadly	 grouped	 into	 oncogenes	 and	 tumor	 suppressor	 genes.	 Using	 a	 classical	 analogy,
oncogenes	can	be	compared	 to	 a	 car	 accelerator	 so	 that	 a	mutation	 in	 an	oncogene	would	be	 the	equivalent	of
having	 the	accelerator	continuously	pressed.2	Tumor	 suppressor	 genes,	 in	 contrast,	 act	 as	 brakes2	 so	 that	when
they	 are	 not	 mutated,	 they	 function	 to	 inhibit	 tumorigenesis.	 Oncogene	 and	 tumor	 suppressor	 genes	 may	 be
classified	by	the	nature	of	their	somatic	mutations	in	tumors.	Mutations	in	oncogenes	typically	occur	at	specific
hotspots,	 often	 affecting	 the	 same	 codon	or	 clustered	 at	 neighboring	 codons	 in	 different	 tumors.1	 Furthermore,
mutations	in	oncogenes	are	almost	always	missense,	and	the	mutations	usually	affect	only	one	allele,	making	them
heterozygous.	In	contrast,	tumor	suppressor	genes	are	usually	mutated	throughout	the	gene;	a	large	number	of	the
mutations	 may	 truncate	 the	 encoded	 protein	 and	 generally	 affect	 both	 alleles,	 causing	 loss	 of	 heterozygosity
(LOH).	Major	 types	 of	 somatic	 mutations	 present	 in	 malignant	 tumors	 include	 nucleotide	 substitutions,	 small
insertions	and	deletions	(indels),	chromosomal	rearrangements,	and	copy	number	alterations.

IDENTIFICATION	OF	CANCER	GENES
The	 completion	 of	 the	Human	Genome	 Project	marked	 a	 new	 era	 in	 biomedical	 sciences.3	Knowledge	 of	 the
sequence	and	organization	of	the	human	genome	now	allows	for	the	systematic	analysis	of	the	genetic	alterations
underlying	 the	origin	 and	evolution	of	 tumors.	Before	 elucidation	of	 the	human	genome,	 several	 cancer	genes,
such	as	KRAS,	TP53,	and	APC,	were	successfully	discovered	using	approaches	based	on	an	oncovirus	analysis,
linkage	studies,	LOH,	and	cytogenetics.4,5	The	first	curated	version	of	the	Human	Genome	Project	was	released	in



20043	 and	 provided	 a	 sequence-based	map	 of	 the	 normal	 human	 genome.	 This	 information,	 together	with	 the
construction	 of	 the	 HapMap,	 which	 contains	 single	 nucleotide	 polymorphisms,	 and	 the	 underlying	 genomic
structure	 of	 natural	 human	 genomic	 variation,6,7	 allowed	 an	 extraordinary	 throughput	 in	 cataloging	 somatic
mutations	in	cancer.	These	projects	now	offer	an	unprecedented	opportunity:	the	identification	of	all	the	genetic
changes	associated	with	a	human	cancer.	For	 the	first	 time,	 this	ambitious	goal	 is	within	reach	of	 the	scientific
community.	Already,	a	number	of	studies	have	demonstrated	the	usefulness	of	strategies	aimed	at	the	systematic
identification	of	somatic	mutations	associated	with	cancer	progression.	Notably,	the	Human	Genome	Project,	the
HapMap	project,	 as	well	 as	 the	candidate	and	 family	gene	approaches	 (described	 in	 the	 following	paragraphs),
utilized	capillary-based	DNA	sequencing	(first-generation	sequencing,	also	known	as	Sanger	sequencing).8	Figure
1.2	 clearly	 illustrates	 the	 developments	 in	 the	 search	 of	 cancer	 genes,	 its	 increased	 pace,	 as	 well	 as	 the	most
relevant	findings	in	this	field.

Cancer	Gene	Discovery	by	Sequencing	Candidate	Gene	Families
The	 availability	 of	 the	 human	 genome	 sequence	 provides	 new	 opportunities	 to	 comprehensively	 search	 for
somatic	mutations	 in	 cancer	 on	 a	 larger	 scale	 than	 previously	 possible.	 Progress	 in	 the	 field	 has	 been	 closely
linked	to	improvements	in	the	throughput	of	DNA	analysis	and	in	the	continuous	reduction	in	sequencing	costs.
What	follows	are	some	of	the	achievements	in	this	research	area	as	well	as	how	they	affected	knowledge	of	the
cancer	genome.

A	seminal	work	 in	 the	 field	was	 the	 systematic	mutational	profiling	of	 the	genes	 involved	 in	 the	RAS-RAF
pathway	in	multiple	tumors.	This	candidate	gene	approach	led	to	the	discovery	that	BRAF	is	frequently	mutated	in
melanomas	and	 is	mutated	at	a	 lower	 frequency	 in	other	 tumor	 types.9	Follow-up	 studies	quickly	 revealed	 that
mutations	in	BRAF	are	mutually	exclusive	with	alterations	in	KRAS,9,10	genetically	emphasizing	that	these	genes
function	 in	 the	 same	 pathway,	 a	 concept	 that	 had	 been	 previously	 demonstrated	 in	 lower	 organisms	 such	 as
Caenorhabditis	elegans	and	Drosophila	melanogaster.11,12

In	2003,	the	identification	of	cancer	genes	shifted	from	a	candidate	gene	approach	to	the	mutational	analyses	of
gene	families.	The	first	gene	families	to	be	completely	sequenced	were	those	that	involved	protein13,14	and	lipid
phosphorylation.15	The	rationale	for	initially	focusing	on	these	gene	families	was	threefold:

The	corresponding	proteins	were	already	known	at	that	time	to	play	a	pivotal	role	in	the	signaling	and
proliferation	of	normal	and	cancerous	cells.
Multiple	members	of	the	protein	kinases	family	had	already	been	linked	to	tumorigenesis.
Kinases	are	clearly	amenable	to	pharmacologic	inhibition,	making	them	attractive	drug	targets.

Figure	1.1	Schematic	representation	of	the	genomic	and	histopathologic	steps	associated	with



tumor	progression:	from	the	occurrence	of	the	initiating	mutation	in	the	founder	cell	to	metastasis
formation.	It	has	been	convincingly	shown	that	the	genomic	landscape	of	solid	tumors	such	as	that
of	pancreatic	and	colorectal	tumors	requires	the	accumulation	of	many	genetic	events,	a	process	that
requires	decades	to	complete.	This	timeline	offers	an	incredible	window	of	opportunity	for	the	early
detection,	which	is	often	associated	with	an	excellent	prognosis,	of	this	disease.	ACF,	aberrant	crypt

focus.

The	mutational	analysis	of	all	the	tyrosine-kinase	domains	in	colorectal	cancers	(CRCs)	revealed	that	30%	of
cases	had	a	mutation	in	at	least	one	tyrosine-kinase	gene,	and	overall	mutations	were	identified	in	eight	different
kinases,	most	of	which	had	not	previously	been	linked	to	cancer.13	An	additional	mutational	analysis	of	the	coding
exons	of	518	protein	kinase	genes	 in	210	diverse	human	cancers,	 including	breast,	 lung,	gastric,	ovarian,	 renal,
and	 acute	 lymphoblastic	 leukemia,	 identified	 approximately	 120	 mutated	 genes	 that	 probably	 contribute	 to
oncogenesis.14	 Because	 kinase	 activity	 is	 attenuated	 by	 enzymes	 that	 remove	 phosphate	 groups	 called
phosphatases,	 the	 rational	next	 step	 in	 these	 studies	was	 to	perform	a	mutation	analysis	of	 the	protein	 tyrosine
phosphatases.	A	combined	analysis	of	the	protein	tyrosine	kinases	and	the	protein	tyrosine	phosphatases	showed
that	50%	of	CRCs	had	mutations	in	a	tyrosine-kinase	gene,	a	protein	tyrosine	phosphatase	gene,	or	both,	further
emphasizing	 the	pivotal	 role	of	protein	phosphorylation	 in	neoplastic	progression.	Many	of	 the	 identified	genes
had	 previously	 been	 linked	 to	 human	 cancer,	 thus	 validating	 the	 unbiased	 comprehensive	 mutation	 profiling.
These	landmark	studies	led	to	additional	gene	family	surveys.

The	 phosphatidylinositol	 3-kinase	 (PI3K)	 gene	 family,	 which	 also	 plays	 a	 role	 in	 proliferation,	 adhesion,
survival,	 and	motility,	 was	 also	 comprehensively	 investigated.16	 Sequencing	 of	 the	 exons	 encoding	 the	 kinase
domain	 of	 all	 16	 members	 belonging	 to	 this	 family	 pinpointed	 PIK3CA	 as	 the	 only	 gene	 to	 harbor	 somatic
mutations.	When	the	entire	coding	region	was	analyzed,	PIK3CA	was	found	to	be	somatically	mutated	in	32%	of
CRCs.	At	that	time,	the	PIK3CA	gene	was	certainly	not	a	newcomer	in	the	cancer	arena	because	it	had	previously
been	 shown	 to	 be	 involved	 in	 cell	 transformation	 and	 metastasis.16	 Strikingly,	 its	 staggeringly	 high	 mutation
frequency	was	discovered	only	 through	 systematic	 sequencing	of	 the	 corresponding	gene	 family.15	 Subsequent
analysis	 of	PIK3CA	 in	 other	 tumor	 types	 identified	 somatic	mutations	 in	 this	 gene	 in	 additional	 cancer	 types,
including	36%	of	hepatocellular	carcinomas,	36%	of	endometrial	carcinomas,	25%	of	breast	carcinomas,	15%	of
anaplastic	 oligodendrogliomas,	 5%	 of	 medulloblastomas	 and	 anaplastic	 astrocytomas,	 and	 27%	 of
glioblastomas.17–21	It	 is	known	that	PIK3CA	 is	one	of	the	two	(the	other	being	KRAS)	most	commonly	mutated
oncogenes	in	human	cancers.	Further	investigation	of	the	PI3K	pathway	in	CRC	showed	that	40%	of	tumors	had
genetic	 alterations	 in	 one	 of	 the	 PI3K	 pathway	 genes,	 emphasizing	 the	 central	 role	 of	 this	 pathway	 in	 CRC
pathogenesis.22

Although	most	cancer	genome	studies	of	large	gene	families	have	focused	on	the	kinome,	recent	analyses	have
revealed	that	members	of	other	families	highly	represented	in	the	human	genome	are	also	a	target	of	mutational
events	in	cancer.	This	is	the	case	of	proteases,	a	complex	group	of	enzymes	consisting	of	at	least	569	components
that	 constitute	 the	 so-called	 human	 degradome.23	 Functional	 studies	 have	 also	 revealed	 that	 beyond	 the	 initial
recognition	of	proteases	as	prometastatic	enzymes,	they	play	dual	roles	in	cancer,	as	assessed	by	the	identification
of	a	growing	number	of	tumor-suppressive	proteases.24–27

These	findings	emphasized	the	possibility	that	mutational	activation	or	inactivation	of	protease	genes	occurs	in
cancer.	A	 systematic	 analysis	 of	 genetic	 alterations	 in	 breast	 and	CRCs	 revealed	 that	 proteases	 from	 different
catalytic	classes	were	somatically	mutated	 in	cancer.28	These	 results	prompted	 the	mutational	analysis	of	entire
protease	 families	 such	 as	matrix	metalloproteinases	 (MMP),	 a	 disintegrin	 and	metalloproteinase	 (ADAM),	 and
ADAMs	with	thrombospondin	domains	(ADAMTS)	in	different	tumors.	These	studies	led	to	the	identification	of
protease	 genes	 frequently	mutated	 in	 cancer,	 such	 as	MMP8,	which	 is	mutated	 and	 functionally	 inactivated	 in
6.3%	of	human	melanomas.29,30



Figure	1.2	Timeline	of	seminal	hypotheses,	research	discoveries,	and	research	initiatives	that	have
led	to	an	improved	understanding	of	the	genetic	etiology	of	human	tumorigenesis	within	the	past
century.	The	consensus	cancer	gene	data	were	obtained	from	the	Wellcome	Trust	Sanger	Institute
Cancer	Genome	Project	Web	site	(http://www.sanger.ac.uk/genetics/CGP).	miRNA,	microRNA.

(Redrawn	from	Bell	DW.	Our	changing	view	of	the	genomic	landscape	of	cancer.	J	Pathol
2010;220:231–243.)

Mutational	Analysis	of	Exomes	Using	Sanger	Sequencing
Although	the	gene	family	approach	for	the	identification	of	cancer	genes	has	proven	extremely	valuable,	it	still	is
a	candidate	approach	and	thus	biased	in	its	nature.	The	next	step	forward	in	the	mutational	profiling	of	cancer	has
been	the	sequencing	of	exomes,	which	is	the	entire	coding	portion	of	the	human	genome	(18,000	protein-encoding
genes).	 The	 exomes	 of	many	 different	 tumors—including	 breast,	 colorectal,	 pancreatic,	 and	 ovarian	 clear	 cell
carcinomas;	glioblastoma	multiforme;	and	medulloblastoma—have	been	analyzed	using	Sanger	sequencing.	For
the	first	time,	these	large-scale	analyses	allowed	researchers	to	describe	and	understand	the	genetic	complexity	of
human	 cancers.29,31–34	 The	 declared	 goals	 of	 these	 exome	 studies	 were	 to	 provide	 methods	 for	 exomewide
mutational	 analyses	 in	 human	 tumors,	 to	 characterize	 their	 spectrum	 and	 quantity	 of	 somatic	 mutations,	 and,
finally,	 to	 discover	 new	 genes	 involved	 in	 tumorigenesis	 as	 well	 as	 novel	 pathways	 that	 have	 a	 role	 in	 these
tumors.	 In	 these	studies,	 sequencing	data	were	complemented	with	gene	expression	and	copy	number	analyses,
thus	providing	a	comprehensive	view	of	the	genetic	complexity	of	human	tumors.32–35	A	number	of	conclusions
can	be	drawn	from	these	analyses,	including	the	following:

Cancer	genomes	have	an	average	of	30	to	100	somatic	alterations	per	tumor	in	coding	regions,	which	was	a
higher	number	than	previously	thought.	Although	the	alterations	included	point	mutations,	small	insertions,
deletions,	or	amplifications,	the	great	majority	of	the	mutations	observed	were	single-base	substitutions.32,35
Even	within	a	single	cancer	type,	there	is	a	significant	intertumor	heterogeneity.	This	means	that	multiple
mutational	patterns	(encompassing	different	mutant	genes)	are	present	in	tumors	that	cannot	be	distinguished
based	on	histologic	analysis.	The	concept	that	individual	tumors	have	a	unique	genetic	milieu	is	highly
relevant	for	personalized	medicine,	a	concept	that	will	be	further	discussed.
The	spectrum	and	nucleotide	contexts	of	mutations	differ	between	different	tumor	types.	For	example,	over



50%	of	mutations	in	CRC	were	C:G	to	T:A	transitions,	and	10%	were	C:G	to	G:C	transversions.	In	contrast,
in	breast	cancers,	only	35%	of	the	mutations	were	C:G	to	T:A	transitions,	and	29%	were	C:G	to	G:C
transversions.	Knowledge	of	mutation	spectra	is	vital	because	it	allows	insight	into	the	mechanisms
underlying	mutagenesis	and	repair	in	the	various	cancers	investigated.
A	considerably	larger	number	of	genes	that	had	not	been	previously	reported	to	be	involved	in	cancer	were
found	to	play	a	role	in	the	disease.
Solid	tumors	arising	in	children,	such	as	medulloblastomas,	harbor	on	average	5	to	10	times	less	gene
alterations	compared	to	a	typical	adult	solid	tumor.	These	pediatric	tumors	also	harbor	fewer	amplifications
and	homozygous	deletions	within	coding	genes	compared	to	adult	solid	tumors.

Importantly,	 to	 deal	with	 the	 large	 amount	 of	 data	 generated	 in	 these	 genomic	projects,	 it	was	 necessary	 to
develop	 new	 statistical	 and	 bioinformatic	 tools.	 Furthermore,	 an	 examination	 of	 the	 overall	 distribution	 of	 the
identified	 mutations	 allowed	 for	 the	 development	 of	 a	 novel	 view	 of	 cancer	 genome	 landscapes	 and	 a	 novel
definition	of	cancer	genes.	These	new	concepts	in	the	understanding	of	cancer	genetics	are	further	discussed	in	the
following	paragraphs.	The	compiled	conclusions	derived	from	these	analyses	have	led	to	a	paradigm	shift	in	the
understanding	of	cancer	genetics.

A	 clear	 indication	 of	 the	 power	 of	 the	 unbiased	 nature	 of	 the	 whole-exome	 surveys	 was	 revealed	 by	 the
discovery	of	 recurrent	mutations	 in	 the	 active	 site	of	 IDH1,	 a	 gene	with	no	known	 link	 to	gliomas,	 in	 12%	of
tumors	analyzed.35	 Because	malignant	 gliomas	 are	 the	most	 common	 and	 lethal	 tumors	 of	 the	 central	 nervous
system,	 and	because	glioblastoma	multiforme	 (GBM;	World	Health	Organization	grade	 IV	 astrocytoma)	 is	 the
most	 biologically	 aggressive	 subtype,	 the	 unveiling	 of	 IDH1	 as	 a	 novel	 GBM	 gene	 is	 extremely	 significant.
Importantly,	mutations	of	 IDH1	 predominantly	 occurred	 in	 younger	 patients	 and	were	 associated	with	 a	 better
prognosis.36	 Follow-up	 studies	 showed	 that	 mutations	 of	 IDH1	 occur	 early	 in	 glioma	 progression;	 the	 R132
somatic	 mutation	 is	 harbored	 by	 the	 majority	 (greater	 than	 70%)	 of	 grades	 II	 and	 III	 astrocytomas	 and
oligodendrogliomas	as	well	as	in	secondary	GBMs	that	develop	from	these	lower	grade	lesions.36–42	In	contrast,
less	than	10%	of	primary	GBMs	harbor	these	alterations.	Furthermore,	analysis	of	the	associated	IDH2	revealed
recurrent	somatic	mutations	in	the	R172	residue,	which	is	the	exact	analog	of	the	frequently	mutated	R132	residue
of	IDH1.	These	mutations	occur	mostly	in	a	mutually	exclusive	manner	with	IDH1	mutations,36,38	suggesting	that
they	have	equivalent	phenotypic	effects.	Subsequently,	IDH1	mutations	have	been	reported	in	additional	cancer
types,	including	hematologic	neoplasias.43–45

Next-Generation	Sequencing	and	Cancer	Genome	Analysis
In	 1977,	 the	 introduction	 of	 the	 Sanger	 method	 for	 DNA	 sequencing	 with	 chain-terminating	 inhibitors
transformed	biomedical	 research.8	Over	 the	past	30	years,	 this	 first-generation	 technology	has	been	universally
used	 for	 elucidating	 the	 nucleotide	 sequence	 of	 DNA	 molecules.	 However,	 the	 launching	 of	 new	 large-scale
projects,	 including	 those	 implicating	 whole-genome	 sequencing	 of	 cancer	 samples,	 has	 made	 necessary	 the
development	 of	 new	 methods	 that	 are	 widely	 known	 as	 next-generation	 sequencing	 technologies.46–48	 These
approaches	have	 significantly	 lowered	 the	cost	 and	 the	 time	 required	 to	determine	 the	 sequence	of	 the	3	×	109
nucleotides	present	 in	 the	human	genome.	Moreover,	 they	have	a	series	of	advantages	over	Sanger	sequencing,
which	are	of	special	 interest	for	the	analysis	of	cancer	genomes.49	First,	next-generation	sequencing	approaches
are	more	sensitive	than	Sanger	methods	and	can	detect	somatic	mutations	even	when	they	are	present	in	only	a
subset	 of	 tumor	 cells.50	 Moreover,	 these	 new	 sequencing	 strategies	 are	 quantitative	 and	 can	 be	 used	 to
simultaneously	determine	both	nucleotide	sequence	and	copy	number	variations.51	They	can	also	be	coupled	 to
other	procedures	such	as	 those	 involving	paired-end	 reads,	allowing	 for	 the	 identification	of	multiple	 structural
alterations,	 such	 as	 insertions,	 deletions,	 and	 rearrangements,	 that	 commonly	 occur	 in	 cancer	 genomes.50
Nonetheless,	next-generation	sequencing	still	presents	some	limitations	that	are	mainly	derived	from	the	relatively
high	error	rate	in	the	short	reads	generated	during	the	sequencing	process.	In	addition,	these	short	reads	make	the
task	 of	 de	 novo	 assembly	 of	 the	 generated	 sequences	 and	 the	 mapping	 of	 the	 reads	 to	 a	 reference	 genome
extremely	complex.	To	overcome	some	of	 these	current	 limitations,	deep	coverage	of	each	analyzed	genome	is
required	and	a	careful	validation	of	the	identified	variants	must	be	performed,	typically	using	Sanger	sequencing.
As	 a	 consequence,	 there	 is	 a	 substantial	 increase	 in	 both	 the	 cost	 of	 the	 process	 and	 in	 the	 time	 of	 analysis.
Therefore,	it	can	be	concluded	that	whole-genome	sequencing	of	cancer	samples	is	already	a	feasible	task	but	not
yet	 a	 routine	 process.	 Further	 technical	 improvements	 will	 be	 required	 before	 the	 task	 of	 decoding	 the	 entire
genome	of	any	malignant	tumor	of	any	cancer	patient	can	be	applied	to	clinical	practice.



The	 number	 of	 next-generation	 sequencing	 platforms	 has	 substantially	 grown	 over	 the	 past	 few	 years	 and
currently	 includes	 technologies	 from	 Roche/454,	 Illumina/Solexa,	 Life/APG’s	 SOLiD3,	 Helicos
BioSciences/HeliScope,	and	Pacific	Biosciences/PacBio	RS.48	Noteworthy	also	are	the	recent	introduction	of	the
Polonator	 G.007	 instrument,	 an	 open	 source	 platform	 with	 freely	 available	 software	 and	 protocols;	 the	 Ion
Torrent’s	 semiconductor	 sequencer;	 as	 well	 as	 those	 involving	 self-assembling	 DNA	 nanoballs	 or	 nanopore
technologies.52–54	These	new	machines	are	driving	the	field	toward	the	era	of	third-generation	sequencing,	which
brings	 enormous	 clinical	 interest	 because	 it	 can	 substantially	 increase	 the	 speed	 and	 accuracy	 of	 analyses	 at
reduced	costs	and	can	facilitate	the	possibility	of	single-molecule	sequencing	of	human	genomes.	A	comparison
of	 next-generation	 sequencing	 platforms	 is	 shown	 in	 Table	 1.1.	 These	 various	 platforms	 differ	 in	 the	method
utilized	 for	 template	preparation	and	 in	 the	nucleotide	 sequencing	and	 imaging	strategy,	which	 finally	 result	 in
their	different	performance.	Ultimately,	 the	most	suitable	approach	depends	on	 the	specific	genome	sequencing
projects.48

Current	 methods	 of	 template	 preparation	 first	 involve	 randomly	 shearing	 genomic	 DNA	 into	 smaller
fragments,	from	which	a	library	of	either	fragment	templates	or	mate-pair	templates	are	generated.	Then,	clonally
amplified	 templates	 from	 single	 DNA	 molecules	 are	 prepared	 by	 either	 emulsion	 polymerase	 chain	 reaction
(PCR)	or	solid-phase	amplification.55,56	Alternatively,	it	is	possible	to	prepare	single-molecule	templates	through
methods	that	require	less	starting	material	and	that	do	not	involve	PCR	amplification	reactions,	which	can	be	the
source	of	artifactual	mutations.57	Once	prepared,	 templates	are	attached	 to	a	solid	surface	 in	spatially	separated
sites,	allowing	thousands	to	billions	of	nucleotide	sequencing	reactions	to	be	performed	simultaneously.

The	sequencing	methods	currently	used	by	the	different	next-generation	sequencing	platforms	are	diverse	and
have	 been	 classified	 into	 four	 groups:	 cyclic	 reversible	 termination,	 single-nucleotide	 addition,	 real-time
sequencing,	 and	 sequencing	 by	 ligation	 (Fig.	 1.3).48,58	 These	 sequencing	 strategies	 are	 coupled	 with	 different
imaging	methods,	including	those	based	on	measuring	bioluminescent	signals	or	involving	four-color	imaging	of
single	 molecular	 events.	 Finally,	 the	 extraordinary	 amount	 of	 data	 released	 from	 these	 nucleotide	 sequencing
platforms	 is	 stored,	 assembled,	 and	 analyzed	 using	 powerful	 bioinformatic	 tools	 that	 have	 been	 developed	 in
parallel	with	next-generation	sequencing	technologies.59

Next-generation	sequencing	approaches	represent	the	newest	entry	into	the	cancer	genome	decoding	arena	and
have	 already	 been	 applied	 to	 cancer	 analyses.	 The	 first	 research	 group	 to	 apply	 these	methodologies	 to	whole
cancer	genomes	was	that	of	Ley	et	al.,60	who	reported	in	2008	the	sequencing	of	the	entire	genome	of	a	patient
with	acute	myeloid	leukemia	(AML)	and	its	comparison	with	the	normal	tissue	from	the	same	patient,	using	the
Illumina/Solexa	platform.	As	 further	described,	 this	work	 allowed	 for	 the	 identification	of	 point	mutations	 and
structural	alterations	of	putative	oncogenic	relevance	in	AML	and	represented	proof	of	principle	of	the	relevance
of	next-generation	sequencing	for	cancer	research.

TABLE	1.1
Comparative	Analysis	of	Next-Generation	Sequencing	Platforms

Platform
Library/Template
Preparation

Sequencing
Method

Average
Read-
Length
(Bases)

Run	Time
(Days)

Gb	Per
Run

Instrument
Cost	(U.S.
$) Comments

Roche
454	GS	FLX

Fragment,	mate-
pair	Emulsion
PCR

Pyrosequencing 400 0.35 0.45 500,000 Fast	run	times
High	reagent	cost

Illumina
HiSeq	2000

Fragment,	mate-
pair	Solid	phase

Reversible
terminator

100–125 8	(mate-
pair	run)

150–200 540,000 Most	widely	used
platform
Low	multiplexing
capability

Life/APG’s
SOLiD
5500xl

Fragment,	mate-
pair	Emulsion
PCR

Cleavable	probe,
sequencing	by
ligation

35–75 7	(mate-
pair	run)

180–300 595,000 Inherent	error
correction
Long	run	times

Helicos
BioSciences
HeliScope

Fragment,	mate-
pair	Single
molecule

Reversible
terminator

32 8
(fragment
run)

37 999,000 Nonbias	template
representation
Expensive,	high
error	rates



Pacific
Biosciences
PacBio	RS

Fragment	Single
molecule

Real-time
sequencing

1,000 1 0.075 NA Greatest	potential
for	long	reads
Highest	error	rates

Polonator
G.007

Mate	pair
Emulsion	PCR

Noncleavable	probe,
sequencing	by
ligation

26 5	(mate-
pair	run)

12 170,000 Least	expensive
platform
Shortest	read
lengths

PCR,	polymerase	chain	reaction;	NA,	not	available.
Data	represent	an	update	of	 information	provided	 in	Metzker	ML.	Sequencing	technologies—the	next	generation.	Nat	Rev	Genet
2010;11:31–46.

Whole-Genome	Analysis	Utilizing	Second-Generation	Sequencing
The	sequence	of	the	first	whole	cancer	genome	was	reported	in	2008,	where	AML	and	normal	skin	from	the	same
patient	were	described.60	Numerous	additional	whole	genomes,	together	with	the	corresponding	normal	genomes
of	patients	with	a	variety	of	malignant	tumors,	have	been	reported	since	then.43,50,61–72

The	 first	 available	whole	 genome	of	 a	 cytogenetically	 normal	AML	 subtype	M1	 (AML-M1)	 revealed	 eight
genes	with	novel	mutations	along	with	another	500	to	1,000	additional	mutations	found	in	noncoding	regions	of
the	genome.	Most	of	the	identified	genes	had	not	been	previously	associated	with	cancer.	However,	validation	of
the	detected	mutations	did	not	identify	novel	recurring	mutations	in	AML.60	Concomitantly,	with	the	expansion	in
the	use	of	next-generation	sequencers,	many	other	whole	genomes	from	a	number	of	cancer	 types	started	 to	be
evaluated	in	a	similar	manner	(Fig.	1.4).73

In	contrast	 to	 the	 first	AML	whole	genome,	 the	second	did	observe	a	 recurrent	mutation	 in	 IDH1,	encoding
isocitrate	dehydrogenase.43	Follow-up	studies	extended	this	finding	and	reported	that	mutations	in	IDH1	and	the
related	gene	IDH2	occur	at	a	20%	to	30%	frequency	in	AML	patients	and	are	associated	with	a	poor	prognosis	in
some	 subgroups	 of	 patients.66,67,74	 A	 good	 example	 illustrating	 the	 high	 pace	 at	 which	 second-generation
technologies	and	their	accompanying	analytical	tools	are	found	is	demonstrated	by	the	following	finding	derived
from	 a	 reanalysis	 of	 the	 first	 AML	whole	 genome.	 Thus,	 when	 improvements	 in	 sequencing	 techniques	were
available,	the	first	AML	whole	genome	(described	previously),	which	identified	no	recurring	mutations	and	had	a
91.2%	diploid	coverage,	was	reevaluated	by	deeper	sequence	coverage,	yielding	99.6%	diploid	coverage	of	 the
genome.	This	improvement,	together	with	more	advanced	mutation	calling	algorithms,	allowed	for	the	discovery
of	 several	 nonsynonymous	 mutations	 that	 had	 not	 been	 identified	 in	 the	 initial	 sequencing.	 This	 included	 a
frameshift	mutation	in	the	DNA	methyltransferase	gene	DNMT3A.	Validation	of	DNMT3A	 in	280	additional	de
novo	AML	patients	 to	define	recurring	mutations	led	to	the	significant	discovery	that	a	 total	of	22.1%	of	AML
cases	 had	mutations	 in	DNMT3A	 that	were	 predicted	 to	 affect	 translation.	 The	median	 overall	 survival	 among
patients	with	DNMT3A	mutations	was	significantly	shorter	than	that	among	patients	without	such	mutations	(12.3
months	versus	41.1	months;	P	<	.001).

Shortly	 after	 this	 study,	 complete	 sequences	 of	 a	 series	 of	 cancer	 genomes,	 together	 with	matched	 normal
genomes	of	the	same	patients,	were	reported.43,65,70,75	These	works	opened	the	way	to	more	ambitious	initiatives,
including	those	involving	large	international	consortia,	aimed	at	decoding	the	genome	of	malignant	tumors	from
thousands	of	cancer	patients.	Thus,	over	the	last	few	years,	many	whole	genomes	of	different	human	malignancies
have	been	made	available.61–63

In	 addition	 to	 direct	 applications	 of	 next-generation	 sequencing	 technologies	 for	 the	mutational	 analysis	 of
cancer	 genomes,	 these	 methods	 have	 an	 additional	 range	 of	 applications	 in	 cancer	 research.	 Thus,	 genome
sequencing	efforts	have	begun	to	elucidate	the	genomic	changes	that	accompany	metastasis	evolution	through	a
comparative	 analysis	 of	 primary	 and	 metastatic	 lesions	 from	 breast	 and	 pancreatic	 cancer	 patients.64,68,69,71
Likewise,	massively	parallel	sequencing	has	been	used	 to	analyze	 the	evolution	of	a	 tongue	adenocarcinoma	 in
response	 to	 selection	 by	 targeted	 kinase	 inhibitors.76	 Detailed	 information	 of	 several	 of	 these	 whole-genome
projects	is	found	in	the	following	paragraph.

The	first	solid	cancer	to	undergo	whole-genome	sequencing	was	a	malignant	melanoma	that	was	compared	to	a
lymphoblastoid	 cell	 line	 from	 the	 same	 individual.75	 Impressively,	 a	 total	 of	 33,345	 somatic	 base	 substitutions
were	 identified,	 with	 187	 nonsynonymous	 substitutions	 in	 protein-coding	 sequences,	 at	 least	 one	 order	 of
magnitude	higher	than	any	other	cancer	type.	Most	somatic	base	substitutions	were	C:G	>	T:A	transitions,	and	of
the	 510	 dinucleotide	 substitutions,	 360	were	CC.TT/GG.AA	changes,	which	 is	 consistent	with	 ultraviolet	 light
exposure	mutation	 signatures	 previously	 reported	 in	 melanoma.14	 (Such	 results	 from	 the	 most	 comprehensive
catalog	of	somatic	mutations	not	only	provide	insight	into	the	DNA	damage	signature	in	this	cancer	type	but	also



is	useful	in	determining	the	relative	order	of	some	acquired	mutations.)	Indeed,	this	study	shows	that	a	significant
correlation	exists	between	the	presence	of	a	higher	proportion	of	C.A/G.T	transitions	in	early	(82%)	compared	to
late	mutations	(53%).	Another	important	aspect	that	the	comprehensive	nature	of	this	melanoma	study	provided
was	that	cancer	mutations	are	spread	out	unevenly	throughout	the	genome,	with	a	lower	prevalence	in	regions	of
transcribed	genes,	suggesting	that	DNA	repair	occurs	mainly	in	these	areas.

Figure	1.3	Advances	in	sequencing	chemistry	implemented	in	next-generation	sequencers.	A:	The
pyrosequencing	approach	implemented	in	454/Roche	sequencing	technology	detects	incorporated
nucleotides	by	chemiluminescence	resulting	from	PPi	release.	ATP,	adenosine	triphosphate.	B:	The
Illumina	method	utilizes	sequencing	by	synthesis	in	the	presence	of	fluorescently	labeled	nucleotide

analogs	that	serve	as	reversible	reaction	terminators.	C:	The	single-molecule	sequencing	by
synthesis	approach	detects	template	extension	using	Cy3	and	Cy5	labels	attached	to	the	sequencing
primer	and	the	incoming	nucleotides,	respectively.	D:	The	sequencing	by	oligonucleotide	ligation
and	detection	(SOLiD)	method	sequences	templates	by	sequential	ligation	of	labeled	degenerate
probes.	Two-base	encoding	implemented	in	the	SOLiD	instrument	allows	for	probing	each

nucleotide	position	twice.	ABI,	Applied	Biosystems.	(From	Morozova	O,	Hirst	M,	Marra	MA.
Applications	of	new	sequencing	technologies	for	transcriptome	analysis.	Annu	Rev	Genomics	Hum

Genet	2009;10:135–151.)

An	interesting	and	pioneering	example	of	the	power	of	whole-genome	sequencing	in	deciphering	the	mutation
evolution	 in	carcinogenesis	was	seen	in	a	study	in	which	a	basal-like	breast	cancer	 tumor,	a	brain	metastasis,	a
tumor	xenograft	derived	from	the	primary	tumor,	and	the	peripheral	blood	from	the	same	patient	were	compared
(Fig.	 1.5).71	 This	 analysis	 showed	 a	 clear	 overlap	 in	mutation	 incidence	 between	 the	metastatic	 and	 xenograft
cases,	 suggesting	 that	 xenografts	 undergo	 similar	 selection	 as	 metastatic	 lesions	 and,	 therefore,	 are	 a	 reliable
source	 for	 genomic	 analyses.	 The	 main	 conclusion	 of	 this	 whole-genome	 study	 was	 that	 although	 metastatic
tumors	 harbor	 an	 increased	 number	 of	 genetic	 alterations,	 the	majority	 of	 the	 alterations	 found	 in	 the	 primary
tumor	 are	 preserved.	 Further	 studies	 have	 confirmed	 and	 extended	 these	 findings	 to	 metastatic	 tumors	 from
different	types,	including	renal	and	pancreatic	carcinomas.77

The	importance	of	performing	whole-genome	sequencing	has	also	been	emphasized	by	the	recent	identification
of	 somatic	 mutations	 in	 regulatory	 regions,	 which	 can	 also	 elicit	 tumorigenesis,	 such	 as	 alterations	 in	 the



telomerase	reverse	transcriptase	(TERT)	promoter	 region	 in	melanoma.	 (In	combination,	 these	TERT	mutations
are	seen	in	a	greater	frequency	than	BRAF-	and	NRAS-activating	mutations.	They	occur	in	a	mutually	exclusive
manner	and	in	regions	that	do	not	show	a	large	background	mutation	rate,	all	suggesting	that	these	mutations	are
important	driver	events	contributing	to	oncogenesis.)

As	the	TERT	promoter	mutation	discovery	shows,	regions	of	the	genome	that	do	not	code	for	proteins	are	just
as	vital	 in	our	understanding	of	 the	biology	behind	 tumor	development	and	progression.	Another	class	of	non–
protein-coding	regions	 in	 the	genome	are	 the	noncoding	RNAs.	One	class	of	noncoding	RNAs	are	microRNAs
(miRNAs).	Discovered	20	years	ago,	miRNAs	are	known	to	be	expressed	in	a	tissue-	or	developmentally	specific
manner,	and	their	expression	can	influence	cellular	growth	and	differentiation	along	with	cancer-related	pathways
such	as	apoptosis	or	stress	response.	miRNAs	do	this	through	either	overexpression,	leading	to	the	targeting	and
downregulation	of	tumor	suppressor	genes,	or	 inversely	through	their	own	downregulation,	 leading	to	increased
expression	of	their	target	oncogene.	miRNAs	have	been	extensively	studied	in	cancer,	and	their	functional	effects
have	been	noted	in	a	wide	variety	of	cancers	like	glioma78	and	breast	cancer,79	to	name	just	two.

Figure	1.4	The	prevalence	of	somatic	mutations	across	human	cancer	types.	Every	dot	represents	a
sample,	whereas	the	red	horizontal	lines	are	the	median	numbers	of	mutations	in	the	respective

cancer	types.	The	vertical	axis	(log	scaled)	shows	the	number	of	mutations	per	megabase,	whereas
the	different	cancer	types	are	ordered	on	the	horizontal	axis	based	on	their	median	numbers	of
somatic	mutations.	ALL,	acute	lymphoblastic	leukemia;	AML,	acute	myeloid	leukemia;	CLL,

chronic	lymphocytic	leukemia.	(Used	with	permission	from	Alexandrov	LB,	Nik-Zainal	S,	Wedge
DC,	et	al.	Signatures	of	mutational	processes	in	human	cancer.	Nature	2013;500:415–421.)

Another	 class	 of	 noncoding	 RNAs	 (ncRNA)	 are	 the	 long	 noncoding	 RNAs	 (lncRNA).	 These	 RNAs	 are
typically	greater	than	200	bp	and	can	range	up	to	100	kb	in	size.	They	are	transcribed	by	RNA	polymerase	II	and
can	undergo	splicing	and	polyadenylation.	Although	much	 less	extensively	studied	when	compared	 to	miRNAs
for	their	role	in	cancer,	lncRNAs	are	beginning	to	come	under	much	more	scrutiny.	A	recent	study	of	the	steroid
receptor	RNA	activator	 revealed	 two	 transcripts,	 an	 lncRNA	 (steroid	 receptor	RNA	activator)	 and	 a	 translated
transcript	 (steroid	 receptor	 RNA	 activator	 protein),	 that	 coexist	 within	 breast	 cancer	 cells.	 However,	 their
expression	varies	within	breast	cancer	cell	lines	with	different	phenotypes.	It	was	shown	that	in	a	more	invasive
breast	cancer	line,	higher	relative	levels	of	the	noncoding	transcript	were	seen.80	Because	this	ncRNA	acts	as	part
of	 a	 ribonucleoprotein	 complex	 that	 is	 recruited	 to	 the	 promoter	 region	 of	 regulatory	 genes,	 it	 has	 been
hypothesized	 that	 this	 shift	 in	 balance	 between	 both	 noncoding	 and	 coding	 transcripts	may	 be	 associated	with
growth	advantages.	When	this	balance	was	shifted	in	vitro,	it	led	to	a	large	increase	in	transcripts	associated	with
invasion	and	migration.	The	 results	of	 this	 study	highlight	 the	 importance	of	 the	 investigation	 into	 the	 roles	of
ncRNA	in	tumor	development	or	progression	and	confirm	again	that	the	study	of	coding	variants	is	not	sufficient
in	determining	the	full	genomic	spectrum	of	cancer.



Figure	1.5	Covering	all	the	bases	in	metastatic	assessment.	Ding	et	al.71	performed	a	genomewide
analysis	on	three	tumor	samples:	a	patient’s	primary	breast	tumor;	her	metastatic	brain	tumor,	which
formed	despite	therapy;	and	a	xenograft	tumor	in	a	mouse,	originating	from	the	patient’s	breast

tumor.	They	find	that	the	primary	tumor	differs	from	the	metastatic	and	xenograft	tumors	mainly	in
the	prevalence	of	genomic	mutations.	(With	permission	from	Gray	J.	Cancer:	genomics	of

metastasis.	Nature	2010;464:989–990.)

It	must	be	also	noted	that	the	recent	analysis	of	whole	genomes	of	many	different	human	tumors	has	provided
additional	 insights	 into	cancer	evolution.	Thus,	 it	has	been	demonstrated	 that	multiple	mutational	processes	are
operative	 during	 cancer	 development	 and	 progression,	 each	 of	 which	 has	 the	 capacity	 to	 leave	 its	 particular
mutational	signature	on	the	genome.	A	remarkable	and	innovative	study	in	this	regard	was	aimed	at	the	generation
of	 the	 entire	 catalog	 of	 somatic	 mutations	 in	 21	 breast	 carcinomas	 and	 the	 identification	 of	 the	 mutational
signatures	 of	 the	 underlying	 processes.	 This	 analysis	 revealed	 the	 occurrence	 of	 multiple,	 distinct	 single-	 and
double-nucleotide	substitution	signatures.	Moreover,	it	was	reported	that	breast	carcinomas	harboring	BRCA1	or
BRCA2	mutations	showed	a	characteristic	combination	of	substitution	mutation	signatures	and	a	particular	profile
of	 genomic	 deletions.	 An	 additional	 contribution	 of	 this	 analysis	 was	 the	 identification	 of	 a	 distinctive
phenomenon	of	localized	hypermutation,	which	has	been	termed	kataegis,	and	which	has	also	subsequently	been
observed	in	other	malignancies	distinct	from	breast	carcinomas.73

Whole-genome	sequencing	of	human	carcinomas	has	also	allowed	for	the	ability	to	characterize	other	massive
genomic	 alterations,	 termed	 chromothripsis	 and	 chromoplexy,	 occurring	 across	 different	 cancer	 subtypes.81
Chromothripsis	implies	a	massive	genomic	rearrangement	acquired	in	a	one-step	catastrophic	event	during	cancer
development	 and	has	been	detected	 in	 about	2%	 to	3%	of	 all	 tumors	but	 is	 present	 at	 high	 frequency	 in	 some
particular	 cases,	 such	 as	 bone	 cancers.82	 Chromoplexy	 has	 been	 originally	 described	 in	 prostate	 cancer	 and
involves	many	DNA	translocations	and	deletions	 that	arise	 in	a	highly	 interdependent	manner	and	 result	 in	 the
coordinate	disruption	of	multiple	cancer	genes.83	These	newly	described	phenomena	represent	powerful	strategies
of	rapid	genome	evolution,	which	may	play	essential	roles	during	carcinogenesis.

Whole-Exome	Analysis	Utilizing	Second-Generation	Sequencing
Another	application	of	second-generation	sequencing	involves	utilizing	nucleic	acid	“baits”	to	capture	regions	of
interest	 in	 the	 total	 pool	 of	 nucleic	 acids.	These	 could	 either	 be	DNA,	 as	 described	previously,84,85	 or	RNA.86
Indeed,	most	 areas	 of	 interest	 in	 the	 genome	 can	be	 targeted,	 including	 exons	 and	ncRNAs.	Over	 the	 last	 few
years,	 thousands	 of	 cancer	 samples	 have	 been	 subjected	 to	whole-exome	 sequencing.	These	 studies,	 combined
with	 data	 from	 whole-genome	 sequencing,	 have	 provided	 an	 unprecedented	 level	 of	 information	 about	 the
mutational	 landscape	 of	 the	most	 frequent	 human	malignancies.61–63	 In	 addition,	whole-exome	 sequencing	 has
been	 used	 to	 identify	 the	 somatic	mutations	 characteristic	 of	 both	 rare	 tumors	 and	 those	 that	 are	 prevalent	 in
certain	geographical	regions.63



Overall,	these	studies	have	provided	very	valuable	information	about	mutation	rates	and	spectra	across	cancer
types	 and	 subtypes.73,87,88	 Remarkably,	 the	 variation	 in	 mutational	 frequency	 between	 different	 tumors	 is
extraordinary,	with	hematologic	and	pediatric	cancers	showing	the	lowest	mutation	rates	(0.001	per	Mb	of	DNA)
and	melanoma	and	lung	cancers	presenting	the	highest	mutational	burden	(more	than	400	per	Mb).	Whole-exome
sequencing	has	also	contributed	to	the	identification	of	novel	cancer	genes	that	had	not	been	previously	described
to	 be	 causally	 implicated	 in	 the	 carcinogenesis	 process.	 These	 genes	 belong	 to	 different	 functional	 categories,
including	 signal	 transduction,	 RNA	 maturation,	 metabolic	 regulation,	 epigenetics,	 chromatin	 remodeling,	 and
protein	 homeostasis.61	 Finally,	 a	 combination	 of	 data	 from	 whole-exome	 and	 whole-genome	 sequencing	 has
allowed	for	the	identification	of	the	signatures	of	mutational	processes	operating	in	different	cancer	types.73	Thus,
an	analysis	of	a	dataset	of	about	5	million	mutations	from	over	7,000	cancers	from	30	different	types	has	allowed
for	the	extraction	of	more	than	20	distinct	mutational	signatures.	Some	of	them,	such	as	those	derived	from	the
activity	of	APOBEC	cytidine	deaminases,	are	present	 in	most	cancer	 types,	whereas	others	are	characteristic	of
specific	 tumors.	 Known	 signatures	 associated	 with	 age,	 smoking,	 ultraviolet	 light	 exposure,	 and	 DNA	 repair
defects	have	been	also	identified	in	this	work,	but	many	of	the	detected	mutational	signatures	are	of	cryptic	origin.
These	findings	demonstrate	the	impressive	diversity	of	mutational	processes	underlying	cancer	development	and
may	have	enormous	implications	for	the	future	understanding	of	cancer	biology,	prevention,	and	treatment.

SOMATIC	ALTERATION	CLASSES	DETECTED	BY	CANCER	GENOME
ANALYSIS
Whole-genome	 sequencing	 of	 cancer	 genomes	 has	 an	 enormous	 potential	 to	 detect	 all	major	 types	 of	 somatic
mutations	present	in	malignant	tumors.	This	large	repertoire	of	genomic	abnormalities	includes	single	nucleotide
changes,	 small	 insertions	 and	 deletions,	 large	 chromosomal	 reorganizations,	 and	 copy	 number	 variations	 (Fig.
1.6).

Nucleotide	substitutions	are	the	most	frequent	somatic	mutations	detected	in	malignant	tumors,	although	there
is	 a	 substantial	 variability	 in	 the	 mutational	 frequency	 among	 different	 cancers.47	 On	 average,	 human
malignancies	have	one	nucleotide	change	per	million	bases,	but	melanomas	reach	mutational	rates	10-fold	higher,
and	 tumors	 with	 mutator	 phenotype	 caused	 by	 DNA	 mismatch	 repair	 deficiencies	 may	 accumulate	 tens	 of
mutations	per	million	nucleotides.	By	contrast,	tumors	of	hematopoietic	origin	have	less	than	one	base	substitution
per	million.	Several	bioinformatic	tools	and	pipelines	have	been	developed	to	efficiently	detect	somatic	nucleotide
substitutions	 through	 comparison	 of	 the	 genomic	 information	 obtained	 from	paired	 normal	 and	 tumor	 samples
from	the	same	patient.	Likewise,	 there	are	a	number	of	publicly	available	computational	methods	to	predict	 the
functional	 relevance	 of	 the	 identified	 mutations	 in	 cancer	 specimens.47	 Most	 of	 these	 bioinformatic	 tools
exclusively	 deal	 with	 nucleotide	 changes	 in	 protein	 coding	 regions	 and	 evaluate	 the	 putative	 structural	 or
functional	effect	of	an	amino	acid	substitution	in	a	determined	protein,	thus	obviating	changes	in	other	genomic
regions,	which	can	also	be	of	crucial	interest	in	cancer.	In	any	case,	current	computational	methods	used	in	this
regard	 are	 far	 from	 being	 optimal,	 and	 experimental	 validation	 is	 finally	 required	 to	 assess	 the	 functional
relevance	of	nucleotide	substitutions	found	in	cancer	genomes.

For	years,	 the	main	 focus	of	cancer	genome	analyses	has	been	on	 identifying	coding	mutations	 that	cause	a
change	in	the	amino	acid	sequence	of	a	gene.	The	rationale	behind	this	is	quite	sound	because	any	mutation	that
creates	 a	 novel	 protein	 or	 truncates	 an	 essential	 protein	 has	 the	 potential	 to	 drastically	 change	 the	 cellular
environment.	Examples	of	 this	have	been	 shown	earlier	 in	 the	chapter	with	BRAF	 and	KRAS	 along	with	many
others.	With	 the	 advancements	 in	 next-generation	 sequencing,	 larger	 studies	 are	 able	 to	 be	 conducted.	 These
studies	give	the	power	to	detect	mutations	occurring	in	the	cancer	genome	at	a	lower	frequency.	Interesting	to	note
is	that	these	studies	are	leading	to	the	discovery	that	recurrent	synonymous	mutations	occur	in	cancer.	Previously
believed	to	be	merely	neutral	mutations	that	maintain	no	functional	role	 in	tumorigenesis,	 these	mutations	were
largely	ignored,	but	a	recent	study	shows89	that	simply	dismissing	these	mutations	as	silent	may	be	premature.

In	a	review	of	only	29	melanoma	exomes	and	genomes,	16	recurring	synonymous	mutations	were	discovered.
When	 these	mutations	were	 screened	 in	additional	 samples,	 a	 synonymous	mutation	 in	 the	gene	BCL2L12	was
discovered	 in	 12	 out	 of	 285	 total	 samples.	 The	 observed	 frequency	 of	 this	 recurrent	 mutation	 is	 greater	 than
expected	by	chance,	suggesting	that	it	has	undergone	some	type	of	selective	pressure	during	tumor	development.89
Noting	 that	BCL2L12	 had	 previously	 been	 linked	 to	 tumorigenesis,	 the	mutation	was	 further	 evaluated	 for	 its
functional	effect,	with	the	finding	that	it	led	to	an	abrogation	of	the	effect	of	an	miRNA,	leading	to	the	deregulated
expression	 of	BCL2L12.	BCL2L12	 is	 a	 negative	 regulator	 of	 the	 gene	 p53,	 which	 functions	 by	 binding	 and



inhibiting	apoptosis	in	glioma.90	Accordingly,	the	dysregulation	observed	in	BCL2L12	 led	to	a	reduction	in	p53
target	gene	expression.

Figure	1.6	The	catalog	of	somatic	mutations	in	COLO-829.	Chromosome	ideograms	are	shown
around	the	outer	ring	and	are	oriented	pter–qter	in	a	clockwise	direction	with	centromeres	indicated
in	red.	Other	tracks	contain	somatic	alterations	(from	outside	to	inside):	validated	insertions	(light
green	rectangles),	validated	deletions	(dark	green	rectangles),	heterozygous	(light	orange	bars)	and

homozygous	(dark	orange	bars)	substitutions	shown	by	density	per	10	megabases,	coding
substitutions	(colored	squares:	silent	in	gray,	missense	in	purple,	nonsense	in	red,	and	splice	site	in

black),	copy	number	(blue	lines),	regions	of	loss	of	heterozygosity	(red	lines),	validated
intrachromosomal	rearrangements	(green	lines),	and	validated	interchromosomal	rearrangements
(purple	lines).	(From	Pleasance	ED,	Cheetham	RK,	Stephens	PJ,	et	al.	A	comprehensive	catalogue

of	somatic	mutations	from	a	human	cancer	genome.	Nature	2010;463:191–196.)

Small	insertions	and	deletions	(indels)	represent	a	second	category	of	somatic	mutations	that	can	be	discovered
by	whole-genome	sequencing	of	cancer	specimens.	These	mutations	may	not	only	be	about	10-fold	less	frequent
than	nucleotide	substitutions	but	may	also	have	an	obvious	 impact	 in	cancer	progression.	Accordingly,	specific
bioinformatic	 tools	 have	 been	 created	 to	 detect	 these	 indels	 in	 the	 context	 of	 the	 large	 amount	 of	 information
generated	by	whole-genome	sequencing	projects.91

The	systematic	 identification	of	 large	chromosomal	 rearrangements	 in	cancer	genomes	 represents	one	of	 the



most	successful	applications	of	next-generation	sequencing	methodologies.	Previous	strategies	in	this	regard	had
mainly	been	based	on	 the	utilization	of	cytogenetic	methods	 for	 the	 identification	of	 recurrent	 translocations	 in
hematopoietic	tumors.	More	recently,	a	combination	of	bioinformatics	and	functional	methods	has	allowed	for	the
finding	 of	 recurrent	 translocations	 in	 solid	 epithelial	 tumors	 such	 as	 TMPRSS2–ERG	 in	 prostate	 cancer	 and
EML4–ALK	in	non–small-cell	lung	cancer	(NSCLC).92,93	Now,	by	using	a	next-generation	sequencing	analysis	of
genomes	 and	 transcriptomes,	 it	 is	 possible	 to	 systematically	 search	 for	 both	 intrachromosomal	 and
interchromosomal	 rearrangements	 occurring	 in	 cancer	 specimens.	 These	 studies	 have	 already	 proven	 their
usefulness	for	cancer	research	through	the	discovery	of	recurrent	translocations	involving	genes	of	the	RAF	kinase
pathway	in	prostate	and	gastric	cancers	and	in	melanomas.94	Likewise,	massively	parallel	paired-end	genome	and
transcriptome	 sequencing	 has	 already	 been	 used	 to	 detect	 new	gene	 fusions	 in	 cancer	 and	 to	 catalog	 all	major
structural	 rearrangements	 present	 in	 some	 tumors	 and	 cancer	 cell	 lines.50,95–97	 The	 ongoing	 cancer	 genome
projects	 involving	 thousands	 of	 tumor	 samples	 will	 likely	 lead	 to	 the	 detection	 of	 many	 other	 chromosomal
rearrangements	of	 relevance	 in	specific	subsets	of	cancers.	 It	 is	also	remarkable	 that	whole-genome	sequencing
may	also	facilitate	the	identification	of	other	types	of	genomic	alterations,	including	rearrangements	of	repetitive
elements,	such	as	active	retrotransposons,	or	insertions	of	foreign	gene	sequences,	such	as	viral	genomes,	which
can	 contribute	 to	 cancer	 development.	 Indeed,	 a	 next-generation	 sequencing	 analysis	 of	 the	 transcriptome	 of
Merkel	 cell	 carcinoma	 samples	 has	 revealed	 the	 clonal	 integration	 within	 the	 tumor	 genome	 of	 a	 previously
unknown	polyomavirus	likely	implicated	in	the	pathogenesis	of	this	rare	but	aggressive	skin	cancer.98

Finally,	next-generation	sequencing	approaches	have	also	demonstrated	their	feasibility	to	analyze	the	pattern
of	copy	number	alterations	in	cancer	because	they	allow	researchers	to	count	the	number	of	reads	in	both	tumor
and	normal	samples	at	any	given	genomic	region	and	then	to	evaluate	the	tumor-to-normal	copy	number	ratio	at
this	 particular	 region.	 These	 new	 methods	 offer	 some	 advantages	 when	 compared	 with	 those	 based	 on
microarrays,	 including	 much	 better	 resolution,	 precise	 definition	 of	 the	 involved	 breakpoints,	 and	 absence	 of
saturation,	which	facilitates	the	accurate	estimation	of	high	copy	number	levels	occurring	in	some	genomic	loci	of
malignant	tumors.47

PATHWAY-ORIENTED	MODELS	OF	CANCER	GENOME	ANALYSIS
Genomewide	mutational	analyses	suggest	that	the	mutational	landscape	of	cancer	is	made	up	of	a	handful	of	genes
that	are	mutated	in	a	high	fraction	of	tumors,	otherwise	known	as	mountains,	and	most	mutated	genes	are	altered
at	relatively	low	frequencies,	otherwise	known	as	hills	(Fig.	1.7).28	The	mountains	probably	give	a	high	selective
advantage	to	the	mutated	cell,	and	the	hills	might	provide	a	lower	advantage,	making	it	hard	to	distinguish	them
from	passenger	mutations.	Because	the	hills	differ	between	cancer	types,	it	seems	that	the	cancer	genome	is	more
complex	and	heterogeneous	than	anticipated.	Although	highly	heterogeneous,	bioinformatic	studies	suggest	 that
the	mountains	and	hills	can	be	grouped	into	sets	of	pathways	and	biologic	processes.	Some	of	these	pathways	are
affected	 by	 mutations	 in	 a	 few	 pathway	 members	 and	 others	 by	 numerous	 members.	 For	 example,	 pathway
analyses	have	allowed	for	the	stratification	of	mutated	genes	in	pancreatic	adenocarcinomas	to	12	core	pathways
that	have	at	 least	1	member	mutated	in	67%	to	100%	of	the	tumors	analyzed	(Fig.	1.8).32	These	core	pathways
deviated	to	some	that	harbored	one	single	highly	mutated	gene,	such	as	in	KRAS	in	the	G1/S	cell	cycle	transition
pathway	and	pathways	where	a	few	mutated	genes	were	found,	such	as	the	transforming	growth	factor	signaling
pathway.	Finally,	there	were	pathways	in	which	many	different	genes	were	mutated,	such	as	invasion	regulation
molecules,	cell	adhesion	molecules,	and	 integrin	signaling.	 Importantly,	 independent	of	how	many	genes	 in	 the
same	pathway	are	affected,	if	they	are	found	to	occur	in	a	mutually	exclusive	fashion	in	a	single	tumor,	they	most
likely	give	the	same	selective	pressure	for	clonal	expansion.

The	idea	of	genetically	analyzing	pathways	rather	than	individual	genes	has	been	applied	previously,	revealing
the	concept	of	mutual	exclusivity.	Mutual	exclusivity	has	been	shown	elegantly	in	the	case	of	KRAS	and	BRAF,
where	a	KRAS-mutated	 cancer	 generally	 does	 not	 also	 harbor	 a	BRAF	mutation	 because	KRAS	 is	 upstream	 of
BRAF	in	the	same	pathway.9	A	similar	concept	was	applied	for	PIK3CA	and	PTEN,	where	both	mutations	do	not
usually	occur	in	the	same	tumor.22

Passenger	and	Driver	Mutations
By	the	time	a	cancer	is	diagnosed,	it	is	composed	of	billions	of	cells	carrying	DNA	abnormalities,	some	of	which
have	a	functional	role	in	malignant	proliferation;	however,	many	genetic	lesions	acquired	along	the	way	have	no
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functional	role	in	tumorigenesis.14	The	emerging	landscapes	of	cancer	genomes	include	thousands	of	genes	that
were	not	previously	linked	to	tumorigenesis	but	are	found	to	be	somatically	mutated.	Many	of	these	changes	are
likely	to	be	passengers,	or	neutral,	 in	 that	 they	have	no	functional	effects	on	 the	growth	of	 the	 tumor.14	Only	a
small	 fraction	 of	 the	 genetic	 alterations	 are	 expected	 to	 drive	 cancer	 evolution	 by	 giving	 cells	 a	 selective
advantage	over	their	neighbors.	Passenger	mutations	occur	incidentally	in	a	cell	that	later	or	in	parallel	develops	a
driver	mutation	but	are	not	ultimately	pathogenic.99	Although	neutral,	cataloging	passenger	mutations	is	important
because	they	incorporate	the	signatures	of	the	previous	exposures	the	cancer	cell	underwent	as	well	as	DNA	repair
defects	the	cancer	cell	has.	In	many	cases,	the	passenger	and	driver	mutations	occur	at	similar	frequencies,	and	the
identification	of	drivers	versus	 the	passenger	 is	of	utmost	relevance	and	remains	a	pressing	challenge	 in	 cancer
genetics.100–102	This	goal	will	eventually	be	achieved	through	a	combination	of	genetic	and	functional	approaches,
some	of	which	are	discussed	in	the	following.

Figure	1.7	Cancer	genome	landscapes.	Nonsilent	somatic	mutations	are	plotted	in	a	two-
dimensional	space	representing	chromosomal	positions	of	RefSeq	genes.	The	telomere	of	the	short

arm	of	chromosome	1	is	represented	in	the	rear	left	corner	of	the	green	plane,	and	ascending
chromosomal	positions	continue	in	the	direction	of	the	arrow.	Chromosomal	positions	that	follow
the	front	edge	of	the	plane	are	continued	at	the	back	edge	of	the	plane	of	the	adjacent	row,	and

chromosomes	are	appended	end	to	end.	Peaks	indicate	the	60	highest	ranking	CAN	genes	for	each
tumor	type,	with	peak	heights	reflecting	cAMP	scores.	The	dots	represent	genes	that	were

somatically	mutated	in	the	individual	colorectal	(Mx38)	(A)	or	breast	tumor	(B3C)	(B).	The	dots
corresponding	to	mutated	genes	that	coincided	with	hills	or	mountains	are	black	with	white	rims;
the	remaining	dots	are	white	with	red	rims.	The	mountain	on	the	right	of	both	landscapes	represents
TP53	(chromosome	17),	and	the	other	mountain	shared	by	both	breast	and	colorectal	cancers	is
PIK3CA	(upper	left,	chromosome	3).	(Redrawn	from	Wood	LD,	Parsons	DW,	Jones	S,	et	al.	The

genomic	landscapes	of	human	breast	and	colorectal	cancers.	Science	2007;318:1108–1113.
Reprinted	with	permission	from	the	American	Association	for	the	Advancement	of	Science.)



Figure	1.8	Signaling	pathways	and	processes.	A:	The	12	pathways	and	processes	whose
component	genes	were	genetically	altered	in	most	pancreatic	cancers.	B,C:	Two	pancreatic	cancers

(Pa14C	and	Pa10X)	and	the	specific	genes	that	are	mutated	in	them.	The	positions	around	the
circles	in	B	and	C	correspond	to	the	pathways	and	processes	in	A.	Several	pathway	components
overlapped,	as	illustrated	by	the	BMPR2	mutation	that	presumably	disrupted	both	the	SMAD4	and
hedgehog	signaling	pathways	in	Pa10X.	Additionally,	not	all	12	processes	and	pathways	were
altered	in	every	pancreatic	cancer,	as	exemplified	by	the	fact	that	no	mutations	known	to	affect

DNA	damage	control	were	observed	in	Pa10X.	N.O.,	not	observed.	(Redrawn	from	Jones	S,	Zhang
X,	Parsons	DW,	et	al.	Core	signaling	pathways	in	human	pancreatic	cancers	revealed	by	global
genomic	analyses.	Science	2008;321:1801–1806.	Reprinted	with	permission	from	the	American

Association	for	the	Advancement	of	Science.)

The	most	reliable	indicator	that	a	gene	was	selected	for	and	therefore	is	highly	likely	to	be	pathogenic	is	the
identification	of	recurrent	mutations,	whether	at	the	same	exact	amino	acid	position	or	in	neighboring	amino	acid
positions	 in	 different	 patients.	 More	 than	 that,	 if	 somatic	 alterations	 in	 the	 same	 gene	 occur	 very	 frequently
(mountains	in	the	tumor	genome	landscape),	 these	can	be	confidently	classified	as	drivers.	For	example,	cancer
alleles	 that	 are	 identified	 in	multiple	 patients	 and	 different	 tumor	 types,	 such	 as	 those	 found	 in	KRAS,	TP53,
PTEN,	and	PIK3CA,	are	clearly	selected	for	during	tumorigenesis.

However,	most	genes	discovered	thus	far	are	mutated	in	a	relatively	small	fraction	of	tumors	(hills),	and	it	has
been	 clearly	 shown	 that	 genes	 that	 are	 mutated	 in	 less	 than	 1%	 of	 patients	 can	 still	 act	 as	 drivers.103	 The
systematic	 sequencing	 of	 newly	 identified	 putative	 cancer	 genes	 in	 the	 vast	 number	 of	 specimens	 from	 cancer
patients	 will	 help	 in	 this	 regard.	 However,	 even	 if	 examining	 large	 numbers	 of	 samples	 can	 provide	 helpful
information	 to	 classify	 drivers	 versus	 passengers,	 this	 approach	 alone	 is	 limited	 by	 the	 marked	 variation	 in
mutation	 frequency	 among	 individual	 tumors	 and	 individual	 genes.	 The	 statistical	 test	 utilized	 in	 this	 case
calculates	the	probability	that	the	number	of	mutations	in	a	given	gene	reflects	a	mutation	frequency	that	is	greater
than	expected	from	the	nonfunctional	background	mutation	rate,28,104	which	is	different	between	different	cancer
types.	These	analyses	incorporate	the	number	of	somatic	alterations	observed,	the	number	of	tumors	studied,	and
the	number	of	nucleotides	that	were	successfully	sequenced	and	analyzed.

Another	approach	often	used	to	distinguish	driver	from	passenger	mutations	exploits	the	statistical	analysis	of
synonymous	versus	nonsynonymous	changes.105	In	contrast	to	nonsynonymous	mutations,	synonymous	mutations
do	 not	 alter	 the	 protein	 sequence.	 Therefore,	 they	 do	 not	 usually	 apply	 a	 growth	 advantage	 and	would	 not	 be
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expected	to	be	selected	during	tumorigenesis.	This	strategy	works	by	comparing	the	observed-to-expected	ratio	of
synonymous	with	that	of	nonsynonymous	mutation.	An	increased	proportion	of	nonsynonymous	mutations	from
the	expected	2:1	ratio	implies	selection	pressure	during	tumorigenesis.

Other	 approaches	 are	 based	 on	 the	 concept	 that	 driver	 mutations	may	 have	 characteristics	 similar	 to	 those
causing	Mendelian	disease	when	 inherited	 in	 the	germ	 line	and	may	be	 identifiable	by	constraints	on	 tolerated
amino	 acid	 residues	 at	 the	 mutated	 positions.	 In	 contrast,	 passenger	 mutations	 may	 have	 characteristics	 more
similar	to	those	of	nonsynonymous	single	nucleotide	polymorphisms	with	high	minor	allele	frequencies.	Based	on
these	 premises,	 supervised	machine	 learning	methods	 have	 been	used	 to	 predict	which	missense	mutations	 are
drivers.106	Additional	approaches	to	decipher	drivers	from	passengers	include	the	identification	of	mutations	that
affect	 locations	 that	 have	 previously	 been	 shown	 to	 be	 cancer	 causing	 in	 protein	 members	 of	 the	 same	 gene
family.	Enrichment	for	mutations	in	evolutionarily	conserved	residues	are	analyzed	by	algorithms,	such	as	sorting
intolerant	from	tolerant	(SIFT),107	which	estimates	the	effects	of	the	different	mutations	identified.

Figure	1.9	Landscape	of	cancer	genomics	analyses.	Next-generation	sequencing	data	will	be
generated	for	hundreds	of	tumors	from	all	major	cancer	types	in	the	near	future.	The	integrated
analysis	of	DNA,	RNA,	and	methylation	sequencing	data	will	help	elucidate	all	relevant	genetic

changes	in	cancers.	(Used	with	permission	from	Ding	L,	Wendl	MC,	Koboldt	DC,	et	al.	Analysis	of
next-generation	genomic	data	in	cancer:	accomplishments	and	challenges.	Hum	Mol	Genet

2010;19:R188–R196.)



Probably	 the	most	 conclusive	methods	 to	 identify	driver	mutations	will	 be	 rigorous	 functional	 studies	using
biochemical	assays	as	well	as	model	organisms	or	cultured	cells,	using	knockout	and	knockin	of	individual	cancer
alleles.108	A	summary	of	the	various	next-generation	applications	and	approaches	for	their	analysis	is	summarized
in	Figure	1.9	and	Table	1.2.

NETWORKS	OF	CANCER	GENOME	PROJECTS
The	 repertoire	 of	 oncogenic	 mutations	 is	 extremely	 heterogeneous,	 suggesting	 that	 it	 would	 be	 difficult	 for
independent	 cancer	genome	 initiatives	 to	 address	 the	generation	of	 comprehensive	catalogs	of	mutations	 in	 the
wide	 spectrum	of	 human	malignancies.	Accordingly,	 there	 have	been	different	 efforts	 to	 coordinate	 the	 cancer
genome	sequencing	projects	being	carried	out	 around	 the	world,	 including	The	Cancer	Genome	Atlas	 (TCGA)
and	 the	 International	 Cancer	Genome	Consortium	 (ICGC).	Moreover,	 there	 are	 other	 initiatives	 that	 are	more
focused	on	specific	 tumors,	such	as	 that	 led	by	scientists	at	St.	Jude	Children’s	Research	Hospital	 in	Memphis,
and	Washington	University,	which	aims	at	sequencing	multiple	pediatric	cancer	genomes.109

TCGA	began	in	2006	in	the	United	States	as	a	comprehensive	program	in	cancer	genomics	supported	by	the
National	Cancer	 Institute.	The	 initial	project	 focused	on	 three	 tumors:	GBM,	serous	cystadenocarcinoma	of	 the
ovary,	and	lung	squamous	carcinoma,	but	on	the	basis	of	initial	positive	results,	the	National	Institutes	of	Health
expanded	the	TCGA	program	with	the	aim	to	produce	genomic	datasets	for	multiple	types.110	To	date,	TCGA	has
generated	comprehensive	maps	 of	 the	 key	 genomic	 changes	 in	 33	 types	 of	 cancer.	 The	 current	 TCGA	dataset
(October	2017)	contains	publicly	available	data	describing	 tumor	 tissue	and	matched	normal	 tissues	 from	more
than	11,000	patients.	The	TCGA	project	came	to	a	close	in	2017,	but	new	genomics	initiatives,	run	through	the
National	 Cancer	 Institute	 Center	 for	 Cancer	 Genomics,	 use	 the	 same	 model	 of	 collaboration	 for	 large-scale
genomic	analysis	and	by	making	the	genomics	data	publicly	available.

TABLE	1.2
Computational	Tools	and	Databases	Useful	for	Cancer	Genome	Analyses

Category Tool/Database URL
Alignment Maqa http://maq.sourceforge.net

Burrows-Wheeler	Alignerb http://bio-bwa.sourceforge.net

Mutation	calling SNVMixc http://www.bcgsc.ca/platform/bioinfo/software/SNVMix

SAMtoolsd http://samtools.sourceforge.net

VarScane http://varscan.sourceforge.net

MuTectf http://www.broadinstitute.org/cancer/cga/mutect

Indel	calling Pindelg http://gmt.genome.wustl.edu/pindel/current/

Copy	number	analysis CBSh http://www.bioconductor.org

SegSeqi http://www.broadinstitute.org/cgi-
bin/cancer/publications/pub_paper.cgi?
mode=view&paper_id=182

Functional	effect SIFTj http://sift.jcvi.org/

PolyPhen-2k http://genetics.bwh.harvard.edu/pph2

Visualization CIRCOSl http://mkweb.bcgsc.ca/circos

Integrative	Genomics	Viewerm http://www.broadinstitute.org/igv

Repository Catalogue	of	Somatic	Mutations	in
Cancern

http://www.sanger.ac.uk/genetics/CGP/cosmic

Cancer	Genome	Projecto http://www.sanger.ac.uk/genetics/CGP

dbSNPp http://www.ncbi.nlm.nih.gov/SNP

Gene	Rankerq http://cbio.mskcc.org/tcga-generanker/
aLi	H,	Durbin	R.	Fast	and	accurate	short	read	alignment	with	Burrows–Wheeler	transform.	Bioinformatics	2009;25:1754–1760.
bLi	H,	Durbin	R.	Fast	and	accurate	long-read	alignment	with	Burrows–Wheeler	transform.	Bioinformatics	2010;26:589–595.
cGoya	 R,	 Sun	MG,	Morin	 RD,	 et	 al.	 SNVMix:	 predicting	 single	 nucleotide	 variants	 from	 next-generation	 sequencing	 of	 tumors.
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Bioinformatics	2010;26:730–736.
dLi	H,	Handsaker	B,	Wysoker	A,	et	al.	The	sequence	alignment/map	format	and	SAMtools.	Bioinformatics	2009;25:2078–2079.
eKoboldt	DC,	Chen	K,	Wylie	T,	et	al.	VarScan:	variant	detection	in	massively	parallel	sequencing	of	individual	and	pooled	samples.
Bioinformatics	2009;25:2283–2285.
fCibulski	K,	Lawrence	MS,	Carter	SL,	et	al.	Sensitive	detection	of	 somatic	point	mutations	 in	 impure	and	heterogeneous	cancer
samples.	Nat	Biotechnol	2013;31:213–219.
g	Ye	K,	Schulz	MH,	Long	Q,	et	al.	Pindel:	a	pattern	growth	approach	to	detect	break	points	of	 large	deletions	and	medium	sized
insertions	from	paired-end	short	reads.	Bioinformatics	2009;25:2865–2871.
hVenkatraman	ES,	Olshen	AB.	A	faster	circular	binary	segmentation	algorithm	for	 the	analysis	of	array	CGH	data.	Bioinformatics
2007;23:657–663.
iChiang	DY,	Getz	G,	Jaffe	DB,	et	al.	High-resolution	mapping	of	copy-number	alterations	with	massively	parallel	sequencing.	Nat
Methods	2009;6:99–103.
jNg	PC,	Henikoff	S.	Predicting	deleterious	amino	acid	substitutions.	Genome	Res	2001;11:863–874.
kIdzhubei	 IA,	 Schmidt	 S,	 Peshkin	 L,	 et	 al.	 A	 method	 and	 server	 for	 predicting	 damaging	 missense	 mutations.	 Nat	 Methods
2010;7:248–249.
lKrzywinski	M,	Schein	J,	Birol	I,	et	al.	Circos:	an	information	aesthetic	for	comparative	genomics.	Genome	Res	2009;19:1639–1645.
mRobinson	JT,	Thorvaldsdóttir	H,	Winckler	W,	et	al.	Integrative	genomics	viewer.	Nat	Biotechnol	2011;29:24–26.
nForbes	 SA,	 Bhamra	 S,	 Dawson	 E,	 et	 al.	 The	 Catalogue	 of	 Somatic	 Mutations	 in	 Cancer	 (COSMIC).	Curr	 Protoc	 Hum	Genet
2008;chap	10.
oFutreal	PA,	Coin	L,	Marshall	M,	et	al.	A	census	of	human	cancer	genes.	Nat	Rev	Cancer	2004;4:177–183.
pSherry	ST,	Ward	MH,	Kholodov	M,	et	al.	dbSNP:	the	NCBI	database	of	genetic	variation.	Nucleic	Acids	Res	2001;29:308–311.
q	The	Cancer	Genome	Atlas	Research	Network.	Comprehensive	genomic	characterization	defines	human	glioblastoma	genes	and
core	pathways.	Nature	2008;455:1061–1068.
Based	on	Meyerson	M,	Stacey	G,	Getz	G.	Advances	 in	understanding	cancer	genomes	 through	second	generation	sequencing.
Nature	Rev	Genet	2010;11:685–696,	Table	1.2.

The	 ICGC	 was	 formed	 in	 2008	 to	 coordinate	 the	 generation	 of	 comprehensive	 catalogs	 of	 genomic
abnormalities	 in	 tumors	 from	50	different	 cancer	 types	or	 subtypes	 that	 are	of	 clinical	 and	 societal	 importance
across	the	world.111	The	project	aims	to	perform	systematic	studies	of	over	25,000	cancer	genomes	at	the	genomic
level	and	integrate	this	information	with	epigenomic	and	transcriptomic	studies	of	the	same	cases	as	well	as	with
clinical	features	of	patients.	At	present,	there	are	a	total	of	89	committed	projects	involving	at	least	17	different
countries	 coordinated	 by	 the	 ICGC.	All	 of	 these	 projects	 deal	with	 at	 least	 500	 samples	 per	 cancer	 type	 from
cancers	affecting	a	variety	of	human	organs	and	tissues,	including	the	blood,	the	brain,	the	breast,	the	esophagus,
the	kidneys,	the	liver,	the	oral	cavity,	the	ovaries,	the	pancreas,	the	prostate,	the	skin,	and	the	stomach.111	The	last
ICGC	data	release	(v.24,	18	May	2017)	comprises	mutational	information	from	more	than	17,000	cancer	donors
spanning	76	projects	and	21	different	tumor	sites.

All	 of	 these	 coordinated	 projects	 have	 already	 provided	 new	 insights	 into	 the	 catalog	 of	 genes	mutated	 in
cancer	 and	have	unveiled	 specific	 signatures	 of	 the	mutagenic	mechanisms,	 including	 carcinogen	 exposures	 or
DNA-repair	defects,	implicated	in	the	development	of	different	malignant	tumors.73,112	Furthermore,	these	cancer
genome	 studies	 have	 also	 contributed	 to	 define	 clinically	 relevant	 subtypes	 of	 tumors	 for	 prognosis	 and
therapeutic	management	and	in	some	cases	have	identified	new	targets	and	strategies	for	cancer	treatment.61–63,113

The	rapid	technologic	advances	in	DNA	sequencing	will	likely	drop	the	costs	of	sequencing	cancer	genomes	to
a	 small	 fraction	of	 the	 current	 price	 and	will	 allow	 researchers	 to	overcome	 some	of	 the	 current	 limitations	of
these	global	sequencing	efforts.	Hopefully,	worldwide	coordination	of	cancer	genome	projects,	including	the	Pan-
Cancer	 initiative	 and	 the	 American	 Association	 for	 Cancer	 Research	 (AACR)	 Project	 Genomics	 Evidence
Neoplasia	Information	Exchange	(GENIE),	with	those	involving	large-scale,	functional	analyses	of	genes	in	both
cellular	 and	 animal	 models	 will	 likely	 provide	 us	 with	 the	 most	 comprehensive	 collection	 of	 information
generated	to	date	about	the	causes	and	molecular	mechanisms	of	cancer.	The	integration	of	these	cancer	genomic
and	 functional	 data	 with	 clinical	 outcome	 data	 for	 tens	 of	 thousands	 of	 cancer	 patients	 treated	 at	 multiple
institutions	worldwide	will	set	up	the	basis	for	implementing	precision	cancer	medicine.

THE	GENOMIC	LANDSCAPE	OF	CANCERS
Examining	the	overall	distribution	of	 the	 identified	mutations	redefined	the	cancer	genome	landscapes	whereby
the	mountains	are	the	handful	of	commonly	mutated	genes	and	the	hills	represent	the	vast	majority	of	genes	that
are	 infrequently	mutated.	One	 of	 the	most	 striking	 features	 of	 the	 tumor	 genomic	 landscape	 is	 that	 it	 involves
different	sets	of	cancer	genes	that	are	mutated	in	a	tissue-specific	fashion.114,115	To	continue	with	the	analogy,	the
scenery	 is	 very	different	 if	we	observe	 a	 colorectal,	 a	 lung,	 or	 a	 breast	 tumor.	This	 indicates	 that	mutations	 in
specific	 genes	 cause	 tumors	 at	 specific	 sites,	 or	 are	 associated	 with	 specific	 stages	 of	 development,	 cell
differentiation,	or	tumorigenesis,	despite	many	of	those	genes	being	expressed	in	various	fetal	and	adult	tissues.



Moreover,	 different	 types	 of	 tumors	 follow	 specific	 genetic	 pathways	 in	 terms	 of	 the	 combination	 of	 genetic
alterations	 that	 it	must	acquire.	For	example,	no	cancer	outside	 the	bowel	has	been	shown	to	follow	the	classic
genetic	 pathway	 of	 colorectal	 tumorigenesis.	 Additionally,	 KRAS	 mutations	 are	 almost	 always	 present	 in
pancreatic	cancers	but	are	very	rare	or	absent	in	breast	cancers.	Similarly,	BRAF	mutations	are	present	in	60%	of
melanomas	but	are	very	 infrequent	 in	 lung	cancers.1	Another	 intriguing	 feature	 is	 that	 alterations	 in	ubiquitous
housekeeping	genes,	such	as	those	involved	in	DNA	repair	or	energy	production,	occur	only	in	particular	types	of
tumors.

In	 addition	 to	 tissue	 specificity,	 the	 genomic	 landscape	 of	 tumors	 can	 also	 be	 associated	 with	 gender	 and
hormonal	 status.	For	 example,	HER2	 amplification	 and	PIK3C2A	mutations,	 two	genetic	 alterations	 associated
with	breast	cancer	development,	are	correlated	with	the	estrogen-receptor	hormonal	status.116	The	molecular	basis
for	 the	 occurrence	 of	 cancer	mutations	 in	 tissue-	 and	 gender-specific	 profiles	 is	 still	 largely	 unknown.	Organ-
specific	 expression	 profiles	 and	 cell-specific	 neoplastic	 transformation	 requirements	 are	 often	 mentioned	 as
possible	causes	for	this	phenomenon.	Identifying	tissue	and	gender	cancer	mutations	patterns	is	relevant	because	it
may	allow	for	the	definition	of	individualized	therapeutic	avenues.

Single-Cell	Genomics
Genomic	 analysis	 has	 provided	 important	 insights	 into	 the	 origin,	 progression,	 and	 relapse	 of	 human
malignancies.	However,	tumors	are	similar	to	complex	organs	composed	of	an	aggregate	of	heterogeneous	cells.
Tumor	heterogeneity	largely	derives	from	clonal	evolution,	a	multistep	process	by	which	random	mutations	create
genetic	 and	 epigenetic	 diversity	 that	 is	 then	 the	 subject	 of	 natural	 selection.117	 Accordingly,	 the	 genome	 and
epigenome	of	individual	cells	within	the	same	tumor	is	unique	and	distinct	from	all	the	others	that	make	up	that
particular	tumor.	Next-generation	DNA	sequencing	has	allowed	identification	of	the	most	frequent	mutations	in
the	genomes	of	cancer	patients	and	led	to	the	development	of	personalized	therapies,	but	this	genomic	approach	is
not	 sufficient	 to	 deal	 with	 the	 mutational	 diversity	 present	 in	 the	 individual	 and	 tireless	 adaptive	 cells	 that
comprise	a	malignant	tumor.

Recent	 technologic	advances	have	facilitated	 the	whole-genome	sequencing	of	 individual	cells,	opening	new
ways	to	better	understanding	the	cellular	heterogeneity	inherent	to	cancer.	Pioneering	studies	by	Navin	et	al.118	in
human	 breast	 cancer	 demonstrated	 that	 it	 was	 possible	 to	 infer	 tumor	 evolution	 by	 single-cell	 sequencing	 of
multiple	cells	from	the	same	cancer.	These	proof	of	principle	studies	revealed	that	besides	the	well-characterized
mutations	common	to	most	cells	in	a	malignant	tumor,	there	are	also	multiple	subclonal	and	de	novo	mutations.
Further	single-cell	sequencing	studies	demonstrated	that	distinct	types	of	DNA	alteration	accumulate	at	different
rates.	Thus,	large-scale	DNA	changes	frequently	occur	early	in	cancer	development,	whereas	point	mutations	are
accumulated	 more	 gradually,	 finally	 resulting	 in	 the	 outstanding	 subclonal	 diversity	 found	 in	 human
malignancies.119

A	number	of	 techniques	 for	single-cell	genomic	analysis,	also	 including	single-cell	RNA-seq	and	single-cell
epigenomics	 to	 characterize	 the	 transcriptome	 and	 epigenome	 of	 individual	 cancer	 cells,	 have	 now	 been
developed.	The	strategies	underlying	these	methods	are	based	on	the	development	of	methods	to	isolate	individual
cells	preserving	their	biologic	integrity	and	then	to	capture	and	amplify	DNA	and	RNA	from	these	single	cells.
Methods	 to	 capture	both	DNA	and	RNA	 from	 the	 same	 individual	 cells	 have	 also	been	developed,	 facilitating
studies	 to	 link	genotype	and	phenotype	of	cancer	cells.	Likewise,	 the	combination	of	single-cell	genomics	with
high-throughput	 experimental	 perturbations—such	 as	 clustered	 regularly	 interspaced	 short	 palindromic	 repeats
(CRISPR)–based	 methods—has	 enabled	 causal	 inferences	 in	 cancer	 research	 to	 be	 established	 at	 an
unprecedented	level	of	resolution.120

These	 emerging	 techniques	 have	 already	 provided	 innovative	 insights	 in	 multiple	 aspects	 of	 cancer
pathogenesis	 such	 as	 intratumor	 heterogeneity,	 cell	 of	 origin,	 reconstruction	 of	 phylogenetic	 lineages,	 cell
plasticity,	clonal	evolution,	and	mechanisms	of	metastasis.121	Nevertheless,	these	studies	are	still	hampered	by	the
high	cost	of	 single-cell	genomics,	 the	errors	 that	arise	during	 the	whole-genome	or	 transcriptome	amplification
requested	 for	 individual	cell	 sequencing	analysis,	and	 the	complexities	of	 the	computational	methods	necessary
for	 handling	 the	massive	 information	 derived	 from	 single-cell	 sequence	 data.	The	 ongoing	 progress	 to	 address
these	current	limitations	will	likely	determine	that	single-cell	genomics	is	central	to	precisely	define	the	complex
evolutionary	trajectories	of	human	cancers	and	illuminate	new	clinical	strategies	for	their	effective	control.	Single-
cell	 genomics	 will	 also	 likely	 shed	 light	 on	 the	 mechanisms	 of	 primary	 and	 secondary	 drug	 resistance	 that
presently	restrict	the	effectiveness	of	targeted	and	immune	therapies.
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INTEGRATIVE	ANALYSIS	OF	CANCER	GENOMICS
The	implementation	of	novel	high-throughput	technologies	is	generating	an	extraordinary	amount	of	information
on	cancer	samples.	Accordingly,	 there	 is	a	growing	need	 to	 integrate	genomic,	epigenomic,	 transcriptomic,	and
proteomic	landscapes	from	tumor	samples	and	then	linking	this	integrated	information	with	clinical	outcomes	of
cancer	 patients.	 There	 are	 some	 examples	 of	 human	malignancies	 in	which	 this	 integrative	 approach	 has	 been
already	 performed,	 such	 as	 for	 AML;	 glioblastoma;	 medulloblastoma;	 and	 renal	 cell,	 colorectal,	 ovarian,
endometrial,	 prostate,	 and	 breast	 carcinomas,122–129	 improving	 the	 molecular	 classification	 of	 complex	 and
heterogeneous	tumors.	These	integrative	molecular	analyses	have	also	provided	new	insights	into	the	mechanisms
disrupted	 in	each	particular	 cancer	 type	or	 subtype	and	have	 facilitated	 the	association	of	genomic	 information
with	distinct	clinical	parameters	of	cancer	patients	and	the	discovery	of	novel	therapeutic	targets.130	Also	in	this
regard,	there	has	been	significant	progress	in	the	definition	of	the	mechanisms	by	which	the	cancer	genome	and
epigenome	influence	each	other	and	cooperate	to	facilitate	malignant	transformation.131,132	Moreover,	mutations
in	epigenetic	regulators,	such	as	DNA	methyltransferases,	chromatin	remodelers,	histones,	and	histone	modifiers,
are	 very	 frequent	 events	 in	 many	 tumors,	 including	 hepatocellular	 carcinomas,	 renal	 carcinomas	 leukemias,
lymphomas,	 glioblastomas,	 and	 medulloblastomas.	 These	 genetic	 alterations	 of	 epigenetic	 modulators	 cause
widespread	 transcriptomic	 changes,	 thereby	 amplifying	 the	 initial	 effect	 of	 the	mutational	 event	 at	 the	 cancer
genome	level.132

TABLE	1.3
Useful	Information	for	the	Description	and	Management	of	Cancer

Bioinformatic
Tool	or
Webservices

Database
Used

Webservice
or	Tool

Upload
of	Data
Possible

Gene
Search

Chromosomal
Region
Search

mRNA
Expression SNV CNV Methylation

miRNA
Expression

cBioPortal	for
Cancer
Genomics

TCGA Webservice — ✓ — ✓ ✓ ✓ — —

PARADIGM,
Broad	GDAC
Firehose

TCGA Webservice ✓ ✓ — ✓ ✓ ✓ ✓ —

WashU
Epigenome
Browser

ENCODE Webservice ✓ ✓ ✓ ✓ ✓ ✓ ✓ —

UCSC	Cancer
Genomics
Browser

UCSC Webservice ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

The	Cancer
Genome
Workbench

TCGA Webservice — ✓ ✓ ✓ ✓ ✓ ✓ —

EpiExplorer ENCODE
and
ROADMAP

Webservice ✓ ✓ ✓ ✓ ✓ ✓ ✓ —

EpiGRAPH ENCODE Webservice ✓ ✓ ✓ ✓ ✓ ✓ ✓ —

Catalogue	of
Somatic
Mutations	in
Cancer
(COSMIC)

TCGA	and
ICGC

Webservice — ✓ — — ✓ ✓ — —

PCmtl,
MAGIA,
miRvar,
CoMeTa,	etc.a

GEO	and
TCGA

Webservice ✓ ✓ — ✓ — — — ✓

ICGC ICGC Webservice — ✓ — ✓ ✓ ✓ — —

Genomatix User
defined

Tool — ✓ — ✓ ✓ ✓ ✓ —



Caleydo TCGA Tool — ✓ ✓ ✓ ✓ ✓ ✓ ✓
Integrative
Genomics
Viewer

ENCODE Tool — ✓ ✓ ✓ ✓ ✓ ✓ —

iCluster	and
iCluster	Plus

User
defined

Tool — ✓ — ✓ — ✓ — —

aWeb	site	with	links	for	integrated	analysis	of	microRNA	(miRNA)	and	messenger	RNA	(mRNA)	expression.
SNV,	single-nucleotide	variation;	CNV,	copy-number	variation;	TCGA,	The	Cancer	Genome	Atlas;	GDAC,	Genomic	Data	Analysis
Center;	WashU,	Washington	University;	ENCODE,	Encyclopedia	 of	DNA	Elements;	USCS,	University	 of	California,	Santa	Cruz;
ICGC,	International	Cancer	Genome	Consortium;	MAGIA,	miRNA	and	Genes	Integrated	Analysis;	CoMeTa,	Co-expression	Meta-
analysis	of	miRNA	Targets;	GEO,	Gene	Expression	Omnibus.
Based	 on	 Plass	 C,	 Pfister	 SM,	 Lindroth	 AM,	 et	 al.	 Mutations	 in	 regulators	 of	 the	 epigenome	 and	 their	 connections	 to	 global
chromatin	patterns	in	cancer.	Nat	Rev	Genet	2013;14:765–780,	Table	1.1.

The	 recent	 availability	of	different	platforms	 for	 integrative	 cancer	genome	analyses	will	 be	very	helpful	 in
enabling	 the	 classification,	 biologic	 characterization,	 and	 personalized	 clinical	 management	 of	 human	 cancers
(Table	1.3).131,133

IMMUNOGENOMICS
Immunotherapy,	such	as	checkpoint	inhibitors	and	adoptive	T-cell	therapy,	has	shown	remarkable	clinical	effects
in	a	wide	range	of	tumor	types.	However,	as	many	tumors	do	not	respond	to	these	treatments	and	the	determinants
of	 treatment	 efficacy	 are	 largely	 unknown,	 a	 new	 field	 of	 research	 was	 launched,	 namely,	 cancer
immunogenomics.	As	tumor	therapy	is	advancing	toward	a	personalized	approach,	in	which	each	patient	will	be
given	“tailor	made”	therapy	according	to	his	or	her	mutational	landscape	and	neoantigen	repertoire,	it	is	essential
to	better	understand	how	the	patient	can	benefit	from	immunotherapy;	thus,	identification	of	specific	biomarkers
for	stratification	of	patients	to	immunotherapy	is	likely	to	increase	treatment	response	rates	(Fig.	1.10).134

The	query	for	tumor	neoantigens	as	therapeutic	approach,	and	investigation	on	how	neoantigens	interact	with
checkpoint	blockade,	had	been	in	the	focus	of	cancer	immunology	for	the	past	decade.135–137	Tumor	neoantigens
are	antigens	 that	are	unique	 to	 the	patient’s	cancer	cells	and	are	presented	on	 the	 tumor	cells	human	 leukocyte
antigen	(HLA)	molecules.	They	are	derived	from	patient-specific	nonsynonymous	mutations	as	well	as	indels	in
the	cancer	cells,138,139	which	are	unique	from	patient	to	patient.	Neoantigen-specific	T	cells	can	be	found	in	both
the	 tumor140	 and	 the	 circulation	 of	 patients141,142	 and	 healthy	 donors.143	 These	 have	 been	 shown	 to	 be	 highly
potent	 in	 eliminating	 tumors	 by	 both	 adoptive	 transfer144	 or	 using	 vaccinations	 that	 increase	 their
abundance.145,146	 Interestingly,	 neoantigens	 are	 usually	 considered	 to	 activate	 CD8+	 T	 cells,	 but	 neoantigens
which	are	recognized	by	CD4+	T	cells	were	reported	as	well.147

Neoantigens	can	be	 identified	using	numerous	methods.148	The	 initial	 step	 involves	whole-exome	or	whole-
genome	 sequencing	 to	 identify	 patient-specific	 nonsynonymous	 mutations.149	 The	 bottleneck	 remains	 in
deciphering	neoantigens	from	the	sequencing	data.	 In	recent	years,	a	plethora	of	computational	 tools	have	been
generated	 in	 order	 to	 predict	 which	 neoantigens	 bind	 the	 HLAs	 expressed	 on	 the	 surface	 of	 tumor	 cells	 in
sufficient	 affinity	 (reviewed	 in	 Hackl	 et	 al.150).	 However,	 as	 these	 technologies	 are	 laborious	 and	 inaccurate,
alternative	techniques	such	as	HLA	peptidomics	are	now	also	in	use.151	Regardless	of	the	technique	used,	for	each
patient,	the	literature	describes	a	very	restricted	number	of	validated,	rather	than	predicted,	neoantigens	(between
zero	and	five),	which	does	not	correlate	with	mutational	 load.141,142,144,149,152	However,	 it	was	suggested148	 and
recently	 shown	 in	 patients153	 that	 it	 is	 the	 quality,	 or	 the	 “foreignness,”	 of	 the	 neoantigen	 manifested	 by	 its
homology	 to	 antigens	 derived	 from	 infectious	 diseases,	 rather	 than	 the	 actual	 number	 of	 the	 neoantigens,	 that
predict	patient	survival.
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Figure	1.10	Representation	of	the	immune	state	within	tumors,	manifested	by	various	aspects	of
immunogenomics.	Desirable	states	are	located	in	blue;	undesirable	states	are	shown	in	red	gradient.
MHC,	major	histocompatibility	complex;	IFN-γ,	interferon-γ;	LDH,	lactate	dehydrogenase;	IL-6,
interleukin-6;	CRP,	C-reactive	protein;	PD-L1,	programmed	cell	death	protein	ligand	1.	(Adapted
from	Blank	CU,	Haanen	JB,	Ribas	A,	et	al.	Cancer	immunology.	The	“cancer	immunogram.”

Science	2016;352[6286]:658–660.)

A	complementary	approach	in	cancer	immunogenomics	is	the	evaluation	of	the	immune	status	of	the	tumor,	in
order	 to	predict	 the	patient’s	survival	and	potential	benefit	 from	therapy,	using	computational	methods.	Several
such	algorithms	were	developed	to	decipher	the	immune	cell	composition	within	tumors	using	transcriptomics.150
Some	algorithms,	such	as	the	Cell	type	Identification	By	Estimating	Relative	Subsets	Of	known	RNA	Transcripts
(CIBERSORT154),	 can	 be	 used	 effectively	 to	 characterize	 the	 immune	 composition	 of	 tumors	 in	 a	 quantitative
manner	 comparable	 to	 that	 of	 immunohistochemistry	 or	 flow	 cytometry.155	 Other	 approaches,	 such	 as	 the
definition	of	cytolytic	activity	by	combining	the	transcript	levels	of	granzyme	A	and	perforin,156	use	of	single-cell
RNA	sequencing	for	immune	profiling,157	or	sequencing	of	the	T-cell	receptor	repertoire	as	a	measure	of	T-cell
diversity	versus	clonality,158	can	also	provide	an	insight	of	the	immune	state	of	the	tumor.

The	intersection	between	immunogenomics,	cancer	genomics,	and	immunotherapy	has	led	to	a	key	question	in
the	field	concerning	the	correlation	of	mutational	load	and	response	to	immunotherapy.	The	current	hypothesis	in
the	immunotherapy	field	is	that	tumors	with	increased	mutational	load	will	present	more	neoantigens	and	thus	will
be	 more	 immunogenic.139,159	 Accordingly,	 patients	 who	 respond	 to	 checkpoint	 blockade	 therapy	 are	 often
characterized	with	 a	 high	mutational	 load.160,161	Another	 example	 is	CRC,	which	 is	 known	 to	 be	 refractory	 to
immunotherapy	for	most	patients,162	with	some	clinical	benefit	demonstrated	only	in	a	minority	of	patients	with
high	 mutational	 load	 due	 to	 mutations	 in	 the	 mismatch	 repair	 genes.163	 Indeed,	 it	 was	 recently	 reported	 that
mismatch	repair	defect	can	predict	better	response	to	immunotherapies	in	other	cancer	types	as	well.164	However,
other	 reports	 undermine	 the	 correlation	 between	 mutational	 load	 and	 response	 to	 immunotherapy.165,166	 In
addition,	 low	 tumor	 heterogeneity	 was	 also	 shown	 to	 predict	 response	 for	 checkpoint	 blockade,158,167	 and
melanoma	patients	who	respond	to	programmed	cell	death	protein	1	(PD-1)	blockade	exhibit	enriched	mutation
toward	 BCRA1.166	 These	 observations	 and	 their	 interpretations	 are	 currently	 under	 heated	 debate,	 and	 their
understanding	would	be	instrumental	for	future	patient	selection.



Finally,	 immunogenomic	 studies	 have	 delineated	 mechanisms	 of	 tumor	 evasion	 from	 elimination	 by	 the
immune	system.	One	such	mechanism	is	disruption	of	the	antigen	presentation	machinery.	This	can	be	achieved
by	 acquired	mutations	 of	 the	HLA	component	 β2M168,169	 or	 loss	 of	 the	HLA	 alleles.170	An	 alternative	 escape
mechanism	 is	 disruption	 of	 the	 interferon-γ	 signaling	 pathway,	which	 upregulates	HLA	 surface	 expression	 on
tumor	cells	and	which	is	manifested	by	mutations	in	genes	along	the	pathway,	such	as	the	kinases	Janus	kinase	1
(JAK1)	 and	 JAK2	 or	 the	 downstream	 transcription	 factor	 STAT1.171–173	 On	 the	 other	 hand,	 interferon-γ	 can
activate	other	tumor	escape	mechanisms,	such	as	the	upregulation	of	checkpoint	inhibitor	molecules	on	tumor	cell
surface,	including	programmed	cell	death	protein	ligand	1	(PD-L1).174	Tumors	can	also	immunoedit	neoantigens
and	downregulate	 their	expression	 in	 the	RNA	level	or	delete	 the	mutant	alleles	 in	 the	DNA	level.175,176	 In	 the
future,	 unbiased	 genomic	 screens	 that	 use	 the	 CRISPR-CAS9	 whole-genome	 screen	 may	 uncover	 new	 such
mechanism,	as	was	shown	in	tumor	mouse	models.177

THE	CANCER	GENOME	AND	THE	NEW	TAXONOMY	OF	TUMORS
Deciphering	 the	 cancer	 genome	 has	 already	 impacted	 clinical	 practice	 at	 multiple	 levels.	 On	 the	 one	 hand,	 it
allowed	 for	 the	 identification	 of	 new	 cancer	 genes	 such	 as	 IDH1,	 a	 gene	 involved	 in	 glioma,	 which	 was
discovered	recently	(see	the	previous	section),	and	on	the	other	hand,	it	is	redesigning	the	taxonomy	of	tumors.

Until	 the	 genomic	 revolution,	 tumors	 had	 been	 classified	 based	 on	 two	 criteria:	 their	 localization	 (site	 of
occurrence)	 and	 their	 appearance	 (histology).	These	 criteria	 are	 also	 currently	 used	 as	 primary	determinants	 of
prognosis	 and	 to	 establish	 the	 best	 treatments.	 For	 many	 decades,	 it	 has	 been	 known	 that	 patients	 with
histologically	similar	 tumors	have	different	clinical	outcomes.	Furthermore,	 tumors	that	cannot	be	distinguished
based	on	histologic	analysis	can	respond	very	differently	to	identical	therapies.178

It	is	becoming	increasingly	clear	that	the	frequency	and	distribution	of	mutations	affecting	cancer	genes	can	be
used	 to	 redefine	 the	 histology-based	 taxonomy	 of	 a	 given	 tumor	 type.	 Lung	 and	 colorectal	 tumors	 represent
paradigmatic	examples.	Genomic	analyses	led	to	the	identification	of	activating	mutations	in	the	receptor	tyrosine
kinase	EGFR	in	lung	adenocarcinomas.179	The	occurrence	of	EGFR	mutations	molecularly	defines	a	subtype	of
NSCLCs	 that	 occur	mainly	 in	nonsmoking	women,	 that	 tend	 to	have	 a	distinctly	 enhanced	prognosis,	 and	 that
typically	 respond	 to	 epidermal	 growth	 factor	 receptor	 (EGFR)–targeted	 therapies.180–182	 Similarly,	 the	 recent
discovery	of	the	EML4-ALK	fusion	identifies	yet	another	subset	of	NSCLC	that	is	clearly	distinct	from	those	that
harbor	 EGFR	 mutations,	 that	 have	 distinct	 epidemiologic	 and	 biologic	 features,	 and	 that	 respond	 to	 ALK
inhibitors.93,183

The	 second	 example	 is	 CRCs,	 the	 tumor	 type	 for	 which	 the	 genomic	 landscape	 has	 been	 refined	 with	 the
highest	accuracy.	CRCs	can	be	clearly	categorized	according	to	the	mutational	profile	of	the	genes	involved	in	the
KRAS	pathway	(Fig.	1.11).	It	is	now	known	that	KRAS	mutations	occur	in	approximately	40%	of	CRCs.	Another
subtype	 of	 CRC	 (approximately	 10%)	 harbors	 mutations	 in	 BRAF,	 the	 immediate	 downstream	 effectors	 of
KRAS.10

Of	 note,	KRAS	 and	BRAF	 mutations	 have	 been	 recently	 shown	 to	 impair	 responsiveness	 to	 the	 anti-EGFR
monoclonal	antibodies	therapies	in	CRC	patients.184–186	Clearly	distinct	subgroups	can	be	genetically	identified	in
both	NSCLCs	and	CRCs	with	respect	to	prognosis	and	response	to	therapy.	It	is	likely	that	as	soon	as	the	genomic
landscapes	 of	 other	 tumor	 types	 are	 defined,	 molecular	 subgroups	 like	 those	 described	 previously	 will	 also
become	defined.
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Figure	1.11	Graphic	representation	of	a	cohort	of	100	patients	with	colorectal	cancer	treated	with
cetuximab	or	panitumumab.	The	genetic	milieu	of	individual	tumors	and	their	impacts	on	the

clinical	response	are	listed.	KRAS,	BRAF,	and	PIK3CA	somatic	mutations	as	well	as	loss	of	PTEN
protein	expression	are	indicated	according	to	different	color	codes.	Molecular	alterations	mutually
exclusive	or	coexisting	in	individual	tumors	are	indicated	using	different	color	variants.	The	relative
frequencies	at	which	the	molecular	alterations	occur	in	colorectal	cancers	are	described.	(Redrawn
from	Bardelli	A,	Siena	S.	Molecular	mechanisms	of	resistance	to	cetuximab	and	panitumumab	in

colorectal	cancer.	J	Clin	Oncol	2010;28:1254–1261.)

Genotyping	tumor	tissue	in	search	of	somatic	genetic	alterations	for	actionable	information	has	become	routine
practice	 in	 clinical	 oncology.	The	genetic	 profile	 of	 solid	 tumors	 is	 currently	 obtained	 from	 surgical	 or	 biopsy
specimens.	As	the	techniques	that	have	enabled	us	to	analyze	tumor	tissues	become	ever	more	sophisticated,	we
have	realized	the	limitations	of	this	approach.	As	previously	discussed,	cancers	are	heterogeneous,	with	different
areas	 of	 the	 same	 tumor	 showing	 different	 genetic	 profiles	 (i.e.,	 intratumoral	 heterogeneity);	 likewise,
heterogeneity	exists	between	metastases	within	 the	same	patient	 (i.e.,	 intermetastatic	heterogeneity).187	A	 tissue
section	 (or	 a	 biopsy)	 from	 one	 part	 of	 a	 solitary	 tumor	 will	 miss	 the	 molecular	 intratumoral	 as	 well	 as
intermetastatic	 heterogeneity.	 To	 capture	 tumor	 heterogeneity,	 techniques	 that	 are	 capable	 of	 interrogating	 the
genetic	landscapes	of	the	overall	disease	in	a	single	patient	are	needed.



Liquid	Biopsies	as	a	Diagnosis	Tool
In	 1948,	 the	 publication	 of	 a	manuscript	 describing	 the	 presence	 of	 cell-free	 circulating	DNA	 (cfDNA)	 in	 the
blood	 of	 humans	 offered—probably	 without	 realizing	 it—unprecedented	 opportunities	 in	 this	 area.188	 Only
recently,	the	full	potential	of	this	seminal	discovery	has	been	appreciated.	Several	groups	have	reported	that	the
analysis	of	circulating	tumor	DNA	can,	in	principle,	provide	the	same	genetic	information	obtained	from	tumor
tissue.	The	levels	of	cfDNA	are	typically	higher	 in	cancer	patients	 than	healthy	individuals,	 indicating	that	 it	 is
possible	to	screen	for	the	presence	of	disease	through	a	simple	blood	test.	Furthermore,	the	specific	detection	of
tumor-derived	cfDNA	has	been	shown	to	correlate	with	tumor	burden,	which	changes	in	response	to	treatment	or
surgery.189–191

Although	the	detection	of	circulating	free	tumor	DNA	(ctDNA)	has	remarkable	potential,	it	is	also	challenging
for	several	reasons.	The	first	is	the	need	to	discriminate	DNA	released	from	tumor	cells	(ctDNA)	from	circulating
normal	DNA.	Discerning	 ctDNA	 from	 normal	 cfDNA	 is	 aided	 by	 the	 fact	 that	 tumor	DNA	 is	 defined	 by	 the
presence	of	mutations.	These	somatic	mutations,	commonly	single	base	pair	substitutions,	are	present	only	in	the
genomes	of	cancer	cells	or	precancerous	cells	and	are	present	in	the	DNA	of	normal	cells	of	the	same	individual.
Accordingly,	ctDNA	offers	exquisite	specificity	as	a	biomarker.	Unfortunately,	cfDNA	derived	from	tumor	cells
often	represents	a	very	small	fraction	(<1%)	of	the	total	cfDNA,	thus	limiting	the	applicability	of	the	approach.
The	development	and	 refinement	of	next-generation	 sequencing	 strategies	 as	well	 as	 recently	developed	digital
PCR	techniques	have	made	it	possible	to	define	rare	mutant	variants	in	complex	mixtures	of	DNA.	Using	these
approaches,	it	is	possible	to	detect	point	mutations,	rearrangements,	and	gene	copy	number	changes	in	individual
genes	starting	from	a	few	milliliters	of	plasma.192	Whole-exome	analyses	can	also	be	performed	using	circulating
DNA	extracted	from	the	blood	of	cancer	patients.193

The	detection	of	tumor-specific	genetic	alterations	in	patients’	blood	(often	referred	to	as	liquid	biopsies)	has
several	applications	in	the	field	of	oncology,	which	are	summarized	as	follows	(Fig.	1.12).	Analyses	of	 cfDNA
can	be	used	to	genotype	tumors	when	a	tissue	sample	is	not	available	or	is	difficult	to	obtain.	Circulating	tumor
DNA	fragments	contain	 the	 identical	genetic	defects	as	 the	 tumor	 themselves;	 thus,	 the	blood	can	reveal	 tumor
point	 mutations	 (EGFR,	 KRAS,	 BRAF,	 PIK3CA),	 rearrangements	 (e.g.,	 EML4-ALK),	 as	 well	 as	 tumor
amplifications	(MET).194–196	Liquid	biopsies	may	also	be	useful	in	monitoring	tumor	burden—a	central	aspect	in
the	 management	 of	 patients	 with	 cancer	 that	 is	 typically	 assessed	 with	 imaging.	 In	 this	 regard,	 several
investigational	studies	have	shown	that	ctDNA	can	be	a	surrogate	for	tumor	burden	and	that,	much	like	viral	load
changes	(e.g.,	HIV	viral	load),	levels	of	ctDNA	correspond	with	clinical	course.	Liquid	biopsies	can	also	be	used
to	monitor	the	genomic	drift	(clonal	evolution)	of	tumors	upon	treatment.193	In	this	setting,	the	analysis	of	ctDNA
in	 plasma	 samples	 obtained	 pretreatment,	 during,	 and	 posttreatment	 can	 lead	 to	 an	 understanding	 of	 the
mechanisms	of	primary	and,	especially,	acquired	resistance	to	therapies.197–200

Clinical	Applications	of	Liquid	Biopsies
ctDNA	can	 be	 expoited	 to	 detect	 the	 presence	 of	 cancer;	 circulating	 viral	DNA	can	 be	 used	 to	 identify	 virus-
related	 cancers.	 After	 diagnosis,	 ctDNA	 allows	 patients’	 stratification	 and	 can	 help	 guiding	 therapeutic
intervention.	During	 therapy,	 ctDNA	can	be	used	 to	monitor	 response	and	 resistance	 in	 real	 time	as	well	 as	 to
detect	minimal	residual	disease.	At	progression,	ctDNA	analysis	could	reveal	tumor	molecular	heterogeneity	and
actionable	 targets	 for	 further	 therapeutic	 interventions.	 Also,	 ctDNA	 analysis	 could	 be	 helpful	 to	 monitor
microsatellite	 instability	status	and	 tumor	mutational	 loads,	 that	are	valuable	parameters	 for	 immunotherapy.	 In
addition,	analysis	of	peripheral	blood	mononuclear	cells	can	be	used	to	profile	T-cell	receptors.

Survival	 rates	 for	 cancer	 patients	 with	 early	 diagnoses	 are	 5	 to	 10	 times	 higher	 compared	 with	 late-stage
disease,201	 but	 circulating	 biomarkers	 for	 early	 detection	 of	 human	 cancer	 are	 presently	 not	 available.
Accordingly,	methodologies	 capable	 of	 identifying	 cancer	 beyond	 the	 limit	 of	 detection	 by	 radiologic	 imaging
carry	 remarkable	 potential.	 Although	 ctDNA	 analyses	 for	 disease	 monitoring	 in	 metastatic	 patients	 are	 now
clinically	applicable,193,197–200,202,203	much	less	is	known	on	the	effectiveness	of	liquid	biopsies	to	identify	cancers
early.204–207	 The	 development	 of	 reliable	 tests	 for	 early	 cancer	 detection	 remains	 challenging	 and	 will	 likely
require	novel	technologies	and	large-scale	studies	to	demonstrate	clinical	utility.	Importantly,	exquisite	specificity
and	specificity	will	be	 required	 to	 reliably	apply	a	blood	 test	 for	widespread	population	assessment.	A	ctDNA-
based	screening	test	must	discriminate	between	nonmalignant	clonal	growth	and	precancerous	lesions	from	actual
tumors.	This	is	because	we	now	know	that	cancer-associated	driver	mutations	(i.e.,	TP53	alterations)	occur	with
increasing	 age	 in	 individuals	 who	 will	 not	 develop	 cancer	 during	 their	 lifetime.208,209	 Furthermore,	 clonal
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hematopoiesis	associated	to	somatic	mutations	occurs	in	approximately	10%	of	individuals	older	than	65	years	of
age.	However,	the	absolute	risk	of	conversion	from	clonal	hematopoiesis	to	hematologic	cancer	was	found	to	be
modest	 (1.0%	 per	 year).210	 Therefore,	 detection	 of	 cancer-associated	 mutations	 in	 cfDNA	 might	 not	 directly
indicate	that	positive	individuals	have	cancer	or	will	develop	cancer	in	their	lifetime.

On	the	bright	side,	early	detection	of	virally	driven	tumors	is	feasible	as	shown	in	a	recent	prospective	study,
where	 circulating,	 plasma-derived	 Epstein-Barr	 virus	 DNA	 was	 found	 to	 be	 useful	 to	 screen	 for	 early
nasopharyngeal	carcinoma	in	asymptomatic	individuals.211

Another	application	of	liquid	biopsies	based	on	ctDNA	is	the	detection	of	minimal	residual	disease	following
surgery	 or	 therapy	 with	 curative	 intent190	 and	 to	 inform	 on	 the	 development	 of	 clinical	 or	 radiologic
recurrence.212–214	 Accordingly,	 ctDNA	 analyses	 could	 be	 used	 to	 stratify	 patients	 who	 are	 at	 high	 risk	 for
recurrence	 and	 spare	 low-risk	 patients	 from	 the	 toxicities	 of	 unnecessary	 systemic	 therapies.215–217	 In	 a	 recent
study	 based	 on	 the	 clinical	 trial	 TRACERx,	 tumor-specific,	 liquid	 biopsy	 assays	were	 effective	 in	 identifying
NSCLC	patients	likely	to	experience	recurrence	of	their	disease.218

Liquid	 biopsies	 are	 also	 being	 developed	 to	 monitor	 cancer	 patients	 receiving	 immunotherapies	 based	 on
checkpoint	 blockade	with	 anti–PD-1	 and	 anti–cytotoxic	T-lymphocyte	 antigen	4	 (anti–CTLA-4)	 antibodies.	As
immune	checkpoint	inhibitors	have	shown	significant	effectiveness	against	tumors	containing	increased	mutation
load	(tumor	mutational	burden),	a	recent	study	examined	the	evolving	landscape	of	tumor	neoantigens	during	the
emergence	of	acquired	resistance,	providing	for	the	first	time	insights	into	the	dynamics	of	mutational	landscapes
in	ctDNA.219	Another	study	correlated	 tumor	mutational	burden	detected	 in	 tissue	and	ctDNA	with	 response	 to
checkpoint	 blockade	 in	 cancer	 patients.220	 A	 significant	 improvement	 in	 survival	 was	 associated	 with	 a	 high
number	of	mutations	(mutational	load)	in	ctDNA.	Given	this	evidence,	further	investigations	on	the	use	of	liquid
biopsies	 to	 monitor	 tumor	 mutational	 burden	 as	 a	 predictive	 biomarker	 for	 immunotherapy	 outcomes	 are
warranted.

Figure	1.12	Clinical	applications	of	liquid	biopsies.	Circulating	free	tumor	DNA	(ctDNA)	can	be
exploited	to	detect	the	presence	of	cancer;	circulating	viral	DNA	can	be	used	to	identify	virus-
related	cancers.	After	diagnosis,	ctDNA	allows	patients’	stratification	and	can	help	guiding

therapeutic	intervention.	During	therapy,	ctDNA	can	be	used	to	monitor	response	and	resistance	in
real	time	as	well	as	to	detect	minimal	residual	disease.	At	progression,	ctDNA	analysis	could	reveal
tumor	molecular	heterogeneity	and	actionable	targets	for	further	therapeutic	interventions.	Also,



ctDNA	analysis	could	be	helpful	to	monitor	microsatellite	instability	(MSI)	status	and	tumor
mutational	loads	that	are	valuable	parameters	for	immunotherapy.	In	addition,	analysis	of	peripheral

blood	mononuclear	cell	can	be	used	to	profile	T-cell	receptors	(TCRs).

CANCER	GENOMICS	AND	DRUG	RESISTANCE
Cancer	 genomics	has	 dramatically	 impacted	disease	management	 because	 its	 application	 is	 helping	 researchers
determine	which	patients	are	likely	to	benefit	from	which	drug.	As	discussed	in	great	detail	in	Chapter	22,	good
examples	for	such	treatment	include	targeted	therapy	using	imatinib	for	chronic	myeloid	leukemia	patients	and	the
use	of	gefitinib	and	erlotinib	for	NSCLC	patients.

The	key	 to	 the	 successful	development	 and	application	of	 anticancer	 agents	 is	 a	better	understanding	of	 the
effect	of	the	therapeutic	regimens	and	of	resistance	mechanisms	that	may	develop.	In	most	tumor	types,	a	fraction
of	 patients’	 tumors	 are	 refractory	 to	 therapies	 (intrinsic	 resistance).	 Even	 if	 an	 initial	 response	 to	 therapies	 is
obtained,	 the	 vast	 majority	 of	 tumors	 subsequently	 become	 refractory	 (i.e.,	 acquired	 resistance),	 and	 patients
eventually	succumb	to	disease	progression.	Therefore,	secondary	resistance	should	be	regarded	as	a	key	obstacle
to	treatment	progress.	The	analysis	of	the	cancer	genome	represents	a	powerful	tool	both	for	the	identification	of
chemotherapeutic	signatures	as	well	as	to	understand	resistance	mechanisms	to	therapeutic	agents.	Examples	for
each	of	these	are	described	in	the	following.

An	 important	 application	 of	 systematic	 sequencing	 experiments	 is	 the	 identification	 of	 the	 effects	 of
chemotherapy	on	 the	cancer	genome.	For	 example,	gliomas	 that	 recur	 after	 temozolomide	 treatment	have	been
shown	to	harbor	large	numbers	of	mutations	with	a	signature	typical	of	a	DNA	alkylating	agent.221,222	Therefore,
single-molecule–targeted	therapy	is	almost	always	followed	by	acquired	drug	resistance.223–225	Genomic	analyses
can	be	successfully	exploited	to	decipher	resistance	mechanisms	to	such	inhibitors.	A	few	paradigmatic	examples
are	presented	in	the	following	and	is	discussed	extensively	in	other	chapters.	Despite	the	effectiveness	of	gefitinib
and	 erlotinib	 in	EGFR-mutant	 cases	 of	 NSCLC,226	 drug	 resistance	 develops	 within	 6	 to	 12	 months	 after	 the
initiation	of	 therapy.	The	underlying	reason	for	 this	resistance	was	 identified	as	a	secondary	mutation	in	EGFR
exon	20,	T790M,	which	is	detectable	in	50%	of	patients	who	relapse.227–229	Importantly,	some	studies	have	shown
the	mutation	to	be	present	before	the	patient	was	treated	with	the	drug,230,231	suggesting	that	exposure	to	the	drug
selected	 for	 these	 cells.232	 Because	 the	 drug-resistant	EGFR	 mutation	 is	 structurally	 analogous	 to	 the	mutated
gatekeeper	 residue	T315I	 in	BCR-ABL,	T670I	 in	 c-Kit,	 and	L1196M	 in	EML4-ALK,	which	have	been	 shown
previously	 to	 confer	 resistance	 to	 imatinib	 and	 other	 kinase	 inhibitors,224,233,234	 this	 mechanism	 of	 resistance
represents	a	general	problem	that	needs	to	be	overcome.

It	was,	however,	the	introduction	of	two	anti-EGFR	monoclonal	antibodies,	cetuximab	and	panitumumab,	for
the	treatment	of	metastatic	CRC,	that	provided	the	largest	body	of	knowledge	on	the	relationship	between	tumors’
genotypes	and	the	response	to	 targeted	therapies.	The	initial	clinical	analysis	pointed	out	 that	only	a	fraction	of
metastatic	CRC	patients	benefited	from	this	novel	treatment.	Different	from	the	NSCLC	paradigm,	it	was	found
that	EGFR	mutations	 do	 not	 play	 a	major	 role	 in	 the	 response.	On	 the	 contrary,	 from	 the	 initial	 retrospective
analysis,	it	became	clear	that	somatic	KRAS	mutations,	thought	to	be	present	in	35%	to	45%	of	metastatic	CRCs,
are	important	negative	predictors	of	efficacy	in	patients	who	are	given	panitumumab	or	cetuximab.184–186	Among
tumors	 carrying	 wild-type	 KRAS,	 mutations	 of	 BRAF	 and	 amplification	 of	 HER2	 and	 MET	 might	 also	 be
associated	with	resistance	to	EGFR-targeted	monoclonal	antibodies.194,235–237	From	these	few	examples,	it	is	clear
that	a	future,	deeper	genomic	understanding	of	targeted	drug	resistance	is	crucial	to	the	effective	development	of
additional	as	well	as	alternative	therapies	to	overcome	this	resistance.

PERSPECTIVES	OF	CANCER	GENOME	ANALYSIS
The	 completion	 of	 the	Human	Genome	 Project	 has	marked	 a	 new	 beginning	 in	 biomedical	 sciences.	 Because
human	cancer	is	a	genetic	disease,	the	field	of	oncology	has	been	one	of	the	first	to	be	impacted	by	this	historic
revolution.	Knowledge	of	the	sequence	and	organization	of	the	human	genome	allows	for	the	systematic	analysis
of	the	genetic	alterations	underlying	the	origin	and	evolution	of	tumors.	High-throughput	mutational	profiling	of
common	 tumors,	 including	 lung,	 skin,	 breast,	 and	CRCs,	 and	 the	 application	 of	 next-generation	 sequencing	 to
whole	genome,	whole	exome,	and	whole	transcriptome	of	cancer	samples	has	allowed	substantial	advances	in	the
understanding	of	this	disease	by	facilitating	the	detection	of	all	main	types	of	somatic	cancer	genome	alterations.
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These	have	also	led	to	historical	results,	such	as	the	identification	of	genetic	alterations,	that	are	likely	to	be	the
major	drivers	of	these	diseases.

However,	 the	 genetic	 landscape	 of	 cancers	 is	 by	 no	means	 complete,	 and	what	 has	 been	 learned	 so	 far	 has
raised	new	and	exciting	questions	 that	must	be	addressed.	There	are	still	 important	 technical	challenges	 for	 the
detection	of	somatic	mutations.47	The	genomic	instability	inherent	to	cancer	development	and	progression	largely
increases	 the	 complexity	 and	 diversity	 of	 genomic	 alterations	 of	 malignant	 tumors,	 making	 it	 necessary	 to
distinguish	 between	 driver	 and	 passenger	 mutations.	 Likewise,	 the	 fact	 that	 malignant	 tumors	 are	 genetically
heterogeneous	and	contain	several	clones	simultaneously	growing	within	 the	same	tumor	mass	raises	additional
questions	regarding	the	quality	of	the	information	currently	derived	from	cancer	genomes.	Hopefully,	in	the	near
future,	advances	in	third-generation	sequencing	technologies	will	make	it	feasible	to	obtain	high-quality	sequence
data	of	a	genome	isolated	from	a	single	cell,	an	aspect	of	crucial	relevance	for	cancer	research.

One	of	the	next	imperatives	is	the	definition	of	the	oncogenomic	profile	of	all	tumor	types.	In	particular,	the
less	common—although	not	less	lethal—ones	are	still	largely	mysterious	to	scientists	and	untreatable	to	clinicians.
For	some	of	these	diseases,	few	new	therapeutically	amenable	molecular	targets	have	been	discovered	in	the	past
years.	To	achieve	this,	detailed	oncogenomic	maps	of	the	corresponding	tumors	must	be	drafted.	The	latter	will
hopefully	be	completed	in	the	coming	years,	 thanks	to	the	systematic	cancer	genome	projects	 that	are	presently
being	performed.

In	 the	 case	 of	 less	 common	 cancers,	 a	 lot	 of	 genomic	 profiling	 efforts	 still	 lay	 ahead.	Also,	 low-incidence
mutations	 that	 could	 represent	 potentially	 key	 therapeutic	 targets	 in	 a	 subset	 of	 tumors	 might	 have	 escaped
detection.	Consequently,	the	scaling	up	of	the	mutational	profiling	to	large	numbers	of	specimens	for	each	tumor
type	is	warranted.	As	discussed	previously,	the	ability	to	predict	which	mutations	(among	the	often	thousands	that
a	 tumor	 contains)	 act	 as	 effective	 neoantigens	will	 be	 key	 toward	 the	 development	 and	 for	 the	monitoring	 of
immune	therapy–based	regimens.	It	is	therefore	likely	that	the	field	of	immune	genomics	will	develop	rapidly	in
the	near	future.

Finally,	understanding	the	cellular	properties	imparted	by	the	hundreds	of	recently	discovered	cancer	alleles	is
another	area	that	must	be	developed.	As	a	matter	of	fact,	compared	to	the	genomic	discovery	stage,	the	functional
validation	 of	 putative	 novel	 cancer	 alleles,	 despite	 their	 potential	 clinical	 relevance,	 is	 substantially	 lagging
behind.	 To	 achieve	 this,	 high-throughput	 functional	 studies	 in	 model	 systems	 that	 accurately	 recapitulate	 the
genetic	 alterations	 found	 in	 human	 cancer,	 such	 as	CRISPR/CAS9	knockout	 and	 knockin	 studies,177	 are	 being
applied	and	further	being	developed.

To	conclude,	the	eventual	goal	of	profiling	the	cancer	genome	is	not	only	to	further	understand	the	molecular
basis	 of	 the	 disease	 but	 also	 to	 discover	 novel	 diagnostic	 and	drug	 targets.	One	might	 anticipate	 that	 the	most
immediate	 application	 of	 these	 new	 technologies	 will	 be	 noninvasive	 strategies	 for	 early	 cancer	 detection.
Considering	that	oncogenic	mutations	are	present	only	in	cancer	cells,	screening	for	tumor-derived	mutant	DNA
in	 patients’	 blood	 holds	 great	 potential	 and	will	 progressively	 substitute	 current	 biomarkers,	 which	 have	 poor
sensitivity	and	lack	specificity.198	Further	improvements	in	next-generation	sequencing	technologies	are	likely	to
reduce	their	cost	as	well	as	make	these	analyses	more	facile	in	the	future.	Once	this	happens,	most	cancer	patients
will	undergo	in-depth	genomic	analyses	as	part	of	their	initial	evaluation	and	throughout	their	treatment.	This	will
offer	more	precise	diagnostic	and	prognostic	information,	which	will	affect	treatment	decisions.	Although	many
challenges	remain,	the	information	gained	from	next-generation	sequencing	platforms	is	laying	a	foundation	for
personalized	 medicine,	 in	 which	 patients	 are	 managed	 with	 therapies	 that	 are	 tailored	 to	 the	 specific	 gene
mutations	found	in	their	tumors.	Clearly,	this	is	the	absolute	goal	for	all	of	this	work.
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APPLICATIONS	OF	MOLECULAR	DIAGNOSTICS	IN	ONCOLOGY
Molecular	 diagnostics	 is	 playing	 an	 increasing	 role	 in	many	 areas	 of	 cancer	 care	 delivery	 including	 diagnosis,
prognosis,	therapy	selection,	therapeutic	monitoring,	and	cancer	prevention.	Each	of	these	depends	on	detection	or
measurement	 of	 one	 or	 more	 disease-specific	 molecular	 biomarkers	 representing	 abnormalities	 in	 genetic	 or
epigenetic	 pathways	 controlling	 cellular	 proliferation,	 differentiation,	 or	 cell	 death	 (Table	 2.1).	Although	most
testing	 is	currently	performed	on	 the	 tumor	 itself,	evaluation	of	circulating	 tumor	cells	and	DNA	released	from
tumors	into	the	blood	(ctDNA)	shows	promise	as	a	less	invasive	approach	for	therapeutic	monitoring	and	in	some
cases	even	diagnosis.1	Molecular	diagnostics	has	also	had	a	major	impact	on	assessment	of	engraftment	after	bone
marrow	transplantation	and	in	tissue	typing	for	bone	marrow	and	solid	organ	transplantation.

Cancer	 biomarkers	 can	 take	 many	 forms	 including	 chromosomal	 translocations	 and	 other	 structural
chromosomal	abnormalities,	gene	amplification,	gene	copy	number	gains	or	losses,	single	nucleotide	substitutions
or	 small	 insertions/deletions,	 single	 nucleotide	 polymorphisms	 (SNPs),	 changes	 in	 gene	 expression	 (including
microRNAs),	and	epigenetic	alterations.	As	will	be	discussed	further,	 there	are	many	strategies	for	detection	of
these	genetic	alterations	(Fig.	2.1).	Many	of	the	mutations	result	in	gain	of	function	or	loss	of	function	alterations
in	key	signaling	pathways.	Those	that	occur	early	and	at	a	high	frequency	in	tumors	tend	to	be	driver	mutations,
whose	 function	 is	 important	 for	 the	 cancer	 cell’s	 proliferation	 and/or	 survival.	 These	 are	 particularly	 useful	 as
biomarkers	because	 they	often	 represent	 important	 therapeutic	 targets.	However,	 cancer	 cells	 accumulate	many
genetic	alterations,	called	passenger	mutations,	which	tend	to	occur	at	a	lower	frequency	overall	and	in	a	subset	of
a	 heterogeneous	 population	 of	 tumor	 cells	 that	may	 contribute	 to	 the	 cancer	 phenotype	 but	 are	 not	 absolutely
essential.2	Distinguishing	passenger	 from	driver	mutations	using	various	 functional	 assays	has	become	a	major
focus	 of	 translational	 research	 in	 cancer.	 The	 same	 biomarker	 may	 have	 utility	 in	 a	 variety	 of	 settings.	 For
example,	the	detection	of	the	BCR-ABL1	translocation	pathognomonic	for	chronic	myelogenous	leukemia	(CML)
is	used	for	establishing	the	diagnosis,	for	selection	of	therapy,	and	for	monitoring	minimal	residual	disease	during
and	after	therapy.

TABLE	2.1
Established	Genetic	Biomarkers	for	Cancer	(select	examples)

Biomarker Aberration Disease Molecular	Assays Clinical	Utility
BCR-ABL1 Fusion CML,	B-ALL PCR,	FISH Diagnosis,	therapy,

monitoring

JAK2,	CALR,	MPL,	KIT Mutation PV,	ET,	PMF,	SM PCR,	sequencing Diagnosis

PML-RARA,	MLL Fusion AML PCR,	FISH Diagnosis,	therapy,
monitoring

NPM1,	CEBPA,	FLT3 Mutation AML PCR,	sequencing Diagnosis,	prognosis,
monitoring

IGH/BCL2,	MYC,	BCL6 Fusion B-cell	lymphoma PCR,	FISH Diagnosis

KRAS,	NRAS Mutation Colorectal	cancer PCR,	sequencing Therapy

MLH1 Methylation Colorectal,	endometrial
cancer

PCR,	sequencing Diagnosis

BRAF Mutation Colorectal,	lung	cancer,
melanoma

PCR,	sequencing,	IHC Therapy

EGFR Mutation Lung	cancer PCR,	sequencing Therapy



ALK,	ROS1,	RET Fusion Lung	cancer PCR,	FISH,	IHC Therapy
KIT,	PDGFRA Mutation GIST PCR,	sequencing Diagnosis,	therapy

EWSR1 Fusion Sarcoma PCR,	FISH Diagnosis

HER2 Amplification Breast,	gastric	cancer FISH,	IHC Therapy

BRCA1,	BRCA2 Mutation,	deletion Inherited	breast	and
ovarian	cancer

Sequencing,	MLPA,
aCGH

Diagnosis,	prevention

MLH1,	MSH2,	MSH6,
PMS2

Mutation,	deletion Lynch	syndrome Sequencing,	MLPA,
aCGH

Diagnosis,	prevention

TP53 Mutation,	deletion Li-Fraumeni	syndrome Sequencing,	MLPA,
aCGH

Diagnosis,	prevention

CML,	chronic	myeloid	 leukemia;	ALL,	acute	 lymphoblastic	 leukemia;	PCR,	polymerase	chain	 reaction;	FISH,	 fluorescence	 in	situ
hybridization;	 PV,	 polycythemia	 vera;	 ET,	 essential	 thrombocythemia;	 PMF,	 primary	 myelofibrosis;	 SM,	 systemic	 mastocytosis;
AML,	 acute	 myeloid	 leukemia;	 IHC,	 immunohistochemistry;	 GIST,	 gastrointestinal	 stromal	 tumor;	 MLPA,	 multiplex	 ligation-
dependent	probe	amplification;	aCGH,	array	comparative	genomic	hybridization;	aCGH,	array	comparative	genomic	hybridization.

Figure	2.1	Strategies	for	detection	of	mutations,	translocations,	and	other	structural	genomic
abnormalities	in	cancer.	Whole-genome	sequencing,	which	involves	determining	the	entire

sequence	of	both	introns	and	exons,	is	not	only	the	most	comprehensive	but	also	the	most	laborious
and	expensive	approach.	Exome	sequencing	uses	“baits”	to	capture	either	the	entire	exome	(roughly

20,000	genes,	about	1%	of	the	genome)	or	else	a	subset	of	genes	of	interest.	Amplicon-based
sequencing	uses	polymerase	chain	reaction	(PCR)	or	other	amplification	techniques	to	amplify
targets	of	interest	for	sequencing.	Transcriptome	sequencing,	also	known	as	RNAseq,	is	based	on
sequencing	expressed	RNA	and	can	be	used	to	detect	not	only	mutations	but	also	translocations,
other	structural	abnormalities,	as	well	as	differences	in	expression	levels.	This	can	be	combined
with	exome	capture	techniques	for	higher	sensitivity	analysis	of	genes	of	particular	interest.

(Reprinted	by	permission	from	Macmillan	Publishers	Limited:	Nature	Reviews	Drug	Discovery,
Simon	R,	Rowchodhury	S.	Implementing	personalized	cancer	genomics	in	clinical	trials.	Nat	Rev

Drug	Discov	2013;12[5]:358–369,	©2013.)

The	 ideal	 cancer	 biomarker	 is	 only	 associated	with	 the	 disease	 and	 not	 the	 normal	 state.	 The	 utility	 of	 the
biomarker	largely	depends	on	what	the	clinical	effect	the	biomarker	predicts	for,	how	large	the	effect	is,	and	how
strong	the	evidence	is	for	the	effect.	Biomarkers	for	clinical	applications	require	a	high	level	of	analytic	validity,
clinical	 validity,	 and	 clinical	 utility.	 Analytic	 validity	 refers	 to	 the	 ability	 of	 the	 overall	 testing	 process	 to
accurately	 detect	 and,	 in	many	 cases,	measure	 the	 biomarker.	Clinical	 validity	 is	 the	 ability	 of	 a	 biomarker	 to
predict	a	particular	disease	behavior	or	response	to	therapy.	Clinical	utility,	arguably	the	most	difficult	to	assess,
addresses	whether	the	information	available	from	the	biomarker	is	actually	beneficial	for	patient	care.

Biomarker	Genetics
It	is	important	to	recognize	that	many	genetic	variations	occur	within	the	healthy	population.	Formally,	the	term
polymorphism	is	used	to	describe	genetic	differences	present	in	≥1%	of	the	human	population,	whereas	mutation
describes	less	frequent	differences.	However,	in	practice,	polymorphism	is	often	used	to	describe	a	nonpathogenic
genetic	change,	and	mutation	a	deleterious	change,	regardless	of	their	frequencies.
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Mutations	 can	 be	 classified	 according	 to	 their	 effect	 on	 the	 structure	 of	 gene.	 The	 most	 common	 disease-
associated	 alterations	 are	 single	 nucleotide	 substitutions	 (point	 mutations);	 however,	 as	 discussed	 previously,
many	 deletions,	 insertions,	 gene	 rearrangements,	 gene	 amplification,	 and	 copy	 number	 variations	 have	 been
identified	 that	 have	 clinical	 significance.	 Mutations	 may	 affect	 gene	 promoters,	 splicing	 sites,	 or	 the	 coding
regions.	 Coding	 region	 mutations	 can	 be	 classified	 into	 three	 kinds,	 depending	 on	 the	 impact	 on	 the	 codon:
missense	mutation,	 a	 nucleotide	 change	 that	 leads	 to	 the	 substitution	 of	 an	 amino	 acid	 to	 another;	 nonsense
mutation,	a	nucleotide	substitution	that	causes	premature	termination	of	codons	and	protein	truncation;	and	silent
mutation,	a	nucleotide	change	that	does	not	change	the	coded	amino	acid.

Loss	 of	 function	mutations,	 either	 through	 point	mutations	 or	 deletions	 in	 tumor	 suppression	 genes	 such	 as
CDKN2A	and	TP53	are	very	common	in	human	cancers.	Tumor	suppressor	genes	act	to	inhibit	cell	proliferation
and	tumor	development	and	therefore	require	two	mutational	hits	(biallelic)	to	inactivate	both	copies	of	the	gene
to	allow	tumorigenesis	to	occur.	The	first	hit	is	frequently	an	inherited	or	somatic	point	mutation	and	the	second
hit	an	acquired	deletion	that	inactivates	the	second	copy	of	the	tumor	suppression	gene.

Oncogenes	 originate	 from	 deregulation	 of	 genes	 that	 normally	 encode	 for	 proteins	 associated	 with	 cell
proliferation,	survival,	and	signal	transduction	(protooncogenes;	e.g.,	BRAF	and	KRAS).	Protooncogenes	generally
require	only	one	gain	of	function	or	activating	mutation	to	become	oncogenic.	Common	mutation	types	that	result
in	protooncogene	activation	 include	point	mutations,	gene	amplifications,	and	chromosomal	 translocations.	One
example	 are	mutations	 in	 the	 epidermal	growth	 factor	 receptor	 (EGFR)	gene	 that	occur	 in	non–small-cell	 lung
cancer	 (NSCLC).	 These	 mutations	 occur	 in	 the	 tyrosine	 kinase	 domain	 and	 lead	 to	 constitutive	 activation	 of
EGFR	kinase	activity	and	downstream	signaling.	Importantly,	responsiveness	of	lung	tumors	to	EGFR	inhibitor
therapy	is	highly	correlated	with	the	presence	of	EGFR	tyrosine	kinase	domain	mutations.3,4

One	 of	 the	 challenges	 with	 using	 mutations	 as	 biomarkers	 is	 that	 there	 can	 be	 many	 different	 nucleotide
alterations	 that	 affect	 a	 given	 gene.	 For	 example,	 there	 are	 over	 100	 different	 EGFR	 mutations	 reported	 in
NSCLC.	Many	 of	 these	mutations	 occur	 at	 low	 frequency	 and	 have	 unknown	 clinical	 significance.5,6	 Another
important	concept	is	that	the	same	driver	oncogene	may	be	mutated	in	a	variety	of	different	tumors.	Lung	cancers
harbor	a	number	of	other	alterations	such	as	KRAS,	BRAF,	and	HER2	mutations	that	are	common	in	other	cancers.
Some	lung	cancers	have	translocations	involving	the	ALK	kinase	gene,	which	is	also	activated	by	point	mutations
in	neuroblastoma	and	by	translocation	in	anaplastic	large	cell	lymphoma	(Fig.	2.2).	The	increasing	recognition	of
recurrent	targetable	mutations	in	multiple	cancer	types	is	transforming	cancer	management	from	a	disease-specific
approach	to	one	that	 is	pathway-specific.	A	caveat	 to	 this	approach	is	 that	 the	diversity	of	mutations	to	a	given
oncogene	means	that	some,	but	not	all,	of	the	mutations	may	be	amenable	to	a	specific	targeted	therapy.

Figure	2.2	Activating	genomic	alterations	occur	in	a	variety	of	tumor	types.	ALK	translocations,
mutations,	and	amplifications	occur	in	non–small-cell	lung	cancer,	neuroblastoma,	and	anaplastic



large	cell	lymphoma.	Such	recurrent	alterations	in	cancer,	together	with	effective	inhibitors	of	these
pathways,	are	transforming	oncologic	therapies	from	organ-specific	to	pathway-specific

interventions	and	are	driving	the	use	of	molecular	diagnostics	in	a	wider	range	of	tumor	types.
(Reprinted	with	permission.	©	2009	American	Society	of	Clinical	Oncology.	All	rights	reserved.
From	McDermott	U,	Settleman	J.	Personalized	cancer	therapy	with	selective	kinase	inhibitors:	an

emerging	paradigm	in	medical	oncology.	J	Clin	Oncol	2009;27[33]:5650–5659.)

Use	of	Biomarkers	in	Diagnosis
Chromosomal	 translocations	 are	 one	 of	 the	most	widely	 used	 biomarkers	 for	 cancer	 diagnosis,	 particularly	 in
hematologic	malignancies	and	sarcomas.	For	certain	diseases	such	as	CML	and	Burkitt	 lymphoma,	detection	of
the	 translocation	 (BCR-ABL1	 and	 immunoglobulin	 gene-	MYC,	 respectively)	 is	 required	 to	make	 the	 diagnosis
according	 to	 current	 World	 Health	 Organization	 (WHO)	 guidelines.	 Identification	 of	 translocations	 is	 also
important	 in	 the	 diagnosis	 and	 subtyping	 of	 acute	 leukemias	 (e.g.,	 detection	 of	 PML-RARA	 and	 variant
translocations	 in	 acute	promyelocytic	 leukemia)	 and	 is	 also	 extremely	 important	 for	 the	diagnosis	of	numerous
sarcomas	such	as	Ewing	sarcoma.	The	discovery	of	the	TMPRSS-ETS	translocation	in	prostate	cancer	and	RET-
PTC	 translocations	 in	 papillary	 thyroid	 cancer	 portend	 the	 growing	 diagnostic	 importance	 of	 detecting
translocations	 in	other	 solid	 tumors	 chromosomal	 translocations,	 especially	 for	hematologic	malignancies,	have
been	traditionally	detected	by	classical	karyotyping.	This	approach	has	limitations;	in	particular,	it	requires	viable,
dividing	 cells,	 and	 these	 are	 often	 not	 readily	 available	 from	 solid	 tumor	 biopsies.	 In	 addition,	 a	 significant
proportion	of	 chromosomal	 translocations	 are	 not	 detectable	 by	 conventional	 karyotyping.	For	 example,	 5%	 to
10%	of	CML	cases	lack	detectable	t(9;22)	by	G	banding.	Such	“cryptic”	translocations	require	other	approaches
for	detection	to	be	discussed	below	including	fluorescent	in	situ	hybridization	(FISH),	polymerase	chain	reaction
(PCR),	or	nucleic	acid	sequencing-based	methods.

Detection	of	structural	and	numeric	chromosomal	abnormalities	has	largely	been	limited	to	the	diagnosis	and
prognostication	 of	 hematologic	 disorders.	 Roughly	 half	 of	 all	 myelodysplastic	 disorders	 show	 cytogenetically
detectable	chromosomal	abnormalities	such	as	monosomy	5	or	7,	partial	chromosomal	loss	(5q-,	7q-),	or	complex
chromosomal	abnormalities.	Overall	DNA	ploidy	can	be	assessed	by	flow	cytometry.	Specific	chromosomal	copy
number	 alterations	 can	 be	 detected	 by	 conventional	 karyotyping,	 array	 hybridization	 methods,	 FISH,	 or
sequencing-based	methods.

In	 certain	 settings,	 it	 is	 helpful	 to	 determine	whether	 a	 population	 of	 cells	 is	 clonal	 in	 order	 to	 establish	 a
definitive	diagnosis.	For	example,	in	some	lymphoid	infiltrates,	the	B	cells	are	well	differentiated,	and	it	can	be
difficult	 to	determine	whether	 these	 represent	a	 reactive	or	neoplastic	 infiltrate.	 If	dispersed	cells	are	available,
these	 can	 be	 analyzed	 by	 flow	 cytometry	 to	 detect	 whether	 a	 monotypic	 population	 expressing	 either
immunoglobulin	 kappa	 or	 lambda	 light	 chains	 is	 present.	 The	most	 sensitive	way	 to	 detect	 clonality	 in	B-cell
populations	is	to	analyze	the	size	of	the	breakpoint	cluster	region	that	arises	as	a	result	of	VDJ	recombination	by
PCR.	Reactive	B	cells	will	show	a	heterogeneous	distribution	in	the	size	of	VDJ	recombination	products	for	IGH,
IGK,	and/or	IGL,	whereas	clonal	cells	will	show	a	predominant	band	that	represents	the	size	of	the	specific	VDJ
region	within	the	dominant	clone.	Similarly,	sometimes,	it	can	be	difficult	to	distinguish	neoplastic	from	reactive
T-cell	 infiltrates.	Given	 the	 large	 number	 of	T-cell	 antigen	 receptors,	 it	 is	 not	 as	 simple	 to	 detect	 clonality	 by
immunohistochemistry	(IHC)	or	flow	cytometry	in	T-cell	proliferations.	One	approach	is	to	use	aberrant	loss	of	T-
cell	antigen	expression	to	aid	in	the	diagnosis	of	T-cell	neoplasms.	Another	is	to	detect	clonal	rearrangement	of
the	VDJ	region	of	the	T-cell	receptor	gamma	(TCRγ)	and/or	beta	(TCRβ)	genes,	which	can	be	done	by	PCR	on
both	fresh	and	formalin-fixed	paraffin-embedded	(FFPE)	 tissue.	Next-generation	sequencing	(NGS)	can	also	be
used	 to	 assess	 clonality	 by	 assessing	 for	 the	 presence	 of	 a	 dominant	 VDJ	 sequence	 within	 a	 specimen.	 It	 is
important	not	to	equate	clonality	with	malignancy.	For	example,	10%	to	15%	of	older	healthy	adults	demonstrate
clonal	hematopoiesis	associated	with	somatic	mutations	in	genes	associated	with	acute	myeloid	leukemia	(AML;
potentially	“driver”	mutations)	such	as	TET2	and	DNMT3A.7,8

Use	of	Biomarkers	in	Prognosis
Chromosomal	rearrangements	are	particularly	helpful	 in	prognostication	of	hematopoietic	 tumors.	For	example,
the	PML-RARA	translocation	is	associated	with	a	favorable	prognosis	in	acute	promyelocytic	leukemia,	whereas
MLL	rearrangements	have	an	intermediate	prognosis	in	AML	and	are	associated	with	a	poor	prognosis	in	B-cell
acute	lymphoblastic	leukemia	(ALL).	Structural	abnormalities	in	isolation	such	as	5q-	have	a	favorable	prognosis
in	myelodysplasia,	whereas	others	(e.g.,	“complex”	karyotypes	with	 three	or	more	abnormalities)	carry	a	worse
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prognosis.	Differences	 in	ploidy	have	proven	 to	be	useful	predictors	 in	pediatric	ALL,	with	hyperdiploid	cases
(>50	 chromosomes)	 showing	 a	 distinctly	 more	 favorable	 course	 compared	 with	 hypodiploid	 or	 near	 diploid
cases.9

Detection	of	gene	amplification	also	has	utility	in	prognostication.	For	example,	MYCN	amplification	occurs	in
approximately	40%	of	 undifferentiated	or	 poorly	differentiated	neuroblastoma	 subtypes10,11	 either	 appearing	 as
double	minute	chromosomes	or	homogeneously	staining	regions.	MYCN	amplification	is	a	very	strong	predictor
of	poor	outcomes	particularly	 in	patients	with	 localized	 (stage	1	or	stage	2)	disease	or	 in	 infants	with	stage	4S
metastatic	disease,	where	fewer	than	half	of	patients	survive	beyond	5	years.12

Use	of	Biomarkers	in	Predicting	Response	to	Therapy
Molecular	diagnostics	is	rapidly	playing	an	increasing	role	in	guiding	therapy	or	“theranostics.”	One	of	the	earliest
advances	was	 the	 recognition	 that	AML	with	PML-RARA	 translocation	 is	 highly	 sensitive	 to	 all-trans	 retinoic
acid,	whereas	other	AMLs	are	not.	With	the	advent	of	NGS,	an	increasing	number	of	mutations	in	oncogenes	(and
tumor	 suppressor	 genes)	 are	 being	 identified	 that	 have	 therapeutic	 significance	 (see	 Table	 2.1).	 Molecular
diagnostics	 is	 also	 playing	 an	 increasing	 role	 in	 immunotherapy.	 Antibody-based	 therapies	 directed	 against
immune	checkpoint	effectors	programmed	cell	death	protein	 ligand	1	receptor	 (PD-L1),	programmed	cell	death
protein	1	(PD-1)	and	cytotoxic	T-lymphocyte	antigen	4	(CTLA-4)	are	transforming	treatment	of	tumors	such	as
melanoma	 and	 lung	 cancer.	 Companion	 diagnostics	 tests	 to	 assess	 the	 level	 of	 PD-L1	 protein	 expression	 are
available	to	select	patients	who	are	candidates	for	therapy.	However,	PD-L1	is	expressed	not	only	on	the	tumor
cells	 but	 also	 on	 tumor-infiltrating	 immune	 cells	 as	 well	 as	 stromal	 cells.	 This	 has	 generated	 considerable
discussion	 and	 controversy	 over	 which	 biomarkers	 best	 predict	 responsiveness	 to	 immunotherapy.	 As	 will	 be
discussed	 further,	 cutoffs	 based	 on	 percentage	 staining	 of	 the	 tumor,	 and	 in	 some	 cases,	 stromal	 cells,	 differ
between	the	various	companion	diagnostics.13,14

Molecular	assessment	of	the	host	is	also	beginning	to	play	a	role	in	adjusting	dosing	and	in	predicting	toxicity,
for	 example,	 in	 identifying	 fast	 versus	 slow	 thiopurine	 metabolizers	 using	 polymorphisms	 in	 the	 thiopurine
methyltransferase	gene	in	patients	receiving	thiopurine	drugs.15

Use	of	Biomarkers	in	Therapeutic	Disease	Monitoring
Molecular	diagnostics	plays	a	major	role	in	therapeutic	monitoring.	Detection	of	chromosomal	translocations	and
other	 rearrangements	 using	 cytogenetics,	 FISH,	 PCR,	 and	 to	 an	 increasing	 extent	NGS	 is	 used	 to	monitor	 for
minimal	 residual	 disease	 in	 AML,	 ALL,	 and	 CML.	 Quantification	 of	 these	 biomarker	 levels	 have	 important
prognostic	 and	 therapeutic	 implications.	 For	 example,	 serial	 monitoring	 of	 BCR-ABL1	 mRNA	 levels	 by
quantitative	PCR	 is	 a	mainstay	 of	CML	management.	Detection	 of	 sequence-level	mutations	 can	 be	 important
during	monitoring	for	evaluation	of	chemotherapy	resistance.	Roughly	a	third	of	CML	patients	are	resistant	to	the
frontline	ABL1	kinase	inhibitor	imatinib,	either	at	the	time	of	initial	treatment	or	more	commonly	secondarily.	In
cases	of	primary	failure	or	secondary	failure,	over	100	different	ABL1	mutations	have	been	identified,	including
particularly	common	ones	such	as	T315I	and	P	loop	mutations.	Whereas	some	mutations	such	as	Y253H	respond
to	 second-generation	 tyrosine	 kinase	 inhibitors	 (TKIs),	 others,	 such	 as	 the	 T315I	 mutation,	 are	 noteworthy
because	they	confer	resistance	not	only	to	imatinib	but	also	to	nilotinib	and	dasatinib.

Use	of	Biomarkers	in	Risk	Assessment	and	Cancer	Prevention
Molecular	diagnostics	is	playing	an	increasing	role	in	the	evaluation	and	management	of	patients	at	increased	risk
of	developing	cancer	(Table	2.1).	Detection	of	germline	mutations	 and	 copy	number	variation	 involving	 tumor
suppressor	 genes	 can	 be	 helpful	 for	 the	 management	 of	 patients	 with	 a	 strong	 family	 history	 of	 cancer.	 One
notable	example	 is	 the	use	of	BRCA1	and	BRCA2	mutation	analysis	 for	women	with	a	strong	family	history	of
breast	 cancer.	Over	 200	mutations	 (small	 nucleotide-level	mutations	 and	 large	 deletions/duplications)	 occur	 in
BRCA	genes,	which	are	distributed	across	the	genes	necessitating	full	sequencing	and	additional	methods	for	their
detection.	These	occur	at	an	overall	prevalence	of	about	0.1%	in	the	general	population.16,17	The	lifetime	risk	of
breast	 cancer	 for	 women	 carrying	 BRCA1	 mutations	 is	 in	 the	 range	 of	 47%	 to	 66%,	 whereas	 for	 BRCA2
mutations,	 it	 is	 in	 the	 range	 of	 40%	 to	 57%,18,19	 and	 in	 addition,	 the	 risk	 of	 other	 tumors	 including	 ovarian,
fallopian,	and	pancreatic	cancer	is	also	increased.



THE	CLINICAL	MOLECULAR	DIAGNOSTICS	LABORATORY:	RULES	AND
REGULATIONS
Laboratories	 in	 the	United	States	 that	 perform	molecular	 diagnostic	 testing	 are	 categorized	 as	 high-complexity
laboratories	under	the	Clinical	Laboratory	Improvement	Amendments	of	1988	(CLIA).20	The	CLIA	program	sets
the	minimum	administrative	and	technical	standards	that	must	be	met	in	order	to	ensure	quality	laboratory	testing.
Most	laboratories	in	the	United	States	that	perform	clinical	testing	in	humans	are	regulated	under	CLIA.	CLIA-
certified	laboratories	must	be	accredited	and	regularly	inspected	by	professional	organizations	such	as	The	Joint
Commission,	 the	 College	 of	 American	 Pathologists,	 or	 another	 agency	 officially	 approved	 by	 the	 Centers	 for
Medicare	 &	 Medicaid	 Services	 (CMS)	 and	 must	 comply	 with	 CLIA	 standards	 and	 guidelines	 for	 quality
assurance.	 Although	 the	 regulation	 of	 laboratory	 services	 is	 in	 the	 jurisdiction	 of	 the	 U.S.	 Food	 and	 Drug
Administration	(FDA),	the	FDA	has	historically	exercised	enforcement	discretion.	Therefore,	FDA	approval	is	not
currently	required	for	clinical	implementation	of	molecular	tests	as	long	as	other	regulations	are	met.25,26

SPECIMEN	REQUIREMENTS	FOR	MOLECULAR	DIAGNOSTICS
Samples	 typically	 received	 for	molecular	 oncology	 testing	 include	 blood,	 bone	marrow	 aspirates	 and	 biopsies,
fluids,	 organ-specific	 fresh	 tissues	 in	 saline	 or	 tissue	 culture	 media	 such	 as	 Roswell	 Park	 Memorial	 Institute
(RPMI),	FFPE	tissues,	and	cytology	cell	blocks.	Molecular	tests	can	be	ordered	electronically	or	through	written
requisition	forms	but	never	through	verbal	requests	only.	All	samples	submitted	for	molecular	testing	need	to	be
appropriately	identified.	Sample	type,	quantity,	and	specimen	handling	and	transport	requirements	should	conform
to	the	laboratory’s	stated	requirements	in	order	to	ensure	valid	test	results.

Blood	and	bone	marrow	samples	should	be	drawn	into	anticoagulated	 tubes.	The	preferred	anticoagulant	 for
most	molecular	 assays	 is	 ethylenediaminetetraacetic	 acid	 (lavender).	 Other	 acceptable	 collection	 tubes	 include
ACD	(yellow)	solutions	A	and	B.	Heparinized	tubes	are	not	preferred	for	most	molecular	 tests	because	heparin
inhibits	the	polymerase	enzyme	utilized	in	PCR,	which	may	lead	to	assay	failure.	Blood	and	bone	marrow	samples
can	be	transported	at	ambient	temperature.	Blood	samples	should	never	be	frozen	prior	to	separation	of	cellular
elements	because	 this	causes	hemolysis,	which	interferes	with	DNA	amplification.	Fluids	should	be	transported
on	 ice.	 Tissues	 should	 be	 frozen	 (preferred	 method)	 as	 soon	 as	 possible	 and	 sent	 on	 dry	 ice	 to	 minimize
degradation.	Fresh	tissues	in	RPMI	should	be	sent	on	ice	or	cold	packs.	Cells	should	be	kept	frozen	and	sent	on
dry	ice;	DNA	samples	can	be	sent	at	ambient	temperature	or	on	ice.

For	FFPE	tissue	blocks,	typical	collection	and	handling	procedures	include	cutting	4	to	10	microtome	sections
of	5-	to	10-μm	thickness	each	on	uncoated	slides,	air-drying	unstained	sections	at	room	temperature,	and	staining
one	of	the	slides	with	hematoxylin	and	eosin.	Because	tumor	specimens	are	never	pure,	a	strategy	to	ensure	the
sensitivity	of	the	molecular	assays	is	to	only	test	areas	of	the	tissue	block	that	contain	a	sufficiently	high	quantity
and	proportion	of	neoplastic	cells.	Therefore,	before	any	molecular	test	is	conducted,	the	hematoxylin	and	eosin
slide	 from	 the	 specimen	 in	 question	 is	 reviewed	 by	 an	 anatomic/molecular	 pathology-trained,	 board-certified
pathologist	at	a	light	microscope	for	assessment	of	sample	cellularity,	tumor	cell	content,	and	selection	of	tumor-
rich	areas	that	will	be	used	to	guide	macro-	or	microdissection	of	the	adjacent,	unstained	slides.	The	pathologist
also	provides	an	estimate	of	the	percentage	of	neoplastic	cells	in	the	area	that	will	be	tested,	which	should	exceed
the	established	limit	of	detection	of	the	assay.	Ensuring	that	a	sufficient	proportion	of	tumor	DNA	is	input	into	the
assay,	which	is	crucial	for	the	accuracy	of	molecular	test	results.

MOLECULAR	DIAGNOSTICS	TESTING	PROCESS
The	workflow	of	a	molecular	test	begins	with	receipt	and	accessioning	of	the	specimen	in	the	clinical	molecular
diagnostics	laboratory	followed	by	extraction	of	the	nucleic	acid	(DNA	or	RNA),	test	setup,	detection	of	analyte
(e.g.,	PCR	products),	data	analysis,	and	result	reporting	to	the	patient	medical	record	(Fig.	2.3).

Extraction	 of	 intact,	 moderately	 high-quality	 DNA	 is	 essential	 for	 molecular	 assays.	 For	 DNA	 extraction,
preferred	 age	 for	 blood,	 bone	marrow,	 and	 fluid	 samples	 is	 fewer	 than	 5	 days;	 for	 frozen	 or	 fixed	 tissue,	 it	 is
indefinite;	and	for	fresh	tissue,	it	is	overnight.	Although	there	is	no	age	limit	for	the	use	of	a	fixed	and	embedded
tissue	specimen	for	analysis,	older	specimens	may	yield	a	lower	quantity	and	quality	of	DNA.	Because	RNA	is
significantly	more	labile	than	DNA,	the	preferred	age	for	blood	and	bone	marrow	is	fewer	than	48	hours	(from
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time	of	collection).	Tissue	samples	intended	for	RNA	analysis	should	be	promptly	processed	in	fresh	state,	snap
frozen,	or	preserved	with	RNA	stabilizing	agents	for	transport.

Following	 nucleic	 acid	 extraction,	 the	 assay	 is	 set	 up	 according	 to	 written	 procedures	 established	 during
validation/verification	of	 the	 assay	by	qualified	 laboratory	 staff.	Dedicated	 areas,	 equipment,	 and	materials	 are
designated	for	various	stages	of	the	test	(e.g.,	extraction,	pre-PCR,	and	post-PCR	for	amplification-based	assays).
For	each	molecular	oncology	test,	appropriated	positive	and	negative	control	specimens	are	included	in	each	run
as	a	matter	of	routine	quality	assessment.	A	no	template	(blank)	control,	containing	the	complete	reaction	mixture
except	for	nucleic	acids,	is	also	included	in	amplification-based	assays	to	evaluate	for	amplicon	contamination	in
the	assay	reagents	that	may	lead	to	inaccurate	results.	The	controls	are	processed	in	the	same	manner	as	patient
samples	to	ensure	that	established	performance	characteristics	are	being	met	for	each	step	of	the	assay	(extraction,
amplification,	 and	 detection).	 All	 assay	 controls	 and	 overall	 performance	 of	 the	 run	 are	 examined	 prior	 to
interpretation	 of	 sample	 results.	 Following	 acceptance	 of	 the	 controls,	 results	 are	 electronically	 entered	 into
reports.	The	final	 report	 is	 reviewed	and	signed	 to	 the	electronic	medical	 record	by	 the	 laboratory	director	or	a
qualified	 designee	 who	 meets	 the	 same	 qualifications	 as	 the	 director,	 as	 defined	 by	 CLIA	 (see	 previous
discussion).

Figure	2.3	Simplified	workflow	of	clinical	molecular	diagnostic	testing.	PCR,	polymerase	chain



reaction

TARGETED	MUTATION	ANALYSIS	METHODS
Several	traditional	and	emerging	techniques	are	currently	available	for	mutation	detection	in	cancer	(Table	2.2).	In
this	 era	 of	 personalized	medicine,	molecular	 oncology	 assays	 are	 rapidly	moving	 from	mutational	 analysis	 of
single	 genes	 toward	multigene	 panel	 analysis.	 As	 the	 number	 of	 “actionable”	mutations	 such	 as	ALK,	 EGFR,
BRAF,	and	others	increase,	and	the	cost	of	sequencing	continues	to	drop,	the	use	of	NGS	platforms	is	becoming
much	more	widespread.	Both	traditional	and	emerging	testing	approaches	have	advantages	and	disadvantages	that
need	to	be	balanced	before	a	test	platform	is	implemented	into	practice.

An	important	consideration	when	adding	a	new	oncology	test	in	the	clinical	laboratory	menu	is	to	define	the
intended	use	of	 the	assay	 (e.g.,	diagnosis,	prognosis,	prediction	of	 therapy	 response).	The	clinical	utility	of	 the
assay,	appropriate	types	of	specimens,	spectrum	of	possible	mutations,	and	available	methods	for	testing	should
also	be	determined.	The	laboratory	director	and	ordering	physicians	should	also	discuss	the	estimated	test	volume,
optimal	reporting	format,	and	required	turnaround	time	for	the	proposed	new	test.21–23

Polymerase	Chain	Reaction
PCR24,25	 is	 widely	 used	 in	 all	 molecular	 diagnostics	 laboratories	 for	 rapid	 amplification	 of	 targeted	 DNA
sequences.	 The	 reaction	 includes	 the	 specimen	 template	 DNA,	 forward	 and	 reverse	 primers	 (18	 to	 24
oligonucleotides	 long)	 that	 define	 the	 amplification	 region,	 Taq	 DNA	 polymerase,	 and	 each	 of	 the	 four
nucleotides	 bases	 (dATP,	 dTTP,	 dCTP,	 dGTP).	 During	 PCR,	 selected	 genomic	 sequences	 undergo	 repetitive
temperature	cycling	(sequential	heat	and	cooling)	that	allows	for	denaturation	of	double-stranded	DNA	template,
annealing	of	the	primers	to	the	targeted	complementary	sequences	on	the	template,	and	extension	of	new	strands
of	DNA	by	Taq	polymerase	from	nucleotides,	using	the	primers	as	the	starting	point.	Each	cycle	doubles	the	copy
number	of	PCR	templates	for	the	next	round	of	polymerase	activity,	resulting	in	an	exponential	amplification	of
the	selected	target	sequence.	The	PCR	products	(amplicons)	are	detected	by	electrophoresis,	in	real-time	systems
simultaneously	to	the	amplification	reaction	(see	real-time	PCR	in	the	following	text),	or	by	sequencing.

PCR	is	specifically	designed	to	work	on	DNA	templates	because	the	Taq	polymerase	does	not	recognize	RNA
as	a	starting	material.	Nonetheless,	PCR	can	be	adapted	to	RNA	testing	by	including	a	reverse-transcription	step
to	convert	a	RNA	sequence	into	its	cognate	cDNA	sequence	before	the	PCR	reaction	is	performed	(see	reverse-
transcription	PCR	in	the	following	text).	Multiplex	PCR	reactions	can	also	be	designed	with	multiple	primers	for
simultaneous	amplification	of	multiple	genomic	targets.	PCR	is	a	highly	sensitive	and	specific	technique	that	can
be	employed	in	different	capacities	for	detection	of	point	mutations,	small	deletions,	insertions	and	duplications,
as	well	 as	 gene	 rearrangements	 and	 clonality	 assessment.	 Limits	 of	 detection	 can	 reach	 0.1%	mutant	 allele	 or
lower,	which	 is	 important	 for	detection	of	somatic	mutations	 in	oncology	because	 tumor	specimens	are	usually
composed	 of	 a	 mixture	 of	 tumor	 and	 normal	 cells.	 Some	 PCR	 assay	 formats	 include	 the	 use	 of	 chemically
modified	 blocking	 oligonucleotides	 (e.g.,	 peptide	 nucleic	 acid,	 locked	 nucleic	 acid)	 or	 lower	 denaturation
temperature	 that	 impedes	 the	 amplification	 of	 wild-type	 sequences,	 thereby	 increasing	 the	 assay	 sensitivity	 to
detect	 low-level	mutant	 alleles.	This	 approach	 is	particularly	useful	 for	detection	of	 clinically	 relevant	mutated
subclones	and	for	monitoring	of	treatment	response	or	disease	relapse.	Reverse-transcription	PCR	(RT-PCR)	can
also	 be	 used	 for	 relative	 quantification	 of	 target	RNA	 in	minimal	 residual	 disease	 testing,	 such	 as	BCR-ABL1
transcripts	 in	 CML.	 Another	 advantage	 of	 PCR	 is	 its	 ability	 to	 amplify	 small	 amounts	 of	 low-quality	 FFPE-
derived	DNA.	However,	applications	of	PCR	can	be	limited	as	it	cannot	amplify	across	large	or	highly	repetitive
genomic	regions.	Also,	the	PCR	reaction	can	be	inhibited	by	heparin	or	melanin	if	present	in	the	extracted	DNA,
which	may	lead	to	assay	failure.	Finally,	the	risk	of	false-positives	due	to	specimen	or	amplicon	contamination	is
an	 important	 issue	when	 using	 PCR-based	 techniques;	 therefore,	 stringent	 laboratory	 procedures,	 as	 described
above,	 are	 used	 to	 minimize	 contamination.	 With	 the	 exception	 of	 hybridization	 assays,	 such	 as	 FISH	 and
genomic	microarrays,	PCR	is	the	necessary	initial	step	in	all	current	molecular	oncology	assays.

Real-time	Polymerase	Chain	Reaction
In	real-time	PCR,	the	PCR	is	performed	with	a	PCR	reporter	that	is	usually	a	fluorescent	double-stranded	DNA-
binding	dye	or	a	fluorescent	reporter	probe.	The	intensity	of	the	fluorescence	produced	at	each	amplification	cycle
is	 monitored	 in	 real-time,	 and	 both	 quantification	 and	 detection	 of	 targeted	 sequences	 is	 accomplished	 in	 the
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reaction	tube	as	the	PCR	amplification	proceeds.
The	intensity	of	the	fluorescent	signal	for	a	given	DNA	fragment	(wild	type	or	mutant)	is	correlated	with	its

quantity,	based	on	 the	PCR	cycle	 in	which	 the	fluorescence	rises	above	background	(crossing	 threshold	[Ct]	or
crossing	point	[Cp]).26	The	Ct	value	can	be	used	for	qualitative	or	quantitative	analysis.	Qualitative	assays	use	the
Ct	as	a	cutoff	for	determining	“presence”	or	“absence”	of	a	given	target	in	the	reaction.	Qualitative	analysis	by
real-time	 PCR	 is	 particularly	 useful	 for	 targeted	 detection	 of	 point	 mutations	 that	 are	 located	 in	 mutational
hotspots.	Examples	include	the	JAK2	V617F	mutation,	which	is	 located	within	exon	14	and	is	found	in	several
myeloproliferative	neoplasms	(polycythemia	vera,	essential	thrombocythemia,	and	primary	myelofibrosis),27	and
the	BRAF	V600E	mutation,28	which	 is	 located	within	 exon	 15	 and	 is	 found	 in	 various	 cancer	 types	 including
melanoma	and	thyroid	and	lung	cancer.

For	quantitative	analysis,	the	Ct	of	standards	with	known	template	concentration	is	used	to	generate	a	standard
curve	to	which	Ct	values	of	unknown	samples	are	compared	to.	The	concentration	of	the	unknown	samples	is	then
extrapolated	from	values	from	the	standard	curve.	The	quantity	of	amplicons	produced	in	a	PCR	is	proportional	to
the	prevalence	of	the	targeted	sequence;	therefore,	samples	with	higher	template	concentration	reaches	the	Ct	at
earlier	PCR	cycles	than	one	with	low	concentration	of	the	amplified	target.	Quantitative	real-time	PCR	has	high
analytical	 sensitivity	 for	 detection	 of	 low	mutant	 allele	 burden.	 For	 that	 reason,	 this	method	 has	 been	widely
utilized	for	monitoring	of	minimal	residual	disease.

Reverse-Transcription	Polymerase	Chain	Reaction
RT-PCR	is	utilized	for	detection	and	quantification	of	RNA	transcripts.	The	first	step	for	all	PCR	assays	that	use
RNA	as	a	starting	material	is	reverse	transcription	of	RNA	into	cDNA	because	RNA	is	not	a	suitable	substrate	for
Taq	polymerase.	In	RT-PCR,	RNA	is	isolated	and	reverse	transcribed	into	cDNA	by	using	a	reverse	transcriptase
enzyme	and	either	(1)	random	hexamer	primers,	which	anneal	randomly	to	RNA	and	reverse	transcribe	all	RNA
in	the	cell;	(2)	oligo	dT	primers,	which	anneal	to	the	polyA	tail	of	mRNA	and	reverse	transcribe	only	mRNA;	or
(3)	gene-specific	primers	that	reverse	transcribe	only	the	target	of	interest.	PCR	is	subsequently	performed	on	the
cDNA	with	forward	and	reverse	primers	specific	to	the	gene(s)	of	interest	as	in	a	standard	PCR.

TABLE	2.2
Molecular	Methods	in	Oncology

Method Advantages Disadvantages
Analytic
Sensitivity

Examples	of	Applications	in
Oncology

Real-time	PCR
Allele-specific	PCR
Reverse	transcription
PCR

Flexible	platforms	that
permit	detection	of	a
variety	of	conserved
hotspot	mutations
including	nucleotide
substitutions,	small
length	mutations
(deletions,	insertions),
and	translocations
High	sensitivity	is
beneficial	for	residual
disease	testing	and
specimens	with	limited
tumor	content
Adaptable	to
quantitative	assays

Detects	only	specific
targeted
mutations/chromosomal
translocations
Not	suitable	for	variable
mutations
May	not	determine	the
exact	change	in
nucleotide	sequence

Very	high KRAS,	BRAF,	and	EGFR
mutations	in	solid	tumors
JAK2,	V617F,	and	MPL
mutations	in	myeloproliferative
neoplasms
KIT	D816V	mutation	in
systemic	mastocytosis	and
AML
Quantitation	of	BCR-ABL1
and	PML-RARA	transcripts	for
residual	disease	monitoring	in
CML	and	APL,	respectively

Fragment	analysis Detects	small	to
medium	insertions	and
deletions
Detects	variable
insertions	and	deletions
regardless	of	specific
alteration
Provides
semiquantitative
information	regarding

Does	not	determine	the
exact	change	in
nucleotide	sequence
Does	not	detect	single
nucleotide	substitution
mutations
Limited	multiplex
capability

High NPM1	insertion	mutations	in
AML
FLT3	internal	tandem
duplications	in	AML
JAK2	exon	12	insertions	and
deletions	in	PV
EGFR	exon	19	deletions	in
NSCLC



mutation	level

FISH Detects	chromosomal
translocation,	gene
amplification,	and
deletion
Morphology	of	tumor	is
preserved,	allowing	for
a	more	accurate
interpretation	of
heterogeneous
samples
For	the	quantitative
assessment	of	gene
amplification,	FISH
provides	information
about	copy	number
assessment	of
polysomy,	which	is	not
possible	with	PCR-
based	methods

High	cost
Unable	to	detect	small
insertions	and	deletions
Limited	multiplex
capability
Does	not	determine	the
exact	breakpoint	and
change	in	nucleotide
sequence

High IGH/BCL2	translocation
detection	in	follicular
lymphoma	and	in	a	subset	of
diffuse	large	B-cell	lymphoma
ALK	translocation	in	NSCLC
EWSR1	translocation	in	soft
tissue	tumors
HER2	amplification	in	breast
cancer
1p/19q	deletion	in
oligodendroglioma

Sanger	sequencing Detects	variable	single
nucleotide	substitutions
and	small	insertions
and	deletions
Provides
semiquantitative
information	about
mutation	level

Low	throughput
Low	analytic	sensitivity
limits	application	in
specimens	with	low
tumor	burden
Does	not	detect	copy
number	changes	or
large	(>500	bp)
insertions	and	deletions

Low KIT	mutations	in
gastrointestinal	stromal	tumor
and	melanoma
CEBPA	mutations	in	AML
EGFR	mutations	in	NSCLC

Pyrosequencing Higher	analytical
sensitivity	than	Sanger
sequencing
Detects	variable	single
nucleotide	substitutions
and	small	insertions
and	deletions
Provides	quantitative
information	about
mutation	level

Short	read	lengths	limit
analysis	to	mutational
hotspots
Low	throughput

Medium KRAS	and	BRAF	mutations	in
solid	tumors

Next-generation
sequencing

Quantitative	detection
of	variable	single
nucleotide
substitutions,	small
insertions	and
deletions,	chromosomal
translocations,	and
gene	copy	number
variations
Highly	multiplexed
High	throughput

Requires	costly
investment	in
instrumentation	and
bioinformatics
Technology	is	rapidly
evolving
Higher	error	rates	for
insertion	and	deletion
mutations
Limited	ability	to
sequence	guanine-
cytosine–rich	regions

High Small	to	large	gene	panels	(3–
500)	for	solid	tumor	and
hematologic	malignancies

Genomic	microarray Simultaneous	detection
of	copy	number
variation	and	LOH
(SNP	array)

Does	not	detect
balanced	translocations
May	not	detect	low
level	mutant	allele
burden

Medium Analysis	of	recurrent	copy
number	variation	and	LOH	in
chronic	lymphocytic	leukemia
and	myeloproliferative
neoplasms

PCR,	 polymerase	 chain	 reaction;	 AML,	 acute	 myelogenous	 leukemia;	 CML,	 chronic	 myelogenous	 leukemia;	 APL,	 acute
promyelocytic	 leukemia;	 PV,	 polycythemia	 vera;	 NSCLC,	 non–small-cell	 lung	 carcinoma;	 FISH,	 fluorescent	 in	 situ	 hybridization;
LOH,	loss	of	heterozygosity;	SNP,	single	nucleotide	polymorphism.
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Figure	2.4	Reverse-transcription	polymerase	chain	reaction	(RT-PCR)	is	a	sensitive	means	to
detect	BCR-ABL1	fusion	transcripts	in	chronic	myeloid	leukemia.	RT-PCR	can	be	combined	with
real-time	PCR	(q-PCR)	to	quantitate	BCR-ABL	transcripts	across	a	5	log	range	level.	Amplification
products	are	detected	during	each	PCR	cycle	using	a	fluorescent	probe	specific	to	the	PCR	product.
The	accumulated	fluorescence	in	log(10)	value	is	plotted	against	the	number	of	PCR	cycles.	For	a

given	specimen,	the	PCR	cycle	number	is	measured	when	the	increase	in	fluorescence	is
exponential	and	exceeds	a	threshold.	This	point	is	called	the	Ct,	which	is	inversely	proportional	to
the	amount	of	PCR	target	in	the	specimen	(i.e.,	lower	Ct	values	indicate	greater	amount	of	target).
Calibration	standards	of	known	quantity	are	used	in	standard	curves	to	calculate	the	amount	of

target	in	a	tested	specimen.	These	are	shown	in	the	figure	as	different	colored	plots.	Note	that	PCR
increases	the	amount	of	amplification	product	by	a	factor	of	2	with	each	PCR	cycle.	Therefore,
specimens	that	produce	a	Ct	value	that	is	one	cycle	lower	are	expected	to	have	a	twofold	higher
concentration	of	target.	Specimens	that	differ	in	target	concentration	by	a	factor	of	10	(as	shown)

are	expected	to	have	a	Ct	value	3.3	cycles	apart	(23.3	=	10).

RT-PCR	 is	 commonly	 used	 for	 detecting	 gene	 fusions	 during	 translocation	 analysis	 because	 breakpoints
frequently	 occur	 within	 the	 intron	 of	 each	 partner	 gene	 and	 the	 precise	 intronic	 breakpoint	 locations	 may	 be
variable.	 This	 variability	 complicates	 design	 of	 primers	 used	 in	 DNA-based	 PCR	 assays.	 RT-PCR	 tests	 are
advantageous	 because	mature	mRNA	has	 intronic	 sequence	 spliced	 out,	 allowing	 for	 simplified	 primer	 design
within	the	affected	exon	of	each	partner	gene.	In	this	setting,	RT-PCR	is	useful	in	tests	where	both	translocation
partners	are	recurrent	and	only	one	or	a	few	exons	are	involved	in	each	partner	gene.	For	instance,	95%	of	acute
promyelocytic	 leukemia	 cases	 harbor	 the	 reciprocal	 t(15;17)	 chromosomal	 translocation,	 and	 these	 breakpoints
always	 occur	 within	 intron	 2	 of	 the	 RARA	 gene.	 By	 contrast,	 three	 distinct	 chromosome	 15	 breakpoints	 are
involved,	all	occurring	within	the	PML	gene:	intron	6,	exon	6,	and	intron	3.	Because	the	breakpoints	in	the	two
genes	are	recurrent,	most	of	 the	reported	PML-RARA	 fusions	can	be	detected	by	 targeting	 these	 three	 transcript
isoforms.

RT-PCR	is	the	method	of	choice	when	high	sensitivity	is	required	to	detect	gene	translocations.	For	example,
PML-RARA	 transcript	 detection	 by	 RT-PCR	 can	 detect	 this	 fusion	 transcript	 down	 to	 1	 tumor	 cell	 in	 the
background	 of	 100,000	 normal	 cells.	 Detecting	 low	 levels	 of	 fusion	 transcript	 can	 reveal	 relapse	 after
consolidation	and	guide	further	treatment.29	RT-PCR	can	also	be	used	to	quantitate	the	amount	of	expression	of	a
gene	when	utilized	with	real-time	PCR	for	detection.	One	major	application	of	RT-PCR	in	 this	setting	includes



quantitative	detection	of	BCR-ABL1	fusion	transcript	for	prognostication	and	minimal	residual	disease	testing	in
CML	(Fig.	2.4).	In	this	setting,	a	3	log	decrease	in	BCR-ABL1	levels	is	associated	with	an	improved	outcome.30,31

Allele-Specific	Polymerase	Chain	Reaction
Allele-specific	PCR	(AS-PCR)	is	a	variant	of	conventional	PCR.	The	method	is	based	on	the	principle	that	Taq
polymerase	is	incapable	of	catalyzing	chain	elongation	in	the	presence	of	a	mismatch	between	the	3′	end	of	the
primer	and	the	template	DNA.	Selective	amplification	by	AS-PCR	is	achieved	by	designing	a	forward	primer	that
matches	the	mutant	sequence	at	the	3′	end	primer.	A	second	mismatch	within	the	primer	can	be	introduced	at	the
adjacent	−1	or	−2	position	to	decrease	the	efficiency	of	mismatched	amplification	products.	This	will	minimize
the	chance	of	amplifying	and	therefore	detecting	the	wild-type	target.	AS-PCR	is	usually	performed	as	two	PCRs:
one	employing	a	forward	primer	specific	for	the	mutant	sequence,	the	other	using	a	forward	primer	specific	for	the
correspondent	wild-type	sequence.	 In	 this	case,	a	common	reverse	primer	 is	used	 for	both	 reactions.	Following
amplification,	 the	PCR	products	 are	 detected	 by	 electrophoresis	 (capillary	 or	 agarose	 gel)	 or	 in	 real-time	PCR
systems.	Detection	of	 adequate	PCR	product	 in	 the	wild-type	amplification	 reaction	 is	 important	 to	 control	 for
adequate	specimen	quality	and	quantity,	particularly	when	the	specimen	is	negative	in	the	mutation-specific	PCR.

AS-PCR	is	particularly	useful	for	the	detection	of	specific	point	mutations.	Multiplex	AS-PCR	reactions	can	be
designed	for	the	simultaneous	detection	of	multiple	mutations	by	including	several	mutation-specific	primers.	The
method	 has	 high	 analytical	 sensitivity	 and	 specificity	 and	 can	 be	 easily	 deployed	 in	most	 clinical	 laboratories.
However,	an	 important	 limitation	 is	 this	approach	will	not	detect	mutations	other	 than	 those	 for	which	specific
primers	are	designed.	Therefore,	it	is	utilized	for	highly	recurrent	mutations	that	occur	at	specific	locations	within
genes,	rather	than	for	detection	of	variable	mutations	that	may	occur	throughout	a	gene.

Examples	 of	 AS-PCR	 applications	 in	 oncology	 include	 detection	 of	 JAK2	 V617F	 and	MPL	 mutations	 in
myeloproliferative	 neoplasms	 (primary	myelofibrosis,	 essential	 thrombocythemia,	 and/or	 polycythemia	 vera),32
the	BRAF	V600E	mutation,33	 and	detection	of	KIT	D816V	mutations	 in	 cases	 of	 systemic	mastocytosis	 and	 in
AML.

Fragment	Analysis
Fragment	analysis	 is	a	PCR	amplicon	sizing	 technique	 that	 is	 relevant	 for	detection	of	small	 to	medium	length
affecting	 mutations	 (deletions,	 insertions,	 and	 duplications).	 This	 is	 typically	 performed	 by	 capillary
electrophoresis,	which	is	capable	of	resolving	length	mutations	from	approximately	1	to	500	base	pairs	in	size.

Fragment	analysis	represents	a	practical	strategy	because	it	enables	comprehensive	detection	of	a	wide	variety
of	possible	length	mutations	and	has	high	analytic	sensitivity.	Further,	it	can	provide	semiquantitative	information
regarding	the	relative	amount	of	mutated	alleles.	Limitations	of	this	approach	include	the	inability	to	objectively
quantitate	mutant	allele	burdens,	to	determine	the	exact	change	in	nucleotide	sequence,	and	to	detect	non–length-
affecting	mutations	such	as	substitution	mutations.

Examples	of	fragment	analysis	applications	in	oncology	include	detection	of	NPM1	insertion	mutations34	(Fig.
2.5),	EGFR	exon	19	deletions,	FLT3	internal	tandem	duplications,	and	JAK2	exon	12	mutations.35
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Figure	2.5	Fragment	analysis.	NPM1	mutations	are	important	prognostic	markers	in	acute	myeloid
leukemia.	Virtually	all	NPM1	mutations	result	in	a	four-nucleotide	insertion	within	exon	12.

Detection	of	these	mutations	can	be	accomplished	by	polymerase	chain	reaction	utilizing	primers
that	flank	the	mutation	region.	The	amplification	products	are	sized	using	capillary	electrophoresis.
A	mutation	is	indicated	by	a	polymerase	chain	reaction	fragment	that	is	4	bp	larger	than	the	wild-

type	fragment.	Mutation	positive	(A)	and	negative	(B)	cases	are	shown.



Sanger	Sequencing
Mutations	in	single	gene	assays	are	commonly	analyzed	by	targeted	nucleic	acid	sequencing,	most	commonly	by
Sanger	 sequencing.36	 This	 method,	 also	 known	 as	 dideoxy	 sequencing,	 is	 based	 on	 random	 incorporation	 of
modified	nucleotides	(dideoxynucleotides)	into	a	DNA	sequence	during	rounds	of	template	extension	that	result	in
termination	 of	 the	 chain	 reaction	 at	 various	 fragment	 lengths.	 Because	 dideoxynucleotides	 lack	 a	 3′	 hydroxyl
group	on	the	DNA	pentose	ring,	which	is	required	for	addition	of	further	nucleotides	during	extension	of	the	new
DNA	strand,	the	chain	reaction	is	terminated	at	different	lengths	with	the	random	incorporation	of	ddNTPs	to	the
sequence.	In	addition	to	the	dideoxy	modification,	each	ddNTP	(ddATP,	ddTTP,	ddCTP,	ddGTP)	is	labeled	with
fluorescent	tags	of	different	fluorescent	wavelengths.

In	this	method,	repetitive	cycles	of	primer	extension	are	performed	using	denatured	PCR	products	(amplicons)
as	templates.	Unlike	PCR,	in	which	both	forward	and	reverse	primers	are	added	to	the	same	reaction,	in	Sanger
sequencing,	the	forward	and	reverse	reactions	are	performed	separately.	Bidirectional	sequencing	is	performed	to
ensure	that	the	entire	region	of	interest	for	each	analysis	is	visualized	adequately	to	produce	unequivocal	sequence
readout.	 The	 sequencing	 products	 of	 increasing	 size	 are	 resolved	 by	 capillary	 electrophoresis,	 and	 the	 DNA
sequence	is	determined	by	detection	of	the	fluorescently	labeled	nucleotide	sequences.

Sanger	sequencing	has	the	ability	to	detect	a	wide	variety	of	nucleotide	alterations	in	the	DNA	including	point
mutations,	deletions,	insertions,	and	duplications.	This	technique	is	especially	useful	when	mutations	are	scattered
across	the	entire	gene,	when	genes	have	not	been	sufficiently	studied	to	determine	mutational	hot	spots,	or	when	it
is	relevant	to	determine	the	exact	change	in	DNA	sequence.	Sanger	sequencing	can	also	provide	semiquantitative
information	about	mutation	levels	in	a	sample	based	on	the	evaluation	of	average	peak	drop	values	from	forward
and	reverse	mutant	peaks	on	sequence	chromatograms.	Limitations	of	this	approach	include	low	throughput	and
limited	diagnostic	sensitivity.	In	general,	heterozygous	mutations	at	allelic	levels	lower	than	20%	may	be	difficult
to	 detect	 by	 Sanger	 sequencing.	 This	 may	 be	 particularly	 problematic	 when	 testing	 for	 somatic	 mutations	 in
oncogenes,	such	as	JAK2	exon	12	in	polycythemia	vera,	which	may	occur	at	low	level.35

Examples	 of	 Sanger	 sequencing	 applications	 in	 oncology	 include	 detection	 of	 KIT	 mutations	 for
gastrointestinal	 stromal	 tumor	 and	 melanomas	 that	 arise	 from	 mucosal	 membranes	 and	 acral	 skin,	 EGFR
mutations	for	NSCLC,	and	KRAS	mutations	for	colorectal	and	lung	carcinomas	(Fig.	2.6).

Pyrosequencing
Pyrosequencing,	 also	 known	 as	 sequencing	 by	 synthesis,	 is	 based	 on	 the	 real-time	 detection	 of	 pyrophosphate
release	by	nucleotide	 incorporation	during	DNA	synthesis.37	 In	 the	pyrosequencing	 reaction,	as	nucleotides	are
added	to	the	nucleic	acid	chain	by	polymerase,	pyrophosphate	molecules	are	released	and	subsequently	converted
to	adenosine	triphosphate	(ATP)	by	ATP	sulfurylase.	Light	is	produced	by	an	ATP-driven	luciferase	reaction	via
oxidation	of	 a	 luciferin	molecule.	The	 amount	 of	 light	 produced	 is	 proportional	 to	 the	number	of	 incorporated
nucleotides	in	the	sequence.	When	a	nucleotide	is	not	incorporated	into	the	reaction,	no	pyrophosphate	is	released
and	 the	 unused	 nucleotide	 is	 degraded	 by	 apyrase.	 Light	 is	 converted	 into	 peaks	 in	 a	 charge-coupled	 device
camera.	Individual	dNTP	nucleotides	are	sequentially	added	to	the	reaction,	and	the	sequence	of	nucleotides	that
produce	chemiluminescent	signals	allow	the	template	sequence	to	be	determined.	Mutations	appear	as	new	peaks
in	the	pyrogram	sequence	or	variations	of	the	expected	peak	heights.38

Pyrosequencing	 is	 particularly	 useful	 for	 detection	 of	 point	 mutations	 and	 insertion/deletion	 mutation	 that
occur	 at	 short	 stretches	 in	 mutational	 hotspots.	 This	 method	 has	 higher	 analytical	 sensitivity	 than	 Sanger
sequencing	and	can	provide	quantitative	information	about	mutation	levels	in	a	sample.	Pyrosequencing	can	also
be	used	for	detection	and	quantification	of	gene-specific	DNA	methylation	and	gene	copy	number	assessment.	A
microfluidic	pyrosequencing	platform	is	available	for	massive	parallel	sequencing.	However,	 this	method	is	not
well	suited	for	detecting	mutations	that	are	scattered	across	the	entire	gene	because	pyrosequencing	read	lengths
are	limited	to	<100	to	250	base	pairs.38
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Figure	2.6	Sanger	sequencing.	KRAS	mutation	testing	requires	a	technology	like	Sanger
sequencing	that	can	detect	the	diverse	variety	of	mutations	that	span	multiple	nucleotide	sites.

Overlapping	peaks	in	the	DNA	sequence	chromatogram	indicate	the	presence	of	a	mutation.	The
top	panel	(A)	displays	a	G	to	T	nucleotide	substitution	in	codon	12.	This	results	in	a	GGT	to	TGT

codon	change,	leading	to	a	glycine	to	cysteine	(G12C)	amino	acid	substitution.	Activating
mutations	in	KRAS	such	as	G12C	are	associated	with	resistance	to	epidermal	growth	factor	receptor

(EGFR)–targeted	therapies	in	colon	cancer.	The	bottom	panel	(B)	displays	wild-type	KRAS
sequence.

Examples	of	pyrosequencing	applications	in	oncology	include	mutational	analysis	of	BRAF	(codon	600),39,40
KRAS	 (codons	 12,	 13,	 61),40	 NRAS	 (codon	 61),40	 and	 methylation	 analysis	 of	 MGMT	 in	 glioblastoma
multiforme.41,42

Methylation	Analysis
Changes	in	the	methylation	status	of	cytosine	in	DNA	regions	enriched	for	the	sequence	CpG	(also	known	as	CpG



islands)	are	early	events	 in	many	cancers	and	permanent	changes	 found	 in	many	 tumors.	Detection	of	aberrant
methylation	 of	 cancer-related	 genes	 may	 aid	 in	 the	 diagnosis,	 prognosis,	 and/or	 determination	 of	 metastatic
potential	of	tumors.

The	 most	 common	 approaches	 for	 detection	 of	 methylation	 are	 based	 on	 the	 conversion	 of	 unmethylated
cytosine	bases	into	uracil	after	sodium	bisulfite	treatment,	which	is	then	converted	to	thymidine	during	PCR.	By
this	approach,	bisulfite-treated	methylated	alleles	have	different	DNA	sequences	compared	to	their	corresponding
unmethylated	alleles.	The	differences	between	methylated	and	unmethylated	DNA	sequences	can	be	evaluated	by
several	 methods,	 including	 methylation-sensitive	 restriction	 enzyme	 analysis,	 methylation-specific	 PCR,	 semi
quantitative	 real-time	 PCR,	 mass	 spectrometry–based	 technologies	 (e.g.,	 MassARRAY),	 Sanger	 sequencing,
pyrosequencing,	and	NGS.	Despite	its	widespread	use	in	clinical	laboratories,	bisulfite	conversion–based	tests	can
only	 detect	 specific	 forms	 of	methylation,	 such	 as	 5-methylcytosine,	 that	 can	 be	 enzymatically	 converted	 and
cannot	 distinguish	 between	 N6-methyladenine,	 5-methylcytosine,	 and	 5-hydroxymethylcytosine	 modifications.
Further,	 bisulfite	 treatment	 leads	 to	 DNA	 fragmentation,	 thereby	 requiring	 high	 levels	 of	 input	 DNA
(approximately	100	ng)	to	allow	for	appropriate	template	amplification.

Methylation	 status	 of	 oncogenic	 genes	 can	 also	 be	 assessed	 by	 methylation-sensitive	 multiplex	 ligation-
dependent	 probe	 amplification	 (MS-MLPA)	 assay.43,44	 MS-MLPA	 is	 a	 variant	 of	 multiplex	 PCR	 in	 which
oligonucleotide	probes	hybridized	to	the	targeted	DNA	samples	are	directly	amplified	using	one	pair	of	universal
primers.	This	method	is	not	based	on	bisulfite	conversion	of	unmethylated	cytosine	bases	into	uracil.	Instead,	the
target	 sequences	 detected	 by	MS-MLPA	 probes	 contain	 a	 restriction	 site	 recognized	 by	 methylation-sensitive
endonucleases.	A	 probe	 amplification	 product	will	 only	 be	 obtained	 if	 the	CpG	 site	 is	methylated	 as	 digested
probes	cannot	be	amplified	during	PCR.	The	 level	of	methylation	 is	determined	by	resolving	PCR	products	by
capillary	electrophoresis	and	calculating	the	normalized	ratio	of	each	target	probe	peak	area	in	both	digested	and
undigested	 specimens.	 The	 ratio	 corresponds	 to	 the	 percentage	 of	 methylation	 present	 in	 the	 specimen.	More
recently,	 a	 method	 for	 direct	 detection	 of	 DNA	methylation	 (5-methylcytosine),	 without	 bisulfite	 conversion,
which	 is	based	on	different	polymerase	kinetics	 signatures	 in	 long	sequence	 reads	during	DNA	sequencing-by-
synthesis,	 has	 been	 described.	 Unlike	 bisulfite	 conversion–based	 methods,	 this	 approach	 allows	 for	 direct
detection	of	modified	nucleotides	in	the	DNA	template.	Currently,	this	method	is	being	applied	primarily	in	the
research	setting.45

Examples	of	applications	of	methylation	analysis	in	oncology	include	analysis	of	MLH1	promoter	methylation
in	microsatellite	unstable	sporadic	colorectal	or	endometrial	carcinomas,	analysis	of	MGMT	promoter	methylation
status	in	glioblastoma	multiforme	patients	treated	with	alkylating	chemotherapy,	and	SEPT9	promoter	methylation
in	DNA	derived	from	blood	plasma	in	colorectal	cancer	patients.46

Microsatellite	Instability	Analysis/Assessment	of	Mismatch	Repair	Deficiency
Microsatellites	are	short,	tandemly	repeated	DNA	sequences	with	repeating	units	of	one	to	six	base	pairs	in	length.
Microsatellites	are	distributed	throughout	the	human	genome,	and	individual	repeat	loci	often	vary	in	length	from
one	individual	to	another.	Microsatellite	instability	(MSI)	is	the	change	in	length	of	a	microsatellite	allele	due	to
either	 insertion	or	deletion	of	repeating	units	due	to	a	defective	DNA	mismatch	repair	(MMR)	system	to	repair
these	replication	errors.	This	genomic	instability	arises	in	a	variety	of	human	neoplasms	where	tumor	cells	have	a
decreased	ability	 to	faithfully	replicate	DNA.	MMR	deficiency	is	particularly	associated	with	colorectal	cancer,
where	 15%	 to	 20%	 of	 sporadic	 tumors	 show	MSI,	 in	 contrast	 to	 the	 more	 common	 chromosomal	 instability
phenotype,	with	MSI	status	being	an	 independent	prognostic	 indicator.	MSI	analysis	 is	also	clinically	useful	 in
identifying	patients	at	 increased	 risk	of	Lynch	syndrome,	where	a	germline	mutation	of	a	MMR	gene	causes	a
familial	predisposition	to	colorectal	cancer.	MSI	analysis	alone	is	not	sufficient	to	make	a	diagnosis	of	a	germline
MMR	 mutation	 given	 the	 high	 rate	 of	 sporadic	 MSI-positive	 colorectal	 tumors,	 but	 a	 positive	 result	 is	 an
indication	 for	 follow-up	genetic	 testing	and	counseling.	A	more	 recent	application	of	MSI	 testing	 is	 to	 identify
solid	tumors	that	may	respond	to	anti–PD-L1/PD-1	immunotherapy.	Pembrolizumab	is	an	anti–PD-1	antibody	that
has	 been	 shown	 to	 be	 more	 effective	 as	 a	 therapy	 against	MMR-deficient	 tumors	 than	 their	MMR-proficient
counterparts.47,48	 This	 led	 to	 the	 recent	 FDA	 approval	 of	 pembrolizumab	 for	 adult	 and	 pediatric	 patients	with
unresectable	 or	 metastatic,	 MSI-high,	 or	 MMR-deficient	 solid	 tumors	 that	 have	 progressed	 following	 prior
treatment	and	who	have	no	satisfactory	alternative	treatment	options.

MMR	deficiency	can	be	assesed	by	either	PCR	or	IHC.	In	an	MSI	PCR	analysis,	DNA	is	extracted	from	tumor
tissue	and	corresponding	adjacent	normal	mucosa.	The	DNA	is	subjected	 to	multiplex	PCR	using	fluorescently
labeled	primers	for	coamplification	of	five	mononucleotide	microsatellite	markers	for	MSI	determination	(BAT-
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25,	 BAT-26,	 NR-21,	 NR-24,	 and	 MONO-27)	 and	 two	 pentanucleotide	 markers	 for	 confirming	 tumor/normal
sample	identity.	The	resulting	PCR	fragments	are	separated	and	detected	using	capillary	electrophoresis.	Allelic
profiles	of	normal	versus	 tumor	 tissue	are	compared,	and	MSI	 is	scored	as	 the	presence	of	novel	microsatellite
lengths	 in	 tumor	 DNA	 compared	 to	 normal	 DNA.	 Instability	 in	 size	 of	 two	 or	 more	 of	 five	 mononucleotide
microsatellite	markers	 in	 tumor	DNA	 compared	 to	 normal	DNA	 is	 defined	 as	MSI-H	 (high).	 Tumors	with	 no
instability	(zero	of	five	mononucleotide	markers	altered)	are	defined	as	microsatellite	stable.49,50	Instability	in	one
mononucleotide	marker	is	classified	as	indeterminate.

Whereas	 MSI	 PCR	 detects	 the	 manifestation	 of	 defective	 MMR,	 IHC	 is	 utilized	 to	 directly	 evaluate	 the
expression	 of	 the	 four	 most	 relevant	MMR	 proteins	 (MLH1,	MSH2,	MSH6,	 and	 PMS2).	 Absence	 of	 protein
expression	 in	 tumor	 tissue	 is	 a	 highly	 specific	 and	 sensitive	 surrogate	 for	 MSI,	 and	 it	 has	 the	 advantage	 of
suggesting	which	gene	or	genes	may	be	defective.51	Tumors	with	either	mutations	or	methylation	 in	 the	MLH1
gene	will	usually	show	loss	of	immunostaining	for	MLH1	and	PMS2	because	the	stability	of	PMS2	depends	on
the	 ability	 to	 form	 a	 complex	with	MLH1.	 Similarly,	 a	 tumor	with	 defective	MSH2	will	 usually	 show	 loss	 of
immunostaining	 for	MSH2	 and	MSH6.51,52	 MMR	 proteins	 are	 expressed	 by	 proliferating	 nonneoplastic	 cells,
which	serve	as	 internal	controls	 for	evaluating	 tumor	staining.	However,	sensitivity	of	MMR	IHC	is	 limited	by
tissue	 fixation,	 the	performance	characteristics	of	different	 antibodies,	 and	 the	possibility	 that	 some	pathogenic
variants	in	MMR	genes	may	result	in	functionally	inactive	but	antigenically	intact	proteins.	The	IHC	MMR	and
PCR	MSI	tests	should	be	viewed	as	complementary;	either	 test	will	detect	most	cancers	with	MMR	deficiency,
and	each	will	miss	some	of	these	tumors.51,53	MSI	testing	can	also	be	done	by	NGS	of	the	tumor.54–56	In	addition
to	MMR	status,	this	approach	allows	for	simultaneous	molecular	evaluation	of	other	genes	that	may	be	relevant
for	personalized	cancer	management.

Fluorescence	In	Situ	Hybridization
FISH	allows	the	visualization	of	specific	chromosome	nucleic	acid	sequences	within	a	cellular	preparation.	This
method	 involves	 the	 annealing	 of	 a	 large	 single-stranded	 fluorophore-labeled	 oligonucleotide	 probe	 to
complementary	DNA	target	sequences	within	a	 tissue	or	cell	preparation.	The	hybridization	of	 the	probe	at	 the
specific	DNA	region	within	a	nucleus	is	visible	by	direct	detection	using	fluorescence	microscopy.

FISH	can	be	used	for	quantitative	assessment	of	gene	amplification	or	deletion	and	for	qualitative	evaluation	of
gene	 rearrangements.	Many	 oncologic	 FISH	 assays	 employ	 two	 probe	 types:	 locus-specific	 probes,	which	 are
complimentary	to	the	gene	of	interest,	and	centromeric	probes,	which	hybridize	to	the	alpha-satellite	regions	near
the	 centromere	 of	 a	 specific	 chromosome	 and	 help	 in	 the	 enumeration	 of	 the	 number	 of	 copies	 of	 that
chromosome.

For	 the	 quantitative	 assessment	 of	 gene	 amplification,	 a	 locus-specific	 probe	 and	 a	 centromeric	 probe	 are
labeled	with	 two	different	fluorophores.	Signal	generated	by	each	of	 these	probes	 is	counted,	and	a	ratio	of	 the
targeted	gene	to	the	chromosome	copy	number	is	calculated.	The	amount	of	signal	produced	by	the	locus-specific
probe	is	proportional	to	the	number	of	copies	of	the	targeted	gene	in	a	cell.	This	type	of	gene	amplification	assay
can	be	used	for	detection	of	HER2	gene	amplification	as	an	adjunct	to	existing	clinical	and	pathologic	information
as	an	aid	in	the	assessment	of	stage	II,	node-positive	breast	cancer	patients	for	whom	herceptin	treatment	is	being
considered.	It	can	also	be	used	for	assessment	of	MYCN	amplification	in	neuroblastoma.

For	detection	of	deletion	mutations	and	for	loss	of	heterozygosity	(LOH)	studies,	dual-probe	hybridization	is
usually	 performed	 using	 locus-specific	 probes.	 For	 instance,	 for	 detection	 of	 1p/19q	 codeletion	 in
oligodendrogliomas,	locus-specific	probe	sets	for	1p36	and	19q13	and	for	1q25	and	19p13	(control)	are	used.	The
frequencies	of	signal	patterns	for	each	of	these	loci	are	evaluated.	A	signal	pattern	with	1p	and	19q	signals	that	are
less	than	control	signals	is	consistent	with	deletion	of	these	loci.	LOH	is	a	common	event	in	cancer	that	usually
occurs	due	to	deletion	of	a	chromosome	segment	and	results	in	loss	of	one	copy	of	an	allele.	LOH	is	a	common
occurrence	in	tumor	suppressor	genes	and	may	contribute	to	tumorigenesis	when	the	second	allele	is	subsequently
inactivated	by	a	second	“hit”	due	to	mutation	or	deletion.	LOH	studies	are	used	to	identify	genomic	imbalance	in
tumors,	indicating	possible	sites	of	tumor	suppressor	gene	deletion.	LOH	studies	can	also	be	done	by	multiplex
PCR	analysis	of	microsatellites	(short	tandem	repeats)	and	genomic	microarrays,	but	FISH	is	the	most	commonly
used	method	for	LOH	assessment	in	clinical	laboratories.

Gene	 rearrangements/chromosomal	 translocations	 in	 hematologic	 or	 solid	malignancies	 can	 be	 tested	 using
locus-specific	dual-fusion	or	break-apart	probes.	Dual-color,	dual-fusion	translocation	assays	employ	two	probes
that	 are	 located	 in	 two	 separate	 genes	 involved	 in	 a	 specific	 rearrangement.	 Each	 gene	 probe	 is	 labeled	 in	 a
different	color.	This	design	detects	translocations	by	juxtaposition	of	both	probe	signals.	Dual-color,	dual-fusion



translocation	 assays	 are	 very	 specific	 for	 detecting	 a	 selected	 translocation.	 But	 they	 can	 only	 be	 used	 for
detecting	translocations	that	involve	consistent	partners,	where	both	partners	are	known.	Alternate	translocations
with	different	fusion	partners	are	not	detected	by	this	approach.	Examples	of	application	of	dual-fusion	probes	in
oncology	include	detection	of	the	IGH-BCL2	translocation	that	occurs	in	most	follicular	lymphomas	and	a	subset
of	 diffuse	 large	 B-cell	 lymphomas	 (Fig.	 2.7),	 and	 detection	 of	 IGH-CCND1	 rearrangements	 in	 mantle	 cell
lymphomas.

In	 break-apart	 FISH	 assays,	 both	 dual-colored	 probes	 flank	 the	 breakpoint	 region	 in	 a	 single	 gene	 that
represents	 the	constant	partner	 in	 the	 translocation.	By	 this	approach,	 rearranged	alleles	show	 two	split	 signals,
whereas	normal	alleles	 show	fusion	signals.	This	design	 is	particularly	useful	 for	genes	 that	 fuse	with	multiple
translocation	 partners	 (e.g.,	 EWSR1	 gene,	 which	 may	 undergo	 rearrangement	 with	 multiple	 partner	 genes,
including	FLI1,	ERG,	ETV1,	FEV,	E1AF	in	Ewing	sarcoma/PNET,	WT1	in	desmoplastic	small	round	cell	tumor,
CHN	 in	 extraskeletal	 myxoid	 chondrosarcoma,	 and	 ATF1	 in	 clear	 cell	 sarcoma	 and	 angiomatoid	 fibrous
histiocytoma).57	The	disadvantage	of	this	approach	is	that	break-apart	FISH	does	not	allow	for	the	identification
of	the	“unknown”	partner	in	the	translocation.

FISH	has	 the	advantage	of	being	applicable	 to	 a	variety	of	 specimen	 types,	 including	FFPE	 tissue.	Because
probes	are	hybridized	to	tissue	in	situ,	the	tumor	morphology	is	preserved,	which	allows	for	interpretation	of	the
assay	even	in	the	context	of	heterogeneous	samples.	Further,	FISH	is	relatively	straightforward	from	a	technical
standpoint	as	there	are	commercial	probe	sets	available	for	most	of	clinically	significant	oncology	biomarkers,	and
it	provides	additional	information	in	the	form	of	copy	number	assessment	of	polysomy,	which	is	not	possible	with
PCR-based	methods.	However,	 FISH	 is	 a	 targeted	 approach	 that	will	 only	 detect	 specific	 alterations.	 Because
most	probes	are	large,	>100	kb,	small	deletions	or	insertions	will	not	be	detected.	In	addition,	poor	tissue	fixation,
fixation	artifacts,	nuclear	 truncation	on	 tissue	slides,	and	nuclear	overlap	 are	potential	 pitfalls	 of	 this	 technique
that	may	hamper	interpretation.	Some	intrachromosomal	rearrangements	(e.g.,	RET-PTC	and	EML4-ALK)	may	be
challenging	to	interpret	by	FISH	due	to	subtle	rearrangement	of	the	probe	signals	on	the	same	chromosome	arm.
Scoring	can	be	time	consuming	and	requires	experience.
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Figure	2.7	Fluorescence	in	situ	hybridization.	(A)	Recurrent	chromosomal	translocations	such	as
IGH-BCL2	(occurring	in	B-cell	lymphomas)	can	be	effectively	detected	with	a	dual-fusion	probe
strategy.	This	design	utilizes	a	green	probe	specific	to	the	IGH	locus	and	a	red	probe	specific	to	the
BCL2	gene,	each	probe	spanning	their	respective	breakpoint	region.	Individual	green	and	red	probe
signals	indicate	a	lack	of	translocation.	Colocalization	of	green	and	red	probes	is	observed	when	an
IGH-BCL2	translocation	is	present.	(B)	ALK	rearrangements	in	non–small-cell	lung	cancer	may
involve	a	variety	of	translocation	partners,	including	EML4,	TFG,	and	KIF5B.	Therefore,	a

breakapart	fluorescence	in	situ	hybridization	probe	strategy	is	utilized	that	will	detect	any	ALK
rearrangement,	regardless	of	the	partner	gene.	Fluorescently	labeled	red	and	green	probes	are

designed	on	opposite	sides	of	the	ALK	gene	breakpoint	region.	With	this	design,	a	normal	ALK	gene
is	observed	as	overlapping	or	adjacent	red	and	green	fluorescent	signals,	whereas	a	rearranged	ALK

gene	is	indicated	by	split	red	and	green	signals.	ALK	testing	in	lung	cancer	has	become	in
widespread	use	because	of	the	significant	therapeutic	implications.

WHOLE-GENOME	ANALYSIS	METHODS
Next-Generation	Sequencing



NGS,	also	known	as	massive	parallel	sequencing	or	deep	sequencing,	has	revolutionized	the	speed,	 throughput,
and	cost	of	sequencing	and	has	facilitated	 the	discovery	of	clinically	 relevant	genetic	biomarkers	 for	diagnosis,
prognosis,	 and	 personalized	 therapeutics.	 By	 way	 of	 this	 technology,	 multiple	 genes	 or	 the	 entire	 exome	 or
genome	 can	 be	 interrogated	 simultaneously	 in	multiple	 parallel	 reactions,	 instead	 of	 a	 single-gene	 basis	 as	 in
Sanger	sequencing	or	pyrosequencing.	These	characteristics	make	NGS	a	very	cost-effective	approach	for	clinical
testing	of	 cancer	 specimens	because	many	markers	can	be	evaluated	 simultaneously	 from	a	 single	nucleic	acid
extraction	and	 test	 run.	This	not	only	 improves	 testing	 turnaround	 time	but	also	preserves	 tissue,	which	 is	very
relevant	 for	 testing	 in	 advanced-stage	 cancer	 patients	 where	 small	 biopsies	 obtained	 by	 minimally	 invasive
techniques	are	commonly	the	only	tissue	available	for	testing.	Currently,	there	is	no	clear	consensus	for	the	ideal
size	 and	 content	 of	NGS	panels.	Design	 and	 strategy	decisions	 are	 complex	 and	depend	on	many	 contributing
factors	and	influences,	such	as	clinician	and	patient	demand	for	an	ever-growing	list	of	clinically	relevant	genomic
findings,	cost	of	test	development	and	implementation,	cost	of	test	per	reaction,	types	of	specimens	expected	for
testing,	in-house	expertise,	reimbursement,	institutional	support,	etc.	Currently,	the	most	common	NGS	approach
for	 cancer	 testing	 in	 the	 clinical	 setting	 employs	 targeted	 sequencing	 of	 specific	 genes	 and	 mutation	 hotspot
regions.	 Available	 panels	 commonly	 range	 in	 size	 from	 10	 to	 150	 genes.	 This	 targeted	 approach	 increases
sensitivity	 for	 detection	 of	 low-level	 mutations	 by	 increasing	 the	 depth	 of	 sequence	 coverage	 without	 being
prohibitively	expensive.	Genes/genomic	regions	can	be	selected	for	targeted	sequencing	using	hybrid	capture	or
amplicon-based	 enrichment	 approaches.	 Hybrid	 capture–based	 assays	 use	 biotinylated	 probes	 (oligonucleotide
sequences)	that	are	complementary	to	genes/genomic	regions	targeted	by	the	assay	to	selectively	pull	down	with
streptavidin-coated	beads	only	the	genes/regions	of	interest.	Amplicon-based	assays	use	PCR	primers	to	select	a
subset	of	genes	for	sequencing.	Each	of	these	approaches	has	pros	and	cons,	and	clinical	laboratories	may	offer
targeted	NGS	panels	of	different	sizes	and	scope	to	implement	both	systems.	For	instance,	amplicon-based	tests
are	an	excellent	 approach	 for	 testing	 small	biopsies	 and	cytology	 specimens	because	 this	method	 requires	very
low	 DNA	 input.	 Amplicon-based	 assays	 usually	 have	 faster	 wet-bench	 processing	 time	 than	 hybrid	 capture
assays,	and	they	are	very	suitable	for	detection	of	single	nucleotide	variants	and	small/medium	insertion	deletion
variants	 (indels;	<100	bp).	However,	 the	 scope	of	 an	amplicon-based	NGS	 test	 tends	 to	be	more	 limited	when
compared	 to	 hybrid	 capture	 panels	 due	 to	 limitations	 related	 to	 PCR	 multiplexing	 that	 are	 intrinsic	 to	 this
approach,	whereas	the	hybrid	capture	system	allows	for	a	more	flexible	inclusion	of	additional	probes	even	to	an
existing	assay.	Hybrid	capture	assays	are	also	more	suitable	 for	 the	detection	of	 structural	alterations	and	 large
indels	because	amplicon	tests	will	only	detect	gene	rearrangement	and	fusions	that	are	specifically	targeted	by	the
primers	 and	 because	 large	 deletions	 (and	 any	 other	 variants)	 that	 affect	 the	 assay	 primer	 binding	 sites	 may
negatively	interfere	with	the	PCR	enrichment	reaction,	potentially	resulting	in	allelic	undersampling	or	drop	out	of
that	specific	amplicon.

Presently,	there	are	numerous	NGS	platforms	that	employ	different	sequencing	technologies.	A	comprehensive
comparison	 of	 NGS	 platforms	 is	 reviewed	 elsewhere.58,59	 Frequently,	 multiple	 DNA	 samples	 are	 individually
barcoded	and	pooled	together	before	sequencing	to	leverage	platform	throughput	and	reduce	cost.	Pooled	libraries
are	 prepared	 and	 enriched,	 and	 single	DNA	molecules	 are	 arrayed	 in	 solid	 surfaces,	 glass	 slides,	 or	 beads	 and
sequenced	 in	 situ	 using	 reversible	DNA	 chain	 terminators	 or	 iterative	 cycles	 of	 oligonucleotide	 ligation.	NGS
signal	outputs	are	based	on	 luminescence,	 fluorescence,	or	changes	 in	 ion	concentration.	Robust	bioinformatics
pipelines	 are	 required	 for	 sample	 demultiplexing,	 alignment	 of	 reads	 to	 a	 reference	 genome	 sequence,	 variant
calling,	variant	annotation,	and	to	assist	with	result	reporting.60	In	order	to	assign	clinical	meaning	to	the	detected
variants,	 clinical	variant	 scientists	 and	molecular	pathologists	 review	 the	 literature	and	 relevant	databases	 (e.g.,
population	 databases,	 cancer	 databases,	 constitutional	 variant	 databases,	 and	 internal/laboratory-generated
databases)	 along	 with	 data	 from	 in	 silico	 prediction	 algorithms	 and	 pathway	 analysis	 tools	 to	 determine	 the
biologic	and	clinical	impact	of	these	variants	in	the	context	of	the	cancer	type	in	question.	Variant	classification
and	interpretation	should	also	take	into	account	the	location	of	the	variant	at	the	gene,	exon,	and	protein	domain
levels;	 the	 function	 of	 the	 affected	 gene	 (tumor	 suppressor	 vs.	 oncogene);	 and	 consequences	 of	 the	 sequence
change	to	protein	(i.e.,	nonsense,	frame-shift,	etc.).	Despite	recent	publication	of	guidelines	for	the	interpretation
and	 reporting	 of	 sequence	 variants	 in	 cancer,	 variant	 classification	 schemes	 still	 vary	 between	 different
laboratories.61	For	instance,	some	laboratories	list	the	detected	variants	in	the	report	without	further	classification,
leaving	 their	 interpretation	 to	 the	 ordering	 physician.	 Other	 laboratories	 opt	 for	 classifying	 their	 variants	 as
pathogenic	or	as	variant	of	uncertain	clinical	significance	based	on	their	biologic,	functional,	and	clinical	impact
on	patient’s	diagnosis,	prognosis,	or	predictive	 response	 to	 therapy.	And	some	 laboratories	have	adopted	 tiered
variant	 classification	 composed	of	 complex	 stratification	 schemes	based	on	weighted	 criteria	 related	 to	 clinical
actionability	of	 the	variants.	Likewise,	 the	scope	of	 information	provided	 in	clinical	sequencing	reports	has	not
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been	standardized	and	varies	between	laboratories.	In	order	to	leverage	the	use	of	the	molecular	data	as	an	aid	to
clinical	management,	 some	 institutions	have	adopted	molecular	 tumor	boards	 in	which	clinical,	 laboratory,	and
scientific	 information	 pertinent	 to	 patient	 management	 is	 discussed	 by	 a	 multidisciplinary	 team	 that	 usually
involves	molecular	and	anatomic	pathologists,	medical	oncologists,	hematologists,	genetics	counselors,	oncology
pharmacists,	and	basic	science	researchers	(Fig.	2.8).62,63	The	molecular	tumor	board	is	also	often	used	as	a	forum
to	educate	and	disseminate	 information	on	 relevant	clinical	 trials	and	clinical	 laboratory	updates	and	 to	discuss
ethical	considerations,	evaluation	of	novel	analysis	software,	and	challenges	 in	 interpretation	and	application	of
genetic	data.

Figure	2.8	Workflow	for	comprehensive	clinical	genomic	sequencing	for	cancer.	A	pathologist
first	determines	if	there	is	adequate	tumor	content	in	the	biopsy	for	reliable	mutation	detection.	Both

tumor	and	normal	tissues	are	sequenced	to	distinguish	germline	from	somatically	acquired
mutations	in	the	tumor.	Sequence	results	are	presented	at	a	multidisciplinary	molecular	tumor	board
to	determine	clinical	significance.	Both	the	treating	physician	and	a	genetic	counselor	deliver	results
to	the	patient.	(Courtesy	of	Sameek	Roychowdhury	and	Arul	Chinnaiyan.	See	also	Roychowdhury

S,	Iyer	MK,	Robinson	DR,	et	al.	Personalized	oncology	through	integrative	high-throughput
sequencing:	a	pilot	study.	Sci	Transl	Med	2011;3[111]:111–121.)

Compared	 to	 other	molecular	methods,	NGS	 is	 particularly	 powerful	 in	 that	 this	 single	 technology	 has	 the
ability	to	detect	the	wide	array	of	clinically	relevant	genetic	aberrations	that	occur	in	cancer	including	mutations
(single	 nucleotide	 variants	 and	 small	 insertions/deletions),	 gene	 amplification	 and	 copy	 number	 variation,	 and
chromosomal	aberrations	(translocations)	(Fig.	2.9).	Examples	of	applications	of	NGS	in	oncology	include	small
targeted	panels	(3	to	50	genes)	for	non-NSCLC,	melanoma,	colon	cancer,	and	AML.58,64–67	Larger	panels	(50	to
500	 genes)	 are	 increasingly	 being	 utilized,	 particularly	 in	 clinical	 trials	 and	 clinical	 research.68	 Practical
limitations	 of	 NGS	 include	 the	 required	 infrastructural	 cost,	 technical	 expertise,	 and	 challenges	 with
reimbursement.

Recently,	the	number	of	somatic	mutations	per	megabase	of	sequencing,	also	known	as	tumor	mutation	burden
(TMB),	is	being	evaluated	as	a	potential	biomarker	of	response	to	immunotherapy	in	patients	with	various	cancer
types.69–72	 The	 hypothesis	 is	 that	 antitumor	 immune	 responses	 can	 be	 stimulated	 by	 the	 numerous	 mutation-
associated	neoantigens	in	hypermutated	tumors.73	Some	evidence	suggests	that	TMB	can	predict	better	outcomes
after	anti–PD-1/PD-L1	immunotherapy	in	melanoma,	NSCLC,	as	well	as	in	other	tumor	types.72	However,	TMB
should	not	yet	be	regarded	as	a	perfect	predictor	of	response	to	anti–PD-1/PD-L1	therapy	because	in	a	study	by
Goodman	et	al.,72	a	small	subset	of	patients	with	low	TMB	responded	to	PD-1/PD-L1	blockade	and	a	group	of
patients	with	 high	 TMB	 did	 not	 achieve	 an	 objective	 response.	Additional	 studies	 on	 prospective	 cohorts	 and



clinical	 trials	 incorporating	TMB	as	a	biomarker	for	assigning	patients	 to	single-agent	 immunotherapies	will	be
essential	to	validate	these	initial	findings.

Massively	parallel	sequencing	of	RNA	(RNA-Seq)	can	be	used	for	determining	sequence	variants,	alternative
splicing,	gene	rearrangements,	and	allelic	expression	of	mutant	transcripts.	To	date,	this	technique	has	been	used
primarily	 for	 discovery,	 rather	 than	 clinical	 applications,	 but	 it	 is	 likely	 to	 play	 an	 increasing	 role	 in	 clinical
diagnostics	as	the	technology	improves.	For	transcriptome	sequencing,	the	RNA	must	first	be	converted	to	cDNA,
which	is	then	fragmented	and	entered	into	library	construction.	After	sequencing,	reads	are	aligned	to	a	reference
genome,	 compared	 with	 known	 transcript	 sequences,	 or	 assembled	 de	 novo	 to	 construct	 a	 genome-scale
transcription	map.	 Expression	 levels	 are	 determined	 from	 the	 total	 number	 of	 sequence	 reads	 that	map	 to	 the
exons	 of	 a	 particular	 gene,	 normalized	 by	 the	 length	 of	 exons	 that	 can	be	uniquely	mapped.59	 Compared	with
genomic	microarrays,	RNA-Seq	has	a	greater	ability	to	distinguish	RNA	isoforms,	determine	allelic	expression,
and	reveal	sequence	variants.
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Figure	2.9	Next-generation	sequencing.	Hundreds	of	thousands	to	millions	of	sequence	reads	are
generated	per	case,	mapped,	and	horizontally	aligned	to	specific	targeted	regions	in	the	reference

genome.	Software-assisted	analysis	aids	in	detection	of	mutations,	which	can	include	small
nucleotide-level	alterations,	gene	copy	number	alterations,	and	gene	fusions.	A:	A	deletion	mutation
within	EGFR	exon	19	is	displayed	as	black	horizontal	lines	indicating	the	deleted	sequence;	wild-



type	sequence	within	each	read	is	displayed	in	gray.	B:	Gene	copy	number	alterations.	Normalized
fold	change	of	gene	coverage	is	plotted	versus	chromosome	position.	Genes	highlighted	in	red

indicate	those	with	copy	number	gains	(amplification),	which	include	MET	and	EGFR	in	this	case.
C:	Gene	fusions	are	indicated	by	sequence	reads	where	each	end	of	the	read	maps	to	a	different
gene.	These	are	highlighted	in	red.	Alignments	are	shown	for	KIF5B	and	RET,	which	each

demonstrate	fusion	reads	that	are	indicative	of	a	KIF5B-RET	fusion.	(Images	courtesy	of	Jeremy
Segal,	MD,	PhD,	University	of	Chicago.)

Genomic	Microarrays
Whereas	NGS	is	typically	utilized	for	assessment	of	gene	panels,	high-density	genomic	microarrays	are	utilized
for	whole-genome	 assessment	 of	 copy	 number	 changes,	 LOH,	 and	 genotyping.	 In	 array	 comparative	 genomic
hybridization,	 cloned	 genomic	 probes	 are	 arrayed	 onto	 glass	 slides	 and	 serve	 as	 targets	 for	 the	 competitive
hybridization	of	normal	and	tumor	DNA.	In	 the	array	comparative	genomic	hybridization	reaction,	 tumor	DNA
and	DNA	from	a	normal	control	sample	are	labeled	with	different	fluorophores.	These	samples	are	denatured	and
hybridized	together	to	the	arrayed	single-strand	probes.	Digital	imaging	systems	are	used	to	quantify	the	relative
fluorescence	 intensities	of	 the	 labeled	DNA	probes	 that	have	hybridized	 to	each	 target	probe.	The	 fluorescence
ratio	of	the	tumor	and	control	hybridization	signals	is	determined	at	different	positions	along	the	genome,	which
provides	information	on	the	relative	copy	number	of	sequences	in	the	tumor	genome	as	compared	to	the	normal
genome.74	 This	 method	 is	 able	 to	 detect	 copy	 number	 variation,	 such	 as	 deletions,	 duplications,	 and	 gene
amplification,	but	it	cannot	detect	polymorphic	allele	changes.

An	alternative	platform	to	array	comparative	genomic	hybridization	is	the	SNP	array,	which	permits	detection
of	LOH	profiles	in	addition	to	high-resolution	detection	of	copy-number	aberrations,	such	as	amplifications	and
deletions.	This	method	employs	thousands	of	unique	fluorescently	labeled	nucleotide	probe	sequences	arrayed	on
a	chip	to	which	fragmented	single-stranded	specimen	DNA	binds	to	their	complementary	partners.	Each	SNP	site
is	 interrogated	by	 complementary	 sets	 of	 probes	 containing	perfect	matches	 and	mismatches	 to	 each	SNP	 site.
Each	probe	 is	associated	with	one	of	 the	 two	alleles	of	a	SNP	(also	known	as	A	and	B).	Relative	 fluorescence
intensity	 depends	 on	 both	 the	 amount	 of	 target	DNA	 in	 the	 sample	 as	well	 as	 the	 affinity	 between	 target	 and
probe.	Analysis	of	the	raw	fluorescence	intensity	is	done	by	computational	algorithms	that	convert	the	set	of	probe
intensities	 into	genotypes.	Deleted	genomic	 regions	are	 identified	as	having	LOH	associated	with	copy-number
reduction.	 Copy	 neutral	 LOH	 is	 detected	 when	 SNPs	 expected	 to	 be	 heterozygous	 in	 the	 normal	 sample	 are
detected	as	homozygous	in	the	tumor	sample	without	copy-number	variation.	Copy	neutral	LOH	may	arise	from
somatic	homologous	recombination	of	a	mutated	tumor	suppressor	allele	and	its	surrounding	DNA	that	replaces
the	other	allele	(uniparental	disomy).	SNP	microarrays	are	the	only	genomic	microarrays	that	are	able	to	identify
uniparental	 disomy.	 Array	 technologies	 cannot	 detect	 true	 balanced	 chromosome	 abnormalities	 and	 low-level
mosaicism.

Examples	of	genomic	microarrays	applications	 in	oncology	include	detection	of	copy	number	variations	and
LOH	in	chronic	 lymphocytic	 leukemia75	 and	 recurrent	cytogenetic	abnormalities	 in	myelodysplastic	 syndromes
(eg,	5q-;	-7	or	7q-;	+8;	20q-).76

Expression	Panels
Gene	expression	signatures	of	multiple	cancer	biomarkers	are	starting	to	be	incorporated	into	clinical	practice	as
an	 adjunct	 to	 clinical	 and	 pathologic	 information	 in	 diverse	 cancer	 management	 settings.	 An	 example	 of	 a
multigene	 expression–based	 test	 in	 current	 use	 includes	Oncotype	DX,	which	 is	 a	 quantitative	RT-PCR–based
assay	that	measures	the	expression	of	21	genes	in	FFPE	breast	tumors.	The	test	is	designed	for	prediction	of	the
potential	benefit	of	chemotherapy	and	likelihood	of	distant	breast	cancer	recurrence	in	women	with	node-negative
or	node-positive,	ER-positive,	HER2-negative	invasive	breast	cancer.	This	test	has	been	incorporated	into	current
American	 Society	 of	 Clinical	 Oncology	 (ASCO)	 and	 National	 Comprehensive	 Cancer	 Network	 (NCCN)	 for
breast	cancer	management.77	 Prospective	 trials	 are	 in	 progress	 to	 evaluate	 other	multigene	 tests	 for	 early-stage
breast	cancer.

With	the	rapid	advances	in	molecular	diagnostic	technologies,	it	is	likely	that	mutation-	and	expression-based
panels	analyzing	hundreds	 if	not	 thousands	of	genes,	or	even	 the	complete	genome	or	 transcriptome,	will	enter
widespread	use.	Some	of	the	many	challenges	to	address	will	be	to	provide	evidence-based,	actionable	reports	that
guide	the	oncologist	to	more	effective	therapies,	to	learn	from	the	results	of	such	testing	to	improve	the	algorithms
guiding	therapy,	to	handle	the	incidental	findings	in	such	testing	in	an	ethically	responsible	way,	and	ultimately,
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with	the	drugs	available,	to	provide	sufficient	improvements	in	outcomes	so	that	society	will	be	willing	to	bear	the
costs.

IMMUNOHISTOCHEMISTRY	FOR	TUMOR	BIOMARKERS
Although	detection	of	many	clinically	relevant	biomarkers	is	best	accomplished	through	analysis	of	nucleic	acids
(DNA	or	RNA),	a	growing	list	of	biomarkers	are	amenable	to	detection	by	analysis	of	protein	expression.	IHC	is
technique	that	utilize	antibodies	targeted	to	specific	proteins	or	mutant	protein	domains.	Visualization	of	protein
expression	in	tissue	biopsies	is	achieved	through	an	enzyme	linked	to	the	antibody	that	activates	a	fluorescent	or
chromogenic	reporter.	The	test	result	is	interpreted	based	on	the	level	of	the	stain.

PD-L1
Immunotherapy	 targeting	 the	 PD-1/PD-L1	 pathway	 represents	 a	 new	 therapeutic	 paradigm	 and	 a	 promising
treatment	option	 for	 advanced	cancers.	There	are	 currently	 two	PD-L1	 IHC	assays	 that	have	been	approved	as
companion/complementary	 diagnostic	 tests	 for	 the	 PD-1	 checkpoint	 inhibitors	 pembrolizumab	 and	 nivolumab.
These	are	PD-L1	22C3	and	PD-L1	28-8,	respectively.	For	both	PD-L1	IHC	tests,	at	least	100	viable	tumor	cells
should	be	present	in	the	specimen	for	it	to	be	considered	adequate	for	evaluation	and	scoring.	Scoring	of	the	PD-
L1	IHC	slides	is	based	on	a	Tumor	Proportion	Score	(TPS),	which	represents	the	percentage	of	viable	tumor	cells
displaying	partial	 or	 complete	membrane	 staining	 relative	 to	 all	 viable	 tumor	 cells	 in	 the	 sample.	Cytoplasmic
staining	in	tumor	cells,	nonneoplastic	cells,	and	tumor-associated	immune	cells	(e.g.,	infiltrating	lymphocytes	or
macrophages)	are	excluded	from	PD-L1	scoring.	Both	TPS	and	expression	level	(no	expression	=	TPS	<	1%,	low
expression	 =	 TPS	 1%	 to	 49%,	 and	 high	 expression	 =	 TPS	 ≥50%)	 are	 reported	 (Fig.	 2.10).	 Pembrolizumab	 is
currently	approved	for	the	treatment	of	NSCLC,	advanced	head	and	neck	squamous	cell	carcinoma,	and	advanced
melanoma,	 and	 its	 companion	PD-L1	22C3	 IHC	biomarker	 assay	 is	used	 to	detect	PD-L1	 in	 all	 three	 types	of
malignancies.	 The	 22C3	 PD-L1	 positivity	 cutoff	 is	 1%	 for	 melanoma	 and	 head	 and	 neck	 squamous	 cell
carcinoma.	For	NSCLC,	 the	 22C3	PD-L1	positivity	 cutoff	 is	 50%.	Recently,	 the	FDA	has	 granted	 accelerated
approval	to	pembrolizumab	for	use	in	combination	with	chemotherapy	as	a	first-line	treatment	for	patients	with
metastatic	 NSCLC	 without	 a	 requirement	 for	 measuring	 PD-L1	 expression	 levels.	 This	 new	 approval	 for
pembrolizumab	may	change	the	PD-L1	IHC	testing	landscape	and	scope	in	the	near	future.

ALK	and	ROS1
The	routine	detection	of	ALK-	and	ROS1-rearranged	lung	adenocarcinomas	in	clinical	practice	is	usually	done	by
FISH	assays	 that	utilize	break-apart	probes	 spanning	 the	common	breakpoint	 regions	of	 these	genes.	However,
IHC	assays	 are	 also	 utilized	 by	 some	 clinical	 laboratories	 as	 an	 alternative	 screening	 tool	 for	ALK	and	ROS1
rearrangements	 (e.g.,	 clones	 ALKD5F3	 and	 ROS1	 D4D6).	 In	 fact,	 recently,	 the	 FDA	 has	 approved	 the
VENTANA	 ALK	 (D5F3)	 CDx	 Assay	 as	 a	 companion	 diagnostic	 to	 identify	 ALK-positive	 NSCLC	 patients
eligible	for	treatment	with	the	Novartis	drug	Zykadia	(ceritinib).



Figure	2.10	Programmed	cell	death	ligand	1	(PD-L1)	immunohistochemistry.	Non–small-cell	lung
cancer	stained	with	PD-L1	22C3	antibody	exhibiting	high	PD-L1	expression	(Tumor	Proportion

Score	[TPS]:	90%–100%)	(10	×	magnification).

The	overexpression	of	ALK	and	ROS1	by	IHC	has	been	shown	to	be	sensitive	and	specific	surrogate	markers
of	 gene	 rearrangement.78	 According	 to	 the	 revised	 College	 of	 American	 Pathologists	 (CAP)/International
Association	for	the	Study	of	Lung	Cancer	(IASLC)/Association	for	Molecular	Pathology	(AMP)	molecular	testing
guidelines	 for	 lung	 cancer,	 IHC	 can	 be	 utilized	 as	 an	 equivalent	 alternative	 to	 FISH	 for	 ALK	 and	 ROS1
rearrangement	 testing;	however,	positive	ROS1	IHC	results	should	be	confirmed	by	a	molecular	or	cytogenetic
method.	Some	clinical	 laboratories	also	perform	confirmatory	FISH	 test	when	 IHC	 results	 for	ALK	and	ROS1
IHC	are	inconclusive.

Because	 the	 ROS1	 D4D6	 antibody	 may	 be	 reactive	 in	 macrophages	 and	 in	 nonneoplastic	 pneumocyte
proliferations,	 care	 should	 be	 taken	 to	 avoid	 misinterpretation	 of	 ROS1	 expression	 restricted	 to	 reactive
pneumocytes	as	lepidic	growth	of	tumor.

BRAF	V600E
An	antibody	to	the	BRAF	V600E	mutation	can	be	employed	as	an	alternative	to	molecular	tests.	Several	groups
have	shown	that	this	antibody	can	be	used	to	identify	the	mutated	protein.79	However,	this	immunostain	has	all	of
the	 issues	 associated	 with	 IHC	 testing	 in	 general,	 including	 staining	 heterogeneity	 and	 difficulties	 in
interpretation.	In	addition,	there	are	no	internal	controls	in	nonneoplastic	tissue	for	this	mutation.	Testing	for	this
mutation	by	molecular	methods,	in	contrast,	is	objective	and	robust	and	is	unlikely	to	be	replaced	by	the	antibody
test.

CELL-FREE	DNA	TECHNOLOGIES
Diagnosing	 and	 screening	 for	 tumors	 through	 noninvasive	 means	 represents	 an	 important	 paradigm	 shift	 in
precision	medicine.	Owing	to	improvements	in	genomic	and	molecular	methods,	circulating	tumor	DNA	(ctDNA)
analysis	is	beginning	to	be	applied	clinically.	Tumor	cells	can	release	cell-free	tumor	DNA	into	the	bloodstream
via	multiple	mechanisms,	 including	 active	 secretion,	 necrosis,	 and	 apoptosis.80	Therefore,	 genetic	 signatures	 in
blood-derived	ctDNA	reflect	the	mutational	spectrum	of	neoplastic	cells	in	the	patient.	Tissue	is	still	the	preferred
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specimen	 type	 for	 primary	 analysis	 of	 a	 patient’s	 tumor	 for	 treatable	 genetic	 anomalies	 due	 to	 the	 increased
sensitivity	for	mutations	associated	with	direct	sampling	of	a	primary	lesion;	however,	ctDNA	testing	represents	a
valuable	option	for	tumor	profiling	and	therapy	selection	in	cases	where	tissue	quantity	is	inadequate	for	mutation
testing	or	in	patients	unable/unwilling	to	undergo	biopsy.	It	also	allows	early	and	serial	assessment	of	metastatic
disease,	including	follow-up	during	remission,	characterization	of	treatment	effects,	and	clonal	evolution.

Despite	these	advantages,	ctDNA	testing	poses	several	technical	challenges.	From	a	preanalytical	standpoint,
plasma	 is	 preferred	 over	 serum	 for	 ctDNA	 analysis	 because	 blood	 cell	 lysis	 during	 serum	 sample	 preparation
could	release	nonneoplastic	cells	that	would	decrease	the	proportion	of	ctDNA.	Also,	due	to	the	unstable	nature	of
ctDNA,	the	sample	has	to	be	collected	and	processed	correctly.81	If	standard	ethylenediaminetetraacetic	acid	tubes
are	used,	the	plasma	needs	to	be	isolated	and	stored	at	−80°C	within	1	hour	of	collection	in	order	to	avoid	lysis	of
non-neoplastic	leukocytes	and	other	blood	cells	in	the	sample	which	would	dilute	any	specific	signals	arising	from
tumor	cell	DNA.	If	plasma	will	not	be	isolated	within	a	short	time	frame	(ideally	1	hour	or	less),	then	alternative
blood	stabilization	tubes	should	be	used	that	stabilize	cells	and	prevent	degradation	and	new	DNA	shedding	into
plasma.	Once	plasma	is	isolated,	 it	may	be	frozen	at	−80°C.	DNA	in	frozen	plasma	is	stable,	and	plasma	DNA
may	be	isolated	at	a	later	point.

From	an	analytical	standpoint,	techniques	for	ctDNA	analysis	must	be	sensitive	enough	to	pick	up	very	low-
level	variants,	and	ideally	should	be	capable	of	detecting	a	wide	range	of	genetic	alterations	that	may	be	present	in
cancer	specimens.	In	2016,	the	FDA	approved	the	first	liquid	biopsy	test,	namely	cobas	EGFR	Mutation	Test	v2,
which	is	a	qualitative	real-time	PCR	test,	for	the	detection	of	EGFR	exon	19	deletions	or	exon	21	variants	to	aid	in
selecting	NSCLC	patients	for	treatment	with	Tarceva	(erlotinib).82	However,	there	are	no	other	FDA-cleared	tests
using	plasma	specimens	for	other	biomarkers,	and	no	standardized	test	platforms	for	ctDNA	analysis	at	present.
ctDNA	 testing	approaches	 include	 single	 locus	or	multiplexed	assays	using	 real-time	PCR/AS-PCR	and	digital
PCR	techniques	(e.g.,	droplet	digital	PCR	(Droplet	digital	PCR	and	BEAMing),	or	NGS-based	assays.83

The	Droplet	digital	PCR	assay84	uses	reagents	and	workflows	similar	to	those	used	for	most	standard	TaqMan
probe-based	tests.	However,	the	sample	is	fractionated	into	tens	of	thousands	of	water-oil	emulsion	droplets,	and
PCR	amplification	of	 the	 template	molecules	occurs	 in	each	 individual	droplet.	Following	PCR,	each	droplet	 is
analyzed	 to	 determine	 the	 fraction	 of	 PCR-positive	 droplets	 in	 the	 original	 sample.	 The	 massive	 sample
partitioning	allows	for	the	generation	of	tens	of	thousands	of	data	points	(rather	than	a	single	result),	which	are
then	analyzed	using	Poisson	statistics	to	determine	the	target	DNA	template	concentration	in	the	original	sample.
This	method	 provides	 an	 absolute	 count	 of	 target	DNA	 copies	 per	 input	 sample	without	 the	 need	 for	 running
standard	 curves,	 and	 it	 has	 high	 analytical	 sensitivity	 and	 precision.	 However,	 due	 to	 its	 limited	multiplexing
capacity,	this	approach	is	suitable	to	identifying	a	small	number	of	hot-spot	cancer	mutations	such	as	the	EGFR
T790M	resistance	mutation	or	the	BRAF	V600E	mutation.

BEAMing	 is	 a	 variant	 of	 digital	 PCR	 that	 employs	 primer-coated	 magnetic	 beads	 for	 the	 detection	 and
quantification	of	mutant	tumor	DNA	molecules.85	By	way	of	this	technology,	the	PCR	products	generated	in	each
emulsion	 droplet	 remain	 physically	 affixed	 to	 the	microbeads	 at	 the	 end	 of	 the	 reaction,	 allowing	 them	 to	 be
separated	 and	 purified	 using	 a	 magnet.	 Following	 the	 emulsion	 PCR	 and	 subsequent	 purification,	 the	 DNA
attached	to	the	beads	is	denatured	and	probed	to	determine	the	presence	and	number	of	known	mutant	variants.
Despite	 its	high	analytical	 sensitivity,	 this	method	has	 limited	multiplexing	capability	and	 is	primarily	used	 for
detection	of	hot-spot	variants.

Targeted	NGS	 is	 the	method	of	 choice	when	 a	 larger	 number	 of	 genes/loci	 need	 to	 be	 evaluated	 in	 ctDNA
simultaneously.	One	of	the	major	challenges	of	this	technology	for	ctDNA	testing	is	overcoming	the	inherent	error
rate	of	NGS	during	library	preparation	and	sequencing.	This	can	be	addressed	by	incorporation	of	error	correction
methods	and	molecular	barcodes.86	Molecular	barcode	sequencing	requires	redundant	analysis,	necessitating	high
costs,	but	analytical	sensitivity	of	approximately	0.1%	across	a	wide	genomic	territory	is	attainable	with	optimized
preparation	chemistry.

The	greatest	barrier	to	improved	detection	of	very-low-level	tumor	mutations	in	plasma	is	the	circulating	DNA
itself,	which	in	patients	is	present	at	very	low	levels	such	that	a	tube	of	blood	only	provides	a	limited	number	of
total	 templates	 for	 analysis.	 This	 prevents	 straightforward	 detection	 of	 mutant	 molecules	 that	 may	 be	 present
below	 a	 level	 of	 approximately	 1	 per	 1,000	molecules	 in	 the	 bloodstream.83	 Further,	 ctDNA	 detection	 rate	 is
strongly	associated	with	tumor	burden	and	stage,	with	larger	lesions	tending	to	shed	more	DNA	into	the	plasma.
In	 addition,	 different	 tumor	 types	 show	 a	 wide	 range	 of	 DNA	 shedding	 into	 plasma,	 with	 colon	 and	 bladder
tumors	 shedding	 far	 higher	 amounts	 of	 detectable	 DNA	 into	 the	 plasma	 compared	 with	 thyroid	 cancers	 or
gliomas,	for	example.87

Further	understanding	of	 ctDNA	biology	and	additional	 clinical	 studies/trials	 are	necessary	 in	order	 to	 fully



exploit	 the	 potential	 utility	 of	 liquid	 biopsies.	 In	 the	 future,	 additional/complementary	 information	 could	 be
potentially	obtained	from	testing	other	circulating	nucleic	acids	such	as	mRNA,	microRNA,	and	from	circulating
tumor	cells.	As	 testing	 technologies	 continue	 to	 improve,	 epigenetic	 and	microsatellite	 analysis	of	 ctDNA	may
gain	traction	in	the	clinical	laboratory	setting.
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3 Hallmarks	of	Cancer:	An
Organizing	Principle	for	Cancer
Medicine

Douglas	Hanahan	and	Robert	A.	Weinberg

INTRODUCTION
The	 hallmarks	 of	 cancer	 comprise	 eight	 biologic	 capabilities	 acquired	 by	 cancer	 cells	 during	 the	 multistep
development	 of	 human	 tumors.	 By	 encompassing	 the	 behaviors	 of	 diverse	 human	 tumor	 types,	 the	 hallmarks
serve	as	an	organizing	principle	for	rationalizing	the	complexities	of	neoplastic	disease.	They	include	sustaining
proliferative	signaling,	evading	growth	suppressors,	resisting	cell	death,	enabling	replicative	immortality,	inducing
angiogenesis,	 activating	 invasion	 and	 metastasis,	 reprogramming	 energy	 metabolism,	 and	 evading	 immune
destruction.	 Facilitating	 the	 acquisition	 of	 these	 hallmark	 capabilities	 are	 genome	 instability,	 which	 enables
mutational	 alteration	 of	 hallmark-enabling	 genes,	 and	 immune	 inflammation,	 which	 fosters	 the	 acquisition	 of
multiple	hallmark	 functions.	 In	addition	 to	cancer	cells,	 tumors	exhibit	 another	dimension	of	complexity:	They
contain	 a	 repertoire	of	 recruited,	 ostensibly	normal	 cells	 that	 contribute	 to	 the	 acquisition	of	hallmark	 traits	 by
creating	 the	 tumor	 microenvironment.	 Recognition	 of	 the	 widespread	 applicability	 of	 these	 concepts	 will
increasingly	influence	the	development	of	new	means	to	treat	human	cancer.

At	 the	 beginning	 of	 the	 new	millennium,	we	 proposed	 that	 six	hallmarks	 of	 cancer	 embody	 an	 organizing
principle	that	provides	a	logical	framework	for	understanding	the	remarkable	complexity	of	neoplastic	diseases.1
Implicit	 in	 our	 discussion	was	 the	 notion	 that	 as	 normal	 cells	 evolve	 progressively	 to	 a	 neoplastic	 state,	 they
acquire	a	succession	of	 these	hallmark	capabilities	and	 that	 the	multistep	process	of	human	 tumor	pathogenesis
can	be	rationalized	by	the	need	of	incipient	cancer	cells	to	acquire	the	diverse	traits	that	in	aggregate	enable	them
to	become	tumorigenic	and,	ultimately,	malignant.

As	an	ancillary	proposition,	we	noted	that	tumors	are	more	than	isolated	masses	of	proliferating	cancer	cells.
Instead,	 they	 are	 complex	 tissues	 composed	 of	 multiple	 distinct	 types	 of	 neoplastic	 and	 normal	 cells	 that
participate	in	heterotypic	signaling	interactions	with	one	another.	We	depicted	the	recruited	normal	cells,	which
form	 tumor-associated	 stroma,	 as	 active	 participants	 in	 tumorigenesis	 rather	 than	 passive	 bystanders;	 as	 such,
these	stromal	cells	contribute	to	the	development	and	expression	of	certain	hallmark	capabilities.	This	notion	has
been	solidified	and	extended	during	the	intervening	period,	and	it	is	now	clear	that	the	biology	of	tumors	can	no
longer	 be	 understood	 simply	 by	 enumerating	 the	 traits	 of	 the	 cancer	 cells	 but	 instead	 must	 encompass	 the
contributions	 of	 the	 tumor	 microenvironment	 to	 tumorigenesis.	 In	 2011,	 we	 revisited	 the	 original	 hallmarks,
adding	 two	 new	 ones	 to	 the	 roster,	 and	 expanded	 on	 the	 functional	 roles	 and	 contributions	made	 by	 recruited
stromal	cells	 to	tumor	biology.2	Herein,	we	 reiterate	and	 further	 refine	 the	hallmarks-of-cancer	perspectives	we
presented	 in	2000	 and	2011,	with	 the	goal	 of	 informing	 students	 of	 cancer	medicine	 about	 the	 concept	 and	 its
potential	 utility	 for	 understanding	 the	 pathogenesis	 of	 human	 cancer,	 including	 the	 potential	 relevance	 of	 this
concept	to	the	development	of	more	effective	treatments	for	this	challenging	disease.

HALLMARK	CAPABILITIES,	IN	ESSENCE
The	eight	hallmarks	of	cancer—distinct	and	complementary	capabilities	that	enable	tumor	growth	and	metastatic
dissemination—continue	 to	 provide	 a	 solid	 foundation	 for	 understanding	 the	 biology	 of	 cancer	 (Fig.	 3.1).	 The
sections	 that	 follow	 summarize	 the	 essence	 of	 each	 hallmark,	 providing	 insights	 into	 their	 regulation	 and
functional	manifestations.
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Sustaining	Proliferative	Signaling
Arguably,	the	most	fundamental	trait	of	cancer	cells	involves	their	ability	to	sustain	chronic	proliferation.	Normal
tissues	carefully	control	the	production	and	release	of	growth-promoting	signals	that	instruct	the	entry	of	cells	into
and	progression	 through	 the	cellular	growth-and-division	cycle,	 thereby	ensuring	proper	control	of	cell	number
and	 thus	 maintenance	 of	 normal	 tissue	 architecture	 and	 function.	 Cancer	 cells,	 by	 deregulating	 these	 signals,
become	masters	of	their	own	destinies,	being	no	longer	dependent	on	proliferation-promoting	signals	arising	from
elsewhere	 in	 their	 tissue	and	elsewhere	 in	 the	body.	The	enabling	signals	are	conveyed	 in	 large	part	by	growth
factors	 that	 bind	 cell-surface	 receptors,	 typically	 containing	 intracellular	 tyrosine	 kinase	 domains.	 The	 latter
proceed	 to	emit	 signals	via	branched	 intracellular	 signaling	pathways	 that	 regulate	progression	 through	 the	cell
cycle	 as	 well	 as	 cell	 growth	 (i.e.,	 increase	 in	 cell	 size);	 often,	 these	 signals	 influence	 yet	 other	 cell-biologic
properties,	such	as	cell	survival	and	energy	metabolism.

Figure	3.1	The	hallmarks	of	cancer.	Eight	functional	capabilities—the	hallmarks	of	cancer—are
envisaged	to	be	acquired	by	developing	cancers	in	the	course	of	the	multistep	carcinogenesis	that
leads	to	most	forms	of	human	cancer.	The	order	in	which	these	hallmark	capabilities	are	acquired
and	the	relative	balance	and	importance	of	their	contributions	to	malignant	disease	appears	to	vary
across	the	spectrum	of	human	cancers.	(Adapted	from	Hanahan	D,	Weinberg	RA.	The	hallmarks	of
cancer.	Cell	2000;100:57–70;	Hanahan	D,	Weinberg	RA.	Hallmarks	of	cancer:	the	next	generation.

Cell	2011;144:646–674.)

Remarkably,	 the	 precise	 identities	 and	 sources	 of	 the	 proliferative	 signals	 operating	 within	 normal	 tissues
remain	poorly	understood.	Moreover,	we	still	know	relatively	little	about	the	mechanisms	controlling	the	release
of	these	mitogenic	signals.	In	part,	the	study	of	these	mechanisms	is	complicated	by	the	fact	that	the	growth	factor



signals	controlling	cell	number	and	position	within	normal	tissues	are	thought	to	be	transmitted	in	a	temporally
and	 spatially	 regulated	 fashion	 from	 one	 cell	 to	 its	 neighbors;	 such	 paracrine	 signaling	 is	 difficult	 to	 access
experimentally.	 In	 addition,	 the	 bioavailability	 of	 growth	 factors	 is	 regulated	 by	 their	 sequestration	 in	 the
pericellular	 space	 and	 associated	 extracellular	matrix	 (ECM).	Moreover,	 the	 actions	 of	 extracellular	mitogenic
proteins	 is	 further	 controlled	 by	 a	 complex	 network	 of	 proteases,	 sulfatases,	 and	 possibly	 other	 enzymes	 that
liberate	and	activate	these	factors,	apparently	in	a	highly	specific	and	localized	fashion.

The	mitogenic	signaling	operating	inside	cancer	cells	is,	in	contrast,	far	better	understood.3,4	Cancer	cells	can
acquire	the	capability	to	sustain	proliferative	signaling	in	a	number	of	alternative	ways:	They	may	produce	growth
factor	ligands	themselves,	to	which	they	can	then	respond	via	the	coexpression	of	cognate	receptors,	resulting	in
autocrine	(or	juxtacrine)	proliferative	stimulation.	Alternatively,	cancer	cells	may	send	signals	to	stimulate	normal
cells	within	 the	 supporting	 tumor-associated	 stroma;	 the	 stromal	 cells	 then	 reciprocate	by	 supplying	 the	 cancer
cells	 with	 various	 growth	 factors.5,6	 Mitogenic	 signaling	 can	 also	 be	 deregulated	 by	 elevating	 the	 levels	 of
receptor	proteins	displayed	at	the	cancer	cell	surface,	rendering	such	cells	hyper	responsive	to	otherwise	limiting
amounts	 of	 growth	 factor	 ligands;	 the	 same	 outcome	 can	 result	 from	 structural	 alterations	 in	 the	 receptor
molecules	that	facilitate	ligand-independent	firing.

Independence	 from	 externally	 supplied	 growth	 factors	 may	 also	 derive	 from	 the	 constitutive	 activation	 of
components	of	intracellular	signaling	cascades	operating	downstream	of	these	receptors	within	cancer	cells.	These
intracellular	alterations	obviate	the	need	to	stimulate	cell	proliferation	pathways	by	ligand-mediated	activation	of
cell-surface	receptors.	Of	note,	because	a	number	of	distinct	downstream	signaling	pathways	radiate	from	ligand-
stimulated	receptors,	the	activation	of	one	or	another	of	these	downstream	branches	(e.g.,	the	pathway	responding
to	 the	Ras	 signal	 transducer)	may	only	provide	 a	 subset	 of	 the	 regulatory	 instructions	 transmitted	by	 a	 ligand-
activated	receptor.

Somatic	Mutations	Activate	Additional	Downstream	Pathways
In	more	detail,	DNA	sequencing	analyses	of	cancer	cell	genomes	have	revealed	somatic	mutations	in	many	human
tumors	that	predict	constitutive	activation	of	the	signaling	circuits,	cited	previously,	that	are	normally	triggered	by
activated	 growth	 factor	 receptors.	Most	 prominently,	 over	 the	 past	 three	 decades,	 tens	 of	 thousands	 of	 human
tumors	have	been	 found	 to	harbor	mutant,	oncogenic	alleles	of	 the	K-RAS	 protooncogene,	most	of	which	have
sustained	 point	 mutations	 in	 the	 12th	 codon,	 which	 results	 in	 RAS	 proteins	 that	 are	 constitutively	 active	 in
downstream	 signaling.	 (This	 constitutive	 firing	 contrasts	with	 the	 normal	 actions	 of	RAS	proteins,	which	 only
release	 downstream	 signals	 in	 response	 to	 prior	 upstream	 signals,	 notably	 stimulatory	 signals	 originating	 from
activated	growth	factor	receptors.)	The	involvement	of	mutant	RAS	oncogenes	varies	dramatically	from	one	tumor
type	to	the	next,	with	the	extreme	being	pancreatic	adenocarcinomas,	more	than	90%	of	which	carry	mutant	K-
RAS	alleles.

More	 recently,	 the	 repertoire	 of	 frequently	 mutated	 genes	 has	 been	 expanded	 to	 include	 those	 encoding
downstream	 effectors	 that	 further	 transmit	 the	 signal	 conveyed	 by	 guanosine	 triphosphate	 (GTP)–bound	 RAS
proteins.	For	example,	we	now	know	that	<40%	of	human	melanomas	contain	activating	mutations	affecting	the
structure	of	the	B-RAF	protein,	resulting	in	constitutive	signaling	through	the	RAF	oncoprotein	to	the	mitogen-
activated	 protein	 (MAP)–kinase	 pathway.7	 Similarly,	mutations	 in	 the	 catalytic	 subunit	 of	 phosphoinositide	 3-
kinase	 (PI3K)	 isoforms	 are	 being	 detected	 in	 an	 array	 of	 tumor	 types;	 these	 mutations	 typically	 serve	 to
hyperactivate	the	PI3K	signaling	pathway,	causing,	in	turn,	excess	signaling	through	the	crucial	Akt/PKB	signal
transducer.8	 The	 advantages	 to	 tumor	 cells	 of	 activating	 upstream	 (receptor)	 versus	 downstream	 (transducer)
signaling	 remain	 obscure,	 as	 does	 the	 functional	 impact	 of	 cross-talk	 between	 the	multiple	 branched	 pathways
radiating	from	individual	growth	factor	receptors.

Disruptions	of	Negative-Feedback	Mechanisms	that	Attenuate	Proliferative	Signaling
Recent	 observations	 have	 also	 highlighted	 the	 importance	 of	 negative-feedback	 loops	 that	 normally	 operate	 to
dampen	 various	 types	 of	 signaling	 and	 thereby	 ensure	 homeostatic	 regulation	 of	 the	 flux	 of	 signals	 coursing
through	the	 intracellular	circuitry.9–12	Defects	 in	 these	negative-feedback	mechanisms	are	capable	of	enhancing
proliferative	 signaling.	 The	 prototype	 of	 this	 type	 of	 regulation	 involves	 the	 RAS	 oncoprotein	 itself.	 The
oncogenic	 effects	 of	 mutant	 RAS	 proteins	 do	 not	 result	 from	 a	 hyperactivation	 of	 its	 downstream	 signaling
powers;	 instead,	 the	oncogenic	mutations	affecting	RAS	genes	 impair	 the	 intrinsic	GTPase	activity	of	RAS	that
normally	 serves	 to	 turn	 its	 activity	 off,	 thereby	 ensuring	 that	 active	 signal	 transmission	 (e.g.,	 from	 upstream
growth	 factor	 receptors)	 is	 transient;	 as	 such,	 oncogenic	 RAS	 mutations	 disrupt	 an	 autoregulatory	 negative-
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feedback	mechanism,	without	which	RAS	transmits	chronic	proliferative	signals.
Analogous	negative-feedback	mechanisms	operate	at	multiple	nodes	within	the	proliferative	signaling	circuitry.

A	 prominent	 example	 involves	 phosphatase	 and	 tensin	 homolog	 (PTEN),	 which	 counteracts	 PI3K,	 cited
previously,	by	degrading	its	product,	phosphatidylinositol	3,4,5-phosphate	(PIP3).	Loss-of-function	mutations	 in
PTEN	 amplify	 PI3K	 signaling	 and	 promote	 tumorigenesis	 in	 a	 variety	 of	 experimental	 models	 of	 cancer;	 in
human	 tumors,	 PTEN	expression	 is	 often	 lost	 by	 the	methylation	 of	DNA	at	 specific	 sites	 associated	with	 the
promoter	of	the	PTEN	gene,	resulting	in	the	shutdown	of	its	transcription.8

Yet	another	example	 involves	 the	mammalian	 target	of	rapamycin	(mTOR)	kinase,	a	key	coordinator	of	cell
growth	 and	 metabolism	 that	 lies	 both	 upstream	 and	 downstream	 of	 the	 PI3K	 pathway.	 Downstream	 mTOR
signaling	 can	 enhance	 tumor	 growth	 by	 reprogramming	 cancer	 cell	 metabolism	 and	 stimulating	 proliferation.
However,	in	the	circuitry	of	some	cancer	cells,	mTOR	activation	results,	via	negative	feedback,	in	the	inhibition
of	PI3K	signaling.	Accordingly,	when	mTOR	is	pharmacologically	inhibited	in	such	cancer	cells	(e.g.,	by	the	drug
rapamycin),	 the	 associated	 loss	 of	 negative	 feedback	 results	 in	 increased	 activity	 of	 PI3K	 and	 its	 effector,	 the
Akt/PKB	kinase,	thereby	blunting	the	antiproliferative	effects	of	mTOR	inhibition.13	It	is	likely	that	compromised
negative-feedback	 loops	 in	 this	 and	 other	 signaling	 pathways—most	 still	 undiscovered—will	 prove	 to	 be
widespread	among	human	cancer	cells,	serving	as	important	means	by	which	cancer	cells	acquire	the	capability	of
signaling	 chronically	 through	 these	pathways.	Moreover,	 disruption	of	 such	normally	 self-attenuating	 signaling
can	contribute	to	the	development	of	adaptive	resistance	toward	therapeutic	drugs	targeting	mitogenic	signaling.

Excessive	Proliferative	Signaling	Can	Trigger	Cell	Senescence
Early	 studies	 of	 oncogene	 action	 encouraged	 the	 notion	 that	 ever-increasing	 expression	 of	 such	 genes	 and	 the
signals	 released	 by	 their	 protein	 products	 would	 result	 in	 proportionately	 increased	 rates	 of	 cancer	 cell
proliferation	 and,	 in	 turn,	 tumor	 growth.	 More	 recent	 research	 has	 undermined	 this	 notion,	 in	 that	 it	 is	 now
apparent	 that	 excessively	 elevated	 signaling	 by	 oncoproteins,	 such	 as	 RAS,	 MYC,	 and	 RAF,	 can	 provoke
counteracting	 responses	 from	 cells,	 such	 as	 induction	 of	 cell	 death.	Additionally,	 cancer	 cells	 expressing	 high
levels	 of	 these	 oncoproteins	 are	 in	 some	 cases	 forced	 to	 enter	 into	 the	 nonproliferative	 but	 viable	 state	 called
senescence.	These	responses	contrast	with	those	seen	in	cells	expressing	lower	levels	of	the	same	oncoproteins,
wherein	cells	avoid	both	senescence	and	cell	death	and,	thus,	proliferate	robustly.14,15

Cells	 with	 morphologic	 features	 of	 senescence,	 including	 enlarged	 cytoplasm,	 the	 absence	 of	 proliferation
markers,	 and	 the	 expression	 of	 the	 senescence-induced	 β-galactosidase	 enzyme,	 are	 abundant	 in	 the	 tissues	 of
mice	whose	genomes	have	been	reengineered	 to	cause	overexpression	of	certain	oncogenes14,15;	such	senescent
cells	have	also	been	detected	in	some	cases	of	human	melanoma.16

These	 ostensibly	 paradoxical	 responses	 seem	 to	 reflect	 intrinsic	 cellular	 defense	 mechanisms	 designed	 to
eliminate	 cells	 experiencing	 excessive	 levels	 of	 mitogenic	 signaling.	 Accordingly,	 the	 intensity	 of	 oncogenic
signaling	 observed	 in	 naturally	 arising	 cancer	 cells	 may	 represent	 compromises	 between	 maximal	 mitogenic
stimulation	and	avoidance	of	these	antiproliferative	defenses.	Alternatively,	some	cancer	cells	may	adapt	to	high
levels	of	oncogenic	signaling	by	disabling	their	senescence-	or	apoptosis-inducing	circuitry.

Evading	Growth	Suppressors
In	addition	to	the	hallmark	capability	of	acquiring	growth-stimulatory	signals,	cancer	cells	must	also	circumvent
powerful	signaling	programs	that	normally	operate	to	suppress	cell	proliferation;	many	of	these	programs	depend
on	the	actions	of	so-called	tumor	suppressor	genes.	Dozens	of	tumor	suppressors	that	operate	in	various	ways	to
limit	 cell	 proliferation	 or	 survival	 have	 been	 discovered	 through	 their	 inactivation	 in	 one	 or	 another	 form	 of
animal	or	human	cancer;	many	of	 these	genes	have	been	functionally	validated	as	bona	fide	 tumor	suppressors
through	gain-	or	loss-of-function	experiments	in	mice.	The	two	prototypical	 tumor	suppressor	genes	encode	the
retinoblastoma	 (RB)-associated	 and	 TP53	 proteins;	 they	 operate	 as	 central	 control	 nodes	 within	 two	 key,
complementary	 cellular	 regulatory	 circuits	 that	 govern	 the	 decisions	 of	 cells	 to	 proliferate,	 or	 alternatively,	 to
activate	growth	arrest,	senescence,	or	the	cell-suicide	program	known	as	apoptosis.

The	RB	protein	integrates	signals	from	diverse	extracellular	and	intracellular	sources	and,	in	response,	decides
whether	 a	 cell	 should	 proceed	 through	 its	 growth-and-division	 cycle.17	 Cancer	 cells	 with	 defects	 in	 the	 RB
pathway	function	are	 thus	missing	 the	services	of	a	critical	gatekeeper	of	cell-cycle	progression	whose	absence
permits	persistent	cell	proliferation.	Stated	differently,	inactivation	of	the	RB	gene	within	a	cancer	cell	liberates	its
growth-and-division	cycle	from	a	“braking	mechanism”	normally	imposed	by	extracellular	signals.	Whereas	RB
integrates	growth-inhibitory	signals	that	largely	originate	outside	of	the	cell,	TP53	receives	inputs	from	stress	and



abnormality	sensors	that	function	within	the	cell’s	intracellular	operating	systems.	For	example,	if	the	degree	of
damage	to	a	cell’s	genome	is	excessive,	or	if	the	levels	of	nucleotide	pools,	growth-promoting	signals,	glucose,	or
oxygenation	are	insufficient,	TP53	can	call	a	halt	to	further	cell-cycle	progression	until	these	conditions	have	been
normalized.	Alternatively,	 in	 the	 face	 of	 alarm	 signals	 indicating	 overwhelming	 or	 irreparable	 damage	 to	 such
cellular	systems,	TP53	can	trigger	programmed	cell	death—apoptosis.	Of	note,	the	multiple	alternative	effects	of
activated	TP53	are	 complex	 and	highly	 context	 dependent,	 varying	by	 cell	 type	 as	well	 as	 by	 the	 severity	 and
persistence	of	cell-physiologic	stress	and	genomic	damage.

Although	 the	 two	 canonical	 suppressors	 of	 proliferation—TP53	 and	 RB—have	 preeminent	 importance	 in
regulating	cell	proliferation	and	survival,	various	lines	of	evidence	indicate	that	each	operates	as	part	of	a	larger
network	that	 is	wired	for	functional	redundancy.	For	example,	chimeric	mice	populated	throughout	 their	bodies
with	individual	cells	lacking	a	functional	Rb	gene	are	surprisingly	free	of	proliferative	abnormalities,	despite	the
expectation	that	a	loss	of	RB	function	should	result	in	unimpeded	advance	through	the	cell	division	cycle	by	these
cells	 and	 their	 descendants;	 some	 of	 the	 resulting	 clusters	 of	 Rb-null	 cells	 should,	 by	 all	 rights,	 progress	 to
neoplasia.	 Instead,	 the	Rb-null	 cells	 in	 such	 chimeric	mice	 have	 been	 found	 to	 participate	 in	 relatively	 normal
tissue	morphogenesis	throughout	the	body;	the	only	neoplasia	observed	is	of	pituitary	tumors	developing	late	in
life.18	Similarly,	TP53-null	mice	develop	normally,	 show	 largely	normal	 cell	 and	 tissue	homeostasis	 and	 again
develop	abnormalities	only	later	in	life	in	the	form	of	leukemias	and	sarcomas.19

Mechanisms	of	Contact	Inhibition	and	Its	Evasion
Half	a	century	of	research	has	revealed	that	the	cell-to-cell	contacts	formed	by	dense	populations	of	normal	cells
growing	 in	 two-dimensional	 culture	 operate	 to	 suppress	 further	 cell	 proliferation,	 yielding	 confluent	 cell
monolayers.	 Importantly,	 such	 contact	 inhibition	 is	 abolished	 in	 various	 types	 of	 cancer	 cells	 in	 culture,
suggesting	that	contact	inhibition	is	an	in	vitro	surrogate	of	a	mechanism	that	operates	in	vivo	to	ensure	normal
tissue	homeostasis,	one	that	is	abrogated	during	the	course	of	tumorigenesis.	Until	recently,	the	mechanistic	basis
for	this	mode	of	growth	control	remained	obscure.	Now,	however,	mechanisms	of	contact	inhibition	are	beginning
to	emerge.20

One	mechanism	involves	the	product	of	the	NF2	gene,	long	implicated	as	a	tumor	suppressor	because	its	loss
triggers	a	form	of	human	neurofibromatosis.	Merlin,	the	NF2	gene	product,	orchestrates	contact	inhibition	in	the
cytoplasm	 by	 coupling	 cell-surface	 adhesion	 molecules	 (e.g.,	 E-cadherin)	 to	 transmembrane	 receptor	 tyrosine
kinases	(e.g.,	the	epidermal	growth	factor	receptor	[EGFR]).	In	so	doing,	Merlin	strengthens	the	adhesiveness	of
cadherin-mediated	 cell-to-cell	 attachments.	 Additionally,	 by	 sequestering	 such	 growth	 factor	 receptors,	Merlin
limits	their	ability	to	efficiently	emit	mitogenic	signals.20,21

Corruption	of	the	Transforming	Growth	Factor	β	Pathway	Promotes	Malignancy
Transforming	 growth	 factor	 β	 (TGF-β)	 is	 best	 known	 for	 its	 antiproliferative	 effects	 on	 epithelial	 cells.	 The
responses	 of	 carcinoma	 cells	 to	 TGF-β’s	 proliferation-suppressive	 effects	 is	 now	 appreciated	 to	 be	 far	 more
elaborate	than	a	simple	shutdown	of	its	signaling	circuitry.22,23	 In	normal	cells,	exposure	 to	TGF-β	blocks	 their
progression	 through	 the	 G1	 phase	 of	 the	 cell	 cycle.	 In	 many	 late-stage	 tumors,	 however,	 TGF-β	 signaling	 is
redirected	away	from	suppressing	cell	proliferation	and	is	found	instead	to	activate	a	cellular	program,	termed	the
epithelial-to-mesenchymal	 transition	 (EMT),	which	confers	on	cancer	cells	multiple	 traits	associated	with	high-
grade	malignancy,	as	discussed	in	further	detail.

Resisting	Cell	Death
The	ability	to	activate	the	normally	latent	apoptotic	cell-death	program	appears	to	be	associated	with	most	types	of
normal	cells	throughout	the	body.	Its	actions	in	many	if	not	all	multicellular	organisms	seem	to	reflect	the	need	to
eliminate	aberrant	cells	whose	continued	presence	would	otherwise	threaten	organismic	integrity.	This	rationale
explains	 why	 cancer	 cells	 often,	 if	 not	 invariably,	 inactivate	 or	 attenuate	 this	 program	 during	 their
development.24,25

Elucidation	of	the	signaling	circuitry	governing	the	apoptotic	program	has	revealed	how	apoptosis	is	triggered
in	response	to	various	physiologic	stresses	that	cancer	cells	experience	either	during	the	course	of	tumorigenesis
or	 as	 a	 result	 of	 anticancer	 therapy.	 Notable	 among	 the	 apoptosis-inducing	 stresses	 are	 signaling	 imbalances
resulting	 from	 elevated	 levels	 of	 oncogene	 signaling	 and	 from	DNA	 damage.	 The	 regulators	 of	 the	 apoptotic
response	are	divided	into	two	major	circuits,	one	receiving	and	processing	extracellular	death-inducing	signals—
the	extrinsic	apoptotic	program,	involving	for	example	the	Fas	ligand/Fas	receptor,	also	known	as	CD95L/CD95
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—and	the	other	sensing	and	integrating	a	variety	of	signals	of	intracellular	origin—the	intrinsic	program.	Each	of
these	 circuits	 culminates	 in	 the	 activation	 of	 a	 normally	 latent	 protease	 (caspase	 8	 or	 9,	 respectively),	 which
proceeds	 to	 initiate	apoptosis	via	a	cascade	of	proteases	 involving	effector	caspases	 that	are	 responsible	 for	 the
execution	 phase	 of	 these	 cell	 death	 mechanisms.	 During	 this	 final	 phase,	 an	 apoptotic	 cell	 is	 progressively
disassembled	 and	 then	 consumed,	 both	 by	 its	 neighbors	 and	 by	 professional	 phagocytic	 cells.	 Currently,	 the
intrinsic	apoptotic	program	is	more	widely	implicated	as	a	barrier	that	serves	to	block	cancer	pathogenesis.

The	molecular	machinery	that	conveys	signals	between	the	apoptotic	regulators	and	effectors	is	controlled	by
counterbalancing	pro-	and	antiapoptotic	members	of	the	Bcl-2	family	of	regulatory	proteins.24,25	The	archetype,
Bcl-2,	along	with	its	closest	relatives	(Bcl-XL,	Bcl-W,	Mcl-1,	A1),	are	inhibitors	of	apoptosis,	acting	in	large	part
by	 binding	 to	 and	 thereby	 suppressing	 two	 proapoptotic	 triggering	 proteins	 (Bax	 and	 Bak);	 the	 latter	 are
embedded	in	the	mitochondrial	outer	membrane.	When	relieved	of	inhibition	by	their	antiapoptotic	relatives,	Bax
and	 Bak	 disrupt	 the	 integrity	 of	 the	 outer	 mitochondrial	 membrane,	 causing	 the	 release	 into	 the	 cytosol	 of
proapoptotic	signaling	molecules,	the	most	important	of	which	is	cytochrome	C.	When	the	normally	sequestered
cytochrome	C	is	released,	it	activates	a	cascade	of	cytosolic	caspase	proteases	that	proceed	to	fragment	multiple
cellular	structures,	thereby	executing	the	apoptotic	death	program.25,26

Several	abnormality	sensors	have	been	identified	to	play	key	roles	in	triggering	apoptosis.25	Most	notable	is	a
DNA	 damage	 sensor	 that	 acts	 through	 the	 TP53	 tumor	 suppressor27;	 TP53	 induces	 apoptosis	 by	 upregulating
expression	of	the	proapoptotic,	Bcl-2–related	Noxa	and	Puma	proteins,	doing	so	in	response	to	substantial	levels
of	DNA	breaks	and	other	chromosomal	abnormalities.	Alternatively,	 insufficient	 survival	 factor	 signaling	 (e.g.,
inadequate	levels	of	interleukin	[IL]-3	in	lymphocytes	or	of	insulin-like	growth	factors	1	and	2	in	epithelial	cells)
can	 elicit	 apoptosis	 through	 another	 proapoptotic	 Bcl-2–related	 protein	 called	 Bim.	 Yet	 another	 condition
triggering	apoptosis	involves	hyperactive	signaling	by	certain	oncoproteins,	such	as	Myc,	which	acts	in	part	via
Bim	and	other	Bcl-2–related	proteins.27

Tumor	cells	evolve	a	variety	of	strategies	to	limit	or	circumvent	apoptosis.	Most	common	is	the	loss	of	TP53
tumor	 suppressor	 function,	which	 eliminates	 this	 critical	 damage	 sensor	 from	 the	 apoptosis-inducing	 circuitry.
Alternatively,	 tumors	may	achieve	 similar	 ends	by	 increasing	 the	expression	of	 antiapoptotic	 regulators	 (Bcl-2,
Bcl-XL)	or	of	survival	signals	(insulin-like	growth	factors	1	and	2),	by	downregulating	proapoptotic	Bcl-2–related
factors	(Bax,	Bim,	Puma),	or	by	short-circuiting	the	extrinsic	ligand-induced	death	pathway.	The	multiplicity	of
apoptosis-avoiding	mechanisms	 presumably	 reflects	 the	 diversity	 of	 apoptosis-inducing	 signals	 that	 cancer	 cell
populations	encounter	during	their	evolution	from	the	normal	to	the	neoplastic	state.

Autophagy	Mediates	Both	Tumor	Cell	Survival	and	Death
Autophagy	represents	an	important	cell-physiologic	response	that	normally	operates	at	 low,	basal	 levels	in	cells
but,	 like	 apoptosis,	 can	 be	 strongly	 induced	 in	 response	 to	 certain	 types	 of	 cell-physiologic	 stress,	 the	 most
obvious	 of	 which	 is	 nutrient	 deficiency.28,29	 The	 autophagic	 program	 enables	 cells	 to	 break	 down	 cellular
organelles,	 such	 as	 ribosomes	 and	mitochondria,	 generating	 catabolites	 that	 can	 be	 recycled	 and	 thus	 used	 for
biosynthesis	 and	 energy	 production.	 As	 part	 of	 this	 program,	 intracellular	 vesicles	 (termed	 autophagosomes)
envelope	the	cellular	organelles	destined	for	degradation;	the	resulting	vesicles	then	fuse	with	lysosomes	in	which
degradation	occurs.	 In	 this	fashion,	 low-molecular-weight	metabolites	are	generated	that	support	survival	 in	 the
stressed,	nutrient-limited	environments	experienced	by	many	cancer	cells.	When	acting	in	this	fashion,	autophagy
favors	cancer	cell	survival.

However,	the	autophagy	program	intersects	in	more	complex	ways	with	the	life	and	death	of	cancer	cells.	Like
apoptosis,	 the	 autophagy	 machinery	 has	 both	 regulatory	 and	 effector	 components.28,29	 Among	 the	 latter	 are
proteins	that	mediate	autophagosome	formation	and	delivery	to	lysosomes.	Of	note,	recent	research	has	revealed
intersections	 between	 the	 regulatory	 circuits	 governing	 autophagy,	 apoptosis,	 and	 cellular	 homeostasis.	 For
example,	 the	 signaling	 pathway	 involving	 PI3K,	AKT,	 and	mTOR,	which	 is	 stimulated	 by	 survival	 signals	 to
block	apoptosis,	similarly	inhibits	autophagy;	when	survival	signals	are	insufficient,	the	PI3K	signaling	pathway
is	downregulated,	with	the	result	that	autophagy	and/or	apoptosis	may	be	induced.28–30

Another	interconnection	between	these	two	programs	resides	in	the	Beclin-1	protein,	which	has	been	shown	by
genetic	studies	to	be	necessary	for	the	induction	of	autophagy.28–30	Beclin-1	is	a	member	of	the	Bcl-2	family	of
apoptotic	 regulatory	 proteins,	 and	 its	BH3	 domain	 allows	 it	 to	 bind	 the	Bcl-2/Bcl-XL	 proteins.	 Stress	 sensor–
coupled	BH3-containing	proteins	(e.g.,	Bim,	Noxa)	can	displace	Beclin-1	from	its	association	with	Bcl-2/Bcl-XL,
enabling	the	liberated	Beclin-1	to	trigger	autophagy,	much	as	they	can	release	proapoptotic	Bax	and	Bak	to	trigger
apoptosis.	Hence,	stress-transducing	Bcl-2–related	proteins	can	induce	apoptosis	and/or	autophagy	depending	on



the	physiologic	state	of	the	cell.
Genetically	altered	mice	bearing	inactivated	alleles	of	the	Beclin-1	gene	or	of	certain	other	components	of	the

autophagy	machinery	 exhibit	 increased	 susceptibility	 to	 cancer.29,31	 These	 results	 suggest	 that	 the	 induction	 of
autophagy	can	serve	as	a	barrier	to	tumorigenesis	that	may	operate	independently	of	or	in	concert	with	apoptosis.
For	 example,	 excessive	 activation	of	 the	 autophagy	program	may	cause	 cells	 to	devour	 too	many	of	 their	own
critical	 organelles,	 such	 that	 cell	 growth	 and	 division	 are	 crippled.	 Accordingly,	 autophagy	may	 represent	 yet
another	barrier	that	needs	to	be	circumvented	by	incipient	cancer	cells	during	multistep	tumor	development.28,31

Perhaps	paradoxically,	nutrient	starvation,	radiotherapy,	and	certain	cytotoxic	drugs	can	induce	elevated	levels
of	autophagy	that	apparently	protect	cancer	cells.31,32	Moreover,	severely	stressed	cancer	cells	have	been	shown	to
shrink	 via	 autophagy	 to	 a	 state	 of	 reversible	 dormancy.31,33	 This	 particular	 survival	 response	 may	 enable	 the
persistence	and	eventual	 regrowth	of	some	 late-stage	 tumors	 following	 treatment	with	potent	anticancer	agents.
Together,	observations	like	these	indicate	 that	autophagy	can	have	dichotomous	effects	on	tumor	cells	and	thus
tumor	 progression.31	 An	 important	 agenda	 for	 future	 research	 will	 involve	 clarifying	 the	 genetic	 and	 cell-
physiologic	conditions	that	determine	when	and	how	autophagy	enables	cancer	cells	to	survive	or,	alternatively,
causes	them	to	die.

Necrosis	Has	Proinflammatory	and	Tumor-Promoting	Potential
In	contrast	to	apoptosis,	in	which	a	dying	cell	contracts	into	an	almost-invisible	corpse	that	is	soon	consumed	by
its	 neighbors,	 necrotic	 cells	 become	 bloated	 and	 explode,	 releasing	 their	 contents	 into	 the	 local	 tissue
microenvironment.	A	body	of	evidence	has	shown	that	cell	death	by	necrosis,	 like	apoptosis,	 is	 in	large	part	an
organized	process	under	genetic	control—termed	necroptosis—rather	than	being	an	unstructured	collapse	of	cell
viability	and	global	systems	failure.34,35

Importantly,	 necrotic	 cell	 death	 releases	 proinflammatory	 signals	 into	 the	 surrounding	 tissue
microenvironment,	 in	 contrast	 to	 apoptosis,	 which	 does	 not.	 As	 a	 consequence,	 necrotic	 cells	 can	 recruit
inflammatory	cells	of	the	immune	system,35,36	whose	dedicated	function	is	to	survey	the	extent	of	tissue	damage
and	remove	associated	necrotic	debris.	In	the	context	of	neoplasia,	however,	multiple	 lines	of	evidence	indicate
that	 immune	 inflammatory	 cells	 can	 be	 actively	 tumor-promoting	 by	 fostering	 angiogenesis,	 cancer	 cell
proliferation,	 and	 invasiveness	 (discussed	 in	 subsequent	 sections).	 Additionally,	 necrotic	 cells	 can	 release
bioactive	 regulatory	 factors,	 such	as	 IL-1α,	which	can	directly	 stimulate	neighboring	viable	cells	 to	proliferate,
with	 the	potential,	once	again,	 to	 facilitate	neoplastic	progression.36	Consequently,	necrotic	cell	death,	although
seemingly	beneficial	in	counterbalancing	cancer-associated	hyperproliferation,	may	ultimately	do	more	damage	to
the	patient	than	good.

Enabling	Replicative	Immortality
Cancer	cells	require	unlimited	replicative	potential	in	order	to	generate	macroscopic	tumors.	This	capability	stands
in	marked	contrast	 to	the	behavior	of	the	cells	 in	most	normal	cell	 lineages	in	the	body,	which	are	only	able	to
pass	 through	 a	 limited	 number	 of	 successive	 cell	 growth-and-division	 cycles	 before	 they	 slow	 down	 and
eventually	 halt	 proliferation.	 This	 limitation	 has	 been	 associated	 with	 two	 distinct	 barriers	 to	 proliferation:
replicative	senescence,	a	typically	irreversible	entrance	into	a	nonproliferative	but	viable	state,	and	crisis,	which
involves	cell	death.	Accordingly,	when	cells	are	propagated	in	culture,	repeated	cycles	of	cell	division	lead	first	to
induction	of	replicative	senescence	and	then,	for	those	rare	cells	that	succeed	in	surmounting	this	barrier,	 to	the
crisis	 phase,	 in	which	 the	 great	majority	 of	 cells	 in	 the	 population	 die.	On	 rare	 occasion,	 cells	 emerge	 from	 a
population	in	crisis	and	exhibit	unlimited	replicative	potential.	This	transition	has	been	termed	immortalization,	a
trait	 that	 most	 established	 cell	 lines	 possess	 by	 virtue	 of	 their	 ability	 to	 proliferate	 in	 culture	 without	 giving
evidence	of	either	senescence	or	crisis.

The	causes	of	replicative	senescence	of	cells	propagated	in	vitro	are	not	altogether	clear	but	seem	to	involve	the
suboptimal	(nonphysiologic)	conditions	of	tissue	culture	involving	media	and	serum	and	the	absence	of	support
normally	conveyed	by	other	cell	types	in	tissues.	In	contrast,	the	mechanism	leading	to	crisis	are	well	understood
and	involve	the	telomeres	protecting	the	ends	of	chromosomes.37,38	The	telomere-associated	DNA,	composed	of
multiple	 tandem	 hexanucleotide	 repeats,	 shortens	 progressively	 in	 the	 chromosomes	 of	 nonimmortalized	 cells
propagated	 in	 culture,	 eventually	 losing	 its	 ability	 to	 protect	 the	 ends	 of	 chromosomal	 DNA	 from	 end-to-end
fusions;	such	aberrant	fusions	generate	unstable	dicentric	chromosomes,	whose	resolution	during	the	anaphase	of
mitosis	 results	 in	a	scrambling	of	karyotype	and	entrance	 into	crisis	and	associated	apoptosis.	Accordingly,	 the
length	of	 telomeric	DNA	 in	 a	 cell	 dictates	how	many	 successive	cell	generations	 its	progeny	can	pass	 through
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before	telomeres	are	largely	eroded	and	lose	their	protective	functions.
Telomerase,	 the	 specialized	 DNA	 polymerase	 that	 adds	 telomere	 repeat	 segments	 to	 the	 ends	 of	 telomeric

DNA,	is	almost	absent	 in	nonimmortalized	human	cells	but	 is	expressed	at	functionally	significant	 levels	 in	the
great	majority	(<90%)	of	spontaneously	immortalized	cells,	including	human	cancer	cells.	By	extending	telomeric
DNA,	telomerase	 is	able	 to	counter	 the	progressive	 telomere	erosion	that	would	otherwise	occur	 in	 its	absence.
The	 presence	 of	 telomerase	 activity,	 either	 in	 spontaneously	 immortalized	 cells	 or	 in	 the	 context	 of	 cells
engineered	 to	 express	 the	 enzyme,	 is	 correlated	 with	 a	 resistance	 to	 induction	 of	 both	 senescence	 and
crisis/apoptosis;	conversely,	the	suppression	of	telomerase	activity	leads	to	telomere	shortening	and	to	activation
of	one	or	the	other	of	these	proliferative	barriers.

The	precise	role	of	 the	replicative	senescence	observed	in	vitro	 in	cells	within	 living	tissues	 in	vivo	remains
unclear,	as	discussed	in	further	detail	in	the	following.	Crisis,	in	contrast,	is	more	clearly	understood:	It	has	been
rationalized	as	playing	a	crucial	anticancer	defense	that	is	hardwired	into	our	cells	and	is	deployed	to	impede	the
outgrowth	of	 clones	 of	 preneoplastic	 and	 frankly	 neoplastic	 cells.	The	 eventual	 immortalization	of	 rare	 variant
cells	that	proceed	to	form	tumors	has	been	attributed	to	their	acquisition	of	the	ability	to	maintain	telomeric	DNA
at	 lengths	 sufficient	 to	 avoid	 triggering	 crisis	 and	 the	 associated	 apoptosis.	 Most	 commonly,	 this	 telomere
maintenance	 is	 achieved	 by	 upregulating	 the	 expression	 of	 telomerase.	 Less	 frequently,	 this	 maintenance	 is
accomplished	 via	 an	 alternative	 recombination-based	 telomere	 maintenance	 mechanism.39	 Hence,	 progressive
telomere	shortening	has	come	to	be	viewed	as	a	clocking	device	that	determines	the	finite	replicative	potential	of
normal	cells	and,	thus,	one	that	must	be	overcome	by	cancer	cells,	which	require	unlimited	replicative	potential	in
order	to	form	robustly	growing	tumors.

Reassessing	Replicative	Senescence
The	senescent	state	 induced	by	oncogenes,	as	described	previously,	 is	 remarkably	similar	 to	 that	 induced	when
cells	 are	 explanted	 from	 living	 tissue	 and	 introduced	 into	 culture,	 the	 latter	 being	 the	 replicative	 senescence
discussed	 previously.	 Importantly,	 the	 concept	 of	 replication-induced	 senescence	 as	 a	 general	 barrier	 requires
refinement	 and	 reformulation.	 Recent	 experiments	 have	 revealed	 that	 the	 induction	 of	 senescence	 in	 certain
cultured	cells	can	be	delayed	and	possibly	eliminated	by	the	use	of	improved	cell	culture	conditions,	suggesting
that	recently	explanted	primary	cells	may	be	intrinsically	able	to	proliferate	unimpeded	in	culture	up	the	point	of
crisis	 and	 the	 associated	 induction	 of	 apoptosis	 triggered	 by	 critically	 shortened	 telomeres.40,41	 This	 result
indicates	that	telomere	shortening	does	not	necessarily	induce	senescence	prior	to	crisis.	Additional	insight	comes
from	experiments	 in	mice	 engineered	 to	 lack	 telomerase;	 this	work	 has	 revealed	 that	 shortening	 telomeres	 can
shunt	premalignant	cells	into	a	senescent	state	that	contributes	(along	with	apoptosis)	to	attenuated	tumorigenesis
in	 mice	 genetically	 destined	 to	 develop	 particular	 forms	 of	 cancer.38	 Such	 telomerase-null	 mice	 with	 highly
eroded	telomeres	exhibit	multiorgan	dysfunction	and	abnormalities	that	provide	evidence	of	both	senescence	and
apoptosis,	perhaps	similar	 to	 the	senescence	and	apoptosis	observed	 in	cell	culture.38,42	Thus,	depending	on	the
cellular	context,	the	proliferative	barrier	of	telomere	shortening	can	be	manifested	by	the	induction	of	senescence
and/or	apoptosis.

Delayed	Activation	of	Telomerase	May	Both	Limit	and	Foster	Neoplastic	Progression
There	is	now	abundant	evidence	that	clones	of	incipient	cancer	cells	in	spontaneously	arising	tumors	experience
telomere	loss-induced	crisis	relatively	early	during	the	course	of	multistep	tumor	progression.	Thus,	extensively
eroded	 telomeres	 have	 been	 documented	 in	 premalignant	 growths	 through	 the	 use	 of	 fluorescence	 in	 situ
hybridization,	 which	 has	 also	 revealed	 the	 end-to-end	 chromosomal	 fusions	 that	 signal	 telomere	 collapse	 and
crisis.43,44	These	results	suggest	that	such	incipient	cancer	cells	have	passed	through	a	large	number	of	successive
telomere-shortening	 cell	 divisions	 during	 their	 evolution	 from	 fully	 normal	 cells	 of	 origin.	 This	 supports	 the
notion	 that	 the	development	of	 some	human	neoplasias	 is	often	aborted	by	 telomere-induced	crisis	 long	before
cells	have	acquired	the	ability	to	spawn	macroscopic,	frankly	neoplastic	growths.

A	 quite	 different	 situation	 is	 observed	 in	 cells	 that	 have	 lost	 the	 TP53-mediated	 surveillance	 of	 genomic
integrity	and	thereafter	experience	critically	eroded	telomeres.	The	loss	of	the	TP53	DNA	damage	sensor	enables
cells	 to	 avoid	 apoptosis	 that	 would	 otherwise	 be	 triggered	 by	 the	 DNA	 damage	 resulting	 from	 dysfunctional
telomeres.	 Instead,	 such	 cells	 lacking	 TP53	 continue	 to	 divide,	 suffering	 repeated	 cycles	 of	 interchromosomal
fusion	 and	 subsequent	 breakage	 at	 mitosis.	 Such	 breakage-fusion-bridge	 cycles	 result	 in	 deletions	 and
amplifications	of	chromosomal	segments,	serving	to	mutagenize	 the	genome,	 thereby	facilitating	 the	generation
and	subsequent	clonal	outgrowth	of	cancer	cells	 that	have	acquired	advantageous	mutant	oncogenes	and	 tumor



suppressor	genes.38,45	By	necessity,	the	clones	of	cancer	cells	that	survive	this	telomere	collapse	must	eventually
acquire	 the	 ability	 to	 stabilize	 and	 thus	 protect	 their	 telomeres,	 doing	 so	 via	 the	 activation	 of	 telomerase
expression	or	the	alternative	recombination-based	mechanism	of	telomere	stabilization	noted	previously.

These	considerations	present	an	interesting	dichotomy:	Although	dysfunctional	telomeres	are	an	evident	barrier
to	 unlimited	 proliferation	 of	 the	 cells	 within	 a	 neoplastic	 cell	 lineage,	 they	 can	 also	 facilitate	 the	 genomic
instability	that	generates	hallmark-enabling	mutations,	as	discussed	further.	Both	mechanisms	may	be	at	play	in
certain	 forms	 of	 carcinogenesis	 in	 the	 form	 of	 transitory	 telomere	 deficiency	 prior	 to	 telomere	 stabilization.
Support	 for	 this	 concept	 of	 transient	 telomere	 deficiency	 in	 facilitating	malignant	 progression	 has	 come	 from
comparative	analyses	of	premalignant	and	malignant	 lesions	 in	 the	human	breast.46,47	The	premalignant	 lesions
did	 not	 express	 significant	 levels	 of	 telomerase	 and	 were	 marked	 by	 telomere	 shortening	 and	 chromosomal
aberrations.	In	contrast,	overt	carcinomas	exhibited	telomerase	expression	concordantly	with	the	reconstruction	of
longer	telomeres	and	the	fixation	of	the	aberrant	karyotypes	that	ostensibly	were	acquired	after	telomere	failure
but	 before	 the	 acquisition	 of	 telomerase	 activity.	 When	 portrayed	 in	 this	 way,	 the	 delayed	 acquisition	 of
telomerase	function	serves	 to	generate	 tumor-promoting	mutations,	whereas	 its	subsequent	expression	stabilizes
the	mutant	genome	and	confers	 the	unlimited	 replicative	 capacity	 that	 cancer	 cells	 require	 in	order	 to	generate
clinically	apparent	tumors.

Inducing	Angiogenesis
Like	 normal	 tissues,	 tumors	 require	 sustenance	 in	 the	 form	 of	 nutrients	 and	 oxygen	 as	 well	 as	 an	 ability	 to
evacuate	metabolic	wastes	and	carbon	dioxide.	The	tumor-associated	neovasculature,	generated	by	the	process	of
angiogenesis,	addresses	these	needs.	During	embryogenesis,	the	development	of	the	vasculature	involves	the	birth
of	new	endothelial	cells	and	their	assembly	into	tubes	(vasculogenesis)	in	addition	to	the	sprouting	(angiogenesis)
of	 new	 vessels	 from	 existing	 ones.	 Following	 this	 morphogenesis,	 the	 normal	 vasculature	 becomes	 largely
quiescent.	In	the	adult,	as	part	of	physiologic	processes	such	as	wound	healing	and	female	reproductive	cycling,
angiogenesis	 is	 turned	 on	 but	 only	 transiently.	 In	 contrast,	 during	 tumor	 progression,	 an	 angiogenic	 switch	 is
almost	always	activated	and	remains	on,	causing	normally	quiescent	vasculature	to	continually	sprout	new	vessels
that	help	sustain	expanding	neoplastic	growths.48

A	compelling	body	of	evidence	indicates	 that	 the	angiogenic	switch	is	governed	by	counterbalancing	factors
that	either	induce	or	oppose	angiogenesis.49,50	Some	of	these	angiogenic	regulators	are	signaling	proteins	that	bind
to	 stimulatory	 or	 inhibitory	 cell-surface	 receptors	 displayed	 by	 vascular	 endothelial	 cells.	 The	 well-known
prototypes	 of	 angiogenesis	 inducers	 and	 inhibitors	 are	 vascular	 endothelial	 growth	 factor	 A	 (VEGF-A)	 and
thrombospondin-1	(TSP-1),	respectively.

The	 VEGF-A	 gene	 encodes	 ligands	 that	 are	 involved	 in	 orchestrating	 new	 blood	 vessel	 growth	 during
embryonic	and	postnatal	development,	in	the	survival	of	endothelial	cells	in	already-formed	vessels,	and	in	certain
physiologic	and	pathologic	situations	in	the	adult.	VEGF	signaling	via	three	alternative	cognate	receptor	tyrosine
kinases	(VEGFR1	to	VEGFR3)	is	regulated	at	multiple	levels,	reflecting	this	complexity	of	purpose.	VEGF	gene
expression	can	be	upregulated	both	by	hypoxia	and	by	oncogene	signaling.51–53	Additionally,	VEGF	ligands	can
be	sequestered	in	the	ECM	in	latent	forms	that	are	subject	to	subsequent	release	and	activation	by	ECM-degrading
proteases	(e.g.,	matrix	metallopeptidase	9).54	 In	addition,	other	proangiogenic	proteins,	 such	as	members	of	 the
fibroblast	 growth	 factor	 family,	 have	 been	 implicated	 in	 sustaining	 tumor	 angiogenesis.49	 TSP-1,	 a	 key
counterbalance	in	the	angiogenic	switch,	also	binds	transmembrane	receptors	displayed	by	endothelial	cells	and
thereby	triggers	suppressive	signals	that	can	counteract	proangiogenic	stimuli.55

The	 blood	 vessels	 produced	 within	 tumors	 by	 unbalanced	 mixtures	 of	 proangiogenic	 signals	 are	 typically
aberrant:	 Tumor	 neovasculature	 is	marked	 by	 precocious	 capillary	 sprouting,	 convoluted	 and	 excessive	 vessel
branching,	distorted	 and	enlarged	vessels,	 erratic	blood	 flow,	microhemorrhaging	 leading	 to	 leakage	of	plasma
into	the	tissue	parenchyma,	and	abnormal	levels	of	endothelial	cell	proliferation	and	apoptosis.56,57

Angiogenesis	 is	 induced	 surprisingly	 early	 during	 the	 multistage	 development	 of	 invasive	 cancers	 both	 in
animal	models	and	in	humans.	Histologic	analyses	of	premalignant,	noninvasive	lesions,	including	dysplasias	and
in	situ	carcinomas	arising	in	a	variety	of	organs,	have	revealed	the	early	tripping	of	the	angiogenic	switch	even
before	 the	 breaching	 of	 the	 basement	 membrane	 that	 occurs	 during	 malignant	 progression.48	 Historically,
angiogenesis	was	 envisioned	 to	 be	 important	 only	when	 rapidly	 growing	macroscopic	 tumors	 had	 formed,	 but
more	recent	data	indicate	that	angiogenesis	also	contributes	to	the	microscopic	premalignant	phase	of	neoplastic
progression,	further	cementing	its	status	as	an	integral	hallmark	of	cancer.
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Gradations	of	the	Angiogenic	Switch
Once	 angiogenesis	 has	 been	 activated,	 tumors	 exhibit	 diverse	 patterns	 of	 neovascularization.	 Some	 tumors,
including	highly	 aggressive	 types	 such	as	pancreatic	ductal	 adenocarcinomas,	 are	hypovascularized	and	 replete
with	 stromal	 deserts	 that	 are	 largely	 avascular	 and	 indeed	may	 even	 be	 actively	 antiangiogenic.58	 In	 contrast,
many	other	tumors,	including	human	renal	and	pancreatic	neuroendocrine	carcinomas,	are	highly	angiogenic	and
consequently	densely	vascularized.59,60

Collectively,	such	observations	suggest	an	initial	tripping	of	the	angiogenic	switch	during	tumor	development,
which	is	followed	by	a	variable	intensity	of	ongoing	neovascularization,	the	latter	being	controlled	by	a	complex
biologic	rheostat	that	involves	both	the	cancer	cells	and	the	associated	stromal	microenvironment.49,50	Of	note,	the
switching	mechanisms	can	vary,	even	though	the	net	result	is	a	common	inductive	signal	(e.g.,	VEGF).	In	some
tumors,	dominant	oncogenes	operating	within	tumor	cells,	such	as	Ras	and	Myc,	can	upregulate	the	expression	of
angiogenic	 factors,	whereas	 in	 others,	 such	 inductive	 signals	 are	 produced	 indirectly	 by	 immune	 inflammatory
cells,	as	discussed	in	the	following.

Endogenous	Angiogenesis	Inhibitors	Present	Natural	Barriers	to	Tumor	Angiogenesis
A	 variety	 of	 secreted	 proteins	 have	 been	 reported	 to	 have	 the	 capability	 to	 help	 shut	 off	 normally	 transient
angiogenesis,	including	TSP-1,	fragments	of	plasmin	(angiostatin),	and	type	18	collagen	(endostatin),	along	with
another	 dozen	 candidate	 antiangiogenic	 proteins.55,61–63	 Almost	 all	 are	 proteins,	 and	 many	 are	 derived	 by
proteolytic	cleavage	of	structural	proteins	that	are	not	themselves	regulators	of	angiogenesis.

A	number	of	these	endogenous	inhibitors	of	angiogenesis	can	be	detected	in	the	circulation	of	normal	mice	and
humans.	 Genes	 that	 encode	 several	 endogenous	 angiogenesis	 inhibitors	 have	 been	 deleted	 from	 the	 mouse
germline	 without	 untoward	 developmental	 or	 physiologic	 effects;	 however,	 the	 growth	 of	 autochthonous	 and
implanted	 tumors	 is	 enhanced	 as	 a	 consequence.61,63	 By	 contrast,	 if	 the	 circulating	 levels	 of	 an	 endogenous
inhibitor	are	experimentally	increased	(e.g.,	via	forced	overexpression	in	transgenic	mice	or	in	xenotransplanted
tumors),	tumor	growth	is	impaired.63	Interestingly,	wound	healing	and	fat	deposition	are	impaired	or	accelerated
by	elevated	or	ablated	expression	of	such	genes.64,65	The	data	suggest	that,	under	normal	conditions,	endogenous
angiogenesis	inhibitors	serve	as	physiologic	regulators	modulating	the	transitory	angiogenesis	that	occurs	during
tissue	remodeling	and	wound	healing;	they	may	also	act	as	intrinsic	barriers	to	the	induction	and/or	persistence	of
angiogenesis	by	incipient	neoplasias.

Pericytes	Are	Important	Components	of	the	Tumor	Neovasculature
Pericytes	 have	 long	 been	 known	 as	 supporting	 cells	 that	 are	 closely	 apposed	 to	 the	 outer	 surfaces	 of	 the
endothelial	tubes	in	normal	tissue	vasculature,	where	they	provide	important	mechanical	and	physiologic	support
to	the	endothelial	cells.	Microscopic	studies	conducted	in	recent	years	have	revealed	that	pericytes	are	associated,
albeit	 loosely,	 with	 the	 neovasculature	 of	 most,	 if	 not	 all,	 tumors.66,67	 More	 importantly,	 mechanistic	 studies
(discussed	 subsequently)	 have	 revealed	 that	 pericyte	 coverage	 is	 important	 for	 the	maintenance	of	 a	 functional
tumor	neovasculature.

A	Variety	of	Bone	Marrow–Derived	Cells	Contribute	to	Tumor	Angiogenesis
It	is	now	clear	that	a	repertoire	of	cell	types	originating	in	the	bone	marrow	(BM)	play	crucial	roles	in	pathologic
angiogenesis.68–70	 These	 include	 cells	 of	 the	 innate	 immune	 system—notably	 macrophages,	 neutrophils,	 mast
cells,	and	myeloid	progenitors—that	assemble	at	the	margins	of	such	lesions	or	infiltrate	deeply	within	them;	the
tumor-associated	inflammatory	cells	can	help	to	trip	the	angiogenic	switch	in	quiescent	tissue	and	sustain	ongoing
angiogenesis	associated	with	tumor	growth.	In	addition,	they	can	help	protect	the	vasculature	from	the	effects	of
drugs	 that	 target	 endothelial	 cell	 signaling.71	Moreover,	 several	 types	 of	BM-derived	vascular	 progenitor	 cells
have	 been	 observed	 to	 have	 migrated	 into	 neoplastic	 lesions	 and	 become	 intercalated	 into	 the	 existing
neovasculature,	assuming	roles	as	either	pericytes	or	endothelial	cells.72,73

Activating	Invasion	and	Metastasis
The	multistep	process	of	invasion	and	metastasis	has	been	portrayed	as	a	sequence	of	discrete	steps,	often	termed
the	invasion–metastasis	cascade.74	This	depiction	describes	a	succession	of	cell-biologic	changes,	beginning	with
local	invasion	from	the	primary	tumor,	then	intravasation	by	cancer	cells	into	nearby	blood	and	lymphatic	vessels,



transit	 of	 these	 cells	 through	 the	 lymphatic	 and	hematogenous	 systems,	 followed	by	 the	 escape	of	 cancer	 cells
from	 the	 lumina	 of	 such	 vessels	 into	 the	 parenchyma	 of	 distant	 tissues	 (extravasation),	 the	 formation	 of	 small
nests	 of	 cancer	 cells	 (micrometastases),	 and	 finally,	 the	 growth	 of	 micrometastatic	 lesions	 into	 macroscopic
tumors,	this	last	step	being	termed	colonization.	These	steps	have	largely	been	studied	in	the	context	of	carcinoma
pathogenesis.	 Indeed,	 when	 viewed	 through	 the	 prism	 of	 the	 invasion–metastasis	 cascade,	 the	 diverse	 tumors
prone	to	metastasis	appear	to	behave	in	similar	ways.	Tumors	that	only	invade	locally	may	engage	the	early	steps
of	this	pathway	or	activate	invasion	by	other	distinct	mechanisms.75

During	the	malignant	progression	of	carcinomas,	the	neoplastic	cells	typically	develop	alterations	in	their	shape
as	well	as	their	attachment	to	other	cells	and	to	the	ECM.	The	best-characterized	alteration	involves	the	loss	by
carcinoma	 cells	 of	 E-cadherin,	 a	 key	 epithelial	 cell-to-cell	 adhesion	molecule.	 By	 forming	 adherens	 junctions
between	 adjacent	 epithelial	 cells,	 E-cadherin	 helps	 to	 assemble	 epithelial	 cell	 sheets	 and	 to	 maintain	 the
quiescence	 of	 the	 cells	 within	 these	 sheets.	 Moreover,	 increased	 expression	 of	 E-cadherin	 has	 been	 well
established	 as	 an	 antagonist	 of	 invasion	 and	 metastasis,	 whereas	 a	 reduction	 of	 its	 expression	 is	 known	 to
potentiate	these	behaviors.	The	frequently	observed	downregulation	and	occasional	mutational	inactivation	of	the
E-cadherin–encoding	gene,	CDH1,	in	human	carcinomas	provides	strong	support	for	its	role	as	a	key	suppressor
of	the	invasion–metastasis	hallmark	capability.76

Notably,	 the	 expression	 of	 genes	 encoding	 other	 cell-to-cell	 and	 cell-to-ECM	 adhesion	 molecules	 is	 also
significantly	altered	 in	 the	cells	of	many	highly	aggressive	carcinomas,	with	 those	 favoring	cytostasis	 typically
being	 downregulated.	 Conversely,	 adhesion	molecules	 normally	 associated	with	 the	 cell	migrations	 that	 occur
during	 embryogenesis	 and	 inflammation	 are	 often	 upregulated.	 For	 example,	 N-cadherin,	 which	 is	 normally
expressed	 in	migrating	 neurons	 and	mesenchymal	 cells	 during	 organogenesis,	 is	 upregulated	 in	many	 invasive
carcinoma	cells,	replacing	the	previously	expressed	E-cadherin.

Research	into	the	capability	for	 invasion	and	metastasis	has	accelerated	dramatically	over	 the	past	decade	as
powerful	new	research	tools	and	refined	experimental	models	have	become	available.	Although	still	an	emerging
field	 replete	 with	 major	 unanswered	 questions,	 significant	 progress	 has	 been	 made	 in	 delineating	 important
features	 of	 this	 complex	 hallmark	 capability.	 An	 admittedly	 incomplete	 representation	 of	 these	 advances	 is
highlighted	as	follows.

The	Epithelial-to-Mesenchymal	Transition	Program	Broadly	Regulates	Invasion	and
Metastasis
A	developmental	regulatory	program,	termed	the	EMT,	has	become	implicated	as	a	prominent	means	by	which
neoplastic	epithelial	cells	can	acquire	the	abilities	to	invade,	resist	apoptosis,	and	disseminate.77–80	By	coopting	a
process	 involved	 in	 various	 steps	 of	 embryonic	 morphogenesis	 and	 wound	 healing,	 carcinoma	 cells	 can
concomitantly	 acquire	multiple	 attributes	 that	 enable	 invasion	 and	metastasis.	This	multifaceted	EMT	program
can	be	activated	transiently	or	stably,	and	to	differing	degrees,	by	carcinoma	cells	during	the	course	of	invasion
and	metastasis.

A	 set	 of	 pleiotropically	 acting	 transcriptional	 factors	 (EMT-TFs),	 including	 Snail,	 Slug,	 Twist,	 and	Zeb1/2,
orchestrate	 the	 EMT	 program	 and	 related	 migratory	 processes	 during	 embryogenesis;	 most	 were	 initially
identified	by	studying	the	genetics	of	fruit	fly	development.	These	transcriptional	regulators	are	induced	in	various
combinations	in	a	number	of	malignant	tumor	types.	Some	of	these	EMT-TFs	have	been	shown	in	experimental
models	of	 carcinoma	 formation	 to	be	 causally	 important	 for	programming	 invasion;	others	have	been	 found	 to
elicit	metastasis	when	experimentally	expressed	 in	primary	 tumor	cells.77,81,82	 Included	among	 the	cell-biologic
traits	 evoked	 by	 these	 EMT-TFs	 are	 loss	 of	 adherens	 junctions	 concomitant	 with	 conversion	 from	 a
polygonal/epithelial	 to	 a	 spindly/fibroblastic	 morphology,	 activation	 of	 secreted	matrix-degrading	 enzymes,	 as
well	as	increased	motility	and	heightened	resistance	to	apoptosis,	all	of	which	are	implicated	in	the	processes	of
invasion	 and	metastasis.	 Several	 of	 these	 transcription	 factors	 can	 directly	 repress	E-cadherin	 gene	 expression,
thereby	releasing	neoplastic	epithelial	cells	from	this	key	suppressor	of	motility	and	invasiveness.83

The	available	data	suggest	that	EMT-TFs	regulate	the	expression	of	one	another	and	of	partially	overlapping
sets	 of	 target	 genes.	 Results	 from	 developmental	 genetics	 indicate	 that	 contextual	 signals	 received	 from
neighboring	cells	in	the	embryo	are	involved	in	triggering	expression	of	these	transcription	factors	in	those	cells
that	 are	 destined	 to	 pass	 through	 an	 EMT;	 analogously,	 heterotypic	 interactions	 of	 cancer	 cells	 with	 adjacent
tumor-associated	stromal	cells	have	been	shown	 to	 induce	expression	of	 the	malignant	cell	phenotypes	 that	are
known	to	be	choreographed	by	one	or	more	of	 these	EMT-TFs.84	Thus,	cancer	cells	at	 the	 invasive	margins	of
certain	 carcinomas	 can	 be	 seen	 to	 have	 undergone	 an	 EMT,	 indicating	 that	 these	 cancer	 cells	 are	 subject	 to
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microenvironmental	 stimuli	 distinct	 from	 those	 received	by	cancer	 cells	 located	 in	 the	 cores	of	 these	 lesions.85
Although	the	evidence	is	still	incomplete,	it	would	appear	that	EMT-TFs	are	able	to	orchestrate	most	steps	of	the
invasion–metastasis	 cascade,	 except	 perhaps	 the	 final	 step	 of	 colonization,	 which	 involves	 adaptation	 of	 cells
originating	in	one	tissue	to	the	microenvironment	of	a	foreign,	potentially	inhospitable	tissue.	Indeed,	as	discussed
in	 the	 following,	 this	 last	 step—colonization—represents	 the	most	complex	and	poorly	understood	stage	of	 the
invasion–metastasis	cascade.

It	seems	increasingly	likely	that	the	cells	within	many	human	carcinomas	activate	a	partial	EMT,	in	which	they
acquire	mesenchymal	markers	while	retaining	many	preexisting	epithelial	ones;	accordingly,	few	such	cells	ever
enter	into	the	fully	mesenchymal	state	that	resembles	that	of	fibroblasts.	The	involvement	of	the	EMT	program	in
noncarcinomatous	 tumors	 is	 still	 being	 examined.	 Notably,	 the	 expression	 of	 EMT-TFs	 has	 been	 observed	 in
certain	nonepithelial	 tumor	types,	such	as	melanomas	and	glioblastomas,	where	their	contributions	to	malignant
progression	have	been	extensively	documented.	More	broadly,	the	roles,	if	any,	of	these	TFs	in	the	pathogenesis
of	 sarcomas	 and	 hematopoietic	 tumors	 are	 presently	 unclear.	 To	 summarize,	 it	 is	 increasingly	 evident	 that
components	of	the	EMT	program	are	involved	in	orchestrating	the	malignant	capabilities	in	a	broad	spectrum	of
epithelial	cancers,	operating	in	certain	cases	in	concert	with	other	cell-biologic	programs.

Heterotypic	Contributions	of	Stromal	Cells	to	Invasion	and	Metastasis
As	 mentioned	 previously,	 cross-talk	 between	 cancer	 cells	 and	 cell	 types	 of	 the	 neoplastic	 stroma	 is	 directly
involved	in	the	acquired	capabilities	of	invasiveness	and	metastasis.68,86,87	For	example,	mesenchymal	stem	cells
present	in	the	tumor	stroma	have	been	found	to	secrete	CCL5/RANTES	in	response	to	signals	released	by	cancer
cells;	CCL5	then	acts	reciprocally	on	the	cancer	cells	to	stimulate	invasive	behavior.88	In	another	case,	carcinoma
cells	 secreting	 IL-1	 have	 been	 shown	 to	 induce	 mesenchymal	 stem	 cells	 to	 synthesize	 a	 spectrum	 of	 other
cytokines	that	in	turn	promote	activation	of	the	EMT	program	in	the	carcinoma	cells;	these	effectors	include	IL-6,
IL-8,	growth-regulated	oncogene	alpha,	and	prostaglandin	E2.89

Macrophages,	another	functionally	important	cell	 type	forming	the	tumor	microenvironment,	can	foster	 local
invasion	at	the	tumor	periphery	by	supplying	matrix-degrading	enzymes	such	as	metalloproteinases	and	cysteine
cathepsin	 proteases54,87,90;	 in	 one	 model	 system,	 the	 invasion-promoting	 macrophages	 are	 activated	 by	 IL-4
produced	 by	 the	 cancer	 cells.91	 And	 in	 an	 experimental	 model	 of	 metastatic	 breast	 cancer,	 tumor-associated
macrophages	supply	epidermal	growth	factor	to	breast	cancer	cells,	whereas	the	cancer	cells	reciprocally	stimulate
the	macrophages	with	 colony	 stimulating	 factor	 1.	 Their	 concerted	 interactions	 facilitate	 intravasation	 into	 the
circulatory	 system	 and	 metastatic	 dissemination	 of	 the	 cancer	 cells.68	 Tumor-associated	 neutrophils	 have
analogously	been	implicated,	 in	particular	by	facilitating	metastasis	via	secretion	of	cytokines	that	modulate	the
capabilities	of	cancer	cells.92,93

These	and	other	observations	reveal	and	substantiate	the	concept	that	high-grade	malignancy	does	not	arise	in	a
strictly	 cell-autonomous	manner	 and	 that	 its	manifestation	 cannot	 be	 understood	 through	 analyses	 of	 signaling
occurring	 entirely	within	 cancer	 cells.	The	 heterotypic	EMT	model	 holds	 an	 important	 implication	 for	 the	 late
stages	of	malignant	progression:	the	ability	of	carcinoma	cells	in	primary	tumors	to	negotiate	most	of	the	steps	of
the	 invasion–metastasis	 cascade	 may	 be	 acquired	 without	 the	 requirement	 that	 these	 cells	 sustain	 additional
function-enabling	 mutations	 beyond	 those	 that	 were	 involved	 previously	 in	 primary	 tumor	 formation.	 Thus,
malignant	progression	may	be	largely	orchestrated	by	nongenetic	(i.e.,	epigenetic),	cell-biologic	processes.

Plasticity	in	the	Invasive	Growth	Program
The	role	of	contextual	signals	in	inducing	an	invasive	growth	capability	(in	carcinoma	cells	via	an	EMT)	implies
the	possibility	of	reversibility,	 in	 that	cancer	cells	 that	have	disseminated	from	a	primary	tumor	to	more	distant
tissue	sites	may	no	longer	benefit	from	the	activated	stroma	and	the	EMT-inducing	signals	that	they	experienced
while	residing	in	the	primary	tumor.	In	the	absence	of	continuing	exposure	to	these	signals,	carcinoma	cells	may
revert	 in	 their	 new	 tissue	 environment	 to	 a	 more	 epithelial,	 noninvasive	 state.	 Thus,	 carcinoma	 cells	 that
underwent	an	EMT	during	initial	invasion	and	metastatic	dissemination	may	reverse	this	metamorphosis,	doing	so
via	a	mesenchymal-to-epithelial	 transition.	This	plasticity	may	result	 in	 the	formation	of	new	tumor	colonies	of
carcinoma	cells	exhibiting	an	organization	and	histopathology	similar	to	those	created	by	carcinoma	cells	in	the
primary	tumor	that	never	experienced	an	EMT.94	Moreover,	cells	that	are	locked	in	a	highly	mesenchymal	state
following	activation	of	an	EMT	program	appear	to	be	unable	to	efficiently	spawn	metastatic	colonies,	suggesting
the	need	for	reversion	to	a	more	epithelial	state	in	order	to	acquire	the	capability	for	metastatic	colonization.



Distinct	Forms	of	Invasion	May	Underlie	Different	Cancer	Types
The	EMT	program	regulates	a	particular	type	of	invasiveness	that	has	been	termed	mesenchymal.	In	addition,	two
other	 distinct	 modes	 of	 invasion	 have	 been	 identified	 and	 implicated	 in	 cancer	 cell	 invasion.95,96	 Collective
invasion	involves	phalanxes	of	cancer	cells	advancing	en	masse	into	adjacent	tissues	and	is	characteristic	of,	for
example,	squamous	cell	carcinomas.	Interestingly,	such	cancers	are	rarely	metastatic,	suggesting	that	this	form	of
invasion	lacks	certain	functional	attributes	that	facilitate	metastasis.	Less	clear	is	the	prevalence	of	an	amoeboid
form	 of	 invasion,97,98	 in	 which	 individual	 cancer	 cells	 show	 morphologic	 plasticity,	 enabling	 them	 to	 slither
through	 existing	 interstices	 in	 the	 ECM	 rather	 than	 clearing	 a	 path	 for	 themselves,	 as	 occurs	 in	 both	 the
mesenchymal	and	collective	forms	of	invasion.	It	is	presently	unresolved	whether	cancer	cells	participating	in	the
collective	and	amoeboid	forms	of	invasion	employ	components	of	the	EMT	program,	or	whether	entirely	different
cell-biologic	programs	are	responsible	for	choreographing	these	alternative	invasion	programs.

Another	emerging	concept,	noted	previously,	involves	the	facilitation	of	cancer	cell	invasion	by	inflammatory
cells	 that	 assemble	 at	 the	 boundaries	 of	 tumors,	 producing	 the	ECM-degrading	 enzymes	 and	other	 factors	 that
enable	invasive	growth.54,68,87,99	These	functions	may	obviate	the	need	of	invading	cancer	cells	to	produce	these
proteins	through	activation	of	EMT	programs.	Thus,	rather	than	synthesizing	these	proteases	themselves,	cancer
cells	may	secrete	chemoattractants	that	recruit	proinvasive	inflammatory	cells;	the	latter	then	proceed	to	produce
matrix-degrading	enzymes	that	enable	invasive	growth.

The	Daunting	Complexity	of	Metastatic	Colonization
Metastasis	can	be	broken	down	into	two	major	phases:	the	physical	dissemination	of	cancer	cells	from	the	primary
tumor	 to	 distant	 tissues,	 and	 the	 adaptation	 of	 these	 cells	 to	 foreign	 tissue	 microenvironments	 that	 results	 in
successful	 colonization	 (i.e.,	 the	 growth	 of	 micrometastases	 into	 macroscopic	 tumors).	 The	 multiple	 steps	 of
dissemination	 would	 seem	 to	 lie	 within	 the	 purview	 of	 the	 EMT	 and	 similarly	 acting	 migratory	 programs.
Colonization,	however,	is	not	tightly	coupled	with	physical	dissemination,	as	evidenced	by	the	presence	in	many
patients	 of	myriad	micrometastases	 that	 have	 disseminated	 but	 never	 progress	 to	 form	macroscopic	metastatic
tumors.74,100,101

In	 some	 types	 of	 cancer,	 the	 primary	 tumor	 may	 release	 systemic	 suppressor	 factors	 that	 render	 such
micrometastases	dormant,	as	revealed	clinically	by	explosive	metastatic	growth	soon	after	resection	of	the	primary
growth.102	In	others,	however,	such	as	breast	cancer	and	melanoma,	macroscopic	metastases	may	erupt	decades
after	 a	 primary	 tumor	 has	 been	 surgically	 removed	 or	 pharmacologically	 destroyed.	 These	 metastatic	 tumor
growths	 evidently	 reflect	 the	 awakening	of	 dormant	micrometastases	 that	 have	 solved	 the	 complex	problem	of
adaptation	to	foreign	tissue	microenvironments,	allowing	subsequent	tissue	colonization.101,103	Implicit	here	is	the
notion	 that	 most	 disseminated	 cancer	 cells	 are	 likely	 to	 be	 poorly	 adapted,	 at	 least	 initially,	 to	 the
microenvironment	of	the	tissue	in	which	they	have	recently	landed.	Accordingly,	each	type	of	disseminated	cancer
cell	may	need	to	develop	its	own	set	of	ad	hoc	solutions	to	the	problem	of	thriving	in	the	microenvironment	of	one
or	another	foreign	tissue.104

One	can	infer	from	such	natural	histories	that	asymptomatic	micrometastases	lack	certain	hallmark	capabilities
necessary	for	vigorous	growth.	Indeed,	the	inability	of	certain	experimentally	generated	dormant	micrometastases
to	 form	macroscopic	 tumors	 has	 been	 ascribed	 to	 their	 failure	 to	 activate	 tumor	 angiogenesis.101	Alternatively,
other	research	has	revealed	that	nutrient	starvation	can	induce	a	state	of	intense	autophagy	that	causes	cancer	cells
to	shrink	and	adopt	a	state	of	reversible	dormancy.	Such	cells	may	exit	this	state	and	resume	active	growth	and
proliferation	when	permitted	by	changes	 in	 tissue	microenvironment,	such	as	 increased	availability	of	nutrients,
inflammation	 from	 causes	 such	 as	 infection	 or	 wound	 healing,	 or	 other	 local	 perturbations.33,105	 Other
mechanisms	 of	 metastatic	 dormancy	may	 involve	 antigrowth	 signals	 embedded	 in	 normal	 tissue	 ECM103	 and
tumor-suppressing	actions	of	the	immune	system.101,106

Metastatic	 dissemination	 has	 long	 been	 depicted	 as	 the	 last	 step	 in	 multistep	 primary	 tumor	 progression;
indeed,	for	many	tumors,	that	is	likely	the	case,	as	illustrated	by	recent	genome	sequencing	studies	that	provide
genetic	evidence	for	clonal	evolution	of	pancreatic	ductal	adenocarcinoma	to	a	metastatic	stage.107	Importantly,
however,	 other	 results	 have	 revealed	 that	 some	cancer	 cells	 can	disseminate	 remarkably	 early,	 dispersing	 from
apparently	noninvasive	premalignant	 lesions	 in	both	mice	and	humans.108,109	Additionally,	micrometastases	can
be	spawned	from	primary	tumors	that	are	not	obviously	invasive	but	possess	a	neovasculature	lacking	in	luminal
integrity.110	Although	certain	cancer	cells	can	clearly	disseminate	 from	such	preneoplastic	 lesions	and	 seed	 the
BM	and	other	 tissues,	 their	 ability	 thereafter	 to	acquire	 the	additional	genetic	 lesions	or	 to	 recruit	 the	essential
paracrine	 support	 from	stromal	cells	needed	 to	proliferate	 robustly	 remains	unproven.	At	present,	we	view	 this



Dr. AVR @ TMH

early	 metastatic	 dissemination	 as	 an	 intriguing	 phenomenon	 in	 mice	 and	 humans,	 the	 clinical	 significance	 of
which	is	yet	to	be	established.

Having	developed	such	a	tissue-specific	colonizing	ability,	the	cells	in	metastatic	tumor	lesions	may	proceed	to
disseminate	further	not	only	to	new	sites	in	the	body	but	also	back	to	the	primary	tumors	in	which	their	ancestors
arose.	Accordingly,	 tissue-specific	 colonization	programs	 that	 are	evident	 among	certain	cells	within	a	primary
tumor	may	originate	not	from	classical	tumor	progression	occurring	entirely	within	the	primary	lesion	but	instead
from	 emigrants	 that	 have	 returned	 home.111	 Such	 reseeding	 is	 consistent	 with	 the	 aforementioned	 studies	 of
human	 pancreatic	 cancer	 metastasis.107	 Stated	 differently,	 the	 phenotypes	 and	 underlying	 gene	 expression
programs	in	focal	subpopulations	of	cancer	cells	within	primary	tumors	may	reflect,	in	part,	the	reverse	migration
of	their	distant	metastatic	progeny.

Implicit	in	this	self-seeding	process	is	another	notion:	The	supportive	stroma	that	arises	in	a	primary	tumor	and
contributes	 to	 its	 acquisition	 of	 malignant	 traits	 provides	 a	 hospitable	 site	 for	 reseeding	 and	 colonization	 by
circulating	cancer	cells	released	from	metastatic	lesions.

Clarifying	 the	 regulatory	 programs	 that	 enable	 metastatic	 colonization	 represents	 an	 important	 agenda	 for
future	research.	Substantial	progress	is	being	made,	for	example,	in	defining	sets	of	genes	(metastatic	signatures)
that	 correlate	 with	 and	 appear	 to	 facilitate	 the	 establishment	 of	 macroscopic	 metastases	 in	 specific
tissues.104,108,112–114	 Importantly,	 metastatic	 colonization	 almost	 certainly	 requires	 the	 establishment	 of	 a
permissive	tumor	microenvironment	composed	of	critical	stromal	support	cells.	For	these	reasons,	the	processes
of	 colonization	 are	 likely	 to	 depend	on	 (1)	 the	 characteristics	 of	 disseminated	 cancer	 cells	 inherited	 from	 their
normal	 tissues	 and	 cells	 of	 origin;	 (2)	 the	 supportive	 or	 inhospitable	 premetastatic	 microenvironment	 in	 sites
where	cancer	cells	extravasate	from	the	circulation;	and	(3)	the	reshaped	microenvironments	that	develop	in	these
sites	in	response	to	signals	released	by	seeded	cancer	cells.	These	considerations	dictate	that	the	mechanisms	of
colonization	are	likely	to	depend	on	a	diverse	array	of	cell-biologic	programs.	These	diverse	adaptive	programs
stand	 in	 stark	contrast	 to	 the	mechanisms	enabling	physical	dissemination,	which	are	manifestations	of	a	 small
number	of	widely	acting	cell-biologic	programs,	including	notably	the	EMT.

Reprogramming	Energy	Metabolism
The	chronic	and	often	uncontrolled	cell	proliferation	that	represents	the	essence	of	neoplastic	disease	involves	not
only	deregulated	control	of	cell	proliferation	but	also	corresponding	adjustments	of	energy	metabolism	in	order	to
fuel	 cell	 growth	 and	 division.	 Under	 aerobic	 conditions,	 normal	 cells	 process	 glucose,	 first	 to	 pyruvate	 via
glycolysis	 in	 the	 cytosol	 and	 thereafter	 via	 oxidative	 phosphorylation	 to	 carbon	 dioxide	 in	 the	 mitochondria.
Under	 anaerobic	 conditions,	 glycolysis	 is	 favored	 and	 relatively	 little	 pyruvate	 is	 dispatched	 to	 the	 oxygen-
consuming	 mitochondria.	 Otto	 Warburg	 first	 observed	 an	 anomalous	 characteristic	 of	 cancer	 cell	 energy
metabolism115:	Even	 in	 the	presence	of	oxygen,	cancer	cells	can	 reprogram	 their	glucose	metabolism,	and	 thus
their	energy	production,	leading	to	a	state	that	has	been	termed	aerobic	glycolysis.

The	 existence	of	 this	metabolic	 specialization	operating	 in	 cancer	 cells	 has	been	 substantiated	over	 the	past
decade.	 A	 key	 signature	 of	 aerobic	 glycolysis	 is	 upregulation	 of	 glucose	 transporters,	 notably	GLUT1,	 which
substantially	increases	glucose	import	into	the	cytoplasm.116–118	Indeed,	markedly	increased	uptake	and	utilization
of	 glucose	 has	 been	 documented	 in	 many	 human	 tumor	 types,	 most	 readily	 by	 visualizing	 glucose	 uptake
noninvasively	 using	 positron-emission	 tomography	 with	 a	 radiolabeled	 analog	 of	 glucose	 (18F-
fluorodeoxyglucose)	as	a	reporter.

Glycolytic	 fueling	 has	 been	 shown	 to	 be	 associated	with	 activated	 oncogenes	 (e.g.,	RAS,	MYC)	 and	mutant
tumor	suppressors	(e.g.,	TP53),116,117,119	whose	alterations	 in	 tumor	cells	have	been	selected	primarily	 for	 their
benefits	 in	 conferring	 the	 hallmark	 capabilities	 of	 cell	 proliferation,	 subversion	 of	 cytostatic	 controls,	 and
attenuation	of	apoptosis.	This	reliance	on	glycolysis	can	be	further	accentuated	under	the	hypoxic	conditions	that
operate	within	many	tumors:	The	hypoxia	response	system	acts	pleiotropically	to	upregulate	glucose	transporters
and	 multiple	 enzymes	 of	 the	 glycolytic	 pathway.116,117	 Thus,	 both	 the	 Ras	 oncoprotein	 and	 hypoxia	 can
independently	 increase	 the	 levels	 of	 the	 hypoxia-inducible	 factor	 1α	 (HIF1α)	 and	 HIF2α	 hypoxia-response
transcription	factors,	which	in	turn	upregulate	glycolysis.120,121

The	reprogramming	of	energy	metabolism	is	seemingly	counterintuitive,	in	that	cancer	cells	must	compensate
for	 the	 <18-fold	 lower	 efficiency	 of	 adenosine	 triphosphate	 production	 afforded	 by	 glycolysis	 relative	 to
mitochondrial	oxidative	phosphorylation;	the	latter	should	in	principle	be	highly	active	in	cancer	cells	that	have
access	 to	 adequate	 oxygen	 supplies.	 According	 to	 one	 long-forgotten122	 and	 a	 recently	 revived	 and	 refined
hypothesis,123	 increased	 glycolysis	 allows	 the	 diversion	 of	 glycolytic	 intermediates	 into	 various	 biosynthetic



pathways,	including	those	generating	nucleosides	and	amino	acids.	In	turn,	this	facilitates	the	biosynthesis	of	the
macromolecules	and	organelles	required	for	assembling	new	cells.	In	fact,	Warburg-like	aerobic	glycolysis	seems
to	 operate	 in	 many	 rapidly	 dividing	 embryonic	 tissues,	 further	 strengthening	 the	 interpretation	 that	 aerobic
glycolysis	plays	an	important	role	in	supporting	the	multifaceted	biosynthetic	programs	required	for	the	sustained
proliferation	of	cancer	cells.

Interestingly,	some	tumors	have	been	found	to	contain	 two	subpopulations	of	cancer	cells	 that	differ	 in	 their
energy-generating	pathways.	One	subpopulation	consists	of	glucose-dependent	(Warburg-effect)	cells	that	secrete
lactate,	whereas	cells	of	the	second	subpopulation	preferentially	import	and	utilize	the	lactate	produced	by	their
neighbors	 as	 their	 main	 energy	 source,	 employing	 part	 of	 the	 citric	 acid	 cycle	 to	 do	 so.124–126	 These	 two
populations	 evidently	 function	 symbiotically:	The	 hypoxic	 cancer	 cells	 depend	 on	 glucose	 for	 fuel	 and	 secrete
lactate	as	waste,	which	is	imported	and	preferentially	used	as	fuel	by	their	more	oxygenated	brethren.	Although
this	 provocative	 mode	 of	 intratumoral	 symbiosis	 has	 yet	 to	 be	 generalized,	 the	 cooperation	 between	 lactate-
secreting	 and	 lactate-utilizing	 cells	 to	 fuel	 tumor	 growth	 is	 in	 fact	 not	 an	 invention	 of	 tumors	 but	 rather	 again
reflects	 the	 coopting	 of	 a	 normal	 physiologic	mechanism,	 in	 this	 case,	 one	 operating	 in	muscle124,126	 and	 the
brain.127	 Additionally,	 it	 is	 becoming	 apparent	 that	 oxygenation,	 ranging	 from	 normoxia	 to	 hypoxia,	 is	 not
necessarily	static	in	tumors	but	instead	fluctuates	temporally	and	regionally,128	likely	as	a	result	of	the	instability
and	chaotic	organization	of	the	tumor-associated	neovasculature.

Finally,	 the	conceptualization	of	the	Warburg	effect	needs	to	be	refined	for	most	 if	not	all	 tumors	exhibiting
aerobic	glycolysis.	The	effect	does	not	 simply	 involve	switching	off	oxidative	phosphorylation	concurrent	with
activation	of	glycolysis,	 the	latter	 then	serving	as	the	sole	source	of	energy.	Rather,	cancer	cells	become	highly
adaptive,	utilizing	both	aerobic	glycolysis	and	mitochondrial	oxidative	phosphorylation	in	varying	proportions	to
generate	 fuel	 (adenosine	 triphosphate)	 and	 the	 biosynthetic	 precursors	 needed	 for	 chronic	 cell	 proliferation.
Finally,	 this	 capability	 for	 reprograming	 energy	metabolism,	 dubbed	 to	 be	 an	 emerging	 hallmark	 in	 2011,2	 is
clearly	 intertwined	 with	 the	 hallmarks	 conveying	 deregulated	 proliferative	 signals	 and	 evasion	 of	 growth
suppressors,	 as	 discussed	 earlier.	 As	 such,	 its	 status	 as	 a	 discrete,	 independently	 acquired	 hallmark	 remains
unclear,	 despite	 growing	 appreciation	 of	 its	 importance	 as	 a	 crucial	 component	 of	 the	 neoplastic	 growth	 state.
Nevertheless,	 the	ubiquitous	reprogramming	of	energy	metabolism	in	malignant	cells	has	led	us	to	add	it	 to	the
roster	of	the	core	hallmarks	(see	Fig.	3.1).

Evading	Immune	Destruction
The	eighth	hallmark	reflects	the	role	played	by	the	immune	system	in	antagonizing	the	formation	and	progression
of	tumors.	A	long-standing	theory	of	immune	surveillance	posited	that	cells	and	tissues	are	constantly	monitored
by	an	ever-alert	immune	system	and	that	such	immune	surveillance	is	responsible	for	recognizing	and	eliminating
the	 vast	 majority	 of	 incipient	 cancer	 cells	 and	 thus	 nascent	 tumors.129,130	 According	 to	 this	 logic,	 clinical
detectable	cancers	have	somehow	managed	to	avoid	detection	by	the	various	arms	of	the	immune	system	or	have
been	able	to	limit	the	extent	of	immunologic	killing,	thereby	evading	eradication.

The	role	of	defective	immunologic	monitoring	of	tumors	would	seem	to	be	validated	by	the	striking	increases
of	certain	cancers	in	immune-compromised	individuals.131	However,	the	great	majority	of	these	are	virus-induced
cancers,	suggesting	that	much	of	the	control	of	this	class	of	cancers	normally	depends	on	reducing	viral	burden	in
infected	individuals,	in	part	through	eliminating	virus-infected	cells.	These	observations,	therefore,	shed	little	light
on	the	possible	role	of	the	immune	system	in	limiting	formation	of	the	>80%	of	tumors	of	nonviral	etiology.	In
recent	years,	however,	an	increasing	body	of	evidence,	both	from	genetically	engineered	mice	and	from	clinical
epidemiology	 suggests	 that	 the	 immune	 system	 operates	 as	 a	 significant	 barrier	 to	 tumor	 formation	 and
progression,	at	least	in	some	forms	of	non–virus-induced	cancer.132,133	This	thinking	has	been	strongly	reinforced
by	demonstrations	of	the	clinical	efficacy	of	a	variety	of	immunomodulatory	protocols.134

When	mice	genetically	engineered	to	be	deficient	for	various	components	of	the	immune	system	were	assessed
for	the	development	of	carcinogen-induced	tumors	(which	more	closely	model	the	majority	of	human	cancers),	it
was	observed	that	tumors	arose	more	frequently	and/or	grew	more	rapidly	in	the	immunodeficient	mice	relative	to
immune-competent	controls.	In	particular,	deficiencies	in	the	development	or	function	of	either	CD8+	cytotoxic	T
lymphocytes	(CTL),	CD4+	TH1	helper	T	cells,	or	natural	killer	(NK)	cells	each	led	to	demonstrable	increases	in
tumor	 incidence.	Moreover,	mice	with	 combined	 immunodeficiencies	 in	 both	T	 cells	 and	NK	 cells	were	 even
more	susceptible	to	cancer	development.	The	results	indicated	that,	at	least	in	certain	experimental	models,	both
the	 innate	 and	 adaptive	 cellular	 arms	 of	 the	 immune	 system	 are	 able	 to	 contribute	 significantly	 to	 immune
surveillance	and	thus	to	tumor	eradication.106,107
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In	addition,	transplantation	experiments	have	shown	that	cancer	cells	that	originally	arose	in	immunodeficient
mice	 are	 often	 inefficient	 at	 initiating	 secondary	 tumors	 in	 syngeneic	 immunocompetent	 hosts,	whereas	 cancer
cells	from	tumors	arising	in	immunocompetent	mice	are	equally	efficient	at	initiating	transplanted	tumors	in	both
types	of	hosts.106,135	Such	behavior	has	been	interpreted	as	follows:	Highly	immunogenic	cancer	cell	clones	are
routinely	eliminated	in	immunocompetent	hosts—a	process	that	has	been	referred	to	as	immunoediting—leaving
behind	only	weakly	 immunogenic	variants	 to	grow	and	generate	solid	 tumors.	Such	weakly	 immunogenic	cells
can	thereafter	successfully	colonize	both	immunodeficient	and	immunocompetent	hosts.	Conversely,	when	arising
in	 immunodeficient	 hosts,	 the	 immunogenic	 cancer	 cells	 are	 not	 selectively	 depleted	 and	 can,	 instead,	 prosper
along	with	 their	 weakly	 immunogenic	 counterparts.	When	 cells	 from	 such	 nonedited	 tumors	 are	 subsequently
transplanted	into	syngeneic	recipients,	the	immunogenic	cancer	cells	are	rejected	when	they	confront,	for	the	first
time,	the	competent	immune	systems	of	their	secondary	hosts.136	(Unanswered	in	these	particular	experiments	is
the	question	of	whether	the	chemical	carcinogens	used	to	induce	such	tumors	are	prone	to	generate	cancer	cells
that	are	especially	immunogenic.)

Clinical	epidemiology	also	increasingly	supports	the	existence	of	antitumoral	immune	responses	in	some	forms
of	 human	 cancer.137–139	 For	 example,	 patients	 with	 colon	 and	 ovarian	 tumors	 that	 are	 heavily	 infiltrated	 with
CTLs	and	NK	cells	have	a	better	prognosis	than	those	who	lack	such	abundant	killer	lymphocytes.133,139–141	The
case	for	other	cancers	is	suggestive	but	less	compelling	and	is	the	subject	of	ongoing	investigation.	Additionally,
some	 immunosuppressed	 organ	 transplant	 recipients	 have	 been	 observed	 to	 develop	 donor-derived	 cancers,
suggesting	that	in	ostensibly	tumor-free	organ	donors,	the	cancer	cells	were	held	in	check	in	a	dormant	state	by	a
functional	immune	system,142	only	to	launch	into	proliferative	expansion	once	these	passengers	in	the	transplanted
organ	found	themselves	 in	 the	bodies	of	 immunocompromised	patients,	who	 lack	 the	physiologically	 important
capabilities	to	mount	immune	responses	that	would	otherwise	succeed	in	holding	latent	cancer	cells	in	check	or
even	eradicate	them.

Still,	 the	 epidemiology	 of	 chronically	 immunosuppressed	 patients	 does	 not	 indicate	 significantly	 increased
incidences	of	the	major	forms	of	nonviral	human	cancers,	as	noted	previously.	This	might	be	taken	as	an	argument
against	the	importance	of	immune	surveillance	as	an	effective	barrier	to	tumorigenesis	and	tumor	progression.	We
note,	however,	 that	HIV	and	pharmacologically	immunosuppressed	patients	are	predominantly	immunodeficient
in	 the	 T-	 and	 B-cell	 compartments	 and	 thus	 do	 not	 present	 clinically	 with	 the	 multicomponent	 immunologic
deficiencies	that	have	been	produced	in	the	genetically	engineered	mutant	mice	lacking	both	NK	cells	and	CTLs.
This	 leaves	 open	 the	 possibility	 that	 such	 patients	 still	 have	 a	 residual	 capability	 for	 mounting	 an	 anticancer
immunologic	defense	that	is	mediated	by	NK	and	other	innate	immune	cells.

In	 truth,	 the	 previous	 discussions	 of	 cancer	 immunology	 simplify	 tumor–host	 immunologic	 interactions
because	 highly	 immunogenic	 cancer	 cells	 may	 well	 succeed	 in	 evading	 immune	 destruction	 by	 disabling
components	of	 the	immune	system	that	have	been	dispatched	to	eliminate	them.	For	example,	cancer	cells	may
paralyze	 infiltrating	 CTLs	 and	 NK	 cells	 by	 secreting	 TGF-β	 or	 other	 immunosuppressive	 factors.22,143
Alternatively,	cancer	cells	may	express	immunosuppressive	cell-surface	ligands,	such	as	programmed	cell	death
protein	 ligand	 1	 (PD-L1),	 that	 prevent	 activation	 of	 the	 cytotoxic	 mechanisms	 of	 the	 CTLs.	 These	 PD-L1
molecules	 serve	 as	 ligands	 for	 the	 programmed	 cell	 death	 protein	 1	 (PD-1)	 receptors	 displayed	 by	 the	 CTLs,
together	forming	a	system	of	checkpoint	ligands	and	receptors	that	serve	to	constrain	immune	responses	in	order
to	 avoid	 autoimmunity.144,145	 Yet,	 other	 localized	 immunosuppressive	 mechanisms	 operate	 through	 the
recruitment	 of	 inflammatory	 cells	 that	 can	 actively	 suppress	 CTL	 activity,	 including	 regulatory	 T	 cells	 and
myeloid-derived	suppressor	cells.132,146–148

Perhaps	the	most	compelling	evidence	that	tumors	acquire	a	capability	to	“evade	immune	destruction”	comes
from	the	breakthrough	therapies	that	block	the	immune	checkpoints	cytotoxic	T-lymphocyte	antigen	4	(CTLA-4)
and	PD-1	that	would	otherwise	limit	the	killing	activity	of	CTLs.	Antibody	drugs	blocking	PD-1	or	its	principal
ligand	 PD-L1	 (sometimes	 in	 combination	 an	 anti–CTLA-4	 antibody)	 are	 producing	 unprecedented	 durable
responses—even	potential	cures—in	a	substantial	fraction	of	patients	with	metastatic	melanoma	and	are	showing
significant	 benefit	 in	 smaller	 subsets	 of	 patients	 with	 an	 increasing	 variety	 of	 other	 cancers.140	 These	 results
solidify	the	conclusion	that	“evading	immune	destruction”	is	a	widely	acquired	hallmark	capability,	and	for	this
reason	has	been	added	to	the	roster	of	core	hallmarks	(see	Fig.	3.1).

In	summary,	these	eight	hallmarks	each	contribute	qualitatively	distinct	capabilities	that	seem	integral	to	most
lethal	forms	of	human	cancer.	Certainly,	the	balance	and	relative	importance	of	their	respective	contributions	to
disease	pathogenesis	will	vary	among	cancer	types,	and	some	hallmarks	may	be	absent	or	of	minor	importance	in
some	cases.	Still,	 there	 is	 reason	 to	postulate	 their	generality	 and,	 thus,	 their	 applicability	 to	understanding	 the
biology	of	 human	 cancers.	We	next	 turn	 to	 the	 question	of	 how	 these	 capabilities	 are	 acquired	 as	 cancer	 cells



advance	through	the	multistep	pathways	leading	to	full-blown	neoplasias,	focusing	on	two	facilitating	processes
that	are	commonly	involved.

TWO	UBIQUITOUS	CHARACTERISTICS	FACILITATE	THE	ACQUISITION	OF
HALLMARK	CAPABILITIES
We	have	previously	defined	the	hallmarks	of	cancer	as	acquired	functional	capabilities	that	allow	cancer	cells	to
survive,	to	proliferate,	and	to	disseminate.	The	acquisition	of	these	capabilities	is	made	possible	by	two	enabling
characteristics	 (Fig.	 3.2).	 Most	 prominent	 is	 the	 development	 of	 genomic	 instability	 in	 cancer	 cells,	 which
generates	random	mutations,	including	chromosomal	rearrangements,	among	which	are	rare	genetic	changes	that
can	orchestrate	individual	hallmark	capabilities.	A	second	enabling	characteristic	involves	the	inflammatory	state
of	 premalignant	 and	 frankly	 malignant	 lesions.	 A	 variety	 of	 cells	 of	 the	 innate	 and	 adaptive	 immune	 system
infiltrate	neoplasias,	some	of	which	serve	to	promote	tumor	progression	through	various	means.

An	Enabling	Characteristic:	Genome	Instability	and	Mutation
Acquisition	of	the	multiple	hallmarks	enumerated	previously	depends	in	large	part	on	a	succession	of	alterations
in	the	genomes	of	neoplastic	cells.	Essentially,	certain	mutant	genotypes	can	confer	advantageous	phenotypes	on
particular	subclones	of	cells	residing	among	proliferating	nests	of	incipient	cancer	cells,	enabling	their	preferential
outgrowth	and	eventual	dominance	in	a	local	 tissue	environment.	Accordingly,	multistep	tumor	progression	can
be	portrayed	as	a	succession	of	clonal	expansions,	most	of	which	are	 triggered	by	 the	chance	acquisition	of	an
enabling	mutation.

Indeed,	 it	 is	apparent	 that	virtually	every	human	cancer	cell	genome	carries	mutant	alleles	of	one	or	several
growth-regulating	 genes,	 underscoring	 the	 central	 importance	 of	 these	 genetic	 alterations	 in	 driving	malignant
progression.149	 Still,	 we	 note	 that	 many	 heritable	 phenotypes—including,	 notably,	 inactivation	 of	 tumor
suppressor	 genes—are	 often	 acquired	 through	 epigenetic	 mechanisms,	 such	 as	 DNA	methylation	 and	 histone
modifications.150,151	Thus,	many	expansions	of	clonal	populations	of	premalignant	cells	may	also	be	triggered	by
cell-heritable	nonmutational	(i.e.,	epigenetic)	changes	affecting	the	regulation	of	gene	expression.	At	present,	the
relative	 importance	 of	 genetic	 versus	 heritable	 epigenetic	 alterations	 to	 the	 various	 clonal	 expansions	 remains
unclear	and	likely	varies	broadly	among	the	catalog	of	human	cancer	types.

Figure	3.2	Enabling	characteristics.	Two	ostensibly	generic	characteristics	of	cancer	cells	and	the
neoplasias	they	create	are	involved	in	the	acquisition	of	the	hallmark	capabilities.	First	and

foremost,	the	impairment	of	genome	maintenance	systems	in	aberrantly	proliferating	cancer	cells
enables	the	generation	of	mutations	in	genes	that	contribute	to	multiple	hallmarks.	Secondarily,

neoplasias	invariably	attract	cells	of	the	innate	immune	system	that	are	programmed	to	heal	wounds
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and	fight	infections;	these	cells,	including	macrophages,	neutrophils,	and	partially	differentiated
myeloid	cells,	can	contribute	functionally	to	acquisition	of	many	of	the	hallmark	capabilities.
(Adapted	from	Hanahan	D,	Weinberg	RA.	Hallmarks	of	cancer:	the	next	generation.	Cell

2011;144:646–674.)

In	general,	the	extraordinary	ability	of	genome	maintenance	systems	to	detect	and	resolve	defects	in	the	DNA
ensures	 that	 rates	of	 spontaneous	mutation	 in	normal	cells	of	 the	body	are	 typically	very	 low.	The	genomes	of
most	 cancer	 cells,	 by	 contrast,	 are	 replete	 with	 these	 alterations,	 reflecting	 loss	 of	 genomic	 integrity	 with
concomitantly	 increased	 rates	 of	 mutation.	 This	 heightened	mutability	 appears	 to	 accelerate	 the	 generation	 of
variant	cells,	 facilitating	the	selection	of	 those	cells	whose	advantageous	genotypes	and	thus	phenotypes	enable
their	clonal	expansion.152	This	mutability	is	achieved	through	increased	sensitivity	to	mutagenic	agents,	through	a
breakdown	 in	 one	 or	 several	 components	 of	 the	 genomic	 maintenance	 machinery,	 or	 both.	 In	 addition,	 the
accumulation	 of	 mutations	 can	 be	 accelerated	 by	 aberrations	 that	 compromise	 the	 surveillance	 systems	 that
normally	monitor	 genomic	 integrity	 and	 force	 genetically	 damaged	 cells	 into	 either	 quiescence,	 senescence,	 or
apoptosis.153,154	The	role	of	TP53	is	central	here,	leading	to	its	being	called	the	guardian	of	the	genome.155

A	diverse	array	of	defects	affecting	various	components	of	the	DNA-maintenance	machinery,	referred	to	as	the
caretakers	 of	 the	 genome,156	 have	 been	 documented.	 The	 catalog	 of	 defects	 in	 these	 caretaker	 genes	 includes
those	whose	products	are	involved	in	(1)	detecting	DNA	damage	and	activating	the	repair	machinery,	(2)	directly
repairing	damaged	DNA,	and	(3)	inactivating	or	intercepting	mutagenic	molecules	before	they	have	damaged	the
DNA.152–154,157	From	a	genetic	perspective,	 these	 caretaker	genes	behave	much	 like	 tumor	 suppressor	genes	 in
that	their	functions	are	often	lost	during	the	course	of	tumor	progression,	with	such	losses	being	achieved	either
through	 inactivating	mutations	 or	 via	 epigenetic	 repression.	Mutant	 versions	 of	many	 of	 these	 caretaker	 genes
encoding	 functionally	 defective	 repair	 proteins	 have	 been	 introduced	 into	 the	 mouse	 germline,	 resulting,	 not
unexpectedly,	in	increased	cancer	incidence,	thus	supporting	their	involvement	in	human	cancer	development.158

In	 addition,	 research	 over	 the	 past	 decade	 has	 revealed	 another	major	 source	 of	 tumor-associated	 genomic
instability.	As	described	earlier,	 the	loss	of	telomeric	DNA	in	many	tumors	generates	karyotypic	instability	and
associated	amplification	and	deletion	of	chromosomal	segments.38	When	viewed	in	this	light,	telomerase	is	more
than	an	enabler	of	the	hallmark	capability	for	unlimited	replicative	potential.	It	must	also	be	added	to	the	list	of
critical	caretakers	responsible	for	maintaining	genome	integrity.

Advances	 in	 the	 molecular	 genetic	 analysis	 of	 cancer	 cell	 genomes	 have	 provided	 the	 most	 compelling
demonstrations	of	function-altering	mutations	and	of	ongoing	genomic	instability	during	tumor	progression.	One
type	 of	 analysis—comparative	 genomic	 hybridization—documents	 the	 gains	 and	 losses	 of	 gene	 copy	 number
across	 the	 cell	 genome.	 In	many	 tumors,	 the	 pervasive	 genomic	 aberrations	 revealed	 by	 comparative	 genomic
hybridization	 provide	 clear	 evidence	 for	 loss	 of	 control	 of	 genome	 integrity.	 Importantly,	 the	 recurrence	 in
multiple,	 independently	 arising	 tumors	 of	 specific	 aberrations	 (both	 amplifications	 and	 deletions)	 at	 particular
locations	 in	 the	 genome	 indicates	 that	 such	 sites	 are	 highly	 likely	 to	 harbor	 genes	 whose	 alteration	 favors
neoplastic	progression.159

More	recently,	with	 the	advent	of	efficient	and	economical	DNA	sequencing	 technologies,	higher	 resolution
analyses	of	cancer	cell	genomes	have	become	possible.	Early	studies	are	 revealing	distinctive	patterns	of	DNA
mutations	in	different	tumor	types	(see	http://cancergenome.nih.gov/).	In	the	not-too-distant	future,	the	sequencing
of	entire	cancer	cell	genomes	promises	to	clarify	the	importance	of	ostensibly	random	mutations	scattered	across
cancer	 cell	 genomes.149	 Thus,	 the	 use	 of	 whole-genome	 sequencing	 offers	 the	 prospect	 of	 revealing	 recurrent
genetic	 alterations	 (i.e.,	 those	 found	 in	multiple	 independently	 arising	 tumors)	 that	 in	 aggregate	 represent	 only
minor	 proportions	 of	 the	 tumors	 of	 a	 given	 type.	 The	 recurrence	 of	 such	mutations,	 despite	 their	 rarity,	 may
provide	clues	about	the	regulatory	pathways	playing	causal	roles	in	the	pathogenesis	of	the	tumors	under	study.

These	 surveys	of	 cancer	 cell	 genomes	have	 shown	 that	 the	 specifics	of	genome	alteration	vary	dramatically
between	different	 tumor	 types.	Nonetheless,	 the	 large	number	of	already-documented	genome	maintenance	and
repair	defects,	together	with	abundant	evidence	of	widespread	destabilization	of	gene	copy	number	and	nucleotide
sequence,	persuade	us	that	instability	of	the	genome	is	inherent	to	the	cancer	cells	forming	virtually	all	types	of
human	 tumors.	 This	 leads,	 in	 turn,	 to	 the	 conclusion	 that	 the	 defects	 in	 genome	 maintenance	 and	 repair	 are
selectively	advantageous	and,	 therefore,	 instrumental	 for	 tumor	progression,	 if	only	because	 they	accelerate	 the
rate	 at	which	 evolving	 premalignant	 cells	 can	 accumulate	 favorable	 genotypes.	As	 such,	 genome	 instability	 is
clearly	 an	 enabling	 characteristic	 that	 is	 causally	 associated	 with	 the	 acquisition	 of	 the	 hallmark	 capabilities
enumerated	previously.



An	Enabling	Characteristic:	Tumor-Promoting	Inflammation
Among	 the	 cells	 recruited	 to	 the	 stroma	 of	 carcinomas	 are	 a	 variety	 of	 cell	 types	 of	 the	 immune	 system	 that
mediate	 various	 inflammatory	 functions.	 Pathologists	 have	 long	 recognized	 that	 some	 (but	 not	 all)	 tumors	 are
densely	 infiltrated	 by	 cells	 of	 both	 the	 innate	 and	 adaptive	 arms	 of	 the	 immune	 system,	 thereby	 mirroring
inflammatory	 conditions	 arising	 in	 nonneoplastic	 tissues.160	 With	 the	 advent	 of	 better	 markers	 for	 accurately
identifying	 the	 distinct	 cell	 types	 of	 the	 immune	 system,	 it	 is	 now	 clear	 that	 virtually	 every	 neoplastic	 lesion
contains	immune	cells	present	at	densities	ranging	from	subtle	infiltrations	detectable	only	with	cell	type–specific
antibodies	 to	 gross	 inflammations	 that	 are	 apparent	 even	 by	 standard	 histochemical	 staining	 techniques.141
Historically,	such	immune	responses	were	largely	thought	to	reflect	an	attempt	by	the	immune	system	to	eradicate
tumors,	and	indeed,	there	is	increasing	evidence	for	antitumoral	responses	to	many	tumor	types	with	an	attendant
pressure	on	the	tumors	to	evade	immune	destruction,132,133,140,141	as	discussed	previously.

By	 2000,	 however,	 there	 were	 also	 clues	 that	 tumor-associated	 inflammatory	 responses	 can	 have	 the
unanticipated	 effect	 of	 facilitating	multiple	 steps	 of	 tumor	 progression,	 thereby	 helping	 incipient	 neoplasias	 to
acquire	hallmark	capabilities.	In	the	ensuing	years,	research	on	the	intersections	between	inflammation	and	cancer
pathogenesis	 has	 blossomed,	 producing	 abundant	 and	 compelling	 demonstrations	 of	 the	 functionally	 important
tumor-promoting	 effects	 that	 immune	 cells—largely	 of	 the	 innate	 immune	 system—have	 on	 neoplastic
progression.14,36,68,132,161,162	 Inflammatory	 cells	 can	 contribute	 to	 multiple	 hallmark	 capabilities	 by	 supplying
signaling	molecules	to	the	tumor	microenvironment,	including	growth	factors	that	sustain	proliferative	signaling;
survival	factors	that	limit	cell	death;	proangiogenic	factors;	ECM-modifying	enzymes	that	facilitate	angiogenesis,
invasion,	 and	 metastasis;	 and	 inductive	 signals	 that	 lead	 to	 activation	 of	 EMT	 and	 other	 hallmark-promoting
programs.36,68,84,161,162

Importantly,	 localized	 inflammation	 is	 often	 apparent	 at	 the	 earliest	 stages	 of	 neoplastic	 progression	 and	 is
demonstrably	 capable	 of	 fostering	 the	 development	 of	 incipient	 neoplasias	 into	 full-blown	 cancers.68,163
Additionally,	 inflammatory	 cells	 can	 release	 chemicals—notably,	 reactive	 oxygen	 species—that	 are	 actively
mutagenic	 for	 nearby	 cancer	 cells,	 thus	 accelerating	 their	 genetic	 evolution	 toward	 states	 of	 heightened
malignancy.36	As	such,	inflammation	by	selective	cell	types	of	the	immune	system	is	demonstrably	an	enabling
characteristic	because	of	its	contributions	to	the	acquisition	of	hallmark	capabilities.	The	cells	responsible	for	this
enabling	characteristic	are	described	in	the	following	section.

THE	CONSTITUENT	CELL	TYPES	OF	THE	TUMOR	MICROENVIRONMENT
Over	the	past	two	decades,	tumors	have	increasingly	been	recognized	as	tissues	whose	complexity	approaches	and
may	 even	 exceed	 that	 of	 normal	 healthy	 tissues.	This	 realization	 contrasts	 starkly	with	 the	 earlier,	 reductionist
view	of	a	tumor	as	nothing	more	than	a	collection	of	relatively	homogeneous	cancer	cells,	whose	entire	biology
could	be	understood	by	elucidating	the	cell-autonomous	properties	of	these	cells	(Fig.	3.3A).	Rather,	assemblages
of	diverse	cell	types	associated	with	malignant	lesions	are	increasingly	documented	to	be	functionally	important
for	 the	manifestation	of	 symptomatic	disease	 (Fig.	3.3B).	When	viewed	 from	 this	perspective,	 the	biology	of	a
tumor	can	only	be	fully	understood	by	studying	the	individual	specialized	cell	types	within	it.	We	enumerate	as
follows	a	 set	of	accessory	cell	 types	 recruited	directly	or	 indirectly	by	neoplastic	cells	 into	 tumors,	where	 they
contribute	 in	 important	 ways	 to	 the	 biology	 of	 many	 tumors,	 and	 we	 discuss	 the	 regulatory	 mechanisms	 that
control	their	individual	and	collective	functions.	Most	of	these	observations	stem	from	the	study	of	carcinomas,	in
which	the	neoplastic	epithelial	cells	constitute	a	compartment	(the	tumor	parenchyma)	that	is	clearly	distinct	from
the	mesenchymal	cells	forming	the	tumor-associated	stroma.
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Figure	3.3	Tumors	as	outlaw	organs.	Research	aimed	at	understanding	the	biology	of	tumors	has
historically	focused	on	the	cancer	cells,	which	constitute	the	drivers	of	neoplastic	disease.	This	view
of	tumors	as	nothing	more	than	masses	of	cancer	cells	(A)	ignores	an	important	reality:	that	cancer
cells	recruit	and	corrupt	a	variety	of	normal	cell	types	that	form	the	tumor-associated	stroma.	Once
formed,	the	stroma	acts	reciprocally	on	the	cancer	cells,	affecting	almost	all	of	the	traits	that	define
the	neoplastic	behavior	of	the	tumor	as	a	whole	(B).	The	assemblage	of	heterogeneous	populations
of	cancer	cells	and	stromal	cells	is	often	referred	to	as	the	tumor	microenvironment.	(Adapted	from
Hanahan	D,	Weinberg	RA.	The	hallmarks	of	cancer.	Cell	2000;100:57–70;	Hanahan	D,	Weinberg

RA.	Hallmarks	of	cancer:	the	next	generation.	Cell	2011;144:646–674.)



Cancer-Associated	Fibroblasts
Fibroblasts	 are	 found	 in	various	proportions	across	 the	 spectrum	of	carcinomas,	 in	many	cases	constituting	 the
preponderant	 cell	 population	of	 the	 tumor	 stroma.	The	 term	cancer-associated	fibroblasts	 (CAFs)	 subsumes	 at
least	 two	 distinct	 cell	 types:	 (1)	 cells	 with	 similarities	 to	 the	 fibroblasts	 that	 create	 the	 structural	 foundation
supporting	 most	 normal	 epithelial	 tissues	 and	 (2)	 myofibroblasts,	 whose	 biologic	 roles	 and	 properties	 differ
markedly	from	those	of	the	widely	distributed	tissue-derived	fibroblasts.	Myofibroblasts	are	identifiable	by	their
expression	 of	 α-smooth	muscle	 actin.	They	 are	 rare	 in	most	 healthy	 epithelial	 tissues,	 although	 certain	 tissues,
such	 as	 the	 liver	 and	 pancreas,	 contain	 appreciable	 numbers	 of	 α-smooth	 muscle	 actin–expressing	 cells.
Myofibroblasts	transiently	increase	in	abundance	in	sites	of	wound	healing	and	are	also	found	in	sites	of	chronic
inflammation.	Although	 beneficial	 to	 tissue	 repair,	myofibroblasts	 are	 problematic	 in	 chronic	 inflammation,	 in
that	they	contribute	to	the	pathologic	fibrosis	observed	in	tissues	such	as	the	lung,	kidney,	and	liver.

Recruited	myofibroblasts	 and	 variants	 of	 normal	 tissue-derived	 fibroblastic	 cells	 have	 been	 demonstrated	 to
enhance	tumor	phenotypes,	notably	cancer	cell	proliferation,	angiogenesis,	invasion,	and	metastasis.	Their	tumor-
promoting	activities	have	 largely	been	defined	by	 transplantation	of	CAFs	admixed	with	cancer	cells	 into	mice
and	more	 recently	by	genetic	and	pharmacologic	perturbation	of	 their	 functions	 in	 tumor-prone	mice.6,99,164–166
Because	 they	secrete	a	variety	of	ECM	components,	CAFs	are	 implicated	 in	 the	 formation	of	 the	desmoplastic
stroma	that	characterizes	many	advanced	carcinomas.	The	full	spectrum	of	functions	contributed	by	both	subtypes
of	CAFs	to	tumor	pathogenesis	remains	to	be	elucidated.

Endothelial	Cells
Prominent	among	 the	stromal	constituents	of	 the	 tumor	microenvironment	are	 the	endothelial	cells	 forming	 the
tumor-associated	vasculature.	Quiescent	 tissue	capillary	endothelial	cells	are	activated	by	angiogenic	 regulatory
factors	 to	 produce	 a	 neovasculature	 that	 sustains	 tumor	 growth	 concomitant	 with	 continuing	 endothelial	 cell
proliferation	 and	 vessel	morphogenesis.	 A	 network	 of	 interconnected	 signaling	 pathways	 involving	 ligands	 of
signal-transducing	receptors	(e.g.,	angiopoietin-1	and	angiopoietin-2	Notch	ligands,	semaphorin,	neuropilin,	robo,
and	 ephrin-A	 and	 ephrin-B)	 is	 now	 known	 to	 be	 involved	 in	 regulating	 quiescent	 versus	 activated	 angiogenic
endothelial	cells,	in	addition	to	the	aforementioned	counterbalancing	VEGF	and	TSP-1	signals.	This	network	of
signaling	pathways	has	been	functionally	implicated	in	developmental	and	tumor-associated	angiogenesis,	further
illustrating	 the	 complex	 regulation	 of	 endothelial	 cell	 phenotypes	 and,	 in	 turn,	 the	 development	 of	 the	 tumor-
associated	vasculature.167–169

Other	 avenues	 of	 research	 are	 revealing	 distinctive	 gene	 expression	 profiles	 of	 tumor-associated	 endothelial
cells	and	 identifying	cell-surface	markers	displayed	on	 the	 luminal	surfaces	of	normal	versus	 tumor	endothelial
cells.56,170	Differences	 in	signaling,	 in	 transcriptome	profiles,	and	 in	vascular	ZIP	 codes	will	 likely	prove	 to	be
important	 for	 understanding	 the	 conversion	 of	 normal	 endothelial	 cells	 into	 tumor-associated	 endothelial	 cells.
Such	knowledge	may	 lead,	 in	 turn,	 to	opportunities	 to	develop	novel	 therapies	 that	 exploit	 these	differences	 in
order	 to	 selectively	 target	 tumor-associated	 endothelial	 cells.	 Additionally,	 the	 activated	 (angiogenic)	 tumor
vasculature	has	been	revealed	as	a	barrier	to	the	efficient	intravasation	and	functioning	of	cytotoxic	T	cells171;	in
this	 way,	 tumor-associated	 endothelial	 cells	 can	 contribute	 to	 the	 hallmark	 capability	 of	 evading	 immune
destruction.	 As	 such,	 another	 emerging	 concept	 is	 to	 normalize	 rather	 than	 ablate	 them,	 so	 as	 to	 improve
immunotherapy190,172–174	as	well	as	delivery	of	chemotherapy.175

Closely	related	to	the	endothelial	cells	of	the	circulatory	system	are	those	forming	lymphatic	vessels.176	Their
role	 in	 the	 tumor-associated	 stroma,	 specifically	 in	 supporting	 tumor	 growth,	 is	 poorly	 understood.	 Indeed,
because	of	high	interstitial	pressure	within	solid	tumors,	intratumoral	lymphatic	vessels	are	typically	collapsed	and
nonfunctional;	 in	contrast,	 functional,	actively	growing	 (lymphangiogenic)	 lymphatic	vessels	 are	often	 found	at
the	periphery	of	tumors	and	in	the	adjacent	normal	tissues	that	cancer	cells	invade.	These	associated	lymphatics
likely	 serve	 as	 channels	 for	 the	 seeding	 of	 metastatic	 cells	 in	 the	 draining	 lymph	 nodes	 that	 are	 commonly
observed	in	a	number	of	cancer	types.	Interestingly,	lymphangiogenesis	induced	by	VEGF-C	expression	in	cancer
cells	has	been	recently	demonstrated	to	have	context-dependent	immunomodulatory	capabilities	in	melanoma:	On
the	one	hand,	VEGF-C	can	induce	an	immunosuppressive	microenvironment	that	promotes	immune	evasion	and
tumor	growth,	whereas	in	the	context	of	immunotherapies	aimed	to	activate	CTLs,	lymphangiogenesis	can	instead
potentiate	 therapeutic	 efficacy177;	 concordantly,	 high	 serum	 VEGF-C	 levels	 correlate	 with	 better	 clinical
responses	to	immune	checkpoint	inhibitors	in	a	cohort	of	melanoma	patients.178	The	applicability	of	these	results
to	other	cancer	types	warrants	future	investigation.
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Pericytes
Pericytes	 represent	 a	 specialized	mesenchymal	 cell	 type	closely	 related	 to	 smooth	muscle	 cells,	with	 fingerlike
projections	 that	wrap	around	 the	endothelial	 tubing	of	blood	vessels.	 In	normal	 tissues,	pericytes	 are	known	 to
provide	paracrine	support	signals	 to	 the	quiescent	endothelium.	For	example,	 the	angiopoietin-1	 ligand	secreted
by	pericytes	conveys	antiproliferative	stabilizing	signals	that	are	received	by	the	Tie2	receptors	expressed	on	the
surface	of	endothelial	cells.	Some	pericytes	also	produce	low	levels	of	VEGF	that	serve	a	trophic	(i.e.,	survival)
function	 in	 endothelial	 homeostasis.67,179	 Pericytes	 also	 collaborate	with	 the	 endothelial	 cells	 to	 synthesize	 the
vascular	basement	membrane	that	anchors	both	pericytes	and	endothelial	cells	and	helps	vessel	walls	to	withstand
the	hydrostatic	pressure	created	by	the	blood.

Genetic	and	pharmacologic	perturbation	of	the	recruitment	and	association	of	pericytes	has	demonstrated	the
functional	importance	of	these	cells	in	supporting	the	tumor	endothelium.67,166,179	For	example,	the	pharmacologic
inhibition	of	signaling	through	the	platelet-derived	growth	factor	receptor	expressed	by	tumor	pericytes	and	BM-
derived	 pericyte	 progenitors	 results	 in	 reduced	 pericyte	 coverage	 of	 tumor	 vessels,	 which	 in	 turn	 destabilizes
vascular	 integrity	 and	 function.159,166,179	 Interestingly,	 the	 pericytes	 of	 normal	 vessels	 are	 not	 prone	 to	 such
pharmacologic	disruption,	providing	another	example	of	the	differences	in	the	regulation	of	the	normal	quiescent
and	the	angiogenic	tumor	vasculatures.	An	intriguing	hypothesis,	still	to	be	fully	substantiated,	is	that	tumors	with
poor	 pericyte	 coverage	 of	 their	 vasculature	 may	 be	 more	 prone	 to	 permit	 cancer	 cell	 intravasation,	 thereby
enabling	subsequent	hematogenous	dissemination.66,110

Immune	Inflammatory	Cells
Infiltrating	 cells	 of	 the	 immune	 system	 are	 increasingly	 accepted	 to	 be	 generic	 constituents	 of	 tumors.	 These
inflammatory	cells	operate	in	conflicting	ways:	Both	tumor-antagonizing	and	tumor-promoting	leukocytes	can	be
found	in	various	proportions	in	most,	if	not	all,	neoplastic	lesions.	Evidence	began	to	accumulate	in	the	late	1990s
that	 the	 infiltration	 of	 neoplastic	 tissues	 by	 cells	 of	 the	 immune	 system	 serves,	 perhaps	 counterintuitively,	 to
promote	 tumor	 progression.	 Such	 work	 traced	 its	 conceptual	 roots	 back	 to	 the	 observed	 association	 of	 tumor
formation	 with	 sites	 of	 chronic	 inflammation.	 Indeed,	 this	 led	 some	 to	 liken	 tumors	 to	 “wounds	 that	 do	 not
heal.”160,180	In	the	course	of	normal	wound	healing	and	the	resolution	of	infections,	immune	inflammatory	cells
appear	transiently	and	then	disappear,	in	contrast	to	their	persistence	in	sites	of	chronic	inflammation,	where	their
presence	has	been	associated	with	a	variety	of	tissue	pathologies,	including	fibrosis,	aberrant	angiogenesis,	and,	as
mentioned,	neoplasia.36,181

We	now	know	that	immune	cells	play	diverse	and	critical	roles	in	fostering	tumorigenesis.	The	roster	of	tumor-
promoting	 inflammatory	 cells	 includes	macrophage	 subtypes,	 mast	 cells,	 and	 neutrophils,	 as	 well	 as	 T	 and	 B
lymphocytes.70,86,99,161,182,183	 Studies	 of	 these	 cells	 are	 yielding	 a	 growing	 list	 of	 tumor-promoting	 signaling
molecules	that	they	release,	which	include	the	tumor	growth	factor	EGF,	the	angiogenic	growth	factors	VEGF-A
and	VEGF-C,	other	proangiogenic	factors	such	as	fibroblast	growth	factor	2,	plus	chemokines	and	cytokines	that
amplify	 the	 inflammatory	 state.	 In	 addition,	 these	 cells	may	 produce	 proangiogenic	 and/or	 proinvasive	matrix-
degrading	enzymes,	 including	matrix	metallopeptidase-9	and	other	matrix	metallopeptidases,	cysteine	cathepsin
proteases,	 and	 heparanase.68,70	 Consistent	 with	 the	 expression	 of	 these	 diverse	 signals,	 tumor-infiltrating
inflammatory	 cells	 have	 been	 shown	 to	 induce	 and	 help	 sustain	 tumor	 angiogenesis,	 to	 stimulate	 cancer	 cell
proliferation,	 to	 facilitate	 tissue	 invasion,	 and	 to	 support	 the	 metastatic	 dissemination	 and	 seeding	 of	 cancer
cells.68,70,86,87,182–184

In	addition	to	the	fully	differentiated	immune	cells	present	in	tumor	stroma,	a	variety	of	partially	differentiated
myeloid	 progenitors	 have	 been	 identified	 in	 tumors.70	 Such	 cells	 represent	 intermediaries	 between	 circulating
myeloid	cells	of	BM	origin	and	the	differentiated	 immune	cells	 typically	found	in	normal	and	inflamed	tissues.
Importantly,	 these	 progenitors,	 like	 their	 more	 differentiated	 derivatives,	 have	 demonstrable	 tumor-promoting
activity.	Of	particular	interest,	a	class	of	tumor-infiltrating	myeloid	cells	has	been	shown	to	suppress	CTL	and	NK
cell	activity,	having	been	identified	as	myeloid-derived	suppressor	cells	that	function	to	block	the	attack	on	tumors
by	the	adaptive	(i.e.,	CTL)	and	innate	(i.e.,	NK)	arms	of	 the	 immune	system.68,99	Hence,	 recruitment	of	certain
myeloid	cells	may	be	doubly	beneficial	for	the	developing	tumor,	by	directly	promoting	angiogenesis	and	tumor
progression,	while	at	the	same	time	affording	a	means	of	evading	immune	destruction.

These	conflicting	roles	of	 the	 immune	system	in	confronting	 tumors	would	seem	to	reflect	similar	situations
that	arise	routinely	in	normal	tissues.	Thus,	the	immune	system	detects	and	targets	infectious	agents	through	cells
of	the	adaptive	immune	response.	Cells	of	the	innate	immune	system,	in	contrast,	are	involved	in	wound	healing



and	 in	 clearing	 dead	 cells	 and	 cellular	 debris.	 The	 balance	 between	 the	 conflicting	 immune	 responses	 within
particular	 tumor	 types	 (and	 indeed	 in	 individual	 patients’	 tumors)	 is	 likely	 to	 prove	 critical	 in	 determining	 the
characteristics	of	tumor	growth	and	the	stepwise	progression	to	stages	of	heightened	aggressiveness	(i.e.,	invasion
and	 metastasis).	 Moreover,	 there	 is	 increasing	 evidence	 supporting	 the	 proposition	 that	 this	 balance	 can	 be
modulated	for	therapeutic	purposes	in	order	to	redirect	or	reprogram	the	immune	response	to	focus	its	functional
capabilities	on	destroying	tumors.99,185,186

Stem	and	Progenitor	Cells	of	the	Tumor	Stroma
The	various	stromal	cell	types	that	constitute	the	tumor	microenvironment	may	be	recruited	from	adjacent	normal
tissue—the	most	obvious	 reservoir	of	 such	cell	 types.	However,	 in	 recent	years,	 the	BM	has	 increasingly	been
implicated	as	a	key	source	of	tumor-associated	stromal	cells.72,73,187–189	Thus,	mesenchymal	stem	and	progenitor
cells	can	be	recruited	into	tumors	from	the	BM,	where	they	may	subsequently	differentiate	into	the	various	well-
characterized	stromal	cell	types.	Some	of	these	recent	arrivals	may	also	persist	in	an	undifferentiated	or	partially
differentiated	state,	exhibiting	functions	that	their	more	differentiated	progeny	lack.

The	BM	origins	of	stromal	cell	types	have	been	demonstrated	using	tumor-bearing	mice	in	which	certain	BM
cells	(and	thus	their	disseminated	progeny)	have	been	selectively	labeled	with	reporters	such	as	green	fluorescent
protein.	 Although	 immune	 inflammatory	 cells	 have	 been	 long	 known	 to	 derive	 from	 BM,	 more	 recently
progenitors	of	endothelial	cells,	pericytes,	and	several	subtypes	of	CAFs	have	also	been	shown	to	originate	from
BM	 in	 various	 mouse	 models	 of	 cancer.73,187–189	 The	 prevalence	 and	 functional	 importance	 of	 endothelial
progenitors	 for	 tumor	 angiogenesis	 is,	 however,	 currently	 unresolved.72	 Taken	 together,	 these	 various	 lines	 of
evidence	indicate	that	tumor-associated	stromal	cells	may	be	supplied	to	growing	tumors	by	the	proliferation	of
preexisting	stromal	cells	or	via	recruitment	of	BM-derived	stem/progenitor	cells.
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Figure	3.4	Diverse	contributions	of	stromal	cells	to	the	hallmarks	of	cancer.	Of	the	eight	hallmark
capabilities	acquired	by	cancer	cells,	seven	depend	on	contributions	by	stromal	cells	forming	the

tumor	microenvironment.2,162	The	stromal	cells	can	be	divided	into	three	general	classes:	infiltrating
immune	cells,	cancer-associated	fibroblastic	cells,	and	tumor-associated	vascular	cells.	The

association	of	these	corrupted	cell	types	with	the	acquisition	of	individual	hallmark	capabilities	has
been	documented	through	a	variety	of	experimental	approaches	that	are	often	supported	by

descriptive	studies	in	human	cancers.	The	relative	importance	of	each	of	these	stromal	cell	classes
to	a	particular	hallmark	is	certain	to	vary	according	to	tumor	type	and	stage	of	primary

tumorigenesis	and	malignant	progression.	(Adapted	from	Hanahan	D,	Coussens	LM.	Accessories	to
the	crime:	functions	of	cells	recruited	to	the	tumor	microenvironment.	Cancer	Cell	2012;21:309–

322.)

In	 summary,	 it	 is	 evident	 that	 virtually	 all	 cancers,	 including	 even	 the	 liquid	 tumors	 of	 hematopoietic
malignancies,	 depend	 not	 only	 on	 neoplastic	 cells	 for	 their	 pathogenic	 effects	 but	 also	 on	 diverse	 cell	 types
recruited	 from	 local	 and	 distant	 tissue	 sources	 to	 assemble	 specialized,	 supporting	 tumor	 microenvironments.
Importantly,	 the	 composition	of	 stromal	 cell	 types	 supporting	 a	 particular	 cancer	 varies	 considerably	 from	one
tumor	 type	 to	 another;	 even	 within	 a	 particular	 type,	 the	 patterns	 and	 abundance	 can	 be	 informative	 about
malignant	grade	and	prognosis.	Such	observations	reinforce	the	notion,	already	discussed	extensively	herein,	that
neoplastic	 cells	 are	 not	 fully	 autonomous	 and	 instead	 depend	 to	 various	 degrees	 on	 stromal	 cells	 of	 the	 tumor
microenvironment,	which	can	contribute	functionally	to	seven	of	the	eight	hallmarks	of	cancer	(Fig.	3.4).



Heterotypic	Signaling	Orchestrates	the	Cells	of	the	Tumor	Microenvironment

Figure	3.5	Reprogramming	intracellular	circuits	and	cell-to-cell	signaling	pathways	dictates	tumor
inception	and	progression.	An	elaborate	integrated	circuit	operating	within	normal	cells	is

reprogrammed	to	regulate	the	hallmark	capabilities	acquired	by	cancer	cells	(A)	and	evidently	by
associated	stromal	cells	(not	shown).	Separate	subcircuits,	depicted	here	in	differently	colored
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fields,	are	specialized	to	orchestrate	distinct	capabilities.	At	one	level,	this	depiction	is	simplistic
because	there	is	considerable	cross-talk	between	such	subcircuits.	More	broadly,	the	integrated

circuits	operating	inside	cancer	cells	and	stromal	cells	are	interconnected	via	a	complex	network	of
signals	transmitted	by	the	various	cells	in	the	tumor	microenvironment	(in	some	cases	via	the
extracellular	matrix	[ECM]	and	basement	membranes	[BM]	they	synthesize),	of	which	a	few

signals	are	exemplified	(B).	EGF,	epidermal	growth	factor;	HGF,	hepatocyte	growth	factor	for	the
cMet	receptor;	CSF-1,	colony-stimulating	factor	1;	IL-1β,	interleukin-1β;	TGF-β,	transforming
growth	factor-β;	Hh,	hedgehog	ligand	for	the	Patched	(PTCH)	receptor;	PDGF,	platelet-derived
growth	factor;	VEGF,	vascular	endothelial	growth	factor;	Seq.	GF,	growth	factors	sequestered	in
the	ECM/BM;	CXCL12,	C-X-C	motif	chemokine	12;	FGF2,	fibroblast	growth	factor	2;	Ang-1,

angiopoietin-1.	(Adapted	from	Hanahan	D,	Weinberg	RA.	Hallmarks	of	cancer:	the	next	generation.
Cell	2011;144:646–674.)

Every	 cell	 in	 our	 bodies	 is	 governed	 by	 an	 elaborate	 intracellular	 signaling	 circuit—in	 effect,	 its	 own
microcomputer.	In	cancer	cells,	key	subcircuits	in	this	integrated	circuit	are	reprogrammed	in	order	to	activate	and
sustain	 hallmark	 capabilities.	 These	 changes	 are	 induced	 by	 mutations	 in	 the	 cells’	 genomes,	 by	 epigenetic
alterations	 affecting	 gene	 expression,	 and	 by	 the	 receipt	 of	 a	 diverse	 array	 of	 signals	 from	 the	 tumor
microenvironment.	Figure	3.5A	 illustrates	 some	of	 the	 circuits	 that	 are	 reprogrammed	 to	 enable	 cancer	 cells	 to
proliferate	 chronically,	 to	 avoid	 proliferative	 brakes	 and	 cell	 death,	 and	 to	 become	 invasive	 and	 metastatic.
Similarly,	 the	 intracellular	 integrated	 circuits	 that	 regulate	 the	 actions	 of	 stromal	 cells	 are	 also	 likely	 to	 be
reprogrammed	 during	 the	 course	 of	 tumor	 pathogenesis.	 Current	 evidence	 suggests	 that	 stromal	 cell
reprogramming	is	primarily	affected	by	extracellular	cues	and	epigenetic	alterations	in	gene	expression	rather	than
gene	mutation.

Given	the	alterations	in	the	signaling	within	both	neoplastic	cells	and	their	stromal	neighbors,	a	tumor	can	be
depicted	as	a	network	of	interconnected	(cellular)	microcomputers.	This	dictates	that	a	complete	elucidation	of	a
particular	 tumor’s	 biology	 will	 require	 far	 more	 than	 an	 elucidation	 of	 the	 aberrantly	 functioning	 integrated
circuits	within	 its	 individual	neoplastic	cells.	Accordingly,	 the	rapidly	growing	catalog	of	 the	function-enabling
genetic	 mutations	 within	 cancer	 cell	 genomes149	 represents	 only	 one	 dimension	 of	 this	 problem.	 The	 second,
equally	 important	 dimension	 comes	 from	 studying	 the	 interactions	between	 neoplastic	 cells	 and	 their	 recruited
stromal	neighbors;	such	heterotypic	signals	(exchanged	between	distinct	cell	types)	represents	an	equally	complex
signaling	network	that	is,	like	the	cell-intrinsic	signals,	critical	to	tumor	growth.	A	reasonably	complete,	graphical
depiction	of	the	network	of	microenvironmental	signaling	interactions	remains	far	beyond	our	reach	because	the
great	majority	of	signaling	molecules	and	their	circuitry	are	still	to	be	precisely	charted.	Instead,	we	provide	a	hint
of	such	interactions	in	Figure	3.5B.	These	 few	well-established	examples	are	 intended	 to	exemplify	a	 signaling
network	of	remarkable	complexity	that	is	of	crucial	importance	for	tumor	pathogenesis.

Coevolution	of	the	Tumor	Microenvironment	During	Carcinogenesis
The	 tumor	 microenvironment	 described	 previously	 is	 not	 static	 during	 multistage	 tumor	 development	 and
progression.	Rather,	the	abundance	and	functional	contributions	of	the	stromal	cells	populating	neoplastic	lesions
are	likely	to	vary	during	progression,	thereby	creating	another	dimension	of	complexity.	Thus,	as	the	neoplastic
cells	evolve,	there	will	be	a	parallel	coevolution	occurring	in	the	stroma,	as	indicated	by	the	shifting	composition
of	 stroma-associated	 cell	 types.	 In	 addition,	 as	 disseminating	 cancer	 cells	 enter	 into	 different	 tissue	 sites
throughout	 the	 body,	 they	 encounter	 distinct	 stromal	 microenvironments.	 Accordingly,	 the	 microenvironment
within	the	core	of	a	primary	tumor	will	likely	be	distinct	from	locally	invasive	breakout	lesions	at	the	margins	and
from	the	microenvironments	encountered	by	disseminated	cells	in	distant	organs	(Fig.	3.6A).

We	envision	back-and-forth	 reciprocal	 interactions	between	 the	neoplastic	cells	 and	 the	 supporting	 recruited
stromal	cells	that	change	during	the	course	of	multistep	tumor	development	and	progression,	as	depicted	in	Figure
3.6B.	Thus,	incipient	neoplasias	begin	the	interplay	by	recruiting	and	activating	stromal	cell	types	that	assemble
into	an	initial	preneoplastic	stroma,	which	in	turn	responds	reciprocally	by	enhancing	the	neoplastic	phenotypes	of
the	nearby	cancer	cells.	The	cancer	cells,	in	response,	may	then	undergo	further	genetic	evolution,	causing	them	to
feed	a	second	class	of	signals	back	to	the	stroma,	changing	it	in	yet	other	ways.	Ultimately,	signals	originating	in
the	“reactive”	stroma	seen	in	high-grade	primary	tumors	enable	cancer	cells	to	invade	normal	adjacent	tissues	and
disseminate,	seeding	distant	tissues	and,	with	low	efficiency,	metastatic	colonies	(see	Fig.	3.6B).

The	circulating	cancer	cells	that	are	released	from	primary	tumors	leave	a	microenvironment	supported	by	this
coevolved	stroma.	Upon	landing	in	a	distant	organ,	however,	disseminated	cancer	cells	must	find	a	means	to	grow



in	 a	 quite	 different	 tissue	microenvironment.	 In	most	 cases,	 newly	 seeded	 cancer	 cells	may	 find	 it	 difficult	 to
survive	and	expand	in	naïve,	fully	normal	tissue	microenvironments.	In	other	cases,	the	newly	encountered	tissue
microenvironments	 may	 already	 be	 supportive	 of	 such	 disseminated	 cancer	 cells,	 having	 been	 preconditioned
prior	 to	 their	 arrival.	 Such	 permissive	 sites	 have	 been	 referred	 to	 as	 premetastatic	 niches.108,190,191	 These
supportive	niches	may	already	preexist	in	distant	tissues	for	various	physiologic	reasons,74	including	the	actions	of
circulating	factors	dispatched	systemically	by	primary	tumors.191

The	fact	that	signaling	interactions	between	cancer	cells	and	their	supporting	stroma	are	likely	to	evolve	during
the	course	of	multistage	primary	tumor	development	and	metastatic	colonization	clearly	complicates	the	goal	of
fully	 elucidating	 the	 mechanisms	 of	 cancer	 pathogenesis.	 For	 example,	 this	 complexity	 poses	 challenges	 to
systems	biologists	seeking	to	chart	the	crucial	regulatory	networks	that	orchestrate	malignant	progression	because
much	of	the	critical	signaling	is	not	intrinsic	to	cancer	cells	and	operates	instead	through	the	dynamic	interactions
that	these	cells	establish	with	their	neighbors.

Cancer	Cells,	Cancer	Stem	Cells,	and	Intratumoral	Heterogeneity
Cancer	cells	are	the	foundation	of	the	disease.	They	initiate	neoplastic	development	and	drive	tumor	progression
forward,	having	acquired	the	oncogenic	and	tumor	suppressor	mutations	that	define	cancer	as	a	genetic	disease.
Traditionally,	 the	 cancer	 cells	within	 tumors	 have	 been	 portrayed	 as	 reasonably	 homogeneous	 cell	 populations
until	relatively	late	in	the	course	of	tumor	progression,	when	hyperproliferation	combined	with	increased	genetic
instability	 spawn	genetically	 distinct	 clonal	 subpopulations.	Reflecting	 such	 clonal	 heterogeneity,	many	human
tumors	 are	 histopathologically	 diverse,	 containing	 regions	 demarcated	 by	 various	 degrees	 of	 differentiation,
proliferation,	vascularity,	and	 invasiveness.	 In	 recent	years,	however,	evidence	has	accumulated	pointing	 to	 the
existence	of	a	new	dimension	of	intratumor	heterogeneity	and	a	hitherto-unappreciated	subclass	of	neoplastic	cells
within	tumors,	termed	cancer	stem	cells	(CSCs).

CSCs	were	 initially	 implicated	 in	 the	 pathogenesis	 of	 hematopoietic	malignancies192	 and,	 years	 later,	 were
identified	 in	 solid	 tumors,	 in	 particular	 breast	 carcinomas	 and	 neuroectodermal	 tumors.193,194	 Fractionation	 of
cancer	 cells	 on	 the	 basis	 of	 cell-surface	markers	 has	 yielded	 subpopulations	 of	 neoplastic	 cells	with	 a	 greatly
enhanced	 ability,	 relative	 to	 the	 corresponding	majority	 populations,	 to	 seed	 new	 tumors	 upon	 implantation	 in
immunodeficient	mice.	These	often-rare	 tumor-initiating	cells	have	proven	 to	share	 transcriptional	profiles	with
certain	normal	tissue	stem	cells,	thereby	justifying	their	designation	as	stemlike	cancer	cells.

Although	the	evidence	is	still	fragmentary,	CSCs	may	prove	to	be	a	constituent	of	many,	if	not	all,	neoplastic
cell	 populations,	 albeit	 being	 present	with	 highly	 variable	 abundance.	 CSCs	 are	 defined	 operationally	 through
their	 ability	 to	 efficiently	 seed	 new	 tumors	 upon	 implantation	 into	 recipient	 host	 mice.195,196	 This	 functional
definition	is	often	complemented	by	profiling	the	expression	of	certain	CSC-associated	markers	that	are	typically
expressed	by	the	normal	stem	cells	 in	the	corresponding	normal	tissues	of	origin.194	 Importantly,	recent	 in	vivo
lineage-tracing	experiments	have	provided	an	additional	functional	test	of	CSCs	by	demonstrating	their	ability	to
spawn	large	numbers	of	progeny,	including	non-CSCs	within	tumors.195	At	the	same	time,	these	experiments	have
provided	the	most	compelling	evidence	to	date	that	CSCs	exist	and	that	they	can	be	defined	functionally	through
tests	that	do	not	depend	on	the	implantation	of	tumor	cells	into	appropriate	mouse	hosts.

The	origins	of	CSCs	across	the	catalog	of	human	tumors	have	not	been	fully	clarified	and,	indeed,	may	well
vary	from	one	 tumor	 type	 to	another.195–197	 In	some	 tumors,	normal	 tissue	stem	cells	may	serve	as	 the	cells	of
origin	that	undergo	oncogenic	transformation	to	yield	CSCs;	in	others,	partially	differentiated	transit-amplifying
cells,	 also	 termed	 progenitor	 cells,	 may	 suffer	 the	 initial	 oncogenic	 transformation,	 thereafter	 assuming	 more
stemlike	characters.	Once	primary	tumors	have	formed,	the	CSCs,	like	their	normal	counterparts,	may	self-renew
as	well	as	spawn	more	differentiated	derivatives.	In	the	case	of	neoplastic	CSCs,	these	descendant	cells	form	the
great	bulk	of	many	tumors	and	thus	are	responsible	for	creating	many	tumor-associated	phenotypes.	It	remains	to
be	established	whether	multiple	distinct	classes	of	increasingly	neoplastic	stem	cells	form	during	the	inception	and
subsequent	 multistep	 progression	 of	 tumors,	 ultimately	 yielding	 the	 CSCs	 that	 have	 been	 described	 in	 fully
developed	cancers.
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Figure	3.6	The	dynamic	variation	and	coevolution	of	the	tumor	microenvironment	during	the
lesional	progression	of	cancer.	A:	Interactions	between	multiple	stromal	cell	types	and

heterogeneously	evolving	mutant	cancer	cells	create	a	succession	of	tumor	microenvironments	that
change	dynamically	as	tumors	are	initiated,	invade	normal	tissues,	and	thereafter	seed	and	colonize
distant	tissues.	The	abundance,	histologic	organization,	and	characteristics	of	the	stromal	cell	types
and	associated	extracellular	matrix	(hatched	background)	evolves	during	progression,	thereby
enabling	primary,	invasive,	and	then	metastatic	growth.	B:	Importantly,	the	signaling	networks
depicted	in	Figure	3.5	involving	cancer	cells	and	their	stromal	collaborators	change	during	tumor
progression	as	a	result	of	reciprocal	signaling	interactions	between	these	various	cells.	CC,	cancer
cell;	CSC,	cancer	stem	cell;	mets,	metastases.	(Adapted	from	Hanahan	D,	Weinberg	RA.	Hallmarks

of	cancer:	the	next	generation.	Cell	2011;144:646–674.)

Some	 research	 has	 interrelated	 the	 acquisition	 of	 CSC	 traits	 with	 the	 EMT	 transdifferentiation	 program
discussed	 previously.195,198	 The	 induction	 of	 this	 program	 in	 certain	 model	 systems	 can	 induce	 many	 of	 the
defining	features	of	stem	cells,	 including	self-renewal	ability	and	the	antigenic	phenotypes	associated	with	both
normal	cells	 and	CSCs.	This	concordance	 suggests	 that	 the	EMT	program	may	not	only	enable	cancer	cells	 to
physically	disseminate	from	primary	tumors	but	may	also	confer	on	such	cells	the	self-renewal	capability	that	is
crucial	to	their	subsequent	role	as	founders	of	new	neoplastic	colonies	at	sites	of	dissemination.199	If	generalized,
this	 connection	 raises	 an	 important	 corollary	 hypothesis:	 The	 heterotypic	 signals	 that	 trigger	 an	EMT,	 such	 as
those	released	by	an	activated,	inflammatory	stroma,	may	also	be	important	in	creating	and	maintaining	CSCs.

An	increasing	number	of	human	tumors	are	reported	to	contain	subpopulations	with	the	properties	of	CSCs,	as
defined	 operationally	 through	 their	 efficient	 tumor-initiating	 capabilities	 upon	 xenotransplantation	 into	 mice.
Nevertheless,	 the	 importance	of	CSCs	as	 a	distinct	phenotypic	 subclass	of	neoplastic	 cells	 remains	 a	matter	 of
debate,	as	does	their	oft-cited	rarity	within	tumors.197,200	Indeed,	there	is	evidence	to	suggest	that	the	phenotypic



plasticity	 operating	 within	 tumors	 can	 produce	 bidirectional	 interconversion	 between	 CSCs	 and	 non-CSCs,
resulting	 in	 dynamic	 variation	 in	 the	 relative	 abundance	 of	 CSCs.195,201	 Such	 plasticity	 may	 complicate	 a
definitive	measurement	of	their	characteristic	abundance.	Analogous	plasticity	is	already	implicated	in	the	EMT
program,	which	can	be	engaged	reversibly.202

These	complexities	notwithstanding,	it	is	already	evident	that	this	new	dimension	of	tumor	heterogeneity	holds
important	 implications	for	successful	cancer	 therapies.	 Increasing	evidence	 in	a	variety	of	 tumor	 types	suggests
that	 cells	 exhibiting	 the	 properties	 of	 CSCs	 are	 more	 resistant	 to	 various	 commonly	 used	 chemotherapeutic
treatments.198,203	Their	persistence	 following	 initial	 treatment	may	help	 to	explain	 the	almost	 inevitable	disease
recurrence	 that	 transpires	after	apparently	successful	debulking	of	human	solid	 tumors	by	radiation	and	various
forms	of	chemotherapy.	Moreover,	CSCs	may	well	prove	to	underlie	certain	forms	of	tumor	dormancy,	whereby
latent	cancer	cells	persist	for	years	or	even	decades	after	initial	surgical	resection	or	radio-/chemotherapy,	only	to
suddenly	erupt	and	generate	life-threatening	disease.	Hence,	CSCs	represent	a	double	threat	in	that	they	are	more
resistant	 to	 therapeutic	 killing	 and	 at	 the	 same	 time	 are	 endowed	with	 the	 ability	 to	 regenerate	 a	 tumor	 once
therapy	has	been	halted.

This	 phenotypic	 plasticity	 implicit	 in	 the	 CSC	 state	 may	 also	 enable	 the	 formation	 of	 functionally	 distinct
subpopulations	within	 a	 tumor	 that	 support	 overall	 tumor	 growth	 in	 various	ways.	 Thus,	 an	EMT	 can	 convert
epithelial	carcinoma	cells	into	mesenchymal,	fibroblast-like	cancer	cells	that	may	well	assume	the	duties	of	CAFs
in	 some	 tumors	 (e.g.,	 pancreatic	 ductal	 adenocarcinoma).204	 Intriguingly,	 several	 recent	 reports	 that	 have
documented	 the	 ability	 of	 glioblastoma	 cells	 (or	 possibly	 their	 associated	 CSC	 subpopulations)	 to
transdifferentiate	 into	 endothelial-like	 cells	 that	 can	 substitute	 for	 bona	 fide	 host-derived	 endothelial	 cells	 in
forming	a	tumor-associated	neovasculature.205,206	These	examples,	which	have	yet	to	be	thoroughly	validated	in
terms	 of	 generality	 and	 functional	 importance,	 suggest	 that	 certain	 tumors	 may	 induce	 some	 of	 their	 own
neoplastic	cells	to	undergo	various	types	of	metamorphoses,	doing	so	in	order	to	generate	the	stromal	cell	types
needed	 to	 support	 tumor	 growth	 and	 progression;	 these	 tumor-derived	 stromal	 cells	 may	 obviate	 the	 need	 to
recruit	various	types	of	host	cells	to	provide	the	physiologic	support	that	is	critical	to	robust	tumor	growth.

Another	form	of	phenotypic	variability	resides,	as	mentioned	previously,	in	the	genetic	heterogeneity	of	cancer
cells	within	a	tumor.	Genome-wide	sequencing	of	cancer	cells	microdissected	from	different	sectors	of	the	same
tumor	has	revealed	striking	intratumoral	genetic	heterogeneity.	Some	of	this	genetic	diversity	may	be	reflected	in
the	long-recognized	histologic	heterogeneity	within	individual	human	tumors.	Thus,	genetic	diversification	may
produce	subpopulations	of	cancer	cells	that	contribute	distinct	and	complementary	capabilities,	which	then	accrue
to	 the	 common	 benefit	 of	 overall	 tumor	 growth,	 progression,	 and	 resistance	 to	 therapy,	 as	 described	 earlier.
Alternatively,	such	heterogeneity	may	simply	reflect	the	genetic	chaos	that	arises	as	tumor	cell	genomes	become
increasingly	destabilized.

THERAPEUTIC	TARGETING	OF	THE	HALLMARKS	OF	CANCER
We	do	not	 attempt	 here	 to	 enumerate	 the	myriad	 therapies	 that	 are	 currently	 under	 development	 or	 have	 been
introduced	as	of	 late	 into	the	clinic.	Instead,	we	consider	how	the	description	of	hallmark	principles	 is	 likely	to
inform	 therapeutic	development	at	present	and	may	 increasingly	do	so	 in	 the	 future.	Thus,	 the	 rapidly	growing
armamentarium	of	 therapeutics	directed	against	specific	molecular	 targets	can	be	categorized	according	 to	 their
respective	 effects	 on	 one	 or	more	 hallmark	 capabilities,	 as	 illustrated	 in	 the	 examples	 presented	 in	 Figure	 3.7.
Indeed,	the	observed	efficacy	of	these	drugs	represents,	in	each	case,	a	validation	of	a	particular	capability:	If	a
capability	 is	 truly	 critical	 to	 the	 biology	 of	 a	 tumor,	 then	 its	 inhibition	 should	 impair	 tumor	 growth	 and
progression.

Unfortunately,	 however,	 the	 clinical	 responses	 elicited	 by	 these	 targeted	 therapies	 have	 generally	 been
transitory,	 being	 followed	 all	 too	 often	 by	 relapse.	 One	 interpretation,	 which	 is	 supported	 by	 growing
experimental	evidence,	 is	 that	each	of	 the	core	hallmark	capabilities	 is	 regulated	by	a	set	of	partially	redundant
signaling	pathways.	Consequently,	a	 targeted	 therapeutic	agent	 inhibiting	one	key	pathway	 in	a	 tumor	may	not
completely	eliminate	a	hallmark	capability,	allowing	some	cancer	cells	to	survive	with	residual	function	until	they
or	 their	 progeny	 eventually	 adapt	 to	 the	 selective	 pressure	 imposed	 by	 the	 initially	 applied	 therapy.	 Such
adaptation	 can	 reestablish	 the	 expression	 of	 the	 functional	 capability,	 permitting	 renewed	 tumor	 growth	 and
clinical	 relapse.	 Because	 the	 number	 of	 parallel	 signaling	 pathways	 supporting	 a	 specific	 hallmark	 must	 be
limited,	 it	may	 become	 possible	 in	 the	 future	 to	 concomitantly	 target	 all	 of	 these	 supporting	 pathways	 driving
expression	of	a	particular	hallmark	capability,	thereby	preventing	the	development	of	adaptive	resistance.
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Another	 dimension	 of	 the	 plasticity	 of	 tumors	 under	 therapeutic	 attack	 is	 illustrated	 by	 the	 unanticipated
responses	to	antiangiogenic	therapy,	in	which	cancer	cells	reduce	their	dependence	on	this	hallmark	capability	by
increasing	their	dependence	on	another.	Thus,	many	observers	anticipated	that	potent	 inhibition	of	angiogenesis
would	 starve	 tumors	 of	 vital	 nutrients	 and	 oxygen,	 forcing	 them	 into	 dormancy	 and	 possibly	 leading	 to	 their
activation	of	programmed	cell	death—apoptosis.62,207	 Instead,	 the	clinical	 responses	 to	antiangiogenic	 therapies
have	 been	 found	 to	 be	 transitory,	 followed	 by	 relapse,	 implicating	 adaptive	 or	 evasive	 resistance
mechanisms.167,208,209	 One	 such	 mechanism	 of	 evasive	 resistance,	 observed	 in	 certain	 preclinical	 models	 of
antiangiogenic	therapy,	involves	reduced	dependence	on	continuing	angiogenesis	by	increasing	the	activity	of	two
other	 capabilities:	 invasiveness	 and	metastasis.208,209	 By	 invading	 nearby	 and	 distant	 tissues,	 initially	 hypoxic
cancer	 cells	 gain	 access	 to	 normal,	 preexisting	 tissue	 vasculature.	 The	 initial	 clinical	 validation	 of	 this
adaptive/evasive	 resistance	 is	 apparent	 in	 the	 increased	 invasion	 and	 local	 metastasis	 seen	 when	 human
glioblastomas	are	treated	with	antiangiogenic	therapies.210	The	applicability	of	this	lesson	to	other	human	cancers
has	yet	to	be	established.

Analogous	 adaptive	 shifts	 in	 dependence	 on	 other	 hallmark	 traits	may	 also	 limit	 the	 efficacy	 of	 analogous
hallmark-targeting	therapies.	For	example,	the	deployment	of	apoptosis-inducing	drugs	may	induce	cancer	cells	to
hyperactivate	 proliferative	 signaling,	 enabling	 them	 to	 compensate	 for	 the	 initial	 attrition	 triggered	 by	 such
treatments.	Such	considerations	suggest	that	drug	development	and	the	design	of	treatment	protocols	will	benefit
from	 incorporating	 the	 concepts	 of	 functionally	 discrete	 hallmark	 capabilities	 and	 of	 the	multiple	 biochemical
pathways	 involved	 in	 supporting	 each	 of	 them.	For	 these	 reasons,	we	 suggest	 that	 attacking	multiple	 hallmark
capabilities	with	 hallmark-targeting	 drugs	 (see	 Fig.	 3.7),	 in	 carefully	 considered	 combinations,	 sequences,	 and
temporal	regimens,211	will	result	in	increasingly	effective	therapies	that	produce	more	durable	clinical	responses.

CONCLUSION	AND	A	VISION	FOR	THE	FUTURE
Looking	 ahead,	 we	 envisage	 significant	 advances	 in	 our	 understanding	 of	 invasion	 and	 metastasis	 during	 the
coming	decade.	Similarly,	the	role	of	altered	energy	metabolism	in	malignant	growth	will	be	elucidated,	including
a	resolution	of	whether	this	metabolic	reprogramming	is	a	discrete	capability	separable	from	the	core	hallmark	of
chronically	 sustained	 proliferation.	 We	 are	 excited	 about	 the	 new	 frontier	 of	 immunotherapy,	 which	 is
increasingly	 empowered	 to	 leverage	 detailed	 knowledge	 of	 the	 regulation	 of	 immune	 responses	 to	 enable	 the
development	 and	 implementation	 of	 “designer”	 drugs	 that	 can	 modulate	 these	 responses	 for	 the	 purpose	 of
effectively	 and	 sustainably	 attacking	 tumors	 and,	 most	 importantly,	 their	 metastases.	 The	 currently	 employed
checkpoint	immunotherapies	constitute	impressive	validation	of	the	promise	of	this	overall	approach.



Figure	3.7	Therapeutic	targeting	of	the	hallmarks	of	cancer.	Drugs	that	interfere	with	each	of	the
hallmark	capabilities	and	hallmark-enabling	processes	have	been	developed	and	are	in	preclinical
and/or	clinical	testing,	and	in	some	cases,	approved	for	use	in	treating	certain	forms	of	human
cancer.	A	focus	on	antagonizing	specific	hallmark	capabilities	is	likely	to	yield	insights	into

developing	novel,	highly	effective	therapeutic	strategies.	PARP,	poly	(ADP-ribose)	polymerase;
VEGF,	vascular	endothelial	growth	factor;	HGF,	hepatocyte	growth	factor.	(Adapted	from	Hanahan

D,	Weinberg	RA.	Hallmarks	of	cancer:	the	next	generation.	Cell	2011;144:646–674.)

Other	 areas	 are	 currently	 in	 rapid	 flux.	 In	 recent	 years,	 elaborate	 molecular	 mechanisms	 controlling
transcription	 through	 chromatin	modifications	 have	 been	 uncovered,	 and	 there	 are	 clues	 that	 specific	 shifts	 in
chromatin	 configuration	 occur	 during	 the	 acquisition	 of	 certain	 hallmark	 capabilities.150,151	 Functionally
significant	epigenetic	alterations	seem	likely	to	be	factors	not	only	in	the	cancer	cells	but	also	in	the	altered	cells
of	 the	 tumor-associated	stroma.	At	present,	 it	 is	unclear	whether	an	elucidation	of	 these	epigenetic	mechanisms
will	materially	 change	 our	 overall	 understanding	 of	 the	means	 by	which	 hallmark	 capabilities	 are	 acquired	 or
simply	add	additional	detail	to	the	regulatory	circuitry	that	is	already	known	to	govern	them.

Similarly,	the	discovery	of	hundreds	of	distinct	regulatory	microRNAs	has	already	led	to	profound	changes	in
our	 understanding	 of	 the	molecular	 control	mechanisms	 that	 operate	 in	 health	 and	 disease.	By	now,	 dozens	 of
microRNAs	have	been	implicated	in	various	tumor	phenotypes.212	Still,	these	only	scratch	the	surface	of	the	true
complexity	because	the	functions	of	hundreds	of	microRNAs	known	to	be	present	in	our	cells	and	to	be	altered	in
expression	levels	in	different	forms	of	cancer	remain	total	mysteries.	Here	again,	we	are	unclear	whether	future
progress	will	cause	fundamental	shifts	in	our	conceptual	understanding	of	the	pathogenic	mechanisms	of	cancer	or
only	add	detail	to	the	elaborate	regulatory	circuits	that	have	already	been	mapped	out.

Finally,	 the	 existing	 diagrams	 of	 heterotypic	 interactions	 between	 the	 multiple	 distinct	 cell	 types	 that
collaborate	to	produce	malignant	tumors	are	still	rudimentary.	We	anticipate	that	in	another	decade,	the	signaling
pathways	describing	 the	 intercommunication	between	 these	various	 cell	 types	within	 tumors	will	 be	 charted	 in
increasingly	greater	detail	and	clarity,	eclipsing	our	current	knowledge.	And,	as	before,1,2	we	continue	to	foresee
cancer	research	as	an	increasingly	logical	science,	in	which	myriad	phenotypic	complexities	are	manifestations	of
a	small	number	of	underlying	organizing	principles.
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4 Microbiome	and	Cancer
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INTRODUCTION
All	the	epithelial	barriers	of	our	body—skin,	gastrointestinal	tract,	respiratory	tract,	genital	tract—harbor	different
densities	 of	 commensal	 microorganisms—the	 microbiota—including	 eubacteria,	 archaea,	 protists,	 fungi,	 and
viruses.	Approximately	3	×	1013	bacterial	cells	encompassing	a	very	large	number	of	different	species	are	present
in	the	human	metaorganism	and	are	particularly	abundant	in	the	lower	intestinal	tract;	overall,	the	bacteria	present
in	or	on	our	body	are	at	least	as	numerous	as	human	cells.1,2	The	microbiota	mostly	exhibits	commensalism	with
the	 host;	 however,	 when	 intestinal	 ecology	 is	 disrupted	 (dysbiosis),	 certain	 commensal	 bacteria	 defined	 as
pathobionts	 may	 expand	 and	 induce	 pathogenesis	 (e.g.,	 Clostridium	 difficile	 or	 vancomycin-resistant
Enterococcus).3	 The	 number	 of	microbial	 genes	 in	 the	microbiota	 is	more	 than	 100	 times	 higher	 than	 that	 of
human	genes.1	 The	microbial	 genome	 is	 an	 integral	 part	 of	 our	 own	 genetics,	 and	 the	mutualism	 between	 the
human	 and	 the	 microbial	 cells	 modulates	 most	 physiologic	 functions	 including	 metabolism,	 energy	 balance,
cardiovascular	 functions,	 nutrition,	 behavioral	 and	 cognitive	 nervous	 system	 functions,	 circadian	 rhythm,
inflammation,	innate	resistance,	and	adaptive	immunity	(Fig.	4.1).4,5	Both	microbial	and	human	cells	respond	to
homeostatic	 and	 environmental	 clues;	 unlike	 our	 own	 genome	 that	 is	 fixed,	 the	 microbiota	 metagenome	 can
respond	to	environmental	stimuli	with	rapid	alteration	of	the	relative	proportion	of	different	strains,	exchange	of
genetic	 elements,	 and	 mutations.	 Thus,	 we	 should	 look	 at	 the	 human	 body	 as	 a	 symbiont	 or	 metaorganism
composed	of	the	large	human	host	and	commensal	microorganisms.6

The	microbiota	is	shaped	by	host	genetics,	colonization	at	the	time	of	birth,	type	of	birth	delivery,	individual
lifestyle,	diseases,	and	exposure	to	antibiotics.7	The	composition	of	the	microbiota	matures	during	the	initial	years
of	human	life	into	an	adultlike	microbiota	that	remains	relatively	stable	until	very	old	age	but	that	can	rapidly	be
altered	by	changes	in	diet,	lifestyle,	pathology,	and	therapy.7,8

The	first	description	of	human	commensal	microorganisms	is	due	to	Antonie	van	Leeuwenhoek	who	in	1683
analyzed	with	a	self-made	microscope	the	plaque	between	his	own	teeth	and,	as	he	reported	in	a	letter	to	the	Royal
Society	 of	 London,	 he	 observed	 “very	 little	 living	 animalcules,	 very	 prettily	 a-moving.”	 Although	 major
progresses	 have	 recently	 been	made	 for	 culturing	 different	 bacterial	 species,	 only	 a	 fraction	 of	 them	 has	 been
isolated,	 cultured	 in	 vitro,	 and	 analyzed.	 The	 recent	 revolution	 in	microbiota	 studies	 has	 been	 enabled	 by	 the
development	of	 accessible	next-generation	 sequencing	 technology	 that	has	 allowed	 investigators	 to	 analyze	 the
composition	of	the	commensal	microbiota	through	the	identification	of	their	genome.	Sequencing	of	one	or	more
variable	regions	of	the	gene-encoding	16S	rRNA	represents	the	most	widely	used	method	for	the	identification	of
bacterial	 and	 archaeal	 taxa,	whereas	 identification	of	 fungi	 relies	 on	 sequencing	 the	 internal	 transcribed	 spacer
region	 between	 the	 18S	 and	 28S	 rRNAs.9	 While	 the	 16S	 analysis	 does	 not	 provide	 a	 reliable	 taxonomic
identification	below	the	genus	or	family	level,	shotgun	sequencing	of	the	whole	microbial	metagenome	allows	a
better	taxonomic	classification	at	species	level	and	the	analysis	of	the	genes	associated	to	the	different	bacterial
strains.	Better	functional	 information	can	be	provided	by	metatranscriptomic	analysis	 that	reveals	the	functional
potential	of	the	metagenome	and	also	identify	the	actively	expressed	genes.	Trans-kingdom	networks	can	be	built
using	metatranscriptomic	and	metagenomic	data	to	infer	relationships	within	the	metaorganism.

CANCER	AS	A	DISEASE	OF	THE	METAORGANISM
In	 addition	 to	 modulating	 physiologic	 functions	 and	 responses,	 the	 composition	 of	 the	 microbiota	 can	 affect
pathologic	processes	both	locally	at	the	barrier	surfaces	on	which	it	resides	as	well	as	systemically.	Particularly
because	of	its	effects	on	metabolism,	inflammation,	immunity,	and	other	functions,	the	microbiota	also	plays	an
important	role	in	the	cancer	process	affecting	predisposing	conditions,	initiation,	progression,	response	to	therapy,
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and	 development	 of	 comorbidities.10	 The	 altered	 growth	 characteristics	 of	 the	 transformed	 tumor	 cells	 are
contingent	 on	 genetic	 and	 epigenetic	 activation	 of	 oncogenes,	 silencing	 of	 tumor	 suppressor	 genes,	 and	 other
hallmarks	of	the	cancer	cells.	However,	like	a	seed	needs	a	fertile	soil,	transformed	cells	cannot	develop	into	an
invasive	tumor	without	a	favorable	microenvironment.	The	composition	of	the	microbiota	and	particularly	of	the
very	abundant	gut	microbiota	modulates	the	tumor	microenvironment	and	affects	tumor	growth	both	at	the	level
of	 the	 epithelial	 barriers	 and	 systemically.	 Thus,	 cancer	 should	 be	 considered	 as	 a	 systemic	 disease	 of	 the
metaorganism	that	modifies	and	is	modified	by	the	composition	of	the	microbiota	and	that	can	be	possibly	altered
or	treated	by	targeting	the	microbiota.

BACTERIA	AS	CAUSE	OF	CANCER
The	role	of	the	microbiota	and	dysbiosis	(i.e.,	an	alteration	of	microbiota	composition	associated	to	pathology)	in
the	 etiology	 of	 cancer	 has	 been	 inferred	 based	 on	 epidemiologic	 studies,	 mostly	 limited	 to	 cancers	 of	 the
gastrointestinal	 tract	 and	of	 the	 lung	 and	based	on	 the	 analysis	 of	 oral,	 fecal,	 and	 tissue	 samples.	Helicobacter
pylori	 is	 the	only	bacterial	 species	 recognized	as	 a	group	1	human	carcinogen	by	 the	 International	Agency	 for
Research	 on	 Cancer	 in	 stomach	 cancer.11	 Clinical,	 epidemiologic,	 and	 experimental	 studies	 revealed	 other
bacterial	species	that	were	observed	to	be	physically	present	within	the	neoplastic	lesions	or	that	in	epidemiologic
studies	 were	 positively	 correlated	 with	 cancer	 risk.	 However,	 epidemiologic	 data	 often	 do	 not	 demonstrate
causality	 and	may	be	difficult	 to	 interpret.	Bacterial	 species	observed	 to	be	 associated	with	 cancer	may	not	be
directly	involved	in	carcinogenesis	but	rather	may	be	indicator	species	of	other	coregulated	bacterial	families	or
keystone	 species	 regulating	 the	 composition	of	 the	microbiota.	Also,	dysbiosis	or	 changes	 in	 the	 abundance	of
microbial	 families	 observed	 in	 the	 patients	 may	 be	 a	 consequence	 rather	 than	 a	 cause	 of	 cancer.	 The
microorganisms	 that	were	 involved	 in	 cancer	 initiation	 causing	genetic	 and	 epigenetic	mutation	 in	 cancer	 cells
may	no	longer	be	present	when	the	patients	are	studied.	Except	for	H.	pylori,	none	of	the	bacteria	associated	with
human	cancer	has	been	formally	proven	to	be	a	human	carcinogen,	for	example,	by	preventing	disease	upon	their
elimination	from	the	host.12	However,	mechanistic	studies	in	mice	are	starting	to	provide	evidence	of	a	direct	role
in	colon	carcinogenesis	for	several	bacterial	species	including	Enterococcus	faecalis,	Streptococcus	gallolyticus,
enteropathogenic	 Escherichia	 coli,	 enterotoxigenic	 Bacteroides	 fragilis,	 Helicobacter	 hepaticus,	 Salmonella
enterica,	Fusobacterium	nucleatum,	and	others	(Fig.	4.2).12–14



Figure	4.1	Local	and	systemic	effects	of	the	gastrointestinal	microbiota.	The	abundant	microbiota
present	on	the	gastrointestinal	mucosa	and	its	products	and	metabolites	affect	local	mucosal

homeostasis,	functions,	and	immunity	(reviewed	in	Roy	and	Trinchieri41).	The	composition	of	the
gut	microbiota	also	systemically	affects	the	functions	of	most	physiologic	systems	as	well	as	the
pathology	and	the	response	to	therapy	in	distant	organs.	Some	of	the	demonstrated	or	proposed

mechanisms	by	which	the	gastrointestinal	microbiota	can	achieve	this	are	listed	in	the	box	at	the	top
of	the	figure.	The	microbiota	and	specific	microbial	species	also	affect	the	neoplastic	pathology
both	at	the	local	level	in	the	gastrointestinal	tract	and	systemically	in	organs	that	are	not	normally

associated	with	the	commensal	microbiota.	Although	these	mechanisms	have	been	studied	primarily
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for	the	most	abundant	intestinal	microbiota,	microbes	colonizing	other	epithelial	barriers	(e.g.,	the
oral	cavity	and	the	skin)	are	also	expected	to	mediate	both	local	and	systemic	effects.	In	addition	to
its	association	with	cancer	development,	the	microbiota	also	plays	both	a	local	and	a	systemic	role
in	modulating	the	efficacy	and	toxicity	of	cancer	therapy.	CNS,	central	nervous	system;	MALT,

mucosa-associated	lymphoid	tissue.	(Figure	and	modified	figure	legend	are	reproduced	from	Roy	S,
Trinchieri	G.	Microbiota:	a	key	orchestrator	of	cancer	therapy.	Nat	Rev	Cancer	2017;17[5]:271–

285.)

Helicobacter	pylori	and	Stomach	Cancer
H.	pylori	is	epidemiologically	associated	with	noncardia	gastric	carcinoma	and	lymphoma.11	H.	pylori	infection	is
prevalent	worldwide,	and	 it	only	causes	well-tolerated	gastritis	 in	most	 individuals.	 In	a	 few	patients,	 it	 causes
serious	 pathologic	 lesions	 including	 atrophy,	 metaplasia,	 and	 cancer.11	 Two	 toxin-encoding	 genes	 cytotoxin-
associated	gene	A	(cagA)	and	vacuolating	gene	(vacA)	are	present	in	virulent	and	carcinogenic	strains	of	H.	pylori
(reviewed	 in	 Plottel	 and	 Blaser15).	H.	 pylori	 directly	 can	 affect	 genetic	 integrity	 of	 gastric	 epithelial	 cells	 by
inducing	 DNA	 damage.	 However,	 the	 development	 of	 gastric	 cancer	 requires	 a	 multidecade	 exposure	 to	 the
bacterium	 associated	with	 an	 inflammatory	 response	 inducing	 epithelium	 injury	 and	 atrophy,	 reduction	 in	 acid
secretory	functions,	and	metaplasia.15	Patients	with	atrophic	body	gastritis	may	no	longer	harbor	H.	pylori	in	their
stomach;	 thus,	 previous	 chronic	H.	 pylori	 infection	may	 have	 induced	 damage	 of	 the	 gastric	mucosa	 and	 low
acidity	resulting	in	dysbiosis	and	gastric	colonization	with	cancer-provoking	bacterial	species	of	oropharyngeal	or
intestinal	 origin.15	 The	 extensive	 use	 of	 antibiotics,	 improved	 hygiene,	 and	 eradication	 protocols	 have
dramatically	decreased	 the	 incidence	of	H.	pylori	 infection	 in	 developed	 countries.	However,	 eradication	of	H.
pylori	may	enhance	susceptibility	to	asthma	and	obesity	as	well	as	gastroesophageal	reflux	with	increased	risk	of
gastric	cardia	and	esophageal	carcinoma.15

Colorectal	Cancer
The	microbiota	 composition	 or	 the	 presence	 of	 given	 species	 at	 the	 epithelial	 barrier	 surfaces,	where	 host	 and
commensals	 are	 in	 proximity,	 modulate	 local	 inflammation	 and	 immunity	 as	 well	 as	 epithelial	 and	 stromal
homeostasis.4	This	mutualistic	interaction	is	particularly	evident	in	the	lower	gastrointestinal	 tract	harboring	the
largest	number	of	bacteria,	but	it	is	affecting	barriers.4	In	addition,	certain	metabolites,	toxins,	and	other	bacterial
products	are	genotoxic	or	affect	epithelial	cell	proliferation	and	repair.10
Fusobacterium	 species,	 anaerobic	 gram-negative	 bacteria	 that	 form	 dental	 biofilms	 and	 occasionally	 induce

oral	 pathology,	 can	 reach	 and	 colonize	 the	 inflamed	 colon	 and	 have	 been	 observed	 to	 be	 enriched	 in	 human
colonic	adenomas	and	adenocarcinomas.13,14	F.	nucleatum	has	been	proposed	to	be	procarcinogenic	by	recruiting
tumor-promoting	myeloid	cells,	promoting	chemoresistance	by	modulating	autophagy,	 inhibiting	human	natural
killer	 and	 T-cell	 activity	 via	 binding	 of	 its	 Fap2	 protein	 to	 the	 TIGIT	 inhibitory	 receptor	 and	 activating	 β-
catenin/Wnt	 signaling	 in	 epithelial	 cells	 by	 association	 of	 its	 FadA	 adhesin	 to	 E-cadherin.13,14,16,17	 FadA	 gene
transcripts	are	expressed	at	significantly	higher	levels	 in	the	colon	of	patients	with	colorectal	carcinoma	than	in
healthy	 individuals,	 indicating	 the	 possibility	 to	 use	 FadA	 as	 a	 diagnostic	 marker	 and	 therapeutic	 target.14
Fusobacteria	are	one	the	bacterial	species	found	to	be	associated	to	the	biofilms	often	present	in	carcinomas	of	the
ascending	colon.18	These	biofilms	produce	the	polyamine	metabolite	N1,N12-diacetylspermine	that	may	enhance
epithelial	 proliferation,	 diminish	 E-cadherin	 expression,	 and	 activate	 STAT3	 and	 interleukin	 (IL)-6.18,19	 In
addition	to	the	primary	tumors,	Fusobacteria	and	their	associated	microbiome	are	also	present	in	distal	metastases
and	can	be	maintained	through	different	passages	as	xenographs	in	immune-deficient	mice.20	Antibiotic	treatment
of	mice	bearing	these	xenographs	reduces	bacterial	load,	cell	proliferation,	and	tumor	growth.20



Figure	4.2	The	role	of	prokaryotic	microbes	in	cancer	development	and	progression.	Intestinal
bacteria	and	their	products	affect	cancer	initiation	and	progression	by	many	mechanisms	including
genotoxic	effects,	activation	of	signaling	pathways	in	the	tumor	cells,	and	modulation	of	host

inflammation	and	immunity	(reviewed	in	Dzutsev	et	al.10).	Genotoxic	effects	(far	left):	Microbial
metabolites	with	direct	and	indirect	genotoxic	activity	include	products	of	protein	(e.g.,	H2S,	p-
cresol)	and	bile	(e.g.,	deoxycholic	acid)	degradation	as	well	as	breakdown	of	sulfation	and

glucuronidation	conjugates	in	liver-detoxified	xenobiotics.	Many	bacterial	species	can	also	produce
toxins	that	are	injected	into	the	host	cells	via	the	type	three	secretion	system.	These	induce	cell
toxicity	via	apoptosis	and	repression	of	proton	pump	expression.	Among	the	toxins	that	induce
DNA	damage	are	colibactin,	produced	by	some	strains	of	Escherichia	coli,	and	cytolethal

distending	toxins	(CDTs),	produced	by	E.	coli,	Campylobacter	jejuni,	Helicobacter	hepaticus,	and
Salmonella	enterica.	In	addition	to	direct	DNA	damage,	some	bacteria,	including	Helicobacter



Dr. AVR @ TMH

pylori	and	E.	coli,	facilitate	genomic	instability	by	downregulating	genome	stability-	and	repair-
related	genes	(e.g.,	TP53,	MSH2,	MLH1,	and	ZRANB3).	Bacterial	species	that	translocate	through

the	epithelial	barrier	induce	recruitment	of	myeloid	cells	including	reactive	oxygen	species-
producing	neutrophils	that	contribute	to	DNA	damage	in	the	host	cell.	Activation	of	signaling
pathways	controlling	cell	proliferation	(center	left):	FadA	protein	from	Fusobacterium

nucleatum,	CagA	toxin	from	H.	pylori,	Bacteroides	fragilis	toxin	(BFT),	and	Avirulence	protein	A
(AvrA)	from	S.	enterica	typhi	can	activate	the	β-catenin	pathway	by	promoting	detachment	of	β-
catenin	from	E-cadherin.	Some	of	the	same	bacterial	species	such	as	H.	pylori	and	S.	enterica	also
activate	the	PI3K/AKT	and	MAPK/ERK	pathways.	Modulation	of	host	innate	and	adaptive
immunity	(center	and	far	right):	Cytokines,	such	as	interleukin	(IL)-22	and	IL-6,	promote

development	of	colon	cancer	via	activation	of	STAT3.	The	intestinal	microbiota	and	transmucosally
translocated	bacterial	species,	following	mucosal	damage	or	tumor	growth,	regulate	the	production

of	many	cytokines	such	as	IL-6,	IL-12,	IL-18,	IL-23,	and	tumor	necrosis	factor	(TNF)	by
macrophages,	dendritic	cells	(DC),	epithelial	and	mesenchymal	cells,	and	IL-22	and	IL-17	by	T

cells	and	innate	lymphocytes.	The	IL-18/IL-22	axis	plays	a	particularly	important	role	in
maintaining	mucosal	homeostasis,	and	it	is	tightly	regulated.	Microbial	products	induce	epithelial
cell	production	of	pro-IL-18	that	is	cleaved	into	active	IL-18	by	inflammasomes.	Inflammasomes
(NLRP3	and/or	NLRP6)	are	activated	by	bacterial	derived	small	chain	fatty	acids	(SCFAs)	via
GPR43	and	GPR109a	receptors.	IL-18	then	blocks	macrophage	production	of	the	soluble	IL-22

antagonist	IL-22BP,	and	it	is	required	for	optimal	IL-22	production	by	T	cells	and	innate	lymphoid
cells,	thus	increasing	production	and	bioavailability	of	IL-22.	IL-22	also	induces	STAT3

phosphorylation	in	epithelial	cells	promoting	proliferation,	secretion	of	antibacterial	peptides,	and,
in	a	positive	feedback	loop,	enhances	production	of	IL-18.	Bacteria	also	activate

immunosuppressive	mechanisms:	F.	nucleatum	promotes	accumulation	of	immunosuppressive
myeloid	cells	in	colonic	tumors	and	produces	the	Fap2	protein	that	activates	the	inhibitory	receptor

TIGIT	on	NK	and	T-cells;	SCFAs	induce	regulatory	T	(Treg)	cells	that	inhibit	local	immune
response.	(Figure	and	modified	legend	are	reproduced	from	Dzutsev	A,	Badger	JH,	Perez-Chanona

E,	et	al.	Microbes	and	cancer.	Annu	Rev	Immunol	2017;35:199–228.)

E.	coli	has	also	been	reported	to	be	overrepresented	in	the	gut	microbiota	of	colitis	and	colon	cancer	patients.21
A	direct	 role	 in	mouse	carcinogenesis	was	demonstrated	 for	 strains	of	E.	coli	 expressing	 the	pks	 pathogenicity
island	encoding	the	colibactin	toxin.21	Colibactin	disrupts	SUMOylation	of	p53	and	promotes	cellular	senescence
that	 is	 characterized	 by	 the	 production	 of	 proinflammatory	 and	 growth	 factors	 with	 tumor-promoting	 ability.
Another	 bacterial	 strain	 associated	 with	 colorectal	 cancer	 is	 the	 enterotoxigenic	 B.	 fragilis,	 a	 subclass	 of	 the
human	 commensal	B.	 fragilis.	Although	 enterotoxigenic	B.	 fragilis	 is	 normally	 present	 in	 the	 intestine	 at	 low
abundance,	it	can	become	a	pathobiont	that	causes	diarrhea,	and	it	has	been	associated	with	inflammatory	bowel
disease	 and	 colorectal	 cancer.12	 Enterotoxigenic	 B.	 fragilis	 and	 its	 toxin	 stimulate	 intestinal	 epithelial	 cell
proliferation	via	E-cadherin	degradation	and	β-catenin	activation,	induce	mucosa	permeabilization,	induce	STAT3
activation	 in	 both	 epithelial	 cells	 and	 inflammatory	 cells,	 and,	 in	 experimental	 animals,	 induce	 colon
carcinogenesis	characterized	by	expansion	of	both	T	regulatory	cells	and	Th17	cells.12

Data	 supporting	 a	 role	 of	 the	 local	 microbiota	 on	 cancer	 development	 on	 barrier	 surfaces	 outside	 the
gastrointestinal	tract	are	limited	and	mostly	correlative.	The	possible	contribution	of	the	microbiota	to	cancers	of
the	skin,	the	oropharyngeal	cavity,	the	lung,	and	the	urogenital	tract	need	to	be	better	investigated.	Also,	the	role
of	microorganisms	other	than	bacteria	and	viruses	on	carcinogenesis	remains	to	be	better	defined.	Fungal	infection
with	production	of	 the	carcinogenic	acetaldehyde	 in	patients	with	autoimmune	polyendocrinopathy-candidiasis-
ectodermal	 dystrophy	 due	 to	 mutations	 in	 the	 AIRE	 gene	 has	 been	 proposed	 to	 play	 a	 role	 in	 the	 oral	 and
esophageal	 cancer	 observed	 in	 these	 patients.22	 Additionally,	 other	 members	 of	 our	 microbiota	 could	 also
contribute	to	cancer	including	protists	and	helminths	which	have	been	shown	to	orchestrate	gut	immunity.23

Tumors	in	Tissues	Not	Directly	Colonized	by	the	Microbiota
In	addition	to	the	local	effects	on	the	development	of	cancer	at	epithelial	membrane,	the	microbiota	can	also	affect
the	development	of	tumors	in	sterile	tissues	that	are	not	in	direct	contact	with	the	bacteria.	The	gut	microbiota,	by
modulating	 energy	 balance	 and	 metabolism,	 can	 modulate	 cancer-predisposing	 conditions	 such	 as	 metabolic
disease	and	obesity.	Bacteria	expressing	β-glucuronidases	and	β-glucuronides	participate	in	estrogen	metabolism,



thus	affecting	endometrial	and	breast	cancer	 through	a	noninflammatory	pathway.15	Microbial	β-glucuronidases
also	 metabolize	 xenobiotics	 and	 transform	 heterocyclic	 aromatic	 amines	 from	 burned	 meat	 or	 environmental
pollutants	into	genotoxic	and	procarcinogenic	metabolites.24

Although	the	effect	of	the	microbiota	on	distal	tumors	has	not	been	yet	fully	documented	in	humans,	systemic
regulation	of	carcinogenesis	can	be	inferred	by	many	mouse	models.	For	example,	not	only	does	colonic	infection
by	H.	hepaticus	in	APCmin/+	mice	and	in	AOM-treated	Rag2-/-	mice	enhance	ileal	and	colonic	carcinogensis,25	but
it	also	promotes	mammary	and	prostate	carcinoma	in	APCmin/+/Rag2-/-	mice	and	enhances	chemical	and	viral	liver
carcinogenesis.26,27	 Another	 example	 is	 provided	 by	 the	 frequent	 observation	 that	 different	 genetic	 models	 of
carcinogenesis	 (e.g.,	 the	 lymphoma	 in	ataxia	 telangiectasia	mutated	 [Atm]	knockout	mice28)	 provide	 discordant
results	in	different	animal	facilities	due	to	variation	in	the	predominant	microbiota	composition.

The	Microbiota	Modulates	Cancer-Predisposing	Conditions	and	Comorbidity
Dietary	factors	participate	in	the	etiology	of	one-third	of	all	cancers	and	of	most	gastrointestinal	cancers,	although
epidemiologic	 evidence	 associating	 high-fat	 diet	 with	 cancer	 is	 still	 limited.29	 However,	 body	 mass	 index,
metabolic	 disease,	 and	 obesity	 that	 are	 associated	 with	 gut	 microbiota	 dysbiosis	 and	 inflammation	 have	 been
demonstrated	to	be	a	risk	factor	for	common	cancers	including	colon,	liver,	gallbladder,	postmenopausal	breast,
uterus,	and	kidney	cancer.30	A	high-fiber	diet	favors	the	microbial-catalyzed	production	of	small	chain	fatty	acids
that	have	 anti-inflammatory	 and	histone	deacetylase	 inhibitory	 activity	 and	may	protect	 against	gastrointestinal
cancers	and	 lymphoma	 through	epigenetic	 effects.29	The	 effect	 of	 a	 high-fiber	 diet	 is	 not	 transient	 because	 the
offspring	of	dams	exposed	to	a	high-fiber	diet	during	pregnancy	are	susceptible	for	two	generations	to	obesity	and
to	lung	and	liver	cancer	due	to	epigenetic	modifications	of	the	adiponectin	and	leptin	genes.31

Antibiotics	hamper	bacterial	diversity,	alter	the	microbial	balance	that	limits	the	overgrowth	of	pathogens	and
pathobionts,	and	induce	gut	dysbiosis	that	may	increase	the	incidence	of	metabolic,	inflammatory,	and	neoplastic
diseases.32	 Frequent	 administration	 of	 antibiotics	 in	 young	 children	 has	 been	 shown	 to	 result	 in	 an	 increased
incidence	of	obesity	 and	 inflammatory	bowel	disease,32	 thus	 also	 likely	 increasing	 the	 risk	of	 cancer,	 although
clinical	evidence	is	not	yet	definitive.

Although	metabolic	disease	is	a	predisposing	condition	for	cancer	development,	anorexia-cachexia	syndrome	is
a	 serious	 comorbidity	 in	 advanced	 cancer	 patients.	 Cancer-associated	 cachexia,	 characterized	 by	 systemic
inflammation	 and	 adipose	 tissue	 and	muscle	wasting,	 dramatically	 lowers	 patients’	 quality	 of	 life,	 restricts	 the
efficacy	and	tolerability	of	cancer	therapy,	and	is	the	predominant	cause	of	mortality	in	cancer	patients.	A	direct
role	of	the	microbiota	in	cachexia	remains	to	be	fully	characterized,	and	observed	changes	in	the	gut	microbiota	in
cancer	patients	may	be	either	a	cause	or	a	consequence	of	cachexia.	However,	it	is	of	interest	that	the	presence	of
the	archaeon	Methanobrevibacter	smithii	has	been	correlated	with	wasting	anorexic	syndrome	in	cancer	patients,
whereas	higher	expression	of	the	Lactobacillus	genus	was	observed	in	obese	individuals.33	Indeed,	administration
to	 tumor-bearing	mice	of	 the	probiotic	Lactobacillus	reuteri	 that	 has	 anti-inflammatory	 and	mucosal	 protective
ability	protected	them	against	cachexia.34	The	presence	in	the	mouse	gut	microbiota	of	E.	coli	O21:H+	has	been
demonstrated	to	protect	against	cachexia	induced	by	intestinal	damage	or	infection.35	This	E.	coli	strain	colonizes
white	 adipose	 tissue	 where	 it	 activates	 the	 NLRC4	 inflammasome	 and	 prevents	 muscle	 wasting	 by	 inducing
insulin-like	growth	 factor	1.35	Although	 further	 investigation	 using	 experimental	models	 and	 clinical	 studies	 is
needed	to	characterize	the	role	of	the	gut	microbiota	in	cancer-associated	anorexia/cachexia,	therapeutic	targeting
of	the	microbiota	may	offer	a	possibility	to	reduce	incidence	and	severity	of	cancer-associated	cachexia.36

BACTERIA	AS	CANCER	DRUGS
At	the	end	of	the	19th	century,	William	Coley,	following	up	on	his	and	others’	observation	that	acute	infections
may	be	followed	by	tumor	regression,	reported	the	successful	treatment	of	a	number	of	patients	with	soft	tissue
sarcoma	patients	 using	 “Coley’s	 toxins,”	 a	 combination	of	Streptococcus	pyogenes	 and	 gram-negative	Bacillus
prodigiosus	(Serratia	marcescens).37	This	was	followed	by	the	experimental	or	clinical	use	for	cancer	treatment	of
other	 bacteria	 (i.e.,	Corynebacterium	 parvum	 and	 the	 streptococcal	 preparation	 OK-432);	 local	 treatment	 with
bacille	Calmette	Guérin,	an	attenuated	Mycobacterium	bovis	strain,	 is	still	a	widely	used	therapy	for	superficial
bladder	 carcinoma.38	 Bacteria	 of	 the	 Salmonella,	 Escherichia,	 and	 Clostridium	 genera	 that	 when	 delivered
systemically	 preferentially	 accumulate	 in	 tumors	 have	 been	 utilized	 as	 experimental	 anticancer	 drugs.39	 Large
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tumors	contain	hypoxic	and	necrotic	areas	with	limited	tumor	cell	proliferation	that	are	poorly	accessible	to	drugs
and	relatively	resistant	to	chemotherapy	or	radiation-induced	DNA	damage.39	Obligate	anaerobic	bacteria	such	as
Clostridium	 spp.	can	be	delivered	as	 spores	 that	germinate	and	proliferate,	mediating	an	antitumor	effect	when
they	reach	the	hypoxic	tumor	tissues.40	Small	tumors	or	metastases	are	usually	well	oxygenated	and	susceptible	to
antitumor	 effect	 of	 facultative	 anaerobes	 (i.e.,	 Salmonella	 and	Escherichia	 genera).40	 In	 order	 to	 represent	 an
effective	anticancer	therapeutic,	bacterial	strains	should	be	selectively	toxic	for	tumor	cells	particularly	in	regions
not	well	accessed	by	 traditional	 therapy,	controllable	by	 the	 immune	response	with	a	sufficient	 latency,	able	 to
proliferate	 in	 the	 tumor	 tissues,	 and	 genetically	 modifiable	 to	 improve	 their	 tropism	 for	 tumor	 tissues.39	 In
addition	to	their	direct	antitumor	effect,	bacterial	drugs	can	be	used	as	vector	to	deliver	toxins,	cytokines,	antigens,
antibodies,	and	antitumor	genes	to	the	tumor.39

MICROBIOTA	AND	DRUG	METABOLISM
The	metabolism	and	pharmacokinetics	of	certain	anticancer	drugs	following	enteral	(e.g.,	oral)	or	parenteral	(e.g.,
intravenous)	 administration	 is	 affected	by	 the	microbiota	 (Fig.	4.3).41	Absorption	 and	 bioavailability	 of	 certain
oral	drugs	 is	 regulated	by	 intestinal	host	and	bacterial	 enzymes.42	Conversely,	 drugs	 and	other	xenobiotics	 can
alter	the	composition	and	gene	expression	of	the	gut	microbiota	indirectly	modifying	drug	metabolism.43	Various
chemical	reactions	and	prevalently	reduction	and	hydrolysis	are	involved	in	the	drug	biotransformation	catalyzed
by	gut	microbial	enzymes.44	Physical	binding	and	segregation	by	bacteria	also	 limit	 the	 intestinal	absorption	of
certain	 drugs.45	 More	 than	 40	 drugs	 are	 known	 to	 be	 metabolized	 by	 the	 gut	 microbiota.	 However,	 among
anticancer	 drugs,	 only	 the	 nitroreduction	 of	 the	 radiation	 sensitizer	 misonidazole,	 the	 hydrolysis	 of	 the
antimetabolite	methotrexate,	and	 the	deconjugation	of	 the	 liver	detoxified	form	of	 the	 topoisomerase	I	 inhibitor
irinotecan	 (CPT-11)	 used	 for	 colorectal	 cancer	 treatment	 have	 been	 described	 to	 be	 metabolized	 by	 intestinal
bacteria.46

Figure	4.3	Major	pathways	of	drug	metabolism	and	role	of	microbiota	following	enteral	(e.g.,
oral)	or	parenteral	(e.g.,	intravenous)	administration	(reviewed	in	Roy	and	Trinchieri41).	A:	Enteral
drug	metabolism:	Orally	administered	drugs	(E1)	sit	in	the	stomach	for	30	to	45	minutes	before
reaching	the	intestine	and	being	absorbed	into	the	liver	by	the	portal	circulation	(E2).	In	the

intestine,	host	and	microbial	enzymes	induce	metabolic	alterations	to	the	drug	that	together	with
direct	binding	to	bacterial	products	and	segregation	control	intestinal	absorption.	In	the	liver,

following	phase	I	and	phase	II	processing	(first-pass	metabolism;	E3),	approximately	90%	of	the
oral	drug	is	metabolized	and	destroyed	or	eliminated	through	biliary	secretion	(E4).	The	drugs
secreted	into	the	intestine	via	the	biliary	duct	can	be	reabsorbed	via	the	portal	circulation	or
excreted	in	stools.	Consequently,	only	10%	of	the	oral	drug	enters	the	circulation	through	the



hepatic	veins	and	is	available	to	reach	the	target	tumors	and	other	tissues	(E5).	Phase	I	and	II
processing	are	also	affected	by	the	gut	microbiota	through	the	regulation	of	the	level	of	host
enzymes	involved	in	drug	processing.	B:	Parental	drug	metabolism:	Following	intravenous

administration	(P1),	close	to	100%	of	the	drug	enters	the	circulation	and	is	available	to	reach	the
target	tumors	(P2);	however,	the	drug	is	also	distributed	systemically,	inducing	adverse	toxic

reactions	(P3).	Any	remaining	drug	not	retained	in	tissues	can	be	rapidly	excreted	by	the	kidney.
Each	minute,	29%	of	the	circulating	drug	is	transported	via	the	splanchnic	circulation	(hepatic,

mesenteric,	and	splenic	arteries)	to	the	liver	(P4)	where	the	drug	is	processed	similarly	to	that	of	the
enteral	administered	drugs.	The	detoxified	drugs	that	are	secreted	from	the	liver	to	the	intestine
through	the	biliary	excretion	route	can	be	reactivated	by	bacterial	enzymes	inducing	intestinal

toxicity.	(Figure	and	modified	figure	legend	are	reproduced	from	Roy	S,	Trinchieri	G.	Microbiota:	a
key	orchestrator	of	cancer	therapy.	Nat	Rev	Cancer	2017;17[5]:271–285.)

The	 intestinal	 microbiota	 also	 indirectly	modulates	 drug	metabolism	 by	 regulating	 the	 expression	 of	 genes
encoding	molecules	involved	in	xenobiotic	metabolism	and	sensing	in	the	intestinal	mucosa	and	in	the	liver.47,48
The	 xenobiotic	 metabolism	 is	 brisker	 in	 germ-free	 than	 in	 conventional	 mice	 due	 to	 this	 modified	 gene
expression.47	Conventionalization	of	the	microbiota	in	germ-free	mice	fully	reestablishes	normal	gene	expression,
whereas	 their	 colonization	 with	 the	 VSL#3	 probiotics	 only	 normalizes	 a	 proportion	 of	 the	 genes.49	 Thus,	 the
heterogeneity	of	intestinal	gut	microbiota	may	be	in	part	responsible	for	the	variable	response	of	patients	to	drug
therapies	and	susceptibility	to	their	toxic	effects.50

A	significant	fraction	of	injected	drugs	also	reaches	the	liver	and	is	metabolized	before	being	excreted	via	the
bile	duct	into	the	gut	where	they	are	further	metabolized	and	reabsorbed.	The	intravenous	chemotherapeutic	drug
CPT-1151	is	transformed	by	liver	and	small	intestine	tissue	carboxylesterases	into	its	active	form,	SN-38,	that	is
then	detoxified	in	the	liver	by	host	uridine	5′-disphospho	(UDP)-glucuronosyltransferases	into	inactive	SN-38-G
before	being	secreted	into	the	gut.51	The	inactive	SN-38-G	is	reconverted	by	intestinal	bacterial	β-glucuronidases
into	 active	 SN-38	 able	 to	 provoke	 intestinal	 toxicity	 and	 diarrhea.51	 In	 clinical	 trials,	 probiotics	 have	 been
described	to	modestly	protect	against	CPT-11–induced	diarrhea.52	In	mice,	it	has	been	shown	that	the	reduction	of
the	 number	 of	 β-glucuronidase-positive	 bacterial	 species	 by	 antibiotics	 or	 the	 use	 of	 bacterial	 β-glucuronidase
inhibitors	reverse	the	CPT-11	intestinal	toxicity,	generating	interest	in	developing	selective	inhibitors	to	prevent
the	severe	and	dose-limiting	CPT-11	toxicity	in	patients.53

Tumor-associated	 gammaproteobacteria	 have	 been	 described	 in	mice	 to	 inactivate	 the	 drug	 gemcitabine	 via
bacterial	cytidine	deaminase.54	Treatment	with	the	antibiotics	ciprofloxacin	of	mice	bearing	a	transplantable	colon
carcinoma	 tumor	experimentally	colonized	with	E.	coli	 re-established	 sensitivity	 to	 gemcitabine	 therapy.54	 The
authors	 reported	 the	 presence	 of	 proteobacteria	 in	 a	 large	 proportion	 of	 human	 pancreatic	 ductal
adenocarcinoma,54	 a	 tumor	 type	 frequently	 treated	with	 gemcitabine.	 However,	 because	 of	 the	 low	 density	 of
bacteria	observed	and	of	 the	 technical	difficulty	 to	correctly	 identify	bacteria	 in	very	 low	biomass	samples,	 the
possibility	to	translate	these	provoking	mouse	results	to	the	clinical	setting	remains	to	be	investigated.

MICROBIOTA	AND	CHEMOTHERAPY
Chemotherapy	drug	pharmacokinetics,	antitumor	efficacy,	and	toxicity	can	be	modulated	by	the	microbiota55	(Fig.
4.4).	Bacteria	can	directly	interact	with	certain	chemotherapeutic	compounds	modifying	their	chemical	structure
and	altering	their	activity.	The	activity	of	10	out	of	30	drugs	tested	was	inhibited	in	vitro	by	incubation	with	either
nonpathogenic	gram-negative	E.	coli	or	gram-positive	Listeria	welshimeri,	whereas	the	activity	of	six	others	was
improved.56	 Intratumor	inoculation	of	E.	coli	 in	 tumor-bearing	mice	confirmed	its	ability	 to	 inhibit	gemcitabine
and	 to	 enhance	CB1954	 antitumor	 activity	 in	 vivo.54,56	 Similarly,	 the	 antitumor	 tumor	 activity	 of	 doxorubicin,
which	 is	maintained	 in	microbiota-depleted	mice,	 was	 shown	 in	 one	 study	 to	 be	 abrogated	 in	 broad-spectrum
antibiotic-treated	mice	in	which	Parabacteroides	distasonis	overgrew.57	However,	detailed	mechanistic	studies	in
vivo	 of	 the	 ability	 of	 the	 microbiota	 modulate	 chemotherapy	 efficacy	 have	 only	 been	 reported	 for	 platinum
compounds	and	cyclophosphamide	(CTX).57,58

Platinum	 compounds	 induce	 double-stranded	DNA	 breaks	 following	 the	 formation	 of	 intrastrand	 platinum-
DNA	 adducts,	 thus	 inhibiting	 DNA	 replication	 in	 tumor	 cells.59	 However,	 besides	 their	 antitumor	 effects,
platinum	 drugs	 induce	 severe	 systemic	 toxicity	 including	 intestinal	 toxicity,	 nephrotoxicity,	 and	 peripheral
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neuropathy.60–62	 The	 antitumor	 effect	 of	 oxaliplatin	 or	 cisplatin	 is	 mostly	 abrogated	 in	 germ-free	 mice	 or
antibiotic-treated	mice.58	 The	 gut	 microbiota	 primes	 tumor-infiltrating	 myeloid	 cells	 to	 produce,	 via	 NADPH
oxidase	2	(NOX2),	reactive	oxygen	species	(ROS)	that	are	required	for	oxaliplatin-induced	DNA	damage.58	Mice
deficient	for	the	Cybb	gene	encoding	the	gp91phox	chain	of	NOX2	or	mice	treated	either	with	the	ROS	scavenger
N-acetyl	cysteine	or	with	antibodies	depleting	myeloid	cells	are	poorly	responsive	to	oxaliplatin.58	In	microbiota-
depleted	mice,	the	drug	enters	the	tumor	and	forms	platinum-DNA	adducts	but	in	the	absence	of	ROS	production
little	DNA	damage	is	observed.58	Administration	of	Lactobacillus	acidophilus	to	antibiotic-treated	mice	restores
cisplatin	antitumor	activity.63	However,	administration	of	probiotics	containing	L.	acidophilus	 to	cancer	patients
treated	with	radiotherapy	and	cisplatin	improves	therapy-induced	intestinal	damage,	indicating	that	this	probiotic
may	 locally	 exert	 an	 anti-inflammatory	 effect	 while	 possibly	 enhancing	 the	 drug	 effectiveness	 acting
systemically.63,64	The	involvement	of	similar	molecular	mechanisms	in	the	antitumor	and	toxic	effect	of	cisplatin
is	 suggested	 by	 the	 fact	 that	 an	 inhibitor	 of	 NADPH	 oxidases,	 acetovanillone,	 protects	 mice	 from	 cisplatin
nephrotoxicity	 blocking	 both	 the	 early	 ROS	 production	 by	 kidney	 tubular	 cells	 and	 the	 late	 production	 by
infiltrating	myeloid	cells.65

The	alkylating	antitumor	agent	CTX	rapidly	damages	intestinal	mucosa	and	increases	its	permeability	in	mice
thus	allowing	transmucosal	 translocation	into	the	mesenteric	 lymph	nodes	of	gram-positive	gut	bacteria	such	as
Lactobacillus	johnsonii,	Lactobacillus	murinus,	 and	Enterococcus	hirae.57	The	mechanism	by	which	CTX	kills
tumor	 cells	 induces	 immunogenic	 cell	 death	 that,	 together	with	 the	 translocated	 bacteria,	 induces	 an	 antitumor
immune	response	characterized	by	the	activation	of	pathogenic	T-helper	17	(pTh17,	coexpressing	interferon-γ	and
IL-17)	cells	and	memory	Th1	cells.57	In	germ-free	mice	and	in	antibiotic-treated	mice,	the	pTh17	response	and	the
antitumor	effect	of	CTX	treatment	are	reduced.57	Adoptive	transfer	of	pTh17	cells	restores	the	antitumor	effect	of
CTX	in	microbiota-depleted	mice.57

MICROBIOTA	AND	IMMUNOTHERAPY
Immunotherapy	has	been	one	of	 the	most	significant	breakthroughs	 in	 the	fight	against	cancer	and	unlike	other
conventional	therapies	induces	enduring	remissions	in	a	proportion	of	patients	with	metastatic	melanoma	and	lung
cancer.	However,	many	patients	fail	to	respond	and	other	tumor	types	have	been	proven	more	resistant	to	this	type
of	 therapy.	 Thus,	 the	 challenge	 is	 to	 develop	 therapeutic	 approaches	 that	 could	 expand	 the	 proportion	 of
responding	patients.	The	emerging	evidence	in	experimental	animals	and	in	clinical	studies	that	the	composition
of	 the	 gut	 microbiota	 modulates	 the	 response	 to	 immunotherapy58,66,67	 suggests	 new	 possibilities	 to	 improve
immunotherapy	success	by	targeting	the	microbiota.

The	 efficacy	 of	 anticancer	 adoptive	 T-cell	 therapy	 in	 mice	 preconditioned	 with	 total	 body	 irradiation	 was
shown	to	require	the	presence	of	the	gut	microbiota,	and	the	beneficial	effect	of	total	body	irradiation	on	tumor
regression	 was	 reduced	 in	 mice	 treated	 with	 antibiotics	 or	 in	 which	 the	 activity	 of	 the	 TLR4-agonist
lipopolysaccharide	 (LPS)	 was	 prevented.68	 Total	 body	 irradiation	 was	 shown	 to	 induce	 mucosa	 damage	 that
allows	the	translocation	in	the	mesenteric	lymph	nodes	of	bacteria	and	activated	dendritic	cells	enabling	optimal
expansion	and	antitumor	effect	of	the	transferred	CD8+	T	cells.68	The	TLR4	agonist	LPS	enhanced	the	antitumor
effect	of	T	cells	even	when	adoptively	transferred	to	nonirradiated	animals.68

The	 TLR9	 agonist	 CpG	 oligonucleotide	 (CpG-ODN)	 induces	 a	 strong	 antitumor	 effect	 when	 injected
intratumorally	 in	 tumor-bearing	mice	 in	which	 the	 anti-inflammatory	effect	of	 IL-10	produced	by	T	 regulatory
cells	and	myeloid	cells	is	prevented	by	systemic	treatment	with	anti–IL-10R	antibodies.69	CpG-ODN/anti–IL-10R
treatment	induces	a	strong	local	inflammatory	response	with	production	of	proinflammatory	cytokines	including
tumor	 necrosis	 factor	 (TNF)	 and	 IL-12	 that	 results	 within	 hours	 in	 TNF-dependent	 hemorrhagic	 necrosis.69
Tumor-infiltrating	myeloid	cells	 (macrophages	and	dendritic	 cells)	 are	 repolarized	 from	an	 immunosuppressive
status	 to	 a	 proinflammatory	 one,	 and	 antigen-presenting	 dendritic	 cells	 migrate	 to	 the	 tumor-draining	 lymph
nodes,	enabling	the	generation	of	a	T-cell–mediated	antitumor	immune	response	that	permanently	eliminates	the
tumors	in	most	mice.69	The	ability	of	the	tumor-associated	myeloid	cells	to	produce	proinflammatory	cytokines	in
response	to	CpG-ODN	is	greatly	diminished	in	germ-free	or	antibiotic-treated	mice,	preventing	the	induction	of
the	TNF-dependent	necrosis	and	of	the	antitumor	immune	response.58	The	number	of	tumor-infiltrating	myeloid
cells,	mostly	 derived	 from	 recruited	 Ly6C+	 circulating	 inflammatory	monocytes,	 is	 modestly	 decreased	 in	 the
tumors	 of	 microbiota-depleted	 mice	 with	 a	 significant	 reduction	 of	 neutrophils	 and	 a	 reduction	 in	 the
differentiation	of	monocytes	into	macrophages	or	dendritic	cells.58	Also,	the	gene	expression	profile	was	altered



but	not	dramatically	different	in	the	myeloid	cells	of	conventional	and	microbiota-depleted	mice,	contrasting	with
the	major	 gene	 expression	 differences	 particularly	 in	 proinflammatory	 genes	 after	CpG-ODN	 treatment.58	 LPS
administration	 by	 gavage	 to	 antibiotic-treated	 mice	 restores	 the	 response	 to	 CpG-ODN	 of	 tumor	 associated
myeloid	cells,	whereas	Tlr4-deficient	tumor-bearing	mice	are	partially	unresponsive	to	CpG-ODN.58	These	results
suggests	that	the	gut	microbiota	enables	CpG-ODN	therapy	by	activating	TLR4	on	tumor-associated	myeloid	cells
and	priming	them	for	responsiveness	to	TLR9.	Mononuclear	phagocytes	in	nonmucosal	lymphoid	organs	of	germ-
free	mice	have	similarly	been	shown	to	have	an	epigenetically	closed	chromatin	conformation	of	genes	encoding
proinflammatory	 factors	 and	 to	 be	 unresponsive	 to	microbial	 stimulation.70	The	 postnatal	 colonization	 of	mice
with	the	commensal	microbiota	thus	appears	to	change	the	chromatin	conformation	of	the	myeloid	cells,	poising
them	 for	 responses	 to	 inflammatory	 stimuli,	 a	 mechanism	 reminding	 that	 underlying	 the	 phenomenon	 of	 the
trained	 resistance	 recently	 described	 for	 various	 innate	 effector	 cell	 types.70,71	 The	 responsiveness	 of	 tumor-
associated	myeloid	cells	to	CpG-ODN	was,	however,	inhibited	when	the	commensal	gut	microbiota	was	depleted
by	 a	 2-	 to	 3-week	 antibiotic	 treatment.58	 These	 findings	 would	 indicate	 that	 the	 microbiota	 enabled	 open
chromatin	 conformation	 is	 not	 stable	 and	 depends	 on	 continued	 instructions	 by	 the	 microbiota	 or	 that
inflammatory	monocytes	 are	 continuously	 trained	 during	 their	 generation	 in	 the	 bone	marrow.	 Indeed,	we	 still
know	 relatively	 little	 how	 the	 gut	 microbiota	 can	 affect	 inflammation	 and	 immunity	 systemically.	 Bacteria,
bacterial	 products,	 and	 bacteria-induced	 inflammatory	 factors	 may	 activate	 inflammatory	 cells	 at	 the	 mucosal
barrier	 or	 they	 can	 translocate	 through	 the	mucosa,	mediating	 systemic	 effects.	 Although	 the	 identification	 of
bacteria	infiltration	in	tumors	distant	from	the	epithelial	barrier	is	challenging	due	to	the	technical	difficulties	and
possible	 artifacts	 and	 contamination	 due	 to	 the	 low	microbial	 biomass	 compared	 with	 host	 genomic	material,
evidence	of	tumor	bacterial	infiltration	affecting	therapy	and	tumor	progression	has	been	reported.20,54	Bacterial
products	such	as	LPS	and	other	TLR-agonists	or	products	of	bacteria	catalyzed	fermentation	such	as	small	chain
fatty	 acids	 can	 translocate	 through	 the	 mucosal	 membranes	 and	 mediate	 local	 or	 distant	 effects.	 In	 addition,
locally	produced	cytokines	at	 the	epithelial	barrier	level	can	diffuse	locally	or	systemically.	For	example,	IL-12
produced	 at	 inflamed	 sites	 can	 induce	 interferon-γ	 production	 in	 the	 inflamed	 tissue	 and	 centrally	 in	 the	 bone
marrow,	 inducing	 differentiation	 of	 myeloid	 cell	 with	 proinflammatory	 and	 immunosuppressive	 functions,
respectively.72,73
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Figure	4.4	Gut	microbiota	in	cancer	therapy.	Gut	commensal	microorganisms	regulate	complex
cellular	networks,	enhancing	(red)	or	attenuating	(blue)	the	efficacy	of	cancer	treatments	(reviewed
in	Dzutsev	et	al.10).	Some	of	the	bacterial	species	that	are	known	to	enhance	the	efficacy	of	cancer
therapies	are	listed	in	red,	whereas	those	that	attenuate	the	efficacy	are	listed	in	blue.	Some	of	the
mechanisms	by	which	the	microbiota	affects	the	various	anticancer	therapies	(bottom)	are	depicted

here:
	An	intact,	healthy	intestinal	epithelial	cell	layer	and	mucous	layer	are	an	efficient	barrier
for	 luminal	commensal	bacteria.	Together	with	well-regulated	 interactions	between	 the
intestinal	 innate	 and	 adaptive	 immune	 system,	 they	 maintain	 mucosal	 homeostasis.
Some	 but	 not	 all	 cancer	 therapies	 damage	mucosal	 integrity	 and	 allow	 transmucosal
translocation	of	commensal	bacteria.



	Intratumoral	treatment	with	the	immunostimulating	TLR9	agonist	CpG-oligonucleotides
combined	with	inhibition	of	interleukin	(IL)-10	signaling	(anti–IL-10R	antibodies)	induces
rapid	tumor	hemorrhagic	necrosis	mediated	by	tumor	necrosis	factor	(TNF)	production.
The	gut	microbiota	primes	(via	a	TLR4-dependent	mechanism)	tumor-infiltrating	myeloid
cells	to	produce	TNF.
	 Immunotherapy	 with	 anti–cytotoxic	 T-lymphocyte	 antigen	 4	 (anti-CTLA-4)	 induces
mucosal	damage	and	translocation	of	Burkholderiales	and	Bacteroidales,	which	promote
anticommensal	 immunity	acting	as	an	adjuvant	 for	antitumor	 immunity	and	 is	 required
for	positive	response	to	therapy.
	 The	 antitumor	 effect	 of	 anti–PD-1/PD-L1	 therapy,	 which	 does	 not	 damage	 the	 gut
epithelia,	 requires	 preexisting	 antitumor	 immunity	 that	 is	 particularly	 effective	 in	 mice
harboring	intestinal	Bifidobacterium	spp.
	Preconditioning	total	body	irradiation	enhances	the	efficacy	of	adoptive	T-cell	 therapy
by	inducing	mucosal	damage,	which	allows	translocation	of	gram-negative	commensals
able	to	activate	dendritic	cells	via	TLR4	signaling,	augmenting	proliferation	and	cytotoxic
functions	of	the	transferred	T	cells	in	the	tumor	microenvironment.
	Platinum-based	drugs,	including	cisplatin	and	oxaliplatin,	cause	DNA	damage	in	tumor
cells	 that	 is	 dependent	 on	 both	 the	 formation	 of	 platinum-DNA	 adducts	 and	 the
production	of	NADPH	oxidase–dependent	 reactive	oxygen	species	by	 tumor-infiltrating
myeloid	cells	that	have	been	primed	in	a	MyD88-dependent	way	by	components	of	the
commensal	microbiota.
	Cyclophosphamide	(CTX)	therapy	induces	immunologic	cell	death	of	tumor	cells,	which
elicits	the	generation	of	antitumor	pathogenic	(p)Th17	cells	and	cytotoxic	T	lymphocytes
(CTLs),	 leading	 to	 tumor	 destruction:	 Optimal	 generation	 of	 this	 antitumor	 immune
response	 requires	 the	 activation	 of	 tumor	 antigen–presenting	 dendritic	 cells	 by
components	of	the	intestinal	microbiota	that	translocate	following	CTX-induced	mucosal
damage.	 (Figure	 and	 modified	 legend	 are	 reproduced	 from	 Dzutsev	 A,	 Badger	 JH,
Perez-Chanona	E,	et	al.	Microbes	and	cancer.	Annu	Rev	Immunol	2017;35:199–228.)

The	 extent	 of	 TNF	 production	 by	 tumor-associated	 myeloid	 cells	 in	 response	 to	 CpG-ODN	 intratumoral
treatment	 correlated	with	 the	 frequencies	 in	 the	 fecal	microbiota	 of	 the	 gram-negative	Alistipes	 and	 the	 gram-
positive	Ruminococcus	 genera.	 Conversely,	 TNF	 production	 negatively	 correlated	 with	 the	 frequencies	 of	 the
Lactobacillus	 genus	 including	Lactobacillus	murinum,	Lactobacillus	 intestinalis,	 and	Lactobacillus	 fermentum,
probiotics	 with	 known	 anti-inflammatory	 properties.58	 The	 impaired	 TNF	 production	 in	 mice	 preexposed	 to
antibiotics	could	be	restored	by	administration	of	Alistipes	shahii	by	gavage,	whereas	L.	fermentum	administration
to	conventionally	raised	mice	decreased	TNF	production	by	tumor-associated	myeloid	cells.58	Thus,	depletion	of
gut	 commensal	microbiota	 by	 antibiotics	 reverses	 the	 priming	of	myeloid	 cells	 for	 response	 to	CpG-ODN	and
administration	of	individual	bacterial	strains	that	have	been	shown	to	be	positively	and	negatively	correlated	with
TNF	production	when	present	 in	 the	gut	microbiota	 can	enhance	or	 attenuate	 the	priming	 for	TNF	production,
respectively.

Immune	Checkpoint	Blockers:	Anti-CTLA-4
Cancer	 immunity	 is	 dormant	 or	 suppressed	 in	 patients	 with	 progressive	 tumors	 and	 does	 not	 prevent	 tumor
growth.	 In	 a	 proportion	 of	 patients	with	 certain	 types	 of	 tumors	 such	 as	melanoma	 and	 lung	 cancer,	 however,
anticancer	 immunity	 can	 be	 uncovered	 by	 releasing	 the	 immunologic	 brakes	 (immune	 checkpoints)	 that	 are
responsible	 for	 tumor	 immune	 escape.	 The	 immune	 checkpoint	 inhibitors	 presently	 in	 clinical	 use	 include
antibodies	 against	 cytotoxic	 T-lymphocyte	 antigen	 4	 (CTLA-4),	 expressed	 on	 activated	 T	 effector	 cells	 and	 T
regulatory	cells,	and	the	programmed	cell	death	protein	1	(PD-1)	or	its	ligand	PD-L1.	Anti-CTLA-4	prevents	the
suppressive	 interaction	of	CTLA-4	with	 its	CD80	and	CD86	 ligands,	 thus	enhancing	T-cell	 immune	 responses.
Anti-PD-1	 and	 anti-PD-L1	 circumvent	 the	 exhaustion	 of	 T	 cell	 and	 preserve	 T-cell	 effector	 functions	 by
interfering	 with	 the	 interaction	 of	 PD-1	 on	 activated	 T	 cells	 with	 PD-L1	 expressed	 on	 the	 tumor	 cells,	 other
stromal	 cells,	 and	 antigen-presenting	 cells.	 Successful	 antitumor	 activity	 of	 checkpoint	 blockers	 is	 often
accompanied	by	severe	toxicity,	mostly	colitis	and	hypophysitis	with	anti-CTLA-4	and	thyroid	dysfunctions	and
pneumonitis	 with	 anti-PD-1/PD-L1.	 The	 composition	 of	 the	 gut	 microbiota	 has	 been	 shown	 to	 modulate	 the
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efficacy	of	anti–CTLA-4	and	anti–PD-1/PD-L1	therapy	both	in	experimental	animal	and	clinical	studies.66,67,74–76
Similarly	 to	 the	 toxicity	observed	 in	 clinical	 trials,	 in	mice,	 anti-CTLA-4	causes	 a	T-cell–mediated	mucosal

damage	in	the	ileum	and	colon	and	modifies	the	composition	of	the	intestinal	microbiota.66	Lack	of	gut	microbiota
in	 antibiotic-treated	 or	 in	 germ-free	 mice	 prevents	 the	 antitumor	 efficacy	 of	 anti-CTLA-4.66	 A	 few	 bacterial
species,	mostly	Bacteroides,	were	 found	 to	 be	 associated	with	 anti-CTLA-4	 response	 in	mice.66	Among	 those,
administration	by	oral	feeding	of	Bacteroides	thetaiotaomicronor	B.	fragilis	to	microbiota-depleted	mice	enabled
anti-CTLA-4–induced	 antitumor	 response	 by	 activating	 intratumoral	 dendritic	 cells	 and	 by	 inducing	 a	 Th1
response	in	the	tumor	draining	lymph	nodes.66	Noteworthy,	oral	 feeding	with	both	B.	fragilis	 and	Burkholderia
cepacia	was	not	only	able	to	sustain	the	anticancer	response	but	also	counteracted	anti-CTLA-4–induced	intestinal
inflammation	and	colitis,	providing	a	proof	of	concept	that	it	is	possible	to	dissociate	the	effect	of	the	microbiome
on	 antitumor	 immunity	 and	 the	 prevention	 of	 collateral	 toxicity.66	 In	 mice,	 alteration	 of	 the	 gut	 microbiota
composition	using	selective	antibiotics	modulates	the	anti-CTLA-4	antitumor	response	(e.g.,	vancomycin	spares
Bacteroidales	and	Burkholderiales	and	thus	enhance	anti–CTLA-4	therapy).66

The	 fecal	 microbiota	 of	 the	 melanoma	 patients	 treated	 with	 anti-CTLA-4	 clustered	 into	 three	 enterotypes:
cluster	A	was	characterized	by	dominant	Prevotella	spp.	and	clusters	B	and	C	by	different	Bacteroides	spp.	After
anti–CTLA-4	treatment,	some	cluster	B	patients	shifted	to	a	cluster	C	enterotype.	Germ-free	mice	colonized	with
cluster	C	patients’	fecal	microbiota,	but	not	those	colonized	with	cluster	A	or	B,	expanded	B.	thetaiotaomicron	or
B.	 fragilis	 and	 responded	 to	 anti-CTLA-4.66	 These	 results	 suggest	 that,	 in	 some	 patients	 with	 an	 initially
unresponsive	 enterotype,	 anti-CTLA-4	 may	 shift	 the	 microbiota	 composition	 to	 a	 responsive	 enterotype.	 A
separate	 clinical	 study	 analyzing	 baseline	 gut	microbiota	 in	melanoma	 patients	 treated	with	 anti-CTLA-4	 also
identified	 a	patient	 enterotype	 that	was	 associated	with	both	 antitumor	 response	 and	colitis.77	However,	 in	 this
study,	 the	 responsive	 phenotype	 was	 characterized	 by	 abundancy	 of	 Faecalibacterium	 and	 other	 firmicutes,
whereas	 the	abundance	 in	Bacteroidales	 correlates	with	 low	antitumor	 response	and	no	colitis.	This	correlation
between	adverse	effects	and	microbiota	composition	was	confirmed	in	different	clinical	trials	in	which	it	has	been
observed	that	abundance	of	the	Bacteroidetes	phylum	was	a	good	prognostic	factor	for	lack	of	intestinal	toxicity,
whereas	 the	 patients	with	 underrepresentation	 of	 the	 genetic	 pathways	 involved	 in	 polyamine	 transport	 and	 B
vitamin	biosynthesis	had	higher	risk.78

Both	 in	 experimental	 animals	 and	 in	 patients,	 anti-CTLA-4	 triggers	 specific	 Th1	 responses	 for	 B.
thetaiotaomicron	 and/or	 B.	 fragilis.	 Adoptive	 transfer	 of	 B.	 fragilis–specific	 T	 cell	 reestablish	 anti–CTLA-4
responsiveness	in	microbiota-depleted	mice.66	It	has	been	shown	that	infection-induced	intestinal	mucosa	damage
also	 triggers	 persistent	 memory	 Th1	 cells	 specific	 for	 commensal	 bacteria	 that,	 upon	 local	 reinfection,	 act	 as
bystander	 helper	 cells	 priming	 the	 tissue	 for	 a	 rapid	 and	 polarized	 antipathogen	 Th1	 response.79	 Although	 a
similar	 mechanism	 could	 take	 place	 for	 the	 anti–CTLA-4	 treatment,	 in	 this	 case,	 the	 mucosal	 response	 to
commensals	and	 the	antitumor	 response	are	at	different	anatomic	sites,	 and	 the	migration	and	 tropism	of	 the	T
cells	involved	and	their	cooperation	remain	to	be	understood.

Immune	Checkpoint	Blockers:	Anti-PD-1/PD-L1
Unlike	anti-CTLA-4,	anti-PD-L1	does	not	 induce	 intestinal	damage	 in	mice	and	 its	anticancer	activity	may	not
rely	 absolutely	 on	 the	 presence	 of	 the	 gut	 commensals,	 although	 it	 can	 be	 potentiated	 by	 certain	 microbiota
composition.67,75,76	B16	melanoma	was	reported	to	grow	faster	in	C57BL/6	mice	from	the	vendor	Taconic	(TAC)
than	 in	 those	 from	Jackson	Laboratory	 (JAX)	due	 to	different	microbiota	 composition.67	Anti-PD-L1	was	very
effective	in	blocking	the	growth	of	the	slow-growing	tumors	in	JAX	mice	but	only	partially	effective	against	the
faster	growing	tumors	in	TAC	mice.67	Tumors	of	JAX	mice	were	characterized	by	a	higher	number	of	infiltrating
CD8+	T	cells	than	those	of	TAC	mice,	indicating	that	stronger	antitumor	immunity	at	baseline	was	responsible	for
the	 lower	 tumor	progression	and	stronger	response	 to	anti-PD-L1	in	JAX	mice.67	The	 role	of	 the	microbiota	 to
account	for	the	different	strength	of	cancer	immunity	in	mice	from	the	two	vendors	was	demonstrated	by	the	fact
that	TAC	mice	cohoused	with	JAX	mice	achieved	tumor	progression,	immunity,	and	anti–PD-L1	response	similar
to	JAX	mice.67

Anti–PD-L1	 response	 in	 JAX	mice	 correlated	 with	 the	 fecal	 abundancy	 of	 the	Bifidobacterium	 genus	 that
included	 Bifidobacterium	 breve,	 Bifidobacterium	 longum,	 and	 Bifidobacterium	 adolescentis.67	 The	 low
responsiveness	of	TAC	mice	was	rescued	by	administration	of	a	commercial	probiotic	cocktail	of	Bifidobacterium
species	(including	B.	breve	and	B.	longum).67	Thus,	unlike	anti-CTLA-4,	anti–PD-L1	antitumor	activity	does	not
depend	 on	 an	 inflammatory	 immune	 activation	 elicited	 by	 mucosal	 damage	 and	 by	 the	 presence	 of	 certain



members	of	the	commensal	microbiota.	Rather,	the	abundance	of	Bifidobacterium	spp.	in	the	fecal	microbiome	of
mice	 promotes	 the	 development	 of	 a	 robust	 antitumor	 immunity	 that,	when	 intensified	 by	 anti-PD-L1,	 is	 very
effective	in	blocking	tumor	progression.

Several	clinical	studies	in	melanoma	and	epithelial	cancers—lung	and	renal	carcinoma—have	now	addressed
the	role	of	the	microbiota	in	modulating	anti–PD-1	therapy.74–76,80	While	the	composition	of	the	oral	microbiota
did	not	show	significant	differences	in	responder	and	nonresponder	patients,	the	analysis	of	the	fecal	microbiota
showed	that	certain	enterotypes	and	microbial	species	were	associated	with	a	favorable	response.74	Overall,	these
studies	reported	that	responder	patients	have	a	higher	alpha	diversity	in	their	fecal	microbiota,	probably	reflecting
a	healthier	and	varied	bacterial	composition	that	was	associated	to	better	cancer	immunity.75,76	However,	different
bacterial	 genera	 and	 species	 were	 highlighted	 in	 the	 different	 studies	 as	 associated	 with	 positive	 or	 negative
response	 to	anti-PD-1.	 In	one	study,	 significantly	 increased	 representation	of	 the	bacterial	 species	Akkermansia
muciniphila	by	shotgun	metagenomic	sequencing	and	a	trend	for	a	higher	representation	of	E.	hirae	 by	 in	vitro
culturing	 was	 observed	 in	 responder	 lung	 and	 renal	 cancer	 patients.75	 In	 another	 study,	 enrichment	 of
Faecalibacterium	 spp.	 was	 observed	 in	 responder	 melanoma	 patients	 to	 be	 associated	 with	 a	 significantly
prolonged	 progression-free	 survival,	 whereas	 the	 relative	 abundance	 of	 Bacteroidales	 was	 associated	 with
increased	 risk	 of	 relapse.74	 Finally,	 in	 a	 third	 study	 the	 presence	 of	 B.	 longum,	 Collinsella	 aerofaciens,	 and
Enterococcus	 faecium	 correlated	 with	 better	 prognosis	 in	 anti-PD-1–treated	 melanoma	 patients.76	 In	 all	 these
studies,	transfer	of	patients’	fecal	microbiota	into	germ-free	or	antibiotic-treated	mice	showed	that	tumor	growth
control	and	response	 to	anti-PD-1/PD-L1	was	observed	in	mice	receiving	fecal	samples	from	responder	but	not
from	nonresponder	patients.74,75	The	unresponsiveness	to	anti-PD-1	of	mice	associated	with	fecal	microbiota	from
nonresponder	 lung	 cancer	 patients	was	 rescued	by	gavage	 administration	 of	A.	muciniphila	 alone	 or	 combined
with	E.	hirae.75	In	all	these	studies,	mice	and	patients	with	a	favorable	composition	of	gut	microbiota	at	treatment
baseline	had	higher	 cytotoxic	CD8+	 T-cell	 infiltration	 in	 the	 tumor	 bed	 and	 evidence	 of	 preexisting	 anticancer
immune	responses	that	could	be	amplified	by	anti-PD-1/PD-L1.74–76

Together,	these	clinical	studies	demonstrate	that	the	gut	microbiota	composition	regulates	the	responsiveness	to
anti–PD-1/PD-L1	cancer	therapy.74–76,80	Cancer	patients	with	a	healthier,	highly	diverse	microbiota	and	harboring
in	their	intestine	certain	bacterial	species	appear	to	be	able	to	mount	a	more	robust	antitumor	immune	response	at
baseline	 that	 can	 be	 enhanced	 by	 the	 anti–PD-1	 treatment	 with	 increased	 probability	 of	 a	 favorable	 clinical
response.	However,	antibiotics	treatment	within	a	couple	of	months	of	the	initiation	of	anti–PD-1	therapy	disrupts
the	microbiota	balance	and	hampers	the	response	to	therapy	reducing	in	half	the	progression-free	survival	of	the
patients.75	It	is	noteworthy	that	although	these	studies	pinpointed	the	importance	of	the	microbiota	in	response	to
therapy,	 they	 identified	 different	 bacterial	 players.	 These	 discordant	 results	 may	 be	 in	 part	 explained	 by	 the
heterogeneity	of	microbiota	composition	due	to	many	factors	including	genetics,	lifestyle,	and	previous	therapy;
the	small	patient	cohorts	studied	from	geographically	distant	populations;	the	different	cancer	types	studied;	and
variability	in	criteria	for	therapy	response.	Also,	most	likely	the	observed	regulation	by	the	microbiota	of	anti–PD-
1	 therapy	 is	 not	 mediated	 by	 a	 single	 bacterial	 species	 but	 rather	 is	 dependent	 on	 multiple	 changes	 in	 the
microbiota	ecology	and	metabolism	that	together	stimulate	cancer	immunity.	The	species	or	group	of	species	that
have	been	highlighted	in	these	studies	could	be	considered	just	biomarkers	of	the	ecologic	changes	and,	because
of	the	small-sized	and	heterogeneous	cohorts,	different	bacterial	species	may	have	reached	significance.

LOOKING	FORWARD
The	 role	 of	 the	microbiota	 in	 affecting	 carcinogenesis	 and	 tumor	 progression	 has	 been	 known	 for	many	 years
particularly	 due	 to	 the	 increasing	 understanding	 of	 the	 role	 of	 inflammation	 and	 immunity	 in	 regulating
carcinogenesis	and	of	 the	role	of	 the	commensal	microbiota	to	regulate	 inflammation	and	immunity	locally	and
systemically.	Much	more	recent	is	the	recognition	of	the	important	role	of	the	composition	of	the	microbiota	in
determining	efficacy	and	toxicity	of	cancer	therapy.	This	knowledge	has	raised	the	expectation	that	therapeutically
targeting	 the	 microbiota	 composition	 may	 provide	 new	 tools	 for	 cancer	 prevention	 and	 treatment	 and	 for
improving	therapy	efficacy.	Ideally,	for	cancer	prevention	and	treatment,	we	would	like	to	change	the	microbiota
composition	 from	 a	 procarcinogenic	 and	 immunosuppressive	 one	 to	 one	 that	would	 favor	 a	 tumor-suppressive
microenvironment	 and	 would	 sustain	 efficient	 antitumor	 immunity	 while	 preventing	 cancer-associated
comorbidities.	As	an	adjuvant	for	tumor	therapy,	we	would	like	to	establish	a	microbiota	that	would	maximally
enhance	the	therapy	efficacy	while	minimizing	collateral	toxicity.	However,	formidable	roadblocks	remain.	First,
much	 data	 available	 are	 from	 mouse	 experiments,	 and	 only	 recently,	 relatively	 large	 amount	 of	 clinical	 data
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started	 to	 be	 generated.	 Mouse	 physiology	 and	 immunity	 are	 different	 from	 those	 of	 humans,	 and	 the
environmental	 conditions	 of	 laboratory	 mice	 are	 very	 different	 from	 those	 of	 individuals	 living	 in	 open
communities	 and	exposed	 to	 environmental	 conditions	 and	pathogens.	Human	microbiota	 can	be	 transferred	 to
mice	 but	 never	 fully	 reproduce	 the	 composition	 of	 the	 donor	 microbiota,	 is	 relatively	 unstable,	 and	 the
inflammatory/immune	 response	 of	 the	 mice	 to	 the	 microbiota	 components	 is	 not	 identical	 to	 that	 of	 humans.
Although	with	 the	advent	of	modern	 techniques	of	DNA	sequencing	and	 in	particular	of	 shotgun	metagenomic
sequencing	 major	 progresses	 have	 been	 made	 in	 the	 analysis	 of	 the	 microbiota,	 the	 accuracy	 of	 taxonomic
identification	 still	 has	many	 limitations.	This	 is	 in	part	due	 to	 the	use	of	 incomplete	databases	of	 full	 bacterial
genomic	 sequences	 that	 are	 still	 largely	 based	 on	 the	 bacterial	 species	 that	were	 cultured	 and	 fully	 sequenced.
Also,	 deeper	 metagenomic	 sequencing	 is	 compatible	 with	 the	 adoption	 of	 new	 bioinformatic	 pipelines	 being
developed	 for	deeper	analysis	and	assembly	 that	allow	much	better	 species	and	strain	discrimination.	This	will
need	 to	 be	 associated	 with	 studies	 aimed	 to	 culture	 primary	 clinical	 bacterial	 isolates	 that	 will	 allow	 the
identification	of	new	species	and	strains	and	their	use	in	mechanistic	studies.

The	remaining	major	hurdles	in	precise	taxonomic	identification	may	be	one	of	the	reasons	of	the	surprising
discordant	results	reported	in	different	clinical	trials,	particularly	in	those	aimed	to	identify	the	bacterial	species
favoring	the	response	to	immune	checkpoint	blockers	in	cancer	patients.	The	identification	of	bacteria	infiltrating
tumor	 presents	 even	 more	 serious	 pitfalls	 due	 to	 the	 complications	 of	 the	 studies	 using	 tissues	 with	 minimal
bacterial	biomass	and	the	contamination	of	the	laboratory	environment	and	the	molecular	reagents	used.	Also,	the
ability	 of	 the	microbiota	 to	modulate	 cancer	 therapy	 is	most	 likely	 not	 due	 to	 the	 effect	 of	 individual	 species
present	in	the	patients	but	rather	to	complex	changes	in	the	ecology	and	metabolism	of	the	gut	microbiota	with
many	 bacterial	 species	 positively	 or	 negatively	 coregulated	 that	 together	 affect	 cancer	 immunity.	 Thus,	 the
individual	 species	 that	 have	 been	 highlighted	 in	 the	 various	 clinical	 studies	 may	 just	 be	 biologic	 markers	 of
complex	 ecologic	 changes,	 and	 different	 species	 may	 have	 reached	 statistical	 significance	 in	 different	 studies
because	of	the	small-sized	and	heterogeneous	cohorts	analyzed	and	of	the	taxonomic	difficulties.	Larger	clinical
studies	correcting	for	the	population	differences,	deeper	sequencing,	and	improved	databases	and	bioinformatics
analysis	may	more	precisely	reveal	the	composition	and	metabolic	characteristics	of	the	microbiota	sustaining	the
most	favorable	response	to	cancer	therapy.

Once	 the	 species	 and	 optimal	microbiota	 composition	 is	 accurately	 identified,	 the	 challenge	will	 be	 how	 to
target	 the	 microbiota	 to	 increase	 the	 number	 of	 patients	 that	 can	 benefit	 from	 the	 therapy.	 Even	 with	 all	 the
caveats	and	pitfalls	mentioned,	our	ability	to	analyze	the	microbiota	using	molecular	methods	has	progressed	at
lightning	speed.	However,	our	ability	to	modify	the	microbiome	and	to	reverse	dysbiosis	is	still	in	the	dark	ages
with	 little	 progress	 from	 the	 time	 at	 the	 beginning	 of	 the	 last	 century	 when	 Elie	 Metchnikoff,	 based	 on	 his
pioneering	research,	proposed	to	use	fermented	yogurt	to	prolong	life.	Rudimentary	and	poorly	defined	methods
such	as	fecal	transfer,	probiotics,	and	prebiotics	are	still	utilized,	and	the	use	of	different	formulations	of	defined
bacterial	 preparations	 (e.g.,	 well-defined	 spore	 preparations)	 is	 only	 slowly	 developing.	 Also,	 our	 limited
knowledge	of	the	intestinal	microbial	ecology	and	of	its	interaction	with	the	physiology	of	the	human	large	host	in
the	metaorganism	still	makes	difficult	 to	predict	how	to	permanently	establish	new	ecologic	equilibria	favoring
health	and	response	to	therapy.	However,	there	is	a	great	effort	in	academy	and	in	the	pharmaceutical	industry	to
progress	 in	 this	 effort,	 and	 the	 exciting	 possibility	 to	 target	 the	 microbiota	 to	 improve	 cancer	 treatment	 may
become	a	reality	sooner	than	later.
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5 Cancer	Susceptibility	Syndromes
Alice	Hawley	Berger	and	Pier	Paolo	Pandolfi

INTRODUCTION
Familial	clustering	of	cancer	susceptibility	(CS)	has	been	recognized	for	centuries,	but	it	was	the	development	of
molecular	biology	and	human	genetic	analysis	in	the	latter	part	of	the	20th	century	that	for	the	first	time	identified
the	genetic	basis	for	familial	CS.	What	followed	was	an	explosion	of	knowledge	that	was	further	fueled	by	 the
development	 and	 application	 of	 genome-wide	 approaches	 such	 as	 single	 nucleotide	 polymorphism	 arrays	 and
next-generation	sequencing.	Today,	our	understanding	of	inherited	CS	is	becoming	more	nuanced.	In	addition	to
the	highly	penetrant	CS	syndromes	that	are	the	focus	of	this	chapter,	CS	is	likely	a	spectrum	defined	by	both	the
monogenic	contribution	of	rare	but	strongly	predisposing	alleles	together	with	the	polygenic	contribution	of	other
alleles,	perhaps	including	relatively	common	genetic	variation	with	weaker	effects.

An	 individual’s	cancer	 risk	 is	 influenced	not	only	by	genetics	but	also	by	 the	contribution	of	environmental
factors	and	exposure	to	pathogens.	The	mechanism	of	cancer	induction	by	these	factors	is	intricately	intertwined
—the	primary	mechanism	of	cancer	development	after	exposure	 to	environmental	 toxins	 is	 the	development	of
mutations	in	the	genome,	some	of	which	are	favorable	for	tumor	progression.	Some	environmental	factors	can	act
at	 an	 epigenetic	 level,	 inducing	 modifications	 in	 gene	 expression	 through	 DNA	 methylation,	 competing
endogenous	RNA,1	or	other	epigenetic	mechanisms,	and	these	changes	can	in	turn	be	influenced	by	the	landscape
of	genetic	variation	in	the	individual.

However,	 some	 genetic	 mutations	 confer	 such	 protumorigenic	 power	 that	 individuals	 who	 harbor	 these
mutations	are	at	extreme	risk	for	cancer	development	in	their	lifetime,	regardless	of	the	individual’s	environment.
It	is	these	mutations	that	are	found	in	individuals	with	the	highly	penetrant	CS	syndromes	that	are	discussed	in	this
chapter.

The	following	sections	examine	in	detail	the	genetics	of	retinoblastoma,	a	paradigmatic	CS	syndrome	that	led
to	 the	 formulation	 of	 the	 two-hit	 hypothesis	 by	Alfred	Knudson	 and	 the	 subsequent	 cloning	 of	 the	RB1	tumor
suppressor	gene.	This	hypothesis	paved	the	way	for	dramatic	advances	and	the	generation	of	a	detailed	map	of	the
molecular	pathways,	cellular	functions,	and	the	genes	 that	are	perturbed	and	mutated	 to	 trigger	susceptibility	 in
distinct	tissues	and	cell	types.	We	also	discuss	the	paradigm	of	the	PTEN	tumor	suppressor	gene	and	its	associated
CS	syndrome	that	necessitated	a	revisitation	of	the	two-hit	hypothesis.

Currently,	the	ability	to	perturb	the	mouse	genome	and	introduce	the	same	mutations	and	deletions	observed	in
human	 syndromes	 offers	 additional	 powerful	 insights	 into	 the	 etiology	 of	 the	 syndrome,	 the	 function	 of	 the
affected	gene,	and	the	way	by	which	cancer	can	be	prevented	pharmacologically.	Mouse	models	are	increasingly
informing	 the	 search	 for	new	human	cancer	genes,	 either	 through	phenotypic	 analysis	of	 single	gene	knockout
mice2	 or	 through	 the	 application	 of	 short	 hairpin	 RNA	 and	 clustered	 regularly	 interspaced	 short	 palindromic
repeats	(CRISPR)	knockout	screens	to	identify	tumor	suppressors	in	vivo.3,4

Whereas	three	decades	ago,	the	identification	of	families	susceptible	to	specific	cancer	types	unfortunately	was
accompanied	by	a	limited	array	of	diagnostic	and	therapeutic	tools,	today,	early	genetic	testing	for	some	of	these
CS	 syndromes	 has	 proven	 critical	 when	 preventative	 approaches	 are	 possible.	 Furthermore,	 the	 detailed
knowledge	of	 the	pathways	and	cellular	functions	deregulated	as	a	consequence	of	 the	inherited	genetic	defects
will	allow	for	development	of	targeted	chemopreventative	therapies	that	might	one	day	replace	surgical	preventive
methods.

Here,	we	 summarize	 the	common	pathways	mutated	 in	CS	syndromes	and	also	 the	emerging	 fields	 that	 are
poised	to	inform	our	understanding	of	CS	over	the	next	decade.	For	example,	high-throughput	RNA-sequencing
efforts	led	to	the	identification	of	a	vast	fraction	of	the	genome	encoding	for	thousands	of	RNAs	that	are	devoid	of
protein	coding	capability	and	yet	are	functional:	 the	so-called	dark	matter	of	genome	of	noncoding	RNAs.	This
panoply	of	new	genetic	units	and	their	genetic	variation	could	well	represent	a	new	frontier	for	identification	of
new	strong	or	weak	determinants	of	CS.



PRINCIPLES	OF	CANCER	SUSCEPTIBILITY
This	chapter	will	mainly	focus	on	high-penetrance	CS	syndromes	that	can	be	classically	inherited	in	an	autosomal
dominant	or	autosomal	recessive	fashion.	However,	high-penetrance	susceptibility	genes	cannot	account	for	most
of	the	excess	cancer	risk	seen	in	family	members	of	patients	with	cancer	compared	with	the	general	population.
For	example,	high-penetrance	alleles	can	account	for	only	20%	of	the	excess	risk	conferred	by	familial	clustering
of	breast	cancer.5	The	recent	advent	of	genome-wide	association	studies	is	further	accelerating	the	identification
of	low-penetrance	common	genetic	variants	that	can	modestly	affect	an	individual’s	cancer	risk.	New	evidence	for
breast	cancer	suggests	some	familial	risk	is	conferred	by	common	susceptibility	variants;	to	date,	approximately
18%	of	the	excess	risk	of	familial	cases	can	be	attributed	to	common	polymorphisms.6

The	 fact	 that	 cancer	 is	 an	 epidemic	 disease	 expands	 the	 boundaries	 of	 the	 definition	 of	 “CS	 syndrome”	 to
encompass	the	overall	susceptibility	of	all	individuals	to	develop	cancer	during	their	lifetimes.	This	susceptibility
can	be	influenced	by	multiple	somatic	genetic	and	epigenetic	changes	as	well	as	by	a	number	of	inherited	variants
in	low-penetrance	complex	modifiers,	which	can	be	validated	in	mouse	models.7

The	“Two-Hit”	Paradigm
More	 than	 40	 years	 ago,	Alfred	Knudson8	 resolved	 a	 genetic	 paradox	 through	 the	 formulation	 of	 the	 “two-hit
hypothesis.”	At	that	time,	it	was	already	well	established	that	CS	could	sometimes	display	a	dominant	inheritance
modality	 (e.g.,	 in	 the	 retinoblastoma	syndrome).	 In	contrast,	 cell	 fusion	experiments	 suggested	 that	 if	 cells	had
genes	 to	 oppose	 tumorigenesis,	 these	 genes	 should	 be	 recessive	 in	 their	 tumor-suppressive	 function.	Knudson8
postulated	 that	 the	predisposition	arises	as	a	consequence	of	a	heterozygous	germline	mutation	 in	such	a	 tumor
suppressor,	whereas	a	second	acquired	somatic	mutation	would	be	required	for	the	tumor	to	develop.	The	model
assumed	that	the	second	hit	would	take	place	in	the	remaining	normal	allele	of	this	hypothetical	tumor	suppressor,
hence	resolving	the	paradox.	In	the	two-hit	hypothesis,	because	of	the	virtually	100%	chance	of	eventually	losing
the	second	tumor	suppressor	allele,	the	cancer	predisposition	displays	a	dominant	inheritance,	whereas	the	activity
of	the	tumor	suppressor	is	recessive	(Fig.	5.1,	left	panel).

Figure	5.1	Revisiting	the	two-hit	hypothesis.	In	Knudson’s	classic	“two-hit”	hypothesis	of
retinoblastoma	(left),	loss	of	both	tumor	suppressor	alleles	is	required	for	tumor	progression.	In
contrast,	partial	loss	of	haploinsufficient	genes	can	initiate	or	promote	tumorigenesis	(center).	In

the	PTEN	paradigm	(right),	less	than	one	hit	is	sufficient	for	cancer	susceptibility	(quasi-
sufficiency),	whereas	complete	loss	opposes	tumorigenesis	through	induction	of	an	irreversible

growth	arrest	called	PTEN-loss	induced	cellular	senescence	(PICS).

Subsequently,	Knudson’s	hypothesis	was	validated	by	the	cloning	of	the	RB1	gene9,10	and	the	realization	that
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both	 alleles	 of	 the	 RB1	 gene	 are	 indeed	 frequently	 mutated	 in	 tumors	 from	 retinoblastoma	 patients.11	 The
pathogenesis	 and	 molecular	 basis	 of	 retinoblastoma	 are	 discussed	 in	 more	 detail	 later,	 in	 addition	 to	 detailed
descriptions	of	four	of	the	most	prevalent	CS	syndromes	and	overviews	of	the	remaining	syndromes	by	function.

What	Is	the	Function	of	a	Tumor	Suppressor?
For	 cancer	 to	 initiate,	 the	 cancerous	 cell	must	 acquire	 the	 ability	 to	 proliferate	 or	 prolong	 its	 overall	 life	 span
through	the	abrogation	of	programmed	cell	death.	On	this	basis	it	was	originally	assumed	that	tumor	suppressors
would	mostly	 regulate	cell	cycle	progression	and	apoptosis.	 It	was	subsequently	 recognized	 that	 two	classes	of
tumor	suppressors	may	cooperate:	the	ones	that	control	proliferation	and	survival,	the	so-called	gatekeepers,	and
the	genes	involved	in	the	control	of	genomic	integrity,	the	caretakers.12	Loss	of	DNA	proofreading	mechanisms,
an	 example	 of	 loss	 of	 a	 caretaker,	 can	 in	 turn	 lead	 to	 the	 inactivation	 of	 gatekeeper	 tumor	 suppressors	 or	 the
activation	of	proto-oncogenes.

It	has	become	apparent	 in	 the	past	 few	years	 that	 this	view	needs	 to	be	 further	expanded.	First,	mammalian
cells	have	evolved	programs	and	checkpoints	to	ensure	that	an	oncogenic	cell	is	readily	removed	from	the	body.
Such	 a	 professional	 tumor-suppressive	 response	 depends	 on	 cell	 type	 and	 the	molecular	 trigger	 that	 elicits	 the
response.	Second,	additional	processes,	such	as	angiogenesis,	when	aberrantly	regulated,	could	be	critical	driving
forces	 of	 the	oncogenic	 process,13	 and	 therefore,	 genes	 that	 oppose	or	 regulate	 such	processes	 could	be	potent
tumor	suppressors	(e.g.,	VHL;	see	the	section	“Angiogenesis”).	Third,	the	sequencing	of	thousands	of	tumors	in
the	last	decade	has	identified	many	cancer-associated	mutations	in	interesting	gene	classes	not	imagined	originally
to	influence	cancer,	such	as	splicing	factors	(e.g.,	SF3B1,	U2AF1)	and	chromatin	remodelers	(e.g.,	SMARCA4).14
Whether	these	factors	broadly	rewire	cancer	cells	or	instead	impart	specific	effects	on	canonical	cancer	pathways
is	a	subject	of	continued	investigation.

Last,	in	thinking	about	CS,	it	is	generally	assumed	that	the	cancer	initiation	process	is	strictly	cell	autonomous
and	 that	 the	germline	mutation(s)	 should	 therefore	be	present	 and	 functionally	 relevant	 directly	 in	 tumor	 cells.
However,	evidence	 is	accumulating	 that	certain	 tumor	 types	could	be	driven	 in	a	non–cell	autonomous	manner
through	aberrant	stromal–parenchymal	interactions,	and	thus,	causative	mutations	could	be	found	in	stromal	cells
instead.	Furthermore,	it	is	clear	by	now	that	the	immune	response	to	cancer	plays	a	fundamental	role	in	restricting
and	opposing	tumorigenesis.	This	realization	suggests	in	turn	that	CS	could	also	be	driven	by	the	inheritance	of	a
weak	tumor	immune	surveillance.

Haploinsufficiency	and	Compound	Haploinsufficiency
Whereas	 analysis	 of	 retinoblastoma	 and	 the	RB1	 gene	 validated	 the	 “two-hit”	 hypothesis,	 analysis	 of	 another
critical	 tumor	 suppressor	 frequently	 mutated	 in	 cancer,	 PTEN,	 has	 allowed	 constructive	 revisitation	 of	 the
Knudson	two-hit	hypothesis.	Contrary	 to	 the	retinoblastoma	paradigm,	 in	which	complete	 loss	of	 the	RB	tumor
suppressor	 is	 necessary	 for	 tumor	 initiation,	 the	 case	 of	PTEN	 in	 tumorigenesis	 establishes	 a	 novel	 paradigm.
PTEN,	and	numerous	other	tumor	suppressor	genes	(Table	5.1),	operates	as	a	haploinsufficient	tumor	suppressor
gene	to	oppose	tumor	initiation	in	distinct	tissues.15,16	Haploinsufficient	tumor	suppressors	are	not	fully	recessive
in	their	mode	of	action,	so	heterozygosity	for	the	tumor	suppressor	confers	CS	even	with	an	absence	of	a	second
hit	within	the	same	gene	(Figure	5.1,	center	panel).

TABLE	5.1
Examples	of	Haploinsufficient	Cancer	Susceptibility	Genes

Function Gene Associated	Syndrome
Evidence	from	Mouse	or	Humans
(Ref.)

Regulation	of	translation PTEN Cowden	syndrome PTEN	dosage	determines	tumor
suppression.17,18

LKB1 Peutz-Jeghers
syndrome

Portion	of	tumors	in	LKB1	+/−	mice
without	inactivation	of	wild-type
allele58,102

PTCH1 Nevoid	basal	cell
syndrome

Medulloblastomas	arising	in	PTCH1
+/−	mice	with	retention	of	wild-type
allele103



Regulation	of	proliferation NF1 Neurofibromatosis	type
1

NF1flox/−	stroma	promotes
tumorigenesis	of	NF1	null	cells.58

APC Familial	adenomatous
polyposis

Evidence	of	genetic	selection	of
optimal	adenomatous	polyposis	coli
dosage	in	human	colorectal
cancer104

Genomic	integrity	and	apoptosis BLM Bloom	syndrome Heterozygosity	increases	tumor
formation	in	Apc	+/−	mice.102,105

TP53 Li-Fraumeni	syndrome Tumor	formation	in	p53	+/−	mice
without	loss	of	function	of	remaining
p53	allele102,106

In	 the	 case	 of	 PTEN	 and	 other	 haploinsufficient	 tumor	 suppressor	 genes,	 loss	 of	 one	 allele	 already	 has
functional	consequences,	lending	to	proliferation	and	survival	advantages	to	the	affected	cell.15,16	In	fact,	as	little
as	 a	 20%	 reduction	 in	 PTEN	 expression	 can	 induce	 tumor	 formation	 in	 mice	 (see	 Fig.	 5.1,	 right	 panel),	 a
phenomenon	 termed	“quasi-sufficiency.”17	Additional	 loss	 of	PTEN	 expression	 to	50%	 levels	 or	 below	 further
enhances	tumorigenesis.18	However,	complete	PTEN	loss	is	actually	antitumorigenic	because	it	triggers	a	cellular
senescence	response	that	needs	to	be	evaded	for	cancer	to	progress	(see	Fig.	5.1,	right	panel;	Figs.	5.2	and	5.3).19
Thus,	 selective	 pressure	may	 favor	 tumor	 cells	 with	 partial	 or	 heterozygous	 loss	 rather	 than	 complete	 loss	 of
PTEN.	 This	 phenomenon	 is	 called	 “obligate	 haploinsufficiency”20	 and	 is	 related	 to	 a	 similar	 phenomenon
involving	 the	 definition	 of	 “CYCLOPS”	 genes.21	 “CYCLOPS”	 (Copy	 number	 alterations	 Yielding	 Cancer
Liabilities	Owing	to	Partial	losS)	genes	are	genes	whose	complete	loss	is	toxic	to	cells	but	whose	partial	loss	is
compatible	with	 cell	 survival.	These	 genes,	which	may	 include	obligate	 haploinsufficent	 genes	 like	PTEN,	 are
attractive	therapeutic	targets	because	partial	copy	number	loss	in	tumor	cells	may	increase	the	therapeutic	window
achieved	by	inactivating	the	remaining	expression	of	the	gene	in	tumors.

Figure	5.2	Genomic	integrity	and	apoptosis	pathways	that	are	involved	in	cancer	susceptibility
syndromes.	A	large	number	genes	that	encode	proteins	that	regulate	genomic	integrity	(caretakers)

are	mutated	in	cancer	susceptibility	syndromes.	Tumor	suppressors	that	underlie	syndromes
discussed	in	this	chapter	are	boxed	in	green	and	include	mismatch	repair	proteins	frequently

inactivated	in	hereditary	nonpolyposis	colon	cancer	and	the	BRCA1	and	BRCA2	tumor	suppressors
frequently	inactivated	in	hereditary	breast-ovarian	cancer	syndrome.	The	other	genes	and	their
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respective	syndromes	are	discussed	in	the	section	“Genomic	Integrity	and	Apoptosis.”	Complete
PTEN	loss	(red	cross)	can	also	lead	to	a	p53-dependent	cellular	senescence	response.

Figure	5.3	Translational	control	pathways	that	are	mutated	in	cancer	susceptibility	syndromes.	The
genes	encoding	critical	tumor	suppressors	(green	boxes)	that	modulate	translation	are	mutated	in

human	cancer	susceptibility	syndromes.

The	PTEN	paradigm	brings	to	light	an	important	aspect	in	tumor	suppressor	biology	with	a	profound	impact	on
the	requirements	 for	 tumorigenesis	 in	CS	patients;	subtle	 incremental	variations	 in	 the	expression	 level	or	gene
dosage	can	have	devastating	consequences,	leading	to	distinct	outcomes	in	distinct	tissues.17,18	The	fact	that	even
a	subtle	20%	reduction	in	PTEN	level	can	initiate	tumorigenesis	in	the	mammary	gland17	provides	a	provocative
example	 of	 how	 subtle	 variations	 in	 gene	 expression	 level	 may	 be	 responsible	 for	 dramatic	 protumorigenic
consequences.	 The	 unique	 sensitivity	 of	 cells	 to	 PTEN	 dosage	 further	 raises	 the	 possibility	 that	 epigenetic
mechanisms	that	regulate	PTEN	expression	could	also	significantly	 impact	cancer	risk	and	cancer	development.
These	mechanisms	could	include	cell-intrinsic	mechanisms,	such	as	expression	of	pseudogenes	or	long	noncoding
RNAs	 that	 act	 as	 competing	 endogenous	RNAs1,22–25	 or	 alternatively	 could	 include	 environmental	 stimuli	 that
alter	gene	expression,	such	as	cigarette	smoke.

Compound	haploinsufficiency,	partial	loss	of	two	genes	at	once,	is	by	now	a	recognized	driving	force	in	some



tumors.	Mouse	models	are	proving	extremely	valuable	 to	demonstrate	whether	compound	haploinsufficiency	 is
indeed	at	work	in	cancers	harboring	large	deletions	such	as	“5q	deletion	syndrome”26	and	breast	or	lung	cancers
characterized	 by	 loss	 of	 chromosome	 8p.27	 In	 lung	 cancer,	 combined	 loss	 of	 two	 negative	 regulators	 of	 the
RAS/MAPK	pathway,	DUSP4	 and	DOK2,	 both	 on	 human	 chromosome	 8p,	 has	 been	 found	 to	 synergistically
promote	lung	cancer	initiation	(Chen	et	al.,	unpublished	data,	2018).

GENETIC	TESTING
An	understanding	of	the	genetic	basis	of	CS	syndromes	has	allowed	for	the	development	and	implementation	of
genetic	testing	for	CS	syndromes.	In	fact,	testing	is	now	commonly	employed	for	dozens	of	syndromes,	including
multiple	 endocrine	 neoplasia	 types	 1	 and	 2,	 von	 Hippel-Lindau	 disease,	 and	 familial	 adenomatous	 polyposis
(FAP).28	However,	testing	should	not	be	mistaken	for	a	curative	measure	and	is	not	recommended	in	all	settings.
Since	 1996,	 the	 American	 Society	 of	 Clinical	 Oncology	 (ASCO)	 has	maintained	 policy	 recommendations	 for
genetic	testing	for	CS,	which	were	updated	in	2015.29	This	updated	report	highlights	the	complexities	associated
with	application	of	next-generation	sequencing	in	the	clinic.	Challenges	posed	by	application	of	next-generation
sequencing	 include	 the	 use	 of	 genome-wide	 and/or	multigene	 panel	 tests,	 which	 increase	 the	 identification	 of
incidental	 findings	 as	well	 as	variants	 of	 unknown	 significance.	With	over	200	CS	 tests	 now	offered,	 the	U.S.
Food	 and	 Drug	 Administration	 has	 recently	 articulated	 important	 considerations	 to	 ensure	 both	 analytic	 and
clinical	 validity	 of	 tests
(https://www.fda.gov/downloads/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/LaboratoryDevelopedTests/UCM536965.pdf

Next-generation	sequencing	analysis,	which	often	employs	custom	algorithms	or	computational	pipelines,	is	a
particularly	 complex	 technology	 for	 which	 to	 validate	 analytical	 methods	 and	 ensure	 reproducibility	 between
laboratories.	In	contrast	to	tests	for	high-penetrance	susceptibility	genes,	no	tests	for	low-penetrance	genes	have
been	 shown	 to	 alter	 clinical	 care.	 Even	 testing	 for	 high-penetrance	 genes	 is	 not	 yet	 warranted	 for	 the	 general
(asymptomatic)	 population,	 although	 this	 is	 a	 subject	 of	 vigorous	 discussion	 and	 clinical	 trials	 for	 breast	 CS
(BRCA)	genes.30	Knowledge	of	a	genetic	lesion	can	cause	significant	distress	to	the	patient	and	patient’s	family;
therefore,	the	ASCO	guidelines	recommend	genetic	testing	only	if	an	individual	is	suspected	of	having	a	familial
syndrome	 and	 if	 the	 genetic	 test	 can	 be	 adequately	 interpreted	 and	will	modify	 or	 aid	 the	 clinical	 strategy	 for
patient	care.29

If	these	criteria	are	met,	genetic	testing	can	offer	significant	advantages	to	the	patient	and	the	family,	such	as
personalized	consideration	of	the	best	methods	for	preventive	and	therapeutic	care.	In	some	cases,	genetic	testing
can	identify	family	members	who	do	not	carry	the	genomic	alteration	and	are	therefore	predicted	to	be	at	lower	or
normal	 risk	 for	 the	 associated	 tumor	 type.	 In	 these	 instances,	 genetic	 testing	 can	 improve	 quality	 of	 life	 by
reducing	 the	patient’s	anxiety	of	developing	cancer.	ASCO	has	emphasized	 the	 importance	of	pre-	and	posttest
genetic	counseling	to	inform	the	patients	of	the	complex	benefits	and	risks	of	genetic	testing.	Informed	consent	of
the	patient	should	include	education	about	the	possible	positive	and	negative	consequences	of	testing,	which	can
range	 from	 clinical	 consequences	 such	 as	 invasive	 procedures	 to	 psychological	 consequences	 and	 legal	 and
insurance	issues.31

In	the	clinic,	how	might	a	patient	with	a	familial	CS	be	identified?	A	cancer	predisposition	syndrome	may	be
likely	 if	 a	 patient	 presents	 with	 a	 cancer	 at	 an	 unusually	 young	 age	 or	 exhibits	 multifocal	 or	 bilateral	 tumor
development	in	the	same	organ	or	paired	organs,	respectively.31	A	high	rate	of	cancer	within	the	patient’s	family,
particularly	cancer	of	the	same	type	as	the	patient,	strongly	suggests	a	hereditary	CS.	More	extensive	guidelines
for	genetic	referral	of	specific	syndromes	have	been	described	elsewhere.28

CANCER	SUSCEPTIBILITY	SYNDROMES
This	 section	describes	 in	detail	 the	 inheritance	and	basis	 for	 retinoblastoma	and	 four	of	 the	most	prevalent	CS
syndromes.	This	section	briefly	examines	a	number	of	other	CS	syndromes	and	highlights	their	cellular	function
in	signaling	pathways	controlling	genomic	integrity	and	apoptosis,	proliferation,	translation,	and	angiogenesis.

Retinoblastoma
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Incidence
Retinoblastoma	 is	 a	 tumor	of	 the	 retinal	photoreceptor	precursor	cells.	Occurring	 in	approximately	1	 in	20,000
children,	 the	 tumors	develop	 in	 affected	 individuals	between	birth	 and	8	years	old.32	Retinoblastoma	 occurs	 in
both	an	 inherited	and	sporadic	 fashion,	which	account	 for	approximately	40%	and	60%	of	 total	 retinoblastoma
cases,	respectively.33

Genetic	Basis
Loss-of-function	mutations	in	the	RB1	gene	cause	retinoblastoma.	They	have	been	reported	in	each	of	the	exons
and	introns	of	the	gene,	although	the	most	frequent	mutations	occur	in	exons	8	to	23.	In	hereditary	retinoblastoma,
the	 function	 of	 the	 remaining	 wild-type	 (i.e.,	 normal)	 RB1	 allele	 is	 usually	 disrupted	 through	 a	 loss	 of
heterozygosity	(LOH)	event.	Rather	than	the	creation	of	a	novel	loss-of-function	mutation	on	the	wild-type	allele,
LOH	 refers	 to	 the	 loss	 of	 the	wild-type	 allele	 altogether,	 either	 through	 a	 chromosomal	 deletion	 event,	whole
chromosome	 loss	 (nondisjunction),	 or	 replacement	 of	 the	 wild-type	 copy	 with	 another	 copy	 of	 the	 mutated
germline	allele	through	mitotic	recombination.32

Molecular	Mechanism
The	RB1	gene	encodes	a	105	kDa	protein,	RB,	that	undergoes	phosphorylation	at	specific	points	in	the	cell	cycle
(Fig.	 5.4).32	 During	 G0	 and	 G1,	 hypophosphorylated	 RB	 can	 bind	 to	 E2F	 transcription	 factors	 and	 prevent
activation	 of	 S	 phase-promoting	 proteins	 such	 as	 cyclin	 E.	 On	 entry	 into	 the	 cell	 cycle,	 the	 cyclin	 D–cyclin-
dependent	kinase	(CDK)	4/6	complex	phosphorylates	RB,	releasing	it	from	the	E2F	proteins,	allowing	unbound
E2F	factors	to	recruit	transcriptional	activators	and	induce	transcription	of	cyclin	E	and	other	cell-cycle	genes.32

Mouse	Models
Surprisingly,	mice	with	heterozygous	knockout	of	Rb1	do	not	develop	retinoblastoma.34–36	Mice	homozygous	for
inactivating	Rb1	mutations	 die	 between	 embryonic	 day	 14	 and	 15.	 It	was	 hypothesized	 that	Rb1	 heterozygote
mice	do	not	develop	retinoblastoma	because	of	compensation	by	RB	family	members	p107	and	p130.	Efforts	by
multiple	groups	culminated	in	the	development	of	the	St.	Jude	retinoblastoma	mouse,	a	conditional	triple	mutant
for	Rb,	p107,	and	p53	in	retinal	progenitor	cells.37	These	mice	rapidly	develop	invasive	retinoblastoma,	exhibiting
histologic	features	of	human	retinoblastoma.

Clinical	Features	and	Therapeutic	Intervention
Children	from	families	with	retinoblastoma	tend	to	present	with	multifocal	or	bilateral	tumors,	whereas	sporadic
cases	of	retinoblastoma	are	more	likely	unilateral.31	Individuals	with	familial	retinoblastoma	are	also	at	increased
risk	 of	 osteosarcomas	 and	 other	 nonocular	 primary	 tumors.32	 Both	 the	 familial	 and	 the	 sporadic	 cases	 of
retinoblastoma	 can	 be	 treated	 with	 surgery,	 chemotherapy,	 or	 radiation.	 With	 early	 detection,	 treatment	 can
sometimes	 cure	 the	 patient	with	 life	 and	 vision	 intact;	 however,	 treatment	 after	 late	 detection	 is	 less	 likely	 to
prevent	 loss	 of	 vision	 quality	 for	 the	 patient.38	 Early	 detection	 and	 even	 prevention	 of	 retinoblastoma	 is	 now
possible;	both	genetic	testing	and	preimplantation	diagnosis	can	now	be	performed	to	detect	RB	mutations.38

Most	Prevalent	Syndromes
Caretaker	and	gatekeeper	genes	cooperate	in	tumor	suppression,	so	it	is	fitting	that	half	of	the	four	most	prevalent
CS	syndromes	 result	 from	mutations	 in	caretaker	genes	and	 the	other	half	 from	mutations	 in	gatekeeper	genes.
Hereditary	 nonpolyposis	 colon	 cancer	 (HNPCC)	 and	 hereditary	 breast	 and	 ovarian	 cancer	 syndrome	 (HBOC)
result	 from	mutations	 in	 caretaker	 genes	 responsible	 for	DNA	 repair	 and	 therefore	 genomic	 integrity	 (see	 Fig.
5.2).	Neurofibromatosis	type	1	(NF1)	and	FAP,	on	the	other	hand,	result	from	mutation	of	gatekeeper	genes	that
restrain	cellular	proliferation	(see	Fig.	5.4).

Lynch	Syndrome
Incidence.	Lynch	syndrome,	also	known	as	HNPCC,	 is	 the	most	common	CS	disease	and	 is	 responsible	 for	at
least	 2%	 to	 3%	 of	 total	 colon	 cancer	 cases.32	 HNPCC	 is	 distinct	 from	 the	 inherited	 polyposis	 colon	 cancer
syndrome,	FAP.	The	overall	incidence	of	HNPCC	is	estimated	to	be	about	1	in	400.39	HNPCC	is	inherited	in	an
autosomal	dominant	fashion	with	a	penetrance	of	about	90%.



Figure	5.4	Regulation	of	proliferation	is	frequently	perturbed	in	cancer	susceptibility	syndromes.
Regulators	of	proliferation	that	are	mutated	in	the	syndromes	discussed	in	this	chapter	include
gatekeeper	tumor	suppressors	(green	boxes)	and	proto-oncogenes	(red	boxes;	see	Table	5.2).

Genetic	Basis.	HNPCC	can	be	caused	by	a	germline	mutation	in	one	of	six	genes:	MLH1,	MSH2,	MSH3,	MSH6,
PMS1,	or	PMS2.39	All	six	genes	function	 in	DNA	mismatch	repair,	so	mutations	 in	 these	genes	affect	genomic
integrity	(see	Fig.	5.2).	More	than	90%	of	HNPCC	families	exhibit	mutations	in	MLH1,	MSH2,	or	MSH6,	with	a
minority	exhibiting	mutations	in	the	PMS	genes.31	Approximately	70%	of	all	mutations	in	the	genes	are	predicted
to	 yield	 a	 truncated	 protein.	 Similar	 to	 the	 retinoblastoma	 paradigm,	 patients	 generally	 inherit	 one	 inactivated
(mutated)	 allele,	 and	 the	 other	 functional	 allele	 is	 eventually	 lost	 through	 LOH.40	 Cells	 with	 mutations	 in
mismatch	 repair	 genes	 exhibit	microsatellite	 instability,	 a	 phenomenon	 in	which	 errors	 in	 replication	of	 highly
repetitive	sequences	cannot	be	repaired,	resulting	in	alterations	of	the	length	of	the	total	repeat	sequence.32

Molecular	Mechanism.	The	molecular	mechanism	of	mismatch	repair	genes	has	been	most	extensively	studied
for	 the	 Escherichia	 coli	 homologs	 of	 MSH2	 and	 MLH1,	 MutS	 and	 MutL.	 MutS	 recognizes	 errors	 that	 are
introduced	during	DNA	replication.	The	MutS:DNA	complex	 is	 then	 recognized	by	MutL,	which	subsequently
activates	 another	 protein,	 MutH.	 MutH	 introduces	 nicks	 in	 the	 DNA	 strand,	 resulting	 in	 excision	 of	 the
mismatched	base	and	subsequent	resynthesis	of	the	DNA	fragment.41

Mouse	Models.	Mouse	mutants	of	all	six	genes	implicated	in	HNPCC	have	been	generated.	Msh2	homozygous
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knockout	mice	are	fertile	and	developmentally	normal,	but	they	succumb	to	T-cell	lymphomas	by	1	year	of	age.41
Consistent	with	 the	role	of	MSH2	 in	human	HNPCC,	Msh2	knockouts	 that	 survive	past	6	months	also	develop
gastrointestinal	(GI)	adenomas	and	carcinoma.	Similarly,	Msh6	and	Mlh1	knockout	mice	develop	T-	and	B-cell
lymphomas	and	GI	tumors.	The	phenotypes	of	the	Msh2	and	Msh6	knockout	mice	are	slightly	different,	with	the
Msh6	knockout	mice	exhibiting	less	or	no	microsatellite	instability,	whereas	the	Msh2	knockouts	exhibit	extensive
microsatellite	instability.41	Msh3	knockout	mice	display	CS	at	old	age,	and	loss	of	Msh3	cooperates	with	loss	of
Msh6	 to	 induce	GI	 tumor	 formation	 as	well	 as	 lymphomas	 and	 other	 cancers.42	 The	 phenotypes	 of	Pms1	 and
Pms2	knockout	mice	are	more	dramatically	different;	Pms1	knockout	mice	have	no	reported	phenotype,	whereas
Pms2	knockout	mice	develop	lymphomas,	are	infertile,	and	do	not	develop	GI	tumors.41

Clinical	 Features	 and	 Therapeutic	 Intervention.	 HNPCC	 patients	 typically	 present	 with	 colon	 cancer	 at	 a
younger	 average	 age	 than	 patients	with	 sporadic	 colon	 cancer.39	 In	 contrast	 to	 other	 colon	 cancer	 syndromes,
patients	 rarely	 exhibit	 polyps,	making	 early	 detection	 difficult.	HNPCC	patients	 also	 exhibit	 elevated	 risks	 for
stomach,	ovary,	small	intestine,	ureter,	and	kidney	cancers.43	HNPCC	family	members	should	be	screened	at	least
every	2	years	by	colonoscopy	to	reduce	the	incidence	and	mortality	of	colon	cancer	in	HNPCC	patients.44	Women
are	 additionally	 recommended	 to	 undergo	 yearly	 pelvic	 examinations,	 endometrial	 samplings,	 and	 transvaginal
ultrasound44	starting	at	ages	30	to	35	years.	The	U.S.	Multi-Society	Task	Force	on	Colorectal	Cancer	published
guidelines	for	genetic	testing	and	clinical	management	of	Lynch	syndrome	in	2014.44

Hereditary	Breast	and	Ovarian	Cancer
Incidence.	 HBOC	 occurs	 in	 the	 population	 at	 a	 rate	 of	 between	 1	 in	 500	 and	 1	 in	 1,000.39	 The	 syndrome	 is
inherited	in	an	autosomal	dominant	fashion	with	a	penetrance	of	approximately	85%.

Genetic	 Basis.	 Germline	 mutations	 in	 BRCA1	 and	 BRCA2	 are	 found	 in	 at	 least	 25%	 of	 cases	 of	 familial-
associated	HBOC.45	More	than	1,000	variants	of	BRCA1	and	BRCA2	have	been	reported	in	the	National	Institutes
of	 Health’s	 Breast	 Cancer	 Information	 Core	 Database.46	 Supporting	 a	 tumor-suppressive	 role	 of	 these	 genes,
mutations	often	consist	of	frameshift	or	nonsense	mutations,	leading	to	a	truncated	protein	product.	LOH	of	the
remaining	wild-type	allele	is	frequently	observed.	Germline	mutations	of	several	other	genes,	including	PTEN	and
TP53,	are	also	associated	with	familial	HBOC.45

Molecular	Mechanism.	BRCA1	and	BRCA2	function	in	DNA	damage	repair	(see	Fig.	5.2)	and	are	involved	in
homologous	 recombination.	 The	 localization	 of	 BRCA1	 is	 altered	 in	 cells	 with	 stalled	 replication	 forks	 and
double-stranded	DNA	breaks.32	BRCA1	is	recruited	to	these	regions	in	concert	with	other	proteins	such	as	PCNA,
Rad50,	Rad51,	and	BRCA2.	BRCA1	and	BRCA2	form	multiple	complexes	with	diverse	cooperating	proteins	that
intricately	orchestrate	the	process	of	double-stranded	break	repair.47

Mouse	Models.	Conventional	mouse	knockouts	of	Brca1	and	Brca2	are	embryonic	lethal,	precluding	analysis	of
breast	cancer	incidence	in	the	adult	animals.	However,	these	models	allowed	for	analysis	of	Brca-deficient	cells
and	 the	 realization	 that	 Brca	 proteins	 function	 to	 maintain	 genomic	 integrity,	 probably	 through	 double-strand
break	 repair	 (see	 Fig.	 5.2).	 Conditional	 mouse	mutants	 with	mammary	 gland–specific	 deletion	 or	 mutation	 of
either	Brca148	or	Brca249	develop	mammary	tumors	after	long	latency.	Interestingly,	p53	loss	cooperates	with	loss
of	either	Brca1	or	Brca2	to	accelerate	mammary	tumorigenesis.	In	tumors	arising	in	Brca1	mutants	on	a	p53+/−
background,	LOH	of	p53	is	usually	observed,	suggesting	p53	loss	is	required	for	tumor	development	induced	by
loss	of	Brca1.48

Clinical	 Features	 and	 Therapeutic	 Intervention.	 HBOC	 patients	 exhibit	 early-onset	 breast	 cancer	 and	 an
elevated	 risk	 for	 other	 cancers,	 including	 pancreatic	 cancer,	 stomach	 cancer,	 laryngeal	 cancer,	 fallopian	 tube
cancer,	 and	prostate	 cancer	 in	males.39	Breast	 cancers	 arising	 in	BRCA1-mutant	 individuals	 are	 typically	 high-
grade	invasive	ductal	carcinomas	negative	for	estrogen	receptor	and	HER2/neu,50	which	resemble	an	aggressive
form	of	sporadic	breast	cancer.	This	similarity	is	also	supported	by	the	strong	overlap	of	gene	expression	profiles
in	comparisons	between	the	familial	BRCA1	and	sporadic	subtypes.	Tumors	in	BRCA2	mutant	carriers	 typically
show	a	wider	spectrum	of	histologic	features.	Risk-reducing	prophylactic	breast	surgery	is	an	option	for	female
patients	who	have	tested	positive	for	BRCA1	or	BRCA2	mutations	or	have	strong	family	histories	of	early-onset
breast	 cancer.51	 Genetic	 testing	 is	 available	 for	 HBOC,	 and	 recommendations	 for	 such	 testing	 and	 genetic



counseling	of	patients	have	been	issued	by	the	National	Society	of	Genetic	Counselors	(NSGC)52	and	the	National
Comprehensive	Cancer	Network	(NCCN).51

Neurofibromatosis	Type	1
Incidence.	NF1	 affects	 approximately	1	 in	 2,000	 live	births.53	The	 trait	 is	 inherited	 in	 an	 autosomal	 dominant
fashion,	with	a	penetrance	of	100%	for	neurofibromas.	The	spectrum	of	other	phenotypes	is	variable	and	strongly
influenced	by	the	patient’s	genetic	background.

Genetic	Basis.	Mutations	 in	 the	NF1	 gene,	 cloned	 in	 1990,	 are	 responsible	 for	 this	 syndrome.	At	 least	 1,400
different	 mutations	 have	 been	 reported,	 with	 the	 majority	 likely	 inactivating	 the	 protein.54	 NF2	 results	 from
inactivation	of	an	unrelated	gene,	NF2.	Patients	with	NF1	inherit	one	mutant	allele	of	NF1,	with	frequent	LOH	for
the	wild-type	allele	in	the	malignant	cells.	Between	30%	and	50%	of	the	cases	of	NF1	occur	because	of	de	novo
germline	mutations	in	the	NF1	gene.	The	other	cases	occur	 in	 families	with	a	history	of	neurofibromatosis	and
result	from	inherited	germline	alleles.31

Molecular	Mechanism.	NF1	 encodes	 the	 neurofibromin	 protein,	 a	 220	 to	 250	 kDa	 guanosine	 triphosphatase
(GTPase)	 activating	 protein	 (GAP)	 for	 proteins	 of	 the	 Ras	 family.	 RASGAP	 proteins	 stimulate	 the	 GTPase
activity	of	Ras,	converting	the	mitogenic	Ras-GTP	to	Ras-GDP.	Thus,	loss	of	NF1	might	mimic	activation	of	Ras
(see	Fig.	5.4).	 In	 support	of	 this	 function	 for	NF1,	hyperactive	Ras	 signaling	 is	observed	 in	human	and	mouse
NF1-deficient	cells	and	inhibition	of	Ras	activity	can	rescue	the	hyperproliferative	phenotype	of	NF1-null	cells.55

Mouse	Models.	Homozygous	Nf1	knockout	 in	mice	results	 in	embryonic	 lethality.56	Nf1	 heterozygote	mice	 are
viable	 and,	 surprisingly,	 do	 not	 display	 a	 neurofibroma	 phenotype.	 These	 animals	 do	 display	 an	 increased
incidence	of	pheochromocytomas	and	myeloid	malignancies,	reminiscent	of	the	spectrum	of	tumor	susceptibility
seen	in	NF1	patients.	Chimeric	mice	with	both	Nf1/−	and	Nf1/−	cells	develop	plexiform	neurofibromas	that	arise
exclusively	from	the	Nf1/−	cells,57	demonstrating	that	biallelic	loss	of	Nf1	is	required	for	tumor	development	and
probably	represents	the	rate-limiting	step	for	tumorigenesis.	Interestingly,	data	from	mouse	models	indicate	that
Nf1	may	 be	 haploinsufficient	 in	 certain	 contexts	 (see	 Table	 5.1)	 because	 stromal	Nf1	 heterozygosity	 enhances
tumor	 formation	 of	Nf1	 knockout	 cells	 compared	 with	 wild-type	 stroma.58	 Recent	 preclinical	 trials	 in	 mouse
models	 of	 NF1	 have	 indicated	 that	 patients	 might	 benefit	 from	 treatment	 with	 the	 mTORC1	 inhibitor,
rapamycin,59	or	the	KIT	inhibitor,	imatinib.60

Clinical	Features	and	Therapeutic	Intervention.	NF1	patients	develop	multiple	benign	neurofibromas,	tumors
formed	 from	 the	 cell	 sheaths	 of	 peripheral	 nervous	 system	 nerves.	 A	 subset	 of	 these	 lesions	 will	 progress	 to
neurofibrosarcomas.	 Patients	 are	 also	 at	 elevated	 risks	 for	 glioblastomas,	 pheochromocytomas,	 myeloid
leukemias,	 and	 GI	 stromal	 tumors	 as	 well	 as	 other	 cancers.	 Café	 au	 lait	 macules	 are	 found	 in	 100%	 of	 NF1
patients,	 and	 these	 increase	 in	 size	 and	 frequency	 with	 age.61	 A	 subset	 of	 patients	 may	 develop	 seizures	 and
learning	 disabilities	 or	 mental	 retardation.	 Genetic	 testing	 is	 available	 but	 typically	 does	 not	 impact	 clinical
management	because	the	disorder	is	readily	identified	by	phenotype.

Familial	Adenomatous	Polyposis
Incidence.	FAP	is	a	highly	penetrant,	autosomal	dominant	disorder	with	an	incidence	between	1	in	5,000	and	1	in
10,000.39

Genetic	 Basis.	 FAP	 is	 caused	 by	 germline	 mutations	 in	 the	 adenomatous	 polyposis	 coli	 (APC)	 gene	 on
chromosome	5q	 that	are	 inherited	 in	an	autosomal	dominant	 fashion.	Mutations	 in	 this	gene	can	be	detected	 in
90%	to	95%	of	FAP	families.33	As	such,	FAP	caused	by	APC	mutations	has	been	classified	as	 its	own	distinct
entity	 (OMIM	 #175100).	 Approximately	 75%	 of	 cases	 are	 due	 to	 familial	 germline	 mutations,	 whereas	 the
remainder	 are	 caused	 by	 first-generation	 de	 novo	 germline	 mutations.62	 Over	 80%	 of	 mutations	 result	 in
truncation	or	 loss	of	 the	protein	product.62	APC	is	also	found	mutated	 in	 the	majority	of	sporadic	colon	cancer
cases;	in	The	Cancer	Genome	Atlas	(TCGA)	study	of	colon	cancer,	81%	of	nonhypermutated	tumors	contained
mutations	in	APC.63

Molecular	Mechanism.	APC	regulates	Wnt	signaling	by	promoting	degradation	of	β-catenin	(see	Fig.	5.4).	APC



Dr. AVR @ TMH

functions	 in	 a	 cytoplasmic	 complex	 containing	 β-catenin,	 GSK3-β,	 and	 the	 scaffolding	 proteins	 axin	 and
conductin.32	 When	 APC	 is	 present,	 the	 complex	 forms	 and	 GSK3-β	 phosphorylates	 β-catenin	 on	 several	 N-
terminal	 residues.	 Phosphorylated	 β-catenin	 is	 targeted	 for	 degradation,	 preventing	 its	 translocation	 into	 the
nucleus,	where	it	acts	as	a	transcriptional	activator	for	Tcf/Lef	family	transcription	factors.	When	APC	expression
is	lost,	β-catenin	accumulates,	resulting	in	persistent	Wnt	activation.

Mouse	Models.	The	first	model	of	FAP	was	generated	prior	to	the	identification	of	the	APC	gene	as	the	site	of	the
responsible	 genetic	 lesion	 in	 FAP.	 A	 mutant	 mouse	 was	 generated	 in	 an	N-ethyl-	 N-nitrosourea	 mutagenesis
screen	 that	exhibited	multiple	 intestinal	neoplasias,64	so	 the	responsible	gene	was	termed	Min.	Shortly	 after	 the
basis	for	human	FAP	was	mapped	to	mutant	APC	in	humans,65	the	Min	gene	was	mapped	and	discovered	to	be
the	 murine	 homolog	 to	 human	APC66;	 the	 homologs	 are	 90%	 identical	 at	 the	 amino	 acid	 level.	 Investigators
identified	a	nonsense	mutation	 in	APC	as	 the	responsible	genetic	culprit	 in	 the	Min	 animals.	Because	nonsense
mutations	 are	 frequently	 observed	 in	 FAP	 families,	 this	mouse	 strain	 provided	 a	model	 of	 intestinal	 neoplasia
progression	that	closely	mimicked	FAP.

Clinical	Features	and	Therapeutic	Intervention.	The	hallmark	of	FAP	is	the	presence	of	at	least	100	(and	often
over	1,000)	adenomatous	polyps	in	the	colon	and/or	rectum.31	A	subset	of	these	polyps	will	progress	to	malignant
colon	cancer.	The	cancer	risk	for	FAP	patients	is	virtually	100%	by	age	40	years,	but	prophylactic	colectomy	is
almost	 always	 performed	 to	 reduce	 this	 risk.	Clinical	 genetic	 testing	 is	 increasingly	 common	 for	 this	 disorder.
Patients	 with	 a	 positive	 genotype	 and	 significant	 polyp	 burden	 are	 recommended	 to	 undergo	 prophylactic
colectomy.	 Nonsteroidal	 anti-inflammatory	 drugs	 can	 reduce	 the	 size	 and	 number	 of	 polyps	 but	 are	 not
recommended	 for	 FAP	 patients	 in	 place	 of	 surgery.	 FAP	 patients	 are	 also	 at	 elevated	 risk	 for	 upper	 GI	 tract
neoplasms.31	Other	phenotypes	observed	 in	FAP	patients	 include	congenital	hypertrophy	of	 the	 retinal	pigment
epithelium,	dental	anomalies,	epidermoid	cysts,	osteomas,	desmoid	tumors,	and	mesenteric	fibrosis.67

Other	Syndromes,	by	Function
In	the	past	few	decades,	common	themes	have	emerged	regarding	the	biologic	functions	necessary	for	cancer	cell
development	and	expansion.	For	example,	10	“hallmark”	traits	of	cancer	have	been	enumerated	as	the	“Hallmarks
of	Cancer.”13	Familial	cancer	syndromes	exist	as	a	result	of	mutations	that	confer	at	least	one	of	these	traits	to	the
mutant	 cell.	Additional	 somatic	mutations	 are	 usually	 required	 for	 the	 progression	 to	 invasive	 cancer,	 even	 in
familial	cases.	Because	of	space	limitations	here,	the	details	of	all	the	well-established	familial	cancer	syndromes
are	not	discussed.	In	the	remainder	of	this	chapter,	additional	familial	cancer	syndromes	are	briefly	summarized
by	the	molecular	function	of	the	gene	that	is	disrupted.	To	allow	readers	to	quickly	conceptualize	the	underlying
molecular	biology	of	these	syndromes,	the	signaling	pathways	for	each	of	the	functions	are	summarized	and	the
genes	 that	underlie	 the	 syndromes	discussed	 in	 this	 chapter	 are	highlighted,	 as	delineated	 in	 the	 figures.	These
pathways	 are	 in	 no	 way	 meant	 to	 be	 comprehensive	 or	 imply	 that	 there	 is	 no	 overlap	 in	 the	 distinct	 figures
illustrated.	For	simplicity,	 these	interconnections	have	been	omitted	and	the	components	have	been	restricted	to
those	discussed	in	this	chapter,	separating	the	pathways	based	on	the	functional	categorizations	delineated	in	the
following	section.

Genomic	Integrity	and	Apoptosis
Cancer	is	a	genetic	disease;	thus,	it	may	not	come	as	a	surprise	that	two	of	the	four	most	common	CS	syndromes
(HNPCC	and	HBOC)	result	from	alterations	in	proteins	that	are	important	for	maintenance	of	genomic	integrity
(“caretakers”).	Human	cancers	are	estimated	to	require	two	to	seven	mutations	for	cancer	development.	Based	on
the	typical	estimation	of	the	average	rate	of	mutations,	random	accumulation	of	mutations	cannot	explain	the	high
rate	of	cancer	 in	 the	human	population.	However,	when	 the	 first	mutations	are	acquired	 in	genes	 that	maintain
genomic	 integrity,	 the	 mutation	 rate,	 and	 therefore	 the	 rate	 of	 cancer	 development,	 is	 greatly	 accelerated.	 CS
syndromes	resulting	from	mutation	of	genomic	integrity	genes	include	HNPCC	and	HBOC	as	well	as	xeroderma
pigmentosum	 (XP),	 ataxia	 telangiectasia,	Werner	 syndrome,	Rothmund-Thomson	 syndrome,	Bloom	 syndrome,
and	Fanconi	anemia	(FA;	see	Fig.	5.2).	XP	is	a	rare	autosomal	recessive	syndrome	that	results	in	sensitivity	to	sun
damage	and	extremely	heighted	risk	of	skin	cancers	and	other	cancers.68	XP	results	from	mutation	of	any	of	eight
genes	that	form	the	eight	complementation	groups	of	XP	(XPA,	XPB,	XPC,	XPD,	XPE,	XPF,	XPG,	and	XPV).	The
first	seven	XP	genes	encode	proteins	that	participate	in	a	nucleotide	excision	repair	complex.	XP	patients,	unable
to	 repair	 the	DNA	damage	 induced	by	ultraviolet	 light,	quickly	acquire	multiple	mutations,	 eventually	 in	other



important	genes.
FA	is	another	autosomal	recessive	syndrome	caused	by	mutations	in	genes	required	for	recognition	or	repair	of

DNA	damage.	FA	is	characterized	by	an	increased	risk	of	leukemias	(mainly	acute	myelogenous)	and	cancers	of
the	head	and	neck,	esophagus,	and	vulva.69	Interestingly,	mutations	in	at	least	13	different	genes	can	manifest	as
FA.	Biallelic	mutations	in	BRCA2	give	rise	 to	a	 form	of	FA,	whereas	monoallelic	mutations	result	 in	HBOC.69
Mutations	in	any	of	the	13	responsible	genes	(FANCA,	FANCB,	FANCC,	FANCD1/BRCA2,	FANCD2,	FANCE,
FANCF,	FANCG,	FANCI,	FANCJ/BRIP1,	FANCL,	FANCM/Hef,	 and	FANCN)	 result	 in	 a	 similar	 phenotype,69
strongly	suggesting	that	these	genes	function	in	the	same	pathway.

Bloom	 syndrome,	 Werner	 syndrome,	 and	 Rothmund-Thomson	 syndrome	 are	 all	 autosomal	 recessive
syndromes	 caused	by	mutations	of	 the	human	RecQ	helicases	BLM,	WRN,	and	RECQ4,	 respectively.70	These
helicases	 repair	 damaged	DNA	 replication	 forks	 and	 physically	 interact	 with	 other	 proteins	 involved	 in	 DNA
repair,	including	BRCA1	and	MLH1	(in	the	case	of	BLM),	and	ATM	(in	the	case	of	WRN;	see	also	Fig.	5.2).70

If	DNA	damage	is	not	repaired	in	a	normal	cell,	the	cell	will	undergo	either	senescence	(irreversible	arrest	of
proliferation)	or	more	commonly	apoptosis	 (cell	death;	see	Fig.	5.2).	These	mechanisms	are	cellular	safeguards
against	 the	 deleterious	 accumulation	 of	 mutations.	 Like	 all	 cellular	 pathways,	 the	 pathways	 that	 govern
senescence	and	apoptosis	rely	on	proteins	that	are	themselves	the	product	of	genes.	When	these	genes	are	mutated
or	lost,	the	cell	can	no	longer	transmit	the	signal	from	the	DNA	sensors	to	the	apoptosis	effectors,	so	the	damage
may	persist	and	accumulate.	One	of	the	most	important	proteins	with	this	function	is	p53.	Mutations	in	the	TP53
gene	are	found	in	the	majority	of	sporadic	cancers,	and	it	is	hypothesized	that	p53	function	may	be	compromised
in	some	way	in	all	cancers.	Missense	mutations	in	TP53	are	the	cause	of	Li-Fraumeni	syndrome,	a	rare	autosomal
dominant	familial	cancer	syndrome	with	a	penetrance	of	90%	to	95%.39	The	most	common	cancers	found	in	Li-
Fraumeni	patients	are	sarcomas,	breast	cancer,	and	brain	tumors.

Regulation	of	Protein	Translation
Regulation	 of	 protein	 translation	 has	 been	 indirectly	 implicated	 in	 cancer	 progression	 because	 many	 proto-
oncogenes	 and	 tumor	 suppressors	 can	 regulate	 or	modulate	 ribosome	 function	 and	 translation.71	 Several	 genes
with	these	functions	are	mutated	in	familial	cancer	syndromes,	including	the	DKC1	gene	(dyskeratosis	congenita
[DC]),	PTEN	 (Cowden	syndrome),	and	TSC1,	TSC2	 (tuberous	sclerosis;	see	Fig.	5.3).	Proteins	 such	as	RB	and
p53	can	also	modulate	translation,	but	the	contribution	of	these	functions	to	the	overall	phenotype	of	RB-	or	p53-
mutant	cells	is	not	well	understood.

Cowden	syndrome	is	an	autosomal	dominant	disorder	in	which	patients	develop	numerous	hamartomas	of	the
skin,	breast,	thyroid,	GI	tract,	and	central	nervous	system.	Patients	develop	malignant	cancers	in	multiple	tissues,
and	 their	 elevated	 risk	 is	most	 characterized	 for	 breast	 cancer	 (30%	 of	 females	 develop	 breast	 cancer).31	 The
genetic	 basis	 of	 this	 disorder	 is	 germline	 mutations	 in	 the	 PTEN	 tumor	 suppressor,	 a	 lipid	 phosphatase	 that
negatively	 regulates	 the	proto-oncogene	PI3K	 through	modification	of	 specific	phosphoinositides	at	 the	plasma
membrane	(see	Fig.	5.3).	PI3K	can	modulate	 translation	 through	downstream	activation	of	AKT,	TOR,	and	 the
ribosomal	protein	S6.	Phosphorylation	of	S6	is	induced	by	multiple	extracellular	signals	and	results	in	increased
translation	of	elongation	factors,	ribosomal	proteins,	and	other	ribosome	biogenesis	factors.71	In	mouse	models	of
PTEN	deficiency,	inhibition	of	the	mTORC1	complex	by	the	drug	rapamycin	can	reduce	tumor-cell	proliferation
and	tumor	size,	demonstrating	that	this	pathway	is	critical	for	the	tumor-suppressive	function	of	PTEN.71,72

The	tumor	suppressors	TSC1	and	TSC2	can	also	modulate	S6	phosphorylation	and	translation	and	cell	size.71
The	 two	 proteins	 form	 a	 complex	 that	 acts	 as	 a	GAP	 for	 the	 small	GTPase,	Rheb.	TSC1	 and	TSC2	 genes	 are
inactivated	 in	 tuberous	 sclerosis,	 an	 autosomal	 dominant	 disorder	 also	 characterized	 by	 cortical	 tubers,
hamartomas,	multiple	other	benign	lesions,	and	an	increased	risk	of	brain	tumors	and	renal	cancer.	The	majority
of	 mutations	 found	 in	 tuberous	 sclerosis	 are	 truncating	mutations,	 and	 LOH	 of	 the	 remaining	 allele	 has	 been
reported.40

DC	is	an	X-linked	recessive	disorder	caused	by	mutations	in	the	DKC1	gene,71	although	autosomal	recessive
and	autosomal	dominant	forms	of	 the	disorder	have	also	been	reported	(but	represent	<15%	of	all	DC	cases).73
These	rarer	forms	of	DC	result	from	mutations	in	the	genes	TERC	or	TERT,	which	encode	for	telomerase	complex
components.31	 Patients	 are	 susceptible	 to	 premature	 aging,	 anemia,	 hyperkeratosis	 of	 the	 skin,	 and	 possibly
various	malignancies,	 including	myelodysplasia	 and	 carcinomas	 of	 the	 lung,	 larynx,	 esophagus,	 pancreas,	 and
skin.73	The	DKC1	gene,	at	Xq28,	encodes	dyskerin,	a	pseudouridine	synthase	responsible	for	posttranscriptional
modification	of	ribosomal	RNAs	and	TERC,	a	core	RNA	component	of	the	telomerase	complex.73	Therefore,	the
DC	phenotype	is	likely	due	to	both	defects	in	ribosomal	RNA	processing	(leading	to	defects	in	translation)71	and
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defective	telomere	maintenance.74
Finally,	Peutz-Jeghers	syndrome	is	another	CS	syndrome	that	may	be	caused	by	defects	in	translation.	Peutz-

Jeghers	 syndrome	 is	 an	 autosomal	 dominant	 disorder	 characterized	 by	 hamartomas	 of	 multiple	 tissues	 (in
particular	the	GI	tract)	and	a	20%	to	50%	chance	of	developing	malignant	tumors	of	the	GI	tract,	pancreas,	breast,
or	testis.40	Mutations	in	LKB1/STK11	underlie	the	disorder,	and	a	variety	of	loss-of-function	mutations	have	been
reported.	The	tumor-suppressive	function	of	LKB1	is	believed	to	result	from	its	upstream	regulation	of	the	AMP-
activated	protein	kinase,	a	key	regulator	of	cellular	metabolism	(see	Fig.	5.3).

Proliferation
Hyperproliferation	is	a	common	attribute	of	cancer	cells,	and,	therefore,	as	expected,	many	CS	syndromes	result
from	mutations	in	proteins	that	regulate	cellular	proliferation.	These	syndromes	include	NF1	and	FAP,	discussed
in	 detail	 earlier,	 as	 well	 as	 familial	 renal	 cell	 carcinoma,	 familial	 malignant	 melanoma,	 multiple	 endocrine
neoplasia	 type	2	 (MEN2),	 and	Gorlin	 syndrome.	Gorlin	 syndrome,	 also	known	as	nevoid	basal	 cell	 carcinoma
syndrome,	 is	 characterized	by	 the	 early	 onset	 of	 numerous	basal	 cell	 carcinomas	of	 the	 skin.	The	 syndrome	 is
caused	by	mutations	in	the	Patched1	(PTCH1/PTC)	gene,	which	encodes	for	a	cell-surface	protein	that	acts	as	a
negative	regulator	of	pro-proliferative	sonic	hedgehog	signaling	(see	Fig.	5.4).75	In	a	mouse	model	of	nevoid	basal
cell	carcinoma,	heterozygous	Ptc1	mice	are	susceptible	to	basal	cell	carcinoma	development	following	radiation
exposure.76

MEN2	 is	 similarly	 caused	 by	 mutation	 of	 a	 cell-surface	 regulator	 of	 proliferation,	 in	 this	 case,	 the	 pro-
proliferative	receptor	tyrosine	kinase	RET.	Note	that	 the	RET	mutations	found	in	MEN2	are	activating	 gain-of-
function	 mutations,	 in	 contrast	 to	 the	 loss-of-function	 mutations	 that	 are	 most	 common	 in	 hereditary	 cancer
syndromes.	 Several	 other	 susceptibility	 syndromes	 are	 also	 caused	 by	 gain-of-function	 mutations	 (Table	 5.2),
including	hereditary	papillary	renal	cancer	(caused	by	mutations	in	the	MET	gene)	and	familial	GI	stromal	tumors
(caused	by	mutations	in	the	KIT	gene).	Both	of	these	disorders	are	similar	to	MEN2	in	that	their	genetic	basis	is
oncogenic	mutation	of	a	receptor	tyrosine	kinase.

Mutation	of	downstream	molecules	in	pro-proliferative	signaling	pathways	can	also	result	in	CS	(see	Fig.	5.4).
Examples	 include	 FAP	 (discussed	 in	 detail	 earlier),	which	 is	 caused	 by	mutations	 in	 the	 cytoplasmic	 negative
regulator	of	Wnt	signaling,	APC.	NF1	results	 from	mutation	of	NF1,	a	cytoplasmic	RASGAP	that	 inhibits	pro-
proliferative	Ras	signaling.	Similarly,	another	CS	and	developmental	syndrome,	Costello	syndrome,	is	caused	by
activating	HRAS	 mutations	 that	 prevent	 its	 regulation	 by	 RASGAP	 and	 therefore	 result	 in	 constitutive	 RAS
signaling	 (another	 example	 of	 germline	 gain-of-function	 mutation).77	 Mutations	 in	 other	 RAS	 pathway	 genes
PTPN11,	KRAS,	and	RIT178	and	several	others	cause	Noonan	syndrome,	which	is	associated	with	increased	risk	of
leukemia.	 Finally,	 familial	 malignant	 melanoma	 can	 result	 from	 loss-of-function	 mutations	 in	 the	 tumor
suppressor	 gene	CDKN2A	 (which	 encodes	 p16INK4a,	 a	 CDK	 inhibitor	 for	 CDK4	 or	 CDK6)	 or	 from	 gain-of-
function	mutations	 in	 the	 cell-cycle	 regulator	CDK4	 that	 abolish	 its	 ability	 to	 be	 bound	 by	 (and	 inhibited	 by)
p16.79	Thus,	misregulation	of	cell-cycle	 regulators	or	 their	upstream	signals	can	cause	CS	 (summarized	 in	Fig.
5.4).

TABLE	5.2
Cancer	Susceptibility	Syndromes	Caused	by	Activation	of	Proto-oncogenes

Syndrome Gene Protein	Function
Costello	syndrome HRAS Small	GTPase

Hereditary	papillary	renal	cancer MET 	

Multiple	endocrine	neoplasia	type	2 RET Receptor	tyrosine	kinase

Hereditary	gastrointestinal	stromal	tumors KIT 	

Familial	melanoma CDK4 Cell	cycle	regulator
GTPase,	guanosine	triphosphatase.

Angiogenesis
Mutations	 in	 the	VHL	 gene	 are	 the	 sole	 known	 cause	 of	 von	 Hippel-Lindau	 disease,	 an	 autosomal	 dominant
disorder	characterized	by	a	high	incidence	of	renal	cysts	and	clear	cell	renal	carcinoma,	benign	pancreatic	cysts,



and	 hemangioblastomas	 of	 the	 central	 nervous	 system	 (Fig.	 5.5).31	 Tumors	 and	 other	 neoplasms	 are	 often
extensively	vascularized.	VHL	encodes	a	ubiquitin	ligase	that	targets	hypoxia-inducible	factor	(HIF)-1α	and	HIF-
2α	for	degradation	under	normoxic	conditions.80	Without	VHL	binding,	HIF-1α	and	HIF-2α	accumulate	and	act	as
transcription	factors	to	upregulate	the	expression	of	proangiogenic	factors.

Figure	5.5	Angiogenic	factors	are	also	perturbed	in	human	cancer	susceptibility	syndromes.
Mutations	in	fumarate	hydratase	(FH)	and	von	Hippel-	Lindau	(VHL)	tumor	suppressors	cause

upregulation	of	proangiogenic	factors	that	favor	tumor	survival.	Green	boxes	indicate	the	genes	or
proteins	in	this	diagram	that	are	mutated	in	familial	cancer	syndromes.	HIF,	hypoxia-inducible
factor;	VEGF,	vascular	endothelial	growth	factor;	PDGF,	platelet-derived	growth	factor;	EPO,

erythropoietin.

Hereditary	 leiomyomatosis	and	 renal	cell	cancer	 is	another	 familial	cancer	syndrome	 that	may	be	caused	by
alterations	 in	 angiogenesis.	 This	 syndrome	 was	 recognized	 in	 2001	 and	 subsequently	 shown	 to	 result	 from
inactivating	mutations	in	the	fumarate	hydratase	(FH)	gene.81	FH	is	an	enzyme	that	participates	in	the	Krebs	cycle
to	catalyze	conversion	of	fumarate	to	malate.	FH-negative	hereditary	leiomyomatosis	and	renal	cell	cancer	tumors
are	associated	with	strong	HIF-1α	overexpression.81	The	mechanism	of	such	effect	involves	a	buildup	of	fumarate
in	FH-deficient	cells	that	then	inhibits	the	prolyl	hydroxylation	of	HIF-1α,	preventing	its	degradation	and	resulting
in	increased	cellular	levels	of	HIF-1α.82

PRINCIPLES	OF	CANCER	CHEMOPREVENTION
Our	 increased	knowledge	of	 the	pathways	 involved	 in	CS	paves	 the	way	 for	 interventions	aimed	at	preventing
cancer	 in	both	syndromic	CS	and	 in	 the	general	population.	 It	 is	 intuitive	 that	one	could	attempt	 to	oppose	 the
effects	of	the	constitutive	activation	of	a	given	pathway	in	individuals	who	carry	specific	mutations	in	a	setting	of
a	 given	 CS	 syndrome	 by	 dietary	 or	 pharmacologic	 perturbations.	 As	 an	 example,	 this	 approach	 has	 proven
effective	in	tuberous	sclerosis	patients	treated	with	everolimus	and	rapalogs.83	Similar	approaches	are	now	being
considered	in	PTEN	hamartoma	tumor	syndromes.	Our	improved	knowledge	of	the	molecular	principles	dictating
syndromic	 CS	 will	 increase	 our	 ability	 to	 detect	 cancers	 early	 and	 to	 prevent	 cancer	 with	 appropriate
environmental	interventions	(e.g.,	personalized	and	more	“precise”	diets)	and/or	with	well-tolerated	drugs.

In	 some	 cases,	 normal	 lifestyle	 differences	 or	 medicinal	 use	 is	 providing	 clues	 to	 possibly	 potent
chemopreventative	strategies.	Widespread	aspirin	use	in	the	past	decades	to	combat	risk	of	heart	attack	and	stroke
has	led	to	the	intriguing	observation	that	regular	aspirin	use	is	correlated	with	lower	risk	of	colorectal	cancer.84
Although	this	finding	has	been	replicated	in	multiple	large	cohort	studies,85	negative	consequences	of	aspirin	use,
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particularly	 gastric	 bleeding,	 are	 a	 concern.	 Nevertheless,	 the	 U.S.	 Preventive	 Services	 Task	 Force
Recommendation	Statement	was	updated	in	2016	to	recommend	low-dose	aspirin	use	to	individuals	aged	50	to	59
years	with	a	10%	or	greater	10-year	cardiovascular	disease	risk.86	This	recommendation	may	in	turn	represent	a
proof	of	principle	milestone	in	the	quest	for	cancer	chemoprevention	in	the	general	population.

EMERGING	KNOWLEDGE	AND	NEW	LESSONS
Although	dramatic	progress	has	been	made	in	determining	the	genetic	basis	of	CS	syndromes,	it	is	clear	that	only
the	very	tip	of	the	iceberg	of	this	phenomenon	has	been	identified.	With	the	human	and	mouse	genomes	in	hand,
coupled	 with	 technologic	 advances,	 the	 identification	 of	 new	 cancer	 genes	 and	 tumor	 suppressor	 loci	 is
proceeding	at	increasing	speed.	Furthermore,	gene	targeting	in	the	mouse	is	unraveling	a	number	of	unexpected
cancer	phenotypes	and	a	multitude	of	orphan	tumor	suppressors	(i.e.,	demonstrated	tumor	suppressors	with	no	as-
yet-determined	 role	 in	 human	 CS	 syndromes).	 The	 role	 of	 these	 genes	 in	 human	 tumorigenesis	 and	 in	 the
pathogenesis	of	CS	syndromes	needs	to	be	systematically	assessed.

Germline	Mutations	in	Sporadic	Cancer
As	genome	sequencing	studies	have	proliferated,	an	unexpected	finding	from	sequencing	of	resected	tumors	is	the
discovery	of	germline	mutations	in	the	general	(non-CS)	cancer-bearing	population.	In	myelodysplastic	syndrome
and	myeloid	leukemias,	germline	mutations	in	RUNX1,	GATA2,	ETV6,	CEBPA,	PAX5,	DDX41,	and	other	genes
are	frequently	observed.87	In	fact,	germline	mutation	of	RUNX1	or	GATA288	is	more	prevalent	in	acute	myeloid
leukemia	 and	 myelodysplastic	 syndrome	 than	 mutation	 of	 BRCA1/2	 in	 breast	 cancer.	 Interestingly,	 cancer
predisposition	 from	 these	 germline	 alleles	 is	 not	 restricted	 to	 pediatric	 cases;	DDX41	mutations	 are	 associated
with	acute	myeloid	leukemia	with	a	mean	onset	age	of	61	years,	demonstrating	that	CS	does	not	always	equate
with	an	earlier	onset	of	disease.87	This	 finding	 raises	 the	possibility	 that	other	 forms	of	cancer	with	 the	 typical
association	 with	 advanced	 age	 could	 in	 fact	 be	 related	 to	 inherited	 or	 sporadic	 germline	 mutations.	 Similar
findings	are	also	emerging	in	solid	tumors;	for	example,	a	recent	study	of	over	600	men	with	metastatic	prostate
cancer	uncovered	an	unexpectedly	high	rate	of	inherited	mutations	in	DNA	repair	genes.89

Weak	Modifiers
In	the	past	few	decades,	the	genetic	basis	for	the	most	prevalent	and	penetrant	CS	syndromes	has	been	identified.
However,	the	bulk	of	familial	CS	has	just	begun	to	be	explained,	and	the	understanding	of	CS	is	mainly	limited	to
syndromes	 that	obey	a	Mendelian	pattern	of	dominant	or	 recessive	 inheritance.	The	 identification	of	new	weak
modifiers	 along	 with	 the	 estimation	 of	 combinational	 effects	 (e.g.,	 compound	 tumor	 suppressor
haploinsufficiency)	will	represent	an	important	challenge	in	the	years	to	come.	Ultimately,	these	interactions	must
be	defined	to	predict	with	increasing	accuracy	the	CS	risks	in	the	population	at	large.

Epigenetic	Factors
Additional	challenges	and	exciting	venues	for	research	in	the	area	of	CS	are	also	brought	about	by	the	realization
that	 CS	 may	 be	 determined	 in	 part	 by	 epigenetic	 effects.	 In	 Beckwith-Wiedemann	 syndrome,	 a	 congenital
syndrome	 of	 organ	 overgrowth	 and	 embryonal	 tumor	 CS,	 imprinting	 at	 the	 IGF2	 locus	 is	 frequently	 relaxed,
resulting	 in	 an	 upregulation	 of	 IGF2,	 a	 pro-proliferative	 growth	 factor.90	 In	 another	 example	 of	 germline
“epimutation,”	heritable	germline	methylation	of	the	HNPCC-susceptibility	gene	MLH1	can	be	observed.91

Role	of	Noncoding	RNAs
Moreover,	mutations	and	variants	that	impact	CS	might	be	found	in	noncoding	regions	of	the	genome,	such	as	the
loci	coding	 for	microRNAs	(miRNAs),	 small	RNAs	 that	negatively	 regulate	 the	 translation	of	messenger	RNA
(mRNA)	 into	 proteins.92	 miRNAs	 have	 been	 found	mutated	 both	 somatically	 in	 cancers	 of	 various	 histologic
origins	and	also	in	the	germline	of	cancer	patients.	For	example,	germline	mutations	in	mir-16-1,	accompanied	by
LOH	of	the	other	allele,	were	found	in	2	of	75	chronic	lymphocytic	leukemia	patients	versus	0	of	160	controls.93

Another	compelling	example	of	 the	involvement	of	miRNAs	in	CS	is	represented	by	the	DICER1	 syndrome
(DS).	 DS	 is	 caused	 by	 mutations	 in	 the	 DICER1	 gene,	 which	 encodes	 an	 enzyme	 essential	 for	 the	 proper



maturation	of	miRNAs	from	pre-miRNAs.	Most	of	the	gene	mutations	involved	in	DICER1	syndrome	lead	to	an
abnormally	short	DICER	protein	 that	 is	 functionally	 impaired	 in	 the	production	of	mature	miRNAs.94	DS	is	an
autosomal	dominant	disorder	typically.	In	humans,	DS	increases	the	risk	of	a	variety	of	tumors,	most	commonly
in	 the	 lungs,	kidneys,	ovaries,	 and	 thyroid.	Affected	 individuals	can	develop	one	or	more	 types	of	 tumors,	and
members	of	the	same	family	can	have	different	types.	The	CS	risk	in	individuals	with	DS	is	moderate	and	most
individuals	with	DICER	mutations	associated	with	this	condition	never	develop	tumors.

A	greater	level	of	complexity	has	been	introduced	by	the	realization	that	CS	is	being	also	attributed	to	regions
of	 the	genome	 that	 do	not	 encode	proteins	or	miRNA	but	 rather	give	 rise	 to	other	noncoding	RNA	species.	A
region	upstream	of	the	9p21	locus	is	transcribed	to	produce	ANRIL,	a	long	noncoding	transcript	associated	with
cancer	 as	 well	 as	 cardiovascular	 disease	 and	 diabetes.	 ANRIL	 is	 in	 turn	 implicated	 in	 controlling	 chromatin
modification	 of	 the	CDK	 inhibitors	CDKN2B,	CDKN2A,	 and	p53	 activator	ARF	 locus.95	 The	 plethora	 of	 new
classes	of	noncoding	RNAs,	including	circular	and	linear	species,	that	could	be	potentially	implicated	in	CS	is	by
now	enormous.96	We	will	need	to	determine	the	function	of	thousands	of	new	genetic	units	and	their	potential	role
in	 tumorigenesis	and	CS.	An	understanding	of	 the	mechanisms	by	which	 these	genetic	variations	could	 impact
gene	expression,	cell	behavior,	chromosomal	stability,	and	CS	will	require	a	wealth	of	additional	research.

This	revolutionary	and	exciting	phase	is	also	accompanied	by	a	deeper	understating	of	how	protein	coding	and
noncoding	 genes	 regulate	 each	 other.	 A	 recent	 provocative	 finding	 demonstrates	 that	 noncoding	 RNAs	 or
pseudogenes	can	act	as	competing	endogenous	RNAs	to	 impact	 the	expression	of	protein-coding	genes.1,22	The
PTEN	pseudogene	PTENP1,	which	is	expressed	at	the	mRNA	level	but	does	not	encode	for	a	protein,	is	able	to
regulate	 the	 expression	 of	PTEN	 through	 competitive	 binding	 of	PTEN-regulating	miRNAs.22	 Because	 PTEN
function	 is	particularly	susceptible	 to	subtle	variations,	mutation	of	PTENP1	or	changes	in	PTENP1	 expression
could	have	significant	consequences	on	PTEN	function	and	ultimately	CS.

The	Regulatory	Genome
Another	 facet	 of	 the	 noncoding	 genome	 are	 the	 regulatory	 elements	 that	 influence	 gene	 expression	 of	 coding
genes	 and	 genetic	 variation	 in	 these	 elements.	 Intriguingly,	 most	 genome-wide	 association	 study	 hits	 lie	 in
noncoding	 regions.	Emerging	evidence	 indicates	 that	many	of	 these	variants	may	 influence	cancer	 risk	 through
modulation	of	gene	expression	activity	of	oncogenes	or	tumor	suppressors.97	One	of	the	highest	risk	alleles	of	this
type	are	germline	mutations	 in	 the	promoter	of	TERT,	which	encodes	 the	catalytic	 subunit	of	 telomerase.	Both
somatic	and	germline	mutations	 in	 the	TERT	promoter	are	 relatively	common	across	multiple	 types	of	cancers,
including	melanoma,	lung,	bladder,	and	breast	and	ovarian	cancer.	The	mutations	are	believed	to	increase	TERT
expression	 via	 creation	 of	 novel	 ETS-binding	 motifs	 that	 recruit	 ETS-family	 transcriptional	 activators	 to	 the
promoter	region.98

High-Throughput	Methods	for	Understanding	Cancer	Variants
As	gene-sequencing	panels	 are	 increasingly	applied	 to	both	CS	syndromes	as	well	 as	 sporadic	 cancer,	 the	vast
majority	 of	 variants	 identified	 are	 classified	 as	 variants	 of	 uncertain	 significance.	 Variants	 of	 uncertain
significance	represent	a	major	hurdle	in	the	quest	to	manage	health-care	decisions	based	on	genome	sequencing.
Tools	 now	 exist	 to	 rapidly	 assess	 the	 functional	 consequences	 of	mutations	 on	 gene	 function	 at	 scale	 (i.e.,	 for
hundreds	to	thousands	of	mutations	simultaneously).	The	ability	to	multiplex	functional	assays,	including	“deep
mutational	 scans”	 or	 saturating	 mutagenesis	 screens,	 is	 revolutionizing	 the	 pace	 at	 which	 cancer	 biology	 is
performed.	Recent	mutational	scans	have	identified	critical	regions	of	BRCA199	and	PTEN100	that	are	involved	in
tumor	suppression	as	well	as	lung	cancer	mutations	that	act	as	rare	driver	oncogenes	to	induce	tumor	formation
and/or	resistance	to	targeted	therapy.101	For	the	first	time,	it	is	feasible	to	assay	every	possible	variant	of	clinically
actionable	 genes,	 creating	 a	 “look-up	 table”	 of	 functional	 consequences	 for	 each	 possible	 variant.	 The	 greater
challenge	 remaining	 is	 to	 determine	 how	 to	 integrate	 these	 experimental	 data	with	 clinical	 data	 to	 best	 inform
cancer	care	and	prevention.

CONCLUSION
Although	all	of	these	aspects	represent	tremendous	opportunities	for	understanding	the	rules	underlying	CS	and
for	 a	 more	 precise	 assessment	 of	 cancer	 risk	 and	 susceptibility,	 the	 real	 challenge	 in	 future	 years	 will	 be	 to
transform	 this	wealth	of	novel	 information	 into	concrete	opportunities	 for	 cancer	prevention	 that	go	beyond	an
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early	 diagnosis	 and	 detection	 and	 effective	 surgical	 or	 chemical	 removal	 of	 the	 tumor	 lesion.	 Ultimately,	 the
principles	of	CS	that	are	gleaned	in	these	studies	should	be	utilized	to	develop	targeted	therapeutic	modalities	and
dietary	 recommendations	 for	 effective	 cancer	 chemoprevention	 commensurate	 to	 an	 accurate	 estimate	 of	 an
individual’s	lifetime	cancer	risk.
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INTRODUCTION
Regrettably,	 tobacco	use	 remains	one	of	 the	 leading	causes	of	death	worldwide.	 It	 is	projected	 to	 leave	over	1
billion	dead	in	the	21st	century,	after	killing	nearly	100	million	during	the	course	of	the	20th	century.1	Data	from
the	Global	Adult	 Tobacco	 Survey,	which	 conducted	 representative	 household	 surveys	 in	 14	 low-	 and	middle-
income	 countries	 (Bangladesh,	 Brazil,	 China,	 Egypt,	 India,	 Mexico,	 Philippines,	 Poland,	 Russia,	 Thailand,
Turkey,	Ukraine,	Uruguay,	and	Vietnam),	suggest	41%	of	men	and	5%	of	women	across	these	countries	currently
smoke.2	 Compare	 this	 to	 approximately	 16%	 of	 men	 and	 13%	 of	 women	 in	 the	 United	 States	 in	 2015.3	 A
preponderance	 of	 the	 death	 and	 disease	 associated	 with	 tobacco	 use	 is	 associated	 with	 its	 combusted	 forms,
particularly	the	cigarette.	However,	all	forms	of	 tobacco	use	have	negative	health	consequences,	 the	severity	of
which	can	vary	among	products.	From	the	introduction	of	the	mass-manufactured,	mass-marketed	cigarette	(e.g.,
Camel	in	1913),	smoking	rates	grew,	first	among	men	then	among	women,	and	peaked	in	Western	countries	in	the
1960s	 to	1970s,	before	beginning	a	steady	decline.4	The	 smoking	 rate	among	U.S.	 adults	has	dropped	 from	 its
peak	in	1965	of	42%	to	19%	in	2011.3	Per	capita	consumption	has	been	dropping	almost	continuously	since	the
1960s,	although	the	rate	of	decline	has	slowed	since	the	early	2000s.5	Youth	smoking	rates	have	been	in	decline
since	 the	 1990s.6,7	 There	 is	 evidence	 of	 growth	 in	 use	 of	 other	 forms	 of	 tobacco	 (e.g.,	 cigars,	 water	 pipes,
electronic	cigarettes)	since	2011	that	may	have	displaced	cigarette	use,	although	the	growth	in	youth	e-cigarette
use	appeared	to	have	abated	by	2016.8

Tobacco	 control	 policy	 interventions	 can	 impact	 both	 smoking	 prevalence	 and	 lung	 cancer	 incidence.9	 For
example,	a	recent	analysis	suggests	that	implementation	of	graphic	health	warnings	in	Canada	in	1999	resulted	in
a	significant	reduction	(up	to	4.5	percentage	points)	in	smoking	prevalence	over	a	decade.10	Increases	in	tobacco
taxes	have	long	been	shown	to	reduce	youth	smoking	initiation	and	to	prompt	more	attempts	to	quit	smoking.11
Evidence	 from	 state	 comparisons	 in	 the	 United	 States	 suggests	 that	 comprehensive	 tobacco	 control	 measures
effectively	 implemented	 (such	as	 in	California	 and	Massachusetts)	 can	 reduce	 lung	cancer	 incidence.12	 Indeed,
Holford	and	colleagues13	have	shown	 that	 since	 the	seminal	1964	Report	of	 the	Surgeon	General,	an	estimated
157	million	years	of	life	(approximately	20	years	per	person)	have	been	saved	by	tobacco	control	activities	in	the
United	States	over	50	years.	That	is,	tobacco	control	activities	are	estimated	to	have	averted	8	million	premature
deaths	and	extended	mean	life	span	by	19	to	20	years.13	However,	 the	marketing	of	cigarettes	has	since	shifted
focus	to	the	developing	world,	where	smoking	rates	are	on	the	increase.	In	an	attempt	to	head	off	an	epidemic	of
smoking	and	associated	diseases,	the	World	Health	Organization	initiated	a	public	health	treaty,	the	Framework
Convention	on	Tobacco	Control	(FCTC),	 to	coordinate	international	efforts	 to	reduce	tobacco	use.14	The	FCTC
binds	parties	to	enact	measures	to	control	the	labeling	and	marketing	of	tobacco	products,	create	a	framework	for
testing	 and	 regulating	 product	 contents	 and	 emissions,	 combat	 smuggling	 and	 counterfeiting,	 and	 protect
nonsmokers	 from	secondhand	 smoke.15	 To	 date,	 the	 FCTC	 has	 been	 ratified	 by	more	 than	 180	 countries.	 The
FCTC	 provides	 governments	 the	 opportunity	 to	 regulate	 the	 marketing,	 labeling,	 and	 contents/emissions	 of
tobacco	products	as	well	as	control	the	global	trade	in	tobacco	products.	In	the	United	States,	which	is	currently
not	a	party	 to	FCTC,	 the	U.S.	Food	and	Drug	Administration	 (FDA)	has,	 since	2009,	had	authority	 to	 regulate
cigarettes	 and	 smokeless	 tobacco	 and	 their	 marketing	 along	 similar	 lines.16	 In	 2016,	 the	 FDA’s	 regulatory
authority	was	extended	to	all	tobacco	products,	including	electronic	cigarettes,	waterpipes,	and	cigars.17

EPIDEMIOLOGY	OF	TOBACCO	AND	CANCER
Linkages	between	tobacco	use	and	cancers	at	various	sites	had	been	suspected	for	several	decades.	In	the	1930s,



German	 scientists	 began	 to	 establish	 links	 between	 cigarette	 smoking	 and	 lung	 cancers.18	However,	 it	was	not
until	the	Doll	and	Hill19	and	Wynder	and	Graham20	studies	were	published	that	the	association	was	demonstrated
in	large	samples	and	well-designed	studies.	Table	6.1	lists	the	cancers	currently	recognized	by	the	U.S.	Surgeon
General	 as	 caused	 by	 smoking,	 along	with	 their	 corresponding	 estimated	mortality	 statistics.21–23	Of	 these,	 the
most	well-publicized	 link	 is	between	smoking	and	 lung	cancer.	 In	a	 recent	examination	of	National	Health	and
Nutrition	 Examination	 Survey	 data,	 Jha	 et	 al.24	 showed	 a	 hazard	 ratio	 for	 lung	 cancer	 in	 smokers	 versus
nonsmokers	 of	 17.8	 in	women	 and	 14.6	 in	men.	However,	 smoking	 contributes	 substantially	 to	 overall	 cancer
burden	across	multiple	sites,	including	the	oropharynx,	cervix,	and	pancreas.	Hazard	ratios	of	1.7	for	women	and
2.2	for	men	are	seen	for	cancers	other	than	in	the	lung	in	smokers	versus	nonsmokers.24	Emerging	evidence	also
links	smoking	with	breast	cancer,	although	the	data	are	as	yet	insufficient	to	make	causal	conclusions.23,25	Cancer
risks	associated	with	smoking,	as	well	as	outcomes	and	survival,	depend	on	a	number	of	factors.	A	common	index
of	cancer	 risk	 is	pack-years,	or	 the	number	of	packs	of	cigarettes	smoked	per	day	multiplied	by	 the	number	of
years	smoked	in	the	lifetime.	In	general,	the	higher	the	number	of	pack-years,	the	greater	the	cancer	risk.	Risks	for
lung	cancer	decline	with	smoking	cessation,	and	the	longer	a	former	smoker	remains	off	of	cigarettes,	the	more
the	 risk	 declines.26	 However,	 excepting	 those	 smokers	 who	 quit	 with	 relatively	 few	 pack-years	 accumulated
(typically	before	age	40),	cancer	risk	rarely	approaches	that	of	a	never-smoker.24,27

Several	 large	 cohort	 studies	 have	 been	 examined	 vis-à-vis	 death	 rates	 and	 relative	 risks	 associated	 with
smoking	 and	 smoking	 cessation	 for	 three	 epochs	 (1959	 to	 1965,	 1982	 to	 1988,	 and	 2000	 to	 2010).27	Of	most
interest	here	is	death	from	lung	cancer.	For	men,	the	age-adjusted	death	rate	from	lung	cancer	increased	between
1959	to	1965	and	1982	to	1988	but	then	fell	for	2000	to	2010;	for	women,	the	age-adjusted	death	rate	continued	to
rise	over	 time,	with	 the	biggest	 increase	between	1982	 to	1988	and	2000	 to	2010.27	 In	 relative	 risk	 terms,	 the
likelihood	of	dying	 from	 lung	cancer	given	current	 smoking	has	 increased	 from	2.73	 to	12.65	 to	25.66	among
women,	and	12.22	to	23.81	to	24.97	for	men.	Equivalent	risks	for	former	smokers	increased	from	1.3	to	3.85	to
6.7	among	women	versus	3.48	to	7.41	to	6.75	for	men.	These	and	other	analyses	suggest	that	the	cancer	risks	from
smoking	may	have	 increased	with	 time.27,28	The	histologic	subtypes	of	 lung	cancer	seen	 in	 the	U.S.	population
have	 also	 shifted	 with	 time.	 Into	 the	 early	 1980s,	 squamous	 cell	 carcinomas	 were	 the	 most	 common
manifestations	of	lung	cancer.	However,	a	rapid	rise	in	adenocarcinomas	has	been	noted	and,	by	the	1990s,	had
overtaken	squamous	cell	carcinomas	as	the	leading	type	of	lung	cancer.23

TABLE	6.1
Level	of	Evidence	for	Smoking-Attributable	Cancers	According	to	the	U.S.	Office	of	the
Surgeon	General	by	Cancer	Site	and	Yearly	Smoking-Attributable	Mortality	at	Sites	with
Available	Estimates,	United	States,	2004

	 Cancer	Site
Yearly	Smoking-Attributable
Mortality

Evidence	Sufficient	to
Infer	Causal
Relationship

Bladder
Cervix
Colon	and	rectum
Esophagus
Kidney
Larynx
Leukemia	(AML)
Liver
Lung
Oral	cavity	and	pharynx
Pancreas
Stomach

4,983
447
N/A
8,592
3,043
3,009
1,192
N/A
125,522
4,893
	
6,683
2,484

Evidence	Suggestive
but	Not	Sufficient	to
Infer	Causal
Relationship

Breast 	

Inadequate	to	Infer
Presence	or	Absence
of	Causal

Ovary 	
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Relationship
Evidence	Sufficient	to
Infer	No	Causal
Relationship

Prostate 	

N/A,	not	available;	AML,	acute	myeloid	leukemia.

Tobacco	Use	Behaviors
The	level	of	tobacco	exposure	is	ultimately	driven	by	use	behaviors,	including	the	number	of	cigarettes	smoked,
the	patterns	of	smoking	on	individual	cigarettes,	and	the	number	of	years	smoked.	The	primary	driver	of	smoking
behavior	is	nicotine—the	major	addictive	substance	and	primary	reinforcer	of	continued	smoking.29–31	Over	time,
smokers	 learn	an	acceptable	 level	of	nicotine	 intake	 that	attains	 the	beneficial	effects	 they	seek	while	avoiding
negative	withdrawal	 symptoms.	Smokers	 can	 affect	 the	 amount	 of	 nicotine	 (and	 accompanying	 toxicants)	 they
draw	 from	 a	 cigarette	 by	 altering	 the	 number	 of	 puffs	 taken,	 puff	 size,	 frequency,	 duration,	 and	 velocity
(collectively	 referred	 to	 as	 smoking	 topography).32	 Smokers	 tend	 to	 consume	 a	 relatively	 stable	 number	 of
cigarettes	 per	 day	 and	 to	 smoke	 those	 cigarettes	 in	 a	 relatively	 consistent	 manner	 in	 order	 to	 maintain	 an
acceptable	 level	of	nicotine	 in	 their	system	across	 the	day.33	The	number	of	cigarettes	smoked	per	day	and	 the
smoking	pattern	of	an	individual	may	be	influenced	by	the	rate	of	nicotine	metabolism.30	Nicotine	is	metabolized
primarily	 to	 cotinine,	 which	 is	 further	 metabolized	 to	 trans-3′-hydroxycotinine	 (3HC),	 catalyzed	 by	 the	 liver
cytochrome	P450	2A6	enzyme.34	Functional	polymorphisms	in	the	genes	coding	for	these	enzymes	allow	for	the
identification	of	fast	metabolizers,	who	have	more	rapid	nicotine	clearance	and	show	greater	cigarette	intake	and
more	 intensive	 smoking	 topography	 profiles	 relative	 to	normal	or	slow	metabolizers.35–37	 The	 ratio	 of	 3HC	 to
cotinine	 in	plasma	or	saliva	can	be	used	as	a	 reliable	noninvasive	phenotypic	marker	 for	CYP2A6	activity.38,39
CYP2A6	activity	 is	known	to	vary	across	racial/ethnic	groups,	with	 those	of	African	or	Asian	descent	showing
slower	metabolism	than	those	of	Caucasian	descent.40–42	Clinical	trial	data	clearly	show	that	the	metabolite	ratio
can	be	used	to	predict	success	in	quitting	and	that	the	likelihood	of	quitting	decreases	as	the	ratio	increases,	such
that	 slower	metabolizers	 are	more	 successful	 at	 achieving	abstinence.37,41,43	Despite	 their	 addiction	 to	nicotine,
most	smokers	in	Western	countries	report	that	they	regret	ever	starting	to	smoke	and	want	to	quit	smoking,	and
there	is	evidence	for	similar	regret	in	developing	countries	as	well.44–46	However,	most	smokers	are	unsuccessful
in	 their	attempts	 to	quit	smoking;	 the	most	effective	evidence-based	treatments	 increase	 the	odds	of	quitting	by
three	times,	with	12-month	cessation	rates	of	approximately	40%	relative	to	placebo.47

Evolution	of	Tobacco	Products
Historically,	tar	was	believed	to	be	the	main	contributor	to	smoking-caused	disease.48	It	is	important	to	note	that
tar	 is	not	a	specific	substance,	but	 simply	 the	collected	particulate	matter	 from	cigarette	smoke,	 less	water	and
nicotine	 (in	 technical	 reports,	 it	 is	 often	 referred	 to	 as	nicotine-free	dry	particulate	matter).	Soon	after	 the	 first
studies	were	done	showing	 that	painting	mice	with	cigarette	 tar	caused	cancerous	 tumors,	 it	was	 theorized	 that
reducing	 tar	 yields	 of	 cigarettes	 might	 also	 reduce	 the	 disease	 burden	 of	 smoking.48	 Concurrently,	 cigarette
manufacturers	were	seeking	to	reassure	their	customers	that	their	products	were	safe,	that	if	hazardous	compounds
were	identified	they	would	be	removed,	and	that	product	modifications	could	help	to	reduce	risks.4,49–51	Indeed,	in
the	United	States	and	United	Kingdom,	average	tar	levels	of	cigarettes	dropped	dramatically	from	the	1960s	to	the
1990s	and	have	since	 leveled	off.52,53	The	European	Union	 took	 the	 tar	 reduction	mentality	 to	heart	 in	crafting
maximum	 levels	of	 tar	 in	 cigarettes	 that	 could	be	 sold	 in	member	 countries,	beginning	at	15	mg	 in	1992,	 then
dropping	to	12	mg	in	1998,	and	10	mg	in	2005.54	Unfortunately,	these	reductions	in	tar	yields	have	not	translated
into	 changes	 in	disease	 risks	 among	 smokers.55	Despite	 initial	optimism	about	 these	products,	both	 laboratory-
based	and	epidemiologic	studies	indicate	neither	an	individual	nor	a	public	health	benefit	from	low-tar	cigarettes
as	compared	to	full-flavor	varieties.56–58	The	health	consequences	of	mistakenly	accepting	the	purported	benefits
of	lower	tar	and	nicotine	products	have	been	significant.	The	increases	in	adenocarcinoma	of	the	lung	observed	in
the	United	States	over	recent	decades	may	reflect	changes	made	to	the	cigarette,	such	as	filters,	filter	ventilation,
and	tobacco-specific	nitrosamines	in	smoke	produced	by	the	relatively	high	amount	of	burley	tobacco	used	in	the
typical	 U.S.	 cigarette	 blend.23,59	 Tobacco	 manufacturers	 engineered	 cigarettes	 to	 be	 elastic;	 that	 is,	 cigarettes
allow	smokers	to	adjust	their	puffing	patterns	to	regulate	their	intake	of	nicotine,	regardless	of	how	the	cigarette
might	 perform	 under	 the	 standard	 testing	 conditions	 that	 drove	 the	 labeling	 and	 advertising	 of	 the	 products.55
Indeed,	in	the	United	States,	there	is	evidence	of	an	overall	decline	in	the	average	number	of	cigarettes	smoked	by



smokers	 but	 no	 accompanying	 reduction	 in	 average	 cotinine	 levels,	 suggesting	greater	 extraction	of	 nicotine.60
Researchers	have	since	come	to	determine	 that	filter	vents	are	 the	main	design	feature	 the	 industry	relied	on	 in
creating	 elastic	 products.54,55,61	 Vents	 facilitate	 taking	 larger	 puffs	 and	 also	 contribute	 to	 sensory	 perceptions
because	they	dilute	the	smoke	with	air.62	So,	even	with	a	larger	puff,	the	same	mass	of	toxins	can	seem	less	harsh
and	irritating	because	it	is	diluted	by	a	proportionate	amount	of	air,	which	may	in	turn	underscore	smokers’	beliefs
that	they	are	smoking	safer	cigarettes.62,63	There	is	also	emerging	evidence	that	vents	may	have	contributed	to	the
shift	from	squamous	cell	carcinoma	to	adenocarcinoma	as	the	predominant	presentation	of	lung	cancer.64	Other
smoke	components	 (e.g.,	acetaldehyde,	ammonia,	minor	 tobacco	alkaloids)	and	aspects	of	cigarette	engineering
(e.g.,	menthol,	flavor	additives)	may	further	contribute	to	the	addictiveness	of	cigarettes.65

Since	the	1980s,	manufacturers	have	introduced	products	that	make	more	explicit	claims	about	reduced	health
risks.	 Examples	 of	 modified	 cigarette-like	 products	 include	 Omni	 (Vector	 Tobacco)	 and	 Advance	 (Brown	 &
Williamson).66	 Other	 products	 have	 been	 introduced	 that	 heat	 rather	 than	 combust	 tobacco,	 such	 as
Accord/Heatbar/iQOS	 (Philip	Morris),	 Eclipse	 (R.J.	 Reynolds	 Tobacco),	 glo	 (British	 American	 Tobacco),	 and
Ploom	Tech	(Japan	Tobacco).	In	the	2000s,	as	evidence	of	reduced	lung	cancer	incidence	and	coincident	increases
in	 snus	 use	 in	 Sweden	 appeared,67,68	 manufacturers	 began	 to	 promote	 smokeless	 tobacco	 products	 as	 reduced
harm	alternatives.	Most	recently,	electronic	cigarettes	and	vaporizers,	which	aerosolize	a	nicotine	solution,	have
gained	increasing	popularity	and	generated	concern	among	public	health	practitioners,	particularly	with	regard	to
effects	 on	 youth.8,69–71	 Based	 on	 limited	 data	 thus	 far,	 exclusive	 use	 of	 electronic	 nicotine	 devices	 appears	 to
reduce	 exposure	 to	 carcinogens	 found	 in	 cigarette	 smoke	 relative	 to	 smoking	 (e.g.,	 nitrosamines,	 polycyclic
aromatic	 hydrocarbons	 [PAHs],	 some	 volatile	 organics).	 However,	 more	 evidence	 is	 needed	 to	 determine	 the
extent	 to	 which	 switching	 from	 cigarettes	 to	 electronic	 nicotine	 devices	 reduces	 cancer	 risk	 overall.	 This	 is
particularly	true	as	these	devices	evolve,	as	some	evidence	suggests	that	higher	power	is	associated	with	greater
production	 of	 volatile	 and	 semivolatile	 constituents,	 such	 as	 formaldehyde.	 In	 the	United	 States,	 the	 FDA	 has
authority	to	authorize	marketing	claims	about	reduced	risk.

CARCINOGENS	IN	TOBACCO	PRODUCTS	AND	PROCESSES	OF	CANCER
DEVELOPMENT
Cigarette	 smoke	 has	 been	 identified	 as	 carcinogenic	 since	 the	 1950s,	 and	 efforts	 have	 continued	 to	 identify
specific	carcinogens	in	smoke	and	smokeless	tobacco	products.	The	International	Agency	for	Research	on	Cancer
(IARC)	has	classified	both	cigarette	 smoke	and	smokeless	 tobacco	as	Group	1	carcinogens.72,73	The	 IARC	has
also	 identified	 72	measurable	 carcinogens	 in	 cigarette	 smoke	where	 evidence	 is	 sufficient	 to	 classify	 them	 as
Group	 1	 (carcinogenic	 to	 humans),	 2A	 (probably	 carcinogenic	 to	 humans),	 or	 2B	 (possibly	 carcinogenic	 to
humans).72	 The	 IARC	 list,	 in	 addition	 to	 data	 from	 the	 United	 States	 Environmental	 Protection	 Agency,	 the
National	Toxicology	Program,	and	the	National	Institute	for	Occupational	Safety	and	Health,	informed	the	FDA’s
development	 of	 a	 list	 of	 Harmful	 and	 Potentially	 Harmful	 Constituents	 in	 tobacco	 and	 tobacco	 smoke,	 which
manufacturers	 are	 required	 to	 report.74	 Table	 6.2	 illustrates	 the	 carcinogens	 listed	 as	 Harmful	 and	 Potentially
Harmful	Constituents	alongside	their	carcinogenicity	classifications	by	IARC	or	the	United	States	Environmental
Protection	Agency.	Data	on	emissions	from	novel	products	such	as	electronic	cigarettes	and	heat-not-burn	devices
are	still	emerging	and	generally	have	focused	on	existing	Harmful	and	Potentially	Harmful	Constituents	lists.75,76
The	potential	role	in	cancer	development,	if	any,	of	chronic	exposure	to	heated	solvents	such	as	propylene	glycol
and	vegetable	glycerin	is	understudied.

Compounds	of	Particular	Concern
Research	 groups	 have	 listed	 components	 of	 cigarette	 smoke	 theorized	 to	 impact	 health	 risk,	 often	 relying	 on
carcinogenic	 potency	 indices	 and	 relative	 concentrations	 in	 smoke.77,78	 In	 these	 analyses,	 the	N-nitrosamines,
benzene,	1,3-butadiene,	aromatic	amines,	and	cadmium	often	rank	highly.	PAHs,	many	of	which	are	carcinogenic,
consist	 of	 three	or	more	 fused	 aromatic	 rings	 resulting	 from	 incomplete	 combustion	of	 organic	 (carbonaceous)
materials	and	are	often	found	in	coal	tar,	soot,	broiled	foods,	and	automobile	engine	exhaust.79	A	compound	of
particular	 concern	 in	 cigarette	 smoke	 historically	 has	 been	 benzo[a]-pyrene	 (BaP),	 which	 has	 substantial
carcinogenic	 activity	 and	 is	 considered	 carcinogenic	 to	 humans	 by	 the	 IARC.79	 In	 addition	 to	 PAH,	 other
hydrocarbons	 found	 in	 significant	 quantities	 in	 cigarette	 smoke	 include	 benzene	 (a	 long-established	 cause	 of
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leukemia),	1,3-butadiene	(a	potent	multiorgan	carcinogen),	naphthalene,	and	styrene.	Carbonyl	compounds,	such
as	formaldehyde	and	acetaldehyde,	abound	in	cigarette	smoke,	primarily	coming	from	the	combustion	of	sugars
and	 cellulose.80	 However,	 there	 are	 numerous	 other	 noncigarette	 exposures	 to	 these	 compounds,	 including
endogenous	formation	during	metabolism.	Smoke	contains	a	number	of	aromatic	amines,	such	as	known	bladder
carcinogens	2-aminonaphthalene	and	4-aminobiphenyl,	heterocyclic	amines,	and	furans.	Toxic	metals,	including
beryllium,	 cadmium,	 lead,	 and	polonium-210,	 are	 also	 present	 in	 cigarette	 smoke	 in	measurable	 quantities,81,82
levels	of	which	may	depend	in	part	on	the	region	of	the	world	where	the	tobacco	was	grown.83	Much	attention	has
been	focused	on	the	N-nitrosamines,	primarily	because	 they	are	well-established	carcinogens.84–86	Nitrosamines
form	 through	 reactions	 of	 nitrite	 with	 amino	 groups.	 In	 tobacco,	 two	 compounds	 of	 concern	 are	 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone	 (NNK),	 which	 is	 derived	 from	 nitrosation	 of	 nicotine,	 and	 N′-
nitrosonornicotine	(NNN),	which	is	derived	from	nitrosation	of	nornicotine.	Both	of	these	compounds	are	tobacco
specific.	NNN	and	NNK	primarily	form	during	the	curing	process	for	tobacco,	where	the	leaves	are	dried	through
contact	 with	 combustion	 gases	 from	 heat	 (flue)	 curing	 or	 microbial	 activity	 in	 air	 curing.80	 NNK	 is	 not	 only
known	to	be	a	potent	 lung	carcinogen	but	also	shows	tumor	induction	activity	in	the	nasal	cavity,	 the	pancreas,
and	the	liver,	whereas	NNN	has	been	shown	to	induce	tumors	along	the	respiratory	tract	and	esophagus	in	various
animal	models.	Because	they	are	produced	in	the	curing	process	and	transfer	into	smoke,	rather	than	being	formed
by	combustion,	it	is	possible	to	reduce	nitrosamines	by	changing	curing	and	storage	practices.80,87,88

Smokeless	 tobacco	 products,	 although	 they	 are	 not	 burned,	 nonetheless	 contain	 substantial	 levels	 of
carcinogens,	most	prominently	the	N-nitrosamines.73	Here,	product	type	and	composition	have	an	enormous	effect
on	 nitrosamine	 levels.	 For	 example,	U.S.	moist	 snuff	 has	 substantially	 higher	 levels	 than	 that	 sold	 in	 Sweden
(snus),	 whereas	 smokeless	 products	 available	 in	 India	 are	 often	 far	 higher	 in	 nitrosamines.89	 U.S.	 smokeless
products	also	can	contain	PAH	and	carbonyl	compounds,	likely	derived	from	fire	curing	the	constituent	tobacco.90
Similar	to	cigarettes,	smokeless	products	would	also	contain	toxic	metals.81,82	Electronic	nicotine	delivery	systems
and	heat-not-burn	products	also	generally	have	lower	concentrations	of	these	concerning	compounds,	although	the
evidence	base	is	limited.

Although	tobacco	is	an	exceedingly	complex	mixture,	 it	 is	possible	 to	use	animal	models	and	epidemiologic
evidence	to	postulate	relationships	between	specific	components	and	known	tobacco-induced	cancers.91,92	There
is	 strong	 evidence	 from	 multiple	 studies	 to	 suggest	 that	 PAH	 and	 N-nitrosamines	 are	 involved	 in	 lung
carcinogenesis.	 For	 example,	 PAH–DNA	 adducts	 are	 observed	 in	 lung	 tissues,	 and	 p53	 tumor	 suppressor
mutations	 in	 lung	 tumors	 resemble	 the	 damage	 created	 by	 PAH	 diol	 epoxide	 metabolites	 in	 vitro.93–96	NNK
appears	 to	 preferentially	 induce	 lung	 tumors	 in	 the	 rat,	 regardless	 of	 the	 route	 of	 administration,	 and	 DNA–
nitrosamine	adducts	are	detectable	in	lung	tissues.97,98	Most	importantly,	nitrosamine	metabolite	levels	measured
in	smokers	were	prospectively	related	to	the	risk	of	lung	cancer	in	cohort	studies,	even	adjusting	for	other	indices
of	smoking	exposure	(e.g.,	cotinine,	pack-years).98–102	PAH	and	nitrosamines	are	also	likely	to	be	implicated	in
cancers	along	the	respiratory	tract	and	the	cervix.103,104	Considerable	evidence	exists	that	aromatic	amines	such	as
4-aminobiphenyl	 and	 2-naphthylamine	 are	 potent	 bladder	 carcinogens,	 and	 smokers	 are	 known	 to	 be	 at	 an
elevated	 risk	 of	 bladder	 cancer,	 so	 these	 are	 presumed	 to	 be	 the	 primary	 causative	 agents.105–107	 Similarly,	 as
benzene	is	a	known	cause	of	leukemia,	it	is	presumed	that	this	is	the	link	to	leukemia	observed	in	smokers.

TABLE	6.2
Carcinogens	in	Tobacco	and	Tobacco	Smoke	Identified	as	Harmful	and	Potentially	Harmful
by	the	U.S.	Food	and	Drug	Administration,	with	International	Agency	for	Research	on	Cancer
Carcinogenicity	(IARC)	Classifications	as	of	2017

Compound CAS	No.
IARC
Groupa IARC	Volume Year

1,3-Butadiene 106-99-0 1 100F 2012

2-Aminonaphthalene 91-59-8 1 100F 2012

4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK)

64091-91-4 1 100E 2012

4-Aminobiphenyl 92-67-1 1 100F 2012

Aflatoxin	B1 1162-65-8 1 100F 2012



Arsenic 7440-38-2 1 100C 2012

Benzene 71-43-2 1 100F 2012

Benzo[a]pyrene 50-32-8 1 100F 2012

Beryllium 7440-41-7 1 100C 2012

Cadmium 7440-43-9 1 100C 2012

Chromium	(hexavalent	compounds) 18540-29-9 1 100C 2012

Ethylene	oxide 75-21-8 1 100F 2012

Formaldehyde 50-00-0 1 100F 2012

N′-Nitrosonornicotine	(NNN) 16543-55-8 1 100E 2012

Nickel	(compounds) 	 1 100C 2012

o-Toluidine 95-53-4 1 100F 2012

Polonium-210 7440-08-6 1 100D 2012

Uranium	(235,	238	isotopes) 7440-61-1 1 100D 2012

Vinyl	chloride 75-01-4 1 100F 2012

Acrylamide 79-06-1 2A 60 1994

Cyclopenta[c,d]pyrene 27208-37-3 2A 92 2010

Dibenz[a,h]anthracene 53-70-3 2A 92 2010

Dibenzo[a,l]pyrene 191-30-0 2A 92 2010

Ethyl	carbamate	(urethane) 51-79-6 2A 96 2010

IQ	(2-amino-3-methylimidazo[4,5-f]quinoline) 76180-96-6 2A 56 1993

N-Nitrosodiethylamine 55-18-5 2A SUP	7 1987

N-Nitrosodimethylamine	(NDMA) 62-75-9 2A SUP	7 1987

2-Nitropropane 79-46-9 2B 71 1999

2,6-Dimethylaniline 87-62-7 2B 57 1993

5-Methylchrysene 3697-24-3 2B 92 2010

A-α-C	(2-amino-9H-pyrido[2,3-b]indole) 26148-68-5 2B SUP	7 1987

Acetaldehyde 75-07-0 2B 71 1999

Acetamide 60-35-5 2B 71 1999

Acrylonitrile 107-13-1 2B 71 1999

Benz[a]anthracene 56-55-3 2B 92 2010

Benz[j]aceanthrylene 202-33-5 2B 92 2012

Benzo[b]fluoranthene 205-99-2 2B 92 2010

Benzo[b]furan 271-89-6 2B 63 1995

Benzo[c]phenanthrene 195-19-7 2B 92 2010

Benzo[k]fluoranthene 207-08-9 2B 92 2010

Caffeic	acid 331-39-5 2B 56 1993

Catechol 120-80-9 2B 71 1999

Chrysene 218-01-9 2B 92 2010

Cobalt 7440-48-4 2B 52 1991

Dibenzo[a,h]pyrene 189-64-0 2B 92 2010

Dibenzo[a,i]pyrene 189-55-9 2B 92 2010

Ethylbenzene 100-41-4 2B 77 2000

Furan 110-00-9 2B 63 1995

Glu-P-1	(2-amino-6-methyldipyrido[1,2-a:3′,2′-
d]imidazole)

67730-11-4 2B SUP	7 1987

Glu-P-2	(2-aminodipyrido[1,2-a:3′,2′-d]imidazole) 67730-10-3 2B SUP	7 1987

Hydrazine 302-01-2 2B 71 1999

Indeno[1,2,3-cd]pyrene 193-39-5 2B 92 2010

Isoprene 78-79-5 2B 71 1999

Lead 7439-92-1 2B SUP	7 1987
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MeA-α-C	(2-amino-3-methyl-9H-pyrido[2,3-
b]indole)

68006-83-7 2B SUP	7 1987

N-Nitrosodiethanolamine	(NDELA) 1116-54-7 2B 77 2000

N-Nitrosomethylethylamine 10595-95-6 2B SUP	7 1987

N-Nitrosomorpholine	(NMOR) 59-89-2 2B SUP	7 1987

N-Nitrosopiperidine	(NPIP) 100-75-4 2B SUP	7 1987

N-Nitrosopyrrolidine	(NPYR) 930-55-2 2B SUP	7 1987

N-Nitrososarcosine	(NSAR) 13256-22-9 2B SUP	7 1987

Naphthalene 91-20-3 2B 82 2002

Nickel 7440-02-0 2B 49 1990

Nitrobenzene 98-95-3 2B 65 1996

Nitromethane 75-52-5 2B 77 2000

o-Anisidine 90-04-0 2B 73 1999

PhIP	(2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine)

105650-23-5 2B 56 1993

Propylene	oxide 75-56-9 2B 60 1994

Styrene 100-42-5 2B 82 2002

Trp-P-1	(3-amino-1,4-dimethyl-5H-pyrido[4,3-
b]indole)

62450-06-0 2B SUP	7 1987

Trp-P-2	(3-amino-1-methyl-5H-pyrido[4,3-b]indole) 62450-07-1 2B SUP	7 1987

Vinyl	acetate 108-05-4 2B 63 1995

1-Aminonaphthalene 134-32-7 3 SUP	7 1987

Chromium 7440-47-3 3 49 1990

Crotonaldehyde 4170-30-3 3 63 1995

Dibenzo[a,e]pyrene 192-65-4 3 92 2010

Mercury 7439-97-6 3 58 1993

Quinoline 91-22-5 EPA
Group	B2b

	 	

Cresols	(o-,	m-,	and	p-cresol) 1319-77-3 EPA
Group	Cc

	 	

Notes:	Most	recently	published	IARC	monograph	for	each	compound	is	listed.	Quinoline	and	cresols	have	not	been	evaluated	by
IARC	but	have	been	evaluated	by	the	United	States	Environmental	Protection	Agency	(EPA).
aIARC	Groups:	 1,	 carcinogenic	 to	 humans;	 2A,	 probably	 carcinogenic	 to	 humans;	 2B,	 possibly	 carcinogenic	 to	 humans;	 3,	 not
classifiable	as	to	its	carcinogenicity	to	humans;	http://monographs.iarc.fr/ENG/Classification/ClassificationsAlphaOrder.pdf.
EPA	Groups:	B2,	likely	to	be	carcinogenic	in	humans;	C,	possible	human	carcinogen.
CAS	No.,	Chemical	Abstracts	Service	registry	number.	CAS	Registry	Number	is	a	Registered	Trademark	of	the	American	Chemical
Society.
bQuinoline:	http://www.epa.gov/iris/subst/1004.htm.
cCresols:	http://www.epa.gov/iris/subst/0300.htm;	http://www.epa.gov/iris/subst/0301.htm;	http://www.epa.gov/iris/subst/0302.htm.

Important	to	examining	the	role	of	various	smoke	components	in	cancer	is	the	ability	to	measure	the	exposure
of	 smokers	 to	 these	components.	Biomarkers	of	 exposure	may	also	be	crucial	 for	 examining	products	 for	 their
potential	to	reduce	health	risks	associated	with	tobacco	use.71,108,109	Validation	of	tobacco	exposure	biomarkers	is
threefold:	method	validation,	validation	with	respect	to	product	use,	and	validation	with	respect	to	disease	risk.71
Validation	with	respect	to	product	use	means	that	levels	of	a	given	biomarker	differ	substantially	between	users
and	 nonusers	 and	 that	 biomarker	 levels	 decrease	 substantially	 when	 product	 use	 is	 stopped.	 Validation	 with
respect	 to	disease	 risk	 implies	 that	variation	 in	biomarker	 levels	 in	product	users	are	predictive	of	variations	 in
disease	 outcomes.	 Over	 the	 last	 decade,	 the	 development	 of	 modern	 high-throughput,	 high-resolution	 mass
spectrometry	has	allowed	for	the	measurement	of	multiple	metabolites	of	tobacco	carcinogens.110–113	Commonly
used	biomarkers	of	tobacco	exposure	are	listed	in	Table	6.3.

How	Tobacco	Use	Leads	to	Cancer
A	 2010	 U.S.	 Surgeon	 General’s	 report	 provides	 extensive	 detail	 on	 the	 current	 state	 of	 knowledge	 of	 how
smoking	causes	cancer.65	Therefore,	only	a	brief	overview	is	provided	here.	Hecht	and	colleagues101,113–116	have



explicated	a	major	pathway	by	which	tobacco	use	leads	to	cancer.	In	this	formulation,	carcinogen	exposure	leads
to	the	formation	of	carcinogen–DNA	adducts,	which	then	cause	mutations	that,	 if	not	repaired	or	removed,	will
give	rise	to	cell	transformation	processes	that	can	lead	to	cancer.	It	is	important	to	keep	perspective	that	although
each	cigarette	may	contain	seemingly	low	levels	of	a	given	carcinogen,	smoking	is,	for	most	people,	a	long-term
addiction.	Via	repeated	smoking	of	multiple	cigarettes	per	day	over	decades,	a	mixture	of	numerous	carcinogens
is	administered.	Further,	compounds	taken	in	during	smoking	can	be	metabolically	activated,	thus	increasing	their
activity.	 Cigarette	 smoke	 compounds	 appear	 to	 induce	 the	 cytochrome	 P450	 system,	 which	 facilitates	 the
metabolic	 activation	 of	 carcinogens	 to	 electrophilic	 entities	 that	 are	 able	 to	 covalently	 bind	DNA.117,118	DNA
adducts	appear	to	be	crucial	to	the	cancer	process,	and	numerous	studies	show	that	smoker	tissues	contain	higher
levels	of	DNA	adducts	than	nonsmokers	and	that	DNA	adduct	levels	are	associated	with	cancer	risk.119,120	At	the
same	 time,	 other	 systems	 are	 involved	 in	 the	 detoxification	 and	 deactivation	 of	 smoke	 constituents,	 typically
catalyzed	by	uridine	5′-disphospho-glucuronosyltransferases	and	glutathione-	S-transferases,	resulting	in	excretion
of	 inactive	 compounds.121,122	 An	 individual’s	 balance	 of	 activation	 and	 deactivation	 of	 toxicants	 may	 be	 an
important	 predictor	 of	 cancer	 risk,	 although	 evidence	 for	 this	 is	mixed	 in	 the	 literature.123,124	 Similarly,	DNA
repair	capacity	 is	an	 important	consideration	because,	even	 if	adducts	are	 formed,	enzymatic	processes	exist	 to
remove	 them,	 including	 alkyltransferases,	 nucleotide	 excision,	 and	 mismatch	 repair.	 Polymorphisms	 in	 gene
coding	for	these	enzymes	may	help	explain	individual	differences	in	cancer	susceptibility.	Table	6.4	outlines	the
metabolic	activation/detoxification,	DNA-adduct	formation,	and	repair	processes	believed	to	be	involved	for	four
tobacco	carcinogens	(nitrosamines,	PAH,	benzene,	4-aminobiphenyl).65,120

TABLE	6.3
Commonly	Used	Biomarkers	of	Exposure	to	Carcinogens	in	Tobacco	Smoke

Biomarker Tobacco	Smoke	Source Matrices
Monohydroxy-3-butenyl	mercapturic	acid	(MHBMA) 1,3-Butadiene Urine

4-Aminobiphenyl-globin 4-Aminobiphenyl Blood

N-(2-hydroxypropyl)methacrylamide	(HPMA) Acrolein Urine

Carbamoylethylvaline Acrylamide Blood

Cyanoethylvaline Acrylonitrile Blood

S-Phenylmercapturic	acid	(SPMA) Benzene Urine

Cd Cadmium Urine

3-Hydroxypropyl	mercapturic	acid	(HBMA) Crotonaldehyde Urine

2-Hydroxyethyl	mercapturic	acid	(HEMA) Ethylene	oxide Urine

Nicotine	equivalents	(nicotine,	cotinine,	trans-3′-hydroxycotinine,	and	their
respective	glucuronides)

Nicotine Urine

Total	4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol	(NNAL)	(NNAL	≶	NNAL
glucuronide)

NNK Urine

Total	NNN	(NNN	≶	NNN	glucuronide) NNN Urine

1-Hydroxypyrene Pyrene	(representative	of	other	PAH) Urine
NNN,	N′-nitrosonornicotine;	PAH,	polycyclic	aromatic	hydrocarbon.
Adapted	from	Hecht	SS,	Yuan	JM,	Hatsukami	D.	Applying	tobacco	carcinogen	and	toxicant	biomarkers	 in	product	regulation	and
cancer	prevention.	Chem	Res	Toxicol	2010;23(6):1001–1008.

Persistent	DNA	adducts	can	cause	miscoding	during	DNA	replication.	Smoke	carcinogens	are	known	to	cause
G:A	and	G:T	mutations,	and	mutations	 in	 the	KRAS	oncogene	and	 the	p53	 tumor	suppressor	gene	are	strongly
associated	with	 tobacco-caused	 cancers.93,114,125–127	 Inactivation	 of	p53,	 together	 with	 the	 activation	 of	KRAS,
appears	to	reduce	survival	in	non–small-cell	lung	cancer.65	Gene	mutations	that	do	not	result	in	apoptosis	may	go
on	 to	 influence	 a	 number	 of	 downstream	 processes,	 which	may	 lead	 to	 genomic	 instability,	 proliferation,	 and
eventually,	 malignancy.128–130	 Some	 smoke	 constituents	 may	 also	 act	 in	 ways	 that	 indirectly	 support	 the
development	of	cancer.	Nicotine,	although	not	a	carcinogen	in	itself,	 is	known	to	reduce	apoptosis	and	increase
angiogenesis	and	transformation	processes	via	nuclear	factor	kappa	B.65,131	Activation	of	nicotinic	acetylcholine
receptors	in	lung	epithelium	by	nicotine	or	NNK	is	associated	with	survival	and	proliferation	of	malignant	cells.65
Nitrosamines	also	appear	 to	have	 similar	 activities	via	 the	 activation	of	protein	kinases	A	and	B.132	NNK	may
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bind	β-adrenergic	receptors	to	stimulate	the	release	of	arachidonic	acid,	which	is	converted	to	prostaglandin	E2	by
cyclooxygenase-2.	Smoke	compounds	appear	to	activate	epidermal	growth	factor	receptor	and	cyclooxygenase-2,
both	of	which	are	found	to	be	elevated	in	many	cancers.133	Ciliatoxic,	inflammatory,	and	oxidizing	compounds,
such	as	acrolein	and	ethylene	oxide	in	smoke,	may	also	impact	the	likelihood	of	cancer	development.	Epigenetic
changes	such	as	hypermethylation,	particularly	at	P16,	may	also	play	a	role	in	lung	cancer	development.65

TABLE	6.4
Key	Pathways	and	Processes	Where	Selected	Smoke	Constituents	Are	Activated	and
Detoxified

	 NNN,	NNK PAH Benzene 4-ABP
Metabolic	Activation Alpha	hydroxylation Diol	epoxide	formation Epoxide/oxepin

formation
N-oxidation

Cytochrome	P450
Enzymes	Involved

2A6,	2A13,	2E1 1A1,	1B1 2E1 1A2

Enzymes	Involved	in
Detoxification/Activation

UGT MEH,	GST,	UGT MEH,	GST UGT,	NAT

DNA	Adduct	Formation
Sites

	 	 	 	

Lung O6-POB-
deoxyguanosine

BPDE-N2-
deoxyguanosine

	 	

Bladder 	 	 	 C-8	deoxyguanosine

DNA	Repair	Pathways AGT,	BER NER,	MMR BER,	NER,	NIR NER
NNN,	 N′-nitrosonornicotine;	 NNK,	 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone;	 PAH,	 polycyclic	 aromatic	 hydrocarbon;	 UGT,
uridine-5′-diphosphate-glucuronosyltransferases;	MEH,	microsomal	epoxide	hydrolases;	GST,	glutathione-S-transferases;	NAT,	N-
acetyltransferases;	AGT,	O6-alkylguanine–DNA	alkyltransferase;	BER,	base	excision	repair;	NER,	nucleotide	excision	repair;	MMR,
mismatch	repair;	NIR,	nucleotide	incision	repair.

CONCLUSION
Tobacco	 use	 is	 a	 leading	 cause	 of	 cancer,	 driven	 by	 the	 addictive	 nature	 of	 nicotine.	While	 a	 suite	 of	 policy
interventions	has	significantly	reduced	smoking	rates	in	the	population,	 the	long	lag	between	smoking	initiation
and	cancer	diagnosis	ensures	that	smoking-associated	cancers	will	continue	to	present	a	significant	public	health
problem	for	the	foreseeable	future.	Advances	such	as	modified-risk	tobacco	products	and	the	emergence	of	low-
dose	computed	tomography	screening	for	lung	cancer	may	help	to	accelerate	the	downward	trends.
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7 Oncogenic	Viruses
Christopher	B.	Buck,	Lee	Ratner,	and	Giovanna	Tosato

PRINCIPLES	OF	TUMOR	VIROLOGY
Viral	 infections	play	 a	 causal	 role	 in	 at	 least	 10%	of	 all	 new	cancer	diagnoses	worldwide.1	A	vast	majority	 of
cases	(>85%)	occur	in	developing	countries,	where	poor	sanitation,	high	rates	of	cocarcinogenic	factors	such	as
HIV/AIDS,	and	lack	of	access	to	vaccines	and	cancer	screening	all	contribute	to	increased	rates	of	virally	induced
cancers.	Even	in	developed	countries,	where	effective	countermeasures	are	widely	available,	cancers	attributable
to	viral	infection	account	for	at	least	4%	of	new	cases.2

Viruses	 that	 are	 known	 to	 be	 carcinogenic	 in	 humans	 come	 from	 six	 distinct	 viral	 families	with	 a	 range	 of
physical	characteristics	 (Table	7.1).	All	known	human	cancer	viruses	are	capable	of	establishing	durable,	 long-
term	 infections	and	cause	cancer	only	 in	a	minority	of	persistently	 infected	 individuals.	The	 low	penetrance	of
cancer	 induction	 is	 consistent	with	 the	 idea	 that	 a	 virus	 capable	 of	 establishing	 a	 durable	 productive	 infection
would	not	benefit	from	inducing	a	disease	that	kills	the	host.3	The	slow	course	of	cancer	induction	(typically	over
a	course	of	many	years	after	 the	initial	 infection)	suggests	 that	viral	 infection	alone	is	rarely	sufficient	 to	cause
human	malignancy	and	that	virally	induced	cancers	arise	only	after	additional	oncogenic	“hits”	have	had	time	to
accumulate	stochastically.

In	broad	terms,	viruses	can	cause	cancer	through	either	(or	both)	of	two	broad	mechanisms:	direct	or	indirect.
Direct	mechanisms,	 in	which	 the	 virus-infected	 cell	 ultimately	 becomes	malignant,	 are	 typically	 driven	 by	 the
effects	of	viral	oncogene	expression	or	through	direct	genotoxic	effects	of	viral	gene	products.	In	most	established
examples	 of	 direct	 viral	 oncogenesis,	 the	 cancerous	 cell	 remains	 “addicted”	 to	 viral	 oncogene	 expression	 for
ongoing	growth	and	viability.

A	 common	 feature	 of	 DNA	 viruses	 that	 depend	 on	 host	 cell	 DNA	 polymerases	 for	 replication	 (e.g.,
papillomaviruses,	and	polyomaviruses)	is	the	expression	of	viral	gene	products	that	promote	progression	into	the
cell	 cycle.	 A	 typical	 mechanism	 of	 direct	 oncogenic	 effects	 is	 through	 the	 inactivation	 of	 tumor	 suppressor
proteins,	such	as	 the	“guardian	of	 the	genome,”	p53,	and	retinoblastoma	protein	(pRB).	This	effectively	primes
the	cell	 to	express	 the	host	machinery	necessary	 for	 replicating	 the	viral	DNA.	The	study	of	 tumor	viruses	has
been	 instrumental	 in	 uncovering	 the	 existence	 and	 function	 of	 key	 tumor	 suppressor	 proteins,	 as	 well	 as	 key
cellular	protooncogenes,	such	as	Src	and	Myc.

TABLE	7.1
Oncogenic	Viruses

Virus Taxon
Viral
Genome Virion

Infection
Rate

Site	of
Persistence

Diseases	in
Normal	Hosts

Diseases	in
Immunocompromised
Hosts

High-risk
human
papillomavirus
types	(e.g.,
HPV16)

Alphapapillomavirus 8	kb
circular
dsDNA

Nonenveloped >70% Ano-genital
mucosa,	oral
mucosa

Carcinomas	of
the	cervix,
penis,	anus,
vagina,	vulva,
tonsils,	base	of
tongue,	bladder

Increased	incidence	of
same	diseases

Hepatitis	B
virus

Hepadnaviridae 3	kb
ss/dsDNA

Enveloped 2%–8% Hepatocytes Cirrhosis,
hepatocellular
carcinoma

Same	diseases,
increased	incidence
with	AIDS

Hepatitis	C
virus

Flaviviridae 10	kb
+RNA

Enveloped <3% Hepatocytes Cirrhosis,
hepatocellular
carcinoma,

Same	diseases,
increased	incidence
with	AIDS



splenic
marginal	zone
lymphoma

Epstein-Barr
virus	(HHV-4)

Gammaherpesvirinae 170	kb
linear
DNA

Enveloped 90% B	cells,
pharyngeal
mucosa

Mononucleosis,
Burkitt
lymphoma,
other	non-
Hodgkin
lymphoma,
nasopharyngeal
carcinoma

Increased	incidence	of
same	diseases,
lymphoproliferative
disease,	other
lymphomas,	oral	hairy
leukoplakia,
leiomyosarcoma

Kaposi
sarcoma
herpesvirus
(HHV-8)

Gammaherpesvirinae 170	kb
linear
DNA

Enveloped 2%–60% Oral	mucosa,
endothelium,	B
cells

Kaposi
sarcoma,
multicentric
Castleman
disease

Increased	Kaposi
sarcoma,	multicentric
Castleman	disease
incidence,	primary
effusion	lymphoma

Merkel	cell
polyomavirus

Alphapolyomavirus 5	kb
circular
dsDNA

Nonenveloped 75% Skin
(lymphocytes?)

Merkel	cell
carcinoma

Increased	Merkel	cell
carcinoma	incidence

Human	T	cell
leukemia	virus

Deltaretrovirus 9	kb
+RNA
(RT)

Enveloped 0.01%–
6%

T	and	B	cells Adult	T	cell
leukemia-
lymphoma,
tropical	spastic
paraparesis,
myelopathy,
uveitis,
dermatitis

Unknown

BK
polyomavirus

Betapolyomavirus 5	kb
circular
dsDNA

Nonenveloped 90% Bladder
epithelium

None
established

Cystisits,	nephropathy,
encephalopathy

Ranges	for	infection	rates	imply	major	variations	in	prevalence	among	populations	in	different	world	regions.	“Associated	cancers”
indicates	the	annual	number	of	new	cases	clearly	attributable	to	viral	 infection.	An	estimate	for	the	worldwide	incidence	of	Merkel
cell	carcinoma	is	not	currently	available;	an	estimate	of	the	annual	new	cases	in	the	United	States	alone	is	given	instead.
kb,	kilobases;	ds,	double-stranded;	ss,	single-stranded;	HHV,	human	herpesvirus;	RT,	reverse-transcriptase.

In	 principle,	 viruses	 can	 cause	 cancer	 via	 a	 direct	 “hit-and-run”	 mechanism.	 In	 this	 scenario,	 viral	 gene
products	may	preserve	 cellular	 viability	 and	promote	 cell	 growth	 in	 the	 face	of	 otherwise	proapoptotic	 genetic
damage	during	the	early	phases	of	tumor	development.	This	allows	the	precancerous	cell	 to	accumulate	enough
additional	genetic	hits	to	eventually	allow	for	cell	growth	and	survival	independent	of	viral	oncogene	expression.
This,	 in	 turn,	allows	 for	 stochastic	 loss	of	viral	nucleic	acids	 from	 the	nascent	 tumor,	perhaps	giving	a	cellular
growth	advantage	due	 to	 the	 loss	of	“foreign”	viral	antigens	 that	might	otherwise	 serve	as	 targets	 for	 immune-
mediated	 clearance	 of	 the	 nascent	 tumor.	 A	 hit-and-run	 mechanism	 has	 been	 documented	 in	 bovine
papillomavirus	4–induced	gastrointestinal	cancers	in	cattle.4	Hit-and-run	effects	have	more	recently	been	reported
in	 a	multimammate	mouse	model	 for	 papillomavirus-induced	 squamous	 cell	 carcinoma	 (SCC).5	The	effect	has
also	been	suggested	for	human	cancers	associated	with	hepatitis	B	and	C	viruses	(HBV	and	HCV,	respectively),
Epstein-Barr	virus	(EBV),	and	human	papillomaviruses	(HPVs),	but	conclusive	documentation	of	hit-and-run	in
humans	remains	elusive.6–8

In	indirect	oncogenic	mechanisms,	the	cells	that	give	rise	to	the	malignant	tumor	have	never	been	infected	by
the	virus.	 Instead,	 the	viral	 infection	 is	 thought	 to	 lead	 to	cancer	by	attracting	 inflammatory	 immune	 responses
that,	in	turn,	lead	to	accelerated	cycles	of	tissue	damage	and	regeneration	of	noninfected	cells.	In	some	instances,
virally	infected	cells	may	secrete	paracrine	signals	that	drive	the	proliferation	of	uninfected	cells.	At	a	theoretical
level,	 it	 may	 be	 difficult	 to	 distinguish	 between	 indirect	 carcinogenesis	 and	 hit-and-run	 direct	 carcinogenesis
because,	in	both	cases,	the	metastatic	tumor	may	not	contain	viral	nucleic	acids.

A	variety	of	hunting	approaches	have	been	used	to	uncover	etiologic	roles	for	viruses	 in	human	cancer.	The
first	 clues	 that	 high-risk	 HPVs,	 EBV,	 Kaposi	 sarcoma–associated	 herpesvirus	 (KSHV),	 and	 Merkel	 cell
polyomavirus	(MCV)	might	be	carcinogenic	were	based	on	the	detection	of	virions,	viral	DNA,	or	viral	RNA	in
the	 tumors	 these	 viruses	 cause.9	 A	 common	 feature	 of	 known	 virally	 induced	 cancers	 is	 that	 they	 are	 more
prevalent	 in	 immunosuppressed	 individuals,	 such	 as	 individuals	 suffering	 from	 HIV/AIDS	 or	 patients	 on
immunosuppressive	therapy	after	organ	transplantation.	This	is	thought	to	reflect	the	lack	of	immunologic	control
over	 the	 cancer-causing	 virus.	 Studies	 focused	 on	AIDS-associated	 cancers	 provided	 the	 first	 evidence	 for	 the
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carcinogenic	potential	of	KSHV	and	MCV.	A	theoretical	limitation	of	this	approach	is	that	some	virally	induced
cancers	may	not	occur	at	dramatically	elevated	rates	in	all	types	of	immunosuppressed	subjects,	particularly	if	the
virus	 causes	 only	 a	 fraction	 of	 cases	 (e.g.,	 HPV-induced	 head	 and	 neck	 cancers).	 Fortunately,	 the	 unbiased
analysis	of	nucleic	acid	sequences	found	in	 tumors	has	become	substantially	more	tractable	as	deep-sequencing
methods	have	continued	 to	 fall	 in	price.	 In	 coming	years,	 it	 should	be	 increasingly	possible	 to	 search	 for	viral
sequences	 without	 making	 the	 starting	 assumption	 that	 all	 virally	 induced	 tumors	 are	 associated	 with
immunosuppression.10

One	 limitation	of	 tumor-sequencing	approaches	 is	 that	 they	might	miss	undiscovered	divergent	viral	 species
within	viral	families	known	to	have	extensive	sequence	diversity	and	could	miss	viral	families	that	have	not	yet
been	 discovered.	 Tumor-sequencing	 approaches	 might	 also	 miss	 viruses	 that	 cause	 cancer	 by	 hit-and-run	 or
indirect	 mechanisms.	 It	 is	 conceivable	 that	 this	 caveat	 could	 be	 addressed	 by	 focusing	 on	 sequencing	 early
precancerous	 lesions	 thought	 to	 ultimately	 give	 rise	 to	metastatic	 cancer	 or	 by	 focusing	 sequencing	 efforts	 on
tumors	 affecting	 immunosuppressed	 patients,	who	may	 exert	 less	 immunologic	 pressure	 for	 the	 virus	 to	 “run”
from	the	nascent	tumor.

An	additional	successful	approach	to	hunting	cancer	viruses	involves	showing	that	individuals	who	are	infected
with	a	particular	virus	have	an	increased	long-term	risk	of	developing	particular	forms	of	cancer.	This	approach
was	successful	for	identifying	and	validating	the	carcinogenic	roles	of	high-risk	HPV	types,	HBV,	HCV,	KSHV,
and	 human	 T-lymphotropic	 virus	 1	 (HTLV-1).9	 Although	 viruses	 that	 are	 extremely	 prevalent,	 such	 as	 EBV,
MCV,	and	BK	polyomavirus	(BKV),	are	not	amenable	 to	 this	approach	per	se,	 it	may	still	be	possible	 to	draw
connections	 between	 cancer	 risk	 and	 either	 unusually	 high	 serum	 antibody	 titers	 against	 viral	 antigens	 or
unusually	high	viral	load.11	Relatively	high	serologic	titers	reflect	either	comparatively	poor	control	of	 the	viral
infection	in	at-risk	individuals	or	expression	of	viral	antigens	in	tumors	or	tumor	precursor	cells.12,13

The	finding	that	a	virus	causes	cancer	can	suggest	possible	paths	to	clinical	intervention.	These	can	include	the
development	of	 vaccines	or	 antiviral	 agents	 that	 prevent,	 attenuate,	 or	 eradicate	 the	viral	 infection	 and	 thereby
prevent	cancer;	the	development	of	methods	for	early	detection	or	diagnosis	of	cancer	based	on	assays	for	viral
nucleic	acids	or	gene	products;	or	the	development	of	drugs	or	immunotherapeutic	interventions	that	treat	cancer
by	 targeting	 viral	 gene	 products.	 Unfortunately,	 establishing	 the	 carcinogenicity	 of	 a	 given	 viral	 species	 is	 an
arduous	process	 that	must	 inevitably	 integrate	multiple	 lines	of	 evidence.	The	demonstration	 that	 the	virus	 can
transform	cells	in	culture	and/or	cause	cancer	in	animal	models	provides	circumstantial	evidence	of	the	oncogenic
potential	of	a	virus.	All	known	human	cancer	viruses	except	KSHV	meet	this	criterion.	However,	it	is	important	to
recognize	 that	 viruses	 can	 theoretically	 coevolve	 to	 be	 noncarcinogenic	 in	 their	 native	 host	 (e.g.,	 humans)	 and
cause	cancer	only	in	the	dysregulated	environment	of	a	nonnative	host	animal.	This	caveat	may	apply	to	human
adenoviruses.

Finding	that	viral	DNA	is	clonally	 integrated	in	a	primary	tumor	and	its	metastatic	 lesions	helps	address	 the
caveat	that	the	virus	might	merely	be	a	hitchhiker	that	finds	the	tumor	cell	a	conducive	environment	in	which	to
replicate	(as	opposed	to	playing	a	causal	carcinogenic	role).	This	caveat	is	also	addressed	by	the	observation	that,
in	most	instances,	viruses	found	in	tumors	have	lost	the	ability	to	exit	viral	latency	and	are	functionally	unable	to
produce	new	progeny	virions.	An	unfortunate	consequence	of	this	is	that	vaccines	or	antiviral	agents	that	target
virion	proteins	 (e.g.,	vaccines	against	high-risk	HPVs	or	HBV)	or	gene	products	expressed	 late	 in	 the	viral	 life
cycle	(e.g.,	herpesvirus	thymidine	kinase,	which	is	the	target	of	drugs	such	as	ganciclovir)	are	rarely	effective	for
treating	existing	virally	induced	tumors.

Demonstrating	that	a	vaccine	or	antiviral	agent	targeting	the	virus	either	prevents	or	treats	human	cancer	is	by
far	the	strongest	form	of	evidence	that	a	given	virus	causes	human	cancer.	This	type	of	proof	has	fully	validated
the	 causal	 role	 of	 HBV	 in	 human	 liver	 cancer.	 Compelling	 clinical	 trial	 data	 also	 show	 that	 antiherpesvirus
therapeutics	 can	 prevent	KSHV-	 or	EBV-associated	 lymphoproliferative	 disorders	 and	 that	 vaccination	 against
HPV	can	prevent	the	development	of	precancerous	lesions	on	the	uterine	cervix.

PAPILLOMAVIRUSES
History
The	viral	 family	Papillomaviridae	 is	 named	 for	 the	 benign	 skin	warts	 (papillomas)	 that	 some	members	 of	 the
family	 cause.	 In	 the	 early	 1930s,	 Richard	 Edwin	 Shope	 and	 colleagues	 demonstrated	 viral	 transmission	 of
papillomas	in	a	rabbit	model	system.14	Using	this	system,	Peyton	Rous	and	others	showed	that	cottontail	rabbit



papillomavirus-induced	 lesions	 can	 progress	 to	 malignant	 skin	 cancer.	 This	 was	 the	 first	 demonstration	 of	 a
cancer-causing	virus	in	mammals,	building	on	Rous’	prior	work	demonstrating	a	virus	capable	of	causing	cancer
in	chickens	(the	Rous	sarcoma	retrovirus).

The	idea	that	cancer	of	the	uterine	cervix	might	be	linked	to	sexual	behavior	was	first	proposed	in	the	mid-19th
century	by	Dominico	Rigoni-Stern,	who	observed	that	nuns	rarely	contracted	cervical	cancer,	whereas	prostitutes
suffered	from	cervical	cancer	more	often	than	the	general	populace.	Another	major	milestone	in	cervical	cancer
research	was	Georgios	Papanikolaou’s	development	of	 the	so-called	Pap	smear	 for	early	cytologic	diagnosis	of
precancerous	 cervical	 lesions.15	 This	 form	 of	 screening,	 which	 allows	 for	 surgical	 intervention	 to	 remove
precancerous	 lesions,	 has	 saved	many	millions	 of	 lives	 in	 developed	 countries,	where	 public	 health	 campaigns
have	made	testing	widely	available.

Although	observations	in	the	early	1980s	suggested	the	possibility	of	a	hit-and-run	carcinogenic	role	for	herpes
simplex	viruses	in	cervical	cancer,	 this	hypothesis	was	abandoned	in	light	of	studies	led	by	Harald	zur	Hausen.
Low-stringency	hybridization	approaches	revealed	the	presence	of	two	previously	unknown	papillomavirus	types,
HPV16	 and	 HPV18,	 in	 various	 cervical	 cancer	 cell	 lines,	 including	 the	 famous	 HeLa	 cell	 line.	 There	 is	 now
overwhelming	evidence	that	a	group	of	more	than	a	dozen	sexually	transmitted	HPV	types,	including	HPV16	and
HPV18,	play	a	causal	role	in	essentially	all	cases	of	cervical	cancer.	HPVs	associated	with	a	high	risk	of	cancer
also	cause	about	half	of	all	penile	cancers,	88%	of	anal	cancers,	43%	of	vulvar	cancers,	70%	of	vaginal	cancers,
and	an	increasing	fraction	of	head	and	neck	cancers.2	In	2008,	zur	Hausen	was	awarded	the	Nobel	Prize	for	his
groundbreaking	work	establishing	the	link	between	HPVs	and	human	cancer.

Tissue	Tropism	and	Gene	Functions
Although	papillomaviruses	can	achieve	infectious	entry	into	a	wide	variety	of	cell	types	in	vitro	and	in	vivo,	the
late	phase	of	the	viral	life	cycle,	during	which	the	viral	genome	undergoes	vegetative	replication	and	the	L1	and
L2	 capsid	 proteins	 are	 expressed,	 is	 strictly	 dependent	 on	 host	 cell	 factors	 found	 only	 in	 differentiating
keratinocytes	near	the	surface	of	the	skin	or	mucosa.	Interestingly,	a	majority	of	HPV-induced	cancers	appear	to
arise	 primarily	 at	 zones	 of	 transition	 between	 stratified	 squamous	 epithelia	 and	 the	 single-layer	 (columnar)
epithelia	 of	 the	 endocervix,	 the	 inner	 surface	 of	 the	 anus,	 and	 tonsillar	 crypts.	 It	 is	 thought	 that	 the	 mixed
phenotypic	milieu	in	cells	at	squamocolumnar	transition	zones	may	cause	dysregulation	of	the	normal	coupling	of
the	HPV	life	cycle	to	keratinocyte	differentiation.

There	are	more	than	300	known	HPV	types	(https://pave.niaid.nih.gov/).	In	general,	each	papillomavirus	type
is	a	 functionally	distinct	 serotype,	meaning	 that	 serum	antibodies	 that	neutralize	one	HPV	type	do	not	 robustly
neutralize	other	HPV	types.	Various	HPV	types	preferentially	infect	different	skin	or	mucosal	surfaces	and	tend	to
establish	 either	 transient	 infections	 that	 may	 be	 cleared	 over	 the	 course	 of	 months	 or	 stable	 infections	 where
virions	are	chronically	shed	from	the	infected	skin	surface	for	the	lifetime	of	the	host.	HPV	infections	may	or	may
not	 be	 associated	 with	 the	 formation	 of	 visible	 warts	 or	 other	 lesions.	 High-risk	 HPV	 types,	 with	 clearly
established	causal	links	to	human	cancer,	are	preferentially	tropic	for	the	anogenital	mucosa	and	the	oral	mucosa,
are	usually	transmitted	by	sexual	contact,	rarely	cause	visible	warts,	and	usually	establish	only	transient	infections
in	a	great	majority	of	exposed	individuals.16	The	lifetime	risk	of	sexual	exposure	to	a	high-risk	HPV	type	has	been
estimated	 to	 be	 >70%.	 Individuals	 who	 fail	 to	 clear	 their	 infection	 with	 a	 high-risk	 HPV	 type	 and	 remain
persistently	infected	are	at	much	greater	risk	of	developing	cancer.	Polymerase	chain	reaction–based	screening	for
the	presence	of	high-risk	HPV	types	thus	serves	as	a	useful	adjunct	to,	or	even	a	replacement	for,	the	traditional
Pap	test.17

A	consequence	of	the	strict	tissue-differentiation	specificity	of	the	papillomavirus	life	cycle	is	that	HPVs	do	not
replicate	in	standard	monolayer	cell	cultures.	Papillomaviruses	also	seem	to	be	highly	species	restricted,	and	there
are	no	known	examples	of	an	HPV	type	capable	of	infecting	animals.18	Thus,	the	investigation	of	key	details	of
papillomavirus	biology	has	relied	on	modern	recombinant	DNA	and	molecular	biologic	analyses.

Papillomavirus	 genomes	 are	 roughly	 8	 kb,	 double-stranded,	 closed-circular	 DNA	 molecules	 (essentially
reminiscent	of	a	plasmid).	During	the	normal	viral	life	cycle,	the	genome	does	not	adopt	a	linear	form,	does	not
integrate	into	the	host	cell	chromosome,	and	remains	as	an	extrachromosomal	episome	or	minichromosome.	All
the	viral	protein-coding	sequences	are	arranged	on	one	strand	of	the	genome.	The	expression	of	various	proteins	is
regulated	by	differential	transcription	and	polyadenylation,	as	well	as	effects	at	the	level	of	RNA	splicing,	export
from	the	nucleus,	and	translation.	In	addition	to	the	late	half	of	the	viral	genome,	which	encodes	the	L1	and	L2
capsid	proteins,	HPVs	encode	six	key	early	region	genes:	E1,	E2,	E4,	E5,	E6,	and	E7.

The	 master	 transcriptional	 regulator	 E2	 serves	 as	 a	 transcriptional	 repressor,	 and	 loss	 of	 E2	 expression
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(typically	through	integration	of	the	viral	episome	into	the	host	cell	DNA)	results	in	the	upregulation	of	early	gene
expression.	 The	 most	 extensively	 studied	 early	 region	 proteins	 are	 the	 E6	 and	 E7	 oncogenes	 of	 HPV16	 and
HPV18.	The	E6	protein	of	high-risk	HPV	types	triggers	the	destruction	of	p53	by	recruiting	a	host	cell	ubiquitin–
protein	ligase,	E6AP.	Another	important	oncogenic	function	of	E6	is	the	activation	of	cellular	telomerase.	A	wide
variety	of	additional	high-risk	E6	activities	that	do	not	involve	p53	have	been	identified.19,20

Most	 E7	 proteins,	 including	 those	 of	 many	 low-risk	 HPV	 types,	 contain	 a	 conserved	 LXCXE	 motif	 that
mediates	interaction	with	pRB	and	the	related	“pocket”	proteins	p107	and	p130.	Interestingly,	the	LXCXE	motif
is	 present	 in	 a	wide	 variety	 of	 other	 oncogenes,	most	 notably	 the	 T	 antigens	 of	 polyomaviruses	 and	 the	 E1A
oncogenes	of	adenoviruses.	The	interaction	of	E7	with	pRB	disrupts	the	formation	of	a	complex	between	pRB	and
E2F	transcription	factors,	thereby	blocking	the	ability	of	pRB	to	trigger	cell	cycle	arrest.	The	E7	proteins	of	high-
risk	HPVs	can	also	contribute	to	chromosomal	missegregation	and	aneuploidy,	which	may	in	turn	contribute	to
malignant	progression.	Like	E6,	E7	 interacts	with	a	wide	variety	of	 additional	 cellular	 targets,	 the	 spectrum	of
which	seems	to	vary	with	different	HPV	types.20

Some	 papillomavirus	 types	 express	 an	 E5	 oncogene,	which	 functions	 as	 an	 agonist	 for	 cell	 surface	 growth
factor	receptors	such	as	platelet-derived	growth	factor	β	(PDGF-β)	and	epidermal	growth	factor	(EGF)	receptor.21
Although	E5	plays	a	critical	role	in	tumor	development	in	some	animal	papillomaviruses,	and	likely	plays	a	role	in
viral	 immune	 evasion	 in	 precancerous	 lesions,	 E5	 expression	 is	 uncommon	 in	 cervical	 tumors,	 and	 it	 remains
uncertain	whether	the	protein	plays	a	key	role	in	human	cancer.22

Human	Papillomavirus	Vaccines
Two	preventive	vaccines	against	cancer-causing	HPVs,	trade	named	Gardasil	9	(Merck)	and	Cervarix	(GSK),	are
currently	marketed	worldwide	for	the	prevention	of	cervical	cancer.	Both	vaccines	contain	recombinant	L1	capsid
proteins	 based	 on	 HPV16	 and	 HPV18	 that	 are	 assembled	 in	 vitro	 into	 virus-like	 particles	 (VLPs).	 Together,
HPV16	and	HPV18	cause	about	70%	of	all	cases	of	cervical	cancer	worldwide.	Gardasil	9	also	 includes	VLPs
based	on	 an	 additional	 five	HPV	 types	 associated	with	 cervical	 cancer	 as	well	 as	HPV	 types	 6	 and	11,	which
rarely	cause	cervical	cancer	but	together	cause	about	90%	of	all	genital	warts.	The	VLPs	contained	in	the	vaccines
are	highly	immunogenic	in	humans,	eliciting	high-titer	serum	antibody	responses	against	L1	that	are	capable	of
neutralizing	the	infectivity	of	the	cognate	HPV	types	represented	in	the	vaccine.	The	vaccines	effectively	prevent
the	development	of	cervical	 intraepithelial	neoplasias	 that	are	known	to	give	rise	 to	cervical	cancer.23	Antibody
responses	elicited	by	 the	vaccines	are	highly	durable	and	are	expected	 to	confer	 lifelong	 immunity	against	new
infection	 with	 the	 HPV	 types	 represented	 in	 the	 vaccine.24	 The	 vaccines	 elicit	 lower	 titer	 cross-neutralizing
responses	 against	 a	 subset	of	 cancer-causing	HPV	 types	 that	 are	 closely	 related	 to	 the	 types	 represented	 in	 the
vaccine.25

Multiple	 studies	 conducted	worldwide	 have	 found	 no	 increased	 risk	 of	 adverse	 events	 among	HPV	vaccine
recipients.26,27	 Nevertheless,	 uptake	 of	 HPV	 vaccines	 has	 been	 slow	 in	 some	 countries,	 in	 part	 due	 to
sociopolitical	 controversy	 and	 false	 public	 perception	of	 risk.	A	2016	 survey	 indicates	 that	 about	 60%	of	U.S.
adolescents	ages	13	to	17	have	received	at	least	one	dose	of	the	vaccine.28	Despite	the	limited	uptake,	Markowitz
and	colleagues29	found	a	61%	decrease	in	the	prevalence	of	HPV16	and	HPV18	in	the	United	States	from	2009	to
2012.	 Decreases	 in	 the	 prevalence	 of	 HPV16/18	 and	 in	 the	 incidence	 of	 genital	 warts	 have	 been	 even	 more
pronounced	in	countries,	such	as	Australia,	that	had	better	HPV	vaccine	uptake	rates.30

Because	L1	 is	 not	 expressed	 in	 latently	 infected	 keratinocyte	 stem	 cells	 residing	 on	 the	 epithelial	 basement
membrane,	current	HPV	vaccines	are	unlikely	 to	eradicate	existing	 infections.31,32	Like	keratinocyte	stem	cells,
cervical	 cancers	 and	 precursor	 lesions	 rarely	 or	 never	 express	 L1.	 Thus,	 the	 existing	 L1-based	 vaccines	 seem
unlikely	to	serve	as	therapeutic	agents	for	treating	cervical	cancer.

Two	types	of	next-generation	HPV	vaccines	are	currently	in	human	clinical	trials.	One	newer	vaccine	approach
targets	 the	papillomavirus	minor	 capsid	protein	L2.	An	N-terminal	portion	of	L2	appears	 to	 represent	 a	highly
conserved	 “Achilles’	 heel”	 epitope	 that	 is	 required	 for	 key	 steps	 of	 the	 infectious	 entry	 process.33	Antibodies
against	this	portion	of	L2	can	neutralize	a	broad	range	of	different	human	and	animal	papillomavirus	types,	and
vaccines	 targeting	L2	could	 thus	offer	protection	against	all	HPVs	that	cause	cervical	cancer,	all	 low-risk	HPV
types	that	may	cause	abnormal	Pap	smear	results,	and	the	full	range	of	HPV	types	that	cause	skin	warts.	Another
category	 of	 vaccines	 seeks	 to	 elicit	 T-cell-mediated	 immune	 responses	 against	 the	 E6	 and	 E7	 oncoproteins.
Because	expression	of	E6	and	E7	is	critical	for	tumor	development	and	survival,	such	vaccines	could	provide	a
therapeutic	intervention	for	eradication	of	precancerous	lesions	and	treatment	of	cervical	cancer.34

The	 ongoing	 dependence	 of	 cervical	 carcinomas	 on	 E6	 and	 E7	 expression	 makes	 this	 type	 of	 cancer	 an



appealing	target	for	newer	immunotherapeutic	approaches.35

Oropharyngeal	Cancer
It	 is	well	 established	 that	 tobacco	 products	 and	 alcohol	 cause	 head	 and	 neck	 cancer.	 In	 the	 late	 1990s,	Maura
Gillison	and	colleagues	noted	a	surprising	number	of	new	cases	of	tonsillar	cancer	in	nonsmokers.36	Many	of	the
tumors	found	in	nonsmokers	were	found	to	have	wild-type	p53	genes,	raising	the	possibility	that	the	tumor	might
be	dependent	on	a	p53-suppressing	viral	oncogene	(as	seen	in	cervical	cancer).	Gillison	and	colleagues37	went	on
to	show	that	nearly	half	of	all	tonsillar	cancers	contain	HPV	DNA,	most	commonly	HPV16.	Interestingly,	HPV-
positive	oropharyngeal	cancers	tend	to	be	less	lethal	than	tobacco-associated	HPV-negative	tumors.	This	finding
has	important	implications	for	treatment	of	HPV-positive	head	and	neck	cancers.37

Although	the	incidence	of	tobacco-associated	head	and	neck	cancer	has	been	declining	in	recent	decades	due	to
decreased	tobacco	use,	recent	studies	suggest	an	ongoing	increase	in	the	incidence	of	HPV-associated	cancers	of
the	tonsils	and	the	base	of	the	tongue.	By	2025,	the	number	of	new	HPV-induced	head	and	neck	cancer	cases	in
the	United	States	is	expected	to	roughly	equal	the	number	of	new	cervical	cancer	cases.36	Based	in	part	on	these
observations,	the	Centers	for	Disease	Control	and	Prevention	recommends	that	boys,	in	addition	to	girls,	should
be	vaccinated	against	high-risk	HPVs.

As	 with	 cervical	 carcinoma,	 HPV-positive	 head	 and	 neck	 cancers	 have	 attracted	 significant	 attention	 as
possible	targets	for	immunotherapeutic	approaches.38

Nonmelanoma	Skin	Cancer
Epidermodysplasia	verruciformis	is	a	rare	immunodeficiency	that	is	characterized	by	the	appearance	of	numerous
wart-like	lesions	across	wide	areas	of	skin.	The	lesions	typically	contain	papillomaviruses	from	genus	Beta,	such
as	HPV5	or	HPV8.	Epidermodysplasia	verruciformis	patients	frequently	develop	SCC	in	sun-exposed	skin	areas
(suggesting	that	ultraviolet	light	exposure	is	a	cofactor).	It	is	also	well	established	that	other	immunosuppressed
individuals,	such	as	organ	transplant	recipients	and	HIV-infected	individuals,	are	at	increased	risk	of	developing
SCC.39,40	Although	the	E6	and	E7	proteins	of	betapapillomaviruses	appear	to	exert	a	different	spectrum	of	effects
than	 the	 E6	 and	E7	 proteins	 of	HPV	 types	 associated	with	 cervical	 cancer,	 betapapillomavirus	 oncogenes	 can
transform	cells	in	vitro.41	Although	these	circumstantial	lines	of	evidence	suggest	that	infectious	agents,	such	as
betapapillomaviruses,	might	play	a	 causal	 role	 in	SCC,	deep	 sequencing	 studies	have	observed	 few	or	no	viral
sequences	 in	SCC	 tumors.42	Although	 the	 results	 argue	 against	 durable	 direct	 oncogenic	 effects	 of	 any	 known
viral	 species	 in	 SCC,	 an	 animal	 model	 system	 using	 bovine	 papillomavirus	 type	 4	 strongly	 suggests	 that
papillomaviruses	can	cause	cancer	by	hit-and-run	mechanisms.4	More	recent	studies	 in	a	multimammate	mouse
papillomavirus	 model	 system	 have	 documented	 a	 hit-and-run	 mechanism	 for	 development	 of	 SCC.5	 It	 seems
likely	that	a	similar	mechanism	is	at	play	in	some	fraction	of	human	SCC	cases.

Bladder	Cancer
Although	HPVs	are	generally	thought	of	as	exhibiting	a	strict	 tropism	for	stratified	squamous	epithelial	 tissues,
some	animal	papillomaviruses,	such	as	bovine	papillomavirus	type	2,	are	known	to	infect	the	stratified	epithelium
of	 the	bladder.	 In	 cattle	 exposed	 to	 cocarcinogenic	agents	 found	 in	bracken	 fern,	bovine	papillomavirus	 type	2
causes	bladder	carcinoma.	In	humans,	a	subset	of	bladder	carcinomas	exhibit	an	HPV-induced	histologic	pattern
called	 koilocytosis	 and	 such	 lesions	 are	 often	 positive	 for	HPV16	 or	HPV18.43	More	 recent	 cancer	 genomics
studies	have	confirmed	that	a	small	fraction	of	bladder	carcinomas	carry	HPV	sequences	integrated	into	the	tumor
genome	 and	 that	 such	 tumors	 are,	 like	 HPV-induced	 cervical	 or	 head	 and	 neck	 cancers,	 less	 likely	 to	 carry
mutations	in	key	tumor	suppressor	genes,	such	as	p53.10	The	results	strongly	suggest	that	HPVs	are	involved	in	at
least	a	small	fraction	of	bladder	cancer	cases.

POLYOMAVIRUSES
History
In	the	early	1950s,	Ludwik	Gross	showed	that	a	filterable	 infectious	agent	could	cause	salivary	gland	cancer	 in
laboratory	mice.	 Later	work	 by	Bernice	 Eddy	 and	 Sarah	 Stewart	 showed	 that	 the	murine	 polyoma	 (Greek	 for
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“many	tumors”)	virus	caused	many	different	types	of	cancer	in	experimentally	infected	mice.	The	discovery	that
murine	polyomavirus	could	be	grown	in	cell	culture	helped	rekindle	research	interest	in	the	question	of	whether
viruses	might	cause	human	cancer.

Like	papillomaviruses,	polyomaviruses	have	a	nonenveloped	capsid	assembled	from	72	pentamers	of	a	single
major	capsid	protein	(VP1).	Both	viral	families	also	carry	circular	double-stranded	DNA	genomes.	These	physical
similarities	initially	led	to	the	classification	of	both	groups	into	a	single	family,	Papovaviridae.	When	sequencing
studies	 ultimately	 revealed	 that	 polyomaviruses	 have	 a	 unique	 genome	organization	 (with	 early	 and	 late	 genes
being	 arranged	 on	 opposing	 strands	 of	 the	 genome)	 and	 essentially	 no	 nucleotide	 sequence	 similarity	 to
papillomaviruses,	the	two	groups	of	viruses	were	divided	into	separate	families.

In	 the	early	1960s,	Bernice	Eddy,	Maurice	Hilleman,	 and	Benjamin	Sweet	 reported	 the	discovery	of	 simian
vacuolating	virus	40	 (SV40),	a	previously	unknown	polyomavirus	 that	was	 found	as	a	contaminant	 in	vaccines
against	poliovirus.	SV40	was	derived	from	the	rhesus	monkey	kidney	cells	used	to	amplify	poliovirus	in	culture.44
SV40	rapidly	became	an	important	model	polyomavirus,	and	studies	of	its	major	and	minor	tumor	antigens	(large
T	 [LT]	 and	 small	 t	 [sT],	 respectively)	 have	 played	 an	 important	 role	 in	 understanding	 various	 aspects	 of
carcinogenesis.	 Despite	 significant	 alarm	 about	 the	 possible	 risk	 SV40	 might	 pose	 to	 exposed	 individuals,	 a
comprehensive,	decades-long	series	of	studies	have	failed	to	uncover	compelling	evidence	that	SV40	exposure	is
causally	associated	with	human	cancer.13

The	first	two	naturally	human-tropic	polyomaviruses,	BK	virus	(BKV)	and	JC	virus	(JCV),	were	first	reported
in	 back-to-back	 publications	 in	 1971.	 BKV	 and	 JCV	 (later	 designated	 HPyV1	 and	 HPyV2,	 respectively)	 are
known	 to	 cause	 kidney	 disease	 and	 a	 lethal	 brain	 disease	 called	 progressive	 multifocal	 leukoencephalopathy,
respectively,	in	immunosuppressed	individuals.	Like	their	close	relative	SV40,	BKV	and	JCV	can	cause	various
forms	of	cancer	in	experimentally	exposed	animals.45,46

BK	Polyomavirus
Integrated	 BKV	 sequences	 have	 been	 conclusively	 documented	 in	 two	 tumors	 from	 a	 panel	 of	 412	 muscle-
invasive	bladder	carcinomas.10,47,48	The	virus	has	also	been	found	in	several	dozen	cases	of	urinary	carcinomas
affecting	 transplant	 recipients.49–51	 Several	 recent	 epidemiologic	 studies	 have	 shown	 that	 kidney	 transplant
patients	 with	 a	 clinically	 documented	 failure	 to	 control	 BKV	 replication	 are	 at	 significantly	 increased	 risk	 of
developing	 invasive	 bladder	 carcinoma.11,52,53	 Taken	 together,	 these	 data	 strongly	 suggest	 that	 BKV	 plays	 a
persistent	directly	carcinogenic	role	in	a	small	percentage	of	bladder	cancer.

Although	 BKV	 LT	 expression	 can	 frequently	 be	 observed	 in	 the	 inflammatory	 precursor	 lesions	 that	 are
thought	to	give	rise	to	prostate	cancer,54	there	is	no	evidence	for	persistence	of	BKV	DNA	in	malignant	prostate
tumors.10,55	 It	 remains	 possible	 that	 BKV	 plays	 a	 hit-and-run	 role	 in	 an	 additional	 fraction	 of	 cancers	 of	 the
urinary	epithelium.

Merkel	Cell	Polyomavirus
In	2008,	Yuan	Chang	and	Patrick	Moore	reported	their	lab’s	discovery	of	the	fifth	known	human	polyomavirus
species,	 which	 they	 named	 MCV	 (later	 designated	 HPyV5)	 based	 on	 its	 presence	 in	 Merkel	 cell	 carcinoma
(MCC).56	The	discovery	used	an	RNA	deep-sequencing	approach	called	digital	transcriptome	subtraction.	Using
classic	Southern	blotting,	the	initial	report	demonstrated	the	clonal	integration	of	MCV	in	an	MCC	tumor	and	its
distant	metastases.	Many	other	laboratories	worldwide	have	independently	confirmed	the	presence	of	MCV	DNA
in	about	80%	of	MCC	tumors.9

MCC	is	a	rare	but	rapidly	lethal	form	of	cancer	that	typically	presents	as	a	fast-growing	violaceous	lesion	on
sun-exposed	skin	surfaces	(Fig.	7.1).57	The	risk	of	MCC	is	dramatically	higher	in	HIV/AIDS	patients	and	organ
transplant	patients,	offering	an	initial	clue	that	MCC	might	be	a	virally	induced	cancer.9,58	Although	MCC	tumors
express	neuroendocrine	markers	associated	with	sensory	Merkel	cells	of	the	epidermis,	one	report	has	suggested
that	some	MCC	tumors	also	express	B-cell	markers,	including	rearranged	antibody	loci.59	Currently,	 there	is	no
clear	evidence	for	involvement	of	MCV	in	other	tumors	with	neuroendocrine	features.

In	2012,	 the	International	Agency	for	Research	on	Cancer	(IARC)	classified	MCV	as	a	class	2A	carcinogen
(probably	 carcinogenic	 to	 humans).13	 It	 should	 be	 noted	 that	 IARC	 evaluations	 rely	 heavily	 on	 animal
carcinogenicity	studies,	and	 the	2A	designation	was	assigned	prior	 to	a	more	 recent	 report	 showing	 that	MCV-
positive	MCC	lines	are	tumorigenic	in	a	mouse	model	system.60

A	great	majority	of	healthy	adults	have	serum	antibodies	specific	for	the	MCV	major	capsid	protein	VP1.	A



majority	also	shed	MCV	virions	from	apparently	healthy	skin	surfaces,	and	there	is	a	strong	correlation	between
individual	 subjects’	 serologic	 titer	against	VP1	and	 the	amount	of	MCV	DNA	they	shed.61	 Interestingly,	MCC
patients	 tend	 to	have	 exceptionally	 strong	 serologic	 titers	 against	VP1.	MCC	 tumors	do	not	 express	 detectable
amounts	of	VP1,	so	this	is	unlikely	to	reflect	direct	exposure	to	the	tumor	and	instead	likely	represents	a	history	of
a	high	MCV	load	in	MCC	patients.	A	study	of	archived	serum	samples	shows	that	unusually	high	serologic	titers
against	MCV	VP1	often	precede	the	development	of	MCC	by	many	years.62

Like	other	polyomavirus	LT	proteins	 (and	 the	E7	proteins	of	high-risk	HPVs),	 an	N-terminal	portion	of	 the
MCV	LT	contains	an	LXCXE	motif	that	mediates	inactivation	of	pRB	function.	In	contrast	to	SV40	and	BKV	LT,
which	carry	a	p53-inactivation	domain	that	overlaps	the	C-terminal	helicase	domain,	MCV	LT	does	not	appear	to
inactivate	p53	function.63	 Instead,	 the	MCV	LT	helicase	domain	activates	DNA	damage	 responses	and	 induces
cell	cycle	arrest	 in	cultured	cell	 lines.64	This	may	explain	why	 the	LT	genes	 found	 in	MCC	 tumors	essentially
always	carry	mutations	that	truncate	LT	upstream	of	the	helicase	domain.	siRNA	experiments	indicate	that	most
(although	possibly	not	all)	MCC	tumors	are	“addicted”	to	the	expression	of	MCV	T	antigens.65,66	Rapid	progress
has	 recently	 been	made	 toward	 understanding	 the	 signaling	 pathways	 that	MCV	gene	 expression	 disrupts,	 and
many	of	these	insights	are	currently	being	tested	in	MCC	clinical	trials.	These	fast-moving	translationally	oriented
efforts	have	recently	been	reviewed.67,68

Patients	with	higher	levels	of	MCV	DNA	in	their	tumors,	stronger	T-antigen	expression,	and	tumors	that	have
been	 infiltrated	 by	CD8+	 T	 cells	 appear	 to	 have	 better	 prognoses.69	 This	 is	 consistent	 with	 the	 idea	 that	 cell-
mediated	immunity	can	help	clear	MCC	tumors	that	express	MCV	antigens.	Immunomodulatory	therapies,	such
as	 “checkpoint	 inhibitor”	 approaches,	have	 shown	clinical	 responses	 in	30%	 to	50%	of	patients	with	 advanced
MCC,	and	follow-up	studies	are	in	progress.68

Figure	7.1	Merkel	cell	carcinoma	(MCC).	The	left	panel	shows	an	MCC	tumor	on	the	calf.	The
right	panel	shows	an	MCC	tumor	on	the	finger.	(Photographs	provided	with	permission	by	Dr.	Paul

Nghiem,	University	of	Washington,	www.merkelcell.org.)

Other	Human	Polyomaviruses
In	 recent	 years,	 the	 number	 of	 known	 human	 polyomaviruses	 has	 expanded	 dramatically.	 Of	 the	 12	 currently
known	 HPyV	 species,	 only	 BKV	 and	 MCV	 have	 been	 clearly	 linked	 to	 human	 cancer.	 One	 new	 HPyV,
trichodysplasia	spinulosa	polyomavirus	has	been	found	in	association	with	abnormal	spiny	growths	on	the	facial
skin	 of	 a	 small	 number	 of	 immunocompromised	 individuals.	 Recent	 reports	 have	 suggested	 that	 HPyV6	 and
HPyV7	may	play	a	causal	role	in	pruritic	skin	rashes	with	a	distinctive	“peacock	tail”	histology	in	patients	with
various	forms	of	immunosuppression.70–72	One	report	 indicates	 that	HPyV7	DNA	and	T-antigen	expression	can
often	be	detected	 in	 thymic	 tumors.73	This	observation	has	not	yet	been	addressed	by	other	 laboratories,	 and	 it
remains	unclear	whether	HPyV7	plays	a	causal	role	in	thymic	tumors.

EPSTEIN-BARR	VIRUS
History
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In	1958,	Denis	Burkitt	described	an	unusual	B-cell–derived	tumor	that	most	frequently	arises	in	the	jawbones	of
children	 in	 equatorial	 Africa.	 The	 first	 description	 of	 this	 tumor	 dates	 back	 to	 1896,	 when	 Albert	 Cook,	 a
missionary	doctor	in	Uganda,	reported	a	child	with	a	large	jaw	mass.74	After	hearing	Burkitt	give	a	1961	lecture
entitled	“The	Commonest	Children’s	Cancer	in	Tropical	Africa—A	Hitherto	Unrecognized	Syndrome,”	Michael
Epstein	became	interested	in	the	idea	that	an	insect	vector-borne	infection	might	account	for	the	high	incidence	of
Burkitt	 lymphoma	in	tropical	Africa.	Epstein,	 together	with	then	PhD	candidate	Yvonne	Barr,	began	examining
tumor	samples	sent	to	them	by	Dr.	Burkitt.	Electron	micrographs	of	lymphoid	cells	that	grew	out	of	the	tumors	in
culture	revealed	viral	particles	with	a	morphology	strikingly	similar	to	herpes	simplex	viruses.	It	was	soon	shown
that	Epstein-Barr	 herpesvirus	 (EBV;	 later	 designated	 human	 herpesvirus	 4)	 can	 immortalize	 primary	 human	B
cells,	giving	rise	 to	 long-term	proliferating	 lymphoblastoid	cell	 lines	 in	vitro.	The	virus	 is	 responsible	for	acute
infectious	mononucleosis,	a	generally	benign	lymphoproliferative	disease.75,76

Although	 Epstein’s	 initial	 conjecture	 was	 that	 tropically	 endemic	 Burkitt	 lymphoma	 depends	 on	 a
geographically	 restricted	 infectious	 agent,	 it	 was	 quickly	 established	 that	 over	 90%	 of	 adults	 worldwide	 are
asymptomatically	infected	with	EBV	and	that	sporadic	forms	of	Burkitt	lymphoma	are	EBV-positive	in	<50%	of
tumors.	These	 imperfect	correlations	 initially	suggested	 that	EBV	is	merely	a	passenger	 in	cancer	 rather	 than	a
driver	of	oncogenesis.	There	is	now	a	consensus	that	EBV	is	a	bona	fide	tumor	virus;	EBV	was	declared	a	class	I
carcinogen	by	the	IARC	and	the	World	Health	Organization	in	the	late	1990s.	EBV	is	estimated	to	be	responsible
for	 about	 200,000	 cancers	 worldwide.77	 However,	 the	 mechanisms	 of	 EBV	 tumorigenesis	 remain	 under
investigation	and	appear	diverse.	 In	endemic	Burkitt	 lymphoma,	 the	malaria	parasite	Plasmodium	falciparum	is
likely	a	key	geographically	restricted	cocarcinogen.13	In	areas	where	children	suffer	repeated	malaria	infections,	it
appears	that	the	parasite	weakens	T-cell–mediated	immunity	and	promotes	B-cell	proliferation,	leading	to	aberrant
expression	 of	 activation-	 induced	 cytidine	 deaminase.	 These	 effects	 of	 recurring	malaria	 infection	 increase	 the
likelihood	of	a	successful	oncogenic	c-myc	translocation,	a	central	driver	of	Burkitt	tumor	pathogenesis.78

Epstein-Barr	Virus	Life	Cycle
In	most	individuals,	initial	EBV	infection	occurs	asymptomatically	in	early	childhood.	The	infection	is	typically
transmitted	 through	 the	 saliva	 of	 EBV-seropositive	 individuals	 who	 periodically	 replicate	 the	 virus	 in	 the
oropharyngeal	epithelium.	The	EBV	envelope	glycoprotein	gp350	binds	with	high	affinity	to	the	B-cell–specific
CD21	 complement	 receptor,	 which	 mediates	 virus	 attachment	 to	 B	 lymphocytes	 followed	 by	 virus	 entry	 and
establishment	 of	 long-term	 nonproductive	 infection.79	 B	 lymphocytes	 are	 abundant	 in	 the	 tonsillar	 crypts	 and
mediate	systemic	dissemination	of	EBV	infection.	Individuals	who	escape	infection	during	childhood	and	instead
first	 become	 infected	 during	 adolescence	 or	 adulthood	 often	 develop	 infectious	 mononucleosis,	 a	 syndrome
associated	with	fever,	lymphadenopathy,	pharyngitis,	and	fatigue.	Besides	having	EBV-infected	B	cells	and	EBV
DNA	in	the	circulation,	patients	with	acute	infectious	mononucleosis	typically	have	T-cell	lymphocytosis,	which
usually	declines	 in	weeks.	 Interestingly,	 late-infected	 individuals	who	experience	mononucleosis	and	high	EBV
viral	load	are	at	increased	risk	of	developing	EBV-positive	Hodgkin	lymphoma.80

After	primary	infection,	EBV	persists	in	the	host	by	establishing	latency	in	a	small	number	of	resting	B	cells
and	 undergoing	 periodic	 replication,	 mostly	 in	 the	 oropharyngeal	 epithelium.	 Viral	 latency	 is	 defined	 as	 a
condition	in	which	the	virus	expresses	one	or	few	gene	products	but	can,	under	some	conditions,	“reawaken”	to
express	a	broader	range	of	viral	gene	products.	Latently	infected	cells	are	highly	resistant	to	immune	clearance.

Although	 the	 pattern	 of	 EBV	 latent	 gene	 expression	 can	 be	 heterogeneous,	 a	 simplified	 classification
recognizes	three	forms	of	EBV	latency.	In	latency	I,	EBV	nuclear	antigen-1	(EBNA1),	which	is	required	for	the
stable	maintenance	 of	 the	 circularized	 viral	 DNA	minichromosome,	 is	 the	 only	 viral	 protein	 expressed.	 EBV-
derived	microRNAs	(miRs)	may	also	be	expressed.	At	the	other	end	of	the	spectrum,	latency	III	is	characterized
by	the	expression	of	EBNA1–6,	several	latent	membrane	proteins	(LMP1,	LMP2A,	and	LMP2B),	two	noncoding
RNAs	 (EBER1	 and	 2),	 the	 BCL-2	 homolog	 BHRF1,	 RK-BARF0,	 and	 multiple	 miRs.	 Although	 the	 initial
discovery	of	EBV	involved	the	visualization	of	virions,	indicating	that	the	virus	had	exited	latency	and	entered	the
productive	lytic	phase	of	the	life	cycle,	viral	gene	expression	in	EBV-induced	cancers	generally	follows	one	of	the
three	latent	patterns.	The	oncogenic	activities	of	various	EBV	gene	products	have	been	reviewed.75,76

Primary	 and	 chronic	EBV	 infection	 is	 controlled	 by	 innate	 immunity	 and	 by	 adaptive	 immunity	 directed	 at
various	latency	proteins.81	EBV,	like	other	herpesviruses,	expresses	a	variety	of	proteins	that	interfere	with	cell-
mediated	immune	responses,	which,	together	with	its	ability	to	establish	latency,	could	explain	why	the	virus	is
not	 eradicated	after	primary	 infection.	 Intriguingly,	 results	 from	mouse	model	 systems	 suggest	 that	 the	 chronic
immunostimulatory	effects	of	persistent	gammaherpesvirus	 emergence	 (or	 abortive	emergence)	 from	 latency	 in



healthy	hosts	can	nonspecifically	boost	immunity	to	other	infections.82

Lymphomas
Nearly	all	cases	of	endemic	Burkitt	lymphoma	are	EBV-positive.	By	contrast,	EBV	is	present	in	only	about	20%
of	 sporadic	 cases	 of	 Burkitt	 lymphoma	 that	 occur	 in	 immunocompetent	 individuals	 outside	 of	 malaria-prone
regions.	 Individuals	 infected	with	HIV	are	known	 to	have	a	60-	 to	200-fold	 increased	 risk	of	Burkitt	and	other
non-Hodgkin	lymphomas,	and	about	half	of	HIV-associated	lymphomas	contain	EBV.83

A	hallmark	of	 all	 types	 of	Burkitt	 lymphomas	 is	 deregulation	of	 the	 cellular	Myc	protooncogene.	A	 classic
mutation	 involves	 chromosomal	 translocation	 of	 the	 Myc	 gene	 to	 the	 antibody	 heavy	 chain	 locus.	 Burkitt
lymphoma	tumors	that	lack	detectable	EBV	DNA	tend	to	carry	multiple	additional	mutations	in	host	cell	genes.
This	is	consistent	with	a	tumorigenic	role	of	EBV	and	has	raised	the	possibility	of	a	hit-and-run	scenario	in	which
an	originally	EBV-positive	precursor	cell	ultimately	accumulated	mutations	that	rendered	it	independent	of	viral
genes.76,84	EBV-negative	derivatives	of	EBV-positive	Burkitt	cell	lines	provide	evidence	that	EBV	does	not	play
an	obligatory	role	in	the	growth	of	EBV-positive	Burkitt	tumor	cells.85

In	addition	to	Burkitt	lymphoma,	EBV	is	associated,	to	a	varying	extent,	with	a	histologically	diverse	range	of
other	 lymphoid	 cancers,	 including	 posttransplant	 lymphoproliferative	 disease	 (PTLD),	 mixed	 cellularity	 and
lymphocyte-depletion	 subsets	 of	 Hodgkin	 and	 other	 lymphomas	 and	 natural	 killer	 (NK)/T-cell	 lymphoma.76
PTLD	develops	in	the	setting	of	T-cell	immunosuppression	following	bone	marrow	or	solid	organ	transplantation,
particularly	when	the	patients	are	EBV-naive	prior	to	transplant.	PTLD	is	typically	of	B-cell	origin,	and	the	EBV-
infected	 B	 cells	 are	 frequently	 polyclonal.	 Oligoclonal	 or	monoclonal	 forms	 are	 also	 observed,	 particularly	 in
cases	 that	 arise	 long	 after	 transplantation.	 Oncogenes	 and	 tumor	 suppressor	 gene	 alterations	 typical	 of	 other
lymphomas	 are	 often	 observed	 in	 such	 cases.	 A	 fulminant	 and	 often	 fatal	 EBV+	 mononucleosis-like
lymphoproliferative	 disease	 is	 observed	 in	 patients	 with	 X-linked	 lymphoproliferative	 disease	 (XLP),	 an
immunodeficiency	 caused	 by	mutations	 in	 the	 SH2D1A	 gene,	 which	 confers	 a	 selective	 vulnerability	 to	 EBV
infection.	EBV	is	also	associated	with	rare	lymphoproliferative	diseases	of	non–B-cell	origin,	including	NK	cell
leukemia,	and	nasal-type	NK/T	cell	(angiocentric)	lymphoma.

HIV	 infection	 confers	 an	 increased	 risk	 of	 developing	 aggressive	 B-cell	 lymphomas	 and	 Hodgkin
lymphomas.86	 Lymphoma	 is	 a	 classic	 AIDS-defining	 condition,	 and	 HIV	 infection	 status	 should	 be	 tested	 at
presentation.	Patients	with	AIDS	also	develop	primary	central	nervous	system	(CNS)	lymphoma	and	infrequently
plasmablastic	lymphoma;	both	are	almost	always	EBV-infected.76	Current	diagnostic	tools	for	early	diagnosis	and
treatment	 have	 rendered	 AIDS-associated	 CNS	 lymphoma	 a	 potentially	 curable	 disease.	 Overall,	 long-term
survival	for	HIV-associated	lymphoma	has	increased	from	<20%	prior	to	antiretroviral	therapy	to	>80%	for	most
lymphoma	types,	with	outcomes	similar	to	the	general	population	for	large	B-cell	lymphoma,	Burkitt	lymphoma,
and	Hodgkin	lymphoma.

Carcinomas
In	southern	China,	nasopharyngeal	carcinoma	(NPC)	affects	25	out	of	100,000	people,	accounting	for	18%	of	all
cancers	in	China.87	Most	other	world	regions	have	a	25-	to	100-fold	lower	rate	of	NPC.	EBV	is	present	in	nearly
all	 cases	of	NPC,	both	 in	endemic	and	nonendemic	 regions.	Although	 there	 is	 support	 for	 the	 idea	 that	dietary
intake	of	salted	fish	and	other	preserved	foods	is	a	factor	in	endemic	NPC,	it	remains	possible	that	genetic	traits	or
as	 yet	 unidentified	 environmental	 cocarcinogenic	 factors	 may	 play	 a	 role	 as	 well.	 Individuals	 with	 rising	 or
relatively	 high	 immunoglobulin	 A	 antibody	 responses	 to	 EBNA1,	 EBV	DNase,	 and/or	 capsid	 antigens	 are	 at
increased	risk	of	developing	NPC,	offering	an	early	detection	method	for	at-risk	individuals.75

EBV	is	also	present	 in	a	small	percentage	(5%	to	15%)	of	gastric	adenocarcinomas	and	over	90%	of	gastric
lymphoepithelioma-like	 carcinomas.	 In	 contrast	 to	 NPC,	 the	 prevalence	 of	 EBV-associated	 gastric	 cancer	 is
similar	in	all	world	regions.	As	with	NPC,	elevated	antibody	responsiveness	to	EBV	antigens	may	offer	a	method
for	identifying	individuals	at	greater	risk	of	gastric	cancer.

Prevention	and	Treatment
The	 reduction	 of	 immunosuppressive	 drugs	 in	 response	 to	 increasing	 EBV	 loads	 has	 proven	 effective	 for
preventing	EBV	diseases	in	some	T-cell	 immunosuppressed	individuals.	Improved	control	of	HIV	infection	has
resulted	 in	 decreased	 incidence	 of	 certain	 EBV-associated	 lymphoproliferative	 diseases	 such	 as	 primary	 CNS
lymphoma.	Ganciclovir	(or	related	antiherpesvirus	drugs)	can	significantly	reduce	EBV	replication	by	inhibiting
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viral	DNA	polymerase,	and	small	studies	have	suggested	a	role	for	antiviral	treatment	of	PTLD	and	other	EBV-
associated	lymphoproliferative	diseases,	but	conclusive	data	are	currently	lacking.88,89

Most	forms	of	EBV-associated	lymphoid	cancers	express	the	B-cell	marker	CD20,	making	rituximab	(an	anti-
CD20	mAb)	a	potentially	effective	adjunct	 therapy.90,91	 In	addition,	EBV-specific	T	cells	generated	ex	vivo	by
stimulation	 with	 EBV	 peptides	 or	 autologous	 EBV-infected	 B	 cells	 have	 shown	 promise	 as	 prophylaxis	 and
therapy	 for	 PTLD,	 raising	 the	 possibility	 that	 they	 may	 be	 developed	 into	 effective	 treatments	 against	 EBV-
positive	malignancies.92

Development	 of	 an	 EBV	 prophylactic	 vaccine	 has	 been	 difficult.	 The	 most	 recently	 developed	 vaccine
targeting	the	EBV	gp350	virion	surface	antigen	did	not	provide	sterilizing	immunity	to	EBV	infection,	but	EBV-
negative	 vaccinees	 experienced	 a	 reduced	 rate	 of	 infectious	mononucleosis	 but	 no	 change	 in	 the	 rate	 of	 EBV
infection.93

KAPOSI	SARCOMA	HERPESVIRUS
History	and	Epidemiology
In	 the	 late	 19th	 century,	 Hungarian	 dermatologist	 Moritz	 Kaposi	 described	 a	 relatively	 rare	 type	 of	 indolent
pigmented	skin	sarcoma	affecting	older	men.	Kaposi	sarcoma	(KS)	was	later	found	to	be	more	prevalent	 in	 the
Mediterranean	 region	 and	 in	 eastern	 portions	 of	 sub-Saharan	Africa.94	 An	 early	 clue	 to	 the	 emergence	 of	 the
HIV/AIDS	pandemic	 in	 the	1980s	was	 a	dramatic	 increase	 in	 the	 incidence	of	highly	 aggressive	 forms	of	KS,
particularly	 among	 gay	men	who	were	much	 younger	 than	 typical	 KS	 patients.	 The	 observation	 that	 KS	was
significantly	 more	 common	 in	 men	 who	 have	 sex	 with	 men	 compared	 to	 other	 HIV-infected	 groups,	 in
conjunction	with	other	epidemiologic	factors,	suggested	that	KS	was	more	easily	explained	by	the	existence	of	a
sexually	transmitted	cofactor	other	than	HIV.95

In	 1994,	 using	 a	 subtractive	 DNA	 hybridization	 approach	 known	 as	 representational	 difference	 analysis,
Moore,	Chang,	and	colleagues	discovered	the	presence	of	a	previously	unknown	herpesvirus	in	KS	tumors.	The
newly	founded	field	of	research	rapidly	established	key	lines	of	evidence	supporting	the	conclusion	that	KSHV
(later	designated	human	herpesvirus-8)	is	a	causal	factor	for	all	KS	types,	including	classical	KS	in	elderly	men,
AIDS-associated	(epidemic)	KS,	transplantation-associated	KS,	and	endemic	KS	in	sub-Saharan	Africa.9

The	 rate	 of	 KSHV	 infection	 varies	 greatly	 in	 different	 world	 regions.9,96	 In	 North	 America	 and	 Western
Europe,	KSHV	seroprevalence	in	the	general	population	ranges	from	1%	to	7%.	Seroprevalence	among	gay	men
in	these	regions	is	substantially	higher	(25%	to	60%),	suggesting	potential	sexual	transmission.	Seroprevalence	in
sub-Saharan	Africa	and	countries	around	the	Mediterranean	Sea	is	similarly	high	(23%	to	70%).	In	Uganda,	up	to
30.6%	of	8-year-old	children	are	seropositive,97	suggesting	transmission	via	nonsexual	casual	contact	(presumably
via	saliva).	KS	rarely	affects	 immunocompetent	 individuals	 in	North	America.	 In	HIV-infected	 individuals,	 the
risk	of	developing	KS	is	inversely	related	to	CD4+	cell	count,98	and	control	of	HIV	infection	with	antiretroviral
treatment	has	decreased	the	incidence	of	KS	in	the	United	States.86	KS	remains	the	most	common	cancer	in	some
African	nations	(http://globocan.iarc.fr/Pages/Map.aspx).

Kaposi	Sarcoma–Associated	Herpesvirus	in	Kaposi	Sarcoma
KS	is	a	multicentric	tumor,	generally	presenting	with	multiple	lesions	that	do	not	reflect	metastatic	disease.86	 In
contrast	 to	 most	 other	 forms	 of	 cancer,	 where	 the	 malignant	 cell	 population	 is	 often	 dominant	 and	 clearly
identified,	KS	tumors	contain	cells	 from	multiple	 lineages	(Fig.	7.2).	The	malignant	KSHV-infected	cells	often
have	 a	 spindle-shaped	 morphology	 and	 are	 of	 endothelial	 lineage,	 although	 endothelial	 cell	 markers	 are	 not
consistently	present.	When	 infected	with	KSHV,	primary	endothelial	 cells	undergo	a	process	of	 endothelial-to-
mesenchymal	 transformation,	 during	 which	 they	 lose	 endothelial	 cell	 markers	 and	 acquire	 expression	 of
mesenchymal	markers,99	 explaining	 the	 complex	 phenotype	 of	KSHV-infected	 spindle	 cells	 in	KS	 lesions.	KS
tumors	also	contain	 infiltrating	 lymphocytes,	plasma	cells,	monocytes,	endothelial	cells,	and	fibroblasts	 that	are
not	KSHV-infected,	and	these	additional	cell	types	are	believed	to	provide	essential	signals	for	the	survival	and
growth	of	the	tumor	cells.	Most	KS	lesions	display	aberrant	slit-like	leaky	spaces	replete	with	red	cells	and	lined
with	infected	and	uninfected	endothelial	cells	that	rupture	easily	and	leak	red	blood	cells,	giving	KS	tumors	their
classic	dark	red,	brown,	or	purple	color.



Figure	7.2	Kaposi	sarcoma.	A:	Photograph	of	the	lower	leg	of	an	individual	with	severe,	diffuse
Kaposi	sarcoma	involving	the	lower	leg.	B:	Histology	of	the	skin.	C:	Lung	shows	a	mixture	of
spindle	to	epithelioid	cells,	with	slitlike	vascular	spaces	intermixed	with	red	blood	cells	and	red

blood	cell	fragments.	D:	Immunohistochemical	detection	of	Kaposi	sarcoma–associated	herpesvirus
latency-associated	nuclear	antigen	in	the	cutaneous	tumor.	(Photographs	provided	with	permission

by	Drs.	Odey	Ukpo	and	Ethel	Cesarman.)

The	latency	status	of	KSHV	in	KS	tumors	is	complex,	with	the	expression	of	gene	products	typical	of	latency
(e.g.,	latency-associated	nuclear	antigen	[LANA])	as	well	as	lytic-phase	genes	(e.g.,	RTA/ORF50).	Some	of	these
gene	products,	such	as	the	viral	interleukin	(IL)-6	homolog	(vIL-6)	and	a	G-coupled	protein	receptor	product	of
ORF74,	 trigger	 proliferation	 and	 secondary	 cytokine	 signaling	 in	 noninfected	 cells	 within	 the	 tumor.	 The
tumorigenic	 effects	 of	 individual	 KSHV	 gene	 products	 have	 been	 reviewed.76,96	 In	 contrast	 to	 EBV,	 where
tumorigenesis	is	driven	by	latency-associated	gene	expression,	it	appears	that	KS	development	is	often	dependent
on	lytic	phase	gene	expression.	This	may	explain	why	ganciclovir,	which	targets	the	late-phase	thymidine	kinase
gene,	can	prevent	the	formation	of	new	KS	lesions	in	HIV-positive.100

There	are	a	variety	of	possible	explanations	for	the	need	for	lytic-phase	KSHV	gene	expression	during	tumor
development.	 For	 example,	 infected	 spindle	 cells	 may	 lose	 the	 viral	 DNA	 during	 cell	 division	 and	 require
reinfection	for	ongoing	tumorigenicity.	Alternatively,	factors	secreted	by	a	small	fraction	of	tumor	cells	that	enter
the	 lytic	 phase	 may	 be	 required	 for	 tumorigenesis.	 Currently,	 treatment	 of	 AIDS-KS	 starts	 with	 combination
antiretroviral	 therapy,	 which	 can	 induce	 significant	 antitumor	 immune	 responses,	 especially	 in	 antiretroviral
therapy-naive	 patients.	 Patients	 who	 do	 not	 respond	 to	 antiretroviral	 therapy	 are	 most	 frequently	 treated	 with
systemic	 administration	 of	 pegylated	 liposomal	 doxorubicin,	 with	 paclitaxel	 as	 second-line	 therapy.86	 Many
patients	achieve	long-term	control.

Lymphoproliferative	Disorders
KSHV	causes	 two	 forms	 of	B-cell	 proliferative	 disorders:	multicentric	Castleman	 disease	 (MCD)	 and	 primary
effusion	lymphoma	(PEL).86	MCD	occurs	at	increased	frequency	in	AIDS	patients;	in	this	group,	MCD	is	almost
invariably	KSHV-positive.	MCD	also	occurs,	if	rarely,	in	HIV-negative	individuals,	and	in	this	group,	only	40%
to	 50%	 of	 cases	 are	KSHV-infected.	MCD	 is	 a	 severe	 systemic	 illness,	 characterized	 by	 intermittent	 flares	 of
inflammatory	 symptoms,	 including	 fever,	 night	 sweats,	 and	 wasting	 attributable	 to	 acute	 cytokine	 release,
particularly	 cellular	 and	viral	 IL-6,	 as	well	 as	 IL-10.	The	patients	often	have	 lymphadenopathy,	 splenomegaly,
anemia,	 thrombocytopenia,	 hyponatremia,	 increased	 levels	 of	 C-reactive	 protein,	 low	 albumin,	 and	 increased
KSHV	viral	load	that	is	attributable	to	activation	of	lytic	replication.	The	diagnosis	of	MCD	is	based	on	histologic
detection	 of	 LANA-positive	 plasmablasts	 in	 the	 mantle	 region	 of	 affected	 lymph	 nodes	 that	 often	 show	 a
vascularized	core.101	Until	 recently,	 the	median	survival	of	patients	with	MCD	was	 less	 than	2	years.	With	 the
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advent	of	new	therapies,	including	rituximab	alone	or	with	liposomal	doxorubicin	plus	high-dose	zidovudine	and
valganciclovir,	the	prognosis	is	markedly	improved.102

PEL	 comprises	 about	 4%	 of	 all	 HIV-associated	 non-Hodgkin	 lymphomas.103	 Typically,	 PEL	 presents	 as	 a
liquid	 malignancy	 in	 body	 cavity	 effusions.104	 The	 tumor	 cells,	 generally	 clonal,	 are	 uniformly	 infected	 with
KSHV	and	in	80%	of	cases	are	coinfected	with	EBV.	PEL	cells	display	rearranged	Ig	genes	but	do	not	express
markers	of	mature	B	cells.	Rather,	they	resemble	“B1”	lymphocytes,	a	population	of	B-cells	that	secrete	broadly
reactive	 antibodies	 important	 for	 innate	 immune	 defense,	 and	 which	 are	 frequently	 detected	 in	 mouse	 body
cavities.	 Although	 the	 cell	 of	 origin	 of	 PEL	 has	 been	 uncertain,	 recent	 results	 suggest	 that	 KSHV-infected
mesothelial	cells	give	rise	to	PEL	cell	through	a	process	of	transdifferentiation.105	In	addition	to	symptoms	related
to	 the	presence	of	 an	 effusion,	PEL	patients	 often	have	 inflammatory	 symptoms	 attributable	 to	 elevated	 serum
inflammatory	 cytokines.	 Treatment	 of	 PEL	 with	 chemotherapy	 regimens	 used	 for	 aggressive	 lymphomas	 in
combination	with	antiretroviral	therapy	can	lead	to	long-term	remissions	in	<40%	of	patients.

ANIMAL	AND	HUMAN	RETROVIRUSES
The	first	oncogenic	retroviruses	were	discovered	by	Ellerman	and	Bang	in	1908	and	by	Rous	in	1911,	but	it	was
many	years	before	the	significance	of	these	findings	was	appreciated.106	One	reason	the	field	was	stymied	was	the
failure	 to	 identify	 RNA	 forms	 of	 the	 viral	 genome	 in	 infected	 cells.	 This	 led	 to	 the	 discovery	 of	 reverse
transcriptase	 independently	 by	Baltimore	 and	 Temin	 in	 1970.	Another	major	 development	was	 the	 finding,	 in
1976,	of	viral	oncogenes	derived	from	cellular	genes,	with	 the	 identification	by	Varmus	and	Bishop	of	 the	first
dominant	 oncogene,	 src.	With	 the	 discovery	 of	 IL-2	 by	Gallo	 in	 1976,	 it	 became	 possible	 to	 culture	 the	 first
human	retrovirus,	HTLV-1,	from	a	form	of	adult	T-cell	leukemia/lymphoma	(ATLL)	that	was	first	recognized	by
Takatsuki	and	coworkers.107	These	advances	opened	the	door	for	Montagnier	and	colleagues’	isolation	of	HIV-1
in	1983,	a	discovery	confirmed	independently	by	Gallo	and	Levy.	This	breakthrough	led	to	the	first	licensed	HIV
test	in	1985.

Retroviruses	are	positive	single-strand	RNA	viruses	that	utilize	transcription	of	their	RNA	genome	into	a	DNA
intermediate	during	virus	replication.106	This	accounts	for	their	name,	retroviruses,	because	this	is	opposite	to	the
normal	 flow	 of	 eukaryotic	 genetic	 information.	 They	 infect	 a	 wide	 range	 of	 animal	 species	 and	 are	 distantly
related	to	repetitive	elements	 in	the	human	genome,	known	as	retrotransposons.	Retroviruses	are	also	related	to
hepadnaviruses,	 double-stranded	 DNA	 viruses,	 such	 as	 hepatitis	 B	 virus,	 which	 also	 undergo	 a	 reverse-
transcription	step	in	their	replication.

Retroviruses	may	be	classified	as	endogenous	or	exogenous	depending	on	whether	they	appear	in	the	germline
of	 the	 host	 species.	 There	 are	 approximately	 100,000	 endogenous	 retroviral	 elements	 in	 the	 human	 genome,
making	up	nearly	8%	of	the	genetic	information,	but	their	potential	roles	in	disease	are	unclear.108	Retroviruses
may	also	be	classified	as	ecotropic,	xenotropic,	or	polytropic	depending	on	whether	they	infect	cells	of	the	same
animal	species	from	which	they	are	derived,	infect	cells	of	a	different	species,	or	both.	Amphotropic	retroviruses
infect	cells	of	the	species	of	origin	without	producing	disease	but	infect	cells	of	other	species	and	may	produce
disease.

Retroviruses	 that	 produce	disease	 after	 a	 long	 incubation	period	 are	 termed	 lentiviruses	 and	 include	human,
simian,	 feline,	ovine,	caprine,	and	bovine	 immunodeficiency	viruses.	Another	group	of	retroviruses	 that	are	not
clearly	associated	with	disease	are	known	as	spumaviruses	and	include	human	and	simian	foamy	viruses.	HTLV-
1,	which	is	classified	in	the	genus	Delta,	is	the	only	retrovirus	known	to	be	oncogenic	in	humans.	A	member	of
the	 retroviral	 genus	 Gamma	 identified	 in	 2008,	 designated	 xenotropic	 murine	 leukemia	 virus-related	 virus
(XMRV),	was	thought	to	be	associated	with	human	prostate	cancer;	however,	subsequent	studies	showed	XMRV
to	be	a	lab-derived	artifact.109	A	genus	Beta	retrovirus	related	to	mouse	mammary	tumor	virus	has	been	suggested
to	be	associated	with	biliary	cirrhosis	and	human	breast	cancers,	but	there	is	debate	about	whether	these	findings
might	represent	sample	contamination.110

Retroviruses	producing	tumors	in	animals	or	birds	are	designated	transforming	viruses	and	may	be	classified	as
acute	or	chronic	transforming	retroviruses.	Acute	transforming	retroviruses	have	acquired	a	mutated	cellular	gene,
termed	oncogene,	and	induce	cancer	in	an	animal	within	a	few	weeks.	Many	dominant	acting	protooncogenes	in
humans	(e.g.,	ras,	myc,	and	erbB)	were	first	identified	as	acute	transforming	retroviral	oncogenes.

Chronic	transforming	retroviruses	integrate	almost	randomly	in	the	genome	and	can	disrupt	the	regulation	of
nearby	 genes	 and	 induce	 cell	 proliferation	 or	 resistance	 to	 apoptosis.	Chronic	 transforming	 retroviruses	 induce
malignancy	only	after	many	weeks	 to	months	of	 infection.	The	use	of	a	murine	 leukemia	virus	vector	 for	gene



therapy	 in	 children	 with	 a	 form	 of	 severe	 combined	 immune	 deficiency	 syndrome	 characterized	 by	 defective
expression	of	the	common	gamma	chain	of	the	IL-2	receptor	resulted	in	T-cell	acute	lymphoblastic	leukemia.	This
was	 found	 to	 be	 the	 result	 of	 persistent	 expression	 of	 the	 LMO2	 (LIM	 domain	 only	 2)	 gene	 triggered	 by	 the
nearby	integration	of	the	retroviral	vector.111

In	 addition	 to	 acute	 or	 chronic	 transformation	 mechanisms,	 retroviruses	 can	 transform	 cells	 through	 direct
effects	mediated	by	 structural	or	nonstructural	viral	proteins.	Transforming	genes	of	HTLV-1	are	nonstructural
viral	proteins	that	activate	host	cell	signaling	pathways.112	Because	the	oncogenic	effects	of	HTLV-1	transforming
genes	generally	take	many	years	to	cause	cancer,	the	virus	does	not	fit	the	precise	definition	of	having	either	an
acute	or	a	chronic	oncogenic	mechanism.

HIV-1	 infection	 is	 also	 associated	 with	 a	 variety	 of	 malignancies	 but	 only	 through	 indirect	 effects	 of
suppressing	 immunity	 to	 oncogenic	 virus	 infections,	 such	 as	 gammaherpesviruses,	 high-risk	 human
papillomaviruses,	or	polyomaviruses.

Human	T-Cell	Leukemia	Virus	Epidemiology
Four	 species	of	human	T-cell	 leukemia	virus	have	been	 identified.	HTLV-1	was	 identified	 in	1980	as	 the	 first
human	 retrovirus	 associated	 with	 cancer,	 and	 it	 is	 the	 focus	 of	 the	 remainder	 of	 this	 section.	 HTLV-2	 was
discovered	 in	1982	and	shares	 roughly	64%	genomic	sequence	similarity	with	HTLV-1.	HTLV-3	and	HTLV-4
were	sporadically	isolated	from	individuals	who	had	contact	with	monkeys.113	HTLV-2,	HTLV-3,	and	HTLV-4
are	not	known	to	be	associated	with	disease	in	humans.

HTLV-1	is	present	in	15	to	20	million	individuals	worldwide,	most	commonly	in	the	Caribbean	Islands;	South
America;	southern	Japan;	and	parts	of	Australia,	Melanesia,	Africa,	and	Iran.114	In	the	United	States,	Canada,	and
Europe,	0.01%	to	0.03%	of	blood	donors	are	 infected	with	HTLV-1.	 It	 is	most	commonly	found	in	 individuals
who	 emigrated	 from	 endemic	 regions	 or	 among	 African	 Americans.	 HTLV-1	 is	 transmitted	 sexually,	 by
contaminated	 cell-associated	 blood	 products,	 or	 by	 breastfeeding.	 Only	 2%	 to	 5%	 of	 HTLV-1–infected
individuals	develop	disease.

Human	T-Cell	Leukemia	Virus	Molecular	Biology
HTLV-1,	like	other	retroviruses,	encodes	Gag,	Protease,	Pol,	and	Envelope	proteins.115	Gag	proteins	compose	the
inner	nucleocapsid	core	of	the	virus.	The	Pol	proteins	include	the	reverse	transcriptase	and	integrase.	The	reverse
transcriptase	 copies	 the	 single-stranded	 viral	 RNA	 into	 double-stranded	 DNA,	 and	 it	 is	 inhibited	 by	 several
nucleoside	 analogs,	 but	 not	 by	 nonnucleoside	 reverse	 transcriptase	 inhibitors	 approved	 for	 HIV-1.116	 The
integrase	is	responsible	for	inserting	the	linear	double-stranded	DNA	product	of	reverse	transcription	into	the	host
chromosomal	 DNA.	 At	 least	 one	 integrase	 inhibitor,	 raltegravir,	 now	 approved	 for	 HIV-1,	 is	 active	 against
HTLV-1.117	 Integration	 occurs	 throughout	 the	 human	 genome,	 but	 there	 is	 preference	 for	 integration	 into
transcriptionally	 active	genomic	 regions.118	The	viral	 protease	 proteolytically	 processes	Gag,	Protease,	 and	Pol
precursor	proteins	 to	 the	mature	 individual	proteins,	but	 it	 is	not	 affected	by	 inhibitors	of	HIV-1	protease.	The
HTLV-1	 envelope	 is	 cleaved	 by	 a	 cellular	 furin	 protease	 into	 a	 transmembrane	 and	 a	 surface	 component.
Envelope	mediates	cellular	attachment	and	fusion	by	binding	cell-surface	receptors,	which	are	thought	to	include
glucose	transporter	1,	neuropilin	1,	and	various	heparan	sulfate	proteoglycans.119

The	viral	genome	also	encodes	regulatory	proteins,	including	Tax	and	HTLV-1	bZIP	factor	(HBZ).120	Tax	is	a
transcriptional	transactivator	protein	that	functions	as	a	coactivator	of	members	of	the	cAMP	response	element-
binding	protein/activating	 transcription	factor	(CREB/ATF)	family,	nuclear	factor	kappa	B	(NF-κB),	and	serum
response	 factor	 (SRF)	 pathways.	 Tax	 activation	 of	 the	 cAMP	 response	 element-binding	 protein/activating
transcription	 factor	 pathway	 is	 responsible	 for	 upregulation	 of	 the	 viral	 promoter.	 Tax	 induction	 of	 NF-κB
promotes	cell	proliferation	and	resistance	to	apoptosis.	Tax	also	binds	and	activates	cyclin-dependent	kinases	and
inhibits	cell	cycle	checkpoint	proteins.	Tax	is	important	for	tumor	initiation,	whereas	HBZ	may	be	important	in
tumor	maintenance.121	Once	ATLL	develops,	Tax	expression	is	repressed	as	an	immune-evasion	mechanism.122
Genetic	alterations	in	ATLL	cells	replace	Tax	activity	through	constitutive	activation	of	 the	T-cell	receptor	and
NF-κB	pathways.

HTLV-1	preferentially	immortalizes	CD4+	T	lymphocytes	and	induces	tumors	in	mice.123	Tax	also	promotes
leukemia-initiating	 activity	 of	 ATLL	 cells	 in	 mouse	 models.124	 In	 immunodeficient	 mice	 reconstituted	 with
human	hematopoietic	cells,	HTLV-1	causes	CD4+	lymphomas.125
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Clinical	Characteristics	and	Treatment	of	Human	T-lymphotropic	Virus	1–
Associated	Malignancies
The	 diagnosis	 of	 HTLV-1	 infection	 is	 based	 on	 serologic	 assays.126	 HTLV-1	 is	 associated	 with	 various
inflammatory	 disorders,	 including	 uveitis,	 polymyositis,	 pneumonitis,	 Sjögren	 syndrome,	 and	 myelopathy.
Infected	patients	are	susceptible	to	certain	infectious	disorders	(e.g.,	staphylococcal	dermatitis)	and	opportunistic
infections	such	as	pneumocystis	pneumonia,	disseminated	cryptococcosis,	 strongyloidiasis,	or	 toxoplasmosis.127
Vaccines	have	not	been	developed	for	HTLV	infections.

T-lymphocyte	 proliferative	 disorders	 develop	 in	 1%	 to	 5%	 of	 infected	 individuals	 and	 are	 generally	CD2+,
CD3+,	CD4+,	CD5+,	CD25+,	CD29+,	CD45RO+,	CD52+,	HLA-DR+,	T-cell	receptor	αβ+,	and	variably	CD30+	and
lack	 CD7,	 CD8,	 and	 CD26	 expression.126	 The	 virus	 is	 clonally	 integrated	 in	 the	 malignant	 cells.	 Complex
karyotypes	are	often	 found	and	cytogenetic	analysis	 is	 rarely	useful.	The	histologic	 features	of	 lymph	nodes	 in
ATLL	may	be	indistinguishable	from	those	of	other	peripheral	T-cell	 lymphomas.128	Circulating	 tumor	“flower
cells”	are	helpful	in	the	diagnosis	(Fig.	7.3).

ATLL	 is	 categorized	 in	 four	 subtypes:	 (1)	Smoldering	ATLL	 is	 defined	 as	 having	5%	or	more	 abnormal	T
lymphocytes	 and	 lactate	 dehydrogenase	 (LDH)	 levels	 up	 to	 1.5×	 the	 upper	 limit	 of	 normal,	 with	 normal
lymphocyte	 count	 and	 calcium	 levels,	 and	 no	 lymph	 node	 or	 visceral	 disease	 other	 than	 skin	 or	 pulmonary
disease.	 (2)	Chronic	ATLL	 is	 characterized	by	 lymphocytosis;	LDH	up	 to	 twice	 the	upper	 limit	 of	 normal;	 no
hypercalcemia;	and	no	CNS,	bone,	pleural,	peritoneal,	or	gastrointestinal	involvement,	although	the	lymph	nodes,
liver,	spleen,	skin,	or	lungs	may	be	involved.	The	mean	survival	of	these	forms	of	ATLL	is	2	to	5	years.129	No
intervention	in	these	subtypes	of	ATLL	has	been	defined	that	prevents	progression	to	the	more	aggressive	forms
of	ATLL.	Although	chronic	or	smoldering	ATLL	may	respond	to	zidovudine	and	interferon,	randomized	studies
have	 not	 been	 conducted.130	 (3)	 Lymphoma-type	 ATLL	 is	 characterized	 by	 ≤1%	 abnormal	 circulating	 T
lymphocytes	and	features	of	non-Hodgkin	lymphoma.	(4)	Acute-type	ATLL	includes	the	remaining	patients.	Even
with	optimal	therapy,	the	median	survival	of	lymphoma	and	acute-type	ATLL	is	<1	year.131	Lymphoma	and	acute
types	of	ATLL	are	 the	most	common	presenting	subtypes.	Other	major	prognostic	 factors	 include	performance
status,	age,	the	presence	of	more	than	three	involved	lesions,	and	hypercalcemia.132

Figure	7.3	Clinical	manifestation	of	adult	T-cell	leukemia/lymphoma.	A,B:	Infiltration	of
malignant	T	lymphocytes	into	the	skin.	C:	Lytic	bone	lesions	seen	on	lateral	skull	x-ray.	D:



“Flower	cells”	in	the	blood.

Combination	 chemotherapy	 for	 lymphoma	 or	 acute-type	 ATLL	 with	 the	 infusional	 etoposide,	 prednisone,
vincristine,	and	doxorubicin	(EPOCH)	regimen	or	the	LSG-15	regimen	results	in	complete	remission	rates	of	15%
to	40%.133–135	However,	responses	are	short	lived,	with	<10%	of	patients	free	of	disease	at	4	years.	The	addition
of	 anti-CCR4	 antibody,	 mogamulizumab,	 improves	 response	 rates.136	 The	 combination	 of	 interferon	 and
zidovudine	with	or	without	arsenic	trioxide	may	result	 in	the	remission	of	acute	but	not	lymphoma	subtypes.137
Lenalidomide	 has	 activity	 in	 relapsed	 or	 recurrent	ATLL.138	Allogenic	 hematopoietic	 stem	 cell	 transplantation
may	result	 in	 long-term,	disease-free	survival	 for	patients	with	complete	or	near	complete	remission	of	disease,
although	infectious	complications	have	been	notable	in	these	studies.139

HEPATITIS	VIRUSES
The	earliest	record	of	an	epidemic	caused	by	a	hepatitis	virus	was	in	1885,	occurring	in	individuals	vaccinated	for
smallpox	with	lymph	from	other	people.140	The	cause	of	the	epidemic,	HBV,	was	not	identified	until	1966,	when
Blumberg	discovered	the	Australian	antigen	now	known	to	be	the	hepatitis	B	surface	antigen	(HBsAg).	This	was
followed	 by	 the	 discovery	 of	 the	 virus	 particle	 by	 Dane	 in	 1970.	 In	 the	 early	 1980s,	 the	 HBV	 genome	 was
sequenced	 and	 the	 first	 vaccines	 were	 tested.	 In	 the	 mid-1970s,	 Alter	 described	 cases	 of	 hepatitis	 not	 due	 to
hepatitis	A	or	B	viruses,	 and	 the	 suspected	 agent	was	designated	non-A,	 non-B	hepatitis	 virus,	 now	known	as
HCV.141	In	1987,	Houghton	used	molecular	cloning	to	identify	the	HCV	genome	and	develop	a	diagnostic	test,
which	was	 licensed	 in	1990.	It	 is	now	appreciated	 that,	 in	addition	 to	causing	hepatitis	and	cirrhosis,	HBV	and
HCV	cause	 hepatocellular	 carcinoma	 (HCC),	which	 constitutes	 approximately	 90%	of	 all	 primary	 liver	 cancer
cases.142

According	 to	 the	 World	 Health	 Organization,	 roughly	 257	 million	 people	 are	 currently	 living	 with	 HBV
infection	and	71	million	people	have	chronic	HCV	 infection	 (http://www.who.int/mediacentre/factsheets/).	 It	 is
estimated	 that	880,000	deaths	per	year	are	attributable	 to	HBV-induced	 liver	disease	or	HCC	and	an	additional
350,000	to	500,000	people	die	of	HCV-related	liver	disease	or	HCC.	HBV	and	HCV	are	the	leading	cause	of	liver
cancer	 in	 the	world,	accounting	for	almost	80%	of	cases.	 In	 the	United	States,	Europe,	Egypt,	and	Japan,	more
than	60%	of	HCC	cases	 are	 associated	with	HCV,	 and	20%	are	 related	 to	HBV	and	 chronic	 alcoholism.143	In
Africa	and	Asia,	60%	of	HCC	is	associated	with	HBV,	20%	is	related	to	HCV,	with	the	remainder	related	to	other
risk	factors,	such	as	alcoholism	and	dietary	exposure	to	fungal	aflatoxin.	Liver	cancer	is	the	sixth	most	common
cancer	worldwide	and	is	the	second	most	common	cause	of	cancer	death	in	men.

In	Asia	and	Africa,	up	to	70%	of	individuals	have	serologic	evidence	of	current	or	prior	HBV	infection,	and
8%	to	15%	of	these	subjects	have	a	chronic	active	infection.	Rates	of	HCV	infection	of	>3.5%	occur	in	Central
and	East	Asia,	North	Africa,	and	the	Middle	East.	In	the	United	States,	0.8	to	1.4	million	individuals	are	infected
with	HBV,	and	3.2	million	with	HCV.	The	incidence	of	HCC	in	the	United	States	tripled	between	1975	and	2005,
particularly	in	African	American	and	Hispanic	males.144

HBV	is	transmitted	primarily	through	exposure	to	infected	blood,	semen,	and	other	body	fluids,	whereas	HCV
is	 transmitted	primarily	by	blood	or	 sexual	 contact.	Acute	HCV	 infection	 causes	mild	 and	vague	 symptoms	 in
about	15%	of	individuals	and	resolves	spontaneously	in	10%	to	50%	of	cases.145	Liver	enzymes	are	normal	in	5%
to	50%	of	individuals	with	chronic	HCV	infection.146	After	20	years	of	chronic	HCV	infection,	the	likelihood	of
cirrhosis	is	10%	to	15%	for	men	and	1.5%	for	women.147	Cofactors	that	increase	the	likelihood	of	cirrhosis	are
coinfection	with	both	hepatitis	 viruses,	 persistently	high	 levels	 of	HBV	or	HCV	viremia,	HBsAg,	 certain	viral
genotypes,	 schistosomiasis,	HIV,	alcoholism,	male	gender,	advanced	age	at	 the	 time	of	 infection,	diabetes,	and
obesity.148,149

Hepatitis	B	Virus
HBV	 is	 an	 enveloped	 DNA	 virus	 that	 is	 a	 member	 of	 the	 viral	 family	Hepadnaviridae.	 HBV	 has	 a	 strong
preference	for	infecting	hepatocytes.	Although	HBV	is	not	associated	with	extrahepatic	disease,	small	amounts	of
viral	 DNA	 can	 be	 found	 in	 kidney,	 pancreas,	 and	 mononuclear	 cells.	 The	 viral	 genome	 is	 a	 relaxed	 circular
partially	double-stranded	DNA	of	3.2	kb.	The	genome	exists	as	an	episomal	covalently	closed	circular	double-
stranded	 DNA	molecule	 in	 the	 nucleus	 of	 infected	 cells,	 although	 chromosomal	 integration	 of	 viral	 genomic
sequences	can	occur	during	cycles	of	hepatocyte	regeneration	and	proliferation.	In	addition	to	40	to	42	nm	virions,
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HBV-infected	 cells	 also	 produce	 noninfectious	 20-nm	 spherical	 and	 filamentous	 subviral	 particles.	 The	 viral
genome	encodes	four	open	reading	frames.	The	presurface–surface	(preS-S)	region	encodes	 three	proteins	from
different	translational	initiation	sites;	these	include	the	S	(HBsAg),	M	(or	pre-S2),	and	L	(or	pre-S1)	proteins.	The
L	protein	is	responsible	for	receptor	binding	and	virion	assembly.	The	precore–core	(preC-C)	region	encodes	the
HBcAg	and	HBeAg.	The	P	 region	 encodes	 the	viral	 polymerase,	 and	 the	X	 (HBx)	protein	modulates	host-cell
signal	transduction.

After	infection,	the	viral	genome	is	transcribed	by	host	RNA	polymerase	II,	and	viral	proteins	are	translated.
Nucleocapsids	assemble	in	the	cytosol,	 incorporating	a	molecule	of	pregenomic	RNA	into	the	viral	core,	where
reverse	 transcription	occurs	 to	produce	 the	double-stranded	DNA	viral	genome.	Viral	cores	are	enveloped	with
intracellular	membranes	and	viral	L,	M,	and	S	surface	antigens,	which	are	exported	from	the	cells.

HBV	replication	is	not	cytotoxic.	Instead,	liver	injury	is	due	to	the	host	immune	response,	primarily	T-cell	and
proinflammatory	cytokine	responses.	Chronic	HBV	carriers	exhibit	an	attenuated	virus-specific	T-cell	response,
although	a	vigorous	humoral	 response	 is	 typically	evident.	About	5%	of	 infections	 in	adults	 and	up	 to	90%	of
infections	 in	neonates	 result	 in	a	persistent	 infection,	which	may	or	may	not	be	associated	with	 symptoms	and
elevated	 serum	aminotransferase	 levels.	 Immunosuppressed	 individuals	have	a	higher	 likelihood	of	 a	persistent
infection.	About	20%	of	persistently	infected	individuals	develop	cirrhosis.

With	acute	infection,	viral	titers	of	109	to	1010	virions	per	milliliter	are	present,	whereas	persistently	infected
individuals	have	somewhat	lower	levels,	ranging	from	107	to	109	virions	per	milliliter.	The	resolution	of	infection,
which	is	associated	with	declining	viral	DNA	titers,	 is	observed	at	a	rate	of	5%	to	10%	per	year	 in	persistently
infected	individuals.	However,	even	subjects	who	have	resolved	the	infection	continue	to	have	very	low	levels	of
viral	DNA	(103	to	105	copies	per	milliliter)	for	most	of	their	lives.

Chronic	 HBV	 infection	 can	 be	managed	with	 alpha	 interferon	 but	 the	 treatment	 cures	 only	 3%	 to	 15%	 of
infected	individuals	and	has	severe	side	effects.	Nucleoside/nucleotide	analogs,	such	as	lamivudine,	telbivudine,
entecavir,	adefovir,	and	tenofovir,	 inhibit	HBV	reverse	 transcriptase	and	 limit	HBV	replication	 in	a	majority	of
patients.150	 Entecavir	 and	 tenofovir	 are	 both	 effective	 at	 inducing	 viral	 suppression	 and	 may	 be	 used	 in
combination	in	patients	with	high	HBV	DNA	load	or	multidrug	resistance.	Because	these	agents	are	all	associated
with	 some	 toxicity,	 current	 guidelines	 recommend	 therapy	 only	when	 liver	 disease	 is	 clinically	 apparent,	with
continued	 treatment	 for	6	 to	12	months	after	 clearance	of	HBeAg	or	HBsAg.	Although	 these	drugs	effectively
control	HBV,	 they	 typically	 fail	 to	 cure	 the	 infection	due	 to	 the	 long-term	persistence	of	 the	 covalently	 closed
circular	 double-stranded	DNA	 form	 of	 the	 viral	 genome.	 Other	 nucleoside/nucleotide	 analogs	 are	 currently	 in
clinical	 trials,	 as	 well	 as	 a	 novel	 form	 of	 interferon	 (IFN)-λ	 and	 an	 inhibitor	 of	 virus	 release.	 Current	 results
suggest	that	long-term	anti-HBV	therapy	can	reduce	the	risk	of	HCC	by	about	50%.142

Hepatitis	D	virus	(HDV)	occurs	only	in	individuals	coinfected	with	HBV.	HDV	is	composed	a	single-stranded
circular	viral	RNA	genome	of	1,679	nucleotides,	a	central	core	of	HDAg,	and	an	outer	coat	with	all	three	HBV
envelope	 proteins.	HDV	 infection	 results	 in	more	 severe	 complications	 than	 infection	with	HBV	alone,	with	 a
higher	likelihood	and	more	rapid	progression	to	cirrhosis	and	HCC.142

Hepatitis	C	Virus
HCV	 is	 a	 positive-sense,	 enveloped	 single-stranded	RNA	 virus	 of	 the	Flaviviridae	 family.151	 There	 are	 seven
genotypes	of	HCV;	in	the	United	States,	about	70%	of	infections	are	caused	by	genotype	1.152	HCV	replicates	in
the	cytoplasm	and	does	not	 integrate	 into	 the	host	 cell	genome.	The	viral	RNA	 is	9.6	kb	and	encodes	a	 single
polyprotein	 of	 3,010	 amino	 acids	 that	 is	 proteolytically	 processed	 into	 structural	 and	 nonstructural	 proteins.	 In
addition	 to	 the	 structural	 roles	 of	 the	 core	 (C)	 protein,	 it	 has	 also	 been	 reported	 to	 affect	 various	 host	 cell
functions.	The	envelope	glycoproteins	E1	and	E2	mediate	 infectious	entry	 through	 tetraspanin	CD81	and	other
receptors	on	hepatocytes	and	B	lymphocytes.

HCV	nonstructural	proteins	NS2,	NS3,	NS4A,	NS4B,	NS5A,	NS5B,	and	p7	are	required	for	virus	replication
and	assembly.	NS2	is	a	membrane-associated	cysteine	protease.	NS3	is	a	helicase	and	NTPase	that	unwinds	RNA
and	DNA	substrates.	The	complex	of	NS3	with	NS4A	forms	a	serine	protease.	NS4B	induces	the	formation	of	a
membranous	web	associated	with	 the	viral	RNA	 replicase.	NS5A	 is	 an	RNA-binding	phosphoprotein,	whereas
NS5B	is	the	RNA-dependent	RNA	polymerase.	The	p7	protein	forms	a	cation	channel	in	infected	cells	that	has	a
role	in	particle	maturation	and	release.

Older	 treatments	 for	HCV	 infection	utilized	24	 to	48	weeks	of	pegylated	 IFN-α	 and	 ribavirin.153	 Treatment
with	 IFN	 and	 ribavirin	 alone	 produces	 sustained	 virologic	 response	 (SVR)	 in	 70%	 to	 80%	 of	 subjects	 with
genotype	2	or	3	infections.	Although	patients	with	SVR	show	reduced	risk	of	HCC,	a	10-year	follow-up	found	a



2.5%	risk	of	HCC	in	such	patients.142	Patients	with	cirrhosis	have	been	estimated	 to	have	a	1%	annual	 risk	of
HCC	after	successful	SVR.154	The	results	illustrate	the	utility	of	detecting	HCV	infection	prior	to	the	development
of	cirrhosis	and	show	the	importance	of	ongoing	monitoring	of	patients,	even	after	SVR.

Treatment	 options	 for	 HCV	 infection	 have	 changed	 dramatically	 with	 the	 advent	 of	 the	 NS5B	 polymerase
inhibitor	 sofosbuvir	 and	 newer	 direct-acting	 antiviral	 therapies.	 The	 new	 treatment	 regimens	 show	 SVR	 rates
>90%	 against	 all	 HCV	 genotypes	 after	 8	 to	 12	 weeks	 and	 have	 markedly	 fewer	 side	 effects	 than	 IFN-based
treatments.	 The	 current	 cost	 of	 a	 12-week	 course	 of	 sofosbuvir	 treatment	 is	 $84,000,	 and	 in	 2015,	 it	 was	 the
number	 two	 best-selling	 pharmaceutical	 in	 the	 U.S.	 market.	 The	 high	 cost	 of	 HCV	 treatment	 has	 limited	 its
uptake,	particularly	in	underresourced	countries.

Hepatitis	Virus	Pathogenesis
HBV	and	HCV	depress	innate	immune	responses	by	inhibiting	Toll-like	receptor	signaling	through	effects	of	HBx
and	 NS3-4A.143	 In	 addition,	 HCV	 C	 inhibits	 the	 Janus	 kinase	 (JAK)–signal	 transducer	 and	 activator	 of
transcription	(STAT)	signaling,	and	NS5A	and	E2	inhibit	IFN	signaling.	Through	an	undefined	mechanism,	HBV
can	inhibit	JAK-STAT	signaling	as	well.

HBV	and	HCV	induce	HCC	by	direct	and	indirect	mechanisms.143	Both	HBV	and	HCV	encode	proteins	that
have	pro-	and	antiapoptotic	properties.	High	levels	of	HBx	block	activation	of	the	NF-κB	pathway,	whereas	HCV
C	and	NS5A	block	apoptosis	by	the	activation	of	AKT	and	NF-κB,	respectively.	The	C	and	NS5A	proteins	may
also	 induce	 epithelial–mesenchymal	 transition,	 which	 is	 important	 for	 liver	 fibrosis,	 through	 effects	 on
transforming	growth	factor	β	and	Src	signaling.	Mice	transgenic	for	NS5A	develop	steatosis	and	HCC.

HBx	and	HCV	C	are	associated	with	mitochondria,	where	they	trigger	oxidative	stress	that	induces	apoptosis.
In	 addition,	 HBs	 and	 HBx	 and	 NS3-4A	 alter	 calcium	 signaling	 and	 increase	 reactive	 oxygen	 species,	 which
trigger	endoplasmic	reticulum	(ER)	stress,	an	unfolded	protein	response,	and	the	production	of	proinflammatory
cytokines	 that	 induce	 collagen	 synthesis	 and	 fibrosis.	 Autophagy	 is	 triggered	 by	 both	 viruses	 to	 restore	 ER
integrity,	which	promotes	cell	survival	and	viral	persistence.

HBV	and	HCV	also	disrupt	tumor	suppressor	proteins.	HCV	NS5B	recruits	a	ubiquitin	ligase	protein	to	modify
pRB	and	 induce	 its	degradation,	whereas	HBx	and	HCV	C	proteins	both	 inhibit	 p16INK4a	and	p21	cell	 cycle
inhibitors,	which	leads	to	inactivating	phosphorylation	of	pRB.	The	HBx	and	HCV	C,	NS3,	and	NS5A	proteins
deregulate	p53	tumor	suppressor	activity	by	compromising	p53-mediated	DNA	repair.	HBV	and	HCV	also	induce
alterations	in	micro-RNAs	that	are	partially	responsible	for	cell	cycle	effects.

Although	not	part	of	the	normal	virus	replication	cycle,	the	tendency	of	HBV	DNA	to	integrate	within	the	host
cell	chromosomes	also	contributes	to	the	pathogenesis	of	HBV-associated	HCC.	In	most	HCC	tumor	cells,	HBV
replication	 is	 extinguished,	 and	 integration	 at	 certain	 sites	 provides	 a	 growth	 or	 survival	 advantage,	 leading	 to
tumors	 that	 are	 clonal	 with	 respect	 to	 viral	 integration.	 Whole-genome	 sequencing	 studies	 have	 identified	 a
number	of	cellular	loci,	including	TERT	and	MLL,	where	HBV	integration	is	associated	with	HCC.10,155,156

Both	HBV	and	HCV	promote	 characteristics	 of	 cancer	 stem	 cells.	HBx	promotes	 the	 expression	 of	Nanog,
Kruppel-like	factor	4,	octamer-binding	transcription	factor	4,	and	Myc.	These	markers	are	also	induced	by	HBV-
and	HCV-induced	hypoxia	and	hypoxia-induced	factors.

Clinical	Characteristics	and	Treatment	of	Hepatitis	Virus–Associated
Malignancies
HBV	 and	 HCV	 infections	 are	 diagnosed	 by	 serologic	 assays	 and/or	 antigen	 assays	 in	 the	 case	 of	 HBV.148
Quantitative	polymerase	chain	 reactions	are	utilized	 to	measure	virus	 load.	No	vaccine	has	been	 identified	 that
protects	against	HCV	because	infections	consist	of	a	genetically	heterogeneous	“swarm”	of	virus	sequences,	some
of	which	escape	neutralization.

Recombivax	HB,	which	utilizes	a	 recombinant	HBsAg	produced	 in	yeast	 cells,	has	been	available	 for	HBV
prevention	for	more	than	30	years.	The	vaccine	is	more	than	90%	effective	for	individuals	younger	than	40	years
of	age,	and	protection	lasts	at	least	three	decades.157	The	vaccine	is	recommended	for	infants,	adolescents	aged	11
to	 15	 years,	 and	 adults	 with	 potential	 risk	 of	 HBV	 exposure.	 A	 newer	 combination	 vaccine,	 Twinrix,	 offers
protection	 against	 both	 hepatitis	A	 virus	 and	HBV.	 Factors	 associated	with	HBV	 vaccination	 failure	 in	 adults
include	increased	age,	obesity,	smoking,	diabetes,	end-stage	renal	disease,	HIV	infection,	alcoholism,	or	recipients
of	 liver	 or	 kidney	 transplantation.	 In	 these	 cases,	 use	 of	 a	 higher	 dose	 of	 the	 vaccine	 can	 improve	 responses.
Recent	 clinical	 trials	 have	 suggested	 that	 improved	 adjuvants	 could	 allow	 fewer	 doses	 and	 improved
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seroprotection	rates.158
Because	 an	 early	 diagnosis	 of	 HCC	 is	 a	 key	 to	 successful	 treatment,	 there	 has	 been	 extensive	 research	 on

surveillance	 techniques	 in	 HBV-	 and	 HCV-infected	 individuals.159	 The	 Centers	 for	 Disease	 Control	 and
Prevention	 recommends	 that	 all	 individuals	 born	 between	 1945	 and	 1965	 be	 tested	 for	 HCV	 infection.	 The
American	Association	for	the	Study	of	Liver	Diseases,	as	well	as	the	European	and	Asian	Pacific	Associations	for
the	Study	of	the	Liver,	endorse	surveillance	in	HCV-infected	individuals	with	cirrhosis	using	ultrasound	every	6
months.	 Viral	 eradication	 does	 not	 fully	 eliminate	 the	 risk	 of	 HCC	 and	 continued	 surveillance	 is	 still
recommended	in	cirrhotic	patients.

Therapeutic	options	for	HCC	are	determined	not	only	by	the	number	and	size	of	HCC	nodules,	as	well	as	the
presence	or	absence	of	vascular	invasion	and	metastases,	but	also	by	liver	function	and	the	presence	or	absence	of
portal	hypertension.160	HCC	amenable	 to	 liver	 transplantation	 is	usually	defined	as	either	one	 tumor	measuring
≤50	 mm	 in	 diameter	 or	 two	 to	 three	 tumors	 measuring	 ≤30	 mm	 in	 diameter	 without	 vascular	 extension	 or
metastasis	(Milan	criteria).161	Up	to	30%	of	all	cases	of	HCC	present	with	multiple	nodules	of	HCC,	suggesting	a
field	carcinogenesis	effect	of	HBV	and	HCV.162	HBV-	and	HCV-infected	patients	may	have	a	lower	survival	than
noninfected	patients	 after	 liver	 transplantation.163	Hepatitis	B	 immune	globulin	 and	NAs	 are	 recommended	 for
reinfection	 prophylaxis	 in	 the	 posttransplant	 period	 for	 HBV-infected	 individuals.164	 Antiviral	 therapy	 is
recommended	for	HCV-infected	patients	undergoing	liver	transplantation.

Reactivation	 of	 HCV	 can	 occur	 with	 chemotherapy	 or	 monoclonal	 antibody–based	 immunosuppressive
therapies	but	is	less	frequent	than	HBV	reactivation.165	Individuals	who	appear	to	have	cleared	an	HBV	infection
and	 who	 have	 an	 undetectable	 viral	 load	 can	 experience	 HBV	 reactivation	 on	 rituximab	 therapy.	Monitoring
hepatic	function	and	virus	load	is	 indicated	during	chemoimmunotherapy	of	HBV-	or	HCV-positive	patients.166
Although	 there	 is	 controversy	 regarding	 the	 role	 of	 virus	 screening	 for	 patients	 undergoing	 chemotherapy,
antiviral	therapy	is	recommended	for	high-risk	HBV-infected	patients	undergoing	chemoimmunotherapy,	such	as
rituximab-based	chemotherapy	regimens.167

An	 association	 between	 HCV	 and	 B-cell	 non-Hodgkin	 lymphoma	 has	 also	 been	 demonstrated	 in	 highly
endemic	 geographic	 areas.168	 Diffuse	 large	 B-cell	 lymphoma,	 marginal	 zone	 lymphomas,	 mixed
cryoglobulinemia,	and	lymphoplasmacytic	lymphomas	are	the	histologic	subtypes	most	frequently	associated	with
HCV	 infection.	Antiviral	 treatment	with	 IFN-α	with	or	without	 ribavirin	has	been	effective	 in	 the	 treatment	of
HCV-infected	patients	with	indolent	lymphoma,	but	rarely	in	individuals	with	aggressive	lymphomas.

CONCLUSION
Oncogenic	 viruses	 are	 important	 causes	 of	 cancer,	 especially	 in	 less	 industrialized	 countries	 and	 in
immunosuppressed	 individuals.	 They	 are	 common	 causes	 of	 anogenital	 cancers,	 lymphomas,	 and	 oral	 and
hepatocellular	 carcinomas.	 Emerging	 evidence	 indicates	 that	 viruses	 are	 also	 responsible	 for	 at	 least	 a	 small
percentage	of	more	common	cancers.	Vaccines	and	antiviral	agents	have	begun	playing	an	important	role	in	the
prevention	of	virus-induced	cancers.	Studies	of	viral	pathogenesis	will	 continue	 to	establish	paradigms	 that	 are
critical	to	our	understanding	of	the	regulation	of	cell	growth	and	cancer	etiology.
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8 Inflammation
Michael	D.	Green	and	Weiping	Zou

INTRODUCTION
The	 link	between	 inflammation	and	cancer	was	 first	noted	at	 the	dawn	of	modern	medicine.	 In	1863,	Virchow
hypothesized	 that	 the	 “lymphoreticular	 infiltrate”	 he	 observed	 in	 neoplastic	 tissue	 suggested	 that	 cancer	 arose
from	 sites	 of	 chronic	 inflammation.1	 Although	 this	 concept	 fell	 by	 the	 wayside,	 inflammation	 is	 once	 more
recognized	 as	 enabling	 many	 essential	 hallmarks	 of	 cancer.2	 In	 some	 cancers,	 an	 inflammatory	 environment
predates	 and	 fosters	 tumor	 development.	 In	 other	 malignancies,	 inflammation	 can	 arise	 after	 the	 genesis	 of	 a
tumor,	 leading	 to	 the	 recruitment	 of	 multiple	 innate	 and	 adaptive	 immune	 and	 stromal	 elements	 that	 secrete
pleotropic	chemokines	and	cytokines	which	sustain	survival,	promote	growth,	direct	angiogenesis,	and	facilitate
invasion.	 Although	 this	 chapter	 focuses	 on	 the	 subversion	 of	 inflammatory	 signals	 that	 enable	 malignant
transformation	and	progression,	 it	 is	 important	 to	remember	that	eliciting	an	inflammatory	response	can	also	be
immunologically	 and	 therapeutically	 important.	 Inflammatory	 mediators	 and	 effectors	 are	 increasingly	 being
harnessed	by	immune	checkpoint	blockade	and	other	therapies,	highlighting	the	duality	of	inflammation	in	cancer.
For	 example,	 inflammatory	 cytokines	 and	mediators	 can	 induce	 antigen-presenting	 cell	 (APC)	maturation	 and
mediate	 APC	 activation	 and	 help	 promote	 T-cell	 immunity.	 This	 contrasts	 the	 differences	 between	 beneficial
inflammation	and	maladaptive	inflammation.3

TUMOR-INTRINSIC	INFLAMMATION
Certain	 forms	 of	 cancer	 initiate	 and	 amplify	 inflammatory	 pathways	 to	 promote	 tumor	 growth,	 survival,	 and
invasion.	Hypoxia	intrinsically	increases	as	a	tumor	outgrows	its	 local	vascular	supply,	and	one	result	of	 this	 is
increased	 free	 radical–containing	species.	Reactive	oxygen	and	nitrogen	species,	as	well	as	 ingested	exogenous
free	radical–containing	compounds,	can	contribute	to	genomic	instability	and	accelerate	mutagenesis.	Aflatoxin,
an	Aspergillus	mycotoxin	endogenous	in	Africa	and	Southeast	Asia,	contributes	to	hepatocellular	carcinogenesis
through	increased	mutagenesis	in	the	liver.4	Hypoxia	drives	HIF1a	expression,	and	this	protein	directly	suppresses
DNA	mismatch	repair	genes.	Select	oncogenic	mutations,	including	RAS	and	MYC,	can	aberrantly	activate	tumor
cell	intrinsic	cytokine	signal	transduction	to	amplify	inflammatory	processes.	RET	mutation	is	sufficient	to	cause
noninvasive	 follicular	 thyroid	 neoplasm,	 and	 this	 promotes	 tumor	 development	 through	 the	 promotion	 of
inflammatory	 signal	 transduction.	 In	 addition,	 tumor	 cells	 express	 many	 inflammatory	 cytokines	 including
interleukin	(IL)-6,	IL-8,	and	vascular	endothelial	growth	factor	(VEGF).	These	cytokines	elicit	local	and	systemic
inflammation	and	support	tumor	angiogenesis.

TUMOR-EXTRINSIC	INFLAMMATION
The	 macroscopic	 environment	 of	 the	 tumor	 can	 contribute	 to	 carcinogenesis,	 tumor	 progression,	 and	 even
therapeutic	 outcomes.5	 Chronic	 inflammatory	 state	 can	 result	 from	 a	 persistent	 infection	 of	 a	 pathologic
microorganism	 or	 even	 overpopulation	 of	 commensal	 microbiotal	 elements	 (Table	 8.1).	 An	 unresolved
Helicobacter	pylori	 infection	 is	 one	 etiology	 of	 gastric	mucosa–associated	 lymphoid	 tissue	 lymphoma	 and	 can
also	contribute	 to	gastric	adenocarcinoma.	Uncleared	viral	 infections	with	hepatitis	B	virus	or	hepatitis	C	virus
results	 in	 chronic	 hepatitis,	 and	 this	 is	 a	 major	 etiology	 of	 hepatocellular	 carcinoma	 in	 Asia.	 Even	 sterile
inflammation	can	predispose	toward	cancer:	Pancreatitis	often	precedes	pancreatic	cancer,	and	gastroesophageal
reflux	is	a	well-described	risk	factor	for	esophageal	cancer.	In	these	situations,	physiologic	inflammation	aimed	to
minimize	infectious	and	toxic	sequelae	inadvertently	promotes	oncogenic	transformation	of	surrounding	tissue.
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Some	 autoimmune	 disease,	 such	 as	 ulcerative	 colitis,	 have	 an	 increased	 incidence	 of	 colorectal	 cancer
proportional	 to	 the	 duration,	 severity,	 and	 extent	 of	 their	 inflammatory	 disease.6	 Autoimmunity	 and	 chronic
inflammatory	 conditions	 such	 as	 rheumatoid	 arthritis	 are	 also	 felt	 to	 contribute	 to	 the	 development
myelodysplastic	syndromes.

Environmental	 irritants	 are	 another	 common	 trigger	 for	 neoplastic-related	 inflammation.	 Up	 to	 30%	 of
malignancies	 can	 be	 attributed	 to	 inhaled	 irritants,	 including	 tobacco	 smoke,	 silica,	 asbestos,	 coal,	 radon,
cadmium,	 and	 others.7	 These	 chemical	 irritants	 either	 failed	 to	 be	 cleared	 by	 the	 body,	 serving	 as	 a	 nidus	 to
promote	chronic	 inflammation	and	cytokine	 release,	or	are	directly	carcinogenic.	Metabolic	 syndrome	resulting
from	obesity	is	another	increasingly	common	source	of	chronic	inflammation,	and	this	has	been	epidemiologically
linked	to	an	increased	risk	of	malignancy.8	In	sum,	it	has	been	estimated	that	as	many	as	90%	of	cancers	can	be
partially	attributed	to	inflammation	related	to	lifestyle	and	environmental	exposures.

TABLE	8.1
Association	between	Cancer	and	Pathogen

Cancer Associated	Pathogen
Bladder	cancer Schistosoma	haematobium
Burkitt	lymphoma Epstein-Barr	virus

Cervical	cancer Human	papillomavirus	5,	6,	8,	11,	18,	26,	30,	31,	33,	35

Cholangiocarcinoma Salmonella	typhi
Opisthorchis	viverrini
Clonorchis	sinensis

Colorectal	cancer John	Cunningham	virus
Streptococcus	bovis

Gastric	cancer Helicobacter	pylori
Gliomas John	Cunningham	virus

Hepatocellular	carcinoma Hepatitis	B	virus
Hepatitis	C	virus
Hepatitis	D	virus
Schistosoma	japonicum
Aflatoxin	(Aspergillus	flavus)
Aflatoxin	(Aspergillus	parasiticus)

Hodgkin	lymphoma Epstein-Barr	virus

Kaposi	sarcoma Human	herpesvirus	8

Merkel	cell	carcinoma Merkel	cell	polyomavirus

Mesothelioma Simian	vacuolating	virus	40

Prostate	cancer Xenotropic	murine	leukemia	virus

T-cell	acute	lymphoblastic	leukemia Human	T-lymphotropic	virus	1

INFLAMMATORY	CELL	SUBSETS	IN	THE	CANCER	MICROENVIRONMENT
Earlier	reductionist	views	of	a	tumor	as	a	homogenous	cancer	cell	population	have	given	way	to	the	acceptance	of
a	tumor	as	a	heterogeneous	tissue	composed	of	many	cell	types	that	cooperate	to	promote	tumorigenesis.9	Over
the	 last	 century,	 we	 have	 now	 returned	 to	 Virchow’s	 initial	 hypothesis	 that	 even	 immune	 cells	 in	 the	 cancer
microenvironment	could	contribute	paradoxically	to	disease	initiation	and	progression.	Individual	subpopulations
of	immune	cells	and	stromal	elements	may	be	necessary	for	initiation,	growth,	and	the	distant	spread	of	cancer	as
demonstrated	by	adoptive	transfer	and	cell	depletion	experiments	in	models.	The	role	of	these	supporting	cells	in
affecting	the	efficacy	of	traditional	and	immunologic	therapies	is	still	being	defined.	Some	of	the	most	important
components	include	macrophages,	neutrophils,	myeloid-derived	suppressor	cells	(MDSCs),	dendritic	cells	(DCs),
Th17	cells,	Th22	cells,	regulatory	T	(Treg)	cells,	natural	killer	T	cells,	and	fibroblasts.

Macrophages



Macrophages,	specifically	tumor-associated	macrophages,	form	a	large	and	functionally	important	component	of
tumors.	Macrophages	are	phenotypically	and	functionally	plastic	and	therefore	perform	different	tasks	in	different
inflammatory	 settings.	 In	 acute	 inflammation,	macrophages	 foster	 cytotoxicity,	 T-cell	 infiltration,	 and	 promote
antitumoral	 immunity	 through	 antigen	 presentation	 and	 cross	 priming.	 In	 chronic	 inflammatory	 settings,
macrophages	resort	to	an	“alternatively	activated”	wound	healing	phenotype,	which	may	be	immunosuppressive.6
This	 alternative	 activation	 can	 promote	 tumor	 spread	 through	 inhibiting	 cytotoxic	 T	 cells	 via	 adenosine,
indoleamine	 2,3-dioxygenase,	 and	 inhibitory	 membrane	 B7	 family	 members,	 and	 while	 performing	 tissue
remodeling,	macrophages	secrete	matrix	metalloproteinases,	 IL-6,	and	IL-8	 that	can	promote	 tumor	growth	and
metastatic	spread.10–14	Finally,	all	phagocytic	cells,	 including	macrophages,	are	an	 important	external	 source	of
reactive	oxygen	and	nitrogen	species	that	can	increase	free	radicals	in	the	tumor	microenvironment.

T	cells
Tumor-infiltrating	lymphocytes	are	increasingly	being	recognized	as	being	prognostically	important	across	many
cancer	 types.	 T-cell	 subsets	 are	 functionally	 different	 and	may	mediate	 pro-	 or	 antitumorigenic	 roles.	 Each	 T
subset	differentiates	from	naïve	T	cells	in	response	to	T-cell	receptor	signaling	and	relevant	cytokine	signals,	and
each	subset	subsequently	 releases	a	unique	cytokine	profile.15	CD8+	T	cells	are	 important	 sources	of	 interferon
(IFN)-γ	 and	 cytotoxic	molecules	 in	 the	 immune	 environment	 and	 are	 the	major	 effector	T-cell	 subset.	Notable
CD4+	T	cell	subsets	present	 in	 the	 tumor	include	T	helper	1	(Th1),	Th2,	Treg	cells,	Th17,	and	Th22	cells.	Th1
cells	secrete	tumor	necrosis	factor	(TNF),	IL-2,	and	IFN-γ,	which	support	CD8+	T-cell–mediated	and	phagosome-
mediated	 function.	 Th2	 cells	 predominantly	 secrete	 IL-4,	 IL-5,	 IL-10,	 and	 IL-13	 that	 physiologically	 promote
eosinophilic	 function	 that	may	 not	 support	 antitumor	 immunity.	 Th17	 cells	 contribute	 to	multiple	 autoimmune
diseases	and	through	this	can	contribute	to	a	chronic	inflammatory	state.	In	murine	models	of	malignancy,	Th17-
cell–derived	IL-17	may	support	 tumor	formation	 in	an	STAT3-dependent	fashion.16,17	However,	Th17	cells	are
polyfunctional	and	have	long-term	survival	capacity	and	can	mediate	potent	antitumor	immunity.17,18	Th22	cells
secrete	IL-22,	which	leads	to	activate	STAT3	and	stimulates	colon	cancer	stemness,	and	Treg	cells	express	TGFb
and	IL-10	and	IL-35.19–22	Whereas	Treg	cells	are	classically	immunosuppressive	and	therefore	anti-inflammatory
in	nature,	subsets	of	Treg	cells	express	IL-17	and	IL-22,	which	paradoxically	increase	inflammation	in	colorectal
cancer	models	and	in	ulcerative	colitis	tissue.23,24

Neutrophils
During	acute	inflammation	related	to	infections,	neutrophils	are	rapidly	recruited	and	exert	antimicrobial	activity
through	 phagocytosis,	 through	 degranulation	 of	 granules	 some	 of	which	 produce	 reactive	 oxygen	 species,	 and
through	 the	 generation	 of	 extracellular	 traps	 to	 impede	 pathogen	 spread.	 In	 cancer,	 tumor	 and	 myeloid-cell–
derived	granulocyte-macrophage	colony-stimulating	factor	and	granulocyte-colony	stimulating	factor	can	result	in
systemic	 neutrophilia,	 and	 tumor-associated	 neutrophils	 maintain	 high	 levels	 of	 peroxidase	 expression	 while
downregulating	 other	 traditional	 functions.25	 They	 also	 secrete	 high	 concentrations	 of	 immunomodulatory
cytokines	 that	 can	promote	 tumor	 growth	 through	 supporting	 angiogenesis	 and	 inhibit	 the	 antitumoral	 immune
response	through	the	expression	of	arginase-1,	which	degrades	a	required	nutrient	for	T	cells.

Myeloid-Derived	Suppressor	Cells
MDSCs	 are	 a	 heterogeneous	 population	 of	 immature	 myeloid	 cells	 including	 macrophages	 and	 neutrophils.
MDSCs	 are	 often	 present	 in	 tumors.26	 These	 cells	 are	 thought	 to	 suppress	 both	 innate	 and	 adaptive	 immune
responses	 through	 a	 variety	 of	mechanisms.	MDSCs	 can	 suppress	 T-cell	 activation	 through	 direct	 contact	 and
paracrine	 cytokine	 signaling	 including	 IL-10	 and	 transforming	 growth	 factor	 (TGF)-β.	 In	 addition,	 MDSCs
promote	 tumorigenic	 potential	 in	many	 human	 cancer	models.	 For	 example,	MDSCs	 support	 cancer	 stem	 cell
niche	and	enable	sustained	cancer	STAT3	signaling.22	Additionally,	these	cells	promote	ovarian	cancer	stemness
to	 increase	 the	metastatic	and	 tumorigenic	potential	 in	human	models.27	 In	murine	models,	MDSCs	are	able	 to
directly	 suppress	 antigen-specific	 T-cell	 activation	 through	 direct	 contact	 and	 paracrine	 cytokine	 signaling
including	IL-10	and	TGF-β.28

Dendritic	Cells
DCs	 are	 generally	 beneficial	 for	 antitumor	 immunity.	 DCs	 are	 essential	 to	 amplify	 T-cell-driven	 immunity	 in
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tumors	 and	 tumor-draining	 lymph	 nodes	 through	 specific	 antigen	 priming.	 In	 tumors,	 suppression	 of	 their
function,	notably	 through	 the	expression	of	PD-L1	and	related	molecules,	can	dictate	 the	overall	activity	of	 the
adaptive	 immune	 system.29	 It	 has	 been	 shown	 that	 DC-associated	 type	 I-IFN	 signaling	 contributes	 to	 T-cell
antitumor	immunity	elicited	by	chemotherapy,	radiation	therapy,	and	biologic	antibody	therapy.30,31	However,	as
DCs	are	often	immature	and	are	educated	in	the	tumor	microenvironment,	these	cells	do	not	efficiently	activate	T
cells	 and	 may	 mediate	 detrimental	 inflammation	 and	 vascularization.	 For	 example,	 plasmacytoid	 DCs	 can
promote	tumor	angiogenesis	through	IL-8	and	TNF-α.32

Fibroblasts
Cancer-associated	fibroblasts	and	other	stromal	cells	contribute	to	immune	and	therapeutic	resistance	of	tumors.33
The	 tumor	 stroma	 compromises	 much	 of	 the	 tumor	 mass	 in	 many	 carcinomas.34	 Aside	 from	 structurally
contributing	 to	 T-cell	 exclusion	 through	 the	 generation	 of	 extracellular	 matrix,	 stromal	 elements	 can	 promote
metastatic	spread	through	the	secretion	of	matrix	metalloproteinases	as	well	as	foster	a	nuclear	factor	kappa-light-
chain-enhancer	 of	 activated	 B	 cells	 (NF-κB)–driven	 proinflammatory	 immune	 environment	 that	 promotes
carcinogenesis.35	In	addition,	tumor	stroma	fibroblasts	interact	with	tumor	cells	and	facilitate	therapy	resistance.33
Tumor	 stroma	 fibroblasts	 also	 express	 cytokines	 and	 chemokines,	 which	 promote	 local	 inflammation.	 For
example,	 tumor-associated	 fibroblasts	 express	 C-C	 motif	 chemokine	 ligand	 (CXCL)12	 and	 help	 recruit
macrophages,	neutrophils,	MDSCs,	and	T	cells.

INFLAMMATORY	MOLECULAR	MEDIATORS	IN	CANCER
In	 the	 tumor	microenvironment,	 inflammation	 crosstalk	 between	 tumor	 and	 host	 immune	 cells	 occurs	 through
cytokines.	Cytokines,	which	include	chemokines	and	interleukins,	are	pleotropic	and	redundant	secreted	proteins
that	are	essential	for	immune	cell	 trafficking,	crosstalk,	and	coordinated	function.	Further,	 these	molecules	alter
stromal	and	immune	cell	number	and	function	to	refine	the	tumor	milieu.	Cytokines	are	released	as	a	response	to
cellular	stress	and	function	to	stimulate	the	host	immune	system	to	contain	the	infectious	or	inflammatory	stress.
If	contained,	the	acute	cytokines	release	then	contributes	to	healing	and	resolution	of	the	immune	response.	If	not
contained,	 such	 as	 in	 uncontrolled	 malignancies,	 chronic	 cytokine	 release	 can	 paradoxically	 exacerbate	 tissue
injury	and	can	assist	in	tumor	initiation,	progression,	and	spread.

Chemokines
Chemokines,	 which	 form	 the	 largest	 subfamily	 of	 cytokines,	 regulate	 immune	 responses	 and	 define	 the
environmental	composition	of	the	tumor	microenvironment.36	Chemokines	are	divided	into	four	families	based	on
the	location	of	the	first	two	cysteine	residues	(Table	8.2):	CC-chemokines,	CXC-chemokines,	C-chemokines,	and
CX3C-chemokines.37	 CXCL12	 highlights	 the	 protumorigenic	 potential	 of	 inflammatory	 cytokines.38	 It	 can
promote	 tumor	 cell	 proliferation,	 tumor	 cell	 survival,	 and	 vascular	 endothelial	 cell	 angiogenesis	 in	 a	 VEGF-
dependent	manner.	Aberrant	tumor	cell	expression	of	CXCL12	receptors	(C-C	motif	chemokine	receptor	4	or	7)
may	 enhance	 their	 stemlike	 properties,	make	 them	more	 resistant	 to	 chemotherapy	 and	 ionizing	 radiation,	 and
allow	them	to	subvert	normal	chemokine	gradients	designed	for	immune	cell	trafficking	for	enhanced	metastatic
spread.39–41	Secretion	can	recruit	monocytes	and	monocytic	MDSCs	to	blunt	antitumoral	immunity.32

Other	chemokines,	such	as	C-C	motif	chemokine	ligand	(CCL)-2,	serve	to	dampen	tumoricidal	activity	through
the	recruitment	of	Treg	cells	resulting	in	chronic	ineffective	inflammation.	Therapy,	including	ionizing	radiation,
can	 induce	 the	 production	 of	 proinflammatory	 CCL2,	 which	 recruits	 macrophages.	 These	 cells	 secrete	matrix
metalloproteinase-9,	which	allows	 tumor	cell	extravasation,	and	CCL2	can	also	promote	proliferation,	 survival,
motility,	and	epithelial–mesenchymal	transition	(EMT)	in	tumor	cells.42

Chemokines	can	also	directly	promote	antitumoral	immunity;	CXCL8	expression	increases	surface	production
of	 calreticulin,	which	 increases	 the	 immunogenicity	 of	 dying	 cancer	 cells;	 and	CXCL9	 and	CXCL10	 promote
CD8	T-cell	entry	and	antitumoral	 immunity.43	CXCL8	can	also	promote	prostate	cancer	 tumor	angiogenesis	 in
murine	and	human	models,	and	serum	levels	are	increased	in	advanced	prostate	cancer	patients.44

Interleukins
ILs	 can	 influence	 immune	 cell,	 tumor	 stromal	 cell,	 and	 tumor	 cell	 functions	 and	 affect	 tumor	 initiation	 and



progression.45	 IL-6	 exemplifies	 the	 amplified	 crosstalk	 between	 an	 inflammatory	 environment	 and	 immune
cytokines.	 It	 has	 been	 implicated	 in	 the	 male	 predominant	 gender	 disparity	 of	 hepatocellular	 carcinoma
susceptibility,	as	human	males	have	higher	serum	levels	and	estrogen-blocked	IL-6	production	and	decreased	the
incidence	 of	 hepatocellular	 carcinoma	 in	murine	models.46	 IL-6	 can	 signal	 via	 STAT3.	Multiple	 studies	 have
suggested	that	inflammatory,	carcinogen-driven	colorectal	cancer	is	driven	by	the	IL-6	and	STAT3	signaling	axis
in	mice,	 and	 the	 leading	 edge	 of	 human	 colorectal	 carcinoma	 frequently	 shows	 IL-6	 producing	myeloid	 cells
adjacent	to	STAT3	expressing	carcinoma.

IL-1	 is	 a	 pleotropic	 cytokine	 produced	 under	 inflammatory	 conditions	 that	 plays	 complex	 roles	 in	 tumor
immunity	and	tumor	progression.	Unlike	other	cytokines,	it	is	produced	in	a	precursor	form	that	requires	cleavage
by	 an	 inflammasome	 (discussed	 in	 the	 following	 text).	 In	 APCs,	 the	 activation	 of	 this	 complex	 stimulates
antitumoral	immune	responses,	whereas	in	inflammatory	stromal	cells,	activation	can	lead	to	carcinogenesis	and
improved	tumor	angiogenesis.47

IL-33	is	an	IL-1	family	cytokine.	It	is	expressed	by	tumor	and	vascular	endothelial	cells,	and	it	may	promote
tumor	 stemness	 and	 reprogram	 the	 tumor	 microenvironment	 in	 a	 macrophage-dependent	 fashion	 to	 promote
carcinogenesis.10

Interferon
IFNs	are	master	regulators	of	the	innate	and	adaptive	immune	response.48	They	are	divided	into	three	families	in
humans:	type	I	IFN	(IFN-α	and	IFN-β),	 type	II	IFN	(IFN-γ),	and	type	III	IFN	(IFN-λ1,	IFN-λ2,	and	IFN-λ3).49
Although	IFN-γ	is	classically	associated	with	immunosurveillance	of	tumors	and	cytotoxic	antitumoral	immunity,
its	 signaling	 can	 also	 be	 subverted	 to	 enhance	 lung	 metastasis	 development	 and	 natural	 killer	 cell	 resistance.
Chronic	IFN-γ	expression	has	also	been	suggested	to	result	in	limiting	therapeutic	efficacy	of	chemotherapy	and
ionizing	radiation.50	Systemic	IFN-γ	administration	failed	to	show	demonstrable	clinical	improvement	in	phase	III
trials	secondary	to	off	target	toxicity.

TABLE	8.2
Cytokines,	Chemokines,	and	Cancer	Inflammation

Family Receptor Ligand Inflammatory	Function
Chemokines C-X-C	motif	chemokine	receptor	1 C-X-C	motif	chemokine	ligands	1,

6,	7,	8
Promotes	invasion	and	migration

C-X-C	motif	chemokine	receptor	2 C-X-C	motif	chemokine	ligands	1,
2,	3,	5,	6,	7,	8

Promotes	invasion	and	migration

C-X-C	motif	chemokine	receptor	3 C-X-C	motif	chemokine	ligands	4,
9,	10,	11,	13

Promotes	T-cell	recruitment

C-X-C	motif	chemokine	receptor	4 C-X-C	motif	chemokine	ligand	12 Promotes	proliferation	and	survival

C-X-C	motif	chemokine	receptor	7 C-X-C	motif	chemokine	ligands	11,
12

Promotes	invasion	and	metastasis

CX3C	chemokine	receptor	1 CX3C	chemokine	ligand	1 Promotes	metastasis	and	invasion

C-C	motif	chemokine	receptor	1 C-C	motif	chemokine	ligands	3,	4,
5,	7,	8,	13,	14,	15,	16,	23

Promotes	cancer	extravasation

C-C	motif	chemokine	receptor	2 C-C	motif	chemokine	ligands	2,	7,
8,	13,	16

Promotes	tumor	cell	proliferation,
stemness

C-C	motif	chemokine	receptor	3 C-C	motif	chemokine	ligands	4,	5,
7,	8,	11,	13,	15,	16,	23,	24,	26,	28

Promote	angiogenesis,	migration

C-C	motif	chemokine	receptor	4 C-C	motif	chemokine	ligands	3,
5,17,	22

Promotes	metastasis	and	invasion

C-C	motif	chemokine	receptor	5 C-C	motif	chemokine	ligands	2,	3,
4,	5,	8,	11,	13,	14,	16

Promotes	migration

C-C	motif	chemokine	receptor	7 C-C	motif	chemokine	ligands	19,
21

Stimulates	invasion,	survival

C-C	motif	chemokine	receptor	8 C-C	motif	chemokine	ligands	1,	16,
17,	18

Promotes	angiogenesis,	invasion

Interleukin Interleukin-1R Interleukin-1α,	Interleukin-1β Promotes	angiogenesis;	stimulates
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inflammation
Interleukin-2R Interleukin-2 Promotes	T-cell	expansion

Interleukin-3RA Interleukin-3 Promotes	angiogenesis,	tumor
proliferation

Interleukin-4R Interleukin-4 Promotes	angiogenesis,	tumor
proliferation

Interleukin-5R Interleukin-5 Promotes	tumor	remodeling

Interleukin-6R Interleukin-6 Dampens	inflammation

Interleukin-7R Interleukin-7 Immune	cell	homeostasis

Interleukin9R Interleukin9 Promotes	metastatic	development

Interleukin10R1	and	2 Interleukin-10 Promotes	angiogenesis,	tumor
proliferation

Interleukin-11R Interleukin-11 Promotes	granulocyte	development

Interleukin-12R Interleukin-12	(p35/p40) Promotes	antitumoral	immunity

Interleukin-13R Interleukin-13 Promotes	fibrosis

Interleukin-17RA Interleukin-17A,B,C,D,F Antitumoral	immunity,
angiogenesis

Interferon Type	1	interferon	receptor Interferon-α,	Interferon-β Promotes	innate	immunity

Interferon	gamma	receptors	1	and
2

Interferon-γ Promotes	antitumoral	immunity

Interleukin-28	receptor	alpha Interferon-λ	(IL-28) Promotes	innate	immunity

Prostaglandins Prostaglandin	E2	receptor	(EP1,
EP2,	EP3,	EP4)

Prostaglandin	E2 Cancer	cell	proliferation,
angiogenesis

Prostaglandin	I2	receptor	(IP) Prostaglandin	I2 Promotes	angiogenesis

Prostaglandin	(DP1,	DP2) Prostaglandin	D2 Diminishes	inflammation

Prostaglandin	(FP) Prostaglandin	F2α Promotes	tumoral	invasion

Other Vascular	endothelial	growth	factor
(VEGFR1,	VEGFR2,	VEGFR3)

Vascular	endothelial	growth	factor Promotes	angiogenesis

Tumor	necrosis	factor	receptor	1 Tumor	necrosis	factor Promote	cell	survival,	angiogenesis

Tumor	Necrosis	Factor
TNF	 is	 a	 core	 inflammatory	 cytokine	 with	 limited	 redundancy	 that	 was	 first	 discovered	 in	 1975	 as	 scientists
searched	for	a	compound	that	triggered	hemorrhagic	tumor	necrosis	in	response	to	endotoxin	treatment.51	It	was
heavily	pursued	as	a	systemic	cancer	treatment,	but	its	efficacy	was	limited	as	it	elicited	severe	“cytokine	storms”
and	 pulmonary	 toxicity.52	 It	 had	 shown	 significant	 promise	 for	 local	 control	 of	 unresectable	 sarcomas	 when
administered	in	combination	with	melphalan	via	isolated	limb	perfusion.	Paradoxically,	TNF	levels	are	increased
in	 patients	with	 advanced	malignancy,	 and	genetic	 knockout	 limits	 carcinogenesis	 in	murine	models.	TNF	can
assist	with	 cancer	 line	 immortalization	 by	 promoting	mutagenesis	 and	 also	 promote	 the	 secretion	 of	CXCL12,
VEGF,	and	CCL2.

Prostaglandin	E2
Prostaglandins	are	arachidonic	acid	derivatives	that	become	bioactive	after	metabolism	by	cyclooxygenase	(COX)
and	 their	 member-specific	 synthase.	 There	 are	 four	 primary	 prostaglandins:	 prostaglandin	 E2,	 prostacyclin,
prostaglandin	 D2,	 and	 prostaglandin	 F2α.53	 Prostaglandins	 are	 ubiquitous	 signaling	 compounds	 produced
constitutively	 by	 COX-1	 and	 increased	 in	 inflammatory	 settings	 secondary	 to	 enhanced	 COX-2	 expression.
Prostaglandin	E2	can	promote	an	immunosuppressive	environment	and	enhance	tumor	cell	survival.	It	is	thought
to	be	critical	to	colorectal	cancer	carcinogenesis,	and	COX-2	inhibitors	were	approved	by	the	U.S.	Food	and	Drug
Administration	 to	 prevent	 familial	 adenomatous	 polyposis	 associated	 colorectal	 polyps	 before	 concerns	 arose
regarding	thromboembolic	events.54

Vascular	Endothelial	Growth	Factor
VEGF	was	 identified	 as	 a	 factor	 produced	 by	 endothelial	 cells	 that	 promotes	 both	 physiologic	 and	 pathologic



angiogenesis.55	Tumor	cells,	macrophages,	and	T	cells	can	also	produce	VEGF.	Its	expression	is	upregulated	in
the	hypoxic	tumor	environment,	and	its	receptors	are	present	on	both	immune	and	tumor	cells.	Paracrine	signaling
in	tumors	promotes	local	tumor	growth	and	distant	metastatic	spread	not	only	by	increasing	the	vascular	supply
and	nutrient	source	of	the	tumor	but	also	by	promoting	tumor	cell	dedifferentiation	transcriptionally.

CELLULAR	MECHANISMS	OF	INFLAMMATION	IN	CANCER
Tumor	Transformation
Both	local	and	systemic	inflammation	can	assist	in	malignant	transformation.56	With	age,	systemic	inflammatory
cytokines	 and	mediators	 increase,	 including	 IL-6,	 whereas	 inflammatory	 inhibitory	 steroid	 levels	 diminish.	 In
experimental	 models,	 genetic	 deletion	 of	 TNF-α	 decreases	 tumor	 initiation,	 suggesting	 that	 local	 cytokine
gradients	may	be	required	for	carcinogenesis.57

Tumor	Epithelial–Mesenchymal	Transition	and	Stemness
During	 embryonic	 development,	 a	 morphogenic	 and	 transcriptional	 program	 entitled	 the	 EMT	 is	 utilized	 to
establish	germ	cell	 layers.	This	process	 is	 initiated	by	TGF-β	 signals,	which	activate	 a	number	of	 transcription
factors,	 including	 Snail,	 Slug,	 Twist,	 and	 Zeb1/2,	 leading	 to	 downregulation	 of	 E-cadherin,	 increased	 cellular
survival,	increased	extracellular	matrix	degradation,	and	increased	cellular	motility.58	 In	adults,	TGF-β	secretion
by	fibroblasts	and	 immune	cell	 subsets	serves	primarily	 to	prevent	excessive	proliferation.	However,	malignant
cells	co-opt	embryonic	 transcriptional	circuitry	 to	 respond	 to	TGF-β	signaling	by	undergoing	an	EMT.	Beyond
promoting	 tumor	 spread,	 this	 phenomenon	 allows	 cells	 to	 take	 on	 unique	 properties	 that	 render	 them	 more
resistant	 to	 traditional	 therapies.	 Thus,	 cells	 undergoing	 this	 phenomenon	 are	 sometimes	 referred	 to	 as	 cancer
stem-like	cells.59

Tumor	Growth	and	Survival
Evasion	of	growth	suppression	is	critical	to	cancer	progression.	Contact	inhibition	and	tumor	suppressors	enable
epithelial	 tissues	 to	balance	homeostatic	growth	 against	malignant	overgrowth.	Tumors	 rely	on	growth	 factors,
survival	 factors,	 and	 hormones	 secreted	 by	 stromal	 cells	 and	 immune	 cell	 subsets	 to	 activate	 K-Ras–driven
proliferation	 and	 anti-apoptotic	 protein–mediated	 survival	 transcriptional	 circuits.	 Inflammation	 triggered
mutagenesis	 can	 promote	 the	 inactivation	 of	 the	 critical	 retinoblastoma	 and	 TP53	 pathways,	 allowing	 cells	 to
avoid	 senescence	 and	 apoptosis.	 Furthermore,	 inflammatory	 cytokines	 can	 activate	 autophagy	 pathway	 and
provide	a	survival	advantage	to	cancer	cells.	Thus,	inflammation	contributes	to	oncogene	activation	and	tumor	cell
growth	and	survival.

Tumor	Angiogenesis
The	induction	of	angiogenesis	has	always	been	appreciated	as	a	hallmark	of	cancer.	This	is	a	complex	multistep
process	requiring	architectural	remodeling	of	the	extracellular	matrix	and	coordinated	endothelial	cell	recruitment
and	growth	into	a	tube	structure	connected	to	a	vascular	supply.60	Physiologic	adult	angiogenesis	is	restricted	to
wound	 healing	 and	 the	 female	 reproductive	 cycle.	 The	 molecular	 triggers	 for	 inflammation	 and	 angiogenesis
overlap	 significantly,	 and	 macrophages	 and	 plasmacytoid	 DCs	 and	 specific	 T-cell	 subsets	 in	 the	 tumor
microenvironment	can	promote	vascularization	through	angiogenesis.	This	process	utilizes	several	inflammatory
mediators	including	VEGF,	IL-6,	IL-8,	IL-17,	and	COX-2.

MOLECULAR	MECHANISMS	OF	INFLAMMATION	IN	CANCER
Nuclear	Factor-Kappa	Beta
The	 NF-κB	 pathway	 is	 a	 pleotropic	 signaling	 axis	 that	 is	 activated	 by	 cellular	 stress,	 infection,	 and	 cytokine
signaling	 and	 intrinsically	 ties	 antitumor	 immunity	 and	 inflammation.61	 In	 APCs,	 NF-κB	 activation	 promotes
antitumoral	 and	 anti-infectious	 immunity	 by	 upregulating	 antigen-presenting	 costimulatory	 molecules.	 Under
chronic	 inflammatory	 environments,	 NF-κB	 can	 exert	 protumorigenic	 roles	 through	 its	 activation	 of	 EMT,
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promote	 cell	 survival	 through	 the	 upregulation	 of	 anti-apoptotic	 proteins	 MYC	 and	 BCL-XL,	 and	 increase
extracellular	matrix	remodeling	through	the	upregulation	of	matrix	metalloproteinases	and	VEGF.62	Additionally,
NF-κB	 activation	 by	 viral	 infection	 via	 innate	 immune	 sensors	 is	 thought	 to	 contribute	 to	 carcinogenesis	 in	 a
variety	of	virally	related	cancers	including	Epstein-Barr	virus–associated	head	and	neck	squamous	cell	carcinoma,
Kaposi	sarcoma,	and	human	T-cell	lymphoma.

STAT1	and	STAT3
STAT	signaling	is	 integral	 to	 immune	responses	 in	multiple	contexts.	CD8+	T	cells	produce	IFN-γ	and	activate
STAT1	signaling,	resulting	in	cytotoxic	and	cytostatic	antitumor	immunity.63	STAT3	is	often	activated	by	IL-6,
MAPK,	EGF,	and	carcinogens	in	many	malignancies.64	In	turn,	STAT3-associated	inflammatory	signals	promote
inflammation	and	carcinogenesis	by	regulating	IL-1b,	IL-6,	COX-2,	and	other	important	inflammatory	mediators.
Persistent	STAT3	contributes	to	tumor	inflammatory	signals	through	integrating	with	NF-κB	signaling	to	promote
tumor	 cell	 survival,	 growth,	 and	 angiogenesis.	 Knockout	 studies	 have	 shown	 that	 this	 gene	 is	 involved	 in
protumor	roles	of	myeloid	cells	and	other	innate	immune	subsets.

Inflammasomes
NOD-like	 receptors	 represent	 one	 of	 four	 evolutionarily	 conserved	 families	 of	 innate	 immune	 sensors.65	 They
function	 by	 integrating	 diverse	 stress	 and	 inflammatory	 signals	 through	 the	 activation	 of	 caspases,	 notably
caspase-1,	in	a	multimeric	structure	called	the	inflammasome.66	This	structure	cleaves	and	activates	IL-1b,	IL-18,
and	other	inflammatory	proteins.	IL-18	can	promote	proinflammatory	IFN-γ	production.	Distinct	inflammasomes
can	 form	 after	 stimulation	 by	 integrating	 different	 protein	 subunits,	 and	 AIM2	 inflammasomes	 and	 NLRP1/3
inflammasomes	 represent	 two	 important	 subsets.	 Although	 ligands	 are	 not	 formally	 defined,	 diverse
environmental	irritants	such	as	silica	and	asbestos	can	trigger	the	inflammasome,	and	this	in	turn	contributes	to	the
carcinogenicity	 of	 these	 compounds.	 Additionally,	 atherosclerotic	 plaques,	 cardiolipins,	 and	 other	 metabolic
syndrome	sequela	including	alterations	in	reactive	oxygen	species	can	also	trigger	inflammasome	formation	and
activation.	Inflammasome	activation	leads	not	only	to	altered	cytokine	secretion	but	also	to	a	unique	form	of	cell
death,	termed	pyroptosis,	which	is	critical	for	antimicrobial	inflammation.	It	has	been	suggested	that	fluorouracil
and	other	chemotherapies	may	induce	pyroptosis	in	a	subset	of	tumors	to	promote	antitumoral	immunity.67

Toll-like	Receptors
Toll-like	receptors	(TLRs)	represent	another	important	family	of	innate	immune	sensor	present	in	vertebrates	and
invertebrates	with	at	least	11	members	in	humans.	These	receptors	are	expressed	on	the	cell	membrane,	within	the
cytoplasm,	and	within	subcellular	compartments	including	endosomes	to	allow	comprehensive	pathogen	sensing.
Following	activation,	they	use	a	limited	number	of	adapters	(myeloid	differentiation	primary	response	88,	Toll/IL-
1-receptor-domain-containing	 adapter-inducing	 IFN-β,	MyD88	 adaptor-like,	 TRIF-related	 adaptor	molecule)	 to
initiate	 NF-κB	 and	 TANK-binding-kinase-1-dependent	 innate	 immune	 responses.	 Beyond	 their	 role	 in	 host
defense,	TLRs	are	important	for	regulating	tissue	injury	responses.	Chronic	inflammation	can	lead	to	chronic	TLR
pathway	activation,	and	this	may	contribute	to	carcinogenesis.68

INFLAMMATION	AS	A	THERAPEUTIC	TARGET
In	1893,	Coley	published	his	attempts	to	use	Streptococcus	pyogenes	and	Serratia	marcescens	infection	of	cancer
patients	to	promote	antitumoral	immune	responses.69	Since	this	time,	the	importance	of	inflammation	as	a	target
for	oncologic	 treatment	has	grown.	 It	 is	 increasingly	recognized	 that	 traditional	oncologic	 treatment	paradigms,
beyond	causing	direct	tumor	cell	kill,	are	efficacious	in	part	because	they	alter	or	enhance	inflammatory	signaling
resulting	in	improved	antitumoral	immunity.70	Ionizing	radiation	coopts	innate	immune	signaling,	including	NF-
κB	 and	 TLR	 signaling,	 to	 promote	 antitumoral	 inflammation.	 Additionally,	 radiation	 therapy	 can	 reduce
immunosuppressive	 tumor-supporting	 immune	 populations,	 including	 MDSCs.71	 A	 subset	 of	 chemotherapies,
including	 doxorubicin,	 foster	 inflammatory	 changes	 in	 an	 IFN-dependent	 fashion.72	 Cytoreductive	 surgery	 can
physically	 remove	 foci	 of	 chronic	 inflammation	 and	 large	 populations	 of	 immunosuppressive	 hematopoietic
infiltrates.	 The	 power	 of	 immune	 checkpoint	 therapy	 to	 alter	 antitumoral	 immunity	 and	 promote	 a	more	 acute
inflammatory	environment	highlights	that	inflammation	is	an	important	therapeutic	target.
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9 Chemical	Factors
Amanda	K.	Ashley	and	Christopher	J.	Kemp

INTRODUCTION
It	is	convenient	to	divide	the	causation	of	cancer	into	two	categories:	genetic	susceptibility	versus	environmental
exposure.	 In	 this	 chapter,	 we	 focus	 on	 chemical	 factors	 in	 the	 etiology	 of	 cancer	 with	 the	 understanding	 that
genetic	 predisposition	 and	 environmental	 exposure	 interact	 to	 ultimately	 dictate	 cancer	 risk.	 There	 are	 over	 a
hundred	different	types	of	cancer	and	many	additional	subtypes.	Although	cancers	are	heterogeneous	and	arise	in
different	 human	populations	 and	widely	differing	 environments,	 some	general	 conclusions	 can	be	made.	 It	 has
been	 estimated	 that	 approximately	 5%	 to	 10%	 of	 cancers	 have	 a	 clear	 genetic	 basis,	 meaning	 aberrations	 in
singular	genes	or	subsets	of	genes	are	strongly	associated	with	cancer	development.1	A	landmark	study	of	45,000
pairs	 of	 twins	 in	 Sweden,	 Denmark,	 and	 Finland	 concluded	 inherited	 genetic	 factors	 play	 a	 minor	 role	 in
susceptibility	to	most	cancers.2	The	underlying	cause	of	the	remaining	majority	of	cancers	are	multidimensional
and	complex,	but	undoubtedly,	exposure	 to	exogenous	chemicals	contributes	 to	disease	development	as	well	as
progression.	 Other	 epidemiologic	 studies	 estimated	 that	 up	 to	 80%	 of	 cancer	 cases	 in	 Western	 countries	 are
attributed	to	environmental	factors	including	infectious	agents	(viruses	and	bacteria),	smoking,	diet,	air	pollution,
and	occupational	exposures.3,4	 “Environment”	 is	 defined	 as	 anything	 people	 interact	with,	 including	 exposures
from	lifestyle	choices;	natural	and	medical	radiation;	sunlight;	workplace	exposure;	drugs;	and	substances	in	the
air,	water,	and	soil.5,6	Many	chemical	factors	found	in	smoke,	food,	water,	and	workplace	environments	have	been
isolated	and	shown	to	cause	cancer	in	animal	models	and	linked	to	human	cancer	through	epidemiologic	studies.

INITIAL	IDENTIFICATION	AND	CHARACTERIZATION	OF	CARCINOGENS
The	 earliest	 link	 between	 environmental	 exposure	 and	 cancer	 came	 from	observational	 studies,	 typically	 in	 an
occupational	setting,	recently	reviewed	by	Blackadar.7	The	first	report	linking	environmental	exposure	and	cancer
was	published	by	the	English	physician	and	surgeon	Percival	Pott8	in	1775.	Pott	observed	an	increased	incidence
of	 scrotal	 cancer	 in	 patients	 who	 had	 worked	 as	 chimney	 sweeps	 as	 children.	 These	 young	 workers	 were
chronically	 exposed	 to	 high	 levels	 of	 soot	 and	 tar	 and	 developed	 cancer	 after	 a	 long	 latency.	 Other	 reports
followed,	 associating	 exposure	 to	 various	 physical	 or	 chemical	 agents	 with	 an	 increased	 proclivity	 for
development	of	various	cancers,	including	the	associations	between	sunlight	and	skin	cancer	(18949),	uranium	and
lung	 cancer	 (187910),	 aniline	 dye	 production	 and	 bladder	 cancer	 (189511),	 and	 pipe	 smoking	with	 lung	 cancer
(191212).

These	 strong	 associations	 between	 exposures	 and	 cancer	 led	 to	 efforts	 to	 identify	 the	 causal	 factors	 using
animal	models.13	 Initial	attempts	 to	 induce	 tumors	 in	animal	models	 failed	because	of	 several	 factors	 including
relatively	 resistant	 test	 species,	 insufficient	 dose,	 and/or	 time	 of	 treatment.	 Yamagiwa	 and	 Ichikawa14	 first
succeeded	in	establishing	a	direct	causal	link	between	chemical	exposure	and	cancer.	Chronic	application	of	coal
tar	 to	rabbit	ears	gave	rise,	after	 long	latency,	 to	malignant	epidermal	 tumors.14	However,	coal	 tar	and	soot	are
complex	mixture	of	compounds,	containing	both	carcinogenic	and	noncarcinogenic	chemicals.	Kennaway,	Cook,
and	 others	 isolated	 pure	 chemical	 compounds,	 the	 polycyclic	 aromatic	 hydrocarbons	 (PAHs)	 benzo[a]pyrene
(BaP),	 dibenz[a,h]anthracene,	 and	 3-methylcholanthrene,	 and	 succeeded	 to	 induce	 tumors	 in	 mice,	 thereby
establishing	defined	chemical	entities	as	a	cause	of	cancer.15,16	PAHs	consist	of	multiple	fused	benzene	rings	and
are	formed	during	incomplete	combustion	of	organic	matter.	PAHs	are	a	major	component	of	cigarette	smoke	and
air	pollution	particulates	and,	 to	 this	day,	are	widely	distributed	 in	 the	environment	and	found	 in	certain	 foods.
Numerous	 reports	 of	 inducing	 cancer	 in	 laboratory	 animals,	 particularly	 rats,	 followed:	 Notably,	 Sasaki	 and
Yoshida17	 induced	 liver	 cancer	 by	 feeding	 the	 azo	 dye	 o-aminoazotoluene,	 Kinosita18	 reported	 4-dimethyl-



aminoazobenzene–induced	 liver	 cancer	 in	 1936,	 and	 then	 in	 1941,	 bladder	 and	 other	 cancers	 were	 observed
exposed	 to	 2-acetylaminofluorene.19	 Indeed,	 many	 of	 the	 known	 major	 human	 chemical	 carcinogens	 were
discovered	from	epidemiologic	studies	of	populations	exposed	to	large	doses	for	 long	time,	followed	by	animal
model	 studies,	 and	 most	 were	 identified	 between	 1940	 and	 1970.	 However,	 there	 are	 many	 low-dose	 and
intermittent	 chemical	 exposures	with	 less	 clear-cut	 epidemiologic	 evidence	 and	 the	 study	 and	determination	of
cancer	 risk	 from	 these	 is	 more	 difficult.	 With	 increasing	 numbers	 of	 synthetic	 chemicals	 and	 complexity	 of
exposure	 scenarios,	 continual	vigilance	 is	necessary	 to	 identify,	 reduce,	or	 eliminate	 exposures,	particularly	 for
susceptible	populations.

DETERMINING	CARCINOGENICITY
International	Agency	for	Research	on	Cancer	Monographs	on	the	Evaluation	of
Carcinogenic	Risks	to	Humans
The	International	Agency	for	Research	on	Cancer	(IARC;	part	of	the	World	Health	Organization	[WHO],	Lyon,
France)	 regularly	 publishes	Monographs	 on	 the	 Evaluation	 of	 Carcinogenic	 Risks	 to	 Humans.20	 To	 attain	 the
designation	 of	 carcinogenic,	 the	 IARC	 uses	 the	 following	 definition:	 “Capable	 of	 increasing	 the	 incidence	 of
malignant	neoplasms,	 reducing	 their	 latency,	or	 increasing	 their	 severity	or	multiplicity	…	 induction	of	benign
neoplasms	may	in	some	circumstances	contribute	to	the	judgement	that	the	agent	is	carcinogenic.”20	Factors	that
determine	 risk	 include	 dose,	 route	 and	 length	 of	 exposure,	 metabolism,	 and	 genetic	 risk	 factors.	 Both
epidemiologic	 evidence	 and	 experimental	 model	 systems	 are	 typically	 used	 to	 assign	 certainty	 to	 ascribing
whether	a	chemical	is	carcinogenic	to	humans.	Thus,	there	is	a	broad	range	of	“certainty,”	and	for	many	chemicals
to	 which	 humans	 are	 exposed,	 the	 evidence	 is	 incomplete.	 Factors	 evaluated	 include	 the	 exposure	 route	 and
duration,	the	mixture	of	chemical	and	physical	agents,	and	lifestyle	factors.	Since	1971,	more	than	1,000	agents
have	 been	 evaluated,	 of	which	more	 than	 400	 have	 been	 identified	 as	 carcinogenic,	 probably	 carcinogenic,	 or
possibly	 carcinogenic	 to	 humans.	 Agents	 may	 have	 strong	 evidence	 in	 humans	 and	 animal	 models,	 strong
evidence	 in	animal	models	but	 less	clear	 in	humans,	or	 strong	evidence	 in	humans	but	not	animal	models.	For
example,	the	evidence	for	arsenic	as	a	human	carcinogen	based	on	epidemiologic	data	is	strong,	whereas	animal
models	 of	 arsenic-induced	 cancer	 are	 lacking.21	 On	 the	 other	 hand,	 human	 epidemiologic	 data	 on	 the
carcinogenicity	of	dioxin	and	dioxin-like	substances	polychlorinated	biphenyls	is	limited,	but	animal	models	and
mechanistic	data	strongly	indicate	these	agents	are	carcinogenic,	leading	to	designation	of	these	agents	as	Group	1
carcinogens	(Table	9.1)	in	humans.20

The	strongest	evidence	linking	chemical	exposures	to	human	cancer	comes	from	occupational	studies	because
exposure	tends	to	be	higher	and	the	exposed	population	is	well	defined,	as	well	as	smoking	because	measures	of
exposure	 are	more	 easily	 quantified.	 This	 epidemiologic	 evidence	 is	 coupled	with	 the	 isolation	 and	 testing	 of
specific	chemicals	(found	within	the	substance)	in	model	systems	to	provide	both	plausible	mechanisms	and	direct
evidence	of	carcinogenicity.	However,	evidence	for	agents	with	low	levels	and	broader	exposures	is	less	precise
because	 of	 challenges	 of	measuring	 lifetime	 exposure,	 complexity	 of	mixtures	 of	 chemical	 factors,	 and	 lower
overall	risk.	Measurement	of	urinary	compounds,	DNA	adducts,	and	other	assays	have	been	employed	in	selected
cases	to	quantify	exposure,	but	these	approaches	are	not	applicable	to	large	populations.	An	important	unmet	need
to	strengthen	the	association	between	chemical	exposure	and	cancer	risk	is	the	development	of	accurate,	sensitive,
and	inexpensive	assays	to	quantify	exposure.

The	IARC	groups	agents	 into	different	categories	according	 to	strength	of	evidence	and	degree	of	exposure.
Group	1	agents	are	carcinogenic	 to	humans	(Table	9.1),	group	2A	agents	are	probably	carcinogenic	to	humans,
and	group	2B	agents	are	possibly	carcinogenic	to	humans.	According	to	the	IARC,	32	agents	used	occupationally
are	 classified	 as	 Group	 1	 and	 27	 additional	 occupational	 agents	 are	 classified	 as	 Group	 2A.	 An	 important
consideration	is	that	many	substances	have	not	been	adequately	tested	and	combinations	of	agents	that	might	act
synergistically	 have	 not	 been	 tested,	 so	 undoubtedly	 there	 are	 many	 more	 carcinogens	 that	 have	 not	 been
discovered.	 Another	 consideration	 is	 that	 workplace	 exposure	 to	 some	 of	 these	 agents	 (e.g.,	 asbestos,	 heavy
metals,	 silica,	 and	 diesel	 exhaust)	 is	 still	 widespread.	 In	 the	 United	 States	 and	 other	 industrialized	 countries,
control	 and	 reduction	 efforts	 have	 reduced	worker	 exposure,	 but	 these	 strategies	 have	 not	 been	 as	 effectively
employed	 in	 lower	 income	 countries.	 According	 to	 the	 WHO	World	 Cancer	 Report,	 the	 etiology	 of	 cancer
globally	 is	 highly	 associated	with	 exposure	 to	 tobacco,	 alcohol,	 infections,	 reproductive	 and	 hormonal	 factors,
diet/obesity,	occupation,	radiation,	pollution,	pharmaceuticals,	and	naturally	derived	carcinogens.22
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National	Toxicology	Program	Report	on	Carcinogens
The	U.S.-based	National	Toxicology	Program’s	 (NTP)	Report	on	Carcinogens23	 is	 a	 congressionally	mandated
science-based	 report	 that	 identifies	 agents,	 substances,	 mixtures,	 or	 exposures	 in	 our	 environment	 that	 pose	 a
hazard	to	people	residing	in	the	United	States.	This	report	is	regularly	updated	and	contains	a	list	of	all	substances
that	either	are	known	to	be	human	carcinogens	or	may	reasonably	be	anticipated	to	be	human	carcinogens	and	to
which	a	significant	number	of	persons	are	exposed.	As	in	the	IARC	reports,	substances	are	grouped	according	to
degree	of	evidence	and	levels	of	exposure.

“Known	 to	be	a	human	carcinogen”:	This	category	 is	used	primarily	when	 there	 is	 sufficient	evidence	 from
human	studies	showing	a	causal	relationship	between	exposure	to	the	substance	and	human	cancer.	Occasionally,
substances	are	listed	in	this	category	based	on	human	studies	showing	that	the	substance	causes	biologic	effects
known	to	lead	to	the	development	of	cancer.23

“Reasonably	anticipated	to	be	a	human	carcinogen”:	This	category	includes	substances	where	there	is	limited
evidence	 of	 cancer	 in	 humans	 or	 sufficient	 evidence	 in	 experimental	 animals	 showing	 a	 cause-and-effect
relationship	between	exposure	to	the	substance	and	cancer.	Additionally,	a	substance	can	be	listed	in	this	category
if	 there	 is	evidence	 that	 it	 is	a	member	of	a	class	of	 substances	already	 listed	 in	 the	Report	on	Carcinogens	or
causes	biologic	effects	known	to	lead	to	the	development	of	cancer.	In	the	latest	report,	62	agents	were	listed	as
known	to	be	a	human	carcinogen	and	186	as	reasonably	anticipated	to	be	a	human	carcinogen.23	These	include	not
just	chemicals	but	also	infectious	agents	such	as	viruses,	physical	agents	such	as	x-rays	and	ultraviolet	radiation,
and	mixtures	of	substances	and	exposure	scenarios.

TABLE	9.1
International	Agency	for	Research	on	Cancer	Known	Human	Carcinogens	(Class	1):	IARC
Monographs,	Volumes	1–12020

Known	Human	Carcinogens:	IARC	Monographs
Acetaldehyde Erionite Pentachlorophenol

Acheson	process,	occupational	exposure Estrogen	therapy,	postmenopausal Phenacetin

Acid	mists,	strong	inorganic Estrogen-progestogen	combined	oral
contraceptives	and	menopausal	therapy

Phenacetin,	analgesic	mixtures

Aflatoxins Ethanol Phosphorus-32,	as	phosphate

Alcoholic	beverages Ethylene	oxide Plutonium

Aluminum	production Etoposide Polychlorinated	biphenyls

4-Aminobiphenyl Etoposide	in	combination	with	cisplatin
and	bleomycin

PCBs	77,	81,	105,	114,	118,	123,	126,
156,	157,	167,	169,	189

Areca	nut Fission	products,	including	strontium-90 Processed	meat	(consumption	of)

Aristolochic	acid Fluoro-edenite	fibrous	amphibole Radioiodines,	including	iodine-131

Arsenic	and	inorganic	arsenic
compounds

Formaldehyde Radionuclides,	α-particle-emitting,
internally	deposited

Asbestos	(all	forms) Hematite	mining Radionuclides,	β-particle-emitting,
internally	deposited

Auramine	production Helicobacter	pylori Radium-224,	Radium-226,	Radium-228,
and	their	decay	products

Azathioprine Hepatitis	B	virus Radon-222	and	its	decay	products

Benzene Hepatitis	C	virus Rubber	manufacturing	industry

Benzidine HIV	type	1 Salted	fish,	Chinese-style

Benzidine,	dyes	metabolized	to Human	papillomavirus	types	16,	18,	31,
33,	35,	39,	45,	51,	52,	56,	58,	59

Schistosoma	haematobium

Benzo[a]pyrene Human	T-cell	lymphotropic	virus	type	I Semustine	[1-(2-chloroethyl)-3-(4-
methylcyclohexyl)-1-nitrosourea,	methyl-
CCNU]

Beryllium	and	beryllium	compounds Ionizing	radiation Shale	oils

Betel	quid	with	or	without	tobacco Iron	and	steel	founding Silica	dust,	crystalline,	in	the	form	of
quartz	or	cristobalite



Bis(chloromethyl)ether;	chloromethyl
methyl	ether

Isopropyl	alcohol	manufacture	using
strong	acids

Solar	radiation

Busulfan Kaposi	sarcoma	herpesvirus Soot	(occupational	exposure	of	chimney
sweeps)

1,3-Butadiene Leather	dust Sulfur	mustard

Cadmium	and	cadmium	compounds Lindane Tamoxifen

Chlorambucil Magenta	production 2,3,7,8-Tetrachlorodibenzo-para-dioxin
Chlornaphazine Melphalan Thiotepa

Chromium	(VI)	compounds Methoxsalen	(8-methoxypsoralen)	plus
ultraviolet	A	radiation

Thorium-232	and	its	decay	products

Clonorchis	sinensis 4,4′-Methylenebis(2-chloroaniline) Tobacco	smoke,	second-hand

Coal	gasification Mineral	oils,	untreated	or	mildly	treated Tobacco	smoking

Coal,	indoor	emissions	from	household
combustion	of

MOPP	and	other	combined
chemotherapy	including	alkylating	agents

Tobacco,	smokeless

Coal-tar	distillation 2-Naphthylamine Ortho-toluidine

Coal-tar	pitch Neutron	radiation Treosulfan

Coke	production Nickel	compounds Trichloroethylene

Cyclophosphamide N′-Nitrosonornicotine	and	4-(N-
nitrosomethylamino)-1-(3-pyridyl)-1-
butanone

Ultraviolet	radiation	(including	UVA,	UVB,
UVC)

Cyclosporine Opisthorchis	viverrini Ultraviolet-emitting	tanning	devices

1,2-Dichloropropane Outdoor	air	pollution Vinyl	chloride

Diethylstilbestrol Painter	(occupational	exposure) Welding	fumes

Engine	exhaust,	diesel Particulate	matter	(outdoor	air	pollution) Wood	dust

Epstein-Barr	virus 2,3,4,7,8-Pentachlorodibenzofuran X-	and	γ-radiation
IARC,	International	Agency	for	Research	on	Cancer;	PCB,	polychlorinated	biphenyl;	MOPP,	mustargen,	oncovin,	procarbazine,	and
prednisone.

Within	the	NTP,	chemicals	that	are	selected	for	study	are	subjected	to	a	2-year	bioassay	using	both	sexes	and
two	species,	usually	inbred	and	outbred	strains	of	mice	or	rats	and	at	several	predetermined	doses.24	Laboratory
tests	in	animals	are	a	major	source	of	the	evidence	gathered	that	is	used	to	set	regulatory	standards	for	potential
human	exposure.	This	 is	summarized	 in	 the	Handbook	of	Carcinogenic	Potency	and	Genotoxicity	Databases,25
which	 includes	 data	 from	 over	 5,000	 experiments	 and	 1,298	 chemical	 agents	 in	 over	 1,000	 papers	 and	 400
technical	reports	from	the	NTP.	In	contrast	to	the	IARC	Monographs,	the	NTP	does	not	report	on	chemicals	tested
that	did	not	demonstrate	carcinogenicity.

Attesting	 to	 the	 value	 of	 carcinogen	 testing	 in	 animals,	 some	 30	 substances	 first	 shown	 to	 cause	 cancer	 in
animals	 were	 subsequently	 linked	 to	 human	 cancer	 through	 epidemiologic	 studies,	 including	 estrogen,
formaldehyde,	 diethylstilbestrol,	 dichlorodiphenyltrichloroethane,	 vinyl	 chloride,	 dioxin,	 radon	 gas,	 beryllium,
asbestos,	 4-aminobiphenyl,	 bis(chloromethyl)ether,	 and	 1,3	 butadiene.26,27	 Approximately	 25%	 of	 those
substances	 that	 are	 causally	 or	 strongly	 associated	 with	 human	 cancer	 were	 first	 identified	 as	 carcinogens	 in
animals.	However,	extrapolating	animal	data	to	humans	can	be	complex,	especially	given	the	differences	in	length
and	 dosage	 of	 exposure,	metabolic,	 and	 other	 physiologic	 differences	 between	 species.	As	 such,	 coupling	 data
generated	from	animal	models	with	a	mechanistic	understanding	of	chemical	carcinogenicity	is	indispensable.

CHARACTERISTICS	OF	CHEMICAL	CARCINOGENS
Chemical	Classes	and	Sources
Chemical	 carcinogens	 are	 a	 large	 group	 of	 structurally	 diverse	 organic	 and	 inorganic	 compounds	with	 a	wide
range	of	species	and	tissue	selectivity.	The	majority	are	organic	compounds	representing	over	a	dozen	different
classes.	Relatively	 few	 inorganic	 compounds	 have	 been	 identified	 as	 carcinogens,	 but	 fewer	 have	 been	 tested.
Classes	of	carcinogens	include	chemicals	that	mediate	both	genotoxic	(PAH,	alkylating	agents,	aromatic	amines
and	amides)	and	nongenotoxic	(cytotoxic,	α2μ	globulin-binding,	receptor-interacting,	epigenetic	modifiers)	effects
and	agents	that	can	act	via	both	mechanisms,	including	those	that	induce	reactive	oxygen	and/or	nitrogen	species
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formation.	There	are	no	common	structural	features	between	the	different	classes	of	carcinogens.
Carcinogens	 include	 industrial	 agents,	medical	agents,	 and	 societal	 agents	and	can	be	manmade	or	naturally

occurring.	Bacteria	 produce	 azacitidine	 and	mitomycin	 c,	 and	 fungal-derived	 aflatoxins	 are	 a	major	 concern	 in
certain	countries.	Pyrolysis	products	of	organic	matter	is	another	mechanism	for	generating	carcinogens,	including
PAHs	and	related	heterocyclic	compounds.	Globally,	indoor	air	pollution	produced	by	combustion	of	biomass	is	a
major	health	 concern,	both	due	 to	 acute	 illness	 as	well	 as	 long-term	health	 issues,	 including	cancer,	 that	 result
from	exposure	to	high	levels	of	combustion	byproducts.	Pyrolysis	of	amino	acids	and	proteins	from	cooked	food
also	causes	formation	of	carcinogens,	including	polycyclic	aromatic	heteroaromatic	amines.	N-Nitroso	compounds
derived	from	reaction	of	nitrite	ion	with	aliphatic	amines	and	amides	are	known	to	be	mutagenic	and	may	be	the
culprit	 behind	 increased	 risk	 for	 colorectal	 cancer	 in	 individuals	 who	 consume	 abundant	 red	 meat.28	 These
compounds	can	also	be	formed	by	gastrointestinal	bacteria	during	digestion	and	can	contribute	to	other	types	of
cancer.	 A	 fourth	 class	 of	 naturally	 occurring	 carcinogens	 are	 metals,	 such	 as	 arsenic,	 beryllium,	 cadmium,
chromium,	 cobalt,	 iron,	 lead,	 nickel,	 titanium,	 and	zinc.	All	 can	produce	 tumors	 in	 animal	models,	 humans,	 or
both.	In	most	cases,	individuals	who	develop	cancer	associated	with	these	elements	are	exposed	occupationally,
but	 environmental	 exposure	 is	 also	 a	 concern.	 The	 great	majority	 of	 synthetic	 carcinogens	 are	metabolized	 to
electrophiles	that	react	with	cellular	nucleophiles	such	as	DNA.	Examples	include	PAHs	and	aromatic	amines;	the
PAH	 BaP	 can	 induce	 carcinogenesis	 through	 multiple	 mechanisms,	 but	 its	 metabolism	 to	 a	 reactive	 epoxide
allows	this	chemical	to	form	DNA	adducts,	resulting	in	mutagenesis.	Electrophiles	can	interact	not	only	with	the
DNA	bases	themselves	but	also	with	the	phosphodiester	backbone.	Another	group	is	electrophiles	and	acylating
agents	 such	 as	uracil	mustard	 and	beta-propiolactone,	which	undergo	heterocyclic	 cleavage	 to	become	 reactive
with	many	 cellular	 components.	A	 third	 class	 is	 peroxisome	proliferators	 that	 include	<20	 compounds	 such	 as
clofibrate.	These	do	not	bind	covalently	 to	macromolecules	and	are	not	directly	mutagenic;	 rather,	 they	act	via
generation	of	hydrogen	peroxide,	generating	reactive	oxygen	species	leading	to	DNA	damage.

Pharmacokinetics	and	Mechanisms	of	Carcinogens
In	the	case	of	direct-acting	carcinogens	that	are	highly	reactive	and	do	not	require	metabolic	activation,	the	site	of
exposure	 or	 highest	 tissue	 concentration	 dictates	 cancer	 risk.	 A	 consumed	 carcinogen	 often	 interacts	 with	 the
gastrointestinal	 tract	 or	 the	 liver,	which	 receives	 blood	 flow	 directly	 from	 the	 capillaries	 of	 the	 gut.	 For	 other
carcinogens,	 tissue-specific	 distribution,	 metabolism,	 or	 physiology	 may	 also	 dictate	 the	 target	 organ	 for
carcinogenesis.	For	example,	approximately	50%	of	the	body	burden	of	cadmium	is	stored	in	renal	cells,	and	free
cadmium	damages	DNA	in	 the	kidney	cells,29	promoting	renal	carcinogenesis.30	We	detail	metabolic	activation
below,	but	variation	 in	 tissue	physiology,	 including	differing	protein	production,	physiologic	 function,	 and	pH,
may	enhance	or	diminish	the	relative	proclivity	of	these	tissues	to	develop	cancer.	For	example,	2-naphthylamine
is	conjugated	to	glutathione	in	the	liver	and	excreted	via	the	urinary	system.	The	acidic	environment	of	the	bladder
promotes	the	release	of	glucuronide	to	produce	a	reactive	electrophilic	arylnitrenium	ion,	which	can	damage	DNA
in	bladder	cells.31	 The	 brain	 is	 often	 spared	 from	 exposure	 to	multiple	 chemical	 carcinogens	 because	 they	 are
unable	 to	 cross	 the	 blood–brain	 barrier.	 Route	 of	 elimination	 may	 also	 impact	 the	 propensity	 for	 developing
cancer	and	 is	often	 tied	 to	metabolism:	biotransformation	 reactions	 in	 the	 liver	and	kidney	aimed	at	promoting
excretion	 of	 endogenous	 components	may	 produce	 reactive	metabolites.	Cellular	 proliferation	within	 tissues	 is
often	required	to	generate	mutations	from	DNA	adducts	and	is	another	factor	that	dictates	tissue	specific	risks.

Chemicals	can	cause	cancer	through	directly	altering	genetic	material	(genotoxic),	independent	of	direct	insult
to	the	DNA	(nongenotoxic),	or	via	both	mechanisms.	Genotoxic	carcinogens	can	damage	DNA	via	formation	of
DNA	adducts	generation	of	oxidative	damage	or	inducing	DNA	single-	or	double-strand	breaks.	If	not	repaired,
these	 are	 fixed	 as	mutations	 during	 cell	 division.	 Some	 compounds	 act	 as	 direct	 genotoxins,	which	 can	 cause
cancer	 at	 the	 site	 of	 exposure,	 for	 example,	 ultraviolet	 light–induced	 skin	 cancers.	More	 commonly,	 genotoxic
chemicals	require	metabolic	activation	from	a	procarcinogen	to	an	ultimate	carcinogen	that	damages	DNA.32	In
many	 cases,	 carcinogenesis	 will	 occur	 in	 the	 organ	 mediating	 the	 biotransformation.	 Examples	 include	 liver
cancer	 induced	 by	 fungal-derived	 aflatoxin	 B1,	 as	 liver	 cytochrome	 P450	 metabolism	 produces	 the	 reactive
epoxide	that	forms	DNA	adducts	in	hepatocytes,33	and	kidney	cancer	caused	by	renal	cysteine	conjugate	β-lyase
metabolism	of	trichloroethylene.34	These	carcinogens	may	not	only	cause	cellular	initiation	of	cancer	but	may	also
enhance	tumor	progression	by	driving	genomic	instability.

In	 contrast,	 nongenotoxic	 carcinogens	 do	 not	 directly	 impact	 the	 DNA;	 however,	 they	 are	 still	 capable	 of
causing	cancer.	Generally,	 these	compounds,	via	mechanisms	described	below,	 impact	gene	expression,	disrupt
normal	 cellular	 homeostasis,	 interact	 with	 cellular	 receptors,	 and	 increase	 cellular	 proliferation	 or	 decrease



apoptosis.35	 In	 contrast	 to	 genotoxic	 carcinogens,	 nongenotoxic	 chemicals	 usually	 promote	 tumor	 growth	 and
progression,	 and	 repeated	 exposures	 are	 necessary	 to	 elicit	 an	 effect.	 Chemicals	 that	 can	 cause	 formation	 of
reactive	oxygen	and	nitrogen	species	can	induce	cancer	via	both	genotoxic	and	nongenotoxic	mechanisms.	Agents
not	 only	 induce	 reactive	 oxygen	 species	 that	 directly	 damage	DNA36	 but	 also	 alter	 gene	 expression,	 inducing
mitogen-activated	protein	kinase	(MAPK)	or	nuclear	factor	kappa	B	(NFκB)	activation.37,38	Other	mechanisms	for
induction	 of	 cancer	 without	 genotoxicity	 include	 agents	 producing	 abundant	 cytotoxicity	 with	 resultant
compensatory	hyperplasia.	Many	nongenotoxic	carcinogens	induce	receptor-mediated	actions.	The	PAH	family	of
chemicals	may	 not	 only	 be	mutagenic	 but	may	 also	 enhance	 carcinogenicity	 by	 their	 interaction	with	 the	 aryl
hydrocarbon	receptor.39	 Interactions	with	various	steroid	 receptors,	causing	misregulation	of	hormone-regulated
physiology,	 underlie	 the	 causative	 nature	 of	 several	 endocrine-active	 compounds	 such	 as	 tamoxifen,40
diethylstilbestrol,41	 and	 17β-estradiol.42	 Many	 compounds	 including	 phthalates43	 and	 clofibrate44	 act	 via
peroxisome	 proliferator-activated	 receptor	 α,	 which	 regulates	 expression	 of	 target	 genes	 involved	 in	 cell
proliferation,	inflammation,	and	driving	tumorigenesis.45	Nongenotoxic	carcinogens	can	also	disrupt	DNA	repair,
and	thereby	increase	fixation	of	DNA	damage	into	mutations.	DNA	damage	occurs	naturally	due	to	errors	in	DNA
polymerases,	spontaneous	deamination,	formation	of	reactive	oxygen	and	nitrogen	species,	and	modifications	to
the	DNA	itself.

The	Cancer	Genome	Atlas	and	Chemical	Carcinogenesis
The	Cancer	Genome	Atlas	 and	 other	 international	 sequencing	 efforts	 have	 produced	 a	 vast	 catalog	 of	 genetic
alterations	in	many	human	cancers.	Given	that	many	chemicals	induce	cancer	through	a	mutagenic	mechanism,	it
was	 hoped	 that	 DNA	 sequencing	 could	 inform	 molecular	 epidemiology.	 Mutagenic	 signatures	 have	 been
identified	in	lung	cancers	from	smokers,46,47	melanoma	associated	with	ultraviolet	exposure,47	and	liver	cancers
associated	with	 aflatoxin	 exposure.48	However,	 in	 these	 cases,	 the	 agent	 and	 risk	 factors	were	 already	 known.
Beyond	 these	exceptions,	 the	ability	of	genetic	data	has	not	yet	 significantly	 informed	occupational	or	 lifestyle
risk	factors	for	cancer.	In	controlled	settings	using	animal	models,	 it	has	been	possible	 to	associate	exposure	 to
mutagenic	 signature.	 For	 example,	 7,12-dimethylbenz[a]anthracene–induced	 squamous	 cell	 carcinomas	 and
urethane-induced	 lung	 adenocarcinomas	 in	 mice	 have	 distinct	 mutational	 profiles	 consistent	 with	 known
mutagenic	activities	of	these	compounds.49,50	Because	most	human	tumor	samples	used	for	DNA	sequencing	were
not	 predefined	 by	 exposure	 history,	 the	 use	 of	 data	 from	The	Cancer	Genome	Atlas	 to	 establish	 such	 links	 is
underpowered.	 If	 study	 populations	 are	 better	 defined	 by	 exposure	 history,	 genomic	 analysis	 of	 tumors	 may
permit	detection	of	signatures.	Another	goal	would	be	to	identify	“epigenetic	signatures”	of	exposure	that	would
help	understand	both	risks	associated	with	epigenetic	carcinogens	and	mechanisms	of	epigenetic	carcinogenesis.

OUTLOOK
Much	work	remains	to	understand	how	our	interaction	with	substances	in	our	environment	impact	on	cancer	risk.
The	 interaction	 between	 genetic	 background	 and	 environmental	 exposure	 is	 being	modeled	 to	 investigate	 how
underlying	genetic	factors	may	increase	or	decrease	individual	susceptibility	to	carcinogens.	Lessons	learned	from
diethylstilbestrol	highlight	the	importance	of	not	only	studying	in	utero	exposure	to	compounds	but	also	assessing
the	impact	epigenetic	modifications	may	have	in	cancer	development.	Many	different	chemicals	may	modify	our
epigenome,	 and	 whether	 this	 increases	 risk	 for	 cancer	 development	 or	 worsens	 disease	 progression	 is	 largely
unknown.	 Further,	 chemicals	 we	 have	 classified	 as	 genotoxic	 mutagens,	 for	 example,	 may	 also	 modify	 the
epigenome,	 increasing	 the	 complexity	 of	 how	we	might	 regulate	 exposures	 to	 carcinogens.	As	we	 learn	more
about	basic	cell	biology,	we	also	uncover	novel	mechanisms	of	regulation	and	new	potential	targets	for	chemical
carcinogens.	 Chemical-induced	 alterations	 in	 structure	 or	 function	 of	 noncoding	 RNAs	 (miRNA,	 piRNA,
snoRNA,	lncRNA,	SNP	RNA,	etc.)	may	each	have	significant	ramifications	in	disease	development,	and	research
in	 this	 area	 is	 rapidly	 gaining	 traction.	Understanding	 how	 chemicals	may	 alter	 other	 physiologic	 processes	 to
modify	 cancer	 risk,	 including	 transcription,	 DNA	 repair,	 stemness,	 immune	 function,	 and
pharmacokinetics/pharmacodynamics	 is	 underway.	 As	 metabolic	 activation	 is	 requisite	 for	 most	 chemical
carcinogens,	 the	role	of	single	nucleotide	polymorphisms	in	enzymes	responsible	for	biotransformation	requires
attention,	as	these	may	either	enhance	or	impair	development	of	cancer.	Clear	understanding	of	the	mechanism(s)
of	 action	 for	 many	 chemical	 carcinogens	 remains	 unknown,	 even	 in	 cases	 of	 firmly	 established	 carcinogens.
Understanding	such	mechanisms	is	important	not	only	for	basic	cancer	research	but	also	for	regulatory	agencies
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who	must	estimate	safe	exposure	levels	for	the	population.
Historically,	we	have	discovered	the	carcinogenic	potential	of	chemicals	via	epidemiologic	studies	following

exposures,	and	as	new	chemicals	are	produced	and	widely	used,	this	trend	is,	unfortunately,	likely	to	be	repeated.
Concurrent	 with	 our	 understanding	 of	 which	 chemicals	 may	 cause	 cancer,	 we	 have	 a	 burden	 to	 promote
preventative	strategies.	Prior	to	the	“Cigarette	Century,”	lung	cancer	was	quite	rare,	yet	it	now	remains	the	most
frequent	 cause	 of	 cancer-related	 deaths	 in	 both	men	 and	women.	However,	 interventions	 have	 been	 somewhat
successful;	although	cigarette	use	is	still	high,	according	to	the	Centers	for	Disease	Control	and	Prevention,	it	has
declined	significantly	from	42.4%	in	1965	to	16.8%	in	2014.	In	the	United	States	and	other	developed	countries,
occupational	exposure	to	carcinogens	is	declining	due	to	increased	regulation	and	environmental	controls	as	well
as	improved	worker	hygiene.	In	contrast,	cancer	incidence	is	increasing	in	developing	countries	due	to	increased
industrialization	 without	 adequate	 controls	 to	 ensure	 worker	 safety.	 Concomitantly,	 air	 pollution	 in	 many
developing	countries	is	poorly	controlled;	many	individuals	are	consistently	exposed	to	high	levels	of	carcinogens
through	 both	 indoor	 and	 outdoor	 air	 pollution,	 which	 further	 increases	 the	 cancer	 burden	 in	 these	 countries.
Continued	vigilance,	especially	in	developing	countries,	is	needed	to	minimize	exposures	to	potential	carcinogens
and	protect	workers	and	the	general	public	from	widespread	exposure.
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INTRODUCTION
Ionizing	 radiation	and	ultraviolet	 (UV)	 light	have	 throughout	 time	challenged	 the	genetic	 integrity	of	 all	 living
organisms.	By	inducing	DNA	damage	and	subsequent	mutations,	these	physical	agents	have	promoted	diversity
through	natural	selection,	and,	as	a	result,	organisms	from	all	kingdoms	of	life	carry	genes	that	encode	proteins
that	 safeguard	 the	 genetic	material	 through	 repair	 of	 damaged	DNA.	 In	 higher,	multicellular	 organisms,	many
additional	 mechanisms	 of	 genome	 preservation	 have	 evolved	 such	 as	 cell	 cycle	 checkpoints	 and	 apoptosis.
Despite	the	many	sophisticated	mechanisms	to	safeguard	the	human	genome	from	the	mutagenic	actions	of	DNA-
damaging	 agents,	 not	 all	 exposed	 cells	 successfully	 restore	 the	 integrity	 of	 their	 DNA,	 and	 some	 cells	 may
subsequently	progress	into	malignant	cancer	cells.	Furthermore,	through	manmade	activities,	we	are	now	exposed
to	 many	 new	 physical	 agents,	 such	 as	 radiofrequency	 radiation	 (RFR)	 and	 microwave	 radiation	 (MR),
electromagnetic	fields	(EMFs),	asbestos,	and	nanoparticles,	 for	which	evolution	has	not	yet	had	 time	 to	deliver
genome-preserving	 response	 mechanisms.	 This	 chapter	 highlights	 the	 molecular	 mechanisms	 by	 which	 these
physical	agents	affect	cells	and	how	human	exposure	may	lead	to	cancer.

IONIZING	RADIATION
Ionizing	 radiation	 is	 defined	 as	 radiation	 that	 has	 sufficient	 energy	 to	 ionize	molecules	 by	displacing	 electrons
from	atoms.	 Ionizing	 radiation	can	be	electromagnetic,	 such	as	x-rays	and	gamma	 rays,	or	 consist	of	particles,
such	as	electrons,	protons,	neutrons,	alpha	particles,	or	carbon	ions.	Natural	sources	of	ionizing	radiation	make	up
about	 80%	 of	 human	 exposure,	 whereas	medical	 sources	make	 up	 about	 20%.1	 The	 increased	medical	 use	 of
diagnostic	x-rays	and	computed	tomography	(CT)	scanning	procedures	as	well	as	airport	screenings	translates	into
higher	 incidences	 of	 cancer.	 Of	 the	 natural	 sources,	 radon	 exposure	 is	 the	 most	 significant	 exposure	 risk	 to
humans.	 Importantly,	with	 better	 and	more	 comprehensive	 screening	 techniques,	 the	 human	 exposure	 to	 radon
could	be	dramatically	lowered.

Mechanisms	of	Damage	Induction

Linear	Energy	Transfer
The	 biologic	 effects	 of	 ionizing	 radiation	 are	 unique	 in	 that	 the	 induced	 damage	 is	 clustered	 due	 to	 the	 local
deposition	 of	 energy	 in	 radiation	 tracks.	 The	 distance	 between	 the	 depositions	 of	 energy	 is	 biologically	 very
relevant	and	unique	 to	 the	energy	and	 the	 type	of	 radiation.	The	 term	 linear	energy	 transfer	 (LET)	denotes	 the
energy	transferred	per	unit	length	of	a	track	of	radiation.	Electromagnetic	radiation,	such	as	x-rays	or	gamma	rays,
are	 sparsely	 ionizing	 and	 therefore	 classified	 as	 low	 LET	 radiation,	 whereas	 particulate	 radiation,	 such	 as
neutrons,	protons,	and	alpha	particles,	are	examples	of	high	LET	radiation.1

Radiation	Biochemistry
Radiation-induced	damage	to	cellular	target	molecules,	such	as	DNA,	proteins,	and	lipids,	can	be	either	direct	or
indirect	(Fig.	10.1).	The	direct	action	of	radiation,	which	is	the	dominant	mode	of	action	of	high	LET	radiation,	is
due	to	deposition	of	energy	directly	to	the	target	molecule,	resulting	in	one	or	more	ionization	events.	The	indirect
action	of	radiation	is	due	to	the	radiolysis	of	water	molecules,	which	after	initial	absorption	of	radiation	energy
become	excited	and	generate	different	types	of	radiolysis	products	where	the	reactive	hydroxyl	radical	(•OH)	can
damage	 both	DNA	and	 proteins.	About	 two-thirds	 of	 the	 damage	 induced	 by	 low	LET	 radiation	 is	 due	 to	 the
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indirect	action	of	radiation.	As	the	hydroxyl	radical	is	very	reactive	(half-life	is	10−9	seconds),	it	does	not	diffuse
more	than	a	few	nanometers	after	it	is	formed	before	it	reacts	with	other	molecules,	and	thus,	only	radicals	formed
in	 close	 proximity	 to	 the	 target	molecule	will	 contribute	 to	 the	 damage	 of	 that	 target.2	However,	 by	 chemical
recombination	of	the	primary	radiolysis	products,	hydrogen	peroxide	(H2O2)	is	formed,	which	in	turn	can	produce
hydroxyl	 radicals	 at	 a	 later	 time	 through	 the	 Fenton	 reaction	 involving	 free	metals.	Because	H2O2	 is	 not	 very
reactive,	it	can	diffuse	long	distances	away	from	the	initial	site	of	energy	deposition.

Figure	10.1	Factors	affecting	the	induction	DNA	damage	by	ionizing	radiation.	Ionizing	radiation
can	ionize	DNA	either	by	“direct	action”	or	by	“indirect	action”	in	which	radiation	energy	is

absorbed	by	neighboring	molecules,	such	as	water,	leading	to	the	generation	of	hydroxyl	radicals
that	attack	DNA.	Sulfur-containing	cellular	molecules	(RSH),	such	as	glutathione,	can	scavenge

hydroxyl	radicals	by	hydrogen	atom	donations	and	thereby	protect	the	DNA	from	the	indirect	action
of	radiation.	Glutathione	can	also	donate	hydrogen	atoms	to	ionized	DNA,	thereby	restoring	the

integrity	of	DNA	in	a	process	termed	chemical	repair.	Oxygen	can	compete	with	chemical	repair	in
a	process	termed	the	oxygen	effect,	resulting	in	the	enhancement	of	the	biologic	effect	of	ionizing

radiation	by	the	fixation	of	the	initial	DNA	damage	into	DNA	peroxides	(DNAO2•).

Radical	scavengers	normally	present	in	cells,	such	as	glutathione,	can	protect	target	molecules	by	reacting	with
the	 hydroxyl	 radical	 (see	 Fig.	 10.1).	 Even	 after	 the	 target	 molecule	 has	 been	 hit	 and	 ionized,	 glutathione	 can
contribute	to	cell	protection	by	donating	a	hydrogen	atom	to	the	radical,	allowing	the	unpaired	electron	present	in
the	 radical	 to	pair	up	with	 the	electron	 from	the	hydrogen	atom.	This	 is	considered	 the	simplest	of	all	 types	of
repair	and	is	called	chemical	repair.3	However,	if	oxygen	molecules	are	present,	they	will	compete	with	scavenger
molecules	 for	 the	 ionized	molecule,	 and	 if	oxygen	 reacts	with	 the	 ionized	 target	molecule	before	 the	hydrogen
donation	occurs,	the	damage	will	be	solidified	as	a	peroxide	not	amenable	to	chemical	repair.	Instead,	this	lesion
will	require	enzymatic	repair	for	restoration.	This	augmenting	biologic	effect	of	oxygen	is	called	the	oxygen	effect
and	is	considered	an	important	factor	for	the	effectiveness	of	radiation	therapy.1

Damage	to	DNA
The	direct	and	indirect	effects	of	radiation	induce	more	or	less	identical	types	of	lesions	in	DNA.	However,	the
density	of	lesions	induced	in	a	stretch	of	DNA	is	higher	for	high	LET	radiation,	and	this	increased	complexity	is
thought	to	complicate	the	repair	of	these	lesions.	Radiation-induced	lesions	consist	of	more	than	100	chemically
distinct	 base	 lesions,	 such	 as	 the	 mutagenic	 lesions	 thymine	 glycol	 and	 8-hydroxyguanine.2,4,5	 Furthermore,
damage	to	the	sugar	moiety	in	the	backbone	of	DNA	and	some	types	of	base	damage	can	result	in	single-strand
breaks	(SSBs).	Because	the	energy	deposition	of	radiation	is	clustered	even	for	low	LET	radiation,	it	is	possible
that	two	individual	strand	breaks	are	formed	in	close	proximity	on	opposite	strands,	resulting	in	the	formation	of	a
double-strand	break	 (DSB).	 It	has	been	estimated	 that	1	Gy	of	 ionizing	 radiation	gives	 rise	 to	about	40	DSBs,
1,000	SSBs,	 1,000	base	 lesions,	 and	150	DNA-protein	 cross-links	 per	 cell.2	 For	 a	 similarly	 lethal	 dose	 of	UV
light,	about	400,000	lesions	are	required,	demonstrating	that	 the	lesions	induced	by	ionizing	radiation	are	much
more	 toxic	 than	 lesions	 induced	 by	UV	 light.	 It	 is	 believed	 that	DSBs	 are	 the	 critical	 lesions	 that	 lead	 to	 cell
lethality	following	exposure	to	ionizing	radiation.6

Damage	to	Proteins



Although	proteins	and	lipids	are	subject	to	damage	following	exposure	to	ionizing	radiation,	the	common	belief	is
that	 DNA	 is	 the	 critical	 target	 for	 the	 biologic	 effects	 of	 radiation.	 Indeed,	 abrogation	 of	 DNA	 damage
surveillance	 or	 repair	 processes	 in	 cells	 results	 in	 enhanced	 induction	 of	mutations	 and	decreased	 cell	 survival
following	 radiation.5	 However,	 studies	 of	 radiation-sensitive	 and	 radiation-resistant	 bacteria	 imply	 that
mechanisms	 that	 suppress	 protein	 damage	may	 also	 play	 important	 roles	 in	 radiation	 resistance.7	Deinococcus
radiodurans	 is	 a	 bacterium	 that	 can	 survive	 radiation	 exposures	 of	 up	 to	 17,000	 Gy,	 and	 its	 extreme
radioresistance	has	been	linked	to	high	intracellular	levels	of	manganese	that	protect	proteins	from	oxidation.	The
thought	is	that	if	a	cell	can	limit	protein	oxidation,	then	its	enzymes	will	remain	active	and	cellular	functions	such
as	 DNA	 repair	 will	 be	 able	 to	 restore	 the	 integrity	 of	 DNA	 even	 after	 severe	 DNA	 damage.8	 It	 would	 be
interesting	 to	 explore	 whether	 the	 concentration	 of	manganese	 can	 be	 manipulated	 to	 sensitize	 tumor	 cells	 to
radiation	therapy.	Furthermore,	as	protein	damage	due	to	reactive	oxygen	species	(ROS)	accumulates	during	the
aging	process,	could	supplements	of	manganese	turn	back	the	clock	on	aging?

Cellular	Responses

DNA	Repair
Ever	since	organisms	started	to	utilize	atmospheric	oxygen	for	metabolic	respiration	many	millions	of	years	ago,
they	have	been	forced	to	deal	with	the	cellular	damage	induced	by	ROS.	Base	excision	repair	(BER)	evolved	to
remove	many	of	 the	different	 types	of	oxidative	base	 lesions	and	DNA	SSBs	induced	by	ROS.	However,	ROS
seldom	 induce	DSBs	 unless	 the	 generation	 of	 hydroxyl	 radicals	 is	 clustered	 near	 the	DNA	molecule.	 A	more
important	 source	of	 intracellular	 generation	of	DSBs	may	 instead	be	 the	 process	 of	DNA	 replication,	 and	 it	 is
possible	that	homologous	recombination	repair	primarily	evolved	to	overcome	DSBs	sporadically	induced	during
the	 replication	 process.	 The	 other	 major	 pathway	 of	 DSB	 repair	 is	 the	 nonhomologous	 end-joining	 (NHEJ)
pathway,	 which	 is	 utilized	 by	 immune	 cells	 in	 the	 process	 of	 antibody	 generation.	 Although	 the	 homologous
recombination	 pathway	 has	 high	 fidelity	 due	 to	 the	 utilization	 of	 homologous	 sister	 chromatids	 to	 ensure	 that
correct	DNA	ends	are	joined,	the	NHEJ	pathway	lacks	this	control	mechanism	and	therefore	occasionally	rejoins
ends	incorrectly.	Thus,	the	NHEJ	pathway	may	contribute	to	the	generation	of	mutations	following	radiation	(Fig.
10.2).	However,	NHEJ	 is	 the	only	mechanism	available	 for	DSB	repair	 in	postmitotic	cells	and	cells	 in	 the	G1
phase	of	the	cell	cycle,	as	no	sister	chromatids	are	available	in	these	cells	to	support	homologous	recombination
repair.
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Figure	10.2	Cellular	responses	to	ionizing	radiation.	Ionizing	radiation	induces	predominantly
base	lesions,	single-strand	breaks,	and	double-strand	breaks.	Base	lesions	and	single-strand	breaks
are	repaired	by	base	excision	repair,	whereas	double-strand	breaks	are	repaired	by	nonhomologous
end	joining	(NHEJ)	and	homologous	recombination.	If	DNA	lesions	are	misrepaired	by	NHEJ	or

not	repaired	at	all	before	cells	enter	S	phase	or	mitosis,	genomic	instability	is	manifested	as
mutations	or	chromosome	aberrations	that	promote	carcinogenesis.	In	order	for	cells	to	assist	DNA
repair	and	safeguard	against	genetic	instability	and	cancer,	cells	can	induce	cell	cycle	arrest	or
apoptosis.	The	ATM	kinase	is	an	early	responder	to	DNA	damage	induced	by	ionizing	radiation

that	activates	the	cell	cycle	checkpoint	kinase	Chk2	and	the	tumor	suppressor	p53.	Chk2	inactivates
the	CDC25A	and	CDC25C	phosphatases	that	are	critical	in	promoting	cell	cycle	progression	by
activating	the	cyclin-dependent	kinases	CDK2	or	CDK1	and	thereby	arresting	the	cells	at	the	G1/S
or	G2/M	checkpoints.	In	addition,	p53	can	arrest	cells	at	the	G1/S	checkpoint	by	inducing	the	CDK
inhibitor	p21.	p53	also	plays	a	role	in	promoting	apoptosis	by	inducing	a	number	of	proapoptotic
proteins	as	well	as	translocating	to	mitochondria	where	it	inhibits	the	actions	of	antiapoptotic

factors.

Ataxia-Telangiectasia	Mutated	and	Cell	Cycle	Checkpoints
Due	to	the	enormous	task	of	replicating	the	whole	genome	during	the	S	phase	and	segregating	the	chromosomes
during	 mitosis,	 proliferating	 cells	 are	 generally	 much	 more	 vulnerable	 to	 radiation	 than	 stationary	 cells.	 To
prevent	cells	with	damaged	DNA	to	enter	into	these	critical	stages	of	the	cell	cycle,	cells	can	activate	cell	cycle
checkpoints	 (see	 Fig.	 10.2).	 The	major	 sensor	 of	 radiation-induced	 damage	 in	 cells	 is	 the	 ataxia-telangiectasia
mutated	(ATM)	kinase,	which	following	activation	can	phosphorylate	more	than	700	proteins	in	cells.9	Two	ATM
substrates,	p53	and	checkpoint	kinase	2	(Chk2),	are	critical	for	the	activation	of	cell	cycle	arrests	at	multiple	sites
in	the	cell	cycle.10,11	The	kinase	p53	regulates	the	gene	expression	of	specific	genes	such	as	p21,	which	inhibits
cyclin-dependent	kinase	2	(CDK2)–	and	CDK4-mediated	phosphorylation	of	the	retinoblastoma	protein,	resulting
in	a	block	in	the	progression	from	the	G1	phase	to	the	S	phase	of	the	cell	cycle.12,13	The	Chk2	kinase	promotes
checkpoint	 activation	 in	 G1	 by	 targeting	 the	 CDC25A	 phosphatase14	 or	 in	 G2/M	 by	 targeting	 the	 CDC25C
phosphatase.15	The	activation	of	a	cell	cycle	arrest	following	DNA	damage	provides	the	cell	with	additional	time
to	 repair	 the	 DNA	 before	 entering	 critical	 cell	 cycle	 stages	 and	 therefore	 promotes	 genetic	 stability.	 Loss	 or



defects	in	the	ATM	or	p53	genes	result	in	abrogation	of	radiation-induced	cell	cycle	checkpoints,	which	manifests
itself	as	the	highly	cancer-prone	human	syndromes	ataxia-telangiectasia16	or	Li-Fraumeni,17	respectively.

Cancer	Risks
It	is	clear	from	epidemiologic	studies	of	radiation	workers	and	atomic	bomb	and	Chernobyl	victims	that	ionizing
radiation	can	induce	cancer.18,19	Twenty	years	after	 the	atomic	bomb	explosions	 in	Japan	during	World	War	II,
significant	increases	in	the	incidence	of	thyroid	cancer	and	leukemia	were	observed.	However,	it	took	almost	50
years	before	solid	tumors	appeared	in	the	population	as	a	result	of	radiation	exposure	from	the	atomic	bombs.20
The	incidences	of	solid	 tumors,	such	as	breast,	ovary,	bladder,	 lung,	and	colon	cancers,	were	estimated	to	have
increased	by	a	factor	of	2	in	the	exposed	group	during	this	time	period.	The	epidemiology	studies	following	the
nuclear	power	plant	disaster	in	Chernobyl	as	well	as	in	Fukushima	showed	a	clear	increase	in	thyroid	cancer	as
early	as	4	years	after	 the	accident.21,22	Young	children	were	 the	most	vulnerable	 to	 radiation	exposure,	with	1-
year-old	children	being	237-fold	more	susceptible	to	thyroid	cancer	than	the	control	group;	10-year-old	children
were	found	to	be	sixfold	more	susceptible	to	thyroid	cancer.	Many	of	the	thyroid	cancers	that	developed	following
the	Chernobyl	disaster	could	have	been	prevented	if	the	population	had	not	consumed	locally	produced	milk	that
was	contaminated	with	radioactive	iodine.

The	molecular	signatures	of	radiation-induced	tumors	are	complex	but	involve	point	mutations	that	could	lead
to	 the	activation	of	 the	RAS	 oncogene	or	 inactivation	of	 the	 tumor	 suppressor	gene	p53.	Furthermore,	 ionizing
radiation	 induces	DNA	DSBs	 that	may	be	unfaithfully	 repaired	by	 the	NHEJ	pathway,	 leading	 to	chromosome
rearrangements.	One	 such	 rearrangement	 found	 in	 50%	 to	 90%	of	 the	 thyroid	 cancers	 examined	 following	 the
Chernobyl	accident	 involved	the	receptor	 tyrosine	kinase	c-RET,	which	when	activated	promotes	cell	growth.21
Furthermore,	 a	 great	 majority	 of	 the	 thyroid	 cancers	 found	 in	 the	 exposed	 children	 harbored	 kinase	 fusion
oncogenes	affecting	the	mitogen-activated	protein	kinase	(MAPK)	signaling	pathway.23

The	correlation	between	high	exposure	to	ionizing	radiation	and	cancer	following	the	atomic	bomb	explosions
and	the	Chernobyl	accident	is	clear.	What	about	the	cancer	risk	following	lower	radiation	exposures	occurring	in
daily	 life?	 There	 are	 four	 theoretical	 risk	models	 of	 radiation-induced	 cancer	 to	 consider.	 First,	 the	 linear,	 no
threshold	model	suggests	that	the	induction	of	cancer	is	directly	proportional	to	the	dose	of	radiation,	even	at	low
doses	of	exposure.	Second,	the	sublinear	or	threshold	model	suggests	that	below	a	certain	threshold	dose,	the	risk
of	 radiation-induced	 cancers	 is	 negligible.	 At	 these	 lower	 doses	 of	 radiation	 exposure,	 the	 DNA	 damage
surveillance	 and	 repair	 mechanisms	 are	 thought	 to	 be	 fully	 capable	 of	 safeguarding	 the	 DNA	 to	 avoid	 the
induction	of	mutations	 and	 cancer.	Third,	 the	 supralinear	or	stealth	model	 suggests	 that	 doses	 below	 a	 certain
threshold	or	radiation	with	sufficiently	low	dose	rates	may	not	trigger	the	activation	of	DNA	damage	surveillance
and	 repair	mechanisms,	 resulting	 in	 suboptimal	 activation	 of	 cell	 cycle	 checkpoints	 and	 repair.	 This	would	 be
expected	to	lead	to	a	higher	rate	of	mutations	and	cancers	than	predicted	by	the	linear,	no	threshold	model	but	may
be	balanced	by	a	higher	incident	of	cell	death.	Fourth,	the	linear-quadratic	model	suggests	that	radiation	effects	at
low	doses	are	due	to	a	single	track	of	radiation	hitting	multiple	targets,	resulting	in	a	linear	induction	rate,	whereas
at	higher	doses,	multiple	radiation	tracks	hit	multiple	cellular	targets,	resulting	in	a	quadratic	induction	rate.

The	BEIR	VII	report,	released	by	the	Committee	on	Biological	Effects	of	Ionizing	Radiation	of	the	National
Academy	of	Sciences	and	commissioned	by	the	United	States	Environmental	Protection	Agency,	 is	a	review	of
published	 data	 regarding	 human	 health	 and	 cancer	 risks	 from	 exposure	 to	 low	 levels	 of	 ionizing	 radiation.
Although	this	 topic	is	controversial	and	not	fully	settled,19	 the	BIER	VII	report	favored	the	linear,	no	threshold
model.24	Thus,	the	“official”	view	is	that	no	level	of	radiation	is	safe,	and	therefore,	careful	consideration	of	risks
versus	 benefits	 is	 necessary	 to	 ensure	 that	 the	 general	 population	 only	 receives	 radiation	 doses	 as	 low	 as
reasonable	 achievable.	 Furthermore,	 the	 BIER	VII	 committee	 concluded	 that	 the	 heritable	 effects	 of	 radiation
were	not	evident	in	the	published	data,	indicating	that	an	individual	is	not	likely	to	develop	cancer	due	to	radiation
exposure	of	his	or	her	parents.

The	largest	source	of	radiation	exposure	to	the	population	is	radon,	which	is	a	natural	radioactive	gas	formed	as
a	 decay	 product	 of	 radium	 in	 the	 decay	 chain	 of	 uranium.	Radon	 gas	 can	 accumulate	 to	 high	 levels	 in	 poorly
ventilated	basements	 in	houses	built	on	 rock	containing	uranium.	The	major	 risk	with	 radon	 is	 that	 some	of	 its
radioactive	decay	products	can	attach	to	dust	particles	that	accumulate	in	lungs,	leading	to	a	continuous	exposure
of	the	lung	tissues	to	high	LET	alpha	particles.	Due	to	this	radiation	exposure,	the	United	States	Environmental
Protection	Agency	 claims	 that	 radon	 is	 the	 second-leading	 cause	 of	 lung	 cancer	 in	 the	United	 States.	Another
important	source	of	human	exposure	to	ionizing	radiation	is	medical	x-ray	devices,	and	there	is	a	growing	concern
about	 the	dramatically	 increased	use	of	whole-body	CT	scans	for	diagnostic	purposes.	For	a	 typical	CT	scan,	a
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patient	will	receive	about	100-fold	more	radiation	than	from	a	typical	mammogram.24	It	is	recommended	that	the
use	 of	 whole-body	 CT	 scans	 for	 children	 be	 very	 restricted	 due	 to	 the	 elevated	 risk	 of	 developing	 radiation-
induced	cancer	for	this	age	group.

Cancer	 patients	 who	 receive	 radiation	 therapy	 are	 at	 risk	 of	 developing	 secondary	 tumors	 induced	 by	 the
radiation	therapy	treatment.1	This	 is	particularly	a	concern	for	young	patients	as	 (1)	children	are	more	prone	 to
radiation-induced	cancer;	(2)	children	have	a	relatively	good	chance	of	surviving	the	primary	cancer	and	would
have	long	life	expectancies,	so	a	secondary	tumor	would	have	plenty	of	time	to	develop;	and	(3)	many	childhood
cancers	are	promoted	by	genetic	defects	in	DNA	damage	response	pathways,	making	these	patients	highly	prone
to	 the	 genotoxic	 effects	 of	 radiation	 and	 subsequent	 secondary	 cancers.	 The	 most	 sensitive	 tissues	 for	 the
development	of	secondary	cancer	have	been	found	to	be	the	bone	marrow	(leukemia),	thyroid,	breast,	and	lung.1

ULTRAVIOLET	LIGHT
Depending	on	 the	wavelength,	UV	light	 is	categorized	 into	UVA	(320	 to	400	nm),	UVB	(290	 to	320	nm),	and
UVC	(240	to	290	nm)	radiation.	Most	of	the	UVC	light	emitted	from	the	sun	is	absorbed	by	the	ozone	layer	in	the
atmosphere,	and	thus,	living	organisms	are	mostly	exposed	to	UVA	and	UVB	irradiation.

Mechanisms	of	Damage	Induction
UVC	light	is	more	damaging	to	DNA	than	UVA	and	UVB	because	the	absorption	maximum	of	DNA	is	around
260	 nm.	 UVB	 and	 UVC	 induce	 predominantly	 pyrimidine	 dimers	 and	 6-4	 photoproducts,	 which	 consist	 of
covalent	 ring	 structures	 that	 link	 two	 adjacent	 pyrimidines	 on	 the	 same	DNA	 strand.5	 The	 formation	 of	 these
lesions	results	in	the	bending	of	the	DNA	helix,	resulting	in	the	interference	with	both	DNA	and	RNA	synthesis.
UVA	light	does	not	induce	pyrimidine	dimers	or	6-4	photoproducts	but	can	induce	ROS,	which	in	turn	can	form
SSBs	and	base	lesions	in	DNA	of	exposed	cells.

Cellular	Responses

DNA	Repair
The	nucleotide	excision	repair	(NER)	pathway	removes	pyrimidine	dimers	and	6-4	photoproducts	from	cellular
DNA.5	This	pathway	involves	proteins	that	recognize	the	DNA	lesions,	nucleases	that	excise	the	DNA	strand	that
contains	the	lesion,	a	DNA	polymerase	that	synthesizes	new	DNA	to	fill	the	gap,	and	a	DNA	ligase	that	joins	the
backbone	 in	 the	newly	 synthesized	 strand.	Genetic	 defects	 in	 the	NER	pathway	 result	 in	 the	human	 syndrome
xeroderma	 pigmentosum,	 with	 individuals	 more	 than	 1,000-fold	 more	 prone	 to	 sun-induced	 skin	 cancer	 than
normal	individuals.	In	addition,	human	polymorphisms	in	certain	NER	genes	are	thought	to	predispose	individuals
to	cancers	such	as	lung	cancer,	nonmelanoma	skin	cancer,	head	and	neck	cancer,	and	bladder	cancer,	indicating
that	NER	 is	 responsible	 for	 safeguarding	 the	 genome	 against	many	 types	 of	DNA	 adducts	 in	 addition	 to	UV-
induced	lesions.5

UV-induced	lesions	formed	in	the	transcribed	strand	of	active	genes	block	the	elongation	of	RNA	polymerase
II,	and	if	a	cell	does	not	restore	transcription	within	a	certain	time	frame,	it	may	undergo	apoptosis	(Fig.	10.3).25
To	rapidly	restore	RNA	synthesis	and	to	avoid	cell	death,	NER	enzymes	are	recruited	to	the	sites	of	blocked	RNA
polymerase	 II	 and	 the	 lesions	 are	 removed	 in	 a	 process	 called	 transcription-coupled	 repair.26	 Individuals	 with
Cockayne	 syndrome,	 trichothiodystrophy,	 or	 UV-sensitive	 syndrome	 are	 unable	 to	 utilize	 the	 transcription-
coupled	 repair	 pathway	 following	UV	 irradiation.5	Cells	 from	 these	 individuals	 do	 not	 recover	RNA	 synthesis
following	UV	 irradiation	 and	 are	 therefore	 very	 prone	 to	 UV-induced	 apoptosis.	 Interestingly,	 despite	 a	 clear
DNA	repair	defect,	these	individuals	are	not	predisposed	to	UV-induced	skin	cancer.	It	is	thought	that	the	inability
of	Cockayne	syndrome	cells	to	remove	the	toxic	lesions	that	block	transcription	following	UV	irradiation	results
in	the	suppression	of	tumorigenesis	by	the	elimination	of	damaged	cells	by	apoptosis.	However,	while	protecting
against	tumorigenesis,	the	elevated	level	of	apoptosis	in	these	cells	leads	to	increased	cell	loss,	which	in	turn	may
lead	to	neurologic	degeneration.25	Persistent	transcription-blocking	lesions	in	the	genome	has	also	been	linked	to
aging.27

Translesion	DNA	Synthesis



Proliferating	skin	cells	are	very	vulnerable	to	UV	light	because	UV	lesions	block	DNA	replication	(see	Fig.	10.3).
Cells	that	have	entered	the	S	phase	and	initiated	DNA	synthesis	have	no	choice	but	to	finish	replicating	the	whole
genome	or	they	will	die.	If	DNA	repair	enzymes	are	not	able	to	remove	the	blocking	lesions	from	the	template,
the	processive	DNA	polymerases	may	be	exchanged	for	other,	less	processive	DNA	polymerases	that	can	bypass
the	 lesions.	This	 is	part	of	a	“tolerance”	mechanism,	which	allows	cells	 to	complete	 replication	and	eventually
divide.5	 However,	 the	 translesion	 DNA	 polymerases	 do	 not	 have	 the	 same	 fidelity	 as	 the	 processive	 DNA
polymerases,	and	thus,	mutations	may	occur.	This	is	thought	to	be	a	major	pathway	by	which	UV	light	induces
mutagenesis	and	subsequently	cancer	(see	Fig.	10.3).

Figure	10.3	Cellular	responses	to	ultraviolet	(UV)	light–induced	DNA	damage.	UV	light
predominantly	induces	bulky	DNA	lesions	that	interfere	with	the	processes	of	DNA	replication	and
transcription.	These	lesions	are	removed	from	the	global	genome	by	global	genomic	nucleotide
excision	repair	and	from	transcribed	DNA	strands	by	transcription-coupled	nucleotide	excision

repair.	Lesions	blocking	replication	can	be	bypassed	by	exchanging	processive	DNA	polymerases
with	less	processive	translesion	DNA	polymerases.	Although	these	polymerases	allow	cells	to

continue	DNA	synthesis	and	progress	through	the	cell	cycle,	they	have	low	fidelity,	resulting	in	the
potential	induction	of	mutations	promoting	UV-induced	carcinogenesis.	To	suppress	mutations	and
support	DNA	repair	efforts,	the	ataxia-telangiectasia	and	Rad3-related	(ATR)	kinase	is	activated	in
response	to	blocked	replication	or	transcription.	ATR	activates	the	cell	cycle	checkpoint	kinase
Chk1,	which,	similar	to	Chk2,	arrests	cells	in	the	G1/S	and	G2/M	checkpoints	by	inhibiting

CDC25A	and	CDC25C.	ATR	also	activates	p53,	promoting	G1/S	checkpoint	activation	via	the
induction	of	the	cyclin-dependent	kinase	(CDK)	inhibitor	p21.	p53	also	stimulates	global	genomic
nucleotide	excision	repair	by	the	transactivation	of	various	nucleotide	excision	repair	genes	and	can
promote	apoptosis	by	induction	of	proapoptotic	factors	and	translocation	to	mitochondria.	Finally,
apoptosis	is	induced	if	cells	do	not	recover	transcription	in	a	certain	time	frame	potentially	due	to

the	loss	of	survival	factors	or	complications	in	S	phase	when	replication	encounters	stalled
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transcription	complexes.

ATM	and	Rad3-Related–Mediated	Cell	Cycle	Checkpoints
In	 addition	 to	 utilizing	 the	 NER	 and	 BER	 pathways	 to	 repair	 UV-induced	 DNA	 damage,	 proliferating	 cells
activate	cell	cycle	checkpoints	to	allow	more	time	for	repair	before	entering	critical	parts	of	the	cell	cycle	such	as
the	 S	 phase	 and	 mitosis.	 The	 ATM	 and	 Rad3-related	 (ATR)	 kinase	 is	 activated	 following	 UV	 irradiation	 by
blocked	replication	or	 transcription	(see	Fig.	10.3).28	ATR	phosphorylates	 a	 large	number	of	proteins,	many	of
which	 are	 the	 same	 as	 those	 phosphorylated	 by	 ATM	 after	 exposure	 to	 ionizing	 radiation.9	 Two	 important
substrates	of	ATR	are	p53	and	Chk1,	which	are	critical	in	promoting	cell	cycle	arrest.	When	induced	by	ATR,	p53
transactivates	the	gene	that	encodes	the	cell	cycle	inhibitor	p21,	leading	to	the	arrest	of	cells	in	the	G1	phase	of	the
cell	cycle,	whereas	Chk1	phosphorylates	the	CDK-activating	phosphatases	CDC25A	and	CDC25C,	which	targets
them	for	degradation,	resulting	in	an	S-phase	or	G2-phase	arrest	(see	Fig.	10.3).29

Activation	of	Cell	Membrane	Receptors
In	 addition	 to	 triggering	 cellular	 stress	 responses	 by	 inducing	 DNA	 damage,	 UV	 light	 can	 directly	 induce
membrane	 receptor	signaling	by	 receptor	phosphorylation.	This	 is	 thought	 to	be	due	 to	 the	direct	UV-mediated
inhibition	 of	 protein-tyrosine	 phosphatases	 that	 regulate	 the	 phosphorylation	 levels	 of	 various	 membrane
receptors.30	 In	addition,	membrane	 receptors	may	physically	aggregate	 following	UV	irradiation,	 leading	 to	 the
activation	of	signal	transduction	pathways	that	regulate	cell	growth31	or	apoptosis.32

Cancer	Risks
The	incidence	of	sun-induced	skin	cancer,	especially	melanoma,	is	on	the	increase	due	to	higher	sun	exposure	to
the	general	population.	The	 link	between	UV	light	exposure	and	skin	cancer	 is	very	strong,	but	 the	role	of	UV
light	 in	 the	 etiology	 of	 nonmelanoma	 and	 melanoma	 skin	 cancer	 differs.	 Although	 the	 risk	 of	 nonmelanoma
cancer	 relates	 to	 the	cumulative	 lifetime	exposure	 to	UV	 light,	 the	 risk	of	 contracting	melanoma	appears	 to	be
linked	to	high	sunlight	exposure	during	childhood.33	What	makes	UV	light	such	a	potent	carcinogen	is	that	it	can
initiate	carcinogenesis	by	inducing	DNA	lesions	as	well	as	suppressing	the	immune	system,	resulting	in	a	greater
probability	that	initiated	cells	will	survive	and	grow	into	tumors.34

Nonmelanoma	Skin	Cancer
Basal	 cell	 carcinoma	 and	 squamous	 cell	 carcinoma	 are	 the	 two	 most	 common	 skin	 cancer	 types.	 Basal	 cell
carcinoma	 and	 squamous	 cell	 carcinoma	 occur	 predominantly	 in	 sun-exposed	 areas	 of	 the	 skin,	 but	 there	 are
examples	of	these	cancers	forming	in	nonexposed	areas	as	well	(see	Chapter	90).	The	tumor	suppressor	genes	p53
and	p16	are	frequently	inactivated	in	basal	cell	carcinoma	and	squamous	cell	carcinoma,	whereas	the	hedgehog-
signaling	 pathway	 is	 activated	 primarily	 by	 mutations	 to	 the	 patched	 gene	 (PTCH).	 This	 scenario	 promotes
proliferation	without	the	opposition	of	the	cell	cycle	inhibitors	p53	and	p16.

Melanoma
Melanoma	arises	from	mutations	in	epidermal	melanocytes	and	is	the	most	dangerous	form	of	skin	cancer,	as	it
has	the	highest	propensity	to	metastasize	(see	Chapter	91).	It	is	formed	in	both	sun-exposed	and	shielded	areas	of
the	 skin,	 and	 therefore,	 the	 role	 of	 UV	 light	 as	 the	 major	 carcinogen	 in	 melanoma	 has	 been	 controversial.33
Defects	 in	 the	NER	pathway	do	not	 seem	 to	predispose	development	of	melanoma,	 suggesting	 that	pyrimidine
dimers	or	6-4	photoproducts	 induced	by	UVB	are	not	 the	 initiators	of	melanoma	carcinogenesis.	 Instead,	ROS
induced	by	UVA	may	be	responsible	for	the	development	of	melanoma.33	However,	a	study	using	next-generation
sequencing	techniques	to	catalog	all	mutations	in	a	melanoma	cell	line	found	a	mutational	spectrum	of	the	over
33,000	mutations	 detected	 that	 strongly	 indicated	 that	 pyrimidine	 dimers	 and	 6-4	 photoproducts	 are	 the	major
mutagenic	 lesions	 in	 melanoma,	 whereas	 a	 subset	 of	 mutations	 may	 be	 induced	 by	 ROS.	 The	 incidence	 of
mutations	in	the	p16	and	ARF	genes	is	high,	whereas	p53	and	RAS	mutations	are	fairly	uncommon	in	melanoma
(see	Chapter	91).

Photoimmunosuppression



Studies	 of	 transplantation	 of	 mouse	 skin	 cancers	 into	 syngeneic	 mice	 revealed	 that	 prior	 UVB	 irradiation	 of
recipient	mice	 promoted	 tumor	 growth,	whereas	 transplantation	 into	 naïve	 unirradiated	mice	 led	 to	 rejection.35
These	studies	established	 that	UV	light	has	 local	 immunosuppressing	ability,	and	subsequent	studies	found	that
UV	light	preferentially	depletes	Langerhans	cells	from	irradiated	skin.34	Langerhans	cells	play	an	important	role
in	 the	 immune	 response	by	presenting	antigens	 to	 the	 immune	cells,	 and	 thus,	depletion	of	 these	cells	 leads	 to
local	immunosuppression.	In	addition	to	local	immunosuppression,	UV	light	has	been	shown	to	promote	systemic
immunosuppression.34	 This	 response	 is	 complex,	 but	 it	 is	 known	 that	 UV-induced	 DNA	 lesions	 in	 skin	 cells
contribute	to	the	systemic	immunosuppression	response.	Secretion	of	the	immunosuppressing	cytokine	interleukin
10	 from	 irradiated	 keratinocytes	 as	 well	 as	 UV-induced	 structural	 alteration	 of	 the	 epidermal	 chromophore
urocanic	acid	may	mediate	the	long-range	immunosuppressive	effects	of	UV	light.34

RADIOFREQUENCY	AND	MICROWAVE	RADIATION
RFR	 is	 electromagnetic	 radiation	 in	 the	 frequency	 range	 3	 kHz	 to	 300	MHz,	whereas	MR	 is	 in	 the	 frequency
range	between	300	MHz	and	300	GHz.	RFR	and	MR	do	not	have	sufficient	energies	to	cause	ionizations	in	target
tissues;	rather,	the	radiation	energy	is	converted	into	heat	as	the	radiation	energy	is	absorbed.	Sources	of	RFR	and
MR	include	mobile	phones,	 radio	 transmitters	of	wireless	communication,	 radars,	medical	devices,	and	kitchen
appliances.

Mechanism	of	Damage	Induction
Because	human	exposure	to	RFR	has	increased	dramatically	in	recent	years,	it	is	important	to	know	whether	this
type	of	radiation	gives	rise	to	genotoxic	damage.	Although	there	are	many	studies	showing	that	RFR	can	induce
ROS,	 leading	 to	 genetic	 damage	 in	 cell	 culture	 systems,	 other	 studies	 have	 generated	 conflicting	 results.	 One
confounding	 factor	when	 assessing	 the	 genotoxic	 effect	 of	 RFR,	 and	 especially	MR,	 is	 the	 heating	 effect	 that
occurs	 in	 the	 tissue	when	 the	 radiation	energy	 is	 absorbed.	A	 recent	 study	controlling	 for	 the	potential	heating
effect	of	exposure	found	that	RFR	induces	ROS	and	DNA	damage	in	human	spermatozoa	in	vitro,	which	is	an
alarming	 finding	considering	 the	potential	 hereditary	 implications.36	 Furthermore,	 exposure	 of	 cells	 to	MR	has
been	 shown	 to	 lead	 to	 the	 phosphorylation	 of	 numerous	 cellular	 proteins	 largely	 through	 the	 activation	 of	 the
p38/MAPK	 stress	 response	 pathway.37	 However,	 the	 biologic	 consequences	 of	 these	 cellular	 changes	 are	 not
clear.	Epidemiology	studies	that	monitored	the	genetic	effects	in	individuals	exposed	to	high	levels	of	RFR	have
revealed	evidence	of	increased	induction	of	chromosome	aberrations	in	lymphocytes.38	However,	there	is	a	level
of	uncertainty	in	these	studies	about	exposure	levels,	making	it	difficult	to	come	to	meaningful	conclusions.

Cancer	Risks
Because	the	exposure	of	the	population	to	RFR	and	MR	has	dramatically	increased	in	recent	years,	it	is	of	great
importance	to	assess	the	potential	cancer	risks	of	these	types	of	radiation	so	that	appropriate	exposure	limits	could
be	implemented.	A	number	of	studies	have	focused	on	the	potential	cancer	risks	from	mobile	phone	usage,	and
some	 of	 these	 studies	 indicate	 that	 long-term	 mobile	 phone	 usage	 may	 be	 associated	 with	 increased	 risks	 of
developing	 brain	 tumors	 (see	 the	 following	 discussion).	 Other	 epidemiologic	 studies	 of	 cancer	 incidences	 in
populations	living	near	radio	towers	or	mobile	phone	base	stations	are	inconclusive.	Some	studies	have	shown	a
connection	between	proximity	to	mobile	phone	base	stations	and	increased	cancer	 incidence,39	whereas	another
study	 found	 no	 association	 between	 exposure	 to	 RFR	 from	 mobile	 phone	 base	 stations	 and	 early	 childhood
cancers.40

ELECTROMAGNETIC	FIELDS
An	EMF	is	a	physical	field	produced	by	electrically	charged	objects	that	can	affect	other	charged	objects	in	the
field.	 Typical	 sources	 of	 EMF	 are	 electric	 power	 lines,	 electrical	 devices,	 and	 magnetic	 resonance	 imaging
machines.

Mechanisms	of	Damage	Induction
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A	 low-frequency	EMF	does	 not	 transmit	 energy	high	 enough	 to	 break	 chemical	 bonds,	 and	 therefore,	 it	 is	 not
thought	 to	 directly	 damage	 DNA	 or	 proteins	 in	 cells.	 The	 data	 obtained	 from	 studies	 to	 assess	 the	 potential
genotoxic	effects	of	EMFs	do	not	provide	a	clear	conclusion.	Some	of	the	results	obtained	in	cell	culture	studies
suggest	a	harmful	effect	of	EMF,	but	the	concerns	are	that	these	effects	may	be	related	to	heat	production	induced
by	EMF	rather	than	from	the	magnetic	field	itself.	An	in	vitro	study	detected	DNA	strand	breaks	in	cells	exposed
to	an	EMF,	but	this	induction	was	thought	to	not	be	the	result	of	ROS	production	but	rather	due	to	indirect	effects
through	interference	with	DNA	replication	and	induction	of	apoptosis	in	a	subset	of	cells.41

Cancer	Risks
Studies	with	rodents	have	largely	failed	to	detect	an	association	between	exposure	to	EMFs	and	cancer.	This	 is
also	 true	 for	 numerous	 epidemiology	 studies,	 with	 the	 only	 exception	 being	 the	 association	 between	 EMF
exposure	and	childhood	leukemia	where	children	exposed	to	doses	of	0.4	mcT	or	above	may	have	about	a	twofold
increased	 risk	 of	 developing	 leukemia.42	 Furthermore,	 a	 study	 investigating	 whether	 EMF	 exposure	 was
associated	with	heritable	effects	found	no	correlation	between	parental	exposure	and	childhood	cancer.43	A	meta-
analysis	 of	 extremely	 low-frequency	 EMFs	 covering	 over	 13,000	 exposed	 individuals	 and	 over	 100,000
nonexposed	control	individuals	showed	an	elevated	cancer	risk	especially	in	the	United	States	and	in	residential
exposed	 populations.44	 Although	 future	 studies	 are	 needed	 to	 reconcile	 the	 contradictory	 results	 obtained	 in
studies	of	the	cancer	risks	of	EMFs,	the	weight	of	the	evidence	does	not	support	EMF	as	a	significant	cause	of
cancer.

Potential	Cancer	Risks	from	Mobile	Phone	Usage
Mobile	phones	emit	RFR	and	generate	EMFs.	The	biggest	health	concern	with	mobile	phone	usage	is	its	potential
role	 in	 the	development	of	brain	 tumors.	During	mobile	phone	use,	 the	brain	 tissue	 is	 exposed	 to	doses	giving
peak	specific	absorption	rates	of	4	to	8	W/kg.	At	these	intensities,	induction	of	DNA	damage	has	been	detected	in
laboratory	studies.45	Early	epidemiologic	data	have	been	largely	inconclusive	on	the	association	between	mobile
phone	usage	 and	brain	 tumor	 incidence.	Meta-analysis	 studies	of	populations	who	had	used	mobile	phones	 for
more	than	10	years	concluded	that	mobile	phone	usage	was	associated	with	an	elevated	risk	for	brain	tumors,	such
as	acoustic	neuroma	and	glioma	cancer.46	A	more	recent	study	in	the	United	Kingdom	of	brain	cancer	incidents
between	1985	and	2014	suggested	a	35%	increase	in	malignant	tumors	in	the	temporal	lobe	as	a	result	of	increase
mobile	 phone	 use.47	 In	 contrast,	 other	 large	 prospective	 studies	 did	 not	 observe	 a	 correlation	 between	mobile
phone	usage	and	incidence	of	glioma,	meningioma,	or	non–central	nervous	system	cancers.48	Since	mobile	phones
have	only	been	in	general	use	for	about	20	years	and	it	may	take	30	to	40	years	for	brain	tumors	to	develop,	there
has	not	yet	been	sufficient	time	to	fully	evaluate	the	brain	cancer	risks	of	mobile	phone	usage.

ASBESTOS
Asbestos	is	a	class	of	naturally	occurring	silicate	minerals	that	have	been	widely	used	in	building	materials	for	its
heat,	sound,	and	electrical	insulating	qualities.	Asbestos	becomes	a	serious	health	hazard	if	the	fibers	are	inhaled
over	 a	 long	 period	 of	 time,	 and	 these	 health	 effects	 are	 increased	 dramatically	 if	 the	 exposed	 individual	 is	 a
smoker.	 It	 was	 first	 reported	 in	 1935	 that	 asbestos	 might	 be	 an	 occupational	 health	 hazard	 that	 could	 induce
cancer.49	 However,	 it	 was	 not	 until	 1986	 that	 the	 International	 Labor	 Organization	 recommended	 banning
asbestos.50	The	use	of	asbestos	products	peaked	in	the	1970s	but	remains	a	major	health	hazard	in	many	places
around	the	world	today.

Mechanisms	of	Damage	Induction
Asbestos	fibers	can	enter	cells	and	induce	ROS,	especially	if	they	contain	high	levels	of	iron.51	In	addition,	ROS
can	 be	 generated	 by	 “frustrated”	 phagocytosis,	 and	 this	 in	 turn	 can	 lead	 to	 the	 release	 of	 proinflammatory
cytokines	with	 subsequent	 inflammation	of	 the	 tissue.	The	ROS	has	been	 implicated	 to	originate	 from	affected
mitochondria	leading	to	induction	of	SSBs	and	base	damage,	such	as	8-hydroxyguanine	in	DNA.52	Furthermore,
if	not	successfully	repaired,	asbestos-induced	DNA	damage	has	been	shown	to	result	in	chromosome	aberrations,
micronuclei	formation,	and	increased	rates	of	sister	chromatid	exchanges.53



Cellular	and	Tissue	Responses
Asbestos-induced	ROS	cause	base	lesions	and	DNA	strand	breaks,	which	require	BER	for	the	restoration	of	DNA
and	for	minimizing	mutagenesis.	In	addition	to	DNA	repair,	a	number	of	cellular	signaling	pathways	are	activated
by	asbestos.	These	include	the	epidermal	growth	factor	receptor	and	MAPK	pathway,	leading	to	the	activation	of
nuclear	factor-κB	and	transcription	factor	activator	protein-1.53	Activation	of	the	nuclear	factor-κB	pathway	leads
to	 the	 induction	 of	 proinflammatory	 genes	 such	 as	 tumor	 necrosis	 factor,	 interleukin	 6,	 and	 interleukin	 8,	 and
proliferation-promoting	genes	such	as	c-	Myc,	leading	to	inflammation	and	increased	cell	proliferation.	Asbestos
exposure	also	stimulates	expression	of	the	transforming	growth	factor	β,	which	in	turn	stimulates	fibrogenesis	in
exposed	 tissues.53	One	mechanism	 by	which	 asbestos	 affects	 gene	 expression	 is	 through	 epigenetic	 alterations
such	as	DNA	methylation.54

Cancer	Risks

Lung	Cancer
Epidemiologic	 studies	 have	 found	 a	 strong	 link	 between	 asbestos	 exposure	 and	 lung	 cancer.53,55	 It	 has	 been
estimated	that	about	5%	to	7%	of	all	lung	cancers	are	attributable	to	asbestos	exposure,	and	asbestos	and	tobacco
smoking	 act	 in	 synergy	 to	 induce	 lung	 cancer.	Mutational	 spectra	 due	 to	 8-hydroxyguanine	 lesions	 formed	 by
ROS	can	be	linked	to	asbestos	exposure,	and	point	mutations	in	the	tumor	suppressor	genes	p53	and	p16/INK4A
and	in	the	KRAS	oncogene	have	been	found	in	tumors	from	asbestos-exposed	individuals.

Mesothelioma
After	being	taken	up	by	lung	tissues,	asbestos	fibers	can	translocate	into	the	pleural	cavity,	the	body	cavity	that
surrounds	 the	 lungs.	 The	 pleural	 cavity	 is	 covered	 with	 a	 protective	 lining,	 the	 mesothelia,	 consisting	 of
squamous-like	epithelial	cells.	Mesothelial	cells	can	internalize	asbestos	fibers,	resulting	in	induction	of	ROS	and
inflammatory	 responses,	 subsequently	 leading	 to	 the	 initiation	 and	 progression	 of	 malignant	 mesothelioma.56
Asbestos	is	considered	one	of	the	major	causes	of	malignant	mesothelioma,	and	frequent	mutations	are	found	in
the	p16/INK4A	and	NF2	genes,	whereas	p53	mutations	are	fairly	rare.57

NANOPARTICLES
Nanoparticles	are	defined	as	ultrafine	particles	of	the	size	range	1	to	100	nm	in	diameter.	Nanoparticle	chemistry
of	a	certain	compound	is	different	from	bulk	chemistry	of	that	compound	because	of	the	high	percentage	of	atoms
at	the	surface	of	the	particle.	The	production	of	nanoparticles	has	increased	dramatically	in	recent	years,	and	they
are	 found	 in	many	 industrial	 and	 consumer	 products	 such	 as	 paint,	 cosmetics,	 and	 sunscreens.	They	 also	 have
many	 potential	 medical	 applications,	 such	 as	 delivery	 vehicles	 for	 specific	 drugs	 to	 specific	 target	 tissues	 or
tumors.

Mechanisms	of	DNA	Damage	Induction
Many	of	the	cellular	effects	of	nanoparticles	are	similar	to	the	effects	exerted	by	asbestos,	such	as	the	generation
of	ROS	and	 inflammation.58	Nanoparticles	 have	 been	 shown	 to	 induce	 oxidative	DNA	damage,	 such	 as	DNA
strand	 breaks	 and	 8-hydroxyguanine	 lesions	 both	 in	 cell	 culture59	 and	 in	 vivo.60	 Nanoparticle-induced	 DNA
lesions	 are	manifested	 as	histone	 γ-H2AX	nuclear	 foci,	 chromosome	deletions,	 and	micronuclei.	 In	 addition	 to
inducing	 DNA	 damage,	 nanoparticle-exposed	 cells	 downregulate	 expression	 of	 many	 DNA	 repair	 genes,	 thus
exacerbating	the	genotoxic	effects	of	nanoparticles.61

Cellular	Responses
Nanoparticles	induce	ROS	either	directly	or	indirectly,	resulting	in	DNA	lesions,	such	as	8-hydroxyguanine-base
damage	 and	DNA	 strand	 breaks.	 These	 lesions	 are	 repaired	 by	 the	 BER	 pathway.	 Phosphorylation	 of	 histone
H2AX	has	been	 shown	 to	occur	 following	exposure	of	 cells	 to	nanoparticles,	 suggesting	 that	 the	DNA	 lesions
trigger	the	activation	of	ATM	or	ATR	stress	kinases.62	Nanoparticles	have	also	been	found	to	affect	the	immune
system63	and	can	induce	the	release	of	the	proinflammatory	cytokine	tumor	necrosis	factor-α	from	cells.
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Cancer	Risks
Some	nanoparticles,	 such	 as	 titanium	dioxide,	which	 is	 used	 as	 pigments	 in	 paint,	 have	 been	 classified	 by	 the
International	 Agency	 for	 Research	 on	 Cancer	 as	 a	 group	 2B	 carcinogen,	 “possibly	 carcinogenic	 to	 humans.”
However,	rigorous	epidemiologic	data	is	lacking	to	fully	evaluate	the	cancer	inducing	potential	of	nanoparticles.64
A	 recent	 study	 concluded	 that	 long	 fiber	 nanotubes	 acts	 similarly	 to	 asbestos	 in	 inducing	 mesothelioma	 by
disrupting	expression	of	the	tumor	suppressor	gene	CDKN2A.57
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11 Dietary	Factors
Karin	B.	Michels	and	Walter	C.	Willett

INTRODUCTION
Over	 three	 decades	 ago,	Doll	 and	 Peto1	 speculated	 that	 35%	 (range:	 10%	 to	 70%)	 of	 all	 cancer	 deaths	 in	 the
United	States	may	be	preventable	by	alterations	in	diet.	The	magnitude	of	the	estimate	for	diet	exceeded	that	for
tobacco	(30%)	and	infections	(10%).

Studies	 of	 cancer	 incidence	 among	 populations	 migrating	 to	 countries	 with	 different	 lifestyle	 factors	 have
indicated	 that	 most	 cancers	 have	 a	 large	 environmental	 etiology.	 Although	 the	 contribution	 of	 environmental
influences	differs	by	cancer	 type,	 the	incidence	of	many	cancers	changes	by	as	much	as	five-	 to	 tenfold	among
migrants	over	 time,	approaching	 that	of	 the	host	country.	The	age	at	migration	affects	 the	degree	of	adaptation
among	first-generation	migrants	for	some	cancers,	suggesting	that	the	susceptibility	to	environmental	carcinogenic
influences	 varies	 with	 age	 by	 cancer	 type.	 Identifying	 the	 specific	 environmental	 and	 lifestyle	 factors	 most
important	to	cancer	etiology,	however,	has	proven	difficult.

Environmental	factors	such	as	diet	may	influence	the	incidence	of	cancer	through	many	different	mechanisms
and	at	different	stages	in	the	cancer	process.	Simple	mutagens	in	foods,	such	as	those	produced	by	the	heating	of
proteins,	can	cause	damage	to	DNA,	but	dietary	factors	can	also	influence	this	process	by	inducing	enzymes	that
activate	 or	 inactivate	 these	mutagens	or	 by	blocking	 the	 action	of	 the	mutagen.	Dietary	 factors	 can	 also	 affect
every	 pathway	 hypothesized	 to	 mediate	 cancer	 risk	 (e.g.,	 the	 rate	 of	 cell	 cycling	 through	 hormonal	 or
antihormonal	effects,	aiding	or	inhibiting	DNA	repair,	promoting	or	inhibiting	apoptosis,	and	DNA	methylation).
Because	of	the	complexity	of	these	mechanisms,	knowledge	of	dietary	influences	on	risk	of	cancer	will	require	an
empirical	basis	with	human	cancer	as	the	outcome.

METHODOLOGIC	CHALLENGES
Study	Types	and	Biases
The	association	between	diet	and	the	risk	of	cancer	has	been	the	subject	of	a	number	of	epidemiologic	studies.
The	most	common	designs	are	the	case-control	study,	the	cohort	study,	and	the	randomized	clinical	trial	(RCT).
When	 the	 results	 from	epidemiologic	studies	are	 interpreted,	 the	potential	 for	confounding	must	be	considered.
Individuals	 who	maintain	 a	 healthy	 diet	 are	 likely	 to	 exhibit	 other	 indicators	 of	 a	 healthy	 lifestyle,	 including
regular	physical	 activity,	 lower	body	weight,	use	of	multivitamin	 supplements,	 lower	 smoking	 rates,	 and	 lower
alcohol	 consumption.	 Even	 if	 the	 influence	 of	 these	 confounding	 variables	 is	 analytically	 controlled,	 residual
confounding	remains	possible.

Ecologic	Studies
In	ecologic	studies	or	international	correlation	studies,	variation	in	food	disappearance	data	and	the	prevalence	of
a	certain	disease	are	correlated,	generally	across	different	countries.	A	linear	association	may	provide	preliminary
data	to	inform	future	research	but,	due	to	the	high	probability	of	confounding,	cannot	provide	strong	evidence	for
a	causal	link.	Food	disappearance	data	also	may	not	provide	a	good	estimate	for	human	consumption.	The	gross
national	product	is	correlated	with	many	dietary	factors	such	as	fat	intake.2	Many	other	differences	besides	dietary
fat	exist	between	the	countries	with	low	fat	consumption	(less	affluent)	and	high	fat	consumption	(more	affluent);
reproductive	 behaviors,	 physical	 activity	 level,	 and	 body	 fatness	 are	 particularly	 notable	 and	 are	 strongly
associated	with	specific	cancers.
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Migrant	Studies
Studies	of	populations	migrating	from	areas	with	low	incidence	of	disease	to	areas	with	high	incidence	of	disease
(or	 vice	 versa)	 can	 help	 sort	 out	 the	 role	 of	 environmental	 factors	 versus	 genetics	 in	 the	 etiology	 of	 a	 cancer,
depending	 on	 whether	 the	 migrating	 group	 adopts	 the	 cancer	 rates	 of	 the	 new	 environment.	 Specific	 dietary
components	linked	to	disease	are	difficult	to	identify	in	a	migrant	study.

Case-Control	Studies
Case-control	 studies	 of	 diet	may	be	 affected	by	 recall	 bias,	 control	 selection	bias,	 and	 confounding.	 In	 a	 case-
control	study,	participants	affected	by	the	disease	under	study	(cases)	and	healthy	controls	are	asked	to	recall	their
past	dietary	habits.	Cases	may	overestimate	their	consumption	of	foods	that	are	commonly	considered	“unhealthy”
and	 underestimate	 their	 consumption	 of	 foods	 considered	 “healthy.”	 Giovannucci	 et	 al.3	 have	 documented
differential	reporting	of	fat	intake	before	and	after	disease	occurrence.	Thus,	the	possibility	of	recall	bias	in	a	case-
control	 study	 poses	 a	 real	 threat	 to	 the	 validity	 of	 the	 observed	 associations.	 Even	 more	 importantly,	 in
contemporary	 case-control	 studies	 using	 a	 population	 sample	 of	 controls,	 the	 participation	 rate	 of	 controls	 is
usually	far	from	complete,	often	50%	to	70%.	Unfortunately,	health-conscious	individuals	may	be	more	likely	to
participate	as	controls	and	will	thus	be	less	overweight,	consume	fruits	and	vegetables	more	frequently,	and	less
fat	and	red	meat,	which	can	substantially	distort	associations	observed.

Cohort	Studies
Prospective	cohort	studies	of	the	effects	of	diet	are	likely	to	have	a	much	higher	validity	than	retrospective	case-
control	studies	because	diet	is	recorded	by	participants	before	disease	occurrence.	Cohort	studies	are	still	affected
by	 measurement	 error	 because	 diet	 consists	 of	 a	 large	 number	 of	 foods	 eaten	 in	 complex	 combinations.
Confounding	 by	 other	 unmeasured	 or	 imperfectly	 measured	 lifestyle	 factors	 can	 remain	 a	 problem	 in	 cohort
studies.

Now	 that	 the	 results	 of	 a	 substantial	 number	of	 cohort	 studies	have	become	available,	 their	 findings	 can	be
compared	with	those	of	case-control	studies	that	have	examined	the	same	relations.	In	many	cases,	the	findings	of
the	 case-control	 studies	 have	 not	 been	 confirmed;	 for	 example,	 the	 consistent	 finding	 of	 lower	 risk	 of	 many
cancers	with	higher	intake	of	fruits	and	vegetables	in	case-control	studies	has	generally	not	been	seen	in	cohort
studies.	These	findings	suggest	that	the	concerns	about	biases	in	case-control	studies	of	diet,	and	probably	many
other	lifestyle	factors,	are	justified,	and	findings	from	such	studies	must	be	interpreted	cautiously.

Randomized	Clinical	Trials
The	gold	standard	in	medical	research	is	usually	considered	to	be	the	RCT.	In	an	RCT	on	nutrition,	participants
are	randomly	assigned	to	one	of	two	or	more	diets;	hence,	the	association	between	diet	and	the	cancer	of	interest
should	not	be	 confounded	by	other	 factors.	A	problem	with	RCTs	of	diet	 is	 that	maintaining	 the	 assigned	diet
strictly	over	many	years,	as	would	be	necessary	for	diet	 to	have	an	impact	on	cancer	incidence,	 is	difficult.	For
example,	in	the	dietary	fat	reduction	trial	of	the	Women’s	Health	Initiative	(WHI),	participants	randomized	to	the
intervention	arm	reduced	their	fat	intake	much	less	than	planned.4	The	remaining	limited	contrast	between	the	two
groups	left	the	lack	of	difference	in	disease	outcomes	difficult	to	interpret.	Furthermore,	the	relevant	time	window
for	intervention	and	the	necessary	duration	of	intervention	are	unclear,	especially	with	cancer	outcomes.	Hence,
randomized	trials	are	rarely	used	to	examine	the	effect	of	diet	on	cancer	but	have	better	promise	for	the	study	of
diet	 and	 outcomes	 that	 require	 considerably	 shorter	 follow-up	 time	 (e.g.,	 adenoma	 recurrence).	 Also,	 the
randomized	design	may	lend	itself	better	to	the	study	of	the	effects	of	dietary	supplements	such	as	multivitamin	or
fiber	 supplements,	 although	 the	 control	 group	 may	 adopt	 the	 intervention	 behavior	 because	 nutritional
supplements	are	widely	available.	For	example,	in	the	WHI	trial	of	calcium	and	vitamin	D	supplementation,	two-
thirds	of	the	study	population	used	vitamin	D	or	calcium	supplements	that	they	obtained	outside	of	the	trial,	again
rendering	the	lack	of	effect	in	the	trial	uninterpretable.

Diet	Assessment	Instruments
Observational	 studies	depend	on	a	 reasonably	valid	assessment	of	dietary	 intake.	Although,	 for	 some	nutrients,
biochemical	 measurements	 can	 be	 used	 to	 assess	 intake,	 for	 most	 dietary	 constituents,	 a	 useful	 biochemical
indicator	 does	 not	 exist.	 In	 population-based	 studies,	 diet	 is	 generally	 assessed	 with	 a	 self-administered



instrument.	Since	1980,	considerable	effort	has	been	directed	at	 the	development	of	standardized	questionnaires
for	measuring	diet,	and	numerous	studies	have	been	conducted	to	assess	the	validity	of	these	methods.	The	most
widely	used	diet	assessment	instruments	are	the	food	frequency	questionnaire,	the	7-day	diet	record,	and	the	24-
hour	 recall.	Although	 the	7-day	diet	 record	may	provide	 the	most	 accurate	documentation	of	 intake	during	 the
week	 the	 participant	 keeps	 a	 diet	 diary,	 the	 burden	 of	 computerizing	 the	 information	 and	 extracting	 foods	 and
nutrients	has	prohibited	the	use	of	the	7-day	diet	record	in	most	large-scale	studies.	The	24-hour	recall	provides
only	a	snapshot	of	diet	on	one	day,	which	may	or	may	not	be	representative	of	the	participant’s	usual	diet	and	is
thus	affected	by	both	within-person	variation	and	seasonal	variation.	The	food	frequency	questionnaire,	the	most
widely	used	instrument	in	large	population-based	studies,	asks	participants	to	report	their	average	intake	of	a	large
number	of	 foods	during	 the	previous	year.	Participants	 tend	 to	substantially	overreport	 their	 fruit	and	vegetable
consumption	on	 the	 food	 frequency	questionnaire.5	 This	 tendency	may	 reflect	 “social	 desirability	 bias,”	which
leads	 to	 overreporting	 of	 healthy	 foods	 and	 underreporting	 of	 less	 healthy	 foods.	 Studies	 of	 validity	 using
biomarkers	or	detailed	measurements	of	diet	as	comparisons	have	suggested	that	carefully	designed	questionnaires
can	have	sufficient	validity	to	detect	moderate	to	strong	associations.	Because	more	than	4	days	of	dietary	recalls
would	 be	 needed	 to	 capture	 intakes	 of	 food	 and	 nutrients	 that	 vary	 greatly	 from	day-to-day,	 almost	 all	 cohort
studies	have	used	some	form	of	food	frequency	questionnaire.	Validity	can	be	enhanced	by	using	the	average	of
repeated	assessments	over	time.6

THE	ROLE	OF	INDIVIDUAL	FOOD	AND	NUTRIENTS	IN	CANCER	ETIOLOGY
Energy
The	most	important	 impact	of	diet	on	the	risk	of	cancer	is	mediated	through	body	weight.	Overweight,	obesity,
and	inactivity	are	major	contributors	to	cancer	risk.	(A	more	detailed	discussion	is	provided	in	Chapter	12.)	In	the
large	American	Cancer	Society	Cohort,	obese	individuals	had	substantially	higher	mortality	from	all	cancers	and
in	 particular	 from	 colorectal	 cancer,	 postmenopausal	 breast	 cancer,	 uterine	 cancer,	 cervical	 cancer,	 pancreatic
cancer,	 and	 gallbladder	 cancer	 than	 their	 normal-weight	 counterparts.	 Adiposity	 and	 in	 particular	 waist
circumference	are	predictors	of	colon	cancer	incidence	among	women	and	men.	Weight	gain	of	10	kg	or	more	is
associated	with	a	significant	increase	in	postmenopausal	breast	cancer	incidence	among	women	who	never	used
hormone	replacement	therapy,	whereas	weight	loss	of	comparable	magnitude	after	menopause	is	associated	with
substantially	 lower	 risk	 of	 breast	 cancer	 risk.7	 Mendelian	 randomization	 provides	 further	 evidence	 for	 causal
relations	between	adiposity	and	ovarian	and	colorectal	cancer.8	Regular	physical	activity	contributes	 to	a	 lower
prevalence	of	overweight	and	obesity	and	consequently	reduces	the	burden	of	cancer	at	least	partly	through	this
pathway.

The	mechanisms	 whereby	 adiposity	 increases	 risk	 of	 various	 cancers	 are	 probably	multiple.	 Overweight	 is
strongly	associated	with	endogenous	estrogen	 levels,	which	 likely	contribute	 to	 the	excess	 risks	of	endometrial
and	postmenopausal	breast	cancers.	The	reasons	for	the	association	with	other	cancers	are	less	clear,	but	excess
body	fat	is	also	related	to	higher	circulating	levels	of	insulin	and	C-peptide	(a	marker	of	insulin	secretion),	lower
levels	 of	 binding	 proteins	 for	 sex	 hormones	 insulin-like	 growth	 factor	 1	 (IGF-1),	 and	 higher	 levels	 of	 various
inflammatory	factors,	all	of	which	have	been	hypothesized	to	be	related	to	risks	of	various	cancers.

Energy	 restriction	 is	 one	 of	 the	 most	 effective	 measures	 to	 prevent	 cancer	 in	 the	 animal	 model.	 Although
energy	 restriction	 is	more	difficult	 to	 study	 in	humans,	voluntary	starvation	among	anorectics	and	situations	of
food	 rationing	 during	 famines	 provide	 related	 models.	 Breast	 cancer	 rates	 were	 substantially	 reduced	 among
women	with	a	history	of	severe	anorexia.9	Although	breast	cancer	incidence	was	higher	among	women	exposed	to
the	Dutch	 famine	during	childhood	or	adolescence,	 such	short-term	 involuntary	 food	 rationing	 for	9	months	or
less	was	often	followed	by	overnutrition.10	A	more	prolonged	deficit	in	food	availability	during	World	War	II	in
Norway,	if	it	occurred	during	early	adolescence,	was	associated	with	a	reduction	in	adult	risk	of	breast	cancer.

Alcohol
Besides	 body	 weight,	 alcohol	 consumption	 is	 the	 best	 established	 dietary	 risk	 factor	 for	 cancer.	 Alcohol	 is
classified	as	a	carcinogen	by	the	International	Agency	for	Research	on	Cancer	(IARC),	the	cancer	agency	of	the
World	Health	Organization.	The	Global	Burden	of	Disease	Project	has	estimated	that	600,000	cancer	deaths	per
year	 are	 attributable	 to	 alcohol	 consumption.	 Consumption	 of	 alcohol	 increases	 the	 risk	 of	 numerous	 cancers,
including	those	of	the	liver,	esophagus,	pharynx,	oral	cavity,	larynx,	breast,	and	colorectum	in	a	dose-dependent
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fashion.11	Evidence	is	convincing	that	excessive	alcohol	consumption	increases	the	risk	of	primary	liver	cancer,
probably	through	cirrhosis	and	alcoholic	hepatitis.	At	least	in	the	developed	world,	about	75%	of	cancers	of	the
esophagus,	pharynx,	oral	cavity,	and	larynx	are	attributable	to	alcohol	and	tobacco,	with	a	marked	increase	in	risk
among	drinkers	who	also	smoke,	suggesting	a	multiplicative	effect.	Mechanisms	may	include	direct	damage	to	the
cells	 in	 the	 upper	 gastrointestinal	 tract;	modulation	 of	DNA	methylation,	which	 affects	 susceptibility	 to	DNA
mutations;	 and	 an	 increase	 in	 acetaldehyde,	 the	 main	 metabolite	 of	 alcohol,	 which	 enhances	 proliferation	 of
epithelial	 cells,	 forms	 DNA	 adducts,	 and	 is	 a	 recognized	 carcinogen.	 The	 association	 between	 alcohol
consumption	and	breast	cancer	is	notable	because	a	small	but	significant	risk	has	been	found	even	with	one	drink
per	 day.	 Mechanisms	 may	 include	 an	 interaction	 with	 folate,	 an	 increase	 in	 endogenous	 estrogen	 levels,	 and
elevation	 of	 acetaldehyde.	 Some	 evidence	 suggests	 that	 the	 excess	 risk	 is	mitigated	 by	 adequate	 folate	 intake
possibly	 through	 an	 effect	 on	 DNA	methylation.12	 Notably,	 for	 most	 cancer	 sites,	 no	 important	 difference	 in
associations	was	found	with	the	type	of	alcoholic	beverage,	suggesting	a	critical	role	of	ethanol	in	carcinogenesis.

Dietary	Fat
Until	recently,	reduction	in	dietary	fat	has	been	at	the	center	of	cancer	prevention	efforts.	In	the	landmark	1982
National	Academy	of	Sciences	review	of	diet,	nutrition,	and	cancer,	reduction	in	fat	intake	to	30%	of	calories	was
the	primary	recommendation.

Interest	in	dietary	fat	as	a	cause	of	cancer	began	in	the	first	half	of	the	20th	century,	when	studies	indicated	that
diets	high	in	fat	could	promote	tumor	growth	in	animal	models.	Dietary	fat	has	a	clear	effect	on	tumor	incidence
in	many	models,	although	not	in	all;	however,	a	central	issue	has	been	whether	this	is	independent	of	the	effect	of
energy	intake.	In	the	1970s,	the	possible	relation	of	dietary	fat	intake	to	cancer	incidence	gained	greater	attention
as	the	large	international	differences	in	rates	of	many	cancers	were	noted	to	be	strongly	correlated	with	apparent
per	 capita	 fat	 consumption	 in	 ecologic	 studies.2	 Particularly	 strong	 associations	were	 seen	with	 cancers	 of	 the
breast,	colon,	prostate,	and	endometrium,	which	include	the	most	important	cancers	not	due	to	smoking	in	affluent
countries.	These	correlations	were	observed	to	be	limited	to	animal,	not	vegetable,	fat.

Dietary	Fat	and	Breast	Cancer
Breast	cancer	is	the	most	common	malignancy	among	women	in	affluent	countries.	Rates	in	most	parts	of	Asia,
South	America,	 and	Africa	 have	been	only	 approximately	 one-fifth	 that	 of	 the	United	States,	 but	 in	 almost	 all
these	areas,	rates	of	breast	cancer	are	increasing.	Populations	that	migrate	from	low-	to	high-incidence	countries
develop	breast	cancer	rates	that	approximate	those	of	the	new	host	country.	However,	rates	do	not	approach	those
of	the	general	U.S.	population	until	 the	second	or	third	generation.13	This	slower	rate	of	change	for	 immigrants
may	indicate	delayed	acculturation,	and	although	a	similar	delay	in	rate	increase	is	not	observed	for	colon	cancer,
it	may	suggest	influences	on	breast	cancer	earlier	in	the	life	course.

The	 results	 from	 12	 smaller	 case-control	 studies	 that	 included	 4,312	 cases	 and	 5,978	 controls	 have	 been
summarized	in	a	meta-analysis.	The	pooled	relative	risk	(RR)	was	1.35	(P	<	.0001)	for	a	100-g	increase	in	daily
total	fat	intake,	although	the	risk	was	somewhat	stronger	for	postmenopausal	women	(RR,	1.48;	P	<	.001).	This
magnitude	 of	 association,	 however,	 could	 be	 compatible	 with	 biases	 due	 to	 recall	 of	 diet	 or	 the	 selection	 of
controls.

Because	of	the	prospective	design	of	cohort	studies,	most	of	the	methodologic	biases	of	case-control	studies	are
avoided.	 In	 an	 analysis	 of	 the	 Nurses’	 Health	 Study	 that	 included	 121,700	 U.S.	 female	 registered	 nurses,	 no
association	with	 total	 fat	 intake	was	 observed,	 and	 there	was	 no	 suggestion	of	 any	 reduction	 in	 risk	 at	 intakes
below	25%	of	energy.	Because	repeated	assessments	of	diet	were	obtained	at	2-	to	4-year	intervals,	this	analysis
provided	a	particularly	detailed	evaluation	of	fat	intake	over	an	extended	period	in	relation	to	breast	cancer	risk.
Similar	 observations	 were	 made	 in	 the	 National	 Institutes	 of	 Health	 (NIH)–American	 Association	 of	 Retired
Persons	 (AARP)	 Diet	 and	 Health	 Study	 including	 188,736	 postmenopausal	 women	 and	 in	 the	 European
Prospective	 Investigation	 into	 Cancer	 and	Nutrition	 (EPIC),	 which	 included	 7,119	 incident	 cases.	 In	 a	 pooled
analysis	of	seven	prospective	studies	that	included	337,000	women	who	developed	4,980	incident	cases	of	breast
cancer,	 no	 overall	 association	was	 seen	 for	 fat	 intake	 over	 the	 range	 of	 <20%	 to	 >45%	 energy	 (reflecting	 the
current	range	observed	internationally).14	A	similar	lack	of	association	was	seen	for	specific	types	of	fat.	This	lack
of	association	with	total	fat	intake	was	confirmed	in	a	subsequent	analysis	of	the	pooled	prospective	studies	of	diet
and	breast	cancer	 that	 included	over	7,000	cases.	These	cohort	findings	 therefore	do	not	support	 the	hypothesis
that	dietary	fat	is	an	important	contributor	to	breast	cancer	incidence.

Endogenous	estrogen	levels	have	now	been	established	as	a	risk	factor	for	breast	cancer.	Thus,	the	effects	of	fat



and	 other	 dietary	 factors	 on	 estrogen	 levels	 are	 of	 potential	 interest.	Vegetarian	women,	who	 consume	 higher
amounts	of	fiber	and	lower	amounts	of	fat,	have	lower	blood	levels	and	reduced	urinary	excretion	of	estrogens,
apparently	due	 to	 increased	 fecal	excretion.	A	meta-analysis	has	suggested	 that	 reduction	 in	dietary	 fat	 reduces
plasma	estrogen	levels,	but	the	studies	included	were	plagued	by	the	lack	of	concurrent	controls,	short	duration,
and	confounding	by	negative	energy	balance.	In	a	large,	randomized	trial	among	postmenopausal	women	with	a
previous	 diagnosis	 of	 breast	 cancer,	 reduction	 in	 dietary	 fat	 did	 not	 affect	 estradiol	 levels	when	 the	 data	were
appropriately	analyzed.

The	WHI	Randomized	Controlled	Dietary	Modification	Trial	 similarly	suggested	no	association	between	 fat
intake	and	breast	cancer	incidence,4	but	these	results	are	difficult	to	interpret.15	The	data	on	biomarkers	that	reflect
fat	 intake	 suggest	 little	 if	 any	 difference	 in	 fat	 intake	 between	 the	 intervention	 and	 control	 groups.16	 Even	 if
dietary	fat	does	truly	have	an	effect	on	cancer	incidence	and	other	outcomes,	this	lack	of	adherence	to	the	dietary
intervention	 could	 explain	 the	 absence	 of	 an	 observed	 effect	 on	 total	 cancer	 incidence	 and	 total	 mortality.	 In
another	 randomized	 trial	 in	 Canada,	 testing	 an	 intervention	 target	 of	 15%	 of	 calories	 from	 fat,	 a	 small	 but
significant	difference	in	high-density	lipoprotein	levels	was	observed	after	8	to	9	years	of	follow-up,	suggesting	a
difference	in	fat	intake	in	the	two	groups.	The	incidence	of	breast	cancer	in	intervention	and	control	group	did	not
differ	significantly.

Some	 prospective	 cohort	 studies	 suggest	 an	 inverse	 association	 between	 monounsaturated	 fat	 and	 breast
cancer.	This	is	an	intriguing	observation	because	of	the	relatively	low	rates	of	breast	cancer	in	southern	European
countries	with	high	intakes	of	monounsaturated	fats	due	to	the	use	of	olive	oil	as	the	primary	fat.	In	case-control
studies	in	Spain,	Greece,	and	Italy,	women	who	used	more	olive	oil	had	reduced	risks	of	breast	cancer.

In	 a	 report	 of	 findings	 from	 the	Nurses’	Health	Study	 II	 cohort	 of	 premenopausal	women,	 higher	 intake	 of
animal	fat	was	associated	with	an	approximately	50%	greater	risk	of	breast	cancer,	but	no	association	was	seen
with	intake	of	vegetable	fat.	This	suggests	that	factors	in	foods	containing	animal	fats,	rather	than	fat	per	se,	may
account	 for	 the	 findings.	 In	 the	 same	 cohort,	 intake	 of	 red	 meat	 and	 total	 fat	 during	 adolescence	 was	 also
associated	with	risk	of	premenopausal	breast	cancer.

Dietary	Fat	and	Colon	Cancer
In	 comparisons	 among	 countries,	 rates	 of	 colon	 cancer	 are	 strongly	 correlated	 with	 national	 per	 capita
disappearance	of	animal	fat	and	meat,	with	correlation	coefficients	ranging	between	0.8	and	0.9.2	Rates	of	colon
cancer	 rose	 sharply	 in	 Japan	 after	World	War	 II,	 paralleling	 a	 2.5-fold	 increase	 in	 fat	 intake.	 Based	 on	 these
epidemiologic	 investigations	 and	 animal	 studies,	 a	 hypothesis	 has	 developed	 that	 higher	 dietary	 fat	 increases
excretion	of	bile	acids,	which	can	be	converted	to	carcinogens	or	act	as	promoters.	However,	evidence	from	many
studies	on	obesity	and	low	levels	of	physical	activity	increasing	the	risk	of	colon	cancer	suggests	that	at	least	part
of	the	high	rates	in	affluent	countries	previously	attributed	to	fat	intake	is	probably	due	to	sedentary	lifestyle.

The	Nurses’	Health	Study	suggested	an	approximately	twofold	higher	risk	of	colon	cancer	among	women	in
the	highest	quintile	of	animal	fat	intake	than	in	those	in	the	lowest	quintile.	In	a	multivariate	analysis	of	these	data,
which	included	red	meat	intake	and	animal	fat	intake	in	the	same	model,	red	meat	intake	remained	significantly
predictive	of	risk	of	colon	cancer,	whereas	 the	association	with	animal	fat	was	eliminated.	Other	cohort	studies
have	 supported	 associations	 of	 colon	 cancer	 and	 consumption	 of	 red	meat	 and	 processed	meats	 but	 not	 other
sources	of	fat	or	total	fat.	Similar	associations	were	also	observed	for	colorectal	adenomas.	In	a	meta-analysis	of
prospective	studies,	red	meat	consumption	was	associated	with	risk	of	colon	cancer	(RR,	1.24;	95%	confidence
interval	 [CI],	 1.09	 to	1.41	 for	 an	 increment	of	120	d	per	day).	The	association	with	 consumption	of	processed
meats	was	particularly	strong	(RR,	1.36;	95%	CI,	1.15	to	1.61	for	an	increment	of	30	g	per	day).

The	 apparently	 stronger	 association	 with	 red	 meat	 consumption	 than	 with	 fat	 intake	 in	 most	 large	 cohort
studies	needs	further	confirmation,	but	such	an	association	could	result	if	the	fatty	acids	or	nonfat	components	of
meat	 (e.g.,	 the	heme	 iron	or	carcinogens	created	by	cooking)	were	 the	primary	etiologic	 factors.	This	 issue	has
major	practical	implications	because	current	dietary	recommendations	support	the	daily	consumption	of	red	meat
as	long	as	it	is	lean.

Dietary	Fat	and	Prostate	Cancer
Although	 further	 data	 are	 desirable,	 the	 evidence	 from	 international	 correlations	 and	 case-control	 and	 cohort
studies	 provides	 some	 support	 for	 an	 association	 between	 consumption	 of	 fat-containing	 animal	 products	 and
prostate	cancer	incidence.	This	evidence	does	not	generally	support	a	relation	with	intake	of	vegetable	fat,	which
suggests	that	either	the	type	of	fat	or	other	components	of	animal	products	are	responsible.	Some	evidence	also
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indicates	that	animal	fat	consumption	may	be	most	strongly	associated	with	the	incidence	of	aggressive	prostate
cancer,	which	suggests	an	influence	on	the	transition	from	the	widespread	indolent	form	to	the	more	lethal	form	of
this	malignancy.	Data	are	limited	on	the	relation	of	fat	intake	to	the	probability	of	survival	after	the	diagnosis	of
prostate	cancer.

Dietary	Fat	and	Other	Cancers
Rates	of	other	cancers	that	are	common	in	affluent	countries,	including	those	of	the	endometrium	and	ovary,	are
also	 correlated	with	 fat	 intake	 internationally.	 In	 prospective	 studies	 between	 Iowan	 and	Canadian	women,	 no
evidence	of	a	relation	between	fat	intake	and	risk	of	endometrial	cancer	was	found.	Positive	associations	between
dietary	fat	and	 lung	cancer	have	been	observed	 in	many	case-control	studies.	However,	 in	a	pooled	analysis	of
large	 prospective	 studies	 that	 included	 over	 3,000	 incident	 cases,	 no	 association	was	 observed.	These	 findings
provide	further	evidence	that	the	results	of	case-control	studies	of	diet	and	cancer	are	likely	to	be	misleading.

Summary
Largely	on	 the	basis	 of	 the	 results	 of	 animal	 studies,	 international	 correlations,	 and	 a	 few	case-control	 studies,
great	enthusiasm	developed	in	the	1980s	that	modest	reductions	in	total	fat	intake	would	have	a	major	impact	on
breast	cancer	incidence.	As	the	findings	from	large	prospective	studies	have	become	available,	however,	support
for	this	relation	has	greatly	weakened.	Although	evidence	suggests	that	high	intake	of	animal	fat	early	in	adult	life
may	increase	the	risk	of	premenopausal	breast	cancer,	this	is	not	likely	to	be	due	to	fat	per	se	because	vegetable
fat	 intake	was	not	 related	 to	 risk.	For	colon	cancer,	 the	associations	 seen	with	animal	 fat	 intake	 internationally
have	been	supported	in	numerous	case-control	and	cohort	studies,	but	this	also	appears	to	be	explained	by	factors
in	 red	 meat	 other	 than	 simply	 its	 fat	 content.	 Further,	 the	 importance	 of	 physical	 activity	 and	 leanness	 as
protective	factors	against	colon	cancer	indicates	that	international	correlations	probably	overstate	the	contribution
of	dietary	fat	to	differences	in	colon	cancer	incidence.

Despite	 the	 large	 body	 of	 data	 on	 dietary	 fat	 and	 cancer	 that	 has	 accumulated	 since	 1985,	 any	 conclusions
should	be	regarded	as	 tentative	because	these	are	disease	processes	 that	are	poorly	understood	and	are	 likely	 to
take	many	decades	to	develop.	Because	most	of	the	reported	literature	from	prospective	studies	is	based	on	fewer
than	 20	 years’	 follow-up,	 further	 evaluation	 of	 the	 effects	 of	 diet	 earlier	 in	 life	 and	 at	 longer	 intervals	 of
observation	are	needed	to	fully	understand	these	complex	relations.	Nevertheless,	persons	interested	in	reducing
their	risk	of	cancer	could	be	advised,	as	a	prudent	measure,	to	minimize	their	intake	of	foods	high	in	animal	fat,
particularly	red	meat.	Such	a	dietary	pattern	is	also	likely	to	be	beneficial	for	the	risk	of	cardiovascular	disease.
On	the	other	hand,	unsaturated	fats	(with	the	exception	of	transfatty	acids)	reduce	blood	low-density	lipoprotein
cholesterol	 levels	 and	 the	 risk	 of	 cardiovascular	 disease,	 and	 little	 evidence	 suggests	 that	 they	 adversely	 affect
cancer	 risk.	Thus,	 efforts	 to	 reduce	unsaturated	 fat	 intake	 are	not	warranted	 at	 this	 time	and	are	 likely	 to	have
adverse	 effects	 on	 cardiovascular	 disease	 risk.	Because	 excess	 adiposity	 increases	 risks	 of	 several	 cancers	 and
cardiovascular	disease,	balancing	calories	from	any	source	with	adequate	physical	activity	is	extremely	important.

Fruits	and	Vegetables

General	Properties
Fruits	and	vegetables	have	been	hypothesized	to	be	major	dietary	contributors	to	cancer	prevention	because	they
are	rich	in	potentially	anticarcinogenic	substances.	Fruits	and	vegetables	contain	antioxidants	and	minerals	and	are
good	 sources	 of	 fiber,	 potassium,	 carotenoids,	 vitamin	 C,	 folate,	 and	 other	 vitamins.	 Although	 fruits	 and
vegetables	supply	<5%	of	total	energy	intake	in	most	countries	worldwide	on	a	population	basis,	the	concentration
of	micronutrients	in	these	foods	is	greater	than	in	most	others.

The	 comprehensive	 report	 of	 the	 World	 Cancer	 Research	 Fund	 and	 the	 American	 Institute	 for	 Cancer
Research,	published	in	2007	and	titled	Food,	Nutrition,	Physical	Activity,	and	the	Prevention	of	Cancer:	A	Global
Perspective,	 reached	 the	 consensus	 based	 on	 the	 available	 evidence:	 “Findings	 from	 cohort	 studies	 conducted
since	the	mid-1990s	have	made	the	overall	evidence,	that	vegetables	or	fruits	protect	against	cancers,	somewhat
less	impressive.	In	no	case	now	is	the	evidence	of	protection	judged	to	be	convincing.”11

Fruit	and	Vegetable	Consumption	and	Colorectal	Cancer
The	association	between	 fruit	 and	vegetable	 consumption	 and	 the	 incidence	of	 colon	or	 rectal	 cancer	has	been



examined	 prospectively	 in	 at	 least	 six	 studies.	 In	 some	 of	 these	 prospective	 cohorts,	 inverse	 associations	were
observed	for	 individual	 foods	or	particular	 subgroups	of	 fruits	or	vegetables,	but	no	consistent	pattern	emerged
and	many	comparisons	revealed	no	such	links.	The	results	from	the	largest	studies,	the	Nurses’	Health	Study	and
the	Health	Professionals’	Follow-up	Study,	suggested	no	important	association	between	consumption	of	fruits	and
vegetables	and	incidence	of	cancers	of	the	colon	or	rectum	during	1,743,645	person-years	of	follow-up.17	In	these
two	 large	cohorts,	 diet	was	assessed	 repeatedly	during	 follow-up	with	 a	detailed	 food	 frequency	questionnaire.
Similarly,	 in	 the	 Pooling	 Project	 of	 Prospective	 Studies	 of	 Diet	 and	 Cancer,	 including	 14	 studies,	 756,217
participants,	and	5,838	cases	of	colon	cancer,	no	association	with	overall	colon	cancer	risk	was	found.

Fruit	and	Vegetable	Consumption	and	Stomach	Cancer
At	least	12	prospective	cohort	studies	have	examined	consumption	of	some	fruits	and	vegetables	and	incidence	of
stomach	 cancer.11	 Seven	 of	 these	 studies	 considered	 total	 vegetable	 intake.	 Three	 found	 significant	 protection
from	stomach	cancer,	whereas	three	did	not.	All	other	comparisons	were	made	for	subgroups	of	vegetables	and
produced	 inconsistent	 results.	 Nine	 prospective	 cohort	 studies	 investigated	 the	 association	 between	 fruit
consumption	 and	 stomach	 cancer	 risk.	 Four	 studies	 found	 an	 inverse	 association	 of	 borderline	 statistical
significance.

Fruit	and	Vegetable	Consumption	and	Breast	Cancer
The	most	comprehensive	evaluation	of	 fruit	and	vegetable	consumption	and	 the	 incidence	of	breast	cancer	was
provided	by	a	pooled	analysis	of	all	cohort	studies.	Data	were	pooled	from	eight	prospective	studies	that	included
351,825	women,	 7,377	 of	 whom	 developed	 incident	 invasive	 breast	 cancer	 during	 follow-up.	 The	 pooled	 RR
adjusted	 for	 potential	 confounding	 variables	was	 0.93	 (95%	CI,	 0.86	 to	 1.0;	P	 for	 trend,	 0.08)	 for	 the	 highest
versus	the	lowest	quartile	of	fruit	consumption,	0.96	(95%	CI,	0.89	to	1.04;	P	for	trend,	0.54)	for	vegetable	intake,
and	0.93	(95%	CI,	0.86	to	1.0;	P	 for	 trend,	0.12)	for	 total	consumption	of	fruits	and	vegetables	combined.	In	a
subsequent	pooling	project	analysis	of	prospective	studies	high	vegetable	consumption	was	inversely	associated
with	estrogen	receptor-negative	breast	cancer:	The	pooled	RR	for	 the	highest	versus	 the	 lowest	quintile	of	 total
vegetable	consumption	was	0.82	(95%	CI,	0.74	to	0.90)	for	estrogen	receptor-negative	breast	cancer,	whereas	no
significant	association	was	seen	with	estrogen	receptor-positive	breast	cancer.	This	finding	has	received	additional
support	from	a	pooled	analysis	of	prospectively	collected	blood	samples	that	were	analyzed	for	carotenoid	levels,
which	 largely	 reflect	 intake	 of	 fruits	 and	 vegetables.	 The	 top	 versus	 bottom	 quintile	 of	 carotenoid	 levels	 was
associated	 with	 an	 RR	 for	 breast	 cancer	 of	 0.81	 (95%	 CI,	 0.68	 to	 0.96)	 (see	 “Carotenoids”).	 Frequent	 fruit
consumption	during	adolescence	appeared	to	confer	protection	from	breast	cancer	(see	“Diet	during	Early	Phases
of	Life”).

Fruit	and	Vegetable	Consumption	and	Lung	Cancer
The	 relation	 between	 fruit	 and	 vegetable	 consumption	 and	 the	 incidence	 of	 lung	 cancer	 was	 examined	 in	 the
pooled	analysis	of	cohort	studies.	Overall,	no	association	was	observed,	although	a	modest	increase	in	lung	cancer
incidence	was	evident	among	participants	with	the	lowest	fruit	and	vegetable	consumption.

Fruit	and	Vegetable	Consumption	and	Total	Cancer
An	analysis	 of	 the	Nurses’	Health	Study	 and	 the	Health	Professionals’	Follow-up	Study,	 including	over	 9,000
incident	cases	of	cancer,	did	not	 reveal	a	benefit	of	 fruit	and	vegetable	consumption	 for	 total	cancer	 incidence.
Observations	from	the	EPIC	cohort	were	essentially	consistent	with	these	findings.	Although	there	may	be	only	a
weak	protection	conferred	for	overall	cancer	risk	from	consuming	an	abundance	of	fruits	and	vegetables,	there	is	a
substantial	benefit	for	cardiovascular	disease.

Summary
Consumption	of	fruits	and	vegetables	and	some	of	their	main	micronutrients	appears	to	be	less	important	in	cancer
prevention	than	previously	assumed.	With	accumulation	of	data	from	prospective	cohort	studies	and	randomized
trials,	a	lack	of	strong	overall	association	of	these	foods	and	nutrients	with	cancer	outcomes	has	become	apparent,
although	a	benefit	for	estrogen	receptor-negative	breast	cancer	has	emerged.	The	limited	evidence	for	effects	of
consumption	of	fruits	and	vegetables	during	childhood	and	adolescence	suggests	that	diet	changes	at	this	time	of
life	 may	 be	 more	 effective	 in	 reducing	 cancer	 risk	 than	 modifying	 consumption	 in	 adult	 life	 due	 to	 the	 long
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latency	of	cancer	manifestation	or	greater	sensitivity	to	carcinogens	and	anticarcinogens	during	this	period.
It	 is	 also	 possible	 that,	with	 the	 fortification	 of	 breakfast	 cereal,	 flour,	 and	 other	 staple	 foods,	 the	 frequent

consumption	of	fruits	and	vegetables	has	become	less	essential	for	cancer	prevention.	Nevertheless,	an	abundance
of	fruits	and	vegetables	as	part	of	a	healthy	diet	 is	 recommended	because	evidence	consistently	suggests	 that	 it
lowers	the	incidence	of	hypertension,	heart	disease,	and	stroke.

Fiber

General	Properties
Dietary	fiber	was	defined	in	1976	as	“all	plant	polysaccharides	and	lignin	which	are	resistant	to	hydrolysis	by	the
digestive	enzymes	of	men.”	Fiber,	both	soluble	and	insoluble,	is	fermented	by	the	luminal	bacteria	of	the	colon.
Among	 the	 properties	 of	 fiber	 that	 make	 it	 a	 candidate	 for	 cancer	 prevention	 are	 its	 “bulking”	 effect,	 which
reduces	colonic	transit	time,	and	the	binding	of	potentially	carcinogenic	luminal	chemicals.	Fiber	may	also	aid	in
producing	short-chain	fatty	acids	that	may	be	directly	anticarcinogenic,	and	fiber	may	induce	apoptosis.

Dietary	Fiber	and	Colorectal	Cancer
In	1969,	Dennis	Burkitt	hypothesized	that	dietary	fiber	is	involved	in	colon	carcinogenesis.	While	working	as	a
physician	in	Africa,	Burkitt	noticed	the	low	incidence	of	colon	cancer	among	African	populations	whose	diet	was
high	in	fiber.	Burkitt	concluded	that	a	link	might	exist	between	the	fiber-rich	diet	and	the	low	incidence	of	colon
cancer.	 Burkitt’s	 observations	 were	 followed	 by	 numerous	 case-control	 studies	 that	 seemed	 to	 confirm	 his
theories.	A	combined	analysis	of	13	case-control	 studies,	as	well	as	a	meta-analysis	of	16	case-control	 studies,
suggested	an	inverse	association	between	fiber	intake	and	the	risk	of	colorectal	cancer.	Inclusion	of	studies	was
selective,	 however,	 and	 effect	 estimates	 unadjusted	 for	 potential	 confounders	 were	 used	 for	 most	 studies.
Moreover,	recall	bias	is	a	severe	threat	to	the	validity	of	retrospective	case-control	studies	of	fiber	intake	and	any
disease	outcome.

Data	from	prospective	cohort	studies	have	inconsistently	supported	an	inverse	association	between	dietary	fiber
and	 colorectal	 cancer	 incidence.	 Initial	 analyses	 from	 the	 Nurses’	 Health	 Study	 and	 the	 Health	 Professionals’
Follow-up	Study	found	no	important	association	between	dietary	fiber	and	colorectal	cancer.	A	significant	inverse
association	 between	 fiber	 intake	 and	 incidence	 of	 colorectal	 cancer	 was	 reported	 from	 the	 EPIC	 study.	 The
analysis	 presented	 on	 dietary	 fiber	 and	 colorectal	 cancer	 encompassed	 434,209	 women	 and	 men	 from	 eight
European	 countries.	 The	 analytic	 model	 used	 by	 the	 EPIC	 investigators	 included	 adjustments	 for	 age,	 height,
weight,	 total	 caloric	 intake,	 sex,	 and	 center	 assessed	 at	 baseline	 and	 identified	 a	 significant	 inverse	 association
between	 fiber	 intake	 and	 colorectal	 cancer.	 Applying	 the	 same	 analytic	model	 used	 in	 EPIC	 to	 data	 from	 the
Nurses’	Health	Study	and	 the	Health	Professionals’	Follow-up	Study	encompassing	1.8	million	person-years	of
follow-up	and	1,572	cases	of	colorectal	cancer	revealed	associations	similar	to	those	found	in	the	EPIC	study.18
After	more	complete	adjustment	for	confounding	variables,	however,	the	association	vanished.18	Results	from	the
pooled	analysis	of	13	prospective	cohort	studies,	including	8,081	colorectal	cancer	cases	diagnosed	during	over	7
million	 person-years	 of	 follow-up,	 suggested	 an	 inverse	 relation	 between	 dietary	 fiber	 and	 colorectal	 cancer
incidence	in	age-adjusted	analyses,	but	this	association	disappeared	after	appropriate	adjustment	for	confounding
variables,	particularly	other	dietary	factors.19	The	NIH-AARP	study,	 including	2,974	cases	of	colorectal	cancer,
confirmed	the	lack	of	association	between	total	dietary	fiber	and	colorectal	cancer	risk.

The	association	between	dietary	 fiber	and	colorectal	 cancer	appears	 to	be	confounded	by	a	number	of	other
dietary	and	nondietary	factors.	These	methodologic	considerations	must	be	taken	into	account	when	interpreting
the	evidence.	It	is	also	possible	that	the	differences	in	sources	of	dietary	fiber	might	explain	the	inconsistencies
between	European	and	U.S.	studies	that	have	been	seen.

Dietary	Fiber	and	Colorectal	Adenomas
In	 a	 few	 prospective	 cohort	 studies,	 the	 primary	 occurrence	 of	 colorectal	 polyps	 was	 investigated,	 but	 no
consistent	relation	was	found.

The	 study	 of	 fiber	 intake	 and	 colorectal	 adenoma	 recurrence	 lends	 itself	 to	 an	 RCT	 design	 because	 of	 the
relatively	short	follow-up	necessary	and	because	fiber	can	be	provided	as	a	supplement.	A	number	of	RCTs	have
explored	 the	effect	of	 fiber	supplementation	on	colorectal	adenoma	recurrence.	Evidence	has	fairly	consistently
indicated	 no	 effect	 of	 fiber	 intake.	 In	 one	 RCT,	 an	 increase	 in	 adenoma	 recurrence	 was	 observed	 among
participants	 randomly	 assigned	 to	 use	 a	 fiber	 supplement,	 which	 was	 stronger	 among	 those	 with	 high	 dietary



calcium.

Dietary	Fiber	and	Breast	Cancer
Investigators	have	speculated	that	dietary	fiber	may	reduce	the	risk	of	breast	cancer	through	reduction	in	intestinal
absorption	of	estrogens	excreted	via	the	biliary	system.

Relatively	few	epidemiologic	studies	have	examined	the	association	between	fiber	intake	and	breast	cancer.	In
a	 meta-analysis	 of	 10	 case-control	 studies,	 a	 significant	 inverse	 association	 was	 observed.	 However,	 these
retrospective	studies	were	 likely	affected	by	 the	aforementioned	biases—selection	and	 recall	bias,	 in	particular.
Results	from	at	least	six	prospective	cohort	studies	consistently	suggested	no	association	between	fiber	intake	and
breast	 cancer	 incidence.	 In	 the	EPIC	 cohort,	 diets	 rich	 in	 vegetable	 fiber	were	 linked	with	 a	 reduced	 hormone
receptor-negative	breast	cancer	incidence,	reflecting	findings	from	fruit	and	vegetable	intake	discussed	previously.

Dietary	Fiber	and	Stomach	Cancer
The	results	from	retrospective	case-control	studies	of	fiber	intake	and	gastric	cancer	risk	are	inconsistent.	In	the
Netherlands	 Cohort	 Study,	 dietary	 fiber	 was	 not	 associated	 with	 incidence	 of	 gastric	 carcinoma.	 Further
investigation	through	prospective	cohort	studies	must	be	completed	before	conclusions	about	the	relation	between
fiber	intake	and	stomach	cancer	incidence	can	be	drawn.

Summary
The	observational	data	presently	available	do	not	indicate	a	clear	role	for	dietary	fiber	in	the	prevention	of	cancer,
although	small	effects	cannot	be	excluded.	The	long-held	perception	that	a	high	intake	of	fiber	conveys	protection
originated	largely	from	retrospectively	conducted	studies,	which	are	affected	by	a	number	of	biases,	in	particular,
the	potential	for	differential	recall	of	diet,	and	from	studies	that	were	not	well	controlled	for	potential	confounding
variables.	Nevertheless,	 consumption	 of	whole-grain/high-fiber	 foods	 instead	 of	 refined	 grains	 is	 important	 for
prevention	of	cardiovascular	disease	and	type	2	diabetes.

OTHER	FOODS	AND	NUTRIENTS
Red	Meat
In	October	2015,	the	IARC	declared	red	meat	and	processed	meat	a	carcinogen	based	on	the	results	of	about	700
epidemiologic	studies	on	red	meat	and	400	epidemiologic	studies	on	processed	meat.	This	decision	was	mainly
due	to	associations	with	colorectal	cancer,	but	risk	increases	in	pancreatic,	prostate,	and	stomach	cancer	were	also
found.	Regular	consumption	of	red	meat	has	been	most	consistently	associated	with	an	increased	risk	of	colorectal
cancer.	In	a	recent	meta-analysis	the	increase	in	risk	associated	with	an	increase	in	intake	of	120	g	per	day	was
24%	(95%	CI,	9%	to	41%).	The	association	was	strongest	for	processed	meat;	 the	RR	of	colorectal	cancer	was
1.36	(95%	CI,	1.15	to	1.61)	for	a	consumption	of	30	g	per	day.	According	to	the	IARC	review,	a	50-g	portion	of
processed	meat	consumed	daily	increases	the	risk	of	colorectal	cancer	by	about	18%,	whereas	daily	consumption
of	 100	 g	 of	 red	 meat	 may	 increase	 colorectal	 cancer	 risk	 by	 17%.	 No	 overall	 association	 has	 been	 observed
between	red	meat	consumption	and	breast	cancer	 in	a	pooled	analysis	of	prospective	cohorts.	However,	among
premenopausal	women	in	the	Nurses’	Health	Study	II,	the	risk	for	estrogen	receptor-	and	progesterone	receptor–
positive	 breast	 cancer	 doubled	with	 1.5	 servings	 of	 red	meat	 per	 day	 compared	 to	 three	 or	 fewer	 servings	 per
week.	No	associations	have	been	found	in	studies	on	poultry	or	fish.11	Mechanisms	through	which	red	meat	may
increase	 cancer	 risk	 include	 anabolic	 hormones	 routinely	 used	 in	 meat	 production	 in	 the	 United	 States;
heterocyclic	 amines;	 polycyclic	 aromatic	 hydrocarbons	 formed	 during	 cooking	 at	 high	 temperatures;	 the	 high
amounts	of	heme	 iron	 in	 red	meat;	 and	nitrates	and	 related	compounds	 in	 smoked,	 salted,	 and	 some	processed
meats	 that	 can	 convert	 to	 carcinogenic	 nitrosamines	 in	 the	 colon.	 The	 Global	 Burden	 of	 Disease	 Project	 has
estimated	that	diet	high	in	red	meat	may	be	responsible	for	50,000	cancer	deaths	per	year	worldwide.

Milk,	Dairy	Products,	and	Calcium
Regular	milk	 consumption	 has	 been	 associated	with	 a	modest	 reduction	 in	 colorectal	 cancer	 in	 both	 a	 pooling
project	 and	 a	 meta-analysis	 of	 cohort	 studies,	 possibly	 due	 to	 its	 calcium	 content.	 In	 the	 pooling	 project	 of
prospective	studies	of	diet	and	cancer,	a	modest	inverse	association	was	also	seen	for	calcium	intake.	This	finding
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is	 consistent	 with	 the	 results	 of	 a	 randomized	 trial	 in	 which	 calcium	 supplements	 reduced	 risk	 of	 colorectal
adenomas.20	Associations	with	cheese	and	other	dairy	products	have	been	less	consistent.

Conversely,	in	multiple	studies	high	intake	of	calcium	or	dairy	products	has	been	associated	with	an	increased
risk	of	prostate	cancer,	specifically	fatal	prostate	cancer.	Similar	observations	were	made	in	the	NIH-AARP	study,
although	the	increase	in	risk	there	did	not	reach	statistical	significance.	Although	the	Multiethnic	Cohort	and	the
Prostate,	 Lung,	Colorectal,	 and	Ovarian	Cancer	 Screening	Trial	 did	 not	 find	 an	 important	 association	 between
dairy	consumption	and	prostate	cancer,	these	cohort	studies	did	not	specifically	include	fatal	prostate	cancer	cases.
A	meta-analysis	of	prospective	studies	generated	an	overall	RR	of	advanced	prostate	cancer	of	1.33	(95%	CI,	1.00
to	 1.78)	 for	 the	 highest	 versus	 the	 lowest	 intake	 categories	 of	 dairy	 products.21	 In	 another	 meta-analysis,	 no
significant	association	was	found	for	cohort	studies	on	dairy	or	milk	consumption,	but	RR	estimates	suggested	a
positive	association.	Thus,	although	the	findings	are	not	entirely	consistent	and	are	complicated	by	the	widespread
use	 of	 prostate-specific	 antigen	 (PSA)	 screening	 in	 the	 United	 States,	 the	 global	 evidence	 suggests	 a	 positive
association	between	regular	consumption	of	dairy	products	and	the	risk	of	fatal	prostate	cancer.	Consumption	of
three	 or	 more	 servings	 of	 dairy	 products	 per	 day	 has	 been	 associated	 with	 endometrial	 cancer	 among
postmenopausal	women	not	using	hormonal	therapy.	A	high	intake	of	lactose	from	dairy	products	has	also	been
associated	with	a	modestly	higher	risk	of	ovarian	cancer.

These	observations	are	particularly	important	in	the	context	of	national	dietary	recommendations	to	drink	three
glasses	 of	 milk	 per	 day.	 Possible	 mechanisms	 include	 an	 increase	 in	 endogenous	 IGF1	 levels	 and	 steroid
hormones	contained	in	cows’	milk.

Coffee
A	meta-analysis	of	12	prospective	studies	on	coffee	consumption	and	hepatocellular	carcinoma	suggested	an	RR
of	0.50	(95%	CI,	0.43	to	0.58)	for	high	coffee	consumption;	the	incremental	relative	risk	for	each	additional	cup
of	coffee	per	day	was	0.85	(95%	CI,	0.81	to	0.90).22	It	has	been	suggested	that	the	association	is	mediated	by	a
reduction	 in	 inflammation	 and	 hepatocellular	 injury.	 In	 a	 meta-analysis	 of	 13	 studies,	 both	 caffeinated	 and
decaffeinated	coffee	consumption	reduced	endometrial	cancer	incidence;	endometrial	cancer	incidence	decreased
for	each	additional	cup	of	coffee.23	Localized	(but	not	advanced)	prostate	cancer	may	also	be	reduced	with	regular
coffee	 consumption	 according	 to	 meta-analysis	 of	 28	 studies.24	 In	 the	 Nurses’	 Health	 Study	 and	 the	 Health
Professionals	 Follow-up	 Study,	 regular	 decaffeinated	 coffee	 consumption	 was	 associated	 with	 a	 lower	 rectal
cancer	 incidence.	Mechanisms	for	 the	beneficial	effect	of	coffee	consumption	on	cancer	 incidence	may	 include
lower	glycemic	load	and	reduced	diabetes	risk.

Vitamin	D
In	1980,	Garland	and	Garland25	hypothesized	 that	 sunlight	and	vitamin	D	may	reduce	 the	 risk	of	colon	cancer.
Since	 then,	 substantial	 research	 has	 been	 conducted	 in	 this	 area	 supporting	 an	 inverse	 association	 between
circulating	 25-hydroxyvitamin	D	 (25(OH)D)	 levels	 and	 colorectal	 cancer	 risk.	A	meta-analysis,	 including	 five
nested	case-control	studies	with	prediagnostic	serum,	suggested	a	reduction	of	colorectal	cancer	risk	by	about	half
among	 individuals	with	 serum	25(OH)D	 levels	 of	 >82	 nmol/L	 compared	 to	 individuals	with	 <30	 nmol/L.26	A
subsequent	 meta-analysis	 including	 eight	 studies	 confirmed	 these	 associations.	 A	 more	 recent	 meta-analysis
including	15	nested	case-control	or	cohort	studies	in	14	countries	found	a	linear	inverse	association	between	the
serum	 25(OH)D	 levels	 and	 colorectal	 cancer	 risk	 with	 a	 33%	 risk	 reduction	 in	 the	 highest	 versus	 the	 lowest
quantile.25	These	observations	are	supported	by	similar	findings	for	colorectal	adenomas.	Vitamin	D	levels	may
particularly	affect	colorectal	cancer	prognosis;	colorectal	cancer	mortality	was	72%	lower	among	individuals	with
25(OH)D	concentrations	of	≥80	nmol/L.

The	evidence	for	other	cancers	has	been	less	consistent.	High	plasma	levels	of	vitamin	D	have	been	associated
with	a	decreased	risk	of	several	other	cancers,	 including	cancer	of	the	breast,	prostate—especially	fatal	prostate
cancer—and	ovary.	Whether	vitamin	D	plays	a	role	in	pancreatic	carcinogenesis	remains	to	be	determined,	with
one	pooling	project	suggesting	a	positive	association,	whereas	other	prospective	studies	and	a	pooling	project	of
cohort	 studies	 found	 inverse	 associations.	 In	 a	 Mendelian	 randomization	 study,	 little	 evidence	 was	 found	 to
support	a	link	between	a	multipolymorphism	score	of	25(OH)D	and	risk	of	any	of	seven	cancers	examined,	but
this	finding	is	difficult	to	interpret	because	the	genetic	score	may	not	reflect	bioactivity	of	vitamin	D	but	rather	its
binding	protein.27

Activation	of	vitamin	D	receptors	by	1,25-dihydroxyvitamin	D	(1,25(OH)2D)	induces	cell	differentiation	and



inhibits	proliferation	and	angiogenesis.	Solar	ultraviolet-B	radiation	is	the	major	source	of	plasma	vitamin	D,	and
dietary	vitamin	D	without	supplementation	has	a	minor	effect	on	plasma	vitamin	D.	To	achieve	sufficient	plasma
levels	 through	sun	exposure,	at	 least	15	minutes	of	 full-body	exposure	 to	bright	 sunlight	 is	necessary.	Physical
activity	 has	 to	 be	 considered	 as	 possible	 confounder	 of	 studies	 on	 plasma	 levels	 of	 vitamin	 D	 and	 cancer.
Sunscreen	 effectively	 blocks	 vitamin	 D	 production.	 Populations	 who	 live	 in	 geographic	 areas	 with	 limited	 or
seasonal	sun	exposure	may	benefit	from	vitamin	D	supplementation	of	1,000	IU	per	day.

Folate
Folate	is	a	micronutrient	commonly	found	in	fruits	and	vegetables,	particularly	oranges,	orange	juice,	asparagus,
beets,	 and	 peas.	 Folate	 may	 affect	 carcinogenesis	 through	 various	 mechanisms:	 DNA	 methylation,	 DNA
synthesis,	 and	 DNA	 repair.	 In	 the	 animal	 model,	 folate	 deficiency	 enhances	 intestinal	 carcinogenesis.	 Folate
deficiency	is	related	to	incorporation	of	uracil	 into	human	DNA	and	to	an	increased	frequency	of	chromosomal
breaks.	A	number	of	epidemiologic	studies	suggest	that	a	diet	rich	in	folate	lowers	the	risk	of	colorectal	adenomas
and	colorectal	cancer.11	 Because	 folate	 content	 in	 foods	 is	 generally	 relatively	 low,	 is	 susceptible	 to	 oxidative
destruction	 by	 cooking	 and	 food	 processing,	 and	 is	 not	 well	 absorbed,	 folic	 acid	 from	 supplements	 and
fortification	plays	an	important	role.	Pooled	results	from	nine	prospective	studies	suggests	 that	 intake	of	400	to
500	μg	per	day	is	required	to	minimize	risk.28

Potential	 interactions	 among	 alcohol	 consumption,	 folic	 acid	 intake,	 and	 methionine	 intake	 have	 been
described.	Although	alcohol	consumption	has	been	inconsistently	related	to	an	increase	in	breast	cancer	incidence,
the	potential	detrimental	effect	of	alcohol	seems	to	be	eliminated	in	women	with	high	folic	acid	intake.12	A	similar
folic	acid	or	methionine–alcohol	interaction	has	been	observed	for	colorectal	cancer	risk.

Genetic	susceptibility	may	also	modify	the	relation	between	folate	intake	and	cancer	risk.	A	polymorphism	of
the	methylenetetrahydrofolate	 reductase	 (MTHFR)	 gene	 (cytosine	 to	 thymine	 transition	 at	 position	 677)	 may
result	in	a	relative	deficiency	of	methionine.	Individuals	with	the	common	C677T	mutation	appear	to	experience
the	 greatest	 protection	 from	 high	 folic	 acid	 or	methionine	 intake	 and	 low	 alcohol	 consumption.	 Although	 the
interaction	 between	 this	 polymorphism	 and	 dietary	 factors	 needs	 to	 be	 investigated	 further,	 the	 consistently
observed	 association	 between	 this	 polymorphism	 and	 risk	 of	 colorectal	 cancer	 supports	 a	 role	 of	 folate	 in	 the
etiology	of	colorectal	cancer.

Folate	 levels	 also	 affect	 availability	 of	 methyl	 groups	 via	 S-adenosylmethionine	 in	 the	 one-carbon
metabolism.29	 Low	 red	 blood	 cell	 folate	 levels	 are	 associated	 with	 low	 DNA	 methylation	 status	 among
homozygous	 MTHFR	 677T/T	 mutation	 carriers,	 whereas	 at	 high	 red	 blood	 cell	 folate	 levels	 the	 amount	 of
methylated	cytosine	in	DNA	is	similar	to	that	of	the	heterozygote	MTHFR	C677T	genotype.30

Conversely,	 evidence	 from	 animal	 and	 human	 studies	 suggests	 that	 a	 high	 folate	 status	 may	 promote
progression	 of	 existing	 neoplasias.29,31,32	 Randomization	 of	 folic	 acid	 supplements	 among	 individuals	 with	 a
history	 of	 colorectal	 adenoma	 resulted	 in	 either	 no	 effect	 on	 recurrent	 adenoma	 recurrence33	 or	 an	 increase	 in
recurrence	with	over	6	to	8	years	of	follow-up.34	The	high	proliferation	rate	of	neoplastic	cells	requiring	increased
DNA	synthesis	is	likely	supported	by	folate,	which	is	necessary	for	thymidine	synthesis.29,32	The	effects	of	folate
on	de	novo	methylation	and	subsequent	gene	silencing	have	been	insufficiently	studied.	An	increase	in	colorectal
cancer	rates	has	been	observed	in	the	United	States	and	Canada	concurrent	with	the	introduction	of	the	folic	acid
fortification	program,	but	this	could	be	an	artifact	due	to	increased	use	of	colonoscopy.35	The	lack	of	increase	in
mortality,	 but	 rather	 an	 acceleration	 in	 a	 long-term	 downward	 trend	 suggests	 the	 latter	 explanation
(http://progressreport.cancer.gov/).

Carotenoids
Carotenoids,	 antioxidants	 prevalent	 in	 fruits	 and	 vegetables,	 enhance	 cell-to-cell	 communication,	 promote	 cell
differentiation,	and	modulate	immune	response.	In	1981,	Doll	and	Peto1	speculated	that	beta	carotene	may	be	a
major	player	 in	cancer	prevention	and	encouraged	 testing	of	 its	anticarcinogenic	properties.	 Indeed,	 subsequent
observational	 studies,	 mostly	 case-control	 investigations,	 suggested	 a	 reduced	 cancer	 risk—especially	 of	 lung
cancer—with	 high	 intake	 of	 carotenoids.	 Clinical	 trials	 randomizing	 intake	 of	 beta	 carotene	 supplements,	 in
contrast,	have	not	 revealed	evidence	of	a	protective	effect	of	beta	carotene.	 In	 fact,	beta	carotene	was	 found	 to
increase	 the	 risk	 of	 lung	 cancer	 and	 total	 mortality	 among	 smokers	 in	 the	 Finnish	 Alpha-Tocopherol,	 Beta
Carotene	Cancer	Prevention	Study.36	However,	these	adverse	effects	disappeared	during	longer	periods	of	follow-
up.37	 In	a	detailed	analysis	of	prospective	studies,	no	association	was	seen	between	intake	of	beta	carotene	and
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risk	of	lung	cancer.38
The	 pooled	 analysis	 of	 18	 cohort	 studies	 including	more	 than	 33,000	 breast	 cancer	 cases	 suggested	 inverse

associations	between	intake	of	several	carotenoids	(beta	carotene,	alpha	carotene,	luteine/zeaxanthin)	and	estrogen
receptor-negative	 breast	 cancer	 incidence,	 whereas	 no	 association	 was	 found	 for	 estrogen	 receptor-positive
tumors.39	 Similarly,	 in	 a	 pooled	 analysis	 of	 data	 from	 eight	 prospective	 studies	 including	 about	 3,055	 breast
cancer	 cases,	 blood	 levels	 of	 carotenoids	were	 inversely	 related	 to	 estrogen	 receptor-negative	mammary	 tumor
incidence.	Women	in	 the	highest	quintile	of	beta	carotene	levels	had	about	half	 the	risk	of	developing	estrogen
receptor-negative	breast	cancer	than	women	in	the	lowest	quintile	(hazard	ratio	[HR],	0.52;	95%	CI,	0.36	to	0.77).

The	particularly	pronounced	antioxidant	properties	of	 lycopene,	a	carotenoid	mainly	found	in	 tomatoes,	may
explain	 the	 inverse	 associations	with	 some	 cancers.	 Frequent	 consumption	 of	 tomato-based	 products	 has	 been
associated	with	a	decreased	risk	of	prostate,	lung,	and	stomach	cancers.40	Bioavailability	of	lycopene	from	cooked
tomatoes	is	higher	than	from	fresh	tomatoes,	making	tomato	soup	and	sauce	excellent	sources	of	the	carotenoid.

Selenium
Selenium	has	long	been	of	interest	in	cancer	prevention	due	to	its	antioxidative	properties.	Its	intake	is	difficult	to
estimate	because	 food	content	depends	on	 the	selenium	content	of	 the	soil	 it	 is	grown	 in.	Selenium	enriches	 in
toenails,	 which	 provide	 an	 integrative	 measure	 of	 intake	 during	 the	 previous	 year	 and	 therefore	 are	 popular
biomarkers	in	epidemiologic	studies.	Inverse	associations	with	toenail	selenium	levels	have	been	found	in	several
prospective	studies,	especially	for	fatal	prostate	cancer.	In	a	recent	meta-analysis,	plasma/serum	selenium	was	also
inversely	correlated	with	prostate	cancer.41	In	the	SELECT	randomized	trial,	no	protective	effect	of	selenium	was
found	for	prostate	cancer,	but	the	trial	was	terminated	prematurely	after	4	years,	which	is	a	short	period	in	which
to	expect	a	reduction	in	cancer.

Soy	Products
The	 role	 of	 soy	 products	 has	 been	 considered	 in	 relation	 to	 breast	 carcinogenesis.	 In	 Asian	 countries,	 which
traditionally	have	a	high	consumption	of	soy	foods,	breast	cancer	rates	have	been	low	until	recently.	In	Western
countries,	 soy	 consumption	 is	 generally	 low,	 and	 between-person	 variation	 may	 be	 insufficient	 to	 allow
meaningful	 comparisons.	 Soybeans	 contain	 isoflavones,	 phytoestrogens	 that	 compete	 with	 estrogen	 for	 the
estrogen	 receptor.	 Hence,	 soy	 consumption	 may	 affect	 estrogen	 concentrations	 differently	 depending	 on	 the
endogenous	baseline	level.	This	mechanism	may	also	contribute	to	the	equivocal	results	of	studies	on	soy	foods
and	breast	cancer	risk.	In	a	recent	meta-analysis	of	18	epidemiologic	studies,	including	over	9,000	breast	cancer
cases,	frequent	soy	intake	was	associated	with	a	modest	decrease	in	risk	(odds	ratio,	0.86;	95%	CI,	0.75	to	0.99).
In	a	study	conducted	in	China	it	was	observed	that	childhood	intake	of	soy	may	be	more	relevant	to	breast	cancer
prevention	than	adult	consumption.

Carbohydrates
The	Warburg	hypothesis	postulated	in	1924	that	tumor	cells	mainly	generate	energy	by	nonoxidative	breakdown
of	 glucose	 (glucolysis)	 instead	 of	 pyrovate.	 Carbohydrates	 with	 a	 high	 glycemic	 load	 increase	 blood	 glucose
levels	after	consumption,	which	results	in	insulin	spikes	increasing	the	risk	for	type	2	diabetes.	Several	cancers,
including	 colorectal	 cancer	 and	 breast	 cancer,	 have	 been	 associated	 with	 type	 2	 diabetes.	 The	 evidence	 on
consumption	 of	 sucrose	 and	 refined,	 processed	 flour	 and	 cancer	 incidence	 is	 heterogeneous.	Whereas	 in	 some
prospective	cohort	studies	an	increase	in	colon	cancer	incidence	was	observed,	this	was	not	found	in	other	studies.
In	 large	cohort	studies,	associations	have	been	observed	for	pancreatic	and	endometrial	cancer	 risk,	but	not	 for
postmenopausal	 breast	 cancer.	 Especially	 in	 obese,	 sedentary	 individuals	 abnormal	 glucose	 and	 insulin
metabolism,	which	is	exacerbated	by	high	glycemic	load,	may	contribute	to	tumorigenesis.

DIETARY	PATTERNS
Foods	and	nutrients	are	not	consumed	in	isolation,	and,	when	evaluating	the	role	of	diet	in	disease	prevention	and
causation,	it	is	sensible	to	consider	the	entire	dietary	pattern	of	individuals.	Public	health	messages	may	be	better
framed	in	the	context	of	a	global	diet	than	individual	constituents.

The	role	of	vegetarian	diets	for	cancer	incidence	has	been	examined	in	a	few	studies.	In	the	Adventist	Health



Study-2,	 vegetarians	 had	 an	 8%	 lower	 incidence	 of	 cancer	 than	 nonvegetarians	 (95%	 CI,	 1%	 to	 15%).	 The
apparent	protective	association	was	strongest	for	cancers	of	the	gastrointestinal	tract	with	24%	(95%	CI,	10%	to
37%).	Vegans	had	a	16%	(95%	CI,	1%	to	28%)	lower	incidence	of	cancer,	with	a	particular	protection	conferred
to	 female	 cancers	with	 34%	 (95%	CI,	 8%	 to	 53%).	A	 combined	 analysis	 of	 data	 from	 the	Oxford	Vegetarian
Study	and	EPIC	similarly	suggest	a	12%	(95%	CI,	4%	to	19%)	reduction	in	cancer	incidence	among	vegetarians
compared	to	meat-eaters.

During	 the	 past	 decade,	 dietary	 pattern	 analyses	 have	 gained	 popularity	 in	 observational	 studies.	 The	most
commonly	employed	methods	are	factor	analyses	and	cluster	analyses,	which	are	largely	data-driven	methods,	and
investigator-determined	methods	such	as	dietary	indices	and	scores.	The	search	for	associations	between	distinct
patterns	such	as	the	“Western	pattern”—characterized	by	high	consumption	of	red	and	processed	meats;	high-fat
dairy	products,	including	butter	and	eggs;	and	refined	carbohydrates,	such	as	sweets,	desserts,	and	refined	grains
—and	the	“prudent	pattern”—defined	by	frequent	consumption	of	a	variety	of	fruits	and	vegetables,	whole	grains,
legumes,	 fish,	and	poultry—and	 the	 risk	of	cancer	has	been	 largely	disappointing.	Notable	exceptions	were	 the
link	between	a	Western	dietary	pattern	and	colon	cancer	incidence	and	an	inverse	relation	between	a	prudent	diet
and	 estrogen	 receptor-negative	 breast	 cancer.	 These	 findings	 were	 subsequently	 confirmed	 in	 the	 California
Teachers	Study.	The	general	lack	of	association	between	global	dietary	patterns	and	cancer,	except	for	colorectal
cancer,	supports	a	more	modest	role	of	nutrition	during	mid-	and	later	adult	life	in	carcinogenesis	than	previously
assumed.

DIET	DURING	EARLY	PHASES	OF	LIFE
Some	cancers	may	originate	early	in	the	course	of	life.	A	high	birth	weight	is	associated	with	an	increase	in	the
risk	of	childhood	leukemia,42	premenopausal	breast	cancer,43	and	testicular	cancer.44	Tall	height	is	an	indicator	of
the	risk	of	many	cancers	and	is	 in	part	determined	by	nutrition	during	childhood.11	Until	 recently,	most	 studies
focused	on	the	role	of	diet	during	adult	 life.	However,	 the	critical	exposure	period	for	nutrition	to	affect	cancer
risk	may	 be	 earlier,	 and	 as	 the	 latent	 period	 for	 cancer	 may	 span	 several	 decades,	 diet	 during	 childhood	 and
adolescence	may	be	important.	Relating	dietary	information	during	early	life	and	cancer	outcomes	prospectively,
however,	 is	difficult,	 as	nutrition	 records	 from	 the	 remote	past	are	not	available.	Studies	 in	which	 recalled	diet
during	youth	 is	 used	have	 to	be	 interpreted	 cautiously	due	 to	misclassification,	 although	 recall	 has	been	 found
reasonably	reproducible	and	consistent	with	recalls	provided	by	participants’	mothers.45	The	role	of	early	life	diet
has	been	explored	in	only	a	few	studies	in	relation	to	breast	cancer	risk.	In	a	study	nested	in	the	Nurses’	Health
Study	cohorts	 that	used	data	 recalled	by	mothers,	 frequent	consumption	of	French	 fries	was	associated	with	an
increased	 risk	 of	 breast	 cancer,	whereas	whole	milk	 consumption	was	 inversely	 related	 to	 risk.46	Similarly,	an
inverse	association	with	milk	consumption	during	childhood	was	found	among	younger	women	(30	to	39	years),
but	not	among	older	premenopausal	women	(40	to	49	years)	 in	a	Norwegian	cohort.	Dietary	habits	during	high
school	 recalled	by	adult	participants	of	 the	Nurses’	Health	Study	 II	 (but	before	 the	diagnosis	of	breast	 cancer)
suggested	 a	 positive	 association	 of	 total	 fat	 and	 red	meat	 consumption.	 In	 a	 prospective	 analysis	 in	 the	 same
cohort,	 an	 inflammatory	 dietary	 pattern,	 characterized	 by	 high	 intake	 of	 sugar-sweetened	 and	 diet	 soft	 drinks,
refined	grains,	red	and	processed	meat,	and	margarine,	and	low	intake	of	green	leafy	and	cruciferous	vegetables
and	coffee,	was	associated	with	a	35%	higher	premenopausal	breast	cancer	incidence	for	adolescent	diet	and	41%
increase	 for	 early	 adulthood	diet.47	Although	 no	 association	was	 observed	with	 a	Western	 or	 fast-food	 dietary
pattern	during	adolescence,	a	prudent	dietary	pattern	and	adherence	to	the	Alternative	Healthy	Eating	Index	was
marginally	related	to	a	lower	risk	for	premenopausal	breast	cancer.48	High	fruit	consumption	during	adolescence
was	 linked	 to	 a	 25%	 lower	 incidence	 of	 breast	 cancer.49	 Similarly,	 high	 red	meat	 consumption	 and	 low	 fiber
intake	 during	 adolescence	 were	 both	 linked	 to	 lower	 breast	 cancer	 incidence.50	 More	 data	 are	 needed	 in	 this
promising	area	of	research.51	In	the	Dietary	Intervention	Study	in	Children,	high	saturated	fat	and	low	mono-	and
polyunsaturated	fat	intake	during	adolescence	were	related	to	higher	breast	density	about	15	years	later.	Similar
observations	with	animal	fat	and	premenopausal	breast	density	were	made	in	the	Nurses’	Health	Study	II.52

DIET	AFTER	A	DIAGNOSIS	OF	CANCER
The	role	of	diet	in	the	secondary	prevention	of	cancer	recurrence	and	survival	is	of	great	interest	to	cancer	patients
as	 they	 are	 highly	motivated	 to	make	 lifestyle	 changes	 to	 optimize	 their	 prognosis.	 The	 compliance	 of	 cancer
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patients	 makes	 the	 RCT	 a	 more	 feasible	 design	 to	 evaluate	 the	 role	 of	 diet	 than	 among	 healthy	 individuals.
However,	concurrent	cancer	treatments	may	make	any	effect	of	diet	more	difficult	to	isolate.

Most	 evidence	 is	 available	 for	 breast	 cancer,	 colorectal,	 and	 prostate	 cancer.	 Observational	 data	 suggest	 a
limited	 role	 of	 diet	 in	 the	 prevention	 of	 breast	 cancer	 recurrence	 and	 survival.	 The	 Life	 After	 Cancer
Epidemiology	(LACE)	Cohort	supported	a	beneficial	role	for	vitamin	C	and	E	supplement	use	but	confounding	by
other	health-seeking	behaviors	 is	difficult	 to	exclude.	 In	a	pooled	analysis,	alcohol	consumption	after	diagnosis
did	 not	 affect	 survival.	 A	 meta-analysis	 of	 prospective	 cohorts	 did	 not	 support	 a	 role	 of	 fruit	 and	 vegetable
consumption	 in	 breast	 cancer	 prognosis.53	 In	 a	 meta-analysis	 of	 four	 studies,	 a	 high	 intake	 of	 saturated	 fat
negatively	impacted	on	breast	cancer	survival.54	Several	randomized	trials	have	addressed	the	role	of	diet	in	breast
cancer	 prognosis.	 In	 the	Women’s	 Intervention	Nutrition	 Study	 (WINS),	 2,437	women	with	 early-stage	 breast
cancer	 were	 randomized	 to	 a	 dietary	 goal	 of	 15%	 of	 calories	 from	 fat	 or	 maintenance	 of	 their	 usual	 dietary
habits.55	The	intervention	group	received	dietary	counseling	by	registered	dietitians,	and	according	to	self-reports,
a	difference	of	19	g	in	daily	fat	intake	was	maintained	between	intervention	and	control	group	after	60	months	of
follow-up.	However,	at	that	time	point,	women	in	the	intervention	group	were	also	6	lb	lighter,	making	it	difficult
to	 separate	 an	 effect	 of	 dietary	 fat	 from	 a	 nonspecific	 effect	 of	 intensive	 dietary	 intervention,	 which	 quite
consistently	produces	weight	loss.	Breast	cancer	recurrence	was	29%	lower	in	the	intervention	group	(95%	CI,	6%
to	47%),	whereas	overall	survival	was	not	affected.	In	 the	Women’s	Healthy	Eating	and	Living	(WHEL)	RCT,
3,088	 early-stage	 breast	 cancer	 patients	 were	 randomly	 assigned	 to	 a	 target	 of	 five	 vegetable	 and	 three	 fruit
servings,	and	30	g	fiber	per	day,	and	15%	to	20%	of	calories	from	fat.56	After	72	months,	the	intervention	versus
control	group	reports	were	5.8	versus	3.6	servings	of	vegetables,	3.4	versus	2.6	servings	of	fruit,	and	24.2	versus
18.9	 g	 fiber	 per	 day,	 and	 28.9%	 vs.	 32.4%	 of	 calories	 from	 fat.	 Total	 plasma	 carotenoid	 concentration,	 a
biomarker	of	vegetable	and	fruit	intake,	was	43%	higher	in	the	intervention	group	than	the	comparison	group	after
4	years	(P	<	.001).	Neither	recurrence	rates	nor	mortality	were	affected	by	the	intervention	after	7.3-year	follow-
up.	In	the	WHI	randomized	trial,	a	low-fat	dietary	pattern	was	associated	with	an	18%	lower	mortality	during	16
years	 of	 follow-up,	 but	 this	was	mainly	 due	 to	 a	 reduction	 in	 nonbreast	 cancer	mortality.57	Given	 the	 lack	 of
difference	in	blood	lipids	that	reflect	fat	intake	between	the	intervention	and	control	group	in	the	WHI,58	but	some
differences	in	blood	carotenoids	between	these	groups,	the	findings	are	consistent	with	other	evidence	that	higher
consumption	 of	 fruits	 and	 vegetables	 reduces	 risk	 of	 cardiovascular	 disease.	 Because	 the	 prognosis	 for	 breast
cancer	is	relatively	good,	women	diagnosed	with	breast	cancer	remain	at	risk	for	cardiovascular	disease	and	other
causes	 of	 death	 that	 affect	 those	 without	 breast	 cancer.	 Thus,	 among	 women	 in	 the	 Nurses’	 Health	 Study
diagnosed	 with	 breast	 cancer,	 higher	 diet	 quality	 assessed	 by	 the	 Alternative	 Healthy	 Eating	 Index	 was	 not
associated	with	mortality	due	to	breast	cancer	but	was	associated	with	substantially	lower	mortality	due	to	other
causes.	Similarly,	among	over	4,000	women	with	breast	cancer,	intakes	of	saturated	and	trans	fat,	but	not	of	total
fat,	were	 associated	with	 significantly	greater	 total	mortality	but	 not	 specifically	breast	 cancer	mortality,	Thus,
there	is	good	reason	for	women	with	breast	cancer	to	adopt	a	healthy	diet	even	if	it	may	not	affect	prognosis	of
breast	cancer.

In	a	systematic	review,	no	consistent	association	between	individual	dietary	components	and	colorectal	cancer
prognosis	outcome	was	found.59	However,	in	an	observational	study	including	1,009	patients	with	stage	III	colon
cancer,	 a	 Western	 dietary	 pattern	 was	 associated	 with	 lower	 rates	 of	 disease-free	 survival,	 recurrence-free
survival,	 and	 overall	 survivals.60	 In	 the	 same	 patient	 population,	 higher	 dietary	 glycemic	 load	 and	 total
carbohydrate	 intake	 were	 significantly	 associated	 with	 an	 increased	 risk	 of	 recurrence	 and	 mortality.61	 These
findings	 support	 a	 possible	 role	 of	 glycemic	 load	 in	 colon	 cancer	 progression.	Similarly,	 dietary	 insulin	 scores
were	 positively	 associated	 with	 colorectal	 cancer	 mortality	 in	 the	 Nurses’	 Health	 Study	 and	 the	 Health
Professionals	Follow-up	Study.	This	 is	 further	endorsed	by	recent	 findings	from	these	studies	suggesting	a	 link
between	a	diet	high	in	fiber	and	a	decreased	mortality	in	nonmetastatic	colorectal	cancer	patients.62	A	high	intake
of	marine	 omega-3	 polyunsaturated	 fatty	 acids	was	 associated	with	 better	 survival	 prognosis	 among	 colorectal
cancer	 patients	 in	 these	 cohorts.63	 Further,	 in	 these	 cohorts,	 frequent	 caffeinated	 and	 decaffeinated	 coffee
consumption	was	associated	with	a	decreased	mortality,64	mirroring	similar	associations	of	decaffeinated	coffee
and	rectal	cancer	incidence.

In	the	Physicians’	Health	Study,	a	postdiagnostic	Western	dietary	pattern	was	associated	with	higher	prostate
cancer-specific	 mortality,	 whereas	 a	 prudent	 dietary	 pattern	 lowered	 all-cause	 mortality.	 Frequent	 whole	 milk
consumption	among	men	with	incident	prostate	cancer	was	associated	with	double	the	risk	of	progression	to	fatal
disease.	Similarly,	prognosis	was	negatively	impacted	by	consuming	dairy	in	general,	with	high-fat	dairy	products
conferring	 a	 slightly	 worse	 impact.	 In	 a	 Swedish	 population,	 high-fat	 milk	 consumption	 was	 also	 linked	 to
prostate	 cancer	 progression	 among	 patients	 with	 localized	 prostate	 cancer.	 High	 intake	 of	 saturated	 fat	 was



associated	with	 higher	 risk	 of	 death	 among	men	with	 nonmetastatic	 prostate	 cancer	 in	 the	 Physicians’	 Health
Study,	 whereas	 frequent	 vegetable	 fat	 intake	 was	 associated	 with	 lower	 mortality	 rates.	 Among	 men	 with
nonmetastatic	prostate	cancer	in	the	Health	Professionals’	Follow-up	Study	replacing	10%	of	energy	intake	from
carbohydrate	 with	 vegetable	 fat	 was	 associated	 with	 a	 lower	 risk	 of	 lethal	 prostate	 cancer.65	 A	 marginally
increased	 risk	 of	 progression	 of	 localized	 to	 lethal	 prostate	 cancer	 among	 these	men	was	 also	 associated	with
postdiagnostic	 poultry	 and	 processed	 red	 meat	 consumption,	 whereas	 postdiagnostic	 consumption	 of	 fish	 and
tomato	 sauce	 were	 inversely	 related	 with	 risk	 of	 progression.	 An	 inverse	 association	 between	 lycopene	 and
prostate	cancer-specific	mortality	was	also	noted	among	men	with	high-risk	cancers	participating	 in	 the	Cancer
Prevention	Study	II	Nutrition	Cohort.66	In	an	Italian	study,	frequent	consumption	of	fruit	and	vegetables	appeared
to	offer	a	survival	advantage	among	men	with	prostate	cancer.67	In	an	intervention	study,	93	patients	with	early-
stage	prostate	cancer	 (PSA	4	 to	10	ng/mL	and	Gleason	Score	<7)	were	 randomized	 to	comprehensive	 lifestyle
changes	 including	a	vegan	diet	based	on	10%	of	 calories	 from	 fat	 and	consisting	predominantly	of	vegetables,
fruit,	 whole	 grains,	 legumes,	 and	 soy	 protein.68	 Other	 interventions	 included	 moderate	 exercise,	 stress
management,	and	relaxation.	After	1	year,	PSA	decreased	4%	in	the	intervention	group,	but	increased	6%	in	the
control	 group.	 Six	 patients	 in	 the	 control	 group,	 but	 none	 in	 the	 experimental	 group	 underwent	 conventional
prostate	cancer	treatment.	Although	the	impact	of	the	different	intervention	components	is	difficult	to	separate	in
this	study,	further	data	on	diet	and	prognosis	for	patients	with	localized	prostate	cancer	are	needed.

THE	MICROBIOME
Diet	may	affect	health	and	disease	via	the	microbiome.	The	role	of	the	microbiome	as	modifiable	intermediate	is
only	unfolding.	There	 is	 increasing	evidence	to	support	a	function	of	 the	microbiome	in	cancer	development	 in
humans,69	with	 the	most	 compelling	 data	 for	 colorectal	 cancer.70	A	 recent	 study	 reported	 that	 enrichment	 and
depletion	of	particular	bacterial	taxa	were	associated	with	colon	adenomas	and	carcinomas.71	Further,	combining
the	microbiome	compositional	data	with	other	metadata	from	these	subjects	significantly	improved	the	ability	to
distinguish	between	healthy	controls	and	patients	with	adenomas	and	carcinomas.71	This	suggests	 that	 the	 fecal
microbiome	might	be	applicable	as	a	screening	tool	for	colorectal	cancer.

The	 role	of	 the	microbiome	appears	 to	be	 site	 specific.	For	 example,	 the	oral	microbiome	composition	may
harbor	 potential	 risk	 markers	 for	 oral	 and	 esophageal	 cancers.72,73	 Variations	 in	 breast	 tissue	 and	 aspirate
microbiomes	may	 be	 early	 indicators	 for	 breast	 cancer	 development.74	 However,	 with	 respect	 to	 diet,	 the	 gut
microbiome	is	the	main	target,	due	to	the	density	of	microbes	present	and	the	mechanistic	influence	of	this	body
niche.	 Inflammation	 is	 a	 major	 contributor	 to	 cancer	 development,	 which	 may	 be	 stimulated	 by	 bacterial
translocation	from	the	gut	to	other	body	sites.	Increased	intestinal	permeability,	which	may	be	a	risk	marker	for
many	 types	 of	 cancers,	 allows	 for	 commensal	 gut	 microbes	 to	 escape	 the	 intestinal	 barrier	 and	 enter	 the
bloodstream.	Particular	dietary	components	have	been	demonstrated	to	modify	intestinal	barrier	function	and	the
relation	between	the	intestinal	barrier	and	the	gut	microbiome.	Hence,	the	gut	microenvironment	may	be	a	target
for	cancer	prevention	and	treatment,	but	much	additional	research	is	needed.

SUMMARY
A	considerable	proportion	of	cancers	are	potentially	preventable	through	lifestyle	changes.	Besides	curtailment	of
smoking,	the	most	important	strategies	are	maintaining	a	healthy	body	weight	and	regular	physical	activity,	which
contribute	to	a	lower	prevalence	of	overweight	and	obesity.	Avoidance	of	a	positive	energy	balance	and	becoming
overweight	are	the	most	important	nutritional	factors	in	cancer	prevention.

Although	dietary	patterns,	including	frequent	fruit	and	vegetable	consumption,	appear	to	play	a	modest	role	in
cancer	prevention,	knowledge	gained	about	some	specific	foods	and	nutrients	might	inform	a	targeted	approach.
Vitamin	D	 is	 a	 strong	 candidate	 to	 counter	 carcinogenesis;	 thus,	 supplementation	 could	 be	 a	 feasible	 and	 safe
route	to	avoid	several	types	of	cancer.	Although	the	data	on	vitamin	D	and	cancer	incidence	are	not	conclusive,
the	prevention	of	bone	fractures	is	a	sufficient	reason	to	maintain	good	vitamin	D	status.

Limiting	 or	 avoiding	 red	meat,	 processed	meat,	 and	 alcohol	 reduces	 the	 risk	 of	 breast,	 colorectal,	 stomach,
esophageal,	and	other	cancers.	Although	the	role	of	dairy	products	and	milk	remains	to	be	more	fully	elucidated,
current	evidence	suggests	a	probable	increase	in	the	risk	of	prostate	cancer	with	frequent	milk	consumption,	and
possibly	endometrial	cancer,	which	raises	concern	regarding	current	dietary	recommendations	of	three	glasses	of
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milk	per	day.	The	relation	of	calcium	and	dairy	intake	to	cancer	is	complex,	as	the	evidence	for	reduction	in	risk
of	 colorectal	 cancer	 is	 strong,	 but	 high	 intakes	 appear	 likely	 to	 increase	 the	 risk	 of	 fatal	 prostate	 cancer.
Consumption	 of	 tomato-based	 products	may	 contribute	 to	 the	 prevention	 of	 prostate	 cancer.	 Finally,	 diet	may
influence	the	prognosis	of	breast,	colorectal,	and	prostate	cancer,	but	more	data	are	needed	in	this	area.	Because
most	 persons	 with	 cancer	 remain	 at	 risk	 of	 cardiovascular	 disease	 and	 other	 common	 conditions	 related	 to
unhealthy	diets,	an	overall	healthy	diet	can	be	recommended	while	further	research	on	diet	and	cancer	survival	is
ongoing.

LIMITATIONS
Studying	the	role	of	diet	in	health	and	disease	requires	overcoming	a	number	of	hurdles.	As	biomarkers	reflecting
nutrient	 intake	with	sufficient	accuracy	are	 largely	 lacking,	assessment	of	nutrition	 in	a	population-based	study
has	to	rely	on	self-reports	of	individuals,	which	inevitably	leads	to	imprecision	or	error	in	diet	assessment.	Such
misclassification	 may	 produce	 spurious	 associations	 in	 case-control	 studies	 or	 lead	 to	 underestimation	 of	 true
associations	 in	 prospective	 cohort	 studies.	 Ideally,	 hypotheses	 relating	 dietary	 factors	 to	 cancer	 risk	would	 be
tested	in	large	randomized	trials.	Besides	being	extremely	expensive,	maintaining	adherence	to	assigned	diets	has
been	 challenging;	 for	 example,	 in	 the	WHI	 trial	 that	 focused	 on	 dietary	 fat	 reduction,	 there	was	 no	 difference
between	intervention	and	control	groups	 in	blood	 lipid	fractions	 that	are	known	to	change	with	reduction	 in	fat
intake,	indicating	failure	to	test	the	hypothesis.16

Most	 observational	 studies	 are	 conducted	within	 populations	 or	 countries.	Although	 reasonable	 variation	 in
nutritional	 habits	 exists	 within	 populations,	 allowing	 the	 detection	 of	 substantial	 dietary	 risk	 factors	 for
cardiovascular	disease	and	diabetes,	these	contrasts	may	be	too	limited	to	detect	small	RRs	as	they	may	exist	for
cancer.	 The	 pooled	 analysis	 of	 large	 prospective	 cohort	 studies	 across	 countries	 and	 continents	 attempts	 to
overcome	 this	 limitation.	 Studies	 taking	 advantage	 of	 the	 large	 between-population	 variation	 in	 diet	 across
developed	and	developing	countries	would	appear	to	be	advantageous,	but	this	would	be	plagued	by	confounding
by	other	differences	in	lifestyle	factors	that	might	be	difficult	to	assess	and	control	adequately.

Few	epidemiologic	studies	repeatedly	capture	dietary	habits	over	time	and	thus	account	for	potential	changes	in
diet	over	 time.	Furthermore,	 the	 length	of	 follow-up	 in	prospective	studies	may	not	be	sufficient	 to	capture	 the
impact	of	diet	assessed	at	baseline.	In	case-control	studies,	recall	of	dietary	habits	prior	to	disease	onset	may	be
influenced	 by	 current	 disease	 status;	moreover,	 the	 relevant	 time	window	 for	 nutrition	 to	 act	may	 be	 decades
earlier,	which	is	more	difficult	to	remember.

Most	epidemiologic	studies	of	diet	and	cancer	have	assessed	intake	among	adults.	Due	to	greater	susceptibility
to	genotoxic	 influences	earlier	 in	 life,	 it	 is	possible	 that	data	on	diet	during	childhood	or	early	adolescence	are
more	relevant	for	carcinogenesis	and	cancer	prevention.	Studies	that	have	collected	dietary	data	during	childhood
and	followed	the	subjects	for	cancer	incidence	would	be	most	informative	but	are	virtually	nonexistent	and	will	be
challenging	to	conduct.

Finally,	data	on	special	diets	including	organic	foods,	whole	foods,	raw	foods,	and	a	vegan	diet	are	limited.

FUTURE	DIRECTIONS
Some	of	the	most	promising	research	at	present	is	in	the	areas	of	vitamin	D,	milk	consumption,	the	effect	of	diet
early	 in	 life	on	cancer	 incidence,	 and	diet	 after	 a	 cancer	diagnosis.	An	exciting	new	component	 in	diet–cancer
prevention	link	is	the	microbiome,	which	is	currently	being	explored.	It	may	provide	a	path	to	facilitate	primary
and	 secondary	 prevention	 of	 cancer.	 Recent	 nutrition	 changes	 in	 countries	 previously	 maintaining	 a	 more
traditional	diet	 such	as	 Japan	and	 some	developing	countries	have	already	been	 followed	by	 increased	 rates	of
some	 cancers	 (but	 declines	 in	 stomach	 cancer),	 providing	 a	 setting	 to	 study	 the	 effect	 of	 change	 over	 time.
Additional	 insight	may	come	from	studies	on	gene–nutrient	 interaction	and	epigenetic	changes	induced	by	diet.
To	improve	observational	research	methods,	refined	dietary	assessment	methods	including	identification	of	new
biomarkers	will	be	advantageous.

RECOMMENDATIONS



A	wealth	of	data	are	available	from	observational	studies	on	diet	and	cancer,	and	the	current	evidence	supports
suggestions	 made	 by	 Doll	 and	 Peto1	 that	 approximately	 30%	 of	 cancer	 may	 be	 avoidable	 with	 changes	 in
nutrition;	however,	much	of	this	risk	is	related	to	being	overweight	and	to	inactivity.	Excessive	energy	intake	and
lack	 of	 physical	 activity,	 marked	 by	 rapid	 growth	 in	 childhood	 and	 being	 overweight,	 have	 become	 growing
threats	to	population	health	and	are	important	contributors	to	risks	of	many	cancers.	Nevertheless,	the	cumulative
incidence	for	many	cancers	has	decreased	over	the	past	decade,	in	part	due	to	decreasing	prevalence	of	smoking
and	use	of	postmenopausal	hormone	therapy.

Dietary	 recommendations	must	 integrate	 the	goal	of	overall	avoidance	of	disease	and	maintenance	of	health
and	 thus	 should	not	 focus	 singularly	 on	 cancer	 prevention.	The	 strength	of	 the	 evidence	 and	magnitude	of	 the
expected	benefit	should	also	be	considered	in	recommendations.	With	these	considerations	in	mind,	the	following
recommendations	 are	 outlined,	 which	 are	 largely	 in	 agreement	 with	 the	 guidelines	 put	 forth	 by	 the	American
Cancer	Society	in	201275:

1.	 Engage	in	regular	physical	activity.	Physical	activity	is	a	primary	method	of	weight	control,	and	it	also
reduces	risk	of	several	cancers,	especially	colon	cancer,	through	independent	mechanisms.	Moderate	to
vigorous	exercise	for	at	least	30	minutes	on	most	days	is	a	minimum	and	more	will	provide	additional
benefits.

2.	 Avoid	overweight	and	weight	gain	in	adulthood.	A	positive	energy	balance	that	results	in	excess	body	fat	is
one	of	the	most	important	contributors	to	cancer	risk.	Staying	within	10	lb	of	body	weight	at	age	20	may	be	a
simple	guide,	assuming	no	adolescent	obesity.

3.	 Limit	alcohol	consumption.	Alcohol	consumption	contributes	to	the	risk	of	many	cancers	and	increases	the
risk	of	accidents	and	addiction,	but	low	to	moderate	consumption	has	benefits	for	coronary	heart	disease	risk.
The	individual	family	history	of	disease	as	well	as	personal	preferences	should	be	considered.

4.	 Consume	lots	of	fruits	and	vegetables.	Frequent	consumption	of	fruits	and	vegetables	during	adult	life	is	not
likely	to	have	a	major	effect	on	cancer	incidence	but	reduces	the	risk	of	cardiovascular	disease.

5.	 Consume	whole	grains	and	avoid	refined	carbohydrates	and	sugars.	Regular	consumption	of	whole-grain
products	instead	of	refined	flour	and	low	consumption	of	refined	sugars	lower	the	risk	of	cardiovascular
disease	and	diabetes.	The	effect	on	cancer	risk	is	less	clear.

6.	 Replace	red	meat	and	dairy	products	with	fish,	nuts,	and	legumes.	Red	meat	consumption	increases	the	risk
of	colorectal	cancer,	diabetes,	and	coronary	heart	disease,	and	should	be	largely	avoided.	Frequent	dairy
consumption	may	increase	the	risk	of	prostate	cancer.	Fish,	nuts,	and	legumes	are	excellent	sources	of
valuable	mono-	and	polyunsaturated	fats	and	vegetable	proteins	and	may	contribute	to	lower	rates	of
cardiovascular	disease	and	diabetes.

7.	 Consider	taking	a	vitamin	D	supplement.	A	substantial	proportion	of	the	population,	especially	those	living	at
higher	latitudes,	have	suboptimal	vitamin	D	levels.	Many	adults	may	benefit	from	taking	1,000	IU	of	vitamin
D3	per	day	during	months	of	low	sunlight	intensity.	Vitamin	D	supplementation	will	at	a	minimum	reduce
bone	fracture	rates,	probably	colorectal	cancer	incidence,	and	possibly	other	cancers.
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12 Obesity	and	Physical	Activity
Justin	C.	Brown,	Jeffrey	A.	Meyerhardt,	and	Jennifer	A.	Ligibel

INTRODUCTION
There	is	growing	interest	in	the	oncology	community	to	understand	how	obesity	and	physical	activity	may	relate
to	cancer	risk	and	outcomes.1	This	interest	is	synergized	by	the	curiosity	of	patients	to	understand	how	modifiable
health	behaviors	may	influence	their	individual	risk	of	developing	or	dying	from	cancer.2

Worldwide,	 one-fifth	 of	 the	 adult	 population—approximately	 640	 million	 people—are	 obese.3	 Obesity,
considered	 by	 many	 as	 a	 21st-century	 epidemic,	 is	 a	 disproportionate	 body	 weight	 for	 height.4	 Obesity	 is
associated	with	an	increased	risk	of	developing	and	dying	from	several	major	illnesses,	including	cardiovascular
disease,	type	2	diabetes,	and	cancer.	It	is	predicted	that	in	the	year	2020,	the	United	States	will	spend	$28	billion
treating	obesity-related	illnesses;	this	estimate	is	projected	to	increase	to	$66	billion	by	the	year	2030.5	Given	the
rising	 prevalence	 of	 obesity	 in	 the	 U.S.	 population	 coupled	 with	 declining	 smoking	 rates,	 obesity	 is	 quickly
overtaking	smoking	as	the	leading	preventable	cause	of	cancer.6	It	is	estimated	that	20%	of	new	cancer	cases	and
17%	of	cancer-related	deaths	are	attributable	to	obesity.7	However,	three-quarters	of	the	adult	population	remain
unaware	of	the	relationship	between	obesity	and	cancer.8

In	addition	 to	 the	 relationship	between	obesity	 and	cancer	 risk,	other	 energy	balance	 factors	have	also	been
linked	to	cancer	risk.	Physical	inactivity	is	associated	with	an	increased	risk	of	developing	and	dying	from	several
major	illnesses,	including	cardiovascular	disease,	type	2	diabetes,	and	cancer.	It	is	estimated	that	10%	of	all	new
cancer	cases	and	9%	of	cancer-related	deaths	are	attributable	to	physical	inactivity.9,10	Conservatively	appraised,
physical	 inactivity	 was	 responsible	 for	 $24.7	 billion	 in	 health-care	 spending	 in	 the	 United	 States	 in	 2013.11
Despite	 the	 observation	 that	 1	minute	 of	moderate-intensity	 physical	 activity	 provides	 7	minutes	 of	 additional
life,12	 less	 than	one-fifth	of	 the	 adult	 population	 are	 aware	 that	national	guidelines	 recommend	participation	 in
physical	activity.13

This	 chapter	 is	 divided	 into	 three	 discrete	 sections.	The	 first	 section	 focuses	 on	 obesity;	 the	 second	 section
focuses	 on	 physical	 activity;	 and	 the	 third	 section	 focuses	 on	 mechanistic	 data,	 sedentary	 behavior,	 clinical
practice	guidelines	and	efforts	to	increase	awareness	of	these	areas	within	the	oncology	community.	This	chapter
is	not	an	exhaustive	 review	of	all	data	on	energy	balance.	Rather,	 this	chapter	 serves	as	a	primer	 for	oncology
professionals	to	begin	to	understand	the	current	state	of	the	science	on	obesity	and	physical	activity.

OBESITY
Body	mass	index	(BMI)	is	used	to	quantify	body	weight	for	height	by	indexing	body	weight	(in	kilograms)	by	the
square	 of	 height	 (in	 meters).	 Although	 there	 is	 debate	 on	 the	 precise	 definition	 of	 obesity,	 the	World	 Health
Organization	categorizes	obesity	as	a	BMI	≥30	kg/m2.14

OBESITY	AND	CANCER	RISK
In	2003,	a	landmark	study	of	900,000	U.S.	adults	demonstrated	that	obese	men	and	women	were	up	to	52%	and
62%	more	likely	to	develop	and	die	from	cancer,	as	compared	to	their	normal-weight	counterparts,	respectively.15
Following	this	seminal	work,	dozens	of	additional	case-control	and	cohort	studies	have	evaluated	the	relationship
between	 body	 weight	 and	 cancer	 risk.	 In	 2016,	 the	 International	 Agency	 for	 Research	 on	 Cancer	 (IARC)
convened	a	working	group	of	21	independent	international	experts	to	assess	the	effects	of	obesity	on	cancer	risk.
This	working	group	systematically	 reviewed	more	 than	1,000	studies	 that	 investigated	 the	 relationship	between
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obesity	and	cancer	risk	and	determined	there	was	sufficient	evidence	to	conclude	that	obesity	is	associated	with	an
increased	 risk	 of	 developing	 13	 different	 types	 of	 cancer	 (Table	 12.1).16	 The	 increased	 risk	 of	 malignancy
associated	with	 obesity	 is	 strongest	 in	 endometrial	 cancer	 (relative	 risk,	 7.1).	 Other	 cancers	 in	which	 the	 link
between	obesity	and	risk	is	particularly	strong	include	esophageal	adenocarcinoma,	gastric	cardia,	liver,	renal	cell,
and	multiple	myeloma	 (relative	 risks,	 ≥1.5).	Cancers	 that	 are	 not	 associated	with	 obesity	 are	 often	 cancers	 for
which	smoking	is	a	strong	risk	factor,	as	smoking	and	obesity	are	inversely	correlated.17

OBESITY	AND	CANCER	OUTCOMES
In	addition	to	the	relationship	between	obesity	and	cancer	risk,	evidence	suggests	that	individuals	who	are	obese
at	the	time	of	cancer	diagnosis	are	at	increased	risk	of	cancer	recurrence	and	mortality,	compared	to	individuals	of
normal	body	weight.	Most	of	the	evidence	demonstrating	a	relationship	between	obesity	and	cancer	outcomes	that
have	been	corroborated	by	meta-analyses	are	in	individuals	with	cancers	of	the	breast,	colon	and	rectum,	prostate,
and	endometrium	(Table	12.2).

In	breast	cancer,	obesity	is	associated	with	an	increased	risk	of	breast	cancer–specific	and	all-cause	mortality.
In	 a	 recent	 meta-analysis	 including	 82	 individual	 reports	 looking	 at	 the	 relationship	 between	 body	 weight	 at
diagnosis	 and	 cancer	 outcomes,	 obese	women	had	 a	 35%	higher	 risk	of	 breast	 cancer–specific	mortality	 and	 a
41%	higher	risk	of	all-cause	mortality	as	compared	to	women	with	a	BMI	in	the	normal	range.	This	relationship
between	obesity	and	poor	outcomes	was	seen	in	both	pre-	and	postmenopausal	women.18	Although	not	included
in	the	meta-analysis,	several	reports	suggest	that	weight	gain	after	diagnosis	may	be	associated	with	an	increased
risk	of	breast	cancer	recurrence	and	mortality.19	In	colorectal	cancer,	obesity	is	associated	with	an	increased	risk
of	 cancer	 recurrence,	 and	 colorectal	 cancer–specific	 and	 all-cause	mortality,	 although	 there	 is	 some	 suggestion
that	patients	with	BMI	in	the	overweight	range	(BMI,	25.0	to	29.9	kg/m2)	are	reported	to	have	superior	outcomes
compared	with	those	who	are	of	a	normal	weight.20	In	prostate	cancer,	obesity	is	associated	with	an	increased	risk
of	biochemical	recurrence	and	prostate	cancer–specific	mortality	after	radical	prostatectomy.21	Weight	gain	after
diagnosis	may	be	associated	with	an	increased	risk	of	prostate	cancer	recurrence.22	In	endometrial	cancer,	obesity
is	associated	with	an	increased	risk	of	all-cause	mortality,	particularly	among	women	with	morbid	obesity	(BMI
≥40	kg/m2).23	There	is	emerging	evidence	that	obesity	is	associated	with	outcomes	in	other	cancers.24

TABLE	12.1
Strength	of	the	Evidence	for	a	Cancer-Preventive	Effect	of	the	Absence	of	Excess	Adiposity,
According	to	Cancer	Site	or	Type

Cancer	Site	or	Type Strength	of	the	Evidence	in	Humansa

Relative	Risk	of	the	Highest	BMI
Category	Evaluated	versus	Normal	BMI
(95%	CI)b

Esophagus:	adenocarcinoma Sufficient 4.8	(3.0–7.7)

Gastric	cardia Sufficient 1.8	(1.3–2.5)

Colon	and	rectum Sufficient 1.3	(1.3–1.4)

Liver Sufficient 1.8	(1.6–2.1)

Gallbladder Sufficient 1.3	(1.2–1.4)

Pancreas Sufficient 1.5	(1.2–1.8)

Breast:	postmenopausal Sufficient 1.1	(1.1–1.2)c

Corpus	uteri Sufficient 7.1	(6.3–8.1)

Ovary Sufficient 1.1	(1.1–1.2)

Kidney:	renal	cell Sufficient 1.8	(1.7–1.9)

Meningioma Sufficient 1.5	(1.3–1.8)

Thyroid Sufficient 1.1	(1.0–1.1)c

Multiple	myeloma Sufficient 1.5	(1.2–2.0)

Male	breast	cancer Limited NA



Diffuse	large	B-cell	lymphoma Limited NA
Esophagus:	squamous	cell	carcinoma Limited NA

Gastric	noncardia Inadequate NA

Extrahepatic	biliary	tract Inadequate NA

Lung Inadequate NA

Skin:	cutaneous	melanoma Inadequate NA

Testis Inadequate NA

Urinary	bladder Inadequate NA

Brain	or	spinal	cord:	glioma Inadequate NA
aSufficient	evidence	indicates	that	a	preventive	association	has	been	observed	in	studies	in	which	chance,	bias,	and	confounding
could	be	ruled	out	with	confidence.	Limited	evidence	indicates	that	a	reduced	risk	of	cancer	is	associated	with	the	intervention	for
which	a	preventive	effect	is	considered	credible	by	the	working	group,	but	chance,	bias,	or	confounding	could	not	be	ruled	out	with
confidence.	Inadequate	evidence	indicates	that	the	available	studies	are	not	of	sufficient	quality,	consistency,	or	statistical	power	to
permit	a	conclusion	regarding	the	presence	or	absence	of	a	cancer-preventive	effect	of	the	intervention.
bFor	cancer	sites	with	sufficient	evidence,	 the	relative	risk	reported	 in	 the	most	recent	or	comprehensive	meta-analysis	or	pooled
analysis	is	presented.	The	evaluation	in	the	previous	column	is	based	on	the	entire	body	of	data	available	at	the	time	of	the	meeting
(April	5	to	12,	2016)	and	reviewed	by	the	working	group	and	not	solely	on	the	relative	risk	presented	in	this	column.	Normal	BMI	is
defined	as	18.5	to	24.9.
cShown	is	the	relative	risk	per	5	BMI	units.
BMI,	body	mass	index;	CI,	confidence	interval;	NA,	not	applicable.
From	Lauby-Secretan	B,	Scoccianti	C,	Loomis	D,	et	al.	Body	fatness	and	cancer—viewpoint	of	the	IARC	working	group.	N	Engl	J
Med	 2016;375(8):764–798.	 Copyright	 (2017)	 Massachusetts	 Medical	 Society.	 Reprinted	 with	 permission	 from	 Massachusetts
Medical	Society.

There	is	also	growing	interest	in	understanding	the	associations	between	body	composition,	an	indication	of	the
relative	proportions	of	lean	mass	and	fat	mass,	and	cancer	outcomes.25	Excess	intra-abdominal	adiposity	and	low
muscle	at	the	time	of	diagnosis	may	be	associated	with	poor	outcome	in	a	variety	of	cancer	sites.26,27	These	data
provide	complementary	evidence	to	further	strengthen	the	observation	that	obesity	is	associated	with	outcomes	in
cancer.

OBESITY	AND	CANCER	TREATMENT–RELATED	COMPLICATIONS
Obesity	is	associated	with	an	increased	risk	of	complications	from	cancer-directed	therapy.6	For	example,	among
2,258	 patients	 undergoing	 intra-abdominal	 cancer	 surgery,	 obesity	 was	 associated	 with	 an	 increased	 risk	 of
postoperative	30-day	morbidity	(23.1%	in	normal	weight	versus	29.9%	in	obese;	P	=	.002).28	Obesity	can	impact
type	 of	 surgery	 for	 certain	 cancers.	 For	 example,	 in	 rectal	 cancer,	 obese	 patients	 are	 more	 likely	 to	 undergo
abdominoperineal	resection	and	consequently	have	a	permanent	colostomy.29	There	is	also	evidence	that	obesity
may	influence	treatment	tolerance.	In	breast	cancer,	obesity	is	associated	with	a	higher	risk	of	cardiotoxicity	from
anthracycline	 and	 trastuzumab	 therapies,30	 persistent	 chemotherapy-induced	peripheral	 neuropathy,31	treatment-
related	lymphedema,32	and	poorer	wound	healing.33	Other	obesity-related	complications	continue	to	emerge.34

INTERVENTIONS
Current	public	health	guidelines	encourage	the	avoidance	of	excess	weight	gain,	and	for	those	who	are	currently
overweight	or	obese,	modest	weight	 loss	 is	encouraged	 to	 reduce	 the	 risk	of	comorbidities	and	other	cancers.35
However,	 it	 is	 not	 yet	 known	 if	 intentional	weight	 loss	 reduces	 the	 risk	 of	 developing	malignancy	or	 prevents
disease	recurrence	and	cancer-specific	mortality	among	 individuals	diagnosed	with	early-stage	cancer.	The	best
evidence	to	date	that	weight	loss	could	reduce	the	risk	of	malignancy	comes	from	the	bariatric	surgery	literature,
where	 individuals	who	 undergo	 surgery	 have	 a	 27%	 to	 59%	 lower	 risk	 of	 developing	 cancer,	 as	 compared	 to
weight-	and	age-matched	controls	who	do	not	undergo	surgery.36	The	benefits	of	bariatric	surgery	are	particularly
strong	for	preventing	obesity-related	cancers,	such	as	that	of	the	breast	and	endometrium,	where	the	average	risk
reduction	 is	 38%	 (P	 <	 .0001).36	 One	 observational	 study	 also	 suggested	 that	 intentional	 weight	 loss	 achieved
through	diet	and	exercise	was	associated	with	a	66%	lower	risk	of	developing	endometrial	cancer,	although	this
needs	further	validation	in	other	studies.37
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TABLE	12.2
Review	of	Key	Meta-analyses	Linking	States	of	Obesity	to	Poor	Outcomes	in	Cancer
Survivors

Cancer
Site

Author,
Year,
Reference

No.	of
Studies

Sample
Size Exposure Outcome Results Notes

Breast Chan	et
al.,	201418

82 213,075 Obese
(BMI	≥30
kg/m2)	vs.
normal
weight
(BMI
18.5–24.9
kg/m2)

All-cause
mortality;
breast
cancer–
specific
mortality

HR,	1.41	(95%	CI,
1.29–1.53)	for	all-
cause	mortality
HR,	1.35	(95%	CI,
1.24–1.47)	for	breast
cancer–specific
mortality

Obesity	associated
with	poorer	prognosis
in	both	pre-	and
postmenopausal
breast	cancer

Colorectal Doleman
et	al.,
201465

18 60,346 Obese
(BMI	≥30
kg/m2)	vs.
normal
weight
(BMI
18.5–24.9
kg/m2)

All-cause
mortality;
colorectal
cancer–
specific
mortality;
disease
recurrence

RR,	1.14	(95%	CI,
1.07–1.21)	for	all-
cause	mortality
RR,	1.14	(95%	CI,
1.05–1.24)	for
colorectal	cancer–
specific	mortality
RR,	1.07	(95%	CI,
1.02–1.13)	for	disease
recurrence

Results	were
consistent	among	men
and	women,	colon	and
rectal	primary	cancers,
and	timing	of	BMI
measurement	(before
diagnosis	vs.	at
diagnosis).

Prostate Cao	and
Ma,
201121

6 18,203 Each	5-
kg/m2

increase
in	BMI

Prostate
cancer–
specific
mortality;
biochemical
recurrence

RR,	1.20	(95%	CI,
0.99–1.46)	for
prostate	cancer–
specific	mortality
RR,	1.21	(95%	CI,
1.11–1.31)	for
biochemical
recurrence

Results	were
consistent	across
countries,	timing	of
BMI	measure	(before
vs.	at	diagnosis),	and
type	of	BMI	measure
(self-report	vs.
objectively	measured).
Results	stronger	in
men	treated	with
external	beam
radiation

Endometrial Secord	et
al.,	201623

18 665,694 Each	10%
increase
in	BMI,
compared
to	BMI	of
25	kg/m2

All-cause
mortality

Each	10%	increase	in
BMI	associated	with
9.2%	in	risk	of
mortality

Results	were	strongest
among	women	with
BMI	≥40	kg/m2	(66%
increased	risk	of
death)	compared	to
women	with	BMI	<25
kg/m2.

BMI,	body	mass	index;	HR,	hazard	ratio;	CI,	confidence	interval;	RR,	relative	risk.

There	 are	 currently	 no	 data	 looking	 at	 the	 impact	 of	 weight	 loss	 on	 cancer	 prognosis,	 but	 a	 few	 large
randomized	trials	of	lifestyle	modification	that	focus	on	weight	loss	to	prevent	disease	recurrence	and	mortality
among	 early-stage	 breast	 cancer	 survivors	 are	 underway.	 The	Breast	Cancer	Weight	 Loss	 Study	 (BWEL)	 is	 a
randomized	phase	III	trial	being	conducted	in	the	United	States	and	Canada	to	determine	the	efficacy	of	weight
loss	on	invasive	disease-free	survival	among	3,136	early-stage	breast	cancer	survivors	with	a	baseline	BMI	≥27
kg/m2.38	Two	 trials	 in	Europe	also	examine	how	 lifestyle	modification	 influences	breast	 cancer	 recurrence	and
survival.39,40	Together,	these	clinical	trials	clarify	the	role	for	weight	management	in	the	prevention	of	recurrence
and	mortality	in	patients	with	early-stage	breast	cancer.41

PHYSICAL	ACTIVITY
Physical	activity	is	any	form	of	movement	using	skeletal	muscles	that	results	in	energy	expenditure.42	Throughout
much	 of	 this	 section,	 we	 focus	 on	 recreational	 or	 leisure-time	 physical	 activity,	 also	 known	 as	 exercise,	 and



associations	with	cancer	risk	and	outcomes.

PHYSICAL	ACTIVITY	AND	CANCER	RISK
In	2007,	the	World	Cancer	Research	Fund	International	convened	a	panel	to	review	the	evidence	examining	the
association	between	physical	activity	and	cancer	risk.43	The	panel	reviewed	more	than	250	studies	and	determined
there	was	sufficient	evidence	to	conclude	that	physical	activity	is	associated	with	a	decreased	risk	of	developing
three	 different	 types	 of	 cancer.43	 The	 evidence	 supporting	 the	 beneficial	 role	 of	 physical	 activity	 on	 the
development	of	colon	cancer	was	judged	as	convincing,	and	the	benefits	of	physical	activity	on	postmenopausal
breast	 and	 endometrial	 cancer	were	 judged	 as	probable.	 There	was	 also	 limited,	 but	 suggestive,	 evidence	 that
physical	 activity	 may	 be	 associated	 with	 a	 decreased	 risk	 of	 developing	 lung,	 pancreatic,	 and	 premenopausal
breast	cancers.

Despite	that	hundreds	of	studies	have	examined	the	relationship	between	physical	activity	and	the	risk	of	colon,
breast,	and	endometrial	cancer,	there	is	less	evidence	supporting	the	benefits	of	physical	activity	in	other	cancers.
To	 address	 this	 limitation,	 a	 pooled	 analysis	 using	 12	 studies	 of	 1.44	 million	 adults	 and	 26	 cancer	 sites	 was
conducted.44	This	pooled	analysis	 concluded	 that	participation	 in	physical	 activity	was	associated	with	 a	 lower
risk	of	developing	13	different	 types	of	 cancer	 (Table	12.3).	 It	 is	 hypothesized	 that	 one	of	 the	mechanisms	by
which	physical	activity	may	lower	cancer	risk	is	through	the	regulation	of	adiposity.45	However,	adjustment	for
BMI	modestly	attenuated	associations	for	several	cancers,	but	10	of	13	inverse	associations	remained	statistically
significant	 after	 adjustment	 (liver,	 gastric	 cardia,	 and	 endometrial	 cancer	 were	 no	 longer	 significant).	 This
observation	suggests	 that	physical	activity	may	lower	cancer	risk	 through	mechanisms	other	 than	the	control	of
adiposity	(as	described	later	in	this	chapter).

TABLE	12.3
Summary	of	Multivariable	Hazard	Ratiosa	for	a	Higher	(90th	Percentile)	versus	Lower	(10th
Percentile)	Level	of	Leisure-Time	Physical	Activity	by	Cancer	Type,	without	and	with
Adjustment	for	BMIb

Cancer	Site	or	Type
HR	(95%	CI)

Difference	in	HR,	%Not	BMI	Adjusted BMI	Adjusted
Esophagus:	adenocarcinoma 0.58	(0.37–0.89) 0.62	(0.40–0.97) 6.9c

Gallbladder 0.72	(0.51–1.01) 0.78	(0.57–1.06) 8.3c

Liver 0.73	(0.55–0.98) 0.81	(9.61–1.09) 11.0c

Lung 0.74	(0.71–0.77) 0.73	(0.70–0.76) −1.4

Kidney 0.77	(0.70–0.85) 0.84	(0.77–0.91) 9.1c

Small	intestine 0.78	(0.60–1.00) 0.81	(0.62–1.05) 3.8

Gastric	cardia 0.78	(0.64–0.95) 0.85	(0.69–1.04) 9.0c

Endometrial 0.79	(0.68–0.92) 0.98	(0.89–1.09) 24.1c

Esophagus:	squamous	cell
carcinoma

0.80	(0.61–1.06) 0.76	(0.58–1.01) −5.0c

Myeloid	leukemia 0.80	(0.70–0.92) 0.85	(0.73–0.97) 6.2c

Multiple	myeloma 0.83	(0.72–0.95) 0.87	(0.77–0.98) 4.8

Colon 0.84	(0.77–0.91) 0.87	(0.80–0.94) 3.6

Head	and	neck 0.85	(0.78–0.93) 0.85	(0.77–0.94) 0.0

Rectum 0.87	(0.80–0.95) 0.88	(0.81–0.96) 1.1

Bladder 0.87	(0.82–0.92) 0.88	(0.83–0.94) 1.1

Breast 0.90	(0.87–0.93) 0.93	(0.90–0.96) 3.3

Non-Hodgkin	lymphoma 0.91	(0.83–1.00) 0.94	(0.85–1.04) 3.3

Thyroid 0.92	(0.81–1.06) 0.95	(0.81–1.11) 3.3

Gastric	noncardia 0.93	(0.73–1.19) 0.92	(0.73–1.15) −1.1
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Soft	tissue 0.94	(0.67–1.31) 0.97	(0.70–1.34) 3.2

Pancreas 0.95	(0.83–1.08) 0.98	(0.86–1.12) 3.2

Lymphocytic	leukemia 0.98	(0.87–1.11) 0.99	(0.88–1.12) 1.0

Ovary 1.01	(0.91–1.13) 1.03	(0.92–1.15) 2.0

Brain 1.06	(0.93–1.20) 1.06	(0.92–1.22) 0.0

Prostate 1.05	(1.03–1.08) 1.04	(1.01–1.07) −1.0

Malignant	melanoma 1.27	(1.16–1.40) 1.28	(1.17–1.41) 0.8
BMI,	body	mass	index;	HR,	hazard	ratio;	CI,	confidence	interval.
aAll	models	were	adjusted	for	age,	sex,	smoking	status	(never,	former,	current),	alcohol	consumption	(0,	0.1–14.9,	15.0–29.9,	and
≥30.0	 g	 per	 day),	 education	 (did	 not	 complete	 high	 school,	 completed	 high	 school,	 post–high-school	 training,	 some	 college,
completed	college),	 and	 race/ethnicity	 (white,	 black,	other).	Models	 for	endometrial,	 breast,	 and	ovarian	cancers	are	additionally
adjusted	for	postmenopausal	hormone	therapy	use	(ever,	never),	oral	contraceptive	use	(ever,	never),	age	at	menarche	(<10,	10–
11,	12–13,	≥14	years),Wat	menopause	(premenopausal,	40–44,	45–49,	50–54,	≥55	years),	and	parity	(0,	1,	2,	≥3	children).
bBMI	was	calculated	as	weight	in	kilograms	divided	by	height	in	meters	squared.	Categories	used	for	adjustment	were	as	follows:
<18.5,	18.5–24.9,	25.0–29.9,	30.0–34.9,	35.0–39.9,	≥40.0.
cChange	of	≥5%	in	HR	after	adjustment	for	BMI.
Reproduced	with	permission	 from	Moore	SC,	Lee	 IM,	Weiderpass	E,	et	al.	Leisure-time	physical	activity	and	 risk	of	26	 types	of
cancer	 in	1.44	million	adults.	JAMA	Intern	Med	2016;176(6):816–825.	Copyright	 (2016)	American	Medical	Association.	All	Rights
Reserved.

PHYSICAL	ACTIVITY	AND	CANCER	OUTCOMES
The	 bulk	 of	 evidence	 evaluating	 the	 relationship	 between	 physical	 activity	 and	 cancer	 outcomes	 such	 as
recurrence	and	mortality	is	limited	to	cancers	of	the	breast,	colon	and	rectum,	and	prostate	(Table	12.4).	In	breast,
colorectal,	and	prostate	cancer,	participation	in	physical	activity	is	associated	with	a	lower	risk	of	cancer-specific
mortality.46	 In	 breast	 cancer,	 BMI,	 menopausal	 status,	 and	 tumor	 estrogen	 receptor	 status	 do	 not	 modify	 the
relationship	 between	 physical	 activity	 and	 cancer-specific	 mortality.	 In	 colorectal	 cancer,	 there	 exists	 a	 dose-
response	relationship,	such	that	higher	volumes	of	physical	activity	(minutes	per	week)	are	associated	with	larger
relative	 risk	 reductions.47	 In	 prostate	 cancer,	more	 vigorous	 intensities	 of	 physical	 activity	 are	 associated	with
larger	relative	risk	reductions,	compared	to	light-	and	moderate-intensity	physical	activity.48,49

SEDENTARY	BEHAVIOR
In	addition	to	obesity	and	physical	inactivity,	engaging	in	sedentary	behaviors	is	a	risk	factor	for	both	cancer	risk
and	 poor	 prognosis.	 Sedentary	 activities	 are	 characterized	 by	 sitting	 or	 lying	 and	 often	 include	 screen-based
activities,	 such	 as	 television	 viewing,	 and	 smartphone	 and	 computer	 use.	 In	 a	meta-analysis	 of	 17	 prospective
studies,	sedentary	behavior	was	associated	with	a	20%	increase	in	the	risk	of	cancer.50	In	another	meta-analysis	of
14	studies,	sedentary	behavior	was	associated	with	an	increased	risk	of	all-cause	mortality	(22%),	cardiovascular
disease	mortality	(15%),	cancer	mortality	(14%),	and	incidence	of	type	2	diabetes	(91%).51

TABLE	12.4
Review	of	Key	Meta-analyses	Linking	Physical	Activity	to	Poor	Outcomes	in	Cancer
Survivors

Cancer	Site

Author,
Year,
Reference

No.	of
Studies

Sample
Size Exposure Outcome Results Notes

Breast
(postmenopausal)

Friedenreich
et	al.,
201646

10 17,666 Highest	vs.
lowest
quartile/quintile
of	self-reported
physical	activity

Breast	cancer–
specific
mortality;
cancer
recurrence

HR,	0.62	(95%
CI,	0.48–0.80)
for	breast
cancer–
specific
mortality
HR,	0.68	(95%
CI,	0.58–0.80)
for	cancer

Dose	response:
each	1.5	h/wk
of	activity
associated	8%
relative	risk
reduction
BMI,
menopausal
status,	and



recurrence tumor	estrogen
receptor	did	not
modify
relationship.

Colorectal Friedenreich
et	al.,
201646

7 9,698 Highest	vs.
lowest
quartile/quintile
of	self-reported
physical	activity

Colorectal
cancer–
specific
mortality

HR,	0.62	(95%
CI,	0.45–0.86)

Dose	response:
each	1.5	h/wk
of	activity
associated	with
6%	relative	risk
reduction

Prostate Friedenreich
et	al.,
201646

4 8,158 Highest	vs.
lowest
quartile/quintile
of	self-reported
physical	activity

Prostate
cancer–
specific
mortality

HR,	0.62	(95%
CI,	0.47–0.82)

Vigorous-
intensity	activity
may	be	more
efficacious	than
light-	or
moderate-
intensity
activity.

HR,	hazard	ratio;	CI,	confidence	interval;	BMI,	body	mass	index.

INTERVENTIONS
Current	public	health	guidelines	encourage	participation	in	150	minutes	per	week	of	moderate-intensity	physical
activity	 for	 both	 cancer	 prevention	 and	 survivorship.52	 Interventional	 studies	 have	 demonstrated	 that	 physical
activity	improves	quality	of	life	and	other	patient-reported	outcomes	during	and	after	cancer	therapy.	A	review	of
physical	activity	intervention	studies	that	included	4,068	cancer	survivors	demonstrated	physical	activity	reduced
cancer-related	fatigue	compared	to	usual	care	(standardized	mean	difference	[SMD],	−0.27;	P	<	.001).53	Another
review	that	included	3,694	cancer	survivors	demonstrated	physical	activity	interventions	improved	overall	quality
of	life	and	physical	functioning,	and	reduced	anxiety	and	depressive	symptoms.54	Data	from	randomized	clinical
trials	 also	 suggest	 that	 physical	 activity	 improves	 cardiopulmonary	 fitness,	 muscular	 strength,	 and	 body
composition.52,55,56

There	 are	 currently	no	data	 testing	 the	 impact	 of	 increased	physical	 activity	on	 risk	of	 cancer	 recurrence	or
mortality	 among	 individuals	 diagnosed	with	 an	 early-stage	malignancy.	There	 are	 several	 ongoing	 randomized
clinical	 trials	 that	 are	 examining	 lifestyle-related	 interventions	 that	 include	 a	 physical	 activity	 component	 on	 a
disease	endpoint	in	patients	with	established	cancer.	The	LIVES	trial	will	examine	the	impact	of	physical	activity
and	diet	(emphasizing	fat	reduction	and	increased	fruit	and	vegetable	consumption)	on	progression-free	survival
among	 1,070	 patients	 with	 advanced	 ovarian	 cancer.57	 The	 CHALLENGE	 trial	 will	 examine	 the	 impact	 of
moderate-intensity	 physical	 activity	 on	 disease-free	 survival	 in	 962	patients	with	 high-risk	 stage	 II	 or	 stage	 III
colon	cancer.58	The	INTERVAL	trial	will	examine	whether	vigorous-intensity	aerobic	and	muscle	strengthening
exercises	can	prolong	overall	survival	in	866	men	with	metastatic	prostate	cancer.59	Together,	these	clinical	trials
will	provide	important	information	regarding	the	role	for	physical	activity	in	the	prevention	of	disease	recurrence,
progression,	and	mortality	in	patients	with	established	cancer.

MECHANISTIC	DATA
The	 specific	biologic	mechanisms	 that	 link	obesity	 and	physical	 activity	 to	 cancer	 risk	and	prognosis	have	not
been	fully	elucidated.	It	is	hypothesized	that	obesity-related	metabolic	abnormalities—such	as	low-grade	systemic
inflammation,	unfavorable	concentrations	of	insulin,	and	other	metabolic	hormones	such	as	leptin	and	sex	steroid
hormones—may	 promote	 a	 host	 tumor	 microenvironment	 that	 encourages	 malignant	 cell	 growth	 and
progression.60	The	2016	IARC	working	group	concluded	there	is	strong	evidence	to	implicate	inflammation	and
sex	steroids,	and	moderate	evidence	 to	 implicate	 insulin/insulin-like	growth	 factors	as	physiologic	mediators	of
the	relationship	between	obesity	and	cancer	risk	and	prognosis.16	It	has	been	hypothesized	that	physical	activity
may	 decrease	 the	 risk	 for	 various	 cancer	 through	 multiple	 mechanisms,	 including	 sex	 steroid	 and	 metabolic
hormones,	 inflammation,	 and	 immunity.45	 A	 systematic	 review	 examined	 randomized	 controlled	 trials	 with
biomarker	 endpoints	 and	 concluded	 that	 physical	 activity	 may	 favorably	 change	 circulating	 concentrations	 of
insulin,	insulin-like	growth	factors,	inflammation,	and	possibly	immunity.61
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WEIGHT	AND	PHYSICAL	ACTIVITY	GUIDELINES
The	American	Cancer	Society	and	National	Comprehensive	Cancer	Network	have	published	recommendations	on
weight	 management,	 physical	 activity,	 and	 nutrition	 in	 oncology.52,55	 These	 guidelines	 recommend	 that
individuals	achieve	and	maintain	a	healthy	weight	throughout	life	(e.g.,	avoid	excess	weight	gain	at	all	ages),	be
physically	active	(e.g.,	engage	in	150	minutes	of	moderate-intensity	or	75	minutes	of	vigorous-intensity	activity
each	week	or	a	combination	thereof),	eat	a	healthy	diet	with	an	emphasis	on	plant	foods	(e.g.,	limiting	how	much
processed	meat	and	red	meat	consumed,	consuming	≥2.5	cups	of	fruits	and	vegetables	each	day,	choosing	whole
grains	instead	of	refined-grain	products),	and	limit	alcohol	intake	(e.g.,	no	more	than	one	drink	per	day	for	women
or	no	more	than	two	per	day	for	men).	Surveys	of	self-reported	lifestyle	behaviors	suggest	that	less	than	one-third
of	cancer	patients	meet	these	guidelines.62

AMERICAN	SOCIETY	OF	CLINICAL	ONCOLOGY	OBESITY	INITIATIVE
In	 2013,	 the	 American	 Society	 of	 Clinical	 Oncology	 (ASCO)	 developed	 an	 initiative	 focused	 on	 obesity	 and
cancer.	The	main	objectives	of	the	ASCO	initiative	were	to	increase	awareness	of	the	evidence	linking	obesity	and
cancer,	provide	tools	and	resources	to	help	oncology	providers	address	obesity	with	their	patients,	build	and	foster
a	 robust	 research	 agenda	 to	 study	 the	 relationship	 between	 obesity	 and	 cancer	 and	 the	 impact	 of	 weight
management	 programs	 on	 cancer	 outcomes,	 and	 advocate	 for	 policy	 and	 systems	 change	 to	 increase	 access	 to
weight	management	 programs	 for	 cancer	 survivors.6	 To	 date,	 this	 initiative	 has	 facilitated	 the	 development	 of
patient	and	provider	resources	to	promote	healthy	weight	management	(http://www.cancer.net),	worked	to	build
awareness	 of	 the	 relationship	 between	 obesity	 and	 cancer	 in	 the	 oncology	 community,	 and	 developed	 a	 set	 of
recommendations	for	future	obesity	research	in	cancer	populations.63

CONCLUSION
A	 large	 body	 of	 evidence	 suggests	 that	 both	 obesity	 and	 physical	 activity	 are	 associated	with	 cancer	 risk	 and
outcomes.	Given	the	epidemic	levels	of	obesity	and	physical	inactivity	around	the	globe,	oncology	providers	are
likely	to	encounter	a	high	proportion	of	patients	who	are	obese	and/or	physically	inactive.	Oncology	providers	are
uniquely	 positioned	 to	 help	 encourage	 healthy	 lifestyle	 practices	 that	 promote	 weight	 management	 and
participation	in	regular	physical	activity.	The	study	of	energy	balance	in	oncology	patients	is	in	its	infancy,	and
data	 are	 rapidly	 emerging.	 Many	 provocative	 questions	 remain,64	 and	 numerous	 clinical	 trials	 are	 underway.
These	 additional	 data	 will	 allow	 for	 more	 definitive,	 precise,	 evidence-based	 guidance	 for	 patients	 at	 risk	 of
developing	cancer	and	those	who	have	an	established	cancer.

REFERENCES

1.	 Alfano	CM,	Bluethmann	SM,	Tesauro	G,	et	al.	NCI	funding	trends	and	priorities	in	physical	activity	and	energy
balance	research	among	cancer	survivors.	J	Natl	Cancer	Inst	2015;108(1).

2.	 Shim	M,	Kelly	B,	Hornik	R.	Cancer	 information	 scanning	 and	 seeking	 behavior	 is	 associated	with	 knowledge,
lifestyle	choices,	and	screening.	J	Health	Commun	2006;11(Suppl	1):157–172.

3.	 NCD	Risk	Factor	Collaboration.	Trends	in	adult	body-mass	index	in	200	countries	from	1975	to	2014:	a	pooled
analysis	 of	 1698	 population-based	 measurement	 studies	 with	 19·2	 million	 participants.	 Lancet
2016;387(10026):1377–1396.

4.	 González-Muniesa	P,	Mártinez-Gonzalez	MA,	Hu	FB,	et	al.	Obesity.	Nat	Rev	Dis	Primers	2017;3:17034.
5.	 Wang	YC,	McPherson	K,	Marsh	T,	et	al.	Health	and	economic	burden	of	the	projected	obesity	trends	in	the	USA

and	the	UK.	Lancet	2011;378(9793):815–825.
6.	 Ligibel	JA,	Alfano	CM,	Courneya	KS,	et	al.	American	Society	of	Clinical	Oncology	position	statement	on	obesity

and	cancer.	J	Clin	Oncol	2014;32(31):3568–3574.
7.	 Wolin	KY,	Carson	K,	Colditz	GA.	Obesity	and	cancer.	Oncologist	2010;15(6):556–565.
8.	 Cancer	 Research	 UK.	 Public	 knowledge	 of	 the	 link	 between	 obesity	 and	 cancer.

https://www.cancerresearchuk.org/sites/default/files/obesity_awareness_executive_summary_final.pdf.	 Accessed



November	30,	2017.
9.	 Lee	IM,	Shiroma	EJ,	Lobelo	F,	et	al.	Effect	of	physical	inactivity	on	major	non-communicable	diseases	worldwide:

an	analysis	of	burden	of	disease	and	life	expectancy.	Lancet	2012;380(9838):219–229.
10.	 van	Dam	RM,	Li	T,	Spiegelman	D,	et	 al.	Combined	 impact	of	 lifestyle	 factors	on	mortality:	prospective	cohort

study	in	US	women.	BMJ	2008;337:a1440.
11.	 Ding	D,	Lawson	KD,	Kolbe-Alexander	TL,	et	al.	The	economic	burden	of	physical	inactivity:	a	global	analysis	of

major	non-communicable	diseases.	Lancet	2016;388(10051):1311–1324.
12.	 Moore	SC,	Patel	AV,	Matthews	CE,	 et	 al.	Leisure	 time	 physical	 activity	 of	moderate	 to	 vigorous	 intensity	 and

mortality:	a	large	pooled	cohort	analysis.	PLoS	Med	2012;9(11):e1001335.
13.	 Knox	EC,	Esliger	DW,	Biddle	SJ,	et	al.	Lack	of	knowledge	of	physical	activity	guidelines:	can	physical	activity

promotion	campaigns	do	better?	BMJ	Open	2013;3(12):e003633.
14.	 Obesity:	preventing	and	managing	the	global	epidemic.	World	Health	Organ	Tech	Rep	Ser	2000;894:i–xii,1–253.
15.	 Calle	 EE,	 Rodriguez	 C,	 Walker-Thurmond	 K,	 et	 al.	 Overweight,	 obesity,	 and	 mortality	 from	 cancer	 in	 a

prospectively	studied	cohort	of	US	adults.	N	Engl	J	Med	2003;348(17):1625–1638.
16.	 Lauby-Secretan	 B,	 Scoccianti	 C,	 Loomis	 D,	 et	 al.	 Body	 fatness	 and	 cancer—viewpoint	 of	 the	 IARC	 working

group.	N	Engl	J	Med	2016;375(8):794–798.
17.	 Gruber	J,	Frakes	M.	Does	falling	smoking	lead	to	rising	obesity?	J	Health	Econ	2006;25:183–197.
18.	 Chan	 DS,	 Vieira	 AR,	 Aune	 D,	 et	 al.	 Body	 mass	 index	 and	 survival	 in	 women	 with	 breast	 cancer-systematic

literature	review	and	meta-analysis	of	82	follow-up	studies.	Ann	Oncol	2014;25(10):1901–1914.
19.	 Kroenke	CH,	Chen	WY,	Rosner	B,	et	al.	Weight,	weight	gain,	and	survival	after	breast	cancer	diagnosis.	J	 Clin

Oncol	2005;23(7):1370–1378.
20.	 Brown	JC,	Meyerhardt	JA.	Obesity	and	energy	balance	in	GI	cancer.	J	Clin	Oncol	2016;34(35):4217–4224.
21.	 Cao	Y,	Ma	J.	Body	mass	index,	prostate	cancer-specific	mortality,	and	biochemical	recurrence:	a	systematic	review

and	meta-analysis.	Cancer	Prev	Res	(Phila)	2011;4(4):486–501.
22.	 Joshu	 CE,	 Mondul	 AM,	 Menke	 A,	 et	 al.	 Weight	 gain	 is	 associated	 with	 an	 increased	 risk	 of	 prostate	 cancer

recurrence	after	prostatectomy	in	the	PSA	era.	Cancer	Prev	Res	(Phila)	2011;4(4):544–551.
23.	 Secord	AA,	Hasselblad	V,	Von	Gruenigen	VE,	 et	 al.	 Body	mass	 index	 and	mortality	 in	 endometrial	 cancer:	 a

systematic	review	and	meta-analysis.	Gynecol	Oncol	2016;140(1):184–190.
24.	 Yang	L,	Drake	BF,	Colditz	GA.	Obesity	and	other	cancers.	J	Clin	Oncol	2016;34(35):4231–4237.
25.	 Prado	CM,	Heymsfield	SB.	Lean	 tissue	 imaging:	a	new	era	 for	nutritional	 assessment	and	 intervention.	JPEN	J

Parenter	Enteral	Nutr	2014;38(8):940–953.
26.	 Shachar	SS,	Williams	GR,	Muss	HB,	et	al.	Prognostic	value	of	sarcopenia	 in	adults	with	solid	 tumours:	a	meta-

analysis	and	systematic	review.	Eur	J	Cancer	2016;57:58–67.
27.	 Xiao	J,	Mazurak	VC,	Olobatuyi	TA,	et	al.	Visceral	adiposity	and	cancer	survival:	a	review	of	imaging	studies.	Eur

J	Cancer	Care	(Engl)	2018;27(2):e12611.
28.	 Mullen	 JT,	Davenport	DL,	Hutter	MM,	et	 al.	 Impact	of	body	mass	 index	on	perioperative	outcomes	 in	patients

undergoing	major	intra-abdominal	cancer	surgery.	Ann	Surg	Oncol	2008;15(8):2164–2172.
29.	 Meyerhardt	JA,	Tepper	JE,	Niedzwiecki	D,	et	al.	 Impact	of	body	mass	 index	on	outcomes	and	 treatment-related

toxicity	 in	 patients	 with	 stage	 II	 and	 III	 rectal	 cancer:	 findings	 from	 Intergroup	 Trial	 0114.	 J	 Clin	 Oncol
2004;22(4):648–657.

30.	 Guenancia	 C,	 Lefebvre	 A,	 Cardinale	 D,	 et	 al.	 Obesity	 as	 a	 risk	 factor	 for	 anthracyclines	 and	 trastuzumab
cardiotoxicity	in	breast	cancer:	a	systematic	review	and	meta-analysis.	J	Clin	Oncol	2016;34(26):3157–3165.

31.	 Bao	T,	Basal	C,	Seluzicki	C,	et	al.	Long-term	chemotherapy-induced	peripheral	neuropathy	among	breast	cancer
survivors:	prevalence,	risk	factors,	and	fall	risk.	Breast	Cancer	Res	Treat	2016;159(2):327–333.

32.	 Ridner	SH,	Dietrich	MS,	Stewart	BR,	 et	 al.	Body	mass	 index	 and	breast	 cancer	 treatment-related	 lymphedema.
Support	Care	Cancer	2011;19(6):853–857.

33.	 Huo	J,	Smith	BD,	Giordano	SH,	et	al.	Post-mastectomy	breast	reconstruction	and	its	subsequent	complications:	a
comparison	between	obese	and	non-obese	women	with	breast	cancer.	Breast	Cancer	Res	Treat	2016;157(2):373–
383.

34.	 Renehan	 AG,	 Harvie	 M,	 Cutress	 RI,	 et	 al.	 How	 to	 manage	 the	 obese	 patient	 with	 cancer.	 J	 Clin	 Oncol
2016;34(35):4284–4294.

35.	 Kushi	LH,	Doyle	C,	McCullough	M,	et	al.	American	Cancer	Society	guidelines	on	nutrition	and	physical	activity
for	cancer	prevention:	 reducing	 the	 risk	of	cancer	with	healthy	 food	choices	and	physical	activity.	CA	Cancer	J
Clin	2012;62(1):30–67.

36.	 Adams	 TD,	 Stroup	AM,	Gress	 RE,	 et	 al.	 Cancer	 incidence	 and	mortality	 after	 gastric	 bypass	 surgery.	Obesity



Dr. AVR @ TMH

(Silver	Spring)	2009;17(4):796–802.
37.	 Luo	 J,	 Chlebowski	 RT,	 Hendryx	 M,	 et	 al.	 Intentional	 weight	 loss	 and	 endometrial	 cancer	 risk.	 J	 Clin	 Oncol

2017;35:1189–1193.
38.	 Ligibel	JA,	Barry	WT,	Alfano	C,	et	al.	Randomized	phase	III	trial	evaluating	the	role	of	weight	loss	in	adjuvant

treatment	of	overweight	and	obese	women	with	early	breast	cancer	(Alliance	A011401):	study	design.	NPJ	Breast
Cancer	2017;3:37.

39.	 Rack	B,	Andergassen	U,	Neugebauer	J,	et	al.	The	German	SUCCESS	C	study—the	first	European	lifestyle	study
on	breast	cancer.	Breast	Care	(Basel)	2010;5(6):395–400.

40.	 Villarini	 A,	 Pasanisi	 P,	 Traina	 A,	 et	 al.	 Lifestyle	 and	 breast	 cancer	 recurrences:	 the	 DIANA-5	 trial.	 Tumori
2012;98:1–18.

41.	 Jiralerspong	S,	Goodwin	PJ.	Obesity	and	breast	cancer	prognosis:	evidence,	challenges,	and	opportunities.	J	Clin
Oncol	2016;34(35):4203–4216.

42.	 Caspersen	 CJ,	 Powell	 KE,	 Christenson	 GM.	 Physical	 activity,	 exercise,	 and	 physical	 fitness:	 definitions	 and
distinctions	for	health-related	research.	Public	Health	Rep	1985;100(2):126–131.

43.	 World	Cancer	Research	Fund	and	American	Institute	for	Cancer	Research.	Food,	Nutrition,	Physical	Activity,	and
the	Prevention	of	Cancer:	A	Global	Perspective.	Washington,	DC:	American	Institute	for	Cancer	Research;	2007.

44.	 Moore	 SC,	Lee	 IM,	Weiderpass	E,	 et	 al.	Association	 of	 leisure-time	 physical	Activity	with	 risk	 of	 26	 types	 of
cancer	in	1.44	million	adults.	JAMA	Intern	Med	2016;176(6):816–825.

45.	 McTiernan	A.	Mechanisms	linking	physical	activity	with	cancer.	Nat	Rev	Cancer	2008;8(3):205–211.
46.	 Friedenreich	 CM,	 Neilson	 HK,	 Farris	 MS,	 et	 al.	 Physical	 activity	 and	 cancer	 outcomes:	 a	 precision	 medicine

approach.	Clin	Cancer	Res	2016;22(19):4766–4775.
47.	 Schmid	D,	Leitzmann	MF.	Association	between	physical	activity	and	mortality	among	breast	cancer	and	colorectal

cancer	survivors:	a	systematic	review	and	meta-analysis.	Ann	Oncol	2014;25(7):1293–1311.
48.	 Friedenreich	 CM,	 Wang	 Q,	 Neilson	 HK,	 et	 al.	 Physical	 activity	 and	 survival	 after	 prostate	 cancer.	 Eur	 Urol

2016;70(4):576–585.
49.	 Kenfield	SA,	Stampfer	MJ,	Giovannucci	E,	et	al.	Physical	activity	and	survival	after	prostate	cancer	diagnosis	in

the	health	professionals	follow-up	study.	J	Clin	Oncol	2011;29(6):726–732.
50.	 Shen	D,	Mao	W,	Liu	T,	et	al.	Sedentary	behavior	and	incident	cancer:	a	meta-analysis	of	prospective	studies.	PLoS

One	2014;9(8):e105709.
51.	 Biswas	A,	Oh	PI,	Faulkner	GE,	et	al.	Sedentary	time	and	its	association	with	risk	for	disease	incidence,	mortality,

and	hospitalization	in	adults:	a	systematic	review	and	meta-analysis.	Ann	Intern	Med	2015;162(2):123–132.
52.	 Rock	CL,	Doyle	C,	Demark-Wahnefried	W,	et	al.	Nutrition	and	physical	activity	guidelines	for	cancer	survivors.

CA	Cancer	J	Clin	2012;62(4):243–274.
53.	 Cramp	F,	Byron-Daniel	 J.	Exercise	 for	 the	management	 of	 cancer-related	 fatigue	 in	 adults.	Cochrane	Database

Syst	Rev	2012;(11):CD006145.
54.	 Mishra	 SI,	 Scherer	 RW,	 Geigle	 PM,	 et	 al.	 Exercise	 interventions	 on	 health-related	 quality	 of	 life	 for	 cancer

survivors.	Cochrane	Database	Syst	Rev	2012;(8):CD007566.
55.	 Denlinger	CS,	Ligibel	JA,	Are	M,	et	al.	Survivorship:	nutrition	and	weight	management,	Version	2.2014.	Clinical

practice	guidelines	in	oncology.	J	Natl	Compr	Canc	Netw	2014;12(10):1396–1406.
56.	 Schmitz	 KH,	 Courneya	 KS,	 Matthews	 C,	 et	 al.	 American	 College	 of	 Sports	 Medicine	 roundtable	 on	 exercise

guidelines	for	cancer	survivors.	Med	Sci	Sports	Exerc	2010;42(7):1409–1426.
57.	 Thomson	CA,	Crane	TE,	Miller	A,	et	al.	A	randomized	trial	of	diet	and	physical	activity	in	women	treated	for	stage

II-IV	 ovarian	 cancer:	 rationale	 and	 design	 of	 the	 Lifestyle	 Intervention	 for	 Ovarian	 Cancer	 Enhanced	 Survival
(LIVES):	an	NRG	Oncology/Gynecologic	Oncology	Group	(GOG-225)	study.	Contemp	Clin	Trials	2016;49:181–
189.

58.	 Courneya	KS,	Booth	CM,	Gill	S,	et	al.	The	Colon	Health	and	Life-Long	Exercise	Change	trial:	a	randomized	trial
of	the	National	Cancer	Institute	of	Canada	Clinical	Trials	Group.	Curr	Oncol	2008;15(6):279–285.

59.	 Newton	RU,	Galvão	DA.	Accumulating	 evidence	 for	 physical	 activity	 and	 prostate	 cancer	 survival:	 time	 for	 a
definitive	trial	of	exercise	medicine?	Eur	Urol	2016;70(4):586–587.

60.	 Himbert	C,	Delphan	M,	Scherer	D,	et	al.	Signals	from	the	adipose	microenvironment	and	the	obesity-cancer	link—
a	systematic	review.	Cancer	Prev	Res	(Phila)	2017;10(9):494–506.

61.	 Ballard-Barbash	R,	Friedenreich	CM,	Courneya	KS,	et	al.	Physical	activity,	biomarkers,	and	disease	outcomes	in
cancer	survivors:	a	systematic	review.	J	Natl	Cancer	Inst	2012;104(11):815–840.

62.	 Blanchard	CM,	Courneya	KS,	Stein	K,	et	al.	Cancer	survivors’	adherence	to	lifestyle	behavior	recommendations
and	 associations	with	 health-related	 quality	 of	 life:	 results	 from	 the	American	 Cancer	 Society’s	 SCS-II.	 J	 Clin



Oncol	2008;26(13):2198–2204.
63.	 Ligibel	 JA,	 Alfano	 CM,	 Hershman	 D,	 et	 al.	 Recommendations	 for	 obesity	 clinical	 trials	 in	 cancer	 survivors:

American	Society	of	Clinical	Oncology	statement.	J	Clin	Oncol	2015;33(33):3961–3967.
64.	 Courneya	KS,	Rogers	LQ,	Campbell	KL,	et	al.	Top	10	research	questions	related	to	physical	activity	and	cancer

survivorship.	Res	Q	Exerc	Sport	2015;86(2):107–116.
65.	 Doleman	B,	Mills	KT,	Lim	S,	et	 al.	Body	mass	 index	and	colorectal	cancer	prognosis:	 a	 systematic	 review	and

meta-analysis.	Tech	Coloproctol	2016;20(8):517–535.



Dr. AVR @ TMH

Section	2	Epidemiology	of	Cancer



13 Epidemiologic	Methods
Xiaomei	Ma	and	Herbert	Yu

INTRODUCTION
Epidemiology	 is	 the	 study	 of	 the	 distribution	 and	 determinants	 of	 health-related	 states	 or	 events	 in	 specified
populations	and	the	application	of	this	study	to	control	health	problems.1	Epidemiologic	principles	and	methods
have	 long	been	applied	 to	cancer	 research,	with	 the	assumptions	 that	 cancer	does	not	occur	at	 random	and	 the
nonrandomness	of	carcinogenesis	can	be	elucidated	through	systematic	research.	An	example	of	such	applications
is	 the	 lung	 cancer	 study	 conducted	 by	Doll	 and	Hill	 in	 the	 early	 1950s,	 which	 linked	 tobacco	 smoking	 to	 an
increased	mortality	of	lung	cancer	in	over	40,000	medical	professionals	in	the	United	Kingdom.2	The	observation
from	this	study	and	many	other	studies,	in	conjunction	with	laboratory	findings	regarding	the	underlying	biologic
mechanisms	 for	 the	effect	of	 tobacco	 smoking,	helped	establish	 the	 role	of	 tobacco	 smoking	 in	 the	etiology	of
lung	cancer.	Epidemiologic	methods	are	also	used	in	clinical	settings,	where	trials	are	conducted	to	evaluate	the
efficacy	of	new	treatment	protocols	or	preventive	measures	and	observational	studies	are	carried	out	to	assess	the
pattern	and	cost	of	care	(including	screening,3,4	treatment,5–7	and	end-of-life	care8).

Epidemiologic	studies	can	take	different	forms,	but	generally	they	can	be	classified	into	two	broad	categories,
observational	 studies	 and	 experimental	 studies	 (Fig.	 13.1).	 In	 experimental	 studies,	 an	 investigator	 allocates
different	study	regimens	to	the	subjects,	usually	with	randomization	(experimental	studies	without	randomization
are	sometimes	referred	to	as	“quasi-experiments”9).	Experimental	studies	can	be	individual-based	or	community-
based.	An	experimental	study	most	closely	resembles	laboratory	experiments	in	that	the	investigator	has	control
over	the	study	condition.	Experimental	studies	can	be	used	to	evaluate	the	efficacy	of	a	treatment	protocol	(e.g.,
low-dose	 compared	 with	 standard-dose	 chemotherapy	 for	 non-Hodgkin	 lymphoma10)	 or	 preventive	 measures
(e.g.,	 tamoxifen	 for	 women	 at	 an	 increased	 risk	 of	 breast	 cancer11).	 Although	 experimental	 studies	 are	 often
considered	 the	 “gold	 standard”	 because	 of	 well-controlled	 study	 situations,	 they	 are	 only	 suitable	 for	 the
evaluation	of	effects	that	are	beneficial	or	at	least	not	harmful	due	to	ethical	concerns.	Experimental	studies	are
discussed	in	detail	in	other	chapters	of	this	book.	This	section	focuses	on	observational	studies.

Observational	studies	do	not	 involve	artificial	manipulation	of	study	regimens.	 In	an	observational	study,	an
investigator	stands	by	to	observe	what	happens	or	happened	to	 the	subjects,	 in	 terms	of	exposure	and	outcome.
Observational	 studies	 can	be	 further	 divided	 into	descriptive	 and	 analytical	 studies	 (see	Fig.	13.1).	Descriptive
studies	focus	on	the	distribution	of	diseases	with	respect	to	person,	place,	and	time	(i.e.,	who,	where,	and	when),
whereas	analytical	studies	focus	on	the	determinants	of	diseases.	Descriptive	studies	are	often	used	to	generate
hypotheses,	whereas	analytical	studies	are	often	used	to	test	hypotheses.	However,	the	two	types	of	studies	should
not	 be	 considered	 mutually	 exclusive	 entities;	 rather,	 they	 are	 the	 opposite	 ends	 of	 a	 continuum.	 Descriptive
studies	are	discussed	in	detail	in	the	section	of	“Global	Cancer	Incidence	and	Mortality.”

ANALYTICAL	STUDIES
Ecologic	Studies
As	in	experimental	studies,	 the	unit	of	analysis	can	be	 individuals	or	groups	of	people	 in	observational	studies.
Studies	that	use	groups	of	people	as	the	unit	of	analysis	are	called	ecologic	studies,	which	are	relatively	easy	to
carry	 out	 when	 group-level	 measures	 are	 available.	 However,	 a	 relationship	 observed	 between	 variables	 on	 a
group	level	does	not	necessarily	reflect	the	relationship	that	exists	at	an	individual	level.	For	example,	the	fraction
of	 energy	 supply	 from	animal	products	was	 found	 to	be	positively	 correlated	with	breast	 cancer	mortality	 in	 a
recent	ecologic	study,	which	used	preexisting	data	on	both	dietary	supply	and	breast	cancer	mortality	rates	from
35	countries.12	Because	 the	 data	were	 country-based,	 no	 reliable	 inference	 can	 be	made	 at	 an	 individual	 level.
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Within	each	country,	it	could	be	that	the	people	who	had	a	low	fraction	of	energy	supply	from	animal	products
were	 actually	 dying	 from	breast	 cancer.	Results	 from	ecologic	 studies	 are	 useful	 for	 inference	 at	 an	 individual
level	 only	 when	 the	 within-group	 variability	 of	 the	 exposure	 is	 low	 so	 a	 group-level	measure	 can	 reasonably
reflect	 exposure	 at	 an	 individual	 level.	Alternatively,	 if	 the	 implications	 for	 prevention	or	 intervention	 are	 at	 a
group	level	(e.g.,	taxation	of	cigarettes	to	reduce	smoking),	results	from	ecologic	studies	are	very	useful.

Cross-sectional	Studies
There	are	three	main	types	of	analytical	studies	in	which	the	unit	of	analysis	is	individuals:	cross-sectional,	cohort,
and	case-control	studies.	In	a	cross-sectional	study,	the	information	on	various	factors	is	collected	from	the	study
population	at	a	given	point	in	time.	From	a	public	health	perspective,	data	collected	in	cross-sectional	studies	can
be	of	great	value	in	assessing	the	general	health	status	of	a	population	and	allocating	resources.	For	example,	the
National	 Health	 and	 Nutrition	 Examination	 Survey	 has	 provided	 valuable	 national	 estimates	 of	 health	 and
nutritional	status	of	the	U.S.	civilian,	noninstitutionalized	population.13	Findings	from	cross-sectional	studies	can
also	help	generate	hypotheses	that	may	be	tested	later	in	other	types	of	studies.	However,	it	should	be	noted	that
cross-sectional	 studies	 have	 serious	methodologic	 limitations	 if	 the	 research	 purpose	 is	 etiologic	 inference.	As
exposures	and	disease	status	are	evaluated	simultaneously,	 it	 is	usually	not	possible	 to	know	the	 temporality	of
events,	unless	the	exposure	cannot	change	over	time	(e.g.,	blood	type,	skin	color,	race,	country	of	birth).	If	one
observes	that	more	patients	with	brain	cancer	are	depressed	than	people	without	brain	cancer	in	a	cross-sectional
study,	the	correlation	does	not	necessarily	mean	that	depression	causes	brain	cancer.	Depression	may	simply	have
resulted	 from	 the	 pathogenesis	 and	 diagnosis	 of	 brain	 cancer.	Or,	 depression	may	have	 caused	 brain	 cancer	 in
some	patients	and	resulted	from	brain	cancer	 in	other	patients.	Without	additional	 information	on	 the	 timing	of
events,	 no	 conclusions	 can	 be	made.	Another	 concern	 in	 cross-sectional	 studies	 is	 the	 enrollment	 of	 prevalent
cases	who	survived	different	lengths	of	time	after	the	incidence	of	disease.	Factors	that	affect	survival	may	also
influence	incidence.	Prevalent	cases	may	not	be	representative	of	incident	cases,	which	makes	etiologic	inferences
based	on	cross-sectional	studies	suspect	at	best.



Figure	13.1	Classification	of	epidemiologic	study	designs.

Cohort	Studies
In	a	cohort	study,	a	study	population	free	of	a	specific	disease	(or	any	other	health-related	condition)	is	grouped
based	on	their	exposure	status	and	followed	up	for	a	certain	period	of	time,	and	then	the	exposed	and	unexposed
subjects	are	compared	with	respect	to	disease	status	at	the	end	of	the	follow-up.	The	objective	of	a	cohort	study	is
usually	 to	 evaluate	 whether	 the	 incidence	 of	 a	 disease	 is	 associated	 with	 an	 exposure.	 The	 cohort	 design	 is
fundamental	in	observational	epidemiology	and	is	considered	“ideal”	in	that,	 if	unbiased,	cohort	data	reflect	the
real	life	cause-effect	sequence	of	disease.14	Subjects	in	cohort	studies	may	be	a	sample	of	the	general	population
in	a	geographic	area,	a	group	of	workers	who	are	exposed	to	certain	occupational	hazards	in	a	specific	industry,	or
people	 who	 are	 considered	 at	 a	 high	 risk	 for	 a	 specific	 disease.	 A	 cohort	 study	 is	 considered	 prospective	 or
concurrent	if	the	investigator	starts	following	up	the	cohort	from	the	present	time	into	the	future,	and	retrospective
or	historical	if	the	cohort	is	established	in	the	past	based	on	existing	records	(e.g.,	an	occupational	cohort	based	on
employment	records)	and	the	follow-up	ends	before	or	at	the	time	of	the	study.	Alternatively,	a	cohort	study	can
be	 ambidirectional	 in	 that	 data	 collection	 goes	 both	 directions.15	 Whether	 a	 cohort	 study	 is	 prospective,
retrospective,	or	ambidirectional,	the	key	feature	is	that	all	the	subjects	were	free	of	the	disease	at	the	beginning	of
the	follow-up	and	the	study	tracks	the	subjects	from	exposure	to	disease.	Follow-up	time,	ranging	from	days	to
decades,	is	an	essential	element	in	cohort	studies.

In	a	cohort	 study,	 the	 incidence	of	disease	 in	 the	exposed	group	and	 the	unexposed	group	 is	compared.	The
incidence	measure	can	be	cumulative	incidence	or	incidence	density,	depending	on	the	availability	of	data.	When
comparing	the	incidence	in	the	two	groups,	both	relative	differences	and	absolute	differences	can	be	assessed.	In
cohort	studies,	the	relative	risk	of	developing	the	disease	is	expressed	as	the	ratio	of	the	cumulative	incidence	in
the	exposed	group	to	that	in	the	unexposed	group,	which	is	also	called	cumulative	incidence	ratio	or	risk	ratio.	If
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we	have	data	on	the	exact	person-time	of	follow-up	for	every	subject,	we	can	also	calculate	an	incidence	density
ratio	(also	called	rate	ratio)	in	a	similar	way.	The	numeric	value	of	the	risk	or	rate	ratio	reflects	the	magnitude	of
the	 association	between	an	 exposure	 and	a	disease.	For	 example,	 a	 risk	 ratio	of	2	would	be	 interpreted	 as	 that
exposed	individuals	have	doubled	risk	of	developing	a	disease	than	unexposed	individuals,	whereas	a	risk	ratio	of
5	 indicates	 that	 exposed	 individuals	 have	 5	 times	 the	 risk	 of	 developing	 a	 disease	 compared	 with	 unexposed
individuals.	Put	in	another	way,	a	factor	with	a	risk	ratio	of	5	has	a	stronger	effect	than	another	factor	with	a	risk
ratio	of	2.	 In	 addition	 to	 risk	 ratio	 and	 rate	 ratio,	 another	 relative	measure	 called	probability	odds	 ratio	 can	be
calculated	in	cohort	studies.	The	probability	odds	of	disease	is	 the	number	of	subjects	who	developed	a	disease
divided	 by	 the	 number	 of	 subjects	 who	 did	 not	 develop	 the	 disease,	 and	 the	 probability	 odds	 ratio	 is	 the
probability	odds	in	the	exposed	group	divided	by	the	probability	odds	in	the	unexposed	group.	Many	investigators
prefer	risk	ratio	or	rate	ratio	to	probability	odds	ratio	in	cohort	studies,	as	the	ability	to	directly	measure	the	risk	of
developing	a	disease	is	one	of	the	most	significant	advantages	in	cohort	studies.	In	practice,	however,	probability
odds	ratio	is	often	used	as	an	approximation	for	risk	or	rate	ratio,	especially	when	multivariate	logistic	regression
models	 are	 employed	 to	 adjust	 for	 the	 effect	 of	 other	 factors	 that	 may	 influence	 the	 relationship	 between	 an
exposure	and	a	disease.

As	for	absolute	differences,	a	commonly	used	measure	is	called	attributable	risk	in	the	exposed,	which	is	the
incidence	in	the	exposed	group	minus	the	incidence	in	the	unexposed	group.	Attributable	risk	reflects	the	disease
incidence	that	could	be	attributed	to	the	exposure	in	exposed	individuals	and	the	reduction	in	incidence	that	we
would	 expect	 if	 the	 exposure	 can	 be	 removed	 from	 the	 exposed	 individuals,	 provided	 that	 there	 is	 a	 causal
relationship	between	 the	exposure	and	 the	disease.	Another	absolute	measure	called	population	attributable	 risk
extends	 this	concept	 to	 the	general	population—it	estimates	 the	disease	 incidence	 that	could	be	attributed	 to	an
exposure	 in	 the	 general	 population.	 Because	 both	 relative	 and	 absolute	 differences	 can	 be	 assessed	 in	 cohort
studies,	a	natural	question	 to	ask	 is	what	measures	 to	choose.	 In	general,	 the	relative	differences	are	used	more
often	 if	 the	main	 research	objective	 is	 etiologic	 inference,	 and	 they	 can	be	used	 for	 the	 judgment	of	 causality.
Once	 causality	 is	 established	 or	 at	 least	 assumed,	measures	 of	 absolute	 differences	 are	more	 important	 from	 a
public	health	perspective.	This	point	can	be	illustrated	using	the	following	hypothetical	example.	Assuming	toxin
X	in	the	environment	triples	the	risk	of	bladder	cancer	and	toxin	Y	doubles	the	risk	of	bladder	cancer,	the	effects
of	X	and	Y	are	entirely	independent	of	each	other,	the	prevalence	of	exposure	to	toxin	Y	in	the	general	population
is	20	times	higher	than	the	prevalence	of	exposure	to	toxin	X,	and	there	are	only	resources	available	to	reduce	the
exposure	to	one	toxin,	it	would	be	more	effective	to	use	the	resources	to	reduce	the	exposure	to	toxin	Y	instead	of
toxin	X.	This	is	because	the	population	attributable	risk	due	to	Y	is	higher	than	that	due	to	X,	although	the	risk
ratio	associated	with	toxin	Y	is	smaller	than	that	associated	with	toxin	X.

Cohort	 studies	 have	 many	 advantages.	 A	 cohort	 design	 is	 the	 best	 way	 to	 study	 the	 natural	 history	 of	 a
disease.15	There	is	usually	a	clear	temporal	relationship	between	an	exposure	and	a	disease	as	all	the	subjects	are
free	of	the	disease	at	the	beginning	of	the	follow-up	(it	can	be	a	problem	if	a	subject	has	a	subclinical	disease	such
as	undetected	prostate	cancer).	Furthermore,	multiple	diseases	can	be	studied	with	respect	to	the	same	exposure.
On	 the	 other	 hand,	 cohort	 studies,	 especially	 prospective	 cohort	 studies,	 are	 costly	 in	 terms	 of	 both	 time	 and
money.	 A	 cohort	 design	 requires	 the	 follow-up	 of	 a	 large	 number	 of	 study	 participants	 over	 a	 sometimes
extremely	 lengthy	 period	 of	 time	 and	 usually	 extensive	 data	 collection	 through	 questionnaires,	 physical
measurements,	 and/or	 biologic	 specimens	 at	 regular	 intervals.	 Participants	may	 be	 “lost”	 during	 the	 follow-up
because	they	became	tired	of	the	study,	moved	away	from	the	study	area,	or	died	from	some	causes	other	than	the
disease	under	 study.	 If	 the	 subjects	who	were	 lost	during	 the	 follow-up	are	different	 from	 those	who	 remained
under	observation	with	respect	to	exposure,	disease,	or	other	factors	that	may	influence	the	relationship	between
the	exposure	and	the	disease,	results	from	the	study	will	be	biased.	To	date,	cohort	studies	have	been	used	to	study
the	etiology	of	a	wide	spectrum	of	diseases,	including	different	types	of	cancer.	If	a	cohort	study	is	conducted	to
evaluate	the	etiology	of	cancer,	usually	the	study	sample	size	would	need	to	be	very	large	(such	as	the	National
Institutes	of	Health-American	Association	of	Retired	Persons	Diet	and	Health	Study,	which	included	more	than
half	a	million	subjects16)	and	the	follow-up	time	would	need	to	be	long,	unless	the	cohort	selected	is	a	high-risk
population.

For	simplicity,	we	have	discussed	cohort	studies	in	which	the	outcome	of	interest	is	the	incidence	of	a	specific
disease	 and	 there	 are	 only	 two	 exposure	 groups.	 In	 practice,	 any	 health-related	 event	 can	 be	 the	 outcome	 of
interest,	and	multiple	exposure	groups	can	be	compared.

Case-Control	Studies
Case-control	design	is	an	alternative	to	cohort	design	for	the	evaluation	of	the	relationship	between	an	exposure



and	 a	 disease	 (or	 any	 other	 health	 condition).	 A	 case-control	 approach	 compares	 the	 odds	 of	 past	 exposure
between	cases	and	noncases	(controls)	and	uses	the	exposure	odds	ratio	as	an	estimate	for	relative	risk.	A	primary
goal	 in	a	case-control	 study	 is	 to	 reach	 the	 same	conclusions	as	what	would	have	been	obtained	 from	a	cohort
study,	if	one	had	been	done.17	If	appropriately	designed	and	conducted,	a	case-control	study	can	optimize	speed
and	 efficiency	 as	 the	 need	 for	 follow-up	 is	 avoided.14	 The	 starting	 point	 of	 a	 case-control	 study	 is	 a	 source
population	from	which	the	cases	arise.	Instead	of	obtaining	the	denominators	for	the	calculation	of	risks	or	rates	in
a	cohort	study,	a	control	group	is	sampled	from	the	entire	source	population.	After	selecting	control	subjects,	who
ideally	would	have	become	cases	had	they	developed	the	disease,	an	investigator	collects	data	on	past	exposures
from	both	the	cases	and	the	controls	and	then	calculates	an	odds	ratio,	which	is	the	odds	of	exposure	in	the	cases
divided	by	the	odds	of	exposure	in	the	controls.

There	 are	 two	 main	 types	 of	 case-control	 studies:	 case-based	 case-control	 studies	 and	 case-control	 studies
within	defined	cohorts.14	Some	variations	of	 the	case-control	design	also	exist.	For	 instance,	 if	 the	effect	of	an
exposure	 is	 transient,	 sometimes	a	case	can	be	used	as	his	or	her	own	control	 (case-crossover	design).	 In	case-
based	case-control	studies,	cases	and	controls	are	selected	at	a	given	point	in	time	from	a	hypothetical	cohort	(i.e.,
at	the	end	of	follow-up).	A	cross-sectional	ascertainment	of	cases	will	result	in	a	case	group	that	mostly	contains
prevalent	 cases,	who	may	 have	 survived	 for	 different	 lengths	 of	 time	 after	 disease	 incidence.	 Cases	who	 died
before	an	investigator	began	subject	ascertainment	would	not	be	eligible	to	be	included	in	the	study.	As	a	result,
the	 cases	 finally	 included	 in	 the	 study	may	 not	 be	 representative	 of	 all	 the	 cases	 from	 the	 entire	 hypothetical
cohort.	Another	disadvantage	of	enrolling	prevalent	cases	is	that	cases	who	were	diagnosed	a	long	time	ago	will
likely	 have	 difficulties	 recalling	 exposures	 that	 occurred	 before	 disease	 incidence.	 In	 case-control	 studies,	 it	 is
preferable	 to	 ascertain	 incident	 cases	 as	 soon	 as	 they	 are	 diagnosed	 and	 select	 controls	 as	 soon	 as	 cases	 are
identified.	 Case-control	 studies	 that	 enroll	 only	 incident	 cases	 are	 sometimes	 called	 prospective	 case-control
studies	 in	 that	 the	 investigators	 need	 to	 wait	 for	 the	 incident	 cases	 to	 develop	 and	 get	 diagnosed.	 For	 cancer
studies,	 the	cases	can	be	ascertained	from	population-based	cancer	registries	or	hospitals.	A	major	advantage	of
using	a	cancer	registry	is	the	completeness	of	case	ascertainment,	but	the	reporting	of	cancer	cases	to	registries	is
usually	not	instantaneous.	There	could	be	a	lag	time	of	several	months	or	even	over	a	year,	and	some	cases	could
have	died	during	the	lag	time.	If	the	cancer	under	study	has	a	poor	survival	and/or	clinical	specimens	need	to	be
obtained	 in	 a	 timely	 manner,	 it	 may	 be	 preferable	 to	 identify	 cases	 directly	 from	 hospitals	 using	 a	 rapid
ascertainment	protocol.	As	for	the	selection	of	controls,	the	key	issue	is	that	controls	should	be	representative	of
the	source	population	 from	which	 the	cases	arise	and	 theoretically	 the	controls	would	have	been	ascertained	as
cases	 had	 they	 developed	 the	 disease.	 The	 most	 common	 types	 of	 controls	 include	 population-based	 controls
(often	 selected	 through	 random	 digit	 dialing	 in	 case-control	 studies	 of	 cancer	 etiology),	 hospital	 controls,	 and
friend	controls.	The	advantages	and	disadvantages	of	different	types	of	controls	have	been	nicely	summarized	by
Wacholder	 et	 al.18	 Because	 no	 follow-up	 is	 involved	 in	 case-based	 case-control	 studies,	 incidence	 risk	 or	 rate
cannot	be	calculated	directly	for	case	and	control	groups.	The	odds	ratio	will	be	a	good	estimate	of	relative	risk	if
the	disease	is	uncommon.

In	addition	to	case-based	case-control	studies,	there	are	also	case-control	studies	within	defined	cohorts	(also
known	 as	 hybrid	 or	 ambidirectional	 designs),	 including	 case-cohort	 studies	 and	 nested	 case-control	 studies.	 In
case-cohort	studies,	cases	are	 identified	from	a	well-defined	cohort	after	some	follow-up	 time,	and	controls	are
selected	 from	 the	 baseline	 cohort.	 In	 nested	 case-control	 studies,	 cases	 are	 also	 identified	 from	 a	 cohort,	 but
controls	are	selected	from	the	individuals	at	risk	at	the	time	each	case	occurs	(i.e.,	incidence	density	sampling).14
In	these	types	of	designs,	controls	are	a	sample	of	the	cohort	and	the	controls	selected	can	theoretically	become
cases	at	some	point.	The	possibility	of	selection	bias	in	case-control	studies	within	defined	cohorts	is	lower	than
that	 in	 case-based	 case-control	 studies	 because	 the	 cases	 and	 the	 controls	 are	 selected	 from	 the	 same	 source
population.	Because	of	an	 increased	awareness	of	 the	methodologic	 issues	 inherent	 in	 the	design	of	case-based
case-control	studies	and	the	availability	of	a	growing	number	of	large	cohorts,	case-control	studies	within	defined
cohorts	have	become	more	common	 in	 recent	years.	The	advantage	of	case-control	 studies	within	cohorts	over
traditional	cohort	studies	is	mainly	the	efficiency	in	additional	data	collection.	For	instance,	a	recent	nested	case-
control	study	evaluated	the	relationship	between	endogenous	sex	hormones	and	prostate	cancer	risk.19	Instead	of
measuring	the	serum	hormone	levels	of	 the	entire	cohort	(over	12,000	subjects),	 investigators	chose	to	measure
300	 cases	 and	 300	 controls	 selected	 from	 the	 cohort.	 Doing	 so	 not	 only	 significantly	 reduced	 the	 cost	 of
measurements	 and	 the	 time	 it	 took	 to	 address	 the	 research	 question	 but	 also	 helped	 preserve	 valuable	 serum
samples	for	possible	analyses	in	the	future.	In	a	case-cohort	design,	an	odds	ratio	estimates	risk	ratio;	in	a	nested
case-control	design,	an	odds	ratio	estimates	rate	ratio.	In	both	designs,	the	disease	under	study	does	not	have	to	be
rare	for	the	odds	ratio	to	be	a	good	estimate	of	the	risk	ratio	or	rate	ratio.14,20
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The	biggest	advantage	of	a	case-control	design	is	the	speed	and	efficiency	in	obtaining	data.	It	is	claimed	that
investigators	 implement	 case-control	 studies	 more	 frequently	 than	 any	 other	 analytical	 epidemiologic	 study.21
Because	most	types	of	cancer	are	uncommon	and	take	a	long	time	to	develop,	to	date,	most	epidemiologic	studies
of	cancer	have	been	case-control	instead	of	cohort	in	design.	A	case-control	study	can	be	conducted	to	evaluate
the	relationship	between	many	different	exposures	and	a	specific	disease,	but	the	study	will	have	limited	statistical
power	if	the	exposure	is	rare.	In	general,	a	case-control	design	tends	to	be	more	susceptible	to	biases	than	a	cohort
design.	Such	biases	include	but	are	not	limited	to	selection	bias	when	choosing	and	enrolling	subjects	(especially
controls)	and	recall	bias	when	obtaining	data	from	the	subjects.	The	status	of	 the	subjects	(i.e.,	case	or	control)
may	affect	how	they	recall	and	report	previous	exposures,	some	of	which	occurred	years	or	even	decades	ago.	It	is
important	 for	 investigators	 to	explicitly	define	 the	diagnostic	and	eligibility	criteria	 for	cases,	 to	 select	controls
from	the	same	population	as	the	cases	independent	of	the	exposures	of	interest,	to	blind	data	collection	staff	to	the
case	 or	 control	 status	 of	 subjects	 and/or	 the	main	 hypotheses	 of	 the	 study,	 to	 ascertain	 exposure	 in	 a	 similar
manner	from	cases	and	controls,	and	to	take	into	account	other	factors	that	may	influence	the	relationship	between
an	exposure	and	a	disease.21

INTERPRETATION	OF	EPIDEMIOLOGIC	FINDINGS
We	have	discussed	measures	of	effects	in	various	study	designs.	However,	a	risk	ratio	of	3	from	a	cohort	study	or
an	odds	ratio	of	2.5	from	a	case-control	study	does	not	necessarily	mean	that	there	is	an	association	between	an
exposure	 and	 a	disease.	Several	 alternative	 explanations	need	 to	be	 assessed,	 including	 chance	 (random	error),
bias	(systematic	error),	and	confounding.	Potential	interaction	also	needs	be	evaluated.

Statistical	methods	are	required	to	evaluate	the	role	of	chance.	A	usual	way	is	to	calculate	the	upper	and	lower
limits	of	a	95%	confidence	interval	around	a	point	estimate	for	relative	risk	(risk	ratio,	rate	ratio,	or	odds	ratio).	If
the	 confidence	 interval	 does	 not	 include	 one,	 one	 would	 say	 that	 the	 observed	 association	 is	 statistically
significant;	if	the	confidence	interval	includes	one,	one	would	say	that	the	observed	relationship	is	not	statistically
significant.	The	width	of	a	confidence	interval	is	directly	related	to	the	number	of	participants	in	a	study,	which	is
called	sample	size.	A	larger	sample	size	leads	to	less	variability	in	the	data,	a	tighter	confidence	interval,	and	a
higher	possibility	 in	 finding	a	 statistically	 significant	association	 if	one	 truly	exists.	A	95%	confidence	 interval
means	 that	 if	 the	 data	 collection	 and	 analysis	 could	 be	 replicated	many	 times,	 the	 confidence	 interval	 should
include	the	correct	value	of	the	measure	95%	of	the	time.22	It	 is	better	to	consider	a	confidence	interval	to	be	a
general	 guide	 to	 the	 amount	 of	 random	 error	 in	 the	 data	 but	 not	 necessarily	 a	 literal	 measure	 of	 statistical
variability.22

Bias	can	be	defined	as	any	systematic	error	in	an	epidemiologic	study	that	results	in	an	incorrect	estimate	of	the
association	between	exposure	and	disease,	and	it	can	occur	in	every	type	of	epidemiologic	study	design.	There	are
two	main	types	of	bias:	selection	bias	and	information	bias.	Selection	bias	is	present	when	individuals	included	in
a	study	are	systematically	different	from	the	target	population.	For	example,	if	a	study	aimed	to	generate	a	sample
representing	all	women	 in	 the	United	States	and	of	 the	women	contacted,	more	with	a	 family	history	of	breast
cancer	agreed	to	participate.	This	sample	would	be	at	a	higher	risk	for	breast	cancer	 than	the	target	population.
Refusal	 to	 participate	 poses	 a	 constant	 challenge	 in	 epidemiologic	 studies.	 As	 individuals	 have	 become	more
concerned	 about	 privacy	 issues	 and	 as	 studies	 have	become	more	demanding	of	 time,	 biologic	 specimens,	 and
other	 impositions,	participation	 rates	have	dropped	substantially	 in	 recent	years.	 If	nonparticipants	are	different
from	 the	 participants	 with	 respect	 to	 study-related	 characteristics,	 the	 validity	 of	 the	 study	 is	 threatened.
Information	bias	occurs	when	 the	data	collected	from	the	study	subjects	are	erroneous.	 Information	bias	 is	also
known	as	misclassification	if	the	variable	is	measured	on	a	categorical	scale	and	the	error	causes	a	subject	to	be
placed	in	a	wrong	category.	Misclassification	can	happen	to	both	exposure	and	disease.	For	example,	in	a	case-
control	 study	 of	 previous	 reproductive	 history	 and	 ovarian	 cancer,	 a	 woman	 who	 had	 an	 extremely	 early
pregnancy	loss	might	not	even	realize	that	she	was	ever	pregnant	and	would	mistakenly	report	no	pregnancy,	and
another	 woman	 who	 has	 only	 subclinical	 presentations	 of	 ovarian	 cancer	 might	 be	 mistakenly	 selected	 as	 a
control.	 Misclassification	 can	 be	 differential	 or	 nondifferential.	 An	 exposure	 misclassification	 is	 considered
differential	if	it	is	related	to	disease	status	and	nondifferential	if	not	related	to	disease	status.	Similarly,	a	disease
misclassification	 is	considered	differential	 if	 it	 is	 related	 to	exposure	status	and	nondifferential	 if	not	 related	 to
exposure	 status.	 If	 a	 binary	 exposure	 variable	 and	 a	 binary	 disease	 variable	 are	 analyzed,	 nondifferential
misclassification	will	 result	 in	an	underestimate	of	 the	 true	association.	Differential	misclassification	can	either
exaggerate	 or	 underestimate	 a	 true	 effect.	Usually	 not	much	 can	 be	 done	 to	 control	 or	 correct	 bias	 at	 the	 data



analysis	stage;	therefore,	it	is	important	to	establish	research	protocols	that	are	not	prone	to	bias.	The	evaluation	of
potential	bias	is	critical	to	the	interpretation	of	study	results.	An	invalid	estimate	is	worse	than	no	estimate.

Confounding	refers	to	a	situation	in	which	the	association	between	an	exposure	and	a	disease	(or	any	health-
related	 condition)	 is	 influenced	by	 a	 third	variable.	This	 third	variable	 is	 considered	 a	 confounding	variable	or
confounder.	A	confounder	must	fulfill	 three	criteria:	(1)	be	associated	with	the	exposure,	(2)	be	associated	with
the	disease	independent	of	the	exposure,	and	(3)	not	be	an	intermediate	step	between	the	exposure	and	the	disease
(i.e.,	 not	 on	 the	 causal	 pathway).	 Unlike	 bias,	 which	 is	 primarily	 introduced	 by	 the	 investigator	 or	 study
participants,	confounding	is	a	function	of	the	complex	interrelationship	between	various	exposures	and	disease.23
In	a	hypothetical	case-control	study	of	the	effect	of	alcohol	drinking	on	lung	cancer,	we	may	observe	an	odds	ratio
of	2.5	 (usually	called	a	“crude”	odds	 ratio	 in	 the	sense	 that	no	other	variables	were	 taken	 into	account),	which
indicates	 that	 alcohol	 drinking	 increases	 the	 risk	 of	 lung	 cancer	 by	 1.5-fold.	However,	 if	we	 classify	 all	 study
subjects	into	two	strata	based	on	history	of	cigarette	smoking	and	then	calculate	the	odds	ratio	in	the	two	strata
(smokers	and	nonsmokers)	separately,	we	may	have	two	stratum-specific	odds	ratios	both	equal	to	1,	indicating
that	alcohol	drinking	is	not	associated	with	lung	cancer	risk.	In	 this	example,	 the	crude	odds	ratio	calculated	to
estimate	 the	 association	 between	 alcohol	 drinking	 and	 lung	 cancer	 without	 considering	 smoking	 is	 simply
misleading.	Being	associated	with	both	 the	 exposure	 (i.e.,	 alcohol	drinking)	 and	 the	disease	 (i.e.,	 lung	cancer),
smoking	 acted	 as	 a	 confounder	 in	 this	 example.	 A	 stratified	 analysis	 is	 needed	 to	 evaluate	 the	 potential
confounding	effect	of	a	third	variable,	whether	it	is	done	with	pencil	and	paper	or	statistical	modeling.	Usually,
data	are	stratified	based	on	the	level	of	a	third	variable.	If	the	stratum-specific	effect	measures	are	similar	to	each
other	 but	 different	 from	 the	 crude	 effect	measure,	 confounding	 is	 said	 to	 be	 present.	 In	 this	 section,	we	 have
illustrated	 basic	 epidemiologic	 principles	 using	 an	 overly	 simplified	 scenario	 and	 only	 considered	 a	 single
exposure.	In	practice,	most,	if	not	all,	diseases,	cancer	included,	have	a	multifactorial	etiology.	Consequently,	it	is
usually	 necessary	 to	 assess	 the	 potential	 confounding	 effect	 of	 a	 group	 of	 variables	 simultaneously	 using
multivariate	 statistical	 models.	 The	 effect	 measure	 derived	 from	 a	 multivariate	 model	 will	 then	 be	 called	 an
“adjusted”	 one	 in	 the	 sense	 that	 the	 effect	 of	 other	 factors	 was	 also	 adjusted	 for.	Without	 controlling	 for	 the
potential	effect	of	other	variables,	an	investigator	cannot	really	judge	whether	an	observed	association	between	a
given	exposure	and	a	specific	disease	is	spurious.

If	the	effect	of	an	exposure	on	the	risk	of	a	disease	is	not	homogeneous	in	strata	formed	by	a	third	variable,	the
third	variable	is	considered	an	effect	modifier,	and	the	situation	is	called	interaction	or	effect	modification.	Put	in
other	words,	interaction	exists	when	the	stratum-specific	effect	measures	are	different	from	each	other.	In	the	lung
cancer	example,	if	the	odds	ratio	for	alcohol	drinking	is	1	in	smokers	but	3	in	nonsmokers,	then	there	is	interaction
and	smoking	is	an	effect	modifier.	The	evaluation	of	interaction	is	essentially	a	stratified	analysis,	which	is	similar
to	 the	evaluation	of	confounding.	Confounding	and	 interaction	can	be	both	present	 in	a	given	study.	However,
when	 interaction	occurs,	 the	 stratum-specific	 effect	measures	 should	be	 reported.	 It	 is	no	 longer	 appropriate	 to
report	 a	 summary	measure	 in	 the	 presence	 of	 interaction.	Unlike	 confounding,	 a	 nuisance	 that	 an	 investigator
hopes	 to	 remove,	 interaction	 is	 a	more	detailed	description	of	 the	 true	 relationship	between	 an	 exposure	 and	 a
disease.

CANCER	OUTCOMES	RESEARCH
The	discussion	of	epidemiologic	methods	 in	 this	 section	 focuses	primarily	on	etiologic	 research,	which	aims	at
identifying	the	risk	factors	of	cancer.	However,	similar	principles	and	methods	are	applicable	to	cancer	outcomes
research,	 which	 aims	 at	 studying	 a	 variety	 of	 factors	 related	 to	 the	 early	 identification,	 treatment,	 prognosis,
health-related	quality	of	life,	and	cost	of	care.	Cancer	outcomes	research	can	be	experimental	or	observational	in
nature.	For	example,	randomized	clinical	trials	have	been	conducted	to	assess	the	impact	of	screening	on	prostate
cancer	mortality24	and	to	compare	the	effect	of	radical	prostatectomy	versus	observation	in	patients	with	localized
prostate	 cancer.25	 Observational	 studies	 of	 cancer	 outcomes,	 especially	 those	 that	 build	 on	 preexisting
resources,5,7	can	be	carried	out	 in	a	 large	group	of	patients	with	relatively	 little	cost	 to	capture	 the	patterns	and
cost	of	care	and	to	address	many	other	research	questions	that	have	important	clinical	implications.	For	example,
studies	 using	 the	 Surveillance,	 Epidemiology,	 and	 End	 Results–Medicare	 linked	 database	 reported	 substantial
Medicare	expenditure	on	screening	 for	breast	and	prostate	cancer	and	 raised	 the	possibility	of	overscreening.3,4
Another	study	using	the	same	data	source	found	that	the	percentage	of	patients	with	acute	myeloid	leukemia	who
received	hospice	care	 increased	continuously	 from	1999	 to	2012,	but	 the	 increase	was	primarily	driven	by	 late
hospice	enrollment	that	occurred	in	the	last	7	days	of	life.8	Over	the	same	time	period,	the	use	of	chemotherapy	in
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the	 last	 14	 days	 of	 life	 also	 increased.8	 Utilizing	 the	 National	 Cancer	 Database,	 investigators	 observed	 a
significantly	higher	mortality	among	patients	with	nonmetastatic	breast,	prostate,	lung,	or	colorectal	cancer	who
chose	 alternative	 medicine	 over	 conventional	 cancer	 treatment	 (chemotherapy,	 radiotherapy,	 surgery,	 and/or
hormone	therapy)	(hazard	ratio	=	2.50,	95%	confidence	interval,	1.88	to	3.27).7

The	 findings	 of	 such	 observation	 studies	 are	 subject	 to	 bias	 and	 confounding	 inherent	 in	 an	 observational
design,	but	 these	 studies,	 if	well	designed	and	conducted,	are	complementary	 to	experimental	 studies	and	have
their	 unique	 value.	Given	 an	 increasing	 interest	 in	 improving	 the	 effectiveness	 and	 value	 of	 cancer	 care,	more
cancer	outcomes	research	is	to	be	expected	in	the	future.

MOLECULAR	EPIDEMIOLOGY
Molecular	 epidemiology	 is	 used	 extensively	 in	 cancer	 research	 as	 a	 multidisciplinary	 approach.	 Disciplines
involved	 include	 traditional	 epidemiology,	 genetics,	 bioinformatics,	 molecular	 biology,	 biochemistry,	 cell
biology,	 analytical	 chemistry,	 toxicology,	 pharmacology,	 and	 laboratory	 medicine.	 Unlike	 traditional
epidemiologic	research	of	cancer,	which	focuses	on	exposures	or	risk	factors	ascertained	through	questionnaire-
based	 interview	 or	 survey,	molecular	 epidemiology	 studies	 exposures	with	 a	 broader	 scope	 of	 assessment	 that
includes	analysis	of	biomarkers	underlying	internal	exposure	of	exogenous	and	endogenous	carcinogenic	agents
or	risk	factors,	molecular	alterations	in	response	to	exposure,	and	genetic	susceptibility	to	cancer.	The	biomarkers
often	 measured	 in	 molecular	 epidemiology	 research	 include	 DNA,	 RNA,	 proteins,	 chromosomes,	 compound
molecules	(e.g.,	DNA	and	protein	adducts),	small-molecule	metabolites,	and	various	endogenous	and	exogenous
chemicals	 (e.g.,	 steroids,	 nutrients,	 phytochemicals,	 and	 chemical	 or	 biologic	 toxins	 or	 materials).	 Molecular
markers	can	reflect	or	represent	different	aspects	of	the	tumorigenic	process,	which	include	biomarkers	of	internal
exposure,	 biomarkers	 of	 molecular	 or	 cellular	 changes	 in	 response	 to	 exposure,	 and	 biomarkers	 of	 precursor
lesions	or	early	diseases.26,27	Depending	on	the	source	of	molecules	and	location	of	diseases,	surrogates	are	often
used	in	epidemiologic	studies.	When	using	a	surrogate	marker	or	tissue,	the	relevance	of	a	proxy	to	its	underlying
target	needs	to	be	established	or	justified.27	This	justification	is	especially	important	when	conducting	population-
based	 epidemiologic	 studies	 that	 focus	 on	 organ-specific	 cancers	 because	 tissue	 samples	 from	 representative
control	 subjects	 are	 difficult	 to	 obtain	 and	 therefore	molecular	markers	 from	 blood	 samples	 are	 often	 used	 as
substitutes.	If	a	biomarker	in	the	blood	does	not	travel	to	or	act	on	the	tissue	or	organ	of	interest,	an	association
between	 the	 circulating	marker	 and	 the	 cancer	may	 not	 be	 relevant.	 Thus,	 establishing	 a	 close	 link	 between	 a
surrogate	and	its	target	is	crucial	in	molecular	epidemiology	research.

Studies	of	Genetic	Factors
Genetic	 factors	 are	 a	major	 focus	 of	 epidemiologic	 studies.	 Two	 types	 of	 genetic	 factors	 are	 recognized	 to	 be
involved	 in	cancer	etiology.	One	 is	known	as	genetic	mutations,	which	have	strong	penetrance	(high	risk)	with
clear	inheritance	but	are	rare	in	the	general	population.	The	other	is	called	genetic	polymorphisms,	which	show
low	penetrance	(low	risk)	but	high	frequency	in	the	general	population.	Focusing	on	different	populations	(family
members	 versus	 general	 population),	 traditional	 family-based	 genetic	 epidemiology	 studies	 address	 heredity,
whereas	molecular	 epidemiology	 studies	 assess	 genetic	 susceptibility.	Given	 the	 differences	 in	 focus,	 research
designs	 are	 different	 between	 molecular	 and	 genetic	 epidemiology.	Molecular	 epidemiology	 studies	 unrelated
individuals	using	the	association	analysis,	whereas	genetic	epidemiology	investigates	family	members	in	the	form
of	 pedigrees,	 parent-child	 trios,	 or	 sibling	 pairs.	 Relative	 risks	 or	 odds	 ratios	 are	 calculated	 in	 molecular
epidemiology	 because	 study	 participants	 are	 unrelated	 individuals,	 and	 linkage	 analysis	 is	 applied	 in	 genetic
epidemiology	as	individuals	in	the	study	are	genetically	related	family	members.

Gene–environment	interaction	is	believed	to	play	an	essential	role	in	cancer	development.28	Common	genetic
variations	 such	 as	 single	 nucleotide	 polymorphisms	 (SNPs)	 are	 considered	 an	 important	 determinant	 of	 host
susceptibility	 to	 cancer	 and	 are	 a	major	 focus	 of	molecular	 epidemiology	 research.	Depending	 on	 the	 biologic
mechanism	 involved,	 genetic	 variations	 can	 influence	 every	 aspect	 of	 the	 carcinogenic	 process,	 ranging	 from
external	 and	 internal	 exposure	 to	 carcinogens	 or	 risk	 factors	 to	molecular	 and	 cellular	 damage,	 alteration,	 and
response.26,27	 Genome-wide	 association	 studies	 (GWAS)	 have	 been	 widely	 used	 for	 investigating	 the	 role	 of
genetic	polymorphisms	 in	cancer	since	 the	advent	of	genotyping	microarray	 in	 the	mid-20th	century.29	A	 large
number	 of	GWAS	have	 been	 completed	 in	 search	 for	SNPs	 that	may	 influence	 host	 susceptibility	 to	 cancer.30
Hundreds	of	genetic	variants	have	been	found	to	be	statistically	associated	with	cancer	risk.	The	risk	associations,



however,	are	quite	weak,	with	most	of	the	odds	ratios	ranging	from	1.1	to	1.5.31	Functional	relevance	or	biologic
implications	 are	 unclear	 for	 most	 of	 the	 SNPs.	 Furthermore,	 not	 many	 SNPs	 associated	 with	 cancer	 risk	 are
located	in	protein-coding	regions,	and	even	fewer	are	in	the	loci	of	candidate	genes	suspected	to	be	involved	in
tumorigenesis,	 such	 as	 oncogenes,	 tumor	 suppressor	 genes,	DNA	 repair	 genes,	 and	 xenobiotic	metabolizing	 or
detoxification	genes.	Genes	where	SNPs	are	found	to	be	linked	to	cancer	by	GWAS	include	FGFR2,	MAP3K1,
MRPS30,	LSP1,	TNRC9,	TOX3,	STXBP1,	and	RAD51L1	for	breast	cancer32–34;	JAZF1,	HNF1B,	MSMB,	CTBP2,
and	KLK2/KLK3	 for	 prostate	 cancer32,35;	SMAD7,	CRAC1,	EIF3H,	BMP4,	CDH1,	 and	 RHPN2	 for	 colorectal
cancer32,36;	CHRNA3	 and	CHRNA5	 for	 lung	 cancer37,38;	ABO	 for	 pancreatic	 cancer39;	 TACC3	 and	 PSCA	 for
bladder	cancer40,41;	and	KRT5	for	basal	cell	carcinoma.42	Among	these	genes	identified	by	GWAS,	two	findings
are	 considered	 intriguing.	 One	 is	 the	 association	 of	 lung	 cancer	 with	CHRNA3	 and	CHRNA5,	 which	 encode
neuronal	nicotinic	acetylcholine	 receptor	subunits.	Different	genotypes	of	 these	subunits	appear	 to	 influence	an
individual’s	addiction	to	tobacco,	which	leads	to	different	smoking	exposure	and	lung	cancer	risk.43,44	Another	is
the	 link	of	 the	ABO	gene	 to	pancreatic	cancer.	The	association	between	pancreatic	cancer	 risk	and	ABO	blood
type	was	observed	50	years	 ago.	The	GWAS	 finding	not	only	confirms	 the	 relationship	but	 also	provides	new
clues	for	understanding	the	underlying	biology.

Besides	intragenic	SNPs,	GWAS	also	found	many	intergenic	SNPs	in	association	to	cancer	risk,	which	include
those	 in	 the	 regions	of	8q24,	5p15,	1p11,	1p36,	1q42,	2p15,	2q35,	3p12,	3p24,	3q28,	6p21,	6q25,	7q21,	7q32,
9p21,	9p22,	9p24,	9q22,	10p14,	11q13,	11q23,	14q13,	18q23,	 and	20p12.32–34,36,42,45–51	Of	 these	 loci,	SNPs	 in
8q24	are	associated	with	 several	 cancer	 sites,	 including	prostate,	breast,	 colon,	 and	bladder.32,34–36,50–52	Further
analysis	of	8q24	 indicates	 that	 there	 are	nine	SNPs	 in	 five	 regions	 and	each	 region	 is	 independently	 related	 to
different	types	of	cancer,	with	SNPs	in	regions	1,	4,	and	5	associated	exclusively	with	prostate	cancer;	an	SNP	in
region	2	related	to	breast	cancer;	and	SNPs	in	region	3	linked	to	prostate,	colon,	and	ovarian	cancers.53	No	known
genes	are	 located	within	 the	region,	but	an	oncogene	c-MYC	 resides	330	kb	downstream	of	 the	region.54	 Initial
investigation	found	no	evidence	of	the	SNPs’	influence	on	c-MYC	expression,50	but	a	later	study	suggests	that	the
SNPs	 in	 8q24	 may	 be	 distal	 enhancers	 of	 c-MYC,	 interacting	 with	 its	 promoter	 through	 a	 chromatin	 loop.55
Another	genomic	region	that	is	associated	with	the	risk	of	multiple	cancer	sites	is	5p15,	a	region	involving	TERT-
CLPTM1L.	Five	types	of	cancer	are	found	to	be	linked	to	 this	region,	 including	basal	cell	carcinoma	and	lung,
bladder,	 prostate,	 and	 cervical	 cancers.56	 TERT	 is	 a	 telomerase	 reverse	 transcriptase	 that	 extends	 the	 length	 of
telomere	and	is	associated	with	cell	proliferation	and	abnormal	telomere	maintenance.57	The	risk	alleles	of	TERT
are	associated	with	shorter	telomere	among	the	elderly	and	higher	DNA	adduct	in	the	lung.56,58

GWAS	have	demonstrated	their	value	in	identifying	disease-related	SNPs	in	unknown	regions	of	the	genome,
which	provides	new	clues	for	investigators	to	interrogate	and	understand	different	regions	of	the	human	genome.
Despite	 the	 strength,	 the	 low	 yield	 of	 significant	 findings	 from	 GWAS	 has	 raised	 considerations	 of	 the	 SNP
coverage	in	the	genome	(rare	SNPs	and	SNP	representativeness	in	unknown	regions),	SNPs	with	low	statistical
significance	(p	value	between	.01	and	1	×	10-5,	the	GWAS	cutoff),	other	forms	of	genetic	variations	(copy	number
variation	and	other	structural	variations),	cancer	subtypes,	and	genetic	interplay	with	environmental	factors	(gene–
environment	 interaction).59,60	 To	 address	 these	 issues,	 investigators	 propose	 to	 perform	 fine-mapping	 and
resequencing	 to	 examine	 genetic	 regions	 more	 specifically	 and	 meticulously.	 Epidemiologists	 suggest	 that
detailed	 environmental	 exposure	 and	 lifestyle	 factors	 should	 be	 included	 in	GWAS.	 Furthermore,	 to	make	 the
study	more	 reliable	 and	 compelling,	DNA	 specimens,	 instead	 of	 convenient	 samples,	 should	 come	 from	well-
designed	and	well-executed	epidemiologic	studies	that	pay	close	attention	to	the	selection	of	study	subjects	and
measurement	 of	 environmental	 and	 lifestyle	 factors	 to	 eliminate	 or	 minimize	 selection	 bias	 and	 measurement
errors.

As	GWAS	projects	and	data	continue	to	accumulate,	more	GWAS-related	investigations	are	reported,	which
include	 (1)	 meta-analysis	 of	 GWAS,	 (2)	 GWAS	 in	 different	 racial/ethnic	 groups,	 (3)	 GWAS	 on	 cancer	 risk
factors,	 (4)	 GWAS	 on	 cancer	 subtypes,	 (5)	 pleiotropic	 effect	 of	 GWAS	 findings,	 and	 (6)	 GWAS	 on	 survival
outcomes.	Meta-analysis	of	multiple	GWAS	data	has	 led	 to	discovery	of	new	SNPs	associated	with	cancer	risk
due	 to	 increased	 study	 power.61,62	 GWAS	 have	 been	 conducted	 to	 identify	 SNPs	 associated	 with	 cancer	 risk
factors,	such	as	age	at	menarche,63	height,	and	body	mass	index.64	New	polymorphic	loci	have	been	discovered	in
GWAS	focusing	only	on	ER-negative	breast	cancer.65	Genetic	variants	found	by	GWAS	in	association	with	the
risk	of	type	2	diabetes	are	also	associated	with	the	risk	of	prostate	cancer,	but	the	associations	are	in	the	opposite
direction.66	 Few	 GWAS-identified	 risk	 loci	 have	 been	 linked	 to	 cancer	 survival,	 suggesting	 that	 genetic
susceptibilities	to	cancer	risk	and	prognosis	may	be	distinct.67	The	prediction	of	cancer	risk	will	likely	be	refined
as	more	risk	loci	are	identified	with	specific	demographic	features.68
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Consideration	of	Research	Design
False-positive	 findings	 resulting	 from	multiple	 comparisons	 constitute	 a	 challenge	 in	 epidemiologic	 studies	 of
large	 numbers	 of	 genetic	 polymorphisms.69	 A	 meta-analysis	 or	 pooled	 analysis	 can	 be	 used	 to	 address	 this
problem	if	sufficient	publications	are	available	for	evaluation.	To	address	this	 issue	at	 the	time	of	study	design,
one	may	adopt	a	two-	or	multiphase	study	design	in	which	study	subjects	are	divided	into	two	or	multiple	groups
for	 genotyping	 and	 data	 analysis.	 Selected	 or	 genome-wide	 SNPs	 are	 first	 screened	 in	 one	 group	 of	 subjects
(discovery	phase),	and	then	the	significant	findings	determined	by	stringent	statistical	criteria	(usually	p	values	<	1
×	10-5	or	1	×	10-7)	are	examined	in	another	or	several	other	groups	of	subjects	for	verification	(validation	phase).
False-positive	findings	can	also	be	addressed	with	various	statistical	methods,	such	as	bootstrap,	permutation	test,
estimate	of	false-positive	report	probability,	prediction	of	false	discovery	rate,	and	use	of	a	stringent	p	value	 to
accommodate	multiple	 comparisons.	 For	 epidemiologic	 studies	 that	 are	 not	 population-based	 or	 not	 conducted
strictly	following	epidemiology	principles,	population	stratification	is	a	potential	source	of	bias	which	may	distort
genetic	associations.70

As	 described	 earlier,	 analytical	 epidemiology	 has	 two	 major	 study	 designs:	 case-control	 study	 and	 cohort
study.	 It	 is	 important	 that	 investigators	 choose	an	 appropriate	 study	design	 to	 investigate	molecular	markers	 in
epidemiologic	 studies.	Two	 types	of	molecular	markers,	genotypic	and	phenotypic	markers,	 can	be	considered.
Genotypic	 markers	 refer	 to	 nucleotide	 sequences	 of	 genomic	 DNA,	 and	 all	 other	 molecules	 are	 considered
phenotypic	markers,	including	the	chemical	modifications	on	DNA,	such	as	cytosine	methylation.	The	distinction
between	the	two	is	whether	a	marker	changes	its	status	or	quantity	over	time.	Genotypic	markers	generally	do	not
change	over	time	and	are	not	affected	by	the	development	of	a	disease,	whereas	phenotypic	markers	are	likely	to
change	over	time	or	to	be	influenced	by	the	presence	of	a	disease,	either	itself	or	treatment	associated	with	it.	If
measurements	of	a	phenotypic	marker	are	made	from	the	specimens	that	are	collected	after	or	at	the	time	of	cancer
diagnosis,	 investigators	will	have	difficulties	determining	 the	status	of	 the	phenotypic	marker	before	 the	cancer
was	diagnosed.	A	disease	condition,	however,	does	not	affect	genotypic	markers	such	as	SNPs,	and	therefore,	a
temporal	 relationship	can	be	easily	established	even	 if	 the	 samples	are	collected	after	 the	disease	 is	diagnosed.
Based	on	this	distinction,	one	can	evaluate	genotypic	markers	either	in	case-control	or	cohort	studies,	but	a	case-
control	 study	would	be	 the	design	of	choice	because	of	efficiency	and	cost-effectiveness.	A	prospective	cohort
study	 design	 is	 ideal	 for	 phenotypic	markers.	 Investigators,	 however,	may	 use	 other	 study	 designs	 if	 they	 can
demonstrate	 that	 the	disease	status	does	not	 influence	 the	phenotypic	markers	of	 interest.	To	reduce	study	cost,
investigators	usually	use	nested	case-control	or	case-cohort	designs	to	avoid	analysis	of	specimens	from	the	entire
cohort.	The	main	purpose	to	choose	a	cohort	study	design	for	molecular	epidemiology	investigation	is	to	ensure
that	 biospecimens	 are	 collected	 before	 the	 development	 of	 a	 disease	 so	 that	 a	 temporal	 relationship	 between	 a
marker	 and	 disease	 development	 can	 be	 established.	Many	 environmental	 exposures	 and	 lifestyle	 factors	 have
cumulative	 effects	 on	 cancer	 development,	 and	 these	 parameters	 change	 constantly	 over	 the	 course	 of	 life.
Accurately	measuring	lifetime	exposure	to	these	factors	is	a	continuous	challenge	to	epidemiologists	both	in	data
collection	and	analysis,	but	researchers	continuously	develop	and	test	new	methodologies	and	strategies	to	address
these	issues.71	With	the	advance	in	technologies,	such	as	wearable	devices,	new	ways	of	exposure	measurements
and	mathematic	models	are	explored	and	created.

Analysis	of	Biomarkers
Laboratory	analysis	of	molecular	markers	is	another	integral	part	of	molecular	epidemiology	research,	which	has
unique	 features	 that	 are	different	 from	basic	 science	 research.	Collection	of	biologic	 specimens	 is	difficult	 and
expensive	 in	 population-based	 epidemiologic	 studies.	 It	 not	 only	 increases	 the	 study	 cost,	 but	 also	 imposes
constraints	to	multiple	areas	of	epidemiology	research.	Specimen	collection	may	adversely	influence	the	response
rate	 of	 study	 participants,	 potentially	 compromising	 study	 validity.	 For	 research	 of	 organ-specific	 cancer,
investigating	molecular	markers	 in	 target	 tissue	 is	 difficult.	Blood	 is	 the	most	 common	and	versatile	 specimen
used	 in	molecular	 epidemiology	 research;	 other	 specimens	 used	 include	urine,	 stool,	 nail,	 hair,	 sputum,	 buccal
cells,	and	saliva.	Tissue	samples,	either	fresh	frozen	or	chemically	fixed,	are	also	used,	but	the	availability	of	these
samples	 is	 highly	 limited	 to	 patients	 or	 selected	 subgroups	 of	 a	 general	 study	 population.	 Comparability	 and
generalizability	 are	 always	 challenges	 in	 epidemiologic	 studies	 involving	 tissue	 specimens,	 except	 for	 those
investigations	 that	 focus	 on	 cancer	 prognosis	 or	 treatment	 in	 which	 only	 patients	 with	 cancer	 are	 involved.
Attempts	have	been	made	to	use	special	body	fluid	for	epidemiologic	research,	such	as	nipple	aspirate	and	breast
or	pulmonary	lavage,	but	the	difficulty	in	specimen	collection	and	preparation	makes	these	samples	impractical	in
large	population-based	studies.



Given	 the	 research	 value	 of	 biologic	 specimens	 and	 the	 difficulty	 in	 collecting	 them	 for	 population-based
studies,	 technical	 issues	 related	 to	 specimen	collection,	processing,	 and	 storage	become	especially	 important	 in
molecular	epidemiology	research.	These	include	time	and	conditions	for	specimen	transportation	and	processing,
sample	aliquot	and	labeling	system,	sample	special	treatment	for	storage	and	analysis,	sample	storage	and	tracking
system,	 as	well	 as	 backup	 plans	 and	 equipment	 for	 unexpected	 adverse	 events	 during	 long-term	 storage	 (e.g.,
power	 failure,	earthquake,	and	 flooding).	Laboratory	methods	used	 to	analyze	biomarkers	are	also	 important	 in
molecular	epidemiology.	Because	large	numbers	of	specimens	are	involved,	laboratory	methods	are	required	to	be
robust,	reproducible,	high-throughput,	low	cost,	and	easy	to	use.	These	requirements	are	often	met	in	the	analysis
of	nucleotide	sequences	that	serve	as	genotypic	markers.	However,	for	phenotypic	markers,	many	methods	do	not
readily	meet	these	requirements.	Moreover,	many	phenotypic	markers,	such	as	proteins,	require	both	qualitative
and	quantitative	assessments.	An	ideal	laboratory	method	should	be	quantitative,	sensitive,	specific,	reproducible,
and	versatile.	In	addition,	investigators	need	to	implement	appropriate	quality	assurance	procedures	during	sample
processing	and	testing	as	well	as	include	appropriate	quality	control	samples	in	specimen	analysis.

Genetic	 factors	 including	mutations	 and	 polymorphisms	 are	 initially	 considered	 important	 host	 factors,	 but
research	 has	 indicated	 that	 epigenetic	 factors	 may	 also	 play	 a	 critical	 role	 in	 cancer.	 Epigenetic	 factors	 that
regulate	the	function	of	human	genome	include	pretranscription	regulation	through	nucleotide	modification	(e.g.,
cytosine	methylation	at	CpG	sites)	and	histone	modification	(e.g.,	acetylation,	methylation	phosphorylation	and
ubiquination)	 and	 posttranscription	 regulation	 by	 noncoding	 RNA	 (e.g.,	 microRNAs,	 long	 noncoding	 RNAs).
These	 epigenetic	 factors	 have	 two	 unique	 features	 that	 have	 captured	 the	 attention	 of	 cancer	 researchers,
especially	cancer	epidemiologists	who	are	interested	in	gene–environment	interaction.	It	is	known	that	epigenetic
factors	 are	 heritable,	 but	 these	 inherited	 features	 are	 readily	modifiable	 by	 environmental	 and	 lifestyle	 factors.
Monozygotic	 twins	 have	 identical	 genome	 as	 well	 as	 epigenome	 at	 birth,	 but	 the	 latter	 undergo	 substantial
changes	over	time,	resulting	in	distinct	epigenetic	profiles	that	depend	heavily	on	their	environmental	exposures.72
Animal	 studies	 also	 indicated	 that	maternal	 intake	 of	 dietary	 nutrients	 involving	 one-carbon	metabolism	 could
influence	 the	 growth	 phenotypes	 of	 offspring	 that	 are	 regulated	 by	 DNA	methylation.73	 Many	 epidemiologic
studies	have	been	conducted	in	human	populations	to	search	for	evidence	that	can	link	DNA	methylation	to	both
lifestyle	 factors	 and	 cancer	 risk.	 Given	 that	 epigenetic	 regulation	 is	 tissue-specific	 and	 time-dependent,
investigators	 face	 challenges	 in	 accurately	 assessing	 these	 phenotypic	 markers	 in	 etiologic	 studies.	 However,
progress	in	the	analysis	of	circulating	methylation	markers	and	microRNAs	may	provide	an	alternative	to	study
epigenetic	regulation	in	human	cancer.	Furthermore,	methods	for	genome-wide	analysis	of	DNA	methylation	have
been	developed	and	applied	in	epidemiologic	studies.

Together	with	the	high-throughput	high-dimensional	analysis	of	DNA	methylation,	two	other	evolving	fields
that	 have	 generated	 significant	 interests	 in	 molecular	 epidemiology	 of	 cancer	 research	 are	 metagenomics	 and
metabolomics.	 Metagenomics	 focuses	 on	 environmental	 genomics	 of	 microbiome	 that	 resides	 in	 our	 body,
influencing	the	biologic	functions	and	health	status	of	human	beings.	Three	examples	of	research	have	provided
new	 insights	 into	 the	 etiology	 of	 cancer.	 One	 is	 the	 interaction	 of	 microbiome	 with	 colon	 mucosa	 in	 the
development	 of	 colon	 cancer,	 in	 which	 microbiome-garnered	 carcinogens,	 immunity,	 and	 inflammation	 are
considered	 to	play	an	 important	 role.74	The	 second	one	 is	 the	bacteria-involved	bile	 acid	metabolism	and	 liver
cancer.	 Based	 on	 animal	 experiments,	 it	 is	 hypothesized	 that	 a	 high-fat	 diet	 changes	 gut	 microbiota,	 which
produce	 cytotoxic	 bile	 acid	metabolites	 that	 are	 reabsorbed	 through	 the	 enterohepatic	 circulation,	 causing	 liver
damage	and	inflammation,	which	have	tumorigenetic	effects	in	the	long	run.75	The	third	one	is	the	metabolism	of
estrogen	 in	 relation	 to	 breast	 cancer	 risk.	Estrogens	 are	metabolized	 in	 the	 liver	 and	 excreted	 in	 bile	 fluid	 and
urine.	A	significant	amount	of	estrogens	in	the	gut	are	reabsorbed	through	the	enterohepatic	circulation	after	gut
bacteria	with	β-glucuronidase	activity	deconjugate	the	estrogen	metabolites.	The	bacterial	β-glucuronidase	activity
is	influenced	by	diet	and	bacterial	context,	which	in	turn	affect	the	circulating	level	of	estrogens	and	subsequently
the	risk	of	breast	cancer.76

Metabolomics	is	a	systematic	analysis	of	metabolome	composed	of	small	molecule	metabolites,	such	as	amino
acids,	free	fatty	acids,	and	sugars,	in	a	biologic	system,	including	cell,	tissue,	blood,	urine,	body	fluid,	and	feces.
The	 analysis	 catches	 not	 only	 endogenous	 but	 exogenous	 metabolites,	 and	 the	 exogenous	 ones	 are	 from
environmental	exposure,	diet,	 food	supplement,	microbiome	metabolism,	substance	use,	and	 iatrogenic	sources.
Two	 types	 of	 technologies	 are	 often	 used	 for	 analysis	 of	metabolomes:	 nuclear	magnetic	 resonance	 and	mass
spectrometry	 coupled	 with	 liquid	 or	 gas	 chromatograph.	 These	 analyses	 can	 add	 tremendous	 value	 to
epidemiologic	 studies,	 but	 currently,	many	 findings	 on	 cancer	 in	 humans	 are	 from	 small	 studies	 that	 analyzed
tumor	specimens	or	blood	samples	collected	at	or	after	diagnosis.	Thus,	most	of	 the	studies	could	only	address
diagnosis	or	prognosis,	but	not	etiology.77	Interestingly,	one	study	analyzed	metabolomics	in	the	blood	samples	of



Dr. AVR @ TMH

patients	with	 pancreatic	 cancer	 collected	 before	 diagnosis,	 and	 it	 found	 that	 branched-chain	 amino	 acids	were
elevated	 in	 the	 samples	 before	 diagnosis,	with	 animal	 experiments	 confirming	 the	 change	 as	 an	 early	 event.78
With	constant	advances	in	technology	and	biomedical	research,	molecular	epidemiology	will	continue	to	evolve
as	a	critical	tool	to	assess	host–environment	interaction	in	cancer	development	and	to	provide	valuable	knowledge
for	cancer	diagnosis	and	treatment.
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INTRODUCTION
The	occurrence	of	many	types	of	cancer	varies	enormously	across	different	populations	and	time	periods.	Some	of
this	variation	reflects	differences	in	detection	and	longevity	in	different	countries,	but	the	temporal	changes	in	risk
(age	specific	or	age	standardized)	of	specific	types	of	cancer	within	countries	and	changes	in	risk	among	migrants
from	one	country	to	another	indicate	that	much	of	this	variation	is	real.

Historically,	global	patterns	of	cancer	have	provided	clues	about	the	etiology	of	various	types	of	cancer	and	the
relative	contribution	of	 inherited	versus	acquired	risk	factors	for	cancer.	Increasingly,	 these	patterns	are	used	to
assess	 the	 impact	of	preventive	 interventions	and	 to	 forecast	 the	 future	needs	and	costs	of	cancer	 treatment	 for
health-care	systems	in	individual	countries.

When	describing	cancer	patterns	in	a	population,	it	is	important	to	distinguish	between	cancer	risk	and	burden.
Risk	represents	the	average	probability	that	individuals	in	the	population	will	be	diagnosed	with	or	die	from	one
or	more	 types	of	cancer	within	a	defined	 time	period.	 It	can	be	expressed	either	as	 incidence	or	mortality	rates
(usually	per	100,000	per	year	in	adults)	or	as	cumulative	risk	over	a	given	age	range.	Measures	of	risk	are	used	in
etiologic	 research	 to	 compare	 cancer	 occurrence	 in	 different	 populations	 and	 to	 predict	which	 individuals	may
benefit	most	from	screening	or	preventive	 therapy.	In	contrast,	burden	represents	 the	absolute	number	of	cases,
deaths,	or	economic	costs	from	cancer	in	a	population	during	a	designated	time	period,	usually	1	year.	Counts	of
the	number	of	newly	diagnosed	cases	and	deaths	 in	a	given	year	are	 the	most	basic	measure	of	cancer	burden,
although	 they	 also	 provide	 the	 numerator	 data	 for	 calculations	 of	 incidence	 and	 death	 rates	 (discussed	 in	 the
following	text),	and	are	used	to	estimate	the	prevalence	of	surviving	cases	in	the	population.	Measures	of	burden
are	 used	 to	 assess	 health-care	 services	 and	 to	 forecast	 the	 future	 health-care	 and	 social	 needs	 and	 costs	 from
cancer.	Counts	cannot	be	used	to	compare	the	risks	of	developing	or	dying	from	cancer	in	different	populations	or
time	periods.

This	chapter	describes	examples	of	geographic	and	temporal	variations	in	risk	and	changes	in	risk	following
migration.	 It	 discusses	 the	 implications	 of	 these	 variations	 for	 estimating	 the	 relative	 contribution	 of	 inherited
versus	acquired	risk	factors	for	cancer.	It	also	reviews	the	data	sources	and	findings	of	the	most	recent	estimates
of	cancer	risk	and	burden	developed	by	the	International	Agency	for	Research	on	Cancer	(IARC),	an	arm	of	the
World	Health	Organization.	The	changing	global	patterns	of	cancer	risk	and	burden	have	profound	implications
for	health-care	systems	and	health	disparities	in	noncommunicable	diseases.

GEOGRAPHIC	AND	TEMPORAL	VARIATIONS	IN	RISK
Studies	of	Migrants
Migrant	 studies	 help	 to	 distinguish	 between	 inherited	 risk	 of	 cancer	 and	 risk	 factors	 that	 are	 acquired	 after
conception.	For	example,	cancers	of	 the	breast	and	colon	are	rare	among	rural	populations	 in	Asia,	but	become
progressively	more	 common	 among	 Japanese	 and	Chinese	who	 have	migrated	 to	 urban	 areas	 in	Asia	 and	 the
West.	 Conversely,	 the	 risk	 of	 stomach	 and	 liver	 cancer	 in	 first-generation	 Chinese	 and	 Japanese	 migrants	 to
California	 is	 lower	 than	 that	 in	 their	 country	 of	 origin,	 yet	 higher	 than	 that	 of	 long-term	California	 residents.1
Table	14.1	shows	the	difference	in	death	rates	from	selected	cancers	comparing	Japanese	in	Japan	with	first-	and
second-generation	Japanese	in	California,	and	with	California	whites.1	Death	rates	from	cancers	of	 the	stomach
and	liver	were	much	higher	among	Japanese	in	Japan	than	California	whites	between	1950	and	1960.	The	risk	of
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these	 infection-related	 cancers	 was	 substantially	 lower	 among	 first-generation	 Japanese	 men	 who	 migrated	 to
California	 than	 among	 those	 in	 Japan,	 although	 still	 higher	 than	 that	 of	 California	 whites.	 The	 risk	 among
Japanese	migrants	and	whites	became	more	similar	by	the	second	generation.	In	contrast,	the	risk	of	death	from
colon	 cancer	 increased	 rapidly	 after	 migration	 from	 Japan	 to	 California,	 approximately	 doubling	 in	 the	 first-
generation	Japanese	who	moved	to	California	and	approaching	the	rates	of	California	white	men	by	the	second
generation.	Currently,	colorectal	cancer	death	rates	among	Japanese	in	both	the	United	States	and	Japan	are	higher
than	 rates	 in	 whites,	 presumably	 reflecting	 changing	 dietary	 and	 physical	 activity	 patterns	 in	 Asia	 as	 well	 as
among	migrants	to	the	United	States.2,3

The	effect	of	migration	on	cancer	rates	is	consistent	with	the	differences	in	incidence	rates	among	countries;
risk	increases	among	people	who	migrate	from	low-	to	high-risk	countries,	but	it	decreases	in	migrants	from	high-
to	low-risk	countries.	These	patterns,	especially	the	decreases	in	stomach	and	liver	cancer,	cannot	be	explained	by
differences	 in	 the	 accuracy	 or	 the	 completeness	 of	 diagnostic	 information	 in	 different	 countries,	 or	 by
constitutional	differences	between	migrants	who	venture	abroad	and	 their	 countrymen	who	stay	at	home.	They
can	only	be	explained	by	differences	in	the	exposures	that	prevail	in	different	counties.

Implications	of	These	Variations	in	Risk
The	large	geographic	and	temporal	variations	in	risk	and	changes	in	risk	among	migrants	provide	strong	evidence
that	most	 cancer	 risk	 is	 acquired	 rather	 than	 inherited.	Acquired,	or	 so-called	environmental,	 risk	 factors	occur
after	 conception.	 They	 may	 interact	 with	 inherited	 traits	 to	 affect	 one	 or	 more	 stages	 in	 the	 initiation	 and/or
progression	of	neoplasia.	As	noted	by	Doll	 and	Peto	 in	1981,	however,	 exposures	 that	 can	be	avoided	provide
significant	opportunities	 to	reduce	cancer	risk.	Although	not	all	acquired	exposures	are	currently	avoidable,	 the
factors	that	occur	after	conception	account	for	a	much	larger	fraction	of	cancers	than	inherited	genetic	traits	alone.
In	principle,	most	cancers	are	not	an	inevitable	consequence	of	life.4,5

A	second,	equally	important	insight	from	these	geographic	and	temporal	variations	is	that	the	burden	of	cancer
is	 no	 longer	 confined	 predominantly	 to	 the	 industrialized,	wealthy	 countries	 but	 is	 already	greater	 in	 low-	 and
medium-income	countries	(LMICs)	and	continues	 to	 increase	rapidly.6	This	 is	due	 to	both	demographic	 factors
and	changing	risk	profiles.	LMICs	account	for	80%	of	the	world’s	population.	Their	populations	are	aging	due	to
reductions	 in	 deaths	 from	 infectious	 diseases	 and	 the	 decline	 in	 infant	 and	 child	mortality.	 The	 prevalence	 of
acquired	 risk	 factors	 for	 cancer	 is	 also	 changing	 with	 economic	 development.	 The	 prevalence	 of	 chronic
oncogenic	infections	is	decreasing	worldwide,	but	this	decrease	is	slower	in	LMICs	than	in	developed	countries,
whereas	cancers	related	to	Western	patterns	of	reproduction,	diet,	physical	inactivity,	obesity,	and	tobacco	use	are
increasing	rapidly.

TABLE	14.1
Death	Rates	from	Stomach,	Colon,	and	Liver	Cancer	in	Japanese	Men	in	Japan,	Japanese
Immigrants	relative	to	those	of	White	Californians	Age	45–64,	1956–1962

	 Whites	California

Japanese

Japan
First	Generation	in
California

Second	Generation	in
California

Stomach 1.0 8.4 3.8 2.8

Colon 1.0 0.2 0.4 0.9

Liver 1.0 4.1 2.7 2.2
Adapted	 with	 permission	 from	 Buell	 P,	 Dunn	 JE	 Jr.	 Cancer	 mortality	 among	 Japanese	 Issei	 and	 Nisei	 of	 California.	 Cancer
1965;18:656–664.

DATA	SOURCES
Cancer	Incidence
Information	on	incident	(newly	diagnosed)	cases	of	cancer	is	collected	using	population-based	cancer	registries.
These	registries	vary	widely	in	their	geographic	coverage	and	clinical	information	about	the	cancer.	Only	a	few
high-income	 countries	 (HICs)	 such	 as	 Canada,	 Singapore,	 the	 United	 States,	 and	 the	 Nordic	 countries	 have



national	coverage.7	Many	more	collect	data	from	a	single	registry	or	a	network	of	cancer	registries	varying	in	size.
Low-income	countries,	particularly	in	sub-Saharan	Africa,	often	collect	information	from	a	single	cancer	registry,
often	located	in	an	urban	area.	Types	of	cancer	are	coded	according	to	the	International	Classification	of	Diseases
for	Oncology,	which	assigns	an	anatomic	site	and	histologic	code.9	 In	HICs,	cancers	are	 increasingly	classified
according	to	immunohistochemical	and	other	molecular	characteristics.	The	IARC	provides	technical	support	for
the	continued	development	of	cancer	registries	in	LMICs.

Cancer	Mortality
National	mortality	data	are	collected	routinely	in	all	more	developed	countries	and	some	less	developed	countries.
Data	on	cancer	mortality	are	currently	available	 for	almost	40%	of	 the	world	population.8	The	quality	of	 these
data	 varies	 by	 country	 and	 by	 cause	 of	 death.8,9	 Underlying	 cause	 of	 death	 by	 anatomic	 site	 is	 classified
reasonably	 well	 in	 high-resource	 countries	 when	 data	 are	 abstracted	 from	 death	 certificates	 using	 systematic
coding	 rules.	 In	 the	United	 States,	 studies	 report	 over	 80%	 agreement	 between	 the	 cancer	 site	 reported	 as	 the
underlying	cause	of	death	and	the	cancer	site	recorded	in	the	central	population-based	cancer	registries.10

Global	Estimates	of	Cancer	Risk	and	Burden
The	IARC	periodically	estimates	incidence	and	mortality	rates	and	counts	by	country	and	region	using	the	most
recently	 available	population-based	data	 in	GLOBOCAN.	The	most	 recent	 estimates	pertain	 to	2012.	The	data
sources	and	methods	used	in	GLOBOCAN	2012	are	described	in	detail	elsewhere.7	In	countries	with	no	registry,
the	IARC	estimates	incidence	rates	and	counts	based	on	mortality	or	incidence	data	in	neighboring	countries.7	For
countries	 with	 no	 death	 registration	 or	 limited	 information	 on	 cause	 of	 death,	 the	 IARC	 estimates	 death	 rates
based	on	country-	or	region-specific	incidence	and	survival	data.7	World	regions	correspond	to	those	defined	by
the	United	Nations,	with	the	exception	of	Cyprus,	which	is	included	in	Southern	Europe.

MEASURES	OF	BURDEN
Number	of	New	Cancer	Cases	and	Deaths
As	noted	previously,	counts	of	the	number	of	newly	diagnosed	cases	and	deaths	in	a	given	year	are	the	most	basic
measure	of	cancer	burden.	Worldwide,	the	number	of	newly	diagnosed	cancer	cases	in	2012	was	approximately
14.1	million	(Fig.	14.1),	with	over	48%	of	the	cases	in	Asia	followed	by	24%	of	the	cases	in	Europe	and	13%	in
North	America.11	The	corresponding	number	of	cancer	deaths	was	approximately	8.2	million	globally,	with	55%
of	 the	deaths	 in	Asia,	21%	in	Europe,	and	8%	in	North	America.	Overall,	 less	developed	countries	account	 for
57%	(8.0	million)	of	the	total	world	cancer	cases,	but	they	account	for	65%	of	the	total	cancer	deaths.	This	is	due
in	 part	 to	 late	 stage	 at	 diagnosis,	more	 fatal	 forms	 of	 cancer	 and	 limited	 access	 to	 treatment.12	 The	 estimated
number	of	cancer	cases	and	deaths	in	a	given	year	are	expected	to	increase	because	of	the	growth	and	aging	of	the
world	 population,	 in	 addition	 to	 changes	 in	 reproductive	 factors	 and	 unhealthy	 behaviors	 associated	 with
economic	development	and	urbanization	in	LMICs.	By	2035,	24.0	million	new	cases	and	more	than	14.6	million
deaths	are	expected	each	year,	based	on	current	age-specific	rates	and	projections	of	population	growth	and	aging,
and	over	60%	of	these	cases	and	deaths	are	expected	to	occur	in	LMICs	(Fig.	14.2).

Prevalence
Using	data	 for	 the	general	population,	 it	 is	 currently	not	possible	 to	distinguish	between	people	who	are	under
treatment	or	remission	and	those	who	are	cured.	Prevalent	cancers	are	defined	as	the	number	(or	proportion	of	the
population)	who	are	alive	at	some	specified	time	point	after	being	diagnosed	with	cancer.

Global	estimates	of	the	number	of	men	and	women	alive	5	years	after	being	diagnosed	with	cancer	are	shown
in	Figure	14.3,	along	with	the	proportionate	distribution	of	prevalent	cases	by	type	of	cancer.11	An	estimated	32.5
million	adults	(15.3	million	men	and	17.2	million	women)	who	were	diagnosed	in	the	previous	5	years	were	alive
in	2012.	Among	men,	prostate	cancer	survivors	accounted	for	25%	of	the	total	survivors,	followed	by	colon	and
rectum	(13%)	and	lung	cancer	(8%)	survivors.	Among	women,	the	top	three	sites	with	the	most	survivors	were
breast	 (36%),	 colorectum	 (9%),	 and	 cervix	 (9%).	 However,	 the	 distribution	 of	 survivors	 differs	 substantially
between	more	developed	and	less	developed	countries,	particularly	beyond	the	top	three	sites.	By	region,	about
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41%	of	all	survivors	live	in	Asia,	followed	by	28%	in	Europe	and	16%	in	North	America.	The	number	of	cancer
survivors	is	expected	to	increase	over	time	because	of	improvements	in	survival	and	the	anticipated	growth	and
aging	of	the	world’s	population.

The	National	Cancer	Institute	estimates	the	number	of	people	living	after	a	diagnosis	of	cancer	in	the	United
States.	 In	2014,	 an	 estimated	14.4	million	 cancer	 survivors	had	 at	 some	 time	been	diagnosed	with	 an	 invasive
cancer,	 with	 female	 breast	 (3.3	 million),	 prostate	 (3.1	 million),	 and	 colon	 and	 rectum	 (1.3	 million)	 cancer
survivors	accounting	for	one-half	all	survivors.13
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Figure	14.1	Number	of	new	cancer	cases	and	deaths	in	2012	for	the	10	leading	cancer	sites	by	sex,
worldwide,	and	by	level	of	economic	development.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et
al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in
2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;

2013.)

Figure	14.2	Percentage	distribution	of	the	types	of	cancer	among	all	prevalent	cancers	diagnosed



in	the	past	5	years,	global	estimates	by	sex,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,
eds.	GLOBOCAN	2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012
v1.0.	IARC	CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

Figure	14.3	Age-	and	sex-specific	incidence	rates	for	all	cancers	combined	from	selected
populations	in	North	America	and	Asia,	2003-2007.	SEER,	Surveillance,	Epidemiology,	and	End
Results.	(Forman	D,	Bray	F,	Brewster	DH,	et	al.,	eds.	Cancer	Incidence	in	Five	Continents,	Vol.	X.
IARC	Scientific	Publication	No.	164.	Lyon,	France:	International	Agency	for	Research	on	Cancer;

2014.)

MEASURES	OF	RISK
Incidence	and	Mortality	Rates
Crude	incidence	and	mortality	rates	represent	the	average	risk	that	individuals	in	a	given	population	will	develop
or	die	from	cancer	in	a	defined	time	period,	often	in	a	year.	These	rates	are	usually	expressed	per	100,000	people
per	year	for	adult	cancers	and	per	million	per	year	for	childhood	cancers.	Because	the	occurrence	of	most	types	of
cancers	increases	rapidly	with	age	(see	Fig.	14.3),	the	rates	are	usually	standardized	for	age	or	expressed	within
defined	age	strata.	Age-standardized	rates	summarize	the	age-specific	rates	into	a	single	weighted	average.	Both
age-standardized	 and	 age-specific	 rates	 allow	 valid	 comparisons	 between	 populations	 with	 different	 age
compositions.

Table	14.2	shows	the	age-standardized	incidence	and	death	rates	from	selected	 types	of	cancer	 in	relation	 to
sex	and	regional	 level	of	economic	development.	The	incidence	rates	of	cancers	that	are	often	detected	through
screening,	such	as	prostate	and	breast	cancer,	are	considerably	higher	in	regions	with	more	economic	development
than	in	less	developed	regions.	A	similar	pattern	is	seen	for	cancers	that	are	strongly	related	to	long-term	cigarette
smoking,	 such	 as	 lung,	 larynx,	 and	 bladder.	 In	 contrast,	 cancers	 caused	 predominantly	 by	 infectious	 agents
(cervix,	liver,	and	stomach)	have	much	higher	incidence	rates	in	the	less	developed	regions.

The	data	in	Table	14.2	are	standardized	to	the	1960	world	standard	population,	as	is	customary	in	international
comparisons.	 In	 contrast,	 national	 statistics	published	by	 the	United	States,	Europe,	 and	certain	other	 countries
generally	use	the	2000	standard	population	from	their	own	country	or	region	to	make	the	standardized	incidence
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and	mortality	rates	more	contemporary	and	close	to	the	crude	rates.	Age-standardized	rates	can	only	be	compared
when	the	same	age	standard	is	applied	to	all	of	the	populations	of	interest.14

The	presentation	of	age-specific	rather	than	age-standardized	rates	can	sometimes	reveal	interesting	differences
that	would	otherwise	be	obscured.	For	example,	Figure	14.3	shows	the	age-related	increase	in	the	incidence	rate
of	all	cancers	combined	among	men	(left	panel)	and	women	(right	panel)	in	five	populations	in	Asia	and	North
America.	 The	 age-specific	 rates	 emphasize	 the	much	 higher	 incidence	 rates	 in	men	 than	 in	women	 and	 in	 the
United	States	and	Hong	Kong	than	in	China	and	India.	They	also	reveal	that	men	in	Qidong	County,	China,	have
higher	incidence	of	all	cancers	combined	than	the	other	populations	shown	in	the	age	range	35	to	49	years.	This
may	 result	 from	 very	 high	 incidence	 of	 liver	 cancer	 caused	 by	 endemic	 hepatitis	 B	 infection	 and	 exposure	 to
aflatoxin-contaminated	grains	in	certain	regions	of	China.15	Liver	cancer	that	results	from	mother	to	child	or	early
life	transmission	of	hepatitis	B	occurs	at	somewhat	younger	ages	than	most	adult	cancers.

Cumulative	Risk
As	mentioned,	cumulative	risk	describes	the	average	probability	that	an	individual	will	develop	or	die	from	cancer
within	 a	 given	 age	 range	 or	 time	 period.	 Cumulative	 risk	 is	 easier	 to	 understand	 than	 age-specific	 or	 age-
standardized	annual	 rates	and	 is	used	 in	 risk	prediction	models	 to	stratify	 the	population.	Table	14.3	shows	 the
average	probability	or	cumulative	risk	of	an	individual	being	diagnosed	with	cancer	or	dying	from	it	by	age	74
years	for	men	and	women	in	high-	and	low-resource	countries.	The	cumulative	risk	of	being	diagnosed	is	nearly
twice	 as	 high	 in	 economically	 more	 developed	 countries	 (31%	 in	 males	 and	 23%	 in	 females)	 than	 in	 less
developed	countries	(17%	males	and	13%	females),	yet	the	cumulative	risk	of	dying	from	cancer	by	that	age	is
similar:	9%	in	more	developed	countries	versus	8%	in	less	developed	countries	in	females,	and	14%	in	developed
countries	 and	 12%	 in	 less	 developed	 countries	 in	males.	 This	 reflects	 both	 the	 greater	 detection	 of	 potentially
indolent	 cancers	 in	 high-resource	 countries	 and	 the	 shorter	 survival	 in	 less	 developed	 countries,	 where	 many
cancers	are	diagnosed	at	a	late	stage	and	treatment	options	are	limited.

TABLE	14.2
Age-Standardized	Incidence	and	Mortality	Rates	(per	100,000)	in	More	and	Less	Developed
Regions,	2012

Site

Males Females
More	Developed Less	Developed More	Developed Less	Developed

Incidence Mortality Incidence Mortality Incidence Mortality Incidence Mortality
Bladder 16.9 4.5 5.3 2.6 3.7 1.1 1.5 0.7

Brain,	nervous	system 5.9 4.0 3.3 2.6 4.4 2.7 2.7 1.9

Breast — — — — 74.1 14.9 31.3 11.5

Cervix	uteri — — — — 9.9 3.3 15.7 8.3

Colon	and	rectum 36.3 14.7 13.7 7.8 23.6 9.3 9.8 5.6

Corpus	uteri — — — — 14.7 2.3 5.5 1.5

Esophagus 6.4 5.2 10.1 9.0 1.2 0.9 4.1 3.6

Gallbladder 2.3 1.5 2.0 1.6 2.0 1.4 2.4 2.0

Hodgkin	lymphoma 2.3 0.4 0.8 0.4 1.9 0.3 0.5 0.3

Kidney 12.6 4.2 3.4 1.7 6.2 1.7 1.8 0.9

Larynx 5.1 2.2 3.5 2.0 0.6 0.2 0.4 0.3

Leukemia 8.8 4.6 4.4 3.7 5.8 2.8 3.2 2.6

Lip,	oral	cavity 7.0 2.3 5.0 2.8 2.6 0.6 2.5 1.4

Liver 8.6 7.1 17.8 17.0 2.7 2.5 6.6 6.4

Lung 44.7 36.8 30.0 27.2 19.6 14.3 11.1 9.8

Melanoma	of	skin 10.2 2.0 0.8 0.4 9.3 1.2 0.7 0.3

Multiple	myeloma 3.3 1.8 1.0 0.8 2.2 1.2 0.7 0.6

Nasopharynx 0.6 0.2 2.0 1.3 0.2 0.1 0.8 0.5



Non-Hodgkin	lymphoma 10.3 3.5 4.3 2.8 7.1 2.0 2.8 1.8
Other	pharynx 4.7 2.2 2.8 2.2 0.8 0.3 0.7 0.5

Ovary — — — — 9.1 5.0 5.0 3.1

Pancreas 8.6 8.3 3.3 3.2 5.9 5.5 2.4 2.3

Prostate 69.5 10.0 14.5 6.6 — — — —

Stomach 15.6 9.2 18.1 14.4 6.7 4.2 7.8 6.5

Testis 5.2 0.3 0.7 0.3 — — — —

Thyroid 3.6 0.3 1.4 0.4 11.1 0.4 4.7 0.7

All	sites* 308.7 138.0 163.0 120.1 240.6 86.2 135.8 79.8
*Excludes	nonmelanoma	skin	cancer.
Source:	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence
Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.

Survival
Survival	 represents	 the	proportion	of	people	alive	a	certain	period	of	 time	 (usually	5	years)	 following	a	cancer
diagnosis.	There	are	different	methods	for	calculating	cancer	survival.	Survival	data	have	been	compared	across	a
number	of	countries	in	the	CONCORD	project	using	net	survival,	which	is	useful	for	international	comparisons
because	 it	 is	 cancer	 specific	 and	 not	 influenced	 by	 mortality	 from	 other	 diseases,	 which	 may	 vary	 between
countries	(Fig.	14.4).16	Another	measure,	relative	survival,	represents	the	proportion	of	people	alive	at	a	specified
point	after	diagnosis,	compared	to	that	in	a	population	of	equivalent	age	without	cancer.	For	example,	the	5-year
relative	survival	for	female	breast	cancers	diagnosed	in	the	Surveillance,	Epidemiology,	and	End	Results	(SEER)
9	areas	of	the	United	States	from	2007	to	2013	was	91.1%.	This	is	equivalent	to	about	10%	fewer	female	breast
cancer	patients	surviving	for	5	years	compared	to	their	contemporaries	in	the	general	population.	Relative	and	net
survival	 are	 calculated	 differently	 and	 should	 not	 be	 directly	 compared.	 In	 this	 chapter,	we	 report	 net	 survival
estimates	from	the	CONCORD	project	unless	they	are	unavailable.

It	 is	difficult	 to	 interpret	changes	 in	survival	during	 time	periods	when	screening	 is	being	widely	 introduced
because	 screening	 detects	 prevalent	 cancers	 at	 an	 earlier	 stage	 and	may	 detect	 indolent	 tumors	 that	might	 not
otherwise	 be	 diagnosed.	 Because	 of	 so-called	 lead	 time	 bias,	 the	 increase	 in	 survival	 from	 screening	 may
overestimate	the	extent	to	which	screening	prolongs	life.	The	observed	variations	in	survival	reflect	differences	in
the	use	of	screening	tests	as	well	as	in	the	availability	of	effective	and	timely	treatment.16,17	For	countries	with	no
survival	data,	5-year	relative	survival	is	approximated	by	computing	the	ratio	of	the	mortality	rate	to	the	incidence
rate.18

DEMOGRAPHIC	FACTORS	THAT	AFFECT	RISK
In	 addition	 to	 the	 effects	 of	 age	 on	 the	 overall	 risk	 of	 developing	 or	 dying	 from	 cancer,	 risk	 varies	 by	 sex,
socioeconomic	status	(SES),	race,	and	ethnicity.

TABLE	14.3
Cumulative	Risk	(%)	of	Developing	or	Dying	from	Cancer	from	Birth	to	Age	74	Years	by	Sex,
Cancer	Site,	and	Level	of	Economic	Development,	2012

Site

Males Females
More	Developed Less	Developed More	Developed Less	Developed

Incidence Mortality Incidence Mortality Incidence Mortality Incidence Mortality
Bladder 1.96 0.43 0.59 0.25 0.42 0.09 0.16 0.07

Brain,	nervous	system 0.58 0.44 0.33 0.27 0.42 0.29 0.26 0.19

Breast — — — — 7.90 1.64 3.25 1.24

Cervix	uteri — — — — 0.92 0.34 1.62 0.92

Colorectum 4.30 1.62 1.55 0.80 2.68 0.95 1.09 0.56

Corpus	uteri — — — — 1.79 0.28 0.63 0.17
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Gallbladder 0.25 0.15 0.21 0.17 0.22 0.14 0.26 0.21
Hodgkin	lymphoma 0.19 0.04 0.07 0.04 0.15 0.02 0.04 0.03

Kidney 1.47 0.48 0.39 0.18 0.70 0.18 0.19 0.09

Larynx 0.63 0.26 0.42 0.24 0.07 0.02 0.05 0.03

Leukemia 0.86 0.47 0.40 0.34 0.54 0.27 0.29 0.25

Lip,	oral	cavity 0.82 0.27 0.57 0.32 0.29 0.06 0.28 0.16

Liver 1.04 0.84 1.96 1.84 0.30 0.27 0.71 0.67

Lung 5.42 4.35 3.29 2.87 2.40 1.70 1.18 0.99

Melanoma	of	skin 1.12 0.22 0.09 0.04 0.93 0.12 0.07 0.03

Multiple	myeloma 0.39 0.20 0.13 0.10 0.27 0.14 0.09 0.07

Nasopharynx 0.06 0.03 0.22 0.15 0.02 0.01 0.09 0.05

Non-Hodgkin	lymphoma 1.13 0.37 0.45 0.31 0.78 0.21 0.30 0.19

Oesophagus 0.81 0.63 1.17 0.98 0.14 0.10 0.45 0.37

Other	pharynx 0.57 0.27 0.33 0.26 0.10 0.04 0.08 0.06

Ovary — — — — 1.01 0.58 0.53 0.35

Pancreas 1.04 0.98 0.36 0.35 0.68 0.62 0.26 0.25

Prostate 8.66 0.84 1.65 0.56 — — — —

Stomach 1.86 1.02 2.05 1.55 0.75 0.43 0.85 0.66

Testis 0.39 0.02 0.06 0.03 — — — —

Thyroid 0.37 0.04 0.14 0.04 1.06 0.04 0.45 0.09

All	sites* 30.77 14.31 16.57 11.96 23.29 8.98 13.42 8.06
*Excludes	nonmelanoma	skin	cancer.
Source:	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence
Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.

Sex
Table	14.4	shows	the	incidence	rates	in	2012	for	common	cancers	in	males	and	females	worldwide.	The	incidence
rates	of	most	cancers	that	affect	both	men	and	women	are	higher	in	men	than	in	women.	An	extreme	example	is
cancer	of	 the	 larynx,	for	which	 the	 incidence	rate	 is	almost	eight	 times	higher	 in	men	than	 in	women.	The	few
exceptions	in	which	cancers	that	affect	both	sexes	are	more	common	in	women	than	in	men	are	breast,	thyroid,
gallbladder,	anus,	and	some	lymphomas	at	younger	ages.	For	breast	cancer,	 the	incidence	rate	is	more	than	100
times	higher	in	women	than	in	men	in	the	United	States.13

Socioeconomic	Status
The	 incidence	 and	death	 rates	 from	most	 diseases	 are	 inversely	 related	 to	SES.	This	 is	 true	 for	many	 types	of
cancer,	although	the	relationships	are	changing	over	time	and	depend	on	the	level	of	economic	development	of	the
country.	For	example,	in	wealthy	countries,	incidence	rates	of	smoking-related	cancers	were	historically	higher	in
affluent	men,	who	began	smoking	first.	This	socioeconomic	gradient	reversed	over	time,	however,	so	that	most	of
the	major	 risk	 factors	 for	 cancer	 and	 other	 chronic	 diseases	 are	 currently	more	 common	 in	 low	 rather	 than	 in
average	 or	 high	 SES	 groups.	 The	 opposite	 is	 true	 for	 cancers	 commonly	 detected	 by	 screening	 or	 diagnostic
imaging	 such	 as	 breast,	 prostate,	 and	 thyroid	 cancer	 and	melanoma	 of	 the	 skin.19,20	 The	 incidence	 of	 prostate
cancer	 in	California,	 for	example,	 is	28%	higher	 in	men	residing	 in	 the	most	affluent	neighborhoods	compared
with	those	residing	in	the	poorest	neighborhoods,	at	least	partly	because	of	greater	detection.21	However,	the	death
rates	 from	 all	 cancers	 combined	 and	 several	 specific	 cancers	 are	 inversely	 related	 to	 SES	 as	 measured	 by
educational	attainment.	This	is	shown	for	whites	in	the	United	States	in	Figure	14.5.	Overall	cancer	death	rates	in
whites	aged	25	to	74	years	with	≤12	years	of	education	were	nearly	three	times	higher	in	men	and	twice	as	high	in
women	compared	to	those	with	a	college	degree	or	above.22,23

In	many	economically	less	developed	countries,	major	cancer	risk	factors	such	as	cigarette	smoking,	obesity,
and	physical	inactivity	continue	to	be	more	common	among	the	educated	higher	SES	groups	than	the	poor.	For
example,	adult	obesity	prevalence	in	South	Africa	is	substantially	higher	in	high-income	people	than	in	those	with
low	income.24



Race	and	Ethnicity
There	 are	 substantial	 differences	 in	 cancer	 incidence	 and	 deaths	 rates	 by	 race	 and	 ethnicity.	 These	 disparities
largely	 reflect	 differences	 in	 social,	 economic,	 and	 cultural	 factors	 that	 affect	 access	 to	 high-quality	 cancer
prevention,	 early	 detection,	 and	 treatment	 services	 rather	 than	 differences	 in	 inherited	 genetic	 susceptibility.
Inherited	genetic	susceptibility	alone	is	estimated	to	account	for	<5%	of	all	cancers.18

Figure	14.4	Five-year	net	survival	for	colon,	cervical,	female	breast,	and	prostate	cancer	in
selected	countries.	(From	Allemani	C,	Weir	HK,	Carreira	H,	et	al.	Global	surveillance	of	cancer
survival	1995-2009:	analysis	of	individual	data	for	25,676,887	patients	from	279	population-based

registries	in	67	countries	(CONCORD-2).	Lancet	2015;385[9972]:977–1010.)

Table	14.5	illustrates	the	variation	in	incidence	and	death	rates	by	race/ethnicity	in	the	United	States	in	2010	to
2014	for	all	cancers	combined	and	selected	common	cancers.	Black	men	have	the	highest	overall	incidence	and
death	 rates	 of	 all	 racial/ethnic	 groups,	with	 incidence	 rates	 10%	 higher	 and	 death	 rates	 20%	 higher	 than	 non-
Hispanic	whites,	who	have	the	second	highest	rates,	and	nearly	 twice	as	high	as	 those	 in	Asians,	who	have	 the
lowest	 rates.	Similarly,	 the	death	rate	 from	all	cancers	combined	was	nearly	15%	higher	 in	black	 than	 in	white
women,	despite	lower	incidence	rates.	By	cancer	type,	prostate	cancer	death	rates	in	black	men	are	twice	as	high
as	in	non-Hispanic	whites,	who	have	the	second	highest	rates,	and	nearly	five	times	as	high	in	Asians	and	Pacific
Islanders.	Much	of	the	disparity	in	cancer	outcomes	between	blacks	and	whites	is	thought	to	reflect	inequalities	in
accessing	prevention,	early	detection,	and	treatment	services.	Although	the	extent	to	which	inherited	differences	in
cancer	susceptibility	contribute	to	the	observed	differences	is	not	yet	clear,	it	is	likely	to	be	very	small.

In	contrast,	compared	to	whites,	other	major	racial	and	ethnic	groups	in	the	United	States	have	lower	incidence
and	mortality	 for	all	 sites	combined	and	 for	 the	 four	most	common	cancer	 sites	 (lung	and	bronchus,	colon	and
rectum,	prostate,	and	female	breast)	(see	Table	14.5).	For	certain	cancer	sites,	however,	the	incidence	in	Hispanic
and	Asian	 immigrants	 remains	higher	 than	 that	 in	U.S.-born	whites.	This	 is	particularly	 true	 for	cancers	of	 the
stomach,	liver	and	intrahepatic	bile	duct,	and	cervix	uteri,	all	of	which	are	affected	by	specific	infectious	agents
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that	are	more	prevalent	in	the	countries	of	origin	than	in	the	United	States.

Geographic	Location
As	 noted	 previously,	 the	 incidence	 and	 death	 rates	 from	many	 specific	 types	 of	 cancer	 and	 from	 all	 cancers
combined	vary	widely	by	geographic	location.	These	may	reflect	differences	in	the	prevalence	of	environmental
(acquired)	risk	factors,	variations	in	inherited	susceptibility,	or	differences	in	detection,	completeness	of	reporting,
and	classification.	The	geographic	variability	is	larger	for	some	cancers	than	for	others,	but	even	the	incidence	of
all	cancers	combined	varies	by	more	than	fourfold	in	men,	and	three-	to	fourfold	in	women,	comparing	the	region
with	the	highest	incidence	rate	(North	America)	with	the	regions	that	have	the	lowest	rates	(Northern	and	Western
Africa)	(Fig.	14.6).

Large	geographic	variations	in	the	incidence	rates	of	specific	cancers	generally	reflect	geographic	differences
in	exposures	rather	 than	inherited	susceptibility.	An	extreme	example	is	 the	more	than	100-fold	variation	in	 the
incidence	 of	Kaposi	 sarcoma,	 reflecting	 differences	 in	 both	 risk	 factor	 prevalence	 and	 availability	 of	 intensive
antiretroviral	therapy	treatment.25	Kaposi	sarcoma	remains	the	most	commonly	diagnosed	cancer	among	men	in
parts	of	Eastern	and	Southern	Africa	(Fig.	14.7;	Table	14.6),	with	rates	as	high	as	46	cases	per	100,000	males	in
Zimbabwe.11	The	over	100-fold	difference	 in	prostate	cancer	 incidence	 rates	between	Norway	 (129.7	cases	per
100,000)	 and	Bhutan	 (1.2	 cases	 per	 100,000)	 largely	 reflects	more	 aggressive	 screening	 for	 prostate	 cancer	 in
Norway	 than	 in	Bhutan.	However,	a	similar	100-fold	difference	 in	 the	 incidence	between	Trinidad	and	Tobago
(123.9	cases	per	100,000)	and	Bhutan	is	attributed	largely	to	a	true	difference	in	the	occurrence	of	the	disease.

TABLE	14.4
Age-Standardized	Incidence	and	Mortality	Rates	(per	100,000)	from	Cancer	Worldwide	by
Sex,	2012

	

Incidence Mortality

Males Females Rate	Ratio	M/F Males Females
Rate
Ratio	M/F

Bladder 9.0 2.2 4.1 3.2 0.9 3.6

Brain,	nervous
system

3.9 3.0 1.3 3.0 2.1 1.4

Breast — 43.1 — — 12.9 —

Cervix	uteri — 14.0 — — 6.8 —

Colorectum 20.6 14.3 1.4 10.0 6.9 1.4

Corpus	uteri — 8.2 — — 1.8 —

Gallbladder 2.1 2.3 0.9 1.6 1.8 0.9

Hodgkin
lymphoma

1.1 0.7 1.6 0.4 0.3 1.3

Kidney 6.0 3.0 2.0 2.5 1.2 2.1

Larynx 3.9 0.5 7.8 2.0 0.2 10.0

Leukemia 5.6 3.9 1.4 4.1 2.8 1.5

Lip,	oral	cavity 5.5 2.5 2.2 2.7 1.2 2.3

Liver 15.3 5.4 2.8 14.3 5.1 2.8

Lung 34.2 13.6 2.5 30.0 11.1 2.7

Melanoma	of
skin

3.3 2.8 1.2 0.9 0.6 1.5

Multiple	myeloma 1.7 1.2 1.4 1.2 0.8 1.5

Nasopharynx 1.7 0.7 2.4 1.0 0.4 2.5

Non-Hodgkin
lymphoma

6.0 4.1 1.5 3.2 2.0 1.6

Esophagus 9.0 3.1 2.9 7.7 2.7 2.9

Other	pharynx 3.2 0.7 4.6 2.2 0.5 4.4



Ovary — 6.1 — — 3.7 —
Pancreas 4.9 3.6 1.4 4.7 3.4 1.4

Prostate 30.6 — — 7.8 — —

Stomach 17.4 7.5 2.3 12.7 5.7 2.2

Testis 1.5 — — 0.3 — —

Thyroid 1.9 6.1 0.3 0.3 0.6 0.5

All	sites* 204.9 165.2 1.2 126.3 82.9 1.5
*Excludes	nonmelanoma	skin	cancer.
Source:	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence
Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.

Figure	14.5	Age-standardized	death	rates	from	all	cancers	combined	in	non-Hispanic	white	men
and	women	aged	25	to	74	years	by	years	of	education,	United	States,	2015.	From	National	Center

for	Health	Statistics.	Mortality	multiple	cause	files.
https://www.cdc.gov/nchs/data_access/vitalstatsonline.htm.	Accessed	September	24,	2017;	United

States	Census	Bureau.	American	Community	Survey	(ACS),	2015	ACS	1-year	PUMS.
https://www.census.gov/programs-surveys/acs/data/pums.html.	Accessed	September	24,	2017.)

TABLE	14.5
Age-Standardized	Incidence	and	Mortality	Rates*	for	Selected	Cancer	by	Race	and
Ethnicity**,	United	States,	2010–2015

All	Races Asian/Pacific
American
Indian/Alaska
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	 Combined Non-Hispanic
White

Non-Hispanic
Black

Islander Native*** Hispanic/Latino

INCIDENCE,	2010–2014
All	Sites
Male 501.9 510.7 560.9 302.8 425.3 386.3

Female 417.9 436.0 407.4 287.6 388.7 329.6

Breast
(female)

123.6 128.7 125.5 90.8 100.7 91.9

Colon	and	Rectum
Male 45.9 45.2 56.4 37.0 50.1 41.9

Female 34.8 34.5 41.7 27.0 41.3 29.3

Kidney	and	Renal	Pelvis
Male 21.8 22.1 24.8 10.9 30.0 20.7

Female 11.3 11.3 12.9 4.9 17.4 12.0

Liver	and	Intrahepatic	Bile	Duct
Male 12.1 10.0 17.2 20.0 20.1 19.8

Female 4.2 3.4 5.1 7.6 8.8 7.6

Lung	and	Bronchus
Male 73.0 75.9 87.9 45.2 71.9 40.6

Female 52.8 57.6 50.1 27.9 55.9 25.2

Prostate 114.9 107.0 186.8 58.4 78.3 97.0

Stomach
Male 9.2 7.9 14.3 14.1 11.6 12.9

Female 4.7 3.5 7.8 8.1 6.5 7.8

Uterine	cervix 7.6 7.0 9.5 6.0 9.1 9.7

MORTALITY,	2011–2015
All	Sites
Male 196.7 200.7 246.1 120.4 181.4 140.0

Female 139.5 143.7 163.2 87.7 127.6 96.7

Breast
(female)

20.9 20.8 29.5 11.3 14.3 14.2

Colon	and	Rectum
Male 17.3 16.9 25.1 12.0 20.2 14.6

Female 12.2 12.1 16.5 8.6 13.6 9.0

Kidney	and	Renal	Pelvis
Male 5.6 5.8 5.7 2.6 8.4 5.0

Female 2.4 2.5 2.4 1.1 4.1 2.3

Liver	and	Intrahepatic	Bile	Duct
Male 9.4 8.2 13.5 14.0 14.8 13.0

Female 3.8 3.4 4.7 6.0 7.0 5.9

Lung	and	Bronchus
Male 53.8 56.3 66.9 31.0 45.0 26.4

Female 35.4 39.0 34.4 17.7 30.6 13.3

Prostate 19.5 18.2 40.8 8.7 19.7 16.1

Stomach
Male 4.3 3.4 8.5 6.8 7.3 6.7

Female 2.3 1.7 4.0 4.2 3.5 4.0

Uterine	cervix 2.3 2.1 3.8 1.8 2.6 2.6
*Rates	are	per	100,000	population	and	age	adjusted	to	the	2000	U.S.	standard	population.
**Hispanic	origin	is	not	mutually	exclusive	from	Asian/Pacific	Islander	or	American	Indian/Alaska	Native.
***Data	based	on	Indian	Health	Service	Contract	Health	Service	Delivery	Areas.



Source:	 Incidence—CiNA	 Public	 Use	 data	 Set.	 https://www.naaccr.org/cina-public-use-data-set/.	 Mortality—Surveillance,
Epidemiology,	and	End	Results	Program.	SEER*Stat	database:	mortality—all	COD,	aggregated	with	state,	total	U.S.	(1969-2015)
<Katrina/Rita	 population	 adjustment>,	 National	 Cancer	 Institute,	 DCCPS,	 Surveillance	 Research	 Program,	 released	 December
2017.	Underlying	mortality	data	provided	by	NCHS	(www.cdc.gov/nchs).	Rockville,	MA:	National	Cancer	Institute;	2017.

Figure	14.6	Age-standardized	incidence	rates	from	all	cancer	sites	combined	by	United	Nations
sub	region	and	sex,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:
Estimated	Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC	CancerBase

No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

Most	 of	 the	 cancers	 related	 to	 tobacco	 smoking	 or	 infectious	 etiologies	 have	 a	 3-	 to	 10-fold	 variation	 in
incidence	between	the	regions	with	the	highest	and	lowest	rates.	The	incidence	rates	of	cancers	strongly	related	to
tobacco—oral	cavity,	 larynx,	 lung	(Fig.	14.8),	esophagus,	urinary	bladder,	and	 (in	men)	pancreas	and	kidney—
vary	by	 at	 least	 20-fold	 among	 countries.	Cancer	 sites	 for	which	 incidence	 rates	 vary	by	 approximately	5-fold
across	regions	include	female	breast	(3.6-fold;	Fig.	14.9),	ovary	(5.1-fold),	non-Hodgkin	lymphoma	(5-fold	males,
5.8-fold	females),	and	thyroid	(6.5-fold	males,	5.8-fold	females).	More	extreme	variations	are	seen	when	cancer
incidence	rates	are	examined	by	country	than	by	region.

High-risk	areas	for	specific	cancers	may	or	may	not	be	well	characterized	by	official	administrative	boundaries,
such	as	county,	state,	or	national	borders.	For	example,	the	very	high	incidence	and	death	rates	from	esophageal
cancer	around	 the	Caspian	Sea	are	highest	 in	areas	 that	are	most	 remote	 from	towns	and	where	access	 to	 fresh
fruits	and	vegetables	is	nonexistent	for	much	of	the	year.26	In	the	United	States,	 the	area	with	the	highest	death
rates	in	the	past	from	cervical	and	colorectal	cancer	spanned	much	of	Appalachia,27	where	women	lacked	access
to	 regular	Papanicolaou	(Pap)	 testing,	colorectal	cancer	screening,	or	 treatment.	This	observation	motivated	 the
U.S.	 Congress	 to	 create	 the	National	 Breast	 and	Cervical	 Cancer	 Early	Detection	 Program	 and	 the	Colorectal
Cancer	 Control	 Program	 to	 improve	 access	 to	 breast,	 cervical,	 and	 colorectal	 cancer	 screening	 and	 diagnostic
services	 for	 low-income	 women.28,29	 The	 National	 Breast	 and	 Cervical	 Cancer	 Early	 Detection	 Program	 has
provided	 breast	 and	 cervical	 cancer	 screening	 and	 diagnostic	 services	 to	 more	 than	 4.8	 million	 low-income
women	the	United	States.	Although	the	National	Breast	and	Cervical	Cancer	Early	Detection	Program	currently
serves	 only	 14%	 of	 eligible	 women	 aged	 40	 to	 64	 years	 and	 7%	 of	 those	 aged	 18	 to	 64	 years	 because	 of
insufficient	 funding,	 it	 illustrates	 how	 a	 national	 or	 multinational	 approach	 may	 be	 needed	 for	 public	 health
problems	that	extend	across	state	or	national	borders.

Geospatial	 analysis	 is	 a	 relatively	 new	 tool	 for	 describing	 cancer	 patterns	 by	 place	 of	 residence,	 using	 the
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address	 at	 diagnosis	 or	 death.	 Examples	 of	 geospatial	 analysis	 applications	 in	 cancer	 epidemiology	 include
exploration	 of	 geographic	 areas	 with	 a	 high	 proportion	 of	 distant-stage	 breast	 cancers	 in	 New	 Jersey,30	 the
associations	 between	 travel	 distance	 to	 the	 nearest	 radiation	 therapy	 facility	 and	 receipt	 of	 radiotherapy	 after
breast-conserving	surgery	in	New	Mexico,31	distance	 to	a	diagnosing	mammography	facility	and	completion	of
abnormal	mammogram	workup,32	 and	 delay	 in	 receipt	 of	 chemotherapy	 for	 colorectal	 cancer	 and	 geographic
availability	of	oncologists.33

TEMPORAL	TRENDS
Two	 broad	 patterns	 are	 seen	 in	 the	 temporal	 trends	 in	 cancer	 incidence	 and	 mortality	 rates	 worldwide.	 First,
cancers	that	are	strongly	related	to	infectious	etiologies,	such	as	stomach,	liver,	and	uterine	cervix,	are	generally
decreasing	 globally,	 although	 these	 tumors	 remain	 common	 regionally	 in	 less	 developed	 countries.	 A	 second
global	trend	is	the	rapid	increase	in	the	occurrence	of	malignancies	that	were	historically	common	only	in	wealthy
countries	 but	 that	 now	 are	 increasing	 in	 LMICs.	 These	 include	 cancers	 of	 the	 lung,	 breast,	 prostate,	 and
colorectum.	 The	 global	 spread	 of	 these	 cancers	 is	 a	 direct	 consequence	 of	 international	 and	 national	 tobacco
marketing	 and	 of	 the	 adoption	 of	 Western	 patterns	 of	 diet	 and	 physical	 inactivity	 as	 well	 as	 changes	 in
reproductive	behavior.	The	temporal	trends	in	a	number	of	specific	cancer	sites	and	in	all	cancers	combined	are
discussed	in	greater	detail	in	the	following	text.
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Figure	14.7	Most	commonly	diagnosed	cancers	by	sex,	2012.	(From	Ferlay	J,	Soerjomataram	I,
Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence
Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,	France:	International	Agency	for

Research	on	Cancer;	2013.)

TABLE	14.6
Four	Most	Commonly	Diagnosed	Cancers	(%	of	Total)	by	United	Nations	Region,	Both	Sexes
Combined,	2012

Region Cancer	Sites
Eastern	Africa Cervix	uteri	(15.9%) Breast	(11.7%) Kaposi	sarcoma

(10.7%)
Esophagus	(6.0%)

Middle	Africa Cervix	uteri	(15.6%) Breast	(14.7%) Prostate	(9.3%) Liver	(7.8%)

Northern	Africa Breast	(17.9%) Liver	(8.9%) Lung	(6.6%) Bladder	(6.3%)

Southern	Africa Breast	(12.4%) Prostate	(12.4%) Cervix	uteri	(10.4%) Lung	(8.9%)

Western	Africa Breast	(21.8%) Cervix	uteri	(15.0%) Liver	(12.6%) Prostate	(9.7%)

Caribbean Prostate	(20.6%) Breast	(12.4%) Lung	(10.5%) Colorectum	(9.3%)

Central	America Breast	(12.6%) Prostate	(9.6%) Cervix	uteri	(9.5%) Stomach	(6.9%)

South	America Breast	(14.3%) Prostate	(14.2%) Colorectum	(8.4%) Lung	(7.9%)

Northern	America Prostate	(14.6%) Breast	(14.3%) Lung	(13.4%) Colorectum	(8.9%)

Eastern	Asia Lung	(19.2%) Stomach	(13.3%) Liver	(11.3%) Colorectum	(10.2%)

Southeastern	Asia Breast	(13.7%) Lung	(13.4%) Liver	(10.2%) Colorectum	(8.8%)

South-Central	Asia Breast	(14.8%) Cervix	uteri	(10.0%) Lip,	oral	cavity	(7.2%) Lung	(7.0%)

Western	Asia Breast	(13.4%) Lung	(12.1%) Colorectum	(8.5%) Prostate	(6.9%)

Central	and	Eastern
Europe

Colorectum	(13.5%) Lung	(13.4%) Breast	(11.9%) Stomach	(6.7%)

Northern	Europe Prostate	(15.5%) Breast	(14.9%) Colorectum	(12.4%) Lung	(11.4%)

Southern	Europe Colorectum	(13.7%) Breast	(13.1%) Lung	(11.9%) Prostate	(11.9%)

Western	Europe Prostate	(14.9%) Breast	(14.3%) Colorectum	(12.6%) Lung	(11.0%)

Australia/New	Zealand Prostate	(17.6%) Colorectum	(13.2%) Breast	(12.2%) Melanoma	of	skin
(10.3%)

Melanesia Breast	(13.7%) Cervix	uteri	(12.0%) Lip,	oral	cavity	(10.7%) Liver	(7.1%)

Micronesia Lung	(19.7%) Breast	(15.2%) Prostate	(14.8%) Colorectum	(11.7%)

Polynesia Prostate	(18.4%) Breast	(18.0%) Lung	(12.4%) Colorectum	(5.2%)
Source:	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence
Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.



Figure	14.8	Age-standardized	lung	cancer	incidence	rates	by	United	Nations	sub	region	and	sex,
2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer
Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,

France:	International	Agency	for	Research	on	Cancer;	2013.)

Figure	14.9	Age-standardized	female	breast	cancer	incidence	and	mortality	rates	by	United
Nations	sub	region,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN
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2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC
CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

INCIDENCE	AND	MORTALITY	PATTERNS	FOR	COMMON	CANCERS
Cancer	incidence	and	mortality	rates	for	all	cancers	combined	and	several	specific	cancers	in	more	economically
developed	and	less	developed	countries	by	sex	are	shown	in	Table	14.2.	The	10	most	common	types	of	cancer	in
2012	 are	 listed	 for	 economically	 more	 and	 less	 developed	 countries	 in	 Figure	 14.1.	 In	 economically	 more
developed	countries,	the	three	most	commonly	diagnosed	cancers	are	prostate,	lung,	and	colorectum	among	men,
and	breast,	colorectum,	and	lung	in	women.	In	contrast,	in	economically	less	developed	countries,	the	three	most
commonly	 diagnosed	 cancers	 are	 lung,	 liver,	 and	 stomach	 cancers	 in	 men,	 and	 breast,	 cervix	 uteri,	 and	 lung
cancers	in	women.	In	both	economically	more	and	less	developed	countries,	the	three	most	diagnosed	cancer	sites
are	also	the	three	leading	causes	of	cancer	death.

Relationship	of	Risk	to	Environmental	Exposures
As	the	global	use	of	tobacco	(especially	manufactured	cigarettes)	has	increased,	so	has	the	number	and	proportion
of	all	cancers	related	to	tobacco	use.	Tobacco	use,	including	secondhand	smoke,	accounted	for	an	estimated	22%
of	all	cancer	deaths	worldwide	in	the	year	2016.34	Approximately	60%	of	these	deaths	were	from	lung	cancer,	and
17%	were	 from	 upper	 aerodigestive	 tract	 cancers.	 The	 number	 of	 cancers	 attributable	 to	 tobacco	 continues	 to
increase	globally,	even	as	smoking	prevalence	decreases	in	wealthy	countries,	because	of	expansion	of	the	world’s
population	and	an	increase	in	long-term	cigarette	consumption	in	economically	less	developed	countries.

Currently,	 three	 of	 the	 five	 most	 common	 cancers	 in	 less	 developed	 countries	 are	 related	 to	 infectious
etiologies.	Gastric	cancer	continues	to	be	the	most	common	infection-related	cancer	worldwide,	followed	closely
by	 liver	and	cervix.	Approximately	15%	of	all	 incident	cancers	worldwide	are	attributable	 to	 infections.25	 This
percentage	is	about	three	times	higher	in	less	developed	countries	(23%)	than	in	more	developed	countries	(9%).

Excess	body	weight,	weight	gain	in	adulthood,	and	physical	inactivity	are	important	risk	factors	for	cancers	of
the	breast	(postmenopausal),	colon,	endometrium,	esophagus	(adenocarcinoma),	gallbladder,	kidney,	and	certain
hematopoietic	cancers.	The	global	epidemic	of	obesity	even	affects	countries	where	parts	of	the	population	suffer
from	undernutrition	and	malnutrition.

In	 the	 remainder	of	 this	chapter,	geographic	patterns	and	 temporal	 trends	 for	common	cancers	 in	 relation	 to
level	of	economic	development	are	described.

Lung	Cancer
Worldwide,	lung	cancer	is	the	most	common	cancer	in	terms	of	both	newly	diagnosed	cases	and	deaths	and	is	the
leading	cause	of	cancer	death	in	91	countries	in	men	and	in	27	countries	in	women	(see	Fig.	14.7).	More	than	1.8
million	 new	 cases	 and	 nearly	 1.6	 million	 deaths	 from	 lung	 cancer	 are	 estimated	 to	 have	 occurred	 in	 2012
worldwide	 (see	 Fig.	 14.1).	 About	 60%	 of	 these	 cases	 and	 deaths	 occurred	 in	 economically	 less	 developed
countries,	with	China	alone	accounting	for	more	 than	one-third	of	 the	world	 lung	cancer	cases.11	However,	 the
proportion	of	all	cancer	deaths	due	to	lung	cancer	remains	higher	in	more	developed	(22%)	than	in	less	developed
(18%)	countries.

Lung	 cancer	 is	 more	 strongly	 associated	 with	 cigarette	 smoking	 than	 any	 other	 cancer	 site.29	 Globally,	 an
estimated	74%	of	lung	cancers	in	men	and	56%	in	women	are	attributable	to	tobacco	smoking.34	This	percentage
is	higher	(almost	90%)	among	men	in	Europe	and	North	America,	where	cigarette	smoking	has	been	entrenched
for	many	decades.

The	lung	cancer	incidence	rates	vary	by	nearly	5-fold	in	men	and	over	10-fold	in	women	across	regions	(see
Fig.	14.8),	reflecting	differences	in	historical	patterns	of	smoking.	The	highest	rates	are	among	men	in	Central	and
Eastern	Europe,	Eastern	Asia,	Southern	and	Western	Europe,	 and	North	America,	whereas	 the	 lowest	 rates	are
observed	in	sub-Saharan	Africa,	Central	America,	and	South-Central	Asia.	Lung	cancer	incidence	and	death	rates
among	men	have	begun	to	fall	in	North	America,	Northern	Europe	and	Australia/New	Zealand	but	continue	to	rise
in	many	other	countries	(Fig.	14.10).

Lung	cancer	patterns	in	women	differ	from	those	in	men	because	the	uptake	of	widespread	cigarette	smoking
among	 women	 lagged	 behind	 that	 in	 men	 by	 approximately	 25	 years,	 even	 in	 industrialized	 countries.	 The
prevalence	of	cigarette	smoking	is	still	low	among	women	in	much	of	Asia	and	Africa,	but	in	Europe	and	parts	of



South	America	and	Africa,	teenage	girls	are	now	smoking	more	than	teenage	boys.35	The	highest	lung	cancer	rates
among	 women	 are	 currently	 in	 North	 America,	 Northern	 Europe	 (especially	 Scandinavia),	 and	 Australia/New
Zealand.	 Factors	 other	 than	 cigarette	 smoking	 contribute	 to	 the	 relatively	 high	 background	 rate	 of	 lung	 cancer
among	women	 in	parts	of	China.	The	 lung	cancer	 incidence	 rate	per	100,000	 for	2012	among	Chinese	women
(20.4)	 is	higher	 than	 that	among	women	in	Germany	(17.9)	and	Spain	(11.3),	despite	 their	 lower	prevalence	of
smoking.	Factors	thought	to	contribute	to	the	high	lung	cancer	rate	among	Chinese	women	in	certain	regions	of
China	include	exposure	to	indoor	smoke	from	burning	coal36	and	other	fuels,37	secondhand	tobacco	smoke,38	and
fumes	from	frying	foods	at	high	temperatures.39

Temporal	trends	in	lung	cancer	and	other	tobacco-related	cancers	reflect	historical	patterns	of	smoking	and	the
length	of	time	over	which	substantial	numbers	of	people	have	smoked	regularly.	Even	large	increases	in	smoking
prevalence	 in	 young	 adults	 initially	 have	 had	 little	 impact	 on	 the	 national	 lung	 cancer	 rates.	Only	 as	 smoking
patterns	become	entrenched	in	a	population	does	the	age	at	initiation	become	progressively	younger,	and	greater
numbers	 of	 long-term	 smokers	 reach	 the	 age	where	 lung	 cancer	 becomes	 common.	Hence,	 the	 full	 impact	 of
smoking	on	lung	cancer	rates	is	not	reached	for	many	decades.	Cigarette	smoking	is	estimated	to	have	killed	100
million	people	 in	 the	 20th	 century	 and	 is	 projected	 to	 kill	 1	 billion	people	 in	 the	 21st	 century	 unless	 smoking
patterns	change.40	Lung	cancer	deaths	comprise	only	about	30%	of	all	smoking-attributable	deaths	in	the	United
States,	yet	these	cancers	are	the	most	visible	indicators	of	the	enormous	toll	from	tobacco.	The	age-standardized
lung	cancer	incidence	rate	has	decreased	by	up	to	40%	among	men	in	many	high-	and	middle-income	countries
due	to	tobacco	control.	Age-standardized	lung	cancer	incidence	and	mortality	rates	continue	to	increase	in	women
in	HICs,41–43	although	the	age-specific	rates	in	young	women	are	now	decreasing.	In	contrast	to	more	developed
countries,	 the	 trajectory	 of	 lung	 cancer	 in	women	 is	 unclear	 in	most	 less	 economically	 developed	 countries	 as
uptake	of	smoking	remains	low	(<5%	prevalence	in	women)	in	these	countries.42

Figure	14.10	Trends	in	age-standardized	lung	cancer	death	rates	by	sex	in	four	countries,	1955–
2013.	(From	International	Agency	for	Research	on	Cancer.	WHO	cancer	mortality	database.

http://www-dep.iarc.fr/WHOdb/WHOdb.htm.	Accessed	December	15,	2017.)

Female	Breast	Cancer
Breast	 cancer	 is	 the	 most	 frequently	 diagnosed	 cancer	 and	 the	 leading	 cause	 of	 cancer	 death	 among	 women
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worldwide	(see	Fig.	14.1),	with	about	1.7	million	new	cases	and	521,900	deaths	in	2012	and	representing	about	a
quarter	of	all	cancer	cases	and	15%	of	all	cancer	deaths	worldwide.	It	is	the	most	commonly	diagnosed	cancer	in
140	of	184	countries.	Five-year	net	survival	varies	widely	across	countries	from	<60%	in	parts	of	Africa	and	Asia
to	>80%	in	North	America	and	parts	of	Europe	and	Oceania	 (see	Fig.	14.4),16	 depending	on	 the	availability	of
screening	and	treatment	services.

Female	breast	cancer	incidence	rates	are	highest	in	the	economically	more	developed	countries	in	Western	and
Northern	Europe,	North	America,	and	Australasia	(see	Fig.	14.9).	Low	rates	are	 found	 in	most	of	Africa,	Asia,
and	Central	America.	Factors	that	contribute	to	the	striking	international	variation	include	historical	differences	in
reproductive	factors	(age	at	menarche	and	menopause,	age	at	first	live	birth,	number	of	children,	and	duration	of
breastfeeding),	 use	 of	 hormone	 replacement	 therapy,	 obesity	 after	 menopause,	 alcohol	 intake,	 and	 screening
practices.	 Women	 in	 affluent	 countries	 are	 more	 likely	 to	 delay	 childbearing,	 have	 fewer	 children,	 and	 use
hormone	replacement	therapy	after	menopause.	Early	detection	of	breast	cancer	through	mammography	screening
contributes	to	higher	incidence	rates	but	lower	mortality.	Inherited	genetic	mutations	with	high	penetrance,	such
as	BRCA1	 and	BRCA2,	 that	 are	more	 common	 in	women	 of	Ashkenazi	 Jewish	 descent	 increase	 risk	 of	 breast
cancer44	in	affected	individuals	but	have	little	impact	on	global	geographic	differences	or	temporal	trends.45

Recent	temporal	trends	in	breast	cancer	incidence	rates	vary	substantially	across	HICs,	with	the	rates	increasing
in	 several	 Eastern	 and	 Northern	 European	 countries,	 decreasing	 in	 many	 Southern	 and	 Western	 European
countries,	 and	 stabilized	 in	North	America	 and	Oceania.46	Reasons	 for	 the	 increase	 in	 incidence	 rates	 in	 these
countries	 include	 changes	 in	 reproductive	 factors	 (e.g.,	 reduced	 fertility,	 early	 menarche,	 and	 use	 of
postmenopausal	 hormone	 therapy),	 increased	 prevalence	 of	 obesity,	 and	 increased	 detection	 through
mammography.46	 By	 contrast,	 the	 decrease	 or	 stabilization	 of	 rates	 in	 certain	 HICs	 reflects	 cessation	 of
postmenopausal	 therapy	 and	 saturation	 of	 mammography.	 Between	 2002	 to	 2003,	 for	 example,	 breast	 cancer
incidence	 rates	 in	 the	 United	 States	 decreased	 by	 7%,	 coinciding	 with	 the	 publication	 of	 the	 results	 of	 the
Women’s	 Health	 Initiative	 trial,	 which	 associated	 use	 of	 menopausal	 hormone	 therapy	 with	 adverse	 health
outcomes.47,48	In	contrast	to	most	HICs,	incidence	rates	continued	to	increase	in	most	LMICs	and	in	some	HICs
(e.g.,	Japan)	because	of	changes	in	reproductive	patterns,	obesity,	physical	inactivity,	and	increased	detection.46,49

Similar	to	incidence	trends,	breast	cancer	death	rates	are	increasing	in	most	LMICs	because	of	increases	in	the
underlying	 risk	 factors,	 coupled	with	 lack	 of	 early	 detection	 services	 and	 treatment.	 In	 contrast,	 breast	 cancer
death	rates	have	decreased	during	the	past	decade	in	most	HICs	including	the	United	States	and	many	European
countries	(the	United	Kingdom,	Netherlands,	Denmark).	In	the	United	States,	this	decline	has	been	attributed	to	a
combination	 of	 increased	mammography	 and	 improvements	 in	 treatment,	 although	 the	 contribution	 of	 each	 is
unclear	and	varies	over	time	as	mammography	reaches	a	saturation	point.50	In	several	European	countries,	where
mammography	 is	 less	prevalent,	 the	decline	 largely	 reflects	 improved	 treatment.51	According	to	one	worldwide
study	 of	 survival,16	 5-year	 breast	 cancer	 survival	 has	 improved	 in	 most	 HICs	 and	 several	 LMICs	 because	 of
improved	treatment	and	early	detection	through	increased	use	of	mammography	or	disease	awareness.	However,
net	survival	varies	substantially	across	countries,	from	43%	in	Jordan	to	89%	in	the	United	States.

Colorectal	Cancer
Cancers	of	the	colon	and	rectum	(colorectal	cancer)	are	the	third	most	commonly	diagnosed	cancer	and	the	fourth
leading	cause	of	cancer	death	in	the	world,	with	about	1.4	million	new	cases	and	700,000	deaths	in	2012	(see	Fig.
14.1).	About	54%	of	these	cases	and	48%	of	these	deaths	occur	in	economically	more	developed	countries.	The	5-
year	net	survival	 for	colon	cancer	varies	 from	<50%	in	parts	of	Asia	and	South	America	 to	65%	in	 the	United
States	and	several	European	countries	(see	Fig.	14.4).16

The	incidence	rate	of	colorectal	cancer	varies	by	more	than	20-fold	across	countries	and	nearly	10-fold	among
regions	(Fig.	14.11).	The	highest	incidence	rates	are	found	in	Australia/New	Zealand,	Europe,	and	North	America,
and	 the	 lowest	 rates	 are	 found	 in	Africa,	 Asia,	 and	 Latin	America.	 However,	 colorectal	 cancer	 incidence	 and
mortality	trends	have	been	rapidly	increasing	in	many	countries	in	Africa,	Asia,	and	Latin	America	in	part	because
of	the	adoption	of	Western	lifestyles,	including	physical	inactivity,	high	consumption	of	red	and	processed	meat,
obesity,	and	smoking.2,3	Similarly,	 incidence	 rates	 continue	 to	 increase	 in	 several	European	countries,	with	 the
steepest	increase	occurring	in	Eastern	European	countries	(Slovakia,	Slovenia)	and	rates	surpassing	those	of	very-
high-income	countries	with	historically	high	incidence	rates	such	as	the	United	States.2,3

In	contrast	to	most	parts	of	the	world,	colorectal	cancer	incidence	and	mortality	rates	have	been	decreasing	in
the	 United	 States,	 Australia,	 New	 Zealand,	 Japan,	 Austria,	 and	 a	 few	 other	 European	 countries	 because	 of
reduction	in	risk	factors	such	as	smoking	and	postmenopausal	hormone	therapy	(women	only),	increased	use	of



aspirin,	 improved	 treatments	 (mortality	only),	 and/or	 early	detection.2,3	 In	 particular,	 the	 decrease	 in	 colorectal
incidence	and	mortality	rates	in	the	United	States	accelerated	during	the	most	recent	time	period,	coinciding	with
wide	dissemination	of	colonoscopy	that	allows	the	detection	and	removal	of	precancerous	polyps.

Stomach	Cancer
About	952,000	newly	diagnosed	stomach	cancer	cases	and	723,000	cancer	deaths	occur	each	year	worldwide	(see
Fig.	14.1),	with	nearly	three-quarters	of	the	total	cases	occurring	in	Asia,	especially	in	China	and	Japan.	For	both
sexes	 combined,	 stomach	 cancer	 is	 the	 fifth	 most	 frequently	 diagnosed	 cancer	 and	 the	 third	 leading	 cause	 of
cancer	death	worldwide,	despite	a	global	decrease	 in	 incidence	and	death	 rates	over	 the	past	several	decades.11
Stomach	 cancer	 rates	 across	 regions	 vary	 over	 10-fold	 for	 incidence	 and	 5-fold	 for	mortality,	with	 the	 highest
rates	for	both	incidence	and	mortality	found	in	Eastern	Asia	and	the	lowest	rates	in	Africa,	Northern	America,	and
Australia/New	Zealand	 (Fig.	 14.12).	 The	 regional	 variations	 by	 anatomic	 subsite	 (cardia	 and	 noncardia	 gastric
cancer)	were	generally	similar.52	Survival	in	most	countries	is	poor,	although	5-year	net	survival	of	about	55%	is
reported	in	Japan	and	South	Korea	where	screening	for	stomach	cancer	is	common.16,53

Factors	that	contribute	to	the	large	geographic	variations	in	gastric	cancer	incidence	and	mortality	rates	include
regional	 variations	 in	 prevalence	 of	 chronic	Helicobacter	 pylori	 infection	 and	 diets	 high	 in	 salt	 and	 processed
foods	 and	 low	 in	 fresh	 vegetables	 and	 fruit.54	H.	 pylori	 infection	 accounts	 for	 an	 estimated	 89%	 of	 noncardia
gastric	cancer	cases	worldwide.55	The	prevalence	of	H.	pylori	infection	is	reportedly	as	high	as	80%	among	adults
in	Eastern	European	countries.56	In	most	parts	of	the	world,	incidence	rates	are	about	twice	as	high	in	men	as	in
women,	and	reasons	for	this	include	differences	in	sex-steroid	hormones	and	smoking	prevalence.57

Incidence	and	mortality	rates	from	stomach	cancer	have	decreased	by	>80%	in	most	 industrialized	countries
over	the	past	several	decades.58,59	Similar	 trends	have	been	noted	 in	 less	developed	countries,	 including	China,
although	 the	 decrease	 is	 smaller	 and	 the	 rates	 remain	 high	 regionally.	 Factors	 that	 have	 contributed	 to	 these
remarkable	 decreases	 are	 thought	 to	 include	 increased	 availability	 of	 fresh	 fruits	 and	 vegetables,	 decreased
reliance	on	salted	and	preserved	foods,	reduction	in	chronic	H.	pylori	infection	due	to	sanitation	and	antibiotics,60
and	 reduction	 in	 smoking	prevalence.61	 The	 decrease	 in	mortality	 rates	 also	 reflect	 improvements	 in	 diagnosis
(increased	 screening	 in	 Japan	and	South	Korea),62	neoadjuvant	chemotherapy,63	 adjuvant	 chemoradiotherapy,64
targeted	 therapy,65	 and	 centralization	 of	 surgical	 care.66	 However,	 the	 decline	 in	 incidence	 and	mortality	 rates
have	markedly	slowed	during	the	most	recent	time	period	in	several	HICs	including	the	United	States,59	in	part
because	of	the	low	and	stable	prevalence	of	H.	pylori	infections	that	has	been	achieved	decades	earlier58	as	well	as
the	obesity	epidemic,	a	known	risk	factor	for	gastric	cardia	cancer.67
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Figure	14.11	Age-standardized	colorectal	cancer	incidence	rates	by	United	Nations	sub	region	and
sex,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated
Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.

Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

Figure	14.12	Age-standardized	stomach	cancer	incidence	rates	by	United	Nations	sub	region	and
sex,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated
Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.



Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

Prostate	Cancer
Prostate	cancer	is	the	second	most	frequently	diagnosed	cancer	and	the	fifth	leading	cause	of	cancer	death	among
men	worldwide.	Economically	more	 developed	 countries	 account	 for	 over	 two-thirds	 (68%)	 of	 the	 1.1	million
cases,	but	 they	account	 for	 less	 than	one-half	 (46%)	of	 the	307,500	deaths	estimated	 to	have	occurred	 in	2012
worldwide	(see	Fig.	14.1).	The	only	well-established	risk	factors	for	prostate	cancer	are	age,	 race/ethnicity,	and
family	history	of	the	disease.	Prostate	cancer	incidence	rates	are	strongly	affected	by	screening	with	the	prostate-
specific	antigen	(PSA)	blood	test.	Screening	facilitates	the	detection	of	prevalent	cases,	including	indolent	cancers
that	might	otherwise	go	undetected.46

The	incidence	rates	of	prostate	cancer	vary	by	about	25-fold	across	regions	(Fig.	14.13).	The	highest	rates	are
recorded	in	Australia/New	Zealand	and	Northern	America,	and	the	lowest	rates	in	Asia	and	Africa.	International
variation	 in	 testing	 for	PSA	accounts	 for	much	of	 the	 variation	 in	 incidence	 rates.	 In	 contrast	 to	 the	 incidence
rates,	the	variation	in	prostate	cancer	death	rates	across	regions	was	substantially	smaller	(10-fold	versus	25-fold)
and	 the	 highest	 death	 rates	 are	 recorded	 in	 the	 Caribbean	 and	 sub-Saharan	 Africa	 regions	 with	 the	 lowest
incidence	rates	(see	Fig.	14.13).	Reasons	for	the	high	incidence	and	death	rates	in	the	Caribbean	and	sub-Saharan
Africa	(especially	in	West	Africa)	are	unclear	but	are	thought	to	reflect	in	part	genetic	susceptibility	following	the
path	of	 the	slave	trade.68	According	 to	a	 recent	 review	of	studies	on	 the	prevalence	of	 latent	prostate	cancer	 in
autopsy	 across	 the	world,	 about	 37%	of	African	 descent	men	 have	 latent	 prostate	 cancer	 before	 age	 40	 years,
compared	to	4%	of	Asian	men	and	9%	of	Caucasian	men.69	In	contrast,	the	highest	incidence	rates	in	Australia,
United	States,	and	several	European	countries	reflect	wide	dissemination	of	PSA	testing.	It	is	estimated	that	about
29%	of	prostate	cancers	cases	in	white	men	and	44%	of	the	cases	in	black	men	diagnosed	through	PSA	testing	are
overdiagnosis.70

Similar	to	the	cross-sectional	incidence	rates,	temporal	trends	in	prostate	cancer	incidence	rates	markedly	vary
across	countries,	and	they	are	largely	driven	by	the	timing	and	degree	of	adoption	of	PSA	testing	in	the	general
population.	 In	 the	United	States,	 prostate	 cancer	 incidence	 rates	 increased	dramatically	 from	1988	 to	 1992,	 by
about	16%	per	year,	following	the	introduction	and	wide	dissemination	of	PSA	testing	in	late	1980s.	Since	then,
incidence	 rates	 have	 coincided	 with	 fluctuating	 PSA	 testing	 patterns	 and	 the	 pool	 of	 prevalent	 cases.	 Rates
decreased	 by	 >10%	 per	 year	 from	 2010	 to	 2013	 following	 the	 U.S.	 Preventive	 Health	 Services	 Task	 Force
recommendation	against	routine	PSA	testing	for	men	75	years	and	older	in	2008	and	all	men	in	2012.71	Similar
rapid	changes	in	prostate	cancer	incidence	rates	following	the	introduction	of	organized	PSA	screening	programs
have	been	reported	in	Tyrol	(Austria),72	Brazil,73	and	Lithuania.74,75	For	example,	prostate	cancer	incidence	rates
in	Lithuania	more	than	doubled	from	2005	to	2008,	following	the	introduction	of	a	national	prostate	cancer	early
detection	program	using	PSA	in	2006.74,75	In	countries	where	PSA	testing	has	not	been	widely	adopted,	such	as
the	United	Kingdom,76	the	increase	in	prostate	cancer	incidence	rates	has	been	modest.77,78	Incidence	rates	have
also	been	reported	to	increase	in	several	parts	of	the	world,	including	in	Africa,	where	PSA	testing	is	uncommon.
This	is	thought	to	reflect	in	part	increased	detection	of	indolent	prostate	cancer	through	transurethral	resection	of
the	prostate	of	benign	prostatic	hyperplasia.79–81	Transurethral	 resection	 of	 the	 prostate	 is	 also	 thought	 to	 have
contributed	to	the	rising	prostate	cancer	incidence	rates	in	the	United	States	before	the	before	the	introduction	of
PSA	testing	in	the	late	1980s.82
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Figure	14.13	Age-standardized	prostate	cancer	incidence	and	mortality	rates	by	United	Nations
sub	region,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:

Estimated	Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC	CancerBase
No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

In	contrast	to	incidence	trends,	prostate	cancer	death	rates	have	been	decreasing	in	most	HICs.	This	decrease	is
thought	 to	 reflect	 improvements	 in	 treatment	 including	 surgery,	 hormone	 therapy,	 and	 radiation.83	 The	 role	 of
increased	detection	 through	PSA	 testing	 in	 the	decrease	 in	mortality	 is	unclear	 in	view	of	 inconsistent	 findings
from	randomized	trials	on	the	benefits	for	reducing	prostate	cancer-specific	or	all-cause	mortality.84,85	However,
rates	 of	 distant-stage	 prostate	 cancer	 in	 the	 United	 States	 more	 than	 halved	 since	 the	 introduction	 and	 wide
dissemination	of	PSA	testing,86	suggesting	the	importance	of	the	test	in	reducing	prostate	cancer	mortality	in	the
country.	 Further,	 a	more	 striking	 decline	 in	 prostate	 cancer	mortality	 in	 the	United	States	 compared	 to	United
Kingdom	from	1994	to	2004	in	part	is	thought	to	reflect	an	early	impact	of	wide	dissemination	of	PSA	testing	in
the	United	States.87	 In	contrast	 to	 the	 trends	 in	HICs,	prostate	cancer	death	 rates	have	been	 increasing	 in	many
LMICs,	likely	due	to	changes	in	risk	factors	associated	with	socioeconomic	development.

Liver	Cancer
Liver	cancer	is	the	fifth	most	common	cancer	in	men	and	the	ninth	in	women,	but	it	is	the	second	leading	cause	of
cancer	death	in	men	and	the	sixth	in	women.	It	is	among	the	most	fatal	cancers,	with	5-year	net	survival	<20%
even	in	more	developed	nations.16	Over	80%	of	the	approximately	782,500	cases	estimated	to	have	occurred	in
2012	 are	 in	 less	 developed	 countries	 (see	 Fig.	 14.1),	 with	 China	 alone	 accounting	 for	 >50%	 of	 all	 cases.
Hepatocellular	carcinoma	(HCC)	is	the	most	common	subtype	of	primary	liver	cancers,	comprising	an	estimated
80%	 of	 total	 cases	 worldwide.88	 Intrahepatic	 cholangiocarcinoma,	 the	 second	 most	 common	 histologic	 type,
accounts	for	about	15%	of	the	total	cases.89	In	most	countries,	incidence	rates	are	two	to	three	times	higher	in	men
than	 in	 women,	 reflecting	 the	 higher	 prevalence	 of	 known	 risk	 factors	 in	 men	 and	 differences	 in	 sex-steroid
hormones.90

By	region,	the	highest	liver	cancer	incidence	rates	are	found	in	Eastern	Asia,	Southeastern	Asia,	and	much	of
Africa	(Fig.	14.14)	and	the	lowest	rates	in	South-Central	Asia,	Northern	Europe,	and	Central	and	Eastern	Europe.
However,	 large	 geographic	 variations	 in	 the	 incidence	 of	 liver	 cancer	 are	 observed	 within	 regions	 as	 well	 as



within	countries.	For	example,	in	China,	incidence	rates	(per	100,000	persons)	among	men	ranged	from	16.7	in
Beijing	City	to	77.5	in	Qidong	County.91	Globally,	geographic	variations	largely	mirror	the	prevalence	of	hepatitis
B	 virus	 (HBV)	 infection,	 which	 accounts	 for	 almost	 75%	 of	 cases	 worldwide.25	 Chronic	 infection	with	 HBV
affects	over	8%	of	adults	in	China,	Southeast	Asia,	and	sub-Saharan	Africa.	In	low-risk	areas	of	Northern	Europe
and	North	America,	 the	 prevalence	 of	HBV	 is	 as	 low	 as	 0.5%.	 Ingestion	 of	 aflatoxin-contaminated	 grain	 is	 a
known	 risk	 factor	 for	HCC,92	 and	 it	 has	 also	 been	 hypothesized	 to	 be	 an	 important	 cofactor	 in	 HCC	 risk	 for
persons	 chronically	 infected	with	HBV.93	Heavy	 alcohol	 consumption	 and	 tobacco	 smoking	 also	 increase	 risk.
Chronic	 infection	 with	 hepatitis	 C	 virus	 (HCV)	 causes	 liver	 disease,	 cirrhosis,	 and	 HCC,	 especially	 when
combined	with	alcohol	consumption.50	Although	chronic	HCV	is	an	established	cause	of	primary	liver	cancer,	the
global	distribution	of	HCV	infection	is	substantially	different	from	that	of	either	HBV	or	HCC.50

Figure	14.14	Age-standardized	liver	cancer	incidence	rates	by	United	Nations	sub	region	and	sex,
2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:	Estimated	Cancer
Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC	CancerBase	No.	11.	Lyon,

France:	International	Agency	for	Research	on	Cancer;	2013.)

During	 the	 most	 recent	 period,	 the	 incidence	 rate	 of	 liver	 cancer	 has	 declined	 in	 China,	 Japan,	 and
Singapore.91,94,95	The	decline	in	incidence	rates	in	China	reflects	reductions	in	the	prevalence	of	HBV	infection96
and	contamination	of	food	with	aflatoxin,97,98	and	in	Japan,	it	reflects	reduction	in	prevalence	of	HCV	infections
through	screening	of	blood	products.99	In	contrast,	rates	have	continued	to	increase	in	the	United	States,	United
Kingdom,	Australia,	 and	 several	other	Western	countries.	Possible	explanations	 for	 the	 increase	 in	HCC	 in	 the
United	 States	 include	 the	 rise	 in	 chronic	 liver	 disease	 and	 diabetes	 from	 obesity	 and	 HCV	 infections	 from
intravenous	drug	use	 and	 contaminated	medical	 equipment	 and	procedures	during	1960s	 and	1970s	 among	 the
baby	boomer	generation,	those	born	between	1945	and	1965.100,101

Cervical	Cancer
Cancer	of	the	uterine	cervix	is	the	second	most	commonly	diagnosed	cancer	and	the	third	leading	cause	of	cancer
death	among	women	in	less	economically	developed	countries,	accounting	for	84%	(444,500/527,600)	of	the	total
cervical	 cancer	 cases	 and	 87%	 (230,000/265,700)	 of	 the	 deaths	 worldwide	 in	 2012	 (see	 Fig.	 14.1).	 India,	 the
second	most	 populous	 country	 in	 the	world,	 and	 sub-Saharan	African	 countries	 account	 for	 >40%	of	 the	 total
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cases.	The	5-year	net	survival	 rate	 ranges	from	<60%	in	Africa	 to	almost	70%	in	North	America	and	Northern
Europe	(see	Fig.	14.4).16,102

Worldwide,	 cervical	 cancer	 incidence	 rates	 are	 the	highest	 in	Africa,	Melanesia,	 and	Latin	America	and	 the
Caribbean	(Fig.	14.15),	with	rates	as	high	as	76	(per	100,000)	in	Malawi	and	65	in	Mozambique.	Rates	are	lowest
in	Western	Asia,	Australia/New	Zealand,	Northern	Africa,	 and	Northern	America.	Historically,	 cervical	 cancer
was	as	common	in	the	United	States	and	Europe	as	it	is	today	in	parts	of	Africa,	the	Caribbean,	and	South-Central
Asia.

The	large	geographic	variation	in	cervical	cancer	rates	reflects	variations	in	the	availability	of	screening	as	well
as	 the	 prevalence	 of	 human	 papillomavirus	 (HPV),	 which	 causes	 cervical	 cancer.	 In	 many	 more	 developed
countries,	where	cervical	cancer	screening	through	Pap	test	has	long	been	established,	cervical	cancer	incidence
and	mortality	have	decreased	by	as	much	as	70%	since	the	middle	of	last	century	(Fig.	14.16).	However,	many
less	 developed	 countries	 lack	 the	 infrastructure	 and	 financial	 resources	 to	 conduct	 comprehensive	 screening
programs	using	the	Pap	test.	During	the	past	two	decades,	more	feasible	and	cost-effective	screening	methods	for
use	 in	 low-resource	 countries	 have	been	developed,	 including	visual	 inspection	using	 acetic	 acid	 and	 the	HPV
DNA	test.	Organized	screening	programs	using	these	methods	have	been	implemented	in	parts	of	Asia	and	sub-
Saharan	Africa.103–105	The	availability	of	vaccines	to	prevent	chronic	HPV	infection	offer	great	hope	for	curbing
the	 epidemic	 in	 less	 developed	 countries,	 although	 cost	 will	 continue	 to	 limit	 population-wide	 vaccination
programs,	at	least	in	the	near	term.	For	example,	as	of	2014,	34%	of	females	aged	10	to	20	years	received	the	full
course	of	HPV	vaccine	 in	more	developed	 regions	compared	 to	only	3%	of	 females	 in	 less	developed	 regions,
where	the	burden	of	the	disease	is	the	highest.106

Uterine	Corpus	Cancer
Cancer	of	the	uterine	corpus	(primarily	endometrial	cancer)	accounts	for	about	5%	and	2%	of	worldwide	cancer
incidence	and	mortality	among	women.11	In	2012,	uterine	corpus	cancer	was	the	6th	most	common	cancer	among
women	worldwide	and	the	14th	leading	cause	of	cancer	death	with	an	estimated	319,600	cases	and	76,200	deaths
(see	Fig.	14.1).11	Because	of	early	symptoms	of	uterine	corpus	cancer,	early	diagnosis	and	treatment	is	common	in
HICs,	where	5-year	relative	survival	 is	around	80%.13,107	Survival	 is	 lower	 in	LMICs	with	 less	available	health
services	and	treatment;	5-year	relative	survival	in	Benghazi,	Libya,	is	only	17%.108

Figure	14.15	Age-standardized	cervical	cancer	incidence	and	mortality	rates	by	United	Nations



sub	region,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN	2012:
Estimated	Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC	CancerBase

No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

Figure	14.16	Trends	in	age-standardized	cervical	cancer	death	rates	from	in	selected	countries,
1955–2013.	(From	International	Agency	for	Research	on	Cancer.	WHO	cancer	mortality	database.

http://www-dep.iarc.fr/WHOdb/WHOdb.htm.	Accessed	December	15,	2017.)

Incidence	rates	for	uterine	corpus	cancer	are	highest	in	North	America	and	Eastern	Europe,	whereas	mortality
rates	 are	 highest	 in	Melanesia,	 Eastern	 Europe,	 and	 the	 Caribbean	 (Fig.	 14.17).	 Incidence	 rates	 are	 generally
higher	 in	 HICs	 because	 of	 the	 prevalence	 of	 endometrial	 cancer	 risk	 factors,	 most	 of	 which	 are	 related	 to
hormones.109	These	 include	 excess	 body	weight,	 abdominal	 fatness,	menopausal	 estrogen	 therapy,	 early	 age	 at
menarche,	late	menopause,	nulliparity,	polycystic	ovary	syndrome,	and	tamoxifen	use.110	Excess	body	weight	 is
particularly	 important,	 accounting	 for	 about	 34%	 of	 uterine	 corpus	 cancer	 cases	worldwide;	 this	 proportion	 is
>40%	in	high	and	very	high	human	development	index	regions	and	about	20%	or	less	in	low	and	medium	human
development	index	regions.111	Other	risk	factors	 include	Lynch	syndrome	and	diabetes.112	Factors	that	decrease
risk	include	pregnancy,	oral	contraceptive	and	intrauterine	device	use,	physical	activity,	and	current	smoking	(in
postmenopausal	women).109,113–115

Uterine	corpus	cancer	incidence	rates	have	been	increasing	since	around	2000	in	the	United	States,	Central	and
Eastern	 Europe,	 and	 several	 other	 European	 countries	 (Norway,	 United	 Kingdom,	 Spain),	 likely	 due	 to	 the
increasing	 prevalence	 of	 excess	 body	weight	 as	well	 as	 decreasing	 parity	 in	 some	 countries.71,111,116	 Incidence
rates	 are	 also	 increasing	 in	 some	 regions	 with	 historically	 lower	 rates,	 such	 as	 Asia,	 likely	 for	 the	 same
reasons.116,117	Mortality	rates	are	increasing	along	with	incidence.71,118
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ISSUES	IN	INTERPRETING	TEMPORAL	TRENDS
A	challenge	 in	 interpreting	 temporal	 trends	 in	cancer	 incidence	 rates	 is	 to	distinguish	actual	changes	 in	disease
occurrence	 from	 artifacts	 due	 to	 changes	 in	 disease	 detection	 or	 classification,	 delayed	 reporting	 of	 newly
diagnosed	 cases	 to	 registries,	 or	 revisions	 in	 the	 estimated	 population	 at	 risk.	 Increases	 in	 incidence	 rates	may
signal	 increased	 exposure	 to	 risk	 factors	 or	 increased	 detection	 due	 to	 the	 introduction	 of	 screening	 or	 more
sensitive	 diagnostic	 tests.	 Alternatively,	 decreases	 in	 incidence	 rates	 may	 represent	 progress	 in	 primary
prevention,	 saturation	 or	withdrawal	 of	 a	 screening	 test,	 or	 incomplete	 registration	 due	 to	 delayed	 reporting	 of
cases	in	the	most	recent	years.

Trends	 in	 cancer	 mortality	 rates	 are	 easier	 to	 interpret	 and	 less	 susceptible	 to	 artefacts	 from	 changes	 in
detection	than	are	trends	in	incidence	and	survival.	This	is	particularly	true	for	cancers	with	a	high	prevalence	of
undetected	indolent	disease,	such	as	prostate	and	thyroid	cancer.

The	 continued	 decrease	 in	 death	 rates	 from	 breast	 and	 prostate	 cancers	 in	 many	 of	 the	 more	 developed
countries	over	 the	past	 two	decades	 reflects	genuine	progress	 in	 reducing	 the	 lethality	of	 these	diseases.	Death
rates	are	not	susceptible	to	the	problems	of	lead	time	bias	that	complicate	the	interpretation	of	trends	in	survival.
However,	even	mortality	rates	can	be	affected	by	revisions	of	population	estimates	and	by	changes	in	diagnosis
and	disease	classification.

In	describing	temporal	trends,	epidemiologists	often	refer	to	period	and	cohort	effects.	A	period	effect	results
from	an	event	that	increases	or	decreases	the	incidence	rate	across	all	age	groups	in	the	same	calendar	period,	such
as	medical	advances	(the	introduction	of	a	new	screening	technique	or	improved	treatment)	or	changes	in	disease
classification.	A	striking	contemporary	example	of	a	period	effect	is	the	sharp	increase	and	subsequent	decrease	in
prostate	 cancer	 incidence	 rates	 in	 almost	 all	 age	 groups	 between	 the	 late	 1980s	 and	 early	 1990s	 in	 the	United
States,	reflecting	the	introduction	and	dissemination	of	PSA	testing	in	the	late	1980s.119

Figure	14.17	Age-standardized	corpus	uteri	cancer	incidence	and	mortality	rates	by	United
Nations	sub	region,	2012.	(From	Ferlay	J,	Soerjomataram	I,	Ervik	M,	et	al.,	eds.	GLOBOCAN
2012:	Estimated	Cancer	Incidence,	Mortality	and	Prevalence	Worldwide	in	2012	v1.0.	IARC
CancerBase	No.	11.	Lyon,	France:	International	Agency	for	Research	on	Cancer;	2013.)

In	contrast,	a	birth	cohort	effect	typically	results	from	the	introduction	(or	increased	prevalence)	of	a	risk	factor
that	becomes	established	at	a	young	age	in	people	born	during	the	same	time	period.	Birth	cohort	patterns	reflect



the	disease	consequences	from	exposures	that	begin	early	in	life	but	affect	cancer	incidence	later	in	life	as	birth
cohorts	 age.	A	 classic	 example	 of	 a	 cohort	 effect	 is	 the	 lung	 cancer	 pattern	 by	 birth	 cohort.	 The	 highest	 lung
cancer	 death	 rates	 in	 the	 United	 States	 occurred	 in	men	 born	 in	 the	 1920s	 and	 in	 women	 born	 in	 the	 1930s,
consistent	with	cigarette	smoking	patterns	by	birth	cohort.120

CONCLUSION
The	 burden	 of	 cancer	 worldwide	 varies	 across	 countries	 according	 to	 differences	 in	 risk	 factors,	 detection
practices,	 treatment	 availability,	 age	 structure,	 and	 completeness	 of	 reporting.	 Cancers	 related	 to	 infections
account	for	about	23%	of	the	cases	in	less	developed	countries	and	9%	of	the	cases	in	more	developed	countries.
Cancers	in	less	developed	countries	more	often	result	in	death	largely	because	they	are	generally	diagnosed	at	a
late	 stage	and	 the	 resources	 for	 early	detection	and	 treatment	 are	 limited.	Overall,	 the	number	of	people	dying
from	cancer	worldwide	is	projected	to	grow	from	8.2	million	in	2012	to	more	than	13.0	million	in	2030	due	to
aging	 and	 growth	 of	 the	 population.	As	 people	 in	 less	 developed	 countries	 adopt	Western	 lifestyles,	 including
cigarette	smoking,	higher	consumption	of	saturated	fat	and	calorie-dense	foods,	and	reduced	physical	activity	at
work	and	during	leisure	time,	the	number	of	cancer	cases	and	deaths	could	rise	even	higher.

The	exact	percentage	of	cancer	deaths	that	could,	in	principle,	be	avoided	is	a	matter	of	some	uncertainty	but
has	been	estimated	 to	be	as	high	as	75%	 to	80%.5	Population-based	 surveillance	of	 cancer	 and	 risk	 factors	 for
cancer	is	an	essential	tool	for	measuring	progress	against	these	diseases.	Surveillance	data	can	be	used	to	convince
legislators	 and	 policymakers	 of	 the	 importance	 of	 cancer	 prevention,	 early	 detection,	 and	 treatment.	 Although
cancer	 registration	 is	now	well	accepted	as	a	public	health	priority	 in	 the	more	developed	world,	 including	 the
United	States,	less	emphasis	is	given	to	it	in	the	developing	world.	According	to	the	International	Association	of
Cancer	Registries,	about	21%	of	the	world	population	(most	of	whom	live	in	more	affluent	countries)	is	covered
by	population-based	cancer	registries,121	with	high-quality	incidence	data	for	only	14%.7	Therefore,	expansions	of
registries	 in	 geographic	 coverage,	 quality,	 and	 scope	 will	 be	 a	 necessary	 step	 in	 promoting	 cancer	 control
programs	worldwide.
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15 Precision	Medicine	in	Oncology
James	H.	Doroshow

INTRODUCTION
Novel	insights	into	the	biology	of	cancer	have	been	translated	into	improvements	in	clinical	care	at	an	accelerating
pace	over	the	past	15	to	20	years.1	The	introduction	of	increasingly	sophisticated	molecular	tools	with	which	to
interrogate	 both	 individual	 cancers	 and	 populations	 of	 patients	with	 cancer	 has	 led	 to	 a	 steady	 stream	 of	 new
diagnostic	 and	 therapeutic	 interventions	 that	 have	 altered	 the	 natural	 history	 of	 several	 solid	 tumors	 and
hematopoietic	malignancies.2,3	 From	 the	 concurrent	 approval	 of	 trastuzumab	 and	 a	 companion	 diagnostic	 for
breast	cancer	patients	whose	tumors	overexpress	the	HER2	gene	in	19984	 to	the	recent	(May	2017)	approval	by
the	U.S.	Food	and	Drug	Administration	(FDA)	of	the	anti–programmed	cell	death	protein	1	(anti-PD-1)	antibody
pembrolizumab	 for	 the	 treatment	 of	 adults	 and	 children	with	 solid	 tumors	 that	 demonstrate	 high	microsatellite
instability	 or	mismatch	 repair	 deficiency	 independent	 of	 cancer	 histology,5	 the	 application	 of	molecular	 tumor
characterization	 in	 the	 clinic	 has	 facilitated	 introduction	 into	 oncologic	 practice	 of	 novel	 small	molecules	 and
immunotherapies	applicable	to	a	variety	of	malignancies	without	substantive	prior	therapeutic	options,	effectively
ending	the	development	of	nonspecific	cytotoxic	agents.6,7

The	approach	to	precision	cancer	medicine	exemplified	by	these	recent	developments,	and	described	in	a	recent
National	Academy	of	Medicine	report,8	can	be	defined	as	follows:	an	intervention	to	prevent,	diagnose,	or	 treat
cancer	 that	 is	 based	 on	 a	 molecular	 and/or	 mechanistic	 understanding	 of	 the	 causes,	 pathogenesis,	 and/or
pathology	of	the	disease.	Where	the	individual	characteristics	of	the	patient	are	sufficiently	distinct,	interventions
can	be	concentrated	on	those	who	will	benefit,	sparing	expense	and	side	effects	for	those	who	will	not.	The	first
generation	 of	 clinical	 trials	 evaluating	 the	 feasibility	 of	 matching	 a	 range	 of	 treatments	 to	 specific	 molecular
features	that	can	be	measured	in	an	individual	patient’s	malignancy	has	provided	some	notable	successes	as	well
as	 demonstrated	 certain	 limitations	 of	 this	 approach	 that	 will	 require	 improvements	 in	 preclinical	 modeling,
diagnostic	assay	development,	and	clinical	trial	design	to	overcome.9,10	However,	viewed	from	the	perspective	of
the	 therapeutics	 discovery	 model	 prevalent	 during	 the	 last	 half	 of	 the	 20th	 century,11	 reorientation	 of	 that
paradigm	to	focus	on	the	need	to	develop	innovative	tools	and	molecules	for	translating	modern	cancer	biology
into	 the	 clinic	 for	 individual	 patients	 (“precision	 oncology”)	 has	 already	 paid	 substantive	 dividends.12	 This
dramatic	change	 in	 the	development	of	cancer	 therapeutics	 is,	perhaps,	best	 exemplified	by	 the	 fact	 that	of	 the
more	than	50	new	systemic	 treatments	for	cancer	approved	by	the	FDA	in	the	past	5	years	(2013	to	2017)	 that
were	 not	 formulation	 variants,	 only	 2	 were	 cytotoxic	 agents,	 and	 these	 possessed	 pleiotropic	 mechanisms	 of
action.

APPROACH	TO	PRECISION	MEDICINE	IN	ONCOLOGY
The	 overall	 approach	 to	 the	 development	 of	 novel	 diagnostics	 and	 therapeutics	 for	 one	 patient	 at	 a	 time,	 as
outlined	in	Figure	15.1,	depends	on	the	interrogation	of	improved	preclinical	models	that	can	be	used	to	validate
molecular	targets	at	a	functional	level	and	permit	the	evaluation	of	mechanism(s)	of	action	in	vivo	by	assays	that
can	be	definitively	transferred	from	the	preclinical	to	the	clinical	setting.	In	this	way,	tumor	tissues	obtained	prior
to	treatment	can	be	used	to	assign	specific	patients	to	clinical	trial	arms	based	on	the	molecular	characteristics	of
their	disease.	Patients	could	 then	be	monitored	both	clinically	and	 radiographically	 to	determine	drug	exposure
levels	 and	 the	 efficacy	 of	 treatment,	 while	 subsequently	 undergoing	 posttreatment	 molecular	 analyses	 of
specimens	of	tumor	or	the	tumor	microenvironment	(obtained	either	by	direct	biopsy	or	by	monitoring	circulating
tumor	cells	[CTCs],	circulating	tumor	DNA,	or	circulating	endothelial	cells	[CECs]),	and	by	functional	molecular
imaging	to	demonstrate	engagement	of	essential	therapeutic	targets.

It	 is	 important	 to	 point	 out	 that	 molecular	 monitoring	 in	 this	 fashion	 is	 not	 exclusively	 performed	 using



genomic	 analyses;	 rather,	 conceptually,	 a	 variety	 of	 molecular	 characterization	methodologies	 (transcriptomic,
proteomic,	 immunohistologic,	 epigenetic,	 or	 image-guided),	 in	 addition	 to	 somatic	 and	germline	genomics,	 are
used	based	on	the	disease	and	biologic	contexts	under	examination.13,14	In	fact,	it	is	likely	that	with	technologic
advances	over	time	dynamic/functional	tumor	profiling	may	allow	the	type	of	biochemical	pathway	analysis	that
is	required	for	optimal	therapeutic	decision	making.15

Next-Generation	DNA	Sequencing	for	Precision	Oncology
The	rapid	improvement	in	massively	parallel	DNA	sequencing	capacity	over	the	past	decade	has	made	it	possible
to	acquire	enormous	amounts	of	tumor	DNA	sequence	data	at	rapidly	declining	cost	over	shorter	time	frames;	this
remarkable	advance	has	occurred	together	with	the	development	of	improved	bioinformatic	tools	for	analysis	of
an	increasing	body	of	genomic	information.16	With	this	capacity,	the	somatic	mutational	frequencies	(at	the	>2%
level)	 of	 the	 most	 common	 human	 tumors	 have	 now	 been	 characterized	 in	 the	 primary	 disease	 setting,17	 and
studies	of	the	mutational	landscape	in	metastatic	cancers	have	recently	become	available.18,19

In	this	context,	the	use	of	pretreatment	multigene	profiling	to	direct	therapeutic	choice	has	progressed	rapidly
over	the	past	5	years.20	There	are	multiple	clinical	programs	at	major	U.S.	and	international	medical	centers	that
use	gene	panels	measuring	defined	mutational	variants	to	assist	clinical	decision	making.	Some	sites	apply	locked-
down	algorithms,	and	others	use	expert	tumor	boards	to	guide	the	choice	of	specific	targeted	agents	for	individual
patients	based	on	their	mutational	profiles.21,22	Currently,	most	commercially	available	and	academic	sequencing
efforts	focus	on	panels	of	genes	and	mutations	that	can	be	examined	at	great	depth	of	coverage	within	a	less-than-
2-week	 time	 frame	 using	 both	 fresh	 and	 formalin-fixed,	 paraffin-embedded	 specimens	 to	 examine	 from	 20	 to
many	hundreds	of	genes	(with	much	larger	numbers	of	variants).23	However,	one	of	the	major	current	limitations
of	next-generation	sequencing	(NGS)	panels	is	that	the	range	of	genes	examined	is,	for	the	most	part,	limited	to
genomic	 alterations	 that	 may	 underlie	 the	 efficacy	 of	 specific,	 known	 targeted	 therapeutic	 agents,	 so-called
“actionable”	mutations	of	interest.21	Furthermore,	the	level	of	evidence	used	to	support	the	potential	clinical	utility
of	a	specific	mutation	determined	by	NGS	that	is	assessed	in	a	particular	gene	panel	often	varies	widely,	not	only
from	gene	to	gene	but	also	by	disease	context.	It	is	also	clear	that	an	ongoing,	major	effort	is	required	to	assure	the
accuracy	and	 reproducibility	of	 any	mutational	profile,	 including	 the	concordance	of	 results	 from	 laboratory	 to
laboratory,24	as	well	as	to	provide	the	decision	support	necessary	to	facilitate	the	use	of	this	information	by	busy
clinicians.25	 Another	 important	 issue	 that	 can	 affect	 the	 utility	 of	 NGS	 panels	 is	 that	 tumor	 tissues	 are	 often
sequenced	 without	 concomitant	 normal	 tissue	 controls.	 Unfortunately,	 even	 using	 the	 most	 sophisticated
algorithms,	 not	 correcting	 for	 germline	 variants	 can	 increase	 the	 false-positive	 variant	 call	 rate.26	 Germline
sequencing	 may	 produce	 findings	 that	 can	 have	 a	 direct	 impact	 on	 the	 choice	 of	 a	 specific	 treatment	 (e.g.,
discovery	 of	 alterations	 in	 BRCA1/2)	 or	 unexpected	 results	 that	 are	 incidental	 to	 cancer	 treatment	 but	 could
provoke	 the	need	 for	 timely	genetic	counseling	 for	 the	patient’s	 family.20,27	As	genomic	 testing	becomes	more
common	and	more	broadly	based,	there	is	a	growing	need	to	clarify	how	and	in	what	context	incidental	findings
should	be	disclosed.28

Figure	15.1	Molecular	monitoring	of	patients	treated	with	“precision”	therapeutics	to	demonstrate
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proof-of-mechanism	in	vivo.	The	current	approach	to	the	development	of	targeted	therapeutic
agents	focuses	on	the	use	of	preclinical	models	to	validate	biomarkers	that	can	subsequently	be	used
with	tissues	obtained	from	patients	for	molecular	tumor	characterization	and	proof-of-mechanism
pharmacodynamic	studies.	Repeated	tissue	acquisition	during	therapy	and	at	the	time	of	disease

progression,	correlated	with	clinical	assessment	of	efficacy	and	toxicity,	facilitates	understanding	of
the	specific	mechanisms	of	drug	sensitivity	and	resistance	operating	in	each	individual	patient.

FISH,	fluorescence	in	situ	hybridization;	IHC,	immunohistochemistry;	PK,	pharmacokinetics;	PD,
pharmacodynamics;	CTCs,	circulating	tumor	cells;	CECs,	circulating	endothelial	cells.

(Reproduced	from	Doroshow	JH,	Kummar	S.	Translational	research	in	oncology—10	years	of
progress	and	future	prospects.	Nature	Rev	Clin	Oncology	2014;11:649–662,	with	permission.)

Although	NGS	panels	provide	broad	mutational	coverage	and	can	be	performed	and	interpreted	on	time	scales
consistent	with	oncologic	practice,	whole	exome	sequencing	(WES;	≈20,000	genes)	provides	greater	breadth	(at
less	depth)	of	coverage	than	NGS	panels	with	the	opportunity	for	analysis	of	signaling	pathways,	in	addition	to
specific	gene	mutations,	 of	 importance	 for	 understanding	drug	 resistance	mechanisms	 and	 the	potential	 role	of
tumor	 heterogeneity	 in	 treatment	 response.29	 However,	 the	 added	 information	 obtained	 from	WES	 requires	 a
longer	time	frame	and	greater	cost	for	both	the	genetic	testing	and	bioinformatic	analysis—a	time	frame	and	cost
that	 is	 not	 currently	 consistent	 with	 routine	 clinical	 requirements.	 In	 addition,	 the	 use	 of	WES	 has	 led	 to	 the
discovery	 of	 large	 numbers	 of	 mutational	 variants	 of	 unknown	 biologic	 or	 clinical	 significance	 (VUS).30
Substantial	 effort	 to	 develop	 international,	 open-access	 databases	 to	 catalog	 the	 presence	 and	 functional
significance	of	mutational	variants	across	disease	histologies	 is	 currently	under	way	 to	address	 this	burgeoning
issue.31

Broadening	the	Spectrum	of	Molecular	Characterization
Precision	oncology	has	now	become	substantially	more	than	an	isolated	NGS	panel	or	WES	testing	of	tumor	or
germline	DNA.	Evaluating	the	mutational	spectrum	of	the	entire	genome	rather	than	individual	genes	has	recently
been	 demonstrated	 to	 provide	 important	 clues	 to	 the	 underlying	 homologous	 recombination	 status	 of	 a	 tumor
(which	is	important	for	determining	sensitivity	to	inhibitors	of	poly	[ADP-ribose]	polymerase);	DNA	sequencing
profiles	 can	 also	 be	 used	 to	 assess	 microsatellite	 instability	 (and	 enhanced	 presentation	 of	 neoantigens)	 by	 a
patient’s	tumor,	a	predictive	biomarker	for	response	to	anti–PD-1	antibodies.32,33	Combining	simultaneous	RNA
and	DNA	sequencing	enhances	molecular	characterization	by	allowing	comparison	of	expression	profiling	with
mutational	analysis	and	permitting	an	understanding	of	the	importance	of	the	expression	of	specific	alleles	as	well
as	 the	ability	 to	better	define	 the	presence	of	gene	fusions,	an	 increasingly	 important	source	of	validated	 tumor
targets.23	It	seems	likely	that	in	the	near	future	clinical	molecular	characterization	will	employ	a	multidimensional
approach	that	combines	genetic	with	epigenetic	and	proteomic	analyses	of	malignant	disease,	especially	important
to	further	our	understanding	of	single	nucleotide	variants.13,34	Such	multidimensional	studies	have	begun	to	show
that	gene	expression	at	the	mRNA	level	may	not	fully	describe	the	expression	of	critical	proteins	in	some	tumors,
suggesting	 that	 an	 integrated	 genomic	 and	 proteomic	 perspective	 may	 be	 required	 for	 the	 most	 effective
development	of	targeted	therapeutics.13,35

Because	obtaining	longitudinal	 tumor	biopsy	specimens	for	molecular	characterization	may	entail	substantial
difficulty,36	 and	 because	 of	 the	 heterogeneity	 of	 the	 mutational	 spectra	 that	 occur	 across	 multiple	 sites	 of
disease,37	new	technologies	for	molecular	analysis	of	CTCs	and	circulating	tumor	DNA	(ctDNA)	(Fig.	15.2)	offer
the	possibility	 of	 repeating	mutational	 or	 protein-based	molecular	 profiles	 not	 only	before	 (to	determine	 a	 true
baseline)	 but	 also	 during	 treatment,	 including	 at	 the	 time	 of	 disease	 progression,	 using	 small	 volumes	 of
blood.38,39	In	this	fashion,	it	is	possible	that	examination	of	the	molecular	characteristics	of	a	tumor,	derived	from
multiple	potential	sites	of	disease,	might	provide	a	more	comprehensive	understanding	of	the	heterogeneity	of	an
individual	patient’s	malignancy,	facilitating	treatment	choice	as	well	as	understanding	of	 the	time-	and	therapy-
related	development	of	resistance	pathways.40,41	However,	 the	concordance	of	NGS	panel	results	from	differing
ctDNA	analysis	platforms	has	not	yet	been	widely	established,	 suggesting	 that	 additional	efforts	 to	 standardize
this	approach	will	be	required	before	it	is	widely	adopted.42,43



Figure	15.2	Preclinical	tumor	models	for	precision	oncology.	Patient-derived	xenografts	(PDXs),
tumor	organoids,	and	conditionally	reprogrammed	low-passage	tumor	cultures	can	be	initiated	by
transplantation	of	either	surgical	specimens	or	needle	biopsies	into	severely	immunocompromised
mice	(PDXs),	or	disaggregation	of	tumors	in	carefully	defined	culture	media	that	facilitates	the

growth	of	tumor	cells	with	stemlike	qualities.	These	approaches	provide	low-passage	tumor	models
for	molecular	characterization,	target	validation,	and	drug	screening;	all	three	model	systems

provide	a	closer	approximation	of	in	vivo	tumor	biology	than	previous	large-scale	cell	line	panels
and	can	be	adapted	for	in	vivo	imaging,	pharmacodynamic	studies,	and	“preclinical”	clinical	trials
of	novel	targeted	therapeutic	agents	or	combinations.	The	techniques	for	separating	large	numbers
of	circulating	tumor	cells	(CTCs)	and	cell-free	tumor	DNA	(cfDNA)	have	progressed	rapidly	and

now	represent	viable	approaches	for	obtaining	malignant	tissue	for	DNA	sequencing	and/or
pharmacodynamics	to	supplement	biopsies	of	metastatic	disease	or	when	biopsy	sampling	is	not

practical.	2D,	two-dimensional;	3D,	three-dimensional.

PRECLINICAL	MODELS	TO	INFORM	PRECISION	ONCOLOGY
Although	 useful	 for	 the	 evaluation	 of	 the	 therapeutic	 index	 of	 new	 anticancer	 drugs,	mouse	 tumor	 xenografts
derived	by	transplanting	long-established	human	tumor	cell	lines	(that	have	been	adapted	to	cell	culture	on	plastic
for	 decades)	 into	 immunocompromised	mice	 do	 not	 reproducibly	 predict	 the	 histologically	 specific	 efficacy	 of
anticancer	agents.44	However,	new	in	vivo	models	generated	by	transplantation	of	surgical	or	biopsy	specimens	of
human	tumors	into	severely	immunocompromised	NOD/SCID/IL2Rγnull	(NSG)	mice,	denoted	as	patient-derived
xenografts	(PDXs)	(see	Fig.	15.2),	have	been	developed	over	the	past	decade;	altered	natural	killer	cell	maturation
in	this	mouse	strain	improves	engraftment	rates	(now	averaging	50%	to	60%)	for	many	common	solid	tumors.45,46
Importantly,	early	passage	PDXs	have	been	shown	to	retain	histologic	and	genetic	characteristics	of	the	tumor	of
origin	 as	well	 as	 therapeutic	 profiles	 consistent	with	 these	 expression	 patterns.47,48	 Furthermore,	 recent	 studies
have	 demonstrated	 the	 ability	 of	 PDX	models	 used	 at	 scale	 to	 both	 validate	 known	 therapeutic	 targets	 and	 to
confirm	efficacy	profiles	appropriate	for	the	drug	classes	investigated.49	The	context	of	the	prior	treatment	profiles
of	the	patients	whose	tumors	were	used	to	derive	the	PDXs	can	also	be	compared	to	results	following	exposure	to
the	same	drugs	in	PDX	models.50	DNA	and	RNA	sequencing	data	from	PDX	tumors	provide	the	opportunity	to
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prospectively	interrogate	the	role	of	specific	mutational	and	expression	profiles	in	the	therapeutic	activity	of	novel
targeted	agents	in	a	histology-agnostic	fashion.	In	this	way,	“preclinical”	clinical	trials	using	PDX	models	could
accelerate	the	pace	of	cancer	drug	development.

It	 is	 important	 to	 point	 out,	 however,	 that	 there	 are	 limitations	 associated	 with	 the	 use	 of	 PDX	models	 to
support	a	precision	approach	to	cancer	therapeutics.	The	lack	of	human	immune	components	in	the	PDX	tumor
microenvironment	not	only	limits	the	evaluation	of	immunotherapeutic	agents	in	these	models	but	also	prohibits
examination	of	the	role	human	microenvironmental	elements	play	in	the	control	of	tumor	growth	by	molecularly
targeted	 drugs.	 It	 is	 also	 clear	 that	 as	 the	 PDX	 passage	 number	 increases	 in	 vivo,	 clonal	 populations	 not
predominant	 in	 the	 original	 tumor	 may	 be	 selected	 for	 outgrowth,	 affecting	 gene	 copy	 number,	 mutational
spectrum,	and	the	antiproliferative	activity	of	therapy.50

In	addition	to	the	advent	of	PDX	models	to	guide	the	use	of	molecular	characterization	of	human	tumors,	new
methods	 for	 three-dimensional	 in	 vitro	 culture	 of	malignant	 cells	 (from	 surgical	 or	 biopsy	 samples)	 have	 been
developed,	 facilitating	 tumor	 cell	 proliferation	 with	 a	 rich	 matrix	 of	 essential	 growth	 factors;	 such	 complex
organotypic	(organoid)	cultures	retain	many	phenotypic	and	genotypic	characteristics	of	cancer	stem	cells	 from
primary	or	metastatic	 tumors	and	 thus	may	provide	a	closer	approximation	of	human	 tumor	biology	 than	prior
two-dimensional	cell	culture	approaches	(see	Fig.	15.2).51,52	Organoid	cultures	can	also	be	used	for	drug	screening
and	for	the	propagation	of	PDX	models,	providing	a	means	to	rapidly	move	back	and	forth	between	low-passage
in	 vitro	 and	 in	 vivo	models	 originating	 from	 the	 same	 clinically	 and	molecularly	 annotated	 surgical	 or	 biopsy
specimen.53	As	the	range	of	tumors	amenable	to	organoid	culture	expands	(from	colon,	pancreatic,	prostate,	and
breast	cancers)	to	other	common	malignancies,	it	is	likely	that	these	model	systems	will	accelerate	understanding
of	the	molecular	interactions	that	underlie	the	spatial	context	of	therapeutic	response.

ROLE	OF	MOLECULAR	PHARMACODYNAMICS	AND	DIAGNOSTICS	IN
PRECISION	ONCOLOGY
Human	Biospecimens	for	Molecular	Characterization
Molecular	 characterization	 of	 human	 tumors,	 whether	 it	 is	 for	 DNA	 or	 RNA	 sequencing,	 epigenetic	 studies,
proteomics,	 or	 immunohistochemistry,	 starts	 with	 the	 collection	 of	 biospecimens	 of	 high	 quality.54	 Although
research	biopsy	techniques	are	improving,	national	standards	for	specimen	acquisition,	processing,	fixation,	and
storage	 have	 not	 been	 universally	 implemented,	 which	 hinders	 the	 comparability	 of	 results	 obtained	 across
multiple	 research	 sites.55	 It	 is	 not	 infrequent,	 particularly	 for	 radiologically	 guided	 needle	 biopsies,	 that	 the
percentage	of	tumor	in	the	specimen	obtained	may	be	<5%,	possibly	sufficient	for	pathologic	diagnosis	but	often
inadequate	for	any	protein-based	molecular	assay.36	Furthermore,	the	utility	of	the	assay	to	be	performed	may	be
diminished	by	insufficient	attention	to	stabilizing	the	analyte	of	interest	immediately	after	acquiring	the	specimen.
Unfortunately,	 techniques	 to	 stabilize	 biomarkers	 are	 infrequently	 examined	 before	 biomarker	 studies	 are
initiated.56,57	Attention	 to	 the	details	of	 tissue	acquisition,	either	 tumor	or	normal	 tissues,	 is	 fundamental	 to	 the
success	of	the	molecular	characterization	efforts	that	are	at	the	heart	of	a	precision	approach	to	oncology.

Molecular	Pharmacodynamics	in	Precision	Oncology
Evaluating	 therapeutic	regimens	for	cancer	based	on	the	degree	of	 their	 target	engagement	and	the	downstream
molecular	 events	 initiated	 by	 a	 drug-target	 interaction	 requires	 pharmacodynamic	 (PD)	 biomarkers:	 molecular
species	 that	 are	 altered	 in	 response	 to	 an	 oncologic	 drug	 or	 treatment	 and	 that,	 if	 measured,	 can	 be	 used	 to
establish	the	mechanism	of	action	of	the	drug.	A	PD	biomarker	helps	to	define	the	drug-induced	pharmacologic
effect	associated	with	the	therapeutic	activity	of	the	agent;	however,	a	PD	effect	does	not,	by	itself,	ensure	patient
benefit	 because	 biochemical	 events	 downstream	 of	 the	 drug	 target	 may	 impair	 tumor	 cell	 killing.	 Thus,	 PD
biomarkers	may	or	may	not	be	predictive	of	patient	benefit	(or	toxicity)	from	a	specific	intervention.	Although	the
development	 of	 predictive	 biomarkers	 is	 a	 critical	 goal	 of	 precision	 oncology,	 the	 first	 step	 in	 the	 process	 is
establishing	molecular	 proof-of-mechanism	 (PoM)	 in	human	 tumors	during	 early-phase	 clinical	 trials.58	 It	 is	 in
later	stage	trials	that	definitive	relationships	between	biomarker	modulation	and	clinical	response	are	established,
so-called	proof-of-concept	(PoC)	studies.

Although	the	need	to	clarify	the	dose	range	and	schedule	that	correlates	with	a	molecular	response	in	a	tumor
(rather	 than	 simply	 with	 pharmacokinetics	 in	 the	 circulation	 or	 normal	 tissue	 toxicity)	 seems	 clear,	 the



development	of	robust	assays	for	PD	assessment	has	lagged	behind	the	development	of	clinical	DNA	sequencing
for	cancer.59	 This	may	 be	 due	 to	 the	 difficulties	 inherent	 in	 generating	 a	 variety	 of	 assays	 to	 examine	 a	 broad
range	 of	 biochemical	 targets	 using	many	 different	 analytical	 platforms	without	 the	 availability	 of	 high-quality
reagents.60	Developing	 novel,	mechanistically	 based	 combination	 therapies	 targeting	multiple	 signaling	 defects
has	been	enormously	challenging	in	the	absence	of	establishing	the	doses	of	the	agents	to	be	used	in	combination
that	are	needed	to	produce	the	degree	of	target	inhibition	required	for	optimal	tumor	cell	killing.61	Furthermore,
failure	to	confirm	PoM	using	appropriate	PD	assays	in	early-phase	clinical	studies	has	resulted	in	costly	failures	of
phase	III	clinical	trials.62

If	validated	PD	assays	are	available	for	characterization	of	specific	molecular	species,	important	insights	into
drug	action	can	be	detailed	from	clinical	trials	that	involve	small	numbers	of	patients;	such	studies	can	lead	to	the
confirmation	 (or	 rejection)	 of	 prevailing	 hypotheses	 regarding	 the	 PoM	 of	 specific	 drug	 classes.63	 Recent
technologic	 improvements	 in	 microscopy,	 dye	 technology,	 and	 image	 processing	 now	 permit	 the	 quantitative
assessment	of	multiple	 aspects	of	pathway	engagement	 following	drug	 treatment	 across	 a	 spatial	 context	using
formalin-fixed,	paraffin-embedded	biopsy	tissues.	Such	quantitative	immunofluorescence	techniques	are	capable
of	 monitoring	 heterogeneous,	 individual	 cell-to-cell	 changes	 in	 tumoral	 DNA	 damage	 response	 following
exposure	 to	 DNA-damaging	 agents,	 for	 example.64	 Improvements	 in	 proteomics	 now	 also	 support	 high-
throughput	 evaluation	 of	 reverse-phase	 protein	 arrays,	 permitting	 the	 development	 of	 proteomic	 response
signatures	associated	with	drug	treatment	in	vivo.65	It	is	likely	that	these	new	approaches	will	expand	the	use	of
PD	to	a	wider	range	of	signaling	pathways	and	will	broadly	enhance	understanding	of	the	molecular	mechanisms
of	drug	action	in	patients.

Predictive	Diagnostic	Assays
Although	PoM	studies	are	critical	first	steps	in	the	precision	approach	to	cancer	therapeutics,	target	engagement
does	 not	 necessarily	 confer	 therapeutic	 efficacy,	 in	 part	 because	 of	 the	 remarkable	 redundancy	 of	 growth-
controlling	 signal	 transduction	 pathways	 in	 human	 tumors.66	 Furthermore,	 other	 than	 the	 predictive	 power	 of
mutational	profiles,	only	a	modest	number	of	predictive	biomarkers	for	cancer	have	been	deployed	successfully	in
the	 clinic.	 Such	 biomarkers	 need	 to	 provide	 accurate	 correlations	 with	 a	 clinical	 outcome	 following	 specific
treatment	 interventions,	unlike	prognostic	biomarkers	 that	convey	associations	with	clinical	benefit,	appropriate
for	populations	that	are	not	unequivocally	related	to	the	treatment’s	mechanism	of	action.	Well-known	predictive
biomarkers	 include	 the	 use	 of	 HER2	 expression	 to	 select	 breast	 cancer	 patients	 who	 may	 benefit	 from
trastuzumab;	 the	 Oncotype	 DX	 and	 MammaPrint	 assays	 to	 establish	 the	 relative	 risk/benefit	 of	 adjuvant
chemotherapy	in	the	setting	of	early-stage	breast	cancer67,68;	and	the	detection	of	mutant	KRAS,	which	predicts	for
the	lack	of	efficacy	of	cetuximab	in	colon	cancer.69

In	 general,	 however,	 the	 successful	 transition	 from	 a	 molecular	 assay	 to	 a	 predictive	 biomarker	 remains
difficult.	Problems	that	have	slowed	the	field,	but	that	have	been	appreciated	to	a	greater	degree	recently,	include
the	requirement	for	standard	operating	procedures	for	both	sample	acquisition	and	assay	validation,	the	need	for
better	 statistical	 understanding	 of	 the	 sources	 of	 variability	 in	 the	 assay,	 the	 trial	 design	 features	 required	 to
qualify	the	assay	in	a	clinical	setting,	and	the	necessity	for	a	deep	understanding	of	how	the	test	will	be	used	in	the
appropriate	clinical	context.70	If	these	issues	are	carefully	considered	at	the	earliest	stages	of	assay	development,
the	 predictive	 tests	 needed	 to	 guide	 novel	 treatment	 programs	 and	 advance	 the	 field	 of	 precision	 oncology,
including	 immunotherapy,	 can	 be	 developed	 more	 effectively,	 and	 at	 an	 accelerated	 pace,	 facilitating	 the
successful	application	of	targeted	therapeutics	for	cancer.71

PRECISION	ONCOLOGY	CLINICAL	TRIALS	AND	TRIAL	DESIGNS
Application	of	the	principles	of	precision	medicine	to	oncology	has	progressed	through	several	interrelated	stages
over	the	past	two	decades.	Beginning	with	the	approval	of	trastuzumab	for	patients	with	HER2-expressing	breast
cancers	(defined	by	immunohistochemistry	or	fluorescence	in	situ	hybridization)72	and	the	demonstration	of	the
efficacy	 of	 imatinib	 for	 patients	 with	 chronic	 myelogenous	 leukemia	 expressing	 the	 BCR-ABL	 oncogene,3
determination	of	 therapeutic	 choice	 over	 this	 time	 frame	by	measurement	 of	 the	 expression	of	 individual	 gene
variants	 has	 fostered	 dramatic	 changes	 in	 the	 treatment	 of	 patients	 with	 adenocarcinoma	 of	 the	 lung	 carrying
EGFR,	ALK,	and	ROS1	mutations73–75	and	patients	with	melanoma	expressing	mutant	V600	BRAF	species.76

With	the	initial	research	use	of	NGS,	and	continuing	to	the	present,	investigators	have	identified	genotypes	in
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single	patients	that	appeared	to	explain	an	“exceptional”	response	or	provided	molecular	insight	into	an	unusual
disease	that	suggested	a	novel	treatment	program	(Fig.	15.3).77	These	and	other	such	gratifying	results	stimulated
early	 attempts	 to	 define	 therapy	 based	 on	 a	 range	 of	molecular	 tumor	 characteristics	 beyond	 those	 applied	 in
routine	 clinical	 practice.78,79	 Although	 molecular	 aberrations	 could	 be	 detected	 in	 a	 substantial	 percentage	 of
patients	enrolled	on	these	trials,	the	degree	to	which	the	mutations	detected	in	their	tumors	could	be	considered	to
underlie	 the	 growth	 characteristics	 of	 their	 malignancies,	 as	 well	 as	 the	 strength	 of	 the	 data	 used	 to	 “match”
treatment	 to	 tumor,	 was	 limited.	 The	 nonrandomized	 nature	 of	 these	 initial	 clinical	 studies,	 as	 well	 as	 the
definitions	used	to	define	objective	clinical	responses,	also	limited	interpretation	of	their	results.9

A	second	phase	of	precision	oncology	trials	(e.g.,	the	BATTLE	and	SHIVA	studies),	some	of	which	have	been
reported,80,81	 has	 provided	 important	 insights	 clarifying	 the	 feasibility,	 limitations,	 and	 requirements	 for
optimizing	 the	principles	of	precision	medicine	 in	 clinical	oncology.10,82	The	BATTLE	study	demonstrated	 the
feasibility	 of	 mandating	 tumor	 biopsies	 for	 molecular	 characterization	 as	 an	 entry	 criterion	 for	 patients	 with
advanced-stage	non–small-cell	lung	cancer	as	well	as	the	potential	to	apply	adaptive	randomization	strategies	in
the	 era	 of	 targeted	 therapy.	 The	 SHIVA	 trial	 provided	 important	 lessons	 that	 have	 guided	 the	 conduct	 of
subsequent,	histology	“agnostic”	precision	oncology	trials;	this	trial	was	a	prospective,	randomized	study	in	which
no	difference	in	progression-free	survival	was	demonstrated	between	the	experimental	arm	(which	used	a	therapy
targeting	 one	 of	 three	molecular	 pathways)	 and	 physician’s	 choice	 of	 therapy	 for	 patients	with	 advanced	 solid
tumors.	However,	 for	 both	of	 these	 trials,	 the	 level	 of	 evidence	used	 to	 assign	patients	 to	 a	 limited	number	of
specific	 pathway-driven	 treatments	 was	 based	 on	 potentially	 actionable	 biomarkers	 (or	 mutational	 variants	 of
unclear	 significance)	 rather	 than	 on	 strong	 evidence	 demonstrating	 that	 the	 specific	mutation(s)	 of	 interest	 (or
other	 molecular	 characteristics)	 that	 were	 detected	 could	 drive	 tumor	 cell	 proliferation.	 Furthermore,	 only	 a
limited	 range	 of	 drugs	was	 available	 for	 the	 targets	 under	 study	 in	 either	 investigation.	 It	 is	 also	 important	 to
consider	 the	contribution	of	 tumor	heterogeneity,	 the	potential	 for	suboptimal	modulation	of	 targeted	pathways,
and	 upregulation	 of	 compensatory	 pathways	 to	 the	 modest	 or	 minimal	 single-agent	 activity	 demonstrated	 for
molecularly	targeted	drugs	in	these	trials.10

The	current	generation	of	therapeutic	precision	oncology	trials20	and	recent	reports	of	institutional	experience
with	NGS-selected	treatment	have	attempted	to	address	several	of	these	critical	considerations.	Among	the	most
important	 is	 the	 strength	of	 the	 treatment	algorithm	used	 for	drug	selection.83	The	 selection	algorithm	needs	 to
define	how	mutations	are	prioritized	for	defined	therapies	in	the	case	of	single	or	multiple	targetable	alterations
(Table	 15.1),	 and	 specific	 prioritization	 rules	 must	 be	 developed	 prior	 to	 trial	 initiation.	 Contemporary
investigational	 studies	also	generally	exclude	patient	 entry	based	on	known	 targets	 for	FDA-approved	drugs	or
indications	and	prohibit	“matching”	drugs	and	targets	where	a	solid	base	of	clinical	trial	data	already	indicates	that
the	use	of	the	agent	in	a	specific	disease	context	is	unlikely	to	be	effective	(e.g.,	single-agent	BRAF	inhibitors	for
patients	with	BRAFv600E-mutant	advanced	colon	cancer).	In	a	recent	example	of	the	use	of	molecular	profiling	for
the	 selection	of	 a	 targeted	drug,	 in	 a	 single-institution	 series	of	patients	with	metastatic	 adenocarcinoma	of	 the
lung	where	tumors	underwent	NGS	with	a	multigene	panel,	69	of	the	478	patients	whose	mutational	profiles	were
not	 associated	 with	 standard-of-care	 treatment	 options	 received	 matched	 therapy;	 clinical	 benefit	 was
demonstrated	in	52%	of	these	individuals.84

One	of	the	major	changes	accompanying	the	implementation	of	molecular	characterization	assays	to	guide	the
choice	of	oncologic	therapy	has	been	the	application	of	novel	clinical	trial	designs	to	optimize	this	approach.85,86
The	overarching	concept	 is	 to	coordinate	clinical	studies	so	 that	more	 than	a	single	 treatment	or	disease	can	be
evaluated	 across	 a	 shared	 operational	 infrastructure,	 often	 focused	 on	 mechanism-based	 therapeutic
methodologies.	 Such	 “Master	 Protocols”	 offer	 the	 potential	 to	 examine	 several	 approaches	 in	 parallel	 using	 a
collective	diagnostic	or	therapeutic	platform	that,	although	complex	to	organize	and	operate,	offers	the	potential	to
accelerate	 the	 entire	 clinical	 trials	 process.87	 As	 shown	 in	 Figure	 15.3,	 one	 type	 of	 master	 protocol	 design,
designated	 “basket”	 trials,	 generally	 focuses	 on	 a	 variety	 of	malignant	 histologies	 and	 uses	 a	 single	 drug	 that
targets	a	single	mutation.	Such	studies	provide	access	to	an	investigational	drug	for	a	broad	range	of	cancers	that
may	carry	a	specific	mutation	at	low	frequency.	Although	basket	trials	generally	examine	one	drug/mutation	pair
at	 a	 time,	 using	 a	 broad	 screening	 strategy	 may	 demonstrate	 clinical	 activity	 in	 patients	 carrying	 specific
mutations,	leading	to	future	clinical	trials	or	possible	FDA	approval	for	the	combination	of	drug	and	biomarker.
Several	recent,	successful,	histology-agnostic	basket	trials	have	demonstrated	substantive	clinical	benefit	for	pan-
HER2	inhibitors	in	patients	carrying	HER2	mutations	in	a	wide	range	of	solid	tumors	beyond	breast	cancer,	for
larotrectinib	 in	 patients	 with	 various	 tumors	 expressing	 TRK	 fusion	 genes,88	 and	 for	 patients	 with	 mismatch
repair–deficient	 tumors	 treated	 with	 a	 PD-1	 inhibitor.32	 These	 studies	 have	 clearly	 demonstrated	 that	 the



molecular	 background,	 as	well	 as	 the	 histologic	 context,	 of	 solid	 tumors	 needs	 to	 be	 considered	 in	 the	 overall
paradigm	of	cancer	drug	development.

A	different	type	of	master	protocol	can	be	described	as	an	“umbrella”	trial	(see	Fig.	15.3).	Umbrella	studies	can
take	several	different	forms.	Trials	may	be	disease	based,	such	as	the	Lung-MAP	study	sponsored	by	the	National
Cancer	Institute	(NCI),	supported	by	the	Foundation	for	the	National	Institutes	of	Health	(NIH),	and	directed	by
the	 Southwest	 Oncology	 Group	 (SWOG)	 clinical	 trials	 group,	 in	 which	 patients	 with	 the	 same	 tumor	 type
(originally	 advanced	 squamous	 cell	 lung	 cancer	 in	 this	 case)	 are	 treated	with	multiple	 drugs	 targeting	multiple
mutations.	 Such	 studies	 can	 be	 randomized	 or	 nonrandomized	 and	 frequently	 use	 a	 rules-based	 treatment
assignment.	 The	 trial	 is	 managed	 as	 series	 of	 substudies	 with	 an	 overarching	 administrative	 structure	 for
biomarker	 assessment	 and	 data	 acquisition;	 this	 allows	 for	 the	 addition	 of	 new	 substudies	 as	 accrual	 goals	 (or
futility	 boundaries)	 are	 reached.	 Disease-focused	 umbrella	 trials	 also	 frequently	 use	 shared	 control	 arms	 and
adaptive	statistical	end	points.
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Figure	15.3	Clinical	trial	designs	for	precision	oncology.	Basket	trials	are	histology-agnostic
studies	that	typically	focus	on	a	variety	of	tumors	that	carry	a	specific	genetic	mutation	using	a
single	agent	targeting	that	mutation.	Umbrella	trials	use	multiple	drugs	that	target	multiple

mutations	in	a	range	of	tumor	types	in	the	context	of	a	single	study;	they	may	be	randomized	or
nonrandomized.	Exceptional	responders	are	N-of-1	clinical	experiences	in	which	any	patient	with	a
tumor	type	that	is	unlikely	to	undergo	an	objectively	defined	response	demonstrates	robust	clinical



benefit	from	therapy;	characterization	of	the	tumors	from	such	patients	can	define	unique	molecular
signatures	that	can	be	tested	for	their	predictive	power	in	subsequent	clinical	trials	for	defined
patient	populations.	(Reproduced	from	Kummar	S,	Williams	PM,	Lih	CJ,	et	al.	Application	of

molecular	profiling	in	clinical	trials	for	advanced	metastatic	cancers.	J	Natl	Cancer	Inst
2015;107[4]:djv003.)

TABLE	15.1
Levels	of	Evidence	for	Prioritization	of	Actionable	Molecular	Abnormalities	in	the	NCI-
MATCH	Trial

Level	1:	Gene	variant	credentialed	for	a	U.S.	Food	and	Drug	Administration–approved	drug
Level	2:	Molecular	characteristic	is	an	eligibility	criterion	for	an	ongoing	clinical	trial	utilizing	that	drug	or	the	abnormality	has	been
identified	in	an	N-of-1	clinical	response

Level	3:	Preclinical	response:	(1)	models	with	variant	respond	while	models	without	abnormality	do	not,	(2)	gain-of-function
mutation	demonstrated	in	a	preclinical	model,	(3)	loss	of	function	in	a	preclinical	model	(tumor	suppressor	gene	or	pathway
inhibitor)
NCI-MATCH,	National	Cancer	Institute	Molecular	Analysis	for	Therapy	Choice.
Adapted	from	Conley	BA,	Doroshow	JH.	Molecular	Analysis	for	Therapy	Choice:	NCI	MATCH.	Semin	Oncol	2014;41:297–299.

Umbrella	trials	may	also	be	histology	independent	and	focus	on	multiple	drug	targets	across	a	broad	array	of
malignancies.	 Although	 such	 studies	 are	 most	 often	 signal-seeking/hypothesis-generating	 endeavors	 that	 are
unlikely,	despite	their	large	size,	to	facilitate	FDA	approval	of	a	specific	mutation/biomarker	pair	and	are	resource
intensive,	they	are	a	major	avenue	for	evaluating	the	role	of	treating	patients	who	harbor	tumors	that	express	low-
prevalence	mutations	with	 targeted	 therapeutics.	 Screening	 large	 numbers	 of	 patients	 to	 be	 treated	 for	 a	 broad
range	of	molecular	targets	with	a	large	formulary	of	drugs	also	decreases	the	failure	rate	of	mutational	screening,
improving	 the	 chance	 that	 patients	 will	 receive	 treatment	 on	 study.	 The	 largest	 of	 such	 efforts	 is	 the	 NCI
Molecular	Analysis	for	Therapy	Choice	(MATCH)	trial,	overseen	for	the	NCI’s	National	Clinical	Trials	Network
by	the	Eastern	Cooperative	Oncology	Group–American	College	of	Radiology	Imaging	Network	(ECOG-ACRIN)
group.21	This	study,	with	the	trial	schema	shown	in	Figure	15.4,	has	reached	the	goal	of	its	initial	phase	of	accrual;
approximately	6,400	patients	were	enrolled	and	had	fresh	biopsies	of	metastatic	sites	at	over	1,000	participating
institutions	 in	 less	 than	2	years.	Over	90%	of	 the	successful	biopsies	underwent	NGS	analysis	with	a	validated
assay	performed	by	a	centralized	 laboratory	network	with	a	median	 turnaround	 time	of	15	days;	1,004	patients
were	assigned	 to	 treatment	based	on	a	 rules-based	algorithm,	and	689	patients	have	been	 treated	as	of	 January
2018	on	one	of	30	different	 treatment	arms.	Therapeutic	activity	has	been	demonstrated	on	multiple	 trial	arms.
Although	the	primary	focus	of	the	NCI-MATCH	trial	is	hypothesis	generation,	it	does	demonstrate	the	possibility
of	studying	the	utility	of	molecularly	targeted	therapy	for	low-prevalence	mutations	when	the	trial	population	and
the	 range	of	drug	 choices	 are	both	 large.	 It	 has	 also	 clearly	 shown	 that	 the	 entire	oncology	community	 can	be
enlisted	 to	 examine	 the	 feasibility	 of	 scaling	 the	 precision	 medicine	 paradigm	 if	 it	 provides	 novel	 treatment
options	for	patients	across	a	broad	geographic	distribution.
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Figure	15.4	Schema	for	the	National	Cancer	Institute	Molecular	Analysis	for	Therapy	Choice
(NCI-MATCH)	clinical	trial.	The	NCI-MATCH	clinical	trial	is	an	umbrella	study	to	examine	the
hypothesis	that	treating	adult	solid	tumors	and	lymphomas	with	molecularly	targeted	therapies
independent	of	disease	histology	can	be	effective.	Over	6,000	patients	have	been	accrued	at	over

1,000	clinical	trial	sites;	patients	underwent	fresh	tumor	biopsies	for	next-generation	sequencing	by
a	centralized	laboratory	network.	A	formulary	of	over	30	drugs	from	a	wide	range	of

pharmaceutical	firms	permitted	accrual	of	patients	with	low-prevalence	mutations	to	a	series	of
phase	II	investigations.

IMAGING	AND	PRECISION	ONCOLOGY
Current	 functional	molecular	 imaging	 techniques	 (such	 as	 positron	 emission	 tomography	 [PET],	 single-photon
emission	 computed	 tomography	 [SPECT],	 and	 dynamic	 contrast-enhanced	magnetic	 resonance	 imaging	 [DCE-
MRI])	can	provide	a	noninvasive	approach	to	quantitating	the	presence	in	tumors	of	specific	molecular	targets,	the
spatial	heterogeneity	of	 target	expression,	 intratumoral	drug	pharmacokinetics,	 and	 target	modulation	 following
treatment	with	a	therapeutic	agent.89,90	Examples	of	molecular	targets	and	receptor	occupancy	that	can	be	imaged
include	 epidermal	 growth	 factor	 receptor	 (EGFR),	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2),	 and
vascular	 endothelial	 growth	 factor	 (VEGF).89,91,92	 Substantial	 progress	has	 also	been	made	 in	 the	use	of	 [18F]-
fluoro-17-β-estradiol	(FES)	for	PET	scanning	to	demonstrate	the	presence	of	the	estrogen	receptor	(ER)	in	breast
cancers	and	modulation	of	ER	occupancy	by	tamoxifen	(Fig.	15.5).	Recent	studies	suggest	that	uptake	of	FES	in
ER-positive	breast	 cancers	 is	 correlated	with	objective	 response	 to	antiestrogen	 therapy	and	 that	heterogeneous
ER	 expression,	 when	 detected,	 may	 indicate	 the	 development	 of	 resistance	 to	 hormonal	 therapy.93	 Thus,
molecular	imaging	techniques	provide	an	important	means	of	defining	patient	populations	that	may	benefit	from
specific	 molecularly	 targeted	 treatments	 as	 well	 as	 delineating	 sites	 of	 clinical	 tumoral	 heterogeneity



noninvasively.
Recently,	 improved	 analytical	 processing	 capabilities	 for	 both	 anatomic	 and	 molecular	 imaging	 data	 have

allowed	the	quantitation	of	a	range	of	phenotypic	features	from	these	images	(e.g.,	tumor	shape,	texture,	edge,	and
intensity)	and	the	subsequent	development	of	image	signatures	(radiomics)	as	well	as	a	better	understanding	of	the
interaction	 of	 the	 tumor	with	 its	microenvironment	 (habitat	 imaging).94	 These	 data	 can	 be	 used	 for	 prognostic
purposes	 and	 can	 be	 integrated	 with	 genetic	 features	 of	 tumors	 to	 provide	 better	 understanding	 of	 tumor
heterogeneity	and	biology	in	a	spatial	context	(radiogenomics).95	The	metrics	developed	by	radiomic	techniques
can	 assist	 in	 distinguishing	 benign	 from	malignant	 lesions,	 in	 differentiating	 disease	 grades,	 and	 in	 improving
evaluation	 of	 treatment	 response.	 Ultimately,	 molecular	 tumor	 characterization	 efforts	 are	 likely	 to	 use	 both
invasive	(tissue-based)	and	noninvasive	features	to	develop	a	complete	understanding	of	human	tumors	at	both	the
level	of	anatomic	architecture	and	molecular	infrastructure.

Figure	15.5	Functional	imaging	of	the	estrogen	receptor	in	a	patient	with	metastatic	breast	cancer
and	receptor	blockade	by	the	tamoxifen	metabolite	endoxifen.	A,C:	[18F]-Fluoro-17-β-estradiol
(FES)	scan	of	a	patient	with	metastatic	breast	cancer	in	the	pelvis;	the	metastatic	site	is	shown

(circled)	in	C.	B,D:	When	the	patient	underwent	repeat	positron	emission	tomography–computed
tomography	(PET-CT)	imaging	on	day	6	after	5	days	of	treatment	with	the	active	metabolite	of
tamoxifen,	endoxifen,	uptake	of	FES	at	that	site	was	substantially	decreased.	SUV,	standardized

uptake	value.	(Reproduced	from	Doroshow	JH,	Kummar	S.	Translational	research	in	oncology—10
years	of	progress	and	future	prospects.	Nature	Rev	Clin	Oncol	2014;11:649–662,	with	permission.)

PRECISION	PREVENTION
Although	 the	 concept	 of	 precision	 prevention	 in	 oncology	 has	 been	 defined	 (see	 earlier	 discussion),	 actual
interventions	 that	 can	 be	 applied	 today	 to	 prevent	 cancer	 based	 on	 a	 deep	 molecular	 understanding	 of	 the
pathogenesis	 of	 premalignant	 lesions	 are	 not	 as	 robust	 as	 those	 available	 for	 the	 treatment	 of	 established
malignancies.	In	part,	this	is	because	molecular	profiling	approaches	have	not	yet	been	extensively	applied	in	this
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arena.96	Limited	knowledge	of	the	biology	of	precancer,	including	the	biology	and	immunology	of	populations	at
high	risk	of	developing	cancer,	has	slowed	progress	 toward	developing	a	better	understanding	of	 the	molecular
characteristics	of	individual	subjects	requiring	preemptive	interception.97

Effective	preventive	strategies	have,	most	recently,	taken	advantage	of	a	rapidly	developing	appreciation	of	the
pathobiology	of	 inherited	 (germline)	 cancer	 susceptibilities.	The	 importance	of	microsatellite	 instability	 and	 its
immune	consequences	have	stimulated	 the	growth	of	screening	strategies	 for	 the	Lynch	syndrome,	and	a	better
understanding	of	the	role	of	BRCA1	in	the	control	of	replication	stress	and	the	hormonal	milieu	of	the	breast	has
helped	 to	 explain	 the	mechanistic	 basis	 for	 the	 utility	 of	 tamoxifen	 as	 a	 prevention	 strategy	 in	BRCA1-mutant
breast	cells	 (that	are	predominantly	ER	negative).	 In	 like	manner,	 initial	 large	genomic	studies	of	premalignant
tissues	have	begun	to	develop	mutational	signatures	of	DNA	repair	pathways,	the	APOBEC	family	of	deaminases,
and	oxidative	stress	that	will	inform	improved	diagnostic	and	interventional	strategies.	Progress	has	been	notable
for	 patients	with	Barrett	 esophagus;	 this	 progress	 has	 resulted	 from	NGS	 and	 transcriptomic	 studies	 that	 have
described	microbiota-related	 inflammatory	 changes	 and	 the	mutational	 profile	 and	molecular	 evolution	 of	 this
form	of	precancer.

Beyond	the	remarkable	benefits	of	vaccination	against	HPV	and	hepatitis	B,	understanding	of	the	epigenetics
and	 immune-oncology	of	 premalignancy	 is	 at	 an	 early	 stage	 of	 development.	 It	 seems	 likely	 that	 an	 improved
comprehension	 of	 the	 microenvironment	 of	 premalignant	 pathologies,	 particularly	 inflammation-related
conditions	such	as	inflammatory	bowel	disease,	chronic	pancreatitis,	and	hepatic	and/or	pulmonary	fibrosis,	will
be	necessary	to	intervene	on	a	patient-specific	basis.	However,	recent	studies	implicating	certain	proinflammatory
cytokines	 in	 cancer	 etiology	 (e.g.,	 interleukin-17	 in	 colorectal	 adenomas	 and	 cancer,	 for	 which	 therapeutic
antibodies	 have	 recently	 reached	 the	 clinic)	 suggest	 that	 novel	 precision	 preventive	 approaches	 will	 be
forthcoming	in	the	near	future.98	NGS	of	premalignant	tissues	could	also	be	used	to	identify	potential	neoantigens
amenable	to	vaccine	or	therapeutic	antibody	development.

Perhaps	 the	 most	 important	 focus	 for	 precision	 prevention	 efforts	 in	 the	 future	 is	 the	 development	 of	 a
“precancer	 atlas”	 in	 which	 systematic,	 clinically	 annotated	 collections	 of	 tissue	 and	 blood	 from	 patients	 with
premalignant	 conditions	 or	 those	who	 are	 at	 high	 risk	 of	 developing	 cancer	 are	 built	 at	 scale	 and	 subjected	 to
intensive,	multidimensional	molecular	characterization.	It	is	the	expectation	that,	in	analogy	to	the	NIH-supported
Cancer	Genome	Atlas	project,	such	studies	would	provide	substantively	enhanced	understanding	of	the	biology	of
precancer	 that	would	 stimulate	 and	 sustain	 new	 approaches	 to	 the	 diagnosis	 and	 interdiction	 of	 the	malignant
process.97,99

FUTURE	PROSPECTS
The	pace	of	implementation	of	precision	approaches	to	cancer	treatment	and	diagnosis	has	been	dramatic	over	the
past	 5	 years.	 As	 genomic	 technical	 capabilities	 continue	 to	 improve,	 the	 application	 of	 multidimensional
approaches	 to	elucidate	 the	dynamics	of	 tumor	biology	 in	vivo	are	 likely	 to	become	routine	components	of	 the
therapeutic	paradigm	of	the	future.	In	this	way,	proteomic,	epigenetic,	and	immunologic	profiling	of	tumors	and
the	 tumor	microenvironment,	as	well	as	pathway	molecular	 imaging,	will	support	development	of	more	precise
and	more	predictive	biomarkers	for	both	 treatment	and	preventive	 interventions.	Finally,	novel	 insights	 into	 the
measurement	 of	 tumor	 heterogeneity	 in	 the	 clinic	 will	 permit	 the	 application	 of	 interventions	 to	 preempt
therapeutic	resistance	on	a	patient-by-patient	basis,	an	essential	component	of	long-term	cancer	control.
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16 Essentials	of	Radiation	Therapy
Meredith	A.	Morgan,	Randall	K.	Ten	Haken,	and	Theodore	S.	Lawrence

INTRODUCTION
In	January	1896,	shortly	after	the	discovery	of	x-rays	by	Wilhelm	Roentgen,	Emil	Grubbe	used	radiation	therapy
to	 treat	 an	 advanced	ulcerated	breast	 cancer	with	 x-rays.	We	have	made	great	 progress	 since	 these	 early	 days,
which	has	been	strongly	influenced	by	research	in	radiation	chemistry,	biology,	and	physics.

BIOLOGIC	ASPECTS	OF	RADIATION	ONCOLOGY
Radiation-Induced	DNA	Damage
Radiation	 is	 administered	 to	 cells	 either	 in	 the	 form	of	photons	 (x-rays	 and	gamma	 rays)	or	 particles	 (protons,
neutrons,	and	electrons).	When	photons	or	particles	interact	with	biologic	material,	they	cause	ionizations	that	can
either	 directly	 interact	 with	 subcellular	 structures	 or	 interact	 with	 water,	 the	 major	 constituent	 of	 cells,	 and
generate	free	radicals	that	can	then	interact	with	subcellular	structures	(Fig.	16.1).

The	direct	effects	of	radiation	are	the	consequence	of	the	DNA	in	chromosomes	absorbing	energy	that	leads	to
ionizations.	This	is	the	major	mechanism	of	DNA	damage	induced	by	charged	nuclei	(such	as	a	carbon	nucleus)
and	neutrons	and	 is	 termed	high	 linear	 energy	 transfer	(Fig.	16.2).	 In	 contrast,	 the	 interaction	 of	 photons	with
other	molecules,	such	as	water,	results	in	the	production	of	free	radicals,	some	of	which	possess	a	lifetime	long
enough	 to	 be	 able	 to	 diffuse	 to	 the	 nucleus	 and	 interact	 with	 DNA	 in	 the	 chromosomes.	 This	 is	 the	 major
mechanism	of	DNA	damage	induced	by	x-rays	and	has	been	termed	low	linear	energy	transfer.1

A	 free	 radical	 generated	 through	 the	 interaction	 of	 photons	 with	 other	 molecules	 that	 possess	 an	 unpaired
electron	in	their	outermost	shell	(e.g.,	hydroxyl	radicals)	can	abstract	a	hydrogen	molecule	from	a	macromolecule
such	as	DNA	to	generate	damage.	Cells	that	have	increased	levels	of	free	radical	scavengers,	such	as	glutathione,
would	have	 less	DNA	damage	 induced	by	x-rays	but	would	have	 similar	 levels	of	DNA	damage	 induced	by	a
carbon	nucleus	that	 is	directly	absorbed	by	chromosomal	DNA.	Furthermore,	a	low-oxygen	environment	would
also	protect	 cells	 from	x-ray–induced	damage	because	 there	would	be	 fewer	 radicals	 available	 to	 induce	DNA
damage	 in	 the	 absence	of	 oxygen,	 but	 this	 environment	would	have	 little	 impact	 on	DNA	damage	 induced	by
carbon	nuclei.2

Cellular	Responses	to	Radiation-Induced	DNA	Damage

Cell	Cycle	Checkpoint	Pathways
The	 cell	 cycle	 must	 progress	 in	 a	 specific	 order;	 checkpoint	 genes	 ensure	 that	 the	 initiation	 of	 late	 events	 is
delayed	until	earlier	events	are	complete.	There	are	three	principal	places	in	the	cell	cycle	at	which	checkpoints
induced	 by	 DNA	 damage	 function:	 the	 border	 between	 G1	 phase	 and	 S	 phase,	 intra-S	 phase,	 and	 the	 border
between	G2	phase	 and	mitosis	 (Fig.	16.3).3	Cells	with	 an	 intact	 checkpoint	 function	 that	 have	 sustained	DNA
damage	stop	progressing	through	the	cycle	and	become	arrested	at	the	next	checkpoint	in	the	cell	cycle.	Ataxia-
telangiectasia	 mutated	 (ATM)	 is	 the	 apical	 kinase	 for	 the	 induction	 of	 each	 of	 these	 cell	 cycle	 checkpoint
pathways.	For	example,	cells	with	damaged	DNA	in	G1	phase	avoid	replicating	that	damage	by	arresting	at	the
G1/S	 interface	 through	ATM-dependent	 activation	 of	 P53	 and	P21.	Cells	 in	 S	 phase	 at	 the	 time	 of	 irradiation
transiently	arrest	in	S	phase	by	activation	of	checkpoint	kinase	(CHK)	2,	leading	to	inhibition	of	cyclin-dependent
kinase	(CDK)	2.	The	G1/S	and	intra-S	phase	checkpoints	inhibit	the	replication	of	damaged	DNA	and	work	in	a
coordinated	manner	with	the	DNA	repair	machinery	to	permit	the	restitution	of	DNA	integrity,	thereby	increasing
cell	survival.	In	addition,	the	G2	checkpoint	delays	the	progression	of	cells	with	damaged	DNA	into	mitosis	by
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activating	CHK1,	resulting	in	inhibition	of	the	mitotic	cyclin	CDK1.	The	G2	checkpoint	prevents	the	propagation
of	 cells	 with	 damaged	 DNA	 and	 permits	 time	 for	 DNA	 repair,	 both	 of	 which	 promote	 survival	 following
radiation.	Radiation-induced	cell	cycle	checkpoints	are	also	discussed	in	Chapter	10.

Figure	16.1	The	direct	and	indirect	effects	of	ionizing	radiation	on	DNA.	Incident	photons	transfer
part	of	their	energy	to	free	electrons	(Compton	scattering).	These	electrons	can	directly	interact	with
DNA	to	induce	DNA	damage,	or	they	can	first	interact	with	water	to	produce	hydroxyl	radicals	that

can	then	induce	damage.

DNA	Repair
Ionizing	radiation	causes	base	damage,	single-strand	breaks,	double-strand	breaks,	and	sugar	damage,	as	well	as
DNA–DNA	and	DNA–protein	cross-links.	The	critical	target	for	ionizing	radiation–induced	cell	inactivation	and
cell	 killing	 is	 the	 DNA	 double-strand	 break.4,5	 An	 initial	 response	 to	 these	 double-strand	 breaks	 is	 ATM-
medicated	phosphorylation	of	H2AX,	which	forms	multiprotein	complexes	known	as	foci	at	double-strand	breaks
to	promote	the	recruitment	of	additional	ATM	molecules	and	other	repair	factors	(Fig.	16.4).	In	eukaryotic	cells,
DNA	double-strand	breaks	 can	be	 repaired	by	 two	processes:	 homologous	 recombination	 repair	 (HRR),	which
requires	an	undamaged	DNA	strand	as	a	participant	in	the	repair,	and	nonhomologous	end	joining	(NHEJ),	which
mediates	 end-to-end	 joining.6	 In	 lower	 eukaryotes,	 such	 as	 yeast,	 HRR	 is	 the	 predominant	 pathway	 used	 for
repairing	DNA	double-strand	breaks,	whereas	mammalian	cells	use	both	HRR	and	NHEJ	to	repair	their	DNA.	In
mammalian	cells,	the	choice	of	repair	is	biased	by	the	phase	of	the	cell	cycle	and	by	the	presence	of	homologous
sister	 chromatid	 DNA.	 HRR	 is	 used	 primarily	 in	 the	 late	 S	 phase/G2	 phases	 of	 the	 cell	 cycle,	 and	 NHEJ
predominates	in	the	G1	phase	of	the	cell	cycle.	NHEJ	and	HRR	are	not	mutually	exclusive,	and	both	have	been
found	to	be	active	in	the	late	S/G2	phase	of	the	cell	cycle,	indicating	that	factors	in	addition	to	the	cell	cycle	phase
are	important	in	determining	which	mechanism	will	be	used	to	repair	DNA	strand	breaks.



Figure	16.2	Linear	energy	transfer	(LET)	and	DNA	damage.	Ionizing	radiation	deposits	energy
along	the	track	(LET),	which	causes	DNA	damage	and	cell	killing.	The	most	biologically	potent

(highest	relative	biologic	effectiveness	[RBE])	LET	is	100	keV/μm	because	the	separation	between
ionizing	events	is	the	same	as	the	diameter	of	the	DNA	double	helix	(2	nm).	(From	Hall	EJ,	Giaccia
AJ.	Radiobiology	for	the	Radiologist.	Philadelphia:	Lippincott	Williams	&	Williams;	2012,	with

permission.)
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Figure	16.3	In	response	to	DNA	damage,	the	MRN	complex—composed	of	MRE11,	Rad50,	and
NBS1—together	with	ataxia-telangiectasia	mutation	(ATM)	and	H2AX	are	the	earliest	proteins
recruited	to	the	site	of	the	break.	ATM	is	released	from	its	homodimer	complex,	activated	by

transautophosphorylation	and,	in	turn,	phosphorylates	H2AX.	Other	members	are	recruited	to	the
complex	such	as	BRCA1	and	53BP1.	As	the	DNA	at	the	double-strand	break	(DSB)	is	resected,

single-stranded	DNA	(ssDNA)	is	formed	and	bound	by	replication	protein	A	(RPA),	resulting	in	the
activation	of	the	ataxia-telangiectasia	and	Rad3-related	(ATR)	pathway.	The	net	result	of

ATM/ATR	activation	is	the	downstream	activation	of	p53,	leading	to	the	transcription	of	the	CDK
inhibitor,	p21,	and	the	activation	of	CHK1/CHK2,	resulting	in	the	degradation	of	Cdc25

phosphatases,	CDK-cyclin	complex	inactivation,	and	cell	cycle	arrest	at	phase	G1,	intra-S,	or	G2.
Note	that	ATM	is	also	partially	activated	by	changes	in	chromatin	structure	induced	by	DNA

double-strand	breaks.

Nonhomologous	End	Joining.	 In	 the	G1	phase	of	 the	 cell	 cycle,	 the	 ligation	of	DNA	double-strand	breaks	 is
primarily	through	NHEJ	because	a	sister	chromatid	does	not	exist	to	provide	a	template	for	HRR.	The	damaged
ends	of	DNA	double-strand	breaks	must	first	be	modified	before	rejoining.	The	process	of	NHEJ	can	be	divided
into	at	least	four	steps:	synapsis,	end	processing,	fill-in	synthesis,	and	ligation	(Fig.	16.5).7	Synapsis	is	the	critical
initial	step	where	the	Ku	heterodimer	and	the	DNA-dependent	protein	kinase	catalytic	subunit	(DNA-PKcs)	bind



to	the	ends	of	the	DNA	double-strand	break.	Ku	recruits	not	only	DNA-PKcs	to	the	DNA	ends	but	also	Artemis,	a
protein	that	possesses	endonuclease	activity	for	5′	and	3′	overhangs	as	well	as	hairpins.8	DNA-PKcs	that	is	bound
to	the	broken	DNA	ends	phosphorylates	Artemis	and	activates	its	endonuclease	activity	for	end	processing.	This
role	of	Artemis’	endonuclease	activity	in	NHEJ	may	not	necessarily	be	required	for	the	ligation	of	blunt	ends	or
ends	 with	 compatible	 termini.	 DNA	 polymerase	 μ	 is	 associated	 with	 the	 Ku/DNA/XRCC4/DNA	 ligase	 IV
complex	and	is	probably	the	polymerase	that	is	used	in	the	fill-in	reaction.	The	actual	rejoining	of	DNA	ends	is
mediated	 by	 a	 XRCC4/DNA	 ligase	 IV	 complex,	 which	 is	 also	 probably	 recruited	 by	 the	 Ku	 heterodimer.9,10
Although	NHEJ	 is	 effective	 at	 rejoining	DNA	double-strand	 breaks,	 it	 is	 highly	 error	 prone.	 In	 fact,	 the	main
physiologic	role	of	NHEJ	is	to	generate	antibodies	through	VDJ	rejoining,	and	the	error-prone	nature	of	NHEJ	is
essential	for	generating	antibody	diversity.

Figure	16.4	Phosphorylated	histone	variant	H2AX	as	a	marker	of	DNA	damage.	Phosphorylated
histone	variant	H2AX	(also	called	gamma	H2AX)	localizes	to	sites	of	DNA	double-strand	breaks	so
that	its	appearance	and	disappearance	correspond	with	induction	and	repair	of	breaks.	The	cells	in
panels	A	and	B	have	been	stained	with	DAPI	(4′,6-diamidino-2-phenylindole)	(blue)	in	order	to

visualize	cell	nuclei	and	stained	with	an	antibody,	which	recognizes	gamma	H2AX	(red).	The	cells
in	A	are	untreated	and	exhibit	little	to	no	gamma	H2AX	staining,	whereas	the	cells	in	B	are	treated
with	7.5	Gy	of	radiation	and	exhibit	strong	gamma	H2AX	staining	at	punctate	foci	in	the	nuclei,
which	are	thought	to	correlate	with	sites	of	DNA	double-strand	breaks.	(Image	provided	by	Dr.

Leslie	Parsels,	University	of	Michigan.)
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Figure	16.5	Schematic	of	the	critical	steps	and	proteins	involved	in	nonhomologous	end	joining
(NHEJ).	The	process	of	NHEJ	can	be	divided	into	at	least	four	steps:	synapsis,	end	processing,	fill-
in	synthesis,	and	ligation.	DSB,	double-strand	break;	DNA-PKcs,	DNA-dependent	protein	kinase

catalytic	subunit.

Homologous	Recombination.	HRR	provides	the	mammalian	genome	a	high-fidelity	pathway	of	repairing	DNA
double-strand	 breaks.	 In	 contrast	 to	NHEJ,	HRR	 requires	 physical	 contact	with	 an	 undamaged	DNA	 template,
such	as	a	 sister	 chromatid,	 for	 repair	 to	occur.	 In	 response	 to	a	double-strand	break,	ATM	and	 the	complex	of
Mre11,	 Rad50,	 and	 Nbs1	 proteins	 (MRN	 complex)	 are	 recruited	 to	 sites	 of	 DNA	 double-strand	 breaks	 (Fig.
16.6).11	 The	 MRN	 complex	 is	 also	 involved	 in	 the	 recruitment	 of	 the	 breast	 cancer	 tumor	 suppressor	 gene,
BRCA1,	to	the	site	of	the	break.12	In	addition	to	recruiting	BRCA1	to	the	site	of	the	DNA	strand	break,	Mre11	and
as	yet	unidentified	endonucleases	resect	the	DNA,	resulting	in	a	3′	single-strand	DNA	that	serves	as	a	binding	site
for	Rad51.	BRCA2,	which	is	recruited	to	the	double-strand	break	by	BRCA1,	facilitates	the	loading	of	the	Rad51
protein	 onto	 replication	 protein	 A	 (RPA)-coated	 single-strand	 overhangs	 that	 are	 produced	 by	 endonuclease
resection.13	The	Rad51	protein	is	a	homolog	of	the	Escherichia	coli	recombinase	RecA	and	possesses	the	ability
to	 form	 nucleofilaments	 and	 catalyze	 strand	 exchange	 with	 the	 complementary	 strand	 of	 the	 undamaged
chromatid,	 an	 essential	 step	 in	 HRR.	 Five	 additional	 paralogs	 of	 Rad51	 also	 bind	 to	 the	 RPA-coated	 single-



stranded	 region	 and	 recruit	 Rad52,	 which	 binds	 DNA	 and	 protects	 against	 exonucleolytic	 degradation.14	 To
facilitate	 repair,	 the	Rad54	 protein	 uses	 its	ATPase	 activity	 to	 unwind	 the	 double-stranded	molecule.	 The	 two
invading	 ends	 serve	 as	 primers	 for	DNA	 synthesis,	 resulting	 in	 structures	 known	 as	Holliday	 junctions.	These
Holliday	junctions	are	resolved	either	by	noncrossing	over,	 in	which	case	 the	Holliday	junctions	disengage	and
the	DNA	 strands	 align	 followed	 by	 gap	 filling,	 or	 by	 crossing	 over	 of	 the	Holliday	 junctions	 and	 gap	 filling.
Because	 inactivation	 of	 most	 of	 the	 HRR	 genes	 discussed	 previously	 results	 in	 radiosensitivity	 and	 genomic
instability,	these	genes	provide	a	critical	link	between	HRR	and	chromosome	stability.
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Figure	16.6	Schematic	of	the	critical	steps	and	proteins	involved	in	homologous	recombination
repair	(HRR).	The	process	of	HRR	can	be	divided	into	the	following	steps:	double-strand	break

(DSB)	targeting	by	H2AX	and	the	MRN	complex,	recruitment	of	the	ataxia-telangiectasia	mutation
(ATM)	kinase,	end	processing	and	protection,	strand	exchange,	single-strand	gap	filling,	and

resolution	into	unique	double-stranded	molecules.

Metabolism
Radiation	activates	free	radicals	or	reactive	oxygen	species	that	contribute	to	oxidative	damage	and	the	biologic
effects	of	radiation.15	One	of	the	protective	cellular	processes	activated	in	response	to	radiation-induced	oxidative
damage	is	increased	activity	of	the	Pentose	cycle.	Through	the	metabolism	of	glucose-6-phosphate	catalyzed	by
glucose-6-phosphate	 dehydrogenase	 (G6PD),	 NADPH	 is	 generated	 from	 NADP≶.	 NADPH	 is	 a	 key	 reductant
necessary	for	maintaining	antioxidants	and	reductive	biosynthesis	processes	of	deoxynucleotides.	Thus,	NADPH
is	involved	in	mitigating	the	oxidative	stress	induced	by	radiation	and	in	generating	the	deoxynucleotides	required
for	repair	of	radiation-induced	DNA	damage.	Furthermore,	underscoring	the	 importance	of	NADPH	in	survival
following	 radiation	 exposure,	 inhibition	 of	 the	 NADPH-producing	 enzyme	 isocitrate	 dehydrogenase	 1	 (IDH1)
sensitizes	cancer	cells	to	radiation.16

Innate	Immune	Response
The	 cGAS-STING	 innate	 immune	 pathway	 recognizes	 cytoplasmic	 DNA	 associated	 with	 microbial	 and	 viral
infections	 to	 initiate	 a	 type	 1	 interferon-dependent	 innate	 immune	 response.	 This	 same	 pathway,	 however,
recognizes	 cytoplasmic	 single-	 or	 double-stranded	 DNA	 associated	 with	 unrepaired	 or	 misrepaired	 radiation-
induced	 DNA	 damage.17	 Furthermore,	 following	 radiation-induced	 DNA	 double-strand	 breaks,	 fragments	 of
chromosomes	 lost	 during	mitosis,	 known	 as	micronuclei,	 also	 activate	 the	 innate	 immune	 response	 pathway.18
These	fragments	of	DNA	are	recognized	by	the	sensor	cGAS,	which	in	turn	activates	the	STING	pathway,	leading
to	the	production	of	type	1	interferons	and	activation	of	innate	immunity.	Activation	of	this	pathway	by	radiation
promotes	 the	 efficacy,	 including	 abscopal	 effects,	 of	 immune	 checkpoint	 therapies.	 The	 ability	 of	 radiation	 to
activate	this	pathway	and	induce	tumor	responses	in	combination	with	immunotherapy	is	influenced	by	the	dose
and	fractionation	schedule	with	8	Gy	for	three	fractions	being	more	effective	than	a	single	20-Gy	fraction.

Chromosome	Aberrations	Result	from	Faulty	DNA	Double-Strand	Break	Repair
Unfaithful	restitution	of	DNA	strand	breaks	can	lead	to	chromosome	aberrations	such	as	acentric	fragments	(no
centromeres)	or	 terminal	deletions	 (uncapped	chromosome	ends).	Radiation-induced	DNA	double-strand	breaks
also	 induce	exchange-type	aberrations	 that	are	 the	consequence	of	 symmetric	 translocations	between	 two	DNA
double-strand	breaks	in	two	different	chromosomes	(Fig.	16.7).	Symmetrical	chromosome	translocations	often	do
not	 lead	 to	 lethality	because	genetic	 information	 is	not	 lost	 in	 subsequent	 cell	 divisions.	 In	 contrast,	when	 two
DNA	 double-strand	 breaks	 in	 two	 different	 chromosomes	 recombine	 to	 form	 one	 chromosome	 with	 two
centromeres	and	two	fragments	of	chromosomes	without	centromeres	or	telomeres,	cell	death	is	inevitable.	These
types	 of	 chromosome	 aberrations	 are	 the	 consequence	 of	 asymmetrical	 chromosome	 translocations	 where	 the
genetic	material	is	recombined	in	what	has	been	termed	an	illegitimate	manner	(e.g.,	a	chromosome	containing	an
extra	centromere).
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Figure	16.7	Fluorescent	in	situ	hybridization	of	DNA	probes	that	specifically	recognize
chromosome	4.	In	unirradiated	cells	(top),	two	chromosome	4s	are	visualized.	In	irradiated	cells
(bottom),	one	chromosome	4	illegitimately	recombined	with	another	chromosome	to	produce	an

asymmetrical	chromosome	aberration,	with	resulting	acentric	fragments	that	will	be	lost	in



subsequent	cell	divisions.

During	mitosis,	when	a	cell	divides,	aberrant	chromosomes	that	have	two	centromeres,	lack	a	centromere,	or
are	 in	 the	 shape	of	 a	 ring	have	difficulty	 in	 separating,	 resulting	 in	daughter	 cells	with	unequal	 or	 asymmetric
distribution	of	 the	parental	genetic	material.	The	quantification	of	asymmetric	chromosome	aberrations	 induced
by	radiation	 is	difficult	and	has	 to	be	performed	by	 the	 first	cell	division	because	 these	aberrations	will	be	 lost
during	subsequent	cell	divisions.	For	this	reason,	symmetrical	chromosome	aberrations	have	been	used	to	assess
radiation-induced	 damage	 many	 generations	 after	 exposure	 because	 they	 are	 not	 lost	 from	 the	 population	 of
exposed	cells.	 In	 fact,	 symmetrical	 chromosome	aberrations	can	be	detected	 in	 the	descendants	of	 survivors	of
Hiroshima	and	Nagasaki,	indicating	that	they	are	stable	biomarkers	of	radiation	exposure.19

Membrane	Signaling
Apart	from	the	direct	of	effects	on	DNA,	radiation	also	affects	cellular	membranes.	As	part	of	the	cellular	stress
response,	radiation	activates	membrane	receptor	signaling	pathways	such	those	initiated	via	the	epidermal	growth
factor	 receptor	 (EGFR)	 and	 transforming	growth	 factor	 β	 (TGF-β).20,21	Activation	 of	 these	 pathways	 promotes
overall	 survival	 in	 response	 to	 radiation	 by	 promoting	 DNA	 damage	 repair	 and/or	 cellular	 proliferation.	 In
addition,	radiation	also	induces	ceramide	production	at	the	membrane	via	activation	of	sphingomyelinases,	which
hydrolyze	sphingomyelin	to	form	ceramide.	Ceramide	production	is	linked	to	radiation-induced	apoptosis.22

The	Effect	of	Radiation	on	Cell	Survival
The	major	potential	consequences	of	cells	exposed	to	ionizing	radiation	are	normal	cell	division,	DNA	damage–
induced	senescence	(reproductively	inactive	but	metabolically	active),	apoptosis,	or	mitotic-linked	cell	death	(Fig.
16.8).	These	manifestations	of	DNA	damage	can	occur	within	one	or	two	cell	divisions	or	can	manifest	at	 later
times	 after	many	 cell	 divisions.23	 Effects	 that	 occur	 at	 later	 times	 have	 been	 termed	delayed	 reproductive	 cell
death	and	may	also	be	influenced	by	secreted	factors	that	are	induced	in	response	to	radiation.24

The	ability	to	culture	cells	derived	from	both	normal	and	tumor	tissues	has	allowed	us	to	gain	insight	into	how
radiosensitivity	varies	between	tissues	by	analyzing	the	shape	of	survival	curves.	Survival	curves	of	tumor	cells
often	 possess	 a	 shouldered	 region	 at	 low	 doses	 that	 becomes	 shallower	 as	 the	 dose	 increases	 and	 eventually
becomes	exponential.	A	shoulder	on	a	survival	means	that	 these	low	doses	of	radiation	are	 less	efficient	 in	cell
killing,	presumably	because	cells	are	efficient	at	repairing	DNA	strand	breaks.4,5	Killing	at	low	doses	of	radiation
can	be	described	in	the	form	of	a	linear	quadratic	equation:	S	=	e−αD−βD2	(Fig.	16.9).25	 In	this	equation,	S	 is	 the
fraction	of	cells	that	survive	a	dose	(D)	of	radiation,	whereas	α	and	β	are	constants.	Cell	killing	by	the	linear	and
quadratic	components	are	equal	when	αD	=	βD2	or	D	=	α/β.	Over	a	 larger	dose	range,	 the	relationship	between
cell	killing	and	dose	is	more	complex	and	is	described	by	three	different	components:	an	initial	slope	(D1),	a	final
slope	 (Do),	 and	 the	 width	 of	 the	 shoulder	 (n,	 the	 extrapolation	 number)	 or	 Dq,	 the	 quasithreshold	 dose	 (Fig.
16.10).	The	extrapolation	number,	n,	defines	the	place	where	the	shoulder	intersects	the	ordinate	when	the	dose	is
extrapolated	to	zero,	and	the	quasithreshold	dose,	Dq,	defines	the	width	of	the	shoulder	by	cutting	the	dose	axis
when	 there	 is	a	survival	 fraction	of	unity.	 In	contrast	 to	photons,	 the	shoulder	on	 the	survival	curve	disappears
when	cells	are	exposed	to	densely	ionizing	radiation	from	particles,	indicating	that	this	form	of	radiation	is	highly
effective	at	killing	cells	at	both	low	and	high	doses.
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Figure	16.8	Consequences	of	exposure	to	ionizing	radiation	at	the	cellular	level.	Cells	exposed	to
ionizing	radiation	can	enter	a	state	of	senescence	where	they	are	unable	to	divide	but	are	still	able	to
secrete	growth	factors.	Alternatively,	cells	can	die	through	apoptosis	or	mitotic-linked	cell	death,	or

they	can	repair	their	DNA	damage	and	produce	viable	progeny.



Figure	16.9	An	analysis	of	survival	curves	for	mammalian	cells	exposed	to	radiation	by	the	linear
quadratic	model.	The	probability	of	hitting	a	critical	target	is	proportional	to	dose	(αD),	the	alpha
component.	The	probability	of	hitting	two	critical	targets	will	be	the	product	of	those	probabilities;
therefore,	it	will	be	proportional	to	dose	squared	(βD2),	the	beta	component.	The	dose	at	which

killing	by	both	the	alpha	and	beta	components	is	equal	is	defined	as	D	=	α/β.	(From	Hall	EJ,	Giaccia
AJ.	Radiobiology	for	the	Radiologist.	Philadelphia:	Lippincott	Williams	&	Williams;	2012,	with

permission.)

In	Vivo	Survival	Determination	of	Normal	Tissue	Response	to	Radiation
Much	of	our	knowledge	on	the	effects	of	radiation	on	cell	survival	has	come	from	cell	culture	studies.	In	addition,
experimental	approaches	to	assess	the	clonogenic	survival	of	some	normal	tissues	such	as	bone	marrow–derived,
skin,	and	small	intestinal	cells26–28	are	used.	Because	organ	function	rather	than	cell	survival	following	radiation	is
the	most	important	clinical	issue,	loss	of	tissue	function	has	been	used	as	an	end	point	to	assess	radiation	effects.
Effects	on	tissue	function	can	be	grouped	into	the	acute	or	late	variety.	Desquamation	of	skin	by	radiation	is	an
example	of	an	acute	loss	of	function,	whereas	loss	of	spinal	cord	function	is	an	example	of	a	late	functional	effect.
Acutely	 sensitive	 tissues	 such	as	 skin,	 bone	marrow,	 and	 intestinal	mucosa	possess	 a	 significant	 component	of
tissue	 cell	 division,	whereas	 delayed	 sensitive	 tissues,	 such	 as	 spinal	 cord,	 breast,	 and	 bone,	 do	 not	 possess	 a
significant	amount	of	cell	division	or	turnover	and	manifest	radiation	effects	at	later	times.

Figure	16.10	An	analysis	of	survival	curves	for	mammalian	cells	exposed	to	radiation	by	the
multitarget	model.	This	survival	is	described	by	an	initial	slope	(D1;	dose	to	decreased	survival	to
37%	on	initial	portion	of	the	curve),	a	final	slope	(D0;	dose	to	decrease	survival	from	starting	point
to	37%	of	that	point	on	straight	line	portion	of	the	curve),	an	extrapolation	number	(n;	an	estimate
of	the	width	of	the	shoulder),	and	a	quasithreshold	(Dq;	a	type	of	threshold	dose	below	which
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radiation	has	no	effect).	(From	Hall	EJ,	Giaccia	AJ.	Radiobiology	for	the	Radiologist.	Philadelphia:
Lippincott	Williams	&	Williams;	2012,	with	permission.)

In	Vivo	Determination	of	Tumor	Response	to	Radiation
Assays	have	also	been	developed	to	assess	the	clonogenic	survival	of	 tumor	cells	 in	animals.	Perhaps,	 the	most
relevant	of	these	assays	is	the	tumor	control	dose	50%	(TCD50)	assay,29	in	which	the	dose	of	radiation	needed	to
control	 the	 growth	of	 50%	of	 the	 tumors	 is	 determined	 in	 large	 cohorts	 of	 tumor-bearing	 animals.	The	TCD50
assay	in	animals	most	closely	approximates	the	clinical	situation	because	tumors	are	irradiated	in	animals	and	the
ability	 to	 kill	 all	 viable	 tumor	 cells	 is	 assessed.	Unlike	 assays	 in	which	 tumor	 cells	 are	 irradiated	 ex	 vivo,	 the
TCD50	assay	takes	into	account	the	effects	of	the	tumor	microenvironment	on	tumor	response.	In	contrast	to	the
TCD50	assay,	the	tumor	growth	delay	assay	reflects	the	time	after	irradiation	that	a	transplanted	tumor	reaches	a
fixed	multiple	of	the	pretreatment	volume	compared	to	an	unirradiated	control.	This	end	point	can	be	achieved	by
measuring	 tumor	volume	 through	 the	use	of	 calipers	or	by	a	noninvasive	measurement	of	 tumor	volume	using
bioluminescent	molecules	such	as	luciferase	or	fluorescent	proteins.	In	the	latter	approach,	all	the	tumor	cells	are
stably	 transfected	 with	 a	 bioluminescent	 marker	 before	 implantation,	 and	 tumor	 growth	 is	 measured	 by
bioluminescent	 activity.30	 The	 advantage	 of	 this	 approach	 is	 that	 tumor	 cells	 can	 be	 assessed	 even	 if	 they	 are
orthotopically	 transplanted	 into	 their	 tissue	of	origin.	 In	another	approach,	 tumors	or	cells	are	 first	 irradiated	 in
vivo,	 the	 tumor	 is	excised	and	made	 into	a	single-cell	 suspension,	and	 these	cells	are	 then	 injected	 into	a	non–
tumor-bearing	animal.	If	the	cells	are	injected	subcutaneously	under	the	skin,	the	end	point	is	tumor	formation.31
If	the	tumor	cells	are	injected	in	the	tail	vein	of	the	mouse,	the	end	point	is	colony	formation	in	the	lungs.32	The
major	advantage	of	these	assays	is	that	the	actual	number	of	viable	cells	can	be	determined.

FACTORS	THAT	AFFECT	RADIATION	RESPONSE
The	Fundamental	Principles	of	Radiobiology
The	 fundamental	 principles	 of	 fractionated	 radiotherapy	 include	 repair,	 reassortment,	 and	 repopulation	 (Fig.
16.11).	(Reoxygenation,	described	in	the	following	paragraphs,	 is	 the	fourth).	Split-dose	repair	(SDR)	describes
the	increased	survival	or	tumor	growth	delay	found	if	a	dose	of	radiation	is	split	into	two	fractions	compared	to
the	same	dose	administered	in	one	fraction.	This	repair	is	likely	due	to	DNA	double-strand	break	rejoining.	Elkind
et	al.33	found	that	the	survival	of	cells	increased	with	an	increase	in	time	between	doses	for	up	to	a	maximum	of
about	6	hours.	This	finding	is	consistent	with	the	clinical	observation	that	a	separation	of	radiation	treatments	by	6
hours	produces	similar	normal	tissue	injury	as	a	24-hour	separation.	The	shoulder	of	a	survival	curve	is	strongly
influenced	by	SDR:	The	broader	the	shoulder,	the	more	SDR	and	the	smaller	the	α/β	ratio.

Similar	to	repair,	reassortment	and	repopulation	are	also	dependent	on	the	interval	of	time	between	radiation
fractions.	If	cells	are	given	short	time	intervals	between	doses,	they	can	progress	from	a	resistant	portion	of	the
cell	cycle	(e.g.,	S	phase)	to	a	sensitive	portion	of	the	cell	cycle	(e.g.,	G2	phase).	This	transit	between	resistant	and
sensitive	phases	of	the	cell	cycle	is	termed	reassortment.	If	irradiated	cells	are	provided	even	longer	intervals	of
time	 between	 doses,	 the	 survival	 of	 the	 population	 of	 irradiated	 cells	will	 increase.	 This	 increase	 in	 split-dose
survival	after	longer	periods	of	time	is	the	result	of	cell	division	and	has	been	termed	repopulation.	Reassortment
and	repopulation	appear	to	have	more	protracted	kinetics	in	normal	tissues	than	rapidly	proliferating	tumor	cells
and	thereby	enhance	the	tumor	response	to	fractionated	radiotherapy	compared	to	normal	tissues.



Figure	16.11	Idealized	survival	curve	of	rodent	cells	exposed	to	two	fractions	of	x-rays.	This
figure	illustrates	how	the	time	interval	between	doses	alters	the	sensitivity	of	cells	when	exposed	to
multiple	fractions.	In	this	case,	cells	move	from	a	resistant	phase	of	the	cell	cycle	(late	S	phase)	to	a
sensitive	phase	of	the	cell	cycle	(G2	phase).	This	is	known	as	reassortment.	If	longer	periods	of
time	occur	between	fractions	of	radiation,	cells	will	undergo	division.	This	latter	process	is	called
repopulation.	SLD,	sublethal	damage.	(From	Hall	EJ,	Giaccia	AJ.	Radiobiology	for	the	Radiologist.

Philadelphia:	Lippincott	Williams	&	Williams;	2012,	with	permission.)

Dose-Rate	Effects
For	sparsely	ionizing	radiation,	dose	rate	plays	a	critical	factor	in	cell	killing.	Lowering	the	dose	rate,	and	thereby
increasing	 exposure	 time,	 reduces	 the	 effectiveness	 of	 killing	 by	 x-rays	 because	 of	 increased	 SDR.	 A	 further
reduction	in	dose	rate	results	in	more	SDR	and	reduces	the	shoulder	of	the	survival	curve.	Thus,	if	one	plots	the
survival	for	individual	doses	in	a	multifraction	experiment	so	that	 there	is	sufficient	time	for	SDR	to	occur,	 the
resulting	 survival	 curve	 would	 have	 little	 shoulder	 and	 appear	 almost	 linear.34	 In	 some	 cell	 types,	 there	 is	 a
threshold	to	the	lowering	of	dose	rate,	and	in	fact,	one	paradoxically	finds	an	increase,	instead	of	a	decrease,	in
cell	killing.	This	increase	in	cell	killing	under	these	conditions	of	protracted	dose	rate	is	due	to	the	accumulation
of	 cells	 in	 a	 radiosensitive	 portion	 of	 the	 cell	 cycle.	 In	 summary,	 the	magnitude	 of	 the	 dose-rate	 effect	 varies
between	cell	types	because	of	SDR,	the	redistribution	of	cells	through	the	cell	cycle,	and	the	time	for	cell	division
to	occur.

Relative	Biologic	Effectiveness
The	relative	biologic	effectiveness	(RBE)	refers	to	the	ratio	of	the	biologic	effectiveness	of	one	type	of	ionizing
radiation	relative	to	another,	given	the	same	amount	of	absorbed	energy.	The	RBE	for	different	types	of	radiation
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affects	the	response	to	radiation.	For	example,	protons	have	an	RBE	that	is	1.1	times	that	of	conventional	photon
radiation,	meaning	that	protons	are	10%	more	effective	biologically	than	photons.	Although	the	RBE	of	protons	is
assumed	 to	 have	 a	 constant	 value	 of	 1.1,	 it	 is	 an	 average	 that	 varies	 depending	 on	 the	 dose	 depth,	 dose	 per
fraction,	and	tissue	type.35	Specifically,	the	RBE	for	protons	is	close	to	1	in	the	entrance	regions	of	the	tissue	but
higher	than	1.1	in	the	deeper	regions	of	the	tissue.	This	implies	that	if	the	high-RBE	region	is	in	normal	tissues	or,
conversely,	if	the	low-RBE	region	is	in	tumor	tissue,	then	the	potential	clinical	benefit	of	proton	therapy	would	be
minimized.

Stereotactic	Radiosurgery	and	Stereotactic	Body	Radiation	Therapy
Stereotactic	 radiosurgery	 (SRS)	and	 stereotactic	body	 radiation	 therapy	 (SBRT)	are	commonly	used	 techniques
that	 involve	 the	 delivery	 of	 high-dose	 radiation	 (approximately	 8	 to	 30	 Gy)	 in	 one	 fraction	 (SRS)	 or	 several
fractions	(SBRT).	Despite	the	basic	radiobiology	principles	supporting	the	benefit	of	conventional	fractionation,
the	 clinical	 results	with	 SRS	 and	 SBRT	 have	 been	 impressive	 and	 highlight	 the	 potential	 biologic	 differences
between	conventional	radiation	fractionation	doses	and	high-dose	SRS	and	SBRT.36	Specifically,	 large	doses	of
radiation	(>10	Gy	per	fraction)	yield	greater	tumor	effects	than	predicted	by	standard	radiobiology	models	used
for	conventional	radiation	doses.	One	potential	biologic	difference	between	high	and	conventional	radiation	doses
is	in	the	response	of	the	endothelial	cells.37	High-dose	radiation	induces	apoptosis	of	endothelial	cells	to	promote
indirect	tumor	cell	killing.	In	addition,	antitumor	immunity	is	influenced	by	radiation	dose	whereby	high	doses	of
radiation	(≥8	Gy)	are	most	effective.17,38	The	biology	contributing	to	the	enhanced	effects	of	high-dose	radiation
on	antitumor	immunity	may	involve	activation	of	the	innate	immune	pathway	described	earlier.

Cell	Cycle
The	phase	 of	 the	 cell	 cycle	 at	 the	 time	of	 radiation	 influences	 the	 cell’s	 inherent	 sensitivity	 to	 radiation.	Cells
synchronized	in	late	G1/early	S	and	G2/M	phases	are	most	sensitive,	whereas	cells	in	G1	and	mid	to	late	S	phase
are	more	resistant	to	radiation.1	These	differences	in	sensitivity	during	the	cell	cycle	are	exploited	by	the	concept
of	reassortment	during	fractioned	radiotherapy	as	well	by	the	use	of	chemotherapeutic	agents,	which	reassort	cells
into	more	sensitive	phases	of	the	cell	cycle	in	combination	with	radiation.

Tumor	Oxygenation
The	major	microenvironmental	influence	on	tumor	response	to	radiation	is	molecular	oxygen.39	Decreased	levels
of	 oxygen	 (hypoxia)	 in	 tissue	 culture	 result	 in	 decreased	 killing	 after	 radiation,	which	 can	 be	 expressed	 as	 an
oxygen	enhancement	 ratio	 (OER).	Operationally,	OER	 is	defined	as	 the	 ratio	of	doses	 to	give	 the	 same	killing
under	hypoxic	and	normoxic	conditions.	At	high	doses	of	radiation,	the	OER	is	approximately	3,	whereas	at	low
doses,	it	is	closer	to	2.40	Oxygen	must	be	present	within	10	μs	of	irradiation	to	achieve	its	radiosensitizing	effect.
Under	 hypoxic	 conditions,	 damage	 to	 DNA	 can	 be	 repaired	 more	 readily	 than	 under	 oxic	 conditions,	 where
damage	to	DNA	is	“fixed”	because	of	the	interaction	of	oxygen	with	free	radicals	generated	by	radiation.	These
changes	 in	 radiation	 sensitivity	 are	 detectable	 at	 oxygen	 ranges	 below	 30	mm	Hg.	Most	 tumor	 cells	 exhibit	 a
survival	 difference	halfway	between	 fully	 aerobic	 and	 fully	 anoxic	 cells	when	 exposed	 to	 a	 partial	 pressure	of
oxygen	between	3	 and	10	mm	Hg.1	The	 presence	 of	 hypoxia	 has	 greater	 significance	 for	 single-dose	 fractions
used	in	the	treatment	of	certain	primary	tumors	and	metastases	and	is	less	important	for	fractionated	radiotherapy,
where	reoxygenation	occurs	between	fractions.	Furthermore,	most	hypoxic	cells	are	not	actively	undergoing	cell
division,	thus	impeding	the	efficacy	of	conventional	chemotherapeutic	agents	that	are	targeted	to	actively	dividing
cells.

Although	normal	tissue	and	tumors	vary	in	their	oxygen	concentrations,	only	tumors	possess	levels	of	oxygen
low	 enough	 to	 influence	 the	 effectiveness	 of	 radiation	 killing.	 Although	 the	 variations	 in	 normal	 tissue
oxygenation	are	in	large	part	due	to	physiology	governing	acute	changes	in	oxygen	consumption,	the	variations	in
tumor	 oxygen	 can	 be	 directly	 attributed	 to	 abnormal	 vasculature	 that	 results	 in	 a	 more	 chronic	 condition.
Thomlinson	and	Gray41	observed	that	variations	in	tumor	oxygen	occur	because	there	is	insufficient	vasculature	to
provide	oxygen	to	all	tumor	cells.	They	hypothesized	that	oxygen	is	unable	to	reach	tumor	cells	beyond	10	to	12
cell	diameters	from	the	lumen	of	a	tumor	blood	vessel	because	of	metabolic	consumption	by	respiring	tumor	cells.
This	form	of	hypoxia	caused	by	metabolic	consumption	of	oxygen	has	been	termed	chronic	or	diffusion-mediated
hypoxia.	In	contrast,	changes	in	blood	flow	due	either	to	interstitial	pressure	changes	in	tumor	blood	vessels	that
lack	a	smooth	muscle	component	or	red	blood	cell	fluxes	can	cause	transient	occlusion	of	blood	vessels,	resulting
in	acute	or	transient	hypoxia.	Chronically	hypoxic	cells	will	only	become	reoxygenated	when	their	distance	from



the	 lumen	 of	 a	 blood	 vessel	 decreases,	 such	 as	 during	 fractionated	 radiotherapy	 when	 targeted	 tumor	 regions
shrink.	In	contrast,	tumor	cells	that	are	acutely	hypoxic	because	of	changes	in	blood	flow	or	interstitial	pressure
often	cycle	in	an	unpredictable	manner	between	oxic	and	hypoxic	states	as	blood	flow	changes.

Based	 on	 studies	 demonstrating	 that	 hypoxia	 can	 alter	 radiation	 sensitivity	 and	 decrease	 tumor	 control	 by
radiotherapy,	 strategies	 have	 been	 developed	 to	 increase	 tumor	 oxygenation.	Most	 importantly,	 it	 appears	 that
tumor	oxygen	 levels	 increase	during	a	course	of	 fractionated	 radiation.	This	may	be	one	of	 the	most	 important
benefits	of	fractionated	radiation	and	is	termed	reoxygenation	(the	fourth	of	the	four	Rs	of	radiobiology).	Tumor
reoxygenation	 during	 a	 course	 of	 fractionated	 radiation	may	 also	 offer	 an	 explanation	 for	 the	 general	 lack	 of
clinical	efficacy	of	hypoxic	cell	sensitizers	despite	the	clear	evidence	that	hypoxia	causes	radioresistance.	Aside
from	using	fractionated	radiation,	the	most	direct	approach	to	increasing	tumor	oxygenation	is	to	expose	patients
receiving	radiotherapy	to	hyperbaric	oxygen	therapy,	which	may	have	some	limited	efficacy	in	head	and	neck	and
cervix	 cancers.42	 Another	 less	 commonly	 used	 strategy	 to	 increase	 tumor	 oxygenation	 is	 the	 combined	 use	 of
nicotinamide	 (to	 increase	 tissue	 perfusion)	 and	 carbogen	 (95%	 O2	 and	 5%	 CO2)	 breathing	 (accelerated
radiotherapy	with	carbogen	and	nicotinamide	[ARCON]	therapy).43

Because	the	presence	of	hypoxia	has	both	prognostic	and	potential	therapeutic	implications,	a	substantial	effort
has	been	invested	in	trying	to	image	hypoxia.44	The	goal	of	using	imaging	to	“paint”	radiation	doses	to	different
regions	of	tumors,	although	technically	possible	(as	described	in	the	later	section,	“Radiation	Physics”),	faces	the
problem	that	changes	 in	oxygenation	are	dynamic.45	 In	 the	future,	hypoxia-directed	 treatment	may	evolve	from
the	use	of	hypoxic	cell	 cytotoxins	 to	 targeted	drugs	 that	 exploit	 cellular	 signaling	changes	 induced	by	hypoxia
such	as	hypoxia-inducible	factor	1α	(HIF-1α).	However,	despite	the	strong	rationale	supporting	their	use,	at	this
time,	there	are	no	agents	used	in	the	clinic	that	target	hypoxia.

Immune	Response
The	abscopal	effects	of	radiation	(i.e.,	tumor	cell	killing	outside	of	the	radiation	field)	have	been	attributed	to	the
activation	of	antigen	and	cytokine	release	by	radiation,	which	subsequently	activates	a	systemic	immune	response
against	 tumor	 cells.46,47	 This	 response	 begins	 with	 the	 transfer	 of	 tumor	 cell	 antigens	 to	 dendritic	 cells	 and,
subsequently,	the	activation	of	tumor-specific	T	cells	and	immunogenic	tumor	cell	death.	It	is	likely	that	radiation
dose	and	fractionation	influence	the	optimal	immune	response	with	higher	doses	and	fewer	fractions	of	radiation
than	those	used	in	conventional	fractionation	schemes	appearing	superior	in	experimental	models.	Unfortunately,
abscopal	effects	are	uncommon	because	immune	system	evasion	is	an	inherent	characteristic	of	cancer	cells	that
often	dominates,	even	 in	 the	presence	of	a	 radiation-induced	 immune	 response.	Strategies	 to	amplify	 radiation-
induced	 immune	 responses,	 and	 thus	 to	 overcome	 tumor	 cell	 evasion	 of	 the	 immune	 system,	 are	 under
investigation	(described	later	in	this	chapter).

Genetic	Signatures
Genetic	signatures	have	been	identified	in	an	effort	to	predict	tumor	response	and	toxicity	for	radiation	therapy.
For	 example,	 in	 prostate	 cancer	 patients	 receiving	 radiation	 therapy,	 a	 19-gene	 messenger	 RNA	 (mRNA)
signature	was	 identified	consisting	of	many	upregulated	DNA	repair	genes	 that	predicted	radiation	resistance.48
Furthermore,	a	24-gene	signature	predicted	the	probability	of	metastasis	following	postoperative	radiotherapy	for
prostate	cancer.49	Similar	signatures	have	been	developed	for	predicting	the	radiation	sensitivity	of	head	and	neck
and	breast	cancers.	Speers	et	al.50	established	a	51-gene	radiosensitivity	signature,	enriched	for	genes	involved	in
the	cell	cycle	and	DNA	repair,	to	predict	breast	cancers	that	are	refractory	to	radiation	and	hence	more	likely	to
recur	locally.	In	addition	to	predicting	tumor	responses,	efforts	are	underway	to	establish	signatures	that	predict
radiation-induced	toxicity.51

DRUGS	THAT	AFFECT	RADIATION	SENSITIVITY
For	 over	 30	 years,	 chemotherapy	 and	 radiotherapy	 have	 been	 administered	 concurrently.	 To	 maximize	 the
efficacy	 of	 radiochemotherapy,	 it	 is	 necessary	 to	 understand	 the	 biologic	 mechanisms	 underlying
radiosensitization	by	chemotherapeutic	agents.	The	several	classes	of	standard	chemotherapeutic	agents	as	well	as
novel	molecularly	targeted	agents	that	possess	radiosensitizing	properties	are	discussed	in	this	section.

Antimetabolites
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5-Fluorouracil	 is	among	the	most	commonly	used	chemotherapeutic	radiation	sensitizers.	Given	in	combination
with	radiation,	it	has	led	to	clinical	improvements	in	a	variety	of	cancers,	including	those	of	the	head	and	neck,	the
esophagus,	the	stomach,	the	pancreas,	the	rectum,	the	anus,	and	the	cervix.	The	combination	of	5-fluorouracil	with
radiation	 is	now	a	 standard	 therapy	 for	 cancers	of	 the	 stomach	 (adjuvant),	 the	pancreas	 (unresectable),	 and	 the
rectum.	 For	 other	 cancers	 such	 as	 head	 and	 neck,	 esophagus,	 or	 anal	 cancer,	 5-fluorouracil	 and	 radiation	 are
combined	with	cisplatin	or	mitomycin	C,	respectively.	Being	an	analog	of	uracil,	5-fluorouracil	is	misincorporated
into	 RNA	 and	DNA.	However,	 the	 ability	 of	 5-fluorouracil	 to	 radiosensitize	 is	 related	 to	 its	 ability	 to	 inhibit
thymidylate	synthase,	which	leads	to	the	depletion	of	thymidine	triphosphate	(dTTP)	and	the	inhibition	of	DNA
synthesis.	This	slowed,	 inappropriate	progression	through	S	phase	in	response	to	5-fluorouracil	 is	 thought	 to	be
the	mechanism	underlying	radiosensitization.52	Similar	 to	5-fluorouracil,	 the	oral	 thymidylate	synthase	inhibitor
capecitabine	is	also	being	increasingly	used	in	combination	with	radiation.

Gemcitabine	 (2′,2′-difluoro-2′-deoxycytidine	 [dFdCyd])	 is	 another	 potent	 antimetabolite	 radiosensitizer.
Preclinical	 studies	 have	 demonstrated	 that	 radiosensitization	 by	 gemcitabine	 involves	 the	 depletion	 of
deoxyadenosine	 triphosphate	 (dATP)	 (related	 to	 the	 ability	 of	 gemcitabine	 diphosphate	 [dFdCDP]	 to	 inhibit
ribonucleotide	 reductase)	 as	 well	 as	 the	 redistribution	 of	 cells	 into	 the	 early	 S	 phase	 of	 the	 cell	 cycle.53	 The
combination	of	gemcitabine	with	radiation	in	clinical	trials	has	suggested	improved	clinical	outcomes	for	patients
with	cancers	of	the	lung,	pancreas,	and	bladder.	Gemcitabine-based	chemoradiation	has	developed	into	a	standard
therapy	for	locally	advanced	pancreatic	cancer.	However,	in	some	clinical	trials,	such	as	those	in	lung	and	head
and	neck	cancers,	the	combination	of	gemcitabine	with	radiation	has	led	to	increased	mucositis	and	esophagitis.54
Thus,	 it	 should	be	 emphasized	 that	 in	 the	presence	of	gemcitabine,	 radiation	 fields	must	 be	defined	with	great
caution.	Such	is	the	case	with	pancreatic	cancer,	where	the	combination	of	full-dose	gemcitabine	with	radiation	to
the	gross	tumor	can	be	safely	administered	only	if	clinically	uninvolved	lymph	nodes	are	excluded.55

Platinums	and	Temozolomide
Cisplatin	 is	 likely	 the	 most	 commonly	 used	 chemotherapeutic	 agent	 in	 combination	 with	 radiation.	 Although
cisplatin	was	the	prototype	for	several	other	platinum	analogs,	carboplatin	is	also	frequently	used	in	combination
with	 radiation.	 Cisplatin,	 in	 combination	 with	 radiation	 and	 sometimes	 in	 conjunction	 with	 a	 second
chemotherapeutic	 agent,	 is	 indicated	 for	 cancers	 of	 the	 head	 and	 neck,	 esophagus	 (with	 5-fluorouracil),	 lung,
cervix,	and	anus.	Radiosensitization	by	cisplatin	is	related	to	its	ability	to	cause	inter-	and	intrastrand	DNA	cross-
links.	Removal	of	 these	cross-links	during	 the	 repair	process	 results	 in	DNA	strand	breaks.	Although	 there	are
multiple	 theories	 to	 explain	 the	mechanism(s)	 of	 radiosensitization	by	 cisplatin,	 two	plausible	 explanations	 are
that	 cisplatin	 inhibits	 the	 repair	 (both	HRR	and	NHEJ)	 of	 radiation-induced	DNA	double-strand	breaks	 and/or
increases	the	number	of	lethal	radiation-induced	double-strand	breaks.56

Temozolomide	 in	 combination	 with	 radiation	 is	 standard	 therapy	 for	 glioblastoma.	 Temozolomide	 is	 an
alkylating	agent	that	forms	methyl	adducts	at	the	O6	position	of	guanine	(as	well	as	at	N7-	and	N3-guanine)	that
are	 subsequently	 improperly	 repaired	 by	 the	 mismatch	 repair	 pathway.	 Radiosensitization	 by	 temozolomide
involves	the	inhibition	of	DNA	repair	and/or	an	increase	in	radiation-induced	DNA	double-strand	breaks	due	to
radiation-induced	single-strand	breaks	in	proximity	to	O6	methyl	adducts.	Like	cisplatin,	temozolomide-mediated
radiosensitization	does	not	seem	to	require	cell	cycle	redistribution.

Taxanes
The	taxanes,	paclitaxel	and	docetaxel,	act	to	stabilize	microtubules	resulting	in	the	accumulation	of	cells	in	G2/M,
the	most	radiation-sensitive	phase	of	the	cell	cycle.	The	radiosensitizing	properties	of	the	taxanes	are	thought	to	be
attributable	 to	 the	 redistribution	of	cells	 into	G2/M.	Paclitaxel,	 in	combination	with	 radiation	(and	carboplatin),
has	demonstrated	a	clinical	benefit	in	the	treatment	of	resectable	lung	carcinoma.57

Molecularly	Targeted	Agents
Molecularly	 targeted	 agents	 are	 especially	 appealing	 in	 the	 context	 of	 radiosensitization	 because	 they	 are
generally	less	toxic	than	standard	chemotherapeutic	agents	and	need	to	be	given	in	multimodality	regimens	(given
their	often	inadequate	efficacy	as	single	agents).	The	EGFR	has	been	intensely	pursued	as	a	target;	both	antibody
and	 small-molecule	EGFR	 inhibitors,	 such	 as	 cetuximab	 and	 erlotinib,	 respectively,	 have	 been	 developed.	The
head	and	neck	seem	to	be	the	most	promising	tumor	sites	for	the	combination	of	EGFR	inhibitors	with	radiation
therapy.	Preclinical	data	have	demonstrated	that	the	schedule	of	administration	of	EGFR	inhibitors	with	radiation



is	important;	EGFR	inhibition	before	chemoradiation	may	produce	antagonism.58	In	a	randomized	phase	III	trial,
cetuximab	plus	 radiation	produced	a	significant	survival	advantage	over	 radiation	alone	 in	patients	with	 locally
advanced	 head	 and	 neck	 cancer.59	 In	 a	 subsequent	 trial,	 however,	 cetuximab	 in	 combination	 with	 concurrent,
cisplatin-based	 chemoradiation	 failed	 to	 produce	 a	 survival	 benefit	 in	 head	 and	 neck	 cancer	 patients.60	 The
combination	of	EGFR	inhibitor	with	cisplatin	and	radiation	requires	further	preclinical	investigation.

Although	 EGFR	 inhibition,	 concurrent	 with	 radiation,	 is	 by	 far	 the	 best	 established	 combination	 of	 a
molecularly	 targeted	 agent	 with	 radiation,	 other	 exciting	 molecularly	 targeted	 agents	 are	 being	 developed	 as
radiation	sensitizers.	Targeting	DNA	damage	response	pathways	is	one	approach	to	radiosensitization.	Agents	that
target	 the	 radiation-induced	DNA	damage	 response,	 such	 as	WEE1	 inhibitors,	 have	 completed	phase	 I	 clinical
trials	 in	 combination	 with	 chemotherapy	 and	 are	 currently	 in	 clinical	 development	 in	 combination	 with
chemoradiation.61,62	 In	 addition,	 poly	 (ADP-ribose)	 polymerase	 (PARP)	 inhibitors	 have	 been	 demonstrated	 to
preclinically	 induce	 radiosensitization,	 and	 several	 clinical	 trials	 combining	 PARP	 inhibitors	 with	 radiation
therapy	are	underway.

Immunotherapy
Inhibitors	of	 the	 immune	checkpoint	have	been	developed	 to	disrupt	 the	 interactions	between	 ligands	on	 tumor
cells	(programmed	cell	death	protein	ligand	1	[PD-L1])	and	receptors	on	T	cells	(programmed	cell	death	protein	1
[PD-1];	cytotoxic	T-lymphocyte	antigen	4	[CTLA-4])	to	increase	T-cell–mediated	tumor	cell	killing	(see	Chapter
17).	 One	 such	 example	 is	 the	 CTLA-4	 antibody	 ipilimumab,	 which	 is	 approved	 by	 the	 U.S.	 Food	 and	 Drug
Administration	 (FDA)	 for	 the	 treatment	 of	metastatic	melanoma.	Given	 that	 radiation	 has	 immune	 stimulatory
effects,	 synergy	 between	 radiation	 and	 immune	 checkpoint	 inhibitors	 is	 an	 intense	 area	 of	 investigation.	 In
preclinical	models,	radiation	does	improve	the	efficacy	of	immune	checkpoint	therapy.63	In	patients,	early	clinical
trials	 have	 suggested	 some	 benefit	 of	 combining	 immune	 checkpoint–blocking	 antibodies	 with	 radiation.	 For
example,	in	a	phase	I	trial,	ipilimumab	in	combination	with	hypofractionated	radiation	produced	abscopal	tumor
responses	in	18%	of	patients	with	metastatic	melanoma.64	Furthermore,	another	phase	I	trial	demonstrated	that	the
combination	 of	 ipilimumab	 and	 radiation	 produced	 a	 clinical	 benefit	 in	 23%	 of	 patients	 with	metastatic	 solid
malignancies.65	Whereas	 ipilimumab	 is	 the	most	mature	of	 the	 immune	checkpoint	 therapies,	PD-L1	and	PD-1
antibodies	 in	 combination	 with	 radiation	 have	 produced	 anecdotal	 response	 in	 small	 numbers	 of	 patients.66
Several	prospective	trials	are	currently	evaluating	PD-1	and	PD-L1	inhibition	in	combination	with	radiation	with
encouraging	initial	results	for	the	PD-L1	inhibitor	pembrolizumab	reported	for	high-grade	gliomas	and	metastatic
colorectal	cancer.67,68

Radiation	Protection
Also	worth	mention	 in	 a	 discussion	 of	modulators	 of	 radiation	 sensitivity	 are	 agents	 designed	 to	 radioprotect
normal	tissues.	One	such	type	of	drug,	amifostine,	is	a	free	radical	scavenger	with	some	selectivity	toward	normal
tissues	that	express	more	alkaline	phosphatase	than	tumor	cells,	the	enzyme	of	which	converts	amifostine	to	a	free
thiol	metabolite.	Clinical	 trials	 in	 head	 and	 neck	 and	 lung	 cancers	 have	 shown	 a	 reduction	 in	 radiation-related
toxicities	such	as	xerostomia,	mucositis,	esophagitis,	and	pneumonitis,	respectively.69,70	However,	further	clinical
investigations	are	necessary	to	conclusively	demonstrate	a	lack	of	tumor	protection	and	safety	in	combination	with
chemoradiotherapy	regimens.

RADIATION	PHYSICS
Physics	of	Photon	Interactions
Tumors	requiring	radiation	can	be	found	at	depths	ranging	from	zero	to	tens	of	centimeters	below	the	skin.	The
goal	of	 treatment	 is	 to	deliver	sufficient	 ionizing	radiation	to	 the	tumor	site,	which	can	result	 in	absorbed	dose.
This	involves	both	the	availability	of	treatment	beams	and	delivery	techniques	and	methods	to	plan	the	treatments
and	ensure	their	safe	delivery.	This	section	establishes	the	general	physical	basis	for	the	use	of	ionizing	radiation
in	the	treatment	of	tumors,	briefly	describes	some	of	the	treatment	equipment,	indicates	physical	qualities	of	the
treatment	 beams	 themselves,	 and	 summarizes	 the	 treatment	 planning	 process.	Those	who	desire	more	 in-depth
detail	are	referred	to	textbooks	and	other	resources	dedicated	to	medical	physics	and	the	technological	aspects	of
radiation	 oncology	 (updated	 annually71).	 Most	 patients	 who	 are	 treated	 with	 radiation	 receive	 high-energy
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external-beam	photon	therapy.	Here,	“external”	indicates	that	the	treatment	beam	is	generated	and	delivered	from
outside	the	body.	High-energy	(6	to	20	MV)	photon	beams	(electromagnetic	radiation)	penetrate	tissue,	enabling
the	treatment	of	deep-seated	tumors.	Modern	equipment	generates	these	beams	with	sufficient	fluence	to	ensure
delivery	of	therapeutic	fractions	of	dose	in	short	treatment	sessions.	Other	types	of	particles	and	beams	also	exist
for	use	in	treating	tumors	both	externally	and	internally.	They	are	mentioned	briefly	later.	However,	as	external
photon	 beams	 dominate	 the	 practice	 (and	 as	 common	 basic	 physics	 principles	 related	 to	 delivered	 dose	 exist
among	the	modalities),	the	focus	here	is	on	photon	beam	generation	and	interactions	in	tissue.

As	mentioned	earlier,	ionizing	radiation	kills	cells	via	both	direct	and	indirect	mechanisms.	Radiation	therapy
aims	 to	 instigate	 those	 ionizations	 and	 events	 in	 the	 tumor	 cells.	 Photons	 are	massless,	 uncharged	 packets	 of
energy	that	primarily	interact	with	matter	via	electromagnetic	processes.	As	a	consequence	of	those	interactions,
an	incident	photon	can	become	either	entirely	absorbed	(giving	up	its	energy	to	the	ejection	of	an	atomic	electron
[photoelectric	effect]),	create	an	energetic	electron-positron	pair	(pair	production),	or	scatter	off	an	electron	with
reduction	 in	 energy	 and	 change	 in	 direction	 and	 subsequent	 transfer	 of	 parts	 of	 its	 energy	 to	 the	 free	 electron
(Compton	 scattering).	 The	 secondary	 electrons	 generated	 as	 a	 consequence	 of	 these	 interactions	 have	 residual
energy,	mass,	and,	most	important,	electric	charge.	They	slow	down	in	matter	through	multiple	interactions	with
(primarily)	the	electrons	of	atoms,	leading	to	excitation	and	ionization	of	those	atoms.	These	ionizations	(hence
the	term	ionizing	radiation)	lead	to	local	absorption	of	energy	(i.e.,	dose	=	energy	absorbed	per	unit	mass)	and	the
direct	and	indirect	cell-killing	effects	necessary	to	treat	tumors.

Thus,	the	use	of	external	photon	beams	for	cancer	therapy	involves	a	two-step	process:	interaction	(scattering)
of	 the	 photons,	 with	 subsequent	 dose	 deposition	 via	 the	 secondary	 electrons.	 The	 probability	 of	 photon
interactions	 is	 energy	 dependent.	 Photoelectric	 interactions	 dominate	 at	 lower	 photon	 energies.	Whereas	 these
beams	are	ideal	for	diagnostic	procedures	(for	their	preferential	absorption	by	tissues	of	differing	atomic	number,
leading	 to	 good	 subject	 contrast),	 they	 are	 attenuated	 too	quickly	 in	 tissue	 to	 supply	 enough	 interactions	 to	 be
useful	for	therapy	for	any	but	the	most	superficial	tumors.	Pair	production	interactions	dominate	at	higher	photon
energies;	however,	the	probability	of	interacting	in	tissue	for	those	high-energy	photons	is	so	low	as	to	preclude
them	from	general	use	as	well.	In	the	tens	to	hundreds	of	kiloelectron	volt	to	the	few	megaelectron	volt	photon
energy	 range,	 Compton	 scattering	 dominates.	 As	 shown,	 these	 beams	 have	 sufficient	 penetration	 and	 can	 be
generated	with	sufficient	intensity	to	be	useful	for	tumor	treatments,	especially	when	combined	in	treatment	plans
that	 comprise	multiple	 beams	 entering	 the	 patient	 from	 different	 directions	 but	 overlapping	 at	 the	 tumor.	 It	 is
useful	to	point	out	physical	scales	of	reference	for	external	photon	beam	therapy.	A	typical	megavoltage	photon
beam	may	have	an	average	photon	energy	near	2	MeV.	Those	photons	primarily	undergo	Compton	scattering	with
a	 mean	 free	 path	 in	 tissue	 of	 approximately	 20	 cm.	 An	 average	 Compton	 interaction	 results	 in	 a	 secondary
electron	with	a	mean	energy	near	0.5	MeV	(and	a	Compton	scattered	photon	near	1.5	MeV,	which	likely	escapes
or	scatters	elsewhere	in	the	patient).	A	typical	secondary	electron	of	approximately	0.5	MeV	will	cause	excitations
and	 ionizations	 of	 atoms	 as	 it	 dissipates	 its	 energy	 over	 a	 path	 length	 of	 approximately	 2	mm.	 This	 could	 be
expected	to	lead	to	approximately	10,000	ionizations	or	about	5	ionizations	per	micron	of	tissue.	As	can	be	seen,
therapeutic	 damage	 to	 the	DNA	of	 cancer	 cells	 (2	 nm;	Fig.	16.2)	will	 require	many	Compton	 scatterings	with
statistical	interaction	among	the	ionizations	resulting	from	the	slowing	down	of	the	secondary	electrons.

Photon	Beam	Generation	and	Treatment	Delivery
As	 previously	 mentioned,	 effective	 external-beam	 photon	 treatments	 require	 higher	 energy	 beams	 capable	 of
reaching	deep-seated	tumors	with	sufficient	fluence	to	make	it	likely	that	the	dose	deposition	will	kill	tumor	cells.
To	spare	normal	tissues	and	maximize	targeting,	beams	are	arranged	to	enter	the	patient	from	several	directions
and	to	intersect	at	the	center	of	the	tumor	(treatment	isocenter).	Although	machines	containing	collimated	beams
from	 high-intensity	 radioactive	 sources	 (primarily	 cobalt	 60	 [60Co])	 are	 still	 in	 use,	 today’s	modern	 treatment
machine	 accelerates	 electrons	 to	 high	 (megaelectron	 volt)	 energy	 and	 impinges	 them	onto	 an	 x-ray	 production
target,	 leading	 to	 the	 generation	 of	 intense	 beams	 of	Bremsstrahlung	 x-rays.	A	 typical	 photon	 beam	 treatment
machine	(Fig.	16.12)72	consists	of	a	high-energy	(6	to	20	MeV)	linear	electron	accelerator,	electromagnetic	beam
steering	 and	 monitoring	 systems,	 x-ray	 generation	 targets,	 high-density	 treatment	 field-shaping	 devices
(collimators),	and	up	to	a	ton	of	radiation	shielding	on	a	mechanical	C-arm	gantry	that	can	rotate	precisely	around
a	treatment	couch	(Fig.	16.13).	These	 treatment	delivery	machines	routinely	maintain	mechanical	 isocenters	for
patient	 treatments	 to	within	 a	 sphere	 of	 1	mm	 radius.	 The	 development	 of	 stereotactic	 radiotherapy,	 which	 is
described	in	the	section	“Clinical	Application	of	Types	of	Radiation,”	depends	on	this	level	of	machine	precision.



Figure	16.12	A	shadow	view	of	a	C-arm	linear	accelerator.	The	electron	beam	(originating	at
upper	right)	is	accelerated	through	a	linear	accelerator	wave	guide,	selected	for	correct	energy	in	a
bending	magnet,	and	then	impinges	on	an	x-ray	production	target.	The	x-ray	beam	(originating	at
target	upper	left)	is	flattened	and	collimated	before	leaving	the	treatment	head.	Also	illustrated

(downstream	from	the	beam)	is	an	electric	portal	imager	that	is	used	to	measure	(image)	the	beam
exiting	a	patient.	(From	Varian	Medical	Systems,	Palo	Alto,	CA,	with	permission.)
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Figure	16.13	Model	in	treatment	position	on	the	patient	support	table.	The	treatment	delivery	head
on	the	gantry’s	C-arm	rotates	about	the	patient,	enabling	the	delivery	of	beams	throughout	360

degrees	of	rotation.	(From	Varian	Medical	Systems,	Palo	Alto,	CA,	with	permission.)

X-ray	production	by	monoenergetic	 high-energy	 electrons	 results	 in	 an	 x-ray	 (photon)	 beam	 that	 contains	 a
continuous	spectrum	of	energies	with	maximum	photon	energy	near	that	of	the	incident	electron	beam.	In	the	MV
energy	 range,	 the	 resulting	 photon	 beam	 exits	 the	 production	 target	 with	 a	 narrow	 angular	 spread	 focused
primarily	in	the	forward	direction.	In	the	typical	use	case,	these	forward-peaked	intensity	distributions	need	to	be
modulated	 (flattened)	 to	 produce	 a	 large	 (up	 to	 40	 cm	 in	 diameter	 at	 the	 patient)	 photon	 beam	with	 uniform
intensity	 across	 the	 beam.	 Recently,	 due	 to	 technologic	 advancements	 and	 computer	 modeling	 of	 beam
characteristics	 for	 treatment,	 flattening	 filter	 free	beams	have	 reestablished	 some	popularity	due	 to	 their	higher
dose	rate.	All	modern	treatment	units	take	advantage	of	extensive	computer	control,	monitoring,	and	feedback	to
produce	 highly	 stable	 and	 reproducible	 treatment	 beams.	The	 resulting	 linear	 accelerator	 (linac)	 photon	 beams
require	 beam	 shaping	 for	 conformal	 dose	 delivery.	 Some	 combination	 of	 primary	 high-density	 field	 blocks
(collimators)	together	with	additional	edge	blocks	generally	provides	the	required	shaping	and	shielding.	Modern



machines	use	computer-controlled	multileaf	collimators	(MLCs)	(Fig.	16.14)	for	the	edge	sculpting	subsequent	to
setting	 the	 primary	 collimators	 for	 maximal	 shielding.	 This	 computer	 control	 provides	 high	 precision	 and
reproducibility	in	the	definition	of	field	edges.	Additionally,	automation	allows	precise	reshaping	of	the	treatment
beam	 for	 each	 angle	 of	 incidence,	 allowing	 not	 only	 conformation	 of	 irradiation	 to	 target	 volumes	 but	 also
modulation	 of	 the	 beam	 intensity	 patterns	 via	 reconfiguration	 of	 the	 MLC	 across	 the	 fixed	 field	 (intensity-
modulated	 radiation	 therapy	 [IMRT]73)	 or	 continuously	 as	 the	 gantry	 rotates	 about	 the	 patient	 (volumetric
modulated	arc	therapy	[VMAT]74).

Figure	16.14	Multileaf	collimator	shaping	of	an	x-ray	treatment	beam	from	a	linear	accelerator.
Inset	shows	a	view	of	the	multileaf	collimator.	(From	Varian	Medical	Systems,	Palo	Alto,	CA,	with

permission.)

Variations	on	the	standard	linac	plus	C-arm	scenario	that	are	being	used	for	external-beam	radiation	treatments
throughout	the	body	include	helical	tomotherapy	and	nonisocentric	miniature	linac	robotic	delivery	systems.75	In
helical	 tomotherapy,	 the	 accelerator,	 photon-production	 target,	 and	 collimation	 system	 are	 mounted	 on	 a	 ring
gantry	(similar	to	those	found	on	diagnostic	computed	tomography	[CT]	scanners)	(Fig.	16.15).	It	produces	a	fan
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beam	of	photons,	with	the	intensity	of	each	part	of	the	fan	modulated	by	a	binary	collimator.	As	the	gantry	rotates,
the	patient	simultaneously	slides	through	the	bore	of	the	machine	(again	analogous	to	modern	x-ray/CT	imagers),
which	 allows	 the	 continuous	 delivery	 of	 IMRT	 in	 a	 helical	 pattern	 from	 all	 angles	 around	 a	 patient.	 Another
delivery	system	uses	an	industrial	robot	to	hold	a	miniature	accelerator	plus	photon	beam	production	system	(Fig.
16.16).	The	bulk	of	the	system	is	reduced	by	keeping	the	field	sizes	small	(spot-like).	However,	computer	control
of	the	robot	provides	flexibility	in	irradiating	tumors	from	nearly	any	position	external	to	the	patient.	The	same
control	allows	the	selection	and	use	of	many	differing	beam	angles	to	build	up	dose	at	the	tumor	location.

To	take	advantage	of	 the	precision	of	modern	beam	delivery,	 it	 is	crucial	 to	 localize	 the	patient’s	 tumor	and
normal	tissue.	This	process	can	be	divided	into	patient	immobilization	(i.e.,	limiting	the	motion	of	the	patient)	and
localization	(i.e.,	knowing	the	 tumor	and	normal	 tissue	 location	precisely	 in	space).	Although	these	concepts	of
immobilization	and	localization	are	related,	they	are	not	identical.	Patients	can	be	held	reasonably	comfortably	in
their	treatment	pose	with	the	aid	of	foam	molds	and	meshes	(immobilization	devices).	Traditionally,	localization
has	been	achieved	by	indexing	the	immobilization	device	to	 the	computer-controlled	treatment	couch	and/or	by
positioning	the	patient	using	low-power	laser	alignment	beams	that	intersect	at	the	treatment	machine	isocenter.
However,	what	is	truly	needed	is	localization	of	the	tumor	and	normal	tissues.	In-room,	online	x-ray,	ultrasound,
and	infrared	imaging	equipment	(image-guided	radiation	therapy	[IGRT]	systems76)	has	been	developed	and	can
now	be	used	to	ensure	that	the	intended	portions	of	each	patient’s	internal	anatomy	are	correctly	positioned	at	the
time	of	treatment.	In	particular,	the	development	of	rugged,	low-profile,	active	matrix,	flat-panel	imaging	devices,
either	attached	to	the	treatment	gantry	or	placed	in	the	vicinity	of	the	treatment	couch,	together	with	diagnostic	x-
ray	generators	or	the	patient	treatment	beam	(see	Fig.	16.13),	allows	the	digital	capture	of	projection	x-ray	images
of	patient	anatomy	with	respect	to	the	isocenter	and	treatment	field	borders.	These	digitized	electronic	images	are
immediately	 available	 for	 analysis.	Software	 tools	 allow	comparison	 to	 reference	 images	and	 the	generation	of
correction	 coordinates,	which	 are	 in	 turn	 available	 for	 downloading	 to	 the	 treatment	 couch	 for	 automated	 fine
adjustment	of	patient	treatment	position.	Volumetric	verification	is	now	also	possible	through	the	use	of	the	same
imaging	equipment	in	a	rotational	mode	to	generate	cone-beam	CT	(CBCT)	images	of	a	patient’s	anatomy	on	the
couch	 in	 the	 treatment	 position.	 These	 can	 be	 compared	 online	 to	 a	 treatment	 planning	 CT	 scan.	 Even	 more
recently,	 magnetic	 resonance	 imaging	 (MRI)	 systems	 have	 been	 coupled	with	 radiotherapy	 treatment	 delivery
systems	 to	 provide	 exquisite	 soft	 tissue	 localization	 and	 even	 tumor	 tracking	 at	 the	 time	 of	 treatment.77	Other
precise	localization	systems	rely	on	identification	of	the	positions	of	small,	implanted	radiopaque	markers	or	other
types	of	“smart”	position-reporting	devices.	Careful	use	of	these	IGRT	systems	can	result	in	repeated	reducibility
of	patient	position	to	within	a	few	millimeters	over	a	5-	to	8-week	course	of	conventional	radiotherapy	treatment
or	even	greater	precision	for	low-fraction	stereotactic	radiotherapy	treatments.78

Figure	16.15	A:	A	shadow	view	of	linear	accelerator,	x-ray	beam	production	system,	and	x-ray
fan	beam	for	helical	tomotherapy	treatment	delivery.	The	beam	production	system	rotates	within	its
enclosed	gantry.	B:	The	model	patient	on	treatment	table	slides	into	the	treatment	unit.	During
treatment,	the	table	moves	as	the	collimated	fan	beam	rotates	about	the	patient,	creating	a

modulated	helical	dose	delivery	pattern.	(From	TomoTherapy,	Inc.,	Madison,	WI,	with	permission.)



Figure	16.16	A	miniature	accelerator	plus	x-ray	production	system	on	a	robotic	delivery	arm.
Both	the	treatment	table	and	the	treatment	head	are	set	by	a	computer	for	multiple	arbitrary	angles

of	incidence.	(From	Accuray,	Sunnyvale,	CA,	with	permission.)

The	final	part	of	external-beam	patient	treatment	is	dose	delivery.	All	modern	treatment	units	have	computer
monitoring	(and	often	control)	of	all	mechanical	and	dose	delivery	components.	Treatment-planning	information
(treatment	machine	parameters,	treatment	field	configurations,	dose	per	treatment	field	segment)	is	downloaded	to
a	work	station	at	 the	 treatment	unit	 that	first	assists	with	and	then	records	 treatment.	This	 information,	 together
with	 the	 readbacks	 from	 the	 treatment	machine,	 is	 used	 to	 reproducibly	 set	 up	 and	 then	 verify	 each	 patient’s
treatment	parameters,	which	prevents	many	of	the	variations	that	used	to	occur	when	all	treatment	was	performed
simply	by	following	instructions	written	in	a	treatment	chart.

Treatment	Beam	Characteristics	and	Dose	Calculation	Algorithms
Beyond	a	basic	understanding	of	the	interactions	of	ionizing	radiation	with	matter	lies	the	requirement	of	being
able	 to	characterize	 the	 treatment	beams	 for	purposes	of	planning	and	verifying	 treatments.	By	virtue	of	 a	 few
underlying	 principles,	 this	 generally	 can	 be	 accomplished	 via	 a	 two-step	 process	 of	 absolute	 calibration	 of	 the
dose	at	some	reference	point	in	a	phantom	(measurement	media	representative	of	a	patient’s	tissues),	with	relative
scaling	of	dose	values	in	other	parts	of	the	beam	or	phantom	with	respect	to	that	point.

As	mentioned	earlier,	the	predominant	mode	of	interaction	for	therapeutic	energy	photon	beams	in	tissue-like
materials	is	through	Compton	scattering.	The	probability	of	Compton	scattering	events	is	primarily	proportional	to
the	relative	electron	density	of	the	media	with	which	they	interact.	Because	many	body	tissues	are	“water-like”	in
composition,	it	has	been	possible	to	make	photon	beam	dosimetric	measurements	in	phantoms	consisting	mostly
of	water	(water	 tanks)	or	 tissue-equivalent	plastic	and	to	then	scale	the	interactions	via	relative	electron	density
values	(e.g.,	as	can	be	derived	from	computed	x-ray/CT)	to	other	water-like	materials.	Thus,	the	relative	fluence
of	photons	in	a	therapeutic	treatment	beam	is	attenuated	as	it	passes	through	a	phantom,	primarily	via	Compton
scattering.

Earlier,	 it	was	 stated	 that	 the	 photon	 beam	 is	 generated	 at	 a	 small	 region	 in	 the	 head	 of	 the	machine.	That
fluence	 of	 photons	 spreads	 out	 through	 the	 collimating	 system	 before	 reaching	 the	 patient.	 Thus,	 without	 any
interactions	(e.g.,	if	the	beam	were	in	a	vacuum),	the	number	of	photons	crossing	any	plane	perpendicular	to	the
beam	direction	would	remain	constant.	However,	the	cross-sectional	area	of	the	plane	gets	larger	and	larger	the
farther	it	is	located	from	the	source	point.	In	fact,	both	the	width	and	length	of	the	cross-sectional	area	increase	in
proportion	to	the	distance	from	the	source,	and	thus,	the	area	increases	in	proportion	to	the	square	of	the	distance.
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This	means	that	the	primary	photon	fluence	per	unit	area	in	a	plane	perpendicular	to	the	beam	direction	of	a	point-
like	source	also	decreases	as	1	over	the	square	of	the	distance,	the	so-called	1/r2	reduction	in	fluence	as	a	function
of	distance,	r,	from	the	source.

Thus,	we	have	two	processes,	attenuation	and	1/r2	reduction,	that	reduce	the	photon	fluence	from	an	external
therapeutic	beam	as	a	function	of	depth	in	a	patient.	There	is	also	a	process	that	can	increase	the	photon	fluence	at
a	point	downstream.	Recall	that	Compton	scattering	interactions	lead	not	only	to	secondary	electrons	(which	are
responsible	for	deposition	of	dose)	but	also	to	Compton	scattered	photons.	These	photons	are	scattered	from	the
interaction	 sites	 in	 multiple,	 predominantly	 forward-looking	 directions.	 Thus,	 Compton-scattered	 photons
originating	from	many	other	places	can	add	 to	 the	photon	fluence	at	another	point.	As	 the	 irradiated	area	(field
size)	increases,	the	amount	of	scattered	radiation	also	increases.

As	mentioned	earlier,	dose	“deposition”	is	a	two-step	process	of	photon	interaction	(proportional	to	the	local
fluence	of	photons)	and	energy	 transfer	 to	 the	medium	via	 the	slowing	down	of	secondary	electrons.	Thus,	 the
point	where	a	photon	interacts	is	not	the	place	where	the	dose	is	actually	deposited,	which	happens	over	the	track
of	 the	secondary	electron.	Dose	has	a	very	strict	definition	of	energy	“absorbed”	per	unit	mass	 (i.e.,	due	 to	 the
slowing	down	charged	particles)	and	should	be	distinguished	from	the	energy	released	at	a	point,	defined	as	kerma
(e.g.,	energy	transfer	from	the	scattering	incident	photon).	Thus,	although	the	photon	beam	fluence	will	always	be
greatest	at	the	entrance	to	a	patient	or	phantom,	the	actual	“absorbed	dose”	for	a	megavoltage	photon	beam	builds
up	over	the	first	couple	of	centimeters,	reaching	a	maximum	(d-max)	at	a	depth	corresponding	to	the	range	of	the
higher	 energy	Compton	 electrons	 set	 in	motion.	This	 turns	 out	 to	 be	 a	 second	desirable	 characteristic	 of	 these
beams	(beyond	their	ability	to	treat	deep-seated	lesions),	as	the	dose	to	the	skin	(a	primary	dose-limiting	structure
in	earlier	times)	is	greatly	reduced.

The	relative	distributions	of	dose,	normalized	to	an	absolute	dose	measurement	(using	a	small	thimble-like	air
ionization	chamber	at	 a	 standard	depth	and	 for	 a	 standard	 field	 size	according	 to	nationally	and	 internationally
accepted	 protocols),	 are	 the	 major	 inputs	 into	 treatment-planning	 systems.	 The	 major	 features	 of	 these
distributions	are	 (1)	 the	 initial	dose	buildup	up	 to	a	depth	of	d-max,	with	a	more	gradual	drop	off	 in	dose	as	a
function	of	depth	into	the	phantom	due	to	the	attenuation	and	1/r2	factors	at	deeper	depths	(relative	depth	dose),
and	(2)	the	shape	of	the	dose	in	the	plane	perpendicular	to	the	direction	of	the	beams	(both	as	a	function	of	field
size).	Central	axis	depth	dose	curves	for	typical	external	photon	beams	are	shown	in	Figure	16.17	for	two	beam
energies	 and	 for	 both	 a	 large	 and	 smaller	 field	 size.	 Notice	 both	 the	 expected	 increase	 in	 penetration	 with
increasing	beam	energy	and	 the	 increase	 in	dose	at	 a	particular	depth	with	 increasing	 field	 size,	with	 the	 latter
effect	being	due	 to	 increased	numbers	of	 secondary	Compton-scattered	photons	 for	 larger	 irradiated	areas.	The
change	 in	 dose	 perpendicular	 to	 the	 central	 axis	 is	 less	 remarkable	 for	 standard	 flattened	 photon	 fields,	 as	 the
beams	are	designed	to	be	uniform	across	a	field	as	a	function	of	depth.	Although	more	intense	near	the	center	of
the	field,	the	falloff	with	distance	away	from	the	central	axis	for	flattening	filter	free	beams	is	easily	characterized.
The	 results	 of	measurements	 such	 as	 these	 have	 been	modeled	 to	 develop	 dose	 calculation	 algorithms	 used	 in
treatment-planning	systems.	These	models	all	use	measured	beam	data	to	set	or	adjust	parameters	used	by	those
algorithms	 in	 their	 dose	 distribution	 computations.	Because	most	 of	 the	 input	 data	 used	 for	 beam	 fitting	 come
from	measurements	in	water	(or	water-like	plastic)	phantoms,	patient-specific	adjustments	are	needed	to	the	water
phantom	data	to	account	for	both	geometry	and	tissue	properties.	It	is	the	task	of	the	dose	calculation	algorithms
to	take	those	changes	into	account.	Typically,	relative	dose	distributions	can	be	computed	within	patients	on	the
scale	of	a	few	millimeters	with	a	precision	of	better	than	a	few	percentage	points.



Figure	16.17	Sample	depth-dose	curves	(change	in	delivered	dose	as	a	function	of	depth)	along
the	central	axis	of	some	typical	photon	treatment	beams	for	low	(6	MV)	and	intermediate	(15	MV)

energy	beams	and	large	(30	×	30	cm2)	and	smaller	(5	×	5	cm2)	field	sizes	(FS).

An	important	area	of	research	is	the	development	of	treatment-planning	systems	that	calculate	dose	based	on
the	principles	of	how	radiation	interacts	with	tissues	via	the	linearized	Boltzmann	transport	equation,	rather	than
simply	by	fitting	data.	These	approaches	use	Monte	Carlo	techniques79	or	numerical	methods80	to	generate	a	dose
distribution	 by	 summing	 the	 calculated	 paths	 of	 thousands	 of	 photons	 and	 scattered	 electrons.	 This	 is	 more
accurate	than	beam-fitting	algorithms	in	regions	of	differing	tissue	densities,	such	as	the	lung,	and	therefore	will
ultimately	 replace	 the	 current	 generation	 of	 treatment-planning	 systems,	 particularly	 for	 complex	 conditions.
However,	currently,	the	time	to	perform	these	calculations	needs	to	be	balanced	against	the	need	for	accuracy	in	a
particular	clinical	situation.

It	is	useful	to	also	point	out	the	depth	dose	characteristics	of	clinical	external	treatment	beams	produced	using
ionizing	 radiations	 other	 than	 photons,	 primarily	 through	 the	 direct	 use	 of	 charged	 particles.	 Figure	 16.18
illustrates	interesting	characteristics	that,	when	added	to	the	options	available	for	treatment	planning	(or	used	by
themselves),	can	produce	advantageous	results.	Relative	to	the	photon	beam,	direct	use	of	electron	beams	leads	to
deposition	of	dose	over	a	more	localized	range	but	at	the	expense	of	a	relative	lack	of	penetration.	Thus,	electron
beams81	are	most	widely	used	for	treating,	or	boosting	the	treatment	of,	more	superficial	tumors	and	regions	(see
the	section	“Clinical	Application	of	Types	of	Radiation”).	The	heavier	charged	particle	beams	(protons	and	carbon
ions82)	 exhibit	 even	 more	 interesting	 depth-dose	 characteristics,	 with	 the	 advantage	 of	 not	 only	 being	 (when
necessary)	 highly	 penetrating	 but	 also	 lacking	 significant	 dose	 beyond	 a	 certain	 depth	 (a	 depth	 that	 can	 be
controlled	and	purposefully	placed,	e.g.,	at	the	distal	edge	of	a	target	volume).
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Figure	16.18	Sample	depth-dose	curves	along	the	central	axis	of	some	typical	charged	particle
treatment	beams	compared	with	that	of	a	6-MV	photon	beam.	The	spread	out	Bragg	peak	at	the	end
of	the	155-MeV	proton	beam	(thick	pink	curve)	is	a	composite	dose	deposition	pattern	from	the

addition	of	the	multiple	range-shifted	proton	curves	(thinner	pink	curves).

TREATMENT	PLANNING
As	discussed	in	the	previous	section,	single-treatment	beams	usually	deposit	more	dose	closer	to	where	they	enter
the	 patient	 than	 they	 do	 at	 depths	 corresponding	 to	 where	 a	 deep-seated	 tumor	might	 be	 located.	 The	 use	 of
multiple	beams	entering	the	patient	from	different	directions	that	overlap	at	the	target	produces	more	dose	per	unit
volume	throughout	 the	 tumor	volume	than	 is	 received	by	normal	 tissues.	 In	fact,	as	noted	earlier,	 the	 treatment
delivery	 machines	 are	 designed	 to	 make	 this	 easy	 to	 accomplish.	 Planning	 patient	 treatments	 under	 these
circumstances	should	be	a	somewhat	trivial	matter	of	first	selecting	a	sufficient	number	of	beam	angles	to	realize
the	desired	buildup	of	dose	in	the	overlap	region	relative	to	the	doses	in	the	upstream	parts	of	each	beam	and	then,
second,	designing	beam	apertures	 that	shape	 the	edges	of	 the	beams	to	match	 the	 target.	However,	often,	dose-
limiting	normal	 tissues	also	 lie	 in	 the	paths	of	one	or	more	of	 the	beams.	These	normal	 tissues	are	often	more
sensitive	to	radiation	damage	than	the	tumor,	and	regardless,	it	is	best	practice	to	minimize	the	dose	in	any	case	as
a	 general	 principle.	Computerized	 treatment-planning	 systems	 function	 to	 develop	 patient-specific	 anatomic	 or
geometric	models	and	then	use	these	models	together	with	the	beam-specific	dose	deposition	properties	(derived
from	phantom	measurements,	as	previously	described)	to	select	beam	angles,	shapes,	and	intensities	that	meet	an
overall	prescribed	objective.	That	is,	modern	radiation	oncology	dose	prescriptions	contain	both	tumor	and	normal
tissue	objectives,	and	the	modern	computerized	treatment-planning	systems	make	it	possible	to	design	treatments
that	meet	these	objectives.

The	development	and	use	of	 three-dimensional	 (3D)	models	of	 each	patient’s	 anatomy,	 treatment	geometry,
and	 dose	 distribution	 led	 to	 a	 paradigm	 shift	 in	 radiation	 therapy	 treatment	 planning.	 Computerized	 radiation



treatment	 planning	 began	 in	 the	 1980s	 as	 a	 mainly	 x-ray/CT–based	 reconstruction	 of	 3D	 geometries	 from
information	manually	contoured	on	multiple	 two-dimensional	 (2D)	 transverse	CT	 images.	Today,	 these	models
often	 incorporate	 imaging	 data	 from	 multiple	 sources.	 Geometrically	 accurate	 anatomic	 information	 from	 x-
ray/CT	still	anchors	these	studies	(as	well	as	provides	tissue	density	information	necessary	for	dose	calculations).
However,	it	is	now	quite	common	to	also	register	the	CT	data	set	with	other	studies	such	as	MRI,	which	may	add
anatomic	 detail	 for	 soft	 tissues,	 or	 functional	 MRI	 or	 positron	 emission	 tomography	 (PET)	 studies,83	 which
provide	physiologic	or	molecular	information	about	tumors	and	normal	tissues.	Once	registered	with	each	other,
the	unique	or	complementary	information	from	each	data	set	can	be	fused	for	inspection	and	incorporated	into	the
design	of	each	patient’s	target	and	normal	tissue	volumes	(Fig.	16.19).	Beyond	the	ability	to	more	fully	define	the
extent	of	the	primary	target	volume	(e.g.,	as	the	encompassing	envelope	of	disease	appreciated	on	all	the	imaging
studies)	 lies	 the	 ability	 to	 define	 subvolumes	 of	 the	 tumor	 volume	 that	might	 be	 appropriate	 for	 simultaneous
treatment	to	higher	dose.	For	example,	it	should	soon	become	possible	to	define	different	biologic	components	of
the	 tumor	 that	 could	 potentially	 be	 targeted	 and	 then	 monitored	 for	 response	 using	 these	 same	 imaging
techniques.84

Figure	16.19	An	illustration	of	the	brain	tumor	target	volume	delineated	on	coregistered	nuclear
medicine	and	magnetic	resonance	imaging	studies	fused	with	computed	tomography	(CT)	data	for

treatment	planning.	PET,	positron	emission	tomography.

Current	 treatment	 planning	makes	 the	 tacit	 assumption	 that	 the	 planning	 image	 yields	 “the	 truth”	 about	 the
location	and	condition	of	tumors	and	normal	tissues	throughout	the	course	of	treatment.	However,	this	ignores	the
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complexity	 inherent	 in	 attempting	 to	 build	 accurate	 3D	 models	 from	 multimodality	 imaging	 for	 purposes	 of
planning	 patient	 treatments.	 First,	 patients	 breathe	 and	 undergo	 other	 physiologic	 processes	 during	 a	 single
treatment,	changes	that	requires	dynamic	modeling	or	other	methods	of	accounting	for	the	changes.	Furthermore,
the	patient’s	condition	may	change	over	time	(and	hence	their	model).	Thus,	a	complete	design	and	assessment	of
a	patient	undergoing	high-precision	treatment	require	the	construction	of	“four-dimensional	(4D)”	patient	models.
The	ready	availability	of	multidetector	CT	scanners	with	subsecond	gantry	rotations	and,	even	more	recently,	the
availability	of	cone-beam	CT	capabilities	on	 the	 radiation	 therapy	 treatment	simulators	and	 treatment	machines
themselves	make	it	quite	convenient	to	construct	these	models.	An	active	area	of	clinical	physics	research	deals
with	the	use	of	IGRT76	to	help	formulate	4D	patient	models	(including	distortions	and	changes	in	anatomy)	of	the
motion	and	 to	determine	 the	accumulated	dose	 received	by	a	moving	 tumor	as	well	 as	 the	 surrounding	normal
tissues	such	as	uninvolved	lung.	These	traditional	areas	of	building	and	assessing	3D	and	4D	patient	models	have
been	augmented	by	the	recent	availability	of	patient	simulation	using	MRI	only	and	treatment	delivery	on	coupled
MRI-radiotherapy	delivery	systems.77

Complementary	to	the	availability	of	these	patient	and	dose	models	has	come	a	much	better	understanding	of
the	doses	safely	tolerated	by	normal	tissues	adjacent	to	a	tumor	volume	(e.g.,	spinal	cord)	or	surrounding	it	(e.g.,
brain,	lung,	liver).85	Indeed,	not	only	has	knowledge	of	whole	organ	tolerances	to	irradiation	been	obtained,	but	it
has	also	become	possible	to	characterize	in	some	detail	the	complex	dependence	of	the	probability	of	incurring	a
complication	 with	 respect	 to	 the	 highly	 (intentionally)	 inhomogeneous	 dose	 distributions	 these	 normal	 tissues
receive	 as	 part	 of	 the	 planning	 process	 designed	 to	 avoid	 treating	 them.	Modeling	 partial	 organ	 tolerances	 to
irradiation	is	of	great	use	in	planning	patient	 treatments	as	 it	enables86	 integration	and	manipulation	of	variable
dose	and	volume	distributions	with	respect	to	possible	clinical	outcomes.

Making	the	vast	amount	of	tumor	and	normal	tissue	information	useful	for	planning	treatments	requires	equally
sophisticated	 new	ways	 of	 planning	 and	 delivering	 dose,	 potentially	 preferentially	 targeting	 subvolumes	 of	 the
tumor	regions	or	specifically	avoiding	selected	portions	of	adjacent	organs	at	risk.	As	mentioned	earlier,	modern
treatment	 machines	 are	 capable	 of	 either	 varying	 the	 intensity	 of	 the	 radiation	 across	 each	 treatment	 port	 or
projecting	many	small	beams	at	a	targeted	region.	This	modulation	of	beam	intensities	(IMRT)	from	a	given	beam
direction,	together	with	the	use	of	multiple	beams	(or	parts	of	beams)	from	different	directions	or	continuously	as
the	gantry	rotates	(VMAT),	gives	many	degrees	of	freedom	to	create	highly	sculpted	dose	distributions,	given	that
a	 system	 for	 designing	 the	 intensity	modulation	 is	 available.	Much	 computer	 programming	 and	 computational
analysis	has	gone	into	the	design	of	treatment-planning	optimization	systems	to	perform	these	functions.

In	 IMRT,	 as	most	 often	 applied,	 each	 treatment	 beam	portal	 is	 broken	 down	 into	 simple	 basic	 components
called	beamlets,	 typically	0.5	×	1	cm	to	1	×	1	cm	in	size,	evenly	distributed	on	a	grid	over	the	cross-section	of
each	beam.	Optimization	begins	with	precomputation	of	the	relative	dose	contribution	that	each	of	these	beamlets
gives	 to	 every	 subportion	 of	 tumor	 and	 normal	 tissue	 that	 the	 beamlet	 traverses	 as	 it	 goes	 through	 the	 patient
model.	Sophisticated	optimization	engines	and	search	routines	then	iteratively	alter	the	relative	intensities	of	each
beamlet	 in	 all	 the	 beams	 to	minimize	 a	 cost	 function	 associated	with	 target	 and	normal	 tissue	 treatment	 goals.
These	often	hundreds	of	beamlets	(each	with	its	own	intensity)	(Fig.	16.20)	provide	the	necessary	flexibility	and
degrees	 of	 freedom	 to	 create	 dose	 distributions	 that	 can	 preferentially	 irradiate	 subportions	 of	 targets	 and	 also
produce	 sharp	 dose	 gradients	 to	 avoid	 nearby	 organs	 at	 risk	 (Fig.	 16.21).	 The	 cost-function	 approach	 also
facilitates	 the	 ability	 to	 include	 factors	 such	 as	 the	 normal	 tissue	 and	 tumor-response	 models,	 mentioned
previously	in	the	optimization	process,	thus	integrating	the	overall	effects	of	the	complex	dose	distributions	across
whole	organ	systems	or	target	volumes	within	the	planning	process.



Figure	16.20	Six	intensity-modulated	treatment	ports	planned	for	treatment	of	a	brain	tumor
(large	object	in	red).	Differing	intensities	of	the	5	×	5	mm	beamlets	in	each	port	are	illustrated	by

gray	scale	(brighter	beamlet	=	higher	intensity).	The	computer	optimization	of	the	beamlet
intensities	is	designed	to	generate	a	delivered	dose	distribution	that	will	conform	to	the	tumor

region,	yet	avoid	critical	normal	tissues	such	as	the	brain	stem	(dark	pink),	optic	chiasm	(green),
and	optic	nerves	(red	tubular	structures).

Figure	16.21	Resulting	isodose	distribution	for	an	optimized	intensity-modulated	brain	treatment.
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Dose-intensity	pattern	in	the	left	panel	is	overlaid	on	the	patient’s	magnetic	resonance	images	used
in	planning.	Also	contoured	are	the	optic	chiasm	(green),	the	brain	stem	(white),	and	the	eyes

(orange).	In	the	right	panel,	the	dose	distribution	throughout	all	slices	of	the	patient’s	anatomy	is
summarized	via	cumulative	dose-volume	histograms	for	the	various	tissues	and	volumes	that	have
been	previously	segmented.	Each	location	on	each	curve	represents	the	fraction	of	the	volume	of
that	tissue	(%)	that	receives	a	dose	greater	than	or	the	same	as	the	corresponding	dose	level.

OTHER	TREATMENT	MODALITIES
Other	types	of	external-beam	radiation	treatments	use	atomic	or	nuclear	particles	rather	than	photons.	Beams	of
fast	neutrons	have	been	used	for	some	cancers,87	primarily	because	of	the	dense	ionization	patterns	they	produce
as	they	slow	down	in	tissue	(making	cell	killing	less	dependent	on	the	indirect	effect	previously	discussed).	Being
uncharged	 particles,	 neutron	 beams	 of	 therapeutic	 energy	 penetrate	 in	 tissue	 (have	 depth-dose	 characteristics)
similar	to	photon	beams	but	with	denser	dose	deposition	in	the	cellular	scale.	Most	other	external-beam	treatments
use	 charged	 particles,	 primarily	 either	 electrons81	 (produced	 on	 the	 same	 machines	 used	 for	 photon	 beam
treatments)	or	protons	or	heavier	particles	such	as	carbon	ions.82	The	latter	beams	have	desirable	dose-deposition
properties	(see	Fig.	16.18),	as	they	can	spare	tissues	downstream	from	the	target	volume	and	generally	give	less
overall	 dose	 to	 normal	 tissue.	 There	 can	 also	 be	 some	 radiobiologic	 advantage	 to	 the	 heavier	 charged	 particle
beams,	similar	to	neutrons.

Generation	and	delivery	of	proton	beams88	has	generally	required	an	accelerator	(in	its	own	vault)	plus	a	beam
transport	 system	 and	 some	 sort	 of	 treatment	 nozzle,	 often	 located	 on	 an	 isocentric	 gantry.	 The	 cost	 of	 the
accelerator	has	been	generally	leveraged	by	having	it	supply	beams	to	multiple	treatment	rooms.	However,	those
units	still	cost	many	times	that	of	a	standard	linear	accelerator.	Recently,	single	or	dual	room	solutions	have	been
offered,	 one	 even	 incorporating	 the	 proton	 accelerator	 within	 an	 isocentric	 gantry.	 In	 addition,	 until	 recently,
proton	 treatment	 beams	 have	 been	 “spread	 out”	 (passively	 scattered	 via	 foils	 or	 other	 materials)	 within	 the
treatment	 nozzle	 to	 fill	 the	 area	 of	 the	 treatment	 field.	 The	 dose	 to	 the	 distal	 (downstream)	 side	 of	 the	 target
volume	was	shaped	using	this	same	passively	scattered	beam	with	a	customized	bolus	placed	outside	the	patient.
This,	together	with	uncertainties	in	the	proton	beam	range	due	to	differing	tissue	characteristics,	has	led	to	the	less
than	 optimal	 use	 of	 this	 treatment	 modality,	 often	 leading	 to	 excess	 dose	 proximally	 to	 the	 target.	 Recently,
intensity-modulated	 proton	 therapy	 (IMPT)	 delivery	 systems	 have	 become	 available	 for	 clinical	 use.	 They	 use
“pencil	beam”	scanning	technology	to	sweep	the	proton	beam	across	the	treatment	field	while	controlling	intensity
and	 energy	 (range),	 thus	 painting	 the	 desired	 dose	 distribution	 layer	 upon	 layer.	 This	 IMPT	 technology,	when
augmented	 by	 enhancements	 in	 treatment	 planning,	 treatment	 delivery,	 and	 motion	 management,	 promises	 to
firmly	place	proton	beam	therapy	as	a	superior	treatment	technology	for	many	treatment	situations.89

Brachytherapy90	 is	 a	 form	of	 treatment	 that	uses	direct	placement	of	 radioactive	 sources	or	materials	within
tumors	 (interstitial	 brachytherapy)	 or	 within	 body	 or	 surgical	 cavities	 (intracavitary	 brachytherapy),	 either
permanently	(allowing	for	full	decay	of	short-lived	radioactive	materials)	or	temporarily	(either	in	one	extended
application	or	over	several	shorter	term	applications).	The	ability	to	irradiate	tumors	from	close	range	(even	from
the	 inside	 out)	 can	 lead	 to	 conformal	 treatments	 with	 low-normal	 tissue	 doses.	 The	 radioactive	 isotopes	most
generally	 used	 for	 these	 treatments	 are	 contained	 within	 small,	 tube-	 or	 seed-like	 sealed	 source	 enclosures
(preventing	 direct	 contamination).	 They	 emit	 photons	 (gamma	 rays	 and	 x-rays)	 during	 their	 decay,	 which
penetrate	the	source	cover	and	interact	with	tissue	via	the	same	physical	processes	as	described	for	external-beam
treatments.	The	treatments	have	the	advantage	of	providing	a	high	fluence	(and	dose)	very	near	each	source	that
drops	 in	 intensity	 as	 1	 over	 the	 square	 of	 the	 distance	 from	 the	 source	 (1/r2).	Radioactive	 sources	 decay	 in	 an
exponential	 fashion	 characterized	 by	 their	 individual	 half-lives.	After	 each	half-life	 (T1/2),	 the	 strength	of	 each
source	decreases	by	half.	Brachytherapy	treatments	are	further	generally	classified	into	the	two	broad	categories
of	low-dose-rate	and	high-dose-rate	treatments.	Low-dose-rate	treatments	attempt	to	deliver	tumoricidal	doses	via
continuous	irradiation	from	implanted	sources	over	a	period	of	several	days.	High-dose-rate	treatments	use	one	or
more	higher	activity	sources	(stored	external	 to	the	patient)	 together	with	a	remote	applicator	or	source	transfer
system	 to	 give	 one	 or	 more	 higher	 dose	 treatments	 on	 time	 scales	 and	 schedules	 more	 like	 external-beam
treatments.

TABLE	16.1



Common	Isotopes	for	Brachytherapy	Treatment

Isotope Form Primary	Applications
125I Implantable	sealed	seed LDR:	permanent	prostate	implants,	brain	implants,	tumor	bed

implants,	eye	plaques
192Ir Implantable	sealed	seed LDR:	interstitial	solid	tumor	treatments
192Ir High-activity	sealed	source	on	a

remote	transfer	wire
HDR:	intracavitary	GYN	treatments,	intraluminal	irradiations

137Cs Sealed	source	tubes LDR:	intracavitary	GYN	treatments
125I,	iodine-125;	LDR,	low-dose	rate;	192Ir,	iridium-192;	HDR,	high-dose	rate;	GYN,	gynecologic;	137Cs,	caesium-137.

Isotopes	 for	 brachytherapy	 treatments	 are	 selected	 based	 on	 a	 combination	 of	 specific	 activity	 (how	much
activity	 can	 be	 achieved	 per	 unit	 mass;	 i.e.,	 to	 keep	 the	 source	 sizes	 small),	 penetrating	 ability	 of	 the	 decay
photons	(which,	together	with	the	1/r2	falloff,	determines	how	many	sources	or	source	locations	will	be	required
for	treatment),	and	the	T1/2	of	the	radioactive	material	(must	not	only	be	accounted	for	in	computation	of	dose	but
also	determines	how	often	reusable	sources	will	need	to	be	replaced).	Table	16.1	lists	the	isotopes	most	commonly
used,	along	with	some	of	their	primary	applications.

The	dose-deposition	patterns	surrounding	each	type	of	source	can	be	measured	or	computed.	These	data	(or	the
parameterization	 of	 same)	 can	 be	 stored	 within	 a	 computerized	 treatment-planning	 system.	 Planning	 a
brachytherapy	 treatment	 delivery	 scheme	 (desirable	 source	 strengths	 and	 arrangements)	 proceeds	 within	 the
planning	 system	by	distributing	 the	 sources	 throughout	 the	 treatment	 area	and	having	 the	computer	 add	up	 the
contributions	 of	 each	 source	 to	 designated	 tumor	 and	 normal	 tissue	 locations	 (e.g.,	 obtained	 from	 a	CT	 scan).
Source	strengths	or	spacing	can	be	adjusted	until	an	acceptable	result	 is	obtained.	Indeed,	optimization	systems
are	now	routinely	used	to	fine-tune	this	process.

Other	 types	 of	 therapeutic	 treatments	 with	 internal	 sources	 of	 ionizing	 radiation,	 generally	 classified	 as
systemic	 targeted	 radionuclide	 therapy	 (STaRT),	 use	 antibodies	 or	 other	 conjugates	 or	 carriers	 such	 as
microspheres	 to	 selectively	deliver	 radionuclides	 to	cancer	cells.91	Computing	 the	effective	dose	 to	 tumors	and
normal	tissues	via	these	techniques	requires	information	on	how	much	of	the	injected	activity	reaches	the	targets
(biodistribution)	 as	 well	 as	 the	 energy	 and	 decay	 properties	 of	 the	 radionuclide	 being	 delivered.	 Imaging
techniques	and	computer	models	are	aiding	in	these	computations.

CLINICAL	APPLICATIONS	OF	RADIATION	THERAPY
In	contrast	to	surgical	oncology	and	medical	oncology,	which	focus	on	early-	or	late-stage	disease,	respectively,
the	field	of	radiation	oncology	encompasses	the	entire	spectrum	of	oncology.	Board	certification	requires	5	years
of	 postdoctoral	 training,	 typically	 beginning	with	 an	 internship	 in	 internal	medicine	 or	 surgery,	 followed	 by	 4
years	of	radiation	oncology	residency.	Education	begins	with	a	thorough	knowledge	of	the	biology,	physics,	and
clinical	 applications	 of	 radiation.92	 It	 also	 includes	 training	 in	 the	 theoretical	 and	 practical	 aspects	 of	 the
administration	of	radiation	protectors	and	anticancer	agents	used	as	radiation	sensitizers	and	the	management	of
toxicities	 resulting	 from	 those	 treatments.	 In	 addition,	 residents	 receive	 education	 in	 palliative	 care,	 supportive
care,	and	symptom	and	pain	management.	This	training	is	in	preparation	for	a	practice	that,	in	a	given	week,	might
include	patients	with	a	2-mm	vocal	cord	lesion	or	a	20-cm	soft	tissue	sarcoma,	both	of	whom	can	be	treated	with
curative	intent,	as	well	as	a	patient	with	widely	metastatic	disease	who	needs	palliative	radiation,	medical	care	for
pain	 and	 depression,	 and	 discussion	 of	 end-of-life	 issues.	More	 than	 50%	of	 (nonskin)	 cancer	 patients	 receive
radiation	therapy	during	the	course	of	their	illness.93

Clinical	Application	of	Types	of	Radiation
Electrons	 are	 now	 the	 most	 widely	 used	 form	 of	 radiation	 for	 superficial	 treatments.	 Because	 the	 depth	 of
penetration	can	be	well	controlled	by	the	energy	of	 the	beam,	 it	 is	possible	 to	 treat,	 for	 instance,	skin	cancer,	a
small	part	of	 the	breast	while	sparing	 the	underlying	 lung,	or	 the	cervical	 lymph	nodes	but	not	 the	spinal	cord,
which	 lies	 several	 centimeters	more	 deeply.	 Superficial	 tumors,	 such	 as	 skin	 cancers,	 can	 also	 be	 treated	 very
effectively	 with	 low-energy	 (kilovoltage)	 photons,	 but	 their	 use	 has	 decreased	 because	 a	 separate	 machine	 is
required	for	their	production.
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The	 main	 form	 of	 treatment	 for	 deep	 tumors	 is	 photons.	 As	 described	 in	 the	 “Radiation	 Physics”	 section,
photons	spare	the	skin	and	deposit	dose	along	their	entire	path	until	the	beam	leaves	the	body.	The	use	of	multiple
beams	that	intersect	on	the	tumor	permits	high	doses	to	be	delivered	to	the	tumor	with	a	relative	sparing	of	normal
tissue.	The	pinnacle	of	this	concept	is	IMRT,	which	uses	hundreds	of	beams	and	can	treat	concave	shapes	with
relative	sparing	of	 the	central	region	(see	Figs.	16.20	and	16.21).	However,	as	each	beam	continues	on	 its	path
beyond	 the	 tumor,	 this	 use	of	multiple	beams	means	 that	 a	 significant	 volume	of	 normal	 tissue	 receives	 a	 low
dose.	There	has	been	considerable	debate	concerning	 the	magnitude	of	 the	 risk	of	 second	cancers	produced	by
radiating	large	volumes	with	low	doses	of	radiation	(see	Chapter	135).

SBRT	 (sometimes	 called	 stereotactic	 ablative	 radiation	 [SABR])	 is	 a	 particular	 form	 of	 external-beam
radiation	 that	 is	 in	widespread	use	 and	 is	 continuing	 to	 increase.	SBRT	uses	many	 (typically	more	 than	 eight)
cross-firing	 beams	 and	 provides	 an	 improved	 method	 of	 curing	 early-stage	 lung	 cancer94	 and	 hepatocellular
cancer.95	This	approach	uses	precise	localization	and	image	guidance	to	deliver	a	small	number	(less	than	five)	of
high	 doses	 of	 radiation,	 with	 the	 concept	 of	 ablating	 the	 tumor,	 rather	 than	 using	 fractionation	 to	 achieve	 a
therapeutic	index	(see	the	section	“Fractionation”).	SBRT	can	provide	long-term,	local	control	rates	of	>90%	for
tumors	less	than	4	to	5	cm	with	minimal	side	effects.

Charged	particle	beams	(proton	and	carbon,	 in	 this	discussion)	differ	from	photons	 in	 that	 they	interact	only
modestly	with	tissue	until	they	reach	the	end	of	their	path,	where	they	then	deposit	the	majority	of	their	energy
and	stop	(the	Bragg	peak;	see	Fig.	16.18).	This	ability	to	stop	at	a	chosen	depth	decreases	the	region	of	low	dose.
The	 chief	 form	of	 charged	particle	 used	 today	 is	 the	 proton.	 In	 the	 decade	 from	1980	 to	 1990,	 proton	 therapy
could	deliver	higher	doses	of	radiation	to	 the	 target	 than	photon	therapy	because	protons	could	produce	a	more
rapid	 falloff	 of	 dose	 between	 the	 target	 and	 the	 critical	 normal	 tissue	 (e.g.,	 tumor	 and	 brain	 stem).	 Therefore,
initially,	 their	 main	 application	 was	 in	 the	 treatment	 uveal	 melanomas,	 base-of-skull	 chondrosarcomas,	 and
chordomas.	In	contrast,	today’s	IMRT	photons	are	more	conformal	in	the	high-dose	region	than	protons	due	to	the
range	 uncertainty	 of	 the	 latter.96	 Thus,	 it	 seems	 unlikely	 that	 protons	 will	 permit	 a	 higher	 target	 dose	 to	 be
delivered	than	photons.	In	contrast,	protons	have	the	potential	to	decrease	regions	of	low	dose.	This	would	be	of
particular	 advantage	 in	 the	 treatment	 of	 pediatric	 malignancies,	 where	 low	 doses	 of	 radiation	 would	 tend	 to
increase	the	chance	of	second	cancers	and	could	affect	neurocognitive	function	in	the	treatment	of	brain	tumors.97

A	carbon	 ion	beam	has	an	additional	potential	biologic	 advantage	over	protons.	As	discussed	 in	 the	 section
“Biologic	Aspects	of	Radiation	Oncology,”	hypoxic	cells,	which	are	found	in	many	tumors,	are	up	to	three	times
more	 resistant	 to	 photon	 or	 proton	 radiation	 than	 well-oxygenated	 cells.	 In	 contrast,	 hypoxia	 does	 not	 cause
resistance	 to	 a	 carbon	 beam.	 Whether	 hypoxia	 is	 a	 cause	 of	 clinical	 resistance	 to	 fractionated	 radiation	 is
debated.98	There	are	now	over	a	dozen	carbon	beam	facilities	in	several	European	countries,	China,	and	Japan,	but
none	in	the	United	States.

Two	major	issues	initially	affected	the	widespread	acceptance	of	protons.	The	most	widely	recognized	is	cost.
Proton	(approximately	$150	million)	and	carbon	beam	facilities	(in	excess	of	$200	million)	are	substantially	more
expensive	 than	a	 similar-sized	photon	 facility	 (approximately	$25	million).	The	cost	was	driven	by	 the	need	 to
design	multiroom	facilities.	The	operating	costs	appear	to	be	significantly	higher	as	well.	More	recently,	single-
room	facilities	have	been	developed	that	cost	in	the	range	of	$35	million.	Although	more	expensive	than	a	single
linear	accelerator,	the	decrease	in	price	has	led	to	a	proliferation	of	these	smaller	facilities.	A	second,	less	well-
appreciated	 issue	 concerns	 the	 need	 to	 develop	 full	 integration	 of	 charged	 particle	 beams	 with	 IGRT,	 as	 has
already	 been	 accomplished	 with	 photons,	 although	 this	 feature	 is	 being	 incorporated	 into	 second-generation
proton	units.

With	 the	 expansion	 of	 proton	 facilities,	 data	 are	 now	 being	 obtained	 to	 assess	 their	 efficacy.	 Initially,	 the
majority	 of	 patients	 who	 received	 proton	 therapy	 had	 prostate	 cancer,	 although	 there	 is	 no	 strong	 evidence
supporting	 superiority	 over	 IMRT	 photons99;	 randomized	 trials	 are	 now	 underway	 for	many	 sites.100	 The	 first
phase	 II	 randomized	 trial	 comparing	 proton	 to	 photon	 therapy	 for	 non–small-cell	 lung	 cancer	 was	 recently
published.101	 Although	 this	 was	 a	 negative	 study,	 the	 design,	 which	 combined	 toxicity	 and	 efficacy,	 made	 it
difficult	to	assess	potential	benefit.	Furthermore,	there	was	a	“learning	effect,”	making	it	possible	that	a	new	trial
would	 produce	 a	 result	 favoring	 protons.	 Promising	 single-arm	 phase	 II	 results	 have	 been	 obtained	 in	 the
treatment	of	head	and	neck	cancer102	and	liver	cancer.103	It	seems	likely	that	proton	therapy	will	find	a	place	in
cancer	 treatment	 in	 the	 coming	 years,	 although	 this	 needs	 to	 be	 established	 through	 the	 conduct	 of	 rigorous
clinical	trials.

Neutron	 therapy	 attracted	 significant	 interest	 in	 the	 1980s,	 based	 on	 the	 principle	 that	 it	 would	 be	 more
effective	 than	 photons	 against	 hypoxic	 cells	 that	 some	have	 thought	 are	 responsible	 for	 radiation	 resistance	 of
tumors.	The	effectiveness	of	neutron	therapy	has	been	limited	by	initial	difficulties	with	collimation	and	targeting,



although	they	may	have	a	role	in	the	treatment	of	refractory	parotid	gland	tumors.104
Brachytherapy	refers	to	the	placement	of	radioactive	sources	next	to	or	inside	the	tumor.	The	chief	sites	where

brachytherapy	 plays	 a	 role	 are	 in	 prostate	 and	 cervical	 cancer,	 although	 it	 has	 applications	 in	 head	 and	 neck
cancers,	soft	tissue	sarcomas,	and	other	sites.	In	the	case	of	prostate	cancer,	most	experience	is	with	low-dose-rate
permanent	implants	using	iodine-125	(125I)	or,	more	recently,	palladium-103	(103Pd).	Over	the	past	5	years,	there
has	 been	 an	 increasing	 emphasis	 on	 improving	 the	 accuracy	 of	 seed	 placement,	 guided	 by	 ultrasound	 and
confirmed	by	CT	or	MRI,	 and	 in	 skilled	hands,	 outstanding	 results	 can	be	 achieved.105	 In	 the	 case	 of	 cervical
cancer,	high-dose-rate	 treatment,	which	can	be	performed	in	an	outpatient	setting,	has	essentially	replaced	 low-
dose-rate	treatment,	which	typically	requires	general	anesthesia	and	a	2-day	hospital	stay.	The	results	from	both
techniques	appear	to	be	approximately	equivalent.

Yttrium	microspheres	represent	a	distinct	form	of	brachytherapy.	These	spheres	carry	yttrium	90	(90Y),	a	pure
beta	emitter	with	a	 range	of	about	1	cm.	These	have	been	used	 to	 treat	both	primary	hepatocellular	cancer	and
colorectal	cancer	metastatic	to	the	liver	(hepatic	arterial	or	systemic	chemotherapy)	by	administration	through	the
hepatic	artery.

TREATMENT	INTENT
Radiation	doses	are	chosen	to	maximize	the	chance	of	tumor	control	without	producing	unacceptable	toxicity.	The
dose	of	radiation	required	depends	on	the	tumor	type	and	location,	the	volume	of	disease,	and	the	use	of	radiation-
modifying	agents	(e.g.,	chemotherapeutic	drugs	used	as	radiation	sensitizers).	Except	for	a	subset	of	tumors	that
are	exquisitely	sensitive	 to	radiation	(e.g.,	seminoma,	 lymphoma),	doses	 that	are	required	are	often	close	 to	 the
tolerance	of	the	normal	tissue.	Because	a	1-cm3	 tumor	contains	approximately	1	billion	cells,	 it	follows	that	the
reduction	of	a	 tumor	from	3	cm	in	diameter	 to	3	mm,	which	would	be	called	a	complete	response	by	CT	scan,
would	 still	 leave	 1	million	 tumor	 cells.	 Because	 each	 radiation	 fraction	 appears	 to	 kill	 a	 fixed	 fraction	 of	 the
tumor,	 the	 dose	 to	 cure	 occult	 disease	 needs	 to	 be	more	 similar	 to	 the	 dose	 for	 gross	 disease	 than	 one	might
otherwise	expect.	Thus,	radiation	doses	(using	the	standard	fractionation)	of	45	to	54	Gy	are	typically	used	in	the
adjuvant	setting	when	there	 is	moderate	suspicion	for	occult	disease,	60	to	65	Gy	for	positive	margins	or	when
there	is	a	high	suspicion	for	occult	disease,	and	70	Gy	or	more	for	gross	disease.

It	 is	 common	during	 the	 course	 of	 radiation	 to	 give	 higher	 doses	 of	 radiation	 to	 regions	 that	 have	 a	 higher
tumor	burden.	For	example,	regions	that	are	suspected	of	harboring	occult	disease	may	be	targeted	to	receive	(in
once-daily	2-Gy	fractions)	54	Gy,	whereas,	to	control	the	gross	tumor,	the	goal	may	be	to	administer	a	total	dose
of	70	Gy.	Because	the	gross	tumor	will	invariably	reside	within	the	region	at	risk	for	occult	disease,	it	has	become
standard	practice	to	deliver	50	Gy	to	the	entire	region	and	then	an	additional	boost	dose	of	20	Gy	to	the	tumor.
This	sequence	is	called	the	shrinking	field	technique.	With	the	development	of	IMRT,	it	has	become	possible	to
treat	both	regions	with	a	different	dose	each	day	and	achieve	both	goals	simultaneously.	For	example,	on	each	of
the	35	days	of	treatment,	the	gross	tumor	might	receive	2	Gy	and	the	region	of	occult	disease	1.7	Gy,	for	a	total
dose	of	59.5	Gy,	which	is	of	approximately	equal	biologic	effectiveness	to	54	Gy	in	1.8-Gy	fractions	because	of
the	lower	dose	per	fraction	(see	the	section	“Biologic	Aspects	of	Radiation	Oncology”).

Radiation	therapy	alone	is	often	used	with	curative	intent	for	localized	tumors.	The	decision	to	use	surgery	or
radiation	therapy	involves	factors	determined	by	the	tumor	(e.g.,	is	it	resectable	without	a	serious	compromise	in
function?)	 and	 the	 patient	 (e.g.,	 is	 the	 patient	 a	 good	 operative	 candidate?).	 For	 instance,	 patients	with	 larynx
cancer	often	receive	radiation	for	voice	preservation,	and	there	are	many	patients	with	early-stage	lung	cancer	who
are	not	operative	candidates.	Control	rates	for	these	early-stage	lesions	are	in	excess	of	70%	(and	as	high	as	90%
for	early-stage	larynx	cancer	and	tumors	treated	with	SBRT)	and	are	usually	a	function	of	tumor	size.

Locally	advanced	or	aggressive	cancers	can	be	cured	with	radiation	alone	or	with	a	combination	of	radiation
and	chemotherapy	or	a	molecularly	targeted	therapy.	The	most	common	examples	are	locally	advanced	lung,	head
and	neck,	esophageal,	and	cervix	cancers,	with	cure	rates	in	the	15%	to	40%	range;	these	cancers	are	discussed	in
detail	 in	 their	 own	 chapters.	 A	 general	 principle	 that	 has	 emerged	 over	 the	 past	 decade	 is	 that	 combination
chemoradiation	has	 increased	 the	cure	rates	of	 locally	advanced	cancers	by	5%	to	10%	at	 the	cost	of	 increased
toxicity.

An	important	consideration	in	the	use	of	radiation	(with	or	without	chemotherapy)	with	curative	intent	is	the
concept	 of	 organ	 preservation.	 Perhaps,	 the	 best	 example	 of	 achieving	 organ	 preservation	 in	 the	 face	 of	 gross
disease	 involves	 the	 use	 of	 chemotherapy	 and	 radiation	 to	 replace	 laryngectomy	 in	 the	 treatment	 of	 advanced
larynx	cancer.	Combined	 radiation	and	chemotherapy	does	not	 improve	overall	 survival	 compared	with	 radical
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surgery;	 however,	 the	 organ-conservation	 approach	 permits	 voice	 preservation	 in	 approximately	 two-thirds	 of
patients	with	advanced	larynx	cancer.106	The	treatment	of	anal	cancer	with	chemoradiation	can	also	be	viewed	in
this	light,	with	chemoradiotherapy	producing	organ	conservation	and	cure	rates	superior	to	radical	surgery	used
decades	ago.107	Multiple	 randomized	 trials	have	demonstrated	 that	 lumpectomy	plus	 radiation	 for	breast	cancer
produces	survival	rates	equal	to	that	of	modified	radical	mastectomy,	while	allowing	for	the	preservation	of	the
breast.

In	the	past	decade,	it	has	become	clear	that	some	patients	with	metastatic	disease	can	be	cured	with	radiation
(with	or	without	chemotherapy).	The	concept	underlying	this	approach	was	established	by	the	surgical	practice	of
resecting	a	limited	number	of	liver	or	lung	metastases.	A	significant	fraction	of	patients	has	a	limited	number	of
liver	metastases	 that	 cannot	 be	 resected	 because	 of	 location	 but	 are	 able	 to	 undergo	 high-dose	 radiation	 (often
combined	with	chemotherapy).	This	radical	approach	to	oligometastases108	can	produce	5-year	survival	rates	 in
the	range	of	20%	in	selected	patients.109	Patients	with	a	limited	number	of	lung	metastases	from	colorectal	cancer
or	soft	tissue	sarcomas	are	now	being	approached	with	stereotactic	body	radiation	with	a	similar	concept	as	has
been	used	to	justify	surgical	resection.

In	 addition	 to	 the	 direct	 effect	 of	 radiation	 on	 metastatic	 tumor,	 there	 is	 now	 anecdotal	 but	 provocative
evidence	 that	 radiation	 can	 stimulate	 the	 immune	 system	 so	 that	 tumors	 distant	 from	 the	 irradiated	 tumor	 can
respond.	Distant	(abscopal)	responses	have	been	reported	in	patients	who	receive	immune	checkpoint	 inhibitors
such	 as	 ipilimumab.110	 Numerous	 clinical	 trials	 are	 now	 underway	 combining	 radiation	 therapy	 with
immunotherapy	with	a	goal	of	making	the	abscopal	response	more	predictable	and	frequent.111,112

Radiation	 therapy	can	also	contribute	 to	 the	cure	of	patients	when	used	 in	an	adjuvant	setting.	 If	 the	 risk	of
recurrence	 after	 surgery	 is	 low	 or	 if	 a	 recurrence	 could	 be	 easily	 addressed	 by	 a	 second	 resection,	 adjuvant
radiation	therapy	is	not	usually	given.	However,	when	a	gross	total	resection	of	the	tumor	is	still	associated	with	a
high	risk	of	residual	occult	disease	or	if	local	recurrence	is	morbid,	adjuvant	treatment	is	often	recommended.	A
general	finding	across	many	disease	sites	is	that	adjuvant	radiation	can	reduce	local	failure	rates	to	below	10%,
even	in	high-risk	patients,	if	a	gross	total	resection	is	achieved.	If	gross	disease	or	positive	margins	remain,	higher
doses	 and/or	 larger	 volumes	 may	 be	 required,	 which	 may	 be	 less	 well	 tolerated	 and	 are	 less	 successful	 in
achieving	tumor	control.

Adjuvant	 therapy	 can	 be	 delivered	 before	 or	 after	 definitive	 surgery.	 There	 are	 some	 advantages	 to	 giving
radiation	therapy	after	surgery.	The	details	of	the	tumor	location	are	known,	and	with	the	surgeon’s	cooperation,
clips	 can	 be	 placed	 in	 the	 tumor	 bed,	 permitting	 increased	 treatment	 accuracy.	 In	 addition,	 compared	 with
preoperative	 therapy,	 postoperative	 therapy	 is	 associated	 with	 fewer	 wound	 complications.	 However,	 in	 some
cases,	it	is	preferable	to	deliver	preoperative	radiation.	Radiation	can	shrink	the	tumor,	diminishing	the	extent	of
the	resection	or	making	an	unresectable	tumor	resectable.	In	the	case	of	rectal	cancer,	 the	response	to	treatment
may	carry	more	prognostic	information	than	the	initial	tumor-node-metastasis	(TNM)	staging.113	In	patients	who
will	 undergo	 significant	 surgeries	 (particularly	 a	Whipple	 procedure	 or	 an	 esophageal	 resection),	 preoperative
(sometimes	 called	 neoadjuvant)	 therapy	 can	 be	 more	 reliably	 administered	 than	 postoperative	 therapy.	 Most
importantly,	after	resection	of	abdominal	or	pelvic	tumors	(such	as	rectal	cancers	or	retroperitoneal	sarcomas),	the
small	bowel	may	become	fixed	by	adhesions	in	the	region	requiring	treatment,	 thus	increasing	the	morbidity	of
postoperative	treatment.	A	randomized	trial	has	shown	that	preoperative	therapy	produces	fewer	gastrointestinal
side	 effects	 and	 has	 at	 least	 as	 good	 efficacy	 as	 postoperative	 adjuvant	 therapy	 for	 locally	 advanced	 rectal
cancer.114

The	 effectiveness	 of	 adjuvant	 therapy	 in	 decreasing	 local	 recurrence	 has	 been	 demonstrated	 in	 randomized
trials	 in	 lung,	 rectal,	 and	 breast	 cancers.	 More	 recently,	 randomized	 trials	 have	 shown	 that	 postmastectomy
radiation	improved	the	survival	for	women	with	breast	cancer	and	four	or	more	positive	lymph	nodes,	all	of	whom
also	received	adjuvant	chemotherapy.	A	fascinating	analysis	has	revealed	that	across	many	treatment	conditions,
each	 4%	 increase	 in	 5-year	 local	 control	 is	 associated	 with	 a	 1%	 increase	 in	 5-year	 survival.115	 It	 has	 been
proposed	 that	 the	 long-term	 survival	 benefit	 of	 radiation	 in	 these	 more	 recent	 studies	 was	 revealed	 by	 the
introduction	of	effective	chemotherapy,	which	prevented	such	a	high	 fraction	of	women	 from	dying	early	with
metastatic	disease.116	This	concept	has	been	developed	into	a	hypothesis	that	the	effect	of	adjuvant	radiation	on
survival	will	depend	on	the	effectiveness	of	adjuvant	chemotherapy.	If	chemotherapy	is	either	ineffective	or	very
effective,	 adjuvant	 radiation	 may	 have	 little	 influence	 on	 the	 survival	 in	 a	 disease	 in	 which	 systemic	 relapse
dominates	 survival.	 Radiation	 will	 have	 its	 greatest	 impact	 on	 survival	 when	 chemotherapy	 is	 moderately
effective.117

In	 addition	 to	 these	 curative	 roles,	 radiation	 plays	 an	 important	 part	 in	 palliative	 treatment.	 Perhaps,	 most
importantly,	emergency	irradiation	can	begin	to	reverse	the	devastating	effects	of	spinal	cord	compression	and	of



superior	vena	cava	syndrome.	A	single	8-Gy	fraction	is	highly	effective	for	many	patients	with	bone	pain	from	a
metastatic	lesion.	There	is	increasing	evidence	of	the	effectiveness	of	SBRT	to	treat	vertebral	body	metastases	in
patients	 who	 have	 a	 long	 projected	 survival	 or	 who	 need	 retreatment	 after	 previous	 radiation.118	 Stereotactic
treatment	 can	 relieve	 symptoms	 from	 a	 moderate	 number	 of	 brain	 metastasis,	 and	 fractionated	 whole-brain
radiation	can	mitigate	 the	effects	of	multiple	metastases.	Bronchial	obstruction	can	often	be	 relieved	by	a	brief
course	of	treatment,	as	can	duodenal	obstruction	from	pancreatic	cancer.	Palliative	treatment	is	usually	delivered
in	 a	 smaller	 number	 of	 larger	 radiation	 fractions	 (see	 the	 next	 section,	 “Fractionation”)	 because	 the	 desire	 to
simplify	the	treatment	for	a	patient	with	limited	life	expectancy	outweighs	the	somewhat	increased	potential	for
late	side	effects.

FRACTIONATION
Two	crucial	 features	 that	 influence	 the	effectiveness	of	 a	physical	dose	of	 radiation	are	 the	dose	given	 in	each
radiation	treatment	(i.e.,	 the	fraction)	and	the	total	amount	of	time	required	to	complete	the	course	of	radiation.
Standard	fractionation	for	radiation	therapy	is	defined	as	the	delivery	of	one	treatment	of	1.8	to	2.25	Gy	per	day.
This	approach	produces	a	fairly	well-understood	chance	of	tumor	control	and	risk	of	normal	tissue	damage	(as	a
function	of	volume).	By	altering	the	fractionation	schemes,	one	may	be	able	to	improve	the	outcome	for	patients
undergoing	curative	treatment	or	to	simplify	the	treatment	for	patients	receiving	palliative	therapy.

Two	 forms	 of	 altered	 fractionation	 have	 been	 tested	 for	 patients	 undergoing	 curative	 treatment:	 accelerated
fractionation	and	hyperfractionation.	Accelerated	fractionation	emerged	from	analyses	of	the	control	of	head	and
neck	 cancer	 as	 a	 function	 of	 dose	 administered	 and	 total	 treatment	 time.	 It	 was	 found	 not	 only	 that	 with	 an
increasing	dose,	there	was	increasing	local	control	but	also	that	protraction	of	treatment	was	associated	with	a	loss
of	local	control	that	was	equivalent	to	about	0.75	Gy	per	day.119	The	data	were	best	modeled	by	assuming	that,
approximately	2	weeks	into	treatment,	tumor	cells	began	to	proliferate	more	rapidly	than	they	were	proliferating
early	 in	 treatment	 (called	 accelerated	 repopulation).120	 In	 accelerated	 fractionation,	 the	 goal	 is	 to	 complete
radiation	before	the	accelerated	tumor	cell	proliferation	occurs.	The	second	approach	to	altering	fractionation	is
called	hyperfractionation.	Hyperfractionation	is	defined	as	the	use	of	more	than	one	fraction	per	day	separated	by
more	than	6	hours	(see	the	section	titled	“Biologic	Aspects	of	Radiation	Oncology”),	with	a	dose	per	fraction	that
is	 less	 than	 standard.	Hyperfractionation	 is	 expected	 to	 increase	 the	 acute	 toxicity	 (which	 resolves)	 and	 tumor
response,	while	 not	 increasing	 the	 (dose-limiting)	 late	 toxicity,	which	 can	 improve	 cure	 rate.	 Both	 accelerated
fractionation	and	hyperfractionation	were	superior,	in	a	meta-analysis,	to	standard	fractionation	in	the	treatment	of
head	 and	 neck	 cancer	with	 radiation	 alone.121	However,	 recent	 trials	 suggest	 that	 hyperfractionation	 combined
with	 chemotherapy	 does	 not	 increase	 tumor	 control	 or	 survival	 compared	 to	 standard	 chemoradiation	 but	 does
increase	toxicity;	therefore,	the	use	of	altered	fractionation	schemes	has	decreased	dramatically	over	the	past	few
years.122
Hypofractionation	 refers	 to	 the	 administration	 of	 a	 smaller	 number	 of	 larger	 fractions	 than	 is	 standard.

Hypofractionation	 might	 be	 expected	 to	 cause	 more	 late	 toxicity	 for	 the	 same	 antitumor	 effect	 than	 standard
fractionation	or	hyperfractionation.	In	the	past,	this	approach	was	reserved	for	palliative	cases,	with	the	sense	that
a	modest	potential	 for	 increased	 late	 toxicity	was	not	 a	major	 concern	 in	patients	with	 limited	 life	 expectancy.
However,	 more	 recently,	 it	 has	 been	 demonstrated	 that	 hypofractionation,	 although	 more	 convenient	 and	 less
expensive,	is	not	inferior	to	standard	fractionation	for	breast123	and	prostate	cancer.124

ADVERSE	EFFECTS
Adverse	effects	from	radiation	can	be	divided	into	acute,	subacute,	and	chronic	(or	late)	effects.	Acute	effects	are
common,	rarely	serious,	and	usually	self-limiting.	Acute	effects	tend	to	occur	in	organs	that	depend	on	rapid	self-
renewal,	 most	 commonly,	 the	 skin	 or	 mucosal	 surfaces	 (oropharynx,	 esophagus,	 small	 intestine,	 rectum,	 and
bladder).	This	 is	 due	 to	 radiation-induced	 cell	 death	 that	 occurs	during	mitosis	 so	 that	 cells	 that	 divide	 rapidly
show	the	most	rapid	cell	loss.	In	the	treatment	of	head	and	neck	cancer,	mucositis	becomes	worse	during	the	first
3	to	4	weeks	of	therapy	but	then	will	often	stabilize	as	the	normal	mucosa	cell	proliferation	increases	in	response
to	mucosal	cell	loss.	It	seems	likely	that	normal	tissue	stem	cells	are	relatively	resistant	to	radiation	compared	with
the	 more	 differentiated	 cells	 because	 these	 stem	 cells	 survive	 to	 permit	 the	 normal	 mucosa	 to	 reepithelialize.
Acute	side	effects	typically	resolve	within	2	weeks	of	treatment	completion,	although	occasionally,	these	effects
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are	so	severe	that	they	lead	to	consequential	late	effects,	as	described	later.
Because	lymphocytes	are	exquisitely	sensitive	to	radiation,	there	has	been	considerable	investigation	into	the

effects	of	radiation	on	immune	function.	In	contrast	to	mucosal	cell	killing,	which	requires	mitosis,	radiation	kills
lymphocytes	 in	 all	 phases	 of	 the	 cell	 cycle	 by	 apoptosis	 so	 that	 lymphocyte	 counts	 decrease	 within	 days	 of
initiating	 treatment.	 Some	 studies	 have	 correlated	 treatment-induced	 lymphopenia	 with	 worse	 outcome.125	 In
contrast,	 a	 recent	 study	 demonstrating	 a	 dramatic	 increase	 in	 survival	 of	 patients	 with	 locally	 advanced	 lung
cancer	who	 received	chemoradiation	 followed	by	adjuvant	durvalumab,	 compared	 to	placebo,	 suggests	 that	 the
ability	of	the	immune	system	to	recognize	tumor	cells	is	still	intact	after	chemoradiation.126	In	any	case,	radiation
therapy	alone	does	not	tend	to	put	patients	at	risk	for	infection	because	granulocytes,	which	are	chiefly	responsible
for	combating	infections,	are	relatively	unaffected.

Two	 acute	 side	 effects	 of	 radiation	 do	 not	 fit	 neatly	 into	 these	 models	 relating	 to	 cell	 kill:	 nausea127	 and
fatigue.128	The	origin	of	radiation-induced	nausea	is	not	related	to	acute	cell	loss	because	it	can	occur	within	hours
of	 the	 first	 treatment.	 Nausea	 is	 usually	 associated	with	 radiation	 of	 the	 stomach,	 but	 it	 can	 sometimes	 occur
during	brain	irradiation	or	from	large-volume	irradiation	of	any	site.	Irradiation	typically	produces	fatigue,	even	if
relatively	 small	 volumes	 are	 irradiated.	 It	 seems	 likely	 that	 the	 origins	 of	 both	 of	 these	 abscopal	 effects	 of
radiation	(i.e.,	effects	that	occur	systemically	or	at	a	distance	for	the	site	of	irradiation)	are	related	to	the	release	of
cytokines,	but	little	is	known.

Radiation	can	also	produce	subacute	toxicities	in	the	form	of	radiation	pneumonitis	and	radiation-induced	liver
disease.	These	typically	occur	2	weeks	to	3	months	after	radiation	is	completed.	The	risk	of	radiation	pneumonitis
and	radiation-induced	liver	disease	is	proportional	to	the	mean	dose	delivered.129,130	Thus,	the	3D	tools	that	permit
the	calculation	of	dose-volume	histograms	(described	earlier	in	this	chapter)	are	currently	used	to	determine	the
maximum	safe	treatment	that	can	be	delivered	in	terms	of	dose	and	volume.	These	toxicities	appear	to	be	initiated
subclinically	during	 the	course	of	radiation	as	a	cascade	of	cytokines	 in	which	TGF-β,	 tumor	necrosis	 factor	α,
interleukin-6,	and	other	cytokines	play	a	role.131,132	Thus,	in	the	future,	we	might	look	toward	a	combination	of
physical	dose	delivery,	measured	by	the	dose-volume	histogram,	the	functional	imaging	of	normal	tissue	damage,
and	 the	 detection	 of	 biomarkers	 of	 toxicity,	 such	 as	 TGF-β,	 to	 improve	 the	 ability	 to	 individualize	 therapy.
Attempts	to	determine	the	genomic	basis	of	radiation	sensitivity,	beyond	the	known	rare	genetic	defects	such	as
ataxia	telangiectasia,	have	not	yet	been	successful.133

Late	 effects,	which	 are	 typically	 seen	 6	 or	more	months	 after	 a	 course	 of	 radiation,	 include	 fibrosis,	 fistula
formation,	or	long-term	organ	damage.	Two	theories	for	the	origin	of	late	effects	have	been	put	forth:	late	damage
to	the	microvasculature	and	direct	damage	to	the	parenchyma.	Although	the	vascular	damage	theory	is	attractive,
it	does	not	account	for	the	differing	sensitivities	of	organs	to	radiation.	Perhaps,	the	microvasculature	is	unique	in
each	organ.134	Regardless	of	the	mechanism	of	toxicity,	the	tolerance	of	whole-organ	radiation	is	now	fairly	well
established	(Table	16.2).	Late	complications	can	also	be	divided	into	two	categories:	consequential	and	true	late
effects.	The	best	example	of	a	consequential	late	effect	is	fibrosis	and	dysphagia	after	high-dose	chemoradiation
for	 head	 and	 neck	 cancer.	 Here,	 late	 fibrosis	 or	 ulceration	 appears	 to	 be	 the	 result	 of	 the	 mucosa	 becoming
denuded	 for	 a	 prolonged	 time	 period.	 Late	 consequential	 effects	 are	 distinct	 from	 true	 late	 effects,	 which	 can
follow	a	normal	treatment	course	of	self-limited	toxicity	and	a	6-month	or	more	symptom-free	period.	Examples
of	true	late	effects	are	radiation	myelitis,	radiation	brain	necrosis,	and	radiation-induced	bowel	obstruction.	In	the
past,	radiation	fibrosis	was	thought	to	be	an	irreversible	condition.	Therefore,	an	exciting	recent	development	is
that	 severe	 radiation-induced	 breast	 fibrosis	 is	 an	 active	 process	 that	 can	 be	 reversed	 by	 drug	 therapy
(pentoxifylline	and	vitamin	E).135	Radiation	 therapy	also	causes	second	cancers,	which	is	addressed	 in	detail	 in
Chapter	143.

TABLE	16.2
Radiation	Tolerance	Doses	for	Normal	Tissues

Site

TD	5/5	(Gy)a TD	50/5	(Gy)b

Complication	End	Point(s)

Portion	of	Organ	Irradiated Portion	of	Organ	Irradiated
1⁄3

2⁄3
3⁄3

1⁄3
2⁄3

3⁄3
Kidney 50 30 23 — 40 28 Nephritis

Brain 60 50 45 75 65 60 Necrosis,	infarct

Brain	stem 60 53 50 — — 65 Necrosis,	infarct



Spinal	cord 50	(5–10
cm)

— 47	(20	cm) 70	(5–10
cm)

— — Myelitis,	necrosis

Lung 45 30 17.5 65 40 24.5 Radiation	pneumonitis

Heart 60 45 40 70 55 50 Pericarditis

Esophagus 60 58 55 72 70 68 Stricture,	perforation

Stomach 60 55 50 70 67 65 Ulceration,	perforation

Small
intestine

50 — 40 60 — 55 Obstruction,	perforation,	fistula

Colon 55 — 45 65 — 55 Obstruction,	perforation,	fistula,
ulceration

Rectum (100-cm3

volume)
— 60 (100-cm3

volume)
— 80 Severe	proctitis,	necrosis,	fistula

Liver 50 35 30 55 45 40 Liver	failure
aTolerance	dose	(TD)	5/5,	the	average	dose	that	results	in	a	5%	complication	risk	within	5	years.
bTD	50/5,	the	average	dose	that	results	in	a	50%	complication	risk	within	5	years.
Adapted	from	Marks	LB,	Yorke	ED,	Jackson	A,	et	al.	Use	of	normal	tissue	complication	probability	models	in	the	clinic.	Int	J	Radiat
Oncol	Biol	Phys	2010;76(3	Suppl):S10–S19.

PRINCIPLES	OF	COMBINING	ANTICANCER	AGENTS	WITH	RADIATION
THERAPY
Combining	 chemotherapy	with	 radiation	 therapy	 has	 produced	 important	 improvements	 in	 treatment	 outcome.
Randomized	clinical	trials	show	improved	local	control	and	survival	through	the	use	of	concurrent	chemotherapy
and	 radiation	 therapy	 for	patients	with	high-grade	gliomas	and	 locally	advanced	cancers	of	 the	head	and	neck,
lung,	 esophagus,	 stomach,	 rectum,	 prostate,	 and	 anus.	 There	 are	 least	 two	 proposed	 reasons	 why
chemoradiotherapy	might	be	successful.	The	first	is	radiosensitization,	meaning	that	the	observed	effect	of	using
chemotherapy	and	 radiation	concurrently	 is	greater	 than	simply	adding	 the	 two	 together.136	A	 second	proposed
reason	to	combine	radiation	and	chemotherapy	is	to	realize	the	benefit	of	improved	local	control	radiation	along
with	the	systemic	effect	of	chemotherapy,	a	concept	called	spatial	additivity.137

Clinical	results	show	that	both	radiosensitization	and	spatial	additivity	contribute	to	varying	extents	in	different
clinical	 settings.	 In	 the	 case	 of	 head	 and	 neck	 cancer,	 radiosensitization	 predominates.	 This	 conclusion	 is
supported	 by	 the	meta-analysis	 of	 head	 and	 neck	 cancer:	 Sequential	 chemotherapy	 and	 radiotherapy	 produces
little	 if	 any	 improvement	 in	 survival,	 whereas	 concurrent	 chemoradiation	 produces	 a	 significant	 increase	 in
survival.138	Furthermore,	in	the	early	positive	studies	using	concurrent	chemoradiation,	systemic	metastases	were
unaffected	even	though	survival	was	improved.	Both	radiosensitization	and	spatial	additivity	underlie	the	efficacy
of	chemoradiation	for	locally	advanced	cervical	cancer	in	that	both	local	and	systemic	relapses	are	decreased	by
combined	therapy.139

By	 targeting	 the	 aberrant	 growth	 factor	 pathways	 that	 are	 specific	 to	 cancer	 cells	 rather	 than	 all	 rapidly
proliferating	 cells,	 molecularly	 targeted	 therapies	 offer	 the	 potential	 to	 improve	 outcome	 without	 increasing
toxicity.	 Even	 a	 selective	 cytostatic	 effect	 against	 the	 tumor	 would	 be	 predicted	 to	 act	 synergistically	 with
radiation	 (Fig.	 16.22).	 The	 best	 validation	 of	 this	 combination	 has	 been	 in	 head	 and	 neck	 cancer.	A	 phase	 III
clinical	trial	demonstrated	that	in	a	cohort	of	424	patients	with	locoregionally	advanced	squamous	cell	carcinoma
of	 the	 head	 and	 neck,	 the	 addition	 of	 cetuximab	 nearly	 doubled	 the	median	 survival	 of	 patients	 (compared	 to
radiotherapy	alone),	from	28	to	54	months.	This	study	represents	the	first	major	success	achieved	by	the	addition
of	an	EGFR	antagonist	to	radiotherapy.	This	improvement	was	achieved	without	enhanced	toxicity.	Notably,	the
rates	of	pharyngitis	and	weight	loss	were	identical	in	the	two	arms.59	Local	control	was	improved	rather	than	the
development	 of	 metastases,	 suggesting	 synergy	 rather	 than	 spatial	 additivity.	 Thus,	 the	 principle	 that	 can	 be
derived	from	this	study	is	that	in	tumors	expressing	high	EGFR	levels	and	that	are	likely	to	depend	on	aberrant
EGF	signaling,	combining	a	true	cytotoxic	agent	such	as	radiation	with	a	cytostatic	agent	such	as	cetuximab	has
considerable	promise.
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Figure	16.22	Potential	mechanisms	of	synergy	between	epidermal	growth	factor	receptor	(EGFR)
inhibitors	and	radiation.	Although	each	daily	radiation	treatment	kills	a	fraction	of	the	cells,	some
cells	grow	back	by	the	next	day,	which	attenuates	the	effectiveness	of	radiation.	If	an	EGFR

inhibitor	has	only	a	selective	cytostatic	effect	and	blocks	regrowth	between	fractions,	the	result
would	be	a	dramatic	increase	in	radiation	efficacy.	The	benefit	of	the	inhibitor	would	be	even

greater	if	it	caused	tumor	cell	cytotoxicity	or	radiosensitization.

Because	 of	 the	 success	 of	 chemoradiotherapy,	 the	 natural	 tendency	 has	 not	 been	 to	 substitute	 molecularly
targeted	 agents	 such	 as	 cetuximab	 for	 chemotherapy	 but	 to	 add	 cetuximab	 to	 chemoradiotherapy.	 Thus,	 the
combination	of	cisplatin,	cetuximab,	and	radiation	was	recently	found	to	have	the	same	control	rate	as	cisplatin
and	radiation	for	patients	with	locally	advanced	head	and	neck	cancer,	but	the	cetuximab	arm	had	greater	toxicity.
Unfortunately,	the	triple	therapy	was	never	evaluated	preclinically,	and	it	has	been	shown	preclinically	that	when
EGFR	 inhibitors	 are	 given	 prior	 to	 chemotherapy,	 they	 can	 produce	 antagonism.140	 The	 principles	 of	 adding
molecularly	targeted	therapy	to	chemoradiation	are	still	evolving.62
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INTRODUCTION
The	relationship	between	tumor	cells,	whose	abnormal	proliferation	is	spurred	by	genetic	and	epigenetic	changes
in	a	previously	healthy	cell,1	and	the	immune	system	has	been	explored	in	the	quest	for	better	therapies	against
cancer.	 Mutations	 not	 only	 alter	 cellular	 gene	 expression,	 metabolism,	 and	 the	 potential	 for	 invasion	 and
migration2	but	also	 lead	 to	 the	expression	of	new	epitopes	 that	can	be	 identified	as	foreign	and	trigger	 immune
responses.3,4	The	spectrum	of	tumor	immunogenicity	ranges	from	highest	in	melanoma,	lung	adenocarcinoma	and
squamous	 cell	 carcinoma,	 and	urothelial	 carcinoma	 to	 lowest	 in	 some	hematologic	 and	 central	 nervous	 system
malignancies.4	 The	 revelation	 that	 successful	 immunotherapy	 for	 cancer	 requires	 an	 understanding	 of	 the
relationship	 of	 immune	 cells	 to	 the	 tumor	microenvironment	 has	 promoted	 a	 renaissance	 in	 immune	 treatment
over	the	last	decade,	with	multiple	approvals	for	checkpoint	protein	inhibitors	since	2011,	but	its	clinical	origins
stretch	back	to	the	1970s,	when	the	first	biologic	agent	approved	for	cancer,	interferon	(IFN)-α,	was	developed.
Interleukin	(IL)-2	was	the	next	biologic	approved	for	kidney	cancer	and	melanoma,	but	it	was	not	until	the	advent
of	 checkpoint	 inhibitors	 that	 the	 field	 truly	 matured.	 In	 this	 chapter,	 we	 review	 the	 clinical	 track	 record	 of
immunotherapies	 that	 have	 been	 either	 approved	 or	 have	 been	 in	 advanced	 phase	 II	 and	 III	 trials	 for	 cancer
therapy,	which	will	help	place	in	perspective	data	on	newly	developed	cancer	immunotherapies	that	are	presented
in	subsequent	chapters.

Interferon-α
IFNs	are	a	class	of	glycoproteins	produced	by	immune	cells	that	possess	antiproliferative	and	immunomodulatory
effects.5	They	can	promote	the	influx	of	infiltrating	cells	within	tumors;	stimulate	antibody	production;	reduce	T-
regulatory	 cell	 numbers	 in	 the	 circulation;	 alter	 the	 STAT1/	 STAT3	 ratio	 both	 in	 circulating	 and	 in	 tumor-
infiltrating	 lymphocytes	 (TILs);	 polarize	 immune	 responses	 toward	 a	 T-helper	 1	 (Th1)	 phenotype;	 enhance
cytotoxicity	 and	 survival	 of	 natural	 killer	 (NK)	 cells;	 induce	 the	 generation	 and	 survival	 of	 both	 cytolytic	 and
memory	CD8+	 T	 cells;	 and	 promote	 dendritic	 cell	 maturation,	 chemotaxis,	 and	 T-cell	 priming	 against	 tumor
antigens.	 They	 also	 have	 antiangiogenic	 effects	 on	 tumor	 vessels.	 IFN-α	 (Intron-A,	 Merck,	 Kenilworth,	 NJ)
belongs	 to	 the	 type	 I	 IFN	 family.	 There	 are	 three	 recombinant	 formulations	 that	 exist	 for	 clinical	 use	 in	 three
isoforms	(α2a,	α2b,	α2c).

IFN-α	was	first	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	hairy	cell	leukemia	(α2a,	α2b)
in	1985.6	It	was	subsequently	approved	as	an	adjuvant	treatment	for	patients	with	high-risk	melanoma	in	1995	(as
IFN-α2b),7	then	as	first-line	treatment	with	bevacizumab	for	patients	with	metastatic	renal	cell	cancer,8	for	AIDS-
related	 Kaposi	 sarcoma	 (IFN-α2b),	 follicular	 lymphoma	 (IFN-α2b),	 and	 chronic	 myelogenous	 leukemia	 (Ph
chromosome+,	IFN-α2b).9,10	It	has	also	been	approved	for	noncancerous	condyloma	acuminata	(IFN-α2b).11	IFN-
α	 has	 been	 surpassed	 as	 a	 treatment	 over	 the	 last	 decade	 by	 the	 development	 of	 newer,	 less	 toxic,	 and	more
efficacious	 drugs.	 However,	 in	 the	 adjuvant	 treatment	 of	 melanoma,	 until	 the	 recent	 advent	 of	 checkpoint
inhibitors,	IFN	was	the	only	available	approved	therapy	and	had	widespread	community	use.

The	efficacy	of	IFN-α	for	metastatic	renal	cell	cancer	patients	was	first	reported	in	1989.12,13	Subsequent	phase
III	 studies	of	 IFN-α	showed	a	15%	response	 rate	and	an	 increase	 in	overall	 survival	 (OS)	 from	3	 to	7	months.
However,	most	responses	to	IFN-α	were	of	limited	duration,	and	only	a	small	number	of	renal	cell	cancer	patients
showed	complete	responses	(CRs).	In	addition,	long-term	use	of	IFN-α	was	difficult	to	sustain	due	to	side	effects
such	as	flu-like	symptoms	and	liver	toxicity.	With	the	approval	of	eight	additional	agents	for	metastatic	renal	cell
cancer,	IFN-α	has	little	current	use.



IFN-α	was	first	investigated	clinically	in	the	1980s	in	patients	with	metastatic	melanoma.14	Initial	phase	I	and
II	 studies	 demonstrated	overall	 response	 rates	 (ORRs)	of	 16%	 (about	 one-third	of	 them	were	CRs).	Responses
were	observed	as	late	as	6	months	from	initiation	of	therapy,	and	up	to	one-third	of	them	were	durable.	IFN-α	has
also	been	used	either	as	monotherapy	or	as	part	of	a	biochemotherapy	regimen	with	IL-2	+/−	chemotherapy.	IFN
combined	with	dacarbazine	moderately	improved	CR	rates,	but	it	 increased	the	incidence	of	adverse	events	and
had	no	significant	effect	on	1-	and	3-year	survival	in	one	study	in	melanoma.15

However,	 IFN-α2b	 has	 had	 its	 greatest	 impact	 in	 oncology	 as	 an	 adjuvant	 therapy	 for	 resected	 high-risk
melanoma.	Initial	evidence	of	the	activity	of	IFN-α	in	patients	with	metastatic	melanoma	led	to	its	testing	in	the
adjuvant	 setting.	 The	 North	 Central	 Cancer	 Treatment	 Group	 (NCCTG)	 trial	 and	 the	 Eastern	 Cooperative
Oncology	 Group	 (ECOG)	 trial	 E16847	 were	 the	 first	 adjuvant	 randomized	 controlled	 trials	 conducted	 in
melanoma.	Both	trials	employed	a	high-dose	IFN-α	regimen	of	>10	million	units	per	square	meter.	In	the	ECOG
E1684	trial,	at	a	median	follow-up	of	6.9	years,	IFN-α	given	intravenously	at	a	high	dose	of	20	million	units	per
square	meter	daily	for	5	days	a	week	for	4	weeks,	followed	by	subcutaneous	IFN-α	at	10	million	units	per	square
meters	three	times	a	week	for	11	months,	demonstrated	a	statistically	significant	impact	on	relapse-free	survival
(RFS)	and	OS	compared	to	observation.	The	estimated	5-year	RFS	in	the	treatment	arm	was	37%	versus	26%	for
observation.	Median	RFS	was	1.72	versus	0.98	years	(P	=	 .0023),	and	hazard	ratio	(HR)	was	0.61	(P	=	 .0013).
Median	OS	was	3.82	versus	2.78	years	(P	=	.0237),	and	HR	was	0.67	(P	=	.01).13	The	outcomes	of	this	trial	led	to
FDA	approval	in	1995	for	adjuvant	therapy	of	resected	high-risk	melanoma.

In	 a	 follow-up	 phase	 III	 trial	 (E1690),16	 the	 efficacy	 of	 the	 high-dose	 regimen	 used	 in	 the	 E1684	 trial	was
compared	to	low-dose	IFN-α2b	at	3	million	units	subcutaneously	thrice	weekly	for	2	years	and	a	third	control	arm
without	therapy.	At	4.3	years	of	median	follow-up,	5-year	estimated	RFS	rates	were	44%	for	high-dose	IFN,	40%
for	 low-dose	 IFN,	 and	 35%	 for	 observation,	 respectively.	 The	 OS	 in	 either	 IFN-α	 arm	 was	 similar	 to	 the
observation	arm	(52%	high-dose	versus	53%	low-dose	versus	55%	observation).	Unlike	E1684,	subjects	in	E1690
did	not	require	elective	lymph	node	dissection.	Crossover	at	recurrence	from	the	observation	arm	to	IFN-α	could
have	complicated	the	survival	analysis	in	that	trial.

In	 the	 subsequent	 intergroup	 E1694	 trial,	 high-dose	 IFN-α2b	 (HDI)	 was	 compared	 with	 a	 ganglioside
vaccine.17,18	 The	GM2-KLH/QS-1	 (GMK)	 vaccine	 consisted	 of	 purified	 ganglioside	 GM2	 coupled	 to	 keyhole
limpet	hemocyanin	and	combined	with	the	QS-21	adjuvant.	High-dose	IFN-α2b	had	superior	RFS	(HR,	1.47;	P	=
.001)	and	OS	(HR,	1.52;	P	=	.009)	compared	to	GMK	vaccine.	A	small	randomized	phase	II	trial,	E2696,	included
107	patients	with	 resected	 stage	 IIB,	 III,	 and	 IV	disease.	The	 study	 compared	 three	 arms—arm	A	 (GMK	plus
concurrent	HDI),	arm	B	(GMK	plus	sequential	HDI),	and	arm	C	(GMK	alone).	The	combined	approach	reduced
the	risk	of	recurrence	when	compared	to	GMK	alone	(HR,	1.96	for	C	versus	B	and	HR,	1.75	for	C	versus	A).

The	 EORTC	 18991	 trial	 tested	 adjuvant	 therapy	 with	 pegylated-IFN-α2b	 versus	 observation	 for	 resected
American	 Joint	 Committee	 on	 Cancer	 (AJCC)	 stage	 III	 melanoma,	 recruiting	 1,256	 patients.19	 At	 a	 median
follow-up	 of	 7.6	 years,	 the	 study	 showed	 an	 improvement	 in	 the	 primary	 end	 point	 of	 RFS	 (HR,	 0.87;	 95%
confidence	 interval	 [CI],	 0.76	 to	 1.00;	 P	 =	 .05),	 but	 no	 significant	 differences	 were	 seen	 in	 OS	 or	 distant
metastasis-free	 survival	 between	 observation	 and	 treatment.	 Patients	with	 a	 lower	 disease	 burden	 (i.e.,	 sentinel
node–positive	 patients	 [stage	 III-N1])	 benefited	more	 from	 therapy	with	 pegylated-IFN-α2b	 than	 those	 with	 a
greater	 disease	 burden,	 and	patients	with	 ulcerated	melanoma	had	 the	 greatest	 benefit.	 Pegylated	 IFN-α2b	was
granted	FDA	approval	in	the	United	States	as	adjuvant	therapy	for	patients	with	high-risk	resected	melanoma	with
lymph	node	metastases	based	on	its	RFS	advantage	but	has	had	little	utilization	in	the	United	States	or	elsewhere.

Given	the	modest	evidence	of	clinical	benefit	for	adjuvant	IFN-α	in	resected	high-risk	melanoma,	a	number	of
meta-analyses	have	been	conducted	to	use	large	numbers	of	patients	to	statistically	detect	a	small	benefit.20,21	One
of	 the	most	 comprehensive	meta-analyses	 of	 the	 impact	 of	 adjuvant	 IFN-α	 for	 patients	with	 high-risk	 resected
melanoma	was	 that	 of	Mocellin	 et	 al.,20	who	 assessed	 outcomes	 in	 14	 randomized	 controlled	 trials,	 published
between	1990	and	2008,	that	involved	8,122	patients,	of	which	4,362	were	treated	with	IFN-α2b.	IFN-α	treatment
was	associated	with	a	statistically	significant	improvement	in	RFS	in	10	of	the	17	trials	(HR,	0.82;	95%	CI,	0.77
to	0.87;	P	<	.001)	and	improved	survival	in	4	of	the	14	trials	in	which	survival	was	assessed	(HR,	0.89;	95%	CI,
0.83	to	0.96;	P	=	.002).	There	was	no	impact	of	IFN-α	dose	or	treatment	duration	on	clinical	outcomes.	Additional
meta-analyses	have	shown	that	the	absolute	survival	benefit	of	adjuvant	IFN-α	is	in	the	range	of	2%	to	3%.	These
data	 suggest	 that	 IFN-α	 has	 real	 but	 very	modest	 clinical	 benefit	 as	 adjuvant	 treatment	 for	 high-risk	 resected
melanoma	and,	when	balanced	against	its	prevalent	and	significant	toxicity,	represents	a	poor	risk-benefit	quotient
for	patients.	Most	recent	IFN	and	other	adjuvant	trials	have	had	RFS	as	their	primary	end	point,	which	is	likely	to
be	a	good	surrogate	for	OS,	as	shown	in	a	meta-analysis	of	IFN	studies.22
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INTERLEUKIN-2
The	 discovery	 of	 IL-2	 as	 “T-cell	 growth	 factor”	 in	 1976	 has	 had	 a	 significant	 impact	 on	 the	 field	 of
immunotherapy	for	human	cancer.23	IL-2	is	produced	predominately	by	antigen-stimulated	CD4+	T-helper	cells,
but	 it	 is	 also	 produced	 by	 CD8+	 cytolytic	 T	 cells,	 NK	 cells,	 and	 activated	 dendritic	 cells.	 IL-2	 is	 critically
important	for	the	maintenance	of	CD4+	regulatory	T-cell	function.	It	promotes	CD8+	T-cell	and	NK	cell	cytotoxic
activity,	 and	 it	modulates	T-cell	 differentiation	 programs	 in	 response	 to	 antigen,	 promoting	 naive	CD4+	 T-cell
differentiation	into	Th1	and	T-helper	2	(Th2)	cells	while	inhibiting	T-helper	17	(Th17)	differentiation.24–26

IL-2	 was	 produced	 in	 large	 quantities	 using	 recombinant	 technology	 and	 was	 tested	 as	 a	 cancer
immunotherapeutic	drug	in	the	early	1980s.	Initial	 trials	were	performed	at	the	National	Cancer	Institute	(NCI),
and	 the	drug	was	 found	 to	have	a	very	brief	half-life,	with	no	 tumor	 regression	observed	 in	 the	 initial	 first-in-
human	 study.27	 After	 success	was	 seen	with	 the	 drug	 administered	 at	 very	 high	 but	 toxic	 doses	 intravenously
every	8	hours,	it	was	eventually	approved	for	the	treatment	of	metastatic	renal	cell	carcinoma	(1992)	and	later	for
metastatic	melanoma	(1998)	by	the	FDA.28–30

In	1985,	25	patients	with	metastatic	cancers	of	differing	histologies	that	had	failed	all	standard	therapy	were
treated	with	IL-2	at	escalating	doses	from	60,000	to	600,000	IU/kg	until	dose-limiting	toxicity	was	reached.31	In
that	 small	 cohort,	 4	 of	 7	 patients	 with	 metastatic	 melanoma	 and	 3	 of	 3	 patients	 with	 metastatic	 renal	 cancer
showed	 shrinkage	 of	 their	 disease.	 The	 study	 was	 the	 first	 to	 demonstrate	 that	 IL-2	 could	 mediate	 tumor
regression	in	patients,	and	it	was	further	evaluated	in	patients	with	renal	cell	cancer	and	melanoma.	In	a	phase	II
trial,	patients	 received	multiple	cycles	of	 IL-2	at	a	dose	of	600,000	 to	720,000	IU/kg,	which	was	designated	as
“high-dose	IL-2,”	with	up	to	15	bolus	infusions	administered	every	8	hours	in	each	cycle.32	A	total	of	255	patients
with	metastatic	 renal	 cell	 carcinoma	were	 treated	with	as	many	 IL-2	doses	as	 they	could	 safely	 tolerate	 in	 this
trial,	 which	 showed	 a	 CR	 rate	 of	 7%	 and	 an	 ORR	 of	 15%.29	 These	 data	 supported	 the	 approval	 of	 IL-2	 for
metastatic	renal	cell	carcinoma	in	1992	in	the	United	States.

A	 number	 of	 subsequent	 phase	 II	 trials	 evaluated	 high-dose	 intravenous	 bolus	 IL-2	 alone,	 intravenous	 IL-2
combined	with	 IFN-α,	 and	 subcutaneous	 IL-2	 and	 IFN-α	 in	 patients	 with	metastatic	 renal	 cell	 carcinoma	 and
showed	similar	response	rates	and	median	OS	compared	to	IL-2	alone.33–35	The	addition	of	intravenous	IFN-α	to
IL-2	not	only	did	not	seem	to	improve	its	efficacy	but	also	resulted	in	increased	toxicity.	In	a	randomized	phase	III
trial,	patients	with	metastatic	renal	cell	cancer	received	either	 low-dose	IL-2	and	IFN-α	every	6	weeks	or	high-
dose	 IL-2	 every	 12	 weeks.	 High-dose	 IL-2	 produced	 a	 statistically	 significant	 improvement	 in	 response	 rate
(23.2%	versus	9.9%,	P	=	.018)	and	duration	of	response	(median	24	versus	15	months)	compared	with	low-dose
IL-2	and	IFN-α.35

IL-2	was	combined	with	chemotherapeutic	agents	in	a	regimen	called	biochemotherapy.	Combinations	of	IL-2
with	cisplatin	and	dacarbazine	have	been	extensively	studied	in	patients	with	metastatic	melanoma	over	the	past
three	decades.36–43	Results	 from	a	variety	of	 inpatient	 regimens	show	an	objective	 response	 rate	of	about	50%,
with	10%	to	20%	CRs	and	a	median	survival	of	11	to	12	months.	Despite	promising	antitumor	activity	reported	in
initial	studies,	biochemotherapy	regimens	have	consistently	failed	to	produce	statistically	significant	benefit	in	OS
in	randomized	phase	III	 trials.	Seven	phase	III	 trials	involving	a	variety	of	biochemotherapy	combinations	have
been	 previously	 reported.	 Only	 a	 single-institution	 trial	 comparing	 sequential	 administration	 of	 cisplatin,
vinblastine,	 and	 dacarbazine	 followed	 by	 IL-2	 and	 IFN	with	 the	 same	 chemotherapy	 regimen	 as	 a	 comparator
reported	 an	 increase	 in	 OS	 with	 a	 statistically	 marginal	 difference.44,45	 Moreover,	 two	 meta-analyses	 of	 the
literature	encompassing	18	trials	and	more	than	2,600	patients	in	which	biochemotherapy	(including	IFN,	IL-2,	or
IL-2	plus	IFN	regimens)	was	compared	with	chemotherapy	alone	showed	higher	response	rates,	but	no	survival
advantage,	for	the	biochemotherapy	regimens.

Biochemotherapy	was	 also	 tested	 as	 an	 adjuvant	 treatment	 in	 high-risk	 resected	melanoma	 in	 a	 randomized
phase	III	trial	of	over	430	patients	compared	to	then-standard	high-dose	IFN-α2b	which	resulted	in	an	increase	in
RFS	but	not	OS.46	At	a	median	follow-up	of	7.2	years,	biochemotherapy	improved	RFS	(P	=	.015),	with	a	5-year
RFS	 of	 48%	 versus	 39%.	Median	OS	was	 not	 different	 (P	 =	 .55),	 which	 dampened	 enthusiasm	 for	 this	 toxic
regimen.

A	number	of	biomarkers	have	been	found	to	be	associated	with	a	poor	outcome	with	IL-2	therapy,	including
high	vascular	endothelial	growth	factor	levels,47	which	are	known	to	be	immunosuppressive,	and	increases	over
time	in	 levels	of	 immunosuppressive	regulatory	T	cells,	which	are	 induced	by	binding	of	high-dose	IL-2	 to	 the
high-affinity	CD25+	T-cell	receptor	highly	expressed	on	T	regulatory	cells.48,49	Interestingly,	IL-2	has	been	tested
for	its	effects	on	regulatory	T	cells	in	graft	versus	host	disease	(GVHD)	and	has	been	found	to	have	a	favorable



effect	in	steroid-resistant	GVHD50	through	its	promotion	of	T	regulatory	cell	function.
The	future	role	of	IL-2	in	cancer	therapy	is	likely	to	be	limited	to	its	use	in	renal	cell	cancer	and	melanoma.51

After	failure	of	checkpoint	inhibitor	therapy,	high-dose	IL-2	does	have	clinical	activity,52	and	in	one	small	study
performed	 in	 which	 IL-2	 was	 combined	 with	 ipilimumab	 in	 patients	 with	 metastatic	 melanoma,	 a	 favorable
response	rate	and	long	durations	of	response	were	observed.53	However,	the	limitations	of	high-dose	IL-2	therapy
are	 the	 modest	 response	 rate,	 high	 toxicity,	 and	 need	 for	 extensive	 screening	 tests	 and	 inpatient	 admission
requiring	intensive	nursing	and	medical	monitoring	at	a	high	expense.	The	development	of	newer	IL-2–like	agents
(discussed	in	subsequent	chapters),	with	less	toxicity	and	lower	chance	of	stimulating	T	regulatory	cells,	suggest
that	in	the	future	high-dose	IL-2	will	have	little	use.

TALIMOGENE	LAHERPAREPVEC
Talimogene	 laherparepvec	 (T-VEC)	 is	 an	 oncolytic,	 genetically	 modified	 herpesvirus	 that	 mediates	 local	 and
systemic	antitumor	activity	by	direct	lysis	of	infected	cancer	cells	and	can	generate	an	“in	situ	vaccine”	effect.54
The	genetically	engineered	herpes	simplex	virus	type	1	of	the	JS-1	strain	is	only	capable	of	replicating	in	cancer
cells,	 where	 it	 generates	 granulocyte	 macrophage	 colony-stimulating	 factor	 (GM-CSF).	 The	 genes	 encoding
neurovirulence-infected	cell	protein	34.5	and	the	infected	cell	protein	47	are	functionally	deleted	in	the	virus,	and
the	gene	for	human	GM-CSF	was	inserted	to	 increase	 its	 immunogenicity.	The	presence	of	high	levels	of	 local
GM-CSF	might	promote	 the	 recruitment	 and	maturation	of	dendritic	 cells,	 as	well	 as	macrophages,	 into	potent
antigen-presenting	 cells,	 which	 would	 potentially	 lead	 to	 priming	 of	 tumor-specific	 T	 cells	 in	 the	 tumor
microenvironment	after	direct	intratumoral	injection.

T-VEC	was	initially	evaluated	in	a	phase	I	study	in	30	patients	who	had	failed	prior	effective	therapy	and	had
melanoma,	 breast	 cancer,	 gastric	 adenocarcinoma,	 or	 head	 and	 neck	 cancer	 with	 accessible	 cutaneous	 or
subcutaneous	lesions	for	injections.	They	were	treated	with	different	doses	and	schedules	of	T-VEC.54	No	clinical
responses	by	Response	Evaluation	Criteria	in	Sold	Tumors	(RECIST)	criteria	were	observed,	but	T-VEC	was	felt
to	 be	 safe	 and	well	 tolerated	 at	 doses	 of	 up	 to	 100	million	 plaque-forming	 units	 per	milliliter	 (pfu/mL).	 In	 a
follow-up	phase	II	trial,	50	patients	with	unresectable	metastatic	melanoma	with	one	or	more	injection-accessible
tumor	lesions	were	treated	with	intratumoral	injections	of	up	to	4	mL	of	106	pfu/mL	of	T-VEC,	followed	3	weeks
later	by	up	to	4	mL	of	108	pfu/mL,	and	subsequent	 injections	at	 that	dose	every	2	weeks	for	a	maximum	of	24
treatments.55	Eight	CRs	and	5	partial	responses	(PRs)	were	observed,	resulting	in	an	ORR	of	26%.	A	total	of	12	of
the	13	responses	lasted	longer	than	6	months.	Intratumoral	T	regulatory	cells	and	myeloid-derived	suppressor	cells
(MDSCs)	were	decreased	in	responding	lesions.56	T-VEC	was	overall	well	tolerated	with	low-grade	constitutional
symptoms,	injection	site	reactions,	and	gastrointestinal	symptoms	as	the	most	commonly	observed	adverse	events.
These	 data	 led	 to	 a	 phase	 III	 open-label	 registration	 study	 of	 T-VEC	 in	 436	 patients	 with	 unresectable	 stage
IIIB/IV	 melanoma	 who	 were	 randomized	 at	 a	 2:1	 ratio	 to	 receive	 T-VEC	 compared	 with	 subcutaneously
administered	GM-CSF	as	a	control	given	daily	subcutaneously	at	125	mg/m2	during	the	first	14	days	of	a	28-day
cycle.57	The	primary	end	point	of	this	phase	III	trial	was	achievement	of	a	durable	response	rate,	which	was	a	PR
or	CR	occurring	at	any	time	during	the	first	12	months	of	treatment	and	lasting	for	at	least	6	months.	Secondary
end	points	 included	OS,	 best	 overall	 response,	 and	duration	of	 response.	The	 study	met	 its	 primary	 end	point:
Durable	responses	were	higher	in	the	T-VEC	arm	at	16.3%	compared	with	the	GM-CSF	arm	at	2.1%.	The	ORR
was	also	 significantly	 increased	 in	 the	T-VEC	arm	 (26.4%)	compared	with	GM-CSF	alone	 (5.7%),	 as	was	 the
number	of	CRs	(10.8%	versus	1%).	Median	OS	was	23.3	months	in	the	T-VEC	arm	and	18.9	months	in	the	GM-
CSF	arm	(HR,	0.79;	P	=	 .051).	T-VEC	was	approved	 in	2015	on	 the	basis	of	 the	primary	end	point	of	durable
response	rate,	but	it	remains	unclear	whether	T-VEC	was	associated	with	improved	survival	even	compared	with
the	 control	 group	 treated	with	GM-CSF.	T-VEC	was	well	 tolerated	 in	 this	 phase	 III	 study.	The	most	 common
toxicities	included	injection	site	reactions,	fatigue,	chills,	and	fevers.	No	deaths	were	felt	to	be	due	to	T-VEC.

T-VEC	has	been	added	to	checkpoint	inhibitors	such	as	ipilimumab	and	pembrolizumab	in	several	trials.	In	an
open-label,	 phase	 Ib	 trial,	 T-VEC	 was	 given	 intratumorally	 in	 combination	 with	 ipilimumab	 at	 3	 mg/kg
intravenously	every	3	weeks	for	four	infusions,	beginning	with	week	6	after	starting	T-VEC.58	The	primary	end
point	was	the	incidence	of	dose-limiting	toxicities.	Secondary	end	points	were	objective	response	rate	by	immune-
related	response	criteria	and	safety.	A	total	of	19	patients	were	included	in	the	safety	analysis.	No	dose-limiting
toxicities	occurred,	and	no	new	safety	signals	were	detected.	Grade	3	or	4	treatment-related	adverse	events	were
seen	in	26.3%	of	patients;	15.8%	were	attributed	to	T-VEC,	and	21.1%	to	ipilimumab.	The	ORR	was	50%,	and
44%	 of	 patients	 had	 a	 durable	 response	 lasting	 6	 months	 or	 more.	 The	 18-month	 OS	 was	 67%,	 suggesting
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superiority	to	the	prior	published	experience	with	ipilimumab	alone.	In	a	follow-up	randomized	phase	II	trial,	198
patients	 were	 randomly	 assigned	 to	 T-VEC	 plus	 ipilimumab	 (n	 =	 98)	 or	 ipilimumab	 alone	 (n	 =	 100).59	 The
response	rate	was	39%	in	the	combination	arm	and	18%	in	the	ipilimumab	arm	(P	=	.002).	Decreases	in	visceral
lesion	were	observed	in	52%	of	patients	in	the	combination	arm	compared	to	23%	of	patients	with	ipilimumab.
Grade	3	or	4	adverse	events	were	observed	in	45%	and	35%	of	patients,	respectively.	T-VEC	has	been	tested	in	a
phase	Ib	trial	with	the	programmed	cell	death	protein	1	(PD-1)-blocking	antibody	pembrolizumab60	and	found	to
alter	 the	 tumor	microenvironment	 by	 augmenting	CD8	T-cell	 influx.	 The	 results	 of	 that	 trial	 have	 provoked	 a
phase	III	trial	called	Masterkey-265,	in	which	patients	receive	intratumorally	injected	T-VEC	plus	pembrolizumab
versus	pembrolizumab	plus	placebo	 and	whose	 accrual	 is	 ongoing.	The	 encouraging	preliminary	data	 from	 the
combination	of	T-VEC	plus	checkpoint	inhibitor	trials	suggest	that	T-VEC	may	prime	an	immune	response	and
generate	an	“inflamed”	tumor	microenvironment,	resulting	in	a	better	clinical	outcome.

GRANULOCYTE	MACROPHAGE	COLONY-STIMULATING	FACTOR
GM-CSF	 is	 a	 hematopoietic	 growth	 factor	 and	 immune	 stimulant	 that	 has	 a	 variety	 of	 effects	 on	 the	 immune
system.61	 It	 promotes	 the	development	 and	maturation	of	dendritic	 cells	 and	other	 antigen-presenting	 cells	 and
supports	the	activation	and	proliferation	of	T	cells.	GM-CSF	can	be	produced	by	a	variety	of	cell	types,	such	as
fibroblasts,	epithelial	cells,	macrophages,	T	cells,	and	even	tumor	cells.	 It	can	act	 to	drive	humoral	and	cellular
antitumor	 immune	 responses	 by	 stimulation	 of	 antigen-presenting	 cells.	GM-CSF	 is	 also	 a	 chemoattractant	 for
neutrophils,	 which	 can	 impact	 on	 the	 tumor	 microenvironment.	 Tumor-associated	 neutrophils	 can	 promote
angiogenesis	 and	 thus	 support	 tumor	 growth	 and	 suppress	 antitumor	 immunity	 by	 decreasing	 CD8+	 T-cell
activation.	Localized	 intratumoral	GM-CSF	has	 the	potential	 to	promote	 tumor	growth	and	progression.	 It	may
also	 support	 the	growth	 and	expansion	of	MDSCs,	which	 are	 a	heterogeneous	population	of	 cells	 that	mediate
tumor-induced	 immune	 suppression.62–66	 The	 proliferation	 and	 recruitment	 of	MDSCs	 is	 controlled	 by	 several
soluble	 factors,	 including	 GM-CSF.	 These	 data	 suggest	 that	 GM-CSF	may	 have	 the	 potential	 to	 increase	 the
proliferation	and/or	function	of	immune	suppressive	cells,	although	this	has	not	been	observed	in	trials	of	T-VEC
or	combinations	of	GM-CSF	with	other	drugs.

In	 a	 phase	 II	 randomized	 trial,	 GM-CSF	 combined	 with	 ipilimumab	 was	 compared	 with	 a	 control	 arm	 of
ipilimumab.67	A	significantly	prolonged	median	OS	was	observed	for	the	combination	at	17.5	months	compared
to	12.7	months	for	ipilimumab	monotherapy	(P	=	 .01).	 In	contrast,	median	progression-free	survival	(PFS)	was
not	significantly	improved	for	the	combination	arm.	The	response	rates	were	similar	between	groups.	Fewer	grade
3	 to	5	 adverse	 events	were	observed	 in	 that	 trial	 in	patients	 receiving	GM-CSF	with	 ipilimumab	 than	 in	 those
receiving	monotherapy.	In	another	phase	II	study,	a	maintenance	biochemotherapy	regimen	of	GM-CSF	and	low-
dose	IL-2	was	administered	to	patients	after	a	response	to	induction	biochemotherapy.	A	longer	median	OS	was
seen	 compared	 to	 historical	 controls	 who	 had	 received	 an	 identical	 biochemotherapy	 regimen	 alone	 without
maintenance.68

GM-CSF	has	been	employed	as	an	adjuvant	in	a	number	of	trials,	but	when	used	in	combination	with	peptide
vaccines,	 it	 had	 no	 significant	 impact	 on	 survival	 in	 two	 randomized	 studies.	 In	 one,	median	OS	 for	 patients
receiving	no	GM-CSF,	GM-CSF	75	μg,	or	GM-CSF	100	μg	per	dose	were	10,	6,	and	9	months,	respectively.69
This	peptide	vaccine	was	felt	to	be	clinically	ineffective.	In	another	study,	the	addition	of	low-dose	GM-CSF	to	a
melanoma	peptide	vaccine	emulsified	in	Montanide	ISA-51	did	not	improve	median	OS	or	PFS.70

In	a	retrospective	cohort	study,	use	of	adjuvant	GM-CSF	alone	was	not	associated	with	a	significant	change	in
disease-free	or	melanoma-specific	 survival.	Spitler	et	al.	 evaluated	GM-CSF	alone	as	adjuvant	 therapy	 in	stage
IIIC	patients	who	were	at	high	risk	of	relapse.71	Median	OS	was	significantly	prolonged	in	 those	who	received
GM-CSF	compared	with	matched	historical	controls	at	37.5	versus	12.2	months.	In	contrast,	in	a	recent	phase	III
trial	of	an	EGF	variant	III	peptide	vaccine	administered	with	GM-CSF	as	adjuvant,	no	benefit	was	observed	for
the	treatment	arm	in	resected	glioblastoma	multiforme.72	Nonetheless,	there	has	been	little	enthusiasm	for	the	use
of	GM-CSF	as	a	vaccine	adjuvant,	and	significant	concerns	about	its	tumor-promoting	capacity	remain.73

TUMOR-INFILTRATING	LYMPHOCYTES
The	presence	of	TILs	 in	 the	primary	 tumor	has	been	 associated	with	 a	 good	outcome	 in	 a	 number	of	 cancers,
specifically	 breast,	 melanoma,	 and	 colorectal	 cancer	 (CRC),	 and	 over	 the	 last	 5	 years,	 with	 the	 advent	 of



checkpoint	 inhibitory	 antibodies,	 covered	 later	 in	 this	 chapter	 as	 approved	 treatments	 for	 a	 number	 of
malignancies,	there	has	been	an	increased	appreciation	of	the	prognostic	importance	of	infiltrating	T	cells	within
tumors	and	of	their	potential	importance	as	a	predictive	factor	for	therapeutic	outcome	with	PD-1	blockade.	There
is	a	long	history	of	expansion	of	TIL	ex	vivo	and	their	use	in	adoptive	cell	therapy	(ACT)	trials	for	melanoma,	and
recently,	they	have	been	successfully	tested	in	other	cancers.	The	initial	TIL	preclinical	and	clinical	experiences
date	 to	 the	 late	1980s,74	 and	much	of	 the	work	 in	 that	 field	was	performed	by	 the	NCI	Surgery	Branch	group.
They	treated	patients	with	TIL	that	were	expanded	from	enzyme-digested	metastatic	 tumors	over	4	 to	8	weeks.
Expanded	TILs	were	adoptively	transferred	intravenously,	and	then	patients	received	high-dose	IL-2.75	Responses
were	observed	in	up	to	half	of	patients	in	whom	cells	were	able	to	be	expanded	and	who	could	receive	the	TIL
safely.	 However,	 only	 about	 half	 of	 patients	 successfully	 received	 TIL,	 and	 response	 durations	 were	 short.	 A
number	of	factors	were	associated	with	clinical	response,	including	numbers	of	CD8+	TIL	that	expanded	quickly
and	were	able	to	recognize	autologous	tumor.76,77	Over	the	next	15	years,	no	real	progress	was	made	in	the	ACT
field	 until	 lymphodepleting	 preparative	 regimens	 that	 exploited	 lymphoid	 homeostatic	 proliferation	 and	 loss	 of
cytokine	 “sinks”	were	 integrated	 into	 treatment	with	TIL.78–80	Cells	were	 also	 expanded	more	quickly	 ex	vivo
using	rapid	expansion	protocols	with	allogeneic	feeder	cells	and	plate-bound	anti-CD3	treatment.78	Response	rates
as	high	as	72%	and	CR	rates	of	20%	or	more	were	observed,	with	long	durations	of	response.	Using	an	approach
of	preparative	lymphodepletion	and	improved,	closed	cell	growth	technology	with	early	selection	of	T	cells	that
were	 tumor	 specific,	 patients	 who	 had	 failed	 multiple	 other	 immune	 and	 chemotherapies	 for	 melanoma	 were
successfully	 treated	 with	 TIL	 ACT.81,82	 However,	 when	 the	 intensity	 of	 lymphodepletion	 was	 assessed	 in	 a
randomized	 phase	 III	 trial,	 the	 most	 intense	 regimen	 that	 included	 high	 doses	 of	 chemotherapy,	 total	 body
irradiation,	 and	 stem	 cell	 transplant	 did	 not	 yield	 a	 longer	 survival	 than	 a	much	 less	 toxic,	 nonmyeloablative
preparative	regimen.83	Additional	advances	to	streamline	the	cell	growth	process	and	decrease	toxicity	included
the	 use	 of	minimally	 cultured	TILs	 or	 “young”	TILs	 that	were	 expanded	without	 tumor-specific	 selection	 and
well-tolerated	low-dose	IL-2	regimens	administered	over	a	longer	period	than	high-dose	IL-2.84–87

A	 number	 of	 T-cell	 biomarkers	 were	 detected	 that	 were	 associated	 with	 high,	 durable	 response	 rates	 and
prolonged	survival	with	TIL	therapy.	Among	them	were	the	rapid	expansion	of	predominantly	CD8+	T	cells,	total
yield	 of	 CD8+	 cells,	 and	 high	 levels	 of	 CD137-	 and	 PD-1-expressing	 TILs	 after	 rapid	 expansion.88–90	 New
approaches	 to	overcome	 resistance	 to	ACT	with	TILs	 include	 the	use	of	 anti-CD137	antibody	 to	 target	 tumor-
specific	T	cells,	use	of	bone	marrow–derived	T	cells	with	high	antitumor	specificity	in	myeloma,	and	IL-12	gene-
engineered	 TILs	 that	 were	 much	 more	 potent	 than	 wild-type	 TILs	 in	 mediating	 regression	 of	 established
nonimmunogenic	tumors	in	animal	models.90–92

TILs	have	been	employed	for	the	treatment	of	patients	with	uveal	melanoma93	and	are	being	developed	for	a
variety	of	other	malignancies.	The	realization	that	most	true	tumor	rejection	antigens	were	encoded	by	neoantigen
sequences	 within	 tumors	 has	 supported	 the	 use	 of	 TIL	 that	 are	 neoantigen	 enriched.94	 The	 first	 case	 of	 a
neoantigen-specific	T	cell	that	was	therapeutic	was	demonstrated	using	TILs	from	a	cholangiocarcinoma	patient
that	were	stimulated	and	expanded	using	neoantigen	peptides.95

CHECKPOINT	INHIBITORS—CYTOTOXIC	T-LYMPHOCYTE	ANTIGEN	4
AND	PROGRAMMED	CELL	DEATH	PROTEIN	1
As	we	discussed	previously,	TILs	that	are	therapeutically	active	can	recognize	tumor	neoantigens	bound	to	major
histocompatibility	 complex	 class	 I	 and	 class	 II	 molecules.	 T-cell	 activation	 requires	 costimulation	 through
additional	 ligand-receptor	binding	 in	order	 to	 limit	T-cell	 reactivity	 that	can	 lead	 to	autoimmune	destruction	of
host	tissues.	CD28,	a	key	costimulatory	receptor	expressed	on	T	cells,	binds	CD80	and	CD86,	two	ligands	whose
expression	on	antigen-presenting	cells	(APCs)	is	upregulated	upon	APC	activation.	T-cell	activation	leads	to	the
expression	of	cytotoxic	T-lymphocyte	antigen	4	(CTLA-4),	a	negative	competitor	of	CD28	that	binds	CD80	and
CD86	 with	 higher	 affinity	 and	 dampens	 the	 T-cell	 response.96	 CTLA-4	 was	 thus	 identified	 as	 a	 target	 for
therapeutic	 blockade,	 leading	 to	 the	 development	 of	 ipilimumab,	 a	 fully	 human	 immunoglobulin	 (Ig)G1
monoclonal	antibody	against	CTLA-4.97

Another	 mechanism	 for	 controlling	 T-cell	 activation	 and	 the	 associated	 immune	 response	 involves	 the
interaction	 between	 the	 receptor	 PD-1	 on	 activated	 T	 cells	 and	 its	 ligands	 PD-L1	 and	 PD-L2.98,99	 PD-1	 is
preferentially	expressed	on	activated	T	cells,	and	binding	of	PD-1	to	its	ligands	inhibits	T-cell	proliferation	and
promotes	apoptosis.99,100	PD-L1	 is	 expressed	on	 tumor	cells,	 as	well	 as	on	activated	 tumor-infiltrating	 immune
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cells,	including	APCs,	T	cells	and	B	cells,	and	macrophages.101	Both	PD-1	and	PD-L1	serve	as	therapeutic	targets,
against	 which	 a	 number	 of	 antibodies	 have	 been	 developed:	 the	 fully	 human	 IgG4κ	 monoclonal	 anti–PD-1
antibody	nivolumab,	the	humanized	monoclonal	IgG4κ	anti–PD-1	antibody	pembrolizumab,	the	humanized	IgG1
anti–PD-L1	monoclonal	antibody	atezolizumab,	the	human	IgG1κ	anti–PD-L1	monoclonal	antibody	durvalumab,
and	the	fully	human	anti–PD-L1	IgG1	monoclonal	antibody	avelumab.

Together,	 these	 antibodies	 have	 received	 FDA	 approval	 starting	 in	 2014	 for	 the	 treatment	 of	 a	 number	 of
malignancies,	 including	 melanoma,	 non–small-cell	 lung	 cancer	 (NSCLC),	 renal	 cell	 cancer,	 head	 and	 neck
squamous	 cell	 carcinoma	 (HNSCC),	 urothelial	 carcinoma,	mismatch-repair	 deficient	 (dMMR)	 or	microsatellite
instability-high	 (MSI-H)	 colorectal	 and	 other	 cancers,	 Merkel	 cell	 carcinoma,	 classical	 Hodgkin	 lymphoma,
gastric	cancer,	hepatocellular	carcinoma,	cervical	squamous	cell	carcinoma,	and	primary	mediastinal	large	B-cell
lymphoma	(PMBCL)	(Table	17.1).

TABLE	17.1
Current	Approval	Status	and	Indications	for	Checkpoint	Inhibitors

Target Agent Year	Approved Tumor Stage Indication
CTLA-4 Ipilimumab 2011 Melanoma ■	Unresectable

■	Metastatic
	

2015 Melanoma ■	Stage	III Adjuvant	therapy

CTLA-4	+	PD-1 Ipilimumab	+
nivolumab

2018 Renal	cell
carcinoma

■	Advanced
intermediate	and	poor
risk

First	line

PD-1 Nivolumab 2014 Melanoma ■	Unresectable
■	Metastatic

	

2015 NSCLC ■	Metastatic Progressing	after	PC,
EGFR-TKI,	ALK-TKI

2015 Renal	cell
carcinoma

■	Metastatic 	

2016 Classical
Hodgkin
lymphoma

■	Relapsed
■	Refractory

■	Adults
■	Progressing	after
ASCT	+	brentuximab
vedotin
■	Progressing	after	≥3
lines	of	therapy,
including	ASCT

2016 HNSCC ■	Recurrent
■	Metastatic

Progressing	after	PC

2017 dMMR	or	MSI-H
colorectal	cancer

■	Metastatic Progressing	after
chemotherapy:	5-FU,
oxaliplatin,	irinotecan

2017 Urothelial
carcinoma

■	Locally	advanced
■	Metastatic

Progressing	after	PC

2017 Hepatocellular
carcinoma

■	Unresectable
■	Metastatic

Progressing	after
sorafenib

2017 Melanoma ■	Completely	resected
■	Lymph	node
involvement
■	Metastatic

Adjuvant

PD-1 Pembrolizumab 2014 Melanoma ■	Unresectable
■	Metastatic

	

2015 NSCLC ■	Advanced
■	Metastatic	and	PD-L1
>1%

Progressing	after	PC

2016 NSCLC ■	Metastatic	and	PD-L1
>50%

First	line

2016 HNSCC ■	Recurrent
■	Metastatic

Heavily	pretreated



2017 NSCLC ■	Advanced
■	Metastatic
■	Any	PD-L1
expression	level

First	line	in	combination
with	carboplatin	+
pemetrexed
chemotherapy

2017 Classical
Hodgkin
lymphoma

■	Relapsed
■	Refractory

■	Adults,	children
■	Progressing	after	≥3
lines	of	therapy

2017 Any	dMMR	or
MSI-H	cancers

■	Unresectable
■	Metastatic

Progressing	after	all
standard	therapy

2017 Urothelial
carcinoma

■	Locally	advanced
■	Metastatic

	

2017 Gastric/GEJ
adenocarcinoma

■	Recurrent
■	Locally	advanced
■	Metastatic

■	CPS	≥1
■	Progressing	after	≥2
lines	of	5-FU,	PC,	anti-
HER2/neu

2018 Cervical	cancer ■	Recurrent
■	Metastatic

■	CPS	≥1
■	Progressing	after	≥1
line	of	chemotherapy

2018 PMBCL ■	Relapsed
■	Refractory

■	Adults,	children
■	Progressing	after	≥3
lines	of	therapy

PD-L1 Atezolizumab 2016 NSCLC ■	Metastatic Progressing	after	PC

2016 Urothelial
carcinoma

■	Locally	advanced
■	Metastatic

Progressing	after	PC

2017 Urothelial
carcinoma

■	Locally	advanced
■	Metastatic

■	First	line:	ineligible	for
cisplatin-based
chemotherapy
■	Second	line:
progressing	after	PC

PD-L1 Durvalumab 2017 Urothelial
carcinoma

■	Locally	advanced
■	Metastatic

Progressing	after	PC

2018 NSCLC ■	Unresectable	stage	III ■	Consolidation
■	No	progression	after
chemoradiation

PD-L1 Avelumab 2017 Urothelial
carcinoma

■	Locally	advanced
■	Metastatic

Progressing	after	PC

2017 Merkel	cell
carcinoma

■	Metastatic ■	Adults,	children	>12	y
old

CTLA-4,	 cytotoxic	 T	 lymphocyte	 antigen	 4;	 PD-1,	 programmed	 cell	 death	 protein	 1;	 NSCLC,	 non–small-cell	 lung	 cancer;	 PC,
platinum-based	chemotherapy;	EGFR-TKI,	tyrosine	kinase	inhibitors	targeting	epidermal	growth	factor	receptor	mutations;	ALK-TKI,
tyrosine	 kinase	 inhibitors	 targeting	 the	 anaplastic	 lymphoma	 kinase	 rearrangement;	 ASCT,	 autologous	 hematopoietic	 stem	 cell
transplantation;	 HNSCC,	 head	 and	 neck	 squamous	 cell	 carcinoma;	 dMMR,	 mismatch-repair	 deficient;	 MSI-H,	 microsatellite
instability-high;	5-FU,	fluorouracil;	PD-L1,	programmed	cell	death	protein	ligand	1;	GEJ,	gastroesophageal	junction;	CPS,	combined
positive	score	(for	PD-L1	expression	on	tumor	cells	and	immune	cells);	HER2,	human	epidermal	growth	factor	receptor	2;	PMBCL,
primary	mediastinal	large	B-cell	lymphoma.

The	impact	of	PD-L1	expression	status	on	response	to	both	anti–PD-1	and	anti–PD-L1	therapy	is	assessed	in
the	following.	Although	higher	levels	of	PD-L1	expression	on	tumor	cells	and/or	tumor-infiltrating	immune	cells
correlate	with	better	 outcomes,	 several	 studies	 have	 shown	 some	 response	 to	 checkpoint	 inhibition	 even	 in	 the
absence	of	PD-L1	expression,	underscoring	the	need	to	better	understand	the	mechanism	by	which	PD-1	blockade
generates	antitumor	therapy.

Several	other	stimulatory	and	inhibitory	checkpoints	have	been	identified,	and	both	agonists	and	antagonists	to
these	molecules	are	currently	in	preclinical	and	clinical	development.102

CYTOTOXIC	T-LYMPHOCYTE	ANTIGEN	4	BLOCKADE
Ipilimumab	was	approved	for	the	treatment	of	unresectable	or	metastatic	melanoma	in	2011	based	on	a	phase	III
trial	 that	 compared	 ipilimumab	 to	 vaccination	 with	 the	 gp100	 vaccine	 for	 patients	 who	 had	 progressed	 while
receiving	 treatment	 for	metastatic	 disease.103	 Gp100	 is	 a	 melanoma-associated	 antigen	 that	 encodes	 a	 peptide
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recognized	 by	HLA-A*0201.104	 The	 gp100	 vaccine	 is	 based	 on	 a	 nine	 amino	 acid	 synthetic	 peptide	 and	 was
shown	to	stimulate	immune	responses	but	had	little	clinical	activity	in	resected	and	metastatic	melanoma	patients.
It	 showed	 an	 improvement	 in	 OS	 and	 improved	 clinical	 responses	 when	 coadministered	 with	 high-dose	 IL-
2.104,105	 In	 a	 phase	 III	 trial,	 the	 combination	 of	 ipilimumab	 and	 gp100	 peptide	 vaccine	 or	 monotherapy	 with
ipilimumab	alone	prolonged	OS	compared	with	gp100	vaccine	alone	(10.1	months;	HR	for	death	compared	with
gp100	alone,	0.66;	P	=	.03)	or	in	combination	with	gp100	(10.0	months;	HR	when	compared	with	gp100	alone,
1.04;	P	=	.003)	as	compared	to	gp100	monotherapy	(6.4	months).103	Grade	3	to	4	immune-related	adverse	events
were	observed	in	10%	to	15%	of	patients	treated	with	ipilimumab	with	or	without	vaccine,	including	seven	deaths
(approximately	1%).103	These	data	led	to	the	approval	of	ipilimumab	for	first-	or	later	line	therapy	of	metastatic
melanoma	in	2011.

A	 phase	 III	 trial	 comparing	 ipilimumab	 to	 placebo	 in	 patients	 with	 resected	 stage	 III	 melanoma	 showed
improvement	in	OS	and	5-year	OS	(65.4%	versus	54.4%;	HR	for	death,	0.72;	P	=	.001),	recurrence-free	survival
(40.8%	versus	30.3%;	HR	for	 recurrence	or	death,	0.76;	P	<	 .001),	 and	metastasis-free	 survival	 (48.3%	versus
38.9%;	HR	for	death	or	distant	metastasis,	0.76;	P	=	.002).106,107	 Ipilimumab	subsequently	received	approval	 in
2015	 as	 adjuvant	 therapy	 after	 complete	 resection	 and	 lymphadenectomy	 for	 patients	with	 stage	 III	melanoma
involving	regional	lymph	nodes.

PROGRAMMED	CELL	DEATH	PROTEIN	1	AND	PROGRAMMED	CELL
DEATH	PROTEIN	LIGAND	1	BLOCKADE
Melanoma
Pembrolizumab	 was	 approved	 by	 the	 FDA	 in	 2014	 for	 the	 treatment	 of	 unresectable	 or	 metastatic	 melanoma
based	on	results	from	the	phase	I	KEYNOTE-001	and	the	phase	II	KEYNOTE-002	trials.108,109	KEYNOTE-001
demonstrated	an	ORR	of	34%	and	median	OS	of	25.9	months	in	previously	treated	and	ipilimumab-naive	patients
with	 unresectable	 or	 metastatic	 melanoma.	 A	 subsequent	 expansion	 cohort	 comparing	 2	 mg/kg	 to	 10	 mg/kg
dosing	 every	 3	weeks	 showed	 an	ORR	 of	 26%	 for	 both	 doses.	Grade	 3	 to	 4	 treatment-related	 adverse	 events
occurred	in	3%	of	patients	receiving	2	mg/kg	every	3	weeks.108,110,111

KEYNOTE-002	 compared	 outcomes	 between	 treatment	with	 pembrolizumab	 at	 2	mg/kg	 and	 10	mg/kg	 and
chemotherapy	in	patients	who	had	progressed	after	treatment	with	ipilimumab.109	Six-month	PFS	was	34%	(HR
for	death	or	progression	of	disease	 compared	with	 chemotherapy,	 0.57;	P	 <	 .0001)	 and	38%	 (HR	 for	 death	or
disease	progression,	0.50;	P	<	 .0001),	 respectively,	 for	 the	 two	dose	 levels	of	pembrolizumab	versus	16%	with
chemotherapy.109	 Grade	 3	 to	 4	 treatment-related	 adverse	 events	 occurred	 in	 11%,	 14%,	 and	 26%	 of	 patients,
respectively.109

Nivolumab	was	also	approved	in	2014	as	single-agent	therapy	for	the	treatment	of	BRAF	wild-type,	as	well	as
BRAFV600	 mutation-positive,	 unresectable,	 or	 metastatic	 melanoma.	 Previously	 untreated	 BRAF	 wild-type
patients	 were	 enrolled	 in	 the	 phase	 III	 CheckMate-066	 trial	 that	 compared	 nivolumab	 with	 dacarbazine.108
Patients	 receiving	 nivolumab	 demonstrated	 significantly	 prolonged	 1-year	 OS	 of	 72.9%	 versus	 42.1%	 for
chemotherapy	 (HR	 for	 death,	 0.42;	P	 <	 .001),	with	 a	median	 PFS	 of	 5.1	 versus	 2.2	months	 (HR	 for	 death	 or
disease	progression,	0.43;	P	<	.001)	and	an	ORR	of	40%	versus	13.9%	(odds	ratio,	4.06;	P	<	.001).112	Nivolumab
was	also	less	toxic,	with	11.7%	of	patients	experiencing	grade	3	to	4	treatment-related	adverse	events	compared	to
17.6%	of	patients	receiving	dacarbazine.112

In	the	phase	III	CheckMate-037	trial,	patients	with	unresectable	or	metastatic	melanoma	who	progressed	after
treatment	 with	 ipilimumab	 alone,	 or	 after	 a	 BRAF	 inhibitor	 and	 ipilimumab	 if	 they	 carried	 the	 BRAFV600E
mutation,	 had	 a	 significantly	 higher	 ORR	 to	 nivolumab	 (31.7%)	 compared	 to	 dacarbazine	 or	 paclitaxel	 and
carboplatin	(10.6%).113	Median	PFS	was	 similar	 for	patients	 treated	with	nivolumab	compared	 to	 those	 treated
with	either	of	the	two	chemotherapy	regimens	(4.7	months	versus	4.2	months,	respectively;	HR,	0.82).113	Grade	3
to	4	treatment-related	adverse	events	were	less	frequent	with	nivolumab	compared	to	chemotherapy	(5%	versus
9%,	respectively).113

Combination	anti–CTLA-4	and	anti–PD-1	therapy	has	been	proven	to	be	safe	and	potentially	more	efficacious
in	 patients	 with	 unresectable	 or	 metastatic	 melanoma	 than	 ipilimumab	 or	 nivolumab	 alone.	 In	 the	 phase	 II
randomized	CheckMate-069	trial,	patients	were	treated	either	with	nivolumab	1	mg/kg	plus	ipilimumab	3	mg/kg
every	 3	 weeks	 for	 four	 doses,	 followed	 by	 nivolumab	 3	 mg/kg	 every	 2	 weeks	 until	 unacceptable	 toxicity	 or



disease	progression	or	with	four	doses	of	ipilimumab	3	mg/kg	plus	placebo	every	3	weeks,	followed	by	placebo
every	 2	 weeks	 until	 progression	 of	 disease.114,115	 This	 study	 showed	 an	 increase	 in	 2-year	 OS	 for	 patients
receiving	dual	therapy,	although	it	did	not	reach	statistical	significance	(63.8%	versus	53.6%;	HR	for	death,	0.74;
P	=	.26).	A	higher	rate	of	treatment-related	grade	3	to	4	adverse	events	was	also	noted	with	combination	therapy:
54%	with	dual	therapy	versus	20%	after	initial	single-agent	ipilimumab.114,115	These	data	led	to	the	approval	of
combination	ipilimumab	and	nivolumab	for	metastatic	melanoma	in	2015.	In	the	three-arm	randomized	phase	III
Checkmate-067	 trial,	 over	 900	patients	were	 randomly	 allocated	1:1:1	 to	 receive	 combination	 ipilimumab	plus
nivolumab	or	either	drug	alone.116,117	Long-term	follow-up	data	with	median	follow-up	of	>36	months	suggests
that	3-year	OS	was	58%	for	the	combination	compared	with	52%	for	nivolumab	or	36%	for	ipilimumab.	Response
rates	were	56%,	44%,	and	20%,	respectively.	The	trial	was	powered	to	detect	an	improvement	in	OS	and	PFS	for
the	combination	or	for	nivolumab	versus	ipilimumab	but	not	combination	therapy	versus	nivolumab.	For	patients
who	were	PD-L1	positive,	defined	as	>5%	positive	in	tumor,	the	OS	curves	overlapped	for	combination	compared
to	 nivolumab	 monotherapy;	 for	 the	 population	 that	 was	 PD-L1	 negative	 or	 <5%	 positive	 in	 tumor,	 the
combination	and	nivolumab	curves	appeared	to	diverge.116,117

Patients	with	resected	stage	IIIB,	IIIC,	or	IV	melanoma	experienced	a	significant	benefit	in	RFS	from	adjuvant
therapy	 with	 nivolumab	 compared	 to	 ipilimumab	 in	 the	 phase	 III	 CheckMate-238	 trial.118	 Nivolumab
administered	 at	 3	mg/kg	 every	 2	weeks	 for	 1	 year	 resulted	 in	 a	 70.5%	12-month	 recurrence-free	 survival	 rate
compared	to	60.8%	with	ipilimumab	10	mg/kg	every	3	weeks	for	four	cycles,	followed	by	maintenance	therapy
every	12	weeks	(HR	for	recurrence	or	death,	0.65;	P	<	.001).118	Nivolumab	also	proved	less	toxic,	with	14.4%	of
patients	 experiencing	 grade	 3	 or	 4	 treatment-related	 adverse	 events	 compared	 to	 45.9%	 of	 patients	 in	 the
ipilimumab	arm.118	Nivolumab	was	thus	approved	in	2017	for	the	adjuvant	treatment	of	patients	with	completely
resected	melanoma	with	lymph	node	involvement	or	metastatic	disease.

Non–small-cell	Lung	Cancer
Anti–PD-1	and	anti–PD-L1	 therapies	have	also	proven	efficacious	 in	 the	 treatment	of	NSCLC.	Nivolumab	was
approved	 in	 2015	 for	 the	 treatment	 of	NSCLC	 following	 progression	 on	 or	 after	 chemotherapy	with	 platinum
agents	or	epidermal	growth	factor	receptor	(EGFR)-	or	anaplastic	lymphoma	kinase	(ALK)-targeted	therapy.	The
phase	 III	CheckMate-057	 trial	 showed	 a	 statistically	 significant	 increase	 in	OS	 after	 treatment	with	 nivolumab
versus	docetaxel	(12.2	months	versus	9.4	months;	HR	for	death,	0.73;	P	=	.002)	and	also	showed	a	trend	toward
superior	1-year	PFS	(19%	versus	8%,	HR	for	disease	progression	or	death,	0.92;	P	=	.39).119	Patients	 receiving
nivolumab	also	experienced	notably	fewer	grade	3	or	4	treatment-related	adverse	events	(10%	versus	54%).119

Pembrolizumab	was	also	approved	in	2015	for	the	treatment	of	patients	who	had	advanced	NSCLC	with	>1%
PD-L1	 expression	 and	 had	 progressed	 after	 platinum-based	 chemotherapy.	 The	 phase	 I	 KEYNOTE-001	 trial
assessed	the	safety,	tolerability,	and	antitumor	activity	of	pembrolizumab	in	several	cohorts	of	patients,	including
patients	with	advanced	NSCLC.120

At	 a	 median	 follow-up	 interval	 of	 10.9	 months,	 the	 pooled	 ORR	 among	 previously	 treated	 and	 untreated
patients	 was	 19.4%,	 with	 18.0%	 of	 previously	 treated	 patients	 and	 24.8%	 of	 previously	 untreated	 patients
responding.120	Although	only	6	of	495	patients	were	enrolled	in	the	cohort	receiving	pembrolizumab	at	2	mg/kg
every	 3	 weeks	 and	 achieved	 an	 ORR	 of	 33.3%,	 ORRs	 were	 similar	 among	 the	 cohorts	 treated	 with
pembrolizumab	10	mg/kg	every	2	weeks	versus	10	mg/kg	every	3	weeks	(19.3%	versus	19.2%,	respectively).120
At	3-year	follow-up,	patients	treated	with	pembrolizumab	as	first-line	therapy	had	achieved	a	pooled	OS	of	26.4%
for	 the	 three	dosing	schedules,	whereas	patients	who	had	received	prior	 therapy	showed	a	19%	3-year	OS	after
treatment	with	pembrolizumab.121

Subsequently,	 the	 phase	 II/III	 KEYNOTE-010	 study	 compared	 pembrolizumab	 at	 2	mg/kg	 or	 10	mg/kg	 to
docetaxel	in	patients	with	NSCLC	who	had	received	prior	treatment	and	who	expressed	PD-L1	in	>1%	of	their
tumor	cells.122	Treatment	with	pembrolizumab	at	2	mg/kg	or	10	mg/kg	led	to	a	statistically	significant	increase	in
OS	 regardless	 of	 PD-L1	 expression	 level	 compared	 to	 docetaxel:	 10.4	 months	 with	 pembrolizumab	 2	 mg/kg
versus	8.5	months	with	docetaxel	 (HR,	0.71;	P	=	 .0008)	or	12.7	months	with	pembrolizumab	10	mg/kg	versus
docetaxel	(HR,	0.61;	P	<	.0001).122	In	the	subset	of	patients	whose	tumors	showed	>50%	expression	of	PD-L1,	an
even	greater	benefit	was	observed	in	OS	at	both	doses	(14.9	versus	8.2	months;	HR,	0.54;	P	=	 .0002;	and	17.3
versus	8.2	months;	HR,	0.50;	P	<	.0001)	and	PFS	(5.0	months	versus	4.1	months;	HR,	0.59;	P	=	.0001;	and	5.2
months	 versus	 4.1	 months;	 HR,	 0.59;	P	 <	 .0001)	 with	 pembrolizumab	 at	 2	 mg/kg	 or	 10	mg/kg	 compared	 to
docetaxel.122	Patients	treated	with	either	dose	of	pembrolizumab	experienced	fewer	grade	3	to	5	treatment-related
adverse	events	than	those	treated	with	docetaxel	(13%	to	16%	versus	35%).122
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KEYNOTE-024	 led	 to	 the	 approval	 of	 pembrolizumab	 as	 first-line	 treatment	 of	 patients	 with	 metastatic
NSCLC	 that	 had	 at	 least	 50%	 of	 tumor	 cells	 expressing	 PD-L1.123	 This	 phase	 III	 trial	 compared	 first-line
treatment	with	pembrolizumab	200	mg	 to	 investigators’	 choice	of	platinum-based	 chemotherapy	and	 showed	a
statistically	significant	improvement	in	PFS	(10.3	versus	6.0	months;	HR	for	disease	progression	or	death,	0.50;	P
<	.001)	and	a	6-month	OS	of	80.2%	compared	 to	72.4%	with	chemotherapy	(HR	for	death,	0.60;	P	=	 .005).123
Pembrolizumab	was	also	tolerated	better,	with	26.6%	grade	3	to	5	treatment-related	adverse	events	compared	to
53.3%	with	chemotherapy.123

The	 combination	 of	 pembrolizumab	 with	 pemetrexed	 and	 carboplatin	 was	 approved	 in	 2017	 as	 first-line
therapy	for	patients	with	advanced	or	metastatic	NSCLC,	regardless	of	PD-L1	expression	level.124	The	addition	of
pembrolizumab	200	mg	to	combination	with	carboplatin	and	pemetrexed	chemotherapy,	followed	by	pemetrexed
maintenance	in	KEYNOTE-021,	led	to	a	near	doubling	of	the	ORR	from	29%	to	55%	(26%	increase,	P	=	.0016)
with	similar	rates	of	grade	3	or	higher	treatment-related	adverse	events	(29%	with	the	addition	of	pembrolizumab
versus	26%	with	chemotherapy	alone).124

In	2016	atezolizumab	was	approved	for	the	treatment	of	patients	with	metastatic	NSCLC	who	progressed	after
platinum-based	chemotherapy.	The	phase	 III	OAK	trial	compared	atezolizumab	with	docetaxel	 in	patients	with
stage	 IIIB	 or	 IV	 squamous	 and	 nonsquamous	 NSCLC	 who	 had	 previously	 been	 treated	 with	 at	 least	 one
nonimmunotherapy	 regimen.125	 Median	 OS	 among	 patients	 who	 received	 atezolizumab	 was	 13.8	 months
compared	to	9.6	months	for	docetaxel	(HR,	0.73;	P	=	.0003).125	PD-L1	expression	was	quantified	on	both	tumor
cells	 (TC)	 and	 on	 tumor-infiltrating	 cells	 (IC),	 with	 TC0	 or	 IC0	 indicating	 low	 or	 undetectable	 expression,
TC1/2/3	or	IC1/2/3	showing	≥1%	of	cells	expressing	PD-L1,	TC2/3	or	IC2/3	corresponding	to	≥5%	expression,
and	TC3	or	IC3	indicating	≥50%	expression.125	Among	patients	with	TC1/2/3	or	IC1/2/3	expression,	median	OS
was	15.7	months	with	atezolizumab	versus	10.3	months	with	docetaxel	(HR,	0.74;	P	=	.0102).125	In	patients	with
low	or	undetectable	PD-L1	expression,	median	OS	was	12.6	months	with	atezolizumab	versus	8.9	months	with
docetaxel	 (HR,	 0.73;	P	 =	 .0102).125	 Atezolizumab	 was	 better	 tolerated,	 with	 a	 grade	 3	 to	 4	 treatment-related
adverse	event	rate	of	15%	versus	43%	with	docetaxel.125

Durvalumab	was	approved	 in	2018	as	consolidation	 therapy	 for	patients	with	unresectable	 stage	 III	NSCLC
who	did	not	progress	after	chemoradiation.	The	phase	III	PACIFIC	trial	compared	durvalumab	with	placebo	as
consolidation	 therapy	 for	 patients	 with	 unresectable	 stage	 III	 nonsquamous	 and	 squamous	 NSCLC	 who	 had
received	 concurrent	 radiation	 therapy	 and	 at	 least	 two	 cycles	 of	 platinum-based	 chemotherapy	within	 42	 days
prior	 to	 randomization.126	Median	 postrandomization	 PFS	 for	 patients	 receiving	 durvalumab	was	 16.8	months
versus	5.6	months	for	patients	receiving	placebo	(HR,	0.52;	P	<	.001).126	Responses	were	independent	of	PD-L1
expression	 level.	 Durvalumab	 significantly	 increased	 the	 median	 time	 to	 distant	 metastasis	 or	 death	 to	 23.2
months	compared	to	14.6	months	with	placebo	(HR,	0.52;	P	<	.001).126	The	reported	data	represents	an	interim
analysis;	thus,	OS	was	not	reported.	Durvalumab	was	well	tolerated	compared	to	placebo,	with	grade	3	or	4	rates
of	pneumonitis	or	radiation	pneumonitis	of	3.4%	versus	2.6%	and	grade	3	or	4	pneumonia	of	4.4%	versus	3.8%,
respectively.126

For	 patients	whose	 tumors	 harbor	mutations	 in	 the	EGFR	or	 rearrangements	within	 the	ALK	gene,	 both	 of
which	respond	to	targeted	therapy,	the	efficacy	of	checkpoint	inhibitors	remains	under	investigation.	In	the	phase
III	CheckMate-057	 trial	comparing	nivolumab	with	docetaxel	 in	previously	 treated	advanced	NSCLC,	both	OS
and	PFS	numerically	favored	the	docetaxel	cohort	in	patients	with	EGFR	mutation–positive	tumors	(HR	for	death,
1.18;	95%	CI,	0.69	to	2.00;	HR	for	disease	progression,	1.46;	95%	CI,	0.90	to	2.37).119	Subset	analysis	by	EGFR
mutation	 status	 in	 patients	 with	 previously	 untreated	 advanced	 nonsquamous	 NSCLC	 enrolled	 in	 the	 phase	 I
CheckMate-012	 study	 of	 nivolumab	 as	 first-line	 therapy	 showed	 a	 shorter	 PFS	 and	 lower	 24-week	 PFS	 rate
among	 patients	 harboring	 EGFR	 mutations.127	 The	 follow-up	 phase	 III	 CheckMate-026	 trial	 comparing
nivolumab	 to	 platinum-based	 chemotherapy	 in	 patients	 with	 5%	 or	 higher	 tumor	 PD-L1	 expression	 showed	 a
lower	PFS	with	nivolumab	and	similar	OS	among	the	two	treatment	arms	and	did	not	include	patients	with	EGFR
mutations	 or	 ALK	 translocations.128	 The	 multicohort	 phase	 I	 CheckMate-012	 trial	 also	 assessed	 the	 ORR	 of
combination	therapy	with	nivolumab	and	the	tyrosine	kinase	inhibitor	erlotinib	in	patients	with	EGFR	mutation–
positive	NSCLC,	showing	a	19%	ORR	at	a	median	follow-up	of	72	weeks.129	At	a	23-month	median	follow-up,
patients	with	previously	treated	EGFR	wild-type	advanced	NSCLC	enrolled	in	the	phase	Ib	KEYNOTE-001	study
of	 pembrolizumab	 survived	 twice	 as	 long	 as	 patients	 with	 EGFR-mutant	 tumors	 (12.1	 months	 versus	 6.0
months).130	The	combination	of	immune	checkpoint	therapy	and	tyrosine	kinase	inhibitors	is	also	being	explored
for	 ALK	 rearrangement–positive	 NSCLC.	 Early	 data	 from	 a	 phase	 Ib	 trial	 demonstrated	 activity	 for	 the
combination	 of	 nivolumab	 and	 the	 ALK	 inhibitor	 ceritinib	 in	 patients	 with	 advanced	 ALK+	 NSCLC,	 and	 a



modified	dose	escalation	phase	is	ongoing.131

Mismatch-Repair	Deficient	or	Microsatellite	Instability-High	Cancers
Pembrolizumab	was	approved	in	2017	for	the	treatment	of	adults	and	children	with	MSI-H	or	dMMR	solid	tumors
who	had	exhausted	all	other	treatment	options.	The	phase	II	KEYNOTE-016	trial	enrolled	patients	with	dMMR
and	mismatch-repair	proficient	(pMMR)	metastatic	CRC	or	other	solid	tumors	that	progressed	after	treatment	with
a	 fluoropyrimidine	 and	 oxaliplatin	 or	 irinotecan	 or	 other	 chemotherapy	 regimen.132	 Patients	 with	 non-CRC
dMMR	solid	 tumors	 showed	 a	 71%	 immune-related	 response	 rate	 and	 a	 67%	 immune-related	PFS.132	 Patients
with	dMMR	CRC	experienced	a	clear	benefit	over	patients	with	pMMR	CRC,	showing	a	40%	ORR	versus	no
response	at	all	 as	well	 as	a	PFS	of	78%	as	compared	 to	11%.132	Median	OS	and	PFS	were	not	 reached	 in	 the
dMMR	patient	populations,	whereas	patients	with	pMMR	CRC	experienced	a	median	PFS	of	2.2	months	and	a
median	OS	of	 5.0	months	 (HR	 for	 disease	 progression	 or	 death,	 0.10;	P	 <	 .001;	 and	HR	 for	 death,	 0.22;	P	 =
.05).132	 A	 total	 of	 41%	 of	 patients	 enrolled	 in	 this	 study	 experienced	 grade	 3	 to	 4	 treatment-related	 adverse
events.132

Nivolumab	 was	 also	 approved	 in	 2017	 for	 the	 treatment	 of	 patients	 with	 MSI-H	 or	 dMMR	 CRC	 who
progressed	after	treatment	with	a	fluoropyrimidine,	oxaliplatin,	and	irinotecan.	The	phase	II	CheckMate-142	trial
showed	a	12-month	ORR	of	31.1%	(95%	CI,	20.8%	to	42.9%)	and	12-week	disease	control	in	69%	(95%	CI,	57%
to	 79%)	 of	 patients	 who	 had	 received	 at	 least	 one	 line	 of	 therapy	 with	 a	 fluoropyrimidine	 and	 oxaliplatin	 or
irinotecan.133	A	total	of	11%	of	patients	experienced	grade	3	to	4	treatment-related	adverse	events.133

Renal	Cell	Carcinoma
Anti–PD-1	 therapy	with	nivolumab	was	approved	 for	 the	 treatment	of	metastatic	 renal	 cell	 carcinoma	 in	2015.
The	 phase	 III	 CheckMate-025	 trial	 compared	 nivolumab	 with	 everolimus	 in	 advanced	 clear-cell	 renal	 cell
carcinoma	that	progressed	after	one	to	two	lines	of	treatment	with	antiangiogenic	agents.134	Patients	who	received
nivolumab	experienced	a	 statistically	 significant	 improvement	 in	OS	 (25.0	months	versus	19.6	months;	HR	for
death,	0.73;	P	=	.002)	and	ORR	(25%	versus	5%;	odds	ratio,	5.98;	P	<	.001).134	Nivolumab	was	also	associated
with	a	lower	rate	of	grade	3	to	4	treatment-related	adverse	events	compared	to	everolimus	(19%	versus	37%).134

Combination	 anti–CTLA-4	 and	 anti–PD-1	 checkpoint	 inhibition	 was	 approved	 as	 first-line	 therapy	 for
advanced	 renal	 cell	 carcinoma	 in	 2018.	 The	 phase	 III	 CheckMate-214	 trial	 showed	 superior	 OS,	 PFS,	 and
objective	response	rate	 in	patients	with	 intermediate-risk	and	poor-risk	advanced	clear-cell	 renal	cell	carcinoma
treated	with	 induction	 nivolumab	 3	mg/kg	 plus	 ipilimumab	 1	mg/kg	 for	 four	 doses,	 followed	 by	maintenance
nivolumab	compared	 to	 sunitinib	 alone	 for	 the	 entire	 course	of	 treatment.135	Although	 the	median	OS	was	not
reached	 for	patients	 receiving	 the	checkpoint	 inhibitors,	 the	median	OS	 for	 sunitinib	was	26.0	months,	 and	 the
median	PFS	for	nivolumab	plus	ipilimumab	was	11.6	months	versus	8.4	months	with	sunitinib.135	The	ORR	for
the	combination	of	checkpoint	inhibitors	was	significantly	increased	at	42%	compared	to	27%	with	sunitinib	(P	<
.001).135	The	combination	of	nivolumab	plus	ipilimumab	was	better	tolerated	than	sunitinib,	with	a	46%	rate	of
grade	3	or	4	adverse	events	versus	63%,	respectively.135

Hodgkin	Lymphoma
In	2016,	nivolumab	was	approved	for	the	treatment	of	adults	with	classical	Hodgkin	lymphoma	who	progressed
after	 autologous	hematopoietic	 stem	cell	 transplantation	 (ASCT)	and	 treatment	with	 the	anti-CD30	monoclonal
antibody	brentuximab	vedotin	as	well	as	for	patients	with	classical	Hodgkin	lymphoma	who	progressed	after	three
or	more	 lines	of	 therapy,	 including	ASCT.	The	phase	 I	CheckMate-205	 trial	of	nivolumab	showed	an	ORR	of
87%,	 including	 17%	 CR	 and	 70%	 PR.136	 Additionally,	 13%	 of	 heavily	 pretreated	 patients	 with	 relapsed	 or
refractory	classical	Hodgkin	lymphoma	enrolled	in	this	trial	achieved	disease	stabilization.136	Treatment	was	well
tolerated,	with	22%	of	patients	experiencing	grade	3	or	4	treatment-related	adverse	events.136	CheckMate-039,	a
phase	 II	 trial	 for	patients	with	 recurrent	classical	Hodgkin	 lymphoma	who	progressed	after	hematopoietic	 stem
cell	 transplantation	 and	 brentuximab	 vedotin,	 showed	 a	 66.3%	ORR	 to	 nivolumab	 at	median	 follow-up	 of	 8.9
months,	 with	 only	 10%	 of	 patients	 experiencing	 grade	 3	 to	 4	 treatment-related	 adverse	 events.137	Among	 the
responders,	9%	achieved	complete	remission	and	58%	experienced	partial	remission.137

Pembrolizumab	was	 also	 approved	 for	 the	 treatment	 of	 classical	Hodgkin	 lymphoma	 in	 2017	 based	 on	 the
results	 of	 KEYNOTE-087.138	 In	 this	 phase	 II	 trial,	 patients	 with	 relapsed	 or	 refractory	 classical	 Hodgkin
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lymphoma	who	progressed	either	after	ASCT	with	or	without	 subsequent	 therapy	with	brentuximab	vedotin	or
after	salvage	chemotherapy	and	brentuximab	vedotin	received	a	median	of	13	cycles	of	pembrolizumab	200	mg
every	3	weeks.138	The	ORR	was	69%	with	a	greater	response	rate	in	patients	who	had	undergone	ASCT	(73.9%
for	patients	who	subsequently	received	brentuximab	vedotin	versus	70%	for	patients	who	were	not	 treated	with
brentuximab	 vedotin).138	 A	 response	 rate	 of	 64.2%	 was	 seen	 in	 patients	 who	 were	 treated	 with	 salvage
chemotherapy	 and	brentuximab	vedotin	 and	had	not	 undergone	ASCT.138	 The	CR	 rate	 among	 all	 patients	was
22.4%.	Grade	3	to	4	treatment-related	adverse	events	occurred	in	only	6.4%	of	patients.138

Head	and	Neck	Squamous	Cell	Carcinoma
Pembrolizumab	was	approved	 in	2016	for	patients	with	heavily	pretreated	recurrent	or	metastatic	HNSCC.	The
phase	 Ib	 KEYNOTE-012	 trial	 assessed	 the	 safety	 and	 efficacy	 of	 pembrolizumab	 10	 mg/kg	 in	 patients	 with
recurrent	 or	metastatic	 HNSCC	with	 >1%	 PD-L1	 expression.139	 The	ORR	 among	 all	 patients	 was	 18%,	 with
human	papillomavirus	(HPV)-positive	patients	experiencing	a	response	rate	of	25%	compared	to	a	14%	response
rate	 among	 HPV-negative	 patients.139	 Grade	 3	 to	 4	 treatment-related	 adverse	 events	 occurred	 in	 17%	 of
patients.139	Subsequently,	an	expansion	cohort	showed	similar	efficacy	and	safety	of	pembrolizumab	administered
at	a	fixed	dose	of	200	mg	every	3	weeks	in	patients	with	recurrent	or	metastatic	HNSCC.140

Nivolumab	 gained	 approval	 in	 2016	 for	 patients	with	 recurrent	 or	metastatic	HNSCC	who	 progressed	 after
chemotherapy	 with	 platinum	 agents	 based	 on	 results	 from	 CheckMate-141.141	 This	 phase	 III	 trial	 showed
statistically	significant	improvements	in	OS	(7.5	versus	5.1	months;	HR	for	death,	0.70;	P	=	.01),	1-year	OS	(36%
versus	16.6%),	6-month	PFS	(19.7%	versus	9.9%),	and	ORR	(13.3%	versus	5.8%)	after	treatment	with	nivolumab
compared	 to	 single-agent	 systemic	 chemotherapy	 with	 methotrexate,	 docetaxel,	 or	 the	 anti-EGFR	monoclonal
antibody	 cetuximab.141	 Nivolumab	 was	 tolerated	 better,	 with	 a	 13.1%	 rate	 of	 grade	 3	 to	 4	 treatment-related
adverse	events	as	compared	to	35.1%	with	standard	therapy.141

Urothelial	Carcinoma
Several	checkpoint	inhibitors	have	received	FDA	approval	for	the	treatment	of	urothelial	carcinoma.

Atezolizumab	was	approved	in	2016	for	the	treatment	of	patients	with	locally	advanced	or	metastatic	urothelial
carcinoma	that	progressed	after	platinum-based	chemotherapy.	The	phase	II	IMvigor210	trial	showed	an	ORR	of
27%	in	patients	with	PD-L1	levels	of	IC2/3	compared	to	18%	in	patients	with	PD-L1	levels	of	IC1/2/3	or	15%
among	 all	 patients.142	 Atezolizumab	 led	 to	 a	 statistically	 significant	 improvement	 in	 the	 ORR	 of	 all	 patients,
regardless	 of	 PD-L1	 expression	 level,	 compared	 to	 an	 ORR	 of	 10%	 in	 historical	 controls.142	 Grade	 3	 to	 4
treatment-related	adverse	events	occurred	in	16%	of	patients.142

In	2017,	atezolizumab	was	approved	as	first-line	therapy	in	patients	with	bladder	cancer	who	were	ineligible
for	 cisplatin-based	 chemotherapy	due	 to	 renal	 impairment,	 poor	 performance	 status,	 hearing	 loss,	 or	 peripheral
neuropathy.	 The	 previously	 untreated	 cisplatin-ineligible	 cohort	 of	 patients	 in	 the	 IMvigor210	 trial	 showed	 an
ORR	of	23%	(95%	CI,	16%	to	31%),	a	CR	rate	of	9%,	a	median	OS	of	15.9	months,	and	a	median	PFS	of	2.7
months.143	Longer	 survival	was	observed	among	patients	with	higher	 tumor	mutation	burdens.143	Grade	3	 to	 4
treatment-related	adverse	events	were	observed	in	16%	of	patients.143

Nivolumab	was	approved	 in	2017	for	patients	with	 locally	advanced	or	metastatic	urothelial	carcinoma	who
progressed	 after	 chemotherapy	 with	 platinum	 agents.	 The	 phase	 II	 CheckMate-	 275	 trial	 showed	 responses
regardless	 of	 PD-L1	 expression	 status.144	 Patients	whose	 tumors	 expressed	 PD-L1	 in	 >5%	 of	 cells	 showed	 an
ORR	of	28.4%,	whereas	those	with	>1%	PD-L1	expression	showed	a	23.8%	response	rate	and	those	with	<1%
expression	had	a	16.1%	response	rate.	A	total	of	2%	of	patients	experienced	a	CR,	whereas	17%	achieved	a	PR.144
Of	note,	three	deaths	occurred	among	the	18%	of	patients	who	developed	grade	3	to	4	treatment-related	adverse
effects.144

Pembrolizumab	was	 also	 approved	 in	 2017	 for	 the	 first-line	 treatment	 of	 patients	with	 locally	 advanced	 or
metastatic	 urothelial	 carcinoma	who	 were	 not	 eligible	 for	 cisplatin-based	 chemotherapy.	 A	 combined	 positive
score	(CPS)	for	PD-L1	expression	on	tumor	cells	and	immune	cells	was	used	to	stratify	patients	with	urothelial
carcinoma	enrolled	 in	 trials	 of	 pembrolizumab.	The	phase	 II	KEYNOTE-052	 study	 showed	 an	ORR	of	24.0%
among	all	patients,	regardless	of	PD-L1	expression,	whereas	patients	with	a	CPS	of	1%	showed	a	25.4%	ORR	and
patients	with	a	CPS	of	10%	showed	a	36.7%	ORR.145	Grade	3	to	4	treatment-related	adverse	events	occurred	in
16%	of	patients.145	Updated	results	after	all	patients	were	followed	for	at	least	6	months	showed	an	ORR	of	29%
across	the	entire	patient	population,	including	7%	CRs	and	22%	PRs.146	Patients	with	CPS	>10%	experienced	an



ORR	of	47%.146	A	total	of	18%	of	patients	experienced	grade	3	or	higher	treatment-related	adverse	events.146
In	 2017,	 pembrolizumab	 was	 approved	 for	 second-line	 treatment	 of	 patients	 with	 locally	 advanced	 or

metastatic	urothelial	 carcinoma	who	progressed	after	platinum-based	chemotherapy.	The	phase	 III	KEYNOTE-
045	 trial	compared	 the	efficacy	of	pembrolizumab	with	chemotherapy	with	paclitaxel,	docetaxel,	or	vinflunine,
and	 showed	 an	OS	of	 10.3	months	 in	 the	 total	 population	of	 patients	who	 received	pembrolizumab	versus	 7.4
months	 in	 patients	 who	 received	 chemotherapy	 (HR	 for	 death,	 0.73;	P	 =	 .002).147	 Among	 patients	 with	 CPS
>10%,	OS	was	8.0	months	with	pembrolizumab	versus	5.2	months	with	chemotherapy	(HR,	0.57;	P	=	.005).147
Pembrolizumab	proved	less	toxic	than	chemotherapy,	with	a	grade	3	to	5	treatment-related	adverse	event	rate	of
15.0%	versus	49.4%,	respectively.147

Durvalumab	 was	 also	 approved	 in	 2017	 for	 the	 treatment	 of	 patients	 with	 locally	 advanced	 or	 metastatic
urothelial	carcinoma	that	had	progressed	after	platinum-based	chemotherapy.	In	the	phase	I/II	Study	1108,	4.9%
of	patients	experienced	a	CR,	with	an	ORR	of	20.4%.148	CR	rates	were	4.9%	and	5.1%	among	patients	with	PD-
L1–high	 and	PD-L1–low	or	PD-L1–negative	 tumors,	 respectively,	whereas	 24.6%	of	PD-L1–high	patients	 and
2.6%	of	PD-L1–low	or	PD-L1–negative	patients	achieved	a	PR.148	Grade	3	to	4	treatment-related	adverse	events
occurred	in	3%	of	patients.148

Avelumab	 also	 received	 approval	 in	 2017	 for	 the	 treatment	 of	 patients	with	 locally	 advanced	 or	metastatic
urothelial	 carcinoma	 that	 had	 progressed	 after	 treatment	 with	 platinum-based	 chemotherapy.	 In	 the	 phase	 Ib
JAVELIN	trial	for	solid	tumors,	avelumab	showed	a	17.6%	ORR	that	included	9	CRs	and	18	PRs,	with	a	median
OS	of	7	months.149	Response	was	numerically	higher	among	patients	who	expressed	PD-L1	as	compared	to	PD-
L1–negative	 patients,	 although	 the	 difference	 did	 not	 reach	 statistical	 significance	 (25.0%	 versus	 14.7%;	P	 =
.178).149	Treatment-related	grade	3	or	higher	adverse	events	occurred	in	7.5%	of	patients.149

Merkel	Cell	Carcinoma
Avelumab	was	approved	 in	2017	 for	 the	 treatment	of	adults	and	children	12	years	old	or	older	with	metastatic
Merkel	cell	carcinoma.	In	a	phase	II	 trial	for	patients	with	stage	IV	Merkel	cell	carcinoma	who	had	progressed
after	chemotherapy,	treatment	with	avelumab	10	mg/kg	led	to	an	ORR	of	31.8%	with	9%	of	patients	achieving	a
CR	and	23%	attaining	a	PR.150	Treatment-related	grade	3	or	4	adverse	events	occurred	in	6%	of	patients.150

Hepatocellular	Carcinoma
Nivolumab	was	approved	in	2017	for	the	treatment	of	advanced	hepatocellular	carcinoma	patients	who	progressed
after	 therapy	with	 sorafenib.151	 The	 phase	 I/II	CheckMate-040	 trial	 enrolled	 patients	with	 and	without	 chronic
hepatitis	B	or	C,	 as	well	 as	 patients	who	had	 and	had	not	 previously	 received	 sorafenib,	 in	 its	 dose-expansion
phase	for	treatment	with	nivolumab	administered	at	3	mg/kg	every	2	weeks.151	The	ORR	among	these	expansion-
phase	cohorts	was	20%	and	included	3	CRs	and	39	PRs	among	the	214	patients	who	were	enrolled	in	the	study,
with	 64%	 of	 patients	 achieving	 disease	 control	 (CR	 +	 PR	 +	 SD).151	 Among	 patients	 who	 had	 received	 prior
treatment	with	sorafenib,	the	objective	response	rate	was	19%,	and	5	CRs	were	recorded	per	mRECIST	(modified
RECIST	criteria	for	hepatocellular	carcinoma).151	A	total	of	19%	of	patients	experienced	grade	3	to	4	treatment-
related	adverse	events.151

Gastric	Cancer
Pembrolizumab	 was	 approved	 in	 2017	 for	 the	 treatment	 of	 patients	 with	 recurrent,	 locally	 advanced,	 and
metastatic	 gastric	 or	 gastroesophageal	 junction	 adenocarcinoma	 that	 expressed	 PD-L1	 (CPS	 ≥1)	 and	 were
previously	 treated	 with	 at	 least	 two	 lines	 of	 fluoropyrimidine-	 and	 platinum-based	 chemotherapy	 and	 human
epidermal	growth	factor	receptor	2	(HER2)/neu-targeted	therapy,	if	applicable.	The	phase	II	KEYNOTE-059	trial
enrolled	patients	in	three	cohorts	based	on	treatment	history	and	PD-L1	expression	levels.152	Patients	enrolled	in
cohort	1	had	received	prior	therapy	and	were	treated	with	pembrolizumab	200	mg	fixed	dose	regardless	of	PD-L1
expression	status.152	Patients	 in	cohort	2	 received	 first-line	 therapy	with	pembrolizumab	200	mg,	cisplatin,	and
fluorouracil	or	capecitabine,	also	without	regard	to	PD-L1	expression.152	Finally,	patients	were	enrolled	in	cohort
3	 if	 their	 tumors	 expressed	PD-L1	 (CPS	≥1%)	 and	 received	pembrolizumab	200	mg	as	 first-line	 therapy.152	A
higher	ORR	was	observed	in	patients	with	PD-L1-positive	tumors	enrolled	in	cohorts	1	and	2.152	Median	PFS	was
longer	for	patients	who	received	combined	first-line	chemotherapy	and	anti–PD-1	therapy	in	cohort	2	as	compared
to	first-line	 therapy	with	pembrolizumab	alone	 in	cohort	3.152	Median	OS	was	not	 reached	 in	cohort	3,	was	14
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months	 in	 cohort	 2,	 and	was	 6	months	 in	 cohort	 1.	 The	 breakdown	 of	 outcomes	 by	 PD-L1	 expression	within
cohort	2	was	not	specified.152

Cervical	Cancer
Pembrolizumab	was	approved	in	2018	for	the	second-line	treatment	of	recurrent	or	metastatic	cervical	squamous
cell	carcinoma	that	expresses	PD-L1	(CPS	≥1)	and	 that	progressed	on	or	after	chemotherapy.153	 In	 the	cervical
cancer	cohort	of	the	phase	II	KEYNOTE-158	trial,	patients	with	advanced	cervical	cancer	who	progressed	on	or
were	 unable	 to	 tolerate	 at	 least	 one	 line	 of	 standard	 chemotherapy	 experienced	 an	 ORR	 of	 13.3%,	 with	 3%
attaining	 a	 CR,	 10%	 achieving	 a	 PR,	 and	 an	 additional	 17%	 experiencing	 disease	 stability.153	All	 responders
expressed	 PD-L1	 (CPS	 ≥1),	 and	 16%	 of	 all	 patients	 with	 PD-L1–positive	 tumors	 achieved	 a	 response.153
Treatment-related	grade	3	or	4	adverse	events	manifested	in	11.2%	of	patients.153

Primary	Mediastinal	Large	B-Cell	Lymphoma
Pembrolizumab	was	approved	in	2018	for	the	treatment	of	relapsed	or	refractory	primary	mediastinal	large	B-cell
lymphoma	 (rrPMBCL)	who	 relapsed	 after	ASCT	or	who	were	 ineligible	 for	ASCT	and	 relapsed	 after	 or	were
refractory	to	two	or	more	lines	of	therapy.	In	the	rrPMBCL	cohort	of	the	phase	II	KEYNOTE-170	trial,	the	ORR
was	 42%,	 including	 14%	 of	 patients	 who	 achieved	 a	 CR	 and	 28%	 who	 attained	 a	 PR;	 additionally,	 disease
stability	was	maintained	in	10%	of	patients.154	Median	OS	was	not	reached.154	The	rate	of	grade	3	or	4	treatment-
related	adverse	events	was	25%.154

Dosing
Weight-based	dosing	established	in	early	trials	for	nivolumab	was	subsequently	transitioned	to	flat	dosing,	with	a
few	 exceptions,	 based	 on	 population	 pharmacokinetics.	 The	 FDA	 approved	 a	 nivolumab	 dose	 of	 240	 mg
intravenously	every	2	weeks	(except	1	mg/kg	every	3	weeks	while	administered	concurrently	with	ipilimumab	for
melanoma	and	3	mg/kg	intravenously	every	2	weeks	for	classical	Hodgkin	lymphoma)	in	2016,	a	change	from	the
initial	dosing	of	3	mg/kg	for	all	 indications.	Weight-based	dosing	for	pembrolizumab	also	 transitioned	 to	a	 flat
dose	of	200	mg	every	3	weeks	 in	2016	with	 the	approval	of	pembrolizumab	for	heavily	pretreated	recurrent	or
metastatic	HNSCC.140,155

VACCINES
Sipuleucel-T
Sipuleucel-T	 is	 a	 cellular	 vaccine	 composed	 of	 dendritic	 cells	 presenting	 the	 fusion	 protein	 PA2024,	 which
consists	 primarily	 of	 a	 protein	 expressed	 uniquely	 in	 prostate	 cancer	 cells.156–158	 Full-length	 prostatic	 acid
phosphatase	 is	 coexpressed	 with	 full-length	 GM-CSF	 to	 form	 PA2024,	 which	 is	 then	 loaded	 onto	 autologous
dendritic	 cells	 isolated	 from	 individual	 patients	 by	 leukapheresis.156	 GM-CSF	 was	 included	 to	 strengthen	 the
immune	response	to	prostatic	acid	phosphatase	alone.156

Sipuleucel-T	was	 approved	 in	2010	 for	 the	 treatment	of	patients	with	metastatic	 castration-resistant	 prostate
cancer	and	minimal	to	no	symptoms.	The	phase	III	IMPACT	trial	(9902B)	enrolled	asymptomatic	and	minimally
symptomatic	patients	with	metastatic	castrate-resistant	prostate	cancer	and	any	Gleason	score	for	treatment	with
three	 doses	 of	 sipuleucel-T	 administered	 every	 2	 weeks	 or	 placebo.158	 Patients	 who	 received	 sipuleucel-T
experienced	 longer	OS	compared	 to	patients	 in	 the	placebo	arm	(median	OS,	25.8	months	versus	21.7	months,
respectively)	with	a	22%	relative	risk	reduction	in	the	risk	of	death	(HR	for	death,	0.78;	P	=	.03).158	Three-year
survival	 for	patients	 receiving	sipuleucel-T	was	31.7%	versus	23.0%	in	 the	placebo	arm.158	Due	 to	 its	cost	and
concerns	about	its	efficacy,	sipuleucel-T	has	had	little	penetration	into	the	U.S.	market.

CONCLUSION
The	future	of	immunotherapy	for	cancer	is	a	bright	one,	with	hundreds	of	new	trials	to	assess	the	utility	of	new
checkpoints,	 new	 agonistic	molecules,	 variants	 of	 IL-2,	 novel	 cytokine	 or	 cytokine-receptor	 fusion	 constructs,



bispecific	molecules,	and	adoptive	cell	therapies.	One	of	the	more	important	advances	in	recent	years	has	been	the
revelation	 that	 epithelial	malignancies	 are	 appropriate	 targets	 for	 immunotherapy.	Much	 of	 the	most	 important
work	in	the	future	will	be	to	define	biomarkers	associated	with	a	beneficial	outcome	for	checkpoint	inhibition	and
other	immunotherapies,	which	should	facilitate	an	understanding	of	the	mechanism	of	action	of	these	new	drugs,
how	to	overcome	resistance	to	their	efficacy,	and	how	to	expand	the	list	of	patients	that	may	benefit	from	these
treatments.
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18 Pharmacokinetics	and
Pharmacodynamics	of
Anticancer	Drugs

Alex	Sparreboom	and	Sharyn	D.	Baker

INTRODUCTION
Drug	selection	and	therapy	considerations	in	oncology	were	originally	solely	based	on	observations	of	the	effects
produced.1	To	overcome	 some	of	 the	 limitations	of	 this	 empirical	 approach	 and	 to	 answer	questions	 related	 to
considerations	of	dose,	 frequency,	 and	duration	of	drug	 treatment,	 it	 is	 necessary	 to	understand	 the	 events	 that
follow	drug	administration.	Preclinical	 in	vitro	and	in	vivo	studies	have	shown	that	 the	magnitude	of	antitumor
response	 is	 a	 function	 of	 the	 concentration	 of	 drug,2	 and	 this	 has	 led	 to	 the	 suggestion	 that	 the	 therapeutic
objective	 can	 be	 achieved	 by	 maintaining	 an	 adequate	 concentration	 at	 the	 site	 of	 action	 for	 the	 duration	 of
therapy.	However,	drugs	are	rarely	directly	administered	at	their	sites	of	action.	Indeed,	most	anticancer	drugs	are
given	intravenously	or	orally	and	yet	are	expected	to	act	in	the	brain,	lungs,	or	elsewhere.	Drugs	must,	therefore,
move	from	the	site	of	administration	to	the	site	of	action	and,	moreover,	distribute	to	all	other	tissues	including
organs	 that	 eliminate	 them	 from	 the	 body,	 such	 as	 the	 kidneys	 and	 liver.	 To	 administer	 drugs	 optimally,
knowledge	is	needed	not	only	of	the	mechanisms	of	drug	absorption,	distribution,	and	elimination	but	also	of	the
kinetics	of	these	processes.

The	 treatment	 of	 human	 malignancies	 involving	 drugs	 can	 be	 divided	 into	 two	 pharmacologic	 phases,	 a
pharmacokinetic	phase	in	which	the	dose,	dosage	form,	frequency,	and	route	of	administration	are	related	to	drug
level–time	 relationships	 in	 the	 body,	 and	 a	pharmacodynamic	 phase	 in	which	 the	 concentration	 of	 drug	 at	 the
site(s)	of	action	is	related	to	the	magnitude	of	the	effect(s)	produced.	Once	both	of	these	phases	have	been	defined,
a	 dosage	 regimen	 can	 be	 designed	 to	 achieve	 the	 therapeutic	 objective,	 although	 additional	 factors	 need	 to	 be
taken	 into	 consideration	 (Fig.	 18.1).	 The	 clinical	 application	 of	 this	 approach	 allows	 distinctions	 between
pharmacokinetic	and	pharmacodynamic	causes	of	an	unusual	drug	response.	A	basic	tenet	of	pharmacokinetics	is
that	the	magnitude	of	both	the	desired	response	and	toxicity	are	functions	of	the	drug	concentration	at	the	site(s)	of
action.	Accordingly,	 therapeutic	 failure	 results	when	 the	concentration	 is	either	 too	 low,	 resulting	 in	 ineffective
therapy,	 or	 too	 high,	 producing	 unacceptable	 toxicity.	 Between	 these	 limits	 of	 concentrations	 lies	 a	 region
associated	with	therapeutic	success,	the	so-called	therapeutic	window.	Because	the	concentration	of	a	drug	at	the
site	of	action	can	rarely	be	measured	directly,	with	the	exception	of	certain	hematologic	malignancies,	plasma	or
blood	is	commonly	measured	instead	as	a	more	accessible	alternative.

PHARMACOKINETIC	CONCEPTS
A	drug’s	pharmacokinetic	properties	can	be	defined	by	two	fundamental	processes	affecting	drug	behavior	over
time,	absorption	and	disposition.

Absorption
Historically,	most	anticancer	drugs	have	been	administered	intravenously;	however,	the	use	of	orally	administered
agents	 is	growing	with	 the	development	of	small-molecule	 targeted	cancer	 therapeutics,	such	as	 tyrosine	kinase
inhibitors.3	 Moreover,	 drugs	 may	 also	 be	 administered	 regionally,	 for	 example,	 into	 the	 pleural	 or	 peritoneal
cavities,4	 the	 cerebrospinal	 fluid,	 or	 intra-arterially	 into	 a	 vessel	 leading	 to	 a	 cancerous	 tissue.	The	 process	 by



which	 the	unchanged	drug	moves	from	the	site	of	administration	 to	 the	site	of	measurement	within	 the	body	 is
referred	to	as	absorption.	Loss	at	any	site	prior	to	the	site	of	measurement	contributes	to	a	decrease	in	the	apparent
absorption	of	a	drug.	For	an	orally	administered	agent,	this	complex	series	of	events	involves	disintegration	of	the
pharmaceutical	 dosage	 form,	 dissolution,	 diffusion	 through	 gastrointestinal	 fluids,	 permeation	 of	 the	 gut
membrane,	portal	circulation	uptake,	passage	 through	 the	 liver,	and,	 finally,	entry	 into	 the	systemic	circulation.
The	 loss	 of	 drug	 as	 it	 passes	 for	 the	 first	 time	 through	 organs	 of	 elimination,	 such	 as	 the	 gastrointestinal
membranes	and	the	liver,	during	the	absorption	process	is	known	as	the	first-pass	effect.5

The	pharmacokinetic	parameter	most	closely	associated	with	absorption	 is	availability	or	bioavailability	 (F),
defined	 as	 the	 fraction	 (or	 percentage)	 of	 the	 administered	 dose	 that	 is	 absorbed	 intact.	 Bioavailability	 can	 be
estimated	 by	 dividing	 the	 area	 under	 the	 plasma	 concentration–time	 curve	 (AUC)	 achieved	 following
extravascular	administration	by	the	AUC	observed	after	intravenous	administration	and	can	range	from	0	to	1.0
(or	0%	to	100%).

Disposition
Disposition	 is	 defined	 as	 all	 the	 processes	 that	 occur	 subsequent	 to	 absorption	 of	 a	 drug;	 by	 definition,	 the
components	of	disposition	are	distribution	and	elimination.	Distribution	is	the	process	of	reversible	transfer	of	a
drug	to	and	from	the	site	of	measurement.	Any	drug	that	leaves	the	site	of	measurement	and	does	not	return	has
undergone	 elimination,	which	occurs	by	 two	processes,	excretion	 and	metabolism.	Excretion	 is	 the	 irreversible
loss	of	the	chemically	unchanged	drug,	whereas	metabolism	is	the	conversion	of	drug	to	another	chemical	species.

The	extent	of	drug	distribution	can	be	determined	by	relating	the	concentration	obtained	with	a	known	amount
of	drug	in	the	body	and	is,	in	essence,	a	dilution	space.	The	apparent	volume	into	which	a	drug	distributes	in	the
body	 at	 equilibrium	 in	 called	 the	 volume	 of	 distribution	 (Vd)	 and	 may	 or	 may	 not	 correspond	 to	 an	 actual
physiologic	compartment.

The	rate	and	extent	to	which	a	drug	distributes	into	various	tissues	depend	on	a	number	of	factors,	including
hydrophobicity,	 tissue	 permeability,	 tissue-binding	 constants,	 binding	 to	 serum	proteins,	 and	 local	 organ	 blood
flow.	 Large	 apparent	 volumes	 of	 distribution	 are	 common	 for	 agents	 with	 high	 tissue	 binding	 or	 high	 lipid
solubility,	although	distribution	into	specific	body	compartments	may	be	limited	by	physiologic	processes,	such	as
the	blood–brain	barrier	protecting	the	central	nervous	system	or	the	blood–testes	barrier.6

Just	as	Vd	is	needed	as	a	parameter	to	relate	the	concentration	to	the	amount	of	drug	in	the	body,	there	is	also	a
need	to	have	a	parameter	to	relate	the	concentration	to	the	rate	of	drug	elimination,	which	is	known	as	clearance
(CL).	 Of	 all	 pharmacokinetic	 parameters,	 CL	 has	 the	 most	 clinical	 relevance	 because	 it	 defines	 the	 key
relationship	between	drug	dose	and	 systemic	drug	exposure	 (AUC).	Derived	 from	Vd	 and	CL	 is	 the	parameter
elimination	 rate	 constant,	 which	 can	 be	 regarded	 as	 the	 fractional	 rate	 of	 drug	 removal.	 It	 is,	 however,	 more
common	to	refer	to	the	half-life	than	to	the	elimination	rate	constant	of	a	drug.	The	half-life	of	a	drug	is	a	useful
parameter	 to	 estimate	 the	 time	 required	 to	 reach	 steady	 state	 on	 a	multidose	 schedule	 or	 during	 a	 continuous
intravenous	drug	infusion.
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Figure	18.1	Principal	determinants	of	dosage	regimen	selection	for	an	anticancer	drug.

Dose	Proportionality
When	drug	concentrations	change	in	strict	proportionality	to	the	dose	of	drug	administered,	then	the	condition	of
dose	 proportionality	 (or	 linear	 pharmacokinetics)	 holds.	 If	 doubling	 the	 dose	 exactly	 doubles	 the	 plasma
concentration	or	AUC,	then	pharmacokinetic	parameters,	such	as	Vd	and	CL,	are	constant	and	remain	independent
of	dose	and	concentration.	By	 strict	definition,	drugs	with	 linear	pharmacokinetics	 are	dose	proportional.	Dose
proportionality	is	clinically	important	because	it	means	that	dose	adjustments	will	generate	predictable	changes	in
systemic	drug	exposure.	For	drugs	 that	 lack	dose	proportionality,	Vd	 and	CL	will	demonstrate	concentration	or
time	dependence,	or	both,	making	it	difficult	to	predict	the	effect	of	dose	adjustments	on	drug	concentration	(Fig.
18.2).	 Factors	 that	 can	 contribute	 to	 a	 lack	 of	 dose	 proportional	 pharmacokinetics	 include	 saturable	 oral
absorption,	capacity-limited	distribution	or	protein	binding,	and/or	saturable	metabolism.7	Dose	proportionality	of
anticancer	 agents	 is	 typically	 assessed	 in	 phase	 I	 dose-escalation	 trials	 in	 which	 small	 groups	 of	 patients	 are
treated	at	a	single	dose	level	using	a	parallel	study	design,	although	the	statistical	power	of	such	studies	to	detect
deviations	 from	 dose	 proportionality	 is	 poor.	An	 alternative,	more	 robust	 study	 design	 is	 a	 crossover	 study	 in
which	 each	 patient	 receives	 a	 low	 dose,	 an	 intermediate	 dose,	 and	 a	 high	 dose	 over	 consecutive	 cycles	 of
treatment.8	However,	such	studies	are	relatively	rare	in	oncology	because	of	the	required	use	of	low,	potentially
ineffective	doses,	which	may	raise	ethical	concerns	for	patients.

PHARMACODYNAMIC	CONCEPTS
Pharmacodynamic	models	 relate	 clinical	 drug	 effects	 with	 drug	 dose,	 concentration,	 or	 other	 pharmacokinetic
parameters	indicative	of	drug	exposures	(Table	18.1).	In	oncology,	pharmacodynamic	variability	may	account	for
substantial	 differences	 in	 clinical	 outcomes,	 even	 when	 systemic	 exposures	 are	 uniform.	 Variability	 in
pharmacodynamic	 response	 may	 be	 heavily	 influenced	 by	 clinical	 covariates	 such	 as	 age,	 gender,	 prior
chemotherapy,	prior	radiotherapy,	concomitant	medications,	or	other	variables.9	The	pharmacokinetic	parameters
that	 are	 most	 often	 correlated	 with	 drug	 effects	 are	 markers	 of	 drug	 exposure,	 such	 as	 AUC.	 In	 general,	 the
specific	 parameter	 used	 as	 the	 independent	 variable	 in	 a	 pharmacodynamic	 analysis	 depends	 on	 the	 particular
characteristics	of	the	study	drug.



Figure	18.2	Effect	of	drug	dose	on	systemic	exposure	to	paclitaxel	following	intravenous	(IV)	or
oral	administration	in	patients	with	cancer.	Data	are	expressed	as	mean	values	(circles)	and	standard
deviation	(error	bars).	The	dashed	line	indicates	the	hypothetical	dose-proportional	increase	in	the
area	under	the	plasma	concentration	time	curve	(AUC).	(Data	derived	from	van	Zuylen	L,	Karlsson
MO,	Verweij	J,	et	al.	Pharmacokinetic	modeling	of	paclitaxel	encapsulation	in	Cremophor	EL

micelles.	Cancer	Chemother	Pharmacol	2001;47[4]:309–318;	Malingré	MM,	Terwogt	JM,	Beijnen
JH,	et	al.	Phase	I	and	pharmacokinetic	study	of	oral	paclitaxel.	J	Clin	Oncol	2000;18[12]:2468–

2475,	respectively.)

TABLE	18.1
Examples	of	Systemic	Exposure	as	a	Marker	of	Anticancer	Drug	Effects

Drug Side	Effect Response/Survival
Carboplatin Thrombocytopenia Ovarian	cancer

Cisplatin Nephrotoxicity Head	and	neck	cancer

Cyclophosphamide Cardiotoxicity 	

Docetaxel Neutropenia Non–small-cell	lung	cancer

Doxorubicin Neutropenia 	

Epirubicin Neutropenia 	

Erlotinib Skin	rash Non–small-cell	lung	and	head	and	neck	cancers

Etoposide 	 Non–small-cell	lung	cancer

5-Fluorouracil Diarrhea,	mucositis Head	and	neck	cancer

Imatinib 	 Chronic	myeloid	leukemia

Irinotecan Diarrhea,	neutropenia 	

6-Mercaptopurine 	 Acute	lymphoblastic	leukemia

Methotrexate Mucositis Acute	lymphoblastic	leukemia

Nilotinib Anemia,	QT	interval	prolongation 	

Paclitaxel Neutropenia 	

Sorafenib Hypertension,	hand-foot	skin	reaction Renal	cell	cancer

Sunitinib Neutropenia Renal	cell	cancer

Teniposide 	 Lymphoma

In	 oncology,	 pharmacodynamic	 studies	 of	 drug	 effects	 have	 most	 often	 focused	 on	 toxicity	 end	 points.
Continuous	 response	 variables,	 such	 as	 the	 percent	 fall	 in	 the	 absolute	 blood	 count	 from	 baseline,	 are	 easily
analyzed	 using	 nonlinear	 regression	methods.	 Dose-limiting	 neutropenia	 has	 been	 frequently	 analyzed	 using	 a
sigmoid	 maximum	 effect	 model	 described	 by	 the	 modified	 Hill	 equation.	 The	 pharmacodynamic	 analysis	 of
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subjectively	graded	clinical	end	points,	such	as	common	toxicity	criteria	scores	on	a	4-point	scale,	may	require
more	sophisticated	statistical	methods.10	Logistical	 regression	methods	have	been	used	 to	model	 these	 types	of
categorical	(ordinal)	response	or	outcome	variables.

Physiologic	 pharmacodynamic	 models	 describing	 the	 severity	 and	 time	 course	 of	 drug-related
myelosuppression	have	been	derived	using	population	mixed-effect	methods	for	several	agents.11	The	ability	of
these	models	 to	predict	both	 the	severity	and	duration	of	drug-induced	neutropenia	substantially	enhances	 their
clinical	 usefulness.	 In	 contrast	 to	 small-molecule	 therapeutics,	 large-molecule	 therapeutics	 such	 as	monoclonal
antibodies	 may	 not	 demonstrate	 toxicities	 directly	 related	 to	 dose	 levels.	 For	 these	 agents,	 a	 thorough
understanding	of	the	pharmacokinetic/pharmacodynamic	relationships	using	modeling	approaches	may	be	critical
for	optimal	dose	selection.12

The	antitumor	activity	of	certain	chemotherapeutic	agents	 is	highly	schedule	dependent.	For	 such	drugs,	 the
dose	fractionated	over	several	days	can	produce	a	different	antitumor	response	or	toxicity	profile	compared	with
the	same	dose	given	over	a	shorter	period.	For	example,	 the	efficacy	of	etoposide	in	the	treatment	of	small-cell
lung	cancer	is	markedly	increased	when	an	identical	total	dose	of	etoposide	is	administered	by	a	5-day	divided-
dose	schedule	rather	than	a	24-hour	infusion.	Pharmacokinetic	analysis	in	that	study	showed	that	both	schedules
produced	very	similar	overall	drug	exposure	(as	measured	by	AUC)	but	that	the	divided-dose	schedule	produced
twice	the	duration	of	exposure	to	an	etoposide	plasma	concentration	of	>1	μg/mL.	This	finding	has	led	to	the	use
of	prolonged	oral	administration	of	etoposide	to	treat	patients	with	cancer.	Similar	schedule	dependence	has	been
demonstrated	 for	 a	 number	 of	 other	 anticancer	 agents,	 notably	 paclitaxel.13	 For	 these	 agents,	 the	 variability	 in
clinically	tested	treatment	schedules	is	enormous,	ranging	from	short	intravenous	infusions	of	less	than	30	minutes
to	 21-day	 or	 even	 7-week	 continuous	 infusion	 administrations,	 with	 large	 differences	 in	 experienced	 toxicity
profiles.

VARIABILITY	IN	PHARMACOKINETICS/	PHARMACODYNAMICS
There	 is	 often	 a	 marked	 variation	 in	 drug	 handling	 between	 individual	 patients,	 resulting	 in	 variability	 in
pharmacokinetic	parameters	(Fig.	18.3),	which	will	often	lead	to	variability	in	the	pharmacodynamic	effects	of	a
given	dose	of	 a	 drug.14	That	 is,	 an	 identical	 dose	of	 drug	may	 result	 in	 acceptable	 toxicity	 in	 one	patient,	 and
unacceptable	and	possibly	life-threatening	toxicity	in	another,	or	a	clinical	response	in	one	individual	and	cancer
progression	 in	 another.	 The	 principal	 underlying	 sources	 of	 this	 interindividual
pharmacokinetic/pharmacodynamic	variability	are	discussed	in	the	following	paragraphs.

Body	Size	and	Body	Composition
The	traditional	method	of	individualizing	anticancer	drug	dosage	is	by	using	body	surface	area	(BSA).15	However,
the	usefulness	of	normalizing	an	anticancer	drug	dose	to	BSA	in	adults	has	been	questioned	because,	for	many
drugs,	there	is	no	relationship	between	BSA	and	CL.16	Likewise,	attempts	to	replace	BSA	as	a	size	metric	in	dose
calculation	with	alternate	descriptors	such	as	lean	body	weight,	either	in	an	average	population	or	in	individuals	at
the	 outer	 extremes	 of	 weight	 (i.e.,	 frail,	 severely	 obese	 patients),	 have	 failed	 for	many	 anticancer	 agents.17	 It
should	be	pointed	out	 that	BSA	 is	 a	much	more	 important	 consideration	 in	 drug	dose	 calculation	 for	 pediatric
patients	as	compared	to	adults	because	of	 the	larger	size	range	in	 the	former	population.18	Based	 in	part	on	 the
failure	to	reduce	interindividual	pharmacokinetic	variability	with	the	use	of	BSA	normalization	to	obtain	a	starting
dose,	many	of	 the	more	 recently	developed	molecularly	 targeted	agents	are	currently	administered	using	a	 flat-
fixed	dose	irrespective	of	an	individual’s	BSA.17



Figure	18.3	Interindividual	pharmacokinetic	variability	of	select	cytotoxic	agents	and	molecularly
targeted	agents	expressed	as	a	percent	coefficient	of	variation	(%CV)	in	apparent	(oral)	clearance.
IV,	intravenous.	(Data	derived	from	Mathijssen	RH,	de	Jong	FA,	Loos	WJ,	et	al.	Flat-fixed	dosing
versus	body	surface	area	based	dosing	of	anticancer	drugs	in	adults:	does	it	make	a	difference?

Oncologist	2007;12[8]:913–923,	and	publicly	available	prescribing	information.)

Age
Changes	in	body	composition	and	organ	function	at	the	extremes	of	age	can	affect	both	drug	disposition	and	drug
effect.	For	example,	maturational	processes	in	infancy	may	alter	the	absorption	and	distribution	of	drugs	as	well	as
change	the	capacity	for	drug	metabolism	and	excretion.	The	importance	of	understanding	the	influence	of	age	on
the	pharmacokinetics	and	pharmacodynamics	of	individual	anticancer	agents	has	increased	steadily	as	treatment
for	 the	malignancies	of	 infants,	adolescents,	and	 the	elderly	has	advanced.19	Although	pediatric	cancers	 remain
rare	compared	with	cancers	 in	adults	and	 the	elderly	population,	 in	particular,	optimizing	 treatment	 in	a	patient
group	with	a	high	cure	rate	and	a	long	expected	survival	becomes	critical	to	minimize	the	incidence	of	preventable
late	complications	while	maintaining	efficacy.

Pathophysiologic	Changes

Effects	of	Disease
Pathophysiologic	 changes	 associated	 with	 particular	 malignancies	 may	 cause	 dramatic	 alterations	 in	 drug
disposition.	For	example,	increases	in	the	clearance	of	both	antipyrine	and	lorazepam	were	noted	after	remission
induction	 compared	 with	 the	 time	 of	 diagnosis	 in	 children	 with	 acute	 lymphoblastic	 leukemia	 (ALL).	 The
clearance	of	unbound	 teniposide	 is	 lower	 in	 children	with	ALL	 in	 relapse	 than	during	 first	 remission.	Because
leukemic	infiltration	of	the	liver	at	the	time	of	diagnosis	is	common,	drugs	metabolized	by	the	liver	may	have	a
reduced	clearance,	as	has	been	documented	in	preclinical	models.

Furthermore,	 in	 mouse	 models,	 certain	 tumors	 elicited	 an	 acute	 phase	 response	 that	 coincided	 with
downregulation	of	human	CYP3A4	in	the	liver	as	well	as	the	mouse	ortholog	Cyp3a11.20	The	reduction	of	murine
hepatic	 Cyp3a	 gene	 expression	 in	 tumor-bearing	 mice	 resulted	 in	 decreased	 Cyp3a	 protein	 expression	 and,
consequently,	 a	 significant	 reduction	 in	Cyp3a-mediated	metabolism	of	midazolam.	These	 findings	 support	 the
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possibility	 that	 tumor-derived	 inflammation	may	alter	 the	pharmacokinetic	 and	pharmacodynamic	properties	of
CYP3A4	 substrates,	 leading	 to	 reduced	 metabolism	 of	 drugs	 in	 humans.21	 This	 supports	 a	 possible	 need	 for
disease-specific	design	of	early	clinical	trials	with	anticancer	drugs,	as	has	been	recommended	for	docetaxel.22

Effects	of	Renal	Impairment
The	potential	impact	of	pathophysiologic	status	on	interindividual	pharmacokinetic	variability	can	be	due	to	either
the	 disease	 itself	 or	 to	 a	 dysfunction	 of	 specific	 organs	 involved	 in	 drug	 elimination.	 For	 example,	 if	 urinary
excretion	 is	 an	 important	 elimination	 route	 for	 a	 given	 drug,	 any	 decrement	 in	 renal	 function	 could	 lead	 to
decreased	drug	clearance,	which	may	result	in	drug	accumulation	and	toxicity.23	Therefore,	it	would	be	logical	to
decrease	the	drug	dose	relative	to	the	degree	of	impaired	renal	function	in	order	to	maintain	plasma	concentrations
within	 a	 target	 therapeutic	window.	The	best	 known	example	of	 this	 a	 priori	 dose	 adjustment	of	 an	 anticancer
agent	 remains	carboplatin,	which	 is	 excreted	 renally	almost	 entirely	by	glomerular	 filtration.	Various	 strategies
have	been	developed	to	estimate	carboplatin	doses	based	on	renal	function	among	patients,	either	using	creatinine
clearance24	 or	 glomerular	 filtration	 rates	 as	 measured	 by	 a	 radioisotope	 method.25	 The	 application	 of	 these
procedures	has	led	to	a	substantial	reduction	in	pharmacokinetic	variability,	such	that	carboplatin	is	currently	one
of	the	few	drugs	routinely	administered	to	achieve	a	target	exposure	rather	than	on	a	milligram	per	square	meter	or
milligram	per	kilogram	basis.

The	U.S.	Food	and	Drug	Administration	(FDA)	has	developed	a	guidance	on	the	impact	of	renal	impairment
on	the	pharmacokinetics,	dosing,	and	labeling	of	drugs.26	The	impact	of	this	guidance	has	been	assessed	following
a	survey	of	94	new	drug	applications	for	small-molecule	new	molecular	entities	approved	over	the	years	2003	to
2007.	The	survey	results	indicated	that	41%	of	the	applications	that	included	renal	impairment	study	data	resulted
in	a	recommendation	of	dose	adjustment	in	renal	impairment.	Interestingly,	the	survey	results	provided	evidence
that	 renal	 impairment	 can	 affect	 the	 pharmacokinetics	 of	 drugs	 that	 are	 predominantly	 eliminated	 by	 nonrenal
processes	 such	 as	metabolism	 and/or	 active	 transport.	 The	 latter	 finding	 supports	 the	FDA	 recommendation	 to
evaluate	 pharmacokinetic/pharmacodynamic	 alterations	 in	 renal	 impairment	 for	 those	 drugs	 that	 are
predominantly	eliminated	by	nonrenal	processes,	in	addition	to	those	that	are	mainly	excreted	unchanged	by	the
kidneys.	A	striking	example	of	a	drug	in	the	former	category	is	imatinib,	an	agent	that	is	predominantly	eliminated
by	 hepatic	 pathways	 but	 where	 predialysis	 renal	 impairment	 is	 associated	 with	 dramatically	 reduced	 drug
clearance,	presumably	due	to	a	transporter-mediated	process.

Effects	of	Hepatic	Impairment
In	 contrast	 to	 the	 predictable	 decline	 in	 renal	 clearance	 of	 drugs	 when	 glomerular	 filtration	 is	 impaired,	 it	 is
difficult	 to	 make	 general	 predictions	 on	 the	 effect	 of	 impaired	 liver	 function	 on	 drug	 clearance.	 The	 major
problem	 is	 that	 commonly	 applied	 criteria	 to	 establish	 hepatic	 impairment	 are	 typically	 not	 good	 indicators	 of
drug-metabolizing	enzyme	activity	and	that	several	alternative	hepatic	function	tests,	such	as	indocyanine	green
and	 antipyrine,	 have	 relatively	 limited	 value	 in	 predicting	 anticancer	 drug	 pharmacokinetics.	 An	 alternative
dynamic	measure	 of	 liver	 function	 has	 been	 proposed,	which	 is	 based	 on	 totaled	 values	 (scored	 to	 the	World
Health	 Organization	 [WHO]	 grading	 system)	 of	 serum	 bilirubin,	 alkaline	 phosphatase,	 and	 either	 alanine
aminotransferase	or	aspartate	aminotransferase	to	give	a	hepatic	dysfunction	score.27	Based	on	pharmacokinetic
studies	in	patients	with	normal	and	impaired	hepatic	function,	guidelines	have	been	proposed	for	dose	adjustments
of	 several	 agents	when	administered	 to	patients	with	 severe	 liver	dysfunction.	 It	 should	be	emphasized	 that	no
uniform	criteria	have	been	used	in	the	conduct	of	these	studies	and	that,	ultimately,	substantial	advances	could	be
made	 through	 an	 a	 priori	 determination	 of	 the	 hepatic	 activity	 of	 enzymes	 of	 pertinent	 relevance	 to	 the
chemotherapeutic	drug(s)	of	interest,	as	has	been	done	for	docetaxel.28

Effects	of	Serum	Proteins
The	binding	of	drugs	to	serum	proteins,	particularly	those	that	are	highly	bound,	may	also	have	significant	clinical
implications	 for	 a	 therapeutic	 outcome.	 Although	 protein	 binding	 is	 a	 major	 determinant	 of	 drug	 action,	 it	 is
clearly	only	one	of	a	myriad	of	 factors	 that	 influence	 the	disposition	of	anticancer	drugs.	The	extent	of	protein
binding	 is	a	 function	of	drug	and	protein	concentrations,	 the	affinity	constants	 for	 the	drug–protein	 interaction,
and	 the	 number	 of	 protein-binding	 sites	 per	 class	 of	 binding	 site.	 Because	 only	 the	 unbound	 (or	 free)	 drug	 in
plasma	water	 is	 available	 for	 distribution,	 the	 therapeutic	 response	will	 correlate	 with	 free	 drug	 concentration
rather	than	total	drug	concentration.	Several	clinical	situations,	including	liver	and	renal	disease,	can	significantly
decrease	 the	 extent	 of	 serum	 binding	 and	may	 lead	 to	 higher	 free	 drug	 concentrations	 and	 a	 possible	 risk	 of



unexpected	toxicity,	although	the	total	(free	plus	bound	forms)	plasma	drug	concentrations	are	unaltered.29	 It	 is
important	to	realize,	however,	that	after	therapeutic	doses	of	most	anticancer	drugs,	binding	to	serum	proteins	is
independent	 of	 drug	 concentration,	 suggesting	 that	 the	 total	 plasma	 concentration	 is	 reflective	 of	 the	 unbound
concentration.	For	some	anticancer	agents,	including	etoposide	and	paclitaxel,	however,	protein	binding	is	highly
dependent	on	dose	and	schedule.

Sex	Dependence
A	 number	 of	 pharmacokinetic	 analyses	 have	 suggested	 that	 male	 gender	 is	 positively	 correlated	 with	 the
maximum	 elimination	 capacity	 of	 various	 anticancer	 drugs	 (e.g.,	 paclitaxel)	 or	 with	 increased	 clearance	 (e.g.,
imatinib)	compared	with	female	gender.30	These	observations	have	added	to	a	growing	body	of	evidence	that	the
pharmacokinetic	 profile	 of	 various	 anticancer	 drugs	 exhibits	 significant	 sexual	 dimorphism,	 which	 is	 rarely
considered	in	the	design	of	clinical	trials	during	oncology	drug	development.

Drug	Interactions

Coadministration	of	Other	Chemotherapeutic	Drugs
Favorable	and	unfavorable	interactions	between	drugs	must	be	considered	in	developing	combination	regimens.
These	 interactions	may	 influence	 the	effectiveness	of	each	of	 the	components	of	 the	combination	and	 typically
occur	when	the	pharmacokinetic	profile	of	one	drug	is	altered	by	the	other.	Such	interactions	are	important	in	the
design	 of	 trials	 evaluating	 drug	 combinations	 because,	 occasionally,	 the	 outcome	 of	 concurrent	 drug
administration	is	diminished	therapeutic	efficacy	or	increased	toxicity	of	one	or	more	of	the	administered	agents.
Although	a	 recent	 survey	 indicated	 that	 clinically	 significant	pharmacokinetic	 interactions	 are	 relatively	 rare	 in
phase	 I	 trials	 of	 oncology	 drug	 combinations,31	 interactions	 appear	 to	 be	 more	 common	 for	 combinations	 of
tyrosine	kinase	inhibitors	with	cytotoxic	chemotherapeutics.32

Coadministration	of	Nonchemotherapeutic	Drugs
Many	 prescription	 and	 over-the-counter	 medications	 have	 the	 potential	 to	 cause	 interactions	 with	 anticancer
agents	 by	 altering	 their	 pharmacokinetic	 characteristics	 and	 leading	 to	 clinically	 significant	 phenotypes.	Most
clinically	relevant	drug	interactions	in	this	category	are	due	to	changes	in	metabolic	routes	related	to	an	altered
expression	 or	 function	 of	 cytochrome	P450	 (CYP)	 isozymes.	 This	 class	 of	 enzymes,	 particularly	 the	CYP3A4
isoform,	 is	 responsible	 for	 the	oxidation	of	a	 large	proportion	of	currently	approved	anticancer	drugs.	Elevated
CYP	 activity	 (induction),	 translated	 into	 a	 more	 rapid	 metabolic	 rate,	 may	 result	 in	 a	 decrease	 in	 plasma
concentrations	 and	 to	 a	 loss	 of	 therapeutic	 effect.	 For	 example,	 anticonvulsant	 drugs	 such	 as	 phenytoin,
phenobarbital,	and	carbamazepine	can	 induce	drug-metabolizing	enzymes	and	 thereby	 increase	 the	clearance	of
various	anticancer	agents.14

Conversely,	the	suppression	(inhibition)	of	CYP	activity,	for	example	with	ketoconazole,33	may	trigger	a	rise	in
plasma	 concentrations	 and	 can	 lead	 to	 exaggerated	 toxicity	 commensurate	with	 overdose.	 It	 should	 be	 born	 in
mind	that	several	pharmacokinetic	parameters	could	be	altered	simultaneously.	Especially	in	the	development	of
anticancer	agents	given	by	the	oral	route,	oral	bioavailability	plays	a	crucial	role5;	this	parameter	is	contingent	on
adequate	absorption	and	the	circumvention	of	intestinal	and,	subsequently,	hepatic	metabolism	of	the	drug.	It	has
been	suggested	that	the	prevalence	of	drug–drug	interactions	is	particularly	high	in	cancer	patients	receiving	oral
chemotherapy,34	especially	for	agents	that	are	weak	bases	that	exhibit	pH-dependent	solubility.35

An	additional	consideration	is	related	to	a	possible	influence	of	food	intake	on	the	extent	of	drug	absorption
after	 oral	 administration,	 which	 can	 increase,	 decrease,	 or	 remain	 unchanged	 depending	 on	 specific
physicochemical	properties	of	the	drug	in	question	(Table	18.2).	The	relatively	narrow	therapeutic	index	of	most
of	 these	 agents	means	 that	 significant	 inter-	 and	 intrapatient	 variability	 would	 predispose	 some	 individuals	 to
excessive	toxicity	or,	conversely,	inadequate	efficacy.

TABLE	18.2
Effect	of	Food	on	Exposure	to	Select	Oral	Anticancer	Agents

Manufacturer’s
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Drug Food Effect	on	Drug	Exposure Recommendations
Abiraterone High-fat	meal ↑	AUC	1,000% Without	food

Dasatinib High-fat	meal ↑	AUC	14% With	or	without	food

Erlotinib High-fat,	high-calorie	breakfast Single	dose,	↑AUC	200%
Multiple	dose,	↑AUC	37%–66%

Without	fooda

Gefitinib High-fat	breakfast ↓	AUC	14%,	↓	Cmax	35% With	or	without	food

	 High-fat	breakfast ↑	AUC	32%,	↑	Cmax	35% 	

Imatinib High-fat	meal No	change With	food	and	a	large	glass	of	waterb

	 	 Variability	(%CV)	↓	37% 	

Lapatinib Low-fat	meal	(5%	fat,	500	calories) ↑	AUC	167%,	↑	Cmax	142% Without	foodc

	 High-fat	meal	(50%	fat,	1,000
calories)

↑	AUC	325%,	↑	Cmax	203% 	

Nilotinib High-fat	meal ↑	AUC	82% Without	food

Sorafenib Moderate-fat	meal	(30%	fat,	700
calories)

No	change	in	bioavailability Without	food

	 High-fat	meal	(50%	fat,	900	calories) ↓	Bioavailability	29% 	

Sunitinib High-fat,	high-calorie	meal ↑	AUC	18% With	or	without	food

Everolimus High-fat	meal ↓	AUC	16%,	↓	Cmax	60% With	or	without	food

Vismodegib High-fat	meal ↑	AUC	74%	for	single	dose;	no	effect
at	steady-state

With	or	without	food

Vorinostat High-fat	meal ↑	AUC	37% With	foodd
a	Recommended	without	food	because	the	approved	dose	is	the	maximum	tolerated	dose.
b	Recommended	with	food	to	reduce	nausea.
c	Recommended	without	food	to	achieve	consistent	drug	exposure;	was	taken	without	food	in	clinical	trials.
d	Was	taken	with	food	in	clinical	trials.
AUC,	 area	 under	 the	 plasma	 concentration-time	 curve;	 Cmax,	 maximum	 plasma	 concentration;	 %CV,	 percent	 coefficient	 of
variation.

Coadministration	of	Complementary	and	Alternative	Medicine
Surveys	within	the	past	decade	estimate	the	prevalence	of	complementary	and	alternative	medicine	(CAM)	use	in
oncology	patients	 to	be	as	high	as	87%,	and	 in	many	cases,	 the	 treating	physician	 is	not	aware	of	 the	patient’s
CAM	use.36	With	a	larger	number	of	participants	to	phase	I	clinical	trials	using	herbal	treatments	combined	with
allopathic	therapies,	 the	risk	for	herb–drug	interactions	is	a	growing	concern,	and	there	is	an	increasing	need	to
understand	possible	adverse	drug	interactions	in	oncology	at	the	early	stages	of	drug	development.

A	 number	 of	 clinically	 important	 pharmacokinetic	 interactions	 involving	CAM	 and	 cancer	 drugs	 have	 now
been	 recognized,	 although	 causal	 relationships	 have	 not	 always	 been	 established.	 Most	 of	 the	 observed
interactions	point	to	the	herbs	affecting	several	isoforms	of	the	CYP	family,	either	through	inhibition	or	induction.
In	the	context	of	chemotherapeutic	drugs,	St.	John’s	wort,	garlic,	milk	thistle,	and	Echinacea	have	been	formally
evaluated	 for	 their	 pharmacokinetic	 drug	 interaction	 potential	 in	 cancer	 patients.	However,	 various	 other	 herbs
have	the	potential	to	significantly	modulate	the	expression	and/or	activity	of	drug-	metabolizing	enzymes	and	drug
transporters	(Table	18.3),	including	ginkgo	biloba,	ginseng,	and	kava.36	Because	of	the	high	prevalence	of	herbal
medicine	use,	physicians	should	include	herb	usage	in	their	routine	drug	histories	in	order	to	have	an	opportunity
to	outline	to	individual	patients	which	potential	hazards	should	be	taken	into	consideration	prior	to	participation	in
a	clinical	trial.

TABLE	18.3
Effects	of	Complementary	and	Alternative	Medicine	on	the	Activity	of	Enzymes	and
Transporters	of	Relevance	to	Anticancer	Drugs

Botanical Concurrent	Chemotherapy/Condition	(Suspected	Effect)
Ephedra Avoid	with	all	cardiovascular	chemotherapy	(synergistic	increase	in	blood	pressure)

Ginkgo	biloba Caution	with	camptothecins,	cyclophosphamide,	TK	inhibitors,	epipodophyllotoxins,
taxanes,	and	vinca	alkaloids	(CYP3A4	and	CYP2C19	inhibition);	discourage	with



alkylating	agents,	antitumor	antibiotics,	and	platinum	analogs	(free-radical	scavenging)

Ginseng Discourage	in	patients	with	estrogen	receptor–positive	breast	cancer	and	endometrial
cancer	(stimulation	of	tumor	growth)

Green	tea Discourage	with	erlotinib	and	pazopanib	(CYP1A2	induction)

Japanese	arrowroot Avoid	with	methotrexate	(ABC	and	OAT	transporter	inhibition)

St.	John’s	wort Avoid	with	all	concurrent	chemotherapy	(CYP2B6,	CYP2C9,	CYP2C19,	CYP2E1,
CYP3A4,	and	ABCB1	induction)

Valerian Caution	with	tamoxifen	(CYP2C9	inhibition),	cyclophosphamide,	and	teniposide
(CYP2C19	inhibition)

Kava Avoid	in	all	patients	with	preexisting	liver	disease,	with	evidence	of	hepatic	injury	(herb-
induced	hepatotoxicity),	and/or	in	combination	with	hepatotoxic	chemotherapy;	caution
with	camptothecins,	cyclophosphamide,	TK	inhibitors,	epipodophyllotoxins,	taxanes,	and
vinca	alkaloids	(CYP3A4	induction)

TK,	tyrosine	kinase;	CYP,	cytochrome	P450;	ABC,	adenosine	triphosphate–-binding	cassette;	OAT,	organic	anion	transporter.

Inherited	Genetic	Factors
The	 discipline	 of	 pharmacogenetics	 describes	 differences	 in	 the	 pharmacokinetics	 and	 pharmacodynamics	 of
drugs	as	a	result	of	inherited	variation	in	drug	metabolizing	enzymes,	drug	transporters,	and	drug	targets	between
patients.37	 These	 inherited	 variations	 are	 occasionally	 responsible	 for	 extensive	 interpatient	 variability	 in	 drug
exposure	 or	 effects.	 Severe	 toxicity	might	 occur	 in	 the	 absence	 of	 a	 typical	metabolism	 of	 active	 compounds,
whereas	the	therapeutic	effect	of	a	drug	could	be	diminished	in	the	case	of	an	absence	of	activation	of	a	prodrug,
such	as	irinotecan.	The	importance	and	detectability	of	polymorphisms	for	a	given	enzyme	or	transporter	depend
on	the	contribution	of	the	variant	gene	product	to	pharmacologic	response,	the	availability	of	alternative	pathways
of	 elimination,	 and	 the	 frequency	 of	 occurrence	 of	 the	 variant	 allele.	 Although	 many	 substrates	 have	 been
identified	 for	 the	 known	 polymorphic	 drug-metabolizing	 enzymes	 and	 transporters,	 the	 contribution	 of	 a
genetically	determined	source	of	interindividual	pharmacokinetic	variability	has	been	established	for	only	a	few
cancer	chemotherapeutic	agents.	Most	of	these	cases	involve	agents	for	which	elimination	is	critically	dependent
on	 a	 rate-limiting	 breakdown	 by	 a	 polymorphic	 enzyme	 (e.g.,	 6-mercaptopurine	 by	 thiopurine-	 S-
methyltransferase;	 5-fluorouracil	 by	 dihydropyrimidine	 dehydrogenase)	 or	 when	 a	 polymorphic	 enzyme	 is
involved	in	the	formation	of	a	toxic	metabolite	(e.g.,	tamoxifen	by	CYP2D6).38

In	 addition	 to	drug	metabolism,	pharmacokinetic	 processes	 are	highly	dependent	 on	 the	 interplay	with	drug
transport	in	organs	such	as	the	intestines,	kidneys,	and	liver.	Genetically	determined	variation	in	drug	transporter
function	or	expression	is	now	increasingly	recognized	to	have	a	significant	role	as	a	determinant	of	intersubject
variability	 in	 response	 to	 various	 commonly	 prescribed	 drugs.	 The	 most	 extensively	 studied	 class	 of	 drug
transporters	 are	 those	 encoded	 by	 the	 family	 of	 adenosine	 triphosphate	 (ATP)–binding	 cassette	 (ABC)	 genes,
some	of	which	also	play	a	 role	 in	 the	 resistance	of	malignant	cells	 to	anticancer	agents.	Among	 the	48	known
ABC	gene	products,	ABCB1	(P-glycoprotein),	ABCC1	(multidrug	resistance–associated	protein	1	[MRP1])	and
its	 homologue	 ABCC2	 (multidrug	 resistance–associated	 protein	 2	 [MRP2];	 canalicular	 multispecific	 organic
anion	transporter	[cMOAT]),	and	ABCG2	(breast	cancer	resistance	protein	[BCRP])	are	known	to	influence	the
oral	absorption	and	disposition	of	a	wide	variety	of	drugs.	As	a	result,	the	expression	levels	of	these	proteins	in
humans	 have	 important	 consequences	 for	 an	 individual’s	 susceptibility	 to	 certain	 anticancer	 drug–induced	 side
effects,	interactions,	and	treatment	efficacy,	for	example,	in	the	case	of	genetic	variation	in	ABCG2	in	relation	to
gefitinib-induced	diarrhea.39

Similar	to	the	discoveries	of	functional	genetic	variations	in	drug	efflux	transporters	of	the	ABC	family,	there
have	been	considerable	advances	 in	 the	 identification	of	 inherited	variants	 in	 transporters	 that	 facilitate	cellular
drug	uptake	in	tissues	that	play	an	important	role	in	drug	elimination,	such	as	the	liver	(Fig.	18.4).	Among	these,
members	of	the	organic	anion-transporting	polypeptides	(OATP),	organic	anion	transporters	(OAT),	and	organic
cation	transporters	(OCT)	can	mediate	the	cellular	uptake	of	a	large	number	of	structurally	divergent	compounds.
Accordingly,	 functionally	 relevant	polymorphisms	 in	 these	 influx	 transporters	may	contribute	 to	 interindividual
and	 interethnic	 variability	 in	 drug	 disposition	 and	 response,40	 for	 example,	 in	 the	 case	 of	 the	 impact	 of
polymorphic	 variants	 in	 the	 OCT1	 gene	 SLC22A1	 on	 the	 survival	 of	 patients	 with	 chronic	 myeloid	 leukemia
receiving	treatment	with	imatinib.
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Figure	18.4	Common	mechanisms	for	possible	interactions	between	xenobiotics	and	anticancer
drugs	in	the	liver.	OCT1,	organic	cation	transporter	1;	DME,	drug-metabolizing	enzyme(s);	NTCP,

sodium-taurocholate	cotransporting	polypeptide;	OAT2,	organic	anion	transporter	2.

DOSE	ADAPTATION	USING	PHARMACOKINETIC/PHARMACODYNAMIC
PRINCIPLES
Therapeutic	Drug	Monitoring
Prolonged	infusion	schedules	of	anticancer	drugs	offer	a	very	convenient	setting	for	dose	adaptation	in	individual
patients.	At	the	time	required	to	achieve	steady-state	concentration,	it	is	possible	to	modify	the	infusion	rate	for
the	 remainder	 of	 the	 treatment	 course	 if	 a	 relationship	 is	 known	between	 this	 steady-state	 concentration	 and	 a
desired	pharmacodynamic	end	point.	This	method	has	been	successfully	used	to	adapt	the	dose	during	continuous
infusions	 of	 5-fluorouracil	 and	 etoposide,	 and	 for	 repeated	 oral	 administration	 of	 etoposide	 or	 repeated
intravenous	 administration	of	 cisplatin.	Methotrexate	plasma	concentrations	 are	 routinely	monitored	 to	 identify
patients	 at	 high	 risk	 of	 toxicity	 and	 to	 adjust	 leucovorin	 rescue	 in	 patients	 with	 delayed	 drug	 excretion.	 This
monitoring	 has	 significantly	 reduced	 the	 incidence	 of	 serious	 toxicity,	 including	 toxic	 death,	 and	 in	 fact,	 has
improved	outcome	by	eliminating	unacceptably	low	systemic	exposure	levels.41	Therapeutic	drug	monitoring	has
also	 been	 applied	 to	 or	 is	 currently	 under	 investigation	 for	 several	more	 recently	 developed	 anticancer	 drugs,
including	imatinib.42

Feedback-Controlled	Dosing
It	 remains	 to	 be	 determined	 how	 information	 on	 interindividual	 pharmacokinetic	 variability	 can	 eventually	 be
used	to	devise	an	optimal	dosage	regimen	of	a	drug	for	the	treatment	of	a	given	disease	in	an	individual	patient.
Obviously,	the	desired	objective	would	be	most	efficiently	achieved	if	the	individual’s	dosage	requirements	could
be	calculated	prior	 to	administering	the	drug.	Although	this	 ideal	cannot	be	met	completely	 in	clinical	practice,
with	the	notable	exception	of	carboplatin,	some	success	may	be	achieved	by	adopting	feedback-controlled	dosing.



In	the	adaptive	dosage	with	feedback	control,	population-based	predictive	models	are	used	initially	but	allow	the
possibility	 of	 dosage	 alteration	 based	 on	 feedback	 revision.	 In	 this	 approach,	 patients	 are	 first	 treated	 with
standard	dose,	and,	during	treatment,	pharmacokinetic	information	is	estimated	by	a	limited-sampling	strategy	and
compared	with	that	predicted	from	the	population	model	with	which	treatment	was	initiated.	On	the	basis	of	the
comparison,	more	patient-specific	pharmacokinetic	parameters	are	calculated,	and	dosage	is	adjusted	accordingly
to	maintain	the	target	exposure	measure	producing	the	desired	pharmacodynamic	effect.	Despite	its	mathematical
complexity,	this	approach	may	be	the	only	way	to	deliver	the	desired	and	precise	exposure	of	an	anticancer	agent.

The	study	of	population	pharmacokinetics	seeks	 to	 identify	 the	measurable	 factors	 that	cause	changes	 in	 the
dose–concentration	 relationship	and	 the	extent	of	 these	alterations	so	 that	 if	 these	are	associated	with	clinically
significant	 shifts	 in	 the	 therapeutic	 index,	 dosage	 can	 be	 appropriately	modified	 in	 the	 individual	 patient.	 It	 is
obvious	 that	 a	 careful	 collection	 of	 data	 during	 the	 development	 of	 drugs	 and	 subsequent	 analyses	 could	 be
helpful	 to	collect	 some	essential	 information	on	 the	drug.	Unfortunately,	 important	 information	 is	often	 lost	by
failing	to	analyze	these	data	or	due	to	the	fact	that	the	relevant	samples	or	data	were	never	collected.	Historically,
this	has	resulted	in	the	notion	that	tools	for	the	identification	of	patient	population	subgroups	are	inadequate	for
most	of	the	currently	approved	anticancer	drugs.

However,	the	use	of	population	pharmacokinetic	models	is	increasingly	studied	in	an	attempt	to	accommodate
as	much	of	the	pharmacokinetic	variability	as	possible	in	terms	of	measurable	characteristics.	This	type	of	analysis
has	 been	 conducted	 for	 a	 number	 of	 clinically	 important	 anticancer	 drugs,	 and	 has	 provided	 mathematical
equations	based	on	morphometric,	demographic,	phenotypic	enzyme	activity,	and/or	physiologic	characteristics	of
patients,	in	order	to	predict	drug	clearance	with	an	acceptable	degree	of	precision	and	bias.43–45
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INTRODUCTION
The	evolution	of	understanding	cancer	biology	has	yielded	many	advances	that	have	been	translated	into	cancer
treatment.	Application	of	this	knowledge	has	allowed	for	a	shift	in	chemotherapeutics	from	traditional	cytotoxic
agents	 that	worked	by	killing	both	healthy	and	malignant	 fast-growing	cells	 to	chemical	and	biologic	 therapies
aimed	at	targeting	a	specific	gene	or	pathway	critical	to	the	particular	cancer	being	treated.1	This	age	of	pathway-
directed	 therapy	 has	 been	 made	 possible	 by	 the	 increased	 availability	 and	 feasibility	 of	 high	 throughput
technology	able	to	provide	comprehensive	and	clinically	useful	molecular	characterization	of	tumors.	Translation
of	these	efforts	has	resulted	in	improved	degrees	of	disease	control	for	many	common	cancers	including	breast,
colorectal,	lung,	and	melanoma	as	well	as	long-term	survival	benefits	for	chronic	myelogenous	leukemia	(CML),
gastrointestinal	stromal	tumors	(GIST),	and	childhood	acute	lymphoblastic	leukemia	(ALL).2

Pharmacogenomic-guided	therapy	aims	to	use	information	encoded	in	DNA	and	RNA	to	optimize	not	only	the
treatment	choice	for	an	individual	patient	but	also	the	dose	and	schedule	of	that	treatment	with	the	ultimate	goal	of
optimizing	 efficacy	 and	minimizing	 toxicity.	 The	 assessment	 of	 both	 somatic	 (tumor)	 and	 germline	mutations
contribute	 to	 the	 overall	 individualization	 of	 cancer	 treatment.	 Somatic	mutations	 are	 genetic	 variations	 found
within	 the	 tumor	 DNA,	 but	 not	 DNA	 from	 the	 normal	 (germline)	 tissues,	 which	 also	 have	 functional
consequences	that	influence	disease	outcomes	and/or	response	to	certain	therapies.3	These	types	of	mutations	or
biomarkers	can	be	classified	as	either	prognostic	or	predictive.	Prognostic	biomarkers	identify	subpopulations	of
patients	with	different	disease	courses	or	outcomes,	independent	of	treatment.	For	example,	NOTCH1	mutations
in	 patients	with	 chronic	 lymphocytic	 leukemia	 are	 associated	with	 poorer	 progression-free	 survival	 (PFS)	 and
Richter	transformation.4	Predictive	biomarkers	identify	subpopulations	of	patients	most	likely	to	have	a	response
to	a	given	 therapy.	Examples	 include	 the	activating	epidermal	growth	factor	receptor	(EGFR)	L858R	mutation,
seen	in	43%	of	EGFR-mutated	lung	cancers,	that	predicts	for	response	to	EGFR	inhibitors,	such	as	erlotinib	and
afatinib,	 as	 well	 as	 the	 activating	 BRAF	 V600E	 mutation,	 seen	 in	 around	 50%	 of	 melanomas	 with	 lesser
prevalence	in	other	malignancies,	that	predicts	response	to	BRAF	and	mitogen-activated	protein	kinase	(MAPK)
kinase	 (MEK)	 inhibitors.5	 Some	 biomarkers	 can	 be	 both	 prognostic	 and	 predictive	 such	 as	 FMS-like	 tyrosine
kinase	3	(FLT3)	internal	tandem	duplication	in	acute	myelogenous	leukemia	is	associated	with	increased	relapse
rates	 and	 reduced	 overall	 survival	 (OS)	 as	 well	 as	 response	 to	 FLT3	 inhibitors,	 like	 midostaurin.6	 Germline
mutations	are	heritable	variations	found	within	the	individual	and,	in	practical	terms,	are	focused	on	DNA	markers
predictive	for	toxicity	or	therapeutic	outcomes	of	a	particular	therapy	as	well	as	inheritable	risk	of	certain	cancers.
Pharmacogenomic	 mutations	 in	 the	 germline	 provide	 some	 explanation	 for	 the	 interindividual	 and	 interracial
variability	 in	drug	 response	and	 toxicity.	For	 cancer	 chemotherapy,	where	 cytotoxic	 agents	 are	 administered	at
doses	close	to	their	maximal	tolerable	dose,	and	therapeutic	windows	are	relatively	narrow,	minor	differences	in
individual	 drug	 handling	 may	 lead	 to	 severe	 toxicities.	 Therefore,	 an	 understanding	 of	 the	 sources	 of	 this
variability	 would	 lead	 to	 the	 possibility	 of	 individualizing	 dosages	 or	 influencing	 clinical	 decisions	 that	 can
improve	patient	care.	Pharmacogenomics	has	putative	utility	in	therapy	selection,	clinical	study	design,	and	as	a
tool	to	improve	understanding	of	the	pharmacology	of	a	medication.

TABLE	19.1
Clinical	Examples	of	Genotype-Guided	Cancer	Chemotherapy

Somatic	Mutation	Examples
Drug	Target Drug(s) Common	Malignancy
EML4-ALK Crizotinib,	alectinib,	ceritinib,	brigatinib Non–small-cell	lung	cancer



BCR-ABL Dasatinib,	imatinib,	nilotinib,	bosutinib,
ponatinib

Chronic	myelogenous	leukemia

BRAF Vemurafenib,	dabrafenib Melanoma

MEK Cobimetinib,	trametinib Melanoma

Epidermal	growth	factor	receptor Erlotinib,	afatinib,	gefitinib,	osimertinib Non–small-cell	lung	cancer

HER2 Trastuzumab,	lapatinib,	pertuzumab,
Ado-trastuzumab	emtansine

Breast	cancer,	gastric	cancer

Janus	kinase	2 Ruxolitinib Myelofibrosis

Rearranged	during	transfection Vandetanib,	cabozantinib Medullary	thyroid	cancer

ROS1 Crizotinib,	ceritinib Non–small-cell	lung	cancer

Germline	Mutation	Examples
Gene	Mutation Drug Effect
Cytochrome	P450	(CYP)	2C19 Voriconazole Decreased	serum	levels	of	active	drug

and	potential	decreased	efficacy	in
patients	with	high	enzyme	levels
(ultrarapid	metabolizers)

CYP2D6 Tamoxifen,	codeine,	oxycodone,
ondansetron,	selective	serotonin
reuptake	inhibitors	and	tricyclic
antidepressants

Decreased	production	of	active	metabolite
and	potential	decreased	efficacy	in
patients	with	low	enzyme	levels

Dihydropyrimidine	dehydrogenase 5-Fluorouracil Decreased	elimination	and	increased	risk
of	myelosuppression,	diarrhea,	and
mucositis	in	patients	with	low	enzyme
levels

Glucose-6-phosphate	dehydrogenase
(G6PD)

Rasburicase Risk	of	severe	hemolysis	in	patients	with
G6PD	deficiency

Thiopurine	methyltransferase Mercaptopurine,	thioguanine,
azathioprine

Decreased	methylation	of	the	active
metabolite	resulting	decreased	elimination
and	increased	risk	of	neutropenia	in
patients	with	low	enzyme	levels

UDP-glucuronosyltransferase	1A1 Irinotecan Decreased	glucuronidation	of	the	active
metabolite	resulting	in	decreased
elimination	and	increased	risk	of
neutropenia	and	diarrhea	in	patients	with
low	enzyme	levels

EML4,	 echinoderm	microtubule-associated	 protein-like	 4;	 ALK,	 anaplastic	 lymphoma	 kinase;	MEK,	mitogen-
activated	protein	kinase	kinase;	HER2,	human	epidermal	growth	factor	receptor	2.

The	 term	pharmacogenetics	 was	 initially	 used	 to	 define	 inherited	 differences	 in	 drug	 effects	 and	 typically
focused	 on	 individual	 candidate	 genes.	 The	 field	 of	 pharmacogenomics	 now	 includes	 genomewide	 association
studies	and	is	used	to	describe	genetic	variations	in	all	aspects	of	drug	absorption,	distribution,	metabolism,	and
excretion	in	addition	to	drug	targets	and	their	downstream	pathways.3	Table	19.1	illustrates	some	current	clinical
examples	 of	 genotype-guided	 cancer	 chemotherapy.	Variations	 in	 the	DNA	 sequences	 encoding	 these	 proteins
may	 take	 the	 form	 of	 deletions,	 insertions,	 repeats,	 frameshift	 mutations,	 nonsense	 mutations,	 and	 missense
mutations,	 resulting	 in	 an	 inactive,	 truncated,	 unstable,	 or	 otherwise	 dysfunctional	 protein.	 The	most	 common
change	 involves	 single	 nucleotide	 substitutions,	 called	 single	 nucleotide	 polymorphisms,	 which	 occur	 at
approximately	 1	 per	 1,000	 base	 pairs	 on	 the	 human	 genome.	 Variability	 in	 toxicity	 or	 activity	 can	 also	 be
mediated	by	postgenomic	events,	at	the	level	of	RNA,	protein,	or	functional	activity.

PHARMACOGENOMICS	OF	TUMOR	RESPONSE
Tumor	 response	 to	 chemotherapy	 is	 regulated	 by	 a	 complex,	 multigenic	 network	 of	 genes	 that	 encompasses
inherent	 characteristics	of	 the	 tumor,	differentially	 activated	pathways	of	 cell	 signaling,	proliferation	and	DNA
repair,	factors	that	control	drug	delivery	to	the	tumor	cells	(e.g.,	metabolism,	transport),	and	cell	death.	These	may
in	turn	be	modulated	by	previously	administered	treatment	or	drug	exposure,	which	may	upregulate	target	proteins
or	activate	alternative	pathways	of	drug	 resistance.	The	polygenic	nature	of	drug	 response	 implies	 that	 a	better
understanding	 of	 genotype–phenotype	 associations	 would	 require	 more	 than	 the	 usual	 single-gene
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pharmacogenetic	strategies	employed	to	date.	However,	there	are	instances	where	the	genomic	context	of	a	single
gene	within	a	cancer	will	be	of	high	impact	for	specific	therapeutic	agents	(see	Table	19.1).

PATHWAY-DIRECTED	ANTICANCER	THERAPY
One	 of	 the	 earliest	 success	 stories	 illustrating	 pathway-driven	 therapeutics	 is	 with	 CML.	 The	 hallmark
chromosomal	abnormality	of	this	disease	is	the	translocation	of	chromosomes	9	and	22	that	ultimately	produces
the	 fusion	 gene	BCR-ABL.	 This	 discovery	 in	 1960	 eventually	 led	 to	 the	 development	 of	 the	 targeted	 tyrosine
kinase	 inhibitor	 (TKI)	 imatinib	 and	 its	 subsequent	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 approval	 for
treatment	 of	CML	 in	2001.7	 The	 International	Randomized	 Study	 of	 Interferon	 and	 STI571	 (IRIS)	 trial	 began
enrollment	 in	 2000	 and	 compared	 imatinib	 with	 interferon	 and	 low-dose	 cytarabine,	 which	 was	 the	 previous
standard	of	care	for	newly	diagnosed	patients	with	chronic-phase	CML.	All	efficacy	end	points	favored	imatinib,
including	complete	cytogenetic	response	of	76.2%	with	imatinib	compared	with	14.5%	with	interferon	(P	<	.001).
OS	after	60	months	of	follow-up	was	89%	with	imatinib.8	This	example	is	just	one	of	many	where	a	once	fatal
disease	can	now	be	considered	more	akin	to	a	chronic	disease,	requiring	a	daily	medication	and	regular	physician
follow-up,	 similar	 to	 hypertension	or	 diabetes.	Drug	development	 has	 also	 kept	 pace	with	 these	 advances,	 and
now,	 several	 other	 agents,	 including	 dasatinib,	 nilotinib,	 bosutinib,	 and	 ponatinib,	 have	 joined	 imatinib	 as
treatment	options	for	CML.	Sequential	genetic	analysis	may	also	be	used	to	detect	resistance	mutations	that	may
develop	and	provides	insight	for	subsequent	therapy	decisions.

The	idea	of	changing	treatment	focus	from	a	disease-based	model	to	a	pathway-driven	model	is	also	evolving.
Human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)	 is	 a	 transmembrane	 receptor	 tyrosine	 kinase	 that	 is
overexpressed	 or	 amplified	 in	 up	 to	 25%	of	 breast	 cancers.	Trastuzumab	 is	 a	 humanized	monoclonal	 antibody
directed	 against	 HER2	 and	 demonstrated	 improved	 response	 rates	 (RRs)	 and	 time-to-disease	 progression	 in
patients	with	metastatic	HER2-positive	breast	cancer	and	improved	disease-free	survival	(DFS)	and	OS	in	HER2-
positive	breast	cancer	patients	treated	with	adjuvant	trastuzumab.9	Several	additional	agents	are	now	available	to
target	 the	HER2	 pathway	 and	 vary	 in	 their	 pharmacology	 and	mechanism	 of	 action.	 Lapatinib	 is	 an	 oral	 TKI
directed	 against	 HER2	 and	 EGFR,	 pertuzumab	 is	 a	 humanized	 monoclonal	 antibody	 that	 binds	 at	 a	 different
location	 than	 trastuzumab	and	 inhibits	 the	dimerization	and	subsequent	activation	of	HER2	signaling,	and	ado-
trastuzumab	 emtansine	 is	 an	 antibody–drug	 conjugate	 that	 targets	 HER2-positive	 cells	 and	 then	 releases	 the
cytotoxic	antimitotic	agent	emtansine	through	liposomal	degradation	of	the	linking	compound.	All	of	these	agents
illustrate	 the	progress	 and	pharmacologic	 diversity	 of	 pathway-directed	 therapy	 and	 remain	 as	 standard-of-care
options	 for	HER2-positive	breast	cancer	 in	either	 the	adjuvant	and/or	metastatic	settings.10	HER2	expression	 is
not	limited	to	breast	cancer,	however.	Although	less	common,	HER2	expression	is	seen	in	numerous	solid	tumors
including	bladder,	gastric,	prostate,	and	non–small-cell	lung	cancer	(NSCLC)	with	varying	degrees	of	incidence
depending	 on	 the	 method	 of	 detection.	 Based	 on	 results	 from	 a	 large,	 open-label	 phase	 III	 randomized,
international	 trial	 of	 594	 patients	with	 gastric	 or	 gastroesophageal	 junction	 cancer	 expressing	HER2	 by	 either
immunohistochemistry	or	gene	amplification	by	fluorescence	in	situ	hybridization,	trastuzumab	is	also	approved
for	 treatment	 of	metastatic	 gastric	 or	 gastroesophageal	 junction	 adenocarcinoma	 that	 expresses	HER2.	Patients
randomized	to	chemotherapy	in	combination	with	trastuzumab	had	a	median	OS	of	13.8	months	compared	with
11.1	months	 in	 the	patients	 receiving	chemotherapy	alone	 (hazard	 ratio	 [HR],	0.74;	0.60	 to	0.91;	P	=	 .0046).11
Numerous	examples	also	support	that	pathway-directed	therapy	will	cross	the	boundaries	of	disease	sites	and	that
tumor	genetics	will	become	one	of	the	biggest	determining	factors	for	treatment.

The	 uncommon	 nature	 of	 many	 oncogenic	 mutations	 across	 tumors	 arising	 from	 different	 anatomic	 sites
combined	with	the	need	to	acquire	clinical	efficacy	data	for	inhibitors	of	these	specific	mutations	has	supported
the	 design	 and	 conduct	 of	 biomarker-driven	 “basket”	 trials.	 These	 trials	match	 patients	with	 tumors	 harboring
specific	 genetic	 alterations	 to	 targeted	 therapies	 directed	 against	 these	 alterations	 independent	 of	 disease
histology.12	This	design	was	used	to	assess	the	clinical	benefit	of	the	BRAF	TKI	vemurafenib	in	seven	cohorts	of
patients	with	nonmelanoma	cancers	found	to	have	activating	BRAF	V600	mutations.	A	total	of	122	patients	with
a	variety	of	 tumor	types	were	enrolled	including	colorectal	cancer	(CRC)	(n	=	37),	NSCLC	(n	=	20),	Erdheim-
Chester	 disease	 or	 Langerhans	 cell	 histiocytosis	 (n	 =	 18),	 and	 primary	 brain	 tumors	 (n	 =	 13).	 The	 RR	 to
vemurafenib	 was	 42%	 and	 43%	 in	 the	 NSCLC	 and	 Erdheim-Chester	 disease	 or	 Langerhans	 cell	 histiocytosis
cohorts,	 respectively,	 with	 anecdotal	 responses	 seen	 among	 patients	 with	 numerous	 other	 cancer	 types.13	 The
National	Cancer	 Institute	 (NCI)-MATCH	 trial	 is	 another	 example	 of	 an	 even	more	 extensive	 basket	 trial.	 The
phase	II,	open-label	trial	is	enrolling	patients	with	a	variety	of	advanced	solid	tumors	and	lymphoma	to	1	of	30



treatment	 arms.	Genetic	 assessment	 is	 performed	on	 each	 tumor,	 and	 patients	 are	 assigned	 to	 receive	 an	 agent
targeted	against	 the	effects	of	a	particular	alteration	 that	 is	 identified.	The	primary	goal	of	 the	 trial	 is	 to	assess
objective	 RR	 in	 each	 drug-matched	 arm	 across	 tumor	 types.	 Since	 opening	 on	August	 12,	 2015,	 the	 trial	 has
accrued	rapidly	at	sites	across	the	United	States	with	more	than	6,000	tumor	samples	submitted	and	660	patients
enrolled	in	treatment	as	of	June	18,	2017.	The	accrual	goal	includes	having	at	least	25%	of	those	enrolled	to	have
less	common	malignancies.14

Simple	expression	of	the	drug	target	does	not	always	translate	into	desired	clinical	outcomes.	Cetuximab	and
panitumumab	are	monoclonal	antibodies	directed	against	EGFR;	however,	 it	was	 found	 that	CRC	patients	who
did	 not	 have	 detectable	 EGFR	 still	 experienced	 responses	 to	 these	 agents	 similar	 in	 extent	 to	 EGFR-positive
patients.	Kirsten	 rat	 sarcoma	 viral	 oncogene	 (KRAS)	 is	 a	 downstream	 effector	 of	 the	 EGFR	 pathway.	 Ligand
binding	to	EGFR	on	the	cell	surface	activates	pathway	signaling	through	the	KRAS/RAF/MAPK	pathway,	which
is	thought	to	control	cell	growth,	differentiation,	and	apoptosis.15	Eventually,	it	was	found	that	CRC	patients	with
a	KRAS	mutation	 did	 not	 derive	 benefit	 from	 cetuximab	 or	 panitumumab.	The	RR	 in	CRC	patients	 receiving
either	cetuximab	or	panitumumab	who	were	KRAS	wild-type	was	10%	to	40%	compared	with	near	zero	percent
in	those	with	KRAS	mutations.16	This	finding	was	the	result	of	a	retrospective	analysis	of	small	group	of	patients
and	was	confirmed	in	large,	prospective	trials.	Additionally,	it	underscores	the	importance	of	tissue	collection	for
biomarker	 assessment	 in	 trials	 with	 novel	 therapeutics.	 A	 recent	 clinical	 trial	 genomic	 analysis	 suggests	 that
mutations	in	NRAS	may	also	have	value	in	predicting	the	utility	of	EGFR	antibody	therapy	in	CRC.	Although	the
predictive	value	of	KRAS	mutation	status	in	CRC	has	been	well	established	in	clinical	trials,	the	role	of	KRAS	in
lung	cancer	and	other	malignancies	 is	 less	well	elucidated.	Lung	cancers	harboring	KRAS	mutations	have	been
shown	 to	 have	 less	 clinical	 benefit	 from	 the	 EGFR-targeted	 erlotinib	 in	 some	 trials,	 although	 this	 has	 not
consistently	been	 the	case	across	all	 trials.	Additionally,	 lung	cancer	KRAS	mutation	 status	does	not	appear	 to
reproducibly	 predict	 clinical	 benefit	 from	 the	 EGFR-targeted	monoclonal	 antibodies,	 as	 is	 the	 case	 in	 CRC.17
Unlike	 the	HER2	 example	 discussed	 previously,	 the	 clinical	 application	 of	 some	 genetic	mutations	will	 differ
between	tissue	of	origin.

Deeper	 investigations	 and	 understandings	 of	 mutations	 driving	 oncogenic	 pathways	 can	 also	 elucidate
mechanisms	of	resistance	and	practical	therapeutic	strategies	for	treatment	and	prevention.	Approximately	half	of
all	cutaneous	melanomas	carry	mutations	in	BRAF,	with	the	most	common	being	the	V600E	mutation.	The	BRAF
inhibitor	vemurafenib	demonstrated	improvements	in	both	PFS	and	OS	when	compared	with	the	cytotoxic	agent
dacarbazine	 in	 previously	 untreated	 patients	 with	 metastatic	 melanoma	 carrying	 the	 BRAF	 V600E	 mutation.
Vemurafenib	demonstrated	a	63%	relative	reduction	 in	 the	risk	of	death	compared	with	dacarbazine	(P	<	 .001)
along	with	a	higher	RR	(48%	compared	with	5%	for	dacarbazine).18	Based	on	these	results,	vemurafenib	was	the
first	BRAF-targeted	TKI	approved	by	the	FDA	and	was	soon	joined	by	dabrafenib.	Although	dramatic	responses
to	these	agents	have	been	observed,	relapse	almost	universally	occurs	after	a	median	of	6	to	8	months.	Activating
BRAF	mutations,	 like	V600E,	 result	 in	 uncontrolled	 activity	 of	 the	MAPK	 pathway	 through	 activation	 of	 the
downstream	 kinase	 MEK,	 which	 when	 phosphorylated,	 subsequently	 activates	 extracellular	 signal-regulated
kinase	(ERK),	which	ultimately	translocates	 to	the	cell	nucleus,	resulting	in	cell	proliferation	and	survival	(Fig.
19.1).19	An	assessment	of	serial	biopsies	from	patients	treated	with	vemurafenib	suggested	numerous	mechanisms
for	 acquired	 resistance,	 including	 the	 appearance	 of	 secondary	mutations	 in	MEK.20	 This	 finding	 supports	 the
clinical	 rationale	 for	 using	 combination	 therapy	 with	 a	 BRAF	 and	 a	 MEK	 inhibitor.	 The	 combination	 of
dabrafenib	(BRAF	inhibitor)	and	trametinib	(MEK	inhibitor)	was	assessed	in	247	metastatic	melanoma	patients
with	BRAF	V600	mutations	compared	with	dabrafenib	alone.	Median	PFS	was	9.4	months	 in	 the	combination
group	compared	with	5.8	months	in	the	patients	who	received	single-agent	therapy	(HR,	0.39;	0.25	to	0.62;	P	<
.001).	A	 complete	 or	 partial	 response	was	 also	 higher	 in	 the	 combination	 therapy	 group	 (76%	 compared	with
54%;	P	=	.03).	The	occurrence	of	cutaneous	squamous	cell	carcinoma,	a	known	side	effect	of	single-agent	BRAF
inhibitor	therapy	due	to	paradoxical	activation	of	RAF	in	unmutated	cells,	was	also	decreased	in	the	combination
therapy	group	 (7%	compared	with	19%;	P	 =	 .09),	 further	 supporting	 the	 evidence	 of	 downstream	 inhibition.21
Although	 combination	 therapy	 does	 prolong	 the	 time	 to	 disease	 progression,	 resistance	 still	 occurs	 in	 patients
through	a	variety	of	mechanisms.	Utilization	of	sequential	biopsies	and	a	genetic	assessment	will	help	to	inform
rationale	combination	and	sequential	pathway-driven	therapy	trials	that	will	ultimately	aid	in	better	understanding
and	mitigation	of	common	mechanism	of	resistance.
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Figure	19.1	Mitogen-activated	protein	kinase	(MAPK)	pathway	in	BRAF	-mutated	melanoma.
The	BRAF	V600E	mutation	results	in	activation	of	the	MAPK	pathway	independent	of	growth
factor	binding,	initially	by	phosphorylation	(P)	of	MAPK	kinase	(MEK).	MEK	subsequently
phosphorylates	extracellular	signal-regulated	kinase	(ERK).	ERK	then	translocates	to	the	cell
nucleus	and	causes	transcription	of	cellular	factors,	resulting	in	cell	proliferation	and	survival.

Because	one	mechanism	of	resistance	to	BRAF	inhibition	is	through	mutations	in	MEK,	inhibition
at	both	the	upstream	target	of	BRAF	and	the	downstream	site	of	MEK	can	prolong	the	clinical

benefit	of	the	BRAF	inhibitor.

Currently,	targeted	DNA	capture	is	the	most	common	type	of	somatic	genetic	screening	and	involves	focusing
on	a	few	relevant	candidate	genes	followed	by	deeper	sequencing.	These	types	of	techniques	may	not	only	reveal
common	genes	associated	with	a	particular	malignancy	but	may	also	uncover	a	signaling	pathway	that	would	not
be	 obviously	 associated	with	 a	 particular	 histology	 or	 tumor	 site.	Application	 of	 a	 next-generation	 sequencing
assay	 in	 40	 CRC	 and	 24	 NSCLC	 tissue	 samples	 that	 assessed	 145	 cancer-relevant	 genes	 demonstrated	 that
somatic	mutations	were	seen	 in	98%	of	 the	CRC	tumors	and	83%	of	 the	NSCLCs.22	The	number	of	mutations
seen	in	a	tumor,	rather	than	specific	activating	or	inactivating	alterations,	may	also	serve	as	predictive	biomarker
for	 therapy	 (Fig.	19.2).	This	 has	 been	 seen	 for	 response	 to	 immunotherapies	 such	 as	 inhibitors	 of	 cytotoxic	T-
lymphocyte	antigen	4	(CTLA-4)	and	programmed	cell	death	protein	1	(PD-1).	A	retrospective	assessment	using
whole	exome	sequencing	of	64	patients	with	melanoma	who	were	treated	with	the	CTLA4	inhibitors	ipilimumab
or	 tremelimumab	 found	 a	 relationship	 between	 tumor	 mutation	 load	 and	 clinical	 benefit,	 hypothesized	 to	 be
secondary	 to	 neoantigen	 production.23	 Neoantigens	 can	 result	 from	 mutations	 in	 tumor	 cells	 and	 can	 be
recognized	as	foreign	by	the	immune	system,	thus	enhancing	the	clinical	benefits	from	immunotherapies.24	This
relationship	was	also	 shown	with	 the	PD-1	 inhibitor	pembrolizumab	 in	patients	with	NSCLC.	 In	 the	discovery
cohort	of	16	samples	and	in	the	validation	cohort	of	18	samples,	patients	with	a	higher	nonsynonymous	mutation



burden	 (above	 209	 and	 200,	 respectively)	 had	 a	 higher	 rate	 of	 clinical	 benefit	 and	 longer	 PFS	 compared	with
patients	 whose	 tumors	 had	 lower	 mutation	 burdens.25	 Additional	 biomarkers	 for	 immunotherapy	 are	 being
assessed	including	programmed	cell	death	protein	ligand	1	(PD-L1)	expression,	the	presence	of	tumor-infiltrating
lymphocytes,	and	others.

GENETIC-GUIDED	THERAPY:	PRACTICAL	ISSUES	IN	SOMATIC	ANALYSIS
Although	 advances	 in	 basic	 science	 and	 drug	 development	 have	 translated	 many	 oncogenic	 driver	 mutations
across	 tumor	 types	 into	 pathway-directed	 therapy,	 this	 is	 not	 the	 case	 for	 the	 majority.	 There	 are	 numerous
examples	 of	 functionally	 relevant	 recurrent	 driver	 mutations	 that	 affect	 protein	 targets	 that	 are	 not	 currently
druggable.	Regardless	of	malignancy,	one	of	the	most	commonly	mutated	tumor	suppressors	is	the	protein	p53.
Mutations	can	result	in	p53	acquiring	oncogenic	functions	that	enable	proliferation,	invasion,	metastasis,	and	cell
survival	 as	 well	 as	 coordinating	 with	 different	 proteins,	 such	 as	 EGFR,	 to	 enhance	 or	 inhibit	 its	 effects.26
However,	several	challenges	have	inhibited	the	success	of	drugs	that	can	restore	wild-type	p53	function	to	cells
with	 inactivation	 or	 reduce	 the	 levels	 of	 the	mutant	 p53	 in	 tumor	 cells.	 Several	 strategies	 are	 currently	 being
developed	including	small	inferring	RNA	specific	for	mutant	TP53,	stabilizing	ligands	directed	against	common
TP53	mutations,	and	the	use	of	dendritic	cell	vaccines.27

Figure	19.2	Number	of	mutations	per	megabase	(Mb)	across	solid	tumors.	Next-generation
sequencing	of	578	solid	tumors	resulted	in	a	heterogeneous	distribution	of	number	of	mutations	per
Mb.	Although	the	majority	of	patients	had	lower	mutation	loads	<10	mutations	per	Mb,	several
tumors	also	showed	high	mutation	burdens	>20	mutations	per	Mb	that	may	be	amenable	to

treatment	with	immunotherapy.

Another	 challenge	 of	 translating	 somatic	 genetic	 mutations	 into	 clinical	 treatment	 decisions	 is	 the
determination	of	clinical	significance	for	variants	of	almost	known	significance	(VAKS)	and	variants	of	unknown
significance	(VUS).	Whereas	VUS	are	generally	genetic	alterations	with	little	to	no	available	data	supporting	their
clinical	 relevance	on	protein	effects,	VAKS	are	 those	alterations	occurring	 in	a	clinically	relevant	gene	 that	are
located	 in	 a	 functional	protein	domain	and	may	have	possible	 functional	 effects	but	have	not	been	definitively
characterized.28	To	further	elucidate	the	actionability	of	the	alterations	found	on	a	tumor	genetic	profile	or	perhaps
provide	 recommendations	 regarding	 sequencing	 of	 treatment	 options	 based	 on	 these	 results,	 molecular	 tumor
boards	are	being	developed	and	conducted	as	part	of	standard	clinical	practice	at	many	major	cancer	centers	and
consortiums.28,29	These	multidisciplinary	meetings	typically	include	a	diverse	attendance	of	clinical	oncologists,
pathologists,	geneticists,	basic	scientists,	research	coordinators,	pharmacists,	nurses,	and	trainees	whose	goal	is	to
optimize	 the	 translation	 of	 the	 findings	 on	 a	 tumor	 genetic	 report	 into	 clinical	 recommendations.	 Numerous
examples	of	 successful	 tumor	board	 implementation	have	been	 reported	with	encouraging	outcomes	supporting
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translation	into	meaningful	targeted	therapy	options	for	patients.	One	of	the	largest	initiatives	has	been	the	MSK-
IMPACT	prospective	 sequencing	 initiative	at	Memorial	Sloan	Kettering	Cancer	Center.	The	 tumors	and	match
normal	 tissue	 from	more	 than	 10,000	 patients	 with	 diverse	 solid	 tumor	 malignancies	 were	 analyzed	 by	 next-
generation	 sequencing	 of	 341	 (and	 later	 410)	 cancer-associated	 genetic	 alterations	 including	 mutations,	 copy
number	 alterations,	 selected	 promoter	 mutations,	 and	 rearrangements.	 This	 initiative	 not	 only	 added	 to	 the
available	 literature	 supporting	 the	 occurrence	 of	 common	 mutations	 across	 numerous	 malignancies	 but	 also
provided	insight	into	novel	alterations	and	mutation	signatures	in	less	common	cancers.	Of	the	first	5,009	patients
to	 receive	 testing,	 37%	 had	 a	 clinically	 relevant	 alteration	 identified	 in	 their	 tumor	 tissue	 and	 11%	 were
subsequently	 enrolled	on	 a	genomically	matched	 clinical	 trial.30	 This	 information	 is	 also	 publicly	 available	 for
additional	investigation	and	application	at	cBioPortal	and	OncoKB.31

The	 evolution	 of	 sequencing	 strategies	 and	 decreasing	 costs	 has	 made	 whole-genome	 sequencing	 more
available	 in	 the	 clinical	 setting,	 and	 several	 companies	 offer	 commercially	 available	 tumor	 profiling	 services.
Several	 limitations	exist	 that	 challenge	 the	optimal	 clinical	 implementation	of	 these	assays,	however.	Although
germline	 genetic	 assessments	 can	 be	 done	 on	 a	 peripheral	 blood	 sample	 or	 buccal	 swab,	 somatic	 assessments
typically	require	tumor	tissue	biopsy.	This	tissue	is	often	in	limited	supply	and	of	varying	quality	or	may	not	be
feasible	depending	on	the	site	of	the	cancer.	The	advancement	of	sequencing	technology	with	very	high	sensitivity
and	specificity	has	allowed	for	development	of	clinically	available	“liquid	biopsy”	assays	to	assess	circulating	cell
free	tumor	DNA	(cfDNA).	This	 technique	takes	advantage	of	 the	result	of	rapid	growth	and	turnover	of	cancer
cells	 subsequently	 releasing	DNA	 fragments	 into	 the	 circulation.32	 Comparison	 of	 cfDNA	with	 primary	 tumor
tissue	has	shown	the	highest	concordance	in	patients	with	higher	number	of	metastatic	sites,	several	lines	of	prior
treatment,	 and	 lower	 albumin	 levels.	 Patients	 with	 gastrointestinal	 and	 breast	 cancers	 showed	 a	 higher
concordance	 than	 those	with	head	and	neck	or	genitourinary	 cancers.33	Due	 to	 the	 ease	of	 acquiring	blood	 for
cfDNA,	 serial	 sampling	may	 be	 performed	 and	 help	 to	 elucidate	 the	 development	 of	 resistance	mutations	 and
refine	targeting	of	therapeutic	options.

PHARMACOGENOMICS	OF	CHEMOTHERAPY	DRUG	TOXICITY
A	drug’s	disposition	and	pharmacodynamic	effects	can	be	influenced	by	a	number	of	variables,	including	patient
age,	 diet,	 concomitant	 medications,	 and	 underlying	 disease	 processes.	 However,	 an	 individual’s	 genetic
constitution	is	an	important	regulator	of	variability	in	drug	effect.	Differences	in	drug	effects	are	more	pronounced
between	 individuals	 compared	 to	 within	 an	 individual.	 Indeed,	 studies	 in	 monozygotic	 and	 dizygotic	 twins
identified	that	20%	to	80%	of	 the	variation	in	drug	disposition	is	mediated	by	inheritance.34	Drug-metabolizing
enzymes,	cellular	transporters,	and	tissue	receptors	are	governed	by	genetic	variation.

Advances	in	the	treatment	of	most	common	malignancies	have	resulted	in	the	availability	of	multiple	distinct
combination	chemotherapy	regimens	with	similar	or	equal	anticancer	efficacy.	Therefore,	differences	in	systemic
toxicity	 have	 become	 a	 major	 determinant	 in	 the	 selection	 of	 therapy.	 Optimizing	 efficacy	 while	 minimizing
toxicity	 has	 also	 underscored	 the	 role	 of	 pharmacogenomics	 to	 guide	 agents	 used	 in	 supportive	 care	 including
voriconazole	(metabolized	by	CYP2C19)	and	numerous	antidepressants	(primarily	metabolized	by	CYP2D6	and
CYP2C19).35,36	The	majority	of	pharmacogenomic	examples	affecting	adverse	events	or	efficacy	involve	hepatic
metabolizing	 enzymes	 that	 detoxify	 or	 biotransform	 xenobiotics.37,38	 The	 Clinical	 Pharmacogenetics
Implementation	Consortium	(CPIC)	aims	to	develop	peer-reviewed,	evidence-based	gene/drug	practice	guidelines
focused	 on	 providing	 specific	 recommendations	 based	 on	 reported	 genetic	 test	 results.39	 Numerous	 CPIC
guideline	 recommendations	 exist	 for	 several	 drugs	 used	 in	 oncology,	 infectious	 disease,	 psychiatry,	 and	 other
areas	with	two	discussed	in	more	detail	in	the	following	text.

Thiopurine	Methyltransferase
One	 of	 the	 best-studied	 pharmacogenetic	 syndrome	 involves	 the	 metabolism	 of	 the	 thiopurine	 drugs—6-
mercaptopurine	 (6MP),	6-thioguanine,	 and	azathioprine—which	have	wide	applications,	 including	maintenance
therapy	for	childhood	ALL	and	adult	leukemias.	These	prodrugs	must	be	activated	to	thioguanine	nucleotides	in
order	to	have	antiproliferative	effects.	However,	most	of	the	variability	in	the	formation	of	active	metabolites	is
mediated	by	methylation	via	thiopurine	methyltransferase	(TPMT).40	TPMT	is	a	cytosolic	enzyme	that	catalyzes
S-methylation	of	thiopurine	agents,	resulting	in	an	inactive	metabolite.	Erythrocyte	TPMT	activity	has	a	trimodal
distribution,	with	90%	of	patients	having	high	activity,	10%	intermediate	activity,	and	0.3%	with	very	low	or	no



detectable	 activity.	 TPMT	 deficiency	 results	 in	 higher	 intracellular	 activation	 of	 6MP	 to	 form	 thioguanine
nucleotides,	resulting	in	severe	or	fatal	hematologic	toxicity	from	standard	doses	of	therapy.	The	variable	activity
results	from	polymorphism	in	the	TPMT	gene,	located	on	chromosome	locus	6p22.3.	Genetic	variants	at	codon
238	 (TPMT*2),	 codon	 719	 (TPMT*3C),	 or	 both	 codons	 460	 and	 719	 (TPMT*3A)	 are	 the	 most	 clinically
significant,	accounting	for	95%	of	the	patients	with	reduced	TPMT	activity.40	Heterozygotes	(one	wild	type	and
one	variant	allele)	are	common	(10%	of	patients),	have	elevated	levels	of	active	metabolites	(twofold	more	than
homozygous	 wild	 type),	 and	 required	 more	 cumulative	 dose	 reductions	 of	 6MP	 for	 maintenance	 ALL
chemotherapy	 compared	 to	 homozygous	 wild-type	 patients	 (Fig.	 19.3).40	 Patients	 with	 a	 homozygous	 variant
TPMT	genotype	 are	 at	 a	 fourfold	 risk	 of	 severe	 toxicity,	 compared	with	wild-type	 patients.40	 TPMT	 genotype
tests	 are	 now	 available	 commercially	 in	 a	 Clinical	 Laboratory	 Improvement	 Amendments	 (CLIA)-certified
environment.	To	date,	patients	homozygous	for	TPMT	variant	alleles	appear	to	tolerate	10%,	and	heterozygotes
appear	to	tolerate	65%	of	the	recommended	doses	of	6MP,	with	no	apparent	decrease	in	clinical	efficacy	(see	Fig.
19.3).40	 This	 has	 formed	 the	 basis	 for	 prospective,	 TPMT	 genotype-guided	 dosing	 of	 6MP	 to	 avoid	 severe
toxicity.	 CPIC	 guidelines	 recommend	 that	 homozygous	wild-type	 patients	 be	 started	 at	 the	 full	 standard	 dose.
Heterozygous	patients	should	start	with	reduced	doses	at	30%	to	70%	of	the	full	dose	with	adjustments	made	after
2	 to	 4	weeks	 based	 on	myelosuppression	 and	 disease-specific	 guidelines.	Homozygous	 variant	 patients	 should
start	with	10%	of	 the	 full	dose	due	 to	 the	extremely	high	 levels	of	 the	active	metabolite	and	potential	 for	 fatal
toxicity	 at	 standard	 doses.	 Adjustments	 should	 be	 made	 after	 4	 to	 6	 weeks	 based	 on	 myelosuppression	 and
disease-specific	guidelines.40

Figure	19.3	Relationship	between	thiopurine	methyltransferase	(TPMT)	genotype	and	required	6-
mercaptopurine	(6MP)	dose.	Compared	with	homozygous	wild-type	(wt)	patients,	those

heterozygous	for	a	TPMT	variant	(var)	allele	generally	require	at	least	a	30%	dose	reduction	in
6MP,	whereas	homozygous	variant	patients	require	substantial	dose	reductions	of	approximately

90%	that	of	wild-type	patients.

Dihydropyrimidine	Dehydrogenase
Although	 5-fluorouracil	 (5-FU)	 has	 been	 available	 for	 over	 40	 years,	 it	 remains	 the	 cornerstone	 of	 CRC
chemotherapy,	both	in	the	adjuvant	and	metastatic	settings.	Additionally,	the	oral	prodrug	capecitabine	ultimately
undergoes	activation	to	5-FU	and	is	commonly	used	in	gastrointestinal	and	breast	malignancies.	5-FU	is	a	prodrug
that	 is	 activated	 intracellularly	 to	 5-fluoro-2′-deoxyuridine	 5′-monophosphate	 (5-FdUMP),	 which	 inhibits
thymidylate	 synthase	 (TS),	 among	 other	 mechanisms	 of	 action.	 TS	 inhibition	 results	 in	 impaired	 de	 novo
pyrimidine	synthesis	and	suppression	of	DNA	synthesis.	Approximately	85%	of	a	5-FU	dose	 is	catabolized	by
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dihydropyrimidine	dehydrogenase	(DPD)	to	inactive	metabolites.	Therefore,	DPD	is	a	primary	regulator	of	5-FU
activity.	DPD	deficiency	has	been	described,	 resulting	 in	higher	5-FU	blood	 levels,	greater	 formation	of	active
metabolites,	 and	 severe	 or	 fatal	 clinical	 toxicity,	 predominately	 myelosuppression,	 mucositis,	 and	 cerebellar
toxicity.41	In	theory,	this	toxicity	could	be	reduced	or	avoided	by	screening	for	DPD	activity	in	surrogate	tissues,
such	as	peripheral	mononuclear	cells.	However,	the	technical	requirements	for	preparation	of	these	samples	make
it	 impractical	 for	 many	 practice	 sites.	 Understanding	 the	molecular	 basis	 for	 DPD	 deficiency	 will	 provide	 an
approach	for	prospective	identification	of	patients	at	high	risk	for	severe	5-FU	toxicity.	The	gene	encoding	DPD	is
composed	of	 23	 exons,	 and	 at	 least	 23	 single	nucleotide	polymorphisms	 (SNPs)	have	been	 found.42	Studies	 in
DPD-deficient	 patients	 have	 identified	 several	 distinct	molecular	 variants	 associated	with	 low	enzyme	activity.
Many	of	 these	are	rare,	and	base	substitutions,	splicing	defects,	and	frame	shift	mutations	have	been	described.
The	prevalent	variation	is	the	splice	recognition	site	in	intron	14	(DPYD*2A),	where	a	G	to	A	substitution	results
in	the	skipping	of	exon	14,	resulting	in	an	inactive	enzyme.41	This	polymorphism	has	been	associated	with	severe
DPD	 deficiency	 in	 heterozygous	 patients,	 with	 a	 homozygous	 genotype	 associated	 with	 a	 mental	 retardation
syndrome.	Patients	with	severe	5-FU	toxicity	may	harbor	one	or	more	variant	alleles	of	DPD,	and	a	recent	study
showed	that	61%	of	cancer	patients	experiencing	severe	5-FU	toxicities	had	decreased	DPD	activity	in	peripheral
mononuclear	 cells,	 and	 DPYD*2A	 was	 commonly	 found.43	 In	 the	 patients	 with	 grade	 4	 neutropenia,	 50%
harbored	at	 least	one	DPYD*2A.	 It	 is	 estimated	 that	 in	 the	Caucasian	population,	homozygotes	 for	 the	variant
alleles	have	an	 incidence	of	0.1%	and	heterozygotes	occur	at	an	 incidence	of	0.5%	to	2%.	There	are	additional
DPD	mutations	 that	 have	 been	 associated	with	 impaired	 enzyme	 activity,	 including	DPYD	*3	 and	DPYD*13.
CPIC	guidelines	recommend	standard	dosing	for	homozygous	wild-type	patients.	Reducing	 the	dose	by	at	 least
50%	in	heterozygous	patients	 (*1/*2A)	 is	 recommended,	 followed	by	dose	adjustment	based	on	 toxicity	and/or
pharmacokinetic	 testing.	 The	 use	 of	 an	 alternative	 agent	 is	 recommended	 in	 homozygous-variant	 patients
(*2A/*2A).41	There	are	many	patients	with	severe	5-FU	toxicity	that	have	normal	DPD	activity.	This	highlights
that	many	factors,	including	multiple	genes,	are	potential	causes	of	5-FU	toxicity,	and	there	will	not	be	one	simple
test	to	avoid	this	important	clinical	problem.

CONCLUSIONS	AND	FUTURE	DIRECTIONS
Genomic-driven	 cancer	 medicine	 is	 being	 translated	 into	 clinical	 practice	 through	 increased	 understanding	 of
somatic	mutations	in	a	specific	tumor	that	can	be	translated	to	pathway-directed	therapeutics	as	well	as	germline
mutations	that	affect	 the	pharmacokinetics	and	pharmacodynamics	of	 individual	medications.	For	the	practicing
oncologist,	 knowledge	 of	 pharmacogenomics	 is	 necessary	 because	 therapeutic	 decisions	 of	 drug	 selection	 and
dosage	 are	 being	 based	 on	 more	 molecularly	 and	 genetically	 defined	 variables	 than	 the	 current	 phenotypic
information	of	tumor	type,	immunohistochemistry,	and	body	surface	area.	Health-care	policy	changes	preferring
the	 bundling	 of	 care	 and	 reimbursement	 based	 on	 diagnosis	 coding	 may	 further	 drive	 individualized	 therapy
where	the	goal	is	to	optimize	both	treatment	responses	while	minimizing	toxicity.	However,	with	advances	always
come	challenges.	Reimbursement	 for	multiplex	genomic	 testing	 is	not	universal,	 so	deciding	who	and	when	 to
initiate	 testing	 is	 a	 consideration.	 Optimizing	 turnaround	 time,	 especially	 for	 referral	 patients	 who	 have	 had
biopsies	performed	elsewhere,	will	require	requesting	this	archived	tissue	prior	to	or	during	the	initial	patient	visit
to	 facilitate	 minimizing	 treatment	 delays.	 Although	 some	 variants	 have	 strong	 evidence	 supporting	 treatment
recommendations,	many	currently	do	not	yet.	Multidisciplinary	committees	charged	with	reviewing	the	 level	of
evidence	 for	 each	 genetic	 result	 and	 providing	 clinically	 actionable	 recommendations	 will	 be	 essential	 for
translating	these	multigene	tumor	assay	results	 into	routine	clinical	practice.	Decision	tools	and	development	of
treatment	guidelines	will	 further	 assist	with	 routine	 integration	of	 this	 technology,	 especially	 for	 oncologists	 at
smaller	practice	sites.	Oncology	fellowship	training	programs	will	also	need	to	be	expanded	to	ensure	competence
of	new	practitioners	in	the	area	of	genomic-guided	therapies.

Regardless	 of	 these	 challenges,	 the	 treatment	 paradigm	 of	 genomic-driven	 medicine	 and	 individualizing
therapy	has	permitted	the	field	of	oncology	to	move	beyond	the	limitations	of	nonselective	cytotoxic	therapy	and
toward	the	more	optimal	selection	and	dosing	of	oncology	agents.
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20 Alkylating	Agents
Kenneth	D.	Tew

HISTORICAL	PERSPECTIVES
The	alkylating	agents	are	a	diverse	group	of	anticancer	agents	with	the	commonality	that	they	react	in	a	manner
such	that	an	electrophilic	alkyl	group	or	a	substituted	alkyl	group	can	covalently	bind	to	cellular	nucleophilic	sites.
Electrophilicity	 is	 achieved	 through	 the	 formation	 of	 carbonium	 ion	 intermediates	 and	 can	 result	 in	 transition
complexes	with	target	molecules.	Ultimately,	reactions	result	in	the	formation	of	covalent	linkages	by	alkylation
with	 a	 broad	 range	 of	 nucleophilic	 groups,	 including	 bases	 in	 DNA,	 and	 these	 are	 believed	 responsible	 for
ultimate	cytotoxicity	and	therapeutic	effect.	Although	the	alkylating	agents	react	with	cells	in	all	phases	of	the	cell
cycle,	 their	 efficacy	 and	 toxicity	 result	 from	 interference	 with	 rapidly	 proliferating	 tissues.	 From	 a	 historical
perspective,	the	vesicant	properties	of	mustard	gas	used	during	World	War	I	were	shown	to	be	accompanied	by
suppression	 of	 lymphoid	 and	 hematologic	 functions	 in	 experimental	 animals1	 and	 led	 to	 the	 development	 of
mechlorethamine	 as	 the	 first	 alkylating	 agent	 used	 in	 human	 cancer	management.2	 Subsequently,	 a	 number	 of
related	drugs	have	been	developed,	and	these	have	roles	in	the	treatment	of	a	range	of	leukemias,	lymphomas,	and
solid	 tumors.	Most	 of	 the	 alkylating	 agents	 cause	 dose-limiting	 toxicities	 to	 the	 bone	marrow	 and	 to	 a	 lesser
degree	 the	 intestinal	mucosa,	with	other	organ	systems	also	affected	contingent	on	 the	 individual	drug,	dosage,
and	 duration	 of	 therapy.	Despite	 the	 present	 trend	 toward	 targeted	 therapies,	 this	 class	 of	 “nonspecific”	 drugs
maintains	an	essential	role	in	cancer	chemotherapy.

CHEMISTRY
Alkylating	reactions	are	generally	classified	through	their	kinetic	properties	as	SN1	(nucleophilic	substitution,	first
order)	or	SN2	(nucleophilic	substitution,	second	order)	(Fig.	20.1).	The	first-order	kinetics	of	the	SN1	reaction	are
dependent	on	the	concentration	of	the	original	alkylating	agent.	The	rate-limiting	step	is	the	initial	formation	of
the	 reactive	 intermediate,	 and	 the	 rate	 is	 essentially	 independent	of	 the	concentration	of	 the	 substrate.	The	SN2
alkylation	 reaction	 is	 a	 bimolecular	 nucleophilic	 displacement	 with	 second-order	 kinetics,	 where	 the	 rate	 is
dependent	 on	 the	 concentration	 of	 both	 alkylating	 agent	 and	 target	 nucleophile.	 Reactivity	 of	 electrophiles3
suggests	 that	 the	 rates	of	alkylation	of	cellular	nucleophiles	 (including	 thiols,	phosphates,	amino	and	 imidazole
groups	 of	 amino	 acids,	 and	 various	 reactive	 sites	 in	 nucleic	 acid	 bases)	 are	most	 dependent	 on	 their	 potential
energy	 states,	 which	 can	 be	 defined	 as	 “hard”	 or	 “soft,”	 based	 on	 the	 polarizability	 of	 their	 reactive	 centers.4
Although	 the	 metabolism	 and	 metabolites	 of	 nitrogen	 mustards	 and	 nitrosoureas	 differ,	 the	 active	 alkylating
species	of	each	is	the	alkyl	carbonium	ion	(see	Fig.	20.1),	a	highly	polarized	hard	electrophile	as	a	consequence	of
its	highly	positive	charge	density	at	 the	electrophilic	center.	Alkyl	carbonium	 ions	will	 react	most	 readily	with
hard	nucleophiles	(possessing	a	highly	polarized	negative	charge	density),	where	the	high-energy	transition	state
(a	potential	energy	barrier	to	the	reaction)	is	most	favorable.	In	specific	terms,	an	active	alkylating	species	from	a
nitrogen	 mustard	 will	 demonstrate	 selectivity	 for	 cellular	 nucleophiles	 in	 the	 following	 order:	 (1)	 oxygen	 in
phosphate	groups	of	RNA	and	DNA,	(2)	oxygens	of	purines	and	pyrimidines,	(3)	amino	groups	of	purine	bases,
(4)	 primary	 and	 secondary	 amino	 groups	 of	 proteins,	 (5)	 sulfur	 atoms	 of	methionine,	 and	 (6)	 thiol	 groups	 of
cysteinyl	residues	of	protein	and	glutathione.3	The	least	favored	reactions	will	still	occur	but	at	much	slower	rates
unless	they	are	catalyzed.

Alkylation	 through	 highly	 reactive	 intermediates	 (e.g.,	 mechlorethamine)	 would	 be	 expected	 to	 be	 less
selective	in	their	 targets	 than	the	less	reactive	SN2	reagents	 (e.g.,	busulfan).	However,	 the	 therapeutic	and	 toxic
effects	of	alkylating	agents	do	not	correlate	directly	with	their	chemical	reactivity.	Clinically	useful	agents	include
drugs	with	SN1	or	SN2	characteristics	and	some	with	both.5	These	differ	 in	 their	 toxicity	profiles	and	antitumor
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activity	but	more	as	a	consequence	of	differences	in	pharmacokinetics,	lipid	solubility,	penetration	of	the	central
nervous	 system	 (CNS),	 membrane	 transport,	 metabolism	 and	 detoxification,	 and	 specific	 enzymatic	 reactions
capable	of	repairing	alkylation	sites	on	DNA.

CLASSIFICATION
The	major	classes	of	clinically	useful	alkylating	agents	are	illustrated	in	Table	20.1	and	summarized	below.	Doses
and	schedules	of	the	various	agents	are	shown	Table	20.2.

Alkyl	Sulfonates
Busulfan	is	used	for	the	treatment	of	chronic	myelogenous	leukemia.	It	exhibits	SN2	alkylation	kinetics	and	shows
nucleophilic	selectivity	for	thiol	groups,	suggesting	that	it	may	exert	cytotoxicity	through	protein	alkylation	rather
than	through	DNA.	In	contrast	to	the	nitrogen	mustards	and	nitrosoureas,	busulfan	has	a	greater	effect	on	myeloid
cells	than	lymphoid	cells,	thus	its	use	against	chronic	myelogenous	leukemia.6

Aziridines
Aziridines	are	analogs	of	ring-closed	intermediates	of	nitrogen	mustards	and	are	less	chemically	reactive,	but	they
have	equivalent	 therapeutic	properties.	Thiotepa	has	been	used	 in	 the	 treatment	of	 carcinoma	of	 the	breast	 and
ovary,	for	a	variety	of	CNS	diseases,	and	with	increasing	frequency	as	a	component	of	high-dose	chemotherapy
regimens.7	 Thiotepa	 and	 its	 primary	 desulfurated	 metabolite	 triethylenethiophosphoramide	 (TEPA)	 alkylate
through	aziridine	ring	openings,	a	mechanism	similar	to	the	nitrogen	mustards.

Triazines
Perhaps	 the	 newest	 clinical	 development	 in	 the	 alkylating	 agent	 field	 is	 the	 emergence	 of	 temozolomide.	 This
agent	 acts	 as	 a	 prodrug	 and	 is	 an	 imidazotetrazine	 analog	 that	 undergoes	 spontaneous	 activation	 in	 solution	 to
produce	 5-(3-methyltriazen-1-yl)	 imidazole-4-carboxamide	 (MTIC),	 a	 triazine	 derivative.	 It	 crosses	 the	 blood–
brain	 barrier	 with	 concentrations	 in	 the	 CNS	 approximating	 30%	 of	 plasma	 concentrations.8	 Temozolomide
provides	efficacy	in	the	treatment	of	gliomas	and	melanomas.



Figure	20.1	Comparative	decomposition	and	metabolism	of	a	typical	nitrogen	mustard	compared
to	a	nitrosourea.	Although	intermediate	metabolites	are	distinct,	the	active	alkylating	species	is	a
carbonium	ion	in	each	case.	This	electrophilic	moiety	reacts	with	target	cellular	nucleophiles.

Nitrogen	Mustards
Bischloroethylamines	 or	 nitrogen	 mustards	 are	 extensively	 administered	 in	 the	 clinic.	 As	 an	 initial	 step	 in
alkylation,	chlorine	acts	as	a	leaving	group	and	the	β-carbon	reacts	with	the	nucleophilic	nitrogen	atom	to	form
the	cyclic,	positively	charged,	reactive	aziridinium	moiety.	Reaction	of	the	aziridinium	ring	with	an	electron-rich
nucleophile	 creates	 an	 initial	 alkylation	 product.	 The	 remaining	 chloroethyl	 group	 achieves	 bifunctionality
through	 formation	 of	 a	 second	 aziridinium.	 Melphalan	 (L-phenylalanine	 mustard),	 chlorambucil,
cyclophosphamide,	 and	 ifosfamide	 (see	 Table	 20.1)	 replaced	 mechlorethamine	 as	 primary	 therapeutic	 agents.
These	derivatives	have	electron-withdrawing	groups	substituted	on	the	nitrogen	atom,	reducing	the	nucleophilicity
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of	the	nitrogen	and	rendering	them	less	reactive	but	enhancing	their	antitumor	efficacy.	One	distinguishing	feature
of	 melphalan	 is	 that	 an	 amino	 acid	 transporter	 responsible	 for	 uptake	 influences	 its	 efficacy	 across	 cell
membranes.9	 Although	 a	 number	 of	 glutathione	 (GSH)	 conjugates	 of	 alkylating	 agents	 are	 effluxed	 through
adenosine	 triphosphate–dependent	membrane	 transporters,10	 specific	 uptake	mechanisms	 are	 generally	 rare	 for
cancer	drugs.	Cyclophosphamide	and	ifosfamide	are	prodrugs	that	require	cytochrome	p450	metabolism	to	release
active	 alkylating	 species.	 Cyclophosphamide	 continues	 to	 be	 the	 most	 widely	 used	 alkylating	 agent	 and	 has
activity	against	a	variety	of	tumors.11

Bendamustine	 has	 a	 nitrogen	 mustard	 group	 at	 position	 5	 of	 a	 benzimidazole	 ring	 (γ-[1-methyl-5-bis(β-
chloroethyl)-amino-benzimidazolyl-2]-butyric	 acid	 hydrochloride)	 and	 was	 initially	 synthesized	 over	 50	 years
ago.12	It	has	structural	properties	that	resemble	both	an	alkylating	agent	and	purine	analog.	Perhaps	because	the
benzimidazole	 ring	possesses	nucleoside-like	properties	and	places	 it	 contiguous	 to	DNA,	a	prolonged	half-life
seems	 to	 be	 responsible	 for	 enhanced	 drug-induced	DNA	damage.13	 Following	drug	 treatments,	DNA	damage
repair	proceeds	more	slowly	than	with	other	nitrogen	mustards,	and	this	may	relate	to	the	fact	that	bendamustine
demonstrates	 incomplete	 cross-resistance	 with	 other	 alkylating	 agents	 and	 essentially	 no	 cross-resistance	 with
other	 cytotoxic	 drugs.14	 Its	 structure	 may	 also	 provide	 a	 greater	 degree	 of	 stability	 than	 with	 other	 nitrogen
mustards,	and	this	may	be	a	contributory	factor	in	the	drug’s	activity	in	primary	non-Hodgkin	lymphoma	(NHL)
cells	resistant	to	conventional	drugs	such	as	cyclophosphamide,	doxorubicin,	and	etoposide.15	Such	in	vitro	and	in
vivo	 preclinical	 studies	 supported	 the	 principle	 that,	 unique	 from	 the	 other	 alkylating	 agents	 in	 common	 use,
bendamustine	would	find	a	niche	in	clinical	disease	management.

TABLE	20.1
Major	Classes	of	Clinically	Useful	Alkylating	Agents

Drug Structure
Main	Therapeutic
Uses

Clinical
Pharmacology Major	Toxicities Notes

ALKYL	SULFONATES
Bendamustine 	 CLL,	indolent	and

aggressive	non-
Hodgkin	lymphoma,
multiple	myeloma

T1/2,	49	min;	volume
of	distribution,	18.3
m2;	clearance,	265
mL/min/m2

Typical	of	alkylating
agents

Numerous	trials	with
rituximab	in
development

Busulfan 	 Bone	marrow
transplantation,
especially	in	chronic
myelogenous
leukemia

Bioavailability,	80%;
protein	bound,	33%;
T1/2,	2.5	h

Pulmonary	fibrosis,
hyperpigmentation
thrombocytopenia,
lowered	blood	platelet
count	and	activity

Oral	or	parenteral;
high	dose	causes
hepatic	veno-
occlusive	disease

ETHYLENEIMINES/METHYLMELAMINES
Altretamine 	 	 Protein	bound,	94%;

T1/2,	5–10	h
Nausea,	vomiting,
diarrhea,	and
neurotoxicity

Not	widely	used

Thiotepa 	 Breast,	ovarian,	and
bladder	cancer;	also
bone	marrow
transplant

T1/2,	2.5	h;	urinary
excretion	at	24	h,
25%;	substrate	for
CYP2B6	and
CYP2C11

Myelosuppression Nadirs	of	leukopenia,
occur	2	wk;
thrombocytopenia,	3
wk	(correlates	with
AUC	of	parent	drug)

NITROGEN	MUSTARDS
Mechlorethamine 	 Hodgkin	lymphoma 	 Nausea,	vomiting,

myelosuppression
Precursor	for	other
clinical	mustards

Melphalan	(L-
phenylalanine
mustard	or	L-PAM)

	 Multiple	myeloma	and
ovarian	cancer;
occasionally
malignant	melanoma

Bioavailability,	25%–
90%;	T1/2,	1.5	h;
urinary	excretion	at
24	h,	13%;
clearance,	9
mL/min/kg

Nausea,	vomiting,
myelosuppression

Causes	less	mucosal
damage	than	others
in	class

Chlorambucil 	 CLL T1/2,	1.5	h;	urinary
excretion	at	24	h,

Myelosuppression,
gastrointestinal

Oral



50% distress,	CNS,	skin
reactions,
hepatotoxicity

Cyclophosphamide 	 Variety	of
lymphomas,
leukemias,	and	solid
tumors

Bioavailability,
>75%;	protein
bound,	>60%;	T1/2,
3–12	h;	urinary
excretion	at	24	h
<15%

Nausea	and	vomiting,
bone	marrow
suppression,	diarrhea,
darkening	of	the
skin/nails,	alopecia
(hair	loss),	lethargy,
hemorrhagic	cystitis

IV;	primary	excretion
route	is	urine.

Ifosfamide 	 Testicular	cancer;
breast	cancer;
lymphoma	(non-
Hodgkin);	soft	tissue
sarcoma;	osteogenic
sarcoma;	lung,
cervical,	ovarian,
bone	cancer

T1/2,	15	h;	urinary
excretion	at	24	h,
15%

As	for
cyclophosphamide

Ifosfamide	is	often
used	in	conjunction
with	mesna	to	avoid
cystinuria.

NITROSOUREAS
Carmustine 	 Glioma,	glioblastoma

multiforme,
medulloblastoma	and
astrocytoma,	multiple
myeloma,	and
lymphoma	(Hodgkin
and	non-Hodgkin)

Bioavailability,	25%;
protein	bound,	80%;
T1/2,	30	min

Bone	marrow	and
pulmonary	toxicities
are	a	function	of
lifetime	cumulative
dose.

Clinically,
nitrosoureas	do	not
share	cross-
resistance	with
nitrogen	mustards	in
lymphoma	treatment.

Streptozotocin 	 Cancers	of	the	islets
of	Langerhans

T1/2,	35	min;
excreted	in	the	urine
(15%),	feces	(<1%),
and	expired	air

Nausea	and	vomiting;
nephrotoxicity	can
range	from	transient
protein	urea	and
azotemia	to
permanent	tubular
damage;	can	also
cause	aberrations	of
glucose	metabolism

A	natural	product	from
Streptomyces
achromogenes

TRIAZENES
Dacarbazine
(DTIC)

	 Malignant	melanoma
and	Hodgkin
lymphoma

T1/2,	5	h;	protein
bound,	5%	hepatic
metabolism

Nausea,	vomiting,
myelosuppression

IV	or	IM

Temozolomide 	 Glioblastoma;
astrocytoma;
metastatic	melanoma

Protein	bound,	15%;
T1/2,	1.8	h;
clearance,	5.5	L/h/m2

Nausea,	vomiting,
myelosuppression

Oral;	derivative	of
imidazotetrazine,
prodrug	of
dacarbazine;	rapidly
absorbed

CLL,	chronic	 lymphocytic	 leukemia;	T1/2,	half-life;	AUC,	area	under	 the	curve;	CNS,	central	nervous	system;	 IV,	 intravenous;	 IM,
intramuscular.

TABLE	20.2
Dose	and	Schedules	of	Clinically	Useful	Alkylating	Agents

Alkylating	Agent
Disease	Sites	and	Dose	Ranges	Used
Clinically Notes

BCNU	(carmustine) General	antineoplastic:
150–200	mg/m2	(IV,	every	6	wk)
Cutaneous	T-cell	lymphoma:
200–600	mg	(topical	solution)
Adjunct	to	surgical	resection	of	brain	tumor:
61.6	mg	(implant)

Infusion	1–2	h;	in	combination,	dose	usually
reduced	by	25%–50%
Side	effects	include	irritant	dermatitis,
telangiectasia,	erythema,	and	bone	marrow
suppression
Up	to	8	wafers	(7.7	mg	of	carmustine)	implanted

Busulfan Chronic	myelogenous	leukemia	and
myeloproliferative	disorders:
4–8	mg	(daily	PO)

Dispensed	over	3–4	d,	with	cyclophosphamide
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1.8	mg/m2	(daily	PO)
Bone	marrow	transplant:
640	mg/m2	(daily	PO)

Carboplatin Advanced	ovarian	cancer—monotherapy:
360	mg/m2	(IV,	every	4	wk)
Ovarian	cancer—combination:
300	mg/m2	(IV,	every	4	wk	for	6	cycles)
Ovarian	cancer—intraperitoneal:
200–500	mg/m2	(IP,	2-L	dialysis	fluid)
Ovarian	and	other	sites	phase	I/II	setting—high-
dose	therapy:
800–1,600	mg/m2	(IV)

With	cyclophosphamide
Patients	usually	receive	marrow	transplantation	or
peripheral	stem	cell	support.

Cisplatin Metastatic	testicular	cancer:
20	mg/m2/d	for	5	d	of	each	cycle	(IV)
Metastatic	ovarian	cancer:
75–100	mg/m2	(IV,	once	every	4	wk)
Head	and	neck	cancer:
100	mg/m2	(IV)
Bladder	cancer	(combination	prior	to	cystectomy):
50–70	mg/m2;	initiate	dosing	at	50
mg/m2	(IV,	once	every	3–4	wk)
Metastatic	breast	cancer:
20	mg/m2	(IV,	days	1–5	every	3	wk)
Cervical	cancer:
70	mg/m2	(IV,	dosing	cycled	every	4	wk)
Non–small-cell	lung	cancer:
75	mg/m2	(IV,	every	3	wks)
Esophageal	cancer:
75	mg/m2	on	day	1	of	weeks	1,	5,	8,	and	11	(IV)

With	other	antineoplastic	agents
With	cyclophosphamide	(600	mg/m2	once	every	4
wk)
With	vincristine,	bleomycin,	and	fluorouracil
With	methotrexate	and	fluorouracil
MVAC	regimen	(methotrexate,	vinblastine,
doxorubicin,	and	cisplatin)	used	for	cervical
cancer
Administration	preceded	by	paclitaxel	135	mg/m2

every	3	wk
With	radiation	therapy

Cyclophosphamide General	antineoplastic:
1–5	mg/kg	(daily	PO)
40–50	mg/kg	(IV,	in	divided	doses	over	2–5	d)
40–50	mg/kg	(IV,	in	divided	doses	over	2–5	d)
10–15	mg/kg	(IV,	every	7–10	d)
10–15	mg/kg	(IV,	every	7–10	d)
3–5	mg/kg	(IV	twice	per	week)
High-dose	regimen	in	bone	marrow
transplantation	and	for	other	autoimmune
disorders:
200	mg/kg	(IV)
1–2.5	mg/kg	(daily	PO	7–14	d/mo)

Dose	used	as	monotherapy	for	patients	with	no
hematologic	toxicity

Dacarbazine General	antineoplastic:
2–4.5	mg/kg/d	(IV)
150	mg/m2/d	(IV)

Administered	for	10	d;	may	be	repeated	at	4-wk
intervals
With	other	anticancer	agents;	treatment	lasts	5	d,
may	be	repeated	every	4	wk

Etoposide Testicular	cancer:
50–100	mg/m2/d	(IV,	slow	infusion	over	30–60+
min	for	5	d)
Small-cell	lung	cancer:
35–50	mg/m2/d	(IV,	slow	infusion	over	30–60+
min	for	4–5	d)

Alternatively,	100	mg/m2/d	on	days	1,	3,	and	5
may	be	used;	doses	for	combination	therapy	and
are	repeated	at	3-	to	4-wk	intervals	after	recovery
from	hematologic	toxicity
Doses	are	for	combination	therapy	and	repeated
at	3-	to	4-wk	intervals	after	recovery	from
hematologic	toxicity;	PO	dose	is	twice	the	IV
dose,	rounded	to	the	nearest	50	mg.

Ifosfamide General	antineoplastic:
1.2	g/m2/d	(IV,	for	5	consecutive	days)

Repeat	every	3	wk

Melphalan Multiple	myeloma:
16	mg/m2	(IV,	infusion	over	15–20	min)
6	mg	(daily	PO)
Epithelial	ovarian	cancer:
0.2	mg/kg	(daily	PO)

2-wk	intervals	for	4	doses,	4-wk	intervals
thereafter
After	2–3	wk	of	treatment,	should	be	discontinued
for	up	to	4	wk,	then	reinstituted	at	2–4	mg/d
Daily	dose	for	a	5-d	course,	repeated	every	4–5
wk

Streptozotocin Pancreatic	tumors:
500	mg/m2/d;	1,000	mg/m2/d	(IV;	IV)

500	mg	for	5	consecutive	days	every	6	wk,	1,000
mg	is	for	2	wk,	followed	by	an	increase	in	weekly



dose	not	to	exceed	1,500	mg/m2/wk

Temozolomide Brain	tumors:
150	mg/m2	(daily	PO)

Dose	adjusted	on	the	basis	of	blood	counts

Thiotepa General	antineoplastic:
0.3–0.4	mg/kg	(IV)
Papillary	carcinoma	of	the	bladder:
60	mg/wk	for	4	wk	(bladder	catheter)
Control	of	serous	effusions:
0.6–0.8	mg/kg	(intracavitary)

Rapid	administration	given	at	1-	to	4-wk	intervals
30	or	60	mL	should	be	retained	for	2	h,	so	the
patient	is	usually	dehydrated	prior	to
administration	of	the	drug

BCNU,	β-chloro-nitrosourea;	IV,	intravenously;	PO,	by	mouth;	IP,	intraperitoneal.

In	 this	 regard,	 clinical	 studies	 conducted	more	 than	 30	 years	 ago	 implied	 activity	 in	 indolent	NHL.	Further
indications	 of	 its	 efficacy	 came	 from	 subsequent	 trials	 reporting	 responses	 in	more	 than	 70%	 of	 patients	with
chemotherapy-	and	rituximab-refractory	disease.	Combinations	of	bendamustine	and	rituximab	yielded	response
rates	of	90%	to	92%,	with	complete	response	in	55%	to	60%	of	patients	with	follicular	and	mantle	cell	lymphoma.
In	chronic	lymphocytic	leukemia	(CLL),	superiority	over	chlorambucil	led	to	its	approval	for	this	disease	in	the
United	States.	Bendamustine	is	approved	in	Germany	for	the	treatment	of	patients	with	indolent	NHL,	CLL,	and
multiple	myeloma.	Although	a	number	of	pharmacologic	questions	on	 the	best	use	of	bendamustine	remain,	 its
availability	provides	another	effective	treatment	option	for	patients	with	various	lymphoid	malignancies.	Recent
efforts	have	advanced	the	use	of	the	drug	in	combination	with	a	variety	of	agents,	particularly	rituximab.16	An	in-
depth	review	of	the	clinical	utility	of	bendamustine	is	provided	by	Eichbaum	and	colleagues.17

Nitrosoureas
The	 nitrosoureas	 form	 a	 diverse	 class	 of	 alkylating	 agents	 that	 has	 distinct	metabolism	 and	 pharmacology	 that
separates	 it	 from	 others.18	 Under	 physiologic	 conditions,	 proton	 abstraction	 by	 a	 hydroxyl	 ion	 initiates
spontaneous	decomposition	of	the	molecule	to	yield	a	diazonium	hydroxide	and	an	isocyanate	(see	Fig.	20.1).	The
chloroethyl	carbonium	ion	generated	is	the	active	alkylating	species.	Through	a	subsequent	dehalogenation	step,	a
second	 electrophilic	 site	 imparts	 bifunctionality.19	 Thus,	while	 cross-linking	 similar	 to	 those	 lesions	 caused	 by
nitrogen	mustards	may	occur,	the	chemistry	leading	to	the	end	point	is	distinct.	The	isocyanate	species	generated
are	 also	 electrophilic,	 showing	 nucleophilic	 selectivity	 toward	 sulfhydryl	 and	 amino	 groups	 that	 can	 inhibit	 a
number	of	enzymes	involved	in	nucleic	acid	synthesis	and	thiol	balance.20	Because	carbamoylation	is	considered
of	minor	importance	to	the	therapeutic	efficacy	of	clinically	used	nitrosoureas,	chlorozotocin	and	streptozotocin
were	 designed	 to	 undergo	 internal	 carbamoylation	 at	 the	 1-	 or	 3-OH	 group	 of	 the	 glucose	 ring,	 with	 the
consequence	 that	 no	 carbamoylating	 species	 are	 produced.21	 Streptozotocin	 is	 also	 unusual	 in	 that	 most
methylnitrosoureas	 have	 only	modest	 therapeutic	 value.	However,	 its	 lack	 of	 bone	marrow	 toxicity	 and	 strong
diabetogenic	 effect	 in	 animals	 led	 to	 its	 use	 in	 cancer	 of	 the	 pancreas22	 (see	 Table	 20.1).	 The	 dose-limiting
toxicities	in	humans	are	gastrointestinal	and	renal,	but	the	drug	has	considerably	less	hematopoietic	toxicity	than
the	 other	 nitrosoureas.	 Because	 of	 their	 lipophilicity	 and	 capacity	 to	 cross	 the	 blood–brain	 barrier,	 the
chloroethylnitrosoureas	were	found	to	be	effective	against	intracranially	inoculated	murine	tumors.	Indeed,	early
preclinical	 studies	 showed	 that	many	mouse	 tumors	were	 quite	 responsive	 to	 nitrosoureas.	The	 same	 extent	 of
efficacy	was	not	found	in	humans.	Subsequent	analyses	demonstrated	that	an	enzyme	responsible	for	repair	of	O-
6-alkyl	guanine	(the	so-called	Mer	or	Mex	phenotype23)	was	expressed	at	low	levels	in	mice,	but	high	in	humans,
a	contributory	factor	 in	 the	reduced	clinical	efficacy	of	nitrosoureas	 in	humans.	 In	 the	1980s,	a	number	of	new
nitrosoureas	were	tested	in	patients	in	Europe	and	Japan,	but	none	established	a	role	in	standard	cancer	treatment
regimens.

CLINICAL	PHARMACOKINETICS/PHARMACODYNAMICS
The	 pharmacokinetics	 of	 the	 alkylating	 agents	 are	 highly	 variable	 and	 dependent	 on	 the	 individual	 agent.
Nevertheless,	they	are	generally	characterized	by	high	reactivity	and	short	half-lives.	Although	detailed	studies	on
clinical	pharmacology	are	available,24	Table	20.1	summarizes	some	of	 the	primary	kinetic	characteristics	of	 the
major	clinically	useful	drugs.	Mechlorethamine	is	unstable	and	is	administered	rapidly	in	a	running	intravenous
infusion	to	avoid	its	rapid	breakdown	to	inactive	metabolites.	In	contrast,	chlorambucil	and	cyclophosphamide	are
sufficiently	 stable	 to	 be	 given	 orally	 and	 are	 rapidly	 and	 completely	 absorbed	 from	 the	 gastrointestinal	 tract,
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whereas	 others	 like	 melphalan	 have	 poor	 and	 variable	 oral	 absorption.	 Cyclophosphamide,25	 ifosfamide,	 and
dacarbazine	are	unusual	in	that	they	require	activation	by	cytochrome	P450	in	the	liver	before	they	can	alkylate
cellular	constituents.	The	nitrosoureas	also	require	activation,	albeit	nonenzymatic.	The	major	route	of	metabolism
of	most	alkylating	agents	is	spontaneous	hydrolysis,	although	many	can	also	undergo	some	degree	of	enzymatic
metabolism.	This	 is	particularly	pertinent	 for	phase	 II	metabolic	conversions	where	 reactivity	with	nucleophilic
thiols	precedes	conversion	to	mercapturates,	with	the	result	that	most	of	the	alkylating	agents	are	excreted	in	the
urine.	One	example	of	complex	multistep	metabolism	is	provided	by	cyclophosphamide	(Fig.	20.2).	Activation	by
CYP2B6	 is	 followed	 by	 conversion	 of	 aldehyde	 dehydrogenase	 to	 reactive	 alkylating	 species	 or	 possible
detoxification	 through	GSH	conjugation	 reactions.	The	 latter	 is	particularly	 important	 for	acrolein	because	 it	 is
believed	to	contribute	to	the	bladder	toxicities	associated	with	the	drug.

The	alkylating	agents	form	covalent	bonds	with	a	number	of	nucleophilic	groups	present	in	proteins,	RNA,	and
DNA	 (e.g.,	 amino,	 carboxyl,	 sulfhydryl,	 imidazole,	 phosphate).	 Under	 physiologic	 conditions,	 the	 chloroethyl
group	 of	 the	 nitrogen	mustards	 undergoes	 cyclization,	with	 the	 chloride	 acting	 as	 a	 leaving	 group	 forming	 an
intermediate	carbonium	ion	that	attacks	nucleophilic	sites	(see	Fig.	20.1).	Bifunctional	alkylating	agents	(with	two
chloroethyl	 side	 chains)	 can	 undergo	 a	 subsequent	 cyclization	 to	 form	 a	 covalent	 bond	 with	 an	 adjacent
nucleophilic	group,	resulting	in	DNA–DNA	or	DNA–protein	cross-links.	The	seven	nitrogen	or	six	oxygen	atoms
of	guanine	are	particularly	susceptible	and	may	represent	primary	 targets	 that	determine	both	 the	cytotoxic	and
mutagenic	 consequences	 of	 therapy.26	 The	 nitrosoureas	 have	 a	 similar,	 but	 distinct,	 mechanism	 of	 action,
spontaneously	 forming	 both	 alkylating	 and	 carbamoylating	 agents	 in	 aqueous	 media	 (see	 Fig.	 20.1).	 The
carbamoylating	 moieties	 are	 generally	 believed	 to	 be	 inconsequential	 to	 the	 therapeutic	 properties	 of	 the
nitrosoureas.

THERAPEUTIC	USES
The	alkylating	agents	are	frequently	used	in	combination	therapy	to	treat	a	variety	of	types	of	cancer.	Perhaps	the
most	 versatile	 is	 cyclophosphamide,	 whereas	 the	 other	 alkylating	 agents	 are	 of	 more	 restricted	 clinical	 use.
Because	 of	 early	 successes,	 many	 disease	 states	 are	 managed	 with	 drug	 combinations	 that	 contain	 several
alkylating	agents.	Cyclophosphamide	is	employed	to	treat	a	variety	of	immune-related	diseases	and	to	purge	bone
marrow	 in	 autologous	 marrow	 transplant	 situations.24	 A	 general	 summary	 of	 the	 clinical	 uses	 of	 the	 primary
alkylating	agents	is	shown	in	Table	20.1.



Figure	20.2	Activation	and	detoxification	routes	of	metabolism	for	cyclophosphamide.

TOXICITIES
The	alkylating	agents	show	significant	qualitative	and	quantitative	variability	 in	 the	sites	and	severities	of	 their
toxicities.	The	 primary	 dose-limiting	 toxicity	 is	 suppression	 of	 bone	marrow	 function,	with	 secondary	 limiting
effects	on	the	proliferating	cells	of	the	intestinal	mucosa.	In	the	majority	of	cases,	an	acute	suppression	of	marrow
parameters	 results	 in	 a	 decreased	 granulocyte	 count.	Most	 alkylating	 agents,	 in	 particular	 busulfan,	 depress	 all
blood	elements,	presumably	through	their	 impact	on	progenitor	stem	cells.	Both	cellular	and	humoral	immunity
are	depleted,	a	property	 that	has	been	adapted	 to	 facilitate	alkylating	agent	use	 in	 the	 treatment	of	autoimmune
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diseases	and	marrow	suppression	 regimens.	 In	addition,	 these	drugs	are	highly	 toxic	 to	dividing	mucosal	 cells,
resulting	 in	 oral	 ulceration	 and	 gastrointestinal	 complications.	 Other	 organ	 systems	 that	 frequently	 limit	 use
include	the	lungs	(pulmonary	fibrosis)	and	the	liver.	As	a	consequence	of	acrolein	release,	cyclophosphamide	and
ifosfamide	can	cause	 severe	hemorrhagic	cystitis,	 a	 condition	clinically	manageable	with	bladder	 thiol-flushing
agents.	Alkylating	 agents	with	 very	 short	 half-lives	 (e.g.,	 nitrogen	mustard	 and	 the	 nitrosoureas)	 have	vesicant
properties	and	can	produce	localized	damage	to	the	site	of	injection.	Repeated	use	can	lead	to	extravasation	and
produce	ulceration.	The	majority	of	alkylating	agents	also	cause	alopecia,	although	this	 is	 less	likely	to	be	dose
limiting	than	the	other	side	effects	described.

Contraindications	to	the	use	of	alkylating	agents	would	identify	patients	with	severely	depressed	bone	marrow
function	 and	 patients	 with	 hypersensitivity	 to	 these	 drugs.	 Other	 listed	 precautions	 to	 these	 drugs	 include
carcinogenic	 and	mutagenic	 effects	 and	 impairment	 of	 fertility.	 Precaution	 is	 also	 advised	 in	 patients	with	 (1)
leukopenia	 or	 thrombocytopenia,	 (2)	 previous	 exposure	 to	 chemotherapy	 or	 radiotherapy,	 (3)	 tumor	 cell
infiltration	of	the	bone	marrow,	and	(4)	impaired	renal	or	hepatic	function.	These	drugs	can	also	increase	toxicity
in	 adrenalectomized	 patients	 and	 interfere	with	wound	 healing.	A	 brief	 summary	 of	 dose-limiting	 toxicities	 is
shown	in	Table	20.1,	and	a	narrative	of	each	follows	here.

Nausea	and	Vomiting
Nausea	 and	 vomiting	 are	 frequent	 side	 effects	 of	 alkylating	 agent	 therapy	 and	 are	 not	 well	 controlled	 by
conventional	antiemetics.27	They	are	a	major	source	of	patient	discomfort	and	a	significant	cause	of	lack	of	drug
compliance	and	even	discontinuation	of	 therapy.	Frequency	and	extent	are	highly	variable	among	patients.	The
overall	frequency	of	nausea	and	vomiting	is	directly	proportional	to	the	dose	of	alkylating	agent.	Onset	of	nausea
may	 occur	 within	 a	 few	 minutes	 of	 the	 administration	 of	 the	 drug	 or	 may	 be	 delayed	 for	 several	 hours.	 In
particular,	the	nausea	and	vomiting	seen	after	cyclophosphamide	administration	is	usually	delayed	and	may	occur
as	late	as	8	hours	after	drug	administration.

Bone	Marrow	Toxicity
Bone	marrow	toxicity	can	involve	all	of	the	blood	elements,	leukocytes,	platelets,	and	red	cells.28	The	extent	and
time	course	of	 suppression	 show	marked	 interindividual	 fluctuation.	Although	 the	depth	of	 the	 leukocyte	nadir
produced	by	cyclophosphamide	is	similar	to	that	produced	by	nitrogen	mustard,	the	return	to	normal	is	more	rapid
and	platelet	count	 suppression	 is	normally	not	a	clinical	concern.	Relative	platelet	 sparing	 is	a	characteristic	of
cyclophosphamide	treatment.	Even	at	very	high	doses	(>200	mg/kg)	of	cyclophosphamide	(used	in	preparation	for
bone	marrow	transplantation),	some	recovery	of	hematopoietic	elements	occurs	within	21	to	28	days.	This	stem
cell–sparing	property	 is	 further	 reflected	by	 the	 fact	 that	cumulative	damage	 to	 the	bone	marrow	 is	 rarely	 seen
when	 cyclophosphamide	 is	 given	 as	 a	 single	 agent,	 and	 repeated	 high	 doses	 can	 be	 given	without	 progressive
lowering	 of	 leukocyte	 and	 platelet	 counts.	 The	 biochemical	 basis	 for	 the	 stem	 cell–sparing	 effect	 of
cyclophosphamide	 is	 related	 to	 the	 presence	 of	 high	 levels	 of	 aldehyde	 dehydrogenase	 in	 early	 bone	marrow
progenitor	cells	(see	Fig.	20.2).	Busulfan	is	particularly	toxic	to	bone	marrow	stem	cells,28	and	treatment	can	lead
to	prolonged	hypoplasia.	Melphalan	 is	more	damaging	 to	stem	cells	 than	cyclophosphamide,	where	 recovery	 is
slower	 and	 cumulative	 marrow	 depression	 may	 occur	 with	 repeated	 doses.	 The	 hematopoietic	 depression
produced	by	the	nitrosoureas	is	characteristically	delayed.	The	onset	of	leukocyte	and	platelet	depression	occurs	3
to	4	weeks	after	drug	administration	and	may	last	an	additional	2	to	3	weeks.24	Thrombocytopenia	appears	earlier
and	usually	 is	more	severe	 than	 leukopenia.	Even	 if	 the	nitrosourea	 is	given	at	6-week	 intervals,	hematopoietic
recovery	may	not	occur	between	courses,	and	the	drug	dose	often	must	be	decreased	when	repeated	courses	are
used.

Renal	and	Bladder	Toxicity
Hemorrhagic	cystitis	is	unique	to	the	oxazaphosphorines	(cyclophosphamide	and	ifosfamide)	and	may	range	from
a	mild	cystitis	to	severe	bladder	damage	with	massive	hemorrhage.29	This	toxicity	is	caused	by	the	excretion	of
toxic	metabolites	(particularly	acrolein)	(see	Fig.	20.2)	in	the	urine,	with	subsequent	direct	irritation	of	the	bladder
mucosa.	 The	 incidence	 and	 severity	 can	 be	 lessened	 by	 adequate	 hydration	 and	 continuous	 irrigation	 of	 the
bladder	 with	 a	 solution	 containing	 2-mercaptoethane	 sulfonate	 (MESNA)	 and	 frequent	 bladder	 emptying.30
MESNA	has	a	 free	 sulfhydryl	 that	 conjugates	with	alkylating	 species	and	prevents	cystitis.	MESNA	should	be
administered	 routinely	 to	 all	 patients	 receiving	 ifosfamide	 and	 to	 any	 patient	 who	 is	 receiving	 high-dose



cyclophosphamide	or	has	a	history	of	drug-induced	cystitis.	MESNA	is	given	in	divided	doses	every	4	hours	in
dosages	of	60%	of	those	of	the	alkylating	agent.

At	high	cumulative	doses,	all	commonly	used	nitrosoureas	can	produce	a	dose-related	renal	 toxicity	that	can
result	 in	 renal	 failure	 and	 death.31	 In	 patients	 developing	 clinical	 evidence	 of	 toxicity,	 increases	 in	 serum
creatinine	usually	appear	after	the	completion	of	therapy	and	may	be	first	detected	up	to	2	years	after	treatment.
Renal	 biopsy	 findings	 in	 affected	 patients	 resemble	 those	 in	 radiation	 nephritis	 and	 include	 prominent
glomerulosclerosis,	basement	membrane	thickening,	and	severe	tubular	loss,	with	varying	amounts	of	interstitial
fibrosis.	Proteinuria	and	urinary	sediment	abnormalities	are	not	consistently	associated	with	nitrosourea-induced
renal	damage.

Interstitial	Pneumonitis	and	Pulmonary	Fibrosis
Long-term	busulfan	therapy	can	lead	to	the	gradual	onset	of	fever,	a	nonproductive	cough,	and	dyspnea,	followed
by	 tachypnea	 and	 cyanosis,	 progressing	 to	 severe	 pulmonary	 insufficiency	 and	 death.32	 If	 busulfan	 is	 stopped
before	the	onset	of	clinical	symptoms,	pulmonary	function	may	stabilize,	but	if	clinical	symptoms	are	manifested,
the	condition	may	be	rapidly	fatal.	Cyclophosphamide,	bischloroethylnitrosourea,	and	methyl-1-(2-chloroethyl)-3-
cyclohexyl-1-nitrosourea	 in	 cumulative	 doses	 exceeding	 1,000	 mg/m2	 may	 also	 lead	 to	 similar	 side	 effects.33
Other	alkylating	agents,	including	melphalan,	chlorambucil,	and	mitomycin	C	(an	alkylating	antibiotic),	can	lead
to	pulmonary	fibrosis	after	therapy.34	This	effect	is	probably	caused	by	a	direct	cytotoxicity	of	the	alkylating	agent
to	pulmonary	epithelium,	resulting	in	alveolitis	and	fibrosis.	Similar	pulmonary	toxicity	is	a	major	 limitation	of
bleomycin	sulfate,	6-mercaptopurine,	and	azathioprine	therapy,	suggesting	that	such	effects	are	not	limited	to	the
alkylating	agents.

Gonadal	Toxicity,	Teratogenesis,	and	Carcinogenesis
Alkylating	agents	can	have	profound	toxic	effects	on	reproductive	tissue.35	A	depletion	of	testicular	germ	(but	not
Sertoli)	cells	 is	accompanied	by	aspermia.	 In	patients	with	a	 total	absence	of	germ	cells,	an	 increase	 in	plasma
levels	of	follicle-stimulating	hormone	occurs.	However,	patients	in	remission	and	off	alkylating	agents	for	2	to	7
years	show	complete	spermatogenesis,	indicating	that	testicular	damage	is	reversible.

In	 women,	 a	 high	 incidence	 of	 amenorrhea	 and	 ovarian	 atrophy	 is	 associated	 with	 cyclophosphamide	 or
melphalan	therapy.36	This	seems	 to	be	age	 related	because	 it	developed	after	 lower	doses	 in	older	compared	 to
younger	patients	and	was	less	likely	to	be	reversible	in	the	older	cohort.	Pathology	reveals	the	absence	of	mature
or	primordial	follicles,	and	endocrinology	demonstrates	decreased	estrogen	and	progesterone	levels	and	elevated
serum	follicle-stimulating	hormone	and	luteinizing	hormone	levels	typical	of	menopause.

The	DNA-damaging	properties	of	alkylating	agents	ensure	 that	 they	are	all,	 to	some	degree,	 teratogenic	and
carcinogenic.	 Administration	 of	 alkylating	 agents	 during	 the	 first	 trimester	 presents	 a	 definitive	 risk	 of	 a
malformed	fetus,	but	the	administration	of	such	drugs	during	the	second	and	third	trimesters	does	not	increase	the
risk	of	fetal	malformation	above	normal.37

Development	 of	 second	 cancer	 as	 a	 consequence	 of	 alkylating	 agent	 therapy	 has	 been	 documented.	 For
example,	a	fulminant	acute	myeloid	leukemia	characterized	by	a	preceding	phase	of	myelodysplasia	is	found	in
some	 patients	 treated	 with	melphalan,	 cyclophosphamide	 (which	 is	 much	 less	 leukemogenic	 than	melphalan),
chlorambucil,	and	the	nitrosoureas.38	This	circumstance	probably	reflects	 the	fact	 that	 these	have	been	the	most
widely	used	of	the	alkylating	agents.	In	addition,	the	preponderance	of	patients	with	multiple	myeloma,	Hodgkin
lymphoma,	and	carcinoma	of	the	ovary	in	the	reports	of	leukemogenesis	is	probably	due	to	the	fact	that	patients
with	these	diseases	may	have	good	responses	and	are	often	treated	with	alkylating	agents	for	a	number	of	years.
The	rate	of	occurrence	of	acute	leukemia	in	patients	with	ovarian	cancer	who	survive	for	10	years	after	treatment
with	alkylating	agents	might	be	as	high	as	5%	to	10%.	In	patients	receiving	high-dose	therapy,	the	rate	seems	to
be	substantially	higher.	Acute	leukemia	has	been	the	most	frequently	described	second	malignancy,	and	it	usually
develops	1	to	4	years	after	drug	exposure.39	Other	malignancies,	including	solid	tumors,	also	have	been	reported
to	develop	in	patients	treated	with	alkylating	agents.40

Alopecia
The	degree	of	alopecia	after	cyclophosphamide	administration	may	be	quite	severe,	especially	when	this	drug	is
used	in	combination	with	vincristine	sulfate	or	doxorubicin	hydrochloride.41	Regrowth	of	hair	inevitably	occurs
after	cessation	of	therapy	but	may	be	associated	with	a	change	in	the	color	and	greater	curl.	Use	of	a	tourniquet	or
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ice	 pack	 applied	 to	 the	 scalp	 during	 and	 for	 a	 short	 period	 after	 cyclophosphamide	 administration	 reduces	 the
impact.

Allergic	Reactions
Alkylating	 agents	 covalently	 bind	 to	 proteins,	 and	 these	 conjugates	 can	 act	 as	 haptens	 and	 produce	 allergic
reactions.42	An	 increasing	number	of	 reports	of	 skin	eruption,	 angioneurotic	 edema,	urticaria,	 and	anaphylactic
reactions	 after	 systemic	 administration	 of	 alkylating	 agents	 have	 appeared.	 Topical	 application	 of	 nitrogen
mustard,	as	for	treatment	of	mycosis	fungoides,	causes	sensitization	to	subsequent	applications	of	the	same	drug
in	many	patients	and	also	can	sensitize	patients	to	other	chloroethyl-containing	agents	administered	systemically.
Although	these	complications	occur	infrequently,	patients	must	be	observed	for	evidence	of	sensitization	and	the
possibility	of	an	anaphylactic	reaction	when	administered	these	drugs.

Immunosuppression
Alkylating	agents	suppress	both	humoral	and	cellular	immunity	in	a	variety	of	experimental	systems.43	The	most
immunosuppressive	 anticancer	 drug	 of	 any	 type,	 both	 on	 a	 molar	 basis	 and	 relative	 to	 other	 toxicities,	 is
cyclophosphamide.	It	has	been	reported	to	cause	(1)	selective	suppression	of	B	lymphocyte	function,	(2)	depletion
of	B	lymphocytes,	and	(3)	suppression	of	 lymphocyte	functions	 that	are	mediated	by	T	cells,	such	as	 the	graft-
versus-host	 response	 and	 delayed	 hypersensitivity.	 At	 least	 some	 of	 the	 immunosuppressive	 effects	 of
cyclophosphamide	 may	 involve	 mechanisms	 other	 than	 lethal	 damage	 to	 lymphocytes.	 Clinically,
immunosuppression	can	lead	 to	 increased	susceptibility	 to	 infection	 in	 the	host	and	possible	 interference	with	a
host	 immune	 response	 to	 the	 tumor.	Most	 intermittent	 antitumor	 regimens	 do	 not	 uniformly	 produce	 profound
immunosuppression,	 and	 recovery	 is	 usually	 prompt.	 Sustained	 drug	 treatments	 can	 lead	 to	 severe	 lymphocyte
depletion	 and	 profound	 immunosuppression	 and	 may	 be	 accompanied	 by	 an	 increase	 of	 viral,	 fungal,	 and
protozoal	infections.43

COMPLICATIONS	WITH	HIGH-DOSE	ALKYLATING	AGENT	THERAPY
At	standard	doses,	alkylating	agents	produce	myelosuppression	as	their	dose-limiting	toxicity.	Less	severe	effects
on	 gastrointestinal	 epithelium,	 lung,	 bladder,	 and	 kidney	may	 become	 problems	 with	 long-term	 treatment	 but
rarely	limit	initial	therapy.	For	this	reason,	and	because	of	their	steep	dose	response	to	tumor-killing	curves,	the
alkylating	 agents	 have	 become	 a	 logical	 tool,	 either	 alone	 or	 in	 combination,	 for	 high-dose	 chemotherapy
regimens	in	which	bone	marrow	toxicity	is	expected	and	is	accommodated	by	bone	marrow	transplantation,	stem
cell	reconstitution	from	peripheral	blood	monocytes,	and	growth	factor	rescue.	In	this	high-dose	setting,	toxicities
that	affect	the	gut,	lung,	liver,	and	CNS	become	dose	limiting	and	life	threatening.	For	example,	melphalan	causes
severe	gastrointestinal	toxicity,	and	nitrosoureas,	busulfan,	thiotepa,	cyclophosphamide,	and	mitomycin	C	produce
veno-occlusive	 disease	 of	 the	 liver.44	 The	 highly	 lipid-soluble	 alkylators,	 especially	 ifosfamide,	 busulfan,	 the
nitrosoureas,	 and	 thiotepa,	 cause	 CNS	 dysfunction,	 including	 seizures,	 altered	 mental	 status,	 cerebellar
dysfunction,	 cranial	 nerve	 palsies,	 and	 coma.45	 High-dose	 ifosfamide	 is	 most	 frequently	 the	 cause	 of
neurotoxicity.46	 In	 addition	 to	 affecting	 the	 CNS,	 ifosfamide	 may	 produce	 painful	 and	 acute	 exacerbation	 of
peripheral	sensory	neuropathies	and	motor	dysfunction	of	the	distal	extremities.	Clinical	manifestations	of	grade	4
neurotoxicity	were	reported	in	approximately	one-fourth	of	patients	receiving	ifosfamide	for	a	number	of	different
disease	 states,	 including	 pediatric	 solid	 malignancies	 and	 gynecologic	 tumors.	 The	 similarity	 in	 structure,
pharmacology,	 and	 metabolism	 of	 ifosfamide	 and	 cyclophosphamide	 predicts	 that	 a	 specific	 metabolite	 of
ifosfamide	may	be	the	cause	of	the	toxicity.	A	primary	distinguishing	feature	of	ifosfamide	is	the	presence	of	a
side-chain	N-linked	chloroethyl	moiety	 (see	Table	20.1),	which	 is	more	 likely	 than	 the	 bischloroethyl	 group	of
cyclophosphamide	 to	 undergo	 oxidation	 and	 subsequent	 N-deethylation	 and	 lead	 to	 the	 formation	 of
chloroacetaldehyde.	A	 number	 of	 other	 factors	 have	 been	 implicated	 in	 this	 neurotoxicity	 and	 have	 led	 to	 the
implementation	of	 the	following	recommendations:	 (1)	high-risk	patients	should	be	considered	 to	be	 those	with
creatinine	levels	of	greater	than	1.5	mg/dL	or	serum	albumin	levels	of	less	than	3	g/dL	or	both;	(2)	patients	at	risk
should	 receive	multiple-day	 regimens	 that	 serve	 to	 reduce	 risk;	 and	 (3)	 patients	 should	 be	monitored	 for	 early
signs	of	 toxicity	 (irritability,	 anxiety,	 or	 hallucinations),	 and	 their	 incidence	 should	 result	 in	 the	 termination	of
ifosfamide	treatment	and	the	initiation	of	palliative	therapy.

Cyclophosphamide	 at	 doses	 of	 over	 100	 mg/kg	 during	 a	 48-hour	 period	 (preparatory	 to	 bone	 marrow



transplantation)	can	cause	cardiac	toxicity.47	No	evidence	exists	for	cumulative	damage	to	the	heart	after	repeated
moderate	or	low	doses	of	the	drug.	Clinically,	this	toxicity	may	be	characterized	by	the	rapid	onset	of	severe	heart
failure,	which	is	 intractable	and	fatal	within	10	to	14	days.	Although	the	fulminant	syndrome	is	rare,	decreased
electrocardiographic	 voltage	 and	 a	 transient	 increase	 in	 heart	 size	 are	 seen	 in	 a	 significant	 number	 of	 patients
receiving	high-dose	therapy.	Cardiac	toxicity	occurs	with	greatest	frequency	in	patients	older	than	50	years	or	in
those	previously	treated	with	anthracyclines.47

ALKYLATING	AGENT–STEROID	CONJUGATES
Adapting	 the	 rationale	 that	 steroid	 receptors	 may	 function	 to	 localize	 and	 concentrate	 attached	 drug	 species
intracellularly	in	hormone-responsive	cancers,	a	number	of	synthetic	conjugates	of	nitrogen	mustards	and	steroids
have	been	developed.	Of	these,	two	made	the	transition	into	clinical	use.

Prednimustine	is	an	ester-linked	conjugate	of	chlorambucil	and	prednisolone	designed	to	function	as	a	prodrug
for	chlorambucil.	Release	of	the	alkylating	agent	occurs	after	cleavage	by	serum	esterases48	 that	can	release	the
ester	 link	 of	 prednimustine,	 producing	 the	 hormone	 and	 active	 alkylating	 drug.	 For	 prednimustine,	 as	 a
consequence	 of	 slow	hydrolysis	 of	 the	 ester	 bond,	 the	 half-life	 of	 chlorambucil	 release	 is	 prolonged	 compared
with	 unconjugated	 drug.	 In	 addition,	 the	 elimination	 phase	 of	 chlorambucil	 in	 patient	 plasma	 is	 significantly
longer	 after	 administration	 of	 prednimustine	 than	 after	 chlorambucil.	 Thus,	 prednimustine	 acts	 as	 a	 prodrug,
delivering	alkylating	components	over	a	prolonged	period.	Although	prednimustine	is	not	heavily	used	clinically,
the	enhanced	therapeutic	activity	has	suggested	that	a	longer	half-life	is	a	beneficial	property	for	this	drug	class.

Estramustine	 is	 a	 carbamate	 ester–linked	 conjugate	 of	 nor-nitrogen	 mustard	 and	 estradiol.	 Unlike
prednimustine,	 the	 pharmacology	 of	 estramustine	 is	 governed	 by	 the	 presence	 of	 the	 carbamate	 group	 in	 the
steroid–mustard	 linkage.	 The	 relative	 resistance	 of	 the	 carbamate	 bond	 to	 enzymatic	 cleavage	 eliminates	 the
alkylating	 activity	 of	 the	 molecule	 and	 conveys	 an	 entirely	 new	 pharmacology.49	 Crystal	 structural	 and
mechanism	of	action	studies	showed	that	estramustine	has	antimitotic	activity,	an	activity	shared	by	some	other
steroids.50	 Estramustine	 has	 found	 a	 clinical	 niche	 used	 in	 combination	 with	 other	 antimitotic	 drugs	 in	 the
management	of	hormone-refractory	prostate	cancer.51

DRUG	RESISTANCE	AND	MODULATION
As	with	all	drugs,	intrinsic	or	acquired	resistance	to	alkylating	agents	occurs	and	limits	the	therapeutic	utility	of
this	 class	 of	 anticancer	 drugs.	A	 plethora	 of	 preclinical	 studies	 have	 characterized	mechanisms	 by	which	 cells
develop	resistance,	and	to	a	lesser	degree,	these	have	been	shown	to	occur	clinically.	Because	alkylating	agents
have	a	narrow	therapeutic	 index,	 the	emergence	of	 resistance	can	have	a	significant	 impact	on	clinical	success.
Some	of	the	factors	that	can	contribute	to	the	expression	of	resistance	to	alkylating	agents	include	(1)	alterations
in	 drug	 uptake	 or	 transport,	 (2)	 increased	 repair	 of	 drug-induced	 nucleic	 acid	 damage,	 (3)	 failure	 to	 activate
alkylating	 agent	 prodrugs,	 (4)	 increased	 scavenging	 of	 drug	 species	 by	 nonessential	 cellular	 nucleophiles,	 (5)
increased	 enzymatic	 detoxification	 of	 drug	 species,	 and	 (6)	 altered	 expression	 of	 genes	 coding	 for	 cellular
commitment	to	apoptosis.	Not	all	of	these	mechanisms	have	been	linked	with	all	alkylators,	and	specific	examples
are	shown	in	Table	20.3.	It	is	noteworthy	that	these	mechanisms	are	reasonably	distinct,	and	crossover	with	other
anticancer	drug	classes	is	not	generally	apparent.

Because	of	 the	narrow	 therapeutic	 index	of	alkylating	agents,	 the	development	of	nontoxic	drugs	 that	might
reverse	the	resistance	has	been	a	therapeutic	approach.52	Because	of	the	plurality	of	factors	that	can	contribute	to
the	acquired	resistant	phenotype,	a	number	of	distinct	(but	sometimes	overlapping)	approaches	have	been	adopted.
For	example,	 (1)	precursors	of	GSH	have	been	given	 to	 replete	protective	 thiol	nucleophiles	 in	normal	 tissues,
thus	 reducing	 the	 host	 toxicity;	 (2)	 in	 an	 effort	 to	 sensitize	 tumors,	 specific	 inhibitors	 of	 GSH	 biosynthetic
enzymes	 (e.g.,	 buthionine	 sulfoximine)	 have	been	 administered	 to	 decrease	 intracellular	GSH;	 (3)	 inhibitors	 of
detoxifying	enzymes	such	as	glutathione	S-transferases	have	been	administered	to	decrease	the	tumor	cell’s	ability
to	 protect	 itself	 against	 alkylating	metabolites;	 and	 (4)	 synthetic	 nucleotide	 inhibitors	 of	 the	 nitrosourea	 repair
enzyme,	O-6-alkyl	guanine	 transferase,	have	been	administered	 to	 reverse	 tumor	 cell	 resistance	 to	 this	 class	of
drugs.	A	 summation	 of	 the	 clinical	 results	 of	 these	 approaches	would	 be	 that	 no	 greatly	 enhanced	 therapeutic
benefit	is	apparent.	However,	such	developmental	approaches	have	not	been	abandoned.
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FUTURE	PERSPECTIVES
In	 the	 era	 of	 directed	 targeted	 therapies,	 the	 lack	 of	 specificity	 of	 alkylating	 agents	 would	 seem	 to	 limit	 the
likelihood	 that	 novel	 drugs	 will	 be	 forthcoming.	 High	 toxicities,	 narrow	 therapeutic	 indices,	 and	 chemical
instabilities	are	all	properties	 that	consign	 this	drug	class	 to	 the	 lower	echelons	of	popularity	 in	drug	discovery
platforms.	 Although	 covalent	 bonding	 to	 specific	 target	 sites	 is	 one	 approach	 to	 direct	 targeting,	 the	 random
electrophilic	 attraction	 toward	 nucleic	 acids	 and	 proteins	 is	 not	 an	 optimal	 property	 by	 today’s	 standards.
Nevertheless,	the	relative	success	of	the	alkylating	agents	in	gaining	therapeutic	responses	to	diseases	that	are	hard
to	treat	continues	to	serve	as	an	impetus	to	use	alkylating	moieties	as	a	means	to	kill	cells.	Some	novel	agents	are
presently	 in	 development.	 Cyclophosphamide	 and	 ifosfamide	were	 prodrugs	 synthesized	 in	 the	 hope	 that	 high
levels	 of	 phosphoamidase	 in	 epithelial	 tumors	 would	 selectively	 activate	 the	 drugs.	 Other	 efforts	 to	 improve
selectivity	 have	 centered	 on	 the	 synthesis	 of	 antibody–enzyme	 conjugates	 that	 bind	 to	 tumor-specific	 surface
antigens.	Enzymes	frequently	associated	with	the	cell	surface	include	peptidases,	nitroreductases,	and	γ-glutamyl
transpeptidase,	and	to	some	degree,	each	has	been	targeted	to	cleave	circulating	alkylating	prodrugs,	thereby	in	a
localized	 fashion	 releasing	 active	 alkylating	 species.	 Antibody-directed	 enzyme	 prodrug	 therapy	 (ADEPT)	 is
exemplified	 by	 the	 use	 of	 an	 antibody	 linked	 to	 the	 peptidase	 carboxypeptidase	G-2,	which	 releases	 an	 active
alkylator	 from	 an	 inactive	 γ-glutamyl	 conjugate.53	 Linkage	 of	 the	 peptidase	 to	 any	 antibody	 that	 localizes
selectively	to	a	tumor	cell	membrane	is	a	viable	option.	Expression	of	the	peptidase	on	the	cell	surface	then	leads
to	prodrug	activation	and	cell	kill.	A	further	rationale	for	enhancing	tumor-specific	delivery	takes	advantage	of	the
observation	that	glutathione-	S-transferase	pi	(GSTP1-1)	is	preferentially	expressed	in	a	number	of	solid	tumors
and	some	lymphomas.	In	this	case,	the	prodrug	consists	of	an	unusual	alkylating	agent	conjugated	to	a	substituted
glutathione	 peptidomimetic.	 GSTP	 initiates	 the	 cleavage	 (Fig.	 20.3),	 thereby	 creating	 a	 cytotoxic	 alkylating
species.54	The	initial	canfosfamide	design	strategy	relied	on	the	principle	that	proton-abstracting	sites	at	the	active
site	of	GST	could	initiate	a	cleavage	reaction	that	would	convert	an	inactive	prodrug	into	a	cytotoxic	species.	The
presence	of	a	histidine	 residue	 in	proximity	 to	 the	G	binding	site	was	 integral	 to	 the	 removal	of	 the	sulfhydryl
proton	from	the	GSH	cosubstrate,	resulting	in	the	generation	of	a	nucleophilic	sulfide	anion.	This	moiety	would
be	 more	 reactive	 with	 electrophiles	 in	 the	 absence	 of	 GSH.	 In	 the	 scheme	 shown	 in	 Figure	 20.3,	 the	 proton
abstraction	results	 in	the	deprotonation	of	 the	α-carbon	to	yield	the	sulfone,	which	subsequently	undergoes	a	β-
elimination	 to	 give	 the	 active	 alkylating	 species.	 Unlike	 other	 standard	 nitrogen	mustard	 drugs,	 canfosfamide
contains	a	 tetrakis	(chloroethyl)	phosphorodiamidate	moiety.	Other	compounds	bearing	 this	structure	have	been
shown	 to	be	more	 cytotoxic	 than	 a	 similar	 structure	with	 a	 single	bis-(chloroethyl)	 amine	group.55	As	 in	other
nitrogen	 mustards,	 the	 chlorines	 can	 act	 as	 leaving	 groups,	 thus	 creating	 aziridinium	 ions	 with	 electrophilic
characteristics.	Although	the	exact	temporal	or	sequential	formation	of	the	four	possible	chlorine	leaving	events	is
not	 known,	 the	 assumption	 is	 that	 these	 species	 possess	 cytotoxic	 properties	 through	 their	 capacity	 to	 alkylate
target	 nucleophiles	 such	 as	 DNA	 bases.	 Tetrafunctionality	 could	 result	 in	 the	 formation	 of	 cross-links	 with
bonding	distances	greater	than	for	bifunctional	agents.	However,	a	number	of	caveats	apply	to	this	interpretation.
For	example,	alkylating	agents,	whether	mono-,	bi-,	or	putatively	tetrafunctional,	generally	lead	to	some	form	of
myelosuppression.	In	early	clinical	trials,	canfosfamide	monotherapy	did	not	show	this	toxicity.	Canfosfamide	is
presently	undergoing	phase	III	clinical	 testing.	A	further	 targeting	approach	delivers	 the	gene	for	a	cytochrome
P450	 isoenzyme	 to	 tumors	 by	 viral	 vector,	 thereby	 enhancing	 specific	 tumor	 cell	 activation	 of
cyclophosphamide.56	Because	this	therapy	has	its	base	in	gene	delivery	technologies,	successful	development	in
humans	will	await	further	advances	in	this	arena.

TABLE	20.3
Mechanisms	Linked	with	Alkylators

Drug	Class
Nitrogen
Mustards Nitrosoureas

Platinum
Drugs Anthracyclines Antimetabolites Antimitotics

Resistance	phenotype 	 	 	 	 	 	

ABC	transporters 	 	 	 X X X

Amino	acid	transporters X 	 	 	 X 	

GSH/phase	I/II	metabolism X X X X 	 	

Enhanced	DNA	repair X X X X 	 	



Mer+	phenotype 	 X 	 	 	 	

Microtubule	changes 	 	 	 	 	 X

Altered	apoptosis	gene
expression

X X X X X X

ABC,	adenosine	triphosphate–binding	cassette;	GSH,	glutathione.

Figure	20.3	Structure	and	activation	by	glutathione-S-transferase	pi	(GSTP1-1)	of	canfosfamide,	a
novel	alkylating	drug	under	development.
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21 Platinum	Analogs
Kim	A.	Reiss,	A.	Hilary	Calvert,	and	Peter	J.	O’Dwyer

INTRODUCTION
The	platinum	drugs	represent	a	unique	and	important	class	of	antitumor	compounds.	Alone	or	in	combination	with
other	agents,	cis-diamminedichloroplatinum	(II)	(cisplatin)	and	its	analogs	have	made	a	significant	impact	on	the
treatment	of	a	variety	of	solid	tumors	for	nearly	40	years.	The	unique	activity	and	high	toxicity	profile	observed
with	cisplatin	in	early	clinical	trials	fueled	the	development	of	platinum	analogs	that	are	more	tolerable	and	active
against	a	variety	of	tumor	types,	including	some	that	are	resistant	to	cisplatin.	In	addition	to	cisplatin,	two	other
platinum	complexes	are	currently	approved	for	use	 in	 the	United	States:	cis-diamminecyclobutanedicarboxylato
platinum	(II)	(carboplatin)	and	1,2-diaminocyclohexaneoxalato	platinum	(II)	(oxaliplatin).	Several	other	analogs
with	unique	activities	are	in	various	stages	of	clinical	development,	and	nedaplatin	(Japan)	and	lobaplatin	(China)
are	locally	registered.	Progress	in	the	development	of	superior	analogs	requires	a	thorough	understanding	of	the
chemical,	biologic,	pharmacokinetic,	and	pharmacodynamic	properties	of	this	important	class	of	drugs.

HISTORY
In	1961,	while	investigating	the	effects	of	electromagnetic	radiation	on	bacterial	growth,	Dr.	Barnett	Rosenberg
serendipitously	 observed	 that	 platinum	 complexes	 exhibit	 antitumor	 activity.1,2	 Exposure	 of	 the	 bacteria	 to	 an
electric	 field	 resulted	 in	profound	morphologic	changes	brought	on	by	electrolysis	products	generated	 from	 the
platinum	electrodes.	Analysis	of	 these	products	 identified	the	cis-isomer	of	a	platinum	coordination	complex	as
the	 active	 compound.	Tests	 of	cis-diamminedichloroplatinum	 (II)	 in	 in	 vitro	models,	 and	 later	 in	 early	 clinical
trials,	indicated	that	cisplatin	exhibited	a	broad	spectrum	of	antitumor	activity	but	at	the	cost	of	severe	renal	and
gastrointestinal	(GI)	toxicity.	Work	at	Memorial	Sloan	Kettering	Cancer	Center3,4	showed	that	these	effects	could
be	ameliorated,	in	part,	by	aggressive	prehydration.	Currently,	cisplatin	is	curative	in	testicular	and	ovarian	germ
cell	tumors	and	significantly	prolongs	survival	in	combination	regimens	for	ovarian,	lung,	head	and	neck,	bladder,
and	upper	GI	cancers.	Its	role	is	being	reexamined	in	other	tumors	even	now,	including	especially	breast	cancer.

PLATINUM	CHEMISTRY
Platinum	exists	primarily	in	either	a	2+	or	4+	oxidation	state.	These	oxidation	states	dictate	the	stereochemistry	of
the	ligands	surrounding	the	platinum	atom.	Platinum	(II)	compounds	exhibit	a	square	planar	geometry,	in	which
the	 ammine	 ligands	 (also	 called	 carrier	 groups)	 are	 relatively	 stable,	whereas	 the	 opposite,	more	 polar	 ligands
(leaving	groups)	are	more	easily	displaced	and	confer	reactivity	toward	charged	macromolecules	including	DNA.5
The	stereochemistry	of	platinum	complexes	is	critical	to	their	antitumor	activity	as	evidenced	by	the	significantly
reduced	efficacy	observed	with	trans-diamminedichloroplatinum	(II).

In	 aqueous	 solution,	 the	 chloride	 leaving	 groups	 of	 cisplatin	 are	 subject	 to	 mono-	 and	 diaqua	 substitution,
particularly	 at	 chloride	 concentrations	 below	 100	 mmol,	 which	 characterize	 the	 intracellular	 environment.
Administration	 of	 cisplatin	 in	 high-chloride	 solutions	 (normal	 saline	 usually)	 therefore	 contributes	 to	 stability.
Intracellular	formation	of	partially	and	fully	aquated	complexes	creates	the	chloroaqua	and	hydroxoaqua	cisplatin
species	that	bind	DNA.6

PLATINUM	COMPLEXES	AFTER	CISPLATIN



Early	in	the	clinical	development	of	cisplatin,	 it	became	clear	that	 its	 toxicity	was	a	limitation	to	its	 therapeutic
usefulness	 and	 that	 its	 activity,	 although	 striking	 in	 certain	 diseases,	 did	 not	 extend	 to	 all	 cancers.	 These
observations	 motivated	 a	 search	 for	 structural	 analogs	 with	 less	 toxicity	 and	 a	 different	 profile	 of	 antitumor
activity	 and	 also	 stimulated	 the	 development	 of	 antiemetics	 and	 other	 supportive	 care	 measures	 for	 use	 with
chemotherapy.	 Progress	 in	 understanding	 the	 chemistry	 and	 pharmacokinetics	 of	 cisplatin	 has	 guided	 the
development	 of	 new	 analogs.	 In	 general,	 modification	 of	 the	 chloride	 leaving	 groups	 of	 cisplatin	 results	 in
compounds	with	 different	 pharmacokinetics,	 toxicity,	 and	 reactivity	 toward	DNA,	whereas	modification	 of	 the
carrier	 ligands	 alters	 the	 spectrum	 of	 activity	 of	 the	 resulting	 complex.	 The	 features	 of	 the	 more	 important
platinum	analogs	that	have	been	developed	are	shown	in	Figure	21.1.

Figure	21.1	Structures	of	cisplatin,	analogs,	lobaplatin,	and	nedaplatin.

Carboplatin
The	 carboplatin	 molecule	 has	 the	 same	 ammine	 carrier	 ligands	 as	 cisplatin.	 Using	 a	 murine	 screen	 for
nephrotoxicity,	Harrap7	and	Calvert	et	al.8	discovered	that	substituting	a	cyclobutanedicarboxylate	moiety	for	the
two	chloride	ligands	of	cisplatin	resulted	in	a	complex	with	reduced	renal	toxicity.	This	observation	was	translated
to	the	clinic	in	the	form	of	carboplatin,	a	more	stable	and	pharmacokinetically	predictable	analog.	The	results	in
humans	were	accurately	predicted	by	the	animal	models,	and	marrow	toxicity	rather	than	nephrotoxicity	was	the



Dr. AVR @ TMH

principal	side	effect.	At	effective	doses,	carboplatin	produced	less	nausea,	vomiting,	nephrotoxicity,	ototoxicity,
and	 neurotoxicity	 than	 cisplatin.	 Furthermore,	 the	 myelosuppression	 was	 closely	 associated	 with	 the
pharmacokinetics.	The	work	of	Calvert	et	al.9	and	Egorin	and	colleagues10	showed	that	toxicity	can	be	made	more
predictable	and	dose	intensity	less	variable	by	dosing	strategies	based	on	the	exposure.	Cisplatin	and	carboplatin
have	 almost	 superimposable	 profiles	 of	 activity	 in	 the	National	 Cancer	 Institute	 60	 (NCI-60)	 cell	 line	 screen,
which	further	emphasizes	the	dependence	of	spectrum	of	activity	on	the	ammine	ligand.

Oxaliplatin
Compounds	with	activity	in	cisplatin-resistant	models	emerged	from	modifications	to	the	carrier	group	(left	side
of	the	analogs	in	Fig.	21.1).	In	the	late	1960s,	Connors	et	al.11	synthesized	platinum	coordination	compounds	with
varying	physicochemical	characteristics	and	found	that	the	series	that	possessed	a	diaminocyclohexane	(DACH)
carrier	group	was	active	in	models	of	cancer	in	vitro11	and	in	vivo.12	Subsequent	studies	supported	the	idea	that
DACH-based	 platinum	 complexes	 were	 non–cross-resistant	 with	 cisplatin,	 and	 DACH	 derivatives	 exhibited	 a
unique	 cytotoxicity	 profile	 compared	 to	 cisplatin	 and	 carboplatin	 in	 the	 NCI-60	 cell	 line	 screen.13–15	 After	 a
number	of	delays,	a	DACH	analog	that	had	been	synthesized	by	Kidani	and	colleagues13	in	the	early	1970s	was
developed	 in	 the	clinic.	Oxaliplatin,	a	coordination	compound	of	a	DACH	carrier	group	and	an	oxalate	 leaving
group,	was	active	in	cisplatin-resistant	tumor	models.	Like	cisplatin,	oxaliplatin	preferentially	forms	adducts	at	the
N7	 position	 of	 guanine	 and	 to	 a	 lesser	 extent	 adenine.	 However,	 there	 is	 evidence	 that	 the	 three-dimensional
structure	 of	 the	 DNA	 adducts	 and	 biologic	 response(s)	 they	 elicit	 are	 different	 from	 those	 of	 cisplatin.16
Oxaliplatin	demonstrated	activity	in	combination	with	5-fluorouracil	and	leucovorin	in	colon	cancer,	a	disease	that
is	unresponsive	to	cisplatin.	This	finding	validated	the	focus	on	cisplatin-resistant	preclinical	models	 to	 identify
new	active	molecules.	Oxaliplatin	is	approved	for	the	treatment	of	advanced	colorectal	cancer	and	enhances	cure
rates	in	the	adjuvant	setting.	The	therapeutic	role	of	oxaliplatin	has	been	found	to	extend	to	pancreatic,	gastric,	and
esophageal	cancers,	in	all	of	which	it	is	the	more	active	platinum	derivative.

Newer	Platinum	Structures
Nedaplatin	 is	 cis-diammineglycolatoplatinum	 and	 was	 developed	 as	 a	 less	 nephrotoxic	 second-generation
platinum	analog.17	As	a	diammine	 structure,	nedaplatin	would	 fall	 among	 the	cisplatin	 analogs	analyzed	 in	 the
NCI-60	cell	line	screen,18	and	this	activity	is	therefore	anticipated.	Nedaplatin	has	been	shown	to	be	active	in	a
range	of	tumors	similar	to	that	of	cisplatin	and	carboplatin16	and	is	approved	in	Japan	for	the	treatment	of	several
tumor	types.	Nedaplatin	continues	to	undergo	active	clinical	development.	Most	recently,	in	a	randomized	phase
III	 trial,	nedaplatin	plus	paclitaxel	was	compared	 to	carboplatin	plus	paclitaxel	 in	patients	with	ovarian	cancer.
Survival	and	toxicities	were	similar	between	regimens.

Lobaplatin	is	a	platinum	(II)	complex	in	which	the	leaving	group	is	lactic	acid	and	the	stable	ammine	ligand	is
1,2-bis(aminomethyl)cyclobutane.16	In	a	similar	way	to	oxaliplatin,	 the	stable	ammine	ligand	may	convey	some
non–cross-resistance	compared	to	cisplatin	or	carboplatin.	It	is	licensed	in	China	for	breast	cancer,	small-cell	lung
cancer,	and	chronic	myelogenous	leukemia.	It	has	not	achieved	approval	in	the	United	States	or	Europe.

NC-6004,	a	novel	cisplatin	nanoparticle	developed	using	micellar	technology,	allows	for	sustained	release	of
cisplatin	 and	 selective	 distribution	 to	 tumors.	 The	 sustained	 release	 results	 in	 a	 higher	 area	 under	 the
concentration-time	curve	(AUC)	and	lower	maximum	concentration	of	cisplatin,	leading	to	an	improved	toxicity
profile	and	longer	systemic	drug	exposure.	Subbiah	et	al.19	recently	published	the	results	of	a	phase	I	clinical	trial
of	 NC-6004	 combined	with	 gemcitabine	 in	 patients	 with	 lung	 cancer	 or	 head	 and	 neck	 squamous	 cell	 cancer
(HNSCC).	 The	 maximum	 tolerated	 dose	 of	 NC-6004	 was	 135	 m/m2,	 nearly	 double	 of	 the	 standard	 cisplatin
dosing	 and	 without	 evidence	 of	 neurotoxicity,	 ototoxicity,	 or	 nephrotoxicity.	 Promising	 clinical	 activity	 was
observed,	even	in	patients	with	prior	platinum	exposure.	This	agent	is	currently	in	active	clinical	development.

The	octahedral	 stereochemistry	 adopted	by	platinum	 (IV)	 compounds	has	 led	 investigators	 to	 speculate	 that
they	may	exhibit	a	different	spectrum	of	activity	than	that	of	platinum	(II)	drugs.	Two	compounds	that	were	tested
clinically	without	much	success	are	ormaplatin	and	iproplatin.	Two	other	platinum	(IV)	compounds	that	exhibit
novel	 structural	 features,	 satraplatin	 (previously	 JM216)	 and	 JM335	 (trans-
ammine(cyclohexylamine)dichlorodihydroxo	 platinum	 (IV)),	 underwent	 more	 limited	 development.	 Satraplatin
was	the	first	orally	active	platinum	compound	and	showed	some	activity	in	lung	and	ovarian	cancers,	but	despite
promising	activity	in	prostate	cancer,	a	phase	III	trial	was	not	successful.16

An	approach	based	on	the	chemistry	of	the	platinum-DNA	interaction	led	to	design	and	synthesis	by	Farrell	et



al.20	of	a	novel	class	of	compounds	containing	multiple	platinum	atoms	(see	Fig.	21.1).	These	bi-	and	trinuclear
structures	form	adducts	that	span	greater	distances	across	the	minor	groove	of	DNA	and	have	a	profile	of	cell	kill
that	differs	from	that	of	the	small	molecules.	These	compounds	are	unique	in	that	their	interaction	with	DNA	is
considerably	different	 from	 that	 of	 cisplatin,	 particularly	 in	 the	 abundance	of	 interstrand	 cross-links	 formed.	A
phase	I	trial	of	the	analog	BBR3464	showed	that	it	was	extremely	potent	with	myelotoxicity	dose	limiting.	Phase
II	studies	showed	activity,	particularly	in	ovarian	cancer,21	but	further	clinical	development	did	not	take	place.

Efforts	 have	 been	made	 to	 design	 novel	 platinum	 analogs	 that	 can	 circumvent	 putative	 cisplatin-resistance
mechanisms.	An	 example	 is	 cis-amminedichloro(2-methylpyridine)	 platinum	 (II)	 (also	 known	 as	AMD473	 and
ZD0473).	This	compound	is	a	sterically	hindered	platinum	complex	that	was	designed	to	have	minimal	reactivity
with	 thiols	and	 thus	avoid	 inactivation	by	molecules	 such	as	glutathione	 (GSH).22,23	Responses	were	 identified
with	its	use	in	the	clinic,	but	development	was	curtailed	based	on	low	levels	of	activity.	The	recent	description	of
a	monofunctional	platinum	(II)	analog,	phenanthriplatin,	from	Lippard’s	laboratory,	is	potentially	of	great	interest,
based	on	both	potency	in	vitro	and	a	mechanistic	profile	different	from	existing	analogs.24

MECHANISM	OF	ACTION
DNA	Adduct	Formation
DNA	has	long	been	thought	to	be	the	major	therapeutic	target	for	platinum	compounds.	The	cytotoxic	effects	are
determined,	in	part,	by	the	structure	and	relative	amount	of	DNA	adducts	formed,	and	these	aspects	have	recently
been	reviewed.16	Cisplatin	and	its	analogs	react	preferentially	at	the	N7	position	of	guanine	and	adenine	residues
to	 form	 a	 variety	 of	 monofunctional	 and	 bifunctional	 adducts.25	 The	 monoadducts	 may	 form	 intrastrand	 or
interstrand	 cross-links.	 The	 predominant	 lesions	 that	 are	 formed	 when	 platinum	 compounds	 bind	 DNA	 are
d(GpG)Pt	intrastrand	cross-links.	Cisplatin	also	forms	interstrand	cross-links	between	guanine	residues	located	on
opposite	 strands,	 and	 these	 account	 for	 <5%	 of	 the	 total	DNA-bound	 platinum.	 The	 formation	 of	 adducts	 and
cross-links	 has	 been	 associated	 with	 therapeutic	 efficacy.26,27	 These	 adducts	 may	 contribute	 to	 the	 drug’s
cytotoxicity	because	they	impede	certain	cellular	processes	that	require	the	separation	of	both	DNA	strands,	such
as	replication	and	transcription.	The	adducts	formed	in	the	reaction	between	carboplatin	and	DNA	in	cultured	cells
are	essentially	the	same	as	those	of	cisplatin;	however,	higher	concentrations	of	carboplatin	are	required	(20-	to
40-fold	 for	 cells)	 to	 obtain	 equivalent	 total	 platinum-DNA	 adduct	 levels	 due	 to	 its	 slower	 rate	 of	 aquation.28
Oxaliplatin	 intrastrand	 adducts	 form	 even	more	 slowly	 due	 to	 a	 slower	 rate	 of	 conversion	 from	monoadducts;
however,	 they	 are	 formed	 at	 similar	 DNA	 sequences	 and	 regions	 as	 cisplatin	 adducts.	 At	 equitoxic	 doses,
oxaliplatin	 forms	 fewer	 DNA	 adducts	 than	 does	 cisplatin,	 which	 has	 been	 recently	 postulated	 by	 the	 Lippard
group	to	mean	that	oxaliplatin	may	have	alternative	mechanisms	of	cytotoxicity.

Ribosome	Biogenesis	Stress
The	recent	report	by	Bruno	and	colleagues29	suggests	that	oxaliplatin’s	major	cytotoxic	impact	may	result	from
the	induction	of	ribosome	biogenesis	stress,	rather	than	the	induction	of	DNA	damage.	This	might,	at	least	in	part,
explain	 the	 clinical	 differences	 observed	 between	 carboplatin/cisplatin	 compared	 to	 oxaliplatin.	 As	 noted
previously,	oxaliplatin	is	active	in	GI	malignancies,	whereas	carboplatin	and	cisplatin	are	most	effective	in	lung
cancer,	 HNSCC,	 ovarian	 cancer,	 and	 breast	 cancer.	 Using	 the	 NCI-60	 cell	 line,	 the	 investigators	 elegantly
demonstrated	that	oxaliplatin,	compared	to	cisplatin,	does	not	induce	a	DNA	damage	response,	as	measured	by	the
presence	 of	 specific	 γ-H2AX	 foci	 that	 occur	 following	 drug	 exposure.	 Additionally,	 loss	 of	 homologous
recombination	 (HR)	 genes	 (including	 BRCA2)	 and	 interstrand	 cross-link	 repair	 (ICR)	 genes	 did	 not	 increase
sensitivity	 to	oxaliplatin	but	did	 increase	sensitivity	 to	cisplatin.	When	the	NCI-60	human	cancer	cell	 line	gene
expression	database	was	related	to	oxaliplatin	sensitivity,	the	ribosomal	L24	domain	containing	1	(RSL24D1)	gene
was	most	 highly	 correlated	with	 susceptibility.	 The	 authors	 hypothesized	 that	 this	 high-level	 expression	might
indicate	a	“translation	addiction”	on	the	part	of	these	cells	and	that	ribosome	biogenesis	stress	robbed	the	cell	of
its	translational	machinery,	leading	to	apoptosis.	To	further	test	this	hypothesis,	the	authors	knocked	down	PTEN
in	order	to	upregulate	the	mechanistic	target	of	rapamycin	(mTOR)	pathways	and	elevate	translational	machinery
expression.	Indeed,	in	these	knockdowns,	sensitivity	to	oxaliplatin	was	reduced.

DNA	Intrastrand	Cross-links
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Although	the	DNA	adducts	are	well-recognized	to	result	 in	G-G	interstrand	cross-links,	 like	classical	alkylating
agents,	 platinum	drugs	have	 the	 capacity	 to	 form	 intrastrand	 cross-links,	 albeit	 to	 a	 lesser	 degree.	By	blocking
essential	 aspects	 of	 DNA	metabolism,	 such	 as	 replication	 and	 transcription,	 intrastrand	 cross-links	 are	 highly
cytotoxic.	 Recent	 studies	 have	 drawn	 attention	 both	 to	 the	 cytotoxicity	 of	 these	 lesions	 and	 their	 differing
mechanisms	 of	 repair,	 both	 replication	 dependent	 and	 replication	 independent.26,30	 These	 studies	 may	 have
clinical	implications	in	selecting	patients	for	therapy	based	on	the	repair	competence	of	tumors.

CELLULAR	RESPONSES	TO	PLATINUM-INDUCED	DNA	DAMAGE
Multiple	cellular	outcomes	may	follow	the	formation	of	platinum-DNA	adducts,	including	cell	death	by	apoptosis,
necrosis,	or	mitotic	catastrophe,	or	cell	survival	by	activation	of	various	protective	mechanisms	including	DNA
repair,	DNA	damage	signaling	pathways,	cell	cycle	arrest,	and	autophagy	(the	last	may	have	a	dual	role,	possibly
context	dependent).

Cell	Fate
The	cellular	effects	following	DNA	binding	by	platinum	drugs	have	been	analyzed.	The	studies	of	Sorenson	and
Eastman31	using	DNA	repair–deficient	Chinese	hamster	ovary	(CHO)	cells	indicated	that	passage	through	S	phase
is	necessary	for	G2	arrest	and	cell	death,	which	suggests	that	DNA	replication	on	a	damaged	template	may	result
in	the	accumulation	of	further	damage.	An	aberrant	mitosis	was	observed	before	apoptosis	in	this	model.

DNA	Damage	Recognition
Among	the	initiation	events	that	ultimately	result	in	platinum	drug–induced	cell	death	are	the	binding	of	platinum-
DNA	damage	recognition	proteins,	which	then	seed	the	accumulation	of	a	large	protein	complex	capable	of	both
DNA	damage	signaling	(as	to	cell	cycle	proteins	to	halt	replication)	and	repair	of	the	damaged	DNA.	Among	the
DNA-binding	proteins	are	the	high-mobility	group	proteins	1	and	2	(HMG1	and	HMG2).32–34	These	proteins	are
capable	of	bending	DNA	as	well	as	 recognizing	bent	DNA	structures,	such	as	 those	produced	by	cisplatin,	and
different	 specificities	 for	 cisplatin	 and	 for	 oxaliplatin	 adducts	 are	 observed	 in	 structural	 studies.35,36	 Other
candidate	 platinum-DNA	 damage	 recognition	 proteins	 include	 histone	 H1,	 RNA	 polymerase	 I	 transcription
upstream	 binding	 factor	 (hUBF),	 the	 TATA	 binding	 protein	 (TMP),	 and	 proteins	 involved	 in	mismatch	 repair
(MMR).	The	MMR	complex	has	been	implicated	in	cisplatin	sensitivity.37	However,	an	attempt	to	reactivate	the
MMR	complex	using	the	demethylating	agent	decitabine	effectively	ablated	the	activity	of	carboplatin	in	recurrent
ovarian	cancer,	casting	doubt	on	the	clinical	significance	of	this	observation.38	Studies	have	shown	that	the	MutS
homolog	2	(MSH2)	and	mutL	homolog	1	(MLH1)	proteins	participate	in	the	recognition	of	DNA	adducts	formed
by	 cisplatin,	 but	 not	 oxaliplatin,	 which	 could	 contribute	 to	 differences	 in	 the	 cytotoxicity	 profiles	 observed
between	these	two	platinum	complexes.

There	is	evidence	that	tumors	with	a	p53	mutation	are	less	sensitive	to	cisplatin/carboplatin	than	those	without.
The	International	Collaborative	Ovarian	Neoplasm	3	(ICON3)	study	evaluated	the	effect	of	adding	paclitaxel	to
platinum-based	 therapy	 for	ovarian	cancer	 and	 showed	 little	overall	 effect.39	However,	when	 the	 patients	were
characterized	 for	 p53	mutations	 using	 Sanger	 sequencing,	 it	 was	 shown	 that	 the	 patients	with	 a	 p53	mutation
benefited	 from	 the	 addition	 of	 paclitaxel,	 whereas	 those	 without	 did	 not.40	 These	 findings	 have	 largely	 been
discounted	because	it	has	been	shown	that	virtually	all	patients	with	poorly	differentiated	serous	adenocarcinoma
have	p53	mutations	when	modern	sequencing	methods	are	used.	Additional	analysis	is	likely	to	be	facilitated	by
increasing	application	of	next-generation	sequencing	platforms.

DNA	Damage	Signaling
A	number	of	signaling	events	have	been	shown	to	occur	after	treatment	with	platinum	drugs.41	For	example,	the
ataxia-telangiectasia	mutated	(ATM)-	and	Rad3-related	(ATR)	proteins	that	are	involved	in	cell	cycle	checkpoint
activation	are	activated	by	cisplatin.	These	kinases	phosphorylate	and	activate	several	downstream	effectors	that
regulate	 cell	 cycle,	 DNA	 repair,	 cell	 survival,	 and	 apoptosis,	 including	 p53,	 checkpoint	 kinase	 2	 (Chk2),	 and
members	of	the	mitogen-activated	protein	kinase	(MAPK)	pathway	(extracellular	signal-related	kinase	[ERK],	c-
Jun	 amino-terminal	 kinase	 [JNK],	 p38	 kinase).	 Recent	 data	 implicate	 especially	 signaling	 through	 the	 JNK
pathway,	and	inhibition	at	the	level	of	JNK	seems	especially	relevant	to	platinum	drug	cytotoxicity	in	vitro	and	in



vivo.42,43	The	pleiotropic	nature	of	this	stress	response	only	grows	because	each	of	these	molecules	subsequently
controls	the	activity	and	expression	of	many	more	proteins.	As	a	result	of	this	complexity,	acting	in	the	context	of
variable	genomic	tumor	aberrations,	therapeutic	strategies	directed	specifically	to	these	pathways	have	been	slow
to	emerge.

Recently,	 however,	 inhibitors	 of	 specific	DNA	damage	 response	 pathways	 have	 begun	 to	 arise	 and	 clinical
development	 of	 these	 compounds	 is	 underway	 in	 various	 clinical	 settings.	 Pharmacologic	 categories	 of	 DNA
damage	response	inhibitors	include	ATM	inhibitors,	ATR	inhibitors,	checkpoint	kinase	1	(Chk1)	inhibitors,	poly
(ADP-ribose)	polymerase	(PARP)	inhibitors,	and	WEE1	inhibitors.	These	are	being	tried	not	only	as	monotherapy
but	also	in	combination	with	cytotoxic	DNA-damaging	agents,	including	platinum	chemotherapies.

An	immediate	response	to	cellular	DNA	damage	is	the	activation	of	phosphatidylinositol-3-OH-kinases	ATM
and	 ATR.	More	 specifically,	 ATM	 is	 activated	 in	 response	 to	 double-strand	 breaks	 (DSBs),	 whereas	 ATR	 is
activated	by	 the	 formation	of	 single-strand	breaks	 (SSBs)	 caused	by	 replication	 stress	 or	 as	 an	 intermediate	 of
double-stranded	DNA	 repair.	Two	ATM	 inhibitors,	AZD0156	and	AZD1390,	 are	 in	 clinical	 development	with
DNA-damaging	agents	(radiation	or	chemotherapy)	and	with	other	DNA	damage	response	inhibitors.	Three	ATR
inhibitors	 are	 also	 in	 active	phase	 I	 clinical	development	 for	 a	variety	of	 solid	 tumors.	These	 include	VX-970,
AZD6738,	and	BAY1895344.

The	ATR	 substrate	Chk1	 is	 activated	 by	SSBs	 serving	 as	 intermediate	 structures	 during	DNA	 repair.	Early
Chk1	inhibitors	had	unacceptable	toxicities	and	undesirable	pharmacokinetic	properties,	but	a	second	generation
of	these	inhibitors	has	shown	higher	selectivity	toward	Chk1.	In	particular,	these	agents	show	promising	synergy
with	 drugs	 that	 cause	 replication-dependent	 DNA	 damage.	 Chk1	 inhibitors	 may	 be	 particularly	 efficacious	 in
tumors	driven	by	c-MYC,	tumors	with	cyclin	E1	overexpression,	tumors	deficient	in	the	Fanconi	anemia	pathway
components,	 and	 tumors	with	HR	deficits	 such	as	mutations	 in	BRCA1,	BRCA2,	RAD51,	ATR,	ATM,	 or	Chk2,
which	may	provide	biomarkers	for	future	platinum	combination	development.44

Tumor	cells	deficient	in	HR	due	to	biallelic	loss	of	genes	such	as	BRCA1,	BRCA2,	or	PALB2	are	reliant	on	less
accurate	DNA	 repair	 systems	 to	 repair	 platinum-induced	DNA	 breaks.45	 This	 ultimately	 overwhelms	 the	 cells
with	mutations	and	results	in	cell	death.	This	phenomenon	can	be	clinically	demonstrated	in	people	with	germline
BRCA	or	PALB2	mutations,	in	whom	loss	of	the	second	BRCA	or	PALB2	allele	results	in	the	formation	of	tumors
in	a	variety	of	tissues	including	breast,	ovary,	pancreas,	biliary	tree,	prostate,	and	skin.	It	has	been	demonstrated
that	 such	 cancers	 are	 exquisitely	 sensitive	 to	 platinum	 therapies.46	 Additionally,	 these	 tumors	 have	 shown
sensitivity	 to	 another	 class	 of	 agents	 known	 as	 PARP	 inhibitors,	 which	 affect	 the	 base	 excision	 repair	 (BER)
pathway.

BER	 is	mediated	 in	 part	 by	PARP	 and	 is	 a	 cellular	mechanism	of	DNA	damage	 control	 that	 repairs	 SSBs.
Interruption	of	this	system	prevents	the	repair	of	SSBs,	ultimately	leading	to	the	development	of	DSBs.	Therefore,
in	tumors	deficient	in	HR,	blockade	of	BER	with	a	PARP	inhibitor	results	in	an	accumulation	of	DSBs	and	cell
death.47	However,	 resistance	 to	PARP	 inhibitors	 and	platinum	agents	 can	 overlap	 in	 some	 cases.	 In	 particular,
reversion	mutations	in	BRCA2,	which	are	a	well-understood	mechanism	of	resistance	to	cisplatin,	often	also	result
in	resistance	to	PARP	inhibitors.48	This	knowledge	has	led	to	the	clinical	development	of	PARP	inhibitors	in	the
setting	of	platinum-sensitive	tumors.

The	PARP	inhibitors	olaparib	(Lynparza),	rucaparib	(Rubraca),	and	niraparib
(Zejula)	are	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	the
treatment	of	platinum-sensitive	ovarian	cancer.	Olaparib	has	also	recently
been	approved	for	use	in	triple-negative	breast	cancer.	PARP	inhibitors	are	in
clinical	development	to	treat	other	BRCA-associated	malignancies	including
pancreatic	and	prostate	cancers.

Role	of	Lipid	Signaling
Early	analyses	of	 the	action	of	cytotoxic	drugs	 included	a	probe	of	whether	effects	on	DNA	were	 sufficient	 to
explain	drug	effects.	A	pioneer	in	this	field	was	Tritton,	who	proposed	that	effects	of	DNA-intercalating	agents	on
the	plasma	membrane	could	underlie	the	cytotoxicity	of	the	drug.49	More	recently,	enucleated	cells	were	shown	to
be	susceptible	to	cisplatin,	and	a	seminal	paper	from	Voest	and	colleagues	showed	that	platinum	sensitivity	was
determined	not	alone	by	the	accumulation	of	DNA	damage	in	the	tumor	cell.50	In	analyzing	the	contribution	of
cells	in	the	microenvironment	of	tumors,	they	showed	that	tumor	infiltration	with	mesenchymal	stem	cells	could
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confer	drug	resistance.	A	search	for	secreted	factors	defined	platinum-induced	fatty	acids,	metabolic	products	in
the	 thromboxane	 synthetase,	 and	 cyclooxygenase-1	 pathways	 as	 determining	 effectiveness	 of	 drug	 therapy.	 A
proteomic	 study	 in	 cisplatin-sensitive	 and	 cisplatin-resistant	 cells	 confirmed	 the	 substantial	 effects	 of	 drug
exposure	on	lipid	metabolites	and	their	relation	to	susceptibility.

Platinum	Compounds	and	Immunotherapy
The	mechanisms	described	in	this	section	have	focused	on	platinum	effects	within	the	cancer	cell.	Recent	work	in
many	areas	of	cancer	biology	suggests	that	a	view	of	the	cancer	cell	exclusive	of	its	environment	will	provide	a
misleading	picture	of	tumor	dynamics	in	the	intact	cancer,51	which	has	infiltration	of	lymphoid	and	myeloid	cells,
in	addition	to	cancer-associated	fibroblasts	and	vascular	elements.	Of	especial	clinical	relevance	is	 the	potential
interaction	of	platinum	drug	activity	with	 the	 immune	system,	 recently	 reviewed	by	Galluzzi	et	al.52	A	role	for
immune	responses	in	the	action	of	cytotoxic	drugs	has	long	been	suspected,	but	even	now,	the	specifics	of	such	an
interaction	are	 just	beginning	 to	be	described.	The	potential	 impact	of	cytotoxic	drugs	on	 three	common	 tumor
elements	 is	 most	 relevant:	 (1)	 induction	 of	 an	 environment	 conducive	 to	 immunogenic	 cell	 death	 (as	 by
neoepitope	 emergence	 as	 a	 consequence	 of	 DNA	 damage),	 depletion	 of	 immunosuppressive	 (2)	 lymphoid
(regulatory	 T	 [Treg]	 cells),	 or	 (3)	 myeloid	 cells.	 Platinum	 compounds	 are	 components	 of
chemotherapy/immunotherapy	 combinations	 under	 evaluation	 in	 several	 solid	 tumors,	 and	 preliminary	 data	 in
phase	II	trials	are	especially	of	interest	in	lung,	head	and	neck,	bladder,	and	esophageal	cancers,53	in	all	of	which
programmed	 cell	 death	 protein	 1	 (PD-1)/programmed	 cell	 death	 protein	 ligand	 (PD-L1)	 or	 cytotoxic	 T-
lymphocyte	antigen-4	(CTLA-4)	antibodies	have	some	but	limited	activity.

The	 further	 potential	 of	 these	 combinations	 is	 emphasized	 by	 intriguing	 evidence	 that	 oxaliplatin	 may	 be
superior	 to	 cisplatin	 in	 its	 ability	 to	 elicit	 immune-mediated	 cell	 death	 in	 preclinical	 models.52	 Endoplasmic
reticulum	(ER)	stress	response	induction	by	oxaliplatin	and	not	cisplatin	contributes	to	this	difference,	but	other
factors	are	likely	to	be	involved.	A	profusion	of	trials	of	oxaliplatin-containing	regimens	with	multiple	immuno-
oncology	 agents	 has	 been	 activated	 in	GI	 cancers	 especially,	 and	 results	 are	 awaited	with	 interest.	 The	 next	 5
years	will	 likely	establish	a	 role	 for	combined	chemotherapy	with	 single-agent	or	combined	 immunotherapy	 in
currently	resistant	solid	tumors,	with	a	central	role	for	platinum-containing	regimens.

MECHANISMS	OF	RESISTANCE
The	 major	 limitation	 to	 the	 successful	 treatment	 of	 solid	 tumors	 with	 platinum-based	 chemotherapy	 is	 the
emergence	 of	 drug-resistant	 tumor	 cells.54	 Developments	 in	 tumor	 biology	 have	 advanced	 our	 thinking	 with
regard	to	how	and	when	these	cells	emerge—heterogeneity	within	a	tumor	even	at	its	earliest	diagnosis	reflects
the	 emergence	 of	 treatment-resistant	 clones	 even	 in	 advance	 of	 selection	 pressure,	 and	 resistance	may	 not	 be
specific	to	the	DNA-damaging	drug.

Figure	21.2	Cellular	mechanisms	of	cisplatin	resistance.	Pt,	platinum.

Currently	described	mechanisms	of	platinum	drug	resistance	(Fig.	21.2)	include	reduced	cellular	accumulation,
intracellular	 detoxication,	 repair	 of	 platinum-DNA	 lesions,	 increased	 damage	 tolerance,	 and	 the	 activation	 of
cellular	defense	mechanisms	such	as	autophagy.	In	addition,	we	have	already	alluded	to	exogenous	influences	on
mechanisms,	 as	 may	 be	 mediated	 by	 other	 cells	 such	 as	 cancer-associated	 fibroblasts	 and	 metabolites,	 of
physicochemical	conditions	 (such	as	hypoxia)	 in	 the	 tumor	microenvironment.	Chemoresistant	cancer	stem-like



cells	also	appear	to	play	a	substantial	role	in	resistance,	as	they	are	relatively	quiescent	and	can	therefore	escape
cytotoxic	 therapies	whose	 effect	 relies	 on	 active	 cellular	 replication.	 It	must	 be	 acknowledged	 though	 that	 our
insights	are	very	limited	into	why	some	tumors	respond,	and	others	do	not,	to	platinum	chemotherapy.	As	genome
sequencing	 yields	 increasing	 and	 often	 surprising	 revelations	 about	 the	 genes	 that	 drive	 cancers,	 and	 the
complexity	inherent	in	cancers	of	a	single	histologic	type,	it	is	likely	that	when	associated	with	outcomes	in	large
patient	populations,	patterns	will	emerge	to	guide	selection	of	therapies.

Reduced	Accumulation
Platinum	uptake	in	cells	occurs	by	simple	diffusion	and	by	carrier-mediated	mechanisms.	Inhibition	of	transport
mechanisms	 has	 a	 marked	 effect	 on	 intracellular	 platinum	 accumulation,	 and	 Howell’s	 group	 has	 shown	 the
importance	of	 the	copper	 transporters	1	and	2	(CTR-1	and	CTR-2)	 in	 regulating	 the	 influx	of	various	platinum
analogs	in	eukaryotic	cells.55,56	The	contribution	of	these	mechanisms	to	clinical	platinum	drug	resistance	is	being
explored.57	 Accumulation	 may	 also	 be	 influenced	 by	 enhanced	 efflux,	 and	 various	 transport	 proteins	 are
upregulated	in	cell	lines	selected	for	acquired	resistance	and	in	platinum-resistant	ovarian	cancers.

Inactivation
Platinum	 complexes	 are	 highly	 reactive	 molecules	 and	 bind	 rapidly	 to	 multiple	 cellular	 macromolecules.
Protection	from	such	chemicals	in	the	environment	is	afforded	by	cellular	thiols,	including	small	peptides	such	as
GSH	 and	 larger	 proteins	 as	 exemplified	 by	 metallothionein	 (MT).	 There	 are	 many	 reports	 of	 an	 association
between	platinum	drug	 sensitivity	 and	GSH	 levels58–60;	 however,	 reducing	 intracellular	GSH	 levels	with	drugs
such	 as	 buthionine	 sulfoximine	 has	 resulted	 in	 only	 low	 to	 modest	 potentiation	 of	 cisplatin	 sensitivity.61
Buthionine	sulfoximine	was	developed	for	clinical	use,	and	some	impact	on	GSH	content	of	tumors	and	normal
tissues	was	demonstrated.	However,	depletion	of	GSH	was	not	consistent,	and	ultimately,	the	cost	of	producing
the	 active	 stereoisomer	 of	 the	 drug	was	 judged	 prohibitive.	 Inactivation	 of	 the	 platinum	drugs	may	 also	 occur
through	binding	to	the	MTs,	a	family	of	sulfhydryl-rich,	low-molecular-weight	proteins	that	participate	in	heavy
metal	binding	and	detoxification;	however,	the	contribution	of	MT	to	clinical	platinum	drug	resistance	is	unclear,
and	a	therapeutic	role	has	not	emerged.

Increased	DNA	Repair
Once	platinum-DNA	adducts	are	formed,	cells	must	either	repair	or	tolerate	the	damage	to	survive.	As	discussed
previously,	the	capacity	to	repair	DNA	damage	seems	to	play	a	role	in	determining	a	tumor	cell’s	sensitivity	to
platinum	drugs	and	other	DNA-damaging	agents.	Increased	repair	of	platinum-DNA	lesions	in	cisplatin-resistant
cell	 lines	 as	 compared	 to	 their	 sensitive	 counterparts	 has	 been	 shown	 in	 several	 human	 cancer	 cell	 lines,	 but
translation	of	these	observations	to	the	clinic	has	been	difficult.	The	repair	of	platinum-DNA	adducts	appears	to
occur	 predominantly	 by	 nucleotide	 excision	 repair	 (NER),	 with	 a	 role	 for	MMR	 under	 certain	 circumstances
(reviewed	in	Martin	et	al.62).	The	molecular	basis	for	the	increased	repair	activity	observed	in	cisplatin-resistant
cells	is	not	known	precisely,	but	formation	of	the	ERCC1/XPF	protein	complex	may	be	a	key	step.	Selvakumaran
et	al.63	 showed	 that	 downregulation	of	ERCC1	using	 an	 antisense	 approach	 sensitized	 a	 platinum-resistant	 cell
line	to	cisplatin	both	in	vitro	and	in	vivo.	Data	regarding	the	clinical	utility	of	measuring	ERCC1	levels	to	predict
platinum	sensitivity	are	extremely	mixed,	and	the	area	remains	one	of	controversy.64	Most	recently,	the	results	of
the	phase	III	ERCC1	trial	for	non–small-cell	lung	cancer	showed	no	predictive	value	of	ERCC1	level	to	determine
response	 to	 platinum-based	 therapy.65	 However,	 the	 primary	 issue	 is	 that	marker	 development	 has	 lagged	 and
precludes	implementation	of	a	clinically	useful	assay.

In	 carriers	 of	 deleterious	BRCA1	 or	BRCA2	 mutations,	 sensitivity	 to	 platinum	 agents	 and	 PARP	 inhibitors
depends	on	 the	 inability	 of	 tumor	 cells	 to	 perform	HR,	 as	 described	previously.	A	mechanism	of	 resistance	 to
PARP	inhibitors	has	been	described,	which	is	due	to	reactivation	of	the	function	of	the	BRCA2	gene,	leading	to
restoration	of	HR.66	This	 reactivation	 is	 accomplished	by	 an	 intragenic	deletion	 and	 the	 restoration	of	 an	open
reading	 frame.	 It	 has	 further	 been	 shown	 that	 such	 revertant	 cells	 are	 resistant	 to	 cisplatin	 as	 well	 as	 PARP
inhibitors.	Finally,	recurrent	cancers	in	BRCA2	mutation	carriers	that	have	acquired	platinum	resistance	have	been
shown	to	have	undergone	reversion	of	the	BRCA2	mutation.48	This	clearly	shows	that	the	HR	system	can	be	one
cause	of	cisplatin	resistance.	However,	not	all	cisplatin-resistant	patients	are	also	resistant	to	PARP	inhibitors,67
showing	that	there	are	multiple	other	causes	of	platinum	resistance.

An	 evaluation	 of	 long	 noncoding	 RNA	 HOX	 transcript	 antisense	 intergenic	 RNA	 (HOTAIR),	 which	 is
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involved	 in	 mesenchymal	 stem	 cell	 fate	 and	 the	 epithelial-to-mesenchymal	 transition,	 showed	 that	 increased
expression	 of	HOTAIR	was	 associated	with	 significantly	 poorer	 survival	 in	 carboplatin-treated	 patients.68	 The
recognition	 of	 the	 pleiotropic	 roles	 of	 these	 key	 cellular	 regulators	 is	 likely	 to	 result	 in	 important	 therapeutic
approaches	in	combination	with	platinum	drugs.

Autophagy
After	platinum-DNA	adduct	formation,	the	cell	detects	the	DNA	damage	and	initiates	signaling	through	multiple
pathways,	 the	 effects	 of	 which	 include	 mobilization	 of	 repair	 proteins,	 arrest	 of	 the	 cell	 cycle,	 altered
transcriptional	programs,	redirection	of	energy	production	and	consumption,	simultaneous	activation	of	cell	death
pathways	 and	 of	 pathways	 that	 would	 counter	 a	 cell	 death	 decision,	 and	 so	 on	 to	 permit	 survival.	 A	 process
recently	characterized	to	perform	the	last	function	is	autophagy,	the	loss	of	which	has	been	recently	described	to
be	instrumental	in	the	development	of	ovarian	cancer.	Initially	described	as	a	mechanism	of	cell	death,	autophagy
represents	a	regulated	dissolution	of	cellular	elements	into	a	characteristic	set	of	subcellular	organelles	detectable
by	 electron	 microscopy	 and	 linked	 by	 a	 particular	 profile	 of	 gene	 expression	 changes.69	 Multiple	 stimuli
precipitate	these	changes	and	have	in	common	scarcity	of	nutrients	that	are	required	for	survival,	from	oxygen	and
glucose	 withdrawal	 to	 less	 specific	 calorie	 deprivation	 and	 inhibition	 of	metabolic	 pathways.	 Delaney	 et	 al.70
recently	 described	 that	 in	 ovarian	 cancer,	 monoallelic	 loss	 of	 autophagy	 genes	 in	 via	 somatic	 copy	 number
alterations	results	 in	decreased	messenger	RNA	(mRNA)	expression	coding	for	proteins	essential	 to	autophagy.
Autophagy	is	also	a	consequence	of	cytotoxic	drug	treatment	and	more	recently	has	been	appreciated	as	a	means
by	 which	 cells	 might	 survive	 the	 stress	 of	 cellular	 insults	 and	 become	 resistant	 to	 treatment.71	 For	 example
decreased	 autophagy	 by	 fusobacterium	 may	 lead	 to	 chemotherapy	 resistance	 in	 colorectal	 cancer,72	 whereas
targeting	autophagy	with	hydroxychloroquine	(HCQ)	increases	sensitivity	to	oxaliplatin	in	preclinical	models	and
is	associated	with	high	response	rates	in	the	clinic.(O’Hara	MH	et	al,	unpublished,	2016.)73

Increased	DNA	Damage	Tolerance
DNA	damage	 signaling	 in	 a	 sensitive	 tumor	 cell	 results	 in	 engagement	 of	 cell	 death	 pathways	 and	 therapeutic
benefit.	In	a	resistant	tumor	cell,	despite	equivalent	DNA-binding	and	damage	signaling,	platinum-DNA	damage
tolerance	 is	associated	with	 the	 resistant	phenotype.	Contributors	 to	 the	 tolerance	might	 include	deficient	DNA
MMR	(which	could	excise	the	adduct	if	NER	failed),	enhanced	replicative	bypass	(which	essentially	ignores	the
adduct,	 allowing	 the	 cell	 to	 survive,	 but	 could	 contribute	 to	 the	 increase	 in	 mutation	 frequency	 observed	 in
chemotherapy-treated	cancers),	and	altered	signaling	through	stress-related	kinases	such	as	JNK,	which	can	both
alter	 transcriptional	 programs	 and	 activate	 autophagy.	 Indeed	 JNK,	 by	 phosphorylating	 Bcl-2	 or	 Bcl-XL	 and
releasing	 beclin-1	 from	 inhibition,	 acts	 as	 a	 key	 switch	 to	 turn	 on	 autophagy.	 The	 enhanced	 DNA	 damage
tolerance,	 in	 addition	 to	permitting	persistence	of	 the	 cancer	 cell,	may	have	 an	 additional	deleterious	 effect	 by
fostering	further	mutagenesis	within	the	tumor,	facilitating	its	evolution	to	a	more	malignant	phenotype.

Cancer	Stem-Like	Cells
Cancer	 stem-like	 cells	 are	 resistant	 to	 cytotoxic	 therapies.	 Chen	 et	 al.74	 recently	 described	 a	 subpopulation	 of
HNSCC	 stem-like	 cells,	 namely	 Bmi1+	 cells,	 that	 became	 enriched	 after	 treatment	 with	 platinum-based
chemotherapy	in	an	in	vitro	model.	 In	 their	 in	vivo	model	and	also	in	a	second	model	by	Brown	et	al.,75	Bmi1
inhibition	 combined	 with	 cisplatin	 greatly	 inhibited	 cancer	 growth.	 Targeting	 these	 relatively	 quiescent	 and
chemoresistant	cells	may	result	in	improved	clinical	outcomes.

NOTCH	signaling	is	involved	in	the	regulation	of	stem	cells	and	of	cancer.	Recently,	Zhao	et	al	described	an
increase	 in	NOTCH1	signaling	as	a	 response	and	 resistance	mechanism	 to	platinum-induced	cellular	damage.76
Treatment	 with	 a	 γ-secretase	 inhibitor,	 which	 inhibits	 NOTCH	 processing,	 reversed	 platinum	 resistance.
Clinically,	γ-secretase	 inhibitors	are	 toxic	and	lack	clinical	efficacy.	However,	at	 low	doses	and	in	combination
with	platinum	therapy,	this	may	be	a	feasible	future	clinical	strategy.

Another	 mechanism	 of	 sustaining	 cancer	 cell	 stemness	 is	 alteration	 of	 the	 tumor	 microenvironment	 via	 an
increase	in	specific	carcinoma-associated	fibroblasts	(CAFs),	which	diminish	the	platinum	content	in	cancer	cells.
In	retrospective	cohorts	of	breast	and	lung	cancer	patients,	those	with	CD10+GPR77+	CAFs	had	poorer	survival
and	more	 chemoresistant	 tumors	 compared	 to	 patients	 without	 CD10+GPR77+	 CAFs.	 In	 preclinical	modeling,
neutralization	 of	 GPR77	 via	 antibody	 restored	 chemosensitivity.77	 The	 development	 of	 therapies	 to	 eliminate
cancer	stem-like	cells	via	targeting	CAFs	is	an	area	of	active	interest.



CLINICAL	PHARMACOLOGY
Pharmacokinetics
The	 pharmacokinetic	 differences	 observed	 between	 platinum	 drugs	 may	 be	 attributed	 to	 the	 structure	 of	 their
leaving	 groups.	 Platinum	 complexes	 containing	 leaving	 groups	 that	 are	 less	 easily	 displaced	 exhibit	 reduced
plasma	protein	binding,	longer	plasma	half-lives,	and	higher	rates	of	renal	clearance.	These	features	are	evident	in
the	 pharmacokinetic	 properties	 of	 cisplatin,	 carboplatin,	 and	 oxaliplatin,	which	 are	 summarized	 in	 Table	 21.1.
Platinum	drug	pharmacokinetics	have	been	reviewed.78

Cisplatin
After	 intravenous	 infusion,	 cisplatin	 rapidly	 diffuses	 into	 tissues	 and	 is	 covalently	 bound	 to	 plasma	 and	 other
proteins.	More	than	90%	of	platinum	is	bound	to	plasma	protein	at	4	hours	after	infusion.	The	disappearance	of
ultrafiltrable	platinum	is	rapid	and	occurs	in	a	biphasic	fashion.	Half-lives	of	10	to	30	minutes	and	0.7	to	0.8	hours
have	 been	 reported	 for	 the	 initial	 and	 terminal	 phases,	 respectively.	 Cisplatin	 excretion	 is	 dependent	 on	 renal
function,	which	accounts	for	the	majority	of	its	elimination.	The	percentage	of	platinum	excreted	in	the	urine	has
been	reported	to	be	between	23%	and	40%	at	24	hours	after	infusion.	The	remainder	remains	protein	bound	for
very	long	periods	with	the	total	serum	platinum	level	declining	with	a	median	half-life	of	3.7	years.79	Only	a	small
percentage	of	the	total	platinum	is	excreted	in	the	bile.

Carboplatin
The	differences	in	pharmacokinetics	observed	between	cisplatin	and	carboplatin	depend	primarily	on	the	slower
rate	of	conversion	of	carboplatin	to	a	reactive	species.	Thus,	the	stability	of	carboplatin	results	in	a	low	incidence
of	nephrotoxicity.	Carboplatin	diffuses	rapidly	into	tissues	after	infusion;	however,	it	is	considerably	more	stable
in	 plasma.	Only	 24%	 of	 a	 dose	was	 bound	 to	 plasma	 protein	 at	 4	 hours	 after	 infusion.	 The	 disappearance	 of
platinum	from	plasma	after	short	intravenous	infusions	of	carboplatin	has	been	reported	to	occur	in	a	biphasic	or
triphasic	manner.	 The	 initial	 half-lives	 for	 total	 platinum,	which	 vary	 considerably	 among	 several	 studies,	 are
listed	in	Table	21.1.	The	half-lives	for	total	platinum	range	from	12	to	98	minutes	during	the	first	phase	(T1/2α)
and	from	1.3	to	1.7	hours	during	the	second	phase	(T1/2β).	Half-lives	reported	for	the	terminal	phase	range	from
8.2	to	40	hours.	The	disappearance	of	ultrafiltrable	platinum	is	biphasic	with	T1/2α	and	T1/2β	values	ranging	from
7.6	to	87	minutes	and	from	1.7	to	5.9	hours,	respectively.	Carboplatin	is	excreted	predominantly	by	the	kidneys,
and	cumulative	urinary	excretion	of	platinum	is	54%	to	82%,	most	as	unmodified	carboplatin.	The	renal	clearance
of	carboplatin	is	closely	correlated	with	the	glomerular	filtration	rate	(GFR).80	This	observation	enabled	Calvert	et
al.9	to	design	a	carboplatin	dosing	formula	based	on	the	individual	patient’s	GFR.

TABLE	21.1
Comparative	Pharmacokinetics	of	Platinum	Analogs	After	Bolus	or	Short	Intravenous
Infusion

	 Cisplatin Carboplatin Oxaliplatin
T1/2α

Total	platinum
Ultrafiltrate

	
14–49	min
9–30	min

	
12–98	min
8–87	min

	
26	min
21	min

T1/2β
Total	platinum
Ultrafiltrate

	
0.7–4.6	h
0.7–0.8	h

	
1.3–1.7	h
1.7–5.9	h

	
—
—

T1/2γ
Total	platinum
Ultrafiltrate

	
24–127	h
—

	
8.2–40.0	h
—

	
38–47	h
24–27	h

Protein	binding >90% 24%–50% 85%

Urinary	excretion 23%–50% 54%–82% >50%
T1/2α,	half-life	of	first	phase;	T1/2β,	half-life	of	second	phase;	T1/2γ,	half-life	of	terminal	phase.
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Oxaliplatin
After	oxaliplatin	 infusion,	platinum	accumulates	 into	 three	compartments:	plasma-bound	platinum,	ultrafiltrable
platinum,	and	platinum	associated	with	erythrocytes.	When	specific	and	sensitive	mass	spectrometric	techniques
are	used,	oxaliplatin	itself	is	undetectable	in	plasma,	even	at	end	infusion.81	The	active	forms	of	the	drug	have	not
been	 extensively	 characterized.	Approximately	 85%	of	 the	 total	 platinum	 is	 bound	 to	 plasma	protein	 at	 2	 to	 5
hours	after	 infusion.82	 Plasma	 elimination	 of	 total	 platinum	 and	 ultrafiltrates	 is	 biphasic.	The	 half-lives	 for	 the
initial	and	terminal	phases	are	26	minutes	and	38.7	hours,	respectively,	for	total	platinum	and	21	minutes	and	24.2
hours,	respectively,	for	ultrafiltrable	platinum83	(see	Table	21.1).	Thus,	as	with	carboplatin,	substantial	differences
between	total	and	free	platinum	kinetics	are	not	observed.	As	with	cisplatin,	a	prolonged	retention	of	oxaliplatin	is
observed	 in	 red	blood	cells.	However,	unlike	cisplatin,	oxaliplatin	does	not	 accumulate	 to	any	 significant	 level
after	multiple	courses	of	treatment.82	This	may	explain	why	neurotoxicity	associated	with	oxaliplatin	is	reversible.
Oxaliplatin	is	eliminated	predominantly	by	the	kidneys,	with	more	than	50%	of	the	platinum	being	excreted	in	the
urine	at	48	hours.

Pharmacodynamics
Pharmacodynamics	relates	pharmacokinetic	indices	of	drug	exposure	to	biologic	measures	of	drug	effect,	usually
toxicity	 to	 normal	 tissues	 or	 tumor	 cell	 kill.	 Two	 issues	 to	 be	 addressed	 in	 such	 studies	 are	 whether	 the
effectiveness	 of	 the	 drug	 can	 be	 enhanced	 and	 whether	 the	 toxicity	 can	 be	 attenuated	 by	 knowledge	 of	 the
platinum	pharmacokinetics	 in	an	individual.	These	questions	are	appropriate	 to	 the	use	of	cytotoxic	agents	with
relatively	narrow	therapeutic	indices.	Toxicity	to	normal	tissues	can	be	quantitated	as	a	continuous	variable	when
the	 drug	 causes	myelosuppression.	 Thus,	 the	 early	 studies	 of	 carboplatin	 demonstrated	 a	 close	 relationship	 of
changes	 in	 platelet	 counts	 to	 the	AUC	 in	 the	 individual.	The	AUC	was	 itself	 closely	 related	 to	 renal	 function,
which	was	determined	as	creatinine	clearance.	Based	on	 these	observations,	Egorin	et	al.,10	Calvert	et	al.,9	 and
Chatelut	et	al.84	 derived	 formulas	based	on	glomerular	 filtration	 rate	 to	predict	 either	 the	percentage	change	 in
platelet	count	or	a	target	AUC.	Application	of	pharmacodynamically	guided	dosing	algorithms	for	carboplatin	has
been	widely	adopted	as	a	means	of	avoiding	overdosage	(by	producing	acceptable	nadir	platelet	counts)	and	of
maximizing	dose	 intensity	 in	 the	 individual.	There	 is	good	evidence	 that	 this	approach	can	decrease	 the	risk	of
unacceptable	 toxicity.	 Accordingly,	 a	 dosing	 strategy	 based	 on	 renal	 function	 is	 recommended	 for	 the	 use	 of
carboplatin.

A	 key	 question	 is	 whether	 maximizing	 carboplatin	 exposure	 in	 an	 individual	 can	 measurably	 increase	 the
probability	of	tumor	regression	or	survival.	In	an	analysis	by	Jodrell	et	al.,85	carboplatin	AUC	was	a	predictor	of
response,	thrombocytopenia,	and	leukopenia.	The	likelihood	of	a	tumor	response	increased	with	increasing	AUC
up	 to	 a	 level	 of	 5	 to	 7	 mg	 ×	 h/mL,	 after	 which	 a	 plateau	 was	 reached.	 Similar	 results	 were	 obtained	 with
carboplatin	in	combination	with	cyclophosphamide,	and	neither	response	rate	nor	survival	was	determined	by	the
carboplatin	AUC	in	a	cohort	of	ovarian	cancer	patients.86	As	a	result,	most	carboplatin	recommended	doses	are
based	on	an	AUC	in	this	range	(for	every	3-	to	4-week	schedules),	and	modifications	of	these	are	used	for	more
frequent	administration	(as	in	combined	chemoradiotherapy	regimens).

The	relationship	of	pharmacokinetics	to	response	has	been	sought	by	investigating	the	cellular	pharmacology
of	these	agents.87	The	formation	and	repair	of	the	platinum-DNA	adducts	in	human	cells	are	not	easily	measured.
Schellens	 and	 colleagues88,89	 analyzed	 the	 pharmacokinetic	 and	 pharmacodynamic	 interactions	 of	 cisplatin
administered	as	a	single	agent.	In	a	series	of	patients	with	head	and	neck	cancer,	they	found	that	cisplatin	exposure
(measured	 as	 the	AUC)	 closely	 correlated	with	 both	 the	 peak	DNA-adduct	 content	 in	 leukocytes	 and	 the	 area
under	the	DNA-adduct-time	curve.	These	measures	were	important	predictors	of	response,	both	individually	and
in	logistic	regression	analysis.	However,	as	an	approach	to	determine	who	should	or	should	not	be	 treated	with
platinum	drugs,	it	seems	more	likely	that	genomic	analyses	will	continue	to	provide	substantial	guidance.

Pharmacogenomics
Variability	 in	 pharmacokinetics	 and	 pharmacodynamics	 of	 cytotoxic	 drugs	 is	 an	 important	 determinant	 of
therapeutic	index.	This	interindividual	variation	may	be	attributed	in	part	 to	genetic	differences	among	patients.
Targeted	analyses	of	germline	DNA,	and	increasingly	genomewide	association	study	(GWAS)	approaches,	have
yielded	 genotypic	 features	 associated	 with	 results	 of	 therapy.	 Detoxication	 pathways	 and	 DNA	 repair	 have
emerged	as	having	markers	attributable	to	response	of	lack	of	it	in	response	to	platinum	drugs.	Single	nucleotide
polymorphisms	(SNPs)	in	genes	related	to	GSH	metabolism	and	in	several	DNA	repair	genes	have	been	identified



in	lung	cancer,	breast	cancer,	and	various	GI	cancers.	A	concern	is	 that	 larger	trials	have	not	always	confirmed
early	findings.	 Informative	SNPs	that	could	be	used	to	define	 therapeutic	strategies	for	 individual	patients	have
not	yet	been	defined.
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22 Antimetabolites
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ANTIFOLATES
Reduced	folates	play	a	central	role	in	one-carbon	metabolism,	as	they	are	essential	for	the	biosynthesis	of	purines,
thymidylate,	and	protein	(Table	22.1	and	Fig.	22.1).	Aminopterin	was	 the	 first	 antimetabolite	with	documented
clinical	activity	in	the	treatment	of	children	with	acute	leukemia	in	the	1940s.	Methotrexate	(MTX),	the	4-amino-
10-methyl	analog	of	folic	acid,	was	subsequently	developed,	and	it	remains	a	widely	used	antifolate	analog,	with
activity	against	a	broad	range	of	cancers	(Table	22.2),	 including	hematologic	malignancies	(acute	lymphoblastic
leukemia	and	non-Hodgkin	lymphoma)	and	many	solid	tumors	(breast	cancer,	head	and	neck	cancer,	osteogenic
sarcoma,	bladder	cancer,	and	gestational	trophoblastic	cancer).

Pemetrexed	 is	a	pyrrolopyrimidine,	multitargeted	antifolate	analog	 that	 targets	multiple	enzymes	 involved	 in
folate	 metabolism,	 including	 thymidylate	 synthase	 (TS),	 dihydrofolate	 reductase	 (DHFR),	 glycinamide
ribonucleotide	(GAR)	formyltransferase,	and	aminoimidazole	carboxamide	(AICAR)	formyltransferase	(see	Fig.
22.1).1,2	 This	 agent	 has	 broad-spectrum	 activity	 against	 solid	 tumors,	 including	 malignant	 mesothelioma	 and
breast,	pancreatic,	head	and	neck,	non–small-cell	lung,	colon,	gastric,	cervical,	and	bladder	cancer.3–5

The	third	antifolate	compound	to	be	used	in	clinical	practice	in	the	United	States	is	pralatrexate	(10-propargyl-
10-deazaaminopterin),	 and	 it	 was	 rationally	 designed	 to	 bind	with	 higher	 affinity	 to	 the	 reduced	 folate	 carrier
(RFC)-1	transport	protein,	when	compared	with	MTX,	leading	to	enhanced	membrane	transport	into	tumor	cells.
This	 analog	 is	 also	 an	 improved	 substrate	 for	 the	 enzyme	 folylpolyglutamyl	 synthase	 (FPGS),	 resulting	 in
enhanced	formation	of	cytotoxic	polyglutamate	metabolites.6,7	When	compared	with	MTX,	this	analog	is	a	more
potent	 inhibitor	 of	 the	 folate-associated	 enzymes,	 including	TS,	DHFR,	 and	 the	 enzymes	 involved	 in	 de	 novo
purine	biosynthesis	(see	Fig.	22.1).	This	 agent	 is	 currently	 approved	 for	 the	 treatment	of	 relapsed	or	 refractory
peripheral	T-cell	lymphoma.8

Mechanism	of	Action
The	antifolate	compounds	are	tight-binding	inhibitors	of	DHFR,	a	key	enzyme	in	folate	metabolism.1	DHFR	plays
a	 pivotal	 role	 in	maintaining	 the	 intracellular	 folate	 pools	 in	 their	 fully	 reduced	 form	 as	 tetrahydrofolates,	 and
these	compounds	serve	as	one-carbon	carriers	required	for	the	synthesis	of	thymidylate,	purine	nucleotides,	and
certain	amino	acids.

TABLE	22.1
Antimetabolites:	Mechanisms	of	Action	and	Resistance

Class Drugs Mechanism	of	Action Mechanism	of	Resistance
Antifolates Methotrexate

Pemetrexed
Pralatrexate

Inhibition	of	DHFR,	TS,	and
enzymes	involved	in	de	novo	purine
biosynthesis

Alteration	in	drug	transport
Reduced	levels	of	polyglutamate
metabolites
Increased	expression	of	target
proteins,	such	as	DHFR	and	TS
Alterations	in	DHFR	and	TS	with
reduced	binding	affinity

Fluoropyrimidines 5-FU
Capecitabine
TAS-102

Inhibition	of	TS
Incorporation	into	RNA
Incorporation	into	DNA
Activation	of	programmed	cell	death
pathways

Increased	expression	of	TS
Mutations	in	TS	with	reduced	binding
affinity	to	FdUMP
Decreased	expression	of	DNA
mismatch	repair	enzymes	(hMLH1
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and	hMSH2)
Increased	expression	of
dihydropyrimidine	dehydrogenase

Deoxycytidine	analogs Cytarabine Inhibition	of	DNA	polymerases	α,	β,
and	γ
DNA	chain	termination	by	direct
incorporation	of	ara-CTP	into	DNA
Inhibition	of	ribonucleotide
reductase,	reducing	the	levels	of	key
dNTP	pools

Reduced	nucleoside	transport
Reduced	expression	of
deoxycytidine	kinase	with	reduced
formation	of	ara-CMP
Increased	expression	and/or	activity
of	cytidine	deaminase	and	dCMP
deaminase

Gemcitabine DNA	chain	termination	by
incorporation	of	gemcitabine
triphosphate	into	DNA
Inhibition	of	DNA	polymerases	α,	β,
and	γ
Inhibition	of	ribonucleotide
reductase,	reducing	the	levels	of	key
dNTP	pools

Reduced	expression	and/or	activity
of	nucleoside	transport	protein
Reduced	expression	and/or
deficiency	in	deoxycytidine	kinase
enzyme	activity
Increased	expression	and/or	activity
of	cytidine	deaminase	and	dCMP
deaminase
Increased	biosynthesis	of	dCTP

Purine	analogs 6-MP
6-TG

Inhibition	of	enzymes	involved	in	de
novo	purine	synthesis
Incorporation	of	triphosphate
nucleotides	into	either	cellular	RNA
or	DNA

Deficiency	of	hypoxanthine-guanine
phosphoribosyltransferase
Increased	concentrations	of	a
membrane-bound	alkaline
phosphatase
Increased	expression	and/or	activity
of	thiopurine	methyltransferase
Decreased	expression	of	DNA
mismatch	repair	enzymes	(hMLH1
and	hMSH2)

Fludarabine DNA	chain	termination	by
incorporation	of	fludarabine
triphosphate	into	DNA
Inhibition	of	DNA	polymerases,	DNA
primase,	DNA	ligase	I,	and
ribonucleotide	reductase
Incorporation	of	fludarabine
triphosphate	into	RNA

Reduced	expression	of
deoxycytidine	kinase
Reduced	nucleoside	transport

Cladribine DNA	chain	termination	due	to
incorporation	of	cladribine
triphosphate	into	DNA
Inhibition	of	DNA	synthesis	and
repair	due	to	imbalance	in
deoxyribonucleotide	pools	by
progressive	accumulation	of
cladribine	triphosphate

Reduced	expression	of
deoxycytidine	kinase
Reduced	nucleoside	transport
Increased	activity	of	cytoplasmic
enzyme	5′-nucleotidase

Clofarabine DNA	chain	termination	by
incorporation	of	clofarabine
triphosphate	into	DNA
Inhibition	of	DNA	polymerases	α,	β,
and	γ

Reduced	expression	of
deoxycytidine	kinase
Decreased	nucleoside	transport
Increased	expression	and/or	activity
of	CTP	synthetase

DHFR,	 dihydrofolate	 reductase;	 TS,	 thymidylate	 synthase;	 5-FU,	 5-fluorouracil;	 TAS-102,	 trifluridine/tipiracil;	 FdUMP,
fluorodeoxyuridine	 monophosphate;	 hMLH1,	 human	 mutL	 homolog	 1;	 hMLH2,	 human	 mutS	 homolog	 2;	 ara-CTP,	 cytarabine
triphosphate;	 dNTP,	 deoxyribonucleotide	 triphosphate;	 ara-CMP,	 cytarabine	 monophosphate;	 dCMP,	 deoxycytidine
monophosphate;	dCTP,	deoxycytidine	triphosphate;	6-MP,	6-mercaptopurine;	6-TG,	6-thioguanine;	CTP,	cytidine	triphosphate.

The	cytotoxic	effects	of	all	of	the	antifolates	are	mediated	by	their	respective	polyglutamate	metabolites,	with
up	to	five	to	seven	glutamate	groups	added	in	a	γ-peptide	linkage	to	the	terminal	glutamate	residue	present	on	the
parent	molecule.	These	polyglutamate	metabolites	exhibit	prolonged	intracellular	half-lives,	thereby	allowing	for
prolonged	drug	action	in	tumor	cells.	These	polyglutamate	metabolites	are	also	potent,	direct	inhibitors	of	DHFR,
TS,	and	the	enzymes	involved	in	de	novo	purine	biosynthesis	(see	Table	22.1).1

Mechanisms	of	Resistance
The	 development	 of	 cellular	 resistance	 to	 antifolates	 remains	 a	major	 obstacle	 to	 their	 clinical	 efficacy.9,10	 In



preclinical	experimental	systems,	resistance	to	antifolates	arises	from	several	mechanisms,	including	alterations	in
antifolate	 transport	 because	 of	 a	 defect	 in	 either	 the	 reduced	 folate	 carrier	 transport	 protein	 or	 folate	 receptor
systems,	 decreased	 polyglutamation	 of	 the	 antifolate	 parent	 compound	 through	 either	 decreased	 expression	 of
FPGS	or	increased	expression	of	the	catabolic	enzyme	γ-glutamyl	hydrolase,	and	alterations	in	the	target	enzymes
DHFR	and/or	TS	 through	 increased	expression	of	wild-type	protein	or	overexpression	of	a	mutant	protein	with
reduced	 binding	 affinity	 for	 the	 antifolate.	 Gene	 amplification	 resulting	 in	 increased	 gene	 copy	 number	 is	 a
common	resistance	mechanism	observed	in	various	experimental	systems,	including	patient	tumor	samples.	In	in
vitro,	in	vivo,	and	clinical	models,	the	levels	of	DHFR	and/or	TS	protein	acutely	increase	after	exposure	to	MTX
and	other	antifolate	compounds.	This	acute	induction	of	target	proteins	in	response	to	drug	exposure	is	mediated,
in	 part,	 by	 a	 translational	 regulatory	 mechanism,	 which	 represents	 a	 clinically	 relevant	 mechanism	 for	 the
development	of	acute	cellular	drug	resistance.

Figure	22.1	Antifolates	and	their	mechanisms	of	action.	dUMP,	deoxyuridine	monophosphate;
dTTP,	deoxythymidine	triphosphate;	dTDP,	deoxyuridine	diphosphate;	dTMP,	deoxythymidine

monophosphate;	CH2THF,	5,10-methylenetetrahydrofolate;	THF,	tetrahydrofolate;	DHF,
dihydrofolate;	TK,	thymidine	kinase.

Clinical	Pharmacology
The	 oral	 bioavailability	 of	MTX	 is	 saturable	 and	 erratic	 at	 doses	 greater	 than	 25	mg/m2.	MTX	 is	 completely
absorbed	from	parenteral	routes	of	administration,	and	peak	serum	levels	are	achieved	within	30	to	60	minutes	of
administration.	 The	 distribution	 of	 this	 agent	 into	 third-space	 fluid	 collections,	 such	 as	 pleural	 effusions	 and
ascites,	can	substantially	alter	its	pharmacokinetics.	The	slow	release	of	accumulated	drug	from	these	third-space
collections	over	time	prolongs	the	terminal	half-life	of	the	drug,	leading	to	potentially	increased	clinical	toxicity.
As	 a	 result,	 these	 fluid	 collections	 should	 be	 drained	 prior	 to	 initiation	 of	 treatment	 and	 plasma	 drug
concentrations	should	be	closely	monitored.

Renal	excretion	 is	 the	main	 route	of	drug	elimination	 for	all	 the	antifolates.	They	should,	 therefore,	be	used
with	caution	in	patients	with	renal	dysfunction.	In	addition,	renal	excretion	is	 inhibited	in	 the	presence	of	other
agents	including	probenecid,	penicillins,	cephalosporins,	aspirin,	and	nonsteroidal	anti-inflammatory	drugs.

Toxicity
The	main	 side	 effects	 of	MTX	are	myelosuppression	 and	gastrointestinal	 (GI)	 toxicity,	 and	 these	 toxicities	 are
usually	completely	reversed	within	14	days,	unless	drug-elimination	mechanisms	are	 impaired.	In	 the	setting	of
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compromised	 renal	 function,	 even	 small	 doses	 of	 the	 drug	 may	 result	 in	 serious	 toxicity.	 MTX-induced
nephrotoxicity	 results	 from	 the	 intratubular	 precipitation	 of	 parent	 drug	 and	 its	metabolites	 in	 acidic	 urine.	 In
addition,	MTX	may	exert	a	direct	toxic	effect	on	the	renal	tubules.	Vigorous	hydration	and	urinary	alkalinization
have	greatly	reduced	the	incidence	of	renal	failure	in	patients	on	high-dose	regimens.	Acute	elevations	in	hepatic
enzyme	levels	and	hyperbilirubinemia	are	often	observed	during	high-dose	therapy,	but	these	levels	usually	return
to	normal	within	10	days.	When	given	concomitantly	with	radiotherapy,	MTX	may	increase	the	risk	of	soft	tissue
necrosis	and	osteonecrosis.

The	 original	 rationale	 for	 high-dose	MTX	 therapy	was	 based	 on	 the	 concept	 of	 selective	 rescue	 of	 normal
tissues	by	 the	 reduced	 folate	 leucovorin.	Of	note,	 leucovorin	 is	 a	 racemic	mixture	with	 the	 l-isoform	being	 the
active	 moiety.	 There	 is	 now	 growing	 evidence	 that	 high-dose	 MTX	 may	 also	 overcome	 several	 key	 drug
resistance	mechanisms.

The	main	toxicities	of	pemetrexed	and	pralatrexate	include	myelosuppression,	mucositis,	and	skin	rash,	usually
in	the	form	of	the	hand-foot	syndrome.	Other	toxicities	include	reversible	transaminasemia,	anorexia	and	fatigue
syndrome,	 and	GI	 toxicity.	These	 side	 effects	 are	 reduced	by	vitamin	 supplementation	with	 folic	 acid	 (350	μg
orally	 daily)	 and	vitamin	B12	 (1,000	μg	 subcutaneously	 given	 at	 least	 1	week	 before	 starting	 therapy	 and	 then
repeated	 every	 three	 cycles).	 Importantly,	 vitamin	 supplementation	 does	 not	 impair	 the	 clinical	 efficacy	 of
pemetrexed	 or	 pralatrexate.	 Premedication	 with	 dexamethasone	 (or	 an	 equivalent	 steroid)	 has	 been	 shown	 to
reduce	the	incidence	and	severity	of	skin	rash.

TABLE	22.2
Antimetabolites:	Indications,	Doses	and	Schedules,	and	Toxicities

Drug Clinical	Indications Doses	and	Schedule Major	Toxicities
Methotrexate NHL

Primary	CNS
lymphoma
ALL
Breast	cancer
Bladder	cancer
Osteogenic	sarcoma
Gestational
trophoblastic	cancer

Low	dose:	10–50	mg/m2	IV	every	3–
4	wk
Low	dose	weekly:	25	mg/m2	IV
weekly
Moderate	dose:	100–500	mg/m2	IV
every	2–3	wk
High	dose:	1–12	g/m2	IV	over	a	3-	to
24-h	period	every	1–3	wk
IT:	10–15	mg	IT	2	times	weekly	until
CSF	is	clear,	then	weekly	dose	for
2–6	wk,	followed	by	monthly	dose

Mucositis,	diarrhea,
myelosuppression,	acute	renal
failure,	transient	elevations	in	serum
transaminases	and	bilirubin,
pneumonitis,	neurologic	toxicity

Pemetrexed Mesothelioma
NSCLC

500	mg/m2	IV	every	3	wk Myelosuppression,	skin	rash,
mucositis,	diarrhea,	fatigue

Pralatrexate Peripheral	T-cell
lymphoma

30	mg/m2	IV	weekly	for	6	wk;	cycles
repeated	every	7	wk

Myelosuppression,	skin	rash,
mucositis,	diarrhea,	elevation	of
serum	transaminases	and	bilirubin,
mild	nausea/vomiting

5-FU Breast	cancer
CRC
Anal	cancer
Gastroesophageal
cancer
HCC
Pancreatic	cancer
Head	and	neck	cancer

Bolus	monthly	schedule:	425–450
mg/m2	IV	on	days	1–5	every	28	d
Bolus	weekly	schedule:	500–600
mg/m2	IV	every	week	for	6	weeks
every	8	wk
Infusion	schedule:	2,400–3,000
mg/m2	IV	over	46	h	every	2	wk
120-h	infusion:	1,000	mg/m2/d	IV	on
days	1–5	every	21–28	d
Protracted	continuous	infusion:	200–
400	mg/m2/d	IV

Nausea/vomiting,	diarrhea,
mucositis,	myelosuppression,
neurotoxicity,	coronary	artery
vasospasm,	conjunctivitis

Capecitabine Breast	cancer
CRC
Gastroesophageal
cancer
HCC
Pancreatic	cancer

Recommended	dose	for
monotherapy:	1,250	mg/m2	PO	bid
for	2	wk	with	1-wk	rest
May	decrease	dose	of	capecitabine
to	850–1,000	mg/m2	bid	on	days	1–
14	to	reduce	risk	of	toxicity	without
compromising	efficacy

Diarrhea,	hand-foot	syndrome,
myelosuppression,	mucositis,
nausea/vomiting,	neurologic	toxicity,
coronary	artery	vasospasm



Alternative	dosing	schedule	for
monotherapy:	1,250–1,500	mg/m2

PO	bid	for	1	wk	on	and	1	wk	off;	this
schedule	appears	to	be	well
tolerated,	with	no	compromise	in
clinical	efficacy
Combination:	capecitabine	should	be
used	at	lower	doses	(850–1,000
mg/m2	bid	on	days	1–14)	when	used
in	combination	with	other	cytotoxic
agents,	such	as	oxaliplatin,
irinotecan,	docetaxel,	and	lapatinib

TAS-102 CRC Recommended	dose	is	35
mg/m2/dose	PO	bid	on	days	1–5	and
days	8–12	of	each	28-d	cycle

Anemia,	neutropenia,
thrombocytopenia,	asthenia/fatigue,
nausea,	anorexia,	diarrhea,
nausea/vomiting,	and	abdominal
pain

Cytarabine Hodgkin	lymphoma
NHL
AML
ALL

Standard	dose:	100	mg/m2/d	IV	on
days	1–7	as	a	continuous	IV
infusion,	in	combination	with	an
anthracycline,	as	induction
chemotherapy	for	AML
High	dose:	1.5–3.0	g/m2	IV	every	12
h	for	3	d	as	a	high-dose,
intensification	regimen	for	AML
IT:	10–30	mg	IT	up	to	3	times	weekly
in	the	treatment	of	leptomeningeal
carcinomatosis	secondary	to
leukemia	or	lymphoma

Nausea/vomiting,	myelosuppression,
cerebellar	ataxia,	lethargy,
confusion,	acute	pancreatitis,	drug
infusion	reaction,	hand-foot
syndrome
High-dose	therapy:	noncardiogenic
pulmonary	edema,	acute	respiratory
distress	and	Streptococcus	viridans
pneumonia,	conjunctivitis,	and
keratitis

Gemcitabine Pancreatic	cancer
NSCLC
Breast	cancer
Bladder	cancer
Hodgkin	lymphoma
Ovarian	cancer
Soft	tissue	sarcoma

Pancreatic	cancer:	1,000	mg/m2	IV
every	week	for	7	wk	with	1-wk	rest;
treatment	then	continues	weekly	for
3	wk	followed	by	1-wk	off
Bladder	cancer:	1,000	mg/m2	IV	on
days	1,	8,	and	15	every	28	d
NSCLC:	1,000–1,200	mg/m2	IV	on
days	1	and	8	every	21	d

Nausea/vomiting,	myelosuppression,
flu-like	syndrome,	elevation	of	serum
transaminases	and	bilirubin,
pneumonitis,	infusion	reaction,	mild
proteinuria,	and	rarely,	hemolytic-
uremic	syndrome	and	thrombotic
thrombocytopenic	purpura

6-MP ALL Induction	therapy:	2.5	mg/kg	PO
daily
Maintenance	therapy:	1.5–2.5	mg/kg
PO	daily

Myelosuppression,	nausea/vomiting,
mucositis	and	diarrhea,
hepatotoxicity,	immunosuppression

6-TG AML
ALL

Induction:	100	mg/m2	PO	every	12	h
on	days	1–5,	usually	in	combination
with	cytarabine
Maintenance:	100	mg/m2	PO	every
12	h	on	days	1–5,	every	4	wk,
usually	in	combination	with	other
agents
Single	agent:	1–3	mg/kg	PO	daily

Myelosuppression,	nausea/vomiting,
mucositis	and	diarrhea,
hepatotoxicity,	immunosuppression

Fludarabine CLL
NHL

25	mg/m2	IV	on	days	1–5	every	28	d
For	oral	usage,	the	recommended
dose	is	40	mg/m2	PO	on	days	1–5
every	28	d

Myelosuppression,
immunosuppression	with	increased
risk	of	opportunistic	infections,	mild
nausea/vomiting,	hypersensitivity
reaction

Cladribine Hairy	cell	leukemia
CLL
NHL

0.09	mg/kg/d	IV	via	continuous
infusion	for	7	d;	one	course	is	usually
administered

Myelosuppression,
immunosuppression,	mild
nausea/vomiting,	fever

Clofarabine ALL 52	mg/m2	IV	daily	for	5	d	every	2–6
wk

Myelosuppression	nausea/vomiting,
diarrhea,	systemic	inflammatory
response	syndrome,	increased	risk
of	opportunistic	infections,	renal
toxicity

NHL,	non-Hodgkin	 lymphoma;	CNS,	central	nervous	system;	ALL,	acute	 lymphoblastic	 leukemia;	 IV,	 intravenous;	 IT,	 intrathecal;
CSF,	 cerebrospinal	 fluid;	NSCLC,	 non–small-cell	 lung	 cancer;	 5-FU,	 5-fluorouracil;	CRC,	 colorectal	 cancer;	HCC,	 hepatocellular
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cancer;	 bid,	 twice	 daily;	 TAS-102,	 trifluridine/tipiracil;	 AML,	 acute	 myelogenous	 leukemia;	 6-MP,	 6-mercaptopurine;	 6-TG,	 6-
thioguanine;	CLL,	chronic	lymphocytic	leukemia.

5-FLUOROPYRIMIDINES
The	fluoropyrimidine	5-fluorouracil	(5-FU)	was	synthesized	by	Charles	Heidelberger	in	the	mid-1950s.	Uracil	is	a
normal	component	of	RNA;	as	such,	 the	rationale	 leading	 to	 the	development	of	 the	drug	was	 that	cancer	cells
might	 be	 more	 sensitive	 to	 molecules	 that	 mimic	 the	 natural	 compound	 than	 normal	 cells.	 5-FU	 and	 analog
compounds	 are	 an	 integral	 part	 of	 treatment	 for	 a	 wide	 range	 of	 solid	 tumors	 (see	 Table	 22.2),	 including	 GI
malignancies	 (colorectal,	 esophageal,	 gastric,	 pancreatic,	 anal,	 and	 hepatocellular	 cancers),	 breast	 cancer,	 and
head	 and	 neck	 cancer.11	 It	 continues	 to	 serve	 as	 the	 main	 backbone	 for	 combination	 regimens	 used	 to	 treat
metastatic	colorectal	cancer	and	as	adjuvant	therapy	of	early-stage	colon	cancer.

Mechanism	of	Action
5-FU	 enters	 cells	 via	 the	 facilitated	 uracil	 base	 transport	mechanism	 and	 is	 then	metabolized	 via	 anabolism	 to
various	 cytotoxic	nucleotide	 forms	by	 several	 biochemical	 pathways.	 It	 is	well-established	 that	 5-FU	exerts	 its
cytotoxic	effects	through	various	mechanisms,	including	(1)	inhibition	of	TS,	(2)	incorporation	into	RNA,	and	(3)
incorporation	 into	DNA	 (see	Table	 22.1	 and	 Fig.	 22.1).	 In	 addition	 to	 these	mechanisms,	 the	 genotoxic	 stress
resulting	from	TS	inhibition	may	also	activate	programmed	cell-death	pathways	in	susceptible	cells,	which	leads
to	the	induction	of	DNA	fragmentation.

Mechanisms	of	Resistance
Several	resistance	mechanisms	to	5-FU	have	been	identified	in	experimental	and	clinical	settings.	An	alteration	in
the	 target	 enzyme	 TS	 with	 increased	 expression	 represents	 the	 most	 commonly	 described	 mechanism	 of
resistance.	In	vitro,	 in	vivo,	and	clinical	studies	have	documented	a	strong	correlation	between	the	 levels	of	TS
enzyme	activity/TS	protein	and	chemosensitivity	to	5-FU.	In	this	regard,	cell	lines	and	tumors	with	higher	levels
of	TS	are	relatively	more	resistant	to	5-FU.	Mutations	in	the	TS	protein	have	been	identified	with	reduced	binding
affinity	 of	 the	 cytotoxic	 5-FU	 metabolite	 fluorodeoxyuridine	 monophosphate	 (FdUMP)	 to	 the	 TS	 protein.
Reduced	 expression	 and/or	 diminished	 activity	 of	 key	 activating	 enzymes	may	 interfere	with	 the	 formation	 of
cytotoxic	 5-FU	 metabolites.	 Decreased	 expression	 of	 DNA	 mismatch	 repair	 enzymes,	 such	 as	 human	 mutL
homolog	1	(hMLH1)	and	human	mutS	homolog	2	(hMSH2),	and	 increased	expression	of	 the	catabolic	enzyme
dihydropyrimidine	dehydrogenase	(DPD)	are	also	associated	with	fluoropyrimidine	resistance.	Despite	being	used
in	the	clinic	for	well	over	50	years,	the	relative	contribution	of	each	of	these	mechanisms	in	the	development	of
cellular	resistance	to	5-FU	in	the	clinical	setting	remains	unclear.

Clinical	Pharmacology
Because	of	 its	erratic	bioavailability	 resulting	from	high	 levels	of	 the	catabolic	enzyme	DPD	present	 in	 the	gut
mucosa,	5-FU	is	not	administered	via	the	oral	route.	After	intravenous	(IV)	bolus	doses,	metabolic	elimination	is
rapid,	 resulting	 in	 a	 short	 half-life	 of	 8	 to	 15	minutes.	Up	 to	 80%	 to	85%	of	 an	 administered	dose	 of	 5-FU	 is
inactivated	by	DPD,	the	rate-limiting	enzyme	in	the	catabolism	of	5-FU	(Fig.	22.2).

A	pharmacogenetic	syndrome	has	been	identified	in	which	partial	or	complete	deficiency	in	the	DPD	enzyme
is	present	in	3%	to	5%	and	0.1%	of	the	general	population,	respectively.	Because	this	enzyme	catalyzes	the	rate-
limiting	step	in	the	catabolic	pathway	of	5-FU,	a	deficiency	in	this	enzyme	can	result	in	a	significant	increase	in	5-
FU	cytotoxic	metabolites.	Unfortunately,	patients	with	DPD	deficiency	do	not	manifest	a	phenotype	until	they	are
treated	with	5-FU.	Upon	treatment	with	5-FU,	patients	typically	develop	severe	excessive	toxicity	in	the	form	of
mucositis	and/or	diarrhea,	myelosuppression,	neurologic	toxicity,	and	in	rare	cases,	death.	In	patients	being	treated
with	5-FU	or	any	other	fluoropyrimidine,	it	is	important	to	consider	DPD	deficiency	in	patients	who	present	with
excessive,	severe	toxicity.12	It	 is	now	increasingly	appreciated	that	DPD	mutations	do	not	account	for	all	of	the
observed	cases	of	 increased	5-FU	toxicity,	as	up	 to	40%	to	50%	of	patients	who	experience	5-FU	toxicity	will
have	no	documented	alterations	in	the	DPD	gene.	Moreover,	individuals	with	normal	DPD	enzyme	activity	may
be	diagnosed	with	elevated	plasma	levels	of	5-FU,	resulting	in	increased	toxicity.	Although	DPD	enzyme	activity
can	 be	 assayed	 from	 peripheral	 blood	 mononuclear	 cells	 in	 a	 specialized	 laboratory,	 routine	 phenotypic	 and
genotypic	screenings	for	DPD	deficiency	prior	to	5-FU	therapy	are	not	yet	readily	available.



Figure	22.2	5-Fluorouracil	(5-FU)	metabolism.	DPD,	dihydropyrimidine	dehydrogenase;	FUrd,	5-
fluorouridine;	FUMP,	5-fluorouridine-5′-monophosphate;	FUDP,	fluorouridine	diphosphate;	FUTP,
fluorouridine	triphosphate;	FUPA,	α-fluoro-β-ureidopropionic	acid;	FUdR,	fluorodeoxyuridine;

FBAL,	α-fluoro-β-alanine;	FdUMP,	fluorodeoxyuridine	monophosphate;	FdUDP,
fluorodeoxyuridine	diphosphate;	FdUTP,	fluorodeoxyuridine	triphosphate;	dUMP,	deoxyuridine

monophosphate;	TS,	thymidylate	synthase;	dTMP,	deoxythymidine	monophosphate;	5,10-CH2THF,
5,10-methylenetetrahydrofolate;	DHF,	dihydrofolate.

5-FU	dosing	is	typically	determined	by	body	surface	area.	However,	dosing	of	5-FU	by	body	surface	area,	as
with	 dosing	 of	 most	 cytotoxic	 agents,	 is	 correlated	 with	 significant	 variation	 of	 5-FU	 systemic	 exposure.
Pharmacokinetic	studies	of	5-FU	systemic	exposure	have	shown	a	wide	range	of	inter-	and	intrapatient	variation
of	5-FU	plasma	drug	levels,	which	in	some	cases	may	be	up	to	30-	to	100-fold.13	There	is	growing	evidence	to
show	that	5-FU	dosing	based	on	plasma	5-FU	drug	level	is	feasible	and	that	5-FU	therapeutic	drug	monitoring	can
improve	clinical	outcomes	by	improving	efficacy	of	5-FU–based	combination	regimens	and	reducing	toxicities.13

Biomodulation	of	5-FU
Significant	efforts	have	focused	on	enhancing	the	antitumor	activity	of	5-FU	through	biochemical	modulation	in
which	 5-FU	 is	 combined	 with	 various	 agents,	 including	 leucovorin,	 MTX,	 N-phosphonacetyl-L-aspartic	 acid,
interferon-α,	interferon-γ,	and	several	other	agents.14	For	the	past	30	years,	the	reduced	folate	leucovorin	has	been
the	 main	 biochemical	 modulator	 of	 5-FU.	 An	 alternative	 approach	 has	 been	 to	 alter	 the	 schedule	 of	 5-FU
administration.	Given	 the	 S-phase	 specificity	 of	 this	 agent,	 prolonged	 exposure	 of	 tumor	 cells	 to	 5-FU	would
increase	the	fraction	of	cells	being	exposed	to	the	drug.	Overall	response	rates	are	significantly	higher	in	patients
treated	with	infusional	schedules	of	5-FU	than	in	those	treated	with	bolus	5-FU,	and	this	improvement	in	response
rate	has	 translated	 into	an	 improved	progression-free	 survival.	Moreover,	 the	overall	 safety	profile	 is	 improved
with	infusional	regimens.	A	hybrid	schedule	of	bolus	and	infusional	5-FU	was	originally	developed	in	France,	and
this	regimen	has	shown	superior	clinical	activity	compared	with	bolus	5-FU	schedules.	This	hybrid	schedule	can
be	simplified	by	using	only	the	46-hour	infusion	of	5-FU	and	completely	eliminating	the	5-FU	bolus	doses.	This
modification	has	maintained	the	clinical	activity	of	5-FU	while	reducing	some	of	the	associated	toxicities,	mainly
in	the	form	of	myelosuppression.

Toxicity
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The	 spectrum	 of	 5-FU	 toxicity	 is	 dose-	 and	 schedule-dependent	 (see	 Table	 22.2).	 The	 main	 side	 effects	 are
diarrhea,	 mucositis,	 and	 myelosuppression.	 Diarrhea	 and	 the	 dermatologic	 hand-foot	 syndrome	 are	 more
commonly	observed	with	infusional	5-FU	therapy.	Acute	neurologic	symptoms	have	also	been	reported,	and	they
include	somnolence,	cerebral	dysfunction,	cerebellar	ataxia,	and	upper	motor	signs.	Treatment	with	5-FU	can,	on
rare	occasions,	cause	coronary	vasospasm,	resulting	in	a	syndrome	of	chest	pain,	cardiac	enzyme	elevations,	and
electrocardiographic	 changes.	 Cardiac	 toxicity	 appears	 to	 be	 related	 more	 to	 infusional	 5-FU	 than	 bolus
administration.15

CAPECITABINE
Capecitabine	is	an	oral	fluoropyrimidine	analog	that	was	rationally	designed	to	allow	for	selective	5-FU	activation
in	tumor	tissue.16	This	oral	agent	was	initially	approved	in	anthracycline-	and	taxane-resistant	breast	cancer	and
subsequently	approved	for	use	 in	combination	with	docetaxel	as	second-line	therapy	in	metastatic	breast	cancer
and	 in	 combination	with	 the	 small	molecule	 lapatinib	 in	women	with	 human	 epidermal	 growth	 factor	 receptor
type	 2	 (HER2)–positive	 metastatic	 breast	 cancer	 following	 progression	 on	 trastuzumab-based	 therapy.17	 This
agent	is	also	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	the	first-line	treatment	of	metastatic
colorectal	 cancer	 and	 as	 adjuvant	 therapy	 for	 stage	 III	 colon	 cancer	 when	 fluoropyrimidine	 therapy	 alone	 is
preferred.18	 In	 Europe	 and	 throughout	 most	 of	 the	 world,	 the	 combination	 of	 capecitabine	 plus	 oxaliplatin
(XELOX)	is	approved	for	the	treatment	of	metastatic	colorectal	cancer	and	for	the	adjuvant	therapy	of	stage	III
colon	cancer.19	Recent	clinical	studies	have	also	documented	the	equivalence	of	capecitabine	to	infusional	5-FU
when	combined	with	cisplatin	in	the	treatment	of	metastatic	gastric	cancer.

Clinical	Pharmacology
Given	 its	 chemical	 structure,	 capecitabine,	 in	 contrast	 to	 5-FU,	 is	 rapidly	 and	 extensively	 absorbed	 by	 the	 gut
mucosa,	with	nearly	80%	oral	bioavailability.	It	is	inactive	in	its	parent	form	and	undergoes	enzymatic	conversion
via	three	successive	steps,	with	the	first	two	reactions	occurring	mainly	in	the	liver.	The	third	and	final	step	occurs
preferentially	 in	 tumor	 tissue	 and	 involves	 the	 conversion	 of	 5-deoxy-5-fluorouridine	 to	 5-FU	 by	 the	 enzyme
thymidine	phosphorylase,	which	is	expressed	at	much	higher	levels	in	tumors	when	compared	with	corresponding
normal	tissue.

Capecitabine	 and	 capecitabine	metabolites	 are	 primarily	 excreted	 by	 the	 kidneys,	 and,	 in	 contrast	 to	 5-FU,
caution	must	be	taken	in	the	presence	of	renal	dysfunction,	with	appropriate	dose	modification.	No	dose	reduction
is	needed	when	 the	creatinine	 clearance	 (CrCl)	 is	>50	mL	per	minute.	A	25%	dose	 reduction	 is	 recommended
when	 the	CrCl	 is	between	30	and	50	mL	per	minute,	and	capecitabine	 is	absolutely	contraindicated	 in	patients
whose	CrCl	<30	mL	per	minute.

Capecitabine	 is	metabolized	 to	a	 significant	 extent	by	 the	 liver	CYP3A4	microsomal	enzymes,	 and	as	 such,
caution	must	be	used	when	this	agent	is	combined	with	other	drugs	that	are	metabolized	by	CYP3A4	enzymes.
There	 is	 a	 black	 box	 warning	 on	 the	 drug–drug	 interaction	 between	 warfarin	 and	 capecitabine-based
chemotherapy,	and	close	monitoring	of	the	coagulation	parameters	is	recommended.	A	similar	type	of	drug–drug
interaction	exists	between	capecitabine	and	the	antiseizure	medication	phenytoin.

Toxicity
The	main	side	effects	of	capecitabine	are	similar	to	what	is	observed	with	infusional	5-FU	and	include	diarrhea
and	 hand-foot	 syndrome.	 In	 contrast	 to	 bolus	 5-FU,	 the	 incidence	 of	 myelosuppression,	 neutropenic	 fever,
mucositis,	alopecia,	and	nausea/vomiting	is	lower	with	capecitabine.	Elevations	in	indirect	serum	bilirubin	can	be
observed	but	are	usually	transient	and	clinically	asymptomatic.	Patients	in	the	United	States	appear	to	be	unable	to
tolerate	as	high	doses	of	capecitabine	as	European	patients,	either	as	monotherapy	or	in	combination	with	other
cytotoxic	chemotherapy.20	This	difference	in	tolerance	may,	in	part,	be	related	to	the	increased	fortification	of	the
U.S.	diet	with	folate	and	the	increased	focus	on	vitamin	and	folic	acid	supplementation.

TRIFLURIDINE/TIPIRACIL
Trifluridine/tipiracil	 (TAS-102)	 is	 a	 new	 oral	 fluoropyrimidine	 that	 is	 composed	 of	 two	 distinct	 molecules,



trifluridine	(FTD)	and	tipiracil	hydrochloride	(TPI),	in	a	molar	ratio	of	1:0.5.21	Trifluridine	is	a	fluoropyrimidine
nucleoside	 analog,	 and	 it	 is	metabolized	 to	 the	 triphosphate	metabolite,	which	 is	 then	 incorporated	 into	DNA,
resulting	in	inhibition	of	DNA	synthesis	and	function.	Trifluridine	monophosphate	is	an	inhibitor	of	TS,	albeit	a
much	 weaker	 inhibitor	 of	 TS	 than	 the	 5-FU	 metabolite	 FdUMP.	 Tipiracil	 is	 an	 inhibitor	 of	 thymidine
phosphorylase	 (TP),	 which	 typically	 degrades	 trifluridine,	 and	 the	 presence	 of	 tipiracil	 allows	 for	 greater
activation	 of	 trifluridine	 to	 the	 respective	monophosphate	 and	 triphosphate	 cytotoxic	 metabolites.	 TAS-102	 is
currently	 approved	 in	 the	United	 States,	 Europe,	 and	 Japan	 for	 the	 treatment	 of	 patients	with	 chemorefractory
metastatic	colorectal	cancer.

Clinical	Pharmacology
Oral	 administration	 of	 TAS-102	 results	 in	 rapid	 absorption	 through	 the	GI	 tract	with	 peak	 plasma	 drug	 levels
achieved	 in	 2	 hours.22	 The	 rate	 and	 extent	 of	 drug	 absorption	 appear	 to	 be	 reduced	 in	 the	 presence	 of	 food.
Trifluridine	 is	 eliminated	mainly	 via	metabolism	 by	 TP	 to	 an	 inactive	metabolite.	 In	 contrast	 to	 capecitabine,
trifluridine	 and	 tipiracil	 are	 not	metabolized	 by	 the	 liver	P450	microsomal	 enzymes.	At	 steady-state,	 the	mean
elimination	half-life	of	 trifluridine	 is	2.1	hours	and	 that	of	TPI	 is	2.4	hours.23	A	human	mass	balance	study	of
TAS-102	using	14C-labeled	TAS-102	showed	that	the	major	elimination	pathway	of	trifluridine	is	metabolism	and
urinary	excretion,	with	trifluoromethyluracil	being	the	major	metabolite	of	trifluridine	in	the	extractable	fraction
of	plasma	and	urine.24

Toxicity
Myelosuppression	is	 the	main	dose-limiting	 toxicity	associated	with	TAS-102	therapy,	resulting	 in	neutropenia,
anemia,	 thrombocytopenia,	 and	 febrile	 neutropenia.25	 GI	 toxicities	 are	 also	 observed	 in	 the	 form	 of
nausea/vomiting,	diarrhea,	and	abdominal	pain.	Fatigue,	asthenia,	and	anorexia	are	also	associated	with	TAS-102
therapy.	 However,	 in	 contrast	 to	 the	 other	 fluoropyrimidines,	 TAS-102	 therapy	 is	 usually	 not	 associated	 with
mucositis	or	dermatologic	toxicity.

CYTARABINE
Cytarabine	is	a	deoxycytidine	nucleoside	analog	isolated	from	the	Cryptotethya	crypta	sponge,	and	it	differs	from
its	 physiologic	 counterpart	 by	 the	 presence	 of	 a	 stereotypic	 inversion	 of	 the	 2′-hydroxyl	 group	 of	 the	 sugar
moiety.26	 A	 regimen	 of	 cytarabine	 combined	 with	 an	 anthracycline	 administered	 as	 a	 5-	 or	 7-day	 continuous
infusion	is	considered	the	standard	induction	treatment	for	acute	myeloid	leukemia	(AML).	Cytarabine	is	active
against	other	hematologic	malignancies,	such	as	non-Hodgkin	lymphoma,	chronic	myelogenous	leukemia	(blastic
phase),	 and	 acute	 lymphocytic	 leukemia	 (ALL)	 (see	 Table	 22.2).	 However,	 this	 agent	 does	 not	 have	 any
documented	activity	against	solid	tumors.

Mechanism	of	Action
Cytarabine	enters	cells	via	a	specific	nucleoside	transport	protein,	the	most	important	one	being	the	equilibrative
inhibitor–sensitive	(ES)	receptor.	Once	inside	the	cell,	cytarabine	requires	activation	for	its	cytotoxic	effects.26,27
The	 first	 metabolic	 step	 is	 the	 conversion	 of	 the	 parent	 drug	 to	 the	 monophosphate	 form	 cytarabine
monophosphate	(ara-CMP)	by	the	enzyme	deoxycytidine	kinase	(dCK)	with	subsequent	phosphorylation	to	the	di-
and	 triphosphate	 metabolites,	 respectively.	 Cytarabine	 triphosphate	 (ara-CTP)	 is	 a	 potent	 inhibitor	 of	 DNA
polymerases	α,	β,	and	γ,	which	in	turn,	 leads	to	inhibition	of	DNA	chain	elongation,	DNA	synthesis,	and	DNA
repair.	 Ara-CTP	 is	 also	 incorporated	 directly	 into	 DNA,	 and	 in	 this	 manner,	 it	 functions	 as	 a	 DNA	 chain
terminator,	 interfering	with	chain	elongation	 (see	Table	22.1).	Catabolism	of	 cytarabine	 involves	 two	enzymes,
cytidine	 deaminase	 and	 deoxycytidylate	 deaminase.	 These	 degradative	 enzymes	 convert	 the	 parent	 drug
cytarabine	and	ara-CMP	into	 the	 inactive	metabolites,	ara-uridine	and	ara-uridine	monophosphate,	 respectively.
The	stoichiometric	balance	between	intracellular	activation	and	degradation	is	critical	in	determining	the	amount
of	drug	that	is	ultimately	converted	to	ara-CTP	and,	thus,	its	subsequent	cytotoxic	and	antitumor	activity.

Mechanisms	of	Resistance
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Several	 resistance	 mechanisms	 to	 cytarabine	 have	 been	 well	 described.	 Impaired	 transmembrane	 transport,
decreased	 rate	 of	 anabolism,	 and	 increased	 catabolism	 are	 the	 main	 mechanisms	 associated	 with	 cytarabine
resistance.26,28,29	The	level	of	cytidine	deaminase	enzyme	activity	has	been	shown	to	correlate	nicely	with	clinical
response	in	patients	with	AML	undergoing	induction	chemotherapy	with	cytarabine-containing	regimens.

Clinical	Pharmacology
Cytarabine	has	poor	oral	bioavailability	 as	 it	 is	 extensively	deaminated	within	 the	GI	 tract.	Thus,	 cytarabine	 is
only	 administered	 intravenously	 via	 continuous	 infusion.	 After	 administration,	 the	 drug	 undergoes	 extensive
metabolism	in	the	liver,	plasma,	and	peripheral	 tissues.	Within	24	hours,	up	to	80%	of	drug	is	recovered	in	the
urine	as	the	uracil	arabinoside	(ara-U)	metabolite.	At	high	doses,	cytarabine	crosses	the	blood–brain	barrier,	with
cerebrospinal	fluid	levels	between	7%	and	14%	of	plasma	levels	and	reaching	peak	levels	of	up	to	10	μM.

Toxicity
The	 toxicity	 profile	 of	 cytarabine	 is	 highly	 dependent	 on	 the	 dose	 and	 schedule	 of	 administration.
Myelosuppression	 is	 dose	 limiting	 with	 a	 standard	 7-day	 regimen.	 Leukopenia	 and	 thrombocytopenia	 are
observed	most	 frequently,	with	 nadirs	 occurring	 between	 days	 7	 and	 14	 after	 drug	 administration.	GI	 toxicity
commonly	 manifests	 as	 a	 mild-to-moderate	 degree	 of	 anorexia,	 nausea,	 and	 vomiting	 along	 with	 mucositis,
diarrhea,	 and	 abdominal	 pain.	 In	 rare	 cases,	 acute	 pancreatitis	 has	 been	 observed.	 In	 pediatric	 patients	 with
hematologic	 malignancies,	 a	 syndrome	 characterized	 by	 fever,	 myalgia,	 bone	 pain,	 maculopapular	 rash,
conjunctivitis,	malaise,	 and	 occasional	 chest	 pain	 usually	 presents	within	 6	 to	 12	 hours	 after	 the	 start	 of	 drug
infusion.	Corticosteroids	are	beneficial	in	preventing	and	treating	this	syndrome.

The	administration	of	cytarabine	at	high	doses	(2	to	3	g/m2	per	dose)	is	associated	with	an	increased	incidence
of	myelosuppression.30	Severe	GI	toxicity	in	the	form	of	mucositis	and/or	diarrhea	is	also	observed.	Neurologic
toxicity	is	more	common	with	high-dose	therapy	than	with	standard	doses	and	presents	with	seizures,	cerebral	and
cerebellar	dysfunction,	and	peripheral	neuropathy.	Clinical	signs	of	cerebellar	dysfunction	occur	in	up	to	15%	of
patients	and	include	dysarthria,	dysmetria,	and	ataxia.	Change	in	alertness	and	cognitive	ability,	memory	loss,	and
frontal	 lobe	 release	 signs	 reflect	 cerebral	 toxicity.	 Even	 with	 discontinuation	 of	 therapy,	 clinical	 recovery	 is
incomplete	 in	up	to	30%	of	affected	patients.	Pulmonary	complications	may	include	noncardiogenic	pulmonary
edema,	acute	respiratory	distress,	and	Streptococcus	viridans	pneumonia.	Other	side	effects	associated	with	high-
dose	 therapy	 include	 conjunctivitis	 (often	 responsive	 to	 topical	 corticosteroid	 eye	 drops),	 a	 painful	 hand-foot
syndrome,	and	rarely,	anaphylactic	reactions.

GEMCITABINE
Gemcitabine	 (2′,2′-difluorodeoxycytidine)	 is	 a	 difluorinated	 deoxycytidine	 analog.	 Despite	 its	 similarity	 in
structure,	metabolism,	and	mechanism	of	action	to	cytarabine,	the	spectrum	of	antitumor	activity	of	gemcitabine	is
much	 broader.26,31	 This	 agent	 has	 significant	 clinical	 activity	 against	 several	 human	 solid	 tumors,	 including
pancreatic,	bile	duct,	gallbladder,	small-cell	and	non–small-cell	lung,	bladder,	ovary,	and	breast	cancers	as	well	as
hematologic	malignancies,	including	Hodgkin	and	non-Hodgkin	lymphoma	(see	Table	22.2).

Mechanism	of	Action
Gemcitabine	 entry	 into	 cells	 requires	 a	 specific	 nucleoside	 transporter	 system,	 human	 equilibrative	 nucleoside
transporter	 1	 (hENT1),	 which	 is	 different	 than	 the	 one	 required	 for	 cytarabine	 transport.	 In	 its	 parent	 form,
gemcitabine	 is	 inactive	 and	 requires	 intracellular	 activation	 for	 its	 cytotoxic	 effects.	 The	 steps	 involved	 in	 the
metabolic	activation	of	gemcitabine	are	similar	to	those	observed	with	cytarabine,	with	both	drugs	being	activated
by	the	same	enzymatic	machinery	to	the	active	triphosphate	metabolite.	Gemcitabine	triphosphate	is	subsequently
incorporated	 into	DNA,	 resulting	 in	 chain	 termination	 and	 the	 inhibition	 of	DNA	 synthesis	 and	 function.	 The
triphosphate	 form	 can	 also	 directly	 inhibit	 DNA	 polymerases	 α,	 β,	 and	 γ,	 which,	 in	 turn,	 interfere	 with	 the
processes	of	DNA	chain	elongation,	DNA	synthesis,	and	DNA	repair.	The	gemcitabine	diphosphate	metabolite	is
a	potent	inhibitor	of	ribonucleotide	reductase,	which	further	mediates	inhibition	of	DNA	biosynthesis	by	reducing
the	levels	of	key	deoxynucleotide	pools.32



Mechanisms	of	Resistance
Several	 mechanisms	 of	 resistance	 to	 gemcitabine	 have	 been	 described	 in	 various	 preclinical	 experimental
models.33	 Preclinical	 data	 from	 human	 pancreatic	 cancer	 cell	 lines	 showed	 that	 gemcitabine	 resistance	 results
from	 reduced	 cellular	 transport	 arising	 from	 reduced	 expression	 of	 the	 hENT1	 transport	 protein.	There	 is	 now
clinical	data	to	support	the	role	of	hENT1	as	a	determinant	of	gemcitabine	sensitivity.34	Several	enzymes	involved
in	 the	 intracellular	 metabolism	 of	 gemcitabine	 have	 been	 implicated	 in	 the	 development	 of	 cellular	 drug
resistance,	 including	 reduced	 expression	 and/or	 deficiency	 in	 deoxycytidine	 kinase	 enzyme	 activity	 as	well	 as
increased	expression	and/or	activity	of	the	catabolic	enzymes	including	cytidine	deaminase	and	dCMP	deaminase.
A	subset	of	CD44+	cancer	stem	cells	has	been	 identified	within	pancreatic	 tumors	 that	sustain	 tumor	formation
and	 growth	 and	 are	 resistant	 to	 gemcitabine	 therapy.35	 Recent	 studies	 have	 shown	 that	 MUC1-regulated
stabilization	of	hypoxia-inducible	factor	1α	(HIF-1α)	enhances	glycolytic	flux,	leading	to	increase	in	pyrimidine
biosynthesis	including	dCTP.36

Clinical	Pharmacology
Gemcitabine	 is	 administered	 via	 the	 IV	 route,	 typically	 over	 a	 30-minute	 infusion,	 and	 it	 undergoes	 extensive
metabolism	 by	 deamination,	 with	 more	 than	 90%	 of	 the	 metabolized	 drug	 being	 recovered	 in	 urine.	 Plasma
clearance	is	about	30%	lower	in	women	and	in	elderly	patients,	and	this	pharmacokinetic	difference	may	result	in
an	 increased	 risk	 of	 toxicity	 in	 these	 respective	 patient	 populations.	 The	 initial	 findings	 from	 pilot
pharmacokinetic	studies	suggested	that	gemcitabine,	when	given	at	a	fixed	dose	rate	IV	infusion	of	10	mg/m2	per
minute,	 yielded	 the	 highest	 accumulation	 of	 active	 gemcitabine	 triphosphate	 metabolites	 in	 peripheral	 blood
mononuclear	 cells.	 Although	 a	 randomized	 phase	 II	 study	 suggested	 improved	 overall	 survival	 with	 the
gemcitabine	fixed	dose	rate	schedule,	a	subsequent	phase	III	trial	failed	to	confirm	the	survival	advantage	of	fixed
dose	rate	gemcitabine	over	its	conventional	administration	schedule.37

Toxicity
Gemcitabine	 is	 relatively	 well-tolerated	 when	 used	 as	 a	 single	 agent.	 The	 main	 dose-limiting	 toxicity	 is
myelosuppression,	 with	 neutropenia	 more	 commonly	 experienced	 than	 thrombocytopenia.	 As	 with	 other
antimetabolites,	gemcitabine	toxicity	is	schedule	dependent,	with	longer	infusions	producing	greater	hematologic
toxicity.	Transient	flu-like	symptoms,	with	fever,	headache,	arthralgias,	and	myalgias,	occur	in	45%	of	patients.
Asthenia	 and	 transient	 transaminasemia	 may	 occur.	 Thrombotic	 microangiopathy	 syndromes,	 including
hemolytic-uremic	syndrome	and	thrombotic	thrombocytopenic	purpura,	are	rare	events.

6-THIOPURINES
The	development	of	the	purine	analogs	in	cancer	chemotherapy	began	in	the	early	1950s	with	the	synthesis	of	the
thiopurines,	 6-mercaptopurine	 (6-MP)	 and	 6-thioguanine	 (6-TG).	 6-MP	 has	 an	 important	 role	 in	 maintenance
therapy	for	ALL,	whereas	6-TG	is	active	in	remission	induction	and	in	maintenance	therapy	for	AML	(see	Table
22.2).

Mechanism	of	Action
6-MP	and	6-TG	behave	similarly	with	respect	to	their	cellular	biochemistry.38	In	their	respective	monophosphate
nucleotide	forms,	the	thiopurines	inhibit	enzymes	involved	in	de	novo	purine	synthesis	and	purine	interconversion
reactions.	Their	respective	triphosphate	nucleotide	metabolites	are	directly	incorporated	into	either	cellular	RNA
or	DNA,	leading	to	the	inhibition	of	RNA	and	DNA	synthesis	and	function,	respectively	(see	Table	22.1).

Mechanisms	of	Resistance
The	development	of	cellular	resistance	to	6-thiopurines	results	from	a	decreased	level	of	key	cytotoxic	nucleotide
metabolites,	either	through	decreased	formation	or	increased	breakdown.	Resistant	cells	have	been	identified	that
express	 either	 complete	 or	 partial	 deficiency	 of	 the	 activating	 enzyme	 hypoxanthine-guanine
phosphoribosyltransferase	 (HGPRT).	 In	 clinical	 samples	 derived	 from	 patients	with	AML,	 drug	 resistance	 has
been	 associated	 with	 increased	 concentrations	 of	 a	 membrane-bound	 alkaline	 phosphatase	 or	 a	 conjugating
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enzyme,	 6-thiopurine	 methyltransferase	 (TPMT),	 with	 the	 end	 result	 being	 reduced	 formation	 of	 cytotoxic
thiopurine	nucleotides.	Finally,	decreased	expression	of	mismatch	repair	enzymes,	including	hMLH1	and	hMSH2,
has	been	associated	with	cellular	drug	resistance.

Clinical	Pharmacology
Oral	absorption	of	6-MP	is	highly	erratic,	and	the	relatively	poor	oral	bioavailability	results	from	the	rapid	first-
pass	 metabolism	 in	 the	 liver.	 The	 major	 route	 of	 drug	 elimination	 is	 via	 metabolism	 by	 several	 enzymatic
pathways.	 6-MP	 is	 oxidized	 to	 the	 inactive	 metabolite	 6-thiouric	 acid	 by	 xanthine	 oxidase.	 Enhanced	 6-MP
toxicity	may	result	from	the	concomitant	administration	of	6-MP	and	the	xanthine	oxidase	inhibitor	allopurinol.	In
patients	receiving	both	6-MP	and	allopurinol,	the	6-MP	dose	must	be	reduced	by	at	least	50%	to	75%.	6-MP	also
undergoes	S-methylation	by	the	enzyme	TPMT	to	yield	6-methylmercaptopurine.39

6-TG	 is	 administered	orally	 in	 the	 treatment	of	AML.	However,	 its	 oral	 bioavailability	 is	 erratic,	with	peak
plasma	levels	occurring	2	to	4	hours	after	ingestion.	The	degradative	metabolism	of	6-TG	differs	from	6-MP	in
that	it	is	not	a	direct	substrate	for	xanthine	oxidase.

There	is	a	pharmacogenetic	syndrome	in	which	TPMT	enzyme	activity	may	vary	considerably	among	patients
as	 a	 result	 of	 point	 mutations	 or	 loss	 of	 alleles	 of	 the	 TPMT	 gene.40	 Approximately	 0.3%	 of	 the	 Caucasian
population	 expresses	 either	 a	 homozygous	 deletion	 or	 a	mutation	 of	 both	 alleles	 of	 the	TPMT	 gene.	 In	 these
patients,	 the	 loss	 of	 TPMT	 activity	 results	 in	 significantly	 elevated	 thiopurine	 nucleotides	 concentrations,	 and
profound	myelosuppression	with	pancytopenia	and	extensive	GI	symptoms	are	observed	after	only	a	brief	course
of	 thiopurine	 treatment.	 An	 estimated	 10%	 of	 patients	 may	 be	 at	 increased	 risk	 for	 toxicity	 because	 of
heterozygous	loss	of	the	gene	or	a	mutant	allele	coding	for	a	less	enzymatically	active	TPMT.

Toxicity
The	 major	 dose-related	 toxicities	 of	 the	 thiopurines	 are	 myelosuppression	 and	 GI	 toxicity	 in	 the	 form	 of
nausea/vomiting,	anorexia,	diarrhea,	and	mucositis.41	In	TPMT-deficient	patients,	dose	reduction	to	5%	to	25%	of
the	standard	dosage	is	necessary	to	prevent	severe	excessive	toxicity.	Thiopurine	hepatotoxicity	occurs	 in	up	to
30%	of	adult	patients	and	presents	mainly	as	cholestatic	 jaundice,	although	elevations	of	hepatic	 transaminases
may	also	be	seen.	Combinations	of	thiopurines	with	other	known	hepatotoxic	agents	should	be	avoided,	and	liver
function	should	be	closely	monitored.	As	with	all	purine	analogs,	the	thiopurines	are	potent	suppressors	of	cell-
mediated	immunity,	and	prolonged	therapy	is	associated	with	an	increased	predisposition	to	bacterial	and	parasitic
infections.

FLUDARABINE
Fludarabine	 (9-β-D-arabinosyl-2-fluoroadenine	 monophosphate)	 is	 an	 active	 agent	 in	 the	 treatment	 of	 chronic
lymphocytic	 leukemia	 (CLL)	 (see	 Table	 22.2).42,43	 It	 is	 also	 active	 against	 indolent	 non-Hodgkin	 lymphoma,
prolymphocytic	leukemia,	cutaneous	T-cell	lymphoma,	and	Waldenström	macroglobulinemia,	and	this	agent	has
also	 shown	 promising	 activity	 in	 mantle	 cell	 lymphoma.	 In	 contrast	 to	 its	 broad	 activity	 in	 hematologic
malignancies,	this	compound	has	virtually	no	activity	against	solid	tumors.

Mechanism	of	Action
The	 active	 cytotoxic	metabolite	 is	 fludarabine	 triphosphate,	which	 competes	with	 deoxyadenosine	 triphosphate
(dATP)	for	incorporation	into	DNA,	where	it	serves	as	a	highly	effective	chain	terminator	(see	Table	22.1).	The
triphosphate	metabolite	also	directly	inhibits	enzymes	involved	in	DNA	replication,	including	DNA	polymerases,
DNA	primase,	DNA	ligase	I,	and	ribonucleotide	reductase.43	Fludarabine	triphosphate	is	incorporated	into	RNA,
leading	 to	 inhibition	of	RNA	 function,	 processing,	 and	mRNA	 translation.	 In	 contrast	 to	other	 antimetabolites,
fludarabine	is	active	against	nondividing	cells.	In	fact,	the	primary	effect	of	fludarabine	may	result	from	activation
of	 apoptosis,	 through	 as	 yet	 ill-defined	mechanisms.43	 This	 finding	may	 explain	 the	 activity	 of	 fludarabine	 in
indolent	lymphoproliferative	diseases	with	relatively	low	growth	fractions.

Mechanisms	of	Resistance



Decreased	 expression	 of	 the	 activating	 enzyme	 deoxycytidine	 kinase	 resulting	 in	 diminished	 intracellular
formation	 of	 fludarabine	 monophosphate	 is	 one	 of	 the	 main	 resistance	 mechanisms	 identified	 in	 preclinical
models.42	 A	 high	 degree	 of	 cross-resistance	 develops	 to	 several	 nucleoside	 analogs,	 requiring	 activation	 by
deoxycytidine	kinase,	including	cytarabine,	gemcitabine,	cladribine,	and	clofarabine.	Reduced	cellular	transport	of
drug	has	also	been	identified	as	a	potential	resistance	mechanism.

Clinical	Pharmacology
Peak	 concentrations	 of	 fludarabine	 are	 reached	 3	 to	 4	 hours	 after	 IV	 administration.44	 The	 main	 route	 of
elimination	is	via	the	kidneys,	with	about	25%	of	a	given	dose	of	drug	being	excreted	unchanged	in	the	urine.

Toxicity
Myelosuppression	 and	 immunosuppression	 are	 the	 major	 side	 effects	 of	 fludarabine,	 as	 highlighted	 by	 dose
limiting	and	possibly	cumulative	lymphopenia	and	thrombocytopenia.	Suppression	of	the	immune	system	affects
T-cell	 function	more	 than	B-cell	 function.	Fevers,	 often	 in	 the	 setting	of	neutropenia,	 occur	 in	20%	 to	30%	of
patients.	Lymphocyte	counts,	specifically	CD4+	cells,	decrease	rapidly	after	the	initiation	of	therapy,	and	recovery
of	 CD4+	 cells	 to	 normal	 levels	 may	 take	 longer	 than	 1	 year.	 Common	 opportunistic	 pathogens	 include	 the
varicella-zoster	virus,	Candida,	and	Pneumocystis	jirovecii.	Patients	are	empirically	placed	on	sulfamethoxazole-
trimethoprim	prophylaxis	to	prevent	the	development	of	P.	jirovecii	infection.

CLADRIBINE
Cladribine	is	a	purine	deoxyadenosine	analog,	and	it	is	the	drug	of	choice	for	hairy	cell	leukemia	with	activity	in
low-grade	 lymphoproliferative	 disorders	 (see	 Table	 22.2).45–47	 Salvage	 treatment	 of	 patients	 previously	 treated
with	 interferon-α	or	 splenectomy	 is	 as	 effective	 as	 first-line	 treatment.	Retreatment	with	 cladribine	 results	 in	 a
complete	 response	 in	up	 to	60%	of	 relapsing	patients.	 In	addition,	 this	 agent	has	promising	activity	 in	patients
with	CLL	and	non-Hodgkin	lymphoma.

Mechanism	of	Action
Upon	 entry	 into	 the	 cell,	 cladribine	 undergoes	 initial	 conversion	 to	 the	 monophosphate	 form	 via	 the	 reaction
catalyzed	by	deoxycytidine	kinase,	which	is	then	subsequently	metabolized	to	the	active	triphosphate	metabolite.
Cladribine	triphosphate	competitively	inhibits	incorporation	of	the	normal	dATP	nucleotide	into	DNA,	a	process
that	results	in	the	termination	of	chain	elongation	(see	Table	22.1).45	Progressive	accumulation	of	the	triphosphate
metabolite	 leads	 to	 an	 imbalance	 in	 deoxyribonucleotide	 pools,	 thereby	 inhibiting	 further	 DNA	 synthesis	 and
repair.

Mechanisms	of	Resistance
Resistance	to	cladribine	has	been	attributed	to	altered	intracellular	drug	metabolism.	A	reduction	in	the	activity	of
deoxycytidine	 kinase,	 the	 enzyme	 responsible	 for	 generating	 cytotoxic	 nucleotide	 metabolites,	 is	 a	 major
determinant	of	acquired	resistance.	The	monophosphate	and	triphosphate	metabolites	are	dephosphorylated	by	the
cytoplasmic	 enzyme	 5′-nucleotidase.	 Drug-resistant	 cells	 derived	 from	 a	 patient	 with	 CLL	 exhibited	 both	 low
levels	of	deoxycytidine	kinase	expression	and	high	levels	of	5′-nucleotidase.

Clinical	Pharmacology
Cladribine	 is	orally	bioavailable,	with	50%	of	an	administered	dose	orally	absorbed.	Approximately	50%	of	an
administered	dose	of	drug	 is	cleared	by	 the	kidneys,	and	20%	to	35%	of	 the	drug	 is	excreted	unchanged	in	 the
urine.	This	nucleoside	is	able	to	cross	the	blood–brain	barrier	with	penetration	into	the	cerebrospinal	fluid.

Toxicity
At	 conventional	 doses,	 myelosuppression	 is	 dose	 limiting.	 After	 a	 single	 course	 of	 drug,	 recovery	 from
thrombocytopenia	usually	occurs	within	2	 to	4	weeks,	whereas	recovery	from	neutropenia	 takes	place	in	3	 to	5
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weeks.	GI	toxicities	are	generally	mild,	with	nausea/vomiting	and	diarrhea.	Mild-to-moderate	neurotoxicity	occurs
in	15%	of	patients	and	is	at	least	partly	reversible	with	discontinuation	of	the	drug.	Immunosuppression	accounts
for	the	late	toxicity	observed	in	cladribine-treated	patients.	Lymphocyte	counts,	particularly	CD4+	cells,	decrease
within	 1	 to	 4	 weeks	 of	 drug	 administration	 and	 may	 remain	 depressed	 for	 over	 1	 to	 2	 years.47	 Although
opportunistic	infections	occur,	they	do	so	less	frequently	than	with	fludarabine	therapy.	Infectious	complications
correlate	with	decreases	in	the	CD4+	count,	and	they	include	herpes	zoster,	Candida,	Pseudomonas	 aeruginosa,
Listeria	monocytogenes,	Cryptococcus	neoformans,	Aspergillus,	P.	jirovecii,	and	cytomegalovirus.

CLOFARABINE
Clofarabine	 is	 a	 purine	 deoxyadenosine	 nucleoside	 analog,	 and	 it	 is	 approved	 for	 the	 treatment	 of	 pediatric
patients	with	relapsed	or	refractory	ALL	(see	Table	22.2).48

Mechanism	of	Action
In	its	parent	form,	clofarabine	is	inactive	and,	as	with	other	purine	analogs,	it	requires	intracellular	activation	by
deoxycytidine	kinase	to	initially	form	the	monophosphate	nucleotide,	which	undergoes	further	metabolism	to	the
cytotoxic	 triphosphate	metabolite.	Clofarabine	 triphosphate	 is	 subsequently	 incorporated	 into	DNA,	 resulting	 in
chain	 termination	 and	 inhibition	 of	 DNA	 synthesis	 and	 function,	 and	 the	 triphosphate	metabolite	 can	 directly
inhibit	DNA	polymerases	α,	β,	and	γ,	which	in	 turn,	 interfere	with	DNA	chain	elongation,	DNA	synthesis,	and
DNA	 repair	 (see	 Table	 22.1).	 The	 diphosphate	 metabolite	 has	 been	 shown	 to	 be	 a	 potent	 inhibitor	 of
ribonucleotide	 reductase,	 further	 mediating	 the	 inhibition	 of	 DNA	 biosynthesis	 by	 reducing	 the	 levels	 of	 key
deoxyribonucleotide	pools.

Mechanisms	of	Resistance
Several	 resistance	mechanisms	 have	 been	 identified	 in	 various	 preclinical	 systems,	 and	 they	 include	 decreased
activation	of	 the	 drug	 through	 the	 reduced	 expression	of	 the	 anabolic	 enzyme	deoxycytidine	 kinase,	 decreased
transport	 of	 drug	 into	 cells	 via	 the	 nucleoside	 transporter	 protein,	 and	 increased	 expression	 of	CTP	 synthetase
activity,	resulting	in	 increased	concentrations	of	 the	competing	physiologic	nucleotide	substrate	dCTP.	To	date,
the	precise	resistance	mechanism(s)	that	are	relevant	in	the	clinical	setting	remain	to	be	determined.

Clinical	Pharmacology
Approximately	50%	to	60%	of	an	administered	dose	of	drug	is	excreted	unchanged	in	the	urine,	and	the	terminal
half-life	 is	on	 the	order	of	5	hours.	To	date,	 the	pathways	for	nonrenal	elimination	have	not	been	well	defined.
Caution	should	be	exercised	in	patients	with	abnormal	renal	function,	and	concomitant	use	of	medications	known
to	cause	renal	toxicity	should	be	avoided	during	drug	treatment.

Toxicity
Myelosuppression	is	dose	limiting	with	neutropenia,	anemia,	and	thrombocytopenia.	The	capillary	leak	syndrome
(systemic	 inflammatory	 response	 syndrome)	 presents	 with	 tachypnea,	 tachycardia,	 pulmonary	 edema,	 and
hypotension.49	In	essence,	this	adverse	event	is	part	of	the	tumor	lysis	syndrome	and	results	from	rapid	breakdown
of	 peripheral	 leukemic	 cells	 following	 treatment.49	 Other	 side	 effects	 may	 include	 nausea/vomiting,	 reversible
liver	dysfunction	(hyperbilirubinemia	and	elevated	serum	transaminases),	renal	dysfunction	(approximately	10%),
and	cardiac	toxicity	in	the	form	of	tachycardia	and	acute	pump	dysfunction.
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BIOCHEMICAL	AND	BIOLOGIC	FUNCTIONS	OF	TOPOISOMERASES
Nucleic	 acids	 (DNA	 and	 RNA)	 being	 long	 polymers,	 topoisomerases	 fulfill	 the	 need	 for	 cellular	 DNA	 to	 be
densely	 packaged	 in	 the	 cell	 nucleus	 while	 being	 transcribed,	 replicated,	 and	 accurately	 distributed	 between
daughter	cells	following	replication.	Topoisomerases	are	ubiquitous	and	essential	for	all	organisms	as	they	prevent
and	 resolve	DNA	and	RNA	entanglements	 and	 resolve	DNA	 supercoiling	 during	 transcription	 and	 replication.
They	are	also	 likely	 to	play	a	 role	 in	chromatin	structure	and	anchoring	 the	DNA	to	 the	cellular	 scaffold.	This
chapter	summarizes	 the	basic	elements	necessary	to	understand	the	mechanism	of	action	of	 topoisomerases	and
how	their	inhibitors	interfere	with	the	enzymes.	Additional	and	more	detailed	information	can	be	found	in	recent
reviews1–3	and	books.4,5	The	chapter	also	summarizes	the	use	of	topoisomerase	inhibitors	as	anticancer	drugs.

Classification	of	Topoisomerases
Human	 cells	 contain	 six	 topoisomerase	 genes	 (Table	 23.1),1	 which	 have	 been	 numbered	 historically.	 The
commonly	used	abbreviations	 are	TOP1	 for	 topoisomerase	 I	 (TOP1MT	being	 the	mitochondrial	 topoisomerase
whose	gene	is	encoded	in	the	cell	nucleus),	TOP2	for	topoisomerases	II,	and	TOP3	for	topoisomerases	III.	TOP1
was	 the	 first	 eukaryotic	 topoisomerase	 discovered	 by	 Champoux	 and	 Dulbecco.6	 Topoisomerases	 solve	 DNA
topologic	problems	by	cutting	the	DNA	backbone	and	religating	without	assistance	of	any	additional	ligase.	TOP1
and	 TOP3	 act	 by	 cleaving/religating	 a	 single	 strand	 of	 the	 DNA	 duplex,	 whereas	 TOP2	 enzymes	 cleave	 and
religate	both	strands,	making	a	four–base	pair	reversible	staggered	cut	(Fig.	23.1	and	Table	23.1).	It	is	convenient
to	 remember	 that	odd-numbered	 topoisomerases	 (TOP1	and	TOP3)	cleave	and	 religate	one	strand,	whereas	 the
even-numbered	topoisomerases	(TOP2s)	cleave	and	religate	both	strands.

Biochemical	Characteristics	and	Cleavage	Complexes	of	the	Different
Topoisomerases
The	DNA	cutting/religation	mechanism	is	common	to	all	topoisomerases	and	utilizes	an	enzyme	catalytic	tyrosine
residue	acting	as	a	nucleophile	and	becoming	covalently	attached	to	the	end	of	the	broken	DNA.	These	catalytic
intermediates	are	referred	to	as	cleavage	complexes	(see	Fig.	23.1B,E).	The	reverse	religation	reaction	is	carried
out	by	the	attack	of	the	ribose	hydroxyl	ends	toward	the	tyrosyl-DNA	bond.

TOP1	(and	TOP1MT)	attaches	to	the	3′	end	of	the	break,	whereas	the	other	topoisomerases	(TOP2	and	TOP3)
have	opposite	polarity	and	covalently	attach	to	the	5′	end	of	the	breaks	(see	Table	23.1	[second	column]	and	Fig.
23.1B,E).	 Topoisomerases	 have	 distinct	 biochemical	 requirements.	 TOP1	 and	 TOP1MT	 are	 the	 simplest,
nicking/closing	and	relaxing	DNA	as	monomers	 in	 the	absence	of	cofactor,	and	even	at	 ice	 temperature.	TOP2
enzymes,	 on	 the	 other	 hand,	 are	 the	 most	 complex	 topoisomerases	 working	 as	 dimers,	 requiring	 adenosine
triphosphate	(ATP)	binding	and	hydrolysis,	and	a	divalent	metal	(Mg2+)	for	catalysis.	TOP3	enzymes	also	require
Mg2+	 for	catalysis	but	 function	as	monomers	without	ATP	requirement.	Notably,	 the	DNA	substrates	differ	 for
TOP3	enzymes.	Whereas	both	TOP1	and	TOP2	process	double-stranded	DNA,	the	TOP3	substrates	need	to	be
single-stranded	nucleic	acids	(DNA	for	TOP3α	and	RNA	for	TOP3β).7–9

Differential	Topoisomerization	Mechanisms:	Swiveling	versus	Strand	Passage,
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DNA	versus	RNA	Topoisomerases
Topoisomerases	use	two	main	mechanisms	to	change	nucleic	acid	topology.	The	first	is	by	“untwisting”	the	DNA
duplex.	This	mechanism	is	unique	to	TOP1,	which	by	an	enzyme-associated	single-strand	break	allows	the	broken
strand	to	rotate	around	the	intact	strand	(see	Fig.	23.1B)	until	DNA	supercoiling	is	dissipated.	At	this	point,	the
stacking	 energy	 of	 adjacent	 DNA	 bases	 realigns	 the	 broken	 ends,	 and	 the	 5′-hydroxyl	 end	 attacks	 the	 3′-
phosphotyrosyl	end,	thereby	religating	the	DNA.	A	remarkable	feature	of	this	TOP1	untwisting	mechanism	is	its
extreme	 efficiency,	 with	 a	 rotation	 speed	 around	 6000	 rpm	 and	 relative	 independence	 from	 torque,	 thereby
allowing	full	relaxation	of	DNA	supercoiling.10

The	second	topologic	mechanism	is	by	“strand	passage.”	This	mechanism	allows	the	passage	of	a	double-	or	a
single-stranded	DNA	 (or	RNA)	 through	 the	 cleavage	 complexes.	TOP2α	 and	TOP2β	both	 act	 by	 allowing	 the
passage	of	an	 intact	DNA	duplex	through	the	DNA	double-strand	break	generated	by	the	enzymes,	after	which
TOP2	 religates	 the	 broken	 duplex.	 Such	 reactions	 permit	 DNA	 decatenation,	 unknotting,	 and	 relaxation	 of
supercoils.1	TOP3	enzymes	also	act	by	strand	passage	but	only	pass	one	nucleic	acid	strand	through	the	single-
strand	break	generated	by	 the	enzymes.	 In	 the	case	of	TOP3α,	 the	 substrate	 is	a	 single-stranded	DNA	segment
(such	as	a	double-Holliday	junction),	whereas	in	the	case	of	TOP3β,	the	substrate	can	be	a	single-stranded	RNA
segment,	with	TOP3β	acting	as	a	RNA	topoisomerase.7

TOPOISOMERASE	INHIBITORS	AS	INTERFACIAL	POISONS
Topoisomerase	Inhibitors	Act	as	Interfacial	Inhibitors	by	Binding	at	the
Topoisomerase–DNA	Interface	and	Trapping	Topoisomerase	Cleavage
Complexes
Religation	 of	 the	 cleavage	 complexes	 is	 dependent	 on	 the	 structure	 of	 the	 ends	 of	 the	 broken	 DNA	 (i.e.,	 the
realignment	of	 the	broken	ends).	Binding	of	 the	drugs	at	 the	enzyme–DNA	 interface	misaligns	 the	ends	of	 the
DNA	 and	 precludes	 religation,	 resulting	 in	 the	 stabilization	 of	 the	 topoisomerase	 cleavage	 complexes
(topoisomerase	 I	 cleavage	 complex	 [TOP1cc]	 and	 topoisomerase	 II	 cleavage	 complex	 [TOP2cc]).	 Crystal
structures	of	drug-bound	cleavage	complexes	have	firmly	established	this	mechanism	for	both	TOP1-	and	TOP2-
targeted	drugs.11

TABLE	23.1
Classification	of	Human	Topoisomerases	and	Topoisomerase	Inhibitors

Type Polaritya Mechanism Genes Proteins Main	Functions Drugsb

IB 3′-PY Rotation
Swiveling

TOP1 TOP1 DNA	supercoiling	relaxation Camptothecins	(irinotecan,
topotecan)
Indenoisoquinolines
(LMP400,	LMP776,	LMP744)

TOP1MT TOP1MT Replication	and	transcription

IIA 5′-PY Strand
passage
ATPase

TOP2A TOP2α Decatenation/replication Anthracyclines	(doxorubicin,
daunorubicin,	idarubicin)
Mitoxantrone
Epipodophyllotoxins
(etoposide,	teniposide)

TOP2B TOP2β Transcription

IA 5′-PY Strand
passage

TOP3A TOP3α DNA	replication	with	BLM None

TOP3B TOP3β RNA	topoisomerase
a	3′-PY,	covalent	linkage	of	the	catalytic	tyrosine	of	the	topoisomerase	to	the	3′	end	of	the	DNA	break	made	by	the	topoisomerase;
5′-PY,	covalent	linkage	of	the	catalytic	tyrosine	of	the	topoisomerase	to	the	5′	end	of	the	DNA	break	made	by	the	topoisomerase.
b	Drug	classes	are	set	in	bold.
TOP1,	topoisomerase	I;	TOP1MT,	mitochondrial	topoisomerase	I;	TOP2α,	topoisomerase	IIα;	TOP2α,	topoisomerase	IIβ;	TOP3α,
topoisomerase	IIIα;	BLM,	Bloom	syndrome	helicase;	TOP3α,	topoisomerase	IIIβ.

It	is	critical	to	understand	that	the	cytotoxic	mechanism	of	topoisomerase	inhibitors	requires	the	drugs	to	trap
the	topoisomerase	cleavage	complexes	rather	than	block	catalytic	activity.	This	sets	apart	topoisomerase	inhibitors
from	 classical	 enzyme	 inhibitors	 such	 as	 antifolates.	 Indeed,	 knocking	 out	 TOP1	 renders	 yeast	 cells	 totally



immune	to	camptothecin,12,13	and	reducing	enzyme	levels	in	cancer	cells	confers	drug	resistance.	Conversely,	in
breast	 cancers,	 amplification	 of	TOP2A,	 which	 is	 on	 the	 same	 locus	 as	 HER2,	 contributes	 to	 the	 efficacy	 of
doxorubicin.14	In	addition,	cellular	mutations	of	TOP1	and	TOP2	that	render	cells	insensitive	to	the	trapping	of
topoisomerase	 cleavage	 complexes	 produce	 high	 resistance	 to	 TOP1	 or	 TOP2	 inhibitors.2,15	 Based	 on	 this
trapping	 of	 cleavage	 complexes	 mechanism,	 we	 refer	 to	 topoisomerase	 inhibitors	 as	 topoisomerase	 cleavage
complex–targeted	drugs.

TOP1cc-Targeted	Drugs	(Camptothecin	and	Indenoisoquinoline	Derivatives)
Kill	Cancer	Cells	by	Replication	Collisions
TOP1cc	are	cytotoxic	by	their	conversion	into	DNA	damage	by	replication	and	transcription	fork	collisions.	This
explains	why	cytotoxicity	 is	directly	 related	 to	drug	exposure	and	why	arresting	DNA	replication	protects	cells
from	camptothecin.16,17	The	collisions	arise	because	 the	drugs,	by	slowing	down	the	nicking-closing	activity	of
TOP1,	uncouple	the	kinetics	of	TOP1	with	the	polymerases	and	helicases,	which	leads	polymerases	to	collide	into
TOP1cc	(Fig.	23.2A).	 Such	 collisions	 have	 two	 consequences.	They	 generate	 double-strand	 breaks	 (replication
and	transcription	runoff)	and	irreversible	TOP1–DNA	adducts	(Fig.	23.2B).	The	replication	double-strand	breaks
are	repaired	by	homologous	recombination,	which	explains	the	hypersensitivity	of	BRCA-deficient	cancer	cells	to
TOP1cc-targeted	drugs.18	The	TOP1-covalent	complexes	can	be	removed	by	two	pathways,	the	excision	pathway
centered	 around	 tyrosyl-DNA-phosphodiesterase	 1	 (TDP1)19	 and	 the	 endonuclease	 pathway	 involving	 3′-flap
endonucleases	 such	 as	 XPF-ERCC1.19,20	 It	 is	 also	 possible	 that	 drug-trapped	 TOP1cc	 directly	 generate	 DNA
double-strand	breaks	when	they	are	within	10	base	pairs	on	opposite	strands	of	the	DNA	duplex,	when	they	occur
next	 to	 a	 preexisting	 single-strand	 break	 on	 the	 opposite	 strand,	 or	 when	 TOP1	 generates	 a	 nick	 in
misincorporated	ribonucleotides	in	the	genome	(Fig.	23.2C).1,21	Finally,	it	is	not	excluded	that	topologic	defects
contribute	to	the	cytotoxicity	of	TOP1cc-targeted	drugs	(accumulation	of	supercoils22	and	formation	of	alternative
structures	such	as	R-loops)	(Fig.	23.2D).23

Figure	23.1	Mechanisms	of	action	of	topoisomerases.	A–C:	Topoisomerases	I	(TOP1	for	nuclear
DNA	and	TOP1MT	for	mitochondrial	DNA)	relax	supercoiled	DNA	(A)	by	reversibly	cleaving	one
DNA	strand,	forming	a	covalent	bond	between	the	enzyme	catalytic	tyrosine	and	the	3′	end	of	the
nicked	DNA	(the	TOP1	cleavage	complex	[TOP1cc])	(B).	This	reaction	allows	the	swiveling	of	the
broken	strand	around	the	intact	strand.	Rapid	religation	allows	the	dissociation	of	TOP1.	D–F:
Topoisomerases	II	(TOP2α	and	TOP2β)	act	on	two	DNA	duplexes	(A).	They	act	as	homodimers,
cleaving	both	strand,	forming	a	covalent	bond	between	their	catalytic	tyrosine	and	the	5′	end	of	the
DNA	break	(TOP2	cleavage	complex	[TOP2cc])	(E).	This	reaction	allows	the	passage	of	the	intact



Dr. AVR @ TMH

duplex	through	the	TOP2	homodimer	(red	dotted	arrow)	(E).	TOP2	inhibitors	trap	the	TOP2cc	and
prevent	the	normal	religation	(F).

Figure	23.2	Mechanisms	of	action	of	topoisomerase	inhibitors	beyond	the	trapping	of
topoisomerase	cleavage	complexes.	A:	Stalled	or	slow	cleavage	complexes	lead	to	collisions	with
replication	and	transcription	complexes.	B:	Collisions	of	replication	complexes	with	topoisomerase
I	cleavage	complex	(TOP1cc)	on	the	leading	strand	for	DNA	synthesis	generate	DNA	double-strand
breaks	(DSBs)	by	“replication	runoff.”	C:	topoisomerase	II	cleavage	complex	(TOP2cc),	which	are

normally	held	together	by	TOP2	homodimers,	can	be	converted	to	free	DSBs	upon	TOP2cc
proteolysis	or	dimer	disjunction.	TOP1cc	can	also	form	DNA	DSBs	when	they	occur	opposite	to
another	TOP1cc	or	preexisting	nick.	D:	Topologic	defects	resulting	from	functional	topoisomerase

deficiencies	play	a	minor	role	in	the	anticancer	activity	of	topoisomerase	cleavage	complex–
targeted	drugs.	tyrosyl-DNA-phosphodiesterase	1,	TDP1.

Cytotoxic	Mechanisms	of	TOP2cc-Targeted	Drugs	(Intercalators	and
Demethylepipodophyllotoxins)
Contrary	 to	camptothecins,	TOP2	 inhibitors	kill	cancer	cells	without	 requiring	DNA	replication	 fork	collisions.
Indeed,	 even	after	30-minute	exposure,	doxorubicin	and	other	TOP2cc-targeted	drugs	can	kill	over	99%	of	 the
cells,	which	 is	 in	 vast	 excess	 of	 the	 fraction	 of	 S-phase	 cells	 in	 tissue	 culture	 (generally	 less	 than	 50%).	 The
collision	mechanism	in	the	case	of	TOP2cc-targeted	drugs	(see	Fig.	23.2A)	appears	to	involve	transcription	and
proteolysis	of	both	TOP2	and	RNA	polymerase	II.24	Such	situation	would	then	lead	to	DNA	double-strand	breaks
by	disruption	of	the	TOP2	dimer	interface	(see	Fig.	23.2C).	Alternatively,	the	TOP2	homodimer	interface	could
be	disjoined	by	mechanical	 tension	 (see	Fig.	23.2C).	Yet,	 it	 is	 important	 to	 bear	 in	mind	 that	 90%	of	TOP2cc
trapped	by	etoposide	are	not	concerted	and	therefore	consist	in	single-strand	breaks,25–27	which	is	different	from
doxorubicin,	which	traps	both	TOP2	monomers	and	produces	a	majority	of	DNA	double-strand	breaks.28	Finally,
it	 is	 not	 excluded	 that	 topologic	 defects	 resulting	 from	 TOP2	 sequestration	 by	 the	 drug-induced	 cleavage
complexes	 and	 deficiency	 at	 required	 functional	 sites	 could	 contribute	 to	 the	 cytotoxicity	 of	 TOP2cc-targeted
drugs	 (see	 Fig.	 23.2D).	 Such	 topologic	 defect	 would	 include	 persistent	 DNA	 knots	 and	 catenanes,	 potentially
leading	to	chromosome	breaks	during	mitosis.



TOPOISOMERASE	I	INHIBITORS:	CAMPTOTHECINS	AND	BEYOND
Camptothecin	 is	 an	 alkaloid	 identified	 in	 the	 1960s	 by	 Wall	 and	 Wani29	 in	 a	 screen	 of	 plant	 extracts	 for
antineoplastic	 drugs.	The	 two	water-soluble	 derivatives	 of	 camptothecin	 containing	 the	 active	 lactone	 form	are
topotecan	and	irinotecan	and	are	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	the	treatment	of
several	cancers.	In	addition,	several	TOP1cc-targeting	drugs	are	in	clinical	development,	including	camptothecin
derivatives	and	formulations	(including	high-molecular-weight	conjugates	or	liposomal	formulations),	as	well	as
noncamptothecin	compounds	that	exhibit	greater	potency	or	non–cross-resistance	to	irinotecan	and	topotecan	in
preclinical	cancer	models.26,30,31

Irinotecan
Irinotecan,	 a	 prodrug	 containing	 a	 bulky	 dipiperidino	 side	 chain	 at	 C-10	 (Fig.	 23.3A),	 is	 cleaved	 by	 a
carboxylesterase-converting	enzyme	in	the	liver	and	other	tissues	to	generate	the	active	metabolite,	SN-38.	SN-38
is	 glucuronidated	 by	 hepatic	 uridine	 diphosphate	 glucuronosyltransferase-1A1	 (UDP-GT	 1A1)	 to	 SN-38-
glucuronide	(SN-38G).	Irinotecan	is	FDA	approved	for	the	treatment	of	colorectal	cancer	in	the	metastatic	setting
as	 first-line	 treatment	 in	 combination	with	 5-fluorouracil	 (5-FU)/leucovorin	 (LV)	 and	 as	 a	 single	 agent	 in	 the
second-line	 treatment	 of	 progressive	 colorectal	 cancer	 after	 5-FU–based	 therapy	 (see	 Table	 23.1).32,33	 Newer
therapeutic	uses	of	irinotecan	include	combination	with	oxaliplatin	and	5-FU	as	first-line	treatment	in	pancreatic
cancer.34	Irinotecan	is	additionally	used	in	combination	with	cisplatin	or	carboplatin	in	extensive-stage	small-cell
lung	cancer35–37	 as	well	 as	 refractory	 esophageal	 and	 esophagogastric	 junction	 cancers,	 gastric	 cancer,	 cervical
cancer,	anaplastic	gliomas	and	glioblastomas,	and	non–small-cell	lung	cancer	(Table	23.2).	Irinotecan	is	usually
administered	 intravenously	at	a	dose	of	125	mg/m2	 for	4	weeks	with	a	2-week	 rest	period	 in	combination	with
bolus	5-FU/LV,	180	mg/m2	every	2	weeks	in	combination	with	infusional	5-FU/LV,	or	350	mg/m2	every	3	weeks
as	a	single	agent.

Figure	23.3	Structure	of	topoisomerase	inhibitors.	A:	Camptothecin	derivatives	are	instable	at
physiologic	pH	with	formation	of	a	carboxylate	derivative	within	minutes.	Irinotecan	is	a	prodrug
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and	needs	to	be	converted	to	SN-38	to	trap	topoisomerase	I	cleavage	complex	(TOP1cc).	B:
Noncamptothecin	indenoisoquinoline	derivatives	in	clinical	trials.	C:	Anthracycline	derivatives.	D:
Demethylepipodophyllotoxin	derivatives.	E:	Other	intercalating	topoisomerase	II	(TOP2)	inhibitors
acting	by	trapping	topoisomerase	II	cleavage	complex	(TOP2cc).	F:	Structure	of	dexrazoxane,

which	acts	as	a	catalytic	inhibitor	of	TOP2.

Diarrhea	and	myelosuppression	are	the	most	common	toxicities	associated	with	irinotecan.	Two	mechanisms
explain	irinotecan-induced	diarrhea.	Acute	cholinergic	effects	resulting	in	abdominal	cramping	and	diarrhea	occur
within	24	hours	of	drug	administration	(“early	diarrhea”),	are	the	result	of	acetylcholinesterase	inhibition	by	the
prodrug,	and	can	be	treated	with	atropine.	Direct	mucosal	cytotoxicity	from	free	intestinal	luminal	SN-38	or	SN-
38G	deconjugation	(by	bacterial	β-glucuronidase	back	to	SN-38)	underlies	diarrhea	that	occurs	after	24	hours	of
irinotecan	administration	 (“late	diarrhea”).	SN-38	can	 induce	apoptosis	 and	hypoproliferation	 in	both	 the	 small
and	large	intestines	and	causes	colonic	damage	with	changes	in	goblet	cells	and	mucin	secretion.38	Symptoms	are
managed	with	loperamide	or,	 if	severe,	with	the	addition	of	diphenoxylate/atropine	and	opium	tincture.	Hepatic
metabolism	 and	 biliary	 excretion	 account	 for	 >70%	 of	 the	 elimination	 of	 the	 administered	 dose,	 with	 renal
excretion	 accounting	 for	 the	 remainder	 of	 the	 dose.	 SN-38	 is	 glucuronidated	 in	 the	 liver	 by	 UGT1A1,	 and
deficiencies	 in	 this	 pathway	 increase	 the	 risk	 of	 diarrhea	 and	 myelosuppression.	 Dose	 reductions	 are
recommended	for	patients	who	are	homozygous	for	the	UGT1A1*28	allele,	for	which	an	FDA-approved	test	for
detection	 is	available.36,39	 In	addition,	dose	 reductions	of	 irinotecan	are	 recommended	 for	patients	with	hepatic
dysfunction,	with	bilirubin	greater	than	1.5	mg/mL.40

Topotecan
Topotecan	 contains	 a	 basic	 side	 chain	 at	 position	 C-9	 that	 enhances	 its	 water	 solubility	 (see	 Fig.	 23.3A).
Topotecan	is	approved	for	the	treatment	of	ovarian	cancer41	and	small-cell	lung	cancer42	as	a	single	agent	and	in
combination	 with	 cisplatin	 for	 cervical	 cancer.43	 In	 addition,	 it	 is	 active	 in	 acute	 myeloid	 leukemia	 and
myelodysplastic	syndrome	(see	Table	23.2).	Topotecan	is	administered	intravenously	as	a	single	agent	at	a	dose	of
1.5	mg/m2	as	a	30-minute	infusion	daily	for	5	days	followed	by	a	2-week	period	of	rest	for	the	treatment	of	solid
tumors	or	at	a	dose	of	0.75	mg/m2	as	a	30-minute	infusion	daily	for	3	days	in	combination	with	cisplatin	on	day	1,
every	 3	 weeks,	 for	 the	 treatment	 of	 cervical	 cancer.	 Oral	 topotecan	 (2.3	 mg/m2/d	 orally	 once	 daily	 for	 5
consecutive	 days	 repeated	 every	 21	 days)	 has	 shown	 activity	 and	 tolerability	 similar	 to	 the	 intravenous
formulation	in	small-cell	lung	cancer	patients.

TABLE	23.2
U.S.	Food	and	Drug	Administration–Approved	Camptothecin	Analogs

Compound Tumor	Type Clinical	Indication Major	Toxicities
Irinotecan	(Camptosar) FDA	approved	for:

Metastatic	colorectal	cancer
	
	
	
	
Category	2A
recommendations:	Pancreatic
cancer
Extensive-stage	small-cell
lung	cancer

	
First-line	therapy	in
combination	with	5-FU/LV
	
	
Second-line	therapy	as	a
single	agent
	
	
First-line	therapy	in
combination	with	oxaliplatin,
5-FU/LV
First-line	therapy	in
combination	with	cisplatin	or
carboplatin

	
Diarrhea	(dose	reductions	are
recommended	for	patients
who	are	homozygous	for	the
UGT1A1*28	allele)
Myelosuppression

Category	2B	recommendations:	esophageal	and
gastroesophageal	junction	cancers,	gastric	cancer,	cervical
cancer,	anaplastic	gliomas	and	glioblastomas,	non–small-cell
lung	cancer,	ovarian	cancer

Topotecan	(Hycamtin) FDA	approved	for: 	 	



Cervical	cancer
	
	
	
Ovarian	cancer
Small-cell	lung	cancer

Stage	IVB,	recurrent,	or
persistent	carcinoma	of	the
cervix	not	amenable	to
curative	treatment	with
surgery	and/or	radiation
therapy
After	failure	of	initial	therapy
After	failure	of	initial	therapy

Myelosuppression

Class	2B	recommendations:	AML,	MDS
Category	 2A:	 Recommendations	 are	 based	 on	 lower	 level	 evidence;	 there	 is	 uniform	National	 Comprehensive	Cancer	 Network
consensus	that	the	intervention	is	appropriate.
Category	2B:	Recommendations	are	based	on	lower	level	evidence;	there	is	National	Comprehensive	Cancer	Network	consensus
that	the	intervention	is	appropriate.
FDA,	U.S.	Food	and	Drug	Administration;	5-FU,	5-fluorouracil;	LV,	leucovorin;	AML,	acute	myeloid	leukemia;	MDS,	myelodysplastic
syndrome.

Myelosuppression	 is	 the	 most	 common	 dose-limiting	 toxicity.	 Extensive	 prior	 radiation	 or	 previous	 bone
marrow–suppressive	 chemotherapy	 increases	 the	 risk	 of	 topotecan-induced	 myelosuppression.	 Other	 toxicities
include	nausea,	vomiting,	diarrhea,	fatigue,	alopecia,	and	transient	hepatic	transaminitis.

Topotecan	and	its	metabolites	are	primarily	cleared	by	the	kidneys,	requiring	dose	reduction	in	patients	with
renal	dysfunction.	A	50%	dose	reduction	is	recommended	for	patients	with	moderate	renal	impairment	(creatinine
clearance	 20	 to	 39	 mL/min).	 Topotecan	 also	 penetrates	 the	 blood–brain	 barrier,	 achieving	 concentrations	 in
cerebrospinal	fluid	that	are	approximately	30%	that	of	plasma	levels.44

Camptothecin	Conjugates	and	Analogs
New	formulations	of	camptothecin	conjugates	and	analogs	are	currently	 in	clinical	development	 to	 improve	 the
therapeutic	 index	 (Table	 23.3).	 The	 development	 of	 camptothecin	 conjugates	 is	 based	 on	 the	 notion	 that	 the
addition	of	a	bulky	conjugate	would	allow	for	a	more	consistent	delivery	and	extend	the	half-life	of	the	molecule.

CRLX101,	formerly	IT-101,	a	covalent	cyclodextrin-polyethylene	glycol	copolymer	camptothecin	conjugate,
has	 plasma	 concentrations	 and	 area	 under	 the	 curve	 (AUC)	 that	 are	 approximately	 100-fold	 higher	 than
camptothecin,	with	 a	half-life	 in	 the	 range	of	17	 to	20	hours	 compared	 to	1.3	hours	 for	 camptothecin.45	 It	 has
demonstrated	antitumor	activity	in	preclinical	studies	in	irinotecan-resistant	tumors	in	human	non–small-cell	lung
cancer,	Ewing	sarcoma,	and	lymphoma	xenograft	models.46	Preliminary	data	from	phase	I	studies	indicated	that
CRLX101	is	well	tolerated	at	a	dose	of	15	mg/m2	administered	in	a	biweekly	schedule.47	It	is	currently	in	phase	II
studies	as	a	single	agent	and	in	combination	with	chemotherapeutic	agents	in	lung	cancer,	renal	cell	cancer,	and
gynecologic	malignancies.

Etirinotecan	pegol	 (NKTR-102),	 an	 irinotecan	polymer	conjugate,	has	a	 longer	plasma	circulation	 time	with
lower	 maximum	 concentration	 of	 SN-38	 compared	 with	 irinotecan.	 It	 was	 evaluated	 in	 a	 phase	 II	 study	 in
platinum-resistant	 refractory	epithelial	ovarian	cancer	at	a	dose	of	145	mg/m2	administered	on	an	every	21-day
schedule;	 median	 progression-free	 survival	 of	 5.3	 months	 and	 median	 overall	 survival	 of	 11.7	 months	 were
observed.48	Two	schedules	of	administration	(145	mg/m2	administered	every	14	days	versus	every	21	days)	have
been	tested	in	a	phase	II	study	of	etirinotecan	pegol	in	patients	with	previously	treated	metastatic	breast	cancer.49
Of	 the	 70	 patients	 evaluated	 in	 this	 study,	 20	 patients	 achieved	 an	 objective	 response	 (29%;	 95%	 confidence
interval	 [CI],	 18.4%	 to	 40.6%).	 In	 both	 of	 these	 studies,	 the	 most	 common	 adverse	 events	 on	 the	 21-day
administration	 schedule	were	 dehydration	 and	 diarrhea.	However,	 in	 a	 randomized	 phase	 III	 study	 (BEACON
trial),	 there	was	 no	 significant	 difference	 in	 overall	 survival	 between	 patients	who	 received	 etirinotecan	 pegol
versus	 those	 who	 received	 single-drug	 treatment	 of	 physician’s	 choice	 (median	 overall	 survival,	 12.4	 months
versus	10.3	months;	P	=	.084).50	 In	 this	 trial,	among	patients	with	brain	metastases	 (n	=	67),	etirinotecan	pegol
was	associated	with	a	significant	reduction	in	the	risk	of	death	(hazard	ratio	[HR],	0.51;	P	<	.01)	compared	with
single-drug	 treatment	 of	 physician’s	 choice.51	A	 phase	 III	 trial	 comparing	 etirinotecan	 pegol	with	 treatment	 of
physician’s	choice	is	under	way.

TABLE	23.3
Topoisomerase	I	Inhibitors	in	Development

Camptothecin	Conjugates
Camptothecin	Analogs Noncamptothecin	Agents
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CRLX101
NKTR-102

Belotecan Indenoisoquinoline
Indotecan	(LMP	400)
Indimitecan	(LMP	776)

	 Gimatecan Dibenzo	naphthyridine
Genz-644282

	 Homocamptothecin
Elomotecan
Diflomotecan

	

NKTR-102,	etirinotecan	pegol.

Nanoliposomal	 irinotecan	 (Onivyde;	 MM-398)	 comprises	 irinotecan	 freebase	 encapsulated	 in	 liposome
nanoparticles.	The	liposome	is	designed	to	keep	irinotecan	in	the	circulation	and	shelter	it	from	conversion	to	its
active	 metabolite	 SN-38	 longer	 than	 free	 (unencapsulated)	 irinotecan.52	 This	 could	 increase	 and	 prolong
intratumoral	levels	of	both	irinotecan	and	SN-38	compared	with	free	irinotecan.	In	the	phase	III	NAPOLI-1	study,
417	 patients	with	 progressive	 pancreatic	 cancer	 after	 gemcitabine-based	 treatment	were	 randomized	 to	 receive
nanoliposomal	irinotecan	plus	5-FU	and	folinic	acid,	nanoliposomal	irinotecan	monotherapy,	or	5-FU	and	folinic
acid.52	The	median	overall	survival	in	patients	who	received	nanoliposomal	irinotecan	plus	5-FU	and	folinic	acid
was	6.1	months	versus	4.2	months	with	5-FU	and	 folinic	 acid.	Median	overall	 survival	 did	not	 differ	 between
patients	 who	 received	 nanoliposomal	 irinotecan	 monotherapy	 and	 those	 allocated	 to	 5-FU	 and	 folinic	 acid.
Nanoliposomal	 irinotecan	 in	 combination	 with	 5-FU	 and	 LV	 is	 approved	 for	 the	 treatment	 of	 patients	 with
metastatic	 adenocarcinoma	of	 the	 pancreas	 after	 disease	 progression	 following	 gemcitabine-based	 therapy.	The
recommended	dose	of	nanoliposomal	irinotecan	is	70	mg/m2	intravenous	infusion	over	90	minutes	every	2	weeks.

As	 an	 alternative	 to	 macromolecular	 conjugates,	 attempts	 have	 also	 been	 made	 to	 alter	 the	 camptothecin
pentacyclic	 ring	 structure	 with	modifications	 of	 the	 A	 and	 B	 ring	 (see	 Fig.	 23.3A)	 to	 improve	 solubility	 and
enhance	antitumor	activity.	Structure–activity	relationship	studies	have	shown	that	substitutions	at	the	7,	9,	and	10
positions	serve	to	enhance	antitumor	activity	of	camptothecin.53	Belotecan	has	a	water-solubilizing	group	at	the	7
position	 of	 the	 B	 ring	 of	 camptothecin	 (see	 Fig.	 23.3A).	 Several	 phase	 II	 studies	 have	 evaluated	 belotecan	 in
combination	with	 carboplatin	 in	 recurrent	 ovarian	 cancer	 and	 in	 combination	with	 cisplatin	 in	 extensive-stage
small-cell	 lung	cancer,54	 demonstrating	 activity	 in	 these	 cancers;	 however,	 these	 combinations	were	 associated
with	 prominent	 hematologic	 toxicities.	 Phase	 II	 studies	 evaluating	 belotecan	 as	 a	 single	 agent	 in	 patients	with
recurrent	or	progressive	carcinoma	of	the	uterine	cervix	failed	to	show	activity.55	Gimatecan	is	a	lipophilic	oral
camptothecin	analog	(see	Fig.	23.3A).	Pharmacokinetic	studies	demonstrate	that	gimatecan	is	primarily	present	in
plasma	 as	 the	 lactone	 form	 (>85%)	 and	 has	 a	 long	 half-life	 of	 77.1	 ±	 29.6	 hours,	with	 increase	 in	maximum
concentration	(Cmax)	and	AUC	of	three-	to	sixfold	after	multiple	dosing.56	Phase	II	studies	show	that	gimatecan
has	demonstrated	activity	in	previously	treated	ovarian	cancer,	with	myelosuppression	as	the	main	toxicity.57

Noncamptothecin	Topoisomerase	I	Inhibitors
Noncamptothecin	TOP1	 inhibitors	 in	 clinical	 development	 are	 the	 indenoisoquinolines	 (see	 Fig.	 23.3B).	 Three
indenoisoquinoline	derivatives	are	currently	in	clinical	development,	indotecan	(LMP400),	imidotecan	(LMP776),
and	LMP744.31,58,59	Early	in	vitro	studies	show	enhanced	potency	compared	with	camptothecins	and	persistence
of	 TOP1	 cleavage	 complexes.60	 A	 phase	 I	 trial	 established	 the	 maximum	 tolerated	 dose	 of	 indotecan	 in	 two
different	 schedules—weekly	 and	 daily	 administration.59	 Pharmacokinetics	 profiles	 demonstrated	 a	 prolonged
terminal	 half-life	 and	 tissue	 accumulation	 compared	 to	 topotecan.	 Dose-limiting	 toxicities	 were	 nausea	 and
myelosuppression.

TOPOISOMERASE	II	INHIBITORS:	INTERCALATORS	AND
NONINTERCALATORS
TOP2	 inhibitors	 can	 be	 classified	 as	DNA	 intercalators,	which	 encompass	 different	 chemical	 classes	 (see	 Fig.
23.3C,E),	and	nonintercalators	represented	by	the	epipodophyllotoxin	derivatives	(see	Fig.	23.3D).	Although	both
act	by	trapping	TOP2	cleavage	complexes	(TOP2cc)	(see	Fig.	23.1E),	DNA	intercalators	exhibit	a	second	effect
as	 drug	 concentrations	 increase	 above	 low	 micromolar	 values:	 They	 block	 the	 formation	 of	 TOP2cc	 by
intercalating	into	DNA	and	destabilizing	the	binding	of	TOP2	to	DNA.	This	explains	why	anthracyclines	(see	Fig.
23.3C)	trap	TOP2α	and	TOP2β	over	a	relatively	narrow	concentration	range	and	why	intercalators	have	additional



effects	 besides	 trapping	 TOP2cc,	 namely	 inhibition	 of	 a	 broad	 range	 of	 DNA-processing	 enzymes	 including
helicases,	polymerase,	and	nucleosome	destabilization.61

Doxorubicin
Doxorubicin	and	daunorubicin	were	the	first	anthracyclines	discovered	in	the	1960s	and	remain	among	the	most
widely	used	anticancer	agents	over	a	broad	spectrum	of	malignancies.	Although	doxorubicin	only	differs	by	one
hydroxyl	 substitution	on	position	14	 (see	Fig.	23.3C),	 doxorubicin	has	 a	much	broader	 anticancer	 activity	 than
daunorubicin.	Anthracyclines	are	natural	products	derived	 from	Streptomyces	peucetius	variation	caesius.	 They
were	 found	 to	 target	TOP2	well	 after	 their	 clinical	 approval.62,63	 Subsequent	 searches	 for	 less	 toxic	 drugs	 and
formulations	led	to	the	approval	of	liposomal	doxorubicin,	idarubicin,	and	epirubicin.

Anthracyclines	are	flat,	planar,	and	relatively	hydrophobic	(see	Fig.	23.3C).	Their	quinone	structure	enhances
the	 catalysis	 of	 oxidation-reduction	 reactions,	 thereby	promoting	 the	 generation	of	 oxygen	 free	 radicals,	which
may	be	involved	in	antitumor	effects	as	well	as	the	cardiotoxicity	associated	with	these	drugs.64,65	In	fact,	recent
studies	 have	 linked	 the	 cardiotoxicity	 of	 doxorubicin	 to	 the	 poisoning	 of	 TOP2β.66,67	 Anthracyclines	 are	 also
substrates	for	P-glycoprotein	(encoded	by	ABCB1)	and	Mrp-1	(encoded	by	ABCC1),	and	drug	efflux	 is	a	major
drug	resistance	determinant.68,69

Doxorubicin	is	available	in	a	standard	salt	form	and	as	a	liposomal	formulation.	FDA-labeled	indications	for
standard	 doxorubicin	 include	 acute	 lymphoid	 leukemia,	 acute	 myeloid	 leukemia,	 chronic	 lymphoid	 leukemia,
Hodgkin	 lymphoma,	 non-Hodgkin	 lymphoma,	 mantle	 cell	 lymphoma,	 multiple	 myeloma,	 mycosis	 fungoides,
Kaposi	 sarcoma,	 breast	 cancer	 (adjuvant	 therapy	 and	 advanced),	 advanced	 prostate	 cancer,	 advanced	 gastric
cancer,	Ewing	sarcoma,	thyroid	cancer,	advanced	nephroblastoma,	advanced	neuroblastoma,	advanced	non–small-
cell	 lung	 cancer,	 advanced	 ovarian	 cancer,	 advanced	 transitional	 cell	 bladder	 cancer,	 cervical	 cancer,	 and
Langerhans	 cell	 tumors.	Doxorubicin	 has	 activity	 in	 other	malignancies	 as	well,	 including	 soft	 tissue	 sarcoma,
osteosarcoma,	carcinoid,	and	liver	cancer	(Table	23.4).	Doxorubicin	is	typically	administered	at	a	recommended
dose	of	30	to	75	mg/m2	every	3	weeks	intravenously.

Major	 acute	 toxicities	 of	 doxorubicin	 include	myelosuppression,	mucositis,	 alopecia,	 nausea,	 and	 vomiting.
Myelosuppression	 is	 the	 acute	 dose-limiting	 toxicity.	 Other	 toxicities,	 including	 diarrhea,	 nausea,	 vomiting,
mucositis,	 and	 alopecia,	 are	dose	 and	 schedule	 related.	Prophylactic	 antiemetics	 are	 routinely	given	with	bolus
doses	of	doxorubicin,	and	longer	infusions	are	associated	with	less	nausea	and	less	cardiotoxicity.	Patients	should
also	be	warned	 to	 expect	 their	urine	 to	 redden	after	drug	administration.	Doxorubicin	 is	 a	potent	vesicant,	 and
extravasation	can	lead	to	severe	necrosis	of	skin	and	local	tissues,	requiring	surgical	debridement	and	skin	grafts.
Infusions	 via	 a	 central	 venous	 catheter	 are	 recommended.	 Other	 toxicities	 of	 doxorubicin	 include	 “radiation
recall”	 and	 the	 risk	 of	 developing	 secondary	 leukemia.	Radiation	 recall	 is	 an	 inflammatory	 reaction	at	 sites	of
previous	radiation	and	can	lead	to	pericarditis,	pleural	effusion,	and	skin	rash.	Secondary	leukemias	are	thought	to
be	 a	 result	 of	 balanced	 translocations	 that	 result	 from	 TOP2	 poisoning	 by	 the	 anthracyclines,	 albeit	 to	 lesser
degree	than	other	TOP2	poisons,	such	as	the	epipodophyllotoxins	(see	the	following	text).70,71

TABLE	23.4
U.S.	Food	and	Drug	Administration–Approved	Topoisomerase	II	Inhibitors	in	Clinical	Use

Compound Tumor	Type Clinical	Indication Major	Toxicities
I.	Anthracyclines
Doxorubicin	(Adriamycin) Breast	carcinoma

	
	
	
ALL
AML
Wilms	tumor
Neuroblastoma
Sarcomas
Ovarian	cancer
Transitional	cell	bladder
cancer
Thyroid	cancer

Adjuvant	setting	with	axillary
LN	involvement	following
resection	of	primary	breast
cancer
In	combination	with	other
cytotoxic	agents

Dose-dependent	cardiotoxicity
Myelosuppression
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Gastric	cancer
Hodgkin	lymphoma
Non-Hodgkin	lymphoma

Pegylated	liposomal
doxorubicin	(Doxil)

Ovarian	cancer
	
AIDS-related	Kaposi	sarcoma
	
Multiple	myeloma

After	failure	of	platinum-based
chemotherapy
After	failure	of	prior	systemic
chemotherapy
In	combination	with
bortezomib

Myelosuppression
Stomatitis
Hand-foot	syndrome
Dosage	reduction
recommended	with	hepatic
dysfunction

Daunorubicin	(Cerubidine) ALL
AML

Induction	therapy Dose-dependent	cardiotoxicity
Myelosuppression

Epirubicin	(Ellence) Breast	cancer Adjuvant	therapy	in	patients
with	evidence	of	axillary	node
tumor	involvement	following
primary	resection

Dose-dependent	cardiotoxicity
Myelosuppression

Idarubicin	(Idamycin) AML Induction	therapy Dose-dependent	cardiotoxicity
Myelosuppression

II.	Anthracenediones
Mitoxantrone	(Novantrone) Prostate	cancer

AML
Hormone-refractory	prostate
cancer

Myelosuppression

Dactinomycin	(Cosmegen) Wilms	tumor
Rhabdomyosarcoma
Ewing	sarcoma
Nonseminomatous	testicular
cancer
Gestational	trophoblastic
neoplasia

	 Myelosuppression

III.	Epipodophyllotoxins
Etoposide	(Vepesid) Small-cell	lung	cancer

Testicular	cancer
First	line	in	combination
First	line	in	combination

Myelosuppression

Teniposide	(Vumon) Pediatric	lymphoblastic
leukemia

Refractory	setting Myelosuppression

LN,	lymph	node;	ALL,	acute	lymphoblastic	leukemia;	AML,	acute	myeloid	leukemia.

Anthracyclines	are	cleared	mainly	by	metabolism	to	less	active	forms	and	by	biliary	excretion.	Less	than	10%
of	 the	 administered	 dose	 is	 cleared	 by	 the	 kidneys.	Dose	 reductions	 should	 be	made	 in	 patients	with	 elevated
plasma	bilirubin.	Doxorubicin	should	be	dose	reduced	by	50%	for	plasma	bilirubin	concentrations	ranging	from
1.2	 to	3.0	mg/dL,	dose	 reduced	by	75%	for	values	of	3.1	 to	5.0	mg/dL,	and	withheld	 for	values	greater	 than	5
mg/dL.

Liposomal	Doxorubicin
Doxorubicin	is	also	available	in	a	pegylated	liposomal	form,	which	allows	for	enhancement	of	drug	delivery.	Use
of	 liposomal	doxorubicin	has	been	associated	with	 less	cardiotoxicity	even	at	doses	exceeding	500	mg/m2.72	 In
addition,	 liposomal	 doxorubicin	 produces	 less	 nausea	 and	 vomiting	 and	 relatively	 mild	 myelosuppression
compared	 to	doxorubicin.	Unique	 to	 the	 liposomal	 formulation	 is	 the	 risk	of	hand-foot	 syndrome	and	an	 acute
infusion	 reaction	manifested	 by	 flushing,	 dyspnea,	 edema,	 fever,	 chills,	 rash,	 bronchospasm,	 and	 hypertension.
These	infusion	reactions	are	related	to	the	rate	of	infusion;	therefore,	the	recommended	administration	schedule	is
set	 at	 an	 initial	 rate	 of	 1	mg	 per	minute	 for	 the	 first	 10	 to	 15	minutes.	 The	 rate	may	 be	 slowly	 increased	 to
complete	infusion	over	60	minutes	if	no	reaction	occurs.	Typical	dosing	schedules	include	50	mg/m2	intravenous
infusion	every	4	weeks	for	four	courses	in	ovarian	cancer,	20	mg/m2	intravenous	infusion	every	3	weeks	in	AIDS-
related	Kaposi	sarcoma,	and	30	mg/m2	intravenous	infusion	in	combination	with	bortezomib	to	be	given	on	days
1,	4,	8,	and	11	every	3	weeks	in	multiple	myeloma.

Daunorubicin
Despite	its	chemical	similarity	(see	Fig.	23.3C),	daunorubicin	is	considerably	less	active	in	solid	tumors	compared
to	doxorubicin.	 It	 is	FDA	approved	for	 the	 treatment	of	acute	 lymphoid	 leukemia	and	acute	myeloid	 leukemia.
Daunorubicin	is	typically	administered	via	intravenous	push	over	3	to	5	minutes	at	a	dose	of	30	to	45	mg/m2/d	on



3	 consecutive	 days	 in	 combination	 chemotherapy.	 For	 induction	 therapy	 for	 pediatric	 acute	 lymphoblastic
leukemia,	daunorubicin	 is	dosed	at	25	mg/m2	 intravenously	 in	 combination	with	vincristine	 and	prednisone.	 In
children	less	than	2	years	of	age	or	who	have	a	body	surface	area	less	than	0.5	m2,	current	recommendations	are
based	on	body	mass	index	of	1	mg/kg	rather	than	body	surface	area.	A	higher	dose	of	daunorubicin	at	60	to	90
mg/m2/d	 intravenously	 for	 3	 consecutive	 days	 is	 currently	 recommended	 as	 part	 of	 the	 induction	 combination
regimen	 for	 the	 treatment	 of	 acute	myeloblastic	 leukemia.	 Daunorubicin	 has	 similar	 toxicities	 to	 doxorubicin,
including	myelosuppression,	cardiac	toxicity,	nausea,	vomiting,	and	alopecia,	and	is	also	a	vesicant.	Daunorubicin
is	metabolized	by	 the	 liver	 and	undergoes	 substantial	 elimination	by	 the	kidneys,	 requiring	dose	 reductions	 for
both	renal	and	hepatic	dysfunction.	A	50%	dose	reduction	is	recommended	for	either	serum	creatinine	or	bilirubin
greater	than	3	mg/dL,	and	a	25%	reduction	in	dose	is	recommended	for	bilirubin	concentrations	ranging	from	1.2
to	3.0	mg/dL.

Epirubicin
Epirubicin	 is	 an	 epimer	 of	 doxorubicin	 (see	 Fig.	 23.3C)	 with	 increased	 lipophilicity.	 It	 is	 FDA	 approved	 for
adjuvant	therapy	of	breast	cancer	but	is	also	used	in	combination	for	the	treatment	of	a	variety	of	malignancies.
Epirubicin	is	administered	intravenously	at	doses	ranging	from	60	to	120	mg/m2	every	3	to	4	weeks.	Epirubicin
has	a	similar	toxicity	profile	to	doxorubicin	but	is	overall	better	tolerated.

In	addition	to	being	converted	to	an	enol	by	an	aldoreductase,	epirubicin	has	a	unique	steric	orientation	of	the
C-4	 hydroxyl	 group	 that	 allows	 it	 to	 serve	 as	 a	 substrate	 for	 conjugation	 reactions	 mediated	 by	 liver
glucuronyltransferases	 and	 sulfatases.	 As	 such,	 dose	 adjustments	 are	 recommended	 in	 the	 setting	 of	 hepatic
dysfunction.	For	patients	with	serum	bilirubin	of	1.2	to	3	mg/dL	or	aspartate	aminotransferase	of	2	to	4	times	the
upper	limit	of	normal,	a	50%	dose	reduction	is	recommended.	For	patients	with	bilirubin	greater	than	3	mg/dL	or
aspartate	 aminotransferase	 greater	 than	 4	 times	 the	 upper	 limit	 of	 normal,	 a	 dose	 reduction	 of	 75%	 is
recommended.	Due	 to	 limited	data,	 no	 specific	 dose	 recommendations	 are	 currently	 available	 for	 patients	with
renal	 impairment,	 although	current	 recommendations	are	 for	consideration	of	dose	adjustments	 in	patients	with
serum	creatinine	greater	than	5	mg/dL.

Idarubicin
Idarubicin	 is	a	synthetic	derivative	of	daunorubicin,	but	 lacks	 the	4-methoxy	group	(see	Fig.	23.3C).	 It	 is	FDA
approved	as	part	of	combination	chemotherapy	 regimen	 for	acute	myeloid	 leukemia	and	 is	also	active	 in	acute
lymphoid	 leukemia.	 It	 is	 given	 intravenously	 at	 a	 dose	 of	 12	 mg/m2	 for	 3	 consecutive	 days,	 typically	 in
combination	with	 cytarabine.	 Idarubicin	 has	 similar	 toxicities	 as	 daunorubicin.	 Its	 primary	 active	metabolite	 is
idarubicinol,	and	elimination	is	mainly	through	the	biliary	system	and,	to	a	lesser	extent,	through	renal	excretion.
Fifty	percent	dose	reductions	are	recommended	for	serum	bilirubin	of	2.6	to	5	mg/dL,	and	idarubicin	should	not
be	given	if	the	bilirubin	is	greater	than	5	mg/dL.	In	addition,	dose	reductions	in	renal	impairment	are	advised,	but
specific	guidelines	are	not	available.

Cardiac	Toxicity	of	Anthracyclines
Anthracyclines	 are	 responsible	 for	 cardiac	 toxicities,	 and	 special	 considerations	 are	 necessary	 to	minimize	 this
severe	 side	 effect.	 Acute	 doxorubicin	 cardiotoxicity	 is	 reversible,	 and	 clinical	 signs	 include	 tachycardia,
hypotension,	 electrocardiogram	 changes,	 and	 arrhythmias.	 It	 develops	 during	 or	 within	 days	 of	 anthracycline
infusion,	and	its	incidence	can	be	significantly	reduced	by	slowing	doxorubicin	infusion	rates.

Chronic	 and	 delayed	 cardiotoxicity	 is	 more	 common	 and	 more	 severe	 because	 it	 is	 irreversible.	 Chronic
cardiotoxicity	with	congestive	heart	 failure	peaks	at	1	 to	3	months	but	can	occur	even	years	after	 therapy.	The
American	Society	of	Clinical	Oncology	has	developed	recommendations	for	prevention	and	monitoring	of	cardiac
dysfunction	 in	 survivors	 of	 adult-onset	 cancers.73	 Myocardial	 damage	 has	 been	 shown	 to	 occur	 by	 several
mechanisms.	The	classical	mechanism	is	by	direct	generation	of	reactive	oxygen	species	(ROS)	during	electron
transfer	from	the	semiquinone	to	quinone	moieties	of	the	anthracycline,64,65	which	leads	to	myocardial	damage.
ROS	can	also	be	generated	by	mitochondrial	damage	resulting	from	drug-mediated	inactivation	of	the	oxidative
phosphorylation	chain,	 as	doxorubicin	 accumulates	not	only	 in	 chromatin	but	 also	 in	mitochondria.65,74	 Recent
studies	 have	 also	 related	 doxorubicin	 cardiotoxicity	 to	 the	 poisoning	 of	 TOP2β	 cleavage	 complexes	 in
myocardiocytes67,75	 and	 to	 defective	 TOP1MT.67	 Because	 TOP1MT	 contains	 multiple	 single	 nucleotide
polymorphisms	(SNPs),	which	can	interfere	with	TOP1MT	activity,76	 it	could	be	relevant	 to	determine	whether
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delayed	 cardiac	 toxicity	 of	 doxorubicin	 or	 daunorubicin	 is	 linked	 with	 specific	 SNPs	 to	 identify	 patients
predisposed	to	cardiotoxicity.

Endomyocardial	biopsy	is	characterized	by	a	predominant	finding	of	multifocal	areas	of	patchy	and	interstitial
fibrosis	 (stellate	 scars)	 and	 occasional	 vacuolated	 myocardial	 cells	 (Adria	 cells).	 Myocyte	 hypertrophy	 and
degeneration,	 loss	of	cross-striations,	and	absence	of	myocarditis	are	also	characteristic	of	 this	diagnosis.77	The
incidence	of	cardiomyopathy	is	related	to	both	cumulative	dose	and	schedule	of	administration,	and	predisposition
to	cardiac	damage	 includes	a	previous	history	of	heart	disease,	hypertension,	 radiation	 to	 the	mediastinum,	age
greater	 than	 65	 years	 or	 younger	 than	 4	 years,	 prior	 use	 of	 anthracyclines	 or	 other	 cardiac	 toxins,	 and
coadministration	 of	 other	 chemotherapy	 agents	 (e.g.,	 paclitaxel,	 cyclophosphamide,	 or	 trastuzumab).78,79
Sequential	 administration	 of	 paclitaxel	 followed	 by	 doxorubicin	 in	 breast	 cancer	 patients	 is	 associated	 with
cardiomyopathy	 at	 total	 doxorubicin	 doses	 above	 340	 to	 380	 mg/m2,	 whereas	 the	 reverse	 sequence	 of	 drug
administration	did	not	yield	the	same	systemic	toxicities	at	 these	doses.80	When	doxorubicin	is	given	by	a	 low-
dose	weekly	 regimen	 (10	 to	20	mg/m2/wk)	or	by	slow	continuous	 infusion	over	96	hours,	 cumulative	doses	of
more	than	500	mg/m2	can	be	given.	Doses	of	epirubicin	below	1,000	mg/m2	and	daunorubicin	below	550	mg/m2

are	considered	safe.	In	addition,	liposomal	doxorubicin	is	associated	with	less	cardiac	toxicity.
Cardiac	 function	 can	 be	 monitored	 during	 treatment	 with	 anthracyclines	 by	 electrocardiography,

echocardiography,	 or	 radionuclide	 scans.	 Numerous	 studies	 have	 established	 the	 danger	 of	 embarking	 on
anthracycline	therapy	in	patients	with	underlying	cardiac	disease	(e.g.,	a	baseline	left	ventricular	ejection	fraction
of	less	than	50%)	and	of	continuing	therapy	after	a	documented	decrease	in	ejection	fraction	by	more	than	10%	(if
this	decrease	falls	below	the	lower	limit	of	normal).	Because	anthracycline-induced	cardiotoxicity	has	been	related
to	 the	 generation	of	 free	 radicals,	 efforts	 have	been	 aimed	 at	 attenuating	 this	 effect	 through	 targeting	of	 redox
response	and	reduction	in	oxidative	stress.	Dexrazoxane	is	a	metal	chelator	that	decreases	the	myocardial	toxicity
of	doxorubicin	in	breast	cancer	patients.	In	two	multicenter,	double-blind	studies,	advanced	breast	cancer	patients
were	 randomized	 to	 chemotherapy	 with	 dexrazoxane	 or	 placebo,	 dexrazoxane	 was	 shown	 to	 have	 a
cardioprotective	 effect	 based	 on	 serial	 noninvasive	 cardiac	 testing	 during	 the	 course	 of	 the	 trial	 and	 has	 been
approved	 for	 this	use	by	 the	FDA.81	Dexrazoxane	 chelates	 iron	 and	 copper,	 thereby	 interfering	with	 the	 redox
reactions	that	generate	free	radicals	and	damage	myocardial	lipids.	Notably,	dexrazoxane	is	also	a	TOP2	catalytic
inhibitor	 (see	 Fig.	 23.3F),	 which	 potentially	 might	 minimize	 the	 therapeutic	 activity	 of	 anthracyclines	 by
interfering	with	 the	 trapping	 of	 TOP2	 cleavage	 complexes	 by	 anthracyclines.2,82	Other	 agents	 currently	 in	 use
include	β-blockers	and	statins.	A	meta-analysis	of	12	randomized	controlled	trials	and	two	observational	studies
involving	 the	use	of	 agents	 to	prevent	 the	cardiotoxicity	associated	with	anthracyclines	demonstrated	 relatively
similar	efficacy	regardless	of	which	prophylactic	treatment	was	used.83

Mitoxantrone
Mitoxantrone	 (see	 Fig.	 23.3E)	 is	 currently	 the	 only	 clinically	 approved	 anthracenedione.	 Compared	 to
anthracyclines,	mitoxantrone	is	less	cardiotoxic	due	to	decreased	ability	to	undergo	oxidation-reduction	reactions
and	form	free	radicals.

Mitoxantrone	is	FDA	approved	for	the	treatment	of	advanced	hormone-refractory	prostate	cancer84	and	acute
myeloid	leukemia.85	It	is	typically	administered	intravenously	at	a	dose	of	12	to	14	mg/m2	every	3	weeks	in	the
treatment	of	prostate	cancer	and	at	a	dose	of	12	mg/m2	in	combination	with	cytarabine	for	3	days	in	the	treatment
of	acute	myeloid	leukemia.

Toxicities	are	generally	less	severe	compared	to	doxorubicin,	and	include	myelosuppression,	nausea,	vomiting,
alopecia,	 and	 mucositis.	 Cardiac	 toxicity	 can	 be	 seen	 at	 cumulative	 doses	 of	 greater	 than	 160	 mg/m2.86
Mitoxantrone	 is	 rapidly	 cleared	 from	 the	 plasma	 and	 is	 highly	 concentrated	 in	 tissues.	 Most	 of	 the	 drug	 is
eliminated	in	the	feces	with	a	small	amount	undergoing	renal	excretion.	Dose	adjustments	for	hepatic	dysfunction
are	recommended,	but	formal	guidelines	are	currently	not	available.

Dactinomycin
Dactinomycin	was	 the	 first	 antibiotic	 shown	 to	have	antitumor	 activity87	 and	consists	of	 a	planar	phenoxazone
ring	attached	 to	 two	peptide	side	chains.	This	unique	structure	allows	for	 tight	 intercalation	 into	DNA	between
adjacent	 guanine-cytosine	 bases,	 leading	 to	 poisoning	 of	 TOP2	 and	 TOP1	 and	 transcription	 inhibition.88
Dactinomycin	was	 one	 of	 the	 first	 drugs	 shown	 to	 be	 transported	 by	 P-glycoprotein	 and	 represents	 the	major
mechanism	of	resistance.89



Dactinomycin	 is	 FDA	 approved	 for	 Ewing	 sarcoma,90	 gestational	 trophoblastic	 neoplasm,91	 metastatic
nonseminomatous	 testicular	cancer,92	nephroblastoma,93	 and	 rhabdomyosarcoma.94	Typically,	 it	 is	 administered
intravenously	 at	 doses	 of	 15	 mcg/kg	 for	 5	 days	 in	 combination	 with	 other	 chemotherapeutic	 agents	 for	 the
treatment	of	nephroblastoma,	rhabdomyosarcoma,	and	Ewing	sarcoma;	12	mcg/kg	intravenously	as	a	single	agent
in	 the	 treatment	 of	 gestational	 trophoblastic	 neoplasias;	 and	1,000	mcg/m2	 intravenously	on	day	1	 as	 part	 of	 a
combination	regimen	with	cyclophosphamide,	bleomycin,	vinblastine,	and	cisplatin	in	the	treatment	of	metastatic
nonseminomatous	 testicular	 cancer.	 Toxicities	 include	 myelosuppression,	 veno-occlusive	 disease	 of	 the	 liver,
nausea,	 vomiting,	 alopecia,	 erythema,	 and	 acne.	 In	 addition,	 similar	 to	 doxorubicin,	 dactinomycin	 can	 cause
radiation	recall	and	severe	tissue	necrosis	in	cases	of	extravasation.	Dactinomycin	is	largely	excreted	unchanged
in	 the	 feces	and	urine.	Guidelines	 for	dosing	 in	patients	with	 impaired	 renal	or	 liver	 function	are	currently	not
available.

Epipodophyllotoxins
Epipodophyllotoxins	 are	glycoside	derivatives	of	 podophyllotoxin,	 an	 antimicrotubule	 agent	 extracted	 from	 the
mandrake	plant.	Two	derivatives,	demethylated	on	the	pendant	ring	(R1	in	Fig.	23.3D),	etoposide	and	teniposide,
were	 shown	 to	 primarily	 function	 as	 TOP2	 poisons	 rather	 than	 through	 antimicrotubule	 mechanisms.27,95
Epipodophyllotoxins	 poison	 TOP2	 through	 a	 mechanism	 distinct	 from	 that	 of	 anthracyclines	 and	 other	 DNA
intercalators,96	without	 intercalating	 into	normal	DNA	in	 the	absence	of	TOP2.	Therefore,	 they	are	specific	 for
TOP2	 compared	 to	 the	 anthracyclines,	 anthracenediones,	 and	 dactinomycin.	Yet,	 etoposide	 and	 teniposide	 trap
TOP2	 cleavage	 complexes	 by	 base	 stacking	 in	 a	 ternary	 complex	 at	 the	 interface	 of	 the	DNA	 and	 the	 TOP2
homodimer.11	 Mechanisms	 of	 resistance	 include	 drug	 efflux,	 as	 epipodophyllotoxins	 are	 substrates	 for	 P-
glycoprotein,97	 altered	 localization	 of	 TOP2α,	 decreased	 cellular	 expression	 of	 TOP2α,98	 and	 impaired
phosphorylation	of	TOP2.99

Etoposide
Etoposide	(see	Fig.	23.3D)	is	available	in	intravenous	and	oral	forms.	It	is	FDA	approved	for	treatment	of	small-
cell	lung	cancer99	and	refractory	testicular	cancer.100	It	also	has	activity	in	hematologic	malignancies	and	various
solid	tumors.	The	intravenous	form	is	generally	administered	at	doses	of	35	to	50	mg/m2	for	4	to	5	days	every	3	to
4	weeks	in	combination	therapy	for	small-cell	lung	cancer,	and	at	50	to	100	mg/m2	for	5	days	every	3	to	4	weeks
in	combination	therapy	for	refractory	testicular	cancer.	The	dose	of	oral	etoposide	is	usually	twice	the	intravenous
dose.	Oral	bioavailability	is	highly	variable	due	to	dependence	upon	intestinal	P-glycoprotein.101

The	 dose-limiting	 toxicity	 for	 etoposide	 is	 myelosuppression,	 with	 white	 blood	 cell	 count	 nadirs	 typically
occurring	on	days	10	 to	14.	Thrombocytopenia	 is	 less	 common	 than	 leukopenia.	 In	 addition,	mild	 to	moderate
nausea,	 vomiting,	 diarrhea,	 mucositis,	 and	 alopecia	 are	 associated	 with	 etoposide.	 Among	 topoisomerase
inhibitors,	epipodophyllotoxins	have	the	greatest	association	with	secondary	malignancies,	with	etoposide	having
the	 highest	 risk,	 with	 an	 estimated	 4%	 6-year	 cumulative	 risk.71,102	 The	 majority	 of	 etoposide	 is	 cleared
unchanged	by	the	kidneys	and	a	25%	dose	reduction	is	recommended	in	patients	with	a	creatinine	clearance	of	15
to	50	mL	per	minute.	A	50%	dose	reduction	is	recommended	in	patients	with	a	creatinine	clearance	less	than	15
mL	per	minute.	As	 unbound	 fraction	 of	 etoposide	 is	 dependent	 on	 albumin	 and	bilirubin	 concentrations.	Dose
adjustments	for	hepatic	dysfunction	are	advised,	but	consensus	guidelines	are	currently	not	available.

Teniposide
Teniposide	contains	a	thiophene	group	in	place	of	the	methyl	group	on	the	glucose	moiety	of	etoposide	(see	Fig.
23.3D).	Teniposide	 is	FDA	approved	 for	 refractory	pediatric	 acute	 lymphoid	 leukemia.103,104	 In	pediatric	 acute
lymphoblastic	 leukemia	studies,	doses	ranged	from	165	mg/m2	 intravenously	 in	combination	with	cytarabine	 to
250	mg/m2	intravenously	weekly	in	combination	with	vincristine	and	prednisone.	Similar	to	etoposide,	the	dose-
limiting	 toxicity	 of	 teniposide	 is	 myelosuppression.	 Additional	 toxicities	 include	 mild	 to	 moderate	 nausea,
vomiting,	 diarrhea,	 alopecia,	 and	 secondary	 leukemia.	 Teniposide	 is	 associated	 with	 greater	 frequency	 of
hypersensitivity	reactions	compared	to	etoposide.

Teniposide	 is	 99%	 bound	 to	 albumin	 and,	 compared	 to	 etoposide,	 undergoes	 hepatic	 metabolism	 more
extensively	 and	 renal	 clearance	 less	 extensively.	 No	 specific	 guidelines	 are	 currently	 available	 on	 dose
adjustments	for	renal	or	hepatic	dysfunction.
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Therapy-Related	Secondary	Acute	Leukemia
One	of	the	major	complications	of	TOP2	inhibitor	therapies,	especially	for	etoposide	and	mitoxantrone,	is	acute
secondary	leukemia,	which	occurs	in	approximately	5%	of	patients.	Therapy-related	acute	myelocytic	leukemias
are	characterized	by	their	relatively	rapid	onset	(they	can	occur	only	a	few	months	after	therapy)	and	the	presence
of	 recurrent	 balanced	 translocations	 involving	 the	mixed	 lineage	 leukemia	 (MLL)	 locus	on	11q23	 and	over	50
partner	 genes.105	 The	 molecular	 mechanism	 is	 likely	 from	 the	 disjoining	 of	 two	 drug-trapped	 TOP2	 cleavage
complexes	on	different	chromosomes	(see	Fig.	23.2C)	in	relationship	with	transcription	collisions	and	illegitimate
religation.71	 TOP2β	 rather	 than	 TOP2α	 has	 been	 implicated	 in	 the	 generation	 of	 these	 disjoined	 cleavage
complexes.71,106

TABLE	23.5
Antibody–Drug	Conjugates	with	a	Topoisomerase	Inhibitor	Payload	in	Clinical	Development

	 Target Payload

Tumors	for	Which
Drug	is	in
Development

Phase	of
Development

Labetuzumab	govitecan
(IMMU-130)

CEACAM5 SN-38 Colorectal	cancer I/II

IMMU-140 HLA-DR SN-38 HLA-DR–expressing
tumors

Preclinical

DS-8201a HER2 DX-8951	derivative HER2-expressing
cancers

II

Sacituzumab	govitecan
(IMMU-132)

TROP2 SN-38 Triple-negative	breast
cancer,	small-cell	lung
cancer

III

CEACAM5,	 arcinoembryonic	 antigen–related	 cell	 adhesion	 molecule	 5;	 HLA-DR,	 human	 leukocyte	 antigen-DR;	 HER2,	 human
epidermal	growth	factor	receptor	2.

FUTURE	DIRECTIONS
Current	challenges	in	the	development	of	topoisomerase	inhibitors	lie	in	toxicities	resulting	from	lack	of	tumor-
specific	 activity,	 inherent	 chemical	 instability	 of	 current	 established	 agents,	 drug	 resistance,	 and	 limitations	 in
terms	of	reliable	predictors	of	activity.

One	approach	to	overcoming	the	lack	of	tissue	selectivity	(tumor	versus	normal)	and	the	resulting	toxicities	is
to	use	antibody–drug	conjugates	(ADCs),	which	are	monoclonal	antibodies	specific	to	tumor	cell	surface	proteins
that	 could	 achieve	 tumor	 specificity	 and	 potency	 not	 achievable	 with	 traditional	 chemotherapy.	 ADCs	 with
topoisomerase	 inhibitor	 payloads	 in	 clinical	 development	 include	 sacituzumab	 govitecan	 (IMMU-132),
labetuzumab	govitecan	(IMMU-130),	and	DS-8201a	(Table	23.5).

Sacituzumab	govitecan	is	an	ADC	that	targets	trophoblast	antigen	2	(TROP2),	a	transmembrane	glycoprotein
that	is	usually	expressed	in	trophoblasts	and	in	many	epithelial	cancers	for	tumor	delivery	of	SN-38.107	In	a	phase
I	 trial,	 the	 major	 adverse	 events	 were	 nausea,	 diarrhea,	 neutropenia,	 and	 fatigue.	 Sacituzumab	 govitecan	 has
shown	activity	 in	 triple-negative	breast	 cancer,	 platinum-resistant	 urothelial	 carcinoma,	 and	non–small-cell	 and
small-cell	 lung	 cancers	 and	 is	 being	 studied	 in	 a	 phase	 III	 trial	 for	 relapsed	 triple-negative	 breast	 cancer.
Labetuzumab	 govitecan	 is	 an	 ADC	 targeting	 carcinoembryonic	 antigen–related	 cell	 adhesion	 molecule	 5
(CEACAM5)	 for	 tumor	 delivery	 of	 SN-38.108	 In	 a	 phase	 I/II	 trial	 of	 86	 patients,	 the	 major	 toxicities	 were
neutropenia,	leukopenia,	anemia,	and	diarrhea.	DS-8201a	is	an	HER2-targeting	ADC	composed	of	a	humanized
anti-HER2	 antibody,	 enzymatically	 cleavable	 peptide-linker,	 and	 a	 camptothecin	 TOP1	 inhibitor	 DX-8951
derivative.109	In	a	phase	I	study,	no	dose-limiting	toxicities	were	observed,	and	the	maximum-tolerated	dose	was
not	 reached.	 Phase	 II	 testing	 of	 DS-8201a	 is	 ongoing	 in	 HER2-positive,	 unresectable	 and/or	metastatic	 breast
cancer	patients	who	are	resistant	or	refractory	to	trastuzumab	emtansine	(T-DM1).

In	 addition	 to	 recent	 developments	 designed	 to	 enhance	 the	 stability	 with	 semisynthetic	 analogs	 and	 the
development	of	novel	delivery	systems	in	an	effort	to	achieve	higher	intratumoral	concentrations,	attention	is	also
being	focused	on	targeting	other	topoisomerase	isoenzymes.110	Driving	this	trend	has	been	the	elucidation	of	the
role	 of	 TOP2β	 inhibition	 in	 the	 development	 of	 treatment-related	 cardiotoxicity	 and	 secondary	 acute	 myeloid



leukemia.
Future	 rational	 drug	 combinations	 include	 targeting	 DNA	 repair	 pathways	 in	 combination	 with	 TOP1

inhibition,	although	further	characterization	of	the	specific	DNA	repair	and	stress	response	pathways	invoked	in
response	 to	DNA	damage	 as	 a	 result	 of	 TOP1	 inhibition	 is	 needed.	However,	 one	 such	 attempt	 of	 combining
topotecan	with	veliparib,	a	small-molecule	inhibitor	of	poly	(ADP-ribose)	polymerase,	was	poorly	tolerated	due	to
significant	myelosuppression	limiting	the	doses	of	topotecan	that	could	be	safely	administered.111

Molecular	 characterization	 of	 tumor	 to	 better	 define	 patient	 selection	 and	 the	 development	 of
pharmacodynamic	 biomarkers	 to	monitor	 the	 response	 to	 treatment	 and	 to	 optimize	 the	 combination	 dose	 and
schedules	is	needed	for	the	further	clinical	development	of	topoisomerase	inhibitors,	even	when	they	are	tumor-
targeted.	Validated	assays	are	available	to	evaluate	topoisomerase	levels	and	levels	of	gamma-H2AX,	as	a	marker
of	 DNA	 damage	 response	 to	 topoisomerase	 inhibition.112–114	 Recent	 studies	 have	 identified	 Schlafen	 11
(SLFN11),	a	nuclear	protein	belonging	to	the	Schlafen	family	of	mammalian	proteins,	as	a	causal	and	dominant
genomic	determinant	of	response	to	TOP1	and	TOP2	inhibitors.115,116	High	expression	of	SLFN11	in	pretreatment
tumors	is	associated	with	higher	likelihood	of	response	to	these	agents	(and	a	broad	spectrum	of	DNA	replication
inhibitors)	in	preclinical	and	retrospective	studies.	Further	validation	is	needed	in	larger	and	prospective	studies
for	this	marker	to	proceed	in	clinic.
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24 Antimicrotubule	Agents
Christopher	J.	Hoimes

MICROTUBULES
Microtubules	 are	 vital	 and	 dynamic	 cytoskeletal	 polymers	 that	 play	 a	 critical	 role	 in	 cell	 division,	 signaling,
vesicle	transport,	shape,	and	polarity,	which	make	them	attractive	targets	in	anticancer	regimens	and	drug	design.1
Microtubules	 are	 composed	 of	 13	 linear	 protofilaments	 of	 polymerized	 α/β-tubulin	 heterodimers	 arranged	 in
parallel	around	a	cylindrical	axis	and	associated	with	regulatory	proteins	such	as	microtubule-associated	proteins
(MAPs),	tau,	and	motor	proteins	kinesin	and	dynein.2	The	specific	biologic	functions	of	microtubules	are	due	to
their	 unique	 polymerization	 dynamics.	 Tubulin	 polymerization	 is	 mediated	 by	 a	 nucleation-elongation
mechanism.	One	end	of	 the	microtubules,	 termed	 the	plus	end,	 is	kinetically	more	dynamic	 than	 the	other	end,
termed	 the	minus	 end	 (Fig.	 24.1).	 Microtubule	 dynamics	 are	 governed	 by	 two	 principal	 processes	 driven	 by
guanosine	5′-triphosphate	 (GTP)	hydrolysis:	 treadmilling	or	poleward	 flux	 is	 the	 net	 growth	 at	 one	 end	 of	 the
microtubule	 and	 the	 net	 shortening	 at	 the	 opposite	 end,	 and	 dynamic	 instability	 is	 a	 process	 in	 which	 the
microtubule	 ends	 switch	 spontaneously	 between	 states	 of	 slow	 sustained	 growth	 and	 rapid	 depolymerization.
Antimicrotubule	 agents	 are	 tubulin-binding	 drugs	 that	 directly	 bind	 tubules,	 inhibitors	 of	 tubulin-associated
scaffold	 kinases,	 or	 inhibitors	 of	 their	 associated	 mitotic	 motor	 proteins	 ultimately	 to	 disrupt	 microtubule
dynamics.	They	are	broadly	classified	as	microtubule-stabilizing	or	microtubule-destabilizing	agents	according	to
their	effects	on	tubulin	polymerization.

TAXANES
Taxanes	 were	 the	 first-in-class	 microtubule-stabilizing	 drugs.	 Ancient	 medicinal	 attempts	 at	 cardiac
pharmacotherapy	using	material	from	the	toxic	coniferous	yew	tree,	Taxus	spp.,	were	likely	related	to	the	plant’s
alkaloid	taxine	effect	on	sodium	and	calcium	channels.	Taxane	compounds	are	the	result	of	a	drug	screening	of
35,000	plant	extracts	 in	1963	 that	 led	 to	 identification	of	activity	 from	the	bark	extract	of	 the	Pacific	yew	tree,
Taxus	brevifolia.	Paclitaxel	was	identified	as	the	active	constituent	with	a	report	of	its	activity	in	carcinoma	cell
lines	 in	 1971.	Motivation	 to	 identify	 taxanes	 derived	 from	 the	more	 abundant	 and	 available	 needles	 of	Taxus
baccata	 led	 to	 the	 development	 of	 docetaxel,	 which	 is	 synthesized	 by	 the	 addition	 of	 a	 side	 chain	 to	 10-
deacetylbaccatin	 III,	an	 inactive	 taxane	precursor.	The	 taxane	rings	of	paclitaxel	and	docetaxel	are	 linked	 to	an
ester	 side	 chain	 attached	 to	 the	C13	 position	 of	 the	 ring,	which	 is	 essential	 for	 antimicrotubule	 and	 antitumor
activity.	Nanoparticle	albumin-bound	paclitaxel	 (nab-paclitaxel)	 is	 a	 formulation	 that	avoids	 the	 solvent-related
side	effects	of	non–water-soluble	paclitaxel	and	docetaxel.	Overcoming	docetaxel	and	paclitaxel’s	susceptibility
to	the	P-glycoprotein	efflux	pump	led	to	the	development	of	cabazitaxel.	Cabazitaxel	is	synthesized	by	adding	two
methyloxy	 groups	 to	 the	 10-deacetylbaccatin	 III,	 which	 results	 in	 inhibition	 of	 the	 5′-triphosphate–dependent
efflux	pump	of	P-glycoprotein.

Paclitaxel	initially	received	regulatory	approval	in	the	United	States	in	1992	for	the	treatment	of	patients	with
ovarian	 cancer	 after	 failure	 of	 first-line	 or	 subsequent	 chemotherapy	 (Table	 24.1).1	 Subsequently,	 it	 has	 been
approved	 for	 several	 other	 indications,	 including	 advanced	 breast	 cancer	 after	 anthracycline-based	 regimens,
combination	chemotherapy	of	lymph	node–positive	breast	cancer	in	the	adjuvant	setting,	advanced	ovarian	cancer
in	combination	with	a	platinum	compound,	second-line	treatment	of	AIDS-related	Kaposi	sarcoma,	and	first-line
treatment	of	non–small-cell	 lung	cancer	 in	combination	with	cisplatin	 (see	Table	24.1).	 In	 addition	 to	 the	U.S.
Food	and	Drug	Administration	(FDA)	on-label	indications,	paclitaxel	is	widely	used	for	several	other	tumor	types,
such	 as	 cancer	 of	 unknown	origin,	 bladder,	 esophagus,	 gastric,	 head	 and	 neck,	 and	 cervical	 cancers.	The	U.S.
patent	for	paclitaxel	expired	in	2002,	and	a	generic	form	of	paclitaxel	is	available.

Docetaxel	was	first	approved	for	use	in	the	United	States	in	1996	for	patients	with	metastatic	breast	cancer	that
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progressed	or	relapsed	after	anthracycline-based	chemotherapy,	which	was	later	broadened	to	a	general	second-
line	indication	(see	Table	24.1).	Subsequently,	it	received	regulatory	approval	in	adjuvant	chemotherapy	of	stage
II	breast	cancer	in	combination	with	Adriamycin	and	cyclophosphamide	(TAC)	and	first-line	treatment	for	locally
advanced	or	metastatic	breast	cancer.	In	addition,	docetaxel	has	indications	in	nonresectable,	locally	advanced,	or
metastatic	 non–small-cell	 lung	 cancer	 after	 failure	 of	 or	 in	 combination	 with	 cisplatin	 therapy;	 metastatic
castration	sensitive	or	castration	resistant	prostate	cancer	(CRPC);	first-line	treatment	of	gastric	adenocarcinoma,
including	gastroesophageal	 junction	adenocarcinoma	 in	combination	with	cisplatin	and	5-fluorouracil	5	 (5-FU);
and	inoperable	locally	advanced	squamous	cell	cancer	of	the	head	and	neck	in	combination	with	cisplatin	and	5-
FU	(see	Table	24.1).	Docetaxel	came	off	patent	in	2010,	and	a	generic	form	is	available.

Mechanism	of	Action
The	unique	mechanism	of	action	for	paclitaxel	was	initially	defined	by	Schiff	et	al.	in	1979,	who	showed	that	it
bound	 to	 the	 interior	 surface	 of	 the	 microtubule	 lumen	 at	 binding	 sites	 completely	 distinct	 from	 those	 of
exchangeable	 GTP,	 colchicine,	 podophyllotoxin,	 and	 the	 vinca	 alkaloids.3	 The	 taxanes	 profoundly	 alter	 the
tubulin	 dissociation	 rate	 constants	 at	 both	 ends	 of	 the	 microtubule,	 suppressing	 treadmilling	 and	 dynamic
instability.	Dose-dependent	taxane	β-tubular	binding	induces	mitotic	arrest	at	the	G2/M	transition	and	induces	cell
death.	 By	 stabilizing	 microtubules	 they	 also	 can	 stall	 ligand-dependent	 intracellular	 trafficking	 as	 shown	 in
sequestration	of	the	androgen	receptor	to	the	cytosol	in	metastatic	prostate	cancer	patients	treated	with	docetaxel
and	 is	 associated	with	 decreased	 androgen-regulated	 gene	 expression	 such	 as	 prostate-specific	 antigen	 (PSA).2
Peripheral	neuropathy	is	a	common	dose-limiting	toxicity	across	the	antimicrotubule	agents	and	likely	is	a	result
of	 their	 direct	 effect	 on	microtubules.	 Studies	 have	 shown	 that	 they	 inhibit	 anterograde	 and/or	 retrograde	 fast
axonal	 transport	 and	 can	 explain	 the	 demyelinating	 “dying	back”	 pattern	 seen	 and	 the	 vulnerability	 of	 sensory
neurons	with	the	longest	axonal	projections.4,5

Figure	24.1	Antimicrotubule	agents	bind	tubulin	directly	or	inhibit	its	associated	proteins.	Taxanes
and	epothilones	have	distinct	binding	pockets	within	the	same	site.	Estramustine	has	a	distinct	site
on	α/β-tubulin	though	also	directly	binds	microtubule-associated	proteins	(MAPs).	(Adapted	from

Lieberman	M,	Marks	A.	Marks’	Basic	Medical	Biochemistry:	A	Clinical	Approach.	3rd	ed.
Baltimore:	Lippincott	Williams	&	Wilkins;	2009.)

TABLE	24.1
Antimicrotubule	Agents:	Dosages	and	Toxicities

Chemotherapeutic	Agent Dosage Indications Common	Toxicities
Paclitaxel 135	to	200	mg/m2	IV	over	3	h

or	135	mg/m2	IV	over	24	h
every	3	wk;	or	80	mg/m2	IV
over	1	h	weekly

Adjuvant	therapy	of	node-
positive	breast	cancer;
metastatic	breast,	ovarian,
non–small-cell	lung,	bladder,
esophagus,	cervical,	gastric,
and	head	and	neck	cancer;

Myelosuppression,
hypersensitivity,	nausea,
vomiting,	alopecia,	arthralgia,
myalgia,	peripheral
neuropathy



AIDS-related	Kaposi	sarcoma;
cancer	of	unknown	origin

Docetaxel 60	to	100	mg/m2	IV	over	1	h
every	3	wk

Adjuvant	therapy	of	node-
positive	breast	cancer;
metastatic	breast,	gastric,
head	and	neck,	prostate,	non–
small-cell	lung,	and	ovarian
cancer

Myelosuppression,
hypersensitivity,	edema,
alopecia,	nail	damage,	rash,
diarrhea,	nausea,	vomiting,
asthenia,	neuropathy

Cabazitaxel 25	mg/m2	IV	every	3	wk	over
1	h

Docetaxel-refractory
metastatic	castration-resistant
prostate	cancer

Neutropenia,	infections,
myelosuppression,	diarrhea,
nausea,	vomiting,
constipation,	abdominal	pain,
asthenia

Nab-paclitaxel 260	mg/m2	IV	over	30	min
every	3	wk;	or	125	mg/m2	IV
weekly	on	days	1,	8,	and	15
every	28	d

Metastatic	breast	cancer,
non–small-cell	lung	cancer,
pancreatic	cancer

Myelosuppression,	nausea,
vomiting,	alopecia,	myalgia,
peripheral	neuropathy

Ixabepilone 40	mg/m2	IV	over	3	h	every	3
wk

Metastatic	and	locally
advanced	breast	cancer

Myelosuppression,
fatigue/asthenia,
myalgia/arthralgia,	alopecia,
nausea,	vomiting,
stomatitis/mucositis,	diarrhea,
musculoskeletal	pain

Vincristine 0.5	to	1.4	mg/m2/wk	IV
(maximum	2	mg	per	dose);	or
0.4	mg/d	continuous	infusion
for	4	d

Lymphoma,	acute	leukemia,
neuroblastoma,
rhabdomyosarcoma,	AIDS-
related	Kaposi	sarcoma,
multiple	myeloma,	testicular
cancer

Constipation,	nausea,
vomiting,	alopecia,	diplopia,
myelosuppression

Vinblastine 6	mg/m2	IV	on	days	1	and	15
as	part	of	the	ABVD	regimen;
0.15	mg/kg	IV	on	days	1	and	2
as	part	of	the	PVB	regimen;	3
mg/m2	IV	on	day	2	of
ddMVAC

Hodgkin	and	non-Hodgkin
lymphoma;	Kaposi	sarcoma;
breast,	testicular,	and	bladder
cancer

Myelosuppression,
constipation,	alopecia,
malaise,	bone	pain

Vinorelbine 25	to	30	mg/m2	IV	weekly Non–small-cell	lung,	breast,
cervical,	and	ovarian	cancer

Alopecia,	diarrhea,	nausea,
vomiting,	asthenia,
neuromyopathy

Estramustine 14	mg/kg	PO	daily	in	three	or
four	divided	doses

Metastatic	prostate	cancer Nausea,	vomiting,
gynecomastia,	fluid	retention

Ado-trastuzumab	emtansine 3.6	mg/kg	IV	every	3	wk HER2-positive	metastatic
breast	cancer

Thrombocytopenia,	nausea,
constipation	or	diarrhea,
peripheral	neuropathy,	fatigue,
increased	AST/ALT

Brentuximab	vedotin 1.8	mg/kg	every	3	wk,
maximum	dose	180	mg

Refractory	Hodgkin
lymphoma,	refractory	systemic
anaplastic	large	cell
lymphoma

Neutropenia,	anemia,
thrombocytopenia,	fatigue,
fever,	peripheral	neuropathy

IV,	 intravenously;	 ABVD,	 doxorubicin	 (Adriamycin),	 bleomycin,	 vinblastine,	 dacarbazine;	 PVB,	 cisplatin,	 vinblastine,	 bleomycin;
ddMVAC,	dose-dense	methotrexate,	vinblastine,	doxorubicin	(Adriamycin),	cisplatin;	PO,	by	mouth;	HER2,	human	epidermal	growth
factor	receptor	2	AST,	aspartate	aminotransferase;	ALT,	alternative	lengthening	of	telomeres.

Recent	evidence	suggests	that	microtubule	inhibitors	have	collateral	effects	during	interphase	that	lead	to	cell
death.	 For	 instance,	 paclitaxel-stabilized	microtubules	 serve	 as	 a	 scaffold	 for	 the	 binding	 of	 the	 death-effector
domain	 of	 pro-caspase-8	 and	 thereby	 enable	 a	 caspase-8	 downstream	 proteolytic	 cascade.4,6,7	 This	 caspase-8–
dependent	mechanism	also	serves	as	an	important	basis	for	the	understanding	of	the	loss	of	function	and/or	low
expression	of	the	breast	cancer	1,	early	onset	gene	(BRCA1)	association	with	resistance	to	taxane	therapy.8

Another	 mechanism	 of	 the	 anticancer	 effect	 of	 taxanes	 is	 attributed	 to	 the	 B-cell	 lymphoma-2	 (Bcl-2)
antiapoptosis	family	of	proteins.	Paclitaxel	has	been	shown	to	cause	phosphorylation	of	Bcl-2	and	sequestration	of
Bak	 and	 Bim;	 however,	 this	 seemingly	 cancer-protective	 phosphorylation	 needs	 to	 be	 reconciled	 and	 likely
correlates	with	Bcl-2	expression	levels.9–11	Interestingly,	neutralizing	the	Bcl-2	homology	3	(BH3)	domain	with
compounds	such	as	ABT-737	is	synergistic	with	docetaxel.12
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Host	immunologic	effects	of	taxanes	on	the	tumor	microenvironment	have	been	explored	with	docetaxel	and
paclitaxel.	 Direct	 on-target	 evidence	 for	 increased	 adjuvanticity	 has	 been	 demonstrated	 with	 enhanced
trastuzumab-mediated	 antibody-dependent	 cell-mediated	 cytotoxicity	 (ADCC)	 of	 human	 breast	 carcinoma	 cell
lines	 as	well	 as	 human	 patient	 serum	 correlates	 after	 treatment	with	 docetaxel.	Data	 showed	 that	 activation	 of
natural	killer	(NK)	cells	was	enhanced	after	 treatment	with	docetaxel	via	the	NK	group	2	member	D	(NKG2D)
receptor	with	restoration	of	NK	stimulatory	ligands	MICA,	MICB,	ULBP1,	and/or	ULBP2.13	Indirect	antitumor
immunologic	effects	of	docetaxel	and	paclitaxel	have	been	shown	to	occur	through	depletion	of	regulatory	T	cells
and	 suppression	 of	myeloid-derived	 suppressor	 cells.14,15	Docetaxel	 has	 been	 shown	 to	 induce	 tolerogenic	 cell
death.

Clinical	Pharmacology

Paclitaxel
With	prolonged	infusion	schedules	(6	and	24	hours),	drug	disposition	is	a	biphasic	process	with	values	for	alpha
and	beta	half-lives	averaging	approximately	20	minutes	and	6	hours,	respectively.	When	administered	as	a	3-hour
infusion,	the	pharmacokinetics	are	nonlinear	and	may	lead	to	unexpected	toxicity	with	a	small	dose	escalation	or	a
disproportionate	decrease	in	drug	exposure	and	loss	of	tumor	response	with	a	dose	reduction.	Approximately	70%
of	an	administered	dose	of	paclitaxel	 is	excreted	 in	stool	via	 the	enterohepatic	circulation	over	5	days	as	either
parent	compound	or	metabolites	in	humans.	Renal	clearance	of	paclitaxel	and	metabolites	is	minimal,	accounting
for	14%	of	 the	administered	dose.	 In	humans,	 the	bulk	of	drug	disposition	 is	metabolized	by	cytochrome	P450
mixed-function	 oxidases,	 specifically	 the	 isoenzymes	 CYP2C8	 and	 CYP3A4,	 which	 metabolize	 paclitaxel	 to
hydroxylated	 3′-p-hydroxypaclitaxel	 (minor)	 and	 6α-hydroxypaclitaxel	 (major),	 as	 well	 as	 dihydroxylated
metabolites.

Nanoparticle	Albumin-Bound	Paclitaxel
Nanoparticle	 albumin-bound	 paclitaxel	 (nab-paclitaxel)	 is	 a	 solvent-free	 colloidal	 suspension	 made	 by
homogenizing	paclitaxel	with	3%	to	4%	albumin	under	high	pressure	to	form	nanoparticles	of	approximately	130
nm	 that	 disperse	 in	 plasma	 to	 approximately	 10	 nm	 (see	 Table	 24.1).16	 It	 received	 regulatory	 approval	 in	 the
United	 States	 in	 2005	 based	 on	 results	 in	 patients	 with	metastatic	 breast	 cancer	 and	 is	 now	 also	 approved	 in
combination	with	carboplatin	for	first-line	treatment	of	locally	advanced	or	metastatic	non–small-cell	lung	cancer
and	 in	 combination	 with	 gemcitabine	 for	 first-line	 treatment	 of	 metastatic	 pancreatic	 adenocarcinoma.17	 The
improved	responses	seen	with	nab-paclitaxel	when	compared	to	solvent-based	paclitaxel	are	not	fully	understood.
Nab-paclitaxel	likely	capitalizes	on	several	mechanisms	that	include	improved	pharmacokinetic	profile	with	larger
volume	 of	 distribution	 and	 higher	 maximal	 concentration	 of	 circulating	 unbound	 free	 drug,	 improved	 tumor
accumulation	by	the	enhanced	permeability	and	retention	(EPR)	effect,	and	receptor-mediated	transcytosis	via	an
albumin-specific	 receptor	 (gp60)	 for	 endothelial	 transcytosis	 and	binding	of	 secreted	protein	 acidic	 and	 rich	 in
cysteine	(SPARC)	in	the	tumor	interstitium.18	In	contrast	to	Cremophor–ethanol	(CrEL)	solvent-based	paclitaxel,
nab-paclitaxel	 exhibits	 extensive	 extravascular	 volume	 of	 distribution	 exceeding	 that	 of	 water,	 indicating
extensive	 tissue	 and	 extravascular	 protein	 distribution.	 Some	 studies	 show	 that	 nab-paclitaxel	 achieves	 33%
higher	 drug	 concentration	 over	 CrEL-paclitaxel.19	 Additionally,	 maximum	 concentration	 (Cmax),	 mean	 plasma
half-life	of	15	 to	18	hours,	 area	under	 the	curve	 (AUC),	 and	dose-independent	plasma	clearance	correspond	 to
linear	pharmacokinetics	over	80	to	300	mg/m2.20	Improved	deposition	of	a	nanoparticle	such	as	nab-paclitaxel	in	a
tumor	tissue	can	occur	passively	through	an	EPR	effect	in	areas	of	leaky	vasculature	and	sufficient	vascular	pore
size	 and	 decreased	 lymphatic	 flow.21	 Once	 in	 the	 tissue,	 the	 nab-paclitaxel	 nanovehicle	 can	 deliver	 the	 drug
locally	or	benefit	from	further	receptor-mediated	targeting	to	SPARC,	which	has	been	shown	to	be	overexpressed
and	 correlates	with	 disease	 progression	 in	many	 tumor	 types.	High	 stromal	 SPARC	 level	was	 associated	with
longer	survival	in	patients	treated	with	nab-paclitaxel	in	phase	I/II	trials	but	was	not	predictive	of	response	in	the
phase	III	trial	of	patients	with	pancreatic	cancer.22

Docetaxel
The	pharmacokinetics	of	docetaxel	on	a	1-hour	schedule	is	triexponential	and	linear	at	doses	of	115	mg/m2	or	less.
Terminal	 half-lives	 ranging	 from	 11.1	 to	 18.5	 hours	 have	 been	 reported.	 The	most	 important	 determinants	 of
docetaxel	 clearance	 were	 the	 body	 surface	 area	 (BSA),	 hepatic	 function,	 and	 plasma	 α1-acid	 glycoprotein



concentration.	Plasma	protein	binding	is	high	(>80%),	and	binding	is	primarily	to	α1-acid	glycoprotein,	albumin,
and	 lipoproteins.	 The	 hepatic	 cytochrome	 P450	 mixed-function	 oxidases,	 particularly	 isoforms	 CYP3A4	 and
CYP3A5,	are	principally	involved	in	biotransformation.	The	principal	pharmacokinetic	determinants	of	toxicity,
particularly	neutropenia,	are	drug	exposure	and	the	time	that	plasma	concentrations	exceed	biologically	relevant
concentrations.	The	baseline	level	of	α1-acid	glycoprotein	may	be	elevated	as	an	acute	phase	reactant	in	advanced
disease	and	is	an	independent	predictor	of	response	and	a	major	objective	prognostic	factor	of	survival	in	patients
with	non–small-cell	lung	cancer	treated	with	docetaxel	chemotherapy.

Cabazitaxel
Cabazitaxel	is	a	semisynthetic	derivative	of	the	natural	taxoid	10-deacetylbaccatin	III.	It	binds	to	and	stabilizes	the
β-tubulin	subunit,	resulting	in	the	inhibition	of	microtubule	depolymerization	and	cell	division,	cell	cycle	arrest	in
the	G2/M	phase,	and	the	inhibition	of	tumor	cell	proliferation.23	It	is	active	against	diverse	cancer	cell	lines	and
tumor	models	that	are	sensitive	and	resistant	to	docetaxel	including	prostate,	mammary,	melanoma,	kidney,	colon,
pancreas,	lung,	gastric,	and	head	and	neck.	Cabazitaxel	is	a	poor	substrate	for	the	membrane-associated,	multidrug
resistance	P-glycoprotein	efflux	pump	and	therefore	is	useful	for	treating	docetaxel-refractory	prostate	cancer	for
which	 it	 gained	 FDA	 approval	 in	 2010.23	 Cabazitaxel	 has	 biologic	 and	 clinical	 characteristics	 that	 are	 distinct
from	 docetaxel	 and	 include	 (1)	 penetration	 through	 the	 blood–brain	 barrier,24	 (2)	 improved	 cytostatic	 and
cytotoxic	response	that	is	independent	of	the	androgen	receptor	in	CRPC,	(3)	inducement	of	molecular	actions	that
are	distinct	from	docetaxel	based	on	gene-expression	profiling,	and	(4)	tumors	that	develop	castration	resistance
via	RB	loss	that	show	enhanced	sensitivity	over	docetaxel.25

Pharmacokinetics	 of	 cabazitaxel	 is	 similar	 to	 docetaxel;	 however,	 cabazitaxel	 has	 a	 larger	 volume	 of
distribution	and	longer	terminal	half-life	(mean	77.3	hours	versus	11.2	hours	for	docetaxel).24

Tesetaxel
Tesetaxel	 (DJ-927,	 XRP6258)	 is	 a	 semisynthetic	 orally	 bioavailable	 taxane	 in	 late-stage	 clinical	 trials.	 It	 has
postulated	 benefits	 of	 less	 hypersensitivity	 and	 possibly	 less	 neurotoxicity	 compared	 to	 other	 taxanes.	 Dose-
limiting	toxicity	is	neutropenia,	and	its	activity	is	independent	of	P-glycoprotein	expression.

Drug	Interactions
Sequence-dependent	 pharmacokinetic	 and	 toxicologic	 interactions	 between	 paclitaxel	 and	 several	 other
chemotherapy	 agents	 have	 been	 noted.	 The	 sequence	 of	 cisplatin	 followed	 by	 paclitaxel	 (24-hour	 schedule)
induces	more	 profound	 neutropenia	 than	 the	 reverse	 sequence,	 which	 is	 explained	 by	 a	 33%	 reduction	 in	 the
clearance	of	paclitaxel	after	cisplatin.26	Treatment	with	paclitaxel	on	either	a	3-	or	24-hour	schedule	followed	by
carboplatin	has	been	demonstrated	to	produce	equivalent	neutropenia	and	less	thrombocytopenia	as	compared	to
carboplatin	as	a	single	agent,	which	is	not	explained	by	pharmacokinetic	interactions.	Neutropenia	and	mucositis
are	 more	 severe	 when	 paclitaxel	 is	 administered	 on	 a	 24-hour	 schedule	 before	 doxorubicin,	 compared	 to	 the
reverse	 sequence,	 which	 is	 most	 likely	 due	 to	 an	 approximately	 32%	 reduction	 in	 the	 clearance	 rates	 of
doxorubicin	 and	 doxorubicinol	 when	 doxorubicin	 is	 administered	 after	 paclitaxel.	 Several	 agents	 that	 inhibit
cytochrome	P450	mixed-function	 oxidases	 interfere	with	 the	metabolism	of	 paclitaxel	 and	 docetaxel	 in	 human
microsomes	in	vitro;	however,	the	clinical	relevance	of	these	findings	is	not	known.26

Toxicity

Paclitaxel
The	micelle-forming	CrEL	vehicle	that	is	required	for	suspension	and	intravenous	delivery	of	paclitaxel	causes	its
nonlinear	 pharmacokinetics	 and	 thereby	 impacts	 its	 therapeutic	 index.	 CrEL	 causes	 hypersensitivity	 reactions,
with	 major	 reactions	 usually	 occurring	 within	 the	 first	 10	 minutes	 after	 the	 first	 treatment	 and	 resolving
completely	after	stopping	treatment.	All	patients	should	be	premedicated	with	steroids,	diphenhydramine,	and	an
H2	 antagonist,	 although	 up	 to	 3%	 will	 still	 have	 reactions.	 Those	 who	 have	 major	 reactions	 have	 been
rechallenged	successfully	after	receiving	high	doses	of	corticosteroids.

Neuropathy	is	the	principal	toxicity	of	paclitaxel.	Paclitaxel	induces	a	peripheral	neuropathy	that	presents	in	a
symmetric	 stocking	 glove	 distribution,	 at	 first	 transient	 and	 then	 persistent.27	 Neurologic	 examination	 reveals
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sensory	 loss,	 and	 neurophysiologic	 studies	 reveal	 axonal	 degeneration	 and	 demyelination.27	 Compared	 with
cisplatin,	loss	of	deep	tendon	reflexes	occurs	less	commonly;	however,	autonomic	and	motor	changes	can	occur.
Severe	neurotoxicity	is	uncommon	when	paclitaxel	is	given	alone	at	doses	below	200	mg/m2	on	a	3-	or	24-hour
schedule	every	3	weeks	or	below	100	mg/m2	on	a	continuous	weekly	schedule.	There	is	no	convincing	evidence
that	 any	 specific	measure	 is	 effective	 at	 ameliorating	 existing	manifestations	or	preventing	 the	development	or
worsening	of	neurotoxicity.27

Neutropenia	 is	also	frequent	with	paclitaxel—the	onset	 is	usually	on	days	8	 to	11,	and	recovery	 is	generally
complete	by	days	15	to	21	with	an	every-3-week	dosing	regimen.	Neutropenia	is	noncumulative,	and	the	duration
of	 severe	neutropenia,	 even	 in	heavily	pretreated	patients,	 is	usually	brief.	Severity	of	neutropenia	 is	 related	 to
duration	 of	 exposure	 above	 the	 biologically	 relevant	 levels	 of	 0.05	 to	 0.10	 mM/L,	 and	 the	 nonlinear
pharmacokinetics	of	paclitaxel	should	be	considered	whenever	adjusting	dose.

The	most	common	cardiac	rhythm	disturbance,	a	transient	sinus	bradycardia,	can	be	observed	in	up	to	30%	of
patients.	Routine	cardiac	monitoring	during	paclitaxel	therapy	is	not	necessary	but	is	advisable	for	patients	who
may	not	be	able	to	tolerate	bradyarrhythmias.	Drug-related	gastrointestinal	effects,	such	as	vomiting	and	diarrhea,
are	 uncommon.	 Severe	 hepatotoxicity	 and	 pancreatitis	 have	 also	 been	 noted	 rarely.	 Pulmonary	 toxicities,
including	acute	bilateral	pneumonitis,	have	been	reported.	Extravasation	of	large	volumes	can	cause	moderate	soft
tissue	injury.	Paclitaxel	also	induces	reversible	alopecia	of	the	scalp	in	a	dose-related	fashion.	Nail	disorders	have
also	been	reported	with	paclitaxel	use	and	include	ridging,	nail	bed	pigmentation,	onychorrhexis,	and	onycholysis.
These	side	effects	have	been	reported	more	commonly	with	dose-intensified	paclitaxel	regimens.

Recent	 studies	have	suggested	a	 role	 for	ABC	transporter	polymorphisms	 in	 the	development	of	neuropathy
and	 neutropenia.	 Sissung	 et	 al.28	 reported	 that	 patients	 carrying	 two	 reference	 alleles	 for	 the	 ABCB1	 (P-
glycoprotein,	MDR1)	3435C	greater	than	T	polymorphism	had	a	reduced	risk	to	develop	neuropathy	as	compared
to	patients	carrying	at	 least	one	variant	allele	(P	=	 .09).	Data	from	a	 large	controlled	 trial	 to	evaluate	 these	and
other	 candidate	 polymorphisms	 failed	 to	 detect	 a	 significant	 association	 between	 genotype	 and	 outcome	 or
toxicity	for	any	of	the	genes	analyzed,	although	the	correlative	studies	were	retrospective	and	the	sample	size	was
inadequate	to	rule	out	smaller	differences.29	A	 large	randomized	 trial	of	 the	CALGB	40101	using	an	 integrated
genomewide	associate	 study	 found	 two	polymorphisms	associated	with	paclitaxel-induced	polyneuropathy	with
validation	 in	 a	 larger	 dataset.30,31	 Both	 are	 involved	 in	 nerve	 development	 and	 maintenance	 including	 the
hereditary	 peripheral	 neuropathy	 Charcot-Marie-Tooth	 disease	 gene,	 FGD4.	 Further	 studies	 are	 required	 to
adequately	assess	the	role	of	these	variants	in	predicting	toxicity	from	taxane	therapy.

Nab-paclitaxel
Hypersensitivity	 reactions	 have	 not	 been	 observed	 during	 the	 infusion	 period,	 and	 therefore,	 steroid
premedications	are	not	necessary.	The	main	dose-limiting	toxicities	are	neutropenia	and	sensory	neuropathy.	In	a
trial	comparing	weekly	paclitaxel	90	mg/m2	to	nab-paclitaxel	150	mg/m2	to	ixabepilone	in	patients	with	metastatic
breast	cancer,	although	median	progression-free	survival	was	not	significantly	different	(at	12-month	follow-up),
there	 was	 more	 hematologic	 toxicity	 and	 peripheral	 neuropathy	 in	 the	 nab-paclitaxel	 arm	 compared	 to	 the
paclitaxel	arm.32	This	led	to	dose	reductions	in	45%	of	patients	in	the	nab-paclitaxel	arm	compared	with	15%	for
the	paclitaxel	arm.32	Other	toxicities	include	alopecia,	diarrhea,	nausea	and	vomiting,	elevations	in	liver	enzymes,
arthralgia,	myalgia,	and	asthenia.

Docetaxel
Neutropenia	is	the	main	toxicity	of	docetaxel.	When	docetaxel	is	administered	on	an	every-3-week	schedule,	the
onset	 of	 neutropenia	 is	 usually	 noted	 on	 day	 8	 with	 complete	 resolution	 by	 days	 15	 to	 21.	 Neutropenia	 is
significantly	less	when	low	doses	are	administered	weekly.	FDA	black	box	warnings	include	increased	toxicity	in
patients	 with	 abnormal	 liver	 function	 and	 in	 select	 non–small-cell	 lung	 cancer	 patients	 that	 received	 prior
platinum,	 severe	 hypersensitivity	 reactions,	 and	 severe	 fluid	 retention	 despite	 dexamethasone	 home
premedication.

Hypersensitivity	 reactions	were	 noted	 in	 31%	 of	 patients	who	 received	 the	 drug	without	 premedications	 in
early	 studies.	Symptoms	 include	 flushing,	 rash,	 chest	 tightness,	back	pain,	dyspnea,	 and	 fever	or	 chills.	Severe
hypotension,	 bronchospasm,	 generalized	 rash,	 and	 erythema	 may	 also	 occur.33	 Major	 reactions	 usually	 occur
during	the	first	two	courses	and	within	minutes	after	the	start	of	treatment.	Signs	and	symptoms	generally	resolve
within	15	minutes	after	 cessation	of	 treatment,	 and	docetaxel	 can	usually	be	 reinstituted	without	 sequelae	after
treatment	 with	 diphenhydramine	 and	 an	 H2-receptor	 antagonist.	 Docetaxel	 induces	 a	 unique	 fluid	 retention



syndrome	characterized	by	edema,	weight	gain,	and	third-space	fluid	collection.	Fluid	retention	is	cumulative	and
is	due	 to	 increased	capillary	permeability.	Prophylactic	 treatment	with	corticosteroids	has	been	demonstrated	 to
reduce	the	incidence	of	fluid	retention.	Aggressive	and	early	treatment	with	diuretics	has	been	successfully	used	to
manage	fluid	retention.	Skin	toxicity	may	occur	in	as	many	as	50%	to	75%	of	patients;	however,	premedication
may	reduce	the	overall	incidence	of	this	effect.	Other	cutaneous	effects	include	palmar-plantar	erythrodysesthesia
and	 onychodystrophy.	 Docetaxel	 produces	 neurotoxicity,	 which	 is	 qualitatively	 similar	 to	 that	 of	 paclitaxel;
however,	neurosensory	and	neuromuscular	effects	are	generally	less	frequent	and	less	severe	than	with	paclitaxel.
Mild	to	moderate	peripheral	neurotoxicity	occurs	in	approximately	40%	of	untreated	patients.	Asthenia	has	been	a
prominent	complaint	in	patients	who	have	been	treated	with	large	cumulative	doses.	Stomatitis	appears	to	occur
more	 frequently	 with	 docetaxel	 than	 with	 paclitaxel.	 Other	 reported	 toxicities	 of	 note	 include	 necrotizing
enterocolitis,	interstitial	pneumonitis,	and	organizing	pneumonia.

Cabazitaxel
A	phase	 III	multi-institutional	 study	of	men	with	metastatic	CRPC	who	had	 failed	 docetaxel	 improved	overall
median	survival	on	cabazitaxel	compared	to	mitoxantrone.34	Cabazitaxel	was	approved	by	the	FDA	in	June	2010
to	treat	metastatic	CRPC	in	those	who	had	received	prior	chemotherapy.	This	was	despite	a	higher	rate	of	adverse
deaths	(4.9%),	and	a	third	of	those	were	due	to	neutropenic	sepsis.	Cabazitaxel	was	associated	with	more	grade	3
or	4	neutropenia	(82%)	than	mitoxantrone	(58%).	Side	effects	reported	in	more	than	20%	of	patients	treated	with
cabazitaxel	 included	 myelosuppression,	 diarrhea,	 nausea,	 vomiting,	 constipation,	 abdominal	 pain,	 or	 asthenia.
FDA	black	box	warnings	are	similar	to	those	of	docetaxel.

VINCA	ALKALOIDS
The	vinca	alkaloids	have	been	some	of	the	most	active	agents	in	cancer	chemotherapy	since	their	introduction	40
years	ago.	The	naturally	occurring	members	of	the	family,	vinblastine	(VBL)	and	vincristine	(VCR),	were	isolated
from	 the	 leaves	 of	 the	 periwinkle	 plant	Catharanthus	 roseus	G.	Don.	 In	 the	 late	 1950s,	 their	 antimitotic	 and,
therefore,	 cancer	 chemotherapeutic	 potential	was	 discovered	by	groups	both	 at	Eli	Lilly	Research	Laboratories
and	at	 the	University	of	Western	Ontario,	 and	 they	came	 into	widespread	use	 for	 the	 single-agent	 treatment	of
childhood	hematologic	and	solid	malignancies	and,	shortly	after,	 for	adult	hematologic	malignancies	(see	Table
24.1).1	 Their	 clinical	 efficacy	 in	 several	 combination	 therapies	 has	 led	 to	 the	 development	 of	 various	 novel
semisynthetic	analogues,	including	vinorelbine	(VRL),	vindesine	(VDS),	and	vinflunine	(VFL).

Mechanism	of	Action
In	contrast	to	the	taxanes,	the	vinca	alkaloids	depolymerize	microtubules	and	destroy	mitotic	spindles.1	At	low	but
clinically	 relevant	 concentrations,	 VBL	 does	 not	 depolymerize	 spindle	microtubules;	 yet,	 it	 powerfully	 blocks
mitosis,	 and	 this	 has	 been	 suggested	 to	 occur	 as	 a	 result	 of	 suppression	 of	 microtubule	 dynamics	 rather	 than
microtubule	 depolymerization.	This	 group	 of	 compounds	 binds	 to	 the	 β	 subunit	 of	 tubulin	 dimers	 at	 a	 distinct
region	called	the	vinca-binding	domain.	Importantly,	binding	of	VBL	induces	a	conformational	change	in	tubulin
in	 connection	 with	 tubulin	 self-association.	 In	 mitotic	 spindles,	 slowing	 of	 the	 growth	 and	 shortening	 or
treadmilling	 dynamics	 of	 the	microtubules	 block	mitotic	 progression.	Disruption	 of	 the	 normal	mitotic	 spindle
assembly	 leads	 to	delayed	cell	 cycle	progress	with	 chromosomes	 stuck	at	 the	 spindle	poles	 and	unable	 to	pass
from	metaphase	into	anaphase	and	eventually	induces	to	apoptosis.	The	naturally	occurring	vinca	alkaloids	VCR
and	VBL,	the	semisynthetic	analogue	VRL,	and	a	novel	bifluorinated	analogue	VFL	have	similar	mechanisms	of
action.

Tissue	and	tumor	sensitivities	to	the	vinca	alkaloids,	which	relate	in	part	to	differences	in	drug	transport	and
accumulation,	also	vary.	Intracellular	or	extracellular	concentration	ratios	range	from	5-	to	500-fold	depending	on
the	 individual	 cell	 type,	 lipophilicity,	 tissue-specific	 factors	 such	 as	 tubulin	 isotype	 composition,	 and	 tissue-
specific	MAPs.35–37	Although	the	vinca	alkaloids	are	retained	in	cells	for	long	periods	of	time	and	thus	may	have
prolonged	 cellular	 effects,	 intracellular	 retention	 is	markedly	 different	 among	 the	 various	 vinca	 alkaloids.	 For
instance,	VBL	appears	to	be	retained	in	lipophilic	tissue	much	more	than	either	VCR	or	VDS.37	Newer	theories	of
mechanism	of	action	of	antimicrotubule	agents	have	emerged,	suggesting	that	the	more	important	target	of	these
drugs	may	be	the	tumor	vasculature,	as	reviewed	in	the	next	section.

Host	 immunologic	effects	of	vinca	alkaloids	on	 the	 tumor	microenvironment	have	been	explored	with	VRL.
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Indirect	 antitumor	 immunologic	 effects	 in	 patients	 with	 non–small-cell	 lung	 cancer	 treated	 with	 VRL	 (plus
cisplatin)	may	occur	through	a	depletion	of	regulatory	T	cells.38

Clinical	Pharmacology
The	vinca	alkaloids	are	usually	administered	intravenously	as	a	brief	infusion,	and	their	pharmacokinetic	behavior
in	 plasma	 has	 generally	 been	 explained	 by	 a	 three-compartment	 model.	 The	 vinca	 alkaloids	 share	 many
pharmacokinetic	properties,	including	large	volumes	of	distribution,	high	clearance	rates,	and	long	terminal	half-
lives	 that	 reflect	 the	 high	 magnitude	 and	 avidity	 of	 drug	 binding	 in	 peripheral	 tissues.	 VCR	 has	 the	 longest
terminal	half-life	and	the	lowest	clearance	rate,	VBL	has	the	shortest	terminal	half-life	and	the	highest	clearance
rate,	 and	VDS	 has	 intermediate	 characteristics.	 Although	 prolonged	 infusion	 schedules	may	 avoid	 excessively
toxic	 peak	 concentrations	 and	 increase	 the	 duration	 of	 drug	 exposure	 in	 plasma	 above	 biologically	 relevant
threshold	concentrations,	there	is	little	evidence	to	support	the	notion	that	prolonged	infusions	are	more	effective
than	 bolus	 schedules.	 The	 longest	 half-life	 and	 lowest	 clearance	 rate	 of	 VCR	 may	 account	 for	 its	 greater
propensity	 to	 induce	 neurotoxicity,	 but	 there	 are	 many	 other	 nonpharmacokinetic	 determinants	 of	 tissue
sensitivity,	as	discussed	in	the	previous	section.

Vincristine
After	conventional	doses	of	VCR	(1.4	mg/m2)	given	as	brief	infusions,	peak	plasma	levels	approach	0.4	μmole.
Plasma	 clearance	 is	 slow,	 and	 terminal	 half-lives	 that	 range	 from	 23	 to	 85	 hours	 have	 been	 reported.	VCR	 is
metabolized	and	excreted	primarily	by	the	hepatobiliary	system.	The	nature	of	the	VCR	metabolites	identified	to
date,	as	well	as	the	results	of	metabolic	studies	in	vitro,	indicate	that	VCR	metabolism	is	mediated	principally	by
hepatic	cytochrome	P450	CYP3A5.

Vinblastine
The	clinical	 pharmacology	of	VBL	 is	 similar	 to	 that	 of	VCR.	Binding	of	VBL	 to	plasma	proteins	 and	 formed
elements	 of	 blood	 is	 extensive.39,40	 Peak	 plasma	 drug	 concentrations	 are	 approximately	 0.4	 mM	 after	 rapid
intravenous	injections	of	VBL	at	standard	doses.	Distribution	is	rapid,	and	terminal	half-lives	range	from	20	to	24
hours.	 Like	 VCR,	 VBL	 disposition	 is	 principally	 through	 the	 hepatobiliary	 system	 with	 excretion	 in	 feces
(approximately	95%);	however,	fecal	excretion	of	the	parent	compound	is	low,	indicating	that	hepatic	metabolism
is	extensive.37

Vinorelbine
The	pharmacologic	behavior	of	VRL	is	similar	to	that	of	the	other	vinca	alkaloids,	and	plasma	concentrations	after
rapid	 intravenous	 administration	 have	 been	 reported	 to	 decline	 in	 either	 a	 biexponential	 or	 triexponential
manner.41	After	 intravenous	 administration,	 there	 is	 a	 rapid	 decay	 of	VRL	 concentrations	 followed	 by	 a	much
slower	 elimination	 phase	 (terminal	 half-life,	 18	 to	 49	 hours).	 Plasma	 protein	 binding,	 principally	 to	 α1-acid
glycoprotein,	 albumin,	 and	 lipoproteins,	 has	 been	 reported	 to	 range	 from	 80%	 to	 91%,	 and	 drug	 binding	 to
platelets	 is	 extensive.41	 VRL	 is	 widely	 distributed,	 and	 high	 concentrations	 are	 found	 in	 virtually	 all	 tissues,
except	the	central	nervous	system.41	The	wide	distribution	of	VRL	reflects	 its	 lipophilicity,	which	is	among	the
highest	of	the	vinca	alkaloids.	As	with	other	vinca	alkaloids,	the	liver	is	the	principal	excretory	organ,	and	up	to
80%	 of	 VRL	 is	 excreted	 in	 the	 feces,	 whereas	 urinary	 excretion	 represents	 only	 16%	 to	 30%	 of	 total	 drug
disposition,	the	bulk	of	which	is	unmetabolized	VRL.	Studies	in	humans	indicate	that	4-O-deacetyl-VRL	and	3,6-
epoxy-VRL	 are	 the	 principal	 metabolites,	 and	 several	 minor	 hydroxy-VRL	 isomer	 metabolites	 have	 been
identified.	Although	most	metabolites	are	 inactive,	 the	deacetyl-VRL	metabolite	may	be	as	active	as	VRL.	The
cytochrome	P450	CYP3A	isoenzyme	appears	to	be	principally	involved	in	biotransformation.

Vinflunine
VFL	 is	 a	 novel	 semisynthetic	microtubule	 inhibitor	with	 a	 fluorinated	 catharanthine	moiety	 that	 translates	 into
lower	 affinity	 for	 the	 vinca	 binding	 site	 on	 tubulin	 and	 therefore	 different	 quantitative	 effects	 on	microtubule
dynamics.42	The	 low	affinity	 for	 tubulin	may	be	 responsible	 for	 its	 reduced	clinical	neurotoxicity.	Despite	 this
lower	affinity,	it	is	more	active	in	vivo	than	other	vinca	alkaloids	and	resistance	develops	more	slowly.	VFL	is	a
new	vinca	and	still	under	clinical	development.	Its	volume	of	distribution	is	large,	and	it	has	a	terminal	half-life	of



nearly	 40	 hours.42	 The	 only	 active	 metabolite	 is	 4-O-deacetylvinflunine,	 which	 has	 a	 terminal	 half-life
approximately	5	days	longer	than	that	of	the	parent	compound.42

Drug	Interactions
Methotrexate	accumulation	in	tumor	cells	is	enhanced	in	vitro	by	the	presence	of	VCR	or	VBL,	an	effect	mediated
by	a	vinca	alkaloid–induced	blockade	of	drug	efflux;	however,	 the	minimal	concentrations	of	VCR	required	 to
achieve	 this	 effect	 occur	 only	 transiently	 in	 vivo.43	 The	 vinca	 alkaloids	 also	 inhibit	 the	 cellular	 influx	 of	 the
epipodophyllotoxins	in	vitro,	resulting	in	less	cytotoxicity,	but	the	clinical	implications	of	this	potential	interaction
are	 unknown.	 L-asparaginase	 may	 reduce	 the	 hepatic	 clearance	 of	 the	 vinca	 alkaloids,	 which	 may	 result	 in
increased	 vinca-related	 toxicity.	 To	minimize	 the	 possibility	 of	 this	 interaction,	 the	 vinca	 alkaloids	 should	 be
given	12	to	24	hours	before	L-asparaginase.	The	combined	use	of	mitomycin	C	and	the	vinca	alkaloids	has	been
associated	with	acute	dyspnea	and	bronchospasm.	The	onset	of	these	pulmonary	toxicities	has	ranged	from	within
minutes	to	hours	after	treatment	with	the	vinca	alkaloids	or	up	to	2	weeks	after	mitomycin	C.

Treatment	with	the	vinca	alkaloids	has	precipitated	seizures	associated	with	subtherapeutic	plasma	phenytoin
concentrations.43	Reduced	plasma	phenytoin	levels	have	been	noted	from	24	hours	to	10	days	after	treatment	with
VCR	 and	 VBL.	 Because	 of	 the	 importance	 of	 the	 cytochrome	 P450	 CYP3A	 isoenzyme	 in	 vinca	 alkaloid
metabolism,	administration	of	the	vinca	alkaloids	with	erythromycin	and	other	inhibitors	of	CYP3A	may	lead	to
severe	toxicity.44	Concomitantly	administered	drugs,	such	as	pentobarbital	and	H2-receptor	antagonists,	may	also
influence	VCR	clearance	by	modulating	hepatic	cytochrome	P450	metabolic	processes.44

Toxicity
Despite	 close	 similarities	 in	 structure,	 the	 vinca	 alkaloids	 differ	 in	 their	 safety	 profiles.	 Neutropenia	 is	 the
principal	dose-limiting	toxicity	of	VBL	and	VRL.	Thrombocytopenia	and	anemia	occur	less	commonly.	The	onset
of	 neutropenia	 is	 usually	 day	 7	 to	 11,	 with	 recovery	 by	 days	 14	 to	 21,	 and	 can	 be	 potentiated	 by	 hepatic
dysfunction.	 Gastrointestinal	 autonomic	 dysfunction,	 as	 manifested	 by	 bloating,	 constipation,	 ileus,	 and
abdominal	pain,	occur	most	 commonly	with	VCR	or	high	doses	of	 the	other	vinca	alkaloids.	Mucositis	occurs
more	 frequently	 with	 VBL	 than	 with	 VRL	 and	 is	 least	 common	 with	 VCR.	 Nausea,	 vomiting,	 diarrhea,	 and
pancreatitis	also	occur	to	a	lesser	extent.

VCR	 principally	 induces	 neurotoxicity	 characterized	 by	 a	 peripheral,	 symmetric	 mixed	 sensorimotor	 and
autonomic	 polyneuropathy.45	 Toxic	 manifestations	 include	 constipation,	 abdominal	 cramps,	 paralytic	 ileus,
urinary	 retention,	 orthostatic	 hypotension,	 and	 hypertension.	 Its	 primary	 neuropathologic	 effects	 are	 due	 to
interference	with	axonal	microtubule	function.	Early	symmetric	sensory	impairment	and	paresthesias	can	progress
to	neuritic	pain	and	loss	of	deep	tendon	reflexes	with	continued	treatment,	which	may	be	followed	by	foot	drop,
wrist	drop,	motor	dysfunction,	ataxia,	and	paralysis.	Cranial	nerves	are	rarely	affected	as	the	uptake	of	VCR	into
the	central	nervous	system	is	low.	Severe	neurotoxicity	occurs	infrequently	with	VBL	and	VDS.	VRL	has	been
shown	to	have	a	lower	affinity	for	axonal	microtubules	than	either	VCR	or	VBL,	which	seems	to	be	confirmed	by
clinical	 observations.46	 Mild	 to	 moderate	 peripheral	 neuropathy,	 principally	 characterized	 by	 sensory	 effects,
occurs	 in	 7%	 to	 31%	 of	 patients,	 and	 constipation	 and	 other	 autonomic	 effects	 are	 noted	 in	 30%	 of	 patients,
whereas	severe	toxicity	occurs	in	2%	to	3%.

In	 adults,	 neurotoxicity	 may	 occur	 after	 treatment	 with	 cumulative	 doses	 as	 little	 as	 5	 to	 6	 mg,	 and
manifestations	may	be	profound	after	cumulative	doses	of	15	to	20	mg.	Patients	with	delayed	biliary	excretion	or
hepatic	 dysfunction	 and	 those	 with	 antecedent	 neurologic	 disorders,	 such	 as	 Charcot-Marie-Tooth	 disease,
hereditary	and	sensory	neuropathy	type	1,	and	Guillain-Barré,	are	predisposed	to	neurotoxicity.

The	vinca	alkaloids	are	potent	vesicants.	To	decrease	risk	of	phlebitis,	the	vein	should	be	adequately	flushed
after	 treatment.	 If	 extravasation	 is	 suspected,	 treatment	 should	be	discontinued,	 aspiration	of	 any	 residual	 drug
remaining	in	the	tissues	should	be	attempted,	and	prompt	application	of	heat	(and	not	ice)	for	1	hour	four	times
daily	for	3	to	5	days	can	limit	tissue	damage.47	Hyaluronidase,	150	to	1,500	U	(15	U/mL	in	6	mL	0.9%	sodium
chloride	solution)	subcutaneously,	through	six	clockwise	injections	in	a	circumferential	manner	using	a	25-gauge
needle	(changing	the	needle	with	each	new	injection)	into	the	surrounding	tissues	may	minimize	discomfort	and
latent	cellulitis.	A	surgical	consultation	to	consider	early	debridement	is	also	recommended.	Mild	and	reversible
alopecia	 occurs	 in	 approximately	 10%	 and	 20%	 of	 patients	 treated	 with	 VLR	 and	 VCR,	 respectively.	 Acute
cardiac	ischemia,	chest	pains	without	evidence	of	ischemia,	fever,	Raynaud	syndrome,	hand-foot	syndrome,	and
pulmonary	and	liver	toxicity	(transaminitis	and	hyperbilirubinemia)	have	also	been	reported	with	use	of	the	vinca
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alkaloids.	 All	 of	 the	 vinca	 alkaloids	 can	 cause	 syndrome	 of	 inappropriate	 secretion	 of	 antidiuretic	 hormone
(SIADH),	 and	 patients	 who	 are	 receiving	 intensive	 hydration	 are	 particularly	 prone	 to	 severe	 hyponatremia
secondary	to	SIADH.

MICROTUBULE	ANTAGONISTS
Estramustine	Phosphate
Estramustine	 is	 a	 conjugate	 of	 nor-nitrogen	 mustard	 linked	 to	 17β-estradiol	 by	 a	 carbamate	 ester	 bridge.
Estramustine	phosphate	received	regulatory	approval	in	the	United	States	in	1981	for	treating	patients	with	CRPC.
Estramustine	has	activity	in	CRPC	and	had	been	used	in	combination	with	VBL	or	docetaxel.	Phase	III	trials	in
patients	with	CRPC	showed,	however,	 that	when	combined	with	docetaxel,	 there	 is	no	added	benefit	 to	overall
survival	compared	to	docetaxel	alone.

Estramustine	 binds	 to	 β-tubulin	 at	 a	 site	 distinct	 from	 the	 colchicine	 and	 vinca	 alkaloid–binding	 sites.	 This
agent	depolymerizes	microtubules	and	microfilaments,	binds	 to	and	disrupts	MAPs,	and	 inhibits	cell	growth	at
high	 concentrations,	 resulting	 in	 mitotic	 arrest	 and	 apoptosis	 in	 tumor	 cells.	 The	 selective	 accumulation	 and
actions	of	estramustine	phosphate	and	its	metabolite,	estromustine,	in	specific	tissues	appear	to	be	dependent	on
the	expression	of	the	estramustine-binding	protein	(EMBP).	The	disposition	of	estramustine	is	principally	by	rapid
oxidative	 metabolism	 of	 the	 parent	 compound	 to	 estromustine.	 Estromustine	 concentrations	 in	 plasma	 are
maximal	within	2	 to	4	hours	after	oral	 administration,	 and	 the	mean	elimination	half-life	of	estromustine	 is	14
hours.	Estromustine	and	estramustine	are	principally	excreted	in	the	feces,	with	only	small	amounts	of	conjugated
estrone	and	estradiol	detected	in	the	urine	(<1%).

In	general,	this	agent	has	a	manageable	safety	profile,	albeit	with	black	box	thromboembolic	complications	that
limit	its	overall	utility.	Nausea	and	vomiting	are	the	principal	toxicities	encountered.	In	contrast	to	the	taxanes	and
the	 vinca	 alkaloids,	 myelosuppression	 is	 rarely	 clinically	 relevant.	 Common	 estrogenic	 side	 effects	 include
gynecomastia,	nipple	tenderness,	and	fluid	retention.	Thromboembolic	complications	may	occur	in	up	to	10%	of
patients,	 and	 caution	 should	 be	 used	 in	 patients	 with	 thromboembolic	 disorders,	 cerebrovascular	 disease,	 or
coronary	artery	disease.

Epothilones
The	 epothilones	 are	 macrolide	 compounds	 that	 were	 initially	 isolated	 from	 the	 mycobacterium	 Sorangium
cellulosum.	They	exert	their	cytotoxic	effects	by	promoting	tubulin	polymerization	and	inducing	mitotic	arrest.	In
general,	 the	 epothilones	 are	 more	 potent	 than	 the	 taxanes.	 In	 contrast	 to	 the	 taxanes	 and	 vinca	 alkaloids,
overexpression	of	the	efflux	protein	P-glycoprotein	minimally	affects	the	cytotoxicity	of	epothilones.	Epothilones
include	the	natural	epothilone	B	(patupilone;	EPO906)	and	several	semisynthetic	epothilone	compounds	such	as
aza-epothilone	B	(ixabepilone;	BMS-247550),	epothilone	D	(deoxyepothilone	B,	KOS-862),	and	a	fully	synthetic
analogue,	sagopilone	(ZK-EPO).48

Ixabepilone	 has	 been	 evaluated	 in	 several	 schedules	 using	 a	 cremophor-based	 formulation	 and	 is	 FDA
approved	 for	 the	 treatment	 of	 patients	 with	 breast	 cancer.48	 It	 is	 active	 in	 taxane-treated	 breast	 cancer.	 The
principal	 toxicities	 include	 neutropenia	 and	 peripheral	 neuropathy,	 in	 addition	 to	 fatigue,	 nausea,	 emesis,	 and
diarrhea.	 It	 also	has	been	evaluated	 in	other	 solid	 tumors	 such	as	ovarian,	prostate,	 and	 renal	 cell	 carcinoma.49
Pharmacokinetic	 studies	 based	 on	 patupilone	 have	 shown	 large	 volume	 of	 distribution	 (41-fold	 the	 total	 body
water)	and	low	body	clearance	(13%	of	hepatic	blood	flow).50	There	do	not	appear	to	be	active	metabolites	once
the	parent	drug	is	hydrolyzed,	the	main	elimination	pathway.50

Maytansinoids	and	Auristatins:	DM1,	DM4,	MMAE,	MMAF
Antibody-drug	conjugates	(ADCs)	were	first	attempted	with	delivery	of	doxorubicin.	Although	tissue	localization
seemed	promising,	it	became	clear	that	delivery	of	more	potent	chemotherapeutics	was	necessary.51,52	One	of	the
major	advances	for	the	promise	of	ADCs	came	with	the	discovery	and	development	of	highly	potent	anticancer
compounds	such	as	calicheamicins,	maytansinoids,	and	auristatins.51	The	next	necessary	advance	was	a	linker	that
released	drug	only	when	 intended	 to	avoid—or	 in	some	cases	 to	capitalize	on—in	vivo	proteases,	oxidizing,	or
reducing	environments.	Gemtuzumab	ozogamicin	was	 the	 first	ADC	using	calicheamicin,	a	potent	DNA	minor
groove	binder	(and	not	a	microtubule	agent),	approved	in	2000,	withdrawn	from	the	market	in	2013	due	to	failed



confirmatory	studies,	and	 then	reapproved	 in	2017	with	a	different	dosing	schedule	 that	 is	beneficial	 in	CD33+
acute	myeloid	leukemia.	Maytansinoids	and	auristatins	are	unrelated,	although	both	are	tubulin-binding	agents	of
the	vinca-binding	site	and	inhibit	tubulin	polymerization.51	They	are	100-	to	1,000-fold	more	cytotoxic	that	most
cancer	chemotherapeutics.

Maytansinoids	are	potent	compounds	that	inhibit	tubulin	polymerization	and	microtubule	assembly.	They	are
derived	 from	maytansine	which	 is	 a	macrolide	 isolated	 from	 the	Maytenus	 plant.	Drug	maytansinoid-1	 (DM1,
emtansine)	is	the	chemotherapeutic	delivered	using	a	thioether	linker	in	the	ADC	ado-trastuzumab	emtansine	(T-
DM1)	 that	 was	 FDA	 approved	 for	 patients	 with	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)-positive
metastatic	 breast	 cancer	 previously	 treated	with	 trastuzumab	 and	 taxane	 chemotherapy.53,54	 In	 the	 international
phase	III	study,	there	was	a	3.2-month	improved	progression-free	survival	among	patients	that	received	T-DM1
compared	 to	 those	 receiving	 standard	 treatment	 with	 capecitabine	 and	 lapatinib.54	 Despite	 a	 potent
chemotherapeutic,	 the	 tolerability	 was	 much	 better	 in	 the	 experimental	 arm,	 which	 was	 dosed	 at	 3.6	 mg/kg
intravenously	every	21	days.	The	most	common	side	effects	in	the	trial	were	thrombocytopenia	(12.8%);	transient
transaminitis	 (4.3%);	 as	 well	 as	 nausea,	 fatigue,	 myalgias,	 and	 arthralgias.54	 Drug	 maytansinoid-4	 (DM4,
ravtansine,	soravtansine)	is	another	maytansinoid	compound	that	is	undergoing	evaluation	in	clinical	trials	using
targeted	delivery	systems	such	as	ADC.

Monomethyl	auristatin	E	(MMAE)	or	monomethyl	auristatin	F	(MMAF)	are	potent	synthetic	antimitotic	agents
that	 can	 only	 be	 delivered	 using	 a	 targeting	 system	 such	 as	 an	ADC.	The	 drug	and	 its	 linker	 is	 referred	 to	 as
vedotin	(MMAE)	or	mafodotin	(MMAF),	and	is	typically	in	a	ratio	of	four	to	eight	molecules	drug	per	targeting
monoclonal	 antibody.	An	example	ADC	 is	MMAE	 targeted	 to	CD30	 (brentuximab	vedotin,	SGN35),	which	 is
approved	for	 refractory	Hodgkin	 lymphoma,	systemic	or	cutaneous	anaplastic	 large	cell	 lymphoma,	and	CD30-
expressing	mycosis	 fungoides.	The	 linker	 is	a	peptidic-based	substrate	 for	cathepsin	B	and	 thereby	designed	 to
detect	the	lysosome/endosome	compartment	for	drug	release.	Dose-limiting	toxicities	include	thrombocytopenia,
hyperglycemia,	 diarrhea/vomiting,	 and	 the	 most	 common	 side	 effects	 in	 this	 heavily	 pretreated	 population
(including	 autologous	 stem	 cell	 transplant)	 include	 peripheral	 neuropathy	 (42%),	 nausea	 (35%),	 and	 fatigue
(34%).55,56	 FDA	 black	 box	 warnings	 include	 contraindicated	 use	 with	 bleomycin	 due	 to	 increased	 pulmonary
toxicity,	and	risk	of	John	Cunningham	(JC)	virus–induced	progressive	multifocal	leukoencephalopathy.

Host	immunologic	effects	of	maytansinoids	on	the	tumor	microenvironment	have	been	explored	with	vedotin
ADC.	Brentuximab	vedotin	 and	enfortumab	vedotin	have	been	 shown	 to	 induce	 immunogenic	 cell	 death	 in	 ex
vivo	assays.	 In	vivo	evidence	supports	an	 immunogenic	cell	death	mechanism	with	a	directed	proinflammatory
antitumor	 immune	 responses	 which	 may	 be	 potentiated	 by	 anti–programmed	 cell	 death	 protein	 1	 (PD-1)
therapy.57,58

MITOTIC	MOTOR	PROTEIN	INHIBITORS
In	an	attempt	to	overcome	neurotoxicity	of	microtubule	inhibitors,	efforts	have	been	focused	on	antimitotic	agents
that	 can	 target	mitotic	 kinases	 (Aurora	 and	 Polo-like	 kinases)	 or	 through	 inhibition	 of	motor	 proteins	 (kinesin
spindle	proteins).

Aurora	Kinase	and	Polo-Like	Kinase	Inhibitors
Aurora	kinases	are	serine/threonine	kinases	crucial	for	mitosis	in	their	recruitment	of	mitotic	motor	proteins	for
spindle	formation.	They	are	particularly	overexpressed	in	high	growth	rate	tumors.	Aurora	A	and	B	kinases	are
expressed	globally	throughout	all	tissues,	and	Aurora	C	kinase	is	expressed	in	testes	and	participates	in	meiosis.
Aurora	 A	 kinase	 is	 expressed	 and	 frequently	 amplified	 in	 many	 epithelial	 tumors	 and	 implicated	 in	 the
microtubule-targeted	agent	resistant	phenotype.59	Aurora	A	kinase	interacts	with	p53,	and	there	is	evidence	that
p53	wild-type	tumors	are	more	sensitive	to	aurora	A	kinase	inhibitors	than	p53	mutant	tumors.60	Alisertib	(MLN-
8237)	has	an	IC50	of	1	nM	for	aurora	A	kinase	and	>200	nM	for	aurora	B	kinase	and	is	in	clinical	development	for
neuroendocrine	prostate	cancer.59,61	Neutropenia	is	the	dose-limiting	toxicity.

Kinesin	Spindle	Protein	Inhibitor
Kinesin	spindle	protein	(KSP;	also	known	as	EG5)	is	a	kinesin	motor	protein	required	to	establish	mitotic-spindle
bipolarity.	SB-715992	(ispinesib)	 is	a	small-molecule	 inhibitor	of	KSP	adenosine	 triphosphatase	 (ATPase);	and
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was	largely	inactive	in	phase	II	studies	of	prostate,	renal,	and	head	and	neck	cancers.	Other	compounds	are	still	in
trials.

The	 lack	 of	 efficacy	 thus	 far	 in	 antimitotic	 agents	may	 be	 due	 to	 several	 reasons.	 However,	 it’s	 clear	 that
targeting	mitosis	 to	 avoid	 neurotoxicity	 of	microtubule	 inhibition	 has	 tradeoffs	where	more	 quiescent	 cells	 are
spared	and	may	be	 responsible	 for	eventual	 recurrence	and	 resistance.	Targeting	motor	proteins	 responsible	 for
both	interphase	and	mitosis	may	be	essential	to	realize	efficacy	with	these	agents.

MECHANISMS	OF	RESISTANCE	TO	MICROTUBULE	INHIBITORS
Drug	resistance	 is	often	complex	and	multifaceted	and	can	 involve	diverse	mechanisms	such	as	(1)	 factors	 that
reduce	the	ability	of	drugs	to	reach	their	cellular	target	(e.g.,	activation	of	detoxification	pathways	and	decreased
drug	accumulation),	(2)	modifications	in	the	drug	target,	and	(3)	events	downstream	of	the	target	(e.g.,	decreased
sensitivity	 to,	 or	 defective,	 apoptotic	 signals).	 Many	 tubulin-binding	 agents	 are	 substrates	 for	 multidrug
transporters	such	as	P-glycoprotein	and	the	multidrug	resistance	gene	(MDR1).62

The	MDR1-encoded	 gene	 product	 MDR1	 (ABC	 subfamily	 B1;	 ABCB1)	 and	MDR2	 (ABC	 subfamily	 B4;
ABCB4)	are	the	best	characterized	adenosine	triphosphate–binding	cassette	(ABC)	transporters	thought	to	confer
drug	resistance	to	taxanes.62,63	MDR-related	taxane	resistance	can	be	reversed	by	many	classes	of	drugs,	including
the	calcium	channel	blockers,	cyclosporin	A,	and	antiarrhythmic	agents.62,63	However,	the	clinical	utility	of	this
approach	 has	 never	 been	 proven,	 despite	 several	 clinical	 trials.	 The	 role	 of	 ABC	 transporters	 in	 resistance	 to
microtubule	inhibitors	remains	to	be	determined.64

An	increasing	number	of	studies	suggest	that	the	expression	of	individual	tubulin	polymer	or	tubulin	isotypes
are	altered	in	cells	resistant	to	antimicrotubule	drugs	and	may	confer	drug	resistance.65,66	Inherent	differences	in
microtubule	dynamics	and	drug	interactions	have	been	observed	with	some	isotypes	in	vitro	and	in	vivo.67	Several
taxane-resistant	mutant	cell	lines	that	have	structurally	altered	α-	and	β-tubulin	proteins	and	an	impaired	ability	to
polymerize	into	microtubules	have	also	been	identified.68	Mutations	of	tubulin	isotype	genes,	gene	amplifications,
and	 isotype	 switching	have	 also	 been	 reported	 in	 taxane-resistant	 cell	 lines.68	 In	 patients,	 levels	 of	 class	 III	 β-
tubulin	 have	 been	 shown	 to	 correlate	 with	 response—those	 with	 high	 RNA	 levels	 have	 poor	 response—and
immunohistochemical	 stains	 can	 correlate	 and	 may	 be	 predictive.	 As	 opposed	 to	 taxanes,	 resistance	 to	 vinca
alkaloids	has	been	associated	with	decreased	class	II	β-tubulin	expression.65,67

MAPs	are	important	structural	and	regulatory	components	of	microtubules	that	act	 in	concert	 to	remodel	 the
microtubule	network	by	stabilizing	or	destabilizing	microtubules	during	mitosis	or	cytokinesis.	Alterations	in	the
activity	 and/or	 balance	 of	 stabilizing	 or	 destabilizing	 MAPs	 can	 profoundly	 affect	 microtubule	 function.	 The
overexpression	of	stathmin,	a	destabilizing	protein,69	has	been	 reported	 to	decrease	sensitivity	 to	paclitaxel	and
VBL.	An	analysis	of	predictive	or	prognostic	factors	in	a	large	phase	III	study	(National	Surgical	Adjuvant	Breast
and	Bowel	Project	[NSABP]	B28)	in	patients	with	node-positive	breast	cancer	showed	that	MAP-tau,	a	stabilizing
protein,	was	a	prognostic	factor;	however,	it	was	not	predictive	for	benefit	from	paclitaxel-based	chemotherapy.70
In	 a	 separate	 randomized	 controlled	 trial	 in	 breast	 cancer	 (TAX	 307)	 where	 the	 only	 variable	 was	 docetaxel,
MAP-tau	was	also	shown	to	be	prognostic	but	not	predictive	of	taxane	benefit.71

Additional	studies	have	shown	a	correlation	with	BRCA1	loss	measured	by	gene	or	protein	expression,	or	gene
signatures,	 with	 resistance	 to	 taxane	 and	 sensitivity	 to	 DNA-damaging	 agents	 (such	 as	 cisplatin	 and
anthracyclines).72	BRCA1	is	a	tumor-suppressor	gene	with	DNA	damage	response	and	repair,	as	well	as	cell	cycle
checkpoint	activation,	which	explains	why	its	loss	leads	to	enhanced	cisplatin	sensitivity.19	BRCA1	also	indirectly
regulates	microtubule	dynamics	and	stability	and	can	 favorably	control	how	microtubules	 respond	 to	paclitaxel
treatment	via	their	association	with	pro-caspase-8.	Loss	of	BRCA1	can	lead	to	impaired	taxane-	induced	activation
of	apoptosis	due	to	microtubules	that	are	more	dynamic	and	less	susceptible	to	taxane-induced	stabilization	and
proximity	induced	activation	of	caspase-8	signaling.8

In	 addition	 to	 resistance,	 certain	 tumor	 subtypes	 may	 be	 sensitive	 to	 taxane	 dosing	 schedule.	 In	 two
randomized	 trials	 of	 low-dose	weekly	paclitaxel,	 the	 luminal	 breast	 cancer	 subtype	was	 found	 to	 have	 a	 better
outcome	 compared	 with	 the	 control	 arm.	 This	 suggests	 that	 not	 only	 drug	 but	 also	 schedule	 may	 influence
response	to	therapy	and	that	genomic	approaches	may	reveal	these	insights.

SUMMARY



Antimicrotubule	agents	can	impact	mitosis	progression,	the	cell	cycle,	as	well	as	intracellular	trafficking	and	have
broad	 antineoplastic	 action	 including	 hematologic	 and	 solid	malignancies.	 Impacts	 on	 the	 host	 immune	 tumor
microenvironment	are	also	being	elucidated.	New	agents	are	currently	being	developed	that	can	more	efficiently
target	 tumor	 tissue	 with	 fewer	 side	 effects	 and	 ease	 of	 administration.	 Synthetic	 chemistry,	 drug	 design,
experimental	therapeutics,	and	improved	delivery	platforms	with	ADC	and	nanoparticle	formulations	are	helping
to	 advance	 and	 more	 precisely	 target	 the	 microtubule.	 Omics	 approaches	 are	 being	 developed	 to	 define
biomarkers	 of	 resistance	 and	 toxicity	 of	 antimicrotubule	 agents.	 Opportunities	 for	 rational	 combinations	 of
antimicrotubule	agents	with	immune	checkpoint	inhibitors	are	currently	being	explored.
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25 Kinase	Inhibitors	as	Anticancer
Drugs
Gopa	Iyer,	Debyani	Chakravarty,	and	David	B.	Solit

INTRODUCTION
Detailed	mapping	of	the	signal	transduction	pathways	that	regulate	normal	cellular	physiology	has	revealed	that
these	 complex	 networks	 are	 commonly	 dysregulated	 in	 human	 cancer.	 Protein	 and	 lipid	 kinases	 serve	 as	 key
regulatory	nodes	within	signaling	pathways	and	drugs	that	selectively	inhibit	activated	kinases	are	now	routinely
used	to	treat	a	variety	of	cancers.	In	many	instances,	kinase	inhibitors	have	proven	to	be	significantly	more	active
and	less	toxic	than	cytotoxic	chemotherapies,	resulting	in	their	rapid	adoption	as	a	component	of	standard	care.

Kinases	are	enzymes	that	catalyze	the	transfer	of	a	high-energy	phosphate	group	to	an	effector	protein	or	lipid
substrate	in	a	process	known	as	phosphorylation.	Phosporylation	can	alter	the	activity	of	a	target	substrate	through
several	 mechanisms	 including	 direct	 modulation	 of	 protein	 enzymatic	 activity,	 creation	 of	 docking	 sites	 that
promote	protein–protein	 interactions,	or	by	altering	 stability	or	 subcellular	 localization.	The	phosphorylation	or
dephosphorylation	of	signaling	intermediaries	play	key	regulatory	roles	in	the	transmission	of	signals	from	the	cell
surface	 to	 the	 nucleus.	 Dysregulation	 of	 these	 cell	 signaling	 networks	 can	 lead	 to	 uncontrolled	 cellular
proliferation,	enhanced	cellular	survival	and	motility,	and	other	hallmarks	of	the	cancer	phenotype.1

Kinases	 are	 subclassified	 based	 on	 whether	 they	 phosphorylate	 proteins	 or	 lipids,	 and	 protein	 kinases	 are
further	 classified	 based	 on	 the	 specific	 amino	 acid	 phosphorylated	 (typically	 serine/threonine	 or	 tyrosine	 in
eukaryotic	cells).	Kinases	are	also	subclassified	according	to	their	cellular	localization.	Receptor	tyrosine	kinases
serve	 as	 cell	 surface	 receptors	 for	 growth	 factors,	 cytokines,	 or	 hormones.	Many	 nonreceptor	 tyrosine	 kinases,
such	as	Src,	are	localized	in	the	cytoplasm,	whereas	others	are	localized	in	the	nucleus.	All	protein	kinases	have	a
kinase	domain,	the	structurally	conserved	catalytic	region	responsible	for	transferring	the	high-energy	phosphate
group	from	an	adenosine	triphosphate	(ATP)	molecule	to	the	kinase	substrate.

As	 outlined	 in	 detail	 in	 the	 following	 text	 and	 in	 several	 of	 the	 disease-specific	 chapters,	 several	 small
molecules	 and	monoclonal	 antibodies,	which	 inhibit	 kinases	 through	different	mechanisms,	 have	 received	U.S.
Food	and	Drug	Administration	(FDA)	approval	 for	use	 in	a	wide	variety	of	cancer	 indications.	Small-molecule
kinase	inhibitors	often	bind	to	or	near	the	ATP	binding	site	of	the	target	kinase	either	in	its	active	conformation
(type	 I	 kinase	 inhibitors),	 or	 in	 its	 inactive	 conformation	 (type	 II	 kinase	 inhibitors).	Notable	 examples	 include
vemurafenib,	a	type	I	RAF	kinase	inhibitor,	and	imatinib,	a	type	II	inhibitor	of	the	ABL,	KIT,	and	platelet-derived
growth	 factor	 receptor	 (PDGFR)	 kinases.	 Additionally,	 monoclonal	 antibodies	 that	 bind	 to	 transmembrane
receptor	 tyrosine	kinases	have	proven	 to	be	effective	cancer	 therapies	 in	 select	 cancer	 types.	These	 therapeutic
antibodies	can	induce	antitumor	effects	by	blocking	ligand	binding	or	receptor	dimerization,	by	inducing	receptor
internalization,	or	by	immunologic	mechanisms.	Examples	include	the	epidermal	growth	factor	receptor	(EGFR)
monoclonal	 antibody	 cetuximab	 and	 the	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)-targeting	 antibody
trastuzumab.

This	chapter	summarizes	key	landmark	events	over	the	past	several	decades	that	witnessed	the	identification	of
dysregulated	kinases	as	potential	therapeutic	targets	followed	by	the	development	of	highly	selective	inhibitors	of
these	mutated	 oncogenes	 as	 anticancer	 drugs.	 The	 chapter	 has	 been	 structured	 to	 provide	 insights	 into	 lessons
learned	during	the	development	of	this	drug	class	and	how	such	knowledge	is	currently	being	applied	to	develop
more	effective	and	less	toxic	kinase	inhibitors	and	combinatorial	regimens.	Figure	25.1	provides	an	overview	of
the	mitogen-activated	protein	kinase	(MAPK)	and	phosphatidylinositol	3-kinase	(PI3K)/Akt/mammalian	target	of
rapamycin	(mTOR)	signaling	pathways	and	includes	clinically	relevant	pathway	inhibitors.

Although	 patients	 can	 exhibit	 dramatic	 responses	 to	 kinase	 inhibitors,	 intrinsic	 and	 acquired	 resistance	 are
major	clinical	challenges	that	limit	the	effectiveness	of	this	drug	class.	Functional	studies	have	identified	a	variety
of	 drug	 resistance	 mechanisms,	 and	 in	 some	 cases,	 bedside-to-bench	 translational	 studies	 have	 guided	 the



development	of	second-generation	 inhibitors	with	enhanced	or	broader	clinical	activity.	Resistance	mechanisms
typically	 fall	 into	 one	 of	 two	 general	 classes:	 (1)	 secondary	mutations	 in	 the	 kinase	 that	 prevent	 or	 alter	 drug
binding	and	(2)	co-mutations	or	adaptive	changes	involving	parallel	signaling	pathways	that	reduce	dependence
on	the	target	kinase	(often	referred	to	as	“oncogenic	bypass”).	These	resistance	mechanisms	can	exist	prior	to	drug
treatment	 and	 serve	 as	 the	 mechanistic	 basis	 for	 intrinsic	 drug	 resistance	 or	 arise	 during	 drug	 treatment	 and
mediate	acquired	resistance.	An	example	of	a	secondary	mutation	resistance	mechanism	is	also	the	most	common
mechanism	of	acquired	resistance	to	erlotinib,	an	EGFR	tyrosine	kinase	inhibitor	FDA-approved	for	the	treatment
of	patients	with	non–small-cell	 lung	cancer	 (NSCLC).	Following	prolonged	exposure	 to	EGFR	 tyrosine	kinase
inhibitors,	approximately	half	of	patients	with	EGFR	L858R	or	EGFR	exon	19	deletion–mutant	NSCLC	acquire
an	 EGFR	 secondary	 site	 T790M	 gatekeeper	 mutation.	 Identification	 of	 this	 resistance	 mechanism	 in	 tumors
collected	at	the	time	of	disease	progression	on	the	EGFR	inhibitors	erlotinib	and	gefitinib	led	to	the	development
of	osimertinib,	a	third-generation	EGFR	kinase	inhibitor	with	clinical	activity	in	erlotinib-resistant	T790M-mutant
lung	 cancers.	Amplification	 of	 the	mesenchymal-epithelial	 transition	 (MET)	 receptor	 tyrosine	 kinase	 has	 been
shown	 to	be	an	alternative	mechanism	of	 resistance	 to	EGFR	kinase	 inhibitors.	MET	can	activate	many	of	 the
same	downstream	signaling	cascades	as	EGFR,	and	thus,	MET	activation	can	function	as	a	“bypass”	mechanism,
reducing	 dependence	 of	 EGFR-mutant	 lung	 cancer	 cells	 on	 EGFR	 activation.	 The	 identification	 of	 MET
amplification	 as	 a	 recurrent	 mechanism	 of	 EGFR	 kinase	 inhibitor	 resistance	 is	 the	 rationale	 for	 clinical	 trials
testing	combinations	of	EGFR	and	MET	inhibitors.

Figure	25.1	The	mitogen-activated	protein	kinase	and	phosphatidylinositol	3-kinase	(PI3K)
signaling	pathways.	Major	signaling	nodes	are	shown	as	well	as	select	kinase	inhibitors	and

antireceptor	antibodies.	Dotted	green	lines	represent	negative	regulation	of	the	respective	pathways.
EGF,	Epidermal	Growth	Factor;	EGFR,	EGF	receptor;	SCF,	Stem	Cell	Factor;	PIP2,

Phosphatidylinositol	(4,5)-bisphosphate;	PIP3,	Phosphatidylinositol	(3,4,5)-trisphosphate;	IRS1,
Insulin	Receptor	Substrate	1;	GDP,	Guanosine	diphosphate;	GTP,	Guanosine	triphosphate;	GRB2,
Growth	Factor	Receptor	Bound	Protein	2;	NF1,	Neurofibromin	1;	PDK1,	3-phosphoinositide-

dependent	kinase	1;	PRAS40,	Proline-rich	AKT1	substrate;	RHEB,	Ras	homolog	enriched	in	brain;
Shc,	Shc-transforming	protein	1;	Sos,	Son	of	Sevenless;	p90RSK,	p90	ribosomal	S6	kinase;	4EBP1,

4E-binding	protein	1.



Dr. AVR @ TMH

As	kinase	inhibitors	target	signaling	pathways	that	drive	malignant	transformation,	it	is	not	surprising	that	their
activity	 is	 often	 limited	 to	 patients	 in	whom	 activation	 of	 the	 target	 kinase	 is	 required	 for	 tumor	maintenance
and/or	 cancer	 progression.	 Furthermore,	 as	 pathway	 activation	 is	 often	 the	 result	 of	mutation,	 translocation,	 or
amplification	 of	 the	 genes	 that	 encode	 kinases,	 the	 clinical	 development	 of	 selective	 kinase	 inhibitors	 is	 often
closely	tied	to	the	development	of	a	companion	diagnostic	test	that	can	identify	oncogenic	alterations	that	serve	as
predictive	 biomarkers	 of	 drug	 response.	 For	 example,	 vemurafenib	 only	 inhibits	 the	 growth	 of	 tumor	 cells
containing	codon	600	BRAF	mutations.	Vemurafenib	not	only	lacks	antitumor	activity	in	BRAF	wildtype	tumors
but	also	accelerates	tumor	growth	in	such	patients.2	Thus,	a	key	hurdle	to	the	clinical	development	of	vemurafenib
as	an	anticancer	drug	was	the	development	of	diagnostic	platforms	that	could	rapidly	and	with	high	sensitivity	and
specificity	prospectively	identify	BRAF	V600	mutations	in	cancer	patients.	Early	companion	diagnostic	tests	were
based	 on	 polymerase	 chain	 reaction	 (PCR),	mass	 spectrometry,	 or	 Sanger	 sequencing	methodologies	 and	were
typically	 limited	 to	 the	 identification	 of	 highly	 recurrent	 alterations	 involving	 a	 single	 allele	 or	 those	within	 a
single	 exon	 or	 gene.	 Newer	 next-generation	 sequencing	 platforms	 can	 now	 robustly	 detect	 mutations	 and/or
translocations	 in	hundreds	of	 cancer-associated	genes	using	 readily	 available	 formalin-fixed	paraffin-embedded
tumor	 tissue.	Analysis	 of	 circulating	DNA	 in	 plasma	 is	 also	 emerging	 as	 a	 novel	 and	 potentially	 less	 invasive
method	to	detect	and	analyze	tumor-derived	DNA	for	mutations	and	translocations	that	are	predictive	biomarkers
of	kinase	inhibitor	response.	This	“liquid	biopsy”	approach	circumvents	the	need	for	invasive	biopsies	in	order	to
collect	tumor	tissue	for	molecular	analysis.	It	can	also	facilitate	the	identification	of	emerging	resistance	mutations
through	serial	 sampling	of	plasma	 in	patients	 receiving	kinase	 inhibitors,	which	may	allow	for	 the	early	use	of
combinatorial	therapies	that	prevent	or	delay	the	emergence	of	drug-resistant	cancer	cells.

With	the	rapid	shift	from	single	analyte	tests	to	larger	gene	panels,	interpreting	the	clinical	significance	of	the
increasing	number	of	mutations	identified	through	prospective,	real-time	tumor	sequencing	has	become	a	major
challenge	for	practicing	oncologists.	Despite	extensive	efforts	over	the	past	30	years	to	biologically	characterize
the	most	highly	recurrent	mutations	and	translocations	found	in	human	cancers,	only	a	minority	of	the	somatic	and
germline	alterations	identified	by	whole-genome,	whole-exome,	or	 large	gene	panel	next-generation	sequencing
are	 likely	 to	 be	 driver	 mutations	 and	 thus	 possible	 drug	 targets.3	 Although	 all	 highly	 recurrent	 mutations	 are
probably	functional,	most	somatic	mutations	are	rare	in	the	population	and	are	likely	passenger	events	with	little
or	no	impact	on	prognosis	or	response	to	therapy.	Such	low-frequency	alterations	make	up	the	“long-tail”	of	the
plot	 of	 mutations	 distributed	 by	 frequency.4	 Distinguishing	 which	 of	 these	 mutations	 in	 the	 long-tail	 of	 the
frequency	distribution	are	drivers	and	which	are	passengers	is	a	major	hurdle	to	the	broader	adoption	of	precision
medicine	paradigms.

Currently,	there	is	no	comprehensive	resource	that	physicians	can	use	to	determine	whether	individual	mutant
alleles	identified	by	tumor	genomic	profiling	are	clinically	actionable,	defined	as	an	alteration	that	is	predictive	of
clinical	benefit	to	an	available	therapy.	As	an	additional	layer	of	complexity,	not	all	mutant	alleles	within	the	same
gene	 are	 functionally	 similar	 and	 different	 mutations	 in	 the	 same	 gene	 may	 have	 different	 therapeutic
implications.	 For	 example,	 EGFR	L858R	 and	EGFR	 exon	 19	 deletions	 are	 both	 associated	with	 sensitivity	 of
NSCLC	 patients	 to	 the	 EGFR	 kinase	 inhibitor	 erlotinib.	 Activating	 EGFR	 exon	 20	 insertions	 are,	 however,
erlotinib	 resistant.	 In	 this	 case,	 the	variability	 in	drug	 sensitivity	can	be	attributed	 to	differences	 in	 the	binding
affinity	 of	 erlotinib	 for	 different	 EGFR	 mutants.	 Individual	 mutations	 may	 also	 have	 different	 therapeutic
implications	 in	different	 cancer	 types.	As	 an	example,	 vemurafenib	 is	highly	 active	 in	melanoma	patients	with
BRAF	V600E	mutations	 but	 is	 largely	 ineffective	 as	monotherapy	 in	 BRAF	V600E–mutant	 colorectal	 cancer
patients.

The	rapid	expansion	in	the	number	of	validated	kinase	targets	thus	requires	that	clinicians	be	familiar	with	the
biologic	 differences	 among	 individual	 mutant	 alleles	 as	 well	 as	 differences	 in	 the	 therapeutic	 relevance	 of
individual	gene	mutations	 in	 the	context	of	diverse	cancer	 types.	Furthermore,	oncologists	are	 frequently	 faced
with	 the	dilemma	of	patients	whose	 tumors	contain	more	 than	one	 targetable	mutation	and	 thus	multiple	FDA-
approved	or	investigational	drug	choices,	leading	to	ambiguity	about	the	optimal	treatment	regimen.	To	address
this	 clinical	 challenge,	 several	 knowledge	 bases	 have	 been	 created,	 including	 OncoKB	 (www.oncokb.org),5
MyCancerGenome	 (mycancergenome.org),	 Personalized	 Cancer	 Therapy	 (https://pct.mdanderson.org/),	 and
Clinical	 Interpretations	of	Variants	 in	Cancer	 (CIViC;	civic.genome.wustl.edu),6	 to	aid	clinicians	 in	 identifying
those	 mutations	 in	 tumor-sequencing	 reports	 that	 are	 of	 clinical	 significance	 and	 should	 be	 used	 to	 guide
therapeutic	 decision	making.	As	 new	 laboratory	 and	 clinical	 data	 regarding	 FDA-approved	 and	 investigational
therapies	 are	 generated,	 these	 databases	 must	 be	 continually	 updated	 to	 reflect	 practice-changing	 research
findings.

As	a	general	rule,	these	clinical	support	tools	utilize	levels	of	clinical	evidence	to	classify	a	given	mutation	as	a



predictive	biomarker	of	drug	response.	As	an	example,	in	the	OncoKB	database,	a	level	of	evidence	classification
system	was	developed	that	incorporates	the	known	biologic	and	clinical	significance	of	individual	mutant	alleles
as	a	function	of	tumor	site	of	origin,	recognizing	that	the	effects	of	targeted	inhibitors	can	vary	by	tumor	lineage
(Table	 25.1).	 OncoKB	 level	 1	 mutations	 represent	 established	 FDA-recognized	 biomarkers	 of	 response	 to	 an
FDA-approved	 drug	 being	 used	 in	 the	 FDA-approved	 cancer	 indication.	 Level	 2	 mutations	 are	 those	 that	 are
considered	standard	of	care	biomarkers	predictive	of	response	to	an	FDA-approved	drug	based	on	an	expert	panel
recommendation	when	used	off-label	in	a	particular	cancer	type.	In	the	latter	instance,	disease	expert	panels	such
as	those	convened	by	the	National	Comprehensive	Cancer	Network	(NCCN)	may	have	designated	the	mutation	as
a	predictive	biomarker	of	drug	response	that	should	be	used	to	guide	treatment	selection,	but	the	drug	label	does
not	 reflect	 its	 adoption	 as	 part	 of	 standard	 management.	 As	 anticancer	 drugs	 initially	 developed	 for	 common
cancers	such	as	breast	and	lung	carcinomas	are	often	repurposed	for	use	in	rarer	cancer	types,	such	off-label	use	of
kinase	inhibitors	is	likely	to	become	more	common	in	the	future.	Level	3	alterations	are	those	for	which	there	is
compelling	 clinical	 data	 demonstrating	 that	 the	 mutation	 is	 a	 predictive	 biomarker	 of	 sensitivity	 to	 an	 FDA-
approved	or	investigational	drug;	however,	the	data	are	not	yet	sufficiently	robust	to	consider	use	of	the	drug	in
this	indication	as	standard	therapy.	As	level	3	biomarker-	therapy	associations	are	not	yet	considered	standard	of
care,	patients	with	tumors	that	harbor	these	alterations	may	have	difficulty	obtaining	such	drugs	due	to	high	drug
costs	and	 lack	of	 insurance	coverage	 for	 their	cancer	 type	or	because	 the	available	clinical	 trial	options	are	not
open	to	or	practical	for	the	patient.	Finally,	level	4	alterations	are	those	for	which	there	are	laboratory	data	but	not
yet	compelling	clinical	data	in	cancer	patients	indicating	that	the	alteration	may	be	a	biomarker	of	drug	sensitivity.
Level	 3	 and	 4	 alterations	 are	 often	 part	 of	 the	 eligibility	 criteria	 for	 actively	 accruing	 clinical	 trials.	 Finally,
mutated	 oncogenes	 and	 tumor	 suppressors	 may	 also	 serve	 as	 biomarkers	 of	 drug	 resistance.	 As	 examples,
colorectal	 cancer	 patients	whose	 tumors	 harbor	KRAS	 or	BRAF	mutations	 do	 not	 benefit	 from	 EGFR-targeted
therapies,	and	cancers	with	RB1	mutation/deletion	are	 resistant	 to	cyclin-dependent	kinase	4	and	6	 (CDK4	and
CDK6)	inhibitors.

In	summary,	extensive	efforts	are	ongoing	to	determine	the	biologic	and	clinical	significance	of	both	recurrent
and	 private	 mutations	 identified	 by	 prospective	 and	 retrospective	 tumor	 genomic	 studies.	 These	 clinical	 and
laboratory	 efforts	 will	 need	 to	 be	 coordinated	 with	 the	 development	 of	 informatics-based	 support	 tools	 to	 aid
clinicians	in	interpreting	a	given	patient’s	tumor	mutational	data	with	the	goal	of	using	real-time	tumor	molecular
profiling	to	guide	the	selection	of	the	most	optimal	treatment	approach	for	each	patient.	As	many	of	the	mutations
currently	identified	by	tumor	genomic	profiling	may	be	targetable	through	the	off-label	use	of	FDA-approved	or
investigational	 drugs,	 realizing	 the	 full	 potential	 of	 precision	 medicine	 in	 patients	 with	 rare	 cancer	 types	 or
uncommon	 mutations	 in	 common	 cancer	 types	 will	 require	 novel	 approaches	 to	 providing	 drug	 access	 (e.g.,
basket	 studies).	 Moreover,	 tumor	 response	 registries,	 such	 as	 the	 American	 Association	 of	 Cancer	 Research
Project	Genomics	Evidence	Neoplasia	 Information	Exchange	 (GENIE)	 initiative,	which	 seek	 to	 pool	 treatment
response	data	from	hundreds	of	thousands	of	patients,	will	serve	as	powerful	tools	to	explore	the	clinical	relevance
of	rare	mutant	alleles	in	common	cancer	types	and	more	common	mutations	in	rare	cancers	(Fig.	25.2).7

TABLE	25.1
OncoKB	Level	1	Genes	and	Alterations

Gene Alteration(s) Cancer	Type(s) Drug(s)
ABL1 BCR-ABL1	fusion ALL,	CML Imatinib,	nilotinib,	dasatinib

ALK Fusions NSCLC Crizotinib,	ceritinib,	alectinib,	brigatinib

BRAF V600	mutations Melanoma Vemurafenib,	dabrafenib,	trametinib,
dabrafenib	+	trametinib,	cobimetinib	+
vemurafenib

BRCA1 Inactivating	mutations Ovarian	cancer Rucaparib,	niraparib

BRCA2 Inactivating	mutations Ovarian	cancer Rucaparib,	niraparib

EGFR Exon	19	deletions,	L858R,	G719,
S768I,	Exon	19	insertions,	L861Q/R,
E709K,	L833V,	L747P,
A763_Y764insFQEA
E709_T710delinsD
EGFR-KDD

NSCLC Erlotinib,	afatinib,	gefitinib
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EGFR T790M NSCLC Osimertinib
ERBB2 Amplification Breast	cancer Trastuzumab,	ado-trastuzumab	emtansine,

pertuzumab,	lapatinib

ERBB2 Amplification Esophagogastric	cancer Trastuzumab

IDH2 Oncogenic	mutations AML Enasidenib

KIT Exon	9,	11,	17	mutations,	T670I,
V654A

GIST Imatinib,	sunitinib,	regorafenib

MMR-d MSI+ Solid	tumors Pembrolizumab

PDGFRA FIP1L1-PDGFRA Leukemia Imatinib

PDGFRA Fusions MDS/MPN Imatinib

PDGFRB Fusions MDS/MPN Imatinib

PDGFRB Fusions DFSP Imatinib

ROS1 Fusions NSCLC Crizotinib
ALL,	acute	lymphoblastic	leukemia;	CML,	chronic	myelogenous	leukemia;	ALK,	anaplastic	lymphoma	kinase;	NSCLC,	non–small-
cell	 lung	 cancer;	 EGFR,	 epidermal	 growth	 factor	 receptor;	 AML,	 acute	myeloid	 leukemia;	 GIST,	 gastrointestinal	 stromal	 tumor;
MMR-d,	 mismatch	 repair-deficient;	 MSI,	 microsatellite	 instability;	 PDGFR,	 platelet-derived	 growth	 factor	 receptor;	 MDS,
myelodysplasia;	MPN,	myeloproliferative	neoplasm;	DFSP,	dermatofibrosarcoma	protuberans.

Figure	25.2	Clinical	actionability	of	genetic	alterations.	Tumor	types	are	shown	by	decreasing
overall	frequency	of	actionability.	Actionability	was	defined	by	the	union	of	three	knowledge	bases:

My	Cancer	Genome	(http://mycancergenome.org),	OncoKB	(http://oncokb.org),	and	the
Personalized	Cancer	Therapy	knowledge	base	(http://pct.mdanderson.org).	For	each	tumor	sample,
the	highest	level	of	actionability	of	any	variant	was	considered.	Only	tumor	types	with	100	or	more
samples	were	included	in	this	analysis.	CNS,	central	nervous	system.	(Reproduced	from	American
Association	for	Cancer	Research	Project	GENIE	Consortium.	AACR	Project	GENIE:	powering
precision	medicine	through	an	international	consortium.	Cancer	Discov	2017;7[8]:818–831.)

VALIDATING	MUTATED	KINASES	AS	CANCER	DRUG	TARGETS—THE
DEVELOPMENT	OF	IMATINIB	FOR	PATIENTS	WITH	CHRONIC
MYELOGENOUS	LEUKEMIA	AND	GASTROINTESTINAL	STROMAL
TUMORS



In	1960,	Nowell	and	Hungerford8	reported	the	presence	of	an	abnormally	small	chromosome	in	the	leukemic	cells
of	 patients	 with	 chronic	 myelogenous	 leukemia	 (CML).	 Subsequent	 studies	 revealed	 that	 this	 abnormal
cytogenetic	 finding,	 later	designated	 the	Philadelphia	 (Ph)	chromosome	given	 its	discovery	at	 the	University	of
Pennsylvania,	represented	a	reciprocal	translocation	between	the	breakpoint	cluster	(BCR)	located	on	chromosome
22	 and	 the	ABL1	 protooncogene	 on	 chromosome	 9.	ABL1	 had	 initially	 been	 isolated	 from	 the	 genome	 of	 the
Abelson	murine	 leukemia	 virus	 (A-MuLV),	where	 it	was	 found	 to	 encode	 a	 transforming	 protein	 (p160v-Abl)
with	 tyrosine-specific	 protein	kinase	 activity.	Biochemical	 studies	 later	 confirmed	 that	 the	p210Bcr-Abl	 kinase
fusion	 in	 patients	 with	 Ph	 chromosome–positive	 CML	 possessed	 constitutive	 Abl	 kinase	 activation,	 and	 its
expression	in	mice	was	sufficient	to	induce	a	disease	resembling	CML.9	 Importantly,	Bcr-Abl	kinase	activity	 is
required	 for	 ongoing	 cellular	 proliferation	 and	 survival	 of	 CML	 cells,	 a	 phenomenon	 known	 as	 “oncogene
addiction.”	Thus,	laboratory	and	clinical	studies	exploring	the	pathogenesis	of	CML	extending	over	four	decades
led	to	the	identification	of	the	Bcr-Abl	kinase	fusion	as	a	therapeutic	target	and	prompted	efforts	to	develop	Abl
kinase	inhibitors	for	the	treatment	of	Ph	chromosome–positive	leukemias.

The	development	of	 imatinib	 followed	a	 rational	drug	design	paradigm	where	an	 initial	 lead	compound	was
identified	 through	 a	 large	 compound	 library	 screen	 followed	 by	 structure	 function–based	 studies	 to	 identify	 a
potent,	selective,	and	orally	bioavailable	drug	candidate.	The	resulting	compound	developed	by	scientists	at	Ciba-
Geigy	(later	through	acquisition	Novartis),	initially	designated	as	STI571	and	subsequently	named	imatinib,	was	a
selective	 inhibitor	of	 the	ABL,	PDGFRα,	PDGFRβ,	and	KIT	protein	 tyrosine	kinases.	Treatment	with	 imatinib
dramatically	alters	the	natural	history	of	CML,	converting	it	from	a	near	universally	lethal	condition	to	a	chronic
disease.	 Highlighting	 the	 clinical	 impact	 of	 imatinib,	 a	 retrospective	 survival	 analysis	 of	 1,569	 CML	 patients
across	clinical	disease	states	showed	that	8-year	survival	was	<15%	before	1983	but	rose	to	87%	after	2001,	the
year	imatinib	was	granted	FDA	approval.10

Although	initially	tested	in	patients	with	more	advanced	and	treatment	refractory	disease,	imatinib	later	became
the	first-line	standard	therapy	for	CML	based	on	the	phase	III	International	Randomized	Interferon	versus	STI571
(IRIS)	 trial.11,12	 In	 this	 study,	 1,106	 treatment-naïve	 chronic-phase	 CML	 patients	 were	 randomized	 to	 receive
imatinib	or	interferon.	Imatinib	treatment	was	associated	with	significantly	higher	rates	of	complete	hematologic
and	major	 cytogenetic	 responses	 as	 well	 as	 significantly	 higher	 rates	 of	 molecular	 response,	 defined	 as	 a	 log
reduction	in	BCR-ABL	transcript	levels.	Importantly,	the	profound	clinical	responses	observed	in	CML	patients
treated	with	 imatinib	confirmed	the	hypothesis	 that	some	human	cancers	possessed	a	molecular	“Achilles	heel”
that	 could	 be	 selectively	 targeted	 using	 oral	 therapies	 that	 had	 significantly	 less	 toxicity	 than	 the	 intravenous
cytotoxic	chemotherapies	that	were	the	mainstay	of	systemic	cancer	therapy	at	that	time.

The	initial	excitement	that	accompanied	the	early	clinical	experience	with	imatinib	was	quickly	tempered	by
the	development	of	acquired	resistance	in	some	patients	with	CML	and	in	the	vast	majority	of	patients	with	acute
lymphoblastic	leukemia.11	These	patterns	of	drug	 resistance	 foreshadowed	what	was	 later	observed	with	kinase
inhibitors	 in	 more	 common	 adult	 solid	 tumors	 such	 as	 lung	 and	 breast	 cancers,	 where	 complete	 responses	 to
kinase	inhibitor	therapy	are	rare	and	acquired	resistance	is	a	major	clinical	challenge.	Imatinib	resistance	in	CML
patients	is	most	often	mediated	by	second	site	mutations	in	BCR-ABL,	and	dozens	of	resistance	mutations	within
the	Abl	 kinase	 domain	 have	 now	 been	 identified	 and	 functionally	 characterized.13	 Imatinib	 is	 a	 type	 II	 kinase
inhibitor	and	inhibits	BCR-ABL	kinase	activity	by	stabilizing	the	inactive,	non–ATP-bound	conformation.	BCR-
ABL	resistance	mutations,	including	those	outside	the	kinase	domain,	result	in	enhanced	autophosphorylation	of
the	kinase,	shifting	its	equilibrium	toward	the	open	or	active	conformation	which	resists	imatinib	binding.	These
bedside-to-bench	 insights	 prompted	 the	 search	 for	 second-generation	 ABL	 kinase	 inhibitors	 whose	 greater
potency	 (nilotinib)	 and/or	 less	 stringent	 conformational	 requirement	 (dasatinib,	which	 is	 a	 type	1	 inhibitor	 that
binds	 to	 the	 active	 confirmation	 of	 ABL)	 allow	 them	 to	 potently	 inhibit	 a	 subset	 of	 imatinib-resistant	 ABL
mutations.14–16	 Dasatinib	 also	 inhibits	 Src	 family	 kinases,	 which	 may	 contribute	 to	 its	 antitumor	 effects	 in
imatinib-resistant	leukemia	patients,	at	the	expense	of	greater	toxicity.	Whereas	newer	generation	ABL	inhibitors
are	active	against	many	of	the	most	common	second-site	ABL	mutations	that	confer	imatinib	resistance,	the	T315I
gatekeeper	mutation	impairs	the	binding	of	imatinib	and	all	second-	and	third-generation	ABL	kinase	inhibitors
due	 to	 steric	 changes	 at	 multiple	 drug-interacting	 residues.	 Multiple	 strategies	 are	 currently	 being	 pursued	 to
overcome	 T315I-mediated	 drug	 resistance,	 including	 the	 development	 of	 non–ATP-competitive	 ABL	 kinase
inhibitors.17

Although	 initially	 developed	 as	 a	 selective	 ABL	 kinase	 inhibitor,	 imatinib	 also	 potently	 inhibits	 the	 KIT,
PDGFRα,	and	PDGFRβ	kinases.	Gastrointestinal	stromal	tumors	(GIST)	are	mesenchymal	neoplasms	believed	to
arise	from	the	interstitial	cells	of	Cajal	that	reside	within	the	myenteric	plexus.	As	imatinib	potently	inhibits	KIT
and	 as	KIT	mutations	 and	 protein	 overexpression	were	 known	 to	 be	 common	 in	GIST,	 the	 clinical	 activity	 of
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imatinib	 in	CML	prompted	 investigation	of	 its	antitumor	effects	 in	patients	with	advanced	GIST.	The	methods
later	 developed	 for	 prospective	 tumor	 genomic	 profiling	 were	 not	 yet	 optimized	 for	 clinical	 use,	 and	 it	 was
unknown	at	 the	 time	whether	KIT	mutational	 status	would	predict	 for	 imatinib	 response	 in	patients	with	GIST.
Therefore,	 imatinib	clinical	 trial	 enrollment	was	not	 restricted	 to	patients	with	KIT-mutant	GIST.	Rather,	study
eligibility	required	only	expression	of	the	KIT	protein	(CD117	tumor	positivity).	Tissue	was,	however,	collected
for	 retrospective	 assessment	 of	KIT	 and	PDGFRA	mutational	 status.	Of	 the	 147	GIST	 patients	 enrolled	 in	 the
phase	 II	 trial	 of	 imatinib,	 53.7%	 had	 a	 partial	 response	 with	 an	 additional	 27.9%	 exhibiting	 durable	 stable
disease.18	 A	 notable	 aspect	 of	 the	 trial	 was	 that	 standard	 18F-fluorodeoxyglucose	 (FDG)	 positron	 emission
tomography	(PET)	proved	to	be	a	sensitive,	rapid	(within	24	hours	after	a	single	dose),	and	reliable	indicator	of
imatinib	 sensitivity;	 additionally,	 an	 increase	 in	PET	 tracer	 uptake	was	 an	 early	marker	 of	 drug	 resistance	 and
clinical	progression.

A	 subsequent	 analysis	 of	 127	 GIST	 from	 the	 aforementioned	 phase	 II	 trial	 identified	 mutually	 exclusive
activating	KIT	and	PDGFRA	mutations	in	112	(88.2%)	and	6	(4.7%)	tumors,	respectively.19	Notably,	the	type	of
KIT	mutation	identified	was	predictive	of	imatinib	response:	83.5%	of	patients	with	exon	11	but	only	47.8%	of
those	with	 exon	 9	mutations	 achieved	 a	 partial	 response.	 In	 an	 early	 example	 of	 a	 co-clinical	 trial	 paradigm,
parallel	 laboratory	studies	were	performed	 to	define	 the	 in	vitro	 imatinib	 sensitivity	of	 a	 subset	of	 the	KIT	and
PDGFRA	mutations	 identified	 in	 the	GIST	patients	 treated	with	 imatinib.	Whereas	most	mutants	were	 imatinib
sensitive,	 several	 were	 imatinib	 resistant,	 including	 KIT	D816V	 and	 PDGFRα	D842V.	 The	 laboratory	 results
correlated	well	 with	 patient	 response	 data	 and	were	 particularly	 informative	 for	 guiding	 future	 clinical	 use	 of
imatinib	in	patients	with	low-prevalence	mutant	alleles	for	which	sufficient	clinical	data	regarding	efficacy	could
not	be	generated	due	to	their	rarity	in	the	population	(long-tail	driver	mutations).	For	example,	none	of	the	patients
whose	tumors	harbored	PDGFRα	D842V	mutations	responded	to	imatinib,	whereas	two	of	the	three	patients	with
imatinib-sensitive	PDGFRA	mutants,	as	defined	by	in	vitro	studies,	achieved	a	partial	response.	Analogous	to	the
development	of	second-generation	ABL	kinase	inhibitors,	such	laboratory	data	were	subsequently	used	to	develop
novel	KIT	kinase	inhibitors	with	activity	against	KIT	mutants	that	are	intrinsically	imatinib	resistant.	Avapritinib
is	a	dual	KIT	and	PDGFRα	inhibitor	that	potently	inhibits	KIT	exon	17	and	PDGFRα	D842V	mutations.	In	a	trial
of	patients	with	advanced	systemic	mastocytosis,	a	disease	driven	primarily	by	the	imatinib-resistant	KIT	D816V
mutation,	avapritinib	demonstrated	an	overall	response	rate	of	72%	(23	of	32	patients)	with	a	disease	control	rate
of	100%.20

One	 lesson	 learned	 from	 the	 relatively	 rapid	 and	 successful	 development	 of	 imatinib	 in	KIT	 and	PDGFRA-
mutant	 GIST	 was	 that	 “off-target”	 kinases	 inhibited	 by	 a	 multitargeted	 kinase	 inhibitor	 could	 allow	 for	 its
repurposing	for	other	genetically	defined	cancer	types.	This	repurposing	paradigm	was	further	validated	through
subsequent	studies	establishing	imatinib	as	active	in	ETV6-PDGFRβ	fusion-expressing	chronic	myelomonocytic
leukemias21	 and	 in	 patients	 with	 dermatofibrosarcoma	 protuberans,	 a	 sarcoma	 characterized	 by	 fusion	 of	 the
COL1A1	 gene	 to	PDGFB,	 the	 gene	 encoding	 the	 beta	 chain	 of	 the	PDGF	 ligand.22	 Serendipitous	 responses	 to
kinase	 inhibitors,	 including	 imatinib	 administered	 to	 patients	 off-label,	 have	 also	 facilitated	 bedside-to-bench
efforts	to	identify	the	underlying	molecular	basis	of	some	rare	cancer	types.	As	an	example,	reports	of	profound
responses	 to	 imatinib	 in	patients	with	 idiopathic	hypereosinophilic	syndrome	(HES),	 the	pathogenesis	of	which
was	unknown	at	the	time,	led	to	identification	of	FIP1L1-PDGFRA	fusions	in	a	subset	of	patients	with	this	rare
but	often	fatal	disease.23

The	 observation	 that	 some	 patients	 with	 BCR-ABL–negative	 chronic	 leukemias	 and	 KIT	 wild-type	 GIST
responded,	 sometimes	 dramatically	 and	 durably,	 to	 imatinib,	 underpins	 the	 argument	 that	 overly	 restrictive
molecular	 eligibility	 criteria	 in	 early	 phase	 clinical	 trials	 of	 targeted	 therapies	 is	 unwise	 given	 our	 incomplete
knowledge	of	the	pathogenesis	of	most	human	cancers.	Indeed,	proponents	of	this	viewpoint	advocate	for	broad
eligibility	for	first-in-human	clinical	 trials	and	against	restricting	clinical	 trial	entry	 to	only	particular	molecular
subsets	predicted	to	be	drug	sensitive	based	on	preclinical	data.	In	such	unselected	studies,	should	response	rates
not	meet	 prespecified	 thresholds,	 retrospective	 tumor	profiling	 and	other	 translational	 science	discovery	 efforts
could	 then	be	used	 to	 facilitate	 identification	of	molecular	biomarkers	which	could	 then	be	used	 in	 subsequent
studies	 to	 select	 for	 those	 patients	 most	 likely	 to	 respond.	 Ideally,	 molecular	 predictors	 identified	 by	 such
retrospective	studies	would	then	be	validated	prospectively	in	subsequent	randomized	clinical	studies	before	their
incorporation	into	standard	clinical	guidelines.

Although	 the	 lack	 of	 tumor	 genome–guided	 patient	 selection	 did	 not	 negatively	 impact	 the	 development	 of
imatinib	 in	 CML	 and	 GIST,	 these	 cancers	 are	 in	 many	 ways	 the	 exception	 rather	 than	 the	 rule	 in	 that	 the
molecular	alterations	targeted	were	present	in	the	overwhelming	majority	of	patients	in	these	cancer	subtypes.	As
highlighted	 in	 the	following	 text,	a	 failure	 to	enrich	early	clinical	 trials	with	molecularly	selected	patients	most



likely	 to	 respond	 can	 significantly	 impede	 or	 halt	 the	 development	 of	 targeted	 inhibitors	 in	 more	 genetically
diverse	solid	tumors	such	as	breast	and	lung	cancers.

THE	DEVELOPMENT	OF	HER2-TARGETED	THERAPIES	IN	BREAST	AND
OTHER	CANCERS
In	1987,	amplification	of	the	ERBB2	gene,	which	encodes	the	HER2	transmembrane	receptor	tyrosine	kinase,	was
identified	 in	 a	 subset	of	breast	 cancers.24	HER2	 is	one	of	 four	members	of	 the	HER	kinase	 family	of	 receptor
tyrosine	kinases,	the	others	being	EGFR,	HER3,	and	HER4.	HER2	lacks	a	known	ligand	and	receptor	activation
results	 from	 heterodimerization	 with	 other	 ligand-bound	 HER	 family	 receptors.	 HER2	 dimer	 formation	 is
followed	by	transphosphorylation	of	key	residues	in	the	intracellular	domain	that	result	in	the	creation	of	docking
sites	for	Shc	and	the	p85	regulatory	subunit	of	PI3K	and	subsequent	activation	of	downstream	signal	transduction
pathways.25

Several	 early	 clinical	 and	 laboratory	observations	 supported	 the	development	 of	HER2-targeted	 therapies	 in
patients	with	breast	cancer.26	Prior	 to	 the	development	of	HER2-directed	therapies,	women	with	HER2-positive
breast	cancer	had	a	particularly	aggressive	form	of	the	disease	with	shorter	disease-specific	and	overall	survival.
Gain-	 and	 loss-of-function	 studies	 also	 indicated	 that	 HER2	 had	 a	 direct	 role	 in	 the	 pathogenesis	 of	ERBB2-
amplified	 breast	 cancers	 and	 that	 such	 tumors	 were	 “addicted”	 to	 HER2	 signaling.	 Furthermore,	 the	 level	 of
HER2	protein	expression	in	ERBB2-amplified	tumors	is	far	greater	than	that	found	in	normal	tissues	providing	a
potential	 tumor	 specific	 vulnerability.	These	 observations	 prompted	 the	 development	 of	monoclonal	 antibodies
targeting	HER2.	Preclinical	studies	using	4D5,	a	mouse	monoclonal	antibody,	and	later	trastuzumab,	a	humanized
version	 of	 4D5,	 indicated	 that	 HER2-directed	 antibody	 therapy	 could	 suppress	 the	 growth	 of	 HER2
overexpressing	 cancer	 cells	 both	 in	 vitro	 and	 when	 grown	 as	 xenografts	 and	 that	 trastuzumab	 had	 synergistic
effects	when	combined	with	a	variety	of	cytotoxic	chemotherapies.27

In	contrast	to	BCR-ABL	translocations	in	CML	and	activating	KIT	mutations	in	GIST,	ERBB2	amplification
and/or	HER2	protein	overexpression	are	present	in	only	a	minority	(approximately	25%	to	30%)	of	breast	cancers.
As	 preclinical	 studies	 suggested	 that	 the	 activity	 of	 trastuzumab	 was	 restricted	 to	 tumors	 with	 HER2
overexpression,	 it	 was	 believed	 that	 the	 successful	 development	 of	 HER2-targeted	 therapies	 necessitated	 the
parallel	development	of	a	rapid	and	reliable	companion	diagnostic	test	that	could	be	used	to	prospectively	screen
patients	for	HER2	overexpression	as	a	prerequisite	for	clinical	trial	eligibility.	The	phase	II	trial	of	trastuzumab
administered	 by	weekly	 intravenous	 infusion	 showed	modest	 activity	 in	 breast	 cancer	 patients	with	 an	 overall
response	 rate	 of	 11.6%.28	 Eligibility	 for	 this	 trial	 was	 restricted	 to	 breast	 cancer	 patients	 whose	 tumors
demonstrated	HER2	overexpression	as	assessed	by	immunohistochemistry.	These	encouraging	results	prompted	a
practice-changing	randomized	phase	III	clinical	trial	comparing	chemotherapy	plus	trastuzumab	to	chemotherapy
alone,	with	trial	eligibility	again	restricted	to	the	subset	of	women	with	HER2-overexpressing	tumors.	The	overall
response	 rate,	 duration	 of	 response,	 time	 to	 treatment	 failure,	 and	median	 survival	 were	 all	 higher	 in	 patients
treated	with	 the	 combination	of	 trastuzumab	and	chemotherapy,	 translating	 into	 a	30%	 improvement	 in	overall
survival	 and	 establishing	 trastuzumab-based	 combination	 regimens	 as	 the	 new	 standard	 of	 care	 for	 HER2-
overexpressing	metastatic	breast	cancer.29	Subsequent	trials	expanded	the	use	of	trastuzumab	to	both	the	adjuvant
and	neoadjuvant	settings,	resulting	in	significant	reductions	in	the	risk	of	disease	recurrence.

The	survival	improvements	observed	with	trastuzumab	led	to	a	paradigm	shift	in	the	diagnostic	evaluation	and
treatment	of	patients	with	breast	cancer.	Testing	for	HER2	overexpression	or	ERBB2	gene	amplification	is	now
performed	routinely	in	patients	with	breast	cancer,	and	HER2-overexpressing	tumors	are	now	considered	to	be	a
distinct	molecularly	defined	population.	Additional	HER2-targeted	therapies	have	since	been	developed	and	are	in
routine	clinical	use	including	(1)	pertuzumab,	which	binds	to	the	extracellular	region	of	HER2	where	it	dimerizes
with	HER3,	blocking	receptor	dimer	formation	and	thus	activation;	(2)	ado-trastuzumab	emtansine	(T-DM1),	an
antibody–drug	 conjugate	 of	 trastuzumab	 and	 the	 microtubule	 inhibitor	 emtansine;	 and	 (3)	 the	 HER2	 kinase
inhibitors	 lapatinib	and	neratinib.	Clinical	studies	have	shown	that	 trastuzumab	and	these	newer	HER2-targeted
agents	 can	 be	 effective	 when	 used	 sequentially	 as	 well	 as	 additive	 or	 synergistic	 when	 used	 in	 combination.
Trastuzumab	 has	 also	 been	 established	 as	 a	 standard	 therapy	 for	 patients	with	HER2-positive	 esophagogastric
cancer.30

Immunohistochemistry	to	detect	HER2	protein	overexpression	or	fluorescence	in	situ	hybridization	(FISH)	to
identify	ERBB2	gene	amplification	are	now	part	of	the	standard	diagnostic	evaluation	of	all	breast	cancer	patients.
However,	there	is	still	ongoing	controversy	as	to	the	optimal	diagnostic	approach	for	defining	HER2	positivity	in
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patients.	Discordance	between	different	diagnostic	 platforms	 and	 laboratories,	 the	possibility	 of	 greater	 clinical
benefit	in	patients	with	ERBB2-amplified	tumors	as	defined	by	FISH	and	next-generation	sequencing	versus	those
with	 HER2	 protein	 overexpression	 in	 the	 absence	 of	 gene	 amplification,	 and	 the	 clinical	 implications	 of
heterogeneity	of	HER2	protein	overexpression	all	remain	areas	of	active	debate.

Several	 potential	 hurdles	 to	 the	 successful	 testing	 of	 a	 targeted	 therapy	 became	 evident	 during	 the	 clinical
development	 of	 trastuzumab.	 The	 fraction	 of	 patients	 with	 the	 targetable	 molecular	 alteration,	 the	 molecular
heterogeneity	of	target	expression	within	individual	tumors,	and	the	magnitude	of	the	clinical	benefit	conferred	by
treatment	with	the	inhibitor	all	have	the	potential	to	significantly	influence	the	likelihood	that	a	clinical	trial	will
demonstrate	 efficacy.	 Treatment	 with	 the	 combination	 of	 trastuzumab	 plus	 chemotherapy	 resulted	 in	 a	 22.5%
improvement	in	overall	survival	as	compared	to	chemotherapy	alone	in	the	initial	phase	III	 trial	of	469	patients
with	HER2-positive	metastatic	breast	cancer.	As	HER2	overexpression/	ERBB2	amplification	 is	present	 in	only
25%	to	30%	of	breast	cancer	patients,	this	statistically	and	clinically	significant	result	may	not	have	been	observed
if	 the	 study	 had	 been	 performed	without	 biomarker-restricted	 patient	 eligibility.31	 The	 trastuzumab	 experience
thus	provided	a	compelling	counterargument	to	that	of	imatinib,	namely	in	support	of	the	routine	use	of	molecular
biomarkers	to	select	patients	for	enrollment	in	targeted	therapy	clinical	studies.

THE	DEVELOPMENT	OF	EGFR	TYROSINE	KINASE	INHIBITORS	IN	LUNG
CANCER
The	FDA	approvals	of	 imatinib	and	trastuzumab	represented	two	landmark	events	 in	a	gradual	shift	away	from
empirical	 testing	 of	 cytotoxic	 chemotherapies	 to	 one	where	 novel	 targeted	 cancer	 drugs	 are	 developed	 for	 and
tested	in	molecularly	defined	patient	populations.	Despite	the	early	recognition	that	restricting	study	eligibility	to
those	patients	with	HER2-positive	 tumors	had	been	 essential	 to	 the	 success	of	 the	pivotal	 trastuzumab	 studies,
pretreatment	molecular	 selection	was	 still	 rarely	 incorporated	 into	 the	early	clinical	 trials	of	most	new	 targeted
cancer	 drugs.	 An	 informative	 example	 that	 greatly	 influenced	 the	 design	 of	 subsequent	 studies	 was	 the
development	of	EGFR	tyrosine	kinase	inhibitors.

In	the	late	1980s,	EGFR	protein	expression	was	known	to	be	elevated	in	lung	cancers	as	compared	to	adjacent
normal	 lung	 tissues.	 EGFR	 was	 thus	 nominated	 as	 a	 potential	 therapeutic	 target	 analagous	 to	 HER2
overexpression	in	breast	cancers.32	Based	on	the	trastuzumab	experience,	it	was	hypothesized	that	EGFR	protein
overexpression	 would	 also	 define	 a	 subset	 of	 cancers	 most	 likely	 to	 respond	 to	 gefitinib	 and	 erlotinib,	 each
selective,	 ATP-competitive,	 EGFR	 tyrosine	 kinase	 inhibitors.	 Although	 responses,	 some	 dramatic,	 to	 EGFR
inhibitors	were	 observed	 in	 lung	 cancer	 patients	 in	 early	 clinical	 trials,	 analysis	 of	 lung	 cancers	 from	 patients
enrolled	 on	 the	 IDEAL1	 trial,	 a	 randomized	 phase	 II	 study	 of	 gefitinib	 in	 previously	 treated	 patients	 with
advanced	NSCLC,33	and	the	IDEAL2	trial,	which	compared	two	dose	levels	of	gefitinib	(250	versus	500	mg)	in
symptomatic	 patients	 with	 NSCLC,34	 revealed	 no	 correlation	 between	 EGFR	 protein	 expression	 levels	 and
gefitinib	 response.	 It	was,	 however,	 observed	 that	EGFR	 tyrosine	kinase	 inhibitors	were	more	 likely	 to	 induce
tumor	regression	in	specific	demographically	defined	subgroups,	namely	East	Asian,	never-smoker	women	with
adenocarcinoma	histology.	These	associations	suggested	that	unknown	tumor	or	host-specific	factors	such	as	drug
metabolism	were	influencing	the	likelihood	of	response.	Simultaneously,	it	was	noted	that	the	development	of	a
skin	 rash	upon	 treatment	with	gefitinib	or	 erlotinib	was	a	possible	 surrogate	marker	 for	EGFR	kinase	 inhibitor
response,	further	supporting	the	idea	that	host-specific	rather	than	tumor-specific	factors	may	be	the	major	driver
of	EGFR	inhibitor	sensitivity.35

In	the	months	that	followed	completion	of	the	IDEAL1	and	IDEAL2	trials,	several	groups	identified	mutations
in	the	kinase	domain	of	EGFR	in	10%	to	25%	of	NSCLC	patients.	Such	mutations	were	mutually	exclusive	with
activating	mutations	in	KRAS,	an	important	downstream	effector	of	EGFR	signaling,	suggesting	that	EGFR	and
KRAS	alterations	defined	distinct	molecular	subpopulations	of	lung	adenocarcinomas.	Correlation	of	EGFR	and
KRAS	mutation	status	with	response	to	EGFR	inhibition	indicated	response	rates	as	high	as	70%	to	85%	in	those
patients	with	EGFR-mutant	 tumors,	whereas	 those	with	KRAS-mutant	 tumors	were	 uniformly	EGFR	 inhibitor
resistant.36	Notably,	many	of	the	clinical	and	demographic	variables	that	had	earlier	been	shown	to	correlate	with
EGFR	 tyrosine	 kinase	 inhibitor	 response	 also	 strongly	 correlated	 with	 the	 presence	 of	 an	 EGFR	 mutation.
Although	 EGFR	 tyrosine	 kinase	 inhibitors	 were	 initially	 FDA-approved	 for	 all	 patients	 with	 NSCLC,	 further
studies	over	the	past	decade	have	established	that	these	agents	are	most	effective	in	patients	with	drug-sensitive
EGFR	kinase	domain	mutations,	and	 there	 is	now	general	consensus	 that	 their	use	 should	be	 restricted	 to	 such
patients.



Initial	 trials	 of	 EGFR	 tyrosine	 kinase	 inhibitors	 were	 performed	 in	 patients	 with	 chemotherapy-refractory
disease.	EGFR	kinase	 inhibitors	 later	became	a	 standard	 first-line	 therapy	 in	 lung	cancer	patients	based	on	 the
results	of	 the	 Iressa	Pan-Asia	Study	 (IPASS),	 an	open-label,	 randomized	phase	 III	 trial	 in	previously	untreated
East	Asian	nonsmoker	or	former	light	smoker	patients	with	advanced	lung	adenocarcinoma.	In	this	trial	of	1,217
patients,	 those	 treated	 with	 gefitinib	 had	 improved	 progression-free	 survival	 and	 quality	 of	 life	 versus	 those
treated	with	carboplatin/paclitaxel	chemotherapy	(24.9%	versus	6.7%).	Importantly,	a	subset	analysis	of	the	437
patients	 tested	 for	 EGFR	mutation	 status	 demonstrated	 that	 EGFR-mutant	 patients	 (59.7%	 of	 the	 cohort)	 had
significantly	 longer	 progression-free	 survival	 when	 treated	 with	 gefitinib	 as	 compared	 to	 those	 that	 received
chemotherapy.37	The	EGFR	wildtype	patients	demonstrated	the	opposite,	shorter	progression-free	survival	when
treated	 with	 gefitinib	 first	 followed	 by	 chemotherapy.	 This	 practice-changing	 study	 prompted	 the	 adoption	 of
EGFR	 tyrosine	 kinase	 inhibitor	 therapy	 as	 first-line	 treatment	 in	 the	 subset	 of	NSCLC	 patients	whose	 tumors
harbored	drug-sensitive	EGFR	mutations.	The	results	of	the	IPASS	trial	also	provided	justification	for	the	routine
tumor	 genomic	 testing	 of	 all	 patients	 with	 advanced	 NSCLC,	 a	 paradigm	 shift	 that	 has	 been	 critical	 to	 the
development	of	other	targeted	therapies	for	lung	cancer	patients,	including	those	that	inhibit	anaplastic	lymphoma
kinase	(ALK)	and	ROS1	fusions	(see	the	following	text).

As	 is	 observed	 with	 other	 targeted	 therapies,	 acquired	 drug	 resistance	 limits	 the	 clinical	 benefit	 of	 EGFR
tyrosine	kinase	inhibitors	with	approximately	50%	of	patients	with	EGFR-mutant	tumors	progressing	on	erlotinib
and	gefitinib	within	the	first	year.38	Molecular	analysis	of	tumors	collected	at	the	time	of	treatment	resistance	has
revealed	 that	 the	most	 common	mechanism	 of	 acquired	 resistance	 to	 erlotinib	 and	 genfitinib	 is	 selection	 for	 a
second	site	mutation	in	EGFR	(T790M).39	Other	reported	mechanisms	include	amplification	of	the	MET	receptor
tyrosine	kinase,	mutations	 in	downstream	signaling	effectors	such	as	BRAF,	and	small-cell	 transformation.	The
identification	of	EGFR	T790M	mutations	has	 since	 led	 to	 the	development	of	osimertinib	 (AZD9291),	a	 third-
generation	EGFR	inhibitor	with	compelling	clinical	activity	in	EGFR	T790M–mutant	lung	cancers.40

An	ongoing	challenge	for	physicians	who	care	for	patients	with	lung	cancer	is	the	diversity	of	somatic	EGFR
mutations	identified	through	tumor	genomic	profiling.	A	subset	of	activating	EGFR	mutations,	such	as	exon	20
insertions	and	extracellular	domain	mutations,	are	intrinsically	resistant	to	erlotinib	and	gefitinib.	These	de	novo
resistance	alterations	upregulate	EGFR	tyrosine	kinase	activity	but	are	biochemically	resistant	to	erlotinib.41	One
exception	within	exon	20	is	the	EGFR	A763_Y764insFQEA,	which	alters	the	structure	of	the	ATP-binding	pocket
in	a	manner	similar	 to	EGFR	L858R	and	is	consequently	highly	sensitive	to	erlotinib	 in	vitro	 and	 in	patients.41
Guided	by	the	distinct	structural	changes	conferred	by	EGFR	exon	20	insertions,	efforts	are	ongoing	to	develop
potent	 and	 selective	 inhibitors	 for	 these	erlotinib	 resistant	mutants.	Poziotinib	 is	 a	novel	EGFR	 tyrosine	kinase
inhibitor	with	100	times	greater	potency	versus	osimertinib	in	lung	cancer	cell	lines	that	express	EGFR	exon	20
insertions.	Although	preliminary,	partial	responses	to	poziotinib	have	been	observed	in	platinum-	refractory	lung
cancer	patients	whose	tumors	harbor	EGFR	exon	20	insertions.42

IDENTIFYING	THERAPEUTIC	TARGETS	IN	EGFR	WILDTYPE	LUNG
CANCERS
ALK	Fusions
In	2007,	Manabu	Soda	reported	that	6.7%	(5	of	75)	of	NSCLCs	had	an	internal	inversion	event	in	chromosome	2p
resulting	 in	 fusion	of	 the	ALK	 gene	with	 the	echinoderm	microtubule-associated	protein-like	4	 (EML4)	 gene.43
The	 resulting	 EML4-ALK	 fusion	 protein	 could	 induce	 oncogenic	 transformation	 of	 mouse	 fibroblasts.	 ALK
fusions	 arise	 in	 a	 mutually	 exclusive	 pattern	 with	 oncogenic	 EGFR	 and	 KRAS	 mutations,	 and	 ALK	 fusion
positivity	represents	a	distinct	molecular	subpopulation	of	lung	cancers.	As	with	EGFR	mutations,	ALK	fusions
are	associated	with	specific	demographic	factors,	with	approximately	90%	identified	in	male	non-smokers,	with	a
young	mean	age	at	diagnosis,	and	a	predominance	of	signet	ring	cell	adenocarcinoma	histology.44

ALK,	which	is	an	orphan	receptor	tyrosine	kinase	in	the	insulin	kinase	family,	has	been	shown	to	play	a	role	in
neural	 development	 and	 under	 normal	 conditions,	 ALK	 expression	 is	 restricted	 to	 neuronal	 cells,	 the	 small
intestine,	 and	 the	 testis.	 Prior	 to	 their	 discovery	 in	NSCLC,	ALK	 fusions	 had	 been	 identified	 as	 an	 oncogenic
driver	 in	 anaplastic	 large-cell	 lymphomas	 and	 inflammatory	 myofibroblastic	 tumors.45,46	 Although	 the
predominant	ALK	 fusion	 partners	 in	 each	 tumor	 type	 differ,	 the	 genomic	 breakpoint	 in	ALK	 is	 similar	 across
tumors,	 with	 preservation	 of	 the	 ALK	 kinase	 domain.	 The	 various	 ALK	 fusion	 partners	 promote	 ligand-
independent	 homodimerization	 of	 the	 fusion	 product,	 an	 essential	 component	 of	 its	 oncogenic	 activity,	 and
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aberrant	 localization	 to	 the	 cytosol,	 resulting	 in	 constitutive	 activation	 of	 multiple	 downstream	 effector
pathways.47

Concurrent	with	the	identification	of	ALK	fusions	in	NSCLC,	the	multitargeted	kinase	inhibitor	crizotinib	was
under	investigation	in	a	phase	I	trial	of	genetically	unselected	metastatic	NSCLC	patients,	with	a	primary	focus	on
defining	its	efficacy	as	a	MET	kinase	inhibitor.	Crizotinib	also	inhibits	ALK	(and	ROS1)	and	was	therefore	tested
in	patients	with	ALK	fusions	with	dramatic	responses	observed	in	ALK	fusion–positive	lung	cancer	patients.48,49
This	 early	 evidence	 of	 efficacy	 prompted	 the	 development	 of	 a	 FISH-based	 assay	 to	 facilitate	 the	 rapid
identification	 of	ALK	 fusions	 in	 tumor	 tissue	which	 in	 turn	 allowed	 for	 a	 prospective	 trial	 to	 be	 conducted	 in
which	 the	presence	of	ALK	 fusions	was	 an	 eligibility	 requirement.	Of	1,500	 lung	cancer	patients	 screened,	82
were	 found	 to	 have	 ALK	 fusion–positive	 tumors.	 Crizotinib	 treatment	 of	 these	 ALK	 fusion–positive	 NSCLC
patients	resulted	in	46	partial	responses,	1	complete	response,	and	an	8-week	disease	control	rate	of	87%,	leading
to	FDA	approval	of	crizotinib	for	this	molecularly	defined	patient	subset.	Crizotinib	was	later	established	as	the
first-line	standard	therapy	for	ALK	fusion–positive	 lung	cancers	based	on	the	results	of	a	randomized	phase	III
trial	comparing	crizotinib	to	chemotherapy	that	demonstrated	significant	prolongation	of	progression-free	survival
and	a	higher	response	rate	in	the	crizotinib	versus	the	chemotherapy	arm	(median	progression-free	survival	of	7.7
versus	3.0	months;	65%	versus	20%	response	rate;	P	<	.001).50

As	with	EGFR	inhibitors,	drug	resistance	often	develops	in	ALK	fusion–positive	lung	cancer	patients	treated
with	crizotinib.	In	a	majority	of	patients,	second-site	ALK	mutations	localized	to	the	solvent	front	that	result	in	a
decrease	 in	 crizotinib	 binding	 affinity	 are	 identified	 in	 tumors	 collected	 at	 the	 time	 of	 disease	 progression.
Ceritinib,	alectinib,	and	brigatinib	are	newer	ALK	inhibitors,	each	of	which	has	distinct	inhibitory	profiles	against
the	known	secondary	crizotinib-resistance	ALK	mutations,	with	 the	 three	drugs	demonstrating	overall	 response
rates	of	45%	to	56%	in	crizotinib-resistant	patients.

ROS1	Fusions
ROS1	is	an	orphan	receptor	tyrosine	kinase	in	the	insulin	receptor	family	with	a	poorly	defined	physiologic	role	in
humans.	ROS1	translocation	was	first	reported	in	a	glioblastoma	cell	line	in	1987	with	the	resulting	fusion	protein
shown	to	increase	colony	formation	and	tumor	growth	in	mice.51	A	large-scale	screening	effort	to	identify	novel
phosphotyrosine	signaling	nodes	in	NSCLC	using	cell	lines	and	primary	tumors	led	to	the	identification	of	ROS1
translocations	 in	a	 small	 subset	of	 lung	cancers.52	As	with	ALK	fusions,	 the	ROS1	 breakpoint	 region	 is	 highly
conserved,	 resulting	 in	 the	 generation	 of	 in-frame	 fusions	 with	 retention	 of	 the	 entire	 ROS1	 kinase	 domains.
ROS1	fusions	are	also	found	in	patients	with	inflammatory	myofibroblastic	tumors.	ROS1	fusions	are	identified	in
only	 1%	 to	 2%	 of	 NSCLC	 patients	 but	 are	 enriched	 in	 young,	 female	 never-smokers	 with	 adenocarcinoma
histology.

The	ALK	and	ROS1	kinase	domains	share	a	high	degree	of	homology,	and	ROS1	fusion–expressing	cell	lines
are	highly	sensitive	to	crizotinib,	which	in	addition	to	potently	inhibiting	ALK	and	MET	is	also	a	potent	ROS1
kinase	 inhibitor.	Crizotinib	was	 studied	 in	ROS1	 fusion	 lung	 cancer	 patients	 as	 part	 of	 a	 50-patient	 expansion
cohort	of	the	phase	I	crizotinib	trial.	An	objective	response	rate	of	72%	(with	3	complete	and	33	partial	responses)
was	observed	with	a	median	duration	of	response	of	17.6	months,	prompting	FDA	approval	of	crizotinib	in	this
molecularly	 defined	 population.53	 Given	 the	 relative	 rarity	 of	 ROS1	 fusions	 in	 lung	 cancer	 and	 the	 profound
clinical	 benefit	 observed	 with	 crizotinib	 in	 patients	 with	 ROS1	 fusion–expressing	 tumors,	 many	 experts	 have
argued	that	randomized	clinical	trials	in	this	molecularly	defined	population	are	neither	realistic	nor	appropriate.
One	takehome	lesson	from	the	rapid	FDA	approval	of	crizotinib	in	ROS1	fusion	lung	cancers	and	its	subsequent
adoption	 as	 standard	 therapy	 by	 community	 practice	 oncologists	 is	 that	 compelling	 clinical	 efficacy	 data	 from
small	single-arm	clinical	trials	restricted	to	patients	with	a	drug-sensitive	molecular	alteration	can	be	sufficient	to
alter	clinical	practice	in	a	molecularly	defined	patient	subpopulation.

RET	Fusions
Less	 than	 2%	 of	 patients	 with	 lung	 adenocarcinoma	 have	RET	 rearrangements.	 In	 lung	 cancer	 patients,	 RET
fusions	 are	 largely	 mutually	 exclusive	 with	ALK	 and	ROS1	 rearrangements	 and	 EGFR	 and	KRAS	 mutations.
Similar	to	the	demographics	of	ROS1	fusion	lung	tumors,	RET	fusions	are	typically	identified	in	never-smokers
and	 are	more	 common	 in	 those	diagnosed	 at	 a	 younger	 age	 and	 in	patients	with	 an	 adenocarcinoma	histology.
RET	is	a	receptor	tyrosine	kinase	that	serves	as	a	receptor	for	ligands	of	the	glial	cell	line–derived	neurotrophic
factor	 family.	 In	cancer,	RET	can	be	activated	 through	point	mutations	or	gene	rearrangements	with	oncogenic
alterations	 of	 RET	 most	 commonly	 identified	 in	 papillary	 thyroid	 cancer,	 lung	 adenocarcinoma,	 and	 chronic



myelomonocytic	leukemia.54
Vandetanib	and	cabozantinib	are	two	multitargeted	kinase	inhibitors	with	potency	against	RET,	both	of	which

have	demonstrated	sufficient	clinical	efficacy	in	RET	fusion–positive	NSCLC	patients	to	be	listed	in	the	NCCN
guidelines	as	appropriate	 therapies	 for	 lung	cancer	patients	with	RET	 rearrangements	 (NCCN,	version	2.2018).
Both	 drugs	 are	 FDA-approved	 for	 use	 in	 patients	with	 unresectable,	 locally	 advanced,	 or	metastatic	medullary
thyroid	 carcinomas,	 a	 disease	 in	which	RET	 alterations	 are	 common.	 In	 53	 patients	with	KIF5B-RET	 fusion–
positive	 lung	 cancer,	 the	 multitargeted	 kinase	 inhibitors	 cabozantinib,	 vandetanib,	 and	 sunitinib	 demonstrated
response	rates	of	37%,	18%,	and	22%,	respectively.55	Although	the	repurposing	of	multitargeted	kinase	inhibitors
that	inhibit	RET	has	led	to	the	identification	of	drugs	that	can	induce	tumor	regression	in	a	minority	of	patients
with	RET	fusion–positive	lung	cancer,	the	modest	clinical	efficacy	of	these	compounds	is	likely	the	result	of	off-
target	toxicities	that	limit	the	degree	and	duration	of	RET	kinase	inhibition.	Efforts	are	ongoing	to	identify	more
selective	RET	kinase	inhibitors	with	the	expectation	that	such	drugs	will	have	antitumor	activity	in	patients	more
comparable	to	that	observed	with	ALK	and	ROS1	inhibitors	in	ALK-	and	ROS1	fusion–positive	lung	cancers.

MET
The	MET	receptor	 tyrosine	kinase	 is	 a	ubiquitously	expressed	cell	 surface	 receptor	whose	 ligand	 is	hepatocyte
growth	factor	(HGF).	Oncogenic	MET	mutations	were	first	 identified	in	hereditary	papillary	and	sporadic	renal
cell	carcinomas,	and	MET	gene	amplification,	mutation,	and	receptor	overexpression	are	present	 in	a	variety	of
cancer	 types.56	 Both	 the	 MET	 receptor	 tyrosine	 kinase	 and	 the	 HGF	 ligand	 were	 nominated	 as	 potential
therapeutic	targets	in	lung	cancer	based	on	studies	demonstrating	that	MET	and	HGF	are	commonly	upregulated
in	late-stage	disease	and	associated	with	a	poor	disease-specific	outcome.	More	recently,	recurrent	mutations	 in
the	MET	exon	14	 splice	 acceptor	 and	donor	 sites	were	 identified.	These	mutations	 lead	 to	 the	 generation	of	 a
transcript	with	 deletion	 of	 the	 CBL	E3-ubiquitin	 ligase-binding	 site	within	 the	 juxtamembrane	 domain,	 which
results	in	decreased	receptor	turnover	and	MET	protein	overexpression.	In	treatment-naïve	patients,	MET	exon	14
splice	mutations	are	identified	in	approximately	3%	of	NSCLC	and	are	largely	mutually	exclusive	with	activating
mutations	in	EGFR	and	KRAS	and	with	ALK,	ROS1,	and	RET	fusions.	Although	the	clinical	experience	to	date
is	 limited,	durable	complete	and	partial	 responses	 to	crizotinib	and	cabozantinib	have	been	 reported	 in	patients
with	MET	exon	14–mutant	lung	cancers.57,58	Crizotinib	is	not	FDA	approved	for	use	in	patients	with	MET	exon
14–mutant	 lung	cancer,	but	current	NCCN	guidelines	support	 the	off-label	use	of	crizotinib	 in	 this	molecularly
defined	 population.	 Case	 reports	 have	 also	 highlighted	 clinical	 activity	 with	 crizotinib	 in	 patients	 with	MET-
amplified	NSCLC59	and	in	combination	with	EGFR	inhibitors	 in	patients	 in	which	MET	amplification	arises	 in
the	setting	of	disease	progression	on	EGFR	kinase	inhibitor	therapy	in	patients	with	oncogenic	EGFR	mutations.

BRAF	V600E–Mutant	Lung	Cancers	and	Additional	Molecularly	Defined
Populations
BRAF	V600E	mutations	are	rare	in	NSCLC	(approximately	1%	of	patients).	In	treatment-naïve	patients,	BRAF
V600E	mutations	 arise	 in	 a	mutually	 exclusive	 pattern	with	 EGFR,	KRAS,	 and	MET	 exon	 14	mutations	 and
ALK,	ROS1,	and	RET	fusions.	RAF	and	MEK	inhibitors,	discussed	in	greater	detail	in	the	following	text,	were
first	 shown	 to	 have	 antitumor	 activity	 in	 patients	 with	 BRAF-mutant	 melanoma,	 a	 disease	 in	 which	 BRAF
mutations	 are	 common	 (approximately	 50%	 to	 60%	of	 cutaneous	melanoma	patients).	The	 combination	 of	 the
RAF	 inhibitor	 dabrafenib	 and	 the	MEK	 inhibitor	 trametinb	 is	 FDA	 approved	 for	 use	 in	 patients	 with	 BRAF
V600E–mutant	NSCLC	based	on	the	results	of	a	phase	II	trial	demonstrating	a	64%	response	rate	with	2	complete
and	21	partial	responses.60	In	this	trial,	investigators	were	able	to	leverage	the	prospective	molecular	profiling	of
lung	tumors	 that	had	been	performed	to	detect	alterations	 in	EGFR	and	ALK	to	 identify	 those	rare	 lung	cancer
patients	 with	 BRAF	 V600E–mutant	 tumors.	 This	 example	 highlights	 one	 of	 the	 benefits	 of	 multiplex	 next-
generation	 sequencing	 assays	 over	 single	 gene	 companion	 diagnostic	 tests	 in	 that	 the	 former	 can	 facilitate	 the
development	of	therapies	for	molecularly	defined	subpopulations	defined	by	rare	gene	alterations.

Retrospective	 and	 prospective	 sequencing	 of	 lung	 cancer	 patients	 has	 also	 identified	 mutation	 and
amplification	of	ERBB2,	neurotrophic	 tyrosine	kinase	 (NTRK)	 fusions,	 and	FGFR3	mutations	and	 fusions	 in	a
subset	of	otherwise	driver-negative	NSCLC.	Although	the	development	of	targeted	inhibitors	of	these	kinases	in
lung	cancer	has	been	slowed	by	their	relative	rarity,	promising	clinical	responses	to	inhibitors	of	these	targets	have
been	reported	within	the	context	of	disease-specific	and	disease-agnostic	basket	trials.	With	the	rapid	adoption	of
broader	next-generation	sequencing	platforms	for	prospective	tumor	molecular	characterization,	it	is	now	feasible
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to	study	the	clinical	relevance	of	these	less	prevelant	mutational	events	as	targetable	driver	alterations.

RAF	AND	MEK	INHIBITORS	FOR	BRAF-MUTANT	TUMORS
BRAF	mutations	were	 first	 identified	 by	Davies	 and	 colleagues61	 at	 the	 Sanger	 Institute	within	 the	 context	 of
broader	 efforts	 to	 identify	 recurrently	 mutated	 oncoproteins	 that	 could	 serve	 as	 novel	 drug	 targets.	 BRAF
mutations	 are	 present	 in	 a	 variety	 of	 cancer	 types	 including	 melanoma	 (50%	 to	 60%),	 systemic	 histocytosis
(approximately	50%),	hairy	cell	leukemia	(100%),	and	thyroid	(30%	to	50%),	colorectal	(10%	to	15%),	and	lung
(2%	to	3%)	cancers.	BRAF	mutations	involving	codon	600	are	by	far	the	most	prevalent	with	a	specific	missense
substitution,	 V600E,	 being	 most	 common.	 BRAF	 fusions	 and	 over	 a	 dozen	 hotsopot	 non-V600E	 mutations,
although	 less	 common,	 have	 also	 been	 shown	 to	 induce	 transformation	 in	 laboratory	 studies.62	 RAF	 kinases
phosphorylate	 and	 activate	 MEK1	 and	 MEK2	 which	 in	 turn	 phosphorylate	 and	 activate	 extracellular	 signal-
regulated	kinases	(ERK)	1	and	2,	a	signaling	cascade	often	referred	to	as	the	classical	MAPK	pathway.	ERK	in
turn	 phosporylates	 multiple	 cytoplasmic	 substrates	 including	 kinases,	 apoptotic	 regulators,	 and	 cytoskeletal
proteins.

Following	the	identification	of	BRAF	mutations,	large-scale	efforts	were	initiated	by	academia	and	industry	to
identify	selective	inhibitors	of	the	MAP	kinase	pathway.	Initial	efforts	sought	to	repurpose	multitargeted	kinase
inhibitors	 such	 as	 sorafenib	 or	 target	 downstream	 effectors	 such	 as	 MEK	 in	 tumors	 with	 BRAF	 and	 RAS
mutations.	Sorafenib	had	limited	activity	in	melanoma	patients,	and	the	activity	observed	did	not	correlate	with
BRAF	mutational	 status.	 Furthermore,	 only	modest	 activity	was	 observed	with	MEK	 inhibitors	 in	 tumor	 types
such	as	melanoma	and	 lung	cancer;	however,	 early	 trials	of	MEK	 inhibitors	were	hampered	by	 their	 failure	 to
employ	 pretreatment	 patient	 selection.	 This	 early	 experience	with	 sorafenib	 and	MEK	 inhibitors	 raised	 doubts
about	 the	 clinical	 relevance	 of	BRAF	 as	 a	 therapeutic	 target.	 In	 hindsight,	 the	 success	 of	more	 selective	RAF
inhibitors	and	the	subsequent	FDA	approval	of	MEK	inhibitors	in	BRAF-mutant	melanoma	suggests	that	the	lack
of	clinical	activity	observed	with	sorafenib	in	BRAF-mutant	tumors	was	likely	attributable	to	its	poor	selectivity
and	low	RAF	inhibitory	potency,	whereas	the	disappointing	clinical	results	with	MEK	inhibitors	were	due,	in	part,
to	a	failure	to	preselect	patients	with	BRAF	mutations	for	trial	eligibility.

The	RAF	inhibitor	vemurafenib	was	 the	first	 to	receive	FDA	approval	 for	use	 in	patients	with	BRAF	codon
600–mutant	 tumors	 (Fig.	 25.3).	 Vemurafenib	 and	 a	 second	 biochemically	 similar	 selective	 RAF	 inhibitor
dabrafenib	have	a	notable	biologic	property:	whereas	in	vitro	assays	indicate	that	vemurafenib	binds	to	all	three
RAF	kinases	(ARAF,	BRAF,	and	CRAF/RAF1)	with	similar	potency,	it	only	inhibits	ERK	pathway	activation	in
BRAF	V600E/K–expressing	 cells.	More	 puzzling	was	 the	 observation	 that	 in	 BRAF	wildtype	 cells,	 including
those	with	RAS	mutations,	vemurafenib	paradoxically	activates	instead	of	inhibits	ERK	signaling,	the	mechanistic
basis	of	which	is	the	transactivation	of	RAF	dimers.63	There	are	several	therapeutic	consequences	of	this	unique
biology	 that	 have	 implications	 for	 the	 use	 of	 vemurafenib	 as	 an	 anticancer	 therapy.	 First,	 the	 most	 common
adverse	 effects	of	vemurafenib	 are	not	 the	 result	 of	RAF	 inhibition	but	 rather	RAF	activation.	These	on-target
toxic	 effects	 include	 the	 development	 of	 a	 hyperkeratotic	 skin	 rash,	 distinct	 from	 the	 acneiform	 skin	 rash
commonly	observed	with	MEK	or	ERK	inhibitors,	and	the	induction	of	benign	skin	tumors	(keratoacanthomas)
and	more	 rarely	 squamous	 cell	 carcinomas	 and	 other	 invasive	 tumors.64	 Second,	 vemurafenib	 lacks	 antitumor
activity	in	tumors	in	which	RAF	activation	requires	RAF	dimer	formation.	As	a	result,	vemurafenib	is	inactive	in
RAS-mutant	tumors	and	in	tumors	in	which	RAS	is	activated	by	upstream	receptor	tyrosine	kinases	such	as	EGFR
or	 loss	 of	 neurofibromatosis	 1	 (NF1)	 expression	 and	 in	 those	 with	 activating	 non-V600	 BRAF	 mutations
including	BRAF	fusions.	In	contrast	to	vemurafenib,	MEK	and	ERK	inhibitors	inhibit	MAPK	pathway	activation
in	 essentially	 all	 cancer	 cells,	 irrespective	 of	 mutational	 profile.	 While	 this	 difference	 suggests	 that	 MEK
inhibitors	 could	 have	 broader	 clinical	 utility	 than	 RAF	 inhibitors,	 MEK	 inhibitors,	 unlike	 vemurafenib,	 also
potently	 inhibit	 ERK	 activity	 in	 all	 normal	 tissues,	 leading	 to	 significant	 on-target	 toxicities	 that	 limit	 their
anticancer	effects.	Thus,	although	MEK	and	ERK	inhibitors	may	in	the	future	prove	to	have	clinical	efficacy	in	a
broader	 range	 of	 tumor	 types,	 the	 narrower	 therapeutic	 index	 of	 these	 drugs	 make	 them	 less	 effective	 than
vemurafenib	in	BRAF	V600E–mutant	tumors	and	also	limits	their	utility	in	tumors	with	RAS	and	NF1	mutations.



Figure	25.3	Top:	A	38-year-old	man	with	BRAF-mutant	advanced	melanoma	with	widespread
subcutaneous	tumor	nodules.	A:	Prior	to	initiation	with	vemurafenib.	B:	After	15	weeks	of	therapy
with	vemurafenib.	C:	At	progression,	after	23	weeks	of	therapy.	A	post-progression	biopsy	was
sequenced	and	revealed	a	BRAF	V600E	mutation	and	a	concomitant	MEK1	C121S	activating

resistance	mutation.	(Reproduced	from	Wagle	N,	Emery	C,	Berger	MF,	et	al.	Dissecting	therapeutic
resistance	to	RAF	inhibition	in	melanoma	by	tumor	genomic	profiling.	J	Clin	Oncol

2011;29[22]:3085–3096.)	Bottom	left:	Waterfall	plot	of	antitumor	responses	from	32	patients	with
BRAF	V600E–mutant	melanoma	from	the	phase	I	extension	cohort	study	of	PLX4032

(vemurafenib).	All	patients	received	the	recommended	phase	II	dose	of	960	mg	twice	daily.	Each
bar	represents	an	individual	patient	and	the	plot	displays	the	best	overall	response,	measured	as	the
change	from	baseline	in	the	sum	of	the	largest	diameter	of	each	target	lesion.	Negative	values
indicate	tumor	shrinkage,	and	the	dashed	line	indicates	the	threshold	for	a	partial	response

according	to	Response	Evaluation	Criteria	in	Solid	Tumors	(RECIST).	Two	patients	had	a	complete
response.	Bottom	right:	Swimmer’s	plot	depicting	the	duration	and	characteristics	of	responses	in
each	patient.	(Reproduced	from	Flaherty	KT,	Puzanov	I,	Kim	KB,	et	al.	Inhibition	of	mutated,

activated	BRAF	in	metastatic	melanoma.	N	Engl	J	Med	2010;363[9]:809–819.)

As	with	other	targeted	kinase	inhibitors,	RAF	inhibitor	resistance	in	BRAF-mutant	tumors	limits	their	clinical
utility.	However,	unlike	most	of	 the	kinase	 inhibitors	described	previously,	second-site	mutations	in	BRAF	that
alter	 drug	 binding	 are	 not	 a	 common	 mechanism	 of	 vemurafenib	 resistance	 in	 patients.	 Rather,	 the	 selective
inhibition	of	RAF	monomers	versus	dimers	by	vemurafenib	results	in	selection	for	genetic	and	epigenetic	changes
that	 promote	 RAF	 dimer	 formation,	 including	 alterations	 that	 induce	 RAS	 activity	 (KRAS/NRAS	 mutation,
receptor	 tyrosine	kinase	activation,	and	NF1	 loss)	and	 those	 that	cause	RAF	to	dimerize	 in	a	RAS-independent
manner	 (BRAF	 splice	 variants,	 BRAF	 amplification).	 To	 overcome	 these	 resistance	 mechanisms,	 efforts	 are
ongoing	 to	 identify	 selective	RAF	 inhibitors	 that	 can	potently	 inhibit	RAF	dimers.	Such	compounds	may	have
activity	 against	 a	 broader	 range	 of	RAF-mutant	 tumors	 including	 those	with	BRAF	mutations	 that	 function	 as
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activated	dimers	(BRAF	fusions,	activating	non-V600	missense	mutations	such	as	K601E,	and	impaired	or	kinase
dead	non-V600	BRAF	mutations	such	as	D594G,	which	 induce	RAF	signaling	 through	RAF	dimer	formation).
RAF	dimer	 inhibitors	 could	 also	 be	 effective	 in	 some	patients	with	 vemurafenib-resistant	BRAF	V600–mutant
tumors.

A	notable	property	of	vemurafenib-sensitive,	BRAF	V600E–mutant	cancer	cells	is	that	they	exhibit	low	levels
of	 RAS	 activation	 due	 to	 inhibition	 of	 upstream	 receptor	 tyrosine	 kinases	 and	 RAS	 by	 negative	 feedback
regulators	such	as	Sprouty	family	proteins.	Treatment	of	BRAF-mutant	cells	with	RAF	or	MEK	inhibitors	relieves
this	 upstream	 feedback	 inhibition,	 resulting	 in	 activation	 of	 receptor	 tyrosine	 kinases	 and	 parallel	 signaling
pathways	 and	 attenuation	 of	 the	 antitumor	 effects	 of	 RAF	 inhibitors.	 This	 attenuation	 of	 therapeutic	 response
caused	 by	 rapid	 adaptive	 changes	 in	 the	 signaling	 network	 is	 referred	 to	 as	 “adaptive	 resistance,”	 and	 this
phenomenon	explains	in	part	the	relative	lack	of	efficacy	of	RAF	inhibitors	in	some	cancer	types,	including	BRAF
V600–mutant	colorectal	and	thyroid	cancers.	In	these	cancer	types,	vemurafenib	insensitivity	results	from	a	rapid
activation	of	HER	kinase	family	receptors	following	drug	exposure,	specifically	EGFR	in	colorectal	cancers	and
HER3	 in	 thyroid	 cancers.	 Ongoing	 studies	 are	 thus	 exploring	 combinations	 of	 RAF	 inhibitors	 and	 EGFR
inhibitors	 or	 other	 receptor	 tyrosine	 kinase	 inhibitors,	with	 promising	 early	 results	 reported	 in	BRAF	V600E–
mutant	colorectal	cancer	patients.65

As	the	majority	of	the	mechanisms	of	RAF	inhibitor	resistance	identified	to	date	result	in	reactivation	of	ERK,
RAF	inhibitor	plus	MEK	inhibitor	combinations	have	been	explored	as	a	means	to	more	maximally	inhibit	MAPK
pathway	activity.	In	preclinical	models,	combined	treatment	with	RAF	and	MEK	inhibitors	was	shown	to	induce
more	 complete	 and	 durable	 ERK	 inhibition,	 resulting	 in	 greater	 antitumor	 effects	 in	 BRAF	 V600E–mutant
tumors.	 These	 preclinical	 data	 led	 to	 clinical	 trials	 of	 the	 RAF/MEK	 combination	which,	 based	 on	 its	 greater
clinical	activity,	is	now	standard	treatment	in	melanoma	and	lung	cancers	with	BRAF	V600	mutations.	A	notable
secondary	 benefit	 of	 this	 combination	 is	 that	 the	 addition	 of	 a	 MEK	 inhibitor	 reduces	 the	 incidence	 of
nonmelanoma	skin	cancers	and	the	severity	of	the	RAF	inhibitor–associated	skin	rash.	As	RAF	and	MEK	inibitors
have	opposing	effects	on	MAPK	pathway	activity	in	BRAF	wild-type	nonmalignant	cells	(RAF	inhibitors	activate
ERK	whereas	MEK	 inhibitors	 inhibit	ERK	 in	 this	 context),	 the	 addition	of	 the	MEK	 inhibitor	 abrogates	 those
toxicities	of	RAF	inhibitors	attributable	to	paradoxical	ERK	pathway	activation	in	normal	cells.

PI3	KINASE	PATHWAY	INHIBITORS
The	PI3K/AKT/MTOR	pathway	 is	 an	 important	 regulator	of	 cell	 growth	and	proliferation	 in	normal	 cells,	 and
mutations	 in	 this	 pathway	 are	 common	 in	 a	 variety	 of	 human	 cancers.	 The	 class	 I	 PI3Ks	 are	 composed	 of
heterodimers	 consisting	 of	 a	 catalytic	 and	 a	 regulatory	 subunit.	 Class	 IA	 PI3Ks	 include	 the	 p110α,	 β,	 and	 δ
catalytic	subunits,	which	are	encoded	by	the	PIK3CA,	PIK3CB,	and	PIK3CD	genes,	respectively,	whereas	class
IB	 includes	 the	 p110γ	 catalytic	 isoform,	 encoded	 by	 PIK3CG.	 Upon	 activation,	 PI3K	 converts
phosphatidylinositol-4,5-bisphosphate	 (PIP2)	 to	 phosphatidylinositol-3,4,5-triphosphate	 (PIP3),	 which
subsequently	recruits	AKT,	phosphoinositide-dependent	protein	kinase	(PDK1),	and	other	proteins	to	the	plasma
membrane.	Membrane	localization	of	these	signaling	intermediaries	leads	to	activation	of	the	mTORC1	complex
and	other	downstream	effectors	of	AKT.	The	tumor	suppressor	PTEN	catalyzes	the	conversion	of	PIP3	to	PIP2
and	is	an	important	negative	regulator	of	PI3K	signaling.

A	link	between	PI3K	signaling	and	cancer	was	first	established	by	Vogt	and	colleagues66	who	reported	that	a
viral	 oncogene	 present	 in	 avian	 sarcoma	 virus	 16	 had	 sequence	 homology	 to	 the	 PIK3CA	 gene.	 Additional
retroviral	 oncogenes	with	 sequence	 homology	 to	 other	 components	 of	 the	 PI3K	pathway	were	 later	 identified,
followed	 by	 the	 identification	 of	 inactivating	 mutations	 in	 PTEN	 in	 a	 variety	 of	 human	 cancers	 and	 its
characterization	as	a	tumor	suppressor	and	negative	regulator	of	PI3K	signaling.	Large-scale	sequencing	studies
subsequently	revealed	that	PIK3CA	is	among	the	genes	most	commonly	altered	in	human	cancer	with	the	majority
of	PIK3CA	mutations	 localized	 to	 two	hotspot	 regions	within	 the	helicase	and	kinase	domains.67	Less	 frequent
activating	mutations	have	also	since	been	 reported	 in	AKT1	 and	MTOR.	Notably,	PI3K	pathway	alterations	are
frequently	 identified	 in	 tumors	 with	 other	 targetable	 oncogenes	 including	 ERBB2	 amplification	 and	 BRAF
mutations.

Several	pan-isoform	class	 I	PI3K	inhibitors	 including	buparlisib	 (BKM120)	were	 tested	 in	a	wide	variety	of
cancer	 types,	 but	 the	 overall	 clinical	 experience	 to	 date	 with	 these	 agents	 has	 been	 disappointing.	 Although
antitumor	 responses	 were	 observed	 in	 a	 minority	 of	 patients,	 toxicity	 was	 often	 significant;	 in	 contrast	 to
preclinical	 studies,	 there	 was	 no	 strong	 correlation	 between	mutations	 in	PIK3CA	 and	PTEN	 and	 response	 to



buparlisib.	 One	 likely	 explanation	 for	 the	 dissappointing	 clinical	 results	 with	 the	 first	 generation	 of	 PI3K
inhibitors	is	that	the	initial	agents	to	enter	clinical	testing	were	not	sufficiently	selective.	Buparlisib	and	most	pan-
PI3K	inhibitors	are	also	potent	inhibitors	of	mTOR,	and	this	lack	of	selectivity	for	PI3K	may	have	limited	their
clinical	 efficacy.	 Buparlisib	 has	 also	 been	 shown	 to	 destabilize	 tubulin	 at	 the	 drug	 concentrations	 required	 to
inhibit	 PI3K	 signaling.	 Therefore,	 whereas	 early	 agents	 such	 as	 buparlisib	 induce	 hyperglycemia	 at	 tolerable
doses,	 a	 likely	on-target	 toxicity	given	 the	central	 role	of	PI3K	signaling	 in	 regulating	 insulin	 activity,	 there	 is
strong	 consensus	 that	 off-target	 toxicities	 of	 this	 agent	 preclude	 sufficient	 p110α	 PI3K	 inhibition	 for	maximal
antitumor	activity.

More	recent	drug	development	efforts	have	thus	focused	on	the	development	of	more	selective	PI3K	inhibitors.
An	example	is	the	p110α	selective	compound	alpelisib	(BYL719),	which	has	demonstrated	promising	early	results
in	 breast	 cancer,	 a	 tumor	 type	 in	which	PIK3CA	mutations	 are	 present	 in	 approximately	 one-third	 of	 patients.
Based	on	laboratory	studies	indicating	that	tumors	with	inactivation	of	PTEN	are	selectively	dependent	on	p110β
PI3K	signaling,	p110β	selective	inhibitors	have	also	been	developed	and	are	now	being	tested	in	prostate	cancer,	a
cancer	type	in	which	PTEN	alterations	are	common.68

Copanlisib,	 a	 pan-class	 I	 PI3K	 inhibitor	 with	 preferential	 activity	 against	 the	 p110α	 and	 p110δ	 isoforms,
compared	with	the	p110β	and	p110γ	isoforms	(IC50	values	of	0.5,	0.7,	3.7,	and	6.4	nmol/L,	respectively),	is	FDA
approved	for	the	treatment	of	relapsed	follicular	lymphoma	patients	who	have	received	at	least	two	prior	systemic
therapies.	In	 the	phase	II	CHRONOS-1	trial,	patients	with	relapsed	or	refractory	indolent	B-cell	non-Hodgkin’s
lymphoma	 (including	 follicular,	 marginal	 zone,	 small	 lymphocytic	 lymphomas,	 and	 Waldenstrom
macroglobulinemia	that	had	relapsed	after	or	were	refractory	to	two	or	more	prior	therapies)	received	intravenous
copanlisib.	This	trial	reported	an	objective	response	rate	of	58.7%,	including	a	14.4%	complete	response	rate,	and
a	median	response	duration	of	12.2	months	in	patients	with	follicular	 lymphoma.69	 Idelalisib,	a	 selective	p110δ
PI3K	inhibitor,	has	similarly	been	shown	to	have	significant	clinical	activity	in	patients	with	chronic	lymphocytic
leukemia	 (CLL).	 In	a	 randomized	phase	 III	 study	of	 rituximab	plus	either	 idelalisib	or	placebo	 in	patients	with
relapsed	CLL,	 response	 rates	were	higher	and	progression-free	and	overall	 survival	 longer	 in	patients	 receiving
combination	therapy.70	Notably,	the	presence	of	a	PI3K	pathway	genetic	alteration	was	not	predictive	of	idelalisib
activity;	rather,	the	clinical	activity	observed	with	PI3K	pathway	inhibitors	in	CLL	and	follicular	lymphomas	has
been	attributed	to	the	lineage	dependence	of	B	cells	on	p110δ	PI3K	activation.

A	 second	 possible	 explanation	 for	 the	modest	 clinical	 activity	 of	 PI3K	 inhibitors	 observed	 to	 date	 in	 solid
tumors	such	as	breast	and	lung	cancers	is	 that	mutations	in	this	pathway	frequently	co-occur	with	alterations	in
other	potent	oncogenic	drivers	such	as	BRAF,	EGFR,	and	ERBB2,	and	thus,	PI3K	inhibitors	may	prove	to	be	most
effective	when	used	 in	combination	with	other	 targeted	or	hormonal	 therapies	 in	 these	 tumor	 types.	Combining
PI3K	inhibitors	with	a	second	agent	has	been	investigated	primarily	 in	breast	cancer.	The	BELLE-2	trial	was	a
randomized,	placebo-controlled	 study	of	 fulvestrant	plus	buparlisib	or	placebo	 in	metastatic	hormone	 receptor–
positive,	 HER2-negative	 breast	 cancer	 patients	 who	 had	 progressed	 on	 aromatase	 inhibitor	 therapy.71	 Patients
were	 stratified	 by	 PI3K	 pathway	 activation	 defined	 as	 the	 presence	 of	 a	 PIK3CA	 mutation	 or	 loss	 of	 PTEN
expression	 by	 immunohistochemistry.	 In	 this	 study,	 the	 addition	 of	 buparlisib	 to	 fulvestrant	 improved
progression-free	 survival	 in	 the	 overall	 patient	 population,	 although	 at	 the	 cost	 of	 substantial	 toxicity.	 Patients
with	PI3K	pathway–activated	tumors	did	not	have	improved	progression-free	survival	with	combination	therapy
as	compared	 to	nonactivated	 tumors;	however,	combination	 therapy	was	associated	with	 improved	progression-
free	 survival	 and	 response	 rates	 in	 patients	 with	 PIK3CA	 mutations	 as	 detected	 by	 circulating	 tumor	 DNA
(ctDNA)	analysis.	The	latter	results	suggest	that	mutational	heterogeneity	may	have	limited	the	predictive	utility
of	pretreatment	tumor	mutational	testing	and	that	analysis	of	ctDNA	may	be	a	more	optimal	approach.

Promising	clinical	activity	has	also	been	observed	with	inhibitors	of	downstream	effectors	of	PI3K.	The	ATP-
competitive	 pan-AKT	 kinase	 inhibitor	 AZD5363	 was	 evaluated	 in	 a	 basket	 trial	 of	 52	 AKT1	 E17K–mutant
patients.	This	study	showed	that	drug	activity	was	enriched	in	patients	whose	tumors	displayed	copy-neutral	loss
of	heterozygosity	of	the	wildtype	AKT1	allele,	a	result	that	suggests	that	a	single	biomarker	of	activation	may	be
inadequate	to	select	accurately	those	patients	most	likely	to	derive	benefit	from	AKT	inhibition.72	One	of	the	key
downstream	 effectors	 of	 PI3K/AKT	 signaling	 is	 the	 mTORC1	 complex,	 a	 multimeric	 protein	 complex	 that
includes	MTOR.	mTORC1	regulates	cell	growth	and	proliferation	in	response	to	extra-	and	intracellular	signals,
including	 levels	of	amino	acids	and	other	nutrients.	MTOR	is	also	a	component	of	 the	mTORC2	complex	 that
phosphorylates	AKT	and,	in	cooperation	with	PDK1,	regulates	AKT	activation.	Everolimus	and	temsirolimus	are
rapamycin	analogs	that	inhibit	mTORC1.	These	drugs	are	FDA	approved	for	use	in	patients	with	metastatic	renal
cell	carcinoma,	breast	cancer,	certain	neuroendocrine	tumors,	and	subependymal	giant	cell	astrocytomas	(SEGA),
a	tumor	type	that	arises	in	patients	with	germline	mutations	in	TSC1	and	TSC2.	In	renal	and	breast	cancers,	the
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activity	of	MTOR	inhibitors	does	not	correlate	strongly	with	the	presence	of	mutations	in	upstream	activators	of
PI3K	such	as	PIK3CA,	PTEN,	 or	AKT1.	 Retrospective	 studies	 suggest	 that	mutations	 in	TSC1	 and	TSC2	may
identify	 those	 patients	 with	 renal	 cancer	 most	 likely	 to	 respond	 to	 rapalogues,	 and	 TSC1	 and	 TSC2	 may	 be
predictive	biomarkers	of	response	to	MTOR	inhibitors	in	other	solid	tumors	as	well.73,74

In	summary,	PI3K	pathway	mutations	are	common	 in	a	variety	of	human	cancers	but	 the	clinical	 impact	of
PI3K	pathway	inhibitors	has	been	modest	to	date.	There	is	hope	that	isoform	selective	PI3K	inhibitors	will	have
greater	antitumor	activity	 in	mutationally	defined	 subsets	of	patients.	The	greater	 selectivity	and	 lower	 toxicity
profiles	 of	 isoform	 selective	 drugs	may	 also	 allow	 for	 the	 development	 of	 rational	 combination	 strategies	 that
overcome	 intrinsic	 and	acquired	 resistance	 to	 inhibitors	of	BRAF,	EGFR,	HER2,	 and	other	oncogenes	 that	 are
commonly	co-mutated	with	PI3K	pathway	genes.

ONE	TARGET	OR	SEVERAL:	MULTITARGETED	KINASE	INHIBITOR
THERAPY	IN	RENAL	CELL	CARCINOMA	AND	MEDULLARY	THYROID
CANCER
The	vascular	endothelial	growth	factor	receptor	(VEGFR)	family	(VEGFR1,	VEGFR2,	and	VEGFR3)	of	receptor
tyrosine	kinases	serve	as	receptors	for	vascular	endothelial	growth	factor	(VEGF).	Multitargeted	kinase	inhibitors
with	 potent	VEGFR	 activity	 have	 transformed	 the	 treatment	 of	 patients	with	 renal	 cell	 cancer.	 The	 activity	 of
VEGFR	 inhibitors	 in	 renal	 cell	 carcinoma	 has	 been	 attributed	 to	 the	 central	 role	 of	 the	 von	 Hippel-Lindau
(VHL)/hypoxia-inducible	factor-signaling	axis	in	driving	tumor	formation	through	dysregulation	of	angiogenesis
and	metabolic	pathways.	In	the	TARGET	phase	III	trial,	patients	with	metastatic	renal	clear	cell	carcinoma	were
randomized	 to	 receive	 sorafenib,	 a	multitargeted	kinase	 inhibitor	with	potency	against	VEGFR,	PDGFR,	RAF,
FMS-like	 tyrosine	kinase	3	(FLT3),	KIT,	and	RET,	or	placebo.	 In	 this	 trial,	sorafenib	 treatment	was	associated
with	improved	progression-free	and	overall	survival.	Following	the	FDA	approval	of	sorafenib,	several	additional
multitargeted	kinase	inhibitors	including	sunitinib	(VEGFR,	PDGFR,	FGFR,	FLT3,	KIT,	RAF,	and	FMS	receptor
inhibitor),	 pazopanib	 (VEGFR,	 PDGFR,	KIT	 inhibitor),	 axitinib	 (VEGFR-specific	 inhibitor),	 and	 cabozantinib
have	also	been	shown	to	be	efficacious	in	patients	with	renal	cell	carcinoma.

Cabozantinib	 (VEGFR,	 AXL,	 MET,	 KIT,	 TIE2,	 FLT3,	 and	 RET	 inhibitor)	 and,	 more	 recently,	 lenvatinib
(VEGFR,	 PDGFR,	 FGFR,	 RET,	 and	 KIT	 inhibitor)	 were	 designed	 to	 inhibit	 oncogenic	 bypass	 pathways,
potentially	 delaying	 or	 preventing	 the	 emergence	 of	 drug	 resistance.	The	METEOR	 study	 randomized	 patients
with	 renal	 clear	 cell	 carcinoma	 who	 had	 progressed	 on	 at	 least	 one	 prior	 VEGF	 targeting	 agent	 to	 either
cabozantinib	or	the	MTOR	inhibitor	everolimus.	Although	toxicity	was	higher	with	cabozantinib,	progression-free
and	overall	survival	favored	cabozantinib	over	everolimus,	resulting	in	the	FDA	approval	of	cabozantinib	in	the
second-line	 setting.75	 Data	 from	 the	 CABOSUN	 study	 comparing	 cabozantinib	 to	 sunitinib	 in	 treatment-naïve
patients	 with	 intermediate-	 to	 high-risk	 metastatic	 renal	 cell	 carcinoma	 also	 showed	 an	 improvement	 in
progression-free	survival	for	cabozantinib.	Lenvatinib	was	also	studied	in	a	three-arm	study	in	which	patients	who
had	progressed	on	prior	VEGFR	inhibitor	 therapy	were	 randomized	 to	 receive	either	 lenvatinib,	 lenvatinib	plus
everolimus,	 or	 everolimus	 alone.	 Treatment	 with	 both	 the	 combination	 and	 lenvatinib	 monotherapy	 were
associated	with	longer	progression-free	survival	than	everolimus	alone.76

Germline-activating	mutations	in	the	RET	receptor	tyrosine	kinase	(see	discussion	of	RET	in	the	lung	cancer
section)	are	the	cause	of	the	familial	cancer	syndromes	multiple	endocrine	neoplasia	type	2A	(MEN2A;	medullary
thyroid	 carcinoma,	 pheochromocytoma,	 hyperparathyroidism)	 and	 multiple	 endocrine	 neoplasia	 type	 2B
(MEN2B;	 medullary	 thyroid	 carcinoma,	 pheochromocytoma,	 multiple	 mucosal	 neuromas	 and	 intestinal
ganglioneuromas,	marfanoid	habitus).	A	minority	of	sporadic	medullary	thyroid	cancers	also	harbor	hotspot	gain-
of-function	 RET	 mutations	 (primarily	 in	 exons	 11,	 13,	 and	 16).	 The	 multikinase	 inhibitors	 vandetanib	 and
cabozantinib,	 each	 of	 which	 have	 inhibitory	 activity	 against	 RET,	 are	 FDA	 approved	 for	 use	 in	 patients	 with
advanced,	 inoperable	 medullary	 thyroid	 cancer,	 irrespective	 of	 RET	 mutational	 status	 based	 on	 clinical	 trails
showing	 superior	 progression-free	 survival	 with	 vandetanib	 and	 cabozantinib	 versus	 placebo.77,78	 The	 lack	 of
correlation	 between	RET	mutational	 status	 and	 clinical	 benefit	with	 vandetanib	 and	 cabozantinib	 in	medullary
thyroid	 cancer	 suggests	 that	 other	 targets	 of	 these	 drugs	 such	 as	VEGFR	may	 in	 part	mediate	 their	 antitumor
effects.	 The	 purported	 advantage	 of	 multitargeted	 kinase	 inhibitors	 is	 their	 ability	 to	 concomitantly	 inhibit
multiple	pathways	that	may	confer	greater	 tumor	growth	inhibition	and	delay	the	emergence	of	drug	resistance.
Drugs	that	 inhibit	multiple	kinases	also	have	greater	 toxicity,	however,	which	can	limit	 the	potency	with	which



they	inhibit	some	driver	oncoproteins.	Highly	selective	RET	inhibitors	are	now	entering	clinical	testing,	and	it	will
be	interesting	to	observe	whether	these	agents	supplant	multitargeted	kinase	inhibitors	in	RET-mutant	medullary
thyroid	patients	or	whether	concurrent	VEGFR	inhibition	induced	by	current	drugs	is	a	critical	contributor	to	their
antitumor	effects.

CDK4/6	INHIBITORS
The	cyclin-dependent	kinases	CDK4	and	CDK6	have	a	 central	 role	 in	 regulating	 the	G1-	 to	S-phase	 transition
during	cell	division.	In	cancer	cells,	increased	CDK4/6	activity	can	result	from	amplification	of	CDK4	or	CDK6,
increased	expression	of	D	and	E	cyclins	as	a	result	of	upstream	activation	of	mitogenic	pathways	including	MAP
kinase	 and	 AKT	 or	 cyclin	 D1	 (CCND1)	 or	 cyclin	 E1	 (CCNE1)	 gene	 amplification,	 or	 through	 deletion	 of
CDKN2A,	which	encodes	the	cyclin-dependent	kinase	inhibitor	INK4.	The	primary	target	of	CDK4	and	CDK6	is
the	retinoblastoma	(RB1)	tumor	suppressor	protein.	CDK4/6	kinase	inhibition	results	in	hypophosphorylation	of
RB1	and	in	sensitive	cells,	G1	cell	cycle	arrest.

Early	studies	of	pan-selective	CDK	inhibitors	such	as	flavopyridol	proved	to	be	disappointing.	More	selective
CDK4/6	inhibitors	 including	palbociclib,	ribociclib,	and	abemaciclib	are	now	FDA	approved	for	use	in	patients
with	recurrent	breast	cancer.	As	preclinical	data	suggested	that	ER	signaling	was	a	resistance	mechanism	to	cell
cycle	 inhibition	 in	 ER-positive	 metastatic	 breast	 cancer,	 clinical	 trials	 combined	 CDK4/6	 inhibitors	 with
antiestrogen	 therapies.	 The	 PALOMA-2	 phase	 III	 study	 of	 palbociclib	 plus	 letrozole	 versus	 letrozole	 alone
showed	an	approximately	10%	 improvement	 in	 response	 rate	and	a	10-month	 improvement	 in	progression-free
survival	 with	 the	 combination	 as	 compared	 to	 letrozole	 alone.79	 Similar	 improvements	 in	 response	 rate	 and
progression-free	 survival	 were	 observed	 in	 a	 phase	 III	 trial	 of	 ribociclib	 plus	 letrozole	 versus	 placebo	 plus
letrozole.80	Additionally,	 abemaciclib	 is	 FDA	 approved	 as	 both	monotherapy	 and	 for	 use	 in	 combination	with
fulvestrant	for	ER-positive,	HER2-negative	metastatic	breast	cancer	following	progression	on	endocrine	therapy.
Robust	predictive	biomarkers	of	 response	 to	CDK4/6	 inhibitors	have	yet	 to	be	 identified.	Whereas	 loss	of	RB1
expression	as	a	result	of	mutation	or	gene	deletion,	a	rare	finding	 in	ER-positive	breast	cancers,	 is	sufficient	 to
confer	resistance	to	CDK4/6	inhibitors	in	a	variety	of	cancer	types,	CCND1	amplification	and	CDKN2A	deletion
are	not	predictors	of	drug	sensitivity	in	patients.

Over	90%	of	well-differentiated	or	dedifferentiated	liposarcomas	have	CDK4	gene	amplification,	and	CDK4
inhibitors	have	shown	promising	clinical	activity	 in	 this	 rare	cancer	 type.	A	phase	II	study	of	palbociclib	 in	30
patients	 with	 CDK4	 amplified,	 RB1	 expressing	 well-differentiated	 or	 dedifferentiated	 liposarcomas	 met	 its
primary	endpoint	of	a	greater	than	40%	12-week	progression-free	survival	rate	(66%	in	this	cohort),	albeit	with
significant	 hematologic	 toxicities.81	 A	 second	 phase	 II	 study	 using	 a	 lower	 palbociclib	 dose	 and	 a	 different
treatment	 schedule	 reported	 a	 similar	 progression-free	 survival	 rate	 but	 with	 a	 significantly	 improved	 toxicity
profile	and	is	being	explored	further.82	Ongoing	efforts	are	currently	directed	at	identifying	additional	populations
with	a	genetic	dependence	on	CDK4/6	activation.

BRUTON	TYROSINE	KINASE	INHIBITORS
Bruton	tyrosine	kinase	(BTK)	regulates	B-cell	maturation	and	proliferation.	BTK	is	a	member	of	the	Tec	family
of	 nonreceptor	 tyrosine	 kinases.	BTK	mediates	 signaling	 from	 a	 number	 of	 receptors,	 including	B-	 and	T-cell
receptors.	Ibrutinib,	a	selective	BTK	inhibitor,	is	FDA	approved	for	the	treatment	of	a	variety	of	B-cell–associated
cancers	including	CLL,	Waldenstrom	macroglobulinemia,	mantle	cell	lymphoma,	and	marginal	zone	lymphoma.
The	utility	of	BTK	inhibition	in	B-cell	malignancies	stems	from	the	lineage	dependence	of	these	neoplasms	on	B-
cell	receptor	activation	for	maturation	and	proliferation.

Byrd	 and	 colleagues83	 first	 showed	 that	 BTK	 inhibition	 using	 an	 irreversible	 inhibitor,	 PCI-32765	 (later
renamed	ibrutinib),	blocked	proliferation	and	stimulated	apoptosis	of	CLL	cells	derived	from	patients.84	Ibrutinib
was	tested	in	the	postchemotherapy	second-line	setting	and	demonstrated	a	statistically	significant	improvement	in
progression-free	and	overall	survival	and	response	rate	as	compared	to	the	anti-CD20	antibody	ofatumumab	in	the
phase	III	RESONATE	trial.84	Later	studies	showed	similar	survival	and	response	improvements	with	ibrutinib	in
the	 first-line	 setting	 (RESONATE-2).85	 Notably,	 durable	 responses	 to	 ibrutinib	 (>5	 years	 and	 ongoing)	 were
observed	with	long-term	follow-up	of	both	treatment-naïve	and	previously	chemotherapy-treated	patients.	A	phase
II	single-arm	study	of	ibrutinib	in	relapsed/refractory	CLL	patients	with	17p	deletion	(loss	of	TP53),	a	marker	of
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significantly	worse	 prognosis,	 also	 reported	 significant	 responses	 to	 ibrutinib	monotherapy.86	 In	 summary,	 the
profound	clinical	activity	of	ibrutinib	in	CLL	underscores	the	lineage	dependence	of	CLL	cells	on	B-cell	signaling
mediated	by	BTK	for	survival,	a	characteristic	that	can	now	be	exploited	therapeutically	with	a	kinase	inhibitor.
Further	work	is	now	being	performed	to	define	the	efficacy	of	ibrutinib	in	combination	with	other	active	agents	in
CLL.

In	patients	with	mantle	cell	lymphoma,	a	highly	aggressive	non-Hodgkin’s	lymphoma,	ibrutinib	demonstrated
an	 objective	 response	 rate	 of	 68%	with	 a	 21%	 complete	 response	 rate,	 a	median	 duration	 of	 response	 of	 17.5
months,	and	an	18-month	median	overall	survival	rate	of	58%.87	Although	these	data	led	to	the	FDA	approval	of
ibrutinib	 for	mantle	cell	 lymphoma	patients	who	had	progressed	on	at	 least	one	prior	 treatment,	as	 is	observed
with	other	targeted	therapies,	responses	are	often	short-lived,	with	over	half	of	patients	progressing	within	a	year
and	 up	 to	 one-third	 exhibiting	 primary	 resistance.88	 Mantle	 cell	 lymphomas	 overexpress	 cyclin	 D1	 due	 to	 a
translocation	between	chromosomes	11	and	14	(t11;14).	The	CDK4/6	inhibitor	palbociclib	discussed	previously
has	 modest	 clinical	 activity	 as	 monotherapy	 in	 mantle	 cell	 lymphoma:	 a	 phase	 I	 pilot	 study	 in	 17	 heavily
pretreated	patients	demonstrated	an	18%	overall	response	rate,	including	1	complete	and	2	partial	responses.89	In
laboratory	 studies,	 CDK4	 inhibition	 has	 been	 shown	 to	 resensitize	 BTK	 wildtype,	 ibrutinib-resistant	 cells	 to
ibrutinib.	These	data	prompted	a	clinical	trial	of	the	palbocilib-ibrutinib	combination,	which	reported	a	complete
response	 rate	 of	 44%	 with	 the	 combination	 with	 an	 acceptable	 toxicity	 profile.90	 Further	 testing	 of	 this
combination	which	targets	both	a	lineage	dependence	vulnerability	(BTK)	and	an	oncogenic	fusion	event	(cyclin
D1	overexpression	due	to	a	t(11;14))	is	ongoing.

A	POTENTIAL	PAN	CANCER	DRUG	TARGET—TRK	INHIBITORS
The	 NTRK	 gene	 family	 includes	 three	 receptor	 tyrosine	 kinases	 (TRKA,	 TRKB,	 and	 TRKC	 encoded	 by	 the
NTRK1,	NTRK2,	 and	 NTRK3	 genes,	 respectively)	 which	 are	 activated	 upon	 binding	 of	 distinct	 neurotrophin
ligands.	 TRK	 fusions	 are	 present	 at	 low	 frequency	 (typically	 <1%)	 in	 NSCLC,	 colorectal	 cancer,
cholangiocarcinoma,	melanoma,	 and	 other	 solid	 tumor	 types.91	 TRK	 fusions	 are	more	 common	 in	 several	 rare
cancers	including	mammary	analog	secretory	breast	cancer	and	infantile	fibrosarcoma.	The	rarity	of	NTRK	fusions
in	common	cancer	types	prompted	the	testing	of	selective	TRK	inhibitors	within	the	context	of	pancancer	basket
studies.	 Pooled	preliminary	 data	 from	 three	 basket	 trials	 of	 larotrectinib,	 a	 highly	 selective	 pan-TRK	 inhibitor,
reported	a	76%	objective	response	rate	in	patients	with	a	variety	of	TRK	fusion–positive	patients.92	The	clinical
development	of	 larotrectinib	was	notable	as	 the	drug	was	simultaneously	developed	 in	both	adult	and	pediatric
populations.	 Although	 the	 experience	 remains	 limited,	 rapid	 and	 durable	 responses	 to	 larotrectinib	 have	 been
observed	in	a	diverse	range	of	cancer	types.	Larotrectinib	has	received	breakthrough	and	orphan-drug	designation
from	 the	 FDA	 and	 may	 be	 the	 first	 kinase	 inhibitor	 approved	 in	 patients	 with	 a	 specific	 genetic	 biomarker,
agnostic	 of	 tumor	 type,	 analogous	 to	 the	 FDA	 approval	 in	 2017	 of	 the	 immune	 checkpoint	 inhibitor
pembrolizumab	for	all	patients	with	microsatellite	high	tumors.	A	second	drug,	entrectinib,	an	ALK/ROS1/TRK
inhibitor,	has	also	shown	substantial	clinical	activity	in	both	NTRK	fusion–containing	tumors	and	ROS1	fusion–
positive	 NSCLC.93	 Resistance	 mutations	 that	 alter	 drug	 binding	 have	 been	 reported	 in	 patients	 receiving
entrectinib	 and	 larotrectinib	 therapy	 who	 initially	 responded	 but	 later	 developed	 acquired	 resistance.	 Second-
generation	inhibitors	(LOXO-195	and	TPX0005)	that	retain	potency	in	patients	with	these	second-site	mutations
in	TRK	are	currently	in	early	phase	clinical	trials.

FUTURE	DIRECTIONS
Kinase	inhibitors	can	induce	dramatic	tumor	regressions	and	are	now	a	component	of	the	standard	management	of
a	variety	of	solid	and	hematologic	cancer	types.	In	many	instances,	drug	sensitivity	is	associated	with	mutations	or
translocations	of	the	drug	target	that	are	used	prospectively	as	predictive	biomarkers	to	guide	therapy	selection.	As
an	example,	the	treatment	of	lung	cancer	patients	is	dictated	by	the	results	of	tumor	molecular	testing	with	EGFR,
ALK,	 ROS1,	 BRAF,	 and	 MET	 inhibitors	 now	 standard	 for	 the	 management	 of	 lung	 tumors	 with	 activating
mutations	 in	 each	 of	 these	 oncogenes.	 In	 other	 instances,	 for	 example,	CLL,	 lineage	 dependence	 on	BTK	 and
p110δ	 PI3K	 precludes	 the	 need	 for	 tumor	 genomic	 profiling	 to	 identify	 those	 patients	most	 likely	 to	 be	 drug
sensitive.

As	prospective	tumor	genomic	profiling	becomes	more	routine	and	as	the	assays	used	to	profile	tumors	become



more	 expansive,	 novel	 clinical	 trial	 designs	will	 be	 needed	 to	 facilitate	 the	 testing	of	 rare	 genetic	 varients	 and
combinatorial	therapies.	As	an	example,	genomic	analysis	of	all	lung	cancers	using	multiplexed	DNA	sequencing
assays	has	led	to	the	identification	of	less	frequent	but	targetable	alterations	in	RET,	ERBB2,	and	NTRK1/NTRK3.
Although	agents	 that	 target	mutations	 in	 these	genes	 could	be	 tested	within	 the	 context	 of	 traditional	 phase	 II,
disease-specific	studies,	for	rare	alterations	such	as	TRK-fusions,	pan-cancer	basket	trials	may	be	a	more	efficient
approach.

Although	often	effective	 initially,	both	 intrinsic	and	acquired	resistance	 to	kinase	 inhibitors	 is	 the	rule	rather
than	 the	exception.	 In	many	cases,	 resistance	 is	 the	 result	of	 selection	 for	cells	with	a	co-mutation	 in	a	 second
targetable	 kinase.	 In	 others,	 “adaptive”	 resistance	due	 to	 activation	of	 parallel	 kinase	pathways	 is	 the	basis	 for
treatment	failure.	Achieving	the	promise	of	precision	oncology	will	thus	require	the	development	of	combination
therapies	 that	can	prevent	or	delay	 the	emergence	of	drug	 resistance.	Such	combinations	have	been	difficult	 to
develop	 to	 date	 due	 to	 the	 diversity	 of	 co-mutation	 patterns	 observed	 in	 lung	 cancer,	 melanoma,	 and	 other
common	 cancer	 types.	 The	 additive	 toxicity	 associated	with	 the	 use	 of	multiple	 agents	 is	 also	 a	 hurdle	 in	 the
development	of	effective	combination	regimens.	One	can,	however,	envision	a	future	in	which	broad	prospective
tumor	molecular	profiling	and	the	availability	of	more	selective	inhibitors	will	allow	for	the	personalized	selection
of	 kinase	 inhibitor	 combinations.	 Achieving	 this	 vision	 will	 require	 close	 collaboration	 between	 clinical	 and
laboratory	researchers	focused	on	identifying	the	biologic	basis	for	drug	response	in	parallel	with	the	development
of	less	toxic,	more	selective	kinase	inhibitors.
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26 Histone	Deacetylase	Inhibitors
and	Demethylating	Agents
Stephen	B.	Baylin

INTRODUCTION
There	 is	 continuous	 and	 explosive	 growth	 in	 characterizing	 how	 epigenetic	 processes	 work	 to	 regulate	 gene
expression	for	the	concept	of	the	normal	epigenome1–3	and	how	epigenetic	abnormalities	provide	for	the	concept
of	the	cancer	epigenome.2–4	This	is	contributing	an	ever-increasing	potential	for	developing	cancer	therapies.5	The
most	 examined	 epigenetic	 abnormalities	 in	 cancer	 are	 for	 DNA	 methylation	 wherein	 there	 are	 simultaneous
genomewide	 losses	 and	 focal	 gains	 in	 gene	 promoter	 regions.	Likewise,	 there	 are	widespread	 abnormalities	 of
chromatin	 in	 cancer,	 associated	 and	 not	 associated	 with	 DNA	 methylation	 alterations.	 These	 all	 contribute
abnormal	activation	or	silencing	of	genes.3,4	This	chapter	focuses	on	how	understanding	these	mechanics	inform
derivation	of	current	and	future	therapy	paradigms	aimed	at	reversing	these	epigenetic	abnormalities.

The	two	approaches	that	continue	to	be	most	mature	are	inhibiting	DNA	methyltransferases	(DNMTs),	which
mediate	 initiation	 and	 maintenance	 of	 normal	 and	 abnormal	 DNA	 methylation,	 and	 the	 inhibition	 of	 histone
deacetylases	 (HDACs).5	 These	 latter	 enzymes	 remove	 histone	 modifications	 normally	 associated	 with	 active
chromatin,	and	abnormal	deacetylation	in	cancer	can,	alone	or	in	association	with	DNA	methylation,	help	mediate
transcriptional	 repression.3,4	 There	 are	 now	 intense	 efforts	 to	 target	 other	 key	 steps	 in	 epigenetic	 control	 that
become	abnormal	in	cancer,	and	a	bevy	of	new	small	molecules	are	being	developed.	Many	of	these	are	now	in
early	clinical	trials	and	may,	alone	or	in	new	combinations,	provide	exciting	new	concepts	for	cancer	therapy.5

These	 aberrant	 gene	 function	 and	 altered	 patterns	 of	 gene	 expression	 are	 increasingly	 being	 recognized	 as
working	together	with	genetic	alterations	during	the	early	passes	of	cancer	initiation	and	progression	and	may	help
key	driver	mutations	play	their	oncogenic	roles.3,4	In	fact,	some	of	the	most	frequent	mutations	in	cancer	involve
genes	 encoding	 for	 the	 proteins	 that	 regulate	 the	 epigenome.3,4,6	 This	 chapter	 then	 summarizes	 the	 interplay
between	all	of	the	areas	for	understanding	derivation	of	epigenetic	therapies.

EPIGENETIC	ABNORMALITIES	AND	GENE	EXPRESSION	CHANGES	IN
CANCER
Epigenetic	changes	are	defined	as	heritable	alterations	of	gene	expression	patterns	and	cell	phenotypes	that	are	not
accompanied	by	changes	in	DNA	sequence.3	Thus,	in	contrast	to	genetic	alterations,	epigenetic	changes,	although
heritable	and	 relatively	stable,	can	be	 reversed.	 Indeed,	 in	experimental	 settings,	 reversal	of	epigenetic	changes
can	restore	the	normal	function	of	affected	genes	and	their	encoded	proteins.3,5	Thus,	therapeutic	reprogramming
of	patterns	of	gene	expression	could	theoretically	result	in	a	long-term	change	in	the	cancer	cell	phenotype,	even
after	the	inducing	drugs	are	removed.

The	fundamental	unit	that	determines	epigenetic	states	is	the	nucleosome	that	contains	an	octamer	of	histone
proteins	wrapped	around	approximately	160	base	pairs	of	DNA	(Fig.	26.1).7	The	genomic	positioning	of	 these
structures	and	three-dimensional	aspects	of	their	spacing	is	carefully	regulated,	and	this	underpins	the	functions	of
the	 epigenome.7	 A	 critical	 point	 for	 considering	 the	 importance	 of	 both	 normal	 and	 cancer	 epigenomes	 is	 the
recognition	that	regions	other	than	classic	genes	are	regulated	by	the	chromatin	and	DNA	methylation	parameters
including	even	noncoding,	or	what	used	to	be	considered	“junk,”	DNA.5	Also,	DNA	sequences	modulating	gene
regulation	from	a	distance,	or	enhancers,	provide	control	of	genes	and	are	key	constituents	of	the	epigenome	(see
Fig.	26.1)8	that	establish	distant	and	local	three-dimensional	contacts	between	DNA	sequences	(see	Fig.	26.1).8



Abnormal	Gene	Silencing
A	key	epigenetic	alteration	in	cancer	is	abnormal	gene	silencing	produced	by	dysregulations	of	chromatin	and/or
DNA	methylation.	Most	 genes	 involved	 are	 normally	 maintained	 in	 a	 low,	 poised	 expression	 state,	 and	 their
induction	 is	 required	 to	 mediate	 their	 proper	 functions2–5	 for	 regulating	 all	 aspects	 of	 development	 and
differentiation.7	 For	 example,	 the	 diversity	 of	 structure	 and	 function	 of	 cells	 derived	 from	 epithelial	 or
mesenchymal	 origin,	 ultimately	 differentiating	 into	 cells	 lining	 the	 intestine	 or	 lung	 or	 forming	 mature
granulocytes	and	myocytes,	result	from	heritable	changes	in	gene	expression	that	are	not	the	result	of	a	change	in
DNA	sequence.	In	many	species,	gene	silencing	can	be	initiated	and	maintained	solely	by	chromatin	components,
but	vertebrates,	including	humans,	also	utilize	DNA	methylation	that	occurs	nearly	exclusively	at	the	fifth	position
of	the	ring	structure	of	cytosine	when	this	base	precedes	a	guanine,	or	the	so-called	CpG	dinucleotide	(see	Fig.
26.1).3,8	Joined	abnormalities	in	DNA	methylation	and	chromatin	drive	altered	repression	of	gene	expression,	and
this	contributes	to	tumorigenesis.3,5

It	is	extremely	important	to	understand	the	rationale	behind	current	epigenetic	therapies	in	order	to	understand
the	mechanisms	through	which	abnormal	gene	silencing	occurs	in	cancer	as	these	changes	are	clearly	established
as	 important	 in	 cancer	 development.3–5	 The	 CpG	 dinucleotide,	 usually	 underrepresented	 in	 the	 genome,	 is
alternatively	 clustered	 in	 the	 promoter	 regions	 of	 approximately	 50%	 of	 human	 genes	 in	 regions	 termed	CpG
islands	 (see	 Fig.	 26.1).8	 These	 regions	 are	 largely	 protected	 from	DNA	methylation	 in	 normal	 cells,	 with	 the
exception	of	genes	on	the	inactive	X	chromosome	and	imprinted	genes.8	Abnormal	acquisition	of	methylation	in
promoter	region	CpG	islands	is	associated	with	a	loss	of	gene	expression	and/or	a	tight	repression	of	capacity	for
induction	(Fig.	26.2).3–5	Abnormal	de	novo	DNA	methylation	of	gene	promoter	CpG	islands	is	very	frequent	in
virtually	 all	 cancer	 types	 and	 can	 serve	 as	 an	 alternative	mechanism	 to	mutations	 for	 loss	of	 tumor	 suppressor
gene	function.3–5	Although	a	limited	number	of	classic	tumor	suppressor	genes	can	be	affected	by	this	process,	a
patient’s	 individual	 cancer	 may	 harbor	 hundreds	 of	 such	 genes.3–5	 Determining	 which	 of	 these	 changes	 are
passengers	 versus	 drivers	 is	 a	 leading	 question	 in	 the	 field.3–5	 A	 clear	 clue	 to	 the	 importance	 of	 DNA
hypermethylated	genes	is	that	an	inordinate	number	of	them	are	involved	in	holding	normal	embryonic	and	adult
stem	 cells	 in	 a	 self-renewal	 state	 and/or	 rendering	 such	 cells	 refractory	 to	 differentiation	 cues.2–5,9	As	 stressed
earlier,	normally	these	genes	are	in	a	poised	expression	state	and	can	be	induced	to	be	activated	or	repressed	as
needed	 for	 changes	 in	 cell	 state.9	 Critically	when	DNA	methylation	 occurs	 in	 their	 promoter	 regions	 affected
genes	are	rendered	more	repressed	and	blocked	tightly	from	induction.2,3	This	gene	repression	may	be	one	key	as
to	why	cancers	inevitably	exhibit	cell	populations	with	enhanced	self-renewal	and	blocked	differentiation.3–5,9
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Figure	26.1	Molecular	anatomy	of	CpG	sites	in	chromatin	and	their	roles	in	gene	expression.
About	60%	of	human	genes	have	CpG	islands	(CGIs)	at	their	promoters	and	frequently	have
nucleosome-depleted	regions	(NDRs)	at	the	transcriptional	start	site	(TSS).	The	nucleosomes
flanking	the	TSS	are	marked	by	trimethylation	of	histone	H3	at	lysine	4	(H3K4me3),	which	is

associated	with	active	transcription,	and	the	histone	variant	H2A.Z,	which	is	antagonistic	to	DNA
methyltransferases	(DNMTs).	Downstream	of	the	TSS,	the	DNA	is	mostly	CpG-depleted	and	is
predominantly	methylated	in	repetitive	elements	and	in	gene	bodies.	CGIs,	which	are	sometimes
located	in	gene	bodies,	mostly	remain	unmethylated	but	occasionally	acquire	5-methylcytosine
(5mC)	in	a	tissue-specific	manner	(not	shown).	Transcription	elongation,	unlike	initiation,	is	not
blocked	by	gene	body	methylation,	and	variable	methylation	may	be	involved	in	controlling

splicing.	Gene	bodies	are	preferential	sites	of	methylation	in	the	context	CHG	(where	H	is	A,	C,	or
T)	in	embryonic	stem	cells,	but	the	function	is	not	understood	(not	shown).	DNA	methylation	is
maintained	by	DNMT1	and	also	by	DNMT3A	and/or	DNMT3B,	which	are	bound	to	nucleosomes
containing	methylated	DNA.	Enhancers	tend	to	be	CpG-poor	and	show	incomplete	methylation,
suggesting	a	dynamic	process	of	methylation	or	demethylation	occurs,	perhaps	owing	to	the

presence	of	ten-eleven	translocation	(TET)	proteins	in	these	regions,	although	this	remains	to	be
shown.	They	also	have	NDRs,	and	the	flanking	nucleosomes	have	the	signature	monomethylation
of	histone	H3	at	lysine	4	(H3K4me1)	mark	and	also	the	histone	variant	H2A.Z.	The	binding	of
proteins	such	as	CTCF	to	insulators	can	be	blocked	by	methylation	of	their	non-CGI	recognition
sequences,	thus	leading	to	altered	regulation	of	gene	expression,	but	the	generality	of	this	needs
further	exploration.	The	sites	flanking	the	CTCF	sites	are	strongly	nucleosome-depleted,	and	the

flanking	nucleosomes	show	a	remarkable	degree	of	phasing.	The	figure	does	not	show	the	structure
of	CpG-depleted	promoters	or	silenced	CGIs,	although	in	both	cases	the	silent	state	is	associated
with	nucleosomes	at	the	TSS.	LMR,	low-methylated	region.	(Figure	redrawn	and	legend	recopied
with	permission	from	Jones	PA.	Functions	of	DNA	methylation:	islands,	start	sites,	gene	bodies	and

beyond.	Nat	Rev	Genet	2012;13:484–492.)

DNA	hypermethylation	of	the	p16	gene	(CDKN2A)	is	emblematic	for	these	dynamics	and	is	one	of	the	most



frequent	 alterations	 in	 neoplasia	 as	 is	 evident	 for	multiple	 tumor	 types	 analyzed	 in	The	Cancer	Genome	Atlas
(TCGA).10	 A	member	 of	 the	 same	 gene	 family,	 p15	 or	CDKN2B,	 also	 is	 hypermethylated	 in	 many	 forms	 of
leukemia	and	 in	myelodysplastic	 syndrome	 (MDS).11	The	proteins	 for	 these	genes	 are	 cyclin-dependent	 kinase
inhibitors	that	function	to	allow	phosphorylation	of	the	key	cell	cycle	gene,	Rb,	to	stop	cells	from	proliferating.	As
for	 the	aforementioned	 largest	group	of	silenced	developmental	genes,	CDKN2A	 is	normally	maintained	at	 low
levels	in	virtually	all	normal	tissues	but	is	induced	when	cells	enter	senescence3	and	blunting	of	this	induction	can
contribute	to	abnormal	cell	proliferation	and	maintenance	of	stem	cell	state.

As	mentioned,	many	hundreds	of	genes	may	be	 inactivated	 in	a	 single	cancer	by	promoter	methylation,3–5,9
providing	 potential	 targets	 for	 gene	 reactivation	 using	 epigenetic	 therapies.	 Experimentally,	 such	 genes	 can	 be
reactivated	by	DNMT	inhibitors	(DNMTis)	and	HDAC	inhibitors	(HDACis),	discussed	further	 in	 the	following
sections,	thereby	restoring	normal	cell	cycle	control,	differentiation,	and	apoptotic	signaling.3–5,12	Thus,	reversal
of	DNA	methylation	and	 their	associated	changes	 in	histone	modifications	represent	a	key	 target	 for	epigenetic
therapies	(see	Fig.	26.2).3–5,12

It	 is	 important	 to	 remember	 that	 about	 40%	of	 human	genes	 do	 not	 contain	 bona	 fide	CpG	 islands	 in	 their
promoters,3,8	and	methylation	of	these	latter	promoters	does	occur	in	normal	cells.	There	can	be	tight	correlations
between	 tissue-specific	 expression	 and	 this	methylation	 including	 for	 regions	 near,	 but	 not	 in,	 CpG	 islands.13
Thus,	many	genes	can	be	regulated,	either	normally	or	abnormally,	by	changes	 in	DNA	methylation,	and	DNA
methylation	in	other	key	regions	such	as	enhancers	need	to	be	considered	as	well	as	control	of	noncoding	regions
(see	 Fig.	 26.1).8	 The	 area	 of	 DNA	 methylation	 in	 regulating	 gene	 enhancers	 is	 particularly	 exciting.	 DNA
methylation	in	these	areas	generally	mediates	a	repressive	state	for	these	sequences,8	and	enhancer	status	is	also
emerging	as	important	for	cancer	risk	states.14

Figure	26.2	Chromatin	structural	changes	in	cancer	cells.	A:	In	a	typical	cell,	a	CpG	island-
containing	active	gene	can	be	recognized	by	virtue	of	a	nucleosome-depleted	promoter,	absence	of
promoter	DNA	methylation,	but	marked	by	trimethylation	of	histone	3	at	lysine	4	(H3K4me3)
surrounding	the	promoter	and	histone	acetylation	along	the	locus.	Gene	body	CpG	methylation
often	can	be	observed.	Nongenic	regions	flanking	an	active	gene	are	frequently	marked	by

repressive	epigenetic	marks,	such	as	trimethylation	of	histone	H3	at	lysine	9	(H3K9me3)	and	5-
methylcytosine	(5mC).	B:	The	cancer	epigenome	is	characterized	by	simultaneous	global	losses	in
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DNA	methylation	(gray	shading),	interspersed	with	silenced	genes	that	have	abnormal	gains	of
DNA	methylation	and	repressive	histone	modifications	in	CpG	island	promoter	regions.	These
silenced	genes	may	be	hypomethylated	in	their	gene	body,	similar	to	surrounding	chromatin.	The
hypomethylated	regions	can	have	an	abnormally	open	nucleosome	configuration	and	acetylated

histone	lysines.	Conversely,	abnormal	DNA	hypermethylation	in	promoter	CpG	islands	of	silenced
genes	is	associated	with	nucleosomes	positioned	over	the	transcription	start	sites.	(Figure	redrawn
and	legend	recopied	with	permission	from	Baylin	SB,	Jones	PA.	Epigenetic	determinants	of	cancer.

Cold	Spring	Harb	Perspect	Biol	2016;8:1–35.)

Chromatin	in	Gene	Regulations
As	 introduced,	 heritable	 gene	 silencing	 in	 normal	 and	 cancer	 cells	 involves	 the	 interplay	 between	 DNA
methylation,	histone	covalent	modifications,	and	complexes	of	proteins	that	regulate	nucleosome	positioning.15,16
These	complex	interactions	control	the	epigenome,3,5,7,8,14	and	all	can	be	altered	and	impact	epigenetic	therapies
in	 cancer.3–5,7,8	 In	 addition,	 for	 gene	 silencing,	 there	 is	 attraction	 of	 DNA	 methylation	 binding	 proteins	 and
HDACs	 to	 methylated	 CpG	 sites.3,7,8,14	 The	 DNA	 methylation	 binding	 protein	 (methyl-CpG-binding	 domain
protein	2	[MBD2])	interacts	with	the	nucleosomal	remodeling	complex	(NuRD),17	which	binds	HDACs.	NuRD
has	recently	been	identified	as	a	central	player	for	the	abnormal	silencing	of	genes	associated	with	promoter	DNA
hypermethylation	 in	 cancer17	 and	 with	 the	 role	 of	 chronic	 inflammation	 and	 DNA	 damage	 for	 initiating	 and
maintaining	 key	 epigenetic	 abnormalities	 in	 cancer.17	 Thus,	 the	 three	 processes	 of	DNA	 cytosine	methylation,
histone	modification,	and	nucleosomal	remodeling	link	intimately	in	a	highly	cancer-relevant	way.

Enzymes	Regulating	DNA	Methylation,	Demethylation,	and	Histone	Acetylation
Defining	the	full	spectrum	of	all	of	the	proteins	and	enzymes	regulating	the	epigenome	is	beyond	the	scope	of	this
chapter,	but	several	examples	are	key	to	understanding	cancer	evolution	and	epigenetic	therapy.	One	can	view	the
proteins	regulating	DNA	methylation	and	histone	modifications	as	writers	that	establish	DNA	methylation,	such
as	DNMTs,	and	histone	acetyltransferases	(HATs)	for	lysine	acetylation;	readers	that	interpret	the	marks,	such	as
methyl	cytosine	binding	proteins	 for	DNA	methylation	and	bromodomain	 (BET)	 family	proteins	 for	acetylated
lysines;	 and	 erasers	 that	 can	 erase	 the	 marks	 including	 ten-eleven	 translocation	 (TET)	 proteins	 for	 DNA
methylation,	HDACs	for	acetylated	 lysines,	and	others	 for	most	histone	modifications.3,4,7,8	The	 fourth	class	of
regulators,	nucleosome	remodelers,	work	in	absolute	synchrony	with	the	mentioned	regulators	to	modulate	states
of	gene	expression	for	transcriptional	potential.

Control	of	DNA	Methylation
DNA	methylation	at	CpG	dinucleotides	is	controlled	by	three	DNMTs	that	mediate	transfer	of	the	methyl	groups
to	these	sites	from	the	methyl	donor	S-adenosylmethionine.	Most	DNMT	activity	in	differentiated	cells	is	derived
from	 the	 expression	 of	DNMT1,3,5	 the	most	 important	 enzyme	 for	 in	maintaining	 normal	 and	 abnormal	DNA
methylation,	thus	acting	as	a	“maintenance”	DNMT.	In	contrast,	DNMT3A	and	DNMT3B	may	not	only	establish
new	DNA	methylation	 as	 “de	 novo”	DNMTs	but	may	 also	 help	maintain	DNA	methylation	 by	 repairing	 sites
missed	 by	 DNMT1.3,5,8	 Each	 DNMT	 possesses	 a	 similar	 catalytic	 site,	 a	 fact	 important	 for	 the	 inhibition	 of
DNMT	enzymes	by	nucleoside	analog	DNMTis.

The	most	 exciting	 recent	 development	 in	 understanding	DNA	methylation	 regulation	 in	 normal	 and	 cancer
cells	is	the	identification	of	erasers	for	actively	removing	this	modification.3,5,8,18	Previously,	it	was	believed	that
removal	occurred	only	as	a	passive	loss	during	DNA	replication	when	DNMT1	maintenance	did	not	take	place.
The	 erasers	 are	 termed	TET	proteins	 and	 can	 initiate	 a	 series	 of	 steps	 to	 reverse	 cytosine	methylation	 by	 first
oxidizing	5-methylcytosine	(5mC)	to	5-hyroxymethyl	cytosine	(5hMC).3,5,18	All	three	TET	proteins	are	oxidizing
enzymes	that	depend	on	2-oxoglutarate	(2OG)	as	a	key	cofactor	for	changing	5mC	to	5hMC.3,5,18	TET’s	function
as	 a	 key	 regulator	 of	 normal	 embryonic	 development,	 stem	 cell	 functions,	 and	 lineage	 specification	 may	 be
universally	inactivated	in	cancer,	including	by	mutations	especially	in	hematopoietic	malignancies.19

Control	of	Lysine	Acetylation
As	 introduced	previously,	DNA	methylation	 and	histone	modifications	 interact	 to	modulate	 repressed	 states	 of
transcription.3,7	Outlining	all	the	complex	modifications	to	histone	is	beyond	the	scope	of	this	chapter,	but	a	few



well-characterized	 ones	 are	 central	 to	 understanding	 therapies	 to	 reverse	 cancer	 epigenetic	 abnormalities.
Acetylation	 of	 histone	 lysines	 characterizes	 active	 gene	 promoters,	 and	 in	 contrast,	 its	 absence	 is	 central	 to
repressed,	silenced	genes.3,7	HATs,	 the	writers,	and	HDACs,	 the	erasers	of	 this	acetylation,	 then	have	opposing
functions	for	gene	expression.3,7	Highly	relevant	to	emerging	epigenetic	therapy	are	BET	family	proteins,	which
read	 the	acetylated	 lysine	sites	and	can	be	 targeted	by	 important	new	drugs,20	 as	discussed	 later.	HDACs	are	a
large	 family	of	some	18	proteins	broadly	divided,	based	on	 their	 functional	characteristics	and	 their	 location	 in
cells,	 into	 7	 class	 I	 and	 II	HDACs	 that	 use	 zinc	 as	 a	 cofactor,	 7	 class	 III	NAD-dependent	HDACs	or	Sirtuins
(SIRT1	to	SIRT7),	and	1	class	IV	HDAC.21–24	Class	I	and	II	HDACs	are	key	for	controlling	gene	transcription
because	they	are	located	in	the	cell	nucleus	and	have	been	most	closely	tied	to	abnormal	gene	silencing	in	cancer
with	 or	 without	 associated	 abnormal	 promoter	 DNA	 hypermethylation.21–24	 They	 also	 reside	 in	 nucleosome-
remodeling	transcriptional-repression	complexes	such	as	Sin	and	NuRD.17,25	Experimentally	induced	decreases	in
the	key	NuRD	protein	CHD4,	 including	 after	 use	of	 a	DNA	demethylating	 agent,	 can	 augment	 reactivation	of
many	abnormally	silenced	and	DNA	hypermethylated	genes	in	colon	cancer	cells.17	HDACis	are	one	of	the	most
commonly	used	epigenetic	therapy	drugs	in	ongoing	and	past	clinical	trials,	with	and	without	use	of	DNMTis,	as
discussed	in	detail	below.

Control	of	Histone	Methylation
In	 addition	 to	 control	 of	 lysine	 acetylation,	 other	 key	 writers,	 readers,	 and	 eraser	 proteins	 work	 to	 alter	 gene
expression	in	cancer.	Some	key	examples,	which	are	relevant	to	present	therapy	and	especially	future	directions,
include	 a	myriad	 of	methylation	modifications	 of	 histones,	 which	 tightly	 track	with	 gene	 expression	 status	 in
normal	 and	 cancer	 cells.	 These	 are	 written	 by	 histone	 methyltransferases	 (HMTs)	 and	 erased	 by	 histone
demethylases	 (HDMs).3	 Key	 to	 active	 gene	 transcription	 are	 mono-	 (H3K4me1),	 di-	 (H3K4me2),	 and
trimethylation	(H3K4me3)	of	histone	H3.	H3K4me1	marks	poised	and	to	lesser	extent	active	gene	enhancers	in
conjunction	with	the	active	mark,	H3K27	acetylation,	whereas	H3K4me2	and	H3K4me3	are	universal	marks	for
active	 gene	 promoters.3	 These	 active	 marks	 generally	 antagonize	 the	 imposition	 of	 DNA	 methylation	 and
accompany	 lysine	 acetylation.	 In	 contrast,	methylation	 of	 lysine	 9	 or	 lysine	 27	 (H3K9me2	 and	 3	H3K27me3)
mark	repressed	gene	promoters,	and	H3K27me3	also	marks	inactive	enhancers.3	This	latter	mark	is	established	by
the	polycomb	group	of	proteins	(PcG)	and	requires	special	discussion.	Some	60%	to	70%	of	the	genes	that	have
abnormal	 CpG	 island	 promoter	 DNA	 methylation	 in	 cancers	 are	 normally	 modulated	 by	 H3K27me3	 in	 the
absence	of	DNA	methylation2,3,4,9	At	 the	same	time,	 these	developmental	genes	also	have	 the	active	H3K4me3
mark	at	the	promoter	and	so	have	been	termed	“bivalent	chromatin”	genes.26	They	remain	at	low	expression	levels
in	 stem	 cells	 until	 induced	 to	 help	 repress	 the	 stem	 cell	 state	 and	 allow	 commitment	 to	 cell	 lineages	 and
differentiation.26	During	cancer	initiation	and	progression,	a	large	subset	of	these	genes	undergo	dynamic	shifts	to
become	 DNA	methylated	 or	 they	 remain	 dominantly	 marked	 only	 by	 H3K27me3.	 This	 switch	 to	 solely	 PcG
modulation	and	especially	DNA	methylation	hinders	 the	 induction	of	 the	genes	and	may	contribute	 to	 the	stem
cell	states	of	many	cancer	types.3,4,9

Reversal	of	Layers	of	Gene	Silencing
For	 the	 interactions	 between	 DNA	 methylation	 and	 HDAC	 activity,	 and	 repressive	 chromatin	 marks	 in
maintaining	 aberrant	 silencing	 of	 hypermethylated	 genes	 in	 cancer,	 experimental	 evidence	 suggests	 that	 DNA
methylation	 functions	as	a	dominant	event.	HDACis	alone	do	not	generally	 reactivate	densely	hypermethylated
genes	in	tumor	cells27,28	but	can	augment	their	upregulation	when	administered	after	demethylating	drugs,	such	as
5-azacitidine	 (5AC).27,28	 In	 addition,	 if	 the	 same	 genes	 are	 not	 as	 densely	 methylated	 but	 are	 blocked	 in
association	 with	 the	 repressive	 chromatin	 alterations	 discussed	 previously,	 HDACis	 can	 upregulate	 their
expression.27,28	The	clinical	implications	of	these	dynamics	are	discussed	later.

DNA	Methyltransferase	Inhibitors
Originally	synthesized	as	cytotoxic	antimetabolite	drugs	in	the	1960s,	azacytosine	nucleosides,	such	as	5AC	and
2′-deoxy-5-azacytidine	(DAC)	were	recognized	as	DNMTis	in	the	early	1980s.29	DNMTis	can	induce	muscle,	fat,
and	 chondrocyte	 differentiation	 in	 mouse	 embryonic	 fibroblast	 cells,	 in	 association	 with	 a	 reversal	 of	 DNA
methylation.29	DNMTis	must	be	incorporated	into	DNA	in	lieu	of	cytosine	residues	for	their	activity	in	creating
irreversible	 adducts	 with	 DNMT.5	 DNA	 methylation	 removal	 results	 when	 DNA	 replication	 proceeds	 in	 the
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absence	of	active	DNMTs.	The	bulk	of	5AC	first	incorporates	in	RNA	and	must	be	phosphorylated	and	converted
to	 decitabine	 diphosphate	 through	 triphosphorylation,	 whereas	 DAC	 goes	 directly	 into	 DNA	 without	 this
conversion.23	DNMTis	not	only	block	catalytic	activities	of	DNMTs	but	also	trigger	their	degradation	especially
for	DNMT1.30	The	azacytidine	nucleosides	exhibit	complex	dose–response	characteristics.	At	low	concentrations
(0.2	 to	 1	 μM),	 the	 epigenetic	 activities	 of	 these	 drugs	 predominate,	 with	 dose-dependent	 reversal	 of	 DNA
methylation31	 and	 induction	 of	 terminal	 differentiation	 in	 some	 systems.12,31	 As	 concentrations	 are	 increased,
DNA	 damage	 and	 apoptosis	 become	 more	 prominent.12,31	 Cell	 lines	 with	 30-fold	 resistance	 to	 the	 effects	 of
chemotherapy	agents	continue	to	reverse	DNA	methylation	in	response	to	DNMTis,	suggesting	the	methylation
reversing	and	cytotoxic	activities	of	DNMTis	can	be	separated.32	Transient	exposure	of	both	leukemia	and	solid
tumor	cells	to	submicromolar	doses	of	DNMTis	induces	cellular	reprogramming	with	decreasing	ability	of	cells	to
clone	 in	 long-term	 self-renewal	 assays	 and	 to	 grow	 in	 immune-incompetent	 mice.12	 These	 effects	 are
accompanied	by	partial	genomewide	DNA	demethylation	and	gene	expression	changes,	which	decrease	multiple
tumorigenesis	pathways.12

A	major	potential	challenge	for	clinical	use	of	DNMTis	is	their	instability	and	hydrolysis	in	aqueous	solution,
which	 necessitates	 their	 administration	 shortly	 after	 reconstitution.	 The	 drugs	 are	 also	metabolized	 by	 cytidine
deaminase	 (CDA)	and,	 following	subcutaneous	 injection,	have	a	 short	half-life	 in	plasma	 reaching	a	maximum
concentration	 at	 30	 minutes	 with	 a	 terminal	 half-life	 of	 1.5	 to	 2.3	 hours.33	 At	 the	 U.S.	 Food	 and	 Drug
Administration	 (FDA)-approved	 dose	 of	 5AC	 (75	mg/m2	 administered	 subcutaneously	 daily	 for	 7	 days),	 peak
plasma	concentrations	are	3	to	5	μM,	which	is	well	within	the	range	of	DNMT	inhibitory	concentrations.33

A	major	new	development	in	the	field	of	DNMTis	is	the	introduction,	by	Astex	of	SGI-110,	or	guadecitabine.34
This	drug	is	a	dinucleoside	in	which	decitabine	is	linked	to	a	deoxyguanosine	and	is	resistant	to	degradation	by
CDAs.	Once	having	entered	the	cell	nucleus,	guadecitabine	is	cleaved	and	releases	DAC,	thus	acting	as	a	prodrug
for	this	latter	agent.	In	preclinical	studies	and	clinical	trials,	guadecitabine	results	in	a	prolonged	half-life	of	DAC
and	has	very	promising	clinical	activity.

HISTONE	DEACETYLASE	INHIBITORS
At	 present,	 there	 are	 four	 FDA-approved	HDACis,	 all	 for	 hematologic	malignancies.	 These	 include	 vorinostat
(Zolinza;	Merck	&	Co.,	Kenilworth,	NJ),	belinostat	(Beleodaq;	Spectrum	Pharmaceuticals,	Henderson,	NV)	and
romidepsin	 (Istodax;	 Celgene,	 Summit,	 NJ)	 for	 the	 treatment	 of	 cutaneous	 or	 peripheral	 T-cell	 lymphomas.
Panobinostat	 (Farydak;	Novartis,	Basel,	Switzerland)	 is	 approved	 for	drug-resistant	multiple	myeloma	but	only
when	 combined	with	 the	 proteasome	 inhibitor	 bortezomib	 (Velcade;	Millennium	 Pharmaceuticals,	 Cambridge,
MA).	As	introduced	previously,	blocking	HDACs	facilitates	the	acetylation	of	lysines	to	transcriptionally	activate
genes.	 As	 with	 the	 DNMTis	 discussed	 previously,	 there	 are	 multiple,	 sometimes	 dose-dependent,	 effects	 of
HDACis,	some	being	truly	epigenetic,	others	strictly	cytotoxic,	and	others	a	combination	of	both.23,35	Especially
at	 high	 doses,	HDACis	 can	 blunt	 efficient	DNA	 repair	 and	 even	 induce	DNA	breaks,23	 and	 these	 effects	may
underlie	the	cell	cycle	arrest	and	cell	death	often	observed	in	preclinical	studies.

HDACis,	 including	newer	ones	(Table	26.1)	used	at	 low	doses,	may	provide	potentially	powerful	epigenetic
effects.	 Studies	 by	 Sharma	 and	 colleagues36	 suggest	 HDACis	 can	 reverse	 resistance	 to	 both	 targeted	 therapy
agents	and	conventional	chemotherapy	to	prevent	and/or	reverse	the	emergence	of	drug-tolerant	stem-like	cells.
The	 resistance	 in	 the	 tolerant	 cells	 appears	 to	 be	 driven	by	 a	HDM,	which	 diminishes	H3K4me3	 and	 is	 a	 key
histone	 modification	 for	 active	 transcription.36	 In	 the	 following	 text,	 preclinical	 studies	 and	 clinical	 trials	 are
stressed	that	seek	to	optimize	the	use	of	low-dose	HDACis,	especially	in	combination	with	DNMTis	for	inducing
true	epigenetic	effects	with	the	least	toxicities	to	patients.

In	 terms	of	 the	 types	of	HDACis,	 initial	 studies,	using	a	broad-spectrum	drug	 trichostatin	 (TSA),	 illustrated
how	 these	 drugs	 can	 induce	 cellular	 differentiation	 and	 began	 to	 define	mechanisms	 involved.23,35	 This	 work
spurred	development	of	many	HDACis	of	multiple	classes	(see	Table	26.1).	TSA	proved	to	have	great	toxicity	in
preclinical	work,	 and	 introduction	of	HDACis	 to	 cancer	 treatment	began	with	 the	use	of	 the	 fatty	 acid	 sodium
butyrate,	 a	 natural	 mediator	 of	 differentiation	 that	 broadly	 inhibits	 the	 family	 of	 HDACs.	 Despite	 some	 early
clinical	 responses,	 later	clinical	 studies	 failed	 to	 support	development	of	 this	 compound	 for	cancer	 treatment,33
and	small	chain	fatty	acids	have	fallen	out	of	favor	for	clinical	use.	Hydroxamic	acid	HDACis	variably	target	both
class	 I	 (nuclear	HDAC1,	HDAC2,	 and	HDAC3)	 and	 class	 IIb	 (HDAC6)	 isoforms.21,23,35	One	 of	 these	 agents,
vorinostat,	was	 the	 first	FDA-approved	HDACi	 for	 its	 unusual	 therapy	 efficacy	 in	 cutaneous	T-cell	 lymphoma



(CTCL).23,35	 It	 has	 shown	 promise	 in	 other	 non-Hodgkin	 and	Hodgkin	 lymphomas	 and	 in	 solid	 tumors	when
combined	 with	 carboplatin	 and	 paclitaxel	 in	 patients	 with	 untreated,	 advanced,	 non–small-cell	 lung	 cancer
(NSCLC).23,35	 Another	 hydroxamic	 agent,	 romidepsin	 is	 also	 FDA	 approved	 for	 the	 treatment	 of	 CTCL	 and
peripheral	T-cell	lymphoma.23,35	This	drug	induced	frequent	electrocardiographic	changes	that	must	be	monitored,
including	T-wave	 flattening	and	ST-T	wave	depression.	The	newest	hydroxamic	HDACi	approved	 in	2014	 for
CTCL	and	peripheral	T-cell	lymphoma,	belinostat,	inhibits	class	II	and	IV	HDACs.23,35

Benzamide	class	HDACis	are	another	especially	promising	class	of	agents	and	include	entinostat,	from	Syndax
(see	 Table	 26.1),	which	 may	 prove	 to	 be	 a	 valuable	 agent	 in	 solid	 tumors.	 This	 drug	 significantly	 increased
survival	 when	 combined	with	 an	 aromatase	 inhibitor	 in	 a	 phase	 II	 trial,	 and	 a	 phase	 III	 trial	 is	 underway	 for
patients	with	 breast	 cancer.37	 Entinostat	 especially	 inhibits	 nuclear	 class	 I	 HDACs	 and	may	 provide	 the	 most
prolonged	inhibition	of	protein	deacetylation	of	HDACis.21–23

TABLE	26.1
Small	Molecules	Targeting	Epigenetic	Abnormalities	in	Clinical	Development

Drug Class Target Dose	Range Schedule
Route	of
Administration

5-Azacitidine Nucleoside DNA	methyltransferase 30–75
mg/m2/d

Daily	×	7–14
d/28	d

Subcutaneous	or
intravenous

2′-Deoxy-5-
azacytidine

Nucleoside DNA	methyltransferase 10–45
mg/m2/d

Daily	×	3–5	d/4–
6	wk

Subcutaneous	or
intravenous

SG110 Nucleoside DNA	methyltransferase Being
determined

Being
determined

Subcutaneous

Valproic	acid Small	chain	fatty
acid

Histone	deacetylase	(class	I
and	II)

25–50
mg/kg/d

Daily Oral	or	intravenous

Vorinostat Hydroxamic	acid Histone	deacetylase	(class	I
and	II)

400–600
mg/d

Divided	doses Oral

Entinostat Benzamide Histone	deacetylase	(class
I)

2–8	mg/m2 Weekly Oral

Belinostat Hydroxamic	acid Histone	deacetylase	(class	I
and	II)

600–1,000
mg/m2

Daily	×	5/28	d Intravenous

Romidepsin Cyclic
tetrapeptide

Histone	deacetylase	(class	I
and	II)

13–18	mg/m2 Weekly Intravenous

LBH-589 Hydroxamic	acid Histone	deacetylase	(class	I
and	II)

5–11	mg/m2 Daily	×	3 Intravenous

MGCD-0103 Benzamide Histone	deacetylase	(class
I)

40–125
mg/m2

Twice	weekly Oral

CI-994 Benzamide Histone	deacetylase	(class
I)

5–8	mg/m2 Daily Oral

Givinostat	(ITF-
2357)

Hydroxamic	acid Histone	deacetylase	(class
I)

Being
determined

Daily Oral

EPIGENETIC	THERAPY	FOR	HEMATOLOGIC	MALIGNANCIES
DNA	Methyltransferase	Inhibitors
Unequivocally,	the	DNMTis	5AC	and	DAC	have	achieved	their	greatest	efficacy	for	patients	with	MDS,	a	disease
with	a	high	risk	for	progression	to	acute	myeloid	leukemia	(AML)	and	where	the	only	curative	therapy	is	bone
marrow	transplantation,	often	difficult	in	these	older	individuals.	DNMTis	are	also	effective	not	only	for	the	AML
derived	in	this	setting	but	also	for	the	de	novo	AML	typically	seen	in	younger	patients.	For	all	of	these	diseases,
both	5AC	and	DAC,	based	on	large	randomized	trials,	have	received	FDA	approval	and	have	become	standard	of
care	for	MDS/AML.	5AC	(Vidaza)	approval	occurred	 in	2004	based	on	 the	 large,	phase	III	multicenter	“AZA-
001”	 trial,	 which	 revealed	 increased	 overall	 benefit,	 versus	 conventional	 management	 for	 hematologic
improvement	 (47	 %),	 reduction	 in	 transfusion	 requirements,	 a	 significant	 delay	 to	 progression	 to	 AML	 of	 9
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months	 (21	 versus	 12	 months),	 and	 a	 significant	 improvement	 in	 overall	 survival	 (median,	 24.5	 versus	 15
months).38	DAC	(Dacogen)	was	approved	in	2006	for	MDS	after	unequivocal	responses	in	phase	II	 trials	but	a
subsequent	phase	 III	 trial39	 failed	 to	 show	 significance	 for	 overall	 survival.	This	 latter	 discrepancy	 is	 not	 fully
understood	 but	 probably	 involves	 heterogeneity	 of	 trial	 design,	 exact	 status	 inclusion	 of	 patients,	 and	 the
extremely	heterogeneous	spectrum	of	MDS.	Only	a	randomized	trial	for	MDS/AML	comparing	5AC	versus	DAC
in	a	single	setting	can	truly	resolve	these	issues.	FDA	approval	for	both	5AC	and	DAC	has	also	been	achieved	for
treatment	of	 established	AML.	Thus,	 based	on	AZA-AML-001	 trial	 and	other	 trials,	 5AC	was	 licensed	 for	 the
treatment	of	patients	older	 than	65	years	with	AML	in	 in	2015.40,41	Similarly,	DAC	was	also	evaluated	for	 the
treatment	 of	 elderly	 patients	with	AML	 in	 a	 large	phase	 III	 randomized	 trial	 (DACO-16),	where	 the	 drug	was
tested	 against	 best	 standard	 of	 care	 and	 achieved	 significantly	 improved	 response	 rates	 as	 compared	 to	 other
therapies	(17.8	versus	7.8	months)	but	again	with	no	significant	increase	in	overall	survival	(7.7	versus	5	months).
Nevertheless,	DAC	was	approved	in	2013	in	Europe	for	treatment	of	elderly	patients	with	AML.41

A	recent	comprehensive	analysis	of	the	results	of	five	key,	open-label,	multicenter	phase	III	randomized	trials
well	 summarizes	 and	 verifies	 the	 efficacy	 for	 use	 of	DNMTi	 therapy	 in	 hematologic	malignancies.42	 There	 is
general	agreement	that	average	overall	survival	rate	for	the	trials	(33.2%	versus	21.4	%)	and	overall	response	rate
(23.7%	 versus	 13.4	%)	 are	 better	 for	 DNMTi	 therapies	 versus	 any	 other	 approaches	 other	 than	 bone	marrow
transplant.	Further	apparent	is	that	5AC	is	the	only	drug	at	present	to	show	a	statistically	significant	improvement
in	 overall	 survival	 and	 not	 DAC.	 Furthermore,	 key	 standard	 determinants	 of	 MDS/AML	 categories	 such	 as
cytogenetic	abnormalities	and	bone	marrow	blast	count	do	not	have	prognostic	significance.42	An	important	new
development	 in	 the	use	of	DNMTis	 for	MDS/AML	is	 the	 introduction	of	guadecitabine	 (SGI-110)	 from	Astex,
discussed	previously	as	a	prodrug	for	DAC.	The	drug	was	well	tolerated	and	showed	promise	in	a	phase	I	clinical
trial	 involving	93	patients	with	either	AML	or	MDS.43	Guadecitabine	 is	now	in	phase	 II	 to	 III	clinical	 trials	 in
MDS	 and	 AML	 (NCT02096055	 and	 NCT01261312),	 and	 a	 report	 on	 the	 phase	 II	 trial,	 enrolling	 over	 100
patients,	now	illustrates	very	encouraging	results.34	First,	a	5-day	regimen	of	60	mg/kg2	for	5	or	10	days	was	well
tolerated	and	produced	a	reduction	of	DNA	methylation	in	repeat	sequences	(long	intersperesed	nuclear	element
1),	which	was	 significantly	 better	 in	 responders	 versus	 nonresponders.34	A	 total	 of	 24	 (23.3%)	of	 103	patients
manifested	therapy	responses	in	a	similar	manner	for	the	5-	and	10-day	treatment	cohorts	with	a	median	time	to
initial	response	of	82	days	(range,	27	to	295	days)	for	the	5-day	regimen	and	42.5	days	(range,	26	to	143	days)	for
the	10-day	regimen.	Median	response	durations	were	444.5	days	(range,	15	to	880	days)	for	 the	5-day	regimen
and	233	days	(range,	42	to	898	days)	for	the	10-day	regimen.	Importantly,	overall	survival	was	significantly	better
(median,	 not	 reached	 versus	 5.6	 months)	 and	 patients	 who	 went	 on	 to	 transplant	 following	 therapy	 after
guadecitabine	also	had	improved	survival	(median,	not	yet	reached).	Thus,	guadecitabine	eminently	merits	further
development	in	MDS/AML,	and	FDA	approval	awaits	results	of	an	ongoing	phase	III	trial.

Key	aspects	of	the	expected	toxicities	and	kinetics	of	the	responses	are	similar	for	5AC,	DAC,	and	to	date	for
quadecitabine	 at	 current	 doses	 that	 aim	 for	 effects	 favoring	 epigenetic	 reprogramming	 over	 initial,	 rapid
cytotoxicity.12	Major	 toxicities	manifest	 in	 bone	marrow	 cells,	 and	 this	 is	 initially	 complex	 for	MDS/AML	 as
these	are	neoplasms	that	arise	within	these	tissues.	Thus,	myelosuppression,	neutropenic	fever,	and	infection,	all
complications	 of	 MDS/AML,	 occur	 with	 all	 DNMTis.	 These	 are	 generally	 well	 managed	 including	 use	 of
supportive	 care,	 and	 careful	 dose	 lowering	 as	 therapy	 is	 continued.5,40,42	 Having	 to	 stop	 therapy	 for	 adverse
toxicities	occurs	in	only	approximately	5%	of	patients.5,40,42

In	terms	of	therapy	efficacy	kinetics,	for	a	relatively	small	subset	of	patients,	the	drugs	can	achieve	dramatic
results	with	very	long-term	multiyear	responses	even	when	the	molecular	analyses	indicate	the	disease	clone	has
not	 been	 fully	 eradicated.5,40,41,44	 This	 said,	 for	 most	 patients,	 even	 those	 who	 achieve	 complete	 and	 partial
responses,	 relapses	 and	 treatment	 resistance	 can	 be	 expected	 at	 variable	 times.5,40,41,44	 In	 these	 settings,
rechallenge	with	 the	 same	 or	 different	DNMTis	 is	 efficacious	 in	 perhaps	 10%	or	 less	 of	 patients.	Maximizing
therapy	efficacy	for	MDS/AML	patients	mandates	recognition	of	several	key	points.	First,	time	to	responses	are
generally	long	and	generally	take	two	to	four	monthly	cycles	to	manifest	and	can	even	be	delayed	even	beyond
this	with	90%	of	responses	developing	by	monthly	cycle	6.5,41,44,45	This	may	be	because	the	therapy	does	induce	a
cellular	 “reprogramming”	 epigenetic	 rather	 than	 the	 initially	 cytotoxic	 responses	 to	 chemotherapy.	 Indeed,
preclinical	 studies	 of	 transient,	 low-dose	 exposure	 responses	 of	 multiple	 cancer	 cell	 types,	 including	 AML,
suggest	delayed	cellular	reprogramming	“memory”	responses	that	reverse	many	tumorigenesis-driving	signaling
pathways.12	 Such	 results	 could	 help	 explain	 why	 extended	 treatment	 of	 patients	 can	 often	 achieve	 disease
stability,5,41,44	and	beneficial	survival	effects	can	be	seen	even	in	patients	who	do	not	achieve	formal	responses
including	decreased	transfusion	requirements	or	delayed	progression	to	AML.	Thus,	continuing	DNMTi	treatment



is	essential	when	well	tolerated	and	patients	are	clinically	stable.5,38,41,44,45
The	 mechanisms	 underlying	 why	 DNMTis	 are	 efficacious	 in	 MDS/AML	 and	 why	 resistance	 emerges	 are

complex	and	incompletely	understood.	First,	there	may	be	a	variable	role	for	the	actions	of	the	drugs	to	reverse	the
abnormal	gene	promoter	methylation	and	gene	silencing	discussed	in	detail	in	earlier	sections.	The	full	evidence
for	this	is	far	from	complete,	and	the	matter	can	be	controversial	and	still	requires	investigation.	Reports	do	cite
correlation	between	patient	responses	and	demethylation	and	reexpression	of	key	genes	such	as	tumor	suppressor
genes	like	p15INK4B,	whereas	others	fail	to	observe	such	results.5,41,44	A	precise	marker	panel	of	such	genes	and
their	reexpression	patterns	have	yet	to	be	derived	for	predicting	and	monitoring	responses	for	MDS/AML	patients.
Also,	 as	 highlighted	 in	 Figure	 26.1,	 DNA	 demethylation	 can	 have	 consequences	 in	 regions	 other	 than	 gene
promoters.	Thus,	DNMTi	 effects	 on	 these	 regions	 could	 be	 operative	 in	 gene	 bodies	where	 demethylation	 can
actually	downregulate	gene	expression	 for	genes	with	oncogenic	 function.3,8	DNA	demethylation	 in	 noncoding
regions	 of	 the	 genome	 must	 be	 considered.	 Activation	 of	 demethylated	 enhancers	 may	 lead	 to	 increased
expression	for	genes	under	their	control	and	have	important	therapy	implications.46

Second,	 the	 presence	 of	 multiple	 genetic	 mutations	 that	 occur	 in	 patients	 with	 MDS/AML	 may	 influence
DNMTi	 responses.	For	 example,	TET	2	 and	DNMT3A	 loss-of-function	mutations	 increase	 and	decrease	DNA
methylation,	respectively,	and	have	been	purported	to	track	with	better	outcomes.47,48	However,	 these	data	have
been	controversial,	and	none	of	these	events	clearly	associate	with	improved	overall	survival.47	Data	for	presence
of	 mutations	 in	 the	 strong	 tumor	 suppressor	 gene	 p5347	 are	 also	 mixed	 and	 may	 not	 influence	 outcomes	 of
DNMTi	treatment	of	patients	with	MDS/AML.34,47

Finally,	 the	 efficacy	 of	 DNMTis	 for	MDS/AML	 and	 other	 cancers	 may	 be	 highly	 related	 to	 activation	 of
immune	processes.	Although	it	had	been	known	for	some	years	that	DNMTis	can	activate	genes	encoding	what
are	termed	“cancer	testis	antigens,”	which	are	normally	repressed	in	adult	tissues,	the	last	several	years	have	seen
exciting	revelations	for	much	broader	and	concordant	immune	effects.	These	changes	may	play	a	major	role	in	the
efficacy	of	epigenetic	therapy,	and	this	is	discussed	in	detail	in	Epigenetically	Targeted	Therapy	in	Solid	Tumors.

As	is	the	case	for	understanding	mechanisms	underlying	efficacy,	those	underlying	development	of	resistance
are	 complex	 and	 not	 fully	 understood.	Metabolic	 fate	 of	DNMTis,	 including	 nucleoside	metabolism	 and	CDA
activity,	have	all	been	linked	to	responses	in	patients	with	MDS.49,50	However,	there	is	far	from	full	agreement	on
the	 precise	 contributions	 of	 these	 for	 initial	 resistance	 or	 the	 emergent	 resistance	 seen	 in	 most	 patients	 with
MDS/AML.5,34,47

Combining	Inhibitors	in	the	Treatment	of	Hematologic	Malignancies
To	date,	the	most	frequently	studied	combination	is	DNMTis	plus	HDACis	based	on	laboratory	data	that	HDACis
given	 after	 low	 doses	 of	 5AC	or	DAC	boosts	 the	 reexpression	 of	 genes	with	 abnormal	 promoter	methylation,
whereas	 such	genes	 are	not	 re-expressed	well	with	HDACis	 alone.27,28	Although	 the	 subject	 of	many	past	 and
ongoing	 clinical	 trials,	 this	 combination	 remains	 to	 be	 validated	 as	 better	 than	 use	 of	 DNMTis	 alone.	 The
combination	is	generally	well	tolerated,	and	one	small	study	for	high-risk	MDS	suggested	5AC	and	valproic	acid
had	more	efficacy	than	5AC	alone.51	However,	a	large,	randomized	phase	II	study	of	5AC	plus	entinostat52	and
another	by	the	U.S.	Leukemia	Intergroup	comparing	this	combination	with	5AC	alone	failed	to	show	statistically
different	 effects	 for	 hematologic	 normalization	 or	 overall	 survival.53	 Thus,	 DNMTi	 and	HDACi	 combinations
may	still	prove	useful,	but	much	remains	to	be	determined	for	using	these	drugs	together	in	the	clinic.

Epigenetically	Targeted	Therapy	in	Solid	Tumors
Efficacy	for	epigenetic	therapy	in	solid	tumors	has	been	difficult	to	demonstrate,	but	some	promising	results	have
been	emerging,	 and	 there	 is	 a	growing	 list	 of	ongoing	clinical	 trials.	As	 for	 current	 approaches	 to	MDS/AML,
these	are	driven	by	past	and	new	preclinical	studies	generally	using	DAC	or	5AC	at	low	doses	with	other	agents	to
avoid	excess	toxicities	and	off-target	effects.5,12

The	best	efficacy	has	emerged	in	phase	I/II	trials	in	patients	with	serous	ovarian	cancer	resistant	to	platinum
drugs.	 5AC	 or	 DAC	 combined	 with	 platinum	 in	 these	 patients	 has	 provided	 improvement	 in	 progression-free
survival	 (PFS)	 and	 a	 high	 response	 rate.54	 These	 results	 await	 phase	 III	 trials	 to	 substantiate	 these	 results.
Importantly,	 an	ongoing	 trial	 for	 similar	patients	using	 the	new	DNMTi	guadecitabine	also	 shows	encouraging
results	to	date,	and	preclinical	work	reveals	changes	in	control	for	DNA	repair	and	in	tumor	status	for	attracting
antitumor	immune	responses.55

A	 recent	 Stand	 Up	 to	 Cancer	 (SU2C)	 consortium	 trial	 of	 5AC	 with	 the	 HDACi	 entinostat	 has	 created
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excitement	 for	 several	 possible,	 solid	 tumor	 treatment	 scenarios.	 In	 this	 trial	 for	 65	 patients	 with	 advanced,
multiply	 treated	NSCLC,56	2	patients	developed	deep	Response	Evaluation	Criteria	 in	Solid	Tumors	 (RECIST)
responses	 and	 survived	 3	 to	 4	 years.56	 Just	 as	 importantly,	 a	 significant	 number	 of	 patients	 who	 went	 onto
subsequent	trials	following	progression	on	the	epigenetic	therapy	exhibited	robust	responses	to	chemotherapy	and
to	immune	checkpoint	therapy.57	The	latter	possibility	is	particularly	exciting,	especially	for	NSCLC,	as	immune
checkpoint	 therapy	arguably	provides	 the	most	 important	advance	 in	decades	 for	 treating	multiple	cancer	 types
including	NSCLC.58–60	Despite	this	advance,	for	NSCLC	and	most	common	cancers,	true	benefit	occurs	for	20%
or	less	of	patients,	and	thus,	there	is	a	deep	need	to	improve	this	scenario.	Trials	to	employ	epigenetic	therapy	with
immune	 checkpoint	 therapy	 for	 this	 purpose	 are	 now	 rapidly	 increasing,	 although	 the	 approaches	 and	 their
ultimate	value	wait	to	be	validated.

In	terms	of	mechanisms	through	which	epigenetic	therapy	may	improve	immunotherapy,	it	is	well	known	that
DNMTis	 and	 HDACis	 can	 upregulate	 normally	 silenced	 cancer	 testis	 antigens.61	 Newly	 revealed	 in	 recent
preclinical	 studies	 is	 the	 depth	 and	 concordance	 of	 pathways	 through	which	 5AC	 or	DAC,	 alone	 and/or	 with
HDACis,	activate	potential	tumor	signaling	to	promote	immune	attack.	In	cell	lines	from	multiple	human	cancer
types,	5AC	can	upregulate	some	300	genes	related	to	immune	pathways,	and	these	have	been	termed	aza-induced
immune	genes	(AIM).62	Furthermore,	5AC	and	DAC,	in	ovarian,	colon,	and	other	cancer	cell	types,	induces	“viral
mimicry,”	 which	 involves	 upregulation	 of	 transcripts	 for	 endogenous	 retroviral	 (ERV)	 transcripts,	 which
constitute	some	8%	of	the	human	genome.63,64	Release	of	RNA	from	these	sequences	into	the	cell	cytosol	triggers
a	viral	defense	 response,	which	generates	 interferon	production	and	upregulation	of	 a	 large	 series	of	 interferon
response	genes.63,64	In	the	most	recent	work,	combining	5AC	with	several	HDACis	augments	the	viral	mimicry
response	 and	 provides	 a	 robust	 antitumor	 response	 in	mouse	models	 of	 NSCLC	 and	 ovarian	 cancer.24,65	 This
response	is	associated	with	strong	attraction	of	key,	activated	immune	cells	into	the	tumors.24,65	This	therapy	also
potently	downregulates	signaling	events	for	the	key	oncogene,	c-MYC,	which	otherwise	can	repress	expression	of
these	viral	mimicry	genes.24	This	therapy	regimen	of	5AC	and	HDACi,	plus	immune	checkpoint	therapy,	has	now
entered	a	just	enrolling,	SU2C-sponsored	clinical	trial	for	patients	with	NSCLC.24

NEW	APPROACHES	TO	EPIGENETIC	THERAPY
The	 emerging	promise	 and	 future	 for	 epigenetic	 therapy	may	be	 advanced	by	new	approaches	 and	new	drugs.
Small	molecules	targeting	virtually	all	the	writers,	readers,	and	erasers	outlined	earlier	have	now	been	developed,
and	many	are	now	entering	phase	 I	 trials	 for	 cancer,	mostly	 starting	with	hematopoietic	 tumors.48,66	 Examples
include	those	targeting	BET	family	bromodomain	proteins,	which	interfere	with	localization	of	the	oncogene	c-
MYC	 to	 acetylated	 lysines	 in	 regulatory	 regions	 of	 transcriptionally	 active	 target	 genes,48,66	 and	 inhibitors	 of
EZH2,	 the	 enzyme	 in	 the	 PcG	 system,	 which	 catalyzes	 the	 repressive	 histone	 mark	 H3K27me3.48,66	 A	 new
exciting	theme	for	guiding	epigenetic	therapy	may	be	to	target	the	frequent	cancer	mutations	in	genes	encoding
for	 proteins	 indirectly	 or	 directly	 controlling	 the	 epigenome.4,5	 Examples	 include	 targeting	 the	 translocations
which	 involve	 the	mixed	 lineage	 leukemia	 (MLL)	gene,	 such	 as	occur	 in	 infant	 leukemias	 and	which	 result	 in
abnormal	 recruitment	 of	 the	 HMT,	 DOT1L,	 to	 activate	 target	 genes	 like	HOXA9.48,66–68	 Very	 early	 exciting
results	have	occurred	for	directly	inhibiting	mutations	of	the	isocitrate	dehydrogenase	(IDH)	enzyme,	which	occur
in	 a	 subset	 of	 patients	 with	 AML5,48	 and	 result	 in	 the	 production	 of	 extremely	 high	 levels	 of	 the	 metabolite
hydroxyglutarate	 (2-HG).	 2-HG	 blunts	 activity	 of	 TET	 proteins,	 the	 erasers	 of	 DNA	 methylation69,70	 with
resultant	gene	DNA	hypermethylation.69,70	Finally,	 the	drugs	noted	 earlier	 that	 inhibit	EZH2	may	work	best	 in
patients	with	hematopoietic	neoplasms	that	harbor	activating	mutations	of	this	protein.5,48
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27 Proteasome	Inhibitors
Ajay	K.	Nooka,	Vikas	A.	Gupta,	Christopher	J.	Kirk,	and	Lawrence	H.	Boise

BIOCHEMISTRY	OF	THE	UBIQUITIN-PROTEASOME	PATHWAY
The	ubiquitin	proteasome	system	is	involved	in	the	degradation	of	more	than	80%	of	cellular	proteins,	including
those	 that	 control	 cell-cycle	 progression,	 apoptosis,	 DNA	 repair,	 and	 the	 stress	 response.1	 A	 key	 step	 in	 this
process	 is	 the	 tagging	 of	 proteins	 targeted	 for	 degradation	with	multiple	 copies	 of	 ubiquitin,	 a	 76–amino	 acid
protein	 whose	 primary	 sequence	 and	 structure	 is	 highly	 conserved	 in	 organisms	 ranging	 from	 yeasts	 to
mammals.2,3	Once	polyubiquitinated,	proteins	targeted	for	degradation	bind	to	the	26S	proteasome,	a	holoenzyme
composed	 of	 two	 19S	 regulatory	 complexes	 capping	 a	 central	 20S	 proteolytic	 core.	 The	 20S	 core	 is	 a	 hollow
“barrel”	consisting	of	four	stacked	heptameric	rings.	The	subunits	of	the	rings	are	classified	as	either	α	subunits
(outer	 two	 rings)	or	β	 subunits	 (inner	 two	 rings).	The	19S	 regulatory	complex	consists	of	 a	 lid	 that	 recognizes
ubiquitinated	protein	substrates	with	high	fidelity	and	a	base	that	contains	six	adenosine	triphosphatases,	unfolds
protein	substrates,	removes	the	polyubiquitin	tag,	and	threads	them	into	the	catalytic	chamber	of	the	20S	particle
in	 an	 adenosine	 triphosphate–dependent	manner.4,5	Unlike	 typical	 proteases,	 the	 20S	 proteasome	 in	 eukaryotic
cells	contains	multiple	proteolytic	activities,	resulting	in	the	cleavage	of	protein	targets	after	many	different	amino
acids.	 In	 most	 cells,	 the	 20S	 core	 particle	 contains	 the	 catalytic	 subunits	 proteasome	 subunit	 β5	 (PSMB5),
proteasome	subunit	β1	(PSMB1),	and	proteasome	subunit	β2	(PSMB2),	accounting	for	chymotrypsin-like	(CT-L),
caspase-like	 (C-L),	 and	 trypsin-like	 (T-L)	 activities,	 respectively,	 each	 differing	 in	 their	 substrate	 preference.6
However,	in	cells	of	hematopoietic	origin,	such	as	lymphocytes	and	monocytes,	the	proteasome	catalytic	subunits
are	encoded	by	homologous	gene	products:	LMP7	(proteasome	subunit	β8	[PSMB8]),	LMP2	(proteasome	subunit
β9	[PSMB9]),	and	MECL-1	(proteasome	subunit	β10	[PSMB10]).7	These	 immunoproteasome	subunits	are	also
induced	in	nonhematopoietic	cells	following	exposure	to	inflammatory	cytokines	such	as	interferon-γ	(IFN-γ)	and
tumor	necrosis	factor-α	(TNF-α).8	 In	 the	 immunoproteasome,	 the	19S	regulatory	complex	can	be	 replaced	with
proteasome	 activators	 such	 as	 PA28,	 whose	 expression	 is	 also	 induced	 in	 cells	 following	 exposure	 to	 IFN-γ.
Hybrid	proteasomes,	both	for	the	catalytic	subunits	and	regulatory	particles,	have	been	described.9

Given	 its	 key	 role	 in	maintaining	 cellular	 homeostasis,	 the	 ubiquitin	 proteasome	 system	 appeared	 to	 be	 an
unlikely	 target	 for	 pharmaceutical	 intervention.	 However,	 a	 variety	 of	 groundbreaking	 studies	 in	 the	 1990s
suggested	that	inhibitors	of	proteasome	function	might	prove	to	be	viable	therapeutic	agents.10	Initial	studies	used
substrate-related	peptide	aldehydes	to	investigate	the	proteolytic	functions	and	specificity	of	the	proteasome.11	In
vitro	 and	 in	 vivo	 studies	with	 these	 inhibitors	 demonstrated	 their	 ability	 to	 induce	 apoptosis	 as	well	 as	 inhibit
tumor	growth.12–15	It	was	subsequently	discovered	that	several	natural	products	with	antitumor	activity	exert	their
action	 via	 proteasome	 inhibition,	 providing	 additional	 rationale	 for	 the	 development	 of	 selective	 proteasome
inhibitors	(PIs).16,17

PROTEASOME	INHIBITORS
Chemical	Classes	of	Proteasome	Inhibitors	in	Clinical	Development
As	of	the	writing	of	this	overview,	six	different	PIs	comprising	three	distinct	chemical	classes	have	been	tested	in
clinical	 trials	 (Table	 27.1)	 and	 include	 (1)	 dipeptide	 boronic	 acids,	 (2)	 peptide	 epoxyketones,	 and	 (3)	 β-
lactones.18,19	 Bortezomib	 (PS-341,	 Velcade),	 a	 dipeptide	 boronic	 acid,	 was	 developed	 by	 Millennium
Pharmaceuticals	(Cambridge,	MA;	now	Takeda)	and	was	the	first	PI	approved	for	clinical	use.20	Two	additional
dipeptide	 boronic	 acids	 have	 entered	 clinical	 development,	 ixazomib/MLN	9708	 (Takeda),	which	was	 recently
approved,	and	delanzomib/CEP-18770	(Teva	Pharmaceuticals,	Frazer,	PA),	the	clinical	development	of	which	has
been	 discontinued.	 Carfilzomib	 (Onyx	 Pharmaceuticals,	 San	 Francisco,	 CA;	 now	 a	 subsidiary	 of	 Amgen),	 a



tetrapeptide	 epoxyketone,	 received	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 approval	 in	 2012.21	 A	 second
peptide	epoxyketone	PI,	oprozomib	(Onyx	Pharmaceuticals),	entered	clinical	study	in	2010.	The	third	class	of	PIs,
β-lactones,	 is	 represented	 by	NPI-0052	 (salinosporamide	A	 [Marizomib])	 and	 is	 currently	 being	 developed	 by
Celgene	 Corporation	 (Summit,	 NJ).	 The	 initial	 approvals	 for	 bortezomib,	 carfilzomib,	 and	 ixazomib	 were	 in
multiple	myeloma	(MM),	a	plasma	cell	neoplasm	and	the	second	most	common	hematologic	cancer.	However,	the
activity	of	PIs	in	other	B-cell	neoplasms	has	resulted	in	an	expansion	of	the	clinical	utilization	of	this	drug	class.

TABLE	27.1
Proteasome	Inhibitors	in	Clinical	Development

Agent Drug	Class Approval
Dose,	Schedule,	and	Route	of
Administration

Bortezomib	(PS-341) Peptide	boronate FDA	approved	for	frontline	therapy	in	MM
and	MCL	and	in	RRMM	and	MCL	after	one
or	more	prior	lines	of	therapy

1.3	mg/m2	days	1,	4,	8,	and	11	(21-d
cycle)	IV	or	SC

Ixazomib	(MLN-9708) Peptide	boronate FDA	approved	for	RRMM
Early-phase	clinical	trials	in	AML,	follicular
lymphoma	and	peripheral	T-cell	lymphoma,
MCL,	AL	amyloidosis

4	mg	days	1,	8,	and	15	(28-d	cycle)
orally

Carfilzomib	(PR-171) Peptide
epoxyketone

FDA	approved	for	RRMM
Early-phase	clinical	trials	in	WM,	AL
amyloidosis

20/27	mg/m2	days	1,	2,	8,	9,	15,	and
16	(28-d	cycle)	IV

Oprozomib	(ONX	0912) Peptide
epoxyketone

Early-phase	clinical	trials	in	hematologic
malignancies	and	solid	tumors

150–240	mg	(dose	escalation
ongoing)	days	1,	2,	8,	and	9	(14-d
cycle)
Days	1–5	(14-d	cycle)	orally

Marizomib	(NPI-0052) β-Lactone Early-phase	clinical	trials	in	RRMM,
NSCLC,	pancreatic	cancer,	melanoma,
lymphoma,	and	advanced-stage	solid
tumors

0.075–0.6	mg/m2	days	1,	4,	8,	and
11	(21-d	cycle)	IV

FDA,	U.S.	Food	and	Drug	Administration;	MM,	multiple	myeloma;	MCL,	mantle	cell	lymphoma;	RRMM,	relapsed/refractory	multiple
myeloma;	IV,	intravenous;	SC,	subcutaneous;	AML,	acute	myeloid	leukemia;	WM,	Waldenström	macroglobulinemia;	NSCLC,	non–
small-cell	lung	cancer.

Preclinical	Activity	of	Proteasome	Inhibitors
Each	 of	 the	 three	 classes	 of	 inhibitors	 has	 a	 distinct	 chemical	 mechanism	 of	 proteasome	 inhibition.22	 Peptide
boronates	form	stable	but	reversible	tetrahedral	intermediates	with	the	γ-hydroxyl	(γ-OH)	group	of	the	catalytic	N-
terminal	 threonine	 of	 the	 proteasome	 active	 sites.23,24	 β-Lactones	 also	 interact	 with	 this	 γ-OH,	 but	 form	 a
completely	irreversible	interaction.25	Similarly,	peptide	epoxyketones	were	initially	described	to	form	irreversible
covalent	adducts	with	the	active	site	threonine	but	do	so	via	a	dual	covalent	adduction	of	γ-OH	group	and	the	free
amine.26	 However,	 recent	 structural	 analysis	 at	 a	 higher	 resolution	 (1.9	 to	 2.4	 A)	 demonstrated	 that	 the
nucleophilic	attack	is	by	the	N-terminal	amine	of	the	epoxide	β	carbon	not	the	epoxide	α	carbon.	This	results	in
the	 formation	 of	 a	 seven-membered	 1,4-oxazepane	 ring,	 which	 may	 account	 for	 the	 efficacy	 of	 this	 class	 of
inhibitors.27

The	 primary	 targets	 of	 these	 PIs	 within	 the	 constitutive	 and	 immunoproteasomes	 are	 the	 CT-L	 subunits,
PSMB5	 and	 LMP7,	 respectively.	 Despite	 accounting	 for	 less	 than	 50%	 of	 total	 protein	 turnover	 by	 the
proteasome,	these	subunits	are	essential	for	cell	survival.28	In	MM	cell	lines,	inhibiting	both	subunits	(PSMB5	and
LMP7)	 is	 necessary	 and	 sufficient	 for	 tumor	 cell	 death.29	 Cytotoxicity	 of	 other	 tumor	 cell	 types	 requires	 the
inhibition	of	multiple	active	sites	beyond	the	CT-L	activity.	The	combination	of	inhibitors	specific	for	either	the
T-L	or	C-L	activities,	which	have	no	cytotoxic	activity	on	their	own,	augments	the	cytotoxic	potential	of	the	CT-
L–specific	inhibitors.30,31

Given	 its	 status	as	 the	 first	PI	 approved	 for	marketed	use,	 the	antitumor	potential	 and	preclinical	 activity	of
other	 PIs	 have	 generally	 been	 compared	 to	 bortezomib.19	 Carfilzomib	 showed	 equivalent	 antitumor	 activity	 to
bortezomib	in	vitro	against	a	panel	of	tumor	cell	lines	under	standard	culture	conditions	but	was	>10-fold	more
potent	 at	 inducing	 tumor	 cell	 death	 when	 cells	 were	 exposed	 to	 drug	 for	 a	 1-hour	 pulse,	 which	 mimics	 the
pharmacokinetics	of	both	compounds.32	MLN2238	(the	active	agent	of	ixazomib)	was	active	in	the	same	mouse
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models	of	human	tumors	as	bortezomib	but	demonstrated	greater	levels	of	proteasome	inhibition	in	the	tumors.33
Oprozomib	 is	 10-fold	 less	 potent	 than	 carfilzomib	 in	 proteasome	 activity	 assays	 but	 showed	 similar	 antitumor
activity	in	mouse	tumor	models.34,35	Marizomib	displayed	greater	potency	against	 the	non-CT-L–active	sites	of
the	proteasome	than	bortezomib.36	 Interestingly,	 this	agent	synergized	with	bortezomib	 in	killing	 tumor	cells	 in
vitro.37	All	of	 the	second-generation	 inhibitors	have	shown	activity	 in	 tumor	cells	made	resistant	 to	bortezomib
and/or	MM	cells	isolated	from	patients	who	experienced	relapse	after	bortezomib-based	therapies34,38–41

The	 inhibition	 of	 tumor	 cells	 with	 PIs	 induces	 cell	 death	 via	 the	 induction	 of	 apoptosis	 through	 caspase
activation.10	 Although	 the	 mechanism	 underlying	 the	 induction	 of	 cell	 death	 remains	 to	 be	 fully	 elucidated,
extensive	research	suggests	a	complex	interplay	of	multiple	pathways.	PIs	have	been	shown	to	affect	the	half-life
of	the	BH3-only	members	of	the	Bcl-2	family,	specifically	BH3-interacting	domain	death	agonist	(Bid)	and	Bcl-2
interacting	 killer	 (Bik).42	 Moreover	 the	 BH3-only	 protein	 NOXA	 is	 upregulated	 at	 the	 transcription	 level	 by
PIs.43–47	Proteasome	inhibition	also	upregulates	the	expression	of	several	key	cell-cycle	checkpoint	proteins	that
include	p53	(an	inducer	of	G0/G1	cell-cycle	arrest	 through	accumulation	of	the	cyclin-dependent	kinase	[CDK]
inhibitor	 p27);	 the	CDK	 inhibitor	 p21;	mammalian	 cyclins	A,	B,	D,	 and	E;	 and	 transcription	 factors	 E2F	 and
Rb.48,49	 The	 transcription	 factor	 nuclear	 factor	 kappa	 B	 (NF-κB),	 an	 important	 regulator	 of	 cell	 survival	 and
cytokine/growth	factor	production,50	is	also	affected	by	proteasome	inhibition	in	multiple	ways.	The	net	effect	on
NF-κB	signaling	is	not	consistent	across	various	assays	and	cell	lines,	and	its	relative	importance	in	the	antitumor
effects	of	PIs	 remains	unclear.	Although	 it	 is	 interesting	 to	note	 that	patients	whose	myeloma	harbors	NF-κB–
activating	mutations	(<20%)	respond	better	to	bortezomib	than	those	without	NF-κB–activating	mutations.51–53	In
MM	cell	lines,	there	is	growing	evidence	that	the	major	determinant	of	sensitivity	to	proteasome	inhibition	is	the
relative	 load	of	 protein	 flux	 to	 the	proteasome.54–56	These	data	 suggest	 that	 induction	of	 the	 terminal	unfolded
protein	response	may	drive	cell	death.	Whether	proteotoxic	stress-induced	cell	death	reflects	sensitivity	to	PIs	in
other	tumor	types	remains	to	be	determined.

Pharmacokinetics	and	Pharmacodynamics	of	Proteasome	Inhibitors	in	Animals
Following	 intravenous	(IV)	or	subcutaneous	(SC)	administration	 to	animals	and	humans,	proteasome	activity	 is
inhibited	in	a	dose-dependent	fashion	within	minutes;	however,	PIs	such	as	bortezomib	and	carfilzomib	are	also
rapidly	 cleared	 from	 circulation.54,56–60	 SC	 bortezomib	 is	 now	 the	 preferred	 method	 of	 delivery	 based	 on	 a
randomized	 phase	 III	 trial	 showing	 noninferiority	 to	 the	 IV	 route.61	 Furthermore,	 SC	 bortezomib	 is	 associated
with	 a	better	 toxicity	profile,	 possibly	due	 to	 a	 lower	maximum	concentration	 (Cmax).	Recovery	of	proteasome
activity	 in	 animals	occurs	 in	 tissues	with	 a	half-life	of	 approximately	24	hours,	mirroring	 the	 recovery	 time	of
cells	exposed	to	sublethal	concentrations	of	PIs	in	vitro	and	likely	reflecting	new	protein	synthesis.32,62

PROTEASOME	INHIBITORS	IN	CANCER
Clinical	Activity	of	Proteasome	Inhibitors

Bortezomib
Whereas	the	earlier	clinical	trials	done	more	than	a	decade	ago	cemented	the	safety	and	efficacy	of	bortezomib	as
an	 effective	 antimyeloma	 agent	 in	 relapsed	 and	 refractory	multiple	myeloma	 (RRMM)	patients,	 the	 later	 trials
confirmed	the	safety	and	improved	therapeutic	efficacy	of	its	combination	with	other	myeloma	therapies.	Given
the	 feasibility	 of	 combination	 of	 bortezomib	with	 cytotoxic	 agents,63	 immunomodulatory	 agents,64	 the	 histone
deacetylase	 inhibitors,65	 and	more	 recently	 the	monoclonal	 antibodies66	 in	 relapsed	myeloma	 patients,	 various
combination	 therapies	 have	 been	 explored	 in	 the	 newly	 diagnosed	 setting	 both	 in	 transplant-eligible	 and
transplant-ineligible	myeloma	 patients.	 The	 impressive	 clinical	 activity	 seen	 in	 these	 trials	 led	 to	 the	 universal
acceptance	of	bortezomib	as	a	strong	backbone	for	myeloma	induction	combinations.

Bortezomib	was	first	approved	by	the	FDA	in	2003	for	use	as	a	single-agent	salvage	therapy	for	patients	with
RRMM	following	two	prior	therapies	and	who	demonstrated	disease	progression	with	their	most	recent	therapy.
The	primary	efficacy	data	that	led	to	the	approval	were	derived	from	the	SUMMIT	trial	in	which	202	patients	with
heavily	pretreated	disease	were	treated	with	bortezomib	at	1.3	mg/m2	administered	on	days	1,	4,	8,	and	11	of	a	3-
week	cycle	as	an	IV	bolus	and	achieved	an	overall	response	rate	(ORR)	of	35%	and	median	overall	survival	(OS)
of	16	months.	The	evidence	for	optimal	dosing	was	supported	by	the	CREST	trial,	in	which	the	activity	of	a	1.3



mg/m2	dose	was	determined	to	be	superior	to	1.0	mg/m2.67	In	these	earlier	clinical	trials,	hematologic	toxicities
formed	 the	 major	 constituents	 of	 grade	 ≥3	 adverse	 events	 (AEs).	 Bortezomib-induced	 thrombocytopenia	 was
cyclical,	and	platelet	counts	returned	to	normal	limits	by	the	next	cycle.	This	was	likely	attributed	to	a	reversible
effect	 on	 the	 megakaryocytic	 function;	 thus,	 continued	 bortezomib	 therapy	 could	 be	 safely	 administered	 to
thrombocytopenic	patients.68	Among	the	nonhematologic	toxicities,	peripheral	neuropathy	(PN)	and	fatigue	were
the	most	common	grade	≥3	AEs.64,67,69

Bortezomib	 attained	 full	 regulatory	 approval	 in	 2005	based	on	 the	 results	 of	 the	Assessment	 of	Proteasome
Inhibition	for	Extending	Remissions	(APEX)	trial,	a	phase	III	trial	that	randomized	relapsed	myeloma	patients	to
receive	high-dose	dexamethasone	versus	bortezomib.70	The	trial	not	only	met	the	primary	end	point	of	improved
median	time	to	progression	(TTP)	favoring	the	bortezomib	arm	but	also	resulted	in	improved	ORR	and	OS	(Table
27.2).	Bortezomib	has	also	been	successfully	combined	with	other	agents	in	RRMM.	The	improved	TTP	with	the
combination	of	bortezomib	with	pegylated	liposomal	doxorubicin	(PLD)	versus	bortezomib	(see	Table	27.2)	led
to	the	FDA	approval	of	PLD	in	combination	with	bortezomib	in	2007	in	RRMM	patients	who	have	received	at
least	 one	 prior	 therapy	 that	 has	 not	 included	 bortezomib.63	 The	 combination	 of	 bortezomib	 with	 histone
deacetylase	inhibitors	(HDACis)	in	early	relapsed	patients	has	been	explored	in	two	large,	randomized,	placebo-
controlled	 trials,	 the	 VANTAGE	 08871	 and	 the	 PANORAMA	 165	 trials	 (see	 Table	 27.2).	 Both	 trials	 had	 a
progression-free	survival	(PFS)	benefit	that	favored	the	HDACi	and	bortezomib	arms.	Although	combination	of
vorinostat	and	bortezomib	in	VANTAGE	088	prolonged	PFS	and	reduced	the	risk	of	progression	by	23%	relative
to	 bortezomib,	 the	 clinical	 relevance	 of	 the	 difference	 in	 PFS	 between	 the	 two	 groups	was	 small	 and	 had	 no
clinically	 meaningful	 impact.	 On	 the	 contrary,	 the	 4-month	 PFS	 benefit	 exerted	 by	 the	 combination	 of
panobinostat	and	bortezomib	in	PANORAMA	1	led	to	the	approval	of	this	regimen	for	RRMM	patients	who	have
received	 at	 least	 two	 prior	 standard	 therapies,	 including	 bortezomib	 and	 an	 immunomodulatory	 agent	 (IMiD).
Higher	rates	of	grade	3	and	4	diarrhea,	 thrombocytopenia,	and	fatigue	preclude	the	routine	use	of	 this	regimen.
The	 AE	 profile	 supports	 either	 once-weekly	 administration	 of	 bortezomib	 or	 an	 alternative	 strategy	 of	 using
carfilzomib	to	mitigate	toxicities	while	retaining	the	clinical	benefit	of	the	panobinostat	combination.	Bortezomib
was	 found	 to	be	efficacious	 in	combination	with	daratumumab,	a	CD38	monoclonal	antibody,	 in	a	 randomized
phase	 III	 trial	 of	 RRMM	 patients.	 The	 combination	 of	 bortezomib	 with	 daratumumab	 reduced	 the	 risk	 of
progression	 by	 70%	 relative	 to	 bortezomib	 and	 dexamethasone,	 suggesting	 this	 approach	 to	 be	 an	 effective
therapeutic	 strategy	 for	RRMM	patients.66	Bortezomib	has	 also	been	 successfully	 combined	with	 lenalidomide
and	dexamethasone	(RVD)	in	a	phase	II	 trial,	 resulting	in	an	ORR	of	64%	and	a	median	PFS	of	9.5	months	in
RRMM	patients,72	which	 led	 to	 its	evaluation	 in	 the	upfront	setting	among	newly	diagnosed	multiple	myeloma
(NDMM)	patients.73

Frontline	combinations	with	RVD	resulted	in	impressive	durable	responses.	In	the	phase	II	trial	evaluating	this
combination,	Richardson	et	al.73	were	able	to	demonstrate	that	 this	effective	combination	induced	a	response	in
every	 evaluable	 patient	 (ORR,	 100%).	Deeper	 responses	were	 feasible	 among	 two-thirds	 of	 the	 patients	 (very
good	 partial	 response	 or	 better,	 67%),	 and	 97%	 of	 the	 patients	were	 alive	 at	 18	months.73	 These	 results	 have
transformed	the	outcomes	of	myeloma	patients	and	revolutionized	our	approach	to	treating	NDMM	patients.	The
benefits	of	 this	 regimen	were	 confirmed	6	years	 later	 in	 a	phase	 III	 trial,	SWOG	S0777,	where	 the	usage	of	 a
three-drug	regimen	(RVD)	demonstrated	an	OS	benefit,	 relative	 to	 lenalidomide	and	dexamethasone	(see	Table
27.2).74	A	single-center	experience	using	RVD	induction	therapy	reported	encouraging	OS	results,	with	75%	of
patients	 alive	 at	 10	 years.75	 Several	 other	 clinical	 trials	 have	 evaluated	 the	 combinations	 of	 bortezomib	 with
chemotherapeutic	options	in	the	induction	setting	in	both	transplant-eligible	and	transplant-ineligible	patients,	as
summarized	 in	 Table	 27.2.	 Bortezomib	 in	 combination	 with	 thalidomide	 and	 dexamethasone	 (VTD)	 showed
impressive	efficacy	in	the	GIMEMA76	and	PETHEMA77	trials	with	a	very	good	safety	profile.	Importantly,	in	the
GIMEMA	trial,	the	bortezomib-containing	group	overcame	the	poor	prognosis	related	to	t(4;14),	which	continued
to	be	an	adverse	risk	factor	in	the	nonbortezomib	arm	(thalidomide	and	dexamethasone	[TD])	(3-year	PFS,	37%
versus	63%	in	 the	TD	arm	for	patients	with	 t(4;14)	versus	without;	P	=	 .013).	Confirming	 this,	an	 Intergroupe
Francophone	du	Myélome	(IFM)	study	showed	that	bortezomib	and	dexamethasone	(VD)	induction	followed	by
autologous	 stem	 cell	 transplantation	 (ASCT)	 improved	 the	 prognosis	 of	 patients	 with	 t(4;14)	 compared	 with
patients	 treated	with	 vincristine,	 doxorubicin,	 and	 dexamethasone	 (VAD)	 induction	 in	 term	 of	 both	 event-free
survival	 and	 OS	 (4-year	 OS,	 63%	 versus	 32%;	P	 <	 .001),	 but	 the	 survival	 was	 shorter	 when	 compared	 with
patients	 without	 t(4;14)	 (63%	 versus	 79%).78	 Bortezomib	 has	 also	 been	 evaluated	 in	 both	 the	 induction	 and
maintenance	settings	in	a	phase	III	Haemato	Oncology	Foundation	for	Adults	in	the	Netherlands	(HOVON)	trial.
Patients	were	 randomized	 to	 receive	 the	 all-chemotherapy	 regimen	VAD	 versus	 bortezomib,	 doxorubicin,	 and
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dexamethasone	(PAD).	All	patients	received	ASCT	in	both	groups,	and	then	the	VAD	arm	received	thalidomide
maintenance,	whereas	the	PAD	arm	received	bortezomib	maintenance.	The	PFS	benefit	favored	the	PAD	group,
more	 notably	 among	 high-risk	 patients	 exhibiting	 deletions	 of	 the	 short	 arm	 of	 chromosome	 17	 (del17p).79
Bortezomib	 is	 also	 approved	 for	 newly	 diagnosed	 myeloma	 in	 combination	 with	 melphalan	 and	 prednisone
(VMP)	 based	 on	 the	 results	 of	 the	 VISTA	 trial	 that	 evaluated	VMP	 versus	melphalan	 and	 prednisone	 among
patients	 not	 eligible	 for	 high-dose	 therapy	 and	ASCT	 (see	 Table	 27.2).80	 A	 5-year	 follow-up	 reported	 a	 31%
reduction	in	the	risk	of	death	for	the	VMP	group.81

TABLE	27.2
Key	Phase	II	and	III	Trials	in	Multiple	Myeloma	with	Proteasome	Inhibitors

Trial Indication
Primary	End
Point Arms	(No.)

Dosing	and
Schedule ORR

PFS/TTP
(mo)

OS
(mo)

Adverse	Events
(≥	grade	3)

Bortezomib-based	Trials
APEX	trial,
Richardson	et
al.	(2005)70
(phase	III,	N	=
669)

Relapsed	myeloma
(1–3	lines	of
therapy)

TTP BTZ	(333) BTZ	1.3	mg/m2	IV
days	1,	4,	8,	11
every	21	d	×	8
cycles	followed	by
BTZ	on	days	1,	8,
15,	22	every	35	d
×	3	cycles

38% 6.22 80%	(1-
y	OS)

Thrombocytopenia
(26%),
neutropenia
(12%),	anemia
(9%),	PN	(7%),
diarrhea	(7%),
fatigue	(5%)

HiDex	(336) 40	mg	PO	daily
days	1–4,	9–12,
and	17–20	every
35	d

18%
P	<	.001

3.49
P	<	.001

66%	(1-
y	OS)
P	=
.003

Anemia	(10%),
thrombocytopenia
(5%),	fatigue	(5%)

Orlowski	et	al.
(2007)63,136
(phase	III,	N	=
646)

Relapsed	myeloma
(>1	line	of	therapy)

TTP BTZ	+	PLD	(324) BTZ	1.3	mg/m2	IV
days	1,	4,	8,	and
11	every	21	d	and
PLD	30	mg/m2	IV
on	day	4	of	each
cycle	after	BTZ

44% 9.3 33 Thrombocytopenia
(23%),
neutropenia
(29%),	PN	(3%),
anemia	(9%),
diarrhea	(7%)

BTZ	(322) BTZ	1.3	mg/m2	IV
days	1,	4,	8,	and
11	every	21	d

41%
P	=	.43

6.5
P	=	.004

30.8
P	=
.606

Thrombocytopenia
(16%),
neutropenia
(15%),	anemia
(9%),	PN	(5%),
diarrhea	(4%)

VANTAGE	088
trial,
Dimopoulos	et
al.	(2013)71
(phase	III,	N	=
637)

Relapsed	myeloma
(1–3	lines	of
therapy)

PFS BTZ	+	Vori	(315) BTZ	1.3	mg/m2	on
days	1,	4,	8,	and
11	and	vorinostat
400	mg	PO	daily
every	21	d

56.2% 7.63 	 Thrombocytopenia
(43%),
neutropenia
(24%),	diarrhea
(17%),	fatigue
(17%)

BTZ	+	placebo
(320)

BTZ	1.3	mg/m2	on
days	1,	4,	8,	and
11	and	placebo
PO	daily	every	21
d

40.6%
P	<	.0001

6.83
P	=	.01

	 Thrombocytopenia
(22%),
neutropenia
(22%),	diarrhea
(9%),	fatigue	(6%)

PANORAMA	1
trial,	San
Miguel	et	al.
(2014)65
(phase	III,	N	=
768)

Relapsed	myeloma
(1–3	lines	of
therapy)

PFS VD	+	Pano	(387) BTZ	1.3	mg/m2

days	1,	4,	8,	and
11;
dexamethasone
20	mg	days	1,	2,
4,	5,	8,	9,	11,	and
12;	panobinostat
20	mg	days	1,	3,
5,	8,	10,	and	12
every	28	d

60.7%	(nCR,
27.6%)

12 33.6 Thrombocytopenia
(68%),	diarrhea
(25%),	fatigue
(24%),	anemia
(18%),	pneumonia
(13%)

VD	+	placebo	(381) BTZ	1.3	mg/m2

days	1,	4,	8,	and
11;
dexamethasone
20	mg	days	1,	2,
4,	5,	8,	9,	11,	and

54.6%,	(nCR,
15.7%)
P	=	.09

8.1
P	<
.0001

30.4
P	=	.26

Thrombocytopenia
(31%),	anemia
(19%),	PN	(15%),
fatigue	(13%),
pneumonia	(11%),
diarrhea	(7%)



12;	placebo	days
1,	3,	5,	8,	10,	and
12	every	28	d

CASTOR	trial,
Palumbo	et	al.
(2016)66
(phase	III,	N	=
498)

Relapsed	myeloma
(1–3	lines	of
therapy)

PFS VD	+	Dara	(251) Daratumumab	16
mg/kg	IV	on	days
1,	8,	and	15	in
cycles	1–3;	every
3	wk	during	cycles
4–8;	and	every	4
wk	thereafter;	BTZ
1.3	mg/m2	on
days	1,	4,	8,	and
11	of	cycles	1–8;
dexamethasone
20	mg	on	days	1,
2,	4,	5,	8,	9,	11,
and	12	every	21	d

82.9%	(CR,
46%)

65.4%
(1-y
PFS)

	 Thrombocytopenia
(45.3%),	anemia
(14.4%),
neutropenia
(12.8%),	PN
(4.5%),	fatigue
(4.5%),
hypertension
(6.6%)

VD	(247) BTZ	1.3	mg/m2	on
days	1,	4,	8,	and
11	of	cycles	1–8;
dexamethasone
20	mg	on	days	1,
2,	4,	5,	8,	9,	11,
and	12	every	21	d

63.2%	(CR,
21%)
P	<	.001

28.8%
(1-y
PFS)
P	<	.001

	 Thrombocytopenia
(33%),	anemia
(16%),
neutropenia
(4.2%),	PN	(6.8
%),	fatigue	(3.4%),
hypertension
(0.8%)

IFM	trial,
Moreau	et	al.
(2011)61
(phase	III,	N	=
222)

Relapsed	myeloma
(1–3	lines	of
therapy)

Noninferiority
of	SC	BTZ	in
terms	of
ORRa

BTZ	SC	(148) Bortezomib	1.3
mg/m2	SC	on
days	1,	4,	8,	and
11	of	21-d	cycles

42%
(CR/nCR,
12%)

10.4 72.6%
(1-y
OS)

Neutropenia
(18%),
thrombocytopenia
(13%),	anemia
(12%),	PN	(5%),
pneumonia	(5%)

BTZ	IV	(74) Bortezomib	1.3
mg/m2	IV	on	days
1,	4,	8,	and	11	of
21-d	cycles

42%
(CR/nCR,
14%)
P	=	.002a

9.4
P	=	.387

76.7%
(1-y
OS)
P	=	.54

Thrombocytopenia
(19%),
neutropenia
(18%),	PN	(15%),
anemia	(8%),
pneumonia	(8%)

Richardson	et
al.	(2010)73
(phase	II,	N	=
68)

Newly	diagnosed,
transplant	eligible

	 RVD Bortezomib	1.3
mg/m2	IV	on	days
1,	4,	8,	and	11;
lenalidomide	25
mg	PO	days	1–14;
and
dexamethasone
20	mg	on	days	1,
2,	4,	5,	8,	and	9
every	21	d

100%
(≥VGPR,
67%)

75%	(18-
mo	OS)

97%
(18-mo
OS)

Neutropenia
(10%),
thrombocytopenia
(7%),	thrombosis
(5%),	PN	(7%)

IFM	2005-01
trial,
Harousseau	et
al.	(2010)78
(phase	III,	N	=
482)

Newly	diagnosed,
transplant	eligible

Postinduction
CR/nCR	rate

VAD	(121) Vincristine	0.4	mg
IV	daily;
doxorubicin	9
mg/m2	continuous
infusion	on	days
1–4;	and
dexamethasone
40	mg	PO	on	days
1–4,	9–12,	and
17–20	of	cycles	1
and	2	of	28-d
cycles

62.8%
(nCR/CR
postinduction,
6.4%)

36 81.4%
(3-y
OS)

Infections
(12.1%),
neutropenia
(10%),	anemia
(8.8%),
thrombosis
(5.4%),
thrombocytopenia
(1.3%),	PN	(2.1%)

VAD	+	DCEP	(121) VAD	+
dexamethasone
40	mg	on	days	1–
4	of	two	4-wk
cycles;
cyclophosphamide
400	mg/m2;
etoposide	40
mg/m2;	and
cisplatin	15
mg/m2/d
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continuous
infusion	on	days
1–4

VD	(121) BTZ	1.3	mg/m2	on
days	1,	4,	8,	and
11	every	21	d	and
dexamethasone
40	mg	on	days	1–
4	of	all	cycles	and
days	9–12	of
cycles	1	and	2

78.5%
(nCR/CR
postinduction,
14.8%)
P	<	.05

29.7
P	=	.064

77.4%
(3-y
OS)

Infections	(8.8%),
PN	(7.1%),
neutropenia	(5%),
anemia	(4.2%),
thrombocytopenia
(2.9%),
thrombosis	(1.7%)

	 	 	 VD	+	DCEP	(119) VD	+
dexamethasone
40	mg	on	days	1–
4	of	two	4-wk
cycles;	etoposide
40	mg/m2;
cyclophosphamide
400	mg/m2;	and
cisplatin	15
mg/m2/d
continuous
infusion	on	days
1–4

	 	 	 	

GIMEMA	trial,
Cavo	et	al.
(2010)137
(phase	III,	N	=
480)

Newly	diagnosed,
transplant	eligible

CR	rate
postinduction

VTD	(241) Thalidomide	100
mg	daily	×	14	d
followed	by	200
mg	daily	after;
bortezomib	1.3
mg/m2	on	days	1,
4,	8,	and	11;	and
dexamethasone
40	mg	daily	on	8
out	of	first	12	d	×	3
cycles

93%
(CR/nCR,
31%)

68%	(3-y
PFS)

86%	(3-
y	OS)

Skin	rash	(10%),
PN	(10%),
constipation	(4%),
thrombosis	(3%),
infections	(3%)

TD	(239) Thalidomide	100
mg	daily	×	14	d
followed	by	200
mg	daily	after	and
dexamethasone
40	mg	daily	on	8
out	of	first	12	d	×	3
cycles

79%
(CR/nCR,
31%)
P	<	.0001

56%	(3-y
PFS)
P	=	.005

84%	(3-
y	OS)
P	=	.3

Thrombosis	(5%),
infections	(5%),
constipation	(3%),
skin	rash	(2%),
PN	(2%)

PETHEMA
trial,	Rosiñol	et
al.	(2012)77
(phase	III,	N	=
386)

Newly	diagnosed,
transplant	eligible

CR	rate
postinduction
and	post-
ASCT

VBMCP/VBAD/B
(129)

VBMCP/VBAD/B:
4	cycles	of
alternating
VBMCP/VBAD
followed	by	2
cycles	bortezomib
1.3	mg/m2	on
days	1,	4,	8,	and
11	of	21-d	cycles

Postinduction
→	post-ASCT
(CR,	21%	→
38%)

35.3 70%	(4-
y	OS)

Neutropenia
(22%),	infections
(15%),	PN	(9%),
gastrointestinal
(8%),
thrombocytopenia
(6%),	thrombosis
(4%)

TD	(127) Thalidomide	200
mg	daily
(escalating	doses
in	first	cycle)	and
dexamethasone
40	mg	on	days	1–
4	and	9–13	for	24
wk

Postinduction
→	post-ASCT
(CR,	14%	→
24%)

28.2 65%	(4-
y	OS)

Gastrointestinal
(25%),	infections
(16%),
neutropenia
(14%),
thrombocytopenia
(5%),	thrombosis
(5%),	PN	(5%)

VTD	(130) BTZ	1.3	mg/m2	on
days	1,	4,	8,	and
11;	thalidomide
200	mg	daily
(escalating	doses
in	first	cycle);	and
dexamethasone
40	mg	on	days	1–
4	and	9–13	for	24
wk

Postinduction
→	post-ASCT
(CR,	35%	→
46%)

56.2 74%	(4-
y	OS)

Infections	(21%),
PN	(14%),
thrombosis	(12%),
neutropenia
(10%),
thrombocytopenia
(8%),
gastrointestinal
(8%)



HOVON-
65/GMMG-
HD4	trial,
Sonneveld	et
al.	(2012)79
(phase	III,	N	=
827)

Newly	diagnosed,
transplant	eligible

PFS VAD	(414) Vincristine	0.4	mg
IV	daily;
doxorubicin	9
mg/m2	continuous
infusion	on	days
1–4;	and
dexamethasone
40	mg	on	days	1–
4,	9–12,	and	17–
20	every	28	d

Postinduction
→	post-ASCT
(CR/nCR,	5%
→	15%)

28 55%	(5-
y	OS)

Infections	(21%),
PN	(10%),
gastrointestinal
(7%),	anemia
(7%),
thrombocytopenia
(5%),	thrombosis
(3%)

PAD	(413) BTZ	1.3	mg/m2	on
days	1,	4,	8,	and
11;	doxorubicin	9
mg/m2	continuous
infusion	on	days
1–4;	and
dexamethasone
40	mg	on	days	1–
4,	9–12,	and	17–
20	every	28	d

Postinduction
→	post-ASCT
(CR/nCR,
11%	→	31%)
P	<	.05

35
P	<	.002

61%	(5-
y	OS)
P	=	.11

Infections	(26%),
PN	(24%),
gastrointestinal
(11%),
thrombocytopenia
(10%),	anemia
(8%),	thrombosis
(4%)

VISTA	trial,
San	Miguel	et
al.	(2008)80,81
(phase	III,	N	=
682)

Newly	diagnosed,
transplant	ineligible

TTP VMP	(344) BTZ	1.3	mg/m2	on
days	1,	4,	8,	11,
22,	25,	29,	and	32
every	42	d	in
cycles	1–4	and
days	1,	8,	22,	and
29	during	cycles
5–9;	mephalan	9
mg/m2	and
prednisone	60
mg/m2	on	days	1–
4	every	42	d	×
9cycles

71%	(CR,
30%)

24 HR	0.61
favoring
VMP,	P
=	.008
(median
follow-
up,	16.3
mo)

Neutropenia
(30%),
thrombocytopenia
(20%),	anemia
(16%),	PN	(13%),
diarrhea	(7%),
fatigue	(7%)

MP	(338) Melphalan	9
mg/m2	and
prednisone	60
mg/m2	on	days	1–
4	every	42	d	×
9	cycles

35%	(CR,
4%)
P	<	.001

16.6
P	<	.001

	 Neutropenia
(23%),	anemia
(20%),	PN	(5%),
thrombocytopenia
(16%),	fatigue
(2%),	diarrhea
(1%)

SWOG	S0777
trial,	Durie	et
al.	(2016)74
(phase	III,	N	=
525)

Newly	diagnosed,
transplant	ineligible

PFS VRD	(242) BTZ	1.3	mg/m2	IV
on	days	1,	4,	8,
and	11	of	21-d
cycles	×	8	cycles;
lenalidomide	25
mg	PO	on	days	1–
21;
dexamethasone
40	mg	on	days	1,
8,	15,	and	22
every	28	d

81.5%	(CR,
15.7%)

43 75 Lymphopenia
(23%),	PN	(23%),
neutropenia
(19%),	thrombosis
(8%),	SPM	(3%)

RD	(230) Lenalidomide	25
mg	PO	on	days	1–
21;
dexamethasone
40	mg	on	days	1,
8,	15,	and	22
every	28	d

71.5%	(CR,
8.4%)
P	=	.02

31
P	<	.003

63
P	<
.025

Lymphopenia
(18%),
neutropenia
(21%),	thrombosis
(9%),	SPM	(4%),
PN	(3%)

Carfilzomib-based	Trials
ASPIRE	trial,
Stewart	et	al.
(2015)87
(phase	III,	N	=
792)

Relapsed	myeloma
(1–3	lines	of
therapy)

PFS CFZ	+	RD	(396) CFZ	IV	on	days	1,
2,	8,	9,	15,	and	16
(starting	dose,	20
mg/m2	on	days	1
and	2	of	cycle	1;
27	mg/m2

thereafter)	during
cycles	1–12	and
on	days	1,	2,	15,
and	16	during

87.1%	(CR,
31.8%)

26.3 73.3%
(2-y
OS)

Neutropenia
(29.6%),
thrombocytopenia
(16.6%),	anemia
(17.9%),
hypertension
(4.3%),	dyspnea
(2.8%),	diarrhea
(3.8%),	fatigue
(7.7%),	ARF
(3.3%)
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cycles	13–18;
lenalidomide	25
mg	PO	on	days	1–
21;	and
dexamethasone
40	mg	PO	on	days
1,	8,	15,	and	22
every	28	d

	 	 	 RD	(396) Lenalidomide	25
mg	PO	on	days	1–
21	and
dexamethasone
40	mg	PO	on	days
1,	8,	15,	and	22
every	28	d

66.7%	(CR,
9.3%)
P	<	.001

17.6
P	=
.0001

65%	(2-
y	OS)
P	=	.04

Neutropenia
(26.5%),
thrombocytopenia
(12.3%),	anemia
(17.2%),
hypertension
(1.8%),	dyspnea
(1.8%),	diarrhea
(4.1%),	fatigue
(6.4%),	ARF
(3.1%)

ENDEAVOR
trial,
Dimopoulos	et
al.	(2016)90
(phase	III,	N	=
929)

Relapsed	myeloma
(1–3	lines	of
therapy)

PFS CFZ	+	Dex	(464) CFZ	IV	on	days	1,
2,	8,	9,	15,	and	16
(starting	dose,	20
mg/m2	on	days	1
and	2	of	cycle	1;
56	mg/m2

thereafter)	and
dexamethasone
20	mg	PO	on	days
1,	2,	8,	9,	15,	16,
22,	and	23	every
28	d

77%	(CR,
13%)

18.7 47.6 Neutropenia
(29.6%),	anemia
(16%),
hypertension
(15%),
thrombocytopenia
(9%),	fatigue
(7%),	dyspnea
(6%),	diarrhea
(4%),	PN	(1%)

VD	(465) BTZ	1.3	mg/m2

IV/SC	on	days	1,
4,	8,	and	11	and
dexamethasone
20	mg	PO	on	days
1,	2,	4,	5,	8,	9,	11,
and	12	every	21	d

63%	(CR,
6%)
P	<	.0001

9.4
P	<
.0001

40
P	=	.01

Neutropenia
(29.6%),	anemia
(10%),
thrombocytopenia
(9%),	diarrhea
(9%),	fatigue
(8%),	PN	(6%),
hypertension
(3%),	dyspnea
(2%)

FOCUS	trial,
Hajek	et	al.
(2017)91
(phase	III,	N	=
315)

Relapsed/refractory
myeloma

OS CFZ CFZ	IV	on	days	1,
2,	8,	9,	15,	and	16
(starting	dose,	20
mg/m2	on	days	1
and	2	of	cycle	1;
27	mg/m2

thereafter)	during
cycles	1–9	and	on
days	1,	2,	15,	and
16	during	cycles
10+	every	28	d

19.1% 3.7 10.2 Neutropenia	(8%),
thrombocytopenia
(24%),	anemia
(25%),	pneumonia
(6%),	ARF	(8%)

Dex	(±
cyclophosphamide)

84	mg	of
dexamethasone	or
equivalent	per
cycle	with	optional
cyclophosphamide
50	mg	PO	daily
every	28	d

11.4% 3.3
P	=	.247

10
P	=
.417

Neutropenia
(12%),
thrombocytopenia
(22%),	anemia
(31%),	pneumonia
(12%),	ARF	(3%)

Ixazomib-based	Trials
TOURMALINE-
MM1	trial,
Moreau	et	al.
(2016)96
(phase	III,	N	=
722)

Relapsed	myeloma
(1–3	lines	of
therapy)

PFS Ixa	+	RD	(360) Ixazomib	4	mg	PO
on	days	1,	8,	and
15;	lenalidomide
PO	on	days	1–21;
and
dexamethasone
40	mg	PO	on	days
1,	8,	15,	and	22
every	28	d

78.3%	(CR,
14%)

20.6 	 Neutropenia
(23%),
thrombocytopenia
(19%),	anemia
(9%),	rash	(7%),
diarrhea	(6%),
fatigue	(4%)

Placebo	+	RD Placebo	PO	on 71.5%	(CR, 14.7 	 Neutropenia



(362) days	1,	8,	and	15;
lenalidomide	PO
on	days	1–21;	and
dexamethasone
40	mg	PO	on	days
1,	8,	15,	and	22
every	28	d

8%)
P	=	.04

(24%),
thrombocytopenia
(9%),	anemia
(13%),	rash	(4%),
diarrhea	(3%),
fatigue	(3%)

aNon-inferiority.
ORR,	 overall	 response	 rate;	 PFS,	 progression-free	 survival;	 TTP,	 time	 to	 progression;	OS,	 overall	 survival;	 APEX,	Assessment	 of	 Proteasome	 Inhibition	 for
Extending	Remissions;	BTZ,	bortezomib;	 IV,	 intravenous;	PN,	peripheral	neuropathy;	HiDex,	high-dose	dexamethasone;	PO,	orally;	PLD,	pegylated	 liposomal
doxorubicin;	 Vori,	 vorinostat;	 VD,	 bortezomib	 and	 dexamethasone;	 Pano,	 panobinostat;	 Dara,	 daratumumab;	 CR,	 complete	 response;	 IFM,	 Intergroupe
Francophone	 du	 Myélome;	 SC,	 subcutaneous;	 RVD,	 lenalidomide,	 bortezomib,	 and	 dexamethasone;	 VGPR,	 very	 good	 partial	 response;	 IFM	 2005-01,
Intergroupe	Francophone	du	Myélome	2005-01;	VAD,	vincristine,	doxorubicin,	and	dexamethasone;	DCEP,	dexamethasone,	cyclophosphamide,	etoposide,	and
cisplatin;	VTD,	bortezomib,	thalidomide,	and	dexamethasone;	TD,	thalidomide	and	dexamethasone;	PETHEMA,	Programa	para	el	Estudio	y	la	Terapéutica	de
las	Hemopatías	Malignas	ASCT,	autologous	stem	cell	transplantation;	VBMCP/VBAD/B,	alternating	vincristine,	carmustine,	melphalan,	cyclophosphamide,	and
prednisone	with	vincristine,	carmustine,	doxorubicin,	and	dexamethasone,	followed	by	bortezomib;	PAD,	bortezomib,	doxorubicin,	and	dexamethasone;	VISTA,
Velcade	 as	 Initial	 Standard	 Therapy	 in	Multiple	Myeloma:	 Assessment	 with	Melphalan	 and	 Prednisone;	 VMP,	 bortezomib,	melphalan,	 and	 prednisone;	 HR,
hazard	ratio;	MP,	melphalan	and	prednisone;	VRD,	bortezomib,	lenalidomide,	and	dexamethasonel;	SPM,	secondary	primary	malignancy;	RD,	lenalidomide	and
dexamethasone;	CFZ,	carfilzomib;	ARF,	acute	renal	failure;	Dex,	dexamethasone;	Ixa,	ixazomib.

Carfilzomib
Early-phase	trials	of	carfilzomib	targeting	B-cell	malignancies	used	two	dosing	schedules:	(1)	20	mg/m2	daily	IV
boluses	for	5	consecutive	days,	followed	by	9	days	of	rest,	or	(2)	20	mg/m2	on	2	days	a	week	for	3	consecutive
weeks	 (days	 1,	 2,	 8,	 9,	 15,	 and	 16),	 followed	by	 12	 days	 of	 recovery.	Both	 approaches	 resulted	 in	 substantial
inhibition	of	proteasome	activity.82,83	Hematologic	 toxicities	were	 the	most	 frequent	AEs,	 observed	 along	with
transient,	 noncumulative	 elevations	 in	 serum	 creatinine,	 usually	 with	 increases	 in	 serum	 urea	 nitrogen	 and
consistent	 with	 a	 prerenal	 etiology.	 Due	 to	 the	 encouraging	 safety	 profile	 of	 proteasome	 inhibition	 and	 the
potential	clinical	efficacy	of	carfilzomib	as	a	single	agent	in	phase	I	studies,	an	open-label,	single-arm,	phase	II
study	of	single-agent	carfilzomib	in	RRMM	was	initiated	in	2007.84,85	Carfilzomib	administered	as	an	IV	bolus	of
20	mg/m2	on	the	twice-weekly	dose	schedule	(PX-171-003-A0)	among	39	heavily	pretreated	patients	resulted	in
10	 patients	 (26%)	 with	 minor	 response	 or	 better,	 including	 5	 partial	 responses,	 and	 16	 patients	 with	 stable
disease.84	Based	on	new	safety	information	from	phase	I	studies,	the	protocol	was	amended,	and	the	carfilzomib
dose	was	escalated	to	27	mg/m2	after	the	first	cycle	(PX-171-003-A1).85	In	this	trial,	266	patients	were	enrolled,
and	all	patients	had	previously	been	treated	with	an	immunomodulatory	agent	and	bortezomib	and	were	refractory
to	their	last	therapy.	An	ORR	of	23.7%	with	a	median	duration	of	response	of	7.8	months	was	reported.	AEs	were
predominantly	hematopoietic	(thrombocytopenia,	lymphopenia,	and	anemia),	and	there	was	a	<1%	rate	of	grade	3
PN,	despite	77%	of	patients	having	a	history	of	PN.	Based	on	these	findings,	carfilzomib	was	granted	conditional
approval	by	the	FDA	in	2012	for	the	treatment	of	patients	with	relapsed	and	refractory	myeloma	who	had	received
prior	bortezomib	and	IMiD	therapy.

Following	data	from	the	phase	Ib/II	trial	PX-171-006	demonstrating	that	carfilzomib	combines	well	with	RD,86
the	 ASPIRE	 phase	 III	 trial	 was	 designed	 to	 answer	 the	 question	 of	 efficacy	 of	 carfilzomib	 when	 added	 to
lenalidomide	 and	 dexamethasone	 (KRD)	 relative	 to	 lenalidomide	 and	 dexamethasone	 (RD)	 alone	 in	 the	 early
relapsed	myeloma	population.	Using	the	dosing	schedule	of	20/27,	KRD	significantly	improved	PFS	compared	to
RD	 (26.3	 versus	 17.6	 months;	 P	 =	 .0001).87	 Grade	 ≥3	 AEs	 were	 more	 frequent	 with	 KRD,	 including
cardiopulmonary	 events,	 as	 summarized	 in	 Table	 27.2,	 but	 the	 rates	 of	 regimen	 discontinuations	 due	 to	 AEs
remained	 similar	 across	 both	 arms,	 suggesting	 that	 carfilzomib	 can	 be	 safely	 administered	 in	 combination
therapies.	Based	on	the	ASPIRE	trial,	 in	2015,	 the	KRD	regimen	attained	a	full	FDA	approval	for	 treatment	of
patients	with	RRMM	who	have	received	one	to	three	lines	of	therapy.	In	another	dose-escalation	study,	PX-171-
007,	the	maximum-tolerated	dose	of	carfilzomib	when	administered	as	a	30-minute	infusion	was	determined	to	be
56	mg/m2,	 more	 than	 twice	 the	 dose	 used	 in	 the	 studies	 described	 previously.88	 This	 enhanced	 efficacy	 also
correlated	with	a	greater	level	of	inhibition	of	all	 three	subunits	of	the	immunoproteasome	measured	in	isolated
peripheral	blood	mononuclear	cells.89	This	same	dose	and	infusion	time	were	explored	in	the	ENDEAVOR	phase
III	trial	with	929	patients	randomly	assigned	to	receive	either	carfilzomib	plus	low-dose	dexamethasone	(KD)	or
VD	in	RRMM	patients.90	Carfilzomib	was	given	initially	at	20	mg/m2	on	days	1	and	2	of	cycle	1	over	30	minutes
and	then	escalated	to	56	mg/m2	(20/56	schedule)	for	the	remaining	doses,	along	with	dexamethasone.	This	first-
of-its-kind	trial	that	evaluated	the	winner	among	the	PIs	head-to-head,	showed	KD	to	be	superior	to	VD	in	terms
of	PFS.	Serious	AEs	were	more	common	in	the	carfilzomib	arm	and	are	summarized	in	Table	27.2.	Based	on	this
trial,	 in	2016,	 the	FDA	made	a	decision	to	grant	full	approval	of	KD	for	the	treatment	of	patients	with	RRMM
who	 have	 received	 one	 to	 three	 lines	 of	 therapy	 and	 also	 as	 a	 single	 agent	 for	 the	 treatment	 of	 patients	 with
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relapsed	 or	 refractory	MM	who	have	 received	 one	 or	more	 lines	 of	 therapy.	The	 cardiac	 side	 effect	 profile	 of
carfilzomib,	 although	 relatively	 infrequent,	 is	 a	 real	 phenomenon	 that	warrants	 evaluation	 in	 the	 future	 and	 in
ongoing	 trials.	Cardiac	 toxicity	appears	 to	be	more	common	among	more	heavily	pretreated	patients	 and	 those
with	baseline	cardiac	dysfunction.	There	may	be	a	 component	of	 endothelial	dysfunction,	 and	one	can	 surmise
that	 this	may	represent	a	class	effect,	as	a	similar	AE	profile	has	been	previously	 reported	 in	earlier	 trials	with
bortezomib.64	The	more	notable	symptoms	with	carfilzomib	may	be	attributable	to	the	increased	relative	potency
of	proteasome	inhibition	with	the	second-generation	PI.90

Another	phase	III	trial,	FOCUS,	evaluated	the	benefit	of	single-agent	carfilzomib	(20/27	schedule)	versus	low-
dose	corticosteroids	with	optional	cyclophosphamide	in	patients	with	advanced	RRMM.91	The	primary	end	point
of	the	trial	was	OS,	and	the	lack	of	a	survival	advantage	with	this	potent	PI	could	be	due	to	the	selection	of	late-
line	 RRMM	 patients	 as	 a	 study	 population,	 many	 of	 whom	 had	 poor	 Eastern	 Cooperative	 Oncology	 Group
performance	status,	poor	renal	function,	and	inadequate	hematopoietic	reserve,	thus	posing	a	significant	hurdle	for
any	single-agent	therapy	to	demonstrate	meaningful	clinical	benefit.

Carfilzomib	remains	the	most	potent	PI	to	date	and	is	currently	being	evaluated	in	the	upfront	trials	for	newly
diagnosed	myeloma	 in	 both	 transplant-eligible	 and	 transplant-ineligible	 patients.	 Attempts	 at	 finding	 the	 ideal
carfilzomib	 combinations	 to	 allow	 for	 deeper	 remissions	 with	 an	 intent	 to	 achieve	 minimal	 residual	 disease
negativity	are	under	way.	In	addition,	use	of	carfilzomib-based	combinations	in	asymptomatic	myeloma	patients
is	currently	being	tested.

Ixazomib
Initial	clinical	studies	of	ixazomib	involved	dose-escalation	studies	in	patients	with	hematologic	malignancies	and
explored	both	weekly	and	twice-weekly	dosing	schedules.92,93	Oral	administration	resulted	in	potent	proteasome
inhibition	with	both	weekly	and	 twice-weekly	 single-agent	 regimens.	Clinical	 activity	 in	patients	with	 relapsed
MM	 was	 approximately	 30%.	 In	 patients	 with	 NDMM,	 twice-weekly	 ixazomib	 plus	 lenalidomide	 and
dexamethasone	(IRD)	resulted	in	an	ORR	of	93%,	with	24%	of	patients	achieving	a	complete	response	(CR).94
However,	rates	of	rash,	PN,	and	dose	reductions	appeared	higher	than	in	the	parallel	study	using	weekly	ixazomib,
with	similar	response	rates	and	better	convenience,	supporting	use	of	weekly	dosing95	in	phase	III	trials.	A	large
randomized	 phase	 III	 trial	 comparing	 IRD	 to	RD	 is	 ongoing	 in	NDMM	patients	 ineligible	 for	 transplant.	 This
combination	 with	 weekly	 ixazomib	 has	 also	 been	 compared	 to	 RD	 in	 patients	 with	 relapsed	 MM	 in	 the
TOURMALINE-MM1	phase	III	trial	(see	Table	27.2).96	Ixazomib	is	the	most	convenient	oral	PI	existing	to	date;
it	allows	 for	 self-dosing	by	 the	patients	and	minimizes	office	visits.	 Ixazomib	was	highly	effective	 in	high-risk
patients,	including	those	with	higher	c-MYC	expression.97

Clinical	Activity	in	Other	Cancers
Bortezomib	has	shown	remarkable	single-agent	antitumor	activity	in	a	wide	range	of	B-cell	neoplasms,	including
non-Hodgkin	 lymphoma	 and	Waldenström	 macroglobulinemia	 (WM).	 As	 a	 single	 agent	 in	 155	 relapsed	 and
refractory	 mantle	 cell	 lymphoma	 (MCL)	 patients,	 bortezomib	 yielded	 an	 ORR	 of	 33%	 (8%	 CR),	 a	 median
duration	of	response	of	9.2	months,	and	a	TTP	of	6.2	months.98	Toxicities	observed	were	similar	to	those	seen	in
patients	 with	MM	 and	 included	 thrombocytopenia,	 PN,	 and	 fatigue.	When	 bortezomib	was	 used	 to	 treat	 both
newly	diagnosed	and	refractory	MCL,	a	response	rate	of	46%	was	observed	in	both	populations,99	leading	to	FDA
approval	in	2006	in	the	relapsed	and/or	refractory	setting	for	patients	who	have	received	at	least	one	prior	line	of
therapy.	 In	2014,	 bortezomib	 achieved	 a	 full	 regulatory	 approval	 for	 previously	untreated	MCL.	This	 approval
was	based	on	an	open-label	phase	 III	 study	among	487	untreated	MCL	patients	 ineligible	 for	ASCT	who	were
randomized	 to	 receive	 rituximab,	 cyclophosphamide,	 doxorubicin,	 vincristine,	 and	 prednisone	 (R-CHOP)	 or	 a
bortezomib-containing	 regimen	 (bortezomib,	 rituximab,	 cyclophosphamide,	 doxorubicin,	 and	 prednisone	 [VR-
CAP]).100	An	improved	median	PFS	(24.7	versus	14.4	months;	P	<	.001)	and	4-year	OS	rate	(64%	versus	54%;	P
=	.17)	favored	the	bortezomib	combination	regimen.	In	the	phase	II	studies	among	patients	with	WM,	bortezomib
had	 shown	 significant	 activity	 in	 combination	with	 rituximab.	Among	patients	with	newly	diagnosed	WM,	 the
ORR	reached	85%,	as	reported	from	the	experience	from	the	phase	II	study	of	the	European	Myeloma	Network
(EMN),	similar	to	the	phase	II	experience	by	Treon	et	al.101	A	major	challenge	with	bortezomib	treatment	among
WM	 patients	 is	 the	 potential	 to	 aggravate	 preexisting	 neuropathies,	 and	 substitution	 with	 carfilzomib	 as	 a
neuropathy-sparing	 effort	 seems	 to	 offer	 greater	 merit,	 both	 from	 an	 efficacy	 and	 toxicity	 standpoint.102	 A
combination	of	bortezomib,	cyclophosphamide,	and	dexamethasone	(CyBorD)	was	shown	to	be	effective	in	AL



amyloidosis	among	17	patients,	resulting	in	a	hematologic	response	rate	of	94%,	including	a	CR	of	71%,	and	a
median	duration	of	response	of	22	months.103	This	was	confirmed	in	a	large	European	collaborative	among	230
patients	 in	which	a	60%	hematologic	response	rate	(including	a	23%	CR	rate)	was	observed.	Another	phase	III
trial	evaluating	the	effect	of	bortezomib	in	patients	newly	diagnosed	with	AL	amyloidosis	who	were	not	eligible
for	autologous	transplantation	showed	higher	response	rates	with	the	combination	of	bortezomib,	melphalan,	and
dexamethasone	compared	with	melphalan	plus	dexamethasone	(ORR,	78%	versus	51%;	P	=	.001;	and	very	good
partial	response,	53%	versus	28%;	P	=	.03).104

Bortezomib	 has	 been	 tested	 in	 a	 variety	 of	 clinical	 trials,	 both	 in	 hematologic105–107	 and	 in	 solid	 tumors	 in
phase	I	and	II	studies.108	In	acute	myeloid	leukemia	and	myelodysplastic	syndrome	trials,	the	responses	were	not
encouraging	 enough	 to	 proceed	 with	 further	 exploration.	 Among	 patients	 with	 refractory	 non–small-cell	 lung
cancer,	 a	 partial	 response	 rate	 of	 8%	 and	TTP	 of	 1.5	months	were	 observed.109	 Bortezomib	was	 subsequently
tested	 in	 combination	with	 paclitaxel,	 irinotecan,	 and	 gemcitabine/carboplatin;	 however,	 results	 have	 not	 been
encouraging.110,111	A	review	of	32	published	clinical	trials	in	solid	tumors	to	determine	the	benefit	of	bortezomib
showed	a	lack	of	therapeutic	effect	when	bortezomib	was	used	as	a	single	agent.112	Similar	disappointing	results
were	seen	with	carfilzomib	among	patients	with	solid	tumors.	Carfilzomib	at	a	dose	of	20	mg/m2	followed	by	36
mg/m2	administered	twice	weekly	over	2	to	10	minutes	was	evaluated	in	a	phase	I/II	study	among	patients	with
advanced	solid	 tumors.	A	pharmacokinetic	profile	demonstrated	proteasome	 inhibition	 in	 the	blood,	but	among
the	 51	 patients	 evaluable	 for	 response,	 no	 patients	 achieved	 a	 partial	 response	 or	 better	 after	 four	 cycles	 of
therapy.57

Mechanisms	of	Resistance
Early	studies	examining	acquired	resistance	to	PIs	focused	on	the	primary	target	of	bortezomib,	the	proteasome	β5
subunit	PSMB5.	A	number	of	groups	 identified	 that	 acquired	PSMB5	mutations	 in	cell	 lines	made	bortezomib
resistant	by	repeated	or	prolonged	drug	exposure.	Many	of	the	mutations	were	shared	among	these	varying	cell
types	and	frequently	involved	amino	acids	in	the	β5	active	site	critical	for	bortezomib	binding.113	These	mutations
also	resulted	in	cross-resistance	to	other	PIs	targeting	β5	such	as	carfilzomib	and	oprozomib	but	did	not	 induce
resistance	 to	 5-HAQ,	 a	 PI	 targeting	 the	 α7	 subunit.114,115	 However,	mutations	 in	 PSMB5	 appear	 to	 be	 rare	 in
samples	 from	 primary	 tumors	 and	 therefore	 unlikely	 to	 be	 a	 common	 source	 of	 PI	 resistance.	 Rare	 PSMB5
mutations	 have	 been	 identified	 in	myeloma	 patients,	 although	 none	 of	 these	mutations	 corresponded	with	 the
acquired	 mutations	 reported	 in	 bortezomib-resistant	 cell	 lines	 and	 none	 correlated	 with	 response	 to
bortezomib.51,116,117

Regulation	of	other	proteasome	components	may	also	influence	response	to	PIs.	Recent	work	has	demonstrated
that	14-3-3ξ	inhibits	proteasome	activity	by	binding	to	PA28a,	a	subunit	of	 the	11S	complex.	This	prevents	the
11S	complex	from	assembling	with	the	20S	particle,	thereby	reducing	proteasome	activity	and	sensitizing	cells	to
PIs.118

In	contrast	to	the	role	of	11S,	multiple	independent	studies	have	demonstrated	that	knockdown	or	knockout	of
subunits	comprising	the	19S	particle	paradoxically	results	in	PI	resistance.119–121	A	retroviral	gene-trap	insertion
screen	using	bortezomib	in	the	near	haploid	chronic	myelogenous	leukemia	cell	line	KMB7	identified	numerous
19S	 subunits	 (PSMC2–6,	 PSMD2,	 PSMD6,	 PSMD7,	 and	 PSMD12)	 mediating	 PI	 resistance.121	 Although
knockdown	of	the	19S	subunits	impaired	growth	and	viability	in	these	cells,	it	protected	the	cells	from	PI	toxicity.
A	second	study	performed	an	RNAi	screen	using	an	shRNA	library	and	carfilzomib	treatment	in	the	myeloma	cell
line	 U266.119	 As	 expected,	 knockdown	 of	 the	 20S	 catalytic	 subunits	 including	 PSMB5	 sensitized	 cells	 to
carfilzomib.	In	addition,	knockdown	of	genes	contributing	to	protein	synthesis	conferred	resistance	to	carfilzomib,
consistent	 with	 the	 hypothesis	 that	 increased	 protein	 load	 in	 antibody-secreting	 myeloma	 cells	 makes	 them
particularly	sensitive	to	proteasome	inhibition.	Corroborating	results	from	the	previous	study,	knockdown	of	the
majority	of	19S	subunits	also	induced	resistance	to	carfilzomib.	Knockdown	of	subunit	PSMD12	did	not	alter	20S
chymotrypsin-like	 activity	 or	 response	 to	 carfilzomib;	 however,	 it	 did	 lead	 to	 accumulation	 of	 three	 proteins
involved	 in	alternative	pathways	of	protein	degradation—SQSTM1/p62A,	UFDL1,	and	VCP/p97.	These	results
suggest	that	loss	of	19S	subunits	induces	resistance	to	proteasome	inhibition	by	decreasing	the	dependence	of	the
cell	on	the	proteasome.119	A	whole-genome	CRISPR	screen	in	myeloma	cell	lines	also	identified	loss	of	PSMC6
as	a	mechanism	of	bortezomib	 resistance.120	Knockout	 of	PSMC6	 in	 the	 human	myeloma	 cell	 line	RPMI8226
resulted	in	decreased	sensitivity	to	bortezomib.	PSMC6	deletion	did	not	affect	basal	levels	of	β5	chymotrypsin-
like	 activity	 but,	 in	 the	 presence	 of	 bortezomib,	 allowed	 for	 higher	 activity	 compared	 to	 wild-type	 cells.	 The



Dr. AVR @ TMH

similar	findings	in	these	three	independent	studies	suggest	that	levels	of	the	19S	particle	may	mediate	response	to
PIs.	Indeed,	higher	levels	of	PSMC2	in	CD138+	cells	isolated	from	myeloma	patients	correlated	with	an	increased
likelihood	of	achieving	a	CR	after	treatment	with	carfilzomib	and	lenalidomide.119	Mutations	of	19S	subunits	are
present	in	a	small	subset	of	myeloma	patients	in	the	CoMMpass	study,	although	the	functional	consequences	and
effect	 on	 clinical	 outcome	 remain	 unknown.120	 Another	 unanswered	 question	 is	 whether	 acquired	 loss	 of	 19S
subunits	represents	a	mechanism	of	relapse	during	PI	treatment.

Regulation	of	immunoproteasome	catalytic	subunit	expression	also	contributes	to	PI	response.	Tight	junction
protein	 1	 (TJP1)	 was	 recently	 shown	 to	 control	 LMP2	 and	 LMP7	 expression	 through	 EGFR/JAK1/STAT3
signaling.122	 TJP1	 was	 identified	 by	 comparing	 gene	 expression	 of	 responding	 and	 nonresponding	 myeloma
patients	 from	bortezomib	clinical	 trials	 as	well	 as	 sensitive	versus	 resistant	myeloma	cell	 lines.	Knockdown	of
TJP1	 in	 cell	 lines	 induced	 bortezomib	 resistance,	 whereas	 TJP1	 overexpression	 in	MOLP8	 sensitized	 cells	 to
bortezomib.	 TJP1	 suppressed	 LMP2	 and	 LMP7	 expression	 by	 negatively	 regulating	 activation	 of	 epidermal
growth	factor	receptor	(EGFR)	and	its	downstream	signaling	pathway	through	Janus	kinase	1	(JAK1)	and	STAT3.
The	role	of	EGFR	is	not	well	characterized	in	myeloma;	however,	EGFR	was	detectable	in	some	myeloma	cell
lines.	 Moreover,	 the	 EGFR	 inhibitor	 erlotinib	 decreased	 LMP2	 and	 LMP7	 expression	 and	 at	 the	 same	 time
sensitized	myeloma	cell	 lines	and	patient	samples	to	bortezomib.	In	patients	treated	with	bortezomib-containing
combination	regimens,	lower	TJP1	expression	correlated	with	inferior	PFS,	suggesting	that	TJP1	could	be	used	as
a	clinical	biomarker.

In	addition	 to	upregulating	proteasome	activity,	cells	can	also	develop	PI	 resistance	 through	upregulation	of
alternative	proteolytic	pathways	or	induction	of	heat	shock	proteins	and	protein	chaperones.	Under	conditions	in
which	 protein	 degradation	 through	 the	 proteasome	 is	 inadequate,	 the	 ubiquitinated	 and	 unfolded	 proteins	 that
accumulate	can	be	redirected	to	aggresomes	for	lysosomal	breakdown,	thereby	acting	as	a	release	valve	to	reduce
proteotoxic	stress.123	HDAC6	 is	a	key	component	of	 the	machinery	 that	 transports	ubiquitinated	and	misfolded
proteins	 to	 aggresomes.124	 This	 knowledge	 led	 to	 the	 hypothesis	 that	 combined	 proteasome	 and	 HDAC6
inhibition	 would	 act	 synergistically.	 Preclinical	 work	 confirmed	 that	 dual	 inhibition	 induced	 significant
accumulation	 of	 polyubiquitinated	 proteins	 and	myeloma	 cell	 death.125	As	 discussed	 earlier,	 these	 results	 have
been	successfully	 translated	 into	clinical	 trials	combining	the	nonselective	HDACis	vorinostat	and	panobinostat
with	bortezomib.	Selective	HDAC6	inhibitors	such	as	ricolinostat	are	also	currently	under	investigation.126

A	second	pathway	upregulated	by	cells	in	response	to	proteasome	inhibition	involves	the	heat	shock	family	of
proteins.127,128	 These	 proteins	 serve	 as	 molecular	 chaperones	 to	 stabilize	 unfolded	 proteins	 and	 prevent	 their
aggregation,	 and	 therefore,	 inhibiting	 them	may	 sensitize	 cells	 to	 PIs.129	 However,	 despite	 promising	 in	 vitro
results,	 the	 clinical	 benefit	 of	 targeting	 individual	 heat	 shock	 proteins	 has	 been	 modest,	 likely	 due	 to
compensatory	upregulation	of	other	heat	shock	proteins.130–132	Inhibition	of	HSF1,	the	master	transcription	factor
regulating	heat	shock	protein	expression,	may	represent	a	more	viable	approach.	Development	of	HSF1	inhibitors
is	 under	way.	 In	 addition,	 recent	work	 has	 demonstrated	 that	HSF1	 is	 phosphorylated	 on	 S326	 in	 response	 to
bortezomib	treatment	in	myeloma	cells,	and	if	this	phosphorylation	event	is	responsible	for	HSF1	activation,	an
inhibitor	of	the	activating	kinase	may	be	an	alternative	strategy	to	enhance	response	to	PIs.133

In	 addition	 to	 increasing	 proteasome	 capacity	 and	 alternative	 methods	 of	 protein	 degradation	 as	 described
earlier,	 cells	 can	 also	 develop	 proteasome	 resistance	 by	 decreasing	 the	 proteasome	 load,	 thus	 decreasing	 the
likelihood	 of	 triggering	 the	 unfolded	 protein	 response	 despite	 proteasome	 inhibition.	 Myeloma	 cells	 are
particularly	 sensitive	 to	 PIs	 due	 to	 their	 significant	 immunoglobulin	 synthesis,	 and	 limiting	 protein	 synthesis
through	the	global	translational	inhibitor	cycloheximide	can	reduce	sensitivity	to	PIs.134	Heterogeneity	in	protein
synthesis	may	be	relevant	because	a	subset	of	myeloma	cells	in	patients	expressing	low	levels	of	X-box	binding
protein	 1	 (XBP1)	may	 naturally	 produce	 less	 immunoglobulin.135	XBP1	 is	 a	 crucial	 transcription	 factor	 in	 the
differentiation	of	B	cells	 to	plasma	cells	and	 immunoglobulin	synthesis.	Knockdown	of	XBP1	in	myeloma	cell
lines	resulted	in	decreased	immunoglobulin	synthesis	and	increased	PI	resistance.	A	small	population	of	XBP1-
deficient	 myeloma	 cells	 was	 shown	 to	 be	 present	 in	 patient	 samples	 prior	 to	 PI	 treatment.	 Moreover,	 this
population	 expanded	 in	 patients	 experiencing	 disease	 progression	 on	 bortezomib	 therapy,	 suggesting	 that	 cells
with	 decreased	 immunoglobulin	 synthesis	 were	 resistant	 to	 treatment.135	 In	 addition	 to	 the	 amount	 of
immunoglobulin	produced,	its	fate	is	also	crucial,	as	secreted	protein	applies	less	stress	to	the	proteasome	capacity
than	 retained	 protein.56	 Thus,	 cells	 can	 develop	 resistance	 to	 PI	 by	 decreasing	 immunoglobulin	 synthesis	 or
enhancing	the	efflux	of	proteins	out	of	the	cell.
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28 Poly(ADP-Ribose)	Polymerase
Inhibitors	for	Tumors	with
Defects	in	DNA	Repair

Alan	Ashworth

INTRODUCTION
Some	cancers	can	harbor	defects	in	DNA	repair	pathways,	leading	to	genomic	instability.	This	can	not	only	foster
tumorigenesis	but	can	also	provide	a	weakness	that	can	be	exploited	therapeutically.	Tumors	with	compromised
ability	 to	 repair	 double-strand	DNA	breaks	 by	 homologous	 recombination,	 including	 those	with	 defects	 in	 the
BRCA1	 and	BRCA2	 genes,	 are	 highly	 sensitive	 to	 blockade	 of	 the	 repair	 of	DNA	 single-strand	breaks,	 via	 the
inhibition	 of	 the	 enzyme	 poly(ADP-ribose)	 polymerase	 (PARP).	 This	 provides	 the	 basis	 for	 a	 synthetic	 lethal
approach	 to	 cancer	 therapy.	 Three	 different	 PARP	 inhibitors	 (olaparib,	 rucaparib,	 and	 niraparib)	 have	 now
received	regulatory	approval	for	the	treatment	of	ovarian	cancer.	These	drugs	also	show	promise	for	the	treatment
of	prostate,	breast,	and	other	cancers	with	defects	in	DNA	repair	by	homologous	recombination.

CELLULAR	DNA	REPAIR	PATHWAYS
DNA	is	continually	damaged	by	environmental	exposures	and	endogenous	activities,	such	as	DNA	replication	and
cellular	 free	 radical	generation,	which	cause	diverse	 lesions	 including	base	modifications,	double-strand	breaks
(DSB),	single-strand	breaks	(SSB),	and	intrastrand	and	interstrand	cross-links.1	These	aberrations	are	repaired	by
distinct	repair	pathways,	which	are	coordinated	to	maintain	the	stability	and	integrity	of	the	genome.	This	faithful
repair	 of	 DNA	 damage	 is	 an	 essential	 prerequisite	 for	 the	maintenance	 of	 genomic	 integrity	 and	 cellular	 and
organismal	 viability.	Where	 one	DNA	 strand	 is	 affected	 and	 the	 intact	 complementary	 strand	 is	 available	 as	 a
template,	 the	base	excision	repair	(BER),	nucleotide	excision	repair,	or	mismatch	repair	pathways	are	used,	and
these	pathways	are	highly	efficient	at	repairing	damage.	DSBs,	which	are	more	problematic	 than	SSBs	because
the	complementary	strand	is	not	available	as	a	template,	are	repaired	by	the	homologous	recombination	(HR)	or
nonhomologous	end-joining	(NHEJ)	pathways.1

Endogenous	base	damage,	including	SSBs,	is	the	most	common	DNA	aberration,	and	it	has	been	estimated	that
the	average	cell	may	repair	10,000	such	lesions	every	day.	BER	is	an	important	pathway	for	the	repair	of	SSBs
and	 involves	 the	 sensing	of	 the	 lesion	 followed	by	 the	 recruitment	of	a	number	of	other	proteins.	PARP-1	 is	a
critical	component	of	the	major	“short-patch”	BER	pathway.	PARP	is	an	enzyme,	discovered	over	40	years	ago,2
that	produces	large	branched	chains	of	poly(ADP-ribose)	(PAR)	from	NAD+.	In	humans,	there	are	17	members	of
the	PARP	gene	family,	but	most	of	these	are	poorly	characterized.3,4	The	abundant	nuclear	protein	PARP-1	senses
and	binds	to	DNA	nicks	and	breaks,	resulting	in	activation	of	catalytic	activity	causing	poly(ADP)	ribosylation	of
PARP-1	itself	as	well	as	other	acceptor	proteins	including	histones.	This	modification	may	signal	the	recruitment
of	other	components	of	DNA	repair	pathways	as	well	as	modify	their	activity.	The	highly	negatively	charged	PAR
that	is	produced	around	the	site	of	damage	may	also	serve	as	an	antirecombinogenic	factor.	In	addition	to	the	BER
pathway,	PARP	enzymes	have	been	implicated	in	numerous	cellular	pathways.3,4

Two	main	DSB	 repair	 pathways	 are	 available	within	 eukaryotic	 cells:	NHEJ	 and	HR.5,6	HR	 can	 be	 further
subdivided	 into	 the	gene	conversion	 (GC)	and	single-strand	annealing	 (SSA)	subpathways.1	Both	GC	and	SSA
rely	on	sequence	homology	for	repair,	whereas	NHEJ	uses	no,	or	little,	homology.5,6	NHEJ	is	the	most	important
pathway	for	the	repair	of	DSBs	during	G0,	G1,	and	early	S	phases	of	the	cell	cycle,	although	it	 is	 likely	active
throughout	the	cell	cycle.7,8	This	form	of	DSB	repair	usually	results	in	changes	in	DNA	sequence	at	the	break	site
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and,	 occasionally,	 in	 the	 joining	 of	 previously	 unlinked	 DNA	 molecules,	 potentially	 resulting	 in	 gross
chromosomal	 rearrangements	 such	 as	 translocations.9	 GC	 uses	 a	 homologous	 sequence,	 preferably	 the	 sister
chromatid,	as	a	template	to	resynthesize	the	DNA	surrounding	the	DSB	and	therefore	generally	results	in	accurate
repair	of	the	break.	Repair	by	GC	is	critically	dependent	on	the	recombinase	function	of	RAD51	and	is	facilitated
by	a	number	of	other	proteins.	SSA	also	involves	the	use	of	homologous	sequences	for	the	repair	of	DSBs,	but,
unlike	GC,	SSA	is	RAD51	independent	and	involves	the	annealing	of	DNA	strands	formed	after	resection	at	the
DSB.	The	detailed	mechanism	of	SSA	is	not	completely	understood	but	frequently	results	in	the	loss	of	one	of	the
homologous	 sequences	 and	 deletion	 of	 the	 intervening	 sequence.9	 SSA	 is	 a	 potentially	 important	 pathway	 of
mutagenesis	because	a	significant	fraction	of	mammalian	genomes	consist	of	repetitive	elements.	GC	and	SSA	are
cell	cycle	regulated	and	are	most	active	in	the	S-G2	phases	of	the	cell	cycle.10

BRCA1	and	BRCA2	Mutations	and	DNA	Repair
Heterozygous	germline	mutations	in	the	BRCA1	and	BRCA2	genes	confer	a	high	risk	of	breast	(up	to	85%	lifetime
risk)	 and	ovarian	 (10%	 to	40%)	cancer	 in	 addition	 to	 a	 significantly	 increased	 risk	of	pancreatic,	prostate,	 and
male	breast	cancer.11	The	genes	have	been	classified	as	tumor	suppressors	because	the	wild-type	BRCA	allele	is
frequently	lost	in	tumors,	a	phenomenon	that	occurs	by	a	variety	of	mechanisms.	The	BRCA1	and	BRCA2	genes
encode	 large	 proteins	 that	 likely	 function	 in	 multiple	 cellular	 pathways,	 including	 transcription,	 cell	 cycle
regulation,	and	the	maintenance	of	genome	integrity.	However,	the	roles	of	BRCA1	and	BRCA2	in	DNA	repair
have	been	best	documented.12

BRCA1-	and	BRCA2-deficient	 cells	 are	 sensitive	 to	 ionizing	 radiation	 and	display	 chromosomal	 instability,
which	 is	 likely	 to	 be	 a	 direct	 consequence	 of	 unrepaired	 DNA	 damage.12	 The	 similar	 genomic	 instability	 in
BRCA1-	and	BRCA2-deficient	cells	and	 the	 interaction	of	both	BRCA1	and	BRCA2	with	RAD51	suggested	a
functional	 link	 between	 the	 three	 proteins	 in	 the	 RAD51-mediated	 DNA	 damage	 repair	 process.	 However,
although	 BRCA2	 is	 directly	 involved	 in	 RAD51-mediated	 repair,	 affecting	 the	 choice	 between	GC	 and	 SSA,
BRCA1	 acts	 upstream	 of	 these	 pathways13;	 both	GC	 and	 SSA	 are	 reduced	 in	 BRCA1-deficient	 cells,	 placing
BRCA1	before	the	branch	point	of	GC	and	SSA.13

BRCA1	has	a	role	in	signaling	DNA	damage	and	cell	cycle	checkpoint	regulation,12,13	whereas	BRCA2	has	a
more	direct	role	in	DNA	repair	itself.	BRCA2	is	thought	to	promote	genomic	stability	through	a	role	in	the	error-
free	repair	of	DSBs	by	GC	via	association	with	RAD51.	Aberrations	in	BRCA2-deficient	cells	arise	at	least	in	part
by	the	use	of	the	SSA	pathway.	NHEJ,	however,	is	apparently	unaffected	in	BRCA2-deficient	cells.12,13	Loss	of
BRCA2,	 therefore,	 results	 in	 the	repair	of	DSBs	by	preferential	utilization	of	an	error-prone	mechanism,	which
potentially	explains	the	apparent	chromosome	instability	associated	with	BRCA2	deficiency.13

The	 physical	 interaction	 between	 BRCA2	 and	 RAD51	 is	 essential	 for	 error-free	 DSB	 repair.	 BRCA2	 is
required	for	the	localization	of	RAD51	to	sites	of	DNA	damage,	where	RAD51	forms	the	nucleoprotein	filament
required	for	recombination.	The	foci	of	the	RAD51	protein	are	apparent	in	the	nucleus	after	certain	forms	of	DNA
damage,	 and	 these	 likely	 represent	 sites	 of	 repair	 by	HR;	 BRCA2-deficient	 cells	 do	 not	 form	RAD51	 foci	 in
response	to	DNA	damage.13	Two	different	domains	within	BRCA2	interact	with	RAD51,	the	eight	BRC	repeats
in	the	central	part	of	the	protein	and	a	distinct	domain,	TR2,	at	the	C-terminus.14

THE	DEVELOPMENT	OF	PARP	INHIBITORS
PARP	 inhibitors	were	 originally	 developed	 as	 chemopotentiators,	which	 are	 agents	 that	 enhance	 the	 effects	 of
DNA	damage—a	common	mechanism	of	action	of	cytotoxic	drugs	used	 to	 treat	cancer.	The	 rationale	was	 that
inhibition	of	 the	 repair	of	chemotherapy-induced	DNA	damage	might	give	greater	efficacy.	Early	studies	using
relatively	 nonspecific	 PARP	 inhibitors,	 such	 as	 3-aminobenzamide,	 demonstrated	 potential	 synergy	 with
alkylating	 agents.15	 Subsequent	 studies	 with	 more	 potent	 PARP	 inhibitors	 demonstrated	 synergy	 with
temozolomide,	an	observation	that	was	taken	into	a	clinical	trial	with	AG014699,16	a	PARP	inhibitor	originally
developed	by	Pfizer	 and	 subsequently	by	Clovis.	Although	 the	major	 focus	of	 this	 chapter	 is	 the	use	of	PARP
inhibitors	 in	 synthetic	 lethal	 therapeutic	 strategies,	 their	 use	 in	 chemopotentiation	 in	 combination	 with
chemotherapy	remains	under	active	investigation.



PARP-1	INHIBITION	AS	A	SYNTHETIC	LETHAL	THERAPEUTIC	STRATEGY
FOR	THE	TREATMENT	OF	BRCA-DEFICIENT	CANCERS
Synthetic	lethality	is	defined	as	the	situation	when	a	mutation	in	either	of	two	genes	individually	has	no	effect,	but
combining	 the	 mutations	 leads	 to	 death.17	 This	 effect	 was	 first	 described	 and	 studied	 in	 genetically	 tractable
organisms	such	as	Drosophila	and	yeast.17,18	This	effect	can	arise	as	a	result	of	a	number	of	different	gene–gene
interactions.	 Examples	 include	 two	 genes	 in	 separate	 semiredundant	 or	 cooperating	 pathways	 and	 two	 genes
acting	in	the	same	pathway	where	loss	of	both	critically	affects	flux	through	the	pathway.	The	implication	is	that
targeting	one	of	these	genes	in	a	cancer	where	the	other	is	defective	should	be	selectively	lethal	to	the	tumor	cells
but	 not	 toxic	 to	 the	 normal	 cells.	 In	 principle,	 this	 should	 lead	 to	 a	 large	 therapeutic	 window.19	 The	 original
suggestion	 that	 the	 concept	 of	 synthetic	 lethality	 could	 be	 used	 in	 the	 selection	 or	 development	 of	 cancer
therapeutics	came	from	Hartwell	et	al.18	and	from	experiments	performed	in	yeast.	Synthetic	lethal	screens	have
now	been	performed	in	a	number	of	model	organisms20	and	in	human	cells,21	and	 these	have	revealed	multiple
potential	gene–gene	interactions,	some	of	which	could	be	exploited	clinically.	However,	synthetic	lethal	therapies
have	not	been	clinically	used	until	recently,	when	evidence	has	been	provided	for	PARP-1	inhibition	as	a	potential
synthetic	lethal	approach	for	the	treatment	of	BRCA	mutation–associated	cancers.

PARP-1	 inhibition	causes	 failure	of	 the	 repair	of	SSB	 lesions	but	does	not	 affect	DSB	 repair.22	However,	a
persistent	DNA	SSB	encountered	by	a	DNA	replication	fork	will	cause	stalling	of	the	fork	and	may	result	in	either
fork	collapse	or	the	formation	of	a	DSB.23	Therefore,	the	loss	of	PARP-1	increases	the	formation	of	DNA	lesions
that	might	be	repaired	by	HR.	Because	a	loss	of	function	of	either	BRCA1	or	BRCA2	impairs	HR,14,15	a	loss	of
PARP-1	 function	 in	 a	 BRCA1-	 or	 BRCA2-defective	 background	 could	 result	 in	 the	 generation	 of	 replication-
associated	DNA	lesions	normally	repaired	by	sister	chromatid	exchange.	If	so,	this	might	lead	to	cell	cycle	arrest
and/or	 cell	 death.	Therefore,	PARP	 inhibitors	 could	be	 selectively	 lethal	 to	 cells	 lacking	 functional	BRCA1	or
BRCA2	but	might	be	minimally	toxic	to	normal	cells.	This	would	indicate	a	synthetic	lethal	interaction	between
PARP	 and	 BRCA1	 or	 BRCA2.	 Exemplifying	 this	 principle,	 potent	 inhibitors	 of	 PARP	 were	 applied	 to	 cells
deficient	 in	either	BRCA1	or	BRCA2.	Cell	 survival	 assays	 showed	 that	 cell	 lines	 lacking	wild-type	BRCA1	 or
BRCA2	were	extremely	sensitive	to	these	agents	compared	with	heterozygous	mutant	or	wild-type	cells.24,25

To	explain	these	observations,	a	model	was	proposed	whereby	persistent	single-strand	gaps	in	DNA	caused	by
PARP	 inhibition	 when	 encountered	 by	 a	 replication	 fork	 might	 trigger	 fork	 arrest,	 collapse,	 and/or	 a	 DSB.26
Alternatively,	PARP-1	 trapped	on	DNA	by	 the	 inhibition	of	 enzyme	activity	might	 also	 cause	 a	 fork	 collapse.
Normally,	these	DSBs	would	be	repaired	by	RAD51-dependent	HR.12,13	However,	in	the	absence	of	BRCA1	or
BRCA2,	 the	 replication	 fork	 cannot	 be	 restarted	 and	 collapses,	 causing	 persistent	 chromatid	 breaks.	 When
repaired	 by	 the	 alternative	 error-prone	DSB	 repair	mechanisms	 of	 SSA	or	NHEJ,	 large	 numbers	 of	 chromatid
aberrations	would	be	induced,	leading	to	cell	lethality.26	In	addition,	with	some	PARP	inhibitors,	synthetic	lethal
action	 may	 be	 enhanced	 as	 the	 result	 of	 an	 additional	 mechanism.	 The	 PARP-1	 protein	 appears	 to	 become
“trapped”	at	the	site	of	DNA	damage	when	inhibited.	This	“trapped”	protein	may	interfere	with	DNA	replication
by	 affecting	 replication	 fork	 progression.	Occasionally,	 this	might	 result	 in	 a	 collapsed	 replication	 fork,	which
might	also	cause	a	double-strand	DNA	break.26	BRCA1-	and	BRCA2-dependent	HR	is	likely	to	be	required	for
the	 repair	of	 such	 lesions,	 explaining	at	 least	 in	part	 the	 synthetic	 lethality	observed.	The	U.S.	Food	and	Drug
Administration	 (FDA)-approved	 PARP	 inhibitors	 niraparib,	 olaparib,	 and	 rucaparib	 appear	 to	 be	 proficient	 at
trapping,	and	talazoparib,	which	is	currently	in	clinical	development	(originally	by	Biomarin	and	Medivation	and
now	by	Pfizer),	 is	 extremely	 strong	 in	 this	 regard.	The	 idea	 that	 the	defect	 in	HR	 is	 being	 targeted	 in	BRCA-
deficient	 cells	 is	 supported	 by	 the	 demonstration	 that	 deficiency	 in	 other	 genes	 implicated	 in	HR	 also	 confers
sensitivity	 to	PARP	inhibitors.27	This	 further	suggests	 that	 this	approach	may	be	more	widely	applicable	 in	 the
treatment	of	sporadic	cancers	with	impairment	of	the	HR	pathway	or	BRCAness28	(see	below).

INITIAL	CLINICAL	RESULTS	TESTING	SYNTHETIC	LETHALITY	OF	PARP
INHIBITORS	AND	BRCA	MUTATION
Phase	 I	 studies29	 established	 that	 olaparib	 (AstraZeneca,	 London,	 United	 Kingdom;	 formerly	 KU-0059436,
KuDOS	Pharmaceuticals,	Cambridge,	United	Kingdom)	could	be	administered	safely	as	a	single	agent	at	a	dose
of	400	mg	twice	per	day.	Side	effects	were	classified	as	mild	and	were	unlike	 those	 typically	experienced	with
cytotoxic	 chemotherapy.	Significant	 and	durable	 responses	were	observed	 in	 patients	with	germline	BRCA1	 or
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BRCA2	mutations	and	breast,	ovarian,	or	prostate	cancer.	Of	the	19	mutation	carriers	enrolled,	9	had	an	objective
response	defined	by	Response	Evaluation	Criteria	in	Solid	Tumors	(RECIST)	and	12	had	stable	disease	for	more
than	 4	 months.	 A	 similar	 magnitude	 of	 clinical	 responses	 was	 observed	 in	 an	 expanded	 cohort.30	 These
observations	 are	 impressive	 because	 the	 cohort	 had	 been	 heavily	 pretreated	 and	most	were	 resistant	 to	 a	wide
range	of	chemotherapies.29,30

Phase	II	studies	were	subsequently	performed	in	advanced	breast	and	ovarian	cancers	arising	 in	BRCA1	 and
BRCA2	mutation	carriers.31,32	The	 reported	 response	 rate	was	41%	 in	 the	breast	 study	 and	52%	 in	 the	ovarian
group;	both	groups	had	been	heavily	pretreated.	Again,	the	drug	was	well	tolerated.	Another	study	of	BRCA1	and
BRCA2	carriers	with	ovarian	cancer	compared	olaparib	with	pegylated	liposomal	doxorubicin	(PLD).33	There	was
no	significant	difference	in	the	response	rates,	but	there	were	some	differences	in	the	patient	characteristics	and	an
unexpectedly	high	rate	of	response	to	PLD.

PARP	INHIBITORS	APPROVED	FOR	CLINICAL	USE
Olaparib	(Lynparza,	AstraZeneca)	received	FDA	and	European	Medicines	Agency	(EMA)	approval	at	the	end	of
2014	(Table	28.1).	The	initial	FDA	approval	was	for	fourth-line	treatment	in	germline	BRCA1-	or	BRCA2-mutant
high-grade	 serous	 ovarian	 cancer,	 whereas	 EMA	 approval	 was	 for	 olaparib	 as	 maintenance	 treatment	 in	 both
germline	and	somatic	BRCA-mutant	platinum-sensitive	disease.	Subsequently,	in	2017,	based	on	results	from	the
SOLO2	trial,	FDA	approval	was	extended	to	recurrent	epithelial	ovarian,	fallopian	tube,	or	peritoneal	cancer.	In
2016,	 rucaparib	 (Rubraca,	 Clovis)	 was	 approved	 for	 the	 treatment	 of	BRCA	 germline	 or	 somatically	 mutated
ovarian	cancer	following	data	from	the	ARIEL2	trial.	Finally,	in	2017,	niraparib	(Zejula,	Tesaro)	was	approved	as
maintenance	therapy	for	peritoneal,	fallopian,	or	ovarian	cancer.

Development	of	PARP	inhibitors	 for	BRCA-mutated	breast	cancer	has	been	somewhat	slower.	However,	 the
phase	 III	OlympiAD	trial	demonstrated	a	median	progression-free	survival	 (PFS)	of	7	months	compared	 to	4.2
months	 in	 the	 control	 chemotherapy	 arm	 (hazard	 ratio,	 0.58).34	 Response	 rate	 was	 also	 higher	 (59.9%	 in	 the
olaparib	 arm	 versus	 28.8%	 in	 the	 control	 arm).	 It	 should	 be	 noted	 that	 no	 overall	 survival	 benefit	 was
demonstrated	 in	 this	 trial.	Nevertheless,	 these	 results	 have	 led	 to	 consideration	 for	 regulatory	 approval	 for	 this
agent	in	BRCA-mutated	breast	cancer.

Positive	 results	have	been	seen	 in	BRCA-mutated	prostate	cancer.	Genomic	 studies	have	 revealed	 somewhat
unexpectedly	that,	in	metastatic	castrate-resistant	cancer,	the	frequency	of	BRCAness	is	approximately	20%.35	A
substantial	 number	 of	 responses	 have	 been	 observed	 in	 such	 patients,	 including	 those	 with	 mutations	 in	 the
BRCA2,	ATM,	 and	FANCA	genes.36	Registration	studies	of	PARP	 inhibitors	 in	prostate	cancers	with	defects	 in
DNA	repair	by	HR	are	under	way.

TABLE	28.1
PARP	Inhibitors	that	Have	Received	U.S.	Food	and	Drug	Administration	(FDA)	Regulatory
Approval	for	Clinical	Use

Agent Company FDA	Approval
Olaparib	(Lynparza) AstraZeneca	(formerly	KuDOS) Treatment	and	maintenance	therapy	of	BRCA-

mutant	ovarian	cancer

Rucaparib	(Rubraca) Clovis	(formerly	Pfizer) Treatment	of	BRCA-mutant	ovarian	cancer
Niraparib	(Zejula) Tesaro	(formerly	Merck) Maintenance	therapy	of	BRCA-mutant	ovarian

cancer

THE	USE	OF	PARP	INHIBITORS	IN	NON-BRCA	GERMLINE	MUTANT
CANCERS
Germline	 mutations	 in	 BRCA1	 or	 BRCA2	 are	 relatively	 common	 in	 hereditary	 breast	 and	 ovarian	 cancer.
However,	inactivation	of	BRCA	genes	by	mutations	in	sporadic	cancers	is	less	common,	at	least	in	breast	cancer,
which	may	seem	to	limit	the	application	of	PARP	inhibitors	to	a	wider	range	of	patients.	However,	many	tumors



display	features	in	common	with	BRCA-deficient	tumors,	 including	similar	defects	in	DNA	repair	due	to	either
epigenetic	 mutation	 of	 BRCA1,	 such	 as	 promoter	 methylation,	 or	 mutation	 of	 other	 components	 of	 BRCA-
associated	pathways.28,37	This	BRCAness	may	make	these	tumors	also	susceptible	to	PARP	inhibition.28,37

Traditional	histopathologic	methods	and,	more	recently,	gene	expression	profiling	approaches	have	shown	the
phenotypic	overlap	between	 triple-negative	breast	cancers,	basal-like	breast	cancers,	and	BRCA1	familial	breast
cancers.28,37	 In	 gene	 expression	 profiling	 studies,	 it	 has	 been	 observed	 that	 BRCA1	 familial	 cancers	 strongly
segregate	with	basal-like	 tumors	 and	 share	 features	 such	 as	 high-grade	 and	pushing	margins.28,37	Although	 the
overlap	is	not	absolute,	it	leads	to	the	hypothesis	that	there	may	be	a	subset	of	sporadic	breast	cancers	that	exhibits
features	of	BRCAness,	including	deficiencies	in	HR,	and	that	may	be	susceptible	to	treatment	with	drugs	such	as
PARP	inhibitors.28,37

There	have	been	several	studies	of	PARP	inhibitors	in	sporadic	ovarian	cancer.	A	study	by	Lederman	et	al.38
studying	maintenance	olaparib	after	response	to	platinum	therapy	demonstrated	a	significant	benefit	 in	 terms	of
PFS	with	olaparib	compared	to	placebo.	This	was	even	more	pronounced	when	the	subgroup	of	BRCA	mutation
carriers	was	examined.39	In	both	cases,	the	overall	survival	advantage	was	less	than	the	benefit	in	PFS,	but	in	the
case	of	 the	BRCA	mutation	group,	 this	 reached	 statistical	 significance.	Gelmon	 et	 al.40	 also	 showed	 activity	 in
sporadic	ovarian	cancer.	In	contrast,	a	study	in	sporadic	triple-negative	breast	cancer	failed	to	observe	any	benefit,
although	the	study	was	small	and	the	patients	were	heavily	pretreated.40

Iniparib	(initially	reported	as	a	PARP	inhibitor)	showed	an	overall	survival	benefit	in	a	phase	II	trial	of	triple-
negative	 breast	 cancer	 in	 combination	with	 gemcitabine	 and	 carboplatin	 compared	with	 chemotherapy	 alone.41
However,	a	subsequent	phase	III	study	showed	no	improvement	in	PFS.41	The	reasons	for	this	are	uncertain,	but
significant	questions	have	been	raised	about	whether	iniparib	is	indeed	a	bona	fide	PARP	inhibitor.	Therefore,	it	is
now	generally	conceded	that	studies	of	iniparib	have	no	implications	for	PARP	inhibitors	as	a	drug	class.41

Which	 population	 of	 patients	 lacking	 a	 BRCA1	 or	 BRCA2	 mutation	 might	 benefit	 from	 PARP	 inhibitors
remains	unclear.	Answering	this	questions	will	 likely	require	 the	development	of	a	clinical	 test	 to	prospectively
identify	 tumors	with	 intrinsic	 sensitivity.	Presently,	 there	 are	numerous	efforts	directed	at	developing	assays	 to
quantify	BRCAness	in	human	tumors.26,37

MECHANISMS	OF	RESISTANCE	TO	PARP	INHIBITORS
Resistance	to	targeted	therapy	frequently	occurs,	but	it	was	unclear	how	resistance	might	arise	to	a	synthetic	lethal
therapy.42	However,	potential	mechanisms	of	resistance	to	PARP	inhibitors	have	been	elucidated	both	directly	in
vitro,	 in	mouse	models,	 and	 in	 the	clinic.42	An	 in	vitro	model	 for	 resistance	was	developed	by	producing	cells
from	 the	 highly	 PARP	 inhibitor–sensitive	 BRCA2-deficient	 cell	 line	 CAPAN1,	 which	 carries	 a	 c.6174delT
BRCA2	frameshift	mutation.	CAPAN1	cells	cannot	form	damage-induced	RAD51	foci,	are	defective	for	HR,	and
are	extremely	sensitive	to	treatment	with	PARP	inhibitors.43	PARP	inhibitor–resistant	clones	were	highly	resistant
(over	1,000-fold)	to	the	drug	and	were	also	cross-resistant	to	the	DNA	cross-linking	agent	cisplatin,	but	not	to	the
microtubule-	stabilizing	drug	docetaxel.	PARP	inhibitors	and	cisplatin	both	exert	their	effects	on	BRCA-deficient
cells	by	increasing	the	frequency	of	misrepaired	DSBs	in	the	absence	of	effective	HR.	Therefore,	this	observation
indicates	that	the	resistance	of	PARP	inhibitor–resistant	clones	to	PARP	inhibitors	might	be	because	of	restored
HR.	This	contention	was	supported	by	the	acquisition	in	PARP	inhibitor–resistant	clone	cells	of	the	ability	to	form
RAD51	foci	after	PARP	inhibitor	treatment	or	exposure	to	irradiation.

DNA	sequencing	of	PARP	inhibitor–resistant	clones	revealed	the	unexpected	presence	of	novel	BRCA2	alleles
that	resulted	in	the	elimination	of	the	c.6174delT	mutation	and	restoration	of	an	open	reading	frame.43	Therefore,
in	this	case,	resistance	arises	because	of	gain-of-function	mutations	in	the	synthetic	lethal	partner	(BRCA2)	rather
than	 the	 direct	 drug	 target	 (PARP).	 Alternative	 mechanisms	 of	 PARP	 inhibitor	 resistance	 have	 also	 been
described.42	A	mouse	model	of	BRCA1-associated	mammary	gland	cancer	demonstrated	the	efficacy	of	olaparib
in	vivo	and	was	used	to	study	mechanisms	of	resistance.42	Resistance	seemed	to	be	caused	by	the	upregulation	of
ABCB1a/b,	which	encode	P-glycoprotein	pumps;	 this	effect	could	be	reversed	with	 the	P-glycoprotein	 inhibitor
tariquidar.	In	addition,	other	alterations	in	DNA	repair	pathways	have	been	proposed	to	compensate	for	BRCA1
deficiency	resulting	in	PARP	inhibitor	deficiency.42

Studies	of	the	mechanisms	of	resistance	to	PARP	inhibitors	in	patients	are	still	at	an	early	stage.	Initial	studies
addressed	the	mechanism	of	resistance	to	platinum	salts	in	BRCA	mutation	carriers.	Cisplatin	and	carboplatin	are
part	 of	 the	 standard	 of	 care	 for	 the	 treatment	 of	 ovarian	 cancer,	 including	 individuals	with	BRCA1	 or	BRCA2
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mutations.	 Platinum	 salts	 are	 thought	 to	 exert	 their	 BRCA-selective	 effects	 by	 a	 similar	mechanism	 to	 PARP
inhibitors.13	Clinical	observations	suggest	that	BRCA	mutation	carriers	with	ovarian	cancer	usually	respond	better
to	 these	 agents	 than	 patients	 without	 BRCA	 mutations44,45;	 however,	 resistance	 does	 eventually	 occur.	 To
investigate	 this	 effect,	BRCA1	 and	BRCA2	 have	 been	 sequenced	 in	 tumor	material	 from	mutation	 carriers.43,46
These	studies	revealed	mutations	in	BRCA1	or	BRCA2	that	restored	the	open	reading	frame	and	likely	contributed
to	platinum	resistance.	These	observations	suggest	that	specific	mutations	in	BRCA1	or	BRCA2	and	sensitivity	to
therapeutics	in	cell	lines	and	patients	can	be	suppressed	by	intragenic	deletion.	Presumably,	these	mutations	occur
randomly	and	are	then	selected	for	by	differential	drug	sensitivity.	Therefore,	the	best	use	of	these	agents	is	likely
to	 be	 earlier	 in	 the	 disease	 process	 when	 the	 disease	 burden	 is	 smaller,	 which	 will	 reduce	 the	 probability	 of
resistance	based	on	 stochastic	 genetic	 reversion.	Recently,	 similar	 observations	of	 revertant	BRCA	 alleles	were
made	 in	 two	 patients	who	 became	 resistant	 after	 an	 initial	 response	 to	 olaparib.47	Although	 preliminary,	 these
results	suggest	that	this	mechanism	is	responsible	for	at	least	some	of	the	clinical	resistance	observed.	Doubtless,
as	with	other	targeted	therapies,	multiple	resistance	mechanisms	will	be	implicated	as	more	patients	are	studied.42

FUTURE	PROSPECTS
Treatments	for	cancers	arising	in	carriers	of	BRCA1	or	BRCA2	mutations	have,	until	recently,	been	the	same	as
those	 for	 cancers	 that	 occur	 sporadically,	matched	 for	 tumor	 pathology	 and	 age	 of	 onset.	However,	 tumors	 in
BRCA1	or	BRCA2	mutation	carriers	lack	wild-type	BRCA1	or	BRCA2,	but	normal	tissues	retain	a	single	wild-type
copy	of	the	relevant	gene.	This	is	a	potentially	targetable	alteration	that	provides	the	basis	for	new	standard-of-
care	mechanism-based	approaches	 to	 the	 treatment	of	cancer.26	The	biochemical	difference	 in	capacity	 to	carry
out	 HR	 between	 the	 tumor	 and	 normal	 tissues,	 in	 a	BRCA1	 or	BRCA2	 carrier,	 provides	 the	 rationale	 for	 this
approach.	Inhibiting	the	DNA	repair	protein	PARP	results	in	the	generation	of	specific	DNA	lesions	that	require
BRCA1	and	BRCA2	specialized	repair	function(s)	for	their	removal.	Preclinical	data	indicate	that	tumors	defective
in	wild-type	BRCA1	or	BRCA2	could	be	much	more	sensitive	to	PARP	inhibition	than	unaffected	heterozygous
tissues,	providing	a	potentially	large	therapeutic	window.	There	are	now	three	PARP	inhibitors	approved	for	the
treatment	of	BRCA-related	ovarian	cancer,	and	it	seems	likely	 that	other	disease	 indications	could	be	approved
soon,	such	as	prostate	and	breast	cancer.	Much	attention	 is	also	being	paid	 to	combining	PARP	inhibitors	with
other	agents	including	immunotherapy.48

Synthetic	 lethality	 by	 combinatorial	 targeting	 of	DNA	 repair	 pathways	may	 also	 be	 useful	 as	 a	 therapeutic
approach	beyond	familial	cancers.	The	majority	of	solid	tumors	exhibit	genomic	instability	and	aneuploidy.	This
suggests	 that	 pathways	 involved	 in	 the	 maintenance	 of	 genomic	 stability	 are	 dysfunctional	 in	 a	 significant
proportion	 of	 neoplastic	 disorders.28,37	 Understanding	 which	 specialized	 DNA	 damage	 response	 and	 repair
pathways	 are	 abrogated	 in	 sporadic	 tumor	 subtypes	may	allow	 for	 the	development	of	 therapies	 that	 target	 the
residual	 repair	 pathways	 on	which	 the	 cancer,	 but	 not	 normal	 tissue,	 is	 completely	 dependent.	 These	 potential
therapies	 may	 significantly	 improve	 response	 rates	 while	 causing	 fewer	 treatment-related	 toxicities.	 However,
these	 approaches	 may	 be	 associated	 with	 mechanism-associated	 resistance,	 and	 careful	 consideration	 of	 their
optimal	use	will	be	required.
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HOMOHARRINGTONINE	AND	OMACETAXINE
Homoharringtonine	 (HHT),	 derived	 from	 Cephalotaxus	 fortunei,	 is	 a	 natural	 plant	 alkaloid	 with	 antitumor
properties.	Originally	identified	40	years	ago,	HHT	and	related	compound	esters	of	cephalotaxine	have	been	the
subject	of	intensive	research	efforts	mainly	by	Chinese	investigators	within	the	past	few	decades.1	Omacetaxine
mepesuccinate,	a	semisynthetic	purified	HHT	compound,	has	been	evaluated	in	recent	studies	of	chronic	myeloid
leukemia	(CML),	leading	to	approval	for	chronic	or	accelerated	phase	CML	after	failure	of	two	or	more	tyrosine
kinase	inhibitors	(TKIs)	by	the	U.S.	Food	and	Drug	Administration	(FDA)	in	October	2012.	Unique	mechanism
of	action	of	HHT	comes	from	its	inhibition	of	protein	synthesis	by	competing	with	the	amino	acid	side	chains	of
incoming	aminoacyl-tRNAs	for	binding	to	 the	A-site	cleft	 in	 the	peptidyl	 transferase	center	of	ribosome.2	HHT
triggers	apoptosis	by	 inducing	rapid	 loss	of	a	number	of	short-lived	proteins	 that	 regulate	proliferation	and	cell
survival.	 It	 exhibits	 triphasic	 plasma	 decay	 with	 a	 terminal	 half-life	 of	 65.3	 hours	 and	 apparent	 volume	 of
distribution	of	2.4	L/kg.3

HHT	and	omacetaxine	have	been	shown	to	effectively	kill	Bcr-Abl–positive	leukemia	initiating	cells	(LICs)	in
vitro	and	in	mouse	models	of	CML.4	LICs	are	a	population	of	stem	cells	that	are	capable	of	tumor	initiation	and
maintenance	of	 disease.	Current	TKIs	do	not	 kill	LICs	 at	 a	 high	 frequency	but	 rather	 cause	 apoptosis	 in	more
differentiated	Bcr-Abl–positive	cells	of	myeloid	and	lymphoid	lineages.	The	antileukemic	effect	of	omacetaxine	is
not	affected	by	the	presence	of	mutations	in	Bcr-Abl.	Following	subcutaneous	administration,	omacetaxine	is	well
absorbed	with	a	mean	half-life	of	6	hours	and	a	volume	of	distribution	of	141	±	93.4	L.	HHT	and	omacetaxine
may	 provide	 an	 effective	 treatment	 for	 TKI-resistant	CML	 patients	with	mutations	 including	T315I	 and	 could
allow	a	safe	TKI	rechallenge.5	Chinese	 investigators	have	studied	HHT	and	omacetaxine	 in	other	malignancies
including	acute	myeloid	leukemia	(AML),	myelodysplastic	syndrome,	and	acute	promyelocytic	leukemia	either	as
a	single	agent	or	in	combination,	and	they	have	shown	promising	activity.	The	main	reported	side	effects	in	these
studies	have	been	myelosuppression	and	cardiotoxicity.

L-ASPARAGINASE
L-Asparaginase	(L-asparagine	aminohydrolase,	EC	3.5.1.1)	belongs	to	a	family	of	homologous	amidohydrolases,
which	catalyze	the	hydrolysis	of	the	amino	acid	L-asparagine	to	L-aspartate	and	ammonia.	Since	the	1960s,	it	has
been	 known	 that	 some	 leukemic	 cells	 are	 deficient	 in	 asparagine	 synthetase	 enzyme	 and	 cannot	 manufacture
sufficient	 quantities	 of	 this	 essential	 amino	 acid	 to	 maintain	 cell	 viability.6	 In	 addition	 to	 depletion	 of	 L-
asparagine,	 this	 drug	 may	 exert	 its	 antitumor	 activity	 through	 a	 glutaminase	 effect	 by	 depleting	 essential
glutamine	 stores	 and	 leading	 to	 inhibition	of	DNA	biosynthesis.	Side	 effects	 provoked	by	glutaminase	 activity
include	pancreatitis,	hemostasis	abnormalities,	and	 thrombotic	and	neurologic	complications.	Children	are	more
tolerant	 to	L-asparaginase–induced	 side	 effects,	 whereas	 adolescents	 and	 young	 adults	 are	 more	 sensitive	 and
often	develop	significant	morbidity.	Three	asparaginase	formulations	are	commercially	available	(Escherichia	coli
asparaginase,	polyethylene	glycol	[PEG]-L-asparaginase,	and	Erwinia	asparaginase).	The	activity	and	efficacy	of
each	of	the	formulations	can	be	influenced	by	their	structure,	dosing	schedule,	and	immunologic	reaction	through
antibody	 production.7	 Following	 intramuscular	 (IM)	 injection,	 peak	 plasma	 levels	 are	 reached	within	 14	 to	 24
hours,	 and	 approximately	 one-half	 of	 those	 values	 are	 achieved	 with	 intravenous	 (IV)	 administration.	 Plasma
protein	binding	is	30%.	The	pharmacokinetics	vary	depending	on	the	source	of	the	enzyme.	PEG-L-asparaginase
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is	 a	 chemically	 modified	 form	 of	 the	 enzyme	 in	 which	 native	 E.	 coli	 L-asparaginase	 has	 been	 covalently
conjugated	to	PEG.	PEG-L-asparaginase,	when	administered	at	a	dose	of	2,500	IU/m2,	achieves	peak	drug	levels
at	72	 to	96	hours	and	has	a	significantly	 longer	half-life	 (5.7	days)	 than	 the	E.	coli	L-asparaginase	 preparation.
Clinical	 trials	 have	 demonstrated	 the	 efficacy,	 safety,	 and	 tolerability	 of	 PEG-L-asparaginase	 administered	 IM,
subcutaneously,	or	 IV	as	part	of	multiagent	chemotherapy	regimen	 in	 the	management	of	newly	diagnosed	and
relapsed	pediatric	and	adult	acute	lymphoblastic	leukemia.

L-Asparaginase	 can	 antagonize	 antineoplastic	 effects	 of	 methotrexate	 if	 given	 concurrently	 or	 immediately
before	methotrexate.	These	two	drugs	should	be	administered	sequentially	at	least	24	hours	apart.	L-Asparaginase
has	also	been	 shown	 to	 inhibit	 the	metabolic	 clearance	of	vincristine	and	can	 result	 in	 increased	neurotoxicity.
Toxicity	is	less	pronounced	if	L-asparaginase	is	administered	after	vincristine.	Hypersensitivity	reactions	occur	in
up	to	25%	of	patients,	as	skin	rash	and	urticaria,	or	serious	anaphylactic	reactions.	Hypersensitivity	reactions	due
to	antibody	production	can	 result	 in	 inhibition	of	asparaginase	 function,	 leading	 to	a	condition	known	as	 silent
inactivation.8

BLEOMYCIN
Bleomycin	sulfates	are	water-soluble	glycopeptide	products	of	the	Actinobacterium	Streptomyces	verticillus.	Drug
formulations	 consist	 of	 a	 mixture	 of	 bleomycin	 analogs	 that	 differ	 in	 their	 cationic	 C-terminal	 amine.	 The
chemical	formulas	used	are	primarily	bleomycin	A2	and	B2.	The	crystal	structures	of	bleomycin	B2	and	A2	reveal
important	interactions	with	DNA	and	cellular	proteins.9	Cytotoxic	activity	of	bleomycin	is	 through	oxidation	of
deoxyribose	of	thymidylate	and	other	nucleotides,	which	produce	single-strand	and	double-strand	breaks	in	DNA,
chromosomal	 aberrations,	 gaps,	 fragments,	 and	 translocations.	 Bleomycin	 is	 cell	 cycle–specific,	 and	 its	 main
effects	are	mediated	in	the	G2	and	M	phases.	The	mechanism	for	DNA	strand	scission	has	been	suggested	to	be
due	 to	 bleomycin’s	 chelating	 of	 metal	 ions	 (primarily	 iron)	 and	 producing	 a	 pseudoenzyme	 that	 reacts	 with
oxygen	to	produce	superoxide	and	hydroxide	free	radicals	and	cleaving	DNA.	Alternatively,	bleomycin	may	bind
to	specific	sites	in	the	DNA	strand	and	induce	scission	by	abstracting	the	hydrogen	atom	from	the	base.	This	may
result	in	strand	cleavage	as	the	base	undergoes	a	Criegee-type	rearrangement	or	forms	an	alkali-labile	lesion.10

A	variety	 of	 clinical	 uses	 of	 bleomycin	 include	Hodgkin’s	 lymphoma	 (as	 a	 component	 of	 the	 doxorubicin,
bleomycin,	 vinblastine,	 and	 dacarbazine	 [ABVD]	 and	 bleomycin,	 etoposide,	 doxorubicin,	 cyclophosphamide,
vincristine,	 procarbazine,	 prednisone	 [BEACOPP]	 regimens),	 squamous	 cell	 carcinomas,	 germ	 cell	 tumors,
treatment	of	plantar	warts,	pleural	effusions,	and	as	an	intralesional	agent	with	electrochemotherapy	for	cutaneous
malignancies.	 The	 oral	 bioavailability	 of	 bleomycin	 is	 poor.	 It	must	 be	 administered	 by	 IV	 or	 IM	 routes.	 The
initial	 distribution	 half-life	 is	 10	 to	 20	 minutes	 with	 a	 terminal	 half-life	 of	 3	 hours.	 Bleomycin	 can	 also	 be
administered	via	the	intracavitary	route	to	control	malignant	pleural	effusions	or	ascites	or	both.	Approximately
45%	 to	 55%	 of	 an	 administered	 intracavitary	 dose	 of	 bleomycin	 is	 absorbed	 into	 the	 systemic	 circulation.
Elimination	 is	 primarily	 by	 the	 kidneys,	 and	 approximately	 60%	 to	 70%	 of	 an	 administered	 dose	 is	 excreted
unchanged	in	the	urine.	Dose	reductions	are	required	if	creatinine	clearance	is	less	than	25	mL	per	minute.

Bleomycin-induced	 pneumonitis,	 the	 dose-limiting	 toxicity	 of	 the	 drug,	 occurs	 in	 10%	 of	 patients	 and	 is
dependent	on	the	cumulative	dose.	The	risk	increases	with	older	age	and	a	cumulative	dose	greater	than	400	units.
Patients	 with	 underlying	 lung	 disease,	 prior	 irradiation	 to	 the	 chest	 or	 mediastinum,	 and	 exposure	 to	 high
concentrations	of	inspired	oxygen	are	at	increased	risk.	Increased	use	of	granulocyte	colony-stimulating	factor	(G-
CSF)	has	been	suggested	to	increase	the	incidence	of	bleomycin-induced	pulmonary	toxicity	due	to	infiltration	of
activated	 neutrophils	 along	with	 the	 lung	 injury	 caused	 by	 the	 direct	 effects	 of	 bleomycin.11	 In	 a	more	 recent
retrospective	 study,	 however,	 data	 from	212	 patients	with	 germ	 cell	 tumors	 treated	with	 bleomycin-containing
regimens	did	not	support	an	association	with	increased	risk	of	bleomycin-induced	pneumonitis	and	G-CSF	use	but
rather	showed	a	statistically	nonsignificant	trend	in	patients	who	developed	renal	impairment	during	the	therapy.12
Combination	 of	 brentuximab	 vedotin	 and	ABVD	 has	 also	 been	 associated	with	 increased	 pulmonary	 toxicity,
indicating	that	brentuximab	vedotin	and	bleomycin	should	not	be	used	together.13	Pulmonary	function	tests	should
be	obtained	at	baseline	and	before	each	cycle	of	 therapy,	with	specific	focus	on	the	carbon	monoxide	diffusion
capacity	and	vital	capacity.	A	decrease	of	greater	 than	15%	in	either	diffusion	capacity	of	carbon	monoxide	or
vital	 capacity	 should	 mandate	 immediate	 discontinuation	 of	 bleomycin.	 Another	 adverse	 effect,	 bleomycin-
induced	acute	hypersensitivity	reaction,	occurs	in	1%	of	patients	with	lymphoma	and	less	than	0.5%	of	those	with
solid	 tumors.	 The	 exact	mechanism	 of	 these	 reactions	 is	 unclear	 but	 is	 thought	 to	 be	 related	 to	 the	 release	 of
endogenous	 pyrogens	 from	 the	 host	 cells.	 Supportive	 care,	 including	 hydration,	 steroids,	 antipyretics,	 and



antihistamines,	may	resolve	these	symptoms.	Levels	of	bleomycin	hydrolase	are	relatively	low	in	lung	and	skin
tissue,	perhaps	offering	an	explanation	as	to	why	these	normal	tissues	are	more	adversely	affected	by	bleomycin.
Myelosuppression	 and	 immunosuppression	 are	 relatively	 mild.	 In	 rare	 cases,	 vascular	 events,	 including
myocardial	infarction,	stroke,	and	Raynaud	phenomenon,	have	been	reported.

PROCARBAZINE
The	methyl	 hydrazine	 derivative	 procarbazine	 is	 a	 nonclassic	 alkylating	 agent.	 It	 is	 extensively	metabolized	 to
active	alkylating	species	in	a	multistep	oxidative	process	mainly	involving	not	only	the	cytochrome	P450	enzyme
complex	 but	 also	 the	 monoamine	 oxidase	 and	 other	 cytosolic	 enzymes.	 Originally	 prepared	 as	 a	 monoamine
oxidase	inhibitor,	procarbazine	is	a	prodrug.	After	oxidation	in	the	liver,	 it	undergoes	a	complex	enzymatic	and
chemical	breakdown	to	its	alkylating	and	methylating	species.14	The	precise	mechanism	of	action	is	uncertain	but
may	involve	damage	to	DNA,	RNA,	or	transfer	RNA	and	inhibition	of	protein	synthesis.	Procarbazine	can	also
directly	 damage	 DNA	 through	 an	 alkylation	 reaction.	 The	 drug	 is	 not	 cross-resistant	 with	 other	 mustard-type
alkylating	agents.	Back	in	1969,	procarbazine	was	called	ibenzmethazin.	Early	trials	of	Hodgkin	lymphoma	at	the
National	Cancer	Institute	and	a	phase	II	study	of	the	single-agent	use	of	the	drug	showed	almost	exclusive	activity
in	 Hodgkin	 lymphoma.	 Further	 studies	 showed	 clear	 and	 unique	 activity	 against	 Hodgkin	 lymphoma.	 Thus,
procarbazine	replaced	the	toxic	methotrexate	in	the	MOMP	regimen	(mechlorethamine,	vincristine,	methotrexate,
and	 prednisone),	 making	 the	 MOPP	 regimen	 (mechlorethamine,	 vincristine,	 procarbazine,	 and	 prednisone)
definitive	 therapy	 of	 advanced	 Hodgkin	 lymphoma.15	 Procarbazine	 has	 also	 shown	 clinical	 activity	 in	 non-
Hodgkin	 lymphoma,	 cutaneous	 T-cell	 lymphoma,	 and	 brain	 tumors.	 Procarbazine	 has	 always	 been	 used	 in
combination	with	other	drugs	such	as	lomustine	and	vincristine,	so	the	efficacy	can	only	be	evaluated	in	the	view
of	the	combination	regimens.

Following	oral	administration,	peak	drug	levels	are	reached	within	10	to	15	minutes.	Procarbazine	crosses	the
blood–brain	barrier	and	rapidly	equilibrates	between	plasma	and	cerebrospinal	fluid.	Peak	cerebrospinal	fluid	drug
concentrations	 are	 reached	 within	 30	 to	 90	 minutes	 after	 drug	 administration.	 The	 biologic	 half-life	 of
procarbazine	 hydrochloride	 in	 both	 plasma	 and	 cerebrospinal	 fluid	 is	 approximately	 1	 hour.	 Procarbazine	 is
metabolized	to	active	and	inactive	metabolites	by	chemical	breakdown	in	aqueous	solution	and	liver	microsomal
P450	system.	There	are	several	potential	drug–drug	and	drug–food	interactions.	Patients	should	avoid	tyramine-
containing	foods,	such	as	dark	beer,	wine,	cheese,	yogurt,	bananas,	and	smoked	foods.	Procarbazine	produces	a
disulfiram-like	 reaction	 with	 concurrent	 use	 of	 alcohol.	 Acute	 hypertensive	 reactions	 may	 occur	 with
coadministration	 of	 tricyclic	 antidepressants	 and	 sympathomimetic	 drugs.	Concurrent	 use	 of	 procarbazine	with
antihistamines	 and	 other	 central	 nervous	 system	 depressants	 can	 result	 in	 central	 nervous	 system	 and/or
respiratory	depression.	Dose-limiting	toxicity	is	myelosuppression,	more	commonly	thrombocytopenia.	The	nadir
in	platelet	count	 is	generally	observed	at	4	weeks.	Patients	with	glucose-6-phosphate	dehydrogenase	deficiency
can	develop	hemolytic	anemia	while	receiving	procarbazine	therapy.	Azoospermia	and	infertility	after	treatment
with	 MOPP	 can	 be	 attributed,	 in	 part,	 to	 procarbazine.	 Procarbazine	 is	 associated	 with	 an	 increased	 risk	 of
secondary	malignancies,	especially	acute	leukemia.

DACTINOMYCIN
Actinomycins	 are	 orange	 to	 red	 antibiotic	 metabolites	 from	 various	 species	 of	 Streptomyces.	 Although	 these
compounds	are	highly	 toxic,	 they	have	found	usage	 in	nontoxic	dosages	because	of	 their	antineoplastic	effects.
Dactinomycin	was	the	first	antibiotic	shown	to	have	anticancer	activity.	The	group	name	actinomycin	was	coined
by	Waksman	who	discovered	these	antibiotics	in	cultures	of	Actinomyces	antibioticus.16	Dactinomycin	is	a	DNA
intercalator,	which	shows	preference	for	GC-rich	DNA	sequences.17	Dactinomycin	has	been	used	clinically	 for
over	50	years	 for	 the	 treatment	of	pediatric	 and	adult	 cancer.	 It	 is	 a	key	component	 in	 the	 treatment	of	Wilms
tumor,	Ewing	sarcoma,	and	rhabdomyosarcoma.	Although	dactinomycin	is	relatively	well	tolerated,	hematologic
toxicities	 are	 observed	 in	 some	 of	 the	 children.18	 New	 drug	 combinations	 may	 provide	 a	 way	 to	 lower	 the
effective	chemotherapy	doses	in	existing	treatment	protocols.

VISMODEGIB
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Vismodegib	 (Erivedge,	 GDC-0449;	 Genentech)	 is	 a	 first-in-class,	 small-molecule	 inhibitor	 of	 the	 hedgehog
pathway.	The	 drug	 binds	 to	 and	 inhibits	 the	 cell	 surface	 receptor	 smoothened	 homolog,	which	when	 activated
through	a	mutation	results	in	stimulation	of	the	hedgehog	signaling	pathway	to	cause	basal	cell	proliferation	and
tumor	growth.19,20	 In	basal	cell	carcinoma	biopsy	specimens	of	patients	 treated	for	a	month	with	vismodegib,	a
90%	 decrease	 and	 pharmacodynamic	 downmodulation	 in	 transcription	 factor	 GLI1	messenger	 RNA	 (mRNA),
which	 is	 the	 oncogene	 associated	 with	 the	 hedgehog	 pathway,	 has	 been	 shown.	 One	 month	 of	 vismodegib
treatment	 also	 significantly	 reduced	 tumor	 proliferation,	 as	 assessed	 by	 Ki-67	 expression,	 but	 did	 not	 change
apoptosis,	as	assessed	by	cleaved	caspase	3.	The	extent	of	GLI1	downmodulation	does	not	seem	to	correlate	with
pharmacokinetic	levels	of	vismodegib	in	individual	patients.

Vismodegib	is	absorbed	from	the	gastrointestinal	tract	with	an	oral	bioavailability	of	32%.	Food	does	not	affect
drug	exposure.	Elimination	 is	mainly	hepatic,	with	excretion	 in	 feces.	The	median	steady-state	concentration	 is
not	changed	by	increasing	the	dose	from	150	to	270	mg,	and	the	median	time	to	steady	state	is	14	days.	The	half-
life	 is	 estimated	 at	 8	 days	 after	 a	 single	 dose.	 Intermittent	 doses	 of	 three	 times	 weekly	 or	 once	 weekly	 were
associated	with	50%	and	80%	decreases	in	effective	plasma	levels	of	unbound	drug,	respectively,	reinforcing	the
recommended	dose	and	schedule	of	150	mg	orally	daily.21

Vismodegib	 is	approved	for	 the	 treatment	of	adults	with	metastatic	or	 locally	advanced	basal	cell	carcinoma
that	 has	 recurred	 following	 surgery	 or	 who	 are	 not	 candidates	 for	 surgery	 and	 who	 are	 not	 candidates	 for
radiation.22	 In	 the	 largest	 vismodegib	 study	 of	 499	 patients	 (468	 patients	 with	 locally	 advanced	 basal	 cell
carcinoma	 and	 31	 patients	with	metastatic	 disease),	 the	 objective	 response	 rate	was	 67%	 for	 locally	 advanced
disease	and	38%	for	patients	with	metastatic	disease.23

No	 dose-limiting	 toxic	 effects	 or	 grade	 5	 events	 have	 been	 observed.	 However,	 54%	 of	 patients	 receiving
vismodegib	 discontinued	 the	medication	 due	 to	 side	 effects,	 and	 only	 one	 of	 five	 eligible	 patients	was	 able	 to
continue	vismodegib	for	18	months.	Abdominal	pain,	fatigue,	weight	loss,	dysgeusia,	and	anorexia	were	reasons
for	discontinuation	of	the	drug.	When	vismodegib	was	withdrawn,	dysgeusia	and	muscle	cramps	ceased	within	1
month,	 and	 scalp	 and	 body	 hair	 started	 to	 regrow	 within	 3	 months.	 Other	 side	 effects	 reported	 include
hyponatremia,	 dyspnea,	 muscle	 spasm,	 atrial	 fibrillation,	 aspiration,	 back	 pain,	 corneal	 abrasion,	 dehydration,
keratitis,	 lymphopenia,	pneumonia,	urinary	 tract	 infection,	and	a	prolonged	QT	interval.24	 In	addition,	 the	FDA
has	issued	a	black	box	warning	for	the	risk	of	embryo-fetal	death	and	severe	birth	defects	with	use	of	vismodegib.
It	is	required	that	pregnancy	status	be	obtained	within	1	week	prior	to	initiation	of	the	drug.22

ADO-TRASTUZUMAB	EMTANSINE
Ado-trastuzumab	emtansine	(Kadcyla,	T-DM1;	Genentech)	is	an	HER2-targeted	antibody–drug	conjugate	(ADC).
It	 is	 a	 novel	 compound	 composed	 of	 trastuzumab,	 a	 stable	 thioether	 linker,	 and	 DM1.	 DM1,	 a	 derivative	 of
maytansine,	 is	a	microtubule	polymerization	 inhibitor	with	activity	similar	 to	 that	of	vinca	alkaloids.	T-DM1	is
taken	up	 into	cells	after	binding	 to	HER2,	allowing	cytotoxic	drug	delivery	specifically	 to	cells	overexpressing
HER2.	It	has	a	drug-to-antibody	ratio	of	approximately	3.5:1.	T-DM1	is	administered	IV	every	3	weeks	and	has
been	tested	in	a	phase	I	trial	at	doses	ranging	from	0.3	to	4.8	mg/kg.	The	maximally	tolerated	dose	is	3.6	mg/kg,
which	was	the	dose	used	in	further	phase	II	and	III	trials.	T-DM1	is	metabolized	by	liver	via	CYP3A4/5	and	has	a
half-life	of	3.5	days.25

T-DM1	is	approved	for	use	in	patients	with	metastatic	HER2-positive	breast	cancer	who	have	received	prior
trastuzumab	and	a	 taxane.	This	approval	was	based	on	 the	 results	of	 the	EMILIA	 trial,	which	 randomized	991
patients	with	HER2-positive,	unresectable,	locally	advanced	or	metastatic	breast	cancer	to	T-DM1	3.6	mg/kg	IV
every	 21	 days	 or	 lapatinib	 1,250	mg	daily	 plus	 capecitabine	 1,000	mg/m2	 on	 days	 1	 to	 14	 every	 21	 days.	All
patients	were	previously	 treated	with	 trastuzumab	and	 a	 taxane.	T-DM1	 resulted	 in	 a	 progression-free	 survival
(PFS)	 of	 9.6	 months	 compared	 to	 6.4	 months	 for	 lapatinib	 plus	 capecitabine	 (hazard	 ratio	 [HR],	 0.65;	 95%
confidence	interval	[CI],	0.55	to	0.77;	P	<	.001).	Response	rate	and	overall	survival	(OS)	were	also	higher	with	T-
DM1	compared	to	lapatinib	plus	capecitabine.26	A	second	phase	III	 trial,	TH3RESA,	enrolled	602	patients	with
unresectable,	 locally	 advanced,	 or	 metastatic	 breast	 cancer	 with	 prior	 failure	 of	 at	 least	 two	 HER2-directed
regimens	 (at	 least	 both	 trastuzumab	 and	 lapatinib).	 Patients	 were	 randomized	 to	 T-DM1	 or	 clinician’s	 choice
therapy	 (68%	 received	 trastuzumab	plus	 chemotherapy).	Patients	 treated	with	T-DM1	versus	 clinician’s	 choice
had	an	improvement	in	PFS	of	6.2	versus	3.3	months	(HR,	0.53;	95%	CI,	0.42	to	0.66)	and	in	OS	of	22.7	versus
15.8	months	(HR,	0.68;	95%	CI,	0.54	to	0.85).26,27



Although	maytansine	itself	is	associated	with	significant	toxicity,	T-DM1	is	overall	very	well	tolerated	likely
due	to	the	targeted	nature	of	the	compound.	Side	effects	from	T-DM1	include	thrombocytopenia,	hepatotoxicity,
hypersensitivity/infusion	reactions,	and	cardiotoxicity.	Nausea,	fatigue,	headaches,	and	anemia	are	also	common.
Left	ventricular	ejection	fraction	should	be	monitored	prior	to	and	at	least	every	3	months	during	therapy	given
the	 potential	 for	 cardiac	 dysfunction.	 The	 FDA	 has	 issued	 a	 black	 box	 warning	 for	 the	 hepatotoxicity,
cardiotoxicity,	and	embryo-fetal	toxicity.28

SIROLIMUS	AND	TEMSIROLIMUS
Sirolimus	(i.e.,	rapamycin)	was	identified	in	the	early	1970s	as	a	macrolide	compound	with	antifungal	properties.
It	is	produced	by	a	bacterium,	Streptomyces	hygroscopicus,	that	was	cultured	from	a	soil	sample	isolated	on	Rapa
Nui,	better	known	as	Easter	Island.29	This	bacterial	macrolide	later	became	the	preferred	immunosuppressant	for
kidney	 transplantation,	as	 it	was	mildly	 immunosuppressive	but,	 in	contrast	 to	cyclosporine	A,	did	not	enhance
tumor	 incidence.30	 Sirolimus	 is	 the	 prototypic	 inhibitor	 of	 the	 mammalian	 target	 of	 rapamycin	 (mTOR),	 a
serine/threonine	protein	kinase	 that	 is	 a	highly	 conserved	 regulatory	protein	 involved	 in	 cell-cycle	progression,
proliferation,	and	angiogenesis.31	Signaling	pathways	both	upstream	and	downstream	of	mTOR	have	been	shown
to	 be	 commonly	 dysregulated	 in	 cancer.	 mTOR	 functions	 through	 two	 main	 mechanisms,	 depending	 on	 the
presence	 and	 activity	 of	 the	 mTOR-associated	 protein	 complexes,	 mTORC1	 and	mTORC2.	 Sirolimus	 and	 its
analog	compounds	temsirolimus	and	everolimus	form	a	complex	with	the	FK-binding	protein	(FKBP)	and	inhibit
activation	of	a	subset	of	mTOR	proteins	residing	within	mTORC1.	In	contrast,	mTORC2	holds	mTOR	in	a	form
that	 is	 not	 as	 readily	 inhibited	 by	 these	 rapamycin	 analogs,	 and	 upregulation	 of	 mTORC2	 may	 represent	 a
mechanism	by	which	resistance	can	develop	to	this	class	of	compounds.

Temsirolimus	 (Torisel,	 CCI-779;	 Pfizer),	 a	 novel	 functional	 ester	 of	 sirolimus,	 is	 a	 water-soluble
dihydroxymethyl	propionic	acid	compound	that	rapidly	undergoes	hydrolysis	to	sirolimus	after	IV	administration,
reaching	peak	concentrations	within	0.5	to	2	hours.28	This	drug	is	widely	distributed	in	tissues,	and	steady-state
drug	 levels	 are	 reached	 within	 7	 to	 8	 days.	 Temsirolimus	 is	 metabolized	 primarily	 in	 the	 liver	 by	 CYP3A4
microsomal	enzymes	to	yield	sirolimus	as	the	main	metabolite.	This	metabolism	route	results	in	the	potential	for	a
number	 of	 drug	 interactions.	 The	 terminal	 half-life	 of	 temsirolimus	 is	 17	 hours,	 whereas	 that	 of	 sirolimus	 is
approximately	 55	 hours.	 When	 bound	 to	 temsirolimus,	 mTOR	 is	 unable	 to	 phosphorylate	 the	 key	 protein
translation	 factors,	 such	 as	 4E-BP1	 and	 S6K1,	 leading	 to	 translational	 inhibition	 of	 several	 critical	 regulatory
proteins	involved	in	cell-cycle	control.	Several	other	cellular	proteins	involved	in	regulation	of	angiogenesis,	such
as	hypoxia-inducible	factor	1α	and	vascular	endothelial	growth	factor,	are	suppressed	through	mTOR	inhibition
by	temsirolimus.

Phase	 I	 studies	of	 temsirolimus	have	 investigated	various	 schedules	 and	doses,	 ranging	 from	7.5	 to	220	mg
given	as	a	weekly	30-minute	 infusion.32	A	phase	 II	 study	 in	patients	with	cytokine-refractory	 renal	 cell	 cancer
(RCC)	investigated	the	efficacy	and	safety	of	three	different	dose	levels	(25,	75,	and	250	mg)	administered	on	a
weekly	 schedule.	 This	 study	 showed	 promising	 antitumor	 activity	 for	 all	 three	 dose	 levels	with	 no	 significant
difference	in	efficacy	or	toxicity.33	As	a	result,	the	25-mg	dose	was	eventually	selected	as	the	monotherapy	dose
for	further	study.

A	 phase	 III	 randomized	 trial	 compared	 interferon,	 temsirolimus,	 and	 the	 combination	 of	 the	 two	 agents	 in
previously	untreated	patients	with	advanced	RCC	who	had	at	least	three	of	six	poor	prognostic	features.34	Once-
weekly	IV	temsirolimus	at	25	mg	prolonged	the	median	OS	of	patients	with	poor	prognostic	features	by	49%	from
7.3	months	(95%	CI,	6.1	to	8.8	months)	in	the	interferon	arm	to	10.9	months	(95%	CI,	8.6	to	12.7	months)	in	the
temsirolimus	arm	(P	=	.008).	The	temsirolimus	arm	also	had	a	prolonged	median	PFS	of	5.5	months	compared	to
3.1	months	in	the	interferon	arm	(P	<	 .001).	Moreover,	 temsirolimus	was	effective	for	both	clear	cell	and	non–
clear	cell	histologies.35,36

Based	on	these	studies,	temsirolimus	is	indicated	for	the	treatment	of	advanced	renal	cell	carcinoma.	There	are
also	some	favorable	efficacy	data	seen	in	studies	of	relapsed/refractory	mantle	cell	lymphoma	(in	which	cyclin	D1
is	regulated	by	mTOR	signaling)	as	well	as	progressive,	metastatic,	well-differentiated	pancreatic	neuroendocrine
tumors.36–38	Mantle	cell	lymphoma	has	active	PI3K/AKT	signaling,	which	increases	the	levels	of	nuclear	factor-
kappa	B	and	mTOR,	resulting	in	the	deceased	function	of	TP53	and	therefore	increased	cell	survival.39

In	 terms	 of	 safety	 profile,	 the	most	 common	 adverse	 events	 associated	 with	 temsirolimus	 are	 asthenia	 and
fatigue,	 dry	 skin	 with	 acneiform	 skin	 rash,	 nausea/vomiting,	 mucositis,	 and	 anorexia.	 Hyperlipidemias	 with
increased	serum	triglycerides	and/or	cholesterol	as	well	as	hyperglycemia	occur	in	up	to	90%	of	patients.	Allergic,
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hypersensitivity	 reactions	 have	 been	 observed	 in	 about	 10%	of	 patients,	 and	 pulmonary	 toxicity,	 presenting	 as
increased	cough,	dyspnea,	fever,	and	pulmonary	infiltrates,	is	a	relatively	rare	event,	occurring	in	less	than	1%	of
patients.	However,	the	risk	of	pulmonary	toxicity	increases	in	patients	with	underlying	pulmonary	disease.40

EVEROLIMUS
Significantly	 more	 water	 soluble	 than	 sirolimus,	 everolimus	 (RAD001)	 is	 an	 orally	 active	 hydroxyethyl	 ether
analog	of	rapamycin	containing	a	2-hydroxyethyl	chain	substitution.	As	with	sirolimus	and	temsirolimus,	it	targets
mTOR	by	 forming	 a	 complex	with	 FKBP	 and	mTOR,	 resulting	 in	 inhibition	 of	mTOR	 activity.	 Few	 data	 are
available	 regarding	 the	 actual	 differences	 in	 the	 ability	 of	 temsirolimus	 and	 everolimus	 to	 inhibit	mTOR.	One
preclinical	 in	 vitro	 study	 showed	 that	 the	binding	of	 everolimus	 to	FKBP	was	 approximately	 threefold	weaker
than	that	of	sirolimus.41	In	vivo	studies,	however,	have	documented	similar	efficacy	of	the	two	agents	in	terms	of
immunosuppressive	 activity	 as	 well	 as	 antitumor	 activity.	 In	 preclinical	 models,	 administration	 of	 everolimus
results	in	inhibition	of	mTOR,	similar	to	what	has	been	observed	with	the	other	rapamycin	analogs.42	In	terms	of
clinical	pharmacology,	peak	drug	 levels	are	achieved	within	1	 to	2	hours	after	oral	administration.	Food	with	a
high	fat	content	reduces	oral	bioavailability	by	up	to	20%.	Everolimus	is	metabolized	in	the	liver,	mainly	by	the
CYP3A4	 system,	 to	 six	main	metabolites	 that	 are	 less	 active	 than	 the	parent	 compound.	Elimination	 is	mainly
hepatic,	with	excretion	in	feces.	Caution	should	be	used	in	patients	with	moderate	liver	impairment	(Child-Pugh
class	B),	and	the	daily	dose	should	be	reduced	to	5	mg.	In	patients	with	severe	liver	dysfunction	(Child-Pugh	class
C),	the	use	of	this	drug	is	contraindicated.

Encouraging	 clinical	 activity	 was	 initially	 observed	 in	 phase	 I/II	 trials	 of	 non–small-cell	 lung,	 gastric,	 and
esophageal	 cancers;	 sarcomas	 and	 pancreatic	 neuroendocrine	 tumors;	 and	 hematologic	 malignancies.43–50
Presently,	everolimus	 is	 indicated	and	approved	for	 the	 treatment	of	adults	with	advanced	RCC	after	 failure	on
sunitinib	 or	 sorafenib;	 advanced	 hormone	 receptor–positive,	HER2-negative	 breast	 cancer	 in	 combination	with
exemestane;	 and	 progressive	 unresectable,	 locally	 advanced,	 or	 metastatic	 neuroendocrine	 tumors	 of
gastrointestinal,	 lung,	 or	 pancreatic	 origin.48,51	 Other	 reported	 clinical	 uses	 include	 renal	 angiomyolipoma;
advanced	 carcinoid	 tumors;	 subependymal	 giant	 cell	 astrocytoma;	 relapsed	 or	 refractory	 Waldenström
macroglobulinemia;	 and	 rejection	 prophylaxis	 for	 heart,	 lung,	 liver,	 and	 renal	 transplantation.49–52	 The
recommended	dose	of	everolimus	for	these	indications	is	10	mg	taken	orally	once	daily,	and	for	transplantation
rejection	prophylaxis,	the	recommended	dose	is	0.75	mg	taken	orally	twice	daily.

The	safety	profile	of	everolimus	is	similar	 to	what	has	been	observed	with	 temsirolimus.	The	most	common
adverse	events	include	asthenia	and	fatigue,	dry	skin	with	acneiform	skin	rash,	nausea/vomiting,	stomatitis,	and
anorexia.	Hyperlipidemia	with	increased	serum	triglycerides	and/or	cholesterol	as	well	as	hyperglycemia	occurs	in
up	 to	 90%	 of	 patients.	 Allergic,	 hypersensitivity	 reactions	 have	 been	 observed	 in	 about	 10%	 of	 patients.
Pulmonary	toxicity,	presenting	as	increased	cough,	dyspnea,	fever,	and	pulmonary	infiltrates,	is	a	relatively	rare
event,	occurring	in	less	than	1%	of	patients.	The	risk	of	pulmonary	toxicity	increases	in	patients	with	underlying
pulmonary	disease.

THALIDOMIDE,	LENALIDOMIDE,	AND	POMALIDOMIDE
Thalidomide	 and	 its	 amino-substituted	 analogs,	 lenalidomide	 and	 pomalidomide,	 are	 small-molecule	 glutamic
acid	derivatives	 that	possess	a	wide	 range	of	biologic	properties,	 including	 immunomodulating,	antiangiogenic,
and	epigenetic	effects.	They	are	classified	as	class	I	(non–phosphophodiesterase-4	inhibitory)	immunomodulatory
drugs	 (IMiDs).	 The	 primary	mechanism	 of	 action	 of	 IMiDs	 is	 to	 directly	 target	 the	 protein	 receptor	 cereblon
(CRBN),	attached	to	an	E3	ubiquitin	 ligase	CRL4.53	This	CRL4/CRBN	complex	mediates	ubiquitination	of	 the
zinc	 finger	 family	 transcription	 factors	 Ikaros	 (IKZF1)	 and	 Aiolos	 (IKZF3),	 leading	 to	 their	 proteasomal
degradation	in	T	cells,	subsequent	interleukin-2	and	interferon-γ	upregulation,	and	T-cell	activation.54	In	addition
to	 the	 CRBN-triggered	 indirect	mechanisms	 of	 altering	 host	 antitumor	 immunity	 through	 cytotoxic	 T	 cells,	 T
regulatory	 cells,	 and	 natural	 killer	 cells,	 IMiDs	 exert	 a	 direct	 effect	 on	 cancer	 cells.	 CRBN	 binding	 leads	 to
upregulation	of	cell	cycle	 inhibitor	p21	and	downregulation	of	 interferon	regulatory	factor	4	(IRF4)	responsible
for	myeloma	 cell	 survival	 through	 the	MYC,	CKD6,	 and	CASP	 genes.55	 Expression	 of	 cereblon	 and	 other	 key
pathway	players	as	well	as	their	resistance	mechanisms	are	under	current	investigation	for	serving	as	predictive
biomarkers	in	myeloma	and	other	hematologic	malignancies.56



Thalidomide
Thalidomide	(Thalomid;	2-[2,	6-dioxopiperidin-3-yl]-2,3-dihydro-1H-isoindole-1,3-dione)	is	a	synthetic	glutamic
acid	derivative	that	was	initially	synthesized	in	1953.	It	was	widely	used	in	Europe	between	1956	and	1962	as	a
sleeping	 aid	 and	 antiemetic	 for	 pregnant	 women	 before	 it	 was	 discovered	 to	 cause	 severe	 congenital	 limb
malformations.	Initial	reports	of	its	efficacy	in	multiple	myeloma	were	published	in	1999,	and	the	repurposed	use
for	myeloma	at	the	200-mg	daily	dose	combined	with	pulse	dexamethasone	was	approved	by	the	FDA	in	2006.
The	use	of	thalidomide	has	significantly	declined	in	the	United	States	with	the	FDA	approval	of	more	efficacious
and	 less	 toxic	 therapies	 for	 myeloma.	 Thalidomide	 is	 poorly	 soluble,	 and	 it	 is	 absorbed	 slowly	 from	 the
gastrointestinal	 tract,	 reaching	 peak	 plasma	 concentration	 in	 3	 to	 6	 hours,	with	 55%	 to	 66%	 bound	 to	 plasma
proteins.	 Thalidomide	 does	 not	 appear	 to	 be	 hepatically	 metabolized	 but	 rather	 undergoes	 spontaneous
nonenzymatic	hydrolysis	 in	plasma	 to	multiple	metabolites,	with	 a	half-life	of	 elimination	 ranging	 from	5	 to	7
hours.	Less	than	1%	is	excreted	into	the	urine	as	unchanged	drug.57

Thalidomide	frequently	causes	drowsiness,	constipation,	and	fatigue.	Peripheral	neuropathy	is	a	common	and
potentially	severe	and	irreversible	side	effect	occurring	in	up	to	30%	of	patients.	Increased	incidences	of	venous
thromboembolic	events,	such	as	deep	venous	thrombosis	and	pulmonary	embolus,	have	also	been	observed	with
thalidomide,	 particularly	when	used	 in	 combination	with	 dexamethasone	or	 anthracycline-based	 chemotherapy.
Patients	 who	 are	 appropriate	 candidates	 may	 benefit	 from	 concurrent	 prophylactic	 anticoagulation	 or	 aspirin
treatment.58	 Other	 side	 effects	 of	 thalidomide	 include	 rash,	 nausea,	 dizziness,	 orthostatic	 hypotension,
bradycardia,	and	mood	changes.	In	2013,	additional	alerts	were	released	linking	thalidomide	to	an	increased	risk
of	developing	second	primary	malignancies	 (both	acute	myelogenous	 leukemia	and	myelodysplastic	 syndrome)
and	arterial	thromboembolic	events.

Lenalidomide
Lenalidomide	 (Revlimid;	 3-[4-amino-1-oxo-2,3-dihydro-1H-isoindol-2-yl]piperidine-2,6-dione)	 is	 a	 thalidomide
derivative	 that	 appears	 to	 be	 more	 potent	 in	 vitro	 and	 with	 less	 nonhematologic	 toxicities	 in	 clinical	 studies.
Lenalidomide	 shares	 the	 immunomodulatory	 and	 antineoplastic	 properties	 of	 its	 parent	 compound.	 It	 initially
received	 FDA	 approval	 (10-mg	 daily	 dose)	 in	 2005	 for	 the	 treatment	 of	 patients	 with	 transfusion-dependent
anemia	 secondary	 to	 low-	or	 intermediate-risk	myelodysplastic	 syndromes	 associated	with	5q	deletion,	with	or
without	additional	cytogenetic	abnormalities.	In	2006,	lenalidomide	(25-mg	daily	dose	on	days	1	to	21	of	a	28-day
cycle)	in	combination	with	dexamethasone	was	approved	by	the	FDA	for	the	treatment	of	patients	with	multiple
myeloma	who	had	received	at	least	one	prior	therapy	for	multiple	myeloma.	In	2013,	lenalidomide	(25-mg	daily
dose	 on	 days	 1	 to	 21	 on	 repeated	 28-day	 cycles)	 was	 additionally	 approved	 for	 use	 in	 refractory	mantle	 cell
lymphoma	following	relapse	or	progression	on	two	lines	of	therapy.	The	FDA	expanded	the	approval	further	in
2015	in	combination	with	dexamethasone	for	newly	diagnosed	myeloma	not	eligible	for	 transplant	and	in	2017
(10	mg	daily)	for	maintenance	therapy	following	autologous	hematopoietic	stem	cell	transplant.	In	a	recent	phase
III	trial,	patients	with	multiple	myeloma	who	had	received	one	or	more	previous	lines	of	therapy	were	randomized
to	 receive	 lenalidomide	and	dexamethasone	either	 alone	or	 in	 combination	with	daratumumab.	The	addition	of
daratumumab	to	lenalidomide	and	dexamethasone	significantly	lengthened	PFS	among	patients	with	relapsed	or
refractory	multiple	myeloma.59	Oral	 lenalidomide	 is	 rapidly	and	highly	absorbed	 (>90%	of	dose)	under	 fasting
conditions.	Food	affects	oral	absorption,	reducing	area	under	the	concentration-time	curve	by	20%	and	maximum
concentration	 by	 50%.	 Maximum	 plasma	 concentration	 is	 reached	 0.625	 to	 1.5	 hours	 after	 dosing,	 with
approximately	 30%	 bound	 to	 plasma	 proteins.	 Biotransformation	 of	 lenalidomide	 in	 humans	 includes	 chiral
inversion,	 trivial	 hydroxylation,	 and	 slow	 nonenzymatic	 hydrolysis.	 Approximately	 82%	 of	 an	 oral	 dose	 is
excreted	as	lenalidomide	in	urine	within	24	hours.	Lenalidomide	has	a	short	half-life	(3	to	4	hours)	and	does	not
accumulate	in	plasma	upon	repeated	dosing.	Its	pharmacokinetics	profile	is	consistent	across	patient	populations,
regardless	 of	 the	 type	 of	 hematologic	 malignancy.	 Renal	 function	 is	 the	 only	 important	 factor	 affecting
lenalidomide	plasma	exposure.	Lenalidomide	has	no	QT	prolongation	risk	at	approved	doses,	and	higher	plasma
exposure	to	lenalidomide	is	associated	with	increased	risk	of	neutropenia	and	thrombocytopenia.	Despite	being	a
weak	 substrate	 of	 P-glycoprotein	 in	 vitro,	 lenalidomide	 does	 not	 have	 clinically	 significant	 pharmacokinetic
interactions	with	P-glycoprotein	substrates/inhibitors	in	controlled	studies.60

Compared	 with	 thalidomide,	 lenalidomide	 is	 associated	 with	 less	 sedation,	 constipation,	 and	 peripheral
neuropathy.	However,	myelosuppression	in	the	form	of	neutropenia	and	thrombocytopenia	can	be	dose	limiting.
As	 with	 thalidomide,	 the	 incidence	 of	 thromboembolic	 events	 is	 significant	 with	 the	 combination	 of
dexamethasone	and	lenalidomide.	A	pooled	analysis	of	691	patients	enrolled	in	two	randomized	studies	reported	a
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12%	 incidence	 of	 thrombotic	 or	 thromboembolic	 events	 with	 the	 combination,	 compared	 with	 4%	 with
dexamethasone	alone.

Pomalidomide
Pomalidomide	 (Pomalyst;	 4-amino-2-[2,6-dioxopiperidin-3-yl]-2,3-dihydro-1H-isoindole-1,3-dione)	 is	 another
thalidomide	derivative	designed	to	be	more	potent	and	less	toxic	than	both	parent	compounds	of	thalidomide	and
lenalidomide.	 It	 has	 clinical	 activity	 in	 lenalidomide-refractory	 patients.61	 Pomalidomide	 is	 currently	 FDA
approved	(4-mg	once-daily	dose	orally	on	days	1	to	21	of	a	28-day	cycle,	with	or	without	dexamethasone)	for	use
in	 patients	 with	 progressive	 multiple	 myeloma	 who	 have	 received	 at	 least	 two	 prior	 therapies,	 including
lenalidomide	and	bortezomib.	 In	a	 recent	phase	II	study,	addition	of	daratumumab	 to	pomalidomide	resulted	 in
deep	 and	 durable	 responses,	 including	 minimal	 residual	 disease	 negativity,	 in	 heavily	 treated	 patients	 with
relapsed	or	refractory	disease.	Aside	from	increased	neutropenia,	the	safety	profile	was	consistent	with	that	of	the
individual	therapies.62	Further	evaluation	of	daratumumab	plus	pomalidomide	and	dexamethasone	is	under	way	in
the	ongoing	APOLLO	study	conducted	by	the	European	Myeloma	Network.

After	oral	administration,	pomalidomide	is	rapidly	absorbed,	reaching	maximum	plasma	concentration	within	2
to	3	hours.	Approximately	12%	to	44%	of	the	drug	binds	proteins,	and	the	half-life	of	elimination	is	between	7.5
and	9.5	hours.	Pomalidomide	is	metabolized	in	the	liver	via	CYP1A2/CYP3A4	(major)	and	CYP2C19/CYP2D6
(minor),	and	excretion	occurs	primarily	 through	 the	kidneys	 (73%;	2%	as	unchanged	drug).	Like	 lenalidomide,
pomalidomide	 is	 better	 tolerated	 than	 thalidomide	 at	 approved	 doses,	 with	 less	 constipation,	 fatigue,	 and
neuropathy.63	 The	 primary	 toxicity	 appreciated	 in	 myeloma	 trials	 has	 been	 myelosuppression,	 particularly
neutropenia,	 which	 can	 be	 dose	 limiting.	 The	 risk	 of	 thromboembolic	 events	 is	 similar	 to	 that	 seen	 with
thalidomide	 and	 lenalidomide.	 Unlike	 thalidomide	 or	 lenalidomide,	 dermatologic	 toxicity	 is	 rare	 with
pomalidomide.	 Due	 to	 the	 potential	 risk	 of	 significant	 teratogenicity,	 thalidomide,	 lenalidomide,	 and
pomalidomide	 can	 only	 be	 prescribed	 by	 licensed	 prescribers	 who	 are	 registered	 in	 restricted	 distribution
programs.

A	summary	of	the	characteristics	of	the	miscellaneous	drugs	is	provided	in	Table	29.1.

MISCELLANEOUS	AGENTS	WITH	POTENTIAL	FOR	REPURPOSABLE
CHEMOTHERAPEUTIC	USE
Drug	repurposing,	the	process	of	finding	new	uses	for	existing	drugs,	makes	it	possible	to	bypass	years	of	costly
preclinical	 pharmacology,	 toxicology,	 and	 chemistry	 work	 by	 successfully	 introducing	 previously	 approved
noncancer	drugs	into	oncology	practice,	such	as	thalidomide,	or	into	oncology	clinical	trials,	such	as	nelfinavir,
propranolol,	 metformin,	 statins,	 and	 many	 more.	 Worldwide,	 with	 more	 than	 2,000	 approved	 drugs	 and,	 on
average,	with	six	relevant	targets	per	drug,	the	potential	for	identifying	repurposable	drugs	for	cancer	therapy	is
enormous.	 A	 PubMed	 search	 produced	 a	 list	 of	 235	 noncancer	 drugs	 with	 at	 least	 one	 peer-reviewed	 article
showing	an	anticancer	effect	in	vitro,	in	vivo,	or	in	human	clinical	trials.	In	addition	to	drugs	discussed	here,	there
is	active	and	ongoing	research	on	both	cancer	prevention	and	cancer	therapy	settings	evaluating	many	other	drugs,
such	as	mebendazole,	itraconazole,	cimetidine,	hydroxychloroquine,	diclofenac,	and	aspirin,	in	this	setting.

A	summary	of	the	characteristics	of	the	miscellaneous	drugs	with	potential	for	repurposable	anticancer	use	is
provided	in	Table	29.2.

Nelfinavir
Nelfinavir,	an	HIV	protease	inhibitor,	has	been	investigated	for	repurposing	as	an	anticancer	agent	because	of	its
inhibitory	effects	on	the	PI3K/Akt/mTOR	pathway	and	cancer	cell	proliferation.	In	preclinical	models,	nelfinavir
has	 been	 shown	 to	 induce	 endoplasmic	 reticulum	 stress,	 autophagy,	 and	 apoptosis.64	 In	 a	 phase	 I	 study	 of
nelfinavir,	 the	maximum-tolerated	dose	was	 established	 as	3,125	mg	 twice	daily,	which	 is	 2.5	 times	 the	FDA-
approved	dose	for	HIV.	One	(9%)	of	11	evaluable	patients	in	this	phase	I	trial	had	a	confirmed	partial	response,	3
(27%)	of	11	had	minor	responses	(2	with	neuroendocrine	tumors	and	1	with	small-cell	lung	cancer),	and	4	(36%)
of	11	patients	with	varying	types	of	cancers	had	stable	disease	for	more	than	6	months.	Common	adverse	events
included	diarrhea,	anemia,	and	lymphopenia.65	Nelfinavir	has	also	been	shown	to	be	safe	and	effective	when	used
in	combination	with	other	chemotherapeutic	agents	and/or	radiation	therapy	in	pancreatic,	rectal,	and	non–small-



cell	 lung	 cancer	 patients.	 Preclinical	 studies	 of	 nelfinavir	 have	 demonstrated	 antitumor	 activity	 by	 proteasome
inhibition,	 suggesting	 potential	 use	 in	 myeloma.	 In	 a	 phase	 II	 study,	 34	 patients	 with	 proteasome	 inhibitor–
refractory	myeloma	who	had	received	a	median	of	five	prior	regimens	were	treated	with	six	cycles	of	nelfinavir	in
combination	with	standard	doses	of	bortezomib	and	dexamethasone.	The	response	rate	was	65%,	including	a	15%
rate	of	very	good	partial	 response	or	better.	 In	patients	with	high-risk	cytogenetics,	 the	response	rate	was	77%.
The	 most	 frequent	 grade	 3	 or	 higher	 adverse	 events	 were	 anemia,	 thrombocytopenia,	 lung	 infections,
hypertension,	hyperglycemia,	hyponatremia,	and	fatigue,	and	three	cases	of	sepsis	occurred.66

Propranolol
First	developed	in	the	1960s,	propranolol	is	a	well-known	and	commonly	used	nonselective	β-adrenergic	receptor
antagonist	(β-blocker),	with	a	range	of	actions	that	can	be	of	interest	in	an	oncologic	context.	There	is	a	significant
volume	 of	 data	 ranging	 from	 in	 vitro	 studies	 to	 animal	 and	 human	 studies	 to	 indicate	 that	 there	 are	 multiple
clinically	 relevant	 anticancer	 effects	 associated	with	propranolol,	 including	 effects	 on	 cellular	 proliferation	 and
invasion,	immune	system,	angiogenic	cascade,	and	sensitivity	of	tumor	cells	to	existing	treatments.	There	is	also
evidence	 that	propranolol	 is	effective	at	multiple	points	 in	 the	metastatic	cascade	and	also	 in	 the	context	of	 the
postsurgical	 wound	 response.	 Propranolol	 is	 highly	 lipophilic	 and	 undergoes	 rapid	 absorption	 in	 the
gastrointestinal	 tract,	 and	more	 than	 90%	undergoes	 plasma	protein	 absorption.	There	 is	wide	 distribution	 into
tissues,	particularly	lungs,	liver,	kidneys,	and	heart.	Bioavailability	after	oral	dosing	is	in	the	range	of	25%	to	35%
due	to	extensive	first-pass	hepatic	clearance	with	considerable	interpatient	variability.	Peak	plasma	concentrations
occur	1.5	to	3	hours	following	oral	dosing,	with	a	plasma	half-life	of	around	4	hours	following	a	single	dose	or
around	10	hours	 for	extended-release	 tablets.	Excretion	 is	primarily	 renal,	although	1%	to	4%	of	an	oral	or	 IV
dose	of	the	drug	appears	in	feces	as	unchanged	drug	and	metabolites.67	Common	side	effects	include	insomnia,
fatigue,	cold	extremities,	and	Raynaud	syndrome.	Less	common	side	effects	include	nausea,	vomiting,	diarrhea,
heart	failure,	heart	block,	and	hypotension.	The	earliest	human	data	to	suggest	a	positive	effect	of	propranolol	on
cancer	 came	 from	 epidemiologic	 studies	 comparing	 cancer	 incidence	 in	 hypertensive	 and	 nonhypertensive
patients.	 There	 is	 extensive	 accumulated	 data	 supporting	 anticancer	 effects	 of	 propranolol	 from	 prevention	 to
adjuvant	and	metastatic	setting	in	various	cancers.68,69

TABLE	29.1
Miscellaneous	Chemotherapeutic	Agents

Agent
Other
Names Drug	Class

Mechanism	of
Action Clinical	Indications

Dosage	and
Route	of
Administration

Common
Toxicities

Clinical
Pharmacology

Omacetaxine Synribo Protein	synthesis
inhibitor

Inhibits	protein
translation	by
preventing
elongation	step	by
interacting	with
ribosomal	A-site

Adult	patients	with
chronic	or
accelerated	phase
chronic	myeloid
leukemia	with
resistance	and/or
intolerance	to	two	or
more	tyrosine
kinase	inhibitors

1.25	mg/m2

subcutaneously
bid	for	14	d
induction
followed	by
1.25	mg/m2	for
7	d	every	28	d

Myelosuppression,
impaired	glucose
tolerance,
increased	risk	of
bleeding,	diarrhea,
nausea,	vomiting,
headaches

Following
subcutaneous
administration,
maximum	drug
concentrations
are	achieved
within	30	min;
primarily
hydrolyzed	to	4′-
DMHHT	by
plasma
esterases;	mean
half-life	is	6	h

L-
Asparaginase

Elspar Enzyme Hydrolyzes
circulating	L-
asparagine	to
aspartic	acid	and
ammonia	and
results	in	depletion
of	essential	amino
acid	L-asparagine
leading	to	the
inhibition	of	protein
synthesis

Pediatric	and	adult
acute	lymphocytic
leukemia

6,000–10,000
IU/m2

intramuscularly
every	3	d	for	a
total	of	9	doses,
or	200	IU/kg
intravenously
for	28
consecutive	d

Hypersensitivity
reactions,	fever,
chills,	nausea,
vomiting,	elevation
of	liver	enzymes,
increased	bleeding
and	clotting,
pancreatitis,
lethargy,
confusion,
agitation,	mild
elevations	in	BUN
and	creatinine

After
intramuscular
injection,	peak
plasma	levels	are
reached	within
14–24	h;	30%
plasma	protein
binding;	half-life
is	40–50	h	for
Escherichia	coli
derived
formulation	and
3–5	d	for	PEG
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formulation

Bleomycin Blenoxane Antitumor	antibiotic Generation	of
activated	oxygen
free	radical	species
causing	single-	and
double-strand	DNA
breaks	and	cell
death

Hodgkin	and	non-
Hodgkin	lymphoma,
germ	cell	tumors
head	and	neck
cancer,	squamous
cell	carcinoma	of	the
skin,	cervix,	vulva,
sclerosing	agent	for
malignant	effusions

10	U/m2

intravenously
on	d	1	and	15
every	28	days
for	Hodgkin,	30
U/m2	on	days
2,	9,	and	16	for
testicular
cancer,	60
U/m2	as
sclerosing
agent

Erythema,
hyperpigmentation,
pulmonary	toxicity
pneumonitis,
pulmonary	fibrosis,
hypersensitivity
reaction,	vascular
events

After	intravenous
administration,
shows	a	rapid
biphasic
disappearance
from	the
circulation;
terminal	half-life
is	3	h;	rapidly
inactivated	in
tissues	by
bleomycin
hydroxylase;
elimination	is
primarily	by
kidneys

Procarbazine Matulane Nonclassic
alkylating	agent

Hydrazine	analog
acts	as	an
alkylating	agent;
weak	monoamine
oxidase	inhibitor;
inhibits	DNA,	RNA,
and	protein
synthesis

Hodgkin,	non-
Hodgkin	lymphoma,
brain	tumors,
cutaneous	T-cell
lymphoma

100	mg/m2

orally	daily	for
14	d	for
Hodgkin
lymphoma,	60
mg/m2	orally
daily	for	14	d
for	brain	tumors

Myelosuppression,
nausea	and
vomiting	diarrhea,
flu-like	symptoms,
paresthesias,
neuropathies,
headache,
lethargy,
hypersensitivity
skin	rash,
secondary
malignancies

Rapid	complete
absorption	from
gastrointestinal
tract;	peak
plasma	levels
within	1	h;
extensively
metabolized	by
liver	microsomal
system;	peak
CSF	levels	within
30–90	min	after
oral	intake;
elimination	half-
life	<1	h

Vismodegib Erivedge Signal	transduction
inhibitor

Inhibition	of
hedgehog	pathway

Locally
advanced/metastatic
or	recurrent	basal
cell	cancer

150	mg	orally
daily

Muscle	spasms,
arthralgias,
decreased
appetite,	fatigue
weight	loss,
alopecia,	nausea
and	vomiting

After	oral
administration,
peak	plasma
levels	reached	in
4	h;	metabolized
by
glucuronidation
and	hydrolysis
followed	by	β-
oxidation;
minimal
biotransformation
by	cytochrome
P450;	terminal
half-life	2	h

Ado-
trastuzumab
emtansine

Kadcyla Antibody–drug
conjugate;	biologic
response	modifier

Binds	to	HER2
receptor;
undergoes
receptor-mediated
internalization	and
lysosomal
degradation,
leading	to
intracellular
release	of	DM1;
DM1	binds	to
tubulin	and
disrupts
microtubule
network,	resulting
in	cell-cycle	arrest
and	apoptosis,
immunologic-
mediated	ADCC

HER2-positive
metastatic	breast
cancer

3.6	mg/kg
intravenously
every	3	wk

Cardiomyopathy,
infusion-related
reactions,	elevated
liver	enzymes,
myelosuppression,
cough,	dyspnea,
peripheral
neuropathy,
asthenia,	fatigue

Metabolized	by
liver	microsomal
enzymes
CYP3A4/5;
median	terminal
half-life	is	4	d

Temsirolimus Toricel Signal	transduction
inhibitor

Potent	inhibitor	of
mTOR	kinase,
induction	of
apoptosis	and
inhibition	of
angiogenesis

Advanced	renal
cancer

25	mg
intravenously
weekly

Asthenia,	fatigue,
pruritus,	nausea
and	vomiting,
mucositis,
hyperlipidemia,
hyperglycemia,

Metabolized	in
the	liver	by
CYP3A4
microsomal
enzymes;	main
metabolite



interstitial	lung
disease,	peripheral
edema

sirolimus;
elimination
mainly	hepatic;
terminal	half-life
17	h

Everolimus Afinitor Signal	transduction
inhibitor

Potent	inhibitor	of
mTOR;	inhibition	of
HIF-1

Advanced	renal
cancer,	pancreatic
neuroendocrine
cancer,
angiomyolipoma
and	tuberous
sclerosis	complex,
advanced	hormone
receptor–positive,
HER2-negative
breast	cancer

10	mg	orally
once	daily

Asthenia,	fatigue,
mucositis,	nausea,
vomiting,	diarrhea,
cough,	dyspnea,
pulmonary
infiltrate,
hyperglycemia

Peak	drug	levels
achieved	within
1–2	h	after	oral
administration;
metabolism	in
the	liver	by
CYP3A4
microsomal
enzymes;
elimination
mainly	hepatic;
terminal	half-life
is	30	h

Thalidomide Thalomid Immunomodulatory,
antiangiogenic

Inhibition	of	TNF-α
synthesis,
downmodulation	of
cell	surface
adhesion
molecules,
antiangiogenic
effect

Multiple	myeloma,
cutaneous
manifestations	of
erythema	nodosum
leprosum,	activity	in
MDS	and	solid
tumors

400	mg	orally
daily

Neurologic-related
effects,	fatigue,
orthostatic
hypotension,
dizziness,
peripheral
neuropathy,
constipation,	skin
rash,	sedation,
increased	risk	of
thrombosis;
teratogenic

After	oral	intake,
slowly	absorbed;
peak	plasma
levels	reached
within	3–6	h;
nonenzymatic
hydrolysis
appears	to	be
main	mechanism
of	breakdown;
precise	route	of
drug	excretion	is
not	well	defined

Lenalidomide Revlimid Immunomodulatory
analog	of
thalidomide

Immunomodulatory
stimulates	T-cell
proliferation,	IL-2,
IFN-γ	production,
antiangiogenic

Low-	and
intermediate-risk
myelodysplastic
syndromes
associated	with	5q–,
multiple	myeloma,
mantle	cell
lymphoma

10	mg	orally
daily	for
myelodysplastic
syndrome,	25
mg	orally	daily
for	myeloma
and	mantle	cell
lymphoma

Teratogenic,
myelosuppression,
thromboembolic
complications,
nausea,	vomiting

Rapidly	absorbed
after	oral
administration;
peak	plasma
concentrations	at
60–90	min;
elimination	half-
life	is	3	h

Pomalidomide Pomalyst Immunomodulatory
analog	of
thalidomide

Antiproliferative
immunomodulatory
agent,	stimulates
T-cell	proliferation,
IL-2,	and	IFN-γ,
inhibits	TNF-α	and
IL-6	synthesis,
downregulates	cell
surface	adhesion
molecule

Multiple	myeloma 45	mg	orally
daily

Teratogenic,
myelosuppression,
increased	risk	of
thromboembolic
complications,
nausea,	vomiting,
dizziness,
confusion,
hypersensitivity
reactions,
neuropathy

After	oral
administration,
peak	plasma
concentration
achieved	at	6	h;
steady-state
levels	reached	at
28	d;
metabolized	by
CYP3A4,
CVP2C8,
CYP2D6,	and
CYP3A5;
terminal
elimination	half-
life	is	24	h

bid,	 twice	a	day;	BUN,	blood	urea	nitrogen;	PEG,	polyethylene	glycol;	CSF,	cerebrospinal	 fluid;	ADCC,	antibody-dependent	cell-mediated	cytotoxicity;	mTOR,
mammalian	target	of	rapamycin;	HIF-1,	hypoxia-inducible	factor	1;	TNF,	tumor	necrosis	factor;	MDS,	myelodysplastic	syndrome;	IL,	interleukin;	IFN,	interferon.

TABLE	29.2
Miscellaneous	Agents	with	Potential	for	Repurposed	Chemotherapeutic	Use

Agent Drug	Class Potential	Mechanism	of	Action Potential	Therapeutic	Uses
Nelfinavir HIV	protease	inhibitor Inhibition	of	PI3K/Akt/mTOR

pathway
Neuroendocrine	tumors;	small-cell
lung,	pancreatic,	and	colon	cancer;
myeloma

Propranolol Nonselective	β-
adrenergic	receptor
antagonist

Antiangiogenesis,	anti-inflammatory
antimicrotubule,	antimitochondrial,
antimitotic,	synergistic	with

Infantile	hemangioma,	angiosarcoma
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chemotherapy
Metformin Biguanide	class

antidiabetic
Downregulation	of
Ras/Raf/MEK/ERK	and
PI3K/Akt/mTOR	signaling	pathways,
upregulation	of	AMP-activated
protein	kinase,	inhibition	of	IGF-1

Breast,	colorectal,	endometrial,
ovarian,	bladder,	pancreatic,	and
prostate	cancer;	primary	brain
tumors

Statins Hydroxymethylglutaryl-
coenzyme	A	reductase
inhibitor

Inhibition	of	CDK,	induction	of
apoptosis,	effects	on	EGF	receptor
pathway,	OATP1	and	GLUT	proteins

Breast,	colorectal,	and	prostate
cancer;	melanoma

Mebendazole Antihelminthic Induction	of	apoptosis,	microtubule
disruption,	Bcl-2	phosphorylation,
p53-dependent	pathways

Lung,	adrenal,	colorectal,	breast,
and	ovarian	cancer;	leukemia;
melanoma;	primary	brain	tumors

Itraconazole Antifungal Antiangiogenic,	inhibition	of
hedgehog	signaling	pathway,
reversal	of	multidrug	resistance

Prostate,	lung,	ovarian,	breast,	and
pancreatic	cancers;	basal	cell
carcinoma;	leukemia

Cimetidine Histamine-2	receptor
antagonist

Inhibition	of	cellular	proliferation,
immunomodulatory	effects,	effects
on	cell	adhesion,	antiangiogenic
effects

Lung,	ovarian,	and	renal	cell	cancer;
primary	brain	tumors;	melanoma

Hydroxychloroquine Antimalarial Inhibition	of	endosomal	acidification,
inhibition	of	autophagy,	induction	of
apoptosis,	effects	on	zinc	and	iron,
synergism	with	chemotherapy

Breast,	pancreatic,	colorectal,	and
hepatocellular	cancer;	multiple
myeloma;	primary	brain	tumors

Diclofenac Nonsteroidal	anti-
inflammatory	drug

Inhibition	of	COX-2,
antiangiogenesis,	induction	of
apoptosis,	effects	on	Myc	and
glucose	metabolism,	antiplatelet
effects

Colorectal,	ovarian,	and	pancreatic
cancer;	fibrosarcoma;
neuroblastoma

Aspirin Salicylate/nonsteroidal
anti-inflammatory	drug

Inhibition	of	COX-2,	PIK3CA,	and
CTNNB1	cell	adhesion

Colorectal,	prostate,	breast,	ovarian,
and	pancreatic	cancer;	melanoma

PI3K,	 phosphoinositide	 3-kinase;	 mTOR,	 mammalian	 target	 of	 rapamycin;	 AMP,	 adenosine	 monophosphate;	 IGF-1,	 insulin-like
growth	 factor-1;	CDK,	cyclin-dependent	kinase;	EGF,	epidermal	growth	 factor;	OATP1,	organic	anion-transporting	polypeptide	1;
GLUT,	glucose	transporter;	COX-2,	cyclooxygenase-2.

Initial	discovery	of	the	positive	effects	of	propranolol	in	the	treatment	of	infantile	hemangioma	in	2008	led	to
further	 evaluation	 of	 this	 drug	 in	 different	 types	 of	 cancers.	An	 international	 clinical	 trial	 reported	 impressive
results	 with	 propranolol	 in	 combination	 with	 vinblastine-based	 metronomic	 chemotherapy	 showing	 100%
response	 in	 seven	 patients	 with	 inoperable	 angiosarcoma.70	 A	 number	 of	 clinical	 trials	 are	 investigating	 the
anticancer	uses	of	propranolol	in	various	cancers.

Metformin
Derived	from	the	herb	Galega	officinalis	(French	lilac,	also	known	as	goat’s	rue	or	Italian	fitch),	metformin	has
been	used	as	a	 traditional	botanical	remedy	(tea	 infusion)	for	over	3,000	years	 to	relieve	polyuria	and	halitosis,
both	of	which	are	now	well-known	symptoms	of	diabetes.	In	1957,	the	first	results	from	a	clinical	trial	of	this	drug
were	published,	but	 it	was	not	until	 40	years	 later	 that	 it	was	approved	 for	use	 in	 the	United	States	 for	 type	2
diabetes.	A	large	number	of	epidemiologic	studies	and	substantial	basic	science	research	have	paved	the	way	for
this	drug	to	be	tested	in	clinical	trials	not	only	for	treatment	but	also	for	prevention	of	cancer.71

Metformin	seems	to	affect	multiple	key	processes	related	to	cell	growth,	proliferation,	and	survival.	The	drug’s
effects	 on	 these	 processes	 stem	 from	 both	 metabolic	 and	 intracellular	 signaling	 activity.	 By	 reducing	 insulin
stimulation,	 metformin	 triggers	 reduced	 activation	 of	 insulin	 receptors	 on	 cell	 membranes.	 This	 results	 in	 a
cascade	 of	 intracellular	 molecular	 effects,	 such	 as	 the	 downregulation	 of	 the	 Ras/Raf/MEK/ERK	 and
PI3K/AKT/mTOR	signaling	pathways.	One	or	both	of	these	pathways	are	often	activated	in	many	types	of	cancer
cells.	Metformin	also	upregulates	adenosine	monophosphate	(AMP)–activated	protein	kinase,	a	key	molecule	in
glucose	and	 insulin	 regulation	and	also	an	 inhibitor	of	mTOR.	Use	of	metformin	 in	MCF-7	breast	cancer	cells
exhibited	reduction	in	phosphorylation	of	S6	kinase,	ribosomal	protein	S6,	and	eIF4E	binding	protein,	along	with
inhibition	of	mTOR	and	 reduced	 translation	 initiation	due	 to	AMPK	activation.72	Animal	models	of	pancreatic
cancer	fed	with	metformin	showed	inhibition	of	 insulin-like	growth	factor-1	(IGF-1)	and	mTOR,	along	with	an
increase	 in	 phosphorylated	 AMPK	 and	 tuberous	 sclerosis	 complex	 (TSC1,	 TSC2).	 The	 AMPK-mediated
phosphorylation	of	TSC2	has	been	observed	to	increase	the	activity	of	TSC2,	leading	to	inactivation	of	mTOR.



Comparing	the	effects	of	metformin	with	rapamycin,	a	direct	mTOR	inhibitor,	metformin	decreases	the	activation
of	AKT	in	addition	to	AMPK-dependent	mTOR	inhibition.	Thus,	metformin	renders	a	better	antitumor	response
than	rapamycin	in	breast	cancer	cells.	Metformin	has	been	found	to	decrease	HER2	expression	in	human	breast
cancer	cells	by	directly	inhibiting	p70S6K1,	which	is	a	downstream	effector	of	mTOR.	In	a	study	using	nude	mice
with	AML,	the	use	of	metformin	was	correlated	with	a	decrease	in	proliferation	of	AML	cells.	This	action	was
characterized	 by	 the	 activation	 of	 the	 LKB1/AMPK/TSC	 pathway,	 which	 led	 to	 mTOR	 inhibition	 and
consequently	suppression	of	mRNA	translation.73

On	 the	 basis	 of	 epidemiologic	 and	 preclinical	 studies	 that	 indicated	metformin’s	 potential	 as	 an	 anticancer
agent,	 the	 drug	 is	 now	being	 combined	with	 traditional	 chemotherapy,	 radiation	 therapy,	 targeted	 therapy,	 and
other	cancer	treatments	in	various	clinical	trials.

Statins
The	first	statin,	mevastatin	(formerly	called	compactin	or	ML-236B),	was	isolated	from	Penicillium	citrinum	 in
the	early	1970s	as	a	potent	 inhibitor	of	3-hydroxy-3-methylglutaryl	coenzyme	A	reductase	(HMGCR),	 the	rate-
controlling	 enzyme	 in	 cholesterol	 synthetic	 pathway.	 The	 discovery	 of	 mevastatin	 paved	 the	 way	 for	 the
worldwide	 development	 of	 its	 analogs	 (statins),	 and	 since	 then,	 several	 statins—lovastatin,	 simvastatin,
pravastatin,	fluvastatin,	and	atorvastatin—have	been	approved	in	many	countries	and	are	currently	being	used	by
millions	of	patients	as	cholesterol-lowering	agents.74	Since	the	early	1990s,	it	has	been	known	that	statins	could	be
successfully	used	in	cancer	therapy,	but	 the	exact	mechanism(s)	of	statin	activity	remains	an	extensive	focus	of
research.75	Statins	exert	different	effects	depending	on	cell	line,	statin	concentration,	duration	of	exposure	of	cells
to	statins,	and	the	type	of	statins	being	used.	Some	possible	mechanisms	of	anticancer	effects	include	inhibition	of
cell	 cycle	 through	 cyclin-dependent	 kinases	 (CDKs),	 induction	 of	 apoptosis,	 changes	 in	 molecular	 pathways
dependent	on	the	epidermal	growth	factor	(EGF)	receptor,	and	destabilization	of	the	cell	membrane.	Statins	may
also	change	the	arrangement	of	transporter	organic	anion-transporting	polypeptide	(OATP1)	and	the	localization
of	HMGCR	 and	 could	 induce	 conformational	 changes	 in	 glucose	 transporter	 (GLUT)	 proteins.	Many	 in	 vitro
experiments	 have	 shown	 antitumor	 effects	 of	 statins	 against	 cancer	 stem	 cells	 and	 various	 cancer	 cell	 lines
through	suppression	of	cell	proliferation	and/or	induction	of	apoptosis.	Potent	additivity	or	synergy	with	existing
chemotherapeutics	has	also	been	shown,	such	as	fluvastatin	combined	with	trastuzumab	in	human	breast	cancer
cell	 lines.	 However,	 not	 all	 tumor	 cell	 lines	 are	 sensitive	 to	 statins,	 and	 clinical	 trials	 have	 reported	 mixed
outcomes	 regarding	 statins	 as	 anticancer	 agents.	 Randomized	 controlled	 trials	 for	 preventing	 cardiovascular
disease	have	also	shown	that	statins	can	have	unexpected	benefits	for	reducing	colorectal	cancer	and	melanoma.
These	findings	have	led	to	further	study	of	statins	in	cancer	prevention,	including	recent,	large,	population-based
studies	showing	statin-associated	reductions	in	colorectal	and	prostate	cancer.	Understanding	the	complex	cellular
and	molecular	mechanisms	of	statins	will	hopefully	advance	the	development	of	molecularly	targeted	agents	for
prevention	and	treatment	of	cancer	with	this	class	of	drugs	in	the	future.76
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INTRODUCTION
Hormonal	 agents	 are	 commonly	 used	 to	 treat	 hormonally	 responsive	 cancers,	 such	 as	 breast,	 prostate,	 or
endometrial	 carcinomas.	Other	uses	of	hormonal	 therapies	 include	 treatment	of	paraneoplastic	 syndromes	 (e.g.,
carcinoid	 syndrome)	 and	 symptoms	 caused	 by	 cancer,	 including	 anorexia.	 This	 chapter	 discusses	 the	 major
hormonal	agents	used	for	such	therapy,	first	with	an	overview	of	their	use	in	practice,	followed	by	more	detailed
pharmacologic	information	(Table	30.1).

SELECTIVE	ESTROGEN	RECEPTOR	MODULATORS
Tamoxifen
Tamoxifen	 continues	 to	 be	 an	 important	 hormonal	 therapy	 for	 the	 prevention	 and	 treatment	 of	 breast	 cancer
worldwide.	It	is	currently	the	only	hormonal	agent	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for
the	prevention	of	premenopausal	breast	cancer1	and	the	treatment	of	ductal	carcinoma	in	situ	(DCIS).2	Tamoxifen
is	also	used	in	the	adjuvant	treatment	of	surgically	resected	premenopausal	estrogen	receptor	(ER)–positive	breast
cancer	and	to	treat	metastatic	ER-positive	breast	cancer.

TABLE	30.1
Overview	of	Major	Hormonal	Agents	Used	in	Cancer

Class	of	Drug Individual	Drug Dose
Route	of
Delivery Frequency	of	Delivery

Selective	estrogen	receptor
modulator

Tamoxifen
Toremifene
Raloxifene

20	mg
60	mg
60	mg

Oral
Oral
Oral

Once	daily
Once	daily
Once	daily

Aromatase	inhibitor Anastrozole
Letrozole
Exemestane

1	mg
2.5	mg
25	mg

Oral
Oral
Oral

Once	daily
Once	daily
Once	daily

Estrogen	receptor
downregulator

Fulvestrant 500	mg IM Once	monthly

Luteinizing	hormone–
releasing	hormone	agonist

Goserelin
Leuprolide

7.5
3.6

IM
IM

Once	monthlya

Once	monthlya

GnRH	antagonist Degarelix 240	mg	loading	dose SC 80	mg	SC	monthly	maintenance	dose

Antiandrogen Flutamide
Bicalutamide
Nilutamide

250	mg
50	mg
300	mg	for	30	d	then
150	mg

Oral
Oral
Oral

Three	times	daily
Once	daily
Once	daily

Cytochrome	P45017	alpha
inhibitor

Abiraterone	acetate 1,000	mg	(four	250-
mg	capsules)

Oral Once	daily

AR	“superantagonist” Enzalutamide 160–240	mg Oral Daily

Androgen Fluoxymesterone 10	mg Oral Twice	daily

Estrogen Estradiol 10	mg Oral Up	to	3	times	daily

Somatostatin	analog Octreotide Varies SC	or	IV Up	to	3	times	dailyb
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Lanreotide 60–120	mg SC Once	monthly

Progestational	agent Megestrol
Medroxyprogesterone
acetate

Varies
Varies

Oral
Oral	or	IM

Once	daily
Varies

aLonger	acting	depot	preparations	(every	3	months)	are	available.
bDepot	formulations	are	available.
IM,	intramuscular;	GnRH,	gonadotropin-releasing	hormone;	SC,	subcutaneous;	AR,	androgen	receptor.

The	standard	daily	dose	of	 tamoxifen	 is	20	mg,	and	 the	optimal	duration	depends	on	 the	underlying	clinical
setting.	Although	the	recommended	duration	in	the	prevention	and	DCIS	settings	is	5	years,	prospective	studies
have	demonstrated	that	for	the	adjuvant	treatment	of	invasive	breast	cancer,	a	duration	of	10	years	(compared	to	5
years)	improved	breast	cancer	mortality	and	overall	survival.3

Side	Effects	of	Tamoxifen
The	 estrogenic	 properties	 of	 tamoxifen	 contribute	 to	 both	 beneficial	 and	 deleterious	 side	 effects.	 Positive
estrogenic	effects	from	tamoxifen	include	a	decrease	in	total	cholesterol3	and	the	preservation	of	bone	density	in
postmenopausal	women.	In	premenopausal	women,	tamoxifen	has	a	net	negative	effect	on	bone	density.	The	most
common	toxicity	from	tamoxifen	is	hot	flashes,	affecting	approximately	50%	of	treated	women.	These	hot	flashes
are	 of	 varying	 intensity	 and	 duration,	 plateauing	 after	 the	 first	 3	months	 of	 treatment.	 Tamoxifen-induced	 hot
flashes	 can	 be	 ameliorated	 by	 a	 number	 of	 different	 pharmacotherapies,	 including	 low	 doses	 of	 megestrol;
antidepressants	 such	 as	 venlafaxine,	 desvenlafaxine,	 citalopram,	 escitalopram,	 and	 paroxetine;	 and	 the
anticonvulsant	 drugs	gabapentin	 and	pregabalin.4	 Some	of	 these	 drugs,	 such	 as	 paroxetine,	 potently	 inhibit	 the
CYP2D6	enzyme,	resulting	in	significantly	 lower	concentrations	of	 the	active	metabolite	endoxifen,	and	should
not	be	coadministered	with	tamoxifen	for	prolonged	periods	of	time.

Tamoxifen	increases	the	incidence	of	endometrial	cancer	in	postmenopausal	(but	not	premenopausal)	women,
and	 the	 increase	 in	 risk	 is	 commensurate	 with	 duration	 of	 tamoxifen	 use.3	 Tamoxifen	 predisposes	 patients	 to
thromboembolic	phenomena,	especially	 if	used	with	concomitant	chemotherapy.	Although	most	patients	do	not
complain	 of	 vaginal	 symptoms,	 a	 few	 complain	 of	 vaginal	 dryness,	 whereas	 others	 have	 increased	 vaginal
secretions	 and	 discharge.	 Cataracts	 have	 been	 reported	 with	 slightly	 higher	 frequency	 with	 tamoxifen	 use.
Depression	has	also	been	described,	but	its	association	with	tamoxifen	is	not	clear.

Pharmacology
Tamoxifen	acts	by	blocking	estrogen	stimulation	of	breast	cancer	cells,	inhibiting	both	translocation	and	nuclear
binding	of	the	ER.	This	alters	transcriptional	and	posttranscriptional	events	mediated	by	this	receptor.	Tamoxifen
has	agonistic,	partial	 agonistic,	or	antagonistic	effects	depending	on	 the	 species,	 tissue,	or	end	points	 that	have
been	assessed.	In	addition,	there	are	marked	differences	between	the	antiproliferative	properties	of	tamoxifen	and
its	metabolites.

Tamoxifen	exhibits	 complex	pharmacokinetics.	The	chemical	 structure	 and	metabolic	pathway	of	 tamoxifen
are	shown	in	Figure	30.1.	The	two	most	active	tamoxifen	metabolites	are	4-hydroxytamoxifen	(4-OH	tamoxifen)
and	 4-OH-	N-desmethyltamoxifen	 (endoxifen),	 both	 of	 which	 inhibit	 estrogen-induced	 proliferation	 up	 to	 100
times	more	strongly	than	tamoxifen.5

In	women	who	receive	tamoxifen	at	a	dose	of	20	mg	per	day,	plasma	endoxifen	steady-state	concentrations	are
generally	 6	 to	 10	 times	 higher	 than	 4-hydroxytamoxifen.	 Although	 the	 metabolism	 of	 tamoxifen	 to	 4-OH-
tamoxifen	 is	 catalyzed	 by	 multiple	 enzymes,	 endoxifen	 is	 formed	 predominantly	 by	 the	 CYP2D6-	 mediated
oxidation	of	N-desmethyltamoxifen,	the	most	abundant	tamoxifen	metabolite	(see	Fig.	30.1).6

Following	 the	metabolic	activation	of	 tamoxifen,	 the	hydroxylated	metabolites	undergo	both	glucuronidation
and	sulfation.	Peak	plasma	levels	of	tamoxifen	(maximum	concentration	[Cmax])	are	seen	3	to	7	hours	after	oral
administration.	Assuming	an	oral	bioavailability	of	30%,	the	volume	of	distribution	has	been	calculated	to	be	20
L/kg,	and	plasma	clearance	ranges	from	1.2	to	5.1	L/h.7	The	terminal	half-life	of	tamoxifen	has	been	reported	to
range	 between	 4	 and	 9	 days.	 The	 elimination	 half-life	 of	 tamoxifen	 increases	with	 successive	 doses,	which	 is
consistent	with	saturable	kinetics.	The	drug’s	distribution	in	tissues	is	extensive.	Tamoxifen	concentrations	10-	to
60-fold	higher	than	plasma	concentrations	in	the	liver,	lungs,	brain,	pancreas,	skin,	and	bones	have	been	reported.7



Figure	30.1	Metabolic	pathway	of	tamoxifen	biotransformation.	Schematic	representation	of	the
primary	and	secondary	metabolism	of	tamoxifen	by	the	cytochrome	P450	system.	The	relative

contribution	of	each	pathway	to	the	overall	oxidation	of	tamoxifen	is	shown	by	the	thickness	of	the
arrow.	(Reproduced	with	permission	from	Sideras	K,	Ingle	JN,	Ames	MM,	et	al.	Coprescription	of

tamoxifen	and	medications	that	inhibit	CYP2D6.	J	Clin	Oncol	2010;28:2768–2776.)

Multiple	 studies	have	demonstrated	 that,	 in	 tamoxifen-treated	women,	CYP2D6	genetic	variation	 (leading	 to
low	or	absent	CYP2D6	activity)	or	 the	drug-induced	 inhibition	of	CYP2D6	 is	associated	with	 lower	endoxifen
concentrations.8,9	 The	CYP2D6	 gene	 is	 highly	 polymorphic,	 with	 more	 than	 70	 major	 alleles	 with	 four	 well-
defined	phenotypes:	poor	metabolizers	(PM),	 intermediate	metabolizers	(IM),	extensive	metabolizers	(EM),	and
ultrarapid	metabolizers	 (UM).	 In	a	prospective	window	study,	women	with	CYP2D6	 genotypes	 associated	with
reduced	endoxifen	concentrations	had	lower	reductions	in	Ki-67,	an	accepted	biomarker	of	long-term	endocrine
efficacy	in	the	early-stage	setting.10

Studies	evaluating	 the	association	between	CYP2D6	 polymorphisms	and	 recurrence	have	yielded	conflicting
results.	Secondary	 analyses	of	 adjuvant	 tamoxifen	 studies	 demonstrated	 a	 higher	 risk	of	 recurrence	or	 death	 in
tamoxifen-treated	women	but	not	anastrozole-treated	women	in	the	ABCSG8	trial11	but	no	such	association	in	the
ATAC12	or	BIG	I-9813	studies.	This	controversy	may	be	partly	related	to	the	use	of	breast	tumor	DNA	(instead	of
germline	DNA)	to	genotype	for	CY2D6	polymorphisms,12,13	based	on	the	observation	that	loss	of	heterozygosity
at	the	CYP2D6	locus	occurs	in	up	to	40%	of	ER-positive	breast	cancers.14

Regarding	 the	 direct	measurement	 of	 endoxifen	 concentrations,	Madlensky	 et	 al.15	 identified	 an	 association
between	low	endoxifen	(lowest	quintile)	and	recurrence.	In	a	separate	study	of	premenopausal	patients,	Saladores
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et	al.16	demonstrated	similar	findings,	noting	that	patients	with	low	endoxifen	concentrations	(<14	nM)	exhibited	a
higher	 risk	 for	 distant	 relapse	 or	 death	 compared	with	 those	with	 high	 concentrations	 (>35	nM).	Although	 the
CYP2D6	 data	 remain	 controversial,	 the	 Clinical	 Pharmacogenetics	 Implementation	 Consortium
(www.cpicpgx.org/)	provides	specific	recommendations	for	adjuvant	endocrine	therapy	decision	making	based	on
CYP2D6	genotype.17	These	 recommendations	 include	 the	use	of	 alternative	hormonal	 therapy	 for	patients	with
CYP2D6	 genotypes	 associated	 with	 reduced	 CYP2D6	 enzyme	 activity	 or	 (for	 those	 who	 must	 remain	 on
tamoxifen)	dose	escalation	of	tamoxifen	(from	20	to	40	mg	per	day)	based	on	a	prospective	study	demonstrating
significantly	higher	endoxifen	concentrations	for	CYP2D6	PM	and	IM	receiving	the	40	mg	per	day	dose	versus
the	20	mg	per	day	dose.18

Many	clinically	important	drugs	inhibit	the	CYP2D6	enzyme	system.	As	with	the	data	regarding	the	CYP2D6
genotype,	the	data	regarding	CYP2D6	inhibitors	has	been	controversial,	including	discordant	findings	with	regard
to	CYP2D6	inhibitor	use	and	breast	cancer	recurrence	or	death.	Additional	caution	should	be	used	with	drugs	that
induce	CYP3A,	such	as	rifampicin,	as	a	these	drugs	substantially	reduce	the	concentrations	of	tamoxifen	and	its
metabolites.

Endoxifen
As	 endoxifen	 is	 more	 potent	 than	 tamoxifen	 and	 circumvents	 concerns	 for	 CYP2D6	 genetic	 polymorphisms
impacting	therapeutic	efficacy,	it	represents	an	attractive	target	to	develop	as	hormonal	therapy.	Recently,	a	first-
in-human	phase	I	study	of	oral	Z-endoxifen	was	reported	for	endocrine	refractory,	ER-positive	metastatic	breast
cancer.19	Seven	dose	levels	(20	to	160	mg)	were	explored,	and	at	160	mg	per	day,	endoxifen	concentrations	were
>1,900	ng/mL	and	dose	escalation	ceased	given	the	lack	of	a	maximum-tolerated	dose.	Endoxifen	clearance	was
unaffected	by	CYP2D6	 genotype.	 The	 overall	 clinical	 benefit	 rate	 (stable	 disease	 >6	months,	 n	 =	 7;	 or	 partial
response	by	Response	Evaluation	Criteria	in	Solid	Tumors	[RECIST]	criteria,	n	=	3)	was	26.3%	(95%	confidence
interval,	 13.4%	 to	 43.1%),	 including	 patients	who	 exhibited	 prior	 progression	 on	 tamoxifen	 (n	=	 3).	Based	 on
these	 early	 results,	 subsequent	 studies	 are	 ongoing,	 including	 randomized	 studies	 comparing	 endoxifen	 with
tamoxifen.

Toremifene
Toremifene	is	an	antiestrogen	similar	to	tamoxifen.	It	is	available	in	the	United	States	for	the	treatment	of	patients
with	metastatic	breast	cancer	and	is	approved	in	other	countries	for	the	adjuvant	treatment	of	ER-positive	breast
cancer.	Clinical	trials	have	demonstrated	no	difference	in	either	disease-free	or	overall	survival	when	toremifene
was	 compared	with	 tamoxifen	 for	 the	 treatment	 of	 ER-positive	 breast	 cancer,20	 and	 evidence	 exists	 for	major
cross-resistance	between	tamoxifen	and	toremifene.

Pharmacology
Toremifene	is	an	antiestrogen	with	a	chemical	structure	that	differs	from	that	of	tamoxifen	by	the	substitution	of	a
chlorine	for	a	hydrogen	atom	that	is	retained	when	toremifene	undergoes	metabolism.	Like	tamoxifen,	toremifene
is	metabolized	by	CYP3A,	with	 a	 secondary	metabolism	 to	 form	hydroxylated	metabolites	 that	 appear	 to	have
similar	binding	affinities	 to	4-OH	tamoxifen.7	The	 time	 to	peak	plasma	concentrations	after	oral	administration
ranges	from	1.5	to	6.0	hours.	The	terminal	half-life	for	the	major	metabolite,	N-desmethyltoremifene,	is	21	days.
The	time	to	reach	plasma	steady-state	concentrations	is	1	to	5	weeks.	As	with	tamoxifen,	toremifene	is	present	at
higher	concentrations	in	tissues	compared	to	plasma	with	a	high	apparent	volume	of	distribution	(958	L).	Seventy
percent	 of	 the	 drug	 is	 excreted	 in	 feces	 as	metabolites.7	 Studies	 in	 patients	 with	 impaired	 liver	 function	 have
demonstrated	 that	 hepatic	 dysfunction	 decreases	 the	 clearance	 of	 toremifene	 and	 N-desmethyltoremifene.
Conversely,	 patients	 on	 anticonvulsants	 known	 to	 induce	 CYP3A	 had	 increased	 clearance.	 The	 rates	 of
endometrial	cancer	in	the	adjuvant	studies	are	similar	to	tamoxifen.

Raloxifene
Raloxifene	 is	a	selective	estrogen	receptor	modulator	 (SERM)	originally	developed	 to	 treat	osteoporosis.	Large
placebo-controlled	 randomized	 trials	 demonstrated	 reduced	 rates	 of	 osteoporosis	 and	 a	 reduction	 in	 new	breast
cancers	in	treated	women,	leading	to	the	development	of	a	second-generation	breast	cancer	chemoprevention	trial
(National	 Surgical	 Adjuvant	 Breast	 and	 Bowel	 Project	 [NSABP]	 P2)	 in	 which	 raloxifene	 was	 compared	 with
tamoxifen	in	high-risk	postmenopausal	women.	Tamoxifen	was	superior	 to	raloxifene	in	 terms	of	both	invasive



and	noninvasive	cancer	events	but	was	associated	with	a	higher	risk	of	thromboembolic	events	and	endometrial
cancer.21

Pharmacology
Raloxifene	is	partially	estrogenic	in	bone,	antiestrogenic	in	mammary	tissue,	and	may	be	less	estrogenic	in	uterine
tissue	 compared	 to	 tamoxifen.	 Pharmacokinetics	 of	 raloxifene,	 studied	 principally	 in	 postmenopausal	 women,
revealed	 considerable	 interindividual	 variation.	 Raloxifene	 is	 rapidly	 absorbed	 from	 the	 gastrointestinal	 tract.
Because	raloxifene	undergoes	extensive	first-pass	glucuronidation,	oral	bioavailability	of	unchanged	drug	is	low.
Although	approximately	60%	of	an	oral	dose	is	absorbed,	the	absolute	bioavailability	as	unchanged	raloxifene	is
only	2%.

After	 the	 oral	 administration	 of	 a	 single	 120-	 or	 150-mg	 dose	 of	 raloxifene	 hydrochloride,	 peak	 plasma
concentrations	of	raloxifene	and	its	glucuronide	conjugates	are	achieved	at	6	hours	and	1	hour,	respectively.	The
plasma	elimination	half-life	of	raloxifene	at	steady	state	averages	27.7	hours.	Raloxifene	is	excreted	principally	in
feces	 as	 an	 unabsorbed	 drug	 and	 via	 biliary	 elimination	 as	 glucuronide	 conjugates,	 which,	 subsequently,	 are
metabolized	by	bacteria	in	the	gastrointestinal	tract	to	the	parent	drug.22

Raloxifene	and	its	monoglucuronide	conjugates	are	more	than	95%	bound	to	plasma	proteins.	Raloxifene	binds
to	 albumin	 and	 α1-acid	 glycoprotein.	 Raloxifene	 undergoes	 extensive	 first-pass	metabolism	 to	 the	 glucuronide
conjugates	 raloxifene	 4′-glucuronide,	 6-glucuronide,	 and	 6,4′-diglucuronide.	UGT1A1	 and	UGT1A8	have	 been
found	to	catalyze	the	formation	of	both	the	6-β-	and	4′-β-glucuronides,	whereas	UGT1A10	formed	only	the	4′-β-
glucuronide.	The	metabolism	of	raloxifene	does	not	appear	to	be	mediated	by	CYP	enzymes.

Fulvestrant
Fulvestrant	 is	 a	 considered	 a	 selective	ER	degrader	 (SERD)	 that	 results	 in	ER	downregulation	without	 agonist
activity.23	Fulvestrant	competitively	binds	to	the	ER	with	approximately	100	times	greater	affinity	than	tamoxifen.
Early	studies	evaluating	inferior	dosing	regimens	(250	mg	per	month)	demonstrated	some	antitumor	activity.24,25
Prospective	 studies	 have	 demonstrated	 that	 500	 mg	 per	 month	 (along	 with	 an	 extra	 loading	 dose	 in	 the	 first
month)	 is	 superior	 to	 the	 250-mg	 dose	 in	 the	 metastatic	 setting.26	 In	 endocrine-naïve	 women	 with	 advanced
hormone	receptor–positive	breast	cancer,	fulvestrant	(500-mg	dose)	was	more	efficacious	than	anastrazole.26,27

Side	Effects	of	Fulvestrant
Fulvestrant	is	well	tolerated.	The	most	common	drug-related	events	(>10%	incidence)	from	the	randomized	phase
III	 studies	 were	 injection-site	 reactions	 and	 hot	 flashes.	 Common	 events	 (incidence	 of	 1%	 to	 10%)	 included
asthenia;	 headache;	 and	 gastrointestinal	 disturbances	 such	 as	 nausea,	 vomiting,	 and	 diarrhea,	 with	 minor
gastrointestinal	disturbances	being	the	most	commonly	described	adverse	event.24,27

Pharmacology
Fulvestrant	is	a	steroidal	molecule	derived	from	estradiol	(E2)	with	an	alkylsulfonyl	side	chain	in	the	7-α	position.
The	drug	is	administered	via	an	intramuscular	formulation	that	provides	prolonged	release	of	the	drug	over	several
weeks.	Early	studies	evaluating	three	different	single	doses	of	fulvestrant	(50,	125,	and	250	mg)	and	later	studies
evaluating	 the	 250-	 and	 500-mg	 doses	 have	 been	 published.23,28	 After	 single	 intramuscular	 injections	 of
fulvestrant,	the	time	of	maximal	concentration	(tmax)	ranged	from	2	to	19	days,	with	the	median	being	7	days	for
each	dose	group.23	Fulvestrant	 is	highly	protein	bound,	 and	 the	volume	of	distribution	at	 steady	 state	 is	3	 to	5
L/kg.	 Pharmacokinetic	 modeling	 of	 the	 pooled	 data	 from	 the	 250-mg	 cohort	 was	 best	 described	 by	 a	 two-
compartment	model	in	which	a	longer	terminal	phase	began	approximately	3	weeks	after	administration.23	With
monthly	dosing	of	fulvestrant,	it	takes	3	to	6	months	for	fulvestrant	to	reach	steady-state	plasma	level.	By	adding	a
loading	dose	at	14	days,	steady-state	levels	of	fulvestrant	can	be	attained	within	1	month	of	treatment.28

AROMATASE	INHIBITORS
The	 synthesis	 of	 ovarian	 hormones	 ceases	 at	 menopause.	 However,	 estrogen	 continues	 to	 be	 converted	 from
androgens	(produced	by	the	adrenal	glands)	by	aromatase,	an	enzyme	of	the	cytochrome	P450	(CYP)	superfamily.
Aromatase	 is	 the	 enzyme	 complex	 responsible	 for	 the	 final	 step	 in	 estrogen	 synthesis	 via	 the	 conversion	 of
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androgens,	androstenedione	and	testosterone,	to	estrogens,	estrone	(E1)	and	E2.	This	pathway	was	used	to	develop
the	 antiaromatase	 class	 of	 compounds.	 Alterations	 in	 aromatase	 expression	 have	 been	 implicated	 in	 the
pathogenesis	 of	 estrogen-dependent	 disease,	 including	 breast	 cancer,	 endometrial	 cancer,	 and	 endometriosis.
Aromatase	 (cytochrome	P450	19	 [CYP19])	 is	encoded	by	 the	highly	polymorphic	CYP19	 gene.	Some	of	 these
variants	may	have	clinical	significance.29

Aminoglutethimide	 was	 the	 first	 clinically	 used	 aromatase	 inhibitor.	 Because	 of	 the	 lack	 of	 selectivity	 for
aromatase	and	the	resultant	suppression	of	aldosterone	and	cortisol,	aminoglutethimide	is	no	longer	recommended
for	 treating	 metastatic	 breast	 cancer.	 Aminoglutethimide	 is	 also	 occasionally	 used	 to	 try	 to	 reverse	 excess
hormone	production	by	adrenocortical	cancers.

Aromatase	 inhibitors	 have	 been	 classified	 in	 a	 number	 of	 different	 ways,	 including	 first,	 second,	 and	 third
generation;	steroidal	and	nonsteroidal;	and	reversible	(ionic	binding)	and	irreversible	(suicide	inhibitor,	covalent
binding).	 The	 nonsteroidal	 aromatase	 inhibitors	 include	 aminoglutethimide	 (first	 generation);	 rogletimide	 and
fadrozole	(second	generation);	and	anastrozole,	letrozole,	and	vorozole	(third	generation).	The	steroidal	aromatase
inhibitors	include	formestane	(second	generation)	and	exemestane	(third	generation).

Steroidal	 and	 nonsteroidal	 aromatase	 inhibitors	 differ	 in	 their	 modes	 of	 interaction	 and	 inactivation	 of	 the
aromatase	 enzyme.	 Steroidal	 inhibitors	 compete	 with	 the	 endogenous	 substrates,	 androstenedione	 and
testosterone,	 for	 the	active	 site	of	 the	enzyme	and	are	processed	 into	 intermediates	 that	 irreversibly	bind	 to	 the
active	 site,	 causing	 irreversible	enzyme	 inhibition.30	Nonsteroidal	 inhibitors	 also	 compete	with	 the	 endogenous
substrates	 for	 access	 to	 the	 active	 site,	where	 they	 then	 form	 a	 reversible	 bond	 to	 the	 heme	 iron	 atom	 so	 that
enzyme	activity	can	recover	if	the	inhibitor	is	removed.

Letrozole	and	Anastrozole
Both	letrozole	and	anastrozole	have	been	extensively	studied	in	the	metastatic	and	adjuvant	settings.	Compared	to
tamoxifen,	 both	 drugs	 have	 superior	 response	 rates	 and	 progression-free	 survival	 (PFS)	 in	 the	 metastatic
setting.31,32	 In	 the	 adjuvant	 setting,	 a	 meta-analysis	 demonstrated	 their	 superiority	 to	 tamoxifen	 in	 terms	 of
relapse-free	 survival	 and	 overall	 survival.33	 In	 addition,	 both	 letrozole	 and	 anastrozole	 have	 been	 studied	 in	 a
sequential	 approach,	 and	 tamoxifen	 followed	 by	 aromatase	 inhibitor	 use	 is	 superior	 to	 5	 years	 of	 tamoxifen
alone.34,35	In	postmenopausal	women	at	high	risk	for	developing	breast	cancer,	anastrozole	significantly	reduced
the	incidence	of	invasive	breast	cancer.36

Side	Effects	of	Anastrozole	and	Letrozole
The	side	effects	of	both	anastrozole	and	letrozole	are	similar	and	include	arthralgias	and	myalgias	in	up	to	50%	of
patients.	Both	drugs	are	associated	with	a	higher	rate	of	bone	fracture	compared	with	tamoxifen.33	When	offering
anastrozole	for	extended	periods	of	time	to	patients	with	early	breast	cancer,	attention	to	bone	health	is	paramount,
and	bone	density	should	be	monitored	in	all	patients.	Prospective	studies	have	demonstrated	that	bisphosphonates
prevent	 aromatase	 inhibitor–induced	 bone	 loss,	 and	 a	meta-analysis	 demonstrated	 that	 bisphosphonates	 reduce
bone	recurrences	and	prolong	overall	survival.37	Therefore,	bisphosphonates	should	be	considered	 in	aromatase
inhibitor–treated	patients,	both	in	those	with	and	without	an	increased	risk	of	bone	fractures.

A	meta-analysis	of	toxicities	comparing	aromatase	inhibitors	with	tamoxifen	has	demonstrated	a	30%	increase
in	grade	3	and	4	cardiac	events	and	hypercholesterolemia	with	aromatase	inhibitors.38	However,	prospective	data
demonstrate	 no	 differences	 in	myocardial	 events	 comparing	 anastrozole	with	 placebo,	 although	 an	 increase	 in
hypertension	was	observed.36

Pharmacology
Letrozole	is	a	nonsteroidal	aromatase	inhibitor	with	a	high	specificity	for	the	inhibition	of	estrogen	production.	In
vitro,	 letrozole	 inhibits	 aromatase	 180	 times	more	 potently	 than	 aminoglutethimide.	Aldosterone	 production	 in
vitro	is	 inhibited	by	concentrations	10,000	times	higher	 than	those	required	for	 inhibition	of	estrogen	synthesis.
After	2	weeks	of	treatment	with	letrozole,	the	blood	levels	of	E2,	E1,	and	estrone	sulfate	were	suppressed	95%	or
more	from	baseline.39	In	postmenopausal	women	with	advanced	breast	cancer,	the	drug	did	not	have	any	effect	on
follicle-stimulating	hormone	(FSH),	luteinizing	hormone	(LH),	thyroid-stimulating	hormone	(TSH),	cortisol,	17-
α-hydroxyprogesterone,	androstenedione,	or	aldosterone	blood	concentrations.40

Anastrozole	 is	 a	 nonsteroidal	 aromatase	 inhibitor	 that	 is	 200-fold	more	 potent	 than	 aminoglutethimide.	 No
effect	 on	 the	 adrenal	 glands	 has	 been	 detected.	 In	 human	 studies,	 the	 tmax	 is	 2	 to	 3	 hours	 after	 oral	 ingestion.



Elimination	 is	 primarily	 via	 hepatic	 metabolism,	 with	 85%	 excreted	 by	 that	 route	 and	 only	 10%	 excreted
unchanged	in	urine.	The	main	circulating	metabolite	is	triazole	after	cleavage	of	the	two	rings	in	anastrozole	by	N-
dealkylation.	 The	 terminal	 half-life	 is	 approximately	 50	 hours,	 and	 steady-state	 concentrations	 are	 achieved	 in
approximately	 10	 days	with	 once-a-day	 dosing.	 Plasma	 protein	 binding	 is	 approximately	 40%.41	 In	 one	 study,
anastrozole	1	and	10	mg	daily	inhibited	in	vivo	aromatization	by	96.7%	and	98.1%,	respectively,	and	plasma	E1
and	E2	 levels	were	suppressed	86.5%	and	83.5%,	 respectively,	 regardless	of	dose.42	Thus,	1	mg	of	anastrozole
achieves	near-maximal	aromatase	inhibition	and	plasma	estrogen	suppression	in	breast	cancer	patients.

Large	 interindividual	 variations	 exist	 in	 plasma	 concentrations	 of	 anastrozole	 and	 its	metabolites	 as	well	 as
pretreatment	 and	 postdrug	 plasma	 E1,	 E2,	 and	 E1	 conjugate	 and	 estrogen	 precursor	 (androstenedione	 and
testosterone)	concentrations.43	Further	research	is	needed	to	determine	the	basis	and	clinical	relevance	of	the	wide
variability	in	the	pharmacokinetics	of	anastrozole.

Exemestane
Exemestane	has	a	steroidal	structure	and	is	classified	as	a	type	1	aromatase	inhibitor,	also	known	as	an	aromatase
inactivator	 because	 it	 irreversibly	 binds	with	 and	 permanently	 inactivates	 the	 enzyme.30	 Exemestane	 has	 been
compared	 to	 tamoxifen	 in	 both	 the	 metastatic	 and	 adjuvant	 settings.	 In	 the	 first-line	 treatment	 of	 hormone
receptor–positive	metastatic	 breast	 cancer,	 exemestane	 is	 superior	 to	 tamoxifen,	 as	 demonstrated	 in	 a	 phase	 III
trial	 in	which	 improvements	 in	 both	median	 PFS	 and	 response	 rates	were	 observed.44	 In	 the	 adjuvant	 setting,
exemestane	 has	 been	 compared	with	 the	 nonsteroidal	 agent	 anastrozole	 in	 the	 treatment	 of	 ER-positive	 breast
cancer,	and	there	were	no	differences	in	disease-free	or	overall	survival.45	Finally,	exemestane	has	been	compared
to	 placebo	 in	 patients	 at	 increased	 risk	 of	 breast	 cancer,	 and	 a	 significant	 reduction	 in	 the	 risk	 of	 developing
invasive	breast	cancer	was	observed.46

Side	Effects	of	Exemestane
Although	 preclinical	 studies	 have	 suggested	 that	 exemestane	 prevented	 bone	 loss	 in	 ovariectomized	 rats,	 there
were	no	differences	in	fracture	rates	comparing	anastrozole	with	exemestane.45	Side	effects,	including	arthralgias
and	myalgias,	appear	to	be	similar	to	those	of	the	other	aromatase	inhibitors.	With	regard	to	steroidogenesis,	no
impact	on	either	cortisol	or	aldosterone	levels	was	seen	in	a	small	study	after	the	administration	of	exemestane	for
7	days.47	Finally,	exemestane	has	weak	androgenic	properties,	and	its	use	at	higher	doses	has	been	associated	with
steroidal-like	side	effects,	such	as	weight	gain	and	acne.	However,	these	side	effects	have	not	been	observed	with
the	FDA-approved	dose	(25	mg	per	day).

Pharmacology
Exemestane	 is	 administered	once	daily	by	mouth,	with	 the	 recommended	daily	dose	being	25	mg.	Exemestane
suppresses	 estrogen	 concentrations	 by	 52%	 to	 72%.	 This	 activity	 is	 comparable	 to	 that	 produced	 by	 the
nonsteroidal	aromatase	inhibitors	anastrozole	and	letrozole.30	The	time	needed	to	reach	maximal	E2	suppression	is
3	 days.	 Exemestane	 does	 not	 appear	 to	 affect	 cortisol	 or	 aldosterone	 levels	 when	 evaluated	 after	 7	 days	 of
treatment	based	on	dose-ranging	studies,	 including	doses	 from	0.5	 to	800	mg.47	Exemestane	 is	metabolized	by
CYP3A4.	Although	drug–drug	interactions	have	not	been	formally	reported	for	exemestane,	there	is	the	potential
for	interactions	with	drugs	that	affect	CYP3A4.

RESISTANCE	TO	ENDOCRINE-TARGETED	THERAPY	IN	BREAST	CANCER
Resistance	to	SERMs	or	aromatase	inhibitors,	whether	intrinsic	or	acquired,	inevitably	develops	over	time	through
multiple	mechanisms	(Fig.	30.2).	An	important	factor	appears	to	be	the	level	of	ER,	which	is	highly	predictive	for
endocrine	therapy	response.	In	approximately	10%	of	cases,	resistance	may	result	from	a	decrease	or	loss	of	ER
expression.48	Although	alterations	in	estrogen	receptor	1	(ESR1,	 the	gene	for	ERα)	are	rare	 in	newly	diagnosed
breast	 cancer,	 activating	 ER	 point	 mutations	 are	 present	 in	 up	 to	 30%	 of	 recurrent	 breast	 cancers.48	 These
mutations	 lead	 to	 a	 conformational	 change	 in	 the	 ligand-binding	 domain	 that	mimics	 the	 conformation	 of	 the
activated	ligand-bound	receptor	and	generates	constitutive,	ligand-independent	transcriptional	activity,	resulting	in
resistance	 to	 hormonal	 therapy.	 Although	 preclinical	 and	 clinical	 studies	 suggest	 that	 tumors	 bearing	 some	 of
these	mutations	retain	sensitivity	 to	higher	dose	SERMs19	and	fulvestrant,49	new	oral	SERDs	are	under	clinical
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development,	and	these	drugs	have	demonstrated	substantial	antitumor	activity	against	ER-positive	cell	lines	and
patient-derived	 xenograft	models	 harboring	ESR1	mutations.50,51	 In	 addition	 to	mutations,	ESR1	 translocations
have	been	described,	several	of	which	yield	fusion	proteins	that	render	ER-positive	cells	insensitive	to	endocrine
therapy.	ESR1	amplification	has	been	more	commonly	observed	in	tumors	resistant	to	aromatase	inhibitors.

Figure	30.2	Selected	mechanisms	of	resistance	to	endocrine	therapy	in	breast	cancer.	In	the
standard	pathway,	estradiol	(E1)	or	estrone	(E2)	binds	to	the	wild-type	estrogen	receptor	(wtER),
resulting	in	nuclear	translocation,	DNA	binding	to	estrogen	receptor	(ER)	response	elements,	and
transcriptional	activity	that	promotes	growth	and	survival.	Mechanism	1:	Loss	of	wtER	expression
may	lead	to	estrogen-independent	growth.	Mechanism	2:	Essential	components	of	the	ESR1	gene
include	activation	function	1	(AF1),	the	DNA-binding	domain	(DBD),	hinge,	and	the	ligand-
binding	domain	(LBD).	ESR1	activating	point	mutations	have	been	reported	in	the	LBD	(red

lightning	bolts),	resulting	in	constitutively	active	mutant	ER	(mutER).	Mechanism	3:
Overexpression	or	amplification	of	growth	factor	receptors,	including	epidermal	growth	factor
receptor	(EGFR),	human	epidermal	growth	factor	receptor	2	(HER2),	human	epidermal	growth
factor	receptor	3	(HER3),	insulin-like	growth	factor	1	receptor	(IGF1R),	fibroblast	growth	factor

receptor	1	(FGFR1)	contributes	to	endocrine	resistance.	Mechanism	4:	In	the	absence	of	stimulatory
signaling,	the	retinoblastoma	(Rb)	protein	sequesters	the	transcription	factor	E2F,	preventing

progression	of	the	cell	cycle.	Increased	activity	of	cyclin	D1	or	cyclin-dependent	kinases	(CDKs)	4
and	6	or	loss	of	the	Rb	protein	facilitates	entry	into	the	cell	cycle.	C’ter,	C-terminal;	N’ter,	N-

terminal;	PI3K,	phosphoinositide	3-kinase;	mTOR,	mammalian	target	of	rapamycin.

Figure	30.3	Chemical	structures	of	cyclin-dependent	kinase	(CDK)	4/6	inhibitors.	The	chemical
structure,	code	name	used	in	preclinical	studies,	and	molecular	formula	of	each	drug	are	provided.

The	CDK4/6	structures	were	drawn	using	PubChem	Sketcher	V2.4



(https://pubchem.ncbi.nlm.nih.gov).

Dysregulation	 in	multiple	growth	factor	signaling	pathways	has	been	associated	with	resistance	 to	endocrine
therapy.	ER-positive	breast	cancers	that	overexpress	HER2	may	be	less	responsive	to	tamoxifen	and	to	hormonal
therapy	 in	 general.52	 Overexpression	 or	 amplification	 in	multiple	 growth	 factor	 receptors,	 including	 epidermal
growth	 factor	 receptor	 (EGFR),	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2),	 human	 epidermal	 growth
factor	 receptor	 3	 (HER3),	 insulin-like	 growth	 factor	 1	 receptor	 (IGF1R),	 fibroblast	 growth	 factor	 receptor	 1
(FGFR1),	contributes	to	endocrine	resistance.48,53	These	mitogenic	pathways	converge	on	the	mitogen-activated
protein	 kinase	 (MAPK)	 and	mammalian	 target	 of	 rapamycin	 (mTOR)	 pathways.	 The	 expression	 of	 AIB1,	 an
estrogen-receptor	 coactivator,	 has	 been	 associated	 with	 tamoxifen	 resistance	 in	 patients	 whose	 breast	 cancers
overexpress	 HER2.48	 Finally,	 mutations	 in	 the	 phosphoinositide	 3-kinase	 (PI3K)/AKT/mTOR	 pathway	 are
frequently	 observed	 in	 ER-positive	 breast	 tumors.54	 However,	 whether	 these	 alterations	 mediate	 resistance	 to
endocrine	therapy	is	controversial	(see	Fig.	30.2).

Impaired	regulation	of	the	cell-cycle	progression	through	abnormalities	in	key	regulatory	checkpoints	can	lead
to	 endocrine	 insensitivity	 as	 well.	 Abnormalities	 in	 the	 cyclin,	 cyclin-dependent	 kinase	 (CDK)	 family,	 or
retinoblastoma	 (Rb)	 pathways	 were	 frequently	 observed	 in	 ER-positive	 breast	 cancers.54	 Cyclin	 D1	 (CCND1)
amplification,	 gain	 of	 CDK4,	 and	 loss	 of	 negative	 regulators	 have	 been	 associated	 with	 estrogen-independent
growth.

Combination	and	Developing	Strategies	to	Overcome	Endocrine	Resistance	in
Breast	Cancer

mTOR	Inhibitors
As	 the	downstream	mediator	of	 the	PI3K/AKT	pathway,	overcoming	endocrine	 resistance	by	 inhibiting	mTOR
was	 evaluated.	 In	 patients	 resistant	 to	 anastrozole	 or	 letrozole,	 adding	 everolimus	 (an	mTOR	 inhibitor)	 to	 the
steroidal	 aromatase	 inhibitor	 exemestane	 improved	PFS.55	The	benefit	of	mTOR	 inhibitors	may	be	confined	 to
patients	who	 exhibit	 secondary	 endocrine	 resistance,	 as	 no	 improvement	 in	 PFS	was	 noted	when	 this	 class	 of
drugs	was	added	to	aromatase	inhibitors	in	the	first-line	setting.56	The	side	effect	profile	of	everolimus	includes
stomatitis,	hyperglycemia,	anemia,	and,	rarely,	drug-related	pneumonitis.	A	feedback	loop	resulting	in	increased
activation	 of	 AKT	 limits	 the	 durability	 of	 everolimus	 responses.	 Multiple	 therapeutic	 strategies	 targeting	 the
PI3K/AKT/mTOR	pathway	are	in	development.

CDK4/6	Inhibitors
The	cell-cycle	progression	for	multiple	growth	factor	or	proliferation	signaling	pathways	is	regulated	by	CDK4	or
CDK6.	 Activation	 of	 CDK4	 or	 CDK6	 leads	 to	 phosphorylation	 and	 degradation	 of	 the	 tumor	 suppressor	 Rb,
representing	another	mechanism	of	endocrine	resistance.	CDK4/6	inhibition	activates	Rb	and	inhibits	growth	in
both	 estrogen-sensitive	 and	 estrogen-resistant	 models.	 Three	 highly	 selective	 CDK4/6	 inhibitors	 have
demonstrated	efficacy	in	ER-positive	breast	cancer:	palbociclib,	ribociclib,	and	abemaciclib	(Fig.	30.3).

Combinations	of	palbociclib,	ribociclib,	or	abemaciclib	with	either	letrozole	or	fulvestrant	demonstrated	similar
and	substantial	improvement	in	PFS	in	premenopausal57	or	postmenopausal	women58–60	with	metastatic	hormone
receptor–positive	 breast	 cancer.	 Palbociclib	 and	 ribociclib	 share	 a	 similar	 toxicity	 profile,	 including
myelosuppression,	 and	 fatigue.	Notably,	 although	 neutropenia	 is	 commonly	 observed,	 episodes	 of	 neutropenic
fever	are	infrequent.	Prolongation	of	the	QT	interval	has	been	reported	with	ribociclib,	and	electrocardiogram	and
electrolyte	monitoring	are	recommended.	Abemaciclib	more	potently	inhibits	CDK4	compared	to	CDK6.	Unlike
other	 CDK4/6	 inhibitors,	 abemaciclib	 has	 significant	 single-agent	 activity	 in	 hormone-refractory	 and
chemotherapy-refractory	metastatic	ER-positive	breast	cancer.61	Although	myelosuppression	can	occur,	the	most
common	adverse	event	with	abemaciclib	is	diarrhea.

GONADOTROPIN-RELEASING	HORMONE	ANALOGS
Gonadotropin-releasing	hormone	(GnRH)	analogs	result	in	a	medical	orchiectomy	in	men	and	are	used	as	a	means
of	 providing	 androgen	 ablation	 for	 hormone-sensitive	 and	 castration-refractory	 metastatic	 prostate	 cancer.
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Because	the	initial	agonist	activity	of	GnRH	analogs	can	cause	a	tumor	flare	from	temporarily	increased	androgen
levels,	concomitant	use	of	the	antiandrogen	flutamide	or	bicalutamide	has	been	used	to	prevent	this	effect.

GnRH	analogs	can	also	cause	 tumor	 regressions	 in	hormonally	 responsive	breast	 cancers	 and	have	 received
FDA	approval	 for	 the	 treatment	of	metastatic	breast	cancer	 in	premenopausal	women.	The	benefit	of	 including
these	 drugs	 in	 combination	 with	 tamoxifen,	 anastrozole,	 or	 exemestane	 in	 the	 adjuvant	 treatment	 of
premenopausal	women	with	primary	breast	cancer	has	been	established	in	multiple	large	clinical	trials.62–64

The	primary	toxicities	of	GnRH	analogs	are	secondary	to	the	ablation	of	sex	steroid	concentrations	and	include
hot	 flashes,	 sweating,	 and	 loss	 of	 libido.	 These	 symptoms	 can	 be	 reversed	 with	 low	 doses	 of	 progesterone
analogs.4	 In	men	with	advanced	prostate	cancer,	an	alternate	strategy	of	 intermittent	GnRH	administration	may
result	 in	 improved	 tolerability	 and	 quality	 of	 life.	 However,	 in	men	with	 newly	 diagnosed	metastatic	 prostate
cancer,	 intermittent	 androgen-deprivation	 therapy	 (ADT)	 failed	 to	 demonstrate	 noninferiority	 compared	 to
continuous	ADT;	thus,	continuous	GnRH	administration	remains	the	standard	of	care.65

Gonadotropin-Releasing	Hormone	Analogs
GnRH	 agonists	 available	 for	 clinical	 use	 include	 goserelin	 and	 leuprolide.	 Both	 are	 available	 in	 depot
intramuscular	preparations	to	be	given	at	monthly	intervals.66,67	The	recommended	monthly	dose	of	leuprolide	is
7.5	mg	and	of	goserelin	is	3.6	mg.	There	are	also	longer	acting	depot	preparations	to	be	administered	every	3,	4,	6,
and	12	months.

Pharmacology
Analogs	of	the	decapeptide	GnRH	have	been	synthesized	by	modifications	of	l-glycine	in	position	6.66,67	These
changes	 increase	 the	affinity	of	 the	analog	 for	 the	GnRH	receptor	 and	decrease	 the	 susceptibility	 to	 enzymatic
degradation.	 Initial	administration	of	 these	compounds	results	 in	stimulation	of	gonadotropin	 release.	However,
prolonged	administration	has	led	to	profound	inhibition	of	the	pituitary–gonadal	axis.	Plasma	E2	and	progesterone
are	consistently	suppressed	to	postmenopausal	or	castrate	levels	after	2	to	4	weeks	of	treatment.	These	drugs	are
administered	 intramuscularly	 or	 subcutaneously	 in	 a	 parenteral	 sustained-release	 microcapsule	 preparation,	 as
parenteral	administration	is	associated	with	rapid	clearance.

Leuprolide	is	approximately	80	to	100	times	more	potent	than	endogenous	GnRH.	It	induces	castrate	levels	of
testosterone	in	men	with	prostate	cancer	within	3	to	4	weeks	of	drug	administration	after	an	initial	sharp	increase
in	LH	and	FSH.	The	mechanisms	of	action	include	pituitary	desensitization	after	a	reduction	in	pituitary	GnRH
receptor	binding	sites	and	possibly	a	direct	antitumor	effect	in	ER-positive	human	breast	cancer	cells.66	The	depot
form	results	 in	a	dose	rate	of	210	μg	per	day	of	 leuprolide.	Peak	concentrations	of	 the	depot	form	are	achieved
approximately	3	hours	after	drug	administration.	There	appears	to	be	a	linear	increase	in	the	area	under	the	curve
(AUC)	 for	doses	of	3.75,	7.5,	 and	15.0	mg	 in	 the	depot	 form.	The	parenteral	bioavailability	of	 subcutaneously
injected	leuprolide	is	94%.	In	human	studies,	leuprolide	urinary	excretion	as	a	metabolite	was	the	primary	route	of
clearance.66

Goserelin	 is	 approximately	 100	 times	 more	 potent	 than	 naturally	 occurring	 GnRH.	 In	 women,	 goserelin
inhibits	ovarian	androgen	production,	but	serum	levels	of	dehydroepiandrosterone	sulfate	and,	to	a	lesser	extent,
androstenedione,	are	preserved.	Goserelin	 is	 released	at	a	continuous	mean	rate	of	120	μg	per	day	 in	 the	depot
form,	with	 the	 terminal	 half-life	 occurring	 approximately	5	hours	 after	 subcutaneous	 injection.	 It	 is	 principally
excreted	in	the	urine.

Gonadotropin-Releasing	Hormone	Antagonists
Modification	to	the	structure	of	GnRH	has	resulted	in	the	development	of	GnRH	antagonist	compounds	that	are
currently	being	used	in	the	treatment	of	prostate	cancer.	Abarelix	was	approved	by	the	FDA	in	2003	as	the	first
depot-injectable	GnRH	antagonist	but	was	subsequently	withdrawn	in	2005.	Degarelix	is	a	synthetically	modified
compound	with	GnRH	antagonist	activity,	with	comparable	efficacy	to	leuprolide,	that	was	approved	for	use	by
the	 FDA	 in	 2008	 for	 the	 management	 of	 prostate	 cancer.68	 Degarelix	 blocks	 the	 GnRH	 receptor,	 thereby
preventing	the	trigger	for	LH	production	that	mediates	androgen	synthesis.	In	contrast	to	GnRH	analogs,	degarelix
does	not	cause	tumor	flare	symptoms	secondary	to	temporary	increased	androgen	production.	The	most	common
side	effects	were	hot	flashes	and	pain	at	the	injection	site.	It	is	unknown	if	degarelix	will	have	a	similar	chronic
side	effect	profile	known	to	be	associated	with	long-term	GnRH	analog	use.



Pharmacology
The	 recommended	 loading	 dose	 of	 degarelix	 is	 240	 mg,	 administered	 as	 two	 injections	 of	 120	 mg	 each
subcutaneously.	 Monthly	 maintenance	 doses	 of	 80	 mg	 as	 a	 20	 mg/mL	 solution	 are	 started	 28	 days	 after	 the
loading	dose.	In	60	healthy	males,	after	a	single	subcutaneous	dose	of	degarelix,	a	 terminal	half-life	of	47	days
was	 observed.68	 Pharmacokinetic	 properties	 of	 degarelix	 have	 been	 evaluated	 when	 administered	 as	 a
subcutaneous	 depot	 of	 drug	 as	 a	 gel	 in	 six	 different	 doses	 to	 48	 healthy	 males	 and	 when	 administered
intravenously.	Using	data	from	several	clinical	trials,	the	rate	of	drug	diffusion	from	subcutaneous	administration
results	in	detectable	drug	up	to	60	days	after	a	single	dose	compared	to	less	than	4	days	when	the	drug	is	injected
intravenously.

ANTIANDROGENS
Flutamide
The	antiandrogen	flutamide	is	used	in	men	with	metastatic	prostate	cancer	either	as	initial	therapy,	combined	with
GnRH	analog	 administration,	 or	when	 the	metastatic	prostate	 cancer	 is	 unresponsive	despite	 androgen	 ablation
therapy.	 The	 recommended	 dose	 is	 250	mg	 by	mouth	 three	 times	 a	 day.	 In	 patients	 whose	 prostate	 cancer	 is
growing	 despite	 flutamide	 use,	 stopping	 flutamide	 can	 sometimes	 cause	 a	 flutamide	withdrawal	 response.	 The
most	 common	 toxicity	 seen	with	 flutamide	 is	 diarrhea,	 with	 or	 without	 abdominal	 discomfort.	 Gynecomastia,
which	can	be	 tender,	 frequently	occurs	 in	men	who	are	not	 receiving	concomitant	androgen	ablation	 therapy.69
Flutamide	can	rarely	cause	hepatotoxicity,	a	condition	that	is	reversible	if	detected	early,	but	this	toxicity	can	also
be	fatal.

Pharmacology
Flutamide	 acts	 as	 an	 androgen	 receptor	 antagonist	 with	 no	 intrinsic	 steroidal	 activity.69	 Binding	 prevents
dihydrotestosterone	 binding	 and	 subsequent	 translocation	 of	 the	 androgen–receptor	 complex	 into	 the	 nuclei.
Because	it	is	a	pure	antiandrogen,	it	acts	only	at	the	cellular	level.	The	administration	of	flutamide	alone	leads	to
increased	LH	and	FSH	production	and	a	concomitant	increase	in	plasma	testosterone	and	E2	levels.	When	the	drug
is	administered	 three	 times	a	day,	 steady-state	 levels	are	achieved	by	day	6.	The	elimination	half-life	at	 steady
state	is	7.8	hours,	and	2-hydroxyflutamide	achieves	concentrations	50	times	higher	than	the	parent	drug	at	steady
state	and	has	equal	or	greater	potency	 than	 that	of	 flutamide.	The	elimination	half-life	 for	 the	metabolite	 is	9.6
hours.	 The	 high	 plasma	 concentrations	 of	 2-hydroxyflutamide,	 as	 compared	 with	 flutamide,	 suggest	 that	 the
therapeutic	benefits	of	flutamide	are	mediated	primarily	through	its	active	metabolite.69

Bicalutamide
Bicalutamide	 is	 another	 nonsteroidal	 antiandrogen	 that	 has	 been	 approved	 by	 the	 FDA	 for	 use	 in	 the	 United
States.	 The	 recommended	 dose	 is	 one	 50-mg	 tablet	 per	 day.	 One	 randomized	 trial	 reported	 that	 bicalutamide
compared	 favorably	 with	 flutamide	 in	 patients	 with	 advanced	 prostate	 cancer.70	 Bicalutamide	 appears	 to	 be
relatively	well	tolerated	and	is	associated	with	a	lower	incidence	of	diarrhea	than	is	flutamide.

Pharmacology
Bicalutamide	has	a	binding	affinity	to	the	androgen	receptor	in	the	rat	prostate	that	is	four	times	greater	than	that
of	2-hydroxyflutamide.71	In	humans,	the	drug	has	a	long	plasma	half-life	of	5	to	7	days,	so	it	may	be	administered
on	 a	weekly	 schedule.	 Pharmacokinetics	 of	 the	 drug	 showed	 a	 dose-dependent	 increase	 in	mean	 peak	 plasma
concentrations,	 and	 the	 AUC	 increased	 linearly	 with	 the	 dose.	 The	 half-life	 of	 bicalutamide	 in	 humans	 was
approximately	6	days,	and	the	drug	clearance	was	not	saturable	at	plasma	concentrations	up	to	1,000	ng/mL.	Daily
dosing	of	the	drug	led	to	an	approximately	10-fold	accumulation	after	12	weeks	of	administration.	In	contrast	to
results	in	rats,	serum	concentrations	of	testosterone	and	LH	increased	significantly	from	baseline	at	all	dose	levels
tested	 in	 humans.	 Whereas	 serum	 FSH	 concentrations	 remained	 essentially	 unchanged,	 the	 median	 serum	 E2
concentrations	increased	significantly.71

Nilutamide
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Nilutamide	represents	the	third	variation	of	an	antiandrogen	available	for	use	in	patients	with	prostate	cancer.	The
observation	of	unique	toxicities,	night	blindness,	and	pulmonary	toxicity	has	limited	its	use.

RESISTANCE	TO	ANDROGEN	THERAPIES	IN	PROSTATE	CANCER
Although	 testosterone	 depletion	 remains	 a	 standard	 for	 advanced-stage,	 castrate-sensitive	 disease,	 evidence
indicates	that	castrate-resistant	prostate	cancer	remains	androgen	receptor	(AR)	dependent.	Despite	undetectable
circulating	 androgens,	 persistent	 AR	 activation	 occurs	 through	 a	 variety	 of	 mechanisms,	 including	 AR
amplification,	 activating	 mutations,	 or	 splice	 variants.	 Recognition	 of	 continued	 AR	 activation	 has	 led	 to	 the
development	of	novel	antiandrogens.

Abiraterone	Acetate
After	the	failure	of	initial	androgen	manipulation,	prostate	cancer	continues	to	respond	to	a	variety	of	second-	and
third-line	 hormonal	 interventions.	Based	 on	 this	 observation,	CYP17,	 a	 key	 enzyme	 in	 androgen	 and	 estrogen
synthesis,	 was	 targeted	 using	 ketoconazole,	 which	 is	 a	 weak,	 reversible,	 and	 nonspecific	 inhibitor	 of	 CYP17,
resulting	in	modest	antitumor	activity	of	short	durability.	Abiraterone	acetate,	a	selective,	irreversible	inhibitor	of
CYP17	that	is	20	times	more	potent	than	ketoconazole,	prolonged	overall	survival	in	castration-resistant	prostate
cancer.72	 In	men	with	 newly	 diagnosed,	metastatic,	 castration-sensitive	 prostate	 cancer,	 combining	 abiraterone
acetate	with	ADT	was	superior	to	ADT	alone,	as	evidenced	by	a	more	than	doubled	radiographic	PFS.73	Earlier
use	of	abiraterone	acetate	was	further	supported	in	another	phase	III	study	demonstrating	that	adding	abiraterone
acetate	 to	 androgen	 deprivation	 lowered	 the	 relative	 risk	 of	 death	 compared	 to	 androgen	 deprivation	 alone.74
These	 two	 recent	 studies	 (LATITUDE	 and	 STAMPEDE)	 add	 substantial	 evidence	 for	 including	 abiraterone
acetate	to	ADT	in	treatment-naïve	men	with	metastatic	prostate	cancer.

Development	of	primary	and	secondary	resistance	to	abiraterone	acetate	and	prednisone	has	been	observed	in
castration-resistant	 patients.	 Mechanisms	 of	 resistance	 include	 both	 AR-dependent	 and	 non-androgen	 axis–
dependent	 pathways.	 Regarding	 the	 latter,	 in	 a	 study	 evaluating	 exome	 and	 transcriptome	 sequencing	 of
metastases	 in	 castration-resistant	 patients,	 higher	 expression	 of	 genes	 in	 cell	 cycle	 proliferation	 pathways	 and
increased	 mutational	 frequency	 in	 the	 Wnt/β-catenin	 pathway	 were	 linked	 to	 the	 development	 of	 primary
resistance	to	abiraterone	acetate	and	prednisone.	Negative	regulators	of	Wnt/β-catenin	signaling	were	also	more
frequently	deleted	or	displayed	reduced	mRNA	expression	in	patients	with	primary	resistance.75

Resistance	to	abiraterone	can	also	be	driven	by	the	expression	of	truncated	AR	splice	variants	(AR-Vs).	AR-Vs
retain	the	N-terminal	domain	and	DNA-binding	domain	of	full-length	AR	but	lack	the	C-terminal	ligand-binding
domain	due	 to	splicing	of	alternative	3′	 terminal	cryptic	exon.76,77	 Instead	of	a	 ligand-binding	domain,	 these	3′
terminal	cryptic	exons	encode	C-terminal	extensions	of	variable	length	and	sequence.	One	particular	AR-V,	AR-
V7,	arises	from	contiguous	splicing	of	AR	exons	1,	2,	3,	and	cryptic	exon	3	(CE3)	and	has	been	associated	with
driving	resistance	by	functioning	as	a	 ligand-independent	 transcription	factor.78	AR-V9,	which	shares	structural
similarities	with	AR-V7,	has	also	been	reported	as	an	independent	predictor	of	primary	resistance	to	abiraterone
acetate	in	castration-	resistant	patients.79

Pharmacology
Abiraterone	acetate	is	a	3-pyridyl	steroid	pregnenolone-derived	compound	available	as	an	oral	prodrug.	Its	main
toxicity	is	mineralocorticoid	excess	(including	hypokalemia,	hypertension,	and	fluid	overload)	because	continuous
CYP17	 blockade	 raises	 adrenocorticotrophic	 hormone	 (ACTH)	 levels	 that	 increase	 upstream	 levels	 of	CYP17,
including	corticosterone	and	deoxycorticosterone.80	These	adverse	effects	can	be	lessened	by	the	coadministration
of	steroids.

The	established	dose	of	abiraterone	is	1,000	mg	per	day	(four	250-mg	tablets).	Following	oral	administration	of
abiraterone	acetate,	the	median	time	to	maximum	plasma	abiraterone	concentrations	is	within	1.5	to	4	hours.	At
the	dose	of	1,000	mg	daily,	the	following	fasting	values	were	found:	Cmax,	510	nM/mL;	AUC,	3,478	nM/L/h;	and
half-life,	14.4	hours.	Abiraterone	is	highly	bound	(>99%),	and	the	apparent	steady-state	volume	of	distribution	is
19,669	 L.	 Abiraterone	 is	 converted	 into	 two	 inactive	metabolites,	N-oxide	 abiraterone	 sulfate	 and	 abiraterone
sulfate.	Abiraterone	not	only	inhibits	several	CYP	enzymes,	including	CYP2D6,	CYP1A2,	and	CYP3A4,	but	also
inhibits	a	CYP3A4	substrate.80



Enzalutamide
Enzalutamide	is	a	diarylthiohydantoin	compound	that	binds	AR	with	an	affinity	that	is	several-fold	greater	than
the	 antiandrogens	 bicalutamide	 and	 flutamide.	 This	 class	 of	 novel	 AR	 inhibitor	 also	 disrupts	 the	 nuclear
translocation	 of	 AR	 and	 impairs	 DNA	 binding	 to	 androgen	 response	 elements	 and	 the	 recruitment	 of
coactivators.81	 Enzalutamide	 is	 approved	 for	 the	 treatment	 of	metastatic	 castrate-resistant	 prostate	 cancer	 both
before	and	after	chemotherapy.82	Side	effects	of	enzalutamide	 include	hot	 flashes,	 fatigue,	diarrhea,	and	 rarely,
seizures.	As	is	the	case	for	abiraterone	acetate,	development	of	resistance	after	initial	response	has	been	observed
to	enzalutamide	with	the	development	of	AR	variants.78

Pharmacology
The	 standard	 dose	 of	 enzalutamide	 is	 160	 mg	 once	 daily,	 and	 its	 major	 active	 metabolite	 is	 N-desmethyl
enzalutamide.	 In	 the	 studied	 dose	 range	 between	 30	 and	 480	 mg,	 enzalutamide	 reached	 peak	 concentrations
between	30	minutes	and	4	hours	after	administration,	and	the	half-life	was	approximately	1	week.83	Steady-state
plasma	levels	of	enzalutamide	are	reached	after	1	month	of	daily	treatment.	Enzalutamide	is	mainly	metabolized
by	CYP2C8	and	CYP3A4.

Androgen-Targeted	Therapies	in	Development
Novel,	more	potent	 antiandrogens	 are	 currently	 being	developed.	Apalutamide	 (ARN-509)	 is	more	potent	 than
current	inhibitors	of	the	AR.	In	early	clinical	studies,	apalatuamide	was	well	tolerated,	and	randomized	phase	III
studies	are	ongoing.84	Darolutamide	(ODM-201)	is	another	high-affinity	AR	antagonist	being	evaluated	in	phase
III	 trials.85	 Darolutamide	 retains	 the	 ability	 to	 inhibit	 AR	 splice	 variants	 and	 may	 have	 fewer	 drug–drug
interactions.

OTHER	SEX	STEROID	THERAPIES
Fluoxymesterone
Fluoxymesterone	is	an	androgen	that	has	been	used	in	women	with	metastatic	breast	cancer	who	have	hormonally
responsive	 cancers	 and	 who	 have	 progressed	 on	 other	 hormonal	 therapies	 such	 as	 tamoxifen,	 an	 aromatase
inhibitor,	or	megestrol	acetate.	The	usual	dose	is	10	mg	given	twice	daily.	Although	the	overall	response	rate	of
fluoxymesterone	 in	 this	 clinical	 situation	 is	 low,	 some	 patients	 have	 exhibited	 substantial	 antitumor	 responses
lasting	for	months	or	even	years.

Toxicities	 associated	 with	 fluoxymesterone	 are	 those	 that	 would	 be	 expected	 with	 an	 androgen,	 including
hirsutism,	 male-pattern	 baldness,	 voice	 lowering	 (hoarseness),	 acne,	 enhanced	 libido,	 and	 erythrocytosis.
Fluoxymesterone	 can	 also	 cause	 elevated	 liver	 function	 test	 results	 in	 some	 patients	 and,	 rarely,	 has	 been
associated	with	hepatic	neoplasms.	The	pharmacology	of	fluoxymesterone	has	been	described	elsewhere.86

Estrogens:	Diethylstilbestrol	and	Estradiol
Prior	to	tamoxifen,	diethylstilbestrol	(DES)	was	the	primary	hormonal	therapy	used	for	postmenopausal	metastatic
breast	cancer.	Randomized	comparative	 trials	comparing	DES	to	 tamoxifen	showed	similar	responses	rates,	but
DES	was	supplanted	by	tamoxifen	given	higher	rates	of	 toxicity,	 including	nausea,	vomiting,	breast	 tenderness,
and	thromboembolism.87	DES	is	no	longer	clinically	available	in	the	United	States,	but	similar	antitumor	effects
are	seen	with	estradiol.	A	prospective	clinical	trial	comparing	30	mg	(10	mg	three	times	a	day)	with	6	mg	(2	mg
three	 times	 a	 day)	 in	 women	 with	 metastatic	 ER-positive	 breast	 cancer	 and	 acquired	 resistance	 to	 aromatase
inhibitors	showed	similar	clinical	benefit	rates	but	fewer	serious	adverse	events	with	the	6-mg	dose.88

Medroxyprogesterone	and	Megestrol
Medroxyprogesterone	and	megestrol	are	17-OH-progesterone	derivatives	differing	in	a	double	bond	between	the
C6	 and	 C7	 positions	 in	 megestrol.	 Historically,	 megestrol	 was	 used	 as	 a	 hormonal	 agent	 for	 patients	 with
advanced	breast	cancer	or	advanced	prostate	cancer,	usually	at	a	total	daily	dose	of	160	mg.	It	is	still	used	for	the
treatment	of	hormonally	responsive	metastatic	endometrial	cancer.	Megestrol	has	also	been	extensively	evaluated
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for	the	treatment	of	anorexia/cachexia	related	to	cancer	or	AIDS.	Various	dosages	ranging	from	160	to	1,600	mg
per	day	have	been	used.	A	prospective	study	demonstrated	a	dose–response	relationship	with	doses	up	to	800	mg
per	day.89	Low	dosages	of	megestrol	(20	to	40	mg	per	day)	have	been	shown	to	be	an	effective	means	of	reducing
hot	flashes	in	women	with	breast	cancer	and	in	men	who	have	undergone	androgen	ablation	therapy.90	Although
megestrol	had	historically	been	administered	four	times	per	day,	the	long	terminal	half-life	supports	once-per-day
dosing.

Megestrol	 is	 a	 relatively	 well-tolerated	 medication,	 with	 its	 most	 prominent	 side	 effects	 being	 appetite
stimulation	 and	 resultant	 weight	 gain.	 Although	 these	 side	 effects	 may	 be	 beneficial	 in	 patients	 with
anorexia/cachexia,	they	can	be	problematic	in	patients	with	breast	or	endometrial	cancers.	Another	side	effect	of
megestrol	acetate	is	the	marked	suppression	of	adrenal	steroid	production	by	suppression	of	the	pituitary–adrenal
axis.	 Although	 this	 appears	 to	 be	 asymptomatic	 in	 the	 majority	 of	 patients,	 reports	 suggest	 that	 this	 adrenal
suppression	can	cause	clinical	problems	 in	some	patients.	There	appears	 to	be	a	slightly	 increased	 incidence	of
thromboembolic	phenomena	in	patients	receiving	megestrol	alone.89	Megestrol	can	cause	menstrual	irregularities
in	women	and	 impotence	 in	men,	although	 these	 side	effects	are	 typically	 reversible.89,90	Although	nausea	and
vomiting	have	sometimes	been	attributed	as	a	toxicity	of	this	drug,	there	are	data	to	demonstrate	that	this	drug	has
antiemetic	properties.

Medroxyprogesterone	has	many	of	the	same	properties,	clinical	uses,	and	toxicities	as	megestrol	acetate.	It	has
never	 been	 commonly	 used	 in	 the	 United	 States	 for	 the	 treatment	 of	 breast	 cancer.	 Medroxyprogesterone	 is
available	in	2.5-	and	10-mg	tablets	and	in	injectable	formulations	of	100	and	400	mg/L.	Dosing	for	the	treatment
of	metastatic	breast	or	prostate	cancer	has	commonly	been	400	mg	per	week	or	more	and	1,000	mg	per	week	or
more	for	metastatic	endometrial	cancer.	Injectable	or	daily	oral	doses	have	been	used	for	controlling	hot	flashes.

Pharmacology
The	 exact	mechanism	of	 antitumor	 effect	 of	medroxyprogesterone	 and	megestrol	 is	 unclear.	These	 drugs	 have
been	reported	to	suppress	adrenal	steroid	synthesis,	suppress	ER	levels,	alter	tumor	hormone	metabolism,	enhance
steroid	metabolism,	directly	kill	tumor	cells,	and	influence	growth	factors.91

The	oral	bioavailability	of	these	progestational	agents	is	unknown,	although	absorption	appears	to	be	poor	for
medroxyprogesterone	relative	to	megestrol.	The	terminal	half-life	for	megestrol	is	approximately	14	hours,	with	a
tmax	of	2	to	5	hours	after	oral	ingestion.	The	AUC	for	a	single	megestrol	dose	of	160	mg	is	between	2.5-	and	8-
fold	higher	than	that	for	single-dose	medroxyprogesterone	at	1,000	mg	with	a	radioactive	dose	of	megestrol;	50%
to	 78%	 is	 found	 in	 the	 urine	 after	 oral	 administration,	 and	 8%	 to	 30%	 is	 found	 in	 the	 feces.7	 Metabolism	 of
medroxyprogesterone	 occurs	 via	 hydroxylation,	 reduction,	 demethylation,	 and	 combinations	 of	 these	 reactions.
The	initial	volume	of	distribution	is	between	4	and	8	L	in	humans.	The	mean	terminal	half-life	is	60	hours.	The
tmax	 for	 medroxyprogesterone	 occurs	 2	 to	 5	 hours	 after	 oral	 administration.7	 Progestational	 agents	 also	 may
increase	plasma	warfarin	level	consistent	with	CYP3A	being	the	site	of	interaction.

OTHER	HORMONAL	THERAPIES
Octreotide
Octreotide	and	 lanreotide	are	somatostatin	analogs	used	 to	 treat	carcinoid	syndrome	and	other	hormonal	excess
syndromes	associated	with	some	pancreatic	islet	cell	cancers	and	acromegaly.	Response	rates	(measured	in	terms
of	a	reduction	in	diarrhea	and	flushing)	are	high	and	can	last	for	several	months	to	years.	In	enteropancreatic	and
midgut	 neuroendocrine	 tumors,	 somatostatin	 analogs	 improve	 tumor	 control.92,93	 Octreotide	 and	 lanreotide	 are
generally	 well	 tolerated	 overall.	 More	 toxicity	 is	 observed	 in	 acromegalic	 patients,	 with	 such	 problems	 as
bradycardia,	diarrhea,	hypoglycemia,	hyperglycemia,	hypothyroidism,	and	cholelithiasis.

Pharmacology
Octreotide	 is	 an	 8–amino	 acid	 synthetic	 analog	 of	 the	 14–amino	 acid	 peptide	 somatostatin.	 Octreotide	 has	 a
similar	 high	 affinity	 for	 somatostatin	 receptors,	 with	 a	 concentration	 that	 inhibits	 the	 receptor	 by	 50%	 in	 the
subnanomolar	range.	Octreotide	can	be	administered	intravenously	or	subcutaneously.	Octreotide	inhibits	insulin,
glucagon,	pancreatic	polypeptide,	gastric	inhibitory	polypeptide,	and	gastrin	secretion.94	Whereas	the	half-life	of
somatostatin	is	only	2	to	3	minutes,	octreotide	has	a	half-life	of	90	to	120	minutes,	and	the	pharmacologic	duration



of	action	lasts	up	to	12	hours	(when	administered	subcutaneously).	It	has	a	much	longer	duration	of	action	than
the	parent	compound	because	of	its	greater	resistance	to	enzymatic	degradation.	Because	of	the	short	half-life	of
classic	octreotide,	classic	octreotide	initial	doses	of	50	μg	are	given	two	to	three	times	on	the	first	day.	The	dose	is
titrated	 upward,	 with	 a	 usual	 daily	 dose	 of	 300	 to	 450	 μg	 per	 day	 for	 most	 patients.	 A	 slow-release	 form	 of
octreotide,	designed	for	once-per-month	administration,	controls	the	symptoms	of	carcinoid	syndrome	at	least	as
well	as	three-times-per-day	octreotide.	The	pharmacokinetic	profile	of	lanreotide	is	comparable	to	octreotide.
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Weiner

INTRODUCTION
Antibody-based	therapeutics	are	important	components	of	the	cancer	therapeutic	armamentarium.	Early	antibody
therapy	 studies	 attempted	 to	 explicitly	 target	 cancers	 based	 on	 the	 structural	 and	 biologic	 properties	 that
distinguish	neoplastic	cells	from	their	normal	counterparts.	The	immunogenicity	and	inefficient	effector	functions
of	 the	 first-generation	murine	monoclonal	 antibodies	 (MAbs)	 that	were	evaluated	 in	 clinical	 trials	 limited	 their
effectiveness.1	Patients	developed	human	antimouse	antibody	(HAMA)	responses	against	 the	therapeutic	agents
that	 rapidly	 cleared	 it	 from	 the	 body	 and	 limited	 the	 number	 of	 times	 the	 therapy	 could	 be	 administered.	 The
development	of	 engineered	chimeric,	humanized,	 and	 fully	human	MAbs	has	 identified	a	number	of	 important
and	 useful	 applications	 for	 antibody-based	 cancer	 therapy.	Currently,	 there	 are	 29	MAbs	 and	MAb-conjugates
approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	the	treatment	of	cancer	(Table	31.1),	and	many
more	are	under	evaluation	in	late-stage	clinical	trials.2	Antibodies	provide	an	important	means	by	which	to	exploit
the	immune	system	by	specifically	recognizing	and	directing	antitumor	responses.

Antibodies	 are	 produced	 by	 B	 cells	 and	 arise	 in	 response	 to	 exposures	 to	 a	 variety	 of	 structures,	 termed
antigens,	 as	 a	 result	 of	 a	 series	 of	 recombinations	 of	 V,	 D,	 and	 J	 germline	 genes.	 Immunoglobulin	 (Ig)	 G
molecules	are	most	commonly	employed	as	the	working	backbones	of	current	therapeutic	MAbs,	although	various
other	 isotypes	 of	 antibodies	 have	 specialized	 functions	 (e.g.,	 IgA	 molecules	 play	 important	 roles	 in	 mucosal
immunity,	 IgE	 molecules	 are	 involved	 in	 anaphylaxis).	 The	 advent	 of	 hybridoma	 technology	 by	 Köhler	 and
Milstein3	made	 it	 possible	 to	produce	 large	quantities	of	 antibodies	with	high	purity	 and	monospecificity	 for	 a
single	binding	region	(epitope)	on	an	antigen.

The	 mechanisms	 that	 antibody-based	 therapeutics	 employ	 to	 elicit	 antitumor	 effects	 include	 focusing
components	 of	 the	 patient’s	 immune	 system	 to	 attack	 tumor	 cells4	 and	 methods	 to	 alter	 signal	 transduction
pathways	that	drive	tumor	progression.5	Antibody-based	conjugates	employ	the	targeting	specificity	of	antibodies
to	deliver	toxic	compounds,	such	as	chemotherapeutics,	specifically	to	the	tumor	sites.

IMMUNOGLOBULIN	STRUCTURE
Structural	and	Functional	Domains
An	 IgG	 molecule	 is	 typically	 divided	 into	 three	 domains	 consisting	 of	 two	 identical	 antigen-binding	 (Fab)
domains	connected	to	an	effector	or	Fc	domain	by	a	flexible	hinge	sequence.	Figure	31.1	shows	the	structure	of	an
IgG	molecule.	IgG	antibodies	are	composed	of	two	identical	light	chains	and	two	identical	heavy	chains,	with	the
chains	 joined	by	disulfide	bonds,	 resulting	 in	a	bilaterally	 symmetrical	 complex.	The	Fab	domains	mediate	 the
binding	of	IgG	molecules	to	their	cognate	antigens	and	are	composed	of	an	intact	light	chain	and	half	of	a	heavy
chain.	Each	chain	in	the	Fab	domain	is	further	divided	into	variable	and	constant	regions,	with	the	variable	region
containing	hypervariable	or	complementarity	determining	regions	(CDRs)	in	which	the	antigen-contact	residues
reside.	The	light	and	heavy	chain	variable	regions	each	contain	three	CDRs	(CDR1,	CDR2,	and	CDR3).	All	six
CDRs	form	the	antigen-binding	pocket	and	are	collectively	defined	in	immunologic	terms	as	the	idiotype	of	the
antibody.	In	the	majority	of	cases,	the	variable	heavy	chain	CDR3	plays	a	dominant	role	in	binding.6

The	different	 isotypes	of	 Igs	are	defined	by	 the	 structure	and	 function	of	 their	Fc	domains.	The	Fc	domain,
composed	 of	 the	 CH2	 and	CH3	 regions	 of	 the	 antibody’s	 heavy	 chains,	 is	 the	 critical	 determinant	 of	 how	 an
antibody	mediates	effector	functions,	transports	across	cellular	barriers,	and	persists	in	circulation.7



MODIFIED	ANTIBODY-BASED	MOLECULES
Advances	 in	 antibody	 engineering	 and	 molecular	 biology	 have	 facilitated	 the	 development	 of	 many	 novel
antibody-based	 structures	 with	 unique	 physical	 and	 pharmacokinetic	 properties	 (see	 Fig.	 31.1).	 These	 include
chimeric	 human-murine	 antibodies	 with	 human-constant	 regions	 and	 murine-variable	 regions,8	 humanized
antibodies	 in	which	murine	CDR	sequences	have	been	grafted	 into	human	 IgG	molecules,	 and	 entirely	human
antibodies	derived	from	human	hybridomas	and	from	transgenic	mice	expressing	human	immunoglobulin	genes.9
The	World	Health	Organization’s	International	Nonproprietary	Names	(INN)	for	pharmaceuticals	was	updated	in
2014	to	incorporate	the	increasing	diversity	of	engineered	constructs	(Table	31.2).	Engineering	has	also	facilitated
the	development	of	antibody-based	 fragments.	 In	addition	 to	 the	classic,	enzymatically	derived	Fab	and	F(ab′)2
molecules,	a	plethora	of	promising	IgG	derivatives	have	been	developed	that	retain	antigen-binding	properties	of
intact	antibodies	(see	Fig.	31.1;	for	review,	see	Robinson	et	al.10).	The	basic	building	block	for	these	molecules	is
the	 25	 kDa,	monovalent	 single-chain	 Fv	 (scFv)	 that	 is	 composed	 of	 the	 variable	 domains	 (VH	 and	VL)	 of	 an
antibody	 fused	 together	 with	 a	 short	 peptide	 linker.	 Novel,	 bispecific	 antibody-based	 structures	 can	 facilitate
binding	to	two	tumor	antigens	or	bridge	tumor	cells	with	immune	effector	cells	to	focus	antibody-dependent	cell-
mediated	cytotoxicity	(ADCC)	or	killing	by	T	cells.	Examples	of	the	latter	mechanism	include	small	scFv-based
bispecific	 T-cell	 engagers	 (BiTE)	 such	 as	 the	 anti-CD3/anti-CD19	molecule	 blinatumomab.11	 Both	 classes	 of
bispecifics	endow	selectivity	and	targeting	properties	that	are	not	obtainable	with	natural	antibody	formats.

FACTORS	REGULATING	ANTIBODY-BASED	TUMOR	TARGETING
Antibody	Size
Nonuniform	distribution	 of	 systemically	 administered	 antibody	 is	 generally	 observed	 in	 biopsied	 specimens	 of
solid	 tumors.	 Heterogeneous	 tumor	 blood	 supply	 limits	 uniform	 antibody	 delivery	 to	 tumors,	 and	 elevated
interstitial	 pressures	 in	 the	 center	 of	 tumors	 oppose	 inward	 diffusion.	 This	 high	 interstitial	 pressure	 slows	 the
diffusion	 of	molecules	 from	 their	 vascular	 extravasation	 site	 in	 a	 size-dependent	 manner.	 The	 relatively	 large
transport	 distances	 in	 the	 tumor	 interstitium	 also	 substantially	 increase	 the	 time	 required	 for	 large	 IgG
macromolecules	to	reach	target	cells.12

TABLE	31.1
Antibodies	Approved	by	the	U.S.	Food	and	Drug	Administration	for	the	Treatment	of	Cancer

Generic	Name	(Trade	Name) Origin
Isotype
(Conjugate) Indication Target

Initial
Approval

Unconjugated	MAbs
Rituximab	(Rituxan) Chimeric IgG1 NHL CD20 1997

Trastuzumab	(Herceptin) Humanized IgG1 BrCa HER2 1998

Alemtuzumab	(Campath-1H) Humanized IgG1 CLL CD52 2001

Cetuximab	(Erbitux) Chimeric IgG1 CRC,	SCCHN EGFR 2004

Bevacizumab	(Avastin) Humanized IgG1 CRC,	NSCLC,	RCC,
GBM

VEGF 2004

Panitumumab	(Vectibix) Human	(XenoMouse) IgG2 CRC EGFR 2006

Ofatumumab	(Arzerra) Human	(XenoMouse) IgG1 CLL CD20 2009

Denosumab	(Prolia/Xgeva) Human IgG2 Metastasis-related
SREs,	ADT/AI-
associated
osteoporosis,	GCT

RANKL 2010

Pertuzumab	(Perjeta) Humanized IgG1 BrCa HER2 2012

Obinutuzumab	(Gazyva) Humanized IgG1 CLL,	FL CD20 2013

Blinatumomab	(Blincyto) Murine BiTE ALL CD3/CD19 2014

Ramucirumab	(Cyramza) Human IgG1 Gastric,	colorectal,	lung VEGFR2 2014–
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2015
Daratumumab	(Darzalex) Human IgG1 MM CD38 2015

Elotuzumab	(Empliciti) Humanized IgG1 MM SLAMF7 2015

Necitumumab	(Portrazza) Human IgG1 NSCLC EGFR 2015

Dinutuximab	(Unituxin) Chimeric IgG1 Neuroblastoma GD2 2015

Olaratumab	(Latruvo) Human IgG1 PDGFRα Sarcoma 2016

Immunoconjugates
Gemtuzumab	ozogamicin
(Mylotarg)

Humanized IgG4
(calicheamicin)

AML CD33 2000a

Ibritumomab	tiuxetan	(Zevalin) Murine IgG1	(90Y) NHL CD20 2002

Tositumomab	(Bexxar) Murine IgG2A	(131I) NHL CD20 2003

Brentuximab	vedotin
(Adcetris)

Chimeric IgG1	(MMAE) HL,	sALCL CD30 2011

Ado-trastuzumab	emtansine
(Kadcyla)

Humanized IgG1	(DM1) BrCa HER2 2013

Inotuzumab	ozogamicin
(Besponsa)

Humanized IgG4
(calicheamicin)

ALL CD22 2017

aWithdrawn	from	the	U.S.	market	in	June	2010.	Reapproved	in	2017.
MAbs,	monoclonal	antibodies;	 Ig,	 immunoglobulin;	NHL,	non-Hodgkin	 lymphoma;	BrCa,	breast	 cancer;	HER2,	human	epidermal
growth	factor	receptor	2;	CLL,	chronic	 lymphocytic	 leukemia;	CRC,	colorectal	cancer;	SCCHN,	squamous	cell	carcinoma	of	head
and	 neck;	 EGFR,	 epidermal	 growth	 factor	 receptor;	 NSCLC,	 non–small-cell	 lung	 cancer;	 RCC,	 renal	 cell	 carcinoma;	 GBM,
glioblastoma	 multiforme;	 VEGF,	 vascular	 endothelial	 growth	 factor;	 SREs,	 skeletal-related	 events;	 ADT,	 androgen	 deprivation
therapy;	 AI,	 aromatase	 inhibitor;	 GCT,	 giant	 cell	 tumor;	 RANKL,	 RANK	 ligand;	 FL,	 follicular	 lymphoma;	 BiTE,	 bispecific	 T-cell
engagers;	 ALL,	 acute	 lymphoblastic	 leukemia;	 VEGFR2,	 vascular	 endothelial	 growth	 factor	 receptor	 2;	 MM,	 multiple	 myeloma;
SLAMF7,	 signaling	 lymphocytic	 activation	 molecule	 F7;	 PDGFRα,	 platelet-derived	 growth	 factor	 receptor	 α;	 AML,	 acute
myelogenous	leukemia;	90Y,	yttrium-90;	131I,	iodine-131;	MMAE,	monomethyl	auristatin	E;	HL,	Hodgkin	lymphoma;	sALCL,	systemic
anaplastic	large-cell	lymphoma.



Figure	31.1	Structure	of	an	immunoglobulin	(Ig)	G.	C,	constant;	V,	variable;	H,	heavy	chain;	L,
light	chain.

Tumor	Antigens
Access	 to	 the	 target	 antigen	 is	 undoubtedly	 a	 critical	 determinant	 of	 therapeutic	 effect	 of	 antibody-based
applications.	Such	access	is	regulated	by	the	heterogeneity	of	antigen	expression	by	tumor	cells.	Shed	antigen	in
the	serum,	tumor	microenvironment,	or	both	may	saturate	the	antibody’s	binding	sites	and	prevent	binding	to	the
cell	surface.	Alternatively,	a	rapid	internalization	of	an	antibody–antigen	complex,	although	critical	for	antibody–
drug	conjugates	(ADCs),	may	deplete	the	quantity	of	cell	surface	MAb	capable	of	initiating	ADCC	or	cytotoxic
signal	 transduction	 events.	 Finally,	 target	 antigens	 are	 normally	 tumor	 associated	 rather	 than	 tumor	 specific.
Tumor-specific	antigens	are	both	highly	desirable	and	 rare.	Typically,	 such	antigens	arise	as	a	 result	of	unique
tumor-based	genetic	recombinations,	such	as	clonal	Ig	idiotypes	expressed	on	the	surface	of	B-cell	lymphomas.13

TABLE	31.2
Rules	for	Naming	Monoclonal	Antibodies	for	the	Treatment	of	Cancer

The	International	Nonproprietary	Names	(INN)	for	monoclonal	antibodies	are	composed	of	“stems”	that	indicate	their	origin,
specificity,	and	modifications.	The	names	include	a	random	prefix	to	provide	distinction	from	other	names,	a	substem	indicating
the	target	specificity	(-t[u]-	for	tumor),	a	substem	indicating	the	species	of	origin	(see	the	following),	and	a	suffix	(-mab)	that
indicates	the	presence	of	an	immunoglobulin	variable	domain.

Substem	Indication	of	the	Species	on	Which	the	Immunoglobulin	Sequence	Is	Based
-o- Mouse

-xi- Chimeric

-zu- Humanized

-xizu- Chimeric/humanized

-u- Human

Antibody	 affinity	 for	 its	 target	 antigen	 has	 complex	 effects	 on	 tumor	 targeting.	 The	 binding-site	 barrier
hypothesis	postulates	that	antibodies	with	extremely	high	affinity	for	target	antigen	would	bind	irreversibly	to	the
first	antigen	encountered	upon	entering	the	tumor,	which	would	limit	the	diffusion	of	the	antibody	into	the	tumor
and	 accumulate	 instead	 in	 regions	 surrounding	 the	 tumor	vasculature.14,15	Similarly,	 in	 tumor	 spheroids,	 the	 in
vitro	penetration	of	engineered	antibodies	is	primarily	limited	by	internalization	and	degradation.16	The	valence	of
an	antibody	molecule	can	increase	the	functional	affinity	of	the	antibody	through	an	avidity	effect.17

Half-Life/Clearance	Rate
The	 concentration	 of	 intact	 IgG	 in	mammalian	 serum	 is	maintained	 at	 constant	 levels	 with	 half-lives	 of	 IgGs
measured	in	days.	This	homeostasis	is	regulated	in	part	by	the	major	histocompatibility	complex	(MHC)	class	I–
related	Fc	receptor,	FcRn	(n	=	neonatal),	a	saturable,	pH-dependent	salvage	mechanism	that	regulates	quality	and
quantity	of	IgG	in	serum.	This	mechanism	can	be	exploited	via	mutations	in	the	Fc	portion	of	an	IgG	to	modulate
IgG	pharmacokinetics.18	Multiple	strategies	have	been	developed	to	increase	the	serum	persistence	of	antibody-
based	fragments	and	other	classes	of	protein	therapeutics.

Glycosylation
IgGs	undergo	N-linked	glycosylation	at	the	conserved	Asn	residue	at	position	297	within	the	CH2	domain	of	the
constant	 region.	Glycosylation	 status	of	 the	 residue	has	 long	been	known	 to	 impact	 the	ability	of	 IgGs	 to	bind
effector	 ligands	 such	as	Fcγ	 receptors	 (FcγR)	and	C1q,	which,	 in	 turn,	affects	 their	ability	 to	participate	 in	Fc-
mediated	 functions	 such	 as	 ADCC	 and	 complement-dependent	 cytotoxicity	 (CDC).19–21	 The	 glycosylation	 of
MAbs	 can	 be	 altered	 to	 increase	 ADCC	 by	 producing	 them	 in	 a	 cell	 line	 engineered	 to	 express	 β(1,4)-N-
acetylglucosaminyltransferase	 III	 (GnTIII),	 the	 enzyme	 required	 to	 add	 the	 bisecting	 GlcNAc	 residues.
Defucosylation	 of	 antibody	 Fc	 domains	 is	 also	 associated	with	 enhanced	ADCC,	 and	 in	 a	 recently	 completed
multicenter	 phase	 II	 trial	 of	 a	 defucosylated	 anti-CC	chemokine	 receptor	 4	 (CCR4),	MAb	was	 associated	with
meaningful	antitumor	activity,	including	complete	responses	and	enhanced	progression-free	survival	(PFS).22
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UNCONJUGATED	ANTIBODIES
The	majority	of	MAbs	approved	 for	clinical	use	display	 intrinsic	antitumor	effects	 that	are	mediated	by	one	or
more	of	the	following	mechanisms.

Cell-Mediated	Cytotoxicity
As	components	of	the	immune	system,	effector	cells	such	as	natural	killer	(NK)	cells	and	monocytes/macrophages
represent	natural	 lines	of	defense	against	oncologically	 transformed	cells.	These	effector	cells	express	FcγR	on
their	cell	surfaces,	which	interact	with	the	Fc	domain	of	IgG	molecules.	This	family	is	composed	of	three	classes
(types	I,	 II,	and	III)	 that	are	 further	divided	 into	subclasses	(IIa/IIb	and	IIIa/IIIb).23	Recognition	of	 transformed
cells	by	immune	effector	cells	leads	to	cell-mediated	killing	through	processes	such	as	ADCC	and	phagocytosis,
as	 shown	 in	 Figure	 31.2.	 Clinical	 results	 support	 the	 idea	 that	 ADCC,	 mediated	 through	 recognition	 of	 IgG-
opsonized	 tumor	cells	by	 the	 low	affinity	FcγRIIIa,	can	play	a	 role	 in	 the	efficacy	of	antibody-based	 therapies.
Naturally	occurring	polymorphisms	in	FcγRs	alter	their	affinity	for	human	IgG1	and	have	been	linked	to	clinical
response.24,25	A	polymorphism	in	the	FCGR3A	gene	results	in	either	a	valine	or	phenylalanine	at	position	158	of
FcγRIIIa.	Human	IgG1	binds	more	strongly	to	FcγRIIIa-158V	than	FcγRIIIa-158F	and	likewise	to	NK	cells	from
individuals	that	are	either	homozygous	for	158V	or	heterozygous	for	this	polymorphism.26	Results	from	a	1,251-
patient	 cohort	 in	 the	NSABP	B-31	 trial	 demonstrated	 that	 patients	 either	 homozygous	 or	 heterozygous	 for	 the
FcγRIIIa-158v	polymorphism	received	greater	benefit	from	the	addition	of	trastuzumab	to	chemotherapy	(hazard
ratio,	0.31;	95%	confidence	interval	[CI],	0.22	to	0.43;	P	<	.001)	than	patients	homozygous	for	the	FcγRIIIa-158F
polymorphism	(hazard	ratio,	0.71;	95%	CI,	0.51	to	1.01;	P	=1	.05).27

Antibody	engineering	has	 facilitated	 the	development	and	clinical	 testing	of	multiple	approaches	 to	enhance
antibody-dependent	redirection	of	immune	effector	cells.	One	such	approach	is	modifying	the	Fc	domain	of	IgGs
to	 optimize	 engagement	 of	 FcγR.	 This	 is	 based	 on	 the	 findings	 of	 Shields	 et	 al.,18	who	 performed	 a	 series	 of
mutagenesis	 experiments	 to	 map	 the	 residues	 required	 for	 IgG1-FcγR	 interaction.	 Antibodies	 such	 as
ocrelizmab,28	 a	 humanized	 version	 of	 rituximab,	 and	 third-generation	 anti-CD20	 antibodies,	 such	 as
ocaratuzumab,29	 which	 has	 been	 engineered	 to	 have	 increased	 binding	 to	 low-affinity	 FcγRIIIa	 variants,	 have
demonstrated	clinical	activity	in	patient	populations	refractory	to	rituximab	treatment.	An	alternative	to	modifying
the	Fc	region	of	MAbs	is	to	create	bispecific	antibodies	(bsAbs)	that	recognize	both	a	tumor-associated	antigen
and	a	trigger	antigen	present	on	the	surface	of	an	immune	effector	cell.30	In	addition	to	having	flexible	choices	of
cytotoxic	trigger	molecules,	bsAbs	can	be	designed	to	recruit	effector	function	in	the	presence	of	excess	IgG,	have
varied	 pharmacokinetics,	 and	 can	 be	 tailored	 such	 that	 the	 affinity	 of	 the	 bsAb	 matches	 effector	 cell
characteristics.	Examples	include	the	classic,	IgG-like,	anti–human	epidermal	growth	factor	receptor	2	(HER2)-
directed	bsAbs,	2B1	and	MDX-H21,31,32	which	have	been	tested	in	the	clinical	setting.	BiTE	antibodies	represent
a	novel	class	of	bispecific,	 scFv	antibodies.33	The	anti-CD19/CD3	BiTE	blinatumomab34	 represents	 the	 first	of
this	class	of	molecules	to	obtain	FDA	approval.



Figure	31.2	Antibody-dependent	cellular	cytotoxicity.	The	antibody	engages	the	tumor	antigen,
and	the	Fc	domain	binds	to	cellular	Fc	receptors	to	bridge	effector	and	target	cells.	This	bridging
induces	effector	cell	activation,	resulting	in	natural	killer	cell	cytotoxicity	or	phagocytosis	by

neutrophils,	monocytes,	or	macrophages.

Complement-Dependent	Cytotoxicity
In	addition	 to	cell-mediated	killing	(see	previous	discussion),	MAbs	can	recruit	 the	complement	cascade	 to	kill
cells	via	CDC.	Although	 IgM	 is	 the	most	 effective	 isotype	 for	 complement	 activation,	 it	 is	 not	widely	used	 in
clinical	 oncology.	Similar	 to	ADCC,	 the	 human	 IgG	 subclass	 used	 to	 construct	 a	 therapeutic	MAb	dictates	 its
ability	to	elicit	CDC;	IgG1	is	extremely	efficient	at	fixing	complement,	in	contrast	to	IgG2	and	IgG4.	Antibodies
activate	complement	through	the	classical	pathway,	by	engaging	multiple	C1q	to	trigger	activation	of	a	cascade	of
serum	proteases,	which	kill	 the	 antibody-bound	cells.35	The	anti-CD20	MAbs	 rituximab	and	ofatumumab	have
been	found	to	depend	in	part	on	CDC	for	in	vivo	efficacy.36,37	Antibody	engineering	approaches	have	identified
residues	in	the	CH2	domain	of	the	Fc	region	that	either	suppress	or	enhance	the	ability	of	rituximab	to	bind	C1q
and	activate	CDC.	Expansion	on	this	line	of	investigation	led	to	development	of	engineered	Fc	domains	capable
of	fixing	complement	without	engaging	FcγRs.38	These	Fc	domains	represent	models	to	directly	test	the	in	vivo
contribution	of	CDC	 to	 preclinical	 therapeutic	 activity.	The	 ability	 to	manipulate	 complement	 fixation	 through
engineering	approaches	warrants	further	in	vivo	testing	to	determine	the	impact	of	these	changes	on	the	efficacy
and	toxicity	of	MAbs	in	the	clinical	setting.

ALTERING	SIGNAL	TRANSDUCTION
Growth	factor	receptors	represent	a	well-established	class	of	targets	for	therapeutic	intervention.	Normal	signaling
through	 these	 receptors	often	 leads	 to	mitogenic	and	prosurvival	 responses.	Unregulated	signaling,	as	seen	 in	a
number	 of	 common	 cancers	 due	 to	 receptor	 overexpression,	 promotes	 tumor	 cell	 growth	 and	 insensitivity	 to
chemotherapeutic	 agents.	 Clinically	 relevant	 MAbs	 can	 modulate	 signaling	 through	 their	 target	 receptors	 to
normalize	cell	growth	rates	and	sensitize	tumor	cells	to	cytotoxic	agents.	Cetuximab	and	panitumumab	bind	to	the
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epidermal	 growth	 factor	 receptor	 (EGFR)	 and	 physically	 block	 ligand	 binding	 and	 prevent	 the	 receptor	 from
assuming	the	extended	conformation	required	for	dimerization.39	Pertuzumab	binds	to	the	dimerization	domain	of
HER2,	 thereby	 sterically	 inhibiting	 subsequent	 receptor	 heterodimerization	 with	 other	 ligand-bound	 family
members.40	Oligoclonal	mixtures	 of	 antibodies,	which	 either	 target	multiple	 epitopes	 on	 the	 same	 antigen41	 or
multiple	antigens,42	represent	approaches	to	enhance	signaling	inhibition.	Clinical	validation	of	these	approaches
is	ongoing.	Alternatively,	signaling	through	growth	factor	receptors	can	be	indirectly	modified	by	MAbs	that	bind
to	activating	ligands,	as	is	seen	with	the	anti–vascular	endothelial	growth	factor	(VEGF)	MAb,	bevacizumab.43

IMMUNOCONJUGATES
MAbs	 that	 are	 not	 capable	 of	 directly	 eliciting	 antitumor	 effects,	 either	 by	 altering	 signal	 transduction	 or	 by
directing	immune	system	cells,	can	still	be	effective	against	tumors	by	delivering	cytotoxic	payloads.	MAbs	have
been	employed	to	deliver	a	wide	variety	of	agents,	including	chemotherapy,	toxins,	radioisotopes,	and	cytokines
(for	 review,	see	Adams	and	Weiner44).	 In	 theory,	 the	appropriate	combination	of	 toxic	agents	and	MAbs	could
lead	to	a	synergistic	effect.	For	example,	delivery	of	a	therapeutic	radioisotope	by	a	MAb	would	be	significantly
enhanced	 if,	by	binding	 to	 its	 target	antigen,	 the	MAb	also	activated	a	signaling	event	 that	 increased	 the	 target
cell’s	sensitivity	to	ionizing	radiation.

Catalytic	toxins	derived	from	plants	catalytic	toxins	derived	from	plants	(e.g.,	ricin)	and	microorganisms	(e.g.,
Pseudomonas)	 represent	 two	 classes	 of	 cytotoxic	 agent	 that	 have	 been	 investigated	 for	 their	 utility	 in
immunoconjugate	strategies.45	Although	there	are	promising	preclinical	studies,	few	successful	clinical	trials	have
been	reported	using	this	approach.	In	a	phase	I	clinical	trial	in	hairy	cell	leukemia	patients	who	were	resistant	to
cladribine,	 11	 of	 16	 patients	 exhibited	 complete	 remissions	 with	 minimal	 side	 effects	 with	 an	 anti-CD22
immunotoxin	with	 a	 truncated	 form	 of	Pseudomonas	 exotoxin.46	 Clinical	 trials	 with	 other	 immunotoxins	 have
been	associated	with	unacceptable	neurotoxicity47	and	life-threatening	vascular	leak	syndrome.48

Immunocytokine	fusions	have	also	been	investigated	as	an	approach	to	direct	the	patient’s	immune	response	to
their	 own	 tumor.49	 A	 number	 of	 cytokines	 have	 been	 incorporated	 into	 antibody-based	 constructs,	 including
interleukin-2	(IL-2),	interferon	γ	(IFN-γ),	tumor	necrosis	factor	α	(TNF-α),	VEGF,	and	IL-12.50

Antibody–Drug	Conjugates
The	 first	 ADC,	 gemtuzumab	 ozogamicin	 (Mylotarg),	 was	 approved	 by	 the	 FDA	 in	 2000	 for	 the	 treatment	 of
patients	with	relapsed	CD33+	acute	myeloid	leukemia	but	was	voluntarily	withdrawn	from	the	U.S.	market	by	its
manufacturer	 in	 2010	 after	 a	 confirmatory	 phase	 III	 trial	 (SWOG	S0106)	 recommended,	 based	 on	 results	 of	 a
planned	interim	analysis,	that	Mylotarg	randomizations	be	terminated	due	to	a	lack	of	efficacy	in	the	presence	of
enhanced	toxicity.	Although	two	additional	randomized	trials	suggested	that	some	patient	populations	may	benefit
from	 Mylotarg	 therapy,	 the	 drug	 was	 voluntarily	 withdrawn	 from	 the	 market	 in	 2010	 in	 the	 United	 States.
However,	in	2017,	the	FDA	approved	this	drug	in	combination	with	chemotherapy	for	adult	patients	with	acute
myelogenous	leukemia	(AML)	based	on	the	ALFA-0701	trial.	This	was	an	open-label,	multicenter	phase	III	trial
with	 280	 patients	 with	 newly	 diagnosed	 AML	 between	 the	 ages	 of	 50	 and	 70	 years	 who	 received	 standard
daunorubicin	and	cytarabine	therapy	with	or	without	gemtuzumab	at	a	dose	of	3	mg/m2.	The	group	that	received
gemtuzumab	 ozogamicin	 had	 a	 2-year	 event-free	 survival	 of	 40.8%	 versus	 17.1%	 in	 the	 chemotherapy-alone
group,	 leading	 to	 this	approval.	Overall	 survival	 favored	 the	gemtuzumab	arm.51	The	 indication	 includes	a	box
warning	for	hepatotoxicity.

The	majority	 of	ADCs	 under	 development	 employ	 potent	 cytotoxic	 agents	 that	 block	 the	 polymerization	 of
tubulin	 (e.g.,	 auristatins	 or	 maytansines)	 or	 damage	 DNA	 (e.g.,	 calicheamicins	 or	 pyrrolobenzodiazepines)	 by
employing	a	variety	of	linkers	and	conjugation	strategies.52

A	 variety	 of	 ADCs	 specific	 for	 a	 wide	 range	 of	 oncology	 targets	 are	 currently	 in	 clinical	 evaluation.	 The
majority	of	these	employ	auristatins	or	maytansines	as	their	payloads.	Early	observations	suggest	that	cumulative,
dose-related	 peripheral	 sensory	 neuropathy	 can	 result	 when	 auristatins	 are	 conjugated	 to	 an	 antibody	 via	 a
cleavable	 linker,	 and	 dose-limiting	 thrombocytopenia	 can	 result	 when	 auristatins	 and	 maytansinoids	 are
conjugated	to	the	antibody	via	an	uncleavable	linker.

Three	ADCs	are	now	approved	for	use	in	clinical	practice.	Ado-trastuzumab	emtansine	(T-DM1,	Kadcyla),	an
ADC	 composed	 of	 the	 anti-HER2	MAb	 trastuzumab	 linked	 to	 DM1,53	 is	 now	 approved	 for	 the	 treatment	 of
patients	with	refractory	HER2/neu-expressing	breast	cancers.	The	other,	brentuximab	vedotin	(SGN-35,	Adcetris),



is	 an	ADC	 consisting	 of	 the	 anti-CD30	 chimeric	MAb	 cAC10	 that	 is	 linked	 to	 three	 to	 five	molecules	 of	 the
microtubule-disrupting	agent	monomethyl	auristatin	E	 (MMAE).	At	 this	point,	 this	drug	 is	approved	 for	use	 in
patients	with	recurrent	systemic	anaplastic	 large	cell	 lymphoma.54	 Inotuzumab	ozogamicin	 is	another	ADC	that
was	recently	approved	for	treatment	of	patients	with	acute	lymphoblastic	leukemia	(ALL).	This	drug	is	directed
against	CD22+	B	cell	 found	in	patients	with	B-cell	ALL.	This	drug	is	based	on	a	similar	platform	as	used	with
another	ADC,	gemtuzumab	ozogamicin.	The	clinical	data	associated	with	these	ADCs	are	discussed	in	subsequent
sections	of	this	chapter.

Antibodies	 also	 can	 be	 used	 to	 target	 liposome-encapsulated	 drugs55	 and	 other	 cytotoxic	 agents,	 such	 as
antisense	RNA	or	radionuclides	to	tumors.

Radioimmunoconjugates
Two	 anti-CD20	 radioimmunoconjugates	 have	 been	 FDA	 approved	 for	 radioimmunotherapy	 (RIT)	 of	 non-
Hodgkin	lymphoma.	Ibritumomab	(Zevalin)	and	tositumomab	(Bexxar)	are	murine	MAbs	labeled	with	yttrium-90
(90Y)	and	iodine-131	(131I),	respectively.	Both	are	associated	with	impressive	clinical	efficacy.56	Although	these
radioimmunoconjugates	 are	 effective	 therapeutics,	 cumbersome	 logistics	 surrounding	 their	 administration	 have
significantly	 limited	 their	 use.	 Despite	 significant	 preclinical	 evidence	 supporting	 the	 use	 of	 RIT	 for	 solid
malignancies,	clinical	results	have	not	demonstrated	consistent	antitumor	activity.

ANTIBODIES	APPROVED	FOR	USE	IN	SOLID	TUMORS
Trastuzumab
Trastuzumab	 (Herceptin)	 is	 a	 humanized	 IgG157	 that	 targets	 domain	 IV	 of	 the	 HER2/ErbB2	 member	 of	 the
EGFR/ErbB	 family	 of	 receptor	 tyrosine	 kinases.	 Gene	 amplification	 as	 judged	 by	 fluorescence	 in	 situ
hybridization	 (FISH)	 with	 concomitant	 overexpression	 of	 HER2	 protein	 measured	 by	 immunohistochemistry
(IHC)	 is	 seen	 in	 approximately	 25%	 of	 breast	 cancers.58,59	 HER2	 amplification	 and	 overexpression	 is	 now
recognized	 to	be	a	critical	driver	 in	a	subset	 (7%	to	34%)	of	gastric	cancers.60	Trastuzumab	inhibits	 tumor	cell
growth	 by	 binding	 to	 HER2	 and	 blocking	 the	 unregulated	 HER2	 signaling	 that	 is	 associated	 with	 high-level
overexpression.

Trastuzumab	became	the	first	FDA-approved	MAb	for	the	treatment	of	solid	tumors61,62	and	for	postsurgical
adjuvant	 therapy.63,64	 Myocardial	 dysfunction,	 seen	 with	 anthracycline	 therapy,	 is	 observed	 with	 increased
frequency	in	patients	receiving	antibody	alone65	or	with	doxorubicin	or	epirubicin.

Recognition	of	HER2	as	a	driver	in	a	subset	of	gastric	cancers	led	to	a	randomized,	phase	III	trial	(ToGA)	that
investigated	the	addition	of	trastuzumab	to	standard-of-care	chemotherapy	and	showed	increased	median	overall
survival	with	higher	levels	of	HER2	expression.66

Pertuzumab
Pertuzumab	(Perjeta)	 is	a	humanized	IgG1	MAb	that	binds	 to	domain	II	of	HER2	and	blocks	 ligand-dependent
dimerization	of	HER2	with	other	members	of	the	EGFR	family.67	Pertuzumab,	in	combination	with	trastuzumab
and	docetaxel,	is	approved	for	use	as	first-line	therapy	in	HER2-positive	metastatic	breast	cancer	patients.	Use	of
the	combination	is	also	approved	for	the	treatment	of	HER2-positive,	locally	advanced,	inflammatory,	or	high-risk
early	breast	cancer	(>2	cm	node	negative	or	node	positive)	in	the	neoadjuvant	setting.68

FDA	approval	of	pertuzumab	was	based	on	 results	of	a	phase	 III	 trial	 (CLEOPATRA)	of	808	patients	with
locally	recurrent,	unresectable,	or	metastatic	breast	cancer	randomized	to	receive	trastuzumab	plus	docetaxel	with
or	 without	 the	 addition	 of	 pertuzumab.	 Pertuzumab	 increased	 PFS,	 with	 an	 improved	 overall	 survival69	 and
acceptable	toxicity.	Accelerated	approval	was	granted	for	use	of	pertuzumab	in	combination	with	trastuzumab	and
docetaxel	for	the	neoadjuvant	treatment	of	high-risk	early-stage	breast	cancer.	This	approval	was	based	on	results
from	 a	 four-arm,	 open-label	 phase	 II	 study	 of	 417	 patients	 randomized	 to	 receive	 trastuzumab	 plus	 docetaxel,
pertuzumab	 plus	 docetaxel,	 pertuzumab	 plus	 trastuzumab,	 or	 the	 triple	 combination.	 The	 triple	 combination
improved	the	pathologic	complete	response	(pCR)	rate	by	17.8%	over	the	trastuzumab	plus	docetaxel	arm	(39.3%
versus	21.5%)	in	the	pertuzumab	arm.70
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Cetuximab
Cetuximab	(Erbitux)	targets	the	EGFR.	This	chimeric	IgG1	binds	to	domain	III	of	the	EGFR,	with	roughly	a	10-
fold	higher	affinity	than	either	EGF	or	transforming	growth	factor	α	(TGF-α)	ligands	and	thereby	inhibits	ligand-
induced	 activation	 of	 this	 tyrosine	 kinase	 receptor.	 Cetuximab	 may	 also	 function	 to	 downregulate	 EGFR-
dependent	signaling	by	stimulating	EGFR	internalization.	Cetuximab	is	approved	for	the	treatment	of	colorectal
cancer	and,	more	recently,	for	the	treatment	of	squamous	cell	cancer	of	the	head	and	neck	(SCCHN).

The	 efficacy	 and	 safety	 of	 cetuximab	 against	 colorectal	 cancer	was	 demonstrated	 alone	 and	 in	 combination
with	irinotecan	in	a	phase	II,	multicenter,	randomized,	and	controlled	trial	of	329	patients.71	The	combination	of
irinotecan	plus	cetuximab	increased	both	the	overall	response	and	the	median	duration	of	response	as	compared	to
cetuximab	 alone.	 Additionally,	 patients	 with	 irinotecan-refractory	 disease	 responded	 to	 treatment	 with	 the
combination	regimen.	Recent	studies	in	patients	with	colorectal	cancers	have	indicated	that	patients	with	KRAS
mutations	in	codon	12	or	13	should	not	receive	anti-EGFR	therapy.72	An	international,	multicenter,	phase	III	trial
comparing	definitive	radiotherapy	to	radiotherapy	plus	cetuximab	in	SCCHN	demonstrated	that	EGFR	blockade
with	radiotherapy	significantly	reduced	the	risk	of	locoregional	failure	by	32%	and	the	risk	of	death	by	26%.	In
advanced	 stage	 non–small-cell	 lung	 cancer	 (NSCLC)	 expressing	 EGFR,	 the	 combination	 of	 cetuximab	 and
standard	 doublet	 chemotherapy	 (cisplatin	 plus	 vinorelbine)	was	 studied	 in	 a	 prospective	 randomized	 phase	 III
trial.	The	addition	of	cetuximab	was	associated	with	a	slight,	but	statistically	significant,	benefit	in	overall	survival
over	 chemotherapy	 alone.	A	 similar	 study	 using	 the	 carboplatin	 plus	 paclitaxel	 backbone	 in	 combination	with
cetuximab	 did	 not	meet	 its	 primary	 end	 point	 of	 improved	 PFS,	 although	 cetuximab-treated	 patients	 exhibited
higher	 objective	 response	 rates.73,74	 Therefore,	 the	 benefit	 of	 adding	 cetuximab	 to	 standard	 chemotherapy	 for
patients	with	advanced	NSCLC	is	unclear.

Panitumumab
Panitumumab	 (Vectibix)	 is	a	 fully	human	 IgG2	MAb	 that	binds	 to	EGFR.	Similar	 to	cetuximab,	panitumumab
inhibits	EGFR	activation	by	blocking	the	binding	of	EGF	and	TGF-α.	However,	it	does	so	by	binding	to	EGFR
with	a	higher	affinity	than	cetuximab	(5	×	10−11	M	versus	1	×	10−10	M).	As	previously	mentioned,	the	IgG2	class
of	antibodies	does	not	induce	activation	of	the	immune	system	cell	via	the	Fc-receptor	mechanism,	so	the	primary
action	of	panitumumab	appears	to	be	interference	with	EGFR–ligand	interactions.

A	phase	III	trial	of	463	patients	with	metastatic	colorectal	cancer	compared	panitumumab	plus	best	supportive
care	(BSC)	to	BSC	alone	demonstrated	a	partial-response	rate	of	8%	and	a	stable-disease	rate	of	28%	compared
with	 a	 10%	 stable-disease	 rate	 in	 the	 BSC	 arm	 of	 the	 study.75	 As	 with	 cetuximab,	 patients	 with	 metastatic
colorectal	 cancers	 who	 have	 KRAS	 mutations	 in	 codons	 12	 or	 13	 are	 not	 routinely	 offered	 therapy	 with
panitumumab.

Necitumumab
Necitumumab	 is	 a	 recombinant	 human	 IgG1	 MAb	 that	 binds	 the	 EGFR.	 In	 combination	 with	 cisplatin	 and
gemcitabine,	this	drug	is	approved	for	treatment	of	squamous	NSCLC	based	on	the	results	of	the	SQUIRE	study.
In	 this	 randomized	phase	 III	 study,	patients	with	metastatic	 squamous	cell	 carcinoma	of	 the	 lung	with	no	prior
therapy	were	assigned	to	treatment	with	a	standard	platinum	doublet	chemotherapy	versus	the	same	chemotherapy
backbone	 plus	 necitumumab.	 A	 statistically	 significant	 1.6-month	 improvement	 in	 the	 primary	 end	 point	 of
overall	 survival	 was	 observed	 with	 the	 addition	 of	 this	 antibody,	 with	 a	 higher	 rate	 of	 deaths	 from
cardiopulmonary	arrest	in	the	necitumumab	arm	and	a	higher	rate	of	hypomagnesemia.76	Necitumumab	received
orphan	drug	designation	by	the	FDA	in	November	2015.

Bevacizumab
Bevacizumab	(Avastin	or	rhuMAb	VEGF)	is	a	humanized	MAb	targeting	VEGF.	VEGF	is	a	critical	determinant
of	tumor	angiogenesis,	a	process	that	is	a	necessary	component	of	tumor	invasion,	growth,	and	metastasis.	VEGF
expression	 by	 invasive	 tumors	 has	 been	 shown	 to	 correlate	 with	 vascularity	 and	 cellular	 proliferation	 and	 is
prognostic	for	several	human	cancers.	Interestingly,	the	inhibition	of	VEGF	signaling	via	bevacizumab	treatment
may	normalize	tumor	vasculature,	promoting	a	more	effective	delivery	of	chemotherapy	agents.77	Bevacizumab	is
approved	for	use	as	a	first-line	therapy	for	metastatic	colorectal	cancer	and	NSCLC	when	given	in	combination
with	 appropriate	 cytotoxic	 chemotherapy	 regimens.	 Phase	 III	 clinical	 trials	 leading	 to	 the	 approval	 of



bevacizumab	 for	 the	 treatment	 of	 colorectal	 cancer	 demonstrated	 improved	 response	 rates	 from	 35%	 to	 45%
compared	 to	fluorouracil	 (5-FU)-based	chemotherapy	alone.	Enhanced	response	durations	and	 improved	patient
survival	were	 seen	 in	 patients	 treated	with	 chemotherapy	 plus	 bevacizumab	 as	 compared	 to	 patients	 receiving
chemotherapy	alone.78	A	survival	benefit	was	also	 seen	 in	 the	 setting	of	NSCLC.	A	 randomized	phase	 III	 trial
(ECOG	4599)	of	paclitaxel	and	carboplatin	with	or	without	bevacizumab	in	patients	with	advanced	nonsquamous
NSCLC	 showed	 a	 significant	 improvement	 in	 median	 survival	 for	 patients	 in	 the	 bevacizumab	 arm,79	 with
significantly	higher	response	rates.	A	higher	incidence	of	bleeding	was	associated	with	bevacizumab	therapy.	A
total	of	5	of	10	treatment-related	deaths	occurred	as	a	result	of	hemoptysis,	all	in	the	bevacizumab	arm.	Studies	in
metastatic	 breast	 cancer	 have	 been	 less	 encouraging.80,81	 Bevacizumab	 has	 not	 demonstrated	 activity	 in	 the
adjuvant	 colorectal	 and	 breast	 cancer	 settings,82,83	 but	 it	 is	 approved	 for	 the	 management	 of	 recurrent
glioblastomas	based	on	results	of	phase	II	studies.84

Ado-Trastuzumab	Emtansine
Ado-trastuzumab	emtansine	(T-DM1,	Kadcyla)	is	an	ADC	composed	of	the	anti-HER2	MAb	trastuzumab	linked
to	DM1,	a	highly	potent	derivative	of	maytansine,	 through	a	stable	 thioether	 linker.	Based	on	 two	single-agent
phase	 II	 trials	 of	T-DM1	 that	 demonstrated	 single-agent	 activity	 in	 the	 setting	of	metastatic	 breast	 cancer,	 two
separate	phase	III	studies	were	conducted.	The	991	EMILIA	trial	demonstrated	that	T-DM1	significantly	prolongs
both	PFS	and	overall	survival	as	compared	to	a	regimen	of	lapatinib	plus	capecitabine	when	used	in	the	setting	of
metastatic	 breast	 cancer	 that	 had	 progressed	 after	 treatment	with	 trastuzumab	 plus	 a	 taxane,85	with	 acceptable
toxicity.	 The	 MARIANNE	 trial	 assessed	 first-line	 efficacy	 and	 safety	 of	 T-DM1	 alone	 and	 with	 pertuzumab
versus	trastuzumab	plus	taxane	(NCT01120184)	in	1,095	patients	with	HER2-positive,	treatment-naïve,	advanced
breast	cancer.	The	primary	end	point	of	the	trial	was	PFS.	T-DM1–based	therapy	was	noninferior	but	not	better
than	taxane	plus	trastuzumab.86

Ramucirumab
This	MAb	against	the	vascular	endothelial	growth	factor	receptor	2	(VEGFR2)	has	received	regulatory	approval
in	lung,	gastric,	and	colon	cancers	all	in	combination	with	different	chemotherapies.

Based	on	a	randomized	phase	III	trial	of	1,072	patients	with	metastatic	colorectal	cancer	(RAISE)	who	were
randomly	assigned	to	receive	FOLFIRI	with	or	without	ramucirumab,	this	agent	was	approved	as	the	addition	of
ramucirumab	to	standard	chemotherapy	improved	median	overall	survival	from	11.7	months	to	13.3	months	with
a	corresponding	improvement	in	PFS.	Patients	who	were	enrolled	in	this	study	had	previously	been	treated	with
chemotherapy	with	evidence	of	progression	and	some	had	previously	been	treated	with	bevacizumab.87

In	 NSCLC,	 this	 drug	 is	 approved	 in	 combination	 with	 docetaxel	 for	 treatment	 of	 patients	 with	 metastatic
NSCLC	in	whom	disease	has	continued	to	progress	after	treatment	with	a	platinum-based	chemotherapy	based	on
a	phase	III,	randomized,	double-blind	placebo	controlled	trial	(REVEL)	of	1,253	patients	with	previously	treated
disease.	A	statistically	significant	improvement	in	overall	survival	was	shown	with	the	addition	of	ramucirumab	to
docetaxel	 (10.5	months	versus	9.1	months).88	The	most	 frequent	adverse	events	 reported	with	 this	combination
were	 neutropenia,	 fatigue,	 and	 stomatitis.	 In	 contrast	 to	 bevacizumab,	 which	 is	 not	 indicated	 for	 treatment	 of
squamous	NSCLC,	ramucirumab	can	be	used	with	this	particular	histology.

This	 drug	 also	 has	 been	 approved	 in	 combination	 with	 paclitaxel	 for	 treatment	 of	 patients	 with	 advanced
gastric	 or	 gastroesophageal	 junction	 adenocarcinoma	 following	 progression	 on	 first-line	 paclitaxel
chemotherapy.89	 Across	 all	 these	 trials	 common	 side	 effects	 associated	 with	 VEGF	 pathway	 inhibition	 were
observed.	These	 included	hypertension,	arterial	blood	clots,	and	epistaxis.	When	combined	with	chemotherapy,
side	effects	commonly	seen	with	cytotoxic	chemotherapy	can	be	exaggerated	with	the	addition	of	this	agent.

Denosumab
Denosumab	(Xgeva)	is	a	fully	human	IgG2	RANK	ligand	(RANKL)	neutralizing	antibody.	Denosumab	is	FDA
approved	for	use	in	adults	and	skeletally	mature	adolescents	who	have	either	surgically	unsalvageable	giant	cell
tumors	of	the	bone	(GCTB)	or	where	resection	is	anticipated	to	result	in	severe	morbidity.	Approval	was	based	in
part	 on	 two	 open-label,	 phase	 II	 trials	 examining	 subcutaneous	 administration	 of	 120	mg	 every	 4	weeks	with
additional	 loading	 doses	 on	 days	 8	 and	 15	 of	 the	 first	 cycle.90,91	 Of	 187	 patients,	 47	 (25%)	 exhibited	 partial
objective	responses	based	on	modified	Response	Evaluation	Criteria	in	Solid	Tumors	(RECIST).

Two	separate	 formulations	and	dosing	 schedules	of	denosumab	are	approved	 for	use	 in	 two	supportive	care
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settings	based	on	three	randomized,	double-blind,	placebo-controlled	phase	III	trials	evaluating	its	efficacy	versus
zoledronic	acid92–96	to	reduce	bone	metastasis-related	skeletal-related	events	(SREs)	and	to	increase	bone	mass	in
prostate	and	breast	cancer	patients	at	high	risk	for	bone	fracture	due	to	hormone-ablation	therapies.

ANTIBODIES	USED	IN	HEMATOLOGIC	MALIGNANCIES
Rituximab
Rituximab	(Rituxan)	is	a	chimeric	anti-CD20	MAb	that	was	the	first	MAb	to	be	approved	by	the	FDA	for	use	in
human	malignancy.97,98	There	are	multiple	mechanisms	by	which	anti-CD20	antibodies	can	lead	to	cell	death.99
The	 combination	 of	 rituximab	 with	 cyclophosphamide,	 doxorubicin,	 vincristine,	 and	 prednisolone	 (CHOP)
resulted	 in	a	95%	overall	 response	rate	(55%	complete	response,	40%	partial	 response)	among	40	patients	with
low-grade	or	follicular	B-cell	non-Hodgkin	lymphoma,	with	molecular	complete	remissions	observed.100	A	long-
term	study	of	elderly	patients	with	previously	untreated	diffuse	large-cell	lymphoma	randomized	to	either	CHOP
chemotherapy	plus	 rituximab	 (R-CHOP)	or	CHOP	alone	demonstrated	 a	 significant	 improvement	 in	 event-free
survival,	PFS,	disease-free	survival,	and	overall	survival	for	the	combination	arm.101	No	significant	differences	in
long-term	 toxicity	 were	 noted.	 Low-grade	 B-cell	 lymphoma	 patients	 possessing	 the	 158V/V	 polymorphism	 in
FcγRIII	experience	superior	response	rates	and	outcomes	when	treated	with	rituximab,	as	described	earlier	in	this
chapter.	These	 findings	 signify	 that	 antibody	Fc	 domain::Fc	 receptor	 interactions	 underlie	 at	 least	 some	of	 the
clinical	benefit	of	rituximab	and	indicate	a	possible	role	for	ADCC	that	depends	on	such	interactions.

A	combination	of	active	agents	(such	as	lenalidomide	and	thalidomide)	that	are	also	immune	modulating	may
be	additive	with	rituximab102	and	perhaps	synergize	by	increasing	ADCC.103	Cytokines	such	as	IL-2,	IL-12,	or	IL-
15	and	myeloid	growth	 factors	may	also	enhance	 therapeutic	antibody	activity	as	 suggested	by	preclinical	data
demonstrating	that	IL-2	can	promote	NK	cell	proliferation	and	activation	and	can	enhance	rituximab	activity	and
clinical	 efficacy.104–106	 Myeloid	 growth	 factors,	 in	 combination	 with	 rituximab,	 may	 also	 activate	 ADCC.107
Alternative	approaches	 to	 induce	effector	cell	 activity	by	combining	Toll-like	 receptor	 (TLR)	agonists,	 such	as
CpG	oligonucleotides,	have	been	 investigated.108	Altering	 the	balance	of	proapoptotic	and	antiapoptotic	 signals
could	 generate	 more	 rituximab-induced	 cytotoxicity.	 Bcl2	 downregulation	 by	 antisense	 oligonucleotides	 was
found	 to	 enhance	 rituximab	 efficacy	 in	 preclinical	 testing.	 However,	 small	 molecules	 that	 bind	 to	 the	 BH-3
domain	common	to	many	members	of	the	Bcl-2	family	of	proteins	may	be	better	therapeutic	agents.109–111

Ofatumumab
The	anti-CD20	ofatumumab112	is	a	fully	human	antibody	that	binds	an	epitope	on	CD20	distinct	from	that	bound
by	 rituximab	and	 is	engineered	 for	better	complement	activation,	although	 it	 induces	 less	ADCC.	Ofatumumab
has	 received	 regulatory	 approval	 for	 the	 treatment	 of	 patients	 with	 fludarabine-refractory	 chronic	 lymphocytic
leukemia	(CLL).	In	a	recently	reported,	planned	interim	analysis	that	included	138	CLL	patients	with	treatment-
refractory	disease	or	bulky	(>5	cm)	lymphadenopathy,	treatment	with	ofatumumab	led	to	an	overall	response	rate
(primary	end	point)	of	47%	in	patients	with	bulky	disease	and	5%	in	patients	refractory	to	both	alemtuzumab	and
fludarabine.113	Additional	humanized	anti-CD20	antibodies	are	under	development.

Alemtuzumab
Alemtuzumab	(Campath-1H)	targets	the	CD52	glycopeptide,	which	is	highly	expressed	on	T	and	B	lymphocytes.
It	 has	 been	 tested	 as	 a	 therapeutic	 agent	 for	CLL	 and	promyelocytic	 leukemias,	 as	well	 as	 other	 non-Hodgkin
lymphomas.

Brentuximab	Vedotin
Brentuximab	vedotin	 (SGN-35,	Adcetris)	 is	an	ADC	consisting	of	 the	anti-CD30	chimeric	MAb	cAC10	 that	 is
linked	to	three	to	five	molecules	of	the	microtubule-disrupting	agent	MMAE.	MMAE	is	a	highly	potent	derivative
of	dolastatin.	Linkage	of	MMAE	to	cAC10	occurs	through	a	protease-cleavable	linter.114	Brentuximab	vedotin	is
approved	 for	 treating	 systemic,	 chemotherapy-refractory	 anaplastic	 large-cell	 lymphomas	 (sALCL).	 It	 is	 also
approved	to	treat	patients	with	Hodgkin	lymphoma	who	have	progressed	after	an	autologous	stem	cell	transplant
(ASCT).	Patients	ineligible	for	ASCT	must	have	failed	two	prior	multidrug	chemotherapy	regimens.



Brentuximab	vedotin	received	accelerated	approval	in	2011	based	in	part	on	the	results	of	two	phase	II	trials.	In
a	 multicenter	 trial,115	 58	 patients	 with	 relapsed	 or	 refractory	 sALCLs	 received	 brentuximab	 vedotin	 (1.8
mg/kg/week),	and	86%	of	patients	achieved	objective	response,	with	a	57%	complete	responses	rate,	and	a	13.2-
month	 median	 duration	 of	 response.	 Most	 common	 grade	 3	 and	 4	 adverse	 events	 were	 neutropenia	 (21%),
thrombocytopenia	(14%),	and	peripheral	sensory	neuropathy	(12%).	A	similar	trial,	 in	Hodgkin	lymphoma,	was
reported	by	Younes	et	al.116	in	patients	(N	=	102)	with	progression	following	ASCT.	A	total	of	75%	of	patients
had	objective	 responses,	with	 34%	complete	 remissions.	The	median	duration	of	 complete	 responses	was	 20.5
months,	 and	 31	 patients	 were	 progression	 free	 after	 a	 median	 follow-up	 of	 1.5	 years.	 Phase	 III	 trials	 (e.g.,
ECHELON-2	or	NCT01712490)	are	ongoing.

Inotuzumab	Ozogamicin
The	 approval	 for	 this	 drug	 came	 in	 2017	 based	 on	 the	 results	 of	 a	 randomized	 open-label	 trial	 involving	 326
patients	with	Philadelphia	chromosome–negative	or	Philadelphia	chromosome–positive	relapsed	or	refractory	B-
cell	ALL.117	 The	 control	 arm	 of	 the	 study	 was	 investigator’s	 choice	 of	 chemotherapy.	 The	 rate	 of	 complete
remission	was	80.7%	in	 the	 inotuzumab	group	as	compared	 to	29.4%	in	 the	standard	chemotherapy	group,	and
this	difference	was	statistically	significant.	In	patients	who	achieved	a	complete	remission,	a	higher	percentage	in
the	inotuzumab	group	had	no	minimal	residual	disease	and	had	a	longer	duration	of	remission,	PFS,	and	overall
survival	 (7.7	 versus	 6.7	 months)	 compared	 to	 the	 control	 group.	 Veno-occlusive	 liver	 disease	 was	 the	 most
frequent	grade	3	or	higher	nonhematologic	adverse	event	following	therapy	with	inotuzumab	ozogamicin.

Obinutuzumab
This	anti-CD20	MAb	received	 regulatory	approval	 in	combination	with	chemotherapy	 for	 treatment	of	patients
with	previously	untreated	follicular	lymphoma	in	2017.	In	a	randomized,	open-label	phase	III	trial	(GALLIUM)
for	 patients	 with	 previously	 untreated	 follicular	 lymphoma,	 1,202	 patients	 were	 randomly	 assigned	 to	 receive
either	 obinutuzumab	 plus	 chemotherapy	 or	 rituximab	 plus	 chemotherapy	 followed	 by	 either	 obinutuzumab	 or
rituximab	maintenance	treatment	for	up	to	2	years	in	responding	patients.	The	chemotherapy	backbone	was	either
bendamustine,	CHOP,	or	cyclophosphamide,	vincristine,	prednisone.	After	a	median	follow-up	of	38	months	PFS
was	 statistically	 significantly	 improved	 in	 the	 obinutuzumab	 arm	with	 a	 hazard	 ratio	 of	 0.72	 compared	 to	 the
rituximab	arm.	The	median	PFS	had	not	been	reached	at	the	time	of	the	initial	reporting.	The	estimated	3-year	rate
of	PFS	was	 80%	versus	 73%.	Response	 rates	 appeared	 to	 be	 similar	 in	 both	groups.	There	were	more	 serious
adverse	 reactions	 with	 this	 antibody	 compared	 with	 rituximab.	 The	 most	 common	 grade	 3	 or	 higher	 adverse
events	observed	in	the	obinutuzumab	arm	was	neutropenia,	febrile	neutropenia,	 thrombocytopenia,	and	infusion
reactions.118

In	a	 separate	 study	of	396	patients	with	 follicular	 lymphoma	 (GADOLIN)	who	had	 relapsed	after	 treatment
with	a	rituximab-containing	regimen,	treatment	with	obinutuzumab	plus	bendamustine	followed	by	obinutuzumab
monotherapy	versus	bendamustine	alone	showed	a	statistically	significant	improvement	in	the	median	PFS	for	the
combination	arm	with	a	hazard	ratio	of	0.55.119

Blinatumomab
Blinatumomab	 is	 a	 bispecific	 T-cell	 engager.	 This	 drug	 consists	 of	 two	 single-chain	 antibody	 fragments,	 one
targeting	CD19	on	 the	B	cells	and	 the	other	 targeting	 the	CD3	complex	on	T	cells.	This	drug	 initially	received
accelerated	 approval	 in	 2014	 for	 the	 treatment	 of	 the	 Philadelphia	 chromosome–negative	 refractory	 B-cell
precursor	 ALL.	 Additional	 studies	 led	 to	 full	 approval	 of	 this	 agent	 in	 2017	 in	 addition	 to	 expansion	 of	 the
approval	 to	 include	 Philadelphia	 chromosome–positive	 relapse	 or	 refractory	 B-cell	 precursor	 ALL.	 In	 a
randomized	 open-label	 clinical	 trial	 (TOWER),	 405	 patients	with	 relapsed	 or	 refractory	 B-cell	 precursor	ALL
were	randomly	assigned	in	a	2:1	fashion	to	treatment	with	blinatumomab	versus	standard-of-care	chemotherapy.
The	study	showed	that	the	median	overall	survival	in	the	group	treated	with	blinatumomab	was	7.7	months	versus
4	months	in	the	standard-of-care	arm	(hazard	ratio	for	overall	survival	of	0.71).120	Adverse	events	of	grade	3	or
higher	were	observed	in	87%	of	the	blinatumomab	group	versus	92%	in	the	chemotherapy	group.

Daratumumab
This	 anti-CD38	MAb	was	 first	 approved	 as	 a	 single	 agent	 for	 treatment	 of	 refractory	multiple	myeloma.	Two
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large	randomized	clinical	trials	that	included	different	combinations	of	therapies	have	led	to	an	expanded	approval
of	this	agent.	In	one	phase	III	trial,	569	patients	with	multiple	myeloma	who	were	previously	treated	with	one	or
more	 lines	 of	 therapy	 were	 randomly	 assigned	 to	 a	 combination	 of	 daratumumab	 plus	 lenalidomide	 and
dexamethasone	or	to	the	combination	of	thalidomide	and	dexamethasone	alone	(POLLUX).	PFS	at	12	months	was
83%	in	 the	daratumumab	group	as	compared	with	60%	in	 the	control	group	with	a	 significantly	higher	overall
response	rate	in	the	daratumumab	group	(92.9%	versus	76.4%)	and	more	patients	in	the	daratumumab	group	with
minimal	residual	disease	or	better.	Daratumumab-associated	infusion	related	reactions	also	occurred	in	about	47%
of	patients	and	were	mostly	of	lower	grades.11,121

A	 second	 phase	 III	 study	 assigned	 498	 patients	 with	 relapse	 or	 refractory	 multiple	 myeloma	 to	 receive	 a
combination	of	daratumumab	plus	bortezomib	and	dexamethasone	versus	bortezomib	and	dexamethasone	alone.
At	interim	analysis,	the	rate	of	PFS,	which	was	the	primary	end	point	of	the	study,	was	significantly	higher	in	the
daratumumab	group	than	in	the	control	group.	At	12	months	the	rate	of	PFS	was	61%	in	the	daratumumab	group
versus	27%	in	the	control	group,	with	a	correspondingly	improved	overall	 response	rate	and	rates	of	very	good
partial	or	complete	responses	in	the	daratumumab	group.122

Elotuzumab
This	first-in-class	monoclonal	immunostimulatory	antibody	targets	signaling	lymphocyte	activation	molecule	F7
(SLAMF7),	also	known	as	the	cell-surface	glycoprotein	CD2	subset	1	(CS1).	This	glycoprotein	is	expressed	on
myeloma	 and	NK	 cells	 but	 not	 on	 normal	 cells.	 Following	 promising	 results	 of	 a	 single-arm	 phase	 II	 trial,	 a
randomized	 phase	 III	 trial	 of	 this	 agent	 plus	 lenalidomide	 and	 dexamethasone	 versus	 lenalidomide	 and
dexamethasone	was	 conducted	 in	 646	patients	with	 refractory	multiple	myeloma	 (ELOQUENT-2).	The	 rate	 of
PFS	at	12	months	was	68%	in	 the	elotuzumab	group	compared	with	57%	in	 the	control	group.	At	2	years,	 the
rates	 were	 41%	 and	 27%,	 with	 correspondingly	 improved	median	 PFS.123	 The	 FDA	 approved	 elotuzumab	 in
2015.

Dinutuximab
This	 MAb	 targets	 glycolipid	 GD2,	 which	 is	 primarily	 expressed	 on	 neuroblastoma	 cells.	 There	 is	 also	 some
expression	of	this	antigen	on	peripheral	nerves	and	normal	cells	of	neuroectodermal	origin.	In	a	randomized	phase
III	study	conducted	by	the	Children’s	Oncology	Group	(COG),	investigators	evaluated	the	activity	of	dinutuximab
plus	granulocyte	macrophage	colony-stimulating	 factor	 (GM-CSF)	and	 IL-2	versus	 isotretinoin	 in	patients	with
high-risk	 neuroblastoma.	 All	 patients	 had	 received	 aggressive	multimodality	 treatment	 that	 included	 induction
therapy	and	stem	cell	transplantation,	and	all	had	shown	a	response	prior	to	randomization.	All	eligible	patients,
226	in	total,	were	randomly	assigned	to	the	two	treatment	groups.	This	study	met	the	criteria	for	early	stopping
due	to	efficacy.	After	a	2.1-year	median	duration	of	follow-up,	patients	assigned	to	the	combination	treatment	had
event-free	survival	rates	of	66%	versus	46%	in	the	control	group	and	an	overall	survival	of	86%	versus	75%	at	2
years.	In	the	experimental	group,	52%	of	patients	experienced	grades	3	to	5	pain.123	In	addition	the	patients	in	the
combination	 treatment	 experienced	 hypotension,	 capillary	 leak	 syndrome,	 and	 hypersensitivity	 reactions.	 The
FDA	approved	 this	 drug	 in	 combination	with	 IL-2	 and	GM-CSF	 in	2015	based	on	 the	 results	 of	 this	 trial	 and
updated	survival	data.	A	randomized	trial	with	this	agent	plus	irinotecan	versus	irinotecan	alone	in	patients	with
refractory	small-cell	lung	cancer	has	been	initiated	(NCT03098030).

Olaratumab
This	MAb,	which	targets	the	platelet-derived	growth	factor	receptor	(PDGFR)	α,	received	accelerated	approval	for
the	treatment	of	patients	with	soft	 tissue	sarcoma	based	on	the	results	of	a	randomized	phase	II	clinical	trial.	In
combination	with	doxorubicin,	133	patients	with	unresectable	or	metastatic	soft	tissue	sarcoma	received	either	the
combination	treatment	or	doxorubicin	alone.	In	addition	to	standard	entry	criteria	for	a	clinical	trial	of	this	nature
available	tumor	samples	were	required	to	express	PDGFR	α	by	IHC.	At	the	time	of	the	reporting	of	the	study,	the
median	overall	survival	was	26.5	months	with	olaratumab	plus	doxorubicin	versus	14.7	months	with	doxorubicin
alone,	 translating	to	a	hazard	ratio	of	0.46.	The	median	PFS	was	also	better	for	 the	combination,	with	a	hazard
ratio	of	0.67	(P	=	.0615).	The	objective	response	rate	was	higher	with	the	combination	treatment	but	did	not	reach
statistical	 significance	when	compared	 to	 the	 standard	 treatment	 arm	of	 the	 study.	As	expected,	 adverse	events
were	more	frequent	in	the	combination	group	versus	doxorubicin	alone.124



CONCLUSION
In	the	35	years	since	Köhler	and	Milstein3	first	developed	the	hybridoma	technology	that	enabled	antibody-based
therapeutics,	the	field	has	made	remarkable	progress.	Numerous	antibody-based	molecules	are	currently	in	clinical
trials,	and	many	more	are	in	development.	Multiple	therapeutic	antibodies	have	a	proven	clinical	benefit	and	have
been	 licensed	by	 the	FDA.	The	 thoughtful	 application	of	 advances	 in	cancer	biology	and	antibody	engineering
suggest	that	this	progress	will	continue.
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32 Immunotherapy	Agents
Jeffrey	A.	Sosman	and	Douglas	B.	Johnson

INTRODUCTION
Cancer	immunotherapy,	or	the	leveraging	of	the	immune	system	against	cancer,	has	been	among	the	“holy	grails”
of	 cancer	 therapy.	 Conceivably,	 harnessing	 the	 potency,	 specificity,	 and	 precise	 nature	 of	 one’s	 own	 immune
system	 could	 provide	 powerful	 tools	 in	 treating	 cancer.	 More	 than	 100	 years	 without	 major	 therapeutic
breakthroughs,	 however,	 had	 injected	 considerable	 pessimism	 into	 the	 search	 for	 cancer	 immunotherapy.
Nevertheless,	 a	 few	 notable,	 albeit	 limited,	 successes	 provided	 enough	 ammunition	 for	 several	 persistent
investigators.	 The	 last	 few	 years	 have	 proved	 a	 testament	 to	 their	 dedication,	 with	 the	 approval	 of	 numerous
immunotherapy	agents	and	a	multitude	of	ongoing	clinical	trials.

Since	 the	 last	 edition	 of	 this	 textbook,	 there	 has	 been	 a	 major	 transformation	 in	 cancer	 therapy	 with	 the
elevation	 of	 immunotherapy	 to	 a	 primary	 pillar	 of	 cancer	 treatment.	 Now,	 with	 the	 undeniable	 evidence	 that
cancer	immunotherapy	can	induce	durable	clinical	tumor	regression	in	many	different	cancers	and	the	remarkable
advances	 in	 our	 understanding	 of	 the	 cancer	 immunity	 cycle	 with	 its	 interplay	 of	 factors	 that	 positively	 or
negatively	 regulate	 the	 immune	 response	 to	cancer,	we	are	now	positioned	 to	build	on	 the	efficacy	of	 immune
checkpoint	inhibitors.	The	previous	lack	of	efficacy	for	vaccines	and	cytokine	therapy	supports	the	importance	of
effective	 antigen	 presentation;	 the	 role	 of	 immune	 checkpoint	 molecules	 to	 modulate	 T-cell	 responses;	 the
presence	of	cells	in	the	tumor	microenvironment	to	suppress	effective	antitumor	responses	including	regulatory	T
cells	 (Tregs);	 myeloid-derived	 suppressor	 cells	 (MDSCs);	 type	 2	 tumor-associated	macrophages	 (TAMs);	 and
tumor-induced	 soluble	 suppressive	 factors	 such	 as	 transforming	 growth	 factor	 β	 (TGF-β),	 arginase	 (ARG),
indoleamine	 2,3-dioxygenase	 1	 (IDO1),	 interleukin	 (IL)-6,	 and	 IL-10.	 In	 addition,	 greater	 understanding	 of
particular	 tumor	 antigens	 important	 for	 the	 induction	 of	 an	 effective	 antitumor	 response	 and	 advances	 in
sequencing	 technology	 and	 antibody	 design	 have	 allowed	 the	 engineering	 of	 antibodies	 or	 antibody-like
molecules	 to	 target	 agents	 to	 the	 tumor	 site.	 This	 has	 opened	 the	 door	 to	 explore	 approaches	 to	 (1)	 more
effectively	stimulate	responses	that	target	key	cancer	antigens,	(2)	further	enhance	the	activating	receptors	found
on	T	lymphocytes	or	other	antigen-presenting	cells	(APCs),	(3)	utilize	cytokines	or	chemokines	to	activate	T	cells
at	 the	 tumor	 site	 or	 enhance	 T-cell	 trafficking	 to	 the	 tumor	 site,	 (4)	 block	 the	 effects	 of	 immune	 suppressive
soluble	factors	or	enzymes,	(5)	block	the	inhibitory	receptors	that	weaken	or	extinguish	the	immune	response	to
cancer,	and	(6)	 inhibit	 the	function	of	 immune	suppressive	cell	populations.	Additionally,	 technologic	advances
have	allowed	engineering	of	T	lymphocytes	to	express	receptors	specific	for	either	protein	antigens	(i.e.,	chimeric
antigen	receptor	[CAR]-T	cells)	or	through	T-cell	receptor	(TCR)	sequencing	to	specifically	target	peptide–major
histocompatibility	complex	(MHC)	tumor	antigens.

In	 this	 chapter,	 we	 will	 provide	 a	 limited	 overview	 of	 principles	 that	 have	 guided	 most	 of	 immune-based
therapy	in	development	(Tables	32.1and	32.2).	We	will	not	 review	clinical	 trials	 that	have	 led	 to	approval	of	a
number	of	immunotherapy	agents.	Already,	five	different	anti–programmed	cell	death	protein	1	(anti–PD-1)/anti–
programmed	cell	 death	protein	 ligand	1	 (anti–PD-L1)	molecules	 for	 11	different	 disease	 indications	have	been
approved.	 We	 will	 review	 approaches	 that	 will	 likely	 be	 incorporated	 into	 the	 next	 phase	 of	 cancer
immunotherapy.	The	trials	will	require	rational,	data-driven	incorporation	of	these	and	other	agents	into	treatment
regimens,	in	some	part	driven	by	the	numerous	approaches	we	describe	in	this	chapter.

HUMAN	TUMOR	ANTIGENS
For	 the	past	20+	years	 following	 the	understanding	of	antigen	processing	and	 the	TCR	recognition	of	peptides
presented	in	the	context	of	MHC,	the	existence	of	human	tumor	antigens	derived	from	various	proteins	that	could
induce	 an	 antitumor	 response	 in	 vitro	 and	 in	 vivo	 has	 been	 firmly	 established.	 Intracellular	 proteins	 must	 be
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digested	 and	 processed	 with	 the	 resulting	 peptides	 transported	 to	 the	 cell	 surface	 through	 the	 endoplasmic
reticulum	and	presented	noncovalently	bound	to	class	I	or	II	MHC	molecules.	A	variety	of	approaches	have	been
used	 to	 identify	 antigens	 that	 are	 naturally	 processed	 and	 presented	 on	 tumor	 cells	 or	 on	 professional	APCs.1
These	 tumor	 antigens	 include	 (1)	 cancer-testis	 antigens	 expressed	by	 embryonic	 testes	 and	placental	 tissue	 but
lacking	in	normal	adult	tissues,	(2)	lineage-derived	differentiation	antigens	such	as	proteins	important	to	melanin
synthesis	and	found	on	normal	melanocytes,	(3)	overexpressed	gene	products,	(4)	mutated	gene	products,	and	(5)
viral	 gene	 products	 in	 virally	 associated	 cancers	 (e.g.,	 human	 papillomavirus	 [HPV]).	 Although	 all	 of	 these
antigen	 categories	may	be	of	 importance	 to	 the	 efficacy	 and	 toxicity	of	 immune	 therapy,	 the	 focus	has	 largely
turned	 toward	 the	use	of	a	different	category	of	 tumor	antigens	 (mutanome-associated	neoantigens)	 for	vaccine
development.

TABLE	32.1
Approaches	to	Cancer	Immunotherapy

Approach Class Molecules	Targeted
Removal	of	immune	suppressive
factors

Immune	checkpoint	inhibitors PD-1,	PD-L1,	CTLA-4,	LAG-3,	TIM-3,	TIGIT,
VISTA,	B7-H3,	CD73,	KIR

	 Soluble	factors IDO,	arginase,	adenosine,	TGF-β

	 Myeloid	targeted PI3Kγ,	CSF1R

Stimulation	of	effector	cells T-cell	agonists OX40,	GITR,	4-1BB,	ICOS,	CD40,	CD27,	CD70

	 Cytokines IL-2,	TNF,	IFN,	immunocytokines,	IL-2	variants
	 T-cell	trafficking CXCR2,	CXCR4,	CCR4,	CCR5,	bispecific

antibodies
Direct	cell	killing,	immune	stimulation Oncolytic	viruses HSV1,	various	other	viruses
Innate	immunity	stimulation Innate	immune	modulators TLR,	STING,	CD47

Active	immunization Cancer	vaccines Neoantigens

Adoptive	immunotherapy T-cell	receptor	therapy Neoantigens,	cancer-testes	antigens,	germline
antigens,	etc.

	 Chimeric	antigen	receptor	therapy CD19,	BCMA,	many	others
Note:	Molecules	in	bold	text	have	approved	therapies.

PD,	programmed	death;	CTLA,	cytotoxic	T-lymphocyte	antigen;	TGF,	transforming	growth	factor;	CSF,	colony-stimulating	factor;	IL,
interleukin;	 TNF,	 tumor	 necrosis	 factor;	 IFN,	 interferon;	 HSV,	 herpes	 simplex	 virus;	 BCMA,	 B-cell	 maturation	 antigen;	 LAG-3,
Lymphocyte-activation	gene	3;	TIM-3,	T-cell	immunoglobulin	and	mucin-domain	containing-3;	TIGIT,	T-cell	immunoreceptor	with	Ig
and	 ITIM	 domains;	 KIR,	 killer	 cell	 immunoglobulin-like	 receptors;	 VISTA,	 V-domain	 Ig	 suppressor	 of	 T	 cell	 activation;	 IDO,
Indolamine	 dioxygenase;	 PI3K,	 phosphatidylinositide	 3-kinase;	 F1R,	 Colony	 stimulating	 factor	 1	 receptor;	 GITR,	 glucocorticoid-
induced	 TNFR-related	 protein;	 ICOS,	 inducible	 T-cell	 costimulator;	 CXCR,	 CXC	 chemokine	 receptors;	 CCR,	 CC	 chemokine
receptors;	TLR,	toll-like	receptor;	STING,	stimulator	of	interferon	genes.

Mutanome-Associated	Neoantigens
Following	the	success	of	immune	checkpoint	inhibition	(ICI)	and	T-cell	adoptive	therapy,	it	has	been	appreciated
that	 for	 the	 host	 immune	 system	 to	 recognize	 and	 destroy	 tumor	 cells	 following	 enhancing	 T-cell	 activation,
neoantigens	must	be	present	and	recognizable.	Neoantigens	are	tumor-specific,	mutated	peptides	presented	on	the
surface	of	cancer	cells	in	the	context	of	MHC	molecules.	Tumor-specific	mutant	antigens	(neoantigens),	arising	in
large	part	from	carcinogen	exposure	(ultraviolet	[UV]	radiation,	cigarette	smoke),	from	frameshifts	due	to	small
scale	 insertion	 and	 deletion	 mutations	 (indels),	 or	 from	 other	 causes	 of	 genomic	 mutations	 apolipoprotein	 B
mRNA	 editing	 enzyme,	 catalytic	 polypeptide-like	 (APOBEC),	 represent	 major	 class	 of	 antigens	 expressed	 by
cancer	 cells.2	 These	 are	 largely	 single	 nucleotide	 variants	 (SNVs)	 termed	 “passenger	 mutations”	 that	 do	 not
individually	drive	oncogenesis.	In	murine	cancer	models,	vaccines	generated	with	immunodominant	neoantigens
are	 as	 effective	 as	 checkpoint	 blockade	 in	 inducing	 therapeutic	 tumor	 rejection.	 Neoantigens	 are	 the	 favored
targets	 of	 T	 cells	 reinvigorated	 by	 checkpoint	 blockade	 therapy.	 T-cell	 responses	 against	 neoantigens	 can	 be
enhanced	by	cytotoxic	T-lymphocyte	antigen	4	(CTLA-4)	and	PD-1	blockade.	Further,	the	overall	tumor	mutation
load	 correlates	 with	 response	 to	 checkpoint	 blockade	 in	 non–small-cell	 lung	 cancer	 (NSCLC),	 urothelial
carcinoma,	melanoma,	and	tumors	with	mismatch	repair	deficiency.3,4

Fitness	models	for	tumors	based	on	immune	interactions	of	neoantigens	may	help	further	predict	response	to



immunotherapy.	Two	main	factors	determine	neoantigen	fitness:	the	likelihood	of	neoantigen	presentation	by	the
MHC	and	subsequent	recognition	by	T	cells.	The	model	depends	on	sequence	similarity	of	neoantigens	to	known
antigens	such	as	infectious	pathogen-expressed	antigens.	Importantly,	low-fitness	neoantigens	identified	by	these
methods	may	be	leveraged	to	develop	novel	immunotherapies.

TUMOR	VACCINES
Personalized	Neoantigen	Vaccination
The	steps	involved	in	a	personalized	neoantigen-based	vaccine	at	present	(2018)	initially	involves	whole-exome
sequencing	 (WES)	 of	 matched	 tumor	 and	 normal	 DNA	 from	 a	 single	 cancer	 patient,	 thereby	 identifying	 all
transcribed	 somatic	mutations.5,6	 The	 expression	 of	MHC	 alleles	 of	 the	 tumor	 allows	 the	 prediction	 of	 which
mutated	peptides	are	likely	to	bind	to	autologous	human	leukocyte	antigen	(HLA)	class	I	peptides/proteins	of	the
patient.	Mutations	can	be	ranked	according	to	(1)	predicted	high-affinity	binding	to	autologous	HLA	class	I	and
high	expression	of	the	mutation-encoding	RNA	and	(2)	in	some	cases	if	CD4+	T	cells	are	a	target	for	activation,
then	predicted	HLA	class	II	binding.	The	mutated	peptides	can	be	synthesized	into	long	peptides	with	10	to	20
neoantigens	presently	 feasible	per	patient.	The	mixture	of	peptides	can	 then	be	combined	with	agents	acting	as
nonspecific	 immune	stimulants	 (adjuvants)	such	as	Toll-like	receptor	3	(TLR3),	poly-ICLC,	or	other	molecules
that	activate	pathogen-associated	molecular	patterns	(PAMPs)	or	damage-associated	molecular	patterns	(DAMPs)
to	compose	a	vaccine	for	a	specific	patient.	An	alternate	approach	involves	the	selection	of	mutations	based	on
affinity	for	class	I	and	class	II	autologous	MHC	and	then	engineer	them	into	synthetic	RNAs	(minigenes),	each
encoding	several	linker-connected	long	peptides.	Both	processes	are	time	consuming	with	preparation	time	lasting
50	to	100	days	at	present	but	likely	to	be	abbreviated.

The	use	of	long	peptides	or	minigenes	provides	the	ability	to	activate	both	CD8+	and	CD4+	T	cells	against	a
significant	 proportion	 of	 immunizing	 peptides.	 One	 approach	 for	 delivery	 is	 subcutaneous	 administration	 near
draining	 lymph	 nodes	 or	 injected	 percutaneously	 into	 inguinal	 lymph	 nodes	 under	 ultrasound	 control.	 The
proportion	of	neoantigens	stimulating	class	II	responses	is	generally	higher	than	for	class	I	responses	even	if	the
selection	of	the	neoepitopes	is	based	on	class	I	binding	algorithms.	In	addition	to	the	licensing	of	dendritic	cells
(DCs)	and	the	activation	and	maintenance	of	a	tumor-directed	CD8+	T-cell	response,	CD4+	T	cells	can	exert	direct
antitumor	effects	independently	of	CD8+	T	cells.7	The	results	in	both	cases	demonstrate	that	a	personal	neoantigen
vaccine	broadens	 the	repertoire	of	neoantigen-specific	T	cells	even	potentially	greater	 than	exists	 from	immune
checkpoint	 inhibitors	 or	 adoptive	 cell	 therapy	 (ACT).	Personal	 neoantigen	vaccine	 appeared	 safe,	 feasible,	 and
capable	of	 eliciting	 strong	T-cell	 responses	 in	 a	 clinical	 setting.5,6	The	use	of	 a	 personal	 neoantigen	vaccine	 is
anticipated	 to	 help	 address	 two	 major	 challenges	 for	 effective	 cancer	 immunotherapy:	 targeting	 highly
heterogeneous	tumors	preventing	immune	escape	through	antigen	loss	and	selectively	targeting	tumor	relative	to
healthy	tissues,	thus	limiting	toxicity	to	normal	tissues.	Future	neoantigen	vaccine	trials	will	likely	use	improved
techniques	to	better	predict	antigen	presentation,	increasing	the	percentage	of	neoantigens	inducing	tumor-reactive
T	cells.	These	trials	will	likely	focus	on	combinations	with	immune	checkpoint	or	adoptive	cell	therapies.

TABLE	32.2
Clinical	Trials	in	2018:	Examples	of	New	Immune	Agents	in	Development

Trial Date	Open
Clinical	Trials
Identifier

NEOANTIGEN	VACCINE
Ability	of	a	Dendritic	Cell	Vaccine	to	Immunize	Melanoma	or	Epithelial
Cancer	Patients	Against	Defined	Mutated	Neoantigens	Expressed	by	the
Autologous	Cancer

March	2018 NCT03300843

Neoepitope-based	Personalized	Vaccine	Approach	in	Pediatric	Patients
with	Recurrent	Brain	Tumors

May	2018 NCT03068832

ONCOLYTIC	VIRUS	VACCINES
Neoadjuvant	Trial	of	Nivolumab	in	Combination	with	HF10	Oncolytic	Viral
Therapy	in	Resectable	Stage	IIIB,	IIIC,	IVM1a	Melanoma

December	2017 NCT03259425
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A	Phase	I/II	Study	of	Pexa-Vec	Oncolytic	Virus	in	Combination	with
Immune	Checkpoint	Inhibition	in	Refractory	Colorectal	Cancer

December	2017 NCT03206073

Oncolytic	Adenovirus,	DNX-2401,	for	Naive	Diffuse	Intrinsic	Pontine
Gliomas

May	2017 NCT03178032

Phase	1b	Study	PVSRIPO	for	Recurrent	Malignant	Glioma	in	Children December	2017 NCT03043391

LOAd703	Oncolytic	Virus	Therapy	for	Pancreatic	Cancer November	2016 NCT02705196

SBRT	and	Oncolytic	Virus	Therapy	before	Pembrolizumab	for	Metastatic
TNBC	and	NSCLC	(STOMP)

July	2017 NCT03004183

INHIBITORY	IMMUNE	CHECKPOINT	ANTAGONIST	ANTIBODY
Anti-TIGIT
Safety	and	Pharmacokinetics	(PK)	of	Escalating	Doses	of	MTIG7192A	as	a
Single	Agent	and	in	Combination	with	Atezolizumab	in	Locally	Advanced	or
Metastatic	Tumors

May	2016 NCT0279457

Study	of	MK-7684	Alone	and	in	Combination	with	Pembrolizumab	in
Advanced	Solid	Tumors	(MK-7684-001)

December	2016 NCT02964013

A	Study	of	OMP-313M32	in	Subjects	with	Locally	Advanced	or	Metastatic
Solid	Tumors

May	2017 NCT03119428

Anti-TIM-3
A	Phase	1	Study	of	TSR-022,	an	Anti-TIM-3	Monoclonal	Antibody,	in
Patients	with	Advanced	Solid	Tumors

July	2016 NCT02817633

A	Study	of	LY3321367	Alone	or	With	LY3300054	in	Participants	with
Advanced	Relapsed/Refractory	Solid	Tumors

April	2016 NCT03099109

Safety	and	Efficacy	of	MBG453	as	Single	Agent	and	in	Combination	with
PDR001	in	Patients	With	Advanced	Malignancies

September	2015 NCT02608268

Anti-LAG-3
Anti-LAG-3	or	Urelumab	Alone	and	in	Combination	with	Nivolumab	in
Treating	Patients	with	Recurrent	Glioblastoma

August	2016 NCT02658981

Study	of	TSR-033	with	an	Anti-PD-1 August	2017 NCT03250832

Study	of	REGN3767	(Anti-LAG-3)	with	or	without	REGN2810	(Anti-PD1)	in
Advanced	Cancers

November	2016 NCT03005782

PDR001	Plus	LAG525	for	Patients	with	Advanced	Solid	and	Hematologic
Malignancies

January	2018 NCT03365791

Anti-KIR
A	Safety	Study	of	Lirilumab	in	Combination	with	Nivolumab	or	in
Combination	with	Nivolumab	and	Ipilimumab	in	Advanced	and/or	Metastatic
Solid	Tumors

July	2017 NCT03203876

Anti-CD73
MEDI9447	Alone	and	in	Combination	with	MEDI4736	in	Adult	Subjects	With
Select	Advanced	Solid	Tumors

July	2015 NCT02503774

Durvalumab,	Tremelilumab,	MEDI	9447,	MEDI	0562:	Trial	in	Patients	with
Relapsed	Ovarian	Cancer

March	2018 NCT03267589

Anti-B7H3
Enoblituzumab	(MGA271)	in	Children	with	B7-H3-expressing	Solid	Tumors December	2016 NCT02982941

Safety	Study	of	Enoblituzumab	(MGA271)	in	Combination	with
Pembrolizumab	in	Refractory	Cancer

July	2015 NCT02475213

Safety	Study	of	Enoblituzumab	(MGA271)	in	Combination	with	Ipilimumab
in	Refractory	Cancer

March	2015 NCT02381314

ACTIVITY	IMMUNE	CHECKPOINT	AGONIST	ANTIBODY
Anti-iCOS
Dose	Escalation	and	Expansion	Study	of	GSK3359609	in	Subjects	with
Selected	Advanced	Solid	Tumors	(INDUCE-1)

June	2016 NCT02723955

Dose	Escalation	and	Expansion	of	JTX-2011	Alone	or	in	Combination	with
Anti-PD-1	in	Subjects	with	Advanced	Solid	Tumors	(ICONIC)

August	2016 NCT02904226

MEDI4736	Or	MEDI4736	+	Tremelimumab	in	Surgically	Resectable
Malignant	Pleural	Mesothelioma

May	2016 NCT02592551



Anti-GITR
Phase	I/Ib	Study	of	GWN323	Alone	and	in	Combination	with	PDR001	in
Patients	with	Advanced	Malignancies	and	Lymphomas

July	2016 NCT02740270

A	Study	of	OMP-336B11	in	Subjects	with	Locally	Advanced	or	Metastatic
Tumors

October	2017 NCT03295942

INCAGN01876	in	Combination	with	Immune	Therapies	in	Subjects	with
Advanced	or	Metastatic	Malignancies

November	2017 NCT03277352

Anti-OX40
Axitinib	with	or	without	Anti-OX40	Antibody	PF-04518600	in	Treating
Patients	with	Metastatic	Kidney	Cancer

July	2017 NCT03092856

Study	of	OX40	Agonist	PF-04518600	Alone	and	in	Combination	with	4-1BB
Agonist	PF-05082566

April	2015 NCT02315066

A	Study	to	Evaluate	MEDI0562	in	Combination	with	Immune	Therapeutic
Agents	in	Adult	Subjects	With	Advanced	Solid	Tumors

March	2016 NCT02705482

GSK3174998	Alone	or	with	Pembrolizumab	in	Subjects	with	Advanced	Solid
Tumors	(ENGAGE-1)

September	2015 NCT02528357

A	Study	Exploring	the	Safety	and	Efficacy	of	INCAGN01949	in	Combination
with	Immune	Therapies	in	Advanced	or	Metastatic	Malignancies

October	2017 NCT03241173

Anti-CD40
Safety	Study	of	SEA-CD40	in	Cancer	Patients February	2015 NCT02376699

CD40	Agonistic	Antibody	APX005M	in	Combination	with	Nivolumab July	2017 NCT03123783

A	Study	of	CDX-1140	in	Patients	with	Advanced	Solid	Tumors December	2017 NCT03329950

A	Study	of	RO7009789	in	Combination	with	Atezolizumab	in	Participants
with	Locally	Advanced	and/or	Metastatic	Solid	Tumors

December	2014 NCT02304393

Anti-CD27
A	Dose	Escalation	and	Cohort	Expansion	Study	of	Anti-CD27	(Varlilumab)
and	Anti-PD-1	(Nivolumab)	in	Advanced	Refractory	Solid	Tumors

January	2015 NCT02335918

A	Study	of	Varlilumab	and	IMA950	Vaccine	Plus	Poly-ICLC	in	Patients	with
WHO	Grade	II	Low-Grade	Glioma	(LGG)

January	2017 NCT02924038

CD-137	(4-1BB)
Neoadjuvant	Nivolumab	with	and	without	Urelumab	in	Patients	with
Cisplatin-Ineligible	Muscle-Invasive	Urothelial	Carcinoma	of	the	Bladder

September	2016 NCT02845323

Study	of	OX40	Agonist	PF-04518600	Alone	and	in	Combination	with	4-1BB
Agonist	PF-05082566

April	2015 NCT02315066

Combining	PD-1	Blockade,	CD137	Agonism	and	Adoptive	Cell	Therapy	for
Metastatic	Melanoma

March	2016 NCT02652455

CYTOKINES
Interleukin-2variant
A	Study	of	a	CD122-Biased	Cytokine	(NKTR-214)	with	Anti-PD-1
(Pembrolizumab)	and	of	NKTR-214	with	Anti-PD-L1	(Atezolizumab)	in
Patients	with	Select	Advanced	or	Metastatic	Solid	Tumors	(PROPEL)

June	2017 NCT03138889

Interleukin-10
Study	of	AM0010	with	Nivolumab	Compared	to	Nivolumab	Alone	Second-
line	Tx	in	Patients	with	Metastatic	Non-Small	Cell	Lung	Cancer	(Cypress	2)

June	1,	2018 NCT03382912

Study	of	AM0010	with	FOLFOX	Compared	to	FOLFOX	Alone	Second-line
Tx	in	Pts	with	Metastatic	Pancreatic	Cancer	(Sequoia)

November	1,	2016 NCT02923921

Interleukin-15
QUILT-3.055:	A	Study	of	ALT-803	in	Combination	with	Pembrolizumab	or
Nivolumab	in	Patients	with	Advanced	or	Metastatic	Non-Small	Cell	Lung
Cancer

January	1,	2018 NCT03228667

Interleukin-15	in	Combination	with	Checkpoint	Inhibitors	Nivolumab	and
Ipilimumab	in	Refractory	Cancers

February	5,	2018 NCT03388632

SIGNALING	MODULATION
STAT3	Inhibition
AZD9150	with	MEDI4736	in	Patients	with	Advanced	Pancreatic,	Non-Small March	2017 NCT02983578



Dr. AVR @ TMH

Lung	and	Colorectal	Cancer
Trial	of	WP1066	in	Patients	with	Recurrent	Malignant	Glioma	and	Brain
Metastasis	from	Melanoma

March	2018 NCT01904123

AZD9150	Plus	Durvalumab	Alone	or	in	Combination	with	Chemotherapy	in
Patients	with	Advanced,	Solid	Tumors	and	in	Patients	with	Non-Small-Cell
Lung	Cancer

March	2018 NCT03421353

PI3Kδ	Inhibitor
Pembrolizumab	Combined	with	Itacitinib	(INCB039110)	and/or
Pembrolizumab	Combined	with	INCB050465	in	Advanced	Solid	Tumors

January	2016 NCT02646748

Obinutuzumab	with	or	without	PI3K-delta	Inhibitor	TGR-1202,
Lenalidomide,	or	Combination	Chemotherapy	in	Treating	Patients	with
Relapsed	or	Refractory	Grade	I-IIIa	Follicular	Lymphoma

August	2017 NCT03269669

PI3Kγ	Inhibitor
A	Dose-Escalation	Study	to	Evaluate	the	Safety,	Tolerability,
Pharmacokinetics,	and	Pharmacodynamics	of	IPI-549

December	2015 NCT02637531

CHEMOKINE	MODULATORS
CXCR2	Inhibitor
SX-682	Treatment	in	Subjects	with	Metastatic	Melanoma	Concurrently
Treated	With	Pembrolizumab

May	2018 NCT03161431

Combination	Study	of	AZD5069	and	Enzalutamide	(ACE) July	2017 NCT03177187

CXCR4	Inhibitor 	 	

Safety	of	Continuous	IV	Administration	of	the	CXCR4	Antagonist,
Plerixafor	at	Potentially	Active	Plasma	Concentrations	and	Assess	Its
Impact	on	the	Immune	Microenvironment	in	Patients	with	Advanced
Pancreatic,	High	Grade	Serous	Ovarian	and	Colorectal	Adenocarcinomas

July	2017 NCT03277209

CX-01	Combined	with	Azacitidine	in	the	Treatment	of	Relapsed	or
Refractory	Myelodysplastic	Syndrome	and	Acute	Myeloid	Leukemia

April	2017 NCT02995655

CCR2	Inhibitor
Ph1b/2	Study	of	PF-04136309	in	Combination	with	Gem/Nab-P	in	First-line
Metastatic	Pancreatic	Patients	(CCR2i)

May	2016 NCT02732938

CCR4	Inhibitor
Mogamulizumab	and	Pembrolizumab	in	Treating	Patients	with	Relapsed	or
Refractory	Lymphomas

May	2018 NCT03309878

Study	of	Pre-operative	Combination	Therapy	with	Mogamulizumab	and
Nivolumab	Against	Solid	Cancer	Patients

March	2016 NCT02946671

CCR5	Inhibitor
Combined	PD-1	and	CCR5	Inhibition	(Maraviroc)	for	the	Treatment	of
Refractory	Microsatellite	Stable	mCRC	(PICCASSO)

November	2017 NCT03274804

SOLUBLE	FACTORS
IDO	Inhibitors
A	Study	of	Epacadostat	in	Combination	with	Pembrolizumab	and
Chemotherapy	in	Subjects	with	Advanced	or	Metastatic	Solid	Tumors
(ECHO-207/KEYNOTE-723)

May	2017 NCT03085914

A	Study	of	Epacadostat	and	Nivolumab	in	Combination	with	Immune
Therapies	in	Subjects	with	Advanced	or	Metastatic	Malignancies	(ECHO-
208)

January	2018 NCT03347123

A	Trial	of	HTI-1090	in	Subjects	with	Advanced	Solid	Tumors August	2017 NCT03208959

NLG802	Indoleamine	2,3-Dioxygenase	(IDO)	Inhibitor	in	Advanced	Solid
Tumors

July	2017 NCT03164603

A	Study	of	LY3381916	Alone	or	in	Combination	with	LY3300054	in
Participants	with	Solid	Tumors

November	2017 NCT03343613

Study	of	IDO	Inhibitor	(Indoximod)	and	Temozolomide	for	Adult	Patients
with	Primary	Malignant	Brain	Tumors

March	2014 NCT02052648

A	Study	to	Test	Combination	Treatments	in	People	with	Advanced	Renal
Cell	Carcinoma	(FRACTION-RCC)	Relatlimab	(anti-LAG3),	BMS-986016
(IDO	Inhibitor)

January,	2017 NCT02996110



TGFβ	Inhibition
A	Study	of	Galunisertib	(LY2157299)	in	Combination	with	Nivolumab	in
Advanced	Refractory	Solid	Tumors	and	in	Recurrent	or	Refractory	NSCLC,
or	Hepatocellular	Carcinoma

October	2015 NCT02423343

Phase	I/Ib	Study	of	NIS793	in	Combination	with	PDR001	in	Patients	with
Advanced	Malignancies

April	2017 NCT0294716

Study	of	TGF-β	Receptor	Inhibitor	Galunisertib	(LY2157299)	and
Enzalutamide	in	Metastatic	Castration-resistant	Prostate	Cancer

April	2016 NCT02452008

Arginase	Inhibitor
Arginase	Inhibitor	INCB001158	as	a	Single	Agent	and	in	Combination	with
Immune	Checkpoint	Therapy	in	Patients	with	Advanced/Metastatic	Solid
Tumors

September	2016 NCT02903914

A	Phase	1/2	Study	of	INCB001158	in	Combination	with	Chemotherapy	in
Subjects	with	Solid	Tumors

October	2017 NCT03314935

TLR	Agonist
Ipilimumab	(Immunotherapy)	and	MGN1703	(TLR	Agonist)	in	Patients	with
Advanced	Solid	Malignancies

May	2016 NCT02668770

TLR9	Agonist	SD-101,	Anti-OX40	Antibody	BMS	986178,	and	Radiation
Therapy	in	Treating	Patients	with	Low-Grade	B-Cell	Non-Hodgkin
Lymphomas

March	2018 NCT03410901

A	Phase	1/2	Study	of	In	Situ	Vaccination	with	Tremelimumab	and	IV
Durvalumab	Plus	PolyICLC	in	Subjects	with	Advanced,	Measurable,	Biopsy-
accessible	Cancers

December	2016 NCT02643303

STING	Agonist
Study	of	the	Safety	and	Efficacy	of	MIW815	With	PDR001	to	Patients	with
Advanced/Metastatic	Solid	Tumors	or	Lymphomas

September	2017 NCT03172936

Study	of	MK-1454	Alone	or	in	Combination	with	Pembrolizumab	in
Participants	with	Advanced/Metastatic	Solid	Tumors	or	Lymphomas	(MK-
1454-001)

February	2017 NCT03010176

Adenosine	A2a	Receptor	Antagonist
Trial	of	PBF-509	and	PDR001	in	Patients	with	Advanced	Non-small	Cell
Lung	Cancer	(NSCLC)	(AdenONCO)

October	2015 NCT02403193

A	Phase	2	Study	of	NIR178	in	Combination	with	PDR001	in	Patients	with
Solid	Tumors	and	Non-Hodgkin	Lymphoma

October	2016 NCT03207867

Anti-CD47
Trial	of	Hu5F9-G4	in	Combination	with	Cetuximab	in	Patients	With	Solid
Tumors	and	Advanced	Colorectal	Cancer

October	2016 NCT02953782

A	Trial	of	TTI-621	for	Patients	with	Hematologic	Malignancies	and	Selected
Solid	Tumors

January	2016 NCT02663518

A	Study	of	ALX148	in	Patients	with	Advanced	Solid	Tumors	and	Lymphoma February	2017 NCT03013218

CSF1R	Inhibition
Evaluation	of	Safety	and	Activity	of	an	Anti-PDL1	Antibody	(DURVALUMAB)
Combined	With	CSF-1R	TKI	(PEXIDARTINIB)	in	Patients	with
Metastatic/Advanced	Pancreatic	or	Colorectal	Cancers	(MEDIPLEX)

June	2016 NCT02777710

A	Combination	Clinical	Study	of	PLX3397	and	Pembrolizumab	to	Treat
Advanced	Melanoma	and	Other	Solid	Tumors

June	2015 NCT02452424

A	Study	of	LY3022855	in	Combination	with	Durvalumab	or	Tremelimumab	in
Participants	with	Advanced	Solid	Tumors

June	2016 NCT02718911

Phase	I/II	Study	of	BLZ945	Single	Agent	or	BLZ945	in	Combination	with
PDR001	in	Advanced	Solid	Tumors

October	2016 NCT02829723

A	Study	of	ARRY-382	in	Combination	with	Pembrolizumab	for	the	Treatment
of	Patients	with	Advanced	Solid	Tumors

October	2016 NCT02880371

BIFUNCTIONAL	FUSION	PROTEINS
Bispecific	Antibodies
A	Study	of	MCLA-128	in	Patients	with	Solid	Tumors	(IgG1	bispecific
antibody	targeting	HER2	and	HER3)

January	2015 NCT02912949

A	Study	of	NOV1501	(ABL001)	in	Subject	with	Advanced	Solid	Tumors September	2017 NCT03292783
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(VEGF/DLL4	targeting	bispecific	antibody)
An	Open-Label,	Multicenter,	Dose	Escalation	Phase	Ib	Study	with	Expansion
Cohorts	to	Evaluate	the	Safety,	Pharmacokinetics,	Pharmacodynamics,	and
Therapeutic	Activity	of	RO7009789	(CD40	Agonistic	Monoclonal	Antibody)	in
Combination	with	Vanucizumab	(Anti-Ang2	and	Anti-VEGF	Bi-Specific
Monoclonal	Antibody)	in	Patients	with	Metastatic	Solid	Tumors

January	2016 NCT02665416

A	Phase	1,	First-in-Human,	Open-Label,	Dose	Escalation	Study	of	JNJ-
61186372,	a	Human	Bispecific	EGFR	and	cMet	Antibody,	in	Subjects	with
Advanced	Non-Small	Cell	Lung	Cancer

May	2016 NCT02609776

BiTEs
BATs	Treatment	for	Pancreatic	Cancer,	Phase	Ib/II	(anti-CD3	x	anti-EGFR
bispecific	antibody	[EGFRBi])

July	2017 NCT03269526

Phase	1	Study	of	PF-06863135,	A	BCMA-	CD3	Bispecific	Ab,	in
Relapse/Refractory	Multiple	Myeloma

November	2017 NCT03269136

Phase	II	Trial	of	Immune	Checkpoint	Inhibitor	with	Anti-CD3	x	Anti-HER2
Bispecific	Antibody	Armed	Activated	T	Cells	in	Metastatic	Castrate
Resistant	Prostate	Cancer

February	2018 NCT03406858

A	Phase	1	Dose	Escalation	and	Cohort	Expansion	Study	of	ERY974,	An
Anti-Glypican3	(GPC3)/CD3	Bispecific	Antibody,	in	Patients	with
Advanced	Solid	Tumors

August	2016 NCT02748837

Study	of	ES414	in	Metastatic	Castration-Resistant	Prostate	Cancer
humanized	bispecific	antibody	CD3xPSMA

January	2015 NCT02262910

ImmTAC
Phase	1b/2	Study	of	the	Combination	of	IMCgp100	with	Durvalumab	and/or
Tremelimumab	in	Cutaneous	Melanoma	(soluble	gp100-specific	T	cell
receptor	with	anti-CD3	scFV)

November	2015 NCT02535078

Safety	and	Efficacy	of	IMCgp100	Versus	Investigator	Choice	in	Advanced
Uveal	Melanoma

October	2017 NCT03070392

Immunocytokines
Study	to	Evaluate	the	Therapeutic	Activity	of	RO6874281	an
Immunocytokine,	Consisting	of	Interleukin-2	Variant	(IL-2v)	Targeting
Fibroblast	Activation	Protein-a	(FAP)	as	a	Combination	Therapy	in
Participants	with	Advanced	and/or	Metastatic	Solid	Tumors

January	2018 NCT03386721

An	Open-Label,	Multicenter,	Dose-Escalation,	Phase	Ia/Ib	Study	to	Evaluate
Safety,	Pharmacokinetics,	and	Therapeutic	Activity	of	RO6874281,	an
Immunocytokine	Consisting	of	Interleukin	2	Variant	(IL-2v)	Targeting
Fibroblast	Activation	Protein-a	(FAP),	as	a	Single	Agent	(Part	A)	or	in
Combination	with	Trastuzumab	or	Cetuximab	(Part	B	or	C)

December	2015 NCT02627274

A	Phase	1b,	Open-Label,	Multi-Center,	Dose	Escalation	Study	of	the	Safety,
Pharmacokinetics,	and	Therapeutic	Activity	of	Cergutuzumab
Amunaleukin,	an	Immunocytokine,	which	Consists	of	a	Variant	of
Interleukin	2	(IL	2v),	That	Targets	Carcinoembryonic	Antigen	(CEA),
and	Atezolizumab,	an	Antibody	That	Targets	Programmed	Death-
Ligand	1	(PD-L1),	Administered	Intravenously,	in	Patients	with	Locally
Advanced	and/or	Metastatic	Solid	Tumors

June	2015 NCT02350673

Phase	I	Clinical	Study	Combining	L19-IL2	With	SABR	in	Patients	with
Oligometastatic	Solid	Tumor	(L19-IL2)	fibronectin	containing	extra
domain	B	(EDB),	scFv	fragment	directed	against	EDB,	designated	L19,
interleukin-2	(IL2),	immunocytokine	L19-IL2.	L19-IL2)

December	2015 NCT02086721

Bifunctional	Immunostimulatory	Antibody
MSB0011359C	(M7824)	(a	bifunctional	fusion	protein	targeting	PD-L1
and	TGF-b)	in	Metastatic	or	Locally	Advanced	Solid	Tumors

August	2015 NCT02517398

A	Phase	1,	Open-Label,	Dose-Escalation,	and	Cohort	Expansion	First-in-
Human	Study	of	the	Safety,	Tolerability,	Pharmacokinetics,	and	Activity	of
FS118,	a	LAG-3/PD-L1	Bispecific	Antibody,	in	Patients	with	Advanced
Malignancies	That	Have	Progressed	on	or	After	Prior	PD-1/PD-L1
Containing	Therapy

April	2018 NCT03440437

Note:	Bolded	text	denotes	names	of	experimental	agents	or	drug	class.

A	similar	approach	can	be	used	to	generate	a	pool	of	neoantigens	that	are	employed	to	stimulate	autologous	T



cells.2	 Clonal	 TCRs	 specifically	 recognizing	 the	 neoantigens	 can	 then	 be	 isolated.	 These	 TCRs	 can	 be
incorporated	 into	 chimeric	 clonal	 TCR	 with	 costimulatory	 domain	 to	 generate	 clonal	 T	 cells	 specific	 for	 the
neoepitopes	for	adoptive	T-cell	therapy	with	TCR	transfected	autologous	T	cells.

Immune	Checkpoint	Inhibitors
Although	it	is	not	the	first	cancer	immunotherapy	agents	tested,	this	class	of	therapeutics	has	undeniably	had	the
greatest	 impact.	 The	 concept	 of	 “immune	 checkpoints”	 was	 initially	 proposed	 by	 Dr.	 James	 Allison.	 TCRs
encounter	 a	 cognate	 antigen	 presented	 on	 the	 cell	 surface	 (including	 APCs,	 tumor	 cells,	 or	 host	 cells).	 For
activation,	however,	a	second,	costimulatory	signal	is	required.	Immune	checkpoints	oppose	these	costimulatory
signals	and	repress	T-cell	function.	Thus,	these	checkpoints	functions	as	negative	regulators,	or	“brakes”	on	T-cell
activation,	and	pharmacologically	inhibiting	them	would	theoretically	lead	to	T-cell	activation.8

The	first	immune	checkpoint	functionally	validated	was	CTLA-4.	For	T-cell	costimulation	to	occur,	CD28	(on
T	cells)	is	required	to	engage	B7	(on	APCs).	CTLA4	is	homologous	to	CD28	and	competes	for	B7	binding	with
higher	affinity,	thus	repressing	the	T	cell	response.	CTLA-4	blockade	functions	in	the	early,	“immune	priming”
phase,	 and	 activates	 both	 T-helper	 1	 (Th1)	 subsets	 of	 CD4+	 T	 cells	 as	 well	 as	 CD8+	 T	 cells.9	 These	 cellular
populations	appear	to	be	stimulated	both	peripherally	and	in	the	tumor	microenvironment,	where	the	suppressive
Treg	population	may	also	be	depleted.10	Ipilimumab,	a	monoclonal	antibody	to	CTLA-4,	restored	T-cell	function
and	 led	 to	 long-lasting	 responses	 in	 patients	 with	 melanoma	 (approximately	 10%	 to	 15%	 response	 rate).11
Importantly,	many	patients	who	initially	responded	 to	 therapy	maintained	benefit	even	5	 to	10	years	 later.	This
activity	led,	in	2011,	to	the	first	immune	checkpoint	inhibitor	approved	by	the	U.S.	Food	and	Drug	Administration
(FDA).	Despite	 the	success	of	 ipilimumab	in	melanoma,	however,	most	patients	 failed	 to	 respond	 to	 treatment,
and	 single-agent	 activity	 was	 minimal	 in	 other	 cancer	 types.	 Nevertheless,	 the	 durability	 of	 responses	 in	 a
previously	 treatment-refractory	 cancer	 illustrated	 the	 power	 of	 cancer	 immunotherapy	 and	 led	 to	 interest	 in
developing	 other	 immune	 checkpoint	 inhibitors.	 Other	 laboratory	 studies	 have	 now	 identified	 a	 host	 of	 other
immune	checkpoints,	including	the	critical	PD-1/PD-L1	axis	(Fig.	32.1).9

Figure	32.1	Selected	immune	checkpoints,	cytokines,	and	soluble	factors	in	the	tumor
microenvironment.	Green	represents	stimulatory,	and	red	represents	inhibitor	factor.	PD-L1,
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programmed	cell	death	protein	ligand	1;	IL,	interleukin;	IFN-α,	interferon	α;	PD-1,	programmed
cell	death	protein	1;	PD-L2,	programmed	cell	death	protein	ligand	2;	CTLA-4,	cytotoxic	T-

lymphocyte	antigen	4;	TIM-3,	T-cell	immunoglobulin	and	mucin	domain	3;	VISTA,	V-domain
immunoglobulin	suppressor	of	T-cell	activation;	MHC,	major	histocompatibility	complex;	TCR,	T-

cell	receptor;	LAG-3,	lymphocyte-activation	gene	3;	TIGIT,	T-cell	immunoreceptor	with
immunoglobulin	and	immunoreceptor	tyrosine-based	inhibitory	motif	domains;	GITRL,

glucocorticoid-induced	tumor	necrosis	factor	receptor–related	protein	ligand;	GITR,	glucocorticoid-
induced	tumor	necrosis	factor	receptor–related	protein;	ICOSL,	inducible	T-cell	costimulator

ligand;	IDO,	indoleamine	2,3-dioxygenase;	TGF-β,	transforming	growth	factor	β;	ICOS,	inducible
T-cell	costimulator.

PD-1	and	PD-L1	were	discovered	and	characterized	by	several	groups,	including	those	of	Drs.	Takasu	Honjo,
Lieping	Chen,	and	Gordon	Freeman	with	Arlene	Sharpe.	PD-L1	is	frequently	expressed	by	tumor	cells	and	tumor-
infiltrating	 myeloid	 cells	 (e.g.,	 macrophages).	 When	 PD-1	 engages	 PD-L1,	 particularly	 in	 the	 tumor
microenvironment,	 it	 suppresses	TCR	and	CD28	signaling	 through	recruitment	of	phosphatases.	Pharmacologic
blockade	 with	 a	 PD-1	 or	 PD-L1	 blocker	 restores	 TCR	 signaling	 in	 a	 CD28-dependent	 fashion	 and	 primarily
affects	CD8+	T	cells.10,12	Some	slight	distinctions	in	the	mechanism	of	action	for	PD-1	versus	PD-L1	inhibitors
exist;	 blocking	 PD-1	 interrupts	 its	 interactions	 with	 PD-L1	 as	 well	 as	 its	 alternative	 ligand	 PD-L2.	 PD-L1
blockers,	by	contrast,	interrupt	the	PD-L1/PD-1	and	PD-L1/B7	interactions.	Despite	these	distinctions,	it	remains
unclear	whether	any	major	differences	in	clinical	activity	or	toxicities	exist	between	anti–PD-1-	and	anti–PD-L1-
targeted	 agents.	 Anti–PD-1/PD-L1	 therapeutics	 have	 demonstrated	 durable,	 immune-related	 responses	 in
numerous	 cancer	 types13	 and	 are	 now	 approved	 at	 the	 time	 of	 this	 writing	 in	 melanoma,	 NSCLC,	 urothelial
carcinoma,	 head	 and	 neck	 squamous	 cell	 carcinoma	 (HNSCC),	 renal	 cell	 carcinoma	 (RCC),	 hepatocellular
carcinoma,	 gastroesophageal	 cancer,	 Hodgkin	 lymphoma,	 Merkel	 cell	 carcinoma,	 primary	 mediastinal	 B-cell
lymphoma	and	various	malignancies	demonstrating	microsatellite	instability	(MSI);	more	approvals	are	expected
in	 the	 near	 future.	 In	 addition	 to	 approved	 anti–PD-1	 agents	 (nivolumab	 and	 pembrolizumab)	 and	 anti–PD-L1
agents	 (atezolizumab,	 durvalumab,	 avelumab),	 several	 additional	 PD-1/PD-L1	 antibodies	 are	 in	 clinical
development.

Toxicities	of	immune	checkpoint	inhibitors	are	related	to	aberrant	activation	of	autoreactive	T	cells	against	host
tissues.	 These	 toxicities	 occur	 idiosyncratically,	 may	 affect	 any	 organ,	 and	 occasionally	 present	 in	 fulminant
fashion.14	Most	 commonly,	 these	 toxicities	 affect	 the	 colon,	 lung,	 skin,	 liver,	 and	 endocrine	glands.	 It	 remains
unclear	why	these	toxicities	occur	in	some	patients	but	not	in	others;	hypotheses	include	genetic	predisposition	to
autoimmunity,	 shared	 or	 similar	 antigens	 in	 host	 and	 tumor	 cells,	 or	 subclinical	 inflammation	 due	 to
environmental	causes.15,16	Additional	details	surrounding	the	development	and	clinical	utility	of	these	agents	are
available	in	Chapter	17.

Other	Immune	Checkpoint	Inhibitors	in	Development

Anti-TIGIT
T-cell	 immunoreceptor	 with	 immunoglobulin	 (Ig)	 and	 immunoreceptor	 tyrosine-based	 inhibitory	motif	 (ITIM)
domains	 (TIGIT)	 is	 a	 novel	 coinhibitory	 immune	 checkpoint	 under	 study	 in	 early	 clinical	 trials.	 TIGIT	 is	 a
member	 of	 a	 recently	 discovered	 arm	 of	 the	 Ig	 superfamily,	 the	 poliovirus	 receptor	 (PVR)-like	 proteins.	 The
ligand	for	TIGIT	is	CD155	(also	known	as	PVR),	but	this	protein	also	serves	as	a	ligand	for	CD226,	which,	like
CD28,	is	an	activating	receptor.	When	CD155	is	bound	to	CD226,	it	conveys	activating	signals	into	the	immune
cell.	Meanwhile,	CD155	bound	to	TIGIT	transmits	an	inhibitory	signal	by	recruiting	the	SHP1	phosphatase	to	the
membrane	 through	 its	 ITIM	 domain	 that	 deactivates	 numerous	 proteins	 involved	 in	 T-cell	 effector	 functions.
Further	members	of	 this	 family,	 including	CD96	and	CD112,	also	may	have	a	 role	 in	TIGIT	signaling,	adding
complexity	to	this	pathway.17

TIGIT	is	expressed	by	activated	cytotoxic	T	cells,	Tregs,	and	natural	killer	(NK)	cells.	The	ligands	CD155	and
CD112	 are	 found	 on	DCs	 and	macrophages	 and	 are	 also	 highly	 expressed	 in	 several	 types	 of	 cancer.	 Several
studies	 have	 revealed	 TIGIT	 as	 a	 potentially	 complementary	 target	 to	 other	 inhibitory	 immune	 checkpoints,
including	 PD-1.18	 In	 addition	 to	 directly	 inhibiting	 cytotoxic	 T-cell	 activity,	 TIGIT	 may	 increase	 NK-cell
activation	and	dampen	Treg	function.	As	such,	TIGIT	acts	as	an	 inhibitory	 immune	checkpoint	on	both	T	cells
and	NK	cells.	Numerous	inhibitors	of	TIGIT	as	well	as	PVR	are	in	early	phase	development.



TIM-3
T-cell	 immunoglobulin	 and	 mucin	 domain	 3	 (TIM-3)	 is	 a	 Th1hcell–specific	 surface	 protein	 involved	 in	 the
suppression	of	macrophage	activation	(“escape	model”	following	PD-1	inhibition),	but	it	is	mainly	expressed	on
activated	 memory	 CD8	 T	 cells.	 TIM-3	 stimulation	 (via	 its	 ligand	 galectin-9	 secreted	 by	 Tregs)	 results	 in	 a
depletion	 of	 interferon	 γ	 (IFN-γ)	 production	 by	 interrupting	CD45	 and	Lck	 interaction.	 Interestingly,	 although
anti–TIM-3	therapy	alone	had	only	a	modest	effect	 in	animal	models,	 the	combination	of	anti–TIM-3	and	anti–
PD-1	 significantly	 suppressed	 tumor	 growth.19	 TIM-3	 inhibition	 activates	 antigen-specific	 T	 lymphocytes	 and
enhances	cytotoxic	T-cell–mediated	tumor	cell	lysis.	TIM-3	(and	lymphocyte-activation	gene	3	[LAG-3])	appear
to	be	upregulated	in	some	models	of	acquired	anti–PD-1	resistance.20	To	date,	two	TIM-3	antagonist	monoclonal
antibodies	are	in	early	clinical	development.

LAG-3
LAG-3	 is	 a	member	 of	 the	 Ig	 superfamily,	 is	 expressed	 on	 various	 immune	 cells,	 and	 binds	 to	MHC	 class	 II
molecules.	 Its	 expression	 on	 tumor-infiltrating	 lymphocytes	 (TILs)	 is	 associated	 with	 negative	 regulation	 of
cellular	proliferation	and	T-cell	activation.	LAG-3	and	PD-1	receptors	are	overexpressed	and/or	coexpressed	on
TILs	 following	T-cell	 activation.	 LAG-3	may	 contribute	 to	 de	 novo	 and	 acquired	 resistance	 to	 anti–PD-1/PD-
L1.20	 Anti–LAG-3	 monoclonal	 antibody	 BMS-986016	 (relatlimab)	 has	 shown	 activity	 when	 combined	 with
nivolumab	 in	 heavily	 pretreated	 patients	 with	 melanoma	 who	 had	 progressed	 during	 prior	 anti–PD-1/PD-L1
therapy.21	Responses	were	more	 likely	 in	patients	with	LAG-3	expression	≥1%,	whereas	PD-L1	expression	did
not	 appear	 to	 enrich	 for	 response.	 The	 combination	 is	 well	 tolerated,	 with	 a	 safety	 profile	 similar	 to	 that	 of
nivolumab	monotherapy.

KIR
Killer	cell	Ig-like	receptors	(KIRs)	have	importance	to	both	innate	and	adaptive	immunity.	NK	cells	use	different
innate	receptors	to	sense	their	environment	and	respond	to	alterations	induced	by	malignant	cell	transformation.	In
a	process	termed	“licensing,”	NK	cells	use	inhibitory	KIRs	for	“self”-MHC-class	I	molecules	to	maintain	a	state
of	responsiveness	and	to	kill	target	cells	that	have	lost	MHC-I	(e.g.,	tumor	cells).	In	contrast,	the	recognition	of
missing	or	downregulated	self-MHC-I	molecules	on	tumor	cells	by	licensed	NK	cells	shifts	the	receptor	balance
toward	 activation.	 Taken	 together,	 the	 modulation	 of	 NK-cell	 activity	 is	 therefore	 controlled	 by	 an	 array	 of
germline-encoded	 activating	 and	 inhibitory	 receptors	 as	 well	 as	 modulating	 coreceptors	 (costimulatory	 KIRs).
Several	 monoclonal	 antibodies	 targeting	 KIRs	 have	 been	 tested	 in	 preclinical	 models	 and	 in	 ongoing	 clinical
trials.	 Lirilumab	 (IPH2102/BMS-986015)	 is	 a	 fully	 human	monoclonal	 antibody	 that	 is	 designed	 to	 block	 the
interaction	between	KIR2DL1,	KIR2DL2,	 and	KIR2DL3	 inhibitory	 receptors	 and	 their	 ligands.	Blocking	 these
receptors	facilitates	activation	of	NK	cells	and	potentially	some	subsets	of	T	cells.	Lirilumab	is	undergoing	phase
I/II	 testing	for	solid	 tumors	and	for	hematologic	malignancies	 (i.e.,	 lirilumab	plus	nivolumab	and	azacitidine	 in
myelodysplastic	syndrome	patients).

CD73
CD73	 or	 5′-nucleotidase,	 a	 plasma	 membrane	 protein	 upregulated	 on	 many	 cancer	 cell	 types,	 catalyzes	 the
conversion	of	 extracellular	nucleotides,	 such	as	AMP,	 to	membrane-permeable	nucleosides,	 such	as	 adenosine.
Adenosine	mediates	lymphocyte	suppression	and	decreases	the	activity	of	CD8+	effector	cells,	and	increases	both
MDSCs	 and	 Tregs.	 Blockade	 of	 CD73	 leads	 to	 clustering	 and	 internalization	 of	 this	molecule	 and	 adenosine-
mediated	 lymphocyte	 suppression,	 and	 increases	 the	 activity	 of	 CD8+	 effector	 cells.22	 Studies	 of	 monoclonal
antibodies	to	CD73	are	now	underway	alone	and	combination	with	anti-PD-1.

VISTA
V-domain	 Ig	 suppressor	 of	 T-cell	 activation	 (VISTA)	 is	 an	 inhibitory	 checkpoint	 predominantly	 expressed	 on
hematopoietic	cells,	particularly	in	tumor-infiltrating	myeloid	cells.	Preclinical	studies	with	VISTA	blockade	have
shown	 promising	 improvement	 in	 antitumor	 T-cell	 responses,	 even	 in	 cases	 without	 detectable	 expression	 of
VISTA	 on	 tumor	 cells,	 and	 in	 the	 absence	 of	 PD-L1	 expression.23	 Further,	 VISTA	 appears	 to	 be	 upregulated
following	 resistance	 of	 other	 immunotherapies.24	 Early	 data	 from	VISTA	 antagonists	 have	 shown	 preliminary
signs	of	activity	and	acceptable	toxicity.
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B7-H3
B7-H3	(CD276)	is	an	inhibitory	member	of	the	B7	protein	family.	It	inhibits	APCs	and	stimulates	Tregs,	which
results	 in	 suppression	 of	 IL-2	 production	 (termination	 of	 the	 immune	 response);	 however,	 its	 receptor	 is	 still
unknown.	Recently,	a	humanized	IgG1	monoclonal	antibody	targeting	B7-H3	has	been	tested	(enoblituzumab);	an
ongoing	 phase	 I	 study	 showed	 that	 enoblituzumab	was	well	 tolerated	 at	 all	 dose	 levels,	 with	 initial	 antitumor
activity	 in	 a	 heavily	 pretreated	 patient	 population	 observed	 in	 prostate	 and	 bladder	 cancers	 and	 melanoma.25
Currently,	enoblituzumab	is	being	evaluated	in	combination	with	other	checkpoint	inhibitors	in	patients	with	B7-
H3–positive	melanoma,	NSCLC,	and	HNSCC	(phase	I	trials).

Immune	Checkpoint	Activators
Among	 the	 first	 T-cell	 activators	 in	 clinical	 trials,	 the	 CD28	 superagonist	 TGN1412	 provided	 an	 extreme
cautionary	tale.	Six	healthy	young	volunteers	received	simultaneous	infusions,	and	all	experienced	life-threatening
cytokine	release	syndromes	(CRSs).26	Although	all	survived,	this	study	injected	an	appropriate	degree	of	caution
into	future	immunotherapy	trials,	including	those	of	immune	checkpoint	inhibitors	and	activators.

4-1BB	(CD137)
The	4-1BB	protein	 receptor	 (CD137)	 is	 a	 surface	glycoprotein	 that	belongs	 to	 the	 tumor	necrosis	 factor	 (TNF)
receptor	superfamily.	CD137	is	an	inducible	costimulatory	molecule	expressed	on	several	immune	cells,	including
activated	memory	CD4	 and	CD8	T	 cells,	NK	cells,	monocytes,	 and	DCs.	CD137	 functions	 as	 a	 costimulatory
receptor	 induced	by	TCR	stimulation.	 In	 this	context,	 ligation	of	CD137	 leads	 to	 increased	T-cell	proliferation,
cytokine	 production,	 functional	 maturation,	 and	 prolonged	 memory	 CD8	 T-cell	 survival.	 Consistent	 with	 the
costimulatory	 function	 of	 CD137	 on	 T	 cells,	 agonistic	 monoclonal	 antibodies	 against	 this	 receptor	 have	 been
shown	 to	 provoke	 tumor-specific	 T-cell	 responses	 capable	 of	 eradicating	 tumors	 in	 several	 murine	 tumor
models.27	Utomilumab	and	urelumab	are	two	monoclonal	antibodies	to	CD137	currently	under	development.28,29

GITR
Glucocorticoid-induced	TNF	receptor–related	protein	(GITR;	CD357,	a	member	of	the	TNF	receptor	superfamily)
and	 its	 ligand	 (GITRL)	 can	 be	 detected	 in	 the	 steady	 state	 on	 Tregs	 with	 further	 increasing	 expression	 upon
stimulation.	 In	 addition,	 effector	 CD4	 and	 CD8	 T	 cells	 express	 GITR	 constitutively	 at	 low	 levels	 but	 rapidly
upregulate	GITR	expression	on	activation.	GITR	expression	in	humans	has	also	been	described	in	macrophages
and	NK	cells.	Anti-GITR	antibody	binds	to	and	activates	GITRs	found	on	multiple	types	of	T	cells	induces	both
the	activation	and	proliferation	of	tumor	antigen–specific	T-effector	cells,	and	suppresses	the	function	of	activated
Tregs.	 This	 leads	 to	 tumor	 cell	 eradication	 in	 preclinical	 models.30	 To	 date,	 the	 most	 advanced	 monoclonal
antibody	targeting	GITR,	TRX518-001,	was	found	to	be	well	tolerated	with	no	dose-limiting	toxicities	but	with
limited	efficacy.	Several	other	anti-GITR	antibodies	are	also	in	early	development.

ICOS
Inducible	 T-cell	 costimulator	 (ICOS;	CD278)	 is	 expressed	 on	 activated	T	 cells,	whereas	 its	 ligand	 (B7-H2)	 is
expressed	 mainly	 on	 B	 cells	 and	 DCs.	 The	 costimulatory	 B7-H2/ICOS	 pathway	 augments	 the	 T-cell	 effector
function,	which	leads	to	enhanced	cytokine	production	of	both	Th1	and	Th2	cells.	In	addition,	ICOS	stimulates
IL-10	production	suggesting	that	this	pathway	is	also	involved	in	the	regulation	of	Treg	function.31	Several	ICOS
agonists	are	currently	being	studied	in	combination	with	immune	checkpoint	inhibitors.

CD40
CD40,	a	cell	surface	receptor	and	member	of	the	TNF	receptor	superfamily,	is	expressed	on	various	immune	cells
and	 cancer	 cells;	 it	mediates	 both	 indirect	 tumor	 cell	 killing	 through	 the	 activation	 of	 the	 immune	 system	 and
direct	tumor	cell	apoptosis.	CD40	agonist	monoclonal	antibodies	bind	to	CD40	on	a	variety	of	immune	cell	types
in	a	similar	fashion	to	the	endogenous	CD40	ligand	(CD40L	or	CD154),	which	triggers	the	cellular	proliferation
and	activation	of	APCs,	and	activates	B	cells	and	T	cells.

CD27-CD70
CD27,	 a	 costimulatory	molecule	 and	member	 of	 the	 TNF	 family	 overexpressed	 in	 certain	 tumor	 cell	 types,	 is



constitutively	expressed	on	mature	T	lymphocytes,	memory	B	cells,	and	NK	cells	and	plays	an	important	role	in
NK	 cell–mediated	 cytolytic	 activity	 and	 T-	 and	 B-lymphocyte	 proliferation	 and	 activation.	 CD27	 supports
antigen-specific	expansion	of	naïve	T	cells	(differentiation	of	CD8	T	cells	into	effector	cytotoxic	T	cells)	and	is
vital	for	 the	generation	of	T-cell	memory.	The	ligand,	CD70,	is	expressed	on	highly	activated	lymphocytes	and
plays	an	 important	 role	 in	boosting	B-cell	activation	(stimulation	of	 Ig	production).	CD27	can	provide	a	potent
costimulatory	 signal	 when	 engaged	 by	 its	 ligand	 CD70.	 Administration	 of	 an	 antibody	 that	 binds	 to	 CD27
potentiates	 the	 immune	 response	 by	 increasing	 the	 cytotoxic	 T-lymphocyte	 response.32	 Binding	 to	 CD27-
expressing	tumor	cells	may	lead	to	growth	inhibition	of	CD27-expressing	tumor	cells.	Several	molecules	targeting
the	CD27-CD70	system	are	currently	in	clinical	development.	Recently,	data	from	a	phase	I	trial	with	MDX-1203
(agonistic	monoclonal	 antibody	 targeting	CD70)	 showed	 a	 best	 response	 of	 stable	 disease	 in	 18	 of	 26	 patients
(69%).33	 An	 agonistic	 CD27	 fully	 humanized	 monoclonal	 antibody	 (varlilumab)	 is	 being	 developed	 in
hematologic	and	solid	malignancies.

OX40
OX40	(CD134)	and	its	ligand	OX40L	(secreted	by	APCs	and	DCs)	are	essential	for	enhancing	the	activation	of
CD8	 T	 cells	 (costimulatory	 second	 signal).	 The	 expression	 of	 OX40	 following	 antigen	 encounter	 is	 largely
transient	for	both	CD4	and	CD8	T	cells	(24	to	72	hours).	Stimulation	of	OX40	results	in	increased	IFN-γ	secretion
and	 PD-L1	 overexpression	 and	 regulates	 Tregs	 (through	 suppression	 or	 deletion).	 Preclinical	 studies	 have
demonstrated	that	treatment	of	tumor-bearing	mice	with	OX40	agonistic	antibodies	resulted	in	tumor	regression,
which	formed	 the	basis	 to	 further	evaluate	 this	strategy	 in	clinical	 trials.	Recently,	monotherapy	with	an	OX40
agonistic	 antibody	 (9B12)	 was	 tested	 in	 a	 phase	 I	 trial	 in	 patients	 with	 solid	 tumors	 (NCT01644968)	 with
promising	results.34	A	 total	of	12	of	30	patients	 receiving	9B12	had	regression	of	at	 least	one	metastatic	 lesion
with	only	one	cycle	of	treatment,	and	no	significant	adverse	events	were	reported.	However,	the	development	of
murine	antibodies	precluded	continued	 treatment.	Currently,	humanized	agonistic	OX40	monoclonal	 antibodies
are	in	phase	I/II	clinical	trials	as	monotherapy	or	in	combination	with	other	immune-modulating	agents.

ONCOLYTIC	VIRUSES
Talimogene	Laherparepvec
FDA	approval	 of	 the	 oncolytic	 herpesvirus	 talimogene	 laherparepvec	 (TVEC),	 an	 in	 situ	 vaccine,	 in	 advanced
melanoma	was	a	major	breakthrough	for	the	field.	TVEC	is	an	immunostimulatory	herpes	simplex	virus	(HSV)
that	 expresses	 granulocyte-macrophage	 colony-stimulating	 factor	 (GM-CSF).	 TVEC	 is	 derived	 from	 a	 clinical
HSV1	 strain	 (JS1)	 deleted	 for	 ICP34.5	 and	 ICP47,	which	 normally	 acts	 to	 block	HSV1	MHC	 class	 I	 antigen
presentation	 on	 the	 infected	 cell	 surface	 resulting	 in	 immune	 evasion	 (Fig.	 32.2).	 Its	 approval	was	 based	 on	 a
randomized	phase	III	trial	using	intralesional	injections	of	melanoma	metastases;	improvement	in	response	rates
were	observed	compared	to	GM-CSF	alone	as	well	as	a	nearly	statistically	significant	(P	=	.051)	improvement	in
overall	survival.35	 Studies	 of	 TVEC	 in	 combination	with	 immune	 checkpoint	 inhibitors	 have	 been	 initiated.	A
randomized	phase	II	trial	evaluated	TVEC	plus	ipilimumab	in	patients	with	advanced	melanoma	compared	with
ipilimumab	 alone.	 The	 trial	 showed	 that	 the	 combination	 induced	 a	 higher	 response	 rate	 compared	 with
monotherapy.36	Combined	TVEC	and	pembrolizumab	may	enhance	 the	activity	of	each	agent,	as	observed	in	a
small	 phase	 II	 trial	where	 62%	of	 patients	 had	 objective	 responses.37	 This	 study	 also	 showed	 that	 response	 to
combination	therapy	did	not	appear	to	be	associated	with	baseline	CD8+	T-cell	infiltration	or	IFN-γ	signature,	as
TVEC	could	induce	T-cell	infiltration	into	tumors.	These	findings	suggest	that	oncolytic	virotherapy	may	improve
the	efficacy	of	anti–PD-1	therapy	by	changing	the	tumor	microenvironment.



Dr. AVR @ TMH

Figure	32.2	Mechanism	of	action	of	talimogene	laherperpvec.	GM-CSF,	granulocyte-macrophage
colony-stimulating	factor;	DC,	dendritic	cell.

Other	Oncolytic	Viruses
In	 2017,	 over	 70	 clinical	 trials	 were	 recruiting	 patients,	 using	 a	 range	 of	 oncolytic	 viruses	 (OVs)	 in	multiple
cancer	 types	with	many	additional	 trials	 in	 the	planning	stages.	 In	OV	clinical	 trials,	many	 important	questions
remain,	 including	 understanding	 viral	 kinetics,	 toxicity,	 and	 predictive	 biomarkers.	 As	 illustrated	 previously,
clinical	 development	 of	 OVs	 is	 increasingly	 focused	 on	 their	 immune	 stimulatory	 properties	 to	 effectively
synergize	with	immune	checkpoint	inhibitors.

A	general	understanding	of	the	mechanisms	of	OV	action	suggests	that	it	is	mediated	through	a	combination	of
selective	tumor	cell	killing	and	establishment	of	antitumor	immunity.	Immune	stimulation	is	caused	by	release	of
cell	debris	and	viral	antigens	 into	 the	 tumor	microenvironment.38	Tumor	selectivity	 is	based	on	several	 factors:
cellular	entry	via	virus-specific,	receptor-mediated	mechanisms	that	can	be	highly	expressed	on	some	tumor	cells;
rapid	 cell	 division	 in	 tumor	 cells	with	 high	metabolic	 and	 replicative	 activity	 that	may	 support	 increased	 viral
replication	compared	with	normal	quiescent	cells;	driver	mutations	that	may	specifically	increase	the	selectivity	of
virus	 replication	 in	 tumor	 cells;	 and	 deficiencies	 in	 antiviral	 type	 I	 IFN	 signaling	 that	 support	 selective	 virus
replication.	 Viral	 replication	 in	 the	 tumor	 microenvironment	 leads	 to	 innate	 and	 ultimately	 adaptive	 immune
activation.	Although	viral	spread	is	limited	by	the	immune	response,	the	presence	of	virus	and	cell	lysis,	with	its
accompanying	release	of	tumor	antigens,	PAMPs,	and	DAMPs,	promotes	antitumor	immunity.

OVs	 range	 in	 size	 and	 complexity	 from	 large,	 double-stranded	DNA	viruses	 such	 as	 vaccinia	 (190	kb)	 and
HSV1	(152	kb)	to	the	tiny	parvovirus	H1	(5-kb	linear,	single-stranded	DNA).	Although	most	OVs	are	engineered,
a	 few	wild-type	viruses	are	 in	clinical	use.	These	 include	viruses	with	 low	pathogenicity	 (reovirus)	and	viruses
that	have	nonhuman	hosts,	including	Newcastle	disease	virus	(avian),	parvovirus	H1	(rat),	and	vesicular	stomatitis
virus	(insects,	horses,	cows,	and	pigs).

Many	 OVs	 have	 been	 engineered	 to	 improve	 tumor	 cell	 selectivity.	 HSV1	 has	 strong	 lytic	 properties,	 and
several	 variants	 have	 been	 constructed,	 often	 via	 deletion	 of	 the	 ICP34.5	 neurovirulence	 and	 ICP6	 (UL39)
(ribonucleotide	 reductase)	 genes.38	 ICP6	 is	 necessary	 for	 generating	 the	 nucleotide	 pool	 needed	 for	 viral
replication	 in	 normal	 quiescent	 cells.	 Similarly,	 reovirus	 has	 oncolytic	 selectivity	 to	 cells	 with	 active	 RAS
signaling.	 In	 the	 case	 of	 adenovirus,	 replication	 occurs	 in	 S	 phase,	 and	 the	 wild-type	 virus	 encodes	 a	 protein
(E1A)	that	functions	via	retinoblastoma	signaling	to	promote	S-phase	entry	because	cancer	cells	typically	possess
retinoblastoma	pathway	mutations	and	enriched	S-phase	populations.	To	promote	safety	and	prevent	replication	in
normal	 cells,	 the	 E1A	 gene	 has	 been	 deleted	 from	 oncolytic	 adenovirus.	 Tumor	 selectivity	 and	 potency	 is
enhanced	by	direct	 intratumoral	 injection	of	high	viral	 loads.	Currently,	 trials	are	underway	 involving	a	host	of
OVs,	including	herpes	virus,	adeno	virus,	vaccinia	virus,	coxsackie	virus,	polio	virus,	retro	virus,	reo	virus,	and
parvovirus.39

FACTORS	TO	ACTIVATE	IMMUNE	EFFECTOR	CELLS



Cytokines
Cytokines	 (ILs)	are	 immunomodulatory	proteins	 that	can	activate	or	 inhibit	 the	activity	of	 the	 immune	system,
depending	 on	 their	 properties	 and	 concentration,	 or	 the	microenvironment	 in	which	 they	 operate.	Examples	 of
proinflammatory	cytokines	include	IL-2,	TNF-α,	and	IFN-α.	IL-2	and	IFN	have	been	in	the	clinic	for	many	years
and	in	some	cases	approved	for	therapy	of	cancer	as	described	in	Chapter	17	by	Weber	and	colleagues.	However,
the	systemic	administration	of	 these	agents	 is	often	associated	with	dose-dependent	side	effects,	as	described	in
the	following.	Further,	insufficient	levels	of	the	agents	access	the	tumor	microenvironment.	These	effects,	in	the
case	of	IL-2,	prevent	dose	escalation	to	possibly	more	therapeutically	active	regimens	and	schedules.

IL-2	Variant	Molecules
High-dose	 (HD)	 IL-2	 administration	 results	 in	 severe	 hypotension	 and	 a	 capillary	 leak	 syndrome,	 limiting	 its
administration	to	patients	with	excellent	organ	function	and	performance	status,	age	younger	than	70	years,	and
treatment	in	specialized	centers	with	specific	expertise.	HD	IL-2	has	demonstrated	complete	cancer	regressions	in
about	5%	to	10%	of	patients	treated	for	metastatic	melanoma	and	renal	cancer;	most	of	these	have	been	“cured”	as
defined	by	maintaining	complete	 regressions	for	>10	years.	At	high	doses,	 IL-2	binds	 to	heterodimeric	 IL2Rβγ
receptor	leading	to	desired	expansion	of	tumor-killing	CD8	memory	effector	T	(CD8	T)	cells.	However,	IL-2	also
binds	to	its	heterotrimeric	receptor	IL2Rαβγ	with	even	greater	affinity,	which	expands	immunosuppressive	CD4+
CD25	(IL2Rα)	+	Tregs.

NKTR-214	 is	a	prodrug	consisting	of	 IL-2	bound	by	polyethylene	glycol	 (PEG)	masking	 the	 region	of	 IL-2
that	interacts	with	the	IL2Rα	subunit	responsible	for	activating	Tregs.	With	this	approach,	PEGylation	can	alter
the	immunostimulatory	profile	of	IL-2,	releasing	active	conjugated	IL-2	after	slow	release	of	PEG	chains	in	vivo,
while	 simultaneously	 creating	 an	 initially	 inactive	 prodrug,	 mitigating	 rapid	 systemic	 immune	 activation,	 and
improving	tolerability.	This	allows	dosing	once	every	9	days	in	mice	compared	with	thrice	daily	for	HD	IL-2.	The
PEG	reagent	and	conjugation	reaction	were	optimized	to	facilitate	localization	on	IL-2	at	lysine	residues	clustered
at	 the	 IL-2/IL2Rα	 interface	while	 allowing	 sustained	 concentrations	of	 active	 conjugated	 IL-2	 in	 the	 tumor.	 In
total,	this	molecule	NKTR-214	is	manufactured	to	better	target	IL-2	to	the	tissue	site	while	limiting	the	degree	of
Treg	activation.	NKTR-214	in	combination	demonstrated	objective	response	rates	of	>50%	in	melanoma,	RCC,
and	NSCLC	in	very	early	results.40	Another	strategy	to	improve	IL-2	efficacy	involves	immunocytokines	linking
antibody-like	molecules	to	IL-2	for	targeting	the	tumor	site,	as	described	later	in	this	chapter.

IL-10	 is	 generally	 considered	 an	 immunosuppressive	 cytokine	 because	 of	 its	 association	 with	 multiple
regulatory	 or	 immunosuppressive	 immune-cell	 populations,	 such	 as	 Tregs,	 MDSCs,	 and	 tolerogenic	 DCs.
However,	there	is	also	abundant	preclinical	evidence	supporting	the	antitumor	activity	of	IL-10.	Mice	lacking	IL-
10	or	IL-10	receptor	are	susceptible	to	tumor	development,	and	exogenous	IL-10	can	boost	antitumor	immunity	in
mice,	likely	by	stimulation,	differentiation,	and	expansion	of	CD8+	T	cells.

AM0010	is	a	pegylated	recombinant	 IL-10	 that	allows	sustained	systemic	exposure	 leading	 to	 the	expansion
and	activation	of	tumor-infiltrating	CD8+	T	cells.	A	phase	I	dose-escalation	and	expansion	clinical	trial	with	daily
subcutaneous	injections	of	AM0010	in	51	patients	with	advanced,	treatment-refractory,	solid	tumors	was	initiated.
AM0010	 led	 to	 systemic	 immune	 activation	with	 elevated	 immune-stimulatory	 cytokines,	 reduced	TGF-β,	 and
manageable	toxicities.41	Partial	responses	were	observed	in	1	patient	with	uveal	melanoma	and	4	of	15	evaluable
patients	with	RCC	treated	at	the	phase	II	dose.

IL-15	is	currently	in	clinical	trials	for	treatment	of	advanced	cancers.	However,	the	combination	of	IL-15	with
soluble	 IL-15Rα	 generates	 a	 complex	 termed	 IL-15	 superagonist	 (IL-15	 SA)	 that	 possesses	 greater	 biologic
activity	than	IL-15	alone	and	can	selectively	expand	NK	and	memory	CD8+	T	(mCD8+	T)	lymphocytes,	making	it
an	attractive	antitumor	and	antiviral	agent.	A	novel	human	IL-15	superagonist	variant	(IL-15N72D)	in	a	complex
with	 a	 human	 IL-15Rα	 sushi	 domain-Fc	 fusion	 protein	 is	 known	 as	 ALT-803.42	 The	 IL-15N72D	 mutation
increases	 IL-2Rβ	 binding	 and	 IL-15	 biologic	 activity.	 The	 ALT-803	 superagonist	 complex	 (IL-15N72D:IL-
15RαSu/Fc)	 not	 only	 exhibits	 superior	 immunostimulatory	 activity	 but	 also	 has	 a	 longer	 serum	 half-life	 and
retention	in	lymphoid	organs,	with	significantly	more	efficacy	against	tumors	in	mouse	models	compared	to	IL-15
alone.	Currently,	ALT-803	is	being	evaluated	in	multiple	clinical	trials,	as	monotherapy	combined	with	immune
checkpoint	inhibitors,	as	a	local	infusion	in	the	bladder,	and	in	combination	with	ACT.

SIGNALING	MODULATION
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STAT3	Inhibition
MDSCs	 inhibit	 innate	 and	 adaptive	 immune	 responses	 in	 the	 tumor	microenvironment	 and	 constitute	 a	major
cellular	 mediator	 of	 immunosuppression.	 Although	 signal	 transducer	 and	 activator	 of	 transcription	 (STAT)
proteins	 are	 induced	 by	 cytokines	 in	 normal	 cells,	 they	 have	 additional	 roles	 in	 cells	 within	 the	 tumor
microenvironment,	 including	MDSC	differentiation,	accumulation	and	activation	of	 tolerogenic	DCs	and	Tregs,
and	 upregulation	 of	 immune	 checkpoint	 proteins.43	 In	 MDSCs	 of	 cancer	 patients,	 phosphorylated	 STAT3
regulates	 Arg-1	 gene	 expression	 by	 binding	 to	 its	 promoter.	 STAT3	 inhibition	 leads	 to	 a	 decrease	 in	 the
immunosuppression	 mediated	 by	MDSCs	 and	 their	 Arg-1	 expression.	 STAT3	 inhibitors	 have	 the	 potential	 to
convert	MDSCs	 into	 fully	mature	myeloid	 cells	 or	 nonimmune	 suppressor	 cells,	which	may	 represent	 a	 better
strategy	 than	 simply	 decreasing	 MDSC	 load.	 Several	 STAT3	 inhibitors	 are	 in	 clinical	 development.44	 These
largely	 orally	 available	 agents	 have	 demonstrated	 promising	 preclinical	 data	 alone	 and	 in	 combination	 with
chemotherapy.	Effects	include	growth	inhibition	of	cancer	cells	as	well	as	proliferation	of	effector	T	lymphocytes
and	upregulation	of	CD86	and	CD80	on	APCs.

PI3Kδ	Inhibitors
Inhibitors	against	the	p110δ	isoform	of	phosphoinositide-3-OH	kinase	(PI3Kδ)	have	been	active	in	some	human
leukemias.	However,	p110δ	inactivation	in	mice	protects	against	a	broad	range	of	cancers,	including	solid	tumors.
PI-3065,	a	PI3Kδ	inhibitor,	decreased	growth	and	increased	survival	of	breast	and	pancreatic	tumors	in	wild-type
mice	compared	with	vehicle.45	PI3kδ	deficiency	had	a	larger	impact	on	Tregs	than	on	the	CD8+	T	cells,	resulting
in	 enhanced	 antitumor	 immunity.	 Numerous	 small-molecule	 inhibitors	 of	 PI3Kδ	 are	 in	 development;	 all	 were
initially	developed	for	hematologic	malignancies	but	now	are	being	repurposed	due	to	their	immune	effects	and
combined	with	immune	checkpoint	inhibitors.

PI3Kγ	Inhibitors
PI3Kγ	is	highly	expressed	in	myeloid	cells	and	promotes	migration	and	production	of	proinflammatory	mediators.
Mice	deficient	in	p110γ	subunit	of	PI3Kγ	show	reduced	tumor	growth	with	decreased	TAM	infiltration.	Growing
evidence	suggests	that	heavy	infiltration	by	immunosuppressive	myeloid	cells	correlates	with	poor	prognosis	and
immune	checkpoint	blockade	(ICB)	resistance.	PI3Kγ	signaling	through	Akt	and	mammalian	target	of	rapamycin
(mTOR)	 inhibits	 nuclear	 factor	 kappa-light-chain-	 enhancer	 of	 activated	 B	 cells	 (NF-κB)	 activation	 while
stimulating	 CCAAT/enhancer	 binding	 protein	 β	 (C/EBPβ)	 activation,	 inducing	 a	 transcriptional	 signature	 of
immune	 suppression,	 and	 controlling	 the	 switch	 between	 type	 2	 TAMs	 (suppressive)	 and	 type	 1	 (immune
stimulatory).46	PI3Kγ	blockade	can	prolong	activation	of	NF-κB,	restore	CD8+	T-cell	function,	and	stimulate	T-
cell	recruitment	into	tumors.	CD8+	T-cell	content	increased	in	tumors	from	PI3Kγ−/−	mice	without	significantly
altering	systemic	T-cell	content.	PI3Kγ	inhibitors	synergizes	with	checkpoint	inhibitor	therapy	to	promote	tumor
regression	and	increased	survival	in	vivo.	PI3Kγ	targeting	is	currently	being	evaluated	in	a	phase	I	clinical	trial
(NCT02637531).

Chemokine	Inhibitors

CXCR2	Inhibitors
The	C-X-C	motif	chemokine	receptor	2	(CXCR2)	is	upregulated	in	the	tumor	microenvironment	and	plays	a	role
in	 tumor	 cell	 proliferation	 and	 progression	 and	 regulation	 of	 immune	 cell	 attraction.	 CXCR2	 signaling	 can
promote	 pancreatic	 tumorigenesis	 and	 metastasis,	 rendering	 CXCR2	 a	 promising	 cancer	 target.	 Moreover,
CXCR2	 inhibition	 is	 believed	 to	 enhance	 sensitivity	 to	 immunotherapies	 by	 preventing	 MDSC	 attraction.47
CXCR2	inhibitors	are	currently	being	investigated	in	phase	Ib/II	studies	in	combination	with	anti-PD-1/PD-L1.

CCR2	Inhibitors
The	C-C	motif	chemokine	receptor	2	(CCR2)	 is	mainly	expressed	on	monocytes.	Binding	of	 the	corresponding
ligand	 (C-C	motif	chemokine	 ligand	2	 [CCL2])	 induces	chemotaxis,	 important	 for	 the	 recruitment	of	TAMs	 in
solid	 tumors	 including	pancreatic	 adenocarcinoma,	 leading	 to	 an	 immunosuppressive	 tumor	microenvironment.
Preclinical	 models	 demonstrate	 that	 blockade	 of	 CCR2	 can	 lead	 to	 recovery	 of	 antitumor	 immunity.48	 Orally
bioavailable	CCR2	inhibitors	are	being	investigated	in	several	studies	in	combination	with	chemotherapy	and	in



the	future	with	anti-PD-1/PD-L1	in	patients	with	pancreatic	cancer.

CXCR4	Inhibitors
The	C-X-C	motif	chemokine	receptor	4	(CXCR4)	is	often	upregulated	in	tumor	cells,	involved	in	metastasis,	and
associated	 with	 increased	 recurrence	 risk	 and	 poor	 survival	 in	 many	 cancers.	 CXCR4	 belongs	 to	 the	 seven-
transmembrane	 G-protein	 coupled	 receptor	 (GPCR)	 superfamily.	 Binding	 of	 the	 corresponding	 ligand	 (C-X-C
motif	chemokine	ligand	12	[CXCL12])	(stromal	derived	factor	1	[SDF1])	stimulates	cell	proliferation	and	survival
processes,	 promoting	 tumor	 growth.	 CXCR4	 inhibition	 diminishes	 proliferation	 and	 migration	 of	 tumor	 cells
overexpressing	 CXCR4	 as	 well	 as	 recruitment	 of	 Tregs	 and	 MDSCs	 to	 the	 tumor.49	 The	 CXCR4	 inhibitor
plerixafor	 is	 approved	 by	 the	 FDA	 for	 stem	 cell	 mobilization	 for	 stem	 cell	 transplant.	 Several	 other	 CXCR4
inhibitors	are	being	tested	in	combination	with	immune	checkpoint	inhibitors.

CCR4	Antibodies
A	 humanized	 monoclonal	 antibody	 (mogamulizumab)	 directed	 against	 C-C	 chemokine	 receptor	 4	 (CCR4)
selectively	blocks	the	activity	of	CCR4,	which	inhibits	chemokine-mediated	cellular	migration	and	proliferation
of	T	cells,	and	chemokine-mediated	angiogenesis.50	This	agent	may	also	induce	antibody-dependent	cell-mediated
cytotoxicity	 against	 CCR4-positive	 T	 cells.	 CCR4,	 a	 G-coupled	 protein	 receptor	 for	 C-C	 chemokines	 such
macrophage	inflammatory	protein	1	(MIP-1),	RANTES,	thymus	and	activation-regulated	chemokine	(TARC),	and
monocyte	chemotactic	peptide	1	(MCP-1),	is	expressed	on	the	surfaces	of	some	types	of	T	cells,	endothelial	cells,
and	neurons.

CCR5	Inhibitors
The	C-C	motif	chemokine	receptor	5	(CCR5)	 is	expressed	by	tumor	cells,	 lymphocytes,	and	macrophages.	The
corresponding	 ligand	(C-C	motif	chemokine	 ligand	5	[CCL5])	 is	produced	by	T	cells	at	 the	 invasive	margin	of
tumors	 with	 tumor-promoting	 effects.	 Inhibition	 of	 CCR5	 is	 hypothesized	 to	 repolarize	 TAMs	 and	 promote
antitumor	 immunity.	 CCR5	 blockade	 led	 to	 clinical	 responses	 in	 colorectal	 cancer	 patients	 accompanied	 by
immune	changes	in	the	tumor	microenvironment.51	Moreover,	a	phase	I/II	study	of	a	dual	CCR2/CCR5	antagonist
BMS-813160	in	combination	with	nivolumab	for	patients	with	advanced	solid	tumors	is	planned.

SOLUBLE	FACTORS
IDO	Inhibition
IDO1,	a	porphyrin-containing	oxidoreductase,	catalyzes	the	degradation	of	L-tryptophan	to	N-formyl	kynurenine
and	 therefore	 controls	 a	major	 pathway	 of	 tryptophan	 catabolism.	 IDO1	 inhibits	 T-cell	 function	 through	 local
depletion	of	tryptophan	and	production	of	immunosuppressive	kynurenine	and	its	downstream	metabolites.	High
IDO1	expression	is	associated	with	a	decrease	in	immune	cell	tumor	infiltration	and	an	increase	in	Tregs.52	IDO1
expression	in	tumors	has	also	been	associated	with	poor	prognosis,	increased	progression,	and	reduced	survival.
Given	 the	potential	clinical	 impact	of	 this	pathway,	numerous	 IDO	 inhibitors	are	being	developed.	 In	addition,
anti–PD-1	 treatment	upregulates	 IDO1	expression	 in	 tumors	as	a	possible	mechanism	of	 resistance	 to	anti–PD-
1/PD-L1.	 Epacadostat	 (Incyte)	 is	 the	 most	 advanced	 molecule	 in	 development	 and	 in	 numerous	 clinical
combination	trials	with	anti-PD-1	agents.	Although	very	little	has	been	published,	epacadostat	has	demonstrated
impressive	 efficacy	 in	 early	 reported	 results	 in	 advanced	 melanoma	 (response	 rate	 of	 approximately	 55%),
squamous	 cell	 carcinoma	of	 the	 head	 and	neck	 (approximately	 25%),	 urothelial	 cell	 carcinoma	 (approximately
35%),	NSCLC	 (approximately	 35%),	 and	RCC	 (approximately	 45%).	Recently,	 a	 phase	 III	 study	 in	 advanced
melanoma	 patients	 failed	 to	 show	 any	 improvement	 in	 outcome	 (response	 rate,	 progression-free	 survival,	 or
overall	survival)	in	over	700	randomized	patients,	leaving	the	role	of	IDOi	to	be	in	question.53	Indoximod,	a	small
molecule	that	acts	directly	on	immune	cells	to	reverse	IDO	pathway–mediated	suppression,	has	shown	activity	in
early-phase	clinical	studies.	The	addition	of	indoximod	to	pembrolizumab	led	to	an	overall	response	rate	(ORR)	of
52%	in	patients	with	advanced	melanoma.	BMS-986205	is	an	IDO	inhibitor	with	single-digit	nanomolar	potency
in	phase	I/II	clinical	trials.	These	agents	are	being	extensively	explored	in	later	phase	studies.

Arginase	Inhibitor
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L-arginine	 depletion	 profoundly	 suppresses	 T-cell	 immune	 responses	 and	 promotes	 T-cell	 anergy/paralysis	 via
downregulation	of	the	TCR-ζ	chain.	ARG	is	the	key	enzyme	that	catalyzes	L-arginine	to	downstream	byproducts
L-ornithine	and	urea.	MDSCs	and	DCs	can	express	ARG,	which	can	be	further	upregulated	by	IL-10,	GM-CSF,
and	other	cytokines	as	well	as	HIF1α,	leading	to	arginine	depletion.	CB-1158	is	an	orally	active	ARG	inhibitor
that	has	antitumor	effects	in	immunocompetent	syngeneic	mice	with	a	rapid	increase	in	the	local	concentration	of
arginine,	increasing	T	cells	within	the	tumor.54	ARG	inhibitors	likely	have	the	most	potential	for	activity	in	tumor
types	where	ARG-secreting	MDSCs	play	an	immunosuppressive	role	such	as	RCC	and	NSCLC.

TGF-β	Kinase	Inhibitors
The	TGF-β	signaling	pathway	is	complex	and	results	in	either	tumor	suppression	or	promoting	activity	depending
on	the	cellular	context.	In	the	tumor	microenvironment,	TGF-β	regulates	infiltration	of	immune	cells	and	cancer-
associated	 fibroblasts,	and	may	exclude	T	cells	 leading	 to	anti–PD-1/PD-L1	resistance.55	 In	preclinical	models,
pharmacologic	 inhibition	 of	 TGF-β	 drives	 immune	 activation	 and	 is	 able	 to	 synergize	 with	 other
immunotherapeutic	agents.	Galunisertib	is	an	orally	available,	small-molecule	antagonist	of	TGF-β	receptor	type	1
(TGFBR1)	 that	 targets	 the	 kinase	 domain	 of	 TGFBR1,	 thereby	 preventing	 the	 activation	 of	 TGF-β–mediated
signaling.	Galunisertib	is	currently	in	phase	II	studies	with	immune	checkpoint	inhibitors	in	several	solid	tumors.

ADENOSINE	A2α	RECEPTOR	AXIS
Adenosine	Receptor	Inhibitors
Extracellular	adenosine	can	 reach	micromolar	 levels	 in	 the	 tumor	microenvironment,	blocking	 the	activation	of
immune	 cells	 and	 increasing	 the	 number	 of	 Tregs	 through	 activation	 of	 the	 A2α	 and	 the	 low-affinity	 A2β
adenosine	 receptor.	 These	 receptors	 are	 also	 expressed	 on	 T	 cells,	 NK	 cells,	 macrophages,	 and	 DCs.	 Early
adenosine-A2α	 receptor	 antagonists	 have	 shown	 preclinical	 efficacy	 in	 combination	 with	 immune	 checkpoint
inhibitors	and	are	now	in	clinical	trials.56	CPI-444	is	one	small-molecule	inhibitor	of	the	adenosine	A2α	receptor
(ADORA2A)	with	early	responses	in	lung	and	bladder	cancer.

INNATE	IMMUNE	MODULATION
Pathogen-Associated	Molecular	Patterns,	Damage-Associated	Molecular
Patterns,	and	Pattern	Recognition	Receptors
The	 innate	 immune	system	recognizes	PAMPs	through	pattern	recognition	receptors	 (PRRs)	 to	 initiate	 immune
response.	These	PRRs	can	also	recognize	some	endogenous	DAMPs,	 including	various	 tumor-derived	antigens.
Thus,	activation	of	the	innate	immune	system	may	play	a	role	in	initially	recognizing	and	counteracting	malignant
cells	and	synergize	with	other	immune	therapies.

Toll-Like	Receptor	Modulators
TLRs	 and	 stimulator	 of	 interferon	 genes	 (STING)	 are	 both	 promising	 innate	 immune	 targets	 in	 cancer
immunotherapy.	TLRs	are	type	I	 transmembrane	proteins	and	consist	of	numerous	members	(TLR1	to	TLR13).
TLRs	are	expressed	by	APCs,	such	as	macrophages,	B	cells,	monocytes,	neutrophils,	and	DCs,	and	can	activate
these	cells	when	exposed	to	PAMPs	or	DAMPs.	TLR	agonists	are	being	applied	in	combination	with	checkpoint
inhibitors	 to	 trigger	a	synergistic	effect	or	as	 therapeutic	cancer	vaccine	adjuvants	 to	activate	DCs.	These	 trials
mainly	 focus	 on	 the	 endosomal	 TLRs	 that	 bind	 nucleic	 acids	 such	 as	 TLR3,	 TLR7,	 TLR8,	 or	 TLR9.57	 The
antitumor	activity	of	TLR7	and	TLR8	agonists	is	mainly	based	on	the	activation	of	DCs	and	NK	cells	as	well	as
the	 suppression	 of	 Tregs.58	 TLR3	 and	 TLR4	 can	 signal	 through	 TIR	 (Toll/1L-1	 receptor)	 domain-containing
adaptor	inducing	IFN-α	(TRIF)	pathway	to	activate	type	I	IFN	response.

The	TLR7	agonist	imiquimod	is	a	small	molecule	approved	as	a	topical	treatment	of	basal	cell	carcinoma.	A
structurally	similar	analog,	resiquimod,	is	a	dual	TLR7/TLR8	agonist.	The	compound	has	been	well	tolerated	as	a
topical	 treatment	 of	 actinic	 keratosis	 and	 showed	 promising	 results	 in	 the	 topical	 treatment	 of	 early-stage
cutaneous	 T-cell	 lymphoma.59	 TLR	 agonists	 SD-101	 and	 IMO-2125	 have	 also	 demonstrated	 early	 promising



results	 in	melanoma	when	 combined	with	 immune	 checkpoint	 inhibitors	 in	 unpublished	 results.	 Low	 doses	 of
TLR9	 (CpG)	 injected	 into	 a	 tumor	 induce	 the	 expression	 of	 OX40	 on	 CD4+	 T	 cells	 in	 the	 tumor
microenvironment.	An	agonistic	anti-OX40	antibody	can	then	trigger	a	T-cell	immune	response,	which	is	specific
to	the	antigens	of	the	injected	tumor.	Remarkably,	this	combination	of	a	TLR	ligand	and	an	anti-OX40	antibody
can	cure	multiple	types	of	cancer	and	prevent	spontaneous	genetically	driven	cancers	in	murine	model	systems.60
Most	TLR	agonists	are	being	developed	as	intratumoral	injectables.

STING	Agonists
A	DC	detects	tumor-derived	DNA,	which	often	originates	from	cancer	cells	undergoing	necrosis.	After	binding	to
cyclic	 GMP	 synthase	 (cGAS),	 cGMP	 is	 produced	 which	 activates	 the	 receptor	 for	 STING,	 resulting	 in	 the
expression	of	various	interferons,	cytokines,	and	T-cell	recruitment	factors	leading	to	priming	events	in	the	lymph
node.	STING	is	expressed	 in	 the	endoplasmic	reticulum	in	various	epithelial	and	endothelial	cells	as	well	as	 in
hematopoietic	 cells,	 including	 T	 cells,	 DCs,	 and	 macrophages.	 Synthetic	 STING	 agonists	 are	 being	 actively
pursued	 in	 drug	 development.	Upon	 intratumoral	 administration,	 these	 agents	 bind	 to	 STING	 and	 activate	 the
STING	pathway,	which	activates	NF-κB	and	interferon	regulatory	factor	3	(IRF3)	in	the	tumor	microenvironment,
triggering	production	of	proinflammatory	cytokines,	including	IFNs.	Specifically,	expression	of	IFN-β	enhances
the	cross-presentation	of	 tumor-associated	antigens	by	CD103+	DCs	 to	 cytotoxic	T	 lymphocytes.	Early	STING
agonists	have	shown	excellent	promise	in	preclinical	models,	alone	and	in	combination	with	anti-PD-1,	and	are
being	developed	 in	 numerous	 clinical	 trials.61,62	 Intratumoral	 injection	 is	 still	 necessary	 to	 activate	 the	 STING
receptor	efficiently.

Anti-CD47	Monoclonal	Antibodies
CD47,	also	known	as	integrin-associated	protein,	is	a	cell–surface	transmembrane	receptor	protein	found	on	many
leukocytes.	 CD47	 binds	 with	 β-3	 integrin,	 thrombospondin-1,	 signal	 regulatory	 protein	 α	 (SIRPα),	 and	 other
signaling	 proteins	 to	 regulate	 T-cell	 activation,	 cell	migration,	 phagocytosis,	 and	 other	 immune	 cell	 functions.
Specifically,	 CD47	 bound	 to	 SIRPα	 creates	 an	 inhibitory	 signal	 for	 phagocytosis	 often	 employed	 in	 tumor
microenvironments.	CD47	 is	 expressed	 in	many	 tumors	 and,	 interestingly,	 in	 cancer	 stem	 cells.	 Expression	 of
CD47	may	allow	cancer	stem	cells	to	avoid	immune	clearance,	leading	to	late-cancer	recurrences.	It	also	provides
a	 “do	 not	 eat”	 signal	 by	 binding	 to	 the	 N-terminus	 of	 SIRPα	 on	 immune	 cells	 and	 suppresses	 phagocytosis.
Targeting	CD47	with	monoclonal	antibodies	in	murine	models	has	shown	to	effectively	treat	various	cancers.63,64
Currently,	multiple	phase	I	trials	are	investigating	CD47	inhibition	in	acute	leukemias	and	several	solid	tumors.

Colony-Stimulating	Factor	1	Receptor	Inhibition
Colony-stimulating	factor	1	receptor	(CSF1R)	is	a	cell-surface	receptor	for	its	ligands,	colony-stimulating	factor	1
(CSF1),	and	IL-34.	CSF1R	plays	an	 important	 role	 in	 the	development,	morphology,	survival,	and	functions	of
tissue	and	TAMs.	CSF1	is	involved	in	the	recruitment	and	survival	of	macrophages	in	tumors,	and	differentiates
monocytes/macrophages	 into	 the	 immunosuppressive	 TAMs	 (“M2-like”).	 Increased	 CSF1	 expression	 is
implicated	 in	 tumor	 progression	 and	 metastasis	 and	 is	 associated	 with	 poor	 prognosis	 in	 some	 cancers.65
Currently,	 both	 small	 molecules	 and	 monoclonal	 antibodies	 are	 in	 development	 as	 monotherapy	 and	 in
combination	with	PD-1	inhibition.

BIFUNCTIONAL	FUSION	PROTEINS
Primarily	 developed	 throhugh	 pioneering	 antibody	 technology,	 antibody	 framework	 modification	 allows	 for
fusing	multiple	 protein	 components	 leading	 to	 a	 single	molecule	 possessing	 several	 complementary	 functions.
Formats	vary	and	 include	 triomabs	 that	 are	 full-sized	antibodies	generated	 from	 the	 fusion	of	 two	hybridomas;
Fab2	consists	of	two	full	unique	antigen-binding	fragments,	which	are	physically	linked	together;	diabodies	and
tandem	 single	 chain	 variable	 fragments	 (scFvs)	 utilize	 only	 variable	 fragments	 to	 bind	 cognate	 antigens;	 and
diabodies	 can	 link	 heavy	 and	 light	 chains	 from	 opposing	 Fvs,	whereas	 tandem	 scFvs	 connect	 heavy	 and	 light
chains	linearly	as	a	single	molecule.	These	are	based	on	the	use	of	monoclonal	antibody	modifications	that	allows:

1.	 Bispecific	antibodies	with	two	different	binding	sites,	each	binding	a	different	molecule,	either	a	cell
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surface	protein	or	soluble	protein.	Bispecific	antibody	against	angiopoietin	2	(Ang-2)	and	vascular
endothelial	growth	factor	(VEGF)-A	binds	to	Ang-2	and	VEGF-A	are	capable	of	neutralizing	two
complementary	angiogenic	factors	that	lead	to	superior	vessel	normalization	and	potential
immunomodulatory	effects	in	preclinical	systems.

2.	 T-cell	bispecific	where	one	of	the	binding	sites	is	an	“antibody”	directed	at	CD3ε	component	of	the	TCR
leading	to	activation	of	T	cells	through	TCR	complex	stimulation	and	the	other	binding	sites	would	bring
the	activated	T	cell	into	the	proximity	of	the	cancer	through	its	recognition	of	a	tumor-associated	antigen.
Bispecific	T	cell	engagers	(BiTEs)	are	a	new	class	of	immunotherapeutic	molecules.	These	molecules,
BiTEs,	enhance	the	patient’s	immune	response	to	tumors	by	retargeting	T	cells	to	tumor	cells.	BiTEs	are
constructed	of	two	scFvs	connected	in	tandem	by	a	flexible	linker.	One	scFv	binds	to	a	T-cell–specific
molecule,	usually	CD3ε,	whereas	the	second	scFv	binds	to	a	tumor-associated	antigen.	Tumor	antigens
include	CD19	(blinatumomab,	already	approved	for	acute	lymphoblastic	leukemia	[ALL]),	epithelial	cell
adhesion	molecule	(EpCAM),	carcinoembryonic	antigen	(CEA),	and	prostate-specific	membrane	antigen
(PSMA).

3.	 Immune-mobilizing	monoclonal	TCRs	against	cancer	(ImmTACs)	are	in	many	ways	a	derivation	of	BiTEs.
ImmTACs	comprise	a	distinct	tumor-associated	epitope-specific	monoclonal	TCR	with	extremely	high
affinity	for	expressed	epitopes	presented	by	MHC	at	extremely	low	density,	in	place	of	an	scFv
recognizing	a	tumor-associated	antigen.	This	molecule	redirects	and	activates	T	cells	to	kill	cancer	cells
expressing	extremely	low	surface	epitope	densities.	IMCgp100	(ImmTAC	recognizing	a	peptide	derived
from	the	melanoma-specific	protein,	gp100,	presented	by	HLA-A*0201)	efficiently	redirects	and	activates
effector	and	memory	CD3+	T	cells.	CD8+	T	cells	redirected	by	IMCgp100	are	potent	killers	of	melanoma
cells.	It	has	now	completed	phase	I	clinical	trials	and	has	entered	phase	II	and	III	trials	primarily	directed	at
uveal	melanoma.

4.	 Immunocytokines	are	the	fusion	molecule	of	cytokines	linked	to	an	antibody	specific	for	tumor-specific
antigens	that	are	capable	of	selective	localization	of	the	cytokine	to	the	tumor,	thereby	increasing	the
therapeutic	index	of	the	bioactive	(cytokine)	molecule.

5.	 Bifunctional	immunostimulatory	antibody	(i.e.,	anti-PD-1,	anti-	CTLA-4)	fused	to	a	target	binding	moiety
(receptor	extracellular	domain)	acting	as	a	trap	for	suppressive	ligands	(TGF-β,	IL-6R,	VEGF)	that	limit
the	efficacy	of	antibodies	targeting	immune	checkpoint	molecules.	M7824	(MSB0011359C)	is	a	novel
first-in-class	bifunctional	fusion	protein	consisting	of	a	fully	human	IgG1	anti–PD-L1	monoclonal
antibody	linked	to	the	extracellular	domain	of	two	TGF-β	receptor	2	(TGF-βR2)	molecules	serving	as	a
TGF-β	trap.	Preclinically,	M7824	molecule	has	been	shown	with	the	ability	to	(1)	induce	antitumor	activity
in	several	murine	models	by	inhibiting	the	binding	of	PD-1	to	PD-L1;	(2)	reversing	the	TGF-β1	induction
of	mesenchymalization	of	human	carcinoma	cells,	rendering	them	more	chemosensitive;	(3)	mediate
antibody-dependent	cell-mediated	cytotoxicity	of	a	range	of	human	carcinoma	cells;	(4)	inhibit	the	TGF-β1
suppression	of	NK	lysis	of	tumor	cells;	and	(5)	inhibit	the	suppressive	activity	of	human	Tregs	on	CD4+	T
cells.66	A	phase	I	study	of	M7824	has	recently	been	completed.	Similar	adverse	events	seen	with	other
anti–PD-1/PD-L1	MAbs	were	observed,	and	clear	evidence	of	clinical	benefit	was	seen.67

Immunocytokines
In	principle,	the	fusion	of	cytokines	to	suitable	antibody	molecules,	specific	for	antigens	preferentially	expressed
in	 the	 tumor	 is	 capable	 of	 selective	 tumor	 localization,	 should	 increase	 the	 therapeutic	 index	 of	 the	 bioactive
payload.	Whereas	many	cytokine	payloads	have	been	considered	and	tested	preclinically,	most	clinical	activities
are	 based	 on	 IL-2,	 TNF,	 and	 IL-12.	Both	 the	 antibody	 format	 and	 properties	 of	 the	 target	 antigen	 can	 have	 a
profound	impact	on	the	performance	and	mechanism	of	action	of	immunocytokines.	The	cytokine	component	of
the	immunocytokine	should	preserve	an	intact	cytokine	activity.	Favorable	tumor–organ	ratios	have	been	reported
for	fragment-based	immunocytokine	products	in	various	quantitative	biodistribution	studies	performed	in	mouse
models	 of	 cancer.	 IL-2	 conjugated	 to	 CEA	 (cergutuzumab	 amunaleukin)	 and	 FAP	 (RO6874281)	 are	 now	 in
clinical	trials.68	These	agents	also	lack	binding	to	CD25,	thus	preventing	Treg	activation.	Antigen	loss	by	tumor
cells	may	represent	an	escape	strategy	for	the	cancer	from	monoclonal	antibodies	that	recognize	the	tumor	surface
antigens,	although	perhaps	less	so	for	those	selective	for	antigens	on	stromal	cells.

Adoptive	Cell	Therapy
Pioneered	by	Dr.	Steven	Rosenberg	and	his	group	at	the	National	Institutes	of	Health,	ACT	was	the	first	form	of



immune	therapy	to	produce	a	high	response	rate	in	cancer.	This	approach,	in	brief,	consists	of	surgically	resecting
melanoma	 (or	 other)	 tumors,	 separating	 TILs,	 expanding	 with	 recombinant	 IL-2,	 and	 coculturing	 them	 with
autologous	tumors.69	Interestingly,	this	approach	is	agnostic	to	the	immunogenic	antigen;	rather,	it	presumes	that
TILs	are	present	 in	 the	 tumor	because	 they	 recognize	 tumor	antigen(s)	and	 that	 stimulation	and	expansion	will
provide	 clinical	 responses.	 When	 these	 expanded	 TILs	 were	 then	 reinfused	 into	 patients,	 up	 to	 one-third	 of
patients	experienced	clinical	responses.70	However,	initially,	most	responses	were	transient.	Several	modifications
were	 then	 employed	 over	 the	 next	 decades,	 including	 selecting	 fragments	 of	 resected	 tumors	where	 TILs	 had
greater	 tumor	 recognition	 and	 additional	 stimulation	with	CD3	 and	CD28	 antibodies	 (Fig.	 32.3).	Of	 particular
importance,	however,	was	the	use	of	lymphodepletion	prior	to	treatment	to	permit	engraftment	and	persistence	of
these	effector	T	cells.	Using	these	newer	methods,	higher	and	more	durable	rates	of	response	(up	to	54%)	could	be
generated.71

Several	 elegant	proof-of-concept	 studies	have	also	 suggested	 that	ACT	may	have	activity	 in	more	common,
epithelial	cancers.	This	has	been	enabled,	in	part,	by	the	availability	of	relatively	inexpensive	WES	technology.
One	 difficulty	 of	 more	 widespread	 use	 of	 ACT	 historically	 was	 the	 need	 to	 coculture	 TILs	 with	 autologous
tumors.	However,	WES	has	allowed	for	rapid-fire	evaluation	of	all	mutations	in	a	tumor,	and	prediction	whether
these	mutations	generate	an	 immunogenic	neoantigen	peptide	 in	 the	context	of	a	particular	patient’s	HLA	type.
This	approach	now	permits	selection	and	expansion	of	T	cells	specific	for	particular	mutations.	One	patient	with
cholangiocarcinoma	 received	 an	 infusion	 enriched	 for	 TH1	 CD4+	 T	 cells	 that	 recognized	 a	 mutated	 Erbb2
interacting	protein	(ERBB2IP	E805G)	that	resulted	in	a	partial	response.72	Interestingly,	the	patients	relapsed	after
7	 months,	 received	 a	 much	 more	 enriched	 treatment	 (95%),	 and	 has	 maintained	 an	 ongoing	 near-complete
response	 for	2	years.69	A	 second	 compelling	 case	 recently	 used	CD4	T	 cells	 specific	 for	MAGE-A3,	 a	 cancer
germline	antigen	following	lymphodepletion	and	IL-2.	Of	19	patients,	objective	responses	were	noted	in	patients
with	cervical,	esophageal,	and	urothelial	carcinomas	and	osteosarcoma,	with	reasonable	toxicity	profiles.73	A	third
intriguing	 case	 reported	 a	 response	 in	 a	 patient	with	metastatic	 colon	 cancer	with	 a	 common	mutation	 (KRAS
G12D)	and	a	common	HLA	haplotype	(HLA-C*08-02)	treated	with	CD8	T	cells	specific	for	KRAS	G12D.74	This
study	suggested	 that	 in	contrast	 to	most	TILs	 that	 target	 rare	mutations,	 these	prevalent	genetic	 subtypes	could
suggest	 an	 “off	 the	 shelf”	 TIL	 product	 that	 could	 be	 given	 to	 patients	 across	 cancer	 types	with	KRAS	G12D
mutations	 (also	common	 in	pancreatic	and	 lung	cancers).	Finally,	a	patient	with	metastatic	cervical	cancer	was
treated	 with	 CD8	 TILs	 specific	 for	 HPV	 proteins	 E6	 and	 E7,	 which	 resulted	 in	 a	 complete	 response.75
Surprisingly,	however,	immunodominant	T	cells	in	this	patient	were	specific	for	neoantigen	and	cancer	germline
antigens,	 rather	 than	viral	antigens.76	Although	each	of	 these	 individual	patient	 responses	are	compelling	and	a
likely	building	block	 to	further	progress,	most	patients	with	nonmelanoma	cancers	still	 fail	 to	 respond	 to	ACT.
Further,	 the	 high	 technical	 and	 logistical	 hurdles	 of	 ACT	 remain	 additional	 roadblocks	 to	 widespread
dissemination	of	this	therapy.
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Figure	32.3	Diagram	of	the	adoptive	cell	therapy	of	patients	with	metastatic	melanoma.	Tumors
are	resected,	and	individual	cultures	are	grown	and	tested	for	antitumor	reactivity.	Optimal	cultures
are	expanded	in	vitro	and	reinfused	into	the	autologous	patient	who	had	received	a	preparative

lymphodepleting	chemotherapy.

Chimeric	Antigen	Receptor	T-Cell	Therapy
In	many	ways,	chimeric	antigen	receptor	T-cell	(CAR-T)	therapy	represents	a	“next-generation”	cellular	therapy.
These	cells	are	the	result	of	sophisticated	cellular	engineering	and	have	traversed	through	several	iterations.	The
latest,	so-called	third-	and	fourth-	generation	CARs	have	the	following	features:	(1)	extracellular	antibody	single-
chain	variable	 fragment	similar	 to	a	B-cell	 receptor	 that	 recognizes	 the	antigen	of	 interest	and	does	not	 require
presentation	in	an	MHC	molecule,	(2)	intracellular	TCR-type	signaling	domain	(mimicking	the	signal	of	a	TCR
encountering	the	antigen),	and	(3)	two	to	three	other	costimulatory	signaling	domains	(CD28,	4-1BB,	and	possibly
another	signal	such	as	CD27	or	CD134)	(Fig.	32.4).77	The	upshot	is	that	upon	encountering	the	antigen	of	interest,
all	necessary	costimulation	occurs	and	the	T	cell	can	eliminate	the	encountered	cell.

Choosing	the	most	appropriate	antigen	is	extremely	critical,	as	CARs	will	essentially	kill	any	cell	expressing	its
target	antigen.	The	earliest	target	that	has	been	the	most	intensively	studied	preclinically	and	clinically	has	been
CD19.	 This	 B-cell	 marker	 is	 highly	 expressed	 on	 B-cell	 acute	 lymphocytic	 leukemia	 and	 other	 B-cell
malignancies.	Further,	the	effects	of	depleting	healthy	B	cells	can	be	overcome	with	intravenous	immunoglobulin.
The	 clinical	 results	 of	 CD19-directed	 CAR	 therapy	 has	 been	 impressive;	 B-cell	 lymphomas	 have	 reported



response	 rates	 of	 up	 to	 80%,	with	 responses	 in	>80%	of	 patients	with	ALL.78	 These	 cells	 persist	 for	>1	 year,
suggesting	 potential	 long-term	 uptake.	 Notably,	 relapses	 occurred	 in	 a	minority	 of	 patients,	 and	 typically,	 the
resistant	 leukemia	 was	 CD19	 nonexpressing.	 These	 results	 led	 to	 the	 FDA	 approval	 of	 tisagenlecleucel	 for
patients	 up	 to	 25	 years	 of	 age	 with	 refractory	 B-cell	 precursor	 ALL	 in	 addition,	 axicabtagene	 ciloleucel,	 a
chimeric	antigen	receptor	(CAR)	T	cell	therapy	also	directed	at	CD19,	is	the	second	gene	therapy	approved	by	the
FDA	and	the	first	for	certain	types	of	non-Hodgkin	lymphoma	(NHL).

Although	the	clinical	outcomes	observed	in	B-cell	malignancies	are	clearly	impressive,	there	has	now	been	a
major	effort	to	extend	these	results	to	other	cancers.	The	most	progress	has	arguably	been	in	multiple	myeloma.
CARs	 targeting	 the	 cancer-testis	 antigen	NY-ESO-1	 or	 B-cell	maturation	 antigen	 (a	 plasma	 cell	marker)	 have
demonstrated	 extremely	 high	 response	 rates	 (80%	 to	 100%)	 in	 refractory	 multiple	 myeloma	 with	 seemingly
durable	responses.79	Developing	CARs	to	myeloid	cancers	has	been	a	challenge	as	many	of	the	hallmark	antigens
of	 acute	myeloid	 leukemias	 are	 shared	 by	 bone	marrow	 stem	 cells,	 leading	 to	 fears	 of	 complete	 bone	marrow
aplasia.	Equally	challenging	has	been	the	search	for	safe	and	targetable	solid	tumor	antigens.	This	was	illustrated
by	 a	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)-targeted	 CAR	 that	 caused	 fatal	 pulmonary	 toxicity,
potentially	due	to	low	levels	of	HER2	expression	in	the	lungs.80	Other	targets	are	being	tested	in	clinical	trials	and
include	 MAGE,	 NY-ESO,	 melanoma-associated	 antigens,	 HPV-associated	 antigens,	 and	 personalized,
neoantigen-specific	approaches.77

In	addition	to	aberrant	antigen	targeting	on	host	tissues,	CARs	have	other	toxicities	and	risks.	CRS	is	the	most
common	and	serious	toxicity	and	is	characterized	by	fever,	flu-like	symptoms,	hypotension,	hypoxia,	and	possibly
multiorgan	toxicity.	CRS	is	mediated	by	the	activation	of	T	cells	upon	target	engagement	as	they	release	cytokines
such	as	IL-2,	IFN-γ,	GM-CSF,	and	perhaps	most	critically	IL-6.	These	symptoms	tend	to	occur	in	the	first	week,
and	 thus,	 hospitalization	 is	 recommended	 for	 7	 days	 following	 infusion.81	 Although	 corticosteroids	 can	 be
effective,	it	is	strongly	recommended	to	avoid	steroids	as	they	likely	compromise	CAR	T-cell	function.	Instead,
tocilizumab,	 a	monoclonal	 antibody	 to	 IL-6,	 tends	 to	 rapidly	 resolve	CRS.	CRS	may	 occasionally	 progress	 to
hemophagocytic	 lymphangiohistocytosis.	 The	 other	 serious	 and	 frequent	 toxicity	 of	 CARs	 is	 encephalitis,
characterized	by	confusion,	somnolence,	and	aphasia,	which	can	progress	 to	seizures,	obtundation,	and	cerebral
edema.	Encephalitis	 often	 occurs	 in	 conjunction	with	CRS	 but	may	 occur	 up	 to	 4	weeks	 after	 treatment.	 This
toxicity	 is	 not	 only	 caused	 initially	 by	 release	 of	 cytokines	 but	 also	 results	 from	 trafficking	 of	CARs	 into	 the
central	nervous	system.	Tocilizumab	may	be	used	for	CRS-associated	encephalitis,	whereas	steroids	may	be	used
for	severe	cases	not	associated	with	CRS.
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Figure	32.4	Genetic	modification	of	T	cells	for	the	treatment	of	solid	cancers.	A:	In	order	to	gene-
modify	T	cells	to	confer	stable	tumor-specific	reactivity,	one	can	transduce	T	cells	with	an

exogenous	T-cell	receptor	(TCR)	derived	from	a	naturally	occurring	or	murine	T-cell	clone	or	a
chimeric-antigen	receptor	(CAR)	derived	from	a	tumor-specific	monoclonal	antibody.	The	TCR	or
CAR	is	synthesized	as	fusion	proteins	and	inserted	into	the	appropriate	gene	transfer	vector.	B:
Depending	on	the	transfer	vector	selected,	the	T	cells	are	then	electroporated	(transposon)	or

transduced	(viral	vector)	to	confer	tumor	specificity.	Vα,	Vβ,	and	Cα,	Cβ,	TCR	alpha	and	beta	chain
variable	and	constant	regions,	respectively;	TM,	transmembrane	domain;	VH	and	VL,

immunoglobulin	variable	regions;	2A	and	G4S,	linker	sequences;	Exo,	extracellular	spacer	domain;
SD,	splice	donor;	SA,	splice	acceptor;	Ψ,	packaging	signal;	LTR,	long	terminal	repeat;	U3,	unique

3′	region;	R,	repeat	region;	U5,	unique	5′	region;	RRE,	rev	response	element;	cPPT,	central
polypurine	tract;	ΔU3,	truncated	unique	3′	region;	SIN,	self-inactivating.
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33 Tobacco	Use	and	the	Cancer
Patient
Graham	W.	Warren	and	Vani	N.	Simmons

INTRODUCTION
Tobacco	use	is	commonly	described	as	the	largest	preventable	cause	of	cancer.	Over	50	years	ago,	tobacco	was
recognized	as	a	causative	factor	 for	cancer	 in	 the	1964	U.S.	Surgeon	General’s	Report	 (SGR)	on	Smoking	and
Health.1	 In	 the	 2014	SGR,	 tobacco	 has	 been	 identified	 as	 a	 causative	 agent	 for	multiple	 diseases	 and	 cancers,
resulting	in	over	20	million	deaths	in	the	United	States	between	1965	and	2014.1	Tobacco	use	is	a	well-established
addictive	habit	 that	 typically	begins	 in	youth	and	unfortunately	 continues	 into	 adulthood,	 leading	 to	 significant
adverse	consequences.	With	respect	to	cancer,	the	2014	SGR	provides	substantial	evidence	related	to	the	effects
of	smoking	by	cancer	patients	with	the	following	conclusions:

1.	 In	cancer	patients	and	survivors,	the	evidence	is	sufficient	to	infer	a	causal	relationship	between	cigarette
smoking	and	adverse	health	outcomes.	Quitting	smoking	improves	the	prognosis	of	cancer	patients.

2.	 In	cancer	patients	and	survivors,	the	evidence	is	sufficient	to	infer	a	causal	relationship	between	cigarette
smoking	and	increased	all-cause	mortality	and	cancer-specific	mortality.

3.	 In	cancer	patients	and	survivors,	the	evidence	is	sufficient	to	infer	a	causal	relationship	between	cigarette
smoking	and	increased	risk	for	second	primary	cancers	known	to	be	caused	by	cigarette	smoking,	such	as
lung	cancer.

4.	 In	cancer	patients	and	survivors,	the	evidence	is	suggestive	but	not	sufficient	to	infer	a	causal	relationship
between	cigarette	smoking	and	the	risk	of	recurrence,	poorer	response	to	treatment,	and	increased	treatment-
related	toxicity.

At	 the	 time	of	 the	10th	edition	of	 this	book,2	 there	had	been	relatively	 little	effort	 to	address	 tobacco	use	 in
cancer	patients.	The	critical	need	to	address	tobacco	use	by	cancer	patients	is	now	recognized,	including	advocacy
and/or	guidelines	 from	 the	American	Association	 for	Cancer	Research	 (AACR),	American	Society	 for	Clinical
Oncology	 (ASCO),	 National	 Comprehensive	 Cancer	 Network	 (NCCN),	 and	 other	 cancer	 organizations.3	 The
overall	objective	of	 this	 chapter	 is	 to	discuss	 tobacco	use	by	cancer	patients,	 the	clinical	 effects	of	 smoking	 in
cancer	patients,	methods	to	address	tobacco	use	by	cancer	patients,	and	areas	of	needed	research.

TOBACCO	USE	EPIDEMIOLOGY,	ADDICTION,	AND	TOBACCO	PRODUCT
EVOLUTION
Additional	 discussion	 on	 tobacco	 use	 epidemiology	 and	 carcinogenesis	 is	 presented	 in	 Chapter	 6.	 In	 brief,
cigarette	 smoking	 is	 the	 predominant	 form	 of	 tobacco	 use	 in	 most	 countries,	 with	 an	 estimated	 5.8	 trillion
cigarettes	smoked	in	2014.4	An	estimated	100	million	people	died	from	tobacco-related	causes	in	the	20th	century,
and	 an	 additional	 estimated	 1	 billion	 people	 will	 die	 in	 the	 21st	 century	 based	 on	 current	 use	 projections.
Approximately	50%	of	people	who	use	tobacco	will	die	of	a	 tobacco-related	disease.	Whereas	many	developed
countries	 have	 plateaued	 or	 decreased	 tobacco	 use	 in	 recent	 years,	 many	 undeveloped	 countries	 have
demonstrated	an	increase	in	tobacco	use	prevalence.	Although	tobacco	is	associated	with	an	estimated	$1	trillion
in	economic	burden	worldwide,	less	than	1%	of	tobacco	revenues	are	typically	used	for	tobacco-control	activities.

Nicotine	is	the	predominant	addictive	component	of	tobacco.2	During	cigarette	smoking,	nicotine	is	delivered
within	seconds	 to	 the	brain,	 leading	to	stimulation	of	 the	dopaminergic	system	and	a	rewarding	experience	that
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can	be	reinforced	by	environmental	stimuli.	For	example,	an	individual	who	smokes	while	drinking	their	morning
coffee	may	associate	coffee,	or	even	holding	a	coffee	cup	in	their	hand,	with	the	reward	from	smoking.	Substantial
work	 has	 been	 conducted	 on	 the	 addictive	 nature	 of	 tobacco	 and	 nicotine,	 and	 readers	 are	 referred	 to	 several
comprehensive	reviews	on	this	topic.5–7

There	 have	 been	 substantial	 changes	 in	 the	 landscape	 of	 tobacco	 use	 over	 time	 as	 a	 direct	 consequence	 of
cigarette-centered	policies	and	regulations	aimed	at	reducing	the	harmful	effects	and	number	of	deaths	caused	by
smoking.1,4	 Under	 this	 new	 landscape,	 novel	 and	 emergent	 noncigarette	 tobacco	 products	 such	 as	 cigars,
cigarillos,	 snuff,	 chewing	 tobacco,	 water	 pipes	 (hookahs),	 electronic	 cigarettes	 (e-cigarettes),	 heat-not-burn
products,	and	other	forms	of	tobacco	consumption	have	been	growing	in	demand	as	a	consequence	of	aggressive
and	sophisticated	marketing	by	the	tobacco	industry.	Consumption	patterns	have	also	changed	due	to	efforts	by
the	 tobacco	 industry	 to	make	 cigarettes	 appear	 safer,	 such	 as	 low-tar	 or	 filtered	 cigarettes	 and	 the	 addition	 of
flavoring	(e.g.,	menthol,	vanilla,	fruits).8	Although	these	efforts	may	have	changed	cigarette	consumption	patterns,
they	have	not	 reduced	cancer	 risk.	The	 introduction	of	 low-tar	and	 filtered	cigarettes	actually	 increased	 risk	by
promoting	 deeper	 inhalation	 and	 higher	 rates	 of	 addiction	 with	 no	 reductions	 in	 cancer	 risk,8,9	 resulting	 in
subsequent	 changes	 in	 lung	 cancer	 from	 centrally	 located	 squamous	 cell	 cancers	 to	 peripherally	 located
nonsquamous	cell	cancers.

ELECTRONIC	NICOTINE	DELIVERY	SYSTEMS,	OR	ELECTRONIC
CIGARETTES
The	 introduction	 and	 rapid	 exponential	 increase	 in	 the	 use	 of	 e-cigarettes	 (also	 known	 as	 e-cigs,	 nicotine
vaporizers,	 or	 electronic	 nicotine	 delivery	 systems	 [ENDS])	warrants	 attention.	 E-cigarettes	 are	 relatively	 new
electronic	or	battery-powered	devices	that	activate	a	heating	element	that	vaporizes	a	liquid	solution	contained	in
a	cartridge,	which	is	then	inhaled	as	vapor	into	the	lungs.10	The	liquid	solution	can	have	any	number	of	possible
chemical	compositions	with	or	without	nicotine,	flavoring,	and	other	additives.	Delivery	of	these	chemicals	and
nicotine	can	be	influenced	by	liquid	contents	as	well	as	by	the	heating	element	and	vaporization	process.	There	are
hundreds	 of	 brands,	 spanning	 self-contained	 disposable	 devices	 to	more	 personalized	 devices	where	 users	 can
modify	the	heating	and	vaporization	process	as	well	as	select	designer	liquid	compositions	from	e-cigarette	shops.
Given	the	extremely	broad	availability	of	brands	and	constituents,	there	has	been	substantial	controversy	over	the
potential	benefits	or	harms	of	e-cigarettes.	The	primary	controversy	lies	in	advocating	for	or	against	the	safety	of
e-cigarettes	in	the	context	of	primary	use	and	use	in	children	(without	a	history	of	smoking)	versus	use	in	people
who	smoke	cigarettes.11,12	These	possible	negative	outcomes	include	the	fear	that	e-cigarette	use	by	youth	could
lead	to	an	increased	risk	of	using	of	combustible	tobacco	products.	For	individuals	who	smoke,	intuition	suggests
that	e-cigarettes	could	be	safer	than	combustible	tobacco	given	the	far	fewer	chemical	constituents	as	compared
with	 cigarette	 smoke,	 but	 there	 is	 potential	 for	 e-cigarettes	 to	 discourage	 smokers	 from	quitting	 by	 facilitating
nicotine	addiction.10

A	 recent	 study	 of	 533	 survey	 respondents	 who	 were	 current	 smokers	 and	 who	 had	 ever	 used	 e-cigarettes
suggests	that	higher	spending	on	e-cigarettes	was	associated	with	greater	health	symptoms	such	as	chest	pain	and
shortness	of	breath.13	Although	the	authors	suggested	that	e-cigarettes	had	adverse	health	effects	among	cigarette
smokers,	 there	was	 little	 discussion	 on	whether	 the	 onset	 of	 adverse	 health	 effects	was,	 instead,	 a	 driver	 of	 e-
cigarette	use.	Given	the	relatively	short	time	frame	of	widespread	use	of	e-cigarettes,	there	are	limited	data	on	the
long-term	 harms	 and	 benefits	 of	 e-cigarettes.	 Literature	 is	 rapidly	 expanding	 in	 this	 field,	 and	 the	 relationship
between	 e-cigarette	 use	 and	 long-term	 health	 effects	 remains	 unclear.	 Also	 uncertain	 are	 the	 potential	 health
effects	of	e-cigarette	use	in	the	context	of	surgery,	chemotherapy,	radiotherapy,	or	targeted	agents	used	in	cancer
treatment.10

To	 address	 the	 issue	 of	 e-cigarette	 use	 in	 cancer	 patients,	AACR	 and	ASCO,10	 as	well	 as	 the	 International
Association	 for	 the	 Study	 of	 Lung	 Cancer	 (IASLC),14	 have	 issued	 policy	 statements	 that	 acknowledge	 the
potential	benefits	and	harms	of	e-cigarettes	in	cancer	patients.	To	date,	e-cigarettes	have	not	been	approved	by	the
U.S.	Food	and	Drug	Administration	(FDA)	as	therapeutic	devices	to	aid	in	quitting	smoking.	E-cigarettes	deliver
nicotine	in	a	manner	that	mimics	the	sensory	and	behavioral	aspects	of	smoking;	thus,	smokers	report	 that	 they
confer	a	desirable	behavioral	advantage	as	compared	to	nicotine	replacement	therapy	(NRT).15	However,	recent
data	suggest	that	more	smokers	now	report	using	e-cigarettes	to	try	and	quit	smoking	than	use	NRT.16	Given	the
current	lack	of	safety	and	efficacy	data	for	e-cigarettes	in	cancer	patients,	AACR,	ASCO,	and	IASLC	recommend



that	health-care	providers	recommend	the	use	of	FDA-approved	methods	of	smoking	cessation.	This	is	in	contrast
to	the	Royal	College	of	Physicians	of	the	United	Kingdom,	which	has	endorsed	the	use	of	e-cigarettes	for	quitting
smoking	in	the	general	population,17	including	authors	who	have	provided	a	thoughtful	approach	to	the	potential
risks	and	benefits.18

In	 contrast	 to	 the	 rapidly	 growing	 literature	 on	 e-cigarette	 use	 in	 the	 general	 population,	 few	 studies	 have
examined	 e-cigarette	 use	 in	 cancer	 patients.	 In	 an	 observational	 study	 of	 1,074	 cancer	 patients	 who	 reported
current	smoking	between	2012	and	2013,	e-cigarette	use	appeared	to	increase	from	10.6%	to	38.5%.19	E-cigarette
users	were	more	likely	to	be	diagnosed	with	a	lung	and	head	or	neck	cancer,	but	e-cigarette	use	did	not	produce
higher	 smoking	 cessation	 rates	 at	 follow-up.	 In	 a	 smaller	 study	 of	 106	 patients,	 self-reported	 e-cigarette	 use
correlated	with	 lower	quit	 rates,20	 although	 this	 smaller	 study	demonstrated	a	 remarkably	high	overall	 smoking
cessation	rate.

Data	are	lacking	on	the	safety	or	health	effects	of	e-cigarettes	in	cancer	patients.	Significant	research	is	needed
to	determine	 the	health	 effects	 and	potential	 cessation	efficacy	of	 e-cigarettes	 in	 cancer	patients.	The	use	of	 e-
cigarettes	 is	also	 impacted	by	a	 rapidly	changing	policy	 landscape.21	 In	May	2016,	 the	FDA	finalized	a	 rule	 to
extend	authority	to	cover	all	tobacco	products,	including	ENDS,	all	cigars,	hookah	tobacco,	pipe	tobacco,	nicotine
gels,	 and	 dissolvable	 nicotine	 products.	Three	 restrictions	 included	 in	 the	 final	 rule	 include	 a	minimum	age	 of
purchase	 of	 18	 years,	 required	 health	warnings,	 and	 prohibited	 vending	machine	 sales	 (unless	 the	 retailer	 can
ensure	that	individuals	younger	than	age	18	years	are	prohibited	from	entering).	The	rule,	which	went	into	effect
in	 August	 2016,	 also	 grants	 the	 FDA	 authority	 to	 regulate	 the	 manufacture,	 import,	 labeling,	 marketing,
promotion,	 sale,	 and	 distribution	 of	 ENDS.	 In	 July	 2017,	 the	 FDA	 extended	 timelines	 for	 certain	 compliance
measures	including	review	of	newly	regulated	noncombustible	products,	such	as	ENDS,	to	August	8,	2022.	It	is
anticipated	that	regulatory	control	over	e-cigarettes	will	be	dynamic	in	the	coming	years.

DEFINING	TOBACCO	USE	BY	THE	CANCER	PATIENT
Virtually	all	studies	examining	the	relationship	between	tobacco	use	and	cancer	treatment	outcomes	have	focused
on	the	effects	of	combustible	cigarette	smoking.	Few	studies	report	associations	between	other	forms	of	tobacco
use	(e.g.,	smokeless,	cigars,	cigarillos)	and	outcomes	in	cancer	patients.	Furthermore,	 the	definition	of	smoking
across	 published	 studies	 varies	 substantially.22,23	 In	 studies	 of	 cancer	 patients,	 smoking	 has	 been	 defined	 as
current	(examples	include	smoking	after	diagnosis,	at	diagnosis,	in	the	weeks	before	diagnosis,	within	the	past	30
days,	 within	 12	 months	 prior	 to	 diagnosis,	 after	 diagnosis,	 within	 the	 past	 10	 years,	 etc.),	 former	 (recent,
intermediate-,	or	long-term	quit	for	1,	3,	6,	or	12	months	or	2,	5,	or	10	years),	never,	quitting	after	diagnosis,	and
according	 to	 exposure	 (examples	 include	multiple	 pack-year	 cutoffs,	Brinkman’s	 index,	 years	 of	 smoking,	 and
years	 of	 smoking	within	 a	 predefined	 period	 of	 time	 such	 as	 the	 5	 years	 prior	 to	 diagnosis).22	 There	 are	 four
primary	categories	for	smoking	status:

1.	 Never	smoking	is	typically	defined	as	having	smoked	less	than	100	cigarettes	in	a	person’s	lifetime	and	no
current	cigarette	use.	These	patients	are	generally	considered	as	a	reference	group	in	many	studies.	Categories
2	to	4	require	that	a	person	has	smoked	at	least	100	cigarettes	in	his	or	her	lifetime.

2.	 Former	smoking	is	typically	defined	as	no	current	cigarette	use	but	having	quit	for	usually	more	than	1	year.
3.	 Recent	smoking	(or	recent	quit)	is	generally	defined	as	having	stopped	smoking	within	the	recent	past,

typically	for	a	period	of	1	week	to	1	year.
4.	 Current	smoking	is	typically	defined	as	actively	smoking	one	or	more	cigarettes	per	day	every	day	or	some

days.

Ever	smoking	is	a	combination	of	groups	2	to	4	(i.e.,	former,	recent,	and	current	smokers)	that	has	been	used	to
report	negative	associations	between	smoking	and	cancer	outcomes	in	many	studies.1	Defining	smoking	according
to	ever	smoking	status	limits	the	ability	to	interpret	the	effects	of	current	smoking	on	a	clinical	outcome	and	is	not
informative	 for	 smoking	 cessation	 treatment.	However,	 defining	 exposure	 according	 to	 current	 smoking	 status
allows	 for	 the	 analysis	 of	 potentially	 reversible	 effects	 as	well	 as	 for	 the	 potential	 implementation	 of	 smoking
cessation	to	prevent	the	adverse	outcomes	of	smoking	on	cancer	patients.

Recognizing	the	deficits	in	defining	tobacco	use	by	cancer	patients,	the	National	Cancer	Institute	and	AACR
convened	 a	 task	 force	 in	 2013	 to	 develop	 standard	 methods	 to	 assess	 tobacco	 use	 in	 clinical	 trials.24,25	 The
resultant	Cancer	Patient	Tobacco	Use	Questionnaire	(C-TUQ)	consists	of	core	items	as	well	as	optional	items	to
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define	 tobacco	 use	 in	 a	 manner	 that	 can	 be	 translated	 across	 clinical	 trials,	 thus	 providing	 the	 opportunity	 to
compare	 the	 effects	 of	 one	 or	 more	 tobacco	 parameters	 using	 a	 common	 format.	 The	 primary	 focus	 for	 the
remainder	of	this	chapter	is	on	current	smoking	and	a	discussion	of	methods	to	address	tobacco	use	by	the	cancer
patient	through	accurate	assessment	and	structured	tobacco	cessation	support.

TOBACCO	USE	AND	CESSATION	BY	THE	CANCER	PATIENT
Approximately	20%	to	30%	of	all	cancer	patients	self-report	current	smoking	at	the	time	of	cancer	diagnosis,	with
higher	rates	in	traditionally	tobacco-related	disease	sites	such	as	head	and	neck	or	lung	cancer	and	lower	rates	in
traditionally	non–tobacco-related	disease	 sites	 such	as	breast	or	prostate	cancer.1	However,	studies	demonstrate
that	 approximately	 30%	 of	 cancer	 patients	 who	 smoke	 misrepresent	 tobacco	 use	 by	 self-report26–28;	 thus,
biochemically	confirmed	tobacco	use	patterns	are	higher	than	those	obtained	by	self-report.

There	 are	 few	 structured	 evaluations	 of	 smoking	 status	 at	 diagnosis	 and	 follow-up	 in	 cancer	 patients,	 but	 a
recent	 review	of	 131	head	 and	 neck	 and	 lung	 cancer	 studies	 demonstrated	 that	 approximately	 33%	of	 patients
reported	 current	 smoking	 and	 that	 53%	 of	 patients	 reporting	 current	 tobacco	 use	 at	 diagnosis	 also	 reported
continued	tobacco	use	at	follow-up.29	The	prevalence	of	current	smoking	among	long-term	adult	cancer	survivors
appears	to	be	declining	and	was	recently	estimated	at	approximately	9.3%,30	with	higher	rates	in	tobacco-related
disease	sites	and	higher	rates	among	cancer	survivors	than	in	the	general	population.31	Data	from	the	Childhood
Cancer	Survivor	Study	and	the	2009	Behavioral	Risk	Factor	Surveillance	System	indicate	that	approximately	3%
to	8%	of	cancer	survivors	use	smokeless	tobacco	products.32,33	A	noteworthy	limitation	in	these	prevalence	rates
is	that	cancer	patients	who	were	current	smokers	at	the	time	of	death	may	not	be	included.	As	a	result,	estimates	of
smoking	rates	in	cancer	survivors	may	be	misleading	and	may	underestimate	true	tobacco	use	patterns	for	cancer
patients.	Furthermore,	patients	may	be	attracted	to	alternative	tobacco	products	due	to	less	social	stigma	and	the
non–evidence-based	 perception	 that	 these	 products	 are	 healthier	 alternatives	 compared	 to	 cigarette	 smoking;
however,	very	little	data	are	usually	collected	on	alternative	tobacco	product	use.

Continued	tobacco	use	by	cancer	patients	often	represents	a	combined	failure	by	the	patient	 to	recognize	the
need	 to	 stop	 smoking	 even	 after	 a	 cancer	 diagnosis	 and	 the	 lack	 of	 effort	 by	 health-care	 providers	 to	 address
tobacco	use	with	evidence-based	assessments	and	tobacco	cessation	support.	In	two	large	surveys	of	oncologists,
approximately	 90%	 asked	 cancer	 patients	 about	 tobacco	 use	 and	 80%	 advised	 patients	 to	 quit	 smoking.34,35
Although	 90%	 also	 agreed	 that	 smoking	 negatively	 affected	 cancer	 treatment	 and	 that	 smoking	 should	 be	 a
standard	 part	 of	 cancer	 care,	 only	 30%	 to	 40%	 discussed	 the	 use	 of	 cessation	 of	 medications	 or	 provided
assistance	with	cessation.	Although	providers	may	not	regularly	assist	with	cessation	support	for	cancer	patients,
“opt	out”	approaches	to	tobacco	cessation,	where	patients	are	screened	for	tobacco	use	and	automatically	referred
to	 dedicated	 tobacco	 treatment	 programs,36	 have	 been	 promising.	 A	 study	 of	 nearly	 12,000	 cancer	 patients
screened	 for	 tobacco	 use	 with	 over	 2,700	 patients	 referred	 to	 a	 dedicated	 phone-based	 cessation	 program
demonstrated	an	81%	contact	rate	by	phone	and	only	3%	rate	of	patients	rejecting	participation	in	the	cessation
program.37	In	contrast,	only	1.6%	of	patients	receiving	a	mailing	participated	in	the	program,	suggesting	mailed
reactive	 enrollment	 is	 a	 poor	 approach	 to	 accrue	 cancer	 patients	 to	 a	 smoking	 cessation	 intervention.	 Similar
results	have	been	demonstrated	 in	a	 study	of	102	head	and	neck	cancer	patients	 referred	 for	 cessation	 support,
with	 78%	 accepting	 referral	 for	 treatment	 and	 94%	 reporting	 acceptance	 for	 the	 intervention.38	 These	 data
highlight	that	cancer	patients	are	receptive	to	receiving	structured	tobacco	cessation	support.

The	risk	for	relapse	remains	high	among	cancer	patients	who	quit	smoking.	Although	patients	may	enroll	in	a
cessation	program,	clinicians	must	realize	that	although	relapses	in	the	general	population	usually	occur	within	1
week	of	cessation,	relapses	in	cancer	patients	may	be	delayed	due	to	cancer	treatment–related	variables	such	as
surgical	or	other	posttreatment	healing.39	Predictors	of	 relapse	have	 included	 less	confidence	 in	quitting	ability,
higher	risk	of	depression,	greater	withdrawal	and	addiction,	greater	fears	about	cancer	recurrence,	lower	cancer-
related	 risk	 perceptions,	 and	 shorter	 period	 of	 quitting,	 such	 as	 in	 preparation	 for	 surgery.39–43	 Unfortunately,
many	 studies	 have	 either	 evaluated	 predictors	 of	 relapse	 only	 for	 a	 narrow	group	 of	 patients	 participating	 in	 a
cessation	 trial	 or	 for	 heterogenous	 groups	 of	 patients	who	do	 not	 participate	 in	 a	 structured	 smoking	 cessation
program.	Significant	research	is	needed	to	identify	smoking	relapse	predictors	among	a	more	heterogeneous	group
of	cancer	patients	with	access	to	structured	cessation	support	so	that	intervention	efforts	may	be	personalized	to
those	at	high	risk	for	relapse.



SMOKING	CESSATION	IN	THE	CONTEXT	OF	LUNG	CANCER	SCREENING
In	2002,	 the	National	Lung	Screening	Trial	 (NLST)	 initiated	an	8-year	multicenter	 randomized	clinical	 trial	 to
evaluate	 low-dose	 computed	 tomography	 (LDCT)	 screening.	 NLST	 results	 demonstrated	 that	 LDCT	 reduced
mortality	from	lung	cancer	by	20%	as	compared	to	chest	x-ray.3,44	Based	on	these	findings,	the	U.S.	Preventive
Services	Task	Force	(USPSTF)	issued	a	category	B	recommendation	for	screening	of	high-risk	individuals	(i.e.,
ages	55	 to	80	years,	 at	 least	 a	30-pack-year	history	of	 smoking,	 and	 current	or	 former	 smokers	who	have	quit
within	 the	past	15	years).	The	Affordable	Care	Act	and	 the	Centers	 for	Medicare	&	Medicaid	Services	 (CMS)
have	approved	coverage	for	LDCT	and	require	that	former	smokers	be	counseled	on	the	importance	of	abstinence,
that	 current	 smokers	 receive	 counseling	 about	 the	 importance	 of	 cessation,	 and	 that	 patients	 should	 receive
information	 regarding	 smoking	 cessation	 interventions	 if	 appropriate.	 Prominent	 professional	 and	 medical
societies,	including	NCCN,	IASLC,	and	ASCO,	support	the	integration	of	smoking	cessation	interventions	in	the
context	 of	 lung	 cancer	 screening.	 Simulation	work	 has	 demonstrated	 that	 the	 addition	 of	 a	 smoking	 cessation
program	 to	 an	 LDCT	 screening	 program	 can	 substantially	 improve	 cost-effectiveness.45	Moreover,	 7	 years	 of
smoking	cessation	have	been	shown	to	reduce	mortality	to	a	level	comparable	to	the	benefit	of	LDCT	with	longer
durations	of	smoking	cessation	exceeding	the	benefit	of	LDCT	screening.46

It	 is	 estimated	 that	half	of	patients	who	 receive	a	 screening	 test	will	be	current	 smokers.	Motivation	 to	quit
smoking	 among	 individuals	 undergoing	 lung	 screening	 is	 generally	 high.47	 A	 review	 of	 nine	 cross-sectional,
longitudinal,	and	randomized	controlled	studies	examined	the	effect	of	computed	tomography	screening	for	lung
cancer	 on	 smoking	 behaviors	 and	 found	 quit	 rates	 ranging	 from	6.6%	 to	 42%.48	Although	 findings	 have	 been
mixed,	 some	 studies	 suggest	 that	motivation	 can	 be	 impacted	 by	 lung	 screening	 results.	 Early	 studies	 suggest
individuals	with	abnormal	screenings	were	found	to	demonstrate	greater	motivation	to	quit	smoking	and	a	higher
likelihood	of	quitting,49,50	but	limited	data	exist	on	the	efficacy	of	smoking	cessation	interventions	conducted	in
the	LDCT	setting	with	no	significant	intervention	effects	observed	to	date.51	A	recent	review	noted	that	promoting
smoking	cessation	with	LDCT	is	a	high	priority,	but	only	36%	of	providers	recommend	cessation	medications	and
approximately	60%	provide	counseling	or	refer	patients	to	a	quitline.52	Methods	to	integrate	cessation	into	LDCT
are	currently	active	areas	of	research.

THE	CLINICAL	EFFECTS	OF	SMOKING	ON	CANCER	PATIENTS
Cancer	 treatment	 is	 generally	 defined	 according	 to	 disease	 site,	 stage,	 treatment	 type	 (surgery,	 chemotherapy
[CT],	 radiotherapy	 [RT],	 or	 biologic	 therapy),	 and	 primary	 treatment	 objective,	 such	 as	 cure	 or	 palliation.	 A
comprehensive	discussion	of	the	effects	of	smoking	on	cancer	patients	is	beyond	the	scope	of	a	single	chapter,	but
the	 2014	 SGR	 provides	 an	 outstanding	 and	 overwhelming	 evidence	 base	 concluding	 that	 “the	 evidence	 is
sufficient	 to	 infer	 a	 causal	 relationship	 between	 cigarette	 smoking	 and	 adverse	 health	 outcomes.”1	 Overall,
approximately	 75%	 to	 80%	 of	 studies	 in	 the	 SGR	 demonstrated	 a	 negative	 association	 between	 smoking	 and
outcome	with	approximately	65%	to	70%	of	studies	demonstrating	statistically	significant	negative	associations.
This	chapter	provides	an	 illustrative	 review	of	 the	adverse	effects	of	 tobacco	across	disease	sites	and	 treatment
modalities	(i.e.,	surgery,	CT,	and	RT),	and	effects	are	discussed	across	the	categories	of	mortality,	recurrence	and
cancer-related	 mortality,	 toxicity,	 and	 risk	 of	 second	 primary	 cancer.	 Evidence	 for	 the	 benefits	 of	 smoking
cessation	are	presented	within	each	section.

The	Effect	of	Smoking	and	Smoking	Cessation	on	Overall	Mortality	or	Overall
Survival
Substantial	evidence	demonstrates	that	current	smoking	by	cancer	patients	increases	the	risk	of	overall	mortality
across	 virtually	 all	 cancer	 disease	 sites	 and	 for	 all	 treatment	 modalities.	 Evidence	 from	 the	 2014	 SGR
demonstrates	that	in	35	studies	evaluating	the	effects	of	current	smoking	on	overall	mortality,	the	median	risk	for
increased	mortality	was	22%	higher	in	former	smokers	and	51%	higher	in	current	smokers.1	In	a	parallel	cohort	of
62	studies	evaluating	the	effects	of	smoking	on	overall	survival,	current	smoking	was	associated	with	decreased
overall	survival	in	77%	of	studies.	Several	studies	supported	a	higher	risk	of	mortality	with	a	higher	number	of
cigarettes	consumed.	The	lower	risks	associated	with	former	smoking	supported	a	benefit	for	smoking	cessation.
Collectively,	 these	studies	provide	significant	data	associating	current	 smoking	with	 increased	overall	mortality
across	most	disease	sites,	 tumor	stages,	 treatment	modalities,	and	in	both	traditionally	 tobacco-related	and	non–
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tobacco-related	cancers.	However,	the	potential	significance	of	smoking	is	perhaps	best	exemplified	by	Bittner	et
al.,53	who	analyzed	causes	of	death	in	prostate	cancer	patients	demonstrating	that	more	than	90%	died	of	causes
other	than	prostate	cancer	but	that	current	smoking	increased	the	risk	of	non–prostate	cancer	death	between	3-	and
5.5-fold.	As	a	result,	tobacco	use	and	cessation	may	be	of	paramount	importance	to	cancers	with	high	cure	rates
such	as	prostate	cancer	or	breast	cancer	simply	because	patients	may	be	at	most	risk	of	death	from	non–cancer-
related	causes	such	as	heart	disease,	pulmonary	disease,	or	other	diseases	related	to	smoking	and	tobacco	use.

There	 are	 several	 studies	 evaluating	 the	 effects	 of	 smoking	 cessation	 after	 a	 cancer	 diagnosis	 on	 overall
mortality	or	survival.	In	a	prospective	study	of	321	stage	I	to	III	lung	cancer	patients	treated	with	surgery,	quitting
smoking	 after	 diagnosis	 and	 before	 surgery	 reduced	 overall	 mortality	 as	 compared	 with	 continued	 smoking
(hazard	ratio	[HR],	0.34;	95%	confidence	interval	[CI],	0.16	to	0.71).54	A	retrospective	analysis	of	284	limited-
stage	 small-cell	 lung	 cancer	 patients	 demonstrated	 that	 quitting	 at	 or	 after	 diagnosis	 also	 significantly	 reduced
mortality	as	compared	with	continued	smoking	(HR,	0.55;	95%	CI,	0.38	 to	0.79).55	A	 retrospective	analysis	of
549	 glottic	 cancer	 patients	 treated	 with	 RT	 demonstrated	 that	 quitting	 smoking	 after	 RT	 was	 associated	 with
increased	survival	(70%)	as	compared	with	continued	smoking	(36%,	P	<	.001).56	In	a	study	of	stereotactic	body
RT	 (SBRT)	 for	 curative	 treatment	 of	 119	 lung	 cancer	 patients	 who	 smoked	 at	 the	 time	 of	 SBRT,	 continued
smoking	after	diagnosis	significantly	increased	mortality	as	compared	with	patients	who	quit	smoking	(HR,	2.07;
95%	CI,	1.02	to	4.2).57	In	a	prospective	evaluation	of	1,632	male	cancer	patients	from	the	Shanghai	Cohort	Study,
continued	smoking	after	diagnosis	significantly	increased	mortality	as	compared	with	quitting	smoking	(HR,	1.76;
95%	CI,	1.37	 to	2.27),	with	significant	benefits	noted	particularly	 in	patients	with	 lung,	colorectal,	and	bladder
cancer,	and	trends	toward	improved	survival	in	other	cancers.58	Narrowing	the	effects	of	smoking	and	cessation	to
the	time	of	cancer	 treatment,	Browman	et	al.59	 reported	on	148	head	and	neck	cancer	patients	 treated	with	RT,
demonstrating	that	patients	who	smoked	during	RT	had	a	trend	toward	increased	risk	of	overall	mortality	(relative
risk	[RR],	1.17;	P	=	.07)	as	compared	with	patients	who	abstained	from	smoking	or	smoked	less	than	one	cigarette
per	day.	Although	these	studies	evaluated	cessation	after	diagnosis,	there	was	little	discussion	about	the	efficacy
of	a	dedicated	smoking	cessation	effort	or	program	on	survival.

The	 potential	 benefit	 of	 using	 a	 phone-based	 smoking	 cessation	 program	 to	 improve	 survival	 has	 been
reported.37,60	 Patients	 identified	 as	 current	 smokers	 through	 the	 electronic	 medical	 record	 were	 automatically
referred	 to	 a	 phone-based	 smoking	 cessation	 program	 that	 proactively	 reached	 out	 to	 patients	 and	 provided
cessation	support.	In	224	current	smoking	lung	cancer	patients	who	were	treated	through	the	cessation	program,
continued	smoking	increased	overall	mortality	by	79%	as	compared	with	patients	who	quit	smoking	(HR,	1.79;
95%	CI,	1.14	 to	2.82).	These	data	suggest	 that	 relatively	minimal	 interventions	structured	 to	 increase	cessation
support	can	have	a	meaningful	improvement	in	survival	outcomes	for	cancer	patients	who	smoke.

Although	several	studies	support	the	benefits	of	cessation	after	diagnosis,	there	are	other	studies	that	are	less
conclusive.	In	three	prospective	studies	of	head	and	neck	cancer	patients,61	breast	cancer	patients,62	and	colorectal
cancer	patients,63	the	effects	of	continued	smoking	or	quitting	smoking	were	compared	with	never	smoking.	In	all
three	studies,	continued	smoking	significantly	 increased	risk	of	mortality	as	compared	with	never	smoking,	but
quitting	 smoking	 was	 also	 associated	 with	 an	 increased	 risk	 as	 compared	 with	 never	 smoking.	 Although	 the
magnitude	 of	 risk	 was	 lower	 in	 patients	 who	 quit	 smoking	 as	 compared	 with	 those	 who	 continued	 smoking,
effects	did	not	appear	to	be	significantly	different	between	the	two	groups.

The	Effect	of	Smoking	on	Cancer	Recurrence	and	Cancer-Related	Mortality
The	primary	objective	of	cancer	 therapy	 is	 to	cure	cancer	and	prevent	 recurrence.	However,	 smoking	has	been
shown	 to	 increase	 cancer	 recurrence	 and	cancer-related	mortality.	As	 summarized	 in	 the	SGR,1	 82%	of	 the	51
studies	 reviewed	 demonstrated	 a	 significant	 association	 between	 smoking	 and	 cancer	 recurrence.	 In	 studies
evaluating	 the	effects	of	current	and	 former	 smoking,	 recurrence	was	 increased	by	a	median	of	42%	 in	current
smokers	 as	 compared	 with	 15%	 in	 former	 smokers.	 Regarding	 cancer-specific	 mortality	 or	 survival,	 current
smoking	 increased	 the	 risk	 of	 cancer-related	 mortality	 by	 a	 median	 of	 61%	 as	 compared	 with	 3%	 in	 former
smokers.

Quitting	smoking	after	diagnosis	has	also	been	shown	to	affect	recurrence	and	cancer-related	mortality.	In	321
lung	cancer	patients,	quitting	smoking	after	diagnosis	reduced	recurrence	and	metastasis	by	46%	(HR,	0.54;	95%,
0.3	 to	1.0).54	 Similar	 observations	were	 shown	 for	 small-cell	 lung	 cancer	 patients	 (HR,	 0.59;	 95%	CI,	 0.34	 to
0.98).55	 Quitting	 smoking	 in	 head	 and	 neck	 cancer	 patients	 was	 associated	 with	 increased	 local	 control	 as
compared	with	patients	who	continued	smoking	(81%	versus	94%;	P	<	.001),56	a	trend	that	was	also	observed	in
patients	who	quit	smoking	or	smoked	less	than	one	cigarette	per	day	during	RT	(RR,	0.81;	P	=	.056).59	Garden	et



al.64	 evaluated	 1,046	 advanced	 oropharyngeal	 cancer	 patients	 treated	 with	 RT.	 Findings	 demonstrated	 that
continued	smoking	trended	toward	decreased	local	control	as	compared	with	quitting	smoking	(67%	versus	78%,
P	=	.08).	In	a	cohort	of	4,562	breast	cancer	patients,	continued	smoking	after	diagnosis	significantly	increased	risk
for	breast	cancer	mortality	(HR,	1.72;	95%	CI,	1.13	to	2.60)	with	no	change	in	risk	for	patients	who	quit	smoking
(HR,	1.15;	95%	CI,	0.7	to	1.90).62

The	Effect	of	Smoking	and	Cessation	on	Cancer	Treatment	Toxicity
The	effects	of	smoking	on	cancer	treatment	toxicity	are	highly	dependent	on	disease	site,	treatment	modality	(e.g.,
surgery,	CT,	RT),	and	timing	of	toxicity.	Across	disease	sites	and	treatments,	current	smoking	has	been	shown	to
increase	 complications	 from	 surgery,	 RT,	 and	 CT.	 Toxicity	 associated	 with	 smoking	 has	 been	 related	 to
pulmonary	 complications,	 infections,	 wound	 healing,	 scarring	 and	 fibrosis,	 urinary	 and	 bowel	 complications,
mucositis,	hospitalization,	postoperative	death,	vasomotor	 symptoms,	 and	non–cancer-related	outcomes	 such	as
continued	risk	for	heart	disease,	pulmonary	disease,	and	other	outcomes.1	Overall,	of	82	studies	reporting	toxicity
from	 the	 2014	 SGR,	 95%	 demonstrated	 an	 association	 between	 smoking	 and	 toxicity,	 including	 80%
demonstrating	a	statistically	significant	association.	Of	49	studies	evaluating	the	effects	of	current	smoking,	88%
demonstrated	a	significant	effect	on	toxicity.

Smoking	cessation	has	been	associated	with	 improvements	 in	 cancer	 treatment	 toxicity	 and	other	 aspects	of
cancer-related	quality	of	life.	In	a	large	study	of	7,990	lung	cancer	patients	from	the	Society	of	Thoracic	Surgeons
Database,	 current	 smoking	 increased	 the	 risk	 of	 pulmonary	 complications	 by	 80%	 and	 hospital	mortality	 3.5-
fold.65	However,	smoking	cessation	for	2	weeks	reduced	risks	for	pulmonary	complications,	whereas	cessation	for
1	month	reduced	risks	for	hospital	mortality.	Vaporciyan	et	al.66	also	showed	that	current	smoking	increased	the
risk	 of	 pulmonary	 complications	 2.7-fold	 as	 compared	 with	 smoking	 cessation	 for	 at	 least	 1	 month	 prior	 to
surgery.	 In	1,335	patients	with	gastric	 cancer	 treated	with	R0	 radical	 gastrectomy,	quitting	 smoking	 for	4	 to	8
weeks	 prior	 to	 surgery	 prevented	 complications	 associated	 with	 continued	 smoking.67	 A	 similar	 result	 was
observed	in	preventing	wound	healing	complications	in	188	patients	with	head	and	neck	or	cervical	esophageal
cancer	who	underwent	 free	 flap	 reconstructive	 surgery:	quitting	 smoking	 for	3	or	more	weeks	prior	 to	 surgery
reduced	 complications	 as	 compared	with	 continued	 smoking.68	 In	 383	 glottic	 cancer	 patients	 treated	with	 RT,
quitting	 smoking	 after	 RT	 decreased	 10-year	 complication	 rates	 as	 compared	 with	 continued	 smoking	 (11%
versus	28%,	P	=	.031).69	However,	in	a	striking	example	of	the	potentially	reversible	effects	of	smoking	in	205
head	 and	neck	 cancer	patients	 treated	with	RT,70	 43%	of	 smoking	patients	 treated	 in	 the	morning	 experienced
grade	3+	mucositis	 compared	with	72%	of	 smokers	 treated	 in	 the	afternoon	 (P	=	 .04).	These	data	 suggest	 that
reducing	 smoking	 overnight	may	 yield	 a	 clinical	 benefit	 in	 reduced	 toxicity.	Although	 all	 toxicity	may	 not	 be
acutely	reversed,	these	encouraging	data	show	that	patients	can	make	clinically	meaningful	improvements	in	their
health	and/or	cancer	treatment	within	a	short	time	frame	by	quitting	smoking.

In	 2,442	 lung	 cancer	 patients	 evaluated	 with	 quality-of-life	 assessments	 6	 months	 after	 diagnosis,	 quitting
smoking	was	associated	with	improved	quality	of	life	(32%	with	poor	quality	of	life	in	continued	smokers	versus
23%	 in	 patients	 who	 quit	 smoking,	 P	 <	 .001).71	 In	 915	 colorectal	 cancer	 survivors,	 persistent	 smoking	 was
associated	with	decreased	quality	 of	 life,	 decreased	physical	 function,	 and	 fatigue	 (P	 <	 .05);	 however,	 quitting
smoking	was	not	associated	with	poor	outcomes.72	Similar	results	were	observed	in	a	prospective	trial	of	134	head
and	neck	or	lung	cancer	patients	with	repeated	assessments	at	2,	4,	6,	and	12	months	after	surgery.73	Patients	who
quit	smoking	after	diagnosis	have	also	been	found	to	have	higher	performance	status,	even	after	controlling	for
disease	 stage,	 age,	 cancer	 therapy	 type,	 and	 comorbidities.74	 In	 a	 prospective	 study	 of	 head	 and	 neck	 cancer
patients	 after	 cancer	 treatment,	 higher	 quality	 of	 life	was	 observed	 among	 those	who	 had	 quit	 in	 the	 prior	 12
months	 as	 compared	 to	 current	 smokers.75	 Smoking	 cessation	 has	 also	 been	 associated	 with	 improved	 sexual
function	 after	 surgery	 for	 prostate	 cancer.76	Collectively,	 these	 studies	 support	 an	 important	 benefit	 of	 quitting
smoking	on	improved	quality	of	life.

The	Effect	of	Smoking	and	Cessation	on	Risk	of	Second	Primary	Cancer
Continued	smoking	by	cancer	patients	causes	an	increase	in	developing	a	second	primary	cancer.1	 In	26	studies
reviewed	by	the	2014	SGR,	smoking	increased	the	risk	of	developing	second	cancers	by	a	median	of	2.2-fold	for
current	smokers	versus	1.2-fold	 for	 former	smokers.	Although	an	 increase	 in	 tobacco-related	cancers	was	more
prominent,	 other	 studies	 have	 demonstrated	 that	 smoking	 also	 increases	 risk	 for	 second	 primary	 cancers	 in
traditionally	non–tobacco-related	disease	sites.	For	example,	Ford	et	al.77	 found	 that	breast	cancer	patients	who
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were	 former	 smokers	had	a	3-fold	 increased	 risk	of	developing	 lung	cancer,	but	current	 smokers	had	a	13-fold
increased	risk.	In	nearly	1,100	estrogen	receptor	(ER)-positive	breast	cancer	patients,	current	smokers	had	a	1.8-
fold	increased	risk	of	developing	a	second	contralateral	breast	cancer,	and	current	smokers	at	most	recent	follow-
up	had	a	2.2-fold	increased	risk;	however,	former	smokers	at	diagnosis	or	most	recent	follow-up	had	no	increased
risk.78	In	2,700	5-year	survivors	of	testicular	cancer,	current	smokers	had	a	1.8-fold	increased	risk	of	developing	a
second	primary	cancer	as	compared	with	all	other	survivors.79	Smoking	cessation	after	diagnosis	has	been	shown
to	 reduce	 the	 risk	of	 developing	 a	 second	primary	 cancer.	 In	 a	 study	of	 1,050	glottic	 cancer	patients,	 stopping
smoking	during	or	after	radiotherapy	reduced	risk	of	second	primary	cancer	from	21%	to	13%	(P	=	.032).80

Combining	smoking	with	cytotoxic	cancer	treatment	(RT	or	CT)	has	also	been	observed	to	further	exacerbate
risk	 beyond	 the	 effects	 of	 smoking	 alone.	 In	 ER-positive	 breast	 cancer	 patients,	 treatment	 with	 RT	 had	 no
significant	effect	on	the	risk	of	developing	a	contralateral	breast	cancer,	but	RT	combined	with	current	smoking
increased	the	risk	of	contralateral	cancer	by	9-fold.77	In	an	examination	of	Hodgkin	disease	patients,	non–heavy
smokers	(defined	as	never	smoker,	former	smoker,	or	smoking	less	than	one	pack	per	day)	had	a	relative	risk	of	a
second	 primary	 cancer	 of	 between	 4-	 and	 7-fold	when	 treated	with	CT	 or	RT	 as	 compared	with	 patients	who
received	no	RT	or	CT.81	However,	heavy	smokers	had	a	6-fold	increased	risk	in	the	absence	of	RT	and	CT	and	a
17-	 to	 49-fold	 increased	 risk	 when	 combined	 with	 RT	 and/or	 CT.	 These	 observations	 suggest	 that	 smoking
combined	 with	 cytotoxic	 cancer	 therapy	 may	 increase	 risk	 of	 developing	 a	 second	 primary	 cancer,	 perhaps
through	promotion	of	mutations	induced	by	CT	and	RT	in	the	presence	of	tobacco	smoke.

Human	Papillomavirus,	Epidermal	Growth	Factor	Receptor,	Anaplastic
Lymphoma	Kinase,	Programmed	Cell	Death	Protein	1,	and	Smoking
Data	over	the	past	decade	have	shown	that	head	and	neck	cancer	patients	who	are	human	papillomavirus	(HPV)
positive	 are	 known	 to	 have	 an	 improved	 prognosis	 as	 compared	 with	 patients	 with	 HPV-negative	 tumors.82
Patients	 who	 have	 HPV-positive	 tumors	 typically	 have	 increased	 p16	 expression	 and	 often	 respond	 better	 to
conventional	 cancer	 therapy	 including	 RT	 and	 CT.	Many	HPV-positive	 patients	 are	 never	 smokers	 or	 have	 a
lighter	smoking	history.	However,	smoking	was	an	independent	adverse	risk	factor	for	both	overall	and	cancer-
related	mortality,	with	a	1%	increase	in	risk	per	pack-year	smoked.82	Current	smoking	increased	cancer	mortality
approximately	five-fold	even	in	p16-positive	patients	 treated	with	surgery.83	Smoking	also	 increased	the	risk	of
developing	a	second	primary	cancer	among	both	HPV-positive	and	HPV-negative	patients.84	As	a	consequence,
the	presence	of	HPV	does	not	appear	to	negate	the	adverse	effects	of	smoking.

A	similar	effect	is	noted	in	lung	cancer	patients	with	EGFR-mutated	and	ALK-mutated	tumors.	As	with	HPV-
positive	head	and	neck	cancer	patients,	lung	cancer	patients	who	are	light	or	never	smokers	have	a	higher	rate	of
epidermal	 growth	 factor	 receptor	 (EGFR)-positive	 tumors	 that	 may	 respond	 to	 biologic	 therapy	 using	 EGFR
tyrosine	kinase	inhibitors.	At	this	time,	most	information	regarding	EGFR-based	therapy	for	lung	cancer	reports
on	 the	 effects	 of	 ever	 smoking,	 demonstrating	 that	 ever	 smokers	 have	 a	 decreased	 response	 to	EGFR	 therapy.
Early	large	randomized	trials	demonstrate	that	erlotinib	and	gefitinib	provide	survival	and	tumor	control	benefit
specifically	in	never	smokers.85,86	A	very	similar	pattern	is	noted	for	ALK-positive	patients,	with	a	much	higher
incidence	 in	 never	 smokers	 and	 high	 response	 rate	 to	 the	 anaplastic	 lymphoma	 kinase	 (ALK)	 kinase	 inhibitor
crizotinib.87	 Paik	 et	 al.88	 have	 described	 the	 importance	 of	 driver	 mutations	 in	 EGFR,	 ALK,	 and	 KRAS,
demonstrating	that	smokers	have	a	higher	preponderance	for	KRAS	driver	mutations,	whereas	nonsmokers	tend	to
have	EGFR	or	ALK	driver	mutations.	Given	the	overall	decreased	response	from	biologic	therapies,	patients	who
are	 smokers	 may	 be	 best	 served	 with	 conventional	 cancer	 treatments;	 however,	 randomized	 controlled	 trials
supporting	this	notion	are	lacking	at	this	time.

Early	 observations	 suggested	 that	 anti-programmed	 cell	 death	 protein	 1	 (PD-1)–based	 therapies	may	have	 a
better	response	rate	in	smokers.89	A	2015	review	of	studies	supported	that	former	or	currently	smoking	patients
had	 a	 higher	 overall	 response	 rate	 to	 PD-1	 or	 programmed	 cell	 death	 protein	 ligand	 1	 (PD-L1)	 therapies	 as
compared	with	never	 smokers.90	 In	 a	 study	of	114	KRAS-mutated	 lung	 cancer	 patients,	 PD-L1	 expression	was
higher	 in	 current	 smokers	 (44%)	 as	 compared	with	 former	 smokers	 (20%)	 and	never	 smokers	 (13%,	P	=	 .03),
suggesting	PDL1	expression	may	be	affected	by	active	exposure	to	cigarette	smoke.91	Data	are	increasingly	well
established	 that	 the	 benefits	 of	 PD-1-	 or	 PD-L1–based	 therapies	 are	 related	 to	 higher	 mutational	 burden	 and
molecular	signatures	from	smoking.92	These	data	are	increasingly	exciting	because	immunotherapy	may	represent
the	first	targeted	approach	to	improve	therapeutic	response	and	outcomes	in	cancer	patients	who	smoke.



Summarizing	the	Clinical	Effects	of	Smoking	and	Cessation	in	Cancer	Patients
There	are	three	important	conclusions,	and	a	fourth	implied	conclusion,	based	on	the	evidence	presented	earlier:

1.	 One	or	more	adverse	effects	of	smoking	affect	all	cancer	disease	sites	and	cancer	treatment	modalities.
2.	 The	effects	of	current	smoking	are	distinct	from	an	ever	or	former	smoking	history.
3.	 Several	lines	of	evidence	demonstrate	that	many	of	the	effects	of	smoking	are	reversible,	supporting	the

benefit	of	smoking	cessation	to	improve	cancer	treatment	outcomes.

Although	 substantial	 data	 demonstrate	 that	 smoking	 by	 cancer	 patients	 increases	 the	 risk	 for	 one	 or	 more
adverse	outcomes,	the	largest	limitations	are	the	lack	of	standard	tobacco	use	definitions,	failure	to	assess	tobacco
use	in	cancer	patients	at	follow-up,	lack	of	structured	tobacco	cessation	for	cancer	patients,	and	misrepresentation
of	 smoking	 status	 by	 cancer	 patients.23–29	Marin	 et	 al.93	 exemplify	 the	 importance	 of	 accurate	 assessment	 by
demonstrating	that	among	patients	who	self-reported	their	smoking	status,	there	was	no	significant	risk	associated
with	 surgical	 complications;	 however,	 with	 biochemical	 confirmation	 of	 smoking	 status,	 the	 significant
relationship	 between	 smoking	 and	 an	 increased	 risk	 of	 surgical	 wound	 complications	 was	 evident.	 Given	 the
discrepancy	between	self-reported	versus	biochemically	confirmed	assessments,	the	fourth	implied	conclusion	is
that	the	adverse	effects	of	smoking	and	the	benefits	of	cessation	may	be	more	pronounced	than	currently	reported
in	the	literature.

ADDRESSING	TOBACCO	USE	BY	THE	CANCER	PATIENT
Professional	 societies	 are	 taking	 leadership	 roles	 in	 recognizing	 the	 need	 to	 assess	 patients’	 tobacco	 use	 and
examine	 the	effects	of	 tobacco	use	 in	medical	 treatment,	 including	 the	 important	 role	of	 tobacco	cessation	and
general	policy	statements	addressing	tobacco	use	in	cancer	patients	detailing	that	clinicians	have	a	responsibility
to	 address	 tobacco	 use,	 that	 all	 patients	 should	 be	 screened,	 that	 all	 patients	 who	 use	 tobacco	 should	 receive
evidence-based	 tobacco	 cessation	 support,	 and	 that	 tobacco	 use	 should	 be	 included	 in	 clinical	 practice	 and
research.2	 In	 2016,	 the	 National	 Cancer	 Institute	 (NCI)	 partnered	 with	 AACR	 to	 release	 recommendations	 to
include	structured	tobacco	use	assessments	for	cancer	patients	enrolled	on	clinical	trials,	emphasizing	the	need	to
address	 tobacco	 use	 not	 only	 in	 clinical	 practice	 but	 also	 in	 clinical	 trials	 design.24,25	 These	 recommendations
provide	clear	guidance	on	how	to	address	tobacco	use	in	the	general	population	as	well	as	in	cancer	patients.

In	2015,	the	NCCN	released	guidelines	for	smoking	cessation	for	all	cancer	patients.94	The	broad	framework
for	 intervention	consists	of	evaluating	 smoking	 status	and	performing	a	more	 thorough	 tobacco	use	assessment
including	nicotine	dependence	and	history	of	quit	attempts	for	patients	who	report	using	tobacco	within	the	past
30	days.	Currently,	guidelines	divide	patients	into	those	ready	to	quit	within	the	next	4	weeks	versus	those	who
are	not	 ready	 to	quit.	The	overarching	goal	 is	 to	emphasize	quitting	smoking	as	 soon	as	possible	using	proven
methods	 of	 behavioral	 therapy	 and	 cessation	medications.	 In	 patients	who	 are	 not	 ready	 to	 quit,	 the	 goal	 is	 to
reduce	 tobacco	use	 immediately	with	 the	objective	of	 setting	a	quit	 date.	For	patients	who	do	not	 report	 using
tobacco	within	the	past	30	days,	risk	for	relapse	should	be	evaluated,	with	an	emphasis	on	preventing	relapse	with
behavioral	therapy	and	pharmacotherapy.

Over	 the	 past	 5	 years,	 the	 2014	SGR	 and	 development	 of	NCCN	guidelines	 for	 addressing	 tobacco	 use	 by
cancer	patients	 represent	 landmark	activities.	The	SGR	provides	unequivocal	evidence	of	 the	adverse	effects	of
tobacco,	 and	 the	 NCCN	 guidelines	 provide	 the	 cohesive	 clinical	 support	 to	 address	 tobacco	 use	 in	 all	 cancer
patients.	Clinicians	can	rely	on	these	documents	and	guidelines	to	facilitate	development	of	structured	cessation
treatments	for	cancer	patients.

Smoking	Cessation	Guidelines
Overall,	 the	 approach	 to	 tobacco	cessation	 for	 the	 cancer	patient	 is	 very	 similar	 to	 the	 approach	 in	 the	general
population.	However,	there	are	a	few	specific	details	that	are	important	to	consider	when	approaching	the	cancer
patient	who	smokes.2,3,8,10,23,95–99	It	is	important	to	recognize	that	virtually	all	newly	diagnosed	cancer	patients	are
faced	with	 a	 life-changing	diagnosis	 that	will	 require	 intensive	 treatment	 approaches.	Treatments,	 toxicity,	 and
survival	 outcomes	 differ	 according	 to	 disease	 site	 and	 treatment	modality.	Whereas	 some	 cancer	 patients	may
have	a	curable	cancer,	others	may	have	incurable	cancer.	Smoking	in	cancer	patients	is	also	often	associated	with
comorbid	psychiatric	diseases	 such	as	depression	 that	may	affect	dependence.	The	urgency	of	cessation	 is	also
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important	to	consider.	If	smoking	decreases	the	efficacy	of	cancer	treatment,	then	every	effort	should	be	made	to
stop	 tobacco	 use	 as	 soon	 as	 possible	 rather	 than	 choosing	 a	 quit	 date	 several	weeks	 or	months	 after	 a	 cancer
diagnosis.	Patients	may	also	be	burdened	with	a	“stigma”	associated	with	certain	tobacco-related	cancers	where
they	may	be	viewed	by	others,	or	themselves,	as	causing	their	cancer	due	to	tobacco	use.	As	a	result,	the	rationale
and	motivation	for	quitting	 tobacco	use	 likely	differ	among	cancer	patients,	but	 there	 is	a	consistent	 theme	that
exists:	 (1)	All	patients	should	be	asked	about	 tobacco	use	with	structured	assessments;	 (2)	all	patients	who	use
tobacco	or	are	at	risk	for	relapse	should	be	offered	evidence-based	cessation	support;	and	(3)	tobacco	assessment
and	cessation	support	should	occur	at	the	time	of	diagnosis,	during	treatment,	and	during	follow-up	for	all	cancer
patients.

Evidence-based	 treatment	 of	 tobacco	 use	 is	 fundamentally	 supported	 by	 Public	 Health	 Service	 (PHS)
Guidelines	 and	 NCCN	 Smoking	 Cessation	 Guidelines.94,100	 The	 basic	 recommendation	 states	 that	 clinicians
should	 consistently	 identify,	 document,	 and	 treat	 every	 tobacco	 user	 seen	 in	 a	 health-care	 setting.	 Although
cessation	support	may	range	from	brief	 to	 intensive	 intervention,	 it	 is	 important	 to	note	 that	consistent	repeated
cessation	support	and	even	brief	counseling	are	effective	methods	to	assist	patients	with	stopping	tobacco	use.	It	is
also	noteworthy	that	physician-delivered	interventions	significantly	increase	long-term	abstinence	rates.	Included
are	 newer	 effective	 medication	 options	 and	 strong	 support	 for	 counseling	 and	 use	 of	 quitlines	 as	 effective
intervention	strategies.	As	described	in	the	PHS	Guidelines,	 the	principal	steps	in	conducting	effective	smoking
cessation	interventions	are	referred	to	as	the	5	A’s	(Fig.	33.1):

1.	 Ask	about	tobacco	use	for	every	patient.
2.	 Advise	every	tobacco	user	to	quit.
3.	 Assess	the	willingness	of	patients	to	quit.
4.	 Assist	patients	with	quitting	through	counseling	and	pharmacotherapy.
5.	 Arrange	follow-up	cessation	support,	preferably	within	the	first	week	after	the	quit	date.

There	is	a	strong	evidence	base	for	these	interventions	as	documented	in	the	clinical	practice	guideline.100
A	 common	 alternative	 to	 the	 5	 A’s	model	 is	 the	 Ask-Advise-Refer	 (AAR)	 or	 Ask-Advise-Connect	 (AAC)

model	(see	Fig.	33.1).	The	fundamental	difference	is	that	patients	are	still	asked	about	tobacco	use	and	advised	to
quit	 by	 clinicians,	 but	 patients	 are	 then	 either	 referred	 to	 dedicated	 tobacco	 cessation	 resources	 or	 connected
directly	to	the	tobacco	cessation	service.	This	method	has	been	highly	effective	in	reaching	patients	and	in	patients
accepting	cessation	support.37	Facilitating	connection	to	dedicated	tobacco	treatment	resources	can	reduce	strain
on	 existing	 clinical	 oncology	 services	 as	 well	 as	 increase	 emphasis	 on	 the	 importance	 and	 focus	 of	 quitting
smoking	without	being	deemphasized	by	discussions	of	other	important	aspects	of	cancer	care.95–99



Figure	33.1	Incorporating	the	5	A’s,	Ask-Advise-Refer	(AAR),	or	Ask-Advise-Connect	(AAC)
into	clinical	cancer	care.	The	5A’s	model	(blue	shading)	is	typically	delivered	by	the	provider,

whereas	the	AAR	or	AAC	model	(yellow	shading)	is	delivered	using	dedicated	tobacco	treatment
program	resources	such	as	an	institutional	program	or	state	quitlines.	Common	elements	associated
with	tobacco	use	assessments	and	advice	are	shaded	in	gray.	All	patients	who	report	current	tobacco
use	should	be	advised	to	quit	and	offered	cessation	support	at	any	time	during	cancer	treatment	or

follow-up.

Implementing	Smoking	Cessation	into	Clinical	Practice
An	algorithm	is	provided	to	guide	clinicians	in	implementing	the	5	A’s,	AAR,	or	AAC	models	into	clinical	cancer
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care	(see	Fig.	33.1).2,37,94–100	Included	in	the	algorithm	are	questions	that	are	useful	to	accurately	assess	tobacco
use	by	cancer	patients	where	patients	can	generally	be	divided	into	current,	former,	or	never	smokers.	The	first
step	(ask)	is	to	inquire	about	and	document	tobacco	use	behaviors	for	every	patient	at	repeated	visits,	 including
follow-up	visits.	Whereas	a	more	comprehensive	evaluation	is	necessary	at	first	consult,	only	updates	to	current
tobacco	 use	 are	 needed	 at	 follow-up.	 Including	 smoking	 status	 assessments	 as	 a	 “vital	 sign”	 for	 all	 patients
significantly	increases	the	identification	and	treatment	of	patients.101	Tobacco-use	status	stickers	on	paper	charts
or	 an	 automated	 reminder	 system	 for	 electronic	 records	 can	 increase	 compliance	 with	 tobacco
assessments.23,36,37,95–99	With	 the	 recent	 “Meaningful	Use”	 standards	 that	were	 implemented	 in	 2011,	 hospitals
using	 an	 electronic	medical	 record	 (EMR)	 are	 essentially	 required	 to	 document	 tobacco	use.102	A	 recent	 study
used	the	EMR	to	implement	mandatory	tobacco	assessments	in	cancer	patients	and	demonstrated	that	just	a	few
questions	 at	 initial	 evaluation	 and	 follow-up	 could	 yield	 high	 referral	 and	 that	 less	 than	 1%	 of	 referrals	 were
delayed	when	 assessments	were	 repeated	 on	 a	monthly	 basis	 rather	 than	 at	 every	 clinic	 visit.37	These	 findings
reduce	 the	 clinical	 burden	 and	 patient	 fatigue	 associated	with	 repeated	 assessments	 as	 frequently	 as	 every	 day
such	as	in	patients	who	are	treated	with	daily	RT	or	CT.

At	the	time	of	this	writing,	there	were	no	national	guidelines	for	implementation	of	specific	questions	to	assess
tobacco	use	for	clinical	cancer	patients,	but	recent	papers	from	AACR	and	NCI	have	provided	questions	that	were
cognitively	tested	and	useful	in	clinical	settings.24,25	Figure	33.1	provides	useful	structured	questions	for	assessing
tobacco	use	in	cancer	patients	that	facilitate	identification	of	current,	former,	and	never	smokers.	Patients	who	use
tobacco	within	 the	 past	 30	 days	 should	 have	 structured	 support	 to	 quit	 tobacco	 use,	maintain	 abstinence,	 and
prevent	 relapse.	 Although	 not	 explicitly	 stated	 by	 any	 specific	 guidelines,	 asking	 about	 tobacco	 use	 in	 family
members	of	cancer	patients	may	also	be	important	because	family	members	often	support	cancer	patients	during
and	 following	 treatment,	 and	 continued	 smoking	 by	 family	 members	 can	 make	 quitting	 much	 more
difficult.2,95–100
Advising	 is	 the	 second	 step	 in	 promoting	 effective	 tobacco	 cessation	 and	 involves	 giving	 clear,	 strong,	 and

personalized	 advice	 to	 stop	 tobacco	 use.2,3,8,10,23,94–100	 This	 advice	 should	 include	 the	 importance	 of	 quitting
smoking	 such	 as	 explicit	 information	 on	 the	 risks	 of	 continued	 smoking	 and	 benefits	 of	 cessation	 for	 cancer
treatment	outcomes	and	overall	health	regardless	of	cancer	diagnosis.	Advising	should	also	include	a	discussion	of
how	it	is	not	“too	late”	to	quit	and	will	in	fact	benefit	the	patient’s	cancer	treatment	efficacy	and	cancer	prognosis.
Many	of	the	benefits	of	cessation	were	described	previously	for	mortality,	recurrence,	toxicity,	and	quality	of	life.
Clinicians	must	 be	 particularly	 sensitive	 to	 avoid	 contributing	 to	 any	 perceived	 blame	 for	 the	 patient’s	 illness.
Clinicians	must	remember	that	most	patients	started	smoking	in	adolescence	and	did	not	completely	understand
the	risks	associated	with	tobacco	use.	At	the	same	time,	the	severe	addiction	associated	with	chronic	tobacco	use
makes	it	difficult	to	stop.	Given	the	particularly	high	costs	associated	with	cancer	treatment	overall,	patients	can
also	consider	the	cost	savings	of	stopping	a	smoking	habit.

After	 advising,	 clinicians	 can	 then	 refer	 or	 connect	 a	 patient	 to	 treatment	 and	 assess	 dependence	 and
willingness	 to	quit.2,3,8,10,23,94–100	Asking	“How	soon	after	waking	do	you	smoke	your	 first	 cigarette?”	assesses
nicotine	dependence,	with	high	dependence	associated	with	a	shorter	interval	between	waking	and	first	cigarette.
Nicotine	 dependence	 is	 predictive	 of	 smoking	 cessation	 outcomes	 and	 can	 be	 used	 as	 a	 good	 indicator	 of	 the
intensity	 of	 cessation	 treatment	 needed	 such	 as	 the	 need	 for	 pharmacotherapy.	 Determining	 the	 patient’s
motivation	and	interest	in	quitting	is	a	critical	parameter	that	influences	the	types	of	intervention	strategies	to	be
employed.	Unique	intervention	messages	and	strategies	are	needed	to	optimally	promote	smoking	cessation	based
on	a	patient’s	readiness	to	quit	smoking.	In	the	general	population,	recommendations	encourage	that	clinicians	set
a	 target	quit	date	within	30	days.	However,	 for	cancer	patients,	clinicians	must	consider	an	urgent	need	to	stop
smoking	 immediately.	 If	 patients	 are	 unable	 to	 quit	 immediately,	 then	 patients	 should	 be	 encouraged	 to
immediately	reduce	tobacco	use	and	set	a	quit	date	as	soon	as	possible	based	on	the	common	need	to	start	cancer
treatment	in	the	immediate	future.

“Assisting”	 patients	with	 smoking	 cessation	 involves	 clinicians	 helping	 the	 patient	 design	 and	 implement	 a
specific	quit	plan	or	broadly	enhancing	the	motivation	to	quit	tobacco.2,3,8,10,23,94–100	Promoting	an	effective	quit
strategy	 for	 cancer	 patients	 should	 consist	 of	 (1)	 setting	 a	 quit	 date	 (immediately	 or	 as	 soon	 as	 possible),	 (2)
removing	 all	 tobacco-related	 products	 from	 the	 environment	 (e.g.,	 cigarettes,	 ashtrays,	 lighters),	 (3)	 requesting
support	from	family	and	friends,	(4)	discussing	challenges	to	the	quit	attempt,	and	(5)	discussing	or	prescribing
pharmacotherapy	where	appropriate.	Patients	should	also	be	provided	information	on	cessation	support	services.
In	the	cancer	setting,	patients	can	also	be	informed	that	smoking	cessation	is	a	critical	component	of	cancer	care
over	which	they	have	complete	control,	 thereby	empowering	patients	 to	have	personal	control	over	 their	cancer
care.



Patients	 who	 are	 unwilling	 to	 quit	 should	 continue	 to	 receive	 repeated	 assessments	 and	 counseling	 to	 help
motivate	them	to	quit	smoking.2,3,8,10,23,94–100	These	patients	should	be	encouraged	to	make	immediate	reductions
in	 tobacco	 use	 and	 work	 toward	 abstinence	 as	 soon	 as	 possible.	 Clinician	 education,	 reassurance,	 and	 gentle
encouragement	can	help	them	to	consider	changing	their	smoking	behaviors.	Specific	strategies	include	discussing
the	personal	relevance	of	smoking	and	benefits	to	cessation,	providing	support	and	acknowledging	the	difficulty
of	 quitting,	 educating	 patients	 about	 the	 positive	 consequences	 of	 quitting	 smoking,	 and	 discussing	 available
pharmacologic	methods	to	assist	quitting.	Emphasis	should	be	placed	on	patient	autonomy	to	quit.	Motivational
strategies	 for	 patients	 unwilling	 to	 quit	 can	 be	 employed	 (e.g.,	 asking	 open-ended	 questions,	 providing
affirmations,	 reflective	 listening,	 and	 summarizing).	 Table	 33.1	 provides	 suggested	methods	 to	 help	 clinicians
promote	tobacco	cessation.

The	final	step	in	the	5	A’s	model	of	clinician-delivered	smoking	cessation	intervention	is	arranging	follow-up
contact	with	the	patient.2,3,8,10,23,94–100	Ideally,	cancer	patients	will	follow	an	immediate	quit	strategy,	and	follow-
up	should	occur	preferably	within	1	to	2	weeks.	However,	short-term	follow-up	may	also	benefit	patients	who	are
reluctant	 to	 quit	 smoking.	 Some	 patients	 may	 require	 more	 support	 and	 closer	 follow-up.	 The	 clinician	 must
remember	that	a	new	cancer	diagnosis	is	stressful	and	patients	may	rely	on	continued	smoking	to	relieve	stress,
but	 after	 absorbing	 the	 psychological	 effects	 of	 a	 new	 cancer	 diagnosis,	 patients	 may	 be	 more	 receptive	 to
smoking	 cessation.	 During	 follow-up,	 clinicians	 should	 congratulate	 patients	 on	 successful	 cessation	 efforts,
discuss	 accomplishments	 and	 setbacks,	 and	 assess	 pharmacotherapy	 use	 and	 problems.	 Patients	 should	 not	 be
criticized	 for	 returning	 to	 smoking;	 rather,	 it	 is	 critical	 to	 create	 a	 supportive	 environment	 for	 patients	 to
communicate	progress,	failure,	and	personal	needs.	Framing	relapses	as	a	learning	experience	can	be	helpful,	and
patients	 should	 be	 encouraged	 to	 set	 another	 quit	 date.	 Referrals	 to	 a	 psychologist	 or	 professionally	 trained
smoking	 cessation	 counselor	 should	 be	 considered	 for	 patients	 with	 numerous	 unsuccessful	 quit	 attempts,
comorbid	depression,	anxiety,	additional	substance	abuse	disorders,	or	inadequate	social	support.

TABLE	33.1
Select	Treatment	Strategies	Used	for	Tobacco	Cessation	Treatments

Provide	and	monitor	the	use	of	nicotine	replacement	or	other	pharmacotherapy.

Provide	education	regarding	the	health	effects	of	tobacco	use	and	its	addictive	and	relapsing	nature.

Identify	and	change	environmental	and	psychological	cues	for	tobacco	use.

Generate	alternative	behaviors	for	tobacco	use.

Assist	in	optimization	of	social	support	for	cessation	efforts	and	address	tobacco	use	in	family	members.

Prevent	relapse	including	the	identification	of	future	high-risk	situations	and	plans	for	specific	behaviors	in
those	situations.

Provide	motivational	interventions	as	needed	throughout	treatment.

Identify	relaxation	techniques	such	as	guided	imagery	and	progressive	muscle	relaxation.

Provide	behavioral	strategies	to	address	depressed	mood	(e.g.,	increasing	pleasurable	activities).

Provide	crisis	intervention	including	appropriate	referrals	and	emergency	intervention	if	indicated.

Recognize	and	congratulate	patients	on	success	to	reduce	and/or	quit	smoking.
Clinicians	who	are	not	well	versed	in	tobacco	cessation	should	realize	that	smoking	is	an	extremely	difficult

addiction	 to	 overcome	 and	 recognize	 the	 clinical	 pattern	 associated	 with	 cessation.	 As	 patients	 stop	 smoking,
many	 will	 experience	 symptoms	 of	 withdrawal	 including	 dry	 or	 sore	 throat,	 constipation,	 cravings	 to	 smoke,
irritability,	anxiety,	 trouble	concentrating,	 restlessness,	 increased	appetite,	depression,	and	 insomnia.	 In	 the	 first
few	weeks,	patients	may	also	report	an	increase	in	mucous	secretions	from	the	airways,	a	cough,	and	other	upper
respiratory	tract	symptoms.	Patients	and	clinicians	should	realize	that	tobacco	cessation	requires	a	concerted	effort
and	may	 require	 repeated	 attempts	 and	 that	 symptoms	will	 not	 resolve	 immediately.	Clinicians	 should	 counsel
patients	on	a	repeated	basis,	recognize	success,	and	provided	repeated	assistance	if	patients	relapse.

Pharmacologic	Treatment	for	Smoking	Cessation
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The	 use	 of	 pharmacotherapy	 to	 help	 patients	 quit	 smoking	 is	 based	 on	 reducing	 the	 craving	 associated	 with
nicotine	withdrawal	and	significantly	increases	cessation	success.2,3,8,10,23,94–100,103	NRT	(in	the	form	of	patches,
lozenges,	 inhalers,	sprays,	and	gum),	varenicline	(Chantix),	and	bupropion	(Zyban)	are	 the	 three	principal	 first-
line	pharmacotherapies	recommended	for	use	either	alone	or	in	combination	according	to	PHS	Guidelines.	Table
33.2	 presents	 information	 on	 these	 first-line	 agents.	 The	 clinical	 practice	 guideline	 also	 identifies	 two	 non–
nicotine-based	 medications—clonidine	 and	 nortriptyline—as	 second-line	 pharmacotherapies	 for	 tobacco
dependence	typically	used	when	a	smoker	cannot	use	first-line	medications	due	to	either	contraindications	or	lack
of	effectiveness.

Nicotine	 is	 the	 primary	 addictive	 substance	 in	 tobacco,	 and	NRT	 facilitates	 smoking	 cessation	 by	 reducing
craving	 and	 withdrawal	 that	 smokers	 experience	 during	 abstinence.	 NRT	 also	 weans	 smokers	 off	 nicotine	 by
providing	a	lower	level	and	slower	infusion	of	nicotine	than	smoking.	Strong	evidence	from	randomized	clinical
trials	support	the	use	of	NRT	to	increase	the	odds	of	quitting	approximately	two-fold	as	compared	with	placebo.
Recent	evidence	further	shows	that	combination	therapy,	or	“dual	NRT”	(such	as	a	nicotine	patch	and	lozenge),	is
a	 very	 effective	 smoking	 cessation	 therapy	 producing	 high	 quit	 rates.104	 Preclinical	 data	 suggest	 that	 although
activation	 of	 the	 nicotinic	 acetylcholine	 receptor	 (nAChR)	 using	 high	 doses	 of	 nicotine	 promotes	 tumor
development	 in	 preclinical	 evaluations,105	 the	 negative	 aspects	 of	 smoking	 outweigh	 these	 concerns.1,2,95,98
Furthermore,	there	are	no	clinical	trials	reporting	negative	clinical	outcomes	for	NRT	in	cancer	patients	related	to
mortality	 or	 recurrence.	 NRT	 use	 is	 not	 associated	 with	 an	 increased	 risk	 of	 carcinogenesis	 in	 the	 general
population	and	should	be	used	as	an	evidence-based	method	to	help	cancer	patients	stop	smoking.

TABLE	33.2
First-Line	Pharmacotherapy	Agents	for	Treatment	of	Nicotine	Dependence

Agent Dose Mechanism Use

Nicotine	Replacement

Transdermal
(patches)

16	h	or	24	h
7,	14,	or	21	mg
1	patch/d

Steady-state	NRT	to	reduce
craving	and	withdrawal

6–10	CPD:	14	mg	daily	×	8
wk,	then	7	mg	daily	×	2	wk
>10	CPD:	21	mg	daily	×	6	wk,
then	14	mg	×	2	wk,	then	7	mg
×	2	wk

Gum 2	or	4	mg
Max:	24	pieces/d

Short-term	NRT	to	reduce
craving	and	withdrawal

First	cigarette	>30	min	after
waking:	2	mg	PO	every	1–2	h
First	cigarette	<30	min	after
waking:	4	mg	PO	every	1–2	h

Lozenge 2	or	4	mg
Max:	20	lozenges/d

Short-term	NRT	to	reduce
craving	and	withdrawal

First	cigarette	>30	min	after
waking:	2	mg	PO	every	1–2	h
First	cigarette	<30	min	after
waking:	4	mg	PO	every	1–2	h

Nasal	spray 0.5	mg/spray
Max:10	sprays/h	or
80	sprays/d

Short-term	NRT	to	reduce
craving	and	withdrawal

1	spray/nostril	every	1–5	h

Inhaler 4	mg/cartridge
Max:	16
cartridges/d

Short-term	NRT	to	reduce
craving	and	withdrawal

1	cartridge	inhaled	over	20
min	every	1.5–6	h

Bupropion	(Zyban) 150	mg Blocks	nicotinic	receptors	and
reduces	reward

1	tablet	daily	×	3	d,	then	1
tablet	twice	daily	for	7–12	wk

Varenicline
(Chantix)

0.5	or	1	mg Dopaminergic	reward	and
partial	nicotinic	receptor
antagonist

0.5	mg	daily	×	3	d,	then	0.5
mg	twice	daily	×	3	d,	then	1
mg	twice	daily

NRT,	nicotine	replacement	therapy;	CPD,	cigarettes	per	day;	PO,	oral.

Bupropion	(Zyban)	is	currently	the	only	FDA-approved	antidepressant	for	the	treatment	of	tobacco	dependence



that	inhibits	the	reuptake	of	both	dopamine	and	norepinephrine,	thereby	increasing	dopamine	and	norepinephrine
concentrations	 in	 the	mesolimbic	 systems.1,2,103	 Bupropion	 also	 antagonizes	 the	 nAChR,	 thereby	 lowering	 the
rewarding	effects	of	nicotine.	Should	an	abstinent	smoker	relapse,	bupropion	may	function	to	reduce	the	pleasure
of	cigarette	smoking	experienced	by	the	smoker	and	help	to	prevent	further	relapse.	A	meta-analysis	found	that
smokers	who	received	bupropion	were	twice	as	likely	as	those	who	received	placebo	to	have	achieved	long-term
abstinence	at	either	6-	or	12-month	follow-up.106	Importantly,	there	are	situations	where	bupropion	may	interact
with	drug	metabolism	because	bupropion	is	a	cytochrome	P450	(CYP)	2D6	inhibitor	that	may	affect	certain	drugs
affected	by	CYP2D6	activity,	such	as	tamoxifen.107

Varenicline	 (Chantix)	 is	 an	 α4β2	 nAChR	 partial	 agonist	 that	 produces	 sustained	 dopamine	 release	 in	 the
mesolimbic	 system	 that	 received	 FDA	 approval	 for	 treating	 tobacco	 dependence	 in	 2006.1,2,103	 Sustained
dopamine	release	maintains	a	normal	systemic	 level	of	 the	neurotransmitter,	which	helps	 to	reduce	craving	and
withdrawal	during	abstinence.	Varenicline	also	antagonizes	the	rewarding	effects	of	nicotine.	Because	varenicline
attenuates	the	pleasure	smokers	experience	from	smoking,	it	may	decrease	motivation	to	smoke	and	protect	them
from	relapse.	One	of	the	initially	randomized	clinical	trials	that	compared	varenicline	(2	mg),	bupropion	(300	mg),
and	placebo	showed	that	varenicline	was	superior	 to	bupropion	and	placebo	with	overall	continuous	abstinence
rates	between	10%	and	23%.108	A	meta-analysis	demonstrated	 that	 the	1-mg	daily	dose	approximately	doubled
and	the	2-mg	daily	dose	approximately	tripled	the	likelihood	of	long-term	abstinence	at	6	months	as	compared	to
placebo.100	As	 a	 result,	 the	 1-mg	 daily	 dose	 can	 be	 considered	 as	 an	 alternative	 should	 the	 patient	 experience
significant	dose-related	side	effects.	Several	meta-analyses	have	shown	that	varenicline	is	superior	to	bupropion
and	placebo	in	the	general	population.2,100	Furthermore,	recent	findings	from	a	randomized,	double-blind,	triple-
dummy,	 placebo-controlled	 and	 active-controlled	 study	 (Evaluating	 Adverse	 Events	 in	 a	 Global	 Smoking
Cessation	 Study	 [EAGLES])	 demonstrated	 that	 use	 of	 varenicline	 or	 bupropion	 does	 not	 increase	 the	 risk	 of
moderate-to-severe	 neuropsychiatric	 adverse	 events	 in	 smokers	with	 or	without	 stable	 psychiatric	 disorders.109
Varenicline	produced	higher	abstinence	rates	in	both	the	nonpsychiatric	and	psychiatric	cohorts	when	compared	to
bupropion	 and	nicotine	patch.	Given	 the	 findings	 from	 the	EAGLES	 study,	 the	FDA	approved	 removal	 of	 the
boxed	warning	on	varenicline	and	bupropion	regarding	neuropsychiatric	events.	Varenicline	should	be	considered
a	viable	cessation	pharmacotherapy	for	cancer	patients.

Empirically	Tested	Cessation	Interventions	in	Cancer	Patients
The	potential	importance	of	addressing	smoking	combined	with	considering	comorbid	disease	has	been	noted	and
discussed	 by	 the	 Society	 for	 Research	 on	 Nicotine	 and	 Tobacco	 (SRNT).96	 Overall,	 comorbidity	 is	 often	 not
considered	when	 addressing	 tobacco	 use,	 and	most	 patients	with	 comorbid	medical	 conditions	 are	 not	 offered
smoking	cessation	support.	The	overwhelming	majority	of	cessation	research	has	been	performed	in	the	general
population,	but	there	are	several	studies	that	have	been	conducted	with	cancer	patients.	Gritz	et	al.110	conducted
the	 first	 physician-	 or	 dentist-delivered	 randomized	 cessation	 intervention	 comparison	 in	 186	 newly	 diagnosed
head	and	neck	cancer	patients.	Patients	were	treated	with	either	minimal	advice	or	an	enhanced	intervention	with
trained	clinicians	consisting	of	strong	personalized	advice	to	stop	smoking,	a	contracted	quit	date,	tailored	written
materials,	 and	booster	 advice	 sessions.	No	 significant	 differences	were	 found	between	 treatments,	 but	 a	 70.2%
continuous	 abstinence	 rate	was	 found	at	 12-month	 follow-up	 regardless	of	 treatment	 condition,	 suggesting	 that
many	 cancer	 patients	 can	 benefit	 from	 brief	 physician-delivered	 advice.	 A	 later	 study	 by	 Schnoll	 et	 al.111
comparing	cognitive-behavioral	treatment	with	standardized	health	education	advice	also	failed	to	find	significant
differences	 in	quit	 rates.	All	patients	 received	NRT,	and	quit	 rates	 in	both	groups	approached	50%	at	1-month
follow-up	and	40%	at	3-month	follow-up.

In	a	randomized	trial	of	432	cancer	patients	coordinated	by	the	Eastern	Cooperative	Oncology	Group	(ECOG)
assigning	patients	to	either	a	physician-delivered	intervention	(composed	of	cessation	advice,	optional	NRT,	and
written	 materials)	 or	 usual	 care	 (unstructured	 advice	 from	 physicians),	 there	 were	 no	 significant	 intervention
effects	and	generally	low	abstinence	rates	(12%	to	15%	at	6	to	12	months).112	However,	patients	with	head	and
neck	or	 lung	cancer	were	significantly	more	 likely	 to	have	quit	smoking	compared	 to	patients	with	 tumors	 that
were	not	smoking	related.	Analyses	of	outcomes	from	the	Mayo	Clinic	Nicotine	Dependence	Center	found	that
although	lung	cancer	patients	were	more	likely	to	achieve	6-month	tobacco	abstinence	than	controls	(22%	versus
14%),	 no	 significant	 differences	were	 observed	 after	 adjusting	 for	 covariates.113	Garces	 et	 al.114	 also	 found	 no
significant	differences	in	abstinence	rates	between	head	and	neck	cancer	patients	and	controls	(33%	versus	26%).
However,	higher	abstinence	 rates	were	 found	 for	both	head	and	neck	and	 lung	cancer	patients	 treated	within	3
months	 of	 diagnosis	 compared	 to	 those	 treated	more	 than	 3	months	 after	 diagnosis,	 emphasizing	 the	 potential
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importance	of	the	“teachable	moment”	at	the	time	of	cancer	diagnosis.	In	a	randomized	trial	of	246	cancer	patients
treated	with	9	weeks	of	NRT	with	or	without	bupropion,	there	was	no	significant	difference	with	the	addition	of
bupropion	 to	 NRT,	 but	 in	 patients	 with	 depressive	 symptoms,	 bupropion	 increased	 abstinence	 rates,	 lowered
withdrawal,	and	improved	quality	of	life.115

Several	studies	demonstrate	the	benefit	of	counseling	over	self-help.	Emmons	et	al.116	conducted	a	randomized
controlled	 trial	 in	 796	 young	 adult	 survivors	 of	 pediatric	 cancer	 that	 included	 six	 calls,	 tailored	 and	 targeted
written	materials,	and	optional	NRT	as	compared	with	self-help.	Significantly	higher	quit	rates	were	found	in	the
counseling	group	compared	to	the	self-help	group	at	all	reported	follow-up	time	points,	including	12	months	(15%
versus	 9%;	P	 <	 .01).	 A	 recent	 review	 in	 head	 or	 neck	 cancer	 patients	 concluded	 that	 patients	 who	 received
smoking	cessation	support	had	higher	quit	rates	than	patients	who	received	usual	care.117	Another	review	of	13
prospective	 trials,	 including	 10	 randomized	 trials,	 evaluated	 the	 utility	 of	 structured	 tobacco	 cessation
interventions	 with	 counseling	 and	 pharmacotherapy.118	 Collectively,	 authors	 estimated	 that	 smoking	 cessation
interventions	trended	toward	improved	short-term	quit	rates	(odds	ratio	[OR],	1.54;	95%	CI,	0.91	to	2.64)	but	had
a	 lower	 trending	 effect	 on	 long-term	 quit	 rates	 (OR,	 1.31;	 95%	 CI,	 0.93	 to	 1.84).	 In	 contrast,	 the	 benefit	 of
cessation	was	significant	in	the	perioperative	period	(OR,	2.31;	95%	CI,	1.32	to	4.07).

Overall,	 to	 date,	 many	 smoking	 cessation	 trials	 with	 cancer	 patients	 have	 not	 demonstrated	 significant
treatment	effects.	However,	many	trials	have	only	included	a	small	minority	of	cancer	patients	who	smoke.	There
can	 be	 difficulty	 recruiting	 cancer	 participants	 who	 smoke	 to	 cessation	 trials	 including	 considerations	 for	 the
importance	of	medical	 comorbidity	 in	guiding	 smoking	 cessation	 treatment,	 patient	mix	 (multiple	 tumor	 sites),
treatment	 status	 (awaiting	 treatment	 to	 completed	 treatment),	 variation	 in	 stage	 of	 disease,	 and	 considering
psychiatric	 conditions	 such	 as	 depression.2,95–99	 Significant	 work	 is	 needed	 to	 evaluate	 the	 effectiveness	 of
structured	cessation	interventions	offered	to	all	patients.

Improving	Tobacco	Assessment	and	Cessation	Support	by	Oncologists
Access	to	cessation	support	is	critical	to	address	tobacco	use	by	cancer	patients.	A	survey	of	58	NCI-designated
cancer	centers	indicated	that	about	80%	reported	a	tobacco	use	program	available	to	their	patients	and	about	60%
routinely	offered	educational	materials,	but	less	than	50%	had	a	designated	individual	who	provided	services.119	A
recent	survey	of	over	1,500	members	of	 the	IASLC34	and	a	parallel	study	 in	1,197	ASCO	members35	observed
that	approximately	90%	of	physicians	believe	that	tobacco	affects	outcomes	and	that	tobacco	cessation	should	be
a	standard	part	of	cancer	care,	and	approximately	80%	regularly	advise	patients	to	stop	using	tobacco,	but	only
approximately	 40%	 discuss	medications	 or	 assist	 with	 quitting.	 Key	 predictive	 barriers	 to	 providing	 cessation
support	were	a	lack	of	education,	time,	and	resources.120	Data	demonstrated	that	even	motivated	clinicians	are	not
regularly	providing	tobacco	cessation	support.	A	recent	survey	of	155	actively	accruing	cooperative	group	clinical
trials	 further	 demonstrated	 that	 only	 29%	 of	 active	 trials	 collected	 any	 tobacco	 use	 information,	 only	 4.5%
collected	any	tobacco	use	information	at	follow-up,	and	none	addressed	tobacco	cessation.121	Collectively,	these
data	demonstrate	that	oncologists	are	not	regularly	providing	cessation	support	and	that	tobacco	use	information
that	may	be	critical	to	understanding	the	effects	of	tobacco	on	cancer	treatment	outcomes	is	not	being	captured.

Although	 an	 automated	 approach	 to	 phone-based	 cessation	 support	 has	 demonstrated	 promise	 to	 attract
participation	and	produce	meaningful	improvements	in	cancer	treatment	outcomes,37,60	widespread	dissemination
has	not	yet	occurred.	Automating	cessation	support	with	interactive	voice	recorder	(IVR)	technologies	is	not	well
reported	 for	 cancer	 patients	 but	 has	 been	 widely	 used	 to	 remind	 patients	 of	 clinical	 appointments.	 A	 recent
systematic	 review	of	 the	utility	of	 IVR	technology	suggested	 limited	use	 for	cessation,122	 but	 this	has	not	been
well	 evaluated	 in	 the	 oncology	 setting.	Another	 large	 analysis	 of	 the	 utility	 of	 Internet-based	 interventions	 for
smoking	cessation	reported	superior	effectiveness	as	compared	with	printed	materials,	but	similar	effectiveness	as
phone-based	and	in-person	counseling.123	However,	Internet-based	cessation	interventions	in	cancer	patients	have
not	 been	 evaluated.	 Readers	 should	 consider	 also	 that	 many	 cancer	 patients	 are	 in	 later	 stages	 of	 life	 where
electronic-based	media	may	not	be	as	well	 received	or	understandable.	The	use	of	 technology	to	 increase	reach
and	effectiveness	in	cancer	patients	is	an	excellent	opportunity	to	explore.

In	the	context	of	cancer	care,	practical	considerations	of	how	often	tobacco	assessments	should	be	performed,
where	 cessation	 services	 should	 be	 provided,	 who	 should	 provide	 cessation	 services,	 how	 results	 should	 be
communicated	 to	 clinicians,	 and	 how	 clinical	 services	 will	 be	 supported	 financially	 are	 all	 important	 to
consider.2,95–99	 Fortunately,	 addressing	 tobacco	 use	 in	 cancer	 patients	 can	 be	 approached	 in	 a	 systematic	 and
efficient	manner.	 In	 a	 single	 study	of	 nearly	 12,000	 screened	 cancer	 patients,	 asking	 three	 questions	 identified
more	 than	98%	of	patients	who	needed	cessation	 support,	 and	asking	no	more	 frequently	 than	once	per	month



delayed	cessation	referrals	in	less	than	1%	of	patients.37	These	practical	questions	have	not	been	well	addressed
but	have	significant	implications	on	clinical	burden	in	cancer	centers.	There	is	a	lack	of	data	evaluating	whether
highly	intensive	cessation	support	programs	are	best	for	all	cancer	patients	and	which	patients	may	benefit	from
lower	intensity	interventions.	An	effective	risk	model	or	recursive	analysis	has	not	been	reported	in	the	context	of
treating	most	cancer	patients	who	smoke.	In	the	era	of	increasing	cost	of	cancer	treatment	and	increased	pressure
for	 clinicians	 to	 provide	more	 clinical	 services	with	 fewer	 resources,	 developing	 effective	 clinical	 pathways	of
assessment	and	intervention	is	needed	to	broadly	implement	effective	smoking	cessation	in	clinical	cancer	care.
To	address	tobacco	use	by	cancer	patients,	one	size	does	not	necessarily	fit	all,	and	clinicians	must	consider	how
to	develop	an	effective	and	sustainable	approach	in	their	institution	and	environment.

RESEARCH	CONSIDERATIONS	AND	THE	FUTURE	OF	ADDRESSING
TOBACCO	USE	BY	CANCER	PATIENTS
The	past	several	years	have	shown	a	surge	in	activities	 identifying	the	effects	of	 tobacco	in	cancer	patients	and
increasing	 awareness	 of	 the	 need	 for	 cessation	 support	 at	 cancer	 centers	 as	 well	 as	 through	 several	 national
organizations.	There	are	three	fundamental	areas	of	research	that	need	to	be	expanded:

1.	 Evaluating	the	effects	of	tobacco	use	and	cessation	on	clinical	cancer	outcomes.	The	2014	SGR	concluded
that	smoking	causes	adverse	outcomes	in	cancer	patients,1	but	several	limitations	remain.	Tobacco	use
definitions	should	be	standardized	and	implemented	at	diagnosis,	during	treatment,	and	during	follow-up.	As
with	assessments	for	survival	or	recurrence	in	cancer	patients,	standard	follow-up	parameters	for	behavioral
change	are	needed.	Biochemical	confirmation	with	cotinine	or	exhaled	carbon	monoxide	may	improve	the
accuracy	of	tobacco	assessment	in	at-risk	groups	such	as	current	smokers	who	are	trying	to	quit	or	patients
who	reported	quitting	in	the	past	year.	Although	smoking	is	the	predominant	form	of	tobacco	consumption,
all	tobacco	products	and	e-cigarettes	should	be	considered.	Further	understanding	of	the	effects	of	tobacco	on
the	efficacy	and	toxicity	of	cancer	treatment,	tumor	response,	quality	of	life,	survival,	recurrence,	compliance,
second	primary	cancer,	and	non–cancer-related	comorbidity	is	needed.	All	cancer	disease	sites	and	stages	are
important	to	consider.	Although	PD-1-	and	PD-L1–based	treatments	may	hypothetically	become	the	first
targeted	cancer	treatments	that	may	work	better	in	patients	who	smoke,	significant	work	is	needed	to	identify
what	cancer	treatments	are	best	for	patients	who	smoke	at	the	time	of	diagnosis.

2.	 Understanding	the	interactions	between	tobacco,	cessation,	and	cancer	biology.	Although	not	a	primary
focus	of	this	chapter,	tobacco	and	tobacco-related	products	increase	tumor	growth,	angiogenesis,	migration,
invasion,	and	metastasis	and	decrease	response	to	conventional	cancer	treatments	such	as	CT	and	RT.	These
and	other	areas	are	important	to	consider,	including	the	potential	effects	on	immune-related	therapy	and
vaccine	development.	In	vitro	and	in	vivo	preclinical	models	of	exposure	and	cancer	response	are	not	well
developed	yet	are	critical	to	this	research	area.

3.	 Advance	understanding	of	models	to	increase	access	to	cessation	support	and	increase	efficacy	of	tobacco
cessation	methods	for	cancer	patients.	This	diverse	area	includes	assessing	the	timing	of	intervention,
intensity,	duration,	follow-up,	and	potential	effects	of	harm-reduction	strategies.	Cessation	pharmacology
requires	additional	consideration	in	combination	with	unique	approaches	to	motivational	and	behavioral
counseling	in	cancer	patients.	Significant	work	is	needed	to	disseminate	evidence-based	cessation	support	and
to	assess	the	cost-effectiveness	of	different	cessation	strategies,	particularly	with	regard	to	improving	the	cost
of	cancer	care	as	a	whole.	Preventing	relapse	and	evaluating	the	safety	of	transition	to	alternative	products
such	as	e-cigarettes	is	equally	important	and	increasingly	complex	with	the	addition	of	new	tobacco-related
products.	Identifying	and	addressing	barriers	to	effective	cessation	support	is	also	needed.	As	related	to	the
cancer	patient,	clinicians	and	cessation	specialists	should	consider	how	their	research	relates	to	overall	cancer
care.	Taking	advantage	of	new	integrated	medical	management	systems	presents	significant	opportunities	to
improve	cessation	support	access	as	well	as	to	develop	more	effective	tracking	of	patient	outcomes.

Providers	 must	 be	 aware	 of	 the	 need	 for	 tobacco	 cessation	 and	 available	 interventions,	 but	 health-care
institutions	 must	 build	 such	 treatment	 infrastructure	 into	 their	 overall	 system	 of	 care.3,8,10,23,95–99	 Thus,
identification	 of	 patients	 who	 smoke	 or	 use	 any	 alternative	 tobacco	 product,	 referral	 or	 direct	 treatment	 by
providers,	 billing	 and	 reimbursement	 for	 treatment	provided,	 and	consistent	 efforts	 from	professional	oncology
organizations	are	all	critically	important.	The	tremendous	public	health	burden	from	tobacco-related	disability	and
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death	has	not	been	countered	by	a	proportional	level	of	funding	in	tobacco	control,	cancer	treatment	research,	or
public	advocacy.	Researchers,	clinicians,	and	advocates	must	come	together	to	persuade	policymakers	to	increase
funding	in	tobacco-related	research,	treatment,	and	policy	initiatives	on	behalf	of	healthy	individuals	and	patients.
A	united	front	 is	critically	needed	 in	support	of	a	common	agenda	 that	 includes	both	 increased	 tobacco	control
efforts	and	additional	funding	for	disease-related	research	and	treatment.	With	clinical	rationale,	guidelines,	and
advocacy	in	place,	 the	final	steps	 in	effective	 tobacco	control	and	improving	health	outcomes	are	 to	 implement
these	recommendations	into	practice.
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34 Role	of	Surgery	in	Cancer
Prevention
José	G.	Guillem,	Andrew	Berchuck,	Jeffrey	A.	Norton,	Preeti	Subhedar,	Kenneth

P.	Seastedt,	and	Brian	R.	Untch

INTRODUCTION
Since	 the	 heritable	 component	 of	 some	 cancer	 predispositions	 has	 been	 linked	 to	mutations	 in	 specific	 genes,
clinical	 interventions	 have	 been	 formulated	 for	 mutation	 carriers	 within	 affected	 families.	 The	 primary
interventions	for	mutation	carriers	for	highly	penetrant	syndromes,	such	as	multiple	endocrine	neoplasia	(MEN),
familial	 adenomatous	 polyposis	 (FAP),	 hereditary	 nonpolyposis	 colorectal	 cancer	 (CRC),	 and	 hereditary	 breast
and	ovarian	cancer	syndromes,	are	primarily	surgical.	This	chapter	is	divided	into	five	sections	addressing	breast
(P.S.),	gastric	(J.A.N.),	ovarian	and	endometrial	(A.B.),	MENs	(B.R.U.),	and	colorectal	(J.G.G.	and	K.P.S.).	For
each,	 the	clinical	 and	genetic	 indications	and	 timing	of	prophylactic	 surgery	and	 its	 efficacy,	when	known,	are
provided.

Prophylactic	surgery	in	hereditary	cancer	is	a	complex	process,	requiring	a	clear	understanding	of	the	natural
history	of	the	disease	and	variance	of	penetrance,	a	realistic	appreciation	of	the	potential	benefit	and	consequence
of	a	 risk-reducing	procedure	 in	an	otherwise	potentially	healthy	 individual,	 and	 the	 long-term	sequelae	of	 such
surgical	 intervention	as	well	 as	 the	 individual	patient’s	 and	 family’s	perception	of	 surgical	 risk	and	anticipated
benefit.

RISK-REDUCING	SURGERY	IN	BREAST	CANCER
Patients	at	a	high	risk	of	developing	breast	cancer	are	those	with	a	strong	family	history,	genetic	predisposition,	or
other	clinical	 risk	 factors	based	on	history.	Risk-reducing	 strategies	 to	decrease	breast	 cancer	 risk	 include	both
noninvasive	 and	 invasive	 interventions.	Noninvasive	methods	 include	 implementation	 of	 high-risk	 surveillance
and/or	 initiation	 of	 chemoprevention	 strategies.	 Invasive	 interventions	 include	 risk-reducing	 prophylactic
operations.

Identifying	High-Risk	Patients
High-risk	patients	are	(1)	those	with	a	strong	family	history	of	breast	cancer,	(2)	those	with	a	>20%	lifetime	risk
of	 developing	 breast	 cancer	 defined	 by	 a	 risk	 assessment	 tool,	 or	 (3)	 those	 who	 have	 tested	 positive	 for	 a
deleterious	genetic	mutation.	A	detailed	history	of	common	risk	factors	for	breast	cancer	(e.g.,	age,	reproductive
history,	family	history)	or	a	personal	history	of	abnormal	biopsies	provides	the	most	individualized	information
regarding	breast	 cancer	 risk.	Commonly	used	 risk	models,	 including	 the	GAIL/National	Cancer	 Institute	 (NCI)
risk	 assessment	 tool,	 Tyrer-Cuzick,	 Claus,	 and	 BRCAPRO,	 can	 help	 quantify	 risk	 to	 determine	 if	 high-risk
management	 is	 appropriate.	 Each	 model	 takes	 into	 account	 different	 risk	 factors	 and	 thus	 provides	 a	 slightly
different	risk	estimate.	The	GAIL/NCI	model	measures	age,	family	history	in	first-degree	relatives,	and	a	personal
history	of	atypia.	In	addition	to	evaluating	common	risk	factors	(e.g.,	age	of	menarche	and	menopause,	parity,	age
at	 first	 live	 birth,	 and	 history	 of	 abnormal	 breast	 biopsies),	 the	 Tyrer-Cuzick	 model	 includes	 the	 most
comprehensive	inventory	regarding	family	history	of	all	 the	risk	models.1,2	The	Claus	model	 takes	 into	account
the	number	of	first-	and	second-degree	relatives	with	breast	or	ovarian	cancer	as	well	at	the	age	of	onset	of	cancer.
The	BRCAPRO	model	predicts	the	probability	of	carrying	a	BRCA1/2	mutation	and	developing	breast	or	ovarian
cancer.	It	takes	into	account	age,	family	history,	and	Ashkenazi	ethnic	background.1	The	Tyrer-Cuzick	and	Claus
models	 predict	 the	 risk	 of	 developing	 either	 ductal	 carcinoma	 in	 situ	 (DCIS)	 or	 invasive	 cancer,	 whereas



Dr. AVR @ TMH

BRCAPRO	only	predicts	the	risk	of	invasive	cancer.	Although	these	models	are	useful	in	quantifying	clinical	risk,
each	have	their	limitations.	The	GAIL/NCI	model	is	the	quickest	to	use	in	a	clinical	setting,	but	it	does	not	take
into	account	non–first-degree	family	history	and	is	less	frequently	used	in	high-risk	patients.1,3	The	GAIL	model
was	generated	 from	a	general	 screening	population	but	underestimates	 the	 risk	 in	African	American	patients.1,4
Claus,	Tyrer-Cuzick,	and	BRCAPRO	have	been	incompletely	validated,	and	they	all	underestimate	risk	in	non-
white	 populations.1	 Despite	 their	 limitations,	 risk	 assessment	 models	 are	 an	 important	 adjunct	 in	 identifying
patients	who	can	benefit	from	high-risk	screening	and	other	risk-reducing	interventions.

Patients	with	certain	deleterious	gene	mutations	are	considered	to	be	at	a	high	risk	for	developing	breast	cancer
(Table	34.1).	Hereditary	breast	cancers	only	account	for	approximately	5%	to	10%	of	all	diagnosed	breast	cancers,
with	BRCA1/2	mutations	being	the	most	common	and	well	studied	of	all	of	the	high-penetrance	cancer	genes.	The
EMBRACE	study	was	one	of	the	largest	prospective	studies	to	estimate	the	risk	of	developing	breast,	ovarian,	and
contralateral	breast	cancer	(CBC)	in	BRCA1/2	mutation	carriers.	The	authors	found	the	risk	of	breast,	ovarian,	and
CBC	 to	 be	 60%,	 59%,	 and	 83%,	 respectively,	 by	 age	 70	 years	 in	BRCA1	 carriers.	 Similar	 risk	 estimates	 for
BRCA2	 carriers	 were	 55%,	 16.5%,	 and	 62%.5	 Other	 rare	 high-penetrance	 genes	 (e.g.,	 PTEN,	 TP53,	 STK11,
CDH1)	account	for	<1%	of	all	breast	cancers	but	confer	a	>20%	lifetime	risk	for	breast	cancer.	Patients	with	these
mutations	can	also	benefit	from	risk-reducing	strategies.	With	the	widespread	use	of	multigene	panel	testing,	more
moderate-penetrance	genes	(e.g.,	CHEK2,	BRIP,	BARD)	and	variants	of	unknown	significance	are	reported	with
increasing	frequency	and	pose	a	diagnostic	challenge.	High-risk	management	for	these	patients,	in	the	absence	of
other	risk	factors,	is	not	recommended.1

TABLE	34.1
Genes	Associated	with	Hereditary	Breast	Cancer

Gene Syndrome

Relative	Risk	of	Breast
Cancer	Relative	Risk	(Age
Range)

Breast	Cancer
Risk	by	Age	70
Years	(%)

High-Penetrance	Genes

BRCA1 Hereditary	breast	and	ovarian
cancer	syndrome

17	(20–29	y)
32	(40–49	y)
14	(60–69	y)

39–87

BRCA2 Hereditary	breast	and	ovarian
cancer	syndrome

19	(20–29	y)
10	(40–49	y)
11	(60–69	y)

26–91

p53 Li-Fraumeni	syndrome 1.46	overall 56	at	45	y;	>90	at
70	y

PTEN Cowden	disease 2–4 25–50

STK11 Peutz-Jeghers	syndrome 15 45–54

CDH1 Hereditary	diffuse	gastric
carcinoma

3.25 39

Low-	to	Moderate-Penetrance	Genes

ATM Ataxia-telangiectasia 3–4 NA

CHEK2 Li-Fraumeni	variant 2	for	women;	10	for	men NA

BRIP1 Fanconi	anemia 2 NA

PALB2 None 2.3 NA
Excerpt	from	Robson	M,	Offit	K.	Management	of	an	inherited	predisposition	to	breast	cancer.	N	Engl	J	Med	2007;357:154–162.

In	patients	who	do	not	have	a	strong	family	history	or	a	deleterious	gene	mutation	but	do	have	other	clinical
risk	 factors,	 high-risk	 assessment	may	 still	 be	 warranted.	 Young	women	 treated	 for	 Hodgkin	 lymphoma	with
mantle	radiation	between	the	ages	of	10	and	30	years	have	an	increased	lifetime	risk	of	developing	breast	cancer,



as	do	patients	with	a	previous	breast	biopsy	of	lobular	carcinoma	in	situ	(LCIS).4,6	LCIS	is	associated	with	a	10%
to	20%	lifetime	risk	of	developing	ipsilateral	or	CBC,	whereas	a	history	of	mantle	radiation	can	confer	between	a
20%	and	25%	lifetime	risk	of	developing	breast	cancer.

Management	Options	for	High-Risk	Patients
Management	options	for	high-risk	patients	include	(1)	high-risk	surveillance,	(2)	chemoprevention,	and	(3)	risk-
reducing	surgeries	(RRSs).

Noninvasive	Options
In	patients	who	do	not	want	 to	pursue	or	want	 to	delay	RRS,	high-risk	surveillance	is	a	reasonable	option.	The
2007	American	Cancer	Society	 (ACS)	guidelines	 for	breast	 screening	with	magnetic	 resonance	 imaging	 (MRI)
suggest	 that	 compared	 to	 average-risk	 women,	 high-risk	 women	 can	 benefit	 from	 earlier	 and	 more	 frequent
screening	with	MRI	as	an	adjunct	to	conventional	mammography.3	Studies	show	higher	sensitivity	rates	of	71%	to
100%	with	MRI	compared	to	16%	to	40%	with	mammography	in	high-risk	populations.3,4	The	specificity	of	MRI,
however,	 is	 substantially	 lower	 than	 that	 of	 mammogram,	 resulting	 in	 higher	 recall	 and	 biopsy	 rates.	 The
American	College	of	Radiology	(ACR)	recommends	that	high-risk	surveillance	include	an	annual	MRI	in	addition
to,	 and	 not	 instead	 of,	 an	 annual	 mammogram,	 as	 the	 combination	 of	 both	 modalities	 together	 has	 better
sensitivity	 than	 either	 screening	 modality	 alone.	 In	 BRCA1/2	 mutation	 carriers,	 the	 ACR	 recommends	 that
screening	with	MRI	begin	by	age	30	years	but	not	before	age	25	years.7	For	patients	with	a	>20%	lifetime	risk	of
breast	cancer,	screening	with	MRI	is	recommended	to	begin	at	age	30	years.	In	patients	with	Hodgkin	lymphoma
who	 were	 treated	 for	 cancer	 before	 age	 30	 years	 with	 ≥20	 Gy	 of	 chest	 irradiation,	 guidelines	 suggest	 that
screening	with	annual	mammography	and	breast	MRI	start	at	age	25	years	or	8	years	after	radiation	treatment.6
The	use	 of	MRI	 screening	 remains	 controversial	 in	 patients	with	LCIS.	Although	 the	ACS	 reports	 insufficient
evidence	 to	 recommend	 for	 or	 against	 the	 use	 of	MRI	 screening,	 the	ACR	 guidelines	 suggest	MRI	 should	 be
considered	 in	women	with	LCIS,	 especially	 if	 other	 risk	 factors	 such	 as	 a	 family	history	of	 breast	 cancer	 or	 a
previous	abnormal	breast	biopsy	are	present.7	Routine	screening	of	patients	with	a	<15%	lifetime	risk	of	breast
cancer	 is	not	supported	by	the	ACS.	MRI	and	mammogram	screening	can	be	staggered	in	6-month	intervals	or
performed	annually	together.	Staggering	MRI	and	mammography	screening	every	6	months	may	reduce	the	rate
of	 interval	 cancers	 diagnosed,	 whereas	 obtaining	 an	 MRI	 and	 mammogram	 at	 the	 same	 time	 allows	 for
simultaneous	 interpretation	 and	 comparison	 of	 both	 imaging	 modalities.	 There	 is	 no	 evidence	 to	 support	 one
surveillance	schedule	over	the	other.3

Chemoprevention	strategies	can	be	employed	in	addition	to	high-risk	surveillance	as	an	alternative	to	invasive
procedures.	In	the	Study	of	Tamoxifen	and	Raloxifene	(STAR)	trial,	the	benefit	of	chemoprevention	was	studied
in	postmenopausal	women	with	a	5-year	breast	 cancer	 risk	of	>1.66%.	Participants	were	 randomly	assigned	 to
receive	 either	 tamoxifen	 (20	 mg/dL)	 or	 raloxifene	 (60	 mg/dL)	 for	 5	 years.	 In	 a	 recent	 update	 of	 the	 study,
compared	 to	placebo,	 raloxifene	 and	 tamoxifen	were	 found	 to	decrease	 invasive	 cancer	 risk	by	38%	and	50%,
respectively.8	 In	 a	 2013	update,	 the	American	Society	 of	Clinical	Oncology	 (ASCO)	 suggested	 that	 in	women
with	a	high	risk	of	developing	breast	cancer,	tamoxifen	(in	premenopausal	women)	and	tamoxifen,	raloxifene,	or
exemestane	 (in	postmenopausal	women)	be	 considered	 for	 risk	 reduction	of	hormone-sensitive	breast	 cancers.9
Although	 screening	 recommendations	 for	 patients	with	LCIS	 are	mixed,	 the	 benefits	 of	 chemoprevention	have
been	well	described.	In	a	single-institutional	study	over	29	years,	King	et	al.10	found	the	10-year	cumulative	breast
cancer	incidence	to	be	7%	in	patients	with	LCIS	who	used	chemoprevention,	compared	to	21%	in	those	that	did
not.	 In	 a	 multivariable	 analysis,	 including	 mammographic	 breast	 density	 and	 family	 history,	 only	 the	 use	 of
chemoprevention	was	significantly	associated	with	a	lower	risk	of	developing	breast	cancer.10

Invasive	Options
Invasive	options,	including	risk-reducing	mastectomy	(RRM)	and	risk-reducing	salpingo-oophorectomy	(RRSO),
provide	 the	 largest	breast	cancer	 risk	 reduction.	The	Prevention	and	Observation	Surgical	End	Points	 (PROSE)
study	 group	 showed	 that	 RRM	 reduced	 the	 risk	 of	 breast	 cancer	 by	 99%	 in	 BRCA1/2	 patients	 with	 prior
oophorectomy	and	90%	in	women	with	intact	ovaries.11	The	magnitude	of	breast	cancer	risk	reduction	with	RRSO
for	BRCA1	versus	BRCA2	mutation	carriers	remains	controversial.	RRSO	was	shown	to	have	a	protective	effect	in
the	development	of	breast	cancer	and	decreased	breast	cancer	risk	by	37%	to	56%	in	BRCA1	carriers	and	46%	to
64%	in	BRCA2	mutation	carriers.12,13	Conversely,	Kauff	et	al.14	 reported	a	72%	reduction	 in	BRCA2-associated
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breast	 cancers	 with	 RRSO,	 whereas	 the	 reduction	 for	 BRCA1-associated	 cancers	 did	 not	 meet	 statistical
significance.	The	PROSE	study	found	a	protective	benefit	for	both	mutation	carriers,	and	RRSO	continues	to	be
an	appropriate	choice	for	risk	reduction	in	patients	with	both	BRCA1	and	BRCA2	mutations.11

Surgical	 options	 for	 RRM	 include	 simple	 or	 total	 mastectomy	 (TM),	 skin-sparing	 mastectomy	 (SSM),	 or
nipple-sparing	mastectomy	 (NSM).	 The	 long-term	 oncologic	 safety	 of	 NSM	 has	 been	 questioned,	 but	 several
single-institution	 studies	have	 indicated	 that	 the	 risk	of	 local	 recurrence	with	NSM	 is	 similar	 to	 that	 of	TM	or
SSM,	making	NSM	a	good	oncologic	and	cosmetic	option	for	risk	reduction.15,16	In	a	multi-institutional	study	of
BRCA1/2	mutation	carriers,	Jakub	et	al.17	reported	on	346	patients	who	underwent	NSM.	At	a	mean	follow-up	of
56	months,	no	ipsilateral	breast	cancer	events	were	seen	after	prophylactic	NSM.	The	study	also	showed	that	the
use	of	NSM	was	increasing	in	 the	BRCA1/2	population,	with	approximately	a	doubling	of	 the	number	of	NSM
performed	 per	 year	 from	 2009	 to	 2013.17	 Smith	 et	 al.16	 studied	 recurrence	 rates	 in	 breast	 cancer	 patients
undergoing	NSM.	At	a	median	follow-up	of	51	months,	5.4%	of	patients	developed	a	recurrence	and	none	were	at
the	 nipple-areolar	 complex.	 In	 addition,	 the	 disease-free	 survival	 at	 3	 and	 5	 years	 was	 95.7%	 and	 92.3%,
respectively.16	Data	supporting	the	oncologic	safety	of	NSM	in	primary	breast	cancer	patients	continues	to	grow
and	further	supports	its	use	in	the	risk-reduction	setting.

Timing	of	prophylactic	surgeries	is	highly	individualized,	and	several	factors	play	a	role	in	when	and	if	these
invasive	procedures	are	undertaken.	For	 those	contemplating	RRS,	 it	 is	 recommended	 that	 these	procedures	be
completed	 as	 close	 to	 the	 completion	 of	 childbearing	 as	 possible	 in	 order	 to	 provide	 the	 greatest	 lifetime	 risk
reduction.	Chai	et	al.18	studied	the	use	of	RRSs	in	1,499	BRCA1/2	mutation	carriers.	RRM	usage	was	70%	by	age
70	years.	By	age	40	years,	RRSO	use	ranged	from	34%	to	45%,	and	increased	to	71%	to	86%	by	age	50	years,
suggesting	that	delaying	childbirth	may	account	for	less	uptake	of	RRSO	by	age	40	years.18	Eisen	et	al.13	showed
that	breast	cancer	risk	reduction	after	oophorectomy	was	greatest	if	the	oophorectomy	was	performed	prior	to	age
40	years	than	after	age	40	years.	This	finding	has	important	implications	for	counseling	in	patients	contemplating
RRSO.	Although	RRS	can	be	performed	at	any	age,	 it	 is	 important	 to	underscore	 that	 the	greatest	 reduction	 in
breast	 cancer	 risk	 is	 conferred	 if	 RRM	 and	 RRSO	 are	 performed	 at	 a	 younger	 age,	 and	 the	 relative	 benefit
decreases	if	performed	at	an	older	age.	Chen	et	al.19	published	important	data	predicting	age-specific	breast	and
ovarian	cancer	 risks	 in	unaffected	BRCA1/2	 patients.	The	 study	 showed	 that	 the	 cumulative	 risk	of	developing
breast	cancer	was	higher	in	younger	patients	compared	to	those	diagnosed	later.	According	to	their	study,	a	30-
year-old	BRCA1	mutation	carrier	was	estimated	to	have	a	cumulative	risk	of	developing	breast	cancer	of	10%	by
age	40	years,	37%	by	age	50	years,	and	42%	by	age	70	years.	A	50-year-old	BRCA1	mutation	carrier,	however,
was	estimated	to	have	a	cumulative	risk	of	developing	breast	cancer	of	17%	by	age	60	years	and	24%	by	age	70
years.	Breast	cancer	risk	estimates	were	even	lower	in	patients	who	had	a	prior	oophorectomy,	suggesting	that	in
older	patients	with	a	prior	bilateral	oophorectomy,	the	absolute	benefit	conferred	by	RRM	is	much	less	than	that
for	a	younger	patient	without	oophorectomy.	Important	treatment	decisions	can	be	made	from	these	findings,	as
recommendations	for	risk-reducing	strategies	may	differ	based	on	the	age	of	presentation.

Several	risk-reducing	strategies	exist	to	decrease	breast	cancer	risk.	The	first	step	in	management	is	to	identify
high-risk	patients	by	 taking	a	detailed	history	or	with	 the	help	of	a	 risk	assessment	 tool.	High-risk	surveillance
with	MRI	 as	 an	 adjunct	 to	mammography,	 chemoprevention,	 and	RRSs	 are	 all	 options	 that	 require	 a	 nuanced
conversation	regarding	management	between	patients	and	their	clinicians.

HEREDITARY	DIFFUSE	GASTRIC	CANCER
Gastric	cancer	is	the	fourth	most	common	cause	of	cancer	worldwide	and	is	the	second	leading	cause	of	cancer
mortality.20	Although	environmental	agents,	 including	Helicobacter	pylori	and	diet,	are	 the	primary	risk	 factors
for	this	disease,	approximately	10%	of	gastric	cancers	are	a	result	of	familial	clustering.21,22	Histologically,	gastric
cancers	 may	 be	 classified	 as	 either	 intestinal	 or	 diffuse	 types.	 The	 intestinal	 type	 histopathology	 is	 linked	 to
environmental	 factors	 and	 advanced	 age.	 The	 diffuse	 type	 occurs	 in	 younger	 patients	 and	 is	 associated	with	 a
familial	predisposition.	Because	of	a	decrease	 in	 intestinal-type	gastric	cancers,	 the	overall	 incidence	of	gastric
cancer	has	declined	significantly	 in	 the	past	50	years.	However,	 the	 incidence	of	diffuse	gastric	cancer	 (DGC),
which	is	also	called	signet	ring	cell	or	linitis	plastica,	has	remained	stable	and,	by	some	reports,	is	increasing.

Hereditary	DGC	(HDGC)	is	a	genetic	cancer	susceptibility	syndrome	defined	by	one	of	the	following:	(1)	two
or	more	documented	cases	of	DGC	in	first-	or	second-degree	relatives,	with	at	least	one	diagnosed	before	the	age
of	50	years;	(2)	three	or	more	cases	of	documented	DGC	in	first-	or	second-degree	relatives,	independent	of	age	of
onset;	(3)	families	with	one	DGC	before	the	age	of	40	years;	and	(4)	families	with	a	history	of	DGC	and	lobular



breast	cancer	with	one	diagnosed	before	the	age	of	50	years.23	The	average	age	of	onset	of	HDGC	is	38	years,	and
the	pattern	of	inheritance	is	autosomal	dominant.23	Figure	34.1	shows	a	pedigree	with	HDGC.

In	1998,	inactivating	germline	mutations	in	the	E-cadherin	gene	CDH1	were	identified	in	three	Maori	families,
each	with	multiple	cases	of	poorly	differentiated	DGC.24	The	CDH1	mutations	in	these	families	were	inherited	in
an	 autosomal	 dominant	 pattern,	 with	 incomplete	 but	 high	 penetrance.	Onset	 of	 clinically	 apparent	 cancer	was
early,	with	the	youngest	affected	individual	dying	of	DGC	at	the	age	of	14	years.24	Since	then,	germline	mutations
of	CDH1	have	been	identified	in	30%	to	50%	of	all	patients	with	HDGC.22,25	More	than	50	mutations	have	been
recognized	 across	 diverse	 ethnic	 backgrounds,	 including	 European,	 African	 American,	 Pakistani,	 Japanese,
Korean,	and	others.22	In	addition	to	gastric	cancers,	germline	CDH1	mutations	are	associated	with	increased	risk
of	lobular	carcinoma	of	the	breast,	and	this	was	the	first	manifestation	of	a	CDH1	mutation	in	one	series.26	CDH1
is,	 to	 date,	 the	 only	 gene	 implicated	 in	 HDGC.	 Penetrance	 of	 DGC	 in	 patients	 carrying	 a	CDH1	mutation	 is
estimated	at	70%	to	85%.27	Systematic	study	of	specimens	is	necessary,	and	detailed	sectioning	and	analysis	has
shown	invasive	carcinoma	missed	by	some	pathologists.

Figure	34.1	A	family	pedigree	showing	autosomal	dominant	inheritance	of	gastric	cancer.
Individual	mutation	testing	results	for	the	codon	1003	CDH1	mutation	are	indicated	by	+	or	−.

Individuals	affected	with	gastric	cancer	are	shaded.	(From	Norton	JA,	Ham	CM,	Van	Dam	J,	et	al.
CDH1	truncating	mutations	in	the	E-cadherin	gene:	an	indication	for	total	gastrectomy	to	treat

hereditary	diffuse	gastric	cancer.	Ann	Surg	2007;245[6]:873–879.)

CDH1	is	localized	on	chromosome	16q22.1	and	encodes	the	calcium-dependent	cell	adhesion	glycoprotein	E-
cadherin.	Functionally,	E-cadherin	impacts	maintenance	of	normal	tissue	morphology	and	cellular	differentiation.
It	is	hypothesized	that	CDH1	acts	as	a	tumor	suppressor	gene	in	HDGC,	with	loss	of	function	leading	to	loss	of
cell	adhesion	and	subsequently	to	proliferation,	invasion,	and	metastases.	Figure	34.2	shows	the	CDH1	mutation
for	the	pedigree	depicted	in	Figure	34.1.

The	germline	CDH1	mutation	is	most	frequently	a	truncating	mutation.	Germline	missense	mutations	are	not
clinically	 significant.25	 Within	 the	 gastric	 mucosa,	 the	 “second	 hit”	 leading	 to	 complete	 loss	 of	 E-cadherin
function	results	from	CDH1	promoter	methylation,	as	has	been	described	in	sporadic	gastric	cancer.28

It	remains	unclear	whether	specific	CDH1	mutations	are	associated	with	distinctive	phenotypic	characteristics
or	rates	of	penetrance,	although	this	may	become	apparent	as	more	recurrent	mutations	are	recognized.	To	date,
most	mutations	identified	have	been	novel	and	distributed	throughout	CDH1.	Recognition	of	recurrent	mutations
has	usually	resulted	from	independent	events;	however,	there	is	evidence	for	the	role	of	founder	effects	in	certain
kindreds.25	At	present,	 it	 is	also	unclear	whether	patients	with	HDGC	without	detectable	CDH1	mutations	have
mutation	of	a	different	gene	or	merely	a	CDH1	mutation	that	has	gone	unrecognized.

New	recommended	screening	criteria	for	CDH1	mutations	are	as	follows:

1.	 Families	with	one	or	more	cases	of	DGC
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2.	 Individuals	with	DGC	before	the	age	of	40	years	without	a	family	history
3.	 Families	or	individuals	with	cases	of	DGC	(one	case	below	the	age	of	50	years)	and	lobular	breast	cancer
4.	 Cases	where	pathologists	detect	in	situ	signet	ring	cells	or	pagetoid	spread	of	signet	ring	cells	adjacent	to

DGC21,29

As	in	other	familial	cancer	syndromes,	genetic	counseling	should	take	place	prior	to	genetic	testing	so	that	the
family	 understands	 the	 potential	 impact	 of	 the	 results.	After	 obtaining	 informed	 consent,	 a	 team	 comprising	 a
geneticist,	 gastroenterologist,	 surgeon,	 and	 oncologist	 should	 discuss	 the	 possible	 outcomes	 of	 testing	 and	 the
management	options	 associated	with	 each.	Genetic	 testing	 should	 first	 be	performed	on	 a	 family	member	with
HDGC	or	on	a	tissue	sample	if	no	affected	relative	is	living.	In	addition	to	direct	sequencing,	multiplex	ligation-
dependent	probe	amplification	is	recommended	to	test	for	large	genomic	rearrangements.	If	a	CDH1	mutation	is
identified,	asymptomatic	family	members	may	proceed	with	genetic	testing,	preferably	by	the	age	of	20	years.22	If
no	mutation	is	identified	in	the	family	member	with	DGC,	the	value	of	testing	asymptomatic	relatives	is	low.

Among	individuals	found	to	carry	a	germline	CDH1	mutation,	clinical	screening	is	problematic.	Histologically,
DGC	is	characterized	by	multiple	infiltrates	of	malignant	signet	ring	cells,	which	may	underlie	normal	mucosa.30
Because	 these	malignant	 foci	 are	 small	 in	 size	and	widely	distributed,	 they	are	difficult	 to	 identify	via	 random
endoscopic	 biopsy.	 Chromoendoscopy	 and	 positron	 emission	 tomography	 have	 reportedly	 been	 used,	 but	 the
clinical	utility	of	these	tools	in	early	detection	remains	unproven.31	Lack	of	a	sensitive	screening	test	for	HDGC
makes	 early	 diagnosis	 extremely	 challenging.	By	 the	 time	 patients	 are	 symptomatic	 and	 present	 for	 treatment,
many	have	diffuse	involvement	of	the	stomach	or	linitis	plastica,	and	rates	of	mortality	are	high.	Published	case
reports	describe	patients	who	have	presented	with	extensive	DGC	despite	recent	normal	endoscopy	and	negative
biopsies.	The	5-year	 survival	 rate	 for	 individuals	who	 develop	 clinically	 apparent	DGC	 is	 only	 10%,	with	 the
majority	dying	before	age	40	years.

Figure	34.2	The	mutation	in	this	kindred	is	located	in	the	central	region	of	the	E-cadherin	gene
that	codes	for	the	extracellular	cadherin	domains	of	the	protein	containing	calcium-binding	motifs
important	in	the	adhesion	process.	The	C	→	T	transition	in	exon	7	of	nucleotide	1003	results	in	a
premature	stop	codon	(R335X),	producing	truncated	peptides	that	lack	the	transmembrane	and

cytoplasmic	β-catenin–binding	domains	essential	for	tight	cell–cell	adhesion.	Black	area	indicates
truncated	portion	of	peptide.	N,	N-terminus;	C,	S,	signal	peptide;	PRE,	precursor	sequence;	TM,

transmembrane	domain;	CP,	cytoplasmic	domain;	C,	C-terminus.	(From	Norton	JA,	Ham	CM,	Van
Dam	J,	et	al.	CDH1	truncating	mutations	in	the	E-cadherin	gene:	an	indication	for	total	gastrectomy

to	treat	hereditary	diffuse	gastric	cancer.	Ann	Surg	2007;245[6]:873–879.)

Because	of	high	cancer	penetrance	 (85%	in	 recent	series),	poor	outcome	of	clinically	diagnosed	cancer,	and
inadequacy	 of	 clinical	 screening	 tools	 for	 HDGC,	 prophylactic	 total	 gastrectomy	 is	 recommended	 as	 a
management	 option	 for	 asymptomatic	 carriers	 of	CDH1	mutations.32	 Although	 total	 gastrectomy	 is	 performed
with	prophylactic	intent	in	these	cases,	most	specimens	have	been	found	to	contain	multiple	foci	of	diffuse	signet
ring	 cell	 cancer.25,27,31,33	 Foci	 of	 DGC	 have	 been	 identified	 even	 in	 patients	 who	 have	 undergone	 extensive
negative	 screening,	 including	 high-resolution	 computed	 tomography,	 positron	 emission	 tomography	 scan,
chromoendoscopy-guided	biopsies,	and	endoscopic	ultrasonography.25	However,	HGDC	in	asymptomatic	CDH1
carriers	is	usually	completely	resected	by	prophylactic	gastrectomy,	as	pathologic	analyses	of	resected	specimens
have	repeatedly	shown	only	T1N0	disease.

Because	these	signet	ring	cell	cancers	are	multifocal	and	distributed	throughout	the	entire	stomach,	especially
in	 the	 cardia,34	 prophylactic	 gastrectomy	 must	 include	 the	 entire	 stomach,	 and	 the	 surgeon	 must	 transect	 the
esophagus	and	not	the	proximal	stomach.	Total	gastrectomy	has	been	done	laparoscopically,	but	the	reported	leak
rate	is	unacceptably	high.34	Furthermore,	it	should	be	performed	by	a	surgeon	experienced	in	the	technical	aspects
of	 the	 procedure	 and	 familiar	 with	 HDGC.	 In	 asymptomatic	 patients,	 lymph	 node	 metastases	 have	 not	 been



observed;	 therefore,	 complete	 D2	 lymph	 node	 resection	 is	 not	 necessary.	 The	 optimal	 timing	 of	 prophylactic
gastrectomy	in	individuals	with	CDH1	mutations	is	unknown,	but	recent	consensus	recommendations	indicate	age
5	years	younger	than	the	youngest	family	member	who	developed	DGC.21

Although	 it	 is	 a	 potentially	 lifesaving	 procedure,	 prophylactic	 gastrectomy	 for	 CDH1	 mutation	 carries
significant	risks	that	must	be	considered.	Overall	mortality	for	total	gastrectomy	is	estimated	to	be	as	high	as	2%
to	4%,	although	it	is	estimated	to	be	1%	when	performed	prophylactically.	Patients	must	also	be	aware	that	there
is	a	nearly	100%	risk	of	long-term	morbidity	associated	with	this	procedure,	including	diarrhea,	dumping,	weight
loss,	 and	 difficulty	 eating.22	 A	 recent	 study	 of	 the	 effects	 of	 prophylactic	 gastrectomy	 for	 CDH1	 mutation
demonstrated	that	physical	and	mental	function	were	normal	at	12	months,	but	a	significant	proportion	of	patients
had	bile	reflux	and	dumping.35	Because	the	penetrance	of	CDH1	mutations	is	incomplete,	15%	to	20%	of	patients
who	undergo	prophylactic	gastrectomy	will	have	no	evidence	of	gastric	cancer	on	pathology.33	This	fact	must	be
carefully	discussed	with	the	individual	patient.

Some	 individuals	 with	CDH1	 mutations	 choose	 not	 to	 pursue	 prophylactic	 gastrectomy.	 These	 individuals
should	undergo	careful	surveillance,	including	biannual	endoscopy	with	multiple	biopsies	according	to	the	method
developed	at	Cambridge,25	beginning	when	they	are	at	least	10	years	younger	than	the	youngest	family	member
with	DGC	at	time	of	diagnosis.	It	is	recommended	that	any	endoscopically	visible	lesion	is	targeted	and	that	six
each	random	biopsies	are	taken	from	the	following	regions:	antrum,	transitional	zone,	body,	fundus,	and	cardia.
Careful	white-light	 examination	with	 targeted	 and	 random	biopsies	 combined	with	 detailed	 histopathology	 can
identify	 early	 lesions	 and	 help	 to	 inform	 decision	making	with	 regard	 to	 gastrectomy.25	Additionally,	 because
women	with	CDH1	mutations	have	a	nearly	40%	lifetime	risk	of	developing	lobular	breast	carcinoma,	they	should
be	carefully	screened	with	annual	mammography	and	biannual	breast	MRI	starting	at	age	35	years.26	They	should
also	 do	 monthly	 self-examinations	 and	 have	 a	 breast	 examination	 by	 a	 physician	 every	 6	 months.	 The	 same
surveillance	recommendations	are	probably	appropriate	for	HDGC	families	without	identifiable	CDH1	mutations,
although	no	current	guidelines	for	this	exist.

The	 emergence	of	 gene-directed	gastrectomy	as	 a	 treatment	 strategy	 for	 patients	with	HDGC	 represents	 the
culmination	 of	 a	 successful	 collaboration	 between	 molecular	 biologists,	 geneticists,	 oncologists,
gastroenterologists,	 and	 surgeons.	 It	 is	 anticipated	 that	 the	 recognition	 of	 similar	 molecular	 markers	 in	 other
familial	cancer	syndromes	will	transform	the	approach	to	the	early	diagnosis	and	treatment	of	a	variety	of	tumors.

SURGICAL	PROPHYLAXIS	OF	HEREDITARY	OVARIAN	AND
ENDOMETRIAL	CANCER
Hereditary	Ovarian	Cancer	(BRCA1,	BRCA2)
Inherited	mutations	 in	BRCA1	 and	BRCA2	 strongly	 predispose	 women	 to	 high-grade	 epithelial	 cancers	 of	 the
ovary,	fallopian	tube,	and	peritoneum.5,36	It	is	now	believed	that	most	of	these	cancers	arise	from	epithelial	cells
that	 originate	 in	 the	 fimbria	 of	 the	 fallopian	 tube.	 BRCA1	 mutations	 are	 about	 twice	 as	 common	 as	 BRCA2
mutations,	and	together	they	account	for	about	15%	to	20%	of	these	cancers.36	Lifetime	risk	of	ovarian	cancer	is
about	1.5%	in	the	general	population	and	increases	to	15%	to	25%	in	BRCA2	carriers	and	30%	to	50%	in	BRCA1
carriers.5,36	Inherited	BRCA1/2	mutations	are	relatively	rare	 in	 the	general	population	(1	 in	300	to	800),	but	 the
frequency	is	higher	in	some	ancestral	groups	founded	by	a	relatively	small	number	of	individuals.	Most	notably,
three	common	BRCA1/2	 founder	mutations	occur	 in	about	2.5%	of	Ashkenazi	 Jews,	 and	 some	have	advocated
universal	screening	of	this	population	for	these	mutations.37	Hereditary	ovarian	cancers	occur	earlier	on	average,
with	risk	rising	around	ages	35	to	40	years	for	BRCA1	and	45	to	50	years	for	BRCA2.36	Germline	mutations	 in
several	 other	 genes	 in	 the	 homologous	 recombination	 DNA	 repair	 pathway	 (RAD51C,	RAD51D,	BRIP1)	 also
confer	a	high	 risk	of	ovarian	cancer	 (5%	 to	15%).38	Panel	 tests	 that	 include	all	of	 these	genes	are	 increasingly
being	used	to	identify	women	who	are	candidates	for	cancer	prevention	with	RRSO.

Genetic	risk	assessment	and	testing	for	inherited	mutations	in	BRCA1/2	and	other	genes	should	be	discussed
with	women	who	have	a	significant	personal	and/or	family	history	of	breast,	ovarian,	fallopian	tube,	or	peritoneal
cancer.36,39	A	number	of	expert	guidelines	have	been	developed	that	provide	detailed	guidance,36,39	 and	several
risk	prediction	 tools	 are	 available	online.	 It	 is	 best	 for	 patients	 to	 see	 a	 genetic	 counselor	who	 can	 construct	 a
complete	family	pedigree	and	discuss	the	potential	benefits	and	harms	of	genetic	testing,	including	the	potential
for	 inconclusive	 results,	 reproductive	 and	 familial	 implications,	 anxiety,	 and	 employment	 and	 insurance
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discrimination.	However,	the	shortage	of	cancer	genetic	counselors	presents	a	challenge,	and	physicians	can	order
genetic	testing	directly.	Generally,	testing	should	be	focused	on	those	in	a	family	affected	by	cancer.	Sometimes,
this	 is	 not	 possible,	 and	 testing	 is	 performed	 on	 unaffected	 individuals.	 However,	 negative	 test	 results	 in	 an
unaffected	individual	are	uninformative	for	the	rest	of	the	family	because	these	autosomal	dominant	mutations	are
only	transmitted	on	average	to	half	of	offspring.	If	a	disease-causing	mutation	is	identified,	“cascade	testing”	for
that	single	mutation	can	be	performed	at	less	expense	in	other	family	members.

Most	BRCA1/2	mutations	involve	base	deletions	or	insertions	in	the	coding	sequence	or	splice	sites	that	encode
truncated	protein	products	that	are	clearly	dysfunctional.5,36	Genomic	rearrangements	that	disrupt	these	genes	may
also	 occur,	 and	 identification	 requires	molecular	 testing	 beyond	 sequencing.	 Not	 infrequently,	 disease-causing
mutations	may	occur	 that	 alter	 a	 single	 amino	 acid,	 but	most	 of	 these	 represent	 innocent	variants.	The	 clinical
significance	 of	 these	 missense	 mutations	 can	 sometimes	 be	 elucidated	 by	 assessing	 their	 predicted	 functional
consequences	and	by	whether	they	segregate	with	cancer	risk	in	the	family	being	tested	or	in	large	databases	of
previously	tested	individuals.	Variants	initially	reported	as	benign	occasionally	are	later	reclassified	as	deleterious,
and	genetic	testing	companies	will	then	issue	amended	reports.	Newer	tests	that	use	next-generation	sequencing	to
assess	large	panels	of	genes	implicated	in	hereditary	cancer	syndromes	increase	the	likelihood	of	finding	variants
of	uncertain	significance	for	which	there	are	little	risk	data	to	guide	clinical	management.

Because	 about	 20%	 to	 25%	 of	 women	 with	 high-grade	 serous	 ovarian	 cancer	 have	 germline	 or	 somatic
BRCA1/2	mutations,	it	is	recommended	that	all	ovarian	cancer	cases	undergo	genetic	testing.36,40	The	availability
of	poly	 (ADP-ribose)	polymerase	 (PARP)	 inhibitor	 therapy	 for	 cancers	with	germline	or	 sporadic	mutations	 in
BRCA1/2	and	other	genes	in	the	homologous	recombination	DNA	repair	pathway	provides	additional	rationale	for
this	 practice.41	BRCA1/2	 testing	 is	 now	 often	 performed	 after	 surgery	 using	 DNA	 from	 the	 cancer	 to	 allow
detection	of	both	germline	mutations	 (10%	 to	20%	of	 cases)	 and	 somatic	mutations	 (5%	of	 cases)	 that	 predict
sensitivity	 to	PARP	 inhibitors.	Reflex	blood	 testing	 is	done	 if	 a	mutation	 is	 found	 to	determine	whether	 it	 is	 a
germline	change	and	predisposes	the	patient	and	other	family	members	to	additional	cancers.

RRSO	is	strongly	recommended	in	women	who	carry	BRCA1/2	mutations	because	of	the	high	mortality	rate	of
ovarian/fallopian	tube	cancers	and	the	lack	of	effective	screening	and	prevention	approaches.36,39	Management	of
women	with	a	strong	family	history	in	whom	a	deleterious	germline	mutation	is	not	found,	or	those	with	variants
of	 uncertain	 significance,	 should	be	determined	on	 a	 case-by-case	basis.	RRSO	may	be	deemed	 appropriate	 in
some	 cases	 despite	 the	 absence	 of	 a	 clearly	 deleterious	 mutation.	 Screening	 with	 CA125	 and	 transvaginal
ultrasound	was	recommended	in	the	past	but	is	no	longer	recommended	because	it	has	not	been	proven	to	reduce
ovarian	cancer	mortality.36	There	is	also	concern	that	screening	can	provide	a	false	sense	of	security	that	causes
some	women	 to	avoid	RRS.	Oral	contraceptives	 reduce	 the	 risk	of	ovarian	cancer	 in	 the	general	population	by
30%	 to	 60%	 and	 appear	 to	 have	 a	 similar	 effect	 in	BRCA1/2	 carriers.42	 This	 preventive	 approach	 is	 one	 that
should	be	discussed	prior	to	the	age	at	which	RRSO	is	recommenced.	Despite	concerns	that	oral	contraceptives
may	increase	breast	cancer	risk,	a	meta-analysis	of	published	studies	is	reassuring.43

Ovarian	cancer	is	rare	before	the	age	of	40	years	in	women	with	BRCA1	mutations,	occurring	in	<2%	to	3%	of
these	 patients.	However,	 this	 risk	 increases	 to	 between	 10%	 and	 21%	by	 age	 50	 years	 and	 to	 40%	by	 age	 70
years.36	Thus,	the	best	approach	to	reducing	ovarian	cancer	mortality	in	BRCA1	mutation	carriers	is	to	remove	the
fallopian	tubes	and	ovaries	after	childbearing	is	complete	(between	the	ages	of	35	and	40	years).	With	appropriate
counseling,	almost	all	BRCA1	mutation	carriers	choose	to	have	RRS	before	the	risk	of	ovarian	cancer	rises	at	age
40	years.	These	recommendations	differ	slightly	for	women	who	carry	a	BRCA2	mutation.	Their	risk	of	ovarian
cancer	before	age	40	years	is	also	low—<2%	to	3%—but	it	begins	to	increase	at	a	later	age,	reaching	3%	by	age
50	years.36	From	this	standpoint,	removal	of	the	fallopian	tubes	and	ovaries	can	be	delayed	until	40	to	45	years	in
BRCA2	mutation	carriers;	however,	the	risk	of	breast	cancer	is	about	25%	by	age	50	years.	Therefore,	if	a	woman
is	done	with	childbearing,	it	is	reasonable	to	perform	RRSO	earlier	to	maximize	protection	against	breast	cancer.36
If	a	mutation	carrier	chooses	to	pursue	fertility	at	an	age	when	the	risk	of	ovarian	cancer	becomes	considerable,
she	should	be	clearly	counseled	about	 the	potential	consequences	of	developing	a	life-threatening	cancer	 that	 is
largely	preventable.

Several	studies	have	proven	the	efficacy	of	RRSO.	In	one	early	study	of	BRCA1/2	carriers,	RRSO	reduced	the
rate	of	breast	and	ovarian	cancer	by	75%	over	several	years	of	follow-up.44	A	separate	study	in	2002	examined
outcome	 in	551	BRCA1/2	 carriers	 from	various	 registries.45	Among	 259	women	who	 had	 undergone	RRSO,	 6
(2.3%)	were	found	to	have	stage	I	ovarian	cancer	at	the	time	of	the	procedure,	and	2	women	(0.8%)	subsequently
developed	serous	peritoneal	carcinoma.	Among	the	controls,	58	women	(20%)	developed	ovarian	cancer	after	a
mean	follow-up	of	8.8	years.	With	the	exclusion	of	the	6	women	whose	cancer	was	diagnosed	at	surgery,	RRSO
reduced	ovarian	cancer	risk	by	96%.	More	recently,	in	2014,	an	international	registry	study	of	over	5,783	subjects



with	median	follow-up	of	5.6	years	found	that	RRSO	reduced	ovarian,	tubal,	and	peritoneal	cancer	risk	by	80%.46
There	was	an	estimated	lifetime	risk	of	primary	peritoneal	cancer	after	RRSO	of	about	4%	for	BRCA1	carriers	and
2%	 for	BRCA2	 carriers.	 The	 risk	 of	 death	 from	 all	 causes	was	 reduced	 by	 77%.	Domchek	 et	 al.12	 found	 in	 a
prospective	cohort	study	that	RRSO	was	associated	with	reduction	in	breast	cancer–specific	(hazard	ratio	[HR],
0.44;	95%	confidence	interval	[CI],	0.26	to	0.76),	ovarian	cancer–specific	(HR,	0.21;	95%	CI,	0.06	to	0.80),	and
all-cause	mortality	(HR,	0.40;	95%	CI,	0.26	to	0.61).12	RRSO	has	been	shown	to	have	little	effect	on	body	image
and	self-esteem	as	these	are	internal	organs,	and	most	BRCA1/2	mutation	carriers	elect	to	undergo	RRSO.47	Based
on	the	large	studies	noted	previously	demonstrating	efficacy,	medical	insurance	will	almost	always	cover	the	cost
of	RRSO	in	mutation	carriers.

RRSO	can	be	performed	laparoscopically	in	most	women,	with	discharge	home	the	same	day.	If	a	laparoscopic
approach	 is	 problematic	 due	 to	 obesity	 or	 adhesions,	 the	 surgery	 can	 be	 performed	 through	 a	 small	 lower
abdominal	incision.	Morbidity	including	bleeding,	infection,	and	damage	to	the	urinary	or	gastrointestinal	tracts
can	occur,	but	 the	 incidence	of	serious	complications	 is	very	 low.	As	 the	fallopian	 tubes	and	ovaries	are	small,
discrete	organs,	they	are	relatively	easy	to	remove	completely.	Attention	should	be	paid	to	transecting	the	ovarian
artery	and	vein	proximal	 to	 the	ovary	and	 tube	so	 that	 remnants	are	not	 left	behind.	This	 involves	opening	 the
pelvic	 sidewall	 peritoneum,	 visualizing	 the	 ureter,	 and	 then	 isolating	 and	 transecting	 the	 ovarian	 blood	 vessels
several	centimeters	from	the	ovaries	and	fallopian	tubes.	If	there	are	adhesions	between	the	adnexa	and	adjacent
structures,	careful	dissection	should	be	performed	to	ensure	their	complete	removal.	If	the	uterus	is	not	removed,
care	should	be	taken	to	remove	the	entire	fallopian	tube.	A	small	portion	of	the	tube	inevitably	will	be	left	in	the
cornu	of	the	uterus,	but	the	risk	of	fallopian	tube	cancer	developing	in	such	remnants	appears	to	be	negligible.

High-grade	serous	cancers	also	may	arise	in	the	uterus	and	are	a	virulent	subtype	that	comprise	about	5%	of
endometrial	adenocarcinomas.	It	has	been	suggested	that	BRCA1,	but	not	BRCA2,	mutations	may	increase	risk	of
these	cancers,48	but	because	of	their	rarity,	there	are	too	few	cases	to	allow	definitive	conclusions.	This	issue	can
be	discussed	with	patients,	but	hysterectomy	to	reduce	uterine	serous	cancer	risk	is	not	recommended	at	present	in
expert	 guidelines.	 However,	 many	women	 elect	 to	 have	 the	 uterus	 removed	 as	 part	 of	 the	 surgical	 procedure
because	 they	 have	 completed	 their	 family	 or	 have	 other	 gynecologic	 indications	 such	 as	 fibroids,	 pelvic	 pain,
menorrhagia,	 or	 abnormal	 Papanicolaou	 smears.	Hysterectomy	 somewhat	 increases	 operative	 time,	 blood	 loss,
complications,	 and	 hospital	 stay	 but	 usually	 can	 be	 performed	 laparoscopically;	 serious	 adverse	 outcomes	 are
infrequent.	Furthermore,	the	likelihood	of	future	exposure	to	tamoxifen	in	the	context	of	breast	cancer	prevention
or	treatment,	which	increases	endometrial	cancer	risk,	also	can	provide	the	impetus	for	concomitant	hysterectomy.
Women	who	 receive	 hormone	 replacement	 therapy	 after	 surgery	will	 require	 progestin	 along	with	 estrogen	 to
protect	against	the	development	of	endometrial	cancer	if	the	uterus	is	not	removed.

In	younger	women,	surgical	menopause	after	RRSO	is	associated	with	vasomotor	symptoms,	vaginal	atrophy,
decreased	 libido,	 and	 an	 accelerated	 onset	 and	 incidence	 of	 osteoporosis	 and	 cardiovascular	 disease.47	 In
premenopausal	 women	 who	 do	 not	 have	 a	 personal	 history	 of	 breast	 cancer,	 oral	 or	 transdermal	 estrogen
replacement	 can	 be	 administered	 to	 ameliorate	 deleterious	 effects	 of	 premature	menopause.	 Systemic	 estrogen
levels	are	lower	in	oophorectomized	premenopausal	women	taking	hormone	replacement	than	if	the	ovaries	had
been	left	in	place.	The	therapeutic	benefit	of	oophorectomy	in	metastatic	breast	cancer	has	long	been	appreciated,
and	more	 recent	 studies	 support	 the	 contention	 that	 RRSO	 reduces	 the	 risk	 of	 breast	 cancer	 by	 about	 half	 in
BRCA1/2	 carriers.14	 However,	 a	 meta-analysis	 showed	 that	 although	 RRSO	 was	 strongly	 protective	 against
estrogen	 receptor	 (ER)-positive	 breast	 cancer	 (HR,	 0.22),	 there	 was	 no	 protection	 against	 ER-negative	 breast
cancer.14	Because	ER-positive	cancers	are	more	common	in	BRCA2	carriers,	the	benefit	may	be	greatest	for	these
women.49	 Many	 mutation	 carriers	 are	 identified	 after	 developing	 early-onset	 breast	 cancer,	 and	 this	 group
represents	the	most	difficult	in	which	to	balance	the	potential	risks	and	benefits	of	estrogen	replacement	therapy.
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Figure	34.3	Hematoxylin	and	eosin	(A)	and	immunohistochemical	staining	(B)	demonstrating
overexpression	of	mutant	TP53	in	serous	carcinoma	in	situ	of	the	fallopian	tube	from	a	BRCA1

mutation	carrier	who	underwent	risk-reducing	bilateral	salpingo-oophorectomy.

Early-stage	 high-grade	 serous	 cancers	 and	 in	 situ	 lesions	 with	 TP53	 mutations	 have	 been	 identified	 in	 the
fallopian	tubes	of	some	RRSO	specimens	(Fig.	34.3).	This	has	led	to	a	paradigm	shift	in	which	it	is	now	thought
that	most	high-grade	serous	cancers	found	in	the	ovary,	fallopian	tube,	and	peritoneum	are	derived	from	cells	that
originate	in	the	tubal	fimbria.50	The	frequency	of	unsuspected	malignancies	found	at	RRSO	is	about	3%,	and	this
risk	increases	with	age,	but	most	of	these	are	microscopic	lesions	that	are	not	appreciated	at	surgery.50	Malignant
cells	also	have	been	found	in	peritoneal	cytologic	specimens,	and	washings	of	the	pelvis	should	be	obtained	when
performing	RRSO.51	In	addition,	the	pelvis	and	peritoneal	cavity	should	be	examined	carefully	and	any	suspicious
areas	 biopsied.	 If	 unexpected	 cancer	 is	 seen,	 which	 is	 rarely	 the	 case,	 a	 gynecologic	 oncologist	 can	 perform
surgical	staging,	 including	 lymphadenectomy,	omentectomy,	and	peritoneal	biopsies,	 to	determine	 the	extent	of
disease.	Attempts	 should	 be	made	 to	 resect	 all	 visible	 disease	 if	 technically	 feasible.	 In	 some	 cases,	 a	 second
surgery	may	be	needed	to	accomplish	this.	The	pathologist	should	be	informed	of	the	indication	for	RRSO,	and
serial	sections	of	the	fallopian	tubes	and	ovaries	should	be	examined	to	look	for	the	presence	of	early	lesions.52
Patients	 found	 to	 have	 occult	 invasive	 high-grade	 serous	 cancers	 should	 be	 treated	 with	 chemotherapy	 after
surgery.	Those	with	in	situ	lesions	appear	to	have	a	good	outcome	without	additional	treatment.53

Cases	 of	 peritoneal	 serous	 carcinoma	 indistinguishable	 from	ovarian	 cancer	 have	 been	 observed	 years	 after
RRSO.54	 Some	 may	 represent	 recurrences	 of	 occult	 ovarian	 or	 tubal	 cancers.	 In	 this	 regard,	 retrospective
examination	of	 the	ovaries	and	fallopian	tubes	sometimes	has	revealed	primary	cancers	 that	were	not	originally
recognized.	In	contrast,	some	of	these	cancers	likely	arise	directly	from	fallopian	tube	cells	that	have	implanted	in
the	peritoneum	and	subsequently	become	malignant.	Patients	who	undergo	RRSO	should	be	made	aware	of	their
residual	risk	of	peritoneal	cancer,	but	there	is	no	evidence	that	continued	surveillance	with	examinations,	CA125,
and/or	radiologic	scans	are	beneficial.

Because	most	high-grade	ovarian/fallopian	tube	cancers	likely	arise	from	fallopian	tube	epithelial	cells,	it	has
been	 proposed	 that	 the	 tubes	 could	 be	 removed	 in	 BRCA	 mutation	 carriers	 when	 childbearing	 is	 done	 and
oophorectomy	delayed	to	avoid	premature	menopause.55	This	is	a	relatively	new	paradigm,	so	its	effectiveness	in
reducing	 mortality	 is	 uncertain.	 Furthermore,	 deferring	 oophorectomy	 negates	 the	 significant	 benefit	 that	 this
procedure	 confers	 in	 reducing	 the	 very	 high	 risk	 of	 breast	 cancer	 in	 mutation	 carriers.	 Because	 an	 effective
screening	approach	for	ovarian	cancer	does	not	exist,	and	with	the	realization	that	most	of	these	cancers	start	in
the	fallopian	tube,	opportunistic	salpingectomy	has	been	advocated	for	all	women	at	abdominal	surgeries	such	as
tubal	 ligation	 or	 hysterectomy	 when	 the	 ovaries	 are	 left	 intact.	 This	 approach	 remains	 unproven,	 but	 data	 is
accumulating	to	support	it.56

Hereditary	Endometrial	Cancer	(Lynch	Syndrome)
Although	 Lynch	 syndrome	 (LS),	 also	 known	 as	 hereditary	 nonpolyposis	 colon	 cancer	 (HNPCC)	 syndrome,
typically	 manifests	 as	 familial	 clustering	 of	 early-onset	 colon	 cancer,	 there	 is	 also	 an	 increased	 incidence	 of
several	other	types	of	cancers.57,58	Endometrial	cancer	is	the	second	most	common	form	of	cancer	in	women	with
LS	and	may	present	 as	 the	“sentinel”	cancer.	About	3%	of	all	 endometrial	 cancers	are	attributable	 to	 inherited
mutations	in	the	DNA	mismatch	repair	(MMR)	genes	that	cause	LS.	Most	often,	MSH2	and	MLH1	are	implicated,
and	 they	 increase	 lifetime	 risk	 to	 25%	 to	 60%.	 Mutations	 in	MSH6	 and	 PMS2	 also	 cause	 LS	 and	 increase



endometrial	 cancer	 risk	 to	 about	 16%	 to	 26%	 and	 15%,	 respectively.57	 The	 risk	 of	 ovarian	 cancer	 is	 also
significantly	 increased	 in	 LS,	 but	 this	 accounts	 for	 only	 about	 1%	 of	 all	 cases.	 The	 risk	 of	 ovarian	 cancer	 is
generally	 thought	 to	be	6%	to	8%	but	may	be	as	high	as	10%	to	15%	by	age	70	years	with	MSH2	 and	MLH1
mutations.	Deletions	of	 the	EPCAM	 gene	 can	 also	 cause	LS	 and	 increase	 endometrial	 and	 ovarian	 cancer	 risk
through	epigenetic	silencing	of	MSH2.

Cells	in	which	one	of	the	LS	DNA	MMR	genes	has	been	inactivated	due	to	a	mutation	or	other	event	exhibit	a
phenomenon	called	microsatellite	 instability	(MSI).57	This	occurs	as	DNA	mismatches	 that	cause	 shortening	or
lengthening	of	repetitive	DNA	sequences	in	the	genome	go	unrepaired.	This	results	in	generation	of	alleles	in	the
cancer	that	contain	a	greater	or	lesser	number	of	repeats	than	are	present	in	normal	cells	from	that	individual.	MSI
occurs	in	most	LS-associated	colon	and	endometrial	cancers.57	However,	MSI	is	found	in	about	20%	of	sporadic
cancers	 that	 arise	 in	 these	organs	and	 in	most	cases	 is	 caused	by	silencing	of	 the	MLH1	 gene	due	 to	 promoter
methylation.	 Screening	 strategies	 for	 identification	 of	 MMR	 gene	 alterations	 in	 families	 with	 LS-associated
cancers	 include	 analysis	 of	 tumor	 tissue	 for	 MSI	 and/or	 loss	 of	 DNA	 MMR	 gene	 expression	 using
immunohistochemistry	(IHC).57	 In	 cancers	with	MSI	 or	 loss	 of	 expression	 of	 one	 of	 the	MMR	genes	 (MSH2,
MLH1,	MSH6,	PMS2)	or	 in	families	with	pedigrees	suggestive	of	LS,	 these	genes	can	be	sequenced	to	 identify
disease-causing	germline	mutations,	most	of	which	cause	truncated	protein	products.	Mutational	analysis	can	be
done	with	a	syndrome-specific	panel	or	with	a	broader	multigene	panel	 test	 if	 the	family	history	 is	not	entirely
consistent	with	LS.	Most	cases	with	MSI	or	loss	of	MLH1	expression	are	due	to	MLH1	promoter	methylation,	so
this	should	be	done	prior	to	gene	sequencing	tests.	Although	it	has	been	suggested	that	it	may	be	cost-effective	to
test	all	endometrial	cancers	for	LS,	an	approach	based	on	age	(younger	than	70	years)	and	family	history	is	also
reasonable.57

Whereas	 the	mean	age	of	women	with	sporadic	endometrial	cancers	 is	 in	 the	early	60s,	cancers	 that	arise	 in
association	with	LS	are	often	diagnosed	at	a	younger	age	in	the	late	40s	on	average.57,58	The	clinical	features	of
these	endometrial	cancers	are	similar	to	those	of	most	sporadic	cases	(well	differentiated,	endometrioid	histology,
early	stage),	and	survival	is	about	90%.	However,	more	aggressive	histologic	types	have	also	been	reported.	Most
endometrial	cancers	arise	in	the	uterine	cavity,	but	in	LS,	there	appears	to	be	an	increase	in	cancers	that	develop	in
the	lower	uterine	segment	near	the	cervix.	The	risk	of	ovarian	cancer	in	LS	also	begins	to	rise	in	the	early	40s,	and
the	 clinical	 features	 of	 these	 cancers	 are	 generally	 more	 favorable	 than	 in	 sporadic	 cases.	 They	 usually	 are
identified	at	an	early	stage,	are	well	or	moderately	differentiated,	and	have	favorable	survival.

Oral	contraceptives	are	highly	effective	in	decreasing	risk	of	both	endometrial	and	ovarian	cancer	risk	in	the
general	population	and	can	be	considered	for	chemoprevention	of	these	cancers	in	reproductive	age	women	with
LS.57,58	Transvaginal	ultrasound	has	been	used	as	a	screening	test	for	endometrial	and	ovarian	cancers	in	women
with	LS.	Ultrasound	can	detect	increased	endometrial	thickness	concerning	for	premalignant	or	malignant	changes
or	 ovarian	masses,	 but	 its	 positive	 predictive	 value	 is	 low	 and	 its	 efficacy	 in	 reducing	mortality	 has	 not	 been
demonstrated.57,58	Likewise,	screening	with	the	CA125	blood	test	has	no	proven	value.	Endometrial	biopsy	is	the
most	sensitive	means	of	diagnosing	endometrial	cancer,	and	it	was	suggested	in	the	past	that	screening	biopsies
should	 be	 done	 periodically	 beginning	 around	 ages	 30	 to	 35	 years.	However,	 this	 approach	 also	 has	 not	 been
shown	to	reduce	mortality.	The	current	recommendation	 is	 that	patients	should	be	educated	about	symptoms	of
endometrial	 cancer	 and	 instructed	 to	 report	 relevant	 symptoms	 including	 dysfunctional	 uterine	 bleeding	 if
premenopausal	 or	 any	 bleeding	 if	 postmenopausal.57	 This	 can	 then	 be	 assessed	with	 a	 diagnostic	 endometrial
biopsy.	 Likewise,	 women	 should	 be	 educated	 about	 the	 symptoms	 of	 ovarian	 cancer	 including	 new
abdominal/pelvic	pain	bloating,	increased	abdominal	girth,	difficulty	eating	or	early	satiety,	or	increased	urinary
frequency	or	urgency.	New	symptoms	that	persist	for	several	weeks	should	prompt	medical	evaluation.	Although
universal	ultrasound,	CA125,	and	endometrial	biopsy	screening	of	women	with	LS	are	no	longer	recommended,
they	 still	 can	be	considered	based	on	physician	discretion.57	Pelvic	ultrasound	 is	 least	useful	 in	premenopausal
women	due	to	the	wide	range	of	normal	endometrial	thickness	in	reproductive	age	women.

Although	 risk-reducing	hysterectomy	has	not	been	shown	 to	 reduce	mortality	 in	women	with	LS,	 it	may	be
considered	 because	 of	 the	 high	 incidence	 of	 endometrial	 cancer.57	 Factors	 to	 consider	with	 individual	 patients
include	the	specific	gene	mutation,	which	affects	the	degree	of	risk,	and	the	age	of	onset	of	endometrial	cancer	in
other	 family	 members.	 In	 addition,	 medical	 comorbidities	 should	 be	 taken	 into	 consideration.	 Risk-reducing
surgery	should	be	avoided	in	those	who	are	not	good	surgical	candidates	given	the	absence	of	a	proven	mortality
benefit.

Fortunately,	the	risk	of	endometrial	cancer	is	low	during	the	reproductive	years	up	to	ages	40	to	45	years.	Risk-
reducing	hysterectomy	generally	is	not	recommended	before	age	40	years,	although	it	may	be	performed	earlier	in
concert	with	risk-reducing	colectomy.57,58	The	uterus	does	not	serve	a	vital	function	once	childbearing	has	been
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completed	and	can	be	removed	without	significant	adverse	effects	on	quality	of	life.	In	view	of	the	increased	risk
of	ovarian	cancer	in	LS,	concomitant	bilateral	salpingo-oophorectomy	(BSO)	should	also	be	considered.57,58	One
study	demonstrated	that	 there	were	no	cases	of	endometrial	or	ovarian	cancer	 in	61	LS	carriers	who	underwent
risk-reducing	hysterectomy	and	BSO,	whereas	endometrial	cancer	occurred	in	33%	and	ovarian	cancer	in	5%	who
retained	 their	 uterus	 and	 ovaries.59	 Despite	 the	 low	 risk	 of	 death	 from	 gynecologic	 cancers	 in	 LS,	 cost-
effectiveness	analyses	of	various	approaches	suggest	that	risk-reducing	hysterectomy	and	salpingo-oophorectomy
lead	to	both	the	lowest	cost	and	the	greatest	increase	in	quality-adjusted	life	years.60	Estrogen	replacement	after
removal	of	the	ovaries	in	premenopause	is	not	contraindicated	in	LS,	as	there	is	no	evidence	that	this	adversely
affects	the	incidence	of	other	cancers.

Risk-reducing	 hysterectomy	 and	 BSO	 usually	 can	 be	 performed	 with	 minimally	 invasive	 surgery	 and	 the
patient	discharged	the	same	day.	In	some	cases,	laparotomy	may	be	required	due	to	adhesions	from	prior	surgery,
large	uterine	myomas,	or	other	pathology.	Surgical	complications	are	infrequent	in	appropriately	selected	cases.	If
an	endometrial	biopsy	has	not	been	performed	preoperatively,	intraoperative	inspection	of	the	uterine	cavity	and
possibly	frozen	section	should	be	performed	to	exclude	the	presence	of	cancer.	If	cancer	is	found	in	the	uterus,
surgical	 staging—including	 sampling	 of	 the	 regional	 lymph	 nodes—should	 be	 considered	 in	 addition	 to
hysterectomy.61

Gynecologic	Cancer	Risk	in	Very	Rare	Hereditary	Cancer	Syndromes
Several	very	rare	hereditary	cancer	syndromes	also	 increase	 the	risk	of	gynecologic	cancers,	and	some	of	 these
women	 could	 potentially	 benefit	 from	 RRS	 to	 remove	 the	 ovaries	 and/or	 uterus.	 Peutz-Jeghers	 syndrome	 is
characterized	by	intestinal	polyps	and	an	increased	risk	of	colon	and	breast	cancers.	This	rare	syndrome	is	due	to
inherited	mutations	in	the	STK11	gene.	Affected	women	also	have	an	increased	risk	of	ovarian	sex	cord-stromal
tumors	with	annular	tubules	(SCTAT)	and	adenoma	malignum	of	the	cervix.	Li-Fraumeni	syndrome	is	caused	by
inherited	mutations	 in	 the	TP53	 gene,	 and	 carriers	 are	 predisposed	 to	 a	 number	 of	 types	 of	 cancers	 including
sarcomas	and	breast	cancer.	The	risk	of	ovarian	cancer	is	increased	as	well	but	is	not	a	major	cause	of	cancer	in
these	 families.	 Cowden	 syndrome	 is	 due	 to	 germline	 PTEN	 mutations	 and	 increases	 the	 risk	 of	 several
malignancies	including	breast,	thyroid,	mucocutaneous,	and	endometrial	cancers.	Finally,	small-cell	carcinoma	of
the	ovary,	hypercalcemic	type,	 is	 due	 to	mutations	 in	 the	SMARCA4	 gene.	These	 highly	 lethal	 ovarian	 cancers
occur	at	a	very	young	age	(median,	24	years)	and	present	difficult	challenges	related	to	timing	of	RRSO.	There	are
no	well-accepted	 evidence-based	 guidelines	 for	 early	 detection	 and	 prevention	 of	 gynecologic	 cancers	 in	 these
very	 rare	hereditary	 cancer	 syndromes.	An	awareness	of	 the	 risk	 and	natural	 history	of	gynecologic	 cancers	 in
these	families	provides	a	basis	for	counseling	individual	patients	regarding	RRSO	and	screening.

MULTIPLE	ENDOCRINE	NEOPLASIA	TYPE	2
Gene	Carriers
The	multiple	endocrine	neoplasia	type	2	(MEN2)	syndromes	include	MEN2A,	MEN2B,	and	familial	(non-MEN)
medullary	 thyroid	 carcinoma	 (FMTC).62–64	 These	 are	 autosomal	 dominant	 inherited	 syndromes	 caused	 by
germline	mutations	in	the	RET	protooncogene.	This	contrasts	with	patients	with	multiple	endocrine	neoplasia	type
1	 (MEN1),	 who	 have	 germline	 mutations	 in	 the	 tumor	 suppressor	 gene	 MENIN.	 The	 hallmark	 of	 MEN2
syndromes	is	the	development	of	multifocal	bilateral	medullary	thyroid	carcinoma	(MTC)	associated	with	C-cell
hyperplasia.	MTCs	 arise	 from	 the	 thyroid	C	 cells,	 also	 called	 parafollicular	 cells.	 C	 cells	 secrete	 the	 hormone
calcitonin	and	carcinoembryonic	antigen,	a	specific	tumor	marker	for	MTC.	A	slow-growing	tumor	in	most	cases,
MTC	causes	significant	morbidity	and	death	in	patients	with	uncontrolled	local	or	metastatic	spread,	often	to	the
bones,	 lungs,	and	 liver.	Large	 tumor	burden	 is	associated	with	diarrhea	and	flushing.	 In	 the	MEN2	syndromes,
there	is	almost	complete	penetrance	of	MTC.	Other	features	are	variably	expressed,	with	incomplete	penetrance
(summarized	in	Table	34.2).

TABLE	34.2
Clinical	Features	of	Sporadic	Medullary	Thyroid	Carcinoma,	Multiple	Endocrine	Neoplasia
Type	2A,	Multiple	Endocrine	Neoplasia	Type	2B,	and	Familial	Medullary	Thyroid	Carcinoma



Clinical
Setting

Features	of
MTC

Inheritance
Pattern

Associated
Abnormalities Genetic	Defect

Sporadic	MTC Unifocal None None Somatic	RET	mutations	in
>20%	of	tumors

MEN2A Multifocal,
bilateral

Autosomal
dominant

Pheochromocytomas,
hyperparathyroidism,
cutaneous	lichen
amyloidosis,
Hirschsprung	disease

Germline	missense
mutations	in	extracellular
cysteine	codons	of	RET

MEN2B Multifocal,
bilateral

Autosomal
dominant

Pheochromocytomas,
mucosal	neuromas,
megacolon,	skeletal
abnormalities

Germline	missense
mutation	in	tyrosine	kinase
domain	of	RET

FMTC Multifocal,
bilateral

Autosomal
dominant

None Germline	missense
mutations	in	extracellular	or
intracellular	cysteine
codons	of	RET

MTC,	medullary	thyroid	carcinoma;	MEN2A,	multiple	endocrine	neoplasia	type	2A;	MEN2B,	multiple	endocrine	neoplasia	type	2B;
FMTC,	familial	medullary	thyroid	carcinoma.

In	 MEN2A,	 all	 patients	 develop	 MTC.	 Approximately	 42%	 of	 affected	 patients	 also	 develop
pheochromocytomas,	 associated	with	 adrenal	medullary	 hyperplasia.	 Hyperparathyroidism	 develops	 in	 10%	 to
35%	 and	 has	 a	 less	 severe	 phenotype	 than	 MEN1	 patients.	 Cutaneous	 lichen	 amyloidosis	 and	 Hirschsprung
disease	are	infrequently	associated	with	MEN2A.65–68

MEN2B	appears	to	be	the	most	aggressive	form	of	hereditary	MTC.	In	MEN2B,	MTC	develops	in	all	patients
at	a	very	young	age	(infancy).	All	affected	individuals	develop	neural	gangliomas,	particularly	in	the	mucosa	of
the	 digestive	 tract,	 conjunctiva,	 lips,	 and	 tongue;	 40%	 to	 50%	 develop	 pheochromocytomas.	 Patients	 with
MEN2B	may	also	have	megacolon,	skeletal	abnormalities,	and	markedly	enlarged	peripheral	nerves.	They	do	not
develop	hyperparathyroidism.

FMTC	is	characterized	by	development	of	MTC	in	the	absence	of	any	other	endocrinopathies.	MTC	in	these
patients	has	a	more	indolent	clinical	course.	Some	individuals	with	FMTC	may	never	manifest	clinical	evidence
(i.e.,	 symptoms	 or	 a	 lump	 in	 the	 neck),	 although	 biochemical	 testing	 and	 histologic	 evaluation	 of	 the	 thyroid
demonstrates	MTC.63,64

RET	Genotype-Phenotype	Correlations
Mutations	in	the	RET	protooncogene	are	responsible	for	MEN2A,	MEN2B,	and	FMTC.69–72	This	gene	encodes	a
transmembrane	tyrosine	kinase	protein.65,73	The	mutations	that	cause	the	MEN2	syndromes	are	activating	gain-of-
function	 mutations	 affecting	 constitutive	 activation	 of	 the	 protein.	 This	 is	 unusual	 among	 hereditary	 cancer
syndromes,	 which	 are	 usually	 caused	 by	 loss-of-function	 mutations	 in	 the	 predisposition	 gene	 (e.g.,	 familial
polyposis,	BRCA1	 and	BRCA2,	 von	Hippel-Lindau,	 and	MEN1).	More	 than	 30	missense	mutations	 have	 been
described	in	patients	affected	by	the	MEN2	syndromes	(Fig.	34.4).

There	is	a	relationship	between	the	type	of	inherited	RET	mutation	and	presentation	of	MTC.	The	most	virulent
form	is	seen	in	patients	with	MEN2B.	These	patients	most	commonly	have	a	germline	mutation	in	codon	918	of
RET	 (ATG→ACG),	although	other	mutations	have	been	described	(codons	883	and	922).	As	noted	previously,
MTC	 in	MEN2B	has	 an	 extremely	 early	 age	of	 onset	 (infancy).	Despite	 its	 distinctive	 clinical	 appearance	 and
associated	 gastrointestinal	 difficulties,	 the	 disease	 is	 often	 not	 detected	 until	 the	 patient	 develops	 a	 neck	mass.
Metastatic	 spread	 is	usually	present	 at	 the	 time	of	 initial	 treatment,	 and	calcitonin	 levels	often	 remain	elevated
postoperatively.

MTC	has	 a	variable	 course	 in	patients	with	MEN2A,	 similar	 to	 that	 of	 sporadic	MTC.	Codon	634	 and	618
mutations	are	the	most	common	RET	mutations	associated	with	MEN2A,	although	mutations	at	other	codons	are
also	 observed	 (see	 Fig.	 34.4).	 Some	 patients	 do	 extremely	well	 for	many	 years,	 even	with	 distant	metastases,
whereas	 others	 develop	 inanition,	 symptomatic	 liver,	 lung,	 or	 skeletal	metastases	 as	well	 as	 disabling	 diarrhea
from	elevated	calcitonin	levels.	Recurrence	in	the	central	neck,	with	invasion	of	the	airway	or	great	vessels,	may
cause	death.
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In	patients	with	FMTC,	MTC	is	usually	indolent.	These	individuals	most	commonly	have	mutations	of	codons
609,	611,	618,	620,	768,	804,	or	891,	although	mutations	of	other	codons	have	been	 identified	 (see	Fig.	 34.4).
Many	 patients	 with	 FMTC	 are	 cured	 by	 thyroidectomy	 alone,	 and	 even	 those	 with	 persistent	 elevation	 of
calcitonin	 levels	do	well	 for	many	years.	Occasionally,	 patients	with	FMTC	survive	 into	 the	 seventh	or	 eighth
decade	without	clinical	signs	of	disease,	although	pathologic	examination	of	the	thyroid	will	reveal	MTC	or	C-cell
hyperplasia.74

Risk-Reducing	Thyroidectomy	in	RET	Mutation	Carriers
Genetic	counseling	and	informed	consent	should	be	obtained	prior	to	genetic	testing.	Specific	issues	that	should
be	covered	in	genetic	counseling	sessions	include	explaining	the	patterns	of	heritability,	likelihood	of	expression
of	 different	 tumors,	 their	 prevention	 and	 treatment,	 insurability,	 nonpaternity,	 survivor	 guilt,	 and	 others.
Importantly,	first-degree	family	members	of	affected	patients	should	be	counseled	regarding	their	risk	for	a	RET
mutation	and	offered	genetic	testing.

It	 has	 been	 shown	 that	 RET	 mutation	 carriers	 may	 harbor	 foci	 of	 MTC	 in	 the	 thyroid	 gland,	 even	 when
calcitonin	levels	are	normal.75	Although	the	age	of	onset	and	rate	of	disease	progression	may	differ,	the	lifetime
penetrance	 of	 MTC	 is	 near	 100%	 in	 carriers	 of	 RET	 mutations	 associated	 with	 MEN2	 syndromes.	 At-risk
individuals	who	 are	 found	 to	 have	 inherited	 a	RET	 gene	mutation	 are	 therefore	 candidates	 for	 thyroidectomy,
regardless	of	their	plasma	calcitonin	levels.

Figure	34.4	RET	mutation	sites	associated	with	multiple	endocrine	neoplasia	type	2	(MEN2)
syndromes.	Codons	previously	reported	in	association	with	MEN2	syndromes	are	listed	by

structural	domain	within	the	RET	protein.	Risk	level	is	based	on	consensus	guidelines	or	more
recent	clinical	reports.	Previously	reported	phenotypes	for	each	codon	are	shown.	Asterisk	indicates
risk	level	based	on	recent	clinical	reports	not	available	at	publication	of	the	consensus	guidelines.
MTC,	medullary	thyroid	carcinoma;	Pheo,	pheochromocytoma;	HPT,	hyperparathyroidism;	FMTC,
familial	medullary	thyroid	carcinoma;	HSCR,	Hirschsprung	disease.	(From	Traugott	AL,	Moley	JF.

The	RET	protooncogene.	Cancer	Treat	Res	2010;153:303–319.)

The	 best	 option	 for	 prevention	 of	 MTC	 in	 RET	 mutation	 carriers	 is	 complete	 surgical	 resection	 prior	 to



malignant	 transformation.	 Prophylactic	 thyroidectomy	 prior	 to	 the	 development	 of	 MTC	 is	 the	 goal	 in	 these
patients.	A	number	of	 studies	have	demonstrated	 improved	biochemical	 cure	 rates	 and/or	decreased	 recurrence
rates	 from	 early	 thyroidectomy,	 performed	 after	 positive	 screening	 by	 calcitonin	 testing	 or	 RET	 mutation
testing.76–78

MEN2B	mutations	 are	 the	highest	 risk	 level,	 designated	 level	 III	 (see	Fig.	34.4).63,79	 Patients	with	MEN2B
have	the	most	aggressive	form	of	MTC,	with	invasive	disease	reported	in	patients	older	than	1	year	of	age.	These
patients	should	have	preventative	surgery	early	in	the	first	year	of	life,	if	possible.	Identification	and	preservation
of	parathyroid	glands	can	be	extremely	difficult	in	these	infants,	due	to	their	small	size,	translucent	appearance,
and	 the	presence	of	exuberant	 thymic	and	perithyroidal	nodal	 tissue.	These	procedures	should	be	performed	by
surgeons	experienced	in	parathyroid	and/or	pediatric	thyroid	operations.

Patients	with	MEN2A	with	mutations	 in	codons	634,	620,	618,	and	611	are	also	considered	high	 risk	 (level
II).63,79	 Patients	with	 level	 II	mutations	 should	 undergo	 a	 total	 thyroidectomy	 at	 5	 to	 6	 years	 of	 age.	 There	 is
evidence	that	the	risk	of	lymph	node	metastasis	is	very	low	in	patients	with	MEN2A	younger	than	the	age	of	8
years,	 with	 normal	 calcitonin	 levels.	 Central	 lymph	 node	 dissection	 is	 associated	 with	 higher	 risk	 of
hypoparathyroidism,	 and	 recurrent	 laryngeal	 nerve	 injury	 and	 should	 be	 reserved	 for	 patients	 with	 elevated
calcitonin	levels.

A	larger	subset	of	RET	mutations,	associated	with	MEN2A	and/or	FMTC,	is	considered	the	lowest	risk	(level
I).63,79	 These	 include	 mutations	 at	 codons	 768,	 790,	 791,	 804,	 and	 891.	 For	 patients	 with	 low-risk	 level	 I
mutations,	total	thyroidectomy	is	recommended	before	ages	5	to	10	years.	This	decision,	however,	regarding	ideal
age	at	preventative	thyroidectomy	in	low-risk	mutation	carriers,	is	currently	being	reviewed	and	may	be	driven	by
additional	 clinical	 data	 such	 as	 the	 basal	 or	 stimulated	 serum	 calcitonin	 level.80,81	 There	 are	 no	 guidelines	 at
present	 that	 address	 the	 issue	 of	 timing	 of	 surgery	 based	 on	 calcitonin	 level,	 and	 at	 present,	 pentagastrin	 (the
primary	calcitonin	secretagogue	used	in	testing)	is	not	available	in	the	United	States.	It	is	anticipated	that	within	a
decade,	there	will	be	enough	published	data	to	direct	timing	of	interventions	based	on	this	information.	As	with
the	 level	 II	 mutations,	 the	 need	 for	 central	 lymph	 node	 dissection	 should	 be	 guided	 by	 calcitonin	 levels	 and
clinical	features	of	the	patient	and	kindred.

Until	 recently,	 some	groups	 recommended	 total	 thyroidectomy	with	central	neck	 lymph	node	dissection	and
total	 parathyroidectomy	 with	 autotransplantation	 for	 all	 RET	 mutation	 carriers.	 Recent	 studies	 and	 personal
experience,	 however,	 have	 demonstrated	 an	 extremely	 low	 likelihood	 of	 nodal	 metastases	 in	 patients	 with
MEN2A	 or	 FMTC	 younger	 than	 8	 years	 of	 age,	 and	 in	 patients	with	 a	 normal	 calcitonin	 level.78	Our	 current
strategy	 is	 to	 leave	 the	parathyroid	 in	situ	 in	 these	patients,	 if	possible.82	Often,	however,	 the	desired	complete
removal	 of	 thyroid	 tissue	 results	 in	 compromise	 of	 parathyroid	 blood	 supply.	 In	 these	 situations,
autotransplantation	 of	 devascularized	 parathyroid	 is	 required.	 We	 routinely	 remove	 and	 autotransplant	 the
parathyroid	if	a	central	node	dissection	is	done.	In	parathyroid	autotransplantation,	parathyroid	glands	are	sliced
into	1	×	3	mm	fragments	and	autotransplanted	into	individual	muscle	pockets	in	the	muscle	of	the	nondominant
forearm	 in	 patients	 with	 MEN2A,	 or	 in	 the	 sternocleidomastoid	 muscle	 in	 patients	 with	 FMTC	 or	 MEN2B.
Patients	are	maintained	on	calcium	and	vitamin	D	supplementation	for	4	to	8	weeks	postoperatively.

Figure	34.5	Total	thyroidectomy	specimen	with	attached	central	nodes	from	a	patient	with
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germline	RET	mutation	and	elevated	calcitonin	levels.	Note	small	visible	foci	of	medullary	thyroid
carcinoma	(arrows).

In	 a	 recent	 series	 of	 thyroidectomies	 performed	 in	 50	 individuals	 with	 MEN2A	 (identified	 by	 genetic
screening),	total	thyroidectomy	and	central	node	dissection	with	parathyroidectomy	and	parathyroid	autografting
were	 performed	 in	 all	 patients	 (Fig.	 34.5).78	 All	 autografts	 functioned,	 but	 3	 patients	 required	 supplemental
calcium.	 The	 percentage	 of	 individuals	 requiring	 calcium	 supplementation	 following	 parathyroidectomy	 with
parathyroid	 autografting	 reportedly	 ranges	 from	 0%	 to	 18%.	 Parathyroidectomy	 should	 be	 performed	 in	 all
patients	showing	gross	parathyroid	enlargement	or	biochemical	evidence	of	parathyroid	disease	at	time	of	surgery.
The	 operating	 surgeon	 should	 have	 expertise	 in	 preservation	 of	 parathyroid	 function.	 It	 is	 important	 that	 the
surgeon	performing	an	operative	procedure	for	MTC	be	familiar	with	 the	 techniques	described	here.	 If	not,	 the
patient	should	be	referred	to	a	center	where	these	procedures	are	routinely	performed.

Some	 patients	with	MEN2	will	 be	 found	 to	 have	 elevated	 calcitonin	 levels	 prior	 to	 thyroidectomy.	 This	 is
usually	 associated	 with	 MTC	 or	 C-cell	 hyperplasia	 in	 the	 gland	 and	 may	 be	 associated	 with	 lymph	 node
metastases.	Much	 has	 been	 written	 about	 the	 correlation	 between	 preoperative	 calcitonin	 levels	 and	 extent	 of
nodal	 involvement.	 It	 has	 been	 suggested	 that	 preoperative	 calcitonin	 level	 may	 guide	 the	 extent	 of	 node
dissection.	 In	 a	 study	 of	 300	 European	 patients	 with	 MTC,	 node	 metastases	 were	 not	 identified	 when	 the
preoperative	 basal	 calcitonin	 level	 was	 <20	 pg/mL.83	 Involvement	 of	 nodal	 groups	 was	 correlated	 with	 basal
calcitonin	 level	as	 follows:	 ipsilateral	central	and	 lateral	neck	nodes	 (basal	calcitonin	>20	pg/mL),	contralateral
central	nodes	(basal	calcitonin	>50	pg/mL),	contralateral	 lateral	neck	nodes	(basal	calcitonin	>200	pg/mL),	and
mediastinal	 nodes	 (basal	 calcitonin	 >500	 pg/mL).	 Based	 on	 these	 findings,	 this	 group	 (who	 also	 wrote	 the
European	 guidelines)	 recommends	 thyroidectomy	 only	 if	 basal	 calcitonin	 is	 <20	 pg/mL,	 ipsilateral	 central	 and
lateral	neck	dissection	 if	 the	calcitonin	 is	20	 to	50	pg/mL,	and	contralateral	central	neck	dissection	 if	 the	basal
calcitonin	is	50	to	200	pg/mL,	with	the	addition	of	contralateral	lateral	neck	dissection	if	the	calcitonin	is	200	to
500	 pg/mL.	There	 is	 significant	 variation	 in	 practice	 pattern	 among	 surgeons	 regarding	 extend	 of	 lymph	 node
dissection	and	preoperative	calcitonin	level.	Most	experts	agree	that	sternotomy	with	mediastinal	neck	dissection
should	 be	 reserved	 for	 patients	with	 image	 evidence	 of	mediastinal	 disease.	 In	 contrast,	most	North	American
surgeons	rely	heavily	on	preoperative	ultrasound	imaging	to	map	the	extent	of	nodal	involvement	and	determine
extent	of	surgery	based	on	calcitonin	and	imaging	results.63,82,84

Follow-up
Following	thyroidectomy,	thyroid	hormone	replacement	is	required	for	life.	Patients	may	need	several	weeks	of
oral	 calcium	 and	 vitamin	D	 until	 parathyroid	 function	 recovers.	 Intermittent	 calcitonin	 testing	may	 be	 done	 to
monitor	 for	 persistent	 or	 recurrent	MTC.	 The	 importance	 of	 regular	 monitoring	 of	 patients’	 compliance	 with
thyroid	medication	following	thyroidectomy	should	not	be	underestimated.	Children	and	teenagers	are	frequently
noncompliant,	 and	 this	 can	 be	 determined	 by	 routine	 measurement	 of	 thyroid-stimulating	 hormone	 levels.
Continued	noncompliance	can	result	in	growth	problems.	Occasionally,	local	human	services	agencies	may	need
to	be	involved	in	particularly	difficult	cases.

The	term	“biochemical	cure”	is	used	to	refer	to	patients	with	normal	calcitonin	levels	after	surgery	for	MTC.
Complete	postoperative	normalization	of	 calcitonin	has	been	associated	with	decreased	 long-term	 risk	of	MTC
recurrence,	 although	 the	 evidence	 is	 less	 clear	 for	 a	 survival	 benefit.	 A	 persistent	 or	 recurrent	 elevation	 in
calcitonin	 indicates	 residual	 or	 recurrent	MTC	 and	warrants	 additional	 investigation	 by	 imaging.	However,	 as
most	MTC	has	 a	 fairly	 indolent	 course,	 patients	with	 biochemical	 evidence	 of	 recurrent	 disease	may	 not	 have
corollary	imaging	findings	for	some	time.

Conclusions
Identification	of	RET	gene	mutations	in	individuals	at	risk	for	developing	hereditary	forms	of	MTC	has	simplified
management,	expanding	the	scope	of	indications	for	surgical	intervention.	Patients	who	carry	this	mutation	can	be
offered	operative	treatment	at	a	very	young	age,	hopefully	before	the	cancer	has	developed	or	spread,	and	those
identified	 as	 not	 having	 the	mutation	 are	 spared	 further	 genetic	 and	 biochemical	 screening.	 This	 achievement
marks	a	new	paradigm	in	surgery:	the	indication	that	an	operation	be	performed	based	on	the	results	of	a	genetic
test.	As	 in	 the	decision	 to	perform	any	 surgical	procedure,	meticulous	preparation	and	detailed	discussion	with
patient	 and	 family	must	 precede	 the	 final	 recommendation.	 It	 is	 also	 important	 that	 the	 patient	 and	 family	 be
involved	in	preoperative	discussions	with	genetic	counselors.	Postoperative	follow-up	for	compliance	with	thyroid



medication	is	important,	especially	in	children	and	teenagers	who	are	still	growing	and	developing	into	adults.

HEREDITARY	COLORECTAL	CANCER	SYNDROMES:	FAMILIAL
ADENOMATOUS	POLYPOSIS,	MUTYH-ASSOCIATED	POLYPOSIS,	AND
LYNCH	SYNDROME
There	has	been	an	alarming	increase	in	the	incidence	of	CRC	among	patients	younger	than	50	years	old.	CRC	is
now	the	third	leading	cause	of	cancer	death	in	patients	younger	than	50	years.84	It	is	estimated	that	by	2030,	more
than	1	 in	10	of	 all	 colon	 and	nearly	1	 in	4	of	 all	 rectal	 cancers	will	 be	 identified	 in	 patients	 younger	 than	 the
current	screening	age,	an	increase	by	90%	and	124.2%,	respectively.85	The	cause	of	this	trend	is	largely	unclear
but	may	be	partially	explained	by	the	overall	increased	incidence	of	obesity,	physical	inactivity,	diabetes,	and	the
Western	diet	in	this	population.86	These	younger	patients	are	not	captured	in	current	screening	protocols;	present
when	 symptomatic	with	more	 advanced	 disease;	 and	 have	 a	 predominance	 of	 rectal,	 left-sided,	mucinous,	 and
signet	 ring	 cell	 tumors,	with	 upwards	 of	 70%	presenting	with	 regional	 or	metastatic	 disease.87,88	An	 increased
development	of	polyps	and	locoregional	recurrence	during	follow-up	has	also	been	described	in	these	patients.89
The	molecular	 basis	 of	 these	 younger	 patients	 outside	 of	 known	hereditary	 syndromes	 is	 nebulous	 and	 largely
unknown	 with	 early	 CRC	 associated	 with	 chromosomal	 instability	 (CIN),90	 MSI,	 CpG	 island	 methylator
phenotype	(CIMP),91	as	well	as	microsatellite-	and	chromosome-	stable	(MASC)	CRC.92	There	is	no	consensus	in
how	 best	 to	 identify	 these	 patients,	 and	 screening	 is	 currently	 a	 risk-based	 decision	 with	 those	 at	 low	 risk
recommended	to	undergo	routine	screening,	and	those	at	higher	risk	(i.e.,	hematochezia,	anemia,	change	in	bowel
habits,	Crohn	disease/ulcerative	colitis,	familial	polyposis,	LS,	or	strong	family	history	of	CRC)	should	undergo
screening	at	an	earlier	age.	Treatment	of	these	younger	patients	is	similarly	vague,	and	this	cohort	has	been	shown
to	 receive	 more	 aggressive	 radiotherapy	 and	 surgical	 treatment	 than	 their	 older	 counterparts	 stage	 for	 stage,
especially	when	 presenting	with	 distant	 disease.	 This	 is	 possibly	 because	 of	more	 symptomatic	 disease	 or	 the
desire	to	be	more	aggressive	given	the	patient’s	age	and	ability	to	tolerate	such	treatments.	It	is	unclear	whether
these	 more	 aggressive	 treatment	 approaches	 are	 necessary.	 Interestingly,	 this	 group	 of	 younger	 patients
demonstrate	 superior	 5-year	 and	overall	 survival	 stage	 for	 stage	 as	 compared	 to	 older	 cohorts,	which	 could	be
from	 the	 more	 aggressive	 treatments,	 decreased	 overall	 morbidities,	 or	 that	 these	 younger	 patients	 have	 less
aggressive	CRC	associated	with	a	hereditary	syndrome.6	Given	the	current	lack	of	knowledge	about	this	rapidly
expanding	 and	 important	 group	 of	 patients,	 it	 is	 critical	 there	 be	 increased	 medical	 community	 awareness	 to
identify	these	patients	sooner	and	foster	new	investigations	into	understanding	the	molecular	causes	for	this	early-
onset	 disease,	 as	well	 as	 to	 determine	 cost-effective	 prevention,	 screening,	 and	 treatment	 protocols	 to	 improve
outcomes.

Inherited	CRC	syndromes	with	multiple	adenomatous	polyps	include	FAP,	attenuated	FAP	(AFAP),	MUTYH-
associated	polyposis	(MAP),	and	LS.	In	some	cases,	the	diagnosis	is	suspected	because	of	a	striking	family	history
of	CRC,	whereas	in	others,	suspicion	arises	from	a	very	young	onset	of	CRC	or	florid	polyposis.

Although	 adenomatous	 polyp	burden	 and	 family	 history	may	 suggest	 one	 syndrome	over	 another,	 an	 initial
negative	genetic	test	result	should	be	followed	by	further	evaluation	for	other	syndromes.	For	example,	in	clinical
practice,	a	negative	adenomatous	polyposis	coli	(APC)	gene	test	in	a	patient	with	a	suspected	CRC	syndrome	is
followed	by	reflex	testing	for	MAP	and	LS.	Figure	34.6	demonstrates	the	potential	genetic	workup	for	a	patient
with	 multiple	 adenomatous	 colorectal	 polyps	 and	 suspected	 of	 having	 an	 inherited	 CRC	 syndrome.	 Genetic
counselors	 should	 be	 involved	 early	 given	 the	 ever-increasing	 complexity	 of	 testing	 and	 interpretation	 in	 the
setting	of	a	patient’s	family	and	medical	history.

FAP	is	an	autosomal	dominant	syndrome	that	accounts	for	<1%	of	the	annual	CRC	burden	and	is	caused	by
mutations	in	the	tumor-suppressor	APC	gene.	It	is	characterized	by	the	presence	of	≥100	adenomatous	polyps	in
the	 colorectum,	 nearly	 100%	 penetrance,	 and	 an	 inevitable	 risk	 of	 CRC	 if	 prophylactic	 colectomy	 is	 not
performed.93,94	Patients	with	a	less	severe	form	known	as	AFAP	usually	present	with	<100	colorectal	adenomas
that	tend	to	be	proximally	located.	Approximately	10%	to	30%	of	patients	with	clinically	evident	FAP/AFAP	will
not	 have	 an	 identifiable	 APC	 mutation	 on	 genetic	 testing,	 and	 new	 genetic	 screening	 methods	 are	 finding
mutations	associated	with	APC	among	these	patients.	These	findings	include	deep	intronic	mutations,	mosaicism,
genomic	rearrangements,	missense	mutations,	as	well	as	mutations	in	other	genes	that	have	yet	to	be	identified	or
further	characterized	such	as	POLE,	POLD1,	and	GREM1.95,96
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Figure	34.6	Schematic	demonstrating	the	potential	genetic	workup	for	a	patient	with	multiple
adenomatous	colorectal	polyps	and	suspected	of	having	an	inherited	colorectal	cancer	syndrome.
APC,	adenomatous	polyposis	coli;	MMR,	mismatch	repair;	MSI,	microsatellite	instability;	FAP,

familial	adenomatous	polyposis;	MAP,	MUTYH-associated	polyposis.

MAP	is	an	autosomal	recessive	syndrome	secondary	to	biallelic	mutations	in	the	MUTYH	gene	leading	to	an
increase	 in	G:C	 to	 T:A	 transversions	within	 the	APC	 and	KRAS	 genes,	 and	 subsequently	 microsatellite-stable
adenomas.	 The	 number	 of	 polyps	 in	 MAP	 is	 highly	 variable,	 and	 patients	 often	 present	 phenotypically	 as
attenuated	polyposis,	making	it	difficult	to	differentiate	MAP	between	AFAP	and	FAP.97

LS	 is	 the	 most	 common	 inherited	 syndrome	 predisposing	 to	 CRC,	 accounting	 for	 1%	 to	 4%	 of	 all	 newly
diagnosed	CRC.	LS	is	attributable	to	a	germline	mutation	in	one	of	the	DNA	MMR	genes	(MLH1,	MSH2,	MSH6,
and	PMS2).98–100	Epigenetic	silencing	of	the	MSH2	gene	via	a	3′-end	deletion	in	EPCAM	 (previously	known	as
TACSTD1),	a	neighbor	of	MSH2	that	plays	a	role	in	cell	adhesion,	also	accounts	for	20%	to	25%	of	all	suspected
MSH2	cases	and	1%	to	6%	of	LS	cases	overall.101–103	LS	is	transmitted	in	an	autosomal	dominant	fashion	and	is
characterized	by	early	age-of-onset	CRC,	a	predominance	of	lesions	proximal	to	the	splenic	flexure,	an	increased
rate	of	metachronous	CRC,	and	a	unique	spectrum	of	benign	and	malignant	extracolonic	tumors.	Lifetime	risk	of
CRC	 in	patients	with	LS	may	be	 as	high	 as	80%.100,104	MSI	 reflects	 a	 deficiency	 in	DNA	 repair	 secondary	 to
MMR	gene	mutation	and	is	a	hallmark	feature	of	LS-associated	tumors.

Variability	 in	 penetrance,	 phenotypic	 expression,	 and	 certainty	 of	 disease	 development	 mandate	 distinctly
different	surgical	approaches	in	these	three	syndromes,	including	the	type	and	timing	of	risk-reducing	colon	and
rectal	surgery.105

Familial	Adenomatous	Polyposis
Surveillance	of	at-risk	family	members	should	begin	around	ages	10	to	15	years	with	an	annual	colonoscopy	or
flexible	 sigmoidoscopy.106	 At-risk	 individuals	who	 belong	 to	 families	with	 an	AFAP	 phenotype	 and	 have	 not
undergone	genetic	testing	should	undergo	colonoscopic	screening	every	2	to	3	years	starting	in	their	late	teens	to
early	20s.	If	patients	have	positive	genetic	testing,	screening	should	begin	at	the	same	age,	and	repeated	every	1	to



2	years.106	Informative	genetic	testing	is	possible	in	families	with	a	demonstrated	APC	mutation,	and	mutations
are	 detected	 in	most	 pedigrees.	However,	 approximately	 25%	 of	 patients	with	 FAP	will	 have	 a	 de	 novo	APC
mutation.104

Severity	 of	 polyposis	 should	 be	 established	 during	 colonoscopy,	 as	 the	 timing	 of	 surgery	 and	 the	 risk	 of
developing	 CRC	 is	 largely	 dependent	 on	 the	 extent	 of	 polyp	 burden.	 Patients	 with	 mild	 polyposis	 and	 a
correspondingly	 lower	CRC	risk	 should	undergo	surgery	 in	 their	 late	 teens,	generally	between	high	school	and
college,	as	this	is	practical	given	CRC	is	rare	in	teenagers	with	FAP.	In	some	of	these	mild	polyposis	patients,	it
may	be	beneficial	to	delay	surgery	even	longer	on	a	year-to-year	basis	as	long	as	no	dysplasia	or	adenomas	>1	cm
develop	 to	 decrease	 the	 risk	 of	 desmoids.	 Patients	 with	 severe	 polyposis,	 high	 degree	 of	 dysplasia,	 multiple
adenomas	>9	mm	 in	 size,	 and	 symptoms	 (bleeding,	 persistent	 diarrhea,	 anemia,	 failure	 to	 thrive,	 psychosocial
stress,	 etc.)	 should	 undergo	 risk-reducing	 colorectal	 surgery	 as	 soon	 as	 is	 practical	 after	 diagnosis.107,108
Additionally,	in	carefully	selected,	fully	asymptomatic	patients	who	have	small	adenomas	(some	argue	<2	cm)	but
a	 strong	 family	 history	 of	 aggressive	 abdominal	 desmoid	 disease,	 consideration	 can	 be	 given	 to	 delaying
prophylactic	 colectomy,	 as	 the	 risk	 of	 desmoid-related	 complication	 may	 be	 greater	 than	 the	 risk	 of	 CRC
development.

The	three	current	surgical	options	for	patients	with	FAP	are	(1)	total	proctocolectomy	(TPC)	with	permanent
ileostomy,	(2)	total	abdominal	colectomy	with	ileorectal	anastomosis	(TAC/IRA),	and	(3)	TPC	with	ileal	pouch-
anal	 anastomosis	 (IPAA)	 either	 stapled	 or	 hand-sewn.	 The	 stapled	 IPAA	 anastomosis	 leaves	 behind
approximately	1	 to	2	 cm	of	 anal	 transition	 zone	 (ATZ).	The	hand-sewn	 IPAA	anastomosis,	which	 is	 preferred
when	there	is	carpeting	of	the	ATZ	with	adenomas,	is	performed	with	a	mucosal	stripping	of	the	ATZ	down	to	the
dentate	line	(mucosectomy)	followed	by	a	hand-sewn	per	anal	anastomosis	of	pouch	to	the	dentate	line.	Selection
of	the	optimal	procedure	for	an	individual	patient	is	based	on	several	factors,	including	characteristics	of	the	FAP
syndrome	within	the	patient	and	family,	differences	in	likely	postoperative	functional	outcome,	preoperative	anal
sphincter	status,	and	patient	preference.93

TPC	 with	 permanent	 ileostomy,	 although	 rarely	 chosen	 as	 a	 primary	 procedure,	 is	 used	 in	 patients	 with
invasive	 cancer	 involving	 the	 sphincters	 or	 levator	 complex,	 or	 patients	 for	whom	 an	 IPAA	 is	 not	 technically
feasible	 (secondary	 to	 desmoid	 disease	 and	 foreshortening	 of	 the	 small	 bowel	mesentery,	making	 it	 surgically
impossible	 to	bring	 the	 ileal	pouch	 to	 the	anus)	nor	 likely	 to	 lead	 to	good	 function	 such	as	massive	obesity	or
weak	anal	sphincters.	However,	TPC	is	occasionally	chosen	as	a	primary	procedure	by	patients	who	perceive	that
their	lifestyle	would	be	compromised	by	the	frequent	bowel	movements	(five	to	six	per	day)	sometimes	associated
with	the	IPAA	procedure.

In	addition	to	these	issues,	the	key	in	deciding	between	an	IPAA	and	an	IRA	is	based	primarily	on	the	risk	of
rectal	 cancer	development	 if	 the	 rectum	 is	 left	 in	 situ,	 and	no	 randomized	 trials	 comparing	 the	 two	procedures
have	been	performed.	The	risk	of	rectal	cancer	following	IRA	may	range	from	3%	to	10%	at	10	years,	whereas
the	 risk	 for	 a	 secondary	 proctectomy	 for	 uncontrolled	 rectal	 polyposis	 ranges	 from	 10%	 to	 61%	 at	 20	 years
following	initial	colectomy	with	IRA.109–111	The	magnitude	of	risk	in	an	individual	patient	is,	however,	related	to
the	 overall	 extent	 of	 colorectal	 polyposis.	 IRA	may	 be	 considered	 for	 patients	 with	 <1,000	 colorectal	 polyps
(including	 those	 with	 AFAP)	 and	 <20	 rectal	 adenomas,	 as	 these	 individuals	 have	 a	 relatively	 low	 risk	 of
developing	 rectal	 cancer.105,110	 Patients	 with	 a	 severe	 rectal	 (>20	 adenomas)	 or	 colonic	 (>1,000	 adenomas)
polyposis,	 an	 adenoma	 >3	 cm,	 or	 an	 adenoma	 with	 severe	 dysplasia	 should	 ideally	 undergo	 a	 risk-reducing
procedure	that	will	include	a	proctectomy.107,108,110

The	risk	of	secondary	rectal	excision,	due	to	uncontrollable	rectal	polyposis	or	rectal	cancer,	may	be	estimated
by	identifying	the	specific	location	of	the	causative	APC	mutation.	Patients	with	mutations	located	downstream	of
codon	1250	have	a	threefold	increased	risk	of	developing	rectal	cancer,	and	those	with	mutations	between	codons
1250	and	1464	have	a	sixfold	increased	risk	of	developing	rectal	cancer.93,109	Although	the	use	of	the	genotype-
phenotype	 relationship	 to	 guide	 patient	 management	 may	 be	 appealing,109	 it	 is	 important	 to	 recognize	 the
variability	of	phenotypic	expression	that	exists	even	among	members	of	the	same	family.	This	suggests	that	at	the
current	time,	the	choice	between	an	IRA	and	an	IPAA	should	be	based	primarily	on	clinical	(rather	than	genetic)
grounds.107

The	risk	of	polyp	and	cancer	development	following	primary	surgery	is	not	limited	to	patients	undergoing	IRA.
In	patients	undergoing	TPC	and	IPAA,	neoplasia	may	occur	at	the	site	of	ileal	pouch	anastomosis	at	the	ATZ.	The
stapled	IPAA	technique	has	the	advantage	of	being	easier	to	perform	and	survey,	with	better	function	and	fewer
complications;	 however,	 the	 frequency	 of	 neoplasia	 appears	 to	 be	 nearly	 two	 times	 higher	 after	 stapled
anastomosis	(28%	to	31%)	than	after	mucosectomy	and	hand-sewn	anastomosis	(10%	to	14%).112

In	 the	case	of	neoplasia	developing	at	 the	ATZ	after	 a	 stapled	anastomosis,	 transanal	mucosectomy	may	be
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performed	if	the	ATZ	is	short	(<2	cm),	followed	by	advancement	of	the	pouch	to	the	dentate	line.	If	the	ATZ	is
longer	than	2	cm,	a	redo	IPAA	may	be	required	transabdominally.	Of	additional	concern	is	 the	development	of
adenomatous	polyps	in	the	ileal	pouch,	which	occurs	in	approximately	45%	of	patients	by	10-year	follow-up.113

Another	 important	 consideration	 in	 choosing	 between	 IPAA	 and	 IRA	 is	 postoperative	 bowel	 function	 and
quality	of	 life.	Some	studies	have	associated	IPAA	with	higher	frequency	of	both	daytime	and	nocturnal	bowel
movements,	 higher	 incidence	 of	 passive	 incontinence	 and	 incidental	 soiling,	 and	 greater	 postoperative
morbidity.114	However,	long-term	follow-up	demonstrates	a	comparable	quality	of	life	following	IPAA	for	FAP
relative	 to	 the	patient’s	preoperative	baseline.115	Therefore,	 although	 the	 choice	of	 procedure	must	 be	 carefully
individualized,	because	of	the	risk	of	rectal	cancer	associated	with	IRA,	the	authors	favor	IPAA	for	most	patients
with	 FAP	whenever	 feasible.	However,	 an	 IRA	 should	 be	 considered	 in	 specific	 circumstances,	 such	 as	when
there	is	mild	rectal	polyposis	(as	in	AFAP),	a	young	patient	with	rectal	sparing	who	is	not	interested	in	undergoing
the	multiple	procedures	that	accompany	an	IPAA	and	a	diverting	loop	ileostomy,	or	a	young	woman	interested	in
having	 children	 and	 trying	 to	 avoid	 the	 decreased	 fecundity	 associated	with	 an	 IPAA	procedure.116	 Some	 also
argue	surgical	compromise	(such	as	TAC/IRA	for	profuse	polyposis	 that	should	be	 treated	with	IPAA)	may	be
appropriate	 if	 the	 operation	 is	 performed	 sooner	 than	 planned.	 Such	 situations	 may	 include	 an	 attempt	 at
preserving	the	ability	to	conceive,	to	protect	the	hypogastric	pelvic	nerves,	to	allow	for	improved	bowel	function,
and	 the	avoidance	of	a	 temporary	ostomy.	This	compromise	would	only	be	appropriate	 in	select	circumstances
under	careful	discussion	with	the	patient	and	the	understanding	that	aggressive	surveillance	of	the	residual	rectum
is	required	and	 that	 future	proctectomy	may	be	necessary.117	The	use	of	minimally	 invasive	 techniques	such	as
laparoscopy	may	reduce	 the	 risk	of	 infertility	associated	with	 IPAA.118,119	Although	a	diverting	 loop	 ileostomy
should	be	performed	in	all	IPAA	procedures,	it	is	not	always	feasible	due	to	a	number	of	anatomic	factors	such	as
body	habitus.

Endoscopic	surveillance	of	the	rectal	segment	(after	IRA	or	IPAA)	at	6-	to	12-month	intervals	after	the	index
surgery	 is	 recommended,	 with	 subsequent	 surveillance	 frequencies	 dependent	 on	 the	 number	 and	 size	 of
adenomas	 observed.106	 Although	 small	 (<5	mm)	 scattered	 adenomas	 can	 be	 safely	 observed	 or	 removed	with
biopsy	forceps,	polyps	>5	mm	should	be	removed	by	snare.	However,	repeated	fulguration	and	polypectomy	over
many	 years	 can	 lead	 to	 difficulty	 with	 subsequent	 polypectomy,	 reduced	 rectal	 compliance,	 and	 difficulty
identifying	 flat	 cancers	 in	 the	 background	 of	 scar	 tissue.	 The	 development	 of	 severe	 dysplasia	 and	 villous
adenomas	not	amenable	to	endoscopic	removal	or	>1	cm	are	indications	for	proctectomy.120

Regarding	AFAP,	given	that	polyposis	has	a	later	onset	and	the	risk	of	CRC	is	less	well	established	in	AFAP,
controversy	exists	regarding	surgical	management	and	some	authors	question	whether	prophylactic	colectomy	is
necessary	in	all	patients.	If	few	adenomas	are	present,	repeated	colonoscopic	polypectomies	may	be	preferable	to
surgery,	 with	 colectomy	 reserved	 for	 those	 whose	 polyps	 cannot	 be	 controlled	 endoscopically.121	 However,
because	 there	 is	 clearly	 an	 increased	 risk	 of	 CRC,	 some	 authors	 support	 routine	 prophylactic	 colectomy	 as	 in
classical	 FAP.122	 One	 author	 recommends	 colectomy	 at	 ages	 20	 to	 25	 years	 as	 the	 gold	 standard.106	 Most
recommend	TAC/IRA	as	opposed	to	IPAA	in	AFAP	patients	due	to	the	tendency	for	rectal	sparing.123	One	study
that	 examined	 four	national	 polyposis	 registries	 reported	 a	10%	cumulative	 risk	of	 secondary	proctectomy	and
3.7%	cumulative	risk	of	rectal	cancer	in	58	AFAP	patients	following	TAC/IRA.109

Long-Term	Considerations	from	Extracolonic	Manifestations
Despite	 the	 reduced	 risk	of	CRC-related	death	 following	prophylactic	colectomy,	patients	with	FAP	are	 still	 at
increased	risk	of	mortality	from	both	rectal	cancer	and	other	causes	relative	to	the	general	population.	The	three
main	 causes	 of	 death	 following	 IRA	 are	 progression	 of	 desmoid	 disease,	 stomach	 and	 duodenal	 cancer,	 and
perioperative	 mortality.	 Additional	 FAP-related	 extraintestinal	 manifestations	 include	 epidermoid	 cysts,
supernumerary	teeth,	osteomas	of	the	jaw	and/or	skull,	congenital	hypertrophy	of	the	retinal	pigment	epithelium,
cancers	of	the	hepatopancreatobiliary	tract	and	genitourinary	tract,	and	thyroid	cancer.124–126

Desmoids
Desmoids	may	occur	 in	10%	to	25%	of	patients	with	FAP.127,128	Unlike	 those	 found	 in	 the	general	population,
FAP-associated	 desmoids	 tend	 to	 be	 intra-abdominal	 and	 arise	 following	 abdominal	 surgery.128,129	 Although
conflicting	reports	exist,	it	appears	that	female	patients,	those	with	extracolonic	manifestations	of	FAP,	a	positive
family	history	of	desmoids,	and	APC	mutations	 located	at	3′	of	codon	1440	are	at	 increased	risk	of	developing
desmoids.128,130,131	These	tumors	often	involve	the	small	bowel	mesentery	as	well	as	the	retroperitoneum	and	are
often	life-threatening	due	to	invasion	or	compression	of	adjacent	viscera.	Further,	recurrence	and	morbidity	rates



are	 high	 following	 attempted	 resection,	with	 recurrent	 disease	 often	more	 aggressive	 than	 the	 initial	 desmoid.
Estimated	5-year	overall	 survival	 for	patients	with	 intra-abdominal	desmoids	causing	 severe	 symptoms	 such	as
significant	 pain	 and	 septic	 fistula/abscess,	 diameter	 >20	 cm	 or	 rapidly	 growing,	 and/or	 need	 for	 parenteral
nutrition	is	only	53%.129	Therefore,	desmoid	resection	is	evaluated	on	an	individualized	case-by-case	basis	with
surgery	reserved	for	highly	select	cases.

Desmoids	 that	 involve	 the	 small	 bowel	 mesentery	 may	 preclude	 the	 formation	 of	 an	 IPAA	 secondary	 to
foreshortening	 of	 the	 small	 bowel	 mesentery,	 especially	 in	 patients	 undergoing	 proctectomy	 after	 an	 initial
IRA.132	Surgery	for	intra-abdominal	and	abdominal	wall	desmoids	should	be	reserved	for	limited	disease	where
the	likelihood	of	clear	margins	is	high.

In	symptomatic	cases	where	resection	of	an	intra-abdominal	desmoid	may	not	be	feasible,	intestinal	bypass	or
ureteral	stenting	may	be	necessary	to	alleviate	bowel	or	urinary	obstruction	secondary	to	mass	effect.	In	addition
to	 surgical	 intervention,	 several	 medical	 options	 with	 variable	 efficacy	 are	 available	 for	 the	 management	 of
desmoid	 disease	 and	 include	 nonsteroidal	 anti-inflammatory	 drugs	 (e.g.,	 sulindac),	 selective	 estrogen	 receptor
modulators	(e.g.,	tamoxifen),	immunomodulators	(e.g.,	imatinib,	sorafenib,	interferon),	doxorubin-based	cytotoxic
chemotherapy,	and	radiation.

MUTYH-Associated	Polyposis
MAP	 is	 an	 autosomal	 recessive	disorder	 caused	by	biallelic	mutation	 in	 the	MUTYH	 gene	with	 the	 number	 of
polyps	 being	 highly	 variable,	 ranging	 from	 a	 few	 adenomas	 to	 hundreds	 of	 adenomas,	 making	 it	 sometimes
difficult	 to	distinguish	between	AFAP	and	 classic	FAP.	MAP	has	been	diagnosed	 in	over	7%	of	patients	with
polyposis	(>100	adenomas)	and	lack	of	an	APC	mutation,	and	therefore,	patients	with	polyposis	and	negative	APC
should	be	tested	for	an	MUTYH	mutation.106,133	Polyps	may	be	found	throughout	the	colon,	but,	as	in	AFAP,	there
is	a	slight	propensity	to	CRC	proximal	to	the	splenic	flexure.134	It	has	been	suggested	that	approximately	30%	of
MAP	patients	with	CRC	do	not	develop	polyposis.135	The	mean	age	at	CRC	diagnosis	is	between	the	late	40s	and
early	 50s,	 which	 is	 later	 than	 classic	 FAP	 but	 similar	 to	 AFAP.136	 The	 estimated	 cumulative	 risk	 of	 CRC	 in
biallelic	MUTYH	 mutation	 carriers	 is	 80%	 by	 age	 80	 years	 (19%	 by	 age	 50	 years,	 43%	 by	 age	 60	 years).137
Additionally,	there	is	a	2.5	increased	risk	of	CRC	for	heterozygous	carriers	of	MUTYH	mutations	compared	with
the	 general	 population,	 and	 an	 even	 higher	 risk	 if	 they	 have	 a	 first-degree	 relative	 diagnosed	 with	 CRC.138
Synchronous	cancers	occur	in	up	to	24%	of	MAP	patients.

The	genotype	of	MUTYH	mutations	can	predict	phenotype.	Patients	with	a	compound	heterozygous	mutation
(G396D/Y179C)	are	diagnosed	with	CRC	at	a	mean	age	of	52	years,	whereas	those	with	a	homozygous	G396D
mutation	were	diagnosed	at	58	years,	and	46	years	with	a	Y179C	mutation.	This	information	is	important	when
counseling	patients	with	known	mutations.97

The	diagnosis	of	MAP	is	confirmed	by	MUTYH	gene	testing.97,105	Patients	with	a	personal	history	of	between
10	to	20	adenomas	or	if	they	meet	criteria	for	serrated	polyposis	syndrome	with	at	least	some	adenomas	should
also	be	considered	for	testing.	When	polyposis	is	present	in	a	patient	with	no	family	history,	testing	for	de	novo
APC	 mutation	 should	 be	 undertaken,	 and	 if	 negative,	 testing	 for	MUTYH	 should	 follow.	 Patients	 who	 have
polyposis	but	a	negative	test	for	MUTYH	should	be	managed	as	FAP	patients.106	Extracolonic	manifestations	of
MAP	 are	 similar	 to	 FAP	 and	 include	 osteomas,	 desmoids,	 congenital	 hypertrophy	 of	 the	 retinal	 pigment
epithelium,	 and	 cancers	 of	 the	 thyroid,	 ovary,	 bladder,	 sebaceous	 gland,	 and	 breast.	 In	 addition,	 patients	 with
MAP	are	also	at	a	4%	lifetime	risk	of	developing	duodenal	cancer.

Once	 a	 patient	 is	 identified	 as	 having	 MAP,	 genetic	 counseling	 and	 surveillance	 colonoscopies	 should	 be
initiated	given	the	increased	risk	of	CRC.	Colonoscopy	should	begin	at	ages	25	to	30	years	and	should	be	repeated
every	2	to	3	years	should	no	adenomas	be	discovered.	Patients	younger	than	21	years	with	small	adenoma	burden
should	be	followed	with	colonoscopy	and	polypectomy	every	1	to	2	years	with	surgical	counseling	for	TAC/IRA
as	 the	 patient	 ages	 or	 if	 polyposis	 becomes	 unable	 to	 be	 managed	 endoscopically.	 In	 general,	 long-term
endoscopic	management	of	the	whole	colon	is	not	successful.

Most	MAP	patients	present	with	an	attenuated	phenotype	and	relative	sparing	of	 the	rectum.134	 If	surgery	 is
necessary,	and	the	rectum	is	spared,	TAC/IRA	is	recommended.	If	rectal	polyposis	is	severe,	then	TPC	with	IPAA
is	 indicated.	 The	 rectal	 stump	 should	 be	 surveilled	 every	 6	 to	 12	months	 postoperatively	 as	 rectal	 polyps	 are
frequently	found	after	surgery	(1.52	adenomas	per	year	per	patient).139	There	are	currently	no	recommendations
for	chemoprevention	of	polyps	postoperatively.

Monoallelic	MUTYH	carriers	require	special	CRC	screening	with	colonoscopy	every	5	years	beginning	at	age
40	years,	or	10	years	prior	to	the	first-degree	relative	with	CRC.	It	is	unclear	whether	special	screening	is	needed



Dr. AVR @ TMH

if	 no	 first-degree	 family	 members	 have	 CRC.	 Should	 CRC	 be	 discovered	 in	 an	MUTYH	 carrier,	 postsurgical
surveillance	is	the	same	as	for	sporadic	CRC.106

Given	the	risk	of	duodenal	cancer,	upper	gastrointestinal	endoscopy	is	advised	starting	from	between	30	to	35
years	 of	 age.	 The	 recommended	 screening	 interval	 is	 the	 same	 as	 FAP	 and	 determined	 by	 the	 Spigelman
classification.106

Lynch	Syndrome
Due	 to	 the	discordance	associated	with	 the	 term	hereditary	nonpolyposis	CRC,	 the	use	of	 this	 term	has	 largely
been	abandoned	with	reversion	back	to	the	eponym	LS,	which	refers	to	individuals	with	a	predisposition	to	CRC
and	other	malignancies	as	a	result	of	a	germline	MMR	mutation.140	Overall,	CRC	occurs	in	up	to	80%	of	patients
with	LS	by	their	mid-40s.93,99	Endometrial	cancer	occurs	in	40%	to	60%,	gastric	cancer	in	11%	to	19%,	urinary
tract	cancer	in	1%	to	4%,	and	ovarian	cancer	in	9%	to	15%	of	affected	individuals.93,99,104

Several	clinical	criteria	are	available	to	identify	patients	at	risk	of	LS	who	require	further	testing.	These	include
the	Amsterdam	II	criteria,	the	revised	Bethesda	guidelines,	and	online	statistical	models	(MMRpro,	MMRPredict,
PREMM5).141–143	The	Amsterdam	II	criteria	require	that	there	be:

Three	relatives	(one	a	first-degree	relative	of	the	other	two)	with	colorectal,	endometrial,	stomach,	ovary,
small	bowel,	ureteral/renal	pelvis,	brain,	hepatobiliary,	and/or	sebaceous	cancer
In	two	or	more	successive	generations
With	at	least	one	case	of	cancer	diagnosed	before	the	age	of	50	years
FAP	as	a	diagnosis	is	excluded142

Although	 the	Amsterdam	criteria	can	be	used	clinically	 to	 identify	potential	patients	with	LS,	using	 it	alone
will	result	in	identification	of	only	42%	of	LS	mutation	carriers.144	This	led	to	the	development	of	the	Bethesda
guidelines,	now	revised,	which	broaden	the	clinical	criteria	(Table	34.3).

Patients	with	CRC	who	belong	to	pedigrees	suspicious	for	LS	should	be	offered	screening	by	IHC	for	loss	of
MMR	 protein	 expression	 or	 by	 MSI	 analysis.	 As	 the	 sensitivity	 of	 IHC	 testing	 for	 loss	 of	 MMR	 protein
expression	 is	 comparable	 to	 MSI	 testing,	 either	 approach	 can	 be	 pursued.140	 However,	 IHC	 testing	 is	 less
expensive	and	can	also	identify	a	specific	MMR	protein	loss,	which	can	help	target	subsequent	germline	testing.
Routine	IHC	testing,	or	universal	screening,	for	loss	of	MMR	protein	in	individuals	younger	than	50	years	at	the
time	of	CRC	diagnosis	is	feasible	and	has	led	to	the	identification	of	patients	with	LS	who	might	otherwise	have
been	missed.145,146	This	has	been	successfully	implemented	at	some	institutions,	has	been	demonstrated	to	be	cost
effective,	 and	 is	 an	 accepted	 practice	 by	 the	 Evaluation	 of	 Genomic	 Applications	 in	 Practice	 and	 Prevention
(EGAPP)	 working	 group,	 the	 U.S.	 Multi-Society	 Task	 Force	 on	 Colorectal	 Cancer,	 and	 the	 National
Comprehensive	 Cancer	 Network	 (NCCN).106,140,147,148	 However,	 a	 majority	 of	 cancer	 programs	 nationwide
currently	do	not	have	a	protocol	for	reflex	testing	for	LS,	citing	lack	of	institutional	protocols	as	well	as	fear	of
nonreimbursement.149

TABLE	34.3
The	Revised	Bethesda	Guidelines	for	Testing	Colorectal	Tumors	for	Microsatellite	Instability

Tumors	from	individuals	should	be	tested	for	MSI	in	the	following	situations:

1.	 Colorectal	cancer	diagnosed	in	a	patient	who	is	aged	<50	y.
2.	 Presence	of	synchronous,	metachronous	colorectal,	or	other	HNPCC-associated	tumors,a	regardless	of

age.
3.	 Colorectal	cancer	with	the	MSI-Hb	histologyc	diagnosed	in	a	patient	who	is	aged	<60	y.d
4.	 Colorectal	cancer	diagnosed	in	one	or	more	first-degree	relatives	with	an	HNPCC-related	tumor,	with

one	of	the	cancers	being	diagnosed	younger	than	age	50	y.
5.	 Colorectal	cancer	diagnosed	in	two	or	more	first-	or	second-degree	relatives	with	HNPCC-related

tumors,	regardless	of	age.

aHNPCC-related	tumors	include	colorectal,	endometrial,	stomach,	ovarian,	pancreas,	ureter	and	renal	pelvis,	biliary	tract,	and	brain
(usually	 glioblastoma	 as	 seen	 in	 Turcot	 syndrome)	 tumors;	 sebaceous	 gland	 adenomas	 and	 keratoacanthomas	 in	 Muir–Torre
syndrome;	and	carcinoma	of	the	small	bowel.



bMSI-H	 in	 tumors	 refers	 to	 changes	 in	 two	 or	more	 of	 the	 five	National	Cancer	 Institute–recommended	 panels	 of	microsatellite
markers.

cPresence	 of	 tumor-infiltrating	 lymphocytes,	 Crohn-like	 lymphocytic	 reaction,	 mucinous/signet	 ring	 differentiation,	 or	 medullary
growth	pattern.

dThere	was	no	consensus	among	the	workshop	participants	on	whether	to	include	the	age	criteria	in	guideline	3;	participants	voted
to	keep	<60	years	of	age	in	the	guidelines.

MSI,	microsatellite	instability;	HNPCC,	hereditary	nonpolyposis	colorectal	cancer;	MSI-H,	microsatellite	instability–high.

From	Umar	A,	Boland	CR,	Terdiman	JP,	et	al.	Revised	Bethesda	Guidelines	for	hereditary	nonpolyposis	colorectal	cancer	(Lynch
syndrome)	and	microsatellite	instability.	J	Natl	Cancer	Inst	2004;96:261–268.

Patients	with	MSI-high	tumors	should	undergo	testing	for	germline	MMR	mutations	in	MSH2,	MLH1,	MSH6,
and	PMS2.	 There	 are	 also	 tests	 for	 EPCAM	 as	 well	 as	 multigene	 panels	 that	 look	 for	 MMR	 and	 additional
mutations.140	In	families	for	which	tumor	tissue	is	not	available,	initial	germline	testing	may	be	considered.	As	in
FAP,	a	mutation	in	an	affected	individual	must	be	established	for	testing	in	at-risk	individuals	to	be	conclusive.150

In	lieu	of	universal	testing,	several	predictive	models	such	as	the	MMRpredict,	MMRpro,	and	PREMM5	have
been	 devised	 in	 order	 to	 assess	 an	 individual’s	 likelihood	 of	 harboring	LS.143,144,151	These	models	 quantify	 an
individual’s	risk	for	carrying	an	MLH1,	MSH2,	or	MSH6	germline	mutation	by	using	clinical	characteristics	such
as	 age	 at	 onset	 of	 CRC	 and/or	 other	 LS-associated	 cancers,	 location	 of	 CRC,	 family	 history,	 history	 of
synchronous	or	metachronous	CRC,	among	others.	A	study	of	these	predictive	models	demonstrated	that	they	all
performed	better	than	the	revised	Bethesda	guidelines	in	terms	of	identifying	patients	with	germline	mutations	for
LS,	 with	 the	 PREMM5	 providing	 the	 most	 superior	 performance.143,152–154	 It	 appears	 that	 the	 use	 of	 clinical
characteristics	in	combination	with	MSI	or	MMR	protein	expression	status	in	predictive	models	may	potentially
improve	our	ability	to	establish	LS	diagnoses	in	patients	with	CRC.	However,	the	practicality	and	applicability	of
these	tools	in	a	clinical	setting	requires	further	assessment.

Although	 development	 of	 CRC	 in	 LS	 is	 not	 a	 certainty,	 the	 80%	 lifetime	 risk,	 the	 16%	 to	 30%	 risk	 of
metachronous	 CRC,	 and	 the	 possibly	 accelerated	 adenoma-to-carcinoma	 sequence	 mandate	 consideration	 of
prophylactic	surgical	options.99,104,155–158	Patients	with	LS	who	have	a	CRC	or	more	than	one	advanced	adenoma
should	 be	 offered	 the	 options	 of	 prophylactic	 total	 colectomy	 with	 IRA	 or	 segmental	 colectomy	 with	 annual
postoperative	surveillance	colonoscopy.	Careful	surveillance	is	also	necessary	after	total	colectomy	and	IRA,	as
the	 risk	of	high-risk	adenomas	and	cancer	 in	 the	 retained	 rectum	at	a	median	of	104	months	are	11%	and	8%,
respectively.155	 Although	 there	 has	 been	 no	 study	 demonstrating	 an	 improved	 survival	 for	 patients	 with	 LS
undergoing	total	colectomy	and	IRA	versus	segmental	colectomy,	mathematical	models	suggest	a	slight	survival
benefit	for	total	colectomy	and	IRA,	especially	for	individuals	younger	than	the	age	of	30	years.159,160	In	addition,
because	 of	 increased	 rates	 of	metachronous	CRC	development	 and	 the	 risk	 of	multiple	 abdominal	 surgeries	 in
those	undergoing	a	segmental	resection,	a	total	colectomy	and	IRA	has	emerged	as	the	procedure	of	choice	for	the
index	 cancer,	 with	 consideration	 for	 TPC	 in	 cases	 where	 a	 high	 risk	 of	 metachronous	 rectal	 cancer	 can	 be
predicted.155–157	Targeted	genetic	testing	approaches—such	as	the	single	amplicon	MSH2	A636P	mutation	test	in
Ashkenazi	Jewish	patients	with	CRC—have	demonstrated	how	a	rapid	and	inexpensive	preoperative	genetic	test
can	help	direct	the	extent	of	colon	resection.161

LS	mutation	 carriers	 with	 a	 normal	 colon	 and	without	 a	 history	 of	 CRC	may	 also	 be	 offered	 prophylactic
colectomy	 in	 highly	 select	 situations.112	 These	 situations	 would	 include	 patients	 in	 which	 colonoscopic
surveillance	 is	 not	 possible	 or	 the	 patient	 refuses	 surveillance,	 a	 high	 penetrance	 of	 disease	 in	 a	 family,	 and	 a
young	age	of	cancer	onset	in	family	members.	One	rationale	for	this	approach	is	the	similarity	of	lifetime	cancer
risk	between	patients	with	APC	and	MMR	gene	mutations,	and	the	fact	that	total	abdominal	colectomy	with	IRA
produces	 less	 functional	disturbance	 than	 the	prophylactic	procedure	 recommended	for	FAP	(TPC	with	 IPAA).
Table	34.4	 lists	 some	 of	 the	 pros	 and	 cons	 of	 a	 prophylactic	 colectomy	 for	 germline	mutation	 carriers	 for	 LS
without	a	history	of	CRC.

LS	patients	with	a	normal	colon	and	no	history	of	CRC	who	do	not	meet	 these	select	criteria	should	instead
undergo	surveillance	by	colonoscopy,	which	 is	cost-effective	and	greatly	 reduces	 the	 rate	of	CRC	development
and	overall	mortality.162	There	is	a	risk	of	CRC	development	in	the	interval	between	colonoscopies,	although	most
interval	cancers	 tend	 to	be	early	stage.163,164	As	such,	given	 that	metachronous	CRC	may	develop	 in	as	short	a
duration	as	a	median	of	11.3	months,165	the	recommended	interval	for	surveillance	colonoscopies	is	now	every	1
to	2	years.106
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TABLE	34.4
Prophylactic	Total	Abdominal	Colectomy	and	Ileorectal	Anastomosis	for	Lynch	Syndrome
Patients	without	Cancer

Pros

Elimination	of	colon	cancer	risk
Elimination	of	need	for	surveillance	colonoscopy
Alleviating	patient	anxiety	over	the	prospect	of	colon	cancer	development

Cons

Persistence	of	risk	of	rectal	cancer	development
Rectum	still	requires	flexible	endoscopic	surveillance
Patient	anxiety	of	prospect	of	rectal	cancer	persists
Possible	altered	bowel	function
Risk	of	surgery	and	possible	associated	complications

Patients	with	LS	and	an	index	rectal	cancer	should	be	offered	the	options	of	TPC	with	IPAA	or	low	anterior
resection	 with	 primary	 reconstruction.148,157	 The	 rationale	 for	 TPC	 is	 the	 15%	 to	 27%	 associated	 risk	 of
metachronous	colon	cancer,	frequently	advanced	stage,	in	the	remaining	colon	following	the	index	rectal	cancer,
suggesting	a	more	aggressive	surgical	approach	may	be	advantageous.157	Choosing	between	the	two	procedures
depends,	 in	 part,	 on	 questions	 such	 as	 the	 functional	 difference	 after	 surgery,	 tumor	 location,	 sphincter
involvement,	 preoperative	 sphincter	 function,	 possibility	 of	 sphincter	 salvage,	 the	 need	 for	 pelvic	 radiation	 or
chemotherapy,	 the	 adequacy	 of	 bowel	 length	 in	 patients	with	 prior	 resections,	 preoperative	 age	 and	 functional
status,	 and	 patient	 compliance.	 Currently,	 given	 the	 lack	 of	 reliable	 predictive	 factors	 for	 the	 development	 of
metachronous	cancer	in	the	remaining	colon,	it	is	recommended	to	adhere	to	standard	oncologic	principles	when
treating	rectal	cancer	in	LS	patients,	with	decisions	regarding	complete	removal	of	the	rest	of	the	colon	made	on	a
case-by-case	basis	after	extensive	discussion	with	the	patient.	Annual	surveillance	should	be	undertaken	for	those
who	undergo	the	less	extensive	operation.
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35 Cancer	Risk–Reducing	Agents
Dean	E.	Brenner	and	Scott	M.	Lippman

WHY	CANCER	PREVENTION	AS	A	CLINICAL	ONCOLOGY	DISCIPLINE
Until	recently,	clinical	oncology	has	been	defined	as	a	medical	specialty	that	attempts	to	intervene	in	order	to	slow
or	reverse	the	final	stage	of	the	cancer	process—the	clonally	derived,	genomically	damaged,	invasive	cell	mass.
Cancer	 is	 a	 long	 process,	 a	 stepwise	 carcinogenic	 progression	 that	 encompasses	 critical	molecular	 events	 that
culminate	 in	 the	 loss	 of	 key	 cellular	 control	 homeostatic	 functions	 (e.g.,	 control	 of	 proliferation,	 apoptosis,
invasion,	angiogenesis).1	These	events	occur	prior	to	and	during	the	morphologic	changes	that	have	historically
defined	neoplasia.	Morphologic	changes,	 such	as	 subtle	 increases	 in	cellular	proliferation	 that	progress	 to	early
and	 late	 precancerous	 lesions	 containing	 dysplastic	 cells,	 characterize	 the	 carcinogenesis	 process	 (Fig.	 35.1).1,2
Opportunities	 for	 intervention	 in	 this	 process	 can	 include	 diverse,	 nonpharmacologic	 approaches	 (e.g.,	 obesity
management	via	diet/lifestyle	 interventions)	or	pharmacologic	 interventions	 (e.g.,	drugs	or	nutrients/nonnutrient
substances	 used	 as	 drugs)	 aimed	 at	 delaying	 or	 reversing	 the	 carcinogenesis	 process	 prior	 to	 or	 following	 the
appearance	of	early	morphologic	changes.

Recognizing	 that	 cancer	 is	 a	 continuum,	oncologists	 are	 increasingly	 expected	 to	be	knowledgeable	 about	 a
diverse	 array	 of	 cancer-related	 topics	 including	 lifestyle	 behaviors	 such	 as	 diet	 and	 exercise,	 risk	 assessment,
screening,	 and	 other	 preventive	 interventions,	 in	 addition	 to	 current	 treatments	 for	 advanced	malignancy.	 The
understanding,	use,	and	management	of	interventions	designed	to	delay	or	reverse	the	carcinogenesis	process	have
become	integral	components	of	an	oncologist’s	clinical	practice.3
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Figure	35.1	Genetic	progression	in	major	cancers.	Carcinogenesis	is	driven	by	genetic
progression.	This	progression	is	marked	by	the	appearance	of	molecular	biomarkers	in	distinctive
patterns	representing	accumulating	changes	in	gene	expression	and	correlating	with	changes	in
histologic	phenotype	as	cells	move	from	normal	through	the	early	stages	of	clonal	expansion	to
dysplasia	and	finally	to	early	invasive,	locally	advanced,	and	metastatic	cancer.	The	figure	shows
candidate	molecular	biomarkers	of	genetic	progression	in	seven	target	organs:	prostate,309–311
colon,2	breast,312,313	lung,314–316	head	and	neck,317–320	esophagus,321,322	and	liver.323	(Figure	and

revised	caption	from	Kelloff	GJ,	Lippman	SM,	Dannenberg	AJ,	et	al.	Progress	in	chemoprevention
drug	development:	the	promise	of	molecular	biomarkers	for	prevention	of	intraepithelial	neoplasia
and	cancer—a	plan	to	move	forward.	Clin	Cancer	Res	2006;12[12]:3661–3697,	published	with

permission	from	the	American	Association	for	Cancer	Research.)

DEFINING	CANCER	RISK–REDUCING	AGENTS	(CHEMOPREVENTION)
Cancer	risk	reduction,	commonly	referred	to	as	chemoprevention,	is	the	use	of	a	range	of	interventions	from	drugs
to	isolated	dietary	components	to	whole-diet	modulation	to	block,	reverse,	or	prevent	the	development	of	invasive
cancer.4	 Human	 cancer	 risk	 reduction	 asserts	 that	 interventions	 may	 be	 implemented	 at	 many	 steps	 over	 a
decade’s	 long	carcinogenic	process.	This	prolonged	 latency	provides	opportunities	 to	 target	multiple	 events,	 to
customize	the	intervention	to	specific	exposures	or	risk	profiles	over	a	long	time	frame.	Successful	deployment	of
cancer	 risk–reducing	 agent	 interventions	 requires	 evidence	 of	 reduced	 cancer-associated	 incidence	 and/or
mortality.

The	concept	of	field	carcinogenesis	was	first	described	in	the	early	1950s	as	“field	cancerization”	in	squamous
cell	carcinomas	of	the	head	and	neck	and	subsequently	ascribed	to	many	epithelial	sites.	The	field	carcinogenesis
concept	 posits	 that	 patients	 have	 a	 wide	 surface	 area	 of	 precancerous	 or	 cancerous	 tissue	 change	 that	 can	 be
detected	at	 the	gross	 (oral	premalignant	 lesions,	polyps),	microscopic	 (metaplasia,	 dysplasia),	 and/or	molecular
(gene	 loss	 or	 amplification)	 levels.	 Profound	 genetic	 alterations	 in	 histologically	 normal	 tissue	 from	 high-risk
individuals	have	provided	strong	support	for	the	field	carcinogenesis	concept.	The	implication	of	the	field	effect	is
that	multifocal,	 genetically	 distinct,	 and	 clonally	 related	 premalignant	 lesions	 can	 progress	 over	 a	 broad	 tissue
region.1	Beyond	the	molecular	or	biologic	changes	in	target	cells,	the	microenvironment	including	stroma	such	as
fibroblasts,	immune	cells	such	as	macrophage,	local	adipose,	and	circulating	molecules	from	distal	sources	create
a	local	environment	favorable	to	oxidative	stress,	inflammation,	and	oxidative	stress	to	the	genome.5	The	Tissue
Organization	Field	Theory	argues	that	disorganization	of	the	microenvironment	from	environmental	carcinogens
disrupts	 cell-to-cell	 signaling	 and	 facilities	 genomic	 mutations	 driving	 progression	 from	 healthy	 tissue	 to	 the
neoplastic	state.5	The	essence	of	cancer	 risk	 reduction	 is	 intervention	within	 the	multistep	carcinogenic	process
and	throughout	a	wide	field.

IDENTIFYING	POTENTIAL	CANCER	RISK–REDUCING	AGENTS
Cancer	risk–reducing	agent	identification	results	from	the	synthesis	of	data	from	population,	basic,	translational,
and	clinical	sciences.	Findings	from	all	of	these	disciplines	are	combined	to	contribute	to	identification	of	agents
with	potential	to	delay	or	reverse	the	carcinogenesis	process	(see	Fig.	35.1).

The	 Hanahan	 and	 Weinberg	 hallmarks	 of	 malignant	 transformation—self-sufficiency	 in	 growth	 signals,
insensitivity	 to	 growth-inhibitory	 signals,	 evasion	 of	 apoptosis,	 limitless	 replication	 potential,	 sustained
angiogenesis,	 and	 tissue	 invasion	 and	metastasis6—reflect	 the	 loss	 of	 cellular	 signaling	 control.	 The	molecular
damage	that	results	in	transformation	is	triggered	by	a	large	array	of	genetic	and	environmental	stressors	such	as
chronic	 inflammation,	 oxidation,	 inherited	 genetic	mutations	 or	 polymorphisms,	 and	 exogenous	 environmental
exposures.	Many	such	signaling	intermediates	have	common	functions	in	multiple	organ	sites	(see	Fig.	35.1).	The
complexity	 and	 overlap	 of	 signal	 transduction	 pathways	 suggests	 that	 single	 molecular	 therapeutic/preventive
targets	may	have	 limited	 effectiveness.	 Interventions	 aimed	 at	 preventing	 the	 occurrence	 of	 or	 overcoming	 the
effects	of	molecular	defects	in	multiple	pathways	or	targets	may	be	required	to	arrest	or	reverse	carcinogenesis.
Using	the	Hanahan	and	Weinberg	hallmarks,	examples	of	possible	targets	are	shown	in	Table	35.1.



TABLE	35.1
Molecular	Mechanisms	Common	to	Transforming	Cells	and	Potential	Preventive
Interventions

Characteristics	of	Neoplasia Possible	Molecular	Targets

Self-sufficiency	in	cell
growth

Epidermal	growth	factor	receptor,	platelet-derived	growth	factor,	MAP
kinase,	PI3K,	Apc,	β-catenin

Insensitivity	to	antigrowth
signals

SMADs,	pRb,	cyclin-dependent	kinases,	MYC

Limitless	replicative
potential

hTERT,	pRb,	p53

Evading	apoptosis
Bcl-2,	BAX,	caspases,	Fas,	tumor	necrosis	factor	receptor,	insulin	growth
factor/PI3K/Akt,	mTOR,	p53,	NF-κB,	PTEN,	Ras

Sustained	angiogenesis
Vascular	endothelial	growth	factor,	basic	fibroblast	growth	factor,	integrins
(αvβ3),	thrombospondin	1,	hypoxia-inducible	factor	1α

Tissue	invasion	and
metastases

Matrix	metalloproteinases,	MAP	kinase,	E-cadherin

Tissue	microenvironment
Cytokines	(interleukin-6),	Eicosanoids	(PGE2),	fatty	acids,	adipokines
(adiponectin)

MAP,	 mitogen-activated	 protein;	 PI3K,	 phosphoinositide	 3-kinase;	 Apc,	 adenomatous	 polyposis	 coli;	 SMAD,	 drosophila	 protein,
mothers	against	decapentaplegic	gene	and	the	elegans	protein	SMA;	pRb,	phosphorylated	Rb	protein;	hTERT,	human	telomerase
reverse	 transcriptase;	mTOR,	mammalian	 target	 of	 rapamycin;	 NF-κB,	 nuclear	 factor	 kappa	 B;	 PTEN,	 phosphatase	 and	 tensin
homolog;	PGE2,	prostaglandin	E2.
Derived	from	Hanahan	D,	Weinberg	RA.	The	hallmarks	of	cancer.	Cell	2000;100(1):57–70.	Adapted	from	Kelloff	GJ,	Lippman	SM,
Dannenberg	 AJ,	 et	 al.	 Progress	 in	 chemoprevention	 drug	 development:	 the	 promise	 of	 molecular	 biomarkers	 for	 prevention	 of
intraepithelial	neoplasia	and	cancer—a	plan	 to	move	 forward.	Clin	Cancer	Res	 2006;12(12):3661–3697;	and	updated	 from	Ryan
BM,	 Faupel-Badger	 JM.	 The	 hallmarks	 of	 premalignant	 conditions:	 a	 molecular	 basis	 for	 cancer	 prevention.	 Semin	 Oncol
2016;43(1):22–35.

PRECLINICAL	DEVELOPMENT	OF	CANCER	RISK–REDUCING	AGENTS
Similar	to	the	development	of	therapeutic	interventions,	assessment	of	efficacy	and	toxicity	of	single	chemically
synthesized	entities,	agents	designed	in	silico,	botanicals,	and	nutrients/nonnutrient	substances	used	as	drugs	for
cancer	 risk–reducing	 agent	 efficacy	 proceeds	 through	 a	 translational	 paradigm	 that	 identifies	 efficacy	 in	 cell
culture	models,	in	live	animal	models,	and	in	humans.	Preclinical	models	that	simulate	the	carcinogenesis	process
in	 target	epithelia	 identify	molecular	biomarkers	 for	modulation	by	 interventions.	These	models	can	be	used	 to
identify	 potential	 toxicity	 of	 interventions	 and	 to	 assess	 the	 effect	 of	 interventions	 on	 the	 development	 and
progression	of	preneoplasia/neoplasia.7

The	National	Cancer	Institute’s	(NCI’s)	PREVENT	Cancer	drug	development	program	is	a	prime	example	of	a
rational	strategy	to	select	promising	agents	for	clinical	 trials	 through	a	stepwise	approach	of	preclinical	 in	vitro
testing	 followed	 by	 in	 vivo	 screening	 (https://prevention.cancer.gov/major-programs/prevent-cancer-
preclinical).7,8	This	system	involves	several	phases:	biochemical	prescreening	assays,	in	vitro	efficacy	models,	in
vivo	short-term	screening,	animal	efficacy	testing,	and	preclinical	toxicology	testing.

Biochemical	Prescreening	Assays
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Prescreening	 assays	 are	 a	 series	 of	 short-term,	 mechanistic	 assays	 developed	 to	 evaluate	 the	 ability	 of	 a	 test
compound	 to	modulate	 biochemical	 events	 presumed	 to	 be	mechanistically	 linked	 to	 carcinogenesis.	 These	 in
vitro	 assays	 are	 rapidly	 completed	 for	 potential	 cancer	 risk–reducing	 agents.	 Examples	 of	 such	 assays	 include
carcinogen-DNA	 binding,	 prostaglandin	 synthesis	 inhibition,	 glutathione-S-transferase	 inhibition,	 and	 ornithine
decarboxylase	 inhibition.	 Contemporary	 mechanism	 screening	 systems	 include	 high-throughput	 gene	 analysis
technology,	 cell	 cultures	 from	 high-risk	 tissue	 that	 increasingly	 employ	 three-dimensional	 cultures	 of	 primary
human	samples	from	normal	and	dysplastic	tissue,9,10	carcinogenesis-related	high-throughput	array	technologies
such	 as	 protein	 arrays	 or	 Luminex	 technologies,	 and	 technologies	 that	model	molecular	 pathways	 functionally
through	neural	networks.

Preclinical	In	Vivo	Models	for	Cancer	Risk–Reducing	Agent	Efficacy	Testing
In	vitro	models	are	useful	to	identify	mechanisms	of	anticarcinogenesis	activity,	but	the	results	are	insufficiently
robust	to	merit	translation	into	clinical	trials.	Animal	models	remain	a	crucial	link	in	the	efficacy	assessment	of
cancer	 risk–reducing	 agents	 for	 epithelial	 cancer.	 Chemical	 carcinogenesis	 models	 provide	 reproducible
development	 of	 tumors	 in	 animals	 following	 administration	 of	 a	 known	 chemical	 initiator	 or	 combination
initiator/promoter	 and	 have	 been	 the	 primary	 in	 vivo	 screening	 tool	 for	 cancer	 risk–reducing	 agents	 (Table
35.2A).11,12	 Carcinogenesis	 models	 employing	 genetically	 engineered	 mice	 permit	 interrogation	 of	 targeted
pathways	 and	 the	 corresponding	 efficacy	 of	 cancer	 risk–reducing	 agents.7	 Although	 useful	 for	 mechanistic
studies,	knockout	or	genetic	mutational	models	create	accelerated	neoplastic	progression	that	does	not	accurately
recapitulate	the	more	complex,	stepwise,	human	carcinogenesis	process.	Recombinant	alleles	can	be	driven	by	the
addition	 of	 drug-sensitive	 regulatory	 elements,	 such	 as	 tetracycline	 or	 tamoxifen	 analogs.	 The	 drug-sensitive
regulatory	elements	achieve	temporal	control	over	a	gene	promotor	through	administration	of	the	drug	that	binds
to	the	regulatory	element.	Such	a	system	permits	inhibition	or	overexpression	of	an	organ-specific	gene	using	Cre
recombinase,	a	site-specific	DNA	recombinase	that	targets	DNA	regions	flanked	by	loxP	sequences.	Tables	35.2A
and	35.2B	list	representative	organ-specific	chemical	and	transgenic	mouse	models	that	may	be	used	for	cancer
risk–reducing	agent	testing.

TABLE	35.2A
Chemical	Carcinogenesis	Models	Used	for	Screening	of	Cancer	Risk–Reducing	Agents	for
Common	Epithelial	Neoplasms	in	Animals

Organ	Site Species Carcinogen End	Point

Colon Rat,	mouse Azoxymethane	(AOM) Aberrant	crypts,	adenomas,
adenocarcinomas

Lung Mouse N-butyl-N-(4-
hydroxylbutyl)nitrosamine
(NNK);	benzo[a]pyrene;
cigarette	smoke

Adenomas,	adenocarcinomas

Hamster Methylnitrosourea	(MNU) Squamous	cell	carcinomas

Mouse N-nitroso-tris-chloroethylurea Squamous	cell	carcinomas

Breast Rat Dimethylbenz[a]anthracene
(DMBA);	methylnitrosourea
(MNU)

Adenocarcinomas,	adenomas

Prostate Rat Methylnitrosourea
(MNU)+/testosterone

Adenocarcinomas

Bladder Rat,	mouse N-butyl-N-(4-
hydroxybutyl)nitrosamine	(OH-
BBN)

Transitional	cell	carcinoma

Pancreas Hamster N-nitrobis-(2-oxopropyl)amine
(BOP)

Ductal	carcinomas



Head	and
neck

Rat 4-nitroquinoline-1-oxide	(4-
NQO)

Tongue	squamous	cell	carcinomas

Mouse Dimethylbenz[a]anthracene
(DMBA)

Squamous	cell	carcinomas

Esophagus Rat Dimethyalbenz[a]anthracene Squamous	cell	carcinomas

Rat Esophagogastroduodenal
anastomosis	+	iron

Adenocarcinomas

Adapted	 from	 Steele	 VE,	 Lubet	 RA.	 The	 use	 of	 animal	 models	 for	 cancer	 chemoprevention	 drug	 development.	 Semin	 Oncol
2010;37(4):327–338.

CLINICAL	DEVELOPMENT	OF	CANCER	RISK–REDUCING	AGENTS
Special	Features	of	Cancer	Risk–Reducing	Agent	Development
Clinical	efficacy	assessment	of	cancer	risk–reducing	agents	employs	phased	testing	(phase	I	to	III)	models	used
for	development	of	drugs.13	Special	features	for	the	clinical	development	of	cancer	risk–reducing	agents	create	the
following	 challenges	 to	 be	 overcome14:	 (1)	 need	 for	 large	 therapeutic	 index:	 doses	 associated	 with	 potential
toxicity	of	an	intervention	need	to	substantially	exceed	doses	aimed	at	delaying	or	reversing	transformation,	for
use	 in	 individuals	who	 are	 asymptomatic	 yet	may	 benefit	 from	 an	 extended	 (years)	 treatment	 course;	 (2)	 long
latency	 to	 malignant	 transformation:	 assessment	 of	 effectiveness	 based	 on	 the	 reduction	 in	 cancer	 incidence
requires	 studies	 lasting	 for	 years	 and	 involving	 thousands	 of	 participants;	 (3)	 adherence:	 once-daily	 dosing
regimens	using	interventions	that	have	sufficiently	long	half-lives	may	minimize	the	impact	of	a	missed	dose	yet
maintain	the	biological	impact	on	the	physiologic	target.	Minimal	toxicity	and	strong	psychological	commitment
to	preventive	goals	also	enhance	adherence15;	and	(4)	complex	risk	assessment	for	cancer:	individuals	with	highly
penetrant	but	infrequent	germline	genetic	susceptibility	to	cancer	are	excellent	candidates	for	cancer	risk–reducing
agents,	and	are	likely	to	accept	some	toxicity	for	reduced	cancer	risk.14	For	environmental/lifestyle	exposures,	the
only	major	example	of	population-attributable	risk	in	excess	of	50%	is	smoking	and	lung	cancer.16	For	individuals
at	more	modestly	increased	risk,	population	attributable	risk	below	50%,	quantitative	risk	assessment	algorithms
may	be	useful	in	the	future	to	identify	optimal	cancer	risk–reducing	agents.	Cancer	risk	calculators	for	breast,17,18
colon,19	lung,20	and	prostate	cancer21	promise	to	select	high-risk	individuals	for	cancer	risk–reducing	agents.	Such
calculators	 can	 be	 highly	 predictive	 but	 still	 be	 poorly	 calibrated,	 leading	 to	 erroneous	 risk	 estimates.14	 Risk
calculators	will	be	frequently	recalibrated	as	new	measurements	such	as	molecular	markers	are	added.

TABLE	35.2B
Selected	Transgenic	Animal	Models	for	Carcinogenesis	Evaluation

Organ	Site Genes	Targeted End	Point Citations

Colon Apc,	Lrig1,	gp130,	Stat3,	Smad3,	Wnt-β-
catenin,	villin,	TGFBR2,	Kras,	Ink4a

Adenomas	and
adenocarcinomas

246,	247

Lung KrasG12D,	KrasG12Vgeo,	PTEN,
BrafV600E,	cRaf,	Egfr	L858R	±	T790M,
PIK3CA,	EMLA4-ALK	fusion

Adenomas	and
adenocarcinomas

248

Rb.	P53 Small	cell

Breast Mouse	mammary	tumor	virus	long
terminal	repeat	promotor	(MMTV)–driven
BRCA1,	p53,	ERα,	aromatase,	TGFα,
HER2/neu,	wnt,	PELP-1,	AIB-1

DCIS,	adenocarcinomas 249

Prostate Probasin	promotor	driving	SV40	large	T
antigen	(TRAMP/LADY),	c-MYC,
TMPRSS-ERG,	Akt,	Wnt/β-catenin,

Prostate	intraepithelial
neoplasia,	neuroendocrine
tumors	(TRAMP),

250
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androgen	receptor adenocarcinomas	(c-MYC,
TMPRESS-ERG,	Akt,	Wnt,
androgen	receptor)

Nkx3.1,	FGFR1,	TGF,	PTEN Adenocarcinomas

Pancreas KrasG12D	alone,	LSL-Kras,	hMuc1
(insertion);	PDX-1,	R26Notch,	Tif1γ

Pancreatic	intraepithelial
neoplasia

251

Combined	PDX-1,	LSL-Kras,	LSL-Trp53;
combined	PDX-1,	Brca2,	LSL-Kras
Trp53;	KrasG12D	on	Mist1	locus;	PDX-1,
KrasG12D+	Ink4a/Arf	or	Smad4;	Ptf1a,
KrasG12D,	TGFBR2

Pancreatic	adenocarcinoma

Note:	 Most	 models	 are	 mouse	 models.	 Such	 models	 permit	 efficacy	 testing	 of	 specific	 pathway	 targets	 using	 single-agent
interventions,	combinations,	or	multimechanism-based	natural	products.
DCIS,	ductal	carcinoma	in	situ.

Biomarkers	as	Cancer	Risk–Reducing	Agent	Targets	and	Efficacy	End	Points
A	 biomarker	 is	 a	 characteristic	 that	 is	 measured	 and	 evaluated	 as	 an	 indicator	 of	 normal	 biologic	 processes,
pathogenic	processes,	or	pharmacologic	responses	to	therapeutic	interventions.	A	surrogate	end	point	for	cancer
prevention	assumes	that	a	measured	biologic	feature	will	predict	the	presence	or	future	development	of	a	cancer
outcome.22	Biomarkers	 enable	 reduction	 in	 the	 size	 and	duration	of	 an	 intervention	 trial	 by	 replacing	 a	 rare	or
distal	end	point,	with	a	more	frequent,	proximate	end	point.23	Intraepithelial	neoplasia	has	served	as	and	continues
to	serve	as	a	biomarker	for	invasive	malignancy	(Table	35.3).	Although	many	advocate	the	use	of	intraepithelial
neoplasia-based	biomarkers	as	regulatory	surrogate	end	points,	others	caution	that	intraepithelial	neoplasias	may
not	serve	as	sufficiently	robust	surrogate	biomarkers	for	cancer	incidence	or	mortality.

In	order	to	be	useful	as	end	points	for	cancer	risk–reducing	agent	efficacy	testing	as	regulatory	end	points,	any
biomarker	must	have	statistical	accuracy,	precision,	and	effectiveness	of	results	that	demonstrates	prediction	of	a
“hard”	disease	end	point—cancer	incidence	or	mortality.	An	independent	validation	data	set	must	address	defined
standards	of	validation	that	minimizes	bias	in	the	study	design	and	the	populations	studied.24	The	biomarker	must
be	generalizable	to	the	specific	clinical	or	screening	population	(Table	35.4).

Precision	Prevention
As	oncologic	 therapeutics	 increasingly	 target	 specific	biochemical	pathways	 that	are	 tumor	specific,	prevention
targeting	is	less	precise	given	the	therapeutic	index	limitation	that	precludes	use	of	expensive	or	toxic	therapies,
such	 as	 many	 contemporary	 targeted	 oncologic	 therapies.	 Precision	 therapeutics	 demands	 specific	 molecular
targets	that	are	usually	tissue	specific,	something	that	is	missing	in	high-risk	populations.14	Most	natural	products
do	not	have	single	molecular	targets	yet	are	broadly	anticarcinogenic.	Excised	intraepithelial	neoplasms	provide
potential	therapeutic	targets	but	new	dysplasia	arising	in	an	at-risk	epithelial	field	may	not	replicate	the	molecular
profile	 of	 the	 excised	 lesion.	 A	 potential	 strategy	 for	 precision	 prevention	 is	 individualized	 dosing	 algorithms
based	on	a	mechanism-driven	tissue	biomarker,	for	example,	omega-3	fatty	acid	dosing	and	colonic	prostaglandin
E2	concentrations.25	A	strategy	of	individualized	dosing	limits	toxicity	yet	ensures	biomarker	target	modulation.14

TABLE	35.3
Common	Intraepithelial	Neoplasias

Epithelium Intraepithelial	Neoplasia Citations

Colon	and	rectum Adenoma 252

Lower	esophagus Barrett	esophagus 253

Upper	esophagus Squamous	dysplasia 254,	255

Skin-squamous/basal	cell Actinic	keratosis 256

Skin-pigmented Dysplastic	nevus 257



Cervix Cervical	intraepithelial	neoplasia 258

Head	and	neck Leukoplakia/oral	epithelial	dysplasia 259

Prostate Prostate	intraepithelial	neoplasia,
intraductal	carcinoma	of	the	prostate

260

Lung Bronchial	dysplasia 261

Pancreas Pancreatic	intraepithelial	neoplasia 262

TABLE	35.4
Characteristics	of	Biomarkers	for	Use	as	End	Points	in	Cancer	Risk–Reducing	Agent
Efficacy	Assessment

Variability	of	expression	between	phases	of	the	carcinogenesis	process
Detected	early	in	the	carcinogenesis	process
Genetic	progression	or	protein	pathway	based
Target	of	modulation	by	preventive	interventions
Changes	in	biomarker	linked	to	reduction	in	incident	cancer	of	epithelial	target
Changes	in	biomarker	linked	to	clinical	benefit
Can	be	quantified	directly	or	via	closely	related	activity	such	as	a	downstream	target	or	upstream	kinase
Measurable	in	an	accessible	biosample	(preferably	urine,	serum,	saliva,	stool,	or	breath)
High	throughput,	technically	feasible,	analytical	procedure	with	strong	quality	assurance/quality	control
procedures
Cost-effective

Phases	of	Cancer	Risk–Reducing	Agent	Development
Phase	I	cancer	risk–reducing	agent	trials	define	an	optimal	cancer	risk–reducing	agent	dose.	An	optimal	cancer
risk–reducing	agent	dose	is	one	that	is	usually	nontoxic,	scheduled	once	daily,	and	modulates	a	tissue,	cellular,	or
serum	biomarker	of	drug	activity	(e.g.,	the	dose	of	aspirin	that	inhibits	prostaglandin	production	in	a	target	tissue
site).	Definition	of	a	maximum	tolerated	dose	is	not	an	essential	end	point	of	a	phase	I	cancer	risk–reducing	agent
trial.	Higher,	yet	nontoxic,	doses	may	lower	cancer	risk–reducing	agent	efficacy.	For	example,	β-carotene	at	high
doses	has	pro-oxidant	activity	and	may	enhance	the	carcinogenesis	process,	whereas	at	 low	doses,	 it	 is	a	potent
antioxidant	and	differentiating	agent.26
Phase	II	cancer	risk–reducing	agent	trials	begin	to	define	cancer	risk	reduction	efficacy.	These	short-term	(6

months	to	1	year)	treatment	periods	gather	evidence	of	risk	reduction	by	assessing	drug	effects	on	tissue,	cellular,
or	blood	 surrogate	markers	of	 carcinogenesis.	Phase	 IIa	 trials	 are	nonrandomized,	biomarker	modulation	 trials.
Phase	IIb	trials	are	randomized,	placebo-controlled	trials	of	several	hundred	subjects	testing,	for	example,	whether
a	risk–reducing	agent	reduces	recurrence	of	a	previously	resected	intraepithelial	neoplastic	lesion	as	the	primary
end	point.	Biomarker	end	points	may	be	used	as	secondary	end	points.	Preoperative	or	“window	of	opportunity”
trials	enroll	subjects	for	brief	study	periods	prior	to	obtaining	tissue	by	planned	resection	of	an	invasive	neoplasm.
Such	designs	permit	exploration	of	biomarker	modulation	in	the	invasive	neoplasm	and	in	contiguous	epithelial
fields	proximal	and	distal	to	the	invasive	neoplasm.27
Phase	 III	 cancer	 risk–reducing	 agent	 trials	 define	 reduction	 in	 a	 hard	 cancer	 end	 point	 such	 as	 cancer

incidence	 or	 mortality.	 Such	 trials	 using	 large,	 higher	 risk	 populations	 in	 a	 randomized,	 double-blinded
intervention	are	designed	to	identify	a	standard	of	preventive	care	for	a	given	risk	population.	For	example,	trials
of	 tamoxifen	 for	 the	 reduction	 of	 breast	 cancer	 incidence,28,29	 finasteride	 for	 the	 reduction	 of	 prostate	 cancer
incidence,30	 and	 β-carotene	 for	 the	 reduction	 of	 lung	 cancer	 incidence31	 serve	 as	 examples	 of	well-conducted,
definitive	phase	III	cancer	risk–reducing	agent	clinical	trials.

Some	 investigators	consider	 randomized,	controlled	clinical	 trials	with	an	end	point	 sufficient	 for	 regulatory
review	as	phase	III.	Using	such	a	definition,	a	clinical	trial	with	an	end	point	of	reduction	in	adenoma	recurrence,
is	considered	a	phase	III	trial.	Other	investigators	define	phase	III	cancer	risk–reducing	agent	trials	as	randomized,
controlled	clinical	trials	with	a	cancer	incidence	or	mortality	end	point.	This	controversy	causes	confusion	in	the
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literature.	For	the	purpose	of	clarity	in	this	textbook,	the	latter	definition	of	phase	III	trial	is	used—a	prospective,
randomized,	 controlled	 clinical	 trial	 with	 a	 cancer	 incidence	 or	 mortality	 end	 point.	 Randomized,	 controlled
clinical	trials	with	a	surrogate	biomarker	end	point	such	as	an	intraepithelial	neoplasia	(e.g.,	adenoma)	are	defined
as	phase	IIb	cancer	risk–reducing	agent	trials.

MICRONUTRIENTS
Definition
Micronutrients	comprise	a	large,	diverse	group	of	molecules	typically	ingested	as	part	of	the	diet	that	play	roles	in
normal	 human	 biology.	 This	 group	 of	 compounds	 has	 been	 investigated	 extensively	 as	 cancer	 risk–reducing
agents	 in	 purified	 forms	 (i.e.,	 as	 supplements),	 as	 components	 of	 multiagent	 cocktails,	 and	 occasionally	 as
components	of	food	extracts/other	mixtures.	Although	the	retinoids	are	not	micronutrients	per	se,	they	are	related
to	retinol	(vitamin	A)	and	share	certain	properties	with	carotenoids	that	are	diet-derived	so	are	included	along	with
micronutrients.	The	World	Cancer	Research	Fund/American	Institute	for	Cancer	Research	systematic	reviews	of
the	 literature,	 most	 recently	 published	 in	 200732	 and	 updated	 through	 Continuous	 Update	 Project
(http://www.wcrf.org/int/research-we-fund/continuous-update-project-cup),	 provides	 frequent	 updated	 data	 on
nutritional	epidemiology	of	cancer.

Retinoids,	Carotenoids,	and	Antioxidant	Nutrients

Overview	and	Mechanisms
The	retinoids	are	the	natural	derivatives	and	synthetic	analogs	of	vitamin	A.33	Cancer	risk–reducing	intervention
studies	 have	 evaluated	 the	 parent	 compound	 (retinol,	 typically	 given	 as	 retinyl	 acetate	 or	 palmitate),	 naturally
occurring	 retinoids	 such	 as	 all-trans	 retinoic	 acid	 (ATRA)	 and	 13-cis-retinoic	 acid	 and	 also	 synthetic	 retinoids
such	as	etretinate	and	fenretinide	((4-hydroxyphenyl)retinamide	or	4HPR).	Mechanistically,	retinoids	have	been
shown	to	modulate	cellular	growth	and	differentiation	as	well	as	apoptosis.33	Retinoids	inhibit	the	promotion	and
progression	 phases	 of	 carcinogenesis,	 including	 extensive	 evidence	 of	 efficacy	 in	 the	 setting	 of	 premalignant
lesions,	leading	to	their	evaluation	in	human	trials.	Nuclear	retinoic	acid	receptors	mediate	many	of	the	retinoid-
signaling	effects;	however,	 retinoids	 interact	with	other	signaling	pathways	such	as	estrogen	signaling	 in	breast
cancer.34

Carotenoids	are	a	group	of	naturally	occurring	plant	pigments,	only	some	of	which	are	found	 in	appreciable
levels	 in	 the	 human	 diet	 and	 human	 tissues,	 including	 β-carotene,	 α-carotene,	 lycopene,	 lutein,	 and	 β-
cryptoxanthin.35	 Of	 these,	 the	 most	 widely	 studied	 carotenoids	 for	 cancer	 risk	 reduction	 are	 β-carotene	 and
lycopene.	β-carotene	has	the	highest	provitamin	A	activity	of	the	carotenoids,	but	α-carotene	and	β-cryptoxanthin
also	possess	provitamin	A	activity.	Other	carotenoids,	such	as	lycopene,	do	not	possess	vitamin	A	activity	but	are
known	to	have	potent	antioxidant	activity,	particularly	with	regard	 to	singlet	oxygen	quenching.36	 Furthermore,
eccentric	cleavage	products	of	β-carotene37	as	well	as	other	nonprovitamin	A	carotenoids	such	as	lycopene	(e.g.,
apocarotenals	 and	apocarotenoic	 acids)	 appear	 to	be	biologically	 active	and	may	also	act	via	 retinoid-signaling
pathways.38

Because	of	the	known	antioxidant	function	of	carotenoids,	they	are	often	studied	for	risk-reducing	efficacy	in
combination	 with	 other	 antioxidant	 nutrients,	 especially	 vitamin	 E,	 vitamin	 C,	 and	 selenium	 (sometimes	 as	 a
cocktail).	 We	 consider	 retinoids,	 carotenoids,	 and	 other	 antioxidant	 nutrients	 first,	 followed	 by	 other
micronutrients	that	are	thought	to	act	via	different	mechanisms/pathways.

Epidemiology
A	 large	 body	 of	 literature	 indicates	 that	 people	 who	 consume	 greater	 amounts	 of	 carotenoids	 from	 foods
(primarily	fruits	and	vegetables)	and	people	with	higher	serum	or	plasma	levels	of	various	carotenoids	are	a	lower
risk	 for	 various	 cancers.32	 Foods	 containing	 carotenoids	 are	 associated	 with	 lower	 risk	 of	 cancers	 of	 the
mouth/pharynx/larynx	 and	 lung,	 foods	 containing	 β-carotene	 are	 associated	 with	 lower	 risk	 of	 cancers	 of	 the
esophagus,	 and	 foods	 containing	 lycopene	 are	 associated	with	 lower	 risk	 of	 prostate	 cancer.	 Preformed	 retinol
intake	is	inconsistently	associated	with	risk	of	various	cancers	but	that	in	part	likely	reflects	confounding	due	to
variable	intake	of	dietary	sources	of	preformed	retinol	primarily	include	foods	of	animal	origin	(liver,	eggs,	milk).



Vitamin	 C	 in	 the	 diet	 comes	 primarily	 from	 consumption	 of	 fruits	 and	 vegetables;	 therefore,	 vitamin	 C	 and
carotenoids	 often	 trend	 together	 in	 epidemiologic	 findings.	 Vitamin	 E,	 in	 contrast,	 is	 found	 in	 different	 foods
especially	 nuts/seeds/vegetable	 oils;	 intake/blood	 concentrations	 are	 somewhat	 inconsistently	 associated	 with
cancer	risk.32	 Selenium,	 being	 a	 trace	mineral,	 is	 difficult	 to	measure	 in	 diet.	Higher	 selenium	 status	 has	 been
associated	with	lower	risk	of	certain	cancers,	although	the	results	are	not	entirely	consistent.32

Preclinical	In	Vivo	Models
In	preclinical	models,	retinoids	induce	differentiation	as	well	as	arrest	proliferation34	of	various	cancers,	making
them	attractive	agents	for	cancer	risk	reduction.39	Evidence	of	cancer-preventive	activity	is	reported	in	mouse	skin
tumor	models	 and	 the	 hamster	 buccal	 pouch	model.32	 Inconsistent	 evidence	 of	 retinoid	 efficacy	 is	 reported	 in
respiratory	tract	models.	In	numerous	cell	culture	systems	and	in	a	variety	of	models	of	prostate	carcinogenesis,
lycopene	has	mixed	efficacy.40	Lycopene	metabolites	may	be	 at	 least	 partially	 responsible	 for	 anticarcinogenic
activity.38

Clinical	Trials:	Retinoids
Cancer	risk–reducing	strategies	initially	targeted	the	upper	airway	because	of	the	substantial	clinical	problem	of
relatively	high	rates	of	recurrences	and	second	primary	tumors	in	curatively	treated	cancer	patients.	Early	work
demonstrated	that	high-dose	13-cis-retinoic	acid	produced	no	significant	differences	in	disease	recurrence	(local,
regional,	or	distant)	but	significantly	lowered	the	rate	of	second	primary	invasive	neoplasms,41	with	the	benefits
persisting	 for	 at	 least	 5	 years.42	 Substantial	 retinoid	 toxicity	 including	 skin	 dryness	 and	 peeling,	 cheilitis,
conjunctivitis,	and	hypertriglyceridemia,	in	a	large	proportion	of	patients	reduced	enthusiasm	for	systemic	retinoid
risk–reducing	 strategies.	 Subsequent	 trials	 using	 lower	 doses	 of	 retinoids	 (13-cis-retinoic	 acid	 or	 a	 synthetic
retinoid,	etretinate)	failed	to	reduce	transformation	risk	in	the	upper	airway	(Table	35.5).43,44

In	 the	 lower	 airway,	 prospective	 retinoid	 interventions	 have	 not	 demonstrated	 preventive	 efficacy	 in	 most
rigorous	 trials	 in	patients	with	early	 lesions.	For	example,	6	months	of	13-cis-retinoic	acid	does	not	 reduce	 the
degree	of	bronchial	metaplasia	in	prior	heavy	smokers	compared	to	placebo.45	Neither	the	EUROSCAN	trial	that
tested	retinyl	palmitate	in	one	of	four	treatment	arms46	nor	the	Lung	Intergroup	Trial	which	tested	13-cis-retinoic
acid	prevented	the	development	of	second	primary	lung	tumors.47	Notably,	smoking	status	modified	the	effect	of
the	13-cis-retinoic	acid	intervention,	which	was	harmful	in	current	smokers	yet	beneficial	in	former	smokers	(see
Table	35.5).

TABLE	35.5
Micronutrients:	Retinoidsa,b

Population Drug	and	Dose End	Point Outcome Citations

Prior	HNSCC 13cRA	50–100
mg/m2/d

Second	primary
tumor

Significant	reduction
in	second	primary
tumors	at	32	and	55
mo;	however,
substantial	toxicity

41,	42

Prior	HNSCC Etretinate	50/25	mg/d Second	primary
tumor

No	difference 44

Prior	HNSCC 13cRA	30	mg/d Second	primary
tumor

No	difference 43

Prior	HNSCC,
NSCLC

Vitamin	A
300,000/150,000	IU/d
±	N-acetylcysteine

Second	primary
tumor

No	difference 46

Prior	NSCLC 13cRA	30	mg/d Second	primary
tumor

No	difference	but
second	primary
tumors	were	lower	in
nonsmokers	on	drug

47



Dr. AVR @ TMH

but	higher	in	smokers
on	drug

Prior	breast	cancer Fenretinide	200	mg/d
vs.	no	treatment

Contralateral	breast
cancer

Nonsignificant
reduction;
premenopausal
women	did	better	but
opposite	in
postmenopausal
women

54

Prior	BCC Oral	13cRA	10	mg/d Second	BCC No	difference 49

Keratosis	prior	actinic Oral	retinol	25,000
IU/d

Skin	cancer	incidence Reduction	in	SCCs
but	not	BCCs

51

Prior	BCC/SCC	of	the
skin

Oral	13cRA	5-10
mg/d	+	Oral	retinol
25,000	IU/d

Second	skin	cancer No	significant
difference	for	either
agent

50

Renal	transplant
patients

Oral	acitretin	30	mg/d Skin	cancer Significant	reduction 53

Aggressive	SCC	of
the	skin

Oral	13cRA	1
mg/kg/d	+	interferon
alpha

Second	primary
tumors	and	tumor
recurrences

No	effect 263

Prior	bladder	TCC Oral	megadose
vitamins	40,000	IU
retinol/d	vs.	RDA
vitamins

Recurrence Significant	reduction
in	recurrence

91

Prior	bladder	TCC Oral	fenretinide
(4HPR)	200	mg/d

Recurrence No	difference 56

CIN	2	or	3 Oral	9-cis-retinoic
acid	50	mg/d	vs.	9-
cis-retinoic	acid	25
mg/d

Histologic	regression No	effect 264

CIN	2	or	3 Oral	fenretinide
(4HPR)	200	mg/d

Histologic	regression Poorer	outcome	on
treatment	arm

265

Low-grade	SIL,	HIV
positive

Oral	13cRA	0.5
mg/kg/d

Histologic
progression

No	effect 266

CIN	2	or	3 Topical	beta-trans
retinoic	acid	0.372%

Histologic	regression Increased	complete
histologic	regression
rate	CIN	2	only

199

CIN	2	and	3 Topical	all-trans
retinoic	acid
randomized	to	0.16%,
0.28%,	and	0.36%	or
placebo

Histologic	regression No	effect 267

aTrials	of	retinoids	that	also	included	β-carotene	are	listed	in	Table	35.6.
bVersus	placebo	unless	otherwise	indicated.
HNSCC,	head	and	neck	squamous	cell	carcinoma;	13cRA,	13-cis-retinoic	acid;	NSCLC,	non–small-cell	lung	cancer;	BCC,	basal	cell
carcinoma;	SCC,	squamous	cell	carcinoma;	TCC,	transitional	cell	carcinoma;	RDA,	recommended	dietary	allowance;	CIN,	cervical
intraepithelial	neoplasia;	SIL,	squamous	intraepithelial	lesion.

Low-dose	 oral	 13-cis-retinoic	 acid	 reduced	 skin	 cancer	 by	 63%	 in	 patients	 with	 xeroderma	 pigmentosum;
however,	severe,	acute	mucocutaneous	toxicity	with	the	13-cis-retinoic	acid	occurred.48	In	lower	risk	populations,
low-dose	oral	13-cis-retinoic	acid	(10	mg	per	day)49	and	retinol	or	13-cis-retinoic	acid	alone	did	not	reduce	the
recurrence	of	basal	or	squamous	cell	skin	cancers.50	Retinol	reduces	squamous	but	not	basal	cell	carcinomas	 in



patients	with	prior	actinic	keratoses	(see	Table	35.5).51
Retinoids	 have	 modest	 risk-reductive	 efficacy	 for	 cervical	 carcinoma.	 A	 Cochrane	 review	 assessed	 five

randomized,	controlled	clinical	trials	of	four	different	retinoids:	N-(4-hydroxyphenyl)retinamide	(fenretinide)	and
9-cis-retinoic	acid	(alitretinoin)	given	orally,	ATRA	administered	topically	to	the	cervix,	and	13-cis-retinoic	acid
(isotretinoin)	 given	 orally	 (see	 Table	 35.5).	 The	 retinoids	 studied	 did	 not	 reduce	 progression	 of	 cervical
intraepithelial	 neoplasia	 (CIN)	 to	 invasive	 cervical	 neoplasms	 but	 may	 have	 some	 effect	 on	 enhancing	 the
regression	of	CIN2	but	not	of	CIN3.	Data	on	CIN1	were	not	sufficient	to	draw	conclusions.52

To	overcome	the	toxicity	of	systemically	administered	retinoids,	synthetic	formulations	have	been	studied	as
risk	 reductives	 for	 skin,	 breast,	 and	 bladder	 cancers.	 In	 renal	 transplant	 patients,	 acitretin,	 a	 prodrug	 form	 of
etretinate,	 a	 synthetic	 second-generation	 retinoid,	 reduced	 the	 numbers	 of	 premalignant	 lesions,	 the	 number	 of
patients	with	skin	cancer,	and	the	cumulative	number	of	skin	cancers	with	acceptable	toxicity.53	This	work	has	not
been	 generalized	 further	 to	 lower	 risk	 populations.	 Fenretinide,	 a	 synthetic	 retinoid,	 tested	 in	 a	 5-year	 trial	 to
prevent	contralateral	breast	cancer	in	women,54	had	no	significant	overall	effect,	although	it	reduced	contralateral
and	 ipsilateral	 breast	 cancer	 rates	 in	 premenopausal	 women	 and	 its	 effect	 persisted	 with	 longer	 follow-up.55
Fenretinide	 does	 not	 prevent	 tumor	 recurrence	 in	 patients	 with	 nonmuscle-invasive	 bladder	 transitional	 cell
carcinoma	after	transurethral	resection	with	or	without	adjuvant	intravesical	bacillus	Calmette-Guerin	(BCG)	(see
Table	35.5).56

Newer	fenretinide	analogs,	for	example,	sodium	4-carboxymethoxyimino-(4-HPR),	have	important	anticancer
activity	 in	 preclinical	 models	 with	 a	 favorable	 toxicity	 profile.57	 A	 low	 toxicity	 retinoid	 X	 receptor	 (RXR)-
selective	 retinoid	 (UAB30)	 has	 strong	 preclinical	 breast	 cancer	 risk	 reducing	 efficacy	 and	 has	 entered	 clinical
trials	for	breast	cancer	prevention.58	Combination	treatment	may	represent	a	promising	new	strategy	to	suppress
both	 estrogen	 receptor	 (ER)-negative	 and	 ER-positive	 breast	 tumors,	 and	 the	 combination	 of	 retinoids	 with
antiestrogens	may	be	effective.59

Clinical	Trials:	Carotenoids	and	Antioxidant	Nutrients
Carotenoids	 and	 antioxidant	 nutrients	 have	 been	 evaluated	 in	 the	 setting	 of	 preneoplasia/neoplasia	 in	 many
different	organ	sites,	as	discussed	in	the	following	text.	Of	the	many	clinical	trials	of	carotenoids	with	and	without
other	 antioxidant	 nutrients	 or	 retinoids,	 key	 trials	 with	 cancer	 incidence/recurrence	 as	 primary	 outcomes	 are
tabulated	(Table	35.6).

Airway.	A	 large	 body	 of	 evidence	 in	 preclinical	models	 and	 population-based	 observational	 trials	 using	 blood
concentrations	 and	 dietary	 sources	 of	 retinoids	 and	 carotenoids60–62	 justified	 the	 implementation	 of	 large,
prospective	phase	III	efficacy	trials	of	β-carotene	plus	other	micronutrients	for	primary	prevention	of	lung	cancer
in	 current	 smokers.	Large,	 prospective	 randomized	 clinical	 trials	 of	 β-carotene	with	 either	 vitamin	E	or	 retinol
(Alpha-Tocopherol,	β-carotene	[ATBC]	Trial,	Carotene	and	Retinol	Efficacy	Trial	[CARET])	found	statistically
significant	 increases	 in	 both	 incidence	 and	 mortality	 from	 lung	 cancer.63,64	 α-tocopherol	 had	 no	 effect.	 The
prospective	Physicians’	Health	Study	(PHS)	cohort	of	β-carotene	versus	placebo	reported	no	significant	effect—
positive	or	negative—on	total	cancer,	lung	cancer,	or	cardiovascular	disease	(see	Table	35.6).65	Two	other	trials
involving	supplemental	β-carotene	alone	(the	Women’s	Health	Study66)	or	with	other	antioxidant	nutrients	 (the
Medical	Research	Council/British	Heart	Foundation	Heart	Protection	Study67)	on	overall	 cancer	 incidence	also
failed	to	observe	efficacy.

Although	some	of	 the	 large	cancer	 risk–reducing	 trials	may	have	failed	 in	 their	primary	objective,	 they	may
indirectly	 contribute	 to	 a	 clearer	 understanding	 of	 cancer	 biology,	 leading	 to	 the	 recognition	 that	 the	 role	 of
oxidative	 stress	 and	 reactive	 oxygen	 species	 in	 human	 disease	 is	 much	 more	 nuanced	 than	 originally
hypothesized.68	β-Carotene	and	other	carotenoids	are	bifunctional	molecules.	They	produce	oxidative	carotenoid
breakdown	 products	 that	 alter	 retinoid	 metabolism	 and	 signaling	 pathways,	 along	 with	 pro-oxidation.69	 For
retinoids	such	as	13-cis-retinoic	acid,	smoking	may	induce	genetic	and	epigenetic	changes	in	the	lung	that	affect
retinoid	activity;	for	example,	tobacco	smoking	can	affect	RAR-β	expression.47	Reactive	oxygen	species,	such	as
hydrogen	peroxide,	act	as	important	physiologic	regulators	of	intracellular	signaling	pathways.70,71	Vitamin	E	(α-
tocopherol)	 accelerates	 lung	 tumor	 growth	 by	 disrupting	 the	 reactive	 oxygen	 species–p53	 axis,	 potentially	 by
removing	oxidative	damage	to	DNA	that	can	serve	as	a	potent	stimulus	for	p53	activation.72	However,	the	finding
that	former	smokers	seemed	to	benefit	from	both	13-cis-retinoic	acid47	and	β-carotene64	is	intriguing.	Mechanistic
work	indicates	this	interaction	is	real	rather	than	chance,	suggesting	that	(1)	risk	reduction	in	smokers	is	especially
challenging73	and	(2)	trials	in	former	smokers	may	merit	consideration.
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TABLE	35.6
Micronutrients:	Antioxident	Nutrients	(β-Carotene,	Selenium,	Vitamin	E,	Tea	Extract)a

Population Drug	and	dose End	Point Outcome Citations

Prior	head/neck
cancer

β-Carotene	50	mg/d Second	primary
head	and	neck
cancers

Nonsignificant	reduction	in
second	head	and	neck
cancer,	increase	in	lung
cancer

77

Prior	head/neck
cancer

β-Carotene	75	mg/d	×	3
mo	with	1	mo	off

Second	primary
head	and	neck
cancers

No	effect	on	SPTs,
nonsignificant	decrease	in
death

76

Prior	head/neck
cancer

β-Carotene	30	mg/d	+
vitamin	E	400	IU/d

Deaths BC	discontinued,	mortality
increased	at	end	of	trial

78

Male	smokers β-Carotene	20	mg/d	±
vitamin	E	50	mg/d

Lung	cancer Lung	cancer	increased	with
BC,	no	effect	E

63

Smokers	and
asbestos	workers

β-Carotene	30	mg/d	+
retinol	25,000	IU/d

Lung	cancer Lung	cancer	increased	with
BC	+	A

64

Resected	stage	I
non–small-cell
lung	cancer

Selenized	yeast	200
μg/d

Second	primary
cancer

No	effect 268

Male	physicians β-Carotene	50	mg/qod Total	cancer No	effect 65

Female	health
professionals

β-Carotene	50	mg/qod All	cancers No	effect 66

Adults	at	risk	for
CHD

β-Carotene	20	mg/d	+
vitamin	E	600	mg/d	+
250	mg	vitamin	C/d

Total	cancers No	effect 67

Prior	skin	cancer β-Carotene	50	mg/d Second	skin
cancer

No	effect 86

Prior	skin	cancer β-Carotene	30	mg/d Incident
squamous	cell
skin	cancer;
incident	basal	cell
skin	cancer

No	effect 87

Prior	skin	cancer Selenium	200	μg/d Second	skin
cancer

(HR,	1.17;	95%	CI,	1.02–
1.34)	and	squamous	cell
skin	cancer	(HR,	1.25;	95%
CI,	1.03–1.51)

78,	88

General
population	in
China

15	mg	β-carotene/d	+	30
mg	vitamin	E/d	+	50	μg
selenium/d

Stomach	cancer
death;
esophageal
cancer	death

Significant	decrease	in
stomach	cancer	death;	no
effect	on	esophageal
cancer	death	at	26-y
follow-up

92,	94

Upper
esophageal
dysplasia

Multivitamin/multimineral
+	BC	15	mg/d

Stomach	cancer
death;
esophageal
cancer	death

No	effect 95

Males Selenium	200	μg/d	±
400	IU	vitamin	E/d

Prostate	cancer
incidence

No	effect;	with	longer
follow-up,	vitamin	E
became	adverse.

81



Noninvasive
urothelial	cancer

Selenium	200	μg/d Recurrent
noninvasive
bladder	urothelial
neoplasm

No	effect 89

Noninvasive
urothelial	cancer

RDA	vs.	megadose
multivitamins	plus	BCG
±	interferon,	no	placebo

Recurrent
noninvasive
bladder	urothelial
neoplasm

No	effect 91

Persistent	HPV
infection,	CIN	I

Epigallocatechin	gallate
(green	tea	extract)	100
mg/d

Clearance	of	HPV
and/or	CIN	I

No	effect 269

Male	physicians	II 500	mg	vitamin	C/d	+
400	IU	vitamin	E/qod

Prostate	cancer
incidence,	total
cancer	incidence

No	effect 83

aAll	versus	placebo.
SPT,	second	primary	tumor;	BC,	β-carotene;	qod,	every	other	day;	CHD,	congenital	heart	disease;	HR,	hazard	ratio;	CI,	confidence
interval;	megadose	multivitamins,	40,000	units	vitamin	A,	100	mg	vitamin	B6,	2,000	mg	vitamin	C,	400	units	vitamin	E,	and	90	mg
zinc	(“Oncovite”);	BCG,	bacillus	Calmette-Guerin;	HPV,	human	papilloma	virus;	CIN,	cervical	intraepithelial	neoplasia.

The	adverse	effects	of	supplemental	nutrients	are	not	limited	to	smokers.	As	outlined	in	the	following	text,	α-
tocopherol	 increased	 rather	 than	 reduced	 prostate	 cancer	 in	 Selenium	 and	 Vitamin	 E	 Cancer	 Prevention	 Trial
(SELECT)	 (which	 had	 relatively	 few	 smokers)	 and	 selenium	 increased	 prostate	 cancer	 among	 men	 without
baseline	selenium	deficiency.74	This	may	be	a	consequence	of	 the	 relatively	high	doses	used	 in	SELECT75	 but
calls	 into	 question	 the	 notion	 that	 reducing	 oxidative	 stress	 is	 the	 pivotal	 cancer	 risk	 reduction,	 even	 in
nonsmokers.

Supplemental	 β-carotene	 has	 also	 been	 studied	 as	 a	 single	 agent	 and	 in	 combination	with	 other	 agents	 for
prevention	 of	 second	 primary	 cancers	 of	 the	mouth	 and	 throat	 (see	 Table	 35.6).	One	 trial	 of	 β-carotene	 alone
observed	no	harm	or	benefit,76	another	observed	nonsignificantly	fewer	second	head	and	neck	cancers	but	more
lung	cancers,77	and	a	third	that	added	α-tocopherol	to	β-carotene78	reported	an	increase	in	all-cause	mortality.

Nonairway	Sites

Prostate.	Secondary	analyses	of	 trials	of	 selenium	for	 risk	 reduction	of	 skin	cancer79	 and	of	vitamin	E	 for	 risk
reduction	of	lung	cancer80	reported	reduced	prostate	cancer	risk.	The	SELECT,	which	tested	prostate	cancer	risk
reduction	with	selenium	and	vitamin	E,	initially	reported	no	risk-reductive	efficacy.81	With	extended	follow-up,
vitamin	E	 supplementation	 increased	 prostate	 cancer	 risk	 by	 17%.82	 Selenium	 supplementation	 did	 not	 benefit
men	with	low	selenium	status	but	increased	the	risk	of	high-grade	prostate	cancer	among	men	with	high	selenium
status.74	Negative/neutral	 findings	also	were	 reported	 for	vitamins	E	and	C	and	prostate	and	 total	cancer	 in	 the
PHS	II	randomized	controlled	trial.83

Tomato	 and	 lycopene	 have	 strong	 anticarcinogenesis	 activity	 via	 suppression	 of	 oxidative	 damage,
enhancement	of	apoptosis,	and,	in	the	case	of	prostate	carcinogenesis,	modulation	of	testosterone	production.84	Of
several	 small	 short-term	 interventional	 trials	 of	 lycopene	 supplements	 using	 intermediate	 end	 points,	 a	 tomato
sauce–based	intervention	is	arguably	a	better	approach.85

Nonmelanoma	Skin	Cancer.	β-Carotene,	in	a	randomized	trial,	did	not	reduce	the	recurrence	of	nonmelanoma	skin
cancers.86	Consistent	with	findings	in	the	lung,	risk	was	increased	by	44%	in	current	smokers	randomized	to	β-
carotene	but	not	in	never-smokers	randomized	to	β-carotene.	Supplemental	β-carotene	did	not	prevent	either	basal
cell	carcinoma	or	squamous	cell	carcinoma	of	the	skin.87	Selenium	increased	the	risk	of	nonmelanoma	skin	cancer
in	patients	with	a	prior	skin	cancer.88

Bladder.	Organic	selenium	supplementation	failed	to	reduce	the	probability	of	recurrence	of	early-stage	bladder
transitional	 cell	 carcinoma.89	 A	 randomized	 trial	 of	 a	 high	 doses	 of	 micronutrients	 in	 a	 dietary	 supplement
complex	(40,000	IU	retinol,	100	mg	pyridoxine,	2,000	mg	ascorbic	acid,	400	units	of	α-tocopherol,	and	90	mg
zinc)	 reduced	 the	 bladder	 tumor	 recurrence	 rate	 in	 a	 small	 group	 of	 patients	 receiving	 BCG	 immunotherapy
compared	 to	multivitamins	 at	 the	 recommended	daily	 allowance.	This	 trial	 did	not	 include	 a	 placebo	 arm.90	A
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larger	subsequent	trial,	also	without	a	placebo	arm,	failed	to	confirm	dietary	supplement	complex	risk	reductive
efficacy	for	recurrence	of	early-stage	bladder	transitional	cell	carcinoma.91

Cervix.	Of	four	randomized	trials	with	β-carotene	(alone	or	with	other	antioxidant	nutrients),	none	have	reversed
cervical	dysplasia	(see	Table	35.6).

Esophagus.	A	major	 trial	of	micronutrient	 combinations	as	upper	esophageal	 risk	 reductive	 in	Linxian	County,
China	 known	 for	 high	 incidence	 and	 mortality	 from	 squamous	 cell	 carcinoma	 of	 the	 esophagus,	 found	 the
combination	of	β-carotene,	vitamin	E,	and	selenium	caused	a	13%	reduction	in	total	cancer	deaths,	a	4%	reduction
in	esophageal	cancer	deaths,	and	a	21%	reduction	in	gastric	cancer	deaths	in	the	initial	6-year	study	period	(see
Table	 35.6).92	 The	 treatment	 benefit	 persisted	 for	 10	 years	 postintervention,	 with	 greater	 efficacy	 seen	 in
participants	 younger	 than	 55	 years	 of	 age.93	After	 26	 years	 of	 follow-up,	 the	multivitamin	 supplement	 had	 no
effect	on	total	or	cause-specific,	including	cancer-specific,	mortality	in	a	nutrient-deficient	population.94	The	long-
term	follow-up	data	from	the	Linxian	study	confirms	other	antioxidant	nutrient	supplement	intervention	trials	in
Western	countries.74	Another	 trial	 of	multivitamin/multimineral	 preparation	 plus	 β-carotene	 in	Linxian	 patients
with	esophageal	dysplasia	found	no	risk	reductive	benefit.95

Colon	 and	 Rectum.	 Randomized	 trials	 aimed	 at	 the	 prevention	 of	 recurrent	 colorectal	 adenomas	 with
micronutrients	 have	 focused	 on	 β-carotene	 alone,96	 β-carotene	 with	 nonmicronutrient	 interventions,97	 and	 β-
carotene	 with	 and	 without	 supplemental	 vitamins	 C	 and	 E.98	 No	 risk-reductive	 benefit	 was	 found.	 Among
nonsmokers	 and	 nondrinkers,	 β-carotene	was	 associated	with	 a	 significant	 decrease	 in	 the	 risk	 of	 one	 or	more
recurrent	 adenomas	 (relative	 risk	 [RR],	 0.56).	 Among	 persons	 who	 smoked	 and	 also	 drank	 more	 than	 one
alcoholic	drink	per	day,	β-carotene	significantly	increased	the	risk	of	recurrent	adenoma	(RR,	2.07).99

Folic	Acid	and	Other	B	Vitamins

Overview	and	Mechanisms
Folate	is	a	water-soluble	B	vitamin	found	in	foods,	whereas	folic	acid	is	the	synthetic	form	found	in	supplements
and	 fortified	 foods.	Adequate	 folate	 is	 critical	 for	DNA	methylation,	 repair,	 and	 synthesis.100	 The	methylation
status	of	genes	can	play	a	key	role	in	gene	silencing/gene	expression,	lending	plausibility	to	the	idea	that	folate
could	be	a	key	nutrient	in	regulating	cell	growth/proliferation.

Epidemiology
Epidemiologic	studies	have	linked	low	folate	intake	with	higher	risk	of	several	cancers,	most	notably	colorectal
cancer.101	Long-term	use	of	multivitamin	supplements,	which	are	a	major	source	of	folate	and	other	B	vitamins,
has	 been	 associated	 with	 a	 reduction	 in	 risk	 of	 colon	 cancer	 in	 some	 studies,	 including	 postfortification
findings.102,103	Supporting	an	anticancer	role	of	folate	is	that	genotypes	for	methylene	tetrahydrofolate	reductase,
an	enzyme	known	to	be	involved	in	folate	metabolism,	predict	risk	of	colon	cancer.104	Vitamin	B6	has	been	less
studied	in	relation	to	cancer	than	folate,	but	some	epidemiologic	studies	suggest	that	vitamin	B6	may	be	important
risk	factor	for	colorectal	cancer.105

Clinical	Trials:	Folic	Acid	and	B	Vitamins
Risk-reducing	 efficacy	 for	 supplemental	 folic	 acid	has	been	primarily	 evaluated	 in	 the	 setting	of	 prevention	of
recurrent	 colorectal	 adenomas	 (i.e.,	 in	 patients	 with	 prior	 adenomas).	 Despite	 evidence	 of	 folic	 acid
supplementation	benefit	in	small	studies,106	benefits	were	not	observed	in	two	much	larger	trials	(Table	35.7).	The
Aspirin/Folate	Polyp	Prevention	study	 found	 indications	of	an	 increased	 risk	 for	advanced	 lesions	and	multiple
adenomas	and	 for	prostate	cancer	with	prolonged	 treatment	and	 follow-up.107,108	 In	a	Chinese	population,	 folic
acid	 supplementation	 reduced	 sporadic	 colorectal	 adenomas	 when	 compared	 to	 no	 intervention.109	 A	 meta-
analysis	 of	 13	 supplementation	 trials	 composed	 of	 50,000	 individuals	 found	 no	 significant	 effect	 of	 folate	 on
cancer	 incidence	 in	 the	general	population.110	One	possible	explanation	for	 the	discrepancy	of	 the	Chinese	 trial
versus	North	American	 and	European	 trials	 is	 the	 baseline	 plasma	 folate	 status.	 In	 the	Chinese	 trial,	 the	mean
baseline	 folate	 concentration	 of	 5	 ng/mL109	was	 half	 of	 the	 reported	 10	 ng/mL	 in	 a	U.S.	 trial,107	where	 folate
fortification	of	 the	 food	supply	occurs.	The	 folate	 fortification	program,	 initially	 initiated	 to	 reduce	neural	 tube



birth	defects,	might	also	increase	the	risk	for	colorectal,	prostate,	and	potentially	other	neoplasms.

TABLE	35.7
Micronutrients:	Folate,	Calcium,	Vitamin	D

Population Drug	and	Daily	Dose End	Point Outcome Citations

Prior	colorectal
adenoma

Folate	1	mg/d
Placebo

Adenoma	recurrence
or	carcinoma

No	effect 107

Prior	colorectal
adenoma	≥0.5	cm

Folate	0.5	mg/d
Placebo	(part	of	a	2	×
2	factorial	with
aspirin)

Adenoma	recurrence
or	carcinoma

No	effect 270

Prior	colorectal
adenoma

Folate	1.0	mg/d
Placebo

Adenoma	recurrence
or	carcinoma

Reduced	adenoma
recurrence	low
baseline	plasma
folate;	RR,	0.61;	95%
CI,	0.42–0.90

271

Age	>50	y Folate	1	mg
Placebo

Adenoma	found	on
endoscopy	3	or	5	y
later

RR,	0.49;	95%	CI,
0.37–0.63;	baseline
low	folate	associated
with	benefit

109

Prior	colorectal
adenoma

Elemental	calcium
1,200	mg/d
Placebo

Adenoma	recurrence
or	carcinoma

RR,	0.81;	95%	CI,
0.67–0.99	in	favor	or
calcium	treatment

118

Prior	colorectal
adenomas

1.	Elemental	calcium
1,000	mg/d
2.	Vitamin	D3	1,200
IU/d
3.	Both
4.	Neither

Adenoma	recurrence
or	carcinoma

No	effect 119

Healthy	women,
prospective	cohort
(Women’s	Health
Initiative)

Elemental	calcium
500	mg	twice	daily	+
vitamin	D	200	IU
twice	daily
Or	placebo

Colorectal
adenocarcinoma
incidence

No	effect 120

Healthy	women,
prospective	cohort
(Women’s	Health
Initiative)

Elemental	calcium
500	mg	twice	daily	+
Vitamin	D	200	IU
twice	daily
Or	placebo

Breast
adenocarcinoma
incidence

No	effect 121

RR,	relative	risk;	CI,	confidence	interval.

Calcium	and	Vitamin	D

Overview	and	Mechanisms
There	 are	 two	major	 forms	of	vitamin	D:	 ergocalciferol	 (D2)	 and	cholecalciferol	 (D3).	Vitamin	D2	 is	 absorbed
through	 dietary	 sources	 such	 as	 fortified	 milk	 products,	 whereas	 D3	 is	 synthesized	 via	 ultraviolet	 B	 light
isomerization	of	7-dehydrocholestrol	in	the	epidermis.111	Vitamin	D3	is	converted	to	calcitriol	(1,25-(OH)2D3)	in
a	 two-step	 process	 requiring	 both	 hepatic	 and	 renal	 hydroxylation.	 Calcitriol	 binds	 to	 the	 vitamin	D	 receptor,
which	translocates	to	the	nucleus	and	binds	to	multiple	gene	promotor	sites.	Through	this	mechanism,	vitamin	D
regulates	cytoplasmic	signaling	pathways	that	impact	cellular	differentiation	and	growth	through	proteins	such	as
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Ras	and	mitogen-activated	protein	(MAP)	kinase	(MAPK),	protein	lipase	A,	prostaglandins,	cyclic	AMP,	protein
kinase	A,	and	phosphatidyl	 inositol	3	kinase.111	1,25(OH)2D3	 regulates	 cellular	proliferation	and	apoptosis.	For
example,	 1,25(OH)2D3	 can	 induce	 cleavage	 of	 caspase	 3,	 PARP,	 and	 the	 MAPK	 leading	 to	 apoptosis.
1,25(OH)2D3	 inhibits	 the	expression	and	phosphorylation	of	AKT,	a	key	regulator	of	cellular	proliferation.	The
differentiation	 properties	 of	 1,25(OH)2D3	 are	mediated	 through	 transcriptional	 activation	 of	 the	CDK	 inhibitor
p21.	 The	 effects	 of	 vitamin	 D	 on	 multiple	 signal	 transduction	 pathways	 operational	 in	 cancer	 cells	 are	 well
described.112

Epidemiology
Observational	 epidemiologic	 studies	 have	 shown	 a	 consistent	 inverse	 association	 between	 low	 calcium	 intake,
including	 that	 from	 supplements,	 and	 increased	 cancer	 risk.113	 Vitamin	 D	 exposure	 is	 typically	 assessed	 by
measuring	25(OH)	vitamin	D	in	plasma	because	exposure	is	derived	not	only	from	diet/supplements	but	also	from
cutaneous	synthesis	following	dermal	exposure	 to	ultraviolet	radiation.	A	large	number	of	observational	studies
have	 evaluated	 the	 association	 between	 vitamin	 D	 status	 and	 cancer	 risk,	 as	 systematically	 reviewed	 by	 the
Agency	for	Healthcare	Research	and	Quality	(AHRQ)	and	many	others.	Whereas	some	observational	studies	have
reported	 that	 higher	 serum	 vitamin	 D	 is	 associated	 with	 risk	 of	 many	 cancers,	 the	 associations	 are
inconsistent.114–116	 Three	 large	 genetic	 epidemiology	 networks	 used	 four	 vitamin	D	 genetic	 polymorphisms	 to
build	a	multipolymorphism	score	and	then	retrieved	summary	data	for	the	association	between	single	nucleotide
polymorphisms	 for	 circulating	25-hydroxyvitamin	D	concentrations.	No	association	between	 the	polymorphism
score;	circulating	25-hydroxyvitamin	D	concentration;	and	risk	of	colorectal,	breast,	lung,	or	prostate	cancer	was
identified.117

Clinical	Trials:	Calcium	and	Vitamin	D
Baron	 et	 al.118	 randomized	 subjects	 with	 a	 recent	 history	 of	 colorectal	 adenomas	 to	 either	 calcium	 carbonate
(1,200	mg	per	day	of	elemental	calcium)	or	placebo	and	showed	significant	benefit	for	the	calcium	arm	(adjusted
risk	ratio	=	0.81;	95%	confidence	 interval	 [CI],	0.67	 to	0.99;	P	=	 .04).	A	subsequent	 trial	of	2,259	participants
randomized	to	vitamin	D3	(1,000	IU	per	day),	calcium	carbonate	(1,200	mg	per	day)	or	both	failed	to	reduce	the
risk	 of	 adenoma	 recurrence	 in	 any	 of	 the	 arms	 (see	 Table	 35.7).119	 This	 discrepancy	 between	 two	 large
prospective	phase	III	trials	suggests	changes	in	population	demographics,	for	example	increased	obesity,	or	a	very
modest	if	any	cancer	risk	reductive	effect	of	calcium	or	vitamin	D,	or	both.

The	 largest	 trial	 of	 calcium/vitamin	D	with	 primary	 cancer	 end	 points	 (colon,	 breast),	 the	Women’s	Health
Initiative	(WHI),	evaluated	the	combination	of	400	IU	vitamin	D	per	day	plus	1,000	mg	calcium	per	day	in	36,282
postmenopausal	women.	For	colon	cancer,	there	was	no	benefit	observed,120	although	the	mean	baseline	intake	of
calcium	was	already	very	high	(>1,151	mg	per	day).	For	breast	cancer,	there	was	also	no	significant	effect	of	this
combination	on	breast	cancer	risk	(hazard	ratio	[HR],	0.96;	95%	CI,	0.85	to	1.09).121	 In	secondary	analyses	for
lung	cancer,	vitamin	D	intake	≥400	IU	per	day	was	significantly	associated	with	lower	risks	of	lung	cancer	(HR,
0.37;	 95%	 CI,	 0.18	 to	 0.77)122.	 For	 hematologic	 malignancies,	 defined	 as	 lymphoid,	 myeloid,	 or	 plasma	 cell
malignancy,	calcium	vitamin	D	supplementation	had	a	significantly	lower	risk	of	incidence	(HR,	0.80;	95%	CI,
0.65	to	0.99)	but	not	mortality	(HR,	0.77;	95%	CI,	0.53	to	1.1)	(see	Table	35.7).123	An	ongoing	randomized	trial
of	vitamin	D	and	omega-3	fatty	acids	(the	Vitamin	D	and	Omega-3	Trial)	with	cancer	and	cardiovascular	event
end	points	among	25,875	participants	completed	accrual	in	March	2014.124

Summary	and	Conclusion:	Micronutrients
Certain	agents,	including	the	retinoids,	β-carotene,	folic	acid,	calcium/vitamin	D,	vitamin	E,	and	selenium,	have
received	 substantial	 attention	 for	 a	 possible	 role	 in	 reducing	 risk	of	 cancer	 in	humans.	Some	of	 the	 trials	 have
observed	statistically	significant	reductions	in	risk	of	the	primary	end	point	(e.g.,	retinoids	in	skin	carcinogenesis
models,	 antioxidant	 nutrients	 in	 Linxian,	 China,	 for	 gastric	 cancer	 prevention),	 whereas	 others	 have	 observed
statistically	 significant	 increases	 in	 the	 risk	 of	 the	 primary	 end	 point	 (β-carotene	 and	 retinoid	 lung	 cancer
prevention	trials	in	smokers,	vitamin	E	and	prostate	cancer,	selenium	and	nonmelanoma	skin	cancer).	Considering
the	 completed	 trials,	 there	 is	 evidence	 against	 the	general	 use	of	 nutrient	 supplements	 for	 cancer	 prevention,	 a
conclusion	reached	by	the	World	Cancer	Research	Fund/American	Institute	for	Cancer	Research.32	Importantly,
there	is	no	evidence	that	food	sources	of	these	nutrients	increase	risk.



Other	key	themes	emerging	from	this	growing	body	of	research	include	the	following:

1.	 Nutrient	supplementation	may	be	of	benefit	to	some	but	not	all.	One	such	population	that	may	benefit
includes	persons	who	are	low	in	the	nutrient	of	interest	at	baseline.	This	was	initially	suggested	in	the	Linxian
Country	trial	(done	in	a	micronutrient-deficient	population),	with	growing	support	from	subgroup	analyses	of
several	completed	trials.75

2.	 Lifestyle	factors	(e.g.,	smoking),	obesity,	and	also	genetics	(polymorphisms)	may	determine	who	is	most
likely	to	benefit	from	supplementation.	Trial	data	will	likely	be	increasingly	mined	to	identify	genetic	profiles
associated	with	both	better	outcomes	(risk	prediction)	and	response	to	intervention.117,125	With	the	rapid
dissemination	of	genomic	technologies	and	ability	to	identify	individual	genomic	mutations	and	variants,
more	personalized	approaches	to	cancer	risk	reduction	may	emerge,	consistent	with	the	movement	toward
personalized	cancer	treatments.

3.	 Timing	of	exposure	and	early	interventions	may	result	in	improved	cancer	risk	reduction.	Nearly	all	of	these
trials	initiate	intervention	with	older	adults	(who	are	more	likely	to	develop	cancer	end	points	during	follow-
up),	but	animal	models	suggest	that	the	timing	of	exposure	may	likely	be	quite	relevant	(e.g.,	folic	acid	may
protect	against	initiation	but	promote	proliferation	of	existing	neoplasms).126	Thus,	the	dose,	form	(food
versus	supplement),	timing,	and	nutritional	and	lifestyle	characteristics	may	all	be	relevant	in	affecting	the
efficacy	of	risk-reducing	interventions	involving	nutrients	and	related	substances.	Further	research,	drawing
on	newer	tools	now	available	through	the	field	of	nutritional	genomics,	will	be	needed	to	gain	greater	clarity
on	the	heterogeneous	biologic	effects	observed	in	nutrient-based	risk	reduction.

ANTI-INFLAMMATORY	DRUGS
Mechanism
Nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs)	 represent	 a	 class	 of	 drugs	 that	 reduce	 cellular	 inflammation
through	 multiple	 mechanisms,	 the	 most	 prominent	 of	 them	 being	 modulation	 of	 eicosanoid	 metabolism.127
Eicosanoids	 are	 metabolites	 of	 dietary	 fatty	 acids,	 primarily	 linoleic	 acid.	 Linoleic	 acid	 is	 metabolized	 to
arachidonic	 acid,	 which	 is	 stored	 in	 the	 lipid	 membrane	 and	 once	 mobilized	 from	 the	 membrane	 further
metabolized	by	prostaglandin-H	synthases,	also	known	as	cyclooxygenase-1	and	cyclooxygenase-2	(COX-1	and
COX-2)	 to	 prostaglandin	 D2	 (PGD2),	 prostaglandin	 E2	 (PGE2),	 prostaglandin	 F2α	 (PGF2α),	 prostaglandin	 I2
(PGI2),	or	thromboxane	A2	(TxA2)	by	specific	synthases.	Leukotriene	pathways	involve	conversion	of	arachidonic
acid	 to	 leukotriene	 A4	 by	 5-lipoxygenase	 and	 subsequent	 hydrolysis	 of	 leukotriene	 A4	 to	 other	 downstream
leukotrienes.	 Newly	 formed	 prostaglandins	 function	 primarily	 through	 binding	 to	 prostaglandin	 receptors	 (EP
receptors),	releasing	coupled	G-proteins	to	elicit	responses	in	the	same	or	neighboring	cells.128,129	Prostaglandins
play	 crucial	 roles	 in	 controlling	 cellular	 proliferation,	 apoptosis,	 cellular	 invasiveness,	 angiogenesis,	 and
modulating	 immunosuppression.128	 As	 PGE2	 is	 the	 most	 abundant	 prostaglandin	 in	 tumors,	 reducing	 local
concentrations	of	PGE2	may	be	a	pivotal	colorectal	cancer	preventive	strategy.128	The	role	of	leukotrienes	in	the
carcinogenesis	process	is	less	fully	understood.129

PGHS-independent	mechanisms	of	NSAID	action	may,	at	least	in	part,	explain	NSAID	preventive	efficacy.130
A	diverse	group	of	NSAIDs	inhibit	apoptosis	via	inhibition	of	cyclic	GMP	phosphodiesterase	activity,	attenuation
of	β-catenin	mRNA	through	suppressing	transcription	of	the	CTNNB1	gene,	and	activation	of	c-Jun	N-terminal
kinase	 1.130	 NSAIDs	 activate	 peroxisome	 proliferator-	 activated	 receptor	 (PPAR)	 γ,	 leading	 to	 increased	 E-
cadherin	expression	and	reduced	colony	formation	in	vitro,	while	reducing	PPARδ	leading	to	reduced	resistance
to	apoptosis.	Crosstalk	between	PPARδ	and	COX-2	function	enhances	epithelial	carcinogenesis	and	is	blocked	by
NSAIDs.131	 Selective	 COX-2	 inhibitors	 inhibit	 AKT	 signaling	 and	 induce	 apoptosis	 of	 human	 colorectal	 and
prostate	cancer	cells	in	vitro	in	a	COX-2–independent	manner	via	inhibition	of	phosphoinositide-dependent	kinase
1	 (PDK1).	NSAIDs	 inhibit	 nuclear	 factor	 kappa	B	 (NK-κB)	 at	 pharmacologic	 concentrations	 and	 key	 cellular
proliferation	 signaling	 intermediates	 such	 as	 activator	 protein	 (AP)	 1	 and	 other	 intermediates	 of	 the	 mitogen
activated	protein	(MAPK)	pathway.130	The	impact	of	NSAIDs	on	carcinogenic	events	driven	by	these	upstream
pathways	in	humans	as	opposed	to	effects	in	vitro	or	in	vivo	models	remains	unclear.

Epidemiology
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Pooled	analyses	of	34	controlled	trials	of	aspirin	75	mg	to	100	mg	daily	(69,224	participants),	conducted	primarily
for	 cardiovascular	 disease	 reduction,	 observed	 reduced	 cancer	 deaths	 (odds	 ratio	 [OR],	 0.63;	 95%	CI,	 0.49	 to
0.82).	Most	of	 the	benefit	occurred	after	5	years	 follow-up.132	 In	 a	pooled	analysis	of	150	case-control	 and	45
cohort	 studies,	 in	addition	 to	a	 reduced	 risk	of	death	 from	colorectal	 cancer	 (OR,	0.58;	95%	CI,	0.44	 to	0.78),
chronic,	frequent	(once	daily	or	more)	use	of	aspirin	also	reduced	risk	of	death	from	esophageal	(OR,	0.58;	95%
CI,	0.44	to	0.76),	gastric	(OR,	0.61;	95%	CI,	0.40	to	0.93),	and	breast	(OR,	0.81;	95%	CI,	0.72	to	0.93)	cancer.133
An	analysis	of	662,624	men	and	women	enrolled	in	the	American	Cancer	Society’s	Cancer	Prevention	Study-II
found	 that	 aspirin	 taken	 at	 least	 16	 times	 per	 month	 over	 a	 6-year	 period	 conferred	 a	 40%	 reduced	 risk	 of
colorectal	cancer	mortality.134	Both	the	46,363	male	Health	Professional	Study135	and	the	82,911	Nurse’s	Health
Study136	 suggest	 that	prolonged	use	 (>10	years)	of	325	mg	of	aspirin	 twice	weekly	or	more	 reduces	colorectal
cancer	risk	(RR,	0.77;	95%	CI,	0.67	to	0.88,	from	the	Nurse’s	Health	Study).	Daily	NSAID	intake	is	associated
with	a	40%	(OR,	0.56;	95%	CI,	0.43	to	0.73)	reduction	in	risk	of	esophageal	adenocarcinoma.137

Evidence	in	Preclinical	In	Vivo	Carcinogenesis	Models
NSAIDs,	 including	 aspirin,	 indomethacin,	 piroxicam,	 sulindac,	 ibuprofen,	 and	 ketoprofen,	 suppress	 colonic
tumorigenesis	induced	chemically	(1,2-dimethylhydrazine	or	its	metabolites)	or	transgenically	(Min+).138,139	The
selective	 COX-2	 inhibitors	 were	 the	 most	 efficacious	 colon	 tumorigenesis	 inhibitors	 in	 both	 chemical	 and
transgenic	 rodent	models.140,141	 In	 preclinical	 models,	 NSAIDs	 affect	 the	 onset	 and	 progression	 of	 cancers	 in
stomach,	 skin,	breast,	 lung,	prostate,	 and	urinary	bladder,	 although	 the	evidence	 is	more	 limited	 than	 for	colon
cancers.142

Clinical	Trials
Key	 clinical	 trials	 of	NSAIDs	 for	 the	 prevention	 of	 colorectal	 cancer	 are	 summarized	 in	 Table	 35.8.	 Sulindac
reduced	the	size	and	number	of	preexisting	adenomas	in	patients	with	familial	adenomatous	polyposis	but	did	not
suppress	 the	 development	 of	 new	 adenomas.143	 The	 selective	 COX-2	 inhibitor,	 celecoxib,	 suppressed	 the
development	 of	 new	 adenomatous	 polyps	 in	 patients	 with	 familial	 adenomatous	 polyposis.144	 Although	 these
results	are	promising,	reports	of	invasive	neoplasms	developing	in	familial	adenomatous	polyposis	patients	being
treated	with	sulindac145	raise	the	question	of	whether	NSAIDs	preferentially	alter	the	formation	or	regression	of
those	adenomas	less	likely	to	progress	to	invasive	adenocarcinomas,	as	compared	to	those	more	likely	to	progress.

Randomized,	 double-blinded,	 placebo-controlled	 trials	 of	 NSAIDs	 as	 cancer	 risk–reducing	 agents	 for
colorectal	 adenocarcinoma	 (see	 Table	 35.8)	 have	 confirmed	 that	 aspirin	 suppresses	 adenoma	 recurrence	 in
patients	previously	treated	for	adenomas	or	for	cancer.	Neither	sulindac	nor	piroxicam	alone	suppressed	adenoma
formation	 in	 high-risk,	 sporadic	 populations	 at	 tolerable	 doses.146,147	 Sulindac	 in	 combination	 with
difluoromethylornithine	(DFMO)	has	potent	colorectal	anticarcinogenesis	effects.148	Selective	COX-2	inhibitors
(celecoxib,	 rofecoxib)	 reduce	 the	 recurrence	 of	 adenomas	 by	 one-third	 in	 all	 patients	 previously	 treated	 for
adenomas	and	by	one-half	 in	patients	with	previously	 resected	 large	 (≥1	cm)	adenomas,149–151	but	 they	are	 too
toxic	as	cancer	risk–reducing	agents	due	to	their	cardiovascular	toxicity.152	Although	most	NSAIDs	(piroxicam,
indomethacin)	have	sufficient	gastrointestinal	 (GI)	 toxicity	 to	 reduce	 their	acceptability	as	cancer	 risk–reducing
agents,153,154	 long-term	administration	of	 low-dose	aspirin	 in	vascular	prevention	 trials	demonstrates	acceptable
GI	toxicity.155	Published	meta-analyses	confirm	NSAID	risk-reductive	efficacy	in	preventing	adenoma	recurrence
in	prospective,	 randomized	 trials	(nonaspirin	NSAIDs	[OR,	0.37;	95%	CI,	0.24	 to	0.53];	 low-dose	aspirin	[OR,
0.71;	95%	CI,	0.41	to	1.23]).156,157	The	safety	profile	of	low-dose	aspirin	exceeds	that	of	nonaspirin	NSAIDs.

TABLE	35.8
Nonsteroidal	Anti-inflammatory	Drugs	as	Colorectal	Cancer	Risk–Reducing	Agents

Population
Drug	(Dose),
Duration Phase End	Point Outcome Citations

GENE-ASSOCIATED

FAP Sulindac	(300–
400	mg/d,	divided
doses)

IIb Adenoma
regression

Colorectal	and
duodenal	polyps
regressed	in

272–274



<50%

Hereditary
nonpolyposis
colon	cancer
(Lynch	syndrome)

Aspirin	600	mg/d,
resistant	starch

III Cancer ≥2	y;	HR	colon
cancer,	0.41;	95%
CI,	0.19–0.86
All	cancers
incidence	rate
ratio,	0.37;	95%
CI,	0.18–0.78
No	effect	of
starch

158,	275

SPORADIC-RISK

Previous
adenomatous
polyps,	healthy
subjects

Aspirin	(40,	81,
325,	650	mg/d),	1
d,	4	wk

I,	IIa Dose-biomarker Aspirin	dose	of	81
mg	daily	sufficient
to	suppress
colorectal
mucosal	PGE2

276–278

Previous
adenomatous
polyps

Sulindac	(300
mg/d),	4	mo
Placebo

IIb Adenoma
regression

Sulindac	did	not
significantly
decrease	the
number	or	size	of
polyps

147

Previous
adenomatous
polyps

Piroxicam	(7.5
mg/d),	2	y
Placebo

IIb Adenoma
recurrence

Colorectal
mucosal	PGE2
reduced	in
piroxicam	treated
arm,
unacceptable
toxicity

146

Prior	colorectal
cancer

Aspirin	(325
mg/d),	3	y
Placebo

IIb Adenoma
recurrence

Aspirin	use
associated	with
delayed
development	of
adenomatous
polyps

279

Previous
adenomatous
polyps

Aspirin	(81	mg/d
or	325	mg/d)
and/or	folate,	3	y
Placebo

IIb Adenoma
recurrence

Low-dose	aspirin
reduced	the
recurrence	of
adenomatous
polyps

280

Previous
adenomatous
polyps	≥0.5	cm

Aspirin	300	mg/d
(part	of	a	2	×	2
factorial	with
folate,	placebo)

IIb Adenoma
recurrence

Aspirin	arm
reduced	adenoma
recurrence,	RR,
0.79;	95%	CI,
0.63–0.99

270

Previous
adenomatous
polyps

Celecoxib	and
rofecoxib
Placebo

IIb Adenoma
recurrence

Celecoxib
reduced	the
recurrence	of
adenomatous
polyps,
unacceptable
toxicity

149–151

HR,	hazard	ratio;	CI,	confidence	interval;	PGE2,	prostaglandin	E2;	RR,	relative	risk.
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Adenoma	formation	and	progression	 in	high-penetrance	genetic	 syndromes	such	as	APC	mutations	 (familial
adenomatous	 polyposis	 syndrome)	 or	 mismatch	 repair	 genes	 (Lynch	 syndrome)	 drive	 carcinogenesis	 through
mechanisms	that	do	not	directly	require	chronic	COX	activation	or	chronic	inflammation.	Nevertheless,	600	mg	of
daily	aspirin	taken	for	>2	years	reduced	the	risk	first	colorectal	cancer	event	in	Lynch	syndrome	(HR,	0.41;	95%
CI,	 0.19	 to	 0.8),158	 whereas	 selective	 COX-2	 inhibition	 with	 celecoxib	 or	 nonselective	 COX	 inhibition	 with
sulindac,	and	low-dose	aspirin	reduce	adenoma	recurrence,	size,	and	frequency	in	patients	with	familial	polyposis
syndrome.143,144,159

Up	 to	 40%	 of	 individuals	 screened	 for	 colorectal	 neoplasms	will	 have	 an	 adenomatous	 polyp	 detected	 and
removed;	yet,	only	10%	of	these	lesions	will	progress	to	invasive	neoplasms.	Prospective	NSAID	trials	to	date	of
only	2	to	5	years	cannot	substitute	for	cancer	incidence	or	mortality	end	points.	Given	the	10-year	latency	between
adenoma	 formation	 and	 a	 cancer	 event,	 prospective	 trials	 sufficiently	 powered	 to	 detect	 colorectal	 cancer
incidence	 end	 points	 are	 unlikely	 in	 the	 future.160	 Alternatively,	 follow-up	 of	 patients	 randomized	 on	 trials	 of
aspirin	 in	 prevention	 of	 vascular	 events	 in	 the	 1980s	 and	 1990s	 offers	 secondary	 analysis	 opportunities.	 In	 a
pooled	analysis	of	three	prospective	vascular	end	point	cohort	studies,	20-year	low-dose	aspirin	treatment	reduced
cancer	 deaths	 from	 all	 solid	 tumors	 (OR,	 0.69;	 95%	 CI,	 0.54	 to	 0.88)	 and	 from	 lung	 and	 esophageal
adenocarcinomas	(OR,	0.66;	95%	CI,	0.56	to	0.77).155	The	U.S.	Preventive	Services	Task	Force	recommends	use
of	a	low	dose	of	aspirin	75	to	100	mg	daily	(in	the	United	States,	81	mg	daily	is	commonly	used)	for	the	primary
prevention	of	cardiovascular	disease	and	for	prevention	of	colorectal	neoplasia	in	adults	aged	50	to	59	years	who
have	a	10%	or	greater	10-year	cardiovascular	disease	risk	and	no	increased	risk	for	bleeding.	For	adults	aged	60	to
69	years,	the	U.S.	Preventive	Services	Task	Force	recommends	that	the	decision	be	individualized	to	persons	who
place	a	higher	value	on	the	potential	benefits	rather	than	the	potential	harms.161

Minimal	prospective	clinical	cancer	risk	reduction	data	are	available	at	other	epithelial	organ	sites.	Ketorolac,
given	as	a	1%	rinse	solution,	did	not	reduce	the	size	or	histology	of	leukoplakia	lesions.162	Celecoxib	reduces	the
Ki67	 labeling	 index	 and	 increases	 the	 expression	 of	 nuclear	 survivin	 without	 significantly	 changing	 the
cytoplasmic	survivin	in	bronchial	biopsies	of	smokers.163	Cancer	prevention	trials	of	aspirin	as	interventions	for
delaying	 progression	 from	 intra-epithelial	 neoplasias	 in	 other	 epithelial	 sites	 remain	 ongoing	 for	 lower
esophagus.137	No	prospective,	randomized	trials	or	data	are	available	for	breast,	prostate,	or	gynecologic	cancer
prevention.

POSTTRANSLATIONAL	PATHWAY	TARGETS
Selective	Estrogen	Receptor	Modulators

Mechanism
Selective	ER	modulators	(SERMs)	function	as	ER	agonists	and	antagonists	depending	on	the	SERM	structure	and
target	 tissue.	Predominant	ERα	receptors	occur	 in	human	uterus,	cortical	bone,	and	 liver,	whereas	predominant
ERβ	 receptors	 occur	 in	 blood	 vessels,	 cancellous	 bone,	 whole	 brain,	 and	 immune	 cells.164,165	 During
carcinogenesis,	the	amount	of	ERα	increases,	whereas	the	amount	of	ERβ	decreases	in	breast	tissues.166	Ideally,	a
desirable	 SERM	 for	 cancer	 prevention	 will	 function	 as	 an	 antiestrogen	 in	 the	 breast	 and	 uterus,	 but	 a	 partial
estrogen	agonist	in	skeletal,	cardiovascular,	central	nervous	system	(CNS),	GI	tract,	and	vaginal	tissues.	The	ideal
SERM	will	not	have	procoagulant	effects	and	will	not	cause	perimenopausal	symptoms	such	as	hot	flashes.166

Formulations
Tamoxifen.	Tamoxifen	is	a	triphenylethylene	compound	developed	for	the	treatment	of	ER-positive	breast	cancer
in	 the	1960s	and	1970s.	Tamoxifen	 inhibits	 the	 initiation	and	promotion	phases	of	breast	 carcinogenesis	 in	 the
dimethylbenzanthracene	chemical	carcinogenesis	model.167	When	tamoxifen	binds	to	ERβ,	which	then	binds	to	an
AP1	type	gene	promoter,	it	functions	as	an	estrogen	agonist.	When	bound	to	ERα,	which	binds	to	an	ERE	target
gene	promoter,	tamoxifen	functions	as	an	estrogen	antagonist.166,167	Tamoxifen	has	estrogen	antagonist	effects	in
the	human	breast;	partial	estrogen	agonist	effects	in	bone,	the	cardiovascular	system,	and	CNS;	and	predominant
estrogen	agonist	effects	in	the	uterus,	liver,	and	vagina.	The	estrogen	agonist	effects	in	the	liver	and	uterus	result
in	 tamoxifen’s	 toxicities	 of	 thromboembolism	 and	 endometrial	 cancer,	 respectively.	 The	 clinical	 finding	 that
tamoxifen	 reduces	 the	 incidence	 of	 contralateral	 second	 primary	 breast	 cancers	 during	 adjuvant	 treatment



regimens	catalyzed	the	push	for	its	development	as	a	cancer	risk–reducing	agent.168

Raloxifene.	The	benzothiophene	structure	of	raloxifene	confers	a	different	tissue-specific	ER	binding	profile	than
the	 triphenylethylene	 tamoxifen.	Raloxifene	 has	 greater	 estrogen	 agonist	 activity	 in	 bone	 but	 reduced	 estrogen
agonist	 activity	 in	 the	 uterus.	 Raloxifene	was	 studied	 for	 treatment	 and	 prevention	 of	 osteoporosis	 in	 a	 large,
pivotal	 trial	 (Multiple	Outcomes	 of	Raloxifene	Evaluation	 [MORE])	 and	 found	 to	 reduce	 the	 rate	 of	 vertebral
fracture	as	compared	to	placebo	in	postmenopausal	women.169

Lasofoxifene	 and	 Arzoxifene.	 Lasofoxifene	 and	 arzoxifene	 are	 third-generation	 SERMs	 developed	 as	 more
potent	blockers	of	bone	resorption	with	the	goals	of	reducing	the	risk	of	fractures,	breast	cancer,	and	heart	disease
while	minimizing	 the	 SERM-induced	 risk	 of	 endometrial	 hyperplasia	 in	 postmenopausal	 women.	 Both	 agents
proved	potent	in	vitro	and	in	preliminary	clinical	trials	for	bone	fracture	prevention.170–173

Efficacy
Table	35.9	summarizes	the	phase	III	data	for	SERM-based	breast	cancer	risk	reduction.	In	a	systematic	review	of
MEDLINE	and	Cochrane	databases	through	December	2012,	the	U.S.	Preventive	Services	Task	Force	identified
seven	trials	of	tamoxifen	or	raloxifene	that	showed	a	reduced	incidence	of	invasive	breast	cancer	by	seven	to	nine
cases	 in	 1,000	 women	 over	 5	 years	 compared	 to	 placebo.174	 Tamoxifen	 is	 more	 effective	 than	 raloxifene;	 it
reduces	 breast	 cancer	 incidence	 more	 than	 raloxifene	 by	 five	 cases	 in	 1,000	 women.	 Both	 drugs	 reduce	 the
incidence	 of	 ER-positive	 breast	 cancer;	 neither	 reduces	 the	 risk	 of	 ER-negative	 breast	 cancer.	 Neither	 drug
reduced	 breast	 cancer–specific	 or	 all-cause	 mortality	 rates.	 Based	 on	 benefit–risk	 models,	 women	 with	 an
estimated	5-year	risk	of	breast	cancer	of	3%	or	greater	are	likely	to	benefit	from	treatment.175	Tamoxifen	reduces
risk	of	in	situ	(preinvasive)	breast	neoplasms	(lobular	carcinoma	in	situ,	ductal	carcinoma	in	situ)	by	50%.176,177
The	reduction	during	treatment	persists	for	at	least	5	years	after	treatment.176,177	Raloxifene	does	not	reduce	the
risk	of	in	situ	breast	neoplasms.

Data	from	two	trials	designed	to	evaluate	the	safety	and	efficacy	of	lasofoxifene	(PEARL)170,171	and	arzoxifene
(GENERATIONS)172,173	as	bone	fracture	preventives	have	been	analyzed	for	breast	cancer	risk	reduction.	Their
effect	 in	 reducing	 breast	 cancer	 incidence	 was	 captured	 in	 secondary	 analyses	 (see	 Table	 35.9).	 Neither
lasofoxifene	 nor	 arzoxifene	 have	 been	 evaluated	 in	 phase	 III	 randomized	 controlled	 breast	 cancer	 prevention
trials.	Arzoxifene	development	has	been	discontinued	in	the	United	States.

Toxicity
Tamoxifen	causes	a	twofold	increase	in	risk	of	endometrial	adenocarcinoma	(RR,	2.13;	95%	CI,	1.36	to	3.32)	and
is	 related	 to	 more	 benign	 gynecologic	 conditions,	 uterine	 bleeding,	 and	 surgical	 procedures	 than	 the	 placebo
controls,	whereas	 raloxifene	did	not	 increase	 the	 risk	 for	 endometrial	 cancer	or	uterine	bleeding.174	 Tamoxifen
causes	a	twofold	increase	in	thromboembolic	events	(RR,	1.93;	95%	CI,	1.41	to	2.64),	whereas	raloxifene	causes
a	 60%	 increase	 in	 risk	 of	 venous	 thromboembolism	 (RR,	 1.60;	 95%	CI,	 1.15	 to	 2.23).174	Raloxifene	does	not
differ	 from	tamoxifen	 in	risk	of	 fractures,	other	cancers,	or	cardiovascular	events.176	Raloxifene’s	 lower	 risk	of
endometrial	 adenocarcinomas	 compared	 to	 tamoxifen	 needs	 to	 be	weighed	 against	 the	 increased	 risk	 of	 stroke
seen	in	in	the	MORE/CORE	trials	(see	Table	35.8).178	Raloxifene’s	effectiveness	in	the	community	may	also	be
compromised	by	 its	poor	bioavailability	 (2%)	due	 to	 rapid	phase	 II	enzyme	metabolism	 in	 the	gut	and	 liver,179
whereas	 tamoxifen	 is	 more	 bioavailable	 and	 has	 active	metabolites	 that	 permit	 prolonged	 drug	 effect.	Missed
raloxifene	doses	may	potentially	compromise	efficacy	and	prevention	outcomes	in	widespread,	community	use.

TABLE	35.9
SERMs	for	the	Prevention	of	Breast	Cancer

Study
Drug	and
Daily	Dose N

Treatment
Duration
(y) Entry	Criteria

Overall
Outcome
Hazard
Ratio	(95%
Confidence
Interval) Citations
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NSABP	P-1 Tamoxifen
20	mg
Placebo

13,388 5 Gail	model:	5-y
predicted	risk	of
≥1.66%

0.52	(0.42–
0.64)

28,	281

IBIS-I Tamoxifen
20	mg
Placebo

7,139 5 >twofold	relative
risk

0.72	(0.58–
0.90)

282

Marsden Tamoxifen
20	mg
Placebo

2,471 8 Family	history 0.87	(0.63–
1.21)

283

Italian Tamoxifen
20	mg
Placebo

5,408 5 Normal	risk,
hysterectomy

0.67	(0.59–
0.76)

284

NSABP	P-2
(STAR)

Raloxifene
60	mg
Tamoxifen
20	mg

19,747 5 Gail	model:	5-y
predicted	risk	of
≥1.66%

Risk	ratio
raloxifene	vs.
tamofen
1.02	(0.81–
1.28)

29

MORE/CORE Raloxifene
60	mg
Placebo
Raloxifene
120	mg
Placebo

7,705
6,511

5 Normal	risk,
postmenopausal
with	osteoporosis

0.42	(0.29–
0.60)

285,	286

RUTH Raloxifene
60	mg
Placebo

10,101 5 Normal	risk,
postmenopausal
with	risk	of
coronary	heart
disease

0.67	(0.47–
0.96)

178

PEARL Lasofoxifene
0.5	mg
Lasofoxifene
0.25	mg
Placebo

8,856 5 Normal	risk,
postmenopausal,
with	osteoporosis

0.25	mg:
0.82	(0.45–
1.49)
0.5	mg:	0.21
(0.05–0.55)

170

GENERATIONS Arzoxifene
20	mg
Placebo

9,354 4 Normal	risk,
postmenopausal,
with	osteoporosis

0.42	(0.25–
0.68)

171

Table	and	data	adapted	from	Cuzick	J,	Sestak	I,	Bonanni	B,	et	al.	Selective	oestrogen	receptor	modulators	in	prevention	of	breast
cancer:	an	updated	meta-analysis	of	individual	participant	data.	Lancet	2013;381(9880):1827–1834.

Aromatase	Inhibitors

Mechanism
Aromatase	 converts	 adrenal	 androgens	 (testosterone	 and	 androstene	 dione)	 to	 estrone	 and	 estradiol.
Pharmacologically	inhibiting	aromatase	reduces	the	peripheral	estrone	and	estradiol	conversion	from	androgenic
sources,	thus	depriving	neoplastic	hormonally	dependent	cells	of	necessary	estrogens.180

Formulations
Anastrozole.	 Anastrozole,	 a	 selective	 nonsteroidal	 aromatase	 inhibitor,	 is	 1,3-benzenediacetonitrile,	 a	 triazol
synthetic	small	molecule.	A	1-mg	dose	of	anastrozole	suppresses	human	serum	estradiol	concentrations	by	70%
within	24	hours	and	by	80%	after	14	days	of	daily	dosing.	Estradiol	suppression	remains	for	up	to	6	days	after
cessation	of	daily	dosing.	Anastrozole	has	no	effect	on	cortisole	or	aldosterone	secretion,	nor	does	it	have	effects
on	thyroid-stimulating	hormone,	progesterone,	or	androgens.	It	is	metabolized	via	N-dealkylation,	hydroxylation,



and	glucuronidation.	Triazole,	the	major	metabolite,	has	no	pharmacologic	activity.	Anastrozole	inhibits	reactions
catalyzed	by	CYP	1A2,	2C8/9,	and	3A4.181

Exemestane.	Exemestane,	a	steroidal,	irreversible	aromatase	inactivator,	is	6-methylenandrosta-1,4-diene-3,17-
dione.	It	is	extensively	metabolized,	primarily	by	oxidation	via	CYP	3A4	of	the	methylene	group	in	position	6	and
reduction	 via	 aldo-keto	 reductases	 of	 the	 17-keto	 group	 with	 subsequent	 formation	 of	 many	 therapeutically
inactive	secondary	metabolites.	Exemestane	suppresses	human	plasma	estrogens	 (estradiol,	estrone,	and	estrone
sulfate)	at	a	 low	dose	(5-mg	daily)	with	maximal	suppression	of	85%	to	95%	achieved	with	25	mg	once	daily.
Maximal	 suppression	 of	 circulating	 estrogens	 occurs	 2	 to	 3	 days	 after	 dosing	 and	 persists	 for	 4	 to	 5	 days.
Exemestane	has	aeffect	on	cortisol	or	aldosterone	secretion.	Exemestane	does	not	bind	to	steroid	receptors	with
the	exception	of	weak	binding	to	androgen	receptors.180

Letrozole.	 Letrozole,	 a	 nonsteroidal,	 irreversible	 aromatase	 inactivator,	 is	 4,4′-((1h-1,2,4-triazole-1-
yl)methylene)dibenzanitrile.	Doses	as	low	as	0.1	mg	daily	reduce	circulating	estradiol	and	estrone	concentration
with	dose	 response.	Doses	 0.5	mg	 and	higher	 reduce	 circulating	 estrogens	by	75%	 to	95%	 from	baseline	with
maximal	 suppression	 achieved	 within	 3	 days	 of	 daily	 dosing.	 As	 with	 other	 selective	 aromatase	 inhibitors,
letrozole	has	no	effect	on	other	steroid	synthesis	pathways.	It	has	no	effect	on	androgen	synthesis.	Letrozole	is	a
substrate	 for	 CYP3A4	metabolism	 to	 an	 inactive	 carbinol	metabolite,	 which	 is	 further	 conjugated	 and	 renally
excreted.180

Efficacy
In	a	phase	I	cancer	 risk–reducing	agent	 trial,	 letrozole	reduces	 the	Ki-67	proliferation	 index	of	breast	epithelial
cells	aspirated	from	high-risk	women.181	In	phase	III	trials	(Table	35.10),	exemestane	reduces	the	overall	risk	of
ER-positive	 invasive	breast	cancer.	 It	does	not	 reduce	 the	 risk	of	noninvasive	breast	neoplasms	or	ER-negative
breast	 cancer.182	 The	 results	 of	 the	 International	 Breast	 Cancer	 Intervention	 Study	 II	 (IBIS-II)	 comparing
anastrozole	with	placebo	are	similar	 to	 those	 reported	 for	exemestane.183	Compared	 to	 exemestane,	 anastrozole
decreases	 the	 incidence	of	 ductal	 carcinoma	 in	 situ,	whereas	 exemestane	does	 not.	Neither	 aromatase	 inhibitor
increased	 survival	 compared	 to	 placebo	 controls.	 The	 American	 Society	 of	 Clinical	 Oncology	 (ASCO)
recommends	exemestane	for	breast	cancer	prevention	in	addition	to	tamoxifen	and	raloxifene.184

TABLE	35.10
Aromatase	Inhibitors	for	the	Prevention	of	Breast	Cancer

Study
Drug	and
Daily	Dose N

Treatment
Duration	(y) Entry	Criteria

Overall
Outcome
Hazard	Ratio
(95%
Confidence
Interval) Citations

MAP.3 Exemestane
25	mg
Placebo

4,560 5 Gail	model:	5-y
predicted	risk	of	≥2.3%

0.35	(0.18–
0.70)

182

IBIS-II Anastrozole	1
mg
Placebo

3,851 5 Relative	risk	twofold
higher	than	general
population	or	Tyrer-
Cuzick	10-y	risk	>5%

0.47	(0.32–
0.68)

183

Toxicity
Aromatase	 inhibitors	 have	 no	 increased	 risk	 of	 venous	 thromboembolism,	 endometrial	 cancer,	 fracture,	 or
cataract,	but	losses	in	bone	mineral	density	and	cortical	thickness	of	distal	tibia	and	radius	occurred	after	2	years
of	treatment	despite	calcium	and	vitamin	D	supplementation.	Severe	and	persistent	vasomotor	symptoms	can	be
disabling	and	require	drug	withdrawal.	Other	common	toxicities	include	carpal	tunnel	syndrome,	vaginal	dryness,
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dyspareunia,	and	libido	loss.182,185

Breast	Cancer	Risk	Reductive	Use	Counseling
Despite	 the	widespread	evidence	of	breast	cancer	preventive	efficacy	 for	 tamoxifen	and	 raloxifene,	only	3%	 to
20%	 of	 eligible	 high-risk	 women	 agree	 to	 take	 tamoxifen	 for	 primary	 prevention.186	 The	 low	 willingness	 of
eligible	 women	 to	 take	 tamoxifen	 for	 5	 years	 demonstrates	 the	 issue	 of	 risk	 benefit	 for	 cancer	 risk–reducing
agents.	Women	>35	years	of	age	with	high	short-term	risk	(5-year	Gail	risk	of	>3%)	(e.g.,	those	with	ER-positive
atypical	 hyperplasia,	 lobular	 carcinoma	 in	 situ,	 and	 the	 majority	 of	 non–high-grade	 ductal	 carcinoma	 in	 situ
lesions)	have	an	acceptable	risk–benefit	ratio	and	are	the	most	likely	to	benefit	from	a	5-year	cancer	risk–reducing
agent	intervention	with	a	SERM.175,184	The	toxicity	profile	of	aromatase	inhibitors	differs	from	SERMs.	Current
ASCO	guidelines	state	“tamoxifen	(20	mg	per	day	for	5	years)	should	be	discussed	as	an	option	to	reduce	the	risk
of	 ER-positive	 BC	 [breast	 cancer].	 In	 postmenopausal	 women,	 raloxifene	 (60	 mg	 per	 day	 for	 5	 years)	 and
exemestane	(25	mg	per	day	for	5	years)	should	also	be	discussed	as	options	for	BC	risk	reduction….	Use	of	other
selective	ER	modulators	or	other	aromatase	inhibitors	to	lower	BC	risk	is	not	recommended	outside	of	a	clinical
trial.”184	The	U.S.	Preventive	Services	Task	Force	updated	recommendations	are	expected	in	2018.

In	the	National	Surgical	Adjuvant	Breast	and	Bowel	Project,	a	small	subset	of	tamoxifen-treated	women	with	a
BRCA2	(11	carriers)	mutation	but	not	a	BRCA1	mutation	(8	carriers)	had	reduced	cancer	incidence.187	Subsequent
data	from	other	groups	have	found	approximately	50%	reduced	cancer	risk	in	contralateral	breasts	in	women	with
both	BRCA	mutations.188,189	Guidelines	from	the	National	Comprehensive	Cancer	Network	(NCCN)	and	from	the
American	College	of	Obstetricians	and	Gynecologists	(ACOG)	recommend	tamoxifen	for	BRCA	carriers.

5α-Steroid	Reductase	Inhibitors

Mechanism
Prostate	 cancers	 require	 androgens	 to	 proliferate	 and	 to	 evade	 apoptosis.	 The	 primary	 nuclear	 androgen
responsible	for	maintenance	of	epithelial	function	is	dihydrotestosterone.	The	testes	and	adrenal	gland	synthesize
dihydrotestosterone	 by	 the	 conversion	 of	 testosterone	 by	 5α-steroid	 reductase	 types	 1	 and	 2	 isozymes.
Dihydrotestosterone	 binds	 to	 intracellular	 androgen	 receptors	 to	 form	 a	 complex	 that	 binds	 to	 DNA	 hormone
response	elements	controlling	cellular	proliferation	and	apoptosis.	Finasteride,	a	selective,	competitive	inhibitor	of
type	 2	 5α-steroid	 reductase,190	 inhibits	 proliferation	 in	 the	 transformed	 prostate	 cell.	 In	 the	 3,2′-dimethyl-4-
aminobiphenyl,	methylnitrosourea	 (MNU),	 and	 testosterone	 chemical	 carcinogenesis	models	 in	 rats,	 finasteride
reduces	prostate	 tumor	 incidence	by	close	 to	sixfold.	Finasteride	appears	 to	be	more	effective	 in	 the	promotion
phase	 of	 prostate	 carcinogenesis.191	 Dutasteride	 inhibits	 both	 5α-steroid	 reductase	 inhibitor191	 types	 1	 and	 2
isoforms	and	has	similar	anticarcinogenesis	activity	in	preclinical	models	to	finasteride.

Cancer	Risk–Reducing	Agent	Activity
Randomized,	placebo-controlled	cancer	 incidence	end	point	 risk-reducing	agent	clinical	 trials	demonstrated	 that
finasteride	 and	 dutasteride	 reduced	 the	 incidence	 of	 prostate	 cancer	 by	 approximately	 22%	 (Table	 35.11).30,192
Patients	who	 are	 treated	with	 either	 drug	 yet	 progress	 to	 transformed	neoplasms	 develop	more	 tumors	 of	 high
Gleason	 grade	 (7	 to	 10)	 compared	 to	 the	 placebo	 arm	 (22%).	 After	 18	 years	 of	 follow-up,	 no	 significant
differences	 in	 overall	 survival	 or	 survival	 after	 prostate	 cancer	 diagnosis	were	 found	 in	 the	 finasteride-treated
group	compared	to	the	placebo-treated	group.193	Sexual	function	side	effects	(erectile	dysfunction,	loss	of	libido,
gynecomastia)	were	more	common	in	the	finasteride-	or	dutasteride-treated	groups.30,192

TABLE	35.11
5α-Steroid	Reductase	Inhibitors	for	the	Prevention	of	Prostate	Cancer

Study
Drug	and
Daily	Dose N

Treatment
Duration	(y)

Entry
Criteria

Overall
Outcome Citations

PCPT Finasteride	5
mg
Placebo

18,880 7 Age	≥55	y,
PSA	≤3
ng/mL

HR	for
prostate
cancer,

30,	193



0.70;	95%
CI,	0.65–
0.76

REDUCE Dutasteride
0.5	mg
Placebo

6,729 4 Age	50–75
y,	PSA	2.5	to
10.0	ng/mL,
core
biopsies
within	6	mo

RR	for
prostate
cancer,
0.77;	95%
CI,	0.70–
0.85

192

PSA,	prostate-specific	antigen;	HR,	hazard	ratio;	CI,	confidence	interval;	RR,	relative	risk.

The	5α-steroid	reductase	inhibitors	finasteride	and	dutasteride	prevent	or	delay	carcinogenesis	progression	in
the	prostate;	yet,	progression	of	high-grade	lesions	is	unaffected.	Use	of	finasteride	for	a	period	of	7	years	reduced
the	incidence	of	prostate	cancer	but	did	not	significantly	affect	mortality.193	Increasing	the	diagnosis	of	low-grade
prostate	cancer	through	prostate-specific	antigen	(PSA)	testing	or	intervention	with	a	drug	with	minimal	toxicity
profile	without	 reducing	mortality	 is	 of	 no	 benefit	 and	 “all	 forms	 of	 therapy	 cause	 considerable	 burden	 to	 the
patient	and	to	society.”193

Difluoromethylornithine

Mechanism
Polyamines	 (spermidine,	 spermine,	 and	 the	 diamine,	 putrescine)	 are	 required	 to	 maintain	 cellular	 growth	 and
function.194	In	mammalian	cells,	polyamine	inhibition	by	genetic	mutation	or	pharmaceutical	agents	is	associated
with	 virtual	 cessation	 in	 cellular	 growth.	 DFMO	 is	 an	 enzyme-activated	 irreversible	 inhibitor	 of	 ornithine
decarboxylase	 (which	 is	 transactivated	 by	 the	 c-MYC	 oncogene	 and	 cooperates	 with	 the	 Ras	 oncogene	 in
malignant	 transformation).195	 DFMO	 reduces	 single	 carbon	 transfer	 through	 inhibiting	 S-adenosylmethionine
(SAM)	and	reducing	available	tetrahydrofolate	for	the	synthesis	of	thymidine.196

Evidence	in	Preclinical	In	Vivo	Carcinogenesis	Models
Extensive	 preclinical	 data	 has	 found	 that	 DFMO	 prevents	 tumor	 promotion	 in	 a	 variety	 of	 systems:	 skin,
mammary,	 colon,	 cervical,	 and	 bladder	 carcinogenesis	 models.	 Synergistic	 or	 additive	 activity	 with	 retinoids,
butylated	hydroxyanisole,	 tamoxifen,	piroxicam,	and	fish	oil	has	been	demonstrated	with	 low	concentrations	of
DFMO.194

Clinical	Trials
In	phase	I	prevention	trials,	DFMO	at	a	dose	of	0.5	mg/m2/day	reduces	tissue	polyamines	in	colon	and	skin,197,198
and	 causes	 regression	 of	 cervical	 intraepithelial	 neoplasia	 when	 used	 topically,	 topically.199	 DFMO	 does	 not
reduce	tissue	polyamines	or	other	biomarkers	of	cellular	proliferation	in	the	human	breast.200	As	a	single	agent,
DFMO	 has	 anticarcinogenic	 activity	 for	 nonmelanoma	 skin	 cancers,	 primarily	 basal	 cell	 carcinoma.	 In
combination	with	an	NSAID	(sulindac),	DFMO	reduced	adenoma	recurrences	suggesting	synergistic	reduction	of
colorectal	cancer	risk	(Table	35.12).	The	ornithine	decarboxylase	1	GG	polymorphism	at	+316	position	identifies
a	 group	 of	 individuals	 more	 likely	 to	 have	 a	 colorectal	 neoplasia	 risk	 reductive	 benefit	 from	 DFMO
intervention.201	A	phase	II	24-month	randomized	trial	of	DFMO	+	sulindac	versus	either	drug	as	monotherapy	for
reduction	 of	 colonic	 neoplastic	 progression	 in	 patients	 with	 familial	 adenomatous	 polyposis	 is	 ongoing	 as	 of
2017.202	 Preliminary	 data	 suggest	 some	 cancer	 risk–reducing	 agent	 activity	 for	 the	 lower	 esophagus	 and	 the
prostate	(see	Table	35.12).203

Statins

Mechanism
Statins	or	hydroxyl-3-methylglutaryl	coenzyme	A	(HMG-CoA)	reductase	inhibitors	inhibit	conversion	of	HMG-
CoA	to	mevalonate,	a	cholesterol	precursor.	The	statins	are	a	class	of	medications	with	similar	structures	but	with
variable	moieties	 that	can	result	 in	hydrophilic	(pravastatin,	rosuvastatin)	and	lipophilic	(lovastatin,	simvastatin,
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fluvastatin,	 atorvastatin)	 forms.204	 Statins	 decrease	 risk	 of	 cancer	 in	 preclinical	 studies	 by	 inhibiting	 Ras-	 and
Rho-mediated	 cell	 proliferation,	 upregulating	 cell	 cycle	 inhibitors	 (e.g.,	 p21	 and	 p27),	 inducing	 apoptosis	 of
transformed	cells,	and	inhibition	of	angiogenesis.205

Evidence	in	Preclinical	In	Vivo	Carcinogenesis	Models
Lipophilic	 statins	delay	progression	of	pancreatic	 intraepithelial	neoplasias	and	growth	of	pancreatic	carcinoma
xenografts.	Atorvastatin	alone	and	in	combination	with	NSAIDs	reduced	colonic	adenoma	and	adenocarcinoma
incidence	and	multiplicity	by	half	 in	rodent	transgenic	and	chemical	carcinogenesis	models.	Lovostatin	reduced
lung	adenoma	multiplicity	but	not	incidence.204

TABLE	35.12
Difluoromethylornithine	as	a	Cancer	Risk–Reducing	Agent

Population
Dose	per	Day,
Duration Phase End	Point Outcome Citations

Low-risk	bladder
cancer	(Ta.	T1.
Grades	1	or	2)

1	g	vs.	placebo
×	1	year

III Bladder	cancer
recurrence

Did	not	prevent	or
delay	recurrence

287

Prostate	risk—men
with	family	history
prostate	cancer,	age
35–70	y

500	mg	vs.
placebo	×	1	y

IIb Prostate
volume,
polyamines,
PSA

10-fold	reduction	of
prostate	size	increase
over	1	y	compared	to
placebo,	PSA
reduction
nonsignificant

288

Nonmelanoma	skin
cancer

500	mg/m2	vs.
placebo	×	4–5
y

III New
nonmelanoma
skin	cancers

Lower	rate	of	basal
cell	carcinomas	per
year	(0.28	vs.	0.40);
persistent	reduction
in	nonmelanoma	skin
cancers,	not
statistically	significant

289,	290

Colon	adenomas DFMO:	500	mg
Sulindac:	150
mg
vs.	placebo	×	3
y

IIb Adenoma
recurrence

Risk	ratio	for
adenoma	recurrence
for	DFMO-sulindac
treatment	=	0.30;
95%	CI,	0.18–0.49

148

PSA,	prostate-specific	antigen;	DFMO,	difluoromethylornithine;	CI,	confidence	interval.

Epidemiology
Several	 case	 control	 studies	 evaluating	 statin	 effects	 have	 shown	 a	 significant	 association	 with	 lower	 risk	 of
colorectal	 adenocarcinoma	with	 odds	 ratios	 ranging	 from	0.53	 to	 0.91	 for	 arzoxifene.	 Secondary	 analysis	 of	 a
celecoxib	 prevention	 trial	 demonstrated	 no	 statin	 protection	 against	 colorectal	 neoplasms.206	 The	 WHI
(prospective	 longitudinal	 cohort	 of	 159,319	women)	 found	 that	 lovastatin	was	 associated	with	 a	 lower	 risk	 of
developing	colorectal	 cancer	 (HR,	0.62;	95%	CI,	0.39	 to	0.99).207	Prospective	 longitudinal	 studies	have	 shown
mixed	 results.	 The	 Physician’s	Health	 Study	 reported	 statin	 use	was	 inversely	 associated	with	 prostate	 cancer
(adjusted	RR,	0.51),208	whereas	the	Nurse’s	Health	Study	showed	no	association	with	risk	of	breast	cancer.209

Clinical	Trials
Several	 large	 trials	 of	 pravastatin	 or	 simvastatin	 on	 cardiovascular	 disease	 risk	 with	 cancer	 as	 secondary	 end
points	have	shown	no	benefit	for	reducing	cancer	risk	with	follow-ups	between	18	months	to	4	years.	These	trials
were	not	adequately	powered	to	examine	cancer	end	points.204	Interventional	trials	to	determine	statin	preventive
efficacy	for	colon,	hepatocellular,	and	breast	cancers	are	ongoing.204	Statins	may	be	effective	risk-reducing	agents



in	individuals	with	the	A/A	variant	of	the	predominant	T/T	genotype	of	rs12654264	of	the	HMG-CoA	reductase
gene.210

Metformin

Mechanism
Metformin,	an	oral	antidiabetic	drug	in	the	biguanide	class,	is	the	first-line	drug	of	choice	for	the	treatment	of	type
2	 diabetes.	 Cancers	 are	 more	 common	 in	 diabetics	 and	 obese	 individuals	 than	 their	 normal	 weight	 and
normoglycemic	counterparts,	leading	to	the	hypothesis	that	elevated	serum	insulin	concentrations	promote	cancer
risk.211	Insulin	and	insulin-like	growth	factors	(IGF1	and	2)	stimulate	cellular	DNA	synthesis,	proliferation,	and
tumor	growth	through	phosphoinositide	3-kinase	(PI3K),	mammalian	target	of	rapamycin	(mTOR),	and	the	Ras-
MAPK	 signaling	 pathways.211	 Metformin	 activates	 the	 adenosine	 monophosphate–activated	 protein	 kinase
(AMPK)	via	liver	kinase	B1	(LKB1),	a	protein-threonine	kinase	that	has	tumor	suppressor	activity.204	Metformin
anticarcinogenesis	 activity	 appears	 to	 be	 broad	 and	 includes	 downregulation	 of	 ErbB2	 and	 epidermal	 growth
factor	 receptor	 (EGFR)	 expression,	 inhibiting	 the	 phosphorylation	 of	 ErbB	 family	 members,	 IGF1R,	 AKT,
mTOR,	and	STAT3	in	vivo.	Low	doses	of	metformin	inhibit	the	self-renewal/proliferation	of	cancer	stem	cells	in
breast,	colon,	and	pancreatic	models.212

Evidence	in	Preclinical	In	Vivo	Carcinogenesis	Models
Metformin	 reduces	 tobacco	 carcinogen–induced	 tumors	 in	 mice,	 and	 pancreatic	 premalignant	 and	 malignant
tumors	 in	hamsters.204	However,	metformin’s	 anticarcinogenic	activity	appears	dependent	on	dose	and	 induced
carcinogenesis	 process.	 Metformin	 promoted	 carcinogenesis	 in	MNU-induced	 rat	 breast	 cancers,	 MMTV-Neu
ER-negative	 breast	 cancers,	 OH-BBN-induced	 bladder,	 and	 Min+	 mouse	 intestinal	 tumors	 using	 nonobese
rodents.213	 Metformin	 cancer	 risk–reducing	 agent	 effects	 may	 be	 limited	 to	 obesity-	 and	 diabetes-associated
carcinogenesis	mechanisms.

Epidemiology
Multiple	case	control	and	cohort	analyses	of	metformin	use	with	subsequent	meta-analyses	report	a	decrease	 in
overall	cancer	incidence	of	10%	to	40%.	In	meta-analyses	as	reviewed	by	Heckman-Stoddard	et	al.,214	metformin
is	 associated	with	 reduced	 risk	of	 colon,	 liver,	 pancreas,	 head	 and	neck,	breast,	 endometrial,	 and	 lung	cancers.
Biases	such	as	the	effect	of	tobacco	use	in	the	case	of	lung	cancer;	obesity	in	the	case	of	pancreatic,	endometrial,
and	breast	cancer;	and	publication	bias	toward	positive	studies	have	reduced	the	impact	of	population-based	data
and	justified	prospective	interventional	trials.

Clinical	Trials
Metformin	 reduces	 colonic	 adenoma	 recurrence	 and	 an	 early	 pathologic	 surrogate,	 aberrant	 crypt	 foci.215,216
Tissue	 biomarker	 studies,	 primarily	 assessing	 proliferation	 using	Ki67	 have	 demonstrated	modest	 reduction	 in
neoplastic	 cellular	 proliferation	 using	 phase	 IIa	 window	 of	 opportunity	 prospective	 clinical	 trials	 in	 patients
undergoing	 surgical	 resection	 of	 breast,	 prostate,	 head	 and	 neck,	 and	 endometrial	 carcinomas	 (Table	 35.13).
Metformin’s	 proapoptotic	 activity	 using	 terminal	 deoxynucleotidyl	 transferase	 (TdT)	 dUTP	 nick-end	 labeling
appears	stronger	than	its	antiproliferative	effects	than	proliferation	end	points.

DIET-DERIVED	NATURAL	PRODUCTS
Mechanism
Polyphenolic	 phytochemicals	 such	 as	 curcumin,	 resveratrol,	 epigallocatechin	 gallate	 (EGCG),	 genistein,	 and
ginger	are	attractive	as	cancer	 risk–reducing	agents	 for	 their	 low	 toxicity	and	multimechanism	anticarcinogenic
properties.	 They	 have	 anti-inflammatory	 activity	 in	 part	 through	 scavenging	 of	 reactive	 oxygen	 species,
modulation	 of	 protein	 kinase	 signal	 transduction	 pathways	 (e.g.,	 STAT3,	 HER2/neu,	MAPK,	 and	 AKT),	 and
downstream	 inhibition	 of	 eicosanoid	 synthesis	 potentially	 due	 to	 upstream	 inhibition	 of	 NF-κB	 and	 PPAR	 or
direct	 inhibition	 of	 eicosanoid-metabolizing	 enzymes.217–219	 Curcumin	 and	 presumably	 other	 polyphenolics
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downregulate	stem	cell	driver	signaling	systems	Wnt,	Hedgehog,	and	Notch	with	subsequent	reductions	of	breast,
pancreatic,	and	colonic	stem	cell	self-renewal.220,221

Omega-3	 fatty	 acids	 (i.e.,	 derived	 from	 marine	 products)	 compete	 with	 omega-6	 fatty	 acid	 substrates	 for
eicosanoid-metabolizing	 enzymes	 with	 subsequent	 tissue	 reduction	 of	 these	 inflammatory	 mediators.222	 These
fatty	 acids	 have	 other	 diverse	 anticarcinogenic	 mechanisms	 (e.g.,	 G	 protein	 inhibition,	 changes	 in	 membrane
physical	characteristics	that	alter	transmembrane	signaling	protein	dynamics)	that	make	them	attractive	as	cancer
risk–reduction	agents.223

Whole	berries,	black	 raspberries,	 and	 strawberries	 contain	mixtures	of	multiple	 anticarcinogenic	compounds
such	as	ellagic	acid,	anthocyanins,	and	tocopherols.	Research-grade	berries	are	grown	in	a	standardized	cultivation
environment	and	assayed	 for	key	components	 to	ensure	year-to-year	 reproducibility	despite	yearly	climatologic
variation.	Berries	have	potent	stabilization	of	methylation	properties	in	addition	to	the	expected	anti-inflammatory
and	antioxidative	properties	associated	with	the	prominent	components.224

Preclinical	and	Clinical	Anticarcinogenesis	Efficacy
Diverse	 diet-derived	 natural	 products	 have	 moderate	 to	 strong	 anticarcinogenic	 effects	 in	 both	 chemical	 and
transgenic	 rodent	 carcinogenesis	 models;	 yet,	 early-phase	 clinical	 trials	 have	 failed	 to	 demonstrate	 sufficient
systemic	bioavailability	to	support	further	biomarker-based	efficacy	trials	(Table	35.14).	For	example,	in	the	case
of	curcumin,	no	free	curcumin	or	minute	quantities	(0.002%	±	0.012%)	of	an	oral	dose	are	recovered	from	the	24-
hour	 collected	 urine.225	 Little	 curcumin	 has	 been	 detected	 in	 plasma	 or	 tissues,	 raising	 the	 possibility	 of
biologically	active	conjugates	or	deconjugation	at	the	target	site.226	Resveratrol’s	plasma	bioavailability	exceeds
that	 of	 curcumin	 and	 partitions	 into	 human	 colon	 tissue	 at	 10-fold	 concentrations	 compared	 to	 plasma227;	 yet,
maximum	tissue	concentrations	remain	lower	than	those	considered	necessary	for	pharmacologic	activity.228

TABLE	35.13
Metformin	as	a	Cancer	Risk–Reducing	Agent

Population
Dose	per	Day,
Duration Phase End	Point Outcome Citations

Colon 250	mg/d	×	1	y	vs.
placebo

IIb ACF Metformin	arm
reduced	ACF	from
8.78	to	5.11;	P	=
.007

216

Colon 250	mg/d	×	1	y	vs.
placebo

IIb Adenoma
recurrence

Adenoma
recurrence	RR,
0.60;	95%	CI,
0.39–0.92,
metformin	vs.
placebo

215

Endometrial
(carcinoma	or
hyperplasia)

Preoperative
window;	850	mg
twice	daily	1–4	wk
preoperative;	IBC

IIa Ki67
(proliferation
index)

17.2%	decrease,	P
=	.002,	metformin
vs.	control

291

Breast Preoperative
window;	850	mg
daily	×	3	d,	then
850	mg	twice	daily
×	28	d
preoperatively;	IBC

IIa Ki67 No	change;
decrease	Ki67	in
insulin	resistance

292

Breast Preoperative
window;	500	mg
three	times	daily	×
2–3	wk;	IBC

IIa TUNEL,	Ki67 3%	decrease	Ki67
(P	=	.016);	50%
increase	TUNEL
staining	(P	=	.004)

293



Breast Preoperative
window;	500	mg
once	daily	×	1	wk;
500	mg	twice	daily
×	1	wk,	metformin
vs.	placebo;	IBC

IIa Ki67;
Affymetrix
GeneChip
analysis

3.4%	decrease
Ki67	(P	=	.027)

294

Breast Preoperative
window;	500	mg
twice	daily	×	2	wk;
IBC	+	DCIS;	BMI
>25

IIa Ki67 No	change	in	Ki67 295

Barrett
esophagus

Dose	escalation
500	mg	to	2,000
mg	for	12	wk,
metformin	vs.
placebo

IIa pS6K	(mTOR
pathway);
Ki67;	caspase
3

No	change	in
pS6K,	Ki67,	or
caspase	3

296

Head	and
neck

Preoperative
window:	500	mg/d
×	3	d,	then	500	mg
twice	daily	×	3	d,
then	1,000	mg
twice	daily	×	21	d

IIa Ki67,	TUNEL,
CAV1,	GALB,
MCT4

Increase:	TUNEL,
CAV1,	GALB;	no
change:	Ki67,
MCT4

297

Prostate Preoperative
window;	500	mg
three	times/d	×	4–
12	wk

IIa Ki67,	pAMPK 29.5%	decrease
Ki67;	no	change
pAMPK

298

ACF,	aberrant	crypt	foci;	RR,	relative	risk;	CI,	confidence	interval;	preoperative	window,	neoadjuvant	treatment	prior	to	surgery;	IBC,
invasive	 breast	 cancer;	 TUNEL,	 terminal	 deoxynucleotidyl	 transferase	 dUTP	 nick	 end	 labeling;	 BMI,	 body	 mass	 index;	 mTOR,
mammalian	target	of	rapamycin;	pS6K,	ribosomal	protein	S6	kinase	beta-1	(S6K1),	also	known	as	p70S6	kinase;	CAV1,	caveolin-1;
GALB,	B-galactosidase;	MCT4,	monocarboxylate	transporter	4;	pAMPK,	5′	adenosine	monophosphate–activated	protein	kinase.
Adapted	from	Higurashi	T,	Hosono	K,	Takahashi	H,	et	al.	Metformin	for	chemoprevention	of	metachronous	colorectal	adenoma	or
polyps	 in	 post-polypectomy	 patients	 without	 diabetes:	 a	 multicentre	 double-blind,	 placebo-controlled,	 randomised	 phase	 3	 trial.
Lancet	Oncol	2016;17(4):475–483.

Pharmacologic	versus	Dietary	Equivalent	Dosing
Diet-derived	 cancer	 risk	 reductives	 are	 often	 identified	 by	 population-based	 associations	 with	 food	 types	 and
intake.	Despite	extensive	preclinical	data	 indicating	that	diet-derived	natural	products	reduce	risk	from	multiple
epithelial	 cancers,	 purified	 formulations	 have	 failed	 to	 improve	 risk	 in	 randomized	 controlled	 trials.	 In	 the
majority	of	in	vitro	studies	of	mechanism,	concentrations	often	exceed	those	attainable	in	human	target	tissues.228
The	 chronic	 low	 concentrations	 of	 active	 anticarcinogens	 in	 a	 complex	 diet	 have	 not	 been	 accounted	 for	 in
contemporary	 studies	or	 risk	 reductive	 recommendations.	Using	ApcMin	mice,	Cai	 et	 al.228	 found	 that	 a	mouse
dietary	 equivalent	 reserveratrol	 low	 dose	 reduced	 the	 adenoma	 number	 by	 approximately	 40%	 and	 the	 overall
tumor	burden	by	approximately	52%	compared	to	the	2,000-fold	higher	pharmacologic	dose.	In	humans,	a	5-mg
resveratrol	dose,	consistent	with	the	dose	of	resveratrol	in	the	diet	or	with	wine,	enhanced	activation	of	AMPK,
neoplastic	cellular	autophagy,	and	increased	expression	of	the	cytoprotective	NAD(P)H	dehydrogenase,	quinone	1
(NQO1)	compared	to	a	2,000-fold	higher	1-g	dose.	Maximal	activation	of	AMPK	and	autophagy	are	achieved	at
submicromolar	resveratrol	concentrations.228	Using	intraepithelial	biomarker	end	points	in	human	phase	II	trials,
berry	formulations	reduce	esophageal	dysplasia	and	oral	leukoplakia.224	Curcumin	at	doses	that	are	not	detected
pharmacokinetically	 reduces	 the	number	of	 colon	aberrant	 crypt	 foci	 in	human	 smokers.229	A	bell-shaped	dose
response	for	resveratrol	and	potentially	other	diet-derived	natural	products	suggest	that	dietarily	achievable	doses
may	be	the	most	efficacious	future	strategy	to	deliver	natural	product–based	cancer	risk	reductives.

ANTI-INFECTIVES
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Many	 infectious	 agents	 are	 known	 causes	 of	 human	 cancers	 including	 the	 human	hepatitis	 viruses,	 hepatitis	B
virus	 (HBV)	 and	 hepatitis	 C	 virus	 (HCV),	 for	 hepatocellular	 carcinoma230;	Helicobacter	 pylori	 for	 gastric
adenocarcinoma231;	human	papillomaviruses	(HPVs)	for	cervical,	anal,	vulva,	penis,	oral	cavity,	and	pharynx232;
herpes	 virus-8	 for	Kaposi	 sarcoma233;	 Epstein-Barr	 virus	 for	 Burkitt	 and	 other	 lymphomas234;	 liver	 flukes	 for
cholangiocarcinoma235;	and	schistosomes	for	bladder	carcinoma.236	The	success	of	HPV	vaccine	in	reducing	the
incidence	of	intraepithelial	neoplasia	of	the	cervix	(reviewed	in	Chapter	74)	is	one	example	that	demonstrates	the
potential	 of	 immune	 based	 cancer	 risk	 reducing	 therapies	 immune	 based	 cancer	 risk	 reducing	 therapies
(immunochemoprevention)	for	epithelial	targets	for	which	an	etiologic	agent	can	be	identified.

TABLE	35.14
Selected	Diet-Derived	Natural	Products	with	Cancer	Risk–Reducing	Activity

Nutritional	Extract Source Mechanisms

In	Vivo
Anticarcinogenesis
Efficacy Human	Trials Citations

Curcumin
((1E,6E)-1,7-bis-(4-
hydroxy-3-
methoxyphenyl)-1,6-
heptadiene-3,5-
dione	or
diferuloylmethane)

Turmeric,
rhizome	of
Curcuma	longa

Inhibits	PGE2
synthesis	via	direct
binding	to	COX-2
and	through
inhibition	of	NF-κB;
angiogenesis.
ErbB2
transduction;	PI3K-
Akt	transduction;
inhibits	stem	cell
self-renewal
Agonist:	vitamin	D
receptor

Colon,	breast,	skin Phase	I:	Poor
bioavailability	due	to
biotransformation	in
gut,	enterohepatic
cycling	of
metabolites
Phase	IIa:	reduces
aberrant	crypt	foci

225,	229

Resveratrol
(3,5,4′-trihydroxy-
trans-stilbene)

Grapes,
mulberries,
peanuts,	and
Cassia
quinquangulata
plants

Inhibits	carcinogen
activation	via
inhibition	of	phase	I
isozyme,
eicosanoids	via
direct	binding;	NF-
κB;	Nrf2.
Acts	as	a	caloric
restriction	mimetic,
activates	the
histodeacetylase
SIRT1	and	AMPK

Colorectal,	breast,
pancreas,	skin,	and
prostate

Physiologic	doses
achieved	in	diet
2,000-fold	below
pharmacologic
doses	more	potent
anticarcinogenic
effect	than	high
pharmacologic
doses.
Phase	I:	1-g	dose
generates	peak
concentration	<2
μM,	conjugates	10-
fold	higher;
resveratrol	tissue
concentrations	10-
fold	higher	than
plasma

228,	299

Ginger
(gingerols,	paradols,
shagaols)

Rhizome	of
Zingiber
officinale

Induces	apoptosis
via	caspase	3
mechanisms;
inhibits	NF-κB
activation	and
downstream	COX-
2	expression;
reduces	iNOS
expression	and

Colon,	breast,	skin,
oral	cavity,	liver

Phase	I:	2-g	dose
nontoxic
Phase	IIa:	Small
reductions	in	PGE2,
increased	Bax	in
upper	colon	crypt

300,	301



ornithine
decarboxylase
activity

Green	tea
epigallocatechin
gallate,	other
catechins

Green	tea
extract

Inhibits	PI3K-AKT
transduction,	IGF1,
IGFBP3;	NK-κB;
catenin	reduces
methylation	via
inhibition	of	DNA
methyltransferase
1

Lung,	prostate,	skin,
colorectal

Phase	IIa:	500–
1,000	mg/m2	×	12-
wk	reduced	oral
premalignant
lesions	in	50%
Phase	IIb:	2.5	g	×
1-y	reduced
colorectal	adenoma
recurrence	by	50%

218

Omega-3	fatty	acids
(eicosapentaenoic
acid;
docosahexaenoic
acid)

Fish	oil Reduction	of
inflammation	via
eicosanoid
reduction;	direct
binding	to	G
receptor	proteins;
PPAR	activation;
induction	of	anti-
inflammatory	lipid
mediators
(resolvins,
protectins,
maresins)

Colon,	breast,
prostate

Phase	I:	Optimal
biologic	dose
predicted	by	serum
fatty	acid	profile;
obesity	alters
pharmacodynamics.
Phase	II:	4–7	mg/d
reduced	colon
adenomas	in
familial
adenomatous
polyposis;	ongoing
trials	for	sporadic;
extensive	case
control	studies

25,	302

Berries Black
raspberries,
strawberries

Reduction	of
methylation	via
inhibition	of
methyltransferases,
re-regulated	Wnt;
inhibits	NF-κB;
inhibits
cyclooxygenases;
inhibits	proliferation

Esophageal
squamous	cell,
colon,	skin

Phase	IIb:	Freeze-
dried	strawberries
reduced
esophageal
dysplasia
Phase	IIa:
Blackberry	gel
reduced	leukoplakia

224

PGE2,	 prostaglandin	 E2;	 COX-2,	 cyclooxygenase-2;	 NF-κB,	 nuclear	 factor	 kappa	 B;	 PI3K,	 phosphoinositide-3-kinase;	 AMPK,
adenosine	 monophosphate–activated	 protein	 kinase;	 iNOS,	 inducible	 nitric	 oxygen	 synthase;	 IGF1,	 insulin-like	 growth	 factor	 1;
IGFBP3,	insulin-like	growth	factor	binding	protein	3;	PPAR,	peroxisome	proliferator-activated	receptor.

Helicobacter	pylori

Mechanism
Intestinal-type	 gastric	 adenocarcinoma	 arises	 through	 a	 multistep	 process	 known	 as	 the	 Correa	 cascade.	 The
process	 begins	 with	 chronic	 gastritis	 initiated	 by	 H.	 pylori	 (nonatrophic	 gastritis)	 progressing	 to	 multifocal
gastritis	without	intestinal	metaplasia,	intestinal	metaplasia	to	dysplasia,	and	ultimately	to	adenocarcinoma.237	H.
pylori	infects	50%	of	the	world’s	population231	and	accounts	for	89%	of	noncardia	gastric	cancers	or	78%	of	all
gastric	cancers.238	H.	pylori–driven	chronic	inflammation	induces	genetic	instability	of	nuclear	and	mitochondrial
DNA	in	gastric	cells,239	and	reduces	gastric	acid	secretion,	which	promotes	the	gastric	microbiome,	a	metabolic
source	of	carcinogens.240	H.	pylori	eradication	reduces	the	incidence	of	gastric	cancer;	however,	animal	models	of
H.	pylori–induced	carcinogenesis	require	that	the	bacteria	be	combined	with	a	chemical	carcinogen.240

Infection	 occurs	 early	 in	 life,	 remains	 quiescent,	 and	 may	 be	 associated	 with	 chronic	 gastritis	 of	 variable
intensity	but	with	minimal	symptoms.	Whereas	the	majority	of	H.	pylori	organisms	remain	in	the	gastric	mucous
layer,	 10%	 adhere	 to	 the	 gastric	mucosa	 through	 adhesion	BabA,	 an	 outer	membrane	 protein	 that	 binds	 to	 the
Lewis-B	histo-blood	group	antigen.231	Progression	to	atrophic	gastritis	and	peptic	ulcer	disease	(occurs	in	10%	to
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15%	of	infected	individuals)	requires	other	bacterial	and	host	cofactors.	Infection	with	H.	pylori	is	associated	with
an	odds	ratio	of	2.7	to	6.0	for	gastric	cancer;	CagA	increases	this	risk	by	20-	to	40-fold.	The	risk	of	developing
gastric	 adenocarcinoma	with	H.	pylori	 infection	 is	 estimated	 to	 be	 1%	 to	 3%.240	 In	 addition	 to	 contributing	 to
gastric	cancer	risk,	H.	pylori	infection	may	also	contribute	to	pancreatic	cancer	risk.241

TABLE	35.15
Randomized	Controlled	Trials	of	Helicobacter	pylori	Eradication	and	Gastric	Neoplasia

Population N Intervention Duration End	Point Outcome Citation

Multifocal
nonmetaplastic
atrophy	or
intestinal
metaplasia	or
both

630 Helicobacter	pylori
eradication:
amoxicillin,
metronidazole,
bismuth
subsalicylate	×	2
wk	vs.	placebo;
with	or	without
supplements.
Supplements:	β-
carotene;	ascorbic
acid,	β-carotene	+
ascorbic	acid

6	y Histologic
regression

Regression	RR	for
atrophy:
H.	pylori
eradication:	4.8,
95%	CI,	1.6–14.2
β-Carotene:	5.1,
95%	CI,	1.7–15.0
Ascorbic	acid:	5.0,
95%	CI,	1.7–14.4
Regression	RR	for
IM:
H.	pylori
eradication:	3.1,
95%	CI,	1.0–9.3
β-Carotene:	5.	1,
95%	CI,	1.7–15.0
Ascorbic	acid:	3.3,
95%	CI,	1.1–9.5
Curing	H.	pylori
markedly
increases	rate	of
regression	for	both
lesions.

303

H.	pylori
infected

435 H.	pylori
eradication:
omeprazole,
amoxicillin,	and
clarithromycin	×	2
wk	vs.	placebo

5	y IM
progression

IM	progression
53%;	risk	for
progression:
persistent	H.	pylori
infection	(OR,
2.13;	95%	CI,
1.41–3.24),	age
>45	y	(OR,	1.92;
95%	CI,	1.18–
3.11),	alcohol	use
(OR,	1.67;	95%	CI,
1.07–2.62)

304

Gastric
precancerous
lesion
(Shandong
Intervention
Trial)

3,365 H.	pylori
eradication:
amoxicillin	and
omeprazole	×	2	wk
Vitamin
supplement:
vitamin	C,	vitamin
E,	and	selenium	×
7.3	y
Garlic	supplement:
aged	garlic	extract

4,	8,	15	y Histologic
progression

H.	pylori
eradication:
reduced	combined
prevalence	of
severe	chronic
atrophic	gastritis,
intestinal
metaplasia,
dysplasia,	or
gastric	cancer	in
1999	OR,	0.77;

305–
307



and	steam-distilled
garlic	oil	×	7.3	y
Placebo

95%	CI,	0.62–
0.95;	2003	OR,
0.60;	95%	CI,
0.47–0.75;	2010
OR;
2010:	Reduced
gastric	cancer
incidence	OR,
0.61;	95%	CI,
0.38–0.96;	P	=
.032.
No	effect	on
dysplasia	+	gastric
cancer	prevalence
Vitamin,	garlic:	No
effect

H.	pylori
infection
(China	Gastric
Cancer	Study
Group)

1,630 H.	pylori
eradication:
omeprazole,
amoxicillin	+
clavulanate,
metronidazole	×	2
wk	vs.	placebo

7.5	y Gastric
cancer

No	overall
reduction	in	gastric
cancer;	subgroup
of	H.	pylori	carriers
without
precancerous
lesions,
eradication
significantly
decreases	gastric
cancer
development

308

RR,	relative	risk;	CI,	confidence	interval;	IM,	intestinal	metaplasia;	OR,	odds	ratio.

Helicobacter	pylori	Eradication	and	Reduction	in	Gastric	Cancer	Risk
Treatment	 of	H.	 pylori	 with	 a	 short	 2-week	 course	 of	 antibiotics	 induces	 regression	 of	 nonmetaplastic	 gastric
atrophy	 and	 intestinal	 metaplasia	 in	 geographically	 diverse	 regions.	 Eradication	 of	 the	 H.	 pylori	 infection
improves	pathologic	 regression	 rate	 (Table	35.15).	A	pooled	 analysis	 of	 clinical	 trials	 and	 cohort	 studies	 of	H.
pylori	eradication	therapy	finds	lower	incidence	of	gastric	cancer	than	those	treated	compared	to	those	who	were
not	 treated	 (pooled	 incidence	 rate	 ratio,	 0.53;	 95%	 CI,	 0.44	 to	 0.64).238	 Because	 H.	 pylori	 infection	 is	 so
widespread,	mass	eradication	campaigns	in	high-risk	regions	are	being	considered.242	However,	complicating	this
strategy	are	data	associating	reduced	risk	of	both	esophageal	adenocarcinoma	and	gastric	cardia	carcinoma	with
H.	Pylori	infection.243

Multiagent	Approaches	to	Cancer	Risk	Reduction
In	 the	 transition	 to	 molecularly	 targeted	 interventions,	 combinations	 of	 targets	 that	 logically	 address	 critical
carcinogenic	 pathways	 may	 have	 greater	 efficacy	 than	 single	 agents.	 For	 example,	 previously	 demonstrated
interactive	 signaling	 of	 epidermal	 growth	 factor	 receptors	 and	 cyclooxygenase-2,	 experiments	 in	Min+	mice244
demonstrates	cancer-preventive	synergism.	Combining	atorvastatin	with	selective	or	nonselective	cyclooxygenase
inhibitors	 enhanced	 the	 inhibition	of	 azoxymethane-induced	colon	 carcinogenesis	 in	F344	 rats	 and	 reduced	 the
dose	of	the	combined	drugs	required	to	achieve	reduction	of	colon	carcinogenesis.245

DFMO	plus	 sulindac	 inhibited	 adenoma	 formation	 in	 a	 phase	 IIb	 trial	 of	 375	 patients	with	 prior	 history	 of
adenomas	followed	for	36	months	(see	Table	35.12).148	As	more	data	accumulates	from	in	vivo	models,	combined
drugs	aimed	at	specific	targets	in	coordinated	signaling	pathways	will	enter	clinical	biomarker-based	trials.
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36 Prophylactic	Cancer	Vaccines
John	T.	Schiller	and	Olivera	J.	Finn

INTRODUCTION
Vaccines	to	prevent	cancer	can	be	divided	into	two	classes.	The	first	class	seeks	to	prevent	persistent	infection	by
microbes	 that	 are	 the	 central	 cause	 of	 many	 human	 cancers.	 Similar	 to	 the	 strategy	 used	 in	 many	 successful
vaccines	against	other	 infectious	agents,	 these	vaccines	are	primarily	based	on	the	generation	of	antibodies	 that
interfere	 with	 the	 infectious	 process.	 Vaccines	 of	 this	 class	 targeting	 hepatitis	 B	 virus	 (HBV)	 and	 human
papillomaviruses	(HPVs)	will	have	a	major	impact	on	cancer	cases	and	deaths	in	the	coming	years.	The	first	half
of	 this	 chapter	 discusses	 the	 development	 and	 implementation	 status	 of	 these	 vaccines	 and	 the	 prospects	 for
developing	similar	vaccines	against	other	oncogenic	microbes.

The	second	class	of	vaccines	seeks	to	prevent	the	progression	of	premalignant	neoplasia	to	invasive	cancers.
Although	antibody	effectors	may	function	in	some	instances,	most	of	these	vaccines	are	designed	to	generate	cell-
mediated	 immune	 responses,	 mostly	 T	 cells	 that	 would	 eliminate	 or	 control	 the	 premalignant	 disease.
Premalignant	neoplasia	can	have	either	an	infectious	agent	or	noninfectious	etiology,	and	the	vaccines	can	target
microbial	or	self-antigens.	Although	targeting	microbial	antigens	in	a	precancer	would	be	considered	prophylactic
from	the	point	of	view	of	cancer,	 it	 is	 therapeutic	 from	the	point	of	view	of	 infectious	disease.	There	has	been
considerable	effort	to	develop	therapeutic	vaccines	to	eliminate	persistent	infections	by	cancer-causing	microbes,
but,	 to	 date,	 none	 have	 resulted	 in	 a	 commercial	 vaccine,	 and	 they	 are	 not	 further	 discussed	 in	 this	 chapter.
Therefore,	second	half	of	the	chapter	focuses	on	the	theoretical	underpinnings,	impediments	to	the	development,
and	promising	advances	for	prophylactic	cancer	vaccines	targeting	various	forms	of	self-antigens.

OVERVIEW	OF	INFECTIOUS	AGENTS	IN	CANCER
Infectious	 agents	 are	 important	 causes	 of	 cancer,	 causing	 an	 estimated	 15%	 of	 all	 cancer.	 The	 International
Agency	for	Research	on	Cancer	(IARC)	has	designated	as	carcinogenic	agents	eight	viruses,	three	parasites,	and
one	bacterium.1	The	viruses	are	HBV;	hepatitis	C	virus	(HCV);	HPV	(types	16,	18,	31,	33,	35,	39,	45,	51,	52,	56,
58,	and	59);	Epstein-Barr	virus	 (EBV);	Kaposi	sarcoma–associated	herpesvirus	 (KSHV),	also	known	as	human
herpes	virus	type	8	(HHV-8);	human	T-cell	lymphotropic	virus	type	1	(HTLV-1);	and	human	immunodeficiency
virus	type	1	(HIV-1).	The	three	parasites	are	Schistosoma	haematobium,	Opisthorchis	viverrini,	 and	Clonorchis
sinensis.	In	addition,	Merkel	cell	polyomavirus	(MCPyV),	designated	as	a	probable	carcinogen	by	the	IARC,	is
widely	 acknowledged	 as	 a	major	 cause	 of	 a	 rare	 skin	 cancer,	Merkel	 cell	 carcinoma.2	 The	 only	 carcinogenic
bacterium	identified	 to	date	 is	Helicobacter	pylori.	All	 of	 these	 agents	 are	 considered	 to	be	direct	 carcinogens,
with	 the	 exception	 of	 HIV-1,	 whose	 immunosuppressive	 activities	 indirectly	 potentiate	 carcinogenesis	 by
promoting	 persistent	 infections	 of	 other	 oncogenic	 microbes.	 Some	 carcinogenic	 microbes	 express	 specific
oncogenes	that	influence	proliferative	or	antiapoptotic	activities	via	interaction	with	cellular	gene	products	(e.g.,
HPV	E6	and	E7,	EBV	LMP1,	MCPyV	T	antigen,	and	HTLV-1	Tax).	Other	agents,	such	as	HBV,	HCV,	and	H.
pylori,	primarily	induce	cancer	more	indirectly,	as	a	result	of	chronic	tissue	injury	and	the	inflammatory	response
to	the	infection.	A	discussion	of	specific	carcinogenic	mechanisms	is	beyond	the	scope	of	this	review.	However,	a
common	feature	of	microbial-induced	cancers	 is	 that	carcinogenesis	 is	an	aberration	of	 the	microbe’s	 life	cycle
and	an	uncommon	outcome	of	infection	that	persists	for	years.

Estimates	of	the	global	burden	of	infection-attributable	cancers	are	periodically	generated	by	the	IARC,	with
the	most	recent	update	for	the	year	2012	published	in	2016.1	It	was	estimated	that	worldwide,	2.2	million	cancers
(15.4%)	 annually	 are	 caused	 by	 infections.	 However,	 the	 attributable	 fraction	 of	 infectious	 agent–associated
cancer	 varies	 widely	 by	 region,	 from	 31.3%	 in	 sub-Saharan	Africa	 to	 4.0%	 in	 North	 America.	 This	 disparity
largely	 reflects	 differences	 in	 economic	 development,	 with	 a	 microbial	 attributable	 fraction	 of	 23.4%	 in	 less
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developed	regions	versus	9.2%	in	more	developed	regions.	More	than	20	distinct	cancer	types	are	associated	with
infectious	agents	(Table	36.1),	but	3	types	(i.e.,	noncardia	gastric,	liver,	and	cervical	cancers)	account	for	83%	of
cases.	Not	 surprisingly,	 the	 agents	 that	 cause	 these	 cancers	 (H.	pylori,	HBV/HCV,	 and	HPV,	 respectively)	 are
responsible	 for	 the	vast	majority	of	 infection-associated	 cancers	 (92%	overall;	Table	36.2).	The	 fraction	of	 the
individual	cancers	attributable	to	a	specific	infection	varies	widely,	from	100%	for	cervical	cancer	and	adult	T-cell
leukemia/lymphoma	to	less	than	5%	for	bladder,	laryngeal,	and	oral	cavity	cancers	(see	Table	36.1).

TABLE	36.1
Cancer	Types	Associated	with	Infectious	Agents	and	Attributable	Percentage

Cancer	Type Infectious	Agent

No.	of	New	Cases
by	Infectious
Agent(s)

Attributable
Percentage

Noncardia	gastric Helicobacter	pylori 730,000 89.0%

Liver Hepatitis	B	virus;	hepatitis	C
virus

570,000 73.4%

Cervix	uteri Human	papillomavirus 530,000 100.0%

Nasopharynx Epstein-Barr	virus 83,000 95.5%

Kaposi	sarcoma Kaposi	sarcoma	virus 44,000 100.0%

Anus Human	papillomavirus 35,000 88.0%

Hodgkin	lymphoma Epstein-Barr	virus 32,000 49.1%

Oropharynx Human	papillomavirus 29,000 30.8%

Cardia	gastric H.	pylori 23,000 17.8%

Penis Human	papillomavirus 13,000 51.0%

Gastric	non-Hodgkin
lymphoma

H.	pylori 13,000 74.1%

Non-Hodgkin	lymphoma Hepatitis	C	virus 13,000 3.6%

Vagina Human	papillomavirus 12,000 78.0%

Oral	cavity Human	papillomavirus 8,700 4.3%

Vulvar Human	papillomavirus 8,500 24.9%

Larynx Human	papillomavirus 7,200 4.6%

Bladder Schistosoma	haematobium 7,000 4.6%

Burkitt	lymphoma Epstein-Barr	virus 4,700 52.2%

Adult	T-cell	leukemia	and
lymphoma

Human	T-cell	lymphotropic
virus	1

3,000 100.0%

Bile	duct Opisthorchis	viverrini;
Clonorchis	sinensis

1,300 NA

Merkel	cell	carcinoma Merkel	cell	polyomavirus NA 80.0%
NA,	not	available.
Data	adapted	from	Plummer	M,	de	Martel	C,	Vignat	J,	et	al.	Global	burden	of	cancers	attributable	to	infections	in	2012:	a	synthetic
analysis.	Lancet	Glob	Health	2016;4(9):e609–e616.

TABLE	36.2
Estimated	Number	of	New	Cancer	Cases	in	2012	Caused	by	Individual	Infectious	Agents	in



Males	and	Females

Infectious	Agent

Percentage	of	Infectious
Disease–Associated
Cancers

No.	of	New	Cases
in	Females

No.	of	New	Cases
in	Males

Helicobacter	pylori 35.4% 270,000 500,000

Human	papillomavirus 29.5% 570,000 66,000

Hepatitis	B	virus 19.2% 120,000 300,000

Hepatitis	C	virus 7.8% 55,000 110,000

Epstein-Barr	virus 5.5% 40,000 80,000

Kaposi	sarcoma	virus 2.0% 15,000 29,000

Schistosoma	haematobium 0.3% 2,200 4,900

Human	T-cell	lymphotropic
virus	1

0.1% 1,200 1,700

Opisthorchis	viverrini	or
Clonorchis	sinensis

0.1% 470 820

All	infectious	agents 100.0% 1,100,000 1,100,000
Data	adapted	from	Plummer	M,	de	Martel	C,	Vignat	J,	et	al.	Global	burden	of	cancers	attributable	to	infections	in	2012:	a	synthetic
analysis.	Lancet	Glob	Health	2016;4(9):e609–e616.

The	identification	of	an	infectious	agent	as	a	cause	of	a	cancer	provides	an	exceptional	opportunity	to	prevent
that	cancer	by	preventing	the	initiating	infection,	especially	by	the	development	and	deployment	of	prophylactic
vaccines,	 which	 have	 had	 a	 dramatic	 worldwide	 impact	 on	 many	 infectious	 diseases,	 even	 in	 low-resource
settings,	 and	 have	 very	 favorable	 safety	 profiles.	 In	 this	 section,	we	 consider	 the	 development	 of	 prophylactic
vaccines	against	cancer-causing	infectious	agents,	specifically	the	notable	success	against	 two	agents,	HBV	and
HPV,	and	the	prospects	for	development	of	commercial	vaccines	for	other	infectious	agents.

HEPATITIS	B	VACCINES
HBV	is	a	major	cause	of	hepatocellular	cancer	(HCC),	with	over	400,000	attributable	cases	per	year	(see	Table
36.1),	with	the	highest	incidences	in	East	Asia	and	sub-Saharan	Africa.1	In	addition,	it	is	a	major	cause	of	infant
deaths	due	to	fulminant	hepatitis	and	adult	deaths	from	cirrhosis.	The	prospect	of	prevention	of	these	diseases,	in
addition	 to	HCC,	was	 an	 important	 incentive	 for	 development	 and	 subsequent	worldwide	deployment	 of	HBV
vaccines.	In	lower	income	countries,	HBV	transmission	is	primarily	from	mother	to	infant	and	from	child	to	child.
In	developed	countries,	transmission	is	more	often	transmitted	percutaneously	or	sexually.3

HBV	vaccines	were	the	first	licensed	prophylactic	vaccines	against	an	infectious	cause	of	cancer.	Commercial
vaccines	became	available	in	1982	and	were	based	on	subvirion	22-nm	HBV	surface	antigen	(HBsAg)	particles
purified	 from	the	blood	of	chronically	 infected	 individuals.4	Vaccines	based	on	 these	particles	were	considered
safe	because	they	were	stringently	inactivated	and	lacked	the	viral	DNA	that	is	contained	in	the	infectious	42-nm
virions.	However,	concerns	about	transmission	of	unrecognized	bloodborne	pathogens	led	to	the	development	of
second-generation	 vaccines,	 the	 first	 licensed	 vaccines	 generated	 by	 recombinant	 DNA	 technology.	 Multiple
companies,	 including	 many	 developing	 country	 manufacturers,	 now	 produce	 HBsAg	 vaccines	 at	 low	 cost	 in
genetically	engineered	yeast	(mostly	Saccharomyces	cerevisiae).5	They	contain	HBs	protein	spikes	embedded	in
22-nm	 lipid	 particles	 that	 closely	 resemble	 the	HBsAg	 particles	 produced	 during	 human	 infections.6	 Most	 are
formulated	with	an	aluminum	phosphate	or	aluminum	hydroxide	adjuvant	and	are	generally	delivered	in	a	three-
dose	 series	 by	 intramuscular	 injection	 at	 0,	 1	 or	 2,	 and	 6	months.	 However,	 an	 HBsAg	 vaccine	 containing	 a
proprietary	CpG	adjuvant	(a	Toll-like	receptor	9	[TLR9]	agonist)	was	recently	approved	in	the	United	States	for	a
two-dose	 regimen	 in	 adults.7	Combination	vaccines	 including	 an	HBsAg	component	 are	now	widely	 available.
HBsAg	vaccines	are	recognized	as	safe	by	the	World	Health	Organization	(WHO),	with	mild	pain,	erythema,	and
swelling	at	the	site	of	injection	being	the	most	common	side	effects.	With	the	exception	of	a	one	per	million	rate
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of	anaphylaxis,	no	serious	adverse	events	have	been	causally	linked	to	the	vaccines.8
The	HBV	vaccines	were	 initially	 recommended	 only	 for	 high-risk	 groups	 (e.g.,	 babies	 of	 infected	mothers,

health-care	 professionals,	 and	 intravenous	 drug	 users).	 However,	 this	 approach	 did	 little	 to	 reduce	 the	 overall
prevalence	 of	HBV	 infection.	Consequently,	 in	 1992,	 the	WHO	 recommended	 universal	 vaccination	 programs
targeting	 infants,	with	 the	 first	 dose	optimally	delivered	within	24	hours	of	birth.9	 It	 is	 especially	 important	 to
prevent	 infant	 infections	 because	 early	 age	 of	 acquisition	 is	 a	 strong	 risk	 factor	 for	 establishment	 of	 chronic
infection,	 the	 prerequisite	 for	 cirrhosis	 and	HCC.	Over	 180	 countries	 have	 introduced	 infant	HBV	vaccination
programs,	 with	 the	 three-dose	 coverage	 estimated	 to	 be	 approximately	 75%.3	 A	 reduction	 in	 chronic	 HBV
infection	rates	of	greater	than	90%	has	been	seen	in	countries	with	high-coverage	infant	vaccination	programs.4
Given	that	development	of	HCC	from	incident	infection	usually	takes	many	decades,	the	impact	of	the	vaccines
on	HCC	rates	has	only	recently	begun	to	emerge,	mostly	from	countries	with	early	adoption	of	universal	 infant
immunization	 and	 a	 historically	 high	 prevalence	 of	 HBV	 infection,	 such	 as	 Taiwan.	 In	 Taiwan,	 which	 began
universal	infant	vaccination	in	1984,	the	observed	incidences	of	HCC	in	6-	to	26-year-old	cohorts	born	before	and
after	initiation	of	their	vaccination	program	were	9.2	and	2.3	cases	per	106	person-years,	respectively	(relative	risk
[RR],	0.24;	95%	confidence	interval	[CI],	0.21	to	0.29).10

The	 vaccines	 are	 thought	 to	 protect	 primarily	 by	 the	 induction	 of	 HBs	 antibodies	 that	 bind	 the	 virus	 and
prevent	 infection	 of	 hepatocytes.	Consistent	with	 this	 conjecture,	 passive	 transfer	 of	 purified	 immunoglobulins
containing	high	concentrations	of	HBs	antibodies	can	protect	against	hepatitis	(e.g.,	in	the	setting	of	postexposure
prophylaxis).5	A	serum	anti-HBs	concentrations	of	10	mIU	measured	1	to	3	months	after	the	last	immunization	is
considered	 a	 reliable	marker	 for	 protection.	This	 level	 is	 reached	 in	 approximately	 90%	of	 young	people	 after
three	 doses	 but	 less	 often	 in	 older	 adults.	Antibody	 responses	 decline	 over	 time,	 often	 becoming	undetectable.
Nevertheless,	 vaccinees	who	 initially	 achieve	 the	 10	mIU	 level	 remain	 protected	 from	HBV-induced	 hepatitis,
presumably	due	 to	 the	ability	of	 their	HBs-specific	memory	B	cells,	and	perhaps	T	cells,	 to	mount	a	protective
anamnestic	response.	Protection	has	been	observed	for	20	to	30	years	in	a	number	of	settings.	Therefore,	booster
vaccinations	are	not	generally	recommended.11

Importantly,	 the	 vaccines	 provide	 protection	 against	 all	 eight	 HBV	 genotypes.	 Because	 the	 virus	 has	 high
replication	 and	mutations	 rates	 (due	 to	 replication	 via	 an	RNA	 intermediate),	 there	were	 concerns	 that	 escape
mutants	 with	 changes	 in	 their	 HBs	 protein	 would	 rapidly	 develop	 and	 spread	 in	 vaccinated	 populations.
Fortunately,	although	these	types	of	mutants	have	been	documented,	they	do	not	appear	to	pose	a	major	threat	to
vaccine	effectiveness,	perhaps	because	they	are	substantially	less	fit	than	the	vaccine-sensitive	strains.4

HBV	has	no	animal	reservoir;	thus,	elimination	of	HBV	infection	in	a	population	is	an	achievable	goal.	Again,
the	Taiwanese	experience	provides	a	useful	illustration	of	what	can	be	accomplished.	The	HBV	seroprevalence	in
those	 younger	 than	 age	 15	 year	 decreased	 from	9.8%	 in	 1984	 to	 0.3%	 in	 2009.3	 Based	 on	 the	 relatively	 high
efficacy	of	the	vaccines	and	herd	immunity	effects	protecting	the	minority	of	individuals	who	are	poor	responders,
the	prospects	for	virtual	elimination	HBV-induced	HCC	worldwide	are	high,	provided	coverage	rates,	particularly
in	lower	resource	setting,	continue	to	increase.	However,	this	goal	will	take	many	decades,	given	the	long	interval
between	infection	and	cancer	detection	and	the	large	number	of	individuals	who	are	already	chronically	infected.

HUMAN	PAPILLOMAVIRUS	VACCINES
HPV	infections	cause	over	600,00	cancers	annually.	Approximately	80%	occur	in	women,	due	to	the	dominance
of	cervical	cancer	 (see	Table	36.2).	Essentially	 all	 cervical	 cancers	 are	 attributable	 to	HPV	 infection,	 and	85%
occur	in	lower	income	countries,	in	large	measure	due	to	the	absence	of	effective	screening	programs.	Two	types
of	HPV,	HPV16	and	HPV18,	cause	approximately	70%	of	cervical	cancers	worldwide.	An	additional	five	types,
HPV31,	HPV33,	HPV35,	HPV45,	HPV52,	and	HPV58,	together	cause	another	20%	of	these	cancers.	The	HPV-
attributable	fractions	for	anal,	vaginal,	penile,	oropharyngeal,	and	vulvar	cancers	are	smaller,	varying	from	88%	to
25%	(see	Table	 36.1).	However,	HPV16	 and	HPV18	 are	 associated	with	 a	 large	 fraction	 of	 the	HPV-positive
cases	(approximately	90%).	There	is	strong	epidemiologic	evidence	that	the	HPV	infections	that	cause	all	of	these
cancers	are	predominantly	sexually	transmitted.	Two	other	types,	HPV6	and	HPV11,	cause	90%	of	genital	warts
but	are	almost	never	implicated	in	cancer.

The	 HPV	 prophylactic	 vaccines	 are	 based	 on	 nonenveloped	 virus-like	 particles	 (VLPs)	 composed	 of	 360
copies	of	the	L1	major	virion	protein	that	assemble	into	an	ordered	icosahedron	that	mimics	the	outer	shell	of	the
authentic	 virus.	 Three	 vaccines	 that	 differ	 in	 composition	 are	 currently	 licensed	 for	 use	 in	 many	 countries
worldwide.	Cervarix	 (GlaxoSmithKline,	Brentford,	United	Kingdom)	 is	 a	 bivalent	 vaccine	 containing	VLPs	of



types	 16	 and	 18.	 It	 is	 produced	 in	 recombinant	 baculovirus-infected	 insect	 cells	 and	 contains	 a	 proprietary
adjuvant,	AS04,	consisting	of	an	aluminum	salt	plus	the	TLR4	agonist	monophosphoryl	lipid	A,	a	detoxified	form
of	 lipopolysaccharide	 (LPS).	 Gardasil	 (Merck,	 Kenilworth,	 NJ)	 is	 a	 quadrivalent	 vaccine	 containing	 VLPs	 of
types	of	types	6,	11,	16,	and	18.	It	contains	a	standard	aluminum	salt	adjuvant	and	is	produced	in	S.	 cerevisiae.
Gardasil-9	is	similar	to	Gardasil,	but	with	the	addition	VLPs	of	oncogenic	types	31,	33,	35,	45,	52,	and	58.12

The	clinical	efficacy	 trials	 for	 licensure	of	Cervarix	and	Gardasil	 in	young	women	had	as	 their	primary	end
point	protection	against	cervical	intraepithelial	neoplasia	(CIN)	grades	2	and	3	caused	by	incident	infection	by	the
vaccine-targeted	 types.	 Remarkably,	 protection	 was	 virtually	 100%	 at	 the	 end	 of	 the	 4-year	 trials	 and	 has
remained	 so	 in	 longer	 term	 follow-up,	 now	 up	 to	 a	 decade.	 Strong	 protection	 against	 vulvar	 and	 vaginal
intraepithelial	neoplasia	and	genital	warts	was	also	demonstrated	in	the	Gardasil	trials.	Based	on	the	ages	of	the
efficacy	trial	cohorts	and	immunobridging	to	pre-	and	early	adolescents,	the	U.S.	Food	and	Drug	Administration
(FDA)	approved	Gardasil	for	females	aged	9	to	26	years	in	2006	and	Cervarix	for	females	aged	9	to	25	years	in
2009.	An	efficacy	trial	 in	young	men	led	 to	FDA	approval	of	Gardasil	 for	prevention	of	genital	warts	and	anal
cancer	(based	on	prevention	of	anal	intraepithelial	neoplasia)	in	males	in	2009.	The	current	age	recommendation
is	 9	 to	 26	 years.	 Gardasil	 was	 simultaneously	 licensed	 for	 prevention	 of	 anal	 cancer	 in	 women	 under	 the
assumption	that	HPV-induced	anal	carcinogenesis	in	men	and	women	is	biologically	indistinguishable.12

High	levels	of	protection	from	persistent	anogenital	infection,	as	measured	by	the	presence	of	HPV	DNA,	by
the	vaccine-targeted	types	were	also	observed	in	the	efficacy	trials.	However,	protection	from	infection	by	other
HPV	types	was	limited	to	a	few	closely	related	types	(i.e.,	HPV31,	HPV33,	and	HPV45)	and	was	partial	at	best.
In	addition,	the	vaccines	had	no	detectable	effect	on	infections	present	at	the	time	of	vaccination,	both	with	regard
to	time	to	clearance	or	rate	of	progression	to	a	higher	grade	neoplasia.	For	this	reason,	routine	vaccination	prior	to
initiation	of	sexual	activity	is	strongly	encouraged.

The	 efficacy	 of	Garasil-9	was	 clinically	 evaluated	 after	 the	 licensure	 of	 Cervarix	 and	Gardasil,	 and	 thus,	 a
placebo-controlled	 trial	 was	 considered	 unethical.	 Therefore,	 Gardasil-9	 was	 approved	 in	 2014	 based	 on
immunologic	 noninferiority	 for	 the	 HPV	 types	 shared	with	 Gardasil	 and	 an	 efficacy	 of	 97%	 in	 prevention	 of
CIN2/CIN3	attributable	to	the	five	additional	HPV	types	in	Gardasil-9	compared	with	Gardasil.12

All	three	vaccines	were	initially	approved	for	a	series	of	three	intramuscular	injections	over	a	6-month	period.
Subsequently,	it	was	found	that	the	antibody	responses	to	two	doses,	at	0	and	6	months,	in	girls	and	boys	younger
than	age	15	years	were	noninferior	to	the	responses	to	three	doses	in	the	individuals	aged	15	to	26	years	evaluated
in	the	efficacy	trials.	These	findings	led	to	a	WHO	recommendation	of	a	two-dose	regimen	for	those	aged	9	to	14
years	 in	 2014	 and	 its	 subsequent	 adoption	 in	 the	United	States	 and	 elsewhere.	 Surprisingly,	 post	 hoc	 analyses
from	 three	 trials	 indicated	 that	young	women	who	happened	 to	 receive	only	one	dose	of	vaccine	were	 equally
protected	against	infection	by	the	vaccine-targeted	types,	in	one	trial	even	after	7	years.13	A	randomized	trial	to
formally	compare	the	protection	afforded	by	one	versus	two	doses	of	Cervarix	and	Gardasil-9	in	10-	to	16-year-
old	girls	is	now	under	way.

None	 of	 the	 vaccines	 are	 approved	 for	 prevention	 of	 HPV-	 associated	 oropharyngeal	 cancer	 (OPC).	 The
primary	reason	for	this	situation	is	the	difficulty	in	conducting	efficacy	trials	for	this	indication.14	The	precursor
lesions	of	OPC	have	not	been	definitively	identified,	precluding	a	disease	end	point	short	of	cancer.	Infection	end
points	 are	 also	 problematic.	A	 large	 trial	 size	would	 be	 necessary	 because	 the	 prevalence	 of	 oral	 infection	 by
oncogenic	HPV	types	is	generally	much	lower	than	anogenital	prevalence.	Post	hoc	data	from	one	trial	indicate
that	vaccination	prevents	acquisition	of	oral	HPV16/HPV18	 infections.15	Despite	 the	 limited	efficacy	data,	 it	 is
highly	 likely	 that	 the	vaccines	will	 have	 a	major	 impact	 on	HPV-associated	OPC,	 at	 least	 secondarily	 because
epidemiologic	 evidence	 indicates	 that	 it	 is	 predominantly	 caused	 by	 sexually	 transmitted	 HPV16/HPV18
infections,	and	the	vaccines	work	exceptionally	well	at	preventing	anogenital	infections	by	these	types.

Similar	 to	 the	 HBV	 vaccines,	 the	 HPV	 vaccines	 are	 thought	 to	 protect	 by	 the	 induction	 of	 type-restricted
antibodies	 that	 prevent	 infection.	 The	 vaccines	 induce	 remarkably	 consistent,	 high-level,	 and	 durable	 antibody
responses	in	humans.16	Seroconversion	rates	are	virtually	100%,	even	after	a	single	dose.	Serum	antibody	levels
peak	 several	orders	of	magnitude	higher	 than	 the	 levels	 induced	after	natural	 infection.	After	 an	 initial	10-fold
decline	 over	 the	 first	 2	 years,	 serum	 antibody	 titers	 stabilize	 or	 decline	 very	 slowly	 indefinitely,	 regardless	 of
number	of	doses.	The	plateau	levels	of	antibodies	have	now	been	observed	for	10	years	after	three	doses	and	7
years	after	a	single	dose.13	The	general	expectations	are	that	booster	doses	will	not	be	required	to	maintain	these
protective	antibody	levels	long	term.

The	oligomerization	of	the	B-cell	receptors	on	naïve	B	cells	by	engagement	with	the	ordered	repetitive	epitopes
on	the	VLP	surface	and	subsequent	induction	of	strong	downstream	activation	and	survival	signals	are	believed	to
be	critical	 for	 the	 induction	of	 the	 exceptionally	 strong	and	persistent	 antibody	 responses	by	 the	 vaccines.	 The
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systemic	 antibodies,	 predominantly	 immunoglobulin	 G	 (IgG),	 induced	 by	 the	 vaccine	 after	 intramuscular
vaccination	can	reach	the	cervicovaginal	mucosal	site	of	infection	by	a	process	of	transudation	via	the	neonatal	Fc
receptor	in	the	tissue.	Perhaps	more	importantly,	systemic	antibodies	are	exudated	at	the	sites	of	epithelial	trauma
that	are	thought	to	be	required	for	initiating	HPV	infections	in	the	relevant	tissues.17

As	of	2018,	82	countries	have	introduced	the	HPV	vaccines	into	their	national	immunization	programs.	There
is	 increasing	 evidence	 that	 the	 vaccines	 are	 very	 effective	 at	 preventing	 cervicovaginal	 infection,	 cervical
dysplasia,	and	genital	warts	in	females	and	genital	warts	in	males	(even	in	female-only	vaccination	programs).18
The	impact	is	most	clearly	evident	in	countries	with	high	coverage	rates,	such	as	Scotland,	where	approximately
80%	of	adolescent	girls	receive	the	complete	three	dose	series	of	Cervarix	and	approximately	90%	receive	at	least
one	dose.	 In	Scotland,	 the	 rates	 of	CIN3,	 regardless	 of	HPV	 type,	 in	 20-	 to	 21-year-olds	 at	 their	 first	 cervical
screening	 decreased	 from	 11.9	 per	 100,000	 in	 the	 1988	 birth	 cohort,	who	were	 not	 vaccinated	 in	 the	 national
program,	to	2.9	per	100,000	in	the	vaccinated	1994	birth	cohort.19	Decreases	in	rates	of	CIN	in	vaccinated	cohorts
have	also	been	observed	in	Australia,	United	States,	Canada,	and	Sweden.	Preliminary	evidence	for	a	reduction	in
cervical	cancer	incidence	in	vaccinated	cohorts	in	Finland	was	recently	published.20

The	biggest	issue,	by	far,	that	limits	the	potential	impact	of	the	HPV	vaccines	is	global	vaccination	rates.	It	was
estimated	that,	as	of	2014,	approximately	400,000	cases	of	cervical	cancer	have	been	prevented	worldwide,	but
only	10%	are	in	less	developed	regions	of	the	world.21	This	situation	arises	because	only	3%	of	young	women	in
lower	and	 lower-middle	 income	countries	have	been	vaccinated,	 compared	 to	34%	 in	higher	 income	countries.
Even	in	some	highly	developed	countries,	such	as	the	United	States	and	France,	less	than	50%	of	girls	and	young
women	 complete	 the	 vaccination	 series.	Multiple	 factors	 contribute	 to	 low	 rates	 of	 uptake.	 In	 less	 developed
regions,	the	primary	issue	is	vaccine	accessibility,	due	to	the	relatively	high	cost	of	both	the	vaccine	and	multidose
vaccination	 programs	 for	 adolescents.	 Vaccine	 production	 by	 manufacturers	 in	 developing	 countries	 and,
hopefully,	 an	 eventual	 transition	 to	 single-dose	 vaccination	 programs	 could	 address	 these	 limitations.	 In	 some
more	 developed	 countries,	 such	 as	 the	 United	 States,	 the	 primary	 issues	 are	 insufficient	 vaccine	 advocacy	 by
health-care	providers	and	parental	hesitancy.22

PROSPECTS	FOR	PROPHYLACTIC	VACCINES	AGAINST	OTHER
ONCOGENIC	MICROBES
Helicobacter	pylori
There	 is	 no	 commercial	H.	 pylori	 vaccine	 despite	 the	 fact	 that	 the	 bacterium	 is	 the	 cause	 of	 more	 cancers,
primarily	gastric	adenocarcinoma,	than	any	other	infectious	agent	(see	Table	36.1)	and	is	also	the	principal	cause
of	peptic	ulcers.	An	estimated	50%	of	the	world	population	is	infected.	Infection	is	typically	acquired	in	childhood
and	 persists	 for	 life.	 The	 lack	 of	 a	 vaccine	 is	 only	 partially	 compensated	 by	 the	 availability	 of	 antibiotic
treatments.	Although	they	can	be	effective	at	treating	peptic	ulcers,	the	regimens	are	complex,	so	compliance	can
be	poor,	 and	 their	use	has	 led	 to	 the	 emergence	of	drug-resistant	H.	pylori	 strains,	 limiting	 their	 effectiveness.
Importantly,	gastric	cancers	are	usually	diagnosed	at	a	late	stage,	and	therapeutic	use	of	antibiotics	has	had	little
effect	 on	 the	 progression	 of	H.	 pylori–induced	 cancers.	 Widespread	 use	 of	 antibiotics	 in	 cancer	 prophylactic
programs	in	young	children	would	be	expected	to	exacerbate	the	resistance	problem.	In	addition,	such	programs
would	not	prevent	reinfection.	Programs	involving	repeated	administration	would	repeatedly	subject	individuals	to
the	adverse	side	effects	of	antibiotic	treatments	(e.g.,	diarrhea	and	nausea)	and	would	be	prohibitively	expensive.
Therefore,	there	appears	to	be	a	clear	public	health	argument	for	development	of	a	prophylactic	H.	pylori	vaccine
to	prevent	stomach	cancers	and	peptic	ulcers.23	However,	there	is	epidemiologic	evidence	that	H.	pylori	infection
is	 associated	 with	 reduced	 risk	 of	 esophageal	 adenocarcinoma	 and	 allergic	 asthma.	 Decisions	 to	 implement
widespread	prophylactic	vaccination	programs	would	have	to	consider	the	potential	for	increases	in	these	diseases.

There	has	been	limited	commercial	investment	in	the	development	of	H.	pylori	vaccines,	despite	their	potential
impact	and	estimates	 that	 they	would	be	cost-effective	 in	 the	United	States.24	Factors	limiting	investments	may
include	(1)	the	perception	that	antibiotics	are	a	sufficient	alternative,	(2)	the	declining	prevalence	of	infection	in
developed	 countries,	 (3)	 the	 limited	 attractiveness	 of	 current	 vaccine	 candidates,	 (4)	 the	 expense	 of	 phase	 III
efficacy	 trials,	 and	 (5)	 the	 decades	 between	vaccination	 administration	 and	meaningful	 reduction	 in	H.	 pylori–
induced	diseases.25

A	number	of	vaccines	have	been	evaluated	in	animal	and	human	challenge	models	involving	various	antigens
(whole	 bacteria,	 urease,	 catalase,	 vacA,	 and	 Hsp60),	 adjuvants	 (alum,	 Escherichia	 coli	 heat-labile	 toxin,	 and



cholera	 toxin),	 and	 routes	 of	 administration	 (oral,	 nasal,	 sublingual,	 parenteral,	 and	 live	 recombinant	 bacteria).
However,	 basic	 questions	 such	 as	 those	 regarding	 the	 critical	 immune	 effector	 (antibodies	 or	 T	 cells)	 and
preferable	route	of	administration	(mucosal	or	parenteral)	remain	unresolved.23,25

Encouragingly,	the	results	of	a	recently	published	phase	III	trial	are	the	first	demonstration	of	vaccine	efficacy
against	natural	acquisition	of	H.	pylori.26	The	vaccine	consisted	of	a	fusion	protein	of	H.	pylori	urease	B	and	the	B
subunit	of	E.	coli	heat-labile	toxin.	It	was	delivered	orally	in	three	doses	to	2,200	H.	pylori–negative	children	aged
6	to	14	years	at	a	single	center	in	Jiangsu,	China.	Compared	to	the	placebo	control	group,	H.	pylori	 acquisition
was	reduced	by	72%	in	the	first	year,	but	efficacy	was	reduced	to	55%	by	year	3.	Although	the	study	represents	an
important	 proof	 of	 concept,	 it	 is	 unclear	whether	 it	will	 lead	 to	 commercialization	of	 this	 candidate	 or	 expand
commercial	interest	in	the	development	of	others.

Epstein-Bar	Virus
The	overall	burden	of	EBV-associated	cancer	is	sufficient	to	warrant	vaccine	development	(see	Table	36.1),	and
EBV	infection	is	also	associated	with	autoimmune	diseases,	including	multiple	sclerosis.	Antiviral	drugs	have	had
limited	impact	on	primary	EBV	infection	or	EBV-associated	cancers.	However,	the	cancer	burden	is	spread	over	a
diverse	set	of	cancer	 types	 (see	Table	36.2),	 and	vaccine	 trials	with	 a	 specific	 cancer	 end	point	would	be	very
challenging.	 A	 possible	 exception	might	 be	 Burkitt	 lymphoma,	 an	 aggressive	 B-cell	malignancy,	 which	 has	 a
relatively	 rapid	onset	and	relatively	high	prevalence	 in	children	 in	equatorial	 regions	of	Africa	and	Papua	New
Guinea.	 However,	 its	 predominance	 in	 these	 lower	 resource	 locales	 provides	 little	 incentive	 for	 commercial
development.	 If	commercial	vaccines	are	developed,	 it	 is	 likely	 that	 they	will	be	 licensed	 for	 the	prevention	of
infectious	 mononucleosis	 (IM),	 a	 debilitating	 disease	 of	 young	 adults	 with	 relatively	 high	 frequency	 in	 many
higher	income	countries.27	Trials	in	military	recruits	or	college	freshmen,	for	example,	are	feasible.

The	 primary	 limiting	 factor	 has	 been	 the	 availability	 of	 sufficiently	 promising	 vaccine	 candidates	 to	 attract
sustained	 industry	 investments.	Contributing	 to	 this	 situation	are	 the	 limitations	of	animal	models	 for	EBV	and
incomplete	understanding	of	the	clinical	immune	correlates	of	protection.28	Prophylactic	vaccine	development	has
focused	primarily	on	the	virion	surface	glycoprotein	gp350	because	antibodies	to	it	can	block	infection	of	B	cells.
However,	other	surface	glycoproteins	are	responsible	for	infection	of	epithelial	cells	and	presumably	would	also
need	to	be	targeted	to	prevent	nasopharyngeal	carcinoma,	an	epithelial	malignancy.	The	most	promising	clinical
trial	to	date	involved	a	vaccine	consisting	of	recombinant	gp350	protein	in	AS04,	the	adjuvant	used	in	the	licensed
HPV	 vaccine	Cervarix.29	 It	 reduced	 the	 incidence	 of	 IM	 by	 78%	 but	 did	 not	 prevent	 asymptomatic	 infection.
Therefore,	the	potential	impact	of	this	vaccine	on	subsequent	development	of	cancer	is	uncertain.	Development	of
alternative	vaccination	candidates	 is	continuing.	Particularly	encouraging	are	 the	virus-like	display	vaccines	 for
gp350,	 which	 can	 generate	 10-	 to	 100-fold	 higher	 neutralizing	 antibody	 titers	 than	 the	monomeric	 candidates
previously	evaluated.30

Hepatitis	C	Virus
There	is	a	high	burden	of	HCV	disease.	An	estimated	130	to	200	million	people	are	infected	worldwide.	Despite
improved	screening	and	awareness,	viral	transmission,	primarily	percutaneously,	is	increasing	in	some	developed
and	developing	countries.	Approximately	60%	to	80%	of	 individuals	who	are	acutely	 infected	develop	 lifelong
chronic	 infection,	 and	 one-third	 of	 chronic	 infections	 lead	 to	 liver	 cirrhosis	 and/or	HCC,	 resulting	 in	 165,000
annual	worldwide	 cases	 of	HCC.31	 This	 burden	 of	 disease	 is	 probably	 sufficient	 to	warrant	 development	 of	 a
prophylactic	vaccine	for	high-risk	individuals	and	perhaps	the	general	population	in	high-incidence	areas.

The	 development	 of	 direct-acting	 antiviral	 drugs	 targeting	 three	 essential	 viral	 proteins	 has	 revolutionized
treatment	 of	 chronic	 HCV	 infection,	 with	 a	 cure	 rate	 of	 greater	 than	 90%.31	 However,	 the	 potential	 of	 these
antivirals	 to	 have	 global	 impact	 on	HCC	 is	 limited	 by	 their	 high	 cost	 and	 potential	 for	 generation	 of	 resistant
mutants	 that	 could	 limit	 their	 effectiveness,	 even	when	 used	 correctly	 in	 dual-	 or	 triple-drug	 combinations.	 In
addition,	infection	is	often	not	diagnosed	and	treatment	is	often	not	started	until	an	advanced	stage	of	liver	disease
is	reached,	at	which	time	elimination	of	the	virus	might	not	prevent	cancer	development.

Several	 factors	 have	 limited	 the	 development	 of	 HCV	 prophylactic	 vaccines.32	 Foremost,	 the	 exceptional
genetic	 diversity	 and	 high	 mutation	 rate	 of	 the	 virus	 hinder	 development	 of	 broadly	 protective	 vaccines	 and
promote	 rapid	 immune	 escape.	 There	 are	 seven	major	 genotypes	 that	 vary	 by	 as	much	 as	 30%,	 and	 the	 virus
replicates	 as	 a	 swarm	 of	 genetic	 variants	 within	 an	 individual,	 much	 like	 HIV.	 In	 addition,	 the	 immune
mechanism(s)	 that	would	 prevent	 initial	 infection	 and/or	 the	 establishment	 of	 chronic	 infection	 have	 not	 been
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definitively	 established,	 in	 large	 part	 because	 the	 only	 challenge	model,	 in	 chimpanzees,	was	 costly	 and	 is	 no
longer	 available.	Nevertheless,	 there	 continues	 to	 be	 substantial	 interest	 in	 the	 development	 of	HCV	vaccines.
These	activities	have	been	promoted	by	the	availability	of	the	deep	sequencing	data	that	have	identified	conserved
viral	protein	 epitopes	 and	 the	development	of	 robust	 in	vitro	neutralizing	assays	 to	 evaluate	potentially	protect
antibody	responses.

Spontaneous	resolution	of	acute	 infections,	which	are	mostly	asymptomatic,	often	generates	a	complete	cure
and	immunity	to	reinfection.	The	primary	goal	of	most	vaccine	developers	is	to	generate	a	similar	outcome,	and
thereby	prevention	of	the	establishment	of	chronic	infection,	the	prerequisite	for	liver	cirrhosis	and	HCC,	and	not
to	generate	sterilizing	immunity.	However,	it	is	unclear	whether	humoral	or	cell-mediated	immunity	is	primarily
responsible	for	resolution	of	acute	infections	or	protection	from	reinfection.	Consequently,	vaccines	designed	to
generate	 antibody	 responses	 against	 the	 envelope	 glycoproteins	 (E1	 and	 E2),	 T-cell	 responses	 against
nonstructural	 viral	 proteins	 (NS3,	NS4a,	NS4b,	NS5a,	 and	NS5b),	 or	 both	 are	 under	 active	 development.33	A
leading	candidate	of	each	type	is	discussed	in	the	following	text.

An	 E1/E2	 protein	 subunit	 vaccine	 formulated	 in	 an	 oil-in-water	 adjuvant	 elicited	 serum	 antibodies	 in
chimpanzees	 that	 were	 able	 to	 neutralize	 most	 HCV	 genotypes	 in	 an	 in	 vitro	 neutralizing	 assay.	 Sterilizing
immunity	 to	 experimental	 challenge	 was	 observed	 in	 a	 subset	 of	 the	 vaccinated	 animals.	 This	 vaccine	 also
generated	 strong	 cross-type	 neutralizing	 antibody	 responses	 in	 HCV-naïve	 humans.33	 Display	 of	 the	 virion
glycoproteins	 in	 the	 context	 of	 a	 VLP	 is	 an	 attractive	 strategy	 for	 increasing	 the	magnitude	 and	 durability	 of
neutralizing	 antibody	 responses.	 Several	 approaches	 for	 virus-like	 display	 of	 E1/E2	 have	 generated	 promising
immunogenicity	results	in	small	animal	models,	but	none	have	been	evaluated	in	a	humans.34

The	observations	that	some	HCV	infections	resolve	in	the	absence	of	an	antiviral	antibody	response	and	that	T-
cell	depletion	exacerbates	HCV	infections	in	experimentally	challenged	chimpanzees	support	the	hypothesis	that
vaccines	 that	 generate	 cell-	 mediated	 immunity	 might	 be	 protective.	 A	 prime/boost	 strategy	 involving
recombinant	adenovirus	and	naked	plasmid	DNA	vectors	expressing	nonstructural	viral	proteins	elicited	 strong
CD4+	and	CD8+	T-cell	responses	in	naïve	chimpanzees	and	suppressed	acute-phase	viremia	upon	challenge	with	a
heterologous	 HCV	 genotype.	 Similar	 vaccines	 involving	 prime/boost	 with	 two	 adenovirus	 serotypes	 or	 an
adenovirus/modified	 vaccinia	 virus	 Ankara	 prime/boost	 protocol	 generated	 T-cell	 responses	 in	 HCV-naïve
humans.	 The	 latter	 vaccine	 is	 now	 being	 evaluated	 in	 HCV-naïve	 individuals	 who	 are	 at	 high	 risk	 for	 HCV
infection	(intravenous	drug	users)	for	protection	against	virus	persistence	(NCT01436357).33

Kaposi	Sarcoma	Virus
KSHV	 is	 the	 main	 cause	 of	 Kaposi	 sarcoma	 (KS)	 and	 two	 rare	 B-cell	 malignancies,	 Castleman	 disease	 and
primary	effusion	lymphoma.	However,	compared	with	the	oncogenic	microbes	discussed	earlier,	 there	has	been
relatively	modest	investment	in	developing	a	KSHV	vaccine.35	In	part,	this	may	be	because	these	cancer	account
for	only	2%	of	the	infectious	disease–associated	cancer	burden.	In	addition,	the	incidence	of	AIDS-associated	KS
has	decline	markedly	in	countries	with	effective	anti-HIV	drug	treatment	programs.	Nevertheless,	there	remains
an	 unmet	 need	 to	 prevent	 endemic	 and	HIV-associated	KS,	 particularly	 in	 sub-Saharan	Africa,	where	KS	 is	 a
leading	cancer	in	adults.	Disincentives	for	commercial	development	include	the	predominance	of	KSHV-induced
cancer	occurring	in	low-resource	settings	and	the	fact	that	there	is	no	premalignant	disease,	in	contrast	to	EBV	and
HCV,	 that	 could	 serve	 as	 an	 alternative	 disease	 end	 point	 for	 licensure.	 In	 addition,	 the	 failure	 to	 develop
prophylactic	 vaccines	 against	 other	 herpesviruses,	 despite	 more	 extensive	 efforts,	 no	 doubt	 discourages
investment	 in	 KSHV	 vaccines.	 However,	 KSHV	 belongs	 to	 the	 same	 γ-herpesvirus	 family	 as	 EBV;	 thus,
successful	development	of	a	vaccine	against	EBV	could	serve	as	a	roadmap	for	developing	a	KSHV	vaccine.

A	marmoset	model	for	KSHV	has	been	developed,	but	no	small	animal	infection	model	exists.	Therefore,	most
vaccine	 studies	 have	 centered	 on	 mouse	 infection	 of	 the	 related	 γ-herpesvirus	 MHV-68.	 Vaccines	 based	 on
purified	 MHV-68	 lytic	 phase	 proteins,	 heat-inactivated	 virus,	 or	 replication-defective	 virus	 showed	 varying
efficacy	 in	 reducing	 lytic	 replication	 but	 did	 not	 prevent	 establishment	 of	 long-term	 latency.	Only	 replication-
competent	MHV-68	mutants	were	 able	 to	 prevent	 latency	 establishment.35	A	 live	 attenuated	 virus	 vaccine	 that
acts	 therapeutically	 is	 licensed	 for	 the	 human	 herpesvirus	 varicella-zoster	 virus.	 However,	 prophylactic
vaccination	with	replication-competent	derivatives	of	an	oncogenic	virus	such	as	KSHV	would	raise	substantial
safety	concerns	for	human	use.

Other	Infectious	Agents
The	relatively	low	incidences	of	the	cancers	associated	with	MCV,	HTLV-1,	and	the	eukaryotic	parasites	make	it



unlikely	 that	 they	 will	 be	 vigorously	 targeted	 for	 commercial	 vaccine	 development	 as	 cancer	 preventative
vaccines.	Based	on	 the	HPV	vaccine	paradigm,	 it	 seems	quite	possible	 that	 an	effective	VLP-based	vaccine	 to
prevent	MCV	infection	could	be	developed	because	MCV	VLPs	have	a	similar	icosahedral	structure	and	induce
similarly	high	 titers	of	neutralizing	antibodies.	However,	asymptomatic	MCV	infections	are	highly	prevalent	 in
human	populations,	 and	 there	are	no	disease	end	points	 short	of	MCC	on	which	 to	base	clinical	 trials,	making
phase	III	efficacy	trials	impractical.

There	 has	 been	 little	 investment	 in	 HTLV-1	 vaccinations.	 However,	 relatively	 extensive	 vaccine	 trials	 for
bovine	 leukemia	virus,	 a	delta-retrovirus	 related	 to	HTLV-1	 that	 is	of	 economic	concern	 to	 the	cattle	 industry,
suggest	that	development	of	a	practical	HTLV-1	vaccine	would	be	challenging.36	Prevention	efforts	have	centered
on	interrupting	mother-to-infant	transmission	by	discouraging	breastfeeding	by	HTLV-1–infected	women.

Schistosomiasis	is	an	important	parasitic	disease	globally,	perhaps	second	only	to	malaria.	Consequently,	there
have	 been	 substantial	 efforts	 to	 develop	 vaccines	 to	 prevent	 Schistosoma	 infections,37	 although	 no	 licensed
vaccine	is	currently	available.	Most	efforts	have	centered	on	Schistosoma	mansoni	 and	Schistosoma	 japonicum,
which	cause	 intestinal	 and	hepatic	 schistosomiasis,	 and	not	S.	haematobium,	which	primarily	 causes	 urogenital
disease	 that	 can	progress	 to	bladder	carcinoma.	Successful	development	of	 a	vaccine	against	 the	 former	would
likely	spur	interest	in	developing	a	vaccine	against	the	latter.
C.	sinensis	 is	 a	 fish-borne	 liver	 fluke	 and	 the	 cause	 clonorchiasis,	 a	major	 foodborne	 hepatobiliary	 disease,

particularly	 in	 East	 Asia,	 that	 can	 progress	 to	 cholangiocarcinoma.	 Protein	 subunit	 vaccines	 are	 under
development	and	have	demonstrated	some	reduction	 in	worm	burden	 in	a	 rat	model.38	However,	 a	 commercial
vaccine	 does	 not	 seem	 imminent	 and	 would	 have	 little	 effect	 on	 global	 cancer	 rates	 in	 any	 event.	 Vaccine
development	for	O.	viverrini,	another	liver	fluke	that	can	cause	cholangiocarcinoma,	has	been	very	limited.

VACCINES	FOR	CANCERS	OF	NONINFECTIOUS	ETIOLOGY:	TUMOR-
SPECIFIC	AND	TUMOR-ASSOCIATED	TARGET	ANTIGENS
Many	of	the	most	common	human	cancers,	such	as	breast,	prostate,	lung,	colon,	and	pancreatic	cancers,	have	not
been	 shown	 to	 be	 associated	with	 any	 particular	 infectious	 agent	 and	 thus	 cannot	 benefit	 from	prophylactic	 or
therapeutic	vaccines	based	on	pathogen-derived	 antigens.	The	 search	 for	 candidate	 antigens	 to	 incorporate	 into
vaccines	against	these	types	of	tumors	focused	instead	on	molecules	produced	by	tumor	cells	that	are	significantly
different	between	tumors	and	normal	cells	to	not	be	subject	to	self-tolerance	and	thereby	elicit	effective	antitumor
immunity.	 Many	 such	 molecules	 were	 initially	 identified	 by	 immunizing	 mice	 with	 human	 tumor	 cells	 and
deriving	monoclonal	antibodies	that	recognized	the	tumor	cells	and	not	their	normal	tissue	counterparts.	Although
many	 candidate	 tumor	 antigens	 were	 discovered	 this	 way,	 there	 remained	 a	 question	 whether	 those	 same
apparently	 tumor-specific	 molecules	 would	 be	 recognized	 by	 human	 antibodies	 and,	 even	 more	 importantly,
human	T	cells.	Technologic	and	conceptual	advances	in	immunology,	such	as	the	discovery	of	interleukin-2	(IL-
2),39	the	T-cell	growth	factor	that	enables	expansion	and	cloning	of	tumor-specific	human	T	cells	in	vitro,	and	the
new	appreciation	of	the	importance	of	dendritic	cells	for	endocytosing	and	cross-presentation	of	tumor	antigens
for	 priming	 of	 T	 cells,	 combined	 with	 learning	 how	 to	 generate	 and	 expand	 human	 dendritic	 cells	 in	 vitro,40
showed	 unambiguously	 that	 the	 human	 immune	 system	 could	 recognize	molecules	 differentially	 expressed	 by
tumor	cells	compared	to	normal	cells	and	use	them	as	targets	to	kill	tumor	cells.41

A	concerted	tumor	antigen	discovery	effort	that	started	in	the	late	1980s	and	intensified	greatly	over	the	next
decade	 yielded	 many	 different	 types	 and	 categories	 of	 antigens;	 representative	 ones	 are	 listed	 in	 Table	 36.3.
Finding	 some	 of	 these	 antigens	 as	 targets	 of	 human	 tumor	 immunity	 was	 predictable	 based	 on	 the	 known
mutations	in	oncogenes	such	as	HRAS	and	KRAS	or	 tumor	suppressor	genes	such	as	p53,	which	not	only	drive
tumorigenesis	but	also	encode	mutated	peptides	that	can	be	presented	in	human	leukocyte	antigen	(HLA)	class	I
molecules	on	tumor	cells	to	serve	as	targets	for	tumor-specific	T	cells	or	cross-presented	by	dendritic	cells	in	both
HLA	class	 I	and	class	 II	 to	prime	both	cytotoxic	and	helper	T	cells.	Other	predictably	 identified	antigens	were
products	of	known	oncogenic	gene	translocations	and	gene	fusions,	such	as	BCR/ABL	in	all	acute	lymphoblastic
leukemias.	Based	on	the	results	of	mouse	experiments	that	showed	that	the	focus	of	the	mouse	immune	response
against	 carcinogen-induced	 tumors	 was	 the	 unique	 mutations	 in	 each	 tumor,42	 antibodies	 and	 T	 cells	 were
expected	to	be	generated	in	cancer	patients	against	unique	mutations	in	their	own	tumors.	It	was	not	until	recently,
when	sequencing	of	mouse	and	human	 tumors	became	possible	and	 indeed	practical,	 that	 these	mutations	were
shown	to	be	bona	fide	tumor	antigens.43,44	All	of	these	mutated	antigens,	some	unique	and	some	shared,	belong	to
a	 category	 of	 tumor-specific	 antigens.	 This	 category	 also	 includes	 antibody	 idiotypes	 that	 are	 not	 random
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mutations	but	are	nevertheless	unique	sequences	clonally	expressed	on	B-cell	immunoglobulins.	Inasmuch	as	B-
cell	 lymphomas	 are	 clonal	 in	 origin,	 idiotypes	 represent	 highly	 tumor-specific	 unique	 antigens	 that	 could	 be
targeted	by	the	immune	system.45

TABLE	36.3
Human	Nonviral	Tumor	Antigens	Recognized	by	Antibodies	and	T	Cells

Category Example	Antigens Antibody	Target T-Cell	Target

Tumor-Specific	Antigens

Mutated	and	other	oncogenic
proteins

KRAS No Yes

HRAS No Yes

p53 Yes Yes

Somatic	mutations No Yes

BCR/ABL Yes Yes

Nonmutated	clonal	antigens BCR	idiotypes Yes Yes

TCR	idiotypes Yes Yes

Tumor-Associated	Antigens

Overexpressed	proteins HER2/neu Yes Yes

MUC1 Yes Yes

Cyclin	B1 Yes Yes

WT1 Yes Yes

PSA Yes Yes

Survivin Yes Yes

hTERT Yes Yes

Mesothelin Yes Yes

Tyrosinase Yes Yes

Tumor-specific
posttranslational	modifications

Glycopeptides Yes Yes

Phosphopeptides Yes Yes

Citrullinated	peptides Yes Yes

Tissue	differentiation	antigens MART-1/melan-A Yes Yes

PSMA Yes Yes

CD19 Yes Yes

CD20 Yes Yes

CD22 Yes Yes

Oncofetal	antigens α-Fetoprotein Yes Yes

CEA Yes Yes

Cancer-testis	(CT)	antigens NY-ESO-1 Yes Yes

MAGE	family Yes Yes

GAGE	family Yes Yes
BCR,	B-cell	receptor;	TCR,	T-cell	receptor;	HER2,	human	epidermal	growth	factor	receptor	2;	MUC1,	mucin	1;	WT1,	Wilms	tumor	1;
PSA,	prostate-specific	antigen;	hTERT,	human	telomerase	reverse	transcriptase;	MART-1,	melanoma	antigen	recognized	by	T	cells



1;	PSMA,	prostate-specific	membrane	antigen;	CEA,	carcinoembryonic	antigen.

The	tumor	antigen	category	that	was	not	predicted	and	yet	turned	out	to	be	most	frequently	identified,	first	by
mouse	 monoclonal	 antibodies	 and	 later	 by	 antibodies	 and	 T	 cells	 from	 cancer	 patients,	 included	 nonmutated
proteins	that	were	nevertheless	in	some	way	differentially	expressed	between	tumors	and	normal	cells.41	The	most
commonly	identified	were	proteins	that	were	overexpressed	in	cancer	cells	compared	to	normal	cells.	Some	of	the
most	extensively	studied	are	human	epidermal	growth	factor	receptor	2	(HER2)/neu,	mucin	1	(MUC1),	survivin,
human	telomerase	reverse	transcriptase	(hTERT),	Wilms	tumor	1	(WT1),	mesothelin,	cyclin	B1	and	other	cyclins,
and	p53.	Overexpression	could	be	due	to	overproduction	of	the	protein	by	cancer	cells	or	its	accumulation	due	to
changes	 in	 its	 stability.	Antibodies	and	T	cells	against	 these	molecules	preferentially	or	 solely	 recognize	 tumor
cells	versus	normal	cells	 that	carry	 these	same	antigens	but	presumably	below	the	 threshold	 levels	 required	 for
recognition.	In	addition	to	overexpression,	many	of	these	antigens	are	also	posttranslationally	modified	differently
in	tumor	cells	compared	to	normal	cells.	This	can	include	differences	in	glycosylation	(e.g.,	the	hypoglycosylated
tumor	 form	 of	 MUC146),	 phosphorylation	 (e.g.,	 numerous	 tumor-specific	 phosphopeptides	 identified	 through
tandem	mass	spectrometry,47	 including	 those	derived	 from	 the	 insulin	 receptor	 substrate-248),	 and	 citrullination
(e.g.,	 citrullinated	 vimentin49).	 Inasmuch	 as	 cleavage	 of	 proteins	 to	 short	 peptides	 is	 dependent	 on	 where	 the
carbohydrates,	phosphate	groups,	or	citrullines	are	located,	even	the	repertoire	of	unmodified	peptides	is	different
if	they	derive	from	differentially	modified	proteins	in	tumor	cells	compared	to	normal	cells.

The	next	surprising	category	included	differentiation-	or	tissue-	specific	antigens	that	are	not	different	between
tumors	and	their	tissues	of	origin	and	should	be	subject	to	self-tolerance.	This	tolerance	is	apparently	mediated	by
mechanisms	other	than	deletion	of	self-reactive	T	cells	because,	in	the	setting	of	tumor	growth,	immune	responses
against	 these	 molecules	 appear.	 The	 most	 studied	 were	 melanoma	 antigens,	 such	 as	 tyrosinase	 and	 Melan-
A/melanoma	antigen	recognized	by	T	cells	1	(MART-1),	that	are	also	expressed	on	melanocytes.	Not	surprisingly,
induction	of	high	levels	of	antibodies	and	T	cells	directed	to	these	antigens	can	destroy	not	only	melanoma	cells
but	 also	 normal	 melanocytes,	 causing	 autoimmunity	 that	 manifests	 as	 vitiligo.50	 More	 recently,	 antitumor
antibodies	and	T	cells	that	target	B-cell	differentiation	antigens	CD19,	CD20,	CD22,	and	several	others	have	been
used	therapeutically	against	B-cell	lymphomas	that	carry	these	normal	B-cell	differentiation	antigens.51	Targeting
these	 antigens	 results	 in	 the	 elimination	 of	 not	 only	malignant	B	 cells	 but	 also	 normal	B	 cells.	 In	 the	 case	 of
melanoma	 and	B-cell	 lymphomas,	 autoimmunity	 caused	 by	 the	 immune	 response	 against	 tissue	 differentiation
antigens	 that	 are	 not	 significantly	 different	 between	 these	 tumors	 and	 their	 normal	 cell	 counterparts	 can	 be
tolerated	 if	 the	 life	 of	 a	 cancer	 patient	 can	 be	 comfortably	 extended.52	 There	 are	many	 other	 antigens	 in	 this
category,	however,	that	would	be	unacceptable	to	target	with	a	vaccine	or	other	forms	of	immunotherapy	for	fear
of	inducing	lifelong	organ-specific	autoimmunity.

Two	 categories	 of	 nonmutated	 antigens	 that	 are	 safe	 to	 target	with	 immunotherapy	 and	 use	 in	 vaccines	 are
oncofetal	antigens	and	cancer-testis	(CT)	antigens.	Oncofetal	antigens,	as	their	name	implies,	are	molecules	that
are	expressed	on	various	 tissues	during	 fetal	development,	but	 their	expression	 is	 turned	off	 in	 fully	developed
adult	tissues.	Malignant	transformation	of	adult	tissues	can	lead	to	their	reexpression.	The	best-known	examples
are	α-fetoprotein	expressed	by	HCCs53	and	carcinoembryonic	antigen	(CEA)	found	in	colon	cancer	and	several
other	 tumors.54	 CT	 antigens,	 best	 represented	 by	 NY-ESO-1	 and	 the	MAGE	 family	 of	 molecules,	 are	 highly
expressed	in	many	tumors	but	not	in	any	normal	tissues	with	the	exception	of	germ	cells.55

THERAPEUTIC	CANCER	VACCINES	HAVE	SET	THE	STAGE	FOR
PREVENTATIVE	CANCER	VACCINES
Various	tumor	antigen	categories	and	the	majority	of	the	individual	antigens	that	belong	to	them	were	discovered
and	elucidated	at	least	two	decades	ago,	with	several	new	antigens	added	in	intervening	years.	Almost	every	one
of	 them	has	been	considered	a	vaccine	candidate,	 and	a	 large	number	of	 these	vaccines	have	made	 it	 as	 far	 as
clinical	 testing	 in	 phase	 I	 and	 II	 clinical	 trials.	 Because	 most	 tumor-bearing	 patients	 were	 found	 to	 possess
antibodies	and	T	cells	 specific	 for	 these	antigens,	 it	was	assumed	 that	 in	 the	course	of	 tumor	development,	 the
immune	system	did	mount	an	antigen-specific	defense	that	might	have,	for	an	extended	period	of	time,	prevented
the	tumor	from	becoming	a	clinical	disease,	but	eventually,	the	tumor	was	somehow	able	to	eventually	evade	this
defense.	Contemporaneous	studies	in	mouse	models	showed	that	cancer	immune	surveillance	could	have	at	least
three	different	outcomes:	elimination,	equilibrium,	and	escape.56	There	has	been	a	lot	of	new	evidence	that	having
tumor	antigen–specific	 immunity	is	beneficial	even	after	 tumor	escape.	Patients	with	antitumor	immunity	at	 the
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time	 of	 diagnosis	 have	 a	 longer	 time	 to	 recurrence	 compared	 to	 patients	 without	 such	 immunity,	 and,	 in	 rare
instances,	 tumors	 do	 not	 recur	 at	 all.	 Evidence	 of	 an	 immune	 infiltrate	 into	 the	 primary	 tumor,	 in	 particular
activated	T	cells,	has	been	associated	with	 increased	 time	 to	 recurrence	and	 longer	 survival.57	These	 important
observations	 gave	 rise	 to	 the	 idea	 that	 the	 apparently	 failed	 immune	 defense	 could	 be	 strengthened	 with	 a
therapeutic	 vaccine	 targeting	 tumor	 antigens	 in	 order	 to	 more	 frequently	 and	 reproducibly	 achieve	 lack	 of
recurrence	or	prolonged	survival.

With	 the	 exception	 of	 varicella-zoster	 vaccines,	 therapeutic	 vaccines	 had	 not	 been	 successfully	 developed
against	 an	 ongoing	 pathogen	 infection.	 Other	 licensed	 infectious	 disease	 vaccines	 are	 administered	 to	 prevent
initial	infection	or	disease.	The	reason	therapeutic	vaccines	were	even	considered	in	the	setting	of	cancer	was	the
perceived	 “window	of	 opportunity”	 that	 is	 created	 by	 the	 surgical	 removal	 of	 the	 primary	 tumor	 and	 a	 certain
period	of	 time,	often	months	 to	years,	 that	 it	 takes	 for	 the	cancer	 to	 recur.	 It	was	 thought	 that	 this	postsurgical
period	 of	 minimal	 residual	 disease	 would	 be	 an	 opportune	 time	 to	 administer	 vaccines	 and,	 through	 the	 best
possible	choice	of	antigens,	adjuvants,	and	delivery	systems,	assure	stimulation	of	 the	most	effective	antitumor
responses	that	would	destroy	the	remaining	tumor	cells.

The	 tumor	 immunology	 field	 had	 collectively	 decided	 that	 effective	 antitumor	 immunity	 required	 highly
activated	CD8+	cytotoxic	T	cells,	and	thus,	short	peptides	that	bound	most	common	HLA	molecules	on	antigen-
presenting	 cells	 and	 were	 again	 presented	 on	 those	 molecules	 on	 target	 tumor	 cells	 were	 the	 first	 choice	 for
vaccine	antigens	to	stimulate	T	cells.	This	was	followed	by	a	great	variety	of	vaccine	designs,	including	soluble
peptides	and	proteins	 that	were	administered	with	a	variety	of	 adjuvants	or	 loaded	on	dendritic	cells,	viral	 and
bacterial	vectors	encoding	tumor	antigens,	and	VLPs	containing	such	antigens.	Hundreds	of	phase	I	clinical	trials
supported	 by	 data	 from	 numerous	 preclinical	mouse	models	were	 run,	 and	 some	 showed	 encouraging	 enough
results	 to	 proceed	 to	 phase	 II.	 Unfortunately,	 few	 therapeutic	 vaccines	 showed	 sufficient	 immunogenicity	 and
efficacy	 to	warrant	 testing	 in	 a	 randomized	phase	 III	 trial.58,59	Those	 that	 did,	 failed	 to	 reach	 the	 required	 end
points	 for	FDA	approval.	Only	one	 therapeutic	cancer	vaccine,	sipuleucel-T	(Provenge),	was	FDA	approved	 in
2010	 for	 use	 in	 prostate	 cancer	 patients.	 This	 was	 based	 on	 a	 statistically	 significant	 but	 nevertheless	 small
difference	 in	 median	 overall	 survival,	 with	 vaccinated	 patients	 surviving,	 on	 average,	 4	 months	 longer	 than
placebo	controls.60

Immune	responses	induced	by	therapeutic	cancer	vaccines	were	much	lower	than	what	was	expected	based	on
the	experience	with	infectious	disease	vaccines,	the	only	available	reference	point.	This	was	erroneously	attributed
to,	among	other	things,	the	nature	of	the	tumor	antigens	used	in	therapeutic	cancer	vaccines	and	tolerance	to	them
as	 a	 result	 of	 their	 high	 similarity	 to	 self-molecules	 on	normal	 cells.	Although,	 in	 the	 case	of	 a	 few	 ill-chosen
antigens,	 this	 might	 have	 been	 the	 reason,	 the	 critical	 factor	 that	 limited	 the	 immunogenicity	 and	 antitumor
efficacy	 of	most	 therapeutic	 cancer	 vaccines	was	 the	 less	 than	 optimal	 condition	 of	 the	 patient’s	 own	 immune
system.	Evidence	of	immune	suppression	in	cancer	patients	started	to	accumulate	in	the	early	1990s,	just	as	the
first	 cancer	 vaccines	 were	 being	 tested.61,62	 The	 main	 culprits	 were	 considered	 to	 be	 the	 known
immunosuppressive	 effects	 of	 standard	 therapies,	 chemotherapy,	 and	 radiation.	 Vaccines	 were	 usually
administered	after	enough	time	had	passed	from	the	end	of	standard	therapy	to	allow	immune	system	recovery.
Accumulation	of	new	knowledge	that	came	from	detailed	analyses	of	the	many	failed	therapeutic	cancer	vaccine
trials	 revealed	 that	 it	was	not	only	 the	acute	 immunosuppressive	effect	of	standard	 therapy	 that	was	preventing
better	 efficacy	 of	 the	 vaccines	 but	 also	 the	 chronic	 and	 likely	 long-term	 presence	 of	 the	 tumor	 and	 its	 highly
organized	microenvironment	capable	of	suppressing	antitumor	effector	functions.63	The	immune	system	remained
in	the	state	of	immune	suppression	even	after	the	removal	of	the	primary	tumor,	in	part	because	it	had	established
its	own	regulatory	networks	and	in	part	due	to	the	continued	presence	of	tumor	metastases.	This	new	information
effectively	eliminated	the	predicted	“window	of	opportunity”	for	therapeutic	cancer	vaccines.

The	 new	 awareness	 of	 the	 immunosuppressive	 tumor	 microenvironment	 stimulated	 several	 lines	 of
investigation,	 the	 primary	 one	 being	 to	 understand	 the	 specific	 immunosuppressive	 mechanisms.	 Many
mechanisms	 were	 found,	 some	 mediated	 by	 the	 tumor	 via	 the	 production	 of	 soluble	 immunosuppressive
molecules	 such	 as	 indoleamine-2,3-dioxygenase	 (IDO)	 or	 proinflammatory	 and	 immunosuppressive	 cytokines
such	 as	 tumor	 necrosis	 factor	 α	 (TNF-α)	 and	 transforming	 growth	 factor	 β	 (TGF-β)	 or	 expression	 of	 specific
ligands	 for	 receptors	 on	 antitumor	 T	 cells	 that	 send	 inhibitory	 signals	 (programmed	 cell	 death	 protein	 1	 [PD-
1]/programmed	cell	death	protein	ligand	1	[PD-L1]).	Other	suppressive	mechanisms	could	be	ascribed	directly	to
the	accumulation	and	propagation	of	immunosuppressive	immune	cells,	such	as	regulatory	T	cells	(Tregs)64	and
myeloid-derived	 suppressor	 cells	 (MDSC),65	 at	 the	 tumor	 site	 and	 in	 circulation,	 and	 tumor-associated
macrophages	(TAM)66	in	tumors.

Parallel	 lines	of	 investigation	centered	on	 targeting	 these	negative	regulators	 in	 the	 tumor	microenvironment



with	 specific	 drugs.	 By	 far,	 the	 most	 successful	 were	 antibodies	 that	 could	 block	 specific	 receptor-ligand
interactions	 (checkpoints)	 that	 led	 to	 T-cell	 inhibition.	 These	 checkpoint	 inhibitors	 included	 antibodies	 against
cytotoxic	 T-lymphocyte	 antigen	 4	 (CTLA-4),	 PD-1,	 PDL-1,	 and	 several	 other	 inhibitory	 ligands.	 By	 blocking
their	 interaction,	 they	 reverse	 T-cell	 suppression	 and	 allow	 effective	 antitumor	 responses.	 Several	 of	 these
antibodies	have	received	FDA	approval	and	are	now	standard	of	care	for	many	types	of	cancer.67	For	the	first	time
in	 immunotherapy	 and	most	 cancer	 therapies,	 there	 is	 high	 frequency	 of	 durable	 tumor	 regressions,	 the	 large
percentage	of	which	can	already	be	considered	cures.

The	 importance	 of	 checkpoint	 immunotherapy	 for	 therapeutic	 cancer	 vaccines	 is	 the	 possibility	 for	 a
combination	 therapy	 that	 is	 currently	 successful	 in	 animal	models	 and	 beginning	 to	 be	 explored	 in	 the	 clinic.
Therapeutic	 vaccines	 that	 showed	 little	 efficacy	 as	 monotherapy	 might	 help	 improve	 patient	 outcomes	 when
added	to	checkpoint	blockade	therapy	as	a	result	of	the	greatly	expanded	number	of	antigen-specific	T	cells	that
are	again	responsive	to	antigen	stimulation	and	thus	to	a	vaccine	due	to	checkpoint	blockade.

PROPHYLACTIC	VACCINES	FOR	CANCERS	OF	NONINFECTIOUS
ETIOLOGY
Cancer	 vaccines	 have	 always	 been	 considered	 different	 from	 infections	 disease	 vaccines,	 and	 this	 perceived
difference	relegated	them	to	the	arena	of	cancer	therapy	rather	than	prevention.	In	part,	this	was	due	to	the	lack	of
deeper	understanding	of	how	antigens	are	recognized	by	the	immune	system,	especially	by	T	cells.	As	long	as	the
term	antigen	referred	to	a	whole	protein	or	a	glycoprotein,	only	molecules	entirely	foreign	made	by	a	virus	or	a
bacterium	 were	 considered	 safe	 to	 use	 in	 prophylactic	 vaccines.	 Molecules	 made	 by	 a	 tumor	 cell	 were	 not
considered	acceptable	as	they	were	mostly	self.	Eliciting	effective	immunity	to	such	molecules	was	expected	to	be
difficult	 due	 to	 self-tolerance.	 If	 a	 superior	 vaccine	 design	 were	 able	 to	 break	 that	 tolerance,	 the	 result	 was
expected	 to	be	 lifelong	autoimmunity.	This	created	 the	 long-held	perception	 that	 there	would	be	no	antigens	 in
cancers	without	microbial	etiology	suitable	for	prophylactic	vaccines.	However,	as	soon	as	it	became	clear	that	an
antigen	 referred	 only	 to	 a	 small	 piece	 of	 a	 large	 protein,	 a	 short	 peptide	 bound	 in	 MHC	 class	 I	 or	 class	 II
molecules	 presented	 to	 T	 cells	 by	 antigen-presenting	 cells	 and	 recognized	 by	 T	 cells	 on	 tumor	 cells,	 a	 large
universe	of	potential	 candidate	 antigens	opened	up.	As	 soon	as	 the	 focus	changed	 from	molecules	 to	 antigenic
peptide	epitopes	derived	from	these	molecules,	the	difference	between	cancer	vaccines	and	pathogen	vaccines	was
erased.	If	an	epitope,	a	string	of	8	to	10	amino	acids,	is	seen	for	the	first	time	by	CD8+	T	cells,	it	should	make	no
difference	to	that	T	cell	if	the	peptide	was	made	by	a	pathogen	or	by	a	tumor.	Identification	of	a	large	number	of
tumor	antigens	that	contained	epitopes	recognized	by	tumor-specific	T	cells	and	antibodies	showed	that	even	the
number	of	such	epitopes	on	tumor	cells	would	not	be	that	different	from	the	numbers	of	viral	epitopes	on	infected
cells.	Extensive	characterization	of	differences	between	epitopes	in	normal	cells	and	in	tumor	cells	put	forward	a
large	number	of	candidate	antigens	that	could	be	used	to	create	safe	tumor-specific	vaccines.41

Once	tumor	specificity	and	safety	are	shown	in	vitro	and	in	vivo	in	genetically	engineered	animal	models,	the
remaining	requirements	for	an	antigen	to	be	considered	for	a	cancer	prevention	vaccine	are	its	expression	at	the
earliest	 points	 in	 tumor	 development,	 tumor	 dependence	 on	 its	 expression	 for	 sustained	 growth,	 and	 low
likelihood	of	outgrowth	of	antigen-negative	variants	that	can	avoid	the	vaccine-elicited	immunity.	The	last	two	are
also	important	requirements	for	therapeutic	cancer	vaccines,	and	thus,	many	of	the	antigens	used	in	those	vaccines
have	 already	 successfully	 met	 these	 criteria.	 Increased	 emphasis	 is	 also	 beginning	 to	 be	 placed	 on	 molecules
expressed	on	precancerous	lesions.68,69

Shared	mutated	antigens	such	as	KRAS,	which	drives	development	of	many	human	tumors	and	is	mutated	very
early,	 even	 in	 premalignant	 lesions,	 are	 attractive	 tumor-specific	 antigens.	KRAS	 has	 not	 performed	well	 as	 a
therapeutic	vaccine,	but	 it	may	be	the	perfect	antigen	for	 including	in	a	preventative	vaccine.	In	addition	to	the
immunosuppressive	tumor	microenvironment	affecting	the	KRAS	therapeutic	vaccines,	another	problem	was	the
very	 low	 level	 of	 expression	 of	 the	 mutated	 peptides	 on	 the	 tumor	 cell	 surface,	 which	 was	 too	 low	 to	 be
recognized	by	KRAS-specific	T	 cells	 to	 activate	 them	 to	 kill	 the	 tumor.	However,	 in	 the	 setting	of	 prevention
where	 a	 strong	 immune	 response	 and	 immune	memory	 can	 be	 generated,	 even	 low	 levels	 of	 mutated	 KRAS
peptides	on	the	first	few	premalignant	cells	might	be	enough	to	trigger	memory	T	cells	that	require	less	antigen	to
be	activated	and	allow	them	to	eliminate	abnormal	cells	to	prevent	tumor	development.	The	expectation	would	be
that	prophylactic	vaccine-	elicited	KRAS	immunity	would	be	completely	safe	and	directed	in	the	future	only	to
cells	 harboring	 an	 oncogenic	 mutation.	 Other	 shared	 mutations	 or	 gene	 translocations	 that	 predictably	 drive
various	tumor	types	are	also	good	candidates	for	safe	prophylactic	vaccines.
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Next	in	line	as	prophylactic	vaccine	antigen	candidates	are	the	shared	tumor-associated	antigens	that	contain
well-known	 epitopes	 expressed	 differently	 on	 tumor	 cells	 compared	 to	 normal	 cells.	 Good	 examples	 are	 the
extensively	studied	overexpressed	antigens	such	as	HER2/neu,	MUC1,	hTERT,	survivin,	WT1,	and	others	listed
in	Table	36.3.	Several	of	these	have	already	been	shown	to	be	abnormally	expressed	not	only	on	mature	tumors
but	 also	 on	 the	 earliest	 premalignant	 lesions.	 Moreover,	 immune	 responses	 to	 these	 antigens	 are	 found	 in
individuals	 with	 premalignant	 lesions,	 suggesting	 that	 they	 have	 already	 been	 seen	 as	 foreign	 by	 the	 immune
system	and	that	boosting	this	immunity	before	these	lesions	progress	to	cancer	may	lead	to	their	elimination	and
de	 facto	 cancer	 prevention.	 HER2	 vaccines	 have	 been	 very	 effective	 in	 preventing	 spontaneous	 breast	 cancer
development	 in	 HER2	 transgenic	 mice.70	 There	 is	 also	 evidence	 from	 clinical	 trials	 that	 therapeutic	 HER2
vaccines	 have	 increased	 immunogenicity	 and	 efficacy	 in	 very	 early	 stages	 of	 breast	 cancer	 and	 even	 more
convincing	efficacy	in	the	setting	of	ductal	carcinoma	in	situ	(DCIS)	where	they	were	able	to	completely	eliminate
precancerous	lesions.71,72	Similarly,	a	MUC1	vaccine	that	has	had	very	low	immunogenicity	in	advanced	breast,
pancreas,	prostate,	and	colon	cancer	elicited	high	levels	of	immunity	and	long-term	immune	memory	in	patients
with	a	history	of	premalignant	colonic	polyps.73	Importantly,	this	increase	in	immunogenicity	and	efficacy	is	not
accompanied	by	any	toxicities	that	might	signal	potential	autoimmunity.

CT	antigens	and	oncofetal	antigens	have	the	same	potential	to	be	more	immunogenic	in	the	absence	of	cancer
and	safe.	Due	to	the	unique	patterns	of	expression	of	CT	antigens,	vaccine-elicited	immunity	would	be	presented
with	its	target	only	if	a	tumor	starts	to	develop.	Considerable	effort	has	been	expended	in	testing	many	different
CT	antigens	in	therapeutic	vaccines,	but	most	of	them	have	yet	to	be	tested	for	expression	on	precancerous	lesions
or	 in	 preventative	 vaccines.	 Limited	 reports	 show	 expression	 of	 the	 flagship	 CT	 antigen,	 NY-ESO-1,	 on
premalignant	lesions	in	the	oral	cavity,	squamous	dysplasia,	and	DCIS.	This	might	very	well	be	the	first	of	the	CT
antigens	to	be	tested	in	the	clinic	for	cancer	prevention.
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37 Cancer	Screening
Otis	W.	Brawley	and	Howard	L.	Parnes

INTRODUCTION
Cancer	screening	refers	 to	performing	a	 test	or	examination	on	an	asymptomatic	 individual.	The	goal	of	cancer
screening	is	to	prevent	death	and	suffering	from	the	disease	in	question	through	early	therapeutic	intervention.

At	least	four	requirements	must	be	met	for	screening	to	be	efficacious:

1.	 The	disease	burden	is	significant.
2.	 The	natural	history	of	the	disease	is	such	that	a	detectable	preclinical	phase	exists.
3.	 A	test	or	procedure	must	detect	cancers	earlier	than	if	the	cancers	were	detected	as	a	result	of	the

development	of	symptoms.
4.	 Treatment	initiated	earlier	as	a	consequence	of	screening	results	in	an	improved	outcome.

These	requirements	are	necessary	but	not	sufficient	for	the	test	or	procedure	to	be	efficacious.	A	screening	test
is	efficacious	when	it	leads	to	a	decrease	in	cause-specific	mortality.

The	 assumption	 that	 early	 detection	 improves	 outcomes	 can	 be	 traced	 back	 to	 the	 concept	 that	 cancer
inexorably	progresses	in	a	linear	fashion	from	a	small,	localized,	primary	tumor	to	locoregional	spread,	to	distant
metastases,	and	to	death.

Cancer	 screening	 was	 an	 element	 of	 the	 “periodic	 physical	 examination,”	 as	 espoused	 by	 the	 American
Medical	 Association	 in	 the	 1920s.1	 It	 consisted	 of	 palpation	 to	 find	 a	 mass	 or	 enlarged	 lymph	 nodes	 and
auscultation	 to	 find	 a	 rub	 or	 abnormal	 sound.	 Today,	 screening	 has	 grown	 to	 include	 radiologic	 testing,
measurement	of	serum	markers,	and	even	molecular	testing.	A	positive	screening	test	triggers	further	diagnostic
testing,	which	might	lead	to	a	cancer	diagnosis.

The	 intuitive	 appeal	 of	 early	 detection	 accounts	 for	 the	 emphasis	 that	 has	 long	 been	 placed	 on	 screening.
However,	 it	 is	 not	widely	understood	 that	 screening	 tests	 are	 always	 associated	with	 some	harm	 (e.g.,	 anxiety,
financial	costs),	and	invasive	diagnostic	or	therapeutic	procedures	caused	by	a	positive	screening	test	can	actually
cause	substantial	harm.	Because	screening	is,	by	definition,	done	in	healthy	people,	all	early	detection	tests	should
be	carefully	studied	and	their	risk–benefit	ratio	determined	before	they	are	adopted	for	widespread	use.

Screening	 is	 a	 public	 health	 intervention.	 However,	 some	 do	 draw	 a	 distinction	 between	 screening	 an
individual	 within	 the	 doctor–patient	 relationship	 and	 mass	 screening,	 a	 program	 aimed	 at	 screening	 a	 large
population.	 The	 latter	may	 involve	 advertising	 campaigns	 to	 encourage	 people	 to	 be	 screened	 for	 a	 particular
cancer	at	a	shopping	mall,	a	community	center,	or	a	public	event	such	as	state	fair.

Screening	can	be	“opportunistic”	or	“programmatic.”	When	screening	is	opportunistic,	a	patient	sees	a	health-
care	provider	who	chooses	to	screen	or	not	to	screen.	Programmatic	screening	refers	to	a	standardized	approach
with	algorithms	for	screening	and	follow-up	as	well	as	recall	of	patients	for	regular	routine	screening	with	quality
control	measures.	 In	 the	United	States,	 programmatic	 screening	 is	most	 commonly	 seen	 in	 health	maintenance
organizations.	Programmatic	screening	is	usually	more	effective.

PERFORMANCE	CHARACTERISTICS	OF	A	SCREENING	TEST
The	degree	to	which	a	screening	test	can	accurately	discriminate	between	individuals	with	and	without	a	particular
disease	 is	 described	by	 its	 performance	 characteristics.	These	 include	 the	 test’s	 sensitivity,	 specificity,	 positive
predictive	value	(PPV),	and	negative	predictive	value	(NPV)	(Table	37.1).	It	should	be	noted	that	these	measures
relate	 to	 the	 accuracy	 of	 a	 screening	 test;	 they	 do	 not	 provide	 any	 information	 regarding	 a	 test’s	 efficacy	 or
effectiveness.



Sensitivity	 and	 specificity	 are	 usually	 inversely	 related.	 For	 example,	 as	 one	 lowers	 the	 threshold	 for
considering	 a	 serum	 prostate-	 specific	 antigen	 level	 to	 represent	 a	 “positive”	 screen,	 the	 sensitivity	 of	 the	 test
increases	and	more	cancers	will	be	detected.	This	increased	sensitivity	comes	at	the	cost	of	decreased	specificity
(i.e.,	 more	 men	 without	 cancer	 will	 have	 “positive”	 screenings	 tests	 and,	 therefore,	 will	 be	 subjected	 to
unnecessary	diagnostic	procedures).

Some	screening	tests,	such	as	mammograms,	are	more	subjective	and	operator	dependent	than	others.	For	this
reason,	 the	 sensitivity	 and	 specificity	 of	 screening	 mammography	 vary	 among	 radiologists.	 For	 a	 given
radiologist,	 the	 lower	 his	 or	 her	 threshold	 for	 considering	 a	 mammogram	 to	 be	 suspicious,	 the	 higher	 the
sensitivity	and	lower	the	specificity	will	be	for	that	radiologist.	However,	mammography	can	have	both	a	higher
sensitivity	and	higher	specificity	in	the	hands	of	a	more	experienced	versus	a	less	experienced	radiologist.

As	 opposed	 to	 sensitivity	 and	 specificity,	 the	 PPV	 and	 NPV	 of	 a	 screening	 test	 are	 dependent	 on	 disease
prevalence.	 PPV	 is	 also	 highly	 responsive	 to	 small	 increases	 in	 specificity.	 As	 shown	 in	 Table	 37.2,	 given	 a
disease	prevalence	of	5	cases	per	1,000	(0.005),	the	PPV	of	a	hypothetical	screening	test	increases	dramatically	as
specificity	goes	from	95%	to	99.9%	but	only	marginally	as	sensitivity	goes	from	80%	to	95%.	Given	a	disease
prevalence	of	only	1	per	10,000	(0.0001),	the	PPV	of	the	same	test	is	poor	even	at	high	sensitivity	and	specificity.
Screening	mammography	is	a	better	test	(higher	PPV)	for	women	aged	50	to	59	years	than	for	women	aged	40	to
49	years	because	the	prevalence	of	breast	cancer	increases	with	age.

TABLE	37.1
Measures	of	Screening	Performance

	 Disease	Status

Screen	Test	Results Yes No Total

Positive TP FP TP	+	FP

Negative FN TN FN	+	TN

Total TP	+	FN FP	+	TN 	
TP,	true-positive	result;	FP,	false-positive	result;	FN,	false-negative	result;	TN,	true-negative	result.
Sensitivity	is	the	proportion	of	persons	designated	positive	by	the	screening	test	among	all	individuals	who	have	the	disease.

Specificity	 is	 the	 proportion	 of	 persons	 designated	 negative	 by	 the	 screening	 test	 among	 all	 individuals	 who	 do	 not	 have	 the
disease.

Positive	predictive	value	is	the	proportion	of	individuals	with	a	positive	screening	test	who	have	the	disease.

Negative	predictive	value	is	the	proportion	of	individuals	with	a	negative	screening	test	who	do	not	have	the	disease.

TABLE	37.2
Positive	Predictive	Value	Given	Varying	Sensitivity	and	Specificity	and	Prevalence

	 Sensitivity	%

Prevalence	0.005 80 90 95

Specificity	% 95 7 8 9

	 99 29 31 32
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	 99.9 80 82 83

	 Sensitivity	%

Prevalence	0.0001 80 90 95

Specificity	% 95 0.2 0.2 2.0

	 99 0.8 0.9 0.9

	 99.9 0.7 8.0 9.0
Positive	predictive	value	(PPV)	improves	dramatically	 in	response	to	small	changes	in	specificity.	Changes	in	specificity	 influence
PPV	much	more	than	changes	 in	sensitivity.	Note	the	 influence	of	prevalence	on	PPV.	Screening	tests	do	not	perform	as	well	 in
populations	with	a	low	prevalence	of	disease.

ASSESSING	A	SCREENING	TEST
Screening	 is	 subject	 to	 a	 number	 of	 biases	 that	 can	make	 it	 appear	 efficacious	when	 it	 really	 is	 not.	 In	 some
instances,	 the	 biases	 can	 make	 screening	 appear	 efficacious	 when	 it	 actually	 causes	 harm.	 A	 prospective
randomized	clinical	trial	is	needed	to	negate	the	biases	and	adequately	assess	a	screening	intervention.
Lead	time	bias	occurs	when	screening	results	in	an	earlier	diagnosis	than	would	have	occurred	in	the	absence

of	 screening.	 As	 survival	 is	 measured	 from	 the	 time	 of	 diagnosis,	 earlier	 diagnosis,	 by	 definition,	 increases
survival.	Unless	 an	 effective	 intervention	 is	 available,	 lead	 time	bias	has	no	 impact	 on	 the	natural	 history	of	 a
disease	and	death	will	occur	at	the	same	time	it	would	have	in	the	absence	of	early	detection	(Fig.	37.1).

Figure	37.1	Survival	is	the	time	from	cancer	diagnosis	to	death.	A:	Lead	time	bias	occurs	when



screening	results	in	an	earlier	diagnosis.	Without	screening,	a	patient	is	diagnosed	with	cancer	due
to	symptoms.	B:	With	screening,	the	patient	is	often	diagnosed	earlier.	When	screening	and
treatment	do	not	prolong	life,	the	screened	patient	can	have	a	longer	survival	solely	due	to	the

earlier	diagnosis.	The	survival	increase	is	pure	lead	time	bias.	C:	When	screening	and	treatment	are
beneficial,	the	patient	is	diagnosed	before	the	onset	of	symptoms	and	the	patient	lives	beyond	the

point	in	which	death	would	have	occurred	without	screening.

Figure	37.2	Length	bias	and	cancer	screening.	The	red	line	is	indicative	of	a	fast-growing	tumor
that	is	not	amenable	to	regular	screening.	The	blue	line	is	indicative	of	a	fast-growing	tumor	that

can	be	diagnosed	by	screening	or	later	by	symptoms;	death	may	possibly	be	prevented	by	treatment.
The	green	line	is	a	slower	growing	but	potentially	deadly	cancer	that	can	be	detected	by	symptoms
or	several	screenings	and	treated,	possibly	preventing	death.	The	orange	line	is	indicative	of	a	very
slow	growing	tumor	that	would	never	cause	death	and	would	never	need	treatment	despite	being

screen	detected.	This	is	classic	overdiagnosis.

Length	bias	 is	 a	 function	 of	 the	 biologic	 behavior	 of	 a	 cancer.	 Slower	 growing,	 less	 aggressive	 cancers	 are
more	 likely	 to	be	detected	by	a	screening	 test	compared	 to	faster	growing	cancers,	which	are	more	 likely	 to	be
diagnosed	due	to	the	onset	of	symptoms	between	scheduled	screenings	(interval	cancers).	Length	bias	has	an	even
greater	effect	on	survival	statistics	than	lead	time	bias	(Fig.	37.2).
Overdiagnosis	is	an	extreme	form	of	length	bias	and	represents	pure	harm.	It	refers	to	the	detection	of	tumors,

often	 through	 highly	 sensitive	modern	 imaging	modalities	 and	 other	 diagnostic	 tests,	 that	 fulfill	 the	 histologic
criteria	for	malignancy	but	are	not	biologically	destined	to	harm	the	patient	(see	Fig.	37.2).

There	 are	 two	 categories	 of	 overdiagnosis:	 the	 detection	 of	 histologically	 defined	 “cancers”	 not	 destined	 to
metastasize	or	harm	the	patient	and	the	detection	of	cancers	not	destined	to	metastasize	or	cause	harm	in	the	life
span	of	the	specific	patient.	The	importance	of	this	second	category	is	illustrated	by	the	widespread	practice	in	the
United	States	of	screening	elderly	patients	with	limited	life	expectancies	and	who	are	thus	unlikely	to	benefit	from
early	cancer	diagnosis.

Virtually	every	screening	test	 is	a	balance	between	known	harms	and	potential	benefits.	The	most	 important
risk	of	 screening	 is	 the	detection	 and	 subsequent	 treatment	of	 a	 cancer	 that	would	never	have	 come	 to	 clinical
detection	 or	 harmed	 the	 patient	 in	 the	 absence	 of	 screening	 (i.e.,	 overdiagnosis).	 This	 can	 lead	 to	 unnecessary
treatment.	Overdiagnosis	occurs	with	many	malignancies,	including	lung,	breast,	prostate,	renal	cell,	and	thyroid
cancer	and	melanoma.2

Neuroblastoma	 provides	 one	 of	 the	 most	 striking	 examples	 of	 overdiagnosis.3	 Urine	 vanillylmandelic	 acid
(VMA)	testing	is	a	highly	sensitive	screening	test	for	detection	of	this	pediatric	disease.	After	screening	programs
in	Germany,	Japan,	and	Canada	showed	marked	increases	in	the	incidence	of	this	disease	without	a	concomitant
decline	 in	 mortality,	 it	 was	 noticed	 that	 nearby	 areas	 that	 did	 not	 screen	 had	 similar	 death	 rates	 with	 lower
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incidence.3,4	It	is	now	appreciated	that	screen-detected	neuroblastoma	has	a	very	good	prognosis	with	minimal	or
no	treatment.	Many	actually	regress	spontaneously.

Overdiagnosis	 of	 thyroid	 cancer	 is	 also	 common.	 A	 thyroid	 screening	 program	 using	 ultrasound	 was
implemented	in	South	Korea	in	the	mid	1990s.	By	2011,	 the	rate	of	 thyroid	cancer	diagnosis	was	15	times	that
observed	in	1993.	Thyroid	cancer	mortality	rates	continued	to	remain	stable.	The	overwhelming	majority	of	these
tumors	were	less	than	20	mm	in	size.
Stage	shift	(i.e.,	cancer	diagnosis	at	an	earlier	stage	than	would	have	occurred	in	the	absence	of	screening)	is

necessary,	but	not	sufficient,	for	a	screening	test	to	be	efficacious	in	terms	of	reducing	mortality.	Both	lead	time
bias	and	length	bias	contribute	to	this	phenomenon.	Although	it	is	tempting	to	speculate	that	diagnosis	at	an	earlier
stage	must	confer	benefit,	it	is	not	necessarily	the	case.	For	example,	a	substantial	proportion	of	men	treated	with
radical	 prostatectomy	 for	what	 appears	 to	 be	 localized	 prostate	 cancer	 relapse	 after	 undergoing	 surgery	 due	 to
unrecognized	micrometastatic	disease.	Conversely,	some	men	who	are	treated	with	definitive	therapy	would	never
have	gone	on	to	develop	metastatic	disease	in	the	absence	of	treatment.
Selection	bias	occurs	when	enrollees	on	a	clinical	study	differ	from	the	general	population.	In	fact,	people	who

voluntarily	participate	in	clinical	trials	tend	to	be	healthier	than	the	general	population,	perhaps	due	to	a	greater
interest	in	health	and	health-care	research.	Screening	studies	also	tend	to	enroll	individuals	who	are	healthier	than
the	general	population.	This	so-called	healthy	volunteer	effect5,6	can	introduce	a	powerful	bias	if	not	adequately
controlled	for	by	randomization	procedures.

Assessing	Screening	Outcomes
The	primary	goal	of	cancer	screening	is	to	reduce	mortality	from	the	disease	in	question	(a	reduction	in	disease-
specific	mortality).	 Screening	 studies	 generally	 do	 not	 have	 sufficient	 statistical	 power	 to	 assess	 the	 impact	 of
screening	for	a	specific	malignancy	on	overall	mortality.	Lung	cancer	screening	provides	an	exception	to	this	rule
(as	discussed	later	in	this	chapter).	As	discussed	earlier,	the	fact	that	a	screening	test	increases	the	percentage	of
people	 diagnosed	 with	 early-stage	 cancer	 and	 decreases	 the	 percentage	 of	 patients	 diagnosed	 with	 late-stage
cancer	(stage	shift)	is	not	equivalent	to	proof	of	mortality	reduction.	Further,	due	to	the	healthy	volunteer	effect,
case-control	and	cohort	studies	cannot	provide	definitive	evidence	of	mortality	benefit.	Prospective	randomized
clinical	trials	are	required	to	address	this	issue.	In	such	trials,	volunteers	are	randomized	to	be	screened	or	not	and
are	then	followed	over	time	to	determine	if	there	is	a	difference	in	disease-specific	or	overall	mortality.

A	 reduction	 in	mortality	 rate	 or	 in	 the	 risk	 of	 death	 is	 often	 stated	 in	 terms	 of	 relative	 risk.	However,	 this
method	 of	 reporting	 can	 be	 misleading.	 It	 is	 preferable	 to	 report	 both	 the	 relative	 and	 absolute	 reduction	 in
mortality.	For	example,	 the	European	Randomized	Study	of	Screening	for	Prostate	Cancer	(ERSPC)	found	that
screening	 reduced	 the	 relative	 risk	of	 prostate	 cancer	 death	by	20%.	However,	 this	 translates	 into	one	prostate
cancer	 death	 averted	 per	 1,000	 men	 screened	 (5	 prostate	 cancer	 deaths	 per	 1,000	 men	 not	 screened	 versus	 4
prostate	cancer	deaths	per	1,000	men	screened)	and	a	relatively	modest	lifetime	reduction	in	the	absolute	risk	of
prostate	cancer	death	of	only	0.6%	(i.e.,	from	3.0%	to	2.4%).7

A	 reduction	 in	mortality	 as	 demonstrated	 in	 a	 prospective	 randomized	 clinical	 trial	 is	 the	 gold	 standard	 for
demonstrating	 efficacy	 of	 a	 screening	 intervention.	 Even	 prospective,	 randomized	 trials	 can	 have	 serious
methodologic	shortcomings.	For	example,	imbalances	caused	by	flaws	in	the	randomization	scheme	can	prejudice
the	 outcome	 of	 a	 trial.	 Other	 flaws	 include	 so-called	 drop-in,	 also	 known	 as	 contamination,	 in	 which	 some
participants	 on	 the	 control	 arm	get	 the	 intervention.	Patients	 on	 the	 intervention	 arm	may	 also	 drop	out	 of	 the
study.	Both	drop-ins	and	drop-outs	reduce	the	statistical	power	of	a	clinical	trial.	Statistical	power	is	an	estimate
of	a	trial’s	ability	to	find	the	true	answer.

In	 the	 United	 States,	 it	 is	 now	 considered	 standard	 to	 obtain	 informed	 consent	 before	 randomization	 takes
place.	However,	there	are	widely	cited	European	studies	in	breast	and	prostate	cancer	screening	that	randomized
participants	from	rosters	of	eligible	subjects	such	as	census	lists.	In	these	trials,	informed	consent	is	obtained	after
randomization	 and	 only	 among	 those	 randomized	 to	 the	 screening	 arm	 of	 the	 study.	 Those	 randomized	 to	 the
control	 arm	are	not	 contacted	 and,	 indeed,	 do	not	 know	 they	 are	 in	 a	 clinical	 trial.	They	 are	 followed	 through
national	death	 registries.	Although	 these	 studies	are	analyzed	on	an	 intent-to-screen	basis,	 this	method	can	still
introduce	bias.	For	example,	only	patients	on	the	intervention	arm	have	access	to	the	screening	facility	and	staff
for	 counseling	 and	 treatment	 if	 diagnosed,	 and	 those	 in	 the	 control	 group	 are	more	 likely	 to	 be	 treated	 in	 the
community	as	opposed	 to	high-volume	centers	of	excellence.	 In	 the	prostate	cancer	 studies,	men	 in	 the	control
arm	were	 less	 likely	 to	be	 treated	with	surgery	and	more	 likely	 to	be	 treated	with	hormones	alone	compared	to
those	 on	 the	 screened	 arm.	 The	 study	 arms	 also	 tend	 to	 differ	 in	 their	 knowledge	 of	 the	 disease,	 which	may



contribute	to	an	overestimate	of	the	benefits	of	a	screening	test.8
Even	 when	 screening	 has	 a	 net	 mortality	 benefit,	 there	 can	 be	 considerable	 harm.	 Treatment	 can	 cause

emotional	and	physical	morbidity	and	even	death.9	For	example,	 in	a	 randomized	 trial	of	 spiral	 lung	computed
tomography	(CT),	approximately	27,000	current	smokers	and	former	smokers	were	given	three	annual	low-dose
CT	 scans.	 Nearly	 40%	 had	 a	 “positive”	 screening	 CT	 necessitating	 further	 testing.	 Approximately	 1,000
subsequently	 underwent	 invasive	 diagnostic	 procedures,	 and	 16	 deaths	 were	 reported	 within	 60	 days	 of	 the
invasive	procedure.10	It	is	not	known	how	many	of	these	deaths	were	directly	related	to	the	screening.

Efficacy	 is	 best	 thought	of	 as	 “Can	 the	 test	 lead	 to	 interventions	 that	 prevent	deaths?”	Effectiveness	 is	 best
thought	of	in	terms	of	“How	well	does	the	test	work	when	looking	at	large	groups	in	the	real	world?”	The	lung
screening	 study	 cited	 earlier	 shows	 that	 screening	 is	 efficacious	when	done	 in	 30	of	 the	 finest	 hospitals	 in	 the
United	States.	Participants	volunteered	for	the	trial.	Screening	might	not	be	as	effective	when	disseminated	to	a
larger	population	and	clinics	in	the	broader	community.

It	can	be	dangerous	 to	extrapolate	estimates	of	benefit	 from	one	population	 to	another.	 In	particular,	 studies
showing	 that	a	 radiographic	 test	 is	beneficial	 to	average-risk	 individuals	may	not	mean	 that	 it	 is	beneficial	 to	a
population	 at	 high	 risk	 and	 vice	 versa.	 For	 example,	women	 at	 high	 risk	 for	 breast	 cancer	 due	 to	 an	 inherited
mutation	of	a	DNA	repair	gene	such	as	BRCA1	or	BRCA2	may	be	at	higher	risk	for	radiation-induced	cancer	from
mammography	 compared	 to	 the	 general	 population,	 and	 a	 screening	 test	 (e.g.,	 spiral	 lung	 CT)	 shown	 to	 be
efficacious	in	a	high-risk	population	of	heavy	smokers	may	result	in	net	harm	if	applied	to	a	low-	or	average-risk
population.

SCREENING	GUIDELINES	AND	RECOMMENDATIONS
A	 number	 of	 organizations	 develop	 cancer	 screening	 recommendations	 or	 guidelines.	 These	 organizations	 use
varying	methods.	The	National	Academy	of	Medicine	(formerly	known	as	the	Institute	of	Medicine)	has	released
two	 reports	 to	 establish	 standards	 for	 developing	 trustworthy	 clinical	 practice	 guidelines	 and	 conducting
systematic	evidence	reviews	that	serve	as	their	basis.11,12	The	U.S.	Preventive	Services	Task	Force	(USPSTF)	and
the	American	Cancer	 Society	 (ACS)	 are	 two	 organizations	 that	 issue	widely	 used	 cancer	 guidelines.	Both	 use
methods	that	comply	with	National	Academy	of	Medicine	standards.

The	 USPSTF	 is	 a	 panel	 of	 experts	 in	 prevention	 and	 evidence-	 based	 medicine.13	 They	 are	 primary	 care
providers	 specializing	 in	 internal	medicine,	 pediatrics,	 family	practice,	 gynecology	 and	obstetrics,	 nursing,	 and
health	behavior.	The	task	force	process	begins	by	conducting	an	extensive	structured	scientific	evidence	review.
The	task	force	then	develops	recommendations	for	primary	care	clinicians	and	health-care	systems.	They	adhere
to	 some	 of	 the	 highest	 standards	 for	 recommending	 a	 screening	 test.	 They	 are	 very	much	 concerned	with	 the
question,	“Does	the	evidence	supporting	a	screening	test	demonstrate	that	the	benefits	outweigh	its	harms?”

The	 ACS	 guidelines	 date	 back	 to	 the	 1970s.	 The	 current	 process	 for	 making	 guidelines	 involves
commissioning	academics	to	do	an	independent	systematic	evidence	review.	A	single	generalist	group	digests	the
evidence	review,	 listens	 to	public	 input,	and	writes	 the	guidelines.	The	ACS	panel	 tries	 to	clearly	articulate	 the
benefits,	limitations,	and	harms	associated	with	a	screening	test.14

BREAST	CANCER	SCREENING
Mammography,	 clinical	 breast	 examination	 (CBE)	 by	 a	 health-care	 provider,	 and	 breast	 self-examination	 have
long	been	advocated	 for	 the	 early	detection	of	breast	 cancer.15	 In	 recent	years,	 ultrasound,	magnetic	 resonance
imaging	(MRI),	and	other	technologies	have	been	added	to	the	list	of	proposed	screening	modalities.

Mammographic	 screening	was	 first	 advocated	 in	 the	1950s.	The	Health	 Insurance	Plan	 (HIP)	 study	was	 the
first	prospective,	randomized	clinical	trial	to	formally	assess	its	value	in	reducing	death	from	breast	cancer.	In	this
study,	started	in	1963,	approximately	61,000	women	were	randomized	to	three	annual	mammograms	with	CBE
versus	 no	 screening,	 the	 standard	 practice	 at	 that	 time.	HIP	 first	 reported	 that	 the	 three	mammograms	 reduced
breast	 cancer	mortality	 by	 30%	 at	 about	 10	 years	 after	 study	 entry.	With	 18	 years	 of	 follow-up,	 those	 in	 the
screening	arm	had	a	25%	lower	breast	cancer	mortality	rate.15

Nine	additional	prospective	randomized	studies	have	been	published	(Table	37.3).	These	studies	provide	 the
basis	 for	 the	 current	 consensus	 that	 screening	women	40	 to	 75	 years	 of	 age	 reduces	 the	 relative	 risk	 of	 breast
cancer	death	by	10%	to	25%.	Collectively,	the	studies	do	demonstrate	that	the	risk–benefit	ratio	is	more	favorable
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for	women	 aged	 60	 to	 69	 years	 versus	 those	 aged	 50	 to	 59	 years.	Mammography	 has	 also	 been	 shown	 to	 be
operator	 dependent,	with	 better	 performance	 characteristics	 (higher	 sensitivity	 and	 specificity	 and	 lower	 false-
positive	rates)	reported	by	high-volume	centers.

It	 is	 important	 to	note	 that	each	of	 these	 studies	has	 some	 flaws	and	 limitations.	They	vary	 in	 the	questions
asked	and	their	findings.	In	some,	randomization	methods	were	suboptimal,	others	reported	varying	numbers	of
participants	over	 the	years,	and	still	others	had	substantial	contamination	 (drop-ins).	Perhaps	more	 importantly,
most	trials	were	started	and	concluded	before	the	widespread	use	of	more	advanced	mammographic	technology,
before	the	modern	era	of	adjuvant	therapy,	and	before	the	advent	of	targeted	therapy.

To	date,	no	study	has	shown	that	breast	self-examination	(BSE)	decreases	mortality.	BSE	has	been	studied	in
two	large	randomized	trials.	In	one,	approximately	266,000	Chinese	women	were	randomized	to	receive	intensive
BSE	instruction	with	reinforcements	and	reminders	compared	to	a	control	group	receiving	no	instruction	on	BSE.
At	10	years	of	follow-up,	there	was	no	difference	in	mortality,	but	the	intervention	arm	had	a	significantly	higher
numbers	of	diagnosed	benign	breast	lesions	and	breast	biopsies	preformed.	In	the	second	study,	124,000	Russian
women	were	randomized	to	monthly	BSE	versus	no	BSE.	There	was	no	difference	in	mortality	rates,	despite	the
BSE	group	having	a	higher	proportion	of	early-stage	tumors	and	a	significant	increase	in	the	proportion	of	cancer
patients	surviving	15	years	after	diagnosis.

TABLE	37.3
The	Prospective	Randomized	Controlled	Trials	of	Breast	Cancer	Screening

	
Breast	Cancer
Death	(n) Person-Years	(n)

Trial Year
Age
Group

Follow-
up
(years) Screen Control Screen Control RR

95%
CI

HIP15,167 1963 40–60 18 180 236 483,275 487,164 0.77 0.63–
0.93

MMST1168 1976 45–69 19 161 198 360,000 362,000 0.82 0.66–
1.01

Two
county25,169,170,171

1977 40–49 29 351 367 1,632,492 1,200,887 0.70 0.61–
0.81

Edinburgh172 1979 45–64 14 156 167 301,155 276,363 0.86 0.69–
1.07

CNBSS-1	and
CNBSS-224,173

1980 40–59 25 180 171 968,676 968,432 1.05 0.85–
1.30

Stockholm174 1981 40–64 11 66 45 473,153 239,460 0.74 0.51–
1.08

Gothenburg175 1982 39–59 10 63 112 237,963 324,895 0.77 0.56–
1.05

United	Kingdom
Age	Trial176,177

1991 40–41 17 83 219 532,747 1,058,322 0.75 0.58–
0.97

HIP,	 Health	 Insurance	 Plan;	 MMST1,	 Malmö	 Mammographic	 Screening	 Trial	 1;	 CNBSS,	 Canadian	 National	 Breast	 Screening
Study.

There	is	little	evidence	to	support	the	use	of	ultrasound	as	an	initial	screening	test.	Ultrasonography	is	used	in
the	diagnostic	evaluation	of	a	breast	mass	identified	by	palpation	or	mammography.16

MRI	is	used	for	screening	women	with	elevated	breast	cancer	risk	due	to	BRCA1	and	BRCA2	mutations,	Li-
Fraumeni	 syndrome,	Cowden	disease,	or	a	very	strong	 family	history.	MRI	 is	more	sensitive,	but	 less	 specific,
than	mammography,	leading	to	a	high	false-positive	rate	and	more	unnecessary	biopsies,	especially	among	young
women.17	The	impact	of	MRI	breast	screening	on	breast	cancer	mortality	has	not	yet	been	determined.



Effectiveness	of	Breast	Cancer	Screening
Breast	cancer	 screening	was	associated	with	a	dramatic	 increase	 in	 the	 incidence	of	 invasive	breast	 cancer	and
ductal	carcinoma	in	situ.	At	 the	same	 time,	 there	has	been	a	dramatic	decrease	 in	breast	cancer	mortality	 rates.
However,	in	the	United	States	and	Europe,	incidence-by-stage	data	show	a	dramatic	increase	in	the	proportion	of
early-stage	 cancers	without	 a	 concomitant	decrease	 in	 the	 incidence	of	 regional	 and	metastatic	 cancers.8	 These
findings	are	at	odds	with	the	clinical	trials	data	and	raise	questions	regarding	the	extent	to	which	early	diagnosis	is
responsible	for	declining	breast	cancer	mortality	rates.18

The	discrepancy	between	the	magnitude	of	the	increase	of	early	disease	and	the	decrease	of	late-stage	cancer
and	 cancer	 mortality	 suggests	 that	 a	 proportion	 of	 invasive	 breast	 cancers	 diagnosed	 by	 screening	 represents
overdiagnosis.	 Some	 estimate	 that	 up	 to	 50%	 of	 breast	 cancers	 detected	 by	 screening	 mammography	 are
overdiagnosed	 cancers.	 In	 an	 exhaustive	 review	 of	 the	 screening	 literature,	 a	 panel	 of	 experts	 concluded	 that
overdiagnosis	does	exist	and	estimated	it	to	be	11%	to	19%	of	invasive	breast	cancers	diagnosed	by	screening.19
The	 risk	 of	 overdiagnosis	 is	 greatest	 at	 the	 first	 screen	 and	 varies	 with	 patient	 age,	 tumor	 type,	 and	 grade	 of
disease.2

Although	 randomized	 clinical	 trials	 remain	 the	 gold	 standard	 for	 assessing	 the	 benefits	 of	 a	 clinical
intervention,	 they	cannot	 take	into	account	 the	improvements	 in	both	treatment	and	patient	awareness	that	have
occurred	over	time.	A	confounding	factor	with	regard	to	the	mortality	benefits	of	breast	cancer	screening	is	 the
improvement	 that	 has	 occurred	 in	 breast	 cancer	 treatment	 over	 time.	 Observational	 and	modeling	 studies	 can
provide	 important,	 complementary	 information.	 The	 Cancer	 Intervention	 and	 Surveillance	 Modeling	 Network
(CISNET)	supported	by	the	National	Cancer	Institute	(NCI)	has	estimated	that	two-thirds	of	the	observed	breast
cancer	mortality	reduction	is	attributable	to	modern	therapy,	and	about	a	third	is	due	to	screening.20,21

Mammography,	like	all	screening	tests,	is	more	efficient	(higher	PPV)	for	detection	of	disease	in	populations
with	higher	disease	prevalence	(see	Table	37.2).	Experts	agree	that	large-scale	screening	is	inappropriate	among
women	 younger	 than	 40	 years	 because	 of	 its	 low	 prevalence.	 Experts	 disagree	 about	 the	 utility	 of	 screening
women	 in	 their	 40s,	 even	 though	most	 conclude	 that	 regular	mammography	 reduces	breast	 cancer	mortality	 in
women	aged	40	to	74	years,	with	the	benefits	being	most	significant	for	women	aged	50	to	74	years.22

Mammography	is	less	optimal	in	women	aged	40	to	49	years	compared	to	older	women	because:

Younger	women	have	a	lower	incidence	of	the	disease,	meaning	they	are	less	likely	to	have	breast	cancer
compared	to	older	women.
A	larger	proportion	have	increased	breast	density,	which	can	obscure	lesions	(lower	sensitivity).
Younger	women	are	more	likely	to	develop	aggressive,	fast-growing	breast	cancers	that	are	diagnosed	due	to
symptoms	between	regular	screening	visits.23

In	the	HIP	randomized	controlled	trial,	women	who	entered	at	aged	40	to	49	years	had	a	mortality	benefit	at	18
years	of	follow-up.	However,	to	a	large	extent,	the	mortality	benefit	was	driven	by	breast	cancers	diagnosed	after
they	reached	age	50	years.15	The	Canadian	screening	trial	suggests	mammography	and	CBE	do	not	decrease	risk
of	 death	 for	women	 aged	 40	 to	 49	 years	 and	mammography	 adds	 nothing	 to	 CBE	 for	women	 aged	 50	 to	 59
years.24	On	 the	other	 extreme,	 the	Kopparberg	Sweden	 study	 suggests	 that	mammography	 is	 associated	with	 a
32%	reduction	in	risk	of	death	for	women	aged	40	to	74	years.25

A	USPSTF	meta-analysis	 of	 eight	 large	 randomized	 trials	 suggested	 a	 15%	 relative	 reduction	 in	 mortality
(relative	risk	[RR],	0.85;	95%	confidence	 interval	 [CI],	0.75	 to	0.96)	as	a	 result	of	mammography	screening	 in
women	aged	40	to	49	years	after	11	to	20	years	of	follow-up.	This	is	equivalent	to	a	number	needed	to	invite	to
screening	of	1,904	over	10	years	to	prevent	one	breast	cancer	death.26

The	decision	to	participate	in	a	mammography	screening	program	should	involve	a	balancing	of	the	benefits
and	 harms.	 The	 disadvantages	 of	 mammography	 screening	 include	 overdiagnosis,	 false-positive	 tests,	 false-
negative	tests,	and	the	possibility	of	radiation-induced	breast	cancer.

False-positive	screening	tests	lead	to	substantial	inconvenience	and	anxiety	in	addition	to	unnecessary	invasive
biopsies	with	their	attendant	complications.	In	the	United	States,	approximately	10%	of	all	women	screened	for
breast	cancer	are	called	back	for	additional	testing,	and	less	than	half	will	be	diagnosed	with	breast	cancer.	The
risk	of	a	false-positive	mammogram	is	greater	for	women	younger	than	50	years.27	Indeed,	among	women	aged	40
years	starting	annual	mammography,	more	than	half	will	have	a	false-positive	exam	by	age	49	years.

In	an	effort	to	decrease	the	false-positive	rate,	some	have	suggested	screening	every	2	years	rather	than	yearly.
Comparing	 biennial	 with	 annual	 screening,	 the	 CISNET	 model	 consistently	 shows	 that	 biennial	 screening	 of
women	aged	40	to	70	years	only	marginally	decreases	the	number	of	lives	saved	while	halving	the	false-positive
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rate.23	 Notably,	 the	 Swedish	 two-county	 trial,	 which	 had	 a	 planned	 24-month	 screening	 interval	 (the	 actual
average	 interval	was	 33	months),	 reported	 one	 of	 the	 greatest	 reductions	 in	 breast	 cancer	mortality	 among	 the
randomized	clinical	trials	conducted	to	date.

False-negative	tests	delay	diagnosis	and	provide	false	reassurance.	They	are	more	common	in	younger	women
and	in	women	with	dense	breasts.28,29	Certain	histologic	subtypes	are	also	more	difficult	to	see	on	mammogram.
Mucinous	and	lobular	tumors	and	rapidly	growing	tumors	tend	to	blend	in	with	normal	breast	architecture.30

A	typical	screening	mammogram	provides	approximately	4	mSv	of	radiation.	It	has	been	estimated	that	annual
mammography	will	cause	up	to	one	breast	cancer	per	1,000	women	screened	from	age	40	to	80	years.	Radiation
exposure	at	younger	ages	causes	a	greater	 risk	of	breast	 cancer.31	There	 is	 also	 concern	 that	 ionizing	 radiation
from	mammography	might	disproportionately	increase	the	breast	cancer	risk	for	women	with	certain	BRCA1	 or
BRCA2	mutations,	as	these	mutations	are	related	to	DNA	repair.32

Screening	Women	at	Higher	Risk
There	is	interest	in	creating	risk	profiles	as	a	way	of	reducing	the	inconveniences	and	harms	of	screening.	It	might
be	possible	to	identify	women	who	are	at	greater	risk	of	breast	cancer	and	refocus	screening	efforts	on	those	most
likely	to	benefit.

Risk	factors	for	breast	cancer	include	the	following:

Extremely	dense	breasts	on	mammography	or	a	first-degree	relative	with	breast	cancer	are	each	associated
with	at	least	a	twofold	increase	in	breast	cancer	risk.
Prior	benign	breast	biopsy,	second-degree	relatives	with	breast	cancer,	and	heterogeneously	dense	breasts	are
each	associated	with	a	1.5-	to	2.0-fold	increase	in	risk.
Current	oral	contraceptive	use,	nulliparity	older	than	age	30	years,	or	age	at	first	birth	of	30	years	or	older	is
associated	with	a	1-	to	1.5-fold	increase	in	risk.33

Importantly,	 these	are	 risk	 factors	 for	breast	cancer	diagnosis,	not	breast	cancer	mortality.	Few	studies	have
assessed	 the	 association	 between	 these	 factors	 and	 death	 from	 breast	 cancer;	 indeed,	 reproductive	 factors	 and
breast	density	have	been	shown	to	have	limited	influence	on	breast	cancer	mortality.34,35

Genetic	screening	for	BRCA1	and	BRCA2	mutations	and	other	markers	has	identified	a	group	of	women	at	high
risk	for	breast	cancer.	Unfortunately,	when	to	begin	and	the	optimal	frequency	of	screening	have	not	been	defined.
Mammography	 is	 less	 sensitive	 at	 detecting	 breast	 cancers	 in	women	 carrying	BRCA1	 and	BRCA2	mutations,
possibly	because	such	cancers	occur	in	younger	women,	in	whom	mammography	is	known	to	be	less	sensitive.

MRI	screening	is	more	sensitive	than	mammography	in	women	at	high	risk,	but	specificity	is	lower.	As	noted
earlier,	MRI	is	associated	with	both	an	increase	in	false-positive	results	and	an	increase	in	the	detection	of	smaller
cancers,	which	are	more	likely	to	be	biologically	indolent.	The	impact	of	MRI	on	breast	cancer	mortality	with	or
without	concomitant	use	of	mammography	has	not	been	evaluated	in	a	randomized	controlled	trial.

It	is	well	established	that	mammogram	sensitivity	is	lower	in	women	with	heterogeneously	dense	or	very	dense
breasts.23,34	Density	obscures	the	interpretation	of	the	x-ray.	At	this	time,	there	are	no	clear	guidelines	regarding
whether	or	how	screening	algorithms	should	take	breast	density	into	account.	It	has	yet	to	be	determined	whether
supplemental	 imaging	 reduces	 breast	 cancer	 mortality	 in	 women	 with	 increased	 breast	 density.	 Although	 it
continues	to	be	strongly	advocated	by	some,	systematic	reviews	have	concluded	that	the	evidence	is	insufficient	to
recommend	for	or	against	this	approach.36	There	are	also	a	number	of	barriers	to	supplemental	imaging,	including
inconsistent	 insurance	 coverage,	 lack	 of	 availability	 in	 many	 communities,	 concerns	 about	 cost-effectiveness,
particularly	regarding	MRI,	and	the	increased	false-positive	rate	associated	with	supplemental	imaging	leading	to
unnecessary	biopsies.37

The	American	College	of	Radiology	 Imaging	Network	 (ACRIN)/NCI	666	 trial	 assessed	mammography	and
breast	ultrasound	screening	women	with	increased	breast	density,	and	if	either	test	was	positive,	the	patient	was
referred	for	breast	biopsy.38	The	 radiologists	performing	 the	ultrasounds	were	not	aware	of	 the	mammographic
findings.	 Mammography	 detected	 7.6	 cancers	 per	 1,000	 women	 screened;	 ultrasound	 increased	 the	 cancer
detection	 rate	 to	11.8	per	1,000.	However,	 the	PPV	for	mammography	alone	was	22.6%,	whereas	 the	PPV	for
mammography	with	ultrasound	was	only	11.2%.

Newer	Screening	Technologies
Newer	 technologies	 may	 improve	 screening	 accuracy	 for	 women	 with	 dense	 breasts.	 Full-field	 digital



mammography	 (FFDM)	 produces	 a	 flat	 two-dimensional	 image.	 It	 appears	 to	 result	 in	 less	 false	 positives
compared	 to	 conventional	 mammography.	 This	 could	 reduce	 the	 number	 of	 women	 needing	 supplemental
imaging	and	biopsies.27	Digital	breast	tomosynthesis	(DBT)	uses	x-rays	and	a	digital	detector	to	generate	cross-
sectional	images	of	the	breasts.	Data	are	limited,	but	compared	to	mammogram,	DBT	appears	to	offer	increased
sensitivity	and	a	reduction	in	the	recall	rates.39

The	 Tomosynthesis	 Mammographic	 Imaging	 Screening	 Trial	 is	 an	 ongoing	 NCI-sponsored	 randomized
prospective	 screening	 trial	 comparing	 the	 diagnostic	 accuracy	 of	 screening	 for	 breast	 cancer	 with	 three-
dimensional	DBT	plus	two-dimensional	FFDM	versus	FFDM	alone.	It	is	powered	to	determine	if	DBT	is	superior
to	FFDM	in	reducing	the	rate	of	advanced	cancer.

Molecular	breast	imaging	is	a	technique	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	but	not	in
widespread	 use.40	 It	 uses	 intravenous	 99mTc-sestamibi	 and	 gamma	 cameras	 to	 image	 the	 breast.	 It	 is	 very
promising	 as	 an	 adjunct	 to	 mammography	 and	 could	 be	 a	 replacement.	 It	 may	 be	 better	 for	 screening	 dense
breasts.	Note	 that	because	 it	 is	a	nuclear	medicine	 image,	 it	shows	cellular	metabolism	as	opposed	 to	structure,
which	is	shown	by	x-ray	and	MRI	imaging.

Abbreviated	(fast)	MRI	 takes	3	 to	5	minutes	 to	 image	 the	breast.41	 It	 is	more	feasible,	 less	costly,	and	more
accessible	than	conventional	MRI	of	the	breast.

Ductal	Carcinoma	In	Situ
The	incidence	of	noninvasive	ductal	carcinoma	in	situ	(DCIS)	has	increased	more	than	fivefold	since	1970	as	a
direct	consequence	of	widespread	screening	mammography.42	DCIS	is	a	heterogeneous	condition	with	low-	and
intermediate-grade	 lesions	 taking	 decades	 to	 progress	 if	 they	 progress	 at	 all.	 Clinical	 trials	 are	 using	 genomic
analysis	in	an	attempt	to	predict	those	that	can	be	observed	versus	those	that	need	aggressive	treatment.

Outside	of	a	clinical	trial,	women	with	DCIS	are	uniformly	subjected	to	treatment,	even	though	there	is	little
evidence	that	early	detection	and	aggressive	treatment	of	low-	and	intermediate-grade	DCIS	reduces	breast	cancer
mortality.	The	standard	of	care	for	all	grades	of	DCIS	is	lumpectomy	with	radiation	or	mastectomy,	followed	by
tamoxifen	for	5	years.	Interestingly,	patterns	of	care	studies	indicate	that	mastectomy	rates	are	increasing	and	that
women	 are	more	 often	 choosing	 double	mastectomy	 for	 treatment	 of	DCIS.43,44	Genomic	 characterization	will
hopefully	lead	to	the	identification	of	a	subset	of	noninvasive	cancers	that	can	be	treated	less	aggressively	or	even
observed.

Breast	Screening	Recommendations
The	ACS	breast	cancer	screening	guideline	for	women	at	average	risk	states	the	following:

Women	should	undergo	regular	screening	mammography	starting	at	age	45	years.
Women	aged	45	to	54	years	should	be	screened	annually.
Women	should	have	the	opportunity	to	begin	annual	screening	between	the	ages	of	40	and	44	years.
Women	aged	55	years	and	older	should	transition	to	biennial	screening	or	have	the	opportunity	to	continue
screening	annually.
Women	should	continue	screening	mammography	as	long	as	their	overall	health	is	good	and	they	have	a	life
expectancy	of	10	years.

The	ACS	does	not	recommend	CBE	or	BSE	because	of	the	paucity	of	data	supporting	them.
The	 USPSTF,	 the	 American	 College	 of	 Physicians,	 and	 the	 Canadian	 Task	 Force	 on	 Periodic	 Health

Examination	recommend	routine	biennial	screening	beginning	at	age	50	years.26,45,46	For	women	aged	40	to	49
years,	 these	groups	advise	physicians	enter	 into	a	discussion	with	 the	patient.	The	physician	and	patient	should
take	 into	 account	 individual	 risks	 and	 concerns	 before	 deciding	 to	 screen.	 The	USPSTF	 statement	 specifically
states	the	following:	“The	decision	to	start	screening	mammography	in	women	prior	to	age	50	years	should	be	an
individual	one.	Women	who	place	a	higher	value	on	the	potential	benefit	compared	to	potential	harms	may	choose
to	begin	biennial	screening	between	the	ages	of	40	and	49	years.”

Screening	 is	 best	 offered	 in	 an	 organized	 screening	 program	 with	 quality	 assurance.47	 Women	 should	 be
informed	of	the	benefits,	limitations,	and	harms	associated	with	breast	cancer	screening.	Mammography	will	not
detect	 all	 breast	 cancers;	 some	breast	 cancers	detected	with	mammography	may	 still	 have	poor	prognosis.	The
harms	 associated	 with	 breast	 cancer	 screening	 also	 include	 the	 potential	 for	 false-positive	 results,	 causing
substantial	anxiety.	When	abnormal	findings	cannot	be	resolved	with	additional	imaging,	a	biopsy	is	required	to
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rule	out	the	possibility	of	breast	cancer.	The	majority	of	biopsies	are	benign.	Finally,	some	breast	cancers	detected
by	mammography	may	be	biologically	 indolent,	meaning	 they	would	not	have	 caused	 a	problem	or	have	been
detected	in	a	woman’s	lifetime	had	she	not	undergone	mammography.

The	 ACS	 has	 issued	 guidelines	 for	 women	 at	 high	 risk.	 Annual	 screening	 with	 mammography	 and	 MRI
starting	at	age	30	years	is	recommended	for	women	who

Are	known	or	likely	carriers	of	a	BRCA	mutation
Have	another	high-risk	genetic	syndrome	(e.g.,	Cowden	syndrome,	Li-Fraumeni	syndrome,	Peutz-Jeghers
syndrome,	ataxia-telangiectasia)
Have	been	treated	with	radiation	to	the	chest	for	Hodgkin	disease
Have	an	approximately	20%	to	25%	or	greater	lifetime	risk	of	breast	cancer	based	on	specialized	breast
cancer	risk	estimation	models48

GASTROINTESTINAL	TRACT	CANCERS
Colon	Cancer	Screening
Colorectal	cancer	 screening	 involves	either	 stool	 testing	 for	blood	or	DNA	associated	with	polyps	or	cancer	or
structural	examinations	looking	for	polyps	or	early	cancers.	Screening	with	the	rigid	sigmoidoscope	dates	back	to
the	late	1960s.	The	desire	to	examine	the	entire	colon	led	to	the	use	of	barium	enema	and	development	of	fecal
occult	blood	tests	(FOBTs).	With	the	development	of	fiber	optics,	flexible	sigmoidoscopy	and,	later,	colonoscopy
were	employed.	Today,	FOBT,	stool	DNA	testing,	 flexible	sigmoidoscopy,	colonoscopy,	and	CT	colonography
and	occasionally	barium	enema	are	all	used	in	colorectal	cancer	screening.49	MRI	colonoscopy	is	in	development.

Screening	examination	of	the	colon	and	rectum	can	not	only	find	cancer	early	but	can	also	find	precancerous
polyps.	Randomized	 trials	 have	demonstrated	 that	 endoscopic	 polypectomy	 reduces	 the	 incidence	of	 colorectal
cancer	by	about	20%.50–52
FOBT	was	the	first	colorectal	screening	test	studied	in	a	prospective	randomized	clinical	trial.	The	Minnesota

Colon	Cancer	Control	Study	randomized	46,551	adults	to	one	of	three	arms:	annual	FOBT,	biennial	screening,	or
usual	care.	A	rehydrated	guaiac	test	was	used.	With	13	years	of	follow-up,	the	annual	screened	arm	had	a	33%
relative	reduction	in	colorectal	cancer	mortality	compared	to	the	usual	care	group.53	At	18	years	of	follow-up,	the
biennially	screened	group	had	a	21%	reduction	 in	colorectal	cancer	mortality.54	This	 study	would	subsequently
show	 that	 annual	 stool	 blood	 testing	was	 associated	with	 a	 20%	 reduction	 in	 colon	 cancer	 incidence.50	 These
results	 were	 confirmed	 by	 two	 other	 randomized	 trials.55,56	 A	 reduction	 in	 colon	 cancer–specific	 mortality
persisted	in	the	Minnesota	trial	through	30	years	of	follow-up.	Overall	mortality	was	not	affected.

Rehydration	 increases	 the	 sensitivity	 of	 FOBT	 at	 the	 expense	 of	 lowering	 specificity.57	 Indeed,	 rehydrated
specimens	have	a	very	high	false-positive	rate.	Overall,	1%	to	5%	of	FOBTs	are	positive,	but	only	2%	to	10%	of
patients	with	positive	tests	have	cancer.
Fecal	 immunochemical	 tests	 (FIT)	 are	 stool	 tests	 that	 react	 to	 human	 hemoglobin	 and	 do	 not	 react	 to

hemoglobin	in	dietary	products.	They	appear	to	have	higher	sensitivity	and	specificity	for	colorectal	cancer	when
compared	to	nonrehydrated	FOBT	tests.58
Fecal	DNA	testing	is	an	emerging	modality.	These	tests	look	for	DNA	sequences	specific	to	colorectal	polyps

and	colorectal	cancer.	They	may	have	increased	sensitivity	and	specificity	compared	to	FOBT.	The	one	currently
marketed	stool	DNA	test	incorporates	FIT.
Flexible	sigmoidoscopy	is,	of	course,	limited	to	examination	of	the	rectum	and	sigmoid	colon.	It	is	estimated

that	 flexible	 sigmoidoscopy	can	 find	60%	 to	80%	of	 cancers	 and	polyps	 found	by	 colonoscopy.	A	prospective
randomized	 trial	 of	 once-only	 flexible	 sigmoidoscopy	 demonstrated	 a	 23%	 reduction	 in	 colorectal	 cancer
incidence	 and	 a	 31%	 reduction	 in	 colorectal	 cancer	mortality	 after	 a	median	 follow-up	 of	 11.2	 years.59	 In	 the
NCI’s	 Prostate,	 Lung,	Colorectal,	 and	Ovarian	Cancer	 Screening	Trial	 (PLCO),	 there	was	 a	 21%	 reduction	 in
colorectal	cancer	incidence	and	a	26%	reduction	in	colorectal	cancer	mortality	with	two	sigmoidoscopies	done	3
to	5	years	apart	compared	with	the	usual	care	group	after	a	median	follow-up	of	11.9	years.52	In	both	studies,	there
was	no	effect	on	proximal	(i.e.,	right	and	transverse	colon)	lesions	due	to	the	limited	reach	of	the	scope.60

In	 two	 meta-analyses	 of	 five	 randomized	 controlled	 trials	 of	 sigmoidoscopy,	 there	 was	 an	 18%	 relative
reduction	 in	 colorectal	 cancer	 incidence	 and	 a	 28%	 relative	 reduction	 in	 colorectal	 cancer	 mortality.61,62
Participants	ranged	in	age	from	50	to	74	years.	Follow-up	ranged	from	6	to	13	years.



Colonoscopy	has	become	 the	preferred	screening	method	 in	 the	United	States,	 although	 there	have	been	no
prospective,	randomized	trials	of	colonoscopy	screening.	One	can	also	make	the	argument	that	the	sigmoidoscopy
studies	indirectly	support	the	efficacy	of	colonoscopy	screening,	although	it	can	also	be	argued	that	embryologic
and	 epidemiologic	 evidence	 indicates	 that	 the	 right	 and	 left	 colon	 are	 biologically	 distinct	 and,	 therefore,	 the
mortality	benefits	from	sigmoidoscopy	do	not	constitute	proof	that	colonoscopy	would	similarly	reduce	mortality
from	 proximal	 colon	 lesions.	 A	 positive	 FOBT,	 FIT,	 fecal	 DNA	 test,	 or	 sigmoidoscopy	warrants	 a	 follow-up
diagnostic	 colonoscopy.	 Perhaps,	 the	 best	 support	 for	 colonoscopy	 screening	 is	 indirect	 evidence	 from	 the
Minnesota	Colon	Cancer	Control	Study,	which	required	that	all	participants	with	a	positive	stool	blood	test	have
diagnostic	 imaging	 of	 the	 entire	 colon.	 In	 the	 Minnesota	 study,	 more	 than	 40%	 of	 those	 screened	 annually
eventually	received	a	colonoscopy.

Quality	 of	 the	 colonoscopic	 examination	 is	 an	 issue.	 In	 studies	 involving	 repeat	 colonoscopy	 by	 a	 second
physician,	21%	of	all	adenomas	were	missed,	including	26%	of	1-	to	5-mm	adenomas	and	2%	of	adenomas	10
mm	or	more	in	length.63	Other	limitations	of	colonoscopy	include	the	inconvenience	of	the	bowel	preparation	and
the	risk	of	bowel	perforation	(approximately	three	in	1,000	procedures,	overall,	with	nearly	all	of	the	risk	among
patients	who	undergo	colonoscopic	polypectomy).	The	cost	of	 the	procedure	and	 limited	number	of	physicians
who	can	do	the	procedure	are	also	of	concern.
CT	colonography	or	virtual	colonoscopy	allows	a	physician	to	visually	reproduce	the	endoscopic	examination

on	a	computer	screen.	CT	colonography	involves	 the	same	preparation	as	a	colonoscopy	but	 is	 less	 invasive.	 It
might	have	a	higher	compliance	rate.	In	experienced	hands,	the	sensitivity	of	CT	colonography	for	the	detection	of
polyps	≥	6	mm	appears	 to	be	 comparable	 to	 that	 of	 colonoscopy.	Compared	 to	optical	 colonoscopy,	 quality	 is
easier	to	measure	as	the	images	are	saved	and	can	be	reviewed.	In	a	meta-analysis	of	30	studies,	two-dimensional
and	three-dimensional	CT	colonography	performed	equally	well.64

The	disadvantages	of	CT	colonography	include	the	fact	that	it	does	require	a	colonic	prep	and	a	finding	on	CT
requires	a	 follow-up	diagnostic	colonoscopy.	The	rate	of	extracolonic	 findings	of	uncertain	significance	 is	high
(<15%	 to	 30%),	 and	 each	 one	 must	 be	 evaluated,	 thereby	 contributing	 to	 additional	 expense	 and	 potential
morbidity.	The	long-term,	cumulative	radiation	risk	of	repeated	colonography	screenings	is	also	a	concern.

A	blood	test	to	detect	methylated	DNA	has	been	approved	by	the	FDA	and	is	intended	for	persons	who	desire
some	form	of	screening	but	prefer	to	avoid	any	of	the	previously	described	tests.	The	available	blood	test	is	less
than	optimal,	and	it	has	lower	sensitivity	than	desired	for	early-stage	disease.65

Current	Recommendations
Over	the	past	40	years,	American	colorectal	cancer	incidence	and	death	rates	have	declined	for	the	population	as	a
whole.	Much	of	the	decline	is	attributed	to	improvements	in	colorectal	screening	and	treatment.	Surveillance	over
the	past	15	years	has	shown	increasing	incidence	and	mortality	among	adults	younger	than	age	50	years.	Indeed,
colorectal	cancer	incidence	rates	increased	by	22%	from	2000	to	2013,	driven	solely	by	tumors	in	the	distal	colon
(incidence	rate	ratio	[IRR],	1.24;	95%	CI,	1.13	to	1.35)	and	rectum	(IRR,	1.22;	95%	CI,	1.13	to	1.31).	Similarly,
CRC	death	rates	increased	by	13%	in	those	aged	younger	than	50	years.66

Recognizing	 this	 trend,	 the	ACS	now	recommends	average-risk	adults	begin	screening	at	age	45	years.	This
change	is	based	on	professional	opinion;	no	clinical	trial	has	shown	that	screening	at	an	earlier	age	will	save	lives.

Screening	modalities	should	be	chosen	based	on	personal	preference	and	access.	The	following	are	considered
reasonable	options:

1.	 Annual	high-sensitivity	FOBT	or	FIT
2.	 Multitarget	stool	DNA	testing	every	3	years
3.	 Flexible	sigmoidoscopy	every	5	years
4.	 Colonoscopy	every	10	years
5.	 Double-contrast	barium	enema	every	5	years
6.	 CT	colonography	every	5	years

No	 test	 is	 unequivocally	 superior.67	 Patient	 preferences	 should	 be	 incorporated	 into	 screening	 in	 order	 to
increase	compliance.	The	guideline	also	stresses	that	a	single	screening	examination	is	far	from	optimal.	Patients
should	be	in	a	program	of	regular	screening.

The	 USPSTF	 issued	 colorectal	 cancer	 screening	 guidelines	 in	 2018.68,69	 The	 guidelines	 are	 based	 on	 a
systematic	 literature	 review	 and	 decision	models.70	 The	USPSTF	 recommends	 screening	 adults	 aged	 50	 to	 75
years	and	that	patients	aged	76	to	85	years	be	evaluated	individually	for	screening.	Options	for	screening	included
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in	the	USPSTF	guideline	include

1.	 High	sensitivity	stool-based	methods	every	year
2.	 FIT-DNA	stool	testing	every	1	or	3	years
3.	 Colonoscopy	every	10	years
4.	 CT	colonography	every	5	years
5.	 Flexible	sigmoidoscopy	every	5	years
6.	 Flexible	sigmoidoscopy	every	10	years	plus	FIT	every	year

The	USPSTF	notes	concern	that	the	specificity	of	the	current	FIT-DNA	test	is	lower	than	for	FIT	alone.	This
results	in	more	false-positive	results,	more	diagnostic	colonoscopies,	and	more	associated	adverse	events.	There	is
also	 insufficient	 evidence	 about	 appropriate	 longitudinal	 follow-up	 of	 abnormal	 findings	 after	 a	 negative
diagnostic	colonoscopy.

The	USPSTF	statement	also	notes	 that	extracolonic	findings	are	common	with	CT	colonography,	and	harms
associated	with	the	workup	are	a	concern.

Patients	at	High	Risk	for	Colorectal	Cancer
Some	patients	are	at	increased	risk	of	colorectal	cancer	due	to	familial	or	hereditary	factors	and	clinical	conditions
such	as	inflammatory	bowel	disease,	which	lead	to	significantly	increased	risk	of	colorectal	cancer	(Table	37.4).
These	 patients	 should	 technically	 undergo	 regular	 surveillance	 and	 not	 screening.	Unfortunately,	 there	 are	 few
clinical	 studies	 to	guide	 recommendations.	Guidelines	have	been	 created	based	on	professional	 opinion	 and	 an
understanding	of	the	biology	of	colorectal	cancer.71

TABLE	37.4
Colon	Cancer	Surveillance	Recommendations	for	People	with	Familial	or	Inherited	Risk

Familial	Risk	Category Screening	Recommendation

First-degree	relativea	affected	with	colorectal	cancer
or	an	adenomatous	polyp	at	age	60	y	and	older	or
two	second-degree	relativesb	affected	with	colorectal
cancer

Same	as	average	risk	but	starting	at	age	40	y

Two	or	more	first-degree	relatives	with	colon	cancer
or	a	single	first-degree	relative	with	colon	cancer	or
adenomatous	polyps	diagnosed	at	an	age	younger
than	60	y

Colonoscopy	every	5	y,	beginning	at	age	40	y	or	10
y	younger	than	the	earliest	diagnosis	in	the	family,
whichever	comes	first

One	second-degree	or	any	third-degree	relativeb,c
with	colorectal	cancer

Same	as	average	risk

Gene	carrier	or	at	risk	for	familial	adenomatous
polyposisd

Sigmoidoscopy	annually,	beginning	at	ages	10–12	ye

Gene	carrier	or	at	risk	for	HNPCC Colonoscopy,	every	1–2	y,	beginning	at	ages	20–25
y	or	10	y	younger	than	the	earliest	case	in	the	family,
whichever	comes	first

aFirst-degree	relatives	include	patients,	siblings,	and	children.
bSecond-degree	relatives	include	grandparents,	aunts,	and	uncles.
cThird-degree	relatives	include	great-grandparents	and	cousins.
dIncludes	the	subcategories	of	familial	adenomatous	polyposis,	Gardner	syndrome,	some	Turcot	syndrome	families,	and	attenuated
adenomatous	polyposis	coli	(AAPC).
eIn	AAPC,	colonoscopy	should	be	used	 instead	of	sigmoidoscopy	because	of	 the	preponderance	of	proximal	colonic	adenomas.
Colonoscopy	screening	in	AAPC	should	probably	begin	in	the	late	teens	or	early	20s.
HNPCC,	hereditary	nonpolyposis	colon	cancer.

Screening	for	Other	Gastrointestinal	Malignancies
There	 are	 no	widely	 accepted	 screening	guidelines	 for	 cancers	 of	 the	 esophagus,	 stomach,	 pancreas,	 and	 liver.



However,	surveillance	can	be	appropriate	for	patients	at	high	risk.

Esophageal	Cancer	Screening
Esophageal	cancer	screening	has	centered	on	endoscopic	examination	for	those	at	high	risk	due	to	chronic,	severe
gastroesophageal	 reflux	 disease.72	 Some	 physicians	 advocate	 routine	 endoscopic	 surveillance	 of	 patients	 with
Barrett	 esophagus.	 At	 this	 time,	 there	 is	 no	 evidence	 that	 such	 surveillance	 is	 efficacious	 in	 reducing	 cancer
mortality.

Gastric	Cancer	Screening
Gastric	endoscopy	has	been	proposed	as	a	screening	method	for	the	early	detection	of	gastric	cancer.	There	are	no
randomized	trials	evaluating	its	impact.

Time-trend	analysis	and	case-control	studies	of	gastric	endoscopy	have	suggested	a	decrease	in	gastric	cancer
mortality	 among	 those	 at	 high	 risk	 in	 screened	 versus	 unscreened	 individuals;	 however,	 a	 large	 observational
study	in	a	high-risk	population	failed	to	demonstrate	a	benefit.73–75

Although	 widespread	 gastric	 screening	 cannot	 be	 advocated,	 there	 may	 be	 justification	 for	 endoscopic
surveillance	 of	 those	 at	 high	 risk.	 Candidates	 might	 include	 elderly	 individuals	 with	 atrophic	 gastritis	 or
pernicious	 anemia,	 patients	who	have	 had	partial	 gastrectomy,	 those	with	 a	 history	 of	 sporadic	 adenomas,	 and
patients	with	familial	adenomatous	polyposis	or	hereditary	nonpolyposis	colon	cancer.75

Pancreatic	Cancer	Screening
At	 this	 time,	 there	are	no	data	 from	prospective	clinical	 trials	 to	support	a	 role	 for	pancreatic	cancer	screening.
Some	patients	with	an	extensive	family	history	have	undergone	periodic	CT	scanning	of	the	abdomen	with	thin
cuts	through	the	pancreas,	but	this	approach	has	not	been	shown	to	reduce	pancreatic	cancer	mortality.	There	is	an
ongoing	search	for	screening	biomarkers.76

Liver	Cancer	Screening
Screening	 for	 liver	 cancer	 or	 hepatocellular	 carcinoma	 (HCC)	 has	 focused	 on	 identifying	 very-high-risk
individuals,	such	as	those	with	cirrhosis	or	viral	hepatitis.53	Trial	results	of	surveillance	to	date	are	unreliable	due
to	small	study	sizes	and	lack	of	randomization.

Serum	α-fetoprotein	(AFP),	a	fetal-specific	glycoprotein	antigen,	is	an	HCC	tumor	marker.	It	is	not	specific	to
HCC	as	it	may	be	elevated	in	hepatitis,	pregnancy,	and	some	germ	cell	tumors.	AFP	has	variable	sensitivity	and
has	not	been	tested	in	any	randomized	clinical	trial	with	a	mortality	end	point.77,78

There	is	interest	in	screening	through	liver	imaging.	Hepatic	ultrasound	has	been	used	as	an	additional	method
for	detection	of	HCC.	Ultrasound	screening	 is	commonly	used	 in	patients	with	hepatitis	and	cirrhosis.79,80	This
procedure	 is	 operator	 dependent	with	 variable	 sensitivity	 and	 specificity.	 Interest	 in	 CT	 has	 grown	 due	 to	 the
limitations	of	AFP	and	ultrasound.	CT	may	be	a	more	sensitive	test	for	HCC	than	ultrasound	or	AFP.

GYNECOLOGIC	CANCER
Cervical	Cancer	Screening
Dr.	 George	 Papanicolaou	 first	 introduced	 the	 Pap	 smear	 or	 Pap	 test	 in	 the	 early	 1940s.	 The	 test	 was	 widely
adopted	based	on	its	ability	to	identify	squamous	premalignancies	and	malignancies	(from	the	ectodermal	cervix)
and	glandular	 dysplasia	 and	 adenocarcinoma	 (from	 the	 endocervix).	However,	 it	 is	more	 sensitive	 in	 detecting
squamous	lesions.

The	Pap	test	was	introduced	before	the	advent	of	the	prospective,	randomized	clinical	trial	and	has	never	been
so	 tested.	However,	 a	 number	 of	 observational	 studies	 over	 the	 past	 60	 years	 support	 the	 effectiveness	 of	 this
screening	test.81,82	Multiple	ecologic	studies	have	shown	an	inverse	correlation	between	the	introduction	of	Pap
testing	in	a	given	country	and	reductions	in	both	cervical	cancer	incidence	and	mortality.83	Importantly,	mortality
reductions	in	these	studies	have	been	proportional	to	the	intensity	of	screening.	In	one	series,	more	than	half	of
women	diagnosed	with	cervical	cancer	either	had	never	had	a	Pap	test	or	had	not	been	screened	within	5	years	of
diagnosis.83
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Cervical	cytology	has	evolved	over	the	years.	The	original	Pap	smear	used	an	ectocervical	spatula	to	apply	a
specimen	 (“smear”)	 to	a	glass	 slide.	 It	 later	 included	an	endocervical	brush.	The	smear	was	 fixed,	 stained,	and
manually	 examined	 under	 a	microscope.	 That	method	 is	 still	 used	 today,	 but	 a	 liquid-based/thin-layer	 system
capable	of	being	analyzed	by	computer	is	gaining	in	popularity.84

With	 increasing	 understanding	 of	 the	 role	 of	 human	 papillomavirus	 (HPV)	 in	 cervical	 disease,	 interest	 in
developing	tests	to	determine	the	presence	of	HPV	DNA	and	RNA	has	grown.	HPV-16	and	HPV-18	are	the	cause
of	more	 than	 70%	of	 cervical	 cancers.	 Thirteen	 other	HPV	 subtypes	 are	 known	 to	 be	 associated	with	 cervical
cancer.

HPV	 screening	 can	 be	 used	 along	 with	 cytology	 (“cotesting”),	 in	 response	 to	 an	 abnormal	 cytologic	 test
(“reflexive	 testing”),	 or	 as	 a	 stand-alone	 test.	One	 advantage	 of	 the	 liquid-based/thin-layer	 tests	 over	 the	 older
smears	 is	 that	 they	make	 reflexive	 testing	 easier	 to	 perform.	An	 abnormal	 cytology	 screen	 can	 be	 objectively
verified	by	testing	for	the	presence	of	the	HPV	virus	without	calling	the	patient	back.	In	this	instance,	HPV	testing
is	especially	useful	because	of	 its	NPV.	Whereas	a	positive	 test	 for	HPV	infection	 is	not	diagnostic	of	cervical
disease,	a	negative	HPV	test	strongly	suggests	that	the	abnormal	Pap	does	not	represent	a	premalignant	condition.

The	utility	of	the	HPV	test	is	limited	in	younger	women	because	a	third	or	more	of	women	in	their	20s	who
have	not	received	the	HPV	vaccine	have	active	cervical	HPV	infections	at	any	given	time.85	The	overwhelming
majority	of	these	infections	and	resultant	dysplasia	will	regress	and	resolve	within	an	8-	to	24-month	period.	HPV
infection	in	women	older	than	30	years	is	more	likely	to	be	persistent	and	clinically	significant.86–88	For	women
older	 than	 30	 years,	 screening	 for	 the	 presence	 of	 HPV	DNA	 or	 RNA	 appears	 to	 be	 superior	 to	 cytology	 in
identifying	women	at	risk	for	cervical	dysplasia	and	cancer.89	The	risk	of	cervical	cancer	also	increases	with	age,
and	most	cervical	cancer	deaths	occur	in	women	older	than	50	years.

Cytologic	Terminology
The	 terminology	 of	 the	 Pap	 smear	 has	 changed	 over	 time.	 The	 traditional	 cytologic	 categories	 were	 mild,
moderate,	and	severe	dysplasia	and	carcinoma	in	situ.	Mild	correlated	with	CIN1	histology	on	biopsy,	moderate
usually	indicated	CIN2,	and	severe	dysplasia	indicated	CIN3	or	carcinoma	in	situ.

There	was	some	subjectivity	and	some	overlap,	especially	in	the	area	of	mild	and	moderate	dysplasia.	The	NCI
sponsored	the	development	of	the	Bethesda	system	in	1988.90	This	system	provides	an	assessment	of	the	adequacy
of	the	cervical	specimen	and	a	way	of	categorizing	and	describing	the	Pap	smear	findings.	It	more	effectively	and
uniformly	communicates	cytology	results	from	the	laboratory	to	the	patient	caregiver.	The	Bethesda	system	was
last	modified	 in	 2014.91	 Today,	 more	 than	 40	 international	 professional	 societies	 have	 endorsed	 the	 Bethesda
system.

The	Bethesda	system	recognizes	both	squamous	and	glandular	cytologic	abnormalities.
Squamous	cell	abnormalities	include	the	following:

Atypical	squamous	cells	(ASC),	which	are	categorized	as	either

Of	undetermined	significance	(ASC-US)
Cannot	exclude	high-grade	squamous	intraepithelial	lesions	(ASC-H)

Low-grade	squamous	intraepithelial	lesion	(LSIL),	which	correlates	with	histologic	CIN1
High-grade	squamous	intraepithelial	lesion	(HSIL),	which	correlates	with	histologic	CIN2,	CIN3,	and
carcinoma	in	situ

Glandular	cell	abnormalities	(features	suggestive	of	adenocarcinoma)	include	the	following:

Atypical	glandular	cells	(AGC):	endocervical,	endometrial,	or	not	otherwise	specified
AGCs,	favor	neoplastic
Endocervical	or	not	otherwise	specified
Endocervical	adenocarcinoma	in	situ	(AIS)
Adenocarcinoma

ASCs	differ	from	normal	cells	but	do	not	meet	criteria	for	LSIL	or	HSIL.	LSILs	are	usually	due	to	a	transient
HPV	infection.	HSILs	are	more	likely	to	be	due	to	a	persistent	HPV	infection	and	are	more	likely	to	progress	to
cervical	cancer	than	LSIL	lesions.

The	Lower	Anogenital	Squamous	Terminology	(LAST)	project	of	the	College	of	American	Pathology	and	the



American	 Society	 for	 Colposcopy	 and	 Cervical	 Pathology	 has	 proposed	 that	 histologic	 cervical	 findings	 be
described	using	the	same	terminology	as	cytologic	findings.92

Due	to	the	high	regression	rates,	cervical	screening	and	treatment	in	women	aged	20	to	24	years	appear	to	have
little	or	no	 impact	on	 the	 incidence	of	 invasive	cervical	cancer.	 It	 is	 estimated	 that	approximately	6%	of	CIN1
lesions	progress	to	CIN3	and	10%	to	20%	of	CIN3	lesions	progress	to	invasive	cancer.93

The	 ASCUS-LSIL	 Triage	 Study	 (ALTS)	 evaluated	 women	 with	 abnormal	 Pap	 smears.94	 The	 investigators
concluded	 that	 women	with	ASC-US	 should	 be	 tested	 for	 HPV.	 Those	who	 are	HPV	 positive	 should	 receive
colposcopy.	In	addition,	because	most	women	with	LSIL	or	HSIL	had	HPV	infection,	immediate	colposcopy	and
biopsy	 of	 lesions	 were	 recommended.95	 HPV	 DNA	 testing	 is	 very	 sensitive	 for	 identifying	 CIN2	 or	 worse
pathology.	 Among	 women	 30	 to	 69	 years	 of	 age,	 the	 sensitivity	 of	 the	 Pap	 test	 with	 HPV	 testing	 was	 95%
compared	with	55%	for	the	Pap	test	alone.96

Performance	Characteristics	of	Cervical	Cytology
The	sensitivity	of	cytology	varies	and	is	a	function	of	the	adequacy	of	the	cervical	specimen.	It	is	also	affected	by
the	age	of	 the	woman	and	 the	experience	of	 the	health-care	provider	obtaining	 the	specimen	and	 the	cytologist
reading	 it.	 The	 addition	 of	 HPV	 testing	 adds	 objectivity	 and	 increases	 the	 number	 of	 women	 referred	 for
colposcopy.	Not	surprisingly,	sensitivity	is	improved	by	serial	examinations	over	time	versus	a	single	screen.

Cervical	Screening	Recommendations
Cervical	screening,	 like	other	screening	tests,	 is	associated	with	some	degree	of	overdiagnosis,	as	evidenced	by
the	 phenomenon	 of	 spontaneous	 regression	 (see	 the	 preceding	 text)	 and,	 therefore,	 potential	 harm	 from
overtreatment,	such	as	cervical	incompetence,	which	may	reduce	fertility	and	the	ability	to	carry	a	pregnancy	to
term.	Because	dysplasia	 takes	years	 to	progress	 to	cervical	cancer,	 increasing	 the	screening	 interval	can	 reduce
overdiagnosis	and	excessive	treatment	without	decreasing	screening	efficacy.

In	 2017,	 the	ACS	 issued	 guidelines	 recommending	 different	 surveillance	 strategies	 and	 options	 based	 on	 a
woman’s	 age,	 screening	 history,	 risk	 factors,	 and	 choice	 of	 screening	 tests.	 The	 following	 are	 the
recommendations	for	a	woman	at	average	risk.

Women	younger	than	21	years	should	not	be	screened	regardless	of	their	age	of	sexual	initiation.
Screening	for	cervical	cancer	should	begin	at	21	years	of	age.	Women	aged	21	to	29	years	should	receive
cytology	screening	(with	either	conventional	cervical	cytology	smears	or	liquid-based	cytology)	every	3
years.	HPV	testing	should	not	be	performed	in	this	age	group	(although	it	can	be	used	to	follow	up	a
diagnosis	of	ASC-US).
For	women	aged	30	to	65	years,	the	preferred	approach	is	to	be	screened	every	5	years	with	both	HPV	testing
and	cytology	(“cotesting”).	It	is	also	acceptable	to	continue	screening	every	3	years	with	cytology	alone.
Women	should	discontinue	screening	after	age	65	years	if	they	have	had	three	consecutive	negative	cytology
tests	or	two	consecutive	negative	HPV	test	results	within	the	10-year	period	before	ceasing	screening,	with
the	most	recent	test	occurring	within	the	past	5	years.
Women	who	have	undergone	a	total	hysterectomy	for	noncancerous	conditions	do	not	need	to	undergo
cervical	cancer	screening.
Women,	regardless	of	age,	should	not	be	screened	annually	by	any	screening	method.
Women	who	have	received	HPV	vaccinations	should	still	be	screened	according	to	the	mentioned	schedule.97

The	USPSTF	now	recommends	screening	for	cervical	cancer	in	women	aged	21	to	65	years	with	cytology	(Pap
smear)	every	3	years	or,	for	women	aged	30	to	65	years	who	want	to	lengthen	the	screening	interval,	screening	for
HPV	infection	every	5	years.98	There	is	no	recommendation	for	cotesting	with	cytology	and	HPV.

The	USPSTF	 recommends	 against	 screening	 for	 cervical	 cancer	with	HPV	 testing,	 alone	 or	 in	 combination
with	cytology,	in	women	younger	than	age	30	years.	The	ACS	and	USPSTF	are	in	agreement	that	women	younger
than	21	years	should	not	be	screened	and	women	older	than	65	years	can	discontinue	screening	after	10	years	of
normal	screening

Screening	in	Low-Resource	Countries
Cytology	and	HPV	testing	are	not	widely	available	in	much	of	the	world.	Cervical	cancer	is	still	a	leading	cause	of
death	 in	 many	 of	 these	 areas.	 Visual	 inspection	 of	 the	 cervix	 is	 a	 low-tech	 method	 of	 screening	 that	 is	 now
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recognized	 as	 having	 the	 potential	 to	 save	 thousands	 of	 lives	 per	 year.	 A	 clustered,	 randomized	 trial	 in	 India
compared	 one-time	 cervical	 visual	 inspection	 and	 immediate	 colposcopy,	 biopsy,	 and/or	 cryotherapy	 (where
indicated)	versus	counseling	on	cervical	cancer	deaths	in	women	aged	30	to	59	years.	After	7	years	of	follow-up,
the	age-standardized	rate	of	death	due	 to	cervical	cancer	was	39.6	per	100,000	person-years	 in	 the	 intervention
group	 versus	 56.7	 per	 100,000	 person-years	 in	 unscreened	 controls.99,100	 This	 was	 the	 first	 prospective
randomized	clinical	trial	to	evaluate	cervical	cancer	screening.

Ovarian	Cancer	Screening
Modalities	 proposed	 for	 ovarian	 cancer	 screening	 include	 the	 bimanual	 pelvic	 examination,	 serum	 CA-125
antigen	measurement,	and	transvaginal	ultrasound	(TVU).	The	bimanual	pelvic	examination	is	subjective	and	not
very	reproducible,	but	serum	CA-125	can	be	objectively	measured.	Unfortunately,	CA-125	is	neither	sensitive	nor
specific.	It	is	elevated	in	only	approximately	half	of	women	with	ovarian	cancer	and	may	be	elevated	in	a	number
of	 nonmalignant	 diseases	 (e.g.,	 diverticulosis,	 endometriosis,	 cirrhosis,	 normal	 menstruation,	 pregnancy,	 and
uterine	fibroids).101–103	TVU	has	shown	poor	performance	in	the	detection	of	ovarian	cancer	in	average-	and	high-
risk	women.104–107

The	combination	of	CA-125	and	TVU	has	been	assessed	in	two	large,	prospective	randomized	trials.	The	U.S.
trial,	the	PLCO	trial,	enrolled	78,216	average-risk	women	aged	55	to	74	years.107	Participants	were	randomized	to
receive	annual	examinations	with	CA-125	(at	entry	and	 then	annually	 for	5	years)	and	TVU	(at	entry	and	 then
annually	for	3	years)	(n	=	39,105)	or	usual	care	(n	=	39,111).	Participants	were	followed	for	a	maximum	of	13
years,	with	mortality	from	ovarian	cancer	as	the	main	study	outcome.	At	the	conclusion	of	the	study,	the	number
of	 deaths	 from	 ovarian	 cancer	 was	 similar	 in	 each	 group.	 There	 were	 3.1	 ovarian	 cancer	 deaths	 per	 10,000
woman-years	 in	 the	 screened	group	versus	2.6	deaths	per	10,000	woman-years	 in	 the	control	group	 (RR,	1.18;
95%	CI,	0.82	to	1.71).108

There	is	interest	in	analysis	of	serum	proteomic	patterns,	but	this	should	be	considered	experimental.105,106	The
United	Kingdom	Collaborative	Trial	of	Ovarian	Cancer	Screening	 (UKCTOCS)	 is	a	 randomized	 trial	assessing
the	efficacy	of	CA-125	and	TVU	 in	more	 than	200,000	postmenopausal	women.	 In	 this	 trial,	CA-125	 is	being
used	 as	 a	 first-line	 test	 using	 a	 risk	of	 ovarian	 cancer	 algorithm	 (ROCA)	and	TVU	as	 a	 follow-up	 test.109	The
ROCA	measures	changes	in	CA-125	over	time,	rather	than	using	a	predefined	cut	point.110	ROCA	is	believed	to
improve	sensitivity	for	smaller	tumors	without	measurably	increasing	the	false-positive	rate.111	The	initial	analysis
of	data	shows	ROCA	is	associated	with	a	nonsignificant	mortality	reduction	after	14	years	(95%	CI,	−3%	to	30%;
P	=	.10)	and	TVU	is	associated	with	an	11%	reduction	(95%	CI,	−7%	to	7%;	P	=	.21).	When	prevalent	cases	are
censored,	 ROCA	 led	 to	 a	 statistically	 significant	 20%	 reduction	 in	 relative	 risk	 of	 death	 (P	 =	 .021).	 This	 is
encouraging,	but	further	follow-up	is	needed.112

No	 organization	 currently	 recommends	 screening	 average-risk	 women	 for	 ovarian	 cancer.	 In	 2012,	 the
USPSTF	recommended	against	screening	for	ovarian	cancer,	concluding	that	there	was	“adequate	evidence”	that
screening	for	ovarian	cancer	can	lead	to	important	harms,	mainly	surgical	interventions	in	women	without	ovarian
cancer.113

While	no	study	has	shown	a	mortality	benefit	for	ovarian	cancer	screening	of	high-risk	individuals,	a	National
Institutes	 of	Health	 (NIH)	 consensus	 panel	 concluded	 that	 it	was	 prudent	 for	women	with	 a	 known	hereditary
ovarian	cancer	syndrome,	such	as	BRCA1/2	mutations	or	hereditary	nonpolyposis	colorectal	cancer	(HNPCC),	to
have	annual	rectovaginal	pelvic	examinations,	CA-125	determinations,	and	TVU	until	childbearing	is	completed
or	at	least	until	age	35	years,	at	which	time	prophylactic	bilateral	oophorectomy	is	recommended.114

Endometrial	Cancer	Screening
There	is	insufficient	evidence	to	recommend	endometrial	cancer	screening	either	for	women	at	average	risk	or	for
those	 at	 increased	 risk	 due	 to	 a	 history	 of	 unopposed	 estrogen	 therapy,	 tamoxifen	 therapy,	 late	 menopause,
nulliparity,	 infertility	 or	 failure	 to	 ovulate,	 obesity,	 diabetes,	 or	 hypertension.115	 The	 ACS	 recommends	 that
women	be	informed	about	the	symptoms	of	endometrial	cancer,	in	particular,	vaginal	bleeding	and	spotting,	after
the	onset	of	menopause.	Women	should	be	encouraged	to	immediately	report	these	symptoms	to	their	physician.97

Women	at	high	risk	(e.g.,	Lynch	syndrome)	should	consider	undergoing	annual	endometrial	biopsy	to	evaluate
endometrial	 histology	 beginning	 at	 age	 35	 years.116,117	 This	 is	 based	 on	 expert	 opinion.	 There	 is	 a	 paucity	 of
clinical	 trial	data.	Women	should	be	 informed	about	 the	potential	benefits,	harms,	and	limitations	of	 testing	for
early	endometrial	cancer.



LUNG	CANCER	SCREENING
Lung	 cancer	 screening	 programs	 using	 chest	 radiographs	 (chest	 x-ray)	 and	 sputum	 cytology	 began	 in	 the	 late
1940s.118	 Evaluation	 of	 these	 programs	 showed	 that	 screening	 led	 to	 the	 diagnosis	 of	 an	 increased	 number	 of
cancers,	 an	 increased	 proportion	 of	 early-stage	 cancers,	 and	 a	 larger	 proportion	 of	 screen-diagnosed	 patients
surviving	more	than	5	years.	This	led	many	to	advocate	for	mass	lung	cancer	screening,	whereas	others	called	for
a	prospective,	randomized	trial	with	a	lung	cancer	mortality	end	point.119	The	Mayo	Lung	Project	(MLP),	which
began	in	1971,	was	such	a	trial.

The	 MLP	 enrolled	 more	 than	 9,200	 male	 smokers	 and	 randomized	 them	 to	 either	 have	 sputum	 cytology
collected	and	chest	x-ray	every	4	months	for	6	years	or	to	have	these	same	tests	performed	annually.	At	13	years
of	follow-up,	there	were	more	early-stage	cancers	in	the	intensively	screened	arm	(n	=	99)	than	in	the	control	arm
(n	=	51),	but	 the	number	of	advanced	tumors	was	nearly	identical	(107	versus	109,	respectively).120	Despite	an
increase	 in	5-year	 survival	 (35%	versus	15%),	 intensive	 screening	was	not	 associated	with	 a	 reduction	 in	 lung
cancer	mortality	(3.2	versus	3.0	deaths	per	1,000	person-years,	respectively).120

The	impact	of	screening	on	cancer	incidence	persisted	through	nearly	20	years	of	follow-up.	There	were	585
lung	cancers	diagnosed	on	 the	 intensive	screening	arm	versus	500	on	 the	control	arm	(P	=	 .009),	and	 intensive
screening	 continued	 to	 be	 associated	 with	 a	 significant	 increase	 in	 disease-specific	 survival.	 A	 concomitant
decrease	 in	 lung	 cancer	mortality	 did	 not	 emerge	with	 long-term	 follow-up	 (4.4	 lung	 cancer	 deaths	 per	 1,000
person-years	 in	 the	 intensively	 screened	 arm	 versus	 3.9	 per	 1,000	 person-years	 in	 the	 control	 arm).121	 This
suggests	 that	 some	 lung	 cancers	 diagnosed	 by	 screening	 would	 not	 have	 resulted	 in	 death	 had	 they	 not	 been
detected	(i.e.,	overdiagnosis).121

Two	other	large,	randomized	studies	of	chest	x-ray	and	sputum	cytology	were	conducted	in	the	United	States
during	the	same	time	period.	All	three	studies	evaluated	different	screening	schedules	rather	than	screening	versus
no	 screening.	 Paradoxically,	 a	 meta-analysis	 of	 the	 three	 studies	 found	 that	 more	 frequent	 screening	 was
associated	with	 an	 increase	 (albeit	 not	 statistically	 significant),	 rather	 than	a	decrease,	 in	 lung	cancer	mortality
when	compared	with	less	frequent	screening.122	A	study	conducted	in	Czechoslovakia	in	the	1980s	also	failed	to
show	a	reduction	in	lung	cancer	mortality	with	chest	x-ray	screening.123

More	recently,	the	NCI	conducted	the	PLCO	trial	at	10	sites	across	the	United	States.	This	was	a	prospective,
randomized	trial	of	nearly	155,000	men	and	women	aged	55	to	74	years.	Participants	were	randomized	to	receive
annual,	single-view,	posteroanterior	chest	x-rays	for	4	years	versus	routine	care.	With	13	years	of	follow-up,	no
significant	difference	in	lung	cancer	mortality	was	observed.	A	total	of	1,213	lung	cancer	deaths	occurred	on	the
intervention	arm	versus	1,230	in	the	control	group	(RR,	0.99;	95%	CI,	0.87	to	1.22).124

Low-dose	CT	(LDCT)	is	an	appealing	technology	for	lung	cancer	screening.	It	uses	an	average	of	1.5	mSv	of
radiation	 to	 perform	 a	 lung	 scan	 in	 15	 seconds.	 Conventional	 CT	 uses	 8	 mSv	 of	 radiation	 and	 takes	 several
minutes.	The	LDCT	image	is	not	as	sharp	as	the	conventional	image,	but	sensitivity	and	specificity	for	detection
of	lung	lesions	are	similar.

As	in	the	early	chest	x-ray	trials,	a	number	of	single-arm	LDCT	studies	reported	a	substantial	increase	in	the
number	of	 early-stage	 lung	 cancers	diagnosed.	These	 studies	 also	demonstrated	 that	 5-year	 survival	 rates	were
increased	 in	 screened	 compared	 to	 unscreened	 populations.	 These	 findings	 led	 to	 the	 conduct	 of	 several
randomized	trials	of	LDCT	for	the	early	detection	of	lung	cancer.

The	 largest,	 longest,	 and	 first	 to	 report	 a	mortality	 end	point	 is	 the	National	Lung	Screening	Trial	 (NLST).
Approximately,	 53,000	 persons	 were	 randomized	 to	 receive	 three	 annual	 LDCT	 scans	 or	 single-view
posteroanterior	chest	x-rays.	Eligible	participants	were	current	and	former	smokers	between	55	and	74	years	of
age	at	 the	 time	of	 randomization	with	at	 least	a	30-pack-year	smoking	history;	 former	smokers	were	eligible	 if
they	 had	 quit	 smoking	 within	 the	 previous	 15	 years.	With	 a	 median	 follow-up	 of	 6.5	 years,	 13%	more	 lung
cancers	were	diagnosed	and	a	20%	(95%	CI,	6.8%	to	26.7%;	P	=	.004)	relative	reduction	in	lung	cancer	mortality
was	observed	in	the	LDCT	arm	compared	to	the	chest	x-ray	arm.10	This	corresponds	to	rates	of	death	from	lung
cancer	of	247	and	309	per	100,000	person-years,	respectively.10	Another	important	finding	from	the	NLST	was	a
6.7%	(95%	CI,	1.2%	to	13.6%;	P	=	.02)	decrease	in	death	from	any	cause	in	the	LDCT	group.

NLST	participants	were	at	high	risk	for	developing	lung	cancer	based	on	their	smoking	history.	Indeed,	25%	of
all	participant	deaths	were	due	to	lung	cancer.	Further	analysis	of	the	NLST	shows	that	screening	prevented	the
greatest	number	of	lung	cancer	deaths	among	participants	who	were	at	highest	risk	but	prevented	very	few	deaths
among	those	at	lowest	risk.	These	findings	provide	empirical	support	for	risk-based	screening.125

LDCT	screening	is	clearly	promising,	but	there	are	some	notable	caveats.	The	risk	of	a	false-positive	finding	in
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the	first	screen	was	21%.	Overall,	after	three	CT	scans,	39.1%	of	participants	had	at	least	one	positive	screening
result.	Of	 those	who	screened	positive,	 the	 false-positive	 rate	was	96.4%	in	 the	LDCT	group.10	Positive	 results
require	additional	workup,	which	can	include	conventional	CT,	needle	biopsy,	bronchoscopy,	mediastinoscopy,	or
thoracotomy.	 These	 diagnostic	 procedures	 are	 associated	 with	 anxiety,	 expense,	 and	 complications	 (e.g.,
pneumothorax	or	hemothorax	after	lung	biopsy).	In	the	LDCT	study	arm,	there	were	16	deaths	within	60	days	of
an	invasive	diagnostic	procedure.	Six	of	the	16	patients	who	died	ultimately	did	not	have	cancer.	Although	it	is
not	 known	whether	 these	 deaths	were	 directly	 caused	 by	 the	 invasive	 procedure,	 such	 findings	 do	 give	 pause.
Although	the	radiation	dose	from	LDCT	is	low	and	the	population	is	older,	the	possibility	that	this	screening	test
could	 cause	 radiation-induced	 cancers	 is	 at	 least	 a	 theoretical	 concern.	 The	 possibility	 of	 this	 long-term
phenomenon	will	have	to	be	assessed	in	future	analyses.

The	chest	x-ray	lung	screening	studies	suggested	that	there	is	a	reservoir	of	biologically	indolent	lung	cancer
and	that	a	percentage	of	screen-detected	lung	cancers	represent	overdiagnosis.	The	estimated	rate	of	overdiagnosis
in	the	long-term	follow-up	of	 the	Mayo	Lung	Study	and	the	other	chest	x-ray	studies	was	17%	to	18.5%.126,127
Similarly,	 it	 is	 estimated	 that	 18.5%	 of	 the	 cancers	 diagnosed	 on	 the	 LDCT	 arm	 of	 the	 NLST	 represented
overdiagnosis.127

There	are	estimates	that	widespread,	high-quality	screening	has	the	potential	to	prevent	approximately	12,000
lung	cancer	deaths	per	year	in	the	United	States.128	However,	the	NLST	was	performed	at	33	centers	specifically
chosen	 for	 their	 expertise	 in	 the	 screening,	 diagnosis,	 and	 treatment	 of	 lung	 cancer.	 It	 is	 not	 known	 whether
widespread	adoption	of	LDCT	lung	cancer	screening	will	result	in	higher	complication	rates	and	a	less	favorable
risk–benefit	ratio.	The	efficacy	of	LDCT	has	been	established,	but	the	effectiveness	has	not.	Although	LDCT	lung
cancer	screening	should	clearly	be	considered	for	those	at	high	risk	of	the	disease,	those	at	lower	risk	are	equally
likely	to	suffer	the	harms	associated	with	screening	but	less	likely	to	reap	the	benefits.

Following	the	announcement	of	the	NLST	results,	 the	ACS,	American	College	of	Chest	Physicians	(ACCP),
American	 Society	 of	 Clinical	 Oncology	 (ASCO),	 and	 National	 Comprehensive	 Cancer	 Network	 (NCCN)
recommended	 that	 clinicians	 should	 initiate	 a	 discussion	 about	 lung	 cancer	 screening	with	 patients	who	would
have	qualified	for	the	trial;	that	is,	those	with	the	following	characteristics:

Aged	55	to	74	years
At	least	a	30-pack-year	smoking	history
Currently	smoke	or	have	quit	within	the	past	15	years
Relatively	good	health

Core	elements	of	this	discussion	should	include	the	benefits,	uncertainties,	and	harms	associated	with	screening
for	lung	cancer	with	LDCT.	Adults	who	choose	to	be	screened	should	enter	an	organized	screening	program	at	an
institution	with	expertise	in	LDCT	screening	and	with	access	to	a	multidisciplinary	team	skilled	in	the	evaluation,
diagnosis,	and	 treatment	of	abnormal	 lung	 lesions.	 If	 such	a	program	 is	not	available,	 the	 risks	of	harm	due	 to
screening	may	be	 greater	 than	 the	 benefits.129,130	 The	 guidelines	 recommend	 annual	 LDCT	 screening	with	 the
caveat	that	participants	in	the	NLST	had	only	three	annual	screens.

The	USPSTF	evaluation	concludes	that	there	is	moderate	certainty	that	annual	screening	for	lung	cancer	with
LDCT	 is	 of	 moderate	 net	 benefit	 in	 asymptomatic	 persons	 at	 high	 risk	 for	 lung	 cancer	 based	 on	 age,	 total
cumulative	exposure	to	tobacco	smoke,	and	years	since	quitting.

PROSTATE	CANCER	SCREENING
Hugh	Hampton	Young	first	advocated	early	detection	of	prostate	cancer	with	a	careful	digital	rectal	examination
(DRE)	in	1903.	Screening	for	prostate	cancer	with	the	DRE	and	serum	prostate-specific	antigen	(PSA)	was	first
advocated	 in	 the	mid	 1980s	 and	 became	 common	 by	 1992.	 PSA	 screening	 is	 directly	 responsible	 for	 prostate
cancer	becoming	the	most	common	nonskin	cancer	in	American	men.

PSA	 is	 a	 glycoprotein	 produced	 almost	 exclusively	 by	 the	 epithelial	 component	 of	 the	 prostate	 gland.	This
protein	was	discovered	in	the	late	1970s,	and	a	serum	test	to	measure	circulating	levels	was	developed	in	the	early
1980s.	Although	PSA	is	prostate	specific,	 it	 is	not	prostate	cancer	specific	and	may	be	elevated	 in	a	variety	of
conditions	(e.g.,	benign	prostatic	hyperplasia,	inflammation,	and	following	trauma	to	the	gland)	as	well	as	in	the
presence	of	prostate	cancer.

The	PSA	test	has	been	widely	advocated	for	prostate	cancer	screening	because	it	is	objective,	easily	measured,
reproducible,	noninvasive,	and	inexpensive.	Although	PSA	screening	increases	the	detection	of	potentially	curable



disease,	there	is	substantial	debate	about	the	overall	utility	of	the	test.	This	is	because	PSA	screening	introduces
substantial	lead-time	and	length	bias	as	well	as	being	associated	with	a	high	false-negative	and	false-positive	rates
and	having	a	low	PPV.

Observational	 studies	 suggest	 that	 the	 problem	of	 prostate	 cancer	 overdiagnosis	 precedes	 the	PSA	 era.	 In	 a
landmark	analysis	with	20-year	follow-up,	only	a	small	proportion	of	767	men	diagnosed	with	localized	prostate
cancer	in	the	1970s	and	early	1980s	and	followed	expectantly	died	from	prostate	cancer	(4%	to	7%	of	those	with
Gleason	2	 to	4	 tumors,	 6%	 to	11%	of	 those	with	Gleason	5	disease,	 and	18%	 to	30%	of	men	with	Gleason	6
cancer).131	The	prostate	cancer	conundrum	was	best	summarized	by	the	distinguished	urologist,	Willet	Whitmore
when	 he	 said,	 “Is	 cure	 necessary	 for	 those	 in	 whom	 it	 is	 possible?	 Is	 cure	 possible	 for	 those	 in	 whom	 it	 is
necessary?”132

Although	obviously	present	in	the	pre-PSA	era,	overdiagnosis	increased	substantially	after	the	introduction	of
PSA	screening.	This	 is	 illustrated	by	an	examination	of	 the	prostate	cancer	 incidence	and	mortality	 rates	 in	 the
states	of	Washington	and	Connecticut.	Due	to	earlier	uptake	of	PSA	screening,	the	incidence	of	prostate	cancer	in
the	 state	 of	 Washington	 increased	 to	 twice	 that	 of	 Connecticut	 during	 the	 1990s.	 However,	 mortality	 rates
remained	similar	throughout	the	decade	and,	in	fact,	have	remained	similar	to	this	day.133

Additional	 evidence	 of	 the	 potential	 for	 overdiagnosis	 comes	 from	 the	 unexpectedly	 large	 number	 of	 men
diagnosed	with	 prostate	 cancer	 in	 the	 Prostate	Cancer	 Prevention	Trial	 (PCPT).	 The	 PCPT	was	 a	 prospective,
randomized,	 placebo-controlled	 trial	 to	 assess	 finasteride	 for	 prostate	 cancer	 prevention.	 Men	 were	 screened
annually	 during	 this	 trial,	 and	 those	who	were	 not	 diagnosed	with	 prostate	 cancer	 after	 7	 years	 on	 study	were
asked	to	undergo	an	end-of-study	prostate	biopsy.	Of	4,692	men	on	the	placebo	arm	whose	prostate	cancer	status
had	been	determined	by	biopsy	or	transurethral	resection,	24.4%	were	diagnosed	with	prostate	cancer.	Given	that
the	lifetime	risk	of	prostate	cancer	mortality	in	the	United	States	is	less	than	3%,	it	is	clear	that	many	men	harbor
indolent	prostate	cancer	and,	therefore,	are	at	risk	of	being	overdiagnosed.

The	unexpectedly	high	rate	of	positive	end-of-study	biopsies	in	men	with	PSA	levels	≤4.0	ng/mL	provided	a
more	accurate	assessment	of	disease	prevalence	and	thus	a	more	accurate	assessment	of	PSA	sensitivity	than	was
previously	possible.	Of	the	2,950	men	on	the	placebo	arm	of	the	PCPT	with	PSA	levels	consistently	≤4	ng/mL
who	underwent	end-of-study	biopsies,	449	(15.2%)	were	diagnosed	with	prostate	cancer.	This	has	prompted	some
to	advocate	using	a	 lower	PSA	 threshold	 for	 recommending	biopsy.	Unfortunately,	although	 lowering	 the	PSA
threshold	from	4.0	to	2.5	ng/mL	increases	the	sensitivity	from	24%	to	42.8%,	it	reduces	specificity	from	92.7%	to
an	unacceptably	low	80%.134

In	the	PCPT,	cancer	was	found	on	end-of-study	biopsies	at	all	PSA	levels,	including	10%	of	biopsies	in	men
with	 PSA	 levels	 between	 0.6	 and	 1.0	 ng/mL	 and	 6%	 of	 biopsies	 in	men	with	 PSA	 levels	 between	 0	 and	 0.6
ng/mL,	suggesting	a	continuum	of	prostate	cancer	risk	and	no	cut	point	with	simultaneously	high	sensitivity	and
high	specificity.	High-grade	disease	was	also	documented	at	all	PSA	levels,	albeit	at	an	overall	frequency	of	only
2.3%	of	men	with	PSA	levels	<4	ng/mL.135,136

Does	Prostate	Cancer	Treatment	Prevent	Deaths?
In	order	for	screening	to	work,	treatment	has	to	work.	The	first	prospective,	randomized	studies	showing	that	any
prostate	 cancer	 treatment	 saves	 lives	were	 published	 in	 the	 late	 1990s.	 These	 studies	 demonstrated	 an	 overall
survival	benefit	for	the	addition	of	long-term	androgen	deprivation	to	radiation	therapy	versus	radiation	alone	in
men	with	locally	advanced,	high-risk	prostate	cancer.137

The	 value	 of	 surgery	 for	 localized	 disease	was	 first	 assessed	 by	 the	 Scandinavian	 Prostate	Cancer	Group-4
(SPCG-4)	study.	In	this	trial,	695	men	with	clinically	localized	prostate	cancer	were	prospectively	randomized	to
receive	 radical	 prostatectomy	 (RP)	 or	watchful	waiting	 (WW).	 In	 the	 expectant	management	 group,	 hormonal
therapy	was	given	at	 the	 time	of	 symptomatic	metastases.	About	60%	of	 those	enrolled	had	 low-grade	 tumors,
23%	had	moderate-grade	tumors,	5%	had	high-grade	tumors,	and	12%	had	tumors	of	unknown	grade.	At	a	median
follow-up	of	12.8	years,	the	RP	group	had	significantly	lower	overall	mortality	(RR,	0.75;	P	=	.007)	and	prostate
cancer–specific	mortality	(RR,	0.62;	P	=	.01),	with	14.6%	of	the	RP	group	and	20.7%	of	the	WW	group	having
died	of	prostate	 cancer.	The	number	needed	 to	 treat	 to	prevent	one	prostate	 cancer	death	was	15.	The	 survival
benefit	associated	with	RP	was	similar	before	and	after	9	years	of	follow-up	and	for	men	with	low-	and	high-risk
disease.	However,	a	subset	analysis	suggested	 that	 the	mortality	benefit	of	surgery	was	 limited	 to	men	younger
than	65	years.	An	important	limitation	of	this	trial	is	that	75%	of	the	study	participants	had	palpable	disease;	only
12%	had	nonpalpable	disease,	and	only	5%	of	the	cancers	had	been	screen	detected.	Therefore,	 it	 is	difficult	 to
apply	 these	 data	 to	 the	 U.S.	 prostate	 cancer	 population,	 which	 is	 dominated	 by	 nonpalpable,	 screen-detected
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disease.138
In	contrast	to	the	SPCG-4,	the	Prostate	Intervention	Versus	Observation	Trial	(PIVOT)	was	conducted	in	the

United	 States	 during	 the	 early	 PSA	 era.	 In	 this	 study,	 731	 men	 with	 screen-detected	 prostate	 cancer	 were
randomized	to	receive	RP	or	WW.	In	PIVOT,	50%	of	participants	had	nonpalpable	disease,	and	using	established
criteria	for	PSA	levels,	grade,	and	tumor	stage,	43%	of	men	had	low-risk	prostate	cancer,	36%	had	intermediate-
risk	prostate	cancer,	and	21%	had	high-risk	prostate	cancer.	With	a	median	follow-up	of	12	years,	during	which
time	48.4%	(354	of	731)	of	the	study	participants	had	died,	RP	was	associated	with	statistically	insignificant	2.9%
and	2.6%	absolute	 reductions	 in	overall	and	prostate	cancer–specific	mortality,	 respectively.	Subgroup	analyses
suggested	some	mortality	benefit	for	men	with	PSA	values	greater	than	10	ng/mL	and	for	those	with	intermediate-
and	high-risk	disease.139

The	ProtecT	trial	is	the	most	recent	study	to	compare	active	monitoring,	RP,	and	external-beam	radiotherapy
for	the	treatment	of	clinically	localized	prostate	cancer.140	In	this	study,	1,643	men	with	screen-detected	prostate
cancer	agreed	to	undergo	randomization	to	active	monitoring	(n	=	545),	surgery	(n	=	553),	or	radiotherapy	(n	=
545).	The	primary	outcome	was	prostate	cancer	mortality	at	a	median	of	10	years	of	follow-up.	At	a	median	of	10
years,	 prostate	 cancer–specific	 mortality	 was	 low	 irrespective	 of	 the	 treatment	 assigned,	 with	 no	 significant
difference	among	treatment	assignments.

Prospective	Randomized	Screening	Trials
The	PLCO	Cancer	Screening	Trial	was	a	multicenter,	phase	III	trial	conducted	in	the	United	States	by	the	NCI.	In
this	trial,	nearly	77,000	men	aged	55	to	74	years	were	randomized	to	receive	annual	PSA	testing	for	6	years	or
usual	 care.	 At	 13	 years	 of	 follow-up,	 a	 nonsignificant	 increase	 in	 cumulative	 prostate	 cancer	 mortality	 was
observed	among	men	randomized	to	annual	screening	(RR,	1.09;	95%	CI,	0.87	to	1.36).141	The	most	important
limitation	of	this	trial	was	the	high	rate	of	PSA	testing	among	men	randomized	to	the	control	arm.	This	“drop-in”
or	“contamination”	 reduced	 the	statistical	power	of	 the	study	 to	detect	differences	 in	outcome	between	 the	 two
arms.	It	has	also	been	argued	that	due	to	the	high	rate	of	PSA	screening	in	the	control	arm,	the	PLCO	effectively
compared	 regular	 prostate	 cancer	 screening	 to	 opportunistic	 screening	 rather	 than	 comparing	 screening	 to	 no
screening.

Of	 the	seven	countries	 included	in	 the	study,	only	 two	countries	reported	a	mortality	benefit	associated	with
prostate	cancer	screening	(the	Netherlands	and	Sweden),	and	it	is	not	readily	apparent	which	factors	at	these	two
sites	 might	 explain	 the	 observed	 difference.	 Possible	 differences	 include	 the	 recruitment	 and	 randomization
procedures,	 PSA	 thresholds,	 intervals	 between	 testing	 used,	 and	 mean	 age	 of	 patients.	 Notably,	 potential
participants	in	Finland,	Sweden,	and	Italy	were	identified	from	population	registries	and	underwent	randomization
before	written	informed	consent	was	obtained.

The	European	Randomized	Study	of	Screening	for	Prostate	Cancer	(ERSPC)	is	a	multicenter	trial	initiated	in
1991	 in	 the	Netherlands	and	Belgium;	 five	additional	European	countries	 joined	between	1994	and	1998.142,143
The	 study	 results	 were	 initially	 reported	 in	 2009	 and	were	 updated	 in	 2012.	 Although	 the	 overall	 analysis	 of
182,160	men,	aged	50	to	74	years,	did	not	show	a	reduction	in	prostate	cancer–specific	mortality,	screening	was
associated	with	 a	 significant	decrease	 in	prostate	 cancer	mortality	 in	 the	prespecified	core	 age	group	 (55	 to	69
years),	which	included	162,243	men.	After	a	median	follow-up	of	13	years,	a	21%	relative	reduction	of	prostate
cancer	death	(rate	ratio,	0.79;	95%	CI,	0.68	to	0.91)	was	observed	in	this	group.	In	absolute	terms,	prostate	cancer
mortality	was	reduced	from	5	to	4	men	per	1,000	screened,	and	37	men	had	to	be	diagnosed	to	avert	one	prostate
cancer	death.	It	remains	to	be	seen	whether	the	benefits	of	screening	will	increase	with	continued	follow-up.144

In	a	separate	report	on	20,000	men	randomized	to	screening	or	a	control	group	in	Göteborg,	Sweden,	there	was
a	40%	(95%	CI,	1.50	to	1.80)	risk	reduction	at	14	years	of	follow-up.145	They	reported	293	(95%	CI,	177	to	799)
needed	to	be	screened	and	12	needed	to	be	diagnosed	in	order	to	prevent	one	prostate	cancer	death.	Three-fourths
of	the	men	in	this	report	and	89%	of	the	prostate	cancer	deaths	were	included	in	the	published	ERSPC	analysis.
The	Finnish	 component	 of	ERSPC	was	 also	 reported	 separately.	A	 total	 of	 80,144	men	were	 randomized	 to	 a
screening	arm	or	a	usual	care	arm.	At	12	years	after	randomization,	there	was	no	statistical	difference	in	risk	of
prostate	cancer	death	(hazard	ratio	[HR],	0.85;	95%	CI,	0.69	to	1.04).146	Given	that	the	mortality	data	from	these
two	cohorts	have	largely	been	included	in	the	ERSPC	analyses,	they	do	not	provide	independent	evidence	of	the
efficacy	of	prostate	cancer	screening.

The	decline	in	prostate	cancer	mortality	in	the	United	States	since	the	introduction	of	PSA	screening	2	decades
ago	is	often	offered	as	evidence	supporting	a	mortality	benefit	 for	prostate	cancer	screening.	However,	prostate
cancer	mortality	rates	have	also	declined	in	many	countries	that	had	not	widely	adopted	screening.147	Thus,	it	is



likely	that	improvements	in	treatment	have	contributed,	at	least	in	part,	to	the	observed	decline	in	prostate	cancer
mortality.	 Another	 possible	 contributing	 factor	 may	 be	 the	World	 Health	 Organization	 (WHO)	 algorithm	 for
adjudicating	cause	of	death.	A	change	occurred	just	as	mortality	rates	began	to	go	up	in	the	late	1970s,	and	the
WHO	 changed	 back	 to	 the	 older	 algorithm	 in	 1991	 when	 prostate	 cancer	 mortality	 began	 declining	 in	 many
countries.148	All	of	these	factors,	including	a	beneficial	effect	from	screening,	may	be	contributing	to	the	declining
prostate	cancer	mortality	rates	in	the	United	States.

Screening	Recommendations
The	 topic	 of	 prostate	 cancer	 screening	 tends	 to	 evoke	 strong	 emotional	 reactions.	 At	 the	 same	 time,	 our
understanding	of	prostate	cancer	screening,	pathology,	and	treatment	is	evolving.	There	is	increased	appreciation
for	 the	 limitations	of	 screening,	especially	overdiagnosis.149	A	number	of	 tissue-based	molecular	classifiers	are
now	available	to	assist	with	risk	stratification	of	patients	with	newly	diagnosed	prostate	cancer.150,151	Treatment
guidelines	clearly	state	that	the	preferred	strategy	for	men	with	low-risk	disease	is	active	surveillance.152,153	These
facts	substantially	change	the	potential	for	benefit	and	for	risk	of	prostate	screening	and	treatment.

In	 2009,	 the	 American	 Urological	 Association	 (AUA)	 PSA	 Best	 Practice	 Statement	 was	 published,	 which
stated,	“Given	the	uncertainty	that	PSA	testing	results	in	more	benefit	than	harm,	a	thoughtful	and	broad	approach
to	PSA	is	critical.	Patients	need	to	be	informed	of	the	risks	and	the	benefits	of	testing	before	it	is	undertaken.	The
risks	 of	 over-detection	 and	 over-treatment	 should	 be	 included	 in	 this	 discussion.”154	 This	 view	 is	 still	 very
appropriate.	Today,	there	is	general	agreement	among	experts	that	prostate	cancer	screening	should	only	be	done
in	 the	 context	 of	 fully	 informed	 consent	 in	 which	 the	 potential	 benefits	 and	 potential	 harms	 of	 screening	 are
explained.	Most	recommend	against	mass	screening	in	public	meeting	places,	such	as	malls	and	churches.

In	2013,	 the	AUA	conducted	a	systematic	review	of	over	300	studies.	They	recommended	against	screening
men	younger	than	40	years,	average-risk	men	aged	40	to	54	years,	most	men	older	than	70	years,	and	men	with	a
life	 expectancy	 of	 less	 than	 10	 to	 15	 years.	 They	 recommended	 that	 screening	 decisions	 be	 individualized	 for
higher	 risk	men	aged	40	 to	54	years	and	men	older	 than	70	years	 in	excellent	health.	They	placed	primacy	on
shared	 decision	making	 versus	 physician	 judgments	 about	 the	 balance	 of	 benefits	 and	 harms	 at	 the	 population
level.155	Even	for	men	aged	55	to	69	years,	the	AUA	concluded	that	the	quality	of	evidence	for	benefits	associated
with	 screening	was	moderate,	whereas	 the	quality	of	 the	evidence	 for	harms	was	high.	The	AUA	recommends
shared	decision	making	for	men	aged	55	to	69	years,	in	whom	they	have	concluded	the	benefits	may	outweigh	the
harms.

The	ACS	guideline	calls	for	discussion	and	shared	decision	making	within	the	physician–patient	relationship
for	 men	 aged	 50	 years	 until	 life	 expectancy	 is	 less	 than	 10	 years.156	 The	 2018	 USPSTF	 guideline	 also
recommends	shared	decision	making.157

Many	guidelines	call	for	discussion	of	screening	to	begin	earlier	for	men	at	higher	risk	of	disease	due	to	family
history	or	race.

One	of	the	harms	associated	with	PSA	screening	is	the	morbidity	associated	with	a	transrectal	biopsy	after	an
abnormal	screen.158	There	is	a	high	risk	of	infection.	A	number	of	tests	are	being	assessed	to	minimize	the	number
of	biopsies	due	to	elevated	PSA.159	The	PCA3	gene	assay	is	a	urine	test	approved	by	the	FDA	for	use	in	men	who
have	had	a	negative	biopsy	after	an	elevated	PSA.	It	is	used	to	determine	if	the	patient	should	receive	follow-up
biopsies.160	Professional	organizations	have	not	incorporated	its	use	into	guidelines.

SKIN	CANCER	SCREENING
Assessments	of	skin	cancer	screening	have	focused	on	melanoma	end	points,	with	very	little	attention	to	screening
for	 nonmelanoma	 skin	 cancer.	 A	 systematic	 review	 of	 skin	 cancer	 screening	 studies	 examining	 the	 available
evidence	 through	mid-2005	 concluded	 that	 direct	 evidence	 of	 improved	 health	 outcomes	 associated	 with	 skin
cancer	screening	is	lacking.161

No	 randomized	 clinical	 trial	 of	 skin	 cancer	 screening	 has	 been	 attempted.	 However,	 several	 observational
studies	have	suggested	 that	melanoma	screening	might	 reduce	mortality.	For	example,	a	decrease	 in	melanoma
mortality	did	occur	after	a	Scottish	campaign	 to	promote	awareness	of	 the	 signs	of	 suspicious	 skin	 lesions	and
encourage	early	self-referral.	However,	uncontrolled	ecologic	studies	such	as	this	provide	a	relatively	low	level	of
evidence,	as	it	is	not	possible	to	determine	whether	the	observed	mortality	reduction	was	due	to	screening	or	other
factors.
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More	 recently,	 the	 Skin	 Cancer	 Research	 to	 Provide	 Evidence	 for	 Effectiveness	 of	 Screening	 (SCREEN)
project	 compared	 a	 region	 of	 Germany	 in	 which	 intensive	 skin	 cancer	 screening	 was	 performed	 to	 areas	 of
Germany	without	intensive	screening.	Approximately	360,000	residents	of	the	Schleswig-Holstein	region	aged	20
years	 and	older	 participated.	They	 chose	 either	 to	 be	 screened	by	 a	 nondermatologist	 physician	 trained	 in	 skin
examination	or	by	a	dermatologist.	Almost	16,000	biopsies	were	performed,	and	585	melanomas	were	diagnosed.
Overall,	one	in	23	participants	had	an	excisional	skin	biopsy,	and	620	persons	needed	to	be	screened	to	detect	one
melanoma.	This	screening	effort	led	to	a	16%	and	38%	increase	in	melanoma	incidence	among	men	and	women,
respectively,	 compared	 to	2	years	 earlier.	The	melanoma	 incidence	 rate	 returned	 to	preprogram	 levels	 after	 the
program	ended.	Approximately	90%	of	the	screen-detected	melanomas	were	less	than	1	mm	thick.	Screening	was
performed	in	2003	to	2004,	and	melanoma	mortality	in	this	region	subsequently	declined.	In	2008,	it	was	nearly
50%	lower	in	both	men	and	women	compared	to	the	rest	of	Germany.162,163

Recommendations	of	Experts
Skin	cancer	screening	recommendations	are	based	on	“expert	opinion”	given	the	absence	of	randomized	clinical
trial	 data	 and	 limited	observational	 studies.	The	ACS	 recommends	 skin	 self-examination	monthly	 and	 a	yearly
clinical	skin	examination	as	part	of	routine	cancer-related	checkup.164	The	USPSTF	finds	insufficient	evidence	to
recommend	for	or	against	either	routine	skin	cancer	screening	of	the	general	population	by	primary	care	providers
or	counseling	patients	to	perform	periodic	skin	self-examinations.165	The	USPSTF	does	recommend	that	clinicians
remain	alert	for	skin	lesions	with	malignant	features	when	performing	a	physical	examination	for	other	purposes,
particularly	in	high-risk	individuals.	The	American	Academy	of	Dermatology	recommends	that	persons	at	highest
risk	 (i.e.,	 those	 with	 a	 strong	 family	 history	 of	 melanoma	 and	 multiple	 atypical	 nevi)	 perform	 frequent	 self-
examination	and	seek	professional	evaluation	of	the	skin	at	least	once	per	year.166

High-risk	 individuals	 are	 persons	 with	multiple	 nevi	 or	 atypical	 moles.	 There	 is	 consensus	 they	 should	 be
educated	about	the	need	for	frequent	surveillance	by	a	trained	health-care	provider	beginning	at	an	early	age.	In
the	United	States,	Australia	and	Western	Europe,	Caucasian	men	aged	50	and	older	account	for	nearly	half	of	all
melanoma	 cases.	 There	 is	 some	 discussion	 that	 melanoma	 early	 detection	 efforts	 should	 be	 focused	 on	 this
population.
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38 Genetic	Counseling
Danielle	C.	Bonadies,	Meagan	B.	Farmer,	and	Ellen	T.	Matloff

INTRODUCTION
Clinical	genetic	testing	has	evolved	from	an	uncommon	analysis	ordered	for	the	rare	hereditary	cancer	family	to	a
widely	available	tool	used	routinely	to	assist	in	surgical	and	radiation	decision	making,	chemoprevention,	tailored
treatment	of	 a	 tumor,	 surveillance	of	 the	patient	with	 cancer,	 as	well	 as	management	 of	 the	 entire	 family.	The
evolution	of	 this	field	has	created	a	need	for	accurate	cancer	genetic	counseling	and	risk	assessment.	Extensive
coverage	of	 this	 topic	by	 the	media,	 including	Angelina	Jolie’s	public	disclosure	of	her	BRCA1+	status	 in	May
2013,	and	widespread	advertising	by	genetic	 testing	 laboratories	have	further	 fueled	 the	demand	for	counseling
and	testing.1

Cancer	genetic	 counseling	 is	 a	 communication	process	between	a	health-care	professional	 and	an	 individual
concerning	cancer	occurrence	and	 risk	 in	his	or	her	 family.2	The	process,	which	may	 include	 the	entire	 family
through	 a	 blend	 of	 genetic,	medical,	 and	 psychosocial	 assessments	 and	 interventions,	 has	 been	 described	 as	 a
bridge	between	the	fields	of	traditional	oncology	and	genetic	counseling.2

The	goal	of	this	process	is	to	provide	the	client	with	an	assessment	of	individual	cancer	risk,	while	offering	the
emotional	support	needed	to	understand	and	cope	with	this	information.	It	also	involves	deciphering	whether	the
cancers	in	a	family	are	likely	to	be	caused	by	a	pathogenic	variant	(mutation)	in	a	cancer	predisposition	gene,	if
so,	which	 one(s),	 and	 facilitating	 patient	 decision	 making	 around	 these	 results.	 There	 are	 >30	 well-described
hereditary	cancer	syndromes,	many	of	which	can	be	caused	by	pathogenic	variants	in	multiple	genes.3	There	are
also	>100	cancer	predisposition	genes,	mutations	in	which	cause	moderate	to	high	cancer	risk,	and	most	of	which
are	 not	 presently	 associated	 with	 named	 syndromes.	 The	 number	 of	 cancer	 syndromes,	 cancer	 predisposition
genes,	 and	 approaches	 to	 genetic	 testing	 is	 growing	 rapidly.	 Additionally,	 the	 use	 of	 tumor	 (somatic)	 genetic
testing	 to	guide	 treatment	of	an	 individual	 tumor	 is	becoming	mainstream	as	a	 result	of	 the	precision	medicine
initiative.4	 The	 opportunities	 and	 challenges	 that	 have	 arisen	 due	 to	 these	 developments	 are	 discussed	 in	 this
chapter.

Advertisements	by	genetic	testing	companies	bill	genetic	testing	as	a	simple	process	that	can	be	carried	out	by
health-care	 professionals	with	 no	 training	 in	 this	 area;	 however,	 there	 are	many	 genes	 involved	 in	 cancer,	 the
interpretation	of	 the	 test	 results	 is	often	complicated,	 the	 risk	of	 result	misinterpretation	 is	great	and	associated
with	 potential	 liability,	 and	 the	 emotional	 and	 psychological	 ramifications	 for	 the	 patient	 and	 family	 can	 be
powerful.5–7	 It	 is	because	of	 these	complexities	 that	multiple	professional	guidelines	recommend	that	multigene
panel	 testing	takes	place	in	the	context	of	pre-	and	posttest	counseling	by	a	genetics	expert.8–11	A	few	hours	of
training	by	a	company	generating	a	profit	 from	the	sale	of	 these	 tests	does	not	adequately	prepare	providers	 to
offer	 their	 own	 genetic	 counseling	 and	 testing	 services.9	 Furthermore,	 the	 delegation	 of	 genetic	 testing
responsibilities	 to	office	staff,	mammography	 technicians,	and	other	providers	 is	alarming	and	 likely	presents	a
huge	liability	for	 these	ordering	physicians,	 their	practices,	and	their	 institutions.13–15	Providers	 should	 proceed
with	caution	before	taking	on	the	role	of	primary	genetic	counselor	for	their	patients.

Counseling	 about	 hereditary	 cancers	 differs	 from	 traditional	 genetic	 counseling	 in	 several	 ways.	 Clients
seeking	cancer	genetic	counseling	are	rarely	concerned	with	reproductive	decisions,	which	are	often	the	primary
focus	 in	 traditional	genetic	counseling,	but	are	 instead	seeking	 information	about	 their	own	and	other	 relatives’
chances	of	developing	cancer.2	Additionally,	the	risks	given	are	not	absolute	but	change	over	time	as	the	family
and	 personal	 history	 changes	 and	 the	 patient	 ages.	 The	 risk	 reduction	 options	 available	 are	 often	 radical	 (e.g.,
chemoprevention	or	prophylactic	surgery)	and	are	not	appropriate	for	every	patient	at	every	age.	The	surveillance
and	management	plan	must	be	tailored	to	the	patient’s	age,	childbearing	status,	menopausal	status,	risk	category,
ease	of	screening,	and	personal	preferences	and	will	likely	change	over	time	with	the	patient.	In	most	instances,
the	typical	nondirective	approach	often	associated	with	genetic	counseling	in	the	prenatal	setting	is	replaced	with



tailored	recommendations	for	the	patient	and	his	or	her	family.	The	ultimate	goal	of	cancer	genetic	counseling	is
to	help	the	patient	reach	the	decision	best	suited	to	his	or	her	personal	situation,	needs,	and	circumstances.

There	are	now	a	significant	number	of	referral	centers	and	individual	counselors	across	the	country	specializing
in	cancer	genetic	counseling,	and	 the	numbers	are	growing.	However,	 some	experts	 insist	 that	 the	only	way	 to
keep	up	with	the	overwhelming	demand	for	counseling	will	be	to	educate	more	physicians	and	nurses	in	cancer
genetics.	The	 feasibility	 of	 adding	 another	 specialized	 and	 time-consuming	 task	 to	 the	 clinical	 burden	of	 these
professionals	 is	questionable,	particularly	with	average	patient	encounters	of	19.5	and	21.6	minutes	 for	general
practitioners	and	gynecologists,	respectively.16,17	A	more	practical	goal	is	to	better	educate	clinicians	in	the	area
of	 risk	 assessment	 so	 that	 they	 can	 screen	 their	 patient	 populations	 for	 individuals	 at	 high	 risk	 for	 hereditary
cancer	and	 refer	 them	on	 to	comprehensive	counseling	and	 testing	programs.	Access	 to	genetic	counseling	has
improved	significantly	because	there	are	now	Internet,	phone,	and	satellite-based	telemedicine	services	available
(Table	38.1),	with	many	major	health	insurance	companies	now	covering	these	services18–20	and	several	requiring
them.21

TABLE	38.1
How	to	Find	a	Genetic	Counselor	for	Your	Patient

American	Board	of	Genetic	Counselors
https://abgcmember.goamp.com/Net/ABGCWcm/Find_Counselor/ABGCWcm/PublicDir.aspx?
hkey=0ad511c0-d9e9-4714-bd4b-0d73a59ee175
http://bit.ly/1kzTbk9
Directory	of	board-certified	genetic	counselors

InformedDNA
www.informeddna.com
(800)	975-4819
A	nationwide	network	of	independent	genetic	counselors	that	use	telephone	and	Internet	technology	to	bring
genetic	counseling	to	patients	and	providers.	Covered	by	many	insurance	companies

Gene	Matters
Genematters.com
1-866-741-5331
A	telehealth	genetic	counseling	company	providing	one-on-one	telephone	counseling	for	genetic	conditions,
including	DTC	testing.	Covered	by	many	insurance	companies

National	Society	of	Genetic	Counselors
www.nsgc.org
(312)	321-6834
Click	“Find	a	Genetic	Counselor”	button	for	a	listing	of	genetic	counselors	in	your	area	who	specialize	in
cancer	and	DTC	testing.

National	Cancer	Institute	Cancer	Genetics	Services	Directory
www.cancer.gov/cancertopics/genetics/directory
(800)	4-CANCER
A	free	service	designed	to	locate	providers	of	cancer	risk	counseling	and	testing	services

DTC,	direct-to-consumer.

WHO	IS	A	CANDIDATE	FOR	CANCER	GENETIC	COUNSELING?
Only	5%	to	10%	of	most	cancer	types	are	thought	to	be	caused	by	single	pathogenic	variants	within	autosomal
dominantly	inherited	cancer	predisposition	genes.22	Several	hereditary	cancer	syndromes	are	autosomal	recessive,
and	 considerations	 of	 these	 syndromes	 in	 risk	 assessment,	 counseling,	 and	 informed	 consent	 are	 discussed
further.23	The	key	for	clinicians	is	to	determine	which	patients	are	at	greatest	risk	to	carry	a	hereditary	pathogenic
variant.	There	are	several	critical	indications	that	signal	a	cancer	may	be	hereditary	(Table	38.2).	The	first	is	early
age	 of	 cancer	 onset.	 This	 indication,	 even	 in	 the	 absence	 of	 a	 family	 history,	 is	 associated	 with	 an	 increased
frequency	of	germline	pathogenic	variants	in	many	types	of	cancers.24	The	second	indication	is	the	presence	of	the
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same	cancer	in	multiple	affected	relatives	on	the	same	side	of	 the	pedigree.	These	cancers	do	not	need	to	be	of
similar	 histologic	 type	 in	 order	 to	 be	 caused	 by	 a	 single	 pathogenic	 variant.	 The	 third	 indication	 is	 the
constellation	of	specific	cancers	known	to	be	caused	by	pathogenic	variants	in	a	single	gene	in	one	family	(e.g.,
breast/ovarian/pancreatic/prostate	[Gleason	score	≥7	or	metastatic]	cancer	or	colon/uterine/ovarian	cancers).	The
fourth	indication	is	the	occurrence	of	multiple	primary	cancers	in	one	individual.	This	includes	multiple	primary
breast	or	 colon	cancers	 as	well	 as	 a	 single	 individual	with	 separate	cancers	known	 to	be	caused	by	pathogenic
variants	 in	 a	 single	 gene	 (e.g.,	 breast	 and	 ovarian	 cancer	 in	 a	 single	 individual).	 Ethnicity	 also	 plays	 a	 role	 in
determining	who	is	at	greatest	 risk	 to	carry	a	pathogenic	variant	 in	a	cancer	predisposition	gene.	 Individuals	of
Jewish	ancestry	are	at	increased	risk	to	carry	three	specific	pathogenic	BRCA1/BRCA2	variants.25	The	presence	of
specific	 types	of	 tumors—in	this	case,	ovarian,	fallopian	tube,	primary	peritoneal	cancer,	 retinoblastoma,	breast
cancer	in	a	male,	or	metastatic	prostate	cancer—represents	a	sixth	indication	and	is	important	even	when	the	only
indication	present.	Pathology	must	also	be	considered.	Certain	types	of	cancer	are	overrepresented	in	hereditary
cancer	families.	For	example,	medullary	and	triple-	negative	breast	cancers	(where	the	estrogen,	progesterone,	and
Her2	receptors	are	all	negative,	often	abbreviated	ER/PR/Her2)	are	overrepresented	in	BRCA1	families,26,27	and
the	National	Comprehensive	Cancer	Network	(NCCN)	BRCA	testing	guidelines	include	individuals	aged	60	and
younger	 years	 diagnosed	 with	 a	 triple-negative	 breast	 cancer.8	 However,	 breast	 cancer	 patients	 without	 these
pathologic	 findings	 are	not	 necessarily	 at	 lower	 risk	 to	 carry	 a	 pathogenic	 variant.	 In	 contrast,	 patients	with	 a
borderline	or	mucinous	ovarian	carcinoma	are	at	lower	risk	to	carry	a	BRCA1	or	BRCA2	pathogenic	variant28	and
may	 instead	carry	a	pathogenic	variant	 in	a	different	gene.	 It	 is	already	well-established	 that	medullary	 thyroid
carcinoma	(MTC),	sebaceous	adenoma	or	carcinoma,	and	adrenocortical	carcinoma	are	each	associated	with	other
hereditary	 cancer	 syndromes.3	 Recently,	 the	 results	 from	 tumor	 genomic	 profiling	 that	 may	 reveal	 germline
findings	have	been	added	as	an	indication	for	genetic	counseling.	For	instance,	BRCA	testing	is	appropriate	when
a	 pathogenic	 BRCA	 variant	 is	 identified	 in	 any	 tumor	 type	 during	 somatic	 testing.8	 This	 subject	 is	 discussed
further	in	this	chapter.	Finally,	the	ninth	indication	is	a	known	family	history	of	a	pathogenic	variant	in	a	cancer
predisposition	gene.

TABLE	38.2
Indications	that	Warrant	Genetic	Counseling	for	Hereditary	Cancer	Syndromes

1.	 Early	age	of	onset	(e.g.,	younger	than	50	y	for	breast,	colon,	and	uterine	cancer)
2.	 Multiple	family	members	on	the	same	side	of	the	pedigree	with	the	same	cancer
3.	 Clustering	of	cancers/benign	findings	in	the	family	known	to	be	caused	by	pathogenic	variants	in	a

single	gene	(e.g.,	breast/ovarian/pancreatic/prostate	cancer	[Gleason	score	≥7	or	metastatic];
colon/uterine/ovarian;	colon	cancer/polyps/desmoid	tumors/osteomas)

4.	 Multiple	primary	cancers	in	one	individual	(e.g.,	breast/ovarian	cancer;	colon/uterine;
synchronous/metachronous	colon	cancers;	>15	gastrointestinal	polyps;	>10	adenomas;	>5
hamartomatous	or	≥3	juvenile	polyps)

5.	 Ethnicity	(e.g.,	Jewish	ancestry	for	BRCA-related	breast/ovarian	cancer	syndrome)
6.	 Presence	of	a	tumor	that,	by	itself,	indicates	a	need	for	genetics	evaluation	(e.g.,	ovarian,	fallopian	tube,

primary	peritoneal,	male	breast,	or	metastatic	prostate	cancer;	retinoblastoma;	even	one	sebaceous
carcinoma	or	adenoma	at	any	age)

7.	 Pathology	(e.g.,	triple	negative	[ER/PR/Her-2]	breast	cancer	60	y	and	younger;	medullary	thyroid
cancer;	a	colon/endometrial	cancer	with	an	abnormal	microsatellite	instability	or	immunohistochemistry
result)

8.	 Tumor	profiling	results	with	possible	germline	implications	(e.g.,	pathogenic	BRCA1/BRCA2	variant
detected	by	tumor	profiling	in	any	tumor	type)

9.	 Family	history	of	a	known	pathogenic	variant	in	a	cancer	predisposition	gene	(e.g.,	BRCA1,	MSH2,
PTEN,	CHEK2)

ER,	estrogen;	PR,	progesterone.

These	 indications	 should	 be	 viewed	 in	 the	 context	 of	 the	 entire	 family	 history	 and	 must	 be	 weighed	 in
proportion	 to	 the	 number	 of	 individuals	 who	 have	 not	 developed	 cancer.	 Risk	 assessment	 is	 often	 limited	 in
families	 that	 are	 small	 or	 have	 few	 female	 relatives,	 in	 families	with	 several	 early	 deaths	 for	 other	 reasons,	 in
families	in	which	individuals	have	undergone	prophylactic	surgeries	that	may	mask	risk	(e.g.,	hysterectomy	and



ovary	 removal	when	a	syndrome	 that	predisposes	 to	gynecologic	cancer	 is	being	considered),	and	 in	cases	 that
patients	 have	 little/no	 information	 about	 their	 family	 histories.	 In	 such	 families,	 a	 single	 indication	may	 carry
more	weight,	and	the	lack	of	family	history	of	cancer	should	not	discount	risk	to	a	family	member.29	Furthermore,
some	hereditary	cancer	syndromes	have	a	significant	de	novo	(new	mutation)	rate,	which	could	explain	 lack	of
suspicious	family	history	in	an	individual	who	has	been	diagnosed	with	such	a	condition.

A	 less	 common,	 but	 extremely	 important,	 finding	 is	 the	 presence	 of	 characteristic	 benign	 features	 or	 birth
defects	that	are	known	to	be	associated	with	hereditary	cancer	syndromes.	For	instance,	significant	polyp	burden
or	polyps	with	 specific	pathology,	 such	 as	multiple	 adenomatous,	 hamartomatous,	 or	 juvenile	 colon	polyps,3,30
can	 be	 suggestive	 of	 familial	 adenomatous	 polyposis,	 Cowden	 syndrome,	 or	 juvenile	 polyposis	 syndrome,
respectively.	Characteristic	 benign	 skin	 findings,	 autism,	 large	 head	 circumference,31,32	 and	 thyroid	 lesions	 are
commonly	 seen	 in	 Cowden	 syndrome;	 odontogenic	 keratocysts	 in	 nevoid	 basal	 cell	 carcinoma	 (Gorlin)
syndrome33;	 and	 desmoid	 tumors	 or	 dental	 abnormalities	 in	 familial	 adenomatous	 polyposis.30	 These	 findings,
especially	 in	 combination	 with	 suspicious	 cancer	 history,	 should	 prompt	 further	 investigation	 of	 the	 patient’s
family	history	and	consideration	of	a	referral	to	genetic	counseling.

COMPONENTS	OF	THE	CANCER	GENETIC	COUNSELING	SESSION
Cancer	genetic	counseling	may	be	appropriate	for	adult	men	and	women,	and	sometimes	children,	with	a	personal
and/or	 family	history	of	cancer.	Given	 this,	 the	appropriate	elements	 to	 include,	and	challenges	and	nuances	 to
address,	vary	from	patient	to	patient.	In	this	chapter,	the	breast/ovarian	cancer	counseling	session	with	a	female
patient	serves	as	a	paradigm	by	which	all	other	sessions	may	broadly	follow.

Precounseling	Information
Before	coming	in	for	genetic	counseling,	the	counselee	should	be	informed	about	what	to	expect	at	each	visit	and
what	 information	he	or	 she	 should	 collect	 ahead	of	 time.	The	 counselee	 can	 then	begin	 to	 collect	medical	 and
family	history	information	and	pathology	reports	that	will	be	essential	for	the	genetic	counseling	session.

Family	History
An	accurate	family	history	is	undoubtedly	one	of	the	most	essential	components	of	the	cancer	genetic	counseling
session.	Many	clinics	collect	 this	 information	electronically,	which	has	both	pros	and	cons.	Optimally,	a	family
history	should	include	at	least	four	generations;	however,	patients	do	not	always	have	this	information.	For	each
individual	 affected	 with	 cancer,	 it	 is	 important	 to	 document	 the	 exact	 diagnosis,	 age	 at	 diagnosis,	 treatment
strategies,	 and	 environmental	 exposures	 (i.e.,	 occupational	 exposures,	 cigarettes,	 other	 agents)	 whenever
possible.34	 The	 current	 age	 of	 the	 individual,	 laterality,	 and	 occurrence	 of	 any	 other	 cancer	 should	 also	 be
documented.	Cancer	diagnoses	should	be	confirmed	with	pathology	reports	whenever	possible.	A	study	by	Love
et	al.35	revealed	that	individuals	accurately	reported	the	primary	site	of	cancer	only	83%	of	the	time	in	their	first-
degree	relatives	with	cancer,	and	67%	and	60%	of	the	time	in	second-	and	third-degree	relatives,	respectively.	It	is
common	 for	 patients	 to	 report	 a	 uterine	 cancer	 as	 an	 ovarian	 cancer,	 a	 colon	 polyp	 as	 an	 invasive	 colorectal
cancer,	 or	 a	 metastasis	 as	 an	 additional	 primary	 cancer.	 These	 differences,	 although	 seemingly	 subtle	 to	 the
patient,	 can	 have	 a	 significant	 impact	 on	 risk	 assessment.	 Individuals	 should	 be	 asked	 if	 there	 are	 any
consanguineous	relationships	(partnerships	between	biologically	related	individuals)	in	the	family;	if	any	relatives
were	born	with	autism,	birth	defects,	or	intellectual	disability;	and	whether	genetic	diseases	run	in	the	family	(e.g.,
Fanconi	anemia,	Cowden	syndrome)	because	these	pieces	of	information	could	prove	to	be	important	in	reaching
a	diagnosis.

A	 common	 misconception	 in	 family	 history	 taking	 is	 that	 a	 maternal	 family	 history	 of	 breast,	 ovarian,	 or
uterine	cancer	is	somehow	more	significant	than	a	paternal	history.	Conversely,	many	still	believe	that	a	paternal
history	 of	 prostate	 cancer	 is	more	 significant	 than	 a	maternal	 history.	None	 of	 the	 cancer	 predisposition	 genes
discovered	 thus	 far	 are	 located	 on	 the	 sex	 chromosomes;	 therefore,	 both	 maternal	 and	 paternal	 histories	 are
significant	and	must	be	explored	thoroughly.	It	is	also	necessary	to	elicit	the	spouse’s	personal	and	family	history
of	cancer.	This	has	bearing	on	the	cancer	status	of	common	children	and	may	also	suggest	whether	children	are	at
increased	 risk	 for	 a	 serious	 recessive	 genetic	 disease,	 a	 point	 that	 is	 discussed	 further	 in	 this	 chapter.	 Patients
should	 be	 encouraged	 to	 report	 changes	 in	 their	 family	 history	 over	 time	 (e.g.,	 new	 cancer	 diagnoses,	 genetic
testing	results	in	relatives)	because	this	may	change	their	risk	assessment	and	counseling.
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A	detailed	 family	 history	 should	 also	 include	 genetic	 diseases,	 birth	 defects,	 intellectual	 disability,	multiple
miscarriages,	 stillbirths,	 and	 infant	 deaths.	 A	 history	 of	 certain	 recessive	 genetic	 diseases	 (e.g.,	 ataxia
telangiectasia,	Fanconi	anemia)	can	indicate	that	healthy	family	members	who	carry	a	pathogenic	variant	in	one
copy	 of	 the	 gene	 in	 question	 may	 be	 at	 increased	 risk	 to	 develop	 cancer.23	 Other	 genetic	 disorders,	 such	 as
hereditary	 hemorrhagic	 telangiectasia,	 can	 be	 associated	 with	 a	 hereditary	 cancer	 syndrome	 caused	 by	 a
pathogenic	variant	in	the	same	gene—in	this	case,	juvenile	polyposis.36

Dysmorphology	Screening
Congenital	 anomalies,	benign	 tumors,	 and	unusual	dermatologic	 features	occur	 in	a	 large	number	of	hereditary
cancer	 predisposition	 syndromes.	 Examples	 include	 osteomas	 of	 the	 jaw	 in	 familial	 adenomatous	 polyposis,
palmar	pits	in	nevoid	basal	cell	carcinoma	(Gorlin)	syndrome,	and	papillomas	of	the	lips	and	mucous	membranes
in	 Cowden	 syndrome.	 Obtaining	 an	 accurate	 past	 medical	 history	 of	 benign	 lesions	 and	 birth	 defects,	 and
screening	 for	 such	 dysmorphology,	 can	 greatly	 impact	 risk	 assessment,	 diagnosis,	 counseling,	 and	 testing.	 For
example,	BRCA1/BRCA2	testing	alone	is	inappropriate	in	a	patient	with	breast	cancer	who	has	a	family	history	of
thyroid	cancer	and	the	orocutaneous	manifestations	of	Cowden	syndrome.

Risk	Assessment
Risk	 assessment	 is	 one	 of	 the	most	 complicated	 components	 of	 the	 genetic	 counseling	 session.	 It	 is	 crucial	 to
remember	that	risk	assessment	changes	over	time	as	the	person	ages	and	as	the	health	statuses	of	his	or	her	family
members	change.	Risk	assessment	can	be	broken	down	into	three	separate	components.

What	is	the	chance	that	the	counselee	will	develop	the	cancer	observed	in	his	or	her	family	(or	a	genetically
related	cancer	such	as	ovarian	cancer	due	to	a	family	history	of	breast	cancer)?
What	is	the	chance	that	the	cancers	in	this	family	are	caused	by	a	pathogenic	variant	in	a	cancer
predisposition	gene,	or	more	rarely,	pathogenic	variants	in	multiple	genes?
What	is	the	chance	that	we	can	identify	the	pathogenic	variant	in	this	patient	with	our	current	knowledge	and
laboratory	techniques?

Cancer	 clustering	 in	 a	 family	 may	 be	 due	 to	 genetic	 and/or	 environmental	 factors	 or	 may	 be	 coincidental
because	 some	 cancers	 are	 very	 common	 in	 the	 general	 population.37	 Although	 inherited	 factors	 may	 be	 the
primary	cause	of	cancers	in	some	families,	in	others,	cancer	may	develop	because	an	inherited	factor	increases	the
individual’s	susceptibility	to	environmental	carcinogens.	It	is	also	possible	that	members	of	the	same	family	may
be	exposed	to	similar	environmental	exposures	due	to	shared	geography	or	patterns	in	behavior	and	diet	that	may
increase	the	risk	of	cancer.38	Therefore,	it	is	important	to	distinguish	the	difference	between	a	familial	pattern	of
cancer	 (due	 to	environmental	 factors	or	chance)	and	a	hereditary	pattern	of	cancer	 (due	 to	a	 shared	pathogenic
variant).	 Emerging	 research	 is	 also	 evaluating	 the	 role	 and	 clinical	 utility	 of	 more	 common	 low-penetrance
susceptibility	 genes	 and	 single	 nucleotide	 polymorphisms	 that	 may	 account	 for	 a	 proportion	 of	 familial
cancers.38,39

Several	 models,	 some	 web-based,	 are	 available	 to	 calculate	 the	 chance	 that	 a	 woman	 will	 develop	 breast
cancer,	including	the	Gail,	Claus,	BRCAPro,	BOADICEA,	Tyrer-Cuzick,	and	PENNII	models.40	At	first	glance,
many	of	these	models	appear	simple	and	easy	to	use,	and	it	may	be	tempting	to	exclusively	rely	on	these	models
to	assess	cancer/pathogenic	variant	risk.	However,	each	model	has	its	strengths	and	weaknesses,	and	the	counselor
needs	to	understand	the	limitations	well	and	know	which	are	validated,	which	are	considered	problematic,	when	a
model	 will	 not	 work	 for	 a	 particular	 patient,	 or	 when	 another	 genetic	 syndrome	 should	 be	 considered.	 For
example,	 none	 of	 the	 existing	models	 are	 able	 to	 factor	 in	 other	 risks	 that	may	 be	 essential	 in	 hereditary	 risk
calculation	(e.g.,	a	sister	who	was	diagnosed	with	breast	cancer	after	radiation	treatment	for	Hodgkin	disease).

The	risk	of	a	detectable	pathogenic	variant	will	also	vary	based	on	cancer	history	and	the	degree	of	relationship
to	 an	 affected	 family	 member.	 For	 example,	 family	 members	 with	 early-onset	 breast	 cancer	 have	 a	 higher
likelihood	 of	 testing	 positive	 than	 unaffected	 family	 members.	 Therefore,	 the	 risk	 assessment	 process	 should
include	a	discussion	of	which	family	member	is	the	best	candidate	for	testing.

Genetic	Testing
Testing	for	dozens	of	cancer	predisposition	genes	 is	now	available	via	DNA	testing.	However,	germline	cancer
genetic	 testing	 is	 currently	 only	 appropriate	 for	 a	 relatively	 small	 percentage	 of	 individuals	 with	 cancer.



Importantly,	testing	should	begin	in	an	affected	family	member	whenever	possible	to	maximize	the	likelihood	of
finding	a	hereditary	cause	 for	cancer,	when	 it	exists.	DNA	testing	offers	 the	 important	advantage	of	presenting
clients	with	actual	risks	instead	of	the	empiric	risks	derived	from	risk	calculation	models.	The	cost	of	DNA	testing
has	dropped	dramatically	since	the	2013	Supreme	Court	Case	decision	on	gene	patents.41	BRCA1/BRCA2	testing
cost	 $4,400	 before	 this	 decision,	 $2,200	 by	most	 competitor	 labs	within	 24	 hours	 of	 the	 decision,	 and	 is	 now
offered	 for	 less	 than	 $150	 by	 several	 laboratories.42	Most	 insurance	 companies	 cover	 cancer	 genetic	 testing	 in
families	 in	 which	 the	 test	 is	 medically	 indicated.	 Many	 consumers	 are	 now	 having	 genetic	 testing	 through
companies	 like	 23andMe	 and	 Ancestry.com	 for	 under	 $100	 and	 have	 the	 option	 of	 receiving	 their	 raw	 data.
Interpreting	these	data	is	discussed	later	in	this	chapter.

One	of	 the	most	crucial	aspects	of	DNA	testing	 is	accurate	result	ordering	and	interpretation.	Unfortunately,
errors	in	ordering	and	interpretation	are	the	greatest	risk	of	genetic	testing	and	are	common.5–7,15,43,44	Emerging
data	 reveal	 that	 between	 30%	 to	 50%	 of	 genetic	 tests	 are	 ordered	 inappropriately,	 which	 is	 problematic	 for
patients,	 clinicians,	 and	 insurers.45–47	 Recent	 data	 demonstrate	 that	 many	 medical	 providers	 have	 difficulty
interpreting	even	basic	pedigrees	 and	genetic	 test	 results	with	85%	of	providers	 reporting	 that	 they	do	not	 feel
prepared	 to	 answer	 questions	 pertaining	 to	 these.48–50	 Additional	 studies	 have	 demonstrated	 that	 inaccurate
interpretation	of	genetic	testing	has	resulted	in	inappropriate	medical	management	recommendations,	unnecessary
prophylactic	 surgeries	 (e.g.,	 removal	of	 breasts,	 ovaries,	 colon),	 late	 diagnoses	of	 advanced	 cancers,	 a	massive
waste	of	health-care	dollars,	psychosocial	distress,	and	false	reassurance	for	patients.5–7,43	A	recent	case	in	which
a	patient	alleged	that	she	had	her	uterus	and	breasts	removed	because	her	clinicians	misinterpreted	her	genetic	test
results	 has	 received	 much	 attention.51	 Similar	 gross	 errors,	 including	 pregnancy	 termination	 for	 unfounded
medical	reasons,	occur	in	all	areas	of	genetics.44

Interpretations	 are	 becoming	 increasingly	 complicated	 as	more	 tests	 and	 gene	 panels	 become	 available.	 For
example,	 one	 study	 demonstrated	 that	 approximately	 25%	 of	 high-risk	 families	 that	were	BRCA1	 and	BRCA2
negative	 by	 commercially	 available	 sequencing	 were	 found	 to	 carry	 a	 deletion	 or	 duplication	 in	 one	 of	 these
genes,	or	a	pathogenic	variant	in	another	gene.52

This	 is	 particularly	 concerning	 in	 an	 era	 in	which	many	providers	 are	performing	 their	 own	counseling	 and
testing.	It	is	also	crucial	that	the	person	ordering	the	test	understand	the	efficacy	of	testing	techniques	utilized	by
the	 laboratory.	The	potential	 impact	 of	 test	 results	 on	 the	 patient	 and	his	 or	 her	 family	 is	 great	 and,	 therefore,
accurate	interpretation	of	the	results	is	paramount.	Numerous	professional	groups	have	recognized	this	and	have
adopted	 standards	 recommending	 pre-	 and	 postgenetic	 counseling	 by	 a	 certified	 provider	 to	 ensure	 proper
ordering	 and	 interpretation	 of	 genetic	 tests.8–12	 In	 an	 effort	 to	 reduce	 errors,	 many	 insurance	 companies	 are
requiring	genetic	counseling	by	a	certified	genetic	counselor	before	testing	for	hereditary	breast	or	colon	cancer
syndromes.21

Results	can	fall	 into	a	few	broad	categories.	It	 is	 important	 to	note	that	a	negative	test	result	can	actually	be
interpreted	in	three	different	ways,	detailed	in	points	2,	3,	and	4,	which	follow.

1.	 Pathogenic	variant	“positive.”	When	a	pathogenic	variant	in	a	well-known	cancer	predisposition	gene	is
discovered,	the	cancer	risks	for	the	patient	and	her	family	are	relatively	straightforward.	The	NCCN	publishes
revised	management	guidelines	approximately	once	a	year.	Guidelines	exist	for	hereditary	cancer	syndromes,
whereas	management	for	other	syndromes	and	pathogenic	variants	in	other	cancer	predisposition	genes	is
based	on	expert	opinion	and	consensus	guidelines	when	available.	These	nuances	are	discussed	further.	Even
for	well-known	genes,	the	risks	are	not	precise	and	should	be	presented	to	patients	as	risk	ranges.53,54	When	a
true	pathogenic	variant	is	found,	it	is	critical	to	test	both	parents	(whenever	possible)	to	determine	from	which
side	of	the	family	the	pathogenic	variant	is	originating,	even	when	the	answer	appears	obvious.

2.	 True	negative.	An	individual	does	not	carry	the	pathogenic	variant	found	in	her	family,	which	ideally	has
been	proven	to	segregate	with	the	cancer	family	history.	Outside	of	other	risk	factors,	the	patient’s	cancer
risks	are	usually	reduced	to	population	risk	in	this	case.

3.	 Negative.	A	pathogenic	variant	was	not	detected,	and	the	cancers	in	the	family	are	not	likely	to	be	hereditary
based	on	the	personal	and	family	history	assessment.	For	example,	a	patient	is	diagnosed	with	breast	cancer
at	age	38	years	and	comes	from	a	large	family	with	no	other	cancer	diagnoses	and	relatives	who	died	at	old
ages	of	other	causes.	However,	the	testing	this	patient	had	should	be	examined	with	care,	as	new	panels	of
cancer	predisposition	genes	include	many	rare,	lower	penetrance	genes	that	may	be	associated	with	less
striking	family	histories.

4.	 Uninformative.	A	pathogenic	variant	cannot	be	found	in	affected	family	members	of	a	family	in	which	the
cancer	pattern	appears	to	be	hereditary;	there	is	likely	an	undetectable	pathogenic	variant	within	the	gene,	or
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the	family	carries	a	pathogenic	variant	in	a	different	gene.	If,	for	example,	the	patient	developed	breast	cancer
at	age	38	years,	has	a	father	with	breast	cancer,	and	has	a	paternal	aunt	who	developed	breast	and	ovarian
cancers	before	age	50	years,	a	negative	test	result	would	be	almost	meaningless.	It	would	simply	mean	that
the	family	likely	has	a	pathogenic	variant	that	could	not	be	identified	with	our	current	testing	methods	or	a
pathogenic	variant	in	another	cancer	predisposition	gene.	The	entire	family	should	be	followed	as	high	risk.

5.	 Variant	of	uncertain	significance	(VUS).	A	genetic	variant	(difference)	is	identified,	the	significance	of	which
is	unknown.	It	is	possible	that	this	variant	is	deleterious	or	completely	benign.	Of	concern,	a	recent	study
demonstrated	that	up	to	half	of	breast	surgeons	surveyed	treated	VUS	findings	the	same	as	pathogenic
variants	in	terms	of	surgical	decision	making	for	patients,	especially	those	surgeons	who	less	commonly
treated	patients	with	breast	cancer.	A	VUS	finding	requires	further	investigation	by	the	person	providing	the
counseling	and	interpretation,	such	as	enrolling	the	patient	in	a	formal	variant	reclassification	program,	and
should	not	be	mistakenly	treated	as	a	positive	result.93	It	may	be	helpful	to	test	other	affected	family	members
to	see	if	the	variant	segregates	with	disease	in	the	family.	If	it	does	not	segregate,	the	variant	is	less	likely	to
be	significant.	If	it	does,	the	variant	is	more	likely	to	be	significant.	However,	it	is	very	possible	for	multiple
close	family	members	to	carry	the	same	variant	(pathogenic	or	benign)	given	that	family	members	share	a
significant	proportion	of	hereditary	information,	so	it	is	important	not	to	make	assumptions	in	this	case.	Other
tools,	including	a	splice	site	predictor,	in	conjunction	with	data	on	species	conservation	and	amino	acid
difference	scores,	can	also	be	helpful	in	determining	the	likelihood	that	a	variant	is	significant.	It	is	rarely
helpful	(and	can	be	detrimental)	to	test	unaffected	family	members	for	such	variants	or	affected	family
members	outside	of	a	formal	variant	reclassification	study	with	clear	guidance	on	the	implications	(or	lack
thereof)	of	identifying	a	variant	that	has	not	been	confirmed	to	be	pathogenic.	Guidance	on	the	classification
of	variants	from	the	American	College	of	Medical	Genetics	and	Genomics	and	the	Association	for	Molecular
Pathology	have	improved	the	consistency	of	variant	reporting	across	laboratories;	however,	further
collaborations	are	still	needed.	Several	studies,	including	the	Prospective	Registry	of	MultiPlex	Testing
(PROMPT),	aim	to	tackle	this	issue.	In	addition,	creation	of	open	databases	such	as	ClinVar	and	nationwide
movements	such	as	Free	the	Data	will	likely	improve	variant	reporting	for	all	laboratories.

In	 order	 to	 pinpoint	 the	 pathogenic	 variant	 in	 a	 family,	 an	 affected	 individual	 most	 likely	 to	 carry	 the
pathogenic	variant	should	be	tested	first,	whenever	possible.	This	is	most	often	a	person	affected	with	the	cancer
in	question	at	 the	earliest	 age.	Test	 subjects	 should	be	 selected	with	care	because	 it	 is	possible	 for	 a	person	 to
develop	 sporadic	 cancer	 in	 a	 hereditary	 cancer	 family.	 For	 example,	 in	 an	 early-onset	 breast	 cancer	 family,	 it
would	not	be	ideal	to	first	test	a	woman	diagnosed	with	breast	cancer	at	age	65	years	because	she	may	represent	a
sporadic	case.

If	 a	 pathogenic	 variant	 is	 detected	 in	 an	 affected	 relative,	 other	 family	members	 can	be	 tested	 for	 the	 same
pathogenic	variant	with	a	greater	degree	of	accuracy.	Family	members	who	do	not	carry	 the	pathogenic	variant
found	 in	 their	 family	 are	 deemed	 true	 negative.	 Those	who	 are	 found	 to	 carry	 the	 pathogenic	 variant	 in	 their
family	will	have	more	definitive	information	about	their	risks	to	develop	cancer.	This	information	can	be	crucial
in	assisting	patients	in	decision	making	regarding	surveillance	and	risk	reduction.

If	a	pathogenic	variant	is	not	identified	in	the	affected	relative,	it	generally	means	that	either	the	cancers	in	the
family	are	(1)	not	hereditary	or	(2)	caused	by	an	undetectable	pathogenic	variant	or	a	pathogenic	variant(s)	in	a
different	 gene.	 A	 careful	 review	 of	 the	 family	 history	 and	 the	 risk	 factors	 will	 help	 to	 decipher	 whether
interpretation	1	or	2	is	more	likely.	Additional	genetic	testing	may	need	to	be	ordered	at	this	point	or	over	time	as
analysis	 of	 additional	 cancer	 predisposition	 genes	 becomes	 available.	 In	 cases	 in	 which	 the	 cancers	 appear
hereditary	and	no	pathogenic	variant	is	found,	DNA	banking	should	be	offered	to	the	proband	for	a	time	in	the
future	when	improved	testing	may	become	available.	A	letter	indicating	exactly	who	in	the	family	has	access	to
the	DNA	should	accompany	the	banked	sample.

The	genetic	counseling	result	disclosure	session	should	also	include	a	detailed	discussion	of	which	other	family
members	would	benefit	 from	genetic	counseling	and	 testing	as	well	 as	 referral	 information.	This	may	not	only
apply	to	families	who	have	been	found	to	carry	a	pathogenic	variant	but	may	also	prove	useful	in	other	families
(e.g.,	 test	 a	 higher	 risk	 relative	 or	 determine	 segregation	 of	 a	 variant	 within	 a	 family).	 Even	 in	 absence	 of	 a
positive	test	result,	increased	screening	may	be	appropriate	for	family	members,	and	these	considerations	should
be	discussed	during	result	disclosure.

The	 penetrance	 of	 pathogenic	 variants	 in	 cancer	 susceptibility	 genes	 is	 also	 difficult	 to	 interpret.	 Initial
estimates	 derived	 from	 high-risk	 families	 provided	 very	 high	 cancer	 risks	 for	BRCA1	 and	BRCA2	 pathogenic
variant	carriers.55	More	recent	studies	done	on	populations	that	were	not	selected	for	family	history	have	revealed



lower	penetrance.29	Risks	based	on	location	of	the	variant	within	the	gene	or	on	family	history	can	be	discussed,
but	this	should	be	done	with	great	caution.	Family	structure	and	size	can	have	major	bearing	on	these	estimates,
and	the	counselor	must	review	the	test	result	and	the	pedigree	thoroughly	before	providing	altered	risk	estimates
to	a	patient.	Because	exact	penetrance	rates	cannot	be	determined	for	individual	families	at	this	time,	and	because
precise	genotype/phenotype	correlations	remain	unclear,	 it	 is	prudent	 to	provide	patients	with	a	range	of	cancer
risk	and	to	explain	that	their	risk	probably	falls	somewhere	within	this	spectrum.	This	can	prove	challenging	for
genes	that	lack	published	long-term	data	on	cancer	associations	and	risks.

Female	carriers	of	BRCA1	and	BRCA2	pathogenic	variants	have	a	50%	to	85%	lifetime	risk	to	develop	breast
cancer	and	between	a	15%	to	60%	lifetime	risk	to	develop	ovarian	cancer.25,54,55	It	is	important	to	note	that	the
classification	 “ovarian	 cancer”	 also	 includes	 cancer	 of	 the	 fallopian	 tubes	 and	 primary	 peritoneal	 carcinoma.56
BRCA	 carriers	 also	 have	 an	 increased	 lifetime	 risk	 of	 male	 breast	 cancer,	 pancreatic	 cancer,	 and	 melanoma,
especially	in	the	case	of	pathogenic	BRCA2	variant	carriers.57,58

Options	for	Surveillance,	Risk	Reduction,	and	Tailored	Treatment
The	cancer	risk	counseling	session	is	a	forum	to	provide	counselees	with	information,	support,	options,	and	hope.
Pathogenic	 variant	 carriers	 can	 be	 offered:	 tailored	 cancer	 treatment,	 earlier	 and	more	 aggressive	 surveillance,
chemoprevention,	and/or	prophylactic	surgery.	Detailed	management	options	for	BRCA	carriers	are	discussed	in
this	chapter	and	summarized	in	Table	38.3.

Surveillance	 recommendations	 are	 evolving	 with	 newer	 techniques	 and	 additional	 data.	 At	 this	 time,	 it	 is
recommended	that	women	who	carry	a	pathogenic	BRCA	variant	begin	breast	surveillance	at	age	25	years.8	This
includes	a	clinical	breast	exams	every	6	to	12	months	and	annual	breast	magnetic	resonance	imaging	(MRI)	with
contrast.	It	may	be	necessary	to	begin	earlier	if	a	patient	has	a	family	history	of	breast	cancer	diagnosed	prior	to
age	 30	 years.	 If	 breast	 MRI	 is	 unavailable,	 mammogram	 may	 be	 considered.	 Ideally,	 breast	 MRI	 should	 be
performed	days	7	to	15	of	the	menstrual	cycle.	At	age	30	years,	clinical	breast	exams	should	continue	every	6	to
12	months,	along	with	annual	mammogram	in	addition	to	annual	breast	MRI	with	contrast.	It	is	suggested	that	the
mammogram	 and	MRI	 be	 spaced	 out	 around	 the	 calendar	 year	 so	 that	 some	 intervention	 is	 planned	 every	 6
months.	After	age	75	years,	breast	imaging	should	be	individualized.

TABLE	38.3
BRCA	Screening	and	Risk	Reduction	Options

BRCA	Carriers

Breast	cancer:
Women	screening:

Age	18	y:	Breast	awareness
Age	25	y:	Annual	breast	MRI	with	contrast.	If	not	available,	mammography	with	tomosynthesis
can	be	considered.
Age	30	y:	Continue	annual	MRI.	Additional	mammogram	(with	consideration	of	tomosynthesis),
with	consideration	of	spacing	out	around	the	calendar	year	so	that	some	intervention	is	planned
every	6	mo.
Age	75	y:	Breast	imaging	should	be	individualized.

Risk	reduction:
Risk-reduction	agents:	Limited	retrospective	data	suggest	that	tamoxifen	and	raloxifene	reduce
the	risk	of	breast	cancer	in	women	who	are	BRCA	carriers.
Prophylactic	surgery:	Bilateral	prophylactic	mastectomy	has	been	shown	to	reduce	a	BRCA
carrier’s	risk	of	a	future	breast	cancer	by	>90%.

Men	screening:
Age	35	y:	Breast	self-exam	training	and	education,	annual	clinical	breast	exams

Ovarian	cancer:
Screening:

Ages	30–35	y:	Transvaginal	Doppler	ultrasound	and	CA	125	blood	marker	may	be	considered.
However,	the	effectiveness	of	this	screening	has	not	been	established,	and	this	should	be
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considered	a	short-term	plan	until	risk-reducing	salpingo-oophorectomy	(RRSO).
Risk	reduction:

Risk-reduction	agents:	Several	studies	suggest	that	oral	contraceptives	reduce	ovarian	cancer
risk	in	carriers	of	BRCA	pathogenic	variants.
Prophylactic	surgery:	RRSO	should	typically	be	considered	by	ages	35–40	y	and	upon
completion	of	childbearing.	Given	that	BRCA2-associated	ovarian	cancers	occur	later,	it	is
reasonable	to	consider	RRSO	by	ages	40–45	y	in	BRCA2	carriers.

Prostate:
Screening:

Age	45	y:	Yearly	digital	rectal	exam	and	PSA	blood	test	is	recommended	for	men	with	a	BRCA2
pathogenic	variant	and	should	be	considered	for	men	with	a	BRCA1	pathogenic	variant.

Melanoma:
Screening:	Consider	annual	dermatologic	and	eye	exams.

The	recommended	ages	in	this	table	do	not	account	for	family	history,	which	may	indicate	that	screening	or	risk	reduction	should	be
considered	at	an	earlier	age.	 In	addition,	medical	management	for	 individuals	with	a	hereditary	cancer	predisposition	 is	nuanced,
and	not	all	options	are	presented	here.	Discussions	should	take	into	account	several	considerations	not	addressed	by	professional
guidelines.	A	genetic	counselor’s	input	in	managing	these	patients	can	help	address	these	concerns.
MRI,	magnetic	resonance	imaging;	PSA,	prostate-specific	antigen.

BRCA	carriers	may	 take	a	selective	estrogen-receptor	modulator	or	aromatase	 inhibitor	 in	hopes	of	 reducing
their	risks	of	developing	breast	cancer.	These	medications	have	been	proven	effective	in	women	at	increased	risk
due	 to	 a	 positive	 family	 history	 of	 breast	 cancer.59,60	 There	 are	 limited	 data	 on	 the	 effectiveness	 of	 such
medications	in	unaffected	BRCA	carriers61,62;	however,	there	are	some	data	to	suggest	that	BRCA	carriers	taking
tamoxifen	as	 treatment	 for	 a	breast	 cancer	 reduce	 their	 risk	of	 a	 contralateral	breast	 cancer.63	Additionally,	 the
majority	of	BRCA2	carriers	who	develop	breast	cancer	develop	an	estrogen-positive	form	of	the	disease,64	and	it	is
hoped	 that	 this	 population	 will	 respond	 especially	 well	 to	 chemoprevention.	 Further	 studies	 in	 this	 area	 are
necessary	 before	 drawing	 conclusions	 about	 the	 efficacy	 of	 chemoprevention	 in	 this	 population.	 Prophylactic
bilateral	mastectomy	reduces	the	risk	of	breast	cancer	by	>90%	in	women	at	high	risk	for	the	disease.65	Before
genetic	testing	was	available,	it	was	not	uncommon	for	entire	generations	of	cancer	families	to	have	at-risk	tissues
removed	 without	 knowing	 if	 they	 were	 personally	 at	 increased	 risk	 for	 their	 familial	 cancer.	 Fifty	 percent	 of
unaffected	 individuals	 in	hereditary	 cancer	 families	will	not	 carry	 the	 inherited	predisposition	gene	and	can	be
spared	prophylactic	surgery	or	invasive	high-risk	surveillance	regimens.	Therefore,	it	is	clearly	not	appropriate	to
offer	prophylactic	surgery	until	a	patient	is	referred	for	genetic	counseling	and,	if	possible,	testing.66

Women	 who	 carry	 BRCA1/BRCA2	 pathogenic	 variants	 are	 also	 at	 increased	 risk	 to	 develop	 second
contralateral	 and	 ipsilateral	 primaries	 of	 the	 breast.67	 These	 data	 bring	 into	 question	 the	 option	 of	 breast-
conserving	surgery	in	women	at	high	risk	to	develop	a	second	primary	within	the	same	breast.	For	this	reason,	the
BRCA1/BRCA2	carrier	status	can	have	a	profound	impact	on	surgical	decision	making,68	and	many	patients	have
genetic	counseling	and	testing	immediately	after	diagnosis	and	before	surgery	or	radiation	therapy.	Those	patients
who	test	positive	and	opt	for	prophylactic	mastectomy	can	often	be	spared	radiation	and	the	resulting	side	effects
that	can	complicate	reconstruction.	Approximately	30%	to	60%	of	previously	irradiated	patients	who	later	opt	for
mastectomy	with	reconstruction	report	significant	complications	or	unfavorable	cosmetic	results.68,69

Women	who	carry	pathogenic	BRCA1/BRCA2	variants	are	also	at	increased	risk	to	develop	ovarian,	fallopian
tube,	and	primary	peritoneal	cancer,	even	if	no	one	in	their	family	has	developed	these	cancers.	Surveillance	for
ovarian	 cancer	 includes	 transvaginal	 ultrasounds	 and	 CA	 125	 testing;	 however,	 the	 effectiveness	 of	 such
surveillance	 in	detecting	ovarian	cancers	at	early,	more	 treatable	stages	has	not	been	proven	 in	any	population.
Furthermore,	these	screening	measures	are	insufficiently	specific	or	sensitive.	In	September	2016,	the	U.S.	Food
and	Drug	Administration	(FDA)	 issued	 the	following	warning:	“The	FDA	believes	 that	women	at	high	risk	for
developing	ovarian	cancer	should	not	use	any	currently	offered	 test	 that	claims	 to	screen	for	ovarian	cancer.”70
Oral	 contraceptives	 reduce	 the	 risk	 of	 ovarian	 cancer	 in	 all	 women,	 including	 BRCA	 carriers.71	 Recent	 data
indicate	 that	 the	 impact	 of	 this	 intervention	 on	 increasing	 breast	 cancer	 risk,	 if	 any,	 is	 low.72,73	 Given	 the
difficulties	 in	screening	and	 in	 the	 treatment	of	ovarian	cancer,	 the	risk/benefit	analysis	 likely	favors	 the	use	of
oral	contraceptives	in	young	carriers	of	BRCA1/BRCA2	pathogenic	variants	who	are	not	yet	ready	to	have	their



ovaries	removed.	Risk-reducing	salpingo-oophorectomy	(RRSO)	is	currently	the	most	effective	means	to	reduce
the	risk	of	ovarian	cancer	and	is	typically	recommended	to	BRCA1/BRCA2	carriers	by	the	age	of	35	to	40	years	or
when	childbearing	 is	complete.8,73	Emerging	data	 indicate	 that	most	ovarian	cancers	begin	 in	 the	fallopian	 tube
and	 that	 salpingectomy	may	 someday	be	 sufficient	 in	 reducing	ovarian	 cancer	 risk	 in	young	women;	however,
more	data	are	needed	before	this	option	is	offered	to	patients	outside	of	clinical	trials.77	For	women	<35	years	who
do	 not	 wish	 to	 have	 future	 pregnancies	 or	 who	 are	 willing	 to	 bank	 eggs	 for	 future	 in	 vitro	 fertilization,
participating	in	a	clinical	trial	for	salpingectomy	can	be	considered.	Of	note,	on	average,	ovarian	cancers	tend	to
occur	slightly	later	in	women	with	BRCA2	pathogenic	variants	than	in	women	with	BRCA1	pathogenic	variants.
Therefore,	in	some	cases,	it	may	be	reasonable	to	consider	delaying	RRSO	until	ages	40	to	45	years	for	women
who	carry	BRCA2	pathogenic	variants,	especially	if	a	patient	has	already	undergone	prophylactic	mastectomies.
However,	each	patient’s	personal	and	family	history	of	cancer	and	preferences	should	be	taken	into	account	when
making	these	decisions.

Specific	 operative	 and	 pathologic	 protocols	 have	 been	 developed	 for	 this	 prophylactic	 surgery.74	 In
BRCA1/BRCA2	 carriers	 whose	 pathologies	 come	 back	 normal,	 this	 surgery	 is	 highly	 effective	 at	 reducing	 the
subsequent	risk	of	ovarian	cancer.75	A	decision	analysis,	comparing	various	surveillance	and	risk-reducing	options
available	to	BRCA	 carriers,	has	shown	an	 increase	 in	 life	expectancy	 if	RRSO	is	pursued	by	age	40	years.76	A
relatively	small	percentage	of	women	who	pursue	RRSO	may	develop	primary	peritoneal	carcinoma.78	There	has
been	some	debate	about	whether	BRCA1/BRCA2	carriers	should	also	opt	for	total	hysterectomy	due	to	the	fact	that
small	 stumps	 of	 the	 fallopian	 tubes	 remain	 after	 RRSO	 alone.	 The	 question	 of	 whether	BRCA	 carriers	 are	 at
increased	risk	for	uterine	serous	papillary	carcinoma	has	also	been	raised.79	If	a	relationship	does	exist	between
BRCA	pathogenic	variants	and	uterine	cancer,	the	risk	appears	to	be	low	and	not	elevated	over	that	of	the	general
population.75	 Removing	 the	 uterus	 may	 make	 it	 possible	 for	 a	 BRCA	 carrier	 to	 take	 unopposed	 estrogen	 or
tamoxifen	 in	 the	 future	without	 the	 risk	of	uterine	cancer,	but	 this	 surgery	 is	associated	with	a	 longer	 recovery
time	and	has	more	side	effects	than	does	RRSO	alone.	Each	patient	should	be	counseled	about	the	pros	and	cons
of	 each	 procedure	 and	 the	 significant	 potential	 emotional,	 physical,	 psychological,	 and	 sexual	 side	 effects
associated	with	premature	menopause	before	having	surgery.80

A	secondary,	but	important,	reason	for	female	BRCA	carriers	to	consider	prophylactic	oophorectomy	is	that	it
may	also	reduce	the	risk	of	a	subsequent	breast	cancer,	particularly	if	they	have	this	surgery	before	menopause.81
The	reduction	in	breast	cancer	risk	appears	to	remain	even	if	a	healthy	premenopausal	carrier	elects	to	take	low-
dose	 hormone-replacement	 therapy	 after	 this	 surgery.81	 Early	 data	 suggest	 that	 tamoxifen,	 in	 addition	 to
premenopausal	oophorectomy,	in	BRCA	carriers	may	have	little	additional	benefit	in	terms	of	breast	cancer	risk
reduction.82	Research	is	needed	in	balancing	quality-of-life	issues	secondary	to	estrogen	deprivation	with	cancer
risk	reduction	in	these	young	female	BRCA1/BRCA2	carriers.

New	developments	are	also	emerging	in	the	treatment	and,	possibly,	the	prevention	of	BRCA-related	cancers.
Ovarian	cancers	in	BRCA	carriers	are	particularly	sensitive	to	treatment	with	poly	adenosine	diphosphate–ribose
polymerases	 inhibitors	 in	 combination	 with	 chemotherapy.83–85	 Olaparib	 (Lynparza)	 and	 rucaparib	 (Rubraca)
were	 approved	 in	 the	 United	 States	 (2014	 and	 2016,	 respectively)	 for	 the	 treatment	 of	 patients	 with	 a	BRCA
pathogenic	variant–associated	advanced	ovarian	cancer	who	have	been	treated	with	multiple	chemotherapies.83–85
In	addition,	new	trials	are	focusing	on	which	chemotherapeutic	regimens	are	most	effective	in	pathogenic	variant
carriers.	More	data	are	needed	on	 larger	cohorts	of	patients	and	are	currently	being	studied	 in	multiple	clinical
trials.

Men	and	women	with	pathogenic	BRCA	variants	may	wish	to	consider	screening	for	melanoma	and	pancreatic
cancer.	There	are	no	specific	screening	guidelines	for	melanoma	in	BRCA	pathogenic	variant	carriers;	however,
full-body	skin	exam	(by	a	dermatologist)	and	eye	exam	(by	an	ophthalmologist)	may	be	considered.	Similarly,	no
specific	surveillance	options	have	been	suggested	for	pancreatic	cancer	because	it	has	not	shown	to	be	effective.
However,	an	investigational	protocol	could	be	considered	based	on	the	patient’s	medical	or	family	history.

Screening	for	men	with	BRCA	pathogenic	variants	is	also	important.	At	age	35	years,	breast	self-exam	training
and	education	and	annual	clinical	breast	exams	should	begin.	At	age	45	years,	prostate	cancer	screening,	including
annual	digital	rectal	exam	(DRE)	and	prostate-specific	antigen	(PSA)	blood	testing	may	be	considered,	especially
in	the	setting	of	a	pathogenic	BRCA2	variant	and/or	a	strong	family	history	of	prostate	cancer.

Follow-up
A	follow-up	letter	to	the	patient	is	a	concrete	means	of	documenting	the	information	conveyed	in	the	sessions	so
that	the	patient	and	his	or	her	family	members	can	review	it	over	time.	This	letter	should	be	sent	to	the	patient	and
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health-care	professionals	to	whom	the	patient	has	granted	access	to	this	information.	In	most	centers,	this	letter	is
created	 in	 an	 electronic	medical	 record	 so	 that	 clinicians	within	 the	 institution	may	 access	 it.	 In	 some	 centers,
patients	 can	 access	 this	 letter	 online.	 A	 follow-up	 phone	 call	 and/or	 counseling	 session	 may	 also	 be	 helpful,
particularly	 in	 the	 case	 of	 a	 positive	 test	 result.	 Some	 programs	 provide	 patients	 with	 an	 annual	 or	 biannual
newsletter	updating	them	on	new	information	in	the	field	of	cancer	genetics	or	patient	support	groups.	It	is	now
recommended	 that	patients	 return	 for	 follow-up	counseling	sessions	 in	 the	 future,	even	several	years	after	 their
initial	consult,	 to	discuss	advances	 in	genetic	 testing,	changes	 in	surveillance,	and	risk	reduction	options	and	to
revisit	 classifications	 of	 variants	 of	 uncertain	 significance	 that	 have	 changed.	 Currently,	 patients	 and	 referring
clinicians	 are	 responsible	 for	 recontacting	 their	 genetics	 professional,	 a	 practice	 that	 is	 inefficient	 and
ineffective.86,87	The	lack	of	updating	material	is	particularly	detrimental	in	genetics,	a	field	in	which	data,	testing
options,	 and	 clinical	 recommendations	 are	 evolving	 constantly.	 Systems	 that	 keep	 in	 touch	 with	 patients	 and
clinicians	and	notify	them	of	changes	in	clinically	relevant	findings,	such	as	changes	in	medical	management	or
variant	 classification,	 that	 are	discovered	a	month,	 a	year,	 or	 a	decade	afterward,	 such	as	offered	by	My	Gene
Counsel	(created	by	two	of	the	authors	of	this	chapter),	can	be	particularly	helpful	for	long-term	communication
with	patients	 in	 an	 evolving,	 dynamic	 field,	 such	 as	 genetics.	Follow-up	 can	be	beneficial	 for	 individuals	who
have	 been	 found	 to	 carry	 a	 pathogenic	 variant	 in	 a	 cancer	 predisposition	 gene,	 for	 those	 in	 whom	 a
syndrome/pathogenic	variant	 is	suspected	but	yet	unidentified,	for	 those	with	variants	of	uncertain	significance,
and	for	those	who	are	ready	to	move	forward	with	genetic	testing	after	previously	declining	it	due	to	personal	or
financial	reasons.	Follow-up	counseling	is	also	recommended	for	patients	whose	life	circumstances	have	changed
(e.g.,	preconception,	after	childbearing	is	complete),	who	are	preparing	for	prophylactic	surgery,	or	who	are	ready
to	discuss	the	implications	of	family	genetics	with	their	children.

ISSUES	IN	CANCER	GENETIC	COUNSELING
Genetic	Test	Selection	and	Approaches
There	 are	 different	 schools	 of	 thought	 on	which	 genetic	 testing	 should	 be	 ordered.	 Some	purists	 still	 advocate
testing	 for	 individual	genes	or	 syndromes,	 such	as	 testing	BRCA1	 and	BRCA2	 alone	 in	 the	 case	of	 a	 family	 in
which	 only	 breast	 or	 breast	 and	 ovarian	 cancer	 is	 seen.	 Others	 order	 disease-specific	 panels,	 such	 as	 those
including	analysis	of	multiple	cancer	predisposition	genes	 implicated	 in	breast	cancer	 susceptibility	or	 in	colon
cancer	 susceptibility.	 Still,	 others	 advocate	 for	 a	 pan-cancer	 approach	 in	 which	 a	 multigene	 panel	 including
analysis	of	dozens	of	genes	implicated	in	predisposition	to	multiple	cancer	types	(e.g.,	breast,	gynecologic,	colon,
melanoma)	is	selected	regardless	of	the	constellation	of	cancers	seen	in	a	family.	Panels	vary	based	on	the	number
of	genes	included.	On	one	end	of	the	spectrum,	panels	may	include	a	relatively	small	number	of	high-risk	cancer
predisposition	genes,	 about	which	 there	 is	 significant	 information	on	 associated	 cancer	 risks	 and	 clear	 national
guidelines	 for	management.	On	 the	 other	 end	 of	 the	 spectrum,	much	 larger	 panels	 include	 virtually	 all	 known
cancer	predisposition	genes,	 including	candidate	genes	 that	are	 still	being	studied	and	whose	 risks	are	not	well
defined.	Panels	of	many	sizes	exist	along	this	spectrum,	and	some	laboratories	offer	the	option	of	customization	so
that	clinicians	can	create	 their	own	panels,	 including	analysis	of	only	genes	 they	deem	most	appropriate	 in	 that
case.	There	 are	 also	 a	 variety	 of	 approaches	 to	 genetic	 testing.	 Some	 clinicians	 order	 testing	 for	 an	 individual
syndrome	or	a	 limited	panel	up	front	and	 then	reflex	 to	a	 larger	panel	 if	 initial	 test	 results	are	negative.	Others
routinely	 begin	 with	 a	 multigene	 panel	 testing	 approach.	 Lastly,	 laboratories	 may	 use	 different	 technologic
approaches	when	analyzing	cancer	predisposition	genes,	 and,	 in	 some	cases,	 certain	 technologies	may	be	more
likely	to	miss	disease-causing	variants	than	others,	making	laboratory	selection	as	important	in	some	cases	as	test
selection.

There	are	benefits,	challenges,	and	limitations	associated	with	each	test	type	and	testing	approach	described.	It
is	necessary	 to	 think	 through	 these	 issues	 for	each	patient	and	 family,	and	 it	 is	unlikely	 that	one	approach	will
work	well	for	all	patients.88	In	short,	the	more	genes	analyzed,	the	higher	the	likelihood	of	finding	a	meaningful
pathogenic	 variant;	 however,	 larger	 panels	 also	 increase	 the	 likelihood	 of	 identifying	 a	VUS,	 or	 a	 finding	 not
related	to	the	cancer	seen	in	the	family,	which	can	make	it	very	difficult	to	recommend	appropriate	surveillance
and	medical	management.	There	are	also	times	when	a	reflexive	testing	approach	results	 in	failure	to	identify	a
pathogenic	variant	in	a	patient;	for	instance,	in	the	case	of	a	patient	who	has	maternal	and	paternal	family	histories
of	 cancer	 and	 has	 inherited	 different	 pathogenic	 variants	 from	 each	 parent	 or	 in	 the	 case	 of	 a	 family	 with
pathogenic	variants	in	two	different	cancer	predisposition	genes.	It	is	important	not	only	to	carefully	think	through



the	testing	strategy	for	each	patient	but	also	to	consider	these	complexities	from	an	informed	consent	standpoint.
Clinical	efficiency,	cost,	and	patient	preferences	should	all	be	considered	in	test	selection	and	approach.88

Management	of	the	Patient	with	a	Pathogenic	Variant	in	a	Moderate-Risk	or
Lesser	Known	Gene
Not	all	cancer	predisposition	genes	are	created	equal	in	terms	of	level	of	cancer	conferred	by	pathogenic	variants
(Table	 38.4).	 For	 instance,	 consideration	 of	 prophylactic	 mastectomy	 is	 appropriate	 for	 the	 patient	 with	 a
pathogenic	BRCA1	or	BRCA1	who	has	never	had	cancer	or	who	has	had	one	breast	cancer	and	desires	to	reduce
risk	of	a	second	breast	cancer.	This	is	because	carrying	a	pathogenic	BRCA1	or	BRCA2	variant	is	associated	with
a	50%	to	85%	lifetime	risk	of	female	breast	cancer,	and	survivors	have	up	to	a	40%	risk	to	develop	a	new	primary
breast	cancer.54,89	However,	pathogenic	CHEK2	variants	are	associated	with	a	28%	to	37%	lifetime	risk	of	breast
cancer,	and	the	risk	of	a	second	primary	breast	cancer	is	less	clear.90,91	Current	NCCN	recommendations	call	for
annual	breast	MRI	in	addition	to	annual	mammogram	for	carriers	of	single	pathogenic	CHEK2	variants,	but	there
is	 currently	 insufficient	 evidence	 to	 recommend	mastectomy	 in	 absence	 of	 a	 cancer	 diagnosis	 or	 contralateral
mastectomy	after	a	breast	cancer	diagnosis	based	on	future	cancer	risk	alone.8,92	Instead,	recommendations	must
be	made	 on	 a	 case-by-case	 basis.	 It	 is	 critical	 that	 clinicians	 do	 not	 equate	 a	 positive	 genetic	 test	 result	 with
automatic	 justification	 for	 more	 aggressive	 surgical	 management.93	 Management	 recommendations	 must	 be
tailored	to	cancer	risk	level	gene	by	gene,	patient	by	patient,	and	family	by	family.

TABLE	38.4
Hereditary	Cancer	Genes:	Risk	Levels	and	Knowledge	to	Date

High-Risk	Genes
Moderate-Risk
Genes Newer	Genes

Well	studied
Greater	than	fourfold	risk	of	developing	one	or	more
cancers
Can	cause	a	moderate	risk	for	other	cancers
National	or	expert	opinion	guidelines	for	screening	and
prevention	are	established

Well	studied
Approximately
two-	to
fourfold	risk	of
developing
one	or	more
cancers
May	increase
risk	for	other
cancers
Limited
guidelines	for
screening	and
prevention

Not	as	well
studied,	data
based	on	small
number	of
patients	within
a	specific
ethnicity
Precise	lifetime
risks	and	tumor
spectrum	not
yet	determined
Guidelines	for
screening	and
prevention	are
limited	or	not
available

BRCA1/BRCA2
(HBOC:	breast,	ovary,	prostate,	pancreatic,	etc.)

ATM
(breast,	colon,
pancreatic)

AXIN2
(colon,	etc.)

MLH1/MSH2/MSH6/PMS2/EPCAM
(Lynch:	colon,	endometrial,	ovary,	etc.)

CHEK2
(breast,	colon,
prostate,	etc.)

BARD1
(breast,	etc.)

APC/MUTYH
(FAP/MAP:	colon,	gastric,	etc.)

BRIP1
(ovary,	etc.)

CDK4
(melanoma,	etc.)

SMAD4/BMPR1A
(JPS:	colon,	gastric,	pancreatic,	etc.)

RAD51C
(ovary,	etc.)

FANCC
(breast,	pancreatic)
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CDH1
(HDGC:	breast,	gastric,	colon)

RAD51D
(ovary,	etc.)

NBN
(breast,	etc.)

PTEN
(Cowden:	breast,	thyroid,	endometrial,	etc.)

KIT
(GIST)

XRCC2
(breast,	etc.)

STK11
(PJS:	colon,	breast,	pancreatic,	gastric,	etc.)

PDGFRA
(GIST)

POLD1
(colon,	endometrial)

TP53
(LFS:	breast,	sarcoma,	brain,	ACC,	etc.)

	 POLE
(colon)

CDKN2A
(melanoma,	pancreatic)

	 GREM1	(SCG5)
(colon)

VHL
(VHL:	neuroendocrine,	renal,	etc.)

	 TMEM127,	K1F1B,
EGLIN1
(paraganglioma,
pheochromocytoma,
etc.)

PALB2
(breast,	pancreatic,	etc.)

	 	

RET
(MEN2:	thyroid,	pheochromocytoma,	etc.)

	 	

SDHA,	SDHB,	SDHC,	SDHD,	SDHAF2,	MAX
(paraganglioma,	pheochromocytoma,	etc.)

	 	

Testing	is	clinically	available	for	many	cancer	predisposition	genes	about	which	limited	data	exist	in	terms	of
associated	 cancers	 and/or	 level	 of	 cancer	 risks.	 When	 pathogenic	 variants	 are	 identified	 in	 these	 genes,	 it	 is
difficult	to	provide	patients	anticipatory	guidance	regarding	their	risks	for	cancer,	and	there	are	often	no	consensus
guidelines	 for	 cancer	 surveillance	 and	 risk	 reduction.	 In	 absence	 of	 consensus	 guidelines	 or	 expert	 opinion	 to
follow,	 clinicians	must	 develop	 tailored	 plans	 based	 on	 the	 limited	medical	 literature	 available	 and	 encourage
patients	 to	check	back	over	 time	for	updated	guidance.	There	may	also	be	open	studies	recruiting	patients	with
pathogenic	variants	in	cancer	predisposition	genes	in	which	patients	could	potentially	enroll.

Genetic	Testing	in	Children
Genetic	 testing	 in	 a	 pediatric	 setting	 includes	 all	 the	 complexities	 seen	 in	 an	 adult	 setting	 as	 well	 as	 many
challenges	 unique	 to	 this	 population.	 Considerations	 vary	 based	 on	 whether	 a	 child	 has	 a	 personal	 history	 of
cancer	 that	 may	 have	 a	 hereditary	 cause,	 has	 a	 family	 history	 a	 hereditary	 cancer	 syndrome	 with	 risk	 for
childhood-onset	cancer,	or	is	at	risk	for	an	adult-onset	cancer	syndrome.

As	in	 the	adult	setting,	most	pediatric	cancers	are	sporadic.	However,	an	estimated	10%	of	pediatric	cancers
have	a	hereditary	cause,	and	genetic	evaluation	may	be	appropriate	for	up	to	30%	of	pediatric	cancer	patients.94,95
The	same	indicators	of	hereditary	cancer	apply	to	children,	with	subtle	differences	in	terms	of	age	of	onset	and
tumor	pathology.	For	instance,	osteosarcoma	before	age	10	years	would	be	considered	early	onset.	Additionally,
bilateral	Wilms	tumor	or	the	diagnosis	of	a	malignant	paraganglioma	in	a	child	would	both	justify	genetic	testing,
regardless	of	 family	history.	The	diagnosis	of	a	hereditary	cancer	 syndrome	 in	a	child	 is	 important	not	only	 in
providing	an	explanation	for	a	cancer	that	has	occurred	but	also	potentially	for	treatment-related	decisions	as	well
as	future	cancer	surveillance	and	risk	reduction.	For	instance,	radiation	therapy	should	be	avoided	when	possible
in	 individuals	 with	 Li-Fraumeni	 syndrome,	 a	 hereditary	 cancer	 syndrome	 associated	 with	 increased	 risk	 of
sarcoma,	 brain	 tumors,	 adrenocortical	 carcinoma,	 breast	 cancer,	 and	 other	 cancers.96	 NCCN	 guidelines	 and
research	 protocols	 are	 also	 available	 for	 individuals	 with	 this	 condition,	 with	 many	 measures	 beginning	 in
childhood.8,97	If	a	child	is	diagnosed	with	a	hereditary	cancer	syndrome,	parents,	siblings,	and	other	relatives	may
also	be	at	risk,	and	implications	for	relatives	should	be	discussed.

Presymptomatic	testing	in	children	has	been	widely	discussed,	and	most	concur	that	it	is	appropriate	only	when
the	onset	of	the	condition	occurs	in	childhood,	if	there	is	a	family	history	of	childhood	onset	in	that	family,	or	if
there	 are	useful	 interventions	 that	 can	be	 applied.98	For	 example,	genetic	 testing	 for	pathogenic	variants	 in	 the
BRCA	genes	and	other	adult-onset	diseases	is	generally	limited	to	individuals	who	are	older	than	18	years	of	age.



The	American	College	of	Medical	Genetics	and	Genomics	states	that	if	the	“medical	or	psychosocial	benefits	of	a
genetic	 test	will	 not	 accrue	 until	 adulthood	…	genetic	 testing	 generally	 should	 be	 deferred.”99	 In	 contrast,	 the
DNA-based	diagnosis	of	children	and	young	adults	at	risk	for	hereditary	MTC	is	appropriate	and	has	improved
the	management	 of	 these	patients.3	DNA-based	 testing	 for	MTC	 is	 virtually	 100%	 accurate	 and	 allows	 at-risk
family	members	to	make	informed	decisions	about	prophylactic	thyroidectomy.	Familial	adenomatous	polyposis
is	 a	 disorder	 that	 occurs	 in	 childhood	 and	 in	which	mortality	 can	 be	 reduced	 if	 diagnosis	 is	 presymptomatic.3
Testing	is	clearly	indicated	in	these	instances.

Questions	have	been	raised	about	the	parents’	right	to	demand	testing	for	adult-onset	diseases,	and	this	is	now
happening	 regularly	with	 direct-to-consumer	 (DTC)	 tests	 and	whole-exome	 testing	 of	 children.100	 The	 risks	 of
such	testing	to	the	child	and	the	child’s	right	not	to	be	tested	must	be	considered.	Whenever	childhood	testing	is
not	medically	indicated,	it	is	preferable	that	testing	decisions	are	postponed	until	the	children	are	adults	and	can
decide	 for	 themselves	 whether	 to	 be	 tested.	 One	 study	 aimed	 to	 explore	 the	 integration	 of	 newborns’	 genetic
sequencing	 into	 their	medical	 care;	 however,	 during	 the	 recruitment	 phase	 just	 7%	of	 parents	 consented	 to	 the
study.	 This	 included	 24	 of	 345	 sick	 babies	 in	 neonatal	 intense	 care,	 and	 138	 of	 2,062	 healthy	 babies.101	 This
study’s	 low	 enrollment	 will	 make	 it	 difficult	 to	 test	 the	 hypothesis	 of	 whether	 genomic	 testing	 in	 children	 is
helpful	 and/or	 safe.	 It	 is	 likely	 that	 the	 controversial	 issues	 of	 genetic	 testing	 in	 newborns	 has	 impeded	 study
uptake.	A	 large	 study	with	 outcome	 data	 over	 at	 least	 two	 decades	 is	 needed	 to	 fully	 answer	 these	 questions.
Presymptomatic	 genetic	 testing	 in	 a	 newborn	 setting	 is	 not	 routinely	 practiced	 and	 is	 currently	 especially
controversial	for	both	logistical	and	ethical	reasons.

Reproductive	Issues
Reproductive	technology	in	the	form	of	preimplantation	genetic	diagnosis,	prenatal	testing,	or	sperm	sorting	are
options102	for	men	and	women	with	a	hereditary	cancer	syndrome,	but	these	options	are	requested	by	few	patients
for	 adult-onset	 autosomal	 dominant	 conditions	 in	 which	 there	 are	 viable	 options	 for	 surveillance	 and	 risk
reduction.	 Low	 uptake	 of	 reproductive	 technology	 options	 may	 be	 due	 to	 several	 reasons,	 including	 that
pathogenic	variant	carriers	are	not	made	aware	of	these	options,	because	they	feel	reassured	by	the	existence	of
management	options,	because	of	the	controversial	nature	of	prenatal	diagnosis	and	decisions	regarding	pregnancy
termination,	or	because	of	the	financial	burden	of	some	options.

It	 is	additionally	 important	 to	consider	 the	 family	planning	 implications	of	 the	 identification	of	a	pathogenic
variant	in	a	cancer	predisposition	gene	associated	with	autosomal	recessive	inheritance.	There	are	many	clinicians
who	are	routinely	testing	cancer	predisposition	genes	associated	with	both	adult-onset	autosomal	dominant	cancer
predisposition	and	pediatric-onset	autosomal	 recessive	syndromes.	For	 instance,	 if	a	BRCA2	 pathogenic	 variant
carrier	 is	 considering	 having	 a	 child,	 it	 is	 important	 to	 assess	 the	 spouse’s	 risk	 of	 also	 carrying	 a	 pathogenic
BRCA2	 variant.	 If	 the	 spouse	 is	 of	 Jewish	 ancestry	 or	 has	 a	 personal	 or	 family	 history	 of	 breast,	 ovarian,	 or
pancreatic	cancer,	BRCA	testing	should	especially	be	considered	and	a	discussion	of	the	risk	of	Fanconi	anemia	in
a	 child	 with	 two	 BRCA2	 pathogenic	 variants	 should	 take	 place.103	 Fanconi	 anemia	 is	 a	 serious	 disorder
characterized	 by	 defective	 DNA	 repair	 and	 high	 rates	 of	 birth	 defects,	 aplastic	 anemia,	 leukemia,	 and	 solid
tumors.3	 There	 are	multiple	 genes	 associated	with	 Fanconi	 anemia	 that	 commonly	 appear	 on	 gene	 panels	 in	 a
cancer	genetic	counseling	setting,	including	BRCA2,	PALB2,	and	FANCC.	Other	examples	of	recessive	conditions
associated	 with	 genes	 routinely	 included	 on	 multigene	 cancer	 panels	 include	 constitutional	 mismatch	 repair
deficiency	(caused	by	pathogenic	variants	in	both	copies	of	a	Lynch-associated	mismatch	repair	or	EPCAM	gene)
and	ataxia	telangiectasia	(caused	by	pathogenic	variants	in	both	ATM	gene	copies).20	The	discussion	of	the	risk	of
pediatric-onset	autosomal	recessive	conditions	and	the	associated	family	planning	implications	should	be	part	of
proper	informed	consent	for	multigene	panel	testing	for	adults.

Potential	Germline	Implications	of	Tumor	Genomic	Profiling
Tumor	 genetic	 testing,	 also	 known	 as	 tumor	 genomic	 profiling	 or	 simply	 tumor	 profiling,	 is	 primarily	 used	 to
identify	variants	in	genes	that	are	the	drivers	and	weak	points	of	the	tumor,	and	thus,	which	therapy	may	be	most
effective.	 This	 tailored	 therapy	 is	 also	 known	 as	 precision	medicine.	Most	 of	 the	 time,	 variants	 identified	 are
somatic,	meaning	 only	 present	 in	 the	 tumor;	 however,	 germline	 findings	 can	 be	 found	 in	 up	 to	 12%	 of	 these
cases.104,105	These	percentages	will	likely	increase	as	tumor	profiling	is	performed	routinely	in	more	tumor	types.
Though	the	primary	purpose	of	this	testing	is	in	developing	treatment	strategy,	there	can	be	incidental	detection	of
germline	pathogenic	variants	during	tumor	genomic	profiling,	typically	meaning	that	the	variant	identified	is	one
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that	an	individual	was	born	with	and	is	present	in	all	of	his	or	her	cells.106	Such	a	finding	means	that	the	patient’s
family	members	may	also	be	at	risk	to	carry	this	finding	and	should	be	offered	genetic	counseling	and	possibly
testing.	In	a	study	of	1,000	patients	undergoing	paired	genetic	testing	of	tumor	and	normal	tissue,	43	had	germline
pathogenic	variants	in	genes	considered	actionable.	Twenty	of	these	had	been	identified	in	prior	clinical	genetic
testing	due	 to	 suspicion	of	hereditary	 cancer.	The	 remainder	had	previously	unrecognized	pathogenic	germline
variants.104	 In	 absence	of	 paired	 testing,	 as	 occurred	 in	 this	 study,	 there	 are	 a	 few	 indications	 to	keep	 in	mind
when	considering	whether	a	genetic	variant	 identified	 in	 tumor	genomic	profiling	may	actually	be	germline.	A
few	examples	 include	 the	 identification	of	 a	variant	 in	 a	 cancer	predisposition	gene	previously	 associated	with
inherited	cancer	susceptibility	(especially	if	not	routinely	seen	in	a	somatic	state	in	that	tumor	type),	correlation
between	 tumor	pathology	and	gene	 (e.g.,	variant	 identified	 in	CDH1,	a	gene	associated	with	hereditary	diffuse
gastric	 cancer	 syndrome,	 identified	 in	 a	 diffuse	 gastric	 cancer),	 and	 variant	 allele	 frequency	 approaching	 50%
(meaning	 nearly	 half	 of	 gene	 copies	 in	 sample	 contain	 variant,	 although	 there	 are	 many	 limitations	 with	 this
method).104,107	Guidance	regarding	the	potential	germline	implications	of	somatic	genetic	testing	is	beginning	to
emerge.	For	instance,	the	NCCN	BRCA-related	breast	and/or	ovarian	cancer	BRCA	 testing	guidelines	have	been
updated	to	include	the	recommendation	that	germline	BRCA	testing	be	offered	in	any	case	that	a	pathogenic	BRCA
variant	has	been	detected	during	tumor	genome	profiling,	regardless	of	tumor	type.8

As	we	continue	in	this	era	of	personalized	medicine,	the	frequency	with	which	somatic	and	germline	genetics
intersects	 will	 likely	 increase,	 requiring	 greater	 collaboration	 between	 cancer	 and	 genetics	 specialists.	 In	 the
interim,	clinicians	who	order	and	counsel	patients	regarding	tumor	genomic	profiling	should	address	the	potential
for	the	identification	of	possible	germline	variants	during	tumor	testing	during	the	informed	consent	process,	seek
out	opportunities	 for	continuing	education	 in	 this	area,	and	 identify	genetic	counseling	 resources	with	which	 to
connect	 patients	 when	 germline	 variants	 are	 suspected.4	 Genetic	 counselors	 should	 be	 included	 in	 molecular
tumor	boards	to	allow	for	better	collaboration.

Changes	in	Delivery	Models
The	 rapid	 expansion	 of	 genomic	 medicine	 will	 soon	 touch	 virtually	 every	 area	 of	 medicine	 with	 the	 U.S.
Department	of	Health	and	Human	Services	anticipating	60%	of	the	general	population	soon	being	candidates	for
some	type	of	genetic	testing.108	Consumers	are	motivated	to	seek	out	genetic	testing	for	information	about	their
risks	 for	 common	 diseases,	 and	 0.5%	 to	 4%	 of	 healthy	 individuals	 will	 be	 found	 to	 have	 an	 incidental
finding.109,110	Growth	in	the	genetic	testing	sector	is	further	supported	by	the	development	of	new	tests,	greater
physician	and	patient	awareness,	 lower-cost	 testing,	and	 the	personalized	medicine	movement	utilizing	 targeted
treatments.83

Pre-	and	posttest	genetic	counseling	by	qualified	health	professionals	is	recommended	as	standard	of	care	by
the	 leading	 professional	 health	 organizations.9–11	 However,	 the	 traditional	 in-person,	 multivisit	 approach	 to
genetic	 counseling	 cannot	meet	 the	 demand	 of	 the	 rapidly	 growing	 field	 of	 genomic	medicine	with	 just	 4,000
practicing	genetic	counselors	and	the	wait	time	for	genetic	counseling	visits	at	many	medical	centers	exceeding	8
months.111,112	 A	 recent	 workforce	 study	 revealed	 that	 the	 genetic	 counseling	 field	 in	 the	 United	 States	 was
understaffed	by	almost	50%	in	2017.112	This	problem	is	more	amplified	in	other	parts	of	the	world.

Barriers	to	affordable	and	scalable	genetic	counseling	have	resulted	in	<40%	of	high-risk	breast	cancer	patients
receiving	genetic	counseling.113	Another	study	of	women	who	pursued	genetic	testing	revealed	that	the	majority
(63%)	 never	 received	 genetic	 counseling.114	 Just	 as	 technology	 has	 advanced	 the	 field	 of	 genetic	 testing,
alternative	service	delivery	models	and	technology	solutions	are	needed	to	meet	the	growing	demand	for	genetic
counseling	 services	 and	 to	 ensure	 that	 patients	 understand	 and	 appropriately	 incorporate	 their	 results	 into	 their
medical	care.

Alternative	service	delivery	models	that	are	being	explored	include	limited	in-person	visits	augmented	by	pre-
or	 posttest	 telephone	 counseling,	 group	 sessions	 involving	 educating	 groups	 of	 individuals	 undergoing	 genetic
counseling/testing	at	the	same	time,	the	use	of	videos	to	provide	a	significant	portion	of	pre-	or	posttest	education,
and	telemedicine,	which	typically	involves	counseling	via	webcam.111	An	example	of	a	technology	solution	to	the
problem	of	access	is	the	digital	health	platform	provided	by	My	Gene	Counsel,	which	provides	electronic	genetic
counseling.	 My	 Gene	 Counsel	 links	 genetic	 test	 results	 to	 accurate,	 evidence-based,	 updating	 digital	 genetic
counseling	 content	 for	 patients	 and	 clinicians.	 This	 scalable	 technology	 provides	 patients	 first-line	 genetic
counseling	 and	 notifies	 patients	 and	 clinicians	 of	 clinically	 relevant	 findings	 discovered	 a	month,	 a	 year,	 or	 a
decade	 later.	 This	 is	 particularly	 important	 in	 genetics,	 a	 field	 in	 which	 data,	 testing	 options,	 and	 clinical
recommendations	are	evolving	constantly.



Direct-to-Consumer	Genetic	Testing
DTC	 genetic	 testing,	 also	 known	 as	 direct-access	 genetic	 testing,	 consists	 of	 individuals	 ordering	 their	 own
genetic	 testing	 directly	 from	 a	 laboratory	 rather	 than	 having	 testing	 coordinated	 within	 a	 traditional	 medical
encounter.111	This	 rise	of	 consumer	genomics	 is	 supported	by	 the	 success	of	 companies	 like	23andMe	and	 the
launch	of	companies	such	as	Helix	and	Genos.	In	many	cases,	a	health-care	provider	is	not	involved	at	all.	Almost
90%	of	people	believe	that	they	should	have	access	to	their	own	genetic	information	without	having	to	go	through
a	medical	professional.115	In	other	cases,	companies	coordinate	with	a	customer’s	physician,	or	a	physician	within
the	company	who	speaks	to	the	customer	by	phone,	and	genetic	counseling	is	potentially	arranged	or	offered.111
Many	 available	 DTC	 tests	 focus	 on	 genomic	 variants	 and	 single	 nucleotide	 polymorphisms	 that	 have	modest
effects	 on	 cancer	 risk,	 and	 about	 which	 more	 is	 known	 on	 a	 population	 than	 individual	 level,	 as	 opposed	 to
pathogenic	 variants	 in	 cancer	 predisposition	 genes.111	 This	 distinction	 may	 not	 be	 readily	 understood	 by
consumers.	Consumers	can	receive	raw	data	from	many	DTC	companies	and	may	utilize	third-party	companies	to
interpret	their	data.	Some	of	these	data	are	clinically	relevant,	and	some	are	not—which	is	likely	challenging	for
most	clinicians	to	interpret.	However,	these	tests	are	popular	and	may	yield	results	that	should	not	be	ignored.	A
growing	 number	 of	 genetic	 counselors	 are	 beginning	 to	 specialize	 in	 interpreting	DTC	 data.	More	 research	 is
needed	regarding	the	medical	and	psychosocial	outcomes	of	DTC	testing.

Psychosocial	Issues
The	psychosocial	impact	of	cancer	genetic	counseling	cannot	be	underestimated.	Just	the	process	of	scheduling	a
cancer	risk	counseling	session	may	be	quite	difficult	for	some	individuals	with	a	family	history	who	are	not	only
frightened	about	 their	 own	cancer	 risk	but	 also	 reliving	painful	 experiences	 associated	with	 the	 cancer	of	 their
loved	ones.22	Counselees	may	be	faced	with	an	onslaught	of	emotions,	including	anger,	fear	of	developing	cancer,
fear	 of	 disfigurement	 and	 dying,	 grief,	 lack	 of	 control,	 negative	 body	 image,	 and	 a	 sense	 of	 isolation.34	 Some
counselees	wrestle	with	the	fear	that	insurance	companies,	employers,	family	members,	and	even	future	partners
will	 react	negatively	 to	 their	cancer	 risks.	For	many,	 it	 is	a	double-edged	sword	as	 they	balance	 their	 fears	and
apprehensions	about	dredging	up	these	issues	with	the	possibility	of	obtaining	reassuring	news	and	much-needed
information.

A	person’s	perceived	cancer	risk	is	often	dependent	on	many	“nonmedical”	variables.	They	may	estimate	that
their	 risk	 is	 higher	 if	 they	 look	 like	 an	 affected	 individual	 or	 share	 some	 of	 their	 personality	 traits.34	 Their
perceived	 risks	will	 vary	depending	on	 if	 their	 relatives	were	 cancer	 survivors	 or	 died	painful	 deaths	 from	 the
disease.	Many	people	wonder	not	if	they	are	going	to	get	cancer,	but	when.

The	 counseling	 session	 is	 an	 opportunity	 for	 individuals	 to	 express	 why	 they	 believe	 they	 have	 developed
cancer	or	why	their	family	members	have	cancer.	Some	explanations	may	revolve	around	family	folklore,	and	it	is
important	to	listen	to	and	address	these	explanations	rather	than	dismiss	them.34	In	doing	this,	the	counselor	will
allow	 the	 client	 to	 alleviate	 his	 or	 her	 greatest	 fears	 and	 to	 give	 more	 credibility	 to	 the	 medical	 theory.
Understanding	 a	 patient’s	 perceived	 cancer	 risk	 is	 important	 because	 that	 fear	may	 decrease	 surveillance	 and
preventive	health-care	behaviors.	For	patients	and	families	who	are	moving	forward	with	DNA	testing,	a	referral
to	a	mental	health-care	professional	is	often	very	helpful.	Genetic	testing	has	an	impact	not	only	on	the	patient	but
also	on	his	or	her	children,	siblings,	parents,	and	extended	relatives.	This	can	be	overwhelming	for	an	individual
and	the	family	and	should	be	discussed	in	detail	prior	to	testing.

To	date,	studies	conducted	in	the	setting	of	pre-	and	postgenetic	counseling	have	revealed	that,	at	least	in	the
short	term,	most	patients	do	not	experience	adverse	psychological	outcomes	after	receiving	their	test	results.116	In
fact,	preliminary	data	have	revealed	that	individuals	in	families	with	known	pathogenic	variants	who	seek	testing
seem	 to	 fare	better	psychologically	at	6	months	 than	 those	who	avoid	 testing.116	Among	 individuals	who	 learn
they	are	BRCA	pathogenic	variant	carriers,	anxiety	and	distress	levels	appear	to	increase	slightly	after	receiving
their	test	results	but	returned	to	pretest	levels	in	several	weeks.	Although	these	data	are	reassuring,	it	is	important
to	recognize	that	genetic	testing	is	an	individual	decision	and	will	not	be	right	for	every	patient	or	every	family.

Confidentiality
The	 level	 of	 confidentiality	 surrounding	 cancer	 genetic	 testing	 is	 paramount	 due	 to	 concerns	 of	 genetic
discrimination.	 Careful	 consideration	 should	 be	 given	 to	 the	 confidentially	 of	 family	 history	 information,
pedigrees,	genetic	test	results,	pathology	reports,	and	the	carrier	status	of	other	family	members	as	most	hospitals
and	clinicians	use	or	are	transitioning	to	electronic	medical	records	systems.	The	goal	of	electronic	records	is	to
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share	information	about	the	patient	with	his	or	her	entire	health-care	team.	However,	genetics	is	a	unique	specialty
that	involves	the	whole	family.	Patient’s	charts	often	contain	Health	Insurance	Portability	and	Accountability	Act
(HIPAA)–protected	health	information	and	genetic	test	results	for	many	other	family	members.	This	information
may	 not	 be	 appropriate	 to	 enter	 into	 an	 electronic	 record.	 The	 unique	 issues	 of	 genetics	 services	 need	 to	 be
considered	when	designing	electronic	medical	record	standards.

Confidentiality	of	test	results	within	a	family	can	also	be	of	issue	because	genetic	counseling	and	testing	often
reveals	the	risk	statuses	of	family	members	other	than	the	patient.	Under	confidentiality	codes,	the	patient	needs	to
grant	permission	before	at-risk	family	members	can	be	contacted.	For	this	reason,	many	programs	have	built	in	a
“share	 information	with	 family	members”	 clause	 to	 their	 informed	 consent	 documents.	 It	 has	 been	 questioned
whether	a	family	member	could	sue	a	health-care	professional	for	negligence	if	they	were	identified	as	high	risk
yet	 not	 informed.117	 Most	 recommendations	 have	 stated	 that	 the	 burden	 of	 confidentiality	 lies	 between	 the
provider	and	the	patient.	However,	more	recent	recommendations	state	that	confidentiality	should	be	violated	 if
the	 potential	 harm	of	 not	 notifying	 other	 family	members	 outweighs	 the	 harm	of	 breaking	 a	 confidence	 to	 the
patient.118	Some	centers	now	routinely	gather	the	contact	information	for	a	patient’s	family	members,	which	may
lead	 to	 additional	 ethical	 issues	 surrounding	 the	 benefits	 of	 family	 notification	 versus	 patient	 confidentiality.
There	is	no	patent	solution	for	this	difficult	dilemma,	and	situations	must	be	considered	on	a	case-by-case	basis
with	the	assistance	of	the	in-house	legal	department	and	ethics	committee.

Insurance	and	Discrimination	Issues
When	 genetic	 testing	 for	 cancer	 predisposition	 first	 became	 widely	 available,	 the	 fear	 of	 health	 insurance
discrimination	by	both	patients	 and	providers	was	one	of	 the	most	 common	concerns.119,120	 It	 appears	 that	 the
risks	of	health	insurance	discrimination	were	overstated	and	that	almost	no	discrimination	by	health	insurers	has
been	reported.	The	HIPAA	banned	the	use	of	genetic	information	as	a	preexisting	condition.121	In	May	of	2008,
Congress	passed	the	Genetic	Information	Nondiscrimination	Act	(HR	493),	which	provides	broad	protection	of	an
individual’s	genetic	information	against	health	insurance	and	employment	discrimination.122	Whereas	the	Genetic
Information	 Nondiscrimination	 Act	 offers	 significant	 protection	 concerning	 genetic	 discrimination,	 it	 does	 not
apply	 to	members	of	 the	U.S.	military,	veterans	 receiving	care	 through	Veteran’s	Administration,	or	 the	 Indian
Health	Service.	Additionally,	 the	protections	offered	by	 the	Genetic	 Information	Nondiscrimination	Act	do	not
extend	 to	 life,	 disability,	 or	 long-term-care	 insurance.	 However,	 some	 suggest	 that	 the	 concern	 about
discrimination	 in	 these	 settings	 is	 exaggerated	 because	 there	 have	 been	 few	 confirmed	 reports	 of	 such
discrimination	occurring.	The	Heath	Care	and	Education	Reconciliation	Act	of	2010	(HR	4872)	prohibits	group
health	 plans	 from	 denying	 insurance	 based	 on	 preexisting	 conditions	 and	 from	 increasing	 premiums	 based	 on
health	status.123

In	the	past,	health-care	providers	could	confidently	reassure	their	patients	that	genetic	counseling	and	testing
will	not	put	them	at	risk	of	losing	group	or	individual	health	insurance;	however,	changes	in	health	care	and	the
protection	of	genetic	information	are	uncertain	in	2017.	Several	societies	have	published	position	statements	on
this	topic.124,125

More	and	more	patients	are	choosing	to	submit	their	genetic	counseling	and/or	testing	charges	to	their	health
insurance	companies.	In	the	past	few	years,	more	insurance	companies	have	agreed	to	pay	for	counseling	and/or
testing,	perhaps	in	light	of	data	that	show	these	services	reduce	errors	related	to	ordering	and	interpreting	genetic
testing	 and	 that	 decision	 analyses	 have	 revealed	 subsequent	 prophylactic	 surgeries	 to	 be	 cost-effective.126
Insurance-related	 questions	 are	 hallmarks	 of	 the	 genetic	 counseling	 process	 and	 can	 be	 individually	 addressed
before	 pursuing	 testing.	 The	 risk	 of	 life	 or	 disability	 insurance	 discrimination,	 however,	 is	 more	 realistic.	 If
someone	is	concerned	about	the	potential	of	genetic	discrimination,	he	or	she	may	wish	to	consider	obtaining	life
insurance	before	having	genetic	testing.124,125

FUTURE	DIRECTIONS
Whole-Genome	Sequencing	and	Whole-Exome	Sequencing
Given	rapid	advances	in	genetic	testing	technology	in	combination	with	rapid	reductions	in	genetic	testing	costs,
whole-genome	sequencing	 (WGS)	and	whole-exome	sequencing	 (WES)	are	being	 researched,	and	occasionally
used	clinically,	 in	a	hereditary	cancer	setting.	When	performing	genetic	 testing	for	a	single	syndrome	or	with	a



multigene	panel,	specific	genes	implicated	in	hereditary	cancer	predisposition	are	chosen	for	analysis.	In	the	case
of	WGS/WES,	much	more	genetic	information	is	analyzed	via	DNA	testing.	WGS	includes	analysis	of	all	areas	of
the	human	genome,	whereas	WES	includes	analysis	of	the	<2%	of	the	genomic	that	codes	for	proteins.127	Some
suggest	WGS/WES	may	be	helpful	in	a	cancer	setting	because	of	the	significant	overlap	between	many	hereditary
cancer	syndromes/cancer	predisposition	genes,	as	well	as	the	potential	existence	of	pathogenic	variants	in	multiple
cancer	predisposition	genes	that	could	all	be	contributing	to	risk	in	a	single	patient.	WGS/WES	may	also	lead	to
the	identification	of	cancer	predisposition	genes	that	were	previously	unknown	and	therefore	not	included	on	more
common	multigene	cancer	panels.127

Although	 the	 possibilities	 that	 accompany	 WGS/WES	 are	 promising,	 there	 are	 also	 many	 challenges.
Pathogenic	genetic	variants	could	be	identified	that	have	significant	medical	implications,	but	they	are	completely
unrelated	to	cancer.	These	are	known	as	secondary	findings	and	could	be	related	to	anything	from	cardiovascular
disease	 to	Alzheimer	 risk.	 In	 some	 cases,	 there	may	 be	 opportunities	 for	 patients	 to	 opt	 in	 or	 out	 of	 receiving
secondary	findings	or	even	the	ability	to	be	specific	about	the	types	of	incidental	finding	they	would	want	to	be
made	aware	of.	WGS/WES	is	also	much	more	likely	to	identification	variants	that	appear	to	be	pathogenic	but	are
in	genes	about	which	 there	are	 limited	data	as	well	as	variants	of	uncertain	significance.127	Genetic	counseling
would	 likely	 be	 more	 time	 and	 labor	 intensive	 in	 order	 to	 address	 potential	 benefits,	 risks,	 limitations,	 and
outcomes	of	WGS/WES.	Much	more	research	is	needed	before	this	technology	is	routinely	integrated	into	clinical
practice	in	a	cancer	setting.

General	Population	Testing
Given	 the	 increasing	demand	 for	 access	 to	one’s	genetic	 information,	 some	wonder	whether	 and	when	general
population	 testing	 for	 hereditary	 cancer	 predisposition	 should	 be	 available.	 Pathogenic	 variants	 in	 cancer
predisposition	 genes	 could	 then	 be	 identified	 in	 people	 who	 would	 not	 have	 otherwise	 undergone	 testing,
potentially	 leading	 to	 reduced	morbidity	 and	mortality.	When	 considering	whether	 population-wide	 testing	 for
hereditary	 cancer	 predisposition	 should	 be	 undertaken,	 several	 questions	 should	 be	 addressed.128	Which	 genes
should	be	tested?	How	common	are	pathogenic	variants	in	these	genes?	What	is	 the	burden	(in	terms	of	cancer
risk)	 of	 pathogenic	 variants	 in	 these	 genes,	 and	would	 it	 be	 difficult	 to	 assess	 risk	 in	 absence	 of	 a	 suggestive
personal/family	history?	Are	there	effective	surveillance	and	risk-reducing	strategies	to	employ	in	those	who	test
positive?	What	would	general	population	testing	look	like	logistically?	Who	would	perform	the	testing,	disclose
test	results,	make	medical	management	recommendations,	and	discuss	implications	for	relatives?	How	would	the
cost	 of	 testing	 be	 covered?	 What	 would	 the	 psychosocial	 implications	 of	 such	 testing	 be?	 Perhaps	 most
importantly,	what	 is	 the	penetrance	of	 these	genetic	variants	 in	 a	person	whose	 family	history	of	 cancer	 is	not
consistent	 with	 a	 pathogenic	 variant?	 Given	 the	 difficulty	 in	 addressing	 these	 questions,	 general	 population
genetic	testing	for	hereditary	cancer	predisposition	is	unlikely	to	become	mainstream	in	the	near	future.	Even	for
conditions	 about	which	much	 is	 known	 in	 terms	of	 cancer	 risk	 and	 for	which	 significant	medical	management
guidance	is	available	(e.g.,	BRCA-related	breast	and/or	ovarian	cancer),	general	population	testing	is	controversial.
However,	testing	in	higher	risk	groups	such	as	Ashkenazi	Jewish	individuals	may	be	justified	given	that	1	in	40
Ashkenazi	Jewish	individuals	carry	a	pathogenic	BRCA	variant.128	Population-based	BRCA	 testing	in	this	group
may	serve	as	a	paradigm	from	which	we	can	learn	and	apply	to	broader	populations	and	with	expanded	genetic
testing.

CRISPR
CRISPR	stands	for	clustered	regularly	interspaced	short	palindromic	repeats.	CRISPR	can	“delete”	and	“replace”
genes,	which	is	referred	to	as	“editing	the	genome.”	Researchers	are	investigating	whether	this	technology	could
be	 used	 to	 inactivate	 genes	 and	 to	 incorporate	 new	 genes.	 In	 theory,	 these	 discoveries	 may	 lead	 to	 fixes	 for
defective	segments	of	genes,	 like	 those	containing	pathogenic	variants,	 in	diseases	such	as	BRCA-related	 breast
and/or	 ovarian	 cancer	 syndrome,	 cystic	 fibrosis,	 sickle	 cell	 anemia,	 and	 Tay-Sachs	 disease.	 Some	 laboratories
have	already	reported	successful	trials	treating	mice	with	genetic	diseases	by	using	this	gene	editing	technology.

CONCLUSION
Maintaining	high	standards	for	thorough	genetic	counseling,	informed	consent,	and	accurate	result	interpretation
will	 be	 paramount	 in	 reducing	 potential	 risks	 and	 maximizing	 the	 benefits	 of	 genetic	 technology	 in	 the	 next
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century.

REFERENCES

1.	 Jolie	A.	My	medical	choice.	New	York	Times.	May	14,	2013:A25.
2.	 Peters	J.	Breast	cancer	genetics:	relevance	to	oncology	practice.	Cancer	Control	1995;2(3):195–208.
3.	 Lindor	 NM,	McMaster	ML,	 Lindor	 CJ,	 et	 al.	 Concise	 handbook	 of	 familial	 cancer	 susceptibility	 syndromes—

second	edition.	J	Natl	Cancer	Inst	Monogr	2008;(38):1–93.
4.	 Jain	R,	Savage	MJ,	Forman	AD,	et	al.	The	relevance	of	hereditary	cancer	risks	to	precision	oncology:	what	should

providers	consider	when	conducting	tumor	genomic	profiling?	J	Natl	Compr	Canc	Netw	2016;14(6):795–806.
5.	 Bonadies	DC,	Brierley	KL,	Barnett	RE,	et	al.	Adverse	third	case	series.	Cancer	J	2014;20(4):246–253.
6.	 Brierley	 KL,	 Campfield	 D,	 Ducaine	 W,	 et	 al.	 Errors	 in	 delivery	 of	 cancer	 genetics	 services:	 implications	 for

practice.	Conn	Med	2010;74(7):413–423.
7.	 Brierley	KL,	Blouch	E,	Cogswell	W,	et	al.	Adverse	events	 in	cancer	genetic	 testing:	medical,	ethical,	 legal,	and

financial	implications.	Cancer	J	2012;18(4):303–309.
8.	 National	Comprehensive	Cancer	Network.	NCCN	clinical	practice	guidelines	 in	oncology:	genetic/familial	high-
risk	assessment:	breast	and	ovarian.	https://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf.
Accessed	November	22,	2012.

9.	 Robson	ME,	Bradbury	AR,	Arun	B,	et	al.	American	Society	of	Clinical	Oncology	policy	statement	update:	genetic
and	genomic	testing	for	cancer	susceptibility.	J	Clin	Oncol	2015;33(31):3660–3667.

10.	 Lancaster	 JM,	Powell	CB,	Chen	LM,	 et	 al.	 Society	 of	Gynecologic	Oncology	 statement	 on	 risk	 assessment	 for
inherited	gynecologic	cancer	predispositions.	Gynecol	Oncol	2015;136(1):3–7.

11.	 U.S.	Preventive	Services	Task	Force.	Genetic	risk	assessment	and	BRCA	pathogenic	variant	testing	for	breast	and
ovarian	cancer	susceptibility:	recommendation	statement.	Ann	Intern	Med	2005;143(5):355–361.

12.	 American	 College	 of	 Surgeons.	 Commission	 on	 Cancer:	 cancer	 program	 standards	 2012:	 ensuring	 patient-
centered	care.	http://www.facs.org/cancer/coc/programstandards2012.html.	Accessed	December	3,	2012.

13.	 Yale	Cancer	Genetic	Counseling	Program.	Mammography	techs	ordering	their	own	genetic	testing?	It	appears	our
suspicion	 was	 correct.	 http://yalecancergeneticcounseling.blogspot.com/2013/10/mammography-techs-ordering-
their-own.html.	Accessed	November	28,	2017.

14.	 Lubin	 IM,	Caggana	M,	Constantin	C,	 et	 al.	Ordering	molecular	 genetic	 tests	 and	 reporting	 results:	 practices	 in
laboratory	and	clinical	settings.	J	Mol	Diagn	2008;10(5):459–468.

15.	 My	 Gene	 Counsel.	 What	 you	 can	 do	 to	 prevent	 your	 genetic	 test	 results	 from	 being	 misinterpreted.	 2007.
http://www.mygenecounsel.com/blog-recent-posts/2017/10/31/why-im-not-surprised-that-a-woman-had-her-
breasts-ovaries-and-uterus-removed-mistakenly-and-what-you-can-do-to-prevent-your-genetic-test-results-from-
being-misinterpreted.	Accessed	November	28,	2017.

16.	 Weeks	 WB,	 Wallace	 AE.	 Time	 and	 money:	 a	 retrospective	 evaluation	 of	 the	 inputs,	 outputs,	 efficiency,	 and
incomes	of	physicians.	Arch	Intern	Med	2003;163(8):944–948.

17.	 Doksum	 T,	 Bernhardt	 BA,	 Holtzman	NA.	 Does	 knowledge	 about	 the	 genetics	 of	 breast	 cancer	 differ	 between
nongeneticist	physicians	who	do	or	do	not	discuss	or	order	BRCA	testing?	Genet	Med	2003;5(2):99–105.

18.	 Rosenthal	 ET.	 Shortage	 of	 genetics	 counselors	 may	 be	 anecdotal,	 but	 need	 is	 real.	 Oncology	 Times
2007;29(17):34–36.

19.	 Informed	 Medical	 Decisions.	 Adult	 genetics:	 genetic	 counseling	 for	 your	 health	 concerns.
http://www.informeddna.com/index.php/patients/adult-genetics.html.	Accessed	August	24,	2009.

20.	 Informed	Medical	Decisions.	News:	Aetna	Press	Release:	Aetna	to	offer	access	to	confidential	telephonic	cancer
genetic	 counseling	 to	 health	 plan	 members.
http://www.informeddna.com/images/stories/news_articles/aetna%20press%20release%20bw.pdf.	 Accessed
August	24,	2009.

21.	 Schneider	 ME.	 Cigna	 to	 require	 counseling	 for	 some	 genetic	 tests.	 Internal	 Medicine.
http://www.internalmedicinenews.com/single-view/cigna-to-require-counseling-for-some-genetic-
tests/efd4f421df8b46ba2208da423adf198d.html.	Accessed	November	28,	2017.

22.	 Claus	E,	Schildkraut	 J,	Thompson	W,	 et	 al.	The	genetic	 attributable	 risks	 of	 breast	 and	ovarian	 cancer.	Cancer
1996;77(11):2318–2324.

23.	 Mets	S,	Tryon	R,	Veach	PM,	et	al.	Genetic	counselors’	experiences	regarding	communication	of	reproductive	risks
with	autosomal	recessive	conditions	found	on	cancer	panels.	J	Genet	Couns	2016;25(2):359–372.

24.	 Loman	N,	 Johannsson	O,	Kristoffersson	U,	et	 al.	Family	history	of	breast	 and	ovarian	cancers	and	BRCA1	and



BRCA2	mutations	in	a	population-based	series	of	early-onset	breast	cancer.	J	Natl	Cancer	Inst	2001;93(16):1215–
1223.

25.	 Struewing	J,	Hartge	P,	Wacholder	S,	et	al.	The	risk	of	cancer	associated	with	specific	mutations	of	BRCA1	and
BRCA2	among	Ashkenazi	Jews.	N	Engl	J	Med	1997;336(20):1401–1408.

26.	 Eisinger	F,	Jacquemier	J,	Charpin	C,	et	al.	Mutations	at	BRCA1:	the	medullary	breast	carcinoma	revisited.	Cancer
Res	1998;58(8):1588–1592.

27.	 Kandel	M,	Stadler	Z,	Masciari	 S,	 et	 al.	 Prevalence	of	BRCA1	mutations	 in	 triple	 negative	 breast	 cancer.	 Paper
presented	at:	2006	42nd	Annual	ASCO	Meeting;	2006;	Atlanta,	GA.

28.	 Risch	 H,	 McLaughlin	 J,	 Cole	 D,	 et	 al.	 Population	 BRCA1	 and	 BRCA2	 mutation	 frequencies	 and	 cancer
penetrances:	a	kin-cohort	study	in	Ontario,	Canada.	J	Natl	Cancer	Inst	2006;98(23):1694–1706.

29.	 Kuchenbaecker	 KB,	Hopper	 JL,	 Barnes	 DR,	 et	 al.	 Risks	 of	 breast,	 ovarian,	 and	 contralateral	 breast	 cancer	 for
BRCA1	and	BRCA2	mutation	carriers.	JAMA	2017;317(23):2402–2416.

30.	 Matloff	E,	Brierley	K,	Chimera	C.	A	clinician’s	guide	to	hereditary	colon	cancer.	Cancer	J	2004;10(5):280–287.
31.	 Pilarski	R.	Cowden	syndrome:	a	critical	review	of	the	clinical	literature.	J	Genet	Couns	2009;18(1):13–27.
32.	 Varga	EA,	Pastore	M,	Prior	T,	et	al.	The	prevalence	of	PTEN	mutations	in	a	clinical	pediatric	cohort	with	autism

spectrum	disorders,	developmental	delay,	and	macrocephaly.	Genet	Med	2009;11(2):111–117.
33.	 Gorlin	R.	Nevoid	basal-cell	carcinoma	syndrome.	Medicine	(Baltimore)	1987;66(2):98–113.
34.	 Schneider	K.	Counseling	 About	 Cancer:	 Strategies	 for	Genetic	 Counseling.	 2nd	 ed.	 Hoboken,	 NJ:	Wiley-Liss;

2001.
35.	 Love	R,	Evan	A,	Josten	D.	The	accuracy	of	patient	reports	of	a	family	history.	J	Chronic	Dis	1985;38(4):289–293.
36.	 Korzenik	J,	Chung	D,	Digumarthy	S,	et	al.	Case	33-2005:	a	43	year-old	man	with	lower	gastrointestinal	bleeding.

N	Engl	J	Med	2005;353(17):1836–1844.
37.	 American	Cancer	Society.	Cancer	Facts	and	Figures	2017.	Atlanta,	GA:	American	Cancer	Society;	2017.
38.	 Couch	 FJ,	 Shimelis	 H,	 Hu	 C,	 et	 al.	 Associations	 between	 cancer	 predisposition	 testing	 panel	 genes	 and	 breast

cancer.	JAMA	Oncol	2017;3(9):1190–1196.
39.	 Michailidou	K,	Lindström	S,	Dennis	J,	et	al.	Association	analysis	identifies	65	new	breast	cancer	risk	loci.	Nature

2017;551(7678):92–94.
40.	 Panchal	SM,	Ennis	M,	Canon	S,	et	al.	Selecting	a	BRCA	risk	assessment	model	for	use	in	a	familial	cancer	clinic.

BMC	Med	Genet	2008;9:116.
41.	 Association	 for	 Molecular	 Pathology	 v.	 Myriad	 Genetics,	 Inc.	 http://www.scotusblog.com/case-

files/cases/association-for-molecular-pathology-v-myriad-genetics-inc/?wpmp_switcher=desktop.	 Accessed
November	28,	2017.

42.	 Thornbecke	 C.	 What	 to	 know	 about	 the	 new	 affordable	 at-home	 BRCA	 genetic	 mutation	 test.
http://abcnews.go.com/Health/affordable-home-brca-genetic-mutation-test/story?id=49913351.	 Accessed
November	28,	2017.

43.	 Vadaparampil	ST,	Scherr	CL,	Cragun	D,	et	al.	Pre-test	genetic	counseling	services	for	hereditary	breast	and	ovarian
cancer	delivered	by	non-genetics	professionals	in	the	state	of	Florida.	Clin	Genet	2015;87(5):473–477.

44.	 Donaldson	JS.	Prenatal	tests	have	high	failure	rate,	triggering	abortions.	http://www.nbcnews.com/health/womens-
health/prenatal-tests-have-high-failure-rate-triggering-abortions-n267301.	Accessed	August	16,	2016.

45.	 UnitedHealth	Group.	Personalized	Medicine:	Trends	and	Prospects	 for	 the	New	Science	of	Genetic	Testing	and
Molecular	Diagnostics.	Working	 Paper	 7.	Minnetonka,	MN:	UnitedHealth	Group	Center	 for	Health	 Reform	&
Modernization;	2012.

46.	 ARUP	Laboratories.	Value	 of	 Genetic	 Counselors	 in	 the	 Laboratory.	 Salt	 Lake	 City,	 UT:	ARUP	Laboratories;
2011.

47.	 Plon	SE,	Cooper	HP,	Parks	B,	et	al.	Genetic	testing	and	cancer	risk	management	recommendations	by	physicians
for	at-risk	relatives.	Genet	Med	2011;13(2):148–154.

48.	 Friedman	 S.	 Thoughts	 from	 FORCE:	 comments	 submitted	 to	 the	 Secretary’s	Advisory	 Committee	 on	Genetics
Health	 and	 Society.	 http://facingourrisk.wordpress.com/2008/12/03/comments-submitted-to-the-secretarys-
advisory-committee-on-genetics-health-and-society/.	Accessed	April	6,	2010.

49.	 Powell	KP,	Christianson	CA,	Cogswell	WA,	et	al.	Educational	needs	of	primary	care	physicians	regarding	direct-
to-consumer	genetic	testing.	J	Genet	Couns	2012;21(3):469–478.

50.	 Powell	KP,	Cogswell	WA,	Christianson	CA,	et	al.	Primary	care	physicians’	awareness,	experience	and	opinions	of
direct-to-consumer	genetic	testing.	J	Genet	Couns	2012;21(1):113–126.

51.	 Beaver	L.	“Damaged	for	 the	 rest	of	my	 life”:	woman	says	surgeons	mistakenly	 removed	her	breasts	and	uterus.
Washington	 Post.	 October	 24,	 2017.	 https://www.washingtonpost.com/news/to-your-



Dr. AVR @ TMH

health/wp/2017/10/24/damaged-for-the-rest-of-my-life-woman-says-surgeons-mistakenly-removed-her-breasts-
and-uterus/?utm_term=.fee8549f5400.	Accessed	November	28,	2017.

52.	 Walsh	 T.	More	 than	 25%	 of	 breast	 cancer	 families	 with	 wild-type	 results	 from	 commercial	 genetic	 testing	 of
BRCA1	and	BRCA2	are	 resolved	by	BROCA	sequencing	of	all	known	breast	cancer	genes.	Paper	presented	at:
October	2013	American	Society	of	Human	Genetics	Meeting;	October	2013;	Boston,	MA.

53.	 Chen	S,	Parmigiani	G.	Meta-analysis	of	BRCA1	and	BRCA2	penetrance.	J	Clin	Oncol	2007;25(11):1329–1333.
54.	 Antoniou	A,	Pharoah	PD,	Narod	S,	et	al.	Average	risks	of	breast	and	ovarian	cancer	associated	with	BRCA1	or

BRCA2	mutations	detected	in	case	series	unselected	for	family	history:	a	combined	analysis	of	22	studies.	Am	J
Hum	Genet	2003;72(5):1117–1130.

55.	 Ford	D,	Easton	D,	Bishop	D,	et	al.	Risks	of	cancer	in	BRCA1	mutation	carriers.	Lancet	1994;343(8899):692–695.
56.	 Aziz	S,	Kuperstein	G,	Rosen	B,	et	al.	A	genetic	epidemiological	study	of	carcincoma	of	the	fallopian	tube.	Gynecol

Oncol	2001;80(3):341–345.
57.	 van	Asperen	CJ,	Brohet	RM,	Meijers-Heijboer	EJ,	et	al.	Cancer	risks	in	BRCA2	families:	estimates	for	sites	other

than	breast	and	ovary.	J	Med	Genet	2005;42(9):711–719.
58.	 Breast	 Cancer	 Linkage	 Consortium.	 Cancer	 risks	 in	 BRCA2	 mutation	 carriers.	 J	 Natl	 Cancer	 Inst

1999;91(15):1310–1316.
59.	 Powles	 T,	 Ashley	 S,	 Tidy	 A,	 et	 al.	 Twenty-year	 follow-up	 of	 the	 Royal	Marsden	 randomized,	 double-blinded

tamoxifen	breast	cancer	prevention	trial.	J	Natl	Cancer	Inst	2007;99(4):283–290.
60.	 Goss	PE,	Ingle	JN,	Alés-Martínez	JE,	et	al.	Exemestane	for	breast-cancer	prevention	in	postmenopausal	women.	N

Engl	J	Med	2011;364(25):2381–2391.
61.	 King	MC,	Wieand	S,	Hale	K,	et	al.	Tamoxifen	and	breast	cancer	incidence	among	women	with	inherited	mutations

in	 BRCA1	 and	 BRCA2:	 National	 Surgical	 Adjuvant	 Breast	 and	 Bowel	 Project	 (NSABP-P1)	 breast	 cancer
prevention	trial.	JAMA	2001;286(18):2251–2256.

62.	 Narod	S,	Brunet	J,	Ghadirian	P,	et	al.	Tamoxifen	and	risk	of	contralateral	breast	cancer	 in	BRCA1	and	BRCA2
mutation	 carriers:	 a	 case-control	 study.	 Hereditary	 Breast	 Cancer	 Clinical	 Study	 Group.	 Lancet
2000;356(9245):1876–1881.

63.	 Phillips	 KA,	Milne	 RL,	 Rookus	MA,	 et	 al.	 Tamoxifen	 and	 risk	 of	 contralateral	 breast	 cancer	 for	 BRCA1	 and
BRCA2	mutation	carriers.	J	Clin	Oncol	2013;31(25):3091–3099.

64.	 Lakhani	 S,	 van	 de	 Vijver	M,	 Jacquemier	 J,	 et	 al.	 The	 pathology	 of	 familial	 breast	 cancer:	 predictive	 value	 of
immunohistochemical	markers	estrogen	receptor,	progesterone	receptor,	HER-2,	and	p53	in	patients	with	mutations
in	BRCA1	and	BRCA2.	J	Clin	Oncol	2002;20(9):2310–2318.

65.	 Hartmann	LC,	Schaid	DJ,	Woods	JE,	et	al.	Efficacy	of	bilateral	prophylactic	mastectomy	in	women	with	a	family
history	of	breast	cancer.	N	Engl	J	Med	1999;340(2):77–84.

66.	 Matloff	E.	The	breast	surgeon’s	role	in	BRCA1	and	BRCA2	testing.	Am	J	Surg	2000;180(4):294–298.
67.	 Turner	B,	Harold	E,	Matloff	E,	et	al.	BRCA1/BRCA2	germline	mutations	in	locally	recurrent	breast	cancer	patients

after	 lumpectomy	 and	 radiation	 therapy:	 implications	 for	 breast-conserving	 management	 in	 patients	 with
BRCA1/BRCA2	mutations.	J	Clin	Oncol	1999;17(10):3017–3024.

68.	 Contant	CM,	Menke-Pluijmers	MB,	Seynaeve	C,	et	al.	Clinical	experience	of	prophylactic	mastectomy	followed	by
immediate	 breast	 reconstruction	 in	 women	 at	 hereditary	 risk	 of	 breast	 cancer	 (HBOC)	 or	 a	 proven	 BRCA1	 or
BRCA2	germ-line	mutation.	Eur	J	Surg	Oncol	2002;28(6):627–632.

69.	 Forman	DL,	Chiu	J,	Restifo	RJ,	et	al.	Breast	reconstruction	in	previously	irradiated	patients	using	tissue	expanders
and	implants:	a	potentially	unfavorable	result.	Ann	Plast	Surg	1998;40(4):360–363.

70.	 U.S.	 Food	 and	 Drug	 Administration.	 The	 FDA	 recommends	 against	 using	 screening	 tests	 for	 ovarian	 cancer
screening:	 FDA	 safety	 communication.
https://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm519413.htm.	Accessed	November	22,	2017.

71.	 McLaughlin	 J,	Risch	H,	Lubinski	 J,	 et	 al.	Reproductive	 risk	 factors	 for	ovarian	cancer	 in	carriers	of	BRCA1	or
BRCA2	mutations:	a	case-control	study.	Lancet	Oncol	2007;8(1):26–34.

72.	 Milne	RL,	Knight	JA,	John	EM,	et	al.	Oral	contraceptive	use	and	risk	of	early-	onset	breast	cancer	in	carriers	and
noncarriers	of	BRCA1	and	BRCA2	mutations.	Cancer	Epidemiol	Biomarkers	Prev	2005;14(2):350–356.

73.	 Domchek	 SM,	 Friebel	 TM,	 Neuhausen	 SL,	 et	 al.	 Mortality	 reduction	 after	 risk-reducing	 bilateral	 salpingo-
oophorectomy	in	a	prospective	cohort	of	BRCA1	and	BRCA2	mutation	carriers.	Lancet	Oncol	2006;7(3):223–229.

74.	 Powel	CB,	Kenley	E,	Chen	LM,	et	al.	Risk-reducing	salpingo-oophorectomy	in	BRCA	mutation	carriers:	role	of
serial	sectioning	in	the	detection	of	occult	malignancy.	J	Clin	Oncol	2005;23(1):127–132.

75.	 Finch	A,	Beiner	M,	Lubinski	J,	et	al.	Salpingo-oophorectomy	and	the	risk	of	ovarian,	fallopian	tube,	and	peritoneal
cancers	in	women	with	a	BRCA1	or	BRCA2	mutation.	JAMA	2006;296(2):185–192.



76.	 Kurian	AW,	Sigal	BM,	Plevritis	SK.	Survival	analysis	of	cancer	risk	reduction	strategies	for	BRCA1/2	mutation
carriers.	J	Clin	Oncol	2010;28(2):222–231.

77.	 Kwon	JS,	Tinker	A,	Pansegrau	G,	et	al.	Prophylactic	salpingectomy	and	delayed	oophorectomy	as	an	alternative
for	BRCA	mutation	carriers.	Obstet	Gynecol	2013;121(1):14–24.

78.	 American	 College	 of	 Obstetricians	 and	 Gynecologists.	 ACOG	 committee	 opinion.	 Breast–ovarian	 cancer
screening.	 Number	 176,	 October	 1996.	 Committee	 on	 Genetics.	 The	 American	 College	 of	 Obstetricians	 and
Gynecologists.	Int	J	Gynaecol	Obstet	1997;56(1):82–83.

79.	 Shu	 CA,	 Pike	 MC,	 Jotwani	 AR,	 et	 al.	 Uterine	 cancer	 after	 risk-reducing	 salpingo-oophorectomy	 without
hysterectomy	in	women	with	BRCA	mutations.	JAMA	Oncol	2016;2(11):1434–1440.

80.	 Campfield	Bonadies	D,	Moyer	A,	Matloff	ET.	What	I	wish	I’d	known	before	surgery:	BRCA	carriers’	perspectives
after	bilateral	salipingo-oophorectomy.	Fam	Cancer	2011;10(1):79–85.

81.	 Gadducci	A,	 Biglia	N,	 Cosio	 S,	 et	 al.	 Gynaecologic	 challenging	 issues	 in	 the	management	 of	 BRCA	mutation
carriers:	 oral	 contraceptives,	 prophylactic	 salpingo-oophorectomy	 and	 hormone	 replacement	 therapy.	 Gynecol
Endocrinol	2010;26(8):568–577.

82.	 Gronwald	J,	Tung	N,	Foulkes	W,	et	al.	Tamoxifen	and	contralateral	breast	cancer	in	BRCA1	and	BRCA2	carriers:
an	update.	Int	J	Cancer	2006;118(9):2281–2284.

83.	 Kim	G,	 Ison	G,	McKee	AE,	 et	 al.	 FDA	 approval	 summary:	 olaparib	monotherapy	 in	 patients	 with	 deleterious
germline	BRCA-mutated	advanced	ovarian	cancer	treated	with	three	or	more	lines	of	chemotherapy.	Clin	Cancer
Res	2015;21(19):4257–4261.

84.	 Domchek	SM,	Aghajanian	C,	Shapira-Frommer	R,	et	al.	Efficacy	and	safety	of	olaparib	monotherapy	in	germline
BRCA1/2	mutation	carriers	with	advanced	ovarian	cancer	and	three	or	more	lines	of	prior	therapy.	Gynecol	Oncol
2016;140(2):199–203.

85.	 Syed	YY.	Rucaparib:	first	global	approval.	Drugs	2017;77(5):585–592.
86.	 Mueller	A,	Dalton	E,	Enserro	D,	et	al.	Recontacting	patients	in	the	age	of	panel	testing:	cancer	genetic	counselors’

practice	 and	 perspective.	 2015.	 Capstone	 Project	 Boston	 University.
http://www.bumc.bu.edu/gms/files/2015/08/Capstone-Abstract-Amy-Mueller.pdf.

87.	 Otten	E,	Plantinga	M,	Birnie	E,	et	al.	Is	there	a	duty	to	recontact	in	light	of	new	genetic	technologies?	A	systematic
review	 of	 the	 literature.	 Genet	 Med	 2015;17(8):668–678.	 http://www.ncbi.nlm.nih.gov/pubmed/25503495.
Accessed	November	28,	2017.

88.	 Hall	MJ,	 Forman	AD,	 Pilarski	R,	 et	 al.	Gene	 panel	 testing	 for	 inherited	 cancer	 risk.	 J	Natl	Compr	Canc	Netw
2014;12(9):1339–1346.

89.	 Graeser	MK,	Engel	C,	Rhiem	K,	et	al.	Contralateral	breast	cancer	risk	in	BRCA1	and	BRCA2	mutation	carriers.	J
Clin	Oncol	2009;27(35):5887–5892.

90.	 Cybulski	C,	Wokołorczyk	D,	Jakubowska	A,	et	al.	Risk	of	breast	cancer	in	women	with	a	CHEK2	mutation	with
and	without	a	family	history	of	breast	cancer.	J	Clin	Oncol	2011;29(28):3747–3752.

91.	 Weischer	M,	Bojesen	SE,	Ellervik	C,	et	al.	CHEK2*1100delC	genotyping	for	clinical	assessment	of	breast	cancer
risk:	meta-analyses	of	26,000	patient	cases	and	27,000	controls.	J	Clin	Oncol	2008;26(4):542–548.

92.	 Tung	 N,	 Domchek	 SM,	 Stadler	 Z,	 et	 al.	 Counselling	 framework	 for	 moderate-penetrance	 cancer-susceptibility
mutations.	Nat	Rev	Clin	Oncol	2016;13(9):581–588.

93.	 Kurian	AW,	 Li	Y,	Hamilton	AS,	 et	 al.	 Gaps	 in	 incorporating	 germline	 genetic	 testing	 into	 treatment	 decision-
making	for	early-stage	breast	cancer.	J	Clin	Oncol	2017;35(20):2232–2239.

94.	 Farmer	 MB,	 Robin	 NH.	 Editorial:	 the	 genetics	 assessment	 of	 pediatric	 cancer.	Current	 Opinion	 in	 Pediatrics
2015;27(6):657–658.

95.	 Knapke	S,	Nagarajan	R,	Correll	J,	et	al.	Hereditary	cancer	risk	assessment	in	a	pediatric	oncology	follow-up	clinic.
Pediatr	Blood	Cancer	2012;58(1):85–89.

96.	 Olivier	M,	 Goldgar	 DE,	 Sodha	 N,	 et	 al.	 Li-Fraumeni	 and	 related	 syndromes:	 correlation	 between	 tumor	 type,
family	structure,	and	TP53	genotype.	Cancer	Res	2003;63(20):6643–6650.

97.	 Villani	A,	Tabori	U,	Schiffman	J,	et	al.	Biochemical	and	imaging	surveillance	in	germline	TP53	mutation	carriers
with	Li-Fraumeni	syndrome:	a	prospective	observational	study.	Lancet	Oncol	2011;12(6):559–567.

98.	 Clayton	EW.	Removing	the	shadow	of	the	law	from	the	debate	about	genetic	testing	of	children.	Am	J	Med	Genet
1995;57(4):630–634.

99.	 American	Society	of	Human	Genetics	Board	of	Directors,	American	College	of	Medical	Genetics	and	Genomics
Board	of	Directors.	Points	to	consider:	ethical,	legal,	and	psychosocial	implications	of	genetic	testing	in	children
and	adolescents.	Am	J	Hum	Genet	1995;57(5):1233–1241.

100.	 Howard	HC,	Avard	D,	Borry	P.	Are	 the	kids	really	all	 right?	Direct-to-consumer	genetic	 testing	 in	children:	are



Dr. AVR @ TMH

company	policies	clashing	with	professional	norms?	Eur	J	Hum	Genet	2011;19(11):1122–1126.
101.	 Green	RC,	Holm	IA,	Rehm	HL,	et	al.	The	BabySeq	Project:	preliminary	findings	from	a	randomized	trial	of	exome

sequencing	in	newborns.	Paper	presented	at:	American	Society	of	Human	Genetics	2016	Annual	Meeting;	October
2016;	 Vancouver,	 Canada.	 https://ep70.eventpilot.us/web/page.php?
page=IntHtml&project=ASHG16&id=160122602.	Accessed	November	28,	2017.

102.	 Brezina	PR,	Kutteh	WH.	Clinical	applications	of	preimplantation	genetic	testing.	BMJ	2015;350:g7611.
103.	 Offit	K,	Levran	O,	Mullaney	B,	 et	 al.	Shared	genetic	 susceptibility	 to	breast	 cancer,	 brain	 tumors,	 and	Fanconi

anemia.	J	Natl	Cancer	Inst	2003;95(20):1548–1551.
104.	 Meric-Bernstam	 F,	 Brusco	 L,	 Daniels	 M,	 et	 al.	 Incidental	 germline	 variants	 in	 1000	 advanced	 cancers	 on	 a

prospective	somatic	genomic	profiling	protocol.	Ann	Oncol	2016;27(5):795–800.
105.	 Zehir	A,	Benayed	R,	Shah	RH,	et	al.	Mutational	landscape	of	metastatic	cancer	revealed	from	prospective	clinical

sequencing	of	10,000	patients.	Nat	Med	2017;23(6):703–713.
106.	 Goedde	LN,	Stupiansky	NW,	Lah	M,	et	al.	Cancer	genetic	counselors’	current	practices	and	attitudes	related	to	the

use	of	tumor	profiling.	J	Genet	Couns	2017;26(4):878–886.
107.	 Jones	 S,	 Anagnostou	 V,	 Lytle	 K,	 et	 al.	 Personalized	 genomic	 analyses	 for	 cancer	 mutation	 discovery	 and

interpretation.	Sci	Transl	Med	2015;7(283):283ra53.
108.	 U.S.	Department	of	Health	and	Human	Services.	U.S.	System	of	Oversight	of	Genetic	Testing:	A	Response	to	the

Charge	 of	 the	 Secretary	 of	 Health	 and	 Human	 Services.	 Report	 of	 the	 Secretary’s	 Advisory	 Committee	 on
Genetics,	Health,	and	Society.	Washington,	DC:	U.S.	Department	of	Health	and	Human	Services;	2008.

109.	 Dewey	FE,	Murray	MF,	Overton	JD,	et	al.	Distribution	and	clinical	impact	of	functional	variants	in	50,726	whole-
exome	sequences	from	the	DiscovEHR	study.	Science	2016;354(6319):aaf6814.

110.	 Bodian	 DL,	McCutcheon	 JN,	 Kothiyal	 P,	 et	 al.	 Germline	 variation	 in	 cancer-susceptibility	 genes	 in	 a	 healthy,
ancestrally	diverse	cohort:	implications	for	individual	genome	sequencing.	PLoS	One	2014;9(4):e94554.

111.	 Buchanan	AH,	Rahm	AK,	Williams	JL.	Alternate	 service	delivery	models	 in	cancer	genetic	counseling:	a	mini-
review.	Front	Oncol	2016;6:120.

112.	 Hoskovec	JM,	Bennett	RL,	Carey	ME,	et	al.	Projecting	the	supply	and	demand	for	certified	genetic	counselors:	a
workforce	study.	J	Genet	Couns	2018;27(1):16–20.

113.	 Kurian	AW,	Griffith	KA,	Hamilton	AS,	et	al.	Genetic	testing	and	counseling	among	patients	with	newly	diagnosed
breast	cancer.	JAMA	2017;317(5):531–534.

114.	 Armstrong	J,	Toscano	M,	Kotchko	N,	et	al.	Utilization	and	outcomes	of	BRCA	genetic	testing	and	counseling	in	a
national	commercially	insured	population:	the	ABOUT	study.	JAMA	Oncol	2015;1(9):1251–1260.

115.	 Linderman	MD,	Nielsen	DE,	Green	RC.	 Personal	 genome	 sequencing	 in	 ostensibly	 healthy	 individuals	 and	 the
PeopleSeq	Consortium.	J	Pers	Med	2016;6(2):E14.

116.	 Lerman	C,	Hughes	C,	Lemon	S.	What	you	don’t	know	can	hurt	you:	adverse	psychologic	effects	in	members	of
BRCA1-linked	and	BRCA2-linked	families	who	decline	genetic	testing.	J	Clin	Oncol	1998;16(5):1650–1654.

117.	 Tsoucalas	C.	Legal	aspects	of	cancer	genetics—screening,	counseling,	and	registers.	In:	Lynch	H,	Kullander	S,	eds.
Cancer	Genetics	in	Women.	Vol	I.	Boca	Raton,	FL:	CRC	Press,	Inc.;	1987:9.

118.	 American	Society	of	Human	Genetics.	ASHG	statement:	professional	disclosure	of	 familial	genetic	 information.
Am	J	Hum	Genet	1998;62(2):474–483.

119.	 Bluman	 L,	 Rimer	 B,	 Berry	 D,	 et	 al.	 Attitudes,	 knowledge,	 and	 risk	 perceptions	 of	 women	 with	 breast	 and/or
ovarian	cancer	considering	testing	for	BRCA1	and	BRCA2.	J	Clin	Oncol	1999;17(3):1040–1046.

120.	 Matloff	E,	Shappell	H,	Brierley	K,	et	al.	What	would	you	do?	Specialists’	perspectives	on	cancer	genetic	testing,
prophylactic	surgery	and	insurance	discrimination.	J	Clin	Oncol	2000;18(12):2484–2492.

121.	 Hudson	KL,	Holohan	JD,	Collins	FS.	Keeping	pace	with	 the	 times—the	Genetic	 Information	Nondiscrimination
Act	of	2008.	N	Engl	J	Med	2008;358(25):2661–2663.

122.	 The	 Genetic	 Information	 Nondiscrimination	 Act	 of	 2008	 (H.R.	 493).	 http://beta.congress.gov/bill/110th-
congress/house-bill/493.	Accessed	June	2,	2014.

123.	 The	 Health	 Care	 and	 Education	 Affordability	 Reconciliation	 Act	 of	 2010	 (H.R.	 4872).
http://beta.congress.gov/bill/111th-congress/house-bill/4872.	Accessed	June	2,	2014.

124.	 American	Society	of	Human	Genetics.	ASHG	opposes	H.R.1313,	the	Preserving	Employee	Wellness	Programs	Act
Bill	 would	 undermine	 genetic	 privacy	 protections.	 http://www.ashg.org/press/201703-HR1313.html.	 Accessed
November	28,	2017.

125.	 Naylor	 B.	 Medical,	 hospital	 groups	 oppose	 GOP	 health	 care	 plan.
https://www.npr.org/2017/03/09/519450642/medical-hospital-groups-oppose-gop-health-care-plan.	 Published
March	9,	2017.



126.	 Grann	VR,	Whang	W,	Jabcobson	JS,	et	al.	Benefits	and	costs	of	screening	Ashkenazi	Jewish	women	for	BRCA1
and	BRCA2.	J	Clin	Oncol	1999;17(2):494–500.

127.	 O’Daniel	JM,	Lee	K.	Whole-genome	and	whole-exome	sequencing	in	hereditary	cancer:	impact	on	genetic	testing
and	counseling.	Cancer	J	2012;18(4):287–292.

128.	 Metcalfe	KA,	Eisen	A,	Lerner-Ellis	J,	et	al.	 Is	 it	 time	to	offer	BRCA1	and	BRCA2	 testing	 to	all	 Jewish	women?
Curr	Oncol	2015;22(4):e233–e236.



Dr. AVR @ TMH

PART	V

Practice	of	Oncology



39 Design	and	Analysis	of	Clinical
Trials
Richard	M.	Simon

INTRODUCTION
Clinical	 trials	 are	 experiments	 to	 determine	 the	 value	 of	 a	 treatment.	 There	 are	 two	 key	 components	 to	 the
experimental	approach.	First,	results	rather	than	plausible	reasoning	are	required	to	support	conclusions.	Second,
in	 an	 experiment,	 the	 treatments	 are	 assigned	 so	 that	 one	 can	 conclude	 that	 differences	 in	 outcome	 are	 due	 to
differences	 in	 treatment	 effect.	 In	 observational	 studies,	 treatments	 are	 not	 assigned	 as	 part	 of	 the	 study,	 so
differences	in	outcome	between	treatment	groups	may	merely	result	from	the	fact	that	sicker	patients	received	less
intensive	treatments.	Experiments	should	be	prospectively	planned	and	conducted	under	controlled	conditions	to
provide	definitive	answers	to	well-defined	questions.	Using	tumor	registry	data	to	compare	the	survival	rates	of
patients	with	prostate	cancer	treated	with	surgery	to	those	of	patients	receiving	radiotherapy	is	an	example	of	an
observational	 study,	 not	 a	 clinical	 trial.	 In	 an	 observational	 study,	 the	 investigators	 are	 passive	 observers.
Treatment	assignments,	staging	workup,	and	follow-up	procedures	are	out	of	the	control	of	the	investigators	and
are	conducted	with	no	considerations	about	the	validity	of	the	subsequent	attempt	at	comparison.	The	statistical
associations	resulting	from	such	studies	are,	consequently,	a	weak	basis	for	causal	inferences	about	relationships
between	the	treatments	administered	and	the	outcomes	observed.	Surprisingly,	this	does	not	seem	to	be	realized
by	the	politicians	and	health-care	administrators	allocating	enormous	sums	of	money	to	outcomes	research	based
on	electronic	medical	records	from	general	practice.	In	such	observational	studies,	treatments	are	usually	selected
on	the	basis	of	subjective	assessment	of	the	prognosis	of	the	patient,	specialties	of	the	physician,	and	diagnostic
evaluations.	Unknown	patient	selection	factors	generally	are	more	important	determinants	of	patient	outcome	than
are	differences	between	treatments.	For	example,	Subramanian	and	Simon1	found	that	in	observational	studies	that
developed	gene	expression	prognostic	signatures	 for	patients	with	early	stage	non–small-cell	 lung	cancer,	 those
who	 received	 chemotherapy	 had	 poorer	 survivals	 than	 those	who	 did	 not	 even	 after	 adjusting	 for	 all	 recorded
prognostic	factors.

Clinical	 trials	 require	 careful	 planning.	 The	 first	 result	 of	 the	 planning	 process	 is	 a	 written	 protocol.	 The
protocol	development	process	 is	discussed	in	more	detail	by	Green	et	al.2	The	protocol	should	define	 treatment
and	 evaluation	 policies	 for	 a	 well-defined	 set	 of	 patients.	 It	 also	 should	 define	 the	 specific	 questions	 to	 be
answered	by	 the	study	and	should	directly	 justify	 that	 the	number	of	patients	and	 the	nature	of	 the	controls	are
adequate	 to	 answer	 these	 questions.	 Some	 clinical	 trials	 are	 really	 only	 guidelines	 for	 clinical	 management
supplemented	by	lofty	objectives	with	no	scientific	meaning	and	no	realistic	chance	of	providing	a	reliable	answer
to	 a	 well-defined	 medical	 question.	 Such	 studies	 are	 a	 disservice	 to	 the	 patients	 who	 are	 undergoing	 some
inconvenience	to	contribute	to	the	welfare	of	future	patients.

PHASE	I	CLINICAL	TRIALS
The	main	objectives	of	 phase	 I	 trials	 have	 traditionally	been	 to	determine	 a	 dose	 that	 is	 appropriate	 for	 use	 in
phase	II	and	III	trials	and	to	determine	information	about	the	pharmacokinetics	of	distribution	of	the	drug.	Patients
with	 advanced	 disease	 that	 is	 resistant	 to	 standard	 therapy	 but	 who	 have	 normal	 organ	 function	 are	 usually
included	in	such	trials.	For	molecularly	targeted	drugs,	eligibility	is	often	limited	to	patients	whose	tumors	have	a
mutated	target	protein	or	otherwise	appear	driven	by	alteration	of	the	target.

Phase	I	trials	are	usually	initiated	at	a	low	dose	that	is	not	expected	to	produce	serious	toxicity.	A	starting	dose
of	one-tenth	the	lethal	dose	(expressed	as	milligrams	per	square	meter	of	body	surface	area)	in	the	most	sensitive
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species	usually	is	used.3	The	dose	is	increased	for	subsequent	patients	according	to	a	series	of	preplanned	steps.
Dose	escalation	for	subsequent	patients	occurs	only	after	sufficient	time	has	passed	to	observe	acute	toxic	effects
for	patients	 treated	at	 lower	doses.	Cohorts	of	 three	 to	six	patients	are	 treated	at	each	dose	level.	Usually,	 if	no
dose-limiting	toxicity	(DLT)	is	seen	at	a	given	dose	level,	the	dose	is	escalated	for	the	next	cohort.	If	the	incidence
of	DLT	is	33%,	then	three	more	patients	are	treated	at	the	same	level.	If	no	further	cases	of	DLT	are	seen	in	the
additional	patients,	 then	 the	dose	 level	 is	 escalated	 for	 the	next	 cohort.	Otherwise,	dose	escalation	 stops.	 If	 the
incidence	of	DLT	is	>33%	at	a	given	level,	then	dose	escalation	also	stops.	The	phase	II	recommended	dose	often
is	taken	as	the	highest	dose	for	which	the	incidence	of	DLT	is	<33%.	Usually,	six	or	more	patients	are	treated	at
the	recommended	dose.

The	dose	levels	themselves	are	commonly	based	on	a	modified	Fibonacci	series.	The	second	level	is	twice	the
starting	dose,	the	third	level	is	67%	greater	than	the	second,	the	fourth	level	is	50%	greater	than	the	third,	the	fifth
is	40%	greater	than	the	fourth,	and	each	subsequent	step	is	33%	greater	than	that	preceding	it.	Escalating	doses	for
subsequent	 courses	 in	 the	 same	 patient	 are	 generally	 not	 done,	 except	 at	 low	 doses	 before	 any	DLT	 has	 been
encountered.

Accelerated	Titration	Designs
There	is	no	compelling	scientific	basis	for	the	approach	just	outlined,	except	that	experience	has	shown	it	 to	be
safe.	Traditional	phase	I	trials	have	three	limitations:

1.	 They	sometimes	expose	too	many	patients	to	subtherapeutic	doses	of	the	new	drug.
2.	 The	trials	may	take	a	long	time	to	complete.
3.	 They	provide	very	limited	information	about	interpatient	variability	and	cumulative	toxicity.

More	recent	trial	designs	have	been	developed	to	address	these	problems.4	The	accelerated	 titration	designs5
permit	within-patient	dose	escalation	and	use	only	one	patient	per	dose	level	until	grade	2	or	greater	 toxicity	is
seen.	Doses	 are	 titrated	within	patients	 to	 achieve	 grade	 2	 toxicity.	The	 analysis	 consists	 of	 fitting	 a	 statistical
model	to	the	full	set	of	data	that	includes	all	grades	of	toxicity	for	all	courses	of	a	patient’s	treatment.	The	model
includes	parameters	that	represent	the	steepness	of	the	dose–toxicity	curve,	the	degree	of	interpatient	variability	in
the	 location	of	 the	dose–toxicity	curve,	and	 the	degree	 (if	any)	of	cumulative	 toxicity.	All	 these	parameters	are
estimated	from	the	data.	Several	variants	of	the	accelerated	titration	design	have	been	studied,	and	the	use	of	this
design	has	been	reviewed.6,7

Continual	Reassessment	Methods
O’Quigley	et	al.8	used	a	dose–toxicity	model	to	guide	the	dose	escalation	as	well	as	to	determine	the	maximum
tolerated	dose.	A	Bayesian	prior	distribution	is	established	for	 the	steepness	of	 the	dose–toxicity	curve,	and	the
distribution	is	updated	after	each	patient	is	treated.	The	model	is	based	on	using	only	first-course	treatment	data
and	whether	 the	patient	experiences	DLT.	This	approach	is	called	the	continual	 reassessment	method.	For	each
new	patient,	 the	model	 is	 used	 to	 determine	 the	 dose	 predicted	 to	 cause	DLT	 to	 a	 specified	 percentage	 of	 the
patients.	 That	 dose	 is	 assigned	 to	 the	 next	 patient.	Many	modifications	 of	 the	 original	 continual	 reassessment
method	have	been	subsequently	proposed.9–11

Other	Methods
For	 some	 tumor	 vaccines	 and	molecularly	 targeted	 drugs,	 toxicity	may	 not	 be	 dose	 limiting,	 and	 the	 standard
designs	may	be	inappropriate.12	Rahma	et	al.12	introduced	new	designs	for	vaccine	trials.

Finding	 the	 dose	 that	 provides	maximum	 biologic	 effect	 is	 often	 not	 practical	 in	 a	 phase	 I	 trial,	 as	 it	may
require	a	large	number	of	patients.	For	example,	to	have	90%	power	for	detecting	a	one	standard	error	difference
in	mean	 response	between	 two	dose	 levels	 at	 a	 one-sided	10%	significance	 level	 requires	14	patients	per	dose
level.	A	more	limited	objective	is	to	identify	a	dose	that	is	biologically	active.	Korn	et	al.13	developed	a	sequential
procedure	for	finding	such	a	dose	when	the	measure	of	biologic	response	is	binary.	During	an	initial	accelerated
phase,	they	treat	one	patient	per	dose	level	until	a	biologic	response	is	seen.	Then,	they	treat	cohorts	of	three	to	six
patients	per	dose	level.	With	zero	to	one	biologic	responses	among	three	patients	at	a	dose	level,	they	escalate	to
the	next	level.	With	two	to	three	responses	among	three	patients,	they	expand	the	cohort	to	six	patients.	With	five
to	 six	 biologic	 responses	 from	 the	 six	 patients,	 they	 declare	 that	 dose	 to	 be	 the	 biologically	 active	 level	 and



terminate	the	trial.	With	four	or	fewer	biologic	responses	at	a	level,	they	continue	to	escalate.
Designs	have	also	been	developed	for	phase	zero	proof	of	concept	 trials.14,15	Patients	are	treated	with	single

doses	of	a	new	drug	at	very	 low	concentrations	not	expected	 to	cause	 toxicity.	This	enables	 the	 investigator	 to
obtain	 an	 early	 assessment	 of	 whether	 the	 molecular	 target	 of	 the	 drug	 is	 being	 inhibited	 by	 measuring	 a
pharmacodynamic	 end	point	 before	 and	 after	 drug	 administration.	These	 trials	 require	prior	 development	of	 an
assay	 for	measuring	 the	pharmacodynamic	end	point	and	an	adequate	database	 for	estimating	 the	variability	of
measurement	for	independent	tissue	samples	of	the	same	patient.	This	estimate	should	reflect	variability	of	tissue
sampling	as	well	as	technical	variability	of	the	assay.	The	approach	developed	depends	on	having	a	good	estimate
of	assay	variability	and	in	having	assay	sufficiently	reproducible	to	be	able	to	reliably	classify	individual	patients
as	responders	or	nonresponders	based	on	the	observed	change	in	the	level	of	the	pharmacodynamic	end	point.	The
designs	described	by	Rubinstein	et	al.15	utilize	a	small	number	of	patients	for	establishing	whether	the	drug	causes
target	inhibition	in	a	substantial	proportion	of	patients.

PHASE	II	CLINICAL	TRIALS
Patient	Selection
Phase	 II	 trials	 have	 traditionally	been	performed	 separately	by	 tumor	 type	 in	patients	with	 the	 least	 amount	of
prior	 therapy	 for	 whom	 no	 effective	 therapy	 is	 available.	 With	 cytotoxics,	 full-dose	 chemotherapy	 is	 often
impossible	in	patients	debilitated	by	prior	treatment,	and	lack	of	chemotherapeutic	activity	in	previously	treated
patients	may	not	indicate	lack	of	clinical	usefulness	in	earlier	disease.	The	development	of	molecularly	targeted
drugs	 has	 introduced	 new	 complexities	with	 regard	 to	 selection	 and	 evaluation	 of	 patients	 for	 phase	 III	 trials.
When	 the	 target	 of	 the	 drug	 is	 clearly	 known,	 it	 is	 often	 more	 appropriate	 to	 select	 patients	 based	 on	 target
expression	or	genomic	alteration	than	based	on	primary	site	of	disease.	Even	if	target	expression	is	not	used	as	an
eligibility	 criterion,	 the	drug	 should	be	 evaluated	 in	 an	 adequate	 number	of	 patients	whose	 tumors	 express	 the
target.	Consequently,	 it	 is	 important	 to	have	an	adequate	assay	 for	 the	 target	available	at	 the	 time	 that	phase	 II
development	begins.

In	many	cases,	 the	drug	will	have	multiple	 targets;	 there	may	be	several	candidate	assays	available	 for	each
target.	Expression	or	alteration	of	the	target	will	often	prove	to	be	only	part	of	the	relevant	genomic	information.
For	 example,	 the	 effectiveness	of	 antiepidermal	growth	 factor	 receptor	 antibodies	 cetuximab	and	panitumumab
turned	out	to	depend	on	whether	the	tumor	had	an	activating	K-RAS	mutation.16

Whereas	 the	major	 objective	 of	 phase	 II	 trials	 has	 traditionally	 been	 to	 identify	 the	 primary	 tumor	 sites	 in
which	 a	 new	 drug	 was	 active,	 a	 new	 important	 objective	 is	 to	 develop	 promising	 predictive	 biomarkers	 that
identify	 the	patients	whose	 tumors	 are	most	 (or	 least)	 likely	 to	 respond	 to	 the	drug.	The	phase	 II	 development
stage	is	also	the	time	to	select	the	assay(s)	that	will	be	used	in	the	phase	III	trials	of	the	new	drug	and	to	define	the
criteria	that	will	be	used	to	either	select	patients	for	such	trials	or	to	structure	the	analysis,	as	described	later	in	this
chapter.

If	tumor	specimens	are	archived	for	the	patients	entered	on	broad	eligibility	phase	II	trials,	then	one	avoids	the
need	to	develop	assays	in	advance	for	all	candidate	targets,	but	 it	 is	not	possible	 to	ensure	adequate	accrual	for
subsets	 of	 patients	 whose	 tumors	 are	 positive	 for	 the	 candidate	 markers.	 Pusztai	 et	 al.17	 described	 a	 hybrid
approach	that	begins	with	conducting	a	standard	single-arm	two-stage	design	for	evaluating	whether	the	overall
response	rate	for	unrestricted	patients	is	sufficiently	large.	If	the	overall	response	rate	is	sufficient	in	the	first	stage
of	the	standard	phase	II	trial,	then	the	second	stage	is	completed	with	accrual	of	additional	unrestricted	patients.	If
there	are	too	few	responses	overall	in	the	first	stage,	then	one	starts	a	two-stage	phase	II	study	restricting	entry	to
patients	who	 are	marker	 positive.	 If	 there	 are	multiple	markers	 of	 interest,	 then	 one	 restricts	 entry	 to	 patients
positive	 for	 one	 of	 the	 markers	 and	 ensures	 that	 each	 marker	 has	 sufficient	 number	 of	 positive	 patients	 for
evaluation.	LeBlanc	et	al.18	have	described	how	multiple	primary	sites	can	be	 incorporated	 in	a	 single	phase	 II
trial.

When	an	effective	predictive	biomarker	is	not	known	based	on	biologic	understanding	of	the	drug,	its	targets,
and	 the	 role	of	 those	 targets	 in	disease	progression,	 then	 finding	an	effective	biomarker	or	biomarker	 signature
may	become	a	primary	objective	of	the	phase	II	trial.	By	comparing	genomic	variant	frequencies	and	pretreatment
expression	levels	of	candidate	genes	between	responders	and	nonresponders,	one	can	potentially	prioritize	targets
for	assay	development.	If	one	does	not	have	a	good	list	of	candidate	targets,	genomewide	expression	profiling	can
be	used	to	develop	a	classifier	of	the	tumors	likely	to	respond	to	the	drug.	Dobbin	et	al.19	have	provided	sample
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size	guidelines	for	genomewide	expression	profiling	studies	and	generally	recommend	at	least	20	responders	for
developing	a	classifier.	Pusztai	et	al.17	performed	a	computer	 simulation	study	 to	 indicate	 that	HER2	 transcript
overexpression	would	have	been	missed	as	a	predictive	biomarker	for	treatment	of	advanced	breast	cancer	with
trastuzumab	 in	 whole-genome	 expression	 profiling	 with	 only	 five	 responders	 to	 analyze.	 They	 recommend
analysis	based	on	candidate	genes	if	the	number	of	responders	are	very	limited.

Single-Arm	Phase	II	Trials

Single	Agents
For	single-agent	phase	II	trials,	response	rate	based	on	the	response	evaluation	criteria	in	solid	tumors	guidelines
have	often	provided	a	satisfactory	end	point.20	A	variety	of	statistical	accrual	plans	and	sample	size	methods	have
been	 developed	 for	 single-arm	 phase	 II	 trials.	 One	 of	 the	 most	 popular	 approaches	 is	 the	 optimal	 two-stage
design.21	n1	evaluable	patients	are	entered	into	study	in	the	first	stage	of	the	trial.	If	no	more	than	r1	responses	are
obtained	 among	 these	 n1	 patients,	 then	 accrual	 terminates	 and	 the	 drug	 is	 rejected	 as	 being	 of	 little	 interest.
Otherwise,	accrual	continues	to	a	total	of	n	evaluable	patients.	At	the	end	of	the	second	stage,	the	drug	is	rejected
if	the	observed	response	rate	is	less	than	or	equal	to	r/	n,	where	r	and	n	are	determined	by	the	design	used.

Tables	39.1and	39.2	illustrate	some	of	these	optimized	designs,	and	a	web-based	interactive	computer	program
is	 available	 at	 http://brb.nci.nih.gov.	 To	 select	 a	 design,	 the	 investigator	 specifies	 the	 target	 activity	 level	 of
interest,	p1,	and	also	a	 lower	activity	 level,	p0,	 representing	 inadequate	activity.	The	 first	 row	of	each	 triplet	of
optimal	 designs	 provides	 designs	with	 probability	 .10	 of	 accepting	 drugs	worse	 than	p0	 and	probability	 .10	of
rejecting	drugs	better	than	p1.	Subject	to	these	two	constraints,	the	optimal	designs	minimize	the	average	sample
size.	The	average	sample	size	is	calculated	at	the	lower	activity	level	p0	 to	optimize	protection	of	patients	from
exposure	 to	 inactive	drugs.	The	 tables	 show	for	each	design	 the	optimal	values	of	r1,	n1,	r,	 and	n;	 the	 average
sample	size;	and	the	probability	of	stopping	after	the	first	stage	for	a	drug	with	activity	level	p0.

These	 tables	 also	 show	 the	 “minimax”	 designs,	 which	 provide	 the	 smallest	 maximum	 sample	 size	 n	 that
satisfies	the	two	constraints	just	described.	Although	minimax	designs	have	somewhat	larger	average	sample	sizes
than	do	optimal	designs,	in	some	instances,	they	are	preferable	because	the	small	increase	in	average	sample	size
is	more	than	compensated	for	by	a	large	reduction	in	maximum	sample	size.

Basket	 designs	 in	 which	 eligibility	 is	 based	 on	 a	 specific	 genomic	 alteration	 in	 the	 tumor	 rather	 than	 on
histologic	 type	have	gotten	very	popular.22	These	are	usually	nonrandomized	 trials.	They	may	 include	multiple
drugs,	with	patients	triaged	to	receive	the	drug	that	is	targeted	to	the	molecular	alteration	contained	in	their	tumor.
New	statistical	designs	have	been	developed	for	basket	designs.	One	such	design	incorporates	an	interim	test	for
drug	by	histology	interaction.	If	that	interaction	is	not	statistically	significant,	then	the	histologies	are	ignored	and
the	 sample	 size	 is	 determined	 for	 the	 pooled	 sample.	Otherwise,	 the	 histologies	 are	 analyzed	 independently.23
Bayesian	versions	provide	greater	refinement	for	continuous	analysis	and	determination	of	which	histologies	may
be	different	from	the	rest	in	sensitivity	to	the	drug.24

Some	 authors	 have	 recommended	 use	 of	 progression-free	 survival	 instead	 of	 response25	 for	 evaluating
molecularly	targeted	drugs	that	may	be	cytostatic.	Single-arm	phase	II	trials	can	be	designed	using	Tables	39.1and
39.2	for	testing	whether	the	proportion	of	patients	with	stable	disease	at	a	specified	landmark	time	like	12	months
after	the	start	of	treatment	is	greater	than	a	specified	value	p0,	but	that	is	only	meaningful	if	the	value	p0	is	a	stable
and	well	characterized	across	trials.	Single-arm	studies	using	stable	disease	are	often	not	planned	with	that	care,
and	 hence,	 conclusions	 of	 single-arm	 phase	 II	 trials	 claiming	 that	 molecularly	 targeted	 agents	 cause	 disease
stabilization	 are	 often	 questionable.	Vidauurre	 et	 al.26	 have	 questioned,	 however,	whether	molecularly	 targeted
drugs	 are	 any	more	 cytostatic	 than	 conventional	 chemotherapy	 drugs.	 El-Maraghi	 and	 Eisenhauer27	 have	 also
recommended	that	objective	response	is	a	useful	end	point	for	screening	molecularly	targeted	agents.

TABLE	39.1
Simon	Two-Stage	Phase	II	Designs	for	p1	−	p0	=	0.20a

	 Optimal	Design Minimax	Design
Rejection	Thresholds 	 Rejection	Thresholds 	

p0 p1 r1/n1 r/n EN	(p0) PET	(p0) r1/n1 r/n EN	(p0) PET	(p0)



0.05 0.25 0/9 2/24 14.5 0.63 0/13 2/20 16.4 0.51

0/9 2/17 12.0 0.63 0/12 2/16 13.8 0.54

0/9 3/30 16.8 0.63 0/15 3/25 20.4 0.46

0.10 0.30 1/12 5/35 19.8 0.65 1/16 4/25 20.4 0.51

1/10 5/29 15.0 0.74 1/15 5/25 19.5 0.55

2/18 6/36 22.5 0.71 2/22 6/23 26.2 0.62

0.20 0.40 3/17 10/37 26.0 0.55 3/19 10/36 28.2 0.46

3/13 12/43 20.6 0.75 4/18 10/33 22.3 0.50

4/19 15/54 30.4 0.67 5/24 13/45 31.2 0.66

0.30 0.50 7/22 17/46 29.9 0.67 7/28 15/39 35.0 0.36

5/15 18/46 23.6 0.72 6/19 16/39 25.7 0.48

8/24 24/63 34.7 0.73 7/24 21/53 36.6 0.56

0.40 0.60 7/18 22/46 30.2 0.56 11/28 20/41 33.8 0.55

7/16 23/46 24.5 0.72 17/34 20/39 34.4 0.91

11/25 32/66 36.0 0.73 12/29 27/54 38.1 0.64

0.50 0.70 11/21 26/45 29.0 0.67 11/23 23/39 31.0 0.50

8/15 26/43 23.5 0.70 12/23 23/37 27.7 0.66

13/24 36/61 34.0 0.73 14/27 32/53 36.1 0.65

0.60 0.80 6/11 26/38 25.4 0.47 18/27 24/35 28.5 0.82

7/11 30/43 20.5 0.70 8/13 25/35 20.8 0.65

12/19 37/53 29.5 0.69 15/26 32/45 35.9 0.48
aFor	each	value	of	(p0,	p1),	designs	are	given	for	three	sets	of	error	probabilities	(α,	β).	The	first,	second,	and	third	rows	correspond	to	error	probability	limits	(.10,
.10),	(.05,	.20),	and	(.05,	.10),	respectively.
Accrue	n1	patients	in	the	first	stage	of	the	trial.	Stop	accrual	and	reject	drug	if	response	rate	is	no	greater	than	r1/n1.	Otherwise,	continue	accrual	to	a	total	of	n
patients.	 At	 final	 analysis,	 reject	 drug	 if	 response	 rate	 is	 no	 greater	 than	 r/n.	 α	 is	 the	 probability	 of	 accepting	 a	 drug	with	 response	 probability	p0.	 β	 is	 the
probability	of	rejecting	a	drug	with	response	probability	p1.	For	each	design,	EN	(p0)	and	PET	(p0)	denote	the	expected	sample	size	and	the	probability	of	early
termination	when	the	true	response	probability	is	p0.

TABLE	39.2
Simon	Two-Stage	Phase	II	Designs	for	p1	2	p0	=	0.15a

	 Optimal	Design Minimax	Design
Rejection	Threshold 	 Rejection	Threshold 	

p0 p1 r1/n1 r/n EN	(p0) PET	(p0) r1/n1 r/n EN	(p0) PET	(p0)

0.05 0.20 0/12 3/37 23.5 0.54 0/18 3/32 26.4 0.40

0/10 3/29 17.6 0.60 0/13 3/27 19.8 0.51

1/21 4/41 26.7 0.72 1/29 4/38 32.9 0.57

0.10 0.25 2/21 7/50 31.2 0.65 2/27 6/40 33.7 0.48

2/18 7/43 24.7 0.73 2/22 7/40 28.8 0.62

2/21 10/66 36.8 0.65 3/31 9/55 40.0 0.62

0.20 0.35 5/27 16/63 43.6 0.54 6/33 15/58 45.5 0.50

5/22 19/72 35.4 0.73 6/31 15/53 40.4 0.57

8/37 22/83 51.4 0.69 8/42 21/77 58.4 0.53

0.30 0.45 9/30 29/82 51.4 0.59 16/50 25/69 56.0 0.68

9/27 30/81 41.7 0.73 16/46 25/65 49.6 0.81

13/40 40/110 60.8 0.70 27/77 33/88 78.5 0.86

0.40 0.55 16/38 40/88 54.5 0.67 18/45 34/73 57.2 0.56

11/26 40/84 44.9 0.67 28/59 34/70 60.1 0.90

19/45 49/104 64.0 0.68 24/62 45/94 78.9 0.47

0.50 0.65 18/35 47/84 53.0 0.63 19/40 41/72 58.0 0.44



Dr. AVR @ TMH

15/28 48/83 43.7 0.71 39/66 40/68 66.1 0.95

22/42 60/105 62.3 0.68 28/57 54/93 75.0 0.50
aFor	each	value	of	(p0,	p1),	designs	are	given	for	three	sets	of	error	probabilities	(α,	β).	The	first,	second,	and	third	rows	correspond
to	error	probability	limits	(.10,	.10),	(.05,	.20),	and	(.05,	.10),	respectively.
Accrue	n1	patients	 in	 the	 first	stage	of	 the	 trial.	Stop	accrual	and	reject	drug	 if	 response	rate	 is	no	greater	 than	 r1/n1.	Otherwise,
continue	accrual	to	a	total	of	n	patients.	At	final	analysis,	reject	drug	if	response	rate	is	no	greater	than	r/n.	α	 is	the	probability	of
accepting	a	drug	with	response	probability	p0.	β	is	the	probability	of	rejecting	a	drug	with	response	probability	p1.	For	each	design,
EN	(p0)	and	PET	(p0)	denote	the	expected	sample	size	and	the	probability	of	early	termination	when	the	true	response	probability	is
p0.

Combination	Regimens
Determination	of	whether	a	new	drug	adds	anticancer	activity	to	an	active	regimen	is	inherently	comparative.	In
using	Tables	39.1and	39.2	to	design	a	single-arm	trial,	p0	should	represent	the	level	of	activity	of	existing	standard
regimens.	If	this	response	probability	is	not	well	determined,	however,	because	it	varies	among	studies	and	varies
based	on	patient	prognostic	factors,	then	a	single-arm	trial	based	on	an	assumed	known	p0	may	not	be	appropriate.

Several	 approaches	 to	 single-arm	 study	 design	 have	 been	 developed	 that	 attempt	 to	 either	 account	 for	 or
control	the	variability	in	p0.	One	approach	to	controlling	this	variability	is	to	base	the	analysis	of	the	single-arm
trial	on	comparison	 to	a	specific	set	of	control	patients,	matched	for	prognostic	factors,	and	 treated	at	 the	same
institution	as	those	for	the	new	study.	This	can	be	a	better	approach	than	just	using	an	assumed	known	value	of	p0
as	described	previously,	but	 it	still	assumes	that	adjustment	for	known	prognostic	factors	 is	sufficient	 to	ensure
comparability.	 Although	 such	 historic	 control	 comparisons	 are	 not	 generally	 considered	 reliable	 enough	 to
eliminate	the	need	for	phase	III	trials,	if	done	carefully,	they	may	provide	an	adequate	basis	for	decisions	about
which	new	regimens	are	worthy	of	phase	III	evaluation.

For	 comparative	 trials	 of	 response	 rates	 using	 specific	 historic	 controls,	 the	 sample	 size	 should	 be	 planned
using	 the	formulas	appropriate	 for	 randomized	clinical	 trials.	By	 inserting	 the	number	of	historic	controls	 to	be
used,	 one	 can	 compute	 the	 number	 of	 patients	 needed	 to	 treat	 on	 the	 new	 regimen	 in	 the	 single-arm	 phase	 II
trial.28	For	binary	end	points,	the	results	of	these	calculations	are	presented	in	Table	39.3	for	80%	power	with	a
one-sided	 10%	 significance	 level.	 The	 tabulated	 entries	 indicate	 that	 a	 25	 percentage-point	 difference	 can	 be
detected	with	<40	new	patients	if	there	are	at	least	30	appropriate	historic	controls.	The	table	entries	indicate	that
detecting	 a	 15	 percentage-point	 difference	 is	 almost	 never	 feasible	 with	 this	 single-arm	 approach	 and	 that
detecting	a	20	percentage-point	difference	generally	 requires	at	 least	50	appropriate	historical	controls	and	≥60
new	patients.

Thall	 and	 colleagues29,30	 have	 developed	 and	 used	 Bayesian	 methods	 for	 planning	 and	 conducting	 single-
institution	trials	comparing	one	or	more	new	regimens	to	a	specific	set	of	historic	controls	who	received	a	control
treatment	at	the	same	institution.	The	Bayesian	designs	provide	for	continual	analysis	of	results	with	either	tumor
response	 or	 time	 to	 event	 end	 points	 or	 for	 joint	monitoring	 of	 efficacy	 and	 toxicity.	 Their	methods	 require	 a
substantial	number	of	patients	who	have	been	treated	on	protocol	with	an	appropriate	control	regimen	and	who
have	been	staged	comparably	to	the	patients	to	be	treated	with	the	new	regimen.

Korn	et	al.31	developed	an	approach	for	using	historic	control	data	in	phase	II	multicenter	trials	of	metastatic
melanoma.	 They	 reviewed	 42	 previous	 phase	 II	 trials	 in	 melanoma	 conducted	 by	 U.S.	 cancer	 cooperative
oncology	groups.	They	found	that	after	adjustment	for	performance	status,	sex,	presence	of	visceral	disease,	and
presence	 of	 brain	metastases,	 there	was	 little	 interstudy	 variability	 in	 survival	 among	 the	 arms	 of	 the	 phase	 II
trials.	 Consequently,	 for	 any	 single-arm	 phase	 II	 trial	 of	 metastatic	 melanoma,	 one	 can	 use	 their	 results	 in
conjunction	 with	 the	 prognostic	 makeup	 of	 the	 patients	 in	 the	 new	 study	 to	 synthesize	 a	 benchmark	 overall
survival	curve	or	a	benchmark	1-year	overall	survival	rate	for	use	in	evaluating	the	new	regimen.	They	provide	an
example	of	planning	a	phase	II	trial	using	this	approach	that	required	72	patients	to	have	85%	to	90%	power	for
detecting	a	15	percentage-point	 improvement	in	the	1-year	overall	survival	rate	with	a	one-sided	type	I	error	of
10%.	They	found	that	this	approach	was	less	satisfactory	for	use	with	progression-free	survival	because	interstudy
variability	remained	substantial	after	adjustment	for	prognostic	factors.

TABLE	39.3
Number	of	Patients	to	Treat	in	Single-Arm	Phase	II	Trial	Using	Historic	Controls	and	Binary
End	Pointa



Proportion	of	Success	for	Historic
Controls Number	of	Historic	Controls

	 30 40 50 75 100
0.10 94b 69 59 50 46

36 32 30 28 27

21 20 19 18 18

0.20 — 226 126 80 67

68 49 43 36 33

29 25 24 21 21

0.30 c c 307 113 86

132 69 54 41 37

36 29 26 23 21

0.40 c c c 137 95

267 83 59 43 37

39 29 25 22 20

0.50 c c c 136 91

370 80 54 38 33

34 25 22 18 17

0.60 c c 910 104 72

178 56 39 28 25

22 17 14 12 12
aOne-sided	significance	level	of	10%	and	power	of	80%.
bTop	 entry	 is	 number	 of	 new	 patients	 required	 to	 detect	 a	 15	 percentage-point	 difference.	 Middle	 and	 bottom	 entries	 are	 for
detecting	20	percentage-point	and	25	percentage-point	differences,	respectively.
cNumber	of	required	new	patients	exceeds	1,000.

Mick	et	al.32	proposed	that	the	time	to	progression	of	a	patient	on	a	phase	II	trial	be	compared	to	the	time	to
progression	 of	 the	 same	 patient	 on	 his	 or	 her	 previous	 trial.	 The	 ratio	 of	 these	 times	 was	 called	 a	 growth
modulation	index,	 and	 the	agent	was	considered	active	 if	 the	 index	was	>1.3	on	average.	 In	practice,	however,
follow-up	 intervals	 on	 various	 protocols	 are	 different,	 and	 there	 may	 be	 substantial	 variability	 and	 bias	 in
computing	the	ratio	of	progression	times.	As	tumors	grow	larger,	 the	doubling	time	may	increase,	and	hence	in
some	cases,	the	chance	of	false-positive	findings	may	be	inflated.33

Randomized	Phase	II	Trials
Randomized	 designs	 using	 time	 to	 tumor	 progression	 as	 end	 point	 have	 been	 recommended	 for	 evaluation	 of
single-agent	phase	II	trials	of	drugs	that	may	be	cytostatic	and	for	trials	adding	a	new	drug	to	an	active	regimen.
There	 are	 two	 key	 design	 differences	 between	 such	 randomized	 phase	 II	 designs	 and	 phase	 III	 designs.	 A
randomized	phase	II	design	may	use	an	end	point	that	is	a	sensitive	indicator	of	antitumor	effect,	although	it	may
not	be	an	acceptable	phase	III	end	point	that	directly	reflects	patient	benefit.	Such	an	end	point	does	not	need	to	be
“validated.”	It	is	not	claimed	to	be	a	valid	surrogate	for	survival;	it	is	merely	used	to	determine	whether	to	conduct
a	phase	III	trial	that	will	evaluate	the	new	regimen	with	an	accepted	phase	III	end	point.	The	phase	II	trial	may
also	serve	to	optimize	the	regimen	that	might	be	carried	forward	to	phase	III	and	to	provide	information	about	the
best	target	population.	The	second	key	difference	is	that	the	type	I	error	“alpha	level”	for	planning	and	analyzing
the	phase	II	trial	can	be	increased	from	the	two-sided	5%	level	used	for	phase	III	trials.	By	letting	this	alpha	level
increase	to	a	one-sided	10%,	meaningful	savings	in	number	of	patients	required	can	be	achieved.

How	large	should	a	randomized	phase	II	design	comparing	a	new	treatment	to	a	control	regimen	be?	Consider,
for	example,	a	randomized	phase	III	trial	comparing	a	new	regimen	to	a	control	in	a	patient	population	in	which
the	median	time	to	progression	on	the	control	is	6	months	and	the	median	survival	is	2	years.	A	25%	reduction	in
the	hazard	of	death	amounts	to	a	4-month	prolongation	of	median	survival	with	exponential	distributions.	A	phase
III	 trial	with	90%	statistical	power	 for	detecting	 this	 effect	 at	 a	 two-sided	5%	significance	 level	would	 require
about	510	deaths	(see	Table	39.6).	With	an	average	follow-up	 time	of	2	years,	50%	of	 the	patients	would	have
events,	and	 the	number	of	patients	 required	 for	 randomization	would	be	 just	 in	excess	of	1,000.	A	randomized
phase	II	trial	with	90%	power	for	detecting	a	33%	reduction	in	hazard	of	progression	corresponding	to	a	2-month
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increase	in	median	progression-free	survival	at	a	one-sided	10%	significance	level	would	require	observing	164
progression	events	(Table	39.4).	With	an	average	follow-up	time	of	2	years,	>90%	would	have	progression	events,
and	a	sample	size	of	180	total	randomized	patients	would	suffice.	Accrual	to	the	randomized	phase	II	study	could
potentially	be	 stopped	early	based	on	 futility	monitoring	 if	 results	 are	not	promising	 for	 the	new	 regimen.	The
results	 in	Table	39.4	 show	 that	 if	 an	 imbalanced	 randomization	 is	 used	 in	which	 two-thirds	 of	 the	 patients	 are
randomized	 to	 the	new	treatment,	 the	number	of	progression	events	needed	 increases	 to	185	 instead	of	164.	So
although	a	larger	total	sample	size	would	be	required,	somewhat	fewer	patients	would	receive	the	control	regimen.

The	 randomized	 phase	 II	 design	 with	 control	 regimen	 has	 also	 been	 discussed	 by	 Korn	 et	 al.34	 and	 by
Rubinstein	et	al.35	Randomized	phase	II	trials	can	require	fewer	patients	than	phase	III	trials,	but	they	generally
require	more	 patients	 than	 single-arm	 phase	 II	 trials.	Nevertheless,	 they	 are	 generally	 necessary	 for	 evaluating
time	to	event	end	points	or	for	evaluating	combination	regimens.	Table	39.5	shows	number	of	patients	 required
for	 randomized	phase	 II	 trials	where	 the	primary	end	point	 is	 either	 response	 rate	or	 the	proportion	of	patients
without	progression	by	a	specified	landmark	time.

TABLE	39.4
Number	of	Total	Events	to	Observe	in	Randomized	Phase	II	Trial	Based	on	Progression-Free
Survival

Reduction	in
Hazard

Ratio	of
Medians

Equal	Randomization 2:1	Randomizationa

α	=	.10b α	=	.05b α	=	.10b α	=	.05b

Power	=
.8

Power	=
.9

Power	=
.8

Power	=
.9

Power	=
.8

Power	=
.9

Power	=
.8

Power	=
.9

25% 1.33 301 417 219 319 339 469 246 358

30% 1.43 195 270 141 206 219 303 159 232

33% 1.5 155 215 113 164 175 242 127 185

40% 1.67 96 132 70 101 108 149 78 114

50% 2.0 52 72 38 55 59 81 43 62
aTwo-thirds	of	patients	are	randomized	to	the	new	treatment	group.
bOne-sided	significance	level.

TABLE	39.5
Number	of	Patients	in	Each	Arm	of	Randomized	Phase	II	Trial	End	Point	Is	Proportional
without	Progression	at	Landmark;	Time	T	Power	Is	.80

T-mo	DFS	for	Control
Group

5%	One-Sided	Significance	Level	Increase	in
T-mo	DFS

10%	One-Sided	Significance	Level	Increase	in
T-mo	DFS

	 0.10 0.15 0.20 0.25 0.10 0.15 0.20 0.25
0.05 129 72 48 35 99 56 38 28

0.10 176 91 58 41 133 70 45 32

0.15 216 108 66 46 163 82 51 36

0.20 250 121 73 50 188 92 56 39

0.25 278 132 79 53 208 100 60 41

0.30 300 141 83 55 224 106 63 42

0.35 315 146 85 56 235 110 65 43

0.40 324 149 86 56 243 112 65 43
DFS,	disease-free	survival.

Rosner	et	al.36	describe	a	“randomized	discontinuation	design”	for	phase	II	studies	of	therapeutically	targeted
drugs.	All	eligible	patients	are	started	on	the	drug	and	given	two	to	four	courses	of	 treatment.	Patients	are	then
evaluated:	Those	with	progression	are	removed	from	study,	those	with	objective	tumor	response	are	continued	on
treatment,	and	 the	 remaining	patients	are	 randomized	 to	either	continue	or	discontinue	 the	drug.	The	continued



and	discontinued	groups	of	 randomized	patients	 are	 compared	with	 regard	 to	 time	 to	progression.	Freidlin	 and
Simon37	 evaluated	 and	 further	 developed	 this	 design.	 It	 may	 require	 as	 large	 a	 number	 of	 patients	 started	 on
treatment	as	a	straightforward	randomized	phase	II	design.	The	advantage	of	the	design	is	that	because	all	patients
start	 on	 the	 new	 regimen,	 accrual	 rate	 may	 be	 better	 with	 the	 randomized	 discontinuation	 design.	 Hong	 and
Simon38	have	developed	run-in	designs	using	a	run-in	period	in	which	all	patients	receive	the	test	drug	for	a	short
run-in	period	after	which	an	intermediate	end	point	response	is	measured	and	used	as	to	stratify	the	subsequent
randomization	 to	continuing	 the	drug	or	 to	 receive	 the	control	 regimen.	This	design	permits	one	 to	use	a	 short
term	response	as	a	predictive	biomarker.39

Seamless	Phase	II/III	Designs
Several	 authors	 have	 developed	 designs	 for	 seamless	 phase	 II/III	 trials.	 Typically,	 patients	 are	 randomized
between	a	new	regimen	and	control.	An	interim	analysis	is	performed	using	a	phase	II	end	point	such	as	response
rate	 or	 time	 to	 progression	 to	 decide	 whether	 the	 results	 with	 the	 new	 treatment	 as	 sufficiently	 promising	 to
continue	to	a	phase	III	sample	size.	If	accrual	continues,	then	accrual	and	randomization	continues,	and	the	final
analysis	 is	 performed	 using	 an	 acceptable	 phase	 III	 end	 point.	 The	 phase	 II	 patients	 are	 included	 in	 the	 final
analysis.	 Hunsberger	 et	 al.,40	 Goldman	 et	 al.,41	 and	 Thall42	 have	 proposed	 similar	 designs.	 Sher	 and	 Heller43
proposed	conducting	phase	III	trials	with	multiple	experimental	regimens,	a	control	arm,	and	early	termination	of
all	 experimental	 arms	 that	 are	 not	 promising.	 Thall	 et	 al.44	 had	 studied	 such	 designs	 when	 the	 end	 point	 was
binary.	A	similar	approach	was	recommended	by	Parmar	et	al.45

Umbrella	trials	are	integrated	phase	II/III	randomized	trials	in	which	patients	are	triaged	to	the	randomized	trial
containing	 the	 test	 treatment	 that	 targets	 the	 genomic	 alteration	 contained	 in	 their	 tumor.	 They	 are	 generally
conducted	for	a	specific	histologic	type	of	cancer.22	“Platform	trials”	such	as	ISPY-2	are	phase	II	trials	involving
multiple	regimens	and	multiple	biomarker	strata	 to	determine	which	regimen-strata	combinations	warrant	phase
III	 evaluation.	 They	 use	 “adaptive	 randomization”	 in	which	 an	 equal	 randomization	 among	 treatments	 in	 each
stratum	is	later	weighted	toward	the	regimens	which	have	greater	short-term	response	rates.46

Freidlin	et	al.47	have	discussed	statistical	and	practical	aspects	of	conducting	clinical	trials	with	a	control	arm
and	multiple	new	treatment	arms.	Freidlin	et	al.48	have	also	introduced	a	design	for	a	randomized	phase	II	design
of	a	new	drug	with	a	candidate	predictive	biomarker	for	determining	whether	the	drug	is	entirely	inactive,	active
only	in	the	marker	positive	group,	or	active	regardless	of	the	biomarker	status.	This	design	enables	investigators	to
appropriately	plan	whether	to	continue	biomarker	development	into	phase	III	development.

DESIGN	OF	PHASE	III	CLINICAL	TRIALS
Good	therapeutic	research	requires	asking	important	questions	and	getting	reliable	answers.	The	most	important
clinical	trials	are	sometimes	the	most	difficult	to	conduct.49	They	may	involve	withholding	a	treatment	established
by	 tradition,	 transferring	 patient	management	 responsibility	 across	 specialties,	 standardizing	 procedures	 among
physicians,	and	sharing	recognition	with	a	large	group	of	collaborators.

End	Points
Phase	III	trials	attempt	to	provide	guidance	to	practicing	physicians	to	help	them	make	treatment	decisions	with
their	patients.	Consequently,	the	trials	should	provide	reliable	information	concerning	end	points	of	relevance	to
the	patients.	The	major	 end	points	 for	 evaluating	 the	effectiveness	of	 a	 treatment	 should	be	direct	measures	of
patient	welfare.	Survival	and	symptom	control	are	two	such	end	points.	The	latter	is	not	routinely	used	because	of
the	difficulty	of	measuring	it	reliably	and	because	it	may	be	influenced	by	concomitant	treatments.

Although	durable	complete	regression	of	metastatic	disease	is	usually	a	good	surrogate	for	prolonged	survival,
partial	 tumor	 shrinkage,	particularly	when	of	 short	duration,	 is	often	not	 an	appropriate	end	point	 for	phase	 III
trials.	 Torri	 et	 al.50	 performed	 a	 meta-analysis	 of	 the	 relationship	 between	 difference	 in	 response	 rates	 and
difference	in	median	survivals	for	randomized	clinical	trials	of	advanced	ovarian	carcinoma.	They	found	that	large
improvements	 in	 response	 rates	 corresponded	 to	 very	 small	 improvements	 in	 median	 survival.	 Hence,	 use	 of
response	rate	as	an	end	point	may	result	in	giving	patients	increasingly	intensive	and	toxic	therapy	with	little	or	no
net	benefit	to	them.	Proper	validation	of	an	end	point	as	a	surrogate	for	clinical	benefit	requires	analysis	of	a	series
of	randomized	clinical	trials	for	the	disease	in	question.	Each	clinical	trial	is	characterized	by	a	treatment	effect	for
survival,	usually	measured	by	a	hazard	ratio	or	log	hazard	ratio,	and	a	treatment	effect	for	the	candidate	surrogate,
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often	 measured	 by	 a	 difference	 in	 response	 or	 hazard	 ratio	 for	 progression-free	 survival.	 The	 magnitude	 of
treatment	 differences	 with	 regard	 to	 the	 candidate	 surrogate	 are	 related	 quantitatively	 to	 the	 magnitude	 of
treatment	differences	with	regard	to	clinical	benefit.51–54	It	is	not	sufficient	to	show	that	clinical	outcome	is	related
to	 the	 candidate	 surrogate	measured	 on	 the	 same	 treatment	 arm	 as	 this	may	 just	 reflect	 the	 known	 responder
versus	nonresponder	bias.

Patient	Eligibility
To	ensure	 that	 the	results	of	phase	III	 trials	are	applicable	 to	patients	seen	in	 the	community	outside	of	clinical
research	settings,	the	trials	often	involve	numerous	centers	and	extensive	community	participation.

There	is	a	growing	recognition,	however,	that	one	of	the	key	hallmarks	of	cancer	is	intertumor	heterogeneity.
Tumors	 that	 arise	 in	 the	 same	 primary	 site	 are	 often	 quite	 different	 with	 regard	 to	 their	 oncogenesis,
pathophysiology,	and	drug	sensitivity.	Consequently,	conducting	broad	eligibility	clinical	 trials	with	drugs	only
expected	 to	 be	 effective	 for	 an	 identifiable	 subset	 of	 patients	 is	 often	 no	 longer	 an	 appropriate	 research
strategy.55–57	Particularly	with	molecularly	targeted	drugs,	effectiveness	is	likely	to	be	limited	to	a	sensitive	subset
of	tumors	that	may	be	characterized	based	on	whether	the	molecular	target	of	the	drug	is	deregulated	in	the	tumor.
Even	with	cytotoxics,	many	patients	are	generally	treated	for	each	patient	who	benefits.	The	high	costs	of	many
molecularly	targeted	drugs	make	the	traditional	broad	eligibility	trial	approach	increasingly	unsustainable.

Clinical	 trials	can	be	conducted	with	 fewer	patients	 if	patients	are	selected	based	on	assays	 that	 identify	 the
tumors	likely	to	be	sensitive	to	the	drug	in	question.	Simon	and	Maitournam58,59	and	others60,61	have	evaluated	the
efficiency	 of	 such	 targeted	 designs.	 When	 fewer	 than	 half	 of	 the	 patients	 “test	 positive”	 and	 when	 the	 new
treatment	has	little	benefit	for	patients	who	test	negative,	the	required	sample	size	can	be	dramatically	reduced	by
restricting	eligibility	 to	patients	who	 test	positive.	Simon	and	Zhao	have	made	available	a	web-based	computer
program	 to	 enable	 investigators	 to	 compare	 such	 designs	 to	 standard	 broad	 eligibility	 designs
(http://brb.nci.nih.gov).

This	 targeted	 approach	was	 effectively	 used	 for	 the	 development	 of	 trastuzumab	 in	 patients	with	metastatic
breast	cancer.	 In	 that	case,	about	450	patients	whose	 tumors	overexpressed	HER2	participated	 in	a	 randomized
clinical	 trial	 that	 provided	 convincing	 evidence	 that	 trastuzumab	 prolonged	 survival.	 Had	 the	 study	 been
conducted	without	 evaluating	HER2	expression,	>8,000	patients	would	have	been	needed	 for	 similar	 statistical
power.	Even	had	a	huge	study	of	unselected	patients	been	conducted	and	given	a	statistically	significant	result,	the
size	of	the	benefit	would	have	been	very	small	as	the	benefit	in	the	25%	of	patients	with	HER2	overexpression
would	 have	 been	 diluted	 by	 lack	 of	 benefit	 from	 the	 remaining	 75%.	 It	 is	 questionable	whether	 such	 a	 small
benefit	overall	would	have	justified	approval	or	use	of	a	drug	with	clear	and	serious	toxicities.

In	many	cases	where	the	biologic	credentials	of	a	predictive	biomarker	are	less	compelling,	one	will	want	to
include	patients	who	are	both	marker	positive	and	marker	negative	but	to	require	that	all	patients	have	the	marker
evaluated,	to	size	the	trial	so	that	there	is	adequate	statistical	power	for	evaluating	treatment	effect	separately	in
the	patients	who	are	marker	positive,	and	to	use	a	multiple	testing	method	that	ensures	that	the	study-wise	type	I
error	 level	does	not	exceed	5%	with	“all	comers”	designs	of	 this	 type.62,63	Zhao	and	Simon	provide	web-based
computer	programs	at	http://brb.nci.nih.gov	to	facilitate	use	of	such	designs	in	clinical	trials.	Freidlin	et	al.64	have
described	the	use	of	biomarker	designs	in	cancer	clinical	trials.

These	 enrichment	 and	 all-comers	 designs	 presume	 that	 a	 single	 predictive	 biomarker	 with	 an	 analytically
validated	 test	 and	 a	 threshold	 of	 positivity	 has	 been	 developed	 prior	 to	 the	 start	 of	 the	 phase	 III	 clinical	 trial.
Because	 of	 the	 complexity	 of	 cancer	 biology,	 this	 is	 not	 always	 possible.	 Several	 adaptive	 designs	 have	 been
developed	 to	 enable	 some	 aspects	 of	 biomarker	 specification	 to	 be	 included	 in	 the	 phase	 III	 trial	 while	 also
rigorously	 evaluating	 the	 statistical	 significance	 of	 the	 treatment	 effect	 in	 the	 “biomarker	 positive”	 population.
The	“adaptive	threshold	design”	avoids	the	requirement	that	the	threshold	of	positivity	be	prespecified,65	and	the
“adaptive	signature	design”	enables	multiple	candidate	biomarkers	to	be	evaluated.66,67	The	adaptive	enrichment
designs68	are	general	designs	for	one	or	multiple	candidate	biomarkers	that	modify	eligibility	at	interim	analyses
while	 strongly	 preserving	 type	 I	 error	 at	 the	 intended	 level.	Hong	 and	Simon39	 developed	 a	 run-in	 design	 that
permits	 a	 pharmacodynamic,	 immunologic,	 or	 intermediate	 response	 end	 point	 measured	 after	 a	 short	 run-in
period	 on	 the	 new	 treatment	 to	 be	 used	 as	 the	 predictive	 biomarker.	 Simon	 et	 al.69	 described	 a	 prospective-
retrospective	approach	to	using	archived	tumor	specimens	for	a	focused	reanalysis	of	a	randomized	phase	III	trial
with	 regard	 to	 a	 predictive	 biomarker.	 The	 approach	 requires	 that	 archived	 specimens	 be	 available	 on	 most
patients	and	that	an	analysis	plan	focused	on	a	single	marker	be	developed	prior	to	performing	the	blinded	assays.
This	approach	was	used	in	establishing	that	a	KRAS	mutation	was	a	negative	predictive	biomarker	for	response	of



patients	with	colorectal	cancer	to	antiepidermal	growth	factor	receptor	antibodies.

Randomization
To	determine	whether	a	new	treatment	cures	any	patients	with	a	disease	that	is	uniformly	and	rapidly	fatal,	history
is	 a	 satisfactory	 control.	 In	most	 other	 settings,	 however,	 the	 definition	 of	 an	 adequate	 nonrandomized	 control
group	 becomes	 problematic.	 In	 comparing	 outcomes	 for	 patients	 receiving	 two	 different	 treatments	 when	 the
treatment	assignment	was	not	randomized,	often	known	and	unknown	prognostic	factors	influence	which	patients
receive	 which	 treatment.	 In	 comparisons	 of	 a	 new	 treatment	 to	 a	 historic	 control,	 patients	 receiving	 the	 new
treatment	 are	 often	 more	 highly	 selected	 than	 the	 control	 group.	 Often,	 there	 is	 inadequate	 information	 to
determine	whether	prognostic	differences	are	present,	and	current	known	prognostic	 factors	may	not	have	been
measured	 for	 the	 controls.	 It	 generally	 is	 difficult	 or	 impossible	 to	 determine	whether	 the	 controls	would	have
been	eligible	for	the	current	study	and	in	what	way	they	represent	a	selection	of	all	eligible	patients.

Formation	of	the	control	group	by	random	treatment	assignment	as	an	integral	part	of	 the	planned	study	can
avoid	most	of	the	systematic	biases	just	mentioned.	Randomization	does	not	ensure	that	the	study	will	include	a
representative	 sample	 of	 all	 patients	with	 the	 disease,	 but	 it	 does	 help	 to	 ensure	 an	 unbiased	 evaluation	 of	 the
relative	merits	of	the	two	treatments	for	the	types	of	patients	entered.

There	 is	 generally	 a	 role	 for	 both	 randomized	 and	 nonrandomized	 trials	 in	 drug	 development.	 The
nonrandomized	format	can	in	some	cases	be	used	for	determining	which	regimens	are	sufficiently	promising	for
randomized	phase	III	evaluation	and	in	clinical	settings	in	which	outcome	is	uniformly	poor.	For	major	questions
of	public	health	importance,	unless	the	expected	treatment	effect	on	outcome	is	very	large,	the	need	for	reliable
answers	dictates	the	use	of	randomized	phase	III	trials.

Randomization	of	a	patient	should	be	performed	after	the	patient	has	been	found	eligible	and	has	consented	to
participate	 in	 the	 trial	 and	 to	 accept	 either	 of	 the	 randomized	 options.	 A	 truly	 random	 and	 nondecipherable
randomization	procedure	 should	 be	 used	 and	 implemented	 by	 calling	 a	 central	 randomization	office	 staffed	by
individuals	who	are	independent	of	participating	physicians.

Stratification
When	important	prognostic	factors	are	known	for	patients	in	a	randomized	trial,	it	is	often	advisable	to	stratify	the
randomization	to	ensure	equal	distribution	of	these	factors.	This	is	usually	accomplished	by	preparing	a	separate
randomization	 list	 for	 each	 stratum	of	 patients.	Each	 list	must	 be	 balanced	 so	 that	 after	 each	 block	 of	 4	 to	 10
patients	 within	 the	 stratum,	 the	 treatment	 groups	 contain	 equal	 numbers	 of	 patients.	 Within	 the	 blocks,	 the
sequence	of	treatment	assignments	is	random.	The	stratification	factors	must	be	known	for	each	patient	at	the	time
of	 randomization.	Lack	of	 stratification,	 however,	 does	not	 invalidate	 the	 randomized	 study,	 even	when	 subset
analysis	by	biomarker	subsets	is	involved.70

It	is	generally	best	to	limit	stratification	to	those	factors	definitely	known	to	have	important	independent	effects
on	outcome.	If	two	factors	are	closely	correlated,	only	one	needs	to	be	included.	Many	clinical	trialists	believe	that
stratification	is	an	unnecessary	complication	because	adjustment	for	imbalances	of	known	factors	can	be	made	in
the	 analysis	 and	 has	 negligible	 effect	 on	 statistical	 power.	 This	 is	 true,	 but	 stratification	 may	 help	 to	 ensure
balance	 for	 interim	 analyses	 when	 the	 sample	 sizes	 may	 be	 limited	 and	 provides	 the	 medical	 audience	 with
confidence	 in	 the	results,	which	often	 is	not	available	when	depending	on	complex	adjustment	methods	 to	deal
with	prognostic	imbalances.	Stratification	also	is	a	convenient	way	of	specifying	a	priori	what	are	considered	the
important	prognostic	factors.

Many	clinical	 trials	use	dynamic	stratification	methods.	The	most	popular	such	method	 is	 that	conceived	by
Pocock	and	Simon,71	which	permits	effective	balancing	with	regard	to	many	prognostic	factors.	There	has	been
some	 concern	 about	 the	 effect	 of	 adaptive	 stratification	 on	 analysis	 of	 treatment	 differences.	Multiple	 studies,
including	those	by	Kalish	and	Begg,72	have	demonstrated	that	if	the	stratification	factors	are	included	in	the	model
used	for	final	analysis,	 the	effect	of	adaptive	stratification	is	to	make	the	true	type	I	error	less	than	the	nominal
rate;	hence,	the	analyses	are	slightly	conservative.	Simon	and	Simon73	showed	that	model-based	analyses	are	not
necessary	 to	 use	 with	 adaptive	 stratification	 methods.	 One	 can	 define	 a	 linear	 test	 statistic	 that	 reflects	 the
treatment	 effect	 difference	 on	 the	 outcome	 adjusted	 for	 the	 stratification	 variables	 and	 generate	 the	 null
distribution	of	the	test	statistic	by	reapplying	the	adaptive	stratification	method.	The	Pocock-Simon71	method	of
adaptively	 stratified	 treatment	 assignment	 is	 not	 deterministic.	 Consequently,	 one	 can	 replicate	 the	 stratified
treatment	 assignments,	 holding	 fixed	 the	 order	 of	 patient	 registrations	 and	 the	 stratification	 variables	 of	 the
patients,	recompute	the	value	of	the	test	statistic	for	the	rerandomized	treatment	assignment,	repeat	this	process	a
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thousand	times,	and	thereby	generate	the	null	distribution	of	the	test	statistic.	Consequently,	although	the	use	of
adaptive	stratification	methods,	like	the	use	of	all	stratification	methods,	are	not	essential,	the	criticisms	of	their
effect	on	final	analyses	are	unjustified.

Sample	Size
The	protocol	for	a	phase	III	 trial	should	either	specify	the	number	of	patients	 to	be	accrued	and	the	duration	of
follow-up	after	 the	close	of	accrual	when	 the	 final	analysis	will	be	performed	or	 should	 specify	 the	number	of
events	when	the	final	analysis	occurs.	Methods	of	sample	size	planning	are	usually	based	on	the	assumption	that
at	 the	 conclusion	 of	 the	 follow-up	 period,	 a	 statistical	 significance	 test	 will	 be	 performed	 comparing	 the
experimental	treatment	to	the	control	treatment	with	regard	to	a	single	primary	end	point.	A	statistical	significance
level	 of	 .05	means	 that	 if	 there	 is	 no	 true	 difference	 in	 treatment	 effectiveness,	 the	 probability	 of	 obtaining	 a
difference	in	outcomes	as	extreme	as	that	observed	in	the	data	is	.05.	The	significance	level	does	not	represent	the
probability	that	the	null	hypothesis	is	true;	it	represents	a	probability	of	an	observed	difference,	assuming	that	the
null	hypothesis	is	true.	Conventional	statistical	theory	ascribes	no	probabilities	to	hypotheses,	only	to	data.

A	one-sided	significance	level	represents	the	probability,	by	chance	alone,	of	obtaining	a	difference	as	large	as
and	in	 the	same	direction	as	 that	actually	observed.	A	two-sided	significance	level	represents	 the	probability	of
obtaining	by	chance	a	difference	in	either	direction	as	large	in	absolute	magnitude	as	that	actually	observed.	The
two-sided	significance	level	is	usually	twice	the	one-sided	significance	level.	A	two-sided	significance	level	of	.05
has	become	widely	accepted	as	a	standard	level	of	evidence	for	phase	III	clinical	trials.

The	probability	of	obtaining	a	statistically	significant	result	when	the	treatments	differ	in	effectiveness	is	called
the	power	 of	 the	 trial.	 As	 the	 sample	 size	 and	 extent	 of	 follow-up	 increases,	 the	 power	 increases.	 The	 power
depends	critically,	however,	on	the	size	of	 the	 true	difference	in	effectiveness	of	 the	 two	treatments.	Generally,
one	sizes	the	trial	so	that	the	power	is	either	.80	or	.90	when	the	true	difference	in	effectiveness	is	the	smallest	size
that	is	considered	medically	important	to	detect.

Statisticians	have	developed	useful	methods	for	planning	sample	size	 to	compare	survival	curves	or	disease-
free	 survival	 curves	 in	 phase	 III	 trials.	Table	39.6	 shows	 the	 number	 of	 total	 events	 needed	 assuming	 that	 the
hazard	ratio—the	ratio	of	forces	of	mortality	for	the	two	treatment	groups—is	constant	over	time.74	Table	39.6
shows	the	total	number	of	events	that	must	occur	in	a	given	cohort	to	provide	90%	power	for	detecting	a	specified
reduction	 in	 the	 hazard	 for	 the	 experimental	 treatment	 relative	 to	 the	 control	 treatment.	 For	 exponential
distributions,	the	percentage	reduction	in	hazard	of	death	can	be	expressed	as	a	ratio	of	median	survivals,	which	is
displayed	 in	 the	 second	 column	of	Table	39.6.	When	 the	 primary	 end	 point	 is	 overall	 survival,	 the	 events	 are
deaths;	for	disease-free	survival	curves,	events	are	deaths	or	recurrences.	The	translation	of	the	number	of	deaths
or	events	required	to	the	number	of	patients	required	depends	on	the	actual	shape	of	the	survival	distributions,	the
rate	of	accrual,	and	the	duration	of	follow-up	after	close	of	accrual.	Generally,	however,	it	is	best	to	specify	the
time	of	the	final	analysis	as	the	time	when	the	specified	number	of	deaths	or	events	is	obtained—not	in	terms	of
absolute	calendar	time.

In	some	cases,	it	may	be	convenient	to	think	in	terms	of	the	treatment	effect	in	terms	of	the	difference	in	the
proportion	of	patients	without	progression	or	death	beyond	some	landmark	time,	such	as	5	years.	Tables	39.7and
39.8	provide	required	numbers	of	patients	for	clinical	trials	planned	on	this	basis.	This	approach	is	less	flexible	for
studies	in	which	survival	or	disease-free	survival	is	the	end	point,	as	it	presumes	that	all	patients	will	be	followed
for	the	landmark	time	as	a	minimum.	These	tables	can,	however,	be	used	generally	for	detecting	differences	in	a
binary	end	point,	denoted	success	rate	 in	 the	 tables.	For	comparing	 treatments	 in	phase	III	 trials,	differences	of
>15	 to	 20	 percentage	 points	 usually	 are	 considered	 unrealistic.	 Establishing	 a	 sample	 size	 that	 provides	 good
statistical	 power	 for	 detecting	 realistically	 expected	 treatment	 improvements	 is	 important.	 Many	 published
“negative”	results	are	actually	uninterpretable	because	the	sample	sizes	are	too	small.

TABLE	39.6
Number	of	Events	Needed	for	Comparing	Survival	Curves

Percentage	Reduction	in	Hazard	of
Death

Ratio	of	Median	Survival	for
Exponential	Distributions Number	of	Total	Deaths	to	Observea

25 1.33 508

30 1.43 330



33 1.50 257
40 1.67 162

50 2.0 88
aTotal	number	of	deaths	in	both	groups	to	have	power	=	.90	for	detecting	ratio	of	median	survival.	Type	I	error	α	=	.05	(two-sided).

TABLE	39.7
Number	of	Patients	in	Each	of	Two	Treatment	Groups	to	Compare	Proportions	(One-Sided
Test)

Smaller	Success	Rate
Larger	Minus	Smaller	Success	Rate

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
0.05 512a 172 94 62 45 35 28 23 19 16

381b 129 72 48 35 27 22 18 15 13

0.10 786 236 121 76 54 40 31 25 21 17

579 176 91 58 41 31 24 20 16 14

0.15 1,026 292 144 88 60 44 34 27 22 18

752 216 108 66 46 34 26 21 17 14

0.20 1,231 339 163 98 66 48 36 29 23 19

900 250 121 73 50 37 28 22 18 15

0.25 1,402 377 178 105 70 50 38 29 23 19

1,024 278 132 79 53 38 29 23 18 15

0.30 1,539 407 189 111 73 52 38 30 23 19

1,122 300 141 83 55 39 30 23 18 15

0.35 1,642 429 197 114 74 52 38 29 23 18

1,196 315 146 85 56 40 30 23 18 14

0.40 1,711 441 201 115 74 52 38 29 22 17

1,246 324 149 86 56 39 29 22 17 14

0.45 1,745 446 201 114 73 50 36 27 21 16

1,271 327 149 85 55 38 28 21 16 13

0.50 1,745 441 197 111 70 48 34 25 19 15

1,271 324 146 83 53 37 26 20 15 12
aUpper	figure:	significance	level	=	.05,	power	=	.90.
bLower	figure:	significance	level	=	.05,	power	=	.80.

TABLE	39.8
Number	of	Patients	in	Each	of	Two	Treatment	Groups	to	Compare	Proportions	(Two-Sided
Test)

Smaller	Success	Rate
Larger	Minus	Smaller	Success	Rate

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
0.05 620a 206 113 74 54 42 33 27 23 19

473b 159 88 58 43 33 27 22 18 16

0.10 956 285 146 92 64 48 38 30 25 21

724 218 112 71 50 38 30 24 20 17

0.15 1,250 354 174 106 73 53 41 33 26 22

944 269 133 82 57 42 32 26 21 18

0.20 1,502 411 197 118 79 57 44 34 27 22

1,132 313 151 91 62 45 34 27 22 18

0.25 1,712 459 216 127 84 60 45 35 28 23
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1,289 348 165 98 65 47 36 28 22 18

0.30 1,880 495 230 134 88 62 46 36 28 22

1,414 375 175 103 68 48 36 28 22 18

0.35 2,006 522 239 138 89 63 46 35 27 22

1,509 395 182 106 69 49 36 28 22 18

0.40 2,090 537 244 139 89 62 45 34 26 21

1,571 407 186 107 69 48 36 27 21 17

0.45 2,132 543 244 138 88 60 44 33 25 19

1,603 411 186 106 68 47 34 26 20 16

0.50 2,132 537 239 134 84 57 41 30 23 17

1,603 407 182 103 65 45 32 24 18 14
aUpper	figure:	significance	level	=	.05,	power	=	.90.
bLower	figure:	significance	level	=	.05,	power	=	.80.

FACTORIAL	DESIGNS
The	 factorial	 design	 is	 one	 approach	 to	 improving	 the	 efficiency	 of	 phase	 III	 clinical	 trials	 by	 using	 the	 same
patients	 to	 answer	 more	 than	 one	 therapeutic	 question.	 For	 example,	 consider	 a	 two-by-two	 factorial	 design
involving	factor	A,	whether	drug	A1	or	A2	is	used	for	induction,	and	factor	B,	whether	drug	B1	or	B2	is	used	for
consolidation.	There	are	four	treatment	groups:	A1B1,	A1B2,	A2B1,	and	A2B2.	Although	 there	are	 four	 treatment
groups,	the	average	effect	of	each	treatment	factor	can	be	evaluated	using	all	of	the	patients.	To	compare	A1	to	A2,
you	ignore	factor	B	or	average	the	factor	A	treatment	effect	over	the	two	factor	B	strata.	Usually,	the	sample	size
for	a	two-by-two	factorial	 trial	 is	computed	assuming	that	 there	is	no	interaction	between	the	effects	of	the	two
drugs.	The	sample	size	 is	approximately	 the	same	as	 for	a	simple	 two-arm	trial.	The	factorial	design	offers	 the
possibility	of	answering	two	questions	for	the	cost	of	one,	but	there	is	a	risk	of	ambiguity	in	the	interpretation	of
results.	For	situations	in	which	negative	interactions	are	unlikely	or	in	which	it	is	unlikely	that	both	factors	will
have	substantial	effects,	 the	 factorial	design	can	provide	a	 substantial	 improvement	 in	 the	efficiency	of	clinical
trials.

Simon	 and	 Freedman75	 developed	 a	 Bayesian	 method	 for	 the	 design	 and	 analysis	 of	 factorial	 trials.	 Their
approach	avoids	the	need	to	dichotomize	one’s	assumptions	that	interactions	either	do	or	do	not	exist	and	provides
a	 flexible	 approach	 to	 the	 design	 and	 analysis	 of	 such	 clinical	 trials.	 The	 Bayesian	 approach	 also	 avoids	 a
preliminary	test	of	interaction;	such	tests	have	poor	power,	and	basing	the	analysis	on	such	tests	is	problematic.
The	Bayesian	model	 suggests	 that	 in	planning	 a	 factorial	 trial	 in	which	 interactions	 are	unlikely	but	 cannot	be
excluded,	the	sample	size	should	be	increased	by	approximately	30%,	as	compared	to	a	simple	two-arm	clinical
trial	 for	 detecting	 the	 same	 size	 of	 treatment	 effect.	 The	 30%	 figure	 allows	 for	 a	 5%	 prior	 probability	 of	 a
medically	important,	qualitative	interaction	between	the	treatment	effects.

Noninferiority	Trials
Noninferiority	trials	often	compare	a	standard	treatment	to	a	less	invasive	or	more	convenient	therapy	that	is	not
expected	 to	 be	 superior	 to	 the	 standard	 treatment	 with	 regard	 to	 the	 primary	 end	 point.	 For	 such	 trials,	 the
secondary	benefits	of	the	new	regimen,	although	important,	is	not	worth	reductions	in	effectiveness	in	the	primary
end	 point.	Unfortunately,	 it	 is	 not	 possible	 to	 establish	 that	 the	 two	 treatments	 are	 completely	 equivalent	with
regard	to	the	primary	end	point.	The	usual	approach	is	to	plan	the	trial	to	have	high	statistical	power	for	detecting
small	reductions	in	effectiveness,	and	this	requires	a	large	sample	size.	Because	failure	to	reject	the	standard	null
hypothesis	 of	 no	 treatment	 difference	 results	 in	 adoption	 of	 a	 new,	 and	 potentially	 inferior,	 regimen,
misinterpretation	 of	 the	 results	 of	 noninferiority	 trials	 can	 result	 in	 serious	 problems.	 For	 the	 analysis	 of	 such
trials,	 confidence	 intervals	 rather	 than	 statistical	 significance	 tests	 should	 be	 emphasized.76	 The	 confidence
interval	 for	 the	 true	difference	of	effectiveness	gives	a	much	clearer	picture	of	which	differences	are	consistent
with	 the	 data.	 Makuch	 and	 Simon77	 and	 Durrleman	 and	 Simon78	 discuss	 this	 approach	 for	 planning	 and
monitoring	therapeutic	equivalence	trials.

Noninferiority	trials	are	generally	planned	to	distinguish	the	null	hypothesis	that	the	treatments	are	equivalent
from	the	alternative	 that	 the	new	treatment	 is	 inferior	by	an	amount	δ.	One	of	 the	key	problems	 in	designing	a



noninferiority	trial	is	specification	of	δ.	A	small	value	of	δ	leads	to	a	large	trial.	A	large	value	of	δ	can	lead	to	a
small	 but	meaningless	 trial.	 The	 reduction	 in	 effectiveness	 that	 the	 trial	will	 be	 able	 to	 detect	 should	 be	 some
fraction	of	the	effectiveness	of	the	standard	treatment.	For	example,	suppose	the	standard	treatment	is	12	months
of	a	chemotherapy	regimen	that	increases	5-year	survival	by	10	percentage	points	relative	to	no	chemotherapy	and
the	new	 regimen	of	 interest	 is	use	of	 the	 same	 regimen	 for	only	6	months.	 If	we	want	 to	have	high	power	 for
detecting	a	reduction	in	effectiveness	by	half,	then	δ	should	represent	a	difference	of	5	percentage	points	in	5-year
survival.	If	we	want	high	power	for	detecting	a	reduction	in	effectiveness	by	one-quarter,	then	δ	should	represent	a
difference	of	2.5	percentage	points	in	5-year	survival.	An	appropriate	value	of	δ	can	only	be	determined	based	on
a	careful	review	of	the	studies	that	established	the	effectiveness	of	the	standard	treatment.	If	those	studies	do	not
exist	or	are	not	adequate,	a	noninferiority	trial	may	not	be	appropriate.

Another	problem	in	the	design	of	noninferiority	trials	is	the	lack	of	internal	validation	of	the	assumption	that
the	control	 treatment	 is	actually	effective	for	 the	patient	population	at	hand.	 If	 the	effectiveness	of	 the	standard
treatment	is	highly	variable	among	studies,	there	is	the	risk	that	a	new	regimen	will	be	found	noninferior	to	the
standard	 because	 the	 standard	 is	 not	 effective	 in	 the	 current	 study.	Consequently,	 noninferiority	 trials	 are	 only
appropriate	when	the	standard	regimen	is	highly	and	reproducibly	effective.

None	of	 the	 conventional	 frequentist	 approaches	 to	 the	design	and	analysis	of	 therapeutic	 equivalence	 trials
satisfactorily	 account	 for	 the	 uncertainty	 in	 estimation	 of	 the	 effectiveness	 of	 the	 standard	 treatment.	 Simon79
developed	 a	 Bayesian	 approach	 that	 addresses	 this	 problem.	 Simon79	 also	 shows	 how	 the	 sample	 size	 of	 the
therapeutic	equivalence	trial	may	be	planned	and	how	the	size	depends	critically	on	the	strength	and	consistency
of	the	evidence	that	the	active	control	C	is	superior	to	P	and	on	the	size	of	that	difference	in	effectiveness.

Bayesian	Methods
Conventional	 statistical	methods	 (i.e.,	 frequentist	method)	 regard	 the	 data	 collected	 in	 an	 experiment	 as	 being
random;	they	test	hypotheses	about	parameters	that	represent	fixed	but	unknown	treatment	effects.	For	example,
frequentist	methods	derive	probability	statements	about	differences	in	observed	response	rates	under	an	assumed
null	hypothesis	that	the	true	response	probabilities	are	equal.	Bayesian	statistical	methods	consider	the	parameters,
as	well	as	the	data,	as	being	random	and	selected	from	prior	distributions.	What	does	the	assumption	that	the	true
treatment	effect	is	a	random	draw	from	a	prior	distribution	mean?	One	interpretation	is	that	we	regard	the	prior
distribution	 as	 expressing	 our	 subjective	 beliefs	 about	 the	 value	 of	 the	 treatment	 effect	 based	 on	 previous
experience	with	this	treatment	and	other	similar	treatments.	Such	subjective	prior	distributions	would	vary	among
individuals	based	on	their	experience,	biases,	circumstances,	and	perhaps	economic	interests.	Bayesian	methods
use	Bayes’	theorem	to	update	the	prior	distributions	of	the	parameters	based	on	data	from	the	study	to	produce	the
posterior	 distributions	 of	 the	 parameters.	 Using	 the	 posterior	 distributions,	 hypotheses	 about	 whether	 the
treatments	are	equivalent	can	be	tested.	Consequently,	Bayesian	methods	can	derive	direct	probability	statements
about	the	parameters,	such	as	“the	probability	that	the	treatment	effect	is	.04.”	The	probability	statements	about
the	 parameters	 seem	 to	 tell	 us	 what	 we	 want	 to	 know,	 but	 the	 results	 may	 depend	 as	 much	 on	 our	 prior
distributions	as	on	the	data.

Many	 Bayesian	 statisticians	 use	 “noninformative”	 prior	 distributions.	 For	 example,	 a	 noninformative	 prior
distribution	for	the	difference	in	response	probabilities	might	be	constant	for	all	differences	between	−1	and	+1.
That	 noninformative	 prior	 represents	 the	 belief	 that	 huge	 differences	 are	 just	 as	 likely	 as	 small	 differences,
positive	 differences	 as	 likely	 as	 negative	 differences.	 Consequently,	 methods	 based	 on	 apparently	 innocuous
noninformative	prior	distributions	may	not	be	appropriate	for	inference	based	on	small	sample	sizes	for	real-world
studies.	Spiegelhalter	et	al.80	have	suggested	analysis	of	a	clinical	trial	with	regard	to	both	an	“enthusiastic”	prior
and	a	“skeptical”	prior.	The	 former	might	be	held	by	a	developer	of	 the	 treatment	and	 the	 later	by	a	 regulator.
Robust	conclusions	are	obtained	when	the	data	is	so	extensive	and	strong	that	the	posterior	distributions	are	little
changed	regardless	of	whether	you	use	an	enthusiastic	or	skeptical	prior.	Unfortunately,	such	robustness	generally
requires	a	very	large	sample	size,	much	larger	than	indicated	by	use	of	standard	frequentist	methods.

For	some	parameters,	there	may	be	a	consensus	prior	distribution.	For	example,	for	evaluating	cytotoxics	there
is	often	broad	consensus	that	large	treatment	effect	by	patient–subset	interactions	were	unlikely,	and	Simon81	used
this	in	a	Bayesian	approach	to	subset	analysis.

There	are	several	important	misconceptions	about	the	use	of	Bayesian	methods	for	clinical	trials.	First,	some
people	 believe	 that	Bayesian	methods	 provide	 an	 adequate	 alternative	 to	 randomized	 treatment	 assignment.	 In
fact,	 however,	 randomization	 is	 just	 as	 important	 for	 the	 validity	 of	 Bayesian	 methods	 as	 for	 frequentist
methods.82	 Second,	 some	 people	 mistakenly	 believe	 that	 Bayesian	 clinical	 trials	 require	 fewer	 patients	 than
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frequentist	trials.	Bayesian	sample	size	calculations	depend	on	the	prior	distribution	used.	Using	skeptical	priors,
the	 sample	 size	 needed	with	Bayesian	methods	may	 be	much	 larger	 than	 the	 conventional	 sample	 size.	Third,
some	 statisticians	 believe	 that	 the	main	 impediment	 to	 use	 of	Bayesian	methods	 in	 clinical	 trials	 has	 been	 the
difficulty	of	computing	posterior	distributions.	The	main	limitation	has,	however,	been	the	fact	that	subjectivity	of
analysis	 is	problematic	 for	phase	 III	 clinical	 trials.	Randomized	clinical	 trials	are	done	because	 the	opinions	of
experts	are	often	wrong.

Bayesian	methods	can	be	very	useful	for	phase	I	and	II	trials.	For	such	trials,	the	prior	distribution	need	only	be
appropriate	for	the	investigator	or	sponsor.	For	phase	III	trials,	the	situation	is	more	complex.	Although	subjective
opinion	of	the	investigator	or	sponsor	should	have	no	role	in	testing	the	primary	hypothesis	of	no	treatment	effect,
once	the	basic	effectiveness	of	the	treatment	is	established,	however,	there	are	many	other	analyses	that	can	help
physicians	decide	how	to	use	the	new	treatment.	Those	analyses	generally	cannot	be	answered	as	precisely	or	with
as	 little	 chance	of	 error	 as	 the	 testing	of	 the	primary	null	 hypothesis	 and	Bayesian	methods	may	play	 a	useful
role.83	Different	physicians	may	have	varying	prior	beliefs	about	 the	 treatment	and	how	its	effectiveness	might
vary	among	patients;	Bayesian	methods	may	be	useful	for	physicians	in	determining	how	to	implement	the	results
in	the	context	of	the	patients	they	see.	One	must	recognize,	however,	that	Bayesian	models	can	be	overfit	to	data
like	any	other	models	and	can	produce	poor	predictions.

ANALYSIS	OF	PHASE	III	CLINICAL	TRIALS
Intention-to-Treat	Analysis
The	intention-to-treat	principle	indicates	that	all	randomized	patients	should	be	included	in	the	primary	analysis	of
the	 trial.	For	cancer	 trials,	 this	has	often	been	interpreted	to	mean	all	“eligible”	randomized	patients.	Excluding
patients	from	analysis	because	of	treatment	deviations,	early	death,	or	patient	withdrawal	can	severely	distort	the
results.84–86	 Often,	 excluded	 patients	 have	 poorer	 outcomes	 than	 do	 those	who	 are	 not	 excluded.	 Investigators
frequently	rationalize	that	the	poor	outcome	experienced	by	a	patient	was	due	to	lack	of	compliance	to	treatment,
but	the	direction	of	causality	may	be	the	reverse.	For	example,	in	the	Coronary	Drug	Project,	the	5-year	mortality
for	poor	adherents	to	the	placebo	regimen	was	28.3%,	significantly	greater	than	the	15.1%	experienced	by	good
adherents	to	the	placebo	regimen.87	In	randomized	trials,	there	may	be	poorer	compliance	in	one	treatment	group
than	the	other,	or	 the	reasons	for	poor	compliance	may	differ.	Excluding	patients,	or	analyzing	them	separately
(which	 is	equivalent	 to	excluding	 them),	 for	 reasons	other	 than	eligibility	 is	generally	considered	unacceptable.
The	 intention-to-treat	 analysis	 with	 all	 eligible	 randomized	 patients	 should	 be	 the	 primary	 analysis.	 If	 the
conclusions	of	a	study	depend	on	exclusions,	these	conclusions	are	suspect.	The	treatment	plan	should	be	viewed
as	a	policy	to	be	evaluated.	The	treatment	intended	cannot	be	delivered	uniformly	to	all	patients,	but	all	eligible
patients	should	generally	be	evaluable	in	phase	III	trials.

Interim	Analyses
If	 statistical	 significance	 tests	 are	performed	 repeatedly,	 the	probability	 that	 the	difference	 in	outcomes	will	 be
found	to	be	statistically	significant	(at	the	.05	level)	at	some	point	may	be	considerably	>5%.	This	probability	is
called	the	type	I	error	of	the	analysis	plan.	Fleming	et	al.88	have	shown	that	the	type	I	error	can	be	as	great	as	26%
if	 a	 statistical	 significance	 test	 is	 performed	 every	 3	 months	 of	 a	 3-year	 trial	 that	 compares	 two	 identical
treatments.	Some	 trials	are	published	without	stating	 the	 target	sample	size,	without	 indicating	whether	a	 target
sample	 size	 was	 stated	 in	 the	 protocol,	 and	 without	 describing	 whether	 the	 published	 analysis	 represented	 a
planned	final	analysis	or	was	one	of	multiple	analyses	performed	during	the	course	of	the	trial.	In	such	cases,	one
must	 suspect	 that	 the	 investigators	were	 not	 aware	 of	 good	 statistical	 practices	 and	 of	 the	 dangers	 of	 informal
multiple	analyses.

Interim	analyses	can	be	misleading	and	interfere	with	a	physician’s	attempt	to	state	honestly	to	the	patient	that
there	is	no	reliable	evidence	indicating	that	one	treatment	option	or	the	other	is	preferable.	Consequently,	it	has
become	 standard	 in	 phase	 III	 multicenter	 clinical	 trials	 to	 have	 a	 data-monitoring	 committee	 review	 interim
results,	rather	than	having	the	monitoring	done	by	participating	physicians.	This	approach	helps	protect	patients
by	having	interim	results	carefully	evaluated	by	an	experienced	group	of	individuals	and	helps	protect	the	study
from	damage	that	ensues	from	misinterpretation	of	interim	results.89,90	Generally,	interim	outcome	information	is
available	to	only	the	data-monitoring	committee.	The	study	leaders	are	not	part	of	the	data-monitoring	committee
because	 they	may	 have	 a	 perceived	 conflict	 of	 interest	 in	 continuing	 the	 trial.	 The	 data-monitoring	 committee



determines	when	results	are	mature	and	should	be	released.	These	procedures	are	used	only	for	phase	III	trials.
A	number	of	useful	statistical	designs	have	been	developed	for	monitoring	interim	results.	The	simplest	is	due

to	Haybittle.91	Interim	differences	are	discounted	unless	the	difference	is	statistically	significant	at	the	two-sided	P
<	 .0025	 level.	 If	 the	 interim	 differences	 are	 not	 significant	 at	 that	 level,	 the	 trial	 continues	 until	 its	 originally
intended	size.	The	final	analysis	is	performed	without	regard	to	the	interim	analyses,	and	the	type	I	error	is	almost
unaffected	 by	 the	 monitoring.	 Many	 others	 have	 developed	 group-sequential	 methods	 for	 interim	 monitoring
based	on	a	prespecified	number	of	planned	interim	analyses.	One	of	the	most	commonly	used	methods	is	that	of
O’Brien	 and	 Fleming.92	 The	 critical	P	 value	 for	 determining	 whether	 an	 interim	 difference	 should	 be	 judged
statistically	significant	depends	on	the	number	of	analyses	that	will	be	performed	during	the	trial.	For	a	five-stage
trial—four	 interim	 analyses	 and	 one	 final	 analysis—the	 critical	 P	 values	 are	 shown	 in	 Table	 39.9.93	 The
experience	of	the	U.S.	cancer	cooperative	groups	with	interim	analysis	of	phase	III	clinical	trials	was	reviewed	by
Korn	et	al.94

Extreme	 treatment	 differences	 at	 an	 interim	analysis	 are	 less	 usual	 in	 cancer	 clinical	 trials	 than	 finding	 that
interim	 results	 do	 not	 support	 the	 hypothesis	 that	 the	 experimental	 treatment	 is	 substantially	 better	 than	 the
control.	Futility	analyses	are	 important	 in	order	 to	avoid	exposing	patients	 to	a	more	toxic	and	debilitating	new
treatment	E	once	the	essential	outcome	of	the	trial	is	well	assured.95	Data-monitoring	committees	are	charged	with
helping	to	make	these	difficult	 judgments.	A	variety	of	statistical	approaches	to	“futility	monitoring”	have	been
developed.96	 Futility	 analyses	 based	 on	 intermediate	 end	 points	 like	 disease-free	 survival	 can	 be	 particularly
effective	even	in	trials	where	the	primary	end	point	is	survival.41

TABLE	39.9
Nominal	Two-Sided	Significance	Levels	for	Early	Stopping	in	Interim	Monitoring	Methods
that	Maintain	an	Overall	Type	I	Error	Level	of	.05

Analysis	Number Pocock113 Haybittle91 O’Brien	and	Fleming92 Fleming	et	al.93

1 .016 .0027 .00001 .0051

2 .016 .0027 .0013 .0061

3 .016 .0027 .008 .0073

4 .016 .0027 .023 .0089

Final .016 .049 .041 .0402

The	 method	 of	 stochastic	 curtailment97	 is	 widely	 used	 for	 “futility	 analyses.”	 At	 any	 interim	 analysis,	 the
probability	of	 rejecting	 the	null	hypothesis	at	 the	end	of	 the	 trial	 is	 computed.	This	probability	 is	 calculated	as
being	conditional	on	the	data	already	obtained	and	on	the	assumption	that	the	alternative	hypothesis	of	superiority
of	 the	 experimental	 treatment	 used	 initially	 in	 planning	 the	 sample	 size	 for	 the	 trial	 is	 true.	 If	 this	 conditional
power	is	less	than	approximately	.20,	then	the	trial	may	be	terminated	with	acceptance	of	the	null	hypothesis.	The
.20	cutoff	can	be	raised	substantially	to	at	least	.40	if	this	type	of	interim	analysis	is	performed	only	a	few	times
during	the	course	of	 the	 trial.	With	stochastic	curtailment,	 interim	analyses	need	not	be	equally	spaced,	and	the
number	of	interim	analyses	need	not	be	specified	in	advance.

Significance	Levels,	Hypothesis	Tests,	and	Confidence	Intervals
The	 concept	 of	 prespecification	of	 hypotheses	 is	 important	 for	medical	 experimentation.	However,	 the	 accept–
reject	 nomenclature	 of	 the	 Neyman-Pearson	 theory	 provides	 an	 oversimplified	 and	 sometimes	 misleading
interpretation	of	 the	data.	Significance	 levels	 can	 serve	as	useful	 aids	 to	 interpretation	of	 results,	but	quibbling
about	whether	a	one-sided	P	=	.04	is	significant	makes	little	sense.	Significance	levels	are	influenced	by	sample
sizes,	and	failure	to	reject	the	null	hypothesis	does	not	mean	that	the	treatments	are	equivalent.	There	is	no	simple
index	of	 truth	for	 interpreting	results.	Some	attempt	 to	use	 the	notion	of	statistical	significance	 in	 this	way,	but
thorough	presentation,	skeptical	evaluation,	and	cautious	interpretation	of	results	always	are	required.

Confidence	intervals	are	generally	much	more	informative	than	are	significance	levels.	A	confidence	interval
for	the	size	of	the	treatment	difference	provides	a	range	of	effects	consistent	with	the	data.	The	significance	level
tells	nothing	about	the	size	of	the	treatment	effect	because	it	depends	on	the	sample	size.	However,	it	is	the	size	of
the	 treatment	 effect,	 as	 communicated	by	 a	 confidence	 interval,	 that	 should	be	used	 in	weighing	 the	 costs	 and
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benefits	of	clinical	decision	making.	Many	so-called	negative	results	are	actually	noninformative,	and	confidence
intervals	 help	 to	 determine	when	 this	 is	 the	 case.	 Simon76	 has	 presented	 a	 nontechnical	 discussion	 of	 how	 to
calculate	 confidence	 intervals	 for	 treatment	 differences	with	 the	 types	 of	 end	 points	 commonly	 used	 in	 cancer
clinical	trials.

Calculation	of	Survival	Curves
Most	 cancer	 clinical	 trials	 display	 results	 by	 showing	 survival	 curves	 or	 disease-free	 survival	 curves.	 Survival
curves	display	the	probability	of	surviving	beyond	any	specified	time,	with	time	shown	on	the	horizontal	axis.	In
disease-free	survival	curves,	it	is	the	time	until	recurrence	or	death	that	is	shown.	The	usual	statistical	methods	are
not	appropriate	for	analyzing	survival	because	they	ignore	the	fact	that	at	the	time	of	analysis	some	patients	have
died	while	others	continue	alive	(i.e.,	their	ultimate	survival	times	are	“censored”).

The	most	 satisfactory	way	 of	 representing	 such	 data	 is	 to	 estimate	 the	 survival	 function	S(t).	 This	 function
represents	 the	 probability	 of	 surviving	 more	 than	 t	 time	 units.	 Time	 t	 is	 measured	 from	 diagnosis,	 start	 of
treatment,	or	some	other	meaningful	time	point.	For	randomized	studies,	it	is	best	to	measure	time	from	the	date
of	 randomization.	There	are	basically	 two	satisfactory	methods	 for	 estimating	S(t).	The	 first	 is	 the	 life	 table	or
actuarial	method98,99	 and	 is	 appropriate	when	 the	number	of	 patients	 is	 large.	The	other	method	 is	 the	product
limit	method	of	Kaplan	and	Meier,100	which	is	described	here.

The	 first	 step	 is	 the	 calculation	 of	 survival	 time	 for	 all	 patients.	 Survival	 is	 the	 duration	 from	 the	 chosen
baseline	(e.g.,	date	of	randomization)	until	death	or	date	last	known	to	be	alive	for	patients	who	are	not	known	to
have	died.

With	 the	Kaplan-Meier	approach,	 the	 intervals	are	defined	by	the	actual	survival	 times	of	patients	who	have
died.	Suppose,	for	example,	that	the	survivals	are	3,	3,	3+,	5,	6,	8+,	8+,	10,	10,	and	12+	months,	where	a	plus	sign
follows	survivals	for	patients	still	alive.	Then	the	intervals	are	0	to	3,	3	to	5,	5	to	6,	and	6	to	10	months,	as	shown
in	Table	39.10.	The	probability	of	surviving	beyond	3	months	is	S(3)	=	8/10,	as	indicated	for	the	first	interval	of
Table	39.10.	The	probability	of	surviving	beyond	5	months	 is	 taken	as	 the	product	of	 two	factors:	S(3)	and	 the
probability	 of	 surviving	 through	 the	 interval	 (3,5).	We	do	not	 know	whether	 the	 patient	with	 survival	 time	3+
survives	 through	 the	 interval	 (3,5)	because	of	 the	censoring.	There	are	seven	patients	alive	and	 followed	at	 the
start	of	 this	 interval	who	we	do	know	about	and	all	but	one	(the	one	with	survival	 time	5)	survive	 through	 the
interval.	So	we	estimate	S(5)	=	(8/10)(6/7)	=	0.6857.	This	way	of	estimating	S(5)	represents	an	optimal	use	of	the
censored	data	and	is	based	only	on	the	assumption	that	censoring	is	not	prognostic	or	“informative.”	Similarly,	we
estimate	S(6)	as	the	product	of	S(5)	and	the	probability	of	surviving	through	the	end	of	the	interval	(5,6),	which	is
5/6.	 Thus,	S(6)	 is	 estimated	 as	 (0.6857)(5/6)	 =	 0.571.	 Similarly,	S(10)	 =	S(6)(1/3),	where	 1/3	 is	 the	 estimated
probability	of	surviving	through	the	interval	(6,10)	given	that	the	patient	is	alive	at	the	start	of	the	period.	Because
two	patients	are	censored	at	8	months,	there	are	only	three	patients	alive	at	the	start	of	this	period	for	whom	we
know	definitively	whether	they	survive	through	the	entire	period.

Once	the	values	Sx	have	been	calculated	for	the	Kaplan-Meier	method,	they	may	be	graphed	with	time	on	the
horizontal	axis.	The	graph	is	a	step	function	that	starts	at	time	zero	and	ordinate	1.0.	It	drops	to	value	Sx	at	time	x,
where	x	is	the	time	at	the	right	end	of	an	interval.	Tic	marks	would	be	placed	on	the	curve	at	3,	8,	and	12	months
to	 represent	 the	 follow-up	 times	 of	 living	 patients.	 The	 step	 function	 can	 be	 extended	 horizontally	 out	 to	 12
months	to	represent	follow-up	of	the	last	patient,	but	the	right-hand	end	of	the	curve	usually	is	very	imprecisely
estimated,	and	concluding	that	a	plateau	exists	at	the	level	shown	on	the	curve	is	often	erroneous.

TABLE	39.10
Kaplan-Meier	Method	for	Estimating	a	Survival	Distribution

Interval

Alive	at
Beginning	of
Interval	lx

Censored
During
Interval	wx

Died
During
Interval
dx

Number	at	Risk
Through	Interval
lx	−	wx

Proportion
Dying	dx	/	(lx
−	wx)

Proportion
Surviving
Interval	px

Cumulative
Proportion
Surviving

0–3 10 0 2 10 0.2 0.8 0.8

3–5 8 1 1 7 0.14 0.86 0.68

5–6 6 0 1 6 0.17 0.83 0.57

6–10 5 2 2 3 0.67 0.33 0.19



For	 any	 time	 t,	 the	Kaplan-Meier	 curve	 is	 an	 estimator	 of	 the	 true	 unknown	value	of	S(t).	 The	 estimator	 is
approximately	normally	distributed	in	large	samples.	If	m	patients	remain	alive	at	time	x,	the	standard	error	of	the

estimate	can	be	estimated44	as	Ŝ(t)	 ,	where	Ŝ(t)	denotes	the	Kaplan-Meier	estimate	at	time	t

and	n(t)	denotes	the	number	of	patients	at	risk	for	failure	just	before	the	failure	at	time	t.
The	Kaplan-Meier	estimate	is	based	on	the	assumption	that	censoring	is	noninformative,	which	means	that	the

censoring	 time	 is	 independent	 of	 the	 prognosis	 of	 the	 patient.	Most	 censoring	 in	 a	 randomized	 clinical	 trial	 is
“administrative	censoring,”	meaning	that	some	patients	are	alive	and	still	being	followed	at	the	time	of	analysis.
This	is	noninformative	censoring.	However,	if	patients	are	lost	to	follow-up—if	they	fail	to	return	to	clinic	when
they	are	 too	sick	to	travel—then	the	censoring	is	 informative	and	all	 the	usual	methods	of	survival	analysis	are
invalidated.	 Consequently,	 it	 is	 essential	 to	 obtain	 follow-up	 information	 as	 completely	 as	 possible	 before
analysis.	If	some	patients	have	not	been	contacted	for	many	months	and	their	status	is	unknown,	that	information
should	be	obtained	before	any	analysis	is	performed.	Examining	the	distribution	of	time	since	the	last	contact	for
patients	not	known	to	have	died	is	a	good	way	to	examine	the	adequacy	of	follow-up.

The	 issue	of	 informative	censoring	also	arises	 in	 considering	end	points	other	 than	death.	For	 example,	one
may	be	attempting	to	estimate	the	distribution	of	time	until	tumor	recurrence	in	the	central	nervous	system	(CNS)
in	 a	 pediatric	 leukemia	 trial.	 How	 should	 one	 handle	 patients	 whose	 disease	 recurs	 in	 the	 marrow	 without
evidence	of	CNS	recurrence?	One	may	be	tempted	to	censor	the	time	to	CNS	recurrence	of	such	patients	at	their
time	of	marrow	recurrence,	but	 that	 implicitly	assumes	 that	 the	censoring	 is	noninformative.	Because	CNS	and
marrow	 recurrence	may	 be	 biologically	 linked,	 the	 assumption	 of	 noninformative	 censoring	may	 not	 be	 valid.
Other	 issues	 of	 informative	 censoring	 can	 be	 similarly	 problematic.	 Clearly,	 one	 should	 not	 censor	 patients
because	of	lack	of	compliance	with	therapy,	as	this	can	bias	results.

Multiple	Comparisons
Table	39.11	shows	the	probability	of	obtaining	one	statistically	significant	(P	<	.05)	difference	by	chance	alone	as
a	function	of	the	number	of	independent	comparisons	of	two	equivalent	treatments.	With	only	five	comparisons,
the	chance	of	at	least	one	false-positive	conclusion	is	22.6%.	When	the	number	of	end	points,	interim	analyses,
and	patient	subsets	are	considered	in	the	analysis	of	clinical	trials,	these	results	are	disturbing.101	The	comparisons
performed	in	clinical	 trials	are	not	entirely	 independent,	but	 this	does	not	have	much	effect	on	ameliorating	the
problem.	 Fleming	 and	 Watelet102	 performed	 a	 computer	 simulation	 to	 determine	 the	 chance	 of	 obtaining	 a
statistically	 significant	 treatment	 difference	when	 two	 equivalent	 treatments	 in	 six	 subsets	 determined	 by	 three
dichotomous	variables	are	compared.	The	chance	of	a	statistically	significant	difference	between	treatments	in	at
least	 one	 subset	was	 20%	 at	 the	 final	 analysis	 and	 39%	 in	 the	 final	 or	 one	 of	 the	 three	 interim	 analyses.	 The
primary	end	point	should	be	defined	in	the	protocol.	Subset	analyses	and	analyses	with	regard	to	secondary	end
points	should	be	specified	in	advance,	and	statistical	significance	should	be	declared	only	for	reduced	significance
levels	defined	in	advance	to	limit	the	study-wise	type	I	error	to	5%.

TABLE	39.11
Probability	of	Obtaining	at	Least	One	Statistically	Significant	(P,	.05)	Difference	by	Chance
Along	in	Multiple	Comparisons	of	Two	Equivalent	Treatments

Comparisons
Percentage	of	Simulated	Trials	with	at	Least	One	“Significant”
Difference	(%)

1 5

2 9.7

3 14.3

4 18.5

5 22.6

10 40

20 64.1
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Approaches	to	subset	analysis	and	multiple	end	point	analysis	using	Bayesian	methods	have	been	described	by
Dixon	 and	 Simon103	 and	 methods	 based	 on	 cross-validation	 are	 described	 by	 Freidlin	 et	 al.67	 Qualitative
interaction	tests	are	described	by	Gail	and	Simon.104

REPORTING	RESULTS	OF	CLINICAL	TRIALS
Effective	reporting	of	results	is	an	integral	part	of	good	research.	Unfortunately,	numerous	reviews	have	indicated
that	the	quality	of	reporting	of	clinical	trial	results	is	poor105,106;	“often	biased	toward	an	exaggeration	of	treatment
differences.”	The	guidelines	summarized	in	Table	39.12	are	adapted	from	those	proposed	by	Simon	and	Wittes.107

FALSE-POSITIVE	REPORTS	IN	THE	LITERATURE
Many	 of	 the	 positive	 results	 reported	 in	 the	 literature	 for	 small	 clinical	 trials	 are	 probably	 false-positive
results.108–110	In	100	trials,	suppose	that	there	are	10	in	which	the	experimental	treatment	is	sufficiently	better	than
the	control	such	that	there	is	a	90%	chance	of	the	difference	being	detected	in	a	small	or	moderate-sized	clinical
trial.	Of	these	10	trials,	obtaining	a	statistically	significant	difference	is	expected	in	9.	Of	the	remaining	90	trials,
we	assume	 that	 the	 treatments	are	approximately	equivalent	 to	 the	control.	A	statistically	 significant	difference
could	be	expected	in	5%	(4.5)	of	these.	Hence,	of	the	13.5	(9	+	4.5)	trials	that	yield	statistically	significant	results,
the	finding	is	false	positive	in	4.5	or	33%	of	the	cases.	The	33%	false	discovery	rate	is	striking	but	it	depends	on
the	 assumption	 that	 only	 10%	 of	 the	 trials	 study	 new	 treatments	 with	 large	 treatment	 effects.	 The	 Eastern
Cooperative	Oncology	Group	reported	that	about	one-third	of	their	phase	III	clinical	trials	resulted	in	statistically
significant	 results.110	 Assuming	 that	 most	 of	 these	 trials	 are	 conducted	 with	 90%	 power	 and	 a	 5%	 statistical
significance	level,	the	false-positive	discovery	rate	is	about	9%.

An	 additional	 factor	 to	 consider	 is	 that	 of	 publication	 bias,111	 which	 denotes	 the	 preference	 of	 journals	 to
publish	positive	 rather	 than	negative	 results.	A	negative	 result	may	not	be	published	 at	 all,	 particularly	 from	a
small	 trial.	 If	 it	 is	published,	 it	 is	 likely	 to	appear	 in	a	 less	widely	 read	 journal	 than	 it	would	 if	 the	 result	were
positive.

TABLE	39.12
Summary	of	Guidelines	for	Reporting	Clinical	Trials107

Quality	control	of	data	and	response	evaluations	should	be	discussed.
All	patients	registered	on	study	should	be	accounted	for.
Inevaluability	rate	for	major	end	points	should	not	exceed	15%.
No	exclusions	of	eligible	patients	in	comparing	outcomes	by	treatment	group.
The	sample	size	should	be	large	enough	to	establish	or	conclusively	rule	out	effects	of	clinically	important	magnitude.
Confidence	limits	for	size	of	treatment	versus	control	effectiveness	should	be	given.
Publication	should	provide	protocol-specified	sample	size	and	interim	analysis	plan	as	well	as	actual	timing	of	analyses.
Claims	of	therapeutic	effectiveness	should	not	be	based	on	phase	II	trials.
Generalizability	of	conclusions	should	be	carefully	discussed.	Subset-specific	claims	should	be	justified	based	on	prospective
planning	and	statistical	control	of	study-wise	type	I	error.

These	 observations	 emphasize	 that	 results	 in	 the	medical	 literature	 often	 cannot	 always	 be	 accepted	 at	 face
value.	It	is	important	to	recognize	that	“positive”	results	need	confirmation,	particularly	positive	results	of	small
studies,	before	they	can	be	believed	and	applied	to	the	general	population.

META-ANALYSIS
A	meta-analysis	is	a	quantitative	summary	of	research	on	a	topic.	It	is	distinguished	from	the	traditional	literature
review	 by	 its	 emphasis	 on	 quantifying	 results	 of	 individual	 studies	 and	 combining	 results	 across	 studies.	 Key
components	of	this	approach	for	therapeutics	are	to	include	only	randomized	clinical	trials,	to	include	all	relevant
randomized	clinical	trials	that	have	been	initiated	(regardless	of	whether	they	have	been	published),	to	exclude	no
randomized	patients	from	the	analysis,	and	to	assess	therapeutic	effectiveness	based	on	the	average	results	pooled



across	trials.112
Attention	is	restricted	to	randomized	trials	because	the	bias	from	nonrandomized	comparisons	may	be	larger

than	 the	 small	 to	moderate	 therapeutic	effects	 likely	 to	be	present.	 Including	all	 relevant	 randomized	 trials	 that
have	been	 initiated	 in	a	geographic	area	 (e.g.,	 the	world,	or	 the	Americas	and	Europe)	 represents	an	attempt	 to
avoid	 publication	 bias.	Avoiding	 exclusion	 of	 any	 randomized	 patients	 also	 functions	 to	 avoid	 bias.	Assessing
therapeutic	effectiveness	based	on	average	pooled	results	is	an	attempt	to	make	the	evaluation	on	the	totality	of
evidence	rather	than	on	extreme	isolated	reports.	In	calculating	average	treatment	effects,	a	measure	of	difference
in	outcome	between	treatments	is	calculated	separately	for	each	trial.	For	example,	an	estimate	of	the	logarithm	of
the	hazard	 ratio	can	be	computed	 for	 each	 trial.	A	weighted	average	of	 these	 study-specific	differences	 is	 then
computed,	 and	 the	 statistical	 significance	 of	 this	 average	 is	 evaluated.	This	 approach	 to	meta-analysis	 requires
access	 to	 individual	 patient	 data	 for	 all	 randomized	 patients	 in	 each	 trial.	 It	 also	 requires	 collaboration	 of	 the
leaders	of	all	the	relevant	trials	and	is	very	labor	intensive.	Nevertheless,	it	represents	the	gold	standard	for	meta-
analysis	methodology.

A	major	 issue	 of	 concern	 in	meta-analyses	 is	 whether	 the	 individual	 trials	 are	 sufficiently	 similar	 to	make
calculation	of	average	effects	medically	meaningful.	 If	 the	 therapeutic	 interventions	or	control	 treatments	differ
too	greatly	or	if	the	patient	populations	are	too	different,	the	results	may	not	be	medically	meaningful	as	a	basis
for	 making	 treatment	 decisions	 for	 individual	 patients.	 Often	 in	 cancer	 therapeutics,	 the	 studies	 will	 not	 be
identical	in	their	treatment	regimens	or	their	patient	populations,	but	they	will	not	be	so	different	as	to	make	the
results	meaningless.	In	this	case,	the	meta-analysis	may	be	useful	for	answering	important	questions	about	a	class
of	treatments	that	the	individual	trials	cannot	address	reliably.	For	example,	trials	evaluating	adjuvant	treatment	of
primary	breast	cancer	often	are	designed	to	detect	differences	in	disease-free	survival,	and	a	meta-analysis	is	often
required	to	evaluate	survival.	Similarly,	subset	analysis	can	usually	be	meaningfully	evaluated	only	in	the	context
of	a	meta-analysis	because	individual	trials	are	not	sized	for	this	objective.

Meta-analysis	 is	 not	 an	 alternative	 to	 properly	 designed	 and	 sized	 randomized	 clinical	 trials.	 Some	 have
suggested	 that	 one	 need	 not	 be	 concerned	 about	 computing	 sample	 size	 in	 the	 traditional	 ways,	 as	 small,
randomized	 trials	 can	 be	 pooled	 for	meta-analysis.	 Because	most	 investigators	 would	 prefer	 to	 “do	 their	 own
thing,”	 this	 would	 lead	 to	 a	 proliferation	 of	 diverse	 trials	 of	 inconsequential	 individual	 size	 that	 may	 be	 too
heterogeneous	to	permit	a	meaningful	meta-analysis.	Given	that	sufficient	large,	randomized	clinical	trials	of	very
similar	 treatment	 regimens	 have	 been	 conducted,	meta-analysis	 can	 provide	 supplemental	 information	 about	 a
given	class	of	treatments	that	is	not	available	from	the	individual	trials.
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40 Assessment	of	Clinical
Response
Susan	Bates	and	Tito	Fojo

INTRODUCTION
The	 modern	 era	 of	 drug	 development	 began	 in	 1976	 when	 16	 experienced	 oncologists	 treating	 lymphoma
gathered	to	decide	what	would	be	considered	a	reliable	measure	of	response	to	a	therapy.1	Using	calipers	or	rulers,
the	 oncologists	measured	 spheres	 and	 decided	 that	 a	 50%	 size	 difference	 in	 the	 product	 of	 the	 perpendicular
diameters	was	 required	 to	 reduce	 the	 error	 rate	 in	 detection	 to	 approximately	 5%.	 It	was	 from	 this	 auspicious
beginning	that	our	current	methodologies	of	response	assessment	evolved.	A	key	principle	in	drug	development	is
that	 the	benefit	 sought	 in	oncology	 is	 first	and	 foremost	 increased	overall	 survival	 (OS).	 It	 is	 thus	 important	 to
note	 that	 the	 decision	 to	 use	 a	 50%	 reduction	 in	 the	 product	 of	 the	 perpendicular	 diameters	 as	 a	 measure	 of
response	was	made	 to	 reduce	 error	 and	not	 because	 it	 represented	 a	 value	 that	 conferred	 benefit.	 But	 as	 we
discuss	in	the	following	text,	that	value	and	those	derived	from	it	are	often	barometers	of	benefit.

From	Calipers	and	Rulers	in	Lymphoma	to	Diagnostic	Imaging	and	the
Bidimensional	World	Health	Organization	Criteria	and	the	One-Dimensional
Response	Evaluation	Criteria	in	Solid	Tumors
In	1981,	5	years	after	the	rationale	for	accepting	a	50%	decrease	in	the	product	of	the	perpendicular	diameters	as
a	 measure	 of	 response	 was	 published,1	 Miller	 et	 al.2	 reported	 the	 recommendations	 from	 a	 World	 Health
Organization	(WHO)	initiative	to	develop	standardized	approaches	for	the	“reporting	of	response,	recurrence	and
disease-free	interval.”	In	concordance	with	the	1976	recommendations,	the	WHO	criteria	recommended	malignant
disease	 be	 “measured	 in	 two	 dimensions	 by	 ruler	 or	 caliper	 with	 surface	 area	 determined	 by	 multiplying	 the
longest	diameter	by	 the	greatest	perpendicular	diameter.”	Furthermore,	complete	 response	 (CR)	was	defined	as
the	disappearance	of	all	known	disease,	determined	by	two	observations	not	 less	than	4	weeks	apart,	whereas	a
designation	of	a	partial	response	(PR)	was	assigned	if	there	occurred	a	“50%	decrease	in	the	sum	of	the	products
of	the	perpendicular	diameters	of	the	multiple	lesions”	by	“two	observations	not	less	than	four	weeks	apart.”	Thus,
the	50%	reduction	initially	chosen	as	an	“operationally”	reliable	value	became	institutionalized	as	 the	threshold
for	 declaring	 efficacy	 in	 the	 majority	 of	 cancers.	 This	 measure	 of	 efficacy	 was	 perpetuated	 when	 in	 2000	 a
recommendation	was	made	to	replace	the	WHO	criteria	with	the	now	widely	used	Response	Evaluation	Criteria	in
Solid	Tumors	(RECIST).3	The	authors	noted,	“The	definition	of	a	partial	 response,	 in	particular,	 is	an	arbitrary
convention—there	 is	 no	 inherent	meaning	 for	 an	 individual	 patient	 of	 a	 50%	decrease	 in	 overall	 tumor	 load.”
Nevertheless,	 the	 threshold	 chosen,	 a	 30%	 reduction	 in	 one	 dimension,	 was	 comparable,	 indeed	 almost
indistinguishable,	 to	 the	 50%	 decrease	 in	 the	 sum	 of	 the	 products	 of	 the	 perpendicular	 diameters	 and	 thus
perpetuated	the	1976	standard.	Table	40.1	compares	the	WHO	criteria2	with	those	of	RECIST	1.03	and	RECIST
1.1,4	whereas	Figure	40.1	provides	a	visual	presentation	of	the	RECIST	thresholds	required	to	qualify	as	response
or	progression.	Whereas	the	response	threshold	in	RECIST	was	similar	to	that	in	the	WHO	criteria,	the	threshold
for	progression	in	RECIST	allowed	for	more	progression	before	treatment	failure	is	declared.

ASSESSING	RESPONSE
Response	Evaluation	Criteria	in	Solid	Tumors	1.1



A	decade	of	experience	with	WHO	and	RECIST	1.0	prompted	an	update	 in	2009,	known	as	RECIST	1.1,	with
differences	highlighted	in	Table	40.1.	Specific	RECIST	1.1	changes	include	establishment	of	a	1-cm	lesion	as	the
minimum	measurable,	reduction	in	the	required	number	of	lesions	to	be	measured	to	a	total	of	five	(two	lesions
per	 organ),	 and	 clarification	 that	 lymph	 nodes	 <1	 cm	 in	 their	 short	 axis	 could	 be	 scored	 as	 a	 CR.	 Disease
progression	was	amended,	making	a	20%	increase	in	the	smallest	sum	of	target	lesions	the	threshold	only	with	an
absolute	 increase	 of	 5	mm	 and	 an	 increase	 of	 a	 single	 nontarget	 lesion	 insufficient	 to	 score	 progression	 if	 an
overall	disease	 status	 assessment	based	on	 target	 lesions	does	not	 concur.	RECIST	1.1	does	preserve	 the	 same
categories	of	response	found	in	RECIST	1.0,	including:

CR:	complete	disappearance	of	all	disease
PR:	≥30%	reduction	in	the	sum	of	the	longest	diameter	of	target	lesions
Stable	disease:	change	not	meeting	criteria	for	response	or	progression
Progression:	≥20%	increase	in	the	smallest	sum	of	the	longest	diameters	of	target	lesions

TABLE	40.1
Key	Features	of	Response	Criteria

	 WHO2 RECIST	1.03 RECIST	1.14
CNS	RANO
Criteria8–10

iRECIST	for
Immunotherapy14,15

Dimension Uni-	and
bidimensionala

Unidimensional Unidimensional Bidimensional As	per	RECIST	1.1

Measurable
lesion
definition

Not	defined Longest
diameter:	≥20
mm	most
modalities;	≥10
mm	(spiral	CT)

Longest	diameter:	≥10
mm	by	CT;	≥10	mm	by
calipers;	≥20	mm	if
chest	x-ray

HGG:	contrast-
enhancing	lesions,
≥10-mm
LGG:	T2/FLAIR
hyperintense	lesions

As	per	RECIST	1.1

Measurable
nodes

Not	defined Not	defined ≥15	mm	short	axis — —

Disease
burden	to
be
assessed	at
baseline

All	(not
specified)

Measurable
target	lesions
up	to	10	total	(5
per	organ);
other	lesions
nontarget

Target	lesions	up	to	5
total	(2	per	organ);
other	lesions	nontarget

HGG:	up	to	5	lesions
LGG:	quantity	not
specified

As	per	RECIST	1.1

Sum Sum	of	the
products	of
bidimensional
diameters	or
sum	of	linear
unidimensional
diameters

Sum	of	longest
diameters	of
target	lesions

Sum	of	the	longest
diameters	of	target
lesions	or	short	axis	for
lymph	nodes

Sum	of	the	products
of	perpendicular
diameters

Sum	of	the	longest
diameters	of	target	lesions
or	short	axis	for	lymph
nodes;	new	lesions
recorded	separatelyb

New	lesions 	 	 Always	PD Not	definitive	PD Result	in	UPD;	next
assessment	required	to
define	PD

CR Disappearance
of	all	known
disease

Disappearance
of	all	known
disease

Disappearance	of	all
known	disease;	nodes
must	be	<10	mm

Disappearance	of	all
known	lesions;	no
corticosteroid	use

As	per	RECIST	1.1

PR 50%	decrease 30%	decrease
in	the	sum	of
diameters

30%	decrease	in	the
sum	of	diameters

≥50%	reductionc;
stable	or	decreased
corticosteroid	use

As	per	RECIST	1.1

Response
confirmation

≥4	wk	apart ≥4	wk	apart ≥4	wk	apartd ≥4	wk	apart ≥4	wk	apartd

Progressive
disease

≥25%	increase
in	size	of	1	or
more
measurable
lesions,	or
appearance	of
new	lesionse

≥20%	increase
in	sum,	taking
as	reference
smallest	sum	in
study;	or
appearance	of
new	lesions

≥20%	increase	in	sum,
with	minimum	absolute
increase	of	≥5	mm,
taking	as	reference
smallest	sum	in	study;
or	appearance	of	new
lesions

≥25%	increase	in
sum;	any	new	lesions;
significant	increase	in
size	of	T2/FLAIR
lesions	on	stable	or
increasing
corticosteroid	dose

≥20%	increase	compared
with	nadir	or	baseline;	or
appearance	of	new
lesions;	defined	as	UPD;
confirmation	or
progression	is	required	4–
8	weeks	later
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	 Nonmeasurable
disease:
estimated
increase	of
≥25%

Nonmeasurable
disease:
unequivocal
progression

Nonmeasurable
disease:	unequivocal
progression

Nonmeasurable
disease:	clear
progression;	definite
clinical	deterioration

New,	nonmeasurable
disease	defines
progression	if	further
increase	above	UPD

Stable
disease

Non-PR,	non-
PD

Non-PR,	non-
PD

Non-PR,	non-PD;
minimum	time	interval
defined	by	protocol

Non-PR,	non-PD;
stable	or	decreased
steroid	use

Non-iPR,	non-iPD

aBy	convention,	bidimensional	measurement	is	generally	used	in	trials	assessing	response	using	the	WHO	criteria.
bThe	original	version	of	iRECIST	assessed	the	sum	of	the	products	of	the	two	longest	perpendicular	diameters	with	up	to	five	new
lesions	≥5	×	5	mm	incorporated	into	baseline.14
cMinor	response	defined	for	LGG:	25%–50%	decrease;	stable	or	decreasing	steroid	use.
dConfirmation	required	only	for	nonrandomized	trials.
eIn	practice,	some	groups	changed	this	to	25%	increase	in	sum	of	products	of	diameter.
WHO,	World	Health	Organization;	RECIST,	Response	Evaluation	Criteria	 in	Solid	Tumors;	CNS,	central	nervous	system;	RANO,
Response	Assessment	 in	Neuro-Oncology;	CT,	computed	tomography;	HGG,	high-grade	glioma;	LGG,	 low-grade	glioma;	FLAIR,
fluid	attenuated	 inversion	 recovery;	PD,	progressive	disease;	UPD,	unconfirmed	progressive	disease;	PR,	partial	 remission;	CR,
complete	remission;	iRECIST,	iPR,	iPD,	refer	to	immunotherapy-related	criteria.

Variations	of	the	Response	Evaluation	Criteria	in	Solid	Tumors
Widespread	use	of	the	RECIST	has	standardized	the	reporting	of	clinical	trial	results	and	improved	reproducibility
(see	Table	 40.1).5	However,	 the	 increasing	 precision	 and	 codification	 of	RECIST	 has	 led	 to	 recognition	 of	 its
limitations.	For	example,	there	are	unique	challenges	in	central	nervous	system	(CNS)	disease	relating	response	to
tumor	 size	 measurements	 based	 on	 contrast	 enhancement.	 Pseudoprogression	 refers	 to	 an	 increase	 in	 contrast
enhancement	 due	 to	 a	 transient	 increase	 in	 vascular	 permeability	 after	 irradiation,	 whereas	 pseudoresponse
describes	a	decrease	in	contrast	enhancement	due	to	a	reduction	in	vascular	permeability	after	corticosteroids	or
an	agent	such	as	bevacizumab.6,7	The	original	Macdonald	criteria	that	determined	glioma	response	based	on	two-
dimensional	measurements	were	updated	as	part	of	the	Response	Assessment	in	Neuro-Oncology	(RANO)	criteria
and	then	extended	to	include	separate	parameters	for	response	assessment	for	high-grade	glioma	(HGG)	and	low-
grade	 glioma	 (LGG)	 and	 metastatic	 CNS	 disease.8–11	 For	 example,	 in	 LGG,	 T2/fluid	 attenuated	 inversion
recovery	(FLAIR)	 images	are	measured	because	 lesions	 rarely	show	the	contrast	enhancement	used	 to	measure
HGG.

Figure	40.1	In	the	figure,	spheres	meeting	Response	Evaluation	Criteria	in	Solid	Tumors
(RECIST)	for	progressive	disease	(PD)	and	partial	response	(PR)	are	shown	with	the	percentage
relative	to	the	baseline	calculated	for	each	parameter.	To	meet	the	threshold	for	PD,	the	longest
diameter	must	increase	to	120%,	which	is	equivalent	to	a	144%	increase	in	the	product	of	the

perpendicular	diameters	and	a	173%	increase	in	the	volume	of	a	sphere.	Although	PR	definitions
are	almost	identical	to	those	used	by	the	World	Health	Organization,	RECIST	has	a	higher

threshold	to	meet	PD.6

Investigators	have	also	occasionally	observed	increases	in	tumor	size	after	immunotherapy,	presumably	due	to
infiltration	of	T	 cells,	 occasionally	qualifying	 for	RECIST-defined	progressive	disease	 (PD)	or	 resulting	 in	 the



appearance	of	previously	radiographically	“undetectable”	 lesions.	This	has	been	 termed	pseudoprogression,	and
quantifying	 this	 without	 overestimating	 it	 has	 proven	 challenging	 for	 investigators.	 As	 a	 first	 approach,	 the
immune	 response	RECIST	 (iRECIST)	 returned	 to	 bidimensional	measurements	 and	 allowed	 the	 appearance	 of
new	lesions,	adding	them	to	the	total	tumor	burden.12	Subsequent	efforts	have	aligned	more	closely	with	RECIST,
continuing	to	allow	the	appearance	of	new	lesions,	with	iRECIST	shown	in	Table	40.1.12–14	In	this	schema,	new
or	 enlarging	 lesions	 are	 initially	 classified	 as	unconfirmed	progressive	disease	 (UPD).	The	next	 imaging	 either
confirms	progression,	leading	to	treatment	discontinuation,	or	demonstrates	stability	or	improvement	and	allows	a
patient	to	remain	on	study.

Finally,	RECIST	required	modification	in	mesothelioma	due	to	the	growth	along	pleural	or	peritoneal	surfaces
often	 precluding	 measurement	 of	 the	 longest	 dimension.	 One	 modification	 recommended	 measuring	 tumor
thickness	 perpendicular	 to	 the	 chest	wall,	 in	 two	 positions	 at	 three	 levels	 on	 transverse	 computed	 tomography
(CT)	images.15	The	sum	of	these	six	measurements	defined	a	pleural	unidimensional	measure	that	was	then	added
to	 any	 other	RECIST	measurable	 disease.	Response	 categories	 followed	RECIST.	Although	widely	 used,	 it	 is
imperfect	 due	 to	 difficulties	 in	 selection	 of	 sites	 for	 measurement.	 Alternate	methodologies	 including	 double-
contrast	magnetic	resonance	imaging	(DC-MRI),	fluorodeoxyglucose	positron	emission	tomography	(FDG-PET),
and	volumetric	measurements	may	eventually	prove	more	useful	but	require	further	study.16

Alternate	Response	Criteria
Despite	 the	 value	 of	 overall	 response	 rate	 (ORR),	 not	 every	 tumor	 type	 has	 been	 amenable	 to	 standardized
definitions.	 Examples	where	 limitations	 of	 RECIST	 have	 been	 addressed	 include	 lymphoma,	 cutaneous	 T-cell
lymphoma	 (CTCL),	 prostate	 cancer,	 gastrointestinal	 stromal	 tumors	 (GIST),	 hepatocellular	 cancers,	 peritoneal
surface	disease	 in	ovarian	 cancer,	 and	primary	pancreatic	 cancer,	 among	others.	As	discussed	 in	 the	 following
text,	different	strategies	have	emerged	to	quantify	these	diseases,	establishing	criteria	that	must	then	be	revisited
periodically	and	refined	over	time.

International	Working	Group	Criteria	for	Lymphoma
Because	lymph	nodes	presented	special	challenges	in	disease	assessment,	such	as	defining	CR	in	a	normal-sized
lymph	 node,	 an	 International	Working	 Group	 (IWG)	 was	 convened	 in	 1999	 to	 develop	 recommendations	 for
assessment	 of	 response	 in	 malignant	 lymphoma.	 These	 guidelines	 were	 subsequently	 updated	 in	 2007	 to
incorporate	FDG-PET	assessments	of	disease	metabolic	activity17	and	again	in	2014	in	an	update	known	as	 the
Lugano	Classification,	which	divided	lymphoma	based	on	FDG	avidity,18	with	lymphomas	without	FDG	avidity
assessed	by	the	existing	IWG	criteria	using	CT-based	measurements.	The	wide-ranging	update	included	revisions
to	staging	criteria,	the	use	of	a	5-point	scale	to	assess	FDG-PET	imaging,	abandonment	of	the	term	unconfirmed
CR,	 and	 a	 recommendation	 against	 surveillance	 scans	 after	 remission.	 The	 5-point	 scale	was	 based	 on	 uptake
above	 background,	mediastinal	 levels,	 and	 liver.	CR	was	 defined	 by	 resolution	 of	metabolic	 activity.	A	 recent
revision	aligns	response	criteria	more	closely	with	RECIST,	adds	minor	response	(MR)	as	a	new	category,	and
sets	a	minimum	size	requirement	to	define	disease	progression.19	The	need	for	continued	refinements	is	expected,
with	response	assessment	in	the	era	of	immunotherapy	already	presenting	challenges	on	how	to	account	for	tumor
flare	or	pseudoprogression.20

Severity-Weighted	Assessment	Tool	Score	in	Cutaneous	T-Cell	Lymphoma
CTCL	is	a	disease	where	skin	lesions	coexist	with	blood	and	nodal	involvement.	The	presentation	can	involve	the
entire	 epidermis	 or	 comprise	 individual	 skin	 lesions	 varying	widely	 in	 severity	 rather	 than	 size.	 The	 Severity-
Weighted	Assessment	Tool	(SWAT)	assigns	a	factor	for	skin	lesion	severity	(patch,	plaque,	or	tumor),	multiplies
this	factor	by	the	percent	skin	involved	with	each	lesion	type,	and	then	adds	these	together.	This	complex	system
formed	the	basis	of	the	U.S.	Food	and	Drug	Administration	(FDA)	approval	of	vorinostat	for	CTCL.21

Prostate	Cancer	Working	Group	Criteria	for	Prostate	Cancer
A	series	 of	Prostate	Cancer	Working	Groups	 (PCWG;	PCWG1,	PCWG2,	 and	PCWG3)	have	 refined	 response
criteria	 for	 prostate	 cancer,	 which	 is	 traditionally	 a	 difficult	 disease	 to	 assess	 with	 its	 predilection	 for	 bone
metastases.	 Most	 regulatory	 approvals	 have	 been	 based	 on	 OS,	 with	 progression-free	 survival	 (PFS)	 as	 a
secondary	end	point.22,23	However,	the	different	clinical	presentations	(e.g.,	patients	with	prostate-specific	antigen
[PSA]-only	or	bone-only	disease,	nodal	or	visceral	disease)	necessitate	a	composite	end	point	for	PFS.	Further,	in
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assessing	bony	disease,	 a	well-established	 flare	 phenomenon	often	occurs	 shortly	 after	 the	 start	 of	 an	 effective
therapy.	To	remedy	this,	PCWG3	recommended	using	a	bone	scan	obtained	9	weeks	after	the	start	of	therapy	as
the	baseline	 for	on-study	assessments.24	Although	early	 increases	 in	PSA	are	 to	be	 ignored,	 a	25%	 increase	 in
PSA	 confirmed	 3	 weeks	 later	 could	 be	 considered	 disease	 progression	 but	 does	 not	 necessarily	 require
discontinuation	of	study	participation	if	the	patient	is	considered	to	be	deriving	clinical	benefit	(Table	40.2).	Other
end	points,	such	as	skeletal-related	events	and	circulating	tumor	cells	(CTCs)	may	be	used	as	appropriate.

Computed	Tomography—Based	Tumor	Density	or	Volume	in	Gastrointestinal	Stromal
Tumors	and	Hepatocellular	Carcinoma

TABLE	40.2
Alternate	Response	Criteria

Response	Criteria	for	Biomarkers
	 Baseline Response Progression
CA	125	in
ovarian	cancer
(GCIG
criteria)41,42

2
pretreatment
samples	>2×
ULN

CA	125	decline	≥50%	confirmed	at	28	d 2×	nadir	or
2×	ULN	if	normalized	on	therapy	on	2
occasions	1	wk	apart

PSA	in
prostate
cancer
(PCWG3)24

PSA	≥1.0
ng/mL
Estimate
pretreatment
PSA-DT:
need	≥3
values	≥4	wk
apart

Report	percent	change	from	baseline
(increase	or	decrease)	at	12	wk	and,
separately,	the	maximal	change	(increase
or	decrease)	at	any	time	using	a	waterfall
plot.
Ignore	early	increases	(<12	wk).

PSA	increase	≥25%	and	absolute
increase	by	≥2	ng/mL	above	the	nadir,
confirmed	by	a	second	value	≥3	weeks
later	(i.e.,	a	confirmed	rising	trend)	or
PSA	increase	≥25%	and	≥2	ng/mL
above	baseline	>12	wk

hCG	and	AFP
in	testicular
cancer44,46

	 Decrease	consistent	with	marker	half-life:
2–3	d	for	hCG;	5–7	d	for	AFP

Increasing	levels	usually	indicate	need
to	change	therapy.

Choi	Criteria	for	CT	Imaging
Choi	criteria
for	CT	images
in	GIST27

	 ≥10%	decrease	in	tumor	size	or
≥15%	reduction	in	tumor	density

An	increase	in	tumor	size	≥10%	and
does	not	meet	criteria	of	PR	by	tumor
attenuation	on	CT

FDG-PET	Criteria
EORTC
criteria	for
response
when	using	a
PET	scan33,34

Regions	of
interest
should	be
drawn	and
SUV
calculated.

CMR:	complete	resolution	of	uptake
PMR:	SUV	reduction	≥25%	after	more	than
1	treatment	cycle
SMD:	SUV	increase	<25%	and	decrease
<15%

PMD:	SUV	increase	>25%	in	regions
defined	on	baseline	or	appearance	of
new	FDG-avid	lesions

PERCIST
criteria32,34

Minimum
lesion:	SUL
peak	>1.5×
normal	liver
Compare
lesion	with
highest	FDG
uptake	on
each

CMR:	complete	resolution	of	uptake
PMR:	SUV	peak	reduction	≥30%

PMD:	SUV	peak	increase	>30%	or
appearance	of	new	FDG-avid	lesions

CA	125,	 cancer	antigen	125;	GCIG,	Gynecologic	Cancer	 Intergroup;	ULN,	upper	 limit	 of	normal;	PSA,	prostate-specific	antigen;
PCWG3,	 Prostate	 Cancer	 Working	 Group	 3;	 DT,	 doubling	 time;	 hCG,	 human	 chorionic	 gonadotropin;	 AFP,	 α-fetoprotein;	 CT,
computed	 tomography;	 GIST,	 gastrointestinal	 stromal	 tumor;	 PR,	 partial	 response;	 FDG,	 fluorodeoxyglucose;	 PET,	 positron
emission	 tomography;	 EORTC,	 European	 Organization	 for	 the	 Research	 and	 Treatment	 of	 Cancer;	 SUV,	 standardized	 uptake
value;	CMR,	complete	metabolic	 response;	PMR,	partial	metabolic	 response;	SMD,	stable	metabolic	disease;	PMD,	progressive
metabolic	disease;	PERCIST,	PET	Response	Criteria	in	Solid	Tumors;	SUL,	SUV	normalized	to	lean	body	mass.



GIST	and	hepatocellular	carcinoma	(HCC)	can	have	a	biologic	response	but	minimal	 tumor	shrinkage	and	thus
present	challenges	when	assessed	using	RECIST.	GIST	may	remain	unchanged	in	size	after	treatment	while	the
center	 of	 the	 tumor	mass	undergoes	necrosis,	with	progression	occurring	 in	 the	 rim.25	An	alternate	 assessment
approach,	 the	Choi	criteria,	defines	a	 response	 in	GIST	as	either	a	decrease	 in	 the	sum	of	 longest	diameters	of
≥10%	or	a	decrease	in	tumor	density	of	≥15%	(see	Table	40.2).26	These	thresholds,	although	validated	by	others,
have	 been	 critiqued	 for	 scoring	 as	 “responders”	 tumors	 that	would	 be	 considered	 to	 be	 stable	 by	 conventional
RECIST	and	for	defining	progression	too	early	at	a	10%	increase.27	Although	valuable,	the	technical	complexity
of	and	difficulty	in	reproducing	the	Choi	criteria	have	precluded	its	widespread	acceptance.28,29	HCCs	are	often
treated	with	locoregional	therapy	with	the	goal	of	producing	tumor	necrosis,	and	treatment	failure	often	occurs	in
surviving	viable	tumor.30	In	HCC,	discrimination	of	response	can	be	obtained	by	Choi	criteria	or	by	measurement
of	 the	 arterially	 enhancing	 regions	 of	 tumor.30,31	 Ultimately,	 volumetric	 measurements	 may	 overtake	 tumor
assessment	strategies	for	difficult	tumors	such	as	GIST	and	HCC.29

Fluorodeoxyglucose	Positron	Emission	Tomography
Regulatory	approvals	of	new	agents	have	focused	on	response	assessments	by	WHO,	RECIST,	or	IWG	criteria,
with	 FDG-PET	used	 at	most	 as	 an	 adjunct	 to	 those	 standardized	 criteria.	Although	FDG	uptake	 is	 a	 powerful
diagnostic	tool	and	is	strongly	correlated	with	tumor	activity,	it	has	limitations,	including	variable	FDG	avidity	in
tumors;	variation	due	 to	patient	activity,	carbohydrate	 intake,	blood	glucose,	and	 timing;	and	benign	sources	of
uptake,	including	inflammatory	and	postsurgical	sites	(see	Table	40.2).	Two	main	methods	of	quantitating	FDG-
PET	uptake	and	assessing	response	have	been	proposed,	the	European	Organization	for	Research	and	Treatment
of	 Cancer	 (EORTC)	 criteria	 and	 PET	 Response	 Criteria	 in	 Solid	 Tumors	 (PERCIST).32,33	 Both	 define	 four
response	categories.	PERCIST	uses	standardized	uptake	values	(SUV)	corrected	for	lean	body	mass	(SUL),	and
studies	have	suggested	excellent	concordance.34

Pathologic	Complete	Response	in	Breast	Cancer
One	unique	response	end	point	is	the	assessment	of	breast	cancer	treated	in	the	neoadjuvant	setting.	The	purpose
of	 neoadjuvant	 therapy	 is	 to	 improve	 survival,	 render	 locally	 advanced	 cancer	 amenable	 to	 surgery,	 or	 aid	 in
breast	conservation.	In	that	setting,	the	absence	of	cancer	cells	in	resected	breast	tissue	has	been	used	to	define	a
pathologic	 complete	 response	 (pCR).	 The	 pCR	 rate	 has	 been	 proposed	 as	 a	 surrogate	 end	 point	 for	 event-free
survival	(EFS)	or	OS	to	support	approval	of	new	agents	or	combinations	of	agents	tested	in	clinical	trials.35	In	a
pooled	analysis	of	11,955	patients	enrolled	on	12	neoadjuvant	trials,	individual	patients	with	pCR	had	improved
EFS	and	OS.36	However,	at	the	trial	level,	pCR	rates	did	not	correlate	with	EFS	or	OS,	a	problem	likely	due	to
heterogeneity	 of	 breast	 cancer	 subtypes	 among	 the	 trials.	 Despite	 this,	 pCR	 rates	 were	 used	 to	 support	 the
approval	of	pertuzumab	and	trastuzumab	in	the	neoadjuvant	setting.36,37

Serum	Biomarker	Levels
Biomarkers	 have	 been	 developed	 for	multiple	 purposes,	 including	 assessment	 of	 prognosis,	 early	 detection	 of
recurrence,	and	monitoring	response	to	therapy	(see	Table	40.2).	Although	widely	used	in	oncology,	they	are	not
thought	to	have	the	precision	of	tumor	measurements.38	In	addition	to	issues	regarding	sensitivity	and	specificity,
their	impact	is	limited	by	the	quality	of	available	therapies,	so	that	biomarkers	are	of	little	value	without	highly
effective	primary	and	salvage	therapies.	For	example,	in	asymptomatic	patients	with	ovarian	cancer	whose	only
evidence	of	disease	progression	is	an	isolated	rise	in	cancer	antigen	125	(CA	125),	nothing	is	gained	by	instituting
treatment	before	there	is	other	evidence	of	progression.39	As	noted	by	Karam	and	Karlan,40	the	results	highlight
“the	need	for	improved	salvage	therapies	for	recurrent	ovarian	cancer.”

CA	125:	Despite	 its	 recognized	 limitations,	CA	125	 is	used	widely.	For	example,	 the	Gynecologic	Cancer
Intergroup	criteria	have	evolved	 to	help	determine	whether	a	patient’s	 tumor	has	 responded	 to	 therapy.41,42
Consistently,	 the	fraction	of	patients	scored	as	having	a	tumor	response	using	CA	125	criteria,	defined	as	a
50%	decline	from	baseline,	is	higher	than	the	response	defined	by	RECIST—a	not	surprising	finding	because
a	30%	decrease	in	RECIST	represents	a	65%	decrease	in	tumor	volume	and	is	thus	a	more	stringent	response
threshold.	Progression	 is	defined	as	an	 increase	 in	CA	125	 to	more	 than	 two	 times	 the	nadir	value	on	 two
occasions,	in	this	case	a	higher	and	more	generous	threshold	than	RECIST,	where	a	73%	increase	in	volume
qualifies	as	progression.
PSA:	PSA	has	been	extensively	studied	for	its	ability	to	report	patient	outcomes.	As	noted	earlier,	PSA	has
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been	incorporated	into	PCWG	guidelines,	with	a	25%	increase	confirmed	in	a	second	measurement	indicative
of	disease	progression.24	PSA	doubling	times	correlate	with	OS	in	the	absence	of	therapy	but	are	not	used	in
response	assessment.43
Human	 chorionic	 gonadotropin	 (hCG)	 and	 α-fetoprotein	 (AFP):	 Because	 testicular	 cancer	 is	 a	 highly
curable	 disease	 with	 validated	 biomarkers,	 outcome	 assessment	 has	 focused	 on	 the	 rapid	 identification	 of
patients	whose	tumors	have	a	poor	response	to	therapy.	Because	both	markers	have	relatively	short	half-lives
(1	 to	 2	 days	 for	 hCG	 and	 5	 to	 7	 days	 for	AFP),	 the	 rate	 of	 decline	 can	 be	 calculated	 and	 correlated	with
outcome.44,45	Nonetheless,	 the	 2010	American	 Society	 of	Clinical	Oncology	 (ASCO)	 guidelines	 on	 serum
tumor	markers	concluded	there	was	still	insufficient	evidence	to	recommend	changing	therapy	solely	based	on
a	slow	marker	decline.46	 Increasing	 levels	after	 two	cycles	 (early	 increases	can	be	due	 to	 tumor	 lysis)	may
indicate	a	need	to	change	therapy.	The	markers	are	used	in	staging,	prognosis,	and	surveillance	after	surgical
resection.44
Carcinoembryonic	antigen	 (CEA):	Since	 its	discovery	 in	1965,	CEA	has	been	extensively	studied	 for	 its
ability	to	detect	recurrence	after	curative	resection	and	to	monitor	treatment.	In	general,	an	increasing	CEA
indicates	disease	progression.47,48
Carbohydrate	 antigen	 19-9	 (CA	 19-9):	 This	 marker	 is	 used	 primarily	 in	 the	 clinical	 management	 of
pancreatic	 cancer.	Although	very	 sensitive	 to	 changes	 in	 tumor	burden,	ductal	obstruction	can	cause	 false-
positive	elevation.	There	are	no	guidelines	on	use	in	clinical	trial	assessment.48,49

Circulating	Tumor	DNA	and	Circulating	Tumor	Cells
CTCs,	 which	 compose	 about	 one	 in	 a	 billion	 blood	 cells,	 are	 understood	 as	 the	 mechanism	 whereby	 tumors
metastasize,	and	high	levels	or	clusters	of	cells	portend	a	poor	outcome.	Multiple	different	methodologies	are	in
development	for	CTC	detection,	and	the	CellSearch	assay	(Menarini	Silicon	Biosystems,	Huntington	Valley,	PA)
was	cleared	by	the	FDA	for	assessment	of	prognosis	in	patients	with	breast,	colorectal,	and	prostate	cancer.50,51
Although	CTC	 levels	≥5	per	7.5	mL	portend	a	poor	prognosis,	 changing	 therapy	based	on	CTC	 levels	has	not
been	shown	to	improve	outcome.	The	PCWG3	noted	that	changes	in	CTC	number	from	unfavorable	(five	or	more
cells)	to	favorable	could	be	used	as	a	clinical	trial	end	point.24

Originally	described	in	1948,	the	presence	of	DNA	within	the	noncellular	fraction	of	peripheral	blood,	termed
cell-free	DNA	(cfDNA),52	was	followed	30	 to	35	years	 later	by	reports	of	elevated	cfDNA	within	 the	serum	of
cancer	patients,53,54	with	a	fraction	derived	from	the	tumor.	Definitive	proof	that	tumor	cells	were	contributing	to
cfDNA	came	with	detection	of	DNA	harboring	mutated	KRAS	and	NRAS	in	the	plasma	of	patients	with	pancreatic
cancer55	 and	 acute	 myeloid	 leukemia,56	 respectively.	 This	 led	 to	 coinage	 of	 the	 term	 circulating	 tumor	 DNA
(ctDNA)	 to	 describe	 cfDNA	 fragments	 released	 into	 the	bloodstream	 from	 tumor	 cells	 and	 raised	hopes	 that	 a
simple	blood	test	could	define	success	or	failure	of	a	cancer	treatment.

ctDNA	 retains	 single	 nucleotide	 variants	 (SNVs),	 insertions,	 deletions,	 large	 chromosomal	 alterations,	 and
aberrant	epigenetic	changes	observed	in	 tumors.	Depending	on	factors	 including	tumor	burden	and	biology,	 the
fraction	of	cfDNA	derived	from	a	tumor	varies	from	0.1%	to	90%,57	with	the	fraction	from	residual	disease	as	low
as	0.001%	of	cfDNA.	The	latter	makes	the	lower	limit	of	detection	(LLOD)	a	critical	feature	of	ctDNA	detection
methods	 to	 be	 used	 for	 tumor	 surveillance.	 ctDNA	quantification	 by	 polymerase	 chain	 reaction	 (PCR)	 is	 ideal
when	investigating	known	or	recurrent	mutations,	but	PCR	approaches	underperform	with	infrequent	or	unknown
mutations.	For	the	latter,	whole-genome	sequencing	of	plasma	cfDNA	is	possible	but	lacks	sufficient	sensitivity	at
practical	 costs	 and	 is	 thus	 prohibitive	 for	 routine	 clinical	 use.	 These	 limitations	 have	 led	 to	 a	 focus	 on	 the
ubiquitously	 altered	 epigenetic	 landscape	 of	 tumors.	 Hypermethylation	 of	 CpG	 islands	 (CGIs)	 and	 global
hypomethylation	 commonly	 occur,	 are	 quite	 stable,	 and	 are	 potentially	 quantifiable.58	 Rigorously	 validated,
prospective	 clinical	 studies	 assessing	 ctDNA-based	 disease	 surveillance	 should	 eventually	 lead	 to	 regulatory
approvals	and	their	adaptation	in	the	community.

DETERMINING	OUTCOME
The	 response	measures	 described	 earlier	 quantitate	 tumor	 burden.	What	 happens	 after	 those	 data	 are	 obtained
varies	depending	on	the	clinical	setting.	In	the	community,	less	emphasis	is	placed	on	strict	criteria.	In	the	setting
of	a	clinical	trial,	tumor	size	is	measured	and	the	response	categorized.	For	FDA	submission,	these	are	but	factors
in	the	risk–benefit	equation	needed	for	drug	approvals.	The	FDA	conveys	full	approval	to	new	agents	based	on



true	 clinical	 benefit,	 such	 as	 an	 improvement	 in	 a	 survival	 end	 point	 or	 symptom	 relief.59	 Depending	 on	 the
setting,	surrogates	for	clinical	benefit	such	as	response	rate	may	support	either	regular	or	accelerated	approval.

Overall	Response	Rate	and	Stable	Disease
Overall	response	rate	(ORR)	is	the	fraction	of	patients	with	a	tumor	size	reduction	of	a	predefined	amount	for	a
minimum	time	period.	The	FDA	has	generally	defined	ORR	as	the	sum	of	PRs	and	CRs.	Although	OS	remains
the	gold	standard,	ORR	and	its	allied	end	points	(duration	of	response	[DOR]	and	PFS)	have	been	advocated	as
surrogates	of	antitumor	efficacy.	Although	standardized	definitions	of	response	evolved	from	the	original	exercise
on	tumor	measurements,	studies	have	shown	that	ORR	(often)	correlates	with	OS,	although	ORR	usually	explains
only	a	fraction	of	the	variability	of	the	survival	benefits.60–62	Equally	important	is	the	duration	of	response,	a	value
that	is	measured	from	the	time	of	initial	response	until	documented	tumor	progression.

What	 has	 been	more	 difficult	 is	 the	 significance	 of	 stable	 disease	 (SD),	which	 is	 defined	 as	 shrinkage	 that
qualifies	as	neither	 response	nor	progression.	The	FDA	has	not	been	willing	 to	 include	SD	as	part	of	 the	ORR
because	 it	 is	 often	 indicative	 of	 the	 underlying	 disease	 biology	 rather	 than	 a	 drug’s	 therapeutic	 effect.59,63
Nevertheless,	investigators	increasingly	use	the	term	clinical	benefit	rate	(CBR)	to	include	CR	+	PR	+	SD.	This
represents	a	misuse	of	the	term	clinical	benefit	because	CR,	PR,	and	SD	are	objective	tumor	findings	that	do	not
address	the	true	clinical	benefit	of	a	therapy.	Although	it	is	tempting	to	assign	a	clinical	benefit	to	a	reduction	in
tumor	 size	or	SD,	 in	 fact,	 there	 is	no	evidence	of	 such.	Clinical	benefit	was	originally	delineated	 to	 assess	 the
benefit	of	gemcitabine	in	pancreatic	cancer,	using	a	composite	of	measurements	of	pain	(analgesic	consumption
and	pain	intensity),	Karnofsky	performance	status,	and	weight.64	Clinical	benefit	in	pancreatic	cancer	required	a
sustained	(≥4	weeks)	improvement	in	at	least	one	parameter	without	worsening	in	any	others.	CBR	and	its	twin,
disease	control	rate	(DCR),	have	exaggerated	efficacy	in	many	settings.	In	more	than	140	phase	II	clinical	trials
with	either	cytotoxic	or	targeted	therapies,	SD	rates	did	not	correlate	with	either	PFS	or	OS.56	In	addition,	SD	was
not	defined	in	nearly	80%	of	these	trials.	Failing	the	“clear	communication	between	investigators”	test	for	clinical
trial	end	points,65	SD	should	not	be	used	as	a	response	end	point	in	the	absence	of	standardized	definitions	that	are
shown	 to	 effect	meaningful	 changes	 in	 clinical	 outcome.	 Indeed,	 the	 FDA	 assesses	 new	 drug	 applications	 for
demonstration	of	“benefit,”	generally	defined	as	OS	or,	in	some	cases,	PFS,	reduced	by	a	quantitative	assessment
of	toxicity.59,66,67

Progression-Free	Survival,	Time	to	Progression,	and	Time	to	Treatment	Failure
In	cancer	drug	development,	one	usually	finds	ORR	assessed	as	an	indicator	of	activity	in	phase	II	trials,	whereas
randomized	 phase	 III	 trials	 rely	 on	 other	 end	 points	 such	 as	 PFS	 and	 time	 to	 progression	 (TTP)	 (Table	 40.3).
Although	PFS	and	TTP	attempt	to	assess	efficacy	in	close	proximity	to	a	therapy,	they	score	outcomes	differently
and	are	not	interchangeable.	TTP	is	defined	as	the	time	from	randomization	to	the	time	of	disease	progression.59
In	TTP	analyses,	deaths	are	censored	either	at	the	time	of	death	or	at	an	earlier	visit.	In	contrast,	PFS	is	defined
from	 the	 time	 of	 randomization	 to	 the	 time	 of	 disease	 progression	 or	 death.	 Although	 both	 analyses	 censor
patients	 discontinuing	 trial	 participation	 for	 adverse	 events,	 patients	 dying	 on	 study	 are	 censored	 only	 in	 TTP
analyses.	Those	favoring	PFS	argue	that	in	some	cases,	death	might	be	an	adverse	effect	of	the	therapy	and	that	a
proper	assessment	of	efficacy	should	consider	such	severe	 toxicities.	Although	many	have	argued	that	PFS	and
TTP	should	be	acceptable	end	points	for	cancer	clinical	 trials,	 in	the	majority	of	tumors,	 there	is	no	convincing
evidence	that	PFS	is	a	surrogate	for	OS,	and	in	those	in	whom	there	is	some	evidence,	its	value	is	arguable.68	The
lack	of	a	reliable	definition	of	progression,	investigator	bias,	ascertainment	bias,	and	censoring,	depicted	in	Figure
40.2,	can	also	impact	outcomes.

An	 alternate	 end	 point	 is	 time	 to	 treatment	 failure	 (TTF),	 a	 composite	 end	 point	 measuring	 time	 from
randomization	to	discontinuation	of	treatment	for	any	reason,	including	disease	progression,	treatment	toxicity,	or
death.	Although	the	FDA	has	not	recommended	TTF	as	a	regulatory	end	point	for	drug	approval,	the	high	rates	of
censoring	due	to	toxicity	seen	in	phase	III	clinical	trails	should	lead	to	a	reassessment	of	this	position,	given	that
most	can	agree	that	efficacy	and	tolerability	are	important	and	TTF	captures	both	of	these	attributes.

Overall	Survival
Defined	as	the	time	from	randomization	to	death,	OS	has	been	considered	the	gold	standard	of	clinical	trial	end
points,	 in	 part	 because	 it	 is	 unambiguous	 and	 does	 not	 suffer	 from	 interpretation	 bias	 (see	 Table	 40.3).	 An
additional	advantage	of	 the	survival	end	point	 is	 that	 it	can	balance	 the	effect	of	 therapies	with	high	 treatment-
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related	mortality	even	if	 tumor	control	 is	substantially	better	with	the	new	treatment.	However,	some	worry	the
results	may	be	 confounded	by	 subsequent	 therapies.	The	 latter	 concern	 is	often	cited	 as	 the	 reason	 for	why	an
advantage	in	PFS	or	TTP	“disappears”	when	one	looks	at	OS.	However,	as	a	review	of	clinical	trials	confirms,69
the	magnitude	of	the	difference	does	not	disappear,	only	the	statistical	validity.	A	clear	example	is	seen	in	the	use
of	ixabepilone	plus	capecitabine	in	metastatic	breast	cancer	where	a	1.6-month	PFS	advantage	“disappeared”	as	a
1.8-month	OS	advantage.70

When	evaluating	 a	 randomized	 controlled	 trial,	 it	 is	 important	 that	 the	OS	 and	PFS	 analyses	 are	 always	by
intention	to	treat	(ITT).	In	an	ITT	analysis,	often	described	as	“once	randomized,	always	analyzed,”	all	patients
assigned	to	a	group	at	the	time	of	randomization	are	analyzed	regardless	of	what	occurred	subsequently.71	An	ITT
analysis	 avoids	 the	 bias	 introduced	 by	 omitting	 dropouts	 and	 noncompliant	 patients,	 which	 can	 negate
randomization	and	overestimate	clinical	effectiveness.

Kaplan-Meier	Plots
In	a	typical	clinical	trial,	data	are	often	presented	as	a	Kaplan-Meier	plot.	In	discrete	time	intervals,	the	number	of
patients	in	each	group	who	are	progression	free	and	alive	(PFS	analysis)	or	alive	(OS	analysis)	at	the	end	of	the
interval	are	counted	and	divided	by	the	total	number	of	patients	in	that	group	at	the	beginning	of	the	time	interval.
One	excludes	from	this	calculation	patients	censored	for	a	reason	other	than	PD	or	death	during	the	same	interval.
This	has	the	advantage	that	it	allows	one	to	include	censored	patients	in	estimates	of	the	probability	of	PFS	or	OS
up	to	the	point	when	they	were	censored;	they	are	excluded	only	beyond	the	point	of	censoring.

In	constructing	the	Kaplan-Meier	plot,	probabilities	are	calculated	for	each	interval	of	time.	The	probability	of
surviving	 “progression	 free”	 or	 being	 counted	 as	 a	 “survivor”	 to	 the	 end	 of	 any	 interval	 of	 assessment	 is	 the
product	of	the	probabilities	of	surviving	in	all	the	preceding	assessment	intervals	multiplied	by	the	probability	for
the	interval	of	interest.	One	might	ask	to	what	extent	the	two	curves	in	each	study	differ.	One	measure	that	is	of
value	is	the	median	PFS	or	OS,	a	value	calculated	in	most	studies	from	a	Kaplan-Meier	plot.

TABLE	40.3
A	Comparison	of	Important	Cancer	Approval	End	Points

Regulatory	Evidence End	Points Advantages Disadvantages
Clinical	benefit	used
for	regular	approvals

Overall	survival	(OS) Universally	accepted	direct
measure	of	clinical	benefit
Easily	measured
Includes	treatment-related
mortality	that	can	obscure
benefit	in	a	subset
Precisely	measured;
unambiguous
Not	dependent	on	assessment
intervals

May	require	a	larger	sample	size
May	require	longer	follow-up
May	be	affected	by	crossover	and/or
sequential	therapies
Includes	noncancer	deaths
Requires	randomized	controlled	trials

Symptom	end	points
(patient-reported
outcomes)

Patient	perspective	of	direct
clinical	benefit

Blinding	is	often	difficult
Data	are	often	missing	or	incomplete
Clinical	significance	of	small	changes
is	unknown
Multiple	analyses
Lack	of	validated	instruments

Surrogates	used	for
accelerated	approvals
or	regular	approvals

Disease-free	survival
(DFS)

Smaller	sample	size	and
shorter	follow-up	necessary
compared	with	survival	end
point

Not	statistically	validated	as	surrogate
for	survival	in	all	settings
Not	precisely	measured;	subject	to
assessment	bias,	particularly	in	open-
label	studies
Definitions	vary	among	studies

Objective	response
rate	(ORR)

Can	be	assessed	in	single-arm
studies
Assessed	earlier	and	in	smaller
studies	compared	with	survival
end	point

Not	a	direct	measure	of	benefit	in	all
cases;	uncertain	correlation	between
response	and	clinical	benefit
Not	a	comprehensive	measure	of
drug	activity



Effect	attributable	to	drug,	not
inherent	tumor	biology
Early	end	point,	often	reached
within	months	of	initiating
treatment
Definition	of	progressive
disease	identifies	uniform	time
to	end	treatment	and	capture
data

Only	a	subset	of	patients	who	benefit
Short-lived	responses	rarely	clinically
meaningful
Requires	prospective	consistent
definition;	meaningful	response
duration	not	standardized
Definition	of	PD	is	arbitrary,	without
evidence	it	actually	represents	end	of
benefit	period

Complete	response
(CR)

Durable	complete	responses
can	represent	clinical	benefit

	

Progression-free
survival	(PFS)	or	time
to	progression	(TTP)a

Smaller	sample	size	and
shorter	follow-up	necessary
compared	with	OS	end	point
Measurement	of	stable	disease
included
Not	confounded	by	crossover	or
subsequent	therapies
Generally	based	on	objective
and	quantitative	assessment

Statistically	validated	as	surrogate	for
survival	only	in	some	settings
Not	precisely	measured;	subject	to
assessment	bias,	particularly	in	open-
label	studies
Definitions	vary	among	studies;	little
agreement	on	magnitude	of	difference
that	constitutes	clinical	benefit
Requires	randomized	clinical	trial
design	to	provide	control	group
Requires	frequent	and	constant
radiologic	or	other	assessments
Involves	balancing	timing	of
assessments	among	treatment	arms

aProgression-free	survival	includes	all	deaths;	time	to	progression	censors	deaths	that	occur	before	progression.
Adapted	from	U.S.	Department	of	Health	and	Human	Services,	U.S.	Food	and	Drug	Administration,	Center	for	Drug	Evaluation	and
Research,	Center	for	Biologics	Evaluation	and	Research.	Guidance	for	 industry.	Clinical	trial	endpoints	for	the	approval	of	cancer
drugs	and	biologics	https://www.fda.gov/downloads/Drugs/Guidances/ucm071590.pdf.	Accessed	June	8,	2018.

Hazard	Ratios
Increasingly,	hazard	ratios	are	incorrectly	being	cited	in	preference	to	more	traditional	measures	of	efficacy	such
as	 median	 PFS	 and	 OS.	Because	 a	 hazard	 ratio	 is	 a	 value	 that	 has	 no	 dimensions,	 it	 has	 limited	 value	 and
primarily	provides	a	measure	of	relative	efficacy.	It	does	not	quantify	the	magnitude	of	the	benefit.	Physicians	and
especially	patients	want	to	know	the	magnitude	of	the	benefit—the	extent	to	which	a	life	will	be	prolonged—in	a
measure	they	can	comprehend,	not	as	a	dimensionless	ratio.	By	definition,	the	hazard	ratio	is	a	ratio	of	the	hazard
rates.	The	hazard	rate	quantifies	the	likelihood	that	a	patient	will	experience	a	“hazardous	event”	or	a	“hazard”
during	a	defined	interval	of	observation,	expressed	as	a	rate	(or	percentage).	This	period	of	observation	may	be	1
day,	1	month,	1	year,	or	longer.	Specifically,	the	hazard	rate	represents	the	conditional	probability	that	a	patient
will	continue	to	be	alive	without	progression	of	their	disease	or	death	in	any	upcoming	period	of	time.	A	hazard
ratio	of	0.8	does	not	mean	the	occurrence	of	a	hazardous	event	(progression	or	death)	will	be	reduced	by	20%.	It
only	indicates	that	the	rate	at	which	the	hazardous	event	will	occur	is	reduced	by	20%	compared	to	the	rate	of	the
control	arm,	but	eventually,	death	or	progression	will	occur.	The	hazard	rate	can	be	easily	obtained	from	the	data
used	to	generate	a	Kaplan-Meier	plot,	and	this	is	shown	schematically	in	Figure	40.3.	As	commonly	presented,	the
lower	the	hazard	ratio,	the	better	is	the	experimental	therapy.	To	determine	whether	the	hazard	ratio	has	statistical
significance,	one	can	(1)	use	a	log-rank	test	 to	show	that	the	null	hypothesis	that	the	two	treatments	lead	to	the
same	survival	probabilities	is	wrong	or	(2)	use	a	parametric	approach	writing	a	regression	model	and	fitting	the
data	to	the	model	so	that	one	can	establish	the	hazard	ratio	for	 the	whole	trial	and	its	statistical	significance.	In
many	 cases,	 the	 Cox	 proportional	 hazard	 model	 is	 used.	 Although	 the	 ideal	 hazard	 ratio	 would	 capture	 the
differential	benefit	throughout	the	period	of	study,	in	practice,	the	entire	time	depicted	in	a	Kaplan-Meier	plot	may
not	be	analyzed.	As	time	progresses,	the	number	of	patients	who	have	not	yet	died	or	experienced	progression	of
their	disease	declines,	and	any	such	event	generates	a	disproportionate	effect	on	the	hazard	rate	and,	in	turn,	the
hazard	 ratio.	 Consequently,	 these	 areas	 of	 the	Kaplan-Meier	 plot	 are	 often	 not	 used	 in	 calculating	 the	 overall
hazard	ratio.	Although	intuitively	reasonable,	 this	has	the	effect	of	ignoring	portions	of	the	Kaplan-Meier	curve
that	are	less	beneficial	for	the	superior	arm	of	the	study,	and	this	enhances	the	hazard	ratio.
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Figure	40.2	Ideally,	as	depicted	at	the	top,	response	assessment	will	be	conducted	at	a	prespecified
time.	However,	the	date	at	which	progression	is	scored	may	suffer	from	either	ascertainment	or

censoring	bias.	Ascertainment	bias	can	occur	if	either	an	evaluation	occurs	before	the	prespecified
date	or	if	it	is	delayed.	For	example,	a	clinician	concerned	about	a	patient	who	is	not	experiencing

side	effects	and	has	likely	been	randomized	to	placebo	may	be	more	inclined	to	investigate
symptoms	early	and	document	progression	before	the	prespecified	time,	while	delaying	the
evaluation	of	a	patient	randomized	to	the	experimental	arm	who	experiences	some	toxicity.

Similarly,	censoring—an	increasing	problem	in	randomized	trials—may	impact	the	outcome	of	a
given	study	arm	by	either	censoring	patients	who	would	experience	early	progression	(beneficial
impact)	or	censoring	those	who	would	have	remained	progression	free	for	a	long	time	(detrimental
impact).	Finally,	informative	censoring	can	occur	when	independent	radiologic	review	cannot
concur	with	an	investigator’s	assessment	of	progression	and	censors	the	patient.	This	outcome	is

usually	beneficial	because	a	patient	who	is	very	close	to	experiencing	progression	is	censored.	PFS,
progression-free	survival;	TTP,	time	to	progression.	(Adapted	from	Villaruz	LC,	Socinski	MA.	The
clinical	viewpoint:	definitions,	limitations	of	RECIST,	practical	considerations	of	measurement.

Clin	Cancer	Res	2013;19:2629–2636.)

Forest	Plots
Interest	in	determining	the	extent	of	heterogeneity	in	a	treatment	effect	has	led	to	the	use	of	forest	plots	to	display
treatment	 effects	 across	 subgroups.72	 Although	 simple	 in	 concept,	 these	 plots	 are	 subject	 to	 error	 because
subgroups	are	composed	of	smaller	numbers	and	the	confidence	intervals	are	therefore	wider	than	those	for	 the
entire	group.	The	most	common	presentation	includes	a	vertical	line	at	the	“no	effect	point”	(e.g.,	a	hazard	ratio	of
1.0),	with	symbol	size	usually	proportional	to	the	size	of	the	subgroup	each	with	its	confidence	interval	depicted
by	a	line	that	stretches	outward	from	the	symbol	to	both	sides.	If	the	confidence	interval	for	a	subgroup	crosses	the
“no	effect	point,”	this	is	commonly	interpreted,	not	necessarily	correctly,	as	a	lack	of	effect	in	the	subgroup.

Beyond	Dichotomized	Data



Waterfall	Plots,	Spider	Plots,	and	Swimmer	Plots
The	arbitrary	nature	of	the	initial	50%	cutoff	discussed	earlier	and	its	evolution	to	the	current	RECIST	threshold
of	30%	reduction	in	the	size	of	the	maximum	diameter	raises	valid	queries	as	to	why	30%	is	valuable	and	not	29%
or	25%.	On	this	background,	waterfall	plots,	such	as	the	one	shown	in	Figure	40.4,73	have	become	increasingly
popular	because	 they	depict	 the	benefit	or	 lack	 thereof	 in	all	patients	as	a	continuum	of	response,	 rather	 than	a
dichotomized	response	rate.	The	correlations	observed	between	ORR	and	PFS	and	OS60–62	would	most	likely	be
higher	if	the	threshold	for	response	required	an	even	greater	magnitude	than	30%	shrinkage.	Similarly	one	could
envision	that	if	SD	were	more	narrowly	defined,	such	as	encompassing	the	range	from	−20%	to	−29%,	then	SD
might	be	seen	to	correlate	with	PFS	and	OS.	The	reason	the	value	chosen	as	an	operational	optimum	in	lymphoma
over	30	years	ago	has	endured	is	that	30%	shrinkage	in	one	dimension	(RECIST	definition	of	response)	represents
a	 volumetric	 decrease	 of	 over	 65%,	 a	magnitude	 of	 tumor	 regression	 that	 not	 surprisingly	 impacts	 OS	 in	 the
majority	of	cancers.	Because	a	20%	decrease	represents	a	50%	decrease	in	volume,	it	would	not	be	surprising	to
find	that	some	responses	we	currently	score	as	SD	could	nevertheless	impact	PFS	and	OS.

Figure	40.3	Kaplan-Meier	plots	are	used	to	estimate	hazard	ratios	(HRs).	Although	Kaplan-Meir
plots	depict	the	percentage	of	patients	who	are	event	free	at	any	point	in	time,	the	HR	leverages	the
opposite	value—the	percentage	of	patients	who	have	suffered	the	hazardous	event.	The	figure	is
presented	to	provide	an	understanding	of	how	HRs	are	estimated.	At	the	bottom	of	the	graph,	for
the	intervals	noted	in	the	x-axis,	the	percentages	of	patients	who	are	event	free	(in	this	case,	event
indicates	progression	or	death)	are	shown	(for	the	6-month	time	point,	78%	versus	44%).	This

allows	one	to	know	the	fraction	of	patients	who	have	suffered	the	hazardous	event	(100	minus	the
percentage	event	free).	The	ratio	of	these	latter	two	values	at	any	point	in	time	gives	you	an	HR	at
that	point	that	one	can	see	in	this	example	is	initially	“low”	(0.25)	but	gradually	increases	over	time
(0.86	at	24	months).	This	trend	is	commonly	seen	in	clinical	trials	with	high	rates	of	early	censoring

that	can	impact	interpretations.	In	calculating	the	HR	for	the	trial,	one	can	imagine	doing	this
analysis	at	an	infinite	number	of	points	and,	in	effect,	averaging	this	over	time.

Two	additional	approaches	for	displaying	clinical	data	are	the	swimmer	plot	and	spider	plot,	shown	in	Figure
40.4.	The	 swimmer	plot	graphs	horizontally	 the	duration	of	 time	 individual	patients	 remain	on	 study	and	most
often	depicts	the	subset	of	patients	experiencing	a	response.	In	the	spider	plot,	the	percent	change	over	baseline
for	each	patient	is	reported	at	defined	intervals,	whereas	the	waterfall	plot	describes	only	the	largest	decrease	or,
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in	 the	 case	 of	 those	 with	 only	 tumor	 growth,	 the	 smallest	 increase	 or	 “best	 response.”	 All	 three	 of	 these
approaches	provide	a	visualization	of	the	data	but	lack	a	statistical	framework	for	analysis;	further,	each	is	missing
critical	aspects	of	the	data.74	The	waterfall	plot	lacks	information	on	duration,	the	swimmer	plot	lacks	information
on	depth	of	response,	and	neither	the	spider	nor	the	swimmer	plot	accurately	portrays	fractional	response	rate.	The
spider	plot	has	been	particularly	useful	 in	describing	outcomes	 in	 immunotherapy	 trials	 in	which	some	patients
have	 demonstrated	 initial	 progression	 events	 followed	 by	 regression	 (pseudoprogression),	whereas	 others	 have
demonstrated	marked	early	disease	progression,	termed	hyperprogression.75,76

Quality	of	Life
The	assessment	of	cancer	patients	enrolled	on	a	clinical	 trial	can	be	said	 to	consist	of	 two	sets	of	end	points—
cancer	 outcomes	 and	 patient	 outcomes.	 Cancer	 outcomes	measure	 the	 response	 of	 the	 tumor	 to	 treatment,	 the
duration	 of	 the	 response,	 the	 symptom-free	 period,	 and	 the	 early	 recognition	 of	 relapse.	 In	 contrast,	 patient
outcomes	assess	the	benefit	achieved	with	a	given	therapy	by	measuring	the	increase	in	survival	and	quality	of	life
(QOL)	before	and	after	therapy.	Unfortunately,	physicians	tend	to	concentrate	on	cancer-related	outcomes,	often
neglecting	assessments	of	QOL.	Although	QOL	assessment	in	clinical	settings	is	possible	with	currently	available
instruments,	these	must	be	refined.	Such	refinement	must	focus	not	only	on	extracting	valuable	information	in	an
unbiased	manner	 but	 also,	 equally	 importantly,	 on	 developing	 an	 instrument	 that	 is	 user	 friendly	 and	 will	 be
completed	in	a	high	percentage	of	encounters.

Novel	End	Points
Growth	Rate	Constant.	Although	RECIST	outcomes	represent	the	net	result	of	tumor	growth	and	regression,	its
algorithms	do	not	describe	tumor	kinetics	and	thus	provide	incomplete	information	about	drug	activity.	To	remedy
this,	 an	 increasing	number	of	 studies	 are	describing	 the	 results	of	kinetic	measurements77–79	(Fig.	 40.5).	Using
data	gathered	while	a	patient	is	receiving	therapy	and	a	novel	but	simple	two-phase	mathematical	equation,	one
can	 estimate	 the	 concomitant	 rates	 of	 tumor	 regression	 and	 growth.79	 A	 high	 correlation	 has	 been	 observed
between	OS	 and	 the	 growth	 rate	 constant,	 although	 not	 the	 regression	 rate	 constant.	 Indeed,	 the	 response	 of	 a
tumor	to	a	therapy	as	exemplified	by	the	nadir,	the	time	to	the	nadir,	and	the	PFS	are	all	surrogates	of	the	growth
rate	constant.	Beside	providing	a	measure	that	is	highly	correlated	with	OS,	estimating	the	growth	rate	constant
allows	one	 to	 (1)	 compare	 efficacy	 across	 trials,	 (2)	 predict	 the	 outcome	 if	 therapy	were	 continued	 longer,	 (3)
provide	 accurate	 measures	 of	 efficacy	 less	 affected	 by	 ascertainment	 bias	 and	 censoring,	 and	 (4)	 assess	 the
outcomes	in	small	studies	by	benchmarking	those	outcomes	to	data	from	registration	studies.	The	utility	of	 this
approach	awaits	further	validation.



Figure	40.4	Examples	of	a	waterfall	plot,	a	swimmer	plot,	and	a	spider	plot.	A:	The	waterfall	plot
demonstrates	for	each	patient	the	maximum	benefit	obtained	with	the	study	therapy.	Bars	to	the	left

represent	patients	whose	tumors	increased,	whereas	bars	on	the	right	patients	whose	tumors
regressed.	Those	with	increase	in	tumor	size	have	the	“best	result”	depicted,	and	this	explains	why
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not	every	patient	has	a	value	above	20%,	as	would	be	expected	for	scoring	progressive	disease.	In
some	patients,	the	initial	reassessment	was	higher	than	baseline	but	not	above	20%,	and	this	first

reassessment	is	what	is	depicted.	Ideally,	all	responses	should	be	confirmed	after	a	period	of	at	least
4	weeks.	B:	The	swimmer	plot	depicts	the	time	on	study	for	the	patients	represented	on	the	graph,

with	the	values	on	the	x-axis	indicating	the	number	of	weeks	during	which	patients	received
therapy.	In	this	plot,	all	treated	patients	are	shown,	whereas	most	swimmer	plots	often	depict	only
patients	who	have	achieved	a	response	or	have	stable	disease.	The	legend	describes	the	symbols
used.	C:	Finally,	the	spider	plot	depicts	the	extent	of	tumor	shrinkage	for	each	individual	patient
over	time.	HPV,	human	papillomavirus.	Adapted	from	Seiwert	TY,	Burtness	B,	Mehra	R,	et	al.73

Real-World	Assessments
Two	 final	points	deserve	discussion.	One	 is	 that	 the	 response	assessment	methodologies	discussed	earlier	have
been	created	for	drug	development,	for	assessing	clinical	trial	outcomes.	They	are	not	methods	used	by	clinicians
in	routine	care	of	patients.	When	caring	for	patients,	a	physician	uses	a	clinical	heuristic,	informed	by	parameters
including	imaging,	markers,	performance	status,	pain,	and	adverse	effects,	to	decide	when	to	continue	and	when	to
stop	 treatment.	 Learning	 how	 well	 drugs	 work	 in	 that	 setting,	 or	 outcomes	 research,	 is	 an	 important	 area	 of
postapproval	investigation.	Real-world	efficacy,	with	some	exceptions,	is	seldom	as	promising	as	that	noted	in	the
clinical	trial.80–82	This	is	why	it	is	so	important	during	clinical	trials	to	get	the	clinical	assessments	right.

Figure	40.5	Regression	and	growth	of	tumors.	The	purple	line	is	what	is	usually	observed	in	the
clinic	in	the	overwhelming	majority	of	patients	with	a	solid	tumor—an	initial	regression	of	tumor,

unfortunately	followed	by	progression	and	growth.	However,	this	is	actually	a	result	of	two
simultaneous	processes	that	are	occurring	in	a	tumor	as	a	patient	is	treated.	These	two	simultaneous
processes	are	the	exponential	regression	of	the	sensitive	fraction	of	the	tumor,	depicted	by	the	red
dotted	line,	and	the	simultaneous	exponential	growth	of	the	resistant	or	relatively	resistant	fraction
of	the	tumor,	depicted	by	the	green	dotted	line.	The	fraction	that	is	regressing	will	not	cause	any
long-term	harm	because	it	will	die	and	never	recur,	whereas	the	growing	fraction	is	responsible	for
disease	progression	and	ultimately	death.	Although	this	is	happening	simultaneously,	one	can

mathematically	estimate	both	a	regression	rate	constant	and	a	growth	rate	constant.	The	regression
rate	represents	the	rate	at	which	the	sensitive	fraction	of	the	tumor	disappears.	The	growth	rate	is

the	rate	at	which	the	resistant	or	relatively	resistant	fraction	is	growing.	Importantly,	as	can	be	seen,
even	as	the	total	tumor	quantity	is	decreasing,	these	two	processes	are	occurring	simultaneously,

although	it	appears	to	the	clinician	that	the	tumor	is	decreasing.
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41 Vascular	Access
Mohammad	S.	Jafferji	and	Stephanie	L.	Goff

INTRODUCTION
Comprehensive	 multimodal	 cancer	 treatment	 has	 led	 to	 the	 need	 for	 reliable	 intravascular	 access.	 Modern
intravascular	 access	 techniques	 and	 catheter	 systems	 allow	 for	 the	 delivery	 of	 chemotherapies,	 parenteral
nutrition,	and	convenient	access	of	blood	sampling	for	laboratory	tests.	Long-term,	durable	intravenous	access	is
often	 the	 first	 step	 in	cancer	 treatment	algorithms.	Multiple	devices	have	been	developed	 to	allow	for	effective
treatment	 delivery	 based	 on	 appropriate	 clinical	 indications.	 Understanding	 the	 indications,	 commercially
available	options,	and	array	of	complications	is	critical	to	clinical	oncologists.	This	chapter	discusses	the	available
catheters,	their	indications,	placement	techniques,	proper	maintenance,	and	common	complications.

CATHETER	TYPES
There	are	many	commercially	available	intravascular	catheters	that	provide	access	with	a	range	of	specifications
and	 indications.	Most	catheters	are	placed	 in	 the	central	venous	system,	and	 this	chapter	mainly	 focuses	on	 the
typical	array	of	available	central	venous	catheters.

In	 selecting	 the	 appropriate	 catheter	 for	 treatment,	 there	 are	 several	 considerations	 including	 the	 type	 of
regimen,	 length,	 and	 frequency	 of	 treatment.	 In	 addition,	 patient	 comfort,	 convenience,	 and	 the	 risk-to-benefit
ratio	should	be	considered	(Table	41.1).

In	assessing	catheter	 type,	 the	 first	practical	branch	point	 is	 catheters	 that	have	an	external	access	apparatus
versus	those	that	have	implanted	ones.	There	are	other	implantable	intra-arterial	devices	such	as	hepatic	arterial
infusion	pumps,	which	are	discussed	separately.

EXTERNAL	CATHETERS
External	catheters	contain	an	external	hub	that	is	directly	accessible	for	intravenous	delivery	or	blood	sampling.
Among	these,	are	two	basic	systems:	nontunneled	and	tunneled	external	devices.

Nontunneled	Catheters
Nontunneled	intravenous	catheters	are	most	commonly	used	for	acute	central	venous	access	such	as	in	the	need
for	 delivery	 of	 vasopressors,	 resuscitation,	 antibiotics,	 urgent	 induction	 chemotherapy,	 or	 when	 there	 is	 poor
peripheral	access.	These	are	typically	placed	in	the	inpatient	setting	and	are	the	simplest	and	fastest	to	place.	They
often	can	be	placed	using	anatomic	landmarks	or,	more	frequently,	with	the	use	of	ultrasonography	and	fixed	at
the	site	of	insertion.	Based	on	the	clinical	indication,	the	external	diameter	and	number	of	lumens	may	be	selected.
Nontunneled	catheters	are	typically	used	in	the	short	term	and	are	safe	for	up	to	14	days	of	use.	Given	its	direct
entrance	through	the	skin,	external	nontunneled	lines	have	an	increased	rate	of	local	and	catheter-based	infections.
A	general	principle	is	to	use	the	least	number	of	lumens	as	the	incidence	of	catheter-related	infections	increases
with	lumen	number.1	These	catheters	should	be	removed	as	soon	as	they	are	no	longer	indicated.	There	are	many
commercially	 available	 kits	 such	 as	 the	 Arrow	 (Teleflex,	 Morrisville,	 NC),	 which	 provide	 multiple	 minor
alterations,	sizes,	lengths,	and	lumen	number	based	on	the	patient	and	the	clinical	scenario.

Tunneled	Catheters
Tunneled	catheters	are	similar	 to	nontunneled	catheters	but	have	several	key	features	 that	allow	for	 longer	use.
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First	 is	 the	 creation	 of	 a	 subcutaneous	 tunnel,	 which	 the	 proximal	 portion	 of	 the	 catheter	 traverses	 from	 the
insertion	 site	 to	 the	 venipuncture.	 This	 limits	 movement	 of	 the	 catheter	 and	 decreases	 catheter	 infection	 by
increasing	the	natural	barrier	distance	from	skin	entry	site	and	the	vein.	Additionally,	 tunneled	catheters	have	a
Dacron	cuff	affixed	to	the	catheter	located	near	the	skin	entry	site.	This	cuff	allows	further	fixation	of	the	catheter
by	promoting	tissue	ingrowth	in	the	subcutaneous	tract	(Fig.	41.1A).	There	are	multiple	commercially	available
tunneled	central	catheters	including	Hickman,	Broviac,	Leonard,	and	Groshong	(Bard	Access	Systems,	Salt	Lake
City,	UT)	 that	 have	minor	differences	based	on	 the	 indication	 and	clinician	preference.	 In	 addition,	 there	have
been	several	attempts	at	making	these	lines	bacteriostatic	to	decrease	the	rate	of	catheter-related	infection.	These
include	cuffs	that	are	impregnated	with	bacteriostatic	agents	such	as	silver	or	antibiotics	as	well	as	catheters	that
have	 treated	with	 these	agents.	There	have	been	mixed	data	 in	 terms	of	decreasing	catheter-based	 infections	as
large	randomized	trials	demonstrate	no	advantage/noninferiority	of	untreated	catheters.2	Other	methods	have	used
two-way	valves	 that	 function	 to	 reduce	 reflux	of	 blood	 into	 the	 lumen.	Without	 flow,	 the	valve	 is	 in	 a	 neutral
closed	position.	When	blood	is	either	drawn	or	the	catheter	is	infused,	the	valve	opens.	Again,	this	design	has	not
demonstrated	clear	benefit	in	well-designed	trials.3	These	catheters	are	placed	with	the	aid	of	ultrasonography	and
fluoroscopy	in	either	the	interventional	radiology	suite	or	in	the	operating	room.	Similar	to	nontunneled	catheters,
the	smallest	number	of	lumens	should	be	selected	to	meet	the	needs	of	care.	Once	the	patient	no	longer	requires
central	venous	access	 the	catheter	should	be	removed,	and	this	can	typically	be	done	at	bedside	or	 in	 the	clinic
with	a	simple	instrument	tray.

With	 the	 recent	 approval	 by	 the	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 of	 gene-engineered	 cellular
therapies	such	as	chimeric-antigen	receptor	T	cells,	large-bore	tunneled	catheters	are	needed	to	rapidly	deliver	a
large	dose	of	cellular	product	with	low	resistance.4

Peripherally	Inserted	Central	Catheter
Another	option	of	central	venous	access	and	catheter	placement	is	through	the	peripheral	veins.	First	described	in
1975,	 a	 long	 silastic	 catheter	 can	 be	 inserted	 from	 the	 peripheral	 upper	 extremity	 veins	 and	 terminate	 at	 the
superior	vena	cava	(SVC).5	Venipuncture	can	be	accessed	through	different	veins	with	the	basilic	vein	being	the
most	preferred	site	as	it	is	relatively	superficial	and	has	the	largest	diameter,	the	straightest	route	to	the	SVC,	and
the	greatest	blood	flow	of	the	peripheral	arm	veins.6	However,	the	cephalic,	medial	cubital,	and	brachial	are	also
options	for	access.	Ideally,	peripherally	inserted	central	catheters	(PICCs)	should	be	placed	above	the	antecubital
fossa	to	limit	mechanical	issues	related	to	movement	at	the	joint.	PICCs	are	typically	placed	by	an	interventional
radiologist	or	more	commonly	by	specialized	nursing	teams	trained	in	this	technique.	Ultrasonography	is	used	to
identify	a	suitable	vein,	and	a	chest	x-ray	is	used	to	assess	correct	central	positioning.	PICC	lines	provide	several
advantages	including	avoiding	the	risk	of	a	pneumothorax	or	vascular	injury	as	well	not	requiring	interventional
radiology	or	 surgery.7	However,	 these	 lines	 have	 similar	 rates	 of	 catheter-based	 infections,	 and	 several	 studies
have	 shown	 that	 they	 have	 increased	 thrombotic	 complications	 compared	 to	 centrally	 placed	 catheters.8
Additionally,	 due	 to	 their	 longer	 course	 to	 the	SVC,	PICCs	have	 increased	 resistance	 and	 are	 less	 suitable	 for
rapid	infusions.

TABLE	41.1
Catheter-Specific	Advantages	and	Disadvantages

Catheter	Type Advantages Disadvantages
Central	indwelling
catheter	(tunneled
catheter)

Low	device	profile
Durable
Lower	maintenance	than	external	catheter

Increased	insertion-associated	risks
(pneumothorax,	arterial	injury)
compared	to	PICC

Central	externalized
catheter

Large	bore	lumen	(i.e.,	Cordis)	allows	rapid	infusions	and/or
resuscitation	vs.	smaller-bore	multilumen	for	administration	of
multiple	agents
Can	be	placed	emergently
Does	not	require	IR/OR	suite

Shorter	catheter	life	vs.	indwelling
Higher	routine	maintenance	required
when	compared	to	indwelling	catheters
Increase	of	arterial	and	insertion	related
injury	compared	to	PICC

Implantable	port Low	device	profile
Durable
Convenient

Requires	IR/OR	placement
If	infected,	may	require	surgical
removal

PICC	line Can	be	placed	by	trained	nursing	staff	under	local	anesthesia Higher	risk	of	thrombosis



Lower	risk	of	insertion	related	injury	(pneumothorax,	arterial
injury)

Decreased	durability
Higher	routine	maintenance	required
when	compared	to	indwelling	catheters

PICC,	peripherally	inserted	central	catheter;	IR,	interventional	radiology;	OR,	operating	room.

Another	option	of	peripherally	inserted	catheters	are	midline	catheters.	They	are	placed	similarly	to	PICC	lines
with	access	through	the	upper	extremity	veins.	They	are	shorter	in	length	and	typically	range	from	8	to	20	cm	and
terminate	no	further	than	the	proximal	axillary	vein.	These	catheters	can	infuse	many	of	the	same	products	that
PICC	lines	can;	however,	they	should	not	be	used	for	longer	than	30	days.	Short-	to	moderate-term	use	of	total
parenteral	nutrition,	antibiotics,	and	chemotherapies	can	be	safely	administered	via	a	midline	catheter	and	have
become	 an	 increasingly	 popular	 approach	 in	 the	 short-term	outpatient	 setting.9	 They	 do	 not	 typically	 require	 a
postprocedure	x-ray.

IMPLANTABLE	DEVICES
Implantable	systems	expand	on	the	concept	of	limiting	external	exposure	to	the	intravascular	circulation.	Whereas
nontunneled,	tunneled,	and	PICC	lines	allow	for	an	external	hub	for	drug	delivery	or	blood	sampling,	implanted
devices	 are	 completely	 contained	 subcutaneously,	 and	 access	 is	 obtained	 percutaneously.	 There	 are	 two	main
systems	 utilized:	medical	 access	 ports	 and	 continuous	 infusion	 pumps.	 This	 section	 first	 discusses	 implantable
ports	and	then	addresses	implantable	continuous	infusion	pumps.

Figure	41.1	A:	A	dual	lumen	10	Fr	Hickman	catheter	showing	the	Dacron	cuff.	B:	Implantable
venous	device.	A	noncoring	Huber	needle	is	also	shown.	The	housing	of	the	port	can	be	made	of

titanium	(shown)	or	plastic.

Implantable	Ports
Implantable	ports	have	become	a	cornerstone	in	the	management	of	patients	with	a	number	of	malignancies	that
require	long-term	access.	The	catheter	portion	of	the	device	is	the	same	as	external	devices	and	terminates	in	the
distal	SVC.	The	difference	is	the	access	port,	surgically	implanted	in	a	subcutaneous	pocket	and	connected	to	the
catheter.	This	port	 is	 then	accessed	by	percutaneous	puncture.	The	port	has	many	unique	technical	features	that
allow	for	repetitive	and	durable	access.	It	is	designed	with	either	nonferrous	metal	or	plastic	housing	also	called
the	“portal”	and	a	central	silicone	diaphragm	(Fig.	41.1B).	The	port	is	oriented	such	that	the	self-sealing	silicone
apposes	the	underlying	skin.	The	self-sealing	silicone	allows	for	puncture	via	a	specialized	Huber	needle	that	is
noncoring.10	The	needle	is	punctured	through	the	overlying	skin	and	into	the	diaphragm	after	disinfecting	the	skin.
The	needle	tip	should	be	pushed	until	it	makes	contact	with	the	back	wall	of	the	diaphragm.	The	port	should	then
be	flushed	and	blood	withdrawn.	Once	patency	has	been	confirmed,	the	port	is	ready	for	infusion	or	further	blood
sampling.	 Small	 volumes	 of	 heparinized	 saline	 are	 required	 to	 preserve	 patency	 of	 the	 reservoir	 and	 prevent
clotting	while	the	port	is	not	in	use.	Deaccessing	the	port	involves	injecting	a	small	volume	of	heparinized	saline
to	refill	 the	reservoir	before	the	Huber	needle	is	removed.	The	silicone	diaphragm	can	be	accessed	this	way	for
hundreds	of	uses.10

Placement	 of	 a	 port	 involves	 two	major	 steps.	 These	 are	 placed	 in	 the	 operating	 room	 or	 in	 interventional
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radiology	with	 local	anesthetic	and	moderate	sedation.	Much	like	external	catheters,	percutaneous	access	of	 the
central	veins	is	the	first	step,	via	the	internal	jugular	or	subclavian	vein.	Modified	Seldinger	technique,	described
later	 in	 this	 chapter,	 is	 used	 to	 cannulate	 the	 venous	 system.	 Fluoroscopic	 guidance	 to	 ensure	 correct	 tip
positioning	at	 the	atriocaval	 junction	 is	essential.	The	port	 incision	 is	 typically	placed	about	 two	fingerbreadths
below	the	clavicle.	A	horizontal	incision	is	made,	and	a	subcutaneous	pocket	is	developed	inferiorly.11	The	port
should	be	sutured	to	the	pectoralis	fascia	to	prevent	twisting	or	migration.	The	catheter	is	then	tunneled	from	the
port	 site	 to	 the	venipuncture	 site.	 It	 is	 important	 that	 the	port	 incision	 is	 not	 situated	directly	 above	 the	 access
diaphragm	to	prevent	puncture	through	healing	tissue	or	surgical	scar	during	use.	Access	and	use	of	the	port	can
start	immediately	after	placement.	Ports	are	typically	placed	as	an	outpatient	procedure.

There	are	multiple	adaptations	and	commercial	brands,	such	as	Port-A-Cath,	BardPort,	PasPort,	Medi-port,	and
Infusaport,	that	use	variations	of	the	above	technology.	Some	offer	multiple	lumens,	materials,	and	specifications
regarding	 infusion	 rate.	 An	 important	 consideration	 is	 the	 ability	 for	 rapid	 infusion	 for	 contrast-enhanced
computed	 tomography	 (CT)	 scans.	Given	 the	 standard	 use	 of	 high-resolution	 helical	CT	 scans	 for	 staging	 and
routine	evaluation,	 selection	of	a	“power”	port	affords	convenient	and	 reliable	access.	Ports	 such	as	PowerPort
(Bard	Access	Systems,	Salt	Lake	City,	UT;	Fig.	41.2)	allow	for	rapid	infusion	rates	of	up	to	5	mL	per	second	via
the	 port	 and	 eliminates	 the	 need	 for	 peripheral	 access.12	 Institutional	 policies	may	 vary,	 and	 it	 is	 important	 to
confirm	suitability	to	facilitate	informed	patient	consent	and	expectations.	Multilumen	catheters	are	also	available
and	should	be	selected	if	incompatible	infusates	are	routinely	needed.

The	main	advantage	of	an	implantable	port	is	its	long-term	durable	access.	Well-maintained	ports	can	remain
safely	 implanted	 for	 several	 years.13	 In	 addition,	 the	 port	 is	 low	maintenance,	 is	 low	profile,	 and	 affords	 good
cosmesis	 and	 functionality.	Subcutaneous	placement	 allows	 for	 a	natural	 skin	barrier	 and	prevents	 exposure	of
hardware.

Although	 placement	 is	 a	 simple	 procedure,	 it	 still	 carries	 risks	 of	 infection,	 pneumothorax,	 and	 thrombosis
similar	to	external	devices.	Multiple	studies	have	shown	a	comparable	risk	profile	between	the	two	with	durability
of	 implanted	 ports	 being	 the	 key	 difference.14	 Clinically	 significant	 catheter	 or	 port	 infections	 require	 surgical
explantation	of	the	device,	whereas	external	lines	can	be	removed	at	bedside.	Complication	rates	remain	low,	and
short-term	complications	occur	in	3%	of	patients	and	with	long-term	complications	occurring	in	1.6%.15



Figure	41.2	A	dual	reservoir	PowerPort	(Bard	Access	Systems,	Salt	Lake	City,	UT)	implantable
venous	device	compatible	with	magnetic	resonance	imaging	technology.	Inset:	Silicone	diaphragm

and	locking	connector.

Implantable	Infusion	Pumps
Although	the	majority	of	patients	with	malignancies	receive	intravenous	chemotherapies	in	intermittent	scheduled
cycles,	another	approach	is	continuous	infusion.	Continuous	infusion	implantable	pumps	allow	for	self-contained
mobile	delivery	of	treatment.	This	frees	a	patient	from	cumbersome	external	pumps.	Much	like	a	port,	a	central
venous	 catheter	 is	 connected	 to	 a	 sealed	 chamber.	 This	 chamber	 is	 also	 implanted	 in	 a	 subcutaneous	 pocket,
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although	 this	 is	 typically	 placed	 in	 the	 abdominal	 subcutaneous	 tissue.	 These	 devices	 also	 contain	 a	 silicone
diaphragm	that	is	accessed	through	a	Huber	needle.	However,	it	leads	to	a	larger	reservoir	where	a	volume	of	the
infusate	can	be	filled.	Surrounding	the	reservoir	is	chamber	filled	with	gas-phase	fluorocarbon.	When	the	reservoir
is	 filled,	 the	 gas	 is	 compressed	 and	 transitions	 to	 its	 liquid	 state.	 The	 pressure	 of	 the	 compressed	 gas	 exerts	 a
constant	measurable	 force	 as	 its	 slowly	 transitions	 back	 to	 a	 gas	 state.	 These	 pumps	 can	 be	 attached	 to	 other
catheters	and	are	useful	for	other	application	such	as	intrathecal	analgesia,	 insulin,	parenteral	nutrition,	or	intra-
arterial	 chemotherapy.16	 In	 addition	 to	 these	 pumps,	 on-demand,	 motor-driven	 implantable	 pumps	 offer	 the
advantage	of	changes	to	delivery	rate.

In	the	case	of	continuous	arterial	chemotherapeutic	infusion,	surgical	cannulation	of	the	gastroduodenal	artery
connected	 to	 an	 implanted	 pump	 allows	 higher	 concentrations	 of	 chemotherapies	 into	 the	 hepatic	 arterial
circulation.	This	has	been	used	mainly	in	unresectable	isolated	colorectal	liver	metastasis	in	an	effort	to	decrease
hepatic	tumor	burden	and	allow	for	resection.17

CATHETER	SELECTION
With	multiple	options	 for	obtaining	 intravenous	 access,	 it	 is	 important	 to	 select	 the	most	 appropriate	device	 to
meet	 the	 treatment	needs	and	minimize	exposure	 to	 risks.	Several	 factors	 should	be	considered:	 the	anticipated
length	 of	 treatment;	 treatment	 regimen	 and	 its	 compatibility;	 need	 for	 blood	 sampling;	 need	 for	 routine
intravenous	contrast;	as	well	as	patient	comfort,	anatomy,	and	comorbidities.	In	addition,	it	is	always	important	to
ask	if	effective	treatment	can	be	safely	administered	either	with	peripheral	access	or	orally.

Nontunneled	central	 lines	are	 the	choice	 for	acute	 resuscitation,	administration	of	vasopressors,	 transfusions,
central	venous	pressure	monitoring,	or	those	undergoing	major	surgical	procedures.	In	addition,	they	are	suitable
for	infusion	of	short-term	parenteral	nutrition,	antibiotics,	or	chemotherapeutic	agents.	They	can	also	be	used	for
plasmapheresis	when	peripheral	access	is	not	suitable.	The	duration	of	the	expected	treatment	should	be	<14	days,
and	the	catheter	should	be	removed	within	7	days	if	the	catheter	is	no	longer	indicated.	The	minimum	number	of
lumens	 should	 be	 selected.	 If	 rapid	 drug	 or	 fluid	 rates	 are	 required	 such	 as	 in	 the	 case	 of	 resuscitation,	 larger
caliber	 single-lumen	 catchers	 such	 as	 an	 introducer	 or	 a	 Cordis	 should	 be	 used.	 Triple-lumen	 catheters	 are
appropriate	 for	 those	 patients	 who	 are	 in	 the	 intensive	 care	 requiring	 multiple	 agents	 such	 as	 vasopressors,
nutrition,	and	antibiotics.	Single-lumen	catheters	may	be	indicated	for	those	that	require	a	single-agent	therapy	for
a	short	time	course	such	as	total	parenteral	nutrition	or	antibiotics,	though	a	PICC	line	may	also	be	an	appropriate
alternative	 strategy.	 PICCs,	 as	 discussed	 previously,	 come	 in	 multiple	 lumens	 and	 can	 be	 placed	 by	 special
nursing	teams	and	reduce	the	risk	of	pneumothorax.18	Additionally,	they	are	more	comfortable	and	are	simple	to
remove.	However,	it	is	important	to	note	that	PICCs	are	associated	with	a	significantly	higher	risk	of	thrombotic
complications.	Overall,	increasing	evidence	has	shown	that	overall	risks	of	PICCs	are	similar	to	centrally	placed
lines.	Like	centrally	placed	lines	(internal	jugular,	subclavian,	femoral),	PICCs	should	be	removed	as	soon	as	they
are	 no	 longer	 indicated	 to	 limit	 the	 risk	 of	 infection	 and	 thrombosis.	 The	 vascular	 anatomy	 and	 size	 of	 the
peripheral	 veins	 should	 be	 an	 important	 consideration	 in	 selecting	 between	 a	 PICC	 or	 central	 vein	 access	 as
smaller	peripheral	veins	have	been	associated	with	increased	rates	of	thrombosis.19	In	addition,	it	is	important	to
assess	the	vascular	anatomy	in	all	cases	as	some	tumors	can	cause	compression	and/or	thrombosis	of	the	vein	such
as	in	a	large	Pancoast	tumor	or	bulky	cervical	adenopathy.

For	those	that	require	intermediate-	or	longer	term	central	access,	tunneled	or	implantable	ports	should	be	used.
Although	there	has	been	no	demonstrable	difference	in	catheter-related	infections	between	the	 two,	 implantable
ports	are	more	durable,	require	less	maintenance,	and	should	be	used	for	those	that	expected	to	receive	cycles	of
long-term	 intravenous	 chemotherapy.	 Tunneled	 catheters	 can	 be	 used	 safely	 for	 several	 months	 with	 good
maintenance	but	are	less	convenient	and	require	more	care.	However,	they	are	a	good	option	for	those	that	require
durable	 intermediate-term	 inpatient	 or	 outpatient	 access,	 such	 as	 those	 undergoing	 hematopoietic	 stem	 cell
transplants,	cell	 therapy,	or	induction	therapy.20	These	do	not	require	surgical	removal	or	placement	and	can	be
removed	at	beside.

There	 are	 other	 special	 considerations	 that	 should	 be	 assessed	 when	 selecting	 the	 correct	 catheter	 in	 the
oncologic	population.	Knowing	the	number	and	type	of	prior	central	access	can	help	decide	on	the	best	anatomic
site	as	well	prompt	preplacement	workup.	One	example	is	vein	stenosis	or	chronic	occlusion	from	prior	access.
Venous	Doppler	is	often	helpful	if	there	is	clinical	suspicion	of	stenosis	or	occlusion.	If	stenosis	or	occlusion	is
found,	 the	 contralateral	 site	 should	 be	 selected.	 Other	 considerations	 such	 as	 lymphedema	 in	 those	 that	 have
undergone	 an	 axillary	dissection	 should	be	 assessed.	Although	 there	has	been	no	 evidence	 that	 placement	of	 a



PICC	or	central	venous	 line	on	 the	 ipsilateral	 side	 is	unsafe	or	 increases	morbidity,	 the	affected	side	should	be
avoided	especially	if	the	patient	has	severe	symptoms.21	Finally,	physician	and	hospital	practice	patterns	should	be
accounted	for.	The	availability	of	specialists,	vascular	access	teams,	and	inventory	may	guide	the	selection	of	a
device.

PEDIATRIC	PATIENTS
Given	 the	 relative	 rarity	 of	 childhood	 malignancy,	 pediatric	 patients	 make	 up	 a	 minority	 of	 the	 population
requiring	 central	 venous	 catheters.	However,	 there	 are	 several	 important	 considerations	 that	 are	 unique	 to	 this
population.	In	general,	when	selecting	a	catheter,	many	of	the	same	principles	discussed	previously	apply.	First,
catheters	that	are	placed	with	local	anesthesia	or	light	sedation	in	adults	often	require	deeper	sedation	or	general
anesthesia.	 In	 addition,	 sizing	of	 the	 catheter	 and/or	 port	 is	 also	 important	 based	on	 the	weight	 and	 age	of	 the
child.22	Most	commercial	brands	offer	pediatric	sizes.	Routine	pediatric	port	placement	should	occur	 in	centers
that	have	specialized	staff	including	pediatric	surgeons,	interventional	radiologists,	pediatric	anesthesiologists,	and
pediatric	 nursing	 care.	 The	 risk	 profile	 including	 short-	 and	 long-term	 complications	 is	 similar	 to	 the	 adult
population.

INSERTION	TECHNIQUES
Proper	technique	is	critical	for	successful	placement	of	all	central	catheters.	Routine	placement	of	central	catheters
should	 be	 done	 in	 a	 setting	with	 standard	 sterility	 and	 access	 to	 good	 radiographic	 equipment,	 assistance,	 and
lighting.	A	proper	understanding	of	anatomic	landmarks	is	also	key	to	performing	safe	and	reliable	access.	This
section	discusses	the	most	common	approaches	to	percutaneous	access	and	placement	of	tunneled	catheters	and
ports.	All	procedures	should	be	done	using	standard	sterile	technique	including	sterile	gloves,	gown,	cap,	mask,
drapes,	and	antiseptic	preparative	skin	cleanser.23

All	 catheter	 insertions	 should	 be	 done	with	 the	 aid	 of	 local	 anesthesia.	 Nontunneled	 catheters	 usually	 only
require	local	infiltration.	Sedation	with	split	doses	of	benzodiazepines	and	narcotics	is	typically	given	to	patients
for	insertion	of	tunneled	catheters	or	ports.	General	anesthesia	is	sometimes	necessary	for	select	cases	based	on
anticipated	 difficulty	 or	 underlying	 comorbidities.	 As	 previously	 mentioned,	 sedation	 is	 required	 for	 pediatric
patients	and	should	be	done	with	the	assistance	of	trained	anesthesia	providers.

Since	Seldinger	introduced	his	cut-down	technique	for	vascular	access	in	1953,	several	adaptations	have	been
developed.24	The	most	common	is	the	modified	Seldinger	technique.	This	employs	first	puncture	with	a	hollow
needle	 followed	 by	 passing	 a	 guidewire	 through	 the	 needle	 and	 into	 the	 vessel.	 The	 needle	 is	 removed,	 and	 a
dilator	is	advanced	over	the	wire.	The	dilator	is	removed,	and	the	catheter	is	passed	over	the	wire	into	the	vessel
and	the	wire	removed,	leaving	just	the	catheter	in	place.

The	most	common	access	to	the	central	venous	system	is	through	the	internal	jugular,	subclavian,	or	femoral
vein.	The	internal	jugular	is	the	most	common	site	of	access.25	The	right	internal	jugular	vein	is	generally	larger
and	provides	the	most	direct	path	to	the	SVC.	The	first	step	in	placement	is	positioning	the	patient	correctly.	The
patient	is	placed	in	the	supine	position	with	mild	Trendelenburg.	The	neck	should	be	rotated	slightly	away	from
the	procedure	side.	An	ultrasound	should	be	used	to	identify	the	vein	and	carotid	artery.	Ultrasonography	has	been
shown	to	decrease	the	rates	of	arterial	access,	decrease	rates	of	pneumothorax,	increase	rates	of	successful	catheter
insertion,	and	decrease	rates	of	cervical	hematoma	when	compared	to	only	using	landmarks.26	Anatomically,	the
venipuncture	 site	 is	 located	at	 the	 apex	of	 the	 triangle	 formed	by	 the	heads	of	 the	 sternocleidomastoid	 and	 the
clavicle.	Once	identified,	the	skin	should	be	infiltrated	with	local	anesthetic	and	then	an	introducer	needle	with	the
bevel	up	is	guided	with	gentle	negative	pressure	percutaneously	into	the	vein.	The	needle	is	advanced	until	venous
blood	fills	the	syringe.	If	pulsatile	blood	returns,	the	needle	is	removed	and	direct	pressure	is	applied.	Upon	proper
venous	 placement,	 the	 syringe	 is	 removed	 and	 the	 needle	 is	 kept	 in	 place.	 A	 vascular	 wire	 is	 then	 advanced
through	the	needle	into	the	vein.	If	resistance	is	encountered,	the	wire	is	gently	retracted	or	reinserted.	The	needle
is	then	removed	and	a	small	stab	incision	in	the	skin	with	a	scalpel	is	made	over	the	wire.	An	appropriately	sized
dilator	 is	 then	advanced	over	 the	wire.	The	dilator	 is	 removed,	and	 the	catheter	 is	advanced	over	 the	wire.	The
wire	is	removed,	the	catheter	is	flushed,	and	blood	should	draw	easily.

The	subclavian	vein	can	also	be	used	for	access	using	the	same	technique	but	with	several	modifications	based
on	the	unique	anatomy	of	the	subclavian	vein.	A	towel	or	gel	roll	should	be	placed	along	the	upper	back	between
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the	shoulders	to	elevate	the	clavicles.	Ultrasonography	is	less	helpful	as	the	clavicle	bone	distorts	the	image.	The
needle	 is	 entered	 at	 about	 2	 to	 3	 cm	 inferior	 to	 the	midpoint	 of	 the	 clavicle	 and	 advanced	with	 bevel	 up	 and
pointing	to	the	sternal	notch.	Modified	Seldinger	technique	is	then	used	as	described	for	placement	of	the	internal
jugular	catheter.	One	important	difference	is	that	subclavian	arterial	injury	can	be	notoriously	difficult	to	control
and	 simple	 pressure	 or	 local	 cut	 down	 may	 not	 be	 sufficient,	 occasionally	 requiring	 median	 sternotomy	 for
vascular	control.27

Tunneled	catheters	utilize	a	similar	approach	for	access	as	described	previously	but	involve	some	key	technical
differences.	After	an	introducer	needle	accesses	the	vein,	a	guidewire	is	directed	under	fluoroscopy	until	it	reaches
the	correct	depth.	The	wire	is	 then	clamped	in	position	and	a	subcutaneous	tunnel	 is	created	through	a	separate
stab	incision.	The	wire	can	be	used	to	adjust	the	catheter	length.	The	tunnel	path	should	be	infiltrated	with	local
anesthetic	prior	to	creation.	The	catheter	is	brought	through	it	and	into	the	venotomy	site.	A	peel-away	sheath	is
then	advanced	over	the	wire	and	into	the	vein.	The	wire	is	then	removed,	and	the	catheter	is	placed	into	the	peel-
away	sheath.	The	sheath	is	 then	slowly	peeled	as	 the	catheter	 is	advanced	into	the	vein.	Using	fluoroscopy,	 the
catheter	is	advanced	to	the	correct	position.28	The	catheter	is	then	flushed,	tested,	and	secured	to	the	skin.

Port	placement	uses	many	of	the	same	techniques	described	previously	for	placement	of	the	catheter.	The	main
difference	is	the	creation	of	a	pocket	on	the	chest	wall	to	affix	the	port.	The	port	is	typically	placed	about	two	or
three	 fingerbreadths	 inferior	 to	 the	 clavicle.	 A	 3-	 to	 4-cm	 incision	 is	 made,	 and	 a	 subcutaneous	 pocket	 is
developed	caudally	with	blunt	dissection	to	fit	the	port	snugly.	The	catheter	is	then	tunneled	from	the	port	pocket
to	the	venotomy.	The	catheter	is	placed	in	the	peel-away	sheath,	advanced,	then	trimmed	and	attached	to	the	port.
Fluoroscopy	should	be	used	to	confirm	the	correct	position	and	identify	any	kinks.	The	port	should	be	tested	for
flow,	placed	in	the	pocket,	and	inspected	again	for	kinks	or	twists.	The	port	should	be	sutured	into	the	pectoralis
fascia	to	prevent	rotation,	kinking,	or	migration.	The	skin	is	then	closed,	and	the	port	should	again	be	tested	for
flow.	 A	 chest	 x-ray	 should	 be	 obtained	 after	 placement	 of	 all	 central	 lines	 to	 evaluate	 for	 pneumothorax	 and
ensure	proper	positioning.

CATHETER-RELATED	COMPLICATIONS
Cather-related	complications	are	common,	but	 the	majority	of	 these	are	non-life	 threatening	and	asymptomatic.
Venous	 thrombosis	 and	 infections	 make	 up	 the	 majority	 of	 these	 complications	 with	 arrhythmias,	 vascular
injuries,	air	embolism,	and	bleeding	being	 less	common.	When	discussing	complications,	 it	 is	helpful	 to	divide
them	into	immediate	(i.e.,	pneumothorax,	vascular	injuries)	and	delayed	(i.e.,	infection,	thrombosis).

Immediate	Complications
Pneumothorax	is	the	most	common	of	the	immediate	complications	of	catheter	placement,	occurring	in	about	1%
of	all	central	venous	placements	and	accounting	for	about	30%	of	all	immediate	complications.	Subclavian	access
has	been	associated	with	increased	risk	as	have	larger	bore	catheters	and	increased	number	of	insertions.18	Most
are	subclinical	and	are	found	on	postprocedure	chest	x-ray.	Small	asymptomatic	pneumothoraces	<15%	typically
can	be	managed	with	observation	and	high-flow	oxygen,	whereas	a	symptomatic,	large,	or	tension	pneumothorax
likely	 requires	 tube	 thoracostomy,	 occasionally	 urgently.	 Vascular	 injuries	 to	 surrounding	 arterial	 or	 venous
structures	or	hematomas	are	also	potential	complications.	Arterial	injuries	occur	in	<1%	of	line	placements,	and
most	 are	 recognized	 immediately	 by	 pulsatile	 return	 of	 blood.18	 These	 occur	 most	 frequently	 with	 attempted
femoral	 access,	 with	 the	 carotid	 artery	 and	 subclavian	 artery	 injured	 less	 commonly.	 Routine	 use	 of
ultrasonography	has	been	shown	to	reduce	the	risk	of	arterial	injury.29	Arrhythmias	are	common	with	guidewire
contact	 with	 the	 right	 atrium.	 Premature	 atrial	 contractions	 can	 be	 seen	 and	 are	 usually	 of	 no	 hemodynamic
consequence	 during	 insertion.	 Although	 rare,	 catheters	may	 cause	 excitement	 of	 the	 atrioventricular	 node	 and
cause	 supraventricular	 tachycardia.	 All	 patients	 undergoing	 central	 line	 placement	 should	 have	 telemetry
monitoring.	Catheters	that	are	positioned	too	deeply	into	the	right	heart	may	also	lead	to	delayed	arrhythmias	days
or	months	from	insertion.30

Venous	Thrombosis
Thrombotic	 complications	 are	 the	most	 common	 and	 can	 be	 found	 in	 up	 to	 one-third	 of	 those	with	 long-term
catheters.	In	those	with	malignancies,	this	can	be	as	high	as	50%.	The	majority	are	subclinical	with	only	5%	to	10
%	 experiencing	 symptoms.31	 Indwelling	 catheters	 cause	 alteration	 in	 hemodynamic	 flow	 and	 inflict	 chronic



endothelial	irritation	and	inflammation,	which	promotes	the	formation	of	clot.	Catheter	infections	similarly	may
increase	inflammation	and	promote	thrombosis.	The	size	of	the	catheter	and	number	of	lumens	plays	a	role	with
larger	catheters,	with	more	lumens	increasing	the	risk	of	thrombosis.32	Additionally,	patient	risk	factors	such	as
malignancy,	 history	 of	 prior	 clot,	 prothrombotic	 diseases,	 size	 of	 vein,	 and	 stenosis	 increase	 the	 risk	 of
formation.33,34	Technical	factors	can	increase	risk,	 including	malpositioning,	as	catheters	 that	extend	too	deeply
into	the	right	heart	can	create	a	nidus	for	clot	formation.35

Thrombosis	can	happen	along	 the	entirety	of	 the	catheter	 from	its	entry	point	 to	 the	 right	atrium.	Thrombus
often	forms	within	the	lumen	or	at	the	tip	of	the	catheter.	This	usually	manifests	as	difficulty	withdrawing	blood
or	infusing.	This	problem	is	encountered	in	up	to	14%	to	36%	of	indwelling	catheters.	Frequent	routine	catheter
flushes	 with	 heparinized	 saline	 can	 help	 prevent	 this	 issue.	 When	 this	 does	 occur,	 instillation	 of	 tissue-
plasminogen	activator	 into	 the	catheter	 can	be	very	effective	at	breaking	up	clot	 and	 restoring	patency.36	Most
patients	with	small	amounts	of	clot	within	the	catheter	lumen	will	have	no	symptoms.	However,	poor	maintenance
or	longstanding	clot	can	compromise	the	use	of	the	device	and	can	be	difficult	to	clear.

Symptomatic	 thrombus	 usually	 develops	 from	 upper	 extremity	 deep	 venous	 thrombosis	 (DVT).	 Duplex
ultrasonography	has	become	the	standard	approach	for	assessing	for	upper	extremity	DVTs,	although	venography
remains	 the	 gold	 standard.37	 Contrast-enhanced	 CT	 scans	 can	 also	 detect	 their	 presence	 but	 should	 not	 be
routinely	obtained	for	diagnosis.	Much	like	lower	extremity	DVTs,	the	thrombus	can	propagate	or	embolize.	The
majority	 of	 upper	 extremity	 DVTs	 are	 asymptomatic.	 However,	 Large	 clot	 burden	 within	 the	 vein	 and	 poor
collateralization	 typically	 leads	 to	upper	extremity	swelling	and	pain.	Phlebitis	can	also	occur	and	can	manifest
with	 erythema,	warmth,	 and	 occasionally	 fever.	 Typical	maneuvers	 such	 as	 compression	 and	 elevation	 can	 be
effective	in	managing	symptoms.	Treatment	of	catheter-related	thrombosis	aims	to	relieve	symptoms,	reduce	the
risk	of	embolus,	and	preserve	catheter	function.	The	main	risk	with	upper	extremity	DVT,	as	with	lower	extremity
DVT,	 is	pulmonary	embolus	and	paradoxical	embolus.	There	are	no	good	data	 studying	anticoagulation	on	 the
risk	of	pulmonary	embolus	or	death	from	upper	extremity	DVT.	One	prospective	study	that	evaluated	86	patients
with	upper	extremity	DVT	related	 to	catheters	 found	up	 to	15%	of	patients	developed	a	pulmonary	embolus.38
Much	 of	 the	 data	 has	 been	 extrapolated	 from	 lower	 extremity	 DVTs	 where	 treatment	 with	 anticoagulation
improves	 symptoms	 and	 reduces	 the	 risk	 of	 fatal	 embolus.	 Thus,	 current	 guidelines	 recommend	 3	 months	 of
anticoagulation	 with	 low-molecular-weight	 heparin,	 warfarin,	 or	 direct	 thrombin	 inhibitors.39	 Removal	 of	 the
catheter	 is	not	 typically	mandatory	 if	 the	patient	 requires	ongoing	access	but	should	be	considered	 if	 therapy	 is
completed.

DVT	 prophylaxis	 for	 catheters	 has	 been	 investigated	 in	 several	 randomized	 trials.	 Although	 not	 typically
recommended,	 prophylaxis	 has	 been	 shown	 to	 reduce	 the	 risk	 of	 catheter-related	DVTs.	However,	 these	 trials
have	been	in	high-risk	populations.	In	the	high-risk	cancer	population,	prophylactic	anticoagulation	has	been	used
for	 reducing	 the	 events	 of	 DVTs	 and	 pulmonary	 emboli	 overall.	 However,	 prophylaxis	 is	 not	 routinely
recommended	 for	 catheter-specific	 prevention,	 and	 current	 guidelines	 do	 not	 recommend	 prophylactic
anticoagulation.40,41

Catheter	Infections
Catheter-related	 infections,	 although	 less	 frequent	 than	 thrombosis,	 present	 a	 common	 indication	 for	 catheter
removal	 and	 catheter-related	morbidity.	Over	 80,000	 catheter-related	 infections	 are	 diagnosed	 each	 year	 in	 the
United	States.43	The	majority	are	a	 result	of	 short-term	nontunneled	central	catheters	 in	 the	critical	care	setting
where	frequent	access	occurs.42	The	Centers	for	Disease	Control	and	Prevention	has	defined	this	entity	as	central
line–associated	blood	stream	infection	(CLABSI).44	CLABSIs	should	be	suspected	with	anyone	who	has	a	central
venous	catheter	and	develops	fevers,	positive	blood	cultures,	or	systemic	symptoms	concerning	for	sepsis	and	no
other	clear	source.	Tenderness,	drainage,	or	erythema	can	be	seen	at	the	entry	site	but	is	not	needed	for	diagnosis.
Patients	 should	 have	 blood	 cultures	 obtained	 immediately	 from	 both	 the	 catheter	 and	 peripheral	 venipuncture,
ideally	 prior	 to	 initiation	 of	 antimicrobial	 therapy.	 Those	 patients	 with	 neutropenia	 (absolute	 neutrophil	 count
<500	 neutrophils/mm3)	 should	 have	 a	 heighted	 suspicion	 of	 catheter-related	 bacteremia.	 The	 most	 common
organism	 are	 typical	 skin	 flora	 such	 as	Staphylococcus	 epidermitis,	 followed	 by	Staphylococcus	 aureus	 spp.45
Catheter	 infections	 can	 occur	 all	 along	 the	 catheter	 system	 from	 the	 hub	 or	 port,	 skin	 entry	 site,	 or	 along	 the
catheter	itself.	External	hubs	including	tunneled	catheters	have	shown	increased	rates	of	infection	of	up	to	50%,
whereas	indwelling	ports	have	shown	lower	rates	of	10%	when	placed	for	the	same	length	of	time.46	This	is	likely
due	to	not	only	the	skin	barrier	of	indwelling	systems	but	also	the	more	frequent	access	external	catheters	receive.

Several	 risk	 factors	 that	 have	 emerged	 that	 increase	CLABSI	 including	 non–antibiotic-coated	 catheters,	 the
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lack	 of	 a	 dedicated	 skilled	 nursing	 team,	 increased	 duration	 of	 use,	 and	 the	 number	 of	 times	 the	 catheter	was
accessed.47	 In	 addition,	 nontunneled	 external	 catheters	 placed	 in	 the	 femoral	 vein	had	higher	 rates	 of	CLABSI
when	compared	to	those	placed	in	the	central	neck	veins.

Treatment	of	CLABSI	centers	around	source	control	and	the	degree	of	clinical	symptoms.	Based	on	the	clinical
condition	and	suspicion	of	a	catheter	infection,	the	catheter	may	be	either	salvaged,	removed,	or	exchanged.	In	the
absence	 of	 clinical	 symptoms,	 positive	 cultures	 from	 the	 central	 catheter	 but	 not	 from	 peripheral	 blood	 is	 an
indication	for	removal	without	systemic	antibiotic	therapy.	Similarly,	local	abscess	or	phlebitis	at	the	catheter	with
no	apparent	symptoms	should	be	managed	with	catheter	removal	only.	All	patients	who	have	sepsis,	bacteremia,
and	hemodynamic	instability	and	who	fail	to	clear	cultures	should	have	the	catheter	removed	and	be	treated	with
appropriate	 empiric	 antibiotics.	Culture	 species	 is	 important	 in	 identifying	pathogens	 that	 are	 difficult	 to	 clear.
Methicillin-resistant	S.	aureus,	Pseudomonas	 aeruginosa	 (notorious	 for	 forming	 difficult-to-treat	 biofilms),	 and
Candida	 and	mycobacterial	 species	 are	 considered	high-risk	organisms	and	 require	 removal	of	both	 short-term
external	catheters	and	long-term	indwelling	devices.	Treatment	with	antibiotics	is	also	important	for	these	species,
and	a	10-	to	14-day	course	of	appropriate	antibiotics	is	recommended.43	Catheter	salvage	is	typically	appropriate
for	 long-term	 indwelling	 catheters	with	 low-risk	 species	where	 there	 are	 no	 significant	 clinical	 symptoms,	 the
patient	is	hemodynamically	stable,	and	the	patient	does	not	have	obvious	signs	of	infection	of	the	port	or	tunnel.
Organisms	such	as	coagulase-negative	staphylococci	and	some	Escherichia	coli	 spp.	 can	 safely	be	 treated	with
systemic	 antibiotic	 therapy	 for	 7	 to	 14	 days	 or	with	 10	 to	 14	 days	 of	 antibiotic	 lock	 therapy,	which	 involves
instilling	higher	concentration	of	antibiotics	into	the	catheter.	Antibiotic	lock	therapy	should	not	be	used	for	high-
risk	 species	as	 it	has	been	 shown	 to	be	 less	 effective	 than	 intravenous	antibiotics.48	 If	 cultures	 remain	positive
through	 antimicrobial	 treatment	 or	 the	 patient	 develops	 or	 fails	 to	 resolve	 symptoms,	 the	 catheter	 should	 be
removed.
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INTRODUCTION
Minimally	invasive	surgery	has	its	origin	in	the	endoscopic	devices	developed	in	the	mid-19th	century.1	Further
advances	 in	 illumination	and	 image	 transmission	afforded	a	dramatic	 expansion	 in	 the	practice	of	 laparoscopy,
thoracoscopy,	and	flexible	endoscopy	over	the	subsequent	decades.	High-definition	telescopic	imaging	with	both
rigid	 and	 flexible	 endoscopes	 provides	 the	 foundation	 for	 modern-day	 intracavitary	 and	 endoluminal	 surgery,
respectively.	A	multitude	of	endoscopic	methods	are	now	used	in	the	care	of	the	cancer	patient,	and	the	practical
applications	of	this	technology	are	the	focus	of	this	chapter.

Endoscopy,	generally	referring	to	telescopic	visualization	of	the	lumen	of	a	hollow	viscous	or	body	cavity,	has
a	 well-defined	 role	 in	 the	 diagnosis,	 staging,	 treatment,	 and	 palliation	 of	 many	 cancers.	 Often	 referred	 to	 as
minimally	 invasive	(or	minimal	access)	 techniques,	endoscopic	procedures	are	often	preferred	due	 to	decreased
inpatient	 hospitalization,	 lower	 postoperative	 pain	 levels,	 and	 rapid	 return	 of	 function	 compared	 to	 traditional
open	procedures.	Improved	visualization	and	advanced	instrumentation	to	facilitate	acquisition	of	tissue	are	used
often	 for	 confirmation	 of	 malignancy.	 Staging	 of	 cancers,	 such	 as	 with	 laparoscopy,	 is	 used	 to	 prescribe
appropriate	 therapy	 and	 can	 help	 avoid	 unnecessary	 open	 surgery	 in	 some	 instances.	 Curative	 surgery	 is	 now
conducted	 safely	 and	 effectively	 using	 a	 variety	 of	 laparoscopic	 and	 thoracoscopic	 techniques.	 For	 patients
requiring	 palliation	 of	 symptoms	 or	 management	 of	 complications	 of	 advanced	 cancer,	 many	 endoscopic
procedures	are	available.

Robotic	surgery,	introduced	in	the	1980s,	has	achieved	broad	acceptance	in	many	areas	of	surgical	oncology.
Many	 iterations	 of	 robotic	 surgery	 platforms	 have	 been	 developed	 to	 facilitate	 stereotactic	 biopsy,	 instrument
guidance,	 precision	 bone	 milling,	 and	 voice-operated	 camera	 control.2,3	 Surgical	 robots	 do	 not	 function
independently;	rather,	they	are	surgeon	operated	and,	as	such,	the	term	robotically	assisted	surgery	is	applied	by
some	when	referring	to	robotic	surgery.	The	most	cited	and	widely	available	surgical	robot	is	the	da	Vinci	System
(Intuitive	Surgical,	Sunnyvale,	CA).	This	system	consists	of	 the	patient	side	cart	with	 robotic	arms	 that	control
instrumentation	and	 the	 surgical	console,	which	 is	positioned	separate	 from	 the	patient	and	contains	 the	master
controls	 operated	 by	 the	 surgeon.	 Some	 advantages	 of	 this	 system	 are	 the	 three-dimensional	 image	 of	 the
operative	field	provided	to	the	surgeon	at	the	surgical	console,	wristed	instrumentation	providing	seven	degrees	of
freedom	just	as	with	open	surgery,	and	ergonomic	seated	positioning	for	the	operating	surgeon.

PHYSIOLOGIC	EFFECTS	OF	ENDOSCOPIC	SURGERY
Relative	 contraindications	 during	 the	 early	 experience	 with	 laparoscopy	 and	 thoracoscopy	 included	 prior
abdominal	 or	 thoracic	 surgery,	morbid	 obesity,	 and	 cardiac	 or	 respiratory	 comorbidity.	However,	with	 greater
understanding	 and	 experience	 by	 both	 surgeons	 and	 anesthesiologists,	 the	 risks	 associated	 with	 these	 relative
contraindications	 can	 be	mitigated	 and	 now	 can	 often	 serve	 as	 reasons	 to	 pursue	 endoscopic	 rather	 than	 open
procedures.

Pneumoperitoneum	 required	 for	 laparoscopic	 surgery	 is	 associated	 with	 an	 increase	 in	 systemic	 vascular
resistance	(SVR)	and	mean	arterial	blood	pressure	(MAP)	and	is	accompanied	by	a	fall	in	cardiac	index	(CI)	and
often	unchanged	heart	 rate.	These	hemodynamic	changes	are	phasic	and	depend	on	several	patient	and	surgical
factors	such	as	intracavitary	pressures,	patient	positioning,	carbon	dioxide	(CO2)	absorption,	ventilatory	strategy,
and	 anesthetic	 agents.	 Increased	 intra-abdominal	 pressure	 (IAP)	 associated	 with	 CO2	 insufflation	 causes
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compression	of	abdominal	vasculature.	Arterial	compression	may	contribute	 to	 increases	 in	SVR	and	afterload,
which	can	decrease	cardiac	output.	Venous	compression	can	result	 in	transient	increases	in	venous	return	but	is
followed	by	reduced	preload.	Cardiovascular	changes	are	proportional	to	IAP;	thus,	an	IAP	threshold	of	12	to	15
mm	Hg	appears	 to	be	associated	with	 less	hemodynamic	effects.	Volume	 loading	during	 initial	 laparoscopic	or
thoracoscopic	 phases	 may	 attenuate	 episodes	 of	 hypotension	 due	 to	 effects	 of	 dehydration	 and	 of	 decreased
venous	return	caused	by	pneumoperitoneum	or	pneumothorax	and	the	reverse	Trendelenburg	positioning.

Gas	insufflation	is	necessary	for	exposure	during	laparoscopic	surgery,	whereas	it	 is	not	always	necessary	in
thoracoscopic	surgery.	A	variety	of	gases	have	been	used,	 including	helium,	argon,	nitrous	oxide,	and	nitrogen.
CO2	is	safe	for	use	with	electrocautery	and	can	be	eliminated	through	the	lungs;	thus,	it	remains	the	gas	of	choice
for	 peritoneal	 insufflation	 during	 laparoscopy.	 CO2	 is	 absorbed	 with	 intraperitoneal	 and	 extraperitoneal
insufflation,	and	elevated	partial	pressure	of	CO2	in	arterial	blood	(PaCO2)	can	be	managed	with	increased	minute
ventilation	and	administration	of	pharmacologic	buffers.	Patients	with	reduced	preoperative	pulmonary	function
may	 develop	 hypercapnia	 and	 respiratory	 acidosis	 despite	 adjustments	 in	 minute	 ventilation.	 Reduced	 lung
compliance	 and	 diminished	 functional	 residual	 capacity	 (FRC)	 are	 associated	 with	 supine	 positioning	 and
induction	 of	 anesthesia.	 Therefore,	 intraperitoneal	 insufflation	 may	 exacerbate	 these	 alterations,	 especially	 in
morbidly	obese	patients	and	those	with	underlying	pulmonary	disease.

During	 any	 abdominal	 operation,	 sudden	 changes	 in	 hemodynamics	 may	 be	 secondary	 to	 a	 tension
pneumothorax	 from	 the	CO2	 insufflation.	A	 common	 situation	 occurs	with	 dissection	 of	 the	 esophageal	 hiatus
adjacent	to	the	pleural	space.	Thoracoscopic	ports	placed	in	the	midaxillary	line	of	either	chest	can	treat	a	tension
pneumothorax.	These	ports	can	be	left	open	to	release	the	tension	pneumothorax	while	the	abdominal	operation	is
continued.	Close	communication	with	the	anesthesia	team,	including	discussing	this	situation	prior	to	starting	the
operation,	enables	a	tension	pneumothorax	to	be	managed	quickly	with	minimal	interruptions	to	the	operation.

Decreased	 renal	 blood	 flow	 with	 pneumoperitoneum	 is	 associated	 with	 reduced	 glomerular	 filtration	 rate
(GFR),	urinary	output,	and	creatinine	clearance.	Neurohormonal	 factors	may	also	 influence	 renal	perfusion	and
function	 such	 that	 plasma	 renin	 activity	 and	 antidiuretic	 hormone	 (ADH)	 levels	 are	 increased	 with
pneumoperitoneum.	 Visceral	 organ	 blood	 flow	 is	 also	 affected	 by	 both	 compressive	 effects	 of	 CO2	 gas	 and
neurohormonal	factors	such	that	reduced	blood	flows	of	upward	of	30%	have	been	reported.

Immunologic	Effects
Reduced	 local	 (e.g.,	 peritoneal)	 inflammatory	 response	 and	 preserved	 systemic	 immune	 competence	 are	 the
reported	 immunologic	advantages	of	endoscopic	surgery	over	open	surgery.	Although	surgery-induced	 immune
changes	are	short	lived,	regardless	of	open	or	endoscopic	approach,	the	clinical	importance	of	these	immunologic
changes	when	comparing	open	or	closed	procedures	remains	unresolved.	Surgery,	just	as	traumatic	injury,	induces
production	of	proinflammatory	cytokines.	The	resulting	cellular	and	humoral	 immune	response	 is	 important	 for
wound	healing	and	is	often	proportional	with	the	degree	of	tissue	injury.	Many	studies	have	investigated	plasma
cytokine	levels	and	acute-phase	proteins	as	general	indicators	of	the	surgical	immune	response	(e.g.,	interleukin-6
[IL-6],	 C-reactive	 protein	 [CRP],	 tumor	 necrosis	 factor	 α	 [TNF-α],	 interleukin-1	 [IL-1]).	 Production	 of
inflammatory	mediators	and	other	physiologic	changes	associated	with	endoscopic	surgery	have	been	investigated
vis-à-vis	 effects	 on	 malignant	 cells.	 Early	 investigations	 of	 endoscopic	 surgery	 were	 especially	 focused	 on
outcomes	related	to	locoregional	recurrence,	specifically	port	site	metastases.	Tumor	spread,	attributed	to	adverse
effects	of	CO2	gas,	 immunosuppressive	effects	of	pneumoperitoneum,	and	 tumor	spillage	or	dispersion	of	cells
related	 to	 gas	 insufflation,	 has	 been	 proven	 clinically	 irrelevant	 based	 on	 several	 prospective	 clinical	 studies,
especially	in	colorectal	cancers,	which	proved	the	incidence	of	tumor	spread	or	recurrence	occurs	at	the	same	rate
as	with	open	surgery.

APPLICATIONS	OF	ENDOSCOPIC	AND	ROBOTIC	SURGERY
Diagnosis
Although	 imaging	 and	 laboratory	 testing	 combined	 with	 percutaneous	 approaches	 to	 tissue	 biopsy	 provide
accurate	diagnosis	for	many	malignancies,	surgical	intervention	for	diagnosis	(and	treatment)	is	often	necessary.
Laparoscopy	and	thoracoscopy	have	provided	a	much	less	morbid	option	for	gaining	information	about	abdominal
and	thoracic	processes	previously	assessed	via	open	surgical	approaches.	Indeed,	these	minimally	invasive	options



for	 diagnosis	 of	 malignant	 processes	 are	 coupled	 with	 rapid,	 intraoperative	 pathologic	 analysis	 that	 can	 also
provide	 the	opportunity	 for	definitive	 surgical	 treatment	or	 avoidance	of	 further	unnecessary	procedures.	Table
42.1	lists	examples	of	diagnostic	applications	of	laparoscopy	and	thoracoscopy.

TABLE	42.1
Examples	of	Diagnostic	Applications	of	Laparoscopy	and	Thoracoscopy

Modality Clinical	and	Imaging	Findings Examples	of	Malignancy
Laparoscopy Adnexal	mass Ovarian	carcinoma

Mesenteric	mass/adenopathy Non-Hodgkin	lymphoma

Peritoneal/omental	mass Appendiceal	mucinous	neoplasm

Thoracoscopy Recurrent	pleural	effusion Pleural	mesothelioma

Mediastinal	mass Thymoma

Staging
After	malignancy	 has	 been	 diagnosed,	 either	 radiographically	 or	 pathologically,	 staging	 procedures	 that	 aid	 in
selecting	therapy	often	can	be	performed	endoscopically	to	avoid	the	morbidity	of	laparotomy	or	thoracotomy	for
cases	 in	 which	 disease	 is	 unresectable	 or	 metastatic.	 A	 common	 example	 is	 staging	 laparoscopy,	 often
coincidentally	 performed	 for	 diagnosis,	which	 is	 used	 for	 a	 variety	 of	 gastrointestinal,	 primary	 peritoneal,	 and
gynecologic	malignancies.	Computed	tomography	imaging	and	nuclear	medicine	studies	are	often	used	to	detect
metastatic	 disease;	 however,	 each	 is	 unable	 to	 detect	malignancy	 below	 a	 certain	 size	 threshold.	 In	 peritoneal
mesothelioma	 and	 appendiceal	 carcinoma,	 staging	 laparoscopy	 is	 often	 used	 to	 assess	 extent	 of	 disease	 and
determine	resectability.

Gastric	 adenocarcinoma	 and	 some	 gastroesophageal	 junction	 (GEJ)	 tumors	 are	 known	 to	 spread	 to	 the
peritoneal	 cavity.	 Radiographically	 occult	 peritoneal	 metastasis	 from	 gastric	 cancer	 can	 be	 found	 at	 time	 of
abdominal	exploration	in	up	to	30%	of	patients	deemed	to	be	resectable	based	on	preoperative	imaging.	Even	in
the	absence	of	gross	peritoneal	metastasis,	malignant	peritoneal	cytology	can	be	detected	in	approximately	7%	of
gastric	cancer	patients	at	time	of	curative	resection.	For	these	reasons,	staging	laparoscopy	with	peritoneal	lavage
is	advocated	in	patients	with	presumed	resectable	gastric	cancer	to	avoid	unnecessary	laparotomy	in	one-third	of
patients	 and	 to	 accurately	 stage	M1	 disease	with	 detection	 of	microscopic	 peritoneal	metastasis.	 Laparoscopic
lymph	 node	 staging	 for	 distal	 esophageal	 adenocarcinomas	 and	 GEJ	 cancers	 is	 considered	 by	many	 to	 be	 an
important	 adjunct	 to	 cross-sectional	 and	 nuclear	medicine	 imaging	 techniques.	 Peritoneal	 lavage	 has	 not	 been
advocated	for	 the	staging	of	Siewert	 type	I	or	II	GEJ	cancers;	however,	advancements	 in	molecular	diagnostics
may	have	a	greater	impact	on	selecting	patients	for	appropriate	staging	procedures	in	the	years	ahead.

Avoidance	of	unnecessary	laparotomy	is	a	common	reason	for	diagnostic	and	staging	laparoscopy	in	cancers	of
the	pancreas,	liver,	and	bile	ducts.	Pancreatic	adenocarcinomas	are	notorious	for	demonstrating	occult	metastatic
disease	at	the	time	of	surgical	exploration.	Although	routine	laparoscopy	may	not	be	indicated	in	all	patients	with
pancreas	cancer,	especially	in	the	era	of	high-quality	cross-sectional	imaging,	other	clinical	factors	such	as	serum
cancer	antigen	(CA)	19-9	level	and	tumor	location	(head	versus	body/tail)	may	have	higher	yield	for	this	staging
procedure.	Patients	with	hepatobiliary	cancers	are	prone	to	both	hepatic	and	peritoneal	metastasis	not	detected	on
preoperative	cross-sectional	imaging.	Laparoscopy	is	often	combined	with	laparoscopic	ultrasound	as	a	complete
staging	 procedure	 in	 primary	 liver	 tumors,	 such	 as	 intrahepatic	 and	 extrahepatic	 cholangiocarcinoma,	 and
gallbladder	cancers.

Treatment
Endoscopic	 and	 robotic	 surgery	 techniques	 are	 now	 common	 in	 the	 treatment	 of	 both	 primary	 and	metastatic
cancers.	 The	 support	 for	 use	 of	 minimally	 invasive	 techniques	 includes	 the	 maintenance	 of	 sound	 oncologic
principles,	 the	 demonstration	 of	 oncologic	 equivalence	 to	 open	 techniques,	 and	 improved	 short-term	 patient
outcomes.	Although	many	 surgeons	 have	 demonstrated	 the	 ability	 to	 use	 endoscopic	 or	 robotic	 techniques	 for
cancer	surgery,	only	a	few	of	these	techniques	are	widely	available,	and	many	depend	on	sufficient	training	and
infrastructure	and	involve	a	demonstrable	learning	curve.

For	 instance,	 urologic	 surgeons	 have	 led	 the	 expansion	 of	 minimally	 invasive	 oncologic	 surgery	 through
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development	of	robotic-assisted	radical	prostatectomy	for	prostate	cancer.	The	first	robotic-assisted	prostatectomy
was	performed	in	the	year	2000	by	Binder	and	Kramer	in	Frankfurt,	Germany.	The	procedure	was	subsequently
approved	 for	 use	 in	 the	 United	 States	 by	 the	 U.S.	 Food	 and	 Drug	 Administration	 in	 2001.	 In	 addition	 to
prostatectomy,	urologic	oncologists	have	introduced	both	laparoscopic	and	robotic-assisted	partial	nephrectomy.
Although	it	is	important	to	recognize	the	major	expansion	of	endoscopic	and	robotic	surgery	for	the	treatment	of	a
wide	variety	of	solid	organ	tumors,	a	substantial	proportion	of	thoracic	and	abdominopelvic	cancer	surgery	is	still
performed	using	traditional	open	techniques.	As	of	2012,	based	on	separate	reports,	approximately	50%	of	colon
cancer	 operations	 in	 the	United	 States	were	 performed	 laparoscopically.4,5	 Subsequent	 sections	 of	 this	 chapter
focus	on	the	role	of	endoscopic	and	robotic	surgery	in	the	management	of	a	wide	range	of	common	cancers.

Palliation
The	 role	of	 surgery	extends	well	beyond	diagnosis	and	 treatment	of	cancer.	Often	patients	 require	palliation	of
symptoms	or	complications	of	 treatment	of	 their	malignancy.	Common	scenarios	 include	 intestinal	obstruction,
endoluminal	 bleeding,	 recurrent	 pleural	 effusion	 or	 ascites,	 airway	 obstruction,	 dysphagia,	 and	 malnutrition.
Although	the	decision	to	perform	a	palliative	procedure	can	be	complex,	factors	considered	most	ideal	are	that	the
procedure	has	minimal	morbidity,	provides	quick	return	to	preoperative	function,	and	is	successful	at	achieving
the	palliative	goal.	Endoscopic	or	minimally	invasive	approaches	are	often	considered	ideal	for	achieving	minimal
patient	impact	while	also	providing	true	palliation.	Thoracoscopic	surgery	can	achieve	pleural	cavity	drainage	and
prevent	recurrent	pleural	effusion	without	 the	cost	of	major	 thoracotomy.	Intestinal	obstruction	can	be	palliated
and	enteral	nutritional	support	can	be	provided	via	laparoscopic	gastrostomy	or	jejunostomy	tube	placement.	It	is
beyond	the	scope	of	this	section	to	discuss	the	role	of	palliative	organ	resection;	however,	endoscopic	and	robotic
procedures	 may	 provide	 the	 platform	 to	 substantially	 decrease	 patient	 morbidity	 when	 these	 interventions	 are
entertained.

Advantages	and	Disadvantages
The	most	often	cited	advantages	of	minimal	access	surgery	are	minimal	morbidity	(e.g.,	pain),	reduced	need	for
inpatient	hospitalization,	less	blood	loss,	and	quicker	return	to	preoperative	functional	status.	These	hold	true	for
both	 laparoscopy	and	 thoracoscopy	with	or	without	 robotic	assistance.	Although	a	variety	of	 surgical	oncology
procedures	have	been	undertaken	endoscopically	or	with	robotic	assistance,	largely	to	demonstrate	feasibility	by
expert	surgeons,	a	smaller	number	of	cancer	operations	have	become	illustrative	examples	of	the	paradigm	shift
from	open,	“no-touch”	cancer	surgery	to	almost	purely	minimally	invasive	techniques.	Examples	include	partial
colectomy	 for	 colorectal	 cancer	 and	 radical	 prostatectomy	 for	 prostate	 cancer.	 As	 of	 this	 writing,	 the	 debate
among	surgeons	is	not	whether	the	operations	can	or	should	be	performed	endoscopically,	but	rather	should	they
be	performed	robotically.	When	discussing	robotic-assisted	surgery,	 the	da	Vinci	System	is	 the	most	successful
and	widely	used	surgical	 robot	currently	used.	Throughout	 this	chapter,	 it	 should	be	assumed	 that	 the	da	Vinci
System	is	the	reference	surgical	system.

TABLE	42.2
Comparison	of	Conventional	Laparoscopic	Surgery	to	Robot-Assisted	Surgery

Conventional	Laparoscopy Advantages	of	Robotic	Assistance Disadvantages	of	Robotic	Assistance
Two-dimensional	endoscopic	view Three-dimensional	endoscopic	view Cost

Diminished	hand–eye	coordination Normal	hand–eye	coordination Absent	haptic	feedback

Fulcrum	effect No	fulcrum	effect Complicated	setup	and	position	change

Five	degrees	of	freedom Seven	degrees	of	freedom Limited	instrumentation

Diminished	haptic	feedback Elimination	of	tremor Need	for	skilled	assistants

Poor	ergonomic	position Scaled	movement
Good	ergonomic	position

	

Although	there	are	limitations	to	conventional	laparoscopy	and	thoracoscopy,	the	robotic	surgery	platform	has
overcome	some	but	not	all	of	these	(Table	42.2).	For	example,	conventional	endoscopic	video	technology	offers
magnified	two-dimensional	views,	which	hinders	normal	depth	perception.	However,	stereoscopic	vision	is	now



available	with	the	advent	of	three-dimensional	(3D)	laparoscopic	cameras	that	require	the	operator	to	wear	special
glasses	 to	 view	 the	 3D	 video	 image.	Additional	 constraints	 such	 as	 the	 fulcrum	 effect	 on	 instrumentation,	 the
limited	 degrees	 of	 freedom	 compared	 to	 human	 wrist	 movement,	 and	 poor	 ergonomics	 are	 addressed	 by	 the
robotic	platform.	The	robotic	surgery	system	allows	the	surgeon	to	operate	at	 the	console	in	the	seated	position
while	 provided	 a	 stereoscopic	 3D	 view	 of	 the	 surgical	 field,	 additional	 degrees	 of	 freedom	 mimicking	 open
surgery,	and	suppressed	hand	tremor	even	when	performing	precise	movements	on	a	small	scale.	What	the	robotic
platform	 fails	 to	provide	 is	 tactile	 feedback	 that	 results	 in	no	proprioception,	which	can	 lead	 to	 tissue	damage.
Other	 substantial	 disadvantages	 include	 the	 expense	 of	 the	 robotic	 system	 and	 associated	 yearly	maintenance,
costly	disposables,	 relatively	 large	footprint	of	 the	surgical	cart	and	surgeon	console,	and	 the	need	for	a	skilled
bedside	 assistant.	With	 further	 refinement,	 future	 robotic	 surgery	 systems	 may	 provide	 improvement	 in	 these
areas.

SPECIAL	TOPICS
Thoracic	Surgical	Oncology
Video-assisted	thoracic	surgery	(VATS)	was	introduced	in	the	early	1990s,	and	its	evolution	has	largely	paralleled
that	of	laparoscopic	surgery.	Similarly,	robotic	thoracic	surgery	was	first	reported	by	Melfi	et	al.6	in	Italy	in	2002,
around	the	time	that	robotic	surgery	was	gaining	a	foothold	in	other	surgical	fields.	Since	that	time,	multiple	series
have	reported	that	both	VATS	and	robotic	thoracic	surgery	can	be	performed	safely	and	that	equivalent	oncologic
outcomes	compared	to	open	procedures	are	obtainable.7–10	The	technical	aspects	of	VATS	and	robotic	surgery	are
not	unique	 to	 thoracic	surgery,	but	 these	advances	may	underlie	 the	 recent	 increase	 in	utilization	of	 the	 robotic
platform	in	the	field.11,12	With	respect	to	robotic	thoracic	surgery,	improved	optics	provide	3D	visualization	based
on	a	dual	camera	that	provides	a	binocular	view	of	the	surgical	field.	Additionally,	when	compared	to	VATS,	the
surgeon	controls	the	camera	rather	than	an	assistant	with	variable	expertise.	Next,	compared	to	both	open	surgery
and	 VATS,	 the	 robotic	 surgery	 platform	 is	 stable,	 and	 operation	 at	 the	 surgeon	 console	 is	 considered	 more
ergonomic	(Fig.	42.1).	Finally,	wristed	instrumentation	allows	extra	motion	in	limited	spaces	such	as	dissection
around	the	pulmonary	vasculature	and	mediastinum	(Fig.	42.2).

Preoperative	 evaluation	 and	 patient	 selection	 are	 no	 different	 for	 VATS	 and	 robotic	 surgery	 than	 for	 open
thoracotomy.	 For	 patients	 with	malignant	 disease,	 generally	 accepted	 guidelines	 are	 typically	 followed.	 If	 the
operation	can	be	performed	by	VATS,	 then	 it	 can	also	be	performed	 robotically.	Operations	 requiring	vascular
reconstruction	 and	 resection	 of	 superior	 sulcus	 tumors	 are	 currently	 contraindications	 to	 robotic	 operations.
Reoperation	with	significant	pleural	adhesions	was	 initially	 reported	as	a	 relative	contraindication	 to	minimally
invasive	 thoracic	 surgery;	 however,	 with	 increasing	 experience,	 robotic	 approaches	 to	 lateral	 chest	 wall
adhesiolysis	may	be	technically	simpler	than	open	thoracotomy.	Relative	contraindications	to	robotic	operations
may	also	be	surgeon	and	team	specific	and	can	be	minimized	with	increasing	operator	experience.

Standardization	of	Minimally	Invasive	Thoracic	Surgery
The	difference	 in	 techniques	between	VATS	and	 robotic	 thoracic	 surgery	will	 not	be	 the	 focus	of	 this	 section.
Rather,	 robotic	 thoracic	 surgery	 is	emerging	as	a	more	common	minimally	 invasive	platform,	and	 the	practical
and	 surgical	 considerations	 between	 VATS	 and	 robotics	 largely	 overlap.	 The	 key	 elements	 of	 any	 minimally
invasive	approaches	to	thoracic	tumors	are	proper	preoperative	patient	selection,	workup,	adherence	to	oncologic
principles,	 and	maximization	 of	 patient	 safety.	 Initiation	 of	 a	 minimally	 invasive	 thoracic	 surgery	 program	 is
optimized	with	a	team-based	approach,	which	often	includes	a	second	surgeon.	The	authors	developed	a	robotic
thoracic	surgery	program	by	incorporating	feedback	from	surgeons,	anesthesiologists,	nursing	staff,	and	surgical
technologists	 at	 progressive	 steps.	 From	 obtaining	 equipment,	 to	 performing	 “dry	 runs,”	 to	 performing
straightforward	cases	such	as	pulmonary	wedges	and,	finally,	anatomic	resections	and	esophagectomy,	an	iterative
developmental	process	was	undertaken	to	achieve	best	outcomes.	Robotic	equipment,	terminology,	and	setup	are
often	unfamiliar	to	teams	that	are	starting	a	robotic	surgery	program.	The	lack	of	familiarity	can	be	overcome	by
working	from	the	simple	to	the	complex	while	ensuring	that	every	member	has	the	freedom	to	address	concerns
and	make	 recommendations.	After	 this	 stepwise	 approach,	 the	 setup	of	 the	operation	becomes	 routine,	 and	 the
staff	are	personally	and	professionally	invested	in	the	safe	performance	and	acceptable	outcomes	for	the	patients.
A	second	surgeon	as	an	assistant	can	be	useful	especially	if	stapling	is	performed	by	the	bedside	assistant	without
the	robotic	stapler.	However,	as	programs	mature	and	operative	assistants	or	surgical	residents	gain	experience,	a
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second	surgeon	is	often	not	needed.

Figure	42.1	Elements	of	the	da	Vinci	Surgical	System.	A:	Patient	side	cart.	B:	Vision	system.	C:
Surgical	console.	D:	Schematic	showing	separate	optic	channels	at	the	tip	of	the	laparoscope.
Images	from	each	optic	channel	are	processed	separately,	creating	binocular	disparity	and	a	true

three-dimensional	image	for	the	operating	surgeon.



Figure	42.2	Sample	room	layout	for	radical	prostatectomy.

Robotic	 and	VATS	approaches	 are	 feasible	 for	 the	majority	of	 primary	or	 secondary	 thoracic	malignancies.
Lung	cancer	and	esophageal	cancer	are	 two	of	 the	most	frequent	malignancies	of	 the	 thoracic	cavity;	 therefore,
pulmonary	lobectomy	and	esophagectomy	are	specifically	discussed	below.

Lobectomy	for	Lung	Cancer
The	oncologic	and	preoperative	evaluation	of	a	patient	with	lung	cancer	should	be	no	different	prior	to	a	VATS	or
robotic	resection	compared	to	an	open	operation.	VATS	lobectomies	for	lung	cancer	were	developed	to	minimize
incisions	without	 rib	 spreading.	 Several	 benefits	 of	VATS	 compared	 to	 open	 lobectomy	 include	 reduced	 pain,
fewer	 complications,	 improved	 postoperative	 pulmonary	 function,	 less	 blood	 loss,	 shorter	 length	 of	 stay,	 and
better	 adherence	 to	 adjuvant	 therapy.13,14	 In	 addition,	 similar	 long-term	 outcomes	 between	 VATS	 and	 open
lobectomy	 have	 answered	 concerns	 that	 a	minimally	 invasive	 approach	 is	 an	 inferior	 oncologic	 operation.15–17
Similar	 to	 VATS	 lobectomies,	 comparisons	 of	 robotic	 to	 open	 lobectomies	 reported	 shorter	 hospital	 stay	 and
reduced	pain.7,10,18

Perioperative	outcomes	of	robotic	and	VATS	lobectomy	are	also	similar.	Louie	et	al.19	performed	a	query	of
the	Society	of	Thoracic	Surgeons	General	Thoracic	Surgeons	Database	to	compare	quality	metrics	for	these	two
approaches.	 They	 identified	 1,220	 robotic	 lobectomies	 and	 12,378	 VATS	 lobectomies	 from	 140	 centers.	 The
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patient	groups	were	relatively	similar	except	that	the	patients	in	the	robotic	group	had	a	lower	performance	status,
were	 slightly	older,	were	 less	 active,	 and	had	a	higher	body	mass	 index.	Most	outcomes	were	 similar	between
robotic	 and	 VATS	 lobectomies.	 Intraoperative	 blood	 products	 (1%),	 intensive	 care	 unit	 stay	 (1%),	 return	 to
operating	room	(3.4%	for	robotic	lobectomy	versus	3.5%	for	VATS	lobectomy),	and	postoperative	complications
were	similar.	Even	though	the	median	length	of	stay	was	4	days	for	both	groups,	a	higher	percentage	of	patients
were	 discharged	 in	 less	 than	 4	 days	 in	 the	 robotic	 group	 compared	 with	 the	 VATS	 group	 (48%	 versus	 39%,
respectively;	P	 <	 .001).	 The	 30-day	 mortality	 rates	 for	 robotic	 and	 VATS	 lobectomy	 were	 0.6%	 and	 0.8%,
respectively.	In	addition,	nodal	upstaging	between	robotic	and	VATS	approaches	was	not	different.	In	this	study,
robotic	 lobectomy	was	 associated	with	 a	 longer	median	 operative	 time	 compared	with	VATS	 lobectomy	 (186
versus	173	minutes,	respectively;	P	<	.001).	However,	Emmert	et	al.20	performed	a	systematic	review	and	meta-
analysis	 of	 VATS	 versus	 robotic	 resections	 from	 10	 eligible	 studies	 and	 found	 that	 operative	 time	 was	 not
increased	 in	 the	 robotic	 surgery	group.	An	often	cited	disadvantage	of	 robotic	 lobectomy	 is	higher	 cost,	which
may	 limit	 its	 availability.21,22	 Even	with	 potential	 disadvantages	 of	 cost	 and	 slightly	 longer	 operations,	 patient
safety	and	long-term	oncologic	outcomes	appear	similar	between	VATS	and	robotic	lobectomy.

Esophagectomy	for	Esophageal	Cancer
As	with	lung	cancer,	the	oncologic	and	preoperative	evaluation	of	a	patient	with	esophageal	cancer	should	not	be
different	 based	 on	 operative	 approach.	 Also,	 like	 pulmonary	 resections	 for	 lung	 cancer,	 minimally	 invasive
esophagectomies	 (MIEs)	 preceded	 robotic	 approaches.	 Multiple	 single-institution	 series,	 meta-analyses,	 and
systematic	reviews	have	reported	that	outcomes	after	MIE	are	at	least	equivalent	if	not	better	than	those	after	open
esophagectomy.23–25	MIE	 has	 been	 associated	with	 less	 blood	 loss,	 decreased	 pulmonary	mordibity,	 decreased
mortality,	better	pain	control,	and	a	shorter	hospital	admission.	The	robotic	approach	to	esophagectomy	has	the
same	purported	benefits	as	robotic	lobectomy,	which	include	improved	optics,	wristed	instrumentation,	and	ability
for	the	surgeon	to	self-assist.

Overall,	 the	experience	with	robotically	assisted	MIE	(RAMIE)	 is	 increasing,	with	published	reports	of	both
hybrid	and	totally	minimally	invasive	techniques.26–30	Although	the	learning	phase	of	the	procedure	is	substantial,
RAMIE	will	 likely	 remain	 a	 reasonable	 alternative	 to	MIE	 and	 the	 standard	 open	 esophagectomy.	 Prospective
randomized	 data	 comparing	 RAMIE,	 standard	 thoracoscopic,	 and	 open	 procedures	 do	 not	 exist.	 Available
outcomes	 data	 are	 based	 on	 single-institution	 experiences;	 therefore,	 continued	 reporting	 of	 both	 technical
modifications	and	patient	outcomes	will	help	surgeons	learn	from	one	another	and,	hopefully,	continue	advancing
the	technique.

Kernstine	 et	 al.31	 reported	 the	 first	 case	 of	 a	 robotic	 three-hole	 esophagectomy.	 Operative	 time	 was	 660
minutes,	but	greater	than	50%	of	that	time	was	nonsurgical.	In	a	subsequent	case	series	of	three-hole	RAMIE	in
eight	patients,	median	operative	time	was	672	minutes	and	the	median	number	of	lymph	nodes	removed	was	18.27
Sarkaria	 et	 al.28	 reported	 their	 first	 series	 of	 robotically	 assisted	 thoracoscopic-laparoscopic	 Ivor	 Lewis
esophagectomy	with	an	emphasis	on	complications	during	 the	 initial	 experience.	 In	 this	 initial	 report,	17	of	21
patients	underwent	Ivor	Lewis	RAMIE,	whereas	4	patients	underwent	a	McKeown	RAMIE.	Ten	patients	(48%)
were	 converted	 to	 an	 open	 procedure.	 The	 reasons	 for	 conversion	 were	 excessive	 operative	 times,	 difficult
visualization,	anastomotic	integrity,	significant	adhesions,	positive	margin,	and	console	failure.	Five	of	21	(24%)
patients	 had	 grade	 3	 or	 greater	 complications,	 which	 included	 an	 anastomotic	 leak,	 a	 tracheoesophageal	 (TE)
fistula,	combined	anastomotic	 leak	and	TE	fistula,	 recurrent	 laryngeal	nerve	 injury,	and	respiratory	failure.	The
patient	who	 had	 the	 combined	 anastomotic	 leak	 and	TE	 fistula	 died	 on	 postoperative	 day	 70.	 Sarkaria	 et	 al.32
reported	an	updated	series	of	the	first	100	patients	undergoing	RAMIE.	In	that	report,	the	operative	time	decreased
from	447	to	357	minutes	between	the	first	and	second	halves	of	the	series,	respectively.	Only	2	of	15	conversions
occurred	 during	 the	 second	 half	 of	 the	 series.	 Thus,	 the	 authors	 stress	 adherence	 to	 programmatic	 principles
focused	on	patient	safety.

GASTROINTESTINAL	AND	HEPATOPANCREATOBILIARY	CANCERS
The	application	of	minimally	invasive	surgery	to	tumors	of	gastrointestinal	tract	has	a	proven	track	record,	often
backed	by	 the	gold	 standard	 randomized	prospective	 clinical	 trial.	The	 concern	 and	 impetus	 for	many	of	 these
trials	were	not	to	document	feasibility	but	rather	equivalency	in	oncologic	outcomes.	The	application	of	anything
new	in	oncologic	surgery	must	establish	safety	and	feasibility,	in	addition	to	clearly	demonstrating	no	compromise



in	oncologic	end	points.	It	can	be	difficult	and	time	consuming	to	document	no	difference	in	local	recurrence-free
or	 overall	 survival	 with	 the	 adoption	 of	 the	 new	 surgical	 technique,	 but	 fortunately,	 level	 1	 data	 exist.	 In	 the
absence	 of	 these	 large	 and	 costly	 trials,	 more	 immediate	 end	 points	 have	 been	 used	 to	 justify	 or	 substantiate
arguments	favoring	the	adoption	of	minimally	 invasive	surgery,	such	as	margin	status	and	lymph	node	harvest.
The	authors	believe	 that	margin	status	and	 lymph	node	harvest	can	be	used	not	only	 to	 justify	 the	adequacy	of
minimally	invasive	surgery	but	also	in	conjunction	with	safety	parameters.

In	 the	 forthcoming	 review	 of	 data	 in	 hepatobiliary	 and	 gastrointestinal	 oncology,	we	make	 little	 distinction
between	various	techniques	or	the	technology	used	for	minimally	invasive	surgery,	except	in	the	instance	where
we	believe	one	technique	has	clear	advantages.	It	is	important	to	note	that	there	are	many	techniques	used	in	both
laparoscopy	and	robotic	surgery,	for	example,	hand-assist	surgery,	intracorporeal	anastomosis,	single-site	surgery.
The	general	goal	of	all	minimally	invasive	procedures	is	to	perform	them	with	minimal	incisions;	that	is	it.	The
tools	employed,	or	number	of	1-cm	incisions,	matter	far	less	than	strict	adherence	to	proper	oncologic	principles.

Colon	and	Rectal	Cancer
Since	 the	 report	 of	 the	 first	 laparoscopic	 colectomy	 in	 1991,	 the	 adoption	 of	 minimally	 invasive	 surgical
techniques	for	colon	and	rectal	cancer	has	grown	steadily.33	However,	early	enthusiasm	was	met	with	caution	as
early	reports	of	feasibility	also	showed	an	associated	higher	port	site	recurrence	rate	with	laparoscopic	colectomy,
and	 conversion	 to	 open	 procedure	 was	 associated	 with	 worse	 disease-specific	 survival.	 The	 subsequent
prospective	studies	established	benefits	ranging	from	decreased	length	of	hospitalization,	to	less	blood	loss,	and	to
improved	 postoperative	 pulmonary	 function.	 Even	 with	 these	 short-term	 advantages,	 long-term	 oncologic
outcomes	did	not	differ.	Although	it	 is	beyond	the	scope	of	this	chapter	to	review	surgical	 techniques,	as	many
variations	in	laparoscopic	and	robotic	colorectal	surgery	exist,	the	reader	should	be	aware	of	emerging	techniques
for	 rectal	 resection,	 including	 transanal	 minimally	 invasive	 surgery	 (TAMIS)	 or	 transanal	 endoscopic
microsurgery	 (TEM),	 for	 resection	 for	 very	 early-stage	 rectal	 cancers.	 Maintenance	 of	 sound	 surgical	 and
oncologic	principles	should	remain	a	part	of	any	minimally	invasive	operation.	The	following	sections	focus	on
the	data	that	have	supported	the	adoption	and	expansion	of	laparoscopic	and	robotic	surgery	for	colon	and	rectal
cancers.

The	 Clinical	 Outcomes	 of	 Surgical	 Therapy	 (COST)	 trial	 randomized	 patients	 to	 open	 or	 laparoscopic
colectomy	for	resection	of	colon	adenocarcinoma.34	This	seminal	work	demonstrated	not	only	short-term	benefits,
such	as	faster	recovery,	but	also	immediate	oncologic	equivalency	with	regard	to	margin	status	and	lymph	node
harvest.	More	 importantly,	when	comparing	open	 to	 laparoscopic	colectomy,	 there	were	no	differences	 in	 local
recurrence,	wound	recurrence,	and	5-year	disease-free	survival	rates.

TABLE	42.3
Trials	Comparing	Laparoscopic	versus	Open	Colectomy

Trial
Study
Period

No.	of	Patients	Undergoing	Laparoscopic/Open
Approach

Disease-Free
Survival

Overall
Survival

COST 1994–2001 435/428 ND ND

COLOR 1997–2003 627/621 ND ND

CLASICC36 1996–2002 526/268 ND ND

ALCCaS37 1998–2005 294/298 ND ND
COST,	 Clinical	 Outcomes	 of	 Surgical	 Therapy;	 ND,	 no	 difference;	 COLOR,	 Colon	 Cancer	 Laparoscopic	 or	 Open	 Resection;
CLASICC,	 Conventional	 versus	 Laparoscopic-Assisted	 Surgery	 in	 Colorectal	 Cancer;	 ALCCaS,	 Australian	 Laparoscopic	 Colon
Cancer	Surgical	Trial.

The	Colon	Cancer	Laparoscopic	 or	Open	Resection	 (COLOR)	 trial	 subsequently	 reported	 similar	 results	 of
open	versus	laparoscopic	colectomy.35	The	immediate	benefits	of	laparoscopy	were	reinforced,	and	no	differences
in	 wound	 recurrence	 rates,	 5-year	 disease-free	 survival,	 and	 overall	 survival	 were	 demonstrated.	 These	 two
landmark	 trials,	 and	 others	 (Table	 42.3),36,37	 have	 established	 clinical	 benefit	 and	 long-term	 oncologic
equivalency	of	laparoscopic	colectomy	for	colorectal	cancers.

However,	minimally	invasive	surgery	for	rectal	cancer	is	considered	by	many	as	more	complex	than	minimally
invasive	surgery	for	colon	cancer	given	the	anatomy	of	the	pelvis,	relationship	to	pelvic	nerves	and	ureters,	and
the	need	for	total	mesorectal	excision.	Rightfully	so,	these	concerns	resulted	in	reservations	in	the	rapid	adoption
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of	 minimally	 invasive	 surgery	 for	 rectal	 cancers.	 Two	 prospective	 trials	 have	 demonstrated	 equivalency	 with
regard	to	open	versus	laparoscopic	surgery	for	rectal	cancers.38–41	The	Comparison	of	Open	versus	laparoscopic
surgery	for	mid	or	low	REctal	cancer	After	Neoadjuvant	chemoradiotherapy	(COREAN)	trial	comparing	open	and
laparoscopic	surgery	 for	mid-	and	 low	rectal	cancers	 reported	comparable	short-term	quality	measures,	 such	as
completeness	of	mesorectal	excision	and	circumferential	resection	margin	(CRM),	and	similar	recurrence-free	and
overall	survival	rates.	Adding	to	this,	the	COLOR	II	trial	noted	similar	recurrence-free	and	overall	survival	rates
between	 laparoscopic	 and	 open	 resection,	 with	 comparable	 quality	 metrics	 of	 mesorectal	 excision	 and	 CRM.
However,	two	subsequent	prospective	trials	used	a	short-term	surrogate	end	point	composed	of	three	pathologic
factors	 to	 assess	 noninferiority	 of	 laparoscopic	 proctectomy	 compared	 to	 open	 surgery.42,43	 Adequate	 rectal
resection	 was	 defined	 as	 achieving	 complete	 total	 mesorectal	 excision,	 clear	 CRM	 (≥1	 mm),	 and	 clear	 distal
resection	margin	(≥1	mm).	In	both	the	American	College	of	Surgeons	Oncology	Group	(ACOSOG)	Z6051	and
Australasian	Laparoscopic	Cancer	 of	 the	Rectum	Trial	 (ALaCaRT)	 studies,	 the	 differences	 between	 successful
rectal	resection	in	the	laparoscopic	and	open	surgery	groups	failed	to	meet	prespecified	noninferiority	margins	and
therefore	 failed	 to	 establish	 noninferiority	 of	 laparoscopic	 surgery.	Longer	 follow-up	of	 recurrence	 and	overall
survival	will	be	important	to	gauge	the	applicability	of	the	results	from	these	recent	trials.	As	is	true	in	most	of
cancer	surgery,	good	judgment	and	patient	selection	are	key	to	achieving	the	best	outcomes.

Hepatobiliary	and	Pancreas	Cancer
With	the	increasing	acceptance	of	laparoscopic	and	robotic	surgical	techniques	for	other	gastrointestinal	cancers,
it	 follows	 that	 hepatobiliary	 and	 pancreatic	 tumors	 would	 also	 be	 amenable	 to	 minimally	 invasive	 surgical
resection.	 It	 should	be	known	 that	 almost	 every	open	operation	 for	 liver,	 biliary,	 or	 pancreas	 disease	 has	 been
accomplished	using	laparoscopic	or	robotic	techniques.	It	is	beyond	the	scope	of	this	chapter	to	detail	the	methods
or	outcomes	of	these	various	operations.	However,	pancreatectomy	exemplifies	the	push	toward	more	advanced
laparoscopic	and	robotic	surgery	for	patients	with	gastrointestinal	cancers.

The	 two	 most	 common	 pancreas	 operations	 are	 distal	 pancreatectomy	 (DP)	 and	 pancreaticoduodenectomy
(PD).	Minimally	 invasive	DP	 is	 considered	 by	many	 surgeons	 to	 be	 a	 preferred	method	 for	 resection	 of	 both
benign	and	malignant	pancreas	 tumors.	Although	there	are	no	prospective	randomized	 trials	comparing	open	to
minimally	invasive	DP,	observational	studies	have	suggested	safety	and	feasibility.	Prospective	studies	have	been
described	and	are	under	way.

Similarly,	 minimally	 invasive	 PD	 has	 been	 described	 in	 several	 cohorts.	 Both	 laparoscopic	 and	 robotic
approaches	have	been	undertaken	and	are	shown	to	be	feasible.	However,	significant	concerns	have	been	raised
about	 longer	operative	 times,	 treatment	morbidity,	health-care	costs,	 and	generalizability	of	minimally	 invasive
PD.	Although	 oncologic	 equivalency	 of	 laparoscopic	 and	 robotic	 PD	 is	 advocated	 by	 high-volume	 centers,	 no
current	 prospective	 data	 exist.44,45	 However,	 it	 is	 likely	 that	 adherence	 to	 oncologic	 surgical	 principles	 would
ultimately	show	equivalency,	especially	for	pancreatic	adenocarcinoma,	which	is	almost	uniformly	lethal.	What
remains	 to	 be	 demonstrated	 is	whether	minimally	 invasive	 approaches	 to	 PD	 are	 associated	with	 significantly
lower	 complication	 rates	 (e.g.,	 pancreatic	 fistula)	 compared	 to	 open	 PD	 and	whether	 the	 added	 time	 and	 cost
associated	 with	 laparoscopic	 and	 robotic	 surgery	 are	 warranted	 in	 an	 era	 of	 evidence-based	 medicine,	 cost
containment,	and	pay	for	performance.

GENITOURINARY	AND	GYNECOLOGIC	ONCOLOGY
Hysterectomy	for	Endometrial	and	Cervical	Cancer
Endometrial	cancer	is	the	most	common	gynecologic	tumor	in	developed	countries.	The	most	common	subtype,
endometrioid	adenocarcinoma,	is	diagnosed	most	often	with	disease	confined	to	the	uterus	and	thus	treated	with
total	 hysterectomy	 with	 bilateral	 salpingo-oophorectomy.	 Both	 laparoscopic	 and	 robotic-assisted	 surgical
approaches	 have	 been	 used	 to	 treat	 early-	 stage	 endometrial	 cancer,	 and	 both	 have	 proven	 oncologically
equivalent	 to	open	procedures.46	The	Laparoscopic	Approach	 to	Cancer	of	 the	Endometrium	 (LACE)	 trial	was
conducted	to	evaluate	both	quality	of	life	(QOL)	outcomes	and	disease-free	survival	after	total	hysterectomy	for
clinical	 stage	 I	 endometrial	 cancer.47,48	 This	 randomized	 trial	 compared	 total	 abdominal	 (open)	 hysterectomy
(TAH)	 with	 or	 without	 lymphadenectomy	 to	 total	 laparoscopic	 hysterectomy	 (TLH)	 with	 or	 without
lymphadenectomy.	The	study	demonstrated	improved	short-term	QOL	measures	and	less	frequent	postoperative
adverse	 events	 with	 TLH	 compared	 to	 TAH.	With	 long-term	 follow-up,	 both	 surgical	 approaches	 resulted	 in



similar	 rates	 of	 disease-free	 survival	 and	 overall	 survival.	 Although	 not	 standardized	 for	 the	 treatment	 of
endometrial	cancer,	lymph	node	staging	via	sentinel	node	mapping,	pelvic	lymphadenectomy,	or	para-aortic	nodal
assessment	for	high-risk	tumors	can	all	be	accomplished	with	minimally	invasive	techniques.

Laparoscopic	 or	 robotic	 approaches	 are	 not	 advocated	 for	 bulky	 tumors	 because	 morcellation	 has	 been
associated	 with	 increased	 rates	 of	 local	 and	 peritoneal	 recurrence.	 When	 uterine	 sarcoma	 is	 suspected
preoperatively,	 complete	 tumor	 extirpation	 and	 en	 bloc	 resection,	 as	 needed,	 are	 preferred	 over	 the	 short-term
benefits	 afforded	 by	 laparoscopic	 or	 robotic	 approaches.	 The	 unique	 biology	 of	 these	 tumors	 necessitates
adherence	to	oncologic	principles	at	the	expense	of	clinical	expediency.

To	date,	no	randomized	controlled	trial	has	compared	the	safety	and	efficacy	of	open	surgery	to	laparoscopic	or
robotic	 surgery	 in	 patients	 with	 cervical	 cancer.	 However,	 multiple	 retrospective	 and	 a	 few	 noncontrolled
prospective	 studies	 have	been	 reported.49	Although	 robotic-assisted	 and	 laparoscopic	 procedures	 are	 associated
with	 the	 expected	 shorter	 hospital	 stay	 and	 lower	 blood	 loss,	 oncologic	 equivalence	 has	 not	 yet	 been
demonstrated.	It	is	expected	that	more	early-stage	gynecologic	cancers	are,	and	will	be,	treated	with	laparoscopic
and	 robotic-assisted	 techniques.	 Evaluation	 of	 oncologic	 outcomes	 with	 these	 techniques	 will	 be	 required	 to
ensure	optimal	patient	outcomes.

Robotic-Assisted	Radical	Prostatectomy	for	Prostate	Cancer
Radical	prostatectomy	is	the	recommended	treatment	for	localized	prostate	cancer	in	men	with	a	life	expectancy
greater	 than	 10	 years.	 Traditionally,	 this	 has	 been	 performed	 through	 an	 open,	 retropubic	 approach.	 Since	 the
advent	of	minimally	invasive	surgical	techniques,	numerous	studies	have	demonstrated	the	safety	and	feasibility
of	 both	 laparoscopic	 and	 robotic-assisted	 radical	 prostatectomy.	 In	 North	 America,	 radical	 prostatectomy	 is
increasingly	performed	using	the	robotic	surgery	platform.	The	prostate	is	considered	an	ideal	organ	for	robotic
surgery	 because	 the	 operative	 field	 is	 limited	 due	 to	 anatomy	 of	 the	 bony	 pelvis	 and	meticulous	 dissection	 is
afforded	 by	 enhanced	 visualization.	 This	 is	 helpful	 with	 nerve	 preservation	 and	 urethral	 anastomosis.
Postoperative	 urinary	 and	 sexual	 functions	 have	 been	 reported	 to	 be	 improved	 in	 patients	 undergoing	 robotic-
assisted	prostatectomy.50	Although	robotic-assisted	prostatectomy	is	widely	performed,	there	remains	a	paucity	of
randomized	 studies	 to	 allow	 thorough	 comparisons.	 In	 a	meta-analysis	 of	 two	 randomized	 studies,	 the	 authors
conclude	 urinary	 and	 sexual	 QOL-related	 outcomes	 appear	 similar,	 as	 do	 overall	 and	 serious	 postoperative
complication	 rates;	 however,	 no	 high-quality	 evidence	 is	 available	 to	 compare	 effectiveness	 for	 oncologic
outcomes.51	Moreover,	cost	considerations	appear	to	favor	open	surgery	because	laparoscopic	and	robotic-assisted
surgical	 platforms	 are	 associated	 with	 higher	 costs.	 Prospective	 controlled	 data	 with	 long-term	 follow-up	 are
required	to	objectively	evaluate	open	and	minimally	invasive	techniques	for	radical	prostatectomy.

Laparoscopic	and	Robotic	Nephrectomy
More	 frequent	use	of	abdominal	 imaging	 is	associated	with	an	 increased	 incidence	of	early-stage	 renal	cortical
tumors,	 the	most	 common	of	which	 is	 renal	 cell	 carcinoma.	As	with	 other	 tumors,	 laparoscopic	 approaches	 to
radical	 nephrectomy	 have	 demonstrated	 safety	 and	 feasibility	 for	 both	 benign	 and	 malignant	 kidney	 lesions.
Regardless	of	 transperitoneal	or	 retroperitoneal	approach,	 laparoscopic	 resection	of	 renal	 tumors	 is	an	accepted
alternative	to	open	surgery.	As	laparoscopy	for	renal	surgery	has	evolved,	so	too	have	the	indications,	such	that
partial	 nephrectomy	 is	 now	 frequently	 performed	 with	 both	 laparoscopic	 and	 robotic	 approaches.52	 With
demonstrable	 reduction	 in	 complication	 rates	 and	 warm	 ischemia	 time,	 localized	 renal	 cell	 cancers	 are	 more
commonly	 treated	 with	 nephron-sparing	 surgery	 (i.e.,	 partial	 nephrectomy);	 however,	 the	 oncologic	 outcomes
have	 not	 been	 evaluated	 in	 a	 prospective,	 randomized	 study.	 Indeed,	 even	 complex	 procedures	 such	 as	 repeat
robotic-assisted	partial	nephrectomy	have	been	reported	as	safe	and	feasible	in	certain	centers	of	excellence.53

EMERGING	TECHNIQUES
Natural	Orifice	Transluminal	Endoscopic	Surgery	and	Transoral	Robotic
Surgery
Natural	orifice	transluminal	endoscopic	surgery	(NOTES)	involves	the	insertion	of	an	endoscopic	device,	flexible
or	rigid,	through	a	natural	orifice	such	as	the	mouth,	anus,	or	vagina.	This	is	followed	by	incision	of	the	visceral
wall	 to	 gain	 access	 to	 intracavitary	organs	 (i.e.,	 peritoneal	 cavity).	There	 are	many	purported	benefits	 to	 using
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NOTES	 over	 traditional	 techniques	 such	 as	 elimination	 of	 a	 skin	 surface	 incision	 and	 surgical	 site	 infections,
reduction	in	pain,	shorter	recovery	time,	and	reduced	hernia	formation.	However,	limitations	of	NOTES	include
difficult	visualization	and	instrument	maneuverability.	Despite	 these	 limitations,	NOTES	has	been	applied	for	a
variety	 of	 organ	 resections	 including,	 but	 not	 limited	 to,	 cholecystectomy,	 nephrectomy,	 appendectomy,	 and
partial	colectomy.54

Transoral	 robotic	 surgery	 (TORS)	 is	 being	 applied	 for	 procedures	 of	 the	 oropharynx,	 hypopharynx,
supraglottis,	and	glottis.	It	has	been	shown	to	be	safe	and	effective,	although	it	is	still	considered	in	early	stages	of
development.	Perceived	benefits,	as	in	other	areas	of	surgery,	are	high-resolution	visualization	and	the	ability	to
perform	 precise	 dissection	 with	 minimization	 of	 hand	 tremor.	 However,	 challenges	 to	 the	 expanding	 field	 of
TORS	include	the	lack	of	haptic	feedback,	common	to	the	robotic	surgery	platform;	the	absence	of	drills	and	other
necessary	instrumentation;	and	the	relative	large	size	of	existing	instruments.55	Purely	transoral	approaches	have
been	 modified	 by	 combining	 with	 transcervical	 and	 transnasal	 approaches	 to	 expand	 access	 and	 feasibility.
Although	not	widespread,	TORS	represents	an	area	of	evolution	for	endoscopic	and	robotic	surgical	oncology.

CONCLUSION
As	of	the	writing	of	this	chapter,	the	debate	over	the	rising	costs	of	health	care	in	the	United	States	and	the	status
of	 components	 of	 the	 Patient	 Protection	 and	 Affordable	 Care	 Act	 continues	 to	 overshadow	 discussions	 about
medical	device	innovation.	Current	efforts	to	both	improve	health-care	quality	and	contain	costs	involve	a	move
away	 from	 the	 fee-for-service	 payment	 system	 and	 toward	 a	 value-based	 payment	 system.	 This	 implies	 that
medical	 devices,	 just	 as	 other	medical	 treatments,	will	 be	 judged	 according	 to	 health	 benefits	 for	 patients	 and
overall	 cost.	 Although	 laparoscopy	 and	 thoracoscopy	 are	 not	 typically	 derided	 as	 cost	 prohibitive,	 the	 robotic
surgery	platform	(i.e.,	da	Vinci	System)	 is	often	 the	standard	bearer	 for	high-cost	surgical	care	at	a	cost	over	1
million	U.S.	dollars	per	robot.	Surgical	techniques,	unlike	drug	therapy,	are	generally	adopted	in	the	absence	of
comparative	 studies.	 However,	 ongoing	 study	 of	 practicality,	 clinically	 meaningful	 benefit,	 and	 cost	 will	 be
necessary	 to	 ensure	 the	 appropriate	 application	of	minimally	 invasive	 and	 robotic	 surgical	 techniques.	Surgical
technology	 is	 not	 intended	 to	 completely	 replace	 traditional	 surgical	 methods;	 however,	 the	 motivation	 for
technologic	 advancement	 is	 to	 develop	 more	 effective	 procedures	 and	 further	 reduce	 the	 impact	 of	 surgical
treatment	on	our	patients.
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43 Tumor	Biomarkers
Corey	W.	Speers	and	Daniel	F.	Hayes

INTRODUCTION
A	tumor	biomarker	is	a	molecular	or	tissue-based	process	that	provides	information	about	the	future	behavior	of	a
cancer	 but	 requires	 a	 special	 assay	 that	 is	 beyond	 routine	 clinical,	 radiographic,	 or	 pathologic	 examination.1
Biomarkers	can	be	 the	result	of	changes	 in	malignant	 tissue	compared	to	normal	 tissue,	changes	 in	one	 type	of
malignancy	that	distinguish	it	from	another,	or	changes	within	a	tumor	type	that	distinguish	one	behavior	from	the
other.	Tumor	biomarkers	can	be	composed	of	different	biologic	molecules	or	measured	at	different	levels:	DNA,
RNA,	protein,	cell,	and	tissue.	For	example,	DNA-based	biomarker	assays	might	detect	gene	mutations,	deletions,
amplifications,	 or	 methylation.	 RNA-based	 biomarker	 assays,	 which	 include	 microRNAs	 (miRNAs)	 or	 long
noncoding	RNAs	might	 detect	 over-	 or	 underexpression	 of	 the	message,	 splice	 differences	 in	 the	message,	 or
inhibitory	 miRNAs	 that	 prevent	 translation	 of	 other	 transcripts.	 Protein-based	 biomarkers	 can	 include
overexpression,	underexpression,	or	qualitative	abnormalities	including	altered	phosphorylation	status.	One	might
detect	cancer	cells	in	tissues	or	fluid	in	which	they	do	not	belong,	such	as	regional	lymph	nodes,	circulation,	or
distant	 organs	 (like	 bone	marrow)	 or	 tumor	 cells	 or	 tumor	 DNA	 in	 the	 blood	 (like	 circulating	 tumor	 cells	 or
circulating	tumor	DNA).

A	biomarker	might	be	identified	and	evaluated	in	the	tissue	of	origin	or,	as	noted,	in	regional	lymph	nodes	or
distant	tissues.	Biomarkers	can	also	be	identified	in	circulation,	either	as	soluble	molecules,	such	as	DNA,	RNA,
or	protein,	or	as	whole	cells.	Furthermore,	detection	of	abnormal	tissue	processes	induced	by	an	existing	cancer,
such	as	neovascularization	or	imaging	changes	that	occur	during	oncogenesis	or	treatment	response	(i.e.,	positron
emission	 tomography–computed	 tomography	 [PET-CT]	changes,	 single-photon	emission	computed	 tomography
[SPECT]	scans,	or	dynamic	contrast-enhanced	magnetic	resonance	imaging	[DCE-MRI])	can	also	serve	as	tumor
biomarkers.

Importantly,	 there	 may	 be	 one	 or	 more	 tests	 for	 a	 given	 tumor	 biomarker.	 Different	 tests	 for	 the	 same
biomarker	 may	 be	 directed	 against	 different	 molecular	 factors	 that	 constitute	 it	 (such	 as	 DNA	 or	 RNA
abnormalities,	protein	overexpression,	etc.),	and	even	if	they	are	against	the	same	molecule,	different	types	of	tests
for	 that	molecule	may	 be	 use,	 such	 as	 quantifying	 protein	 levels	with	 a	Western	 blot,	 immunohistochemistry,
immunofluorescence,	or	enzyme-linked	immunosorbent	assay	(ELISA).	Moreover,	different	reagents	may	be	used
within	 the	 same	 type	 of	 assay,	 such	 as	 using	 different	monoclonal	 antibodies	 that	 react	with	 slightly	 different
epitopes	on	the	same	antigen.	Taken	together,	these	considerations	highlight	how	important	it	is	for	a	clinician	to
understand	the	analytical	properties	of	a	tumor	biomarker	test	and	not	assume	that	all	tests	for	the	same	biomarker
give	the	same	results.

For	example,	 the	protooncogene	HER2	 (also	designated	as	c-erbb-2	 and	c-	neu)	has	been	 shown	 to	be	very
important	 in	breast	cancer	biology	and	 is	a	critical	 target	 for	multiple	 therapies:	anti-	HER2	antibodies,	such	as
trastuzumab,	 trastuzumab	 emtansine,	 and	 pertuzumab,	 or	 tyrosine	 kinase	 inhibitors,	 such	 as	 lapatinib	 and
neratinib.2–9	HER2	 gene	 amplification	 and	 its	 expression	 can	 be	measured	 by	many	 different	 assays,	 either	 in
primary	or	metastatic	breast	cancer	tissue	or	in	blood,	either	as	a	soluble	protein	or	expressed	on	circulating	tumor
cells.10–12	 Gene	 amplification	 can	 be	 assayed	 using	 fluorescent	 or	 chromogenic	 in	 situ	 hybridization,	 high-
resolution	comparative	genomic	hybridization,	or	by	dot	blot	technology.	Breast	cancer	tissue	HER2	message	can
be	 evaluated	 using	 reverse-transcription	 polymerase	 chain	 reaction	 (RT-PCR)	 or	microarray-based	 assays,	 and
HER2	 protein	 overexpression	 can	 be	 quantified	 by	 Western	 blot,	 immunohistochemistry	 (IHC),
immunofluorescence,	or	ELISA.	The	circulating	extracellular	domain	of	HER2	can	be	detected	in	serum,	plasma,
and	 saliva.	HER2	 protein	 expression	 in	 circulating	 cancer	 cells	 can	 be	measured	 by	 immunohistochemistry	 or
immunofluorescence,	 and	 amplification	 of	HER2	 gene	 in	 these	 cells	 can	 be	 measured	 by	 fluorescent	 in	 situ
hybridization.	Furthermore,	recent	data	have	suggested	that	the	neratinib	may	be	effective	in	breast	cancers	with
mutated	but	normal	copy/expression	HER2.13	Each	of	these	assays	for	the	same	fundamental	biomarker	may	give
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very	different	 indications	of	 the	biology	of	 the	 tumor	and	may	differ	 for	one	 type	of	 tumor	(i.e.,	breast	cancer)
compared	to	another	(i.e.,	gastric,	esophageal,	lung,	or	ovarian	cancer).

More	 recently,	 tumor	biomarker	 tests	 that	 incorporate	 several	parameters	 into	 a	 single	 index,	or	 score,	 have
become	available.	This	approach	is	analogous	to	using	TNM	(tumor,	nodal,	metastasis)	to	create	a	tumor	stage.
The	 most	 commonly	 used	 of	 these	 types	 of	 tumor	 biomarker	 tests	 incorporate	 gene	 expression	 profiles,	 or
“signatures,”	using	microarray	technologies,	and	there	are	now	several	such	tests	that	a	clinician	can	use	to	guide
whether	to	recommend	therapy	and	perhaps	even	what	type.

These	 considerations	 illustrate	 the	 enormous	 complexity	 of	 tumor	 biomarker	 biology,	 research,	 and	 clinical
use.	 Thus,	 it	 is	 critical	 that	 each	 end	 user	 (i.e.,	 the	 biologist,	 investigator,	 and	 clinician)	 has	 a	 thorough
understanding	of	the	important	concepts	and	pitfalls	of	tumor	biomarker	test	results	and	applications.

USES	FOR	TUMOR	BIOMARKER	TESTS
There	are	several	possible	clinical	uses	for	a	tumor	biomarker	(Table	43.1).	A	tumor	biomarker	test	might	be	used
to	adjust	risk	categorization	for	an	individual	not	affected	by	the	disease.	Such	a	tumor	biomarker	test	could	then
be	used	to	more	efficiently	apply	prevention	or	screening	strategies	if	these	have	been	proven	to	be	effective.	Most
commonly,	these	are	inherited,	germline	deleterious	single	nucleotide	polymorphisms	in	tumor	suppressor	genes
(such	 as	 found	 in	 the	BRCA1	 and	BRCA2	 genes).	 Tumor	 biomarker	 tests	 might	 also	 be	 used	 themselves	 for
screening	for	early	detection	and	treatment.	For	example,	qualitative	tests	for	the	human	polyoma	virus	have	been
incorporated	into	Papanicolaou	smears	for	early	detection	of	cervical	cancer.14

Tissue-	and	serum-based	tumor	biomarker	tests	have	also	been	used	to	establish	the	tissue	of	origin	of	a	newly
diagnosed	 cancer	 (differential	 diagnosis)	 (Table	 43.2).	 For	 example,	 the	 presence	 of	 cytokeratin	 protein
expression	 is	 indicative	 that	 the	 malignancy	 is	 epithelial	 in	 origin,	 whereas	 hematologic	 markers	 and
mesenchymal	 markers	 are	 helpful	 in	 distinguishing	 heme	malignancies	 and	 sarcomas.	 Likewise,	 either	 tissue-
expression	or	circulating	α-fetoprotein	(AFP)	or	β-human	chorionic	gonadotropin	(β-hCG)	in	males	with	poorly
differentiated	malignancies	 of	 uncertain	 origin	 suggest	 a	 germ	 cell	malignancy.	Although	 other	 conditions	 can
cause	elevated	serum	levels	of	these	biomarkers,	they	are	rare.	Most	oncologists	would	feel	comfortable	treating
such	a	patient	with	chemotherapy	directed	toward	germ	cell	malignancy.15	Moreover,	even	in	the	larger	classes	of
malignancy	types	(hematologic,	mesenchymal,	epithelial),	tumor	biomarker	tests	can	be	used	to	more	specifically
identify	the	tissue	of	origin.	This	utility	requires	that	the	tumor	biomarker	test	be	at	least	relatively	tissue	specific,
which	 is	 uncommon.	 However,	 as	 an	 example,	 expression	 of	 the	 S100	 protein	 is	 highly	 suggestive	 that	 the
malignancy	is	a	melanoma,	whereas	prostate-specific	antigen	(PSA)	and	thyroid	transcription	factor	1	(TTF1)	are
almost	exclusively	produced	by	prostate	and	lung	cancers,	respectively.

TABLE	43.1
Potential	Uses	of	a	Tumor	Biomarker	Test

Risk	categorization
Screening	for	early	diagnosis	and	treatment
Differential	diagnosis

Between	malignant	and	benign
Between	types	of	malignancies	(hematologic,	mesenchymal,	epithelial,	or	within	each	category)

Prognosis	and/or	prediction
Monitoring

Patients	who	are	clinically	free	of	disease	to	detect	occult	recurrence
Patients	with	active	cancer	to	determine	disease	state

The	most	 frequent	 use	 of	 a	 tumor	 biomarker	 test	 is	 to	 determine	 prognosis	 in	 a	 patient	with	 an	 established
cancer.	However,	it	is	important	to	distinguish	the	difference	between	a	prognostic	factor	and	a	predictive	factor.
A	pure	prognostic	tumor	biomarker	test	is	used	to	determine	risk	of	disease	outcome	either	in	the	absence	of	any
treatment	or	to	determine	“residual	risk”	after	some	treatment,	when	the	clinician	might	consider	more	therapy	if
the	patient’s	prognosis	is	sufficiently	poor	(Fig.	43.1A).16	For	almost	every	epithelial	malignancy,	the	presence	of
involved	 local-regional	 lymph	nodes,	as	determined	by	routine	hematoxylin	and	eosinophilic	staining,	 is	highly
associated	with	subsequent	distant	recurrence	in	death.17	A	good	example	of	a	prognostic	tumor	biomarker	test	is
the	 circulating	PSA	 level	 at	 time	of	diagnosis	 for	men	with	prostate	 adenocarcinoma.	 In	breast	 cancer,	 several



multiparameter	 tissue-based	signature	scores	exist,	which	are	used	 to	determine	 if	a	patient	with	node-negative,
estrogen	 receptor–positive	 breast	 cancer	 has	 such	 a	 favorable	 prognosis	 (or	 low	 residual	 risk)	 with	 adjuvant
endocrine	therapy	alone	that	she	does	not	need	adjuvant	chemotherapy.18

TABLE	43.2
Accepted	Tumor	Biomarker	Tests	Useful	for	Differential	Diagnosis	of	Common	Solid
Malignancies

Cancer Biomarker LOE
Breast Tissue	ER,	PgR	(some	uterine	and	lung	cancers	are	weakly	positive)

Gross	cystic	disease	protein
III

Colon/intestine Tissue	CDX2 III

Lung Tissue	TTF1	(also	positive	in	thyroid	cancer,	but	thyroid	also	positive	for	thyroglobulin) III

Melanoma Tissue	S100,	Pmel,	Tyrosinase,	MITF,	Melan-A,	HMB45,	SM5-1 III

Ovarian WT1 III

Prostate Circulating	or	tissue	PSA,	urinary	PCA3 III

Male	germ	cell Tissue	or	circulating	α-fetoprotein,	β-hCG,	tissue	PLAP II–III

Female	choriocarcinoma Tissue	or	circulating	β-hCG	(also	elevated	in	pregnancy) III
LOE,	 level	 of	 evidence;	ER,	 estrogen	 receptor;	PgR,	 progesterone	 receptor;	 TTF1,	 thyroid	 transcription	 factor	 1;	PSA,	 prostate-
specific	antigen;	β-hCG,	β-human	chorionic	gonadotropin;	PLAP,	placental-like	alkaline	phosphatase.

In	contrast,	a	pure	predictive	factor	 is	associated	with	 the	 likelihood	of	sensitivity	or	 resistance	 to	a	specific
therapy,	assuming	the	patient’s	prognosis	is	sufficiently	poor	to	justify	its	toxicity	and	cost	(Fig.	43.1B).	A	tumor
biomarker	 test	can	be	predictive	because	 it	 is	 the	direct	 target	of	 the	anticipated	 therapy	 (such	as	breast	cancer
tissue	estrogen	receptor	content	for	endocrine	therapy),	or	it	is	indicative	of	a	pathway	or	process	that	is	involved
in	activity	of	the	drug	(such	as	KRAS	mutations	and	anti–epidermal	growth	factor	receptor	antibody	therapies).
Perhaps	the	best	example	of	a	predictive	factor	in	all	of	oncology	is	the	presence	or	absence	of	estrogen	receptor
in	breast	cancer	and	response	to	antiestrogen	therapy,	such	as	selective	estrogen	receptor	modulators	(tamoxifen,
toremifene,	 raloxifene),	 aromatase	 inhibitors	 (anastrozole,	 exemestane,	 letrozole),	 and	 the	 selective	 estrogen
receptor	downregulator	fulvestrant.19

Although	some	tumor	biomarker	 tests	are	purely	prognostic	or	predictive	factors,	most	are	mixed	prognostic
and	predictive	markers	(Fig.	43.1C).	Therefore,	it	may	be	difficult	to	determine	if	the	marker	is	useful	for	one	or
the	other	clinical	applications.	For	example,	O-6-methylguanine-DNA	methyltransferase	promoter	methylation	in
patients	with	glioblastoma	not	only	portends	improved	overall	survival	in	the	absence	of	any	therapy	(prognostic)
but	 also	 predicts	 response	 to	 alkylating	 agents	 like	 temozolomide	 (predictive	 of	 treatment	 response).20–23
Therefore,	this	tumor	biomarker	test	is	both	a	favorable	prognostic	and	predictive	factor.

Many	 other	 tumor	 biomarker	 tests	 can	 provide	 divergent	 information	 for	 each	 setting.	 For	 example,
amplification	or	overexpression	of	HER2	in	breast	cancer	is	associated	with	a	worse	prognosis	in	the	absence	of
therapy.	However,	HER2	 is	 a	 favorable	 predictive	 factor	 for	 some	 types	 of	 therapy,	 such	 as	 anthracycline	 or
taxane-based	chemotherapy,	and	for	anti-	HER2	antibody	and	tyrosine	kinase	inhibitor	therapies,	whereas	it	is	a
negative	predictive	factor	for	others,	such	as	certain	types	of	endocrine	treatments.24–27	Therefore,	it	is	important
for	both	the	investigator	and	the	clinician	to	understand	a	study	that	claims	that	a	given	tumor	biomarker	test	is
“prognostic”	 cannot	 be	 considered	 valid	 unless	 all	 systemic	 therapies	 are	 considered.	 If	 these	 issues	 are	 not
considered,	 it	 is	 likely	 that	 a	 biomarker	will	 either	 never	 be	 found	 to	 be	 useful,	 or,	worse,	 it	will	 be	misused
clinically.28

Additionally,	 the	 utility	 of	 a	 given	 tumor	 biomarker	 test	may	 also	 depend	 on	 the	 end	 point	 evaluated.	 For
example,	positive	surgical	margin	status	after	tumor	resection	has	been	repeatedly	demonstrated	to	be	prognostic
for	local	recurrence	in	breast	cancer,	but	this	finding	has	no	value	as	a	prognostic	factor	for	distant	recurrence	or
death.

Serial	measurement	of	tumor	biomarker	tests	can	be	used	to	monitor	disease	status	in	several	settings.	Patients
with	primary	disease	might	be	monitored	during	surgery,	radiation,	or	adjuvant	therapy	to	determine	if	the	current
treatment	should	be	continued	or	an	alternative	strategy	might	be	 indicated.	Patients	who	are	 free	of	detectable
disease	after	primary	and	adjuvant	therapy	might	be	monitored	to	detect	“occult,”	or	impending,	recurrence	prior
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to	 classic	 clinical	 signs	 and	 symptoms	of	metastases.	Several	biomarkers	have	been	evaluated	 for	 this	use	 in	 a
variety	of	malignancies.	Perhaps	the	most	common	use	of	serial	tumor	biomarker	tests	is	to	monitor	patients	with
established	metastatic	disease	to	determine	if	the	patient	should	remain	on	his/her	current	regimen	or	the	clinician
should	consider	an	alternative	therapeutic	strategy.

As	 serial	 biopsies	 are	 inconvenient	 and	 logistically	 problematic,	 most	 tumor	 biomarker	 tests	 used	 for
monitoring	are	detected	in	the	blood.	The	most	commonly	used	biomarkers	to	monitor	patients	include	proteins,
circulating	cell	free	tumor	DNA,	or	intact	circulating	tumor	cells.	Tests	to	identify	and	quantify	such	circulating
tumor	biomarkers	have	recently	been	designated	as	“liquid	biopsies.”	For	example,	circulating	carcinoembryonic
antigen	(CEA),	the	first	reported	circulating	tumor-associated	antigen,	tracks	reliably	with	tumor	status	in	patients
with	colorectal	carcinoma.29	Serial	CEA	levels	are	recommended	for	patients	who	have	been	rendered	disease	free
after	primary	 therapy,	as	 resection	of	 those	with	 isolated	hepatic	metastases	appears	 to	 improve	survival.	Serial
CEA	levels	can	also	be	very	helpful	to	monitor	patients	with	established	metastases.30

Figure	43.1	Biomarkers	may	provide	prognostic,	predictive,	or	mixed	information.	In	each	panel,
examples	of	strong	(blue	line)	or	weak	(red	line)	biomarkers	are	shown.	Panel	A	depicts	a	strong
prognostic	biomarker	in	which	a	low	score	indicates	a	good	prognosis	and	a	high	score	indicates	a
bad	prognosis	(e.g.,	Oncotype	Dx	Breast	Recurrence	Score).	For	the	strong	biomarker	in	this

example,	only	a	small	number	of	patients	with	a	low	score	would	benefit	from	a	given	treatment	as
the	outcome	is	already	quite	favorable	(odds	of	survival	cannot	exceed	100%—the	dashed	line),	but

the	high-score	patients	with	a	strong	biomarker	have	a	bad	prognosis	without	treatment	and
therefore	have	a	clear	clinical	need	for	treatment.	Thus,	the	strong	biomarker	in	this	case	would	be
useful	in	the	high-score	patients	(bad	prognosis	patients	to	offer	treatment	to	improve	their	outcome
based	on	the	biomarker)	but	not	in	the	low	score	(good	prognosis	patients	because	so	few	of	them
would	have	the	chance	to	benefit	from	treatment).	For	the	weak	biomarker	(red	lines),	a	high	and
low	score	do	stratify	patients	into	good	and	poor	prognostic	groups,	but	patients	with	the	high	and
low	score	have	roughly	the	same	chance	of	benefiting	from	a	given	treatment	(delta	between	the
lines	with	and	without	treatment	the	same),	so	it	would	not	be	useful	in	deciding	when	to	provide

treatment.	Panel	B	depicts	strong	(blue	line)	and	weak	(red	line)	predictive	biomarkers	to	determine
the	benefit	of	a	given	treatment.	In	the	no	treatment	group	the	biomarker	is	not	useful	in	stratifying
prognosis	(all	groups	with	similar	prognosis	without	treatment),	but	with	treatment,	the	strong
biomarker	clearly	identifies	patients	likely	to	benefit	from	those	that	do	not	(blue	line;	dark	blue
versus	light	blue	dot).	Thus,	one	might	offer	treatment	to	those	in	the	biomarker	low	group	but
withhold	it	(for	lack	of	efficacy)	in	the	biomarker	high	group	in	this	example.	For	the	weak

biomarker,	the	clinical	benefit	is	less	as	the	two	lines	do	not	separate	as	clearly.	Panel	C	depicts	a
mixed	biomarker	in	which	a	high	score	connotes	not	only	a	poor	prognosis	but	also	a	good	response
(e.g.,	HER2	amplification	in	breast	cancer)	to	a	given	treatment.	Many	biomarkers	used	in	oncology

are	mixed	biomarkers.

Several	 other	 tumor	 biomarker	 tests	 for	 circulating	 tumor-	 associated	 antigens	 have	 been	 introduced	 into
clinical	 use.	 These	 include	 AFP	 and	 β-hGC	 for	 germ	 cell	 malignancies	 in	 men	 (when	 elevated	 at	 time	 of
diagnosis),	prostate-specific	antigen	for	prostate	cancer,	cancer	antigen	(CA)	125	for	ovarian	cancer,	CA	19-9	for
pancreas	 cancer,	 and	MUC-1	 assays	 (CA	 15-3	 and	 CA	 27.29)	 for	 breast	 cancer.	 In	 each	 case,	 as	 with	 CEA,
reasonable	data	suggest	that	monitoring	patients	with	established	metastases	is	indicated.	However,	it	is	important
to	note	that	whereas	monitoring	patients	who	are	free	of	clinically	detectable	disease	for	occult	recurrence	may	be
clinically	 indicated	 in	 some	 cancers,	 such	 as	 in	 colorectal30	 and	 male	 germ	 cell	 malignancies,31	 it	 is	 not
recommended	 in	 others,	 such	 as	 breast	 cancer.32	 The	 role	 of	 doing	 so	 in	 ovarian	 and	 prostate	 cancers	 remains
controversial.



Several	studies	of	circulating	tumor	cells	or	circulating	tumor	DNA	in	blood	or	bone	marrow	have	also	been
reported	in	a	number	of	malignancies.33	However,	the	utility	and	benefit	of	monitoring	either	of	these	is	evolving
and	is	currently	the	subject	of	intense	investigation	in	many	solid	tumor	disease	settings.

WHAT	ARE	THE	CRITERIA	TO	INCORPORATE	A	TUMOR	BIOMARKER
TEST	INTO	CLINICAL	PRACTICE?
As	 of	 the	 printing	 of	 this	 edition,	 there	were	 over	 112,000	 articles	 in	 PubMed	 that	 included	 an	 assessment	 of
tumor	biomarkers	or	biomarker	tests.	Despite	the	overwhelming	number	of	studies	purporting	to	evaluate	tumor
biomarker	 tests	 for	 the	 purpose	 of	 prognostication	 or	 prediction	 in	 oncology,	 the	 vast	majority	 of	 these	 tumor
biomarker	 tests	 have	 failed	 to	 be	 adopted	 into	 routine	 clinical	 use.	 To	 address	 this	 limitation,	 the	 American
Society	of	Clinical	Oncology	(ASCO)	convened	an	expert	panel	in	1996	to	establish	objective	and	evidence-based
guidelines	 for	 the	 use	 of	 tumor	 biomarkers	 in	 breast	 and	 colon	 cancers.	 Since	 then,	 despite	 the	 impressive
explosion	in	molecular,	biologic,	and	technical	knowledge	about	cancer,	the	recommendations	of	the	original,	and
subsequent,	ASCO	panels	have	been	quite	conservative	(Table	43.3).30,32	As	is	reviewed	in	these	guidelines,	the
following	 three	 fundamental	 criteria	 must	 be	 met	 for	 a	 tumor	 biomarker	 test	 to	 be	 incorporated	 into	 clinical
decision	making:	 (1)	 the	 precise	 use	 must	 be	 well	 defined,	 as	 described	 previously;	 (2)	 the	 magnitude	 in	 the
differences	in	outcomes	between	those	patients	who	are	positive	versus	negative	for	a	given	biomarker	must	be
sufficiently	 large	that	 the	clinician	and	patient	would	elect	 to	follow	a	different	clinical	course	 than	they	would
have	otherwise;	and	(3)	the	estimate	of	that	magnitude	must	be	accurate.	The	latter	criterion	can	be	divided	into
three	subcategories:	Is	the	assay	technically	reliable?	Is	the	clinical	study	designed	to	address	the	clinical	question
properly	 and	 has	 the	 observation	 been	 validated	 in	 a	 separate,	 equally	 well-designed	 clinical	 study?	 Is	 the
statistical	analysis	of	the	clinical	results	appropriate	and	robust?

These	three	criteria	can	be	summarized	using	the	terms	analytical	validity,	clinical	validity,	and	clinical	utility,
which	were	first	coined	by	the	Evaluation	of	Genomic	Applications	in	Practice	and	Prevention	Working	Group,
convened	by	 the	Centers	 for	Disease	Control	and	Prevention.34	Before	a	 tumor	biomarker	assay	can	be	used	 to
care	for	patients,	it	must	be	technically	accurate,	stable,	and	reproducible.	Preanalytical	concerns,	such	as	type	and
time	of	 fixation	 and	 storage,	may	 fundamentally	 alter	 tumor	biomarker	 results,	 giving	 spurious	data,	 and	 these
must	be	considered	carefully.

Clinical	validity	suggests	that	the	biomarker	does,	indeed,	separate	a	population	of	patients	into	two	groups	for
whom	 some	 outcome,	 such	 as	 response,	 or	 disease-free,	 progression-free,	 or	 overall	 survival,	 is	 different.
However,	these	observations	do	not	translate	into	clinical	utility.	Rather,	the	latter	requires	high	levels	of	evidence
that	demonstrate	that	clinical	application	of	a	tumor	biomarker	test	results	in	improved	outcomes,	related	to	one	of
the	uses	described	in	Table	43.1,	for	the	patient	when	compared	to	not	knowing	the	assay	data.

Ideally,	 the	clinical	utility	of	a	 tumor	biomarker	 test	will	have	been	 investigated	with	 the	 same	 rigor	as	one
would	study	a	new	therapeutic	agent.35	In	this	regard,	the	precise	use	of	the	biomarker	should	be	determined	from
preliminary	studies	before	the	definitive	study	is	performed,	and	that	study	should	be	a	prospective,	hypothesis-
based	clinical	trial	 in	which	the	biomarker	use	is	 the	primary	objective	of	the	trial.	Such	trials	have	rarely	been
performed,	although	there	are	currently	increasing	numbers	ongoing	within	the	cooperative	groups	in	both	North
America	and	Europe	in	patients	with	breast,	lung,	melanoma,	and	colorectal	cancers.

TABLE	43.3
Tumor	Biomarker	Tests	Useful	in	Common	Solid	Malignancies

Disease Marker
Type	of
Assay Use Recommendation

Recommended	for	Use	in	Breast	Cancer
Breast	cancer ER,	PgR IHC Predict	response	to

endocrine	therapies
Use	in	both	adjuvant	and	metastatic	settings

Breast	cancer HER2 IHC	or	ISH Predict	response	to
anti-HER2	therapies

Use	in	both	adjuvant	and	metastatic	settings

Breast	cancer uPA	and	PAI-1 ELISA Prognosis Use	in	newly	diagnosed,	node-negative	breast
cancer
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Breast	cancer Oncotype	DX
(multiparameter
gene
expression
analysis)

RT-PCR
gene
expression

Predict	the	risk	of
recurrence	in	patients
treated	with	tamoxifen

Use	in	newly	diagnosed	node-negative,	estrogen
receptor–positive	breast	cancer

Breast	cancer EndoPredict RT-PCR
gene
expression

Benefit	of	adjuvant
chemotherapy

Use	in	node-negative,	ER/PgR-positive,	HER2-
negative	breast	cancer

Breast	cancer MammaPrint RT-PCR
gene
expression

Benefit	of	adjuvant
chemotherapy

Use	in	node-negative,	ER/PgR-positive,	HER2-
negative	breast	cancer	in	those	with	high	clinical
risk	per	MINDACT	categorization

Breast	cancer MammaPrint RT-PCR
gene
expression

Benefit	of	adjuvant
chemotherapy;	such
patients	should	be
informed	that	a	benefit
of	chemotherapy
cannot	be	excluded,
particularly	in	patients
with	more	than	one
involved	lymph	node.

Use	in	node-positive	(1–3	nodes	positive),
ER/PgR-positive,	HER2-negative	breast	cancer	in
those	with	high	clinical	risk	per	MINDACT
categorization

Breast	cancer PAM50	ROR
score

Nanostring
gene
expression

Benefit	of	adjuvant
chemotherapy

Use	in	node-negative,	ER/PgR-positive,	HER2-
negative	breast	cancer

Breast	cancer Breast	Cancer
Index

RT-PCR Benefit	of	adjuvant
systemic	therapy

Use	in	node-negative,	ER/PgR-positive,	HER2-
negative	breast	cancer

Breast	cancer CA	15-3	and
CA	27.29

Serum
levels

Monitoring	response	of
systemic	treatment

Use	in	patients	with	metastatic	breast	cancer;
caution	should	be	used	when	interpreting	a	rising
biomarker	level	during	the	first	4–6	wk	of	a	new
therapy	because	spurious	early	rises	may	occur.

Breast	cancer CEA Serum
levels

Monitoring	response	of
systemic	treatment

Use	in	patients	with	metastatic	breast	cancer;
caution	should	be	used	when	interpreting	a	rising
biomarker	level	during	the	first	4–6	wk	of	a	new
therapy,	as	spurious	early	rises	may	occur.

Not	Recommended	for	Use	in	Breast	Cancer
Breast	cancer DNA	content,	S

phase
percentage

Flow
cytometry

Prognosis Present	data	are	insufficient	to	recommend	use	of
DNA	content,	S	phase,	or	other	flow	cytometry–
based	biomarkers	of	proliferation	for	management
of	patients	with	breast	cancer.

Breast	cancer p53 IHC	or
sequencing

Prognosis Present	data	are	insufficient	to	recommend	use
p53	mutational	status	for	management	of	patients
with	breast	cancer.

Breast	cancer Cathepsin	D IHC Prognosis Present	data	are	insufficient	to	recommend	use	of
cathepsin	D	levels	for	management	of	patients
with	breast	cancer.

Breast	cancer Cyclin	E IHC Prognosis Present	data	are	insufficient	to	recommend	use	of
cyclin	E	levels	for	management	of	patients	with
breast	cancer.

Breast	cancer Proliferation
markers	(Ki67,
cyclin	D,	cyclin
E,	p27,	p21,
thymidine
kinase,
topoisomerase
II)

IHC	or	RT-
PCR

Prognosis Present	data	are	insufficient	to	recommend	use	of
proliferation	markers	for	management	of	patients
with	breast	cancer.

Breast	cancer CTC	or	cell-
free	DNA

Plasma
levels

Prognosis Present	data	are	insufficient	to	recommend	use
CTCs	for	management	of	patients	with	breast
cancer.

Recommended	for	Use	in	Colorectal	Cancer
Colorectal	cancer CEA Serum

level
Monitor	treatment
response

CEA	may	be	ordered	preoperatively	in	patients
with	colorectal	carcinoma	if	it	would	assist	in
staging	and	surgical	treatment	planning.



Postoperative	serum	CEA	testing	should	be
performed	every	3	mo	in	patients	with	stage	II	or
III	disease	for	at	least	3	y	after	diagnosis,	if	the
patient	is	a	candidate	for	surgery	or	systemic
therapy.	CEA	is	the	biomarker	of	choice	for
monitoring	metastatic	colorectal	cancer	during
systemic	therapy.	CEA	is	not	recommended	to	be
used	as	a	screening	test	for	colorectal	cancer.

Colorectal	cancer KRAS
mutations

DNA
sequencing

Response	to	anti-
EGFR	therapy

All	patients	with	metastatic	colorectal	carcinoma
who	are	candidates	for	anti-EGFR	antibody
therapy	should	have	their	tumor	tested	for	KRAS
mutations.	Mutational	analysis	should	include
KRAS	and	NRAS	codons	12	and	13	of	exon	2,
codons	59	and	61	of	exon	3,	and	codons	117	and
146	of	exon	4.	If	KRAS	mutation	is	detected,	then
patients	with	metastatic	colorectal	carcinoma
should	not	receive	anti-EGFR	antibody	therapy	as
part	of	their	treatment.

Colorectal	cancer BRAF	p.V600 DNA
sequencing

Prognosis Should	be	performed	in	colorectal	cancer	tissue	in
patients	with	colorectal	carcinoma	for	prognostic
stratification;	should	also	be	performed	in	deficient
MMR	tumors	with	loss	of	MLH1	to	evaluate	for
Lynch	syndrome	risk

Colorectal	cancer MMR IHC Prognosis	and	genetic
disorder

Should	be	used	for	the	identification	of	patients	at
high	risk	for	Lynch	syndrome	and/or	prognostic
stratification

Not	Recommended	for	Use	in	Colorectal	Cancer
Colorectal	cancer CA	19-9 Plasma

levels
Prognosis Present	data	are	insufficient	to	recommend	use	of

CA	19-9	for	management	of	patients	with	colon
cancer.

Colorectal	cancer DNA	content,	S
phase
percentage

Flow
cytometry

Prognosis Present	data	are	insufficient	to	recommend	use	of
DNA	content,	S	phase,	or	other	flow	cytometry–
based	biomarkers	of	proliferation	for	management
of	patients	with	colon	cancer.

Colorectal	cancer p53 IHC	or
sequencing

Prognosis Present	data	are	insufficient	to	recommend	use
p53	mutational	status	for	management	of	patients
with	colon	cancer.

Colorectal	cancer Ras DNA
sequencing

Screening,	diagnosis,
staging,	surveillance,
or	monitoring	treatment

Present	data	are	insufficient	to	recommend	the
use	of	the	rRas	oncogene	for	screening,
diagnosis,	staging,	surveillance,	or	monitoring
treatment	of	patients	with	colorectal	cancer.

Colorectal	cancer TS,	TP,	DPD RT-PCR Screening,	prognosis,
or	monitoring	treatment

TS,	DPD,	and	TP	are	not	useful	for	screening,
determining	the	prognosis,	predicting,	or
monitoring	response	to	therapy.

Colorectal	cancer MSI RT-PCR Prognosis,	prediction
of	treatment	response

MSI	is	not	recommended	to	determine	prognosis
or	to	predict	the	effectiveness	of	adjuvant
chemotherapy.

Colorectal	cancer 18q-LOH/DCC Protein	or
IHC

Prognosis,	prediction
of	treatment	response

Should	not	be	used	to	determine	the	prognosis	of
operable	colorectal	cancer	or	to	predict	response
to	therapy

Recommended	for	Use	in	Gastroesophageal	Cancer
Gastroesophageal
Cancer

HER2/neu Protein	or
IHC

Predict	response	to
anti-HER2	therapy

HER2	testing	should	be	performed	on	tumor
tissue	biopsy	or	resection	specimens	(primary	or
metastasis).

Recommended	for	Use	in	Lung	Cancer
Lung	cancer EGFR EGFR

mutation
testing

Predict	response	to
anti-EGFR	therapy

Should	be	used	in	patients	with	lung
adenocarcinoma

Lung	cancer ALK FISH	or
IHC

Predict	response	to
TKI	therapy

Should	be	used	in	patients	with	lung
adenocarcinoma

Recommended	for	Use	in	Pancreatic	Cancer
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Pancreatic	cancer CA	19-9 Serum
levels

Treatment	response CA	19-9	should	be	measured	at	the	start	of
treatment	for	locally	advanced	or	metastatic
disease	and	every	1–3	mo	during	active	treatment
as	an	indication	of	progressive	disease.

Not	Recommended	for	Use	in	Pancreatic	Cancer
Pancreatic	cancer CA	19-9 Serum

levels
Screening,	staging,	or
recurrence

	

Recommended	for	Use	in	Prostate	Cancer
Prostate	cancer PSA Serum

level
Diagnosis	and	disease
response

PSA	testing	should	be	used	to	monitor	for
recurrence	after	definitive	therapy,	monitor
response	to	treatment	after	recurrence,	and	to
monitor	disease	status	in	patients	with	metastatic
disease.

Recommended	for	Use	in	Gliomas
GBM MGMT

promoter
methylation

PCR Prognosis,	predict
response	to	radiation
and	alkylating	agents

All	patient	diagnosed	with	WHO	grade	IV	GBM
should	have	MGMT	promoter	methylation	testing
performed.

GBM IDH1	mutation DNA
sequencing

Response	to
chemotherapy

IDH1	mutational	testing	should	be	used	in	patients
with	WHO	grade	III	gliomas.	Patients	with	IDH1
mutations	should	be	treated	with	chemotherapy.

Oligodendroglioma 1p/19q	LOH PCR	or
FISH

Response	to
chemotherapy

1p/19q	LOH	testing	should	be	used	in	patients
with	oligodendrogliomas.	Patients	with	1p/19q
LOH	should	be	treated	with	chemotherapy.

Not	Recommended	for	Use	in	Gliomas
GBM EGFR

expression
Protein	or
IHC

Prognosis	or	treatment
response

Present	data	are	insufficient	to	recommend	use
EGFR	expression	status	for	management	of
patients	with	GBM.

GBM PTEN PCR Prognosis	or	treatment
response

Present	data	are	insufficient	to	recommend	use
PTEN	mutational	status	for	management	of
patients	with	GBM.

Recommended	for	Use	in	Ovarian	Cancer
Ovarian	cancer CA	125 Serum

level
Treatment	response
and	recurrence

CA	125	levels	should	be	used	to	monitor	patients
after	primary	and	adjuvant	chemotherapy	for
relapse.	It	should	also	be	used	for	patients	with
metastatic	disease.

Ovarian	cancer HE4 Serum
level

Treatment	response
and	recurrence

HE4	levels	should	be	used	to	monitor	patients	that
lack	CA	125	expression	after	primary	and
adjuvant	chemotherapy	for	relapse.	It	should	also
be	used	for	patients	with	metastatic	disease.

Recommended	for	Use	in	Male	Germline	Malignancay
Male	germline
malignancy

β-hCG;	AFP Serum
level

Treatment	response
and	recurrence

β-hCG	and	AFP	levels	should	be	used	to	monitor
patients	after	primary	and	adjuvant	chemotherapy
for	relapse.	It	should	also	be	used	for	patients	with
metastatic	disease.

Recommended	for	Use	in	Female	Choriocarcinoma
Female
choriocarcinoma

β-hCG Serum
level

Treatment	response
and	recurrence

β-hCG	levels	should	be	used	to	monitor	patients
after	primary	and	adjuvant	chemotherapy	for
relapse.	It	should	also	be	used	for	patients	with
metastatic	disease.

ER,	estrogen	receptor;	PgR,	progesterone	receptor;	IHC,	immunohistochemistry;	HER2,	human	epidermal	growth	factor	receptor	2;
ISH,	 in	 situ	 hybridization;	 uPA,	 urokinase-type	 plasminogen	 activator;	 PAI-1,	 plasminogen	 activator	 inhibitor-1;	 ELISA,	 enzyme-
linked	 immunosorbent	 assay;	 RT-PCR,	 reverse-transcription	 polymerase	 chain	 reaction;	 ROR,	 risk	 of	 recurrence;	 CA,	 cancer
antigen;	CEA,	 carcinoembryonic	 antigen;	CTC,	 circulating	 tumor	 cell;	 EGFR,	 epidermal	 growth	 factor	 receptor;	MMR,	mismatch
repair;	MLH1,	mutL	 homolog	 1;	 TS,	 thymidine	 synthase;	 TP,	 thymidine	 phosphorylase;	DPD,	 dihydropyrimidine	 dehydrogenase;
MSI,	microsatellite	instability;	LOH,	loss	of	heterozygosity;	DCC,	deleted	in	colon	cancer;	FISH,	fluorescence	in	situ	hybridization;
TKI,	 tyrosine	 kinase	 inhibitor;	 PSA,	 prostate-specific	 antigen;	 GBM,	 glioblastoma;	 MGMT,	 O(6)-methylguanine-DNA-
methyltransferase;	WHO,	World	Health	Organization;	PTEN,	phosphatase	and	tensin	homolog;	HE4,	human	epididymis	secretory
protein	4;	β-hCG,	β-human	chorionic	gonadotropin;	AFP,	α-fetoprotein.
Modified	from	Harris	L,	Fritsche	H,	Mennel	R,	et	al.	American	Society	of	Clinical	Oncology	2007	update	of	recommendations	for	the
use	 of	 tumor	 markers	 in	 breast	 cancer.	 J	 Clin	 Oncol	 2007;25(33):5287–5312;	 Sepulveda	 AR,	 Hamilton	 SR,	 Allegra	 CJ,	 et	 al.
Molecular	biomarkers	for	the	evaluation	of	colorectal	cancer:	guideline	from	the	American	Society	for	Clinical	Pathology,	College	of
American	 Pathologists,	 Association	 for	 Molecular	 Pathology,	 and	 the	 American	 Society	 of	 Clinical	 Oncology.	 J	 Clin	 Oncol



2017;35(13):1453–1486;	Krop	I,	Ismaila	N,	Andre	F,	et	al.	Use	of	biomarkers	to	guide	decisions	on	adjuvant	systemic	therapy	for
women	with	early-stage	invasive	breast	cancer:	American	Society	of	Clinical	Oncology	clinical	practice	guideline	focused	update.	J
Clin	Oncol	2017;35(24):2838–2847;	Hammond	ME,	Hayes	DF,	Dowsett	M,	et	al.	American	Society	of	Clinical	Oncology/College	of
American	 Pathologists	 guideline	 recommendations	 for	 immunohistochemical	 testing	 of	 estrogen	 and	 progesterone	 receptors	 in
breast	cancer.	J	Clin	Oncol	2010;28(16):2784–2795;	Burstein	HJ,	Mangu	PB,	Somerfield	MR,	et	al.	American	Society	of	Clinical
Oncology	 clinical	 practice	 guideline	 update	 on	 the	 use	 of	 chemotherapy	 sensitivity	 and	 resistance	 assays.	 J	 Clin	 Oncol
2011;29(24):3328–3330;	Wolff	AC,	Hammond	ME,	Hicks	DG,	et	al.	Recommendations	for	human	epidermal	growth	factor	receptor
2	 testing	 in	 breast	 cancer:	 American	 Society	 of	 Clinical	 Oncology/College	 of	 American	 Pathologists	 clinical	 practice	 guideline
update.	 J	 Clin	 Oncol	 2013;31(31):3997–4013;	 Leighl	 NB,	 Rekhtman	 N,	 Biermann	WA,	 et	 al.	 Molecular	 testing	 for	 selection	 of
patients	with	lung	cancer	for	epidermal	growth	factor	receptor	and	anaplastic	lymphoma	kinase	tyrosine	kinase	inhibitors:	American
Society	of	Clinical	Oncology	endorsement	of	the	College	of	American	Pathologists/International	Association	for	the	Study	of	Lung
Cancer/Association	for	Molecular	Pathology	guideline.	J	Clin	Oncol	2014;32(32):3673–3679;	Allegra	CJ,	Rumble	RB,	Hamilton	SR,
et	al.	Extended	RAS	gene	mutation	testing	in	metastatic	colorectal	carcinoma	to	predict	response	to	anti–epidermal	growth	factor
receptor	monoclonal	antibody	therapy:	American	Society	of	Clinical	Oncology	provisional	clinical	opinion	update	2015.	J	Clin	Oncol
2016;34(2):179–185;	 and	 Bartley	 AN,	 Washington	 MK,	 Colasacco	 C,	 et	 al.	 HER2	 testing	 and	 clinical	 decision	 making	 in
gastroesophageal	adenocarcinoma:	guideline	from	the	College	of	American	Pathologists,	American	Society	for	Clinical	Pathology,
and	the	American	Society	of	Clinical	Oncology.	J	Clin	Oncol	2017;35(4):446–464.

These	trials,	however,	are	cumbersome	and	expensive.	An	alternative,	and	logistically	more	feasible,	approach
is	to	study	biospecimens	collected	and	archived	within	a	clinical	trial	that	addressed	a	therapeutic	strategy	related
to	the	intended	use	of	the	tumor	biomarker	test.35	Several	of	these	“prospective	retrospective”	studies	have	been
conducted,	 and	 most	 cooperative	 groups	 have	 large	 specimen	 banks	 designed	 to	 collect,	 process,	 and	 store
material	 for	 these	 types	 of	 investigations.	Clinical	 utility	 is	 usually	 determined	by	 pooling	 results	 from	 two	or
more	 level	 of	 evidence	 (LOE)	 II	 studies	 (assuming	 they	 ask	 the	 same	 clinical	 use	 question	 using	 similar
techniques)	 to	generate	an	LOE	I	study.	LOE	III	studies	are,	on	the	most	part,	 investigations	of	convenience	in
which	 archived	 samples	 are	 collected,	 stored,	 and	 made	 available	 and	 are	 linked	 to	 patient	 outcomes,	 but
eligibility,	treatment,	and	follow-up	are	not	prospectively	directed.	These	studies	can	be	used	to	develop	valuable
hypotheses,	but	they	are	rarely	if	ever	sufficient	to	direct	patient	care.

Clinical	utility	is	based	not	only	on	analytical	validity	but	also	on	absolute	magnitude	of	difference	in	outcomes
for	patients	who	are	positive	or	negative	for	a	given	tumor	biomarker	test	within	a	specific	use	context.	In	Figure
43.1,	examples	of	pure	prognostic,	pure	predictive,	and	mixed	biomarker	are	provided.	Within	each	category,	an
example	of	a	strong	factor	(in	other	words,	one	that	separates	the	two	groups,	positive	versus	negative,	with	a	very
large	 difference)	 is	 contrasted	with	 a	weak	 one	 (the	 difference	 between	 the	 two	 is	 discernible	 and	 statistically
significant	but	not	clinically	important).	For	example,	a	prognostic	marker	that	separates	a	single	population	into
two	with	only	slightly	different	outcomes,	even	though	it	does	so	with	high	statistical	significance,	is	not	of	much
clinical	help	as	these	patients	would	probably	be	treated	identically	(see	Fig.	43.1A).	On	the	other	hand,	a	tumor
biomarker	 test	 that	 identifies	patients	with	an	extraordinarily	 favorable	outcome	compared	 to	 those	with	a	very
high	chance	of	a	future	event	would	probably	be	useful,	as	the	former	patients	would	probably	opt	out	of	therapy,
even	if	it	is	effective,	while	the	latter	would	not	(see	Fig.	43.1A).	In	the	second	example	(see	Fig.	43.1B),	a	weak
predictive	factor,	although	it	does	suggest	some	difference	in	activity	of	a	given	drug	between	those	cancers	that
are	positive	versus	those	that	are	negative,	would	not	lead	a	patient	to	avoid	therapy.	However,	a	strong	predictive
factor	 identifies	 a	group	of	patients	 for	whom	 the	 therapeutic	 agent	 either	does	not	work	at	 all	 or	has	minimal
activity.	Patients	who	are	“negative”	 for	a	strong	predictive	 factor	might	 forgo	 the	small	chances	of	benefit.	 In
these	examples,	the	strong	tumor	biomarker	tests,	assuming	the	magnitude	has	been	demonstrated	with	high	LOE,
have	clinical	utility,	whereas	the	weak	ones	do	not.

TUMOR	BIOMARKER	TESTS	THAT	ARE	ACCEPTED	FOR	ROUTINE
CLINICAL	UTILITY
Using	 these	 criteria,	 ASCO,	 in	 some	 cases	 collaborating	 with	 the	 College	 of	 American	 Pathologists,	 has
continuously	updated	prior	guidelines,	and	generated	new	ones,	for	use	of	tumor	biomarker	tests.	These	guidelines
are	summarized,	in	part,	in	Table	43.3	and	list	examples	of	accepted	biomarkers,	including	molecular	signatures,
by	use	within	the	various	solid	tumors,	with	some	effort	to	state	the	LOE	that	supports	these	uses.	Not	all	of	these
biomarkers	 and	 their	 uses	 have	 been	 addressed	 by	 ASCO	 or	 other	 guidelines	 bodies,	 but	 as	 they	 are	 widely
accepted	and	used	in	clinical	practice,	they	are	included	in	these	tables.

To	develop	these	guidelines,	ASCO	proposed	a	tumor	marker	utility	grading	system	in	which	was	embedded	a
scale	that	defined	levels	of	evidence	required	to	accept	a	marker	for	routine	clinical	use.1	Recently,	this	scale	has
been	modified	and	updated	to	address	the	hierarchy	of	types	of	studies	that	might	lead	to	sufficiently	high	levels
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of	 evidence	 that	 one	 can	 determine	 if	 a	 marker	 does	 or	 does	 not	 have	 clinical	 utility.35	 Since	 the	 initial
recommendations	from	ASCO	and	with	some	collaboration	with	the	College	of	American	Pathologists,	there	have
been	subsequent	updates	to	these	initial	consensus	guidelines	including	the	use	of	tumor	biomarkers	in	colorectal
cancer	in	2006	and	updated	in	2017,36	immunohistochemical	testing	recommendations	for	estrogen	receptor	and
progesterone	receptor	in	breast	cancer	in	2010,37	 the	use	of	serum	tumor	markers	in	adult	males	with	germ	cell
tumors	 in	 2010,31	 the	 use	 of	 chemotherapy	 sensitivity	 and	 resistance	 assays	 initially	 published	 in	 2004	 and
updated	in	2011,38	the	use	of	HER2	testing	breast	cancer	initially	reported	in	2007	and	updated	in	2013,39	the	use
of	 molecular	 testing	 for	 selection	 of	 lung	 cancer	 patients	 for	 epidermal	 growth	 factor	 receptor	 and	 anaplastic
lymphoma	 kinase	 tyrosine	 kinase	 inhibitors	 published	 in	 2014,40	 the	 use	 of	 biomarkers	 to	 guide	 decisions	 on
systemic	therapy	for	women	with	metastatic	breast	cancer	published	in	2015,18	an	update	of	the	use	of	extended
RAS	gene	mutation	testing	in	metastatic	colorectal	carcinoma	to	predict	response	to	anti–epidermal	growth	factor
receptor	monoclonal	antibody	therapy	published	in	2015,41	the	use	of	HER2	testing	and	clinical	decision	making
in	 gastroesophageal	 adenocarcinoma	 published	 in	 2016,42	 extension	 of	 the	 initial	 RAS	 gene	 mutation	 testing
recommendation	regarding	of	the	use	of	all	molecular	biomarkers	for	the	evaluation	of	colorectal	cancer	published
in	2017,30	 and	 finally	 the	 use	 of	 biomarkers	 to	 guide	 decisions	 on	 adjuvant	 systemic	 therapy	 for	women	with
early-stage	invasive	breast	cancer	published	in	2017.32	Each	of	the	guidelines	describes	the	consensus	guideline,
the	LOE	for	the	guideline,	the	data	pertinent	to	the	recommendation,	and	areas	of	continued	investigation	or	areas
in	which	the	biomarker	under	consideration	should	not	be	clinically	adopted.

SPECIAL	CIRCUMSTANCES
Pharmacogenomics
In	 addition	 to	 tumor-related	 somatic	 changes,	 inherited,	 germline	 differences	 in	 genes	 either	 responsible	 for
metabolism	 of	 drugs	 or	 that	 act	 as	 the	 direct	 or	 indirect	 target	 of	 drugs	 may	 also	 play	 an	 important	 role	 in
assessing	benefits	and	risks	for	specific	therapeutic	strategies.

Several	 examples	 highlight	 the	 importance	 that	 pharmacogenomic	 alterations	may	 exert	 on	 the	 treatment	 of
adult	solid	tumors.	The	drug	5-fluorouracil	and	its	related	oral	agent,	capecitabine,	are	both	cleared	by	the	enzyme
dihydropyrimidine	dehydrogenase.	Patients	who	are	homozygous	for	selective	 inactive	alleles	of	 the	DPD	 gene
are	 unable	 to	 clear	 these	 agents,	 and	 very	 small	 doses	 are	 associated	 with	 severe	 and	 often	 life-threatening
toxicities.43	Unfortunately,	 a	 convenient	 and	accurate	 assay	 for	 this	 inherited	condition	 is	not	widely	available.
Likewise,	recently	reported	data	have	demonstrated	a	similar	deficiency	in	the	UDP	glucuronosyltransferase	1A1
(UGT1A1)	 gene,	 which	 renders	 carriers	 unable	 to	 metabolize	 irinotecan,	 also	 exposing	 them	 to	 unacceptable
toxicities.44	Although	the	clinical	utility	of	these	findings	is	controversial,	the	U.S.	Food	and	Drug	Administration
has	 recently	 changed	 the	 package	 insert	 for	 irinotecan	 to	 recommend	 testing	 for	 this	 genetic	 abnormality	 in
patients	who	appear	to	be	candidates	for	this	agent.

TUMOR	BIOMARKER	TESTS	OF	RADIATION	RESPONSE
An	 emerging	 area	 of	 biomarker	 development	 includes	 the	 development	 of	 predictive	 signatures	 of	 radiation
response,	including	“pan	cancer”	radiation	response	signatures	that	are	not	disease	site	specific	but	describe	more
generally	 the	 response	 of	 tumors	 to	 ionizing	 radiation	 treatment.	 Several	 such	 assays	 are	 under	 preclinical
development	and	not	yet	ready	for	clinical	adoption,	but	they	warrant	some	discussion	within	the	context	of	this
chapter.	 For	 example,	 two	 gene	 expression	 assays,	 one	 containing	 10	 genes	 and	 another	 36	 genes,	 have	 been
developed	from	studies	with	the	NCI-60	panel	of	cancer	cell	lines.45–47	Comparing	the	gene	lists	identified	by	the
two	 separate	 investigational	 groups,	 there	 was	 surprisingly	 no	 overlap	 between	 the	 genes	 identified	 in	 these
studies,	 suggesting	 that	 the	 response	 to	 radiation	 treatment	 (at	 least	 in	 terms	 of	 RNA	 expression)	 may	 be
complicated	 and	 differs	 under	 basal	 and	 genotoxic	 conditions.	 Additional	 genomic	 classifiers	 and	 signatures
predictive	of	response	to	radiation	are	currently	being	developed	for	prostate,	lung,	rectal,	anal,	glioblastoma,	and
head	and	neck	cancers.	As	with	signatures	for	breast	cancer,	these	classifiers	will	need	to	be	externally	validated
using	phase	III	trials	prior	to	adoption	into	clinical	practice,	and	it	remains	to	be	seen	whether	a	more	global	“pan-
radiation”	response	signature	can	be	developed	and	validated	for	use	in	women	with	breast	cancer.

Further	 efforts	 to	 personalize	 radiation	 using	 biomarkers	 are	 promising.	A	 genomic-adjusted	 radiation	 dose



framework	 appears	 to	 predict	 clinical	 outcomes	 in	 several	 cancer	 types.48	 Although	 limited	 by	 an	 incomplete
evaluation	in	patients	who	have	not	received	radiation	treatment	(to	evaluate	whether	genomic-adjusted	radiation
dose	has	more	than	just	prognostic	value)	and	lack	of	external	validation,	this	approach	does	hold	promise	and	is
worthy	 of	 continued	 investigation.	 Although	 underscoring	 the	 potential	 utility	 of	 a	 genomic-based	 radiation
response	 signature	 that	 may	 be	 used	 to	 assess	 the	 likelihood	 of	 tumor	 response	 and	 control	 of	 disease	 with
radiation	 treatment,	 these	require	 the	same	rigorous	evaluation,	with	high	 levels	of	evidence,	 to	determine	 their
clinical	utility.

CONCLUSION
In	 summary,	 tumor	 biomarker	 tests	 are	 essential	 to	 personalize	 oncologic	 care	 with	 precision.	 However,	 it	 is
essential	that	the	assays	are	well-performed,	accurate,	and	reproducible.	Further,	high	levels	of	evidence	should	be
available	 to	 demonstrate	 that	 a	 tumor	 biomarker	 test	 has	 clinical	 utility	 for	 a	 given	 use.	 The	 latter	 requires
judgment	and	consensus	among	third-party	payers,	regulatory	agencies,	guidelines	bodies,	and	most	importantly,
the	health-care	provider	and	patient.	It	is	important	to	remember	that	“a	bad	tumor	biomarker	is	as	bad	as	a	bad
drug.”
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44 The	Molecular	Biology	of	Head
and	Neck	Cancers
Thomas	E.	Carey,	Mark	E.	Prince,	and	J.	Chad	Brenner

INCIDENCE,	RISK	FACTORS,	AND	ETIOLOGY
Head	and	neck	 squamous	cell	 carcinoma	 (HNSCC)	accounts	 for	90%	of	 all	malignant	disease	 in	 the	head	and
neck	 region	 of	 the	 body.	Historically,	HNSCC	 is	 a	 disease	 of	 older	males	 (60	 to	 70	 years	 of	 age)	with	 heavy
tobacco	use,	alcohol	abuse,	poor	diet,	and	bad	dentition.	As	smoking	increased	among	women,	the	male-to-female
ratio	of	5:1	observed	in	the	1960s	declined	to	3:1	in	the	1990s.	HNSCC	is	a	deadly	disease,	with	a	50%	mortality
rate	 in	 patients	 with	 advanced	 disease,	 emphasizing	 the	 need	 to	 understand	 the	 genetic	 drivers.	 Tobacco-
associated	HNSCCs	 have	 complex	 and	 numerous	 genetic	 changes.	We	 now	 recognize	 two	 other	 categories	 of
HNSCC	 etiology;	 these	 are	 oral	 cavity	 and	 tongue	 tumors	 arising	 in	 young	 patients	 with	 suspected	 germline
mutations	 and	oropharynx	 tumors	 arising	primarily	 in	men	 in	 their	mid-40s	 to	60s	with	human	papillomavirus
(HPV)	as	their	primary	etiologic	factor.

ORAL	TONGUE	CANCER	IN	YOUNG	PATIENTS
A	 small	 segment	 of	 oral	 tongue	 cancers	 arise	 in	 individuals	 younger	 than	 age	 40	 years	 who	 have	 no	 known
etiologic	factors.1	In	the	past	10	years,	four	pregnant	women	in	their	20s	and	30s,	without	significant	smoking	or
alcohol	 histories,	 were	 treated	 for	 tongue	 cancer	 in	 our	 department.2	 Oral	 tongue	 cancers	 in	 young	 patients
(younger	than	age	40	years)	occur	in	a	2:1	ratio	of	males	to	females	and	have	increased	from	1975	to	2015.	The
etiology	of	these	tumors	in	young	patients	is	unknown,	but	germline	mutations	may	account	for	some	of	these.3
Genes	associated	with	 inherited	predisposition	 to	head	and	neck	cancer	 include	TP53	 (Li-Fraumeni	 syndrome),
the	 Fanconi	 anemia	 family	 of	FANC	DNA	 repair	 genes,4,5	 and	CDKN2A,	 which	 is	 linked	 to	 familial	 atypical
multiple	mole	melanoma	 (FAMMM)	 syndrome.	 Families	 carrying	CDKN2A	mutations	 are	 prone	 to	melanoma
and	pancreatic,	breast,	and	head	and	neck	cancers.	As	one	example,	a	non–FAMMM	mother	and	daughter	with
oral	HNSCC	recently	treated	in	our	department	were	found	to	share	the	same	CDKN2A	mutation.	Head	and	neck
cancers	arising	in	young	patients	and	others	that	are	independent	of	tobacco	and	alcohol	exposure	or	HPV	provide
a	rich	area	for	in-depth	molecular	assessment	to	determine	the	underlying	germline	and	somatic	genetic	factors.
Inherited	germline	mutations	may	have	arisen	 in	a	prior	generation	 that	was	exposed	 to	carcinogens,	and	some
young	 patients	 with	 HNSCC	 may	 have	 had	 involuntary	 smoking	 exposure	 during	 gestation	 or	 in	 the	 home.
Careful	histories	should	be	obtained	to	evaluate	these	etiologies.

HIGH-RISK	HPV	IN	OROPHARYNGEAL	CANCER
As	 smoking	 has	 declined	 in	 the	United	States,	 so	 has	 the	 incidence	 of	 smoking-related	 head	 and	 neck	 cancer,
particularly	 cancers	 of	 the	 larynx.	 At	 the	 same	 time,	 the	 incidence	 of	 oropharynx	 cancer	 has	 increased
continuously	over	 the	past	25	years	 in	North	America.6	This	 increase	 is	attributed	 to	high-risk	HPVs	(hrHPVs)
transmitted	by	intimate	sexual	contact.	The	changing	etiology	is	ascribed	to	changing	sexual	mores	traceable	to
widespread	use	of	oral	contraceptives,	reduced	use	of	condoms,	and	freedom	to	have	more	sexual	partners	with
decreased	 risk	of	unwanted	pregnancy.	Studies	 in	 the	United	States,	Canada,	 and	western	Europe	clearly	 show
increasing	incidence	of	hrHPV	in	oropharyngeal	squamous	cell	cancers	(OPSCCs)	by	year	of	diagnosis.6–10	HPV
is	now	clearly	 accepted	 as	 an	 important	 etiologic	 factor	 in	OPSCC.	Of	hrHPV-positive	OPSCCs,	 90%	contain
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HPV16	and	10%	contain	other	high-risk	types	including	HPV	types	18,	31,	33,	35,	39,	66,	and	others.	A	variety	of
hrHPV	 types	 are	 also	 found	 in	 other	 HNSCC	 sites,	 notably	 the	 nasopharynx,	 larynx,	 and	 oral	 cavity.	 In
nasopharyngeal	cancers,	we	found	HPV16	in	only	9	of	18	(50%)	HPV-positive	tumors,	with	HPV18	in	5	(28%),
HPV59	in	2	(11%),	and	HPV39	and	HPV45	in	1	tumor	each	(5%),	suggesting	that	other	hrHPV	types	may	have	a
proclivity	for	this	site.11–13

According	to	the	National	Center	for	Health	Statistics,	among	adults	aged	18	to	69	years,	the	prevalence	of	any
oral	HPV	infection	assessed	in	the	period	of	2011	to	2014	is	11.5%	among	men	and	3.3%	among	women.14	Oral
hrHPV	 infection	 prevalence	 is	 6.8%	 in	 men	 and	 1.2%	 in	 women.	 The	 striking	 differences	 between	 men	 and
women	in	oral	hrHPV	infection	are	consistent	with	the	much	higher	incidence	of	OPSCC	in	men.

A	case-control	study	of	newly	diagnosed	oropharynx	cancer	matched	to	noncancer	patients	revealed	that	a	high
lifetime	number	of	vaginal	sex	partners	(≥26)	and/or	oral	sex	partners	(≥6)	was	significantly	associated	with	risk
of	 oropharyngeal	 cancer.15	 Differences	 in	 oral	 sexual	 behaviors,16	 higher	 seroconversion	 after	 mucosal	 HPV
infections	in	women,	and	persistent	oral	hrHPV	infection	explain	the	higher	risk	of	HPV-related	OPSCC	in	men
than	women.	The	tonsils	are	the	primary	site	of	HPV-induced	oropharynx	cancer.	To	replicate,	HPV	must	infect
the	basal	epithelial	cell.	The	thin	epithelium	of	the	tonsillar	crypts	is	an	ideal	location	for	the	virus	to	infect	(Fig.
44.1).	 HPV	 infection	 may	 be	 facilitated	 by	 concurrent	 inflammation	 within	 the	 tonsil	 due	 to	 other
microorganisms.	 Because	 the	 tonsil	 is	 a	 lymphoid	 organ,	 early	 spread	 of	 HPV-induced	 cancer	 to	 the	 regional
lymph	nodes	is	common.

Fortunately,	HPV-positive	oropharyngeal	cancers	show	improved	response	to	therapy	when	compared	to	HPV-
negative	cancers	of	the	same	site.10,17,18	Patients	presenting	with	HPV-positive	OPSCC	also	tend	to	be	younger
and	healthier	 and	have	 a	much	 lower	 frequency	of	 smoking	 and	 alcohol	 abuse.19	However,	 some	 studies	 have
shown	that	a	history	of	smoking	in	patients	with	HPV-positive	oropharynx	cancer	may	increase	the	likelihood	of
recurrence	 or	metastasis	 after	 treatment.6,20	 In	 contrast	 to	 the	 excellent	 prognosis	 of	HPV-positive	 oropharynx
cancers,	in	HPV-positive	oral	cancers21	and	HPV-positive	nasopharyngeal	cancers,13	outcome	may	be	worse	than
in	HPV-negative	cancers	arising	in	these	sites.



Figure	44.1	The	tonsil	as	the	primary	target	in	the	oropharynx	for	human	papillomavirus	(HPV)
infection	and	carcinogenesis.	HPV	detection	can	be	carried	out	on	oral	rinses,	in	normal	tonsils,	and
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in	tumors	and	lymph	nodes.

At	the	University	of	Michigan,	80%	to	90%	of	oropharyngeal	tumors	are	HPV	positive,6,11	and	up	to	80%	of
patients	with	HPV-positive	oropharynx	cancer	are	responders	to	concurrent	chemoradiotherapy	(carboplatin	and
paclitaxel	with	intensity-	modulated	radiation	therapy	[IMRT]).22	Critical	questions	for	the	future	are	as	follows:
(1)	Which	patients	 can	benefit	 from	 less	 intensive	 treatment?	 (2)	Which	patients	need	 the	 intensive	 concurrent
chemoradiotherapy	 treatment?	 (3)	Which	 patients	 need	 a	 different	 treatment	 because	 they	 fail	 to	 be	 cured	 by
chemoradiotherapy?	Matted	nodes	and	extracapsular	 spread	define	a	group	of	patients	with	 a	greatly	 increased
risk	of	distant	metastasis	and	poor	overall	and	disease-free	survival.23	The	molecular	landscape	of	recurrent	and
metastatic	(R/M)	HPV-positive	tumors	is	yet	to	be	fully	defined,	but	a	recent	report	shows	that	R/M	HPV-positive
tumors	 more	 closely	 resemble	 HPV-negative	 tumors	 having	 increased	 TP53	 mutations,	 whole-genome
duplication,	and	3p	deletion.24	Akagi	et	al.,25	Parfenov	et	al.,26	and	Walline	et	al.27,28	have	shown	that	integration
of	 hrHPV	 into	 cancer-related	 genes	 alters	 gene	 expression	 and	 is	 associated	 with	 genomic	 rearrangements,
amplifications	at	 the	site	of	 integration,	abundance	of	viral	messenger	RNA	(mRNA)	transcripts,	and	viral-host
fusion	transcripts.	These	are	common	in	tumors	of	patients	who	suffer	from	recurrent	disease	and	poor	survival.
Similarly,	Koneva	et	al.29	showed	that	viral	integration	resulting	in	fusion	transcripts	from	viral-host	integration
sites	is	associated	with	poorer	survival	outcome,	immune	response	signatures,	and	candidate	tumor	drivers	among
HPV-	 induced	 OPSCC.	 In	 contrast,	 integration	 of	 the	 viral	 genome	 into	 nongenic	 sites	 and	 without	 fusion
transcripts	 was	 more	 commonly	 associated	 with	 good	 response	 to	 therapy	 and	 prolonged	 progression-free
survival.

Immune	responses	 to	HPV	antigens	have	also	been	suggested	 to	be	a	cause	of	 the	good	response	 to	 therapy
among	HPV-positive	oropharyngeal	cancers.	However,	 failure	of	a	potent	 immune	response	 in	some	cases	may
occur	 because	 of	 frequent	 alterations	 affecting	 the	 tumor	 necrosis	 factor	 (TNF)	 receptor	 TRAF3,	 which
participates	in	activation	of	the	immune	response	and	nuclear	factor	kappa	B	(NF-κB)	signaling.30	Such	changes
may	provide	a	mechanism	for	HPV-positive	tumors	to	evade	antiviral	immune	responses.	HPV-positive	head	and
neck	 cancers	 as	 a	 group	 have	 fewer	 gross	 genetic	 changes	 than	 HPV-negative	 tumors	 and	 share	 specific
similarities,	 such	 as	wild-type	TP53	 and	 intact	 p16INK4A	 (CDKN2A),	 both	 of	 which	 are	 rare	 in	 HPV-negative
HNSCC.	Zhang	et	al.31	compared	HPV-positive	and	HPV-negative	tumor	samples	and	found	several	differentially
expressed	 genes;	TP53,	CDKN2A,	BRCA2,	CYP2E1,	KIT,	 and	EZH2	 were	 significantly	 upregulated	 in	 HPV-
positive	tumors,	whereas	CCDN1,	GSTM1,	HIF1A,	MMP2,	CD44,	 and	MET	were	downregulated.	Furthermore,
two	 distinct	 HPV-positive	 subgroups	 were	 identified	 based	 on	 gene	 expression.	 One	 group	 (HPV-IMU)	 was
characterized	 by	 upregulated	 expression	 of	 immune	 response,	 mesenchymal	 cell	 differentiation,	 and	 various
differentiation-	and	development-related	terms,	whereas	upregulated	genes	in	the	other	cluster	(HPV-KRT)	were
most	 significantly	 enriched	 for	 keratinocyte	 differentiation	 and	 oxidative	 reduction	 process	 genes.	 Nearly	 all
HPV-positive	HNSCCs	express	the	HPV	E6	and	E7	viral	oncogenes,	exhibit	E6	splice	variants,	and	exhibit	low	or
absent	 expression	 of	 the	 HPV	 E2	 gene	 that	 serves	 as	 a	 negative	 regulator	 of	 E6	 and	 E7	 expression.28	 Viral
integration	 appears	 to	 be	 a	 requirement	 for	 carcinogenesis,	 but	 this	 is	 still	 under	 debate.	 Integration	 typically
disrupts	 E1	 and	 E2,	 which	 results	 in	 unregulated	 expression	 of	 the	 E6	 and	 E7	 oncoproteins	 and	 includes
expression	 of	 the	 alternate	 HPV	 E6	 transcripts	 E6*I	 and	 E6*II.32	 It	 appears	 that	 viral	 integration	 also	 causes
significant	disruption	of	the	host	genome	at	sites	of	viral	integration.25	When	significant	disruption	occurs	leading
to	other	genomic	damage,	this	could	also	be	a	factor	in	the	subset	of	nonresponsive	HPV-positive	tumors.

MOLECULAR	MECHANISMS	IN	HNSCC
Early	 molecular	 studies	 of	 HNSCC	 revealed	 that	 mutations,	 loss	 of	 heterozygosity,	 and	 methylation	 of	 the
CDNK2A	locus	are	common	and	occur	early	in	HNSCC	development.33,34	Mutation	and	overexpression	of	TP53
were	 also	 identified	 in	 early	 studies	of	HNSCC.35	Cyclin	D1	 (CCND1)	 amplification	 and	 overexpression	 have
also	been	identified	as	important	biomarkers	that	are	associated	with	outcome	and	response	to	treatment.36	In	the
landmark	U.S.	Department	of	Veterans	Affairs	(VA)	larynx	trial,	biomarker	analysis	revealed	that	overexpressed
TP53	predicted	 response	 to	 induction	 chemotherapy	 and	 radiation.37	As	TP53	 overexpression	 is	 nearly	 always
associated	 with	 mutant	 TP53,	 this	 suggested	 that	 tumors	 with	 wild-type	 TP53	 were	 less	 responsive	 to
chemotherapy	 and	 radiotherapy,	 even	 though	 normal	 cells	 containing	 wild-type	 TP53	 are	 very	 sensitive	 to
chemotherapy	 or	 radiation.	 Thus,	 it	 was	 unclear	 why	 tumors	 with	 wild-type	 TP53	 were	 more	 resistant	 to



chemotherapy	 and	 radiotherapy.	 Subsequent	 studies	 revealed	 that	 the	 combination	 of	 wild-type	 TP53	 and
overexpression	of	the	cell	survival	antiapoptotic	protein	Bcl-xL	resulted	in	cisplatin	resistance.38	This	suggested
that	Bcl-xL	blocks	TP53-induced	apoptosis	and	that	wild-type	TP53	protein	mediates	cell	cycle	arrest	and	repair
mechanisms,	allowing	tumor	cells	to	escape	from	treatment-induced	damage.

Early	molecular	 studies	 of	 head	 and	 neck	 cancers	 also	 revealed	 that	 amplification	 of	 the	 epidermal	 growth
factor	 receptor	 (EGFR)	gene	ERBB1	 and	 associated	EGFR	overexpression	 are	 common	 among	 head	 and	 neck
cancers	and	associated	with	poor	prognosis.39	It	is	puzzling	that	only	approximately	10%	of	HNSCCs	respond	to
treatment	 that	 targets	EGFR.40	Alternate	 driver	 pathways	 are	 suspected	 as	 an	 explanation	 for	 this	 observation.
Despite	our	awareness	of	EGFR	overexpression	and	its	potential	value	as	a	target	for	therapy,	it	is	still	impossible
to	 predict	 which	 head	 and	 neck	 cancers	 will	 respond	 and	 which	 will	 not.	 The	 same	 is	 true	 for	 many	 other
molecular	markers	when	only	one	molecular	target	is	addressed.	It	is	now	becoming	clear	that	it	will	be	necessary
to	identify	the	driver	pathways	and	target	more	than	one	cancer	driver.	It	was	postulated	many	years	ago	that	a
certain	number	of	“hits”	is	necessary	to	drive	a	tumor.	Knudsen41	correctly	explained	the	tumor	suppressor	nature
of	 the	 retinoblastoma	 gene	 by	 comparing	 the	 kinetics	 of	 tumor	 development	 in	 children	 with	 inherited
predisposition	and	children	who	developed	sporadic	retinoblastoma.	Plotting	the	first-	and	second-order	kinetics
of	 tumor	development	with	months	from	birth,	he	predicted	that	 two	hits	were	necessary:	first-order	kinetics	 in
children	with	bilateral	retinoblastoma,	who	were	assumed	to	have	inherited	one	normal	and	one	mutant	gene	and
second-order	 kinetics	 in	 children	with	 unilateral	 retinoblastoma,	who	 developed	 a	mutation	 in	 a	 cell	 and	 later
acquired	a	second	event,	resulting	in	loss	of	the	healthy	gene.	For	tumors	that	arise	in	adult	epithelial	tissues,	the
situation	is	more	complex.	It	was	estimated	many	years	ago,	using	a	similar	mathematical	approach	in	cancers	that
develop	with	aging,	that	it	is	likely	that	four	to	five	events	are	necessary	for	a	tumor	to	develop.

To	attempt	to	identify	the	loci	of	cancer	drivers,	we	characterized	chromosomal	abnormalities	in	two	cell	lines
derived	 from	a	patient	with	 a	 recurrent	 laryngeal	 cancer.	One	portion	of	 the	 tumor	was	within	 the	 endolarynx.
From	this,	the	UM-SCC-17A	cell	line	was	established,	and	from	a	second	portion	of	the	tumor	that	had	invaded
through	the	thyroid	cartilage	into	the	soft	tissues	of	the	neck,	the	UM-SCC-17B	cell	line	was	established.	There
were	a	total	of	22	chromosome	rearrangements	in	the	two	cell	lines,	of	which	8	were	unique	to	the	UM-SCC-17A
cell	 line	 from	 the	 endolarynx	 and	 9	were	 unique	 to	 the	UM-SCC-17B	 cell	 line	 from	 the	 invasive	 lobe	 of	 the
tumor.	Of	interest,	however,	were	the	5	rearrangements	that	were	common	to	both	cell	lines	and	could	represent
the	loci	of	genetic	events	associated	with	tumor	initiation,	whereas	the	others	represent	either	random	events	or
events	 associated	 with	 progression.42	 It	 will	 be	 of	 interest	 to	 use	 modern	 sequencing	 methods	 to	 identify	 the
genetic	 aberrations	 linked	 to	 these	 5	 early	 chromosome	 rearrangements	 to	 test	 this	 hypothesis.	 Hahn	 and
Weinberg43	determined	the	events	necessary	to	transform	normal	human	bronchial	epithelial	cells	into	tumor	cells.
They	 targeted	 a	 small	 but	 consistent	 set	 of	 specific	 pathways	 found	 in	many	 epithelial	 cancers.	The	 necessary
pathways	include	ectopic	expression	of	the	catalytic	unit	of	human	telomerase,	hTERT,	to	stabilize	telomeres	over
many	cell	divisions;	abrogation	of	the	Rb	pathway	with	SV40	large	T	oncoprotein	to	induce	continuous	cell	cycle
entry;	 inhibition	 of	 TP53	 function	 with	 large	 T	 to	 facilitate	 cell	 cycle	 progression	 and	 inhibit	 TP53-mediated
induction	 of	 apoptosis;	 and	 introduction	 of	 activated	HRAS	 to	 provide	 continuous	 signaling	 through	 the	 RAS,
RAF,	MEK,	and	ERK	kinase	cascade	to	trigger	expression	of	transcription	factors	associated	with	proliferation.43
This	demonstration	is	critical	to	our	thinking	of	how	we	will	develop	precision	medicine	for	cancer	because,	like
the	chromosome	rearrangements	observed	 in	 the	UM-SCC-17A	and	UM-SCC-17B	cell	 lines	mentioned	earlier,
each	epithelial	cancer	is	likely	to	have	multiple	abnormalities,	of	which	some	are	primary	driver	events	and	others
are	 passenger	 events	 that	 have	 developed	 incidentally	 due	 to	 genomic	 destabilization.	 The	 knowledge	 that	 a
limited	 number	 of	 events	 is	 sufficient	 for	 conversion	 of	 a	 normal	 human	 epithelial	 cell	 to	 an	 immortalized,
invasive	tumor	cell	population	suggests	that	a	series	of	principles	can	be	developed	that	control	the	conversion	of
normal	 to	malignant	behavior	and	 that	we	should	be	able	 to	develop	strategies	 that	will	 target	 the	 two	or	 three
critical	pathways	of	an	individual	tumor	that	serve	as	the	primary	drivers	of	neoplastic	behavior.

THE	CANCER	GENOME	ATLAS	PROJECT
Whereas	 most	 studies	 have	 looked	 at	 individual	 target	 genes	 in	 isolation	 or	 small	 combinations	 of	 genes,	 to
identify	tumor	driver	events,	these	have	largely	been	thwarted	by	the	range	of	mechanisms	that	a	tumor	cell	might
acquire	stochastically	to	become	malignant.	This	has	limited	our	ability	to	assess	the	drivers	of	individual	cancers
and	 has	 complicated	 assessment	 of	 the	 efficacy	 of	 pathway-targeted	 agents.	 The	 development	 of	 modern
molecular	 analysis	 techniques	 has	made	 it	 possible	 to	 analyze	 nearly	 all	 of	 the	 abnormalities	 in	 an	 individual
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tumor.	Furthermore,	The	Cancer	Genome	Atlas	project	has	provided	us	with	an	impressive	collection	of	data	from
multiple	 tumors	of	 the	same	 types	 that	can	be	used	 to	bring	us	closer	 to	developing	knowledge	of	 the	 types	of
oncogenic	drivers	and	 tumor	suppressors	 that	characterize	each	 tumor	 type.	By	examining	 individual	 tumors	 in
similar	 detail	 to	 identify	 the	 aberrant	 pathways,	 we	 can	 deduce	 the	 primary	 drivers	 and	 propose	 effective
combinations	of	targeted	therapies	that	can	work	against	that	individual	tumor.

Several	 groups,	 including	 the	 Head	 and	 Neck	 Cancer	 Consortium,	 assessed	 previously	 untreated	 HNSCC
tumors	for	genomic	alterations	through	exome,	RNA,	microRNA	(miRNA),	whole-genome	sequence,	structural,
epigenetic	(DNA	methylation),	copy	number	analysis,	and	proteome	sequencing.30	Similar	assessments	have	been
carried	 out	 in	 recurrent	 and	metastatic	 (R/M)	 tumors.24,30,44–47	 The	 genomic	 gains	 and	 losses	 of	 the	 smoking-
related	 HNSCC	 strongly	 resembled	 those	 in	 the	 squamous	 cancers	 of	 the	 lung;	 however,	 HNSCC	 tumors
containing	 HPV	 had	 less	 complex	 genomic	 signatures,	 with	 approximately	 two-thirds	 (66%)	 of	 the	 total
aberrations	 per	 tumor,	 and	 lacked	 TP53	 mutations.	 Surprisingly,	 as	 more	 tumors	 have	 been	 sequenced,	 the
original	 assumptions	of	 the	 field	 about	 the	 relationships	between	genetic	 lesions	have	 shifted	 significantly.	For
example,	 although	 PIK3CA	 alterations	 were	 originally	 thought	 to	 be	 enriched	 in	 tumors	 with	 HPV,	 this
enrichment	was	proven	to	be	inaccurate	once	more	tumor	specimens	were	sequenced.	In	contrast,	one	of	the	major
findings	 from	 the	 recent	 studies	was	 the	 discovery	 of	 functional	 recurrence	 (i.e.,	 alterations	 to	multiple	 genes
within	a	single	pathway),	which	is	a	common	mechanism	leading	to	inactivation	of	several	different	pathways	in
HNSCC.	For	example,	the	NOTCH	signaling	pathway	contains	23	unique	genes	that	are	each	altered	at	high	rates
individually,	including	NOTCH1	(20%),	NOTCH2	(9%),	NOTCH3	(5%),	MAML2	(4%),	etc.;	although	30%	of	all
HNSCC	tumors	sequenced	thus	far	contain	an	alteration	to	one	of	these	genes,	usually,	only	one	gene	from	the
NOTCH	pathway	is	mutated	per	tumor.	Similarly,	functional	recurrence	has	been	reported	for	the	cell	cycle,	cell
death,	cell	differentiation,	epigenetic	regulation	and	immune	escape,	and	oxidation	pathways,	suggesting	that	the
inactivation	 of	 multiple	 different	 pathways	 is	 required	 to	 induce	 malignant	 transformation	 and	 promote
tumorigenesis,	which	adds	significantly	to	the	challenge	of	identifying	the	disrupted	pathways.

Amplifications	of	receptor	tyrosine	kinases	(RTKs)	are	common.	EGFR	amplification	was	identified	in	16%	of
tumors.	 Other	 smaller	 subsets	 of	 tumors	 lacked	 EGFR	 amplification	 but	 contained	 amplification	 of	 fibroblast
growth	factor	receptors	1,	2,	or	3	(FGFR1,	FGFR2,	or	FGFR3).	A	few	tumors	had	more	than	one	receptor	tyrosine
kinase	 (RTK)	amplification,	but	mostly,	 subsets	could	be	categorized	by	amplification	of	one	RTK.	Cyclin	D1
(CCND1)	amplification	was	very	common,	occurring	in	30%	of	all	tumors.	CCND1	amplification	was	observed	in
some	tumors	with	RTK	amplification	and	a	subset	of	tumors	with	C-MYC	amplification,	although	there	was	also	a
subset	that	had	either	CCND1	or	C-MYC	amplification	but	not	both.	HRAS	mutations	were	found	in	5%,	PIK3CA
mutations	were	found	in	18%,	PTEN	mutations	were	found	in	12%,	and	TP53	mutations	were	present	in	83%.

Although	the	most	recent	precision	medicine	trials	(in	which	a	patient	is	matched	to	an	individual	monotherapy
based	 on	 the	 tumor	 genetics)	 have	 shown	 that	 inhibition	 of	 single	 drivers	 is	 insufficient	 to	 cure	 disease,	 the
concept	of	simultaneously	inhibiting	multiple	pathways	that	are	genetically	disrupted	in	a	tumor	holds	promise	as
one	potential	therapeutic	strategy.	Inhibitors	for	EGFR,	FGFR,	and	PIK3CA	are	all	now	available	and	have	been
used	with	limited	success	in	HNSCC	and	suggest	that	the	appropriate	matching	of	the	tumor	characteristics	with
the	 correct	 inhibitor	 is	 a	 fruitful	 area	 for	 study.	 Similarly,	 although	 the	 aforementioned	 tyrosine	 kinases	 are
examples	of	alterations	of	 targetable	genes,	 in	some	cases,	alterations	occur	 in	 tumor	suppressor	or	other	genes
that	 lack	 targeted	 agents,	 which	 complicates	 the	 combination	 therapy.	 In	 one	 approach,	 generalized	 inhibitors
targeting	pivotal	downstream	effectors	of	a	pathway	may	provide	potential	to	immediately	advance	therapies.	For
example,	 although	 CCND1	 inhibitors	 are	 not	 yet	 available,	 several	 companies	 have	 cyclin-dependent	 kinase
inhibitors	(CDK4/6),	and	use	of	these	agents	is	being	tested	in	tumors	with	a	loss	of	CDKN2A,	which	results	in
loss	 of	 the	 p16INK4	 protein	 that	 inhibits	 the	 CDK4/6–cyclin	 D1	 complex;	 thus,	 these	 agents	 might	 also	 be
applicable	 in	 tumors	with	CCND1	 amplification.	 These	 inhibitors	may	 also	 be	 effective	 for	 patients	with	RB1
alterations	as	CDK4/6	 is	 a	pivotal	 effector	of	RB1	 as	well.	Consequently,	 some	 inhibitors	may	have	utility	 for
different	molecular	alterations	that	converge	on	similar	effector	pathways.
NOTCH1	mutations,	found	in	20%	of	HNSCC	are	a	recently	appreciated	feature	of	a	subset	of	HNSCCs	and

are	 typically	 loss-of-function	mutations,	 suggesting	 that	NOTCH1	 is	 a	 tumor	 suppressor	 in	 this	 cancer	 type.	 In
normal	squamous	epithelium,	NOTCH1	acts	to	drive	squamous	differentiation	by	feeding	back	on	the	WNT–β-
catenin	signaling	pathway	active	in	the	proliferating	basal	cell.	Loss	of	the	NOTCH1	tumor	suppressor	function
allows	unopposed	activity	of	the	WNT	pathway,	allowing	this	to	become	a	target	for	therapy.	Liu	et	al.48	reported
the	development	of	a	novel	inhibitor	of	the	WNT	pathway	that	targets	WNT	by	inhibiting	Porcupine,	the	enzyme
required	for	WNT	secretion.	This	inhibitor,	LGK974	or	WNT974,	was	more	effective	in	tumor	cell	lines	shown	to
have	NOTCH1	 loss-of-function	mutations,	 suggesting	 that	 this	may	 be	 a	 useful	 agent	 in	HNSCC	 tumors	with



NOTCH	pathway	abnormalities.
The	next	horizon	for	targeted	agents	is	to	find	the	correct	combinations	of	targeted	compounds	for	individual

tumors.	For	 this	 effort,	 it	will	 be	 necessary	 to	 identify	 targets	 in	 different	 pathways	 for	which	 effective	 agents
exist.	 Such	 a	 combination	 might	 include	 inhibitors	 of	 RTKs,	 together	 with	 a	 CDK4/6	 inhibitor	 and
pembrolizumab,	 an	 immune	 checkpoint	 inhibitor.	 Many	 combinations	 are	 possible,	 and	 the	 literature	 will	 be
replete	with	combinations	of	multiple	targeted	agents	within	the	next	few	years	as	precision	medicine	approaches
evolve.	Rapid	and	comparatively	inexpensive	targeted	or	exome	sequencing	is	now	becoming	available	at	the	lab
bench	with	bioinformatics	software	and	cloud	computing	to	provide	results	within	days.	This	will	be	an	exciting
era.	Figure	44.2	 illustrates	how	molecular	characterization	of	 three	categories	of	oral	and	oropharyngeal	cancer
that	are	distinguished	by	site	of	origin	and	affected	patient	populations	may	be	carried	out	to	select	for	therapy,
such	 as	 using	 reduced-intensity	 therapy	 for	 low-risk	 HPV-driven	 cancers,	 or	 to	 select	 for	 targeted	 therapy	 in
patients	with	R/M	disease	after	treatment	with	standard-of-care	therapy.

INHIBITION	OF	HNSCC	IMMUNE	ESCAPE
Although	the	regulation	of	HNSCC–immune	cell	interactions	has	long	been	recognized	as	an	important	blockade
to	 tumor	 progression,	 recent	 research	 has	 led	 to	 an	 understanding	 of	 several	mechanisms	 that	 block	 the	 tumor
inhibitory	effects	of	immune	activity.	One	of	the	most	prominent	mechanisms	involves	the	programmed	cell	death
protein	1	(PD-1),	a	transmembrane	protein	expressed	by	T	cells	and	many	types	of	tumor-infiltrating	lymphocytes.
This	protein	that	can	bind	to	one	of	two	tumor	surface	ligands,	programmed	cell	death	protein	ligand	1	(PD-L1)	or
programmed	 cell	 death	 protein	 ligand	 2	 (PD-L2).49	 Upon	 ligand	 binding,	 effector	 lymphocytes	 (prominently
CD8+	effector	T	cells)	are	suppressed	and	undergo	apoptosis.50	It	has	been	hypothesized	that	tumor	cells	with	high
surface	 neoantigen	 loads	 escape	 clearance	 by	 activated	T	 cells	 through	up	 regulation	 of	PD-L1	 and	PD-L2,	 in
spite	of	high	inflammatory	and	tumor-infiltrating	lymphocyte	content.

To	 overcome	 this	 immune	 escape	mechanism,	 early	 clinical	 trials	 in	HNSCC	 leveraged	 the	 PD-1–targeting
antibodies	 pembrolizumab	 and	 nivolumab.	 In	 fact,	 recurrent	 and/or	 metastatic	 patients	 treated	 with
pembrolizumab	had	an	18.2%	overall	response	rate,	with	only	a	7.6%	adverse	reaction	rate,	which	led	to	the	2016
approval	of	this	therapy	for	platinum-refractory	recurrent	or	metastatic	HNSCC.51	This	represented	a	major	step
forward	for	the	field	as	the	first	approved	targeted	therapy	since	the	implementation	of	cetuximab.	Consequently,
many	 subsequent	 studies	 are	 currently	 assessing	 PD-1	 (nivolumab),	 PD-L1	 (MEDI4736	 or	 durvalumab),	 and
cytotoxic	 T-lymphocyte	 associated	 protein	 4	 (CTLA-4)	 (tremelimumab;	 CTLA-4	 represents	 a	 second	 tumor
immune	 escape	 pathway)	 alone	 or	 in	 combination	 with	 standard	 therapies	 in	 various	 HNSCC	 settings.	 For
example,	a	phase	III	trial	of	nivolumab	versus	either	cetuximab,	docetaxel,	or	methotrexate	is	currently	enrolling
to	 assess	 improvements	 in	 survival	 for	 recurrent	 or	 metastatic	 HNSCC	 patients	 (NCT02105636).	 Preliminary
results	are	exciting,	 showing	 that	 the	1-year	overall	 survival	 rate	approximately	doubled	 to	36%	 in	nivolumab-
treated	 patients.52,53	 As	 the	 field	 continues	 to	 unravel	 additional	 check	 point	 mechanisms,	 the	 future	 of
immunotherapy	is	likely	to	rapidly	evolve.

CANCER	STEM	CELLS
Cancer	stem	cells	(CSCs)	are	tumorigenic,	able	to	reproduce	the	heterogeneous	tumorigenic	and	nontumorigenic
cell	 subpopulations	 of	 the	 original	 tumor	 population,	 and	 self-renewing.	 CSCs	 were	 originally	 isolated	 from
lymphomas,	but	subsequent	investigation	has	revealed	the	presence	of	subsets	of	highly	tumorigenic	cancer	cells
in	essentially	every	solid	cancer	type.	Generally,	CSCs	represent	a	very	small	subpopulation	in	cancers,	typically
less	than	10%	of	the	cancer	cell	population.	A	variety	of	surface	markers	and	biologic	markers	have	been	used	to
isolate	the	CSC	population	in	HNSCC	including	CD44,	CD133,	epithelial-specific	antigen	(ESA),	and	aldehyde
dehydrogenase	 (ALDH)	 activity.	 CSCs	 are	 critical	 in	 the	 growth	 and	 development	 of	 primary	 tumors,	 exhibit
resistance	to	radiation	and	chemotherapy,	and	play	a	role	in	R/M	disease	after	treatment.

The	term	cancer	stem	cell	refers	to	the	biologic	behavior	of	the	cells	and	not	their	cell	of	origin.	However,	it	is
likely	 that	 CSCs	 originate	 from	 normal	 stem	 cells	 or	 early	 progenitor	 cells	 that	 have	 acquired	 one	 or	 more
mutations	and	epigenetic	changes,	 leading	to	unregulated	proliferation	of	 their	progeny.	Many	normal	stem	cell
genetic	pathways	are	expressed	in	CSCs	and	are	important	regulators	of	their	behavior.	These	genes	include	the
transcription	factors	responsible	for	maintaining	pluripotency,	epithelial	to	mesenchymal	transition,	self-renewal,
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xenobiotic	efflux,	and	quiescence.	Embryonic	stem	cells	appear	to	be	dependent	on	at	least	three	critical	pathways
that	regulate	their	activity;	these	are	Nanog,	octamer-binding	transcription	factor	4	(OCT4),	and	sex	determining
region	Y-box	2	 (SOX2).	Nanog	has	been	shown	 to	 inhibit	differentiation,	and	OCT4	 is	critical	 to	self-renewal.
OCT4	and	Nanog	have	also	been	 recognized	as	 important	 in	 the	 reprogramming	of	pluripotency	 in	adult	 cells.
Prince	et	al.54	 first	 identified	CSCs	in	HNSCC	using	flow	cytometry	 to	remove	blood	and	endothelial	cells	and
cells	of	mesenchymal	origin	and	positively	select	for	high-expressing	CD44+	cell	population.	Comparison	of	the
high	and	low	CD44+	cells	showed	that	the	CD44high	cells	could	produce	tumors	in	immunocompromised	rodents
at	low	cell	number,	whereas	10,	100,	or	1,000	times	higher	numbers	of	CD44low	cells	could	not.	Normal	cells	and
CSCs	express	high	levels	of	adenosine	triphosphate–-binding	cassette	(ABC)	transporter	genes,	including	ABCB1,
which	 encodes	 P-glycoprotein,	 and	 ABCG2.	 The	 drug-effluxing	 property	 of	 stem	 cells	 conferred	 by	 ABC
transporters	 is	 the	basis	 for	 the	 side-population	phenotype	 that	arises	 from	 the	exclusion	of	 the	 fluorescent	dye
Hoechst	 33342	 and	 has	 been	 used	 to	 isolate	 CSCs	 from	HNSCC.55	 Subsequently,	 the	CD44+	 subset	 that	 also
expresses	 high	 ALDH	 activity	 further	 defined	 a	 highly	 tumorigenic	 population	 capable	 of	 recapitulating	 the
histology	of	 the	 original	HNSCC	 tumors.	CSCs	 isolated	 from	HNSCC	by	 these	methods	 produce	 spheroids	 in
vitro	 and	 express	 the	 stem	cell	markers	Nanog,	OCT3/4,	 and	SOX2.56	Overexpression	 of	Nanog	 and	OCT4	 is
correlated	with	chemotherapy	resistance	and	stage,	suggesting	these	genes	play	a	role	in	treatment	outcomes	and
prognosis	in	HNSCC.



Figure	44.2	Diagram	of	molecular	strategies	to	treat	populations	with	oral	and	oropharyngeal
squamous	cell	carcinoma.	(Assumes	standard	of	care	for	initial	therapy	and	then	molecular
strategies	to	find	appropriate	targeted	therapy	if	tumor	recurs	or	spreads.)	HPV,	human

papillomavirus.

Bmi1	is	believed	to	maintain	the	self-renewal	of	stem	cells.	Bmi1	is	expressed	in	CSCs	including	HNSCC	and
is	a	component	of	the	polycomb	complex	1,	an	epigenetic	regulator	of	stem	cell	self-renewal	and	carcinogenesis.
BMI1	 is	 thought	 to	 promote	 cellular	 proliferation	 by	 blocking	 p16INK4A-induced	 cellular	 senescence.	 BMI1
knockdown	 results	 in	 reduction	 in	 HNSCC	 CSC	 renewal	 and	 chemotherapy	 and	 radiation	 resistance.57
Conversely,	overexpression	of	BMI1	 in	 the	non-CSC	population	of	HNSCC	resulted	 in	 the	acquisition	of	 self-
renewal	and	stem	cell–like	properties.

Epithelial	 to	 mesenchymal	 transition	 facilitates	 cancer	 cell	 migration	 and	 subsequent	 development	 of
metastasis.	Snail	and	Twist	are	transcription	factors	regulating	epithelial	to	mesenchymal	transition	in	stem	cells
and	cancer	cells.	Increased	expression	of	Twist	has	been	found	in	both	CD44+	and	ALDH-positive	HNSCC,	and
increased	 Snail	 expression	 has	 been	 confirmed	 in	ALDH	HNSCC	CSCs.58	 Snail	 expression	 in	HNSCC	CSCs
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correlates	with	metastasis,	 local	 recurrence,	 and	 prognosis.	 Increased	Twist	 expression	 increases	HNSCC	CSC
motility	and	loss	of	E-cadherin–mediated	cell-to-cell	contact.

CSCs	share	many	of	the	properties	of	normal	stem	cells	that	provide	for	a	long	life	span,	including	resistance	to
drugs	and	toxins	through	the	expression	of	ABC	transporters.	Therefore,	tumors	might	have	a	built-in	population
of	drug-resistant	pluripotent	cells,	the	CSCs,	due	to	their	expression	of	the	ABC	transporter	genes	that	can	survive
chemotherapy	and	repopulate	the	tumor.

The	 role	 of	 CSCs	 in	 treatment	 resistance	 and	 recurrence	 is	 still	 being	 elucidated.	 Gaining	 a	 better
understanding	of	the	molecular	pathways	that	regulate	CSC	behavior	will	be	essential	to	developing	therapies	that
target	this	critical	population	of	cells.	Methods	for	targeting	CSCs	specifically	could	have	impressive	effects	on
cancer	elimination.
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45 Cancer	of	the	Head	and	Neck
William	M.	Mendenhall,	Peter	T.	Dziegielewski,	and	David	G.	Pfister

INCIDENCE	AND	ETIOLOGY
The	term	“head	and	neck	cancer”	(HNC)	refers	to	cancers	of	the	upper	aerodigestive	tract,	including	the	lips,	oral
cavity,	 oropharynx,	 sinonasal	 cavities,	 larynx,	 hypopharynx,	 and	 salivary	 glands.	 They	 account	 for	 4%	 of	 all
cancers,	 and	 it	 is	 estimated	 that	 over	 65,000	 new	 cases	 will	 be	 diagnosed	 in	 the	 United	 States	 in	 2017.1
Approximately	27%	of	these	patients	are	women.2	African	Americans	have	a	higher	age-adjusted	incidence	than
other	 ethnic	 groups.	 The	 usual	 time	 of	 diagnosis	 is	 after	 the	 age	 of	 40	 years,	 except	 for	 salivary	 gland	 and
nasopharyngeal	cancers	(NPCs),	which	may	occur	in	younger	age	groups.	For	many	primary	sites,	tobacco	use	is
associated	with	an	increased	risk.	Alcohol	has	also	been	implicated	as	a	causative	factor;	the	effects	of	alcohol	and
tobacco	may	be	synergistic.3	HNC	patients	have	an	increased	risk	for	developing	a	second	primary	tumor	(SPT),
both	within	 the	head	and	neck	and	elsewhere	 (e.g.,	 esophageal	and	 lung	cancers),4	 attributed	 to	 the	 field	effect
associated	with	tobacco	and	alcohol	use.5	Human	papillomavirus	(HPV)	infection	(most	commonly	HPV16)	plays
a	role	in	the	development	of	certain	HNCs,	particularly	those	in	the	oropharynx.6,7	Patients	with	high-risk	HPV-
positive	HNC	tend	to	be	younger	and	less	likely	to	have	a	strong	history	of	tobacco	and	ethanol	use,	have	a	history
of	multiple	sex	partners	(particularly	oral-genital	sex),	have	a	better	prognosis,	and	appear	to	have	a	lower	rate	of
SPTs.7–9	 Prior	 tobacco	 exposure	 adversely	 affects	 the	 prognosis	 of	 HPV-related	 oropharynx	 cancers.9,10	 An
increasing	 incidence	 of	 oral	 tongue	 squamous	 cell	 carcinoma	 (SCC)	 in	 nonsmoking	 white	 women	 has	 been
reported	 that	 does	 not	 appear	 to	 be	 driven	 by	 prior	HPV	 infection,	whereas	 the	 incidence	 of	 other	 oral	 cavity
cancers	is	declining.11	There	is	a	longstanding	association	between	Epstein-Barr	virus	(EBV)	and	NPC.12

EBV	DNA	is	uniformly	present	 in	NPC	in	endemic	areas	 like	Southeast	Asia,	North	Africa,	and	the	Middle
East.	In	whites	outside	these	areas,	EBV-related	NPC	is	less	prevalent.	NPC	in	whites	may	be	related	to	EBV	or	to
HPV,	 or,	 in	 some	patients,	 none	 of	 these	 viral	markers	may	 be	 found.	NPC	 in	whites	 that	 is	 not	EBV	 related
(either	HPV	positive	or	with	no	viral	association)	is	associated	with	a	poorer	prognosis	compared	with	NPC	that	is
EBV	related.13

Occupational	exposures	are	associated	with	the	development	of	sinonasal	tract	tumors.14

ANATOMY	AND	PATHOLOGY
The	 anatomy	 pertaining	 to	 a	 particular	 primary	 site	 is	 described	 in	 subsequent	 sections.	 To	 facilitate
communication,	lymph	nodes	are	organized	into	levels.	Level	I	includes	the	submental	and	submandibular	areas;
levels	II	to	IV	include	the	internal	jugular	vein	lymph	nodes;	level	V	includes	the	posterior	triangle	(Fig.	45.1).15
Furthermore,	which	lymph	node	levels	are	involved	is	predictive	of	the	primary	site.	For	example,	lip,	oral	cavity,
and	facial	skin	tumors	typically	spread	to	levels	I	and	II	initially;	larynx	and	pharynx	cancers	have	a	predilection
for	spread	to	levels	II	and	III.
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Figure	45.1	Head	and	neck	lymph	node	levels.

There	 are	 no	 capillary	 lymphatics	 in	 the	 epithelium.	 The	 tumor	 must	 penetrate	 the	 lamina	 propria	 before
lymphatic	invasion	can	occur.	One	can	predict	the	richness	of	the	capillary	network	in	a	given	head	and	neck	site
by	the	relative	incidence	of	lymph	node	metastases	at	presentation.	The	nasopharynx	and	pyriform	sinus	have	the
most	profuse	capillary	 lymphatic	networks.	The	paranasal	 sinuses,	middle	ear,	 and	vocal	cords	have	 few	or	no
capillary	 lymphatics.	 Muscle	 and	 fat	 contain	 few	 capillary	 lymphatics,	 as	 do	 bone	 and	 cartilage	 within	 the
periosteum	or	perichondrium.	There	are	no	capillary	lymphatics	in	the	eye	and	few	in	the	orbit.

Most	head	and	neck	malignant	neoplasms	arise	from	the	surface	epithelium	and	are	SCC	or	one	of	its	variants,
including	 lymphoepithelioma,	 spindle	 cell	 carcinoma,	 verrucous	 carcinoma,	 and	 undifferentiated	 carcinoma.
Lymphomas	and	a	wide	variety	of	other	malignant	and	benign	neoplasms	make	up	the	remaining	cases.16–18

Lymphoepithelioma	is	an	SCC	with	a	lymphoid	stroma	and	occurs	in	the	nasopharynx,	tonsillar	fossa,	and	base
of	tongue;	it	may	also	occur	in	the	salivary	glands.	In	the	spindle	cell	variant,	there	is	a	spindle	cell	component
that	 resembles	 sarcoma	 intermixed	with	 SCC.	 It	 is	 generally	managed	 like	 other	 high-grade	 SCCs.	Verrucous
carcinoma	is	a	low-grade	SCC	found	most	often	in	the	oral	cavity,	particularly	on	the	gingiva	and	buccal	mucosa.
It	usually	has	an	indolent	growth	pattern	and	is	often	associated	with	the	chronic	use	of	snuff	or	chewing	tobacco.

Small-cell	 neuroendocrine	 carcinoma	occurs	 rarely	 throughout	 the	head	 and	neck.	Upper	 aerodigestive	 tract
lymphomas	almost	always	show	a	diffuse	non-Hodgkin	histologic	pattern.

NATURAL	HISTORY
Patterns	of	Spread



Primary	Lesion
SCCs	 usually	 begin	 as	 surface	 mucosal	 lesions	 and	 may	 be	 difficult	 to	 distinguish	 from	 adjacent	 mucosa	 or
lymphoid	tissue	in	Waldeyer	ring.	Early	lesions	may	only	show	erythema	and	indurated	mucosa.

Spread	is	dictated	by	local	anatomy	and	thus	varies	by	each	anatomic	site.	Muscle	invasion	is	common,	and	the
tumor	may	spread	a	 surprising	distance	along	muscle	or	 fascial	planes	 from	 the	palpable	or	visible	 lesion.	The
tumor	may	attach	early	to	the	periosteum	or	perichondrium,	but	bone	or	cartilage	invasion	is	usually	a	late	event.
Bone	 and	 cartilage	 usually	 act	 as	 a	 barrier	 to	 spread;	 the	 tumor	 that	 encounters	 these	 structures	will	 often	 be
diverted	 and	 spread	 along	 a	 path	 of	 less	 resistance.	 Slow-growing	 gingival	 neoplasms	may	 produce	 a	 smooth
pressure	defect	of	the	underlying	bone	without	bone	invasion.

Tumor	extension	 into	 the	parapharyngeal	 space	allows	superior	or	 inferior	 spread	 from	 the	skull	base	 to	 the
hyoid	bone.

Spread	 inside	 the	 lumen	 of	 the	 sublingual,	 submandibular,	 and	 parotid	 gland	 ducts	 is	 uncommon.	 The
nasolacrimal	duct,	however,	is	often	invaded	in	ethmoid	sinus	and	nasal	carcinomas.

Perineural	 invasion	 (PNI)	 is	 observed	 in	 SCCs	 as	 well	 as	 salivary	 gland	 tumors,	 especially	 adenoid	 cystic
carcinomas.	When	advanced,	PNI	may	produce	neurologic	symptoms	and	is	associated	with	a	poorer	rate	of	local
control.19	Tumors	may	 track	along	a	nerve	 to	 the	skull	base	and	central	nervous	system	(CNS)	or	peripherally.
SCCs	may	 also	 spread	 through	vascular	 structures,	which	 is	 associated	with	 an	 increased	 risk	 for	 regional	 and
distant	metastases.

Lymphatic	Spread
Tumor	differentiation,	the	size	of	the	primary	lesion,	the	presence	of	vascular	space	invasion,	and	the	density	of
capillary	lymphatics	predict	the	risk	of	lymph	node	metastasis.	Recurrent	lesions	have	an	increased	risk.	Histology
also	 impacts	 the	 likelihood	 of	 lymphatic	 spread.	Low-grade	minor	 salivary	 gland	 tumors	 and	 sarcomas	 have	 a
lower	risk	of	lymph	node	metastases	than	SCCs	arising	in	similar	mucosal	sites.

A	patient	may	present	with	SCC	in	a	cervical	lymph	node,	and	despite	an	extensive	workup,	the	site	of	origin
may	remain	undetermined	in	approximately	25%	to	50%	of	patients.20	If	only	the	neck	is	treated,	a	primary	lesion
may	appear	later	but	sometimes	is	never	found.21

The	 relative	 incidence	of	 clinically	positive	 lymph	nodes	on	admission	 is	determined	by	primary	 site	 and	T
stage.22	Well-lateralized	lesions	spread	to	 ipsilateral	neck	nodes.23	Lesions	on	or	near	 the	midline,	 tongue	base,
soft	palate,	and	nasopharyngeal	lesions	(even	when	lateralized),	may	spread	to	both	sides	of	the	neck,	although	the
risk	is	higher	to	the	side	occupied	by	the	bulk	of	the	lesion.	Patients	with	clinically	positive	ipsilateral	neck	nodes
are	 at	 risk	 for	 contralateral	 disease,	 especially	 if	 the	 nodes	 are	 large	 or	multiple;	 obstruction	 of	 the	 lymphatic
pathways	by	surgery	or	RT	also	shunts	 the	 lymphatic	 flow	 to	 the	opposite	neck	 in	a	 less	predictable	 fashion.23
When	lymph	node	metastases	appear	at	an	unusual	site,	a	careful	search	must	be	made	for	a	second	primary.	The
likelihood	of	 retropharyngeal	 adenopathy	 is	 related	 to	 the	presence	of	 clinically	 involved	 lymph	nodes	 and	 the
primary	site	and	is	particularly	high	for	NPCs	and	oropharyngeal	cancers	(OPCs).24

Distant	Spread
The	risk	of	distant	metastasis	is	related	more	to	N	stage	and	the	location	of	involved	nodes	in	the	low	neck	rather
than	to	T	stage.25	The	risk	is	<10%	for	N0	or	N1	disease	and	rises	to	approximately	30%	for	N3	disease	as	well	as
N1	or	N2	nodes	with	disease	below	the	level	of	the	thyroid	notch.	Distant	metastases	are	found	most	often	in	the
lung.26

DIAGNOSIS
A	 thorough	 history	 and	 physical	 examination	 focusing	 on	 the	 head	 and	 neck	 are	 performed.	 The	 location	 and
extent	of	the	primary	tumor	and	any	clinically	positive	lymph	nodes	are	documented.	Imaging	is	an	extension	of
the	physical	examination	and	should	include	at	minimum	a	contrast-enhanced	computed	tomography	(CT)	scan	of
the	neck.	Magnetic	resonance	imaging	(MRI)	is	used	in	cases	where	dental	artifacts	obscure	tumor	views	on	the
CT,	perineural	spread	is	suspected,	or	with	sinonasal	and	salivary	gland	cancers.	A	positron	emission	tomography
(PET)-CT	 scan	 can	 also	 be	 used	 for	 a	metastatic	workup.	However,	 the	 false-positive	 rate	 for	 detecting	 nodal
metastases	on	a	PET-CT	can	be	up	to	73%.27

The	most	common	incidental	findings	include	benign	parotid	masses	(e.g.,	Warthin	tumor),	adrenal	adenomas,
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and	 inflammatory	mediastinal	 nodes.28	 Perhaps	 the	 greatest	 utility	 of	 a	 PET-CT	 for	 HNCs	 is	 the	 detection	 of
distant	metastases,	 for	which	 the	 sensitivity	 and	 specificity	 are	89%	and	95%,	 respectively.29	The	pretreatment
scan(s)	should	be	obtained	prior	to	the	biopsy	so	that	biopsy-related	changes	are	not	confused	with	the	tumor.	A
chest	radiograph	is	obtained	to	determine	the	presence	of	distant	metastases	and/or	a	synchronous	primary	lung
cancer.	Patients	with	N3	neck	disease,	as	well	as	those	with	N2	disease	with	nodes	below	the	level	of	the	thyroid
notch,	have	a	20%	to	30%	risk	of	developing	distant	metastases	and	are	considered	for	a	chest	CT	or	PET.

In	most	cases,	a	biopsy	of	the	primary	lesion	can	be	performed	under	local	anesthetic	in	the	clinic.	However,
most	 laryngeal,	 hypopharyngeal,	 and	 base	 of	 tongue	 lesions	will	 require	 direct	 laryngoscopy	 under	 anesthesia.
Given	 the	 risk	 of	 synchronous	 cancers	 (1%	 to	 10%),	 some	 advocate	 routine	 triple	 panendoscopy	 (i.e.,
laryngoscopy/pharyngoscopy,	nasopharyngoscopy,	bronchoscopy,	and	esophagoscopy).30	Panendoscopy	is	a	low-
morbidity	procedure	that	can	provide	information	useful	for	treatment	planning,	particularly	when	the	primary	site
is	 unclear,	 when	 there	 are	 diffuse	 mucosal	 abnormalities,	 and	 when	 there	 is	 evidence	 of	 low	 neck	 disease—
otherwise,	the	yield	can	be	low.	An	alternative	to	a	biopsy	of	the	primary	lesion	is	to	obtain	a	fine-needle	aspirate
(FNA)	 biopsy	 of	 a	 clinically	 suspicious	 neck	 node	 on	 the	 ipsilateral	 side	 of	 the	 primary	 tumor.	An	 excisional
biopsy	(TX)	of	the	node	is	not	routinely	performed	unless	lymphoma	is	suspected	or	FNA	results	are	equivocal.	If
SCC	is	a	consideration,	the	excision	should	be	done	in	a	manner	to	facilitate	subsequent	management,	including
neck	dissection.	Occasionally,	 the	diagnosis	may	be	made	by	clinical	and	radiographic	evaluation,	and	a	biopsy
should	be	avoided	in	situations	where	the	treatment	is	definitive	RT	and	where	obtaining	a	tissue	sample	is	risky
(e.g.,	paragangliomas,	juvenile	nasopharyngeal	angiofibromas).16,31

Head	and	neck	surgeons,	radiation	oncologists,	medical	oncologists,	diagnostic	radiologists,	plastic	surgeons,
pathologists,	dentists,	speech	and	swallowing	therapists,	physical	therapists,	and	social	workers	may	all	play	a	role
in	treatment	planning,	and	this	input	before	treatment	can	be	facilitated	by	the	patient’s	case,	biopsy	results,	and
imaging	being	reviewed	at	a	multidisciplinary	tumor	board.

STAGING
The	staging	system	of	the	American	Joint	Committee	on	Cancer	(AJCC)	is	used.32	In	general,	TX	indicates	that
the	primary	tumor	cannot	be	assessed,	T0	indicates	no	evidence	of	primary	tumor,	and	Tis	indicates	carcinoma	in
situ.	For	tumors	of	the	oral	cavity,	further	staging	of	the	primary	lesion	is	based	primarily	on	size	criteria:	2	cm	or
less	 for	 T1,	 >2	 cm	 but	 no	more	 than	 4	 cm	 for	 T2,	 >4	 cm	 for	 T3,	 and	 T4	 tumors	 involve	major	 invasion	 or
encasement	of	surrounding	structures	(e.g.,	bone,	carotid	artery,	deep	musculature).	For	 the	other	primary	sites,
further	 staging	 is	 less	 easily	 generalized	 because	 the	 anatomic	 extent	 of	 spread,	 histology	 (e.g.,	 p16	 status	 for
oropharyngeal	SCC	 for	which	 a	 new	 staging	 system	 reflecting	 the	 better	 prognosis	 for	 these	 patients	 has	 been
proposed),33	and/or	functional	criteria	(e.g.,	vocal	cord	mobility)	are	used	and,	for	certain	sites,	are	combined	with
tumor	size	(e.g.,	hypopharynx,	major	salivary	glands)	and	are	given	in	the	discussion	of	each	respective	primary
site.32	Neck	staging	is	common	to	all	head	and	neck	sites,	except	the	nasopharynx	(Table	45.1).32	Lesions	may	be
clinically	 or	 pathologically	 staged.	 Clinical	 staging	 is	 more	 commonly	 used	 for	 treatment	 planning	 and	 the
reporting	of	results.	The	format	for	combining	T	and	N	stages	into	an	overall	stage	is	depicted	in	Table	45.2	and	is
common	to	all	sites	except	the	nasopharynx	and	p16	positive	oropharynx	or	unknown	primary.32	Overall	stage	for
p16	 positive	 oropharynx	 or	 unknown	 primary	 is	 further	 stratified	 based	 on	 whether	 the	 stage	 is	 clinical	 or
pathologic.32

TABLE	45.1
2017	American	Joint	Committee	on	Cancer	Stages	of	Regional	Lymph	Node	Involvement

NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	a	single	ipsilateral	lymph	node,	3	cm	or	smaller	in	greatest	dimension	and	ENE(−)

N2 Metastasis	in	a	single	ipsilateral	lymph	node	larger	than	3	cm	but	no	larger	than	6	cm	in	greatest	dimension	and	ENE(−);	or
metastases	in	multiple	ipsilateral	lymph	nodes,	none	more	than	6	cm	in	greatest	dimension	and	ENE(−);	or	in	bilateral	or
contralateral	lymph	nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N2a Metastasis	in	single	ipsilateral	or	contralateral	lymph	node	larger	than	3	cm	but	not	larger	than	6	cm	in	greatest	dimension
and	ENE(−)



N2b Metastasis	in	multiple	ipsilateral	lymph	nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−)
N2c Metastasis	in	bilateral	or	contralateral	lymph	nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N3 Metastasis	in	a	lymph	node	larger	than	6	cm	in	greatest	dimension	and	ENE(−);	or	metastases	in	a	single	ipsilateral	nose
ENE(+);	or	multiple	ipsilateral,	contralateral,	or	bilateral	nodes,	any	with	ENE(+)

N3a Metastasis	in	a	lymph	node	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N3b Metastasis	in	a	single	ipsilateral	ENE(+);	or	multiple	ipsilateral,	contralateral,	or	bilateral	nodes,	any	with	ENE(+)
Note:	A	designation	of	“U”	or	“L”	may	be	used	for	any	N	category	to	indicate	metastasis	above	the	lower	border	of	the	cricoid	(U)	or
below	the	border	of	the	cricoid	(L).	Similarly,	clinical	and	pathologic	ENE	should	be	recorded	as	ENE(−)	or	ENE(+).
ENE,	extranodal	extension.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

TABLE	45.2
2017	American	Joint	Committee	on	Cancer	Overall	Stage	Grouping

When	T	Is	… And	N	Is	… And	M	Is	… Then	the	Stage	Group	Is	…
T1 N0 M0 I

T2 N0 M0 II

T3 N0 M0 III

T1,	T2,	T3 N1 M0 III

T4a N0,	N1 M0 IVA

T1,	T2,	T3,	T4a N2 M0 IVAt

Any	T N3 M0 IVB

T4b Any	N M0 IVB

Any	T Any	N M1 IVC
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Stage	IV	represents	a	wide	spectrum	of	disease.	One	patient	may	have	a	T1,	T2,	or	T3	lesion	with	low-volume
N2	neck	disease	 and	 a	 high	probability	 of	 cure	 (stage	 IVA),	whereas	 another	may	have	 a	T4b	primary	 cancer
and/or	 N3	 neck	 disease	 and	 a	 relatively	 poor	 prognosis	 (stage	 IVB)34;	 distant	 metastases	 indicate	 stage	 IVC
disease,	and	the	treatment	intent	is	typically	palliative.

PRINCIPLES	OF	TREATMENT	FOR	SQUAMOUS	CELL	CARCINOMA
General	Principles	for	Selection	of	Treatment
Surgery	and	RT	are	the	only	curative	treatments	for	head	and	neck	carcinomas.	Although	chemotherapy	alone	is
not	curative,	 it	enhances	the	effects	of	RT	and	thus	is	routinely	used	as	part	of	combined	modality	treatment	in
patients	with	stage	III	or	IV	disease.

The	advantages	of	surgery	compared	with	RT,	assuming	similar	cure	rates,	may	include	the	following:	(1)	a
limited	amount	of	tissue	is	exposed	to	treatment;	(2)	the	treatment	time	is	shorter;	(3)	the	risk	of	immediate	and
late	 RT	 toxicity	 is	 avoided;	 and	 (4)	 RT	 is	 reserved	 for	 a	 head	 and	 neck	 SPT,	which	may	 not	 be	 suitable	 for
surgery.

The	advantages	of	RT	may	include	(1)	the	risk	of	a	major	postoperative	complication	is	avoided,	(2)	no	tissues
are	removed	so	that	the	probability	of	a	functional	or	cosmetic	defect	may	be	reduced,	(3)	elective	neck	RT	can	be
included	with	relatively	low	morbidity,	and	(4)	the	surgical	salvage	of	an	RT	failure	is	probably	more	likely	than
the	RT	salvage	of	a	surgical	failure.

Transoral	Robotic	Surgery
In	 recent	 years,	 transoral	 robotic	 surgery	 (TORS)	 has	 been	 popularized.	 This	 technology	 uses	 robotic	 arms
operated	remotely	by	the	surgeon.	It	overcomes	difficulties	in	exposing	tumors,	especially	OPCs,	allowing	a	better
access	and	no	need	to	split	the	mandible.	The	functional	results	of	TORS	are	excellent	in	relatively	small	tumors,
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with	similar	survival	rates	as	RT	or	combined	chemoRT	(CRT).	The	functional	results,	notably	dysphagia,	may	be
adversely	affected	if	patients	require	postoperative	RT	or	CRT.35

Salvage	of	a	surgical	failure	may	be	attempted	by	repeat	surgery,	RT,	or	both	if	possible.	Surgical	recurrences
usually	develop	at	the	resection	margins,	in	or	near	the	suture	line.	It	is	difficult	to	distinguish	the	normal	surgical
scarring	 from	 recurrent	disease,	 and	 the	diagnosis	of	 recurrence	 is	often	delayed.	Tumor	 response	 to	RT	under
these	 circumstances	 is	poor.	Surgery,	RT,	or	both,	 however,	may	 salvage	 small	mucosal	 recurrences	 and	 some
neck	recurrences.	For	bulkier	recurrences	treated	with	RT,	concurrent	chemotherapy	is	often	incorporated.

Survival	Benefits	of	Head	and	Neck	Cancer	Patients	Receiving	Treatment	at
Centers	with	Expertise
The	National	Comprehensive	Cancer	Network	 (NCCN)	 guidelines	 recommend	 that	 patients	with	HNC	 receive
treatment	at	centers	with	expertise.	A	recent	analysis	of	institutions	with	high	accrual	or	low	accrual	of	patients	in
cooperative	group	studies	found	that	patients	treated	in	high-volume	RT	centers	had	better	survival	compared	with
patients	 treated	 at	 low-volume	 institutions,	 after	 accounting	 for	 RT	 protocol	 deviations.36	 The	 same	 has	 been
shown	for	surgically	treated	patients	for	whom	survival	is	nearly	doubled	at	high-volume	centers.37

MANAGEMENT
Primary	Site
The	management	of	the	primary	cancer	is	considered	separately	for	each	anatomic	site.	Patients	who	are	in	poor
nutritional	condition	may	require	a	nasogastric	tube	or	a	percutaneous	gastrostomy	(PEG)	before	initiating	surgery
or	 RT,	 particularly	 if	 concomitant	 chemotherapy	 is	 used.	 Opinions	 vary	 regarding	 the	 role	 of	 prophylactic
nasogastric	or	PEG	placement	 in	anticipation	of	RT-based	 local	 toxicity	 in	patients	without	significant	baseline
dysphagia	or	weight	 loss;	a	 reactive	strategy	 is	preferred	by	many	and	may	facilitate	swallowing	 recovery.38	 If
external-beam	RT	(EBRT)	is	selected,	it	may	be	given	with	either	conventional	once-daily	fractionation,	66	to	70
Gy	at	2	Gy	per	fraction,	5	days	a	week	in	a	continuous	course,	or	with	an	altered	fractionation	schedule.	Whether
an	altered	fractionation	schedule	is	better	than	conventional	fractionation	when	used	as	a	single	modality	depends
on	the	altered	fractionation	technique	that	is	selected.	Two	altered	fractionation	schedules	that	have	been	shown	to
result	 in	 improved	 local–regional	 control	 rates	 are	 the	 University	 of	 Florida	 hyperfractionation	 and	 the	 MD
Anderson	 Cancer	 Center	 concomitant	 boost	 techniques.39	 The	 results	 of	 a	 prospective	 randomized	 Radiation
Therapy	 Oncology	 Group	 (RTOG)	 trial	 comparing	 these	 schedules	 with	 conventional	 fractionation	 and	 the
Massachusetts	 General	 Hospital	 accelerated	 split-course	 schedule	 are	 shown	 in	 Table	 45.3.	 Acute	 toxicity	 is
increased	 with	 altered	 fractionation;	 late	 toxicity	 is	 comparable	 with	 conventional	 fractionation.40
Hyperfractionation	 resulted	 in	 improved	 overall	 survival,	 whereas	 the	 concomitant	 boost	 schedule	 did	 not.	 Of
note,	when	concurrent	chemotherapy	is	added,	there	does	not	appear	to	be	a	tumor	control	advantage	for	use	of
altered	fractionated	compared	to	standard	fractionation	RT.9,41	However,	there	are	no	randomized	trials	comparing
hyperfractionation	and	concomitant	chemotherapy	with	once-daily	fractionation	and	concomitant	chemotherapy.

TABLE	45.3
Altered	Fractionation:	5-Year	Outcomes	from	the	Radiation	Therapy	Oncology	Group	90-03
Trial

Parameter

Fractionation	Schedule
Conventional	(70
Gy/35	Fx/7	wk)

Hyperfractionation
(81.6	Gy/68	Fx/7	wk)

Accelerated	Split	Course
(67.2	Gy/42	Fx/6	wk)

Accelerated	Concomitant
Boost	(72	Gy/42	Fx/6	wk)

Number	of
patients

268 263 274 268

Local–
regional
failure

59.1% 51.2%	(P	=	.037) 57.8% 51.7%	(P	=	.042)

Disease-free 21.2% 30.7%	(P	=	.013) 26.6% 28.9%	(P	=	.042)



survival
Overall
survival

29.5% 37.1%	(P	=	.063) 30.8% 33.5%

Cause-
specific
survival

42.9% 45.5% 40.9% 43.4%

Grade	3	late
toxicity

25.2% 27.4% 26.8% 33.3%	(P	=	.066)

Note:	P	values	reflect	comparison	of	the	experimental	arms	with	standard	fractionation.
Fx,	fractions.
From	Trotti	A,	Fu	KK,	Pajak	TF,	et	al.	Long	term	outcomes	of	RTOG	90-03:	a	comparison	of	hyperfractionation	and	two	variants	of
accelerated	fractionation	to	standard	fractionation	radiotherapy	for	head	and	neck	squamous	cell	carcinoma.	Int	J	Radiat	Oncol	Biol
Phys	2005;63:S70–S71.

Conventional	 EBRT	 techniques	 and/or	 brachytherapy	 are	 discussed	 in	 the	 subsequent	 site-specific	 sections.
EBRT	may	also	be	delivered	with	intensity-modulated	RT	(IMRT)	to	produce	a	more	conformal	dose	distribution
and	to	reduce	the	dose	to	the	normal	tissues.42–44	The	disadvantages	of	IMRT	are	that	it	is	more	time	consuming
to	plan	and	treat	the	patient,	the	dose	distribution	is	often	less	homogenous	so	that	“hot	spots”	may	increase	the
risk	of	late	complications,	the	risk	of	a	marginal	miss	may	be	increased	because	the	fields	are	more	conformal,	the
total	body	RT	dose	is	higher	because	of	increased	“beam	on”	time	and	scatter	irradiation,	and	it	is	more	costly.
Therefore,	a	clear	reason	for	using	IMRT	versus	conventional	RT	should	be	identified.	The	usual	indication	for
IMRT	 is	 to	 reduce	 the	 dose	 to	 the	 contralateral	 parotid	 gland	 and	 thus	 limit	 long-term	 xerostomia.45	Another
indication	is	to	reduce	the	CNS	dose	in	patients	with	NPC.	Finally,	it	may	be	used	to	avoid	a	difficult	low	neck
match	in	patients	with	laryngeal	or	hypopharyngeal	cancers	and	a	low-lying	larynx.	Proton	therapy,	which	offers
potential	targeting	and	dosing	advantages	for	selected	tumors,46	is	useful	for	reducing	the	dose	to	the	brain	and	the
visual	apparatus	for	patients	with	nasal	cavity	and	paranasal	sinus	malignancies.47	It	may	also	be	advantageous	for
some	patients	with	oropharyngeal	SCCs	where	 the	dose	 to	 the	oral	cavity	may	be	 reduced,	 thus	decreasing	 the
need	for	a	PEG	during	treatment.48

NECK

In	1906,	Dr.	Crile	described	the	radical	neck	dissection	(currently	also	known	as	comprehensive	neck	dissection),
which	became	the	standard	of	care	for	lymph	node	metastases.	The	superficial	and	deep	cervical	fascia	with	its
enclosed	 lymph	 nodes	 (levels	 I	 to	 V)	 were	 removed	 in	 continuity	 with	 the	 sternocleidomastoid	 muscle,	 the
omohyoid	muscle,	 the	 internal	and	external	 jugular	veins,	cranial	nerve	XI,	and	 the	submandibular	gland.	Over
time,	 neck	 dissections	 became	 less	 morbid,	 moving	 toward	 the	 modified	 radical	 neck	 dissection	 (MRND;
currently	 also	 known	 as	modified	 comprehensive	 neck	 dissection),	 or	 functional	 neck	 dissection,	 and	 selective
neck	dissections	(SNDs).	The	principle	tenet	of	these	dissections	is	to	preserve	structures	not	involved	with	cancer
and	 additionally	 to	 remove	 only	 fat,	 fascia,	 and	 lymph	nodes.	There	 are	 three	 types	 of	MRND:	 type	 I,	 cranial
nerve	(CN)	XI	is	spared;	type	II,	CN	XI	and	the	internal	jugular	vein	are	spared;	and	type	III	(functional),	CN	XI,
the	 internal	 jugular	 vein,	 and	 the	 sternocleidomastoid	muscle	 are	 spared.	 SNDs	 are	 more	 limited	 and	 include
removal	of	lymph	node	levels	that	are	at	greatest	risk	for	nodal	metastatic	spread.	The	type	of	SND	is	denoted	by
the	lymph	node	levels	removed	(e.g.,	SND	II	to	IV).

An	SND	is	recommended	for	the	cN0	neck,	for	selected	clinically	positive	necks	(mobile,	1-	 to	3-cm	lymph
nodes),	 and	 for	 removing	 residual	 disease	 after	 RT	 when	 there	 has	 been	 excellent	 regression	 of	 N2	 or	 N3
disease.49,50

The	 more	 extensive	 the	 neck	 dissection,	 the	 higher	 the	 risk	 of	 complications.	 Complications	 after	 neck
dissection	include	hematoma;	seroma;	 lymphedema;	wound	infections	and	dehiscence;	damage	to	 the	7th,	10th,
11th,	and	12th	cranial	nerves;	phrenic	nerve	 injury;	brachial	plexus	 injury;	chyle	 leak;	and	vascular	 injury.	The
main	long-term	complication	of	neck	dissection	is	caused	by	injury	to	the	spinal	accessory	nerve,	which	can	result
in	 shoulder	 and	 neck	 pain,	 weakness,	 loss	 of	 range	 of	 motion,	 and	 decreased	 shoulder-related	 quality	 of	 life
(QOL).	Physical	therapy	and	anti-inflammatory	medication	are	initiated	days	following	surgery	and	continued	for
several	 weeks	 to	 maximize	 recovery.	 Progressive	 resistance	 exercise	 therapy	 has	 been	 shown	 to	 drastically
improve	 shoulder	 function	 and	 related	 QOL	 with	 most	 participants	 reaching	 near-baseline	 measures.51
Acupuncture	has	also	demonstrated	an	additional	benefit	compared	to	the	usual	care	in	one	randomized	study.52
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CLINICALLY	NEGATIVE	NECK
The	estimated	 incidence	of	subclinical	disease	 in	 the	 regional	 lymphatics	when	 the	neck	 is	cN0	 is	presented	 in
Table	45.4.53	 The	 likelihood	 of	 subclinical	 disease	 is	 also	 related	 to	 the	 thickness	 of	 the	 primary	 lesion	where
lesions	 2	 to	 4	 mm	 thick	 or	 less	 are	 unlikely	 to	 have	 regional	 metastases.54	 Both	 RT	 and	 neck	 dissection	 are
approximately	90%	efficient	at	eradicating	subclinical	regional	disease.49	Although	a	policy	of	close	observation
may	 be	 adopted	 for	 the	 cN0	 neck	 to	 avoid	 unnecessary	 treatment,	 the	 salvage	 rate	 for	 patients	 developing
clinically	 positive	 lymph	 nodes	 with	 the	 primary	 lesion	 controlled	 is	 50%	 to	 60%,53	 such	 that	 candidates	 for
observation	should	be	carefully	selected.

Elective	neck	irradiation	(ENI)	and	elective	neck	dissection	(END)	are	equally	effective	in	the	management	of
the	N0	neck,	with	control	rates	exceeding	90%.53,55	Treatment	of	 the	entire	neck	 is	advised	for	primary	 lesions
with	 a	 high	 rate	 of	 subclinical	 disease,	 such	 as	 the	 base	 of	 tongue,	 soft	 palate,	 supraglottis,	 and	 hypopharynx.
Patients	 with	 lateralized	 T1	 to	 T2	 tonsillar	 cancers	 do	 not	 require	 elective	 treatment	 for	 the	 contralateral	 N0
neck56;	 T3	 or	 T4	 cancers	 or	 those	with	 significant	 extension	 into	 the	 tongue	 and/or	 soft	 palate	 should	 receive
bilateral	neck	treatment	to	the	entire	neck.57

TABLE	45.4
Definition	of	Risk	Groups	for	the	Clinically	N0	Neck

Group
Estimated	Risk	of	Subclinical
Neck	Disease

T
Stage Site

I:	Low	risk <20% T1 Floor	of	mouth,	oral	tongue,	retromolar	trigone,	gingiva,	hard
palate,	buccal	mucosa

II:
Intermediate
risk

20%–30% T1
T2

Soft	palate,	pharyngeal	wall,	supraglottic	larynx,	tonsil
Floor	of	mouth,	oral	tongue,	retromolar	trigone,	gingiva,	hard
palate,	buccal	mucosa

III:	High	risk >30% T1–
T4
T2–
T4
T3–
T4

Nasopharynx,	pyriform	sinus,	base	of	tongue
Soft	palate,	pharyngeal	wall,	supraglottic	larynx,	tonsil
Floor	of	mouth,	oral	tongue,	retromolar	trigone,	gingiva,	hard
palate,	buccal	mucosa

Reprinted	with	permission	from	Mendenhall	WM,	Million	RR.	Elective	neck	irradiation	for	squamous	cell	carcinoma	of	the	head	and
neck:	analysis	of	time-dose	factors	and	causes	of	failure.	Int	J	Radiat	Oncol	Biol	Phys	1986;12(5):741–746.

TABLE	45.5
Failure	of	Initial	Neck	Treatment	(596	Patients	with	Carcinoma	of	the	Tonsillar	Fossa,	Base	of
Tongue,	Supraglottic	Larynx,	or	Hypopharynx	at	MD	Anderson	Cancer	Center	1948–1967)

Treatment

Stage
N0

N1 N2a N2b N3a N3bNo	Treatment Partial Complete
Radiation 	 15% 2% 15% 27% 27% 38% 34%

Surgery 55%	(16/29) 35% 7% 11% 8% 23% 42% 41%

Combined 	 1/5 0/6 0 0 0 23% 25%
Adapted	 from	Barkley	HT	 Jr,	 Fletcher	GH,	 Jesse	RH,	 et	 al.	Management	 of	 cervical	 lymph	 node	metastases	 in	 squamous	 cell
carcinoma	of	the	tonsillar	fossa,	base	of	tongue	supraglottic	larynx,	and	hypopharynx.	Am	J	Surg	1972;124(4):462–467.

When	 the	primary	 tumor	 is	 to	be	 treated	surgically,	an	END	should	be	performed	when	 the	 risk	of	 regional
lymph	node	metastasis	is	10%	to	15%	or	greater.	SND	has	an	excellent	rate	of	disease	control;	patients	who	are
found	to	have	multiple	positive	nodes	or	extracapsular	extension	(ECE)	are	then	referred	for	postoperative	RT,58
and	concurrent	chemotherapy	is	recommended	in	the	latter	circumstance.59–62

A	 recent	 large	 randomized	 study	 in	 patients	with	 oral	 cancer	 and	 clinically	 negative	 nodes	 compared	 neck
dissection	 during	 surgery	 to	 observation	 of	 the	 neck	 and	 salvage	 neck	 dissection	 if	 nodal	metastases	 appear	 at



follow-up.	END	resulted	in	higher	rates	of	overall	and	disease-free	survival	compared	to	therapeutic	dissection	at
recurrence.63

If	the	primary	lesion	is	to	be	treated	with	EBRT,	ENI	adds	relatively	little	cost	and	modest	morbidity.

CLINICALLY	POSITIVE	NECK	LYMPH	NODES
The	rates	of	neck	failure	by	N	stage	and	treatment	group	reported	from	the	MD	Anderson	Cancer	Center	and	the
University	of	Florida	are	shown	in	Tables	45.5and	45.6,	respectively.55,64	In	general,	RT	precedes	surgery	if	the
primary	site	is	to	be	treated	by	RT	or	if	the	node	is	fixed.	The	operation	precedes	RT	if	the	primary	site	is	to	be
treated	surgically.

MRND	 is	 sufficient	 treatment	 for	 the	 ipsilateral	neck	 for	patients	with	N0	or	N1	disease	without	ECE.	RT,
often	combined	with	concurrent	chemotherapy,	is	added	for	those	with	more	advanced	neck	disease.58

When	 the	 primary	 lesion	 is	 to	 be	 managed	 by	 RT	 or	 CRT,	 then	 RT-based	 therapy	 alone	 is	 sufficient	 for
patients	 in	whom	 the	 node(s)	 regress	 completely	 as	 documented	 on	CT	 obtained	 4	weeks	 post-RT.50,65	 RT	 is
followed	 by	 a	 neck	 dissection	 for	 patients	with	 residual	 nodes	 that	 are	 1.5	 cm	 or	 larger,	 as	well	 as	 those	 that
demonstrate	focal	defects,	enhancement,	and/or	calcification	on	imaging.65	A	PET	scan	done	3	months	after	RT	is
completed	as	an	alternative	 to	CT	to	assess	whether	 there	 is	persistent	disease.66	However,	 if	performed	earlier
than	3	months	after	treatment,	the	PET-CT	will	have	a	high	false-positive	rate.	Of	note,	in	a	randomized	trial	of
patients	with	N2	 or	N3	 disease,	 a	 PET-CT	 surveillance	 strategy	 did	 not	 adversely	 affect	 survival	 compared	 to
planned	neck	dissection.67

McGuirt	and	McCabe68	compared	results	of	definitive	surgery	with	and	without	a	prior	open	neck	biopsy	and
concluded	the	risks	of	neck	failure,	distant	metastases,	and	complications	were	all	increased.	Ellis	et	al.69	studied
the	results	of	therapy	following	open	biopsy	of	a	lymph	node	before	treatment.	Patients	received	definitive	RT	to
the	primary	site	and	neck;	a	subset	of	patients	underwent	a	neck	dissection	after	RT.	Open	biopsy	had	no	adverse
impact	on	these	patients	compared	with	those	who	did	not	undergo	an	open	biopsy.69	Therefore,	after	open	biopsy
of	the	neck,	RT-based	therapy	is	recommended	as	the	initial	treatment,	particularly	if	the	primary	tumor	is	to	be
managed	by	RT	or	CRT.	Under	 these	circumstances,	no	 further	neck	 treatment	 is	needed	 if	 the	neck	node	was
removed;	 if	 there	 is	 residual	 gross	 tumor	 in	 the	 neck	 after	 open	 biopsy	 a	 definitive	 neck	 dissection	 should	 be
performed	 if	 surgery	 is	 to	 be	 the	 primary	 treatment,	 or	 definitive	RT	with	 chemotherapy	 added	 if	 indicated,	 if
therapy	is	to	be	radiation	centric.65

CHEMOTHERAPY
Drug	therapy	may	be	administered	to	palliate	symptoms	in	patients	with	incurable	disease,	to	improve	the	odds	of
cure	 or	 organ	 preservation	 when	 combined	 with	 definitive	 local–regional	 therapy,	 or	 to	 decrease	 treatment
toxicity.

TABLE	45.6
Five-Year	Rate	of	Neck	Control	According	to	the	1983	American	Joint	Committee	on	Cancer
Stage	and	Treatment	(459	Patients,	593	Heminecksa)

Stage
RT	Alone RT	+	Neck	Dissection

SignificanceNo.	of	Heminecks Control No.	of	Heminecks Control
N1 215 86% 38 93% P	=	.28
N2a 29 79% 24 68% P	=	.60
N2b 138 70% 80 91% P	<.01
N3a 29 33% 40 69% P	<.01
Note:	The	University	of	Florida	data,	patients	were	 treated	October	1964	 to	October	1985;	analysis	occurred	December	1988	by
Eric	R.	Ellis,	MD.
aExcludes	67	heminecks	that	received	incisional	or	excisional	biopsies	before	treatment.
RT,	radiotherapy.
From	Mendenhall	WM,	Parsons	JT,	Mancuso	AA,	et	al.	Head	and	neck:	management	of	the	neck.	In:	Perez	CA,	Brady	LW,	eds.
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Principles	and	Practice	of	Radiation	Oncology.	2nd	ed.	Philadelphia:	J.	B.	Lippincott	Company;	1992:790–805;	and	American	Joint
Committee	on	cancer.	Stomach	cancer.	In:	Manual	for	Staging	of	Cancer.	2nd	ed.	Philadelphia:	J.	B.	Lippincott	Company;	1983:67–
72.

Chemotherapy	for	Recurrent	or	Metastatic	Disease

Single	Agents
Patients	with	recurrent	or	metastatic	head	and	neck	squamous	cell	carcinomas	(HNSCCs)	have	a	median	survival
of	6	to	9	months,	and	a	1-year	survival	rate	of	20%	to	40%	when	treated	with	chemotherapy	alone.70	Although
selected	patients	may	derive	apparent	significant	prolongations	in	survival,	average	survival	improvements	appear
small	at	best.	The	duration	of	responses	is	typically	measured	in	weeks	to	months,	not	years;	survival	beyond	2
years	is	infrequent;	and	cures	are	anecdotal.	Thus	the	primary	intent	of	chemotherapy	in	this	setting	is	to	achieve
tumor	regression	with	the	hope	that	the	potential	palliative	benefit	and	possible	modest	survival	improvement	will
outweigh	the	side	effects	of	treatment.

A	number	of	drugs	have	been	demonstrated	in	clinical	trials	to	have	activity	in	HNSCCs,	and	the	list	is	well
summarized	 in	 prior	 reviews.70	 The	 most	 commonly	 used	 include	 methotrexate,	 cisplatin,	 carboplatin,	 5-
fluorouracil,	 paclitaxel,	 and	 docetaxel,	 with	 reported	major	 response	 rates	 ranging	 from	 15%	 to	 42%.	Among
other	drugs	with	reported	major	response	rates	of	15%	or	greater	are	bleomycin,	cyclophosphamide,	doxorubicin,
hydroxyurea,	 ifosfamide,	 irinotecan,	 oral	 uracil,	 ftorafur	 (with	 leucovorin),	 pemetrexed,	 vinblastine,	 and
vinorelbine.	Some	of	these	agents	(e.g.,	cyclophosphamide,	doxorubicin,	hydroxyurea)	have	their	activity	based
on	 reported	assessments	 in	a	 limited	number	of	patients	 from	over	 two	decades	ago,	an	era	when	methods	and
criteria	 for	 response	 assessments	 may	 have	 differed	 from	 current	 standards.	 Anticipated	 response	 rates	 and
toxicity	profiles	may	vary	based	on	patient	selection	and	drug	schedule.	A	poor	performance	status	is	associated
with	both	 lower	 response	 rates	and	greater	potential	 for	 toxicity.	The	 larger	 the	amount	of	prior	 treatment	also
adversely	affects	response	rates.70

Methotrexate	is	a	historic	standard	drug	used	in	the	recurrent	or	metastatic	disease	setting.	The	typical	standard
dosing	is	40	mg/m2	intravenously	weekly,	with	dose	attenuation	or	increase	(up	to	60	mg/m2)	based	on	toxicity,
with	mucositis	being	a	frequent	reason	for	dose	adjustment.

Cisplatin	 is	 a	 cornerstone	 drug	 in	 the	modern	management	 of	HNC	 and	 is	 customarily	 dosed	 at	 75	 to	 100
mg/m2	 intravenously	 every	 3	 to	 4	 weeks.	 The	 potential	 for	 renal	 (i.e.,	 increase	 in	 creatinine,	 electrolyte
abnormalities),	otologic	(i.e.,	high	frequency	hearing	loss,	tinnitus),	neurologic	(i.e.,	peripheral	neuropathy),	and
gastrointestinal	 (i.e.,	 nausea	 and	 vomiting)	 toxicity	 are	 widely	 appreciated,	 but	 these	 risks	 are	 manageable	 if
patients	are	appropriately	screened	for	 therapy,	monitored	closely,	and	state-of-the-art	supportive	care	measures
are	applied.

Although	taxanes	as	a	class	have	significant	activity	in	HNSCCs,	hopes	of	clinically	significant	improvement
in	survival	in	the	palliative	setting	with	the	introduction	of	these	agents	have	yet	to	be	realized.

Docetaxel	appears	less	neuropathic	than	paclitaxel,	but	fluid	retention	and	hematologic	toxicity	may	be	more
problematic.	A	typical	dose	is	60	to	100	mg/m2	intravenously	over	1	hour.

Although	 initial	 studies	 evaluated	 a	 bolus	 schedule	 for	 5-fluorouracil,	 an	 infusional	 program	 of	 1,000
mg/m2/day	over	96	to	120	hours	appears	more	efficacious	in	HNC.71	Infusional	5-fluorouracil	is	associated	with
more	mucositis	and	diarrhea	than	a	bolus	schedule,	so	the	shorter	infusion	(i.e.,	96	hours)	is	typically	applied	in
patients	who	are	pretreated	and	have	received	prior	head	and	neck	RT.

Epidermal	growth	factor	receptor	(EGFR)	is	highly	expressed	in	most	HNSCCs,	and	the	degree	of	expression
is	inversely	associated	with	prognosis.72	As	such,	there	has	been	a	keen	interest	in	drugs	that	target	the	receptor
itself	or	steps	downstream.	Cetuximab,	a	chimeric	immunoglobulin	G	antibody	that	binds	the	receptor,	has	been
approved	by	 the	U.S.	Food	and	Drug	Administration	 for	use	 in	patients	with	disease	 refractory	 to	platin-based
therapy.	 As	 summarized	 in	 Table	 45.7,	 the	 response	 rates	 in	 this	 refractory	 setting	 are	 similar	 (10%	 to	 13%)
whether	 cetuximab	 is	 used	 alone	 or	 combined	 with	 platin-based	 therapy;	 median	 survival	 rates	 remained
disappointing,	ranging	from	5.2	 to	6.1	months.73–76	Another	EGFR	antibody,	zalutumumab,	was	compared	 in	a
randomized	trial	 to	best	supportive	care	alone	in	patients	with	cisplatin-refractory	HNSCC.	Among	286	entered
patients,	there	was	no	significant	improvement	in	the	primary	end	point	of	overall	survival	(median	6.7	versus	5.2
months,	P	=	.0648).77

The	small	molecule	 tyrosine–kinase	 inhibitors,	gefitinib	and	erlotinib,	offer	no	efficacy	advantage	 in	 similar
refractory	patients.	Major	response	rates	and	median	survival	rates	ranged	from	0%	to	15%	and	5.9	to	8.1	months,
respectively.	Panitumumab	is	a	fully	human	monoclonal	antibody	that	targets	EGFR.	It	is	longer	acting	compared



with	cetuximab	and	administered	once	in	3	weeks.
The	 successful	 development	 and	 approval	 of	 cetuximab	 in	HNSCC	 highlights	 the	 potential	 for	 therapies	 to

exploit	specific	molecular	pathways	with	therapeutic	effect.	A	number	of	other	new	agents,	often	with	multitarget
capability,	are	entering	clinical	trials.	For	example,	there	is	a	good	rationale	for	agents	that	target	angiogenesis	in
HNSCC.78	Cancer	gene	therapy,	whereby	genetic	sequences	are	introduced	via	viral	or	nonviral	vectors,	is	well
suited	to	head	and	neck	tumors	given	the	local–regional	character	of	head	and	neck	tumors	that	facilitates	direct
injection	 and	 the	monitoring	 of	 gene	 expression.	 The	 tumor	 suppressor	 gene	 p53	 has	 been	 one	 target	 because
somatic	mutations	of	it	are	common	in	HNCs,	particularly	among	patients	who	have	smoked	cigarettes	and	used
alcohol.79

Combination	Therapy
Given	the	disappointing	track	record	for	single-agent	therapy	in	the	palliative	setting,	combinations	of	drugs	have
been	extensively	evaluated.	In	the	early	1980s,	investigators	from	Wayne	State	University,	building	on	potential
synergy	between	cisplatin	and	5-fluorouracil,	reported	a	major	response	rate	of	70%	with	a	complete	response	rate
of	27%	using	a	regimen	of	cisplatin	100	mg/m2	 intravenously	and	a	5-fluorouracil	1,000	mg/m2/day	continuous
infusion	 over	 96	 hours	 recycled	 every	 3	 weeks	 in	 patients	 with	 recurrent	 or	 disseminated	 disease.80	 Other
investigators	confirmed	the	significant	activity	of	the	regimen,	albeit	with	a	somewhat	lower	major	and	complete
response	rate	on	average	(50%	and	16%,	respectively).81

TABLE	45.7
Cetuximab	for	Recurrent	or	Metastatic	Head	and	Neck	Cancer:	Selected	Studies

Author
No.	of
Patients Cancer Chemotherapy RR

Median	PFS
(mo)

Median	OS
(mo)

Herbst	et
al.74,a

79 SCC–POD	on	CDDP
based

CDDP	based	+
cetuximab

6%–20% 2.0–3.0 4.3–6.1

Baselga	et
al.73,a

96 SCC–POD	on	platin
based

CDDP	based	+
cetuximab

10%–
11%

2.4–2.8 4.9–6.0

Trigo	et	al.75 103 SCC–POD	on	platin
based

Cetuximab 13% 2.3 5.9

Burtness	et
al.76,b

117 SCC
No	chemo	for	R/M

CDDP
CDDP	+	cetuximab

10%
26%

2.7
4.2

8.0
9.2

aRange	related	to	how	POD	was	defined	in	different	subgroups.
bResponse	rates	were	significantly	different	(P	=	.03):	PFS	(P	=	.09)	and	OS	(P	=	.21)	did	not	reach	statistical	significance.
RR,	response	rate;	PFS,	progression-free	survival;	OS,	overall	survival;	SCC,	squamous	cell	cancer;	POD,	progression	of	disease;
CDDP	=	cisplatin;	R/M	=	recurrent	or	metastatic	disease.

Despite	an	improvement	in	response	rates	associated	with	the	use	of	combination	therapies	like	cisplatin	and	5-
fluorouracil,	albeit	with	 increased	 toxicity,	demonstrating	a	statistically	or	clinically	significant	 improvement	 in
survival	 compared	 to	 single-agent	 therapy	 has	 proven	 elusive	 (Table	45.8).82–84	 The	meta-analysis	 reported	 by
Browman	and	Cronin85	yielded	similar	conclusions.

The	activity	of	paclitaxel	and	docetaxel	 in	HNC	has	 fostered	 the	development	and	evaluation	of	 taxane	and
cisplatin	 combinations.	Docetaxel	with	 cisplatin	 is	 associated	with	 a	major	 response	 rate	 of	 40%	 to	53%,	with
complete	 response	 rates	 approximating	 6%	 to	 18%86,87;	 a	 weekly	 schedule	 of	 paclitaxel	 (80	 mg/m2)	 and
carboplatin	 (area	 under	 concentration	 versus	 time	 curve,	 2)	 appeared	 more	 efficacious	 than	 an	 every-3-week
dosing	(paclitaxel	175	to	200	mg/m2	intravenously	over	3	hours	followed	by	carboplatin	area	under	concentration,
6)	in	two	separate	phase	II	studies.88–90

There	is	great	interest	in	the	combination	of	standard	chemotherapy	with	newer	targeted	agents.	One	Eastern
Cooperative	 Oncology	 Group	 (ECOG)	 study	 compared	 cisplatin	 versus	 cisplatin	 and	 cetuximab	 as	 first-line
treatment	in	123	patients.	The	arm	including	the	cetuximab	had	a	significantly	higher	response	rate	(10%	versus
26%,	P	=	.03),	but	no	significant	difference	was	found	in	the	primary	end	point	of	progression-free	survival	(2.7
versus	 4.2	 months,	 P	 =	 .09)	 or	 in	 overall	 survival	 (8.0	 versus	 9.2	 months,	 P	 =	 .21).76	 In	 a	 larger	 trial
(EXTREME),91	 442	 patients	 were	 randomized	 to	 cisplatin	 or	 carboplatin	 and	 5-fluorouracil	 with	 or	 without
cetuximab	 for	 six	 cycles.	 Both	 median	 progression-free	 (5.6	 versus	 3.3	 months)	 and	 overall	 (10.1	 versus	 7.4



Dr. AVR @ TMH

months)	survival	rates	were	significantly	improved	on	the	triplet	arm,	at	the	cost	of	more	toxicity.	QOL	outcomes
were	reported	to	not	be	significantly	different	between	the	treatment	arms.92	Of	interest,	data	from	Vermorken	and
colleagues93	 suggests	 that	 the	 therapeutic	 effect	 of	 cetuximab,	 when	 combined	 with	 chemotherapy,	 is	 mainly
additive	rather	than	synergistic.	A	similar	but	not	identically	designed	randomized	trial	evaluated	cisplatin	and	5-
fluorouracil	with	or	without	the	EGFR	antibody	panitumumab	in	657	patients.	Response	rate	(36%	versus	25%,	P
=	 .0065)	and	median	progression-free	 survival	 (5.8	versus	4.6	months,	P	=	 .0036)	were	 significantly	 improved
with	 the	 incorporation	 of	 the	 panitumumab,	 but	 not	 the	 primary	 end	 point	 of	 overall	 survival	 (11.1	 versus	 9.0
months,	P	=	.1403).94

TABLE	45.8
Chemotherapy	for	Recurrent	or	Metastatic	Head	and	Neck	Cancer:	Selected	Phase	III	Trials
of	Cisplatin/5-Fluorouracil	versus	Other	Options

Study No.	of	Patients Agents Response	Ratesa Median	Survival	Ratesb	(mo)

Jacobs	et	al.83 249 CDDP/FU
CDDP
FU

32%
17%
13%

5.5
5.0
6.1

Forastiere	et	al.82 277 CDDP/FU
CBDCA/FU
MTX

32%
21%
10%

6.6
5.0
5.6

Clavel	et	al.84 382 CDDP/MTX/BLEO/VCR
CDDP/FU
CDDP

34%

31%
15%

8.2

6.2
5.3

Schrijvers	et	al.427 122 CDDP/FU/IFN-α2b
CDDP/FU

38%

47%

6.0

6.3

Gibson	et	al.428 218 CDDP/FU
CDDP/PAC

27%
26%

8.7
8.1

aThe	following	response	rate	differences	were	statistically	significant	at	P	<	.05:	Jacobs	et	al.,83	CDDP/FU	versus	both	CDDP	and
FU;	Forastiere	et	al.,82	CDDP/FU	versus	MTX;	Clavel	et	al.,84	both	combinations	versus	CDDP.
bAll	survival	differences	were	not	statistically	significant.
CDDP,	 cisplatin;	 FU,	 5-fluorouracil;	 CBDCA,	 carboplatin;	 MTX,	 methotrexate;	 BLEO,	 bleomycin;	 VCR,	 vincristine;	 IFN-α2b,
interferon-α	2b;	PAC,	paclitaxel.

Following	 the	 encouraging	 results	 of	 combining	 EGFR	 inhibitors	 and	 chemotherapy	 for	 the	 treatment	 of
metastatic	 disease,	 randomized	 studies	 of	 definitive	 therapy	 of	 HNC	 using	 chemotherapy	 concurrent	 with	 RT
versus	 the	 combination	 of	 chemotherapy,	RT,	 and	EGFR	 inhibitors	 have	 been	 conducted.	 The	 results	 of	 these
studies	 demonstrated	 no	 benefit	 in	 adding	 EGFR	 inhibition	 to	 CRT:	 the	 addition	 of	 neither	 cetuximab95	 nor
erlotinib96	improved	the	outcome	compared	with	CRT	alone.

A	randomized	study	by	French	group	Groupe	d’Oncologie	Radiothérapie	Tête	et	Cou	(GORTEC)	randomized
patients	 with	 HNSCC	 to	 cetuximab-RT	 versus	 cetuximab-RT	 and	 concurrent	 chemotherapy	 (carboplatin	 70
mg/m2/day	 +	 5-fluorouracil	 600	mg/m2/day	 ×	 three	 cycles)	 and	 found	 significantly	 improved	 progression-free
survival	 and	 local–regional	 control	 in	 the	 chemotherapy	 arm,	 suggesting	 that	 RT-cetuximab	 without
chemotherapy	is	less	effective.97

An	 Italian	 randomized	 study	 of	 cetuximab	 and	 RT	 compared	 with	 cisplatin	 and	 RT	 in	 advanced	 HNC
demonstrated	 surprising	 lower	 compliance	 and	 increased	 acute	 toxicity	 in	 the	 cetuximab-RT	 arm,	 whereas
efficacy	outcomes	were	similar	in	both	arms.98	Two	randomized	trials	demonstrated	no	clear	difference	in	tumor
control	and	toxicities	between	cisplatin-RT	and	cetuximab-RT	when	applied	after	 induction	chemotherapy.99,100
Of	note,	the	humanized	anti-EGFR	nimotuzumab,	in	a	randomized	study	of	concurrent	RT-nimotuzumab	versus
RT-cisplatin	in	patients	with	NPC,	suggested	improved	tumor	outcomes	in	the	nimotuzumab	arm,	without	the	skin
rash	associated	with	cetuximab.101

With	advances	in	RT	techniques	that	facilitate	reirradiation	with	acceptable	morbidity,	this	approach	has	been
increasingly	 explored	 in	 patients	 with	 unresectable	 local	 or	 regional	 recurrence,	 often	 with	 integrated
chemotherapy.	The	observed	median	survival	rates	in	these	series	are	similar	to	those	obtained	in	phase	II	trials	of
chemotherapy	alone,	but	more	durable	responses	occur	 in	selected	patients	and	 there	 is	a	clearer	plateau	on	 the



survival	curve.	 In	 two	 larger	 series	 involving	169	and	115	patients,	 respectively,	among	patients	 treated	with	a
variety	 of	 RT	 fractionation	 schedules	 and	 concurrent	 chemotherapy	 regimens,	 2-year	 survival	 rates	 exceeded
20%.102,103	Randomized	trials	comparing	chemotherapy	alone	to	reirradiation	and	chemotherapy	are	needed.

Stereotactic	 reirradiation	has	been	established	by	 the	Pittsburgh	group,	delivering	 five	 fractions	of	8	Gy	per
fraction	to	a	total	of	40	Gy	using	highly	precise	delivery	methods	and	tight	margins	around	the	tumor.	Although
in-field	 tumor	 control	 rates	with	 relatively	 low	 toxicity	 rates	 have	 been	 reported,	 the	 likelihood	 of	 out-of-field
failures	was	high	and	local–regional	control	rates	were	poor.104

Checkpoint	Inhibitors
Immunotherapy	 monoclonal	 antibodies	 to	 immune	 checkpoints	 that	 cause	 immune	 evasion,	 programmed	 cell
death	protein	1	(PD-1)	and	cytotoxic	T-lymphocyte	antigen	4	(CTLA-4),	have	demonstrated	improved	outcomes
in	a	variety	of	tumors,	notably	melanoma	and	lung	cancer.	Demonstration	of	the	efficacy	of	anti–PD-1	antibodies
in	metastatic	HNC,	such	as	response	to	pembrolizumab	after	failure	of	chemotherapy	in	a	 large	nonrandomized
study105	and	superiority	of	nivolumab	over	investigators’	choice	of	standard	therapy,106	attest	to	the	clinical	utility
of	 these	agents	 in	HNC,	which	have	both	been	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for
refractory	HNC.	Multiple	studies	are	currently	being	proposed	assessing	immunotherapy	in	HNC	in	less	heavily
treated	patients.

For	 nivolumab,	 the	 approval	was	 based	 on	 a	 randomized	 trial	 (called	CheckMate	 141)	 in	 361	patients	with
platinum-refractory,	 recurrent,	 or	metastatic	HNC	 comparing	 nivolumab	 2	mg/kg	 intravenously	 every	 2	weeks
versus	physician-choice	chemotherapy	at	standard	dosing.	Patients	 treated	with	nivolumab	had	superior	median
overall	survival	(7.5	versus	5.1	months,	P	=	.01);	the	1-year	survival	rate	was	36%	with	nivolumab	versus	16.6%
on	 the	 control	 arm.	 Treatment-related	 grade	 3	 or	 4	 adverse	 affects	 were	 less	 frequent	 on	 the	 nivolumab	 arm:
13.1%	versus	35.1%.	Patient-reported	outcomes	were	superior	on	the	nivolumab	arm.106

For	 pembrolizumab,	 the	 approval	 was	 based	 on	 demonstration	 of	 a	 durable	 objective	 response	 rate	 in	 a
subgroup	 of	 patients	 in	 an	 international,	 multicenter,	 nonrandomized,	 open-label,	 multicohort	 study.	 In
KEYNOTE	 12,	 174	 patients	 with	 recurrent	 or	 metastatic	 HNSCC	 who	 were	 platinum-refractory	 received
intravenous	pembrolizumab	10	mg/kg	every	2	weeks	or	200	mg	lat	dose	every	3	weeks	with	an	objective	response
rate	of	16%;	in	82%	this	response	lasted	more	than	6	months.	The	most	common	(≥20%)	adverse	reactions	were
fatigue,	 decreased	 appetite,	 and	dyspnea.	Another	 nonrandomized	 study,	KEYNOTE	055,	 treated	patients	with
HNC	refractory	 to	cetuximab	and	cisplatin	using	200	mg	 flat	dose	of	pembrolizumab,	and	similar	activity	was
seen.107	There	has	been	 a	 subsequent	multicenter,	 randomized	 trial	 intended	 to	better	 evaluate	 the	 comparative
efficacy	 of	 pembrolizumab	 to	 standard	 therapy.	KEYNOTE	40	 compared	 pembrolizumab	 200	mg	 flat	 dose	 to
physician-choice	 chemotherapy	 (docetaxel,	 cetuximab,	 or	 methotrexate)	 in	 595	 patients	 with	 recurrent	 or
metastatic	HNSCC	with	platinum-refractory	disease.	The	median	 survival	 favored	 the	pembrolizumab	arm	 (8.4
versus	7.1	months,	P	=	 .024).	On	average,	 grade	3	 to	5	 toxicity	was	 less	 common	on	 the	 immunotherapy	arm
(13.4%	versus	36.6%).108

The	 recommended	 dose	 and	 schedule	 of	 pembrolizumab	 for	 this	 indication	 is	 200	 mg	 administered	 as	 an
intravenous	infusion	over	30	minutes	every	3	weeks.

Nasopharynx	Cancer
Many	of	the	same	drugs	and	regimens	used	in	the	treatment	of	HNSCC	are	also	active	in	NPC.	There	are	reports
of	 a	 small	 proportion	 of	 patients	 with	 recurrent	 or	 metastatic	 disease	 being	 controlled	 long	 term	 with
chemotherapy	 alone.109	 Available	 data	 support	 the	 use	 of	 cisplatin-based	 combination	 chemotherapy	 (e.g.,
cisplatin/5-fluorouracil;	cisplatin/bleomycin/5-fluorouracil	+/−	epirubicin),	although	there	is	a	lack	of	randomized
studies	 to	 clarify	 the	 relative	 efficacies	 and	 toxicities	 of	 different	 options.	 Site-specific	 phase	 II	 studies	 report
major	response	rates	of	70%	or	higher	with	regimens	containing	cisplatin.110–112	The	substitution	of	carboplatin
may	be	associated	with	less	activity.111

With	regard	to	other	agents,	paclitaxel	as	a	175	mg/m2	3-hour	infusion	is	active	with	a	response	rate	of	22%	in
a	series	of	24	patients	with	undifferentiated	NPCs.112	The	combination	of	it	with	carboplatin	has	yielded	response
rates	 consistently	 >50%.113–115	 Gemcitabine	 is	 active	 in	 NPCs,116,117	 and	 combinations	 including	 it	 appear
promising,	with	response	rates	exceeding	70%.118,119	To	that	end,	a	recent	randomized	controlled	trial	compared
cisplatin/5-fluorouracil	 versus	 cisplatin/gemcitabine	 as	 first-line	 treatment	 of	 362	 patients	 with	 recurrent	 or
metastatic	nasopharynx	cancer.	The	median	progression-free	survival	was	significantly	prolonged	(7.0	versus	5.6
months,	P	 <	 .0001)	 in	 the	 gemcitabine-containing	 arm.120	 Capecitabine,	 prolonged	 5-fluorouracil	 infusion,	 and
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cetuximab	all	have	modest	activity	in	the	refractory	setting,	and	no	major	responses	were	seen	in	one	study	with
gefitinib.121–124	There	is	keen	interest	in	looking	to	exploit	the	association	NPCs	have	with	EBV	for	therapeutic
purposes.	Potential	gene	therapy	approaches	are	discussed	elsewhere.125,126

Oropharynx	Cancer
In	 the	 past	 decade,	 a	 rise	 in	 the	 percentage	 of	 HPV-related	 OPCs	 has	 been	 noted	 with	 patients	 who	 are
nonsmokers	 or	 have	 a	 remote	 smoking	 history.	 These	 patients	 are	 younger	 and	with	 better	 performance	 status
compared	to	patients	with	smoking-related	OPC.	Their	prognosis	is	significantly	better	than	smoking-related	OPC
and	more	responsive	to	therapy.9	Current	studies	are	underway	to	assess	the	safety	of	treatment	de-escalation	in
preserving	a	high	rate	of	cure	while	reducing	side	effects	of	therapy.	An	ECOG	study	assessing	this	strategy	in
HPV-positive	 OPC	 employed	 induction	 chemotherapy,	 following	 which	 patients’	 responses	 were	 assessed.
Patients	who	achieved	complete	response	were	then	treated	with	cetuximab	and	reduced-dose	RT	(54	Gy	to	the
gross	tumor),	whereas	those	who	did	not	achieve	complete	response	received	full-dose	RT	(69.3	Gy).	The	results
in	the	reduced-dose	patients	were	93%	2-year	survival.127

GENERAL	PRINCIPLES	OF	COMBINING	MODALITIES
Surgery	plus	Radiation	Therapy
The	 sequence	 of	 therapy	 is	 first	 determined	 by	 survival	 and	 local–regional	 recurrence	 rates	 followed	 by
maximizing	 function	 and	 minimizing	 toxicity.	 RT	may	 be	 administered	 preoperatively	 or	 postoperatively.	 An
analysis	 of	 available	 data	 suggests	 there	 is	 no	 compelling	 difference	 in	 survival	 rates	 comparing	 the	 two
sequences58;	local–regional	control	may	be	improved	with	postoperative	treatment.128

Combined	modality	therapy	may	be	avoided	for	lesions	with	a	high	cure	rate	(70%	or	greater)	by	either	surgery
or	 RT	 alone;	 however,	 the	 best	 chance	 at	 cure	 is	 the	 first	 chance.	 Salvage	 treatment	 success	 rates	 are	 low.
Overtreatment	 is	 preferred	 to	 undertreatment	 in	 most	 cases.	 The	 advantages	 of	 postoperative	 compared	 with
preoperative	RT	include	less	operative	morbidity,	increased	accuracy	of	surgical	margins,	a	knowledge	of	tumor
spread	 for	RT	planning,	 and	 safe	use	of	 a	higher	RT	dose.	The	disadvantages	of	postoperative	RT	 include	 the
larger	 treatment	 volume	 necessary	 to	 cover	 surgical	 dissections,	 a	 delay	 in	 the	 start	 of	 RT	 with	 possible
progression	of	disease,	and	the	higher	dose	required	to	accomplish	the	same	rates	of	local–regional	control.

Preoperative	Radiation	Therapy
Preoperative	RT	 should	 be	 considered	 for	 the	 following	 situations:	 (1)	 fixed-neck	 nodes,	 (2)	 expected	 delayed
initiation	of	postoperative	RT	by	>8	weeks,	(3)	use	of	the	gastric	pull-up	for	reconstruction,	(4)	open	biopsy	of	a
positive	neck	node,	and	(5)	soft	tissue	sarcomas.

Postoperative	Radiation	Therapy
Postoperative	 RT	 is	 considered	 when	 the	 risk	 of	 recurrence	 above	 the	 clavicles	 exceeds	 20%.	 The	 operative
procedure	should	be	one	stage	and	of	such	magnitude	that	RT	is	started	no	later	than	6	to	8	weeks	after	surgery.
The	operation	should	be	undertaken	only	if	it	is	believed	to	be	highly	likely	that	all	gross	disease	will	be	removed
and	margins	will	be	negative.

Although	no	definitive	randomized	trials	have	addressed	the	efficacy	of	postoperative	RT	in	the	treatment	of
HNC,	excellent	data	that	has	bearing	on	this	issue	is	available	from	the	Medical	College	of	Virginia.	Two	groups
of	surgeons	operated	on	patients	with	HNC:	general	surgical	oncologists	who	used	surgery	alone	and	reserved	RT
for	treatment	of	recurrent	disease,	and	otolaryngologists,	or	head-and-neck	surgeons,	who	routinely	sent	patients
with	locally	advanced	disease	for	postoperative	RT.129	Of	441	patients,	125	were	treated	surgically	between	1982
and	1988	and	had	ECE	and/or	positive	margins,	71	were	treated	with	surgery	alone,	and	54	received	postoperative
RT.	Local	control	rates	at	3	years	after	surgery	alone	compared	with	surgery	and	RT	were	for	ECE,	31%	and	66%
(P	=	.03);	positive	margins,	41%	and	49%	(P	=	.04);	and	ECE	and	positive	margins,	0%	and	68%	(P	=	.001).	A
multivariate	analysis	of	local	control	revealed	that	the	use	of	postoperative	RT	(P	=	.0001),	macroscopic	ECE	(P	=
.0001),	and	margin	status	(P	=	.09)	were	of	independent	significance.	Cause-specific	survival	rates	at	3	years	were
41%	for	surgery	alone	and	72%	for	surgery	and	postoperative	RT	(P	=	.0003).	A	multivariate	analysis	of	cause-
specific	 survival	 showed	 that	 postoperative	 RT	 (P	 =	 .0001)	 and	 the	 number	 of	 nodes	 with	 ECE	 (P	 =	 .0001)



significantly	influenced	this	end	point.
Indications	for	postoperative	RT	include	close	(<5	mm)	or	positive	margins,	ECE,	N2a	or	greater	cervical	node

classification,	 invasion	 of	 the	 soft	 tissues	 of	 the	 neck,	 lymph-vascular	 invasion,	 PNI,	 T3	 or	 T4	 tumor
classification,	and	>5	mm	of	subglottic	invasion.58	There	are	also	data	showing	that	patients	with	initially	positive
margins	 converted	 to	 negative	 margins	 have	 a	 significantly	 higher	 risk	 of	 a	 local–regional	 recurrence	 after
surgery.130	The	authors	currently	recommend	60	Gy	in	6	weeks	to	66	Gy	in	6.5	weeks	for	patients	with	negative
margins	 and	 fewer	 than	 three	 indications	 for	 RT.	 For	 patients	 with	 close	 (<5	 mm)	 or	 positive	 margins,	 we
recommend	70	Gy	in	7	weeks	or	74.4	Gy	at	1.2	Gy	twice	a	day.	Concomitant	cisplatin	chemotherapy	should	be
considered	for	patients	with	positive	margins	and/or	ECE.59–61
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CHEMOTHERAPY	AS	PART	OF	CURATIVE	TREATMENT
Systematically	designed	and	randomized	studies	have	established	a	role	for	drug	therapy	as	part	of	the	standard
combined	modality	management	of	HNSCC	in	several	settings.	These	include	the	therapy	of	unresectable	disease,
for	organ	preservation,	and	for	patients	with	poor	risk	pathologic	features	after	surgery.	Chemotherapy	has	been
shown	to	improve	the	likelihood	of	disease	control	compared	to	RT	alone	in	patients	with	advanced	disease,	albeit
with	increased	acute	toxicity.	In	certain	circumstances,	response	to	chemotherapy	has	been	used	to	triage	patients
to	different	local–regional	treatments.

Chemotherapy	has	 been	 integrated	with	 surgery	 or	RT	 in	 a	 variety	 of	ways	 including	 induction,	 concurrent
with	 RT,	 and/or	 maintenance.	 Unlike	 outcome	 studies	 of	 surgery	 and/or	 RT	 in	 which	 site-specific	 results	 are
reported,	 albeit	 typically	 using	 a	 retrospective	 methodology,	 many	 of	 the	 trials	 evaluating	 the	 role	 of
chemotherapy	 enrolled	 patients	 with	 a	 variety	 of	 HNSCCs.	 Even	 when	 site-specific,	 although	 prospective,
subsites	are	combined.	This	is	less	of	an	issue	for	studies	evaluating	therapy	for	NPC.131,132	In	this	section,	general
principles	for	the	integration	chemotherapy	with	local–regional	treatment	are	discussed	with	a	focus	on	the	results
of	randomized	trials.

The	Meta-Analysis	of	Chemotherapy	on	Head	and	Neck	Cancer	(MACH-NC)	included	63	randomized	trials
published	from	1965	to	1993,	all	of	which	compared	local–regional	treatment	with	or	without	chemotherapy.133
Individual	patient	data	was	available	on	10,741	patients.	The	absolute	improvement	in	5-year	survival	overall	was
4%	 (P	 <	 .001).	 However,	 the	 significant	 improvement	 appeared	 limited	 to	 those	 patients	 who	 received
concomitant	treatment	(absolute	difference	of	8%	at	5	years,	P	<	.001).	The	difference	seen	at	5	years	with	neither
induction	(2%,	P	=	.10)	nor	maintenance	(1%,	P	=	.74)	chemotherapy	was	statistically	significant.133	In	an	update
of	 this	 analysis,	 now	 including	 trials	 through	 2000	 and	 totaling	 17,346	 patients,133	 the	 superior	 efficacy	 of
concurrent	therapy	was	confirmed	and	was	greater	than	that	seen	with	induction	chemotherapy.	Survival	benefit
diminished	with	patient	age	and,	on	subset	analysis,	was	not	significant	in	patients	older	than	70	years	of	age.

Tumor	 HPV	 status	 has	 emerged	 as	 an	 important	 predictor	 of	 favorable	 treatment	 response	 and	 survival,
particularly	for	patients	with	oropharynx	cancer.8,134	In	ECOG	2399,	the	response	to	chemotherapy	to	all-protocol
treatment,	 progression-free	 survival,	 and	 overall	 survival	 were	 all	 improved	 in	 the	 HPV-positive	 group.8
Subsequent	 analysis	 of	 RTOG	 0129	 demonstrated	 that	 tobacco	 use	 (>10	 pack-years)	 and	 the	 extent	 of	 nodal
disease	(N2b	to	N3)	both	adversely	affect	the	prognosis	associated	with	HPV-positive	tumors.9

Induction	Chemotherapy
In	untreated	patients	with	local	or	regionally	advanced	M0	HNSCC,	treatment	with	cisplatin-based	combination
chemotherapy	will	 yield	major	 response	 rates	 approximating	90%,	with	 clinical	 complete	 response	 rates	 in	 the
30%	range.135	Yet,	in	the	original	report	of	the	MACH-NC	analysis,	which	included	31	induction	studies,	all	but	2
suggested	no	survival	benefit.133

However,	 a	 more	 careful	 look	 at	 these	 and	 other	 data	 do	 provide	 grounds	 for	 continued	 interest	 in	 this
approach.	 Many	 of	 the	 included	 studies	 had	 significant	 methodologic	 limitations	 by	 more	 contemporary	 trial
standards.	A	subset	analysis,	 limited	 to	 the	15	 trials	 that	used	cisplatin	and	 infusional	5-fluorouracil,	 suggested
survival	benefit	(hazard	ratio	[HR],	0.88;	95%	confidence	interval	[CI],	0.79	to	0.97).133	Even	in	the	absence	of
survival	 improvement,	 there	 seemed	 to	 be	 a	 correlation	 between	 response	 to	 chemotherapy	 and	 subsequent
response	 to	RT,	which	provided	 a	basis	 for	 subsequent	 organ	preservation	 initiatives.136,137	Finally,	 patterns	of
failure	 were	 affected	 with	 less	 distant	 metastases	 in	 certain	 studies	 when	 induction	 chemotherapy	 was
incorporated.	 As	 local–regional	 control	 improves,	 the	 rate	 of	 clinically	 apparent	 distant	 metastases	 is
increasing,138	and	induction	chemotherapy	is,	on	average,	better	tolerated	than	maintenance	therapy	as	a	way	to
give	additional	systemic	therapy.

Although	historically	 there	was	no	established	role	for	 induction	chemotherapy	prior	 to	planned	surgery	and
postoperative	 RT,	 and	 only	 in	 selected	 settings	 prior	 to	 RT,	 with	 the	 incorporation	 of	 taxanes	 into	 induction
regimens	 containing	 cisplatin	 and	 5-fluorouracil,	 newer	 data	 suggest	 that	 the	 indications	 for	 induction
chemotherapy	may	further	evolve.

Randomized	trials	have	compared	the	relative	efficacies	of	induction	chemotherapy	with	standard	cisplatin	and
5-fluorouracil	 versus	 a	 triplet	 including	 a	 taxane	 and	 these	 same	 two	 drugs	 with	 one	 or	 both	 being	 dose
adjusted.139–141	 All	 three	 studies	 randomized	 patients	 with	 advanced	 M0	 HNC	 to	 either	 cisplatin	 and	 5-



fluorouracil	or	a	triplet,	followed	by	the	same	RT-based	treatment.	In	one	study,	this	was	RT	alone,	whereas,	in
the	 other	 two,	 concurrent	 therapy	with	 carboplatin	 and	 cisplatin,	 respectively,	 were	 employed.	 In	 general,	 the
taxane-containing	 triplet	was	 associated	with	 a	 higher	 response	 rate	 to	 induction	 chemotherapy,	 and	 improved
both	progression-free	and	overall	survival.	More	neutropenia	was	observed	with	triplet	therapy	but,	overall,	it	was
as	well	tolerated	as	standard	cisplatin	and	5-fluorouracil.

These	 studies	were	designed	 to	determine	which	 induction	 chemotherapy	was	more	 efficacious	 and	provide
convincing	evidence	that	the	triplet	of	a	taxane	with	cisplatin	and	5-fluorouracil	is	superior	to	standard	cisplatin
and	5-fluorouracil	alone	as	 induction	 therapy.	However,	an	alternative	design	 is	necessary	 to	define	 the	 role	of
induction	with	such	triplets	in	standard	practice.	For	this	population,	as	discussed	in	the	next	section,	concurrent
chemotherapy	 and	 RT	 alone	 without	 induction	 chemotherapy	 is	 the	 more	 established	 standard	 therapy.
Randomized	 studies	 are	 necessary	 to	 determine	 whether	 a	 sequential	 approach	 using	 induction	 with	 a	 triplet
followed	by	RT-based	treatment	(typically	with	concurrent	chemotherapy)	is	superior	to	concurrent	chemotherapy
and	RT	alone	such	that	the	added	duration	of	treatment	and	potential	toxicity	is	justified.

To	 date,	 available	 randomized	 trials	 have	 failed	 to	 demonstrate	 a	 clear	 overall	 survival	 benefit	 with	 the
incorporation	of	induction	chemotherapy.	In	a	European	study,	439	patients	with	unresectable,	locally	advanced
HNC	were	randomized	to	one	of	three	arms:	induction	with	docetaxel,	cisplatin,	and	5-fluorouracil	followed	by
concurrent	 cisplatin	 RT;	 induction	 with	 cisplatin	 and	 5-fluorouracil	 followed	 by	 concurrent	 cisplatin	 RT;	 or
concurrent	 cisplatin	RT	alone.	No	statistically	 significant	difference	 in	progression-free	or	overall	 survival	was
demonstrated.142	In	the	PARADIGM	study,	145	patients	with	local	or	regionally	advanced	SCC	were	randomized
to	 induction	 docetaxel,	 cisplatin,	 and	 5-fluorouracil	 followed	 by	 carboplatin	 or	 docetaxel	 concurrent	 with	 RT
versus	 concurrent	 cisplatin	 with	 concomitant	 boost	 radiation.	 Patients	 could	 have	 unresectable	 disease	 or	 be
resectable,	with	the	intent	of	therapy	being	organ	preservation.	The	study	was	closed	early	because	of	slower	than
expected	 accrual,	 so	 it	 was	 somewhat	 underpowered.	 There	 was	 no	 difference	 in	 overall	 or	 progression-free
survival	between	the	arms	with	a	median	follow-up	of	49	months;	the	3-year	overall	survival	rates	were	73%	in
the	induction	arm	and	78%	in	the	concurrent	arm	(P	=	 .77);	and	the	3-year	progression-free	survival	rates	were
67%	and	69%,	respectively	(P	=	.82).143	The	DECIDE	trial	used	a	similar	design,	but	only	patients	with	N2/N3
were	 eligible,	 and,	 for	 the	 concurrent	 therapy,	 hydroxyurea	 and	 5-fluorouracil	 was	 used.	 Among	 285	 patients
accrued	with	minimum	of	30	months	of	follow-up,	there	was	no	significant	difference	between	the	sequential	and
concurrent	arms	with	regard	to	overall	survival	(P	=	 .68	log	rank),	relapse-free	survival	(P	=	.16	log	rank),	nor
distant	metastatic-free	 survival	 (P	 =	 .37	 log	 rank).	 Serious	 adverse	 events	were	more	 common	with	 induction
chemotherapy	(47%	versus	28%,	P	=	.002).144	In	256	enrolled	patients	with	stage	III	or	IVA	oral	cavity	cancer,
induction	 with	 docetaxel,	 cisplatin,	 and	 5-fluorouracil	 prior	 to	 surgery	 and	 postoperative	 radiation	 failed	 to
improve	overall	survival	(P	=	.918)	or	disease-free	survival	(P	=	.897)	compared	to	proceeding	directly	to	surgery
and	 postoperative	 radiation	 alone.145	 A	more	 recent	 large	 randomized	 study	 from	Germany	 randomized	 1,060
patients	with	advanced	HNC	to	 receive	either	Docetaxel,	Cisplatin,	Fluorouracil	 (TPF)	 induction	chemotherapy
followed	by	CRT	or	CRT	alone,	demonstrating	no	significant	differences	in	outcomes.146

The	 optimal	 role	 of	 induction	 chemotherapy	 is	 currently	 controversial.	 A	 review	 of	 the	 NCCN	 guidelines
highlights	this	reality	because	concurrent	CRT	alone	and	induction	followed	by	RT-based	therapy	are	both	listed
as	treatment	options	for	certain	disease	scenarios.147

Concurrent	Chemotherapy	and	Radiation	for	Gross	Disease
Concurrent	CRT	programs	vary	 in	many	ways,	of	which	the	 type	of	chemotherapy	(i.e.,	specific	agents,	single,
combination)	and	RT	schedule	 (i.e.,	dose,	 fractionation)	are	 the	most	apparent	variables.	 In	general,	 three	main
approaches	can	be	discerned:	single-agent	or	combination	chemotherapy	with	continuous-course	RT;	combination
chemotherapy	with	 split-course	RT,	 often	with	 altered	 fractionation;	 and	 chemotherapy	 alternating	with	RT.148
Although	 continuous-course	 RT	may	 be	 desirable	 and	 more	 attractive	 from	 a	 radiobiologic	 perspective,	 local
toxicities	 may	 preclude	 it	 depending	 on	 the	 concurrent	 agents	 used.	 The	 first	 two	 approaches	 are	 the	 most
common.

A	variety	of	drugs	and	combinations	have	been	utilized	concurrently	with	RT.	When	only	one	drug	is	used,	the
MACH-NC	indicates	that	the	impact	is	largest	with	a	platin,	of	which	cisplatin	is	the	predominant	one	studied,	a
conclusion	 shared	 in	 another	meta-analysis	 reported	 by	Browman	 and	 colleagues.149	Of	 interest,	 platin	 plus	 5-
fluorouracil	(HR,	0.75)	offered	no	clear	advantage	compared	to	platin	alone	(HR,	0.74).150	The	results	of	a	three-
arm	 randomized	 study	 comparing	 concurrent	 cisplatin	 and	 RT,	 concurrent	 cisplatin,	 5-fluorouracil	 and	 split-
course	RT	(with	possible	resection	depending	on	response),	and	definitive	RT	alone	in	patients	with	unresectable
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disease	reported	by	Adelstein	et	al.,151	in	the	E1392	study,	are	consistent	with	this	assessment.	Although	daily,152
weekly,62,153	 and	every-3-week	 schedules	of	 cisplatin	 intravenously	concurrent	with	RT	have	been	applied,	 the
last	 schedule	 is	 the	 one	most	 studied	 and	 is	 a	 widely	 accepted	 standard.	 If	 weekly	 dosing	 is	 used,	 20	mg/m2

weekly	appears	 too	 low	because	 it	did	not	 significantly	 improve	overall	 survival	or	 failure-free	 survival	 in	one
randomized	 study.153	 Attempts	 to	 improve	 the	 efficacy	 of	 concurrent	 cisplatin	 through	 intra-arterial
administration154,155	 did	 not	 prove	 more	 efficacious	 in	 a	 randomized	 trial	 when	 compared	 to	 intravenously
delivered	cisplatin,	 although	 toxicity	profiles	differed.156	 In	 absence	of	 a	proven	efficacy	advantage	with	 intra-
arterial	delivery,	intravenous	cisplatin	is	preferred	because	it	is	logistically	easier	to	administer.

Most	randomized	trials	 to	date	have	compared	CRT	to	RT	alone.	As	such,	studies	evaluating	the	efficacy	of
different	CRT	programs	are	limited.	For	example,	for	purposes	of	the	MACH-NC	analysis,	“platin”	included	both
cisplatin	and	carboplatin.	Yet,	the	relative	efficacy	of	these	agents,	when	given	concurrently,	is	not	well	studied.
The	RTOG	reported	a	randomized	phase	II	study	comparing	three	different	chemotherapy	regimens,	all	delivered
concurrently	 with	 70	 Gy	 in	 2-Gy	 fractions:	 arm	 1,	 cisplatin	 10	mg/m2/day	 and	 5-fluorouracil	 400	mg/m2/day
continuous	infusion	for	the	final	10	days	of	treatment;	arm	2,	hydroxyurea	1	g	every	12	hours	and	5-fluorouracil
800	mg/m2/day	 continuous	 infusion	 every	 other	week;	 or	 arm	 3,	weekly	 paclitaxel	 30	mg/m2	 and	 cisplatin	 20
mg/m2.	Among	231	analyzable	patients,	2-year	disease-free	and	overall	survival	rates	were	38.2%	and	57.4%	for
arm	1,	48.6%	and	69.4%	for	arm	2,	and	51.3%	and	66.6%	for	arm	3,	respectively.157

Because	 anemia	 may	 adversely	 affect	 the	 efficacy	 of	 RT,	 the	 integration	 of	 an	 appropriate	 hematopoietic
growth	 factor	 has	 been	 investigated.	 In	 a	multicenter,	 double-blind,	 randomized,	 placebo-	 controlled	 trial,	 the
addition	of	erythropoietin	300	IU/kg	three	 times	weekly	during	postoperative	RT	was	evaluated	 in	351	patients
with	HNSCC.158	Although	target	hemoglobulin	 levels	were	reached	in	82%	of	patients	receiving	erythropoietin
compared	 to	15%	receiving	placebo,	 local–regional	progression-free	survival	 (adjusted	 relative	 risk	 [RR],	1.62;
95%	CI,	1.22	 to	2.14;	P	=	 .0008),	 local–regional	progression	 (RR,	1.69;	95%	CI,	1.16	 to	2.47;	P	=	 .007),	 and
survival	(RR,	1.39;	95%	CI,	1.05	to	1.84;	P	=	.02)	were	all	inferior	on	the	erythropoietin	arm.	Consistent	with	the
FDA	 alert,	 an	 erythropoietin-stimulation	 agent	 is	 contraindicated	 during	 curative-intent	 RT-based	 therapy.159
Transfusion,	 then,	 is	 the	preferred	approach	 to	address	potential	 radiation	 resistance	attributed	 to	anemia,	but	a
recent	 analysis	 of	 two	 randomized	 trials	 failed	 to	 demonstrate	 that	 prophylactic	 transfusion	 improved	 overall
survival	 or	 other	 disease	 control	 end	 points.160	 Use	 of	 a	 hypoxic	 radiosensitizer	 represents	 another	 strategy	 to
potentially	 address	 tumor	 hypoxia.	 The	 results	 of	 one	 meta-analysis	 were	 consistent	 with	 potential	 benefit161;
randomized	 trials,	 however,	 have	 not	 been	 convincing	 in	 terms	 of	 improved	 disease	 control	 with	 such	 a
strategy.162,163

An	important	question	is	whether	the	use	of	newer,	more	efficacious,	and	altered	fractionated	RT	programs164
obviates	 the	 benefits	 accrued	 with	 the	 addition	 of	 chemotherapy.	 However,	 the	 MACH-NC	 analysis,	 which
demonstrated	significant	HRs,	that	are	consistent	with	benefits	among	patients	receiving	postoperative	RT	(HR,
0.79),	 conventional	 RT	 (HR,	 0.83),	 or	 altered	 fractionated	 RT	 (HR,	 0.73),	 suggesting	 a	 benefit	 for	 adding
concomitant	chemotherapy	regardless	of	the	type	of	RT	schedule.150

Of	 note,	 the	 converse—once	 concurrent	 chemotherapy	 is	 added,	 does	 an	 altered	 fractionation	 RT	 schedule
further	 improve	 outcome	 compared	 to	 that	 seen	 with	 standard	 fractionation—has	 not	 been	 established	 in
randomized	 trials.	Neither	RTOG	0129	 (standard	versus	concomitant	boost	RT	both	with	concurrent	high-dose
cisplatin)9	 nor	 GORTEC	 99-02	 (accelerated	 RT	 with	 or	 without	 concurrent	 carboplatin	 and	 5-fluorouracil,
standard	 fractionated	 RT	 with	 concurrent	 carboplatin	 and	 5-fluorouracil)41	 demonstrated	 improved	 overall
survival	 with	 the	 incorporation	 of	 altered	 fractionated	 RT	 with	 concurrent	 chemotherapy	 versus	 standard
fractionation	with	concurrent	chemotherapy	to	justify	the	added	logistical	complexity	and	potential	added	toxicity.
That	 said,	 there	 are	 no	 prospective	 randomized	 trials	 comparing	 concomitant	 chemotherapy	 with
hyperfractionated	RT	with	concomitant	chemotherapy	and	daily	RT.

For	 patients	 who	 are	 not	 cisplatin	 candidates,	 using	 a	 carboplatin-based	 program	 (e.g.,	 carboplatin/5-
fluorouracil)131	 or	 other	 concurrent	 programs	 that	 have	 different	 side	 effect	 profiles	 and	 that	 withstood	 the
scrutiny	of	a	randomized	trial	is	recommended.	There	has	been	great	interest	in	cetuximab	and	concurrent	RT	in
this	regard.165	In	a	randomized	study	reported	by	Bonner	et	al.,166	patients	with	local–regionally	advanced	HNC
were	randomized	to	RT	alone	(213	patients)	or	combined	with	weekly	cetuximab	dosed	in	a	standard	fashion	(211
patients);	 median	 follow-up	 was	 54	 months.	 The	 median	 duration	 of	 survival	 was	 49	 months	 after	 combined
therapy	compared	with	29	months	after	RT	alone	(P	=	.03).	Other	than	an	acneiform	rash	and	infusion	reactions,
grade	3	or	greater	 complications	were	 similar	 in	 the	 two	groups	of	patients.	The	 results	of	 this	 trial	have	been
confirmed	with	longer	follow-ups.166	Patients	with	oropharynx	cancer	appeared	to	derive	the	largest	benefit	with



the	integration	of	cetuximab,	suggesting	that	HPV-related	disease	may	have	an	improved	outcome	with	the	use	of
this	agent;	other	studies,	however,	suggest	greater	activity	of	EGFR-directed	antibody	therapy	in	HPV-negative
disease.91,94	Randomized	data	comparing	cetuximab	and	RT	to	other	CRT	programs	are	limited.	The	RTOG	did	a
large	randomized	trial	(RTOG	0522,	n	=	891	analyzable	patients)	intended	to	assess	the	efficacy	and	safety	of	this
regimen	compared	to	concurrent	cisplatin	and	RT.	The	incorporation	of	cetuximab	failed	to	significantly	improve
3-year	progression-free	survival	(61.2%	versus	58.9%,	P	=	.76)	or	overall	survival	(72.9%	versus	75.8%,	P	=	.32),
but	mucosal	and	skin	toxicity	were	increased.167

In	 the	 NCCN	 guidelines,147	 concurrent	 cisplatin	 with	 RT	 is	 the	 preferred	 CRT	 choice.	 It	 is	 important	 to
emphasize	that	concurrent	CRT	may	be	associated	with	significant	toxicity;	treatment-related	mortality	(<5%	in
the	cooperative	group	setting)	may	occur.	Morbidity	from	chemotherapy	(dependent	on	the	agent	chosen)	and	RT
are	 possible,	 and	 there	 are	 both	 acute	 (e.g.,	mucositis,	 blood	 count	 suppression)	 and	 chronic	 (e.g.,	 dry	mouth,
swallowing	 dysfunction,	 fibrosis)	 toxicities.	 Selected	 studies	 have	 begun	 to	 report	 long-term,	 not	 just	 acute,
toxicities.168	 Appropriate	 infrastructure,	 an	 experienced	 multidisciplinary	 team,	 and	 a	 cooperative	 patient	 are
necessary	to	optimize	both	efficacy	and	safety.

Nasopharynx	Cancer
Current	practice	has	been	particularly	affected	by	 the	Intergroup	Study	0099	(Table	45.9).169	 In	 it,	147	patients
with	stage	III	or	IV	NPC	were	randomized	to	definitive	RT	(70	Gy,	35	fractions	over	7	weeks)	versus	cisplatin
100	mg/m2	intravenously	on	days	1,	22,	and	43	concurrent	with	the	same	dose	of	RT	followed	by	three	planned
cycles	of	cisplatin	and	infusional	5-fluorouracil.	Although	only	63%	and	53%	of	patients	received	all	the	planned
concurrent	and	maintenance	treatments,	respectively;	local–regional	control,	distant	control,	progression-free,	and
overall	survival	rates	were	all	significantly	improved	with	CRT.

One	of	the	potential	limitations	of	the	Intergroup	Study	was	how	generalizable	its	results	would	be	to	endemic
NPCs	 because	 24%	 of	 patients	 entered	 in	 the	 trial	 had	World	 Health	 Organization	 (WHO)	 type	 I	 histology.
However,	 subsequent	 reports	of	 randomized	 trials	 in	which	WHO	types	 II	and	 III	predominated	have	similarly
shown	 a	 survival	 advantage	 with	 concurrent	 cisplatin-based	 concurrent	 chemotherapy	 without170–172	 or	 with
maintenance	chemotherapy.173,174

Another	limitation	of	the	Intergroup	Study	was	that	it	was	not	designed	to	delineate	the	proportional	benefits	of
concurrent	 and	 maintenance	 chemotherapy.	 Although	 current	 NCCN	 guidelines	 recommend	 concurrent	 and
maintenance	chemotherapy	in	M0	patients	with	a	more	advanced	disease	based	on	the	Intergroup	experience,147	in
reviewing	available	data,	 the	benefits	of	maintenance	chemotherapy	appear	more	controversial.	As	noted,	other
randomized	 studies	 have	 demonstrated	 a	 survival	 improvement	 with	 concurrent	 therapy	 alone.170,175	 Earlier
randomized	 trials,	 summarized	 elsewhere,	 failed	 to	 demonstrate	 a	 survival	 benefit	when	 either	maintenance	 or
induction	 chemotherapy	was	 added	 to	 definitive	RT.176,177	 Furthermore,	 a	meta-analysis	 of	 updated	 individual
patient	data	on	1,753	patients	enrolled	in	eight	randomized	trials,	besides	confirming	an	absolute	survival	benefit
of	6%	at	5	years	with	incorporation	of	chemotherapy	with	RT	(HR,	0.82;	95%	CI,	0.71	to	0.91;	P	=	 .006),	also
reported	a	significant	association	between	the	timing	of	chemotherapy	and	overall	survival	(P	=	 .005),	with	 the
largest	benefit	 being	attributed	 to	 concomitant	 therapy.178	Currently,	 the	NCCN	guidelines	 list	 both	 concurrent
CRT	 followed	 by	 maintenance	 chemotherapy	 and	 concurrent	 CRT	 alone	 as	 treatment	 options	 for	 advanced
disease,	with	the	former	having	the	higher	category	rating.147

TABLE	45.9
Selected	Randomized	Trials	Evaluating	Concurrent	Chemoradiotherapy	versus	Radiotherapy
for	Advanced	Nasopharynx	Cancer

Study No.	of	Patients Maintenance	Chemotherapy Treatment	Arms PFSa,b	(P	Value) OSa	(P	Value)

Al-Sarraf	et	al.169 147 Yes,	on	CDDP/RT	arm RT
CDDP/RT

24%
69%

(<	.001)

47%
78%
(.005)

Lin	et	al.170 284 No RT
CDDP/FU/RT

53%
72%
(.0012)

54%
72%
(.0022)

Chan	et	al.175 350 No RT 52% 59%
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CDDP/RT 60%
(.06)

70%
(.049)

Wee	et	al.173 221 Yes,	on	CDDP/RT	arm RT
CDDP/RT

53%
72%
(.0093)

65%
80%
(.0061)

Lee	et	al.174 348 Yes,	on	CDDP/RT	arm RT
CDDP/RT

62%
72%
(.027)

78%
78%
(.97)

aFive-year	rates	for	Lin	et	al.170	and	Chan	et	al.175;	otherwise,	3-year	rates.
bDisease-free	rate	provided	for	Wee	et	al.,173	and	failure-free	rate	for	Lee	et	al.174
PFS,	progression-free	survival;	OS,	overall	survival;	CDDP,	cisplatin;	RT,	radiation	therapy;	FU,	5-fluorouracil.

Selected	randomized	studies	have	demonstrated	evidence	of	a	positive	biologic	effect	with	the	use	of	induction
chemotherapy,	but	no	survival	benefit	has	been	documented.177,179–181	A	recent	study	from	China	randomized	480
patients	 with	 stage	 III	 to	 IVB	 nasopharynx	 cancer	 to	 induction	 docetaxel,	 cisplatin,	 and	 5-fluorouracil	 by
concurrent	cisplatin	versus	concurrent	cisplatin	RT	alone.	With	a	median	follow-up	of	45	months,	3-year	failure-
free	survival	was	superior	on	 the	 induction	arm	(80%	versus	72%,	P	=	 .036).182	Programs	incorporating	newer
taxane-	and	cisplatin-based	triplet	induction	regimens	warrant	further	study.183	There	is	also	interest	in	the	role	of
plasma	EBV–DNA	assays	as	a	way	to	assess	disease	and	monitor	response.176

Organ	Preservation
Organ	 preservation	 therapy	 is	 intended	 to	 control	 disease	 without	 compromise	 in	 survival	 while	 optimizing
function	 or	 cosmesis184;	 however,	 the	 term	 organ	 preservation	 does	 not	 necessarily	 equate	 with	 functional
preservation.	The	term	implies	that	the	tumor	is	potentially	resectable	for	cure	and	that	the	morbidity	from	surgery
is	 significant.	 Although	 conservation	 surgical	 procedures	 can	 achieve	 the	 same	 goals,	 the	 label	 of	 organ
preservation	 is	 more	 commonly	 applied	 to	 nonsurgical	 approaches.	 In	 that	 regard,	 the	 role	 of	 chemotherapy
integrated	with	RT	 is	best	 established	 for	more	advanced	primary	 tumors.	 In	 this	 setting,	 conservation	 surgical
procedures	 become	 less	 feasible,	 and	 local	 control	 rates	with	 RT	 alone	 are	 lower	 than	 seen	with	 earlier	 stage
disease.

Total	laryngectomy	is	one	of	the	surgical	procedures	most	feared	by	patients.185	Thus,	larynx	preservation	has
been	a	central	focus	of	many	organ	preservation	studies,	including	those	that	established	integrated	chemotherapy
and	RT	as	a	standard	organ	preservation	treatment	option.	Studies	commonly	focused	on	patients	with	advanced
tumors	of	the	larynx,	hypopharynx,	and	oropharynx	(particularly	the	base	of	tongue),	in	whom	primary	surgical
management	would	jeopardize	the	voice	box.186

Initial	 CRT	 approaches	 to	 larynx	 preservation	 utilized	 induction	 chemotherapy.	 The	 response	 to	 initial
chemotherapy	was	used	to	triage	patients	to	either	definitive	RT	(a	partial	response	or	better	at	the	primary	site;
surgery	 to	 the	 primary	 site	 was	 reserved	 for	 salvage)	 or	 primary	 surgical	 management	 (lower	 than	 a	 partial
response).	The	randomized	and	landmark	U.S.	Department	of	Veterans	Affairs	(VA)	Larynx	Preservation	Study
demonstrated	 that	 such	 an	 approach	 could	 be	 pursued	 in	 patients	 with	 advanced	 laryngeal	 cancer	 without
compromise	in	survival	when	compared	to	primary	treatment	with	surgery	and	RT.136	Over	60%	of	patients	in	the
CRT	arm	avoided	 total	 laryngectomy.	Among	 long-term	 survivors,	 patients	 treated	 in	 the	CRT	arm	had	better
emotional	well-being,	were	less	depressed,	and	also	reported	less	pain.187

A	similarly	designed	randomized	trial	in	patients	with	pyriform	sinus	and	aryepiglottic	fold	tumors	reported	by
the	 European	 Organization	 for	 Research	 and	 Treatment	 of	 Cancer	 (EORTC)	 confirmed	 these	 findings.137
However,	a	small	randomized	study	(N	=	68)	limited	to	patients	with	T3	disease	with	a	fixed	cord	done	by	the
Groupe	d’Etude	des	Tumeurs	de	la	Tete	et	du	Cou	(GETTEC)	reported	that	survival	was	superior	on	the	primary
surgery	arm	(84%	versus	69%	at	2	years,	P	=	.006).188	When	the	MACH-NC	performed	a	collective	analysis	of
the	 VA,	 EORTC,	 and	 GETTEC	 studies,	 the	 rate	 of	 larynx	 preservation	 among	 survivors	 was	 58%.	 A
nonsignificant	(6%)	decrement	in	survival	at	5	years	was	seen	in	the	CRT	group	(39%	versus	45%;	pooled	HR,
1.19;	95%	CI,	0.97	to	1.46;	P	=	.10).133

The	data	reviewed	in	the	prior	section	highlighting	the	therapeutic	benefits	of	a	concurrent	CRT	relative	to	an
induction	or	RT	alone	approach	have	obvious	implications	for	the	larynx	preservation	setting.	RTOG	91-11	was
designed	to	assess	the	impacts	of	adding	chemotherapy	to	RT	and	its	 timing	(concurrent	versus	induction)	with
regard	 to	 achieving	 larynx	preservation.	A	 total	 of	 497	patients	with	 larynx	 cancer	were	 randomized	 to	one	of
three	arms:	primary	RT,	70	Gy	to	the	primary	site,	50	to	70	Gy	to	nodes;	induction	chemotherapy	with	cisplatin



and	 infusional	 5-fluorouracil	 for	 three	 cycles	 followed	 by	 RT	 in	 responders,	 surgery	 in	 nonresponders;	 and
cisplatin	100	mg/m2	on	days	1,	22,	and	43	concurrent	with	RT.	Surgical	salvage	was	an	option	in	all	three	arms.
The	recently	updated	10-year	results	are	summarized	in	Table	45.10.132,189	As	anticipated,	the	rate	of	grade	3	or	4
mucosal	toxicity	was	highest	on	the	concurrent	arm;	however,	this	did	not	translate	into	more	significant	speech	or
swallowing	impairment	at	2	years	compared	to	the	other	treatment	arms.	Noteworthy	is	that	although	the	larynx
preservation	rate	and	local–regional	control	was	highest	and	statistically	superior	with	concurrent	treatment,	there
was	no	significant	difference	in	overall	survival	rates	among	the	arms.	Deaths	not	attributed	to	larynx	cancer	were
highest	 in	 the	 concurrent	 arm	 (30.8%)	 versus	 20.8%	 on	 the	 induction	 arm	 and	 16.9%	 in	 the	 RT-alone	 group,
raising	 concern	 regarding	 the	 long-term	 morbidity	 of	 concurrent	 therapy.	 However,	 late	 effects	 were	 similar
among	the	groups,	and	there	were	no	substantial	differences	in	speech	or	swallowing	function	reported.189

In	 another	 randomized	 larynx	 preservation	 study,	 induction	 chemotherapy	 followed	 by	 RT,	 and	 alternating
chemotherapy	and	RT	approaches	were	compared	in	450	patients	with	advanced	larynx	or	hypopharynx	cancer.
Both	treatment	arms	used	cisplatin	and	5-fluorouracil	and	allowed	surgical	salvage.	Overall	and	progression-free
survival	rates	were	similar	on	both	arms.	Survival	with	a	functional	 larynx	in	place	was	higher	with	alternating
CRT,	although	 the	difference	was	not	statistically	significant	 (median,	2.3	versus	1.6	years;	HR,	0.85;	95%	CI,
0.68	to	1.06).190

TABLE	45.10
Intergroup	91-11:	Updated	Results	at	10	Years

RX	Arms No.	of	Patients LP	Rate LRC DMFSa DFS OS

RT	only 171 63.8%
P	<	.0012

47.2%
P	=	.0015

76.0%b 14.8%b 31.5%b

Induction	PF→RT 173 67.5%
P	=	.005

48.9%
P	=	.0037

83.4%
P	=	.06

20.4%
P	=	.06

38.8%a

P	=	.29
Concurrent	P/RT 171 81.7%b 65.3%b 83.9%

P	=	.08
21.6%
P	=	.04

27.5%
P	=	.53

aTrend,	P	=	.08	for	induction	versus	concurrent	arm.
bComparison	group.
RX,	 treatment;	 LP,	 larynx	 preservation;	 LRC,	 local	 regional	 control;	 DMFS,	 distant	 metastasis	 free	 survival;	 DFS,	 disease-free
survival;	OS,	overall	survival;	RT,	radiation	therapy;	PF,	cisplatin/5-fluorouracil;	P,	cisplatin.
From	Forastiere	AA,	Zhang	Q,	Weber	RS,	et	al.	Long-term	results	of	RTOG	91-11:	a	comparison	of	 three	nonsurgical	 treatment
strategies	to	preserve	the	larynx	in	patients	with	locally	advanced	larynx	cancer.	J	Clin	Oncol	2013;31(7):845–852.

Available	randomized	phase	III	data	support	a	concurrent	CRT	strategy	administered	with	organ	preservation
intent	for	patients	with	advanced	oropharynx	cancer.	A	phase	III	study	from	the	GORTEC	demonstrated	improved
local–regional	control	 (66%	versus	42%	at	3	years,	P	=	 .03)	 in	patients	with	advanced	oropharynx	cancer	who
received	concurrent	chemotherapy	(carboplatin	and	5-fluorouracil)	and	RT	(70	Gy)	compared	to	RT	alone.131	A
non–site-specific	 trial	 from	 the	 Cleveland	 Clinic,	 which	 included	 a	 high	 proportion	 of	 patients	 with	 advanced
oropharynx	cancer,	yielded	similar	results.191

Although	 concurrent	 chemotherapy	 is	 the	 current	 cornerstone	 of	 organ	 preservation	 treatment	 of	 advanced
disease,	other	paradigms	deserve	mention.	In	an	Italian	study,	195	patients	with	T2	to	T4	oral	cavity	cancer	were
randomized	 to	either	primary	surgical	management	or	 induction	chemotherapy	with	cisplatin	and	5-fluorouracil
followed	by	a	 surgical	procedure,	which	could	be	modified	based	on	 response.	Overall	 survival	was	 similar	 in
both	 arms,	 but	 less	 postoperative	 RT	 was	 necessary	 (33%	 versus	 46%),	 and	 fewer	 mandible	 resections	 were
performed	(31%	versus	52%)	in	the	chemotherapy	arm.192	As	a	further	extension	of	this	concept,	Laccourreye	and
colleagues193	have	pioneered	the	selective	observation	without	local–regional	treatment	of	patients	with	laryngeal
cancer	who	have	a	complete	response	to	induction	chemotherapy.	Durable	tumor	control	without	the	addition	of
surgery	 or	 RT	 has	 been	 reported	 in	 a	 small	 subset	 of	 patients	 with	 early-stage	 tumors.193	 The	 University	 of
Michigan	 has	 developed	 a	 larynx	 preservation	 program	 whereby	 the	 triage	 to	 RT-based	 treatment	 or	 surgery
occurs	 after	 only	 one	 cycle	 of	 chemotherapy.194	 The	 intent	 was	 to	 improve	 survival	 and	 minimize	 morbidity
through	the	timely	selection	of	appropriate	therapy,	including	referral	 to	surgery	if	 indicated.	The	implication	is
that	induction	chemotherapy	has	little	other	therapeutic	benefit,	and	some	patients	who	are	slow	to	respond	may
be	triaged	unnecessarily	to	total	laryngectomy.195
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Adjuvant	Therapy	after	Surgery
The	 use	 of	maintenance	 chemotherapy	 after	 the	 completion	 of	 local–regional	 treatment	 has	 been	 evaluated	 in
several	randomized	trials,	but	with	disappointing	results.	Suboptimal	compliance	with	maintenance	treatment	may
in	part	explain	the	lack	of	benefit	because	tolerance	of	chemotherapy	can	be	poor	after	surgery	and	RT.196	Despite
these	limitations	and	the	lack	of	convincing	survival	benefit,	patterns	of	failure	were	affected	in	selected	studies,
with	a	decrease	in	distant	metastases,	consistent	with	a	biologic	effect	of	chemotherapy.196,197

The	 results	of	 Intergroup	0034	highlight	 these	points.	 In	 this	 trial,	442	analyzable	patients	were	 randomized
after	definitive	surgical	 therapy	to	either	postoperative	RT	alone	(50	to	60	Gy)	or	 three	cycles	of	standard	dose
cisplatin	 and	 5-fluorouracil	 by	 infusion	 followed	 by	 the	 same	 RT-dosing	 scheme.	 The	 randomization	 was
stratified	 by	 risk,	 with	 surgical	 margins	 less	 than	 5	mm,	 cancer	 in	 situ	 (CIS)	 at	 the	margins,	 and	 ECE	 being
considered	 high-risk	 features.	 Overall,	 there	 was	 no	 significant	 difference	 in	 overall	 survival,	 disease-free
survival,	 or	 local–regional	 control	 between	 the	 treatment	 arms,	 although	 there	 was	 a	 significant	 decrease	 in
incidence	of	distant	metastases	in	the	investigational	arm	(P	=	 .03).	Interestingly,	on	a	subset	analysis,	adjuvant
chemotherapy	had	no	significant	impact	in	the	low-risk	group,	but	a	more	dramatic	impact	on	survival	and	tumor
control	 was	 seen	 among	 high-risk	 patients.	 Given	 the	 success	 of	 concurrent	 CRT	 as	 definitive	 treatment,	 its
application	 in	 the	adjuvant	setting	was	a	 logical	extension.	A	pilot	 study	done	by	 the	RTOG	demonstrated	 that
concurrent	high-dose	cisplatin	every	3	weeks	with	RT	was	feasible	in	the	adjuvant	setting.198	Early	 randomized
studies	 demonstrated	 an	 improvement	 in	 local–regional	 control	 with	 the	 incorporation	 of	 concurrent
mitomycin.199,200	A	 study	 comparing	weekly	 cisplatin	 concurrent	with	 postoperative	RT	 versus	RT	 alone	with
ECE	 yielded	 a	 significant	 improvement	 in	 both	 local–regional	 control	 and	 survival	 with	 combined	 modality
treatment.62

Two	randomized	studies,	both	published	in	2004,	have	further	clarified	the	indications	for	postoperative	CRT
in	the	poor-risk	adjuvant	setting.	RTOG	9501	and	EORTC	22931	had	very	similar	designs.59–61,186	Patients	were
randomized	after	surgery	if	 they	had	poor-risk	features	 to	either	standard	postoperative	RT	alone	(60	to	66	Gy,
over	6	to	6.5	weeks,	standard	fractionation)	or	the	same	RT	with	three	planned	cycles	of	concurrent	cisplatin	at
100	 mg/m2	 every	 3	 weeks.	 What	 constituted	 poor	 risk	 differed	 somewhat	 between	 the	 studies:	 The	 RTOG
required	the	presence	of	two	or	more	positive	lymph	nodes,	ECE,	or	positive	margins;	the	EORTC	required	ECE,
positive	margins,	pT3	or	pT4	with	any	N,	N2,	or	N3	disease,	level	IV	nodes	or	stage	IV	disease	in	patients	with
oral	 cavity	 or	 oropharynx	 primaries,	 PNI,	 or	 vascular	 embolism.59–61	 Both	 studies	 demonstrated	 a	 significant
improvement	 in	 local–regional	 control	 and	 disease-free	 or	 progression-free	 survival	 with	 combined	 modality
therapy.	These	improvements	translated	into	a	significant	advantage	in	overall	survival	in	the	EORTC	study	(P	=
.02)	but	only	a	trend	(P	=	.19)	in	the	RTOG	study.	Neither	study	showed	a	significant	impact	on	distant	control
with	the	addition	of	chemotherapy.	Acute	toxicity	was	greater	with	the	addition	of	the	cisplatin,	but	there	was	no
difference	in	late	toxicity.

A	subsequent	analysis	of	the	EORTC	and	RTOG	studies	was	performed	to	better	understand	which	pathologic
subgroups	may	benefit	 the	most	from	the	concurrent	addition	of	cisplatin	 to	RT.179	Patients	having	evidence	of
ECE	 or	 a	 positive	 margin	 derived	 the	 largest	 benefit	 from	 combined	 modality	 adjuvant	 therapy.	 Conversely,
patients	in	whom	their	only	poor	risk	factor	was	two	or	more	positive	lymph	nodes	without	ECE	seemed	to	do	just
as	well	with	RT	alone.	Long-term	follow-up	of	RTOG	9501	yielded	results	consistent	with	this	conclusion.61

The	EORTC	and	RTOG	studies	focused	on	patients	who	were	previously	untreated	with	the	exception	of	prior
surgery.	Janot	et	al.,201	on	behalf	of	the	GETTEC	and	GORTEC	groups,	addressed	the	potential	role	of	concurrent
chemotherapy	and	reirradiation	after	salvage	surgery.	In	this	randomized	study	enrolling	130	patients,	the	standard
arm	was	 salvage	 surgery	 alone.	 The	 combined	modality	 treatment	 significantly	 improved	 disease-free	 survival
(HR,	1.68;	95%	CI,	1.13	to	2.5;	P	=	.01),	although	overall	survival	was	not	significantly	improved	and	both	acute
and	chronic	toxicities	were	worse.

Some	 investigators	 have	 questioned	 whether	 extracapsular	 nodal	 spread	 has	 the	 same	 adverse	 prognostic
implications	in	patients	with	HPV-related	disease.202	The	related	therapeutic	question	is	whether	this	pathologic
risk	 factor	 should	 drive	 the	 addition	 of	 concurrent	 chemotherapy	 to	 radiation	 in	 the	 postoperative	 setting	 for
patients	with	HPV-related	disease.	These	issues	are	the	focus	of	ongoing	investigations.	Neither	RTOG	9501	nor
EORTC	 22931	 stratified	 data	 by	 tumor	 HPV	 status.	 For	 now,	 the	 NCCN	 does	 not	 recommend	 different
approaches	to	treatment	in	the	poor-risk	adjuvant	setting	based	on	tumor	HPV	status,	although	the	category	rating
is	2A	for	oropharynx	cancer	but	remains	category	1	for	other	sites.147

Toxicity	Reduction



Xerostomia	 is	 one	 of	 the	most	 troubling	 side	 effects	 of	RT-based	 treatment.	 Extra	 oral	 fluids,	 artificial	 saliva,
other	 topical	measures,	 and	 humidity	 are	 commonly	 utilized.	Available	 data	 indicates	 that	 IMRT	 applied	with
salivary-sparing	intent	decreases	this	symptom.45,203,204	Submandibular	gland	transfer,	a	procedure	developed	at
the	University	 of	Alberta,	 has	 also	 shown	 excellent	 results	 in	 preserving	 salivary	 function	 in	 selected	 patients
undergoing	surgery	and	postoperative	RT	(PORT)	for	oral,	oropharyngeal,	nasopharyngeal,	and	laryngeal	cancers.
Combined	with	IMRT,	salivary	flow	rates	approach	basal	levels.205–208

Historically,	 the	 emphasis	 has	 been	 on	 parotid	 sparing.	 Sparing	 other	 salivary	 glands	when	 possible	 further
improves	salivary	outcomes.209,210	 Pharmacotherapy	may	 also	 help.	The	 cholinomimetic	 and	muscarinic	 agent,
pilocarpine,	at	a	dose	of	5	mg	three	 times	a	day	was	shown	in	a	randomized	trial	 to	 improve	the	production	of
saliva	as	well	as	symptoms	of	dry	mouth	compared	to	placebo	in	patients	treated	with	at	least	40	Gy	to	the	head
and	 neck.211	 Excessive	 sweating	 was	 the	 most	 common	 side	 effect.	 Cevimeline,	 a	 similar	 agent	 with	 a	 more
selective	mechanism	of	action,	was	associated	with	a	significant	increase	in	unstimulated	salivary	flow	at	dosing
of	30	to	45	mg	three	times	a	day.212	Amifostine	is	a	thiol	with	chemo-	and	radioprotectant	properties.	Objective
and	subjective	measures	of	salivary	function	were	improved	in	an	open-label,	randomized	study	among	patients
who	received	200	mg/m2	of	amifostine	intravenously	daily	15	to	30	minutes	before	RT.213	Grade	3	toxicities	were
infrequent,	but	nausea,	vomiting,	hypotension,	and	allergic	reactions	were	more	common	among	patients	treated
with	 amifostine.	 The	 benefits	 when	 given	 with	 CRT	 are	 more	 controversial.214	 There	 have	 been	 concerns
regarding	 the	potential	of	 tumor	protection	by	amifostine,	but	a	meta-analysis	did	not	demonstrate	any	adverse
impact	on	progression-free	or	overall	survival	in	patients	treated	with	RT	or	CRT.214	Finally,	acupuncture	may	be
of	benefit	in	the	management	of	xerostomia	in	selected	patients.52,215

Mucositis	is	a	troubling	symptom	typically	exacerbated	by	aggressive	altered	fractionated	RT	programs	and	the
use	of	concurrent	CRT.	A	variety	of	rinses	(e.g.,	topical	anesthetics,	antifungals)	and	systemic	pain	medications
are	 used	 for	 symptomatic	 relief.	 Concurrent	 amifostine	 with	 RT	 has	 not	 been	 clearly	 shown	 to	 decrease
mucositis.213,214	 Iseganan	 hydrochloride,	 a	 synthetic	 peptide	 with	 broad	 spectrum	 antibacterial	 activity,	 was
evaluated	 in	 a	 multinational,	 double-blind,	 placebo-controlled	 trial	 among	 patients	 receiving	 definitive	 or
postoperative	 RT-based	 therapy.	 No	 improvement	 in	 oral	 mucositis	 was	 found	 compared	 to	 placebo.216
Recombinant	 human	 keratinocyte	 growth	 factor	 has	 been	 shown	 to	 decrease	 the	 incidence	 and	 duration	 of
mucositis	 in	 the	 transplant	 setting.217	Two	 randomized	 studies	demonstrated	 improvement	 in	observer-assessed
mucositis	with	palifermin	use,	but	no	clear	difference	in	patient-reported	pain,	opioid	analgesic	use,	or	treatment
breaks	when	 compared	 to	 placebo.218,219	 Prophylactic	 gabapentin	may	 be	 helpful	 in	managing	mucositis	 pain,
although	available	data	are	controversial.220,221

FOLLOW-UP
How	 to	 optimally	 follow-up	 with	 patients	 after	 treatment	 for	 HNC	 is	 less	 well	 studied	 than	 how	 to	 treat	 it.
Approaches	are	informed	by	patterns	of	failure.	Most	relapses	occur	within	the	first	3	years	and	are	front	loaded,
and	relapses	above	the	clavicles	are	potentially	curable.	The	lungs	are	the	most	common	site	of	distant	spread.

The	schedule	proposed	in	the	NCCN	practice	guidelines	is	reasonable.147	Patients	are	seen	for	follow-up	head
and	neck	examinations	every	1	to	3	months	during	year	1,	every	2	to	6	months	during	year	2,	every	4	to	8	months
during	years	3	to	5,	and	every	12	months	thereafter.	Thyroid	function	tests	are	obtained	every	6	to	12	months	if
the	neck	was	 irradiated.	Many	practitioners	obtain	 annual	 chest	 x-rays	or	other	 chest	 imaging	 to	monitor	 for	 a
second	primary	lung	cancer	and	to	document	distant	metastases.	The	impact	of	this	imaging	on	outcomes	is	not
well	 established,	 which	 is	 consistent	 with	 a	 vague	 recommendation	 from	 the	 NCCN	 of	 chest	 imaging	 “as
clinically	 indicated.”	 Tobacco	 history	 should	 be	 considered	 for	 purposes	 of	 lung	 cancer	 screening.147
Posttreatment	 baseline	 imaging	within	 6	months	 of	 therapy	 is	 recommended	 (category	 2B).	Additional	 studies
such	as	CT,	MRI,	and	PET	scans	may	subsequently	be	necessary	to	determine	whether	there	is	a	recurrence	or	a
complication	but	otherwise	are	not	routinely	performed	in	surveillance.	Speech	and	swallowing	evaluations	and
rehabilitation	 are	 obtained	 as	 indicated.	 Counseling	 is	 indicated	 for	 patients	 in	 whom	 tobacco	 or	 alcohol
contributed	as	a	risk	factor	for	tumor	development.

ORAL	CAVITY

The	oral	cavity	consists	of	the	lips,	the	floor	of	mouth,	the	anterior	two-thirds	of	the	tongue,	the	buccal	mucosa,
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the	upper	and	lower	alveolar	ridges,	the	hard	palate,	and	the	retromolar	trigone.
The	AJCC	staging	system	is	used	for	staging	and	is	updated	as	of	2018.32

LIP
The	 ratio	 between	men	 and	 women	 with	 lip	 cancer	 is	 approximately	 15:1.222	 Persons	 with	 light-colored	 skin
and/or	prolonged	exposure	to	sunlight	are	most	prone	to	develop	lip	carcinoma.

Anatomy
The	lips	are	composed	of	the	orbicularis	oris	muscle	with	skin	on	the	external	surface	and	mucous	membrane	on
the	internal	surface.	The	transition	from	skin	to	mucous	membrane	is	the	lip	vermilion	border.	The	blood	supply	is
from	the	superior	and	inferior	labial	arteries,	branches	of	the	facial	artery.	The	motor	nerves	are	branches	of	CN
VII.	The	 sensory	 nerve	 to	 the	 upper	 lip	 is	 the	 infraorbital	 branch	 of	CN	V	 (V	2),	 and	 the	mental	 nerve	 (V	3)
supplies	the	lower	lip.

Pathology
The	most	common	neoplasms	are	SCCs.	Basal	cell	carcinomas	arise	on	the	skin	of	the	lip	and	may	secondarily
invade	 the	 vermilion.	 Keratoacanthoma	 occurs	 on	 the	 skin	 of	 the	 lips	 and	 may	 be	 mistaken	 grossly	 and
histologically	for	SCC.

Leukoplakia	and	CIS	are	common	problems	on	the	lower	lip	and	may	precede	the	appearance	of	carcinoma	by
many	years.	Primary	 lesions	 arising	 from	 the	moist	mucosa	of	 the	 lip	 are	 considered	under	 the	 section	Buccal
Mucosa.

Patterns	of	Spread
SCC	can	originate	from	the	skin	of	the	lip	or	the	vermilion,	which	may	invade	the	adjacent	skin	and	orbicularis
muscle.	 Advanced	 lesions	 invade	 the	 adjacent	 commissures	 of	 the	 lip,	 the	 buccal	 mucosa,	 the	 skin	 and	 wet
mucosa	 of	 the	 lip,	 the	 adjacent	 mandible,	 and	 eventually	 the	mental	 nerve.	 PNI	 occurred	 in	 2%	 of	 the	 cases
reported	by	Byers	and	coworkers223	and	was	related	to	recurrent	 lesions,	 large	tumor	size,	mandibular	 invasion,
and	 poorly	 differentiated	 histology.	Lymphatic	 spread	 is	 to	 the	 submental	 (IA)	 and	 submandibular	 (IB)	 lymph
nodes	and	then	to	the	internal	jugular	chain.	The	risk	for	lymph	node	metastases	is	approximately	5%	at	diagnosis
and	 is	 increased	by	high-grade	histology,	 large	 lesions,	 invasion	of	 the	mucosa	of	 the	 lip,	and	for	patients	with
recurrent	disease.

Clinical	Picture
The	vermilion	of	the	lower	lip	is	the	most	common	site	of	origin.	SCC	may	present	as	an	enlarging	discrete	lesion
that	 is	 not	 tender	 until	 it	 ulcerates.	 Some	 lesions	 develop	 slowly	 on	 a	 background	 of	 leukoplakia	 or	 CIS	 and
present	 as	 superficially	 ulcerated	 lesions	with	 little	 or	 no	 bulk.	Erythema	 of	 the	 adjacent	 skin	 suggests	 dermal
lymphatic	 invasion.	 Palpation	 of	 the	 lip	will	 reveal	 the	 extent	 of	 induration.	 Paresthesia	 of	 the	 skin	 of	 the	 lip
indicates	PNI.

Treatment

Selection	of	Treatment	Modality
Early	 lesions	may	be	cured	equally	well	with	 surgery	or	RT.	Surgical	 excision	 is	preferred	 for	 the	majority	of
lower	 lip	 lesions	 up	 to	 2	 cm	 in	 diameter	 that	 do	 not	 involve	 the	 commissure;	 the	 treatment	 is	 simple	 and	 the
cosmetic	result	is	satisfactory.	Removal	of	more	of	the	lip	with	simple	closure	usually	results	in	a	poor	cosmetic
and	functional	result	and,	therefore,	requires	advanced	reconstructive	procedures.	RT	is	a	viable	option	for	lesions
involving	the	commissure,	for	lesions	over	2	cm	in	length,	and	for	upper	lip	carcinomas.	Advanced	lesions	with
bone,	nerve,	or	node	involvement	frequently	require	a	combined	modality	approach.

The	regional	 lymphatics	are	not	 treated	electively	 for	early	cases.	Advanced	 lesions,	high-grade	 lesions,	and
recurrent	 lesions	 should	 be	 considered	 for	 elective	 neck	 treatment.	 Clinically	 positive	 nodes	 are	 managed	 as



previously	discussed	in	“Clinically	Positive	Neck	Lymph	Nodes”	section.

Surgical	Treatment
Surgical	treatments	for	early	lesions	(0.5	to	1.5	cm)	utilize	V-	or	W-shaped	excisions.	Depending	on	the	size	of
the	defect,	closure	can	be	achieved	with	primary	closure	or	local	advancement	flaps.	If	the	vermilion	is	diffusely
involved	with	little	or	no	involvement	of	the	muscle,	a	vermilionectomy	may	be	performed	and	the	mucosa	from
the	labial	vestibule	of	the	oral	cavity	advanced	to	cover	the	defect.

Irradiation	Technique
Lip	cancer	may	be	successfully	treated	by	EBRT,	interstitial	brachytherapy,	or	a	combination	of	both.	Interstitial
brachytherapy	may	be	accomplished	with	 removable	 sources	 such	as	 iridium-192	 (192Ir).	EBRT	 techniques	use
orthovoltage	 (55.8	 to	 63	Gy	 at	 1.8	Gy	 per	 fraction)	 or	 electrons	 (60	 to	 70	Gy	 at	 2	Gy	 per	 fraction)	with	 lead
shields	behind	the	lip	to	limit	exit	EBRT.	IMRT	is	not	indicated	except	for	the	occasional	patient	with	advanced
neck	disease	and/or	clinical	PNI	where	it	is	necessary	to	extend	the	dose	distribution	to	the	skull	base	and	reduce
the	 dose	 to	 the	 contralateral	 parotid.	 For	 more	 advanced	 lesions,	 combining	 chemotherapy	 with	 EBRT	 is
appropriately	considered.147

Results	of	Treatment
Mackay	and	Sellers224	reviewed	2,864	patients	with	all	stages	of	lip	cancer,	of	whom	92%	were	managed	initially
by	RT.	The	primary	lesion	was	controlled	by	the	initial	treatment	in	84%	of	cases;	an	additional	8%	were	salvaged
by	later	treatment	for	an	overall	local	control	rate	of	92%.	Of	those	who	presented	with	clinically	involved	nodes,
58%	had	 control	 of	 disease,	 but	 only	 35%	had	 control	 of	 disease	when	neck	nodes	 appeared	 later.	The	5-year
cause-specific	survival	rate	was	89%;	the	5-year	absolute	survival	rate	was	65%.

Mohs	and	Snow225	 reported	 the	results	for	1,448	patients	 treated	with	microscopically	controlled	surgery	for
SCCs	of	the	lower	lip	between	1936	and	1976.	A	total	of	83%	had	cancers	<3	cm	in	diameter,	with	a	5-year	cure
rate	of	96.6%.	For	192	patients	with	cancers	that	measured	2	cm	or	more,	the	cure	rate	dropped	to	60%.

Complications	of	Treatment
Oral	 competence,	 which	 permits	 patients	 to	 control	 oral	 secretions	 and	 effectively	 suck,	 speak,	 and	 swallow,
requires	the	sphincteric	function	of	an	intact	orbicularis	oris	muscle.	Hence,	disruption	of	the	sphincteric	function
resulting	 from	 division	 of	 the	 orbicularis	 oris	 should	 be	 restored.	Microstomia	 and	 drooling	 secondary	 to	 oral
incompetence	may	occur	after	a	 large	resection.	If	 the	oral	opening	is	 too	small,	 the	patient	may	not	be	able	 to
inset	a	denture.

There	will	be	some	atrophy	of	the	irradiated	tissues;	this	worsens	with	time.	Soft	tissue	necrosis	may	occur,	but
this	problem	is	reduced	by	plans	that	prolong	the	treatment.

FLOOR	OF	THE	MOUTH
Anatomy
The	 floor	 of	 the	 mouth	 is	 a	 U-shaped	 area	 bounded	 by	 the	 lower	 gingiva	 and	 the	 oral	 tongue;	 it	 terminates
posteriorly	 at	 the	 anterior	 tonsillar	 pillar.	 The	 paired	 sublingual	 glands	 lie	 immediately	 deep	 to	 the	 mucous
membrane	 and	 constitute	 part	 of	 the	 deep	margin,	 separated	 by	 paired	 genioglossus	 and	 geniohyoid	muscles.
These	muscles	insert	on	a	bony	tubercle	of	the	mandible,	the	genoid	tubercle.	The	mylohyoid	muscle	arises	from
the	mylohyoid	ridge	of	the	mandible	and	forms	the	muscular	sling	of	the	oral	cavity;	it	ends	posteriorly	at	about
the	level	of	 the	third	molars.	The	submandibular	gland,	often	the	deepest	margin	of	resection	of	floor-of-mouth
cancers,	 rests	 on	 the	 external	 surface	 of	 the	mylohyoid	muscle	 between	 the	mandible	 and	 the	 insertion	 of	 the
mylohyoid.	 The	 submandibular	 duct	 (also	 called	Wharton	 duct)	 is	 about	 5	 cm	 long	 and	 courses	 between	 the
sublingual	gland	and	the	genioglossus	muscle	before	exiting	in	the	anterior	floor	of	the	mouth	paramedian	to	the
tongue	frenulum.

Pathology
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Most	neoplasms	are	SCC,	usually	of	moderate	grade.	Adenoid	cystic	and	mucoepidermoid	carcinomas	account	for
about	5%	of	malignant	tumors	in	this	area.

Patterns	of	Spread

Primary
Approximately	90%	of	neoplasms	originate	within	2	cm	of	 the	anterior	midline	floor	of	 the	mouth,	penetrating
early	beneath	the	mucosa	into	the	sublingual	gland	and	eventually	into	the	genioglossus	and	geniohyoid	muscles.
The	 mylohyoid	 muscle	 acts	 as	 an	 effective	 barrier	 until	 the	 lesion	 becomes	 advanced.	 Extension	 toward	 the
gingiva	and	periosteum	of	the	mandible	occurs	early.	When	the	tumor	reaches	the	periosteum,	the	tumor	usually
spreads	along	 the	periosteum	 rather	 than	 through	 it.	Mandible	 invasion	 is	 a	 late	manifestation.	The	 skin	of	 the
lower	lip	may	be	involved	in	advanced	cases.	Posterior	extension	occurs	in	the	muscles	of	the	root	of	the	tongue.
One	or	both	submandibular	ducts	are	frequently	obstructed	by	the	tumor	or	after	the	biopsy;	it	may	be	difficult	to
distinguish	 between	 tumor	 extension	 and	 infection	 in	 an	 obstructed	 duct.	 The	 submandibular	 gland	 frequently
enlarges,	becoming	firm	and	occasionally	painful	when	the	duct	is	obstructed.	Extensive	lesions	may	follow	the
anatomic	plane	of	the	mylohyoid	muscle	to	its	posterior	extremity	and	emerge	in	the	submandibular	space	of	the
neck.

Lymphatic
Approximately	30%	of	patients	will	have	clinically	positive	nodes	on	presentation;	4%	will	have	bilateral	nodes.
The	reported	incidence	of	conversion	from	N0	to	N+	with	no	neck	treatment	varies	from	20%	to	35%.53,226	For	T1
or	superficial	T2	lesions,	the	risk	for	occult	metastasis	is	probably	10%	to	15%.53,226

The	first	nodes	involved	are	in	levels	IB	and	II;	the	risk	for	bilateral	spread	is	fairly	high.

Clinical	Picture
On	physical	examination,	the	earliest	lesions	appear	as	a	red	area,	slightly	elevated,	with	ill-defined	borders	and
very	little	induration.	As	the	lesion	enlarges,	the	edges	of	the	tumor	become	distinct,	elevated,	and	“rolled,”	with	a
central	ulceration	and	induration.	Some	lesions	start	with	a	background	of	leukoplakia	or	erythroplakia.	Bimanual
palpation	will	determine	the	extent	of	the	induration	and	the	degree	of	fixation	to	the	periosteum;	however,	some
lesions	 are	 so	 painful	 that	 only	 a	 limited	 clinical	 examination	 can	 be	 performed.	 Large	 lesions	 bulge	 into	 the
submental	space	and	rarely	grow	through	the	mylohyoid	muscle	into	the	soft	tissues	of	the	neck.	Gross	invasion	of
the	mandible	may	be	detected,	especially	when	the	anterior	teeth	have	been	removed.	A	tumor	may	grow	through
the	mandible	 to	 involve	 the	 gingivolabial	 sulcus	 and	 lip.	 The	 submandibular	 duct	 and	 gland	 are	 evaluated	 by
bimanual	palpation.

Treatment

Selection	of	Treatment	Modality
Early	Lesions.	Surgery	and	RT	are	equally	effective	treatments	for	T1	or	T2	lesions.	Most	patients	are	treated
surgically	because	of	the	high	risk	of	soft	tissue	or	bone	necrosis	as	well	as	dental	damage	and	dry	mouth	after
RT.

A	few	patients	are	seen	after	TX	of	a	tiny	lesion,	and	the	only	finding	is	a	surgical	scar	with	varying	degrees	of
induration	 under	 the	 scar	 (TX).	The	margins	 are	 often	 equivocal.	These	 patients	 are	 treated	with	 reexcision	 or
brachytherapy.

Moderately	Advanced	Lesions.	The	usual	recommendation	for	moderately	advanced	anterior	midline	lesions	is
rim	resection	or	segmental	mandibulectomy	and	osteomyocutaneous	free	flap	reconstruction;	postoperative	RT	or
CRT	 is	 added	 depending	 on	 the	 pathologic	 findings.	The	 clinically	N0	neck	 is	 usually	managed	 by	 a	 bilateral
functional	neck	dissection	for	midline	lesions.

Advanced	Lesions.	Massive	lesions	have	a	poor	prognosis	even	with	combined	surgery	and	postoperative	CRT.
Primary	CRT	or	RT	can	be	considered	depending	on	a	patient’s	clinical	status;	intent	may	be	palliative.



Surgical	Treatment
Wide	Local	Excision.	Small	lesions	(5	mm	or	less	in	size)	may	be	excised	transorally	with	a	1-cm	margin	with
primary	 closure	 or	 a	 skin	 graft.	 If	 the	 duct	 is	 involved,	 the	 submandibular	 gland	 and	 duct	 are	 removed	 in
continuity.

Marginal	Mandibulectomy.	 Rim	 resection	 of	 the	mandible	 in	 continuity	 with	 excision	 of	 the	 primary	 lesion
preserves	the	arch	and	may	be	combined	with	postoperative	RT.	Periosteal	invasion	is	often	an	indication	for	this
procedure.	Patients	who	have	been	edentulous	for	a	long	time	may	have	an	atrophic	mandible	and	are	not	suitable
because	the	mandible	is	likely	to	fracture.	In	such	cases,	a	segmental	mandibular	resection	is	preferred.

Segmental	Mandibulectomy.	A	segmental	mandibulectomy	with	resection	of	the	floor	of	the	mouth	is	done	for
lesions	invading	through	cortical	bone.	An	osteomyocutaneous	free	flap	is	usually	used	to	repair	the	defect.	Table
45.11	summarizes	how	to	manage	the	mandible	when	cancer	encroaches	cortical	bone.

If	the	periosteum	does	not	demonstrate	invasive	carcinoma,	the	margin	is	considered	to	be	clear	even	if	it	is	<5
mm	from	the	tumor.

Irradiation	Technique
Superficial	T1	cancers	are	treated	with	either	brachytherapy	or	intraoral	cone	RT	to	approximately	65	Gy,	and	the
neck	is	observed.	Larger	lesions	are	treated	with	EBRT	to	45	to	50	Gy	over	5	weeks	followed	by	an	interstitial
implant	for	an	additional	20	to	30	Gy.	Lesions	that	are	suitable	for	 intraoral	cone	RT	may	be	boosted	with	this
technique	prior	 to	EBRT	of	 the	primary	 lesion	and	upper	neck.	Use	of	EBRT	alone	 results	 in	 suboptimal	 cure
rates	and	is	discouraged.227

TABLE	45.11
Extent	of	Mandible	Resection	Necessary

Lesion	Involvement Treatment
Mucosa,	abutting	mandible	but	freely	mobile Wide	local	mucoal	excision	+	remove	periosteum

Mucosa,	adherent	to	mandible	but	not	grossly	invasive Marginal	mandibulectomy

Gross	cortical	invasion Segmental	mandibulectomy

External-Beam	 Irradiation.	 Opposed	 lateral	 EBRT	 portals	 are	 used	 to	 treat	 anterior	 floor	 of	 the	 mouth
carcinomas.	The	entire	width	of	the	mandibular	arch	is	included,	and	the	superior	border	is	shaped	to	spare	part	of
the	parotid	gland.	The	level	I	and	II	nodes	are	included	to	the	level	of	the	thyroid	notch	if	the	neck	is	clinically
negative;	the	lower	neck	may	be	electively	irradiated.	If	the	neck	is	clinically	positive,	the	portals	are	enlarged	to
include	all	of	the	upper	neck	nodes,	and	an	en	face	low	neck	field	is	added.	IMRT	may	be	useful	to	reduce	the
dose	to	the	contralateral	parotid	in	patients	with	positive	nodes.

Interstitial	Irradiation.	 The	 implantation	 of	T1	 to	T2	 lesions	 confined	 to	 the	 floor	 of	 the	mouth	with	minimal
extension	to	the	mucosa	of	the	tongue	can	be	accomplished	with	iridium	using	the	plastic	tube	technique.

Intraoral	Cone	Irradiation.	Intraoral	orthovoltage	or	electron	cone	RT	requires	daily	positioning	by	the	physician
and	is	preferable	to	interstitial	RT	because	there	is	little	or	no	irradiation	of	the	mandible.228	An	intraoral	cone	can
be	used	for	well-circumscribed	anterior	superficial	lesions	and	is	easiest	to	perform	in	the	edentulous	patient.

Combined	Treatment	Policies
Postoperative	RT	is	preferred	because	the	risk	of	bone	complications	and	fistulae	is	higher	with	preoperative	RT.
Concurrent	chemotherapy	may	be	necessary	based	on	pathologic	findings.

Management	of	Recurrence
RT	failures	are	treated	by	an	operation.	The	salvage	rate	is	good	for	patients	with	T1	to	T2	lesions	and	poor	for
those	with	more	advanced	lesions.
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Surgical	treatment	failures	may	be	treated	by	a	repeat	operation	and	postoperative	RT.

Results	of	Treatment
Rodgers	et	al.229	 reported	on	194	patients	 treated	with	 surgery	 and/or	RT	at	 the	University	of	Florida	between
1964	and	1987.	The	local	control	rates	after	RT	versus	surgery	alone	or	combined	with	RT	were	as	follows:	T1,
32	out	of	37	(86%)	versus	10	out	of	11	(91%);	T2,	25	out	of	36	(69%)	versus	16	out	of	19	(84%);	T3,	11	out	of	20
(55%)	versus	9	out	of	9	(100%);	and	T4,	2	out	of	5	(40%)	versus	6	out	of	10	(60%).229	The	5-year	cause-specific
survival	 rates	 were	 comparable	 for	 the	 treatment	 groups.229	 Mild-to-moderate	 and	 severe	 complications	 were
observed	as	follows:	RT	alone,	49	out	of	117	(42%)	and	6	out	of	117	(5%);	surgery	alone,	3	out	of	36	(8%)	and	6
out	of	36	(17%);	and	surgery	and	RT,	8	out	of	41	(20%)	and	6	out	of	41	(15%),	respectively.229

A	 total	 of	 207	 patients	 treated	 with	 RT	 alone	 at	 the	 Centre	 Alexis	 Vautin	 between	 1976	 and	 1992	 were
reviewed	by	Pernot	and	colleagues.230	Local	control	and	cause-specific	survival	rates	at	5	years	were	as	follows:
T1,	97%	and	88%;	T2,	72%	and	47%;	and	T3,	51%	and	36%,	respectively.	A	total	of	6%	of	patients	developed
complications	necessitating	surgical	intervention,	and	one	patient	experienced	a	fatal	complication.

Follow-up
There	are	two	major	difficulties	in	follow-up	after	RT:	soft	tissue	ulcers	and	enlarged	submandibular	glands.	An
ulcer	 in	 the	 floor	of	 the	mouth	within	2	years	of	 treatment	can	be	either	a	 recurrence	or	necrosis.	 If	 the	 lesion
appears	to	be	soft	tissue	necrosis,	a	trial	of	conservative	therapy	is	adequate.	Failure	to	stabilize	or	resolve	is	an
indication	for	biopsy.	A	negative	biopsy	does	not	rule	out	recurrence,	and	repeat	deep	biopsies	may	be	necessary.
An	enlarged	submandibular	gland	may	be	a	sequel	to	obstruction	of	the	submandibular	duct;	a	contrast-enhanced
CT	is	useful	to	distinguish	between	an	enlarged	submandibular	gland	and	a	tumor	in	a	lymph	node.

The	 follow-up	 for	 surgical	 cases	 may	 be	 difficult	 if	 skin	 grafts	 or	 flaps	 have	 been	 used	 because	 of	 the
associated	induration	and	thickness	of	the	flaps.	If	the	submandibular	ducts	have	been	reimplanted,	stenosis	may
occur	with	subsequent	enlargement	of	the	submandibular	glands.

Complications	of	Treatment

Radiation	Therapy
Soft-tissue	necrosis	may	develop,	usually	in	the	site	of	the	original	lesion	where	the	dose	is	highest.	These	areas
can	be	very	painful	and	typically	respond	to	local	anesthetics,	antibiotics,	and	the	tincture	of	time.	Treatment	with
pentoxifylline	400	mg	three	times	daily	may	be	beneficial.231–234

If	the	ulceration	develops	on	the	adjacent	gingiva,	the	underlying	mandible	may	become	exposed.	These	areas
are	very	tender.	They	are	managed	by	discontinuing	dentures,	local	anesthetics,	and	antibiotics,	and	smoothing	of
the	bone	by	filing,	if	needed.	These	small	bone	exposures	do	not	often	progress	to	osteoradionecrosis	(ORN)	and
either	 sequestrate	 a	 small	 piece	 of	 bone	 or	 are	 simply	 recovered	 by	 the	mucous	membrane.	 Severe	ORN	may
require	 daily	 hyperbaric	 oxygen	 treatments	 for	 4	 to	 6	 weeks,	 either	 alone	 or	 in	 conjunction	 with	 surgical
intervention.232,233

Surgical
These	 include	bone	exposure,	orocutaneous	fistula,	and	failure	of	osteomyocutaneous	flaps.	Salvage	procedures
after	RT	are	associated	with	an	increased	risk	of	complications.

ORAL	TONGUE
Anatomy
The	circumvallate	papillae	 locate	 the	division	between	 the	oral	 tongue	and	 the	base	of	 the	 tongue.	The	arterial
supply	is	mainly	by	way	of	paired	lingual	arteries	that	are	branches	of	the	external	carotid.	The	sensory	pathway	is
by	way	of	the	lingual	nerve	to	the	gasserian	ganglion.

Pathology



More	 than	95%	of	oral	 tongue	 lesions	are	SCCs.	Coexisting	 leukoplakia	 is	common.	Verrucous	carcinoma	and
minor	salivary	gland	tumors	are	uncommon.	Granular	cell	myoblastoma	is	a	benign	tumor	of	uncertain	origin	that
occurs	on	the	dorsum	of	the	tongue	and	may	be	confused	histologically	with	carcinoma.

Patterns	of	Spread

Primary
Most	oral	tongue	cancers	begin	on	the	lateral	and	ventral	surfaces	of	the	tongue.	Anterior-third	lesions	are	usually
diagnosed	early.	Advanced	lesions	invade	the	floor	of	the	mouth	and	root	of	the	tongue,	producing	ulceration	and
fixation.	Posterior-third	lesions	grow	into	the	anterior	tonsillar	pillar	and	base	of	tongue.	PNI	and	vascular	space
invasion	are	not	uncommon.

Lymphatic
The	 first	 echelon	 nodes	 are	 the	 level	 IB	 and	 II	 nodes.22	 The	 submental	 and	 level	 V	 lymph	 nodes	 are	 seldom
involved.	Rouvière15	described	lymphatic	trunks	that	bypass	the	level	I	to	II	nodes	and	terminate	in	the	level	III
lymph	nodes.	Byers	et	al.235	evaluated	nodal	spread	pattern	in	277	patients	treated	surgically	at	the	MD	Anderson
Cancer	Center	and	observed	skip	metastases	to	the	level	III	or	IV	nodes	without	involvement	of	levels	I	and	II	in
16%	of	patients.	Of	patients	with	oral	tongue	cancer,	35%	have	clinically	positive	nodes	at	diagnosis	and	5%	are
bilateral.	The	incidence	of	occult	disease	is	approximately	30%.	The	incidence	of	positive	nodes	increases	with	T
stage.	 Patients	 with	 N1	 or	 N2	 ipsilateral	 nodes	 have	 a	 significant	 risk	 of	 developing	 node	 metastasis	 in	 the
opposite	neck.

Clinical	Picture
Mild	 irritation	 of	 the	 tongue	 is	 the	most	 frequent	 complaint.	 As	 ulceration	 develops,	 the	 pain	 worsens	 and	 is
referred	 to	 the	 external	 auditory	 canal.	 Extensive	 infiltration	 of	 the	 muscles	 of	 the	 tongue	 affects	 speech	 and
deglutition	and	is	associated	with	a	foul,	necrotic	odor.

The	extent	of	disease	 is	determined	by	visual	examination	and	palpation.	The	tongue	protrudes	incompletely
and	 toward	 the	 side	 of	 the	 lesion	 as	 fixation	 develops.	 Posterior	 oral	 tongue	 lesions	 may	 grow	 behind	 the
mylohyoid	and	present	as	a	mass	in	the	neck	at	the	angle	of	the	mandible.	Invasion	of	the	hypoglossal	nerve	is
rare.

Differential	Diagnosis
The	 differential	 diagnosis	 includes	 granular	 cell	 myoblastomas,	 which	 are	 usually	 slow-growing,	 nontender
masses	 and	 0.5	 to	 2.0	 cm	 in	 size.	 The	 lesions	 are	 well	 circumscribed,	 firm,	 and	 slightly	 raised;	 they	may	 be
multiple.	Aggressive	behavior	 is	rare,	and	wide	local	excision	(WLE)	is	preferred.	Pyogenic	granulomas	mimic
small	exophytic	carcinomas.	Tuberculous	ulcer	and	syphilitic	chancre	are	rare.

Treatment

Selection	of	Treatment	Modality
Both	surgery	and	RT	result	in	cure	rates	that	are	similar	for	less	advanced	stages	of	disease;	combined-modality
treatment	 is	 required	 for	more	 advanced	 tumors.	With	modern	 reconstructive	 techniques,	 functional	 and	QOL
outcomes	are	excellent	for	resected	tongue	cancers.	RT	can	produce	worse	functional	outcomes	with	a	high	risk	of
trismus,	chronic	neuropathic	pain,	dental	damage,	soft	tissue	necrosis,	and	ORN.236–238

Excisional	Biopsy.	A	TX	of	a	small	lesion	may	show	inadequate	or	equivocal	margins.	An	interstitial	implant	or
reexcision	will	produce	a	high	rate	of	local	control.

Early	Lesions	(T1	or	T2).	A	partial	glossectomy	with	primary	closure	or	a	skin	graft	may	be	done	transorally
and	 is	 usually	 the	 preferred	 therapy.	 Once	 the	 defect	 is	 greater	 than	 one-third	 of	 the	 oral	 tongue,	 free	 tissue
transfer	reconstruction	provides	improved	long-term	functional	outcomes.239

Depending	 on	 the	 depth	 of	 invasion,	 an	END	may	 be	 indicated.	 It	 is	 typically	 accepted	 that	 lesions	 on	 the
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tongue	with	a	depth	of	invasion	≥4	mm	should	be	treated	with	neck	dissection.	The	threshold	for	neck	dissection
in	lesions	extending	into	the	floor	of	mouth	is	a	depth	of	invasion	of	≥2	mm.240–242

Moderately	 Advanced	 Lesions	 (T2	 or	 T3).	 The	 preferred	 treatment	 for	 the	 majority	 of	 these	 patients	 is
glossectomy,	neck	dissection,	tongue	reconstruction,	and	postoperative	RT/CRT-based	treatment.

Advanced	 Lesions	 (T4).	 With	 aggressive	 treatment,	 many	 patients	 can	 be	 cured	 with	 excellent	 functional
outcomes	and	reasonable	QOL.243,244

Surgical	Treatment
Early	Lesions	(T1	or	T2).	A	partial	glossectomy	and	primary	closure	can	often	be	performed.	Deeper	 lesions
may	require	a	more	extensive	resection	and	the	necessity	of	free	flap	reconstruction.

Moderately	 Advanced	 Lesions	 (T2	 or	 T3).	 A	 partial	 glossectomy	with	 primary	 closure,	 skin	 graft,	 or	 flap
reconstruction	is	performed.	Frozen	section	control	is	essential.	Positive	margins	are	an	indication	for	excision	of
additional	tissue.

Advanced	 Lesions	 (T4).	 Near-total	 or	 total	 glossectomy	 and	 sometimes	 a	 laryngectomy	 is	 performed	 for
oncologic	 or	 functional	 reasons.	 Approximately	 50%	 of	 patients	 will	 achieve	 usable	 swallowing	 and	 speech
function,	and	appropriate	patient	selection	is	of	utmost	importance.243,245

Irradiation	Technique
The	ability	to	control	the	primary	lesion	is	enhanced	by	giving	all	or	part	of	the	treatment	with	an	interstitial	RT	or
by	intraoral	cone.246–248	Superficial	T1	tumors	may	be	treated	with	192Ir	brachytherapy	alone	using	the	plastic	tube
technique.	Larger	lesions	that	have	an	increased	risk	for	subclinical	neck	disease	may	be	treated	with	EBRT	and	a
brachytherapy	 boost	 or	with	 brachytherapy	 combined	with	 an	END.	The	 time	 factor	 is	 critical	 for	 oral	 tongue
cancer,	and	the	EBRT	part	of	the	treatment	is	shortened	(30	Gy	in	10	once-daily	fractions	or	38.4	Gy	in	1.6-Gy
twice-daily	 fractions)	 in	order	 to	 increase	 the	proportion	of	 the	RT	given	by	either	 interstitial	or	 intraoral	 cone
therapy.	The	interstitial	 therapy	is	given	after	 the	EBRT;	 the	 intraoral	cone	 therapy	should	be	done	prior	 to	 the
EBRT.	ENI	is	indicated	for	nearly	all	lesions.

Combined	Treatment	Policies
Postoperative	RT	or	CRT	is	administered	to	the	primary	site	and	neck	for	indications	previously	outlined.	IMRT
may	be	useful	to	reduce	the	dose	to	one	or	both	parotids.

Management	of	Recurrence
Local	recurrence	after	RT	or	surgery	is	heralded	by	ulceration,	pain,	or	increased	induration.	Recurrences	have	a
slightly	elevated	or	rolled	border,	whereas	necroses	do	not.	A	biopsy	should	be	done	as	soon	as	ulceration	appears
if	it	is	within	the	original	tumor	site.	Ulcers	that	appear	on	adjacent	normal	tissues	are	likely	due	to	RT	and	not
cancer.	 However,	 some	 recurrences	 occur	 deep	 within	 the	 soft	 tissues	 and	 are	 difficult	 to	 diagnose	 without
extensive	deep	biopsies.

RT	failure	is	managed	by	surgery.	Surgical	failure	occasionally	is	salvaged	by	re-resection	and	postoperative
RT-based	treatment.	Recurrence	in	the	soft	tissues	of	the	neck	is	rarely	eradicated	by	any	procedure.

Nodes	 appearing	 in	 a	 previously	 untreated	 neck	 are	managed	 by	 neck	 dissection	with	 postoperative	 RT	 or
CRT.241

Results	of	Treatment
The	local	control	rates	for	170	patients	treated	with	RT	alone	versus	surgery	alone	or	with	RT	between	1964	and
1990	at	the	University	of	Florida	included	the	following:	for	T1,	79%	versus	76%	(P	=	.76);	for	T2,	72%	versus
76%	(P	=	.86);	for	T3,	45%	versus	82%	(P	=	.03);	and	for	T4,	0%	versus	67%	(P	=	.08).249	The	differences	in	5-
year	survival	between	the	two	treatment	groups	were	not	statistically	significant.

The	results	of	brachytherapy	alone	or	combined	with	EBRT	for	448	patients	treated	at	the	Centre	Alexis	Vautin
were	reported	by	Pernot	et	al.250	and	revealed	the	following	5-year	local	control	and	survival	rates:	T1,	93%	and



69%;	T2,	65%	and	41%;	and	T3,	49%	and	25%,	respectively.	Shorter	time	intervals	between	brachytherapy	and
EBRT	 were	 associated	 with	 significantly	 improved	 local	 control	 and	 survival	 for	 those	 who	 received	 both
modalities.

Complications	of	Treatment

Surgical
Complications	 at	 the	 site	 of	 the	 primary	 cancer	 ablation	 include	 infection,	 poor	 wound	 healing,	 scarring,
orocutaneous	 fistula,	 flap	 partial	 or	 full	 necrosis,	 and	 dysphonia	 and	 dysphagia,	 which	 are	 the	 most	 common
complications	after	 surgery.	Unplanned	damage	 to	 the	 lingual	nerve	or	 the	hypoglossal	nerve	 is	 rare;	however,
nerve	 resection	 may	 be	 necessary	 for	 cancer	 resection.	 The	 incidence	 of	 complications	 increases	 for	 surgical
salvage	attempts	after	RT	failure	as	well	as	after	RT	or	CRT	in	general.

Radiation	Therapy
A	minor	 soft	 tissue	 necrosis	 is	 fairly	 common	 and	 is	 treated	with	 broad-spectrum	 antibiotics,	 local	 anesthetics
such	as	viscous	lidocaine,	and	analgesics.	Pentoxifylline	400	mg	three	times	daily	is	often	beneficial.231

Hyperbaric	 oxygen	 treatment	 may	 be	 tried	 in	 difficult	 cases.	 If	 the	 necrosis	 is	 persistent	 and	 the	 pain	 is
uncontrollable,	it	must	be	resected.

The	edentulous	person	is	less	likely	to	develop	bone	complications	compared	with	those	who	are	dentulous.251
The	most	frequent	problem	involving	the	mandible	is	bone	exposure.	If	the	patient	has	dentures,	they	should	be
discontinued	or	altered	to	relieve	the	pressure	over	the	exposed	bone.	If	sharp	bony	edges	appear,	they	are	filed
and	the	bone	edge	is	lowered	to	speed	healing.	Healing	may	require	months	or	even	years.

If	ORN	develops,	hyperbaric	oxygen	has	been	used	with	some	success.	The	PENTOCLO	protocol	utilizes	a
cocktail	 of	 antibiotics,	 antifungals,	 oral	 rinses,	 steroids,	 vitamin	 E,	 pentoxifylline,	 and	 a	 bisphosphonate	 to
promote	healing.	The	protocol	takes	months	to	improve	vascularity	to	the	necrotic	areas	but	may	lead	to	complete
healing	or	may	be	used	perioperatively	 to	 improve	surgical	outcomes.	The	average	 time	 to	healing	 is	around	9
months.232,233

If	 conservative	 measures	 are	 unsuccessful,	 a	 segmental	 mandibulectomy	 and	 an	 osteomyocutaneous	 flap
reconstruction	is	performed.

Severe	complications	were	observed	in	9	of	105	patients	(9%)	treated	with	RT	at	the	University	of	Florida.249
Pernot	and	colleagues250	observed	the	following	soft	tissue	and/or	bone	complications	in	a	series	of	448	patients:
grade	1,	19%;	grade	2,	6%;	and	grade	3,	3%.

BUCCAL	MUCOSA
Epidemiology
SCC	 is	 relatively	uncommon	 in	 the	United	States.	 In	 southern	 India,	 it	 is	 common	and	 is	 related	 to	 chewing	a
combination	of	tobacco	mixed	with	betel	leaves,	areca	nut,	and	lime	shell.252

Anatomy
The	buccal	mucosa	is	the	mucous	membrane	covering	the	inner	surface	of	the	cheeks	and	lips,	ending	above	and
below	with	a	transition	to	the	gingiva.	It	ends	posteriorly	at	the	retromolar	trigone.	The	parotid	duct	opens	into	the
buccal	mucosa	opposite	the	second	upper	molar.	The	buccal	mucosa	is	innervated	by	a	branch	of	the	mandibular
nerve.

Pathology
Most	 malignant	 tumors	 are	 low-grade	 SCCs	 that	 frequently	 appear	 on	 a	 background	 of	 leukoplakia	 or	 lichen
planus.	Verrucous	carcinoma	occurs.	Minor	salivary	gland	tumors	and	melanomas	are	rare.

Patterns	of	Spread
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Early	lesions	are	usually	discrete	and	exophytic.	The	buccinator	muscle	acts	as	a	natural	barrier	to	spread	and,	if
negative	of	tumor,	can	be	used	as	a	clear	margin	of	resection.253

As	tumors	enlarge,	they	penetrate	the	underlying	muscles	and	eventually	extend	to	the	skin.	Peripheral	growth
occurs	into	the	gingivobuccal	sulci	and	eventually	onto	the	gingiva	and	into	bone.

The	lymphatic	spread	is	first	to	the	level	I	and	II	nodes.	Parotid	nodes	can	also	become	involved.	The	incidence
of	positive	nodes	on	admission	is	9%	to	31%,	and	the	risk	of	occult	disease	is	16%.22,226

Clinical	Picture
Small	lesions	produce	the	sensation	of	a	lump	that	is	felt	with	the	tongue.	Pain	is	minimal,	unless	there	is	posterior
extension	to	involve	the	lingual	and	dental	nerves.	Pain	may	be	referred	to	the	ear.	Obstruction	of	Stensen	duct
will	 produce	 parotid	 enlargement.	 Extension	 posteriorly,	 behind	 the	 pterygomandibular	 raphe	 or	 into	 the
buccinator	and	masseter	muscles,	causes	trismus.

Differential	Diagnosis
The	 differential	 diagnosis	 includes	 lues	 and	 tuberculosis;	 both	 are	 rare.	 If	 the	 first	 biopsy	 reveals	 chronic
inflammation	or	pseudoepitheliomatous	hyperplasia,	a	repeat	biopsy	should	be	considered.

Treatment

Selection	of	Treatment	Modality
Small	 lesions	 (≤1	cm)	may	be	excised	with	primary	closure;	 small	 lesions	 that	 involve	 the	 lip	 commissure	 are
sometimes	treated	by	RT	to	preserve	oral	competence.	Lesions	2	to	3	cm	in	size	are	typically	treated	with	surgery.
Larger	lesions	are	usually	treated	with	surgery	and	postoperative	RT	or	CRT.

Surgical	Treatment
Lesions	that	invade	the	mandible	or	maxilla	require	bone	resection	along	with	the	soft	tissues.	These	often	require
bony	or	soft	tissue	reconstruction	with	free	flaps.254

Full-thickness	 cheek	 defects	 are	 often	 repaired	 with	 bilobed	 free	 flaps	 to	 provide	 excellent	 functional	 and
cosmetic	outcomes.101

Irradiation	Technique
Buccal	mucosa	 lesions	 are	 suited	 for	 treatment	with	 electrons,	 an	 intraoral	 cone,	 and	 interstitial	 techniques	 to
spare	 the	contralateral	normal	 tissues.	When	 tumors	extend	 into	one	of	 the	gingivobuccal	gutters	or	onto	bone,
treatment	must	be	entirely	EBRT-based.

Results	of	Treatment
Diaz	et	al.255	recently	reported	the	MD	Anderson	Cancer	Center	experience	for	119	patients	treated	with	surgery
alone	 (84	 patients)	 or	 combined	 with	 adjuvant	 RT	 (35	 patients)	 between	 1974	 and	 1993.	 Tumor	 recurrence
developed	in	54	patients	(45%):	local	recurrence	in	27	patients	(23%),	regional	recurrence	in	13	patients	(11%),
local	and	regional	recurrence	in	11	patients	(9%),	and	distant	metastases	in	3	patients	(3%).	The	5-year	survival
rates	versus	stage	were	as	follows:	stage	I,	78%;	stage	II,	66%;	stage	III,	62%;	stage	IV,	50%;	and	overall,	63%.

Nair	 and	 coworkers252	 reported	 the	 definitive	 RT	 results	 for	 234	 cases	 of	 buccal	 mucosa	 cancer	 treated	 in
southern	India	during	the	1982	calendar	year.	The	3-year	disease-free	survival	rates	were	as	follows:	stage	I,	85%;
stage	II,	63%;	stage	III,	41%;	and	stage	IV,	15%.	A	total	of	32	patients	had	verrucous	carcinoma,	and	the	3-year
disease-free	survival	rate	was	47%,	similar	to	that	for	other	grades	of	SCC.

Complications	of	Treatment
The	buccal	mucosa	 is	 tolerant	 of	 high-dose	RT,	 and	 severe	 complications	 are	uncommon.	Bone	 exposure	may
appear	 on	 the	mandible	 or	maxilla.	 Fibrosis	 is	 common	 and	 can	 lead	 to	 trismus,	 especially	 if	 the	muscles	 of
mastication	receive	high	doses.

Surgical	injury	of	Stensen	duct	may	cause	obstruction	and	temporary	parotitis,	which	may	take	several	weeks



to	resolve.

GINGIVA	AND	HARD	PALATE	(INCLUDING	RETROMOLAR	TRIGONE)
Anatomy
The	 lower	 gingiva	 includes	 the	 keratinized	masticatory	mucosa	 covering	 the	mandible	 from	 the	 gingivobuccal
gutter	to	the	origin	of	the	nonkeratinized	lining	mucosa	covering	the	floor	of	the	mouth.	The	retromolar	trigone
lies	 behind	 the	 third	molar	 and	 is	 contiguous	 superiorly	with	 the	maxillary	 tuberosity.	Beneath	 the	 keratinized
mucosa	of	 the	 retromolar	 trigone	 is	 the	 tendinous	pterygomandibular	 raphe,	which	 is	 attached	 to	 the	pterygoid
hamulus	and	the	posterior	mylohyoid	ridge	of	the	mandible.	It	serves	as	the	insertion	of	the	buccinator,	orbicular
oris,	and	superior	pharyngeal	constrictor	muscles.	Behind	 the	pterygomandibular	 raphe	and	between	 the	medial
pterygoid	 muscle	 and	 the	 ascending	 ramus	 is	 the	 pterygomandibular	 space,	 which	 contains	 the	 lingual	 and
alveolar	nerves	and	is	related	posteriorly	to	the	deep	lobe	of	the	parotid	and	the	parapharyngeal	space.

Pathology
Most	neoplasms	are	SCCs.	Minor	salivary	gland	 tumors,	usually	adenoid	cystic	carcinomas,	often	occur	on	 the
posterolateral	 hard	 palate.256	 Verrucous	 carcinomas	 usually	 occur	 on	 the	 lower	 gingiva.	 Melanoma	 has	 been
reported.257

SCC	may	arise	within	 the	body	of	 the	mandible	or	maxilla	 either	 from	 the	odontogenic	 epithelium	or	 from
epithelium	 trapped	during	embryonic	development.	 It	 is	more	 frequent	 in	 the	mandible	 than	 the	maxilla	 and	 is
most	common	in	the	molar	regions.	It	must	be	distinguished	from	metastatic	SCC	and	ameloblastoma.

Ameloblastoma	is	a	rare,	benign,	locally	aggressive	odontogenic	tumor	with	an	incidence	of	about	1%	of	all
tumors	of	the	maxilla	and	mandible.	A	total	of	80%	of	cases	occur	in	the	mandible.

Patterns	of	Spread

Lower	Gum
SCC	invades	the	periosteum	and	the	adjacent	buccal	mucosa	and	floor	of	the	mouth.	Low-grade	lesions	tend	to
produce	a	 smooth,	 saucerized	defect	before	 invading	 the	mandible.	Moderate-	 to	high-grade	 lesions	 invade	 the
bone	directly	or	through	recently	opened	dental	sockets	and	produce	a	lytic	defect.

Lymphatic	spread	is	to	the	level	I	and	II	nodes.	Clinically	positive	nodes	occur	in	18%	to	52%	of	diagnoses;
occult	disease	occurs	in	17%	to	19%.22,226

Ameloblastoma	 expands	 and	 destroys	 the	 bone	 and	 extends	 to	 adjacent	 areas	 by	 contiguous	 growth.
Ameloblastic	 carcinoma,	 a	 rare	 malignant	 variant	 of	 ameloblastoma,	 may	 metastasize	 to	 regional	 nodes	 and
distant	sites.258

Upper	Alveolar	Ridge	and	Hard	Palate
Most	SCCs	originate	on	 the	gingiva	and	 spread	 secondarily	 to	 the	hard	palate,	 soft	palate,	buccal	mucosa,	 and
underlying	bone.	The	maxillary	sinus	is	invaded	late	unless	there	are	recent	extractions	providing	access.	The	risk
for	positive	lymph	nodes	at	diagnosis	is	13%	to	24%,	and	the	incidence	of	occult	disease	is	22%.22,226

Retromolar	Trigone
Carcinomas	spread	to	 the	adjacent	buccal	mucosa,	 the	anterior	 tonsillar	pillar,	and	 the	maxilla.	Posterior	spread
occurs	into	the	pterygomandibular	space	and	the	medial	pterygoid	muscle.	Mandible	invasion	occurs	early,	as	the
mucosa	overlying	the	bone	is	very	thin	in	this	region.	Posterolateral	spread	occurs	into	the	buccinator	muscle	and
fat	pad.	The	first	echelon	 lymphatics	are	 the	 level	 I	and	II	nodes.	The	 incidence	of	clinically	positive	nodes	on
presentation	is	about	30%;	the	risk	for	occult	disease	is	15%	to	25%.

Clinical	Picture
The	patient	may	present	to	the	dentist	first	with	ill-fitting	dentures,	pain,	loose	teeth,	or	a	sore	that	will	not	heal.	A
history	 of	 inappropriate	 dental	 extractions	 or	 root	 canal	 therapy	 is	 common.	 Invasion	 into	 the	 mandible	 may
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involve	 the	 inferior	 alveolar	 nerve	 and	 produce	 paresthesia	 of	 the	 lower	 lip.	 A	 background	 of	 leukoplakia	 is
frequently	present.

Retromolar	trigone	lesions	have	pain	referred	to	the	external	auditory	canal	and	preauricular	area.	Invasion	of
the	 pterygoid	 muscle	 produces	 trismus.	 Intra-alveolar	 SCC	 presents	 with	 a	 submucosal	 mass	 and	 dental
symptoms.	Roentgenograms	show	a	lytic	lesion	in	the	mandible.

Ameloblastoma	 exhibits	 few	 symptoms	 in	 the	 early	 stages,	 and	 trismus	 is	 unlikely.	 Patients	 may	 notice	 a
gradually	 increasing	 facial	 deformity	 or	 a	 loosening	 of	 teeth.	 An	 intraoral	 submucosal	 mass	 may	 be	 present
initially;	ulceration	occurs	as	the	mass	increases	in	size.	On	roentgenograms,	a	radiolucent	area	is	seen	with	the
expansion	of	the	overlying	cortical	plate,	scalloped	margins,	a	multilocular	appearance,	and/or	resorption	of	the
roots	of	adjacent	teeth.

Minor	 salivary	 gland	 tumors	 present	 as	 a	 submucosal	 mass,	 enlarge	 slowly,	 and	 may	 develop	 a	 central
ulceration.259

Differential	Diagnosis
The	differential	diagnosis	includes	dental	disease	and	underlying	bony	cysts	or	tumors.

Treatment

Selection	of	Treatment	Modality
Lower	Alveolar	Ridge.	The	majority	of	lesions	are	managed	by	surgery	alone	or	followed	by	postoperative	RT
or	CRT.	Surgery	entails	a	marginal	mandibulectomy	when	there	is,	at	most,	saucerization	of	the	underlying	bone.
Segmental	mandibulectomy	and	free	flap	reconstruction	is	indicated	for	more	advanced	disease.	See	Table	45.11
on	the	extent	of	mandible	resection	necessary.

Ameloblastoma.	 The	 treatment	 is	 surgery;	 however,	 local	 recurrence	 is	 a	 problem.	 Sehdev	 and	 coworkers260
reported	curettage	was	followed	by	local	recurrence	in	90%	of	mandibular	ameloblastomas	and	in	all	maxillary
ameloblastomas.	Subsequent	resection	controlled	80%	of	the	mandibular	but	only	40%	of	the	maxillary	tumors.
The	initial	use	of	segmental	mandibular	resection	controlled	78%	(18	of	23	patients),	with	subsequent	resection
controlling	 those	 that	 recurred.	The	 use	 of	 partial	maxillectomy	 as	 the	 first	 treatment	 controlled	 100%	 (7	 of	 7
patients)	of	maxillary	ameloblastomas	as	opposed	 to	only	40%	when	a	partial	maxillectomy	was	performed	for
recurrence.	Limited	experience	with	RT	suggests	 that	 it	may	reduce	the	probability	of	progression	and	result	 in
long-term	local	control	in	the	occasional	patient	with	incompletely	resectable	disease.258

Retromolar	Trigone.	Surgery	is	preferred	for	discrete	early	lesions.	RT	is	recommended	for	superficial	lesions
involving	a	large	surface	area.261	Advanced	carcinomas	are	treated	with	surgery	and	postoperative	RT	or	CRT.

Upper	Alveolar	Ridge	and	Hard	Palate.	Resection	alone	or	followed	by	RT	or	CRT	is	the	usual	treatment	for
most	lesions.	However,	if	the	lesion	is	superficial	and	extensively	involves	the	hard	palate	or	involves	a	significant
portion	of	the	soft	palate,	then	an	RT-based	approach	should	be	considered	for	the	initial	therapy.	If	the	lesion	is
small	 and	 discrete	 and	 there	 is	 no	 bone	 involvement,	 resection	 includes	 the	 periosteum	 or	 occasionally	 some
underlying	 bone.	 Bone	 invasion	 requires	 a	 maxillectomy	 that	 is	 tailored	 to	 optimally	 resect	 the	 cancer.	 The
resulting	 defect	 is	 usually	 rehabilitated	with	 a	 removable	 prosthesis.	 Patients	who	 are	 poor	 surgical	 candidates
may	 be	 successfully	 managed	 with	 primary	 RT	 with	 a	 10%	 reduction	 in	 cure	 rates	 compared	 to	 primary
surgery.261	Concurrent	systemic	therapy	is	appropriately	considered	to	further	improve	disease	control	in	patients
who	are	sufficiently	fit.

Irradiation	Technique
Small	lesions	of	the	lower	alveolar	ridge	and	retromolar	trigone	may	be	treated	by	intraoral	cone	for	all	or	part	of
their	 therapy.	Well-lateralized	 lesions	 of	 the	 retromolar	 trigone	 and	 posterior	 alveolar	 ridge	may	 be	 treated	 by
either	 an	 ipsilateral	 mixed	 beam	 or	 IMRT;	 the	 latter	 is	 preferred.	 Parallel-opposed	 portals	 treat	 anterior	 gum
lesions.

Carcinomas	that	involve	a	large	surface	area	with	little	or	no	bone	invasion	may	be	treated	by	EBRT.	T1	to	T2
carcinomas	are	treated	with	altered	fractionation;	larger	tumors	are	treated	with	CRT.



Management	of	Recurrence
RT	 failures	 are	managed	 by	 operation.	 Surgical	 failures	may	 be	managed	 by	 surgery	 and	 postoperative	RT	 or
CRT.262	Salvage	procedures	should	be	reserved	for	minimally	extensive	disease	in	healthy	patients	as	cure	rates
are	low	and	morbidity	can	be	high.

Results	of	Treatment

Mandibular	Gingiva
Overholt	and	coworkers263	reported	155	patients	with	SCCs	of	the	lower	alveolar	ridge	treated	at	MD	Anderson
Cancer	Center	between	1970	and	1990.	Surgery	alone	was	used	for	131	patients;	the	remainder	received	surgery
and	RT.	Five-year	survival	for	patients	with	T1	and	T2	cancers	was	85%	and	84%,	respectively,	compared	with
66%	and	64%,	 respectively,	 for	 those	with	T3	and	T4	malignancies.	Local	control	at	2	years	was	 impacted	by
tumor	size	 (P	 =	 .021)	 and	margin	 status	 (P	 =	 .027),	whereas	 5-year	 cause-specific	 survival	was	 influenced	 by
tumor	size	(P	=	.001),	margin	status	(P	=	.011),	mandibular	invasion	(P	≤	.05),	and	the	presence	of	lymph	node
metastases	(P	<	.001).

Retromolar	Trigone
Byers	and	coworkers264	 reported	 the	MD	Anderson	Cancer	Center	 results	 for	110	previously	untreated	patients
with	SCC	of	the	retromolar	trigone	treated	between	1965	and	1977,	with	a	minimum	5-year	follow-up.	Surgery
was	often	selected	for	patients	with	leukoplakia,	poor	teeth,	mandible	invasion,	large	neck	nodes,	or	trismus.	RT
was	selected	for	poorly	differentiated	tumors,	for	mainly	exophytic	lesions,	and	lesions	involving	the	faucial	arch
or	soft	palate	or	lesions	having	ill-defined	borders,	and	for	poor	surgical	risk	cases.	The	local	control	rates	were	as
follows:	T1,	12	of	13	(92%);	T2,	50	of	57	(88%);	T3,	18	of	20	(90%);	and	T4,	15	of	20	(75%).	Local	control	was
similar	after	surgery	and/or	RT.	The	absolute	5-year	survival	rate	was	26%.

Hitchcock	et	al.261	reported	on	110	patients	with	retromolar	trigone	SCCs	treated	between	1966	and	2013	with
RT	alone	(36	patients)	or	combined	with	surgery	(74	patients).	The	5-year	local–regional	control	rates	after	RT
versus	surgery	and	RT	were	52%	and	89%	for	stages	I	to	III,	and	46%	and	58%	for	stage	IV,	respectively.	The	5-
year	cause-specific	survival	rates	after	RT	versus	surgery	and	RT	were	57%	and	82%	for	stages	I	to	III,	and	45%
and	43%	for	stage	IV,	respectively.	A	multivariate	analysis	revealed	that	 the	likelihood	of	cure	was	better	after
surgery	and	RT	compared	with	definitive	RT	(P	=	.041).

Hard	Palate
Shibuya	 and	 coworkers265	 reported	 the	 results	 for	 38	 cases	 of	 carcinoma	 of	 the	 hard	 palate	 and	 82	 cases	 of
carcinoma	 of	 the	 upper	 alveolar	 ridge	 treated	 between	 1953	 and	 1982	 in	 Japan.	 A	 total	 of	 66	 patients	 were
managed	initially	by	RT	alone	to	the	primary	lesion,	and	54	patients	were	managed	by	RT	and	surgery.	The	5-
year	actuarial	survival	rate	by	stage	was	the	following:	for	stage	I,	56%;	for	stage	II,	41%;	for	stage	III,	32%;	and
for	stage	IV,	12%.	There	was	no	difference	in	survival	when	comparing	hard	palate	versus	upper	alveolar	ridge,
SCC	versus	minor	salivary	gland	tumors,	or	RT	alone	versus	RT	plus	surgery	as	the	initial	therapy.	The	overall
risk	 for	metastatic	 lymph	 nodes	was	 47%	 for	 hard	 palate	 and	 49%	 for	 the	 upper	 alveolar	 ridge.	A	 total	 of	 30
patients	were	 recorded	 as	 having	 “slight	 bone	 invasion,”	 and	 no	metastases	 had	 a	 5-year	 survival	 rate	 of	 75%
when	treated	by	RT.

Complications	of	Treatment
Surgical	complications	include	orocutaneous	fistula,	bone	exposure,	extrusion	of	titanium	plates,	and	loss	of	graft
or	flap.

The	 complications	 of	RT	 include	 soft	 tissue	 necrosis,	 severe	 trismus,	 bone	 exposure,	 and	ORN.	The	 risk	 is
greatest	 for	 patients	with	 advanced	 lesions	 of	 the	 lower	 gum	 and	 retromolar	 trigone.	Huang	 and	 colleagues266
reported	 the	 following	 rates	of	grade	3	bone	and	 soft	 tissue	complications	 in	65	patients	 treated	 for	 retromolar
trigone	carcinomas:	preoperative	RT,	0	of	10	patients	(0%);	surgery	and	postoperative	RT,	5	of	39	patients	(13%);
and	RT	alone,	2	of	16	patients	(13%).

OROPHARYNX
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ANATOMY
The	 oropharynx	 is	 divided	 into	 subsites:	 tonsillar	 pillars	 and	 tonsillar	 fossae,	 base	 of	 tongue,	 soft	 palate,	 and
posterior	 pharyngeal	wall.	 Tumors	 arising	 in	 the	 glossotonsillar	 sulcus	 (GTS)	 are	 designated	 either	 as	 base	 of
tongue	or	tonsil	based	on	the	location	of	the	majority	of	the	lesion.

Tonsillar	Fossa/Glossotonsillar	Sulcus
The	tonsillar	fossa	is	bounded	anteriorly	by	the	anterior	tonsillar	pillar	(palatopharyngeal	muscle),	posteriorly	by
the	posterior	 tonsillar	 pillar	 (palatopharyngeal	muscle),	 and	 inferiorly	 by	 the	GTS	and	pharyngoepiglottic	 fold.
The	 pharyngeal	 constrictor	 muscle	 and	 its	 fascia,	 the	 mandible,	 and	 the	 lateral	 pharyngeal	 space	 bound	 the
tonsillar	region	laterally.	The	tonsillar	area	is	separated	from	the	base	of	tongue	by	the	GTS,	which	extends	from
the	 anterior	 tonsillar	 pillar	 to	 the	pharyngoepiglottic	 fold.	Beneath	 the	mucous	membrane	of	 the	 sulcus	 are	 the
styloglossal	muscle	and	the	stylohyoid	ligament.

Base	of	Tongue
The	base	 of	 the	 tongue	 comprises	 the	 poster	 one-third	 of	 the	 tongue	 and	 is	 bounded	 anteriorly	 by	 the	 anterior
tonsillar	pillar,	posteriorly	by	the	posterior	tonsillar	pillar,	and	inferiorly	by	the	GTS	and	pharyngoepiglottic	fold.
The	 pharyngeal	 constrictor	 muscle	 and	 its	 fascia,	 the	 mandible,	 and	 the	 lateral	 pharyngeal	 space	 bound	 the
tonsillar	region	laterally.	The	tonsillar	area	is	separated	from	the	base	of	tongue	by	the	GTS,	which	extends	from
the	 anterior	 tonsillar	 pillar	 to	 the	pharyngoepiglottic	 fold.	Beneath	 the	mucous	membrane	of	 the	 sulcus	 are	 the
styloglossal	muscle	and	the	stylohyoid	ligament.

Soft	Palate
The	soft	palate	is	a	thin,	mobile	muscle	complex	separating	the	nasopharynx	from	the	oropharynx.	The	epithelium
of	the	oral	side	is	squamous;	the	epithelium	of	the	nasopharyngeal	surface	is	respiratory.	It	is	contiguous	laterally
with	the	tonsillar	pillars.

Posterior	Pharyngeal	Wall
The	mucosa	and	underlying	prevertebral	muscles	from	the	skull	base	down	to	the	cricopharyngeus	muscle	make
up	the	posterior	pharyngeal	wall.	Immediately	behind	this	are	the	retropharyngeal	lymph	nodes.

PATHOLOGY
SCC	and	its	variants	account	for	90%	of	cancers.	Lymphoepitheliomas	occur	in	the	tonsillar	fossa	and	the	base	of
tongue.	Lymphomas	account	for	5%	of	 tonsillar	and	1%	to	2%	of	base	of	 tongue	malignancies.	Minor	salivary
gland	malignancies,	 plasmacytomas,	 and	 other	 rare	 tumors	make	 up	 the	 remainder.267,268	 Tobacco	 and	 alcohol
exposure	have	historically	been	the	most	important	etiologic	agents;	however,	HPV	infection	is	now	appreciated
to	be	the	etiologic	agent	for	many	of	these	patients	and	for	the	observed	increasing	incidence.269

From	1998	to	2004,	there	has	been	a	225%	increase	in	HPV-related	HNCs,	and	it	is	predicted	that	by	2020,	the
number	of	HPV-positive	HNCs	will	surpass	the	number	of	HPV-positive	cervical	cancers	in	the	United	States.270

PATTERNS	OF	SPREAD
Tonsillar	Fossa
Cancers	may	originate	on	the	tonsillar	pillars,	the	palatine	tonsil	itself,	or	the	tonsillar	bed.	Diagnosis	can	be	early
when	superficial	lesions	are	noted	on	the	mucosa	or	late	when	endophytic	cancers	grow	into	the	parapharyngeal
space.	As	lesions	advance,	they	eventually	invade	bone,	extend	to	the	skull	base	and	nasopharynx,	and	invade	the
medial	pterygoid	muscle,	causing	trismus	and	temporal	pain.



Base	of	Tongue
Base-of-tongue	 SCC	 usually	 remains	 in	 the	 tongue	 unless	 it	 begins	 at	 the	 peripheral	 margin.	 Lateral	 base-of-
tongue	cancers	may	invade	the	GTS	and	eventually	escape	into	the	neck	because	there	is	no	effective	musculature
barrier	at	 this	point.	Vallecular	 lesions	spread	 to	 the	epiglottis	and	 laterally	 to	 the	pharyngeal	wall	and	anterior
wall	of	the	pyriform	sinus.	Vallecular	lesions	frequently	penetrate	through	the	hyoepiglottic	ligament	to	enter	the
preepiglottic	space.

Soft	Palate

Primary
Nearly	all	SCCs	occur	on	the	oropharyngeal	side	of	the	palate.	The	earliest	tumors	are	red	lesions	with	ill-defined
borders.	Spread	occurs	 first	 to	 the	 tonsillar	pillars	and	hard	palate.	Lateral	 spread	may	eventually	penetrate	 the
superior	constrictor	muscle	and	skull	base	and	invade	the	lateral	wall(s)	of	the	nasopharynx.

Posterior	Pharyngeal	Wall
Early	 tumors	 are	 small,	 red	 patches,	 which	 can	 enlarge	 and	 spread	 along	 the	 mucosa	 to	 the	 skull	 base	 and
inferiorly	to	the	hypopharynx.	Deep	growth	involves	the	prevertebral	fascia	and	associated	muscles.

Lymphatic
The	 first	 echelon	nodes	 for	OPCs	 are	 in	 level	 II.	 Spread	 then	occurs	 to	 levels	 III	 and	 IV	with	 retropharyngeal
nodes	being	equally	at	risk.	Level	IB	lymphatic	spread	is	more	common	when	the	primary	tumor	has	invaded	the
oral	tongue	or	floor	of	mouth.	Level	V	spread	is	rare.	Dziegielewski	et	al.57	studied	212	OPC	patients	treated	with
primary	 surgery	 including	 bilateral	 standardized	 neck	 dissections.	 They	 found	 that	 24%	 of	 all	 patients	 had
bilateral	 neck	disease.	Pretreatment	variables	predictive	of	 bilateral	 neck	metastases	 included	 cT4	and	 cN	>2a.
Overall,	35%	of	base-of-tongue	tumors	had	bilateral	neck	disease,	whereas	18%	of	tonsil	and	20%	of	soft	palate
tumors	had	bilateral	disease.	Despite	 the	differences,	 site	of	 tumor	 (tonsil,	 base	of	 tongue,	 soft	 palate)	was	not
predictive	 of	 bilateral	 spread.	 However,	 the	 proximity	 of	 the	 lesion	 to	 midline	 could	 not	 be	 teased	 out	 from
pathology	 reports.	 It	 is	 likely	 that	 lesions	 encroaching	 the	 midline	 have	 a	 predilection	 for	 bilateral	 cervical
drainage	as	traditionally	believed.22

Level	 I	 was	 more	 commonly	 involved	 than	 once	 thought:	 13%	 to	 26%	 of	 cN+	 necks.	 This	 finding	 was
attributed	to	the	posterior	aspect	of	level	IB	being	continuous	with	level	II.	Level	V	was	seldom	involved	in	necks
without	multiple	 pathologic	 lymph	 nodes.	 Thus,	 it	 was	 recommended	 that	 the	 posterior	 aspect	 of	 level	 IB	 be
considered	for	treatment	in	each	case	and	level	V	in	cases	of	≥cN2b.57

CLINICAL	PICTURE
Tonsillar	Fossa
Early	symptoms	include	sore	throat,	and	pain	is	referred	to	the	ear.	As	the	lesion	progresses,	it	may	cause	trismus
and	temporal	pain.	Dysphagia	and	dysphonia	occur	due	to	mass	effect	as	the	lesion	grows	medially.

Base	of	Tongue
Often,	 the	 earliest	 symptom	 is	 a	mild	 sore	 throat	 or	 a	 level	 II	 neck	mass.	Difficulty	 swallowing,	 a	 nasal	 voice
quality,	and	ipsilateral	otalgia	occur	as	the	lesion	enlarges.	Advanced	lesions	fix	the	tongue.	Flexible	fiber-optic
endoscopy	and	bimanual	digital	palpation	are	necessary	for	the	diagnosis	of	early	lesions	of	the	base	of	tongue.

Soft	Palate
Patients	may	present	with	a	mild	sore	throat	that	is	not	well	localized.	Advanced	lesions	may	cause	swallowing
dysfunction,	voice	changes,	 regurgitation	of	 food	 into	 the	nasopharynx,	 trismus,	 temporal	pain,	and,	 rarely,	CN
involvement.
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STAGING
The	AJCC	 staging	 system	 is	 used	 and	 is	 depicted	 in	Table	45.12.	However,	 given	 the	well-documented	 better
prognosis	of	patients	with	HPV-positive	disease,	a	recent	effort	refines	the	TNM	staging	of	HPV-related	OPC	into
four	groups:	I,	T1	to	T3,	N0	to	N2b;	II,	T1	to	T3,	N2c;	III,	T4	or	N3;	and	IV,	defined	by	metastatic	disease.33	The
impetus	 for	 this	 change	 is	 to	 better	 define	 prognosis	 in	 these	 patients	 than	 is	 possible	 in	 the	 prevailing	 TNM
system.

TREATMENT:	TONSILLAR	FOSSA
Selection	of	Treatment	Modality
Surgery	was	the	standard	of	care	for	OPC	treatment	for	over	100	years.	Over	 the	 last	40	years,	RT	became	the
cornerstone	of	OPC	 treatment	 in	an	attempt	 to	minimize	 the	morbidity	and	 toxicity	of	 treatment.	 In	 the	 last	15
years,	 transoral	 minimally	 invasive	 techniques,	 such	 as	 TORS	 and	 transoral	 laser	 microsurgery	 (TLM),	 have
provided	means	to	provide	excellent	survival	and	functional	outcomes	in	appropriate	cases.

With	the	cure	rates	of	primary	RT	and	primary	surgery	being	similar	for	OPCs,	the	challenge	becomes	how	to
integrate	 TORS/TLM	 into	 the	 treatment	 paradigm.271	 The	 goal	 is	 to	 maximize	 survival	 while	 minimizing
morbidity.

Surgical	Treatment
Surgery	 for	 early	 tonsil	 cancers	 consists	 of	 transoral	WLE.	 TORS	 or	 TLM	 are	 increasingly	 used	 to	 facilitate
resection	without	 the	 need	 for	 splitting	 the	mandible.	Neck	 dissection	 is	 either	 performed	 concurrently	 or	 in	 a
staged	 fashion.272	 The	 technique	 allows	 surgeons	 to	 minimize	 unnecessary	 dissection	 and	 maximize	 the
preservation	of	mucosa,	muscles,	and	neurovascular	structures.	By	avoiding	a	pharyngotomy	or	mandibulotomy
the	 muscular	 complex	 of	 the	 laryngopharynx	 necessary	 for	 proper	 swallowing	 function	 is	 preserved	 and	 a
tracheostomy	can	be	avoided.

Survival	outcomes	with	TORS	have	been	excellent,	and	they	compare	favorably	to	RT-based	treatment.	In	a
multi-institutional	study	of	410	patients,	de	Almeida	et	al.273	found	that	the	2-year	locoregional	control	rate	was
92%,	disease-specific	survival	was	94.5%,	and	overall	survival	was	91%.

In	a	systematic	 review	of	early	OPCs,	 it	was	 found	 that	primary	TORS-treated	patients	had	an	82%	to	94%
overall	2-year	survival	compared	to	84%	to	96%	for	primary	IMRT.274

This	 study	 demonstrated	 that	 survival	 outcomes	were	 nearly	 identical	 between	 primary	 TORS	 and	 primary
IMRT	 for	 early	 OPC,	 although	 the	 complication	 rates	 were	 different.	 The	 incidence	 of	 temporary,	 reversible
toxicity	was	similar	between	treatment	modalities;	however,	long-term	gastrostomy	tube	rates	were	15%	higher	in
the	 primary	 IMRT	 group.	 Such	 data	 have	 limitations	 in	 that	 patient	 selection	 factors	 beyond	 anatomic	 stage
impact	choice	of	therapy	and	can	affect	anticipated	treatment	side	effects	and	outcomes.

TABLE	45.12
2017	American	Joint	Committee	on	Cancer	Staging	for	Oropharyngeal	Cancer

OROPHARYNX	(p16−)
Primary	Tumor	(T)
TX Primary	tumor	cannot	be	accessed

Tis Carcinoma	in	situ

T1 Tumor	2	cm	or	smaller	in	greatest	dimension

T2 Tumor	larger	than	2	cm	but	not	larger	than	4	cm	in	greatest	dimension

T3 Tumor	larger	than	4	cm	in	greatest	dimension	or	extension	to	lingual	surface	of	epiglottis

T4 Moderately	advanced	or	very	advanced	local	disease

T4a Moderately	advanced	local	disease;	tumor	invades	the	larynx,	extrinsic	muscle	of	tongue,
medial	pterygoid,	hard	palate,	or	mandiblea



T4b Very	advanced	local	disease;	tumor	invades	lateral	pterygoid	muscle,	pterygoid	plates,
lateral	nasopharynx,	or	skull	base	or	encases	carotid	artery

Regional	Lymph	Node	(N)b

NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	a	single	ipsilateral	lymph	node,	3	cm	or	smaller	in	greatest	dimension	and
ENE(−)

N2 Metastasis	in	a	single	ipsilateral	lymph	node	larger	than	3	cm	but	not	larger	than	6	cm	in
greatest	dimension	and	ENE(−);	or	metastases	in	multiple	ipsilateral	lymph	nodes,	none
larger	than	6	cm	in	greatest	dimension	and	ENE(−);	or	in	bilateral	or	contralateral	lymph
nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N2a Metastasis	in	a	single	ipsilateral	node	larger	than	3	cm	but	not	larger	than	6	cm	in	greatest
dimension	and	ENE(−)

N2b Metastasis	in	multiple	ipsilateral	nodes,	none	larger	than	6	cm	in	greatest	dimension	and
ENE(−)

N2c Metastasis	in	bilateral	or	contralateral	lymph	nodes,	none	larger	than	6	cm	in	greatest
dimension	and	ENE(−)

N3 Metastasis	in	a	lymph	node	larger	than	6	cm	in	greatest	dimension	and	ENE(−);	or
metastasis	in	any	node(s)	and	clinically	overt	ENE(+)

N3a Metastasis	in	a	lymph	node	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N3b Metastasis	in	any	node(s)	and	clinically	overt	ENE(+)

Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis

Overall	Stage	Grouping
When	T	Is	… And	N	Is	… And	M	Is	… Then	the	Stage	Group	Is	…

Tis N0 M0 0

T1 N0 M0 I

T2 N0 M0 II

T3 N0 M0 III

T1,	T2,	T3 N1 M0 III

T4a N0,	N1 M0 IVA

T1,	T2,	T3,	T4a N2 M0 IVA

Any	T N3 M0 IVB

T4b Any	N M0 IVB

Any	T Any	N M1 IVC

OROPHARYNX	(p16+)
Primary	Tumor	(T)
T0 No	primary	identified

T1 Tumor	2	cm	or	smaller	in	greatest	dimension

T2 Tumor	larger	than	2	cm	but	not	larger	than	4	cm	in	greatest	dimension

T3 Tumor	larger	than	4	cm	in	greatest	dimension	or	extension	to	lingual	surface	of	epiglottis

T4 Moderately	advanced	local	disease;	tumor	invades	the	larynx,	extrinsic	muscle	of	tongue,
medial	pterygoid,	hard	palate,	or	mandible	or	beyonda

Regional	Lymph	Node	(N)

NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 One	or	more	ipsilateral	lymph	nodes,	none	larger	than	6	cm

N2 Contralateral	or	bilateral	nodes,	none	larger	than	6	cm

N3 Lymph	node(s)	larger	than	6	cm

Distant	Metastasis	(M)
M0 No	distant	metastasis
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M1 Distant	metastasis

OROPHARYNX	(p16+)
Overall	Stage	Grouping

When	T	Is	… And	N	Is	… And	M	Is	… Then	the	Stage	Group	Is	…
T0,	T1,	T2 N0	or	N1 M0 I

T0,	T1,	T2 N2 M0 II

T3 N0,	N1,	N2 M0 II

T0,	T1,	T2,	T3,	T4 N3 M0 III

T4 N0,	N1,	N2,	N3 M0 III

Any	T Any	N M1 IV
aMucosal	extension	to	lingual	surface	of	epiglottis	from	primary	tumors	of	the	base	of	the	tongue	and	vallecular	does	not	constitute
invasion	of	the	larynx.
bA	designation	of	“U”	or	“L”	may	be	used	for	any	N	category	to	indicate	metastasis	above	the	lower	border	of	the	cricoid	(U)	or	below
the	lower	border	of	the	cricoid	(L).	Similarly,	clinical	and	pathologic	extranodal	extension	(ENE)	should	be	recorded	as	ENE(−)	or
ENE(+).
Used	with	the	permission	of	the	American	Joint	Committee	on	Cancer	(AJCC),	Chicago,	Illinois.	The	original	source	for	this	material
is	 the	 AJCC	 Cancer	 Staging	 Handbook,	 eighth	 edition	 (2017)	 published	 by	 Springer	 Science	 and	 Business	 Media	 LLC,
www.springerlink.com.

It	 is	difficult	 to	compare	absolute	numbers	of	surgical	complications	and	 toxicity	 from	RT	as	 the	events	are
quite	different.	Thus,	measures	of	QOL	may	be	used	as	a	surrogate	for	how	well	patients	tolerate	treatment	and
recover	from	it.	At	1	year	after	TORS	with	or	without	RT	patients	recover	baseline	QOL.	QOL	scores	are	at	their
lowest	during	RT	and	RT	remains	a	negative	predictor	of	QOL.	Overall,	9%	of	patients	had	a	gastrostomy	tube	1
year	after	surgery,	which	is	similar	to	IMRT.275

A	recent	follow-up	study	showed	that	patients	treated	with	TORS	alone	have	the	highest	QOL	and	functional
outcomes,	 whereas	 those	 treated	 with	 triple	 modality	 have	 the	 lowest.	 This	 study	 confirmed	 that	 the	 most
significant	predictor	of	gastrostomy	tube	dependence	was	adjuvant	RT/CRT.	No	patients	treated	with	TORS	alone
required	 a	 gastrostomy	 tube.276	 Sharma	 et	 al.277	 also	 demonstrated	 that	 TORS	 patients	 have	 statistically
indistinguishable	survival	compared	to	primary	IMRT	and	a	3%	(TORS)	versus	11%	(IMRT)	gastrostomy	tube
rate	at	1	year.

TORS	 has	 also	 been	 shown	 to	 be	 cost-effective	 with	 a	 10-year	 cost	 savings	 of	 $1,366	 per	 patient	 and	 an
increase	of	0.25	quality-adjusted	life-years	at	10	years	after	treatment.278

Knowing	that	adjuvant	therapy	decreases	functional	and	QOL	outcomes,	the	challenges	lie	in	selecting	patients
who	may	benefit	from	a	reduction	in	adjuvant	therapy	or	none	at	all.	Depending	on	the	institution,	20%	to	80%	of
TORS	patients	will	receive	adjuvant	RT.279

From	 a	 radiation	 oncologist’s	 perspective,	 the	 ideal	 TORS	 candidate	 would	 be	 eligible	 for	 possibly	 no
postoperative	 RT	 or	 a	 dose	 reduction	 in	 adjuvant	 RT.	 These	 are	 patients	 without	 obvious	 nodal	 matting	 on
imaging,	 multiple	 positive	 nodes,	 or	 tumors	 close	 to	 vital	 structures	 where	 a	 wide	 enough	 margin	 cannot	 be
achieved.280	Conversely,	patients	for	whom	surgical	resection	will	likely	lead	to	significant	functional	morbidity
and	those	with	an	indication	for	the	addition	of	chemotherapy	to	postoperative	radiation	therapy	are	likely	better
served	by	a	primary	RT-based	approach.

Because	HPV-positive	tumors	respond	so	well	to	any	treatment	modality,	it	is	ideal	to	minimize	the	number	of
treatment	 modalities	 when	 possible.	 For	 advanced-stage	 disease	 (T3	 and	 T4	 tumors)	 as	 well	 as	 p16-negative
tumors	and	smokers,	there	is	an	argument	for	treatment	escalation.	Numerous	clinical	trials	stratifying	patients	by
p16	status	are	underway	and	may	light	the	path	to	optimal	balances	between	survival	and	QOL.	Large	database
studies,	albeit	hypothesis-generating,	provide	 insights	 to	guide	such	 initiatives.	For	example,	 survival	 for	early-
stage	 disease	 may	 be	 improved	 with	 combined-modality	 therapy,281–283	 although	 practice	 guidelines	 currently
advise	single-modality	treatment	for	such	patients.147	Similarly,	triple-modality	treatment	may	play	a	great	role	in
patients	with	more	advanced	disease.284,285

Irradiation	Technique
The	portal	arrangement	depends	on	the	extent	of	local–regional	disease.	If	the	risk	for	contralateral	lymph	node
metastases	is	low,	an	ipsilateral	IMRT	technique	is	employed	to	reduce	xerostomia.

More	advanced	lesions	are	treated	with	parallel-opposed	photon	portals,	usually	weighted	two	to	one	or	three
to	 two	to	 the	 involved	side.	 If	 there	are	positive	contralateral	nodes	or	extension	across	 the	midline,	 the	portals



usually	are	equally	weighted.	The	inferior	border	is	placed	2	cm	below	the	primary	tumor.	IMRT	is	increasingly
employed	to	irradiate	both	sides	of	the	neck	and	reduce	the	dose	to	the	contralateral	parotid	in	patients	with	an	N0
neck	or	ipsilateral	positive	neck	nodes.	The	low	neck	is	treated	with	a	separate	anterior	field	with	a	thin	midline
block	over	the	larynx.	Small,	discrete	lesions	of	the	anterior	tonsillar	pillar	may	receive	some	component	of	the
RT	by	intraoral	cone.

The	dose	for	tonsillar	lesions	is	74.4	to	76.8	Gy	(1.2	Gy	twice	daily)	for	T1	to	T3	lesions	and	76.8	Gy	for	T4
lesions.	An	alternative	is	70	Gy	in	35	fractions	over	30	treatment	days	using	a	simultaneous	integrated	boost	and
concomitant	boost.

Management	of	Recurrence
Surgery	will	salvage	a	good	portion	of	T1	or	T2	RT	failures,	but	only	an	occasional	advanced	lesion	is	salvaged.

RESULTS	OF	TREATMENT:	TONSILLAR	AREA
The	5-year	 local	control	 rates	after	definitive	RT	in	a	series	of	531	patients	 treated	at	 the	University	of	Florida
between	1983	and	2012	for	tonsillar	SCCs	were	as	follows:	T1,	94%;	T2,	87%;	T3,	79%;	and	T4,	70%.286	 The
local	control	rates	were	better	for	tonsillar	fossa/posterior	tonsillar	pillar	cancers	compared	with	those	arising	in
the	anterior	tonsillar	pillar.	The	5-year	local–regional	control,	distant	metastasis–free	survival,	and	survival	rates
are	depicted	in	Table	45.13.286	The	reason	for	the	lower	local–regional	control	rates	for	stage	I	to	II	SCCs	was	due
to	local	recurrences	in	patients	with	T1	to	T2N0	anterior	tonsillar	pillar	cancers.

TABLE	45.13
Tonsillar	Region:	5-Year	Outcomes	After	Definitive	Radiotherapy	at	the	University	of	Florida
(531	Patients)

Stage No.	of	Patients Local–Regional	Control Distant	Metastasis-Free	Survival Cause-Specific	Survival Survival
I 19 75% 100% 94% 68%

II 71 80% 97% 88% 66%

III 90 86% 95% 87% 68%

IVA 264 81% 87% 75% 61%

IVB 87 69% 64% 52% 39%
From	 Kennedy	 WR,	 Herman	 MP,	 Deraniyagala	 RL,	 et	 al.	 Radiotherapy	 alone	 or	 combined	 with	 chemotherapy	 as	 definitive
treatment	for	squamous	cell	carcinoma	of	the	tonsil.	Eur	Arch	Otorhinolaryngol	2016;273(8):2117–2125.

COMPLICATIONS	OF	TREATMENT:	TONSILLAR	AREA
Radiation	Therapy
The	risk	for	a	severe	complication,	usually	a	bone	or	soft	tissue	necrosis,	requiring	surgical	intervention	is	low.
The	 probability	 of	 a	 fatal	 complication	 is	 remote.	 There	 is	 a	 low	 risk	 of	 long-term	 swallowing	 problems,
particularly	 for	 patients	 treated	 for	 advanced	 disease.	 Other	 complications	 include	 trismus,	 hypoglossal	 nerve
entrapment,	and	a	remote	risk	of	an	RT-induced	malignancy	and/or	myelitis.	Severe	late	complications	occurred
in	49	of	531	patients	(9%)	and	included	a	permanent	gastrostomy	in	14	patients	(3%).286

Surgical	Treatment
Complications	of	operation	include	impaired	swallowing,	fistula,	flap	failure,	poor	wound	healing,	and	aspiration
occasionally	 leading	 to	 laryngectomy.	 The	 risk	 of	 severe	 and/or	 fatal	 complications	 is	 higher	 after	 surgery
compared	with	RT.286
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TREATMENT:	BASE	OF	TONGUE
Selection	of	Treatment	Modality
Surgery	and	RT	have	historically	produced	similar	cure	rates.	Because	excision	of	 the	base	of	 tongue	generally
causes	greater	disability	and	because	of	the	high	risk	for	bilateral	lymphatic	involvement,	RT	or	CRT	became	the
treatment	of	choice	over	the	last	three	decades.287

Patients	 with	 high-risk	 HPV	 p16-positive	 SCCs	 of	 the	 tonsillar	 fossa	 and	 base	 of	 tongue	 have	 improved
outcomes	 after	 RT	 or	 CRT	 than	 those	 who	 are	 HPV	 p16	 negative,	 particularly	 if	 they	 are	 nonsmokers.9,288
Although	it	is	likely	that	RT	or	CRT	could	be	deintensified	without	impacting	the	likelihood	of	cure,	this	remains
investigational.134	 Patients	with	 p16-negative	 SCCs	may	 be	 treated	with	 surgery	 or	 CRT	with	 about	 the	 same
likelihood	of	success.288,289

Surgical	Treatment
Patients	with	lateralized	T1	or	early	T2	cancer	may	be	suitable	for	TLM/TORS	and	a	neck	dissection.290	TORS	is
increasingly	 used	 to	 facilitate	 resection	 with	 less	 morbidity.	 Otherwise,	 the	 surgical	 approach	 requires	 a
mandibulotomy,	which	permits	lateralization	of	the	mandible.	Suprahyoid,	transhyoid,	and	infrahyoid	approaches
also	 can	 be	 used	 to	 resect	 small	 lesions.	 After	 the	 tumor	 has	 been	 removed,	 the	 mandibular	 edges	 are
reapproximated	with	a	titanium	reconstruction	plate.291

A	neck	dissection	is	done	in	continuity	with	excision	of	the	primary	lesion.	Removal	of	a	large	tumor	requires
the	simultaneous	removal	of	part	of	or	the	entire	larynx.

For	early-stage	base-of-tongue	cancers,	transoral	techniques	provide	excellent	visualization,	and,	provided	the
resection	does	not	 include	>50%	of	 the	base	of	 tongue,	 reconstruction	 is	not	necessary	 to	maintain	swallowing
function.292	In	larger	tumors	(T3	to	T4),	reconstructive	techniques,	such	as	the	beavertail	radial	forearm	free	flap
(PHAR),	may	provide	 excellent	 swallowing	 function	with	 a	 5%	 long-term	gastrostomy	 tube	 rate.293	 That	 said,
CRT	with	surgery	reserved	for	salvage	may	be	a	better	approach	for	this	subset	of	patients.	Although	survival	for
base-of-tongue	 cancers	 has	 often	 been	 thought	 to	 be	 poor	 with	 surgery,	 if	 proper	 oncologic	 principles	 and
technique	are	applied,	a	94%	control	 rate	with	an	87%	3-year	disease-specific	 survival	 rate	can	be	achieved	 in
selected	patients.294

Irradiation	Technique
In	 the	 past,	 parallel-opposed	 EBRT	 portals	 encompass	 the	 primary	 site	 and	 bilateral	 cervical	 nodes.	 IMRT
provides	the	ability	to	spare	salivary	glands	and	swallowing	structures,	improving	QOL.	Interstitial	brachytherapy
with	flexible	sources,	such	as	192Ir	ribbons,	may	be	used	for	part	of	the	treatment	if	the	lesion	is	relatively	limited.
In	contrast	 to	oral	 tongue	cancer,	 there	 is	no	proven	advantage	 in	 local	 control	 for	 interstitial	boosts	 compared
with	EBRT	alone.

One	of	the	common	errors	in	planning	EBRT	is	a	failure	to	recognize	anterior	tumor	extension	into	the	lateral
floor	 of	 the	mouth;	 this	 is	 usually	 appreciated	 on	CT	 and/or	MRI.	The	 inferior	 border	 of	 the	 lateral	 portals	 is
usually	the	thyroid	notch	unless	the	tumor	has	extended	into	the	upper	pyriform	sinus	or	preepiglottic	space.

The	 primary	 portals	 include	 the	 level	 IB,	 II,	 and	 V	 nodes	 when	 the	 neck	 is	 N0.	 The	 superior	 border	 is
approximately	2	cm	above	 the	 tip	of	 the	mastoid	even	with	clinically	negative	nodes	 to	ensure	coverage	of	 the
nodes	near	the	skull	base.

The	bilateral	lower	neck	nodes	are	always	treated	with	a	separate	anterior	portal.	If	the	upper	neck	is	clinically
negative,	 the	 lower	neck	portals	 include	 the	 level	 III	 and	 IV	nodes.	 If	 the	upper	neck	 is	 clinically	positive,	 the
lower	neck	portals	are	more	generous.

Patients	 are	 treated	with	 1.2	Gy	 per	 fraction	 twice	 daily	 to	 74.4	 to	 76.8	Gy.	An	 alternative	 is	 70	Gy	 in	 35
fractions	over	30	treatment	days	using	simultaneous	integrated	boost	and	a	concomitant	boost.	Most	patients	with
an	N0	neck	or	ipsilateral	positive	nodes	are	treated	with	IMRT	to	reduce	the	dose	to	the	contralateral	parotid.

Management	of	Recurrence
RT	 treatment	 failures	 are	 treated	 surgically;	 salvage	 is	 infrequent	 except	 for	T1	 and	 early	T2	 lesions.	 Surgical
treatment	 failures	 are	 rarely	 salvaged,	 except	 for	 the	 early	 lesion	 with	 a	 discrete	 local	 recurrence.	 Palliative
management	is	often	preferred.



RESULTS	OF	TREATMENT:	BASE	OF	TONGUE
The	5-year	 local	control	 rates	after	definitive	RT	in	a	series	of	467	patients	 treated	at	 the	University	of	Florida
were	as	follows:	for	T1,	97%	(n	=	93);	for	T2,	95%	(n	=	161);	for	T3,	85%	(n	=	116);	and	for	T4,	59%	(n	=	97).295
The	local–regional	control,	distant	metastasis–free	survival,	and	survival	rates	are	depicted	in	Table	45.14.	Severe
late	complications	developed	in	64	patients	(14%).	CRT	is	preferred	for	more	advanced	tumors.

TABLE	45.14
Base	of	Tongue:	5-Year	Outcomes	After	Radiotherapy	at	the	University	of	Florida	(467
Patients)

Stage No.	of	Patients Local–Regional	Control Distant	Metastasis-Free	Survival Cause-Specific	Survival Survival
I–II 29 96% 92% 87% 66%

III 71 84% 92% 80% 70%

IVA 216 88% 90% 83% 72%

IVB 151 62% 69% 48% 36%
From	 Christopherson	 K,	 Morris	 CG,	 Kirwan	 JM,	 et	 al.	 Radiotherapy	 alone	 or	 combined	 with	 chemotherapy	 for	 base	 of	 tongue
squamous	cell	carcinoma.	Laryngoscope	2017;127(7):1589–1594.

FOLLOW-UP:	BASE	OF	TONGUE
RT	failures	may	present	as	an	ulcer	and	must	be	distinguished	from	necrosis.	Deep	biopsies	usually	must	be	done
under	general	anesthesia	to	obtain	adequate	tissue	and	control	bleeding.

COMPLICATIONS	OF	TREATMENT:	BASE	OF	TONGUE
Surgical	Complications
Infection,	 fistula,	 bleeding,	 tongue	 sensory	 deficits,	 dysphagia,	 exposed	 hardware,	 poor	 wound	 healing,	 and
cranial	nerve	injuries	are	potential	complications.

Complications	of	Irradiation
Bone	exposure	and	ORN	are	uncommon.	Mild-to-moderate	soft	 tissue	necroses	occur	 in	approximately	10%	of
patients,	 and	mild-to-moderate	bone	exposures	occur	 in	5%	of	patients	 treated	 solely	by	EBRT.	Necroses	may
persist	for	several	months	and	may	respond	to	pentoxifylline.	Hypoglossal	nerve	palsy	occurs	rarely.

Occasionally,	patients	may	have	difficulty	swallowing	due	to	fibrosis	of	the	base	of	the	tongue	compounded	by
xerostomia.	Significant	aspiration	is	unusual.	It	is	uncommon	for	a	patient	to	develop	severe	swallowing	disability
requiring	a	PEG.296

TREATMENT:	SOFT	PALATE
Selection	of	Treatment	Modality
Although	 small,	 well-defined	 lesions	 may	 be	 excised	 and	 the	 neck	 observed,	 the	 risk	 of	 subclinical	 regional
disease	is	high.	Therefore,	definitive	RT	is	indicated	for	nearly	all	soft	palate	carcinomas;	neck	dissection	is	added
as	needed.	Concomitant	chemotherapy	is	indicated	for	patients	with	T3	to	T4	and/or	N2	to	N3	disease.

Surgical	Treatment
Small,	 discrete	 lesions	 can	 be	 managed	 by	 TLM/TORS	 and	 repaired	 by	 a	 pharyngeal	 flap	 to	 prevent	 any
velopharyngeal	 incompetence.	 More	 extensive	 lesions	 require	 bilateral	 neck	 dissection,	 and	 free	 flap
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reconstruction	is	necessary	if	speech	and	swallowing	are	 to	be	restored.	Often,	CRT	is	 the	preferred	strategy	in
this	 setting	 given	 the	 risk	 of	 surgical	 morbidity.	 That	 said,	 a	 pharyngeal	 flap	 and	 PHAR	 or	 the	 soft	 palate
insufficiency	repair	technique	using	a	PHAR	have	been	shown	to	restore	speech	and	swallowing	function.	Seikaly
et	al.297	found	that	86%	of	patients	recovered	speech	with	no	nasopharyngeal	reflux	and	91%	resumed	a	full	oral
diet	at	6	months	after	surgery.	If	reconstruction	cannot	be	performed,	a	soft	palate	prosthetic	can	provide	adequate
function.298

Irradiation	Technique
The	RT	technique	involves	equally	weighted,	parallel-opposed	EBRT	portals	that	include	the	primary	lesion	and
the	bilateral	first	echelon	upper	neck	nodes.	A	separate	anterior	portal	is	used	to	treat	the	low	neck.	If	the	primary
lesion	is	discrete	and	the	neck	is	clinically	negative,	a	portion	of	the	treatment	may	be	given	with	an	intraoral	cone
prior	to	EBRT.

Patients	 are	 treated	 with	 4	 to	 6	MV	 photons	 to	 74.4	 to	 76.8	 Gy	 at	 1.2	 Gy	 per	 fraction,	 twice	 daily,	 in	 a
continuous	course.	Another	option	is	70	Gy	in	35	fractions	over	30	treatment	days.	IMRT	using	the	concomitant
boost	technique	may	be	used	to	reduce	the	dose	to	one	or	both	parotids.

Management	of	Recurrence
A	persistent	ulcer	after	RT	is	indicative	of	recurrent	disease.	Patients	with	a	limited	local	recurrence	after	RT	for	a
T1	or	T2	lesion	may	be	reasonable	candidates	for	surgical	salvage.

RESULTS	OF	TREATMENT:	SOFT	PALATE
Chera	and	coworkers299	reported	on	145	patients	treated	with	definitive	RT	at	the	University	of	Florida	between
1963	and	2004.	Local	control	rates	at	5	years	were	as	follows:	for	T1,	90%;	for	T2,	90%;	for	T3,	67%;	for	T4,
57%;	and	overall,	81%.	The	5-year	local–regional	control	and	cause-specific	survival	rates	were	84%	and	89%	for
stage	I,	85%	and	87%	for	stage	II,	66%	and	88%	for	stage	III,	59%	and	57%	for	stage	IVA,	and	43%	and	0%	for
stage	IVB,	respectively.299

COMPLICATIONS	OF	TREATMENT:	SOFT	PALATE
Surgical	Complications
Nasal	speech	and	regurgitation	of	food	into	the	nasopharynx	are	sequelae	of	full-thickness	soft	palate	resection.
Proper	 free	 flap	 reconstruction	 is	 often	 needed	 to	 prevent	 speech	 and	 swallowing	 deficits.	 Palate	 prosthesis	 is
another	option.298

Complications	of	Irradiation
Soft	 tissue	 necrosis	 is	 uncommon.	 The	 soft	 palate	 may	 become	 retracted	 following	 successful	 treatment	 of
advanced	 lesions	 and	may	 result	 in	 regurgitation	 into	 the	 nasopharynx	 and	 a	 slight	 alteration	 in	 speech.	ORN
requiring	surgical	management	is	rare.	Severe	late	complications	were	observed	in	8	of	145	patients	(6%)	treated
with	definitive	RT.299

LARYNX

Cancer	of	the	larynx	is	primarily	related	to	cigarette	smoking.300	The	effect	of	alcohol	remains	unclear,	but	it	is
probably	less	impactful	for	the	larynx	than	for	the	other	head	and	neck	sites.300

ANATOMY
The	 larynx	 is	divided	anatomically	 into	 the	 supraglottis,	glottis,	 and	 subglottis.	The	 supraglottis	 consists	of	 the



epiglottis	 (infra-	and	suprahyoid),	 false	vocal	cords,	 lateral	and	superior	surfaces	of	 the	ventricles,	aryepiglottic
folds,	and	arytenoids;	the	arytenoids	are	cartilages	that	articulate	on	the	cricoid.	The	glottis	includes	the	true	vocal
cords	and	the	anterior	commissure.	The	subglottis	 is	2	cm	long	and	extends	from	10	mm	below	the	ventricular
apex	to	the	lower	margin	of	cricoid	cartilage.

The	 preepiglottic	 space	 is	 bounded	 by	 the	 epiglottis	 posteriorly,	 the	 hyoepiglottic	 ligament	 and	 vallecula
superiorly,	and	the	 thyroid	cartilage	and	thyrohyoid	membrane	anteriorly	and	laterally.	It	can	be	seen	as	a	 low-
density	area	on	a	CT	scan.

The	 supraglottis	 has	 a	 moderately	 rich	 capillary	 lymphatic	 plexus.	 The	 lymphatic	 trunks	 pass	 through	 the
preepiglottic	 space	and	 the	 thyrohyoid	membrane	 to	bilateral	 level	 II	 nodes.	A	 few	 trunks	drain	directly	 to	 the
level	III	or	IV	nodes.	There	are	essentially	no	capillary	lymphatics	of	the	true	vocal	cords.	The	subglottis	area	has
relatively	few	capillary	lymphatics.	The	lymphatic	trunks	pass	through	the	thyrocricoid	membrane	to	the	midline
pretracheal	 (Delphian)	node(s)	 in	 the	region	of	 the	 thyroid	 isthmus	and/or	 to	 the	 level	 IV	nodes.	The	subglottis
also	drains	posteriorly	through	the	cricotracheal	membrane	with	some	trunks	going	to	the	paratracheal	(level	VI)
nodes,	whereas	others	pass	to	the	level	IV	nodes.

PATHOLOGY
Nearly	all	laryngeal	cancers	arise	from	the	surface	epithelium	and	are	SCCs.	Minor	salivary	gland	tumors	are	rare;
even	rarer	are	soft	tissue	sarcomas,	lymphomas,	neuroendocrine	carcinomas,	and	plasmacytomas.	Hemangiomas,
chondromas,	and	osteochondromas	are	reported,	but	their	malignant	counterparts	are	rare.

Distinguishing	between	CIS	and	invasive	SCC	is	often	challenging	because	focal	biopsies	of	the	vocal	cords
can	miss	an	area	of	microinvasion	and	mucosal	stripping	of	a	vocal	cord	lesion	results	in	a	disoriented	specimen
that	precludes	a	complete	evaluation	of	 the	basement	membrane	 region.	However,	both	CIS	and	microinvasive
SCC	are	treated	the	same,	with	either	endoscopic	transoral	laser	resection	or	RT.

Most	vocal	cord	SCCs	are	either	well	or	moderately	well	differentiated.	In	a	few	cases,	SCCs	with	a	spindle
cell	component	may	be	observed.	Verrucous	carcinoma	occurs	on	the	vocal	cords	in	about	1%	to	2%	of	patients
with	carcinoma.	Supraglottic	SCCs	are	less	differentiated;	verrucous	cancers	are	rare.

PATTERNS	OF	SPREAD
Supraglottic	Larynx
Lesions	may	exhibit	 an	exophytic	growth	pattern	with	 little	 tendency	 to	destroy	cartilage	or	 spread	 to	 adjacent
structures.	Others	may	infiltrate	and	destroy	cartilage	and	eventually	amputate	the	tip	of	the	epiglottis.	They	tend
to	invade	the	vallecula,	preepiglottic	space,	lateral	pharyngeal	walls,	and	the	remainder	of	the	supraglottis.

False	 vocal	 cord	 cancers	 are	 often	 submucosal.	Those	 arising	 from	 the	 aryepiglottic	 fold	 tend	 to	 invade	 the
medial	 wall	 of	 the	 pyriform	 sinus.	 Inferior	 invasion	 of	 the	 vocal	 cords	 is	 usually	 a	 late	 phenomenon,	 and
subglottic	extension	occurs	only	in	advanced	lesions.	Lesions	that	extend	onto	or	below	the	vocal	cords	are	at	a
high	risk	for	cartilage	invasion,	even	if	the	cords	are	mobile.301

True	Vocal	Cord
The	 majority	 of	 lesions	 begin	 on	 the	 free	 margin	 and	 upper	 surface	 of	 the	 vocal	 cord.	 About	 two-thirds	 are
confined	to	one	cord,	usually	the	anterior	two-thirds	of	the	cord.	Extension	to	the	anterior	commissure	is	frequent.
As	 the	 lesion	 enlarges,	 it	 extends	 to	 the	 ventricle,	 false	 cord,	 vocal	 process	 of	 the	 arytenoids,	 and	 subglottis.
Cancers	 then	 invade	 the	 vocal	 ligament	 and	 thyroarytenoid	muscles,	 eventually	 reaching	 the	 thyroid	 cartilage
where	they	tend	to	grow	up	or	down	the	paraglottic	space	rather	than	invade	cartilage.	The	conus	elasticus	initially
acts	 as	 a	 barrier	 to	 subglottic	 extension.	 Advanced	 lesions	 eventually	 invade	 through	 the	 thyroid	 cartilage	 or
thyrocricoid	membrane	to	enter	the	neck	and/or	thyroid	gland.

Subglottic	Larynx
Subglottic	cancers	are	rare	and	involve	the	cricoid	cartilage	early,	and	cord	fixation	is	common.
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Lymphatic

Supraglottic
Lymphatic	drainage	 is	 initially	 to	 the	 level	 II	nodes	and	 then	 to	 levels	 III	and	IV.22	The	 incidence	of	clinically
positive	nodes	is	55%	at	diagnosis;	16%	are	bilateral.22	END	will	show	pathologically	positive	nodes	in	16%	to
26%	of	cases;	observation	of	the	neck	will	be	followed	by	the	appearance	of	positive	nodes	in	approximately	33%
of	cases.

Glottic
The	incidence	of	clinically	positive	nodes	at	diagnosis	varies	with	T	stage:	T1,	≤1%;	T2,	≤5%;	and	T3	and	T4,
20%	to	30%.302	Supraglottic	spread	is	associated	with	metastasis	to	the	level	II	nodes.	Anterior	commissure	and
subglottic	invasion	is	associated	with	level	III,	level	IV,	and	Delphian	node	involvement.303

Subglottic
Lederman304	reported	a	10%	incidence	of	clinically	positive	lymph	nodes	on	diagnosis.	Spread	is	primarily	to	the
Delphian	nodes	and	the	level	IV	nodes.

CLINICAL	PICTURE
Presenting	Symptoms

Vocal	Cords
Carcinoma	initially	causes	hoarseness.	Pain,	dysphagia,	and	airway	obstruction	may	be	observed	with	advanced
cancers.

Supraglottic	Larynx
Pain	on	swallowing,	referred	to	the	ear	by	the	vagus	nerve	and	its	auricular	branch	(nerve	of	Arnold),	is	a	frequent
initial	symptom.	A	neck	mass	may	be	the	first	sign	of	a	supraglottic	cancer.	Late	symptoms	include	hoarseness,
weight	loss,	foul	breath,	dysphagia,	and	aspiration.

Physical	Examination
A	determination	of	 laryngeal	mobility	with	a	fiber-optic	scope	provides	an	excellent	view	of	 the	 larynx.	Newer
high-definition	 scopes	make	 it	 easier	 to	 determine	 tumor	 extent	 and	 status	 of	 vocal	 cord	mobility.	 Postcricoid
extension	may	be	 suspected	when	 the	 laryngeal	 “click”	 disappears	 on	physical	 examination.	Localized	pain	 or
tenderness	 to	 palpation	 over	 the	 thyroid	 cartilage	 is	 suggestive	 of	 invasion.	 Advanced	 tumors	 may	 penetrate
through	 the	 thyroid	 ala	 and	 be	 felt	 as	 a	 bulge	 on	 the	 cartilage.	 A	CT	 scan	may	 detect	 cartilage	 invasion,	 but
irregular	calcification	of	the	cartilage,	coupled	with	volume	averaging	of	the	CT	slice,	creates	technical	problems
in	appreciating	early	cartilage	invasion.

DIFFERENTIAL	DIAGNOSIS	AND	STAGING
The	 differential	 diagnosis	 includes	 papillomas,	 polyps,	 vocal	 nodules,	 atypical	 infection,	 fibromas,	 and
granulomas.	 Papillomas	 generally	 occur	 in	 children	 and	 young	 adults	 and	 may	 persist	 into	 adulthood.	 Vocal
polyps	and	nodules	occur	 at	 the	 junction	of	 the	middle	 and	anterior	one-third	of	 the	 true	vocal	 cords.	There	 is
usually	 a	 history	 of	 voice	 abuse	 followed	 by	 hoarseness.	 Vocal	 cord	 granulomas	 usually	 occur	 as	 a	 result	 of
intubation	and	are	located	on	or	near	the	posterior	commissure.	Endoscopic	removal	may	be	necessary	if	medical
therapy	for	gastroesophageal	reflux	provides	no	improvement,	although	this	is	rare.

The	staging	system	for	the	primary	tumor	is	depicted	in	Table	45.15.



TREATMENT:	VOCAL	CORD	CARCINOMA
Selection	of	Treatment	Modality

Carcinoma	In	Situ
TLM	 is	 an	 excellent	 treatment	modality	 for	 early	 lesions	with	 equal	 control	 to	RT.305	We	 recommend	RT	 for
patients	with	multiple	recurrences.306

Early	Vocal	Cord	Lesions	(T1,	T2)
In	many	North	American	centers,	RT	is	the	initial	treatment,	with	operation	reserved	for	salvage	of	RT	failures.307
This	pattern	is	reversed	in	Europe.308

Although	an	open	partial	 laryngectomy	will	produce	comparable	cure	rates	for	selected	T1	or	T2	vocal	cord
lesions,	RT	is	generally	preferred	because	it	is	less	expensive	and	voice	quality	is	better.	An	endoscopic	transoral
laser	resection	is	increasingly	being	used.307	Using	 this	 technique,	small	midcord	 lesions	may	be	 treated.	Voice
quality	depends	on	the	extent	of	tissue	removal	and	whether	surgical	resection	involves	the	anterior	commissure.
An	open	partial	laryngectomy	or	a	total	laryngectomy	may	be	used	as	a	salvage	operation	after	RT	failure.

Verrucous	carcinomas	are	treated	with	a	transoral	 laser	resection	or	an	open	partial	 laryngectomy.	Definitive
RT	is	employed	if	the	alternative	is	a	total	laryngectomy.

Advanced	Vocal	Cord	Lesions	(T3,	T4)
Low-volume	 cancers	 (≤3.5	mL)	 are	 treated	with	 definitive	CRT.309,310	Higher	 volume	 carcinomas,	 particularly
those	 with	 a	 poorly	 functioning	 larynx,	 are	 usually	 treated	 with	 a	 total	 laryngectomy,	 neck	 dissection,	 and
postoperative	RT	or	CRT.

Surgical	Treatment
Early-stage	tumors	are	equally	well	controlled	with	primary	RT	or	TLM.311

The	advantages	of	TLM	include	a	single	day	of	treatment	as	opposed	to	the	5.5	weeks	that	are	necessary	for
RT	and	lower	cost	for	TLM;	RT	may	be	reserved	if	the	patient	develops	a	second	HNC.	RT	typically	offers	better
voice	quality.

A	 hemilaryngectomy	 is	 a	 partial	 laryngectomy	 allowing	 the	 removal	 of	 limited	 cord	 lesions	 with	 voice
preservation.	Restrictions	 include	 the	 involvement	 of	 one	 cord	 and	 up	 to	 5	mm	of	 the	 opposite	 cord,	 a	 partial
fixation	of	 one	 cord,	 and	up	 to	 9	mm	of	 subglottic	 extension	 anteriorly	 and	5	mm	posteriorly	 (to	preserve	 the
cricoid	cartilage).	Extension	to	the	supraglottic	or	interarytenoid	area	is	a	contraindication.	One	arytenoid	may	be
sacrificed;	the	reconstructed	vocal	cord	must	be	fixed	in	the	midline	to	prevent	aspiration.	The	patient	must	have
adequate	 pulmonary	 function.	 More	 extensive	 open	 partial	 laryngectomies	 have	 been	 described,	 such	 as	 the
supracricoid	partial	laryngectomy.312

The	 last	 surgical	 alternative	 is	 a	 total	 laryngectomy	with	 or	without	 a	 neck	 dissection.	 The	 entire	 larynx	 is
removed,	the	pharynx	is	reconstructed,	and	a	permanent	tracheostoma	is	created.

There	are	several	options	to	accomplish	voice	rehabilitation	after	a	total	laryngectomy.	Prosthetic	devices	(e.g.,
the	 Blom-Singer	 Voice	 Prosthesis)	 have	 been	 developed	 for	 insertion	 into	 a	 tracheoesophageal	 fistula,	 which
permits	the	patient	to	speak	without	aspiration.	Voice	rehabilitation	was	evaluated	in	173	patients	who	underwent
a	total	laryngectomy	and	postoperative	RT	at	the	University	of	Florida;	118	patients	were	evaluable	2	to	3	years
after	treatment,	and	69	patients	were	evaluated	for	5	years	or	longer.313	Methods	of	voice	rehabilitation	at	2	to	3
years	and	5	years	or	more	after	surgery	included	the	following:	tracheoesophageal	speech,	27%	and	19%;	artificial
(“electric”)	larynx,	50%	and	57%;	esophageal,	1%	and	3%;	nonvocal,	17%	and	14%;	and	no	data,	5%	and	7%,
respectively.313

Irradiation	Technique
RT	for	early	vocal	cord	cancer	 is	delivered	by	portals	 including	only	 the	primary	 lesion.	Portals	 for	T1	 lesions
extend	 from	 the	 thyroid	 notch	 superiorly	 to	 the	 inferior	 border	 of	 the	 cricoid;	 the	 posterior	 border	 depends	 on
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posterior	extension	of	the	tumor.	Portals	for	T2	lesions	are	slightly	larger,	depending	on	the	extent	of	the	lesion.
Patients	receive	2.25	Gy	per	fraction	once	daily	to	63	Gy	(T1	and	T2a)	or	65.25	Gy	(T2b).302,314

RT	for	T3	and	T4	 lesions	 include	 the	primary	 lesion	and	 the	 level	 II	 to	 IV	and	Delphian	 lymph	nodes.	The
initial	treatment	is	delivered	at	1.2	Gy	per	fraction	twice	daily	to	45.6	Gy.	The	portals	are	then	reduced	to	include
only	 the	 primary	 lesion;	 the	 final	 tumor	 dose	 is	 74.4	Gy.	Another	 option	 is	 70	Gy	 in	 35	 fractions	 in	 over	 30
treatment	days.	The	low	neck	is	treated	through	a	separate	anterior	portal.	IMRT	may	be	useful	to	avoid	a	difficult
low	neck	match	in	patients	with	a	low-lying	larynx.

Management	of	Recurrence
Worsening	 laryngeal	 edema	 suggests	 recurrence.	 Cord	 fixation	 usually	 implies	 local	 recurrence	 or	 lung
metastases;	fixation	may	rarely	develop	in	the	absence	of	recurrent	disease.

RT	 failures	 (T1	 to	 T2)	 can	 be	 almost	 always	 salvaged	 by	 a	 cordectomy,	 a	 partial	 laryngectomy,	 or	 a	 total
laryngectomy.	The	salvage	rate	for	T3	lesions	recurring	after	RT	is	approximately	60%.310

Salvage	by	RT-based	 treatment	 for	 recurrences	or	new	 tumors	appearing	after	partial	 laryngectomy	 is	 about
50%.	Isolated	 tracheostomal	recurrences	may	be	managed	by	RT,	CRT,	or	surgery	and	postoperative	RT-based
treatment;	the	chance	of	cure	is	relatively	low.315	A	multi-institutional	surgical	experience	in	the	management	of
stomal	recurrence	was	reported	by	Gluckman	and	coworkers.315	A	total	of	41	patients	came	to	operation.	The	2-
year	cause-specific	survival	was	24%.	Patients	with	localized	recurrences	had	a	5-year	survival	rate	of	45%.

TABLE	45.15
2017	American	Joint	Committee	on	Cancer	Staging	for	Laryngeal	Cancer

PRIMARY	TUMOR	(T)
Supraglottis
TX Primary	tumor	cannot	be	assessed

Tis Carcinoma	in	situ

T1 Tumor	limited	to	one	subsite	of	supraglottis	with	normal	vocal	cord	mobility

T2 Tumor	invades	mucosa	of	more	than	one	adjacent	subsite	of	supraglottis	or	glottis	or	region	outside	the	supraglottis
(e.g.,	mucosa	of	base	of	tongue,	vallecula,	medial	wall	of	pyriform	sinus)	without	fixation	of	the	larynx

T3 Tumor	limited	to	larynx	with	vocal	cord	fixation	and/or	invades	any	of	the	following:	postcricoid	area,	preepiglottic	space,
paraglottic	space,	and/or	inner	cortex	of	thyroid	cartilage

T4 Moderately	advanced	or	very	advanced

T4a Moderately	advanced	local	disease
Tumor	invades	through	the	outer	cortex	of	the	thyroid	cartilage	and/or	invades	tissues	beyond	the	larynx	(e.g.,	trachea,
soft	tissues	of	neck	including	deep	extrinsic	muscles	of	the	tongue,	thyroid,	or	esophagus)

T4b Very	advanced	local	disease
Tumor	invades	prevertebral	space,	encases	carotid	artery,	or	invades	mediastinal	structures

Glottis
TX Primary	tumor	cannot	be	assessed

Tis Carcinoma	in	situ

T1 Tumor	limited	to	the	vocal	cord(s)	(may	involve	anterior	or	posterior	commissure)	with	normal	mobility

T1a Tumor	limited	to	one	vocal	cord

T1b Tumor	involves	both	vocal	cords

T2 Tumor	extends	to	supraglottis	and/or	subglottis,	and/or	with	impaired	vocal	cord	mobility

T3 Tumor	limited	to	the	larynx	with	vocal	cord	fixation,	and/or	invades	paraglottic	space,	and/or	minor	thyroid	cartilage
erosion	(e.g.,	inner	cortex)

T4 Moderately	advanced	or	very	advanced

T4a Tumor	invades	through	the	thyroid	cartilage	and/or	invades	tissues	beyond	the	larynx	(e.g.,	trachea,	soft	tissues	of	neck
including	deep	extrinsic	muscles	of	the	tongue,	strap	muscles,	thyroid,	esophagus)

T4b Tumor	invades	prevertebral	space,	encases	carotid	artery,	or	invades	mediastinal	structures

Subglottis



TX Primary	tumor	cannot	be	assessed
Tis Carcinoma	in	situ

T1 Tumor	limited	to	the	subglottis

T2 Tumor	extends	to	vocal	cord(s)	with	normal	or	impaired	mobility

T3 Tumor	limited	to	larynx	with	vocal	cord	fixation	and/or	invasion	or	paraglottic	space	and/or	invasion	of	paraglottic	space
and/or	inner	cortex	or	the	thyroid	cartilage

T4 Moderately	advanced	or	very	advanced

T4a Moderately	advanced	local	disease
Tumor	invades	cricoid	or	thyroid	cartilage	and/or	tissues	beyond	the	larynx	(e.g.,	trachea,	soft	tissues	of	neck	including
deep	extrinsic	muscles	of	the	tongue,	strap	muscles,	thyroid,	or	esophagus)

T4b Very	advanced	local	disease
Tumor	invades	prevertebral	space,	encases	carotid	artery,	or	invades	mediastinal	structures

REGIONAL	LYMPH	NODE	(N)a

NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	a	single	ipsilateral	lymph	node,	3	cm	or	smaller	in	greatest	dimension	and	ENE(−)

N2 Metastasis	in	a	single	ipsilateral	node,	larger	than	3	cm	but	not	larger	than	6	cm	in	greatest	dimension	and	ENE(−);
or	metastasis	in	multiple	ipsilateral	lymph	nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−);
or	metastasis	in	bilateral	or	contralateral	lymph	nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N2a Metastasis	in	a	single	ipsilateral	node,	larger	than	3	cm	but	not	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N2b Metastasis	in	multiple	ipsilateral	lymph	nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N2c Metastasis	in	bilateral	or	contralateral	lymph	nodes,	none	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N3 Metastasis	in	a	lymph	node,	larger	than	6	cm	in	greatest	dimension	and	ENE(−);
or	metastasis	in	any	lymph	node(s)	with	clinically	overt	ENE(+)

N3a Metastasis	in	a	lymph	node,	larger	than	6	cm	in	greatest	dimension	and	ENE(−)

N3b Metastasis	in	any	lymph	node(s)	with	clinically	overt	ENE(+)

DISTANT	METASTASIS	(M)
M0 No	distant	metastasis

M1 Distant	metastasis
aA	designation	of	“U”	or	“L”	may	be	used	for	any	N	category	to	indicate	metastasis	above	the	lower	border	of	the	cricoid	(U)	or	below
the	border	of	the	cricoid	(L).	Similarly,	clinical	and	pathologic	extranodal	extension	(ENE)	should	be	recorded	as	ENE(−)	or	ENE(+).
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

TREATMENT:	SUPRAGLOTTIC	LARYNX	CARCINOMA
Selection	of	Treatment	Modality
T1,	T2,	and	low-volume	(≤6	mL)	T3	lesions	are	favorable	and	can	be	treated	with	definitive	RT	or	a	supraglottic
laryngectomy.	 It	 is	 seldom	 necessary	 to	 combine	 RT	 and	 surgery	 for	 the	 management	 of	 the	 primary	 lesion;
however,	combined	treatment	may	be	indicated	to	control	neck	disease.

Patients	who	are	candidates	for	a	supraglottic	laryngectomy	must	have	lesions	that	are	anatomically	suitable,
resectable	 neck	 disease,	 and	 adequate	 pulmonary	 reserve	 to	 withstand	 temporary	 aspiration.	 Because	 the
likelihood	of	local	control	after	RT	is	related	to	primary	tumor	volume,	lesions	>6	mL	are	treated	with	a	partial	or
total	 laryngectomy.316,317	 The	 anatomic	 constraints	 include	 no	 extension	 inferior	 to	 the	 apex	 of	 the	 ventricle,
minimal	 or	 no	 involvement	 of	 the	medial	wall	 of	 the	 pyriform	 sinus,	mobile	 cords,	 no	 cartilage	 invasion,	 and
limited	lateralized	extension	to	the	tongue	base.	TLM	and	TORS	offer	excellent	survival	and	functional	outcomes
without	the	morbidity	of	an	open	partial	laryngectomy	and	are	increasingly	used	for	suitable	candidates.318

Patients	 who	 are	 not	 candidates	 for	 the	 supraglottic	 laryngectomy	 are	 treated	 with	 RT;	 concomitant
chemotherapy	is	added	for	those	with	stage	III	to	IV	disease.

When	a	patient	presents	with	an	early-stage	primary	lesion	and	N2b	to	N3	neck	disease,	a	combined	treatment
approach	may	be	necessary	to	produce	a	high	rate	of	neck	control.	Thus,	the	primary	lesion	is	preferably	treated
with	CRT,	with	neck	dissection(s)	added	to	the	involved	side(s)	of	the	neck	if	necessary.	If	the	patient	has	N1	or
N2a	neck	disease	and	surgery	is	elected	for	the	primary	site,	postoperative	RT	or	CRT	is	only	added	because	of
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unexpected	findings	(e.g.,	positive	margins,	multiple	positive	nodes,	ECE).	The	probability	of	a	good	functional
result	is	improved	if	the	dose	to	the	remaining	larynx	is	limited	to	55	Gy	at	1.8	Gy	per	once-daily	fraction.	The
involved	neck	may	be	boosted	to	a	higher	dose	without	irradiating	the	larynx.

Selected	unfavorable	T3	and	T4	lesions	that	are	mainly	exophytic	can	be	treated	by	CRT.	Lesions	unsuitable
for	RT	are	endophytic,	high-volume	cancers	often	associated	with	vocal	cord	fixation,	which	are	managed	by	a
total	laryngectomy.

Surgical	Treatment

Supraglottic	Laryngectomy
The	 traditional	 supraglottic	 laryngectomy	 requires	 an	 apron	 incision	 with	 neck	 dissection	 left	 attached	 to	 the
thyrohyoid	membrane.	The	perichondrium	of	the	larynx	is	elevated	in	continuity	with	the	strap	muscles	and	used
to	close	the	surgical	defect.	Saw	cuts	are	made	through	the	thyroid	cartilage,	and	the	pharynx	is	entered	above	the
hyoid	bone	through	the	vallecula	so	the	preepiglottic	space	is	included	in	the	specimen.	The	arytenoids	and	true
vocal	 cords	 are	 preserved.	 If	 one	 arytenoid	 is	 sacrificed,	 the	 vocal	 cord	 is	 fixed	 in	 the	 midline	 to	 prevent
aspiration.	 Suturing	 the	 perichondrium	 and	 muscle	 to	 the	 base	 of	 tongue	 closes	 the	 defect.	 The	 extended
supraglottic	laryngectomy	may	include	resection	of	the	base	of	tongue	to	the	level	of	the	circumvallate	papillae	as
long	as	one	lingual	artery	is	spared.

TORS	and	TLM	may	accomplish	the	same	resection	transorally	with	the	aid	of	endoscopic	cameras.	Incisions
are	made	around	the	lesions	with	the	goal	to	remove	the	supraglottic	structure	en	bloc.	Margins	are	obtained	up	to
the	thyroid	cartilage	and	down	to	the	ventricles	as	well	as	around	the	arytenoids.318

Total	Laryngectomy
The	entire	larynx	and	the	preepiglottic	space	are	resected	en	bloc	and	a	permanent	tracheostoma	is	fashioned.	This
can	be	done	in	an	open	approach	or	in	some	cases	transorally	with	the	use	of	a	robot.319

A	portion	of	the	thyroid	gland	is	also	removed	if	there	is	extralaryngeal	or	subglottic	extension.	The	pharyngeal
defect	is	closed	with	or	without	a	flap,	reestablishing	a	conduit	from	the	pharynx	into	the	esophagus.

Irradiation	Technique
The	primary	lesion	and	both	sides	of	the	neck	are	included	with	opposed	lateral	portals.	The	inferior	border	of	the
portals	depends	on	the	inferior	extent	of	the	primary	tumor;	it	is	usually	at	the	inferior	border	of	the	cricoid.	The
dose	is	74.4	Gy	in	62	twice-daily	fractions;	the	lower	neck	nodes	are	irradiated	through	a	separate	anterior	portal.
Patients	with	ipsilateral	positive	nodes	may	be	treated	with	IMRT	to	reduce	the	dose	to	the	contralateral	parotid
and/or	to	avoid	a	difficult	low	neck	match.	An	alternative	is	70	Gy	in	35	fractions	over	30	treatment	days.

Patients	develop	a	sore	throat,	loss	of	taste,	and	moderate	dryness	during	RT.	Arytenoid	edema	may	occur	and
produce	 the	 sensation	 of	 a	 lump	 in	 the	 throat.	 A	 tracheostomy	 is	 seldom	 necessary	 before	 the	 start	 of	 RT.
Laryngeal	edema	may	persist	 for	up	 to	a	year.	Neck	dissection	 increases	 the	degree	of	 lymphedema;	a	bilateral
neck	dissection	should	be	avoided,	if	possible.320

Combined	Treatment	Policies
If	 a	 total	 laryngectomy	 is	 required	 and	 the	 lesion	 is	 resectable,	 postoperative	 RT	 or	 CRT,	 depending	 on	 the
pathology,	 is	preferred.	The	high-risk	areas	are	usually	 the	base	of	 tongue	and	neck.	The	stoma	is	at	 risk	when
subglottic	extension	is	present	or	if	there	is	tumor	in	the	low	neck	lymph	nodes.

Management	of	Recurrence
Failures	after	 supraglottic	 laryngectomy	or	RT	frequently	can	be	salvaged	by	 further	 treatment.	The	salvage	of
recurrences	that	develop	after	total	laryngectomy	and	adjuvant	RT	is	uncommon.

TREATMENT:	SUBGLOTTIC	LARYNX	CARCINOMA
Early	 lesions	 are	 treated	 with	 RT;	 advanced	 lesions	 are	 usually	 managed	 by	 a	 total	 laryngectomy	 and



postoperative	RT	or	CRT.

Results	of	Treatment

Vocal	Cord	Cancer
Surgical	Results.	Garcia-Serra	et	al.306	 reviewed	10	series	containing	269	patients	with	CIS	of	 the	vocal	cord
treated	with	stripping;	the	weighted	average	5-year	local	control	and	ultimate	local	control	rates	were	71.9%	and
92.4%,	 respectively.	Similarly,	10	 series	 containing	177	patients	 treated	with	 carbon	dioxide	 laser	 revealed	 the
following	 weighted	 average	 5-year	 local	 control	 and	 ultimate	 local	 control	 rates:	 82.5%	 and	 98.1%,
respectively.306

Early	vocal	cord	cancers	treated	with	TLM	have	very	high	control	rates.	The	5-year	disease-free	and	overall
survival	rates	have	been	reported	as	87.9%	and	92.2%,	respectively.321	These	results	are	comparable	to	primary
RT	 results	 reported	 at	 the	 University	 of	 Florida.302	 Advanced	 laryngeal	 cancers	 (T3	 and	 T4a)	 require
multimodality	 treatment,	as	found	in	 the	 landmark	VA	Laryngeal	Cancer	Study.132,136	Most	advanced	laryngeal
cancers	were	treated	with	primary	CRT	starting	in	the	mid-1990s;	however,	various	population-based	studies	from
2000	 to	 2015	 have	 questioned	 whether	 survival	 rates	 are	 preserved	 in	 patients	 with	 advanced	 tumors	 treated
without	primary	surgery.

Studies	have	 shown	 that	T4a	 cancers	may	have	 superior	 survival	 outcomes	when	 treated	with	primary	 total
laryngectomy	 plus	 adjuvant	 RT	 or	 CRT	 versus	 nonsurgical	 organ	 preservation.322–325	 The	 NCCN	 guidelines
advise	primary	surgical	management	as	the	preferred	approach	for	treatment	of	T4a	disease.147

For	 T3	 laryngeal	 cancers	 the	 lines	 are	 more	 blurred.325–330	 Reported	 differences	 in	 resection	 versus	 organ
preservation	surgery	and	nonsurgical	organ	preservation	results	may	reflect	 in	part	center-specific	expertise	and
differences	in	patient	selection.

Another	way	 of	 selecting	T3	 cancers	 for	 organ	 preservation	 is	 through	 tumor	 volume.	At	 the	University	 of
Florida,	 the	multidisciplinary	head	and	neck	 tumor	board	uses	a	cutoff	 tumor	volume	of	3.5	cm3.	Patients	with
tumors	≤3.5	cm3	are	offered	organ	preservation,	whereas	those	with	larger	tumors	are	recommended	to	undergo
total	laryngectomy.	This	protocol	has	been	supported	through	several	studies.331

Radiation	Therapy	Results.	The	results	of	RT	for	585	patients	with	T1	and	T2N0	SCC	of	the	glottis	treated	by
RT	are	presented	in	Table	45.16.	The	5-year	 rates	of	neck	control	 for	 the	overall	groups	and	 for	 the	subsets	of
patients	who	remained	continuously	disease	free	at	the	primary	site	were	as	follows:	for	T1a,	98%	and	100%;	for
T1b,	99%	and	100%;	for	T2a,	96%	and	98%;	and	for	T2b,	88%	and	94%,	respectively.302

The	5-year	outcomes	after	RT	alone	(53	patients)	versus	surgery	alone	or	combined	with	RT	(65	patients)	in	a
series	of	118	patients	with	T3	fixed-cord	glottic	carcinomas	treated	at	the	University	of	Florida	were	as	follows:
for	local–regional	control,	62%	versus	75%	(P	=	.10);	for	ultimate	local–regional	control,	84%	versus	82%	(P	=
.95);	for	cause-specific	survival,	75%	versus	71%	(P	=	.26);	for	overall	survival,	55%	versus	45%	(P	=	.119);	and
for	 severe	 complications,	 16%	versus	 15%	 (P	=	 .558),	 respectively.309	Hinerman	et	 al.332	 recently	 updated	 the
University	of	Florida	experience	and	reported	a	5-year	local	control	rate	of	63%	for	87	patients	with	T3	fixed-cord
glottic	 carcinomas.	 The	 likelihood	 of	 local	 control	 after	 RT	 is	 related	 to	 primary	 tumor	 volume	 and	 cartilage
sclerosis.333

The	probability	of	cure	after	treatment	for	T4	glottic	carcinomas	after	surgery	with	or	without	adjuvant	RT	or
definitive	RT	varies	from	30%	to	50%	depending	on	patient	selection.332–338

TREATMENT:	SUPRAGLOTTIC	LARYNX	CANCER
The	5-year	local	control	rates	after	definitive	RT	in	a	series	of	274	patients	treated	between	1964	and	1998	at	the
University	of	Florida	were	as	follows:	for	T1,	100%	(n	=	22);	for	T2,	86%	(n	=	125);	for	T3,	62%	(n	=	99);	and
for	T4,	62%	(n	=	28).339	The	 likelihood	of	 local	control	and	 local	control	with	a	 functional	 larynx	 is	 related	 to
tumor	volume;	those	with	tumors	≤6	mL	have	a	more	favorable	outcome	than	those	with	larger	primary	tumors.317
The	5-year	rates	of	local–regional	control	and	cause-specific	survival	were	as	follows:	stage	I,	100%	and	100%;
stage	 II,	 86%	 and	 93%;	 stage	 III,	 64%	 and	 81%;	 stage	 IVA,	 61%	 and	 50%;	 and	 stage	 IVB,	 28%	 and	 13%,
respectively.339	Of	274	patients,	12	(4%)	experienced	a	severe	acute	or	late	complication,	and	2	patients	(1%)	died
as	a	consequence.
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Lee	and	coworkers340	reported	on	60	patients	who	underwent	a	supraglottic	laryngectomy	and	modified	neck
dissection	 at	 the	MD	Anderson	 Cancer	 Center	 between	 1974	 and	 1987,	 of	 which	 50	 patients	 (83%)	 received
postoperative	RT.	Local	control	was	100%,	and	local–regional	control	was	obtained	in	56	of	60	patients	(93%).
The	5-year	disease-free	survival	rate	was	91%.	A	total	of	3	of	60	patients	(5%)	required	a	complete	laryngectomy
for	intractable	aspiration.

Ambrosch	 and	 colleagues341	 reported	 on	 48	 patients	 treated	 with	 transoral	 laser	 resection	 for	 T1N0	 (12
patients)	and	T2N0	(36	patients)	supraglottic	carcinoma.	A	total	of	26	patients	underwent	a	unilateral	(11	patients)
or	bilateral	(15	patients)	neck	dissection.	Postoperative	RT	was	administered	to	2	patients	(4%).	The	5-year	local
control	rates	were	100%	for	pT1	cancers	and	89%	for	pT2	malignancies.	The	5-year	recurrence-free	survival	and
overall	survival	rates	were	83%	and	76%,	respectively.	No	patient	developed	severe	aspiration.

Complications	of	Treatment

Surgical	Treatment
Repeated	 laser	 excision	of	 the	 cord	may	 result	 in	 vocal	 cord	 fibrosis	 and	hoarseness.	Chiesa	Estomba	 et	 al.342
reported	 a	 2%	 intraoperative,	 6%	 early,	 and	 13%	 late	 complication	 rate	 in	 TLM	 for	 laryngeal	 cancers.
Intraoperative	 complications	 include	 airway	 fire	 and	 loss	 of	 a	 tooth.	Early	 postoperative	 complications	 include
aspiration,	 pneumonia,	 bleeding,	 wound	 complications,	 and	 airway	 obstruction	 requiring	 a	 tracheotomy.	 Late
complications	 include	 chondritis,	 laryngeal	 stenosis/web,	 and	 recurrent	 aspiration.	 The	 complication	 rate
following	supraglottic	laryngectomy	is	about	10%,	including	fistula	formation,	aspiration,	chondritis,	dysphagia,
dyspnea,	and	rare	carotid	rupture.339

The	 common	 postoperative	 complications	 of	 a	 total	 laryngectomy	 may	 include	 infection/abscess,	 fistula,
bleeding,	hypocalcemia,	and	pharyngoesophageal	stenosis.

TABLE	45.16
T1	to	T2N0	Glottic	Larynx:	5-Year	Outcomes	After	Radiotherapy	in	585	Patients

Stage
No.	of
Patients

Local
Control

Ultimate	Local
Control

Local	Control	with	Larynx
Preservation

Cause-Specific
Survival Survival

T1a 253 94% 98% 95% 97% 82%

T1b 72 93% 97% 94% 99% 83%

T2a 165 80% 96% 81% 94% 76%

T2b 95 70% 93% 74% 90% 78%
Data	from	Chera	BS,	Amdur	R,	Morris	CG,	et	al.	T1N0	to	T2N0	squamous	cell	carcinoma	of	the	glottic	larynx	treated	with	definitive
radiotherapy.	Int	J	Radiat	Oncol	Biol	Phys	2010;78(2):461–466.

Radiation	Therapy
Soft	tissue	necrosis	leading	to	chondritis	occurs	in	about	1%	of	patients.	Soft	tissue	and	cartilage	necroses	mimic
recurrence	with	hoarseness,	pain,	and	edema;	a	laryngectomy	may	be	recommended	for	fear	of	recurrent	cancer,
even	though	biopsies	show	only	necrosis.	Chera	et	al.302	recorded	severe	complications	after	definitive	RT	in	10
of	585	(1.7%)	patients	treated	for	T1	to	T2N0	glottic	SCCs.

Combined	Treatment
The	 major	 late	 effects	 of	 combined	 treatment	 are	 an	 increased	 fibrosis	 of	 soft	 tissues,	 stomal	 stenosis,	 and
pharyngeal	stricture.

HYPOPHARYNX:	PHARYNGEAL	WALLS,	PYRIFORM	SINUS,	AND	POSTCRICOID
PHARYNX

Both	 the	 lower	 oropharyngeal	 and	 hypopharyngeal	 walls	 are	 considered	 together	 because	 there	 is	 no	 distinct
difference	 in	 the	 presentation	 or	 treatment.	 The	 majority	 of	 hypopharyngeal	 lesions	 originate	 in	 the	 pyriform
sinus.	Postcricoid	carcinomas	are	uncommon.



ANATOMY
The	epithelium	of	the	pharyngeal	mucous	membrane	is	squamous.	The	dividing	point	between	the	nasopharynx
and	posterior	pharyngeal	wall	is	Passavant	ridge,	a	muscular	ring	that	contracts	to	close	the	nasopharynx	during
swallowing.	Between	 the	 constrictor	muscles	 and	 the	 prevertebral	 fascia	 covering	 the	 longitudinal	 prevertebral
muscles	 is	 a	 thin	 layer	 of	 loose	 areolar	 tissue,	 the	 retropharyngeal	 space.	The	 entire	 thickness	 of	 the	 posterior
pharyngeal	wall	 from	 the	mucous	membrane	 to	 the	anterior	vertebral	body	 is	no	more	 than	5	 to	10	mm	 in	 the
midline.	Lateral	to	the	pharyngeal	wall	are	the	great	vessels,	nerves,	and	muscles	of	the	parapharyngeal	space.	The
constrictor	muscles	are	relatively	thin	and	do	not	present	much	of	an	obstacle	to	tumor	penetration;	however,	if
they	have	not	been	 invaded	by	 tumor,	 they	act	as	a	barrier	 to	 spread	 into	 the	parapharyngeal	 space.	There	 is	a
variable	 weak	 spot	 in	 the	 lateral	 pharyngeal	 wall	 just	 below	 the	 hyoid	 where	 the	 middle	 and	 the	 inferior
constrictor	muscles	 fail	 to	overlap.	The	 lateral	wall	 in	 this	 area	 is	 composed	of	 the	 thin	 thyrohyoid	membrane,
which	is	penetrated	by	the	vessels,	nerves,	and	lymphatics	of	the	laryngopharynx.

The	pharyngeal	walls	are	continuous	with	the	cervical	esophagus	below;	the	transition	to	cervical	esophagus	is
below	the	arytenoids	(C4).	The	transition	zone,	which	is	3	to	4	cm	in	length,	is	the	postcricoid	hypopharynx.

The	 lateral	 pharyngeal	wall	 is	 a	 narrow	 strip	 of	mucosa	 that	 lies	 behind	 the	 posterior	 tonsillar	 pillar	 in	 the
oropharynx,	 is	 partially	 interrupted	 by	 the	 pharyngoepiglottic	 fold,	 and	 then	 continues	 into	 the	 hypopharynx,
where	it	becomes	the	lateral	wall	of	the	pyriform	sinus.	The	posterior	pharyngeal	wall	is	4	cm	to	5	cm	wide	and	6
cm	to	7	cm	in	height.

The	 superior	 margin	 of	 the	 pyriform	 sinus	 is	 the	 pharyngoepiglottic	 fold	 and	 the	 free	 margin	 of	 the
aryepiglottic	fold.	The	superolateral	margin	of	the	pyriform	sinus	is	an	oblique	line	along	the	lateral	pharyngeal
wall	 opposite	 the	 aryepiglottic	 fold.	 Thus,	 the	 pyriform	 sinus	 has	 three	walls:	 the	 anterior,	 lateral,	 and	medial
(there	 is	 no	posterior	wall).	The	pyriform	 sinus	 tapers	 inferiorly	 to	 the	 apex	 and	 terminates	 variably	 at	 a	 level
between	 the	 superior	 and	 inferior	 borders	 of	 the	 cricoid	 cartilage.	 The	 superior	 limit	 of	 the	 pyriform	 sinus	 is
opposite	the	hyoid.	The	thyrohyoid	membrane	is	lateral	to	the	upper	portion	of	the	pyriform	sinus,	and	the	thyroid
cartilage,	cricothyroid	membrane,	and	cricoid	cartilage	are	lateral	to	the	lower	portion.	The	internal	branch	of	the
superior	laryngeal	nerve,	a	branch	of	the	vagus,	lies	under	the	mucous	membrane	on	the	anterolateral	wall	of	the
pyriform	sinus.	The	auricular	branch	is	sensory	to	the	skin	of	the	back	of	the	pinna	and	the	posterior	wall	of	the
external	auditory	canal.

The	postcricoid	pharynx	 is	 funnel	shaped	 to	direct	 food	 into	 the	esophagus.	The	superior	margin	begins	 just
below	 the	 arytenoids.	The	 anterior	wall	 lies	 behind	 the	 cricoid	 cartilage	 and	 is	 the	 posterior	wall	 of	 the	 lower
larynx.	The	posterior	wall	is	a	continuation	of	the	hypopharyngeal	walls.	The	recurrent	laryngeal	nerve	ascends	in
the	tracheoesophageal	groove,	entering	the	larynx	posterior	to	the	cricothyroid	articulation	at	the	junction	of	the
hypopharynx	and	 esophagus.	 Internal	 branches	of	 the	 superior	 laryngeal	 nerve	 extend	 inferiorly	 anterior	 to	 the
mucosa	of	the	pyriform	sinuses.

PATHOLOGY
More	 than	 95%	 of	malignant	 tumors	 are	 SCCs.	 CIS	 is	 commonly	 seen	 at	 the	 edge	 of	 pharyngeal	wall	 SCCs;
multifocal	skip	areas	of	CIS	may	make	it	difficult	to	obtain	clear	margins	if	excision	is	done.	Minor	salivary	gland
tumors	are	rare.

PATTERNS	OF	SPREAD
Posterior	Pharyngeal	Wall
SCCs	 of	 the	 posterior	 wall	 have	 a	 tendency	 to	 remain	 on	 the	 posterior	 wall,	 grow	 up	 or	 down	 the	 wall,	 and
infiltrate	posteriorly;	they	seldom	spread	circumferentially	to	the	lateral	walls.	Early	lesions	are	red	and	ulcerate	as
they	progress.	The	 tumor	may	spread	up	 the	pillars,	eventually	reaching	the	palate	and	nasopharynx.	Advanced
lesions	tend	to	terminate	inferiorly	at	the	level	of	the	arytenoids.	Direct	invasion	of	the	cervical	vertebrae	or	skull
base	is	uncommon.

Lateral	Pharyngeal	Wall
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Early	tumors	may	be	well-defined	exophytic	lesions.	As	they	advance,	they	tend	to	penetrate	laterally	through	the
constrictor	muscle,	thus	entering	the	lateral	pharyngeal	space	or	the	soft	tissues	of	the	neck.

Pyriform	Sinus
Early	lesions	usually	appear	as	nodular	mucosal	irregularities.	Medial	wall	lesions	may	grow	superficially	along
the	 aryepiglottic	 fold	 and	 arytenoids	 or	 invade	 directly	 into	 the	 false	 cord	 and	 aryepiglottic	 fold.	Medial	 wall
lesions	 also	 extend	 posteriorly	 to	 the	 postcricoid	 region,	 to	 the	 cricoid	 cartilage,	 and	 to	 the	 opposite	 pyriform
sinus.	Extensive	submucosal	spread	is	characteristic.	There	is	frequently	an	area	of	central	ulceration.	The	vocal
cord	 becomes	 fixed	 because	 of	 infiltration	 of	 the	 intrinsic	 muscles	 of	 the	 larynx,	 the	 cricoarytenoid	 joint	 or
muscle,	or,	less	commonly,	the	recurrent	laryngeal	nerve.	Spread	into	the	cervical	esophagus	is	a	late	event.

Lesions	arising	on	the	lateral	wall	tend	toward	early	invasion	of	the	posterior	thyroid	cartilage	and	the	posterior
superior	 cricoid	 cartilage	 and,	 eventually,	 invade	 the	 thyroid	 gland.	 Involvement	 of	 the	 pyriform	 sinus	 apex	 is
associated	 with	 an	 increased	 risk	 of	 thyroid	 cartilage	 invasion.343	 Lesions	 of	 the	 lateral	 walls	 tend	 to	 spread
submucosally	to	the	posterior	pharyngeal	wall.

Postcricoid	Pharynx
Early	postcricoid	 lesions	are	 rare.	Lesions	arising	 from	 the	posterior	wall	 tend	 to	 remain	on	 the	posterior	wall.
Lesions	 arising	 from	 the	 anterior	 wall	 tend	 to	 invade	 the	 posterior	 cricoarytenoid	 muscle	 and	 the	 cricoid	 and
arytenoid	cartilages.	Advanced	tumors	eventually	encircle	the	lumen.

Lymphatic

Pharyngeal	Walls
The	 lymphatics	of	 the	pharyngeal	walls	 terminate	primarily	 in	 the	 jugular	chain	and	secondarily	 in	 the	 level	V
nodes.	The	level	II	nodes	are	most	often	involved.	Lindberg22	reported	59%	clinically	positive	nodes	at	diagnosis;
17%	were	bilateral.	Retropharyngeal	lymph	node	involvement	is	frequent.

Pyriform	Sinus
The	drainage	is	mainly	to	the	jugular	chain	with	a	relatively	small	proportion	to	the	level	V	nodes.	The	level	II
nodes	are	most	commonly	 involved,	but	 level	 III	 involvement	occurs	without	 level	 II	metastases.	At	diagnosis,
75%	of	patients	have	clinically	positive	nodes,	and	at	least	10%	have	bilateral	nodes.	There	is	no	difference	in	the
risk	of	lymph	node	metastases	by	T	stage.	The	incidence	of	subclinical	neck	disease	probably	exceeds	50%.344

CLINICAL	PICTURE
Tumors	 that	 are	 lateralized	 to	 the	 lateral	 pharyngeal	 wall	 or	 pyriform	 sinus	 produce	 a	 unilateral	 sore	 throat.
Dysphagia,	ear	pain,	and	voice	changes	occur	later.	A	neck	mass	may	be	the	presenting	complaint.

Lesions	 of	 the	 apex	 of	 the	 pyriform	 sinus	 or	 postcricoid	 area	 produce	 a	 pooling	 of	 secretions,	 indicating
obstruction	 of	 the	 gullet.	Arytenoid	 edema	 and	 an	 inability	 to	 see	 into	 the	 apex	 of	 the	 pyriform	 sinus	may	 be
observed.

STAGING
The	staging	system	for	the	primary	tumor	is	depicted	in	Table	45.17.

TABLE	45.17
Hypopharynx:	2017	American	Joint	Committee	on	Cancer	Staging	System	for	the	Primary
Tumor

TX Primary	tumor	cannot	be	assessed



Tis Carcinoma	in	situ

T1 Tumor	limited	to	one	subsite	of	hypopharynx	and/or	2	cm	or	smaller	in	greatest	dimension

T2 Tumor	invades	more	than	one	subsite	of	hypopharynx	or	an	adjacent	site,	or	measures	larger	than	2	cm	but	not	larger
than	4	cm	in	greatest	dimension	without	fixation	or	hemilarynx

T3 Tumor	larger	than	4	cm	in	greatest	dimension	or	with	fixation	of	hemilarynx	or	extension	to	esophagus

T4 Moderately	advanced	and	very	advanced	local	disease

T4a Moderately	advanced	local	disease
Tumor	invades	thyroid/cricoid	cartilage,	hyoid	bone,	thyroid	gland,	or	central	compartment	soft	tissuea

T4b Very	advanced	local	disease
Tumor	invades	prevertebral	fascia,	encases	carotid	artery,	or	involves	mediastinal	structures

aNote:	Central	compartment	soft	tissue	includes	prelaryngeal	strap	muscles	and	subcutaneous	fat.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

TREATMENT
Selection	of	Treatment	Modality

Posterior	Pharyngeal	Wall
RT	has	produced	similar	cure	rates	to	surgery	and	has	historically	been	less	morbid.	However,	with	the	recent	use
of	robotic	surgery,	TORS	resections	of	T1	and	T2	posterior	pharyngeal	wall	tumors	has	led	to	excellent	survival
and	functional	outcomes.345

Lateral	Pharyngeal	Wall
The	preferred	treatment	for	early-stage	lesions	is	TLM	or	definitive	RT.

Pyriform	Sinus
T1	 and	 low-volume	 (≤6	mL),	 exophytic	T2	 cancers	with	 normal	 cord	mobility	 can	 be	 treated	 either	 by	RT	or
partial	 laryngopharyngectomy.346	 RT	 has	 been	 preferred	 because	 it	 has	 historically	 resulted	 in	 less	morbidity;
however,	novel	transoral	approaches	such	as	TORS	and	TLM	are	producing	encouraging	oncologic	and	functional
results	in	selected	patients.318,347

Selected	high-volume	endophytic	T2	and	T3	lesions	with	normal	or	reduced	mobility	may	be	suitable	for	CRT.
The	 swallowing	 outcomes	 after	 concurrent	 CRT	 may	 be	 less	 optimal	 than	 those	 seen	 in	 the	 oropharynx	 and
larynx.348

The	remainder	are	best	 treated	with	a	 total	 laryngopharyngectomy,	neck	dissection,	and	postoperative	RT	or
CRT.

Surgical	Treatment

Posterior	Pharyngeal	Wall
If	 the	 lesion	 is	 high	 on	 the	 posterior	wall,	 a	 transoral	 approach	 can	 be	 used.	 Lower	 lesions	were	 traditionally
accessed	 via	 a	 transhyoid	 approach,	 a	 lateral	 pharyngotomy,	 or	 a	 midline	 mandibulolabial	 glossotomy.	 More
recently,	TLM	and	TORS	resection	has	been	employed	to	reduce	the	morbidity	associated	with	open	approaches.
Dissection	extends	deep	to	the	tumor	down	to	the	prevertebral	fascia;	smaller	defects	heal	by	secondary	intention
without	a	skin	graft,	whereas	larger	defects	may	require	a	free	flap.318

Pyriform	Sinus
Partial	 Laryngopharyngectomy.	 A	 partial	 laryngopharyngectomy	 removes	 the	 false	 cords,	 epiglottis,
aryepiglottic	 fold,	 and	 pyriform	 sinus;	 one	 arytenoid	 may	 be	 removed	 when	 necessary.	 The	 vocal	 cords	 are
preserved.	The	 following	 findings	 contraindicate	 a	 partial	 laryngopharyngectomy:	 extension	 to	 the	 apex	 of	 the
pyriform	 sinus;	 a	 fixed	 cord;	 extension	 to	 contralateral	 arytenoid;	 poor	 pulmonary	 function;	 and	 large,	 fixed
lymph	 nodes.	 Unfortunately,	 functional	 outcomes	 are	 unpredictable	 using	 traditional	 open	 approaches,	 and
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resections	of	smaller	hypopharyngeal	lesions	are	more	likely	to	be	cured	with	good	function	using	TLM.349

Total	 Laryngopharyngectomy.	 Due	 to	 the	 mucosal	 extent	 and	 high	 risk	 of	 submucosal	 spread,	 a	 total
laryngopharyngectomy	is	often	needed	to	resect	hypopharyngeal	cancers.	This	operation	removes	the	larynx	and	a
large	amount,	if	not	all,	of	the	pharyngeal	mucosa.	It	is	not	uncommon	to	have	a	circumferential	pharyngeal	defect
from	base	of	tongue	to	esophagus.	Reconstruction	with	a	free	flap	is	often	needed.

Postcricoid	Pharynx
A	total	laryngopharyngectomy	with	reconstruction,	generally	using	a	free	flap,	is	performed.	If	the	lesion	extends
beyond	the	cervical	esophagus,	a	gastric	pull-up	may	be	needed.

Irradiation	Technique

Posterior	Pharyngeal	Wall
The	RT	 technique	 is	opposed	 lateral	 fields	 to	 include	 the	primary	 lesion	and	 the	 regional	nodes.	Because	 these
lesions	tend	to	“skip”	areas,	the	entire	posterior	pharyngeal	wall	is	included	initially.	If	the	lesion	extends	near	the
arytenoids,	 the	 postcricoid	 pharynx,	 pyriform	 sinuses,	 and	 upper	 cervical	 esophagus	 are	 included.	 The
retropharyngeal	nodes	are	included	even	if	the	neck	is	N0.	When	the	field	is	reduced	at	45	Gy	to	avoid	the	spinal
cord,	the	posterior	border	of	the	portal	is	placed	just	anterior	to	the	spinal	cord.350	The	dose	is	74.4	to	76.8	Gy,	at
1.2	Gy	per	fraction	twice	daily,	in	a	continuous	course.	Another	option	is	70	Gy	in	35	fractions	over	30	treatment
days.	IMRT	is	useful	to	reduce	the	dose	to	one	or	both	parotids.	Concomitant	chemotherapy	should	be	included
for	stage	III	to	IV	cancers.

Pyriform	Sinus
Parallel-opposed	lateral	portals	are	used	to	encompass	the	primary	lesion	and	regional	nodes	on	both	sides.	The
superior	 border	 is	 placed	 2	 cm	 above	 the	 tip	 of	 the	mastoid	 to	 cover	 the	most	 superior	 jugular	 chain	 and	 the
retropharyngeal	 lymph	 nodes.	 The	 posterior	 border	 encompasses	 the	 level	 V	 nodes.	 Clinically	 positive	 nodes
behind	the	plane	of	the	spinal	cord	require	an	electron	boost.	The	anterior	border	is	usually	placed	about	0.5	to	1
cm	behind	the	anterior	skin	edge	if	it	is	possible	to	do	so	and	adequately	encompass	the	tumor.	The	inferior	border
is	2	cm	below	the	inferior	border	of	the	cricoid.	The	remaining	lower	neck	lymph	nodes	are	treated	through	an	en
face	portal.	The	doses	are	the	same	as	for	the	posterior	pharyngeal	wall.	IMRT	is	an	option	if	the	tumor	can	be
adequately	 encompassed	 while	 sparing	 the	 contralateral	 salivary	 gland(s)	 and/or	 to	 avoid	 a	 difficult	 low	 neck
match.

Combined	Treatment	Policies

Posterior	Pharyngeal	Wall
An	operation	should	usually	precede	RT	when	a	combination	is	selected,	unless	a	gastric	pull-up	is	planned.

Pyriform	Sinus
Following	 a	 total	 laryngopharyngectomy,	RT	 is	 usually	 recommended	 for	 indications	 previously	 outlined.	RT,
CRT,	or	induction	chemotherapy	is	used	prior	to	operation	for	patients	with	nodal	disease	encasing	the	common
or	internal	carotid.	The	dose	to	the	primary	tumor	ranges	from	45	to	50	Gy;	the	fixed	nodes	are	boosted	to	60	to
75	Gy.

Management	of	Recurrence

Posterior	Pharyngeal	Wall
Recurrence	after	RT	may	be	 limited	 to	 the	posterior	pharyngeal	wall	and	may	be	suitable	for	surgical	excision,
with	 occasional	 salvage.	 There	 is	 frequently	 a	 persistent	 ulcer	 after	 RT	 for	 advanced	 lesions;	 it	 should	 be
considered	 evidence	 of	 persistent	 disease	 if	 it	 does	 not	 heal.	 Surgical	 excision	 is	 limited	 posteriorly	 by	 the
prevertebral	fascia.	RT	salvage	of	a	surgical	failure	is	unusual.



Pyriform	Sinus
The	hallmark	of	local	recurrence	after	RT	is	persistent	edema,	pain,	and	fixation	of	laryngeal	structures.	A	direct
laryngoscopy	 is	 required,	 but	 the	 biopsy	 may	 be	 negative.	 A	 CT	 and/or	 PET	 scan	 is	 often	 helpful	 for
distinguishing	local	recurrence	from	necrosis.	It	may	be	necessary	to	recommend	a	total	 laryngopharyngectomy
for	salvage	without	a	positive	biopsy.

Recurrence	after	a	total	laryngopharyngectomy	is	usually	in	the	soft	tissues	of	the	neck,	the	untreated	opposite
neck,	the	base	of	tongue,	or	stoma.	Surgical	failures	after	a	partial	laryngopharyngectomy	for	early	lesions	may	be
salvaged	by	a	total	laryngopharyngectomy.	Failures	after	a	total	laryngopharyngectomy	are	rarely	salvaged.

RESULTS	OF	TREATMENT
Pharyngeal	Wall
The	5-year	local	control	rates	and	ultimate	local	control	rates	after	RT	at	the	University	of	Florida	for	170	patients
were	as	follows:	T1	(n	=	14),	93%	and	93%;	T2	(n	=	51),	84%	and	91%;	T3	(n	=	75),	60%	and	62%;	and	T4	(n	=
30),	44%	and	44%,	respectively.350	The	5-year	local–regional	control	and	cause-specific	survival	rates	were	88%
and	 88%	 for	 stage	 I,	 85%	 and	 89%	 for	 stage	 II,	 49%	 and	 44%	 for	 stage	 III,	 and	 44%	 and	 35%	 for	 stage	 IV,
respectively.350	For	advanced-stage	tumors,	CRT	is	advised.

Pyriform	Sinus
The	results	of	treatment	for	80	patients	with	carcinoma	of	the	pyriform	sinus	treated	at	Washington	University	by
preoperative	RT	followed	by	a	partial	laryngopharyngectomy	are	shown	in	Table	45.18.351	A	total	of	70	patients
had	the	equivalent	of	AJCC	T1	lesions	(disease	limited	to	the	pyriform	sinus),	10	patients	had	disease	extending
beyond	 the	 pyriform	 sinus,	 and	 none	 had	 invasion	 of	 the	 apex	 of	 the	 pyriform	 sinus.	 The	 cause	 of	 death	was
cancer	in	26%,	complications	of	treatment	in	14%,	and	intercurrent	disease	in	20%.	The	5-year	absolute	survival
was	25	of	66	patients	(38%)	(JE	Marks,	personal	communication,	1979).

The	 results	 of	 treatment	 for	 57	 patients	 from	 the	 same	 institution	 who	 were	 treated	 by	 preoperative	 RT
followed	by	total	laryngectomy	and	partial	pharyngectomy	are	depicted	in	Table	45.18.351	A	total	of	35	patients
had	lesions	confined	to	the	pyriform	sinus	(AJCC	T1),	and	the	remainder	had	extension	beyond	the	pyriform	sinus
(AJCC	 T2	 to	 T4).	 The	 cause	 of	 death	 was	 cancer	 in	 56%	 of	 patients,	 complications	 of	 treatment	 in	 11%	 of
patients,	and	intercurrent	disease	in	18%	of	patients.

The	 5-year	 local	 control	 rates	 for	 123	 patients	 treated	with	 definitive	RT	 for	 T1	 (23	 patients)	 and	T2	 (100
patients)	 pyriform	 sinus	 SCCs	 were	 85%	 for	 T1	 and	 85%	 for	 T2,	 respectively.348	 The	 5-year	 rates	 of	 local–
regional	control	and	cause-specific	survival	were	as	follows:	stages	I	to	II,	86%	and	85%;	stage	III,	65%	and	73%;
stage	 IVA,	 83%	 and	 62%;	 and	 stage	 IVB,	 24%	 and	 22%,	 respectively.348	 The	 5-year	 distant	 metastasis–free
survival	rates	were	96%	for	N0,	88%	for	N1,	68%	for	N2,	and	55%	for	N3.	For	advanced-stage	tumors,	CRT	is
advised.

TABLE	45.18
Carcinoma	of	the	Pyriform	Sinus:	Results	of	Treatment	by	Low-Dose	Radiation	Therapy	plus
Partial	Laryngopharyngectomy	or	Total	Laryngectomy	and	Partial	Pharyngectomy
(Washington	University,	St.	Louis,	1964–1974)

Result PLP	(80	Patients)a TLP	(57	Patients)b

Local	recurrence	±	neck	recurrence 14%c 14%

Neck	recurrence	±	distant	metastases	(primary	controlled) 9% 23%

Distant	metastases	alone 11% 21%

Five-year	actuarial	survival	(no	evidence	of	disease) 40% 22%
aT1,	70	patients;	T2–T4,	10	patients	(American	Joint	Committee	on	Cancer	staging).
bT1,	35	patients;	T2–T4,	22	patients	(American	Joint	Committee	on	Cancer	staging).
cFour	patients	salvaged.
PLP,	partial	laryngopharyngectomy;	TLP,	total	laryngopharyngectomy.
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Data	from	Marks	JE,	Kurnik	B,	Powers	WE,	et	al.	Carcinoma	of	the	pyriform	sinus.	An	analysis	of	treatment	results	and	patterns	of
failure.	Cancer	1978;41(3):1008–1015.

Surgically	 treated	advanced	hypopharyngeal	cancers	carry	a	5-year	overall	 survival	 rate	of	60%	to	70%	and
disease-free	survival	of	50%	to	60%.	Similarly	matched	patients	 treated	with	primary	RT-based	 treatments	had
rates	 of	 41%	 and	 35%,	 respectively.352	 Survival	 is	 significantly	 improved	 with	 the	 addition	 of	 postoperative
RT/CRT.	A	randomized	trial	done	by	the	EORTC	revealed	no	difference	in	survival	between	primary	surgery	and
postoperative	RT	versus	a	CRT	approach	using	induction	chemotherapy	with	surgery	reserved	for	salvage.137

COMPLICATIONS	OF	TREATMENT
Posterior	Pharyngeal	Wall

Surgical	Treatment	Complications
Complications	of	surgery	are	the	same	as	listed	for	laryngeal	cancers	previously.

Radiation	Therapy	Complications
Mendenhall	 and	 coworkers350	 observed	 nine	 fatal	 complications	 (5%)	 in	 170	 patients	who	were	 treated	 at	 the
University	of	Florida.	A	total	of	25	patients	(15%)	experienced	nonfatal	severe	complications	including	permanent
feeding	tube	(17	patients),	soft	tissue	and/or	bone	necrosis	(7	patients),	and	permanent	tracheostomy	(1	patient).

Pyriform	Sinus

Surgical	Treatment	Complications
The	complications	of	a	partial	laryngopharyngectomy	included	a	12%	operative	mortality,	fistula,	aspiration,	and
dysphagia.351	 The	 complications	 of	 total	 laryngopharyngectomy	 included	 a	 treatment-related	mortality	 of	 11%,
fistula,	and	pharyngeal	stenosis.351	The	complication	rate	is	increased	by	the	addition	of	RT.

Radiation	Therapy	Complications
The	major	RT	complication	 is	 laryngeal	necrosis.	Rabbani	et	al.348	 reported	 the	following	rates	of	moderate-to-
severe	complications	in	123	patients:	acute	(2%),	late	(9%),	and	postoperative	(5%).

Complications	of	Salvage	Treatment
Attempted	 surgical	 salvage	of	RT	 failures	has	 a	 significant	operative	morbidity	 and	mortality;	 few	patients	 are
cured.

NASOPHARYNX

NPCs	are	uncommon	in	the	United	States.	The	Chinese	have	a	high	frequency;	American-born	second-generation
Chinese	maintain	 the	 risk	of	NPC.	NPCs	have	been	shown	 to	have	an	association	with	elevated	 titers	of	EBV,
which	is	independent	of	geography.353	There	is	a	3:1	ratio	of	predominance	in	men.	The	age	distribution	for	NPC
is	younger	than	for	other	head	and	neck	sites;	about	20%	of	patients	are	younger	than	30	years	of	age.

ANATOMY
The	nasopharynx	is	roughly	cuboidal	in	shape.	It	is	contiguous	with	the	nasal	cavity,	inferior	with	the	oropharynx,
and	lateral	with	the	middle	ears	by	way	of	the	eustachian	tubes.

The	mucosa	of	 the	 roof	and	posterior	wall	 is	often	 irregular	because	of	 the	pharyngeal	bursa,	adenoids,	and
pharyngeal	hypophysis;	it	tends	to	become	smooth	with	age.

The	lateral	walls	include	the	eustachian	tube	openings	with	the	fossa	of	Rosenmüller,	located	behind	the	torus
tubarius.	 The	 superolateral	 muscular	 wall	 of	 the	 nasopharynx	 is	 incomplete.	 The	 floor	 of	 the	 nasopharynx	 is



incomplete	and	consists	of	the	upper	surface	of	the	soft	palate.

Lymphatic
There	is	an	extensive	submucosal	lymphatic	capillary	plexus.	The	tumor	spreads	along	three	different	pathways:
the	 jugular	 chain,	 the	 spinal	 accessory	 chain,	 and	 the	 retropharyngeal	 pathway.354	 The	 lateral	 retropharyngeal
nodes	lie	in	the	retropharyngeal	space	medial	to	the	carotid	artery.	Directly	behind	the	nodes	are	the	lateral	masses
of	C1	and	C2.	Inconstant	lymphatic	vessels	may	drain	directly	to	the	level	III	and	V	nodes.15

PATHOLOGY
Carcinomas	 compose	 about	 85%	 and	 lymphomas	 about	 10%	 of	 the	malignant	 lesions.	 NPCs	 are	 classified	 as
follows:	keratinizing	SCC	(WHO	type	I),	nonkeratinizing	carcinoma	(WHO	type	II),	and	undifferentiated	(WHO
type	III)	basaloid	SCC.	Lymphoepithelioma	is	included	in	the	WHO	type	II	and	III	categories.	A	miscellaneous
group	 of	 malignant	 tumors	 includes	 melanoma,	 plasmacytoma,268	 juvenile	 angiofibroma,16	 carcinosarcoma,
sarcomas,	nonchromaffin	paragangliomas,	and	minor	salivary	gland	tumors.

PATTERNS	OF	SPREAD
Primary
Inferior	extension	along	 the	 lateral	pharyngeal	walls	and	 tonsillar	pillars	occurs	 in	almost	one-third	of	patients.
Extension	 into	 the	 posterior	 nasal	 cavity	 is	 frequent	 but	 is	 usually	 limited	 to	 <1	 cm.	 Invasion	 of	 the	 posterior
ethmoids,	maxillary	antrum,	and/or	orbit	occurs	fairly	often.	Skull	base	invasion	is	recognized	radiographically	in
at	 least	 25%	of	patients.	The	 sphenoid	 sinus	 frequently	 is	 invaded.	The	 tumor	may	erode	 through	 the	 foramen
ovale,	lacerum,	and/or	spinosum.	The	tumor	eventually	reaches	the	cavernous	sinus	and	has	access	to	CNs	II	to
VI.

The	 lateral	 muscular	 wall	 of	 the	 nasopharynx	 is	 incomplete	 superiorly.	 The	 defect,	 termed	 the	 sinus	 of
Morgagni,	is	transversed	by	the	cartilaginous	eustachian	tube	and	the	levator	palatine	muscle,	providing	access	for
NPCs	to	the	lateral	pharyngeal	space	and	skull	base.

Lymphatic
There	 is	 an	80%	 to	90%	 incidence	of	metastatic	 neck	nodes	on	presentation;	 approximately	50%	are	bilateral.
Low-grade	SCCs	produce	 fewer	metastases	 (73%)	 than	high-grade	carcinomas	 (92%).	Metastases	 to	submental
and	occipital	 nodes	may	 appear	when	 there	 is	 blockage	of	 the	 common	 lymphatic	 pathways	 either	 by	massive
neck	disease	or	by	an	untimely	neck	dissection.

CLINICAL	PICTURE
The	most	common	presenting	complaint	is	a	painless	upper	neck	mass.	Nasal	obstruction,	epistaxis,	sore	throat,
and	otitis	media	may	be	observed.	Facial	pain	may	be	referred	from	any	of	the	three	divisions	of	the	trigeminal
nerve,	 usually	V3.	Occipital	 or	 temporal	 headaches	 frequently	 are	 seen.	Proptosis	 occurs	with	posterior	 orbital
invasion.	Trismus	is	due	to	the	invasion	of	the	pterygoid	region.

Neurologic	 symptoms	 and	 signs	 occur	 in	 about	 25%	 of	 patients.	 Involvement	 of	 CNs	 II	 to	 VI	 indicates
extension	into	the	cavernous	sinus.	CNs	IX	to	XII	and	the	sympathetic	chain	are	involved	in	the	lateral	pharyngeal
space.

An	 examination	 of	 the	 nasopharynx	 will	 show	 a	 lesion	 on	 the	 lateral	 wall	 or	 roof.	 Early	 lesions	 may	 be
submucosal.	 Lymphomas	 tend	 to	 remain	 submucosal	 until	 quite	 large.	 The	 tumor	 infrequently	 grows	 very	 far
down	the	posterior	pharyngeal	wall.	The	posterior	tonsillar	pillars	may	bulge	into	the	oropharynx	if	an	enlarged
node	develops	in	the	lateral	pharyngeal	space.	CN	VI	is	the	one	most	commonly	involved.
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STAGING
The	AJCC	staging	system	is	depicted	in	Table	45.19.

TREATMENT
Selection	of	Treatment	Modality
The	treatment	of	almost	all	NPCs	is	RT-based	because	complete	surgical	resection	is	usually	not	feasible.	Neck
dissection	is	used	less	often	in	the	management	of	neck	disease	because	of	the	relatively	high	success	rate	with	RT
or	CRT	alone.	A	small	adenocarcinoma	or	sarcoma	may	be	excised.	Juvenile	angiofibromas	are	preferably	excised
because	of	the	young	age	of	the	patient,	although	the	tumors	are	quite	successfully	cured	by	RT	when	a	complete
resection	 is	 unlikely	or	 dangerous.16	 Patients	with	 advanced	 disease	 should	 receive	 concomitant	 chemotherapy
and	most	present	in	this	manner.169,171,178,355,356

Irradiation	Technique
If	 the	tumor	is	thought	to	be	limited	to	the	nasopharynx	or	to	have	minimal	soft	 tissue	extension,	the	following
areas	are	included	in	the	treatment	volume:	(1)	the	nasopharynx,	(2)	the	posterior	2	cm	of	the	nasal	cavity,	(3)	the
posterior	ethmoid	sinuses,	 (4)	 the	entire	 sphenoid	sinus	and	basioccipital	bone,	 (5)	 the	cavernous	sinus,	 (6)	 the
base	of	skull	(7	to	8	cm	width	encompassing	the	foramen	ovale,	carotid	canal,	and	foramen	spinosum	laterally),
(7)	the	pterygoid	fossae,	(8)	the	posterior	one-third	of	the	maxillary	sinus,	(9)	the	oropharyngeal	wall	to	the	level
of	the	midtonsillar	fossa,	(10)	the	retropharyngeal	nodes,	and	(11)	the	neck	nodes	on	both	sides.

Extension	to	the	skull	base	or	involvement	of	CNs	II	to	VI	requires	the	superior	border	be	raised	to	include	the
entire	pituitary,	the	base	of	the	brain	in	the	suprasellar	area,	the	adjacent	middle	cranial	fossa,	and	the	posterior
portion	of	 the	anterior	cranial	 fossa.	Patients	with	anterior	 invasion	 into	 the	orbit,	 ethmoids,	or	maxillary	 sinus
require	an	individualized	plan	to	produce	a	satisfactory	dose	distribution.	The	use	of	three-dimensional	CT-based
treatment	 planning	 allows	 for	 the	 use	 of	 more	 conformal	 fields.	 IMRT	 is	 useful	 to	 improve	 coverage	 of	 the
poststyloid	parapharyngeal	space	and	 to	 reduce	 the	dose	 to	 the	parotid	glands	and	 the	 temporal	 lobes	 to	 reduce
long-term	morbidity.	We	currently	treat	patients	to	74.4	at	1.2	Gy	per	fraction	twice	daily.

Neck	Nodes
The	entire	neck	is	irradiated	to	the	level	of	the	clavicles.	The	retropharyngeal	nodes	are	included	in	the	treatment
of	the	primary	lesion.	The	upper	neck	nodes	are	included	in	the	primary	fields	to	the	level	of	the	thyroid	notch.	In
the	 case	 of	 an	 N0	 neck,	 the	 posterior	 margin	 is	 placed	 about	 1	 to	 2	 cm	 behind	 the	 posterior	 border	 of	 the
sternocleidomastoid	to	encompass	the	high-level	V	nodes	and	level	II	nodes.	The	portals	are	extended	to	include
the	submental	area	only	if	there	is	disease	in	the	level	IB	nodes	or	if	the	patient	had	a	neck	dissection	prior	to	RT.
The	lower	neck	is	treated	through	an	anterior	portal	with	a	shield	over	the	larynx.

TABLE	45.19
2017	American	Joint	Committee	on	Cancer	Staging	for	Nasopharyngeal	Cancer

PRIMARY	TUMOR	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	tumor	identified,	but	EBV-positive	cervical	node(s)	involvement

T1 Tumor	confined	to	the	nasopharynx,	or	extension	to	oropharynx	and/or	nasal	cavity	without	parapharyngeal	involvement

T2 Tumor	with	extension	to	parapharyngeal	space	and/or	adjacent	soft	tissue	involvement	(medial	pterygoid,	lateral
pterygoid,	prevertebral	muscles)

T3 Tumor	with	infiltration	of	bony	structures	at	skull	base,	cervical	vertebra,	pterygoid	structures,	and/or	paranasal	sinuses

T4 Tumor	with	intracranial	extension,	involvement	of	cranial	nerves,	hypopharynx,	orbit,	parotid	gland,	and/or	extensive	soft
tissue	infiltration	beyond	the	lateral	surface	of	the	lateral	pterygoid	muscle

REGIONAL	LYMPH	NODES	(N)
NX Regional	lymph	nodes	cannot	be	assessed



N0 No	regional	lymph	node	metastasis

N1 Unilateral	metastasis	in	cervical	lymph	node(s)	and/or	unilateral	or	bilateral	metastasis	in	retropharyngeal	lymph
node(s),	6	cm	or	smaller	in	greatest	dimension,	above	the	caudal	border	or	cricoid	cartilage

N2 Bilateral	metastasis	in	cervical	lymph	node(s),	6	cm	or	less	in	greatest	dimension,	above	the	caudal	border	of	cricoid
cartilage

N3 Unilateral	or	bilateral	metastasis	in	cervical	lymph	node(s),	larger	than	6	cm	in	greatest	dimension,	and/or	extension
below	the	caudal	border	of	cricoid	cartilage

STAGE	GROUPING
When
T	Is	… And	N	Is	… And	M	Is	… Then	the	Stage	Group	Is	…
Tis N0 M0 Stage	0

T1 N0 M0 Stage	I

T1,	T0 N1 M0 Stage	II

T2 N0 M0 Stage	II

T2 N1 M0 Stage	II

T1,	T0 N2 M0 Stage	III

T2 N2 M0 Stage	III

T3 N0 M0 Stage	III

T3 N1 M0 Stage	III

T3 N2 M0 Stage	III

T4 N0 M0 Stage	IVA

T4 N1 M0 Stage	IVA

T4 N2 M0 Stage	IVA

Any	T N3 M0 Stage	IVA

Any	T Any	N M1 Stage	IVB
EBV,	Epstein-Barr	virus.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Acute	Sequelae
A	sore	throat	begins	at	the	end	of	the	second	week	of	therapy	and	persists	for	2	to	3	months	after	the	completion
of	RT.	Xerostomia	is	always	present.	Loss	of	taste	and	appetite	is	often	profound;	both	return	1	to	6	months	after
completion	of	RT.	Obstruction	of	 the	eustachian	tubes	may	occur	with	secondary	otitis	media	and	hearing	loss.
Polyethylene	 tubes	 inserted	 through	 the	 eardrums	 to	 drain	 the	 middle	 ears	 can	 correct	 this	 condition.	 The
obstruction	often	improves	after	a	few	months.	Severe	nausea	and	vomiting	are	uncommon.

Management	of	Recurrence
The	majority	of	recurrent	SCCs	are	diagnosed	within	2	years,	but	lymphoepithelioma	may	recur	many	years	after
treatment.	Headache	and	CN	palsies	usually	 indicate	 recurrence.	Retreatment	 for	 local	 recurrences	with	 limited
RT	portals	and/or	intracavitary	brachytherapy	may	be	rewarding,	particularly	if	the	recurrence	is	due	to	a	marginal
miss	or	low	dose.357,358

RESULTS	OF	TREATMENT
Lee	and	coworkers359	reported	the	following	10-year	outcomes	in	a	series	of	5,037	patients	treated	with	RT	at	the
Queen	Elizabeth	Hospital,	Hong	Kong,	between	1976	and	1985:	local	control,	61%;	regional	control,	64%;	distant
metastasis–free	survival,	59%;	and	survival,	42%.	Leung	et	al.360	reported	the	following	5-year	local	control	rates
in	a	series	of	1,070	patients:	T1,	88%;	T2a,	87%;	T2b,	82%;	T3,	69%;	and	T4,	69%.	Chua	et	al.361	evaluated	290
patients	and	found	that	primary	tumor	volume	of	>60	mL	was	associated	with	a	lower	likelihood	of	local	control
after	RT.	Teo	and	colleagues362	evaluated	a	series	of	903	patients	treated	at	the	Prince	of	Wales	Hospital,	Hong
Kong,	and	observed	that	 local	control	was	adversely	affected	by	advanced	patient	age,	skull	base	 invasion,	and
CN	involvement.	Prognostic	factors	associated	with	an	increased	rate	of	distant	metastases	and	poor	survival	were
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male	sex,	skull	base	and	CN(s)	involvement,	advanced	neck	stage,	nodal	fixation,	and	bilateral	neck	nodes.362	The
5-year	outcomes	for	82	patients	treated	at	the	University	of	Florida	were	78%	for	local	control,	90%	for	regional
control,	76%	for	local–regional	control,	80%	for	distant	metastasis–free	survival,	66%	for	cause-specific	survival,
and	57%	for	survival.363	Table	45.9	summarizes	the	results	of	selected	randomized	trials	comparing	CRT	versus
RT	alone.

FOLLOW-UP
The	 follow-up	 includes	 careful	 observation	 and	 laboratory	 testing	 for	 possible	 thyroid	 and/or	 pituitary
hypofunction.	Dental	care	must	be	closely	monitored	because	of	xerostomia.

COMPLICATIONS	OF	TREATMENT
Primary	 or	 secondary	 hypopituitarism	 (from	 a	 hypothalamic	 lesion)	 has	 been	 reported.	 Brain	 necrosis	 is	 rare.
Hypothyroidism	may	result	from	either	a	direct	effect	on	the	thyroid	gland	or	an	indirect	effect	on	the	pituitary.	A
transient	CNS	syndrome	may	appear	2	to	3	months	after	RT	and	would	require	several	months	to	resolve.	General
weakness	and	extreme	fatigue	may	be	symptoms	of	low	serum	cortisol	levels.	Radiation	myelitis	of	the	cervical
cord	 or	 brain	 stem	 is	 the	most	 severe	CNS	 complication.	 IMRT	may	 be	 used	 to	 reduce	 the	 dose	 to	 the	CNS,
particularly	the	temporal	lobes.

Trismus	may	occur	because	of	 fibrosis	of	 the	pterygoid	muscles.	Palsy	of	CNs	IX	to	XII	may	occur	several
years	 after	 RT	 and	 is	 related	 to	 nerve	 entrapment	 in	 the	 lateral	 pharyngeal	 space.	 Eye	 complications	 (e.g.,
retrobulbar	 optic	 neuritis)	may	develop	owing	 to	RT	of	 the	optic	 nerve.364	RT	of	 the	posterior	 eyeball	 to	high
doses	may	produce	a	retinopathy.365

NASAL	VESTIBULE,	NASAL	CAVITY,	AND	PARANASAL	SINUSES

Tumors	of	the	nasal	vestibule	are	considered	separately	from	nasal	cavity	tumors	because	they	are	essentially	skin
cancers	and	have	a	different	natural	history.	Primary	tumors	arising	from	the	nasal	cavity	and	paranasal	sinuses
are	considered	together	because	the	lesions	are	frequently	advanced	when	first	seen	and	it	is	not	always	possible
to	determine	the	site	of	origin.

Cancer	of	the	nasal	cavity	or	paranasal	sinuses	is	a	relatively	rare	problem,	with	a	yearly	risk	factor	estimated
at	approximately	one	case	for	every	100,000	people.	They	occur	more	often	in	men	and	usually	appear	after	the
age	of	40	years	except	for	minor	salivary	gland	tumors	and	esthesioneuroblastomas,	which	may	appear	before	the
age	of	20	years.366	Nasal	cavity	and	ethmoid	sinus	adenocarcinomas	have	been	linked	to	occupations	associated
with	wood	dust,	such	as	 the	furniture	 industry,	sawmill	work,	and	carpentry.	Other	occupations	with	dust-filled
work	environments,	such	as	shoemaking,	baking,	and	the	flour	milling	industry,	also	have	been	implicated.14

Carcinomas	of	the	sphenoid	and	frontal	sinuses	are	rare.

ANATOMY
The	nasal	vestibule	is	the	entrance	to	the	nasal	cavity.	It	is	lined	by	skin	in	which	there	are	numerous	hair	follicles
and	 sebaceous	 glands.	 The	 vestibule	 is	 a	 three-sided,	 pear-shaped	 cavity	 about	 1.5	 cm	 in	 diameter	 that	 ends
posteriorly	 at	 the	 limen	nasi.	The	 alar	 cartilages	 form	 the	 anterolateral	wall.	The	medial	wall	 is	 the	 columella,
formed	by	the	medial	wing	of	the	alar	cartilage	and	the	anterior	portion	of	the	cartilaginous	septum.	The	floor	is
the	maxilla.

The	 nasal	 cavity	 begins	 at	 the	 limen	 nasi	 and	 ends	 at	 the	 posterior	 nares,	 where	 it	 communicates	with	 the
nasopharynx.	The	 lateral	walls	 are	 composed	of	 thin	 bony	 folds	 that	 project	 into	 the	 nasal	 cavity:	 the	 inferior,
medial,	and	superior	turbinates.	The	nasolacrimal	duct	enters	the	nasal	cavity	beneath	the	inferior	turbinate.	The
frontal	sinus	and	ethmoid	bullae	connect	 to	 the	nasal	cavity	with	openings	 in	 the	middle	meatus.	The	sphenoid
sinus	 communicates	with	 the	 nasal	 cavity	 by	 an	 opening	 on	 the	 anterior	 wall	 of	 the	 sinus.	 Approximately	 20
branches	of	 the	olfactory	nerves	enter	 the	nasal	cavity	 through	 the	cribriform	plate;	nerve	 fibers	are	distributed
over	the	upper	one-third	of	the	septum	and	the	superior	nasal	turbinate.	The	epithelium	is	nonciliated	columnar.



The	 lower	half	of	 the	nasal	cavity	 is	 the	 respiratory	portion,	and	 the	epithelium	 is	ciliated	columnar.	There	are
numerous	collections	of	lymphoid	tissue	and	mucous	glands	beneath	the	epithelium.

The	maxillary	sinuses	are	single	pyramidal	cavities.	The	medial	wall	is	the	lateral	wall	of	the	nasal	cavity	and
has	one	or	two	openings	communicating	with	the	middle	meatus	under	the	medial	turbinate.	The	inferior	wall	is
the	hard	palate.	The	posterolateral	wall	 is	related	to	the	zygomatic	process	and	the	pterygomaxillary	space.	The
superior	wall	is	the	orbital	floor.

The	frontal	sinuses	are	two	irregular,	asymmetrical	air	cavities	separated	by	a	thin	bony	septum.	They	connect
to	 the	middle	meatus	of	 the	nasal	cavity	by	 the	 frontonasal	duct.	They	are	separated	 from	 the	anterior	ethmoid
cells	by	thin	bony	walls.	The	posterior	wall	separating	the	frontal	sinus	from	the	anterior	cranial	fossa	is	relatively
thick.

The	ethmoid	sinuses	consist	of	a	number	of	air	cells	lying	between	the	medial	walls	of	the	orbits	and	the	lateral
wall	of	the	nasal	cavity.	The	lateral	wall	is	the	thin	porous	lamina	papyracea.	Medially,	the	ethmoid	air	cells	bulge
into	 the	 lateral	 wall	 of	 the	 nasal	 cavity.	 The	 ethmoid	 cells	 communicate	 with	 the	 nasal	 cavity	 in	 the	 middle
meatus.	These	bony	walls	are	 thin	and	easily	 traversed	by	 the	 tumor.	The	basal	 lamella	of	 the	middle	 turbinate
separates	anterior	and	posterior	ethmoid	air	cells.

The	 sphenoid	 sinus	 is	 a	 midline	 structure	 in	 the	 body	 of	 the	 sphenoid	 bone.	 The	 pituitary	 lies	 above,	 the
cavernous	sinuses	laterally,	the	nasal	cavity	and	ethmoid	sinuses	in	front,	and	the	nasopharynx	beneath.	The	clivus
and	brain	 stem	 lie	posteriorly.	The	pneumatization	 is	 variable	 and	 can	 extend	 into	 all	 portions	of	 the	 sphenoid
bone.	The	sphenoid	sinus	connects	anteriorly	with	the	nasal	cavity	in	the	sphenoethmoidal	recess.

Lymphatic

Nasal	Vestibule
The	 lymphatic	 trunks	 run	 to	 the	 level	 IB	nodes.	There	 is	a	small	 risk	 for	 involvement	of	 the	 intercalated	 facial
nodes	just	behind	the	commissure	of	the	lip	along	the	course	of	the	facial	neurovascular	bundle.

Nasal	Cavity	and	Paranasal	Sinuses
The	lymphatics	of	the	nasal	cavity	are	separated	into	the	olfactory	group	and	the	respiratory	group.	According	to
Rouvière,15	they	do	not	communicate	with	each	other.	There	is	a	connection	between	the	lymphatic	network	of	the
olfactory	region	and	the	subarachnoid	spaces,	which	allows	some	absorption	of	cerebrospinal	fluid	(CSF)	into	the
lymphatic	system.	The	lymphatics	of	the	olfactory	region	of	the	nasal	cavity	run	posteriorly	to	terminate	in	lymph
nodes	alongside	the	jugular	vein	at	the	skull	base	in	the	lateral	pharyngeal	space.	The	lymphatics	of	the	respiratory
nasal	cavity	terminate	in	the	lateral	retropharyngeal	nodes	or	the	level	II	nodes.	The	capillary	lymphatic	plexus	of
the	nasal	mucosa	is	probably	not	very	profuse,	judging	by	the	relatively	low	incidence	of	metastatic	nodes.

The	mucosa	of	the	paranasal	sinuses	has	either	no	or	very	sparse	capillary	lymphatics.

PATHOLOGY
Benign	Tumors
Inflammatory	 polyps,	 giant	 cell	 reparative	 granulomas,	 benign	 odontogenic	 tumors,	 and	 necrotizing
sialometaplasia	may	appear	 in	 this	 area.	 Inverted	papilloma	 is	 a	benign,	 aggressive	neoplasm	 that	 is	 associated
with	carcinoma	in	5%	to	15%	of	cases.367

Malignant	Tumors

Nasal	Vestibule
Almost	all	malignant	tumors	are	SCCs;	basal	cell	carcinomas	and	adnexal	carcinomas	are	also	reported.

Nasal	Cavity	and	Paranasal	Sinuses
SCC	or	one	of	its	variants	is	the	most	common	neoplasm.	Minor	salivary	gland	tumors	account	for	about	10%	to
15%	 of	 neoplasms	 in	 this	 region.	 Lymphoma	 and	melanoma	 account	 for	 approximately	 5%	 and	 1%	 of	 cases,
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respectively.	 Esthesioneuroblastoma	 is	 a	 neuroendocrine	 carcinoma	 that	 originates	 from	 the	 olfactory	mucosa.
Sinonasal	 undifferentiated	 carcinoma—a	 more	 aggressive	 neuroendocrine	 malignancy—is	 sometimes
encountered.368	 Soft	 tissue	 and	 bone	 sarcomas	may	 occur	 in	 the	 nasal	 cavity	 and	 paranasal	 sinuses,	 including
chondrosarcoma,	osteosarcoma,	and	Ewing	sarcoma.369

Midline	lethal	granuloma	is	a	nonkiller	nasal	T-cell	lymphoma.	Unchecked,	the	disease	is	fatal.	Death	results
from	extension	to	the	CNS,	hemorrhage,	sepsis,	or	inanition.	Treatment	is	usually	RT,	which	is	often	combined
with	chemotherapy.370

PATTERNS	OF	SPREAD
Nasal	Vestibule

Primary
Lesions	of	 the	nasal	vestibule	 invade	 the	nasal	mucosa,	 alar,	 and	 septal	 cartilages	and	may	extend	 to	 the	nasal
skin.	 The	 upper	 lip	 is	 frequently	 invaded.	 Posterior	 growth	 into	 the	 nasal	 cavity	 is	 frequent.	 Early	 cancers
originating	on	the	columella	and	anterior	septum	are	often	superficial	lesions	that	ulcerate	and	produce	a	crust	or
scab	and	often	present	with	septal	perforation.

Lymphatic
Lymph	node	spread	is	usually	to	a	solitary	ipsilateral	level	IB	node	but	may	be	bilateral.	The	facial,	preauricular,
and	submental	nodes	are	at	low	risk.	Wallace	et	al.371	reported	only	4	of	79	patients	(5%)	with	clinically	positive
lymph	nodes	at	diagnosis,	but	9	patients	(11%)	later	developed	positive	lymph	nodes.

Nasal	Cavity	and	Paranasal	Sinuses

Nasal	Cavity
Routes	of	spread	are	essentially	the	same	for	various	histologies,	with	the	exception	of	esthesioneuroblastoma	and
minor	salivary	gland	tumors.	The	latter	have	a	greater	propensity	for	PNI.

Lesions	arising	in	the	olfactory	region	invade	the	ethmoids	and	the	orbit,	spread	through	the	cribriform	plate	to
the	anterior	cranial	fossa,	and	spread	between	bone	and	dura.	Eventually,	they	penetrate	the	dura	and	invade	the
frontal	 lobes.	These	lesions	also	tend	to	destroy	the	septum	and	may	invade	through	the	nasal	bone	to	the	skin.
Lesions	arising	on	the	lateral	wall	of	the	nasal	cavity	invade	the	maxillary	sinus,	ethmoids,	and	orbit.

Esthesioneuroblastomas	 may	 show	 submucosal	 spread	 and	 may	 grow	 along	 olfactory	 nerves	 and	 penetrate
through	an	intact	dura	to	the	frontal	lobes.

The	 nasopharynx	 and	 sphenoid	 sinus	 are	 secondarily	 invaded	 in	 advanced	 lesions.	 The	 tumor	 may	 follow
nerves	posteriorly	and	superiorly	toward	the	sphenopalatine	ganglion	near	the	skull	base	or	along	V2.

Maxillary	Sinus
All	walls	of	the	sinus	may	be	penetrated	by	the	tumor;	the	pattern	of	spread	and	bone	destruction	is	dependent	on
the	 site	of	origin	within	 the	 sinus.	Lesions	 arising	 in	 the	 anterolateral	 infrastructure	 tend	 to	 invade	 through	 the
lateral	 inferior	 wall	 or	 grow	 through	 dental	 sockets,	 causing	 loosening	 of	 the	 teeth	 or	 improper	 seating	 of	 a
denture.	 Ulceration	 follows,	 with	 the	 development	 of	 an	 oral–antral	 fistula.	 Lesions	 arising	 on	 the	 medial
infrastructure	readily	extend	into	the	nasal	cavity.

Posterior	 infrastructure	 lesions	 erode	 through	 the	 posterolateral	 wall	 and	 into	 the	 infratemporal	 fossa	 and
extend	superiorly	to	the	skull	base.	Orbital	extension	occurs	either	through	the	roof	of	the	maxillary	sinus,	through
the	ethmoids	and	lamina	papyracea,	or	by	way	of	the	infratemporal	fossa	and	then	through	the	infraorbital	fissure.

Tumors	 arising	 in	 the	 suprastructure	 of	 the	 antrum	 have	 two	 general	 patterns	 of	 development.	 One	 group
extends	 laterally,	 invades	 the	 malar	 bone,	 and	 produces	 a	 mass	 below	 the	 lateral	 floor	 of	 the	 orbit	 that	 may
ulcerate	 through	 to	 the	 skin.	The	orbit	 is	 invaded	 laterally	 and	displaces	 the	eye	 superomedially.	The	 temporal
fossa	is	often	involved,	as	is	the	zygomatic	bone	in	advanced	lesions.	Suprastructure	cancers	that	extend	medially
invade	the	nasal	cavity,	the	ethmoid	and	frontal	sinuses,	the	lacrimal	apparatus,	and	the	medial	inferior	orbit.



Ethmoid	Sinuses
Depending	on	the	location	of	the	tumor,	it	may	invade	the	medial	orbit	through	the	lamina	papyracea,	the	inner
canthus,	and	the	nasal	cavity.	More	advanced	lesions	invade	the	maxillary	antrum,	nasopharynx,	sphenoid	sinus,
and	anterior	cranial	fossa.

Sphenoid	Sinus
The	sphenoid	sinus	is	closely	related	to	the	CNs	in	the	cavernous	sinus:	III,	IV,	V1,	V2,	and	VI	(Fig.	45.2).	CN
palsies	and	headaches	are	frequently	the	first	clinical	evidence	of	a	sphenoid	sinus	tumor.	A	diagnosis	is	usually
made,	however,	when	the	tumor	eventually	breaks	through	into	the	nasopharynx	or	nasal	cavity	where	it	can	be
seen.

Inverted	Papilloma
A	report	of	223	cases	of	inverted	papillomas	showed	the	lateral	nasal	wall	was	the	most	commonly	involved	site
(68%),	 with	 ethmoid	 and	maxillary	 sinus	 involvement	 also	 being	 common	 (57%),	 as	 was	 involvement	 of	 the
septum	 (28%).	 However,	 ethmoid	 and	 maxillary	 sinus	 involvement	 without	 a	 tumor	 of	 the	 lateral	 nasal	 wall
occurred	 in	4%.	Intracranial	extension	was	usually	associated	with	a	carcinoma.	The	 tumor	occurred	bilaterally
when	there	was	spread	through	the	nasal	septum;	multicentric	sites	of	origin	were	observed.372

Figure	45.2	Coronal	section	of	the	cavernous	sinus.	(Mendenhall	WM,	Million	RR,	Mancuso	AA,
et	al.	Nasopharynx.	In:	Million	RR,	Cassisi	NJ,	eds.	Management	of	Head	and	Neck	Cancer:	A
Multidisciplinary	Approach.	2nd	ed.	Philadelphia:	J.	B.	Lippincott	Company;	1994:606,	Fig.

23.10.)

Lymphatic
The	incidence	of	lymphatic	metastases	at	diagnosis	is	10%	to	15%	for	nasal	cavity	and	ethmoid	sinus	SCCs	and
probably	lower	for	antral	and	sphenoid	tumors.	Maxillary	sinus	tumors	that	invade	the	oral	cavity	and	involve	the
buccal	mucosa,	maxillary	gingiva,	or	hard	palate	may	spread	to	the	level	IB	and	II	nodes.	Lesions	that	invade	the
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nasal	cavity	or	nasopharynx	spread	posteriorly	to	the	parapharyngeal	nodes	and	then	to	the	level	II	nodes.	The	risk
of	cervical	node	involvement	for	esthesioneuroblastoma	is	approximately	20%.366

CLINICAL	PICTURE
Nasal	Vestibule
These	 lesions	 present	 with	 symptoms	 of	 a	 slow-growing	 mass	 with	 attendant	 crusting	 and	 occasional,	 minor
bleeding.	Pain	out	of	proportion	to	examination	is	not	uncommon.

Nasal	Cavity	and	Paranasal	Sinuses

Nasal	Cavity
The	 earliest	 symptoms	 are	 a	 low-grade	 chronic	 infection	 with	 discharge,	 obstruction,	 and	 minor,	 intermittent
bleeding.	Lesions	arising	in	the	olfactory	region	may	cause	unilateral	or	bilateral	nasal	expansion	of	the	bridge	of
the	 nose;	 a	 mass	 may	 appear	 near	 the	 inner	 canthus	 and	 eventually	 ulcerate.	 Obstruction	 of	 the	 nasolacrimal
system	may	 be	 a	 presenting	 complaint.	 Extension	 through	 the	 cribriform	 plate	 or	 into	 the	 ethmoid	 sinuses	 is
accompanied	 by	 a	 frontal	 headache.	 The	 aberration	 of	 smell	 is	 rare.	 Invasion	 of	 the	 medial	 orbit	 produces
proptosis	and	diplopia;	a	mass	may	be	palpated	in	the	orbit.

Maxillary	Sinus
These	cancers	develop	silently	when	they	are	confined	to	the	sinus	and	produce	symptoms	after	extension	through
the	walls.	Many	do	not	present	until	the	lesion	is	T4.	If	the	tumor	invades	toward	the	oral	cavity,	the	presenting
symptoms	include	pain	and	loosening	or	loss	of	teeth.	Palpation	and	observation	of	the	face	may	show	a	mass.	A
posterior	 invasion	of	 the	orbit	will	 produce	proptosis,	 diplopia,	 and	 conjunctival	 edema.	 Invasion	of	V2	 in	 the
floor	of	the	orbit	may	cause	paresthesia.	Nasal	obstruction	and	bleeding	are	common,	and	trismus	and	headaches
are	associated	with	invasion	posteriorly	into	the	pterygopalatine	fossa,	pterygoid	muscles,	infratemporal	fossa,	and
skull	base.

Cancers	developing	 in	 the	medial	 suprastructure	of	 the	antrum	present	with	nasal	 symptoms	of	discharge	or
bleeding,	 mild	 infraorbital	 pain,	 an	 infected	 lacrimal	 sac,	 and	 displacement	 of	 the	 eye	 superolaterally	 with
proptosis,	diplopia,	and	conjunctival	edema.

Cancer	developing	in	the	lateral	suprastructure	produces	a	mass	below	the	lateral	canthus	with	associated	pain.
The	eye	may	be	deviated	medially	and	upward	when	orbital	 invasion	occurs,	producing	diplopia	and	proptosis.
The	tumor	may	extend	to	the	temporal	fossa,	producing	a	diffuse	fullness.

Ethmoid	Sinuses
Mild-to-moderate	sinus	pain	referred	to	the	frontal-nasal	area	is	an	early	symptom.	A	painless	mass	may	present
near	 the	 inner	 canthus.	 Diplopia	 and	 proptosis	 develop	 with	 invasion	 of	 the	 medial	 orbit.	 Nasal	 discharge,
epistaxis,	and	obstruction	are	frequent.	Paresthesia	may	occur	over	the	distribution	of	sensory	nerves.

STAGING
The	AJCC	staging	system	for	the	nasal	cavity	and	paranasal	sinuses	is	depicted	in	Table	45.20.	Nasal	vestibule
tumors	are	staged	according	to	the	AJCC	staging	system	for	skin	cancers.

TABLE	45.20
2017	American	Joint	Committee	on	Cancer	Staging	System	for	Nasal	Cavity	and	Paranasal
Sinus	Cancers

MAXILLARY	SINUS
TX Primary	tumor	cannot	be	assessed



T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ

T1 Tumor	limited	to	the	maxillary	sinus	mucosa	with	no	erosion	or	destruction	of	bone

T2 Tumor	causing	bone	erosion	or	destruction	including	extension	into	the	hard	palate	and/or	middle	nasal	meatus,	except
extension	to	posterior	wall	of	maxillary	sinus	and	pterygoid	plates

T3 Tumor	invades	any	of	the	following:	bone	of	the	posterior	wall	of	maxillary	sinus,	subcutaneous	tissues,	floor	or	medial	wall
of	orbit,	pterygoid	fossa,	ethmoid	sinuses

T4a Tumor	invades	anterior	orbital	contents,	skin	of	cheek,	pterygoid	plates,	infratemporal	fossa,	cribriform	plate,	sphenoid	or
frontal	sinuses

T4b Tumor	invades	any	of	the	following:	orbital	apex,	dura,	brain,	middle	cranial	fossa,	cranial	nerves	other	than	maxillary
division	of	trigeminal	nerve	(V2),	nasopharynx,	or	clivus

NASAL	CAVITY	AND	ETHMOID	SINUS
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ

T1 Tumor	restricted	to	any	one	subsite,	with	or	without	bony	invasion

T2 Tumor	invading	two	subsites	in	a	single	region	or	extending	to	involve	an	adjacent	region	within	the	nasoethmoid	complex,
with	or	without	bony	invasion

T3 Tumor	extends	to	invade	the	medial	wall	or	floor	of	the	orbit,	maxillary	sinus,	palate,	or	cribriform	plate

T4a Tumor	invades	any	of	the	following:	anterior	orbital	contents,	skin	of	nose	or	cheek,	minimal	extension	to	anterior	cranial
fossa,	pterygoid	plates,	sphenoid	or	frontal	sinuses

T4b Tumor	invades	any	of	the	following:	orbital	apex,	dura,	brain,	middle	cranial	fossa,	cranial	nerves	other	than	V2,
nasopharynx,	or	clivus

Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

TREATMENT
Nasal	Vestibule

Selection	of	Treatment	Modality
RT	is	usually	the	preferred	treatment	because	of	the	deformity	produced	by	excision.371	However,	salvage	surgery
often	 results	 in	 a	 defect	 that	 is	 not	 well	 reconstructed.	 A	 nasal	 prosthesis	 is	 often	 needed.	 Surgery	 alone	 is
preferred	 for	 the	 occasional	 very	 small	 lesion,	 the	 removal	 of	 which	 will	 not	 produce	 cosmetic	 deformity	 or
require	 reconstruction.	 A	 subset	 of	 patients	 best	 treated	 by	 surgery	 and	 adjuvant	 RT	 or	 CRT	 are	 those	 with
invasion	of	the	premaxilla.

Surgical	Treatment
Excision	of	lesions	in	the	nasal	vestibule	usually	involves	removal	of	cartilage	as	well	as	skin.	Depending	on	the
site	 of	 the	 lesion,	 the	 columella,	 the	 septum,	 or	 the	 alar	 cartilages	 will	 have	 to	 be	 removed,	 with	 a	 resulting
cosmetic	 deformity	 that	 is	 difficult	 to	 reconstruct.	 If	 the	 alar	 cartilage	 has	 been	 sacrificed,	 a	 three-layered
reconstruction	 consisting	 of	 nasal	 mucosa,	 ear	 cartilage,	 and	 a	 regional	 skin	 flap	 (nasolabial	 or	 paramedian
forehead)	 is	 needed.	 If	 the	 entire	 external	 nose	 is	 resected,	 free	 flap	 reconstruction	 or	 a	 nasal	 prosthesis	 are
needed.

Irradiation	Technique
EBRT,	brachytherapy,	or	a	combination	of	both	may	be	used.	EBRT	is	usually	administered	with	a	single	anterior
portal	 technique,	which	uses	a	combination	of	photons	and	electrons;	a	wax	bolus	ensures	a	homogenous	dose.
The	dose	ranges	from	66	to	70	Gy	at	2	Gy	per	fraction,	once	daily	in	a	continuous	course.

Interstitial	 brachytherapy	 of	 the	 nasal	 vestibule	 and	 nasal	 cavity	 is	 highly	 individualized	 and	 employs
afterloaded	 192Ir	 needles.	 The	 implant	 is	 usually	 composed	 of	 two,	 three,	 or	 four	 planes	 of	 sources	 inserted
perpendicularly	 through	the	skin	surface	of	 the	external	nose	with	crossing	needles	placed	in	 the	dorsum	of	 the
nose,	the	floor	of	the	nasal	cavity,	and	the	upper	lip.	The	dose	varies	depending	on	the	size	of	the	lesion.371
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Inverted	Papilloma
An	 inverted	 papilloma	 is	 treated	 initially	 by	 surgery.	 This	 typically	 consists	 of	 an	 endoscopic	 medial
maxillectomy	 or	 an	 endonasal	 endoscopic	 WLE.	 When	 the	 lesion	 begins	 to	 act	 aggressively	 with	 rapid
recurrences	 and	 invasion	 of	 the	 sinuses,	 orbit,	 and	 anterior	 cranial	 fossa,	 it	 should	 be	 considered	 a	 low-grade
cancer	and	treated	by	a	more	radical	removal.	RT	is	recommended	for	lesions	that	are	incompletely	resected,	for
multiple	recurrences,	and	for	those	in	whom	carcinoma	is	found.367

Nasal	Cavity

Selection	of	Treatment	Modality
Surgery	 is	 the	 preferred	 treatment	 if	 a	 gross	 total	 resection	 is	 likely;	 postoperative	 RT	 or	 CRT	 is	 usually
indicated.373	Definitive	RT	or	CRT	is	used	for	tumors	that	cannot	be	completely	resected.

Surgical	Treatment
Traditionally,	 sinonasal	 cancers	were	 approached	 through	 a	 lateral	 rhinotomy	 or	Weber-Furgussen	 incision.	 A
bifrontal	 craniotomy	 was	 used	 to	 resect	 lesions	 extending	 to	 or	 though	 the	 skull	 base.	 In	 the	 last	 20	 years,
endoscopic	endonasal	approaches	along	with	image	guidance	have	minimized	the	need	for	external	incisions	and
craniotomies.374	 These	 approaches	 have	 shown	 equivalent	 disease	 control	 with	 improved	 functional	 and	QOL
outcomes.375–379

Reconstruction	of	the	skull	base	can	often	be	achieved	with	a	pericranial	flap	or	nasoseptal	flap	and/or	free	flap
if	needed.380

Irradiation	Technique
The	 traditional	 EBRT	 technique	 emphasized	 an	 anterior	 portal	 with	 one	 or	 two	 lateral	 portals.	 Contiguous
structures	such	as	the	maxillary	sinus,	ethmoid	sinus,	medial	orbit,	nasopharynx,	skull	base,	and	sphenoid	sinus
are	generally	included	in	the	initial	treatment	volume	as	required.	The	treatment	volume	is	reduced	after	50	Gy	to
include	 the	 original	 gross	 disease	 with	 a	 margin.	 IMRT	 is	 usually	 employed	 and	 usually	 produces	 a	 more
conformal	dose	distribution.

Advanced	lesions	may	require	inclusion	of	an	entire	orbit	and	loss	of	vision	usually	occurs,	but	an	operation
would	require	visual	loss	in	any	case.	Treatment	planning	should	protect	the	opposite	eye	and	optic	nerve.

Combined	Treatment	Policies
If	a	combined	treatment	is	planned,	we	prefer	surgery	first.	RT	or	CRT	is	started	4	to	6	weeks	afterward.	The	dose
is	usually	60	 to	65	Gy	for	clear	margins;	patients	with	positive	margins	or	gross	 residual	 tumor	after	operation
receive	74.4	Gy	at	1.2	Gy	per	twice-daily	fraction.

Management	of	Recurrence
Once	 the	 patient	 has	 had	 surgery	 or	RT,	 it	 is	 difficult	 to	 determine	 the	 extent	 of	 recurrent	 disease	 because	 of
changes	from	the	previous	therapy.	The	most	common	situation	for	salvage	is	RT	or	surgical	failure	that	can	be
treated	 successfully	 by	 a	 craniofacial	 resection.	 Tumor	 extension	 to	 the	 sphenopalatine	 fossa	 with	 definite
destruction	of	a	pterygoid	plate	is	a	relative	contraindication	to	craniofacial	resection.	CN	involvement,	posterior
invasion	near	the	optic	chiasm,	and	sphenoid	sinus	or	cavernous	sinus	invasion	are	contraindications	to	resection.
An	MRI	can	distinguish	between	exudate	and	a	gross	 tumor	 in	a	sinus.	The	anterior	wall	of	 the	sphenoid	sinus
may	 be	 removed,	 but	 the	 sinus	 itself	 cannot	 be	 completely	 resected.	 Postoperative	 RT	 should	 be	 considered
whether	or	not	margins	are	positive.

Maxillary	Sinus

Selection	of	Treatment	Modality
Surgery	 gives	 the	 best	 oncologic	 and	 functional	 results.	 Early	 infrastructure	 lesions	may	 be	 cured	 by	 surgery
alone,	but,	for	most	other	cases,	RT	is	given	postoperatively	even	if	margins	are	clear.	CRT	should	be	considered
for	 a	 positive	 or	 close	 margin.	 The	 extension	 of	 cancer	 to	 the	 skull	 base,	 nasopharynx,	 or	 sphenoid	 sinus



contraindicates	 excision.	 The	 pterygoid	 process	 below	 the	 foramen	 rotundum	may	 be	 removed	 along	with	 the
attached	 pterygoid	 muscles,	 but	 destruction	 of	 the	 sphenoid	 bone	 above	 this	 point	 is	 a	 contraindication	 to
operation.	Procedures	to	resect	portions	of	the	skull	base	are	described	for	special	situations.

Surgical	Treatment
Surgery	 for	maxillary	 sinus	carcinoma	depends	on	which	walls	are	 involved.	 If	 the	 floor	of	 the	orbit	 is	 free	of
disease,	 then	 the	 eye	 and	 orbital	 rim	 may	 be	 left	 undisturbed.	 If,	 however,	 there	 is	 involvement	 through	 the
periorbita,	then	a	maxillectomy	with	resection	of	the	orbital	floor	with	or	without	an	orbital	exenteration	must	be
performed.	If	the	posterior	wall	or	the	pterygoid	plates	are	involved,	they	too	must	be	included	in	the	resection.
The	reconstructive	ladder	begins	with	a	skin	graft	to	line	the	nasal	cavity.	An	obturator/prosthesis	is	then	used	to
provide	nasal/oral	separation	and	dentition.	The	next	step	involves	a	soft	tissue–only	free	flap,	which	permanently
separates	 the	 nasal	 and	 oral	 cavities	 and	 may	 accept	 an	 obturator	 once	 healed.	 The	 most	 sophisticated
reconstruction	involves	a	bone-containing	free	flap	(fibula,	iliac	crest,	or	scapula)	into	which	dental	implants	can
be	installed.	This	provides	a	full	oral	reconstruction	and	rehabilitation.381,382

Irradiation	Technique
RT	treatment	planning	includes	the	entire	maxilla,	the	adjacent	nasal	cavity,	the	ethmoid	sinus,	the	nasopharynx,
and	the	pterygopalatine	fossa.	All	or	part	of	the	orbit	is	included	in	patients	with	extension	into	or	near	the	orbit.
Target	volume	definition	 is	 aided	by	 the	use	of	 treatment	planning	CT	combined	with	 image-fusion	MRI.	The
prescribed	dose	is	74.4	Gy	at	1.2	Gy	per	fraction	twice	daily	for	RT	alone.	The	dose	for	preoperative	RT	varies
from	50	to	60	Gy,	and	the	dose	for	postoperative	RT	varies	from	60	to	74.4	Gy.

Ethmoid	Sinus

Selection	of	Treatment	Modality
Surgery	is	preferred	if	a	gross	total	resection	is	likely.	Postoperative	RT	or	CRT	is	usually	indicated.	Unresectable
tumors	are	treated	with	CRT.

Surgical	Treatment
Most	 ethmoid	 cancers	 can	 be	 resected	 with	 the	 endoscopic	 endonasal	 approach	 technique	 as	 mentioned
previously.

Irradiation	Technique
IMRT	is	usually	employed	because	a	more	conformal	dose	distribution	can	typically	be	achieved	compared	with
traditional	three-field	techniques.

Management	of	Recurrence
Recurrent	disease	is	heralded	by	recurrent	pain	and	CN	palsies.	Localized	recurrence	after	surgery	only	may	be
managed	 by	 CRT	 or	 craniofacial	 resection	 and	 postoperative	 RT	 or	 CRT.	 RT	 failures	 may	 be	 suitable	 for
maxillectomy	or	craniofacial	resection.

Sphenoid	Sinus
The	treatment	is	with	RT,	and	the	technique	is	similar	to	that	used	for	advanced	NPC.

RESULTS	OF	TREATMENT
Nasal	Vestibule
Goepfert	 and	 coworkers383	 reviewed	 the	 MD	 Anderson	 Cancer	 Center	 experience	 of	 26	 patients	 with	 nasal
vestibule	SCCs.	The	absolute	5-year	survival	was	78%.	A	total	of	10	patients	were	treated	initially	by	surgery;	1
developed	a	local	recurrence	and	was	salvaged	by	RT.	In	total,	16	patients	were	treated	by	RT;	3	developed	local
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recurrence,	and	2	were	salvaged	by	an	operation.
Wallace	et	al.371	reviewed	71	patients	treated	by	RT	at	the	University	of	Florida	for	SCC	of	the	nasal	vestibule.

The	5-year	local	control	and	cause-specific	survival	rates	were	as	follows:	T1	to	T2	(n	=	43),	95%	and	95%;	for
T4	(n	=	28),	71%	and	no	data;	and	overall,	86%	and	91%,	respectively.371	A	total	of	8	additional	patients	with
unfavorable	T4	cancers	were	treated	with	resection	and	adjuvant	RT.	All	8	patients	treated	with	surgery	and	RT
were	locally	controlled;	3	of	8	experienced	severe	complications.

Nasal	Cavity	and	Ethmoid	Sinus

Inverted	Papilloma
Weissler	and	coworkers372	reported	233	cases	of	inverting	papilloma	seen	over	a	35-year	period.	A	total	of	134
patients	 had	 at	 least	 1	 year	 of	 follow-up.	 The	 risk	 of	 recurrence	 was	 71%	 in	 patients	 who	 had	 an	 intranasal
procedure	and	56%	for	those	having	a	Caldwell-Luc	approach.	Patients	having	a	lateral	rhinotomy	had	the	lowest
incidence	of	recurrence	(29%).

Weissler	and	coworkers372	also	reported	6	patients	who	received	RT	for	benign	inverting	papilloma	and	9	for
inverting	papilloma	associated	with	malignant	disease.	A	total	of	11	of	the	15	patients	had	a	complete	response	to
RT	and	were	free	of	disease	for	long	periods	of	follow-up.	Rutenberg	et	al.367	reported	13	patients	with	advanced
and/or	recurrent	inverting	papillomas	who	were	treated	with	definitive	or	adjuvant	RT	and	followed	for	a	median
of	16.2	years.	Of	the	13,	6	patients	had	concomitant	carcinoma	at	the	time	of	treatment.	The	5-year	outcomes	were
as	follows:	local	control,	45%;	cause-specific	survival,	82%;	and	overall	control,	62%.

Carcinoma
Mendenhall	et	al.373	reviewed	109	patients	treated	at	the	University	of	Florida	for	carcinomas	of	the	nasal	cavity
(69	patients),	 ethmoid	sinus	 (33	patients),	 sphenoid	sinus	 (6	patients),	 and	 frontal	 sinus	 (1	patient).	 In	 total,	56
patients	were	treated	with	definitive	RT,	45	with	surgery	and	postoperative	RT,	and	8	with	preoperative	RT	and
surgery.	The	5-year	local	control	rates	were	as	follows:	T1	to	T3,	82%;	T4,	50%;	and	overall,	63%.	Local	control
at	 5	 years	 was	 43%	 after	 definitive	 RT	 and	 84%	 after	 surgery	 and	 adjuvant	 RT	 (P	 <	 .0001).	 A	 multivariate
analysis	 revealed	 that	 both	 overall	 stage	 and	 treatment	 group	 (definitive	 RT	 versus	 surgery	 and	 adjuvant	 RT)
impacted	this	end	point.	Cause-specific	survival	rates	at	5	years	were	81%	for	stages	I	to	III,	54%	for	stage	IV,
and	62%	overall.	A	multivariate	analysis	of	cause-specific	survival	revealed	that	T	stage,	N	stage,	and	treatment
group	significantly	impacted	this	end	point.	Of	109	patients,	31	(20%)	sustained	severe	complications:	17	of	56
(16%)	patients	after	definitive	RT,	and	14	of	53	(25%)	patients	after	surgery	and	adjuvant	RT.

Some	rare	carcinomas	such	as	sinonasal	undifferentiated	carcinoma	have	very	poor	outcomes	no	matter	which
treatment	 approach	 is	 used	 with	 a	 12.7-month	 median	 disease-free	 survival.384	 Management	 varies	 by	 center.
Trimodality	therapy	is	a	common	strategy.

Esthesioneuroblastoma
Elkon	and	coworkers385	 reviewed	 the	 literature	on	esthesioneuroblastoma	and	compiled	 the	 results	of	78	cases.
They	 concluded	 that	 either	 RT	 or	 surgery	 was	 sufficient	 treatment	 for	 early-stage	 disease	 but	 that	 combined
treatment	 might	 be	 advantageous	 for	 late-stage	 presentations.	 The	 5-year	 absolute	 survival	 rate	 was	 75%	 for
lesions	confined	to	the	nasal	cavity,	60%	for	those	involving	the	nasal	cavity	and	paranasal	sinuses,	and	41%	for
tumors	extending	beyond	the	nasal	cavity	and	paranasal	sinuses.

Monroe	and	coworkers366	reported	on	22	patients	treated	with	curative	intent	at	the	University	of	Florida	and
observed	the	following	5-year	outcomes:	local	control,	59%;	cause-specific	survival,	54%;	and	survival,	48%.	The
5-year	cause-specific	survival	rate	was	lower	after	definitive	RT	(17%)	compared	with	craniofacial	resection	and
postoperative	RT	 (56%).	 Cervical	metastases	 occurred	 in	 6	 of	 22	 patients	 (27%).	 Recurrence	 in	 the	 neck	was
observed	in	4	of	9	patients,	who	were	initially	N0	and	who	did	not	receive	elective	neck	RT	compared	with	zero
of	11	patients	who	were	electively	treated	(P	=	.02).

Maxillary	Sinus
Waldron	and	coworkers386	reported	on	110	patients	treated	with	curative	intent	at	the	Princess	Margaret	Hospital
with	definitive	RT	(83	patients)	or	surgery	and	adjuvant	RT	(27	patients).	The	5-year	rates	of	 local	control	and
cause-specific	survival	were	42%	and	43%,	respectively.	A	total	of	63	patients	developed	a	local	recurrence,	and



25	of	63	underwent	salvage	surgery	with	a	subsequent	5-year	cause-specific	survival	of	31%.

COMPLICATIONS	OF	TREATMENT
Surgery
Complications	of	a	maxillectomy	 include	 infection,	poor	wound	healing,	midface	numbness/weakness,	 trismus,
CSF	 leak,	 epiphora,	 and	hemorrhage.	Complications	 of	 ethmoid	 sinus	 surgery	 include	hemorrhage,	meningitis,
CSF	 leak,	 cellulitis	 and	 pansinusitis,	 brain	 abscess,	 and	 stroke.	Complications	 of	 craniofacial	 resection	 include
meningitis,	subdural	abscess,	CSF	leak,	diplopia,	and	hemorrhage.

Radiation	Therapy
The	most	 frequent	 and	 significant	 complications	 of	 RT	 involve	 the	 eye.373,387,388	When	 only	 a	 portion	 of	 the
ipsilateral	 eye	 is	 irradiated	 (the	medial	 one-third),	 it	 is	 possible	 to	 preserve	 vision	 in	 the	majority	 of	 patients.
When	there	is	extensive	disease	in	the	orbit,	the	entire	eye	is	irradiated	to	a	high	dose	with	almost	certain	loss	of
vision;	however,	these	same	patients	would	require	orbital	exenteration	if	treated	by	surgery.	The	risk	for	bilateral
blindness	can	be	reduced	by	the	use	of	CT	and	MRI	scans	for	improved	treatment	planning	and	knowledge	of	the
tolerance	of	the	optic	nerve.

A	 few	 patients	 will	 experience	 a	 transient	 CNS	 syndrome	 that	 includes	 vertigo,	 headaches,	 decreased
cerebration,	and	lethargy.	This	syndrome	usually	appears	2	to	3	months	after	the	completion	of	treatment	and	lasts
1	to	2	months.	Aseptic	meningitis,	chronic	sinusitis,	or	serous	otitis	media	can	occur.	High-dose	RT	of	the	nasal
cavity	can	cause	narrowing	and	synechiae	of	 the	nasal	cavity.	Douching	with	salt	water	and	daily	self-dilations
with	petrolatum-coated	cotton	swabs	will	reduce	the	problem.	Septal	perforations	occur	when	tumor	has	destroyed
part	of	the	septum;	these	do	not	usually	require	treatment.	Destruction	of	the	nasal	bone	and	septum	by	the	tumor
may	result	in	cosmetic	deformity.	Maxillary	necrosis	may	develop,	particularly	if	teeth	are	extracted.

PARAGANGLIOMAS

Paragangliomas	are	an	uncommon	group	of	neoplasms	that	may	originate	anywhere	glomus	bodies	are	found.	The
lesions	 are	 rare	 before	 the	 age	 of	 20	 years;	 they	may	 occur	 in	 multiple	 sites	 in	 about	 10%	 to	 20%	 of	 cases,
especially	in	patients	with	familial	history.

ANATOMY
The	normal	glomus	bodies	in	the	head	and	neck	vary	from	0.1	to	0.5	mm	in	diameter.	Tumors	arising	in	glomus
bodies	(i.e.,	paragangliomas)	arise	most	often	from	the	carotid	and	temporal	bone	glomus	bodies.	At	least	one-half
of	the	glomus	bodies	are	found	in	the	general	region	of	the	jugular	fossa;	the	remaining	are	distributed	along	the
course	of	the	nerve	of	Jacobson	(a	branch	of	CN	X).	The	carotid	bodies	are	located	adjacent	to	the	bifurcation	of
the	common	carotid.	Vagal	bodies	are	adjacent	to	the	ganglion	nodosum	of	the	vagus	nerve.

PATHOLOGY
Paragangliomas	are	histologically	benign	tumors	resembling	the	parent	tissue	and	consist	of	nests	of	epithelioid
cells	within	stroma-containing,	thin-walled	blood	vessels	and	nonmyelinated	nerve	fibers.	Although	the	tumor	is
well	 circumscribed,	 a	 true	 capsule	 is	 not	 seen.	 The	 criterion	 of	 malignancy	 is	 based	 on	 the	 development	 of
metastases	rather	than	the	histologic	appearance.

PATTERNS	OF	SPREAD
These	lesions	usually	grow	slowly;	it	is	usual	to	have	a	history	of	symptoms	for	a	few	years	and,	occasionally,	for
20	years	or	longer.
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Lymphatic	metastases	occur	in	about	5%	of	carotid	body	tumors	but	are	very	rare	for	temporal	bone	tumors.
An	upper	 neck	mass	may	be	 an	 inferior	 extension	of	 a	 jugular	 fossa	or	 vagal	 tumor	 rather	 than	 a	 lymph	node
metastasis.

Distant	metastases	have	rarely	been	reported	for	temporal	bone	tumors;	carotid	body	tumors	have	a	low	risk	for
distant	metastases,	usually	to	lung	and	bone,	probably	in	the	range	of	5%	or	less.

STAGING
There	is	no	one	accepted	staging	system	for	paragangliomas.

TREATMENT
Selection	of	Treatment	Modality

Temporal	Bone	Tumors
Excision	 is	 satisfactory	 for	 small	 lesions	 that	 can	 be	 removed	without	 a	 risk	 of	 operative	 death	 or	 damage	 to
normal	structures.	Stereotactic	radiosurgery	is	an	option	for	early	lesions.

Early	 lesions	 of	 the	 tympanic	 cavity	 are	 managed	 successfully	 by	 excision	 without	 a	 loss	 of	 hearing	 or
vestibular	 function.	 The	 remainder	 of	 the	 lesions	 are	managed	 best	 by	 IMRT	 to	 45	Gy	 in	 25	 fractions	 over	 5
weeks,	with	a	very	high	success	rate	and	minimal	morbidity	with	current	techniques.	Partial	removal	of	the	tumor
prior	 to	 RT	 does	 not	 improve	 the	 results	 and	 only	 increases	 the	 overall	 morbidity.	 Local	 control	 after	 RT	 is
defined	as	stable	disease	or	partial	regression	with	no	evidence	of	growth.

Carotid	Body	Tumors
Small	lesions	(1	to	5	cm)	may	be	successfully	removed	with	little	risk	to	the	patient.	However,	if	resection	of	the
carotid	vessels	is	anticipated	or	if	a	large	lesion	is	fixed	or	unresectable	because	of	size,	RT	is	the	preferred	initial
treatment.

Management	of	Recurrence
Patients	 have	 follow-up	 with	 annual	 CT	 or	 MRI	 scans.	 Recurrence	 after	 surgery	 usually	 is	 treated	 by	 RT.
Recurrence	 after	 RT	 should	 be	 treated	 by	 operation	 if	 feasible;	 if	 surgery	 is	 not	 possible,	 re-RT	 may	 be
considered.

RESULTS	OF	TREATMENT
Woods	and	coworkers389	observed	a	local	control	rate	of	89%	in	71	patients	with	temporal	bone	paragangliomas
who	were	treated	surgically	and	followed	from	1	to	22	years.	Green	and	coworkers390	reported	a	local	control	rate
of	89%	after	surgery	for	18	patients	who	had	a	mean	follow-up	of	8	years.

Gilbo	et	al.31	reported	on	131	patients	with	156	paragangliomas	who	were	treated	with	RT	and	followed	for	a
median	 of	 8.7	 years.	The	 10-year	 actuarial	 local	 control	 and	 cause-specific	 survival	 rates	were	 96%	 and	 97%,
respectively.

COMPLICATIONS	OF	TREATMENT
Surgery
The	major	risks	during	operation	are	hemorrhage	and	injury	to	the	CNs.	Other	complications	include	hemiparesis,
spinal	fluid	leak,	and	hearing	loss.

Irradiation



Complications	include	cholesteatoma	and	sequestrum	of	the	mastoid	and	otitis	media.	Detectable	damage	to	the
hearing	mechanism	and	vestibular	apparatus	is	unlikely	after	45	Gy	in	25	fractions.391

MAJOR	SALIVARY	GLANDS

Tumors	of	the	major	salivary	glands	account	for	3%	to	4%	of	all	head	and	neck	neoplasms.	The	average	age	of
patients	is	55	years	for	malignant	neoplasms	and	about	40	years	for	benign	tumors.	Approximately	25%	of	parotid
tumors	and	50%	of	submandibular	tumors	are	malignant.

ANATOMY
The	parotid	gland	is	formed	by	the	muscles,	bones,	vessels,	and	nerves	that	come	in	contact	with	the	gland.	The
bulk	 of	 the	 parotid	 gland	 is	 superficial,	 extending	 superiorly	 to	 the	 zygomatic	 arch	 and	 anterior	 aspect	 of	 the
external	auditory	canal.	The	anterior	border	extends	to	the	opening	of	the	parotid	duct	into	the	oral	cavity	opposite
the	second	molar.	Inferiorly,	the	gland	extends	between	the	mastoid	and	the	angle	of	the	mandible.	The	gland	lies
in	front	of	and	below	the	external	auditory	canal.	A	deep	lobe	extends	into	the	parapharyngeal	area,	where	it	is	in
relationship	to	the	lateral	process	of	C1,	the	styloid	process,	and	the	parapharyngeal	space.

The	parotid	gland	is	encompassed	by	fascia	that	is	sufficient	to	contain	most	parotid	infections	in	addition	to
benign	tumors	and	low-grade	malignancies.	However,	the	fascia	between	the	parotid	gland	and	the	conchal	and
tragal	cartilages	is	thin	and	quickly	penetrated	by	tumor.	The	cartilage	of	the	external	auditory	canal	has	fissures
of	Santorini	and	a	 foramen	of	Huschke	 through	which	 tumors	may	extend.	The	 fascia	separating	 the	deep	 lobe
from	the	parapharyngeal	space	(stylomandibular	fascial	membrane)	may	be	sufficiently	thin	to	allow	the	tumor	or
infection	to	access	the	parapharyngeal	space	and	pharynx.

The	sensory	nerve	supply	to	the	parotid	area	and	part	of	the	pinna	is	from	the	greater	auricular	nerve	(C2,	C3)
and	the	auriculotemporal	nerve	(V3).	The	facial	nerve	(VII)	penetrates	the	parotid	gland	almost	immediately	upon
leaving	the	stylomastoid	canal	and	forms	an	extensive	anatomic	network	within	the	gland	and	gives	off	branches
to	the	muscles	of	facial	expression.

The	parotid	gland	is	richly	supplied	from	several	arteries	that	freely	anastomose.	The	external	carotid,	internal
maxillary,	and	superficial	temporal	arteries	as	well	as	the	retromandibular	vein	lie	deep	to	CN	VII.

The	superficial	preauricular	nodes	 lie	outside	 the	fascia	of	 the	parotid	gland	and	 immediately	 in	 front	of	 the
tragus	and	drain	the	skin	of	the	anterior	ear,	temple,	and	upper	face,	including	the	eye	and	nose.	They	are	involved
most	frequently	by	metastatic	skin	cancer	and	lymphoma	but	not	usually	by	parotid	neoplasms.	The	preauricular
nodes	 empty	 into	 the	 external	 jugular	 chain	 nodes,	 or	 they	may	 communicate	 with	 the	 internal	 jugular	 chain
nodes.

There	are	two	nodal	groups	within	the	parotid	fascia.	Within	the	substance	of	the	parotid	gland	are	numerous
lymph	 follicles	 and	 4	 to	 10	 small	 lymph	 nodes	 scattered	 along	 the	 posterior	 facial	 and	 external	 jugular	 veins.
Thus,	they	may	lie	deep	to	CN	VII.	Outside	the	gland	but	within	the	fascia	are	subparotid	nodes	that	lie	in	front	of
the	 tragus	and	between	 the	 inferior	aspect	of	 the	parotid	 tail	and	 the	anterior	border	of	 the	sternocleidomastoid
muscle.

PATHOLOGY
Benign	Tumors

Benign	Mixed	Tumors
Also	called	pleomorphic	adenoma,	these	slow-growing	neoplasms	are	surrounded	by	an	imperfect	pseudocapsule
traversed	by	fingers	of	tumor.	The	age	of	appearance	begins	in	the	early	20s	with	a	mean	age	of	40	years.

Papillary	Cystadenoma	Lymphomatosum	(Warthin	Tumor)
It	is	encased	by	a	thin,	complete	capsule	and	occurs	predominantly	in	older	men	who	are	smokers.	It	is	bilateral	in
approximately	10%	of	cases	and	may	be	multifocal	on	one	side.
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Benign	Lymphoepithelial	Lesions
Benign	lymphoepithelial	lesions	account	for	about	5%	of	benign	lesions.	The	tumor	may	be	bilateral	and	is	more
common	in	women.	It	is	more	common	in	HIV-positive	patients.

Oncocytoma
Oncocytoma	is	a	benign,	slow-growing	tumor	found	mostly	in	the	older	age	group.	The	encapsulated	tumor	has	a
dark	appearance	and	behave	similarly	to	a	Warthin	tumor.

Basal	Cell	Adenoma
The	basal	cell	adenoma	is	an	uncommon	benign	lesion,	usually	appearing	in	older	people.	It	is	cured	by	a	simple
excision.	Basal	cell	 adenoma	must	be	distinguished	 from	basal	cell	 carcinoma	of	 the	 skin	metastatic	 to	parotid
lymph	nodes.

Malignant	Tumors

Low-Grade	Malignancy
Acinic	Cell	Carcinoma.	Acinic	cell	carcinomas	typically	are	indolent	low-grade	neoplasms	appearing	in	all	age
groups	and	are	most	common	in	women.	Metastases	occur	in	a	small	percentage	of	cases	and	cannot	be	predicted
by	the	histologic	picture.

Mucoepidermoid	Carcinoma,	Low	and	Intermediate	Grade.	Most	mucoepidermoid	carcinomas	are	indolent
lesions	readily	cured	by	adequate	excision.	They	may	appear	in	any	age	group	and	grow	slowly;	there	is	little	or
no	capsule.	They	are	usually	well	circumscribed,	but	they	may	widely	infiltrate	the	normal	gland	or	become	fixed
to	skin.	Low-	and	intermediate-grade	lesions	have	similar	recurrence	and	survival	rates.392

High-Grade	Malignancy
Mucoepidermoid	 Carcinoma,	 High	 Grade.	 High-grade	 mucoepidermoid	 carcinomas	 behave	 aggressively,
widely	infiltrating	the	salivary	gland	and	producing	lymph	node	and	distant	metastases.	They	may	be	difficult	to
distinguish	from	SCCs.

Adenocarcinoma,	Poorly	Differentiated	Carcinoma,	Anaplastic	Carcinoma,	and	SCC.	 These	 histologies
tend	to	appear	late	in	life	and	behave	aggressively.	Almost	all	of	the	so-called	SCCs	of	the	parotid	are	metastatic
from	skin	cancer,	especially	from	the	temple	area.393

Malignant	Mixed	Tumor.	A	 small	 percentage	 of	 benign	mixed	 tumors	may	 develop	 into	 a	 frank	malignancy
(carcinoma	ex	pleomorphic	adenoma).

Adenoid	 Cystic	 Carcinoma.	 This	 is	 uncommon	 in	 the	 major	 salivary	 glands.	 Its	 growth	 rate	 is	 variable.
Metastases	 to	 regional	 lymph	 nodes	 and	 distant	 sites	 occur,	 PNI	 is	 characteristic,	 and	 recurrences	may	 appear
many	years	after	initial	treatment.

Lymphoepithelioma	 (Malignant	Lymphoepithelial	Lesion,	 “Eskimoma”).	 Lymphoepithelioma	 occurs	 rarely
in	the	parotid	and	submandibular	gland.	The	histologic	picture	is	that	of	lymphoepithelioma	with	varying	degrees
of	nonmalignant	lymphoid	stroma.

PATTERNS	OF	SPREAD
Benign	Mixed	Tumors
Benign	mixed	 tumors	 of	 the	 parotid	 gland	 grow	by	 expansion	 and	 local	 infiltration.	Most	 tumors	 begin	 in	 the
superficial	 lobe.	 Because	 of	 their	 slow	 growth,	 they	 rarely	 cause	 CN	 VII	 palsy.	When	 incompletely	 excised,
multiple	tumor	nodules	develop	within	the	tumor	bed.	Skin	invasion	may	occur	in	recurrent	lesions;	bone	invasion



does	not	occur.

Malignant	Tumors
Malignant	neoplasms	infiltrate	the	parotid	gland,	invade	CN	VII	and	the	auriculotemporal	nerve,	and	spread	along
nerve	 sheaths.	 The	 tumor	 may	 invade	 the	 adjacent	 skin,	 muscles,	 and	 bone.	 Deep	 lobe	 lesions	 invade	 the
parapharyngeal	space,	the	infratemporal	fossa,	and	the	skull	base	and	compromise	additional	CNs.

Malignant	 tumors	of	 the	submandibular	gland	 invade	 the	gland,	 fix	 the	 tumor	 to	 the	adjacent	mandible,	and
invade	the	mylohyoid	muscle	and	hypoglossal	nerve.

Sublingual	 gland	neoplasms	usually	 present	 as	 a	 submucosal	mass	 in	 the	 floor	 of	 the	mouth.	The	 advanced
lesions	 show	 an	 ulcerated	mass	 in	 the	 floor	 of	 the	mouth	with	 extension	 to	 the	 tongue,	 the	mandible,	 and	 the
submental	soft	tissues.

Lymphatic	Spread
Lymph	node	metastases	may	occur	from	all	of	the	malignant	neoplasms.	Approximately	20%	to	25%	of	patients
with	malignant	tumors	will	have	clinically	positive	or	occult	metastases	in	lymph	nodes	at	the	time	of	diagnosis.
Low-grade	mucoepidermoid	carcinoma	and	acinic	cell	adenocarcinoma	have	a	low	rate	of	lymph	node	metastasis,
as	do	adenoid	cystic	cancers.	The	risk	for	lymph	node	metastasis	increases	with	recurrent	disease	and	an	increased
size	of	the	primary	lesion.

CLINICAL	PICTURE
Parotid	Gland
Most	 patients	 with	 either	 benign	 or	 malignant	 parotid	 tumors	 present	 with	 a	 mass.	 Mild,	 intermittent	 pain	 is
occasionally	 present	 but	 does	 not	 distinguish	 between	 benign	 and	 malignant	 tumors.	 Facial	 nerve	 palsy	 is	 an
infrequent	presenting	complaint	and	indicates	malignancy.	Deep	lobe	tumors	may	produce	dysphagia.	Fixation	or
reduced	mobility	may	occur	 in	both	benign	and	malignant	neoplasms.	Tumors	presenting	 in	 the	deep	 lobe	may
cause	 bulging	 of	 the	 palate	 and	 tonsil.	 Advanced	malignant	 lesions	may	 rarely	 affect	 CNs	 IX	 to	 XII	 and	 the
sympathetic	chain	if	the	parapharyngeal	space	is	invaded.	CN	V3	may	be	involved	when	tumor	tracks	along	the
auriculotemporal	nerve	to	the	skull	base;	pain	is	an	associated	finding.

Submandibular	Gland
Both	benign	and	malignant	neoplasms	present	as	a	mass	usually	associated	with	mild	pain.	Nerve	palsy	is	rarely
present.	The	skin	may	be	infiltrated	in	advanced	lesions.	The	tumor	mass	usually	is	partially	fixed	to	the	mandible
unless	quite	small.	Loss	of	mobility	occurs	with	both	benign	and	malignant	lesions.

Sublingual	Gland
Sublingual	 gland	 lesions	 are	 clinically	 similar	 to	 floor-of-mouth	 SCCs.	 They	 produce	 a	 mass,	 which	 is
submucosal	at	first,	that	may	be	felt	by	the	tongue.	There	is	mild	discomfort,	if	any,	in	the	early	stages.

DIFFERENTIAL	DIAGNOSIS
Parotid	Gland
Gallia	and	Johnson394	reviewed	140	patients	who	eventually	underwent	a	parotidectomy	for	diagnosis.	Only	11%
had	malignant	masses;	the	remainder	had	benign	neoplasms	(62%)	or	nonneoplastic	conditions	(27%).	Conditions
that	 may	 be	 confused	 with	 a	 parotid	 tumor	 include	 (1)	 metastatic	 cancer,	 lymphoma,	 or	 leukemia	 involving
parotid-area	 lymph	nodes;	 (2)	 fatty	replacement,	 tail	of	parotid;	 (3)	chronic	parotitis;	 (4)	a	Boeck	sarcoid;	 (5)	a
stone	in	the	duct;	(6)	cysts	(branchial	cleft,	dermoid);	(7)	hypertrophy	associated	with	diabetes	or	alcoholism;	(8)
hypertrophy	 of	 masseter	 muscle;	 (9)	 mandibular	 neoplasms;	 (10)	 prominent	 transverse	 process	 of	 C1;	 (11)
penetrating	foreign	bodies;	(12)	hemangiomas/lymphangioma;	and	(13)	a	lipoma.
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Submandibular	Gland
The	differential	 diagnosis	 of	 a	 submandibular	mass	 includes	 inflammatory	disease,	SCC	metastatic	 to	 a	 lymph
node,	and	a	primary	neoplasm	of	the	submandibular	gland.

Gallia	and	Johnson394	 reviewed	110	 submandibular	 lesions	 in	patients	who	underwent	biopsy.	A	 total	of	93
lesions	(85%)	were	nonneoplastic,	usually	inflamed	glands,	and	9	lesions	(8%)	were	benign	tumors.	Eight	patients
(7%)	had	malignant	lesions,	of	which	3	lesions	were	lymphoma,	3	were	metastatic	carcinoma,	and	2	were	primary
submandibular	gland	carcinoma.

Biopsy	Technique

Parotid	Gland
An	FNA	biopsy	is	useful	to	determine	the	extent	of	treatment	needed.	A	negative	FNA	does	not	necessarily	mean
that	 there	 is	no	 tumor;	 therefore,	surgical	decisions	often	rely	heavily	on	clinical	and	radiographic	findings.	An
FNA	can	also	be	used	in	the	inoperable	or	recurrent	lesions	when	RT	is	the	initial	treatment.

Benign	 lesions	may	 be	 treated	with	 extracapsular	 dissection	 or	 a	 superficial	 parotidectomy.	 In	 experienced
hands,	 extracapsular	 dissection	 has	 low	 recurrence	 rates	 and	 morbidity	 and	 requires	 less	 operating	 time,	 thus
saving	health-care	costs.395	Cancers	or	large	lesions	require	superficial	or	total	parotidecromt.

Submandibular	Gland
Much	 like	 parotid	 lesions,	 an	 FNA	 biopsy	 is	 useful	 for	 surgical	 planning.	 Surgery	 involves	 removing	 the
submandibular	 gland	 and	 possibly	 the	 remaining	 contents	 of	 level	 IB	 (with	 or	 without	 comprehensive	 neck
dissection)	if	malignancy	is	suspected.

STAGING
The	AJCC	staging	system	is	depicted	in	Table	45.21.

TREATMENT
Selection	of	Treatment	Modality

Parotid	Gland
The	 initial	 management	 of	 resectable	 masses	 is	 an	 en	 bloc	 superficial	 lobectomy.	 The	 tumor	 usually	 can	 be
dissected	free	of	the	facial	nerve.	If	the	tumor	involves	the	deep	portion	of	the	gland,	the	nerve	is	retracted	and	the
deep	portion	excised	(i.e.,	total	parotidectomy).	Skin,	bone,	and	muscle	may	also	be	resected	as	needed.

Low-grade	malignant	neoplasms	are	usually	managed	by	operation	only.	RT	is	given	postoperatively	for	nearly
all	high-grade	 lesions.	RT	is	advised	for	 low-grade	malignant	 lesions	 that	are	 recurrent	and	 those	with	close	or
positive	margins	on	the	facial	nerve.	Postoperative	RT	is	advised	for	selected	benign	mixed	tumors	when	there	is
microscopic	 residual	 disease	 after	 operation,	 and	 for	 nearly	 all	 patients	 after	 surgery	 for	 recurrent	 disease.	RT
alone	 is	 unlikely	 to	 control	 gross	 disease,	 and	 if	 possible,	 resection	 of	 any	 gross	 residual	 benign	mixed	 tumor
should	be	performed	prior	to	RT.	Inoperable	malignancies	are	treated	by	definitive	RT	or	CRT	as	an	extrapolation
of	other	data.

TABLE	45.21
American	Joint	Committee	on	Cancer	Staging	for	Major	Salivary	Gland	Primary	Tumors	(T)

T	Category T	Criteria
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ



T1 Tumor	2	cm	or	smaller	in	greatest	dimension	without	extraparenchymal	extension*

T2 Tumor	larger	than	2	cm	but	not	larger	than	4	cm	in	greatest	dimension	without	extraparenchymal	extension*

T3 Tumor	larger	than	4	cm	and/or	having	extraparenchymal	extension*

T4 Moderately	advanced	or	very	advanced	disease

T4a Moderately	advanced	disease
Tumor	invades	skin,	mandible,	ear	canal,	and/or	facial	nerve

T4b Very	advanced	disease
Tumor	invades	skull	base	and/or	pterygoid	plates	and/or	encases	carotid	artery

*Extraparenchymal	extension	is	clinical	or	macroscopic	evidence	of	 invasion	of	soft	tissues.	Microscopic	evidence	alone	does	not
constitute	extraparenchymal	extension	for	classification	purposes.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Submandibular	Gland
Benign	lesions	require	only	a	submandibular	gland	excision.	Malignant	lesions	will	need	a	WLE,	submandibular
gland	 excision	 en	 bloc	with	 level	 IB,	 and	 a	 neck	 dissection	 (if	 the	 lesion	 is	 high	 grade).	 If	 there	 is	 PNI,	 bone
invasion,	clinically	positive	node,	or	extension	to	contiguous	soft	tissues,	resection	is	enlarged	to	encompass	the
necessary	areas.	Postoperative	RT	is	added	in	nearly	all	cases;	CRT	is	considered	in	selected	patients	with	poor-
risk	features.

Surgical	Treatment

Superficial	Parotidectomy
The	incision	is	made	in	the	preauricular	crease	and	then	curves	under	the	earlobe	posteriorly	and	extends	into	the
neck.	 The	 facial	 nerve	 is	 identified,	 and	 the	 dissection	 is	 carried	 out	 between	 the	 mass	 and	 the	 facial	 nerve.
Ideally,	a	1-cm	circumferential	cuff	of	“normal”	parotid	tissue	should	be	resected	along	with	the	tumor.	However,
close	margins	of	<1	mm	are	frequently	encountered	because	most	parotid	gland	tumors	lay	close	to	branches	of
the	facial	nerve.	In	such	cases,	completely	encapsulated	tumors	can	frequently	be	resected	with	confidence.	On	the
other	hand,	 facial	nerve	 sacrifice	must	be	considered	 if	 the	nerve	branch	courses	directly	 through	 the	 tumor	or
when	there	is	gross	ECE	into	the	parotid	gland.	The	adequacy	of	resection	is	determined	by	frozen	sections.

Total	Parotidectomy
A	superficial	parotidectomy	is	performed,	the	nerve	is	dissected	free	from	the	underlying	deep	lobe,	and	the	deep
lobe	and	 tumor	are	removed.	Occasionally,	 the	mandible	must	be	divided	 to	gain	access	 to	 the	retromandibular
portion	of	the	deep	lobe.	A	partial	mandibulectomy	is	required	when	the	mandible	is	invaded	by	tumor.

The	 intraparotid	 nodes	 are	 removed	with	 the	 primary	 lesion.	 If	 the	 nodes	 are	 positive,	 a	 neck	 dissection	 is
added.	Neck	dissection	is	always	included	for	clinically	positive	nodes.	END	is	not	done	for	low-grade	lesions.

A	radical	parotidectomy	implies	removal	of	the	entire	parotid;	the	facial	nerve;	and	other	involved	tissues	such
as	skin,	bone,	or	muscle.	Part	or	all	of	CN	VII	must	be	sacrificed,	and	an	immediate	autologous	nerve	graft	may
be	 done.	 If	 a	 frozen	 section	 examination	 of	 the	 facial	 nerve	 is	 positive	 at	 the	 stylomastoid	 foramen,	 a
mastoidectomy	may	 be	 required	 to	 complete	 the	 resection.	 Postoperative	 RT	 is	 delayed	 for	 6	 weeks,	 and	 the
chance	of	successful	function	is	reported	to	be	good.396

Radiation	Therapy
The	minimum	treatment	volume	for	parotid	lesions	includes	the	parotid	bed	and	upper	neck	nodes.	PNI	indicates
enlargement	 of	 the	 portals	 to	 cover	 the	 nerve	 pathways.	 The	 entire	 ipsilateral	 neck	 is	 included	 for	 high-grade
lesions	or	for	clinically	positive	nodes	in	the	neck	dissection	specimen.	The	tumor	dose	to	the	primary	area	is	60
to	65	Gy	over	6	to	7	weeks	if	there	is	no	gross	residual	disease.	Higher	doses	employing	altered	fractionation	are
used	for	patients	with	microscopically	positive	margins	or	gross	disease.

Submandibular	space	IMRT	portals	are	tailored	to	the	extent	of	disease	found	in	the	surgical	dissection.	The
entire	ipsilateral	neck	is	included.	The	postoperative	dose	is	65	to	70	Gy	because	the	rate	of	recurrence,	even	with
combined	 treatment,	 is	 substantial.	Neutron	 therapy	has	 been	used	 in	 the	management	 of	 unresectable	 salivary
gland	cancers.397
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Chemotherapy	for	Salivary	Gland	Cancers
Historically,	chemotherapy	has	been	primarily	used	for	patients	with	incurable	disease	or	on	prospective	clinical
trials.	The	safety	and	dosing	of	concurrent	chemotherapy	and	RT	has	been	established	for	this	body	region	from
the	experience	in	patients	with	upper	aerodigestive	tract	SCCs,	and	as	such,	this	approach	is	sometimes	applied	to
patients	 with	 unresectable	 disease	 or	 in	 the	 poor-risk	 adjuvant	 setting.	 Available	 efficacy	 data	 for	 such	 an
approach	in	this	setting	are	limited.398,399

RESULTS	OF	TREATMENT
Parotid	Gland

Benign	Mixed	Tumors
Extracapsular	dissection	has	a	recurrence	rate	of	approximately	2%.400	A	superficial	parotidectomy	will	result	in	a
recurrence	 rate	 of	 approximately	 5%	 to	 10%,	most	 which	 will	 occur	 7	 to	 25	 years	 after	 treatment.401,402	 The
surgical	success	rate	for	recurrent	lesions	depends	on	the	number	of	previous	operations	and	the	size	and	extent	of
recurrence.	 It	may	be	necessary	 to	 sacrifice	one	or	 several	branches	of	CN	VII	 and	 to	 repair	 the	defect	with	 a
nerve	 graft.	 Postoperative	 RT	 of	 66	 to	 70	Gy	 is	 added	 in	 selected	 cases	 in	 which	 there	 are	 close	margins	 or
microscopic	residual	disease	or	in	cases	in	which	a	subsequent	recurrence	would	be	almost	impossible	to	manage
surgically	or	would	result	in	loss	of	the	facial	nerve.403	Death	because	of	benign	mixed	tumors	is	unlikely.

Malignant	Tumors
The	likelihood	of	cure	after	surgery	alone	for	low-/intermediate-	grade	tumors	is	high,	and	adjuvant	RT	is	usually
unnecessary.	 The	 local	 recurrence	 rate	 for	 operation	 alone	 is	 approximately	 50%	 to	 60%	 for	 high-grade
tumors.404,405

Garden	 and	 coworkers406	 reported	 166	 patients	 treated	 with	 surgery	 and	 postoperative	 RT	 for	 parotid
malignancies	at	the	MD	Anderson	Cancer	Center	between	1965	and	1989.	A	total	of	40	patients	(24%)	developed
a	recurrent	disease	that	was	local	in	9%	and	regional	in	6%.	The	histologic	type	did	not	significantly	influence	the
likelihood	 of	 local	 control	 (P	 =	 .36).	 A	 total	 of	 25	 patients	 (15%)	 developed	 distant	 metastases	 with	 disease
control	above	the	clavicles.	The	10-	and	15-year	survival	rates	were	60%	and	52%,	respectively.	Thus,	PORT	is
recommended	for	all	high-grade	lesions.

Submandibular	Gland
Byers	and	coworkers407	reported	the	results	of	treatment	for	22	malignant	tumors	of	the	submandibular	gland	with
no	prior	 therapy.	Treatment	was	resection	followed	selectively	by	postoperative	RT.	The	 local	control	 rate	was
64%,	and	the	survival	rate	was	50%.

Spiro402	reported	the	results	of	surgery	for	129	malignant	submandibular	gland	carcinomas	seen	between	1939
and	 1973.	All	 patients	 had	 a	minimum	 of	 10	 years	 of	 follow-up.	Adenoid	 cystic	 carcinoma	 occurred	 in	 35%,
mucoepidermoid	carcinoma	in	29%,	and	malignant	mixed	tumor	in	19%.	Cervical	lymph	nodes	were	malignant	in
28%.	The	local–regional	control	rate	was	40%,	and	the	cause-specific	cure	rate	was	31%	at	5	years	and	22%	at	10
years.

Benign	 tumors	 of	 the	 submandibular	 gland	 were	 resected	 in	 106	 patients,	 and	 only	 2	 developed	 a	 local
recurrence.402

Chemotherapy	Results
The	 heterogeneity	 and	 relative	 rarity	 of	 malignant	 salivary	 gland	 tumors	 have	 complicated	 the	 evaluation	 of
systemic	therapies.	Prospective	clinical	 trials	are	 infrequent;	different	histologies	are	often	combined,	as	are	 the
results	for	major	and	minor	salivary	gland	tumors.	Over	the	last	two	decades,	<500	patients	with	adenoid	cystic
cancer	have	been	the	subject	of	studies	evaluating	drug	therapy.408,409	Drugs	like	doxorubicin	and	5-fluorouracil
with	reported	activity	have	this	claim	largely	based	on	retrospective	case	series,	and	not	prospective	clinical	trials.

Cisplatin,	paclitaxel,	vinorelbine,	epirubicin,	and	mitoxantrone	have	major	response	rates	in	the	10%	to	20%
range	in	prospective	studies	in	the	recurrent	or	metastatic	disease	setting.410–413	Treatment	with	gemcitabine	also



did	 not	 yield	 any	 major	 response	 in	 patients	 with	 adenoid	 cystic	 carcinoma.124	 Cisplatin-	 or	 anthracycline-
containing	 combinations	 (e.g.,	 cyclophosphamide/doxorubicin/cisplatin,	 cisplatin/vinorelbine,	 cisplatin/5-
fluorouracil,	 cisplatin/mitoxantrone)	may	 increase	 this	 rate,	but	 a	major	 response	 still	occurs	 in	 the	minority	of
patients,	and	toxicity	is	increased.408,409	The	relative	efficacies	of	single-agent	versus	combination	chemotherapies
have	not	been	well	 studied.	 It	 should	be	emphasized	 that	 the	natural	history	of	some	salivary	gland	cancers,	of
which	the	adenoid	cystic	subtype	is	perhaps	the	best	example,	can	be	quite	indolent,	making	initial	observation	a
prudent	course.

Given	these	response	rates,	clinical	trials	are	often	an	attractive	option	for	patients,	and	there	has	been	interest
in	 the	 potential	 utility	 of	 newer	 targeted	 agents.	 Expression	 of	 potential	 molecular	 targets	 vary	 by	 pathologic
subtype.	For	 example,	 c-kit	 is	 commonly	expressed	 in	 adenoid	cystic	 cancer	but	variably	or	not	 at	 all	 in	other
salivary	 cancer	 subtypes.408	 Although	 there	 have	 been	 reported	 responses	 to	 imatinib	 in	 case	 reports,414,415
demonstrating	 objective	 responses	 in	 clinical	 trials	 where	 the	 agent	 has	 proved	 elusive,	 and	 the	 drug	 remains
investigational	 for	 this	 disease.416,417	 Data	 thus	 far	 for	 EGFR	 pathway	 and	 human	 epidermal	 growth	 factor
receptor	2	(HER2)-targeted	agents	are	limited	and	not	compelling.418	Of	note,	the	androgen	receptor	is	commonly
expressed	in	patients	with	salivary	duct	carcinoma,	and	there	are	reports	under	these	circumstances	of	response	to
antiandrogen	therapy.419	The	oncogenic	 transcription	 factor	c-Myb	 is	overexpressed	 in	adenoid	cystic	cancer420
and	is	informing	further	drug	development	in	the	disease.	Dovitinib,	which	is	designed	to	block	fibroblast	growth
factor	 receptor	 (FGFR)-	 and	 vascular	 endothelial	 growth	 factor	 receptor	 (VEGFR)-mediated	 angiogenesis
demonstrated	activity	in	a	phase	II	trial	in	patients	with	adenoid	cystic	cancer.421	Axitinib	is	a	multitargeted	kinase
inhibitor	that	has	also	demonstrated	activity.422

COMPLICATIONS	OF	TREATMENT
Surgery
Facial	paralysis	is	the	most	important	complication	associated	with	parotid	surgery.	Temporary	facial	nerve	palsy
may	occur	in	5%	to	10%	of	patients	and	is	due	to	manipulation	of	the	nerve	during	operation,	and	function	will
gradually	return	over	a	few	months’	time.	Isolated	persistent	weakness	of	the	lower	lip	may	occur	due	to	division
of	the	platysma	muscle.	Permanent	paralysis	usually	results	from	nerve	transection	and	occurs	in	1%	of	patients.
Incomplete	eyelid	closure	requires	protective	measures	such	as	artificial	 tears,	eye	lubricant,	and	eye	patches	to
prevent	 corneal	 abrasion.	 A	 variety	 of	 surgical	 techniques	 can	 be	 employed	 to	 address	 facial	 nerve	 deficits	 if
functional	recovery	is	not	expected,	including	nerve	grafting,	a	brow	lift,	gold	weight	implantation	into	the	upper
eyelid,	lower	eyelid	tightening,	and	facial	suspensory	procedures.	Gustatory	sweating	(Frey	syndrome)	occurs	in
about	10%	of	patients	after	parotidectomy	and	rarely	requires	treatment.	A	persistent	salivary	fistula	is	rare.

Radiation	Therapy
Xerostomia	 is	 avoided	by	 techniques	 that	 spare	 the	 contralateral	 salivary	 tissues.	There	may	be	 trismus	due	 to
fibrosis	of	the	masseter	and	pterygoid	muscles	and	the	temporomandibular	joint.	Otitis	media	may	occur	if	the	ear
is	irradiated.	Localized	hair	loss	may	occur	with	some	techniques.	ORN	may	rarely	occur	with	high	doses.

MINOR	SALIVARY	GLANDS

Tumors	 of	 the	 minor	 salivary	 gland	 origin	 are	 uncommon,	 accounting	 for	 about	 2%	 to	 3%	 of	 all	 malignant
neoplasms	of	the	upper	aerodigestive	tract.	They	may	appear	at	any	age	but	are	uncommon	before	age	20	years
and	rare	younger	than	age	10	years.	They	tend	to	occur	most	often	in	the	hard	palate,	nasal	cavity,	and	paranasal
sinuses—areas	 infrequently	 involved	 by	 SCCs.	 Thus,	 the	 site	 of	 origin	 is	 related	 to	 the	 density	 of	 the	 minor
salivary	glands	in	a	particular	tissue.

ANATOMY
Minor	 salivary	 glands	 are	 ubiquitous	 in	 the	mucosa	 of	 the	 upper	 aerodigestive	 tract	with	 the	 exception	 of	 the
gingivae	and	the	anterior	portion	of	the	hard	palate,	which	are	free	of	minor	salivary	glands.	They	are	distributed
on	 the	undersurface	of	 the	 anterior	 and	 lateral	 oral	 tongue	and	 the	base	of	 the	 tongue.	Aberrant	 salivary	 tissue
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sometimes	 is	 seen	 in	 lymph	 nodes;	 in	 the	 body	 of	 the	mandible	 just	 behind	 the	 third	molar	 teeth;	 and	 in	 the
vestigial	remnant	of	the	nasopalatine	canal	in	the	anterior	maxilla,	middle	ear,	lower	neck,	sternoclavicular	joint,
thyroglossal	duct,	and	other	sites.

PATHOLOGY
Approximately	one-half	of	minor	salivary	gland	tumors	are	malignant,	in	keeping	with	the	rule	that	the	smaller	the
salivary	gland	the	more	likely	a	mass	in	it	will	be	malignant.	The	histologic	varieties	of	malignant	tumors	include
adenoid	 cystic	 carcinoma,	mucoepidermoid	 carcinoma,	 adenocarcinoma,	 and	malignant	mixed,	 acinic	 cell,	 and
oncocytic	 carcinomas.	About	 two-thirds	 are	 adenoid	 cystic.	Mucoepidermoid	 carcinomas	 and	 adenocarcinomas
arise	predominantly	in	the	oral	cavity.

The	benign	tumors	are	pleomorphic	adenomas	in	 the	great	majority	of	cases,	with	a	few	cases	of	 intraductal
papillomas,	papillary	cystadenomas,	basal	cell	adenomas,	and	benign	oncocytomas.

PATTERNS	OF	SPREAD
There	are	no	minor	salivary	glands	in	the	anterior	half	of	the	hard	palate,	so	tumors	arise	on	the	posterolateral	hard
palate	and	all	of	the	soft	palate.	The	site	of	origin	for	floor-of-mouth	salivary	gland	tumors	is	either	the	sublingual
gland	or	a	minor	salivary	gland.

These	 tumors	 grow	 by	 local	 infiltration	 with	 eventual	 invasion	 of	 muscle,	 bone,	 and	 cartilage.	 PNI	 is	 a
common	feature,	particularly	for	adenoid	cystic	carcinoma.	The	tumor	may	track	both	centrally	and	peripherally
along	nerves,	but	the	central	spread	is	the	more	common	event.	Extension	along	nerves	eventually	may	traverse
the	skull	base	and	surface	intracranially,	although	this	spread	pattern	may	not	become	manifest	for	several	years
after	 the	 original	 treatment.	Tumor	 growth	 along	 a	 nerve	may	be	 characterized	 by	 skip	 areas	 so	 that	 a	 normal
nerve	segment	is	no	assurance	of	free	margins.

The	risk	of	positive	lymph	nodes	is	related	to	the	site	of	origin	and	the	histology.	Lymph	node	metastases	are
most	likely	from	sites	with	a	dense	capillary	lymphatic	network,	similar	 to	the	pattern	for	SCC.	Adenoid	cystic
carcinoma,	 low-grade	mucoepidermoid	carcinoma,	and	acinic	cell	carcinoma	are	at	 low	risk	to	spread	to	lymph
nodes;	 about	10%	of	 adenoid	 cystic	 carcinomas	 spread	 to	 lymph	nodes,	 but	 this	 low	 incidence	may	be	 related
partly	 to	 their	 frequent	 site	 of	 origin	 in	 the	 hard	 palate	 and	 paranasal	 sinuses,	 areas	 that	 infrequently	 produce
lymph	 node	 metastases.	 The	 high-grade	 carcinomas	 have	 a	 30%	 incidence	 of	 lymph	 node	 involvement	 on
presentation,	and	eventually,	half	will	develop	lymph	node	metastases.

CLINICAL	PICTURE
The	clinical	picture	depends	on	the	site	of	origin.	The	signs	and	symptoms	differ	from	those	of	SCCs	arising	in
the	same	area.	Many	of	the	lesions	are	indolent,	and	the	history	may	go	back	many	months	or	even	years.	Because
lesions	develop	under	the	epithelium,	the	initial	lesion	is	a	submucosal	mass	that	is	often	painless	until	ulceration
develops.	PNI	is	expressed	as	pain	or	paresthesias.	Otherwise,	the	clinical	picture	resembles	that	for	SCCs	for	a
given	size	and	site.	Lymph	node	metastases	occur	at	predictable	sites.	The	clinically	positive	nodes	are	usually
small	 and	 mobile,	 but	 neck	 dissection	 on	 such	 a	 patient	 may	 show	 numerous	 small,	 clinically	 undetectable
positive	nodes.	The	same	staging	systems	applied	to	SCCs	may	be	used.

TREATMENT
Selection	of	Treatment	Modality
Benign,	mixed-grade	tumors	are	managed	by	operation;	postoperative	RT	sometimes	is	advised	in	recurrent	cases
or	where	margins	are	close	or	positive.423

The	 low-/intermediate-grade	 carcinomas	 are	 treated	 initially	 by	 an	 operation	 when	 feasible,	 but	 RT	 is
sometimes	 used	 as	 the	 primary	 treatment	 for	 inaccessible	 lesions	 or	 where	 the	 functional	 loss	 would	 be
considerable.	Postoperative	RT	is	added	for	close	margins	or	for	those	lesions	that	have	recurred	more	than	once.



If	the	patient	presents	after	TX	of	a	small	lesion,	RT	is	an	alternative	to	reexcision,	particularly	if	the	procedure
would	produce	significant	cosmetic	or	functional	loss.

The	 treatment	of	high-grade	 lesions	varies	 immensely,	depending	on	 the	site	of	origin,	 stage	of	disease,	and
willingness	of	the	patient	to	accept	a	major	cosmetic	or	functional	change	subsequent	to	an	operation.	Surgery	and
postoperative	RT	 are	 preferred;	RT	 alone	 is	 used	 for	 unresectable	 cancers;	CRT	 is	 also	 considered.	 There	 are
historic	data	that	support	the	consideration	of	neutron	therapy.397

Surgical	Treatment
Benign	tumors	are	removed	by	a	WLE	that	includes	a	cuff	of	normal	tissue.	Small,	low-grade	lesions	with	a	long
history	of	slow	growth	may	be	treated	with	a	WLE	including	a	shell	of	normal	tissue.	Large,	 low-grade	lesions
and	high-grade	lesions	require	a	more	radical	resection.	When	PNI	is	present,	it	is	not	possible	to	remove	all	the
nerves	potentially	involved,	but	the	nerves	that	are	involved	should	be	sacrificed	wherever	it	is	reasonable	to	do
so.	As	an	alternative,	postoperative	RT	may	be	used	to	cover	the	perineural	routes	of	spread.

Irradiation	Technique
The	RT	techniques	and	doses	are	similar	to	those	for	SCCs	of	the	same	anatomic	site	and	similar	tumor	size,	with
the	exception	 that	nerve	pathways	must	be	covered	 for	adenoid	cystic	carcinomas.	Subclinical	PNI	 for	adenoid
cystic	carcinomas	must	be	considered	to	be	present	even	if	it	is	not	seen	on	the	biopsy	or	surgical	sections.

RESULTS	OF	TREATMENT
A	 Surveillance,	 Epidemiology,	 and	 End	 Results	 (SEER)	 analysis	 of	 5,334	 patients	 found	 a	 disease-specific
survival	rate	of	90.1%	at	5	years	and	84.7%	at	10	years	in	patients	with	minor	salivary	gland	tumors	of	the	oral
cavity	 treated	 with	 surgery	 and	 PORT.424	 Mucoepidermoid	 carcinoma	 had	 the	 highest	 5-year	 survival	 (91%)
versus	 adenocarcinoma	 (81%),	 adenoid	 cystic	 carcinomas	 (79%),	 and	 other	 rare	 carcinomas	 (70%).	 Prognosis
depended	on	histologic	subtype,	tumor	subsite,	age,	and	completeness	of	surgery.

Spiro	and	coworkers425	reported	the	Memorial	Sloan	Kettering	Cancer	Center	results	for	434	malignant	minor
salivary	gland	tumors,	of	which	90%	were	 treated	surgically.	The	cause-specific	5-,	10-,	and	15-year	cure	rates
were	44%,	32%,	and	21%,	respectively;	51%	died	of	the	original	cancer.	Patients	with	adenoid	cystic	carcinoma
had	 the	 poorest	 prognosis,	 with	 about	 20%	 surviving	 without	 recurrence.	 Those	 with	 adenocarcinoma	 had	 an
intermediate	outlook—about	35%	surviving	without	 recurrence—and	mucoepidermoid	carcinomas	had	 the	best
control	rate,	with	about	70%	long-term	cures.

Cianchetti	 et	 al.259	 reported	 on	 140	 patients	 treated	 at	 the	 University	 of	 Florida	 for	 minor	 salivary	 gland
carcinomas	between	1966	and	2006.	The	10-year	local	control	rate	was	66%;	a	multivariate	analysis	revealed	that
treatment	group	and	T	stages	significantly	influenced	this	end	point.	Patients	treated	with	RT	alone	had	a	lower
local	control	rate	compared	with	those	treated	with	surgery	and	RT.	The	10-year	outcomes	were	67%	for	distant
metastasis–free	survival,	56%	for	cause-specific	survival,	and	45%	for	overall	survival.

Benign	mixed	 tumors	of	minor	salivary	gland	origin	have	a	good	prognosis.	Spiro402	 reported	on	81	benign
tumors;	60	occurred	on	the	palate	and	13	on	the	lip	or	cheek.	With	a	minimum	follow-up	of	10	years,	the	local
recurrence	rate	was	6%.

Wallace	 et	 al.426	 reported	 on	 25	 patients	 treated	 with	 RT	 alone	 (2	 patients)	 or	 combined	 with	 surgery	 (23
patients)	 for	 pleomorphic	 adenoma	 and	 followed	 the	 patients	 for	 a	 median	 of	 10.5	 years.	 Local	 control	 was
obtained	in	13	of	16	patients	(75%)	with	subclinical	disease	and	5	of	9	patients	(56%)	irradiated	for	gross	disease.
The	10-year	overall	local	control	rate	was	76%.

In	a	small	 randomized	 trial	of	 inoperable	primary	or	 recurrent	salivary	gland	cancers	 (both	major	and	minor
salivary	gland	cancers	were	allowed),	neutron	therapy	(n	=	25)	improved	local–regional	control	significantly	(P	=
.009)	but	at	the	expense	of	more	severe	morbidity.397	There	was	no	survival	advantage.	The	NCCN	guidelines	no
longer	include	neutrons	as	one	of	the	radiation	options	for	unresectable	salivary	tumors.
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46 Rehabilitation	After	Treatment	of
Head	and	Neck	Cancer
Douglas	B.	Chepeha	and	Teresa	H.	Lyden

INTRODUCTION
Progress	 has	 been	made	 in	 the	 past	 several	 years	 with	 survival	 for	 patients	 with	 head	 and	 neck	 cancer.1	 The
current	 challenge	 is	how	 to	balance	 intensity	of	 treatment	and	preserve	 function.	Patients	undergoing	head	and
neck	 cancer	 treatment	 need	 the	 support	 of	 these	 teams	 to	 maximize	 survival	 and	 minimize	 treatment-related
disability.

This	chapter	focuses	on	the	rehabilitation	of	the	patient	as	a	whole.	Pretreatment	counseling	is	essential	for	all
patients	 with	 aerodigestive	 tract	 cancer.	 Many	 of	 these	 patients	 have	 addictions	 to	 tobacco	 and/or	 alcohol	 at
presentation	and	may	lack	social	support.	All	these	issues	should	be	comprehensively	addressed,	and	in	doing	so,
the	provider	and	the	patient	are	often	rewarded	by	the	productive	role	the	patient	assumes	for	him-	or	herself	as
well	as	within	his	or	her	family	and	in	the	workplace.

PRETREATMENT	COUNSELING
The	 patients	 will	 regard	 the	 speech	 pathologist	 as	 the	 professional	 who	 will	 help	 restore	 communication	 and
swallowing	function	posttreatment.	Some	head	and	neck	cancer	patients	can	have	poor	coping	skills	because	of
socioeconomic	status	or	a	history	of	addictive	behaviors.2,3	The	patient	must	also	be	counseled	on	smoking	and
alcohol	cessation.4	An	addicted	patient	is	unlikely	to	be	effectively	rehabilitated.

The	use	of	patient	volunteers	who	have	completed	treatment	is	an	invaluable	resource.	They	provide	education
and	experience	with	regard	to	what	one	may	experience	during	treatment,	posttreatment	recuperation,	and	long-
term	quality	of	life	to	patients	who	are	preparing	for	treatment.

SUPPORT	DURING	TREATMENT	AND	REHABILITATION	OF	THE
CHEMORADIATION	PATIENT
Radiation	alone,	radiation	with	concurrent	chemotherapy,	or	radiation	adjuvant	after	surgery	is	an	integral	part	of
head	and	neck	cancer	treatment.1	To	help	reduce	the	effects	of	chemotherapy	and	radiation	therapy,	mobility	of
the	 aerodigestive	 tract	 should	be	maintained	during	 treatment.5	 If	 unable	 to	maintain	 adequate	 nutrition	 orally,
particularly	for	the	patient	who	is	receiving	radiation	therapy,	supplemental	or	primary	nutrition	can	be	met	via	a
temporary	gastrostomy	tube.	It	is	important	to	keep	the	patient	swallowing	even	if	the	patient	is	only	able	to	take
sips	of	liquids.6,7	The	placement	of	a	gastrostomy	or	a	 tracheotomy	 tube	 is	associated	with	 the	poorest	patient-
reported	quality	of	life.8	It	is	likely	that	the	association	of	gastrostomy	tube	and	poor	outcome	will	moderate	over
the	next	 decade	because	gastrostomy	 tubes	 are	being	used	more	proactively.	Recent	 small,	 randomized	 studies
support	 prophylactic	 use	 of	 feeding	 gastrostomies,	 together	 with	 oral	 feeding9	 and	 swallow	 exercises	 during
therapy,10–12	 to	improve	long-term	swallowing	and	quality	of	life.	Newer	radiotherapy	techniques	that	spare	the
swallowing-related	 structures	 have	 resulted	 in	 substantial	 improvements	 of	 long-term	 dysphagia.13	 This	 is
facilitated	 by	 good	 supportive	 care,	 which	 includes	 appropriate	 treatment	 of	 mucositis,	 adequate	 analgesia,
management	of	depression,	maintenance	of	nutrition,	and	monitoring	by	the	treatment	team.	If	a	patient	is	unable
to	swallow	any	liquid	or	secretions	during	treatment,	then	a	nasogastric	feeding	tube	should	be	inserted	as	a	stent
for	 the	pharynx.	Removal	of	 the	stent	 is	recommended	only	when	the	lumen	is	patent	and	the	patient	 is	able	to



swallow	again.	A	possible	consequence	of	resting	the	digestive	tract	during	chemoradiation	is	pharyngeal	stenosis
or	 a	 nonfunctional	 upper	 aerodigestive	 tract.	 If	 pharyngeal	 stenosis	 occurs,	 the	management	 is	 dilation	 in	 the
operating	room,	clinic,	or	with	a	program	of	self-dilation.

At	present,	serotonin	reuptake	inhibitors	are	the	first-line	antidepressants.	Modafinil	is	added	if	the	patient	has
significant	 symptoms	 of	 fatigue.	 Clonazepam	 is	 added	 to	 the	 antidepressant	 regimen	 if	 there	 is	 a	 significant
component	 of	 anxiety	 or	 to	 support	 the	 withdrawal	 of	 alcohol.	 Transdermal	 testosterone	 is	 also	 useful	 for
symptoms	of	fatigue.	A	free	testosterone	serum	level	should	be	obtained	to	verify	that	testosterone	levels	are	low.
Medications	 designed	 to	 improve	 salivary	 flow,	 such	 as	 pilocarpine	 and	 cevimeline,	 can	 be	 taken	 daily.
Pilocarpine	is	indicated	in	the	radiated	patient,	but	a	minority	of	patients	report	subjective	efficacy.14	Cevimeline
is	indicated	for	Sjögren	disease	but	is	often	used	off	label	for	xerostomia,	with	few	patients	using	this	medication
long	term.	Artificial	saliva	can	be	taken	as	a	gel,	spray,	or	a	lozenge	and	contains	methylcellulose	as	a	lubricating
agent.	However,	in	lieu	of	using	salivary	substitutes,	most	patients	choose	to	take	frequent	sips	of	water.	The	most
important	 advance	 to	 reduce	 the	 incidence	of	 xerostomia	 is	 intensity-modulated	 radiation	 therapy	 (IMRT).15–17
The	reduction	of	aspiration	is	facilitated	by	aggressive	swallowing	exercises5	and	the	use	of	strategies,	postures,	or
maneuvers.	 The	 incidence	 of	 aspiration	 can	 increase	 during	 and	 after	 treatment.	 Other	 interventions	 such	 as
electrical	stimulation	have	been	trialed	without	clear	benefit.18

There	are	several	patient	factors	that	also	affect	outcome.	These	include	continued	smoking,	continued	alcohol
consumption,	 gastroesophageal	 reflux	 disease,	 and	 tissue	 reaction	 to	 the	 oxidative	 effects	 of	 radiation.	 As
previously	 mentioned,	 in	 order	 to	 facilitate	 optimal	 rehabilitation,	 these	 factors	 need	 to	 be	 addressed	 by	 the
medical	team	as	part	of	the	patient’s	rehabilitation.

Posttreatment	Swallowing	Assessment
The	site	of	lesion,	the	extent	of	resection,	the	type	of	reconstruction,	and	the	use	of	adjunct	treatment	modalities
will	influence	the	extent	and	severity	of	the	communication	and	swallowing	disorder.	In	order	to	better	understand
the	rehabilitation	process	with	respect	to	swallowing,	it	may	be	useful	to	briefly	review	the	four	phases	or	stages
of	the	normal	swallow.	The	oral	preparatory	phase	involves	mastication	and	bolus	formation.	During	this	phase,
the	lips	are	closed	anteriorly	and	the	posterior	tongue	is	closed	against	the	soft	palate,	which	keeps	the	bolus	from
prematurely	spilling	 into	 the	 pharynx.	Once	 this	 occurs,	 the	 involuntary	 or	 pharyngeal	 phase	 of	 swallowing	 is
initiated.	There	are	multiple	components	to	the	pharyngeal	phase.	This	phase	involves	palatal	closure	and	bolus
transport	 through	 the	pharynx.	 In	 addition,	 laryngeal	 elevation	occurs	 and,	with	 this	 action,	pharyngeal	 suction
results	along	with	coverage	of	the	larynx	by	the	base	of	the	tongue.	Glottic	closure	also	occurs	and	helps	assist
with	the	prevention	of	aspiration.	Finally,	relaxation	of	the	upper	esophageal	sphincter	facilitates	the	delivery	of
the	bolus	into	the	esophagus,	and	this	completes	the	pharyngeal	phase	of	the	swallow.	When	the	bolus	enters	the
esophagus,	 this	 is	 the	 initiation	 of	 the	 esophageal	 phase	 of	 the	 swallow.	Normal	 transit	 times	 for	 the	 oral	 and
pharyngeal	phases	of	the	swallow	are	1.5	seconds	or	less.

Swallowing	can	be	assessed	subjectively	or	objectively.	A	subjective	assessment	is	a	clinical	examination	that
involves	an	evaluation	of	oral	motor	skills	along	with	the	presentation	of	various	consistencies	of	foods	or	liquids.
Observations	are	made	with	regard	to	oral	competency,	timeliness	of	the	swallow,	laryngeal	elevation,	and	clinical
signs	 or	 symptoms	 of	 aspiration.	 Objective	 measures	 include	 fiber-optic	 endoscopic	 evaluation	 of	 swallowing
(FEES)	 and	 videofluoroscopic	 swallow	 study	 (VFSS).	 VFSS	 is	 performed	 using	 x-rays	 (cineradiography	 or
fluoroscopy)	with	barium	as	a	contrast	agent	to	visualize	swallowing	and	rehabilitative	movements.	VFSS	is	an
objective	evaluation	of	swallowing	function	that	includes	all	stages	of	the	swallow	during	presentation	of	varying
food	consistencies.	VFSS	is	ideal	for	patients	with	oropharyngeal	dysphagia	because	it	allows	for	an	assessment
of	 strategies	 and	 a	 diagnosis	 of	 aspiration	 severity.	 FEES	 utilizes	 a	 fiber-optic	 nasoendoscope	 to	 observe	 the
pharyngeal	and	laryngeal	structures	directly	before	and	after	the	pharyngeal	phase	of	the	swallow.19	The	image	is
temporarily	 lost	 during	 the	 swallow.	 A	 bolus	 of	 contrasting	 color	 is	 used	 to	 note	 premature	 spillage	 into	 the
hypopharynx	 or	 laryngeal	 vestibule	 before	 the	 swallow	 initiation	 along	 with	 the	 presence	 of	 residua	 in	 the
hypopharynx	and	 laryngopharynx	 after	 a	 swallow.	Vocal	 fold	movement	patterns	 can	be	 assessed	during.	This
examination	yields	minimal	information	relative	to	the	oral	preparatory	and	oral	phases	of	the	swallow.	However,
there	are	advantages	to	FEES,	including	a	shorter	assessment	time,	the	avoidance	of	radiation,	and	lower	cost.

Posttreatment	Swallowing	Rehabilitation
The	speech	pathologist	rehabilitates	swallowing	disorders	with	use	of	postural	assists,	maneuvers,	control	of	bolus
size	or	 rate	of	 intake,	modification	of	bolus	consistencies,	 and	exercises.20	Postures	are	body	positions	 that	 the
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patient	utilizes	to	improve	bolus	control	and	transport.	Most	of	the	postures	involve	the	alteration	of	head	or	body
position	 to	direct	 the	bolus	 to	sensate	native	 tissue,	 to	direct	 the	bolus	 to	more	functional	 tissue,	or	 to	open	the
pharynx	or	close	the	larynx.	Maneuvers	are	used	to	alter	swallow	physiology.	These	maneuvers	are	designed	to
improve	 laryngeal	 closure,	 increase	 the	 base	 of	 tongue	 contact	with	 the	 posterior	 pharyngeal	wall,	 elevate	 the
larynx,	and	open	the	hypopharynx.	Postural	assists	and	maneuvers	may	be	prescribed	to	reduce	penetration	(entry
of	the	bolus	into	the	supraglottis)	and	aspiration	(entry	of	the	bolus	into	the	trachea),	with	the	goal	of	achieving
safe	 and	 efficient	 oral	 intake.	 A	 statistically	 significant	 correlation	 between	 aspiration	 detected	 on
videofluoroscopy	after	chemoradiation	of	head	and	neck	cancer	and	the	risk	of	subsequent	aspiration	pneumonia
has	 been	 observed,	 whereas	 patient-reported	 or	 observer-based	 dysphagia	 were	 not	 predictive	 of	 subsequent
pneumonia.21	Successful	rehabilitation	is	a	reduction,	not	necessarily	the	elimination,	of	aspiration.	Optimization
of	 the	 bolus	 type	 and	 consistency	 is	 an	 art.	 Swallowing	 exercises	 are	 important	 for	 strengthening,	 improving
mobility,	and	improving	coordination	of	movement.6,7	At	the	most	sophisticated	level,	efficient	eating	can	only	be
accomplished	if	the	patient	understands	the	consistencies,	the	bolus	size,	and	the	maneuvers	that	are	appropriate	to
the	speed	of	consumption	in	particular	social	situations.

Posttreatment	Speech	Assessment
Speech	 generation	 involves	 an	 assessment	 of	 respiration,	 phonation,	 resonance,	 and	 articulation.	 For	 optimum
phonatory	function,	there	has	to	be	an	adequate	pulmonary	reserve	for	breath	support,	an	intact	sound	generator,
and	an	intact	vocal	tract.	Phonation	can	occur	in	the	glottic	or	supraglottic	larynx,	the	pharynx,	or	from	an	external
source	such	as	an	artificial	larynx.	An	important	component	of	speech	production	is	vocal	resonance.	If	the	soft
palate	and	the	lateral	or	posterior	pharyngeal	walls	are	not	functioning	properly,	the	voice	may	sound	hyper-	or
hyponasal.	Hypernasality	is	associated	with	too	much	sound	(i.e.,	air	leakage)	into	the	nasopharynx	during	speech,
whereas	hyponasality	 is	 associated	with	 inadequate	nasal	 resonance	during	 speech.	For	 the	 sound	 to	be	 shaped
into	intelligible	speech,	there	must	be	coordination	between	and	adequate	contact	of	the	articulators.	Much	of	the
shaping	of	speech	occurs	in	the	oral	cavity.	For	articulation	to	be	optimized,	the	patient	has	to	have	an	intact	oral
sphincter,	tongue	tip	to	premaxilla	contact,	maxillary	alveolar	contact	with	the	lateral	tongue	and	a	mobile	tongue
tip,	obliteration	of	dead	space	within	the	oral	cavity,	and	soft	palate	contact	with	the	base	of	the	tongue.

Speech	 deficits	 commonly	 occur	 not	 only	 in	 postsurgical	 patients	 but	 also	 in	 postchemoradiation	 patients.
Access	to	the	surgeon’s	template	of	the	surgical	defect,	including	the	involved	muscles	and	nerves,	is	useful	for
the	assessment	of	 the	postoperative	patient.	For	 the	assessment	of	 resonance	and	velopharyngeal	competence,	a
thorough	evaluation	 includes	an	articulation	assessment,	an	oral	motor	assessment,	and	a	measurement	of	nasal
airflow.	A	nasometer	 is	used	 to	measure	nasal	airflow	during	 the	 recitation	of	standard	passages	 (Zoo	Passage,
Rainbow	Passage,	and	Nasal	Sentences).	VFSS	and	FEES	can	also	be	useful	 for	 the	assessment	of	articulatory
precision	and	velopharyngeal	competency	but	are	better	suited	to	the	evaluation	of	swallowing.	Articulation	can
be	assessed	by	a	number	of	survey	instruments.

With	 regard	 to	 postlaryngectomy	 voice	 restoration,	most	 patients	 go	 through	 a	 trial	 of	 a	 tracheoesophageal
voice	prosthesis	(TEP).	If	there	is	a	problem	with	speech	fluency,	peristomal	manometer	is	used.	The	manometer
pressures	with	testing	interpretation	during	tracheoesophageal	(TE)	sound	generation	during	both	sustained	sound
production	and	serial	counting	are	listed	in	the	following	text.	These	pressures	are	directly	correlated	to	a	quality
rating	of	voice.	For	pressures	over	35	cm	H20,	we	consider	completing	a	lidocaine	block	to	assess	for	potential
hypertonicity	or	spasm	of	the	pharyngoesophageal	segment.	If	pressure	is	improved	postlidocaine	block,	we	will
typically	 proceed	 to	 botulinum	 toxin	 injection.	 If	 pressures	 remain	 relatively	 unchanged,	we	would	 proceed	 to
video	 swallow	 to	 rule	 out	 pharyngeal/esophageal	 stenosis/stricture.	Many	 surgeons	 feel	 that	 a	 cricopharyngeal
myotomy	 is	 a	 good	 preventative	 intervention	 that	 will	 reduce	 the	 likelihood	 of	 cricopharyngeal	 contraction
causing	high	speech	pressures.

Rehabilitation	of	the	Neck
Neck	 dissection	 is	 performed	 for	 the	 diagnosis	 or	 treatment	 of	 neck	 metastasis.	 The	 clinical	 sequelae	 are
secondary	 to	 postoperative	 weakness	 of	 the	 trapezius	 muscle,	 which	 include	 neck	 stiffness,	 shoulder	 girdle
weakness,	 and	 chronic	 pain.	 The	 extent	 of	 the	 neck	 dissection	 (selective	 versus	modified),	 radiation,	 age,	 and
weight	 all	 affect	 the	patient’s	 ability	 to	 rehabilitate	 after	neck	dissection.8	 Patients	who	undergo	 selective	 neck
dissection	have	significantly	better	shoulder	function	than	patients	who	undergo	modified	radical	neck	dissection
with	the	same	regional	control	rates.22,23	To	reduce	pain	and	discomfort	and	improve	mobility,	passive	and	active
range	of	motions	have	been	shown	to	significantly	improve	long-term	function	and	quality	of	life.24



Rehabilitation	of	the	Oral	Cavity

Figure	46.1	This	is	the	preoperative	rectangle	tongue	template	for	reconstruction	of	a
hemiglossectomy	defect.	The	template	is	marked	out	on	the	patient’s	forearm,	and	the	area	will	be

excised,	implanted,	and	revascularized	to	reconstruct	the	tongue.

Surgery	 and	 postoperative	 radiation	 therapy	 remain	 the	 most	 common	 treatment	 approach	 in	 the	 oral	 cavity.
Reconstructive	surgeons	must	be	versed	in	the	optimization	of	oral	function.	The	general	approach	for	oral	cavity
reconstruction	 is	 to	 perform	 an	 anatomic	 reconstruction	 (Figs.	 46.1	 and	 46.2).	 The	 goals	 of	 oral	 cavity
reconstruction	include	the	following:

Obliteration	of	the	oral	cavity.	This	is	achieved	when	all	oral	cavity	mucosal	surfaces	are	in	contact	with	one
another	when	 the	mouth	 is	closed.	This	goal	 is	 important	because	 it	should	decrease	 the	 likelihood	of	food
getting	lost	in	a	dead	space	in	the	oral	cavity.	Additionally,	it	should	improve	the	handling	of	secretions	by
bringing	the	revascularized	free	tissue	transfer	in	contact	with	the	remaining	native	mucosa.
Maintain	premaxillary	contact.	This	is	an	extension	of	the	goal	of	obliteration	of	the	oral	cavity.	In	terms	of
speech	generation,	premaxillary	and	palatal	contact	is	important	for	maintaining	the	precision	of	articulation
for	 a	 number	 of	 speech	 sounds.	 Generally,	 reduced	 precision	 of	 linguadental,	 alveolar,	 palatal,	 and	 velar
sounds	will	occur	if	adequate	contact	is	not	achieved.	The	surgeon	needs	to	ensure	that	some	of	the	volume	of
the	reconstructive	flap	is	concentrated	anteriorly	to	allow	for	the	obliteration	of	the	oral	cavity.
Maintain	 the	 finger	function	 of	 the	 tongue.	This	 is	 the	ability	of	 the	 tongue	 to	 sweep	and	clear	 the	buccal,
labial,	and	alveolar	sulci	and	protrude	past	the	coronal	plane	of	the	incisors.
Facilitate	retention	and	movement	of	sections	within	the	oral	cavity.
Optimize	sensation	of	the	remaining	native	tissue	and	the	revascularized	free	tissue	transfer.

In	 general,	 these	 goals	 are	 best	met	with	 local	 tissue	 and	 revascularized	 autogenous	 tissue	 reconstruction.25
Traditional	 regional	 flaps,	such	as	 the	pectoralis	 flap,	are	 less	commonly	used	because	 they	are	associated	with
higher	gastrostomy	tube	rates.26	There	are	published	studies	that	suggest	that	autogenous	revascularized	free	tissue
transplantation	 is	 a	 disadvantage.	 These	 data	 are	 not	 generally	 representative	 of	 present-day	 reconstruction
because,	in	this	historic	cohort,	free	flaps	were	used	for	large	defects	and	skin	grafts	were	used	for	smaller	defects.
The	differences	related	more	to	the	size	of	the	defect	than	the	reconstructive	approach.
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Figure	46.2	A	postoperative	reconstructed	hemiglossectomy	defect	22	months	after	implantation.

For	 oral	 cavity	 rehabilitation,	 the	 speech	pathologist	will	 perform	an	oral	motor	 assessment.	An	 assessment
includes	 an	 evaluation	 of	 oral	 sphincter	 competence,	 the	 patient’s	 ability	 to	 handle	 secretions,	 tongue	 to
premaxillary/palatal	 contact,	 anterior–posterior	 movement	 of	 the	 tongue,	 location	 of	 sensate	 tissue,	 and
identification	of	areas	where	food	will	collect	(i.e.,	dead	space).	A	clinical	swallow	examination	is	used	to	assess
swallowing	function	with	a	focus	on	the	oral	phase	of	the	swallow.	The	patient’s	ability	to	remove	the	bolus	from
an	eating	utensil	(e.g.,	a	spoon),	create	a	labial	seal,	manipulate	the	bolus,	control	the	bolus,	and	clear	the	bolus	is
assessed.	The	challenge	for	the	speech	pathologist	is	to	modify	and	update	the	treatment	plan	and	strategies	used
to	compensate	for	the	changing	reconstruction	during	the	first	year	of	rehabilitation.

During	 the	 immediate	postoperative	period,	 the	 reconstruction	will	 frequently	be	bulky	and	edematous;	with
radiation,	 the	 reconstruction	 will	 become	 smaller	 and	 the	 native	 tissue	 will	 undergo	 fibrosis.	 The	 objective
throughout	the	first	year	is	to	maximize	and	maintain	mobility	of	the	tongue,	focusing	on	the	use	of	the	remaining
native	tissue.	In	this	patient	group,	use	of	liquid	washes	to	add	moisture	and	to	aid	in	bolus	passage	with	dry	and
solid	consistencies	should	be	considered	the	norm	and	not	a	failure	of	oral	rehabilitation.

Maintaining	 the	 remaining	 native	 dentition	 is	 important	 for	 communication,	 swallowing,	 and	 for	 general
health;	 therefore,	 including	 a	 dentist	 as	 part	 of	 the	 treatment	 team	 is	 critical.	 The	 best	 approach	 is	 prevention,
which	involves	a	reduction	of	radiation	dose	to	the	mandible	when	possible,	the	removal	or	restoration	of	carious
teeth	prior	to	treatment,	regular	fluoride	trays	before	and	after	treatment,	and	the	treatment	of	inflamed	gingival
tissue.27

The	maxillofacial	prosthodontist	makes	important	contributions	to	the	rehabilitation	of	the	patient	with	an	oral
cavity	 defect.	 Dental	 rehabilitation	 with	 dental	 prostheses	 is	 important	 for	 function	 and	 cosmesis.	 When
introducing	dental	prosthetics,	it	is	important	to	consider	the	patient’s	ability	to	masticate	and	prevent	bolus	loss.
The	 introduction	of	a	dental	prosthesis	can	 impair	bolus	control	by	covering	sensate	 tissue,	preventing	glossal–
labial	 contact,	 and	 decreasing	 the	 functional	 oral	 opening.	 It	 is	 also	 important	 to	 ensure	 that	 the	 patient	 can
perform	 a	 tongue	 sweep	 of	 the	 labial	 sulci	 to	 clear	 food	 residue,	 especially	 if	 a	 lower	 (mandibular)	 dental
prosthesis	is	introduced.	If	the	patient	is	unable	to	perform	this	maneuver,	then	use	of	a	digit	may	be	required	to
clear	food	particles	while	eating.	Even	if	the	patient	is	a	good	candidate	for	a	dental	prosthesis,	implants	may	be
required	to	assist	in	the	retention	of	a	lower	dental	prosthesis.28	Prostheses	can	also	be	useful	for	the	rehabilitation
of	 soft	 tissue	deficits.	For	 example,	 if	 the	patient	does	not	have	good	palatal–maxillary	contact,	 a	palatal	drop
prosthesis	 can	be	 fashioned,	 facilitating	 the	obliteration	of	 dead	 space	within	 the	 oral	 cavity,	which	 allows	 the
tongue	 to	 contact	 the	prosthetically	 reconstructed	palate.	This	may	 result	 in	 improved	 clarity	 of	 speech	 sounds



and,	therefore,	overall	speech	intelligibility.	In	addition,	the	palatal	drop	prosthesis	may	assist	in	improved	bolus
manipulation,	control,	and	oral	transfer.

Rehabilitation	After	Partial	Laryngeal	Procedures
Both	the	communication	and	swallowing	functions	can	be	adversely	affected	with	a	partial	surgical	resection	of
the	 larynx.	 Supraglottic	 laryngectomy,	 hemilaryngectomy,	 and	 supracricoid	 laryngectomy	 all	 result	 in	 some
degree	 of	 compromised	 phonatory	 function.	 Following	 these	 surgical	 procedures,	 the	 swallowing	 function	 is
generally	adversely	affected	in	the	short	term,	but	improvement	can	be	anticipated	with	the	process	of	healing	and
the	implementation	of	swallowing	therapy.	Postoperative	dysphagia	after	partial	laryngeal	procedures	is	common
due	to	a	decrease	 in	sensation	and	alteration	of	normal	 laryngeal	anatomy.	As	a	result,	 the	patient	 is	at	 risk	for
penetration	and	aspiration	secondary	to	the	compromise	in	airway	protection	that	completion	of	these	procedures
brings	about.	Postoperatively,	the	patient	will	be	trained	on	swallowing	strategies	to	improve	laryngeal	closure	in
an	attempt	to	prevent	aspiration.	In	the	early	stages	of	recovery,	liquids	are	usually	the	most	difficult	consistency
to	consume	due	to	reduced	sensation	in	and	around	the	laryngeal	complex	and	incomplete	laryngeal	closure,	thus
reducing	 airway	 protection.	 Therefore,	 consumption	 of	 a	modified	 diet	 (thickened	 liquids	 and	 purees)	with	 or
without	 the	 use	 of	 alternative	 means	 of	 nutrition	 is	 not	 uncommon	 until	 adequate	 airway	 protection	 can	 be
achieved.	 Implementation	 of	 swallowing	 maneuvers,	 such	 as	 the	 supra-	 and	 super	 supraglottic	 swallow
maneuvers,	are	helpful	in	facilitating	airway	protection.

Rehabilitation	After	Laryngectomy	or	Laryngopharyngectomy
After	a	total	laryngectomy,	the	patient	has	a	tracheostoma	in	the	lower	neck	and	a	separated	digestive	tract.	The
stoma	and	lungs	require	management	to	prevent	stomal	stenosis,	prevent	stomal	trauma,	enhance	humidification,
and	reduce	tracheal	crusting.	There	are	a	variety	of	products	that	prevent	tracheostomal	stenosis,	protect	the	stoma
from	digital	trauma,	and	enhance	humidification	(Fig.	46.3).	Many	of	these	tracheal	stomal	products	are	designed
to	be	used	with	or	without	TE	prostheses.

Rehabilitation	of	speech	after	a	 total	 laryngectomy	has	 improved.	Options	for	alaryngeal	communication	are
TE	voice,	voice	generated	by	an	artificial	larynx,	and	esophageal	voice.	TE	voice	has	become	the	gold	standard
for	 voice	 rehabilitation	 after	 a	 total	 laryngectomy.	 The	 challenge	 with	 prosthetic	 rehabilitation	 is	 customized
solutions	because	one	size	does	not	fit	all.	There	are	many	different	types	of	TE	voice	prostheses	(Figs.	46.4	and
46.5).	An	experienced	speech	pathologist	is	essential	for	long-term	patient	compliance.	The	artificial	larynx	is	a
device	 that	 produces	mechanical	 sound.	This	 sound	 is	 transferred	 into	 the	 oral	 cavity	 via	 the	 placement	 of	 the
device	 to	 the	 cheek	 or	 neck.	 Additionally,	 there	 is	 an	 option	 for	 an	 intraoral	 adapter,	 allowing	 for	 direct
transmission	 of	 sound	 into	 the	 oral	 cavity	 (Fig.	46.6).	Another	 alaryngeal	 speech	 option	 is	 esophageal	 speech,
which	does	not	utilize	devices	or	 implants.	 It	 involves	 trapping	air	 in	 the	pharynx	distal	 to	 the	cricopharyngeus
with	a	subsequent	controlled	release	of	air	through	the	pharyngoesophageal	segment	to	produce	sound.	Learning
esophageal	 speech	 is	 time	 intensive	 and	 can	 take	 up	 to	 a	 year	 or	 longer	 to	 achieve	 a	 functional	 result.	 Voice
production	with	a	TEP,	in	many	instances,	can	be	achieved	on	the	day	of	insertion.
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Figure	46.3	Blom-Singer	laryngectomy	tube	for	the	treatment	of	tracheal	stenosis	but	does	not
retain	a	heat	and	moisture	exchange	(HME)	cartridge.	These	are	available	in	different	diameter	and
width,	with	and	without	fenestration	(A).	A	foam	cover	(B)	for	a	tracheostoma	for	HME	in	lieu	of
an	HME	cartridge.	Shown	are	different	options	for	humidification:	Provox	HME	cartridge	(D,E)
and	a	Blom-Singer	adhesive	retention	collar	with	base	plate	(C)	are	designed	to	be	applied	over	the
tracheostoma	so	that	the	HME	cartridge	can	be	snapped	in	position.	The	HME	helps	maintain	the

humidity	and	temperature	of	the	pulmonary	tract	and	should	be	worn	24	hours	per	day;	it	is
designed	to	be	replaced	each	day.	Similar	HME	prosthesis	and	retention	collar	with	base	plate
manufactured	by	Blom-Singer	(F–H).	The	base	plates	come	in	different	shapes	and	adhesive

strengths,	but	the	HME	attachment	system	is	universal	to	facilitate	the	use	of	different	brands.	Wear
time	of	the	base	plates	can	vary	from	several	hours	to	several	days.



Figure	46.4	There	are	many	different	types	of	tracheoesophageal	(TE)	prostheses.	This	figure	is	a
sample	of	some	different	types.	The	TE	prosthesis	diverts	air	into	the	esophagus,	creating	a

vibratory	segment	so	the	patient	can	produce	a	voice.	Patient-changeable	(A–D)	and	indwelling	(E–
J)	tracheal	esophageal	prosthesis	are	shown.	InHealth	low-pressure	duckbill	with	insertion	stick

(A,B).	InHealth	low-pressure	prosthesis	with	insertion	stick	(C,D).	Classic	prosthesis	with	insertion
stick	(E,F).	Classic	prosthesis	mounted	on	introducer	and	inserted	in	a	gel	capsule	(G,H).	Dual

valve	with	large	esophageal	and	tracheal	flange	with	introducer	(I,J).	This	would	be	used	in	patients
who	experience	reduced	retention	of	their	prosthesis	in	the	TE	puncture.
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Figure	46.5	These	are	examples	of	tracheoesophageal	prostheses	with	alternative	insertion
systems.	Provox	non-	indwelling,	patient-changeable	prosthesis	(A),	insertion	stick	(B),	and	a	safety

washer	(C)	attached	to	the	voice	prosthesis,	which	allows	for	the	easy	removal	of	the	voice
prosthesis	in	the	event	of	accidental	prosthesis	dislodgment.	Provox	2	indwelling	prosthesis	(D),
mounted	on	the	insertion	stick	(E)	that	fits	inside	of	the	insertion	tube	(F)	for	placement	in	the
tracheoesophageal	fistula	tract.	The	Provox	Smart	Insertion	System	(G)	assembled	with	its	three
components	and	the	indwelling	prosthesis	(H)	mounted	on	the	insertion	stick	(I)	that	is	muzzle

loaded	into	the	insertion	tube	(J).



Figure	46.6	An	artificial	larynx.	This	device	is	a	sound	generator	shown	in	two	different
configurations.	First,	with	an	intraoral	attenuator/attachment.	Together,	the	attachment	and

attenuator	(A)	allow	for	the	delivery	of	sound	into	the	oral	cavity,	which	can	then	be	shaped	into
speech.	Second,	without	an	attachment/attenuator	(B)	and	can	be	used	with	neck	placement	or	cheek
placement.	When	used	this	way,	sound	is	directed	through	the	neck	or	cheek	tissue	into	the	oral

cavity.

A	wide	variety	of	TE	voice	prostheses	are	available.	It	is	important	to	know	that	prostheses	come	in	different
diameters,	lengths,	amounts	of	valve	resistance,	and	sizes	of	tracheal	and	esophageal	retention	collars.	Candidal
colonization	also	affects	prosthesis	selection.	Candidal	colonization	of	the	TEP	can	cause	accelerated	deterioration
and	can	increase	the	frequency	of	replacement.	There	are	patient-changeable	and	clinician-placed	(i.e.,	indwelling)
prostheses.	 Patient-changeable	 prostheses	 can	 last	 from	 <1	month	 to	 3	months	 on	 average,	 whereas	 clinician-
placed	prosthetics	can	last	3	to	6	months	on	average.	The	goal	is	for	the	patient	to	be	as	independent	as	possible
with	their	care.	This	includes	daily	cleaning	and	maintenance.	The	advantage	of	the	patient-changeable	prosthesis
is	that	it	 is	less	expensive	than	the	clinician-placed	prosthesis.	In	addition,	in	the	event	of	prosthesis	failure,	the
patient	can	replace	the	prosthesis	independently.	The	clinician-placed	prosthesis	comes	with	added	options	(e.g.,
antifungal,	large	tracheal	or	esophageal	flanges,	dual	valves,	weighted	valves).	However,	the	indwelling	prosthesis
can	cost	two	to	three	times	more	than	a	patient-changeable	prosthesis.

Voice	production	can	be	difficult	for	some	patients	even	when	there	is	a	properly	fitting	TEP.	There	are	several
causes	of	aphonia	following	the	placement	of	a	voice	prosthesis.	These	include	posttreatment	edema,	spasm	of	the
cricopharyngeus,	 and	pharyngeal	 stenosis.	A	VFSS	 is	utilized	 for	 the	 evaluation	of	 spasm	versus	 stenosis.	 If	 a
stenosis	 is	 present,	 then	dilation	 is	 appropriate.	 If	 there	 is	hypertonicity	of	 the	pharyngoesophageal	 segment	or
cricopharyngeal	spasm,	this	can	be	treated	with	botulinum	toxin	injection	in	a	clinic	setting	or	administered	under
fluoroscopy.

Sound	production	with	a	voice	TEP	requires	adequate	occlusion	of	the	tracheostoma.	The	tracheostoma	can	be
occluded	 directly	 with	 a	 digit,	 an	 object,	 a	 stoma	 filter	 with	 application	 of	 digital	 pressure	 (Fig.	 46.7),	 or	 a
mechanical	 valve	 that	 fits	 over	 the	 stoma.	 A	mechanical	 valve	 is	 considered	 to	 be	 hands	 free	 and	 fits	 into	 a
tracheostomal	 housing	 that	 can	 be	 adhered	 to	 the	 skin	 adjacent	 to	 the	 stoma	 or	 inserted	 into	 a	 self-retaining
tracheal	 button	 that	 is	 placed	 in	 the	 stoma	 (Fig.	46.8).	The	 hands-free	 devices	most	 closely	 duplicate	 an	 intact
larynx	because	the	patient	does	not	have	to	use	a	digit	to	occlude	the	stoma.	Use	of	forced	exhalation	closes	off
the	valve,	shunting	air	through	the	TEP.	The	challenges	with	these	devices	are	retention	while	speaking,	avoiding
obstruction	due	 to	secretions,	and	maintaining	optimal	respiratory	support	 for	valve	closure.	For	effective	 long-
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term	use	of	a	tracheostomal	housing	used	with	a	hands-free	device,	the	peristomal	skin	must	be	able	to	withstand
wound	breakdown.	An	alternative	to	the	adhesive	tracheostomal	housing	is	a	stoma	button.	The	button	fits	in	the
tracheostoma,	and	retention	is	facilitated	by	a	slightly	stenotic	stoma	and	a	small	retention	collar	on	the	distal	end
of	the	button.	For	those	patients	who	are	not	able	to	use	a	stoma	button	but	who	require	use	of	a	tube	to	maintain
stoma	 patency,	 another	 option	 is	 a	 combination	 of	 the	 adhesive	 housing	 and	 the	 laryngectomy	 tube.	 If	 the
retention	and	secretion	issues	can	be	overcome,	the	hands-free	device	is	a	major	step	forward	in	the	rehabilitation
of	the	head	and	neck	cancer	patient	(Fig.	46.9).

Figure	46.7	Patient	with	adhesive	tracheostoma	base	plate,	heat	and	moisture	exchange	cassette
inserted.	The	patient	will	push	on	the	cassette	for	tracheoesophageal	voice	production.



Figure	46.8	Blom-Singer	hands-free	speaking	valve	(A).	Provox	FlexiVoice	hands-free	speaking
valve	(B).	The	valves	are	open	during	restful	breathing.	During	tracheoesophageal	sound

production,	the	valve	closes,	redirecting	the	air	through	a	separate	device,	the	tracheoesophageal
voice	prosthesis.	The	laryngectomy	button	is	self-retained	by	a	lip	in	the	tracheostoma	and	has

flanges	for	loose	retention	to	prevent	loss	with	dislodgment.	This	button	can	fit	a	heat	and	moisture
exchange	(HME)	or	hands-free	speaking	valve	(C).	The	Barton	Mayo	button	(D)	is	self-retained	by
a	lip	in	the	tracheostoma	and	can	fit	an	HME	or	hands-free	speaking	valve.	Blom-Singer	HME
cassette	(E).	Provox	HME	cassette	(F).	Provox	fenestrated	laryngectomy	tube	(G)	that	facilitates

tracheoesophageal	voice	prosthesis	voicing	and	will	retain	an	HME	cassette.	Laryngotec
laryngectomy	tubes	(H)	that	are	designed	to	house	an	HME	cassette	are	not	self-retaining	and	are

designed	for	use	with	ties.
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Figure	46.9	Patient	with	modified	tracheostoma	housing	with	hands-free	speaking	valve.

Every	stoma	is	different,	and,	as	a	result,	there	are	a	variety	of	devices	that	assist	in	the	retention	of	heat	and
moisture	 exchange	 (HME)	 cassettes	 and	 hands-free	 devices.	 There	 are	 two	 categories	 of	 HME	 devices:
peristomal,	which	are	retained	around	the	stoma,	and	intrastromal,	which	are	fit	into	the	stoma.	For	most	patients,
a	peristomal	base	plate	is	fit	first	until	adequate	healing	allows	for	an	evaluation	for	the	use	of	a	stoma	button.	We
prefer	 to	 place	 intrastromal	 devices	 once	 the	 patient	 has	 healed.	 The	 use	 of	 a	 stoma	 button	 will	 affect	 the
placement	location	of	the	TEP.	To	effectively	use	a	stoma	button,	the	TEP	needs	to	be	placed	more	inferiorly,	so
the	 tracheal	 retention	collar	of	 the	stoma	button	does	not	obstruct	 the	TE	voice	prosthesis.	The	stoma	button	 is
reused	with	replacement	once	or	twice	per	year	as	needed.

During	 the	 initial	postoperative	outpatient	 clinic	visit,	 the	 surgeon	will	 evaluate	 the	patient	 for	 candidacy	 to
return	to	oral	intake.	The	initial	assessment	consists	of	blue	food	coloring	in	single	and	consecutive	swallows	to
assess	for	a	fistula.	The	focus	then	turns	to	the	efficiency	of	bolus	transfer	and	clearance.	Most	patients	modify
these	foods	by	cutting	foods	into	smaller	pieces,	using	liquid	washes,	or	adding	moisturizers	to	dry	foods.

Some	 laryngectomy	 patients	 have	 problems	 with	 food	 lodgment	 (food	 sticking	 in	 the	 throat).	 A	 VFSS	 is
routinely	done	 and	 in	 some	cases	 combined	with	 an	 esophagram	 to	 assess	 structural	 versus	 functional	 deficits.
Functional	deficits	include	but	are	not	limited	to	weakness	in	the	base	of	tongue	and/or	pharynx	impacting	bolus



transport	 and	 clearance.	 If	 these	 types	 of	 deficits	 are	 noted,	 swallowing	 therapy	may	 be	 of	 benefit	 to	 improve
strength	 and	 conditioning	 of	 the	 structures	 to	 improve	 bolus	 propulsion	 and	 clearance.	 If	 there	 is	 a	 prominent
cricopharyngeus	 (incomplete	 relaxation)	with	 food	particulate	 above	 the	 narrowed	 segment,	 lidocaine	 injection
can	 help	 diagnose	 the	 impairment	 prior	 to	 botulinum	 toxin	 injection.	 If	 food	 lodgment	 is	 from	 a	 structural
impairment	such	as	a	stricture,	then	dilation	is	warranted.

Rehabilitation	after	head	and	neck	cancer	treatment	requires	an	interested	and	engaged	multidisciplinary	team.
Addictive	behaviors	need	to	be	addressed	and	treated	to	make	the	rehabilitative	program	successful.	Next,	mood
disorders,	anxiety,	and	posttraumatic	stress	need	to	be	assessed	and	treated.	The	best	rehabilitative	programs	have
motivated	rehabilitative	specialists	invested	in	the	art	and	science	of	speech,	swallowing,	and	nutrition	that	is	built
on	 the	 foundation	of	 concerned	clinicians	who	design	 treatments	 that	minimize	 the	 long-term	 treatment-related
side	effects.

RESOURCES	FOR	REHABILITATION	OF	HEAD	AND	NECK	CANCER
PATIENTS
For	the	clinician,	there	are	a	number	of	useful	references	for	the	rehabilitation	of	head	and	neck	cancer	patients.

Doyle	PC,	Keith	RL.	Contemporary	Considerations	 in	 the	Treatment	and	Rehabilitation	of	Head	and	Neck
Cancer.	Austin,	TX:	PRO-ED;	2005.
Fried	MP.	The	Larynx—A	Multidisciplinary	Approach.	Vol	15.	Boston:	Little,	Brown;	1988.
Logemann	JA.	Evaluation	and	Treatment	of	Swallowing	Disorders.	Vol	13.	2nd	ed.	Austin,	TX:	PRO-ED;
1998.
Perlman	AL,	Schulze-Delrieu	KS.	Deglutition	and	Its	Disorders:	Anatomy,	Physiology,	Clinical	Diagnosis,
and	Management.	Vol	13.	San	Diego:	Singular;	1997.
Sullivan	P,	Guilford	A.	Swallowing	Intervention	in	Oncology.	Vol	21.	San	Diego:	Singular;	1999.
Ward	EC,	van	As-Brooks	CJ.	Head	and	Neck	Cancer	Treatment,	Rehabilitation,	and	Outcomes.	2nd	ed.	San
Diego:	Plural	Publishing;	2014.
Ruddy	BH,	Ho	H,	Sapienza	C,	et	al.	Cases	 in	Head	and	Neck	Cancer:	A	Multidisciplinary	Approach.	San
Diego:	Plural	Publishing;	2016.
Many	larger	communities	and	head	and	neck	oncology	programs	have	or	are	associated	with	support	groups.

However,	there	are	few,	if	any,	in	small	rural	areas.	It	may	be	helpful	for	a	newly	diagnosed	head	and	neck	cancer
patient	to	have	the	opportunity	to	speak	with	a	member	of	the	support	group	prior	to,	during,	and	after	treatment.
The	following	provides	additional	information	about	support	groups:

Support	for	People	with	Oral	and	Head	and	Neck	Cancer	(SPOHNC)	has	a	 listing	of	support	groups	in	the
United	States.	In	addition,	it	has	a	useful	list	of	Web	links	for	the	head	and	neck	cancer	patient.	SPOHNC	is
accessed	at	www.spohnc.org,	P.O.	Box	53,	Locust	Valley,	NY,	11560-0053,	1-800-377-0928.
Web	 Whispers	 is	 a	 laryngectomy	 online	 support	 group	 that	 provides	 information,	 has	 a	 monthly	 online
newsletter,	 conducts	 an	 annual	 meeting,	 and	 provides	 loaner	 artificial	 electric	 larynx	 for	 members.	 It	 is
accessed	at	www.webwhispers.org.
The	 International	 Association	 of	 Laryngectomees	 (IAL)	 is	 an	 international	 association	 with	 educational
materials,	meetings,	and	links	to	medical	equipment	companies.	IAL	is	accessed	at	www.theial.com/ial.
CancerCare	 provides	 educational	 programs,	 counseling,	 information,	 and	 financial	 assistance.	 There	 are
useful	 links	 and	 documents	 on	 recent	 cancer-related	 research.	 Patients	 can	 call	 and	 obtain	 free	 counseling
from	a	social	worker.	It	is	accessed	at	www.cancercare.org.	To	contact	telephone	counseling,	call	1-800-813-
4673.
The	Head	and	Neck	Cancer	Alliance	has	a	 link	 to	a	blog	where	patients	can	ask	other	patients	about	 their
experiences.	The	site	is	accessed	at	www.inspire.com/groups/head-and-neck-cancer-alliance/.
Facebook	has	an	array	of	groups	that	provide	information	and	chat	rooms.
MedlinePlus	is	a	patient	health	information	Web	site	supported	by	the	National	Library	of	Medicine	and	the
National	 Institutes	of	Health.	 It	 is	accessed	at	www.nlm.nih.gov/medlineplus/headandneckcancer.html.	 This
site	is	also	available	in	Spanish.
Cancer.Net	offers	 information	on	a	variety	of	 topics	 for	 the	head	and	neck	cancer	patient.	 It	 is	accessed	at
www.cancer.net.
The	National	Cancer	Institute	offers	information	on	head	and	neck	cancer	treatment,	prevention,	causes,	and
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screening.	It	is	accessed	at	www.cancer.gov/cancertopics/types/head-and-neck.
Brook,	I.	The	Laryngectomee	Guide.	Washington,	DC:	Itzhak	Brook;	2013.	This	is	a	guide	aimed	at	providing
practical	information	that	can	assist	laryngectomees	and	their	caregivers.	Available	in	print	and	electronically.

American	Cancer	Society	(ACS),	www.cancer.org,	800-227-2345
The	ACS	has	an	enormous	amount	of	information	and	resources	relating	to	all	aspects	of	cancer.
Cancer	Information	Service	(CIS),	www.cancer.gov/contact/contact-center,	1-800-4-CANCER
CIS	provides	information	about	many	aspects	of	cancer,	 including	diagnosis,	 treatment,	prevention,	and	clinical
trials.
The	Oral	Cancer	Foundation,	http://www.oralcancerfoundation.org/,	949-723-4400
The	Oral	Cancer	Foundation	is	a	national	public	service	organization	that	is	designed	to	reduce	suffering	and	save
lives	through	prevention,	education,	research,	advocacy,	and	patient	support	activities.
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Section	2	Cancer	of	the	Thoracic	Cavity



47 The	Molecular	Biology	of	Lung
Cancer
Jill	E.	Larsen	and	John	D.	Minna

INTRODUCTION
Lung	cancer	is	the	leading	cause	of	cancer-related	death	in	the	United	States	accounting	for	approximately	26%	of
total	cancer	deaths	in	2017	despite	comprising	only	13%	of	new	cancer	cases.1	The	two	main	types,	non–small-
cell	lung	cancer	(NSCLC)	(80%	to	85%)	and	small-cell	lung	cancer	(SCLC)	(15%	to	20%),	are	identified	based
on	 histologic,	 clinical,	 and	 neuroendocrine	 characteristics.	 NSCLC	 is	 further	 histologically	 subdivided	 into
adenocarcinoma	 (LUAC)	 and	 squamous	 carcinoma	 (LUSC),	 with	 large	 cell	 (including	 neuroendocrine	 lung
cancers),	bronchioloalveolar,	and	mixed	histologic	(e.g.,	adenosquamous)	subtypes	being	less	common.

Lung	 cancer	 is	 a	 multistep	 process	 involving	 genetic	 and	 epigenetic	 alterations	 where	 resulting	 molecular
alterations	transform	normal	lung	epithelial	cells	into	lung	cancer.2	It	is	not	known	whether	all	lung	epithelial	cells
or	only	a	subset,	such	as	pulmonary	stem	cells,	are	susceptible	to	full	malignant	transformation,	but	whereas	the
tumor-initiating	 cell	 may	 only	 harbor	 a	 handful	 of	 mutations,	 cells	 acquire	 additional	 mutations	 as	 the	 tumor
expands.3	 Smoking	 damages	 the	 entire	 respiratory	 epithelium	 and	 thus	 “field	 cancerization”	 or	 “field	 defects”
(molecular	 changes)	 are	 observed	 in	 histologically	 normal	 lung	 epithelium	 as	 well	 as	 in
preneoplastic/premalignant	lesions.4	This	culminates	in	lung	cancers	exhibiting	all	the	“hallmarks	of	cancer.”5,6

Although	 the	majority	 of	 lung	 cancers	 are	 caused	 by	 carcinogens	 present	 in	 tobacco	 smoke,	 approximately
20%	of	 cases	occur	 in	 lifetime	 “never	 smokers”	 (<100	 cigarettes	 in	 their	 lifetime).	Due	 to	 the	number	of	 lung
cancer	cases	overall,	lung	cancer	in	never	smokers	(LCNS)	presents	a	huge	public	health	problem,	comprising	the
seventh	most	common	cause	of	cancer	death.7	LCNS	is	more	common	in	women	and	East	Asian	ethnicity,	has	a
peak	incidence	that	occurs	at	a	younger	age,	is	usually	adenocarcinoma,	and	targets	the	distal	airways.8	Compared
with	lung	cancer	in	ever	smokers,	LCNS	have	many	fewer	mutations,	a	different	pattern	of	base	pair	substitutions,
with	molecular	differences	including	EGFR	 and	HER2	mutations	being	more	common,	whereas	KRAS,	STK11,
and	 TP53	 mutations	 are	 less	 common.9	 The	 major	 causes	 of	 LCNS	 remain	 unknown,	 but	 environmental
carcinogens	and	secondhand	smoke	are	considered	the	most	likely.

Lung	cancer	is	a	heterogeneous	disease	clinically,	biologically,	histologically,	and	molecularly.	Heterogeneity
exists	 both	 between	 patients	 as	 well	 as	 within	 the	 same	 patient.	 Understanding	 the	 molecular	 causes	 of	 this
heterogeneity,	 determining	how	 the	molecular	 changes	 relate	 to	 the	 biologic	 behavior	 of	 lung	 cancer	 and	 their
utility	 as	 diagnostic	 and	 therapeutic	 targets	 are	 important	 basic	 and	 translational	 research	 issues.	 Genomic
technologies	 have	 revolutionized	 characterization	 of	 the	 lung	 cancer	 genome,	 epigenome,	 transcriptome,	 and
proteome,	 providing	 an	 unprecedented	 amount	 of	 information.	 Central	 issues	 now	 are	 to	 identify	 “actionable”
molecular	 changes	 representing	 acquired	 vulnerabilities	 (therapeutically	 targetable);	 important	 lung	 cancer
subgroups	(“molecular	portraits”)	with	prognostic	and/or	predictive	utility;	discrimination	between	“driver”	from
“passenger”	mutations;	molecular	changes	underlying	potential	response	and	resistance	to	the	immune	system;	the
timing	 in	pathogenesis	of	 acquiring	 the	changes	and	 thus	how	 this	molecular	knowledge	can	be	used	 for	 early
detection	and	prevention	of	 lung	cancer;	and	how	germline	variations	relate	 to	 these	acquired	changes	 to	affect
lung	 cancer	 pathogenesis.	 Identifying	 molecular	 alterations	 representing	 “acquired	 vulnerabilities”	 that	 can	 be
therapeutically	targeted	is	key	as	they	are	absent	in	normal	tissue	and	thus	provide	a	“therapeutic	window.”	Our
current	knowledge	of	key	molecular	steps	in	lung	cancer	pathogenesis	and	their	timing	in	preneoplasia,	primary
cancer,	and	metastatic	disease	and	the	clinical	implications	is	the	subject	of	this	chapter.

GENOMICS:	TOOLS	FOR	IDENTIFICATION,	PREDICTION,	AND
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PROGNOSIS
The	 molecular	 heterogeneity	 of	 lung	 cancer	 and	 utility	 in	 classifying	 lung	 tumors	 by	 their	 specific	 driving
mutations	 is	 demonstrated	 in	 tumors	 harboring	 epidermal	 growth	 factor	 receptor	 (EGFR)	 tyrosine	 kinase
mutations	 or	 anaplastic	 lymphoma	 kinase	 (ALK)	 fusion	 proteins.	 These	 tumors	 exhibit	 exquisite	 sensitivity	 to
small	molecule	EGFR	tyrosine	kinase	inhibitors	(TKIs)	or	ALK	inhibitors,	respectively.10,11	The	Cancer	Genome
Atlas	 (TCGA),	 an	 important	 resource	 for	 studying	 the	 molecular	 biology	 of	 lung	 cancer,	 is	 a	 collaboration
between	 the	 National	 Cancer	 Institute	 (NCI)	 and	 National	 Human	 Genome	 Research	 Institute	 (NHGRI).	 The
TCGA	 has	 now	 characterized	 genomic	 alterations	 in	 over	 11,000	 tumors	 (including	 approximately	 1,100	 lung
cancers)	and	matched	normal	tissues	across	33	tumor	types	(https://cancergenome.nih.gov/),	with	the	data	publicly
available	(https://portal.gdc.cancer.gov/	and	http://www.cbioportal.org/).	Tumors	have	been	assessed	for	somatic
mutations;	 single	 nucleotide	 variations	 (SNVs);	 structural	 variations	 (SVs);	 gene	 amplifications	 and	 deletions;
DNA	methylation;	and	expression	of	messenger	RNA	(mRNA),	noncoding	RNA	(ncRNA),	and	protein	and	have
accompanying	clinical	annotation.

Somatic	Landscape	of	Lung	Cancer
DNA	 sequencing	 of	 LUAC,12,13	 LUSC,14	 and	 SCLC15–17	 has	 revealed	 the	 lung	 cancer	 genome	 displays	 high
protein-altering	mutation	rates,	perhaps	 indicative	of	 the	 inherent	heterogeneity	found	 in	 lung	 tumors	compared
with	tumors	from	other	tissues.	This	will	necessitate	comprehensive	and	systematic	analyses	from	large	numbers
of	 patients,	 such	 as	 a	 pan-NSCLC	 analysis	 of	 660	 LUAC	 and	 504	 LUSC,18	 to	 identify	 significant	 molecular
alterations	 that	 drive	 the	 cancer	 phenotype	 and	 to	 eventually	 develop	 rational	 therapies.	 These	 studies	 have
identified	significantly	mutated	genes	(Table	47.1)	and	focal	amplifications	and	deletions	(Table	47.2),	which	are
largely	distinct	between	lung	cancer	subtypes,	although	pooling	of	LUAC	and	LUSC	samples	enabled	detection	of
low-frequency	events	common	to	both	subtypes.	The	pan-NSCLC	analysis	also	revealed	LUSC	alterations	were
more	 similar	 to	 other	 squamous	 carcinomas	 than	 to	 LUAC,18	 suggesting	 tumors	 arising	 from	 similar	 cells	 of
origin	but	different	 tissues	share	more	similarity	 than	 those	arising	 from	different	cells	of	origin	but	within	 the
same	tissue.

TABLE	47.1
Recurrent,	Significantly	Mutated	Genes	in	Lung	Cancer	Subtypes

LUAC LUSC Additional	Pan-NSCLCa SCLC
APC ARHGAP35 B2M ALMS1

ARHGEF12 ARID1A COL5A2 ASPM

ARID1A CDKN2A CREBBP COL22A1

ARID2 CUL3 DSN1 CREBBP
ATF7IP FAT1 ELL2 EP300
ATM FBXW7 EP300 FMN2

BRAF HRAS HLA-A FPR1

CDKN2A IRF6 ITGBL1 KIAA1211

CTNNB1 KDM6A KLF5 NOTCH1
DOT1L MLL2 LATS1 PDE4DIP

EGFR NF1 NCOA6 PTGFRN

ERBB2 NFE2L2 PLXNB2 RB1
FANCM NOTCH1 SGK223 RGS7

FTSJD1 NSD1 ZFP36L1 TP53
KARS PASK 	 TP73

KEAP1 PIK3CA 	 XRN1

KLHL5 PTEN 	 	

KRAS RASA1 	 	

MAP2K1 RB1 	 	



MET TP53 	 	

MGA 	 	 	

MLL3 	 	 	

NF1 	 	 	

NRAS 	 	 	

PIK3CA 	 	 	

PPP3CA 	 	 	

PTPRU 	 	 	

RAF1 	 	 	

RB1 	 	 	

RBM10 	 	 	

RIT1 	 	 	

SETD2 	 	 	

SMAD4 	 	 	

SMARCA4 	 	 	

STIM1 	 	 	

STK11 	 	 	

TP53 	 	 	

U2AF1 	 	 	
Genes	in	bold	are	present	 in	more	than	one	histologic	subtype.	Data	generated	through	of	analysis	of	230	LUAC,12	178	LUSC,14
660	LUAC	and	484	LUSC,18	and	110	SCLC15	with	paired	normal	samples.
aIdentified	by	a	combined	analysis	of	LUAC	and	LUSC	subtypes.18	LUAC,	lung	adenocarcinoma;	LUSC,	lung	squamous	carcinoma;
NSCLC,	non–small-cell	lung	cancer;	SCLC,	small-cell	lung	cancer.

After	melanoma,	LUSC,	LUAC,	and	SCLC	exhibit	 the	 largest	number	of	coding	sequence	altering	acquired
mutations,19	with	mean	somatic	mutation	rates	of	around	eight	mutations	per	megabase	(Mb)	of	DNA,12,14,15	most
likely	due	 to	chronic	exposure	 to	 tobacco	smoke.	 In	LUAC,	smokers	had	an	approximately	10-fold	 increase	 in
somatic	mutation	burden	compared	to	LCNS.9	The	mutation	signatures,	an	indication	of	the	mutational	processes
in	operation,	in	lung	cancer	are	related	to	smoking	(C	>	A	transversions),	ultraviolet	exposure,	mismatch	repair,
APOBEC	(cytidine	deaminase	mutagenesis	pattern),	and	a	putative	“molecular	clock”	have	been	identified.18	The
contribution	 of	 each	 signature	 varies	 between	 lung	 tumor	 subtypes,	with	 a	 higher	 contribution	 of	 the	 smoking
mutation	signature	in	LUSC	and	SCLC	compared	with	LUAC.12,15,18

TABLE	47.2
Candidate	Oncogenes	Genes	in	Focal	Amplifications	and	Tumor	Suppressor	Genes	in
Deletions	in	Lung	Cancer	Subtypes

	 LUAC LUSC SCLC
Amplifications CCND1 [AKT1] FGFR1

CCND3 BCL2L1 IRS2

CCNE1 CCND1 MYC
CDK4 CCNE1 MYCL1
EGFR CDK6 MYCN

ERBB2 EGFR 	

KAT6A ERBB2 	

KRAS FOXA1 	

MAPK1 [IGF1R] 	

MCL1 [KDM5A] 	

MDM2 [MAPK1] 	

MECOM/TERC [MCL1] 	

MET MDM2 	
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MIR21/TUBD1 MIR205 	
MYC MYC 	

[MYCL1] MYCL1 	

NKX2-1 NFE2L2 	

PDGFRA/KIT/KDR PDGFRA/KIT/KDR 	

TERT PTP4A1/PHF3 	

WHSC1L1/FGFR1 REL/BCL11A 	

ZNF217 SOX2 	

	 TERT 	

	 WHSC1L1/FGFR1 	

	 YES1 	

Deletions ARID2 B2M CDKN2A
B2M CDKN2A FHIT

CDKN2A CREBBP RB1
RB1 FAT1 ROBO1
SMAD4 FOXP1 	

SMARCA4 KDM6A 	

TRAF3 [MLL3] 	

ZMYND11 NF1 	

	 PTEN 	

	 RB1 	

	 ROBO1 	

	 TRAF3 	

	 USP22 	

	 ZMYND11 	
Genes	in	bold	are	present	in	more	than	one	histologic	subtype.	Genes	in	brackets	indicate	the	target	gene	was	inferred.	TRAF3	was
identified	 in	 a	 pan-NSCLC	 analysis	 of	 660	 LUAC	 and	 484	 LUSC.18	 Data	 was	 generated	 through	 analysis	 of	 230	 LUAC,12	 178
LUSC,14	660	LUAC	and	484	LUSC,18	and	110	SCLC,15	with	paired	normal	samples.
LUAC,	lung	adenocarcinoma;	LUSC,	lung	squamous	carcinoma;	SCLC,	small-cell	lung	cancer.

Intratumor	 heterogeneity	 has	 transformed	 our	 understanding	 of	 the	 lung	 cancer	 genome	 and	 therapeutic
resistance.	Deeper	understanding	of	 the	evolution	of	 lung	 tumors	was	achieved	by	sequencing	 the	genome	of	a
small	 number	 of	 tumors	 at	 multiple	 regions	 (>25).20–22	 It	 revealed	 that	 within	 each	 tumor,	 the	 majority	 of
mutations,	particularly	driver	mutations,	are	clonal,	but	some	driver	mutations	arise	after	subclonal	diversification.
Increased	subclonal	populations	are	associated	with	poorer	patient	outcome	and	 lack	of	 response	 to	checkpoint
inhibitor	 immunotherapy	 (see	 the	 following	 text).	 Temporal	 analysis	 found	 a	 long	 latency	 between	 smoking-
related	 genomic	 events	 and	 clinical	 detection	 of	 disease,	 illustrating	 the	 benefit	 of	 detecting	 early	 events.	 To
provide	deep	study	with	clinical	correlations	of	molecular	heterogeneity,	the	Lung	TRACERx	(TRAcking	Cancer
Evolution	 through	 therapy	 [Rx])	 is	an	ongoing,	prospective	observational	cohort	 study	 that	aims	 to	define	how
cancer	clonal	heterogeneity	affects	the	risk	of	recurrence	and	survival	and	how	cancer	subclones	compete,	adapt,
and	evolve	from	diagnosis	to	relapse.21

Characterization	of	Aberrant	Pathways
Analyses	 of	 LUAC,	 LUSC,	 and	 SCLC	 have	 identified	 recurrent	 and	 characteristic	 aberrations	 in	multiple	 key
pathways	 and	 processes	 (see	 Table	 47.1	 and	Table	 47.2).	 In	 LUAC,	 activation	 of	 the	 receptor	 tyrosine	 kinase
(RTK)/RAS/RAF	pathway	is	most	common,	with	76%	to	85%	of	cases	having	an	known	or	putative	driver	gene
altered	within	the	pathway,	respectively,12	 including	newly	identified	RASA1,	SOS1,	 and	VAV1.18	Activation	 or
alteration	also	occurs	in	the	phosphatidylinositol	3-kinase	(PI3K)/AKT/mammalian	target	of	rapamycin	(mTOR)
pathway	(25%),	p53	pathway	(63%),	cell	cycle	 regulators	 (64%),	oxidative	stress	pathways	 (22%),	and	various
chromatin	and	RNA	splicing	factors	(49%).12	MET	and	ERBB2	amplification	and	NF1	 and	RIT1	mutation	were
the	 predicted	 driver	 events	 in	 the	 15%	 to	 25%	 of	 otherwise	 oncogene-negative	 LUAC,	 but	 larger	 cohorts	 are
needed	to	delineate	these	rare	events.12



Frequently	altered	genes	 in	LUSC	involved	 in	oxidative	stress	 response	 (34%)	and	squamous	differentiation
(44%).14	NFE2L2	promotes	survival	following	oxidative	damage.	It	 is	regulated	by	KEAP1,	an	oxidative	stress
sensor,	which	represses	NFE2L2	in	unstressed	conditions	as	well	as	constantly	ubiquitinates	NFE2L2	by	forming
a	ubiquitin	E3	ligase	complex	with	CUL3.23	LUSC	commonly	exhibits	mutation	and	copy	number	alteration	 in
NFE2L2	 and	 KEAP1	 and/or	 deletion	 or	 mutation	 of	 CUL3.	 Aberrations	 in	 genes	 involved	 in	 squamous
differentiation	 included	overexpression	and	amplification	of	SOX2	 and	TP63,	 and	 loss	of	 function	mutations	 in
NOTCH1,	NOTCH2,	and	ASCL4	and	focal	deletions	in	FOXP1.14	Alterations	in	NOTCH1,	NOTCH2,	and	ASCL4
were	mutually	exclusive	and	minimally	overlapped	with	TP63	and/or	SOX2	amplification,	suggesting	overlapping
functional	consequences.

In	 SCLC,	 biallelic	 inactivation	 of	TP53	 and	RB1	was	 universal;	 suggesting	 complete	 genomic	 loss	 of	 both
TP53	 and	RB1	 function	 is	 necessary.	Mutations	 in	CREBBP,	EP300,	TP73,	RBL1,	RBL2,	 and	NOTCH	 family
genes	were	largely	mutually	exclusive,	indicating	they	may	exert	similar	protumorigenic	functions	in	SCLC.	Also
in	 SCLC,	 signaling	 pathways	 associated	 with	 cell	 cycle	 regulation,	 RTK/PI3K	 signaling,	 transcriptional
regulation,	and	Notch	signaling/neuroendocrine	differentiation	were	recurrently	affected.15	Low	activity	of	Notch
signaling	 was	 also	 implied	 by	 high	 expression	 of	 DLK1	 (an	 inhibitor	 of	 Notch	 signaling)	 and	 ASCL1	 (a
neuroendocrine	lineage	oncogene	inhibited	by	Notch	signaling).	Mutation	and	oncogenic	rearrangement	of	TP73
occurred	 in	 13%	 of	 cases,	 with	 the	 identification	 of	 novel	 p73Δex2/3	 variants.	Mutation	 and	 amplification	 of
SOX2	and	a	recurrent	RFL-MYCL1	fusion	have	also	been	associated	with	the	SCLC	subtype.16

Transcriptome	Profiling
Profiling	 the	 lung	 cancer	 transcriptome	has	 imparted	biologically	 and	 clinically	 relevant	 information	 to	 predict
prognosis,	 response,	 and	 histology.24	 Predictive	 and	 prognostic	 mRNA	 profiling	 has	 real	 potential	 in	 refining
current	 clinical	 methods	 in	 lung	 cancer,	 yet	 progress	 has	 been	 limited	 due	 to	 issues	 with	 reproducibility,
robustness,	 and	 real	 clinical	 utility.25	 A	 evaluation	 of	 42	 prognostic	 lung	 cancer	 signatures	 from	 15	 datasets
(comprising	 1,927	 NSCLCs),	 however,	 found	 17	 signatures	 and	 8	 signatures	 were	 prognostic	 for	 LUAC	 and
LUSC,	 respectively.26	 Prospective	 clinical	 validation,	 however,	will	 need	 signatures	 developed	 from	 formalin-
fixed,	 paraffin-embedded	 (FFPE)	 samples	 that	 are	 the	 usual	 available	 specimen	 type,	 and	 the	 development	 of
Clinical	Laboratory	Improvement	Amendments	(CLIA)-certifiable	assays.	The	clinical	implementation	of	similar
prognostic	signatures	in	breast	cancer,	such	as	with	Oncotype	DX,27	will	drive	further	efforts	in	lung	cancer.

Proteomic	Approaches
The	NCI’s	Clinical	Proteomic	Tumor	Analysis	Consortium	(CPTAC;	https://proteomics.cancer.gov/data-portal)	is
an	 ongoing	 effort	 to	 apply	 proteomic	 technologies	 and	workflows	 to	TCGA	 samples,	 cell	 lines,	 and	 xenograft
models.28	By	 analyzing	 samples	with	 characterized	 genomic	 and	 transcript	 profiles,	 it	 hopes	 to	 bridge	 the	 gap
between	genotype	and	phenotype.	Analysis	of	protein	posttranslational	modifications,	 such	as	phosphorylation,
enables	 the	detection	of	 signaling	network	 adaptations	driven	by	genomic	 changes.	Lung	 cancer	 data	 from	 the
CPTAC	 is	 in	 progress,	 but	 reverse	 phase	 protein	 array	 (RPPA)	 data	 for	 3,467	 patient	 samples	 (including	 449
NSCLC	samples)	from	11	TCGA	“Pan-Cancer”	diseases	of	128	total	proteins	and	53	posttranslationally	modified
proteins	are	available.29	Working	in	conjunction	with	the	CPTAC	is	the	Applied	Proteogenomics	OrganizationaL
Learning	 and	Outcomes	 (APOLLO)	 network,	which	 seeks	 to	 bridge	 oncology	 research	 and	 care	 by	 partnering
with	 the	 U.S.	 Department	 of	 Defense	 and	 Veterans	 Affairs,	 and	 the	 International	 Cancer	 Proteogenome
Consortium	(ICPC),	which	facilitates	international	cooperation.

Lessons	Learned	and	Future	Directions
Integrating	mutational	data	with	other	molecular	data	such	as	mRNA,	microRNA	(miRNA),	long	noncoding	RNA
(lncRNA)	 expression	 data,	 copy	 number	 variation,	 epigenomic,	 as	well	 as	 proteomic	 and	metabolomic	 data	 is
critical	to	get	the	most	accurate	view	of	the	lung	cancer	genome.	For	example,	CDKN2A,	a	tumor	suppressor	gene
(TSG)	that	encodes	the	cell	cycle	inhibitor	proteins	p16	and	p14,	is	frequently	inactivated	in	LUSC	by	epigenetic
silencing	 by	methylation	 (21%),	 inactivating	mutations	 (18%),	 exon	 skipping	 (4%),	 and	 homozygous	 deletion
(29%).	Thus,	considering	only	one	set	of	genomic	data	could	lead	to	inaccurate	conclusions	of	a	gene’s	role.

The	drive	to	molecularly	annotate	cancer	genomes	with	concurrent	clinical	and	pathologic	data	has	generated	a
massive	 amount	 of	 data.	The	ongoing	 challenge	 is	 to	 unravel	 the	 complexities	 of	 the	 lung	 cancer	 genome	 and
identify	 molecular	 mechanisms	 underpinning	 therapeutic	 responses	 and	 disease	 progression.	 This	 is	 aided	 by
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large-scale,	 global	 collaborative	 efforts,	 such	 as	 TCGA	 and	 the	 NCI’s	 Lung	 Cancer	 Mutation	 Consortium
(LCMC),30	and	public	availability	of	data.	The	LCMC	detected	actionable	drivers	in	64%	of	approximately	1,000
LUACs	and	individuals	who	received	a	matched	targeted	agent	to	their	driver	mutation	lived	longer.	Randomized
trials	are	now	needed	to	prospectively	validate	these	findings.

FUNCTIONAL	GENOMICS	IN	LUNG	CANCER
Molecular	 analyses	 in	 lung	 cancer	 have	 discovered	 widespread,	 somatic,	 protein-coding	 alterations.	 A	 subset
comprises	frequently	recurring	changes	(e.g.,	TP53	and	KRAS	mutations)	found	in	many	lung	cancers;	however,
the	large	majority	occur	in	5%	or	less	of	cases.	The	challenge,	therefore,	is	to	identify	which	gene	alterations,	both
common	 and	 uncommon,	 are	 functionally	 important	 to	 pathogenesis	 or	 represent	 acquired	 vulnerabilities
(“synthetic	 lethalities”).	 This	 is	 usually	 done	 in	 human	 “preclinical”	 models	 (e.g.,	 lung	 cancer	 cell	 lines	 and
xenografts,	normal	lung	epithelial	cells,	or	genetically	engineered	mouse	models	[GEMMs])	where	expression	of
the	altered	gene	is	increased	or	decreased,	either	alone,	in	combination,	or	in	a	whole-genome	manner.	Identifying
“synthetic	 lethalities”	associated	with	 specific	oncogenic	changes	has	 identified	new	 therapeutic	 targets	 in	 lung
cancer,31,32	and	detailed	studies	of	even	one	patient’s	lung	cancer	has	revealed	vulnerabilities	and	predictive	tumor
molecular	biomarkers	applicable	to	a	sizable	percentage	of	other	lung	cancers.31	Comprehensive	and	collaborative
efforts	are	being	made	to	identify	genetic	and	small	molecule	dependencies	and	make	the	data	publicly	available.
These	 include	 the	Novartis	 “Project	DRIVE”	 and	 the	Broad	 Institute’s	 “Cancer	Dependency	Map	Project”	 (or
DepMap;	https://depmap.org/broad/).33,34

Genome-wide	RNA-Based	and	shRNA-Based	Screening
Small	 interfering	 RNA	 (siRNA)	 and	 short	 hairpin	 RNA	 (shRNA)	 screens	 have	 identified	 genes	 whose
perturbation	can	selectively	sensitize	NSCLC	cell	 lines	 to	sublethal	doses	of	chemotherapeutic	agents,	suppress
tumorigenicity	 or	 sensitize	 cells	 with	 a	 specific	 gene	 dysregulation	 (e.g.,	 mutant	KRAS	 or	EGFR)	 to	 targeted
drugs,	or	identify	novel	genes	critical	for	tumorigenic	processes	(e.g.,	metastasis).35	Project	DRIVE	(deep	RNAi
interrogation	of	viability	effects	in	cancer)	has	screened	approximately	8,000	human	genes	in	approximately	400
cancer	 cell	 lines	 to	 ascertain	 their	 effect	 on	 cell	 viability,	 with	 the	 data	 publicly	 available.33	 In	 addition	 to
identifying	direct	dependence	on	key	oncogenic	drivers	(such	as	KRAS),	Project	DRIVE	also	identified	genes	that
act	as	modifiers	of	oncogene	dependence.	For	example,	EGFR	 dependence	 in	 lung	and	other	 solid	 tumors	was
associated	with	 not	 only	 amplification	 and	 expression	 of	EGFR	 but	 also	 expression	 of	 amphiregulin	 (AREG).
Additionally,	some	KRAS	mutant	 lung	cancer	cell	 lines	were	not	dependent	on	KRAS	but	 instead	susceptible	to
loss	of	NFE2L2	 (NRF2)	and	SMARCA2	 (BRM)	 in	 the	presence	of	 loss-of-function	mutations	 in	KEAP1	and/or
low	SMARCA4	(BRG1),	respectively.	Broad	Institute’s	DepMap,	an	RNAi-based,	loss-of-function	genetic	screen
in	501	human	cancer	cell	lines	of	many	lineages,	identified	genes	required	for	the	proliferation	or	survival	of	cell
line	subsets	and	developed	a	computational	approach	 to	predict	 these	gene	dependencies.34	The	use	of	multiple
different	shRNAs	or	siRNAs	targeting	each	gene,	cross	comparison	to	other	genetic	approaches	(such	as	CRISPR-
Cas9	editing),	and	specific	pharmacologic	targeting	of	proteins	(such	as	with	EGFR	tyrosine	kinase	inhibitors)	are
all	valuable	for	validating	genetic	perturbations	are	“on	target.”

CRISPR-Cas9	Gene	Editing
Gene	editing	is	a	widely	used	engineering	tool	for	generating	mutations	that	enhance	tumorigenesis.	The	clustered
regularly	interspaced	short	palindromic	repeats–CRISPR-associated	9	(CRISPR-Cas9)	system	enables	convenient
and	efficient	genome	editing	via	an	RNA-guided	DNA	endonuclease	and	a	short	guide	RNA	to	recognize	specific
target	 genomic	 sequence.36	 This	 allows	 rapid	 introduction	 of	 both	 loss-of-function	 and	 gain-of-function
modifications	 into	 cell	 lines,	 organs,	 and	 animals	 of	 individual	 genes	 as	well	 as	 screening	 of	whole	 genomes.
Gene	knockout	via	CRIPSR-Cas9	alleviates	 the	 issues	of	“off	 target”	or	poor	knockdown	efficiency	commonly
seen	with	siRNA	and	shRNA.	As	one	example,	the	DepMap	Project	has	performed	a	genome-scale	CRISPR-Cas9
loss-of-function	screen	of	342	human	cancer	cell	lines	representing	27	cell	lineages,	including	lung	cancer.37

Preclinical	Model	Systems	for	Studying	Lung	Cancer
Whereas	genome-wide	approaches	have	the	capacity	to	identify	novel	genes	or	interactions	in	lung	cancer,	their



functional	relevance	needs	to	be	determined	in	preclinical	model	systems	of	lung	carcinogenesis.	Lung	cancer	cell
lines,	 cell	 line	 xenografts,	 and	 patient-derived	 xenografts	 are	 important	 models	 of	 lung	 cancer	 that	 can	 be
manipulated	 in	 the	 laboratory	 to	 investigate	 gene	 function	 and	 response	 to	 therapeutic	 agents.	 In	 vitro	models
include	 two-dimensional	 (standard	 tissue	 culture)	 and	 three-dimensional	 organoid	 (spheroid,	 tumor	 sphere)
cultures,	where	the	latter	can	include	components	of	 the	tumor	microenvironment	and	appear	 to	more	faithfully
recreate	the	tumor	conditions	found	in	patients.38	Patient-derived	xenografts,	where	tumor	cells	are	taken	directly
from	a	patient	and	grown	as	a	xenograft	in	immune-deficient	mice,	also	appear	to	provide	a	closer	approximation
to	 the	 status	 of	 tumors	 found	 in	 patients.39	 However,	 lung	 cancers	 and	 their	 derived	 cell	 lines	 and	 xenografts
usually	have	hundreds	to	thousands	of	genetic	and	epigenetic	changes.	Simpler	models	to	study	the	progression	of
lung	 carcinogenesis	 are	 primary	 or	 immortalized	 human	 bronchial	 epithelial	 cells,40	 organoids,	 and	 GEMMs.
These	 systems	 reduce	 the	 inherent	 complexity	 and	 heterogeneity	 of	 the	 lung	 cancer	 genome	 and	 allow
characterization	of	single	or	sequential	genetic	alterations.	Although	complex	and	time	consuming,	GEMMs	allow
the	in	vivo	testing	of	genetic	changes	in	the	appropriate	tissue	and	cell	type,	in	a	whole	immune	intact	organism,
and	 together	 with	 patient-derived	 xenografts,	 they	 also	 provide	 a	 realistic	 representation	 of	 the	 tumor
microenvironment.	GEMMs	have	been	used	to	test	new	targeted	therapies,	improve	effectiveness	of	conventional
chemotherapies,	 identify	 biomarkers	 and	 imaging	 strategies	 for	 early	 detection,	 study	 disease	 relapse	 and
metastasis,	and	provide	an	understanding	of	the	specific	cells	that	give	rise	to	lung	cancer.41

GENETIC	AND	EPIGENETIC	ALTERATIONS	IN	LUNG	CANCER
The	following	section,	along	with	Tables	47.1and	47.2,	summarize	key	genetic	and	epigenetic	alterations	in	lung
cancer	and	provide	citations	to	comprehensive	reviews.	Genomic	instability	is	an	underlying	characteristic	of	lung
cancer	 cells	 where	 alterations	 such	 as	 numeric	 abnormalities	 (aneuploidy)	 of	 chromosomes	 and	 structural
cytogenetic	abnormalities	can	generate	 rare	genetic	events	 in	cells	 that	eventually	give	 rise	 to	cancer.	Mapping
gene	amplifications	and	deletions	has	led	to	the	identification	of	oncogenes,	TSGs,	and	key	signaling	pathways,
which	has	led	to	clinical	translation	into	targeted	therapies	(Table	47.3).

Oncogene	 activation	 (typically	 by	 gene	 amplification,	 overexpression,	 point	 mutation,	 or	 DNA
rearrangements)	 occurs	 in	 nearly	 all	 lung	 cancers.	 These	 can	 result	 in	 “oncogene	 addiction,”	where	 the	 cell	 is
dependent	 on	 this	 aberrant	 oncogenic	 signaling	 for	 survival,42	 which	 represents	 an	 acquired	 vulnerability	 and
therapeutic	 target.	 Loss	 of	 TSG	 function	 usually	 results	 from	 inactivation	 of	 both	 alleles	 with	 loss	 of
heterozygosity	inactivating	one	allele,	and	point	mutation,	epigenetic,	or	transcriptional	silencing	inactivating	the
second	allele.43	Therapeutically,	restoration	of	TSG	activity	is	more	difficult	than	inhibition	of	an	oncogene;	thus,
most	approaches	to	targeting	TSGs	have	focused	on	downstream	effector	changes.

EGFR/HER2/MET	Signaling

EGFR
EGFR	 is	 overexpressed	 or	 aberrantly	 activated	 through	 somatic	 mutation	 in	 >60%	 of	 NSCLCs,	 resulting	 in
constitutive	 activation	 of	 downstream	 signaling	 pathways.44	 EGFR	 mutations	 are	 present	 in	 10%	 to	 40%	 of
NSCLCs	 (10%	 to	 15%	 Caucasians,	 30%	 to	 40%	 East	 Asians)	 and	 particularly	 prevalent	 in	 adenocarcinoma,
women,	never	smokers,	and	East	Asian	ethnicity.44	Exon	19	deletion	and	exon	21	L858R	mutation	in	the	tyrosine
kinase	 domain	 each	 account	 for	 approximately	 45%	 of	 EGFR	 mutations,	 with	 preferential	 activation	 of	 the
PI3K/AKT/mTOR	and	STAT3/STAT5	pathways.	EGFR-targeted	inhibitors	include	monoclonal	antibodies	(e.g.,
cetuximab)	that	target	the	extracellular	domain	and	small	molecule	TKIs	(e.g.,	erlotinib	and	afatinib)	that	inhibit
the	 intracellular	 tyrosine	kinase	activity.	Exon	19	and	21	mutations	strongly	correlate	with	sensitivity	 to	EGFR
TKIs,10,11	an	example	of	oncogene	addiction	where	tumors	driven	by	mutant	EGFR	rely	on	continued	epidermal
growth	factor	signaling.	Mutations	in	exons	18	and	20	comprise	the	remaining	10%	of	EGFR	mutations.	They	do
not	confer	sensitivity	to	EGFR	TKIs	but,	in	the	case	of	exon	20	T790M,	are	associated	with	EGFR	TKI	resistance
as	it	results	in	a	conformational	change	that	inhibits	binding	of	first	generation	EGFR	TKIs.44	Despite	an	 initial
response,	 patients	 treated	 with	 EGFR	 TKIs	 eventually	 develop	 resistance.	 In	 addition	 to	 EGFR	 T790M
(accounting	 for	 approximately	 60%	 of	 cases),	 resistance	 can	 occur	 through	 EGFR	 exon	 20	 insertions,	KRAS
mutation,	MET	 amplification	 or	 activation,	 HER2	 amplification,	 and	 occasionally,	 a	 switch	 to	 a	 SCLC-like
phenotype.44	Second-generation	EGFR	TKIs	(e.g.,	dacomitinib	and	afatinib)	bind	irreversibly	to	EGFR	tyrosine
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kinase	and	induce	much	less	therapeutic	resistance.	However,	they	have	failed	to	demonstrate	significant	single-
agent	activity	in	T790M	disease	and	have	considerable	toxicity	due	to	concurrent	inhibition	of	wild-type	EGFR.45
Third-generation	EGFR	TKIs	 (e.g.,	 osimertinib),	 however,	 demonstrate	 T790M	 activity	with	 limited	wild-type
EGFR	inhibition.45

TABLE	47.3
Targeted	Therapies	Approved	or	in	Clinical	Trials	for	Lung	Cancer

Target Approved	for	Lung	Cancera In	Clinical	Trials	for	Lung	Cancer
Multikinase
inhibitors

	 Axitinib,	BMS-690514,	dasatinib,	foretinib,	imatinib,	lenvatinib,	linifanib,
motesanib,	pazopanib,	regorafenib,	sorafenib,	sunitinib,	tesevatinib,
vatalanib,	vandetanib

AKT 	 MK-2206,	nelfinavir,	perifosine

ALK Alectinib,	brigatinib,	ceritinib,
crizotinib

	

AURKA 	 Alisertib,	tozasertib

BCL2 	 ABT-737,	gossypol,	navitoclax,	obatoclax,	oblimersen

BRAF Dabrafenib	(V600E),	trametinib Vemurafenib	(V600E)

CDK4/6 	 Abemaciclib,	palbociclib

COX-2 	 Celecoxib

CTLA-4 	 Ipilimumab,	tremelimumab

DDR2 	 Dasatinib

EGFR Afatinib,	cetuximab,	erlotinib,
gefitinib,	osimertinib	(T790M),
necitumumab

AP32788,	canertinib,	icotinib,	lapatinib,	matuzumab,	neratinib,
nimotuzumab,	panitumumab,	pelitinib,	zalutumumab

FGFR Nintedanib AZD4547,	BGJ398,	brivanib	alaninate,	dovitinib,	erdafitinib,	FP-1039,
lucitanib,	nintedanib,	ponatinib

FLT3 	 CDX-301,	dovitinib,	XL999

HDACs 	 Belinostat,	CXD101,	entinostat,	mocetinostat,	panobinostat,	romidepsin,
vorinostat

HER2 Afatinib Adotrastuzumab	emtansine,	AP32788,	canertinib,	dacomitinib,	lapatinib,
neratinib,	pertuzumab,	trastuzumab

HER3/4 Afatinib 	

HGF 	 Ficlatuzumab,	rilotumumab

HH	(SMO) 	 BMS-833923,	LY2940680,	sonidegib,	taladegib,	vismodegib

HSP90 	 Ganetespib,	retaspimycin,	tanespimycin

IGF-1R 	 BIIB022,	cixutumumab,	dalotuzumab,	figitumumab,	ganitumab,	linsitinib

KIT 	 Cediranib,	dasatinib,	dovitinib,	imatinib

LSD1 	 GSK2879552

MEK 	 PD325901,	selumetinib,	trametinib

MET
(amplification,
exon	14
skipping)

Crizotinib Cabozantinib,	capmatinib,	glesatinib,	merestinib,	onartuzumab,	savolitinib,
tepotinib,	tivantinib

mTOR 	 BEZ235,	everolimus,	LY3023414,	ridaforolimus,	sirolimus,	temsirolimus,
vistusertib

NTRK1/2/3 	 Altiratinib,	cabozantinib,	DS6051b,	entrectinib,	larotrectinib,	merestinib,
PLX7486,	sitravatinib

p53 	 INGN-225

PARP 	 Iniparib,	olaparib,	talazoparib,	veliparib

PD-1 Nivolumab,	pembrolizumab 	

PDGFR Nintedanib Cediranib,	dasatinib,	dovitinib,	IMC-3G3,	pazopanib

PD-L1 Atezolizumab,	durvalumab Avelumab



PI3K 	 BEZ235,	buparlisib,	LY3023414,	pictilisib,	PX-866,	taselisib

RANKL 	 Denosumab

RAS 	 Tipifarnib

RET 	 Alectinib,	apatinib,	cabozantinib,	capmatinib,	glesatinib,	merestinib,
ponatinib,	savolitinib,	tepotinib

ROS Ceritinib,	crizotinib 	

SRC/BCR-ABL 	 Bosutinib,	ponatinib,	saracatinib

TRAIL 	 Conatumumab,	dulanermin,	mapatumumab

VEGF Bevacizumab,	ramucirumab Aflibercept,	neovastat

VEGFR Nintedanib,	ramucirumab
(VEGFR2)

Brivanib	alaninate,	cabozantinib,	cediranib,	dovitinib,	tivozanib

aApproved	 for	use	by	either	 the	U.S.	Food	and	Drug	Administration,	National	Comprehensive	Cancer	Network,	or	 the	European
Medicines	Agency.
Data	summarized	from	Shum	E,	Wang	F,	Kim	S,	et	al.	Investigational	therapies	for	squamous	cell	lung	cancer:	from	animal	studies
to	phase	II	trials.	Expert	Opin	Investig	Drugs	2017;26(4):415–426;	Silva	AP,	Coelho	PV,	Anazetti	M,	et	al.	Targeted	therapies	for	the
treatment	of	non-small-cell	lung	cancer:	monoclonal	antibodies	and	biological	inhibitors.	Hum	Vaccin	Immunother	2017;13(4):843–
853;	Jones	PA,	Issa	JP,	Baylin	S.	Targeting	the	cancer	epigenome	for	therapy.	Nat	Rev	Genet	2016;17(10):630–641;	Romanidou
O,	Imbimbo	M,	Mountzios	G,	et	al.	Therapies	in	the	pipeline	for	small-cell	lung	cancer.	Br	Med	Bull	2016;119(1):37–48;	Santarpia	M,
Daffina	MG,	Karachaliou	N,	et	al.	Targeted	drugs	in	small-cell	lung	cancer.	Transl	Lung	Cancer	Res	2016;5(1):51–70;	and	Reck	M,
Rabe	KF.	Precision	diagnosis	and	treatment	for	advanced	non-small-cell	lung	cancer.	N	Engl	J	Med	2017;377(9):849–861.

ERBB2	(HER2)
Human	epidermal	growth	factor	receptor	2	(HER2)	is	overexpressed	in	6%	to	35%	and	amplified	in	10%	to	20%
of	NSCLC.	Unlike	breast	and	gastric	cancers,	HER2	amplification	or	overexpression	does	not	confer	sensitivity	to
HER2	antibodies	or	TKIs	in	NSCLC.46	Exon	20	mutations	in	HER2	(2%	to	4%	of	NSCLC)47	may,	however,	be
predictive	 of	HER2-targeting	 therapies.	HER2	mutations	 confer	 resistance	 to	 EGFR	TKIs	 regardless	 of	EGFR
mutation	status	as	HER2	replaces	EGFR	in	driving	growth	signals.

MET
MET	amplification	is	being	targeted	in	clinical	 trials	with	a	variety	of	antibodies	and	small	molecule	inhibitors,
including	 crizotinib.48	MET	 amplification	 also	mediates	 resistance	 to	 EGFR	TKIs,	 independent	 of	 T790M,	 by
activating	the	PI3K/AKT/mTOR	pathway.46

RAS/RAF/MAPK	Pathway

RAS
In	 lung	 cancer,	 KRAS	 is	 the	 most	 commonly	 mutated	 RAS	 family	 member	 (90%	 of	 mutations)	 with	 80%
occurring	 in	codon	12	and	 the	 remainder	 in	codons	13	and	61.46	Nearly	 always	occurring	 in	 smoking	LUACs,
KRAS	mutations	are	mutually	exclusive	with	EGFR	mutations,	 independent	of	EGFR	signaling	and	 resistant	 to
EGFR	 TKIs.	 The	 prevalence	 and	 impact	 of	 mutant	 KRAS	 in	 lung	 cancer	 makes	 it	 an	 attractive,	 but	 so	 far
unsuccessful,	 therapeutic	 target,	 but	 recent	 approaches	 are	 identifying	genetic	 dependencies	 and	harnessing	 the
immune	system.49

RAF
BRAF	is	a	known	oncogene	in	lung	cancer	with	an	activating	mutation	in	approximately	3%	of	cases,	about	50%
of	which	are	V600E.	It	 is	predominantly	found	 in	LUAC	of	current/former	smokers,	and	mutually	exclusive	 to
EGFR	 and	 KRAS	 mutations.46	 Inhibition	 of	 kinase	 activity	 with	 small	 molecule	 kinase	 inhibitors	 has	 been
successful	 and	 dabrafenib,	 in	 combination	 with	 the	MEK	 inhibitor	 trametinib,	 is	 approved	 for	 use	 in	 V600E
metastatic	lung	cancers.	Recurrent	mutations	in	ARAF	and	RAF1	have	now	been	described	in	LUAC,	which	are
oncogenic	in	vitro,	and	may	predict	response	to	targeted	therapies	such	as	sorafenib	and	MEK	inhibitors.50

MEK	(MAP2K1	or	MEK1)
Point	mutations	occur	in	1%	of	NSCLC,	more	commonly	LUAC.	These	mutations	tend	to	be	mutually	exclusive
with	 other	 driver	 mutations,	 occur	 outside	 the	 kinase	 domain,	 and	 induce	 constitutive	 extracellular	 signal-
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regulated	kinase	phosphorylation	and	cell	proliferation	in	vitro.	It	remains	to	be	determined	if	these	mutations	are
predictive	of	anti-MEK	therapies.46

MYC
One	 of	 the	major	 downstream	 effectors	 of	 the	 RAS/RAF/MAPK	 pathway	 is	 the	MYC	 protooncogene	 and	 its
family	members	(MYC,	MYCN,	and	MYCL),	which	interact	with	a	network	of	proteins	including	MAX.51	MYC
activation	can	occur	through	gene	overexpression	and	amplification	in	both	NSCLC	(frequently	MYC)	and	SCLC
(all	three	MYC	members).18	Recurrent	mutations	have	also	been	found	in	a	MAX-interacting	protein	(MGA)	in
the	MYC	pathway.12	Deregulated	MYC	transcriptionally	reprograms	cell	metabolism	to	promote	neoplasia.	It	can
also	sensitize	cells	to	apoptosis	through	activation	of	the	mitochondrial	apoptosis	pathway	where	it	often	requires
coexpression	of	 antiapoptotic	BCL2	proteins.52	 In	 preclinical	 cancer	models,	MYC	can	be	 targeted	 directly	 by
gene	 knockdown	 or	 using	 the	 dominant	 negative	Omomyc	 inhibitor,	 which	 disrupts	MYC	 interacting	with	 its
binding	partner	MAX,53	and	indirectly	through	a	variety	of	small	molecule	inhibitors	 that	 interrupt	MYC-MAX
binding.54	 However,	 there	 are	 no	MYC	 targeted	 drugs	 in	 early	 phase	 clinical	 trials	 nor	 biomarkers	 to	 predict
which	lung	cancers	would	be	most	sensitive	to	MYC	targeting.

Pl3K/AKT/mTOR	Pathway
In	lung	cancer,	activation	of	the	PI3K/AKT/mTOR	pathway	occurs	early	in	pathogenesis,	through	the	binding	of
growth	 factors	 to	 their	 respective	 RTK,	 amplification	 or	 mutation	 of	PIK3CA	 or	AKT1	 (as	 well	 as	EGFR	 or
KRAS),	 or	 loss	 of	 function	 of	 the	 TSGs	 PTEN,	 TSC1,	 TSC2	 and	 STK11	 (LKB1).46	PIK3CA	 mutations	 are
observed	in	1%	to	4%	of	LUAC	and	16%	of	LUSC,	and	often	co-occur	with	other	lung	cancer	driver	mutations.
AKT	is	the	downstream	mediator	of	PI3K	and	is	mutated	in	approximately	1%	of	LUAC.	PTEN	antagonizes	the
PI3K/AKT/mTOR	pathway	 by	 dephosphorylating	 phosphatidylinositol	 3,4,5-trisphosphate	 (PIP3),	 a	 product	 of
PI3K,	to	PIP2,	and	is	commonly	inactivated	in	lung	cancer.46	Currently,	despite	multiple	clinical	trials,	there	is	no
targeted	therapy	for	this	pathway	that	has	shown	clinical	benefit	in	lung	cancer.

STK11	(LKB1)
Somatic	 inactivation	 of	 STK11	 through	 point	mutation	 and	 deletion	 occurs	 in	 approximately	 30%	 of	 LUAC18

with	 low	 or	 absent	 expression	 in	 approximately	 66%	 of	 SCLC.	Loss	 of	 function	 is	 less	 frequent,	 however,	 in
LUSC	and	large	cell	carcinoma.46	STK11	mutations	often	correlate	with	KRAS	activation	and	confer	increased	in
vitro	sensitivity	to	MEK	inhibition	compared	with	either	mutation	alone.46	The	combination	of	STK11	and	KRAS
mutations	 in	 LUAC	 confer	 a	 poor	 prognosis	 and	 impaired	 immune	 system	 engagement.55	Metformin,	 an	 oral
hypoglycemic	 drug,	 activates	AMPK	 and	 has	 antineoplastic	 preclinical	 activity	 in	NSCLC,	with	 clinical	 trials
ongoing.

Insulin	Growth	Factor	Pathway
Overexpression	of	insulin-like	growth	factor	1	receptor	(IGF1R)	is	observed	in	up	to	70%	of	NSCLC,	particularly
LUSC,	where	increased	signaling	results	in	tumor	growth	and	drug	resistance.	Increased	plasma	levels	of	insulin
growth	 factor	 1	 ligand	 are	 associated	 with	 increased	 risk	 of	 lung	 cancer.56	 Despite	 significant	 efforts	 to
therapeutically	target	IGFR1,	clinical	studies	of	anti-IGFR1	agents	in	lung	and	other	cancers	have	halted	due	to
excessive	toxicities	and	the	need	to	identify	biomarkers	indicating	which	patients	would	respond.57

Fibroblast	Growth	Factor	Pathway
FGFR1	amplification	occurs	in	approximately	20%	of	LUSC	and	has	been	associated	with	cigarette	smoking	and
worse	survival.46	Activating	mutations	in	FGFR1	and	FGFR3	have	been	detected	in	approximately	5%	of	NSCLC
and	3%	of	LUSC,	respectively.	Anti-FGFR	inhibitors	have	shown	in	vitro	activity	in	FGFR	mutant	cell	lines,	and
nintedanib	is	approved	for	use	in	advanced	LUAC	in	Europe.

The	p53	Pathway
The	most	commonly	altered	gene	in	lung	cancer	is	TP53,	in	approximately	90%	of	SCLC	and	>50%	of	NSCLC,
more	frequently	 in	LUSC	(81%)	 than	LUAC	(approximately	50%).46	Alteration	usually	 involves	a	hemizygous



deletion	at	its	17p13	locus	and	a	mutation,	mostly	missense	mutations,	in	the	remaining	allele.	Mutations	can	be	in
the	DNA	binding	domain,	which	prevents	p53	binding	target	DNA,	and	oncogenic,	dominant	negative	mutations
in	 the	 homo-oligomerization	 domain,	which	 can	 bind	wild-type	 p53	 and	 abrogate	 its	 ability	 to	 inhibit	 cellular
transformation.46	Other	components	of	the	p53	pathway	frequently	altered	in	lung	cancer	include	MDM2	and	the
tumor	suppressors	ATM	and	p14ARF.	MDM2,	commonly	amplified	in	lung	cancer,	regulates	p53	levels	through
ubiquitination	degradation	 and	 can	be	 induced	by	p53	or	 inhibited	by	ATM	and	p14ARF.46	ATM	activates	 cell
cycle	 checkpoints	 in	 response	 to	 DNA	 damage,	 ultimately	 activating	 and	 stabilizing	 p53.	 Deleterious	 ATM
mutations	occur	 in	approximately	7%	of	LUAC,	usually	mutually	exclusive	 to	TP53	mutations.18	 In	 the	 clinic,
TP53	mutations	are	routinely	determined	using	CLIA-certified	tests;	however,	they	cannot	yet	be	therapeutically
targeted.	 Efforts	 toward	 restoring	 normal	 p53	 function	 or	 inhibiting	 the	 mutant	 protein58,59	 include	 inhibiting
negative	 regulators	 of	 p53	 (such	 as	MDM2	 small	molecule	 inhibitors,	 in	 clinical	 trial),	 p53	 vaccination,	 gene
therapy	 to	 reintroduce	 wild-type	 p53,	 p53	 oncolytic	 viruses,	 and	 miRNA-based	 therapies;	 or	 small	 molecules
targeting	the	mutant	protein	(e.g.,	APR-246,	in	clinical	trial),	proteosomal	depletion,	and	targeting	the	inhibitory
and	oncogenic	effects	of	mutant	p53.58,59

The	p16INK4a-RB	Pathway
The	p16INK4a-RB	pathway	is	commonly	altered	in	lung	cancer	through	mutation	(CDK4	and	CDKN2A),	deletion
(RB1	and	CDKN2A),	amplification	(CDK4	and	CCDN1),	methylation	(CDKN2A	and	RB1),	and	phosphorylation
(RB).46	Mutant	or	absent	protein	expression	of	RB	occurs	in	approximately	90%	of	SCLC	compared	with	10%	to
15%	 of	 NSCLC,	 where	 p16INK4a	 abnormalities	 are	 more	 common	 (approximately	 40%).	 These	 abnormalities
cannot	yet	be	therapeutically	targeted.

Fusion	Proteins
Oncogenic	fusion	proteins	from	gene	rearrangements	are	routinely	detected	in	patient	tumors	using	CLIA-certified
tests,	with	targeted	therapies	available	for	most	cases.

ALK
The	 ALK	 fusion	 protein	 is	 an	 activating	 oncogenic	 driver	 occurring	 in	 2%	 to	 8%	 of	 NSCLC.60	 ALK
rearrangements,	 which	 result	 in	 persistent	 mitogenic	 signaling	 and	 malignant	 transformation,	 most	 commonly
occur	with	not	only	EML4	but	also	TFG,	KIF5B,	PTPN3,	and	KLC1.46	NSCLC	ALK	 fusions	are	almost	always
exclusive	of	EGFR	and	KRAS	mutations,	and	occur	predominantly	in	LUAC,	never/light	smokers,	younger	age,
and	male	gender.	Tumors	with	ALK	fusions	respond	to	ALK	targeted	therapy,	approved	for	first-	(crizotinib	and
ceritinib)	 and	 second-line	 (alectinib	 and	 brigatinib)	 therapy.	 Although	 resistance	 to	 crizotinib	 usually	 occurs,
second-	and	third-generation	TKIs	(e.g.,	lorlatinib,	in	clinical	trial)	are	effective	in	crizotinib-resistant	tumors.61

ROS1
ROS1	is	an	RTK	in	the	insulin	receptor	family	not	normally	expressed	in	the	lung.	Rearrangement	occurs	in	1%	to
2%	 of	 NSCLC	 patients:	 mostly	 LUAC,	 younger	 patients,	 and	 never	 smokers.46	 ROS1	 fusions	 induce
autophosphorylation	and	downstream	activation	of	common	growth	and	survival	pathways	like	MAPK,	STAT3,
and	PI3K/AKT/mTOR.	Select	ALK	inhibitors	(e.g.,	crizotinib	and	lorlatinib)	are	active	in	these	tumors.	Although
crizotinib	resistance	usually	occurs	through	ROS1	G2032R,	the	new	generation	TKI	lorlatinib	shows	promise.61

RET
RET	rearrangements	(with	KIF5B,	CCD6,	NCOA4,	EPHA5,	and	PICALM)62	occur	in	approximately	1%	to	2%	of
NSCLC,	mostly	LUAC	and	never	smokers,	and	are	mutually	exclusive	with	ALK	or	ROS1	 rearrangements,	and
EGFR	mutations.	Similar	 to	ALK,	RET	 fusion	partners	 act	 as	 dimerization	units,	 leading	 to	 ligand-independent
homodimerization	and	constitutive	kinase	activity.	Whereas	toxicities	are	common	for	many	multitargeted	kinase
inhibitors,	 selective	 inhibitors	 (e.g.,	 RXDX-105	 and	 alectinib)	 exhibit	 fewer	 toxicities	 and	 are	 under	 clinical
evaluation.62

NTRK
NTRK1,	 NTRK2,	 and	 NTRK3	 encode	 the	 tropomyosin	 receptor	 kinases	 (TRK):	 TRKA,	 TRKB,	 and	 TRKC,
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respectively.	 Fusion	 partners	 include	MPRIP	 and	CD74	 and	 leave	 the	 TK	 domain	 of	NTRK1	 intact.62	 NTRK
fusions	are	estimated	 to	occur	 in	3%	of	NSCLC	with	no	other	 identified	driver	mutation.62	TRK	inhibitors	are
being	clinically	assessed,	but	tumors	develop	resistance.

BRAF
BRAF	gene	fusions	are	extremely	rare	(0.2%	of	NSCLC)	and	have	been	detected	in	LUAC,	but	not	in	LUSC	or
SCLC,62	and	tend	to	be	mutually	exclusive	of	other	activating	mutations	in	the	MAPK	pathway.	The	fusion	leaves
an	 intact	BRAF	kinase	domain	 and	dimerization	motif,	 but	 the	RAS-binding	domain	 is	 replaced	by	 the	 fusion
partner,	 which	 can	 include	EPS15,	NUP214,	ARMC10,	BTF3L4,	AGK,	GHR,	 ZC3HAV,	 and	 TRIM24.	 BRAF
fusions	 are	 activating	 and	 certain	 BRAF	 fusion	 variants	 can	 homodimerize	 with	 one	 another.	 Unlike	 BRAF
V600E,	which	 functions	 as	 a	monomer,	BRAF	 fusions	 function	 as	 dimers.	As	 such,	BRAF	 inhibitors,	 such	 as
vemurafenib	 and	 dabrafenib	 that	 only	 bind	 one	 site	 of	 the	RAF	 dimer,	 are	 ineffective	 in	BRAF	 fusion–driven
malignancies	and	may	paradoxically	promote	cancer	growth.62

EGFR
EGFR	gene	fusions	are	also	rare,	occurring	in	about	0.05%	of	 lung	cancers,	and	involve	a	breakpoint	 in	EGFR
(between	exon	23	and	intron	25)	fused	with	either	RAD51	or	PURB.	The	fusions	both	activate	EGFR	and	sensitize
tumors	to	EGFR	TKIs.62

Epigenetic	Changes	in	Lung	Carcinogenesis
Epigenetic	 events	 can	 lead	 to	 changes	 in	gene	expression	without	 changes	 in	DNA	sequence	and	are	 therefore
potentially	 pharmacologically	 reversible.	 Epigenetic	 silencing	 of	 gene	 expression	 by	 DNA	 methylation	 and
chromatin	 remodeling	 is	 essential	 for	 the	 initiation	 and	 progression	 of	 lung	 cancer,	 affecting	 all	 major	 cell
regulatory	pathways.63	Being	almost	universal	in	lung	cancer,	epigenetic	dysregulation	is	an	attractive	target	for
clinical	intervention	and	biomarkers	for	lung	cancer	risk,	early	diagnosis,	classification,	prognosis,	and	prediction.
Epigenetic	targeting	drugs	in	combination	with	existing	therapies	are	being	intensively	investigated.63

Methylation	and	Chromatin	Remodeling
Aberrant	promoter	hypermethylation	(transcriptional	silencing	from	the	addition	of	a	methyl	group	to	CpG	islands
in	a	gene	promoter)	is	a	common	method	for	TSG	inactivation	and	occurs	early	in	lung	tumorigenesis.	Epigenetic
disruption	 can	 occur	 through	DNA	methylation	 by	DNA	methyltransferases,	 enzymes	 that	 transfer	 the	methyl
group,	or	chromatin	 remodeling	and	histone	modification,	where	nucleosome	position	and	histone	modification
can	result	in	a	compacted	chromatin	environment	and	transcriptionally	inactive	DNA.63	This	can	be	facilitated	by
mutation	 or	 overexpression	 of	 epigenetic	 modifiers,	 histone	 methyltransferases,	 histone	 acetyltransferase
coactivators,	 and	 the	 histone	 lysine	 demethylase	 KDM2A.63	 Mutations	 have	 been	 reported	 in	 the	 epigenetic
modifiers	CREBBP	and	EP300	as	well	as	in	SMARCA4	(encoding	BRG1),	SETD2,	 and	ARID1A,	which	encode
proteins	in	the	SWI/SNF	complex,	a	predicted	tumor	suppressor	important	 in	chromatin	remodeling.12,17,18,63	In
lung	cancer,	aberrant	methylation	of	MGMT	and	p16INK4a	have	been	reported	as	biomarkers	for	early	detection,
and	APC,	CDH1,	CDH13,	DAPK1,	DLEC1,	MLH1,	p16INK4a,	PTEN,	and	RASSF1A	for	prognosis.63

Initial	trials	using	inhibitors	of	DNA	methyltransferases,	histone	deacetylases,	and	histone	methyltransferases
had	 disappointing	 results,	 with	 low	 activity	 and	 toxicity.	 Benefit	 has	 been	 shown	 in	 more	 recent	 approaches,
however,	by	using	lower	doses	to	promote	reversal	of	DNA	methylation	rather	than	cytotoxicity,	and	combining
epigenomic-targeted	 drugs	 (“epidrugs”)	 with	 conventional	 chemotherapy,	 TKIs	 (such	 as	 erlotinib),	 or
immunotherapy,63	where	it	is	hypothesized	that	epidrugs	“prime”	the	tumor	to	better	respond	to	other	treatments.

Noncoding	RNAs
Noncoding	RNAs	such	as	miRNAs	and	lncRNAs	do	not	encode	proteins	and	represent	>80%	of	the	transcribed
human	genome.

miRNAS.	miRNAs	are	a	class	of	highly	conserved,	small	(20	to	24	nucleotides)	RNAs	capable	of	regulating	gene
expression,	most	commonly	by	direct	cleavage	of	target	mRNA	or	by	inhibition	of	translation	through	interaction
with	 the	 3′	 untranslated	 region.	 It	 is	 estimated	miRNAs	may	 regulate	 up	 to	 60%	of	 the	 human	genome	where



miRNA	 expression	 and	 function	 is	 driven	 by	 chromosomal	 aberrations,	 epigenetic	 changes,	 miRNA	 or	 target
polymorphisms,	environmental	stimuli	(e.g.,	cigarette	smoke),	and	TSGs	or	oncogenes.64

miRNAs	regulate	biologic	processes	fundamental	to	cancer	initiation	and	progression.	In	lung	cancer,	there	are
miRNA	profiles	for	histologic	and	prognostic	classification,	and	miRNAs	have	been	detected	in	peripheral	blood
and	 sputum.64	 Some	 key	 oncogenic	miRNAs	 (“oncomiRs”)	 in	 lung	 cancer	 include	miR-21,	miR-31,	miR-155,
miR-17-92	cluster,	and	miR-221/222,	whereas	let-7,	miR34a,	miR-126,	miR-195,	and	the	miR-200	family	are	key
tumor-suppressive	miRNAs.64

Restoration	of	 aberrantly	 expressed	miRNAs	can	be	 achieved	 in	 vitro	 and	 in	 vivo	using	miRNA	mimics	or
miRNA	 inhibitors	 (antagomirs	 and	 small	 interfering	 RNA	 [siRNA])	 delivered	 systemically	 or	 through	 local
injection.	Concurrent	manipulation	of	miRNA	expression	with	conventional	therapies	increases	response	to	EGFR
TKIs,	 radiotherapy,	 and	 chemotherapy.63	 Translation	 of	 preclinical	 findings	 has,	 however,	 been	 limited	 by
inefficient	delivery,	pharmacokinetics,	and	toxicity,	such	as	with	the	miR-34	mimic	MRX34	in	SCLC.63	miR-16
TargomiR	(an	miRNA	mimic	delivered	by	targeted	bacterial	minicells),	however,	showed	efficacy	in	malignant
mesothelioma	patients,65	and	although	open	to	advanced	NSCLC,	none	were	recruited.

lncRNAs.	 lncRNAs	 (200	 nucleotides	 or	 longer)	 control	 gene	 expression	 via	 transcriptional	 and	 epigenetic
regulation,	imprinting,	splicing,	and	subcellular	transport.	Although	largely	regulating	nearby	genes,	they	can	also
serve	as	scaffolds	for	protein-protein	interactions	and	regulate	kinase	functions.	lncRNA	dysregulation	contributes
to	 lung	 cancer	 development,	 progression,	 and	 metastasis,64	 and	 can	 serve	 as	 minimally	 invasive	 molecular
markers	for	screening	and	diagnosis.	Like	miRNAs,	lncRNAs	can	function	as	oncogenes	or	TSGs,	with	some	key
oncogenic	 lncRNAs	 being	 CCAT2,	MALAT1,	 and	HOTAIR,	 and	 tumor-suppressive	 lncRNAs	 being	 BANCR,
GAS6-AS1,	MEG3,	and	PANDAR.64	Currently	there	are	no	therapies	targeting	lncRNA	alterations.

NFIB,	a	Metastasis-Inducing	Transcription	Factor
NFIB	 was	 recently	 found	 to	 increase	 chromatin	 accessibility	 to	 many	 intergenic	 regions	 and	 promote	 a
prometastatic	 neuronal	 gene	 expression	 program	 driving	 SCLC	 metastases.66	 Identification	 of	 widespread
chromatin	 changes	 during	 SCLC	 progression	 reveals	 an	 unexpected	 global	 epigenomic	 reprogramming	 during
metastatic	progression	that	needs	to	be	explored	in	NSCLC	and	for	targeted	therapy	approaches.

KDM	Lysine	Demethylases	(JumonjiC)	as	an	Epigenomic	Drug	Resistance	Mechanism
A	 recent	 study	 found	 NSCLCs	 selected	 for	 platin-taxane	 resistance	 progressively	 increased	 the	 expression	 of
many	 KDM	 (JumonjiC)	 lysine-demethylases,	 had	 altered	 histone	 methylation,	 and,	 importantly,	 showed
hypersensitivity	to	JumonjiC	inhibitors.67	These	inhibitors	also	prevented	the	emergence	of	drug-tolerant	colonies
from	chemo-naive	cells,	and	synergized	with	standard	chemotherapy	in	vitro	and	in	vivo,	making	them	promising
therapeutics	 for	 targeting	 taxane-platin-chemoresistant	 NSCLC,	 preventing	 the	 outgrowth	 of	 primary	 resistant
tumor	cells,	and	indicating	responsive	tumors	with	increased	expression	of	selected	KDM	demethylases.

METASTASIS	AND	THE	TUMOR	MICROENVIRONMENT
Cells	 that	 comprise	 the	 tumor	microenvironment	 interact	 both	with	 each	 other	 and	with	 tumor	 cells,	 and	 as	 a
consequence,	they	can	affect	tumor	growth,	invasion,	and	metastasis.68	Molecular	alterations	in	lung	cancer	affect
the	 tumor	microenvironment	and	how	they	respond	to	microenvironmental	signals.	Thus,	modulation	of	critical
signals	from	the	tumor	to	the	microenvironment	or	vice	versa	could	improve	lung	cancer	treatment.

Epithelial-to-Mesenchymal	Transition
Epithelial-to-mesenchymal	 transition	 (EMT)	 describes	 a	 loss	 of	 cell	 polarity	 and	 has	 been	 implicated	 in	 lung
tumor	progression	and	metastasis.69	A	variety	of	candidate	genes	are	involved,	including	cell	adhesion	molecules
such	 as	 the	 cadherins,	 integrins,	 and	 CD44.	 The	 E-cadherin–catenin	 complex	 is	 critical	 for	 intercellular
adhesiveness	and	the	maintenance	of	normal	and	malignant	tissue	architecture,	and	EMT	is	typically	due	to	loss	of
E-cadherin	 expression.	 Conversion	 of	 epithelial	 tumor	 cells	 to	 a	 mesenchymal	 state	 promotes	 motility	 and
invasiveness	but	at	a	secondary	site,	tumor	cells	undergo	a	mesenchymal-to-epithelial	transition	(MET)	to	revert
to	 the	more	proliferative	 epithelial	 state.	EMT	 is	 also	 associated	with	 early	 carcinogenic	 events,	 stem	cell–like
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properties,	 and	 resistance	 to	 cell	 death,	 senescence,	 and	conventional	 chemotherapies.69	 In	 lung	 cancer,	 tumors
expressing	mesenchymal	markers	and	EMT	inducers	(e.g.,	Vimentin,	Twist	and	Snail)	have	poorer	prognosis	and
resistance	to	EGFR	TKIs.69	The	miR-200	family	is	an	important	negative	regulator	of	EMT,	and	its	expression	is
frequently	lost	in	lung	cancer.69

Angiogenesis
Angiogenesis	 is	 a	 hallmark	 of	 cancer,	 being	 essential	 for	 a	microscopic	 tumor	 to	 expand	 into	 a	macroscopic,
clinically	 relevant	 tumor.	A	number	of	 angiogenic	proteins	 are	dysregulated	 in	 lung	 cancer,	 including	vascular
endothelial	 growth	 factor	 (VEGF),	 platelet-derived	 growth	 factor	 (PDGF),	 fibroblast	 growth	 factor	 (FGF),
interleukin-8,	 and	 angiopoietins	 1	 and	 2.	 VEGF	 signaling,	 stimulated	 by	 tumor	 hypoxia,	 growth	 factors	 and
cytokines,	 and	 oncogenic	 activation;	 promotes	 proliferation,	 migration,	 and	 survival,	 inhibits	 apoptosis,	 and
regulates	endothelial	cell	permeability.70	It	is	highly	active	in	both	NSCLC	and	SCLC	and	is	associated	with	poor
prognosis	in	NSCLC.70	Anti-VEGF	therapy	approaches	include	blocking	VEGF	from	binding	extracellularly	to	its
receptors	 using	VEGF-specific	 antibodies	 and	 recombinant	 fusion	 proteins,	 or	 using	 small	molecule	 TKIs	 that
bind	 to	 the	 intracellular	 region	 of	 vascular	 endothelial	 growth	 factor	 (VEGFR).	 The	 humanized	 monoclonal
antibody	 bevacizumab	 blocks	 binding	 of	VEGF-A	 to	VEGFR1	 and	VEGFR1	 and	 is	 approved	 for	 use	 in	 lung
cancer.70	Interestingly,	VEGF	expression	does	not	always	correlate	with	response	to	bevacizumab,	possibly	due	to
single	nucleotide	polymorphisms	in	VEGF.70

Immune	Checkpoint	Inhibition
Accumulating	evidence	suggests	T	cells	that	target	tumor	neoantigens	arising	from	cancer	mutations	are	the	main
mediators	of	 effective	 cancer	 immunotherapy	 in	humans.71	To	date,	 the	major	 approach	used	 in	 lung	cancer	 is
monoclonal	antibody	immune	checkpoint	inhibitors,	likely	efficacious	in	NSCLC	and	SCLC	because	lung	cancer
induces	 an	 immunocompromised	 microenvironment.	 Monoclonal	 antibodies	 to	 cytotoxic	 T-lymphocyte–
associated	 antigen	 4	 (CTLA-4),	 programmed	 cell	 death	 protein	 1	 (PD-1),	 and	 programmed	 cell	 death	 protein
ligand	1	(PD-L1)	are	currently	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	use	in	patients	(see
Table	47.3).	PD-L1	is	expressed	on	tumor	cells	and	suppresses	immune	activity	by	binding	to	PD-1	on	T	cells.
Nivolumab	and	pembrolizumab	prevent	this	interaction	by	binding	to	PD-1,	whereas	atezolizumab	binds	to	PD-
L1.	All	three	inhibitors	are	approved	for	use	in	lung	cancer.	CTLA-4	is	expressed	on	T	cells	and	suppresses	T-cell
signaling.	Ipilimumab	is	a	monoclonal	antibody	that	inhibits	CTLA-4	and	is	approved	for	use	in	melanoma.	These
inhibitors	have	become	standard	of	care	 in	 relapsed	or	metastatic	 lung	cancer,	demonstrating	higher	and	 longer
responses	 compared	 to	 standard	 chemotherapy.	 However,	 only	 approximately	 20%	 of	 all	 lung	 cancers	 will
respond	to	immune	checkpoint	inhibitors,	and	specific	biomarkers	are	needed	to	guide	and	monitor	therapy.	PD-
L1	 expression,	 mutational	 load,	 mutation	 heterogeneity,	 production	 of	 mutation-associated	 neoantigens,
oncogenic	driver	mutations,	immune	cell	populations,	gut	microbiota,	and	tumor	microenvironment	metabolomics
have	all	been	associated	with	response.72

Exosomes	as	a	Source	of	Information	on	Tumor	Molecular	Alterations
Exosomes	are	small	(30	to	150	nm),	extracellular,	membrane	vesicles	that	can	act	as	key	mediators	of	intercellular
communication	within	the	tumor	microenvironment.	Containing	various	molecules,	such	as	nucleic	acids	(DNA,
mRNA,	 and	 noncoding	RNAs),	 lipids,	 and	 proteins,	 exosomes	 can	modify	 the	 phenotype	 of	 recipient	 cells.	 In
lung	cancer,	exosomes	have	been	shown	to	carry	mutated	DNA	reflective	of	the	tumor	and	promote	tumorigenesis
and	metastatic	 dissemination	 and	 resistance	 to	 chemotherapy	 and	 targeted	 therapy.73	 Exosomes	 have	 excellent
clinical	potential	as	they	can	be	isolated	from	blood	in	a	minimally	invasive	manner.73

LUNG	CANCERS	STEM	CELLS
The	 cancer	 stem	 cell	 (CSC)	 is	 defined	 as	 a	 cell	 within	 a	 tumor	 with	 the	 capacity	 to	 self-renew	 and	 generate
heterogeneous	lineages	of	cancer	cells	that	comprise	the	bulk	of	the	tumor.	The	CSC	hypothesis	proposes	it	is	this
rare	population	of	CSCs	that	drives	primary	tumor	growth,	metastasis,	and	resistance	to	cytotoxic	therapies	where
residual	viable	stem	cells	can	repopulate	the	tumor	after	treatment.	Although	evidence	for	lung	CSCs	(also	called
“tumor-initiating	 cells”)	 is	 increasing,	 the	 identification	 and	 isolation	 of	 lung	 CSCs	 has	 been	 technically



challenging,	and	few	methods	or	markers	have	validated.74	They	include	the	side	population	assay	and	cell	surface
expression	 of	 CD44,	 CD87,	 CD90,	 CD133,	 CD166,	 and	 aldehyde	 dehydrogenases.74	 As	 almost	 all	 deposited
molecular	analyses	of	lung	cancer	analyze	the	bulk	of	tumor	cells,	molecular	analyses	of	lung	CSC	subpopulations
are	urgently	needed.

Stem	cell	 signaling	pathways	 important	 in	normal	 lung	development,	 such	as	 the	Hedgehog	 (Hh),	Wnt,	 and
Notch	 pathways,	 are	 likely	 to	 be	 involved	 in	 the	 regulation	 of	 lung	 CSCs,	 and	 pathway	 members	 are	 often
dysregulated	or	mutated	 in	SCLC	and	NSCLC.75	Distinct	subsets	of	epithelial	cells	 (basal	cells,	secretory	cells,
ciliated	 cells,	 and	 pulmonary	 neuroendocrine	 cells)	 and	 potential	 stem	 cell	 niches	 have	 been	 identified	 in	 the
normal	 lung	 epithelium.	 Basal	 cells	 are	 the	 stem	 cells	 of	 the	 airway	 epithelium,	 capable	 of	 self-renewal	 and
mucociliary	 differentiation	 to	 give	 rise	 to	 secretory	 and	 ciliated	 cells.	There	 is	 also	 a	 distinct	 bronchioalveolar
stem	cell	population	that	can	self-renew	and	differentiate	into	Clara	cells	and	AT-II	cells.74	Notch	signaling	plays
a	major	role	in	the	differentiation	to	either	a	secretory	or	ciliated	lineage,	and	aldehyde	dehydrogenase	activity,	a
putative	CSC	marker	in	LUAC,	is	dependent	on	Notch	activity.74	Current	chemotherapy	and	radiotherapy	fail	to
specifically	target	CSCs.	FDA-approved	disulfiram	(Antabuse),	previously	used	to	treat	alcoholism,	is	a	potential
pan–aldehyde	dehydrogenase	inhibitor	with	anticancer	properties	in	lung	cancer.75	Specific	inhibitors	of	Wnt,	Hh,
and	Notch	signaling	have	shown	efficacy	in	lung	cancer	preclinically	and	some	are	now	in	clinical	trial.75

TELOMERASE-MEDIATED	CELLULAR	IMMORTALITY	IN	LUNG	CANCER
During	 normal	 cell	 division,	 telomere	 shortening	 leads	 to	 cell	 senescence,	 thereby	 governing	 normal	 cell
mortality.	Telomerase	 is	 an	 enzyme	 that	maintains	 telomere	 length	 and	prevents	 loss	 of	 telomere	 ends	 beyond
critical	points,	thereby	essential	for	cell	immortality.	The	human	telomerase	reverse	transcriptase	catalytic	subunit
is	the	major	determinant	of	telomerase	activity.	Although	silenced	in	normal	cells	(except	stem	cells),	telomerase
is	 activated	 in	 >80%	of	NSCLCs	 and	 almost	 all	 SCLCs.56	 Preclinically,	 telomerase	 and	 telomerase-associated
protein	inhibitors	have	shown	activity	in	lung	cancer.76	Clinical	 testing	of	 imetelstat	suggests	NSCLCs	with	the
shortest	telomeres	respond	best,77	but	it	is	also	possible	that	certain	oncogenotypes	(e.g.,	KRAS	mutant)	are	more
sensitive	to	telomerase	inhibition.78

CLINICAL	TRANSLATION	OF	MOLECULAR	DATA
This	chapter	outlines	some	of	the	significant	molecular	alterations	involved	in	the	initiation	and/or	progression	of
lung	cancer,	which	have	translated	into	significant	advancements	in	targeted	therapy	(see	Table	47.3),	but	we	have
yet	to	move	any	biomarkers	for	lung	cancer	risk	or	early	detection	into	clinical	use.79	The	recent	rapid	progress	in
genomics	 and	 bioinformatics	 now	 gives	 researchers	 the	 tools	 to	 correlate	 patient	 subsets	 with	 augmented
sensitivity	to	conventional	or	targeted	therapeutics,	distinguish	driver	versus	passenger	mutations,	and	better	focus
the	design	of	novel	 therapeutic	 targets.	To	achieve	 these	goals,	we	continue	 to	need	 large	numbers	of	 samples
from	lung	cancer	patients,	incorporation	of	genomic	studies	into	clinical	trials	of	molecularly	targeted	agents,	and
timely	mutation	testing	of	clinical	materials	(such	as	FFPE	specimens)	using	clinical	laboratory	practices	(CLIA-
certified	 laboratory	 methods).	 Identifying	 and	 unraveling	 the	 intricate	 and	 interlinked	 pathways	 will	 lead	 to
improved	detection,	 diagnosis,	 treatment,	 and	prognosis	 of	 lung	 cancer	 by	 achieving	 “precision	medicine”;	 the
selection	of	the	best	treatment	for	each	patient	based	on	tumor	associated	biomarkers.

Current	Translation	of	Rationale-based	Targeted	Therapy
Improved	detection	and	sampling	of	clinical	samples	using	fluorescent	bronchoscopy,	endobronchial	ultrasounds,
and	 laser	 capture	 microdissection	 techniques	 now	 enables	 precise	 analysis	 of	 abnormal	 epithelial	 cells.	 The
National	 Comprehensive	 Cancer	 Network	 (NCCN)	 guidelines	 for	 NSCLC	 outline	 recommended	 molecular
analyses.	 Predictive	 biomarkers,	 indicative	 of	 therapeutic	 efficacy,	 include	 ALK	 fusions,	 ROS1	 gene
rearrangements,	 sensitizing	 EGFR	 mutations,	 BRAF	 V600E	 mutations,	 and	 PD-L1	 expression.	 Emerging
biomarkers	 include	HER2	 mutations,	RET	 gene	 rearrangements,	 and	MET	 amplification	 or	 exon	 14	 skipping
mutations.	The	only	current	prognostic	biomarker,	indicative	of	innate	tumor	aggressiveness,	is	KRAS	mutations.
Table	47.3	outlines	targeted	therapies	that	are	currently	approved	for	use	or	in	clinical	trial	for	lung	cancer,	with	a
significant	 number	 of	 compounds	 also	 undergoing	 preclinical	 testing.	 Importantly,	 the	 NCCN	 guidelines
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recommend	 retesting	 a	 tumor	 that	 is	 actively	 progressing	 on	 targeted	 therapy,	 as	 it	 can	 inform	 on	 the	 next
appropriate	therapeutic	step.	The	NCCN	currently	has	no	recommendations	for	the	molecular	analysis	of	SCLC.

Identifying	patient	subsets	 that	will	most	benefit	 from	these	 therapies	 remains	a	considerable	 task,	 including
clinical	guidelines	 that	 explicitly	describe	 if,	when,	 and	how	molecular	 testing	 should	be	performed	 to	 identify
known	responders.	To	address	the	latter,	the	College	of	American	Pathologists,	the	International	Association	for
the	 Study	 of	 Lung	 Cancer,	 and	 the	 Association	 for	 Molecular	 Pathology	 jointly	 published	 a	 guideline	 on
molecular	testing	for	the	selection	of	lung	cancer	patients	for	EGFR	and	ALK	TKIs,80	which	are	currently	being
updated	to	incorporate	emerging	clinical	standards	and	recent	breakthroughs.

DNA	sequencing	advances	mean	it	is	now	feasible	to	prospectively	molecularly	analyze	tumors	for	mutations
in	hundreds	of	cancer-associated	genes	using	assays	requiring	only	small	quantities	of	FFPE	tissue.	As	a	follow-
up	 to	 the	 LCMC	 study	 that	 molecularly	 analyzed	 LUACs	 then	 treated	 those	 with	 actionable	 mutations,81	 a
prospective	study	in	860	LUACs	stratified	patients	by	potentially	actionable	genetic	events	from	a	panel	of	>300
cancer-associated	genes.82	Approximately	 37%	of	 patients	 received	 a	 therapy	 guided	 by	 their	 tumor	molecular
profile,	 and	 they	 found	 early	 prospective	 tumor	 sequencing,	 including	 of	 non–standard-of-care	 predictive
biomarkers,	can	guide	therapy	and	improve	clinical	outcomes.

Potential	for	Future	Clinical	Translation
The	variety	of	clinically	translatable	approaches	for	molecular	analyses	of	human	lung	cancer	is	summarized	in
Table	 47.4.	 In	 addition,	 other	 issues	 are	 the	 need	 to	 identify	 and	 understand	 the	 importance	 of	 co-occurring
mutations,	the	development	and	use	of	“liquid	biopsies,”	and	the	use	of	this	information	for	the	chemoprevention
of	lung	cancer.

TABLE	47.4
Important	Areas	for	Clinical	Translation	of	Findings	from	the	Molecular	Analyses	of	Lung
Cancer

Molecular	changes	in	the	field	at	risk	of	developing	lung	cancer	for	early	cancer	detection	and	evaluating	chemoprevention
efforts
Molecular	changes	indicating	exposure	to	different	carcinogen	types
Interactions	of	molecular	changes	with	germline	polymorphisms	impacting	tumor	clinical	behavior	and	response	to	therapies
Molecular	analyses	of	cancer	stem	cell	and	related	tumor	subpopulations
Molecular	biomarkers	providing	prognostic	information
Molecular	biomarkers	providing	histologic	typing	information
Molecular	changes	detected	in	circulating	tumor	cell	DNA	for	early	lung	cancer	diagnoses,	monitoring	of	response	to	therapy,
and	selection	of	targeted	therapy
Molecular	biomarkers	identifying	lung	cancer	acquired	vulnerabilities
Molecular	biomarkers	predicting	response	to	chemotherapy	and	targeted	therapies
Molecular	biomarkers	predicting	response	to	immuno-oncology	therapies
Molecular	analyses	of	epigenomic	changes	in	cancer	to	determine	epigenomic	targeted	therapy

Co-occurring	 oncogenic	mutations.	 Increasing	molecular	 data	 on	 increasing	 numbers	 of	 lung	 tumors	will
identify	new	therapeutic	targets,	particularly	rare	driver	events.	This	data	will	also	identify	co-occurring	mutations
that	represent	tumor	vulnerabilities	for	known	but	currently	untargetable	driver	mutations,	such	as	mutant	KRAS,
or	 tumors	 with	 acquired	 resistance.	 For	 instance,	 tumors	 with	 co-occurring	 KEAP1	 and	KRAS	 mutations	 are
vulnerable	 to	glutamate	 supply,83	whereas	 those	with	co-occurring	KRAS	 and	STK11	mutations	 are	 addicted	 to
COPI31	and	have	a	metabolic	vulnerability	related	to	a	dependence	on	pyrimidine	metabolism.84

Liquid	 biopsies	 to	 analyze	 circulating	 tumor	 DNA	 have	 great	 potential	 to	 provide	 a	 dynamic	 and
comprehensive	 genomic	 profile	 of	 NSCLC	 in	 a	 minimally	 invasive	 manner.85	 When	 integrated	 with	 next-
generation	sequencing,	liquid	biopsies	could	be	applied	to	NSCLC	diagnosis	and	treatment	by	screening	for	early-
stage	 lung	 cancer,	 identifying	 actionable	 genomic	 alterations,	 tracking	 spatiotemporal	 tumor	 evolution,	 and
dynamically	monitoring	 response	 and	 resistance	 to	 targeted	 therapies.	 Challenges	 include	 defining	 a	 clinically
relevant	threshold	of	detection	for	genomic	alterations	and	early	screening.	Nevertheless,	CLIA-certified	tests	are
now	available	to	match	advanced	cancer	patients	 to	approved	targeted	therapies,	such	as	Guardant	Health’s	73-
gene	panel.

Chemoprevention	of	lung	cancer.	The	National	Lung	Screening	Trial	found	annual	screening	with	low-dose



computed	 tomography	 in	 a	 high-risk	 population	was	 associated	with	 a	 20%	 reduction	 in	 lung	 cancer–specific
mortality,	compared	with	conventional	chest	radiography.86	In	addition	to	screening,	lung	cancer	prevention	and
outcomes	 could	 be	 enhanced	 by	 reducing	 inflammation.	 The	 Canakinumab	 Anti-inflammatory	 Thrombosis
Outcomes	Study	 found	 anti-inflammatory	 therapy	using	 canakinumab,	 an	 interleukin-1β	 inhibitor,	 significantly
reduced	lung	cancer	incidence	(by	67%)	and	mortality	(by	77%).87	Supported	by	NCI	P50CA70907.
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48 Non–small-cell	Lung	Cancer
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Tanoue

INTRODUCTION
Major	 advances	 have	 been	made	 in	 all	 aspects	 of	 lung	 cancer,	 from	 screening	 to	 surgical,	 chemotherapy,	 and
radiotherapy	(RT)	treatment,	to	methods	of	palliation	as	well	as	the	understanding	of	fundamental	aspects	of	the
biology	of	the	disease.	Lung	cancer	has	become	a	vibrant	and	dynamic	field,	with	a	vast	and	growing	literature
describing	advances	in	every	facet	of	this	disease.	This	makes	it	an	impossible	task	to	summarize	the	state	of	the
art	in	one	short	chapter;	it	is	inevitable	that	some	areas	will	be	missed	or	covered	superficially,	and	new	advances
will	 have	 emerged	during	 the	 course	 of	 publication.	Nevertheless,	 this	 chapter	 is	 an	 attempt	 to	 cover	 the	most
important	clinical	aspects	of	lung	cancer,	which	represents	a	major	source	of	suffering	and	mortality	throughout
the	world.

INCIDENCE	AND	ETIOLOGY
Lung	 cancer	 is	 the	 most	 common	 cause	 of	 cancer	 death	 worldwide.	 The	World	 Health	 Organization	 (WHO)
International	 Agency	 for	 Research	 on	 Cancer	 (IARC)	 reported	 the	 global	 incidence	 of	 lung	 cancer	 at
approximately	1.8	million	new	cases	in	2012.1	The	overall	ratio	of	mortality	to	incidence	is	high,	with	the	5-year
survival	 rate	 in	 the	United	 States	 still	 only	 18%.2	 Consequently,	 the	mortality	 burden	 is	 staggering,	with	 lung
cancer	causing	an	estimated	1.59	million	deaths	per	year	around	the	world.	Lung	cancer	accounts	for	nearly	one-
third	of	all	 cancer	deaths	 in	 the	United	States,	 and	accounts	 for	almost	as	many	cancer	deaths	as	 the	next	 four
leading	causes	of	cancer	deaths	combined	(breast,	colon,	prostate,	and	pancreas).2

A	 relatively	 unique	 aspect	 of	 lung	 cancer	 is	 the	 strong	 association	with	 a	 potentially	 avoidable	 risk	 factor,
namely	smoking.	This	has	 far-reaching	psychological,	 social,	political,	and	societal	 implications.	An	attitude	of
blame	has	contributed	to	low	prioritization	of	lung	cancer	research	and	a	lack	of	activism	among	people	affected
by	 the	disease.	Furthermore,	 this	 attitude	 and	 the	 relatively	poor	outcomes	have	promoted	nihilism	 in	both	 the
medical	and	patient	community	about	both	treatment	of	the	disease	and	attempts	to	make	advances.

It	is	important	to	look	beyond	the	simple	association	of	lung	cancer	and	smoking.	Over	half	of	those	diagnosed
with	lung	cancer	in	the	United	States	are	either	never-smokers	or	people	who	quit	smoking	many	years	earlier.3–5
Furthermore,	lung	cancer	occurring	in	never-smokers	is	relatively	common,	occurring	in	about	20,000	individuals
in	the	United	States;	this	puts	deaths	from	lung	cancer	in	never-smokers	among	the	top	10	causes	of	cancer	deaths
in	the	United	States	(e.g.,	more	than	cancer	of	the	ovaries,	uterus,	non-Hodgkin	lymphoma,	or	brain	cancer).2	This
underscores	that	the	etiology	of	lung	cancer	is	complex	and	not	well	understood.

The	highest	incidence	and	mortality	rates	from	lung	cancer	are	observed	in	men	in	Central	and	Eastern	Europe,
Southern	 Europe,	 Eastern	 Asia,	 Micronesia,	 and	 North	 America	 and	 in	 women	 in	 North	 America,	 Northern
Europe,	Australia/New	Zealand,	and	Micronesia	(Fig.	48.1).1	The	highest	estimated	age-standardized	lung	cancer
incidence	 rates	 occur	 in	more	 developed	 regions	 of	 the	world,	 where	 smoking	 is	more	 prevalent	 (Fig.	 48.2).6
Globally,	 lung	cancer	 is	 still	more	common	 in	men	 than	 in	women,	 reflecting	different	historical	 and	 temporal
exposure	to	tobacco	smoking.	The	evidence	does	not	suggest	that	women	are	either	more	or	less	susceptible	than
men	to	the	carcinogenic	effects	of	tobacco.	On	a	hopeful	note,	the	incidence	rates	in	men	appear	to	be	falling	or	at
least	 stabilizing	 in	 all	 regions,	 likely	 reflecting	 the	 impact	of	 successful	national	 initiatives	 focused	on	 tobacco
control	 (Fig.	 48.3).	 In	 contrast,	 incidence	 rates	 in	 women	 appear	 to	 be	 increasing	 in	 most	 regions	 or	 at	 best
stabilizing	in	a	few.
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Smoking
At	the	turn	of	the	20th	century,	lung	cancer	was	a	rare	malignancy.	In	an	extensive	autopsy	review	in	the	United
States	and	Western	Europe	in	1916,	Adler	found	that	lung	cancers	represented	<0.5%	of	all	cancer	cases.7	Over
the	 next	 several	 decades,	 a	 substantive	 increase	 in	 the	 incidence	 of	 lung	 cancer	 was	 noted;	 at	 the	 same	 time,
observations	of	the	adverse	health	effects	of	smoking	were	made.	In	1941,	Ochsner	and	DeBakey	stated,	“It	is	our
definite	 conviction	 that	 the	 increase	 in	 the	 incidence	 of	 pulmonary	 carcinoma	 is	 due	 largely	 to	 the	 increase	 in
smoking,	particularly	cigaret	[sic]	smoking.”8	Two	landmark	case-control	studies	published	in	1950	by	Doll	and
Hill9	 in	 the	United	Kingdom	and	Wynder	and	Graham10	 in	 the	United	States	established	a	causal	 link	between
cigarette	 smoking	 and	 bronchogenic	 carcinoma.	 The	 Royal	 College	 of	 Physicians	 in	 the	 United	 Kingdom	 in
196211	and	the	Surgeon	General	of	the	United	States	in	196412	endorsed	the	conclusion	that	cigarette	smoking	is
the	 major	 cause	 of	 lung	 cancer.	 Population	 trends	 of	 lung	 cancer	 incidence	 mirror	 smoking	 behavior,	 with	 a
typical	lag	time	of	approximately	20	years	(see	Figs.	48.1	and	48.2).	Both	 the	number	of	cigarettes	smoked	per
day	 and	 the	 duration	 of	 smoking	 correlate	 with	 lung	 cancer	 risk,	 with	 longer	 duration	 in	 particular	 being
associated	with	a	much	higher	risk.13



Figure	48.1	Estimated	age-standardized	rates	of	lung	cancer	per	100,000	population	by	region	of
the	world.	(Reproduced	with	permission	from	International	Agency	for	Research	on	Cancer.

GLOBOCAN	2012:	estimated	cancer	incidence,	mortality	and	prevalence	worldwide	in	2012.	Lung
cancer.	Lyon,	France:	International	Agency	for	Research	on	Cancer,	World	Health	Organization;

2013.	http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx.	Accessed	January	8,	2014.)
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Figure	48.2	Percentage	of	tobacco	use	among	adults	by	country	in	2015.	(Reproduced	from:
World	Health	Organization.	Tobacco	control.	Global	Health	Observatory	(GHO)	data.

http://gamapserver.who.int/mapLibrary/Files/Maps/Global_Tobacco_use_2015.png.	Accessed	July
22,	2018.)

Cigarette	smoke	is	a	complex	aerosol,	with	nicotine	being	the	primary	determinant	of	addiction	and	tar	being
the	particulate	residue	left	when	nicotine	and	water	are	removed	from	tobacco	smoke.	More	than	50	carcinogens
in	tobacco	smoke	have	been	identified,	including	tobacco-specific	N-nitrosamines	(TSNAs)	formed	by	nitrosation
of	 nicotine	 during	 smoking,	 and	 polycyclic	 aromatic	 hydrocarbons	 (PAHs).14–16	 The	 TSNA	 4-
(methylnitrosamino)-1(3-pyridyl)-1-butanone	 (NNK)	 is	 associated	 with	 DNA	 adduct	 formation	 and	 DNA
mutations	 that	 result	 in	 the	 activation	 of	KRAS	 oncogenes.17,18	 Both	 TSNAs	 and	 PAHs	may	 be	metabolically
activated	to	become	carcinogenic,	or	alternatively	may	be	metabolically	detoxified;	the	balance	of	these	processes
will	determine	exposure.	Other	tobacco	smoke	carcinogens	do	not	require	activation	(e.g.,	benzene,	vinyl	chloride,
or	radon).	The	dose	of	carcinogen(s)	received	from	smoking	will	vary	with	the	composition	of	the	cigarette	itself,
including	whether	a	 filter	 is	present,	 and	 the	 intensity	of	 inhalation.	Because	of	 regulatory	mandates,	 cigarettes
contain	less	nicotine	and	tar	than	in	years	past.	However,	smokers	may	compensate	by	smoking	more	intensively
(more	puffs	per	minute	 and	deeper,	 longer	 inhalations)	 to	 satisfy	nicotine	addiction.	Mentholation	of	 cigarettes
may	also	facilitate	more	intense	smoking,	as	it	changes	the	aroma	of	the	smoke	and	decreases	the	irritant	effect	of
the	smoke,	thereby	facilitating	more	intense	inhalation.19,20

Genetic	Predisposition
The	 cumulative	 lifetime	 risk	 for	 lifelong	 smokers	 in	 their	 eighth	 decade	 of	 life	 is	 approximately	 16%.21	 It	 is
unclear	which	 host	 factors	 determine	 increased	 susceptibility	 in	 those	 individuals	who	 develop	 lung	 cancer	 or
confer	 “protection”	 from	 lung	 cancer	 in	 the	 majority	 of	 individuals	 who	 smoke	 and	 never	 do.	 An	 estimated
300,000	lung	cancer	deaths	occur	in	nonsmokers	annually	in	the	world;	in	many	of	these	cases,	no	specific	risk	or
exposure	 can	 be	 identified.22,23	 It	 is	 widely	 accepted	 that	 genetic	 (inherited)	 factors	 as	 well	 as	 epigenetic
(acquired)	DNA	changes	contribute	to	the	development	of	malignancy.	The	association	of	lung	cancer	with	rare
Mendelian	cancer	syndromes	or	in	family	aggregates	supports	the	contribution	of	high-penetrance,	low-frequency
genes.24,25	 Mutations	 in	 low-penetrance,	 high-frequency	 genes	 that	 encode	 enzymes	 involved	 in	 activation	 or
detoxification	of	carcinogens,	or	enzymes	involved	in	DNA	repair,	also	influence	lung	cancer	susceptibility.26–28

A	large	European	case	control	study	and	meta-analysis	of	41	studies	demonstrated	that	the	risk	of	lung	cancer
increased	 if	 there	 was	 a	 first-degree	 family	 member	 with	 lung	 cancer	 (odds	 ratio	 [OR],	 1.63),	 and	 increased
further	if	two	or	more	family	members	had	lung	cancer	(OR,	3.6).29	The	Liverpool	Lung	Project	reported	that	a
family	history	of	early-onset	lung	cancer	(age	younger	than	60	years)	was	associated	with	an	OR	for	lung	cancer
of	2.02.30	Although	some	polymorphisms	in	a	few	candidate	genes	have	been	identified,	the	broad	field	of	host



genetic	 factors	 determining	 lung	 cancer	 susceptibility	 is	 still	 poorly	 understood	 and	 is	 an	 area	 of	 intense
investigation.	We	 do	 not	 yet	 have	 the	 tools	 to	 identify	which	 individuals	might	 be	 intrinsically	more	 likely	 to
develop	lung	cancer	or	more	vulnerable	to	the	carcinogenic	effects	of	cigarettes.	Such	knowledge	eventually	may
help	define	specific	populations	who	should	be	targeted	for	lung	cancer	screening.

Figure	48.3	Age-standardized	mortality	rate	from	lung	cancer	per	100,000	men	(top	row)	and
women	(bottom	row)	in	selected	countries.	(Reproduced	with	permission	from	International	Agency
for	Research	on	Cancer.	GLOBOCAN	2012:	estimated	cancer	incidence,	mortality	and	prevalence
worldwide	in	2012.	Lung	cancer.	Lyon,	France:	International	Agency	for	Research	on	Cancer,

World	Health	Organization;	2013.	http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx.	Accessed
January	8,	2014.)

Occupational/Environmental
Although	 smoking	 is	 clearly	 the	 most	 important	 modifiable	 risk	 factor,	 many	 other	 factors	 influence	 the
development	of	lung	cancer.	It	is	estimated	that	approximately	10%	of	worldwide	lung	cancer	cases	are	at	least	in
part	 related	 to	 occupational	 exposures.31	 Many	 workplace	 materials	 have	 been	 identified	 as	 carcinogens,
including,	among	others,	arsenic,	asbestos,	beryllium,	cadmium,	chromium,	nickel,	radon,	and	vinyl	chloride.	Of
these,	asbestos	is	the	most	common,	having	been	used	widely	for	its	insulating	properties	and	recognized	as	a	lung
carcinogen	as	early	as	 the	1940s.32	There	has	been	controversy	as	 to	whether	asbestos	exposure	per	 se	confers
lung	 cancer	 risk	 or	whether	 asbestosis,	 the	 associated	 interstitial	 lung	 disease,	 is	 required.	A	 recent	 long-term
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follow-up	of	 a	 large	group	of	North	American	 insulators	originally	 studied	 in	 the	early	1980s	provided	 further
data	on	asbestos	exposure,	asbestosis,	and	cigarette	smoking.33	 In	 the	nonsmoking	cohort,	 lung	cancer	 risk	was
increased	with	asbestos	exposure	alone	and	further	increased	if	asbestosis	was	also	present.	In	the	smoking	cohort,
there	 was	 an	 additive	 risk	 of	 smoking	 and	 asbestos	 exposure,	 with	 a	 supra-additive	 increase	 in	 risk	 if	 both
smoking	and	asbestosis	were	present.	Thus,	it	appears	that	although	asbestosis	clearly	increases	lung	cancer	risk,
particularly	in	smokers,	asbestos	exposure	alone	also	increases	risk,	albeit	to	a	lesser	degree.

Radon	gas	was	first	implicated	as	increasing	lung	cancer	risk	in	workers	in	underground	uranium	mines.	The
awareness	 of	 radon	 as	 a	 carcinogen	 has	 focused	 attention	 on	 domestic	 radon	 gas	 as	 a	 common	 indoor
pollutant.34–37	Radon	is	felt	to	contribute	to	an	estimated	15,000	to	20,000	lung	cancer	deaths	in	the	United	States
annually.37	 Other	 indoor	 air	 pollutant	 carcinogens	 include	 environmental	 tobacco	 smoke	 and	 byproducts	 of
biomass	fuels	used	for	heating	and	cooking.	Outdoor	air	pollution	contains	carcinogens	generated	by	fossil	fuel
combustion	and	diesel	exhaust,	which	can	be	adsorbed	to	fine	particulates	small	enough	to	be	inhaled	and	impaled
into	the	airways.	These	exposures	are	of	particular	concern	in	countries	such	as	China,	where	indoor	domestic	use
of	coal	and	wood,	intense	urban	outdoor	pollution,	and	an	epidemic	of	tobacco	smoking	are	likely	all	contributing
to	an	alarming	rise	in	lung	cancer	incidence.

Cancer	risk	related	to	medical	imaging	has	been	an	area	of	increasing	public	health	concern,	particularly	with
the	 escalation	 of	 use	 of	 high-technology	 studies	 such	 as	 computed	 tomography	 (CT)	 and	 positron	 emission
tomography	 (PET).	 Radiation	 exposure	 acquired	 in	 this	 way	 is	 cumulative,	 with	 risk	 extrapolated	 on	 a	 linear
model	based	on	known	cancer	risk	in	survivors	of	the	atomic	bomb	in	Japan	and	after	therapeutic	radiation	given
in	the	past	for	medical	diseases	including	tuberculosis	and	ankylosing	spondylitis.38–41	Based	on	this	model,	even
lower	cumulative	doses	 incur	some	risk.	Recognition	of	 the	potential	harms	of	 radiation	 from	medical	 imaging
make	 more	 urgent	 the	 need	 to	 utilize	 these	 tests	 judiciously,	 develop	 methods	 to	 track	 cumulative	 radiation
exposure	 to	 specific	 organs,	 and	 improve	 technologies	 that	 will	 minimize	 patient	 exposure.	 This	 need	 is
particularly	cogent	anticipating	implementation	of	lung	cancer	screening	with	low-dose	chest	CT	scanning.

Lung	 cancer	 is	 typically	 a	 disease	 of	 older	 individuals;	 ironically,	 as	 overall	 health	 status	 improves	 in
developing	countries	and	 those	populations	acquire	 longer	 life	expectancy,	 their	 lung	cancer	 risk	may	 increase.
Whether	gender	is	a	factor	has	been	a	topic	of	considerable	debate.	The	body	of	evidence	does	not	support	any
significant	sex-related	difference	in	susceptibility	to	smoking-associated	lung	cancer.42,43	African	Americans	have
consistently	 been	 observed	 to	 have	 higher	 lung	 cancer	 rates	 as	 well	 as	 worse	 5-year	 survival	 than	 Caucasian
Americans.2	In	developed	nations,	socioeconomic	factors	including	education	and	income	are	inversely	associated
with	 risk.	Lifestyle	 factors,	 including	diet	and	physical	activity,	 likely	 influence	 risk.	An	 inverse	association	of
diets	higher	in	fruit	and	vegetable	(cruciferous	and	carotenoid-rich)	consumption	with	lung	cancer	risk	has	been
consistently	described.44,45	The	evidence	for	physical	activity	is	less	clear,	although	higher	levels	of	activity	have
been	described	as	associated	with	lower	cancer	risk.46

The	 presence	 of	 underlying	 pulmonary	 disease	 is	 increasingly	 recognized	 to	 influence	 lung	 cancer	 risk.
Cigarette	 smoking	 is	 the	major	 etiologic	 factor	 in	 both	 lung	 cancer	 and	 chronic	 obstructive	 pulmonary	 disease
(COPD).	 COPD	 per	 se	 is	 an	 independent	 risk	 factor	 after	 controlling	 for	 smoking.47,48	 The	mechanism(s)	 by
which	 fixed	 airways	 disease	may	 etiologically	 be	 implicated	 in	 carcinogenesis	 are	 not	 defined	 but	 potentially
include	mutagenesis	through	activation	of	the	nuclear	factor	kappa	B	(NF-κB)	inflammatory	pathway,	protease-
antiprotease	imbalance,	or	chronic	inflammation	itself.49–51	The	presence	of	interstitial	lung	disease	has	also	been
associated	with	 an	 increase	 in	 lung	 cancer	 risk.	 In	 particular,	 patients	with	 idiopathic	 pulmonary	 fibrosis	 have
been	 reported	 to	 have	 an	 odds	 ratio	 for	 lung	 cancer	 of	 8.25	 compared	 to	 controls.52,53	 In	 contrast	 to	 COPD,
cigarette	 smoking	 is	 usually	 not	 etiologically	 implicated	 in	 interstitial	 diseases,	 although	 chronic	 inflammation
typically	is	felt	to	contribute	to	the	pathologic	process.

ANATOMY	AND	PATHOLOGY
Stage	Classification
The	 stage	 classification	 for	 non–small-cell	 lung	 cancer	 (NSCLC)	 follows	 the	 tumor-node-metastasis	 (TNM)
paradigm	 used	 for	 most	 solid	 tumors.	 Staging	 ensures	 a	 uniform	 standardized	 nomenclature	 to	 describe	 the
anatomic	extent	of	disease,	namely	 the	primary	 tumor	site	(T	component)	as	well	as	cancer	spread	to	nodes	(N
component)	or	distant	metastatic	sites	(M	component).	The	most	recent	(eighth)	edition	of	the	Lung	Cancer	Stage
Classification	 is	based	on	an	 international	database	of	over	100,000	patients,	 identified	over	 the	period	1999	 to



2010	from	35	sources	in	16	countries	in	North	America,	Asia,	Australia,	and	Europe,	and	a	sophisticated	statistical
analysis	with	extensive	internal	and	external	validation,	conducted	by	the	International	Association	for	the	Study
of	Lung	Cancer	(IASLC).54–59	This	stage	classification	applies	to	NSCLCs	and	small-cell	lung	cancers	(SCLCs)
as	well	as	carcinoid	tumors.54,60

Several	 characteristics	 of	 the	 IASLC	database	 are	 important	 to	 recognize	 in	 order	 to	 appropriately	 interpret
some	 of	 the	 results.	 This	 was	 a	 retrospective	 database,	 with	 limitations	 in	 the	 level	 of	 details	 available.	 For
example,	some	of	the	definitions	of	the	TNM	descriptors	contained	too	few	patients	to	allow	statistical	analysis	of
the	impact	of	 that	 tumor	characteristic.	Because	the	database	consisted	of	patients	diagnosed	between	1999	and
2010,	more	recent	treatment	advances	are	not	reflected.	The	analysis	did	not	account	for	what	treatment	(if	any)
was	 given.	 There	 was	 a	 great	 deal	 of	 variation	 in	 outcomes	 depending	 on	 the	 type	 of	 source	 data	 and	 the
geographic	region.	Thus,	although	the	outcomes	created	a	phenomenal	tool	to	decide	where	to	draw	distinctions
between	TNM	categories	and	groupings,	the	outcomes	themselves	represent	a	global	cross-section	from	the	past
with	questionable	relevance	to	specific	patients	today.

The	definitions	of	the	T,	N,	and	M	categories	for	both	NSCLC	and	SCLC	are	outlined	in	detail	in	Table	48.1.
The	T,	N,	 and	M	 categories	 are	 then	 grouped	 to	 define	 particular	 stages	 of	 lung	 cancer,	 as	 outlined	 in	 Figure
48.4.61	Although	ideally,	each	stage	would	represent	a	homogeneous	group	of	patients,	this	is	not	necessarily	the
case,	 as	 is	 evident	 in	 the	 range	 of	 T,	 N,	 and	M	 combinations	 that	 comprise	 stage	 IIB	 or	 IIIA,	 for	 example.
Nevertheless,	the	system	provides	a	practical	way	of	managing	the	complexity	of	a	large	number	of	T,	N,	and	M
categories	by	coalescing	these	into	a	more	limited	number	of	stage	groups.

It	is	worth	emphasizing	what	the	stage	classification	system	does	and	cannot	accomplish.	It	is	designed	to	be	a
consistent,	 stable	 nomenclature	 for	 the	 anatomic	 extent	 of	 disease.	 Although	 this	 is	 a	 major	 component	 in	 a
patient’s	 prognosis,	 the	 prognosis	 depends	 on	many	 other	 factors,	 including	 age,	 comorbidities,	 environmental
factors,	and	treatment	factors.62	Particular	tumor	or	patient	factors	(e.g.,	genetic	mutations,	central/peripheral	lung
location,	age,	comorbidity,	performance	status	[PS])	may	have	a	major	impact	in	certain	settings	(e.g.,	a	particular
treatment	 strategy),	 but	 not	 in	 others,	 and	 at	 certain	 times	 during	 the	 course	 of	 the	 disease.	 Therefore,	 stage
classification	is	not	sufficient	to	capture	the	complexity	of	prognostic	prediction	for	specific	patients	in	specific
clinical	settings.62	Furthermore,	although	the	anatomic	extent	of	disease	is	an	important	component	of	selecting	a
treatment	approach,	this	is	also	determined	by	other	factors	(e.g.,	histologic	type,	molecular	information,	patient-
specific	factors	such	as	comorbidities).	In	addition,	stage	classification	must	remain	relatively	static	and	consistent
to	be	useful,	whereas	treatment	should	continually	evolve	and	improve.	Thus,	 treatment	must	be	determined	by
the	results	of	clinical	trials	and	cannot	be	determined	merely	by	a	stage	classification	nomenclature.

Histologic	Classification
The	histologic	spectrum	of	 lung	cancer	has	clearly	changed	over	 the	past	several	decades.	SCLC	has	decreased
from	 about	 25%	 to	 <15%	 of	 all	 lung	 cancers.63	 Adenocarcinoma	 is	 now	 the	 most	 dominant	 histologic	 type,
replacing	squamous	carcinoma.	With	the	advent	of	more	frequent	CT	imaging,	an	increased	proportion	of	more
indolent	small	tumors	is	being	recognized.64

TABLE	48.1
Stage	Classification:	TNM	Descriptors

T Primary	Tumor Label
T0 No	primary	tumor 	

Tis Carcinoma	in	situ	(squamous	or	adenocarcinoma) Tis

T1 Tumor	≤3	cm 	

T1mi Minimally	invasive	adenocarcinoma T1mi
T1a Superficial	spreading	tumor	in	central	airwaysa T1aSS

T1a Tumor	≤1	cm T1a≤1
T1b Tumor	>1	but	≤2	cm T1b>1–2

T1c Tumor	>2	but	≤3	cm T1c>2–3
T2 Tumor	>3	but	≤5	cm	or	tumor	involving: 	
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visceral	pleura,b T2Visc	Pl

main	bronchus	(not	carina),	atelectasis	to	hilumb,c T2Centr
T2a Tumor	>3	but	≤4	cm T2a>3–4
T2b Tumor	>4	but	≤5	cm T2b>4–5

T3 Tumor	>5	but	≤7	cm T3>5–7
or	invading	chest	wall,	pericardium,	phrenic	nerve T3Inv
or	separate	tumor	nodule(s)	in	the	same	lobe T3Satell

T4 Tumor	>7	cm T4>7
or	tumor	invading	mediastinum,	diaphragm,	heart,	great	vessels,	recurrent	laryngeal	nerve,	carina,
trachea,	esophagus,	spine

T4Inv

or	tumor	nodule(s)	in	a	different	ipsilateral	lobe T4Ipsi	Nod
N	(Regional	Lymph	Nodes)
N0 No	regional	node	metastasis 	

N1 Metastasis	in	ipsilateral	pulmonary	or	hilar	nodes 	

N2 Metastasis	in	ipsilateral	mediastinal/subcarinal	nodes 	

N3 Metastasis	in	contralateral	mediastinal/hilar,	or	supraclavicular	nodes 	

M	(Distant	Metastasis)
M0 No	distant	metastasis 	

M1a Malignant	pleural/pericardial	effusiond	or	nodules M1aPl
Dissem

	 or	separate	tumor	nodule(s)	in	a	contralateral	lobe M1aContr
Nod

M1b Single	extrathoracic	metastasis M1bSingle
M1c Multiple	extrathoracic	metastases	(one	or	more	organs) M1cMulti

aSuperficial	spreading	tumor	of	any	size	but	confined	to	the	tracheal	or	bronchial	wall.
bSuch	tumors	are	classified	as	T2a	if	≤4	cm,	T2b	if	>4	and	≤5	cm.
cAtelectasis	or	obstructive	pneumonitis	extending	to	the	hilum.
dPleural	 effusions	 are	 excluded	 that	 are	 cytologically	 negative,	 nonbloody,	 transudative,	 and	 clinically	 judged	 not	 to	 be	 due	 to
cancer.
Reproduced	with	permission	 from	 the	American	College	of	Chest	Physicians	 from	Detterbeck	FC,	Boffa	DJ,	Kim	AW,	et	al.	The
eighth	edition	lung	cancer	stage	classification.	Chest	2017;151(1):193–203.

The	histologic	classification	of	 lung	cancer	has	become	much	more	nuanced.	 In	 the	past,	 the	major	NSCLC
histologic	 types	 (adenocarcinoma,	 squamous	 cell	 carcinoma,	 and	 large-cell	 carcinoma)	 were	 simply	 lumped
together.	Now,	 it	 is	 critical	 to	 differentiate	 these	 because	 they	 respond	 differently	 to	 certain	 chemotherapeutic
agents.	 Immunohistochemical	 stains	 and	 genetic	 characterization	 can	 facilitate	 the	 distinction	 between
subtypes.65,66	 It	 is	 recognized	 that	 the	 vast	 majority	 of	 adenocarcinomas	 are	 mixed	 subtypes;	 these	 are	 now
classified	 according	 to	 the	 predominant	 subtype	 with	 the	 percentage	 of	 each	 noted	 in	 10%	 increments.66
Furthermore,	the	adenocarcinoma	subtypes	have	been	defined	according	to	preinvasive,	minimally	invasive,	and
invasive	groups	(Table	48.2),66	reflecting	the	increasingly	recognized	spectrum	of	aggressiveness	of	lung	cancers
encountered	in	the	Western	world	today.	Finally,	bronchopulmonary	carcinoid	and	salivary	gland	tumors	are	less
common	types	that	are	also	included	among	lung	cancers.67



Figure	48.4	Stage	classification:	stage	groups	of	lung	cancer	in	the	eighth	edition	of	the	TNM
classification	of	malignant	tumors.	(Reproduced	with	permission	from	Detterbeck	FC,	Boffa	DJ,
Kim	AW,	et	al.	The	eighth	edition	lung	cancer	stage	classification.	Chest	2017;151[1]:193–203.)

Genetic	Characterization
Lung	cancer	 is	a	genetically	heterogenous	disease.	A	systematic	characterization	of	genetic	alterations	 in	1,255
patients	with	lung	cancer	revealed	that	most	histologic	types	have	a	characteristic	pattern	of	genetic	alteration.65
Large-cell	 lung	cancer	is	the	exception,	exhibiting	alterations	associated	with	each	of	the	other	major	histologic
types.	Using	 genetic	 characterization,	 the	majority	 of	 cases	 initially	 classified	 simply	 as	 large-cell	 lung	 cancer
could	 be	 assigned	 to	 another	 histologic	 group	 (e.g.,	 adenocarcinoma,	 squamous,	 small-cell),	 which	 was
corroborated	by	prognostic	and	other	similarities	among	genetically	grouped	cohorts.65

Classification	 by	 genetic	 alterations	 is	 thwarted	 by	 the	 complexity	 of	 these	 changes.	 NSCLC	 has	 a	 higher
average	 number	 of	 somatic	mutations	 than	most	 cancers,	 although	 the	 range	 is	 quite	 large,	with	 some	 tumors
possessing	few,	and	others	containing	a	large	amount.68,69	The	genetic	makeup	is	most	notably	different	between
smokers	and	nonsmokers,	with	tumors	in	smokers	exhibiting	a	higher	number	of	somatic	mutations.70	Even	within
a	 single	 tumor,	 there	 is	 significant	 genetic	 heterogeneity,	 as	 demonstrated	 by	 a	 recent	 study	 that	 performed
multiregional	whole-exome	sequencing	of	100	surgically	removed	NSCLC	specimens	from	patients	with	stage	I
to	III	NSCLC.71	This	 report	elegantly	describes	 intratumoral	branched	evolution,	 identifying	multiple	subclonal
populations	with	new	acquired	driver	mutations	arising	from	the	original	clonal	population,	further	emphasizing
the	complex	and	dynamic	nature	of	tumor	genetic	alterations.	These	subclonal	populations	illustrate	mechanisms
for	primary	and	acquired	resistance,	and	highlight	the	inherent	difficulties	of	cancer	treatment.
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TABLE	48.2
IASLC/ATS/ERS	Classification	of	Lung	Adenocarcinoma	in	Resection	Specimens

Preinvasive	Lesions
Atypical	adenomatous	hyperplasia
Adenocarcinoma	in	situ	(≤3	cm	formerly	BAC)

Nonmucinous
Mucinous
Mixed	mucinous/nonmucinous

Minimally	Invasive	Adenocarcinoma	(≤3	cm	Lepidic	Predominant	Tumor	with	>5	mm	Invasion)
Nonmucinous
Mucinous
Mixed	mucinous/nonmucinous

Invasive	Adenocarcinoma
Lepidic	predominant	(formerly	nonmucinous	BAC	pattern,	with	>5	mm	invasion)
Acinar	predominant
Papillary	predominant
Micropapillary	predominant
Solid	predominant	with	mucin	production

Variants	of	Invasive	Adenocarcinoma
Invasive	mucinous	adenocarcinoma	(formerly	mucinous	BAC)
Colloid
Fetal	(low	and	high	grade)
Enteric
IASLC,	 International	 Association	 for	 the	 Study	 of	 Lung	 Cancer;	 ATS,	 American	 Thoracic	 Society;	 ERS,	 European	 Respiratory
Society;	BAC,	bronchioloalveolar	carcinoma.
Reproduced	 with	 permission	 from	 Travis	 WD,	 Brambilla	 E,	 Noguchi	 M,	 et	 al.	 International	 Association	 for	 the	 Study	 of	 Lung
Cancer/American	 Thoracic	 Society/European	 Respiratory	 Society	 international	 multidisciplinary	 classification	 of	 lung
adenocarcinoma.	J	Thorac	Oncol	2011;6(2):244–285.

Particular	 mutations	 have	 sparked	 a	 great	 deal	 of	 attention,	 primarily	 because	 they	 have	 led	 to	 dramatic
therapeutic	 breakthroughs	 (Fig.	 48.5).72,73	 Many	 of	 these	 driver	 mutations	 provide	 sustained	 proliferation	 of
signaling	and	dependence	on	that	pathway,	leading	to	“oncogene	addiction.”	Mutations	in	the	epidermal	growth
factor	receptor	(EGFR)	gene	are	the	best	known	examples.	Such	driver	mutations	have	received	much	attention
because	 targeted	 treatment	 can	 yield	 dramatic	 disease	 responses;	 however,	 these	 targetable	 mutations	 are
identified	 in	 a	 minority	 of	 patients,	 mostly	 non-	 or	 light-smokers.	 Not	 all	 driver	 mutations	 currently	 provide
actionable	targets.	Beyond	serving	as	predictors	of	targeted	therapies,	some	driver	mutations	portend	prognostic
relevance.	Mutations	 in	KRAS,	 for	 instance,	 were	 associated	 with	 significantly	 worse	 clinical	 outcomes,	 even
before	the	era	of	targeted	agents.74

Acquired	 mutations,	 such	 as	 point	 mutations	 and	 gene	 amplifications,	 are	 major	 mechanisms	 for	 acquired
resistance	 to	 systemic	 therapy.75	Although	driver	mutations	 such	as	EGFR	 are	 targetable,	 resistance	 to	 therapy
inevitably	 develops.	These	 acquired	mutations	may	occur	 in	 the	 original	 driver	 oncogene	or	 in	 downstream	or
alternative	 pathway	 genes,75	 with	 multiple	 subclonal	 populations	 possibly	 harboring	 different	 mechanisms	 of
resistance	 evolving	 in	 parallel	 within	 the	 same	 individual.	 Current	 research	 aims	 to	 understand	 and	 predict
acquired	resistance	mechanisms	and	patterns	to	tailor	and	sequence	therapy.

Prognostic	Factors
Prediction	 of	 prognosis	 is	 fervently	 desired	 but	 remains	 an	 elusive	 goal.	 Developing	 a	 system	 to	 do	 this	 is
complex	and	must	solve	a	number	of	inherent	conflicts.62	Hence,	the	state	of	affairs	is	that	we	have	identified	a
few	factors	that	have	prognostic	value	(at	least	in	some	clinical	settings),	but	this	knowledge	is	spotty	and	explains
only	a	small	amount	of	the	actual	observed	outcomes.



Figure	48.5	Oncogenic	driver	mutations	in	non–small-cell	lung	cancer.	Frequency	of	driver
mutations	in	lung	adenocarcinoma.	ALK,	anaplastic	lymphoma	kinase;	EGFR,	epidermal	growth
factor	receptor;	MEK,	mitogen-activated	protein	kinase	kinase;	NTRK,	neurotrophic	tyrosine
kinase;	HER2,	human	epidermal	growth	factor	receptor	2.	(Adapted	from	Hirsch	FR,	Suda	K,
Wiens	J,	et	al.	New	and	emerging	targeted	treatments	in	advanced	non-small-cell	lung	cancer.

Lancet	2016;388[10048]:1012–1024.)

Prediction	of	prognosis	is	inherently	complex.62,76	There	are	many	factors	that	contribute;	these	can	be	grouped
into	 environmental	 factors,	 tumor-related	 factors,	 and	 patient-related	 factors	 (Fig.	 48.6).62	 The	 prognosis	 is
inherently	 linked	to	a	specific	clinical	scenario	and	to	 the	outcome	of	 interest.	The	scenario	 includes	 treatment-
related	factors	and	timing	(e.g.,	 the	prognostic	significance	of	an	EGFR	mutation	is	different	 if	 the	patient	is	 to
undergo	treatment	with	an	EGFR	inhibitor,	regular	chemotherapy,	or	neither	and	different	prior	to	treatment	than
upon	developing	resistance).

There	are	inherent	conflicts	in	prognostication.62,76,77	We	derive	our	knowledge	from	studying	a	(large)	cohort
of	 patients,	 but	 we	 seek	 individualized	 prognostic	 prediction,	 tailored	 to	 a	 particular	 person.	 The	 ability	 to
individualize	 is	 limited	because	we	usually	do	not	have	sufficient	detail	about	 the	group	 to	assess	how	well	an
individual	 fits	 with	 the	 group.	 Furthermore,	 the	 prognosis	 of	 a	 group	 represents	 an	 average;	 usually,	 there	 is
significant	 underlying	 variability	 of	 subgroups,	 limiting	 the	 applicability	 of	 the	 group	 prognosis	 to	 subgroups.
Additionally,	the	more	specific	we	get,	the	more	limited	the	dataset	available	to	derive	the	prediction	becomes	and
thus	the	greater	the	uncertainty	about	the	prediction.	Finally,	the	data	we	base	the	prediction	on	is	inherently	based
on	past	observation,	yet	the	prediction	is	for	the	future,	and	thus	cannot	take	into	account	new	developments	that
inevitably	occur.

Prognostic	prediction	is	inherently	different	than	stage	classification.77	Stage	classification	is	a	nomenclature	to
describe	 the	 anatomic	 extent	 of	 disease.	 It	 must	 remain	 relatively	 static	 and	 be	 used	 in	 a	 consistent	 uniform
manner;	the	classification	we	assign	to	a	particular	extent	of	tumor	today	must	be	the	same	as	what	we	assign	to
the	 same	 extent	 next	 week	 or	 next	 year;	 otherwise,	 it	 is	 a	 useless	 nomenclature.	 However,	 prognostication	 is
inherently	fluid	and	constantly	changing	as	advances	occur	and	the	setting	changes.	Stage	classification	must	be
consistent	and	definitive,	whereas	prognostic	prediction	is	inherently	speculative,	fluid,	and	uncertain.

Identification	of	 prognostic	 factors	 can	be	 classified	 as	 phase	 I	 (exploring	 a	 potential	 association	between	 a
possible	 factor	 and	 a	 surrogate	 for	 outcome),	 phase	 II	 (exploring	 an	 association	 between	 a	 possible	 factor	 and
outcomes),	and	phase	III	(confirmatory	studies	in	well-defined	patients	demonstrating	that	a	marker	is	associated
with	good	or	poor	outcomes).78	Most	studies	of	prognostic	factors	in	lung	cancer	are	phase	I	or	II.	Independent
prognostic	 factors	 identified	 among	 surgically	 resected	 patients	 in	 the	 IASLC	 global	 1990	 to	 1999	 database
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included	pathologic	TNM,	age,	and	gender;	histologic	cell	type	had	some	prognostic	value	but	was	linked	to	other
variables.79

Identifying	prognostic	factors	is	different	from	using	prognostic	factors	to	build	a	model.	Standards	for	a	robust
model	 or	 one	 that	 is	 appropriate	 for	 clinical	 application	 have	 been	 defined.62,80–82	 At	 the	 basic	 level,	 the
prognostic	model	should	include	all	known	prognostic	factors	in	a	sufficiently	large	dataset	without	a	substantial
amount	 of	 missing	 data.62,80	 Prior	 to	 clinical	 application,	 the	 model	 must	 be	 validated	 in	 specific	 and	 broad
settings	 (independent	 datasets).	 Confidently	 basing	 clinical	 decisions	 on	 a	 model	 requires	 an	 analysis	 of	 the
impact	(evaluation	whether	use	of	the	model	actually	produces	the	anticipated	outcomes).	A	recent	assessment	of
prognostic	models	in	lung	cancer	reveals	that	the	quality	of	the	32	identified	models	was	poor.83	Most	were	based
on	 incomplete	datasets	 and	used	 flawed	 statistical	methods	 (overestimating	model	performance);	 few	had	been
subjected	 to	 external	 validation.83	 The	 shortcomings	 and	 challenges	 are	 amplified	 when	 it	 comes	 to	 genomic
factors.84,85

In	sum,	development	of	a	prognostic	model	is	complex,	situation	specific,	and	constantly	changing.	Although
there	is	an	intense	desire	for	such	a	model,	the	appreciation	of	the	issues	involved	is	limited,	and	the	sophistication
and	quality	of	existing	studies	is	relatively	rudimentary.	Development	of	an	overarching	system	that	addresses	the
inherent	challenges	and	leads	to	a	robust	clinically	relevant	prognostic	prediction	model	is	needed.

Figure	48.6	Prognostic	prediction	system.	Schematic	of	a	prognostic	prediction	system,	taking
into	account	environmental,	patient-related,	and	tumor-related	factors.	The	prediction	must	be
specific	to	the	clinical	scenario	and	the	outcome	of	interest.	tmt,	treatment;	QOL,	quality	of	life.
(Reproduced	with	permission	from	Detterbeck	FC,	Boffa	DJ,	Kim	AW,	et	al.	The	eighth	edition

lung	cancer	stage	classification.	Chest	2017;151[1]:193–203.)

SCREENING	AND	PREVENTION
Prevention

Tobacco	Control



The	 global	 epidemic	 of	 lung	 cancer	 is	 linked	 most	 strongly	 to	 population	 engagement	 in	 cigarette	 smoking.
Although	 other	 modifiable	 risk	 factors	 (e.g.,	 exposure	 to	 occupational	 or	 domestic	 carcinogens)	 are	 clearly
identifiable,	it	is	tobacco	smoking	that	has	driven	the	steep	rises	in	lung	cancer	incidence	and	mortality	witnessed
over	the	last	century	in	developed	and	developing	nations.	Primary	prevention	has	the	greatest	overall	potential	to
minimize	lung	cancer	risk,	and	smoking	cessation	is	still	the	most	powerful	intervention	to	diminish	lung	cancer
risk	in	persons	who	smoke.	Smoking	cessation	even	into	the	seventh	decade	of	life	results	in	a	decrease	in	lung
cancer	incidence,	and	it	 is	never	too	late	to	quit.21,86	Although	smoking	rates	have	decreased	dramatically	since
the	 publication	 of	 the	 first	 Surgeon	 General’s	 report	 on	 the	 health	 consequences	 of	 smoking	 in	 1964,
approximately	20%	of	adult	Americans	still	habitually	smoke,	with	a	wide	range	of	smoking	rates	(10%	to	28%)
observed	across	the	United	States.87

Important	 public	 health	 interventions	 have	 included	 stricter	 control	 of	 tobacco	 products	 by	 government
regulatory	agencies;	limitations	on	cigarette	advertising,	particularly	those	geared	toward	children;	the	use	of	text
and	 graphic	 warnings	 on	 cigarette	 packaging;	 limitations	 of	 tobacco	 smoking	 in	 indoor	 workplaces	 and
restaurants;	and	global	initiatives	to	inform	the	public	of	the	health	hazards	of	smoking.88–91

Smoking	Cessation
There	 are	 many	 physiologic	 and	 psychologic	 factors	 that	 contribute	 to	 make	 smoking	 a	 difficult	 addiction	 to
overcome.	However,	 there	have	been	major	advances	in	understanding	these,	and	solid	scientific	data	regarding
which	 interventions	work	best	and	 in	which	 individuals.	Nicotine	acts	 in	an	area	of	 the	brain	associated	with	a
sense	 of	 “safety”	 and	 “survival	 functions.”92	 This	 appears	 to	 explain	 the	 paradox	 of	 difficulty	 in	 giving	 up
smoking	even	when	faced	with	a	life-threatening	disease	that	is	a	consequence	of	smoking.	This	struggle	and	the
illogical	 nature	 of	 it,	 combined	 with	 the	 stigmatism	 associated	 with	 smoking,	 lead	 to	 feelings	 of	 shame,
helplessness,	and	depression	that	further	aggravate	the	problem.92	It	is	easy	to	succumb	to	a	fatalistic	defense	that
“it	 is	 too	 late	 anyhow.”	 However,	 data	 clearly	 shows	 that	 patients	 with	 lung	 cancer	 who	 continue	 to	 smoke
approximately	double	their	risk	of	dying.92	Quitting	smoking	is	associated	with	better	response	to	treatment,	better
quality	of	 life	 (QOL),	better	 long-term	survival,	 and	a	 lower	 risk	of	 second	primary	cancers.92–95	 Furthermore,
data	shows	that	a	diagnosis	of	lung	cancer	represents	a	particularly	opportune	moment	to	intervene.92

Smoking	cessation	intervention	should	be	included	in	the	health	care	of	any	individual	smoking	cigarettes.	It	is
important	to	use	a	sophisticated,	evidence-based	approach	and	an	organized	smoking	cessation	program	to	achieve
the	 best	 results.92	 A	 simple	 recommendation	 to	 stop	 smoking	 or	 provision	 of	 self-help	 materials	 is	 largely
ineffective,	 but	 as	 little	 as	 3	 minutes	 of	 counseling	 by	 clinicians	 can	 significantly	 increase	 cessation	 rates.96
Several	 points	 are	 important.	 Tobacco	 dependence	 is	 best	 managed	 in	 a	 chronic	 disease	model	 with	 repeated
intervention	 over	 time.	 Intensive	 behavioral	 therapy	 and	 counseling	 (e.g.,	 weekly)	 is	 of	 significant	 benefit	 in
several	randomized	controlled	trials	(RCTs).	In	addition,	seven	first-line	medications	reliably	increase	long-term
smoking	 abstinence	 rates	 (bupropion,	 varenicline,	 nicotine	 patch,	 gum,	 lozenges,	 inhaler,	 and	 nasal	 spray).92
These	 increase	 effectiveness	 two-	 to	 threefold	 and	 result	 in	 abstinence	 rates	 of	 approximately	 25%.	 Often,
combinations	of	these	may	be	more	effective	than	a	single	intervention.	These	medications	have	been	shown	to	be
safe	in	most	patients,	including	those	who	are	about	to	undergo	either	surgery,	RT,	or	chemotherapy.	It	is	best	to
initiate	the	cessation	interventions	at	the	outset.	Specifically,	it	is	safe	(and	beneficial)	for	patients	to	stop	smoking
even	a	short	time	(e.g.,	1	to	2	weeks)	before	undergoing	surgery;	pharmacologic	interventions	are	safe	to	continue
in	the	perioperative	period	as	well.92	A	well-organized	 thoracic	oncology	program,	 therefore,	should	 include	an
evidence-based	smoking	cessation	program	that	is	fully	integrated	with	the	diagnostic	and	treatment	components
of	patient	care.

Chemoprevention
The	 concept	 of	 chemoprevention	 is	 based	 on	 the	 data	 that	 most	 lung	 cancer	 is	 the	 end	 result	 of	 a	 multistep
accumulation	of	carcinogen-driven	genetic	and	epigenetic	changes.	In	theory,	chemical	agents	might	prevent	these
changes	by	a	variety	of	proposed	mechanisms,	such	as	counteracting	oxidative	stress,	blocking	inflammation,	and
modifying	pathways	 that	 influence	cell	growth	and	behavior.	Epidemiologic	and	animal	studies	have	suggested
that	 derivatives	 of	 the	 antioxidant	 vitamins	 A	 and	 E	might	 be	 protective	 against	 lung	 cancer.	 However,	 large
clinical	 trials	of	α-tocopherol	and	β-carotene	in	subjects	at	 risk	of	developing	lung	cancer	failed	 to	demonstrate
any	benefit,	and	two	studies	suggested	that	β-carotene	was	actually	associated	with	an	increased	incidence	of	lung
cancer	as	well	as	cardiovascular	disease.97–100	To	date,	no	chemopreventative	intervention	has	been	demonstrated
to	be	of	benefit	for	lung	cancer.	The	focus	has	shifted	from	large	RCTs	to	studies	to	better	define	the	underlying
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biology	and	appropriate	surrogate	end	points.101

Screening
At	 present,	 the	 majority	 of	 lung	 cancer	 patients	 have	 advanced	 disease	 at	 the	 time	 of	 diagnosis.	 This
preponderance	of	 advanced	disease,	where	prognosis	 is	poor	 even	with	 treatment,	 is	 a	major	 contributor	 to	 the
dismal	5-year	overall	survival	(OS)	rate	of	18%;	this	contrasts	starkly	with	breast,	colon,	and	prostate	cancers,	the
next	three	leading	causes	of	cancer	death,	whose	5-year	survival	rates	over	the	past	several	decades	have	increased
to	90%,	65%,	and	nearly	100%,	respectively.2	These	improved	survival	rates	are	arguably	attributable	at	least	in
part	 to	early	detection	resulting	from	widely	available	and	broadly	accepted,	albeit	still	controversial,	screening
interventions.

An	effective	 screening	 tool	 for	 early	detection	of	 lung	cancer	has	been	an	elusive	goal	 for	decades.	Several
large	RCTs	performed	during	the	1960s	and	1970s	evaluating	lung	cancer	screening	with	chest	radiography	with
or	 without	 sputum	 analysis	 at	 varying	 time	 intervals	 failed	 to	 demonstrate	 any	 mortality	 benefit,102–106	 and	 a
Cochrane	meta-analysis107	 concluded	 that	 there	 was	 no	 evidence	 to	 support	 the	 use	 of	 chest	 radiography	 or
sputum	cytology	as	a	lung	cancer	screening	modality.	More	recently,	chest	radiography	was	reexamined	as	a	lung
cancer	 screening	 tool	 in	 the	 Prostate,	 Lung,	 Colorectal	 and	 Ovarian	 (PLCO)	 trial,	 which	 enrolled	 154,901
participants	aged	55	to	74	years	from	1993	to	2001.108	No	difference	in	lung	cancer	mortality	was	seen	between
those	 randomized	 to	 screening	with	 annual	 chest	 radiography	 versus	 no	 screening,	 regardless	 of	 the	 degree	 of
smoking.	Together,	these	studies	clearly	demonstrate	that	there	is	no	mortality	benefit	associated	with	serial	chest
radiography	as	a	screening	tool.

In	the	1990s,	intense	interest	was	generated	by	the	results	of	a	number	of	observational	studies	evaluating	low-
dose	 chest	 tomography	 (LDCT)	 as	 a	 lung	 cancer	 screening	 modality.	 Eventually,	 a	 number	 of	 RCTs	 were
performed	in	various	sites	around	the	world.	The	largest	of	these	was	the	National	Lung	Screening	Trial	(NLST),
which	included	53,454	subjects,	ages	55	to	74	years	with	at	least	30	pack-years	of	cigarette	smoking,	who	were
either	currently	smoking	or	had	quit	smoking	within	the	prior	15	years.109	NLST	subjects	underwent	three	rounds
of	 annual	 screening,	 randomized	 to	 either	 chest	 radiograph	 or	LDCT.	Approximately	 1%	of	 subjects	 had	 lung
cancer	over	the	duration	of	the	trials.	At	a	median	follow-up	of	6.5	years,	there	was	a	20%	relative	reduction	in
lung	cancer	mortality	observed	in	the	LDCT	arm	(Fig.	48.7).109	None	of	the	other	RCTs	evaluating	lung	cancer
screening	with	LDCT	is	of	the	scale	of	the	NLST,	which	affects	their	ability	to	identify	any	mortality	benefit.	In
the	 smaller	 trials	 in	 which	 the	 data	 has	 become	 available,	 the	 mortality	 benefit	 has	 been	 nonsignificant	 and
without	a	 trend	 toward	a	benefit.110–112	The	 subjects	 in	 all	 of	 these	 studies	had	 smoked	 and	were	of	middle	 to
older	age.	A	multisociety	systematic	review	of	lung	cancer	screening	with	LDCT	analyzed	the	evidence	from	8
RCTs	and	13	prospective	cohort	studies.113	This	review	found	a	composite	significant	benefit	for	LSCT	screening,
with	few	ensuing	harms,	when	LDCT	screening	was	conducted	in	the	setting	of	an	organized,	structured	program.
Consistent	 with	 this,	 many	 organizations	 (American	 College	 of	 Chest	 Physicians	 [ACCP],	 American	 Cancer
Society,	 Society	 of	 Thoracic	 Surgeons,	 American	 Association	 of	 Thoracic	 Surgery,	 National	 Comprehensive
Cancer	 Network	 [NCCN],	 U.S.	 Preventative	 Services	 Task	 Force	 [USPSTF])	 have	 recommended	 that	 healthy
smokers	or	former	smokers	(quit	<15	years	ago,	≥30	pack-years	of	smoking)	aged	55	to	74-80	years	be	considered
for	LDCT	screening.113–119



Figure	48.7	Lung	cancer	mortality	and	overall	mortality	reduction	by	computed	tomography
screening	in	the	National	Lung	Screening	Trial.	CXR,	chest	x-ray;	CT,	computed	tomography.

(Data	taken	from	National	Lung	Screening	Trial	Research	Team,	Aberle	DR,	Adams	AM,	Berg	CD,
et	al.	Reduced	lung-cancer	mortality	with	low-dose	computed	tomographic	screening.	N	Engl	J	Med

2011;365[5]:395–409.)

Teasing	out	further	details	on	who	to	consider	for	screening	will	rely	heavily	on	modeling	studies	as	the	effort
needed	for	 further	 large	RCTs	 is	 too	great.	To	explore	 this,	 the	Cancer	 Intervention	and	Surveillance	Modeling
Network	(CISNET)	developed	five	independent	models	based	on	a	U.S.	cohort	born	in	1950.120	All	five	models
included	 dose-response	 information	 relating	 to	 cigarette	 exposure;	 26	 scenarios	 varying	 in	 age,	 screening
frequency,	 and	 smoking	 exposure	were	modeled	with	 respect	 to	 the	percentage	of	 cancers	 detected	 at	 an	 early
stage,	the	number	of	lung	cancer	deaths	prevented,	and	life-years	gained,	balanced	against	outcome	measurements
of	harm,	including	the	number	of	CT	screenings	required,	the	number	of	follow-up	imaging	exams,	the	number	of
overdiagnosed	lung	cancers,	and	radiation-related	lung	cancer	deaths.	Based	on	the	models,	a	range	of	different
screening	 scenarios	 are	 arguably	 valid,	 with	 different	 balances	 of	 benefits	 and	 harms,	 with	 the	most	 efficient
screening	projected	in	a	population	similar	to	the	NLST.	On	the	basis	of	the	CISNET	analysis,	the	USPSTF	now
recommends	“annual	screening	for	lung	cancer	with	low-dose	computed	tomography	in	adults	ages	55	to	80	years
who	have	a	30	pack-year	smoking	history	and	currently	smoke	or	have	quit	within	the	past	15	years.”118

Given	 the	 very	 low	 likelihood	 that	 future	 large-scale	 RCTs	 of	 lung	 cancer	 screening	 will	 be	 performed,
modeling	may	also	become	important	in	counseling	individuals	who	have	lung	cancer	risks	but	who	do	not	meet
USPSTF	recommendations	for	screening.	Risk	predictive	models	developed	using	data	from	existing	lung	cancer
screening	RCTs	can	help	us	identify	and	to	some	degree	quantify	lung	cancer	risk	for	these	individuals	but	cannot
tell	us	how	to	advise	them	on	whether	to	undergo	LDCT	screening.119,121,122	Moreover,	these	models	may	also	be
useful	 for	 the	population	 that	does	meet	USPSTF	criteria	 for	screening	because	even	within	 this	group	 there	 is
marked	variation	in	the	risk	of	developing	lung	cancer.	Someday,	personalized	targeting	of	screening	to	high-risk
individuals	may	be	facilitated	using	biomarkers.123,124	It	seems	likely	that	the	integration	of	patient	clinical	factors
and	molecular	information	from	easily	accessible	tissues	such	as	blood	or	upper	airway	mucosa	will	improve	our
ability	to	identify	those	individuals	whose	risk	of	lung	cancer	is	high	enough	to	warrant	screening	or	low	enough
to	reassure	us	that	it	is	not	necessary.

Predicting	the	risk	of	developing	lung	cancer	is	not	the	same	as	predicting	benefit	from	lung	cancer	screening.
As	the	risk	of	developing	lung	cancer	increases,	so	does	the	risk	of	comorbidities	and	competing	causes	of	death,
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and	 the	 risk	 of	 harms	 from	 procedures	 to	 address	 suspicious	 findings,	 and	 the	 effectiveness	 and	 feasibility	 of
treatment	of	a	detected	lung	cancer	diminishes.	Because	of	this	complexity,	and	because	the	models	to	predict	risk
of	 developing	 lung	 cancer	 have	 not	 been	 validated,	 the	 2018	ACCP	 guideline	 recommends	 against	 using	 risk
prediction	models	to	select	patients	for	lung	cancer	screening	at	this	time.119

There	 are	 potential	 downsides	 to	 screening	 with	 LDCT	 that	 must	 be	 considered	 in	 the	 decision	 to	 pursue
screening	for	any	population	or	for	a	given	patient.	The	most	obvious	of	these	is	the	high	rate	(20%	to	50%)	of
finding	 small	 nodules,	 which	 are	 benign	 and	 inconsequential	 in	 about	 97%.113	 These	 findings	 can	 create
unnecessary	 anxiety,	 lead	 to	 further	 more	 intense	 imaging	 with	 significant	 additional	 radiation	 exposure,	 and
sometimes	 trigger	 invasive	 biopsies	 with	 potential	 complications.	 Radiologic	 reporting	 of	 screening	 LDCTs
should	be	performed	with	a	standardized	method;	at	present,	the	available	system	is	the	Lung-RADS	algorithm	of
the	American	College	of	Radiology.125	Adherence	to	Lung-RADS	should	standardize	and	improve	the	quality	of
reporting	 and	 help	minimize	 false-positive	 findings,	 follow-up	 imaging,	 and	 unnecessary	 interventions.	 In	 the
highly	organized	LDCT	screening	studies,	only	1%	to	6%	of	subjects	underwent	a	surgical	biopsy	or	procedure;
about	 25%	 of	 these	 were	 for	 what	 turned	 out	 to	 be	 benign	 nodules.114	 Furthermore,	 it	 is	 clear	 that	 screening
detects	 a	 higher	 proportion	 of	 slow-growing,	 less	 aggressive	 cancers,	 some	 of	 which	 may	 even	 be
inconsequential.126,127	Finally,	 screening	should	not	be	 recommended	 to	 individuals	who	meet	USPSTF	criteria
but	who	are	unlikely	to	benefit	from	screening	because	of	comorbid	medical	conditions	that	limit	life	expectancy
or	 their	 ability	 to	undergo	 treatment.119	Appropriate	management	of	 these	 issues	 that	 are	 inextricably	 linked	 to
screening	is	essential	in	order	to	minimize	harms	and	achieve	the	greatest	benefits.

The	 complexities	 of	 the	 identification	 of	 the	 “right”	 population	 or	 individuals	 to	 screen,	 combined	with	 the
potential	harms	associated	with	LDCT	screening,	argue	strongly	that	screening	for	lung	cancer	is	a	multifaceted
process,	 involving	 much	 more	 than	 the	 simple	 ordering	 of	 a	 scan.	 Recommendations	 for	 developing	 and
implementing	 high-quality	 lung	 cancer	 screening	 programs	 have	 been	 made	 by	 a	 number	 of	 organizations,
including	 the	ACCP,	 the	American	Thoracic	Society,	and	 the	Centers	for	Medicare	&	Medicaid	Services.128,129
The	process	for	most	 individuals	should	 include	an	individualized	risk	assessment	for	 lung	cancer,30,121,130,131	 a
discussion	 about	 the	 potential	 harms	 of	 screening,	 including	 false-positive	 results,	 the	 potential	 for	 cumulative
diagnostic	 radiation,	 and	 the	 possibility	 of	 invasive	 evaluation	 to	 diagnose	 nonmalignant	 disease.	 Smoking
cessation	intervention	should	be	an	integral	part	of	this	process	for	individuals	still	smoking	or	at	risk	for	relapse.
This	process	should	be	performed	in	a	multidisciplinary	setting.	The	programmatic	approach	is	critical,	as	there	is
data	suggesting	that	lung	cancer	screening	done	in	an	unstructured	way	can	significantly	alter	the	ratio	of	benefits
to	 harms.	 As	 lung	 cancer	 screening	 disseminates	 across	 communities,	 careful	 consideration	 and	monitoring	 is
needed	to	see	if	the	benefit	seen	in	the	NLST	can	be	achieved	with	broader	application.

DIAGNOSIS
Clinical	Presentation
Approximately	 a	quarter	of	patients	with	 lung	cancer	 are	diagnosed	at	 early	 stage.	These	patients	 are	 typically
symptom-free;	 their	 cancers	 are	 identified	 incidentally	 during	 evaluation	 of	 unrelated	 issues.	 Although	 the
proportion	 of	 asymptomatic	 early-stage	 lung	 cancers	 may	 increase	 with	 the	 implementation	 of	 screening,	 at
present,	more	than	half	of	patients	have	advanced	lung	cancer	at	 the	time	of	diagnosis.	These	patients	 typically
come	to	attention	because	of	symptoms	related	to	the	primary	tumor,	metastasis	to	distant	sites,	or	paraneoplastic
syndromes.132

The	most	 common	 pulmonary	 symptoms	 are	 cough,	 hemoptysis,	 and	 dyspnea.132	 Cough	may	 represent	 the
effects	of	the	primary	tumor	on	the	airways,	with	endobronchial	or	extrinsic	airway	obstruction,	postobstructive
atelectasis	 or	 infection,	 or	 airway	 inflammation	with	 secretions.	 Hemoptysis	may	 not	 only	 result	 from	 airway
inflammation	or	 necrosis	 but	may	 also	be	 related	 to	parenchymal	 tumor	necrosis	 and	 cavitation.	Dyspnea	may
arise	from	a	wide	variety	of	tumor-related	issues,	including	mechanical	compromise	of	the	airways,	lymphangitic
spread,	 pleural	 effusion,	 hypercoagulability	 with	 pulmonary	 thromboembolism,	 or	 even	 pericardial	 effusion.
Direct	extension	of	 the	primary	 tumor	 to	adjacent	structures	may	cause	pain	from	invasion	of	 the	chest	wall	or
brachial	 plexus,	 hoarseness	 from	 impingement	 of	 the	 recurrent	 laryngeal	 nerve,	 superior	 vena	 cava	 (SVC)
syndrome,	 Horner	 syndrome	 (ptosis,	 miosis,	 anhidrosis)	 from	 invasion	 of	 the	 sympathetic	 chain	 and	 stellate
ganglion	or	pericardial	tamponade.132

Symptoms	 related	 to	metastatic	 disease	may	 be	 constitutional	 or	 organ	 related.	 The	most	 common	 sites	 of



NSCLC	 metastases	 are	 the	 brain,	 bone,	 liver,	 adrenals,	 and	 lung,	 although	 any	 organ	 can	 be	 affected.	 Focal
neurologic	symptoms,	persistent	headache,	bony	pain,	unexplained	weight	loss,	anorexia,	or	fatigue	should	raise
the	 suspicion	 for	 metastatic	 disease.	 Likewise,	 laboratory	 abnormalities	 such	 as	 anemia,	 liver	 function	 test
abnormalities,	or	hypercalcemia	should	raise	concern	for	distant	spread.132

Paraneoplastic	 syndromes	 are	 well	 described	 with	 lung	 cancer;	 it	 is	 important	 to	 recognize	 that	 these
syndromes	are	unrelated	to	metastatic	disease	and	do	not	preclude	curative-intent	therapy.	Hyponatremia	related
to	syndrome	of	inappropriate	secretion	of	antidiuretic	hormone	(SIADH)	is	seen	most	commonly	with	SCLC	but
can	 occur	 with	 other	 malignant	 or	 benign	 lung	 processes.	 Hypercalcemia	 related	 to	 ectopic	 production	 of
parathyroid	hormone–related	peptide	is	more	common	than	hypercalcemia	related	to	bony	metastases	and	is	most
commonly	 associated	 with	 squamous	 cell	 carcinomas.	 Ectopic	 corticotrophin	 (Cushing	 syndrome)	 is	 usually
associated	 with	 SCLC	 or	 early-stage	 carcinoid	 tumors.	 Hypertrophic	 pulmonary	 osteoarthropathy	 typically
manifests	 as	 symmetric	 and	 painful	 arthropathy	 of	 the	 limbs	 associated	 with	 characteristic	 findings	 of	 new
periosteal	bone	 formation	of	 the	 long	bones.	Neurologic	 syndromes	are	 less	common	but	 include	 the	Lambert-
Eaton	 myasthenic	 syndrome	 and	 encephalomyelitis-subacute	 sensory	 neuropathy,	 both	 of	 which	 are	 typically
associated	with	SCLC.132

Diagnostic	Approach
In	most	 patients,	 an	 experienced	 clinician	 can	make	 a	 clinical	 diagnosis	 of	 lung	 cancer	with	 a	 high	 degree	 of
reliability	(>95%).133	The	main	factors	that	contribute	to	this	are	the	risk	factors	for	development	of	lung	cancer
(e.g.,	 age,	 smoking	 history,	 family	 history,	 presence	 of	 significant	 COPD),	 the	 clinical	 presentation,	 and	 the
radiographic	 appearance	 of	 the	 lesion	 on	 CT	 (e.g.,	 spiculated,	 upper	 lobe,	 node	 enlargement).	 If	 needed,
algorithms	are	available	that	can	predict	the	likelihood	of	lung	cancer,131,134–138	but	the	judgment	of	experienced
clinicians	is	just	as	good.135

If	the	probability	of	lung	cancer	is	high	(e.g.,	>80%),	it	is	generally	more	efficient	to	proceed	with	evaluation
of	the	stage	than	confirmation	of	the	diagnosis.133,139,140	Frequently,	this	will	identify	a	necessary	procedure	that
will	serve	to	confirm	both	the	stage	and	the	diagnosis.	For	example,	biopsy	of	a	potential	solitary	metastasis	or	of
a	 suspicious	 mediastinal	 node	 can	 confirm	 both	 the	 stage	 and	 diagnosis.	 Those	 situations	 that	 require	 tissue
confirmation	of	 the	 stage	 are	 discussed	 in	 the	 next	 section.	 In	 other	 situations,	 the	 stage	 is	 reliably	 defined	by
imaging	alone;	in	this	case,	confirmation	of	the	diagnosis	is	achieved	from	whatever	site	is	easiest.	Nevertheless,
establishing	 a	 presumptive	 clinical	 stage	 is	 an	 important	 step	 that	 defines	 how	 best	 to	 proceed	 to	 confirm	 the
diagnosis.

There	 are	 also	 situations	 in	 which	 the	 reliability	 of	 the	 clinical	 diagnosis	 is	 less	 certain;	 this	 occurs	 most
frequently	in	the	case	of	a	localized,	solitary	pulmonary	nodule	(SPN).	An	SPN	is	defined	as	a	solitary	lesion	<3
cm	 in	diameter,	 surrounded	by	normal	 lung,	 and	not	associated	with	other	abnormalities	 in	 the	 thorax,	 such	as
lymphadenopathy	or	pleural	effusion.	These	nodules	are	usually	found	as	incidental	findings	on	imaging	studies
done	for	other	reasons.	When	the	probability	of	cancer	is	intermediate	(i.e.,	about	5%	to	65%),	PET	imaging	can
be	helpful	in	defining	a	management	algorithm.141,142	PET	does	not	definitively	establish	the	diagnosis;	therefore,
it	is	only	helpful	when	it	alters	the	probability	of	lung	cancer	sufficiently	to	justify	either	proceeding	with	a	biopsy
or	 observation.	 False-positive	 PET	 results	 may	 occur	 with	 any	 inflammatory	 or	 infectious	 process,	 such	 as
tuberculosis,	 fungal	 infections,	 rheumatoid	nodules,	 and	 sarcoidosis.	When	such	a	process	 is	 suspected,	PET	 is
generally	not	helpful	(it	does	not	differentiate	between	such	a	process	and	cancer).	PET	also	carries	a	high	false-
negative	 rate	with	ground	glass	opacities	 (GGOs),	 carcinoid	 tumors,	or	 small	 lesions—in	 these	 situations,	PET
should	also	generally	be	avoided.	Specifically,	the	false-negative	rate	of	PET	in	a	GGO	is	approximately	90%.141
The	false-negative	rate	in	solid	lesions	<1.5	cm	is	approximately	15%	and	in	lesions	<1	cm	approximately	30%	to
50%.141	Although	the	“resolution”	of	modern	PET	scanners	is	approximately	6	mm,	this	is	a	technical	and	not	a
clinical	 term—a	 lesion	 must	 have	 a	 diameter	 of	 four	 times	 the	 resolution	 in	 order	 to	 detect	 >90%	 of	 the
fluorodeoxyglucose	(FDG)	activity	that	is	present.	This	fact	also	explains	why	the	detected	standardized	uptake
value	(SUV)	of	a	lesion	falls	linearly	for	lesions	smaller	than	approximately	2	cm,	even	if	the	actual	amount	of
FDG	activity	remains	the	same.141,143

A	nonsurgical	biopsy	can	be	accomplished	by	transthoracic	needle	aspiration	(TTNA)	(usually	guided	by	CT)
or	via	bronchoscopy.	This	is	most	useful	when	a	benign	diagnosis	is	suspected,	but	this	is	rather	uncommon.144	In
patients	with	a	high	suspicion	of	lung	cancer,	a	biopsy	can	confirm	the	diagnosis,	but	in	this	situation,	the	false-
negative	rate	of	a	nonspecific	diagnosis	is	approximately	20%139;	therefore,	a	surgical	biopsy	should	be	pursued
unless	the	patient	is	too	high	risk.142	When	doing	a	tissue	biopsy,	it	is	crucial	to	obtain	enough	tissue	for	histologic
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and	molecular	characterization.139

Figure	48.8	Management	algorithm	for	individuals	with	solid	pulmonary	nodules	8	to	30	mm	in
diameter.	Branches	indicate	steps	in	the	algorithm	following	nonsurgical	biopsy.	CT,	computed

tomography;	PET,	positron	emission	tomography;	RFA,	radiofrequency	ablation;	SBRT,
stereotactic	body	radiotherapy.	*Among	individuals	at	high	risk	for	surgical	complications,	we
recommend	either	CT	scan	surveillance	(when	the	clinical	probability	of	malignancy	is	low	to

moderate)	or	nonsurgical	biopsy	(when	the	clinical	probability	of	malignancy	is	moderate	to	high).
(Reproduced	with	permission	from	Gould	MK,	Donington	J,	Lynch	WR,	et	al.	Evaluation	of

individuals	with	pulmonary	nodules:	when	is	it	lung	cancer?	Diagnosis	and	management	of	lung
cancer,	3rd	ed:	American	College	of	Chest	Physicians	evidence-based	clinical	practice	guidelines.

Chest	2013;143[5	Suppl]:e93S–e120S.)

To	summarize,	PET	is	most	useful	when	there	is	an	intermediate	probability	of	lung	cancer;	PET	should	not	be
used	for	 lesions	that	are	smaller	 than	1	cm	or	for	a	GGO.	A	biopsy	can	be	important	 in	certain	instances	when
there	is	doubt	about	the	diagnosis.	With	a	high	probability	of	cancer,	it	is	best	to	complete	the	stage	evaluation	and
obtain	tissue	in	a	manner	that	is	suited	to	confirm	the	stage	as	well.	A	detailed	management	approach	for	SPN	is
available	for	the	ACCP	Lung	Cancer	Guidelines,	as	summarized	in	Figure	48.8.142

STAGE	EVALUATION
General	Approach
Assessing	the	tumor	stage	is	a	critical	aspect	of	the	evaluation	of	all	patients	known	or	suspected	of	having	lung
cancer.	Clinical	 stage	 (identified	 by	 a	 “c”	 prior	 to	 the	 stage	 group)	 is	 determined	 by	 all	 information	 available
before	any	definitive	treatment.	This	may	involve	merely	a	simple	history	and	physical	examination;	may	include
imaging	 studies;	 or	 may	 involve	 invasive	 biopsies	 or	 surgical	 procedures	 with	 sampling	 the	 primary	 tumor,



intrathoracic	lymph	nodes,	pleural	fluid,	or	extrathoracic	sites.	Pathologic	stage	(identified	by	a	“p”	prior	 to	the
stage	group)	is	determined	only	if	surgical	resection	with	intent	to	cure	is	performed.	A	clinical	stage	is	defined	in
all	patients;	the	subset	of	patients	in	whom	the	pathologic	stage	is	specified	all	first	had	a	clinical	stage	defined
that	was	 consistent	with	 surgical	 resection	 as	 an	 appropriate	 treatment	 approach.	Pathologic	 stage	 is	 inherently
more	accurate	than	clinical	stage;	comparison	of	survival	typically	demonstrates	better	survival	for	pathologic	as
compared	to	clinical	stage.54,58	Nonetheless,	it	is	the	clinical	stage	that	drives	the	initial	treatment	decisions,	and
thus,	it	is	imperative	that	the	process	of	defining	the	clinical	stage	be	performed	rigorously.

The	process	of	stage	evaluation	should	begin	as	soon	as	there	is	a	strong	suspicion	of	lung	cancer,	and	the	data
and	recommendations	in	the	rest	of	this	section	apply	to	such	patients.	As	noted	in	the	previous	section,	in	most
patients,	a	review	of	the	CT	and	the	patient’s	symptoms	and	risk	factors	for	lung	cancer	will	establish	a	clinical
diagnosis	of	lung	cancer	with	a	high	degree	of	accuracy.133	A	thoughtful	approach	will	often	establish	stage	and
diagnosis	 simultaneously	and	efficiently	 (Table	48.3).140	The	approach	 to	confirming	 the	clinical	diagnosis	 and
stage	 is	 different	 for	 patients	 with	 a	 negative	 clinical	 evaluation	 and	 clinical	 stage	 I	 lesion	 on	 CT,	 a	 positive
clinical	 evaluation	 suggestive	 of	 distant	 metastases,	 or	 those	 with	 a	 negative	 clinical	 evaluation	 but	 a	 CT
suggestive	of	hilar	or	mediastinal	node	involvement.133

TABLE	48.3
Approach	Diagnosis	and	Staging	of	Patients	with	Probable	Lung	Cancer

Clinical	Scenario
Result	of	Clinical
Evaluation

Confirmation	of
Extrathoracic	Stage

Confirmation	of
Intrathoracic	Stage Confirmation	of	Diagnosis

NSCLC
Peripheral	cI neg	(FN	5%) not	needed CT	alone	(FN	<10%) Surgical	resection

cII,	central	cI neg	(FN	5%–
15%)a

PET Mediastinoscopy	vs.
EBUSb

Surgical	resection

cIII,	discrete	N2,3
enlargement

neg	(FN	30%) PET,	brain	MRI EBUS	vs.
mediastinoscopyb

Mediastinal	node	biopsy

cIII,	diffuse
infiltration

neg	(FN	30%) PET,	brain	MRI CT	alone	is	sufficient Easiest	sitec

cIV pos	(FP	50%) PET,	brain	MRI Not	needed Easiest	site	if	multiple	typical
metastasesc
Biopsy	of	suspected	site	if	solitary
potential	metastasis

SCLC
Any Any PET,	brain	MRI CT Easiest	sitec

aRate	not	specifically	defined	for	stage	II	(defined	for	stage	I	and	II	combined).	FN	rate	may	be	up	to	15%.
bFine-needle	aspiration	carries	FN	rate	of	about	30%	in	most	series.
cFor	example,	sputum,	bronchoscopy,	fine-needle	aspiration	of	supraclavicular	node,	transthoracic	needle	aspiration.
NSCLC,	 non–small-cell	 lung	 cancer;	 cI,	 clinical	 stage	 I;	 neg,	 negative;	 FN,	 false-negative	 rate;	 CT,	 computed	 tomography;	 cII,
clinical	 stage	 II;	 PET,	 positron	 emission	 tomography;	 EBUS,	 endobronchial	 ultrasound;	 cIII,	 clinical	 stage	 III;	 MRI,	 magnetic
resonance	imaging;	cIV,	clinical	stage	IV;	pos,	positive;	FP,	false-positive	rate;	SCLC,	small-cell	lung	cancer.

Extrathoracic	Stage	Evaluation
As	noted,	the	initial	comprehensive	clinical	evaluation	is	an	important	first	step	in	determining	whether	a	primary
tumor	 has	 spread.	 The	 clinical	 evaluation	 consists	 of	 an	 assessment	 of	 symptoms,	 physical	 examination,	 and
simple	laboratory	testing.	Constitutional	symptoms,	focal	symptoms,	abnormalities	on	the	physical	examination,
or	unexplained	laboratory	findings	(e.g.,	liver	function	abnormalities,	anemia,	hypercalcemia)	may	suggest	distant
metastases.	Because	the	false-positive	rate	of	this	evaluation	is	around	50%,	this	suspicion	must	be	confirmed.	If
the	 clinical	 evaluation	 points	 strongly	 to	 a	 particular	 site,	 further	 imaging	 or	 biopsy	 should	 be	 targeted	 to	 the
observed	abnormalities.	For	example,	needle	aspiration	of	enlarged	supraclavicular	nodes	 identified	on	physical
examination	may	efficiently	establish	both	diagnosis	and	stage.	If	the	clinical	evaluation	is	positive	but	less	focal,
imaging	for	distant	metastases	is	needed	(PET	and	brain	magnetic	resonance	imaging	[MRI]	or	CT).145

If	the	patient	has	a	typical	presentation	with	multiple	sites	identified	on	imaging	that	are	typical	of	metastases,
there	 is	 no	 need	 to	 confirm	 the	 stage	 (stage	 IVB)	 histologically	 (although	 there	 is	 still	 a	 need	 to	 get	 tissue	 to
document	 the	 type	 of	 cancer,	which	 should	 be	 obtained	 from	whatever	 site	 is	 easiest).	 However,	 if	 there	 is	 a
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solitary	site	that	is	typical	of	metastatic	disease,	in	general,	this	should	be	confirmed	by	biopsy	(see	Table	48.3).
Several	studies	have	found	in	such	scenarios	 that	 the	suspected	solitary	metastasis	 is	actually	benign	 in	10%	to
50%.146,147	Confirmation	should	also	be	obtained	if	the	presentation	is	unusual	or	the	appearance	of	the	possible
metastases	is	unusual.

If	the	clinical	evaluation	is	negative,	the	incidence	of	finding	occult	distant	metastases	detectable	by	imaging
varies	 according	 to	 the	 clinical	 intrathoracic	 stage.	 For	 clinical	 stage	 I	 (cI)	 by	 CT	 with	 a	 negative	 clinical
evaluation,	 the	 incidence	of	 finding	 true	distant	metastases	 is	 approximately	5%,133,147–155	 and	 the	 incidence	of
detecting	a	false-positive	finding	of	a	distant	metastasis	is	actually	higher.	In	patients	with	clinical	stage	III	(cIII)
(N2),	the	incidence	of	finding	occult	disease	is	25%	to	30%.133,148,150,151,153,156–159	For	clinical	stage	II	(cII),	there
is	 less	 data	 but	 the	 incidence	 appears	 to	 be	 15%	 to	 20%.133,151	 Therefore,	 there	 is	 good	 reason	 in	 cII	 or	 cIII
patients	 to	 pursue	 imaging	 for	 distant	metastases:	 PET	 and	 brain	MRI	with	 and	without	 contrast	 are	 optimal,
although	an	abdominal/pelvic	CT,	bone	scan,	and	brain	CT	with	contrast	is	reasonable	if	PET	is	not	available	or
brain	MRI	is	not	possible.

The	value	of	PET	imaging	for	the	detection	of	distant	metastases	in	larger	cI	tumors	is	controversial.	There	are
no	 clear	 data	 specifically	 for	 this	 group.	 RCTs	 of	 the	 value	 of	 PET	 in	 general	 have	 shown	 varying	 results
depending	 on	 the	 clinical	 setting	 and	 the	 likelihood	 of	metastases	 in	 the	 patient	 population	 included.154,160–163
Those	studies	showing	a	benefit	have	included	patients	selected	by	minimal	criteria	(i.e.,	a	general	practitioner’s
suspicion	 of	 lung	 cancer	 based	 on	 a	 chest	 x-ray	 [CXR]	 alone)	 or	 patients	with	 clinical	 findings	 suggestive	 of
metastases	and	little	conventional	 imaging,161,162	whereas	 those	 that	have	 found	no	difference	 involved	patients
that	had	a	low	suspicion	of	metastases	based	on	the	clinical	evaluation	by	a	lung	cancer	specialist	and	who	had
already	 undergone	 conventional	 imaging.154,160	 The	 ACCP	 and	 NCCN	 guidelines	 are	 relatively	 generic	 in
recommending	PET	in	essentially	all	patients	with	a	suspected	or	diagnosed	lung	cancer,	without	accounting	for
details	of	 the	clinical	stage	before	PET	or	 the	clinical	setting	(only	cIa	and	GGO	lesions	are	excluded	from	the
PET	recommendation	by	the	ACCP).133,164

Mediastinal	Stage	Evaluation
If	 there	 are	no	distant	metastases,	 the	 status	of	 the	mediastinal	 nodes	becomes	 critical	 in	determining	 the	 right
treatment	 strategy.	 Much	 information	 is	 already	 available	 from	 the	 CT	 scan.	 However,	 although	 there	 are
situations	in	which	it	is	reliable,	there	are	also	many	in	which	it	is	notoriously	unreliable.	One	can	distinguish	four
groups	of	patients	based	on	the	CT	findings:	(1)	tumors	with	mediastinal	infiltration,	meaning	that	discrete	lymph
nodes	can	no	 longer	be	distinguished	or	measured;	(2)	 tumors	with	enlargement	of	discrete	mediastinal	node(s)
(≥1	cm	in	short	axis	diameter	on	an	axial	image);	(3)	normal	mediastinal	nodes	but	either	N1	node	enlargement	or
a	central	(hilar)	tumor;	and	(4)	peripheral	tumors	with	no	evidence	of	N1	or	N2,3	node	enlargement.133

In	group	A	clinical	experience	shows	the	false-positive	rate	is	essentially	0;	 therefore,	 invasive	biopsy	is	not
needed	to	confirm	mediastinal	involvement	(Fig.	48.9).133	The	false-positive	rate	of	discrete	node	enlargement	in
category	B	is	approximately	40%,	making	invasive	staging	necessary.	For	central	tumors	(category	C)	the	false-
negative	rate	of	the	lack	of	N2,3	enlargement	is	approximately	25%,	again	making	invasive	biopsy	important.	In
category	D	(peripheral	tumor	with	no	N1	to	N3	enlargement)	the	false-negative	rate	of	CT	is	approximately	10%
(<10%	 for	 T1	 and	 approximately	 12%	 for	 T2);	 thus,	 many	 feel	 that	 invasive	 confirmation	 of	 a	 lack	 of	 N2,3
involvement	is	not	needed	(especially	if	PET	is	also	negative,	see	the	following	discussion),	whereas	some	feel
this	rate	is	high	enough	to	justify	invasive	biopsy	(e.g.,	for	T2).133



Figure	48.9	False-positive	and	false-	negative	rates	for	computed	tomography	(CT)	and	positron
emission	therapy	(PET)	assessment	of	mediastinal	nodes	by	the	American	College	of	Chest

Physicians	intrathoracic	radiographic	(CT)	classification	categories.	?,	estimated,	no	actual	data
available;	NA,	not	applicable;	%	FP,	percentage	of	positive	test	results	that	are	false-positive	(=	100
−	PPV%);	%	FN,	percentage	of	negative	test	results	that	are	false-negative	(=	100	−	NPV%);	PPV,
positive	predictive	value;	NPV,	negative	predictive	value.	(Reproduced	with	permission	from	the
ACCP	Lung	Cancer	Guidelines:	Silvestri	GA,	Gonzalez	AV,	Jantz	MA,	et	al.	Methods	for	staging
non-small	cell	lung	cancer:	diagnosis	and	management	of	lung	cancer,	3rd	ed:	American	College	of
Chest	Physicians	evidence-based	clinical	practice	guidelines.	Chest	2013;143[5	Suppl]:e211S–

e250S.)

PET	 scanning	 adds	 information,	 but	 it	 does	 not	 alter	 the	 indications	 for	 invasive	 staging	 significantly.133	A
positive	PET	in	an	enlarged	node	(group	B)	carries	a	15%	to	20%	false-positive	rate,	whereas	a	negative	PET	in
an	enlarged	node	carries	a	20%	false-negative	rate,	making	invasive	biopsy	necessary	either	way.133	For	central
tumors	(group	C),	a	negative	PET	still	has	a	20%	false-negative	rate,	and	a	positive	PET	in	the	mediastinum	has	a
20%	chance	of	being	a	 false-positive.	For	a	peripheral	 tumor	with	no	node	enlargement,	 a	negative	PET	has	a
false-negative	rate	of	approximately	3%	(but	a	positive	PET	may	be	false-positive).	This	data	makes	it	clear	that
in	 groups	A	 and	D,	 imaging	 can	 generally	 be	 considered	 adequate,	 but	 in	 groups	B	 and	C,	 invasive	 biopsy	 is
needed	regardless	of	the	PET	results	(unless	compelling	data	for	distant	metastases	is	present).133

There	 are	 multiple	 techniques	 to	 invasively	 confirm	 the	 presence	 or	 absence	 of	 N2,3	 involvement.	 These
include	 traditional	 mediastinoscopy,	 video	 mediastinoscopy,	 so-called	 super-mediastinoscopies	 that	 involve	 a
complete	 mediastinal	 lymphadenectomy	 performed	 as	 an	 outpatient	 via	 a	 cervical	 incision,	 endobronchial
ultrasound	 and	 needle	 aspiration	 (EBUS-NA),	 esophageal	 ultrasound	 and	 needle	 aspiration	 (EUS-NA),	 simple
“blind”	transbronchial	needle	aspiration	(TBNA),	video-assisted	thoracic	surgery	(VATS),	and	rarely	CT-guided
TTNA.	There	are	differences	in	which	nodes	are	accessible,	whether	these	procedures	are	applicable	to	multiple
node	 sampling,	 and	 how	 feasible	 they	 are	 for	 sampling	 normal	 sized	 versus	 enlarged	 nodes	 (Table	 48.4).	 The
technique	and	 thoroughness	of	how	the	procedure	 is	done	probably	has	a	major	 impact	on	 the	reliability	of	 the
results.133,165
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The	choice	of	which	invasive	staging	technique	to	use	is	probably	best	 tailored	to	specifics	of	the	institution
and	 the	patient.	 In	 trained	hands,	all	can	be	performed	with	 low	morbidity	and	mortality.	There	 is	RCT	data	 to
suggest	that	if	good-quality	EBUS	is	available,	this	may	be	the	best	first	step	in	most	patients.133,166	However,	the
institutional	availability	of	expertise	is	an	important	factor.	In	many	reports,	the	false-negative	rate	of	EBUS	has
been	 approximately	 20%,	 although	 in	 expert	 hands,	 this	 appears	 to	 be	 lower	 (particularly	 if	 lymphocytes	 are
obtained).	 Similarly,	 a	 video-assisted	 lymphadenectomy	 via	 mediastinoscopy	 has	 a	 false-negative	 rate	 of
approximately	2%,	but	 this	 is	 not	 available	 in	most	 institutions.	What	 is	 critical	 is	 an	 interest	 in	 through-stage
evaluation	and	experience	with	at	least	some	of	the	various	techniques	available.

MANAGEMENT	BY	STAGE
Overview	of	Lung	Cancer	Treatment	Modalities

Structural	Aspects	of	Patient	Care
The	field	of	lung	cancer	has	grown	to	encompass	a	huge	body	of	knowledge,	more	than	what	any	one	person	can
stay	 abreast	 of.	 Furthermore,	 it	 has	 become	 complex,	 with	 many	 different	 specialties	 that	 contribute	 to	 the
evaluation	and	management	of	the	patient.	This	makes	it	important	to	provide	care	in	a	multidisciplinary	manner.
The	key	aspect	is	to	have	a	system	of	care	delivery	that	is	developed	together	with	all	relevant	disciplines	and	to
have	 a	 forum	 for	 discussion	 so	 that	 major	 patient	 management	 decisions	 can	 be	 made	 with	 involvement	 of
relevant	specialties.	It	is	important	to	provide	an	opportunity	for	different	specialties	to	bring	up	points	that	one	is
unaware	 of,	 not	 merely	 to	 involve	 another	 specialty	 when	 one	 knows	 that	 they	 have	 something	 to	 offer.
Unfortunately,	 many	 people	 think	 that	 simply	 having	 patients	 referred	 to	 another	 specialty	 from	 time	 to	 time
constitutes	multidisciplinary	care;	however,	 it	 is	 the	system	of	care	developed	by	 the	entire	 team,	 the	ability	 to
introduce	salient	points	 that	are	not	being	considered,	and	 the	collaborative	decision	making	 that	 really	defines
multidisciplinary	care.

TABLE	48.4
Accessibility	of	Intrathoracic	Lymph	Node	Stations	to	Various	Invasive	Mediastinal	Staging
Techniques

Invasive	Mediastinal	Staging	Technique Accessible	Lymph	Node	Stations
Traditional	mediastinoscopy 1,	2R,	2L,	3,	4R,	4L,	anterior	7

Video-mediastinoscopy 1,	2R,	2L,	3,	4R,	4L,	5,	7,	8,	10R

Anterior	mediastinotomy	(Chamberlain) 5,	6

Video-assisted	thoracic	surgery Right-sided:	2R,	4R,	7,	10R,	11R
Left-sided:	2L,	4L,	5,	6,	7,	10L,	11L

Transthoracic	needle	aspiration	or	biopsy Variable;	restricted	to	enlarged	nodes

Transbronchial	needle	aspiration 2R,	2L,	3,	4R,	4L,	7,	10,	11

Esophageal	ultrasound	with	needle	aspiration 4L,	5,	7,	8,	9

Endobronchial	ultrasound	with	needle	aspiration 2R,	2L,	3,	4R,	4L,	7,	10,	11,	12

It	 is	 recommended	 and	 even	 mandated	 in	 many	 countries	 that	 lung	 cancer	 patients	 receive	 care	 in	 a
multidisciplinary	fashion.132,167	This	is	recommended	by	the	ACCP	Lung	Cancer	Guidelines,	based	on	a	review	of
literature;	specifically	the	staging	evaluation,	the	physiologic	evaluation	of	the	ability	to	undergo	treatment,	and
the	 treatment	 planning	 should	 be	 done	 in	 a	 multidisciplinary	 setting.167	 Multidisciplinary	 evaluation	 is	 also
recommended	 by	 the	 NCCN	 guidelines.164	 It	 has	 been	 difficult,	 however,	 to	 quantitate	 the	 impact	 of
multidisciplinary	 care	 because	 it	 is	 difficult	 to	 separate	 this	 aspect	 from	 other	 structural,	 thoroughness,	 and
quality-of-care	 issues.	 A	 growing	 body	 of	 literature	 is	 showing	 benefits	 in	 terms	 of	 timeliness	 of	 care,	 more
frequent	use	of	various	treatment	modalities,	and	survival.132,167	In	the	end,	it	may	not	be	important	to	disentangle
the	 impact	 of	 multidisciplinary	 care	 from	 other	 quality-of-care	 issues.	 The	 key	 point	 is	 to	 recognize	 that
organization	 of	 care,	 which	 involves	 multiple	 disciplines,	 has	 a	 major	 impact	 on	 outcomes	 of	 patients	 with



NSCLC.
There	is	extensive	data	that	the	care	for	a	large	proportion	of	patients	with	lung	cancer	is	suboptimal.	A	study

of	 the	 U.S.	 National	 Cancer	 Database	 (NCDB)	 revealed	 that	 the	 proportion	 of	 patients	 with	 NSCLC	 and	 no
comorbidities	that	received	suboptimal	care	(defined	as	deviating	from	guidelines	that	were	in	place	at	the	time)
was	approximately	33%	for	stage	I,	40%	for	stage	II,	46%	for	stage	III,	and	47%	for	stage	IV.168	Other	 studies
show	that	there	are	major	regional	differences	(greater	than	threefold)	in	the	United	States	in	the	frequency	of	use
of	different	treatment	modalities,	implying	that	these	are	not	related	to	patient	factors	or	what	is	appropriate	but
are	 likely	 related	 to	 regional	 differences	 in	 the	 quality	 of	 care	 delivery.169,170	 Several	 studies	 have	 shown	 that
despite	the	existence	of	clinical	guidelines	for	many	years	recommending	careful	mediastinal	staging	with	biopsy
confirmation,	 the	 large	majority	 of	 patients	 are	 staged	 using	CT	 alone	 (which	 is	 notoriously	 inaccurate).171–173
Furthermore,	 such	 limited	clinical	 stage	evaluation	was	associated	with	dramatically	worse	outcomes,	 stage	 for
stage	(adjusted	hazard	ratio	[HR]	for	death	of	approximately	1.7	to	2.3	for	OS	and	cancer-specific	survival).171

There	 is	 extensive	 evidence	 that	 structural	 aspects	of	 care	 (e.g.,	 case	volume,	 specialization)	have	 a	marked
effect	 on	 outcomes.174,175	 A	 comprehensive	 literature	 review	 on	 effect	 of	 volume/specialization	 in	 quality	 of
cancer	care	concluded	 that	“an	extensive,	consistent	 literature	 that	 supports	a	volume-outcome	relationship	was
found	 for	cancers	 treated	with	 technologically-complex	 surgical	procedures….	Across	 studies,	 the	benefit	 from
care	at	high-volume	centers	exceeds	the	benefits	from	break-through	treatments.”176	In	lung	cancer,	most	of	these
studies	have	focused	on	surgical	treatment.	With	very	few	exceptions	these	studies	have	found	lower	perioperative
mortality	and	better	long-term	survival	in	high-volume	versus	low-volume	centers,	in	teaching	versus	nonteaching
facilities,	and	when	treatment	is	delivered	by	thoracic	versus	general	surgeons	(Fig.	48.10).174,175

However,	 the	 relationship	between	volume	and	outcomes	 is	not	consistent	on	an	 individual	 institution	 level:
There	are	 low-volume	 institutions	with	excellent	outcomes	and	vice	versa.	This	 suggests	 that	volume	 is	only	a
marker	 for	 other	 aspects	 of	 care.	 It	 is	 possible	 that	 low-volume	 centers	 have	 less	 availability	 of	 expertise	 or
cutting-edge	 treatment	 interventions.	However,	 it	 is	much	more	 likely	 that	 it	 is	a	marker	for	how	organized	the
care	 delivery	 is.	 In	 most	 high-volume	 institutions,	 care	 will	 become	more	 organized	 simply	 out	 of	 necessity.
Although	 it	 has	 not	 been	 directly	 studied,	 there	 is	 indirect	 data	 to	 support	 that	 the	 organization	 of	 care	 is	 the
critical	component.177	At	any	rate,	developing	a	locally	appropriate,	organized,	multidisciplinary	process	of	care
together	with	tracking	of	outcomes	certainly	represents	an	opportunity	for	many	institutions	and	appears	likely	to
have	a	significant	impact	on	outcomes.	The	impact	of	such	organized	care	appears	to	be	much	greater	than	many
treatment	modality	advances	that	are	heralded	as	major	breakthroughs.171,178,179

Figure	48.10	Surgical	outcomes	according	to	case	volume.	Perioperative	mortality	and	long-term
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survival	according	to	institutional	case	volume	of	patients	undergoing	surgical	resection	for	lung
cancer.	L,	lobectomy;	L/S,	lobectomy	or	segmentectomy;	Pn,	pneumonectomy.	(Data	taken	from

the	ACCP	Lung	Cancer	Guidelines:	Howington	JA,	Blum	MG,	Chang	AC,	et	al.	Treatment	of	stage
I	and	II	non-small	cell	lung	cancer:	diagnosis	and	management	of	lung	cancer,	3rd	ed:	American

College	of	Chest	Physicians	evidence-based	clinical	practice	guidelines.	Chest	2013;143[5
Suppl]:e278S–e313S.)

In	constructing	a	review	of	lung	cancer	for	international	use,	one	must	recognize	there	are	regional	differences
(e.g.,	the	proportion	of	specific	cell	types,	mutational	profiles,	use	of	specific	treatment	modalities,	penetration	of
screening).	Although	 some	 of	 these	 have	 been	 identified,	 their	 impact	 on	 the	management	 of	 patients	 has	 not
received	much	study.	Nevertheless,	a	 recognition	 that	 they	exist	 is	 important.	Furthermore,	general	conclusions
and	recommendations	must	always	be	tailored	to	the	local	setting.	Policies	may	sometimes	not	apply	because	of
differences	in	the	patient	population,	the	availability	of	particular	interventions,	and	what	is	easily	accepted	in	the
local	culture.

There	 are	major	 regional	 differences	 in	 outcomes,	 perhaps	 best	 highlighted	 by	 the	 IASLC	 database	 results.
There	was	a	substantial	difference	in	survival	rates	between	regions	(e.g.,	5-year	survival	in	Asia,	North	America,
Europe,	and	Australia	for	N0	is	79%,	67%,	54%,	and	58%;	for	N2,	it	is	39%,	42%,	22%,	and	33%	[p-stage	T-any,
M0	R-any	tumors];	for	T1b,	it	is	85%,	67%,	57%,	and	68%;	for	T3,	it	is	48%,	48%,	39%,	and	46%	[p-stage	N-
any,	M0	R-any	tumors],	respectively).56	The	results	were	inconsistent,	with	different	regions	being	better	or	worse
depending	on	the	TNM	subgroup	in	question,	although	there	was	a	slight	trend	toward	better	outcomes	in	Asia.	It
is	not	clear	what	 the	reasons	for	 these	differences	are.	It	 is	well	known	that	 the	incidence	of	EGFR	mutation	is
higher	in	the	Asian	lung	cancer	population.	There	are	differences	in	the	proportion	of	subtypes	of	NSCLC.	There
are	societal	differences	regarding	how	aggressive	and	which	 treatment	modalities	are	generally	accepted.	There
are	differences	in	the	availability	of	various	technologies	and	treatment	methods	(e.g.,	EBUS,	PET,	VATS,	four-
dimensional	(4D)	RT,	stereotactic	body	RT	[SBRT],	genetic	testing).	The	impact	of	these	differences	is	not	clear,
but	it	does	emphasize	that	general	recommendations	need	to	be	thoughtfully	considered	in	light	of	differences	as
compared	with	the	population	and	setting	in	which	the	data	was	derived.

Surgery
There	have	been	major	advances	in	surgical	treatment	of	lung	cancer	in	the	past	two	decades,	just	as	there	have
been	in	RT	and	chemotherapy.	Most	prominent	is	perhaps	the	use	of	minimally	invasive	resection	(VATS),	which
makes	a	 lung	cancer	 resection	a	very	different	experience	 for	 the	patient.	The	perioperative	morbidity	 is	cut	 in
half,	 the	 hospital	 stay	 reduced	 to	 3	 to	 4	 days	 in	 the	 United	 States,	 and	 the	 return	 to	 normal	 functioning	 is
dramatically	faster	(Fig.	48.11).	This	 is	well	documented	 in	multiple	meta-analyses,180–186	 large-scale	outcomes
studies,187–191	propensity	matched	studies,189,192–210	and	small	randomized	studies.211–213	Long-term	outcomes	are
better	after	VATS	in	unadjusted	studies	but	the	same	in	studies	that	adjusted	for	other	factors.

Although	 the	 data	makes	VATS	 the	 recommended	 treatment	 in	 the	ACCP	Lung	Cancer	Guidelines,174	 it	 is
used	variably	 in	different	centers.	Those	 that	have	embraced	 it	perform	about	80%	of	 resections	by	VATS,	but
there	remain	many	institutions	that	use	VATS	relatively	sparingly.	It	is	likely	this	will	change,	given	the	amount
of	data	supporting	the	VATS	approach.	Furthermore,	robotic-assisted	thoracic	surgery	is	now	being	practiced	at
some	centers.	It	is	clear	this	is	also	a	safe	and	effective	approach.	Whether	there	are	benefits	for	the	patient	with
respect	to	perioperative	or	long-term	outcomes	for	robotic	versus	VATS	resections	is	unclear.

Even	open	 thoracotomy	has	 changed.	Smaller,	muscle-sparing	 incisions	 are	now	commonly	used.	There	 are
many	newer	ways	of	pain	management	 that	allow	greater	patient	mobility	and	avoidance	of	complications.	The
management	of	postoperative	air	 leaks	has	changed;	quantitation	using	digital	devices	allows	earlier	 chest	 tube
removal	 and	 earlier	 hospital	 discharge.214	 Such	 postoperative	 management	 approaches	 have	 changed	 the
experience	for	patients	undergoing	thoracotomy	from	what	it	typically	was	20	years	ago.

The	value	of	care	delivered	by	dedicated	thoracic	surgeons,	who	have	a	focused	interest	in	noncardiac	thoracic
surgery	and	lung	cancer	in	particular,	is	increasingly	recognized.	The	ACCP	Lung	Cancer	Guidelines	recommend
that	surgical	care	be	delivered	by	such	an	individual,	on	the	basis	of	a	review	of	the	literature	that	demonstrates
better	outcomes.174	Intraoperative	lymph	node	evaluation	was	previously	often	spotty;	there	is	now	a	much	better
appreciation	 for	 the	 necessity	 to	 do	 this	 for	 both	 the	 surgeon	 and	 pathologist,	 and	 acceptance	 of	 substandard
intraoperative	staging	is	diminishing.174

There	 has	 also	 been	 a	major	 advance	 in	 the	 ability	 to	 safely	 carry	 out	 extensive	 resections	 (e.g.,	 involving



cancers	invading	the	thoracic	inlet,	vertebral	column,	and	SVC).	This	makes	it	feasible	to	consider	surgery	as	part
of	 the	 treatment	approach	for	 tumors	 that	appear	 to	be	only	 locally	 invasive.	 In	 the	past,	many	of	 these	 tumors
were	simply	considered	unresectable;	however,	modern	techniques	and	ways	of	reducing	morbidity	make	surgery
a	reasonable	option.

The	 advances	 in	 surgical	 therapy	 have	 changed	 patient	 selection	 for	 surgery.	 The	 improved	 perioperative
outcomes	 allow	 older	 and	 more	 frail	 patients	 to	 undergo	 surgery	 (e.g.,	 a	 VATS	 resection	 or	 a
segmentectomy).174,187,215	Patient	selection	is	also	altered	by	the	recognition	that	previous	criteria	had	been	very
conservative.	These	had	primarily	defined	thresholds	above	which	there	was	little	concern;	however,	they	ignored
the	 fact	 that	 risk	 is	 a	 continuous	 variable	 and	 that	 many	 patients	 below	 previous	 thresholds	 could	 undergo
resection	with	quite	acceptable	 low	risk	of	perioperative	mortality.	Other	previous	contraindications	for	surgery
such	as	a	history	of	myocardial	 infarction	are	rendered	moot	if	a	successful	 intervention	for	the	coronary	artery
disease	 has	 been	 accomplished	 and	 overall	 cardiac	 function	 has	 been	 preserved.	 Thus,	 evaluation	 of	 which
patients	can	safely	undergo	surgery,	including	VATS	and	sublobar	resection,	has	become	much	more	nuanced	and
is	 best	 approached	 in	 a	 multidisciplinary	 fashion,	 which	 should	 include	 a	 dedicated	 thoracic	 surgeon,	 a
pulmonologist	with	knowledge	about	lung	cancer	treatment	options,	and	a	radiation	oncologist	as	well.

Radiation	Therapy
Advances	in	Radiation	Technique

Three-Dimensional	Conformal	Radiation	Therapy. 	Before	 the	widespread	use	of	 three-dimensional	 conformal
radiation	therapy	(3DCRT)	in	the	1990s,	the	predominant	RT	technique	for	treating	locally	advanced	lung	cancer
was	two-dimensional.	Radiation	beams	would	be	designed	using	bony	anatomic	landmarks	visible	on	fluoroscopic
imaging.	3DCRT	uses	CT	datasets,	using	beams	from	multiple	angles	to	conform	to	contoured	target	volumes	and
similarly	avoid	contoured	normal	tissue.	Inherent	in	3DCRT	is	the	use	of	dose-volume	histograms	to	compare	the
normal	 tissue	 dose	 among	 different	 beam	 arrangements.	 3DCRT	 provides	 a	 significant	 advantage	 over	 two-
dimensional	 radiation:	 Conformal	 beam	 design	 and	 the	 ability	 to	 manipulate	 beam	 geometry	 and	 weighting
through	the	planning	process	improves	coverage	of	the	tumor	target	and	decreases	the	dose	to	normal	tissue.	The
use	of	CT	data	sets	in	RT	planning	also	enables	the	fusion	of	complementary	imaging	modalities,	such	as	PET	or
MRI.

Intensity-Modulated	Radiation	 Therapy. 	 The	 use	 of	 intensity-	 modulated	 radiation	 therapy	 (IMRT)	 has	 been
increasing	in	frequency	over	the	past	two	decades.	In	contrast	to	3DCRT,	IMRT	is	inverse	planned.	The	radiation
oncologist	specifies	the	dose	to	tumor	targets,	dose	limits	to	organs	at	risk,	and	assigns	their	relative	priority.	A
computer	 algorithm	 is	 used	 to	 determine	 the	 optimal	 beam	 intensity	 and	 fluence	 pattern	 to	meet	 the	 planning
constraints.	 Whereas	 3DCRT	 beams	 have	 a	 fixed	 aperture	 and	 intensity,	 in	 IMRT	 the	 beam	 intensity	 is	 not
constant—the	 use	 of	 a	 dynamic	 multileaf	 collimator	 varies	 the	 intensity	 across	 the	 beam	 aperture	 during
treatment.	 IMRT	 can	 be	 accomplished	 with	 selected	 beam	 angles	 or	 through	 the	 use	 of	 dynamic	 gantry	 arcs
(volumetric	 modulated	 arc	 therapy).	 The	 use	 of	 IMRT	 results	 in	 a	 more	 conformal	 plan	 than	 3DCRT,	 thus
reducing	 the	 exposure	 of	 surrounding	 normal	 tissue	 to	 high	 doses	 of	 radiation.216,217	 In	 patients	 with	 bulky
NSCLC,	the	use	of	IMRT	decreased	the	volume	of	lung	receiving	more	than	20	Gy	by	10%,	corresponding	to	a
decrease	 of	more	 than	 10%	 in	 the	 calculated	 risk	 of	 radiation	 pneumonitis	 (RP).	 An	 example	 of	 3DCRT	 and
IMRT	plans	for	a	patient	with	locally	advanced	NSCLC	is	shown	in	Figure	48.12.
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Figure	48.11	Outcomes	according	to	surgical	techniques.	Outcomes	after	resection	of	lung	cancer
by	video-assisted	thoracic	surgery	(VATS)	versus	thoracotomy	(Open)	for	lobectomy	in	meta-
analyses,	propensity-matched	comparisons,	outcome	studies	reporting	adjusted	results,	and
randomized	controlled	trials.	A:	Operative	mortality	(as	defined	by	the	study,	usually	30-day
mortality).	B:	Perioperative	complication	rate	(defined	variously	in	the	individual	studies).	C:

Postoperative	hospital	stay	in	days.	D:	Five-year	overall	survival	(all	patients).	adj.,	results	adjusted
for	other	factors	(e.g.,	age,	stage,	comorbidities,	health-care	structural	characteristics);	DB,

database;	NS,	not	significant;	OR,	odds	ratio;	RCT,	randomized	controlled	trial;	RR,	risk	ratio;	RS,
rib	spreading.	*This	study	protocol	mandated	a	minimum	7-day	hospitalization.



Figure	48.12	Radiation	treatment	plans:	comparison	of	two	methods.	A	64-year-old	former
smoker	presented	with	stage	IIIA	non–small-cell	lung	cancer,	with	disease	in	the	right	lower	lobe,
hilum,	and	mediastinal	station	R4.	Concurrent	chemoradiation	was	recommended.	Radiation	plans
were	generated	using	three-dimensional	conformal	radiotherapy	(3DCRT)	and	intensity-	modulated
radiotherapy	(IMRT).	Representative	axial	slices	from	the	two	plans	are	shown;	the	top	panels
compare	3DCRT	(left)	to	IMRT	(right)	at	the	level	of	the	aortic	arch,	the	bottom	panels	are

similarly	presented	for	an	axial	level	below	the	carina.	The	planning	target	volume	(PTV)	is	shown
in	red,	isodose	lines	are	demonstrated	for	60	Gy	(dark	blue),	40	Gy	(yellow),	20	Gy	(green),	and	5
Gy	(white).	The	use	of	IMRT	decreased	the	mean	lung	dose	(MLD)	(16	Gy	vs.	13	Gy)	and	V20
(32%	vs.	23%)	but	increased	the	volume	of	lung	receiving	5	Gy.	The	esophageal	dose	was	also

lower	with	IMRT;	V30	was	reduced	from	41%	to	23%.

Image-Guided	Radiotherapy	and	Tumor	Motion	Considerations. 	Image-guided	RT	(IGRT)	implies	the	presence
of	 radiographic	 imaging	 incorporated	 into	 the	 radiation	 treatment	 device.	 Commonly	 used	 imaging	 devices
include	kilovoltage	orthogonal	planar	imaging	or	cone-beam	CT	scanning.	This	allows	direct	visualization	of	the
tumor	target	and/or	critical	organs	immediately	before	treatment	is	delivered,	while	the	patient	is	immobilized,	as
frequently	as	every	treatment	fraction.	The	use	of	IGRT	allows	the	reduction	of	the	expansion	margin	around	the
clinical	target	volume,	as	interfraction	variations	in	patient	positioning	are	reduced.218	This	can,	in	turn,	reduce	the
exposure	of	the	surrounding	normal	lung	tissue.

A	large	component	of	the	expansion	margin	for	lung	cancer	is	designed	to	allow	for	positional	uncertainty	of
the	tumor	that	corresponds	with	the	respiratory	excursion	of	the	diaphragm.	Allowing	for	intrafraction	respiratory
motion	is	a	required	part	of	radiation	treatment	planning	for	lung	cancer,	and	this	can	be	accomplished	in	several
ways.	The	use	of	4D	CT	scans	 in	 treatment	planning	allows	 the	accurate	measurement	of	 tumor	motion	 for	an
individual	patient219	and	the	correlation	of	tumor	position	with	an	external	fiducial.	After	the	acquisition	of	a	4D
CT	scan,	various	motion	management	techniques	can	be	employed:	expansion	of	the	intended	treatment	volume
(ITV)	based	on	the	measured	motion,	gated	treatment	in	which	the	patient	is	only	treated	during	a	portion	of	the
respiratory	 cycle,	 or	 abdominal	 compression	 where	 the	 diaphragmatic	 motion	 is	 damped	 using	 external
compression	devices.	Tumor	 tracking,	where	 the	 radiation	aperture	 follows	 tumor	while	 it	moves,	 is	an	area	of
growing	interest.

Proton	Therapy. 	The	use	of	charged	particle	 therapy	such	as	protons	 is	an	area	of	active	 investigation	 in	 lung
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cancer.	Protons	have	distinct	physical	characteristics	 that	 suggest	 they	can	be	used	 to	deliver	 thoracic	 radiation
with	a	lower	risk	of	side	effects	when	compared	to	standard	photon	therapy.	The	deposition	of	proton	energy	in
tissue	can	be	modulated	by	changing	the	beam	energy,	leading	to	much	lower	entry	doses	than	photons,	and	an
even	more	significant	in	the	drop-off	of	the	exit	dose.	Proton	radiation	beam	arrangements	do	not	need	to	enter
and	exit	through	lung	tissue	to	avoid	critical	structures	such	as	the	spinal	cord,	which	should	decrease	the	risk	of
RP	and	radiation	fibrosis.	Phase	II	trials	of	fractionated	proton	therapy	with	concurrent	chemotherapy	in	locally
advanced	 lung	 cancer	 have	 demonstrated	 excellent	 median	 survival,	 with	 relatively	 low	 toxicity.220,221	 In	 a
randomized	trial	of	passive	scattering	proton	therapy	versus	IMRT	for	locally	advanced	NSCLC,	conducted	at	two
high-volume	proton	centers,	there	was	a	significant	decrease	in	the	volume	of	lung	exposed	to	low-dose	radiation,
but	no	difference	in	toxicity	or	local	failure.222	More	advanced	proton	planning	(scanning	techniques)	may	offer
more	normal	tissue	sparing,	and	a	large	cooperative	group	randomized	trial	is	ongoing.

Radiation	Toxicity.	The	risk	and	severity	of	radiation	toxicity	are	related	to	the	dose	and	volume	of	normal	tissue
that	are	exposed,	to	the	presence	or	absence	of	underlying	comorbidities,	as	well	as	to	the	functional	organization
of	the	particular	organ	at	risk.	A	large	multidisciplinary	effort,	the	Quantitative	Analysis	of	Normal	Tissue	Effects
in	 the	 Clinic	 (QANTEC),	 summarizes	 the	 published	 3D	 dose-volume/toxicity	 data	 in	 the	 literature,	 reviews
normal	tissue	complication	probability	modeling,	and	provides	practical	guidance	for	organ	dose	limits.223

Radiation	 Pneumonitis	 and	 Pulmonary	 Fibrosis. 	 Clinically	 significant	 pneumonitis	 occurs	 in	 somewhere
between	5%	and	50%	of	patients	receiving	definitive	fractionated	radiation	for	locally	advanced	lung	cancer	and
is	often	 the	dose-limiting	 factor	 in	 radiation	planning.	RP	may	occur	during	 fractionated	 treatment	or	up	 to	18
months	afterward,	with	a	peak	incidence	at	approximately	2	months.	The	most	common	clinical	presentation	is	a
persistent,	 nonproductive	 cough,	 dyspnea,	 low-grade	 fever,	 and	 fatigue.	 CXR	 or	 CT	 scan	 may	 be	 normal,	 or
depending	 on	 the	 time	 course,	 there	 may	 be	 ground	 glass	 opacification	 (within	 2	 to	 6	 months),	 patchy
consolidation	 (4	 to	 12	 months),	 or	 fibrosis	 (≥10	 months).	 The	 earliest	 radiographic	 changes	 occur	 within	 the
medium-	 to	high-dose	 radiation	volumes,	although	 later	changes	may	extend	 into	unirradiated	 lung.	Pulmonary
function	 testing	 shows	 reduced	 lung	volumes,	 tidal	 volumes,	 and	diffusion	 capacity.	A	variety	of	 dose-volume
models	have	been	evaluated	as	predictive	metrics	of	RP,	including	threshold	volumes	(i.e.,	Vdose),	mean	lung	dose
(MLD),	and	normal	tissue	complication	probability	models.	Accumulated	data	from	the	QUANTEC	effort	suggest
that	although	there	is	gradually	increasing	risk	with	increasing	exposure,	with	no	safe	threshold	dose	below	which
the	risk	of	RP	is	zero,223	the	risk	of	grade	2	or	greater	RP	was	<20%	when	the	MLD	was	held	to	<20	Gy	during
for	 conventional	 radiation	 fractionation.	Commonly	used	 thresholds	 include	 a	V20	<30%	 to	35%,	or	V5	 <60%,
corresponding	to	a	risk	of	RP	of	<20%.	In	locally	advanced	NSCLC,	the	use	of	IMRT	decreases	both	lung	dose
and	the	risk	of	RP.224

RP	occurs	less	commonly	after	SBRT	in	comparison	to	conventionally	fractionated	radiation.225	Symptomatic
RP	 does	 seem	 to	 follow	 a	 similar	 relationship	 to	 dose	 and	 volume	 irradiated,	 as	 seen	 in	 conventionally
fractionated	treatment,	but	with	lower	risk	and	severity.226	Takeda	et	al.227	retrospectively	examined	265	patients;
with	a	median	follow-up	of	19	months,	the	incidence	of	grade	2	to	5	pneumonitis	was	19%,	5%,	0%,	and	0.4%,
respectively.	Predictors	of	grade	≥2	RP	on	multivariate	analysis	included	V20.	A	series	from	Indiana	University228
found	that	grade	2	to	4	RP	occurred	in	9.4%	of	143	patients	treated	with	SBRT.	Pneumonitis	was	noted	in	4%	of
patients	with	an	MLD	of	≤4	Gy,	compared	with	18%	of	patients	with	MLD	of	>4	Gy	(P	=	 .02),	and	 in	4%	of
patients	with	a	V20	≤4%	compared	with	16%	of	patients	with	V20	of	>4%	(P	=	.03).

RT-induced	dyspnea	may	have	several	contributing	causes,	including	not	only	RP	but	also	RT	to	other	thoracic
organs	 at	 risk.	 Emerging	 evidence	 suggests	 an	 interaction	 between	 cardiac	 dose	 and	RP,229	 and	 there	may	 be
additive	 dyspnea	 due	 to	 pleural	 and	 pericardial	 effusions,	 cardiomyopathy,	 and	 bronchial	 stenosis	 or
bronchiectasis.	Bronchial	fibrosis	and	stenosis	has	been	reported	with	radiation	dose	escalation	>70	Gy.230

Several	patient-	and	treatment-related	factors	also	impact	the	risk	of	RP,	independent	of	dose	and	volume.	In	a
large	dataset	derived	from	patients	 treated	in	Radiation	Therapy	Oncology	Group	(RTOG)	trials,	 the	risk	of	RP
was	significantly	higher	for	tumors	in	the	lower	lung	fields.231	Older	age	may	increase	the	risk	of	RP,	and	patients
who	 continue	 to	 smoke	 through	 treatment	 may	 be	 at	 decreased	 risk.223	 Several	 chemotherapy	 agents	 that	 are
commonly	 administered	 to	 lung	 cancer	 patients	 concurrently	 are	 associated	 with	 an	 increased	 risk	 of	 RP,
including	docetaxel,	gemcitabine,	and	particularly	the	commonly	used	carboplatin	and	paclitaxel	combination.232

Glucocorticoids	are	commonly	used	to	treat	RP	in	patients	who	have	moderate	to	severe	symptoms,	although
the	efficacy	and	appropriate	starting	dose	and	tapering	schedule	have	not	been	defined	in	a	prospective	fashion.



Prophylactic	 antibiotics	 or	 anticoagulants	 do	 not	 appear	 to	 affect	 the	 development	 of	 RP,	 although	 they	 are
frequently	 given.	 Pulmonary	 parenchymal	 fibrosis	 is	 the	 underlying	 cause	 of	 long-term	 dyspnea	 after	 thoracic
radiation,	 likely	 the	 result	 of	 chronic	 treatment-induced	 inflammation.	No	 standard	 clinical	 approach	 has	 been
definitively	 demonstrated	 to	 reverse	 or	 even	 slow	 the	 progression	 of	 pulmonary	 fibrosis,	 although	 several
therapies	have	shown	signs	of	activity,	 including	pentoxifylline.233	Amifostine	 is	a	 radioprotector	 that	has	been
tested	 in	 several	 randomized	 trials,	 with	 mixed	 results.234,235	 Captopril	 is	 an	 angiotensin-converting	 enzyme
inhibitor	that	has	been	shown	to	reduce	the	development	of	radiation-induced	fibrosis	in	animal	models.236

Esophagitis	 and	 Esophageal	 Stenosis. 	 Acute	 esophagitis	 is	 typically	 the	 dose-limiting	 side	 effect	 during
fractionated	 RT	 for	 thoracic	 malignancies.	 Grade	 3	 or	 greater	 acute	 symptoms	 (i.e.,	 severely	 altered
eating/swallowing,	tube	feeding,	parenteral	nutrition,	or	hospitalization	indicated)	occurred	18%	of	the	time	in	a
series	 of	more	 than	 1,000	 patients	 undergoing	 chemoradiation.232	 Acute	 esophagitis	may	 coexist	 with,	 and	 be
exacerbated	by,	comorbid	conditions	such	as	candidiasis	or	reflux	disease.	Other	factors	identified	as	increasing
the	risk	or	severity	of	acute	esophagitis	include	the	use	of	accelerated	fractionation	and	older	patient	age.237	The
use	of	concurrent	chemotherapy	is	associated	with	an	increased	risk.238	The	use	of	concurrent	bevacizumab	with
RT	 has	 led	 to	 case	 reports	 of	 fistulae.239,240	 Clinically	 significant	 late	 toxicity,	 such	 as	 stenosis	 or	 fistula
formation,	is	less	common	after	conventionally	fractionated	radiation,	occurring	in	<5%	of	patients.241,242

Treatment	of	acute	esophagitis	is	primarily	supportive,	frequently	requiring	topical	agents,	dietary	changes,	and
narcotic	pain	medication.	It	is	often	prudent	to	either	evaluate	or	treat	empirically	for	viral	or	candidal	esophagitis.
Patients	may	 benefit	 from	 proton	 pump	 inhibitors	 for	 comorbid	 reflux	 disease	 and	 topical	 agents	 for	mucosal
irritation	such	as	sucralfate	or	local	anesthetic	agents.	The	ability	of	the	radioprotectant	amifostine	to	reduce	the
risk	and	severity	of	acute	esophagitis	has	been	evaluated	in	several	prospective	trials,	but	no	benefit	was	noted	in	a
large	randomized,	cooperative	group	study.234

Heart. 	 For	 thoracic	 malignancies,	 the	 dose	 and	 volume	 of	 radiation	 to	 the	 heart	 and	 great	 vessels	 varies
considerably,	depending	on	the	anatomic	distribution	of	the	target	and	the	treatment	technique.	Acutely,	there	is	a
low	risk	of	pericarditis,	which	can	develop	during	treatment	or	shortly	thereafter.	Over	many	years,	progressive
fibrosis	 after	 radiation	 may	 lead	 to	 several	 structural	 or	 functional	 side	 effects.	 In	 a	 retrospective	 analysis	 of
patients	with	locally	advanced	lung	cancer	treated	in	six	clinical	trials,	25	of	112	patients	developed	cardiac	events
with	 a	 median	 follow-up	 of	 more	 than	 8	 years.	 The	 risk	 of	 ischemic,	 arrhythmic,	 and	 pericardial	 events	 was
significantly	correlated	with	radiation	dose	to	the	heart.243	Comorbid	clinical	conditions	may	increase	the	risk	of
RT-induced	cardiac	toxicity,244	including	hypertension,	diabetes,	obesity,	and	genetic	predisposition.	The	risk	of
cardiac	mortality	from	RT	has	been	specifically	demonstrated	to	be	increased	in	patients	older	than	60	years	old
and	by	tobacco	use.245,246	There	are	reports	that	concurrent	paclitaxel	may	also	increase	this	risk.247,248

Brachial	 Plexus. 	 Radiation	 brachial	 plexopathy	 is	 a	 rare	 but	 serious	 complication	 of	 fractionated	 radiation	 to
conventional	doses.	There	are	case	 reports	of	early,	 transient	neuropathy	 that	may	occur	during	or	 shortly	after
radiation,	 and	 these	 may	 resolve	 spontaneously.249	 Late	 radiation	 plexopathy	 is	 more	 clinically	 significant;	 it
manifests	 years	 after	 radiation	 to	 the	 supraclavicular	 area	 and	 may	 manifest	 as	 hypesthesia,	 paresthesia,	 and
weakness	of	the	affected	arm	and	shoulder.	It	may	progress	to	total	paralysis	of	the	affected	arm	and	severe	pain.
The	dose	tolerance	of	the	brachial	plexus	is	less	defined	than	other	thoracic	organs,	partly	due	to	the	difficulty	in
defining	the	plexus	radiographically	during	radiation	treatment	planning.	A	contouring	atlas	has	been	adopted	so
that	more	 robust	clinical	data	can	be	collected.250	Late	plexopathy	 is	 rare	 in	patients	who	 receive	 conventional
doses	 of	 fractionated	 radiation.251	 For	 SBRT,	 brachial	 plexopathy	 is	 a	 more	 significant	 concern	 because	 the
biologically	effective	dose	prescribed	to	the	target	exceeds	the	tolerance	of	the	plexus.

Systemic	Therapy
There	has	been	substantial	evolution	in	the	treatment	of	NSCLC	since	the	early	editions	of	this	textbook.	It	was
not	until	the	late	1980s	that	the	benefits	of	chemotherapy	with	respect	to	OS	and	QOL	versus	supportive	care	were
appreciated	in	patients	with	advanced	disease.252	In	the	1990s	and	2000s,	multiple	RCTs	clearly	established	that
treatment	with	chemotherapy	of	patients	with	stage	IV	NSCLC	and	good	PS,	PS	prolongs	survival	and	improves
QOL	compared	with	basic	supportive	care	alone.252,253

In	the	mid-	to	late	1990s,	the	combination	of	chemotherapy	and	RT	in	patients	with	stage	III	disease	showed
superior	 outcomes	 compared	 to	 single-modality	 treatment	 and	 established	 combined	 modality	 therapy	 as	 the
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standard,	 still	 true	 to	date.252	During	 the	2000s,	chemotherapy	was	 tested	 in	 the	adjuvant	 setting	and	became	a
new	standard	of	care	by	improving	the	cure	rates	in	selected	patients	with	stage	IB	to	IIIA	disease.254

The	discovery	of	 somatic	mutations	 in	 a	 subset	of	 lung	 tumors	 is	 the	most	 significant	paradigm	shift	 in	 the
treatment	of	 lung	cancer	 in	 the	 last	decade.	Since	 the	 initial	 report	on	EGFR,255	 the	understanding	that	specific
molecular	alterations	serve	as	oncogenic	drivers,	and	that	blockade	of	these	pathways	by	specific	agents	can	lead
to	robust	and	prolonged	responses,	has	revolutionized	the	approach	to	patients	with	lung	cancer.	This	discovery
has	launched	the	era	of	precision	medicine	in	NSCLC.	Over	the	last	15	years,	the	scope	of	targeted	therapies	has
broadened	to	include	therapies	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	NSCLC	harboring
mutations	affecting	the	ALK,	ROS1,	and	BRAF	genes,	with	additional	other	mutations	currently	being	evaluated.

Since	the	last	edition	of	this	textbook,	immune	therapy	via	checkpoint	inhibition	has	dramatically	changed	the
field	of	NSCLC.	These	agents	block	inhibitory	interactions	between	immune	cells	and	tumor	cells	and	enhance	T-
cell	 function	 resulting	 in	 antitumor	 activity.256,257	 Although	 associated	 with	 some	 toxicity,258	 treatment	 is
generally	well	tolerated;	the	observation	that	patients	who	respond	can	have	dramatic	and	durable	responses	has
created	 intense	 research	 activity.	Over	 the	 last	 2	years,	 four	 checkpoint	 inhibitors	 (nivolumab,	pembrolizumab,
atezolizumab,	 durvalumab)	 have	 been	 approved	 for	 NSCLC.	 These	 therapies	 have	 significantly	 altered	 the
treatment	paradigm	for	stage	III	and	IV	tumors.

Despite	the	advances	in	systemic	therapy	for	advanced	NSCLC,	nearly	all	patients	eventually	succumb	to	the
disease.	Targeted	agents	have	a	response	rate	up	to	80%,	but	progression	almost	always	occurs	within	1	to	2	years.
Traditional	chemotherapy	has	a	response	rate	of	about	20%	with	1-year	survival	rates	of	33%.259	Immunotherapy
in	highly	selected	populations	have	 response	 rates	of	45%	with	median	OS	of	30	months260,261;	however,	most
patients	do	not	respond.	Predicting	and	overcoming	mechanisms	for	resistance,	both	primary	and	acquired,	is	at
the	 forefront	 of	 current	 research.	Much	 has	 been	 learned	 through	 repeat	 biopsies	 to	 identify	 acquired	 resistant
mutations,	 allowing	 development	 of	 second-	 and	 third-generation	 agents	 to	 target	 and	 overcome	 resistance.
Knowledge	 of	 mechanisms	 of	 resistance	 for	 immunotherapy	 is	 still	 in	 its	 infancy,	 and	 currently,	 hundreds	 of
clinical	 trials	 are	 combining	 secondary	 agents	 (e.g.,	 chemotherapy,	 radiation,	 additional	 immune	 checkpoint
inhibitors,	 cytokines,	or	novel	 agents)	 to	overcome	 this	 resistance.	These	 studies	will	 certainly	 further	alter	 the
treatment	of	advanced	NSCLC.

In	 this	 whirlwind	 era	 of	 new	 therapies,	 clinicians	 must	 be	 critical	 of	 clinical	 trial	 end	 points.262	 OS,	 once
considered	a	hard	end	point,	has	become	problematic.	Because	OS	reflects	the	entire	continuum	of	management
and	a	combination	of	interventions,	it	 is	difficult	to	discern	what	effect	a	specific	treatment	strategy	has	on	OS.
Many	targeted	agents	have	shown	significant	clinical	benefit	without	showing	improvement	in	OS,	particularly	in
the	setting	of	patient	cross-over.	Progression-free	survival	(PFS)	has	become	a	more	prominent	end	point,	and	this
also	 reduces	 the	 time	 and	 cost	 of	 clinical	 trials.	 However,	 PFS	 has	 been	 questioned	 as	 trials	 involving
immunotherapy	have	 shown	a	 significant	OS	advantage	without	 an	 improvement	 in	PFS.263	Additionally,	over
time,	the	standards	of	what	is	considered	sufficient	 to	call	a	 trial	positive	has	decreased,	sometimes	involving	a
statistically	significant	yet	clinically	irrelevant	difference	(e.g.,	benefit	of	a	few	weeks).262,264	Increased	emphasis
has	 been	 placed	 on	 patient-reported	 outcomes265	 as	 well	 as	 consideration	 of	 cost	 and	 financial	 toxicities	 of
therapies.266

There	will	likely	be	increased	debate	and	scrutiny	over	tailoring	appropriate	clinical	end	points	to	therapeutic
agents	 that	 allow	 for	 timely	 and	 cost-effective	 studies	 and	 clinically	meaningful	 results.	 The	 development	 and
appropriate	use	of	biomarkers	to	predict	populations	most	likely	to	receive	benefit	from	specific	treatments	hopes
to	 improve	 this	 process.	 However,	 the	 more	 limited	 cohort	 for	 whom	 a	 therapy	 is	 applicable	 also	 limits	 the
potential	 return;	 the	pace	of	new	discoveries	 in	 specific	 tumor	 subgroups	creates	 challenges	 in	how	 to	conduct
appropriate	 clinical	 research	 in	 a	 timely	 enough	manner.	 Innovative	 new	 trial	 designs	 (e.g.,	 master	 protocols,
adaptive	 Bayesian	 randomization)	 provide	 an	 avenue	 for	 multiple	 subsets	 of	 patients	 and	 fluidity	 in
interventions.267	There	are	many	forces	in	play	in	this	dynamic,	rapidly	changing	field.

Preinvasive	and	Minimally	Invasive	Disease	(Bronchial	Intraepithelial
Neoplasia,	Adenocarcinoma	In	Situ,	Ground	Glass	Nodules)
Bronchial	 intraepithelial	neoplasia	(BIN)	appears	 to	be	a	precursor	 to	central	airway	squamous	cell	carcinomas.
These	 lesions	 are	 infrequently	 encountered,	 usually	 in	 patients	 with	 abnormal	 sputum	 cytology	 or	 during
surveillance	of	 the	central	airways.	Although	 techniques	have	been	developed	 (autofluorescence	bronchoscopy,
narrow-band	 imaging)	 that	 are	 more	 sensitive	 in	 detecting	 such	 lesions,	 it	 is	 unclear	 how	 these	 should	 be
implemented.268	 Among	 high-risk	 patients	who	 participated	 in	 a	 screening	 program,	 about	 30%	 of	 high-grade



dysplasia	 and	 50%	of	 squamous	 carcinoma	 in	 situ	 lesions	were	 observed	 to	 progress;	 however,	 the	 rates	were
highly	variable	among	studies	(with	follow-up	periods	of	approximately	1	to	10	years).268	A	substantial	proportion
of	lesions	regress	during	follow-up.	One	of	the	problems	is	that	there	is	moderate	interobserver	variability	in	the
classification	 of	 such	 biopsies.	 Photodynamic	 therapy	 seems	 to	 be	 fairly	 effective	 at	 treating	 lesions	 deemed
worthy	of	intervention,	but	it	is	not	well	established	which	lesions	need	intervention,	as	many	do	not	progress.268

In	 2011,	 a	 new	 subclassification	 of	 adenocarcinoma	 was	 introduced,	 covering	 a	 spectrum	 from	 atypical
adenomatous	 hyperplasia	 (AAH),	 adenocarcinoma	 in	 situ	 (AIS),	 minimally	 invasive	 adenocarcinoma	 (MIA),
predominant	 adenocarcinoma,	 and	 various	 subtypes	 of	 invasive	 adenocarcinoma	 (lepidic,	 acinar,	 papillary,
micropapillary,	 solid).66	 (The	 invasive	 adenocarcinomas	 are	 almost	 always	 mixed	 subtypes;	 they	 should	 be
classified	 by	 the	 predominant	 component	 and	 the	 percentage	 of	 each	 subtype	 noted.)	 This	 adenocarcinoma
subclassification	 carries	 the	 implication	 that	 the	 preinvasive	 subtypes	 (e.g.,	 AAH,	 AIS)	 may	 be	 precursors	 to
invasive	adenocarcinoma,	although	this	has	not	been	conclusively	established.	It	must	be	emphasized	that	 these
entities	can	only	be	classified	after	resection	(not	on	the	basis	of	a	limited	biopsy).66,67

Because	decisions	regarding	management	must	be	made	prior	 to	histologic	classification,	many	studies	have
assessed	 the	 correlation	 of	 the	 radiographic	 appearance	 and	 the	 histologic	 classification.	 The	 prevalence	 of
invasive	adenocarcinoma	among	resected	pure	ground	glass	nodules	 (GGN)	varies	between	0%	and	40%269–277

and	 the	 prevalence	 of	 preinvasive	 lesions	 (AAH,	AIS)	 among	 resected	 part-solid	 (>50%	ground	 glass)	 lesions
varies	between	0%	and	45%.269,271–273,275–277	Studies	that	have	included	other	imaging	characteristics	(total	size,
solid	 size,	 density,	 mass,	 margin,	 etc.)	 have	 also	 failed	 to	 identify	 reliable	 predictors	 of	 histologic
subtype.270,271,274–276,278	It	may	be	that	attention	to	details	is	crucial	if	we	are	to	define	better	ways	of	predicting
resected	histologic	subtype	(i.e.,	thin	slices,	window	settings).	However,	currently	the	ability	to	predict	histologic
subtype	 (AAH,	 AIS,	 MIA,	 invasive	 adenocarcinoma)	 is	 limited,	 and	 basing	 management	 on	 the	 histologic
classification	is	impractical	because	it	requires	resection	rather	than	biopsy.	Thus,	management	is	best	based	on
clinical	(radiographic)	features.

Pure	 GGN	 are	 focal	 lesions	 seen	 incidentally	 on	 a	 chest	 CT—this	 is	 distinct	 from	more	 diffuse	 or	 patchy
ground	glass	appearance	of	 the	 lung,	which	generally	signifies	benign	 interstitial	or	 inflammatory	 lung	disease.
Approximately	 10%	 to	 20%	 of	 pure	 GGN	 disappear,	 usually	 within	 a	 few	 months.279	 The	 majority	 of	 GGN
remain	stable,	even	during	observation	of	up	to	10	years.279–283	Several	avenues	of	research	suggest	that	there	may
be	genetic	differences	between	GGNs	 that	grow	or	progress	and	 those	 that	do	not.284–290	Thus,	 a	key	aspect	 in
management	of	GGN	is	determination	of	how	these	behave	over	time.

Several	studies	have	demonstrated	that	observation,	with	intervention	only	if	there	are	signs	of	progression,	is
safe	and	does	not	impact	the	ability	to	cure	an	invasive	cancer.	A	long-term	prospective	study	of	pure	and	part-
solid	GGNs	followed	for	10	to	15	years	showed	that	the	vast	majority	did	not	progress,	and	all	of	those	that	did
were	p-stage	I	cancers	(99.2%	stage	IA).291	Another	prospective	multicenter	study	of	1,253	GGNs	(pure	or	with
≤5	mm	solid	component)	reported	that	only	7.4%	were	eventually	resected;	the	resected	lesions	were	all	p-stage	I
(98%	 stage	 IA),	 with	 no	 recurrences	 during	 subsequent	 follow-up	 (median	 3	 years	 after	 resection).280
Retrospective	studies	have	reported	similar	results.281,282

One	study291	suggested	that	further	follow-up	may	be	unnecessary	if	there	was	no	growth	within	3	years,	but
another281	reported	subsequent	growth	in	7%	of	GGN	that	had	been	stable	for	3	years.

Multiple	studies	have	found	that	prognosis	is	associated	with	the	size	of	a	solid	component	and	not	associated
with	the	total	size	of	GGN	tumors.292–297	The	current	(eighth)	edition	of	 the	stage	classification	 is	based	on	 the
size	 of	 the	 solid	 component	 (on	 imaging)	 or	 the	 invasive	 component	 (pathologic)	 and	 not	 the	 ground	 glass	 or
lepidic	tumor	size.59

Details	of	how	nodules	are	evaluated	radiographically	are	important.	Recent	guidelines	recommend	a	thin-slice
CT	(1	to	1.25	mm)	because	of	a	substantial	error	rate	with	thicker	slices.298	Only	about	half	of	pure	GGN	on	5-
mm	slices	are	pure	GGN	on	1-mm	slices.299	A	36%	discordance	rate	has	been	reported	in	assessing	the	presence
of	absence	of	a	solid	component	of	a	GGN.300	Assessment	of	growth	must	also	be	done	carefully.	Differences	of
≤2	mm	 are	 unreliable	 and	 should	 be	 regarded	 as	 spurious.298,301,302	 Among	GGN	 there	 is	 15%	 to	 30%	 intra-
/interobserver	 variability	 in	 assessing	 overall	 volume.303	 Furthermore,	 substantial	 error	 can	 occur	 when
comparisons	are	made	between	CT	scans	obtained	under	different	conditions	(thin	versus	thick	slices,	diagnostic
CT	versus	CT	done	for	attenuation	correction	of	an	associated	PET).	Therefore,	assessment	of	growth	should	be
made	cautiously,	and	when	there	is	doubt,	it	is	generally	better	to	obtain	an	additional	scan	at	a	sufficiently	long
interval	(to	show	growth	of	≥2	mm).

Triggers	 for	 intervention	for	a	GGN	continue	 to	evolve	and	have	become	more	conservative	over	 time.	One
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step	forward	 is	 the	recognition	of	what	constitutes	a	 reliable	and	an	unreliable	change,	as	discussed	previously.
Another	recent	development	is	distinguishing	pure	GGNs,	heterogeneous	GGNs	with	an	area	of	consolidation	on
lung	windows,	and	part-solid	GGNs	with	a	solid	component	on	mediastinal	windows.280	Because	of	the	indolent
nature	of	these	tumors,	the	rate	of	growth	should	be	taken	into	account;	a	lesion	that	has	grown	2	mm	in	5	years
may	not	warrant	 intervention.304	Furthermore,	 the	projected	 rate	of	progression	of	 the	cancer	must	be	balanced
against	the	patient’s	life	expectancy	(given	the	age,	comorbidities,	competing	causes	of	death).

There	is	a	growing	consensus	that	pure	GGNs	should	simply	be	observed,	with	CT	surveillance	every	1	to	2
years.304,305	A	 reasonable	 trigger	 for	 intervention	 is	 the	development	of	 a	new	solid	 component	on	mediastinal
windows	of	≥2	mm	or	 growth	of	 an	 existing	 solid	 component	 on	mediastinal	windows	of	≥2	mm	 (taking	 into
account	 the	 rate	 of	 growth	 and	 life	 expectancy).304	 The	 Fleischner	 Society	 has	 recently	 proposed	 a	 ≥6-mm
threshold	of	a	solid	component	(presumably	as	assessed	on	lung	windows	although	not	explicitly	stated).305	Other
triggers	for	intervention	(e.g.,	 total	size	of	a	pure	GGN	of	>3	cm	or	a	growth	rate	of	≥25%	per	year	[1	volume
doubling])	are	rare	and	largely	empiric	due	to	lack	of	evidence.304

Multiple	 retrospective	 studies	 suggest	 that	 a	 limited	 resection	 of	 a	 pure	 or	 >50%	GGN	 results	 in	 excellent
outcomes	(5-year	survival	>95%	with	no	recurrences).279	One	can	question	whether	all	of	these	lesions	actually
need	to	be	resected	 in	 the	first	place.	 If	a	sublobar	resection	for	a	pure	GGN	is	done,	careful	attention	must	be
given	to	obtain	an	adequate	margin	(greater	 than	or	equal	 to	 the	tumor	diameter	 if	<2	cm	and	>2	cm	for	 larger
tumors).174	A	recent	prospective	study	(Japan	Clinical	Oncology	Group	[JCOG]	0804)	of	sublobar	resection	(82%
wedge)	 of	 predominantly	 ground	 glass	 tumors	 ≤2	 cm	 confirmed	 excellent	 survival	 without	 recurrence.306
However,	 another	 prospective	 study	 of	 limited	 resection	 found	 that	 by	 10	 years,	 13%	 developed	 a	 staple	 line
recurrence	of	a	genetically	apparently	identical	tumor,	despite	a	reasonably	wide	negative	margin	originally.307

Patients	 with	 GGNs	 often	 have	 several	 lesions.	 These	 lesions	 should	 be	 approached	 conceptually	 as
independent	 lesions.	 Each	 lesion	 should	 be	 managed	 individually,	 intervening	 when	 necessary	 and	 observing
otherwise	when	 there	 is	no	change	and	a	 low	suspicion	of	 invasive	cancer.142,279,308	There	 is	no	 reason	 to	give
chemotherapy	to	these	patients	if	these	are	independent	early	cancers	or	preinvasive	lesions;	chemotherapy	has	no
role	as	a	chemopreventative	agent.309

Stage	I,II	N0	Tumors	(T1,2	N0)

General	Approach
The	standard	of	care	for	healthy	patients	with	a	clinical	stage	I	NSCLC	is	surgical	resection.164,174	This	is	based
on	 decades	 of	 experience	 showing	 good	 long-term	 survival	 rates	 with	 few	 recurrences	 after	 resection.
Examination	of	the	2010/2011	NCDB	shows	that	surgery	was	the	dominant	treatment	strategy	(surgery	in	66%,
RT	 in	 23%,	 and	 no	 treatment	 in	 9%).	 In	 the	 Surveillance,	 Epidemiology,	 and	 End	 Results	 (SEER)-Medicare
database	(i.e.,	patients	aged	older	than	65	years),	the	treatment	given	to	stage	cI	patients	in	2007	was	surgery	in
67%,	 RT	 in	 16%,	 and	 no	 treatment	 in	 18%.310	 The	 ACCP	 Lung	 Cancer	 Guidelines	 recommend	 that	 stage	 I
NSCLC	patients	being	considered	for	curative	therapy	be	evaluated	by	a	thoracic	surgeon	or	a	multidisciplinary
team	(even	if	nonsurgical	therapy	is	being	considered).	Those	undergoing	surgery	should	be	treated	by	a	thoracic
surgeon	 with	 a	 demonstrated	 focus	 on	 lung	 cancer	 (grade	 1B).174	 There	 is	 a	 growing	 body	 of	 literature	 that
demonstrates	that	outcomes	are	demonstrably	better	with	specialty	training	and	at	higher	volume	centers	(HR,	0.7
for	perioperative	mortality	and	0.9	for	long-term	outcome	in	high-volume	centers	in	a	recent	meta-analysis175).

Across	 the	world,	 for	NSCLC	cases	diagnosed	between	1999	and	2010,	 staged	and	 treated	according	 to	 the
local	routines	at	the	time	the	survival	as	reported	by	the	huge	IASLC	database	is	92%,	83%,	and	77%	for	cIA1,
cIA2,	 and	 cIA3,	 respectively;	 68%	 for	 cIB;	 and	 60%	 for	 cIIA	 (T2b	N0	M0).54	 Similar	 results	were	 noted	 by
pathologic	stage:	90%,	85%,	and	80%	for	pIA1,	pIA2,	and	pIA3,	respectively;	73%	for	pIB;	and	65%	for	pIIA
(T2b	N0	M0).54	It	is	important	to	note	that	only	about	half	of	the	deaths	within	5	years	in	stage	I	NSCLC	are	due
to	 recurrences;	 the	 5-year	 recurrence	 rate	 is	 only	 about	 20%.311–313	 The	 majority	 (60%)	 of	 recurrences	 are
identified	within	the	first	2	years.313,314	Late	recurrences	beyond	5	years	are	seen	in	10%	to	20%	of	patients,	but	it
is	unclear	how	many	of	these	“recurrences”	are	actually	new	primary	cancers.315,316

Approach	to	Surgical	Resection
The	ACCP	Lung	Cancer	Guidelines	suggest	that	a	minimally	invasive	(e.g.,	thoracoscopic	[VATS]	or	robotically
assisted)	 resection	 is	 preferred	 over	 an	 open	 thoracotomy	 for	 stage	 I	 NSCLC	 (grade	 2C).174	 This	 is	 based	 on



consistent	 data	 from	 meta-analyses,180–186	 propensity	 matched	 cohort	 studies,192–204,207,208,210	 matched	 case-
control	 studies,215,317,318	 large	 outcomes	 studies,187–191	 and	 small	 RCTs,211–213	 which	 demonstrate	 lower
perioperative	mortality,	fewer	complications,	and	shorter	hospitalization	as	well	as	at	 least	equivalent	 long-term
stage-matched	survival.174,319	The	penetration	of	VATS	for	major	lung	resection	has	been	growing	steadily	at	U.S.
academic	medical	centers,	performed	almost	exclusively	by	thoracic	surgeons	(not	cardiac,	general,	or	oncology
surgeons)	 as	well	 as	 in	 other	 developed	 countries.320,321	 RCTs,	 large	 database	 studies,	 and	 several	 prospective
trials	 show	 that	 there	 is	 no	 difference	 in	 the	 ability	 to	 biopsy	 or	 resect	 mediastinal	 nodes	 by
VATS.180,196,211,212,322–324	Whether	 there	 is	a	 less	 thorough	assessment	of	N1	nodes	by	VATS	is	unclear	due	 to
conflicting	 findings.191,196,324	 The	 ability	 of	 patients	 to	 receive	 adjuvant	 chemotherapy	 is	 improved	 following
VATS	lobectomy	in	several	unadjusted	analyses.322,325–328	However,	 in	a	 recent	 registry	study	 that	adjusted	 for
comorbidities	 and	 other	 factors,	 VATS	 resection	 was	 not	 associated	 with	 better	 delivery	 of	 adjuvant
chemotherapy.326

A	 lobectomy	 remains	 the	 treatment	of	 choice	 for	good-risk	patients	with	 stage	 I	NSCLC	 in	general	 (ACCP
Lung	Cancer	Guideline	Grade	1B).174	This	is	a	general	conclusion,	which	is	a	different	issue	than	asking	whether
an	alternative	resection	is	acceptable	in	patients	 that	cannot	 tolerate	a	 lobectomy	or	whether	there	are	particular
cohorts	for	which	the	general	statement	does	not	apply.	The	recommendation	for	lobectomy	over	a	more	limited
resection	is	based	on	better	survival	and	lower	local	recurrence	rates	after	lobectomy.	Unfortunately,	the	data	is
not	of	high	quality.	This	result	is	demonstrated	by	an	RCT	with	only	minor	flaws,329–331	but	because	it	stems	from
the	 late	 1980s,	 the	 relevance	 to	 the	 current	 era	 can	 be	 questioned.	 Large	 database	 analyses	 with	 propensity
matching	 or	 multivariate	 adjustment	 have	 reported	 conflicting	 results;	 some	 found	 no	 difference	 between
lobectomy	and	sublobar	resections,332–334	whereas	others	have	found	superior	outcomes	for	lobectomy	(including
studies	in	which	the	sublobar	resection	involved	segmentectomy).335,336	These	nonrandomized	studies	must	all	be
viewed	as	probably	confounded	comparisons	because	despite	attempts	at	matching	or	adjustment,	some	potential
confounders	could	not	be	assessed.337

Specific	groups	 that	have	been	considered	 to	be	potentially	 suitable	 for	 a	 sublobar	 resection	 include	 elderly
patients	and	patients	with	tumors	<2	cm,	tumors	<1	cm,	and	pure	GGO	lesions.	For	solid	smaller	lesions	and	older
patients,	 the	data	 is	unclear:	Comparisons	have	yielded	conflicting	 results,	 probably	because	of	 the	 inability	 to
account	 for	 selection	 and	 confounding	 factors.174,338	 Comparisons	 involving	 primarily	wedge	 resection	 tend	 to
show	worse	 results,	whereas	 those	 involving	 segmentectomy	are	more	 similar	 to	 lobectomy.174	 Two	RCTs	 are
underway	 to	 address	 the	value	of	 segmentectomy	 for	 solid	 tumors	<2	 cm.	 Increased	perioperative	mortality	 or
competing	causes	of	death	such	as	might	be	present	in	older	patients	are	reasonable	to	consider;	however,	clear
guidance	on	when	this	tips	the	balance	away	from	lobectomy	is	not	possible	from	the	currently	available	data.174
On	the	other	hand,	there	is	fairly	extensive	data	that	patients	with	predominantly	GGO	lesions	<2	cm	consistently
experience	 excellent	 5-year	 outcomes	 after	 sublobar	 resection	 (predominantly	 segmentectomy),	 with	 the
implication	 that	 it	 would	 be	 difficult	 for	 lobectomy	 to	 yield	 even	 better	 results.	 This	 led	 the	ACCP	 guideline
committee	to	recommend	sublobar	resection	for	predominantly	GGO	lesions	<2	cm	(grade	2C).174	However,	it	is
important	to	have	an	adequate	margin	(≥2	cm	or	a	margin	greater	than	or	equal	to	the	tumor	diameter	for	small
tumors	 [<2	 cm]).174	 Data	 from	 a	 carefully	 done	 prospective	 study	 suggested	 that	 segmentectomy	 may	 be
associated	with	late	recurrences	(between	5	and	10	years).307

At	the	time	of	surgical	resection,	at	least	a	systematic	lymph	node	sampling	should	be	performed.	This	involves
systematically	looking	for	and	sampling	a	representative	node	from	N1	and	ipsilateral	mediastinal	node	stations.
Data	supports	that	this	results	in	more	accurate	staging	than	selective	sampling.339–342	However,	there	appears	to
be	 no	 survival	 benefit	 to	 a	 complete	 lymph	 node	 dissection	 in	 RCTs,	 at	 least	 not	 in	 clinical	 stage	 I
patients.174,341–343

Adjuvant	Therapy
Adjuvant	chemotherapy	or	RT	is	not	indicated	after	complete	resection	of	stage	I	NSCLC.	Although	the	majority
of	recurrences	after	resection	of	stage	I	NSCLC	are	distant,	multiple	RCTs	that	have	included	stage	I	patients	have
suggested	that	there	is	no	benefit	to	adjuvant	chemotherapy.344–346	A	meta-analysis	that	addressed	stage-specific
subgroups	did	not	find	a	benefit	for	either	stage	IA	or	IB.178	Negative	prognostic	factors	have	been	suggested	as	a
way	to	select	specific	patients	for	adjuvant	chemotherapy	(i.e.,	 larger	tumor	size,	tumor	differentiation,	vascular
invasion,	histologic	features),	but	the	argument	that	chemotherapy	will	have	an	impact	is	purely	speculative.	The
ACCP	NSCLC	guideline,	which	is	strictly	evidence	based,	takes	the	position	that	adjuvant	chemotherapy	should
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not	be	given	for	stage	IA	or	IB	with	the	stance	that	speculative	arguments	should	not	overpower	RCT	data.174	The
NCCN	guideline,	however,	which	is	primarily	consensus	based,	suggests	considering	adjuvant	chemotherapy	for
high-risk	stage	IB	patients	by	taking	into	account	potential	negative	prognostic	factors.164

Tegafur	(UFT;	an	oral	5-fluorouracil	[5-FU]	agent	available	in	Japan)	has	been	found	to	improve	survival	in
two	RCTs	when	given	orally	for	2	years,347–349	but	not	when	given	in	conjunction	with	chemotherapy.350	Given
the	poor	response	of	advanced	NSCLC	to	this	agent	there	is	skepticism	in	the	United	States	that	UFT	is	effective
in	stage	I	tumors.

Whether	adjuvant	chemotherapy	should	be	used	for	larger	(>4	cm)	primary	tumors	without	node	involvement
(eighth	edition	T2b	N0	stage	IIA	or	T3	N0	stage	IIB)	is	controversial.	The	ACCP	guideline	does	not	recommend
this,174	but	the	NCCN	guideline	suggests	this	can	be	considered.164	The	ACCP	guideline	is	strictly	evidence-based
and	weighed	heavily	the	fact	that	the	RCTs	of	adjuvant	chemotherapy	for	node-negative	tumors	≥3	cm	have	been
uniformly	 negative;	 the	Lung	Adjuvant	Cisplatin	Evaluation	 (LACE)	meta-analysis	 also	 did	 not	 demonstrate	 a
significant	 difference	 in	OS	 or	 disease-free	 survival	 (DFS)	 (although	 a	 slight	 trend	was	 noted).178	 The	NCCN
guideline	is	consensus-based	and	likely	reflects	that	unplanned	subset	analyses	of	the	Cancer	and	Leukemia	Group
B	(CALGB)	9633	trial	suggested	that	in	tumors	≥4	cm	(eighth	edition	T2b	N0	stage	IIA	or	T3	N0	stage	IIB),	there
was	a	 survival	benefit	with	adjuvant	chemotherapy	 (HR,	0.69;	95%	confidence	 interval	 [CI],	0.48	 to	0.99;	P	=
.04),351	as	well	as	a	nonsignificant	trend	for	N0	tumors	≥4	cm	in	the	JBR10	trial	(HR,	0.66;	95%	CI,	0.39	to	1.14;
P	=	.13).352

Adjuvant	RT	is	not	indicated	after	complete	resection	of	a	stage	I	NSCLC;	in	fact,	the	RCT	data	suggests	it	is
likely	to	be	harmful.174,353,354	A	more	recent	RCT	and	an	outcomes	analysis	of	 the	SEER	database	confirm	this
result.355,356

Approach	to	Patients	with	Poor	General	Health
Although	lobectomy	remains	the	standard	of	care	for	stage	I	NSCLC,	there	are	patients	who	are	considered	poor
candidates	 for	 this	 approach.	 However,	 poor	 risk	 for	 lobectomy	 is	 difficult	 to	 define.	 VATS	 resection	 has
decreased	 the	 perioperative	mortality	 in	 compromised	 patients,357,358	 data	 shows	 that	 lung	 function	 is	 reduced
much	less	or	even	improved	after	resection	in	patients	with	severe	COPD,357,359–361	and	the	majority	of	data	mixes
lobectomy	 and	 various	 forms	 of	 sublobar	 resection	 together	 (often	 including	 good-risk	 patients	 with	 low-risk
tumors	together	with	poor-risk	patients	with	high-risk	tumors).	Furthermore,	data	suggests	that	limited	pulmonary
reserve	correlates	primarily	with	perioperative	mortality,	whereas	long-term	functional	limitations	are	usually	due
to	 random	unpredictable	 events.	The	ACCP	guideline	 recommends	 caution	 about	undertaking	 lobectomy	 if	 the
predicted	postoperative	forced	expiratory	volume	in	first	second	of	expiration	(FEV1)	or	postoperative	diffusing
capacity	of	lung	for	carbon	monoxide	(DLCO)	is	<30%,	or	functional	capacity	is	<22	meters	on	a	stairclimbing
test.357	Such	patients	should	undergo	a	formal	exercise	test	and	a	careful	multidisciplinary	evaluation.	Although
lobectomy	 may	 still	 be	 found	 to	 be	 appropriate,	 other	 options	 such	 as	 a	 segmentectomy,	 wedge,	 SBRT,	 or
radiofrequency	ablation	(RFA)	should	also	be	considered.357	Multidisciplinary	decision	making	is	crucial	because
there	are	many	aspects	that	must	be	taken	into	account	(e.g.,	how	functional	the	portion	of	lung	is	that	contains	the
cancer,	technical	issues	with	doing	either	surgery,	SBRT	or	RFA,	and	issues	related	to	confirming	the	stage	of	the
patient).

Sublobar	resection	undertaken	as	a	compromise	due	to	poor	pulmonary	reserve	cannot	be	compared	to	sublobar
resection	 undertaken	 electively	 because	 of	 favorable	 tumor	 characteristics.	 The	 available	 studies	 show	 that	 the
perioperative	mortality	for	a	sublobar	resection	 in	compromised	patients	 is	0%	to	3%	with	VATS187,362–365	 and
4%	to	8%	with	 thoracotomy.187,362–364	Temporary	perioperative	pulmonary	complication	 rates	were	acceptable:
12%	to	26%	with	VATS187,362–365	and	18%	to	46%	with	thoracotomy.187,362–364	The	issue	is	primarily	one	of	long-
term	 results.	 In	 the	ACCP	guideline	 review,	5-year	 survival	 after	 segmentectomy/wedge	 for	 stage	 I	NSCLC	 in
compromised	patients	ranged	from	40%	to	70%;	the	recurrence	rate	after	sublobar	resection	was	0%	to	18%.174	In
one	of	the	few	series	to	specifically	compare	(retrospectively)	compromised	patients	undergoing	segmentectomy
versus	wedge,	the	5-year	survival	was	better	for	segmentectomy	(80%	versus	48%,	P	=	.005)	and	the	recurrence
rate	 was	 lower	 (16%	 versus	 55%,	 P	 =	 .001).366	 In	 conclusion,	 when	 surgery	 was	 judged	 to	 be	 feasible	 in
compromised	patients,	a	sublobar	resection	could	be	accomplished	quite	safely	(mortality	approximately	5%)	and
the	long-term	outcomes	were	reasonable,	especially	for	segmentectomy,	which	appears	to	be	better	than	a	wedge
resection.

Nonsurgical	Treatment



Nonsurgical	treatment	options	have	emerged	for	compromised	patients.	SBRT	has	received	the	most	attention.	In
contrast	to	conventionally	fractionated	radiation	therapy,	which	uses	small	daily	fractions	over	the	course	of	6	or
more	weeks,	an	SBRT	treatment	plan	 typically	delivers	a	much	higher	biologically	effective	dose	over	 three	 to
five	 treatment	 visits.	 This	 requires	 a	 high	 degree	 of	 precision	 to	 avoid	 delivering	 the	 increased	 dose	 to	 the
surrounding	 tissue.	For	 lung	cancer,	 this	means	highly	 reproducible	 immobilization,	management	of	 respiratory
motion,	and	accurate	 localization	during	treatment	delivery.	The	result	 is	markedly	higher	rates	of	 local	control
and	survival,	and	markedly	lower	toxicity,	when	compared	to	conventional	RT.

Because	 SBRT	 is	 well	 tolerated,	 does	 not	 require	 general	 anesthesia,	 and	 results	 in	 minimal	 damage	 to
surrounding	lung,	it	has	been	used	primarily	in	the	management	of	early-stage	lung	cancers	in	patients	who	could
not	 tolerate	 surgical	 resection	 of	 any	 type.	 In	 general,	 these	 appear	 to	 have	 been	 rather	 severely	 compromised
patients	in	reported	studies.	The	diagnosis	of	lung	cancer	was	confirmed	in	about	75%	of	patients	(range,	30%	to
100%).	In	many	of	the	studies,	the	cases	not	confirmed	by	biopsy	were	clinically	diagnosed	as	lung	cancer	by	a
multidisciplinary	tumor	board	on	the	basis	of	growth	and/or	PET	activity.	The	lesions	treated	appear	to	have	been
primarily	solid	typical	lung	cancers,	not	indolent,	ground	glass	tumors,	or	screening-detected	cancers.	The	median
tumor	size	has	generally	been	2	to	3	cm.	Survival	is	approximately	60%	at	2	years	(45%	to	79%)	and	40%	at	5
years	 (24%	 to	50%).174	Cancer-specific	 survival	 is	 approximately	75%	at	2	years	 (50%	 to	90%)	and	60%	at	5
years	(34%	to	73%).174	Disease	control	at	the	primary	tumor	site	is	approximately	90%	at	2	years	(83%	to	100%).
The	most	mature	prospective	data	comes	from	the	RTOG	0236,367	which	has	been	reported	with	median	4	years
follow-up	(7	years	in	alive	patients).	This	study	was	limited	to	biopsy-proven	NSCLC,	<5	cm	in	size,	in	patients
who	were	medically	ineligible	for	surgery.	The	4-year	local	control	was	93%.	The	4-year	OS	was	40%,	but	most
patients	died	of	noncancer	causes.	Grade	3	or	greater	toxicity	was	seen	in	23%	of	patients.367

Early	prospective	 trials	 suggested	 that	SBRT	 is	 associated	with	 a	higher	 risk	of	moderate	 to	 severe	 adverse
events	in	central	or	perihilar	tumors.	However,	there	are	several	published	examples	of	safe	SBRT	schedules	for
such	patients,	all	delivering	a	somewhat	lower	biologically	effective	radiation	dose	than	that	described	previously
in	 the	RTOG	0236.368–371	Taken	 together,	 the	cumulative	experience	 in	SBRT	for	central	 lung	 tumors	suggests
that	 the	 use	 of	more	 protracted	 fractionation,	 lower	 dose,	 and	 prioritizing	 normal	 tissue	 dose	 constraints	 over
target	volume	coverage	appear	to	reduce	the	risk,	but	there	is	a	suggestion	that	this	comes	at	the	cost	of	somewhat
lower	local	control.	The	RTOG	0813	was	a	phase	I/II	dose	escalation	study	of	SBRT	in	central	tumors	that	has
completed	accrual	and	reached	the	highest	dose	level	of	60	Gy	in	five	fractions;	full	publication	of	the	results	will
further	inform	treatment	of	these	high-risk	patients.

The	 encouraging	 local	 control	 rates	 with	 SBRT	 in	 compromised	 patients	 raise	 the	 question	 of	 how	 SBRT
compares	 to	 resection	 in	 healthy	 patients	 who	 would	 be	 able	 to	 tolerate	 a	 lobectomy.	 OS	 results	 have	 been
reported	in	a	pooled	analysis	of	two	RCTs	that	involved	operable	patients	with	eighth	edition	stage	cI	NSCLC	(<4
cm).372	 However,	 both	 studies	 had	 been	 stopped	 prematurely,	 after	 accrual	 of	 only	 22	 and	 36	 patients.	 No
differences	were	 noted	 in	 recurrence	 patterns	 or	 3-year	 recurrence-free	 survival	 (86%	 after	 SBRT	 versus	 80%
after	surgery,	P	=	.54),	but	3-year	OS	was	better	after	SBRT	(95%	versus	79%,	P	=	.037).	Given	the	small	sample
size,	it	is	unclear	if	these	results	will	hold	up.	Several	database	studies	have	been	reported,	but	most	were	limited
in	 their	 ability	 to	adjust	 for	potential	 confounders	 (e.g.,	patient	 selection).	A	possibly	only	 slightly	confounded
analysis	of	the	NCDB	was	restricted	to	patients	with	no	comorbidities,	cI	NSCLC,	who	received	either	lobectomy
or	 full-dose	SBRT	 (biologically	 effective	 dose,	 100	 to	 200	Gy).373	 Propensity	matching	 for	 >20	 variables	was
done	 (including	 essentially	 all	 known	 prognostic	 factors)	 as	 well	 as	 several	 sensitivity	 analyses	 and	 subset
analyses	to	confirm	the	results.	Among	1,781	propensity-matched	pairs,	OS	was	better	after	lobectomy	(5-year	OS
of	59%	versus	29%,	P	<	.001).373	At	this	point,	clinical	guidelines	do	not	recommend	SBRT	for	healthy	patients
able	to	undergo	lobectomy.

There	is	much	less	data	for	RFA,	but	reported	OS	is	approximately	80%	at	2	years	and	30%	at	5	years	(20%	to
61%),	with	local	control	at	the	primary	tumor	site	being	achieved	in	approximately	60%	(58%	to	92%).	It	is	very
difficult	 to	compare	outcomes	of	patients	 treated	surgically	 to	 those	 treated	with	SBRT	or	RFA—the	degree	of
comorbidity	 is	different,	 the	confirmation	of	stage	and	diagnosis	 is	different,	and	 the	definition	of	 local	control
outcomes	are	different.	Randomized	studies	are	ongoing.

In	 summary,	 surgical	 resection	 remains	 the	 standard	 for	 stage	 cI	NSCLC.	This	 should	 involve	 a	 lobectomy
with	at	least	a	systematic	mediastinal	node	sampling	and	should	be	performed	by	VATS	in	an	experienced	center.
Tumors	that	are	amenable	to	a	sublobar	resection	(with	attention	to	adequate	margins)	are	primarily	GGO	lesions
<2	cm;	the	data	for	small	solid	tumors	or	in	elderly	patients	is	not	clear.	In	patients	with	limited	pulmonary	reserve
who	are	considered	poor	risk	for	lobectomy,	segmentectomy	can	be	accomplished	safely	in	selected	patients	with
good	 long-term	 outcomes.	 A	 wedge	 resection	 is	 probably	 oncologically	 similar	 to	 nonsurgical	 treatment.



Dr. AVR @ TMH

Although	survival	 results	appear	slightly	better	 for	wedge	resection	 than	SBRT,	any	comparison	 is	confounded
because	the	patients,	tumors,	and	workup	are	quite	different.	However,	the	results	of	such	interventions	appear	to
be	 good	 enough	 to	 justify	 their	 use	 and	 appear	 to	 be	 better	 than	 that	 of	 completely	 untreated,	 conventionally
detected	stage	I	NSCLC.

Stage	II	N1-Positive	Tumors	(T1,2	N1)
The	 recommended	 treatment	 for	 clinical	 stage	 II	 NSCLC	 without	 major	 comorbidities	 is	 surgical	 resection
followed	 by	 adjuvant	 chemotherapy.164,174	 Surgery	 has	 been	 the	 mainstay	 of	 treatment	 for	 many	 decades;	 an
additional	 benefit	 to	 adjuvant	 chemotherapy	 has	 been	 demonstrated	more	 recently	 (discussed	 in	 the	 following
text).	The	ACCP	recommends	that	patients	be	evaluated	by	a	thoracic	surgeon	with	a	focus	on	lung	cancer	and	be
discussed	in	a	multidisciplinary	forum	(grade	IB).174	This	is	the	standard	in	many	European	countries	as	well.

In	the	eighth	edition	IASLC	database,	the	5-year	survival	was	60%	for	cIIA	and	53%	for	cIIB.	Survival	was
65%	for	pIIA	and	56%	for	pIIB.374	These	patients	were	diagnosed	and	treated	between	1999	and	2010.	In	a	meta-
analysis	of	patients	receiving	resection	plus	adjuvant	chemotherapy,	the	5-year	survival	was	estimated	to	be	45%
for	 stage	 II	 NSCLC	 (mostly	 fifth	 edition).375	 In	 stage	 II	 NSCLC,	 approximately	 75%	 of	 deaths	 are	 due	 to
recurrence.376,377

At	the	time	of	resection,	the	ACCP	suggests	that	a	formal	mediastinal	node	dissection	be	performed	(grade	2B)
because	 there	 is	 some	data	 suggesting	 that	 survival	may	be	 improved.174	 Selective	 sampling	 of	 only	 abnormal
appearing	nodes	is	clearly	substandard	and	does	not	accurately	define	the	pathologic	stage.	There	is	no	difference
in	 the	accuracy	of	stage	definition	between	a	systematic	mediastinal	node	sampling	and	a	complete	mediastinal
node	dissection.174,339,341	However,	 there	 is	 a	 suggestion	 that	 survival	 and	 recurrence	 is	 better	 after	 a	 complete
node	 dissection	 from	 randomized	 and	 nonrandomized	 studies.174,339,341,378,379	 Although	 substandard	 node
assessment	at	the	time	of	resection	has	been	common,	it	should	no	longer	be	accepted	given	the	data	and	value	of
adjuvant	chemotherapy.

Stage	 II	 NSCLC	 primarily	 involves	 either	 hilar	 (N1)	 nodes	 or	 a	 central	 (hilar)	 primary	 tumor.	 Whenever
possible,	a	sleeve	resection	should	be	performed	as	opposed	to	a	pneumonectomy.174	A	sleeve	resection	involves
resection	of	a	portion	of	the	bronchus	to	the	lung	with	an	end-to-end	anastomosis	of	the	main	bronchus	to	that	of
the	 uninvolved	 lobes	 of	 the	 lung.	 The	 same	 can	 be	 done	 for	 the	 pulmonary	 artery.	 Although	 the	 data	 is
retrospective	and	subject	 to	potential	confounding	by	other	 factors,	 several	 reviews	have	found	 lower	operative
mortality	and	complications	for	sleeve	resection	versus	pneumonectomy,	equivalent	or	better	long-term	survival,
lower	recurrence	rates,	and	better	QOL.174,380,381

Adjuvant	chemotherapy	is	clearly	indicated	after	complete	resection	of	stage	IIB	(N1)	NSCLC,	and	adjuvant
platinum-based	chemotherapy	is	recommended	by	the	ACCP	and	NCCN	clinical	guidelines.164,174	This	 is	based
on	 the	 results	 of	 several	 randomized	 trials	 and	 meta-analyses.178	 There	 is	 data	 suggesting	 that	 cisplatin-
vinorelbine	may	offer	the	best	efficacy	compared	with	other	doublets.178,382	Although	a	few	RCTs	have	not	been
positive,	they	have	generally	had	significant	flaws.174

The	benefit	of	adjuvant	therapy	rests	in	the	use	of	cisplatin-	based	combinations.178	Although	carboplatin	may
be	considered	an	alternative	for	patients	with	an	absolute	contraindication	to	cisplatin,	the	majority	of	candidates
for	adjuvant	chemotherapy	should	receive	cisplatin	 in	combination	with	vinorelbine,	docetaxel,	gemcitabine,	or
with	 pemetrexed	 in	 patients	with	 nonsquamous	 histology.	Although	 the	 bulk	 of	 the	 adjuvant	 data	 is	 based	 on
cisplatin-vinorelbine,	other	regimens	have	been	endorsed	by	the	National	Cancer	Institute.	It	is	assumed,	though
not	yet	demonstrated,	 that	 these	 regimens	have	comparable	efficacy	 in	 this	 setting	as	 in	more	advanced	stages.
Four	cycles	of	adjuvant	chemotherapy	are	typically	recommended.

Postoperative	 RT	 (PORT)	 is	 not	 recommended	 for	 completely	 resected	 NSCLC.164,174	 The	 PORT	 meta-
analysis	found	a	nonsignificant	survival	detriment	for	PORT	in	N1	patients.353	However,	techniques	of	RT	have
advanced	from	what	was	used	 in	many	studies	 included	 in	 the	PORT	meta-analysis,	and	 there	are	nuances	 that
may	be	important.	A	SEER	analysis	found	slightly	worse	survival	for	stage	II	patients	receiving	adjuvant	RT.356	A
subset	analysis	of	 stage	 II	patients	 in	 the	Adjuvant	Navelbine	 International	Trialist	Association	 (ANITA)	study
demonstrated	 a	 12%	 survival	 advantage	 of	 PORT	 in	 the	 no	 adjuvant	 chemotherapy	 arm	 but	 a	 16%	 survival
disadvantage	in	the	arm	receiving	adjuvant	chemotherapy.383	In	summary,	adjuvant	RT	should	not	be	used	after
complete	 resection	 of	 stage	 II	 NSCLC;	 although	 modern	 techniques	 may	 change	 this	 recommendation	 in	 the
future,	it	is	also	possible	that	better	adjuvant	chemotherapy	obviates	the	benefit	of	RT.

Preoperative	chemotherapy	is	not	recommended.	This	has	been	addressed	by	one	RCT	involving	stage	I	to	II



NSCLC,	although	about	two-thirds	of	the	patients	were	T2	N0	(fifth	edition,	meaning	≥3	cm	tumors	with	no	upper
limit);	624	patients	were	randomized	to	either	surgery	alone,	preoperative	chemotherapy,	or	surgery	and	adjuvant
chemotherapy	(three	cycles	of	paclitaxel/carboplatin).384	There	was	no	difference	in	OS	or	DFS	between	any	of
the	 arms.	 A	 subgroup	 analysis	 of	 eighth	 edition	 stage	 II	 (T3	 or	 N1)	 patients	 found	 no	 benefit	 to	 adjuvant
chemotherapy	versus	surgery	alone	in	this	subgroup	analysis	(HR,	1.01;	5-year	DFS,	37%	versus	35%;	P	=	.97),
and	 a	 suggestion	 of	 a	minor	 (nonsignificant)	 trend	 in	DFS	 favoring	 preoperative	 chemotherapy	 versus	 surgery
alone	 (HR,	 0.88;	 95%	CI,	 0.69	 to	 1.12;	 5-year	DFS,	 41%	 versus	 35%;	P	 =	 .31).	 However,	 given	 the	 limited
number	of	patients,	this	is	inconclusive.384

In	the	setting	of	a	positive	bronchial	margin,	PORT	is	recommended	by	the	ACCP	and	NCCN,	although	there
is	limited	data	addressing	this.164,174	A	carefully	done	multivariate	analysis	of	NCDB	data	suggested	that	PORT
was	beneficial	in	R1,2	N1	tumors	(after	extensively	accounting	for	confounding	factors).385

Locally	Invasive	Tumors	(T3,4	N0,1)
Certain	 tumors	are	characterized	 local	 invasiveness	 (or	 size).	Although	 they	are	classified	as	 stage	 IIB	or	 IIIA,
they	may	be	biologically	different	than	tumors	distinguished	primarily	by	nodal	involvement.

T3	N0,1
T3	N0	M0	tumors	are	classified	as	stage	IIB,	whereas	T3	N1	M0	tumors	are	stage	IIIA.61	Most	commonly,	this
involves	tumors	that	are	locally	invasive	into	adjacent	structures,	with	the	chest	wall	being	the	most	common	site.
The	presence	or	absence	of	pain	is	probably	the	best	indicator	of	subtle	chest	wall	involvement.	In	patients	with
cT3	 N0	 M0	 tumors,	 the	 ACCP	 and	 NCCN	 guidelines	 suggest	 imaging	 for	 potential	 distant	 metastases	 and
invasive	 mediastinal	 staging	 to	 detect	 possible	 occult	 N2,3	 involvement,	 although	 the	 incidence	 of	 such
involvement	is	not	well	defined.164,386

Surgical	resection	is	the	recommended	therapy	for	T3	N0,1	M0	NSCLC	involving	the	chest	wall.164,386	The	5-
year	survival	after	an	en	bloc	complete	resection	is	consistently	50%	to	60%	for	T3	N0	M0	tumors,	whereas	it	is
<5%	with	no	resection	or	an	incomplete	resection	(even	with	adjuvant	RT).386	Because	a	discontinuous	(versus	en
bloc)	 resection	 is	 associated	 with	 worse	 outcomes,	 there	 should	 be	 a	 low	 threshold	 to	 chest	 wall	 resection
whenever	there	is	suspicion	of	involvement.	Several	retrospective	studies	of	completely	resected	patients	found	no
difference	 in	 OS	 or	 recurrence	 with	 or	 without	 PORT387,388	 with	 one	 exception.389	 Currently,	 postoperative
chemotherapy	 or	 RT	 for	 completely	 resected	 T3	 chest	 wall	 tumors	 is	 not	 recommended,	 although	 the	 data	 is
limited.386

The	5-year	survival	for	other	resected	T3	N0	tumors	(i.e.,	involving	the	mainstem	bronchus	or	other	central	T3
structures)	appears	to	be	slightly	lower	at	about	25%	to	30%.390,391	Careful	stage	evaluation	followed	by	resection
is	the	recommended	approach.	There	is	no	data	that	defines	the	role	of	adjuvant	therapy	after	complete	resection.
Nevertheless,	 the	 NCCN	 guidelines	 recommend	 adjuvant	 chemotherapy	 for	 all	 T3	 N0,1	 tumors	 after	 an	 R0
resection,	without	providing	any	data	or	details.164	The	ACCP	guidelines	do	not	address	this	question.

Pancoast	Tumors
Pancoast	tumors	are	lung	cancers	that	invade	the	structures	of	the	thoracic	inlet	(i.e.,	the	first	rib,	brachial	plexus,
subclavian	 vessels,	 or	 upper	 thoracic	 spine).386,392	 These	 tumors	 typically	 present	 with	 shoulder	 or	 arm	 pain;
however,	pain	down	the	arm	or	a	Horner	syndrome	is	not	required	to	classify	a	tumor	as	a	Pancoast	tumor.	The
key	feature	is	the	involvement	of	structures	in	a	complex	area	that	raises	challenges	for	local	treatment.	There	is
no	 direct	 data,	 but	 given	 the	 treatment	 challenges,	 it	 is	 recommended	 that	 imaging	 for	 distal	 metastases	 and
invasive	mediastinal	staging	be	done	routinely.386

The	standard	treatment	for	localized	tumors	is	concurrent	chemoradiation	followed	by	resection.386,393	This	is
based	on	several	phase	II	studies	that	have	shown	better	complete	resection	rates	and	lower	local	recurrence	when
compared	with	historical	series	using	preoperative	RT	alone.386	The	chemotherapy	regimen	typically	 involves	a
platinum	doublet	(e.g.,	cisplatin,	etoposide),	and	usually	45	Gy	of	RT	is	given,	although	higher	doses	may	also	be
safe.386

Surgical	resection	of	Pancoast	tumors	has	advanced,	with	a	better	understanding	of	the	anatomy	of	the	anterior,
middle,	and	posterior	portions	of	 the	 thoracic	 inlet,	and	the	advent	of	different	surgical	approaches	 that	address
particular	 problems	 associated	 with	 each	 of	 these	 locations.392	 Furthermore,	 techniques	 allowing	 extended
resections	 have	 developed.	 In	 specialized	 institutions,	 resection	 and	 reconstruction	 of	 subclavian	 vessels	 or
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vertebral	bodies	can	be	accomplished	safely.	The	 long-term	survival	of	 such	 resections	 is	encouraging	 (20%	to
40%);	this	is	usually	combined	with	pre-	or	postoperative	additional	chemotherapy	or	RT.394–399	Resection	should
involve	a	lobectomy	and	all	involved	structures;	it	is	crucial	to	achieve	a	complete	resection,	and	surgery	should
only	be	undertaken	in	an	institution	with	the	ability	to	carry	out	resection	of	whatever	is	encountered.

The	 outcomes	 of	 neoadjuvant	 chemoradiotherapy	 followed	 by	 resection	 have	 found	 an	R0	 resection	 rate	 of
approximately	 90%	 and	 a	 pathologic	 complete	 response	 rate	 of	 approximately	 50%.386	 The	 average	 5-year
survival	was	approximately	55%	(range,	37%	to	84%),	and	the	average	local	recurrence	rate	was	6%.	However,	it
must	be	noted	that	approximately	20%	of	patients	enrolled	in	these	studies	dropped	out	for	various	reasons	and	are
not	included	in	the	outcomes	reported.	Approximately	one-third	of	the	enrolled	patients	had	T4-invasive	tumors,
and	only	a	few	had	N2,3	nodal	involvement.386	In	contrast,	5-year	survival	of	patients	treated	with	preoperative
RT	and	resection	is	approximately	25%,	with	about	one-third	having	an	incomplete	resection	and	about	two-thirds
experiencing	a	local	recurrence.

If	resection	cannot	be	accomplished,	curative-intent	 treatment	with	chemoradiotherapy	should	be	considered,
as	suggested	by	ACCP	and	NCCN	guidelines.164,386	If	palliation	is	the	goal,	RT	is	suggested,	which	is	effective	in
relieving	pain	in	about	75%	of	patients.386

T4	N0,1
Most	patients	with	involvement	of	T4	structures	have	involvement	of	N2,3	nodes;	these	patients	should	be	treated
with	 chemoradiotherapy	 just	 like	 patients	with	 infiltrative	 stage	 III	 (N2,3)	NSCLC.	However,	 there	 is	 a	 small
number	of	patients	with	tumors	that	are	locally	invasive	but	without	significant	nodal	involvement	(T4	N0,1	M0).
Surgical	techniques	have	advanced	significantly	so	that	T4	structures	such	as	the	carina,	SVC,	aorta,	and	vertebral
column	 can	 be	 resected	 and	 reconstructed	 relatively	 safely.	 Resection	 appears	 reasonable	 even	 when
cardiopulmonary	bypass	is	needed:	in	a	review	of	all	reported	cases	the	perioperative	mortality	rate	was	0%	and
the	5-year	survival	was	37%.400	However,	 these	remain	major	surgical	 interventions	and	should	be	reserved	for
specialized	 centers.	Reports	 from	 such	 centers	 demonstrate	 perioperative	mortality	 rates	 of	 approximately	10%
(lower	 in	more	 recent	 reports),	with	5-year	 survival	 rates	 of	 approximately	30%.386	 These	 long-term	 outcomes
appear	 to	be	better	 than	what	 is	 reported	 in	series	of	T4	patients	 treated	with	definitive	chemoradiotherapy,	but
this	observation	must	be	made	with	recognition	that	the	resected	patients	are	probably	more	highly	selected.

In	patients	with	cT4	N0,1	M0	tumors,	a	careful	search	for	distant	metastases	and	invasive	mediastinal	staging
is	suggested.386	The	incidence	of	occult	N2,3	node	involvement	is	not	well	documented,	but	many	series	include	a
substantial	 proportion	 of	 patients	 who	 were	 found	 to	 be	 pN2.	 The	 presence	 of	 N2,3	 disease	 is	 a	 negative
prognostic	factor	in	many	(but	not	all)	studies.386

The	role	of	preoperative	chemotherapy	or	chemoradiotherapy	is	not	well	defined,	but	limited	data	suggests	it
may	be	of	benefit.401–403	The	data	generally	demonstrates	high	 rates	of	 complete	 resection	 and	good	 long-term
survival	rates	after	preoperative	therapy.	Although	this	data	cannot	disentangle	the	effect	of	selection	from	that	of
treatment,	 it	does	suggest	 that	preoperative	 therapy	should	be	considered	when	combined	with	 the	more	 robust
data	 for	 stage	 IIIA	 (N2)	 patients	 demonstrating	 that	 preoperative	 therapy	 is	 better	 than	 primary	 surgical
resection.404

The	eighth	edition	of	the	stage	classification	classifies	tumors	≥7	cm	as	T4,	even	without	invasion	into	adjacent
structures.	A	few	studies	have	 investigated	 the	 impact	of	size	 in	 large	cancer	databases.405–407	Among	T4≥7	N0
tumors,	the	use	of	preoperative	therapy	was	not	associated	with	significantly	better	survival;	negative	prognostic
factors	were	age	and	a	size	of	>10	cm.406	For	T4≥7	N1	tumors,	the	best	outcomes	were	seen	after	a	combination	of
surgical	resection	and	adjuvant	chemotherapy;	negative	prognostic	factors	by	multivariate	analysis	included	a	size
of	>10	cm	and	the	need	for	pneumonectomy.407

Stage	III	(N2,3)
Stage	III	with	mediastinal	node	involvement	encompasses	a	large	group	of	patients;	discussion	of	management	of
these	patients	is	aided	by	division	into	several	subgroups.	Although	there	are	many	ways	to	divide	this,	we	find
that	 the	 method	 used	 by	 the	 ACCP	 is	 simple,	 practical,	 and	 lends	 itself	 to	 clinical	 application.404,408	 We
distinguish	 patients	 with	 “incidental	 N2”	 disease,	 meaning	 there	 was	 no	 reason	 to	 suspect	 N2	 involvement
preoperatively,	but	it	is	nevertheless	found	intra-	or	postoperatively	(cN0).	The	next	group	is	patients	with	discrete
N2,3	node	involvement.	Such	nodes	can	be	individually	distinguished	and	measured	and	are	suspicious	either	due
to	enlargement,	PET	activity,	or	because	of	a	central	primary	tumor	or	N1	involvement	(which	correlates	with	an



approximately	 25%	 chance	 of	 occult	 N2,3	 involvement).133	 These	 patients	 are	 distinguished	 from	 those	 with
infiltrative	 stage	 IIIA,B	disease,	 in	which	matted	nodes	or	 tumor	 infiltration	makes	distinction/measurement	of
individual	 nodes	 difficult.	 This	 categorization	 can	 be	 easily	 defined	 clinically	 and	 provides	 a	 structure	 for
discussion.

Incidental	Stage	IIIA	(N2)
Patients	 in	whom	N2	disease	 is	 not	 suspected	but	nevertheless	 found	post-	 or	 intraoperatively	 are	 classified	 as
incidental	N2.408,409	It	is	assumed	that	appropriate	staging	for	distant	or	mediastinal	nodes	has	been	done.	If	N2	is
discovered	intraoperatively	in	a	patient	with	clinical	signs	pointing	to	possible	N2	involvement	(enlarged	or	PET-
positive	N1	to	N3	nodes)—in	other	words	an	inadequately	preoperatively	staged	patient—the	ACCP	suggests	it	is
better	to	abort	the	resection	and	proceed	first	with	appropriate	staging.404	The	data	and	recommendations	 in	 the
following	sections	only	apply	to	patients	who	are	incidental	N2	despite	appropriate	preoperative	stage	evaluation.

Postoperative	Chemotherapy.	Both	the	ACCP	and	NCCN	guidelines	recommend	adjuvant	chemotherapy	for
completely	 resected	 stage	 IIIA	 (N2)	 disease.164,404	 This	 is	 based	 on	 the	 results	 of	many	RCTs	 conducted	 over
several	decades;	assessment	in	aggregate	is	somewhat	hampered	by	the	inclusion	of	patients	with	various	amounts
of	disease,	different	chemotherapy	regimens,	and	general	advancements	in	medical	care	and	staging	methods.	An
earlier	 meta-analysis	 demonstrated	 a	 survival	 detriment	 with	 adjuvant	 alkylating	 chemotherapy	 (therefore	 no
longer	used),	whereas	platinum-based	chemotherapy	produced	an	improvement	in	survival	of	5%	at	5	years	(P	=
.08).252	The	LACE	meta-analysis178	 included	4,584	patients	 treated	on	 the	 five	 largest	platinum-based	adjuvant
trials	(ALPI,	ANITA,	BLT,	IALT,	and	JBR-10),	and	revealed	an	absolute	5-year	OS	benefit	of	5.4%.	Four	of	the
studies	included	stage	III	disease;	there	were	a	total	of	760	patients	with	N2	lymph	nodes.	There	was	a	significant
survival	 benefit	 in	 patients	 with	 stage	 II	 and	 III	 disease	 (but	 no	 benefit	 in	 stage	 I).	 There	 appeared	 to	 be	 no
difference	between	vinorelbine,	etoposide,	vinca	alkaloids,	or	other	agents	when	combined	with	cisplatin.

Postoperative	Radiotherapy.	 The	 ACCP	 suggests	 adjuvant	 RT	 when	 the	 concern	 about	 local	 recurrence	 is
high.404	The	NCCN	suggests	 that	 adjuvant	RT	 sequentially	 after	 adjuvant	 chemotherapy	may	be	 an	option	but
does	not	specify	further	how	to	make	this	decision.164	This	reflects	that	the	indications	for,	and	benefit	of,	PORT
are	 subject	 to	 debate,	 stemming	 from	 a	 paucity	 of	 data	 involving	 contemporary	 stage	 evaluation	 and	 RT
techniques.	We	are	 forced	 to	 extrapolate	 from	 indirect	data,	 studies	 involving	a	mixture	of	RT	 techniques	or	 a
poorly	 defined	mixture	 of	 patients.	 The	 older	RCTs	 are	 associated	with	 uncertainty	 regarding	 how	much	 they
reflect	a	possible	benefit	from	RT	versus	a	possible	detriment	from	toxicity	that	appears	to	be	more	prevalent	with
older	RT	techniques.

In	 resected	 stage	 III	 (N2)	 patients	 in	 a	 large	 retrospective	 SEER	 analysis	 (1988	 to	 2002)356	 PORT	 was
associated	with	a	significant	improvement	in	5-year	OS	(27%	versus	20%,	P	=	.0036).	This	retrospective	analysis
lacks	details	about	patient	characteristics,	the	completeness	of	the	resection	(R	status),	how	the	treatment	approach
was	 selected,	 or	 details	 of	 the	 treatment	 given.	 A	 follow-up	 SEER	 study	 supported	 that	 treatment-related
morbidity	 was	 declining	 as	 radiation	 techniques	 improved,	 possibly	 allowing	 a	 survival	 benefit	 to	 emerge.410
Specifically,	 PORT	 was	 associated	 with	 increased	 cardiac	 mortality	 in	 patients	 with	 stage	 II	 or	 III	 NSCLC
between	1983	and	1988	(HR,	1.49)	but	not	in	patients	treated	between	1989	and	1993	(HR,	1.08;	not	statistically
significant).	Similarly,	a	recent	study	of	randomized	PORT	trials	found	a	survival	benefit	associated	with	PORT
(an	absolute	increase	of	13%	at	5	years)	when	delivered	with	linear	accelerators	but	not	when	delivered	with	older
cobalt	units	(decreased	local	recurrence	was	noted	in	both	groups).411	An	analysis	of	patients	in	the	ANITA	study
(1994	to	2000)	suggested	a	survival	benefit	in	the	pN2	patients	who	received	PORT	in	both	arms	(with	or	without
adjuvant	 chemotherapy).383	 Similarly,	 a	 retrospective	 analysis	 of	 the	 NCDB	 (1998	 to	 2006)	 found	 a	 survival
benefit	for	PORT	in	R0	resected	N2	patients	(5-year	OS,	34%	versus	28%;	P	<	.001).412

For	 incompletely	 resected	 N2	 NSCLC	 patients	 adjuvant	 PORT	 is	 suggested,	 ideally	 concurrently	 with
chemotherapy.	 The	 major	 study	 addressing	 this	 is	 an	 NCDB	 analysis	 of	 3,395	 such	 patients.385	 This	 was	 a
carefully	 done	 analysis	 involving	 21	 potential	 confounding	 factors,	 a	 landmark	 analysis	 to	 account	 for	 a	 poor
postoperative	state,	several	sensitivity	analyses,	and	propensity	matching;	thus,	this	can	be	viewed	as	a	possibly
not	confounded	nonrandomized	comparison.337	The	study	demonstrated	a	 survival	advantage	 for	PORT	 in	pN2
patients	(HR,	0.73;	P	=	 .02)	by	multivariate	analysis	 (also	 in	all	patients	 [pN0	 to	pN2	HR,	0.8;	P=	.02]	and	 in
multiple	sensitivity	and	propensity-matched	analyses).385

In	 summary,	 older	RCTs	 of	 PORT	 are	 not	 directly	 informative	 because	 they	 included	 a	mixture	 of	 tumors
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(mostly	stage	I)	and	older	RT	techniques.354	Several	retrospective	studies	suggest	a	survival	benefit	of	PORT	in
N2	patients	using	more	modern	techniques,	but	most	should	be	viewed	as	either	clearly	or	probably	confounded
nonrandomized	comparisons.337	Given	that	adjuvant	chemotherapy	is	supported	by	RCTs,	adjuvant	RT	should	not
be	given	in	a	way	that	undercuts	the	ability	to	deliver	adjuvant	chemotherapy.	This	is	the	basis	for	the	suggestion
to	consider	PORT	sequentially	after	adjuvant	chemotherapy	has	been	delivered	in	completely	resected	N2	NSCLC
patients.

Postoperative	 Chemoradiotherapy.	 Shen	 et	 al.413	 reported	 results	 of	 an	 RCT	 of	 adjuvant	 paclitaxel	 and
cisplatin	with	or	without	RT	in	135	completely	resected	stage	IIIA	(N2)	NSCLC	patients.	A	trend	toward	better	5-
year	OS	 for	 adjuvant	 chemoradiotherapy	versus	 chemotherapy	was	 seen	 (38%	versus	28%,	P	 =	 .07),	 but	 poor
accrual	makes	 the	 study	 inconclusive.	 There	was	 a	 significant	 decrease	 in	 local	 and	 distant	 relapse	 in	 the	 RT
group,	and	in	the	subgroup	of	patients	with	two	or	more	lymph	nodes	positive,	there	was	an	improvement	in	OS.

Single-arm	 prospective	 studies	 have	 established	 the	 efficacy	 and	 safety	 of	 PORT	 with	 concurrent
chemotherapy,414,415	 and	 several	 randomized	 studies	have	evaluated	PORT	with	or	without	 chemotherapy.	The
addition	 of	 concurrent	 chemotherapy	 to	 PORT,	 compared	 to	 PORT	 alone,	 does	 not	 appear	 to	 improve	 local
control,	DFS,	or	OS.416–418	A	comparison	of	sequential	to	concurrent	chemotherapy	with	PORT	showed	increased
toxicity,	without	an	increase	in	OS,	with	concurrent	therapy.419

Taken	 together,	 the	 data	 suggest	 that	 it	 is	 unclear	 whether	 there	 is	 a	 benefit	 to	 concurrent	 adjuvant
chemoradiotherapy	 (and	 possibly	 greater	 toxicity	 with	 concurrent	 therapy)	 in	 completely	 resected	 patients.
Adjuvant	concurrent	chemoradiotherapy	for	completely	resected	stage	IIIA	(N2)	disease	is	not	recommended	by
either	the	ACCP	or	NCCN	guidelines.164,404

Discrete	N2	Node	Involvement
Discrete	 N2/N3	 involvement	 defines	 patients	 in	 whom	 individual	 mediastinal	 nodes	 can	 be	 identified	 and
measured	on	CT.	These	nodes	may	be	enlarged	on	CT	or	normal	sized	but	suspected	by	PET	uptake	or	by	other
characteristics	such	as	a	central	tumor	or	N1	node	involvement.404	The	terms	“resectable”	and	“unresectable”	are
specifically	avoided	because	they	are	notoriously	subjective	and	inaccurate;	for	example,	it	is	consistently	shown
that	 25%	 to	 35%	 of	 stage	 IIIA	 (N2)	 patients	 who	 are	 selected	 for	 surgery	 end	 up	 with	 an	 incomplete
resection.404,408

Such	patients	should	undergo	invasive	mediastinal	staging	to	confirm	N2	or	N3	involvement	(the	false-positive
rate	for	discrete	node	enlargement	on	CT	is	approximately	40%,	and	for	PET	positivity,	it	is	approximately	15%
to	20%).133	Furthermore,	such	patients	should	undergo	a	careful	evaluation	for	distant	metastases,	which	are	found
in	about	25%	despite	a	negative	clinical	evaluation.133	The	subsequent	discussion	assumes	that	appropriate	staging
evaluation	has	been	carried	out;	it	is	not	acceptable	to	proceed	to	resection	without	thorough	invasive	mediastinal
staging	 or	 imaging	 for	 distant	 metastases	 in	 patients	 in	 whom	 there	 is	 reasonable	 suspicion	 of	 N2	 node
involvement.133,408	The	results	reported	in	this	chapter	do	not	apply	to	patients	that	are	mismanaged	(i.e.,	in	whom
clinical	standards	for	stage	evaluation	prior	to	treatment	have	been	ignored).

In	evaluating	treatment	approaches	for	patients	with	discrete	N2	involvement,	it	is	best	to	focus	on	RCTs	or	on
intent-to-treat	analyses.	However,	the	literature	is	replete	with	reported	outcomes	of	particular	cohorts	of	patients;
these	cohorts	are	often	selected	by	characteristics	 that	can	only	be	defined	in	retrospect.	Although	these	studies
provide	 data	 on	 these	 specific	 cohorts,	 it	must	 be	 recognized	 that	 the	 outcomes	 represent	 not	 only	 a	 treatment
effect	but	also	most	prominently	the	effect	of	selection.	A	common	mistake	is	to	attribute	the	outcomes	entirely	to
the	 treatment	 and	 forget	 that	 the	 effect	 of	 treatment	 cannot	 be	 disentangled	 from	 that	 of	 selection.	 Another
common	mistake	 is	 to	 assume	 that	 the	 outcomes	 of	 patients	 who	 complete	 a	 treatment	 approach	 apply	 to	 all
patients	who	start	on	this	approach.	The	extent	of	attrition	and	its	effect	on	outcomes	is	perhaps	best	illustrated	in
an	 analysis	 of	 402	 preoperatively	 identified	 patients	with	N2	 involvement	who	were	 selected	 for	 preoperative
chemotherapy	with	planned	subsequent	surgery	(Fig.	48.13).420	Although	the	5-year	survival	of	the	patients	who
completed	the	planned	approach	was	approximately	50%,	this	represented	only	about	one-fourth	of	 the	original
group;	 the	 5-year	 survival	 of	 all	 patients	 selected	 for	 the	 treatment	 plan	 was	 only	 13%.	 Finally,	 it	 must	 be
emphasized	 that	 selection	 of	 a	 treatment	 approach	 must	 be	 based	 on	 factors	 that	 can	 be	 identified	 prior	 to
treatment;	the	outcomes	of	patients	according	to	factors	that	are	available	only	in	retrospect	are	useless	to	identify
how	to	select	patients	for	treatment.

Several	RCTs	 have	 compared	 initial	 surgical	 resection	 for	 proven	N2	 versus	 preoperative	 chemotherapy.404
These	have	generally	found	better	survival	 in	patients	given	preoperative	 therapy	(average	2-year	survival	40%



versus	29%,	5-year	survival	24%	versus	17%).404	However,	most	of	these	studies	were	underpowered	and	did	not
show	a	statistically	significant	difference.	A	2007	Cochrane	meta-	analysis	of	stage	III	patients	found	a	trend	to
better	 survival	 for	preoperative	platinum-based	chemotherapy	versus	 surgery	alone	 (HR,	0.73;	95%	CI,	0.51	 to
1.07;	P	=	.1).421

Figure	48.13	Fate	of	stage	IIIA	(N2)	patients	selected	for	neoadjuvant	therapy	and	resection
analysis	of	the	fate	of	402	good-risk	patients,	identified	as	having	histologically	proven	but	limited
N2	involvement,	who	were	selected	as	good	candidates	for	preoperative	chemotherapy	followed	by
planned	subsequent	surgery.	A:	Fate	of	all	patients	selected	for	this	treatment	approach.	B:	Five-

year	survival	of	subgroups	of	patients	based	on	subsequent	outcomes	and	events	during	the	planned
treatment.	EBUS,	endobronchial	ultrasound.	(From	Cerfolio	RJ,	Maniscalco	L,	Bryant	AS.	The

treatment	of	patients	with	stage	IIIA	non-small	cell	lung	cancer	from	N2	disease:	who	returns	to	the
surgical	arena	and	who	survives.	Ann	Thorac	Surg	2008;86[3]:912–920.)

Some	 groups	 have	 advocated	 that	 initial	 surgical	 resection	 is	 appropriate	 for	 some	 patients	 with	 N2
involvement.	This	argument	is	generally	made	citing	good	outcomes	for	cN0,1	patients	with	incidental	N2	after
resection422—this	 is	 not	 applicable	 to	 patients	 with	 N2	 disease	 confirmed	 or	 suspected	 preoperatively.	 A	 few
centers	 have	 published	 their	 results	 of	 preoperatively	 confirmed	 N2	 patients	 that	 were	 selected	 for	 primary
surgery:	The	average	5-year	survival	for	all	patients	selected	was	13%.404,423–425

In	summary,	the	data	suggests	that	selection	of	patients	with	good	outcomes	after	primary	surgery	has	not	been
demonstrated,	and	limited	data	suggests	that	outcomes	are	better	after	preoperative	therapy.	Neither	the	ACCP	nor
the	NCCN	guidelines	recommend	primary	surgery	for	confirmed	N2	involvement.164,404

However,	 it	must	be	recognized	that	some	of	the	data	is	relatively	old.	Techniques	of	mediastinal	evaluation
have	 progressed,	 at	 least	 in	 some	 institutions.	 The	 results	 of	 a	 microscopic	 deposit	 of	 cancer	 in	 an	 N2	 node
identified	via	video-assisted	mediastinal	lymphadenectomy	(VAMLA)	may	not	be	the	same	as	that	derived	from
older	literature.	Furthermore,	there	appear	to	be	regional	differences,	with	survival	being	better	for	cN2	patients	in
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Asia	 than	 North	 America	 or	 Europe.56,426	 However,	 no	 studies	 have	 defined	 how	 these	 factors	 can	 lead	 to
appropriate	selection	of	patients	for	primary	surgery.

Several	 RCTs	 have	 compared	 preoperative	 therapy	 followed	 by	 surgery	 versus	 chemoradiotherapy
alone.404,427–430	These	have	 found	no	significant	difference,	even	 in	adequately	powered	studies,	between	 these
approaches,	 although	 arguably	 one	 can	 interpret	 there	might	 be	 a	 slight	 trend	 to	 better	 survival	 in	 the	 surgical
arms.	 In	one	 larger	 study,	 a	 suggestion	of	better	outcomes	after	 treatment	was	 completed	was	offset	by	higher
treatment-related	mortality	 in	 the	 surgical	arm,	particularly	after	pneumonectomy	 (Fig.	48.14).427	However,	 the
perioperative	mortality	in	this	study	appears	to	have	been	significantly	higher	than	in	other	studies.431

Reflecting	these	results,	both	the	ACCP	and	NCCN	guidelines	suggest	that	either	definitive	chemoradiotherapy
or	 preoperative	 therapy	 followed	 by	 surgery	 are	 reasonable	 treatment	 options	 for	 patients	 with	 confirmed	 N2
disease.164,404	The	NCCN	does	not	suggest	how	one	might	choose	between	these;	the	ACCP	suggests	that,	given
similar	 outcomes,	 patient	 preferences	 should	 factor	 significantly	 in	 the	 decision.404	 Furthermore,	 the	 ACCP
suggests	that	the	treatment	strategy	should	be	decided	collectively	by	the	multidisciplinary	team	of	providers,	and
the	entire	proposed	treatment	plan	should	be	defined	at	the	outset.	Finally,	because	quality-of-care	aspects	appear
to	play	a	significant	role	(e.g.,	perioperative	mortality),	the	ACCP	suggests	that	multimodality	treatment	be	done
at	experienced	centers	that	track	their	outcomes	and	can	keep	treatment-related	morbidity	low.

Various	subgroups	of	patients	have	been	suggested	as	possibly	benefiting	from	a	multimodality	approach	that
includes	surgery,	such	as	those	with	“minimal”	N2	disease,	single	station	N2,	cN0,1,	younger,	good	surgical	risk
patients;	 those	 in	 whom	 mediastinal	 downstaging	 is	 achieved;	 those	 with	 radiographic	 response;	 and	 those
requiring	a	lobectomy.	However,	most	of	these	arguments	are	flawed,	based	on	evidence	of	prognostic	value	but
not	predictive	value	for	a	treatment	regimen	that	includes	surgery	or	because	they	are	based	on	factors	that	cannot
be	clearly	defined	pretreatment.	The	best	data	for	selection	of	a	cohort	 for	preoperative	 therapy	with	surgery	 is
patients	needing	a	lobectomy	(as	opposed	to	a	pneumonectomy),	although	this	is	based	on	an	unplanned	matched-
subgroup	 analysis	 in	 the	 study	 with	 an	 unusually	 high	 perioperative	 mortality	 after	 pneumonectomy.427	 An
alternative	interpretation	of	this	data	is	that	the	issue	is	not	actually	lobectomy	versus	pneumonectomy—these	are
only	markers	for	low	versus	high	perioperative	mortality	(at	least	in	this	particular	study).	The	conclusion	should
be	to	avoid	resection	as	part	of	the	treatment	strategy	when	there	is	a	substantial	risk	of	perioperative	mortality.

Figure	48.14	Trimodality	versus	bimodality	treatment	of	stage	IIIA	(N2)	lung	cancer	survival	of
patients	with	stage	IIIA	(N2)	non–small-cell	lung	cancer	treated	with	trimodality	chemotherapy	and
radiotherapy	followed	by	surgery	[CT/RT/S]	versus	bimodality	chemotherapy	and	radiotherapy
[CT/RT]	therapy	from	the	North	American	Intergroup	Study	0139.	The	initial	steeper	slope	of	the
trimodality	arm	demonstrates	the	importance	of	the	perioperative	mortality	rate	on	the	overall

results	of	trimodality	therapy.	A:	Progression-free	survival.	B:	Overall	survival.	(Reproduced	with
permission	from	Elsevier	Limited/Albain	KS,	Swann	RS,	Rusch	VW,	et	al.	Radiotherapy	plus

chemotherapy	with	or	without	surgical	resection	for	stage	III	non-small-cell	lung	cancer:	a	phase	III
randomised	controlled	trial.	Lancet	2009;374[9687]:379–386.)

Response	 to	 preoperative	 therapy	 is	 often	 cited	 as	 a	way	 to	 select	 patients	who	will	 benefit	 from	 resection.
Although	this	is	prognostic	(responders	do	better),	there	is	no	data	that	demonstrates	that	the	better	prognosis	is
affected	whether	resection	is	undertaken	or	not.404	Furthermore,	arguments	that	outcomes	are	poor	in	those	who
are	not	downstaged	are	confounded	because	most	of	the	nondownstaged	patients	are	not	resected.	Those	that	are
resected	despite	ypN2	involvement	have	a	5-year	survival	of	about	15%.404	Finally,	radiographic	response	by	CT
is	notoriously	inaccurate	to	define	downstaging,	and	invasive	methods	other	than	a	first-time	mediastinoscopy	are



associated	 with	 high	 false-negative	 rates.432	 The	 data	 regarding	 survival	 of	 downstaged	 patients	 relates	 to	 the
postoperative	stage.	Therefore,	the	ACCP	concludes	that	identification	of	patients	that	are	more	likely	to	benefit
from	surgical	resection	is	not	possible	at	this	time	based	on	pretreatment	characteristics.

There	is	also	debate	about	the	choice	of	preoperative	therapy	(chemotherapy	versus	chemoradiotherapy).	The
NCCN	 suggests	 either	 approach	 is	 acceptable;	 the	 ACCP	 does	 not	 address	 this	 issue.164,404	 This	 has	 been
addressed	 directly	 in	 one	RCT	 that	 compared	 preoperative	 chemoradiotherapy	 (cisplatinum/etoposide	 ×3,	 then
cisplatinum/vindesine	with	concurrent	RT	of	45	Gy)	versus	chemotherapy	(cisplatinum/etoposide	×3;	PORT	was
given	in	this	arm).433	Chemoradiotherapy	resulted	in	a	higher	rate	of	mediastinal	downstaging	(P	=	.02),	a	higher
incidence	of	a	“near	pathologic	complete	response”	(P	=	.001),	and	a	trend	to	a	lower	rate	of	incomplete	resection
(P	 =	 .08)	with	 no	 difference	 in	 treatment-related	mortality	 related	 to	 either	 the	 chemotherapy,	RT,	 or	 surgery.
However,	the	survival	of	the	two	treatment	arms	was	essentially	identical.433	Hence,	 there	 is	no	data	 to	support
one	preoperative	approach	over	another.

In	summary,	patients	with	confirmed	discrete	N2	involvement	should	not	undergo	primary	surgical	resection;
no	 specific	 subgroups	of	patients	have	been	documented	 for	whom	 this	 is	 appropriate.	The	 treatment	 approach
should	 involve	either	preoperative	 therapy	and	surgery	or	definitive	chemoradiotherapy.	The	outcomes	of	 these
two	 strategies	 appear	 to	 be	 similar,	 and	 factors	 such	 as	 patient	 preference	 as	 well	 as	 local	 expertise	 and
minimization	of	morbidity	and	mortality	should	play	a	major	role	in	deciding	on	a	treatment	approach.	Definition
of	subgroups	that	are	more	likely	to	benefit	from	the	inclusion	of	surgery	is	not	possible	from	the	available	data;
there	is	also	no	difference	between	preoperative	chemotherapy	versus	chemoradiotherapy.	The	treatment	approach
should	be	planned	collaboratively	with	involvement	of	all	relevant	disciplines.

Infiltrative	Stage	III
Patients	with	 involvement	of	 contralateral	 or	multistation	mediastinal	nodes,	 supraclavicular	nodes,	 or	multiple
clinically	 visible	 nodes	 on	 CT	 or	 PET/CT	 are	most	 commonly	 treated	with	 chemotherapy	 and	 radiation.	 This
reflects	not	only	the	challenges	in	approaching	these	surgically	but	also	the	inherently	higher	risk	of	subclinical
involvement	of	surrounding	regional	sites.	In	patients	with	good	PS,	concurrent	chemotherapy	and	radiation	has
become	 the	 standard-of-care	 approach.	 In	 patients	with	 poor	 PS	 or	 limiting	medical	 comorbidities,	 therapeutic
options	include	sequential	therapy,	RT	alone,	or	palliative	systemic	treatment.

Radiotherapy	Alone.	Before	the	widespread	use	of	chemotherapy,	RT	alone	was	a	standard	treatment	option	for
patients	 with	 unresectable,	 locally	 advanced	 NSCLC.	 The	 RTOG	 7301	 trial	 established	 the	 optimal	 dose	 and
fractionation	for	single-modality	treatment.434	This	study	of	inoperable	patients	randomized	375	patients	to	40	Gy
in	4	weeks,	a	split	course	of	40	Gy	in	6	weeks,	50	Gy	in	5	weeks,	or	60	Gy	in	6	weeks.	The	response	rate	was
significantly	better	in	the	60	Gy	arm	(63%),	and	there	was	parallel	trend	in	improved	OS.

In	 patients	 getting	 fractionated	 RT	 alone,	 altered	 fractionation	 and	 radiation	 dose	 escalation	 have	 been
investigated	in	an	effort	to	improve	the	relatively	poor	response	and	survival	that	is	seen	after	standard	60	Gy.	The
RTOG	8311	included	840	patients	in	a	dose	escalation	trial,	from	60	Gy	to	79.2	Gy	delivered	in	twice-daily	1.2-
Gy	fractions.435	The	best	OS,	29%	at	2	years,	was	associated	with	69.6	Gy	twice	daily.	Similarly,	the	European
Organisation	 for	 Research	 and	 Treatment	 of	 Cancer	 (EORTC)	 conducted	 a	 randomized	 phase	 II/III	 study	 of
standard	RT	(60	Gy	in	6	weeks)	versus	continuous	hyperfractionated	accelerated	RT	(CHART,	1.5	Gy	three	times
daily,	7	days	per	week	 to	54	Gy).436	The	use	 of	CHART	was	 associated	with	 not	 only	 an	 improved	OS	 (20%
versus	13%)	but	also	a	higher	rate	of	severe	acute	dysphagia	(49%	versus	19%).

More	 recently,	 hypofractionation	 is	 being	 actively	 investigated	 as	 an	 alternative	 in	 patients	 with	 locally
advanced	 disease	 who	 are	 ineligible	 for	 chemotherapy.	 A	 phase	 I	 dose	 escalation	 trial	 enrolled	 55	 patients
receiving	thoracic	radiation	and	escalated	radiation	dose	from	50	Gy	to	60	Gy	in	15	fractions.	The	regimen	was
well	 tolerated;	 only	 2	 of	 19	 patients	 had	 grade	 3	 esophagitis	 in	 the	 highest	 dose	 group.	 This	 offers	 a	 similar
biologically	effective	dose	to	standard	fractionation,	in	a	schedule	that	is	more	cost-effective.437

Concurrent	and	Sequential	Chemoradiotherapy.	The	addition	of	chemotherapy	to	thoracic	radiation	improves
OS.	The	addition	of	chemotherapy	to	radiation	has	been	the	subject	of	many	prospective	trials	and	several	meta-
analyses.	 The	NSCLC	Collaborative	Group	 included	 individual	 patient	 data	 from	3,033	 patients	with	 stage	 III
disease	 who	 were	 enrolled	 in	 22	 trials.252	 There	 was	 a	 significant	 increase	 in	 OS	 with	 the	 addition	 of
chemotherapy,	 with	 an	 absolute	 increase	 of	 2%	 at	 5	 years.	 Of	 the	 22	 studies,	 11	 included	 cisplatin-based
chemotherapy,	 and	 the	 largest	 benefit	was	 seen	 in	 these	 patients.	A	meta-analysis438	 of	 stage	 III	 NSCLC	 that
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included	 1,887	 patients	 from	 14	 trials	 found	 a	 30%	 reduction	 in	 2-year	 mortality	 in	 patients	 who	 received
cisplatin-based	 chemotherapy	 with	 radiation	 compared	 to	 radiation	 alone.	 In	 patients	 who	 received	 other
chemotherapy,	there	was	an	18%	reduction.	The	preference	for	cisplatin-based	chemotherapy	was	confirmed	in	a
more	 recent	 meta-analysis,	 which	 was	 limited	 to	 studies	 that	 combined	 radiation	 with	 either	 cisplatin-	 or
carboplatin-based	 chemotherapy.439	 They	 analyzed	 1,764	 patients	 from	 nine	 trials	 and	 found	 an	 absolute
improvement	in	OS	of	4%	at	2	years.

The	use	of	concurrent,	 rather	 than	sequential,	chemotherapy	with	 thoracic	RT	appears	 to	 improve	OS,	at	 the
cost	of	increased	acute	toxicity.	The	RTOG	9410	was	a	three-arm	trial:	cisplatin	and	vindesine	followed	by	RT
(63	Gy	once	daily),	 cisplatin	 and	vindesine	with	 concurrent	RT	 (63	Gy	once	daily),	 or	 cisplatin	 and	 etoposide
concurrently	with	RT	(69.6	Gy	twice	daily).440	The	median	OS	was	significantly	better	in	the	concurrent	arm	with
daily	radiation,	compared	to	sequential	therapy	(17	versus	14.6	months)	as	was	local	control	(66%	versus	59%).
Acute	nonhematologic	grade	≥3	toxicity	was	similarly	higher	with	concurrent	therapy	(48%	versus	30%).	Serious
late	toxicity	was	significantly	different.	The	survival	in	the	concurrent	chemotherapy	and	twice-daily	RT	arm	was
15.6	months,	not	significantly	better	than	the	control	arm.	This	was	confirmed	in	a	trial	by	the	West	Japan	Lung
Cancer	Group,	in	which	patients	were	randomized	to	receive	either	sequential	or	concurrent	chemotherapy.441	The
chemotherapy	was	cisplatin,	mitomycin,	and	vindesine	in	both	arms.	Sequential	RT	was	56	Gy	in	5.5	weeks;	the
concurrent	RT	was	56	Gy	 in	7.5	weeks	with	a	2-week	break	midcourse.	The	median	survival	was	better	 in	 the
concurrent	arm	(17	versus	13	months).	There	was	no	difference	in	esophageal	toxicity.

Cisplatin-	 and	 carboplatin-based	 are	 the	 most	 common	 chemotherapy	 combinations	 delivered	 concurrently
with	thoracic	radiation,	extrapolated	from	the	superiority	of	such	combinations	in	the	meta-analyses	of	sequential
treatment.	 The	 best	 specific	 combination	 has	 not	 yet	 been	 clearly	 defined.	 In	 a	 three-arm	 noninferiority	 trial
conducted	 by	 the	West	 Japan	 Lung	 Cancer	 Group,	 the	 use	 of	 concurrent	 weekly	 carboplatin	 (40	mg/m2)	 and
paclitaxel	(area	under	the	curve	[AUC]	=	2)	(Carbo/Tax)	had	comparable	survival	to	mitomycin,	vindesine,	and
cisplatin,	and	to	irinotecan	and	carboplatin,	with	lower	toxicity.442	A	small	 randomized	study	compared	weekly
Carbo/Tax	(45	mg/m2	and	AUC	=	2,	respectively)	to	cisplatin	and	etoposide	(Cis/Etop)	delivered	every	3	weeks
(cisplatin	50	mg/m2	on	day	1,	etoposide	50	mg/m2	on	days	1	to	5).443	Both	arms	received	concurrent	thoracic	RT
to	60	Gy.	The	survival	was	superior	in	the	Cis/Etop	arm	(33%	versus	13%).	Neutropenia	was	more	common	with
Cis/Etop,	and	RP	more	common	with	Carbo/Tax.	A	phase	II/III	randomized	study	from	the	Chinese	Academy	of
Medical	Sciences	comparing	Carbo/Tax	to	Cis/Etop	enrolled	200	patients	and	showed	no	significant	difference	in
OS;	grade	≥2	pneumonitis	was	higher	with	Carbo/Tax,	whereas	grade	≥3	esophagitis	was	higher	with	Cis/Etop.	In
nonsquamous	 histology,	 the	 PROCLAIM	 study	 compared	 the	 cisplatin	 and	 pemetrexed	 to	 Cis/Etop,	 both
concurrent	with	thoracic	RT	(66	Gy).	The	trial	was	stopped	for	futility	after	598	patients	were	treated;	there	was
no	difference	in	OS	but	significantly	lower	toxicity	in	the	cisplatin	and	pemtrexed	arm.444

Attempts	 have	 been	made	 to	 add	 targeted	 agents	 to	 standard	 chemoradiotherapy	 platforms	 in	 the	 setting	 of
stage	III	disease,	in	an	effort	incorporate	chemo-	and	radiosensitizing	agents.	The	addition	of	antiangiogenics	has
not	improved	outcomes.	A	randomized	trial	adding	antiangiogenic	AE-941	to	Carbo/Tax	and	radiation	failed	to
show	an	 improvement	 in	OS.445	 Similarly,	 a	 randomized	 trial	 conducted	 by	 the	Eastern	Cooperative	Oncology
Group	 (ECOG)	 that	 added	 thalidomide	 to	 concurrent	 or	 sequential	 chemoradiation	 did	 not	 show	 benefit.
Bevacizumab,	a	vascular	endothelial	growth	factor	receptor	(VEGFR)	antibody,	has	been	added	to	chemoradiation
in	a	phase	II	study	that	also	incorporated	an	EGFR	tyrosine	kinase	inhibitor	(TKI)	and	escalated	radiation	dose.240
There	was	 no	 improvement	 over	 standard	 therapy.	 Several	 phase	 II	 studies	 have	 incorporated	 the	monoclonal
EGFR	antibody	cetuximab.	A	randomized	phase	II	study,	the	CALGB	30407,446	suggested	no	benefit.	Consistent
with	this,	a	phase	III	trial,	the	RTOG	0617,	randomized	patients	getting	Carbo/Tax	and	thoracic	RT	to	the	addition
of	 cetuximab.	 The	 preliminary	 results	 suggest	 no	 incremental	 benefit.	 The	 addition	 of	 EGFR	 TKIs	 to
chemoradiation	 in	 unselected	patients	 has	 been	 similarly	 disappointing;	 the	SWOG	S0023	 randomized	patients
with	 stage	 III	NSCLC	 to	gefitinib	or	 placebo	 after	Cis/Etop	 and	RT.447	OS	was	worse	with	gefitinib.	There	 is
ongoing	 interest	 in	 incorporating	 TKIs	 into	 the	 treatment	 of	 selected	 stage	 III	 patients	 based	 on	 molecular
profiling.

Induction	 or	 Adjuvant	 Chemotherapy	 with	 Chemoradiation.	 The	 role	 of	 induction	 or	 neoadjuvant
chemotherapy	before	chemoradiation	has	no	established	benefit.	As	an	example,	the	CALGB	39081	randomized
patients	to	two	cycles	of	Carbo/Tax	followed	by	RT	and	weekly	Carbo/Tax,	or	immediate	treatment	with	RT	and
weekly	Carbo/Tax.448	 In	 366	 enrolled	 patients,	 survival	 was	 not	 improved	 by	 the	 addition	 of	 two	 cycles	 of
Carbo/Tax	before	concurrent	therapy.	At	this	point,	the	role	of	induction	therapy	remains	limited	to	patients	who
cannot	immediately	start	chemoradiation	(e.g.,	due	to	bulk	of	disease	or	delays	in	radiation	planning).



The	role	of	adjuvant	chemotherapy	after	definitive	concurrent	chemoradiation	is	not	entirely	defined,	and	it	is
likely	dependent	on	 the	choice	of	concurrent	systemic	 therapy.	There	are	 limited	randomized	trials	 that	address
this	 specific	 approach.	 The	 phase	 III	 Hoosier	 Oncology	 Group	 study	 enrolled	 patients	 receiving	 concurrent
radiation	and	Cis/Etop,	randomized	to	three	cycles	of	adjuvant	docetaxel	versus	no	further	therapy.449	Enrollment
stopped	 when	 futility	 analysis	 determined	 that	 there	 would	 be	 no	 chance	 of	 observing	 a	 benefit;	 the	 median
survival	was	21.2	months	after	adjuvant	chemotherapy,	and	23.3	months	for	observation.	The	continued	interest	in
adjuvant	therapy	likely	stems	from	the	desire	to	administer	more	than	two	cycles	of	full-dose	chemotherapy	in	the
setting	of	stage	III	disease,	consistent	with	that	given	adjuvantly	after	surgery.	This	is	of	particular	interest	when
the	concurrent	regimen	is	weekly	Carbo/Tax,	as	opposed	to	combinations	that	can	be	delivered	concurrently	with
radiation	 at	 full	 systemic	 dose,	 such	 as	 cisplatin	 and	 etoposide,	 cisplatin	 and	 pemetrexed,	 or	 cisplatin	 and
vinorelbine;	 however,	 it	 remains	 a	 question	 for	 any	 concurrent	 regimen	 that	 involves	 two	 cycles	 of	 concurrent
chemotherapy.

In	contrast	 to	adjuvant	chemotherapy,	adjuvant	immune	checkpoint	 inhibition	has	now	been	demonstrated	to
improve	 PFS	 after	 chemoradiation.	 The	 PACIFIC	 study	 was	 a	 phase	 III	 randomized	 double-blind	 trial;	 713
patients	with	 stage	 III	 (A	or	B),	unresectable	NSCLC	were	 randomized	2:1	 to	durvalumab	or	placebo	within	6
weeks	 of	 completing	 chemoradiation.450	 The	 patients	 who	 received	 durvalumab	 had	 significantly	 longer	 PFS
(16.8	 versus	 5.6	months),	with	 no	 significant	 increase	 in	 toxicity	 (3.4%	grade	 3	 pneumonitis).	This	 effect	was
present	 regardless	 of	 baseline	 programmed	 cell	 death	 protein	 ligand	 1	 (PD-L1)	 status.450	 Based	 on	 this,	 the
addition	of	durvalumab	after	chemoradiation	was	adopted	in	consensus	guidelines,	but	there	are	a	few	remaining
questions:	First,	the	OS	is	yet	to	be	reported.	Second,	there	was	a	nonsignificant	trend	toward	a	detriment	in	PFS
in	a	prespecified	subgroup	of	patients	with	an	EGFR	mutation,	suggesting	that	these	patients	do	not	benefit.

Radiation	Dose	and	Fractionation	for	Concurrent	Treatment.	The	RTOG	7301	established	60	Gy	in	6	weeks
as	the	standard	radiation	for	single-modality	therapy,	and	this	regimen	was	adopted	as	standard	when	combined
with	sequential	or	concurrent	chemoradiotherapy.	But	the	risk	of	local,	in-field	relapse	among	patients	receiving
definitive	 chemoradiation	 is	 high,	 between	 30%	 and	 50%	 depending	 on	 the	 length	 and	manner	 of	 follow-up.
Several	radiation	dose	escalation	trials	suggest	that	increasing	radiation	dose	may	improve	local	control	and	can
be	accomplished	in	at	least	a	subset	of	patients.	The	RTOG	9311	was	the	first	large	dose	escalation	trial	conducted
with	3D	conformal	radiation	techniques.414	Patients	were	treated	from	70.9	to	90.3	Gy	in	daily	2.15-Gy	fractions.
Dose	 escalation	 was	 well	 tolerated	 above	 70	 Gy	 depending	 on	 the	 volume	 of	 lung	 exposed	 to	 radiation.	 The
follow-up	study,	the	RTOG	0117,	examined	escalated	dose	in	the	setting	of	concurrent	cisplatin	and	docetaxel451
and	determined	that	the	maximum	tolerated	dose	(MTD)	was	74	Gy	in	2-Gy	fractions.	A	total	of	55	patients	were
treated	at	this	dose,	with	a	median	survival	of	21.6	months	for	stage	III	patients.	This	dose	was	similarly	tested
and	found	to	be	well	tolerated	in	studies	from	the	University	of	North	Carolina452	and	in	a	phase	II	trial	from	the
CALGB.453

The	RTOG	0617	sought	 to	determine	 the	absolute	benefit	of	74	Gy	with	concurrent	weekly	carboplatin	and
paclitaxel.	This	was	a	two-by-two	factorial	design,	where	patients	were	randomized	to	standard	or	high	dose	and
to	standard	chemotherapy	or	chemotherapy	and	cetuximab	concurrently	with	radiation.	The	74-Gy	arm	was	closed
early	 when	 futility	 analysis	 determined	 that	 there	 would	 be	 no	 benefit	 over	 60	 Gy.	 High-dose	 radiation	 was
associated	with	worse	OS	 compared	 to	 standard	 radiation	 (median	 survival	 20	 versus	 29	months).	 There	were
more	treatment-related	deaths	in	the	high-dose	arm	and	a	higher	rate	of	grade	≥3	esophagitis.	Oddly,	local	control
was	worse	in	the	high-dose	arm.454

Altered	Fractionation	with	Chemotherapy.	 The	 use	 of	 standard,	 daily	 radiation	 fractionation	 is	 designed	 to
balance	the	delivery	of	definitive	dose	to	the	tumor	while	allowing	daily	repair	of	the	surrounding	normal	tissue.
Altered	fractionation	schedules	take	advantage	of	radiobiologic	principles.	Hyperfractionation	(increased	number
of	fractions)	should	result	in	increased	opportunity	for	normal	tissue	repair	and	a	lower	risk	of	late	side	effects.
Accelerated	 radiation	 (shorter	 treatment	 duration)	 should	 improve	 local	 control	 by	 allowing	 less	 tumor
repopulation.	Hypofractionation	(higher	dose	per	fraction)	is	one	method	to	achieve	acceleration,	typically	at	the
cost	of	increased	acute	toxicity.	SBRT	is	extreme	hypofractionation,	combined	with	precision	targeting	to	reduce
exposure	of	normal	 tissue.	Because	both	hypofractionation	and	accelerated	hyperfractionation	may	 increase	 the
acute	side	effects	of	radiation	therapy,	combining	these	regimens	with	concurrent	radiosensitizing	chemotherapy
remains	investigational.

The	 RTOG	 9410	 was	 a	 three-arm	 randomized	 trial:	 sequential	 chemoradiotherapy	 with	 60	 Gy	 once	 daily,
concurrent	 chemoradiotherapy	with	 60	Gy	 once	 daily,	 and	 concurrent	 chemotherapy	with	 69.6	Gy	 twice	 daily
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(hyperfractionation).	Although	the	addition	of	concurrent	chemotherapy	improved	survival,	the	hyperfractionated
radiation	arm	was	no	better	than	daily	treatment.440	Schild	et	al.455	conducted	a	similar	phase	III	trial,	comparing
concurrent	Cis/Etop	with	either	daily	RT	to	60	Gy	or	twice	daily	RT	to	60	Gy	in	6	weeks.	There	was	no	difference
in	local	control	or	OS.

The	use	of	CHART	improved	OS	when	compared	to	daily	treatment,	when	radiation	was	the	sole	modality,	but
the	 advantage	 of	 hyperfractionation	 with	 concurrent	 chemotherapy	 has	 not	 been	 similarly	 demonstrated.	 The
ECOG	 2597	 examined	 hyperfractionated	 accelerated	 radiation	 therapy	 (HART)	with	 sequential	 chemotherapy.
Patients	were	randomized	after	two	cycles	of	Carbo/Tax	to	daily	radiation	(64	Gy	in	32	fractions)	versus	HART
(57.6	 Gy	 three	 times	 daily	 over	 2.5	 weeks).456	 The	 study	 was	 closed	 early,	 partially	 because	 of	 the	 difficult
logistic	 of	 three	 time	 daily	 treatment.	 Overall,	 141	 patients	 were	 randomized,	 and	 there	 was	 no	 significant
difference	in	median	survival	(20	versus	15	months	favoring	HART).

The	 EORTC	 tested	 the	 use	 of	 hypofractionated	 RT	 in	 inoperable	 NSCLC.457	 Overall,	 158	 patients	 were
randomized	to	either	gemcitabine	and	cisplatin	before	RT,	or	low-dose	daily	cisplatin	(6	mg/m2)	concurrent	with
RT.	 The	 radiation	 was	 delivered	 in	 24	 fractions	 of	 2.75	 Gy	 in	 32	 days	 (total	 66	 Gy).	 The	 combination	 of
sequential	 or	 concurrent	 chemotherapy	 with	 hypofractionated	 radiation	 was	 well	 tolerated,	 with	 grade	 3
esophagitis	in	14%	of	patients	in	the	concurrent	arm.	Similarly,	a	phase	II	trial	in	49	patients	with	stage	III	disease
used	60	Gy	in	5	weeks	with	Carbo/Tax,	with	a	median	survival	of	28	months458;	29	of	49	patients	had	grade	≥2
toxicity,	and	2	patients	died	of	bleeding	complications.

Choice	of	Chemotherapy.	In	the	setting	of	stage	III	disease,	either	prior	to	surgical	 intervention	(neoadjuvant
therapy)	 or	 when	 used	 concurrently	 with	 RT	 (combined	 modality	 therapy),	 cisplatin-based	 combinations	 are
preferred.	Combinations	with	etoposide,	vinorelbine,	paclitaxel,	docetaxel,	and	pemetrexed	have	all	been	tested	in
this	 setting.	 Gemcitabine	 is	 generally	 avoided	 in	 this	 context	 due	 to	 its	 potent	 radiosensitizing	 properties	 and
potential	 severe	complications.459	However,	unlike	 in	adjuvant	 therapy,	 the	use	of	carboplatin	 in	 the	context	of
combined	 modality	 therapy	 for	 stage	 III	 disease	 is	 better	 documented.	 In	 particular,	 the	 use	 of	 carboplatin-
paclitaxel,	 administered	 on	 a	 weekly	 schedule,	 administered	 concurrently	 with	 standard	 thoracic	 RT,	 yielded
roughly	 the	 same	 survival	 results	 as	 trials	 using	 cisplatin-based	 combinations.454	 In	 stage	 III	 disease,	 neither
induction	nor	consolidation	chemotherapy	appears	to	add	to	concurrent	treatment.448,449	However,	practitioners	in
the	United	States	have	been	reluctant	to	limit	treatment	to	two	cycles	of	chemotherapy	and	tend	to	recommend	an
additional	two	cycles	for	total	of	four	cycles.

Stage	IV	(M1)
The	 goal	 of	 therapy	with	 advanced	NSCLC	 is	 to	 improve	QOL	 and	 prolong	 survival.	 Patients	with	 advanced
NSCLC	are	often	 symptomatic	and	 require	prompt	 intervention.	A	“watch	and	wait”	approach	 is	generally	not
recommended.460	A	few	selected	patients	who	are	asymptomatic	at	 the	 time	of	 the	diagnosis	and	wish	 to	 forgo
immediate	treatment	must	be	followed	closely	by	clinical	and	radiographic	criteria.	In	some	circumstances,	 it	 is
appropriate	 to	 administer	 local	 therapy	 prior	 to	 systemic	 therapy,	 such	 as	 symptomatic	 central	 nervous	 system
(CNS)	disease,	cord	compression,	painful	skeletal	metastases,	or	uncontrolled	hemoptysis.	Aggressive	palliation
of	specific	symptoms	has	 far-reaching	effects,	 including	better	QOL	and	 improved	ability	 to	 tolerate	 treatment.
However,	systemic	therapy	is	also	an	effective	palliative	tool.

The	ACCP	and	NCCN	guidelines	recommend	that	patients	with	stage	IV	NSCLC	and	a	PS	of	0,1	be	treated
with	systemic	therapy	(based	on	level	1	evidence	or	a	unanimous	consensus,	respectively).164,461	Patients	with	a
PS	of	2	may	also	benefit	from	systemic	therapy,	and	this	is	recommended	by	the	ACCP	and	NCCN	guidelines,
but	in	a	nuanced	fashion.	This	patient	population	is	addressed	specifically	in	a	subsequent	section.

Recent	studies	involving	cytotoxic	chemotherapy	have	demonstrated	a	median	survival	of	approximately	10	to
12	 months	 for	 patients	 with	 nonsquamous	 histology	 and	 9	 to	 10	 months	 for	 squamous	 carcinoma.462	 New
therapies	have	markedly	improved	outcomes,	with	median	OS	of	approximately	25	months	for	those	with	targeted
mutations	 and	 1-	 and	 3-year	 survival	 rates	 of	 40%	 to	 55%	 and	 approximately	 20%	 when	 treated	 with
immunotherapy	in	the	second-line	setting.463–465

The	 side	 effect	 profile	 for	 targeted	 and	 immunotherapy	 agents	 poses	 new	 opportunities	 and	 new	 concerns.
Although	cytotoxic	chemotherapy	is	generally	avoided	in	those	with	poor	PS,	targeted	agents	and	immunotherapy
can	be	tolerated	and	effective	in	this	patient	population.465–467	However,	immunotherapy	in	particular	comes	with
a	new	set	of	adverse	events	in	the	form	of	autoimmune	reactions,	which	can	be	serious	and	deadly,	particularly
when	managed	by	clinicians	unfamiliar	with	these	agents.258



Mutational	Testing
The	treatment	of	advanced	NSCLC	has	changed	dramatically,	moving	away	from	automatic	first-line	platinum-
doublet	chemotherapy	to	a	much	more	complicated	algorithm	that	includes	targeted	therapy	and	immunotherapy
(Fig.	48.15).	Advanced	NSCLC	tumors	should	be	evaluated	for	targetable	driver	mutations	and,	if	found,	should
be	treated	with	appropriate	TKIs.	If	no	driver	mutation	is	found,	tumors	that	show	≥50%	expression	of	PD-L1	on
tumor	cells	should	be	 treated	with	upfront	 immunotherapy	(i.e.,	pembrolizumab).	Otherwise,	patients	should	be
initiated	with	platinum-doublet	chemotherapy	or,	if	nonsquamous,	platinum-doublet	chemotherapy	in	combination
with	pembrolizumab	or	the	antiangiogenic	monoclonal	antibody	bevacizumab.

Molecular	testing	on	tumor	specimens	should	be	performed	on	all	nonsquamous	tumors	and	squamous	tumor
samples	 from	 patients	who	were	 never-smokers,	 had	 small	 biopsies,	 or	mixed	 histology.468	 Mutational	 testing
should	 include	 assays	 for	EGFR,	ALK,	ROS1,	 and	BRAF,	 as	 these	 all	 currently	 have	 therapeutic	 indications.
Testing	can	be	performed	by	PCR	for	EGFR	and	BRAF;	however,	fluorescence	in	situ	hybridization	(FISH)	will
need	to	be	utilized	to	detect	gene	rearrangements	for	ALK	and	ROS1.	More	expansive	gene	panels	can	be	used	that
include	 testing	 for	 hundreds	 of	 genes,	which	may	 identify	 potential	 targets	 for	 clinical	 trials	 as	well	 as	 assess
tumor	mutation	burden.	There	is	heterogeneity	in	the	methods	and	number	of	genes	tested	between	institutions.
Increasingly,	 “liquid	biopsies”	or	blood	samples	detecting	 the	presence	of	mutations	 in	circulating	 tumor	DNA
can	be	used	to	evaluate	the	mutational	milieu,	especially	when	tissue	biopsy	is	difficult	to	obtain.	Additionally,	all
NSCLC	should	be	assessed	for	tumor	expression	of	PD-L1.

Driver	Mutations	Targeted	by	Tyrosine	Kinase	Inhibitors
For	patients	whose	tumors	harbor	targetable	driver	mutations	in	EGFR,	ALK,	ROS1	or	BRAF,	TKIs	are	first-line
therapy.	Studies	have	consistently	found	that	these	oral	agents	have	higher	response	rates	and	increased	PFS	with
lower	toxicity	(Table	48.5).469–497	Most	studies	have	not	shown	OS	benefit;	however,	this	is	likely	due	to	subject
crossover	at	progression.	Chemotherapy	can	still	be	used	first	line	in	BRAF-mutant	NSCLC	as	there	have	been	no
phase	 III	 trials	 comparing	 first-line	 targeted	 therapy	 to	 chemotherapy.	 Importantly,	 the	 discovery	 of	 a	 driver
mutation	and	not	PD-L1	status	will	dictate	therapy	for	untreated	patients,	as	first-line	studies	of	immunotherapy
excluded	 those	 with	 EGFR	 and	ALK	 mutations.	 Patients	 without	 known	 molecular	 alterations	 should	 not	 be
treated	with	targeted	agents	in	the	first-line	setting.471	Agents	targeting	other	potential	driver	mutations,	such	as
mutations	in	MET,	HER2,	RET,	and	NTRK,	are	currently	under	investigation.

Patients	 treated	 with	 targeted	 agents	 upfront	 are	 maintained	 until	 progression.	 Options	 then	 depend	 on	 the
nature	and	the	tempo	of	the	disease.	In	the	event	of	demonstrated	progression	at	a	few	sites	or	overall	very	slow
progression,	local/ablative	therapy	may	be	considered	along	with	continuation	of	the	targeted	agent.	Generally,	for
progression	 of	 disease	 at	 multiple	 sites,	 evaluation	 of	 acquired	 resistance	 patterns	 should	 be	 pursued	 through
tumor	tissue	biopsy,	or	liquid	biopsy	if	tissue	is	not	obtainable.

Often,	 resistance	 to	 TKI	 therapy	 is	 acquired	 by	mutations	 in	 the	 original	 oncogene	 or	 in	 genes	 that	 affect
downstream	or	bypass	pathways.	As	discussed	in	the	section	on	“Systemic	Therapy,”	second-	and	third-generation
TKIs	designed	 to	overcome	acquired	 resistance	may	be	effective.	 In	 comparison	 studies,	 some	 later	generation
agents	 have	 shown	 superior	 clinical	 outcomes	 compared	 to	 first-generation	 agents	 (see	 Table	 48.5).484,494	 An
evolving	 dilemma	pertains	 to	 the	 sequencing	 of	 targeting	 agents.	Later	 generation	 agents	 demonstrate	 superior
PFS,	but	it	is	not	yet	known	whether	to	use	an	early-generation	agent	first	and	reserve	the	later	generation	agent
for	 disease	 progression,	 or	 to	 simply	 use	 the	 later	 generation	 agent	 upfront.	 OS	 is	 yet	 to	 mature	 in	 these
comparison	 trials.	At	 times,	compelling	 reasons	may	sway	a	practitioner	 toward	 initial	use	of	 these	agents.	For
instance,	later	generation	TKIs	have	superior	CNS	penetration	and	can	be	used	for	patients	with	CNS	disease.

If	further	TKI	therapy	is	not	available	or	not	indicated,	chemotherapy	is	initiated.	There	is	no	evidence	that	TKI
therapy	 should	 be	 continued	with	 chemotherapy	 and	 in	 fact	may	 be	 harmful.	 In	 the	 phase	 III	 IMPRESS	 trial,
patients	 with	 EGFR	 NSCLC	 at	 progression	 of	 disease	 on	 the	 first-generation	 EGFR	 inhibitor	 gefitinib	 were
randomly	 assigned	 to	 either	 chemotherapy	 or	 chemotherapy	 plus	 continuation	 of	 gefitinib.	 There	 was	 no
statistically	significant	difference	in	PFS,	and	OS	was	shorter	in	those	assigned	to	gefitinib	compared	with	placebo
(13.4	versus	19.5	months).498,499	 Therefore	 at	 this	 time,	 there	 is	 no	 role	 for	 continuation	 of	 TKI	 therapy	 upon
switching	 to	 chemotherapy.	 Furthermore,	 combination	 chemotherapy	 and	 TKIs	 have	 been	 tested.500,501	 These
trials	demonstrated	a	lack	of	clinically	significant	benefit	of	the	combination,	and	the	concurrent	administration	of
chemotherapy	and	a	TKI	in	first-line	therapy	is	not	recommended.

Anti–programmed	cell	death	protein	1	(PD-1)/PD-L1	therapies	(see	“Immunotherapy”)	are	not	currently	used
in	the	first-	or	second-line	setting	for	EGFR-mutant	NSCLC.	In	trials	evaluating	anti–PD-1/PD-L1	therapy	versus
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docetaxel	 in	 the	 second-line	 setting,	 subgroup	 analysis	 of	 all	 trials	 favored	 docetaxel	 over	 immunotherapy	 for
patients	with	EGFR	or	ALK	mutations,502–504	and	patients	with	targetable	mutations	were	excluded	from	first-line
immunotherapy	trials.	This	has	been	further	corroborated	by	studies	demonstrating	a	very	low	response	rate	for
anti–PD-1/PD-L1	 therapy	 in	 patients	 with	 EGFR	 mutations,	 possibly	 due	 to	 low	 mutational	 burden.505
Immunotherapy	 can	 be	 considered	 after	 chemotherapy	 (platinum-doublet	 and	 second-line	 chemotherapy).
Multiple	 trials	are	ongoing	evaluating	 the	combination	of	TKI	 therapy	with	checkpoint	 inhibitors.	Early	reports
have	 suggested	 the	 combination	 immunotherapy-TKI	 induces	 responses	 in	 15%	 to	 20%	of	 patients	 resistant	 to
TKI	therapy506;	however,	some	studies	have	been	complicated	by	significantly	high	rates	of	pneumonitis.507	Time
is	 still	 needed	 to	better	 understand	 the	 role	of	 checkpoint	 inhibition	 in	patients	with	mutations	 in	EGFR,	ALK,
ROS1,	and	BRAF.

Epidermal	 Growth	 Factor	 Receptor.	EGFR	 belongs	 to	 a	 family	 of	 receptor	 tyrosine	 kinases,	 which	 when
activated,	lead	to	EGFR	dimerization	and	phosphorylation	of	the	tyrosine	kinase	domain.	Mutations	in	the	EGFR
gene	lead	to	constitutive	activity	of	EGFR	and	downstream	effects	such	as	cell	survival	and	proliferation.	EGFR
mutations	 are	 identified	 in	 20%	 of	NSCLC	 patients	 in	North	America	 and	 nearly	 50%	 in	 east	Asia.508	 In	 the
United	 States,	 EGFR	 mutations	 are	 identified	 in	 nearly	 half	 of	 nonsmokers	 with	 NSCLC.508	 The	 two	 most
common	 mutations	 are	 deletions	 in	 exon	 19	 (45%	 to	 50%)	 and	 the	 substitution	 mutation	 L858R	 in	 exon	 21
(45%).509,510	These	mutations	confer	sensitivity	to	anti-EGFR	oral	TKIs.255,511,512

Figure	48.15	Algorithm	for	systemic	therapy	management	of	patients	with	stage	IV	NSCLC.
Platinum	doublets:	carbo-/cisplatin-paclitaxel,c	carbo-/cisplatin-pemetrexed	(nonsquamous),c	carbo-

/cisplatin-docetaxel,	carbo-/cisplatin-gemcitabine,	carboplatin-nab-paclitaxel.
aTargets	still	under	investigation	but	potentially	clinically	relevant	include	HER2,	MET,	RET,

KRAS,	NTRK,	PI3KCA,	and	MEK.
bGenerally	recommended	first-line	agent.

cBevacizumab	can	be	combined	with	carboplatin-paclitaxel,	carboplatin-pemetrexed,	or	cisplatin-
pemetrexed.

PD-L1,	programmed	cell	death	protein	ligand	1;	EGFR,	epidermal	growth	factor	receptor;	ALK,
anaplastic	lymphoma	kinase;	Squam,	squamous;	PD,	progressive	disease.

EGFR	TKIs	are	small-molecule	inhibitors	that	compete	for	the	adenosine	triphosphate	(ATP)-binding	domain
on	the	tyrosine	kinase	domain	and	decrease	protein	phosphorylation.255	First-generation	EGFR	TKIs	erlotinib	and
gefitinib	 reversibly	 bind	 to	 the	 EGFR	ATP-binding	 sites,	whereas	 second-generation	EGFR	TKIs	 afatinib	 and
dacomitinib	are	irreversible	inhibitors	with	greater	affinity	for	the	EGFR	tyrosine	kinase	domain,	and	also	inhibit
other	members	of	the	EGFR	family	(ErbB2/human	epidermal	growth	factor	receptor	2	[HER2],	ErbB3,	ErbB4).
Several	trials	have	demonstrated	that	patients	with	EGFR-mutated	cancers	benefit	from	first-line	anti-EGFR	TKI



therapy,	with	 superior	 response	 rates	 (70%	 to	75%),	 longer	PFS	 (9	 to	11	months),	 and	more	 favorable	 toxicity
profile	 compared	 to	 standard	 chemotherapy	 (see	 Table	 48.5).469,471,473,475–477,479,480,481	 However,	 none	 of	 these
trials	demonstrated	a	significant	improvement	in	OS	for	the	targeted	agent	compared	to	chemotherapy.	Although
this	is	often	attributed	to	crossover	upon	progression,	other	explanations	such	as	acquired	resistance	may	also	play
a	role.	EGFR	exon	20	insertion	mutations	are	generally	insensitive	to	EGFR	TKI	therapy,	though	a	recent	report
suggests	the	EGFR	TKI	poziotinib	may	have	activity	in	this	population.513

TABLE	48.5
Major	Trials	of	Tyrosine	Kinase	Inhibitors	for	Specific	Driver	Mutations	in	Non–small-cell
Lung	Cancer

Trial
Characteristics Treatment ORR% PFS	(mo) OS	(mo)

N Phase Line Exp Cont Exp Cont P Exp Cont P Exp Cont P
EGFR

NEJ002469,470,a 228 III First Gefitinib Carbo/Pacli 74 31 <
.001

10.8 5.4 <
.001

27.7 26.6 NS

IPASS471,472 1,217 III First Gefitinib Carbo/Pacli 71 47 <
.001

9.6 6.3 <
.001

21.6 21.9 NS

WJTOG473,474 177 III First Gefitinib Carbo/Doce 62 32 <
.0001

9.2 6.3 <
.0001

36 39 —

OPTIMAL475,476 154 III First Erlotinib Carbo/Gem 83 36 <
.0001

13.1 4.6 <
.0001

22.8 27.2 NS

EURTAC477,478 174 III First Erlotinib Platinum
/Doce/Gem

74 31 <
.0001

9.7 5.2 <
.0001

22.9 19.6 NS

ENSURE479 275 III First Erlotinib Cis/Gem 63 34 — 11 5.6 <
.0001

26.3 25.5 NS

LUX-Lung
3480,481

345 III First Afatinib Cis/Ptx 56 23 .001 11.1 6.9 .001 28.2 28.2 NS

LUX-Lung
6481,482

364 III First Afatinib Cis/Gem 67 23 <
.0001

11 5.6 <
.0001

23.1 23.5 NS

AURA3483 419 III Secondb Osimertinib Platinum/Ptx 71 31 <
.001

10.1 4.4 <
.001

— — —

FLAURA484 556 III First Osimertinib Gefitinib	or
Erlotinib

80 76 NS 18.9 10.2 <
.001

— — —

LUX-Lung
7485,486

319 IIB First Afatinib Gefitinib 73 56 .0083 11 10.9 .017 27.9 24.5 NS

ARCHER
1050487

452 III First Dacomitinib Gefitinib 75 72 NS 14.7 9.2 <
.0001

— — —

ALK
PROFILE
1014488,489

343 III First Crizotinib Platinum/Ptx 74 45 <
.001

10.9 7.0 <
.001

NR 47.5 <
0.05

ASCEND	4490 376 III First Ceritinib Platinum/Ptx 73 27 — 16.6 8.1 <
.0001

— — —

ASCEND	5491 231 III Third,
fourth

Ceritinib Ptx	or	Doce 39 7 — 5.4 1.6 <
.0001

18.1 20.1 NS

NP28673,
NP28761492

225 II Secondc Alectinib — 51 — — 8.3 — — 26 — —

ALTA	II493 222 II Secondc Brigatinib	90
mg

Brigatinib
180	mg

45 54 — 9.2 12.9 — — — —

ALEX494 303 III First Alectinib Crizotinib 83 76 NS 25.7 10.4 <
.001d

— — —

ROS1

NCT00585195495 50 I–II Any Crizotinib — 72 — — 19.2 — — — — —

NCT01964157496 32 II Any Ceritinib — 62 — — 9.3e — — — — —

BRAF

NCT01336634497 57 II Second Dabraf/Tramet — 63 — — 9.7 — — 18.2 — —
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to	fourth

NCT01336634497 36 II First Dabraf/Tramet — 64 — — 10.9 — — 24.6 — —
Inclusion	criteria:	Major	phase	II	and	III	trials	that	led	to	the	approval	of	mutation-specific	tyrosine	kinase	inhibitors	for	advanced	non–small-cell	lung	cancer.
aEGFR-mutation	positive	population.
bT790M	positive.
cPost-crizotinib.
dPer	independent	review	committee.
e19.3	among	crizotinib-naïve	patients.
ORR,	objective	response	rate;	PFS,	progression-free	survival;	OS,	overall	survival;	Exp,	experimental	arm;	Cont,	control	arm;	EGFR,	epidermal	growth	 factor
receptor;	 Carbo,	 carboplatin;	 Pacli,	 paclitaxel;	 NS,	 not	 statistically	 significant;	 Doce,	 docetaxel;	 Gem,	 gemcitabine;	 Cis,	 cisplatin;	 Ptx,	 pemetrexed;	 ALK,
anaplastic	lymphoma	kinase;	Dabraf,	dabrafenib;	Tramet,	trametinib.

The	most	common	cause	of	acquired	resistance	 to	EGFR	TKI	therapy	 is	a	substitution	mutation	 in	exon	20,
T790M,	 which	 occurs	 in	 approximately	 50%	 of	 cases	 and	 confers	 resistance	 to	 first-	 and	 second-generation
TKIs.75,514,515	 Other	 frequent	 mechanisms	 of	 resistance	 include	 activation	 of	 alternate	 signaling	 (e.g.,
mesenchymal-epithelial	 transition	 [MET],	 HER2),	 aberrant	 downstream	 pathways	 (e.g.,	 AKT,	 PTEN),	 and
transformation	to	SCLC.516	Early	studies	suggest	dual	inhibition	with	second-generation	afatinib	with	cetuximab,
a	monoclonal	antibody	 targeting	EGFR,	may	overcome	acquired	resistance	 to	 first-generation	EGFR	therapy	 in
about	30%	of	patients.517	Third-generation	EGFR	TKIs	 such	as	osimertinib	 are	designed	 to	 specifically	 inhibit
mutant	EGFR,	 including	T790M-positive	EGFR,	while	 sparing	 the	wild-type	 receptor.518	 In	a	phase	 III	 trial	of
patients	 with	 acquired	 T790M-positive	 EGFR	 NSCLC	 after	 first-generation	 EGFR	 TKI	 therapy,	 osimertinib
demonstrated	 a	 response	 rate	 of	 71%	 and	 significantly	 improved	 PFS	 and	 lower	 toxicity	 compared	 to
chemotherapy.483

Trials	comparing	first-	and	second-generation	EGFR	TKIs	in	the	first-line	setting	do	not	clearly	show	a	benefit
for	 one	 agent	 over	 another485–487	 and	 have	 largely	 been	 overshadowed	 by	 the	 results	 of	 a	 recent	 first-line
osimertinib	 study.	 FLAURA	compared	 first-line	 osimertinib	 versus	 standard-of-care	 first-line	TKI	 (gefitinib	 or
erlotinib)	and	demonstrated	similar	response	rates	(80%	versus	76%),	a	markedly	superior	PFS	(18.9	versus	10.2
months;	HR,	0.46;	95%	CI,	0.37	to	0.57;	P	<	.001)	with	increased	median	duration	of	response	(17.2	versus	8.5
months)	 and	 lower	 rates	 of	 serious	 adverse	 events.484	 Osimertinib	 was	 also	 associated	 with	 a	 lower	 rate	 of
progression	in	 the	CNS	(19%	versus	43%).	Although	the	field	awaits	OS	data,	 this	report	has	already	begun	to
shift	current	practice	to	use	of	first-line	osimertinib.

Anaplastic	Lymphoma	Kinase.	Rearrangements	of	the	anaplastic	lymphoma	kinase	(ALK)	gene	and	fusion	with
echinoderm	microtubule-associated	protein-like	4	(ALK-EMLA4)	occur	in	about	2%	to	7%	of	NSCLC	and	result
in	 constitutive	 activity	 and	 oncogenesis.519,520	 Crizotinib,	 an	 oral	 TKI	 that	 has	 activity	 against	 tumors	 with
mutations	in	ALK,	ROS1,	and	MET,	was	 the	first	FDA-approved	TKI	 in	patients	with	ALK-rearranged	NSCLC
after	 demonstrating	 median	 PFS	 of	 10.9	 versus	 7	 months	 with	 chemotherapy	 in	 the	 first-line	 setting.488	 Like
EGFR-mutant	 NSCLC,	 acquired	 resistance	 eventually	 occurs.	 A	 predominant	 mechanism	 of	 resistance	 is
secondary	 mutations	 in	 the	 ALK	 tyrosine	 kinase	 domain.521	 Ceritinib,	 alectinib,	 and	 brigatinib	 are	 second-
generation	ALK	inhibitors	that	have	shown	activity	to	acquired	ALK	mutations522	and	have	been	approved	by	the
FDA	 for	 patients	 who	 have	 progressed	 on	 crizotinib	 therapy	 (see	 Table	 48.5).492,493,523	 Lorlatinib,	 a	 third-
generation	 ALK	 inhibitor,	 was	 recently	 shown	 to	 have	 substantial	 activity	 in	 previously	 treated	 patients	 with
ALK-positive	NSCLC	and	has	activity	after	two	or	more	prior	TKIs.524

Similar	 to	EGFR	agents,	 second-generation	agents	 for	ALK	translocations	have	been	 tested	 in	 the	 front-line
setting	and	show	significant	PFS	improvement.	In	the	phase	III	ALEX	trial,	303	previously	untreated	patients	with
advanced	ALK-positive	NSCLC	were	randomized	to	first-line	crizotinib	or	the	second-generation	ALK	inhibitor
alectinib.494	After	a	median	follow-up	time	of	about	18	months,	the	independent	review	committee-assessed	PFS
was	 25.7	 months	 for	 alectinib	 versus	 10.4	 months	 for	 crizotinib	 (P	 <	 .001).	 Additionally,	 alectinib	 showed
superior	control	of	CNS	disease,	with	only	12%	of	patients	experiencing	CNS	progression	compared	to	45%	in
the	crizotinib	arm.	Based	on	this	trial,	alectinib	was	approved	for	first-line	therapy	in	ALK-positive	NSCLC	and
has	generally	become	the	standard	of	care.

ROS1.	Rearrangements	in	the	gene	that	encodes	ROS1	protooncogene	receptor	kinase	can	lead	to	fusions	with	a
variety	of	partner	proteins	and	constitutive	activity	that	drives	oncogenesis.	ROS1	mutations	are	seen	in	1%	to	2%
of	NSCLC.525	An	expansion	cohort	of	the	phase	I	study	of	crizotinib	enrolled	50	patients	with	advanced	ROS1-
positive	lung	cancer	reported	an	objective	response	rate	(ORR)	of	72%	(95%	CI,	58	to	84),	with	median	duration



of	response	of	17.6	months.495	Based	on	the	results	of	this	phase	I	study,	the	FDA	expanded	crizotinib	approval	to
include	 ROS1-positive	 NSCLC,	 which	 is	 now	 first-line	 therapy.	 Alectinib	 has	 no	 activity	 against	 ROS1	 and
should	not	be	used	in	this	population.

BRAF.	BRAF	V600E	mutations	 occur	 in	 1%	 to	 2%	of	 lung	 adenocarcinomas	 and	 act	 as	 an	oncogenic	 driver.
Combination	BRAF	plus	mitogen-activated	protein	kinase	kinase	(MEK)	inhibition	has	demonstrated	activity	in
lung	adenocarcinoma	with	BRAF	V600E	mutations.	Although	single-agent	use	of	the	BRAF	inhibitor,	dabrafenib,
has	 demonstrated	 some	 clinical	 activity	 in	 patients	 with	 lung	 cancer	 and	 BRAF	 V600E,	 a	 phase	 II	 study
combining	dabrafenib	with	the	MEK	inhibitor,	trametinib,	in	previously	treated	patients	demonstrated	an	ORR	of
63%	and	 a	 duration	 of	 response	 of	 9	months.526	 This	was	 followed	by	 a	 phase	 II	 trial	 in	 previously	 untreated
patients	with	BRAF	V600E	mutations	 that	 showed	a	 response	 rate	of	64%.497	Based	on	 this,	 the	FDA	granted
approval	for	dabrafenib	with	trametinib	for	V600E	BRAF-mutant	NSCLC,	which	can	now	be	used	in	the	first-line
setting.

Other	 Targets.	 Other	 mutations	 that	 are	 being	 explored	 as	 targetable	 oncogenic	 drivers,	 including	 MET,
neurotrophic	tyrosine	kinase	(NTRK),	RET,	and	HER2.	So-called	exon	14	skipping	mutations	in	MET	decrease
ubiquitination	and	lead	to	constitutive	activity	and	tumorigenesis.	Exon	14	skipping	mutations	are	present	in	5%
of	 NSCLC	 and	 predict	 response	 to	MET	 inhibitors,	 such	 as	 crizotinib.527–529	 Fusion	 rearrangements	 with	 the
neurotrophic	 receptor	 tyrosine	 kinase	 NTRK	 genes	 lead	 to	 oncogene	 addiction	 and	 have	 been	 identified	 in
multiple	 tumor	 types,	 including	 NSCLC.	 Larotrectinib,	 a	 highly	 selective	 tropomyosin	 receptor	 kinase	 (TRK)
inhibitor,	is	associated	with	a	75%	response	rate	with	durable	responses.530	NSCLC	harboring	fusions	involving
the	 rearranged	 during	 transfection	 (RET)	 gene	 have	 been	 shown	 to	 be	 sensitive	 to	multiple	 RET	 inhibitors.531
HER2	 protein	 overexpression	 and	 gene	 amplification	 are	 present	 in	 6%	 to	 35%	 and	 10%	 to	 20%	 of	NSCLC,
whereas	mutations	in	HER2	are	identified	in	2%	to	4%	of	NSCLC.	Unlike	breast	cancer,	anti-HER2	therapy	has
not	been	shown	to	have	clinical	value	in	NSCLC	with	overexpression532,533;	however,	anti-HER2	agents	such	as
afatinib	have	been	shown	to	have	activity	in	patients	with	NSCLC	harboring	HER2	mutations.534

Immunotherapy
The	immune	system	is	capable	of	significant	anticancer	activity.	Tumors	accumulate	somatic	mutations	that	alter
proteins	and	lead	to	neoantigen	expression	on	the	tumor	surface.	These	neoantigens	can	be	recognized	by	T	cells
and	 stimulate	 antitumor	 activity.535–537	 Immune	 checkpoints,	 generally	 through	 ligands	 on	 antigen-	 presenting
cells	 (APCs)	with	 receptors	on	T	cells	 (TCR),	 regulate	 the	 immune	system.	 Inhibition	of	 these	checkpoints	via
monoclonal	antibodies,	 termed	“checkpoint	 inhibitors,”	 releases	 the	brakes	of	 the	 immune	system,	allowing	 for
oligoclonal	 expansion	 of	 tumor-infiltrating	 CD8+	 T	 cells,	 which	 then	 recognize	 tumor	 neoantigens	 and	 exert
anticancer	 activity.256,257,538	 Checkpoint	 inhibition	 of	 cytotoxic	 T-cell	 antigen	 4	 (CTLA-4)	 and	 PD-L1	 and	 its
receptor	PD-1	results	in	significant	antitumor	activity	(Table	48.6).260,502–504,539–542

Although	response	to	PD-1/PD-L1	therapy	can	be	substantial	and	durable,	these	occur	in	a	minority	of	patients.
Enormous	effort	continues	to	be	placed	on	determining	predictors	of	response	and	biomarkers.	One	such	predictor
that	has	been	studied	extensively	is	PD-L1	staining.	PD-L1	expression	can	be	measured	on	tumor	cells,	infiltrating
immune	cells,	and/or	other	cells	in	the	tumor	microenvironment	and	scored	based	on	frequency	and	intensity	of
staining.	 Studies	 have	 suggested	 that	 increased	 PD-L1	 expression	 predicts	 response	 to	 anti–PD-1/PD-L1
therapy503,543;	however,	this	is	not	true	across	all	studies.539	Roughly	30%	of	patients	with	advanced	NSCLC	will
have	 ≥50%	 PD-L1	 tumor	 expression,	 whereas	 another	 30%	will	 have	 <1%	 tumor	 expression	 of	 PD-L1.260,504
Importantly,	 even	 some	patients	whose	 tumors	have	no	PD-L1	 staining	derive	benefit.	Moreover,	 in	 still	 other
studies,	 response	 rates	 seemed	 to	 align	 with	 PD-L1	 expression	 in	 immune-infiltrating	 cells	 or	 tumor	 cells.502
Importantly,	PD-L1	expression	appears	to	be	dynamic	and	may	change	in	character	and	amount,	depending	on	the
location	 and	 timing	 of	 the	 tissue	 biopsy.	To	 complicate	matters	 further,	 different	 studies	 used	 different	 PD-L1
assays,	 and	 further	 investigation	 has	 shown	 discordance	 in	 these.	 In	 the	 Blueprint	 Comparison	 Project,	 which
compared	 four	major	 assays	 for	 tumor	 PD-L1	 expression,	 discordant	 results	 were	 identified	 in	 37%	 of	 cases,
further	 emphasizing	 the	 imperfect	 nature	 of	 this	 test.544	Other	 potential	 biomarkers	 are	 the	 presence	 of	 tumor-
infiltrating	 lymphocytes	 (TILs)	 and	 tumor	 mutation	 burden.543	 The	 development	 of	 accurate	 predictors	 of
response	to	immunotherapy	is	a	central	area	of	research.
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TABLE	48.6
Major	Immunotherapy	Trials	in	Advanced	Non–small-cell	Lung	Cancer

Trial
N Trial	Characteristics Treatment	Regimens ORR% Median	PFS	(mo) Median	OS	(mo)

Phase Line Criteria Exp Cont Exp Cont P Exp Cont P Exp
CheckMate
017539

272 III Second Squamous Nivo Docetaxel 20 9 .008 3.5 2.8 <
.001

9.2

CheckMate
057503

582 III Second Nonsquamous Nivo Docetaxel 19 12 .02 2.3 4.2 NS 12.2

KEYNOTE-
010504

991 II/III Second ≥1%	PD-L1 Pembro	2
mg/kg

Docetaxel 18 9 <
.0001

3.9 4.0 NS 10.4

Pembro	10
mg/kg

Docetaxel 18 9 <
.0001

4.0 4.0 .004 12.7

OAK502 850 III Second 	 Atezo Docetaxel 14 13 — 2.8 4.0 NS 13.8

KEYNOTE-
024260

305 III First ≥50%	PD-L1 Pembro P-based 45 28 — 10.3 6.0 <
.001

30.0

CheckMate
026540

423 III First ≥5%	PD-L1 Nivo P-based 26 33 — 4.2 5.9 NS 14.4

KEYNOTE-
021G541,542

123 II First Nonsquamous Pembro/Carbo
→	Pembro/Ptx

Pembro/Carbo
→	Ptx

55 29 .0016 13.0 8.9 .01 70%a

Inclusion	criteria:	Major	phase	II	and	III	trials	that	led	to	the	approval	of	immunotherapy	agents	for	advanced	non–small-cell	lung	cancer.
Note	that	nivolumab	is	not	approved	in	the	first-line	setting.
a%	of	patients	with	an	overall	survival	of	1.5	years.
ORR,	 objective	 response	 rate;	 PFS,	 progression-free	 survival;	 OS,	 overall	 survival;	 Exp,	 experimental	 arm;	 Cont,	 control	 arm;	 Nivo,	 nivolumab;	 NS,	 not
statistically	 significant;	 PD-L1,	 programmed	 cell	 death	 protein	 ligand	 1;	 Pembro,	 pembrolizumab;	 Atezo,	 atezolizumab;	 P-based,	 platinum-based	 doublet
chemotherapy;	Carbo,	carboplatin	area	under	the	curve	5;	Ptx,	pemetrexed	500	mg/m2.

In	the	landmark	study,	KEYNOTE-024,	previously	untreated	patients	with	advanced	NSCLC	with	≥50%	PD-
L1	tumor	expression	were	randomly	assigned	to	either	pembrolizumab	(200	mg	every	3	weeks)	or	platinum-based
chemotherapy.260	 The	 study	 met	 its	 primary	 end	 point	 of	 PFS	 (10.3	 months	 with	 pembrolizumab	 versus	 6.0
months	with	chemotherapy,	P	<	.001),	with	a	response	rate	of	45%	versus	28%	and	improved	OS.545	This	led	to
FDA	approval	 of	 pembrolizumab	 in	 patients	with	NSCLC	without	 a	 driver	mutation	with	≥50%	PD-L1	 tumor
expression	and	fundamentally	changed	the	treatment	landscape	for	NSCLC.

In	 a	 similar	 study,	 CheckMate	 026,	 previously	 untreated	 patients	 with	 advanced	 NSCLC	 and	 ≥1%	 PD-L1
tumor	 expression	 level	were	 randomized	 to	 either	 nivolumab	or	 platinum-based	 chemotherapy.540	 The	 primary
end	point	 of	PFS	 in	 patients	with	≥5%	PD-L1	 tumor	 expression	was	not	 reached	 (4.2	months	with	 nivolumab
versus	5.9	months	with	chemotherapy;	HR,	1.15;	P	=	.25),	with	no	difference	in	median	OS.	It	is	unclear	whether
differences	in	the	PD-L1	assay	and	cutoffs	could	explain	the	discrepancy	with	the	KEYNOTE	study,	or	if	the	two
anti–PD-1	drugs	are	simply	not	equivalent.

Three	 inhibitors	 of	 the	 PD-1/PD-L1	 axis	 are	 currently	 approved	 in	 the	 treatment	 of	 advanced	 NSCLC:
pembrolizumab	(anti–PD-1),504	nivolumab	(anti–PD-1),539,542	and	atezolizumab	(anti–PD-L1).502	All	three	agents
have	been	studied	in	the	second-line	setting	in	patients	with	advanced	NSCLC	with	progression	of	disease	after
platinum-based	chemotherapy.502,504,539,542	Multiple	pooled	analyses	demonstrate	a	 response	 rate	of	nearly	20%
with	 improved	 PFS	 and	OS	 compared	 to	 docetaxel,546	 with	 2-year	OS	 >30%	with	 PD-1/PD-L1	 agents	 versus
approximately	 15%	 with	 docetaxel,	 emphasizing	 the	 remarkable	 durability	 of	 these	 agents.	 There	 are	 no
comparative	efficacy	data	to	determine	whether	one	drug	is	better	than	another,	and	comparison	of	efficacy	across
clinical	trials	is	similar.	The	approval	of	nivolumab	and	atezolizumab	extends	to	all	patients	in	these	second-line
setting,	whereas	pembrolizumab	is	only	approved	in	tumors	with	≥1%	PD-L1	staining.

Despite	 advances	 in	 NSCLC	 with	 anti–PD-1/PD-L1	 therapies,	 most	 patients	 do	 not	 respond	 to	 treatment.
Several	 studies	 are	 currently	 investigating	 methods	 to	 improve	 response	 and	 durability,	 including	 adding	 a
secondary	 agent	 such	 as	 an	 additional	 checkpoint	 inhibitor,	 targeted	 agents,	 cytokines,	 or	 chemotherapy.
Preclinical	 studies	 that	 have	 suggested	 that	 the	 addition	 of	 chemotherapy	 to	 immunotherapy	 may	 enhance
immunotherapy	 include:	 the	 elimination	 of	 T-regulatory	 cells,	 increased	 penetration	 of	 T	 cells	 into	 the	 tumor
microenvironment,	and	creation	of	neoantigens	in	the	presence	of	chemotherapy.	In	the	KEYNOTE-021G	trial,541
123	patients	with	advanced	nonsquamous	NSCLC	were	randomly	assigned	to	receive	four	cycles	of	carboplatin



and	 pemetrexed	 with	 or	 without	 pembrolizumab.	 Pembrolizumab	 was	 continued	 up	 to	 24	 months,	 and
maintenance	 pemetrexed	 was	 optional.	 Response	 rates	 were	 55%	 in	 patients	 receiving	 the	 combination	 of
chemotherapy	plus	pembrolizumab	versus	29%	for	chemotherapy	alone.541	The	difference	 in	 response	 rate	was
particularly	impressive	for	patients	with	<1%	PD-L1	expression	who	received	pembrolizumab	versus	those	who
did	 not:	 57%	 versus	 13%,	 respectively.	 Updated	 results	 after	 a	 median	 of	 18.7	 months	 showed	 a	 significant
improvement	 in	PFS	with	 pembrolizumab	 (19	versus	 8.9	months)	 and	 an	18-month	OS	 rate	 of	 70%	and	56%,
respectively.542	 Based	 on	 the	 results	 of	 this	 phase	 II	 trial,	 the	 combination	 of	 carboplatin-pemetrexed-
pembrolizumab	received	FDA	approval	 for	 treatment-naïve	advanced	nonsquamous	NSCLC.	The	 results	of	 the
phase	III	KEYNOTE-189	validation	study	are	highly	anticipated	and	has	the	potential	to	move	pembrolizumab	in
the	first-line	setting	for	all	nonsquamous	NSCLC.

Early-phase	 studies	 have	 explored	 combining	 ipilimumab	 with	 pembrolizumab547	 or	 nivolumab548,549	 in
NSCLC	with	ORR	of	25%	(second-line)	and	43%	(first-line),	respectively.	However,	these	results	come	with	an
increased	 severity	 of	 toxicities	 (grade	 3	 or	 higher	 toxicity	 with	 ipilimumab	 and	 pembrolizumab	 was	 49%
compared	 to	 10%	with	 single-agent	 pembrolizumab).547,550	 Similar	 results	 of	 efficacy	 and	 toxicity	 have	 been
shown	when	 tremelimumab	 is	 combined	with	durvalumab.551	Ongoing	 trials	are	examining	 the	combination	of
nivolumab	and	ipilimumab	along	with	a	multitude	of	other	immune	agents	in	the	first-	and	second-line	setting.

Chemotherapy
Platinum-based	 regimens	 are	 still	 the	 standard	 first	 chemotherapeutic	 treatment	 for	 all	 advanced	 NSCLC
squamous	patients	as	well	as	nonsquamous	patients	who	have	<50%	PD-L1	expression.	An	extensive	 literature
has	attempted	to	determine	the	“optimal	platinum	analog,”	cisplatin	or	carboplatin,	in	advanced	disease.	There	is
general	consensus	that	although	cisplatin	may	be	slightly	more	active,	particularly	with	respect	to	response	rate,
the	impact	on	OS	is	minimal,	if	any,	and	toxicity,	especially	nonhematologic,	is	worse.552	Carboplatin	tends	to	be
widely	used	in	the	United	States,	whereas	cisplatin	is	still	frequently	utilized	in	Europe	and	Latin	America.

The	choice	of	agents	 that	are	typically	combined	with	a	platinum	analog	differ	between	histologic	types	and
include	 pemetrexed,	 paclitaxel,	 docetaxel,	 nab-paclitaxel,	 gemcitabine,	 vinorelbine,	 irinotecan,	 and	 etoposide.
Pemetrexed	has	no	efficacy	in	squamous	cell	carcinomas	and	should	not	be	used	in	these	patients.553	Because	they
are	so	infrequently	used,	the	NCCN	guidelines	have	taken	out	irinotecan,	etoposide,	and	vinorelbine.	Carboplatin
and	either	paclitaxel,	nab-paclitaxel,	or	gemcitabine	are	often	used	for	patients	with	squamous	histology.	Studies
have	failed	to	demonstrate	superiority	of	one	regimen	over	another,	and	decisions	regarding	which	agent	 to	use
are	 based	on	 the	 toxicity	 profile,	 ease	 and	 convenience	of	 administration,	 and	 cost.259	The	use	of	 nonplatinum
doublets	 in	 first-line	 therapy	 is	 not	 encouraged	 but	 may	 be	 an	 alternative	 to	 occasional	 patients	 who	 have
contraindications	to	both	platinum	analogs.554	The	addition	of	a	third	cytotoxic	agent	does	not	improve	outcomes
and	is	not	recommended.555

The	general	standard	is	to	administer	four	to	six	cycles	of	chemotherapy	unless	progression	or	toxicity	prevents
this.468,556,557	 Bevacizumab	may	 be	 added	 to	 this	 regimen	 in	 patients	with	 nonsquamous	 histology	 (see	 “Anti-
VEGF	Therapy	 and	Anti-EGFR	Antibodies”	 section).	 There	 is	 no	 benefit	 in	 continuing	 the	 same	 combination
chemotherapy	 beyond	 six	 cycles557;	 however,	 maintenance	 therapy	 with	 the	 nonplatinum	 agents	 is	 commonly
given.	Maintenance	therapy	with	either	the	same	nonplatinum	agent	or	an	alternative	nonplatinum	agent	(so-called
switch	maintenance)	has	consistently	been	shown	to	improve	PFS	with	mixed	results	for	OS.558–561	Bevacizumab
is	typically	continued	until	disease	progression	(see	subsequent	section).	The	decision	about	maintenance	therapy
must	be	individualized.	Some	patients	may	be	safely	observed	after	the	initial	four	to	six	cycles;	however,	some
patients	recur	with	devastating	complications	and	may	miss	their	window	for	further	therapy.	The	entire	practice
of	maintenance	therapy	may	change	greatly	in	the	near	future	if	combination	chemotherapy/immunotherapy	in	the
first-line	setting	is	shown	to	be	superior	to	chemotherapy	alone.

Age	alone	is	not	a	restriction	to	chemotherapy.	In	the	past,	patients	aged	≥70	years	were	felt	to	be	at	high	risk
for	 complications	 and	many	were	 treated	with	 single-agent	 therapy	 or	 denied	 active	 treatment	 altogether.562	A
robust	literature	demonstrated	that	elderly	patients	benefit	from	standard	combination	chemotherapy	compared	to
single	 agent,	 including	 a	 pivotal	 clinical	 trial	 in	which	 the	 combination	 of	 carboplatin-paclitaxel,	 administered
weekly,	was	superior	 to	single-agent	 therapy	(median	survival,	10.3	versus	6.2	months;	1-year	OS,	45%	versus
25%).563	Toxicity	tends	to	be	more	severe	with	two	chemotherapeutic	agents	versus	one.	Carboplatin	is	easier	to
tolerate,	and	the	use	of	cisplatin	is	discouraged	in	these	patients.	Octogenarians	have	been	poorly	represented	in
clinical	trials,	and	caution	is	advised	when	applying	these	data	to	this	age	subset.564

Multiple	randomized	trials	have	demonstrated	that	second-line	chemotherapy,	with	a	non–cross-resistant	agent
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leads	to	an	improvement	in	survival.565,566	Erlotinib	was	previously	approved	in	this	setting	for	patients	regardless
of	EGFR	mutation	status;	however,	recent	data	has	shown	a	lack	of	efficacy	in	the	wild-type	EGFR	population,
and	FDA	approval	has	been	withdrawn.

Anti–Vascular	Endothelial	Growth	Factor	Therapy	and	Anti–Epidermal	Growth
Factor	Receptor	Antibodies
Bevacizumab	 is	 a	 recombinant	 humanized	monoclonal	 antibody	 that	 targets	 vascular	 endothelial	 growth	 factor
(VEGF)	 ligand	and	blocks	 its	 interaction	with	VEGFR,	 resulting	 in	antiangiogenic	activity.	A	meta-analysis	of
four	 trials	 comparing	 the	 addition	 of	 bevacizumab	 versus	 platinum-based	 chemotherapy	 alone	 demonstrated	 a
benefit	 for	 PFS	 and	 OS.567	 The	 PointBreak	 trial568	 compared	 carboplatin-paclitaxel-bevacizumab	 versus
carboplatin-pemetrexed-bevacizumab,	 demonstrating	 improved	 PFS	 but	 no	 difference	 in	 ORR	 or	 OS	 (Table
48.7).179,568–572	 These	 results	 come	 at	 with	 the	 increased	 risk	 of	 proteinuria,	 hypertension,	 neutropenia,	 and
pulmonary	hemorrhage.	Bevacizumab	has	a	high	rate	of	bleeding	complications	in	squamous	cell	carcinomas	and
should	not	be	used	 in	 these	patients	or	 in	patients	with	hemoptysis.	The	original	 trials	evaluating	bevacizumab
excluded	patients	with	brain	metastases	due	to	concerns	for	CNS	hemorrhage;	however,	later	studies	demonstrated
that	 the	 risk	of	CNS	bleeding	 is	 small	 in	patients	with	 treated	brain	metastases.573	These	data	demonstrate	 that
bevacizumab	 can	 be	 used	 in	 eligible	 patients	 with	 advanced	 nonsquamous	 NSCLC	 in	 combination	 with
chemotherapy.	The	benefit	is	modest,	and	toxicity	can	be	significant.

TABLE	48.7
Major	Trials	with	Anti–Vascular	Endothelial	Growth	Factor	(VEGF)	Agents	and	Anti–
Epidermal	Growth	Factor	Receptor	(EGFR)	Monoclonal	Antibodies	in	Advanced	Non–small-
cell	Lung	Cancer

Target Trial
Characteristics Treatment	Regimens ORR% PFS	(mo)

N Phase Line Exp Cont Exp Cont P Exp Cont P Exp
VEGF ECOG

E4599179
878 III First Carbo/Pacli/Bev

→	Bev
Carbo/Pacli 35% 15% <

.001
6.2 4.5 <

.001
12.3

VEGF PointBreak568 939 III First Carbo/Ptx/Bev
→	Bev/Ptx

Carbo/Pacli/Bev
→	Bev

34% 33% — 6 5.6 .012 12.6

VEGFR REVEL569 1,253 III Second Docetaxel/Ramu Docetaxel 23% 14% <
.0001

4.5 3 <.
0001

10.5

Multi LUME	Lung
1570

655 III Second Docetaxel/Ninted Docetaxel 4% 3% NS 3.4 2.7 .0019 10.1

EGFR FLEX571 1,125 III First Cis/Vin/Cetux Cis/Vin 36% 29% .01 4.8 4.8 NS 11.3

EGFRa SQUIRE572 1,093 III First Cis/Gem/Neci Cis/Gem 31% 29% NS 5.7 5.5 .02 11.5
Inclusion	 criteria:	 Major	 phase	 III	 trials	 that	 led	 to	 the	 approval	 of	 anti-VEGF	 agents	 and	 anti-EGFR	 antibodies	 for	 advanced	 non–small-cell	 lung	 cancer.
Nintedanib	is	approved	in	the	European	Union,	but	it	is	not	approved	in	the	United	States	for	non–small-cell	lung	cancer.
aSquamous	only.
ORR,	 objective	 response	 rate;	 PFS,	 progression-free	 survival;	 OS,	 overall	 survival;	 Exp,	 experimental	 arm;	 Cont,	 control	 arm;	 Carbo,	 carboplatin;	 Pacli,
paclitaxel;	Bev,	bevacizumab;	→,	followed	by	maintenance	therapy;	Ptx,	pemetrexed;	NS,	not	statistically	significant;	Ramu,	ramucinumab;	Multi,	multiple	targets,
namely	VEGFR,	fibroblast	growth	factor	receptor,	platelet-derived	growth	factor	receptor;	Ninted,	nintedanib;	Cis,	cisplatin;	Vin,	vinorelbine;	Cetux,	cetuximab;
Gem,	gemcitabine;	Neci,	Necitumumab.

Ramucirumab	is	a	fully	human	IgG1	monoclonal	antibody	that	is	specific	to	the	VEGFR2.	In	the	REVEL	trial,
ramucirumab	 in	 combination	 with	 docetaxel	 demonstrated	 superior	 ORR,	 PFS,	 and	 OS	 versus	 docetaxel
monotherapy569	and	is	now	approved	by	the	FDA	in	combination	with	docetaxel	in	patients	with	progression	after
platinum-based	chemotherapy.	Additional	agents	such	as	nintedanib	(an	oral	TKI	with	activity	against	VEGFR,
fibroblast	 growth	 factor	 receptor	 [FGFR],	 and	 platelet-derived	 growth	 factor	 receptor	 [PDGFR]),	 cetuximab	 (a
monoclonal	 antibody	 directed	 against	 EGFR),	 and	 necitumumab	 (a	 second-generation,	 recombinant,	 human
immunoglobulin	G1	[IgG1]	EGFR	antibody)	have	all	been	studied	in	combination	with	chemotherapy	agents	in
patients	with	NSCLC	in	various	settings.	Although	these	 trials	have	met	statistical	significance,	concerns	about
clinical	significance,	cost,	and	toxicity	have	been	raised,	and	these	agents	are	not	commonly	used	in	the	United
States.



SPECIAL	CLINICAL	SITUATIONS
Oligometastases
In	general,	the	presence	of	distant	metastases	indicates	incurable	disease	that	must	be	treated	palliatively,	usually
by	 chemotherapy.	 However,	 a	 small	 subset	 of	 patients	 presents	 with	 a	 limited	 number	 (e.g.,	 one	 to	 three)	 of
metastatic	 sites.	This	 is	 called	oligometastatic	disease.	One	can	 speculate	 that	 the	biologic	behavior	of	patients
manifesting	oligometastatic	disease	may	be	different	from	those	with	more	widespread	metastases,	such	as	a	more
limited	ability	of	metastases	to	develop,	more	indolent	disease,	or	a	difference	in	the	host	response	to	the	tumor.
Regardless,	oligometastatic	disease	represents	a	setting	in	which	one	can	consider	the	role	of	local	therapy.

The	most	widely	recognized	manifestation	of	oligometastatic	disease	involves	isolated	brain	metastases;	many
reports	over	decades	document	benefit	to	aggressive	definitive	management	of	the	metastases.	This	can	be	in	the
setting	of	palliative-intent	treatment,	where	traditionally	it	has	been	thought	the	benefit	results	from	management
of	 the	 devastating	 effect	 of	 untreated	 brain	 metastases.	 However,	 aggressive	 definitive	 management	 of	 the
metastases	and	the	primary	site	have	also	been	done	with	curative	intent	in	the	setting	of	oligometastatic	disease.
Gradually,	 data	 has	 accumulated	 suggesting	 that	 the	 benefit	 is	 not	 limited	 to	 only	brain	metastases,	 either	 in	 a
curative-intent	setting	or	a	palliative-intent	setting	(indeed,	the	distinction	between	curative	and	palliative	intent	is
becoming	blurred).

Curative-Intent	Treatment	of	Oligometastatic	Non–small-cell	Lung	Cancer
The	greatest	amount	of	data	regarding	the	role	of	eradication	of	all	known	disease	with	intent	to	cure	comes	from
patients	 with	 NSCLC	 and	 isolated	 brain	 metastases.	 The	 ACCP	 and	 NCCN	 guidelines	 recommend	 this	 be
considered	in	NSCLC	patients	with	isolated	brain	metastases.164,386	A	careful	search	(PET,	brain	MRI/CT)	should
be	conducted	to	find	evidence	of	more	diffuse	metastases.	The	number	of	brain	metastases	is	not	crucial	as	long	as
they	can	each	be	treated	definitively.386	Invasive	mediastinal	staging	should	be	done;	involvement	of	N2,3	nodes
is	considered	a	contraindication	for	curative-intent	therapy.164,386

Treatment	 of	 patients	 with	 isolated	 brain	 metastases	 (T1-3	 N0,	 1	 M1b)	 generally	 begins	 with	 stereotactic
radiosurgery	 (SRS)	 or	 surgical	 resection	 of	 the	 brain	 metastases	 because	 of	 the	 devastating	 consequences	 of
untreated	 brain	 lesions.	 SRS	 and	 surgery	 for	 brain	 metastases	 are	 complementary	 approaches	 with	 equivalent
effectiveness;	surgery	is	generally	used	with	larger	lesions	that	produce	more	mass	effect	and	if	the	morbidity	of	a
surgical	approach	is	low.	Curative	resection	of	the	primary	lung	tumor	should	follow	the	same	principles	dictated
by	the	primary	tumor	regardless	of	the	brain	metastasis.	Adjuvant	chemotherapy	is	then	recommended,	although
based	only	on	indirect	data	of	a	benefit	in	earlier	stage	patients.164,386	There	is	no	data	regarding	the	sequence	(i.e.,
after	treatment	of	the	brain	metastasis	whether	to	resect	the	lung	lesion	followed	by	chemotherapy	or	to	administer
chemotherapy	and	then	later	resect	the	lung	primary).	However,	given	the	rapid	recovery	in	general	from	modern
(i.e.,	VATS)	lung	resection,	it	 is	reasonable	to	get	this	accomplished	before	chemotherapy.	Both	the	ACCP	and
NCCN	 recommend	 adjuvant	 whole-brain	 RT	 (WBRT)	 as	 well	 to	 decrease	 the	 chance	 of	 a	 brain	 recurrence;
however,	the	data	for	the	benefit	of	WBRT	(for	either	survival	or	the	rate	of	brain	recurrences)	is	conflicting	and
indirect	(not	specific	to	oligometastatic	tumors	and	curative-intent	treatment).

Outcomes	 of	 curative-intent	 treatment	 of	 NSCLC	 with	 isolated	 brain	 oligometastases	 are	 reasonable.	 The
surgical	mortality	from	both	resection	of	the	brain	lesion	and	the	lung	primary	is	about	2%	in	a	recent	systematic
review.386	 The	 5-year	 survival	 is	 about	 15%.386	 The	 outcomes	 are	 the	 same	 whether	 patients	 present	 with	 a
synchronous	brain	metastasis	 or	 a	metachronous	brain	metastasis	 that	 is	 found	 after	 a	 previous	 resection	of	 an
early-stage	NSCLC.	Prognostic	 factors	 are	poorly	defined;	outcomes	may	be	 slightly	better	 in	patients	 that	 are
younger,	have	good	PS,	and	have	a	lower	T	stage	of	the	primary	tumor.

There	is	data	supporting	a	similar	treatment	approach	for	patients	with	isolated	adrenal	metastases.164,386	The
staging	approach	and	 treatment	 strategy	 is	 similar,	 although	 the	urgency	of	 treatment	of	 the	brain	metastasis	 is
missing.	Usually,	the	adrenal	metastasis	is	treated	by	surgical	resection	(often	laparoscopic)	followed	in	about	2
weeks	by	lung	resection	(often	by	VATS).	Both	the	ACCP	and	NCCN	recommend	adjuvant	chemotherapy,	but
this	is	based	on	extrapolation	from	patients	with	other	disease	stages.164,386

A	systematic	 review	of	outcomes	found	an	average	5-year	survival	of	27%	with	curative-intent	 treatment	of
patients	with	NSCLC	and	isolated	adrenal	metastases.386	Prognostic	factors	have	not	been	defined.	The	outcomes
appear	to	be	similar	for	synchronous	and	metachronous	presentations.

Limited	data	 is	 available	 regarding	curative-intent	 treatment	of	oligometastatic	disease	 in	other	distant	 sites.
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However,	reported	outcomes	are	quite	good	(5-year	survival	of	32%	to	86%).386	The	observation	that	outcomes
are	better	 for	 adrenal	 and	other	 sites	 compared	with	brain	oligometastatic	disease	probably	 simply	 reflects	 that
clinicians	 have	 been	 more	 selective	 in	 choosing	 patients	 for	 curative-intent	 treatment	 involving	 nonbrain
oligometastases.	A	prospective	 trial	of	aggressive	curative-intent	 treatment	 for	nonbrain	oligometastatic	disease
found	a	median	survival	of	11	months	and	a	5-year	survival	of	9%;	however,	this	trial	included	many	patients	with
N2	disease.574

Palliative-Intent	Treatment	of	Oligometastatic	Non–small-cell	Lung	Cancer
Several	recent	studies	have	suggested	there	may	be	a	substantial	palliative	benefit	to	definitive	management	of	all
sites	of	oligometastatic	disease	in	NSCLC.575,576	These	randomized	studies	have	shown	marked	prolongation	of
PFS	 (10	 and	 12	 months	 versus	 3.5	 and	 4	 months;	 P	 =	 .01	 and	 P	 =	 .005,	 respectively)	 when	 all	 sites	 of
oligometastatic	 NSCLC	 were	 treated	 with	 local	 therapy	 (primarily	 SBRT	 but	 also	 resection)	 versus	 systemic
maintenance/observation.	 The	 studies	 have	 involved	 patients	 with	 NSCLC	 who	 were	 treated	 with	 standard
chemotherapy	or	targeted	therapy	and	had	either	a	partial	response	or	stable	disease.	Although	both	studies	were
small	(29	and	49	patients),	their	impact	is	increased	by	the	consistency	in	the	PFS	in	the	respective	arms	between
the	two	studies	as	well	as	when	compared	to	other	single-arm	studies	(all	showing	PFS	of	approximately	10	to	14
months	with	the	addition	of	local	therapy	and	approximately	3	to	4	months	with	systemic	therapy	alone).574,577–579
The	argument	that	this	may	be	only	an	apparent	benefit	because	the	local	therapy	merely	masks	the	typical	site	of
progression	 (which	 is	at	 existing	sites	 rather	 than	 the	appearance	of	new	sites)	 is	countered	by	 the	 finding	 that
local	therapy	of	oligometastatic	sites	led	to	a	prolongation	in	the	time	to	appearance	of	new	distant	sites	(12	versus
6	 months,	P	 <	 .05).575	 The	 fact	 that	 the	 trials	 are	 randomized	 and	 patients	 were	 well	 matched	 counters	 the
“survivor	treatment	selection	bias”	(meaning	that	patients	selected	for	further	local	therapy	need	to	survive	long
enough	to	be	considered	for	this	approach)	that	has	been	raised	as	a	potential	confounder	in	single-arm	studies.
However,	the	follow-up	is	too	short	in	the	randomized	studies	to	evaluate	OS.575,576	Several	larger	phase	III	trials
have	 been	 initiated	 to	 further	 explore	 the	 impact	 of	 local	 therapy	 of	 oligometastatic	 sites	 of	 NSCLC
(NCT03137771,	NCT02417662).

The	idea	that	a	local	treatment	of	nonbrain	oligometastatic	sites	can	prolong	survival	in	NSCLC	as	an	adjunct
to	systemic	therapy	has	the	potential	to	substantially	impact	management.	It	is	too	early	to	be	sure	of	the	effect,	to
know	whether	it	impacts	OS,	how	to	select	patients,	or	when	such	an	aggressive	approach	might	lead	to	greater
toxicity.	 In	 the	 1999/2010	 IASLC	 database	 that	 informed	 the	 eighth	 edition	 stage	 classification,	 a	 survival
advantage	 was	 seen	 for	 palliatively	 treated	 patients	 with	 a	 solitary	 metastasis	 versus	 those	 with	 multiple
metastasis.57	Whether	consolidative	therapy	of	a	limited	number	of	sites	will	change	the	focus	from	a	single	site	to
a	limited	number	is	unclear.	A	further	challenge	is	how	to	integrate	such	an	approach	with	other	major	advances
such	 as	 targeted	 therapy	 and	 immunotherapy	 and	 how	management	 of	maintenance	 therapy	 is	 impacted	 if	 the
ability	 to	monitor	 treatment	effect	 at	 sites	of	disease	 is	 removed.	The	advances	 that	 allow	SBRT	 to	effectively
treat	 sites	 throughout	 the	 body	 with	 little	 toxicity	 is	 certainly	 part	 of	 what	 allows	 the	 concept	 of	 local
oligometastatic	 site	 treatment	 to	 be	 explored.	 At	 any	 rate,	 this	 concept	 is	 an	 exciting	 potential	 advance	 that
underscores	 the	 need	 for	 multimodality	 participation	 in	 patient	 management	 even	 in	 the	 setting	 of	 advanced
NSCLC.

Local	Therapy	of	Oligoprogressive	Sites
The	advent	of	systemic	treatments	that	allow	prolonged	periods	of	PFS	of	some	patients	with	advanced	disease
has	led	to	the	observation	that	sometimes,	a	single	site	of	disease	will	begin	to	progress	while	other	sites	remain
stable.	 This	 has	 been	 termed	 oligoprogression.	 Particularly	 in	 patients	 treated	 with	 targeted	 therapy,
oligoprogression	 is	 seen	 in	 a	 substantial	 minority	 (most	 commonly	 at	 the	 primary	 tumor	 site).580	 Several
retrospective	studies	of	local	therapy	to	oligoprogressive	site(s)	have	suggested	encouraging	outcomes580	but	must
be	viewed	as	clearly	confounded	by	selection	factors.	Single-arm	prospective	 trials	are	ongoing	but	will	not	be
able	to	disentangle	the	effect	of	local	therapy	from	patient	selection.580	For	this,	an	RCT	is	needed.

Patients	with	Multiple	Pulmonary	Sites	of	Lung	Cancer
It	 is	 increasingly	 common	 to	 encounter	 patients	 with	 multiple	 pulmonary	 sites	 of	 lung	 cancer.	 It	 has	 been
challenging	to	understand	how	to	think	about	these	patients.	The	IASLC	assembled	an	international	committee	to
establish	a	conceptual	structure.	The	committee	recognized	four	distinct	patterns	of	disease:	separate	primary	lung



cancers,	 separate	 tumor	 nodules,	 multifocal	 ground	 glass/lepidic	 adenocarcinoma,	 and	 pneumonic-type
adenocarcinoma.581	 This	 categorization	 arose	 from	 a	 recognition	 that	 each	 of	 these	 disease	 patterns	 exhibits	 a
different	biologic	behavior.

A	critical	step	in	determining	in	which	category	to	place	a	patient	with	multiple	pulmonary	sites	of	lung	cancer
is	 evaluation	 by	 a	 multidisciplinary	 team	 (Table	 48.8).	 This	 should	 take	 into	 account	 all	 of	 the	 information
available	(imaging	appearance,	change	over	time,	risk	factors,	biopsy	results,	molecular	analysis);	 there	are	few
characteristics	that	by	themselves	establish	the	pattern	of	disease.	Most	features	are	strongly	suggestive	but	must
be	considered	together	with	all	 information	available.	It	 is	generally	of	greatest	utility	to	define	the	category	on
clinical	grounds	(before	resection).581	It	is	particularly	important	to	remember	that,	in	patients	with	a	clinical	and
radiographic	presentation	consistent	with	early-stage	lung	cancer	and	an	additional	subcentimeter	nodule	on	CT,
the	large	majority	of	these	nodules	are	benign.386,582–584

Second	Primary	Lung	Cancer
Identification	 of	 second	 primary	 lung	 cancers	 on	 clinical	 grounds	 has	 been	 quite	 accurate	 (as	 evidenced	 by
survival	outcomes),	and	these	have	most	often	been	of	the	same	cell	type.	Second	primary	lung	cancers	occur	in
about	5%	of	 resected	cases	 (either	 synchronous	or	metachronous	presentation)	 and	at	 a	 rate	of	 about	1.5%	per
patient	per	year	after	curative	treatment	of	a	NSCLC.	Approximately	two-thirds	of	second	primary	lung	cancers
have	been	of	 the	 same	histologic	 type;	quite	consistently,	 the	outcomes	of	 tumors	classified	as	 second	primary
lung	 cancer	 based	 on	 different	 histology	 versus	 based	 on	 other	 features	 have	 been	 the	 same.386,585	 Two
adenocarcinomas	 can	 be	 defined	 as	 separate	 if	 they	 have	 different	 proportions	 of	 adenocarcinoma	 subtypes
(and/or	other	cytologic	 features)	 in	what	 is	known	as	a	comprehensive	histologic	assessment.585,586	However,	a
comprehensive	 histologic	 assessment	 requires	 resected	 specimens;	 such	 a	 determination	 is	 considered
inappropriate	when	based	on	a	limited	biopsy	alone.	It	has	also	been	suggested	to	use	molecular	analysis	of	driver
mutations	to	categorize	lung	tumors	as	separate	primaries	or	related,	but	one	must	recognize	that	there	is	a	well-
defined	25%	rate	of	discordance	when	multiple	sites	are	analyzed	from	what	clearly	represents	a	single	tumor	with
multiple	metastases,	and	that	the	same	common	mutations	can	be	present	in	separate	primary	tumors.	Whether	this
rate	of	discordance	is	due	to	tumor	heterogeneity	or	limitations	of	the	assays	is	unclear.585

When	a	synchronous	second	primary	lung	cancer	is	suspected,	a	careful	search	should	be	made	for	distant	or
mediastinal	 metastases	 as	 recommended	 by	 the	 ACCP	 and	 NCCN.164,386	 If	 this	 evaluation	 is	 negative,	 each
primary	 cancer	 should	be	 treated	 in	 the	usual	 fashion	 for	 early-stage	 cancer,	 provided	 the	patient	has	 adequate
reserve.	SBRT	offers	another	 treatment	option.	The	vast	majority	of	 reported	synchronous	second	primary	 lung
cancers	have	been	resected	(often	a	limited	resection);	the	5-year	survival	after	resection	is	approximately	40%	for
all	and	60%	if	both	tumors	are	stage	pI.585

A	metachronous	second	primary	lung	cancer	is	best	defined	as	a	cancer	with	either	a	different	histology	or	an
interval	of	>4	years—in	 these	situations	one	can	be	 fairly	certain	 it	 is	not	a	 recurrence.	A	site	of	cancer	of	 the
same	histologic	 type	appearing	within	2	years	 is	most	 likely	a	metastasis,	and	between	2	and	4	years	 is	a	gray
zone.386	Once	approximately	2	years	have	passed,	 the	stage	of	 the	 initial	NSCLC	does	not	appear	 to	affect	 the
likelihood	of	recurrence	versus	new	primary	cancer.	The	judgment	of	a	multidisciplinary	team,	taking	all	factors
into	account,	 is	 important	 in	classifying	 the	situation	as	a	second	primary	 lung	cancer	versus	a	 recurrence.	The
workup	of	a	metachronous	second	primary	lung	cancer	should	generally	proceed	as	dictated	by	the	characteristics
of	the	second	primary	tumor	alone.386,585	Most	metachronous	second	primary	cancers	that	are	reported	have	been
resected	(often	a	limited	resection).

Separate	Tumor	Nodule
An	 additional	 lesion	 is	 designated	 as	 a	 separate	 tumor	 nodule	 when	 there	 is	 a	 solid,	 typical	 appearing	 (e.g.,
spiculated)	lung	cancer	and	another,	similar-appearing	focus	of	cancer	that	is	not	thought	to	be	a	second	primary
lung	cancer.581,587	Histologically,	the	lesions	are	identical.	Usually,	one	lesion	is	the	more	dominant	primary	site,
and	usually,	the	number	of	separate	tumor	nodules	is	limited.	Patients	with	separate	tumor	nodules	are	relatively
uncommon	 (<3%	 in	 the	 IASLC	global	 database;	 the	distribution	of	 histologic	 types	mirrors	 that	 of	NSCLC	 in
general).587	The	stage	classification	depends	on	whether	the	additional	nodule	is	in	the	same	lobe	(T3),	a	different
ipsilateral	 lobe	(T4),	or	 the	contralateral	 lung	(M1a).587	This	distinction	arose	 from	differences	 in	OS,	although
this	 appears	 to	merely	 reflect	 the	 fact	 that	 same-lobe	 and	 same-side	 separate	 tumor	 nodules	 are	 resected	more
frequently	(there	 is	no	survival	difference	by	nodule	 location	among	only	resected	 tumors	or	only	non-resected
tumors).587
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TABLE	48.8
Approach	to	Patients	with	Multiple	Pulmonary	Sites	of	Lung	Cancer

Presentation
Data
Summary Initial	Evaluation Assessment Categorization Management

Typical	solid
cancer,a	additional
nodule	on	CT,	no
clinical	signs	of
distant	diseaseb

Large	majority
are	benign

Multidisciplinary	teamc

discussion
Judged	very	likely	benign Benign	lesion Treatment	of

primary	lung
cancer,
observation	of
nodule	per
Fleischner
guidelines

Locally	advanced
NSCLC,	nodule(s),
and	clinical	signs	of
distant	diseaseb

No	formal	data PET	and	brain	MRI/CT,
multidisciplinary	teamc

discussion

Judged	very	likely	stage	IV Stage	IV Stage	IV
treatment	(i.e.,
chemotherapy)

	 	 	 Judged	unclear Suspicious	for
Stage	IV

Biopsy	of
nodule	and
other	potential
sites	(N2,3	or
M1b)

Typical	solid
cancera	and
additional	typical
solid	cancera
(second	primary
cancer)

<1.5%
incidence	per
patient/year

Thorough	workup	to	rule	out
N2,3	or	M1	and
multidisciplinary	teamc

discussion

Meets	criteria	for
synchronous	primaries	if
evaluation	negative

Synchronous
primaries

Manage	each
primary
accordingly,
and	as	patient
will	tolerate
physiologically

Typical	solid
cancera	and
separate	solid	tumor
nodule

IASLC	DB,
survival	after
resection
better	than	for
solitary	M1b

Thorough	workup	to	rule	out
N2,3	or	M1b,c	and
multidisciplinary	teamc

discussion

Judged	unlikely	to	be
synchronous	second	primary,
but	lesion	suspected	(or
proven)	malignant	with	same
histology

Lung	cancer
with	separate
cancer	nodule

Curative	intent
management	if
N0,1	(consider
resection	of	all
lesions)

Lung	cancer	with
GGO	component
and	additional	GGO
(pure	or	semisolid)
lesions

Consistent
data	from
multiple
studies

Multidisciplinary	teamc

discussion;	CT	assessment	is
generally	sufficient

Fits	pattern	of	multifocal
disease

Multifocal	lung
cancer

Conservative
management
(observation
until	new	or
growth	of	solid
component	≥2
mm)

Lung	cancer	with
pneumonic-type
pattern

Consistent
data	from
multiple
studies

Multidisciplinary	teamc

discussion,	careful	evaluation
for	diffuse	pulmonary
involvement,	consider	PET	and
brain	MRI/CT

Fits	pattern	of	pneumonic-
type	of	adenocarcinoma

Pneumonic-type
adenocarcinoma

Consider
resection	in
carefully
selected
patients	with
localized
(parenchymal)
involvement

aSpiculated	solid	lesion.
bFatigue,	weight	loss,	anorexia,	bone	pain,	neurologic	symptoms.
cTeam	should	include	a	chest	radiologist,	pulmonologist,	and	thoracic	surgeon.
CT,	 computed	 tomography;	 NSCLC,	 non–small-cell	 lung	 cancer;	 PET,	 positron	 emission	 tomography;	 MRI,	 magnetic	 resonance	 imaging;	 IASLC	 DB,
International	Association	for	the	Study	of	Lung	Cancer	Database;	GGO,	ground	glass	opacity.
Table	modified	from	the	ACCP	Guidelines,	Kozower	BD,	Larner	JM,	Detterbeck	FC,	et	al.	Special	treatment	issues	in	non-small	cell	lung	cancer:	diagnosis	and
management	of	lung	cancer,	3rd	ed:	American	College	of	Chest	Physicians	evidence-based	clinical	practice	guidelines.	Chest	2013;143(5	Suppl):e369S–e399S,
reproduced	with	permission.

No	additional	diagnostic	workup	is	recommended	by	the	ACCP	in	patients	with	a	secondary	lesion	in	the	same
lobe	(T3satell).	The	data	does	not	 suggest	 a	higher	 rate	of	occult	distant	or	mediastinal	metastases	 from	what	 is
predicted	 based	 on	 the	 dominant	 cancer,	 and	 the	 treatment	 recommendation	 is	 the	 same	 with	 or	 without	 an
additional	 nodule	 in	 the	 same	 lobe	 (i.e.,	 lobectomy).386	 The	 5-year	 survival	 appears	 to	 be	 about	 10%	 to	 15%
worse,	 stage	 for	 stage,	with	an	additional	nodule	compared	 to	 the	 same	dominant	 cancer	without	 an	additional
nodule.386,588	 There	 does	 not	 appear	 to	 be	 a	 difference	 in	 survival	 whether	 there	 is	 one	 or	 several	 additional
nodules.386

For	additional	nodules	of	cancer	in	a	different	lobe,	the	ACCP	suggests	a	thorough	search	for	distant	disease



(i.e.,	 PET,	 brain	MRI/CT)	 and	 invasive	mediastinal	 staging,	 although	 direct	 data	 to	 support	 this	 stance	 is	 not
available.386	If	there	is	no	N2,3	or	M1b	disease,	resection	of	both	the	dominant	cancer	and	an	ipsilateral,	different
lobe	nodule	is	recommended.	The	reported	5-year	survival	for	resection	of	such	patients	with	ipsilateral,	different
lobe,	additional	nodules	is	approximately	20%.386	The	outcomes	do	appear	to	be	better	than	if	resection	was	not
done.	The	ACCP	also	suggests	resection	of	a	contralateral	additional	nodule	if	thorough	staging	reveals	no	N2,3
or	M1b	 involvement.386	Although	 the	data	 is	 limited,	 the	 survival	of	 such	 resected	patients	appears	 to	be	good
(similar	to	other	patients	with	same-lobe	or	same-side	separate	tumor	nodules).587

Multifocal	Ground	Glass/Lepidic	Adenocarcinoma
Patients	with	multiple	lesions	that	have	a	ground	glass	(on	imaging)	or	lepidic	(on	histology)	(GG/L)	component
are	 encountered	with	 increasing	 frequency.309	 This	 pattern	 of	 disease	 is	 readily	 recognized	 and	 categorized	 as
multifocal	GG/L	adenocarcinoma.	The	biologic	behavior	of	 these	 tumors	 is	very	 favorable	and	 is	quite	distinct
from	that	of	second	primary	cancers,	separate	tumor	nodules,	and	pneumonic-type	of	adenocarcinoma	(and	also
from	 patients	 with	 extrathoracic	 oligometastatic	 NSCLC).309,581	 Nodal	 involvement	 or	 distant	 metastases	 are
distinctly	 unusual,	 and	 the	 long-term	 survival	 of	 these	 patients	 is	 excellent.309	 The	 etiology	 of	 these	 tumors	 is
unclear,	 and	 they	 may	 be	 a	 manifestation	 of	 a	 field	 cancerization	 effect.	 There	 is	 no	 need	 to	 perform	 a
comprehensive	histologic	assessment	to	evaluate	how	similar	 the	lesions	are—they	are	collectively	classified	as
GG/L	 adenocarcinoma	 regardless.	 Most	 of	 these	 lesions	 change	 little	 over	 many	 years,	 but	 some	 gradually
develop	a	solid	component	that	grows	and	can	eventually	metastasize	more	generally.309

The	ACCP	Lung	Cancer	Guidelines	suggest	that	for	multifocal	lung	cancer,	a	search	for	distant	or	mediastinal
metastases	 (i.e.,	 PET,	 invasive	mediastinal	 staging)	 is	 not	 necessary	 unless	 there	 is	 clinical	 suspicion.386	 Pure
ground	 glass	 lesions	mostly	 (approximately	 90%)	 exhibit	 indolent	 behavior	 and	 should	 be	 simply	 observed;	 a
thin-cut	 CT	 (i.e.,	 1-	 to	 1.25-mm	 slice	 thickness)	 is	 needed	 to	 assess	 this	 properly.280,291,309	 Waiting	 for
development	 of	 a	 solid	 component	 ≥2	 mm	 on	 mediastinal	 windows	 or	 growth	 of	 such	 a	 component	 during
observation	appears	to	be	a	safe	policy;	this	threshold	for	resection	provides	excellent	survival,	and	treated	lesions
are	all	stage	I.280,291,309	The	ACCP	guidelines	suggest	that	a	limited	resection	(i.e.,	segmentectomy)	be	performed
of	any	GG/L	lesion	that	meets	criteria	for	intervention.386	SBRT	represents	an	alternative	that	can	be	attractive	in
selected	patients;	however,	 the	ensuing	parenchymal	 changes	can	make	 subsequent	monitoring	of	other	 lesions
more	challenging.	Adjuvant	therapy	for	R0	resected	patients	without	nodal	involvement	is	not	recommended;	the
presence	 of	 additional	 GG/L	 lesions	 is	 not	 an	 indication	 for	 additional	 therapy.	 The	 published	 outcomes	 for
resected	patients	with	multifocal	disease	have	been	quite	good	(5-year	survival	of	approximately	90%).309,386

For	 stage	 classification,	 the	 highest	 T	 lesion	 determines	 the	 T	 category,	 followed	 by	 either	 the	 number	 of
lesions	or	“m”	(for	multifocal)	in	parentheses;	a	single	N	and	M	category	is	assigned	for	all	lesions	collectively
(i.e.,	T1a(m)	N0	M0).	Note	that	only	the	solid	component	(imaging)	or	invasive	component	(histology)	is	counted
when	measuring	the	size	of	the	lesion.59,309

Pneumonic	Type	of	Adenocarcinoma
Some	 patients	 exhibit	 a	 diffuse	 pattern	 of	 lung	 cancer	 similar	 radiologically	 to	 a	 pneumonia	 (hence	 the	 name
“pneumonic	 type	 of	 lung	 cancer”).309	 This	may	 involve	 exclusively	 one	 region,	 multiple	 lobes,	 or	 both	 lungs
diffusely.	Additionally,	a	form	involving	diffuse	small	nodules	(miliary)	is	sometimes	seen.	The	etiology	of	this
entity	and	its	biologic	behavior	is	unclear.	The	diffuse	consolidative,	regional	involvement	is	distinct	from	that	of
multiple	GG/L	nodules	or	the	solitary	mass	of	the	typical	primary	NSCLC.	The	biologic	behavior	of	this	pattern
of	 disease	 is	 also	 distinct,	 with	 a	 worse	 prognosis	 than	 multiple	 GG/L	 nodules,	 yet	 infrequent	 nodal	 or
extrathoracic	 involvement	 despite	 the	 propensity	 for	 diffuse	 pulmonary	 involvement.	 The	 large	 majority	 of
recurrences	are	within	the	lungs.309

When	the	disease	process	appears	to	be	localized,	it	is	reasonable	to	entertain	resection,	although	5-year	OS	is
only	 approximately	 30%.309	 These	 patients	 should	 be	 carefully	 selected.	 Mediastinal	 node	 evaluation	 is
reasonable,	although	nodal	metastases	are	not	common.	More	importantly,	thin-slice	CT	to	look	for	other	areas	of
involvement	 should	 be	 performed;	 a	 random	 wedge	 biopsy	 of	 other	 areas	 may	 be	 warranted.	 Palliative
management	 with	 systemic	 therapy	 should	 be	 directed	 by	 molecular	 characteristics	 as	 it	 is	 for	 lung
adenocarcinoma	in	general.

The	stage	classification	reflects	the	extent	of	parenchymal	involvement	(T3	if	in	one	lobe,	T4	if	in	one	lung,
M1a	 if	 in	 both	 lungs),	 with	 a	 single	 N	 and	 M	 that	 applies	 to	 all	 pulmonary	 sites	 of	 the	 primary	 tumor
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collectively.309

PALLIATIVE	CARE
Role	of	Palliative	Care
A	 large	number	of	patients	with	 lung	 cancer	will	 develop	 symptoms	 related	 to	 their	 disease.	Metastases	 to	 the
brain	and	spinal	column	may	threaten	significant	neurologic	compromise;	airway	obstruction	or	SVC	syndrome
may	present	urgently,	or	with	milder	symptoms	that	progress	to	become	severe	if	left	untreated.	More	common,
symptoms	 such	 as	 pain,	 dyspnea,	 cough,	 anorexia,	 or	 fatigue	 can	 significantly	 impact	QOL	 and	may	 preclude
cancer-directed	therapy.589	The	 importance	of	palliative	 efforts	 in	 lung	 cancer	 care	was	highlighted	 in	 an	RCT
involving	151	patients	with	metastatic	NSCLC	who	received	standard	oncologic	treatment	and	were	randomized
to	 receive	 early	 palliative	 care	 or	 not.590	 In	 patients	who	 received	 early	 palliative	 care,	 there	was	 a	 significant
improvement	in	QOL	and	fewer	depressive	symptoms.	Because	the	care	mode	resulted	in	better	documentation	of
end-of-life	 preferences,	 patients	 receiving	 early	 palliative	 care	were	 less	 likely	 to	 have	 aggressive	 resuscitation
efforts	and	 less	 likely	 to	receive	chemotherapy	 in	favor	of	hospice	care.	Despite	 this,	 the	authors	also	observed
significantly	improved	OS	(median,	11.6	versus	8.9	months).	Although	unexpected,	this	finding	is	consistent	with
prior	studies	that	demonstrated	shorter	survival	in	patients	with	more	severe	depressed	mood	and	worse	QOL.591
These	 results	 suggest	 a	 model	 for	 improving	 patient	 mood	 and	 QOL	 during	 cancer	 care	 and	 validate	 the
importance	of	the	early	initiation	of	such	efforts.

Specific	Symptom	Management
Airway	 obstruction	 is	 common	 in	 lung	 cancer	 patients	 as	 a	 result	 of	 tumor	mass	 effect,	 bleeding,	 or	 mucous
production.589	Therapeutic	bronchoscopy	 is	 appropriate	 for	 evaluation,	with	 interventions	 including	mechanical
disimpaction,	brachytherapy,	ablation,	or	stenting	(grade	1A).	Hemoptysis	responds	well	to	ablation	with	laser	or
electrocautery,	and	brachytherapy	or	external	beam	radiation	may	also	be	considered	(grade	1C).	A	cough	can	be
the	 direct	 result	 of	 malignancy	 or	 due	 to	 secondary	 infection	 or	 chemotherapy-	 or	 RT-induced	 pneumonitis.
Evaluation	and	treatment	for	the	latter	etiologies	should	be	considered;	otherwise,	cough	suppression	with	opioids
is	 appropriate.	 Malignant	 effusions,	 if	 symptomatic,	 often	 respond	 to	 tunneled	 pleural	 catheters	 (grade	 1C).
Pleurodesis	can	be	pursued	for	recurrent	effusions	via	talc	slurry	or	poudrage	when	the	lung	can	be	reexpanded.589

Pain,	 whether	 due	 to	 bone	 or	 soft	 tissue	 disease,	 is	 one	 of	 the	 most	 common	 symptoms	 of	 lung	 cancer.
Nonsteroidal	anti-inflammatory	drugs	(NSAIDs)	should	be	prescribed	to	all	patients,	unless	contraindicated,	and,
for	 those	 who	 require	 chronic	 medication,	 appropriate	 gastrointestinal	 prophylaxis	 (i.e.,	 misiprostol,	 H2
antagonists,	or	proton	pump	inhibitors)	should	be	added	(grade	1A).	For	 those	patients	who	have	a	neuropathic
component	to	their	pain,	the	addition	of	an	anticonvulsant	or	tricyclic	antidepressant	improves	pain	control	(grade
1A).	For	moderate	to	severe	pain,	morphine	or	an	alternative	narcotic	is	recommended	(grade	1A).589

Bony	metastases	without	 pathologic	 fracture	 or	 significant	 structural	weakness	 can	 be	managed	with	 short-
course	 RT	 and	 bisphosphonates	 (grade	 1A).	 Patients	 with	 pathologic	 fractures	 or	 with	 focal	 lytic	 lesions	 that
involve	 >50%	 of	 the	 cortex	 of	 weight-bearing	 bones	 should	 undergo	 surgical	 fixation	 to	 prevent	 debilitating
injury,	followed	by	RT	(grade	1C).	Vertebral	compression	fractures	with	instability	can	be	stabilized	surgically	or
through	augmentation	procedures	(grade	1A).

Epidural	spinal	cord	compression	(ESCC)	is	one	of	the	most	serious	complications	of	metastatic	cancer.	The
most	common	presenting	symptom	is	 local	pain,	with	or	without	 radicular	component.592,593	A	bony	metastatic
lesion	arising	 in	 the	vertebral	body	can	extend	directly	 into	 the	epidural	space,	 impinging	on	 the	spinal	cord	or
cauda	equina,	or	an	induced	vertebral	compression	fracture	may	retropulse	bony	fragments	into	the	same	space.
Progressive	 pressure	 on	 the	 cord	 or	 nerve	 roots	 can	 lead	 to	 edema,	 ischemia,	 and	 irreversible	 neurologic
compromise.	MRI	 is	 the	 primary	 diagnostic	 intervention,	 although	CT	myelography	may	 also	 demonstrate	 the
characteristic	 impingement	 on	 the	 thecal	 sac.	 Additional	 plain	 films	 or	 CT	 imaging	 may	 be	 required	 to
differentiate	 soft	 tissue	 extension	 from	 bony	 retropulsion.	 Corticosteroids	 should	 be	 administered	 as	 early	 as
feasible	 (grade	1B).	A	 small,	 single-blind	 randomized	 study	 showed	 that	 the	 addition	of	dexamethasone	 to	RT
improved	ambulation,	an	effect	that	was	durable	to	6	months	(59%	versus	33%	remained	ambulatory),	without	an
effect	 on	 survival.594	 The	 doses	 administered	 were	 higher	 than	 are	 typically	 used	 in	 the	 modern	 era	 (96	 mg
intravenously	followed	by	96	mg	per	day	and	tapered	over	10	days);	lower	doses	are	typically	used	in	an	effort	to



avoid	steroid-related	complications.
Surgical	or	augmentation	procedures	are	indicated	for	ESCC	when	there	is	spinal	instability	or	the	cause	of	the

cord	 impingement	 is	 bony	 in	 nature	 (grade	 1B).	 For	 symptoms	 caused	 by	 direct	 tumor	 compression,	 either
surgical	 intervention	 or	 local	 RT	may	 be	 appropriate.	 Evidence	 suggests	 that	 neurologic	 compromise	 of	 short
duration	is	more	apt	to	be	meaningfully	reversed	by	surgery	than	symptoms	which	have	been	present	for	longer
duration.595	Patchell	et	al.595	conducted	a	randomized	trial	of	surgery	versus	RT	(30	Gy	in	10	fractions)	 in	101
patients	 with	 symptomatic	 ESCC,	 all	 with	 neurologic	 symptoms	 with	 duration	 of	 <2	 days.	 Patients	 who
underwent	surgery	were	more	likely	to	have	symptomatic	relief	(62%	versus	19%),	more	likely	to	ambulate	(84%
versus	57%),	and	had	better	OS	(median,	126	versus	100	days),	clearly	indicating	that	surgery	should	be	strongly
considered	 in	 patients	 with	 ESCC,	 particularly	 those	 with	 neurologic	 signs	 and	 symptoms	 of	 relatively	 acute
onset.	RT	as	primary	treatment	offers	reasonable	palliation	of	pain	but	is	highly	unlikely	to	restore	ambulation	or
otherwise	reverse	neurologic	compromise.

Lung	cancer	accounts	 for	approximately	half	of	all	brain	metastases.	Historically,	survival	after	diagnosis	of
brain	metastases	is	poor,	with	a	median	of	6	months	in	the	most	robust	candidates	(i.e.,	those	of	young	age,	good
PS,	and	brain-only	disease).596	In	patients	with	NSCLC,	significant	prognostic	factors	for	survival	in	patients	with
brain	metastases	include	age,	PS,	the	presence	of	extracranial	metastases,	and	the	number	of	brain	metastases.597
The	increased	availability	of	active	systemic	therapy	and	targeted	agents	has	resulted	in	a	subset	of	patients	with
brain	metastases	 whose	 survival	 is	 significantly	 longer,	 increasing	 the	 importance	 of	 selecting	 the	 appropriate
brain-directed	therapy	to	maximize	control	and	minimize	potential	long-term	morbidity.

Brain	metastases	are	often	accompanied	by	significant	surrounding	cerebral	edema,	and	the	latter	is	the	most
common	 cause	 of	 symptoms	 such	 as	 headache,	 nausea,	 vomiting,	 and	 ataxia.	 Steroids	 with	 predominant
glucocorticoid	 activity,	 such	 as	 dexamethasone,	 are	 commonly	 used	 to	 address	 symptomatic	 patients,	 and	 can
partially	or	completely	relieve	symptoms	in	otherwise	untreated	patients	for	several	weeks	(grade	1B).	There	is	no
evidence	to	suggest	that	steroid	treatment	of	asymptomatic	patients	confers	any	benefit.	For	patients	with	severe
symptoms	due	to	mass	effect	or	edema	that	are	not	amenable	to	steroid	treatment,	consideration	should	be	given	to
surgical	 decompression.	Noninvasive	 therapies	 such	 as	 radiosurgery	or	WBRT	are	unlikely	 to	 acutely	 improve
symptoms.

WBRT	was	the	standard-of-care	approach	to	most	patients	with	brain	metastases	for	several	decades	because	a
randomized	trial	demonstrated	a	40%	improvement	in	OS	when	compared	to	steroid	treatment	and	supportive	care
alone.598	 Because	 WBRT	 can	 lead	 to	 significant	 fatigue	 and	 somnolence	 in	 the	 short	 term,	 and	 permanent
neurocognitive	 deficits	 in	 the	 late	 term,	 patients	with	 less	 bulky	 disease	 or	 those	with	 an	 expectation	 of	more
prolonged	survival	are	frequently	treated	with	surgery	or	radiosurgery	in	place	of	whole-brain	treatment.

For	patients	with	a	single	brain	metastasis,	surgery	or	radiosurgery,	either	with	or	without	WBRT,	has	become
the	 standard-of-care	 approach.	 A	 landmark	 pair	 of	 studies	 by	 Patchell	 et	 al.	 established	 the	 separate	 roles	 of
resection	 and	 WBRT	 in	 this	 setting.146	 In	 the	 first	 trial,	 84	 patients	 with	 a	 solitary	 brain	 metastasis	 were
randomized	to	surgical	resection	followed	by	WBRT	or	WBRT	alone.146	The	OS	was	significantly	longer	in	the
surgical	arm	(45	versus	40	weeks),	reflecting	the	marked	benefit	of	local	therapy	for	patients	with	good	PS.	The
use	of	radiosurgery	in	place	of	surgery	in	patients	with	a	solitary	lesion	also	improves	OS	when	given	in	addition
to	WBRT	in	a	parallel	fashion.600	The	companion	study	from	Patchell	et	al.599	addressed	the	role	of	WBRT.	In
this	trial,	95	patients	with	a	solitary	metastatic	lesion	underwent	surgery	and	then	were	randomized	to	WBRT	or
no	 further	 therapy.	The	 addition	of	WBRT	significantly	 improved	 local	 control	 of	 the	 resected	 lesion,	 reduced
“elsewhere”	failures	in	the	brain,	but	did	not	improve	OS.599	The	significant	reduction	in	brain	recurrence	seen	in
this	 study	has	 been	 cited	 to	 support	 the	 routine	 use	 of	WBRT	after	 surgery	 or	 radiosurgery	 to	 a	 solitary	 brain
metastasis	(grade	1A),	but	the	lack	of	any	survival	benefit	has	also	been	cited	to	suggest	that	active	surveillance
after	local	therapy	is	a	reasonable	approach.

Patients	 with	 one	 to	 three	 brain	 metastases	 may	 be	 treated	 with	 radiosurgery	 alone,	 WBRT,	 or	 both	 in
combination.	The	value	of	 radiosurgery	 in	 this	population	was	established	 in	 the	RTOG	9508	 trial,600	 in	which
333	 patients	 with	 one	 to	 three	 metastases	 were	 randomized	 to	 either	 WBRT	 alone	 or	 WBRT	 followed	 by
radiosurgery.	 In	 the	 subset	 of	 patients	 with	 a	 single	 metastasis,	 the	 addition	 of	 radiosurgery	 improved	 OS,
consistent	with	the	Patchell	trial	of	surgical	resection	in	the	setting	of	WBRT.	Patients	with	two	or	three	lesions
who	 received	 radiosurgery	 in	 addition	 to	WBRT	 had	 better	 PS	 at	 6	months	 posttreatment	 but	 no	 incremental
survival	benefit.

Withholding	WBRT	in	these	patients	and	treating	them	with	radiosurgery	alone	is	predicated	on	avoiding	the
neurocognitive	sequelae	of	WBRT.	In	a	small	randomized	trial,	Chang	et	al.601	answered	the	question	of	whether
WBRT	could	be	avoided,	randomizing	patients	with	one	to	three	brain	metastases	to	either	radiosurgery	alone	or
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radiosurgery	 and	WBRT.	The	 trial	was	 stopped	 early	when	 an	 interim	analysis	 demonstrated	 an	OS	benefit	 to
withholding	WBRT.	This	finding	was	not	consistent	with	prior	surgical	data,	and	it	could	be	due	to	the	increased
opportunity	 to	 deliver	 subsequent	 chemotherapy	 in	 patients	 who	 did	 not	 have	WBRT	 or	 could	 be	 simply	 an
anomalous	finding	in	a	relatively	small	study	population.	The	clear	and	consistent	result	was	that	neurocognitive
function	was	significantly	better	when	WBRT	was	withheld.

In	patients	with	poor	PS	or	extensive	extracranial	disease,	WBRT	is	appropriately	the	treatment	of	choice.	In
patient	with	more	than	five	brain	metastases,	good	PS,	and	limited	extracranial	disease,	the	role	of	WBRT	versus
SRS	 is	 ill-defined.602	 Several	 efforts	 are	 currently	 underway	 to	 determine	 the	 optimal	 treatment	 for	 this
population.

SVC	syndrome	may	have	various	neoplastic	and	nonneoplastic	causes.	Bronchogenic	carcinoma	 is	 the	most
common	 cause	 of	 SVC	 syndrome,	 underlying	 approximately	 80%	 of	 cases	 at	 diagnosis.603	 When	 the	 SVC
becomes	 obstructed,	 blood	 returns	 to	 the	 heart	 through	 collateral	 vessels	 via	 the	 azygous	 vein	 or	 inferior	 vena
cava.	 Venous	 collaterals	 dilate	 over	 weeks,	 compensating	 for	 the	 loss	 of	 SVC	 patency.	 Upper	 body	 venous
pressure	and	resulting	edema	of	the	arm	and	face	decrease	over	time	so	that	symptoms	with	sudden	onset	from
acute	obstruction	can	diminish	over	several	weeks	even	without	intervention.	The	severity	of	the	symptoms	is	due
not	only	to	the	degree	of	SVC	narrowing	but	also	to	the	rapidity	with	which	it	develops.	The	characteristic	signs
include	cyanosis;	plethora;	distention	of	subcutaneous	veins;	and	edema	of	the	head,	neck,	and	arm.	Patients	may
develop	dyspnea	and	cough.	In	rare	cases,	severe	and	acute	obstruction	can	result	in	cerebral	edema	or	laryngeal
stridor.	The	specific	cause	of	SVC	syndrome	in	a	patient	with	known	malignancy	may	be	extrinsic	compression
from	tumor	mass	or	due	to	thrombus	in	the	setting	of	hypercoagulability.	Even	in	the	case	of	malignant,	extrinsic
compression,	the	clinical	course	may	be	complicated	by	the	subsequent	development	of	a	thrombus	in	the	SVC	or
brachiocephalic	vein	or	the	simultaneous	tumor	mass	effect	on	the	bronchi	or	heart.

Traditionally,	SVC	syndrome	was	viewed	as	a	medical	emergency,	but	accumulating	experience	demonstrates
that	the	course	of	SVC	is	rarely	life-threatening.	In	a	review	of	107	patients	in	whom	intervention	was	withheld
during	 evaluation,	 there	 were	 no	 serious	 consequences	 to	 deferring	 treatment	 until	 diagnosis	 and	 staging	 was
completed.604	The	symptoms	often	improve	without	active	intervention	as	collateral	vessels	dilate.605	Immediate
intervention	 is	 warranted	 when	 symptoms	 are	 life	 threatening	 (e.g.,	 cerebral	 edema	 leading	 to	 altered	 mental
status,	 stridor,	 or	 clinically	 significant	 hemodynamic	 compromise).	 When	 urgent	 intervention	 is	 indicated,
intravascular	stenting	provides	the	most	immediate	relief.	In	the	absence	of	life-threatening	symptoms,	the	patient
should	be	appropriately	staged,	biopsied,	and	 the	underlying	malignancy	 treated	 in	a	manner	appropriate	 for	 its
stage	 and	 presentation	 (grade	 1C).	 Patients	 with	 metastatic	 SCLC	 and	 SVC	 syndrome	 will	 likely	 respond	 to
systemic	 therapy,	which	may	be	more	 appropriate	 than	 the	 initiation	of	urgent	 radiation.	Patients	with	 limited-
stage	SCLC	and	SVC	syndrome	should	respond	rapidly	to	chemoradiotherapy	or	induction	chemotherapy	if	that
can	be	 started	more	promptly	 (grade	1C).	Patients	with	NSCLC	and	SVC	 syndrome	 are	 less	 likely	 to	 respond
quickly	 to	 either	 chemotherapy	 or	 radiation,	 and	 the	 threshold	 for	 placing	 an	 endovascular	 stent	 is	 somewhat
lower.	 SVC	 syndrome	 is	 a	 poor	 prognostic	 factor	 in	 NSCLC,	 with	 a	 median	 survival	 from	 presentation	 of	 5
months.606

CONCLUSION
Lung	cancer	remains	by	far	the	leading	cause	of	cancer	deaths.	The	blame,	guilt,	and	nihilism	that	stems	from	the
relationship	of	smoking	to	lung	cancer	continues	to	be	an	issue,	despite	a	better	understanding	of	smoking	as	an
addiction	 and	 the	 fact	 that	most	 patients	 diagnosed	will	 have	 quit	 smoking	many	years	 earlier.	However,	 lung
cancer	 has	 become	 a	 dynamic	 and	 vibrant	 field.	 Screening	 is	 able	 to	 reduce	 the	 rate	 of	 lung	 cancer	 deaths	 by
decreasing	 the	proportion	 that	 is	diagnosed	with	advanced	disease.	Major	 improvements	have	been	made	 in	all
treatment	modalities:	minimally	 invasive	 surgery,	better	RT	 targeting	and	delivery,	 a	diverse	 array	of	 systemic
agents,	and	methods	of	palliation	of	many	symptoms.	There	have	also	been	advances	in	epidemiology	(focusing
on	more	than	simply	smoking),	in	imaging,	in	accurate	definition	of	the	stage,	and	in	understanding	some	of	the
biologic	and	genetic	alterations	encountered.	Many	questions	remain,	but	there	is	no	question	that	lung	cancer	is	a
dynamic,	challenging,	and	exciting	area	in	which	much	progress	is	being	made.
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INTRODUCTION
Neuroendocrine	tumors	(NETs)	of	the	lung	account	for	approximately	20%	of	all	lung	cancers	and	include	small
cell	lung	cancer	(SCLC),	large	cell	neuroendocrine	carcinoma	(LCNEC),	atypical	carcinoid,	and	typical	carcinoid.
Despite	 shared	 neuroendocrine	 gene	 expression	 and	 neuroendocrine	 ultrastructural	 properties	 by	 electron
microscopy,	SCLC	and	LCNEC	represent	an	entirely	distinct	family	of	 tumors	from	carcinoids	as	supported	by
their	distinct	molecular	profiles	and	important	differences	in	histologic,	clinical,	and	epidemiologic	characteristics.

SMALL	CELL	LUNG	CANCER
Incidence	and	Etiology
The	incidence	of	SCLC	is	slowly	declining	in	the	United	States,	but	it	remains	a	major	public	health	problem.	The
Surveillance,	Epidemiologic,	and	End	Results	(SEER)	database	reports	the	proportion	of	SCLC	cases	among	all
lung	cancers	in	the	United	States	decreased	from	17%	to	13%	in	the	past	30	years.1	Among	the	predicted	222,500
newly	diagnosed	lung	cancer	cases	in	the	United	States	in	2017,	approximately	28,925	were	SCLC	(Fig.	49.1).2

Tobacco	exposure	causes	SCLC	in	over	97%	of	cases,	and	SCLC	incidence	rates	in	the	United	States	mirror
smoking	 patterns.3	 Peak	 cigarette	 consumption	 occurred	 in	 the	 1960s,	 but	 declined	 following	 the	 Surgeon
General’s	report	 linking	smoking	to	cancer	and	the	subsequent	ban	on	tobacco	advertising	on	television.4	 From
1965	 to	 2011,	 the	 percentage	 of	 men	 who	 smoke	 decreased	 from	 50%	 to	 21.6%,	 which	 was	 a	 much	 greater
proportional	 reduction	 than	 in	 women,	 whose	 smoking	 rate	 went	 from	 32%	 to	 16.5%	 during	 the	 same	 time
period.4	Correspondingly,	 the	 incidence	 of	SCLC	 in	men	peaked	 in	 1984	 and	 since	 has	 been	 trending	 steadily
down;	in	women,	the	incidence	peaked	later	and	only	has	declined	slightly.5	The	gender	gap	has	narrowed,	and
currently,	about	half	of	the	patients	diagnosed	with	SCLC	are	women.

Anatomy	and	Pathology
SCLC	 is	 readily	diagnosed	on	small	 specimens	 such	as	bronchoscopic	biopsies,	 fine-needle	aspirates,	 and	core
biopsies.	The	diagnosis	of	SCLC	is	based	primarily	on	light	microscopy:	dense	sheets	of	small	cells	with	scant
cytoplasm,	 finely	 granular	 nuclear	 chromatin,	 inconspicuous	 or	 absent	 nucleoli,	 and	 frequent	 mitoses	 (Fig.
49.2A).	Necrosis	 is	 universally	 present	 and	 frequently	 shows	 large	 areas.	 The	 tumor	 cells	 are	 typically	 small,
measuring	less	than	three	small	resting	lymphocytes	in	diameter.	They	are	round	to	fusiform	in	shape	and	have
scant	 cytoplasm.	 Nuclear	 molding	 is	 characteristic.	 The	 nuclear	 chromatin	 is	 finely	 granular	 and	 nucleoli	 are
inconspicuous	or	 absent.	Proliferation	 rate	 is	 characteristically	 some	of	 the	highest	 of	 all	 tumors	 types:	mitotic
counts	 average	60	 to	80	per	 2	mm2,	 and	Ki67	proliferation	 rate	 is	 typically	80%	 to	100%.6	Crush	 artifact	 is	 a
frequent	finding	in	small	biopsy	specimens	and	can	make	pathologic	interpretation	difficult.	When	a	component
of	 non–small-cell	 lung	 cancer	 (NSCLC),	 including	 adenocarcinoma,	 squamous	 cell	 carcinoma,	 large-cell
carcinoma,	 spindle	 cell	 carcinoma,	 or	 giant	 cell	 carcinoma,	 is	 present,	 the	 term	 combined	 SCLC	 is	 used	with
mention	of	the	specific	histology	of	the	NSCLC	component.	In	resected	specimens,	combined	SCLC	may	occur	in
up	to	28%	of	cases.7	Combination	of	SCLC	and	LCNEC	is	not	uncommon;	such	diagnosis	requires	LCNEC	to
comprise	at	least	10%	of	the	overall	tumor.8	Immunohistochemistry	(IHC)	is	helpful	in	supporting	the	diagnosis
of	 SCLC,	 particularly	 in	 crushed	 biopsies	 where	 evaluation	 of	 morphology	 is	 limited.9	 Neuroendocrine
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differentiation	can	be	demonstrated	using	a	panel	of	neuroendocrine	markers,	which	in	current	practice	includes
chromogranin,	 synaptophysin,	 and	 CD56.	 However,	 up	 to	 10%	 of	 SCLC	 may	 be	 negative	 for	 all	 standard
neuroendocrine	markers.	New	neuroendocrine	markers	are	emerging,	including	insulinoma-associated	1	(INSM1);
their	utility	in	routine	practice	is	under	evaluation.10	Thyroid	transcription	factor	1	(TTF1)	is	positive	in	70%	to
80%	of	small-cell	carcinomas.11	Notably,	TTF1	can	be	positive	in	extrapulmonary	small-cell	carcinomas,	so	it	is
not	useful	in	determining	the	primary	site	of	small-cell	carcinomas.12

Screening
Screening	computed	tomography	(CT)	scans	detect	NSCLCs	at	an	earlier	stage	compared	to	chest	x-ray	(CXR)
and	 can	 decrease	 lung	 cancer–specific	 mortality	 in	 current	 or	 former	 heavy	 smokers,	 as	 demonstrated	 in	 the
National	Lung	Screening	Trial	(NLST).13	However,	SCLCs	were	not	detected	at	early	stages	by	screening	CT	in
this	study.	We	do	not	currently	have	an	effective	screening	modality	for	early	detection	or	intervention	in	SCLC.

Presentation	and	Diagnosis
Presenting	symptoms	in	patients	with	SCLC	can	be	constitutional,	pulmonary,	the	result	of	extrathoracic	spread,
or	 due	 to	 paraneoplastic	 disorders.14,15	 In	 one	 series,	 fatigue	was	 the	most	 common	 symptom,	with	 decreased
physical	activity,	cough,	dyspnea,	decreased	appetite,	weight	loss,	and	pain	all	occurring	sometime	in	the	course
of	the	illness	in	the	majority	of	patients.15	As	the	primary	tumor	often	presents	as	a	large	central	mass	invading	or
compressing	the	mediastinum	(Fig.	49.3),	superior	vena	cava	obstruction	has	been	reported	at	diagnosis	in	10%	of
patients	with	SCLC.16	Chest	imaging	typically	shows	hilar	and	mediastinal	adenopathy.	Most	patients	with	SCLC
have	metastases	at	diagnosis.	Hepatic	and	adrenal	lesions	are	typically	asymptomatic.	Brain	metastases,	reported
in	at	least	18%	of	patients	at	diagnosis,	are	also	often	asymptomatic.17	Bone	involvement	is	usually	characterized
by	asymptomatic	osteolytic	lesions,	often	without	elevation	of	serum	alkaline	phosphatase.18

Paraneoplastic	syndromes	(PNS)	are	common	 in	SCLC	and	differ	 from	those	observed	with	NSCLC.	SCLC
accounts	 for	 approximately	 75%	 of	 the	 tumors	 associated	 with	 the	 syndrome	 of	 inappropriate	 antidiuretic
hormone	(SIADH).	Although	serum	concentrations	of	antidiuretic	hormone	are	elevated	in	the	majority	of	SCLC
cases,	only	approximately	10%	of	patients	fulfill	the	criteria	of	SIADH,	and	symptoms	are	present	in	no	more	than
5%.	 In	 some	 cases,	 ectopic	 production	 of	 atrial	 natriuretic	 factor	 contributes	 to	 the	 disorder	 in	 sodium
homeostasis.	 The	 primary	 treatment	 for	 hyponatremia	 in	 SCLC	patients	 is	 chemotherapy	 aimed	 at	 treating	 the
disease.	Additional	management	strategies	 include	fluid	restriction	in	mild	cases	or	 intravenous	(IV)	hypertonic
saline	in	severe,	symptomatic	cases.	Pharmacologic	interventions	for	SIADH	include	demeclocycline	and	lithium,
both	of	which	induce	nephrogenic	diabetes	insipidus.19	Tolvaptan,	an	oral	vasopressin	V2-receptor	antagonist,	has
been	 shown	 to	 significantly	 improve	 serum	 sodium	 in	 patients	 with	 SIADH	 over	 4-	 and	 30-day	 periods.20
Tolvaptan	 therapy	 should	 be	 initiated	while	 patients	 are	 in	 the	 hospital	 to	 allow	monitoring	 of	 the	 therapeutic
response.	Increased	serum	levels	of	adrenocorticotropic	hormone	can	be	detected	in	up	to	50%	of	patients	with
SCLC,	but	Cushing	 syndrome	develops	 in	only	5%.	Low	 serum	 sodium	 is	 an	 adverse	prognostic	 factor,21	 and
patients	with	Cushing	syndrome	have	a	very	 limited	survival.22	The	primary	treatment	of	Cushing	syndrome	in
SCLC	 patients	 is	 chemotherapy,	 although	 agents	 such	 as	 ketoconazole	 and	 mitotane	 have	 been	 used.23
Hypercalcemia	is	rare	in	SCLC.



Figure	49.1	Small	cell	lung	cancer	(SCLC)	is	a	significant	cause	of	cancer-related	deaths	in	the
United	States.	SCLC	accounts	for	approximately	13%	of	lung	cancer	diagnoses	and	has	one	of	the
highest	case-fatality	rates	of	all	cancers.	Estimates	based	on	the	American	Cancer	Society	Cancer

Facts	and	Figures	for	2017.	NSCLC,	non–small-cell	lung	cancer.

Figure	49.2	Pathologic	features	of	lung	neuroendocrine	tumors.	A:	Small	cell	carcinoma.	B:
Typical	carcinoid.	C:	Atypical	carcinoid.	D:	Large	cell	neuroendocirne	carcinoma.	Insets	show

immunohiostochemistry	for	synaptophysin	(SYN).
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Figure	49.3	Radiographic	appearance	of	small	cell	lung	cancer.	Small	cell	lung	cancer	often
presents	as	a	central	mass	with	regional	lymph	node	involvement.	Axial	computed	tomography

images	of	bilateral	mainstem	compression	due	to	massive	mediastinal	lymphadenopathy	in	a	newly
diagnosed	patient	(A)	and	a	patient	with	disease	relapse	(B)	within	the	radiation	field	after	prior

chemoradiotherapy.

Neurologic	PNS	seen	in	patients	with	SCLC	include	sensory,	sensorimotor,	and	autoimmune	neuropathies	and
encephalomyelitis	and	can	be	clinically	disabling.24	These	syndromes	are	thought	to	occur	through	autoimmune
mechanisms,	 and	 antinuclear	 antibodies	 that	 bind	 to	 SCLC	 and	 to	 neuronal	 tissues	 have	 been	 identified.
Symptoms	may	 precede	 the	 diagnosis	 by	many	months	 and	 are	 often	 the	 presenting	 complaint.	An	 aggressive
search	 may	 be	 required	 to	 discover	 small	 tumor	 nodules	 causing	 profound	 neurologic	 syndromes.	 Subacute
peripheral	sensory	neuropathy	is	associated	with	the	anti-Hu	antibody.	Lambert-Eaton	syndrome,	characterized	by
proximal	muscle	weakness,	hyporeflexia,	and	dysautonomia,	is	due	to	autoantibody	impairment	of	voltage-gated
calcium	 channels.	 Rarer	 neurologic	 disorders	 seen	 in	 patients	 with	 SCLC	 include	 cerebellar	 degeneration	 or
retinopathy.	 The	 prognostic	 implications	 of	 identifying	 paraneoplastic	 antibodies	 is	 unclear.25,26	 In	 contrast	 to
endocrinologic	syndromes	that	often	remit	with	successful	treatment,	neurologic	symptoms	often	do	not	resolve
with	 antineoplastic	 therapy.	 Various	 therapies	 such	 as	 plasma	 exchange	 and	 immunosuppressive	 therapy	 with
agents	such	as	corticosteroids,	cyclophosphamide,	and	tacrolimus	generally	offer	little	benefit.

Staging
A	 two-stage	 system,	 introduced	 by	 the	Veterans	Administration	Lung	Study	Group	 (VALSG),	 has	 historically
been	utilized	instead	of	the	TNM	(tumor,	node,	metastasis)	system	employed	for	most	other	cancer	types.27	In	the
VALSG	system,	limited	stage	(LS)	is	defined	as	disease	confined	to	one	hemithorax	that	can	be	“encompassed”	in
a	“tolerable”	radiation	field.	These	patients	are	treated	with	a	combined	modality	approach.	All	other	patients	are
considered	 to	 have	 disease.	 At	 presentation,	 approximately	 two-thirds	 of	 patients	 with	 SCLC	 have	 extensive
disease	(ES)	and	one-third	LS	disease.1

For	 patients	who	 appear	 to	 have	LS	SCLC,	 additional	 tests	may	 be	 appropriate	 to	 confirm	 this	 assessment.
Pleural	effusions	should	be	sampled,	if	possible,	to	confirm	that	the	effusion	is	nonmalignant.	Effusions	too	small
to	 permit	 sampling	 should	 not	 be	 considered	 in	 staging.28	 Osseous	 abnormalities	 seen	 on	 positron	 emission
tomography	 (PET)	 or	 bone	 scan	 require	 confirmation	 with	 magnetic	 resonance	 imaging	 (MRI),	 CT	 scan,	 or
biopsy	if	they	represent	the	only	site	of	potential	metastasis.

For	the	seventh	edition	of	the	American	Joint	Committee	on	Cancer	(AJCC),	the	use	of	TNM	staging	for	SCLC
was	 revisited.	To	 establish	 the	 accuracy	 of	 outcomes	 based	 on	 stage,	 cases	 of	 completed	 resected	SCLC	were
staged	using	the	same	definitions	as	used	for	NSCLC.29	LS	disease	was	defined	as	stage	I–III	(T1–4	N1–3	M0)
tumors	that	can	be	treated	with	definitive	chemoradiotherapy.	ES	disease	includes	patients	with	Tx	Nx	M1	disease
or	disease	too	extensive	to	treat	with	definitive	radiation,	such	as	T3	to	4	due	to	multiple	nodules	that	cannot	be
encompassed	in	a	tolerable	radiation	port.	The	use	of	the	TNM	system	is	most	clinically	useful	for	cases	of	early-
stage	 disease,	 particularly	 for	 patients	with	 stage	 I	 SCLC	 in	whom	 surgical	 resection	may	 be	 considered.	 The
AJCC	eighth	edition	is	being	used	to	stage	lung	cancer	starting	in	early	2018.



Clinical	and	Serologic	Predictive	and	Prognostic	Factors
Multivariate	 analyses	 suggest	 that	 performance	 status	 (PS)	 is	 a	 strong	 and	 reproducible	 prognostic	 factor.30–32
Poorer	PS	can	additionally	identify	individuals	at	higher	risk	for	treatment-related	complications.	Female	gender
has	been	associated	with	improved	response	and	survival	in	patients	with	SCLC.30–32	Older	age	(variably	defined)
has	not	been	identified	as	an	independent	adverse	prognostic	factor	in	patients	with	SCLC.	Metastases	to	certain
sites,	including	liver,	brain,	bone	marrow,	and	bone,	as	well	as	the	total	number	of	metastatic	sites	involved	have
been	 reported	 as	 prognostic	 factors.30,33–36	 Paraneoplastic	 Cushing	 syndrome	 has	 been	 correlated	 with	 a	 poor
response	 to	 therapy	 and	 short	 survival.22	 Continued	 use	 of	 tobacco	 during	 combined	 modality	 therapy	 was
identified	as	an	adverse	prognostic	factor	in	a	group	of	186	patients	with	limited	disease.37	Elevated	serum	lactate
dehydrogenase	(LDH)	has	been	reported	in	33%	to	57%	of	all	SCLC	patients	and	in	up	to	85%	of	those	with	ES
disease	and	is	a	negative	prognostic	factor.31,35,38,39	More	recently,	circulating	tumor	cell	(CTC)	enumeration	and
characterization	have	been	explored	as	predictive	and	prognostic	markers	in	SCLC.40–42

Management	by	Stage
The	 National	 Comprehensive	 Cancer	 Network	 (NCCN)	 has	 compiled	 consensus	 guidelines	 for	 the	 initial
evaluation	of	 individuals	with	SCLC.28	SCLC	patients	who	are	active	smokers	should	be	counseled	on	 tobacco
cessation.37	Complete	blood	cell	count,	electrolytes,	creatinine,	serum	urea	nitrogen,	and	 liver	function	 tests	are
recommended.	Standard	radiologic	studies	include	a	contrast-enhanced	CT	scan	of	the	chest	and	abdomen,	a	brain
MRI	 or	 contrast-enhanced	 head	 CT,	 and	 PET	 scan.	 Patients	 with	 an	 Eastern	 Cooperative	 Oncology	 Group
(ECOG)	PS	of	0	to	2,	and	those	with	ECOG	PS	3	to	4	attributable	to	SCLC	are	recommended	to	receive	treatment
for	 SCLC.	 There	 is	 no	 routine	 recommendation	 for	 treatment	 of	 patients	 who	 have	 ECOG	 PS	 3	 to	 4	 not
attributable	to	SCLC.	For	many	patients	in	this	low	PS	group,	supportive	care	only	and	referral	to	hospice	are	the
best	options.

Initial	Management	of	Limited-Stage	Small	Cell	Lung	Cancer
Due	 to	 its	 early	 metastatic	 behavior,	 SCLC	 should	 always	 be	 presumed	 systemic,	 even	 if	 imaging	 supports
localized	disease.	Thus,	 all	 patients	 are	 recommended	 to	 receive	 systemic	 therapy,	 even	 those	with	very	 early-
stage	disease.	 In	 the	United	States,	 the	 standard	of	 care	 (SOC)	 first-line	 chemotherapy	 is	 etoposide	plus	 either
cisplatin	or	carboplatin	(EP).28	Patients	with	LS	SCLC	are	 recommended	 to	 receive	concurrent	 chemoradiation
with	 four	 cycles	 of	 EP,	 followed	 by	 prophylactic	 cranial	 irradiation	 (PCI).	 Patients	 with	 stage	 I	 disease	 are
candidates	for	resection	followed	by	adjuvant	chemotherapy	with	EP	for	four	cycles.	Treatment	of	patients	with
ES	SCLC	is	palliative	in	nature;	these	patients	are	recommended	to	receive	EP	as	their	sole	initial	therapy.	The
next	 sections	 detail	 key	 studies	 of	 radiotherapy,	 surgery,	 and	 chemotherapy,	 which	 have	 led	 to	 the	 current
recommendations	 in	 the	management	of	LS	SCLC.	A	summary	of	 the	current	SOC	approach	 is	 included	at	 the
conclusion	of	this	section.

Thoracic	Radiotherapy	in	Limited-Stage	Small	Cell	Lung	Cancer
SCLC	is	exquisitely	chemo-	and	radio-responsive;	however,	neither	modality	alone	controls	all	aspects	of	disease.
Concurrent	 combined-modality	 therapy	 is	 the	 standard	 treatment	 for	 SCLC	 patients	with	 adequate	 PS	 and	 LS
disease.28	Single-modality	or	sequential	therapy	may	be	appropriate	for	those	who	are	debilitated	or	have	serious
comorbidities.	 Although	 gains	 in	 radiotherapy	 delivery	 and	 integration	 with	 PET	 imaging	 have	 been	 made,
disease	failure	in	local,	distant,	and	sanctuary	sites	continue	to	be	substantial	clinical	challenges.

Sequencing	of	Thoracic	Radiotherapy	with	Chemotherapy
A	 1992	meta-analysis	 evaluated	 trials	 in	 which	more	 than	 2,100	 patients	 with	 LS	 SCLC	were	 randomized	 to
receive	 chemotherapy	 alone	 or	 with	 chest	 irradiation.43	 Patients	 given	 combined-modality	 therapy	 had	 a	 14%
reduction	in	death	rate	and	an	absolute	5.4%	improvement	in	3-year	survival	compared	with	those	who	received
chemotherapy	alone.	Both	differences	were	highly	significant.	A	second	and	independent	meta-analysis	reached
similar	conclusions.44

The	trials	included	in	the	meta-analysis	used	cyclophosphamide-	and	doxorubicin-based	chemotherapy,	which
is	 excessively	 toxic	when	 given	with	 concurrent	 thoracic	 radiotherapy	 (TRT).	Therefore,	 individual	 trials	 used
strategies	 such	as	 sequential	or	 interdigitated	chemoradiation	and	used	different	 chemotherapy	 regimens	during
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the	 concurrent	 phases.	 However,	 the	 current	 standard	 chemotherapy	 regimen	 of	 EP	 can	 be	 used	 safely	 with
concurrent	radiotherapy.

Thoracic	Radiation	Dose	and	Fractionation
Due	to	the	radio	responsiveness	of	SCLC,	modest	doses	of	radiation	from	45	to	50	Gy	have	been	used.	However,
with	modest-dose	radiation	therapy,	there	is	a	high	rate	of	local	failure.	For	example,	in	the	Intergroup	trial,	the
control	arm	of	45	Gy	given	once	daily	had	a	75%	rate	of	intrathoracic	relapse.45	Therefore,	higher	radiation	doses
or	 intensification	 (i.e.,	 acceleration)	 appear	 necessary	 to	 improve	 local	 control.	 A	 retrospective	 review	 from
Massachusetts	 General	 Hospital	 suggested	 that	 there	 may	 be	 continued	 dose	 response	 beyond	 50	 Gy.46	 The
maximum	 tolerated	dose	 (MTD)	of	concurrent	 thoracic	chemoradiation	 seems	 to	be	45	 to	51	Gy	with	a	 twice-
daily	 approach	 and	 70	Gy	 daily.47	 However,	 the	 advent	 of	 highly	 conformal	 radiotherapy	 techniques,	 such	 as
intensity-modulated	 radiation	 therapy	 (IMRT),	 and	 the	 shift	 away	 from	 targeting	 clinically	 uninvolved	 nodal
stations	may	lead	to	tolerance	of	higher	radiation	doses,	as	discussed	in	the	following	paragraphs.

Cancer	and	Leukemia	Group	B	(CALGB)	39808	determined	that	70	Gy	delivered	with	daily	fractions	of	2	Gy
with	 concurrent	 chemotherapy	 is	 feasible	 in	 the	 cooperative	 group	 setting	 and	 was	 associated	 with	 a	 median
survival	 of	 22.4	months	 and	 acceptable	 rates	 of	 esophagitis	 and	pneumonitis.48	Other	CALGB	 trials	 also	 have
used	70	Gy	of	thoracic	irradiation	with	concurrent	chemotherapy.49	Once-daily	fractionation	is	more	familiar	for
radiation	oncologists	and	typically	is	more	convenient	for	patients,	although	it	should	be	noted	that	some	patients
prefer	the	decreased	overall	treatment	duration	with	a	twice-daily	schedule.

SCLC	appears	to	be	an	ideal	neoplasm	for	twice-daily	treatment	in	that	it	has	a	high	growth	fraction,	short	cell
cycle	time,	and	small-to-absent	shoulder	on	the	in	vitro	cell	survival	curve,	which	may	allow	for	a	reduction	in
long-term	pulmonary	 toxicity	while	maintaining	antitumor	efficacy.50	A	 landmark	 Intergroup	 study	 randomized
417	patients	with	LS	SCLC	to	receive	45	Gy	in	either	daily	fractions	of	1.8	Gy	or	twice-daily	fractions	of	1.5	Gy,
both	given	concurrently	with	the	first	of	four	cycles	of	EP.51	Although	fractionation	is	the	obvious	variable,	the
overall	duration	of	radiotherapy	varied	as	well	(3	weeks	versus	5	weeks),	and	longer	treatment	times	may	exert
selective	pressure	on	the	emergence	of	resistant	clones.	The	target	volume	included	the	primary	tumor,	bilateral
mediastinal	 nodes,	 and	 the	 ipsilateral	 hilum,	 excluding	 uninvolved	 supraclavicular	 nodes.	 Local	 failure	 was
reduced	from	52%	to	36%	with	the	twice-daily	schedule	(P	=	.06).	Of	interest,	only	6%	of	patients	with	twice-
daily	 radiation	 failed	 in	 both	 local	 and	 distant	 sites,	 compared	 to	 23%	 with	 daily	 treatment	 (P	 =	 .01).	 More
importantly,	 although	 statistically	 significant	 differences	 in	 survival	 were	 not	 seen	 at	 2	 years,	 by	 5	 years,	 the
survival	 was	 16%	 with	 once-daily	 treatment,	 compared	 to	 26%	 with	 a	 twice-daily	 schedule	 (P	 =	 .04).51	 All
patients	who	achieved	less	than	complete	response	were	scored	as	local	failures,	but	some	of	those	treated	with	the
accelerated	 scheme	who	 achieved	only	 a	 partial	 response	 survived,	 as	well	 as	 those	with	 a	 complete	 response,
implying	that	the	local	failure	rate	was	overestimated	by	imaging	on	that	arm.	There	was	a	higher	frequency	of
grade	3	esophagitis	with	twice-daily	treatment,	but	overall	long-term	morbidities	were	not	significantly	different
between	the	two	arms.

A	phase	I	trial	conducted	by	the	Radiation	Therapy	Oncology	Group	(RTOG)	and	CALGB	evaluated	the	use	of
70	Gy	delivered	in	daily	fractionation	or	45	Gy	given	in	twice-daily	fractionation.52	Although	it	was	intended	to
establish	the	MTDs	of	irinotecan	given	with	cisplatin	and	thoracic	radiation,	it	also	was	the	first	trial	to	evaluate
70	Gy	delivered	at	cycle	1.	Of	the	15	patients	treated	to	70	Gy,	2	had	dose-limiting	toxicities	(DLTs)	(diarrhea,
esophagitis,	and	cardiovascular	complications).

RTOG	 9712	 was	 a	 phase	 I	 trial	 to	 establish	 the	 MTD	 of	 radiation	 therapy	 with	 delayed	 accelerated
hyperfractionation.53	 With	 this	 technique,	 a	 large	 field	 encompassing	 the	 gross	 tumor	 and	 mediastinum	 was
treated	 to	45	Gy.	A	smaller	 field	 that	 encompassed	only	 the	gross	 tumor	was	 treated	as	a	 second	daily	1.8	Gy
treatment	for	the	last	3	to	11	days.	The	MTD	was	found	to	be	61.2	Gy	with	this	regimen,	which	subsequently	was
evaluated	 in	 RTOG	 0239,	 a	 phase	 II	 trial.54	 It	 reported	 a	 2-year	 overall	 survival	 (OS)	 of	 37%,	 short	 of	 the
predicted	survival	of	60%.	However,	the	regimen	demonstrated	an	excellent	local	control	of	73%.

A	phase	III	randomized	trial	(known	as	“CONVERT”)	evaluating	once-	versus	twice-daily	radiotherapy	with
concurrent	 chemoradiotherapy	 compared	 66	Gy	 in	 daily	 2-Gy	 fractions	 against	 the	 standard	 arm	 of	 45	Gy	 in
twice-daily	1.5-Gy	fractions.55	It	was	powered	to	detect	superior	survival	with	once-daily	treatment;	however,	no
significant	 survival	 difference	 between	 the	 two	 arms	 was	 found.	 Because	 CONVERT	 was	 not	 designed	 as	 a
noninferiority	 study,	 this	 does	 not	 establish	 that	 66	 Gy	 in	 daily	 fractions	 is	 equivalent	 to	 45	 Gy	 twice	 daily.
However,	in	situations	where	twice-daily	radiation	is	not	feasible,	these	data	support	consideration	of	66	Gy	for
once-daily	 treatment.	 Another	 randomized	 phase	 III	 trial	 is	 being	 conducted	 by	 the	 RTOG	 and	 CALGB	 to



evaluate	three	fractionation	schemes:	45	Gy	in	1.5-Gy	twice-daily	fractions	(standard),	70	Gy	in	2-Gy	fractions
(Arm	B),	and	61.2	Gy	with	delayed	accelerated	hyperfractionation	(Arm	C).	In	the	first	part	of	this	trial,	toxicity
was	to	be	assessed	and	the	less	toxic	of	Arms	B	and	C	was	to	be	compared	head	to	head	with	the	standard	arm.
Although	 no	 clear	 difference	 in	 toxicity	 was	 observed	 between	 Arms	 B	 and	 C,	 the	 delayed	 accelerated
hyperfractionation	arm	has	been	dropped,	and	the	study	is	continuing	as	a	two-arm	trial.

Unless	the	RTOG/CALGB	trial	concludes	otherwise,	twice-daily	fractionation	as	established	by	the	Intergroup
trial	 remains	 the	 reference	 regimen	 for	 fit	 patients.	However,	 it	 should	be	noted	 that	 the	 logistical	 and	 toxicity
obstacles	with	twice-daily	treatment	apparently	are	substantial:	fewer	than	a	quarter	of	LS	SCLC	patients	receive
twice-daily	treatment	in	the	United	States.56

Early	versus	Late	Thoracic	Radiotherapy
Randomized	trials	have	yielded	conflicting	results	on	whether	concurrent	irradiation	is	best	given	early	or	late	in
the	chemotherapy	program.	There	have	been	multiple	meta-analyses	of	the	timing	of	thoracic	irradiation.57–61	One
meta-analysis	 reviewed	 seven	 randomized	 trials	 with	 a	 total	 of	 1,524	 patients	 that	 addressed	 the	 timing	 of
radiotherapy	relative	 to	chemotherapy.58	Early	 radiation	 therapy	was	defined	as	beginning	before	9	weeks	after
the	initiation	of	chemotherapy	and	before	the	third	cycle	of	chemotherapy.	Late	radiation	therapy	began	9	weeks
or	more	after	the	initiation	of	chemotherapy	or	after	the	beginning	of	the	third	cycle.	They	reported	a	small	but
statistically	 significant	 improvement	 in	 2-year	 survival	 for	 patients	 receiving	 early	 radiation	 therapy.	A	greater
benefit	 was	 observed	 in	 patients	 receiving	 hyperfractionated	 radiation.	 Another	meta-analysis59	 evaluated	 four
randomized	trials	consisting	of	1,056	patients	to	determine	whether	the	time	from	the	start	of	chemotherapy	until
the	end	of	radiotherapy	(SER)	was	a	predictor	of	survival.	They	found	that	there	was	a	significantly	higher	5-year
survival	 rate	 in	 the	 treatment	 arms	with	 a	 shorter	 SER.	 In	 addition,	 a	 low	 SER	was	 associated	with	 a	 higher
incidence	 of	 severe	 esophagitis.	 This	 suggests	 that	 an	 important	 factor	 in	 the	 treatment	 of	 SCLC	 involves
counteracting	 accelerated	 repopulation	 that	 occurs	 after	 treatment	 with	 chemotherapy.	 However,	 definitive
evidence	 that	 early	 integration	 of	 radiotherapy	 leads	 to	 improved	 survival	 remains	 elusive.	A	 randomized	 trial
from	Korea	assigned	patients	to	receive	radiotherapy	(albeit	a	nonstandard	regimen	of	52.5	Gy	in	daily	fractions)
with	either	the	first	or	third	cycle	of	chemotherapy	with	cisplatin	or	etoposide.	There	was	no	difference	in	survival
or	 local	 control	 but	 rather	 an	 increase	 in	 febrile	 neutropenia	 with	 early	 radiotherapy,	 suggesting	 that	 later
integration	of	 radiotherapy	was	preferable.62	A	 recent	meta-analysis	of	12	 trials	of	 radiotherapy	 timing	 (shorter
versus	longer	courses	and	earlier	versus	later)	shows	no	overall	difference	in	survival	between	“earlier	or	shorter”
radiation	 versus	 “later	 or	 longer”	 radiation.	 However,	 the	 investigators	 detected	 a	 significant	 improvement	 in
survival	with	 “earlier	 or	 shorter”	 radiation	 in	 patients	 receiving	 their	 planned	 doses	 of	 chemotherapy,	whereas
“earlier	 or	 shorter”	 radiation	 was	 associated	 with	 worse	 survival	 in	 patients	 who	 did	 not	 receive	 planned
chemotherapy.	A	higher	 incidence	of	 acute	 toxicity,	 particularly	 esophagitis,	 occurred	with	 “earlier	 or	 shorter”
radiation	schedules.63

In	 clinical	 practice,	 it	 is	 often	 prudent	 to	 initiate	 chemotherapy	 immediately	 in	 patients	 who	 are	 highly
symptomatic	rather	than	delay	treatment	until	radiation	treatment	planning	is	complete.	Starting	radiotherapy	with
the	second	cycle	of	chemotherapy	is	more	readily	achievable	and	should	preserve	the	potential	gains	in	efficacy
obtained	with	early	integration	of	radiotherapy	with	chemotherapy.

Radiation	Therapy	Treatment	Volumes	and	Technique
An	 early	 randomized	 trial	 by	 Southwest	 Oncology	 Group	 (SWOG)	 showed	 no	 difference	 in	 recurrence	 rate
whether	 pre-	 or	 postchemotherapy	 imaging	 was	 used	 to	 determine	 radiation	 therapy	 treatment	 fields.64	 The
Intergroup	trial51	included	gross	disease,	the	bilateral	mediastinum,	and	the	ipsilateral	hilum	in	the	treatment	field.
The	uninvolved	 supraclavicular	 area	was	 excluded.	RTOG	971253	 allowed	 for	 the	 treatment	 of	 the	 uninvolved
supraclavicular	area	in	the	setting	of	apical	tumors.	A	small	phase	II	trial	suggested	that	there	may	be	increased
elective	nodal	failure	in	the	supraclavicular	area	if	it	is	excluded	from	the	treatment	field.65	Consultants	from	the
International	Atomic	Energy	Agency	reviewed	available	literature	in	2008	and	found	little	evidence	to	guide	the
use	of	elective	nodal	 irradiation.66	However,	 a	 number	of	prospective	 and	 retrospective	 experiences	have	 since
been	published	and	increasingly	suggest	that	involved-field	radiation	therapy	is	not	associated	with	an	excessive
rate	of	local–regional	failure,	particularly	in	an	era	of	routine	PET	staging.	A	Dutch	phase	II	trial	of	concurrent
chemoradiation	limited	radiotherapy	fields	to	the	primary	tumor	and	clinically	involved	lymph	nodes	and	reported
a	relatively	low	local	failure	rate	of	16%.67

Utilizing	PET	to	guide	 the	design	of	 limited	radiotherapy	fields	appears	 to	reduce	the	probability	of	elective
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nodal	failure	due	to	the	improved	sensitivity	of	PET	to	detect	nodal	disease	compared	to	CT	alone.	A	follow-up
trial	 from	 the	 same	 group	 that	 found	 a	 worrisome	 rate	 of	 elective	 nodal	 failure	 when	 utilizing	 involved-field
radiotherapy	in	CT-staged	patients	showed	that	the	rate	of	isolated	nodal	failure	was	only	3%	with	PET	staging,
compared	 to	 11%	 without.68	 A	 retrospective	 experience	 from	 the	 MD	 Anderson	 Cancer	 Center	 (MDACC)
similarly	showed	a	low	rate	of	isolated	elective	nodal	failure	in	a	PET-staged	cohort	of	patients	who	were	treated
with	 IMRT,	 a	 technique	 that	 gives	 lower	 incidental	 radiation	 doses	 to	 untargeted	 lymph	 node	 regions	 and,
therefore,	 would	 theoretically	 increase	 the	 risk	 of	 elective	 nodal	 failure.69	 Overall,	 these	 and	 other	 recent
publications	suggest	that	with	modern	staging	and	treatment	techniques,	the	omission	of	elective	nodal	irradiation
does	not	lead	to	an	excessive	rate	of	isolated	nodal	failure.70–72	Neither	of	the	contemporary	trials	of	daily	versus
twice-daily	 TRT	 employ	 elective	 nodal	 irradiation	 in	 any	 of	 the	 trial	 arms	 (with	 the	 exception	 of	 hilar	 lymph
nodes	 in	 the	CALGB	trial),	 indicating	 that	 the	omission	of	elective	nodal	 irradiation	 is	 increasingly	considered
within	the	SOC	for	PET-staged	patients.

In	 addition	 to	 the	 omission	 of	 elective	 nodal	 irradiation,	 other	 areas	 of	 investigation	 in	 radiation	 technique
include	the	implementation	of	more	highly	conformal	delivery	methods,	such	as	IMRT	or	proton	therapy.	These
techniques	 allow	 for	 significantly	 greater	 control	 of	 the	 location	 of	 radiation	 dose,	 particularly	 of	 incidental
radiation	dose	outside	of	the	target	volume.	Although	this	would	seem	to	be	an	unequivocal	advantage,	theoretical
concerns	 have	 persisted	 regarding	 the	 sensitivity	 of	 these	 techniques	 to	 respiratory	 organ	 motion,	 and	 the
possibility	 that	 decreasing	 the	 incidental	 dose	 outside	 of	 the	 target	 volume	might	 increase	 rates	 of	 regional	 or
nodal	failure.	Investigators	from	the	MDACC	retrospectively	compared	outcomes	of	patients	receiving	standard
three-dimensional	conformal	radiation	therapy	and	IMRT;	they	found	no	significant	difference	in	OS	or	disease-
free	survival	 (DFS).73	 Proton	 therapy,	which	 reduces	 the	 dose	 outside	 of	 the	 target	 volume	more	 fully	 than	 is
possible	 with	 any	 form	 of	 photon	 radiotherapy,	 has	 not	 yet	 been	 widely	 used	 in	 SCLC.	 A	 single-institution
prospective	registry	of	proton	therapy	in	SCLC	has	recently	been	published	and	suggests	proton-beam	therapy	is
feasible	 and	 safe	 for	LS	disease	 and	 can	 achieve	 lower	mean	doses	 to	heart	 and	 lung	 compared	with	 IMRT.74
Reducing	heart	dose,	in	particular,	may	prove	to	be	an	important	goal	in	SCLC,	as	heart	dose	has	recently	been
shown	to	be	independently	predictive	of	survival	after	concurrent	chemoradiation	in	NSCLC.75

Toxicity	of	Thoracic	Radiotherapy
Chest	 irradiation	 can	 lead	 to	 myelosuppressive,	 pulmonary,	 and	 esophageal	 complications	 of	 treatment,
particularly	with	concurrent	cyclophosphamide-based	regimens.76–78	Esophagitis	is	a	difficult	toxicity	to	compare
because	 trials	 often	 use	 distinct	 grading	 systems.	However,	most	 trials	with	 concurrent	 chemoradiation	with	 a
cisplatin-based	 regimen	 report	 a	10%	 to	25%	rate	of	 severe	esophagitis.79	A	 retrospective	 review	 revealed	 that
various	radiation	dosimetric	parameters,	such	as	mean	esophageal	dose	and	volume	of	esophagus	receiving	15	Gy,
were	 associated	 with	 a	 higher	 incidence	 of	 grade	 3	 or	 worse	 esophagitis	 in	 patients	 receiving	 twice-daily
radiation.80	More	 recently,	 a	 large	 individual	patient	data	meta-analysis	of	esophagitis	after	concurrent	 thoracic
chemoradiotherapy	 indicated	 that	 the	best	predictor	of	 esophagitis	was	 the	volume	of	 esophagus	 receiving	≥60
Gy,	with	the	highest	risk	seen	when	17%	or	more	of	the	esophagus	was	exposed	to	such	doses.81

With	 respect	 to	 radiation	 pneumonitis	 (RP)	 most	 recent	 trials	 report	 a	 rate	 of	 approximately	 10%	 or
lower.48,55,82	This	 is	 lower	 than	 some	of	 the	 trials	 reported	 in	 the	 1980s	 and	1990s,	 probably	 due	 to	 improved
radiation	 therapy	 techniques	 and	 better	 distinction	 between	 pneumonitis	 and	 other	 etiologies	 of	 respiratory
distress,	such	as	infection	or	tumor	recurrence.	The	volume	of	lung	receiving	20	Gy	(V20)	is	a	standard	parameter
used	to	predict	lung	toxicity	in	patients	with	NSCLC.	A	recent	collaborative	effort	to	define	consensus	dose	limits
for	RP	recommended	that	the	V20	be	kept	below	30%	to	35%	in	order	to	keep	the	risk	of	pneumonitis	<20%.83	It
has	been	shown	to	have	value	in	patients	receiving	concurrent	accelerated	hyperfractionated	treatment	for	SCLC
as	well,	with	V20	values	<25%	to	30%	associated	with	a	lower	rate	of	RP.84,85

Prophylactic	Cranial	Irradiation
Brain	metastases	are	detectable	in	at	least	18%	of	SCLC	patients	at	diagnosis17	and	eventually	are	diagnosed	in
another	20%	to	25%,	with	an	increasing	likelihood	seen	with	lengthening	survival.86,87	Actuarial	analysis	reveals	a
probability	 of	 brain	 metastases	 ranging	 from	 50%	 to	 80%	 in	 patients	 who	 survive	 2	 years.	 At	 postmortem
examination,	 brain	 metastases	 are	 found	 in	 up	 to	 65%	 of	 SCLC	 patients.88	 Because	 these	 metastases	 are
sometimes	the	sole	site	of	clinical	relapse	and	are	frequently	clinically	disabling,	PCI	has	been	recommended	by
many,89	but	not	all,90	authorities.



A	 large	number	of	 early	prospective	 randomized	 trials	 assessed	 the	benefit	 of	PCI	given	at	 or	within	 a	 few
months	 of	 diagnosis.91–95	When	 these	 trials	were	 considered	 together,	 PCI	 reduced	 the	 frequency	 of	 clinically
detectable	brain	metastases	from	24%	to	6%.	However,	no	significant	impact	of	PCI	on	survival	was	seen	in	any
of	those	studies.	Retrospective	analyses	suggested	that	virtually	all	benefit	with	PCI	was	confined	to	patients	who
achieved	 a	 complete	 remission	 from	 their	 initial	 treatment.96	 In	 an	 actuarial	 analysis,	 partial	 responders	 or
nonresponders	have	similar	risks	of	recurrence	in	the	brain	regardless	of	whether	PCI	was	administered.	This	is
not	surprising	because	persistent	systemic	cancer	could	readily	metastasize	to	the	central	nervous	system	(CNS)
after	the	completion	of	PCI.

In	a	meta-analysis	of	almost	1,000	patients	in	seven	trials	between	1977	and	1995,	patients	were	evaluated	with
and	without	 PCI	 after	 initially	 obtaining	 a	 complete	 response.97	 PCI	 doses	 ranged	 from	 24	 to	 40	 Gy	 in	most
patients.	The	meta-analysis	 suggested	 that	 a	 significant	 gain	 in	 survival	with	 PCI,	with	 3-year	 survival	 figures
increasing	from	15.3%	to	20.7%.	PCI	significantly	decreased	the	probability	of	brain	metastases	and	increased	the
likelihood	of	DFS.	Higher	doses	appeared	to	have	no	impact	on	survival,	although	seemed	to	have	an	increasing
effect	of	preventing	brain	metastases.	A	trend	also	was	seen	toward	a	decreased	risk	of	brain	metastases	when	PCI
was	administered	earlier.	The	meta-analysis	was	not	able	 to	assess	 the	 impact	of	PCI	on	cognitive	 function,	as
most	 of	 the	 studies	 did	 not	 include	 thorough	 neurocognitive	 assessments.	 Two	 studies	 that	 assessed	 baseline
neuropsychological	 function	 before	 treatment	 demonstrated	 that	many	patients	 appear	 to	 have	 abnormalities	 of
cognitive	 function	 as	 initial	manifestations	 of	 their	 cancer,	 even	when	 brain	metastases	were	 not	 detected	 and
before	any	treatment.98,99

An	Intergroup	trial	evaluated	standard-dose	versus	higher	dose	PCI	after	complete	response	for	LS	disease.100
A	total	of	720	patients	were	randomized	to	either	25	Gy	in	10	fractions,	36	Gy	delivered	in	18	daily	fractions	of	2
Gy,	or	24	 twice-daily	 fractions	of	1.5	Gy.	There	was	no	significant	difference	 in	 incidence	of	brain	metastases
between	 the	 standard-dose	 group	 and	 the	 high-dose	 group.	The	OS	was	 significantly	worse	 in	 the	 higher	 dose
group,	 although	 this	 was	 due	 to	 extracranial	 disease	 progression	 rather	 than	 toxicity.	 The	 reason	 for	 this
counterintuitive	result	remains	unclear.	This	study	further	established	25	Gy	in	10	fractions	as	the	standard	dose	of
PCI	 for	 LS	 patients,	 although	 some	 practitioners	 use	 a	 regimen	 of	 30	Gy	 in	 15	 fractions,	 which	 should	 have
similar	biologic	efficacy.

Prophylactic	Cranial	Irradiation	for	Extensive-Disease	Small	Cell	Lung	Cancer
A	European	Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)	randomized	 trial	 reported	a	survival
benefit	 with	 PCI	 in	 patients	 with	 ES	 SCLC	 who	 had	 had	 a	 response	 to	 chemotherapy.101	 In	 this	 study,	 PCI
significantly	improved	the	rate	of	1-year	freedom	from	symptomatic	brain	metastases	from	14.6%	to	40.4%,	and
the	 1-year	 survival	 from	13.3%	 to	 27.1%	 in	 the	 286	 randomized	 patients.	Various	 fractionation	 schemes	were
used,	but	the	most	common	ones	were	20	Gy	in	5	fractions	and	30	Gy	in	10	fractions.	A	common	criticism	of	this
trial	is	its	lack	of	mandatory	pretreatment	brain	imaging	to	rule	out	clinically	occult	brain	metastases,	raising	the
question	of	whether	 the	observed	 survival	benefit	was	due	 to	 treatment	of	patients	who	already	had	detectable
brain	 metastases.	 In	 an	 era	 of	 routine	 and	 regular	 imaging	 of	 the	 brain	 with	 MRI	 examinations,	 it	 has	 been
suggested	that	 the	actual	rate	of	developing	brain	metastases	 in	 thoroughly	staged	ES	patients	 is	relatively	 low,
which	may	attenuate	 the	potential	benefit	of	routine	PCI	in	 this	cohort.	A	recent	Japanese	multicenter	phase	III
trial	assessed	the	benefit	of	PCI	in	patients	undergoing	both	baseline	and	regular	follow-up	brain	MRI,	who	had
achieved	any	response	to	platinum-based	doublet	chemotherapy.	Though	PCI	significantly	reduced	the	incidence
of	brain	metastases	(33%	with	PCI	versus	59%	without	at	1	year),	there	was	no	significant	survival	difference,	and
the	 study	 was	 terminated	 early	 as	 a	 result.102	 Taken	 together,	 these	 conflicting	 data	 suggest	 that	 PCI	 can	 be
considered	 for	 ES	 patients	 with	 good	 PS	 achieving	 excellent	 systemic	 response	 to	 initial	 therapy,	 given	 the
significant	reduction	in	brain	metastasis	risk.	However,	the	Japanese	data	suggest	that	the	use	of	brain	MRI	to	rule
out	occult	brain	metastasis,	followed	by	regular	MRI	surveillance,	is	a	reasonable	alternative	strategy.

Toxicity	of	Prophylactic	Cranial	Irradiation
A	major	 concern	 with	 PCI	 is	 the	 significant	 risk	 of	 toxicity.	 Some	 long-term	 survivors	 have	 neurologic	 and
intellectual	 impairment	as	well	as	abnormalities	on	CT	scan	that	may	be	related	to	PCI.103,104	 In	one	study,	CT
scan	 and	CNS	abnormalities	were	 significantly	more	 frequent	 in	 patients	who	had	 received	PCI	 or	 therapeutic
brain	 irradiation	 than	 in	 those	 who	 had	 not.105	 These	 findings	 were	 especially	 disturbing	 because	 complete
responders	are	at	greater	risk	for	complications.	Many	deficits	on	neuropsychological	testing	are	unsuspected	on
casual	 examination,	 but	 some	 patients	 have	 obvious	 major	 impairments.	 CT	 scan	 abnormalities	 continue	 to
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worsen	 for	 several	 years	 after	 treatment	 has	 ended,	 although	 the	 abnormalities	 may	 eventually	 stabilize.106
Neurologic	abnormalities	were	most	prominent	 in	one	series	of	patients	who	were	given	PCI	concurrently	with
high-dose	chemotherapy	or	in	individual	radiation	fractions	of	4	Gy.103

Neuropsychological	and	imaging	abnormalities	found	after	PCI	may	or	may	not	be	due	to	PCI.	Chemotherapy,
PNS,	micrometastases,	and	chronic	cigarette	and	alcohol	abuse	may	be	important	contributors.	In	one	study	that
evaluated	cognitive	function	in	patients	before	and	after	chemoradiation	but	before	PCI,	deficits	were	discovered
in	verbal	memory,	frontal	lobe	function,	and	motor	coordination	within	both	groups	of	patients.107	A	similar,	more
recent	study	indicated	that	47%	of	SCLC	patients	had	impaired	cognitive	function	before	PCI	and	that	PCI	was
not	associated	with	persistent	declines	in	cognitive	function.108	The	Japanese	trial	of	PCI	in	ES	disease	referenced
previously,	which	utilized	 the	now-standard	dose	of	25	Gy	in	10	fractions,	 reported	no	differences	 in	cognitive
function	as	assessed	with	the	minimental	status	exam	at	baseline,	12	months,	or	24	months.102

A	recent	decision	analysis	suggests	that	for	patients	who	have	had	a	complete	response	to	initial	therapy,	PCI
offers	 a	 better	 quality-adjusted	 life	 expectancy,	 even	 if	 a	mild	 to	moderate	 neurotoxicity	 rate	was	 assumed.109
Recently,	there	has	been	increasing	interest	in	delivering	PCI	while	sparing	the	hippocampi,	given	the	presence	of
radiosensitive	neural	stem	cells	 in	that	compartment	that	may	mediate	RT-induced	neurotoxicity.	Hippocampal-
sparing	brain	radiation	has	demonstrated	promising	results	in	a	phase	II	single-arm	study	for	brain	metastasis	and
is	now	being	tested	in	a	multicenter	randomized	trial	in	the	setting	of	PCI	for	SCLC110	(NCT02635009).

The	authors’	guidelines	for	PCI,	after	a	thorough	discussion	with	the	patient	of	potential	risks	and	benefits,	are
as	follows:	PCI	is	typically	recommended	for	LS	patients	and	may	be	considered	for	ES	patients,	after	a	complete
or	near-complete	response	to	induction	therapy	has	been	confirmed	and	after	acute	toxicities	have	resolved,	which
is	 typically	 2	 to	 4	 weeks	 after	 completion	 of	 all	 chemotherapy.	 Note	 that	 in	 the	 EORTC	 trial	 of	 PCI	 for	 ES
patients,	PCI	was	given	4	to	6	weeks	after	chemotherapy.	The	standard	fractionation	of	25	Gy	in	10	fractions	is
recommended	for	all	patients	in	whom	PCI	is	deemed	appropriate,	with	a	consideration	of	20	Gy	in	5	fractions	for
ES	patients	 for	whom,	 due	 to	 borderline	PS	 or	 significant	 logistical	 impediments,	 shortening	 overall	 treatment
time	is	felt	to	be	important.

Role	of	Chest	Irradiation	in	Extensive	Disease
Reviews	of	the	historical	literature	indicated	that	the	addition	of	chest	irradiation	plus	chemotherapy	for	patients
who	have	ES	SCLC	may	 improve	 local	 control	 in	 the	 thorax	 but	without	 change	 in	 survival.111,112	 Successive
large	studies	by	the	SWOG	also	confirmed	a	benefit	on	local	control	but	not	survival.107,113	Because	patients	with
ES	disease	generally	achieve	complete	response	rates	of	only	20%	to	25%	with	current	chemotherapy	regimens
and	frequently	relapse	in	distant	metastatic	sites,	it	is	unsurprising	that	the	routine	application	of	additional	local
therapy	did	not	have	a	clear	impact	on	survival.	Several	clinical	trials	have	randomized	patients	with	ES	disease	to
chemotherapy	alone	or	in	combination	with	irradiation	to	the	chest	disease	as	well	as	to	some	or	all	sites	of	overt
distant	 metastases.113–116	 Although	 most	 of	 these	 did	 not	 show	 survival	 advantages	 with	 the	 addition	 of
radiotherapy,	 it	 is	 notable	 that	 the	most	 recent	 of	 the	 trials	 did.114	 In	 this	 trial,	 patients	 with	 at	 least	 a	 partial
response	to	chemotherapy	at	the	primary	site	and	a	complete	response	in	distant	sites	were	randomized	to	receive
TRT	with	additional	chemotherapy	or	chemotherapy	alone.	TRT	was	associated	with	significantly	better	survival
and	 a	 trend	 toward	 better	 local	 control.	 A	 small	 phase	 II	 trial	 of	 consolidative	 TRT	 suggested	 that	 rates	 of
symptomatic	recurrence	in	the	chest	were	low	with	this	strategy	and	may,	therefore,	have	an	important	quality-of-
life	benefit	irrespective	of	any	survival	benefit.117

A	 Dutch	 phase	 III	 trial	 randomizing	 ES	 SCLC	 patients	 who	 had	 a	 response	 to	 four	 to	 six	 cycles	 of
chemotherapy	to	TRT	or	no	TRT	was	negative	for	its	primary	end	point	of	1-year	survival,	but	a	post	hoc	analysis
suggested	a	survival	benefit	with	TRT	at	2	years.118	Subsequent	additional	post	hoc	analyses	from	this	trial	further
suggested	 that	 patients	 with	 fewer	 than	 three	 metastases	 and	 patients	 with	 residual	 intrathoracic	 disease	 after
chemotherapy	are	most	likely	to	derive	benefit	from	TRT.119,120

A	related	question	is	whether	radiation	to	all	sites	of	metastasis,	not	just	the	primary	thoracic	disease,	may	be
beneficial	as	a	consolidation	strategy	in	ES	SCLC	patients	with	few	sites	of	evident	disease.	The	RTOG	recently
reported	 a	 randomized	 trial	 in	 which	 patients	 with	 ES	 disease	 and	 ≤4	 metastatic	 sites	 (excluding	 the	 CNS)
received	PCI	and	consolidative	RT	to	the	thorax	and	all	metastatic	sites	or	PCI	alone.	This	study	was	closed	early
due	to	futility,	as	it	was	recognized	that	the	experimental	arm	would	not	meet	the	end	point	of	improving	survival
compared	 to	 the	 control	 arm.	Overall,	 consolidative	 radiotherapy	 to	 the	 thorax	 can	 be	 considered	 in	 select	 ES
SCLC	patients	with	a	response	to	initial	chemotherapy,	but	radiotherapy	to	additional	metastatic	sites	(other	than
for	palliation)	is	not	supported	by	evidence	at	this	time.



Surgery	in	Early-Stage	Small	Cell	Lung	Cancer
Studies	 evaluating	 the	 role	 of	 surgery	 in	 SCLC	 are	 extremely	 limited.	 Surgery	 was	 largely	 abandoned	 in	 the
management	of	SCLC	after	the	British	Medical	Research	Council	reported	equivalent,	albeit	very	poor,	outcomes
between	 surgery	 and	 radiotherapy	 as	 a	 sole	modality	 in	 resectable	 SCLC	 in	 1966.121,122	About	 4%	 of	 solitary
pulmonary	nodules	are	diagnosed	as	SCLC123,124;	multiple	retrospective	studies	have	reported	favorable	survival
in	SCLC	with	stage	I	disease	after	surgical	resection	and	adjuvant	chemotherapy.	AJCC	TNM	staging	should	be
used	when	assessing	the	benefit	of	surgery	as	part	of	multimodality	therapy.	Nodal	status	and	primary	tumor	(T)
status	 have	 significant	 effects	 on	 the	 survival	 of	 patients	 who	 have	 undergone	 resection.	 The	 International
Association	for	the	Study	of	Lung	Cancer	(IASLC)	Lung	Cancer	Staging	Project	reported	on	>8,000	SCLC	cases,
of	which	349	 (4%)	underwent	 resection	and	surgical	 staging.	The	5-year	 survival	 for	 stage	 I,	 II,	 and	 III	SCLC
were	48%,	39%,	and	15%,	respectively.29	Macchiarini	et	al.125	found	a	decrease	in	5-year	survival	with	increasing
T	category	in	surgically	resected	patients	without	nodal	metastases.

There	 are	 no	 randomized	 trials	 comparing	 surgery	 versus	 surgery	 followed	 by	 chemotherapy;	 however,
observations	from	several	 trials	support	benefit	from	adjuvant	 therapy.	Angeletti	et	al.126	 and	Shepherd	et	al.127
reported	 increased	 survival	 of	 N0	 compared	 to	 N1	 and	 N2	 patients	 after	 surgical	 resection	 and	 postoperative
chemotherapy.	Of	51	stage	I	or	II	SCLC	patients	who	underwent	resection	and	adjuvant	chemotherapy,	the	5-year
survival	 rates	were	 52%	 (stage	 I)	 and	 30%	 (stage	 II).128	 The	 largest	 experience	 examining	 the	 role	 of	 surgery
followed	by	adjuvant	 therapy	 in	SCLC	was	a	cooperative	group	 trial	conducted	by	 the	 International	Society	of
Chemotherapy	 Lung	 Cancer	 Study	 Group.129	 Four-year	 survival	 rates	 for	 completely	 resected,	 pathologically
staged	SCLC	patients	(n	=	183)	with	N0,	N1,	and	N2	disease	who	received	postoperative	therapy	were	60%,	36%,
and	33%,	respectively.	A	recent	National	Cancer	Database	analysis	of	over	1,500	patients	with	stage	I	(T1	to	2	N0
M0)	SCLC	reported	a	significant	improvement	in	survival	with	adjuvant	chemotherapy	alone	(hazard	ratio	[HR],
0.78;	95%	confidence	interval	[CI],	0.63	to	0.95)	or	with	chemotherapy	and	cranial	irradiation	(HR,	0.52;	95%	CI,
0.36	 to	 0.75).130	 Current	 guidelines	 support	 including	 surgery	 followed	 by	 chemotherapy	 as	 part	 of	 the	 initial
management	for	patients	with	stage	I	disease.28,131

Surgery	After	Induction	Therapy
Most	 patients	 with	 LS	 SCLC	 treated	 with	 curative-intent	 chemoradiotherapy	 succumb	 to	 metastatic	 disease;
however,	local	recurrence	has	been	reported	in	35%	to	50%.51	Surgical	resection	also	has	been	studied	as	a	way	of
reducing	the	risk	of	local	recurrence	in	patients	with	LS	SCLC	after	completion	of	chemoradiation.	Furthermore,
tumors	may	have	a	mixed	histology	such	that	residual	NSCLC	remains	after	treatment	of	the	more	chemosensitive
SCLC	component.	Of	38	cases	resected	after	chemoradiation	in	a	University	of	Toronto	study,	29	had	pure	SCLC,
4	were	pure	NSCLC,	2	had	a	mixed	histology,	and	3	had	no	residual	tumor.132	One	randomized	trial	attempted	to
address	the	question	of	whether	surgical	resection	of	persistent	local	disease	adds	any	benefit	to	chemoradiation
for	LS	patients.133	The	Lung	Cancer	Study	Group	enrolled	328	patients	initially	treated	with	cyclophosphamide,
doxorubicin,	 and	 vincristine	 (CAV)	 for	 five	 cycles.	 Fit	 patients	 with	 at	 least	 a	 partial	 response	 were	 then
randomized	 to	 surgical	 resection	 or	 not.	 All	 patients	 were	 then	 intended	 to	 receive	 thoracic	 and	 PCI.	 Only	 a
fraction	of	the	patients	were	eligible	for	surgery	after	induction	therapy;	only	146	patients	were	randomized;	this
diminished	 the	 power	 of	 the	 statistical	 analysis.	Nonetheless,	 no	 differences	 in	OS	 or	 local	 control	 rates	were
noted	between	the	two	groups.	NSCLC	or	mixed	NSCLC/SCLC	comprised	11%	of	the	resected	specimens.	These
data	 suggest	 that	 surgical	 resection	 of	 residual	 disease	 in	 LS	 SCLC	 does	 not	 improve	 outcomes.	 Based	 on
available	data,	the	use	of	surgery	for	patients	with	SCLC	should	be	restricted	to	patients	with	stage	I	tumors.

Systemic	Therapy
The	 recommended	 first-line	 regimen	 in	 the	 United	 States	 is	 a	 platinum	 agent,	 cisplatin	 or	 carboplatin,	 plus
etoposide.	This	combination	was	established	as	 the	SOC	in	 the	1980s.	 In	Japan,	 irinotecan	plus	platinum	is	 the
standard	 first-line	 regimen.	 For	 patients	with	 LS	 SCLC,	 cisplatin	 is	 the	 preferred	 platinum	 agent,	whereas	 for
patients	 with	 ES	 disease,	 either	 platinum	 agent	 is	 suitable.	 The	 key	 studies	 and	 observations	 that	 led	 to	 the
establishment	of	EP	as	the	SOC	are	summarized	in	the	following	sections.	Also	highlighted	are	three	decades	of
extensive	but	 unsuccessful	 efforts	 to	optimize	 cytotoxic	 chemotherapy,	 schedule	optimization,	 triplet	 regimens,
maintenance	therapy,	and	dose	intensification	with	stem	cell	rescue.

Evolution	of	Chemotherapy	Regimens
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The	 sensitivity	 of	 SCLC	 to	 chemotherapy	 agents	 was	 recognized	 over	 50	 years	 ago,	 and	 systemic	 treatment
continues	to	have	a	primary	role	in	the	treatment	of	SCLC.	Alkylating	agents,	anthracyclines,	vinca	alkaloids,	and
antifolates	have	all	shown	single-agent	efficacy	in	this	disease.	In	the	1980s,	the	epipodophyllotoxin,	etoposide,
and	the	platinum	analogues,	cisplatin	and	carboplatin,	were	introduced,	and	their	activity	ranged	from	40%	to	60%
in	 previously	 untreated	 patients.134	 Subsequently,	 numerous	 other	 chemotherapeutic	 agents	 have	 demonstrated
activity	 in	SCLC,	but	 aside	 from	 the	camptothecins	 introduced	 in	 the	1990s,	drugs	 identified	 in	 the	1970s	and
1980s	 remain	 the	 backbone	 of	 cytotoxic	 therapy	 in	 this	 cancer.	Ultimately,	 randomized	 trials	 of	 combinations
demonstrated	superior	activity	over	single	agents.135,136

Livingston	 et	 al.137	 developed	 the	 CAV	 combination,	 and	 reported	 on	 358	 patients	 who	 received	 this
combination	followed	sequentially	by	 thoracic	and	brain	 irradiation.	For	patients	with	ES	disease,	 the	complete
response	rate	was	14%,	the	ORR	was	57%,	and	the	median	survival	was	26	weeks.	For	patients	with	LS	disease,
the	rates	were	41%,	75%,	and	52	weeks,	respectively.	With	these	data,	CAV	became	the	standard	chemotherapy
regimen.

The	EP	regimen	was	first	explored	clinically	in	the	late	1970s.138	Subsequent	studies	reported	response	rates	of
55%	in	patients	previously	treated	with	CAV	and	86%	in	newly	diagnosed	patients.139	Einhorn	et	al.140	reported
that	 two	cycles	of	 consolidation	with	EP,	after	 initial	 response	 to	 six	cycles	of	CAV,	produced	 longer	 survival
than	 with	 CAV	 only.	 Three	 randomized	 trials	 compared	 EP	 to	 cyclophosphamide,	 vincristine,	 and	 an
anthracycline.141–143	Less	myelosuppression	occurred	with	EP,	and,	if	given	with	radiation,	patients	experienced
less	 esophagitis	 and	 interstitial	 pneumonitis.	Furthermore,	 in	 the	 largest	 trial,	EP	produced	a	better	median	 (15
versus	10	months)	and	5-year	(10%	versus	3%)	survival	for	patients	with	LS	disease.143	Retrospective	analyses
and	 meta-analyses	 also	 support	 the	 superiority	 of	 cisplatin-	 or	 carboplatin-containing	 chemotherapy	 for
SCLC.144–146	As	a	result,	EP	is	now	the	standard	first-line	chemotherapy	regimen	for	SCLC	in	the	United	States
(Table	49.1).

Carboplatin	 has	 been	 substituted	 for	 cisplatin	 in	 SCLC	 chemotherapy	 regimens	 in	 an	 effort	 to	 decrease
nonhematologic	toxicities.	Randomized	trials	comparing	cisplatin	and	carboplatin	suggest	that	they	have	similar
efficacy.	 The	Hellenic	Cooperative	Oncology	Group	 randomized	 147	 patients	with	 either	LS	 or	ES	 disease	 to
receive	 etoposide	 100	mg/m2	 on	 days	 1	 to	 3	 and	 cisplatin	 100	mg/m2	 or	 carboplatin	 300	mg/m2	 on	 day	 1.147
Concurrent	radiotherapy	also	was	administered	to	responding	patients	starting	with	the	third	cycle.	Response	and
survival	were	similar	in	the	two	arms;	however,	the	sample	size	of	this	study	is	inadequate	to	confirm	equivalent
efficacy.	 A	 meta-analysis	 that	 evaluated	 individual	 subject	 data	 from	 four	 randomized	 trials	 with	 a	 total	 of
663	patients	found	that	median	OS,	median	progression-free	survival	(PFS),	and	response	rates	were	similar	in	the
cisplatin	 and	 carboplatin	 arms.	 Although	 hematologic	 toxicities	 were	 higher	 in	 those	 patients	 that	 receive
carboplatin,	 nonhematologic	 toxicities	 were	 increased	 in	 those	 that	 receive	 cisplatin.148	 Based	 on	 these	 data,
etoposide	 and	 carboplatin	 can	 be	 considered	 an	 appropriate	 first-line	 regimen,	 particularly	 in	 patients	with	 ES
disease	and	those	who	cannot	tolerate	cisplatin.

In	the	late	1990s,	platinum	combinations	with	DNA-topoisomerase	1	inhibitors	emerged	as	potential	regimens
for	initial	therapy.	The	Japan	Clinical	Oncology	Group	(JCOG)	compared	cisplatin	and	irinotecan	to	EP	as	initial
treatment	in	ES	SCLC.149	The	study	was	terminated	after	154	of	the	planned	230	patients	were	enrolled	because
median	(12.8	versus	9.4	months)	and	2-year	 (19.5%	versus	5.2%)	survival	 rates	were	significantly	better	 in	 the
group	treated	with	cisplatin	and	irinotecan	(IP).	Myelosuppression	was	the	most	common	toxicity	in	both	groups
but	more	frequent	with	EP,	whereas	significant	diarrhea	occurred	only	in	the	irinotecan	group.	Two	confirmatory
studies	were	subsequently	launched	in	the	United	States.	In	the	first	trial,	the	IP	schedule	was	modified	in	an	effort
to	decrease	toxicity,	leading	to	equivalent	response	rates	(48%	versus	44%	for	IP	and	EP,	respectively),	median
time	 to	progression	 (TTP;	4	versus	5	months),	 and	median	OS	 (9	versus	 10	months).	 In	 the	 second	 study,	 the
SWOG	 compared	 these	 regimens	 using	 the	 same	 dose	 and	 schedule	 as	 in	 the	 JCOG	 study	 and	 found	 that
outcomes	 are	 equivalent	 in	 an	 American	 patient	 population.150	 A	 phase	 III	 trial	 comparing	 irinotecan	 plus
carboplatin	 to	 oral	 etoposide	 plus	 cisplatin	 showed	 improved	 survival	with	 irinotecan	 plus	 carboplatin,	 but	 the
median	survival	of	7	months	in	the	control	arm	was	lower	than	expected.151	Population-based	polymorphisms	in
uridine	5′-diphospho-glucuronosyltransferase	(UDP-UGT1A1),	the	enzyme	responsible	for	detoxifying	the	active
metabolite	 of	 irinotecan,	may	 account	 for	 differences	 in	 toxicity	 and	 efficacy	 between	 Japanese	 and	American
studies.152

The	regimen	of	topotecan	plus	cisplatin	has	also	been	assessed	in	a	phase	III	study.153	This	study	randomized
784	 patients	 to	 oral	 topotecan	 (1.7	 mg/m2/day	 for	 5	 days)	 plus	 cisplatin	 or	 EP.	 The	 response	 rates,	 median
survival,	and	1-year	survival	were	identical.	Severe	neutropenia	occurred	more	often	with	EP,	but	oral	topotecan



and	cisplatin	caused	more	anemia	and	thrombocytopenia.

TABLE	49.1
Randomized	Clinical	Trials	Comparing	Etoposide	and	Cisplatin	to	Other	Chemotherapy
Regimens

Stage Treatment	Arms
No.	of
Patients

ORR
(%)

Median	Survival
(mo)

One-Year	Survival
(%)

Two-Year	Survival
(%) Ref

LS	and
ES

EP 97 78 9.9 NR 12 141

CAV 97 55 9.9 NR 10

CAV/EP	alternating 94 76 11.8	(P	=	.056) NR 21

ES EP 159 61 8.6 NR NR 142

CAV 156 51 8.3 NR NR

CAV/EP	alternating 162 59 8.1 NR NR

LS	and
ES

EP 218 NR 10.2	(P	=	.0004) NR 14 143

Cyclophosphamide,	epirubicin,
vincristine

218 NR 7.8 NR 6

LS	and
ES

EP 71 69 12.5 NR NR 147

Etoposide/carboplatin 72 78 11.8 NR NR

ES EP 77 52 9.4 58 20 149

Irinotecan/cisplatin 77 65 12.8	(P	=	.002) 38 5

ES EP 110 44 10.2 35 8 406

Irinotecan/cisplatin 221 48 9.3 35 8

ES EP 327 57 9.1 34 NR 150

Irinotecan/cisplatin 324 60 9.9 41 NR

ES EP 395 69 9.4 31 NR 153

Oral	topotecan/cisplatin 389 63 9.2 31 NR

LS	and
ES

EP 45 78 12.8 53 15 164

Ifosfamide	with	EP 47 74 13.0 62 17

ES EP 84 67 7.3 27 5 165

Ifosfamide	with	EP 87 73 9.1	(P	=	.045) 36 13

LS	and
ES

EP 71 48 10.5 37 NR 169

Paclitaxel	with	EP 62 50 9.5 38 NR

ES EP 282 68 9.9 37 8 170

Paclitaxel	with	EP 283 75 10.6 38 11
ORR,	overall	 response	 rate;	LS,	 limited	stage;	ES,	extensive	disease;	EP,	etoposide	and	cisplatin;	CAV,	cyclophosphamide,	doxorubicin,	vincristine;	NR,	not
reported.

Alternating	Cycles	of	Combination	Chemotherapy	Regimens
The	recognition	of	clonal	heterogeneity	within	a	tumor	and	the	intolerability	of	treatment	regimens	that	included
more	than	four	drugs	led	to	trials	of	alternating	chemotherapy	combinations.	The	observation	that	the	EP	regimen
was	effective	 in	patients	who	had	progressed	after	 cyclophosphamide-based	chemotherapy	suggested	 that	 these
drug	combinations	were	non–cross-resistant154	and	led	 to	a	study	conducted	by	the	National	Cancer	Institute	of
Canada	(NCIC)	in	which	289	patients	were	randomized	to	CAV	or	CAV	alternating	with	EP.155	Chemotherapy
was	given	for	a	total	of	six	cycles.	The	response	rate	(65%	versus	47%),	PFS,	and	median	survival	time	(10	versus
8	months)	favored	the	patients	who	had	received	alternating	therapy.	A	Japanese	study	compared	CAV	to	EP	to
alternating	CAV/EP	 in	 288	patients	with	LS	or	ES	disease.141	 Patients	with	LS	SCLC	 received	 four	 cycles	 of
chemotherapy	followed	by	TRT	and	were	found	to	have	improved	survival	with	the	alternating	regimen	compared
with	CAV	(P	=	.058)	or	EP	(P	=	.032).	No	differences	in	survival	were	noted	in	the	patients	with	ES	disease.	Roth
et	al.142	evaluated	437	patients	with	ES	disease	in	a	randomized	trial	comparing	EP	for	four	cycles,	CAV	for	six
cycles,	or	CAV	alternating	with	EP	for	a	total	of	six	cycles	and	found	no	difference	in	response	rate	or	OS	among
the	 treatment	 arms.	 Summarizing	 the	 data	 from	 these	 studies	 alternating	 regimens	 do	 not	 appear	 to	 offer
substantial	benefits	over	initial	treatment	with	EP	alone	and	may	increase	toxicity.
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Additional	 studies	 have	 evaluated	 alternating	 chemotherapy	 after	 response	 to	 induction	 therapy.156–158	 In	an
NCIC	study,	300	patients	with	LS	SCLC	were	randomized	to	receive	either	CAV	for	three	cycles	followed	by	EP
for	three	cycles	or	CAV	alternating	with	EP	for	a	total	of	six	cycles.159	Response	rates,	time	to	treatment	failure,
or	survival	did	not	differ.	Wolf	et	al.156	randomized	321	patients	to	treatment	with	ifosfamide	plus	etoposide	given
until	 a	 response	 plateau,	 followed	 by	CAV	 or	 ifosfamide	 plus	 etoposide	 alternating	with	CAV.	A	 total	 of	 six
cycles	 of	 chemotherapy	 were	 delivered	 in	 each	 arm.	 No	 difference	 in	 outcome	 was	 noted.	 Studies	 also	 have
evaluated	 alternating	 more	 intensive	 regimens.	 A	 German	 multicenter	 trial	 not	 only	 demonstrated	 that	 an
alternating	eight-drug	regimen	was	superior	to	CAV	in	response	rate	and	median	OS	(11.3	versus	9.8	months	for
ES	 and	 13.4	 versus	 11.1	months	 for	 LS	 patients)	 but	 also	 resulted	 in	 higher	 lethal	 and	 life-threatening	 event
rates.160	 Two	 other	 European	 trials	 testing	 three-drug	 regimens	 alternating	 with	 four-drug	 regimens	 found	 no
survival	 advantage	 to	 that	 approach.161,162	 The	 median	 survival	 times	 observed	 in	 these	 studies	 were	 not
substantially	different	from	those	observed	with	EP	alone.141,142

Triplet	Chemotherapy
The	addition	of	a	 third	drug	 to	standard	EP	resulted	 in	more	 toxicity	with	 little	or	no	 improvement	 in	survival.
Etoposide,	 ifosfamide,	 and	cisplatin	 (VIP)	has	been	compared	 to	EP.163,164	One	 study,	which	 included	patients
with	LS	and	ES	disease,	 found	no	difference	 in	survival	between	 the	 two	 treatment	groups,164	whereas	another
larger	study	of	ES	disease	only	identified	a	significant	difference	in	median	survival	(9	versus	7	months)	and	2-
year	 survival	 rates	 (13%	 versus	 5%).165	 In	 both	 studies,	 myelosuppression	 was	 more	 severe	 in	 the	 VIP	 arm.
Single-arm	studies	of	 ifosfamide	and	carboplatin	plus	etoposide	have	shown	impressive	response	rates	but	with
cumulative	myelosuppression.166,167	A	 large	 trial	comparing	 this	 regimen	plus	a	midcycle	dose	of	vincristine	 to
standard	therapy	demonstrated	modest	improvement	in	the	median	and	1-year	survival	rates	but	with	an	increased
rate	of	septicemia	in	the	investigational	arm.168	Two	studies	that	compared	EP	to	EP	plus	paclitaxel	showed	that
the	addition	of	paclitaxel	increased	toxicity	and	treatment-related	mortality	without	improving	survival.169,170

Maintenance	Therapy
A	large	number	of	studies	have	evaluated	the	use	of	continued	chemotherapy	or	maintenance	therapy	after	initial
induction	 chemotherapy.	 These	 studies	 have	 reported	 mixed	 results	 but	 in	 general	 have	 not	 demonstrated
substantial	efficacy	when	current	first-line	regimens	are	employed.	Maintenance	regimens	have	included	CAV	(up
to	a	 total	of	12	cycles),	CAV	alternating	with	another	 three-drug	combination,	 and	EP	with	paclitaxel.91,171–178
ECOG	7593	 enrolled	 402	 eligible	 patients	with	ES	disease	 to	 four	 cycles	 of	EP	 and	 those	with	 at	 least	 stable
disease	(SD)	were	randomized	to	four	cycles	of	 topotecan	or	observation.179	In	this	study,	maintenance	therapy
with	 topotecan	 increased	 the	 time	 to	 disease	 progression	 but	 without	 a	 survival	 benefit.	 Two	 meta-analyses
evaluated	maintenance	chemotherapy	reported	small	improvements	in	survival	but	with	increased	toxicity.180,181
One	study	reviewed	14	randomized	studies	including	2,550	patients	and	reported	improvements	in	1-	and	2-year
survival	 (by	 9%	 and	 4%,	 respectively)	 and	 PFS.180	Another	meta-analysis	 included	 21	 randomized,	 controlled
trials	 that	 used	 chemotherapy,	 or	 biologics,	 and	 included	 a	 total	 of	 3,688	 patients.	 The	 authors	 reported	 a
significant	OS	benefit	was	reported	with	maintenance	treatment	(HR,	0.89;	95%	CI,	0.81	to	0.92;	P	=	 .02);	 this
translated	to	2	weeks	of	benefit.181	Taking	these	data	together,	maintenance	therapy	is	generally	not	recommended
for	patients	with	SCLC.

Dose	Intensification
Several	studies	have	explored	high-dose	chemotherapy	in	patients	with	SCLC.	Three	randomized	trials	comparing
standard	 versus	 high-dose	 CAV	 or	 EP	 found	 no	 difference	 in	 ORR	 or	 median	 survival.182–184	Hematopoietic
growth	factors	were	not	used	in	these	trials,	and	myelosuppression	and	infections	were	significantly	more	severe
in	the	high-dose	arms.	A	randomized	trial	utilizing	granulocyte-macrophage	colony-stimulating	factor	(GM-CSF)
with	dose	escalation	found	that	excess	toxicity	resulted	in	lower	drug	delivery	and	poorer	response	and	survival
rates	in	the	dose-intense	arm.185	One	French	study	with	105	LS	patients	demonstrated	improvement	in	PFS	at	2
years	(28%	versus	8%)	and	OS	(43%	versus	26%)	with	the	administration	of	higher	drug	doses.186	This	approach
is	not	recommended,	as	most	studies	have	shown	excessive	toxicity	without	substantial	benefit.

Dose-dense	regimens	have	also	been	investigated,	including	a	multicenter	study	that	randomized	300	patients,
mostly	with	LS	disease,	to	six	cycles	of	ifosfamide,	carboplatin,	etoposide	and	vincristine	(ICE-V)	delivered	every
4	versus	every	3	weeks	(resulting	in	a	26%	increase	in	dose	intensity).187	In	a	second	randomization,	patients	were



given	GM-CSF	or	placebo	after	each	chemotherapy	cycle.	The	median	survival	(443	versus	351	days)	and	the	2-
year	survival	rate	(33%	versus	18%)	were	better	in	the	intensified	arm	(P	=	.0014).	GM-CSF	did	not	reduce	the
incidence	or	the	duration	of	febrile	neutropenia,	and	there	was	no	difference	in	survival	between	the	patients	who
received	 GM-CSF	 or	 placebo.	 Two	 studies	 compared	 treatment	 with	 cyclophosphamide,	 doxorubicin,	 and
etoposide	given	either	every	3	or	every	2	weeks	with	granulocyte	colony-stimulating	factor	(G-CSF)	support	but
had	conflicting	results.188,189	Four	randomized	trials	have	concluded	that	intensive	multidrug	weekly	regimens	are
significantly	more	toxic	than	standard	regimens	without	improving	outcomes.190–193

Finally,	dose	intensification	with	autologous	stem	cell	rescue	has	also	been	assessed	in	SCLC.	ICE	given	every
4	weeks	was	compared	to	ICE	given	every	2	weeks	with	support	of	G-CSF,	and	autologous	blood	collected	before
the	cycle	was	reinfused	24	hours	after	the	chemotherapy.194	With	this	approach,	 the	median	delivered	dose	was
increased	by	82%	without	a	significant	increase	in	toxicity;	however,	no	survival	benefit	was	identified.	Several
other	 smaller	 studies	 of	 dose	 intensification	 with	 autologous	 stem	 cell	 rescue	 have	 consistently	 shown	 that
survival	is	not	improved	relative	to	conventional	treatment.	High-dose	chemotherapy	with	stem	cell	support	does
not	appear	to	have	a	role	in	SCLC.

Summary	and	Recommendations	for	Initial	Management	of	Small	Cell	Lung
Cancer

Limited-Stage	Small	Cell	Lung	Cancer	(TNM	Stage	I	to	III	That	Can	Be	Treated	with	a
Tolerable	Radiation	Port)
The	SOC	for	the	majority	of	LS	SCLC	patients	is	concurrent	chemoradiotherapy.	When	possible,	TRT	should	be
hyperfractionated	 (twice	 a	 day)	 and	 initiated	 within	 the	 first	 two	 cycles	 of	 chemotherapy.	 The	 recommended
chemotherapy	 regimen	 is	 cisplatin	 plus	 etoposide	 for	 four	 cycles.	 Carboplatin	 is	 an	 acceptable	 alternative	 for
patients	 who	 are	 not	 cisplatin	 candidates.	 Good	 PS	 patients	 with	 T1	 to	 2	 tumors	 and	 node-negative	 disease
confirmed	by	invasive	mediastinal	staging	may	be	recommended	for	surgical	resection.	Resection	should	follow
guidelines	for	NSCLC.	Adjuvant	therapy	with	four	cycles	of	cisplatin	plus	etoposide	is	recommended.

After	 completion	 of	 primary	 therapy	 (chemoradiotherapy	 or	 resection	 followed	 by	 adjuvant	 chemotherapy),
patients	are	 recommended	 to	have	 restaging	CT	scans	and	brain	MRI.	Patients	who	have	 responded	 to	 therapy
without	evidence	of	 intracranial	 spread	should	 receive	PCI.	There	 is	no	 recommended	maintenance	 therapy	 for
SCLC.	Patients	should	have	surveillance	body	imaging,	blood	work,	and	physical	exams	every	3	months	for	the
first	2	years,	every	6	months	during	year	3,	and	then	annually.

Extensive-Stage	Small	Cell	Lung	Cancer	(TNM	IV	or	T3	to	4	Disease	That	Cannot	Be
Treated	with	a	Tolerable	Radiation	Port)
The	SOC	for	ES	SCLC	in	the	United	States	is	four	to	six	cycles	of	etoposide	plus	either	cisplatin	or	carboplatin.
There	has	not	been	conclusive	data	that	six	cycles	improved	outcomes	over	four	cycles.	Maintenance	therapy	is
not	recommended	at	this	time.	PCI	and	TRT	after	first-line	therapy	may	benefit	select	patients;	good-PS	patients
who	 have	 had	 a	 response	 first-line	 treatment	 should	 be	 referred	 to	 radiation	 oncology	 to	 discuss	 the	 risks	 and
benefits	of	radiotherapy.

After	completion	of	initial	therapy,	patients	should	be	monitored	closely	with	surveillance	body	imaging,	blood
work,	and	physical	exams	every	2	months	for	the	first	year,	then	every	3	to	4	months	for	years	2	and	3,	then	every
6	months	for	years	4	and	5,	and	then	annually.	Good-PS	patients	should	be	offered	further	systemic	therapy	at	the
time	of	progression.	Both	the	NCCN	and	the	European	Society	of	Medical	Oncology	(ESMO)	guidelines	support
this	approach.28,195

Treatment	of	Relapsed	Small	Cell	Lung	Cancer
Historically,	 patients	 with	 relapsed	 SCLC	 have	 been	 categorized	 as	 having	 chemotherapy-sensitive	 or
chemotherapy-refractory	disease.	The	term	sensitive	implies	a	response	to	initial	therapy	that	is	maintained	for	at
least	2	 to	3	months	after	completion	of	 therapy.	Survival	 for	patients	with	sensitive	 relapse	averages	6	months.
Patients	 with	 refractory	 disease	 exhibit	 progression	 either	 during	 initial	 therapy	 or	 within	 3	 months	 after	 its
completion	 and	 have	 a	 shorter	median	 survival	 than	 those	 with	 sensitive	 relapse.	 In	 general,	 factors	 affecting
prognosis	 in	 patients	 with	 relapsed	 SCLC	 include	 time	 to	 relapse	 from	 initial	 therapy,	 response	 to	 first-line
treatment,	and	PS.	As	in	first-line	treatment	of	ES	disease,	the	goals	of	care	for	patients	with	relapsed	SCLC	are
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primarily	 palliative	 and	 include	 symptom	management	 and	 optimization	 of	 quality	 of	 life.	 For	 most	 of	 these
patients,	coordination	with	palliative	care	services	should	be	offered	if	not	already	part	of	their	management	plan.

As	summarized	in	the	following	sections,	the	optimal	management	for	relapsed	SCLC	has	not	been	established.
Patients	whose	cancer	relapses	≥6	months	after	initial	therapy	are	often	challenged	with	the	same	regimen	as	used
in	first-line	treatment.28	The	only	agent	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	relapsed
SCLC	is	topotecan;	importantly,	this	approval	is	specific	to	patients	with	chemotherapy-sensitive	relapse.	There
are	no	FDA-approved	agents	for	patients	with	chemotherapy-refractory	disease.	A	study	of	treatment	practices	in
the	 United	 States,	 Europe,	 and	 Japan	 reported	 that	 <25%	 of	 patients	 with	 relapsed	 SCLC	 receive	 second-line
therapy,196	a	finding	reflective	of	the	poor	PS	and	limited	therapeutic	options	for	this	patient	population.

The	majority	of	agents	recommended	for	relapsed	SCLC	in	national	guidelines	are	based	on	activity	observed
in	single-arm	phase	II	studies	and	are	considered	category	2A	recommendations.28	In	2017,	the	anti–programmed
cell	death	1	(PD-1)	antibody,	nivolumab,	alone	or	in	combination	with	the	anti–cytotoxic	T-lymphocyte	antigen	4
(CTLA-4)	antibody,	ipilimumuab,	was	added	to	the	NCCN	guidelines	as	a	treatment	option	for	recurrence	SCLC
based	on	initial	results	of	the	CheckMate	032	study.28,197,198	This	was	the	first	noncytotoxic	therapy	included	in
national	SCLC	guidelines.

Cytotoxic	Chemotherapy	for	Recurrent	Disease
Topotecan	 is	 the	 only	 FDA-approved	 agent	 for	 the	 treatment	 of	 recurrent	 SCLC.	 In	 1997,	 Ardizzoni	 et	 al.199
reported	phase	II	data	in	which	topotecan,	administered	at	a	dose	of	1.5	mg/m2	daily	for	5	days,	yielded	a	response
rate	of	38%	and	6%	and	a	median	survival	of	7	and	5	months	in	sensitive	and	refractory	relapse,	respectively.199	A
randomized	 trial	 compared	 topotecan,	 administered	 at	 that	 same	 dose	 and	 schedule,	 to	 CAV	 in	 patients	 who
relapsed	at	least	2	months	after	initial	therapy.200	The	response	rates	for	topotecan	and	CAV	were	similar	(24%
versus	18%,	respectively).	The	median	survival	was	6	months	in	both	arms;	however,	symptom	improvement	was
better	with	topotecan,	and	the	FDA	approved	IV	topotecan	for	sensitive	relapsed	SCLC.	Oral	topotecan	has	also
received	regulatory	approval	for	second-line	therapy	of	SCLC.	In	2006,	 the	Medical	Research	Council	reported
that	oral	topotecan	improved	survival	in	relapsed	sensitive	and	refractory	SCLC	over	best	supportive	care	alone
(26	 versus	 14	 weeks,	 respectively)	 with	 a	 slower	 deterioration	 of	 quality	 of	 life	 as	 well.201	 In	 a	 phase	 III
noninferiority	study,	309	SCLC	patients	with	chemotherapy-sensitive	relapse	were	randomized	to	oral	versus	IV
topotecan.202	The	overall	 response	rates	and	median	survival	 times	were	18.3%	versus	21.9%	and	33	versus	35
weeks	 for	 patients	who	 received	 oral	 and	 IV	 formulations,	 respectively.	Oral	 topotecan	was	 associated	with	 a
lower	 incidence	 of	 grade	 4	 neutropenia	 but	 a	 higher	 incidence	 of	 diarrhea.	 Topotecan	 crosses	 the	 blood–brain
barrier	 and	 has	 activity	 against	 brain	 metastases.	 Hematologic	 toxicities	 are	 substantial,	 particularly	 at	 the
recommended	schedule,	which	is	on	days	1	to	5	every	21	days.

Other	 treatment	 options	 for	 relapsed	 SCLC	 include	 several	 agents	 that	 have	 regulatory	 approval	 in	 other
indications	that	are	used	for	SCLC	off-label.	Most	have	demonstrated	only	modest	activity	in	largely	single-arm
phase	 II	 studies	 in	 recurrent	 SCLC	 (Table	 49.2).	 Examples	 include	 irinotecan,	 paclitaxel,	 temozolomide,	 and
gemcitabine.	Temozolomide	 is	an	oral	alkylating	agent	 that	crosses	 the	blood–brain	barrier.	A	phase	 II	clinical
trial	of	temozolomide	in	64	patients	with	relapsed	sensitive	or	refractory	SCLC	reported	that	temozolomide	was
well	 tolerated	and	associated	with	an	ORR	of	20%	(including	 response	 rates	of	23%	and	13%	 in	 sensitive	and
refractory	 relapse,	 respectively).	 Responses	 were	 observed	 in	 third-line	 patients	 and	 in	 those	 with	 brain
metastases.203

Amrubicin,	a	third-generation	synthetic	9-amino-anthracycline,	has	been	studied	extensively	and	has	approval
in	Japan	for	SCLC	treatment.	A	randomized	phase	II	trial	conducted	in	Japan	reported	higher	response	rates	and
PFS	 compared	 with	 topotecan.204	 Two	 North	 American	 phase	 II	 trials	 of	 amrubicin	 showed	 encouraging
results,205,206	 particularly	 in	 chemotherapy-refractory	 patients,	 and	 led	 to	 a	 phase	 III	 study	 that	 compared
amrubicin	to	topotecan.207	Although	the	activity	of	amrubicin	was	observed,	there	was	no	statistically	significant
difference	in	OS	observed	between	the	two	arms.	Amrubicin	is	not	available	in	the	United	States.

Recent	Early-Phase	Clinical	Trials	in	Relapsed	Small	Cell	Lung	Cancer
Advances	 in	 molecular	 characterization	 of	 SCLC	 primary	 samples	 and	 preclinical	 models,	 and	 advances	 in
immunotherapy,	are	giving	 rise	 to	potential	new	 therapeutic	approaches	 in	SCLC.	Highlighted	 in	 the	 following
sections	are	several	recent	studies	that	are	currently	impacting	(or	may	impact	in	the	near	future)	clinical	care	in
the	relapsed	SCLC	setting.



Immune	Checkpoint	Inhibitors	in	Recurrent	Small	Cell	Lung	Cancers
Evasion	of	immune	surveillance	is	a	recognized	attribute	of	cancer.208	Therapies	designed	to	enhance	antitumor
immune	 responses	 currently	 dominate	 the	 landscape	 of	 oncology	 drug	 development.	 In	 particular,	 antibodies
targeting	 the	 immune-checkpoint	 proteins,	 CTLA-4,	 PD-1,	 or	 its	 ligand	 PD-L1,	 have	 become	 new	 treatment
options	for	oncology	patients	across	multiple	tumor	types.209,210

The	immune	checkpoint,	PD-1,	regulates	T-cell	activation	and	promotes	T-cell	exhaustion	via	binding	with	its
ligands,	programmed	cell	death	protein	 ligand	1	(PD-L1)	and	programmed	cell	death	protein	 ligand	2	(PD-L2).
PD-1	is	found	on	activated	T	cells,	B	cells,	and	myeloid	cells.	Nivolumab,	a	fully	human	immunoglobulin	(Ig)G4,
and	 pembrolizumab,	 a	 humanized	 IgG4,	 bind	 to	 PD-1	 and	 block	 its	 interaction	 with	 PD-L1	 and	 can	 release
suppressed	 antitumor	 immunity.	 KEYNOTE-028	 was	 an	 open-label,	 phase	 Ib	 multicohort	 study	 of
pembrolizumab	 in	PD-L1–positive	 solid	 tumors	 and	 included	an	SCLC	cohort.	Of	145	 subjects	with	 evaluable
tissue,	46	(31.7%)	tested	positive	for	PD-L1.	A	total	of	24	of	the	PD-L1–positive	subjects	received	treatment	with
pembrolizumab	and	had	an	ORR	of	33%.211

CTLA-4	is	a	constitutively	expressed	receptor	on	the	surface	of	regulatory	T	cells.	On	binding	to	 its	 ligands
CD80	and	CD86	on	antigen-presenting	cells,	CTLA-4	transmits	signals	that	suppress	T-cell	activation.	Antibodies
that	 block	 this	 interaction	 can	 promote	 T-cell	 activation	 and	 anticancer	 immune	 responses.212	 Preclinical	 data
from	 various	 tumor	 types	 reported	 synergistic	 activation	 of	 tumor-specific	 T	 cells	 with	 combined	 PD-1	 and
CTLA-4	blockade.213	CheckMate	032	was	a	phase	I/II	basket	study	of	nivolumab	with	or	without	ipilimumab,	a
fully	human	monoclonal	anti–CTLA-4	IgG1,	which	included	a	cohort	of	patients	with	recurrent	SCLC.	Data	from
the	initial	SCLC	cohort	(n	=	216)	of	patients	treated	with	nivolumab	alone	or	alternative	schedules	of	nivolumab
plus	ipilimumab	were	reported	in	2016.197	The	ORRs	were	10%	for	nivolumab	and	19%	to	23%	for	nivolumab
plus	ipilimumab.	Encouraging	1-year	survival	rates	of	33%	and	35%	to	43%,	respectively,	were	also	reported.	The
toxicity	profiles	were	similar	to	those	observed	in	prior	studies	of	these	agents	including	grade	3	and	4	events	in
13%	of	patients	receiving	nivolumab	alone,	and	19%	to	30%	of	patients	receiving	nivolumab	and	ipilimumab.	A
randomized	 expansion	 of	 the	 CheckMate	 032	 SCLC	 cohort	 included	 242	 patients	 confirmed	 similar	 efficacy
results	(ORR	of	12%	and	21%	for	nivolumab	and	nivolumab	plus	ipilimumab,	respectively).198

TABLE	49.2
Selected	Studies	of	Single-Agent	Chemotherapy	in	Relapsed	Small	Cell	Lung	Cancer

Agent
Study	Design
(Phase)

Dose/Schedule	(Every	3	wk
Unless	Indicated) N

Sensitive
(S)/Refractory	(R)

Response
Rate	(%)

Median
Survival	(mo) Ref

Topotecan	(IV) II 1.5	mg/m2	days	1–5 45
47

S
R

38
6

6.9
4.7

199

	 1.5	mg/m2	days	1–5 107 Sa 24 6.0 200

II 1.5	mg/m2	days	1–5 54 S 15 5.8 407

III 1.5	mg/m2	days	1–5 151 S 22 8.8 202

Topotecan
(oral)

II 2.3	mg/m2	days	1–5 52 S 23 7.5 407

III 2.3	mg/m2	days	1–5 71
30
41

All
S
R

7
3
10

6.0 201

III 2.3	mg/m2	days	1–5 153 S 18 8.0 202

Irinotecan 	 100	g/m2	weekly 16 Sb 47 6.2 408

Paclitaxel II 175	mg/m2	day	1 24 R 29 3.0 409

Docetaxel 	 100	mg/m2	day	1 34 NRc 25 NR 410

Gemcitabine II 1,000	mg/m2	days	1,	8,	15	every	4
wk

46 S	+	R 12 7.1 411

II 1,250	mg/m2	days	1,	8 27 S	+	R 0 6.4 412

	 1,000	mg/m2	days	1,	8,	15	every	4
wk

38 R 13 4.0 413

Vinorelbine II 25	mg/m2	weekly 24 S	+	R 13 5.0 414

II 30	mg/m2	weekly 26 S 16 NR 415
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Amrubicin II 40	mg/m2	days	1–3 44
16

S
R

52
50

10.3
11.6

416

II 40	mg/m2	days	1–3 75 R 21 6.0 417

II 40	mg/m2	days	1–3 50 S 44 9.2 206

III 40	mg/m2	days	1–3 225
199

S
R

31
(S	+	R)

9.2
6.2

207

Picoplatin 	 120–150	mg/m2	day	1 24
13

S
R

8
15

8.1
6.2

418

II 150	mg/m2	day	1 6
27
44

S
Resistantd

Re

4 6.1 419

III 150	mg/m2	day	1 268 Rf 4 4.7 420

Temozolomide II 75	mg/m2	days	1–21	out	of	28	d 48
16

S
R

23
13

6.0
5.6

203

Bendamustine II 120	mg/m2	days	1–2 29
21

S
R

33
17

5.7
4.1

421

aLess	than	60	days.
bAll	but	one	patient	had	a	chemotherapy-free	interval	of	>90	days.
cPreviously	untreated	patients	also	included.
dDefined	as	patients	that	relapsed	within	90	days	of	the	end	of	first-line	platinum-containing	chemotherapy.
eDefined	as	patients	that	did	not	have	a	response	to	first-line	platinum-containing	chemotherapy.
fDefined	as	those	patients	with	relapse	<6	months	of	completing	first-line	platinum-based	chemotherapy.
IV,	intravenous;	NR,	not	reported.

While	ipilimumab	in	combination	with	nivolumab	is	active	in	recurrent	SCLC,	a	phase	III	study	of	ipilimumab
in	combination	with	EP	in	the	first-line	setting	did	not	demonstrate	an	improvement	in	OS	compared	with	EP	plus
placebo	(median	OS	11.0	versus	10.9	months	in	the	ipilimumab	and	placebo	arms,	respectively).214	In	this	study,
treatment	 with	 ipilimumab	 arm	 was	 associated	 with	 a	 high	 frequency	 of	 immune-related	 toxicities	 including
diarrhea,	rash,	and	colitis.214

Nivolumab	alone	or	 in	combination	with	 ipilimumab	has	recently	been	added	in	 the	NCCN	guidelines	as	an
option	 for	 relapsed	 SCLC.28	 Although	 the	 use	 of	 nivolumab	 with	 or	 without	 ipilimumab	 is	 becoming	 more
common	 in	 clinical	 practice,	 these	 agents	 have	 not	 yet	 received	 FDA	 approval	 in	 SCLC,	 and	 the	 efficacy	 of
checkpoint	inhibitors	in	patients	with	SCLC	needs	to	be	confirmed	in	randomized	trials.	A	considerable	number	of
studies	are	underway	to	evaluate	the	role	of	checkpoint	inhibitors	in	various	lines	of	SCLC	treatment.

Rovalpituzumab	Tesirine
Rovalpituzumab	tesirine	(Rova-T)	is	a	first-in-class	antibody–drug	conjugate	(ADC)	with	high	specificity	for	the
notch	inhibitory	ligand	delta-like	3	(DLL3).	DLL3	is	expressed	on	the	surface	of	tumor	cells	but	not	normal	adult
tissues;	increased	expression	of	DLL3	has	been	reported	in	the	majority	of	SCLC	and	in	some	other	NETs.215	In	a
phase	I	study,	Rova-T	exhibited	encouraging	single-agent	activity	in	DLL3-expressing	recurrent	SCLC	and	large-
cell	 neuroendocrine	 lung	 carcinomas.216	 DLTs	 included	 thrombocytopenia,	 liver	 function	 abnormalities,	 and
serosal	effusions.	Among	evaluable	patients,	17%	had	confirmed	objective	responses	and	54%	had	SD.	In	patients
with	 a	 high	 DLL3	 expression	 (>50%	 of	 tumor	 cells),	 the	 ORR	was	 39%	 and	 the	 disease	 control	 rate	 (DCR;
including	SD	or	objective	response)	was	89%.	These	data	support	DLL3	as	a	candidate	predictive	biomarker	for
this	 therapy	and	potentially	 the	 first	biomarker	 in	SCLC.	A	phase	 II	 study	of	Rova-T	assessing	efficacy	 in	 the
third-line	and	later	line	setting	in	patients	with	relapsed	DLL3-expressing	SCLC	(NCT02674568)	has	completed
accrual	 and	 results	 are	 expected	 in	 2018.	 Additional	 studies	 of	 Rova-T	 are	 ongoing	 and	 include	 Rova-T
monotherapy	as	maintenance	after	initial	response	to	chemotherapy	or	in	the	second-line	setting	or	in	combination
with	chemotherapy	or	immunotherapy	(NCT02819999,	NCT03033511,	NCT03026166).

Lurbinectedin
A	novel	 cytotoxic	 agent,	 lurbinectedin,	 has	pleotropic	 effects	 including	 inhibition	of	 transcription,	 induction	of
single-	and	double-strand	DNA	breaks,	and	induction	of	apoptosis.	In	preclinical	studies,	lurbinectedin	synergized
with	multiple	chemotherapeutic	agents.217	Lurbinectedin	demonstrated	single-agent	activity	with	an	ORR	of	38%
in	relapsed	SCLC.	A	phase	I	study	of	lurbinectedin	plus	doxorubicin	in	26	patients	with	relapsed	SCLC	reported
an	ORR	of	57.7%,	a	DCR	of	69.2%,	and	median	duration	of	response	of	4.5	months.218	Hematologic	 toxicities



were	 substantial,	 with	 grade	 4	 neutropenia	 reported	 in	 79%	 and	 grade	 3/4	 febrile	 neutropenia	 in	 26%	 of
patients.218	A	phase	III	study	(ATLANTIS)	comparing	lurbinectedin	plus	doxorubicin	to	either	topotecan	or	CAV
is	ongoing	(NCT02566993).

Additional	Research	Efforts	in	Small	Cell	Lung	Cancer
Tremendous	research	efforts	spanning	the	1970s	to	the	late	1980s,	termed	“The	First	Golden	Age”	by	Gazdar	et
al.,219	 led	 to	 the	 identification	of	genomic	hallmarks	of	 this	disease,	 including	near	universal	 loss	of	 the	 tumor
suppressor	genes	TP53,	RB1,	 and	MYC	 amplification.	During	 this	 period,	 the	 first	 preclinical	models	of	SCLC
were	 established	 including	 many	 of	 the	 cell	 lines	 and	 cell	 line–based	 xenografts	 used	 over	 the	 ensuing	 four
decades.	These	early	studies	identified	many	of	the	distinct	pathways	that	contribute	to	the	pathogenesis	of	SCLC
and	led	to	therapeutic	strategies	to	target	these	basic	molecular	and	cellular	changes.	As	described	in	the	following
text,	despite	intensive	research	efforts,	the	poor	outcomes	in	SCLC	remained	largely	unchanged	(Table	49.3).	In
hindsight,	 these	 efforts	may	have	been	hindered	 by	 the	 limitations	 of	 contemporaneous	 preclinical	models	 and
lack	of	biomarker-based	patient	selection.	In	2012,	SCLC	was	included	in	the	Recalcitrant	Cancer	Research	Act
based	on	its	unchanged	5-year	survival	rate	of	<7%.	Advances	in	genomic,	epigenetic,	and	proteomic	profiling	are
leading	 to	a	deeper	understanding	of	SCLC	biology.	 In	parallel,	 the	development	of	more	biologically	 relevant
preclinical	 models	 of	 SCLC	 including	 patient-derived	 xenografts,	 circulating-tumor	 cell-based	 xenografts,	 and
modified	 gene-engineered	 mouse	 models	 (GEMMs)	 provide	 opportunities	 for	 more	 rigorous	 validation	 of
potential	therapeutic	interventions	prior	to	clinical	exploration.

Molecular	Characterization	of	Small	Cell	Lung	Cancer:	Genomic,	Proteomic,
and	Epigenetic	Studies

Genomic	Studies
SCLC	 is	 characterized	 by	 inactivating	 mutations	 in	 the	 tumor	 suppressor	 genes	 TP53	 and	RB1	 in	 nearly	 all
cases.220–222	A	mouse	model	with	conditional,	lung-specific	inactivation	of	TP53	and	RB1	develops	lung	tumors
histologically	and	biologically	similar	to	human	SCLC.223	Further	loss	of	the	retinoblastoma	(Rb)-related	protein
p130	in	this	context	results	in	more	rapid	SCLC	development.224

Exome,	 transcriptome,	 and	 whole-genome	 sequencing	 have	 provided	 insights	 into	 the	 fuller	 landscape	 of
genetic	alterations	in	SCLC.220–222	In	addition	to	confirming	TP53	and	RB1	inactivation,	these	studies	define	other
alterations	of	interest	in	SCLC,	with	potential	therapeutic	implications.	One	consistent	finding	from	these	reports
was	 an	 exceptionally	 high	 degree	 of	 genomic	 alterations,	 including	mutations,	 insertions,	 deletions,	 large-scale
copy	 number	 alterations	 (CNA),	 and	 gross	 inter-	 and	 intrachromosomal	 rearrangements.	MYC	 family	member
alterations,	including	gene	amplification	of	MYC,	MYCN,	and	MYCL1	as	well	as	a	recurrent	gene	fusion	involving
MYCL1,	are	frequent	in	SCLC	and	may	represent	important	drivers	of	SCLC	oncogenesis.	Inactivating	mutations
of	 NOTCH	 family	 genes	 were	 observed	 in	 25%	 of	 cases.222	 Inactivation	 of	 the	 tumor	 suppressor	 PTEN	 and
mutations	 of	 other	 members	 in	 the	 same	 signaling	 pathway	 have	 also	 been	 identified.	 Additional	 alterations
implicated	 as	 potential	 drivers	 in	 subsets	 of	 SCLC	 include	 amplification	 of	 the	 developmental	 regulator	 and
transcription	factor	SOX2	in	up	to	27%	of	cases.

Transformation	to	SCLC	as	a	mechanism	of	acquired	resistance	to	epidermal	growth	factor	receptor	(EGFR)
tyrosine	 kinase	 inhibitors	 (TKIs)	 occurs	 in	 approximately	 5%	 of	 patients	 treated	 for	 EGFR-mutant	 lung
adenocarcinomas.225,226	 In	 these	 SCLC	 cases,	 the	 tumor	 not	 only	 maintains	 its	 original	 EGFR	 mutation,
suggesting	 that	 the	 SCLC	 evolved	 from	 an	 EGFR	mutant	 clone,	 but	 also	 harbors	 genomic	 loss	 of	 TP53	 and
RB1.227	De	novo	SCLCs	lack	EGFR	mutations	and	ALK	rearrangements,	even	in	the	small	subset	of	never-smoker
SCLC	patients.225,228	A	study	focused	on	clonal	evolution	of	EGFR	TKI-resistant	SCLC	transformation	showed
that	EGFR-mutant	lung	adenocarcinomas	with	complete	inactivation	of	TP53	and	RB1	were	at	43-fold	greater	risk
of	SCLC	transformation.229

Proteomic	Analysis	of	Small	Cell	Lung	Cancer	Samples
Reverse	phase	protein	analysis	(RPPA)	was	used	to	assess	the	expression	of	193	proteins	and	phosphoproteins	in
34	SCLC	and	74	NSCLC	cell	lines.	RPPA	findings	were	further	validated	at	the	messenger	RNA	(mRNA)	level.
In	 comparison	 to	NSCLCs,	SCLCs	had	 increased	 levels	 of	 the	 growth	 factor	 receptor	 c-KIT,	 the	 antiapoptotic
protein	B-cell	 lymphoma	2	 (BCL-2),	 and	proapoptotic	Bcl-2	 family	members	BIM	and	BAX.	Also	elevated	 in
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SCLC	were	several	DNA-repair	proteins,	including	poly	(ADP-ribose)	polymerase	(PARP)	enzymes,	checkpoint
kinase	2	(Chk2)	and	the	serine/threonine	kinase	ATM.230

Epigenetic	Modulation	in	Small	Cell	Lung	Cancer
Epigenetics	are	heritable	processes	 that	affect	gene	function	 independent	of	changes	 in	DNA	sequence	and	can
play	a	central	 role	 in	 tumor	development,	maintenance,	and	 response	 to	 therapy.231	The	most	studied	modes	of
epigenetic	 regulation	 in	 cancer	 include	 DNA	methylation	 and	 histone	 modification.	 In	 an	 early	 genome-scale
methylation	 analysis,	 73	 genes	 were	 identified	 as	 differentially	 methylated	 in	 18	 primary	 SCLC	 tumors	 and
5	 SCLC	 cell	 lines.232	 Tumor-specific	methylation	was	 reported	 in	 several	 neural	 cell	 fate	 transcription	 factors
including	NEUROD1,	HAND1,	and	REST	as	well	as	BCL2	and	several	genes	located	on	chromosome	3p.232	A
subsequent	genome-wide	DNA	methylation	analysis	performed	at	single	nucleotide	resolution	included	47	SCLC
samples	 and	 reported	 overall	 hypomethylation	 in	 primary	 SCLC	 samples	 compared	 with	 noncancer	 lung
specimens.233	 This	 study	 further	 reported	 high	 expression	 of	 the	 histone	 lysine	 N-methyltransferase	 EZH2	 in
SCLC.233	Alterations	in	other	histone	modifiers,	EP300	and	CREBBP1,	occur	in	up	to	15%	of	SCLC	cases.220–222
Bromodomain	 and	 extraterminal	motif	 (BET)	 proteins	 are	 expressed	 in	 SCLC	 and	 function	 to	 bind	 acetylated
lysine	residues	on	histone	tails	and	modulate	gene	expression,	most	notably	of	MYC	family	members.234

TABLE	49.3
Target	Therapies	and	Other	Agents	That	Have	Undergone	Testing	in	Small	Cell	Lung	Cancer

Mechanism	of	Action/Target Agent

Study
Design
(Phase) Result Ref

Matrix	metalloproteinase	inhibitor Marimastat III No	improvement	in	PFS	or	OS 422

Tanomastat III No	improvement	in	PFS	or	OS 423

c-KIT	tyrosine	kinase	inhibitor Imatinib II
(multiple)

No	responses 235,
238,
239

Mammalian	target	of	rapamycin
inhibitor

Temsirolimus RII Improved	survival	at	higher	dose	but	no
improvement	in	outcome	compared	with	prior	trials

244

Everolimus II Limited	antitumor	activity	in	relapsed	SCLC 245

Farnesyl	transferase	inhibitor Tipifarnib II No	responses 424

IGF1R	antibody Cixutumumab RII No	improvement	in	PFS	when	added	to	EP	in
chemo-naïve	ES	SCLC

246

Hedgehog	pathway	inhibitor Vismodegib RII No	improvement	in	PFS	when	added	to	EP	in
chemo-naïve	ES	SCLC

246

Bcl-2	inhibitors Oblimersen RII No	improvement	in	response	rate 259

Navitoclax II Limited	activity	in	recurrent	disease 260

Obatoclax
mesylate

II
RII

No	increased	RR	when	added	to	topotecan	in
relapsed	SCLC
Trend	toward	improved	RR,	PFS,	and	OS	in	ES
SCLC

261,
262

Proteosome	inhibitor Bortezomib II 2%	ORR 425

Ganglioside	anti-idiotype	vaccine BEC-2	+
BCG
adjuvant

III No	improvement	in	PFS	or	OS 426

Multiple	effects Thalidomide III
III

Improved	survival	from	8.7	to	11.7	mo	but	not
significant	(HR,	0.74;	P	=	.16)
No	improvement	in	any	parameters

266,
267

VEGFR2/EGFR Vandetanib RII No	improvement	in	PFS 268

RAF,	VEGFR2/VEGFR3,	PDGFRα
inhibitor

Sorafenib II 5%	response	rate	in	relapsed	disease 269

VEGFR1/VEGFR2/VEGFR3,
PDGFRα	and	PDGFRβ,	c-KIT,	FLT3
inhibitor

Sunitinib RII Improved	PFS	when	sunitinib	was	given	as
maintenance	after	first-line	chemotherapy	(3.77	vs.
2.3	mo)

272



VEGFR1/VEGFR2/VEGFR3,	EGFR3,
PDGFRβ,	c-KIT	inhibitor

Cediranib II
I

Minimal	activity	as	a	single	agent	in	relapsed
disease	8-mo	PFS	with	EP

273,
274

VEGF Bevacizumab II
(multiple)

RII

No	increased	risk	of	hemorrhage;	favorable
survival	compared	with	historical	control
Improved	PFS	for	bevacizumab	but	not	in	OS

270,
427–
429

PARP	inhibitor Veliparib I/II Improvement	in	adjusted	PFS	with	the	addition	of
veliparib	to	SOC	first-line	EP

281,
282

Humanized	anti–CTLA-4	antibody Ipilimumab RII Improved	irPFS	when	administered	with
carboplatin/paclitaxel	in	phased	dosing	schedule	in
ES	SCLC

430

Ipilimumab III No	improvement	in	OS	when	ipilimumab	was
combined	with	EP	vs.	EP	plus	placebo

431

PFS,	 progression-free	 survival;	OS,	 overall	 survival;	RII,	 randomized	phase	 II;	SCLC,	 small	 cell	 lung	 cancer;	 IGF1R,	 insulin-like
growth	factor	1	receptor;	EP,	etoposide/platinum;	ES,	extensive	disease;	Bcl-2,	B-cell	lymphoma	2;	RR,	response	rate;	ORR,	overall
response	 rate;	 HR,	 hazard	 ratio;	 VEGFR,	 vascular	 endothelial	 growth	 factor	 receptor;	 EGFR,	 epidermal	 growth	 factor	 receptor;
PDGFR,	platelet-derived	growth	factor	receptor;	FLT3,	FMS-like	tyrosine	kinase	3;	VEGF,	vascular	endothelial	growth	factor;	PARP,
poly	(ADP-ribose)	polymerase;	SOC,	standard	of	care;	CTLA-4,	cytotoxic	T-lymphocyte	antigen	4;	irPFS,	immune-related	PFS.

Clinical	Evaluation	of	Therapeutic	Targets

Studies	of	Receptor	Tyrosine	Kinase	Inhibitors
Small-molecule	kinase	inhibitors	are	established	therapies	for	several	diseases	but	have	not	yet	proven	efficacious
in	SCLC.	c-KIT	protein	expression	has	been	reported	in	28%	to	93%	of	SCLC	tumors.235	In	vitro	studies	support
the	role	of	c-KIT	and	its	ligand,	stem	cell	factor	(SCF),	on	SCLC	autocrine	and	paracrine	growth	stimulation,236
and	imatinib	has	demonstrated	growth	inhibition	of	multiple	SCLC	cell	lines.237	Three	phase	II	studies	in	SCLC,
however,	 failed	 to	 demonstrate	 a	 single	 radiologic	 response	 to	 imatinib,	 even	with	 patient	 selection	 for	 c-KIT
expression.235,238,239

Genomic	 analyses	 of	 primary	 patient	 samples	 have	 reported	 phosphatidylinositol	 3-kinase	 (PI3K)/protein
kinase	B	(AKT)/mammalian	target	of	rapamycin	(mTOR)	pathway	alterations	in	up	to	36%	of	 tumors.220,221,240
Phosphorylated	AKT	is	present	in	70%	of	SCLC	tumors,241	and	protein	expression	of	mTOR,	S6	kinase	1	(S6K1),
and	 phosphorylated	 4E-binding	 protein	 1	 (4EBP1)	 are	 elevated	 in	 SCLC	 cells	 compared	 to	 type	 II	 epithelial
cells.242	Inactivation	of	PTEN,	an	inhibitor	of	the	PI3K/AKT/mTOR	pathway	in	a	genetic	mouse	model	of	SCLC,
results	in	accelerated	tumor	development	supporting	its	role	as	a	suppressor	of	SCLC.243	Such	alterations	lead	to
growth,	 survival,	 and	 chemotherapy	 resistance	 in	 SCLC.	 Temsirolimus	 and	 everolimus,	 allosteric	 mTOR
inhibitors,	 have	 been	 evaluated	 in	 the	 maintenance	 and	 recurrent	 SCLC	 settings	 with	 no	 clear	 benefit	 as
monotherapy.244,245

The	 insulin-like	 growth	 factor	 1	 receptor	 (IGF1R),	 and	 its	 ligand,	 insulin-like	 growth	 factor	 1	 (IGF1),	 are
expressed	 at	 increased	 levels	 in	 SCLC	 and	 thought	 to	 contribute	 to	 cellular	 transformation	 and	 malignant
growth.241	The	ECOG	1508	phase	II	study	evaluated	the	anti-IGF1R	monoclonal	antibody	cixutumumab	together
with	cisplatin	and	etoposide	in	a	randomized	trial;	it	failed	to	show	an	improvement	in	PFS.246

The	Hedgehog	Pathway
The	Hedgehog	pathway	is	essential	in	early	lung	development	and	has	a	role	in	regulating	stem	cell	maintenance
and	differentiation.247	Hedgehog	signaling	has	been	implicated	in	the	development	and	proliferation	of	SCLC,	and
preclinical	studies	have	demonstrated	that	Hedgehog	antagonists	can	inhibit	SCLC	when	administered	following
chemotherapy.248,249	 ECOG	 1508	 also	 included	 an	 investigational	 arm	 evaluating	 the	 Hedgehog	 inhibitor
vismodegib	 in	 combination	with	 cisplatin	 and	 etoposide	 and	 failed	 to	 show	 an	 improvement	 in	 PFS	 or	OS.246
Future	development	of	Hedgehog	pathway	inhibitors	in	SCLC	is	unclear.

BCL-2
The	 antiapoptotic	 protein	 BCL-2	 is	 highly	 expressed	 in	 the	 majority	 of	 SCLC	 tumors.230,250,251	 Multiple
preclinical	strategies	targeting	BCL-2	at	the	RNA	or	protein	level	demonstrated	potent	efficacy	in	SCLC	cell	lines
and	 cell	 line–based	 xenografts.252–255	 Clinical	 trials	 of	 BCL-2–directed	 therapy	 either	 with	 an	 antisense
oligonucleotide	 (oblimersen)	 or	 small-molecule	 inhibitors	 of	 BCL-2	 (navitoclax,	 obatoclax)	 have	 not
demonstrated	 benefit	 in	 the	 first-line	 or	 recurrent	 setting.256–262	 Several	 preclinical	 studies	 have	 shown	 that
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concomitant	 inhibition	of	 the	PI3K/AKT/mTOR	pathway	and	BCL-2	by	small-molecule	 inhibitors	ABT-737	or
navitoclax	 results	 in	 robust	 antitumor	 efficacy	 in	 multiple	 SCLC	models	 including	 patient-derived	 xenografts
(PDXs),	the	TP53/	RB1	GEMM,	and	cell-based	xenografts	 (CTXs).263–265	A	phase	 I/II	study	of	navitoclax	plus
the	TORC1/TORC2	inhibitor	vistusertib	in	recurrent	SCLC	has	recently	been	activated	(NCT03366103).

Angiogenesis	Inhibitors
Angiogenesis	 inhibitors	have	been	 tested	 in	SCLC;	 to	date,	 they	have	not	demonstrated	 clear	 improvements	 in
survival.	Early	studies	of	thalidomide	as	maintenance	therapy	showed	no	significant	effect	on	OS.266,267	Likewise,
vandetanib,	 an	 oral	 inhibitor	 of	 vascular	 endothelial	 growth	 factor	 receptor	 2	 (VEGFR2)	 and	 EGFR,	 failed	 to
improve	PFS	in	a	randomized	phase	II	maintenance	trial.268	Sorafenib	inhibits	RAF,	VEGFR2	and	VEGFR3,	and
platelet-derived	 growth	 factor	 receptor	 α	 (PDGFRα)	 and	 has	 demonstrated	 minimal	 single-agent	 activity	 for
relapsed	SCLC.269

A	randomized	phase	II	study	of	EP	with	or	without	bevacizumab	in	patients	with	untreated	ES	SCLC	reported
a	higher	median	PFS	in	the	bevacizumab	arm	but	no	difference	in	OS.270	An	Italian	multicenter	randomized	phase
III	 study	 of	 cisplatin	 plus	 etoposide	with	 or	without	 bevacizumab	 in	ES	SCLC	 reported	 an	 acceptable	 toxicity
profile	and	improved	PFS	with	bevacizumab	but	no	OS	improvement.271

Sunitinib,	which	 inhibits	VEGFR1,	VEGFR2,	VEGFR3,	PDGFRα,	platelet-derived	growth	 factor	 receptor	β
(PDGFRβ),	c-KIT,	and	FMS-like	tyrosine	kinase	3	(FLT3),	has	been	evaluated	in	a	randomized	phase	II	trial	as
maintenance	 treatment	 after	 chemotherapy	 in	 patients	 with	 untreated	 ES	 SCLC	 (CALGB	 30504);	 this	 study
design	also	allowed	for	crossover	 from	the	placebo	arm	to	sunitinib.272	The	study	met	 its	primary	end	point	of
improved	PFS	after	chemotherapy	from	the	 time	of	 randomization	(3.77	versus	2.3	months	for	sunitinib	versus
placebo)	 as	well	 as	 a	 trend	 toward	 improvement	 in	 survival.	This	 study	allowed	 for	 crossover	 from	placebo	 to
sunitinib,	 and	 there	was	 evidence	 of	 single-agent	 activity	 for	 sunitinib	 as	maintenance	 therapy	 at	 crossover.272
Future	development	of	this	agent	in	SCLC	is	unknown.

Cediranib,	 an	 oral	 inhibitor	 of	 VEGFR1,	 VEGFR2,	 and	VEGFR3,	 had	 no	 single-agent	 activity	 in	 relapsed
SCLC273	but	demonstrated	a	promising	PFS	of	8.9	months	and	ORR	of	>70%	when	administered	 in	a	phase	 I
study.274	A	study	of	cediranib	plus	the	PARP	inhibitor	olaparib	in	combination	with	EP	in	the	first-line	setting	is
underway	(NCT02899728).

PARP	Inhibition
PARP1	is	highly	expressed	at	the	mRNA	and	protein	levels	in	SCLC.	In	addition	to	its	function	in	DNA	repair,
PARP	 is	 a	 coactivator	 of	 the	 transcription	 factor	 E2F1	 and	 may	 be	 involved	 in	 cellular	 differentiation,
proliferation,	and	transformation.275	Preclinical	studies	have	demonstrated	activity	of	PARP	inhibitors	alone	and
in	combination	with	chemotherapy	 in	vitro	and	 in	vivo.230,276,277	A	phase	 I	 study	of	 the	potent	PARP	 inhibitor
talazoparib	reported	a	9%	ORR	and	clinical	benefit	rate	at	≥16	weeks	of	26%	in	an	SCLC	cohort.278	The	PARP
inhibitor	 veliparib	 has	 been	 evaluated	 in	 combination	 with	 chemotherapy	 in	 the	 first-line	 and	 recurrent
settings.279–282	ECOG	2511,	a	phase	I/II	study	of	cisplatin	plus	etoposide	with	or	without	veliparib	established	a
safe	dose	of	veliparib	in	combination	with	first-line	chemotherapy	and	found	that	the	combination	was	associated
with	an	improvement	of	PFS,	using	an	adjusted	primary	end	point.281,282	A	double-blinded	study	of	veliparib	in
combination	with	carboplatin	plus	etoposide	in	chemotherapy-naïve	ES	SCLC	is	ongoing	(NCT02289690).

In	 the	 recurrent	 setting,	 PARP	 inhibitors	 are	 being	 evaluated	 in	 combination	with	 chemotherapeutic	 agents
including	temozolomide	and	the	topoisomerase	1	inhibitors	camptothecin	and	irinotecan.	A	randomized	phase	II
study	of	temozolomide	plus	veliparib	or	placebo	in	patients	with	recurrent	SCLC	(National	Cancer	Institute	[NCI]
9026;	NCT01638546)	completed	accrual	in	2015	and	reported	an	increased	ORR	for	the	combined	arm;	however,
the	primary	end	point	of	improvement	in	PFS	at	4	months	was	not	met.279,280	Several	confirmed	responses	have
been	 reported	 in	 an	 ongoing	 phase	 I/II	 study	 of	 temozolomide	 plus	 olaparib	 in	 recurrent	 SCLC
(NCT02446704).283	A	study	of	nanoparticle	camptothecin	CRLX101	plus	olaparib	in	relapsed	SCLC	is	ongoing
(NCT02769962),	as	 is	a	study	of	MM-398	(liposomal	 irinotecan)	plus	veliparib.	SCLC	patients	are	 included	 in
PARP	 inhibitors/immune	 checkpoint	 inhibitor	 studies	 including	 a	 study	 of	 olaparib	 plus	 durvalumab
(NCT02734004).

In	preclinical	studies,	Schlafen	family	member	11	(SLFN11)	confers	sensitivity	to	several	chemotherapy	agents
including	platinum	and	etoposide284–286	 and	may	 further	 be	 a	 biomarker	 of	 response	 to	 PARP	 inhibitors.277,287
This	correlation	appears	to	be	stronger	with	the	PARP-trapping	inhibitors	olaparib	and	talazoparib	than	with	the



catalytic	 PARP	 inhibitor	 veliparib.277,287	 Exploratory	 correlative	 analyses	 of	 SLFN11	 expression	 in	 patients
enrolled	in	ECOG	2511	and	NCI	9026	are	ongoing.

EZH2	Inhibition	and	SLFN11
EZH2,	 the	 histone-lysine	N-methyltransferase	 subunit	 of	 the	 polycomb	 repressor	 complex	 2	 (PRC2),	 is	 highly
expressed	in	SCLC.230,233,288,289	EZH2	expression	is	under	the	control	of	the	E2F	family	of	transcription	factors
which	are,	in	turn,	negatively	regulated	by	Rb.	Thus,	Rb	loss,	seen	in	the	majority	of	SCLC	cases,	is	associated
with	high	expression	of	EZH2.289	A	preclinical	study	of	acquired	chemotherapy	resistance	in	SCLC	suggested	that
EZH2	could	silence	SLFN11	expression.	Suppression	of	SLFN11	was	associated	with	chemotherapy	resistance;
inhibition	of	EZH2,	 in	 turn,	maintained	chemotherapy	sensitivity.286	EZH2	inhibitors	are	currently	under	early-
phase	clinical	evaluation	but	have	not	yet	been	assessed	in	SCLC.

Targeting	the	G2/M	Cell	Cycle	Checkpoint
Loss	of	p53	and	Rb	 leads	 to	defects	 in	 the	G1/S	checkpoint	and	renders	SCLC	cells	 reliant	on	an	 intact	G2/M
checkpoint	to	prevent	entry	into	mitosis	and	to	allow	for	DNA	repair.	The	wee-like	protein	kinase	1	(WEE1)	plays
a	critical	role	in	the	G2/M	checkpoint	via	inhibitory	phosphorylation	of	cyclin-dependent	kinases	1	and	2	(CDK1
and	CDK2).	 Inhibition	 of	WEE1	 can	 compromise	 the	G2/M	 checkpoint	 and	 increase	 cell	 sensitivity	 to	DNA-
damaging	agents.	Preclinical	studies	in	TP53-deficient	tumors	demonstrate	that	WEE1	inhibition	can	enhance	the
antitumor	 activity	 of	 various	 DNA-damaging	 agents.	 AZD1775	 is	 a	 WEE1	 inhibitor	 currently	 in	 clinical
evaluation	 as	monotherapy	 in	 relapsed	SCLC	 (NCT02593019).	A	 study	of	AZD1775	monotherapy	 in	 relapsed
SCLC	 patients	 whose	 tumors	 harbor	 MYC	 amplification	 or	 CDKN2A	 mutation	 is	 pending	 activation
(NCT02688907).

Checkpoint	 kinase	 1	 (Chk1)	 is	 a	 serine/threonine	 kinase	 that	 mediates	 cell	 cycle	 arrest	 at	 G2/M.	 Chk1
inhibition,	in	the	context	of	TP53	loss,	can	render	cells	vulnerable	to	“mitotic	catastrophe”	when	exposed	to	DNA-
damaging	 agents.290	 Preclinical	 studies	 of	 the	 Chk1	 inhibitor	 prexasertib	 (LY2606368)	 revealed	 significant
activity,	alone	or	in	combination	with	cisplatin	or	olaparib.	In	this	work,	MYC	protein	overexpression	was	found
to	 be	 predictive	 of	 prexasertib	 sensitivity.291	 A	 phase	 II	 study	 of	 prexasertib	 in	 relapsed	 SCLC	 is	 ongoing
(NCT02735980).

Aurora	Kinase	Inhibition
Multiple	 MYC	 family	 members	 are	 amplified	 or	 overexpressed	 in	 SCLC.221,222	 Functional	 studies	 in	 SCLC
GEMMs	have	shown	 that	MYC	expression	 in	 the	context	of	RB1	 and	TP53	 loss	 (RPM	model)	promotes	 rapid
development	of	SCLC.292	Analysis	of	 targeted	drug	screening	demonstrated	activity	of	Aurora	kinase	inhibitors
alisertib	and	barasertib	in	MYC-high	SCLC.	Further	Aurora	kinase	inhibition	in	RPM	mice	sensitized	tumors	to
chemotherapy.	 Clinical	 studies	 have	 reported	 a	 21%	ORR	 to	 the	Aurora	 kinase	A	 inhibitor	 alisertib293	 but	 no
activity	with	a	pan-Aurora	kinase	inhibitor	danusertib.294	Clinical	activity	was	also	reported	with	the	combination
of	 paclitaxel	 with	 alisertib	 compared	 with	 paclitaxel	 plus	 placebo	 or	 placebo,	 with	 benefit	 particularly	 in	 the
MYC-high	subset.295

Programmed	Cell	Death	1	Monotherapy	or	Combination	Studies
As	 noted	 previously,	 promising	 results	 from	 CheckMate	 032	 have	 resulted	 in	 the	 use	 of	 nivolumab	 with	 or
without	ipilimumab	in	patients	with	relapsed	SCLC.	Many	additional	studies	involving	PD-1–	or	PD-L1–directed
agents	are	in	progress	or	have	recently	completed	enrollment.	CheckMate	451,	a	randomized	study	of	nivolumab,
nivolumab	plus	 ipilimumab,	or	placebo	as	maintenance	after	 four	cycles	of	etoposide	plus	platinum,	completed
accrual	 in	August	2017.	The	coprimary	 end	points	of	 this	 study	are	PFS	and	OS;	 results	 are	 expected	 in	2018
(NCT02538666).	As	of	December	2017,	nearly	30	SCLC	studies	of	immune	checkpoint	inhibitors	were	listed	as
ongoing	on	the	NCI	Clinical	Trials	website.	The	checkpoint	inhibitors	include	anti–PD-1	antibodies	(nivolumab,
pembrolizumab),	anti–PD-L1	antibodies	(atezolizumab,	durvalumab),	and	anti–CTLA-4	antibodies	(ipilimumab,
tremelimumab).	 These	 studies	 include	 checkpoint	 inhibitors	 in	 combination	 with	 first-line	 chemotherapy	 or
combined	 chemoradiotherapy	 (for	 LS	 SCLC	 patients),	 second-line	 chemotherapy,	 palliative	 radiotherapy,	 and
targeted	agents	including	Rova-T.

Identifying	Biomarkers	of	Response	to	Checkpoint	Inhibitors
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Identifying	biomarkers	of	response	to	immune	checkpoint	inhibitors	is	a	rapidly	evolving	area	of	research.	PD-L1
expression,	 a	 commonly	 referenced	 biomarker	 for	 PD-1–directed	 therapy,	 in	 SCLC	varies	 by	 study	 and	 is	 not
clearly	associated	with	response.	In	the	KEYNOTE-028	study,	PD-L1	expression	of	≥1%	was	reported	in	31.7%
of	evaluable	SCLC	patients.211	In	contrast,	only	17%	of	evaluable	patients	in	CheckMate	032	SCLC	cohort	had
tumors	that	stained	PD-L1	≥1%.198	An	IHC-based	analysis	of	archival	formalin-fixed	paraffin-embedded	SCLC
specimens	using	two	different	assays	reported	an	overall	prevalence	of	PD-L1	expression	in	tumor	cells	of	16.5%,
consistent	 with	 the	 CheckMate	 032	 data,	 and	 was	 not	 markedly	 different	 between	 LS-SCLC	 and	 ES-SCLC
samples.296	 Notably,	 in	 CheckMate	 032,	 PD-L1	 positivity	 did	 not	 correlate	 with	 responses	 to	 nivolumab	 or
nivolumab	plus	ipilimumab.197,198

High	tumor	mutational	burden	(TMB)	has	been	identified	as	a	potential	predictor	of	effective	immunotherapy
in	NSCLC	 and	 support	 by	 exploratory	 analysis	 from	 the	CheckMate	 026	 study.297,298	 Exploratory	 analyses	 in
which	TMB	was	assessed	by	whole-exome	sequencing	and	calculated	as	total	number	of	missense	mutations	was
performed	on	TMB-evaluable	patients	(n	=	211,	53%)	enrolled	on	CheckMate	032	including	133	patients	treated
with	 nivolumab	 and	 78	 patients	 treated	with	 nivolumab	 plus	 ipilimumab.299	 Patients	were	 divided	 into	 tertiles
based	on	TMB	levels;	patients	in	the	highest	TMB	tertile	(high	TMB)	had	improved	ORR,	PFS,	and	OS	compared
to	subjects	with	low/medium	TMB.299	These	results	require	further	validation	in	prospective	studies,	and	future
directions	 for	 mutation-based	 predictive	 biomarkers	 may	 include	 more	 detailed	 analyses	 such	 as	 mutation-
associated	neoantigen	load	and	T-cell	receptor	clonality.300

CD47/Signal	Regulatory	Protein	α	Regulatory	Axis
CD47,	 a	 cell-surface	molecule	 expressed	 on	 normal	 and	malignant	 cells,	 acts	 as	 a	 ligand	 for	 signal	 regulatory
protein	α	(SIRPα),	a	regulatory	transmembrane	protein	expressed	on	macrophages	and	dendritic	cells.	Binding	of
CD47	 to	 SIRPα	 inhibits	 activation	 and	 phagocytic	 activity	 of	macrophages.301	 CD47	 triggers	 T-cell–mediated
destruction	 of	 immunogenic	 tumors	 and,	 further,	 its	 activity	 in	 syngeneic	 tumor	 models	 requires	 T-cell
activation.302	CD47	is	highly	expressed	 in	human	SCLC	and	may	contribute	 to	 immune	escape	mechanisms.303
Disruption	of	CD47/SIRPα	binding	by	anti-CD47	antibodies	or	targeted	inactivation	of	CD47	results	in	inhibition
of	SCLC	tumor	growth	in	preclinical	models.303	Phase	I	studies	of	CD47	inhibition	are	currently	underway.

Role	of	Chemotherapy	and	Radiation	Therapy	to	the	Neuraxis
For	 overt	metastatic	 lesions	within	 the	CNS,	 doses	 of	 3	Gy	 daily	 to	 a	 dose	 of	 30	Gy	 typically	 is	 used.	Overt
intracranial	metastases	appear	to	be	more	difficult	to	eradicate	than	intrathoracic	disease.304	Due	to	the	propensity
for	SCLC	patients	to	develop	multifocal	brain	metastases,	stereotactic	treatment	for	brain	metastases	is	typically
not	appropriate	because	the	risk	of	brain	relapse	beyond	the	treated	lesion	would	be	unacceptably	high.	However,
in	 the	context	of	prior	whole-brain	radiotherapy	(WBRT)	or	PCI,	stereotactic	 treatment	may	be	considered	as	a
salvage	option.305

Chemotherapy	also	is	another	option	for	brain	metastases,	perhaps	because	the	blood–brain	barrier	is	disrupted
in	the	setting	of	macroscopic	metastatic	disease.	Small	series	of	patients	in	whom	brain	metastases	were	present	at
diagnosis	 have	 been	 treated	 with	 standard	 chemotherapy	 regimens	 without	 radiation,	 and	 the	 majority	 have
demonstrated	clinical	and	radiographic	improvement.306	Chemotherapy	also	has	been	used	at	the	time	of	relapse,
and	 response	 rates	 of	 33%	 to	 43%	 have	 been	 reported.306–308	 In	 previously	 treated	 patients,	 the	 response	 to
chemotherapy	in	the	brain	appears	to	be	comparable	to	the	response	rates	in	other	organs.	In	a	phase	II	study	of
temozolomide	 in	 patients	with	 relapsed	or	 refractory	SCLC,	 intracranial	 responses	 in	 patients	with	 progressive
brain	 metastases	 that	 had	 received	 prior	 cranial	 irradiation	 were	 observed.203	 Thus,	 although	 brain	 irradiation
remains	the	standard	for	patients	who	have	not	been	previously	irradiated,	chemotherapy	is	a	reasonable	option	for
those	in	whom	recurrent	disease	develops	after	prior	brain	radiation,	particularly	if	active	systemic	disease	is	also
present.

Palliative	Care

Survivorship	Issues
A	small	minority	of	SCLC	patients	attain	 long-term	survival.	Patients	 are	at	greatest	 risk	of	dying	 from	SCLC
during	the	first	24	months	after	diagnosis.	This	risk	declines	between	years	2	and	3	and	is	further	reduced	beyond
the	 year	 3.	 In	 the	 SEER	 program	 database,	 OS	 at	 2,	 3,	 and	 5	 years	 was	 12%,	 7%,	 and	 5%,	 respectively.309



Excessive	mortality	in	long-term	survivors	is	also	impacted	by	the	development	of	second	primary	tumors,	mainly
NSCLC,	and	other	illnesses	associated	with	cigarette	smoking.310,311	Late	relapse	can	occur	in	approximately	10%
of	patients	at	5	years.312	Overall,	 the	 relative	 risk	of	a	second	primary	 tumor	 in	patients	who	survive	beyond	2
years	 is	 increased	 3.5-fold.	 The	 second	 lung	 cancer	 risk	 is	 increased	 13-fold	 among	 those	who	 received	 chest
irradiation.310	The	risk	of	a	second	primary	tumor	increases	significantly	over	time	and	with	continued	smoking.
Treatment	with	alkylating	agents	further	magnifies	this	risk.310	The	risk	of	a	second	lung	cancer	in	patients	who
continue	to	smoke	was	approximately	4-fold	greater	than	those	who	stopped	before	the	diagnosis	of	SCLC	and	2-
fold	greater	in	patients	who	received	chest	irradiation.	The	cumulative	risk	of	a	second	lung	cancer	was	32%	at	12
years	 and	 continued	 to	 increase	 beyond	 that	 time	 point.	 Patients	 successfully	 treated	 for	 SCLC	 constitute	 an
extraordinarily	 high-risk	 group	 for	 second	malignancies	 and	 require	 close	 surveillance.	 The	 cigarette	 smoking
status	 of	 survivors	 should	 be	 periodically	 assessed,	 and	 smoking	 cessation	 efforts	 should	 be	 instituted	 for	 any
patient	who	expresses	an	interest	in	quitting.

Long-term	survivors	are	also	at	increased	risk	for	non–cancer-related	problems,	including	long-term	sequelae
of	therapy.	In	a	Danish	analysis	of	patients	surviving	5	years	or	more,	there	was	a	sixfold	increased	risk	of	death
from	 noncancer	 causes,	 particularly	 cardiovascular	 and	 pulmonary	 diseases.313	 In	 a	 French	 study	 of	 patients
surviving	beyond	30	months,	treatment-related	sequelae	included	neurologic	impairment	in	13%	of	the	patients,
pulmonary	 fibrosis	 in	 18%,	 and	 cardiac	 disorders	 in	 10%.314	 Chest	 irradiation	may	 accelerate	 coronary	 artery
disease.	 Neurologic	 impairment	 is	 a	 potential	 long-term	 toxicity	 of	 cranial	 irradiation	 and,	 in	 some	 cases,	 a
permanent	sequelae	of	a	neurologic	paraneoplastic	syndrome.	Tobacco-related	illnesses,	including	heart	disease,
stroke,	and	chronic	obstructive	pulmonary	disease,	may	also	impact	survival	in	these	patients.	Return	to	work	was
possible	 in	40%	of	survivors	and	was	not	 influenced	by	the	presence	of	 late	 treatment-related	complications.314
Physicians	who	 care	 for	 survivors	 of	 SCLC	 should	 aggressively	 implement	 strategies	 to	 reduce	 cardiovascular
disease.

TYPICAL	CARCINOID	AND	ATYPICAL	CARCINOID	TUMORS
Incidence	and	Etiology
Carcinoids	 are	 rare,	 well-differentiated	 NETs	 that	 can	 originate	 in	 multiple	 primary	 sites	 including	 the
gastrointestinal	 (GI)	 tract	 (midgut	 NETs);	 pancreas,	 lungs;	 ovaries;	 and	 thyroid,	 pituitary,	 and	 adrenal	 glands.
Lung	is	the	second	most	common	site	of	carcinoids,	accounting	for	25%	of	overall	cases.	Pulmonary	carcinoids
comprise	about	2%	of	all	primary	lung	tumors.315	Over	the	past	30	years,	the	age-adjusted	incidence	of	carcinoids
has	increased,	possibly	related	to	increased	detection;	this	trend	applies	to	pulmonary	carcinoid	as	well.316

Pulmonary	carcinoid	tumors	are	further	categorized	as	typical	or	atypical,	the	latter	of	which	are	less	common
(10%	 to	 15%	 of	 cases),	 have	 a	 higher	 likelihood	 of	metastatic	 spread	 or	 relapse	 after	 surgery,	 and	 an	 overall
poorer	prognosis.317–319	Defined	by	the	World	Health	Organization	(WHO)	classification,	atypical	carcinoids	are
distinguished	 from	 typical	 carcinoid	 based	 on	 increased	mitotic	 count	 (2	 to	 10	 per	 2	mm2)	 and/or	 presence	 of
necrosis.8	Patients	with	typical	carcinoids	are	approximately	10	years	younger	than	those	with	atypical	carcinoids,
which	typically	occur	in	the	sixth	decade	of	life.320,321	Carcinoids	are	not	clearly	attributed	to	tobacco	exposure,
like	SCLC	and	LCNEC,	although	some	series	suggest	that	a	higher	percentage	of	patients	with	atypical	carcinoid
smoke	 as	 compared	 to	 patients	 with	 typical	 carcinoid	 tumors.317,320,322	 Pulmonary	 carcinoids	 rarely	 occur	 in
association	 with	 multiple	 endocrine	 neoplasia	 type	 1	 (MEN1)	 syndrome.	 Some	 sporadic	 pulmonary	 carcinoid
tumors	demonstrate	inactivation	of	the	MEN-1	gene	located	on	chromosome	11q13.323

Anatomy	and	Pathology
All	carcinoids	are	considered	to	have	metastatic	potential	and	therefore	by	definition	are	malignant	tumors,	albeit
the	metastatic	potential	of	typical	carcinoids	is	low.	The	majority	(75%)	of	carcinoids	are	central	(endobronchial
or	 peribronchial),	 whereas	 25%	 are	 peripheral.6	 Although	 carcinoids	 can	 be	 diagnosed	 by	 small	 biopsies	 or
cytology,	it	can	be	challenging	to	definitively	distinguish	typical	from	atypical	carcinoid.	This	distinction	usually
requires	 a	 surgical	 biopsy	 or	 resection	 specimen,	 although	 if	 elevated	 proliferation	 rate	 and/or	 necrosis	 are
identified	in	a	small	specimen,	the	diagnosis	of	atypical	carcinoid	can	be	suggested.324	The	histologic	appearance
of	typical	carcinoids	(see	Fig.	49.2B)	and	atypical	carcinoids	(see	Fig.	49.2C)	is	similar	with	a	uniform	population
of	 tumor	 cells	 arranged	 in	 organoid	 nests	 with	 a	 moderate	 amount	 of	 cytoplasm.	 The	 finely	 granular	 nuclear
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chromatin	 frequently	has	a	 salt-and-pepper	appearance.	There	are	a	wide	variety	of	histologic	patterns	 in	 these
tumors,	 including	 spindle	 cell,	 oncocytic,	 glandular,	 follicular,	 clear	 cell,	 and	melanocytic.	Stromal	ossification
can	occur	as	well.

Unlike	SCLC	and	LCNEC,	necrosis	in	atypical	carcinoids	is	punctuate	rather	than	extensive.	Ki67	is	not	part
of	the	WHO	2015	criteria,	but	Ki67	index	in	atypical	carcinoids	tends	to	range	from	5%	to	20%,	whereas	Ki67
rate	 in	 typical	carcinoids	 is	usually	<5%.325	 Importantly,	 in	small	 specimens,	crush	artifact	can	cause	carcinoid
tumors	to	mimic	the	morphologic	appearance	of	SCLC	or	LCNEC.	In	this	setting,	assessment	of	mitotic	figures
can	 be	 challenging,	 and	 IHC	 for	 Ki67	 provides	 critical	 diagnostic	 information	 as	 it	 allows	 a	 separation	 of
carcinoids	(<20%)	and	SCLC/LCNEC	(>50%).326

Carcinoid	tumorlets	are	morphologically	identical	to	carcinoids	but	measure	<0.5	cm	in	size.	Isolated	tumorlets
usually	 are	 incidental	 pathologic	 findings	 without	 clear	 clinical	 significance,	 although	 they	 can	 be	 seen	 in
interstitial	 or	 airway	 inflammatory	 and	 fibrosing	 conditions.	Diffuse	 idiopathic	 pulmonary	 neuroendocrine	 cell
hyperplasia	(DIPNECH)	is	a	rare	condition	defined	as	lung	involvement	by	multiple	carcinoid	tumorlets	(with	or
without	carcinoids)	and	widespread	proliferation	of	neuroendocrine	cells	within	the	airways.327	This	occurs	almost
exclusively	 in	 women.	 Patients	 with	 extensive	 involvement	 may	 have	 severe	 respiratory	 symptoms.	 Usually,
carcinoids	 that	 arise	 in	 DIPNECH	 are	 typical	 rather	 than	 atypical.	 DIPNECH	 has	 a	 nearly	 pathognomonic
appearance	 on	 high-resolution	CT	 scans,	which	 reveal	 air	 trapping	 and	 thickened	 airways	 in	 addition	 to	 small
nodules.328

Genetics
Large-scale	sequencing	of	pulmonary	carcinoid	tumors	was	first	reported	in	2014	including	copy	number	analysis,
genome/exome	 sequencing,	 and	 transcriptome	 sequencing	 of	 69	 SCLC	 samples.329	 The	 most	 prominent
alterations	 occurred	 in	 chromatin-remodeling	 genes,	 including	 histone	modifiers	 and	 subunits	 of	 the	 SWI/SNF
complex	that	were	mutated	in	40%	and	22%	of	cases,	respectively.	TP53	and	RB1	mutations	were	rare,	suggesting
that	 pulmonary	 carcinoids	 arise	 through	 mechanisms	 distinctly	 different	 than	 SCLC.329	 Next-generation
sequencing	 (NGS)	 of	 69	 pulmonary	 carcinoid	 tumors,	 including	 whole-exome	 sequencing,	 and	 high-coverage
targeted	sequencing	of	148	lung	NETs,	including	53	typical	carcinoid,	35	atypical	carcinoid,	27	LCNEC,	and	33
SCLC	samples,	has	recently	been	reported.330	Chromatin-remodeling	genes	were	mutated	in	45.5%	of	carcinoids
and	 55%	 of	 LCNEC/SCLC.	 Carcinoids	 had	 approximately	 10%	 rate	 of	 mutation	 in	 TP53,	 RB1,	 and	 ATM
compared	 with	 70%	 in	 carcinomas.	 Mutations	 in	 PI3K/AKT/mTOR	 pathway	 were	 rare	 (2.3%)	 in	 carcinoid
tumors.	RB1	loss	detected	by	CNA	was	observed	in	24.5%	of	typical	carcinoid,	11.4%	of	atypical	carcinoid,	and
70%	of	SCLC.	MEN1	 alterations	were	 almost	 exclusively	 seen	 in	 carcinoid	 tumors,	 and	CNA	prevalence	was
significantly	 lower	 in	 carcinoids.330	 Given	 the	 consistent	 finding	 of	mutations	 in	 chromatin-remodeling	 genes,
epigenetic	approaches	to	the	treatment	of	carcinoid	tumors	may	be	a	path	forward	in	this	cancer.

Screening
Screening	 for	 pulmonary	 carcinoids	 is	 not	 recommended.	 They	 represent	 a	 very	 small	 percentage	 of	 all	 lung
malignancies	and	have	an	 indolent	natural	history.	 In	one	 study,	 atypical	 carcinoid	was	diagnosed	 in	only	2	of
31,567	(0.006%)	asymptomatic	patients	undergoing	baseline	lung	cancer	screening	CT	scans.331

Diagnosis,	Presentation,	and	Imaging
Two-thirds	 of	 carcinoids	 develop	 in	 the	 major	 bronchi.	 As	 a	 result,	 the	 most	 common	 presenting	 symptoms
include	obstructive	pneumonia,	atelectasis,	dyspnea,	and	cough.317,332	Hemoptysis	may	occur	in	10%	to	20%.	Up
to	 30%	 of	 patients	 with	 pulmonary	 carcinoid	 tumors	 are	 asymptomatic	 at	 presentation.	 Carcinoid	 syndrome,
manifested	as	facial	flushing,	diarrhea,	and	wheezing	due	to	the	production	of	vasoactive	peptides,	is	uncommon
in	 pulmonary	 carcinoid,	 presenting	 in	 approximately	 8%	 of	 cases.333	 Cushing	 syndrome,	 due	 to	 ectopic
corticotropin	 production,	 is	 rare,	 occurring	 in	 1%	 to	 2%	 of	 carcinoid	 patients.334	 Acromegaly	 due	 to	 ectopic
production	 of	 growth	 hormone–releasing	 hormone	 (GHRH)	 has	 been	 reported.	 Carcinoid	 tumors	 are	 the	most
common	known	cause	of	extrapituitary	secretion	of	GHRH.335

Initial	workup	proceeds	 in	 a	 similar	 fashion	as	with	other	 lung	 tumors,	but	once	 a	diagnosis	of	 carcinoid	 is
confirmed,	more	specific	radiologic	and	serologic	evaluations	for	these	NETs	is	recommended.	Biopsy	of	central
tumors	 can	 be	 easily	 obtained	 by	 bronchoscopy.	Biopsy	 of	 peripheral	 lesions	 by	 fine-needle	 aspiration	 can	 be
performed,	but	a	definitive	diagnosis	may	be	difficult	to	ascertain	in	cytology	samples.



On	CT	 scan,	 approximately	5%	 to	20%	of	 typical	 carcinoid	 tumors	 are	 associated	with	hilar	 or	mediastinal
lymphadenopathy;	in	many	cases,	however,	this	is	attributable	to	local	inflammation	rather	than	metastasis.	The
positive	predictive	value	of	CT	in	assessing	hilar	and	mediastinal	lymph	nodel	involvement	in	carcinoid	has	been
reported	to	be	as	low	as	20%	to	45%.336,337	The	majority	of	pulmonary	carcinoids	express	somatostatin	receptors
and	can	be	imaged	using	radiolabeled	somatostatin	analogs.	Early	studies	demonstrated	that	indium-111	(111In)-
DTPA-D-Phe-1-octreotide	(used	in	OctreoScans)	localized	86%	of	carcinoid	tumors.338	This	imaging	is	typically
fused	with	 single-photon	 emission	CT	 (SPECT)	 to	 improve	 anatomic	 localization	 of	 the	 radiotracer.	The	most
recent	 developed	 somatostatin	 receptor-based	 imaging	 is	 PET-based	 imaging	with	 the	 radionuclide	Gallium-68
(68Ga)	dotatate	 (Fig.	49.4).	This	 radionuclude	 received	FDA	approval	 for	 routine	 use	 in	 patients	with	NETs	 in
2016.339	68Ga	dotatate	PET	provides	better	spatial	resolution	of	imaging	and	allows	for	quantification	of	uptake.
Comparison	studies	between	68Ga	dotatate	PET	and	OctreoScan	have	demonstrated	superiority	of	68Ga	 dotatate
PET	in	detecting	NETs,	particularly	in	liver	and	bone	lesions.340,341	In	one	study	prospectively	comparing	the	two
imaging	modalities,	68Ga	dotatate	PET	impacted	treatment	decisions	in	36%	of	the	subjects.342	At	 this	 time,	 the
utility	of	68Ga	dotatate	PET	in	routine	follow-up	in	advanced	carcinoid	is	not	clear.	Atypical	carcinoids,	but	not
typical	carcinoids,	are	often	positive	on	fluorodeoxyglucose	(FDG)-PET	imaging.

Pulmonary	 carcinoids	 occasionally	 secrete	 bioactive	 products	 such	 as	 chromogranin	 A	 or	 5-
hydroxytryptophan.	 In	 the	 setting	 of	 advanced	 or	 metastatic	 disease,	 chromogranin	 A	 levels	 can	 be	 useful	 to
follow	 disease	 activity.343	 Urinary	 5-hydroxyindoleacetic	 acid	 may	 be	 elevated	 in	 patients	 with	 carcinoid
syndrome.

Staging
Pulmonary	carcinoid	 tumors	are	 staged	according	 to	 the	AJCC	TNM	classification	used	 for	NSCLC.	Applying
this	 staging	 system	 to	 cases	 in	 the	 NCI	 SEER	 registry	 and	 cases	 submitted	 to	 the	 IASLC	 database,	 it	 was
determined	that	5-year	OS	for	patients	with	stage	I	was	93%,	stage	II	was	74%	to	85%,	stage	III	was	67%	to	75%,
and	stage	IV	was	57%.344	Survival	 is	significantly	better	 for	 typical	carcinoid	 than	for	atypical	carcinoid.	Five-
and	10-year	survival	rates	have	been	reported	at	87%	and	87%,	respectively,	for	typical	carcinoid	and	56%	and
35%,	respectively,	for	atypical	carcinoid.345	Predictors	of	survival	include	stage,	tumor	size,	higher	mitotic	rates
(i.e.,	atypical	subtype),	and	age	older	than	60	years.320,322,346	Interestingly,	patients	with	multiple	nodules	have	a
favorable	prognosis,	likely	reflected	by	the	fact	that	these	individuals	tend	to	have	DIPNECH.344

Management	by	Stage

Stages	I,	II,	and	III
Surgery	 is	 the	primary	 treatment	modality	and	 the	only	curative	option	 for	patients	with	pulmonary	carcinoids.
Most	patients	undergo	lobectomy;	because	they	often	present	centrally,	pneumonectomy	or	bilobectomy	may	be
required.315,322	For	patients	with	 favorable	prognostic	 features,	 such	as	 typical	histology	and	absence	of	 lymph
node	involvement,	a	more	limited	resection	has	been	proposed.332,347	Patients	with	atypical	carcinoids	should	be
resected	 using	 the	 same	 principles	 guiding	 surgery	 for	 NSCLC	 including	 complete	 mediastinal	 lymph	 node
dissection.348,349	Multiple	series	report	decreased	incidence	of	local	recurrence128,350	and	improved	survival	when
complete	mediastinal	lymph	node	dissection	is	performed.319,351
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Figure	49.4	Imaging	for	carcinoid	tumors.	Carcinoid	tumors	can	be	imaged	by	computed
tomography	scans	(A,B)	or	somatostatin	receptor–based	imaging	(C)	such	as	Gallium-68	(68Ga)

dotatate	positron	emission	tomography.

Adjuvant	 chemotherapy	 after	 surgical	 resection	 is	 not	 recommended	 for	 patients	 with	 stage	 I	 to	 III	 typical
carcinoid	 or	 stage	 I	 to	 II	 atypical	 carcinoid	 as	 the	 risk	 of	 recurrence	 is	 low	 and	 the	 impact	 of	 adjuvant
chemotherapy	 is	 unknown.349	 In	 a	 series	 of	 291	 resected	 typical	 carcinoids,	 only	 3%	 of	 patients	 developed
recurrence.321,352	Systemic	recurrence	occurs	more	frequently	in	patients	with	atypical	carcinoid	with	mediastinal
lymph	 node	 involvement	 (stage	 III),	 thus	 adjuvant	 platinum	 plus	 etoposide	 with	 or	 without	 radiation	 is	 often
recommended,	 but	 it	 is	 unknown	whether	 this	 is	 beneficial.349	The	use	of	 adjuvant	 radiation	 therapy	 for	 nodal
disease	is	also	of	undefined	utility	but	is	often	recommended	for	locally	advanced	atypical	carcinoid.349

In	patients	with	unresectable	 typical	carcinoid,	 the	use	of	 radiotherapy	or	concurrent	chemoradiotherapy	 is	a
category	3	recommendation,	as	chemoradiotherapy	is	likely	is	more	effective	in	tumors	with	atypical	histology	or
a	 higher	 mitotic	 rate.	 For	 patients	 with	 unresectable	 atypical	 carcinoid,	 chemoradiotherapy	 is	 recommended.
Doses	of	60	Gy	are	commonly	used.	Carcinoid	tumors	are	less	responsive	to	radiation	therapy	than	SCLC.353

Stage	IV
Data	regarding	the	efficacy	of	chemotherapy	specifically	in	pulmonary	carcinoid	are	generally	lacking.	Pulmonary
carcinoid	 has	 not	 been	 studied	 independently	 and	occasionally	 has	 been	omitted	 from	carcinoid	 trials.	Various
chemotherapeutic	 agents	 have	 been	 used,	 including	 doxorubicin,	 5-fluorouracil,	 dacarbazine,	 cisplatin,
carboplatin,	etoposide,	streptozocin,	and	interferon-α.354,355	No	therapies	have	been	shown	to	consistently	induce
regression.	One	option	for	asymptomatic	patients	with	low	tumor	burden,	advanced	pulmonary	carcinoid	is	close
surveillance	 with	 routine	 imaging	 and	 clinical	 assessment.	 Systemic	 therapy	 can	 be	 initiated	 at	 the	 time	 of
symptomatic	progression.

Somatostatin	Receptor–Targeted	Therapies
Retrospective	reviews	including	small	numbers	of	patients	with	pulmonary	carcinoids	have	reported	on	the	use	of
somatostatin	analogs	with	improvement	in	symptoms	of	carcinoid	syndrome	as	well	as	prolonged	disease	control
and	 survival	 despite	 very	 few	 objective	 responses.356–358	 These	 results	 are	 similar	 to	 the	 experience	 with
octreotide	 in	 GI	 carcinoids.359	 The	 PROMID	 study	 demonstrated	 that	 long	 acting–release	 octreotide	 acetate
(Somatostatin	LAR)	 significantly	prolonged	 time	 to	 tumor	progression	 compared	with	placebo	 in	patients	with
well-differentiated	midgut	NETs	(14.3	versus	6	months)	but	did	not	improve	OS.360	Since	the	early	1990s,	early-
phase	 studies	 showed	 promising	 results	 with	 peptide	 receptor	 radionuclide	 therapy	 (PRRT)	 using	 radiolabeled
somatostatin	 analogs	 such	 as	 111In-DTPA-octreotide,	 yttrium-90	 (90Y)-DOTATOC,	 and	 lutetium-177	 (177Lu)-
Dotatate.361–364	The	phase	III	Neuroendocrine	Tumors	Therapy	(NETTER-1)	trial	randomized	229	patients	with
advanced	somatostatin	receptor–positive	GI	NETs	to	177Lu-Dotatate	plus	30	mg	octreotide	LAR	or	high-dose	(60
mg)	 octreotide	 LAR.365	 The	 study	 met	 its	 primary	 end	 point	 of	 PFS	 and	 reported	 that	 treatment	 with	 177Lu-
Dotatate	was	associated	with	statistically	significant	reduction	in	the	risk	of	disease	progression	or	death	versus
high-dose	octreotide.365	 In	 January	2018,	 177Lu-Dotatate	was	 approved	 for	patients	with	 somatostatin	 receptor–
positive	gastroenteropancreatic	NETs.

Chemotherapy
Typical	 and	 atypical	 carcinoid	 are	 less	 chemosensitive	 than	SCLC;	however,	 for	 lack	of	 alternatives,	 regimens
typically	used	for	SCLC	often	are	recommended	for	advanced	and	symptomatic	disease.28,366	In	two	small	series
that	 included	 a	 total	 of	 26	 patients	 treated	with	 chemotherapy	 (mostly	 etoposide	 and	 cisplatin),	 the	ORR	was
approximately	20%.354,367	EP	was	administered	 to	18	patients	with	 foregut-origin	carcinoids	 (lung	and	 thymus)
who	had	progressed	after	first-	or	second-line	treatment	in	a	prospective	study.	Radiographic	response	was	noted
in	2	of	5	patients	with	atypical	carcinoid	(40%)	and	in	5	of	13	with	typical	carcinoid	(39%).	The	median	response
duration	 was	 9	 months	 (range,	 6	 to	 30	 months).368	 Similarly,	 etoposide	 with	 cisplatin	 or	 carboplatin	 was
administered	to	17	pulmonary	carcinoid	patients,	with	a	23.5%	radiologic	response	(2	patients	each	with	atypical
and	typical	carcinoid)	and	median	PFS	of	7	months.358

Newer	 agents	 are	 being	 studied	 actively	 in	 neuroendocrine	 carcinoma.	 Temozolomide	 has	 been	 evaluated
either	 alone	or	 in	 combination	with	other	 agents	 including	capecitabine.	A	 total	of	13	patients	with	pulmonary



carcinoids	 (10	 typical,	 3	 atypical)	were	 included	 in	 a	 retrospective	 study	 using	 single-agent	 temozolomide.	Of
these,	4	patients	(31%)	had	a	partial	response	to	treatment	(3	typical,	1	atypical).369	In	a	larger	retrospective	study
of	31	patients	that	included	both	typical	and	atypical	pulmonary	carcinoids,	partial	response	and	SD	were	reported
in	3	(14%)	and	11	(52%)	patients,	respectively;	median	PFS	and	OS	were	5.3	and	23.2	months,	respectively.370	A
total	 of	 18	 patients	 with	 pulmonary	 carcinoid	 and	 pancreatic	 NETs	 metastatic	 to	 the	 liver	 who	 received
capecitabine	 and	 temozolomide	were	 evaluated	 for	 response	 and	 outcome.371	 The	ORR	was	 61%,	 and	 3	 of	 4
pulmonary	carcinoid	patients	attained	clinical	benefit	(complete	response,	1;	partial	response,	1;	SD,	1).	From	the
time	 of	 liver	 metastases,	 median	 PFS	 and	 OS	 were	 14	 and	 83	 months,	 respectively.	 These	 results	 suggest
capecitabine	 plus	 temozolomide	 is	 active	 and	may	 prolong	 survival	 in	 this	 malignancy.371	 In	 contrast,	 in	 two
prospective	 trials	 that	 included	patients	with	pulmonary	 carcinoid	 tumors,	 a	 7%	 response	 rate	was	noted	using
temozolomide	with	thalidomide;	no	response	was	observed	using	temozolomide	and	bevacizumab.372,373

Mammalian	Target	of	Rapamycin–Directed	Therapy
The	 mTOR	 pathway,	 which	 regulates	 cell	 growth,	 proliferation,	 and	 metabolism,	 has	 been	 implicated	 in	 the
pathogenesis	of	NETs.374	A	randomized,	placebo-controlled	phase	 III	 study	of	everolimus	plus	octreotide	LAR
(RADIANT-2)	 included	 429	 patients	 with	 low-grade	 or	 intermediate-grade	 carcinoids,	 of	 which	 44	 were	 of
pulmonary	histology.374	Median	PFS	was	16.4	months	(95%	CI,	13.7	to	21.2	months)	for	the	group	receiving	the
combination	compared	to	11.3	months	(95%	CI,	8.4	to	14.6	months)	in	the	octreotide	LAR–only	group	(HR,	0.77;
95%	CI,	0.59	to	1.0;	P	=	.026).	For	the	44	pulmonary	carcinoid	patients,	median	PFS	was	13.6	and	5.6	months	in
the	combination	versus	the	octreotide	LAR–only	group,	respectively.374

The	RADIANT-4	study	was	an	international	double-blind	placebo-controlled	phase	III	study	that	randomized
302	patients	2:1	with	nonfunctional	lung	or	GI	NETs	to	receive	everolimus	or	placebo.375	The	median	PFS	was
11.0	months	 in	 the	 everolimus	arm	and	3.9	months	 in	 the	placebo	arm	 (HR	 for	progression	or	death	was	0.48
favoring	everolimus).	Grade	3/4	drug-related	toxicities	included	stomatitis,	infections,	diarrhea,	and	anemia,	all	of
which	occurred	 in	<10%	of	patients.375	A	post	 hoc	 analysis	of	 the	90	patients	with	pulmonary	NETs	who	had
enrolled	on	RADIANT-4	was	reported.	The	median	PFS	was	9.2	versus	3.6	months	and	tumor	shrinkage	of	58%
versus	13%	in	patients	who	received	everolimus	(n	=	63)	and	placebo	(n	=	27),	respectively.	Grade	3/4	stomatitis,
hyperglycemia,	and	infections	were	more	common	in	patients	who	received	everolimus.376

Angiogenesis	Inhibitors
Well-differentiated	carcinoid	tumors	have	high	microvessel	density	and	express	vascular	endothelial	growth	factor
(VEGF)	and	hypoxia-inducible	factor	1α	(HIF1α).377	 In	a	phase	II	study,	well-differentiated	NET	patients	were
randomized	to	receive	either	bevacizumab	or	pegylated	interferon-α2b.	The	partial	response	rate	was	18%	versus
0%	 in	 the	 bevacizumab	 and	 pegylated	 interferon-α2b	 arms,	 respectively.378	 Only	 4	 patients	 with	 pulmonary
carcinoids	were	included	in	this	trial.	A	total	of	14	patients	with	foregut	carcinoids	of	the	lung	and	stomach	were
included	in	a	phase	II	study	of	the	sunitinib;	the	ORR	for	these	14	patients	was	2.4%,	and	median	time	to	tumor
progression	was	10.2	months.379

Summary
In	the	approach	to	metastatic	carcinoid	tumors,	many	advocate	using	somatostatin	analogs	as	first-line	treatment
in	patients	with	well-differentiated	tumors	with	low	tumor	burden	in	the	setting	of	a	positive	somatostatin	receptor
scan.337,356	 For	 patients	who	progress	 on	 octreotide	LAR,	 treatment	with	 177Lu-Dotatate	may	 be	 considered,	 if
available,	or	the	addition	of	everolimus.	Chemotherapy	is	recommended	for	those	with	more	rapidly	progressing
and	 symptomatic	 tumors	 or	 those	who	 have	 progressed	 on	 less	 toxic	 treatments.380,381	 Additional	 prospective,
randomized	 studies	 are	 needed	 for	 both	 traditional	 cytotoxic	 and	 molecularly	 targeted	 agents	 in	 this	 disease.
Palliative	radiation	therapy	can	be	used	for	symptomatic	lesions.353

LARGE	CELL	NEUROENDOCRINE	CARCINOMA
Incidence	and	Etiology
LCNEC	of	the	lung	was	first	described	in	1991	as	a	form	of	high-grade	NSCLC	with	neuroendocrine	features.382
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LCNEC	 accounts	 for	 about	 3%	 of	 surgically	 resected	 lung	 cancers.383	 In	 previously	 reported	 series,	 LCNEC
patients	 have	 a	median	 age	 of	 62	 years	 (range,	 33	 to	 87	 years),	 and	 a	majority	 of	 patients	 are	male	 cigarette
smokers.320,384

Anatomy	and	Pathology
According	 to	WHO	 classification,	 LCNECs	 are	 diagnosed	 based	 on	 the	 following	 criteria:	 (1)	 neuroendocrine
morphology	with	 organoid	 nesting,	 palisading,	 or	 rosette-like	 structures	 (see	 Fig.	 49.2D);	 (2)	mitotic	 rate	 >10
mitoses	per	2	mm2	(average,	60	to	80	mitoses	per	2	mm2);	(3)	non–small-cell	cytologic	features,	including	large
cell	size,	low	nuclear	or	cytoplasmic	ratio,	nucleoli,	or	vesicular	chromatin;	and	(4)	neuroendocrine	differentiation
by	IHC	(synaptophysin,	chromogranin,	CD56)	or	electron	microscopy,	although	the	latter	is	rarely	used	in	current
practice.8	Separation	of	LCNEC	from	SCLC	requires	consideration	of	multiple	histologic	 features,	 such	as	cell
size,	nucleoli,	chromatin	pattern,	and	nuclear	to	cytoplasmic	ratio,	rather	than	a	single	criterion.	The	distinction	of
LCNEC	 from	 SCLC	 can	 be	 difficult	 in	 approximately	 5%	 of	 cases,	 even	 for	 expert	 thoracic	 pathologists.385
Similarly,	 LCNEC	may	 have	morphologic	 features	 resembling	 adenocarcinoma	 and	 nonkeratinizing	 squamous
cell	 carcinoma.	 It	 can	be	 challenging	 to	make	 the	diagnosis	of	LCNEC	on	 small	 biopsies	or	 cytology	 samples
because	the	characteristic	neuroendocrine	morphologic	pattern	may	be	difficult	to	demonstrate	in	minute	pieces	of
tissue.	When	 LCNEC	 has	 components	 of	 adenocarcinoma,	 squamous	 cell	 carcinoma,	 giant	 cell	 carcinoma,	 or
spindle	 cell	 carcinoma,	 it	 is	 called	 combined	 LCNEC	 with	 a	 mention	 of	 the	 specific	 components	 present.
Adenocarcinoma	is	the	histologic	type	found	most	often	in	combined	LCNEC.	Ki67	proliferation	index	is	high	in
LCNEC,	although	the	range	is	greater	(60%	to	100%)	than	in	SCLC.6	TTF1	is	positive	in	60%	to	80%	of	cases.

An	important	consideration	in	the	diagnosis	of	LCNEC	is	that	some	conventional	lung	adenocarcinomas,	large-
cell	 carcinomas,	 and	 less	 commonly	 squamous	 cell	 carcinomas	 can	 express	 neuroendocrine	 markers	 in	 the
absence	 of	 neuroendocrine	 features	 at	 morphologic	 level	 (approximately	 15%	 of	 NSCLC	 overall).386	 The
significance	of	this	phenomenon	remains	unclear,	and	the	diagnosis	of	LCNEC	is	reserved	for	tumors	with	overt
neuroendocrine	morphology.	Nevertheless,	 it	 is	 likely	 that	 there	 exists	 a	 spectrum	 between	NSCLCs	 in	which
neuroendocrine	 differentiation	 manifests	 only	 at	 gene	 expression	 level	 to	 those	 with	 full	 neuroendocrine
morphology.	 This	 concept	 is	 supported	 by	 the	 observation	 that	 a	 subset	 of	 LCNEC	 expresses	 low	 levels	 of
exocrine	marker	napsin	A387	and	harbors	genomic	alterations	typical	of	adenocarcinoma	(STK11,	KRAS).388,389
Conversely,	 another	 major	 subset	 of	 LCNEC	 identified	 by	 genomic	 studies	 suggests	 a	 relationship	 with
SCLC.388,389

Lastly,	 rare	 tumors	 are	 recognized	 in	 which	 morphologic	 features	 are	 compatible	 with	 LCNEC	 but
neuroendocrine	marker	 expression	 cannot	 be	 demonstrated.	 Such	 tumors	 are	 classified	 as	 large-cell	 carcinoma
with	neuroendocrine	differentiation;	it	is	suspected	that	such	tumors	are	analogous	to	LCNEC.8

Genetics
Recent	 genetic	 studies	 of	 LCNEC	 have	 provided	 more	 insight	 into	 the	 underlying	 biology	 of	 this	 disease.
Targeted	NGS	 of	 241	 cancer-related	 genes	 of	 45	match	 tumor/normal	 pairs	 revealed	TP53	 (78%),	RB1(38%),
STK11,	KEAP1,	and	KRAS	were	commonly	mutated.388	Further,	 the	45	 tumors	segregated	 into	 three	groups:	an
SCLC-like	group	characterized	by	either	coalteration	of	TP53/RB1	or	MYCL	amplification;	an	NSCLC-like	group
that	 harbored	 mutations	 in	 genes	 such	 as	 STK11,	 KRAS,or	 KEAP;	 and	 a	 carcinoid-like	 group	 with	 MEN1
mutations	and	low	mutation	burden.	Targeted	capture	sequencing	of	all	coding	exons	of	244	cancer-related	genes
was	performed	in	78	LCNEC	(including	10	mixed	LCNEC/adenocarcinoma)	samples.390	Similar	to	prior	reports,
a	high	prevalence	of	inactivating	mutations	in	TP53	(73%)	and	RB1	(26%)	were	observed.	Protein	loss	of	Rb	was
found	in	74%	of	cases.	MYCL1	amplification	was	observed	more	commonly	in	advanced	stage	cases	versus	early-
stage	tumors	(23%	versus	8%).	Alterations	in	PI3K/AKT/mTOR	were	also	observed	in	15%	of	tumors.	Activating
mutations	in	KRAS,	FGFR1,	KIT,	HER2,	HRAS,	or	EGFR	occurred	in	<5%	of	cases.	Using	clinical	data	from	the
Netherlands	Cancer	Registry	and	Pathology	Registry	on	survival	outcomes	for	LCNEC	patients	treated	with	either
a	NSCLC	regimen	(gemcitabine/taxane	[GEM/TAX])	or	an	SCLC	regimen	(EP)	were	correlated	with	Rb	status.
Overall	RB1	mutation	or	protein	loss	was	found	in	47%	and	72%	of	cases.	In	patients	that	maintained	wild-type
Rb,	survival	was	superior	with	GEM/TAX	relative	to	EP	(OS	9.6	versus	5.8	month).	In	context	of	RB1	mutation
or	loss,	no	difference	in	OS	was	observed	between	the	treatment	regimens.391

Diagnosis/Presentation



In	one	series	of	83	patients,	the	main	symptoms	were	hemoptysis	(30%),	chest	pain	(22%),	dyspnea	(16%),	cough
(16%),	and	weight	loss	(13%);	only	4%	of	patients	were	asymptomatic.392	Ectopic	hormone	production	and	PNS
are	 typically	absent.320	LCNECs	generally	present	 as	peripheral	 tumors.	When	centrally	 located,	 endobronchial
growth	and	obstructive	pneumonia	can	be	found.	On	CT	scan	these	tumors	are	often	well	defined	and	lobulated,
without	air	bronchograms	or	calcifications;	spiculated	margins	are	uncommonly	observed.393,394	 Inhomogeneous
enhancement	 is	 found	 in	 larger	 diameter	 (33	mm	or	 larger)	 tumors	 secondary	 to	 necrosis.393	LCNEC	typically
have	homogenously	high	FDG	uptake	on	PET	scans,	which	is	helpful	in	locating	extrathoracic	metastases.394	A
definitive	 diagnosis	 may	 be	 difficult	 to	 determine	 in	 small	 specimens	 or	 by	 cytology,	 as	 indicated
previously383,384;	thus,	a	surgical	biopsy	is	often	needed	in	LCNEC.

Staging
The	 TNM	 classification	 used	 for	 NSCLC	 is	 used	 for	 the	 staging	 of	 LCNEC	 and	 stage	 for	 stage,	 survival	 for
LCNEC	is	significantly	worse	 than	for	non-LCNEC	NSCLC.395	 In	a	series	of	335	pathologic	stage	 IA	NSCLC
including	259	adenocarcinomas,	65	squamous	cell	carcinomas,	and	11	LCNEC,	LCNEC	histology	was	found	to
have	a	significant	adverse	prognostic	impact	and	was	predictive	of	poorer	OS.395	Asamura	et	al.320	found	that	the
survival	curve	of	LCNEC	can	be	superimposed	on	that	of	SCLC	with	no	difference	in	survival,	stage	for	stage,
between	the	two,	confirming	the	findings	of	multiple	other	series.	Reported	overall	5-year	survival	after	surgical
resection	of	LCNEC	ranges	 from	15%	 to	57%.383	Data	 from	several	 series	 report	 5-year	 survival	 rates	33%	 to
62%	 in	 stage	 I	patients,	18%	 to	75%	 in	 stage	 II	patients,	8%	 to	45%	 in	 stage	 III	patients,	 and	0%	 in	 stage	 IV
patients.320,392,395–397	 Factors	 significantly	 related	 to	 survival	 include	 tumor	 stage	 and	 size	 (<3	 cm	 versus	 ≥3
cm)392	as	well	as	male	gender.398

Management	by	Stage
Patients	with	LCNEC	are	generally	managed	similarly	to	those	with	other	histologies	of	NSCLC,	stage	for	stage.
A	primary	controversy	in	LCNEC	centers	on	the	choice	of	chemotherapy,	with	both	typical	SCLC	and	NSCLC
regimens	 being	 employed.	 Published	 reports	 on	 chemotherapy	 regimens	 for	 LCNEC	 are	 of	 limited	 utility	 as
essentially	all	are	small,	retrospective	series.

Stages	I,	II,	and	III
For	patients	with	early-stage	LCNEC,	resection	is	recommended.	The	modalities	of	choice	are	either	lobectomy	or
pneumonectomy,	with	systematic	nodal	dissection.399	Given	the	aggressive	nature	of	LCNEC,	surgery	alone	is	not
generally	considered	sufficient	for	its	treatment.	Several	small	retrospective	studies	have	attempted	to	discern	the
role	 of	 neoadjuvant	 or	 adjuvant	 chemotherapy	 in	 LCNEC,	 using	 SCLC-based	 regimens.	 Compiled	 data	 on	 16
patients	who	received	postoperative	chemotherapy	and	57	who	did	not	 reported	overall	5-year	survival	 rates	of
62%,	18%,	and	17%	for	stage	I,	II	and	III,	respectively.	The	5-year	survival	for	the	5	patients	with	stage	I	disease
who	 received	 adjuvant	 chemotherapy	 was	 100%,	 whereas	 it	 was	 51%	 for	 the	 23	 patients	 who	 did	 not.
Postoperative	chemotherapy	did	not	affect	survival	for	other	stages.397	 In	a	retrospective	review	of	100	patients
with	 resected	 LCNEC	 evaluating	 the	 use	 of	 perioperative	 chemotherapy	 there	 was	 no	 significant	 association
observed	between	OS	and	receipt	of	neoadjuvant	(n	=	22)	or	adjuvant	(n	=	20)	platinum-based	regimens	(OS	at	5
years	was	50%	for	no	therapy	versus	45%	for	those	that	received	chemotherapy,	P	adjusted	for	propensity	score	=
.18).398	One	retrospective	analysis	of	144	surgical	LCNEC	cases	reported	that	perioperative	chemotherapy	led	to	a
statistically	significant	survival	benefit	across	all	stages	compared	to	surgery	alone	(P	=	.04).396	In	a	retrospective
review	of	45	surgically	resected	patients	with	LCNEC,	patients	who	did	not	receive	chemotherapy	after	surgery
were	more	likely	to	die	 than	patients	who	underwent	surgery	plus	chemotherapy	(n	=	23)	(HR,	9.472;	95%	CI,
1.050	to	85.478;	P	=	.0457).400	An	improvement	in	OS	was	found	in	23	of	63	patients	who	received	perioperative
platinum-based	 chemotherapy	 compared	 to	 those	 who	 underwent	 surgery	 alone	 (74.4%	 versus	 32.3%,
respectively;	 P	 =	 .042).401	 However,	 multivariate	 analysis	 utilizing	 age,	 gender,	 pathologic	 stage,	 surgical
procedure,	 and	 perioperative	 chemotherapy	 revealed	 that	 those	 patients	 who	 underwent	 surgery	 with
chemotherapy	had	a	significantly	better	prognosis	than	those	who	underwent	surgery	alone	(HR,	0.323;	95%	CI,
0.112	to	0.934;	P	=	.0371).401

Although	 data	 are	 limited,	 SCLC-based	 chemotherapy	 regimens	 are	 typically	 recommended	 in	 the	 adjuvant
treatment	of	LCNEC.349,392,402	 Interpretation	 of	 these	 reports	 is	 limited	 by	 their	 retrospective	 nature	 and	 small
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sample	 sizes.	 However,	 these	 data,	 along	 with	 the	 poor	 natural	 history	 and	 the	 routine	 use	 of	 adjuvant
chemotherapy	for	resected	SCLC	and	NSCLC,	suggest	that	postoperative	treatment	with	etoposide	and	cisplatin	is
appropriate	in	patients	with	completely	resected	LCNEC,	potentially	including	patients	with	stage	I	disease.	Data
regarding	use	of	radiation	therapy	in	this	disease	are	sparse,	but	its	role	in	the	adjuvant	setting	is	likely	similar	to
that	in	NSCLC.349

Stage	IV
The	optimal	chemotherapeutic	 regimen	 in	 relapsed	or	stage	 IV	LCNEC	is	not	defined,	although	 treatment	with
platinum-based	regimens	is	advocated.	Several	studies	have	shown	that	the	response	rate	of	LCNEC	to	cisplatin-
based	chemotherapy	is	comparable	or	lower	than	that	of	SCLC.	A	retrospective	series	of	20	patients	with	stage	III
and	 IV	 LCNEC	 treated	with	 platinum-based	 therapy	 showed	 a	 response	 rate	 of	 50%	 (1	 complete	 response,	 9
partial	 responses).403	 Response	 rates	 for	 chemotherapy-naïve	 patients	 was	 better	 (64%)	 than	 those	 who	 were
previously	treated	(17%).403	 In	patients	with	metastatic	disease,	SCLC-based	chemotherapy	appears	 to	be	more
effective	than	traditional	NSCLC	regimens	(median	survival	of	51	versus	21	months,	respectively;	P	<	.001).	In	a
retrospective	 review	 of	 45	 patients	 with	 pathologically	 confirmed	 LCNEC	 receiving	 first-line	 chemotherapy,
response	rates	and	outcomes	were	compared	between	subjects	who	received	SCLC	(n	=	11)	and	NSCLC	(n	=	34)
regimens.	Those	 treated	with	SCLC	 regimens	had	nonsignificantly	higher	 response	 rates,	median	PFS,	 and	OS
compared	 to	 patients	 in	 the	 NSCLC	 chemotherapy	 group	 (73%	 versus	 50%,	P	 =	 .19;	 6.1	 versus	 4.9	 months,
respectively,	P	=	.41;	16.5	versus	9.2	months,	respectively,	P	=	.10).404

Taken	together,	the	treatment	and	outcomes	of	LCNEC	have	been	derived	from	small	studies	and	suggest	that
these	cancers	should	be	treated	similarly	 to	SCLC,	although	the	response	rates	may	be	lower	and	outcomes	are
generally	inferior.	Larger,	randomized	prospective	studies	are	needed	to	determine	the	optimal	treatment	regimen
for	this	disease.

Treatment	of	Relapsed	Large	Cell	Neuroendocrine	Carcinoma
There	are	no	specific	recommendations	for	relapsed	LCNEC.	For	the	most	part,	practitioners	are	advised	to	follow
treatment	recommendations	for	SCLC	or	LCNEC;	however,	SCLC	studies	generally	did	not	include	patients	with
LCNEC,	 thus	 the	 ability	 to	 extrapolate	 findings	 in	 SCLC	 to	LCNEC	 is	 unknown.	Two	of	 the	most	 promising
therapies	emerging	for	SCLC	include	immune	checkpoint	inhibitors	and	the	DLL3-targeted	ADC,	Rova-T.	Cases
of	 LCNEC	 responses	 to	 PD-1	 therapy	 have	 been	 reported.	A	 retrospective	 study	 reported	 on	 10	 patients	with
advanced	LCNEC	who	received	PD-1	inhibitor	therapy	at	relapse	after	first-line	chemotherapy.	Nearly	all	patients
received	 EP,	 which	 resulted	 in	 a	 DCR	 of	 50%.	Of	 the	 10	 patients	 who	 received	 either	 nivolumab	 (n	 =	 9)	 or
pembrolizumab	(n	=	1),	6	had	a	partial	response,	1	patient	had	SD,	and	the	median	PFS	was	57	weeks.405	These
observations	need	to	be	confirmed	in	larger	series	but	are	encouraging	given	the	lack	of	recommended	therapies	in
this	disease.	DLL3	is	expressed	in	approximately	80%	of	LCNEC	cases,	but	the	number	of	patients	included	on
the	phase	I	study	of	Rova-T	was	too	small	for	meaningful	separate	analysis.216	Currently	a	basket	study	of	Rova-T
in	DLL3-expressing	solid	tumors	includes	a	cohort	of	patients	with	LCNEC.	ECOG	2511,	a	phase	I/II	study	of
cisplatin	plus	etoposide	with	or	without	veliparib,	also	allowed	enrollment	of	LCNEC	patients.	Additional	focused
research	 into	potential	biomarker	expression	and	genetic	characterization	will	be	 required	 to	 identify	subsets	of
LCNEC	patients	who	will	benefit	from	specific	therapies.
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50 Neoplasms	of	the	Mediastinum
Robert	B.	Cameron,	Patrick	J.	Loehrer	Sr.,	Alexander	Marx,	and	Percy	P.	Lee

THYMIC	NEOPLASMS
Incidence	and	Etiology
Thymic	neoplasms,	predominantly	 thymomas,	constitute	30%	and	15%	of	anterior	mediastinal	masses	 in	adults
and	 children,	 respectively.	 Other	 etiologies	 of	 mediastinal	 masses,	 by	 location,	 are	 shown	 in	 Table	 50.1.
Surveillance,	Epidemiology,	and	End	Results	(SEER)	and	the	EURopean	CAncer	REgistry	(EUROCARE-5)	data
suggest	 that	 1.5	 malignant	 thymic	 tumors	 occur	 for	 every	 1,000,000	 person-years.	 These	 tumors	 are	 more
common	 in	males	 and	Pacific	 Islanders	 and	 increase	 in	 frequency	 into	 the	 eighth	decade	of	 life.1,2	No	specific
etiology	or	risk	factors	are	known,	but	a	well-known	association	with	myasthenia	gravis	(MG)	does	exist.	Thymic
carcinoma	is	a	 rare,	aggressive	 thymic	neoplasm	that	has	a	particularly	poor	prognosis	and	only	 infrequently	 is
associated	 with	 MG	 or	 other	 paraneoplastic	 syndromes.3	 Like	 thymoma,	 it	 is	 an	 epithelial	 tumor,	 but	 unlike
thymoma,	 it	 exhibits	 malignant	 cytologic	 features.	 It	 is	 unclear	 if	 thymoma	 and	 thymic	 carcinoma	 share	 a
common	 cell	 of	 origin	 because	molecular	markers	 are	 unique	 for	 each,	 but	 both	 are	 located	most	 often	 in	 the
anterior	mediastinum,	although	other	sites	have	been	reported.4	Suster	and	Rosai5	reported	an	age	range	of	10	to
76	years	with	a	slight	male	predominance	in	60	patients	with	thymic	carcinoma.

Anatomy	and	Pathology
The	thymus	is	an	incompletely	understood	lymphoepithelial	organ	that	functions	in	T-lymphocyte	maturation.	It
mainly	 is	 composed	 of	 thymocytes,	 lymphocytes,	 and	 an	 epithelial	 stroma.	 Although	 lymphomas,	 carcinoid
tumors,	 and	 germ	 cell	 tumors	 all	 may	 arise	 within	 the	 thymus,	 only	 thymomas,	 thymic	 carcinomas,	 and
thymolipomas	show	“true”	thymic	epithelial	differentiation.	The	thymus	develops	from	a	paired	epithelial	anlage
in	the	ventral	portion	of	the	third	pharyngeal	pouch.6	During	weeks	7	and	8	of	development,	the	thymus	elongates
and	descends	caudally	and	ventromedially	 into	 the	anterior	mediastinum.	Lymphoid	cells	 arrive	during	week	9
and	are	separated	from	the	perivascular	spaces	by	a	flat	epithelial	cell	layer	that	creates	the	blood–thymus	barrier.
Maturation	 and	 differentiation	 occurs	 in	 this	 antigen-free	 environment	 and,	 during	 the	 fourth	 fetal	 month,
lymphocytes	begin	to	circulate	to	peripheral	lymphoid	tissue.7	By	electron	microscopy,	six	subtypes	of	epithelial
cells	 have	 been	 identified	 in	 the	 mature	 thymus.7	 Four	 exist	 primarily	 in	 the	 cortical	 region	 and	 two	 in	 the
medullary	 region.	 Type	 6	 cells	 form	Hassall	 corpuscles	 (i.e.,	 onion-shaped	 structures	 composed	 of	 concentric
layers	of	stratified	medullary	epithelial	cells	 that,	on	 terminal	differentiation,	 lose	 their	nuclei	and	show	central
keratinization	and	variable	calcification	and	cyst	formation).7,8

At	maturity,	the	thymus	gland	is	an	irregular,	lobulated	organ.	It	attains	its	greatest	relative	weight	at	birth,	but
its	absolute	weight	increases	to	30	to	40	g	by	puberty.	During	adulthood,	it	slowly	involutes	and	is	replaced	by
adipose	 tissue.	Ectopic	 thymic	 tissue	 has	 been	 found	 to	 be	widely	 distributed	 throughout	 the	mediastinum	and
neck,	 particularly	 the	 aortopulmonary	 window	 and	 retrocarinal	 area,	 and	 often	 is	 indistinguishable	 from
mediastinal	fat.9	This	ectopic	 tissue	 is	 the	 likely	explanation	for	 the	occasional	 thymoma	presenting	outside	 the
anterior	mediastinum	and	possibly	for	the	failure	in	some	cases	of	a	simple	thymectomy	to	improve	MG.

THYMOMA
A	total	of	90%	of	thymomas	occur	in	the	anterior	mediastinum,	and	the	remainder	arise	in	the	neck	or	other	areas
of	the	mediastinum,	including,	rarely,	the	heart.10	Although	the	normal	contour	of	the	thymus	is	biconcave	or	flat,
the	 diseased	 thymus	gland	displays	 a	more	 convex	margin.	Thymomas	 grossly	 are	 lobulated,	 firm,	 tan-pink	 to



gray	tumors	that	may	contain	cystic	spaces,	calcification,	or	hemorrhage.	They	may	be	encapsulated,	adherent	to
surrounding	structures,	or	 frankly	 invasive.	Microscopically,	 thymomas	are	composed	of	 thymic	epithelial	cells
and	variable	numbers	of	lymphocytes	that,	depending	on	histotype,	may	predominate	or	can	be	missing	altogether.
Thymomas	typically	contain	cytologically	bland	to	(at	most)	moderately	atypical	tumor	cells.	The	degree	of	atypia
is	 mostly	 higher	 in	 thymic	 carcinomas.	 Originally,	 in	 1976,	 Rosai	 and	 Levine11	 proposed	 that	 thymomas	 be
divided	 into	 three	 types:	 lymphocytic,	 epithelial,	 or	 mixed	 (lymphoepithelial).	 In	 1985,	 Marino	 and	 Müller-
Hermelink12	 proposed	 a	 histologic	 classification	 system	 based	 on	 the	 resemblance	 of	 thymomas	 to	 the	 major
compartments	 of	 the	 thymic	 site	 of	 origin—that	 is,	 cortical	 thymomas,	 medullary	 thymomas,	 and	 mixed
thymomas—which	were	later	subdivided	further.13,14	To	unify	the	pathology	of	thymic	neoplasms,15–17	the	World
Health	Organization	(WHO)	adopted	a	new	nomenclature,	subdividing	thymomas	into	types	A,	AB,	B1,	B2,	B3,
and	rare	others	(see	Table	50.1).18	The	 then	proposed	 term	“type	C	 thymoma”	 for	 thymic	carcinomas	has	been
abandoned	by	the	current	WHO	classification.19	 It	also	 introduced	“atypical	 type	A	thymoma”	as	an	aggressive
thymoma	variant	and	specified	that	all	thymomas	are	malignant.	Nevertheless,	type	A,	AB,	and	B1	thymomas	are
more	 likely	 to	present	with	 locoregional	disease,	 compared	with	WHO	 type	B2	and	B3	 thymomas	and	 thymic
carcinomas.19,20	 Although	 several	 histologic	 classifications	 have	 been	 proposed	 over	 the	 years,	 the	 full	WHO
classification	system	remains	more	broadly	accepted.

TABLE	50.1
World	Health	Organization	Classification	System	for	Thymic	Epithelial	Tumors

Thymoma
Subtype Obligatory	Criteria	(Thymoma)

Optional	Criteria
(Thymoma)

Type	A Occurrence	of	bland,	spindle-shaped	epithelial	cells	(at	least	focally);	paucitya	or	absence
of	immature	(TdT+)	T	cells	throughout	the	tumor

Polygonal	epithelial
cells
CD20+	epithelial	cells

Atypical
type	A
variant

Criteria	of	type	A	thymoma;	in	addition:	comedo-type	tumor	necrosis,	increased	mitotic
count	(>4/2	mm2),	nuclear	crowding

Polygonal	epithelial
cells
CD20+	epithelial	cells

Type	AB Occurrence	of	bland,	spindle-shaped	epithelial	cells	(at	least	focally);	abundancea	of
immature	(TdT+)	T	cells	focally	or	throughout	tumor

Polygonal	epithelial
cells
CD20+	epithelial	cells

Type	B1 Thymus-like	architecture	and	cytology:	abundance	of	immature	T	cells,	areas	of	medullary
differentiation	(medullary	islands);	paucity	of	polygonal	or	dendritic	epithelia	cells	without
clustering	(i.e.,	fewer	than	three	contiguous	epithelial	cells)

Hassall	corpuscles;
perivascular	spaces

Type	B2 Increased	numbers	of	single	or	clustered	polygonal	or	dendritic	epithelial	cells	intermingled
with	abundant	immature	T	cells

Medullary	islands;
Hassall	corpuscles;
perivascular	spaces

Type	B3 Sheets	of	polygonal	slightly	to	moderately	atypical	epithelial	cells;	absent	or	rare
intercellular	bridges;	paucity	or	absence	of	intermingled	TdT+	T	cells

Hassall	corpuscles;
perivascular	spaces

Rare	othersb 	 	

Thymic
carcinomas

Squamous	cell	carcinoma;	basaloid	carcinoma;	mucoepidermoid	carcinoma;	lymphoepithelioma-like	carcinoma;
clear	cell	carcinoma;	sarcomatoid	carcinoma;	adenocarcinomas	(several);	NUT	carcinoma;	undifferentiated
carcinomas;	rare	others

Note:	 Diagnostic	 criteria	 of	 the	 major	 thymoma	 subtypes	 in	 the	 2015	 WHO	 classification,	 separating	 obligatory	 from	 optional
histological	 thymoma	 features.	 Thymic	 carcinomas	 exhibit	 a	 histologic	 spectrum	 similar	 to	 equally	 labeled	 carcinomas	 in	 other
organs.
aPaucity	 versus	 abundance:	 any	 area	 of	 crowded	 immature	 T	 cells	 or	 moderate	 numbers	 of	 immature	 T	 cells	 in	 >10%	 of	 the
investigated	tumor	are	indicative	of	“abundance.”
bMicronodular	thymoma	with	lymphoid	stroma,	metaplastic	thymoma,	microscopic	thymoma,	sclerosing	thymoma,	lipofibroadenoma.
NUT,	nuclear	protein	in	testis.
Adapted	 from	Marx	A,	Chan	JK,	Coindre	 JM,	et	 al.	 The	2015	World	Health	Organization	 classification	of	 tumors	of	 the	 thymus:
continuity	and	changes.	J	Thorac	Oncol	2015;10(10):1383–1395.

The	 terms	 noninvasive	 and	 invasive	 thymoma	 have	 clinical	 utility:	 Noninvasive	 thymomas	 have	 an	 intact
capsule,	are	mobile,	and	are	easily	resected,	although	they	can	be	adherent	to	adjacent	organs.	In	contrast,	invasive
thymomas	 invade	 surrounding	 structures	 and	 require	 en	 bloc	 resection	 of	 involved	 structures	 despite	 a	 benign
cytologic	appearance.	Metastatic	disease	is	much	more	common	in	invasive	than	noninvasive	thymomas	and	most
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frequently	presents	as	pleural	implants	or	pulmonary	nodules.	Metastases	to	extrathoracic	sites,	such	as	the	liver,
brain,	bone,	and	kidney,	occur	only	rarely.21

In	1981,	Masaoka	et	al.22	developed	a	surgical	staging	system	for	thymoma,	which	along	with	WHO	histology
has	been	shown	 to	be	 independently	predictive	of	20-year	 survival.23	Despite	 little	 supporting	data,	 the	 system
also	 has	 been	 widely	 used	 for	 thymic	 carcinomas.	 Currently,	 however,	 the	 modified	 Masaoka-Koga	 staging
system,	supported	by	the	International	Thymic	Malignancy	Interest	Group	(ITMIG),	is	the	most	broadly	utilized
clinical	 and	 pathological	 staging	 system	 (Table	 50.2).24	 Interestingly,	 the	 eighth	 edition	 of	 the	 Union	 for
International	 Cancer	 Control	 (UICC)/American	 Joint	 Committee	 on	 Cancer	 (AJCC)–approved	 tumor-node-
metastasis	 (TNM)	 staging	 system	was	 recently	 published,	 including	 staging	 for	 thymomas,	 thymic	 carcinomas,
and	thymic	neuroendocrine	tumors,	that	is	effective	as	of	January	1,	2018	(Table	50.3).25	This	system,	however,
still	needs	further	clinical	validation,	and	thus,	current	consensus	recommendations	are	to	use	simultaneously	both
the	Masaoka-Koga	and	the	new	TNM	system	in	clinical	and	pathology	reporting.

TABLE	50.2
Thymoma	Staging	System	According	to	Masaoka-Koga

Masaoka-Koga
Stage Pathologic	Criteria

Five-/Ten-year
Survival	(%)

I Macroscopically	and	microscopically	completely	encapsulated	tumor 94/83

IIa Microscopic	transcapsular	invasion	up	to	3	mm	into	surrounding	tissue 93/86

IIb Macroscopic	invasion	into	thymic	or	mediastinal	fat	or	grossly	adherent	to	(but	not
breaking	through)	mediastinal	pleura

	

III Macroscopic	invasion	into	neighboring	organs	(e.g.,	pericardium,	lung,	great	vessels) 87/74

IVA Pleural	or	pericardial	metastasis 63/47

IVB Lymphogenous	or	hematogenous	metastasis 58/44
Adapted	 from	 Detterbeck	 FC,	 Nicholson	 AG,	 Kondo	 K,	 et	 al.	 The	 Masaoka-Koga	 stage	 classification	 for	 thymic	 malignancies:
clarification	 and	 definition	 of	 terms.	 J	 Thorac	 Oncol	 2011;6(7	 Suppl	 3):S1710–S1716;	 Filosso	 PL,	 Venuta	 F,	 Oliaro	 A,	 et	 al.
Thymoma	 and	 inter-relationships	 between	 clinical	 variables:	 a	 multicentre	 study	 in	 537	 patients.	 Eur	 J	 Cardiothorac	 Surg
2014;45(6):1020–1027;	and	Okuma	Y,	Hosomi	Y,	Watanabe	K,	 et	 al.	Clinicopathological	 analysis	of	 thymic	malignancies	with	a
consistent	retrospective	database	in	a	single	institution:	from	Tokyo	Metropolitan	Cancer	Center.	BMC	Cancer	2014;14:349.

TABLE	50.3
Tumor-Node-Metastasis	(TNM)	Staging	System

T
Stage Descriptor
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

T1 Tumor	encapsulated	or	extending	into	the	mediastinal	fat	or	pleura

T1a Tumor	without	mediastinal	pleural	involvement

T1b Tumor	with	direct	invasion	into	mediastinal	pleura

T2 Tumor	with	direct	invasion	into	the	pericardium	(partial	or	full	thickness)

T3 Tumor	with	direct	invasion	into	lung,	brachiocephalic	vein,	superior	vena	cava,	phrenic	nerve,	chest	wall,	and/or
extrapericardial	pulmonary	artery	or	vein

T4 Tumor	with	direct	invasion	into	aorta,	arch	vessels,	intrapericardial	pulmonary	artery,	myocardium,	trachea,	and/or
esophagus

N	Stage
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastases

N1 Metastases	in	perithymic	(anterior	mediastinal)	lymph	nodes

N2 Metastases	in	cervical	or	deep	intrathoracic	lymph	nodes

M	Stage
M0 No	pleural,	pericardial,	or	distant	metastases



M1 Pleural,	pericardial,	and/or	distant	metastases	are	present

M1a Metastatic	pleural	or	pericardial	nodule(s)

M1b Metastatic	nodules	in	pulmonary	parenchyma	or	distant	organs

Stage	Groupings
Stage	I T1a-b,N0,M0

Stage
II

T2,N0,M0

Stage
IIIA

T3,N0,M0

Stage
IIIB

T4,N0,M0

Stage
IVA

T1-4,N1,M0	or	T1-4,N0-1,M1a

Stage
IVB

T1-4,N2,M0-1a	or	T1-4,N0-2,M1b

Adapted	from	Detterbeck	FC,	Marom	EM.	Thymus.	In:	Amin	MB,	Edge	S,	Greene	F,	et	al.,	eds.	AJCC	Cancer	Staging	Manual.	8th
ed.	New	York:	Springer;	2017:428	(with	permission),	for	the	print	version.

THYMIC	CARCINOMA
The	histologic	classification	of	thymic	carcinoma	was	proposed	originally	by	Levine	and	Rosai26	and	revised	by
Suster	 and	 Rosai,5	 who	 broadly	 distinguished	 low-grade	 (e.g.,	 squamous	 cell,	 mucoepidermoid,	 and	 basaloid
carcinoma)	and	high-grade	neoplasms	(e.g.,	lymphoepithelioma-like,	undifferentiated,	sarcomatoid,	and	clear-cell
carcinomas).5,27,28	The	distinction	was	based	on	apparent	differences	 in	median	 survival	 rates	 that	 ranged	 from
25.4	 to	79.2	months	 in	 the	 low-grade	group	 to	only	11.3	 to	15.0	months	 in	 the	high-grade	group.5,26	However,
recent	 analyses	based	on	greater	 case	numbers	 (i.e.,	>1,000)	 reported	 a	 similar	 overall	median	overall	 survival
(OS)	 of	 6.6	 years	 in	 both	 a	Western	 and	 a	 Japanese	 cohort,	 challenging	 the	 prognostic	 relevance	 of	 histologic
subtyping	with	the	exception	of	nuclear	protein	in	testis	(NUT)	carcinoma	(median	OS	<1	year).29–31

Over	the	past	decade,	molecular	profiling	of	thymic	neoplasms	has	revealed	a	progressive	increase	of	genetic
imbalances	 beginning	 from	 subtypes	 A,	 through	 AB	 and	 B,	 ultimately	 to	 thymic	 carcinomas;	 however,
surprisingly	 few	 targetable	mutations	 (e.g.,	 exclusive	KIT	 gene	mutations	 in	 a	minority	 of	 thymic	 carcinomas)
have	been	noted.32,33

Diagnosis
Although	 most	 anterior	 mediastinal	 masses	 represent	 thymic	 malignancies,	 other	 etiologies	 exist	 as	 well.	 A
meticulous	 history	 and	 physical	 examination,	 along	 with	 serologic	 and	 imaging	 studies,	 usually	 suggests	 the
correct	diagnosis.	Pathologic	analysis	of	image-guided	percutaneous	core	needle	biopsy	specimens	makes	surgical
biopsy	 rarely	 necessary.	 Further,	 when	 clinical	 and	 radiographic	 findings	 are	 highly	 suggestive	 of	 a	 limited,
surgically	resectable	thymoma,	primary	complete	resection	may	be	performed	simultaneously	for	both	diagnostic
and	therapeutic	purposes.

Symptoms	and	Signs
Approximately	 40%	 of	 mediastinal	 masses	 are	 asymptomatic	 and	 discovered	 incidentally	 on	 routine	 chest
imaging.1	The	remaining	have	symptoms	related	either	to	compression	or	direct	invasion	of	adjacent	mediastinal
structures	or	to	paraneoplastic	syndromes.	Typical	symptoms	are	chest	pain,	cough,	and	dyspnea.	Superior	vena
cava	syndrome,	Horner	 syndrome,	hoarseness,	and	neurologic	deficits	are	 far	 less	common	and	often	signal	an
advanced	invasive	malignancy.34

Associated	Systemic	Syndromes
A	myriad	of	systemic	syndromes	associated	with	mediastinal	neoplasms	are	shown	in	Tables	50.4and	50.5.	One
or	more	selected	syndromes	may	be	present	 in	up	to	40%	of	thymoma	patients,	 including	autoimmune	diseases
(myasthenia	gravis	(MG),	systemic	lupus	erythematosus,	polymyositis,	myocarditis,	Sjögren	syndrome,	ulcerative
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colitis,	 Hashimoto	 thyroiditis,	 rheumatoid	 arthritis,	 sarcoidosis,	 and	 scleroderma),	 endocrine	 disorders
(hyperthyroidism,	hyperparathyroidism,	stiff-person	syndrome,	Addison	disease,	and	panhypopituitarism),	blood
disorders	 (red	 cell	 aplasia,	 hypogammaglobulinemia,	T-cell	 deficiency	 syndrome,	 erythrocytosis,	 pancytopenia,
megakaryocytopenia,	 T-cell	 lymphocytosis,	 and	 pernicious	 anemia),	 neuromuscular	 syndromes	 (myotonic
dystrophy,	myositis,	 and	 Eaton-Lambert	 syndrome),	 as	well	 as	 other	 disorders	 (hypertrophic	 osteoarthropathy,
nephrotic	 syndrome,	minimal	 change	 nephropathy,	 pemphigus,	 and	 chronic	mucocutaneous	 candidiasis).32,34,35
Evaluation	of	signs	and	symptoms	of	 these	paraneoplastic	disorders	frequently	 lead	to	 the	 initial	discovery	of	a
thymic	mass	and	ultimately	to	a	diagnosis	of	a	thymic	neoplasm.

TABLE	50.4
Systemic	Syndromes	Associated	with	Mediastinal	Neoplasms

Tumor Syndrome
Thymoma Acute	pericarditis,	Addison	disease,	agranulocytosis,	alopecia	areata,	Cushing	syndrome,	hemolytic	anemia,

hypogammaglobulinemia,	limbic	encephalopathy,	myasthenia	gravis,	myocarditis,	nephrotic	syndrome,
panhypopituitarism,	pernicious	anemia,	polymyositis,	pure	red	cell	aplasia,	rheumatoid	arthritis,	sarcoidosis,
scleroderma,	sensorimotor	radiculopathy,	stiff-person	syndrome,	thyroiditis,	ulcerative	colitis

Hodgkin
lymphoma

Alcohol-induced	pain,	Pel-Ebstein	fever

Neurofibroma von	Recklinghausen	disease,	osteoarthritis

Thymic
carcinoid

Multiple	endocrine	neoplasia

Neuroblastoma Opsomyoclonus,	erythrocyte	abnormalities

Neurilemoma Peptic	ulcer

TABLE	50.5
Systemic	Manifestations	of	Hormone	Production	by	Mediastinal	Neoplasms

Symptoms Hormone Tumor
Hypertension Catecholamines Pheochromocytoma,	chemodectoma,	neuroblastoma,	ganglioneuroma

Hypercalcemia Parathyroid	hormone Parathyroid	adenoma

Thyrotoxicosis Thyroxine Thyroid

Cushing	syndrome ACTH Carcinoid	tumor

Gynecomastia hCG Germ	cell	tumor

Hypoglycemia IGF-II Mesenchymal	tumors

Diarrhea VIP Ganglioneuroma,	neuroblastoma,	neurofibroma
ACTH,	adrenocorticotropic	hormone;	hCG,	human	chorionic	gonadotropin;	VIP,	vasoactive	intestinal	polypeptide;	IGF-II,	insulin-like
growth	factor	type	II.

Myasthenia	Gravis.	 MG	 is	 a	 disorder	 of	 neuromuscular	 transmission	 and	 is	 the	 most	 common	 autoimmune
disorder	 associated	 with	 thymomas,	 occurring	 in	 30%	 to	 50%.36	 Thymoma-associated	MG	 is	 most	 prevalent
between	40	and	60	years	of	age,	and	the	incidence	is	equal	in	males	and	females.37	The	temporal	relationship	is
variable,	and	a	prolonged	interval	between	the	diagnosis	of	MG	and	the	development	of	a	visible	thymic	tumor
can	occur.38	Symptoms	(e.g.,	diplopia,	ptosis,	dysphagia,	fatigue)	begin	insidiously	and	result	from	the	production
of	antibodies	to	the	postsynaptic	nicotinic	acetylcholine	receptor	at	the	neuromuscular	junction.	Ocular	symptoms
are	 the	most	 frequent	 initial	 complaint	 and	may	progress	 to	generalized	weakness.	The	 role	of	 the	 thymus	and
thymomas	 in	 MG	 remains	 incompletely	 understood,	 but	 autosensitization	 of	 T	 lymphocytes	 to	 acetylcholine
receptor	proteins,	abnormal,	thymocyte	selection,	and	impairment	of	regulatory	T	cells	(Tregs)	may	contribute	to
an	altered	autoimmune	homeostasis.39–41

The	symptomatic	treatment	of	MG	includes	the	use	of	anticholinesterase	mimetic	agents	(i.e.,	pyridostigmine
bromide	[Mestinon;	Valeant	Pharmaceuticals	International,	Inc.,	Bridgewater,	NJ])	and	immunosuppressive	drugs,
such	as	corticosteroids,	azathioprine,	and	mycophenolate	mofetil	(CellCept;	Genentech	USA,	Inc.,	San	Francisco,
CA).	 In	 severe	 cases,	 intravenous	 immunoglobulins,	 anti-CD20	 antibodies,	 and	 plasmapheresis	 represent



escalating	therapeutic	strategies.	Some	improvement	in	MG	symptoms	may	occur	after	thymectomy,	but	complete
remission	rates	vary	from	7%	to	63%.42	Patients	with	thymomas	do	not	respond	as	well	to	surgery	as	MG	patients
without	 thymomas;	 however,	MG	does	 not	 necessarily	 portend	 a	 poor	 outcome.43,44	 Although	 the	 randomized
MGTX	 thymectomy	 trial	 demonstrated	 that	 extended	 thymectomy,	 compared	 to	 prednisone	 alone	 in	 adult
antiacetylcholine	 receptor	 (AChR)	 autoantibody–positive	 MG	 patients	 without	 thymoma,	 lowered	 the	 time-
weighted	average	quantitative	MG	score	over	a	3-year	period,	decreased	 the	need	 for	 immunosuppression	with
azathioprine	 and	 decreased	 hospitalization	 for	 exacerbations,	 the	 benefit	 in	 thymoma	 patients	 remains
undefined.45

Pure	 Red	 Cell	 Aplasia.	 Pure	 red	 cell	 aplasia,	 an	 autoimmune	 disorder,	 occurs	 in	 5%	 of	 patients	 with
thymomas.46	Of	patients	with	red	cell	aplasia,	30%	to	50%	have	associated	thymomas.	Affected	patients	are	older
than	40	years	of	age	in	96%	of	cases.	A	bone	marrow	examination	reveals	an	absence	of	erythroid	precursors	and,
in	30%	of	cases,	a	poorly	understood	associated	decrease	in	platelet	and	leukocyte	numbers.	A	thymectomy	has
produced	remission	in	up	to	38%	of	patients.	For	patients	with	recurrent	disease,	octreotide	and	prednisone	were
effective	in	case	reports.46,47

Hypogammaglobulinemia.	Hypogammaglobulinemia	 is	 seen	 in	 5%	 to	 10%	of	 patients	with	 thymoma	 (Good
syndrome),	and	10%	of	patients	with	hypogammaglobulinemia	have	been	shown	to	have	thymoma.48	Recurrent
sinusitis	 is	a	common	associated	symptom	and	life-threatening	septic	complications	may	occur.	Defects	 in	both
cellular	 and	 humoral	 immunity	 have	 been	 described,	 and	 many	 patients	 also	 have	 red	 cell	 hypoplasia.
Thymectomy	has	not	proven	beneficial	in	this	disorder	and	long-term	immunoglobulin	replacement	therapy	may
be	required.

Radiographic	Imaging	Studies
A	posteroanterior	and	lateral	chest	radiograph	initially	may	identify	an	anterior	mediastinal	abnormality;	however,
an	 intravenous	contrast-enhanced	spiral	computed	 tomography	 (CT)	scan	 remains	 the	best	 imaging	modality	 to
accurately	assess	the	nature	of	the	lesion	(cystic	versus	solid),	detect	fat	and	calcium,	determine	the	relationship	to
surrounding	anatomic	structures,	and,	in	some	instances,	predict	invasiveness	of	the	tumors.49,50

Electrocardiogram-gated	 and	 real-time	 magnetic	 resonance	 imaging	 (MRI)	 and	 magnetic	 resonance
angiography	 are	 superior	 to	 CT	 in	 defining	 vascular	 involvement	 and	 can	 detect	 subtle	 differences	 in	 tumor
contour,	 capsule	 clarity,	 and	 intratumoral	 signal,	which	 correlate	with	 the	WHO	 classification	 of	 thymomas.51
Diffusion-weighted	MRI	also	was	shown	to	differentiate	low-risk	from	high-risk	thymomas	and	predict	disease-
free	survival.52

Maximum	 standard	 uptake	 values	 (SUVmax)	 and	 SUVmax/tumor	 size	 index	 as	 determined	 by
18fluorodeoxyglucose	 (18FDG)	 positron	 emission	 tomography	 (PET)-CT	 scans	 repeatedly	 have	 been	 shown	 to
distinguish	 thymomas	 from	 thymic	 carcinomas,	 correlate	 with	WHO	 tumor	 grade,	 and	 predict	Masaoka-Koga
stage.53	Park	et	al.54	similarly	reported	correlation	of	SUVmax	with	low-risk	thymomas	(3.43),	high-risk	thymomas
(4.42),	and	thymic	carcinoma	(8.23,	P	<	.001).	Further	serial	PET/CT	imaging	showing	decreased	18FDG	uptake
in	patients	with	 stage	 III/IV	 thymic	epithelial	malignancies	after	only	6	weeks	of	chemotherapy	was	 shown	by
Thomas	and	colleagues55	 to	 correlate	with	 longer	 progression-free	 survival	 (PFS;	 11.5	 versus	 4.6	months,	P	 =
.044)	and	a	trend	toward	longer	OS	(31.8	versus	18.4	months,	P	=	.14).55	Despite	these	findings,	the	role	of	PET-
CT	over	CT	and	MRI	in	therapeutic	decision	making	remains	undefined.

Serology	and	Chemistry
A	large	number	of	MG-associated	thymomas	(nine	of	nine	in	one	study)56	are	associated	with	increased	titers	of
AChR	autoantibodies,	whereas	increased	anti-Titin	autoantibodies	also	are	observed	irrespective	of	MG	status	but
with	 a	 sensitivity	 of	 only	 50%	 to	 80%.57	 Lactate	 dehydrogenase,	 α-fetoprotein	 (AFP),	 and	 β-human	 chorionic
gonadotropin	(β-hCG)	should	be	obtained	in	male	patients	with	anterior	mediastinal	masses	to	exclude	germ	cell
tumors.	 Also,	 adrenocorticotropic	 hormone,	 thyroid	 hormone,	 and	 parathormone	 may	 help	 differentiate	 some
mediastinal	masses.

Invasive	Diagnostic	Tests
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An	accurate	histologic	diagnosis	is	essential	for	most	mediastinal	neoplasms.	Although	rarely,	patients	may	still
require	surgical	biopsies,	CT-	or	ultrasound-guided	percutaneous	core	needle	biopsy	is	now	standard	in	the	initial
evaluation	 of	 mediastinal	 masses	 with	 diagnostic	 yields	 in	 excess	 of	 90%.10	 Complications	 include	 simple
pneumothorax	(25%),	hemoptysis	(7%	to	15%),	and	pneumothorax,	requiring	chest	tube	placement	(5%).	Surgical
procedures	occasionally	are	still	required	in	the	diagnosis	of	mediastinal	tumors.	Mediastinoscopy	for	biopsies	of
the	upper	middle	and,	in	some	surgeons’	hands,	the	anterior	and	posterior	mediastinum	has	a	diagnostic	accuracy
of	>90%.58	Anterior	parasternal	mediastinotomy	(Chamberlain	procedure)	yields	a	diagnosis	 in	95%	of	anterior
mediastinal	masses	 and	may	 be	 accomplished	 under	 local	 anesthesia.59	 Thoracoscopy	 is	 a	minimally	 invasive
procedure	that	provides	a	diagnostic	accuracy	of	>90%	in	most	areas	of	the	mediastinum	but	should	be	avoided
when	thymomas	are	suspected	due	 to	 the	high	risk	of	pleural	 tumor	seeding.58	Currently,	 thoracotomy	rarely	 is
necessary	solely	as	a	diagnostic	procedure.

Management	by	Stage
As	mentioned	previously,	 all	 thymomas,	 even	when	slow-growing,	 should	be	considered	malignant	neoplasms.
Surgery,	 radiation,	 and	 chemotherapy	 all	may	 play	 a	 role	 in	management.44,60	 Few	well-designed,	 prospective
clinical	 trials	 in	 the	 management	 of	 thymomas	 have	 ever	 been	 conducted,	 particularly	 evaluating	 the	 role	 of
surgery	and	radiotherapy,	and	most	treatment	recommendations	are	based	on	retrospective	analysis.

Masaoka	Stage	I/II	Thymoma
Surgery.	Complete	surgical	resection	is	the	mainstay	of	therapy	for	stage	I/II	thymomas	and	is	the	most	important
predictor	of	long-term	survival.61,62	Although	a	median	sternotomy	with	a	vertical	or	submammary	skin	incision	is
the	most	commonly	used	open	approach,	bilateral	anterolateral	thoracotomies	with	transverse	sternotomy	(clam-
shell	procedure)	 is	 useful	with	 advanced	or	 large	 laterally	displaced	 tumors.	Over	 the	 last	 15	years,	 the	use	of
minimally	invasive	surgery	in	stage	I	and	II	thymomas	has	expanded.	A	recent	meta-analysis	evaluating	30	studies
involving	 2,038	 patients	 concluded	 that	 minimally	 invasive	 surgery	 produced	 similar	 results	 to	 open	 surgical
resection	 in	 terms	 of	 complications,	 complete	 resection,	 and	 overall	 recurrence	 rates	 (short	 term)	 but	 with
significantly	lower	blood	loss	and	hospital	stays	and	a	low	2.4%	conversion	rate.62	The	risk	of	long-term	pleural
recurrences	remains	a	concern	to	be	determined	in	longer	term	follow-up.

During	any	type	of	surgery,	a	careful	assessment	of	areas	of	possible	invasion	and	adherence	should	be	made.
Extended	total	thymectomy,	including	all	tissue	anterior	to	the	pericardium	from	the	diaphragm	to	the	neck	and
laterally	from	one	phrenic	nerve	to	the	other,	including	en	bloc	resection	of	involved	pericardium,	phrenic	nerve,
chest	wall,	lung,	and	diaphragm	(with	reconstruction	as	necessary),	may	be	required	in	up	to	two-thirds	of	cases	in
order	to	achieve	an	R0	resection.44,61	Operative	mortality	is	<3%	in	experienced	centers.44

Radiation	 Therapy.	 Postoperative	 radiation	 therapy	 (PORT)	 and	 chemotherapy	 are	 not	 recommended	 for
patients	with	stage	I/II	tumors	who	have	undergone	complete	(R0)	resection.	Indeed,	SEER	data	and	data	from	the
Chinese	 Alliance	 for	 Research	 in	 Thymomas	 (ChART)	 suggest	 that	 PORT	 may	 be	 associated	 with	 adverse
outcomes	 compared	 to	 surgery	 alone,63,64	 although	 debate	 still	 exists	 regarding	 stage	 II	 disease.	 In	 a	 SEER
subgroup,	PORT	was	associated	with	improved	5-year	OS	(76%	versus	66%	with	surgery	alone,	P	=	.01),	and	a
review	of	the	ITMIG	retrospective	database	also	suggested	that	PORT	may	be	beneficial	in	stage	II	tumors	(97%
versus	 93%	with	 surgery	 alone,	P	 =	 .02).65,66	 The	 benefit	 may	 be	 particularly	 apparent	 with	 the	 presence	 of
regional	tumor	spread	and	marginal	or	incomplete	resection.

Masaoka	Stage	III/IV	Thymoma
Surgery.	 The	 role	 of	 surgical	 resection,	most	 often	 subtotal	 or	debulking	 surgery,	 in	 stage	 III	 and	 IV	 disease
remains	 controversial	 despite	 a	 recent	 meta-analysis	 showing	 172	 (54.8%)	 patients	 undergoing	 “debulking”
surgery	in	13	studies	had	better	OS	compared	to	142	(45.2%)	patients	 in	 those	same	studies	undergoing	biopsy
alone	(95%	confidence	interval	[CI],	0.336	to	0.605;	P	<	.001).67	Other	studies	also	have	documented	improved	5-
year	survival	rates	of	60%	to	75%	after	subtotal	resection	compared	to	24%	to	40%	after	biopsy	alone.61,68	These
data,	 however,	 are	 retrospective	 and	 are	 undoubtedly	 clouded	 by	 selection	 bias,	making	 definitive	 conclusions
about	the	role	of	surgery	impossible.	The	use	of	surgery	in	recurrent	disease	also	has	been	explored	with	similar
results.69	Maggi	 et	 al.70	 reported	 a	71%	5-year	 survival	 rate	 in	12	patients	undergoing	 surgery	but	only	 a	41%
survival	rate	in	11	patients	treated	with	radiation	and	chemotherapy	alone,	whereas	Urgesi	et	al.71	noted	a	74%	5-



year	survival	rate	in	11	patients	undergoing	surgery	and	radiation,	compared	with	65%	in	10	patients	treated	with
radiation	alone	(not	statistically	different).

Radiation	Therapy.	Radiation	therapy	may	be	beneficial	in	selected	patients	with	locally	advanced	disease.72,73
Large	variations	in	radiation	technique	and	tumor	extent,	however,	make	interpretation	of	these	results	difficult	at
best.	Radiation	therapy	is	delivered	in	doses	ranging	from	30	to	60	Gy	in	1.8-	to	2.0-Gy	fractions	for	3	to	6	weeks,
with	 doses	 exceeding	 60	 Gy	 not	 offering	 any	 consistent	 advantage.72,73	 Microscopic	 residual	 (R1)	 disease
generally	can	be	well	controlled	with	only	40	to	45	Gy.73	Data	from	the	ITMIG	retrospective	database	suggests
that	5-	 and	10-year	OS	 is	 improved	with	PORT	 in	 stage	 III	disease	 (92%	and	79%	versus	76%	and	64%	with
surgery	alone;	P	=	.0005).66	A	systematic	review	of	seven	retrospective	series	with	1,724	resected	stage	II	to	IV
patients	showed	that	PORT	was	associated	with	improved	OS	in	stage	III	and	IV	disease.74	Data	also	suggests	that
certain	histologic	subtypes	(WHO	type	B1	and	B2)	are	more	likely	to	respond	to	radiotherapy	compared	to	others
subtypes	 (WHO	 type	 B3),	 intimating	 that	 the	 response	 is	 limited	 to	 the	 lymphocytic	 and	 not	 the	 epithelial
component	 of	 the	 tumors.44,75–77	 Intensity-modulated	 radiation	 therapy	 with	 improved	 gating	 techniques	 may
improve	results	and	 lower	 toxicity	even	further	by	minimizing	respiratory	variation	and	dose	heterogeneity	and
increasing	total	dose	and	fraction	size.78,79

Any	benefit	of	adjuvant	radiation	therapy	for	completely	resected	stage	III/IV	tumors,	however,	is	not	entirely
clear.	Weksler	et	al.80	 reviewed	SEER	data	on	322	patients	with	stage	III	 thymoma	who	received	postoperative
adjuvant	radiation	and	found	that	by	multivariate	analysis,	disease-specific	survival	was	improved	(P	=	.049)	but
OS	was	not.	Radiotherapy	after	incomplete	surgical	resection	produces	local	control	rates	of	35%	to	74%	and	5-
year	 survival	 rates	 ranging	 from	50%	 to	70%	 for	 stage	 III	 and	 from	20%	 to	50%	 for	 stage	 IVA	 tumors.81	 For
unresectable	 disease,	 a	 prospective	 study	 utilizing	 stereotactic	 body	 radiation	 therapy	 to	 treat	 32	 patients	with
either	thymoma	or	thymic	carcinoma	(stage	II	to	IVB)	to	a	median	dose	of	56	Gy	reported	a	local	control	rate	of
81.25%	and	a	median	PFS	of	28	months	with	acceptable	toxicity.82

Chemotherapy.	 Cytotoxic	 chemotherapy	 continues	 to	 be	 used	 successfully	 in	 the	 treatment	 of	 stage	 III/IV
thymomas.83	Cisplatin,	doxorubicin,	ifosfamide,	pemetrexed,	corticosteroids,	and	cyclophosphamide	all	have	been
used	 as	 single-agent	 therapies,84	 but	 only	 a	 few	 (cisplatin,	 ifosfamide,	 and	 pemetrexed)	 ever	 have	 undergone
formal	prospective	phase	II	 trials.83	High-dose	cisplatin	 (100	mg/m2)	alone	produces	complete	 responses	 (CRs)
lasting	 up	 to	 30	 months,	 but	 low-dose	 cisplatin	 (50	 mg/m2)	 has	 associated	 response	 rates	 of	 only	 10%.85
Ifosfamide	(with	mesna)	was	given	as	a	single-bolus	dose	of	7.5	g/m2	or	as	a	continuous	infusion	of	1.5	g/m2	per
day	 for	 5	 days	 every	 3	 weeks	 resulting	 in	 five	 (38.7%)	 CRs	 and	 one	 (7.7%)	 partial	 response	 (PR).86
Corticosteroids	given	in	a	variety	of	dosing	regimens	to	small	numbers	of	patients	in	first-	or	second-line	settings
with	 or	 without	 chemotherapy	 have	 produced	 as	 high	 as	 a	 77%	 overall	 response	 rate	 regardless	 of	 histologic
subtype	and	the	presence	or	absence	of	MG.87,88	The	actual	impact	of	corticosteroids,	however,	may	only	be	on
the	lymphocytic	and	not	on	the	malignant	epithelial	component	of	the	tumor.

Combination	chemotherapy	 regimens	generally	have	higher	 response	 rates	 than	single	agents	and	have	been
used	extensively	as	neoadjuvant/induction	therapy	for	advanced	invasive	disease	as	well	as	systemic	treatment	for
metastatic	and	recurrent	thymoma.	Combination	regimens	with	a	cisplatin	plus	doxorubicin	backbone	appear	to	be
the	most	active.	Fornasiero	et	al.89	reported	a	43%	CR	and	91.8%	overall	response	rate	(median	OS,	15	months)	in
37	previously	untreated	patients	with	stage	III	or	IV	disease	treated	with	monthly	(median,	5	months)	cisplatin	(50
mg/m2	on	day	1),	doxorubicin	 (40	mg/m2	on	day	1),	vincristine	 (0.6	mg/m2	on	day	3),	and	cyclophosphamide,
(700	mg/m2	on	day	4).	Loehrer	et	al.90	documented	10%	CR	and	50%	overall	 response	rates	(median	OS,	37.7
months)	in	29	patients	with	recurrent	or	metastatic	thymoma	treated	with	cisplatin	(50	mg/m2),	doxorubicin	(50
mg/m2),	 and	 cyclophosphamide	 (500	 mg/m2)	 given	 for	 a	 maximum	 of	 eight	 3-week	 cycles	 following
radiotherapy.	Park	et	al.91	retrospectively	described	a	35%	CR	and	64%	overall	response	rate	in	stage	II	and	IV
relapsed	thymoma	(median	OS,	67	and	17	months,	respectively)	in	11	patients	responding	and	in	6	patients	not
responding,	 respectively,	 using	 cyclophosphamide,	 doxorubicin,	 and	 cisplatin,	with	or	without	 prednisone	 (P	=
.002,	log-rank	test).	Although	the	European	Organization	for	Research	and	Treatment	of	Cancer	noted	a	31%	CR
and	a	56%	overall	 response	rate	 (median	OS,	4.3	years)	 in	a	 tiny	study	of	16	patients	with	advanced	 thymoma
treated	with	 cisplatin	 and	 etoposide,92	 the	 addition	 of	 ifosfamide	 to	 cisplatin	 and	 etoposide	 had	 a	 lower	 than
anticipated	 response	 rate	 (approximately	32%)	 in	28	patients	with	 thymoma	and	 thymic	carcinoma	 treated	 in	a
prospective	Eastern	Cooperative	Oncology	Group	 (ECOG)	 trial85	 and	only	 3	 of	 12	 (25%)	 in	 a	French	 study.93
ECOG	also	conducted	a	prospective	trial	in	25	patients	with	thymoma	and	21	with	thymic	carcinoma	treated	with
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carboplatin	 plus	 paclitaxel,	 resulting	 in	 a	 33%	 objective	 response	 rate	 for	 the	 former	 group	 and	 24%	 for	 the
latter.94	 In	 total,	 these	data	 suggest	 a	higher	objective	 response	 rates	 can	be	 achieved	with	 anthracycline-based
regimens	(Table	50.6).

Combined	Modality	Approaches.	Neoadjuvant	(induction	or	preoperative)	chemotherapy	has	been	evaluated	as
part	of	a	multimodality	approach	to	stage	III/IV	thymoma.	Six	combined	reports	with	61	total	patients	treated	with
a	variety	of	regimens	(80%	cisplatin-based)	document	31%	CR	and	89%	overall	response	rates.95	Only	22	patients
(36%)	underwent	surgery,	with	11	(18%)	achieving	complete	resection	(all	cisplatin	group).	A	total	of	19	patients
were	 treated	 with	 radiotherapy,	 but	 only	 5	 patients	 had	 disease-free	 survival	 exceeding	 5	 years.	 Rea	 et	 al.96
reported	43%	CR	and	100%	overall	response	rates	(median	survival,	66	months;	3-year	survival,	70%)	in	16	stage
III	and	IVA	patients	initially	treated	with	cisplatin,	doxorubicin,	vincristine,	and	cyclophosphamide,	followed	by
surgery.	 During	 surgery,	 69%	 were	 completely	 resected	 and	 the	 other	 31%	 received	 postoperative	 adjuvant
radiation.	A	team	in	Amsterdam	noted	a	50%	objective	response	rate	using	the	Response	Evaluation	Criteria	 in
Solid	 Tumors	 (RECIST)	 in	 16	 patients	 with	 locally	 advanced	 tumors.92	 Macchiarini	 et	 al.97	 reported	 similar
findings.	The	Japan	Clinical	Oncology	Group	(JCOG)	reported	a	phase	II	trial	(JCOG	9606)	treating	23	patients
with	 unresectable	 stage	 III	 thymoma	with	 9	weeks	 of	 chemotherapy,	 including	 cisplatin	 (25	mg/m2	 on	 day	 1;
weeks	1	to	9),	vincristine	(1	mg/m2	on	day	1;	weeks	1,	2,	4,	6,	and	8),	and	doxorubicin	(40	mg/m2	on	day	1)	and
etoposide	(80	mg/m2	on	days	1	to	3;	weeks	1,	3,	5,	7,	and	9).98	There	were	no	toxic	deaths,	and	12	patients	(57%)
completed	all	therapy.	Of	21	eligible	patients,	0,	13	(62%),	and	7	(30.4%)	achieved	a	CR,	PR,	and	stable	disease,
respectively.	Subsequently,	13	 (62%)	underwent	 thoracotomy,	with	9	 (39%)	undergoing	complete	R0	 resection
with	 48	 Gy	 of	 PORT	 (60	 Gy	 in	 incompletely	 resected	 disease).	 PFS	 at	 2	 and	 5	 years	 was	 80%	 and	 43%,
respectively,	and	OS	at	5	and	8	years	was	85%	and	69%,	respectively.	Survival	did	not	appear	to	improve	with
surgical	resection.	In	addition,	3	patients	(25%)	achieved	a	CR	and	11	of	12	(92%)	responded	overall,	resulting	in
an	83%	7-year	disease-free	 survival	 rate	 in	patients	 at	 the	MD	Anderson	Cancer	Center	with	 locally	 advanced
(unresectable)	 thymoma	 who	 received	 cisplatin,	 doxorubicin,	 cyclophosphamide,	 and	 prednisone	 induction
chemotherapy	 followed	 by	 surgical	 resection.99	 Ultimately,	 80%	 underwent	 (R0)	 resection	 with	 the	 degree	 of
chemotherapy-induced	tumor	necrosis	correlating	with	Ki-67	expression;	postoperative	adjuvant	radiotherapy	was
included.	 A	 multi-institutional,	 prospective	 trial	 of	 two	 to	 four	 cycles	 of	 cisplatin,	 doxorubicin,	 and
cyclophosphamide	and	sequential	radiotherapy	(54	Gy)	demonstrated	a	22%	CR	and	70%	overall	response	rate.
Also	noted	was	a	median	survival	of	93	months	and	a	Kaplan-Meier	5-year	failure-free	survival	rate	of	54.3%	in
23	patients	with	unresectable	stage	III	(20	of	23)	and	stage	IV	(1	of	23)	thymoma	as	well	as	thymic	carcinoma	(2
of	23),	including	approximately	25%	with	MG.100	A	single-arm,	pilot	trial	was	conducted	at	four	institutions	in	22
patients	 using	 two	 cycles	 of	 induction	 chemoradiotherapy	 (cisplatin	 and	 etoposide	 with	 45	 Gy)	 followed	 by
surgical	resection.	A	total	of	15	of	22	patient	had	stage	III	or	IV	disease	and	only	10	of	22	(45.5%)	had	a	PR,	but
17	 of	 22	 (77%)	 underwent	 an	 R0	 resection.101	 Five	 resection	 specimens	 had	 <10%	 viable	 tumor.	 Therefore,
although	 induction	chemotherapy	with	or	without	 radiation	may	 improve	 resectability,	postoperative	 (adjuvant)
chemotherapy	cannot	be	recommended	based	on	existing	data.44

TABLE	50.6
Combination	Chemotherapy	Regimens	in	Thymic	Tumors

ANTHRACYCLINE-BASED	REGIMENS

Authors Regimen Stage N CR	+	PR	(%)a MST	(y)
Fornasiero	et	al. ADOC III/IV 32 90 1.3

Agatsuma	et	al. ADOC IV 34 50 1.8

Yoh	et	al. CODE III/IV 12 42 3.8

Loehrer	et	al. PAC IV 30 50 3.1

Loehrer	et	al. PACb III 23 70 5

Macchiarini	et	al. PEpE III/IV 7 100 NR

Kim	et	al. PAC	+	Predb III/IV 22 77 NR

Rea	et	al. ADOC III/IVA 16 75 5.5

Lucchi	et	al. PAE III/IVA 30 73 NR



Yokoi	et	al. CAMP IVA/IVB 14 93 NR

NONANTHRACYLINE-BASED	REGIMENS

Authors Regimen Stage N CR	+	PR	(%)c MST	(y)
Giaccone	et	al. PE IV 16 56 4.3

Mineo	et	al. PE III/IV 33 37 2.5

Park	et	al. P/DTX III/IV 18 67 NR

Okuma	et	al. P/IRI IV 12 75 4.4

Loehrer	et	al. VIP III/IV 28 32 2.6

Grassen	et	al. VIP II/IV 16 25 NS

VIP III/IV 8 25 NR

Igawa	et	al. Car/Tax III/IV 11 36 1.9

Lemma	et	al. Car/Tax III/IVd 21 43 2.6

Car/Tax III/IVe 23 22 1.8

Takeda	et	al. Car/Tax III/IV 39 36 NR

Furugen	et	al. Car/Tax IV 16 37 4.1

Hirai	et	al. Car/Tax III/IVe 39 36 NR
aMean	response	rate	=	<70%	(range	=	42%–100%).
bPrimarily	locally	advanced
cMean	response	rate	=	<38%	(range	=	25%–67%).
dThymoma	only.
eThymic	carcinoma	only.
CR,	 complete	 response;	 PR,	 partial	 response;	 MST,	 median	 survival	 time;	 ADOC,	 doxorubicin,	 cisplatin,	 vincristine,
cyclophosphamide;	 CODE,	 cisplatin,	 vincristine,	 doxorubicin,	 etoposide;	 PAC-	 cisplatin,	 doxorubicin,	 cyclophosphamide;	 PEpE,
cisplatin,	 epirubicin,	 etoposide;	 NR,	 not	 reported;	 Pred,	 prednisone;	 PAE,	 cisplatin,	 doxorubicin,	 etoposide;	 CAMP,
cyclophosphamide,	 doxorubicin,	methotrexate,	 prednisone;	 PE,	 cisplatin,	 etoposide;	 P/DTX,	 cisplatin,	 docetaxel;	 P/IRI,	 cisplatin,
irinotecan;	VIP,	etoposide,	ifosfamide,	cisplatin;	NS,	not	statistically	significant;	Car/Tax,	carboplatin,	paclitaxel.
Adapted	from	Abu	Zaid	M,	Kesler	K,	Smith	J,	et	al.	Thymoma	and	thymic	carcinoma.	In:	Raghavan	D,	Ahluwalia	MS,	Blanke	CD,	et
al.,	eds.	Textbook	of	Uncommon	Cancer.	5th	ed.	Oxford,	United	Kingdom:	Wiley;	2017:214–247.

Molecularly	Targeted	and	Immune	Therapies

Targeted	Therapy. 	Molecular	profiles	of	thymic	epithelial	malignancies	have	revealed	major	differences	between
thymoma	and	thymic	carcinoma.102	Although	epidermal	growth	factor	receptor	(EGFR)	often	is	overexpressed	in
thymic	epithelial	malignancies,	activating	mutations	and	clinical	responses	are	rare.102–104	Tyrosine	kinase	(TK)
and	 other	 kinase	 inhibitors	 also	 have	 been	 investigated,	 although	 targetable	 mutations	 again	 are	 rare.
Overexpression	of	c-KIT	also	has	been	identified	in	thymomas	and	more	commonly	but	still	rarely	(only	2%	to
10%)	 in	 thymic	 carcinomas.99,105	 Trials	 with	 single-agent	 gefitinib	 in	 previously	 treated	 patients	 had	minimal
activity102;	 however,	 in	 a	 case	 of	 thymic	 carcinoma	 with	 an	 activating	 exon	 11	KIT	 mutation,	 an	 impressive
response	 to	 imatinib	 was	 observed.105	 Two	 subsequent	 trials	 with	 22	 patients	 with	 thymomas	 and	 thymic
carcinomas	 failed	 to	 find	 any	 activity	 using	 imatinib	 (400	 to	 600	 mg	 daily)	 even	 with	 KIT	 protein
expression.106,107	A	phase	II	study	of	oral	sunitinib	(50	mg	daily	for	4	weeks	with	2	weeks	off/6-week	cycles)	in
41	patients	with	chemotherapy-refractory	thymic	epithelial	tumors	demonstrated	6	of	23	assessable	patients	with
thymic	carcinoma	(26%;	90%	CI,	12.1	 to	45.3;	95%	CI,	10.2	 to	48.4)	but	only	1	of	16	patients	with	 thymoma
(6%;	95%	CI,	0.2	to	30.2)	had	PRs.108	The	activity	in	thymic	carcinoma	patients,	if	confirmed	with	further	study,
matches	or	exceeds	any	chemotherapy	regimen,	making	sunitinib	an	appealing	second-line	option.	Some	activity
has	been	reported	with	dasatinib,	an	oral,	multitargeted	kinase	inhibitor	targeting	c-KIT,	Bcr-Abl,	src,	ephrin,	and
platelet-derived	growth	factor	receptors	as	well	as	other	TKs.109

Single-agent	 belinostat,	 a	 histone	 deacetylase	 inhibitor,	 demonstrated	 a	 promising	 19	 of	 24	 (79.2%)	 disease
control	 rate	 (DCR)	despite	only	2	of	24	 (8.3%)	PRs	 in	 a	phase	 II	 study,110	 but	when	combined	with	cisplatin,
doxorubicin,	 and	 cyclophosphamide	 in	 a	 phase	 I/II	 trial	 in	 11	 evaluable	 patients	with	 advanced	 thymoma	 and
positive	radionuclide	octreotide	scans,	the	DCR	was	11	of	11	(100%),	the	CR	was	1	of	11	(9.1%),	the	PR	was	6	of
11	(54.5%),	and	the	PFS	and	OS	were	not	reached	after	a	median	follow-up	of	20.5	months.111	Targeted	therapy
with	 somatostatin	 analogs	 has	 shown	 intriguing	 results	 from	 small	 clinical	 trials,	 possibly	 via	 inhibition	 of	 the
insulin-like	 growth	 factor	 or	 EGFR	 pathways,	 although	 the	 exact	 mechanism	 of	 action	 remains	 unclear.	 An
exploratory	ECOG	phase	II	trial	with	octreotide	(0.5	mg	subcutaneously	three	times	daily)	produced	PRs	in	only	4
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of	32	(12.5%)	patients.112	However,	when	prednisone	(0.6	mg/kg/day)	was	added	in	21	of	32	(65.6%)	of	stable
disease	patients,	2	(6.3%)	CRs	and	6	(18.8%)	PRs	were	subsequently	observed	(overall	objective	response	rate	of
12	of	32	=	37.5%).	In	another	small	phase	II	trial,	16	patients	with	advanced	thymoma	were	given	subcutaneous
octreotide	(1.5	mg	daily)	and	prednisone	(0.6	mg/kg/day	for	3	months	with	0.2	mg/kg/day	during	follow-up).113
Octreotide	was	 replaced	by	 intramuscular	 lanreotide,	a	 long-acting	analog	(30	mg	every	14	days)	 in	8	patients.
The	observed	CR	rate	was	1	of	16	(6%)	and	PR	rate	was	5	of	16	(31%),	with	a	median	OS	of	15	months	after	a
median	 follow-up	 of	 43	 months.	 Recently,	 15	 patients	 with	 advanced	 unresectable	 thymomas	 treated	 with
lanreotide	 (30	mg	every	2	weeks)	and	prednisone	 (0.6	mg/kg/day)	 for	24	weeks	experienced	a	median	of	51%
tumor	 shrinkage	 by	 12	 weeks	 (range,	 0%	 to	 86%).114	 Although	 responses	 by	 RECIST	 were	 not	 reported,
ultimately,	9	of	15	(60%)	underwent	surgical	resection	of	their	residual	disease	without	reported	completeness	of
resection.

Immune	Therapy. 	The	role	of	immunotherapy	in	the	treatment	of	thymic	malignancies	is	uncertain	at	best	due	to
an	almost	preclusively	high	incidence	of	preexisting	significant	autoimmune	paraneoplastic	syndromes.	Analysis
of	thymomas	showed	that	only	22	of	102	(21.6%)	express	programmed	cell	death	protein	ligand	1	(PD-L1),	but	as
many	as	33%	to	36%	of	B1	to	B3	tumors	had	surface	PD-L1	expression.115	Although	in	this	study,	no	association
was	noted	with	prognosis,	others	have	 found	conflicting	 results	with	worse	or	 improved	prognosis.116,117	Early
results	 from	 a	 phase	 II	 study	 of	 the	 anti–programmed	 cell	 death	 protein	 1	 (PD-1)	 monoclonal	 antibody
pembrolizumab	showed	PRs	in	only	2	of	7	(28.6%)	but	a	DCR	of	100%	and	median	PFS	of	9.0	months;	however,
5	 of	 7	 (71.4%)	 patients	 discontinued	 therapy	 due	 to	 immune-related	 adverse	 events	 (irAEs),	 including
myocarditis,	hepatitis,	and	MG.118	A	phase	I	study	of	avelumab,	an	anti–PD-L1	monoclonal	antibody,	enrolled	8
patients	with	thymic	epithelial	tumors	(7	with	thymoma;	1	with	thymic	carcinoma),	and	reported	PRs	in	3	patients
but	with	a	high	incidence	of	irAE	in	this	cohort.119	Taken	together,	these	data	strongly	suggest	a	need	for	further
research	to	better	determine	the	potential	benefits	and	harms	of	these	immunologic	agents	in	both	thymoma	and
thymic	carcinoma.

Thymic	Carcinoma
The	optimal	treatment	of	thymic	carcinoma	remains	undefined	but	currently	a	multimodality	approach,	including
surgical	 resection,	 postoperative	 radiation,	 and	 chemotherapy,	 is	 recommended.120,121	 For	 those	 with	 apparent
early-stage	disease,	initial	complete	(R0)	surgical	resection	results	in	the	best	prognosis	with	little	impact	reported
by	Kondo	and	Monden61	of	PORT	in	these	completely	resected	patients.	Although	complete	(R0)	resection	should
be	the	goal,	often,	it	is	not	possible	due	to	locally	advanced	or	metastatic	disease,	and	reports	of	PORT	in	these
cases	show	a	trend	toward	improved	survival	with	one	study	noting	a	median	survival	of	9.5	months.27,85,121,122
Use	of	neoadjuvant	chemotherapy	(see	 the	 following	 text)	has	been	reported	 in	a	small	number	of	patients	and
may	 facilitate	 an	 R0	 resection.101,121,123	 Chemotherapy	 with	 cisplatin-based	 regimens	 have	 produced	 variable
responses	 in	 small	 numbers	 of	 patients.121	 Combinations	 of	 doxorubicin,	 cyclophosphamide,	 and	 cisplatin	 or
carboplatin	plus	paclitaxel	 have	been	 tried	most	 often	 and	have	generated	PRs,	 although	virtually	 all	 regimens
reported	for	the	aforementioned	thymomas	have	also	included	small	numbers	of	thymic	carcinoma	patients	with
limited	success.85,93,94,100	A	phase	II	study	of	single-agent	sunitinib	(25	to	50	mg)	from	the	RYTHMIC	network
(Réseau	tumeurs	THYMiques	et	Cancer),	a	French	nationwide	network	for	 thymic	malignancies,	revealed	a	PR
rate	of	4	of	20	(20%)	and	a	DCR	of	11	of	20	(55%)	with	a	PFS	and	OS	of	3.3	and	12.3	months,	respectively.124
The	use	of	immune	therapies,	including	PD-1	checkpoint	blockade,	in	thymic	carcinoma	compared	to	thymomas
remains	 attractive	 as	 the	 majority	 of	 thymic	 carcinomas	 express	 relatively	 high	 levels	 of	 PD-L1	 and	 thymic
carcinomas	have	a	lower	incidence	of	spontaneous	autoimmune	complications.115–117	Early	results	from	a	phase	II
study	of	the	anti–PD-1	monoclonal	antibody	pembrolizumab	showed	PRs	in	6	of	26	(23.1%)	but	a	DCR	of	19	of
26	 (73.1%)	 and	 median	 PFS	 of	 6.1	 months	 with	 a	 relatively	 low	 number	 (3	 of	 26	 =	 11.5%)	 requiring
discontinuation	of	therapy	due	to	irAE.118

Results	of	Treatment

Thymoma
According	to	various	retrospective	series,	the	5-	and	10-year	survival	rates	for	stage	I,	III,	and	IV	thymomas	are
reported	to	be	89%	to	95%	and	78%	to	90%,	70%	to	80%	and	21%	to	80%,	and	50%	to	60%	and	30%	to	40%,



respectively.70,89	Ten-year	disease-free	 survival	 rates	of	74%,	71%,	50%,	and	29%	also	have	been	 reported	 for
stage	I,	II,	III,	and	IV	disease,	respectively.70	Long-term	results	from	an	experienced	Indiana	University	group	has
yielded	a	66%	1-year	OS.44	Although	Maggi	et	al.70	reported	a	10%	overall	recurrence	rate	in	241	patients,	<5%
of	 noninvasive	 thymomas	 and	 20%	 of	 invasive	 thymomas	 were	 noted	 to	 recur.	 A	 large	 Japanese	 multi-
institutional	 experience	with	 1,320	patients	 reported	 5-year	 survival	 rates	 of	 100%,	 98.4%,	 88.7%,	 70.6%,	 and
52.8%	for	Masaoka	stages	I,	II,	III,	IVA,	and	IVB,	respectively.61	Complete	surgical	resection	of	thymomas	is	the
single	most	important	prognostic	factor	and	is	associated	with	an	82%	overall	7-year	survival	rate,	whereas	with
incomplete	resection,	survival	is	71%,	and	with	biopsy	alone,	it	is	only	26%.70	Although	data	on	outcomes	related
to	WHO	subtype	is	inconclusive,44,76,77	when	coupled	with	other	factors,	such	as	completeness	of	resection,	 the
WHO	subtype	may	be	prognostic	in	some	patients.125,126	Prognostic	data	regarding	PORT	is	conflicting;	although
the	prognosis	of	PORT	in	stage	III/IV	thymomas	appears	favorable,	a	recent	review	of	SEER	data	from	1975	to
2003	involving	patients	with	resected,	localized	thymoma	demonstrated	a	worse	cancer-specific	survival	for	those
who	 received	 PORT	 versus	 no	 radiation	 (91%	 versus	 98%;	P	 =	 .03).74	 More	 recent	 data	 regarding	 radiation,
however,	is	more	convincing	(see	discussion	in	“Thymic	Carcinoma”	section).	The	impact	of	MG	on	long-term
survival	in	patients	with	thymoma	is	unclear	but	actually	may	improve	survival	due	to	earlier	tumor	detection	and
improved	surgical	techniques.	Patients	with	MG	and	thymoma	have	a	56%	to	78%	10-year	survival	rate	and	a	3%
recurrence	 rate	with	4.8%	 (1.7%	since	1980)	operative	mortality	 after	 an	 extended	 thymectomy.81,127	Rarely,	a
syndrome	of	myasthenia	crisis	may	occur	following	surgery	and	may	lead	to	increased	perioperative	morbidity.127
Finally,	data	regarding	prognosis	based	on	PD-L1	expression	is	inconsistent	and	remains	to	be	determined.115–117

Thymic	Carcinoma
The	prognosis	of	thymic	carcinoma	is	poor	because	of	early	metastatic	involvement	of	mediastinal,	cervical,	and
axillary	 lymph	 nodes;	 the	 pleura;	 the	 lungs;	 the	 brain;	 bone;	 and	 the	 liver.5,123,128	 The	 OS	 rate	 at	 5	 years	 is
approximately	35%.5,129	A	large	Japanese	experience	noted	an	88.2%,	a	51.7%,	and	a	37.6%	5-year	survival	 in
patients	 with	 stages	 I/II,	 III,	 and	 IV,	 respectively.61	 Improved	 survival	 has	 been	 correlated	 with	 encapsulated
tumors,	lobular	growth	pattern,	low	mitotic	activity,	early-stage	tumors,	low	histologic	grade,	lymphoepithelioma-
like	histology,	and	complete	surgical	resection.5,120,122,123	A	meta-analysis	of	973	patients	with	thymic	carcinoma
including	187	unpublished	patients	 from	the	SEER	database	evaluated	 the	potential	benefit	of	PORT	in	 thymic
carcinoma.130	 Although	 the	 pooled	 hazard	 ratios	 for	 PFS	 and	OS	were	 0.54	 (P	 <	 .001)	 and	 0.66	 (P	 <	 .001),
respectively,	 in	 favor	 of	 PORT,	 absence	 of	 data	 regarding	 stage,	 resection	 status,	 age,	 radiation	 dose,	 specific
chemotherapy	given,	and	toxicities	yields	unconvincing	results.	A	National	Cancer	Database	(NCDB)	analysis	of
4,056	 stage	 I	 to	 IV	 thymic	 epithelial	 tumors	 from	 2004	 to	 2012,	 including	 1,025	 thymic	 carcinomas,	 used	 a
propensity	 score–matched	 analysis	 to	 show	more	 definitively	 improved	OS	with	PORT	 for	 both	 thymoma	 and
thymic	carcinoma,	despite	worse	prognostic	factors,	such	as	positive	surgical	margins	and	higher	Masaoka	stage
in	patients	receiving	PORT.131

Neuroendocrine	Thymic	Tumors	(Including	Carcinoid)
Neuroendocrine	 thymic	 tumors	 (NETTs)	are	 separated	 into	 low-grade	“typical	 carcinoids”	 (TCs),	 intermediate-
grade	 “atypical	 carcinoids”	 (ACs),	 and	 high-grade	 small-	 and	 large-cell	 neuroendocrine	 thymic	 carcinomas
(HGNECs).19	 Thymic	 carcinoids	 are	 rare,	 male-predominant	 tumors	 that	 can	 be	 associated	 with	 Cushing
syndrome,	 multiple	 endocrine	 neoplasia,	 and,	 rarely,	 carcinoid	 syndrome.132–139	 Chromosomal	 imbalances	 per
tumor	were	0.8	in	TC	with	31%	aberrant	cases,	1.1	in	AC	with	44%	aberrant	cases,	and	4.7	in	HGNEC	with	75%
aberrant	cases.140	Additionally,	predictive	mitotic	cutoff	values	for	TC	versus	AC	were	2.5	mitoses	per	10	high-
power	 fields	 (P	=	 .062)	 and	15	mitoses	per	10	high-power	 fields	 (P	=	 .036)	 for	 separating	HGNEC	 from	AC.
NETTs	also	may	be	differentiated	from	similar	pulmonary	tumors	by	their	different	expression	of	PAX8,	a	master
regulatory	 transcription	factor	 from	the	paired	box	family	of	 transcription	factors	 (32%	versus	8%)	and	 thyroid
transcription	factor	1	(TTF1)	(8%	versus	76%),139	but	clinical	and	staging	correlation	is	often	necessary	to	reliably
define	 the	origin	of	an	NETT.	For	TC,	complete	surgical	 resection	 is	 recommended	with	adjuvant	 radiotherapy
considered	 only	 for	 incompletely	 resected	 tumors.133–136	 Chemotherapy	 has	 not	 been	 consistently	 used.141,142
Although	 5-year	 survival	 rates	 of	 as	 high	 as	 60%	 have	 been	 reported	 with	 complete	 surgical	 resection,134
generally,	 5-year	 survival	 varies	 from	 26%	 to	 84%	 and	 correlates	 with	 the	 stage	 and	 degree	 of	 tumor
differentiation.143,144
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Thymolipoma
Thymolipomas	are	rare	soft,	 lobulated,	and	encapsulated	benign	neoplasms	of	the	anterior	mediastinum	that	are
composed	of	mature	adipose	and	thymic	tissue	and	account	for	1%	to	5%	of	thymic	neoplasms.145	They	are	also
known	as	lipothymomas,	mediastinal	lipomas	with	thymic	remnants,	and	thymolipomatous	hamartomas.145,146	A
review	of	27	patients	noted	an	equal	gender	distribution	and	a	mean	age	of	27	years.145	Approximately	50%	of
patients	 presented	 with	 symptoms	 of	 vague	 chest	 pain,	 dyspnea,	 and	 tachypnea.	 Others	 have	 reported	 an
association	with	MG,	red	cell	aplasia,	hypogammaglobulinemia,	lichen	planus,	and	Grave	disease	in	adult	patients
but	 less	often	 than	with	 thymoma.145,147–149	They	often	attain	a	 large	size	before	becoming	symptomatic150	and
frequently	 are	 found	 in	 the	 anterior–inferior	mediastinum	 “draped	 along	 the	 diaphragm”	 and	 connected	 to	 the
thymus	by	a	small	pedicle,	conforming	to	the	shape	of	the	cardiac	and	mediastinal	structures.146	Microscopically,
>50%	consists	of	adipose	tissue	with	the	remainder	being	thymic	tissue,	often	with	calcified	Hassall	corpuscles.146
Malignant	transformation	does	not	occur.	Treatment	is	complete	resection.150

GERM	CELL	TUMORS
Incidence	and	Etiology
Mediastinal	germ	cell	(MGC)	neoplasms	account	for	only	2%	to	5%	of	all	germinal	tumors	but	constitute	50%	to
70%	of	all	extragonadal	 tumors.151	Most	commonly	seen	 in	 the	anterior	mediastinum,	 they	account	 for	10%	to
15%	of	all	primary	mediastinal	tumors.	MGC	tumors	are	most	commonly	diagnosed	in	the	third	decade	of	life,	but
patients	as	old	as	60	years	of	age	have	been	reported.	The	incidence	is	equal	in	all	ethnicities.	Benign	teratomas
are	 the	most	 common	MGC	 tumor,	 accounting	 for	 70%	 of	 the	MGC	 tumors	 in	 children	 and	 60%	 of	 those	 in
adults.	 They	 can	 occur	 at	 any	 age	 but	 most	 commonly	 occur	 between	 20	 and	 40	 years	 of	 age.	 Primary	 pure
mediastinal	seminomas	account	for	roughly	35%	of	malignant	MGC	tumors	and	principally	arise	in	men	aged	20
to	40	years.152	Although	benign	germ	cell	 tumors	have	no	 sex	predilection,	more	 than	90%	of	adult	malignant
germ	cell	 tumors	occur	 in	men,	with	a	mean	age	of	29	year.	Both	benign	and	malignant	extragonadal	pediatric
germ	cell	tumors	occur	with	equal	sex	distribution.

Anatomy	and	Pathology
Extragonadal	germ	cell	 tumors	arise	along	 the	body’s	midline	 from	 the	cranium	(pineal	gland)	 to	 the	presacral
area,	 corresponding	 to	 the	 embryologic	 urogenital	 ridge,	 presumably	 from	 aberrantly	 migrated	 germ	 cells.151
MGC	tumors	are	broadly	classified	as	benign	or	malignant.	Benign	tumors	include	mature	teratomas	and	mixed
teratomas	 with	 an	 immature	 component	 of	 <50%.	 Malignant	 germ	 cell	 tumors	 are	 divided	 into	 seminomas
(dysgerminomas)	 and	 nonseminomatous	 tumors.	 In	 addition,	 MGC	 tumors	 have	 a	 propensity	 to	 develop	 a
component	of	non–germ	cell	malignancy	(e.g.,	rhabdomyosarcoma,	adenocarcinoma,	permeative	neuroectodermal
tumor),	which	can	become	the	predominant	histology.

Teratomas
Teratomas	contain	elements	from	all	three	germ	cell	layers,	with	a	predominance	of	the	ectodermal	component	in
most	tumors,	including	the	skin,	hair,	sweat	glands,	sebaceous	glands,	and	teeth.	The	mesoderm	is	represented	by
fat,	 smooth	 muscle,	 bone,	 and	 cartilage.	 Respiratory	 and	 intestinal	 epithelium	 are	 often	 both	 seen	 as	 the
endodermal	component.	Teratomas	may	be	solid	or	cystic	in	appearance	and	are	often	referred	to	as	dermoid	cysts
if	 unilocular.	 Most	 mediastinal	 teratomas	 are	 composed	 of	 mature	 ectodermal,	 mesodermal,	 and	 endodermal
elements	and	exhibit	a	benign	course.	Immature	teratomas,	which	phenotypically	appear	as	malignant	ectodermal,
mesodermal,	or	endodermal	tumors,	behave	aggressively	and	generally	are	not	responsive	to	therapy.

Seminomas
Seminomas	uncommonly	may	exist	in	a	pure	form,	but	any	elevation	of	serum	AFP	levels	indicates	the	presence
of	at	least	a	small	element	of	nonseminomatous	tumor.

Nonseminomatous	Tumors
Mediastinal	 nonseminomatous	 germ	 cell	 tumors	 are	 most	 commonly	 found	 in	 the	 anterior	 mediastinum	 and



appear	grossly	 as	 invasive,	 lobulated	masses	with	 a	 thin	 capsule.	Nonseminomatous	 tumors	 include	 embryonal
carcinomas,	choriocarcinomas,	yolk	sac	tumors,	and	immature	teratomas.153	They	may	occur	in	a	pure	form,	but
in	approximately	one-third	of	cases,	multiple	cell	types	are	present.	Non–germ	cell	malignant	components	may	be
present	or	even	predominate	in	immature	teratoma,	including	adenocarcinoma,	squamous	cell	carcinoma,	small-
cell	 undifferentiated	 carcinoma,	 neuroblastoma,	 rhabdomyosarcoma,	 or	 other	 sarcomas.151	 Other	 synchronous
hematologic	malignancies,	 such	 as	 acute	myeloid	 leukemia,	 acute	 nonlymphocytic	 leukemia,	 erythroleukemia,
myelodysplastic	 syndrome,	 malignant	 histiocytosis,	 thrombocytosis,	 and,	 most	 interestingly,	 acute
megakaryocytic	 leukemia,	 also	 have	 been	 reported	 and	 may	 antedate	 the	 discovery	 of	 the	 germ	 cell	 tumor.
Karyotypic	abnormalities,	particularly	the	47,XXY	pattern	of	Klinefelter	syndrome,	have	been	found	in	up	to	20%
of	patients.154	Of	patients,	85%	to	95%	have	systemic	disease	at	the	time	of	diagnosis.	Common	metastatic	sites
include	the	lungs,	pleura,	lymph	nodes,	the	liver,	and,	less	commonly,	bone.152

Diagnosis
Many	patients	with	benign	germ	cell	 tumors,	 including	50%	of	 teratomas,	are	asymptomatic;	however,	90%	 to
100%	of	patients	with	malignant	tumors	have	symptoms	of	chest	pain,	dyspnea,	cough,	fever,	or	complaints	from
compression	 or	 invasion	 of	 adjacent	 mediastinal	 structures.154,155	 Seminomas	 typically	 grow	 slowly	 and
metastasize	 later	 than	 their	 nonseminomatous	 counterparts,	 and	 they	 may	 reach	 a	 large	 size	 by	 the	 time	 of
diagnosis	with	20%	to	30%	remaining	asymptomatic	until	discovered.152	Symptoms	are	usually	 related	 to	 their
effects	on	the	surrounding	mediastinal	structures.	Pulmonary	and	other	intrathoracic	metastases	are	present	in	60%
to	70%	of	patients,	whereas	extrathoracic	metastases	usually	involve	bone.152

Serum	tumor	markers	are	important	in	the	diagnosis	and	follow-up	of	MGC	tumors.	Immunoassays	for	serum
β-hCG	 and	 AFP	 should	 be	 obtained	 in	 all	 patients	 who	 have	 suspicious	 mediastinal	 masses.	 The	 significant
elevations	of	β-hCG	and/or	AFP	will	confirm	a	malignant	tumor.	AFP	(60%	to	80%),	β-hCG	(30%	to	50%),	or
both	 are	 elevated	 in	 80%	 to	 85%	of	 nonseminomatous	 germ	 cell	 tumors.155	 Patients	with	 pure	 seminoma	may
have	 low	 levels	 of	 β-hCG,	but	AFP	 is	 not	 detected	unless	 a	 nonseminomatous	 component	 also	 exists.	 Patients
with	benign	 teratomas	have	normal	markers.	The	presence	of	 isochromosome	12p	 is	 diagnostic	 of	 a	 germ	cell
malignancy,	even	in	the	absence	of	elevated	serum	markers.

MGC	tumors	typically	are	detected	by	standard	chest	radiographs,	which	are	abnormal	in	95%	of	cases.	Most
masses	are	noted	in	the	anterior	mediastinum,	but	3%	to	8%	of	tumors	arise	within	the	posterior	mediastinum.154
Chest	CT	scans	demonstrate	large	inhomogeneous	masses	containing	areas	of	hemorrhage	and	necrosis	and	also
define	 the	 extent	 of	 disease,	 the	 relationship	 to	 surrounding	 structures,	 and	 the	 presence	 of	 cystic	 areas	 and
calcification	within	 the	 tumor.	 In	 teratomas,	 sonographic	 patterns	may	 improve	 the	 diagnostic	 accuracy	 of	CT
scans	alone.156	Abdominal	imaging	should	be	performed	to	assess	for	liver	metastases.	Careful	examination	of	the
testes,	 including	 a	 testicular	 ultrasound,	 should	 always	 be	 performed;	 however,	 a	 blind	 testicular	 biopsy	 or
orchiectomy	in	patients	with	normal	physical	and	ultrasound	findings	is	not	indicated	because	an	isolated	anterior
mediastinal	 mass	 without	 retroperitoneal	 adenopathy	 is	 not	 consistent	 with	 a	 primary	 testicular	 tumor.151	 The
diagnosis	of	nonseminomatous	germ	cell	 tumors	 in	young	males	with	anterior	mediastinal	masses	and	elevated
serum	tumor	markers	(AFP	and	β-hCG)	may	be	made	without	a	tissue	biopsy,	and	treatment	may	be	initated.157	If
a	 tissue	 confirmation	 is	 necessary,	 a	 core	 needle	 biopsy	with	 cytological	 staining	 for	 tumor	markers	 usually	 is
adequate.	Rarely,	an	open	biopsy	via	an	anterior	mediastinotomy	approach	is	necessary.157

Management	by	Histology
MGC	tumors	are	not	formally	staged	according	to	the	AJCC	staging	system	but	can	be	characterized	as	localized,
locally	advanced,	and	metastatic.	Due	to	the	lack	of	a	staging	system,	these	tumors	will	be	discussed	by	histologic
subtype.

Teratoma
Treatment	 of	 a	mature	mediastinal	 teratoma	 consists	 of	 complete	 surgical	 resection,	which	 results	 in	 excellent
long-term	 cure	 rates.153	 The	 tumor	 may	 be	 adherent	 to	 surrounding	 structures,	 necessitating	 resection	 of	 the
pericardium,	pleura,	or	the	lung.	Radiotherapy	and	chemotherapy	play	no	role	in	the	management	of	this	tumor.
Neoadjuvant	 chemotherapy	with	cisplatin-based	combination	chemotherapy	 (four	cycles	of	 cisplatin,	 etoposide,
and	 bleomycin	 or	 vinblastine,	 ifosfamide,	 and	 cisplatin)	 may	 be	 considered	 if	 the	 tumor	 is	 not	 completely
resectable.153
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Seminoma
The	 treatment	 of	 mediastinal	 seminoma	 has	 evolved	 since	 the	 early	 1970s.	 Seminomas	 are	 extremely
radiosensitive	 tumors,	 and	 for	many	 years,	 high-dose	mediastinal	 radiation	was	 used	 as	 the	 definitive	 therapy,
resulting	in	long-term	survival	rates	of	60%	to	80%.157	Radiation	therapy	in	the	extragonadal	seminoma,	including
recommendations	 for	mediastinal	 and	 bilateral	 supraclavicular	 fields	 as	well	 as	 for	 doses	 of	 35	 to	 45	Gy,	was
reviewed	by	Hainsworth	and	Greco.152

Mediastinal	seminoma,	however,	often	presents	as	a	bulky,	extensive,	and	locally	invasive	disease,	requiring
large	 radiotherapy	portals	 that	would	 result	 in	 excessive	 irradiation	 of	 surrounding	 the	 normal	 lung,	 heart,	 and
other	 structures.	Additionally,	 20%	 to	40%	of	 irradiated	patients	 fail	 at	 distant	 sites.152	Currently,	 due	 to	 these
limitations,	 only	 an	 isolated	mediastinal	 seminoma	with	minimal	 disease	 is	managed	with	 radiotherapy	 alone.
Instead,	 the	 use	 of	 cisplatin-based	 combination	 chemotherapy,	 which	 was	 previously	 used	 only	 in	 advanced
gonadal	 seminoma,	 is	 now	 used	 as	 first-line	 therapy.	 Lemarié	 et	 al.155	 reported	 that	 12	 of	 13	 patients	 treated
experienced	 complete	 remission,	 with	 only	 2	 subsequent	 recurrences.	 Bokemeyer	 et	 al.158	 reported	 an
international	analysis	of	51	patients	with	mediastinal	seminoma.	Chemotherapy	was	primarily	cisplatin	based	(45
of	51,	88%),	but	carboplatin	was	also	used	(3	of	51,	5.9%)	and	had	a	lower	objective	response	rate	(80%	versus
93%).	In	this	study,	patients	were	treated	with	chemotherapy	(38	of	51,	74.5%),	chemotherapy	and	radiation	(10
of	51,	19.6%),	or	radiation	alone	(3	of	51,	5.9%).	The	PFS	and	OS	were	77%	and	88%,	respectively.	Patients	with
extrathoracic	 metastases	 (6	 of	 51,	 11.8%)	 had	 a	 worse	 prognosis.	 In	 a	 collective	 review	 of	 52	 patients	 by
Hainsworth	and	Greco,152	14	patients	had	received	prior	radiation	therapy,	but	all	underwent	chemotherapy	with
cisplatin	and	various	combinations	of	cyclophosphamide,	vinblastine,	bleomycin,	or	etoposide.	CRs	to	treatment
were	noted	in	85%	of	patients,	with	83%	disease-free	long-term	survival.

Pure	mediastinal	seminoma,	even	with	visceral	metastases,	falls	into	the	intermediate-risk	category	of	the	new
International	 Staging	 System	 for	 Germ	 Cell	 Tumors,	 and	 all	 patients	 should	 be	 treated	 with	 curative	 intent.
Locally	advanced	and	bulky	disease	should	be	 treated	 initially	with	cisplatin-based	combination	chemotherapy,
which	 is	 most	 often	 four	 cycles	 of	 cisplatin	 and	 etoposide	 with	 or	 without	 supradiaphragmatic	 radiotherapy.
Patients	 with	 distant	 metastases	 should	 undergo	 chemotherapy	 alone	 as	 the	 initial	 treatment.	 Salvage
chemotherapy	(vinblastine,	ifosfamide,	and	cisplatin)	may	be	required	for	persistent	or	recurrent	disease.159

Despite	 a	 recent	 report	 of	 76.9%	 long-term	 survival	 patients	 using	 primary	 surgical	 resection	 followed	 by
adjuvant	 therapy,160	 most	 authors	 believe	 that	 surgery	 does	 not	 play	 a	 role	 in	 the	 definitive	 treatment	 of	 a
seminoma.157	 In	addition,	surgical	debulking	of	 large	 tumors	has	not	been	shown	to	be	of	benefit	 in	 improving
local	control	or	survival.152

The	 management	 of	 patients	 with	 residual	 radiographic	 abnormalities	 after	 chemotherapy	 is	 controversial.
Studies	have	shown	that	the	residual	mass	is	a	dense	scirrhous	reaction	or	fibrosis	in	85%	to	90%	of	patients,	and
the	presence	of	a	viable	seminoma	is	rare.	Others	have	shown	a	25%	incidence	of	residual	viable	seminoma	in
these	patients	 treated	with	chemotherapy	 followed	by	 resection	of	 residual	masses	>3	cm.160	Close	observation
without	 surgery	 is	 recommended	 for	 residual	 masses	 after	 chemotherapy	 unless	 the	 mass	 enlarges.152,157	 An
evaluation	with	PET	scans	in	this	setting	may	be	superior	to	CT	alone	in	seminoma	patients	with	a	sensitivity	and
specificity	of	80%	and	100%	versus	73%	and	73%,	respectively,	for	CT	alone.	There	were	no	false-positive	scans
in	lesions	>3	cm,	and	all	11	lesions	>3	cm	with	a	residual	tumor	were	PET	avid,	making	this	a	useful	modality	to
avoid	unnecessary	surgery	and	empiric	radiation	therapy.152,157

Nonseminomatous	Germ	Cell	Tumors
The	 mainstay	 of	 treatment	 of	 nonseminomatous	 germ	 cell	 tumors	 is	 cisplatin-based	 chemotherapy.	 Overall
complete	remission	rates	of	40%	to	64%	were	obtained	in	most	series.152,153,155,158	In	an	international	review	of
287	 patients,	 responses	 were	 noted	 in	 178	 (64%),	 and	 the	 PFS	 and	 OS	 were	 62%	 and	 45%,	 respectively.158
Patients	 with	 relapsing	 mediastinal	 nonseminomatous	 germ	 cell	 tumors	 do	 extraordinarily	 poorly	 even	 with
salvage	 therapy,	 such	 as	 vinblastine,	 ifosfamide,	 and	 cisplatin,159	 with	 only	 9	 of	 79	 patients	 (11%)	 becoming
disease	free	in	one	study,158	or	paclitaxel,	 ifosfamide	plus	cisplatin.161	Surgical	resection	of	 the	residual	disease
despite	persistently	elevated	tumor	markers	has	been	reported	by	several	authors	to	be	beneficial.160,162,163

Prognosis
Immature	teratomas	are	potentially	malignant	tumors,	and	their	prognosis	is	influenced	by	the	anatomic	site	of	the
tumor,	 the	 patient’s	 age,	 and	 the	 fraction	 of	 the	 tumor	 that	 is	 immature.153	 In	 patients	 younger	 than	 15	 years,



immature	 teratomas	behave	similarly	 to	 their	mature	counterparts.	 In	older	patients,	 they	may	behave	as	highly
malignant	 tumors.	 Nonseminomatous	 MGC	 tumors	 carry	 a	 poorer	 prognosis	 than	 either	 pure	 extragonadal
seminomas	or	their	gonadal	nonseminomatous	counterparts.	All	primary	mediastinal	nonseminomatous	germ	cell
tumors	fall	into	the	poor-risk	category	of	the	International	Germ	Cell	Consensus	Classification	and	have	a	5-year
survival	of	approximately	40%	to	50%	in	previously	untreated	patients.163–165

Nuclear	Protein	in	Testis	Midline	Carcinoma
When	considering	the	differential	diagnosis	of	a	mediastinal	neoplasm,	it	is	increasingly	important	to	consider	a
rare	 but	 biologically	 distinct	 entity	 termed	 NUT	 midline	 carcinoma.166	 NUT	 midline	 carcinoma	 is	 a	 poorly
differentiated	squamous	cell	carcinoma	caused	by	translocation	between	the	NUT	gene	on	chromosomes	15	and
the	 bromodomain	 containing	 4	 (BRD4)	 gene	 on	 chromosome	 19,	 which	 results	 in	 a	 [t(15;19)(q14;p13.1)]
translocation.166,167	 Variant	 NUT	 translocations	 involving	 BRD3,	 NSD3,	 and	 unknown	 genes	 also	 have	 been
reported.	This	BRD4-NUT	translocation	leads	to	hypoacetylation	and	repression	of	hundreds	of	genes	required	for
cellular	differentiation.166	This	 disease	has	unique	biology,	with	virulent	 growth	 and	 spread,	 and	 is	 resistant	 to
cytotoxic	chemotherapy.	The	diagnosis	is	typically	missed	at	diagnosis	in	most	patients	and	declares	itself	instead
by	rapid	growth	kinetics.	Diagnosis	is	often	suspected	when	a	high-grade,	nonglandular	carcinoma	is	discovered
in	 younger	 patients	 or	 never-smokers,	 but	 the	 disease	 can	 also	 occur	 in	 older	 patients	 and	 former	 smokers.
Histopathology	shows	primitive	round	to	epithelioid	cells	growing	in	nests	and	sheets	and	expressing	keratin,	and
p63	or	p40	by	immunohistochemistry	(IHC).168	Diagnosis	is	confirmed	by	IHC	for	NUT	protein	or	detection	of
the	gene	rearrangement.	Retrospective	cohort	studies	with	50	or	more	patients	show	a	median	OS	of	7	months,	a
2-year	PFS	of	<10%,	and	 some	suggestion	 that	 complete	 surgical	 resection	or	definitive	 radiation	 therapy	may
lengthen	survival.169	 There	 is	 no	 evidence,	 however,	 that	 conventional	 chemotherapy	 improves	 outcome.	Early
recognition	of	 the	disease	may	allow	 immediate	 referral	 for	experimental	chemotherapy.	Epigenetic	 treatments,
such	as	bromodomain	inhibitors,	are	currently	in	development	and	designed	to	slow	cancer	growth	by	restoring
expression	of	genes	for	cellular	differentiation.	Consensus	among	experts	is	that	recognizing	this	rare	disease	is
important	 enough	 to	 consider	 routine	 use	 of	 NUT	 protein	 IHC	 in	 all	 thoracic	 carcinomas	 lacking	 glandular
differentiation.168
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51 Molecular	Biology	of	the
Esophagus	and	Stomach
Anil	K.	Rustgi

INTRODUCTION
This	 chapter	 deals	 with	 the	 molecular	 biology	 of	 esophageal	 and	 gastric	 cancers.	 The	 reader	 is	 referred	 to
Chapters	52	and	53	for	detailed	information	about	the	epidemiology,	etiology,	pathology,	clinical	manifestations,
diagnosis,	 and	 therapy	 of	 esophageal	 and	 gastric	 cancers,	 respectively.	 There	 are	 several	 key	 aspects	 in	 the
elucidation	of	 the	genetic	basis	of	esophageal	and	gastric	cancers	 through	molecular	biology	approaches.	These
include,	but	are	not	limited	to,	new	insights	into	underlying	pathogenesis,	possibilities	for	risk	stratification	and
prognosis,	correlations	with	traditional	pathology	classification	schemes,	the	development	of	new	diagnostics,	and
potential	applications	in	molecular	imaging	and	therapy.	In	considering	the	genetic	underpinnings	of	esophageal
and	gastric	cancers,	critical	appraisal	is	required	of	oncogenes,	tumor	suppressor	genes,	and	DNA	mismatch	repair
genes	 as	 they	 modulate,	 either	 positively	 or	 negatively,	 growth	 factor	 receptor–mediating	 signaling	 cascades,
transcription	of	target	genes,	and	cell-cycle	progression.	These	molecular	networks	conspire	to	influence	cellular
behaviors,	 such	 as	 proliferation,	 differentiation,	 apoptosis,	 senescence,	 and	 response	 to	 stress	 and	 injury.	 The
exquisite	equilibrium	that	is	the	signature	of	normal	cellular	homeostasis	is	perturbed	in	uncontrolled	cell	growth,
resulting	 in	 the	 eventual	 evolution	 of	 premalignant	 stages	 and	 malignant	 transformation.	 However,	 the	 time
required	for	malignant	transformation	varies,	depending	on	cellular-	and	tissue-specific	context,	and	is	affected	by
environmental	factors.

The	 salient	 features	 of	 tumorigenesis	 and	 the	 acquisition	 of	 the	 malignant	 phenotype	 that	 are	 required,	 as
described	 by	 Hanahan	 and	 Weinberg,1	 include	 growth	 signal	 autonomy,	 the	 ability	 to	 surmount	 antigrowth
signals,	the	evasion	of	apoptosis,	unlimited	replicative	ability,	angiogenesis,	and	invasion	and	metastatic	potential.
The	 role	 of	 inflammation	 in	 carcinogenesis	 has	 gained	much	 attention,	 especially	 in	 the	 context	 of	 the	 tumor
microenvironment.

MOLECULAR	BIOLOGY	OF	ESOPHAGEAL	CANCER
The	 vast	 majority	 of	 esophageal	 cancers	 are	 of	 two	 subtypes:	 esophageal	 squamous	 cell	 cancer	 (ESCC)	 and
esophageal	 adenocarcinoma	 (EAC).	ESCC	 is	 preceded	by	 squamous	dysplasia,	whereas	EAC	 is	 preceded	by	 a
Barrett	 esophagus	 (BE)	or	an	 incomplete	 intestinal	metaplasia	 I	 lieu	of	 the	normal	 squamous	epithelium	of	 the
esophagus	(Fig.	51.1).	BE	undergoes	transition	from	low-	and	high-grade	dysplasia	before	progressing	into	EAC.
ESCC	and	EAC	have	common	and	divergent	genetic	features	as	manifest	by	alterations	in	canonical	oncogenes
and	tumor	suppressor	genes	in	somatic	cells	of	tumors	(Table	51.1).	Inherited	predisposition	to	ESCC	is	rare,	as
described	 in	 tylosis	 palmaris	 et	 plantaris.	 The	 region	 responsible	 for	 tylosis	 was	 linked	 first	 to	 chromosome
17q.2–4	Subsequently,	germline	mutations	in	RHBDF2	were	discovered	 in	some	tylosis	 families,	which	encodes
the	 inactive	 rhomboid	 protease	 and	 may	 have	 a	 relationship	 to	 epidermal	 growth	 factor	 receptor	 (EGFR)
signaling.5	Similarly,	there	is	no	classic	syndrome	that	distinguishes	familial	BE	or	familial	EAC.	That	being	said,
studies	 continue	 to	 analyze	 families	 with	 BE	 in	 an	 effort	 to	 identify	 relevant	 genes	 or	 single-nucleotide
polymorphisms.	 It	 is	 estimated	 that	 about	 7%	of	 patients	with	BE	may	have	 a	 family	 history.	 In	 a	model-free
linkage	 analysis	 of	 concordant-affected	 and	 discordant	 sibling	 pairs	 with	 BE/EAC,	 and	 tested	 independently
prospectively	in	BE/EAC	patients	(and	ancestry-matched	controls),	three	genes—	MSR1,	ASCC1,	and	CTHRC1—
were	 associated	 with	 BE/EAC.6	 An	 initial	 genome-wide	 association	 study	 (GWAS)	 revealed	 that	 common
variants	 at	 chromosome	 16q24.1	 (the	 closest	 gene	 is	 FOXF1,	 which	 may	 be	 involved	 in	 esophageal
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organogenesis)	 and	 major	 histocompatibility	 complex	 locus	 (chromosome	 6p21)	 are	 associated	 with	 BE.7
Subsequently,	 another	GWAS	 revealed	 new	 susceptibility	 loci	 in	 BE/EAC	 in	 the	 following	 chromosomes	 and
genes:	 chromosome	 19p13-	 CRTC1	 (encoding	 cAMP	 response	 element	 binding	 protein	 [CREB]–regulated
transcription	 coactivator)	 gene;	 chromosome	 9q22-	 BARX1	 gene,	 which	 is	 a	 transcription	 factor	 important	 in
esophageal	and	gastric	organogenesis;	and	chromosome	3p14-	near	the	FOXP1	gene,	which	regulates	esophageal
development.8	 Additional	 studies	 have	 revealed	 the	 association	 of	 VSIG10L	 mutation	 in	 a	 family	 with
multigenerational	BE	 and	EAC.9	 Evaluation	 of	 multiple	 families	 has	 revealed	 regions	 on	 chromosomes	 2q31,
12q23,	4p14,	and15q26	with	linkage	to	familial	BE	and	EAC.10

Epidermal	Growth	Factor	Receptor
The	 EGFR	 family	 of	 receptor	 tyrosine	 kinases	 stimulates	 a	 number	 of	 signal	 transduction	 cascades	 (e.g.,
Ras/Raf/MEK/ERK,	 PI3K/AKT)	 that	 regulate	 diverse	 cellular	 processes,	 such	 as	 proliferation,	 differentiation,
survival,	migration,	 and	 adhesion.	 These	 signaling	 pathways	 are	 important	 in	 normal	 cellular	 homeostasis,	 but
aberrant	 activation	 of	 the	 EGFR	 members	 is	 crucial	 in	 esophageal	 carcinogenesis.	 This	 family	 of	 receptors
comprises	EGFR	(also	referred	to	as	erbB1,	erbB2,	erbB3,	and	erbB4).	The	receptors	have	the	ability	to	homo-	or
heterodimerize	 on	 engagement	 with	 one	 of	 several	 ligands:	 transforming	 growth	 factor	 α	 (TGF-α),	 epidermal
growth	 factor	 (EGF),	 amphiregulin,	 heparin-binding	 EGF-like	 growth	 factor,	 betacellulin,	 and	 epiregulin.	 The
tyrosine	 phosphorylation	 of	 homo-	 or	 heterodimers	 of	 EGFRs	 creates	 docking	 sites	 for	 signaling	 proteins	 or
adapter	 proteins.	 EGFR	 is	 commonly	 overexpressed	 in	 early-stage	 esophageal	 cancer,	 and	 overexpression
correlates	with	a	poor	prognosis.11–14	EGFR	overexpression	is	typically	due	to	increased	engagement	with	ligands
and	decreased	turnover.	However,	the	mutation	of	a	tyrosine	residue	in	the	cytoplasmic	domain	is	rare.	Increased
expression	of	TGF-α	and	EGF	has	been	detected	in	BE,	EAC,	and	ESCC.15–19	EGFR	overexpression	may	predict
a	poor	response	to	chemoradiotherapy20,21	and	is	associated	with	decreased	survival	in	patients	with	squamous	cell
carcinoma.20	 Furthermore,	EGFR	overexpression	was	 associated	with	 recurrent	 disease	 and	 diminished	 overall
survival	in	patients	undergoing	an	esophagectomy	for	ESCC.21,22

Figure	51.1	Progression	of	stages	in	esophageal	squamous	cell	cancer	and	esophageal
adenocarcinoma.

Cyclin	D1	and	p16INK4a
Cyclins,	cyclin-dependent	kinases	(CDKs),	and	cyclin-dependent	kinase	inhibitors	(CDKis;	such	as	p15,	p16,	p21,
and	p27)	regulate	the	mammalian	cell	cycle.	During	the	G1	phase,	the	cyclin	D1	oncogene	complexes	with	either
CDK4	or	CDK6	to	phosphorylate	the	retinoblastoma	(pRb)	tumor	suppressor	protein	and,	in	so	doing,	relieves	the
negative	regulatory	effect	of	pRb,	allowing	the	E2F	family	of	transcription	factors	to	propel	the	cell	cycle	toward
the	G1/S	phase	 transition.23	Toward	 the	 late	G1	phase,	cyclin	E	complexes	with	CDKs	 to	phosphorylate	p107,
which	is	related	to	pRb,	and	liberates	more	E2F	members	to	navigate	the	cell	cycle	into	S	phase.	As	with	EGFR,
cyclin	D1	overexpression	is	found	in	premalignant	lesions,	such	as	esophageal	squamous	dysplasia	or	BE,	and	the
majority	of	early-stage	ESCC	or	EAC.24,25	Additionally,	cyclin	D1	overexpression	correlates	with	poor	outcomes
and	survival	as	well	as	poor	response	to	chemotherapy.26,27

Although	cyclin	D1	overexpression	accounts	for	cyclin	D1	dysregulation,	other	mechanisms	include	mutations
in	cyclin	D1	and	mutations	in	Fbx4,	which	is	the	E3	ligase	for	cyclin	D1,	thereby	preventing	degradation	of	cyclin
D1	in	the	cytoplasm	and	allowing	reimportation	into	the	nucleus,	where	it	exerts	its	oncogenic	effects.28

In	a	similar	vein,	p16INK4a	 is	an	early	genetic	alteration,	via	promoter	hypermethylation,	point	mutation,	or
allelic	deletion,	 in	BE	and	EAC,	but	 interestingly,	 is	a	 late	event	 in	ESCC.	Loss	of	heterozygosity	of	9p21,	 the
locus	for	both	p16	and	p15,	has	been	demonstrated	with	high	frequency	in	both	dysplastic	Barrett	epithelium	and
Barrett	adenocarcinoma	(90%	and	>80%	of	cases,	respectively).29,30	Promoter	hypermethylation,	which	prevents
tumor	 suppressor	 function	 by	 blocking	 transcription,	 has	 been	 documented	 and	 correlates	 with	 the	 degree	 of
dysplasia	in	BE.	It	is	present	in	up	to	75%	of	specimens	with	high-grade	dysplasia	and	is	found	in	almost	50%	of



patients	 with	 adenocarcinoma	 of	 the	 esophagus.29,31	 Point	 mutations	 of	 p16	 in	 ESCC	 have	 been	 found,	 and
promoter	hypermethylation	has	been	noted	in	up	to	50%	of	these	tumors.32,33	An	Rb	gene	mutation	is	not	found	in
either	type	of	esophageal	neoplasm,	but	allelic	loss	of	13q,	where	the	locus	of	the	Rb	gene	resides,	is	found	in	up
to	 50%	 of	 patients	 with	 Barrett	 adenocarcinoma	 and	 squamous	 cell	 carcinoma.34	 This	 can	 correlate	 with
diminished	or	loss	of	pRb	protein	in	BE	with	dysplasia,	EAC,	and	ESCC.35

TABLE	51.1
Common	Molecular	Genetic	Alterations	Observed	in	Esophageal	and	Gastric	Cancers

Oncogenes
Epidermal	growth	factor	receptor	(EGFR)
Cyclin	D1

Tumor	Suppressor	Genes
P16INK4a
TP53
E-Cadherin

p120	catenin

DNA	Mismatch	Repair	Genes	(hMLH1,	hMSH2)
Mismatch	repair	instability

TP53	Tumor	Suppressor	Genes
TP53	is	the	most	commonly	known	mutated	gene	in	human	cancer.36–38	TP53	is	a	tumor	suppressor	that	interrupts
the	G1	phase	to	evaluate	and	permit	the	repair	of	damaged	DNA,	which	may	arise	from	environmental	exposure
(e.g.,	 irradiation,	ultraviolet	 light)	or	cellular	stress.39	 In	 the	 face	of	 irreparable	damage,	p53	 induces	apoptosis.
The	 p53	 transcription	 factor	 binds	 DNA	 to	 activate	 or	 suppress	 a	 large	 repertoire	 of	 target	 genes.40	 TP53
mutations	 induce	 the	 loss	 of	 cell-cycle	 checkpoints	 and	 promote	 genomic	 instability.	 The	 majority	 of	 TP53
mutations	occur	in	the	DNA-binding	region,	and	>80%	of	them	are	missense	mutations	resulting	in	loss	of	wild-
type	p53	 function.41	Wild-type	p53	 has	 a	 short	 half-life	 and	 is	 difficult	 to	 detect	 by	 immunohistochemistry;	 a
mutation	in	p53	results	in	the	stabilization	of	the	protein	and	allows	for	easier	detection	by	immunohistochemistry.

The	 detection	 of	 the	mutated	 p53	 protein	 by	 immunohistochemistry	 has	 been	 demonstrated	with	 increasing
frequency	during	histologic	progression	from	BE	(5%)	through	dysplasia	(65%	to	75%)	to	frank	adenocarcinoma
(up	to	90%).42–44	Thus	the	p53	mutation	or	loss	of	heterozygosity	appears	early	in	BE	and	EAC.	TP53	mutations
are	 very	 common	 in	 ESCC	 based	 on	 whole-genomic	 sequencing	 analysis.45,46	 The	 presence	 of	 a	 TP53	 point
mutation	correlates	with	a	response	to	induction	chemoradiotherapy	and	predicted	survival	after	esophagectomy	in
patients	 with	 either	 ESCC	 or	 EAC.47	 Finally,	 TP53	mutations	 are	 found	 early	 BE	 before	 dysplasia	may	 even
develop.48

Telomerase	Activation
The	maintenance	of	telomere	length	allows	DNA	replication	to	be	sustained	indefinitely.	The	aberrant	expression
of	 telomerase	 has	 been	 observed	 in	 most	 esophageal	 cancers	 examined	 to	 date.47	 Morales	 et	 al.49	 observed
increased	telomerase	expression	in	100%	of	adenocarcinoma	and	BE	cases	with	high-grade	dysplasia.	Telomerase
activation	 is	 important,	 but	 alternative	 mechanisms	 to	 maintain	 the	 length	 of	 telomeres	 may	 operate	 in	 these
cancers	as	well.50

Tumor	Invasion	and	Metastasis
The	loss	of	cell–cell	adhesion	can	lead	to	both	invasion	and	metastases.	Alterations	in	expression	of	E-cadherin,	a
cell–cell	adhesion	molecule,	or	its	associated	catenins	(e.g.,	p120	catenin	or	p120ctn)	disrupt	cell–cell	interactions,
which	results	in	the	potential	for	tumor	progression.51	Reduced	expression	of	E-cadherin	has	been	correlated	with
progression	from	BE,	to	dysplasia,	and	finally	to	adenocarcinoma	and	is	also	observed	in	ESCC.52,53
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Models	of	Esophageal	Squamous	Cell	Cancer	and	Esophageal
Adenocarcinoma
Advances	 in	 the	 diagnosis	 and	 therapy	 of	 esophageal	 neoplasms	will	 ultimately	 be	 fostered	 through	 cell	 lines,
xenotransplantation	mouse	models,	 surgically	 based	 rodent	models,	 and	 genetically	 engineered	mouse	models.
There	is	a	vast	array	of	cell	 lines	established	from	primary	and	metastatic	human	esophageal	cancers	that	allow
the	 perturbation	 of	 gene	 expression	 to	 gauge	 effects	 on	 cellular	 behavior.	 Recently,	 organotypic	 (three-
dimensional)	cell	culture	models,	which	mimic	human	 tissue,	have	revealed	 that	 the	combination	of	EGFR	and
mutant	 p53	 results	 in	 the	 transformation	 of	 human	 esophageal	 epithelial	 cells	 immortalized	 with	 human
telomerase	reverse	transcriptase	(hTERT).54

Figure	51.2	Progression	of	stages	in	intestinal-type	gastric	adenocarcinoma.

In	transgenic	mice	in	which	cyclin	D1	is	targeted	to	the	esophagus,	esophagi	reveal	evidence	of	dysplasia	that
evolves	 into	 squamous	 cell	 cancer	 on	 cross-breeding	 the	mice	with	 p53	 loss.55	More	 recently,	 the	 conditional
knockout	 of	 p120ctn	 in	 the	 esophagi	 of	mice	 results	 in	 invasive	ESCC.56	Rodents	 have	 also	 been	 treated	with
nitrosamines	to	yield	esophageal	papillomas	and	ESCC.57

A	 classic	 rodent	model	 involves	 a	 total	 gastrectomy	 followed	 by	 an	 esophagojejunostomy.58	 This	 creates	 a
milieu	whereby	the	esophagus	is	exposed	to	high	concentrations	of	bile	(nonacid	reflux)	with	the	development	of
BE	and	EAC.	Recently,	two	genetically	engineered	mouse	models	have	changed	our	views	of	BE	and	EAC.	The
targeted	 expression	 of	 the	 interleukin-1β,	 a	 cytokine,	 to	 the	 mouse	 esophagi,	 results	 in	 esophageal	 and
gastroesophageal	inflammation,	the	development	of	BE,	and	long	latency	to	EAC.59	However,	the	time	for	EAC
development	is	hastened	by	adding	bile	acid	to	drinking	water	consumed	by	the	mice	or	by	cross-breeding	these
mice	with	mice	 null	 for	 the	p16INK4a	 allele.59	Another	model	 involves	 the	 global	 knockout	 of	 p63,	which	 is
important	in	squamous	stem	cells	and	progenitor	cells,	revealing	Barrett-like	cells	in	the	postnatal	period	when	the
mice	die	from	other	causes.60	In	each	of	these	two	models,	the	cells	that	give	rise	to	the	Barrett	cells	or	Barrett-
like	cells	migrate	from	the	gastric–squamous	forestomach	junction	to	the	junction–distal	esophagus.59,60

Functional	Genomics
The	underlying	fate	switch	between	ESCC	and	EAC	may	also	be	 influenced	by	 the	expression	and	function	of
lineage-specific	transcriptional	factors	as	demonstrated	through	functional	genomics.	To	that	end,	SOX2,	found	to
be	part	of	an	amplicon	on	chromosome	3q26.33	in	human	ESCC,	fosters	growth	of	these	cancers.	This	may	have
implications	 in	 the	 therapy	 of	 human	 ESCC.61	 Similarly,	 GATA6,	 a	 known	 transcriptional	 factor,	 has	 been
reported	 to	be	overexpressed	 in	EAC.62	Exome	and	whole-genome	sequencing	of	EAC	has	revealed	>20	genes
that	are	mutated	significantly,	some	of	which	include	newly	identified	chromatin-modifying	factors.63	Large-scale
sequencing	efforts	have	revealed	a	amplifications	in	cyclin	D1	and	SOX2	and/or	TP63,	whereas	ERBB2,	VEGFA,
GATA4,	and	GATA6	amplifications	are	more	frequent	in	EAC.64	Furthermore,	it	has	been	proposed	that	gastric
cancer	can	be	subtyped	based	on	genomic	and	genetic	features:	(1)	positive	for	Epstein-Barr	virus,	with	recurrent
PIK3CA	mutations;	DNA	hypermethylation;	 and	 amplification	 of	JAK2,	PD-L1,	 and	PD-L2;	 (2)	microsatellite
instability;	 (3)	 genomic	 instability,	 with	 mutations	 of	 RHOA	 or	 fusions	 involving	 RHO	 family	 guanosine
triphosphatase	(GTPase)–activating	proteins;	and	(4)	chromosomal	instability	(amplification	of	receptor	tyrosine
kinases).65,66

MOLECULAR	BIOLOGY	OF	GASTRIC	CANCER
The	most	 common	 type	 of	 gastric	 cancer	 is	 adenocarcinoma,	 of	 which	 there	 are	 two	 subtypes:	 intestinal	 and
diffuse.	They	are	distinguished	by	different	anatomic	locations	within	the	stomach,	variable	clinical	outcomes,	and
different	pathogenesis.	The	 intestinal	 type	of	 sporadic	gastric	adenocarcinoma	has	a	hallmark	progression	 from
normal	gastric	epithelium,	to	chronic	atrophic	gastritis	(typically	due	to	Helicobacter	pylori	infection	but	may	be
related	to	autoimmune	gastritis),	to	intestinal	metaplasia	(which	has	some	overlapping	but	also	different	features



than	intestinal	metaplasia	of	BE),	to	dysplasia,	to	cancer	(Fig.	51.2).	Diffuse-type	gastric	adenocarcinoma	is	even
more	invasive	and	aggressive	in	its	behavior,	has	overlap	with	lobular-type	breast	cancer,	and	may	be	highlighted
by	E-cadherin	loss.

Inherited	Susceptibility
Case-control	 studies	 have	 observed	 consistent—up	 to	 threefold—increases	 in	 risk	 for	 gastric	 cancer	 among
relatives	of	patients	with	gastric	cancer.67,68	Studies	of	monozygotic	twins	have	even	shown	a	slight	trend	toward
increased	concordance	of	gastric	cancers	compared	with	dizygotic	 twins.69,70	Large	 families	with	an	autosomal
dominant,	 highly	 penetrant	 inherited	 predisposition	 for	 the	 development	 of	 gastric	 cancer	 are	 rare.	 However,
early-onset	diffuse	gastric	cancers	have	been	described	and	linked	to	the	E-cadherin/CDH1	locus	on	chromosome
16q	and	associated	with	mutations	in	this	gene.71	This	seminal	finding	has	been	confirmed	in	other	studies	with
gastric	cancers	at	a	relatively	high	(67%	to	83%)	penetrant	rate.72–75	Thus,	E-cadherin	mutation	testing	should	be
considered	in	the	appropriate	clinical	setting.	In	fact,	prophylactic	gastrectomy	should	be	strongly	considered	in
families	with	germline	E-cadherin	mutation	even	without	gross	mucosal	abnormalities	by	endoscopic	examination
of	the	stomach.76	Recently,	germline	α-catenin	mutations	have	been	described	in	these	families.77

Lynch	syndrome	involves	germline	mutations	of	DNA	mismatch	repair	genes.78	Gastric	adenocarcinoma	may
be	observed	in	some	families	with	Lynch	syndrome.	Gastric	cancers	have	also	been	noted	to	occur	in	patients	with
familial	adenomatous	polyposis	and	Peutz-Jeghers	syndrome.78

Role	of	Helicobacter	pylori	Infection	and	Other	Host–Environmental	Factors
As	a	commensal	organism,	H.	pylori	infection	is	widely	prevalent	throughout	the	world.	Despite	its	classification
by	the	World	Health	Organization	(WHO)	as	a	class	I	carcinogen,	infection	with	H.	pylori	does	not	typically	lead
to	gastric	cancer.	This	underscores	the	importance	of	other	factors,	such	as	virulence,	environmental	factors,	and
host	 factors	 as	well	 as	 genetic	 polymorphisms	 (e.g.,	 interleukin-1β,	 a	 potent	 inhibitor	 of	 acid	 secretion).79	 The
blood	group	A	phenotype	has	been	reported	to	be	associated	with	gastric	cancers.80,81	H.	pylori	may	adhere	to	the
Lewis	blood	group	antigen,	 indicating	a	 factor	 for	 increased	 risk	 for	gastric	cancer.82	Small	variant	alleles	of	a
mucin	gene,	MUC1,	were	found	to	be	associated	with	gastric	cancer	patients	when	compared	with	a	blood	donor
control	 population.83	 Epstein-Barr	 virus	 infection	 has	 been	 noted	 in	 a	 certain	 type	 of	 gastric	 carcinoma
(lymphoepithelioid	type),	although	the	importance	of	this	is	unclear.84

Molecular	Genetic	Alterations
In	contrast	to	ESCC,	EAC,	pancreatic	cancer,	and	colon	cancer,	in	which	certain	oncogenes	and	tumor	suppressor
genes	 are	 altered	with	 high	 frequency,	 such	degree	of	 alteration	 is	 not	 observed	 in	 sporadic	 gastric	 cancers.	A
reasonably	prevalent	alteration	is	microsatellite	 instability,	 the	result	of	changes	in	DNA	mismatch	repair	genes
(see	Table	51.1).	Microsatellite	instability	and	associated	alterations	of	the	TGF-β	II	receptor,	IGFRII,	BAX,	E2F2
to	E2F4,	hMSH3,	and	hMSH6	genes	are	found	in	a	subset	of	gastric	carcinomas.85–89	Microsatellite	instability	has
been	found	in	13%	to	44%	of	sporadic	gastric	carcinomas.90	A	high	degree	of	microsatellite	instability	occurs	in
gastric	cancers	of	 the	 intestinal	 type,	reduced	involvement	of	 lymph	nodes,	enhanced	lymphoid	infiltration,	and
better	prognosis.91	This	is	reminiscent	of	colon	cancers	associated	with	Lynch	syndrome.

The	p53	 tumor	 suppressor	 gene	 is	 consistently	 altered	 in	most	 gastric	 cancers.92	 In	 a	 study	 of	 the	 promoter
region	of	p16	in	gastric	cancers,	a	significant	number	(41%)	exhibited	CpG	island	methylation.93	Many	cases	with
hypermethylation	of	promoter	regions	displayed	the	phenotype	with	a	high	degree	of	microsatellite	instability	and
multiple	sites	of	methylation,	including	the	hMLH1	promoter	region.94

E-Cadherin	may	be	downregulated	in	gastric	carcinogenesis	by	a	point	mutation,	allelic	deletion,	or	promoter
methylation.95,96	 In	 addition,	 during	 the	 epithelial–mesenchymal	 transition,	 E-cadherin	 transcription	 can	 be
silenced	by	transcriptional	factors	such	as	Snail	and	Slug.	However,	it	is	not	clear	if	the	epithelial–mesenchymal
transition	 is	an	 important	process	 in	gastric	carcinogenesis,	as	 is	believed	 to	be	 the	case,	 for	example,	 in	breast
cancer.

Models	of	Gastric	Cancer
Genetically	engineered	mouse	models	of	gastric	cancer	have	emerged	in	rapid	fashion	in	recent	years,	indicating
that	activated	Wnt	signaling	and	induced	downstream	effectors,	p53	inactivation,	APC	gene	inactivation,	SMAD4
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gene	 inactivation,	 and	 gastrin	 are	 critical	 factors.97–100	 Gastric	 cancers	 in	 these	 protean	 mouse	 models	 are
facilitated	by	concomitant	infection	with	Helicobacter.101–104	Furthermore,	the	recruitment	of	bone	marrow	stem
cells	may	 augment	 the	 effects	 of	Helicobacter	 infection	during	gastric	 carcinogenesis.104	Recently,	 it	 has	 been
demonstrated	 that	 overexpression	 of	 interleukin-1β	 in	 mice	 results	 in	 gastric	 inflammation	 and	 cancer,	 with
concomitant	recruitment	of	immature	myeloid	cells	(also	referred	to	as	myeloid-derived	suppressor	cells).105
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52 Cancer	of	the	Esophagus
Mitchell	C.	Posner,	Karyn	A.	Goodman,	and	David	H.	Ilson

INTRODUCTION
Esophageal	 cancer	 is	 unique	 among	 the	 gastrointestinal	 tract	 malignancies	 because	 it	 embodies	 two	 distinct
histopathologic	 types:	 squamous	 cell	 carcinoma	 and	 adenocarcinoma.	Which	 type	 of	 cancer	 occurs	 in	 a	 given
patient	 or	 predominates	 in	 a	 given	 geographic	 area	 depends	 on	many	 variables,	 including	 individual	 lifestyle,
socioeconomic	pressures,	and	environmental	factors.	In	recent	decades,	the	United	States,	along	with	many	other
Western	countries,	has	witnessed	a	profound	 increase	 in	 incidence	rates	of	adenocarcinoma,	whereas	squamous
cell	 carcinoma	 continues	 to	 predominate	 worldwide.	 Although	 it	 would	 seem	 appropriate	 to	 individualize
treatment	 of	 these	 tumors,	 in	 the	 past,	 they	 have	 often	 been	managed	 as	 a	 single	 entity.	Although	 present-day
therapeutic	interventions	have	begun	to	have	an	impact,	with	statistically	significant	improvement	in	survival	over
the	most	recent	three	successive	decades,	cancer	of	the	esophagus	remains	a	highly	lethal	disease	as	evidenced	by
the	 case	 fatality	 rate	 of	 90%.	However,	 a	more	 thorough	 understanding	 of	 the	 initiating	 events,	 the	molecular
biologic	basis,	and	treatment	successes	and	failures	has	begun	to	spawn	a	new	era	of	therapy	aimed	at	targeting
both	adenocarcinoma	and	squamous	cell	carcinoma	of	the	esophagus.

EPIDEMIOLOGY
The	epidemiology	of	esophageal	cancer	 is	defined	by	 its	substantial	variability	as	a	 function	of	histologic	 type,
geographic	 area,	 gender,	 race,	 and	 ethnic	 background.1	 Because	 of	 the	 recent	 increase	 in	 incidence	 rates	 of
adenocarcinoma,	especially	in	the	Western	hemisphere,	where	the	incidence	rate	of	esophageal	adenocarcinoma
now	exceeds	squamous	cell	carcinoma,2	 epidemiologic	studies	are	now	distinguishing	between	histologic	 types
when	 reporting	 results,	whereas	 in	 the	 past,	 incidence	 rates	 of	 esophageal	 cancer	 reflected	 only	 squamous	 cell
carcinoma.	 This	 remains	 true	 in	 high-incidence	 areas	where	 published	 rates	 are	 not	 obtained	 from	 population-
based	tumor	registries.	These	high-incidence	areas	include	Turkey,	northern	Iran,	southern	republics	of	the	former
Soviet	Union,	and	northern	China,	where	incidence	rates	exceed	100	per	100,000	person-years.	Incidence	rates	of
squamous	cell	carcinoma	may	vary	200-fold	between	different	populations	in	the	same	geographic	area	because	of
unique	cultural	practices.	The	highest	incidence	rates	for	males	(more	than	15	per	100,000	person-years)	reported
from	population-based	tumor	registries	were	in	Calvados,	France;	Hong	Kong;	and	Miyagi,	Japan,	and	the	highest
rates	for	females	(more	than	5	per	100,000	person-years)	were	in	Mumbai,	India;	Shanghai,	China;	and	Scotland.3

Esophageal	cancer	is	relatively	uncommon	in	the	United	States,	with	the	lifetime	risk	of	being	diagnosed	with
the	disease	remaining	<1%	and	in	recent	years	a	leveling	off	of	the	incidence.4	It	was	estimated	that	16,940	new
cases	would	be	identified	in	the	United	States	in	2017,	with	15,600	patients	expected	to	die	of	the	disease.5

Age-adjusted	 incidence	 rates	 are	 essentially	 equivalent	 among	 African	 American	 and	 Caucasian	 men	 (Fig.
52.1),	 although	 the	 predominant	 histologic	 type	 in	 African	 American	 men	 is	 squamous	 cell	 carcinoma.	 The
incidence	rates	for	African	American	men	peaked	in	the	early	1980s,	and	since	then,	they	have	shown	a	marked
decline	to	the	current	rate	of	approximately	7	per	100,000	person-years.4	Incidence	rates	among	Caucasian	men
increased	 up	 until	 the	 year	 2000,	 reflecting	 the	 marked	 increase	 in	 the	 incidence	 of	 adenocarcinoma	 of	 the
esophagus	 of	more	 than	 400%	 in	 the	 past	 two	 decades	 but	 now	 have	 stabilized	 between	 7	 and	 8	 per	 100,000
person-years.4	Although	the	incidence	of	esophageal	cancer	in	Caucasian	females	(1.6	per	100,000)	is	lower	than
that	in	Caucasian	males,	rates	of	adenocarcinoma	have	increased	in	women	by	more	than	300%	during	the	past	20
years.	 Similar	 trends	 have	 been	 noted	 in	 Western	 European	 countries.	 This	 trend	 of	 increased	 incidence	 of
adenocarcinoma	of	the	esophagus	has	paralleled	the	upward	trend	in	rates	of	both	gastroesophageal	reflux	disease
(GERD)	and	obesity.

A	steady	decline	in	esophageal	cancer	mortality	has	been	noted	since	the	mid-1980s	in	the	non-Caucasian	U.S.
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population,	whereas	a	marked	increase	in	mortality	was	noted	among	Caucasian	men	and	women	during	the	same
period	(Fig.	52.2).4	The	mortality	rates	among	men	are	markedly	higher	than	women,	regardless	of	race.	Although
survival	rates	for	all	esophageal	cancer	patients	are	uniformly	dismal,	regardless	of	race	or	gender,	5-year	relative
survival	 rates	 have	 significantly	 improved	 since	 the	 1970s	 (5%	 if	 diagnosed	 in	 1975	 to	 1977	 versus	 20%	 if
diagnosed	 in	 2005	 to	 2011)	 based	 on	 Surveillance,	 Epidemiology,	 and	 End	 Results	 (SEER)	 population-based
tumor	registry	reporting.4,5	There	 is	no	survival	difference	related	 to	cell	 type	(squamous	cell	carcinoma	versus
adenocarcinoma).

ETIOLOGIC	FACTORS	AND	PREDISPOSING	CONDITIONS
Squamous	 cell	 carcinoma	 and	 adenocarcinoma	 of	 the	 esophagus	 share	 some	 risk	 factors,	 whereas	 other	 risk
factors	are	specific	to	one	histologic	type	or	the	other.

Tobacco	and	Alcohol	Use
Tobacco	and	alcohol	use	are	considered	the	major	contributing	factors	in	the	development	of	esophageal	cancer
worldwide.	 It	 is	estimated	 that	up	 to	90%	of	 the	 risk	of	 squamous	cell	 carcinoma	of	 the	esophagus	 in	Western
Europe	and	North	America	can	be	attributed	to	tobacco	and	alcohol	use.6	Population-based	studies	demonstrate
that	tobacco	and	alcohol	use	are	independent	risk	factors,	and	their	effects	are	multiplicative,	as	evidenced	by	the
association	 of	 the	 highest	 risk	 of	 developing	 esophageal	 cancer	with	 heavy	use	 of	 both	 agents.	Approximately
65%	and	57%	of	squamous	cell	carcinomas	of	the	esophagus	have	been	attributed	to	smoking	tobacco	for	longer
than	6	months	in	Caucasian	and	African	American	men,	respectively,	in	the	United	States.7	There	appears	to	be	a
dose–response	effect	related	to	the	duration	and	intensity	of	smoking,	and,	importantly,	there	is	an	impressive	(up
to	50%)	reduction	in	the	risk	of	developing	squamous	cell	carcinoma	of	the	esophagus	for	those	who	quit	smoking
and	an	inverse	relationship	between	risk	and	the	length	of	time	since	cessation	of	tobacco	use.8	Cigarette	smoking
in	 adenocarcinoma	of	 the	 esophagus	 leads	 to	 a	 twofold	 increase	 in	 risk	 for	 ever-smokers	 and	 a	 dose–response
effect	related	to	number	of	smoking	pack-years	and	increased	risk.8–10	Quitting	smoking	does	not	appear	to	confer
the	same	degree	of	reduced	risk	of	adenocarcinoma	as	is	seen	with	squamous	cell	carcinoma,	and	the	risk	remains
elevated	 for	 decades	 after	 smoking	 cessation.8,9,11	 This	 suggests	 that	 tobacco	 carcinogens	 may	 affect
carcinogenesis	early	on	in	esophageal	adenocarcinoma,	and	therefore,	the	decline	in	prevalence	of	smoking	in	the
United	States	has	not	had	an	impact	on	the	risk	for	the	disease.	Consistent	with	this	hypothesis,	cigarette	smoking
was	identified	as	a	risk	factor	for	the	development	of	Barrett	esophagus.	Specifically,	when	analyzing	data	from
five	case-control	studies	involving	1,059	patients	with	Barrett	esophagus,	1,332	patients	with	GERD,	and	1,143
population-based	 controls,	 patients	with	Barrett	 esophagus	were	 significantly	more	 likely	 to	 have	 ever	 smoked
than	 either	 control	 cohort	 (odds	 ratio	 [OR],	 1.67	 versus	 population-based	 controls;	 OR,	 1.61	 versus	 GERD
controls).	Furthermore,	increasing	the	pack-years	of	smoking	increased	the	risk	of	Barrett	esophagus.12



Figure	52.1	Surveillance,	Epidemiology,	and	End	Results	(SEER)	age-adjusted	esophageal	cancer
incidence	rates	in	the	United	States.	API,	Asian/Pacific	Islanders;	AI/AN,	American	Indians/Alaska

Natives.
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Figure	52.2	Surveillance,	Epidemiology,	and	End	Results	(SEER)	age-adjusted	esophageal	cancer
mortality	rates	in	the	United	States.	API,	Asian/Pacific	Islanders;	AI/AN,	American	Indians/Alaska

Natives.

Alcohol	is	a	major	contributing	factor	in	the	increased	risk	of	esophageal	squamous	cell	carcinoma	in	Western
countries,	likely	accounting	for	80%	of	squamous	cell	carcinoma	of	the	esophagus	in	men	in	the	United	States.7	A
dose–response	relationship	exists	between	 the	amount	of	alcohol	 ingested	and	 the	 risk	of	developing	squamous
cell	carcinoma.13,14	In	most	studies,	the	most	commonly	consumed	beverage	in	a	specific	geographic	region	is	the
one	most	frequently	associated	with	increased	risk.1	Although	specific	carcinogens	may	be	present	in	a	variety	of
alcoholic	 beverages,	 in	 all	 likelihood,	 it	 is	 alcohol	 itself—either	 as	 a	 mechanical	 irritant,	 promoter	 of	 dietary
deficiency,	or	contributor	 to	susceptibility	to	other	carcinogens—that	 leads	to	carcinogenesis.	Large	population-
based	case-control	studies	in	both	the	United	States	and	Australia	revealed	no	relationship	between	alcohol	intake
and	risk	of	esophageal	adenocarcinoma.15,16

Diet	and	Nutrition
For	both	squamous	cell	carcinoma	and	adenocarcinoma	of	the	esophagus,	case-control	studies	provide	evidence	of
a	protective	effect	of	a	diet	enriched	with	fruits	and	vegetables,	especially	those	eaten	raw.8,17	These	food	groups
contain	a	number	of	micronutrients	and	dietary	components	such	as	vitamins	A,	C,	and	E;	selenium;	carotenoids;
and	 fiber,	 which	 may	 prevent	 carcinogenesis.	 Deficiencies	 of	 the	 aforementioned	 nutrients	 and	 dietary



components	 (in	particular,	 selenium),	have	been	associated	with	an	 increased	 risk	of	esophageal	 squamous	cell
carcinoma	 in	some	parts	of	 the	world.18	Consumption	of	hot	beverages	has	been	 suggested	 as	 a	 risk	 factor	 for
esophageal	 cancer	 in	 South	 America.19	 More	 recently,	 a	 diet	 enriched	 with	 “animal	 products	 and	 related
components”	 was	 significantly	 associated	 with	 the	 development	 of	 esophageal	 carcinoma	 (OR,	 1.64;	 95%
confidence	interval	[CI],	1.06	to	2.55),	whereas	diets	high	in	“vitamins	and	fiber”	and	“other	polyunsaturated	fatty
acids	and	vitamin	D”	were	protective	of	developing	esophageal	carcinoma	(OR,	0.50	and	0.48,	respectively).20

Socioeconomic	Status
Low	socioeconomic	status	as	defined	by	income,	education,	or	occupation	is	associated	with	an	increased	risk	for
esophageal	 squamous	cell	 carcinoma	and,	 to	a	 lesser	degree,	 for	 adenocarcinoma.9,21	 In	 the	United	States,	 it	 is
estimated	 that	 39%	 and	 69%	 of	 squamous	 cell	 carcinomas	 of	 the	 esophagus	 in	 Caucasian	 men	 and	 African
American	men,	respectively,	are	related	to	low	annual	income.7	A	number	of	occupational	and	industrial	hazards,
including	exposure	to	perchloroethylene	(e.g.,	dry	cleaners,	metal	polishers),	combustion	products,	and	fossil	fuels
(e.g.,	 chimney	 sweeps,	 printers,	 gas	 station	 attendants,	 asphalt	 and	metal	 workers),	 silica	 and	metal	 dust,	 and
asbestos,	as	well	as	viral	exposure	via	meat	packing	and	slaughtering,	have	been	suggested	as	possible	risk	factors
for	squamous	cell	carcinoma	but	not	adenocarcinoma	of	the	esophagus.3

Obesity
The	prevalence	of	obesity	in	the	United	States	markedly	increased	from	12.8%	in	the	early	1960s	to	almost	23%
between	 1988	 and	 1994.22	 This	 upward	 trend	 parallels	 that	 seen	 for	 incidence	 rates	 of	 esophageal
adenocarcinoma.	 Increased	 body	mass	 index	 (BMI)	 is	 a	 risk	 factor	 for	 adenocarcinoma	 of	 the	 esophagus,	 and
individuals	with	the	highest	BMI	have	up	to	a	sevenfold	greater	risk	of	esophageal	cancer	than	those	with	a	low
BMI.8,23–25	The	mechanism	by	which	obesity	contributes	 to	an	 increased	 risk	of	esophageal	adenocarcinoma	 is
uncertain,	 although	 the	 linkage	between	obesity	 and	GERD	 is	presumed	 to	be	 a	 chief,	 but	not	 the	 sole,	 factor.
Recent	 reports	 suggest	 that	 the	presence	of	abdominal/intra-abdominal	or	central	obesity	 rather	 than	BMI	 itself
may	 increase	 the	 risk	 of	Barrett	 esophagus	 and,	 subsequently,	 esophageal	 adenocarcinoma.26,27	 Because	 of	 the
influence	 of	 nutritional	 and	 socioeconomic	 factors,	 the	 risk	 of	 squamous	 cell	 carcinoma	 of	 the	 esophagus
increases	with	decreasing	BMI.

Physical	Activity
A	 link	 between	 leisure-time	 physical	 activity	 and	 reduced	 risk	 of	 cancer	 has	 been	 examined	 for	many	 cancer
types.28	 In	a	pooled	analysis	of	prospective	cohort	studies,	high	levels	of	physical	activity	were	associated	with
marked	 reductions	 in	 esophageal	 adenocarcinoma	 risk	 (the	 strongest	 inverse	 relationship	 for	 any	 cancer	 type),
whereas	 no	 such	 effect	 was	 noted	 for	 esophageal	 squamous	 cell	 carcinoma.	 Two	 prior	 meta-analyses	 also
demonstrated	 that	 individuals	classified	as	most	active	had	a	 reduced	 risk	of	esophageal	adenocarcinoma	when
compared	to	those	deemed	least	active.29,30

Gastroesophageal	Reflux	Disease
GERD	has	 been	 implicated	 as	 one	 of	 the	 strongest	 risk	 factors	 for	 the	 development	 of	 adenocarcinoma	 of	 the
esophagus.31,32	 Chronic	 reflux	 is	 associated	 with	 Barrett	 esophagus,	 the	 premalignant	 precursor	 of	 esophageal
adenocarcinoma.	 Population-based	 case-control	 studies	 that	 examined	 the	 relationship	 between	 symptomatic
reflux	 and	 risk	 of	 adenocarcinoma	of	 the	 esophagus	 have	demonstrated	 that	 increased	 frequency,	 severity,	 and
chronicity	 of	 reflux	 symptoms	 are	 associated	 with	 a	 2-	 to	 16-fold	 increased	 risk	 of	 adenocarcinoma	 of	 the
esophagus,	 regardless	of	 the	presence	of	Barrett	esophagus.31–33	Trends	 in	 incidence	 rates	of	GERD	during	 the
past	three	decades	parallel	the	time	trends	of	increasing	incidence	of	adenocarcinoma	in	the	United	States.

Helicobacter	pylori	Infection
Infection	with	Helicobacter	pylori,	 and	particularly	with	 cagA+	strains,	 is	 inversely	 associated	with	 the	 risk	of
adenocarcinoma	of	 the	esophagus.34,35	The	mechanism	of	action	 is	unclear,	although	an	H.	pylori	 infection	can
result	in	chronic	atrophic	gastritis,	leading	to	decreased	acid	production,	subsequently	offsetting	gastroesophageal
reflux	 and	 potentially	 reducing	 the	 development	 of	Barrett	 esophagus.	Although	 infection	 by	H.	 pylori	 cagA+
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strains	by	itself	may	not	increase	the	risk	of	squamous	cell	carcinoma,	the	concurrent	presence	of	gastric	atrophy
and	H.	pylori	infection	has	been	reported	to	significantly	increase	the	risk	of	squamous	cell	carcinoma.36	Atrophic
gastritis	may	promote	bacterial	overgrowth,	leading	to	intragastric	nitrosation,	with	the	production	of	nitrosamines
increasing	the	risk	of	esophageal	squamous	cell	carcinoma.

Barrett	Esophagus
Barrett	esophagus	is	defined	by	the	presence	of	intestinal	metaplasia	(mucin-producing	goblet	cells)	in	columnar
cell–lined	epithelium	that	replaces	the	normal	squamous	epithelium	of	the	distal	esophagus.37,38	The	absolute	risk
to	develop	adenocarcinoma	in	a	year,	once	thought	to	be	1	in	100,	is	now	estimated	to	be	0.12%	to	0.33%.39–41
Regardless	 of	 this	 revised	 absolute	 risk,	 Barrett	 esophagus	 remains	 the	 single	 most	 important	 risk	 factor	 for
developing	esophageal	adenocarcinoma,	with	a	relative	risk	of	11.3	(95%	CI,	8.8	to	14.4),	implying	that	patients
with	Barrett	esophagus	are	11-fold	more	 likely	 to	develop	esophageal	adenocarcinoma	than	individuals	without
Barrett	 esophagus.	Patients	with	 short-	 and	 long-segment	Barrett	 esophagus	are	 at	 risk	of	developing	dysplasia
and	subsequently	adenocarcinoma.42	Polymorphisms	near	TBX5	and	GDF7	are	associated	with	increased	risk	for
Barrett	 esophagus.	 A	 recent	 genome-wide	 association	 study	 from	 10,158	 patients	 with	 Barrett	 esophagus	 and
21,062	controls	revealed	two	single	nucleotide	polymorphisms	previously	not	identified	as	associated	with	Barrett
esophagus:	rs3072	and	rs2701108.43

These	 single	nucleotide	polymorphisms	appear	 to	be	 associated	with	genes	 that	 encode	 transcription	 factors
involved	in	thoracic	and	esophageal	development	or	proteins	involved	in	inflammatory	response.

A	 more	 recent	 genome-wide	 association	 study	 evaluation	 included	 a	 meta-analysis	 of	 all	 genome-wide
association	 studies	 of	 Barrett	 esophagus	 and	 esophageal	 adenocarcinoma	 up	 to	 February	 2016.	 This	 study
evaluated	6,167	patients	with	Barrett	esophagus	and	4,112	patients	with	esophageal	adenocarcinoma	as	well	as
17,159	control	patients	from	four	previous	genome-wide	association	studies.	Investigators	identified	new	risk	loci
within	or	near	CFTR,	MSRA,	LINC00208	and	BLK,	KHDRBS2,	TPPP	and	CEP72,	TMOD1,	SATB2	and	HTR3C,
and	ABCC5.	 The	 investigators	 found	 that	 the	 strongest	 disease	 pathways	 were	 associated	 with	 mesenchymal
development	and	muscle	cell	differentiation.44

The	prevalence	of	Barrett	esophagus	in	the	general	population	undergoing	endoscopy	is	approximately	1.5%45;
for	those	with	reflux	symptoms,	the	presence	of	Barrett	esophagus	is	2.3%,	and	in	those	without	reflux	symptoms,
it	is	1.2%.	The	utility	of	screening	patients	with	symptomatic	reflux	is	unproven	and	unlikely	to	have	a	significant
impact	on	reducing	death	from	cancer	because	40%	of	patients	with	adenocarcinoma	of	 the	esophagus	have	no
history	of	reflux31	and	<5%	of	patients	undergoing	resection	for	adenocarcinoma	were	documented	to	have	Barrett
esophagus	 before	 seeking	 medical	 attention	 for	 their	 symptomatic	 cancer.46	 Despite	 this,	 the	 American
Gastroenterological	 Association,	 the	 American	 College	 of	 Gastroenterology,	 and	 the	 American	 Society	 of
Gastrointestinal	Endoscopy47–49	recommend	selective	screening	of	patients	with	GERD	and	multiple	risk	factors
for	esophageal	cancer.	Both	medical	and	surgical	antireflux	therapies	are	effective	at	reducing	or	eliminating	the
symptoms	 of	 gastroesophageal	 reflux,	 but	 no	 clear-cut	 evidence	 exists	 that	 either	 therapy	 reduces	 the	 risk	 of
esophageal	 adenocarcinoma.	A	 randomized	Department	 of	Veterans	Affairs	Cooperative	Study	 of	medical	 and
surgical	antireflux	treatment	in	patients	with	severe	GERD	demonstrated	superior	control	of	reflux	symptoms	in
the	surgical	 treatment	group	but	no	difference	between	medical	and	surgical	 therapy	groups	 in	 the	 incidence	of
esophageal	cancer.50	Overall	survival	(OS)	was	significantly	decreased	in	the	surgical	treatment	group	as	a	result
of	an	unexpected	excess	of	deaths	from	heart	disease.

All	three	U.S.	medical	societies	mentioned	previously	recommend	surveillance	endoscopy	for	patients	with	the
diagnosis	of	Barrett	esophagus,	and	the	grade	of	dysplasia	determines	the	endoscopy	interval.47–49	Uncontrolled
studies	suggest	 that	adenocarcinomas	identified	by	surveillance	methods	are	detected	at	an	earlier	stage	and	are
associated	with	a	more	favorable	outcome	after	an	esophagectomy.51–53	A	multicenter,	prospective	cohort	study
from	the	Netherlands	also	demonstrated	that	endoscopic	surveillance	identified	adenocarcinoma	at	an	earlier	stage
than	the	general	population	and	patients	who	developed	cancer	during	surveillance	and	treated	endoscopically	had
similar	survival	to	patients	in	the	general	population	with	early-stage	adenocarcinoma.54	However,	the	efficacy	of
surveillance	 endoscopy	 is	 unclear,	 and	 there	 are	 no	 convincing	 data	 demonstrating	 that	 surveillance	 prevents
cancer	or	improves	life	expectancy.55–57	Macdonald	et	al.57	 followed	143	patients	with	Barrett	esophagus	for	an
average	 of	 4.4	 years	with	 surveillance	 endoscopy	 and	 identified	 only	 1	 patient	with	 asymptomatic	 esophageal
adenocarcinoma.	 Similar	 findings	 were	 reported	 by	 O’Connor	 et	 al.55	 These	 studies	 suggest	 that	 routine
surveillance	of	patients	with	Barrett	esophagus	is	unlikely	to	alter	the	natural	history	of	this	disease	due	to	the	low
incidence	 of	 adenocarcinoma.	 Some	 authors	 suggest	 that	 surgical	 antireflux	 therapy	 causes	 regression	 of



metaplastic	epithelium	or	interrupts	progression	from	Barrett	esophagus	to	low-	and	high-grade	dysplasia,58,59	but
convincing	 evidence	 is	 lacking.	 A	 prospective,	 randomized	 trial	 of	 medical	 treatment	 versus	 open	 Nissen
fundoplication	 in	 patients	 with	 Barrett	 esophagus	 with	 or	 without	 low-grade	 dysplasia	 showed	 no	 statistically
significant	difference	in	progression	to	dysplasia	or	adenocarcinoma.60	Observational	studies	suggest	that	the	use
of	acid	suppressive	medical	therapy—in	particular,	proton	pump	inhibitors—may	decrease	the	risk	of	progression
to	either	high-grade	dysplasia	or	adenocarcinoma.61	Progression	from	intestinal	metaplasia	to	dysplasia	in	Barrett
esophagus	 signifies	 an	unequivocal	neoplastic	 change	associated	with	 the	potential	 for	malignant	degeneration.
Dysplasia	 is	 classified	 as	 low	 grade	 or	 high	 grade.	Any	 degree	 of	 dysplasia	warrants	 endoscopic	 surveillance.
Endoscopy	every	6	months	 for	 the	 first	year	 followed	by	annual	endoscopy	 is	 recommended	 for	 those	patients
with	low-grade	dysplasia	who	do	not	undergo	endoscopic	eradication	therapy62	and	more	frequent	screening	(i.e.,
every	3	months)	is	recommended	for	those	patients	with	high-grade	dysplasia	if	eradication	therapy	has	not	been
instituted.	The	management	of	high-grade	dysplasia	is	discussed	in	“Treatment	of	Premalignant	and	T1	Disease,”
section	later	in	this	chapter.

The	proposed	stepwise	carcinogenic	sequence	in	which	specialized	intestinal	metaplasia	proceeds	to	low-grade
dysplasia,	 high-grade	 dysplasia,	 and	 frank	 carcinoma	 suggests	 a	 potential	 opportunity	 for	 chemoprevention	 to
disrupt	the	succession	to	cancer.	The	ongoing	AspECT	trial	in	the	United	Kingdom,	a	phase	III	randomized	study
of	aspirin	and	esomeprazole	chemoprevention	in	Barrett	metaplasia,	is	evaluating	the	effect	of	high-	and	low-dose
esomeprazole,	with	and	without	low-dose	aspirin,	on	the	progression	of	Barrett	esophagus	to	high-grade	dysplasia
or	cancer.	More	than	2,500	patients	have	been	enrolled	in	this	chemoprevention	trial	with	a	planned	follow-up	of
at	least	8	years.

Tylosis
Tylosis	(focal	nonepidermolytic	palmoplantar	keratoderma)	is	a	rare	disease	inherited	in	an	autosomal	dominant
manner	 that	 is	characterized	by	hyperkeratosis	of	 the	palms	and	soles	and	esophageal	papillomas.	Patients	with
this	condition	exhibit	abnormal	maturation	of	squamous	cells	and	inflammation	within	the	esophagus	and	are	at
extremely	 high	 risk	 of	 developing	 esophageal	 cancer.63,64	 The	 tylosis	 esophageal	 cancer	 (TOC)	 gene	 has	 been
mapped	to	17q25	by	linkage	analysis	of	pedigrees.65	The	TOC	gene	is	also	frequently	deleted	in	sporadic	human
esophageal	 cancers.66,67	 Envoplakin,	 which	 encodes	 a	 protein	 component	 of	 desmosomes	 that	 is	 expressed	 in
esophageal	keratinocytes,	has	been	mapped	to	the	TOC	region64;	however,	no	tylosis-specific	mutations	involving
this	gene	have	been	observed.68

Plummer–Vinson/Paterson–Kelly	Syndrome
Plummer–Vinson	syndrome,	also	known	as	Paterson–Kelly	syndrome,	is	characterized	by	iron-deficiency	anemia,
glossitis,	cheilitis,	brittle	fingernails,	splenomegaly,	and	esophageal	webs.	Approximately	10%	of	individuals	with
Plummer–Vinson/Paterson–Kelly	 syndrome	 develop	 hypopharyngeal	 or	 esophageal	 epidermoid	 carcinomas.69
The	mechanisms	by	which	these	tumors	arise	have	not	been	fully	defined,	although	nutritional	deficiencies	as	well
as	 chronic	 mucosal	 irritation	 from	 retained	 food	 particles	 at	 the	 level	 of	 the	 webs	 may	 contribute	 to	 the
pathogenesis	of	these	neoplasms.70

Caustic	Injury
Squamous	cell	carcinomas	may	arise	in	lye	strictures,	often	developing	40	to	50	years	after	a	caustic	injury.71	The
majority	of	these	cancers	are	located	in	the	middle	third	of	the	esophagus.	The	pathogenesis	of	these	neoplasms
may	be	similar	to	that	implicated	in	esophageal	cancers	arising	in	patients	with	Plummer–Vinson/Paterson–Kelly
syndrome.	These	cancers	are	often	diagnosed	late	because	chronic	dysphagia	and	pain	caused	by	the	lye	strictures
obscure	symptoms	of	esophageal	cancer.

Achalasia
Achalasia	 is	 an	 idiopathic	 esophageal	motility	 disorder	 characterized	 by	 increased	 basal	 pressure	 in	 the	 lower
esophageal	sphincter,	incomplete	relaxation	of	this	sphincter	after	deglutition,	and	aperistalsis	of	the	body	of	the
esophagus.	A	16-	to	30-fold	increase	in	esophageal	squamous	cancer	risk	has	been	noted	in	achalasia	patients.72,73
In	a	retrospective	analysis,	Aggestrup	et	al.74	observed	the	development	of	esophageal	carcinomas	in	10	of	147
patients	undergoing	an	esophagomyotomy	for	achalasia.	These	neoplasms	are	believed	to	result	from	prolonged
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irritation	from	retained	food	in	the	midesophagus	and	arise	an	average	of	17	years	after	the	onset	of	achalasia.	The
chronic	 dysphagia	 and	 pain	 attributable	 to	 megaesophagus	 contributes	 to	 their	 late	 diagnosis	 in	 achalasia
patients.75

Human	Papillomavirus	Infection
Human	papillomavirus	(HPV)	infection	may	contribute	to	the	pathogenesis	of	esophageal	squamous	cell	cancer	in
high-incidence	 areas	 in	Asia	 and	 South	Africa.76	 This	 oncogenic	 virus	 encodes	 two	 proteins	 (E6	 and	E7)	 that
sequester	the	Rb	and	p53	tumor	suppressor	gene	products.	Using	polymerase	chain	reaction	techniques,	de	Villiers
et	al.77	detected	HPV	DNA	sequences	in	17%	of	esophageal	squamous	cell	cancers	in	patients	from	China.	In	an
additional	 study	 using	 similar	 techniques,	 Lavergne	 and	 de	 Villiers78	 identified	 a	 broad	 spectrum	 of	 HPV	 in
approximately	one-third	of	esophageal	cancer	specimens	obtained	from	patients	living	in	high-incidence	areas	in
China	 and	 South	 Africa.	 Shibagaki	 et	 al.79	 detected	 HPV	 sequences	 in	 15	 of	 72	 (21%)	 esophageal	 cancer
specimens	 obtained	 from	 Japanese	 patients.	 In	 contrast,	 neither	 evidence	 of	 HPV	 infection	 nor	 HPV	 DNA
sequences	have	been	observed	in	cancers	arising	in	low-incidence	areas.80–83

Prior	Aerodigestive	Tract	Malignancy
Patients	with	upper	aerodigestive	tract	cancers	develop	second	primary	cancers	at	a	rate	of	approximately	4%	per
year.84	 Nearly	 10%	 of	 secondary	 neoplasms	 arising	 in	 patients	 with	 prior	 histories	 of	 oropharyngeal	 of	 lung
carcinoma	arise	in	the	esophagus.85–87	 Interestingly,	p53	mutational	analysis	of	multiple	primary	cancers	of	 the
aerodigestive	 tract	 in	 17	 patients	 demonstrated	 complete	 discordance	 of	 the	 p53	 genotype	 between	 separate
primary	tumors	from	the	same	patient,	which	suggests	that	p53	is	not	functioning	as	a	tumor	susceptibility	gene	in
this	setting.88

APPLIED	ANATOMY	AND	HISTOLOGY
Anatomy
The	 esophagus	 bridges	 three	 anatomic	 compartments:	 the	 neck,	 the	 thorax,	 and	 the	 abdomen	 (Fig.	 52.3).	 The
esophagus	extends	from	the	cricopharyngeus	muscle	at	 the	level	of	the	cricoid	cartilage	to	the	gastroesophageal
junction	 (GEJ).89	 The	 borders	 of	 the	 cervical	 esophagus	 span	 from	 the	 cricopharyngeus	 to	 the	 thoracic	 inlet
(approximately	18	cm	from	the	incisors).	The	remainder	of	the	esophagus	is	commonly	divided	into	thirds,	with
the	upper	third	extending	from	the	thoracic	inlet	to	the	carina	(approximately	24	cm	from	the	incisors),	the	middle
third	extending	from	the	carina	to	the	inferior	pulmonary	veins	(32	cm	from	the	incisors),	and	the	distal	esophagus
traversing	 the	 remaining	 distance	 into	 the	 abdomen	 to	 the	 GEJ	 (40	 cm	 from	 the	 incisors).	 Squamous	 cell
carcinoma	of	the	esophagus	is	the	predominant	histology	in	the	cervical	esophagus	and	upper	and	middle	thirds
(above	 the	 pulmonary	 vein)	 of	 the	 thoracic	 esophagus,	 whereas	 adenocarcinoma	 predominates	 in	 the	 distal
esophagus.



Figure	52.3	Anatomy	of	the	esophagus	with	landmarks	and	recorded	distance	from	the	incisors
used	to	divide	the	esophagus	into	topographic	compartments.	GE,	gastroesophageal.

Adenocarcinomas	of	the	GEJ	present	a	unique	challenge	because	appropriate	management	of	these	tumors	as
either	 esophageal	 or	 gastric	 cancers	 has	 been	 uncertain.	 Rüdiger	 Siewert	 et	 al.84	 have	 offered	 a	 classification
system	based	on	demographics,	histopathologic	variables,	and	patterns	of	lymphatic	spread	that	provides	clarity,	is
well	 established,	 and	 has	 been	 generally	 accepted	worldwide	 (Fig.	 52.4).	 In	 this	 classification	 scheme,	 type	 I
tumors	are	considered	adenocarcinomas	of	the	distal	esophagus	and	type	II	and	III	lesions	are	classified	as	gastric
cancers	(cardia	and	subcardia).	This	classification	system	allows	for	a	tailored	and	consistent	surgical	approach	to
these	 tumors	 as	 well	 as	 consistency	 in	 reporting	 outcome	 results	 associated	 with	 therapeutic	 interventions.
However,	it	should	be	noted	that	in	the	most	recent	guidelines	established	by	the	American	Joint	Committee	on
Cancer	(AJCC),	GEJ	tumors	with	epicenter	<2	cm	into	the	proximal	stomach	(Siewert	type	I	and	II)	are	included
under	the	esophageal	cancer	staging	classification.90

The	pattern	of	lymphatic	drainage	of	the	esophagus	influences	the	choice	of	surgical	approach,	based	on	tumor
location	in	the	esophagus	(Fig.	52.5).	Tumors	of	the	cervical	and	upper	third	of	the	thoracic	esophagus	drain	to
cervical	and	superior	mediastinal	lymph	nodes.	Tumors	of	the	middle	third	of	the	esophagus	drain	both	cephalad
and	caudad	with	lymph	nodes	at	risk	in	the	paratracheal,	hilar,	subcarinal,	periesophageal,	and	pericardial	nodal
basins.	Lesions	in	the	distal	esophagus	primarily	drain	to	lymph	nodes	in	the	lower	mediastinum	and	celiac	axis
region.	Because	of	the	extensive	lymphatic	network	within	the	wall	of	the	esophagus,	skip	metastases	for	upper
third	lesions	have	been	noted	in	celiac	axis	nodal	basins,	and	likewise,	cervical	lymph	node	metastases	have	been
noted	 in	as	many	as	30%	of	patients	with	distal	esophageal	 lesions.	Some	surgeons	 recommend	a	more	 radical
oncologic	 procedure:	 a	 combined	 transthoracic	 and	 abdominal	 approach	 for	 lesions	 of	 the	 middle	 and	 distal
esophagus.91,92	Others	recommend	a	three-field	(cervical,	mediastinal,	and	abdominal)	lymphadenectomy	for	all
tumors	of	 the	middle	 through	distal	esophagus.93,94	However,	 lymph	node	metastases	are	 initially	 limited	 in	an
overwhelming	majority	of	patients	to	regional	lymph	nodes.	Lymph	node	involvement	in	lymphatic	basins	distant
from	the	primary	tumor	are	rarely	identified	unless	metastases	to	regional	lymph	nodes	have	already	occurred,95
which	suggests	the	potential	of	sentinel	lymph	node	sampling	to	direct	surgical	dissection.96

Histology
Squamous	cell	carcinomas	account	for	approximately	40%	of	esophageal	malignancies	diagnosed	in	 the	United
States	and	 the	majority	of	cases	arising	 in	high-incidence	areas	 throughout	 the	world.97	Approximately	60%	of
these	neoplasms	are	located	in	the	middle	third	of	the	esophagus,	whereas	30%	and	10%	arise	in	the	distal	third
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and	proximal	 third	of	 the	 intrathoracic	esophagus,	 respectively.	These	 tumors	are	associated	with	contiguous	or
noncontiguous	carcinoma	in	situ	as	well	as	widespread	submucosal	lymphatic	dissemination.

Adenocarcinomas	frequently	arise	in	the	context	of	Barrett	esophagus;	because	of	this,	these	tumors	occur	in
the	distal	third	of	the	esophagus.	No	significant	survival	differences	have	been	noted	in	adenocarcinoma	patients
compared	with	individuals	with	squamous	cell	cancers.

Rare	cancers	of	the	esophagus	include	squamous	cell	carcinoma	with	sarcomatous	features,	adenoid	cystic,	and
mucoepidermoid	carcinomas.	These	neoplasms	are	indistinguishable	clinically	and	prognostically	from	the	more
common	types	of	esophageal	carcinoma.

Small-cell	carcinomas	account	for	approximately	1%	of	esophageal	malignancies	and	arise	from	argyrophilic
cells	in	the	basal	layer	of	the	squamous	epithelium.	These	neoplasms	are	usually	located	in	the	middle	or	lower
third	 of	 the	 esophagus	 and	may	 be	 associated	with	 an	 ectopic	 production	 of	 a	 variety	 of	 hormones,	 including
parathormone,	 secretin,	 granulocyte	 colony-stimulation	 factor,	 and	 gastrin-releasing	 peptide;	 individuals	 with
these	cancers	often	present	with	systemic	disease.98–100

Figure	52.4	Anatomic	classification	of	gastroesophageal	junction	tumors.



Figure	52.5	Lymphatic	drainage	of	the	esophagus	with	anatomically	defined	lymph	node	basins.

Leiomyosarcoma	is	the	most	common	mesenchymal	tumor	that	affects	the	esophagus,	still	accounting	for	<1%
of	 esophageal	 malignancies.	 These	 neoplasms	 are	 lower	 third	 tumors	 presenting	 as	 bulky	 masses	 with
hemorrhaging	and	necrosis.	Malignant	lymphoma	and	Hodgkin	lymphoma	rarely	involve	the	esophagus	and	are
usually	secondary	 to	extension	 from	other	sites.	Patients	with	AIDS	may	exhibit	Kaposi	 sarcoma	 involving	 the
esophagus.	Malignant	melanoma	 involving	 the	esophagus	 is	 exceedingly	 rare	and	presents	as	a	bulky	polypoid
intraesophageal	tumor	of	varying	color	depending	on	melanin	production.

NATURAL	HISTORY	AND	PATTERNS	OF	FAILURE
At	 presentation,	 the	 overwhelming	 majority	 of	 patients	 have	 locally	 or	 regionally	 advanced	 or	 disseminated
cancer,	 irrespective	 of	 histologic	 type.5,101	 The	 lack	 of	 a	 serosal	 envelope	 and	 the	 rich	 submucosal	 lymphatic
network	of	the	esophagus	lead	to	extensive	local	infiltration	and	lymph	node	involvement.	Evidence	suggests	that
occult	micrometastases	are	invariably	present,	and	recurrence	patterns	confirm	that	distant	failure	is	a	significant
and	universally	fatal	component	of	relapse.102–106	Bone	marrow	samples	obtained	during	rib	resections	performed
at	an	esophagectomy	revealed	disseminated	tumor	cells	in	up	to	90%	of	patients	sampled.107,108	The	 lung,	 liver,
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and	bone	are	the	most	common	sites	of	distant	disease,	with	depth	of	tumor	invasion	and	lymph	node	involvement
predictive	of	tumor	dissemination.89,102,103

Median	survival	after	esophagectomy	for	patients	with	localized	disease	is	15	to	18	months	with	a	5-year	OS
rate	 of	 20%	 to	 25%.	 Patterns	 of	 failure	 after	 an	 esophagectomy	 suggest	 that	 both	 the	 location	 of	 tumor	 and
histologic	 type	may	 influence	 the	 distribution	 of	 recurrence.	 In	 patients	with	 cancers	 of	 the	 upper	 and	middle
thirds	 of	 the	 esophagus,	 which	 are	 predominately	 squamous	 cell	 carcinomas,	 local–regional	 recurrence
predominates	over	distant	recurrence,	whereas	in	patients	with	lesions	of	the	lower	third,	where	adenocarcinomas
are	more	frequently	located,	distant	recurrence	is	more	common.102,103	Only	a	very	small	percentage	of	patients
(<5%)	develop	a	clinically	evident	recurrence	at	cervical	sites.95

The	addition	of	chemotherapy,	radiotherapy,	or	chemoradiation	to	surgery	alters	patterns	of	failure,	although
reported	results	are	not	consistent.	Preoperative	radiotherapy	and	preoperative	chemoradiation	may	reduce	the	rate
of	local–regional	recurrence	but	have	no	obvious	effect	on	the	rate	of	distant	metastases.106–110	In	two	prospective
randomized	trials	updated	with	a	long-term	follow-up	of	preoperative	chemotherapy	plus	surgery	versus	surgery
alone	that	reported	patterns	of	failure,	one	study	showed	a	slight	but	not	statistically	significant	decrease	in	distant
relapse	with	chemotherapy,104,111	whereas	the	other	demonstrated	equivalent	distant	recurrence	rates	 in	both	the
preoperative	 chemotherapy	 and	 surgery-alone	 arms.109,112	 Treatment	 failure	 patterns	 after	 definitive
chemoradiation	 without	 surgical	 resection	 reveal	 that	 the	 concurrent	 administration	 of	 chemotherapy	 and
radiotherapy	 provides	 better	 local	 control	 than	 radiotherapy	 alone	 and	 that	 the	 administration	 of	 chemotherapy
may	 reduce	 systemic	 recurrence;	 however,	 the	 long-term	 follow-up	 of	 both	 randomized	 and	 nonrandomized
patients	 treated	 with	 primary	 chemoradiation	 failed	 to	 indicate	 a	 clear	 reduction	 in	 distant	 disease	 recurrence
compared	with	radiation	therapy	alone.113	Although	the	addition	of	surgery	further	reduces	local	failure	from	45%
to	 32%,114	 it	 does	 not	 diminish	 the	 systemic	 recurrence	 and,	 in	 fact,	 may	 enhance	 it	 by	 allowing	 patients	 to
manifest	 distant	 disease	because	 they	do	not	 succumb	 to	 local–regional	 failure.115,116	 These	 patterns	 of	 relapse
suggest	 that	 any	 further	 improvement	 in	 overall	 outcome	 for	 patients	with	 esophageal	 cancer	will	 be	 achieved
through	advances	in	systemic	therapy.

CLINICAL	PRESENTATION
The	 most	 noticeable	 symptoms	 are	 dysphagia	 and	 weight	 loss.	 Dysphagia	 signifies	 locally	 advanced	 disease,
distant	metastases,	or	both.	Patients	describe	progressive	dysphagia,	with	 initial	difficulty	 in	swallowing	solids,
then	liquids.	Control	of	this	single	symptom	impacts	most	on	the	patient’s	quality	of	life.	Patients	with	squamous
cell	carcinoma	of	the	esophagus	more	often	have	a	history	of	tobacco,	alcohol	abuse,	or	both.	Weight	loss	is	seen
in	approximately	90%	of	patients	with	squamous	cell	carcinoma.	Patients	with	adenocarcinoma	of	the	esophagus
tend	to	be	Caucasian	males	from	middle	to	upper	socioeconomic	classes	who	are	overweight,	have	a	symptomatic
gastroesophageal	reflux,	and	have	been	treated	with	antireflux	therapy.

Approximately	 20%	 of	 patients	 experience	 odynophagia	 (painful	 swallowing).	 Additional	 presenting
symptoms	 include	 dull	 retrosternal	 pain,	 bone	 pain	 secondary	 to	 bone	 metastases,	 and	 cough	 or	 hoarseness
secondary	 to	 paratracheal	 nodal	 or	 recurrent	 laryngeal	 nerve	 involvement.	 These	 types	 of	 symptoms	 suggest
unresectable	 locally	 advanced	 disease	 or	 metastases.	 Unusual	 presentations	 are	 pneumonia	 secondary	 to
tracheoesophageal	fistula	or	exsanguinating	hemorrhage	due	to	aortic	invasion.

DIAGNOSTIC	STUDIES	AND	PRETREATMENT	STAGING	TOOLS
Patients	 with	 symptoms	 of	 dysphagia	 should	 undergo	 an	 upper	 endoscopy	 and	 a	 biopsy	 to	 establish	 a	 tissue
diagnosis.	Biopsies	or	cytologic	brushings	have	a	diagnostic	accuracy	approaching	100%.117,118	A	targeted	biopsy
can	 be	 enhanced	 and	 increase	 detection	 of	 neoplasia	 by	 the	 use	 of	 advanced	 imaging	 techniques	 such	 as
chromoendoscopy	 using	 vital	 dyes,	 including	 indigo	 carmine,	 Lugol	 iodine	 solution,	 methylene	 blue,	 and
toluidine	 blue	 or	 virtual	 chromoendoscopy.119	 Autofluorescence	 imaging	 and	 narrow	 band	 imaging	 are
endoscopic	techniques	that	allow	for	a	detailed	inspection	of	mucosa.120–123

A	 focused	 history	 taking	 should	 elicit	 information	 on	 predisposing	 factors	 for	 esophageal	 cancer,	 including
tobacco	use,	alcohol	use,	symptomatic	reflux,	a	diagnosis	of	Barrett	esophagus,	and	history	of	head	and	neck	or
thoracic	malignancy.	Prior	surgery	on	the	stomach	or	colon	may	influence	the	choice	of	reconstructive	conduit	to
restore	alimentary	continuity	at	the	time	of	an	esophagectomy.	Findings	on	history	and	physical	examination	that



would	prompt	further	diagnostic	testing	include	hoarseness,	cervical	or	supraclavicular	lymphadenopathy,	pleural
effusion,	or	new	onset	of	bone	pain.

A	chest	radiography	and	a	liquid	oral	contrast	examination	of	the	esophagus	and	stomach	have	been	replaced
by	 a	 computed	 tomography	 (CT)	 scan	 and	 a	 flexible	 endoscopy.	An	 esophagogastroscopy	 allows	 for	 a	 precise
evaluation	 of	 the	 extent	 of	 esophageal	 and	 gastric	 involvement	 and	 can	 precisely	measure	 the	 distance	 of	 the
tumor	from	the	incisors	to	appropriately	categorize	the	tumor’s	location.	An	upper	endoscopy	also	allows	for	the
identification	 of	 “skip”	 lesions	 or	 second	 primaries	 as	 well	 as	 indicates	 the	 presence	 and	 extent	 of	 Barrett
esophagus.	A	bronchoscopy	should	be	reserved	for	those	patients	with	tumors	of	the	middle	and	upper	esophagus
to	 rule	out	 invasion	of	 the	membranous	 trachea	and	possible	 tracheoesophageal	 fistula,	although	an	endoscopic
ultrasound	or	endobronchial	ultrasound	are	now	the	procedures	of	choice	to	identify	these	unusual	manifestations.

Pretreatment	staging	procedures	establish	the	depth	of	esophageal	wall	penetration,	regional	lymph	nodes,	and
the	presence	of	distant	metastases	so	that	patients	can	be	guided	to	appropriate	treatment.	A	CT	scan	of	the	chest
and	 abdomen	 is	mandatory.	A	 single	 institution	 review	of	 201	CT	 scans	 in	 99	patients	 undergoing	 staging	 for
esophageal	cancer	indicated	that	imaging	of	the	pelvis	did	not	contribute	added	staging	information,	and	it	may
not	need	to	be	routinely	performed.124	CT	scans	are	highly	accurate	(approaching	100%)	at	detecting	liver	or	lung
metastases	 and	 suggesting	 peritoneal	 carcinomatosis	 (e.g.,	 ascites,	 omental	 infiltration,	 peritoneal	 tumor
studding).125–127	Accuracy	 for	detecting	aortic	 involvement	or	 tracheobronchial	 invasion	exceeds	90%.126–129	A
CT	 scan	 is	 inaccurate	 in	 determining	T	 stage	 and	N	 stage.125–132	 The	 accuracy	 of	 endoscopic	 ultrasonography
(EUS)	in	determining	both	T	and	N	stage	is	a	function	of	its	ability	to	clearly	delineate	the	multiple	layers	of	the
esophageal	wall133,134	and	its	use	of	multiple	criteria,	 including	shape,	border	pattern,	echogenicity,	and	size,	 to
determine	 lymph	node	 involvement.135,136	EUS	 is	 superior	 to	CT	scans	 in	both	T	and	N	staging	of	 esophageal
cancer.137,138	 The	 overall	 accuracy	 for	T	 staging	 is	 approximately	 85%,	 and	 for	N	 staging,	 it	 is	 approximately
75%.139	The	accuracy	of	determining	lymph	node	involvement	has	been	increased	to	85%	to	100%	with	the	use	of
linear-array	 EUS	 with	 a	 channel	 that	 allows	 for	 passage	 of	 a	 needle	 to	 perform	 tissue	 aspiration	 for
cytology.132,140,141	EUS	 is	highly	operator	dependent	 and	 is	 limited	 in	 its	 ability	 to	define	 relatively	 superficial
lesions	as	either	T1	or	T2.139,142,143	This	distinction	is	critical	to	allow	for	the	use	of	minimal	resection	techniques
for	T1	 lesions	 and	 to	 avoid	preoperative	 chemoradiation	 for	T1	 and	T2	 tumors.	Miniprobe	high-frequency	 (20
MHz)	sonographic	catheters	that	can	be	passed	through	the	working	channel	of	the	standard	endoscope	are	now
being	 used	 and	 provide	 improved	 accuracy.144,145	 A	 new	 generation	 of	 endoscopes	 that	 are	 thin	 caliber	 may
traverse	almost	all	obstructing	lesions,	allowing	for	an	EUS	assessment.145	The	accuracy	of	EUS	in	assessing	a
response	to	induction	chemoradiation	is	severely	limited,	and	its	use	frequently	leads	to	overstaging	because	the
fibrotic	changes	induced	by	treatment	mimic	residual	tumor,146,147	although	recent	data	may	indicate	some	utility
for	posttherapy	EUS.148

The	 fluorine-18	 (18F)	 fluorodeoxyglucose	 (FDG)	 positron	 emission	 tomography	 (PET)	 scan	 is	 being	widely
applied	 in	 the	 management	 of	 esophageal	 cancer,	 both	 for	 staging	 and	 to	 assess	 response	 to	 preoperative
treatment.	The	accuracy	of	FDG-PET	scans	in	assessing	regional	lymph	nodes	falls	somewhere	between	the	low
and	high	accuracy	of	CT	scans	and	EUS,	respectively.149,150	In	the	detection	of	distant	metastases,	an	FDG-PET
scan	 is	 superior	 to	CT,	with	 a	 sensitivity,	 specificity,	 and	accuracy	all	 in	 the	 range	of	80%	 to	90%.150,151	PET
scans,	in	combination	with	CT	(PET-CT	fusion	or	hybrid	FDG-PET/CT)	scans,	further	improves	specificity	and
accuracy	of	noninvasive	staging.152	This	 leads	 to	 the	detection	of	unsuspected	metastatic	disease	 (upstaging)	 in
15%	of	patients,	which	leads	to	alteration	of	the	intended	treatment	plan	in	at	least	20%	of	patients.	Currently,	the
utility	of	PET	to	detect	distant	disease	not	identified	by	other	imaging	modalities	confirms	a	role	for	PET	that	is
complementary	 to	 other	 staging	 procedures,	 although	 it	 should	 not	 supplant	 them.	 The	 utility	 of	 PET	 as	 a
biomarker	and	predictor	of	response	to	chemotherapy	or	chemoradiation	is	addressed	later	on	in	this	chapter.

Minimally	invasive	surgical	techniques	(laparoscopy,	thoracoscopy,	or	both)	are	being	used	for	the	staging	of
both	local–regional	and	distant	disease.	Performing	laparoscopy	as	the	initial	procedure	at	the	time	of	a	planned
esophagectomy	adds	little	in	the	way	of	time	and	cost	to	the	procedure	and	allows	for	the	detection	of	unsuspected
distant	metastases,	which	 spares	 the	morbidity	 of	 laparotomy	 in	 10%	 to	 15%	 of	 cases.153,154	Although	 studies
suggest	improved	pretreatment	staging	with	minimally	invasive	surgical	approaches,155–157	such	approaches	have
not	been	embraced	because	of	the	morbidity	and	cost	associated	with	what	is	considered	an	additional	procedure.

A	 study	comparing	 the	health-care	 costs	 and	efficacy	of	 staging	procedures,	 including	CT	 scans,	EUS	 fine-
needle	 aspirations	 (FNAs),	 PET	 scans,	 and	 thoracoscopies	 or	 laparoscopies	 reported	 that	 CT	 scans	 plus	 EUS
FNAs	were	 the	 least	 expensive	 and	 offered	 the	most	 quality-adjusted	 life-years	 on	 average	 than	 all	 the	 other
strategies.	PET	scans	plus	EUS	FNAs	were	not	only	more	effective	but	also	more	expensive.158



Dr. AVR @ TMH

STAGING	GUIDELINES
The	most	recent	guidelines	established	by	the	AJCC	for	the	staging	of	esophageal	cancer	are	outlined	in	Tables
52.1and	52.2A,B.90	A	summary	of	major	changes	between	the	current	(eighth	edition)	and	immediate	past	seventh
edition	 staging	 guidelines	 are	 highlighted.	 The	 most	 significant	 change	 is	 that	 in	 addition	 to	 separating	 by
histologic	 classification,	 squamous	 cell	 carcinoma,	 and	 adenocarcinoma,	 esophageal	 cancers	 are	 now	classified
separately	based	on	the	temporal	relationship	to	treatment.	Staging	prior	to	initiation	of	any	treatment	is	deemed
“clinical	 (cTNM),”	 staging	 following	 esophagectomy	 alone	 is	 classified	 as	 “pathologic	 (pTNM),”	 and	 staging
following	preoperative	therapy	and	postesophagectomy	is	classified	as	“postneoadjuvant	pathologic	(ypTNM).”159
Cancers	involving	the	GEJ	with	their	epicenter	within	the	proximal	2	cm	of	the	cardia	(Siewert	I/II)	are	classified
as	esophageal	cancer.	The	current	AJCC	guidelines	do	not	specify	the	number	of	lymph	nodes	to	be	removed	but
instead	 suggest	 that	 the	 surgeon	 resect	 as	many	 lymph	 nodes	 as	 possible	 while	minimizing	morbidity.	 Future
refinements	in	the	staging	of	esophageal	cancer	may	result	from	incorporation	of	computational	modalities	such	as
nomograms	 and	 artificial	 neural	 networks	 that	 may	 predict	 outcome	 better	 than	 the	 tumor-necrosis-metastasis
(TNM)-based	staging	systems.160	Successive	pathologically	determined	stage	groups	are	predictive	of	 length	of
survival.89,101	 OS	 for	 adenocarcinoma	 and	 squamous	 cell	 carcinoma	 in	 patients	 treated	 with	 surgery	 alone,	 as
staged	by	the	new	AJCC	staging	system,	is	outlined	in	Figures	52.6	and	52.7.161–163

TREATMENT
The	paucity	of	appropriately	designed	studies	to	scientifically	determine	the	most	effective	therapeutic	strategy	in
esophageal	cancer	fuels	an	ongoing	debate	and	undermines	the	potential	for	achieving	consensus.	Although	there
is	 no	 disagreement	 that	 esophageal	 resection	 prevents	 progression	 from	 high-grade	 dysplasia	 to	 invasive
carcinoma	 and	 is	 curative	 for	 T1	 lesions	 limited	 to	 the	 mucosa,	 the	 morbidity	 and	 mortality	 associated	 with
esophagectomy	 has	 created	 appropriate	 enthusiasm	 for	 alternative	 approaches	 such	 as	 mucosal	 ablation	 and
endoscopic	resection.	Endoscopic	submucosal	dissection	(ESD)	may	also	be	offered	 to	select	patients	with	T1b
lesions	with	limited	submucosal	 involvement.164	Surgery	has	always	been	considered	the	most	effective	way	of
ensuring	both	local–regional	control	and	long-term	survival	for	patients	with	tumors	invading	into	or	beyond	the
submucosa	 with	 or	 without	 lymph	 node	 involvement.	 Some	 investigators	 suggest	 that	 extending	 the	 limits	 of
resection	will	 further	 improve	 an	 outcome.	However,	 surgery	 alone	 or	 any	 other	 single	modality	 fails	 in	most
patients,	which	has	led	oncologists	to	embrace	both	chemotherapy	and	chemoradiation	and	some	to	question	the
necessity	 for	 surgical	 intervention.	 Chemoradiation	with	 or	 without	 resection	 is	 the	most	 common	 therapeutic
regimen	offered	to	patients	with	locally	advanced	(stage	II	or	III)	esophageal	carcinoma	in	the	United	States	and
its	use	has	increased	dramatically	in	the	past	decade.165	Preoperative	chemotherapy	is	an	accepted	form	of	therapy
for	esophageal	and	GEJ	cancer	in	Europe	and	is	being	used	more	frequently	in	the	United	States.

TABLE	52.1
Definitions	of	American	Joint	Committee	on	Cancer	TNM

Definition	of	Primary	Tumor	(T)
Squamous	Cell	Carcinoma	and	Adenocarcinoma
T	Category T	Criteria
TX Tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis High-grade	dysplasia,	defined	as	malignant	cells	confined	to	the	epithelium
by	the	basement	membrane

T1 Tumor	invades	the	lamina	propria,	muscularis	mucosae,	or	submucosa

T1a Tumor	invades	the	lamina	propria	or	muscularis	mucosae

T1b Tumor	invades	the	submucosa

T2 Tumor	invades	the	muscularis	propria

T3 Tumor	invades	adventitia

T4 Tumor	invades	adjacent	structures



T4a Tumor	invades	the	pleura,	pericardium,	azygos	vein,	diaphragm,	or
peritoneum

T4b Tumor	invades	other	adjacent	structures,	such	as	the	aorta,	vertebral	body,
or	airway

Definition	of	Regional	Lymph	Nodes	(N)
Squamous	Cell	Carcinoma	and	Adenocarcinoma
N	Category N	Criteria
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	one	or	two	regional	lymph	nodes

N2 Metastasis	in	three	to	six	regional	lymph	nodes

N3 Metastasis	in	seven	or	more	regional	lymph	nodes

Definition	of	Distant	Metastasis	(M)
Squamous	Cell	Carcinoma	and	Adenocarcinoma
M	Category M	Criteria
M0 No	distant	metastasis

M1 Distant	metastasis

Definition	of	Histologic	Grade	(G)
Squamous	Cell	Carcinoma	and	Adenocarcinoma
G G	Definition

GX Grade	cannot	be	assessed

G1 Well	differentiated

G2 Moderately	differentiated

G3 Poorly	differentiated,	undifferentiated

Definition	of	Location	(L)
Squamous	Cell	Carcinoma
Location	plays	a	role	in	the	stage	grouping	of	esophageal	squamous	cancers.

Location
Category Location	Criteria
X Location	unknown

Upper Cervical	esophagus	to	lower	border	of	azygos	vein

Middle Lower	border	of	azygos	vein	to	lower	border	of	inferior	pulmonary	vein

Lower Lower	border	of	inferior	pulmonary	vein	to	stomach,	including
gastroesophageal	junction

Note:	Location	is	defined	by	the	position	of	the	epicenter	of	the	tumor	in	the	esophagus.

Treatment	of	Premalignant	and	T1	Disease
High-grade	dysplasia	in	Barrett	esophagus	is	the	most	powerful	predictor	of	subsequent	invasive	adenocarcinoma
and	 is	 associated	 with	 a	 per-year	 cancer	 incidence	 of	 6%,	 thereby	 warranting	 therapeutic	 intervention.	 The
rationale	for	esophagectomy	is	that	resection	completely	eradicates	the	mucosa	at	risk,	which	prevents	progression
to	invasive	carcinoma.	This	is	supported	by	older	surgical	series	reporting	previously	unidentified	invasive	cancer,
which	was	present	in	up	to	40%	of	resected	specimens.166,167	The	argument	against	esophagectomies	is	that	most
patients	 with	 high-grade	 dysplasia	 do	 not	 develop	 invasive	 carcinoma	 in	 their	 lifetimes	 and,	 in	 the	 era	 of
endoscopic	resection,	that	early	cancers	can	be	effectively	addressed	without	an	esophagectomy.	Those	supporting
endoscopic	 methods,	 ranging	 from	 surveillance	 to	 mucosal-ablative	 and	 resection	 techniques,	 argue	 that	 this
allows	for	the	identification	of	patients	with	an	early	invasive	lesion	that	is	readily	amenable	to	cure	or	elimination
of	the	mucosa	at	risk,	thus	preventing	progression.	Indeed,	patients	with	superficial	invasive	tumors	confined	to
the	mucosa,	and	those	with	T1a	disease	in	particular,	have	little	or	no	risk	of	lymph	node	metastases168,169	and	are
considered	candidates	for	endoscopic	therapies.	Select	patients	with	T1b	lesions	with	limited	submucosal	invasion
(SM1)	may	also	be	considered	for	ESD.164

Ablative	Methods
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The	 mechanism	 of	 action	 of	 all	 mucosal	 ablative	 techniques,	 including	 photodynamic	 therapy	 (PDT),	 laser
ablation,	 multipolar	 electrocoagulation,	 argon	 plasma	 coagulation,	 cryotherapy	 and	 radiofrequency	 ablation,	 is
destruction	of	the	mucosal	layer.	The	premise	for	managing	high-grade	dysplasia	with	endoscopic	ablative	therapy
is	that	mucosal	injury	in	an	acid-controlled	environment	via	proton	pump	inhibitors	eliminates	the	premalignant
mucosa	 and	 resurfaces	 the	 esophageal	 lining	 with	 regenerated	 squamous	 epithelium.170	 In	 addition,	 ablative
therapy	has	been	demonstrated	in	a	multicenter	randomized	clinical	trial	to	reduce	the	risk	of	progression	to	high-
grade	dysplasia	 and/or	 adenocarcinoma.171	Ablative	 therapy	 has	 no	 role	 in	 the	 setting	 of	 nondysplastic	Barrett
esophagus.

PDT	involves	the	administration	of	an	inactive	photosensitizing	agent	that,	when	exposed	to	light	of	the	proper
wavelength,	results	in	oxygen	radical	production	and	tissue	destruction.	Results	of	a	phase	III	multicenter	study
that	 randomized	 208	 patients	 on	 a	 two-to-one	 basis	 to	 either	 PDT	 plus	 omeprazole	 or	 omeprazole	 alone
demonstrated	improved	eradication	of	high-grade	dysplasia	in	the	PDT	arm	(77%	versus	39%,	P	<	.0001)	at	a	24-
month	follow-up.172	A	marked	reduction	in	the	occurrence	of	adenocarcinoma	was	noted	in	the	PDT-treated	group
(13%	versus	28%);	however,	the	results	emphasize	the	risk	of	development	of	invasive	cancer	in	a	relatively	short
follow-up	 interval	 of	 24	months.	These	 results	 highlight	 the	 limitations	 of	 PDT,	 and	 due	 to	 the	 complexity	 of
treatment	 and	 inconvenience	 of	 exposure	 to	 photosensitizing	 agents,	 PDT	 has	 fallen	 out	 of	 favor.	 Limited
experience	 with	 thermal	 ablation	 for	 high-grade	 dysplasia	 has	 been	 reported.	 Small	 series	 of	 either	 laser
ablation173,174	or	argon	plasma	coagulation175,176	of	high-grade	dysplasia	suggest	that	high-grade	dysplasia	can	be
eradicated;	however,	 the	 follow-up	period	 in	 these	 studies	was	 short,	 and	 invasive	carcinoma	has	 subsequently
been	 documented.	 Radiofrequency	 ablation	 is	 now	 considered	 the	 preferred	 ablation	 technique	 for	 nonnodular
Barrett	 esophagus.	 A	 randomized	 trial	 of	 127	 patients	 with	 Barrett	 esophagus	 and	 either	 low-	 or	 high-grade
dysplasia	assigned	patients	 to	either	a	sham	endoscopic	procedure	or	 treatment	with	radiofrequency	ablation.177
Patients	assigned	to	receive	radiofrequency	ablation	were	treated	with	a	circumferential	ablation	device	employing
an	 inflatable	 cylindrical	 balloon,	 bringing	 electrodes	 into	 contact	 with	 the	 esophageal	 lining,	 with	 four
applications	performed	per	session,	and	up	to	four	sessions	performed	over	9	months.	At	12	months,	a	complete
eradication	 of	 metaplasia	 occurred	 in	 77.4%	 of	 the	 radiofrequency	 ablation	 patients	 compared	 to	 2.3%	 in	 the
control	group.	Although	the	development	of	cancer	in	either	group	was	uncommon,	progression	to	cancer	in	the
ablation	group	was	significantly	less	than	in	the	control	group.

TABLE	52.2A
AJCC	PROGNOSTIC	STAGE	GROUPS	Squamous	Cell	Carcinoma

Clinical	(cTNM)

When	cT	Is	… And	cN	Is	… And	M	Is	…
Then	the	Stage
Group	Is	…

Tis N0 M0 0

T1 N0–1 M0 I

T2 N0–1 M0 II

T3 N0 M0 II

T3 N1 M0 III

T1–3 N2 M0 III

T4 N0–2 M0 IVA

Any	T N3 M0 IVA

Any	T Any	N M1 IVB

Pathologic	(pTNM)

When	pT	Is	… And	pN	Is	… And	M	Is	… And	G	Is	… And	location	Is	…
Then	the	Stage
Group	Is	…

Tis N0 M0 N/A Any 0

T1a N0 M0 G1 Any IA

T1a N0 M0 G2–3 Any IB

T1a N0 M0 GX Any IA

T1b N0 M0 G1–3 Any IB



T1b N0 M0 GX Any IB

T2 N0 M0 G1 Any IB

T2 N0 M0 G2–3 Any IIA

T2 N0 M0 GX Any IIA

T3 N0 M0 Any Lower IIA

T3 N0 M0 G1 Upper/middle IIA

T3 N0 M0 G2–3 Upper/middle IIB

T3 N0 M0 GX Any IIB

T3 N0 M0 Any Location	X IIB

T1 N1 M0 Any Any IIB

T1 N2 M0 Any Any IIIA

T2 N1 M0 Any Any IIIA

T2 N2 M0 Any Any IIIB

T3 N1–2 M0 Any Any IIIB

T4a N0–1 M0 Any Any IIIB

T4a N2 M0 Any Any IVA

T4b N0–2 M0 Any Any IVA

Any	T N3 M0 Any Any IVA

Any	T Any	N M1 Any Any IVB

Postneoadjuvant	Therapy	(ypTNM)

When	yp	T	Is	… And	yp	N	Is	… And	M	Is	…
Then	the	Stage
Group	Is	…

T0–2 N0 M0 I

T3 N0 M0 II

T0–2 N1 M0 IIIA

T3 N1 M0 IIIB

T0–3 N2 M0 IIIB

T4a N0 M0 IIIB

T4a N1–2 M0 IVA

T4a NX M0 IVA

T4b N0–2 M0 IVA

Any	T N3 M0 IVA

Any	T Any	N M1 IVB

TABLE	52.2B
AJCC	PROGNOSTIC	STAGE	GROUPS	Adenocarcinoma

Clinical	(cTNM)

When	cT	Is	… And	cN	Is	… And	M	Is	…
Then	the	Stage	Group
Is	…

Tis N0 M0 0

T1 N0 M0 I

T1 N1 M0 IIA

T2 N0 M0 IIB

T2 N1 M0 III

T3 N0–1 M0 III

T4a N0–1 M0 III

T1–4a N2 M0 IVA

T4b N0–2 M0 IVA
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Any	T N3 M0 IVA

Any	T Any	N M1 IVB

Pathologic	(pTNM)

When	pT	Is	… And	pN	Is	… And	M	Is	… And	G	Is	…
Then	the	Stage	Group
Is	…

Tis N0 M0 N/A 0

T1a N0 M0 G1 IA

T1a N0 M0 GX IA

T1a N0 M0 G2 IB

T1b N0 M0 G1–2 IB

T1b N0 M0 GX IB

T1 N0 M0 G3 IC

T2 N0 M0 G1–2 IC

T2 N0 M0 G3 IIA

T2 N0 M0 GX IIA

T1 N1 M0 Any IIB

T3 N0 M0 Any IIB

T1 N2 M0 Any IIIA

T2 N1 M0 Any IIIA

T2 N2 M0 Any IIIB

T3 N1–2 M0 Any IIIB

T4a N0–1 M0 Any IIIB

T4a N2 M0 Any IVA

T4b N0–2 M0 Any IVA

Any	T N3 M0 Any IVA

Any	T Any	N M1 Any IVB

Postneoadjuvant	Therapy	(ypTNM)

When	yp	T	Is	… And	yp	N	Is	… And	M	Is	…
Then	the	Stage	Group
Is	…

T0–2 N0 M0 I

T3 N0 M0 II

T0–2 N1 M0 IIIA

T3 N1 M0 IIIB

T0–3 N2 M0 IIIB

T4a N0 M0 IIIB

T4a N1–2 M0 IVA

T4a NX M0 IVA

T4b N0–2 M0 IVA

Any	T N3 M0 IVA

Any	T Any	N M1 IVB



Figure	52.6	Risk-adjusted	survival	after	treatment	for	clinically	staged	(c)	(A),	pathologically
staged	(p)	(B),	and	postneoadjuvant	pathologically	staged	(yp)	(C)	adenocarcinoma	of	the

esophagus	based	on	Worldwide	Esophageal	Cancer	Collaboration	data.	PET,	positron	emission
tomography;	RT,	radiotherapy;	SUV,	standardized	uptake	value.

Endoscopic	Resection
Endoscopic	mucosal	resection	(EMR)	is	now	considered	an	essential	diagnostic,	staging,	and	therapeutic	option
available	 for	 patients	 with	 either	 high-grade	 dysplasia	 or	 superficial	 esophageal	 cancers	 (T1a).	 The	 EMR
technique	 either	 involves	 a	 submucosal	 injection	 of	 fluid	 to	 lift	 and	 separate	 the	 lesion	 from	 the	 underlying
muscular	layer	or	the	use	of	suction	to	trap	the	lesion	into	a	cylinder,	which	allows	for	a	full	resection	and	tissue
retrieval	 with	 a	 snare	 or	 endoscopic	 knife	 for	 appropriate	 histologic	 examination.	 Ell	 et	 al.178	 prospectively
examined	 the	 utility	 of	 endoscopic	 resection	 in	 100	 consecutive	 patients	 with	 low-risk	 adenocarcinoma	 (no
ulceration,	mucosal	lesion,	no	vascular	or	lymphatic	invasion,	<20	mm,	and	not	poorly	differentiated).	Complete
local	 remission	 was	 achieved	 in	 99	 of	 100	 patients;	 at	 a	 median	 follow-up	 of	 33	 months,	 11%	 of	 patients
developed	recurrent	or	metachronous	carcinomas,	all	successfully	 treated	with	repeat	endoscopic	resection.	The
calculated	5-year	survival	rate	was	98%,	and	no	patient	died	of	esophageal	cancer.	In	a	previous	study	from	the
same	group,179	the	complete	remission	rate	in	patients	with	less	favorable	lesions	was	59%,	which	emphasizes	the
need	to	adhere	to	strict	criteria	to	optimize	disease	eradication.
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Figure	52.7	Risk-adjusted	survival	after	treatment	for	clinically	staged	(c)	(A),	pathologically
staged	(p)	(B),	and	postneoadjuvant	pathologically	staged	(yp)	(C)	squamous	cell	carcinoma	of	the

esophagus	based	on	Worldwide	Esophageal	Cancer	Collaboration	data.

A	 report	 examining	 the	 value	 of	 EUS	 and	 EUS-guided	 FNA	 in	 patients	 with	 high-grade	 dysplasia	 or
intramucosal	 cancer	 considered	 candidates	 for	 endoscopic	 therapy	 and	 demonstrated	 that	 20%	 of	 patients	 had
unsuspected	lymph	node	metastases	and	were	therefore	deemed	unsuitable	for	endoscopic	intervention.180	These
results	and	similar	findings	in	smaller	series	examining	EMR181,182	confirm	that	use	of	this	technique	is	feasible
for	the	treatment	of	high-grade	dysplasia	and	carcinoma	limited	to	the	mucosa	(T1a)	and	provides	an	alternative	to
esophagectomy.	 Furthermore,	 one	 could	 justifiably	 conclude	 that	 patients	 carefully	 screened	 and	 confirmed	 to
have	mucosa-limited	lesions	should	first	be	offered	EMR	prior	to	considering	an	esophagectomy.183,184

ESD,	 developed	 in	 Japan,	 has	 been	 examined	 in	 relatively	 small	 groups	 of	 patients	 with	 limited	 invasive
esophageal	carcinoma	including	those	with	T1b	lesions	with	superficial	submucosal	invasion	(SM1).	Studies	have
demonstrated	 that	ESD	 is	 safe	 and	effective	 treatment	with	 favorable	5-year	 survival	 rates	 in	properly	 selected
patients.164,185,186	Larger	studies	with	longer	follow-up	will	help	define	the	appropriateness	of	ESD	in	the	future.

Nonresection	Therapy
There	 is	 limited	experience	with	 the	use	of	 radiation	or	chemoradiation	 in	 the	curative	setting	 for	patients	with
cT1	N0	disease.	Sai	et	al.187	from	Kyoto	University	treated	34	patients	who	were	either	medically	inoperable	or
refused	 surgery	 with	 either	 external	 beam	 alone	 (64	 Gy)	 or	 external	 beam	 (52	 Gy)	 plus	 8	 to	 12	 Gy	 with



brachytherapy.	With	a	median	follow-up	of	61	months,	5-year	results	were	59%	survival,	68%	local	relapse-free
survival,	and	80%	cause-specific	survival.	Treating	a	similar	population	of	63	patients	with	chemoradiation	plus
brachytherapy,	 Yamada	 et	 al.188	 reported	 66%	 survival,	 64%	 disease-free	 survival,	 and	 76%	 cause-specific
survival	 at	 5	 years.	 In	 a	 recent	 cohort	 study	 of	 patients	with	 clinical	 stage	 T1b	N0	 esophageal	 squamous	 cell
carcinoma	 of	 the	 thoracic	 esophagus,	 nearly	 20%	 of	 patients	 in	 the	 surgery	 cohort	 of	 102	 patients	 had	 nodal
involvement	on	pathologic	inspection.	Patients	who	received	definitive	chemoradiotherapy	(n	=	71)	had	a	higher
risk	 of	 disease	 recurrence.	Local	 recurrence	 in	 the	 definitive	 chemoradiotherapy	 cohort	 could	 be	 controlled	 by
salvage	 esophagectomy	 30%	 of	 the	 time,	 with	 the	 remaining	 ultimately	 dying	 of	 progressive	 esophageal
adenocarcinoma.189	 These	 data	 highlight	 the	 importance	 of	 patient	 selection	 in	 the	 decision	 process	 for	 local–
regional	therapy	for	early-stage	esophageal	carcinoma.

Treatment	of	Localized	Disease	(.T2,	Nany,	M0)
Surgery	 has	 traditionally	 been	 the	 treatment	 of	 choice	 for	 patients	with	 localized,	 resectable	 carcinoma	 of	 the
esophagus	 and	 continues	 to	 be	 a	 component	 of	 a	 more	 comprehensive	 approach	 to	 esophageal	 cancer	 in	 a
substantial	 number	 of	 patients.	 Failure	 of	 surgery	 alone	 to	 significantly	 alter	 the	 natural	 history	 of	 esophageal
cancer	has	 resulted	 in	considerable	and	appropriate	enthusiasm	for	multimodality	 therapy	approaches.	The	shift
toward	 multimodal	 treatment	 is	 not	 only	 theoretically	 sound	 but	 also	 supported	 by	 results	 from	 phase	 III
randomized	trials.	Recent	trials,	unlike	their	predecessors,	which	were	statistically	underpowered	and	often	came
to	 conflicting	 conclusions	 about	 the	 worth	 of	 preoperative	 therapeutic	 regimens	 (radiation,	 chemotherapy,	 or
chemoradiation),	 consistently	 demonstrate	 benefit	 to	 neoadjuvant	 therapy	 compared	 to	 surgery	 alone.	 Results
from	clinical	trials	have	also	brought	into	question	the	role	of	surgery	in	a	multimodal	approach	to	treatment	of
esophageal	cancer,	with	studies	(almost	exclusively	in	squamous	cell	cancer)	suggesting	the	absence	of	a	survival
benefit	 for	 the	addition	of	surgery	after	chemoradiation,	despite	 improved	 local	disease	control.	Most	clinicians
and	investigators	consider	some	form	of	combined	modality	treatment	that	includes	surgery	to	be	the	standard	of
care	for	localized,	resectable	esophageal	cancer.

Surgical	Resection
Decisions	regarding	surgical	technique	are	routinely	based	on	personal	bias,	comfort	level	of	the	surgeon,	and	a
subjective	view	of	 tumor	biology	because	solid	evidence	from	scientifically	designed	 trials	have,	until	 recently,
been	nonexistent.	Studies	that	used	health	services–linked	databases	have	demonstrated	a	statistically	significant
association	between	performance	of	 surgery	 in	hospitals	designated	as	high-volume	esophagectomy	 institutions
with	lower	complication	and	mortality	rates.190,191	A	study	from	the	Netherlands	noted	a	significant	reduction	in
postoperative	 morbidity,	 decrease	 in	 length	 of	 stay,	 reduction	 in	 in-hospital	 mortality,	 and	 improved	 2-year
survival	 following	 centralization	 of	 esophageal	 resections	 in	 high-volume	 units	 when	 compared	 to	 before	 the
centralization	project	was	introduced.192	Importantly,	the	strength	of	the	inverse	volume–outcome	relationship	for
esophagectomy	has	significantly	increased	over	time	(2008	to	2009	versus	2000	to	2001)	with	the	adjusted	OR	of
mortality	 in	 very-low-volume	 hospitals	 increasing	 substantially	 compared	 to	 that	 of	 very-high-volume
hospitals.193

A	 recent	 novel	 study	 evaluating	 the	 change	 point	 when	 the	 number	 of	 esophagectomies	 performed	 by	 a
surgeon	translates	to	improved	patient	outcomes	suggests	that	at	15	cases,	30-day	mortality	decreased	from	7.9	%
to	3.1%	(P	<	.001).	Later	change	points,	ranging	from	35	to	59	cases	were	associated	with	statistically	significant
reductions	in	1-,	3-,	and	5-	year	cause	mortality.194

Transhiatal	Esophagectomy.	The	transhiatal	route	for	esophageal	resection	has	gained	favor,	especially	among
surgeons	 in	 the	United	States,	 concurrent	with	 the	 rising	 incidence	of	 adenocarcinoma	of	 the	distal	 esophagus,
which	 is	 readily	 approachable	 and	 effectively	 dissected	 through	 the	 diaphragmatic	 hiatus	 (Table	 52.3).	 The
technique	is	as	follows.195,196	 It	 is	prudent	 to	initially	perform	laparoscopic	exploration	to	rule	out	disseminated
disease	 and,	 if	 it	 is	 confirmed,	 to	 abort	 the	 intended	 resection	 before	 exposing	 the	 patient	 to	 the	 risks	 of
laparotomy.	 Through	 a	 midline	 incision,	 the	 stomach	 is	 mobilized	 by	 dividing	 all	 vascular	 attachments	 while
preserving	 the	right	gastroepiploic	and	right	gastric	vessels	on	whose	pedicle	 the	 reconstructive	conduit	will	be
based.	The	duodenum	is	fully	mobilized	via	a	Kocher	maneuver	and	a	pyloric	drainage	procedure	is	performed,
which	has	been	demonstrated	 in	prospective	randomized	 trials	 to	reduce	gastric	stasis	and	minimize	pulmonary
complications	such	as	aspiration.197,198	Cautery	division	of	the	diaphragmatic	crus	allows	for	wide	access	to	the
mediastinum	and	dissection	under	direct	vision	of	 the	middle	and	 lower	 third	of	 the	esophagus.	A	 left	 cervical
incision	provides	exposure	to	the	cervical	esophagus,	and	circumferential	dissection	of	the	cervical	esophagus	is
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carried	down	to	below	the	thoracic	inlet	to	the	upper	thoracic	esophagus,	with	care	to	avoid	injury	to	the	recurrent
laryngeal	nerve.	The	remainder	of	the	dissection	at	the	level	of	and	superior	to	the	carina	is	completed	by	blunt
dissection	through	the	esophageal	hiatus.

The	cervical	esophagus	is	then	divided;	the	stomach	and	attached	intrathoracic	esophagus	are	delivered	through
the	 abdominal	 wound;	 and	 a	 gastric	 tube,	 which	 will	 serve	 as	 the	 reconstructive	 conduit,	 is	 fashioned	 using
multiple	 applications	 of	 a	 linear	 stapling	 device.	 The	 gastric	 tube	 is	 then	 transposed	 through	 the	 posterior
mediastinum	to	the	cervical	wound,	where	a	cervical	esophagogastric	anastomosis	is	performed.	The	stomach	is
considered	by	most	surgeons	the	replacement	conduit	of	choice	for	the	resected	esophagus.	A	segment	of	colon,
usually	based	on	the	ascending	branch	of	the	inferior	mesenteric	artery,	is	an	effective	esophageal	substitute	if	for
any	reason	the	stomach	is	deemed	unsuitable	for	reconstruction	or	if	it	is	the	surgeon’s	preference.	Although	the
original	 intent	 of	 this	 approach	was	 not	 to	 perform	 a	methodical	 lymph	 node	 dissection,	 a	 standard	 two-field
lymphadenectomy	(abdominal	and	lower	mediastinal)	can	readily	be	achieved,	and	for	that	matter,	if	the	surgeon
is	so	inclined,	a	radical	en	bloc	resection	can	be	performed,	as	described	by	Bumm	et	al.199

TABLE	52.3
Conventional	Approaches	to	Esophageal	Resection	for	Cancer

Transhiatal

Laparotomy	and	cervical	approach
Peritumoral	or	two-field	lymph	node	dissection
En	bloc	resection	feasible	for	distal	esophageal	tumors
Cervical	anastomosis

Transthoracic

Ivor	Lewis
Right	thoracotomy	and	laparotomy
Peritumoral	or	two-field	lymph	node	dissection
En	bloc	resection	feasible	for	middle/distal	thoracic	tumors

McKeown	or	“three	hole”
Right	thoracotomy,	laparotomy,	cervical	approach
Peritumoral,	two-field,	or	three-field	lymph	node	dissection
En	bloc	resection	feasible	for	mid-	or	distal	thoracic	tumors
Cervical	anastomosis

Left	thoracotomy
Left	thoracotomy	with	or	without	cervical	approach
Peritumoral	lymph	nodes	dissection
Intrathoracic	or	cervical	anastomosis

Left	thoracoabdominal
Left	thoracoabdominal	approach
Peritumoral	or	two-field	lymph	node	dissection
Intrathoracic	anastomosis

TABLE	52.4
Results	of	Transhiatal	Esophagectomy	for	Esophageal	Cancer

Study	(Ref.) Year
No.	of	Patients
(N) Histologic	Type

Perioperative
Mortality	(%)

Five-Year
Survival	(%)

Gelfand	et	al.202 1992 160 A 0.9 21

Gertsch	et	al.204 1993 100 A/S 3 23

Vigneswaran	et	al.203 1993 131 A/S 2.3 21

Dudhat	and	Shinde206 1998 80 S 7.5 37

Orringer	et	al.201 1999 800 A/S 4.5 23

Bolton	and	Teng205 2002 124 A/S 1.6 27.3
A,	adenocarcinoma;	S,	squamous	cell	carcinoma.



The	 stated	 advantages	 attributed	 to	 the	 transhiatal	 approach	 to	 esophagectomy	 include	 avoidance	 of	 a
thoracotomy	 incision,	 which	 thereby	 minimizes	 pain	 and	 subsequent	 postoperative	 pulmonary	 complications,
elimination	of	 the	 lethal	complications	of	mediastinitis	associated	with	an	 intrathoracic	anastomotic	 leak,	and	a
shorter	 duration	 of	 operation,	 which	 results	 in	 decreased	 morbidity	 and	 mortality.196	 Limitations	 and
disadvantages	of	 transhiatal	esophagectomy	include	poor	visualization	of	upper	and	middle	 thoracic	esophageal
tumors,	increased	anastomotic	leak	rate	with	subsequent	stricture	formation,	the	possibility	of	chylothorax,	and	the
possibility	 of	 recurrent	 laryngeal	 nerve	 injury.	 The	 largest	 experience	 with	 transhiatal	 esophagectomy	 was
reported	 by	 Orringer	 et	 al.200	 and	 included	 1,525	 patients	 with	 esophageal	 cancer,	 79%	 of	 whom	 had
adenocarcinoma	and	21%	of	whom	had	squamous	cell	carcinoma.	Tumors	were	located	in	the	lower	third	of	the
esophagus	 in	 82%	and	 in	 the	middle	 or	 upper	 third	 in	 18%.	 In-hospital	mortality	was	 3%.	The	most	 common
complications	 were	 anastomotic	 leak	 (12%)	 and	 recurrent	 laryngeal	 nerve	 palsy	 (4.5%).	 Leak	 of	 a	 cervical
esophageal	 gastric	 anastomosis	 was	 handled	 simply,	 in	 most	 patients	 with	 opening	 of	 the	 cervical	 wound,
followed	by	local	wound	care.	Hoarseness	from	recurrent	laryngeal	nerve	injury	resolved	spontaneously	in	99%	of
cases.	Five-year	OS	was	29%,	and	stage-specific	5-year	survival	was	65%	for	stage	I,	28%	for	stage	II,	29%	for
stage	 IIB,	 and	 11%	 for	 stage	 III.	 These	 results	 reflect	 those	 reported	 from	 other	 surgical	 series	 of	 transhiatal
esophagectomy	(Table	52.4).201–206

Transthoracic	 Esophagectomy.	 The	 transthoracic	 esophagectomy	 has	 been	 the	 most	 common	 surgical
approach	 used	 to	 resect	 carcinomas	 of	 the	 esophagus	 and	 is	 the	 standard	 procedure	 against	 which	 all	 other
techniques	are	measured	(see	Table	52.3).	Although	a	left	thoracotomy	provides	adequate	exposure	to	tumors	of
the	distal	esophagus,	a	right	thoracotomy	affords	access	to	upper,	middle,	and	distal	esophageal	lesions	and	is	the
preferred	route	for	transthoracic	exposure.	A	right	thoracotomy	combined	with	an	upper	midline	laparotomy	(Ivor
Lewis	 esophagectomy)	 is	 the	 technique	most	 commonly	used	 for	 esophageal	 resection	 and	 is	 briefly	described
here.196	The	abdominal	portion	of	the	procedure	duplicates	that	of	the	transhiatal	approach	previously	detailed	and
includes	mobilization	of	the	stomach	and	distal	esophagus,	upper	abdominal	lymphadenectomy,	pyloromyotomy,
and	 placement	 of	 a	 feeding	 jejunostomy	 before	 abdominal	 wound	 closure	 and	 repositioning	 for	 the	 thoracic
component	of	 the	procedure.	A	muscle-sparing	right	 lateral	 thoracotomy	is	performed	through	the	fifth	or	sixth
intercostal	 space.	 The	 azygos	 vein	 is	 divided,	 the	 mediastinal	 pleura	 incised,	 the	 intrathoracic	 esophagus
mobilized,	and	a	mediastinal	lymph	node	dissection	performed.

After	division	of	the	proximal	esophagus	in	the	chest	to	ensure	an	adequate	margin,	the	GEJ	and	stomach	are
pulled	into	the	thoracic	cavity.	The	stomach	is	then	divided	with	a	linear	stapler,	the	specimen	is	removed,	and	an
esophagogastric	 anastomosis	 is	 performed.	 An	 alternative	 approach	 has	 been	 described	 in	 which	 the	 right
thoracotomy	is	the	initial	stage	of	the	procedure	followed	by	repositioning	of	the	patient	supine	for	an	abdominal
and	 left	cervical	 incision	 to	achieve	a	cervical	esophagogastric	anastomosis.207,208	Experience	with	a	minimally
invasive	Ivor	Lewis	esophagectomy	has	also	been	reported.209

The	 transthoracic	 approach	 provides	 direct	 visualization	 and	 exposure	 of	 the	 intrathoracic	 esophagus,
facilitating	 a	 wider	 dissection	 to	 achieve	 a	 more	 adequate	 radial	 margin	 around	 the	 primary	 tumor	 and	 more
thorough	 lymph	node	dissection,	which	 theoretically	 results	 in	a	more	 sound	cancer	operation.	 In	patients	with
significant	 comorbid	 conditions,	 the	 combined	 effects	 of	 an	 abdominal	 and	 thoracic	 incision	may	 compromise
cardiorespiratory	 function.	 An	 intrathoracic	 anastomotic	 leak	 can	 lead	 to	 mediastinitis,	 sepsis,	 and	 death.	 In
addition,	esophagitis	in	the	nonresected	thoracic	esophagus	may	occur	secondary	to	bile	reflux.	The	three-incision
(cervical,	 thoracic,	 and	 abdominal)	 modification	 of	 the	 procedure	 effectively	 eliminates	 the	 potential	 for
complications	associated	with	an	intrathoracic	esophagogastric	anastomosis.

Numerous	 authors	 have	 reported	 results	 of	 transthoracic	 esophagectomy;	 however,	most,	 if	 not	 all,	 of	 these
reports	 include	 patients	 who	 were	 resected	 via	 other	 surgical	 approaches	 and	 underwent	 a	 more	 extended
lymphadenectomy	(Table	52.5).210–215	Both	OS	and	stage-specific	5-year	survival	rates	were	similar	to	those	seen
with	a	 transhiatal	esophagectomy.	The	most	reliable	data	may	be	derived	from	prospective	randomized	trials	 in
which	there	 is	a	surgery-alone	control	arm.	In	only	one	of	 those	 trials215	was	a	 transthoracic	approach	 the	only
surgical	procedure	allowed.	In	that	trial,	median	survival	time	on	the	surgery-alone	arm	was	18.6	months	and	5-
year	survival	rate	was	26%.

TABLE	52.5
Results	of	Transthoracic	Esophagectomy	for	Esophageal	Cancer

No.	of	Patients Perioperative Five-Year
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Study	(Ref.) Year (N) Histologic	Type Mortality	(%) Survival	(%)

Wang	et	al.213 1992 368 S 6.5 7.6

Lieberman	et	al.214 1995 258 A/S 5 27

Adam	et	al.212 1996 597 A/S 6.9 16.3

Sharpe	and	Moghissi210 1996 562 A/S 9 18

Bosset	et	al.215 1997 139 S 3.6 26

Ellis211 1999 455 A/S 3.3 24.7
A,	adenocarcinoma;	S,	squamous	cell	carcinoma.

Transhiatal	versus	Transthoracic	Esophagectomy.	The	controversy	regarding	the	optimal	surgical	approach
for	 esophageal	 cancer	 remains	unresolved.	Two	 large	meta-analyses	have	 compared	 transhiatal	 esophagectomy
with	transthoracic	esophagectomy	based	on	collective	reviews	of	numerous	individual	studies.216,217	Both	reports
include	 studies	 that	 compared	 transhiatal	 with	 transthoracic	 esophagectomies,	 studies	 of	 transhiatal
esophagectomies	 only,	 and	 studies	 of	 transthoracic	 esophagectomies	 only.	 Rindani	 et	 al.216	 reviewed	 5,483
patients	from	44	series	published	between	1986	and	1996.	Perioperative	mortality	was	significantly	higher	in	the
transthoracic	 esophagectomy	 group	 than	 in	 the	 transhiatal	 group	 (9.5%	 versus	 6.3%),	 whereas	 overall
perioperative	 complications	 were	 not	 significantly	 different.	 Transhiatal	 esophagectomies	 resulted	 in	 a	 higher
incidence	 of	 anastomotic	 leak,	 anastomotic	 stricture,	 and	 recurrent	 laryngeal	 nerve	 injury.	 Five-year	 OS	 was
similar:	 24%	 for	 transhiatal	 esophagectomies	 and	 26%	 for	 transthoracic	 esophagectomies.	 Hulscher	 et	 al.217
performed	 a	 collective	 review	 of	 50	 studies	 performed	 between	 1990	 and	 1999	 yielding	 7,527	 patients.
Postoperative	mortality	was	 significantly	 greater	 in	 the	 transthoracic	 group	 than	 in	 the	 transhiatal	 group	 (9.2%
versus	 5.7%).	 Transthoracic	 esophagectomies	 were	 associated	 with	 a	 significantly	 higher	 risk	 of	 pulmonary
complications	 (18.7%	 versus	 12.7%),	 whereas	 patients	 treated	 with	 a	 transhiatal	 esophagectomy	 had	 a	 higher
anastomotic	leak	rate	(13.6%	versus	7.2%).	Five-year	survival	was	not	significantly	different,	with	a	23%	5-year
survival	for	transthoracic	and	a	21.7%	5-year	survival	with	transhiatal	esophagectomies.	A	third	meta-analysis	of
over	50	comparative	studies	with	a	total	of	5,905	patients	included	studies	published	up	to	2010	and	also	included
the	largest	randomized	controlled	trial.	In-hospital	or	30-day	mortality	was	significantly	higher	in	the	transthoracic
group	(10.6%	versus	7.2%)	as	was	pulmonary	complications	and	length	of	stay	(4	days	more).	Anastomotic	leak
(16.9%	versus	10.6%),	anastomotic	stricture,	and	vocal	cord	paralysis	was	significantly	higher	in	the	transhiatal
group.	 Five-year	 OS	 was	 not	 statistically	 different	 between	 the	 transthoracic	 (26.6%)	 and	 transhiatal	 (25.8%)
groups.218

Four	 phase	 III	 trials	 have	 prospectively	 examined	 the	 outcomes	 for	 patients	 randomly	 assigned	 to	 undergo
either	a	transhiatal	or	a	transthoracic	esophagectomy.219–222	No	definitive	conclusions	can	be	drawn	from	three	of
these	 trials	because	of	 the	extremely	small	 sample	size.	The	 trial	 in	 the	Netherlands,	however,	deserves	special
attention.	 Hulscher	 et	 al.222	 randomly	 assigned	 220	 patients	 with	 middle	 or	 distal	 esophageal	 carcinoma	 to
undergo	either	a	transhiatal	esophagectomy	or	a	transthoracic	esophagectomy.	The	transthoracic	group	underwent
a	 systematic	 mediastinal	 and	 upper	 abdominal	 lymph	 node	 dissection.	 Although	 the	 number	 of	 lymph	 nodes
retrieved	was	significantly	higher	in	the	transthoracic	group	(31	versus	16,	P	<	.001),	there	was	no	difference	in
the	 radicality	 of	 the	 two	 procedures	 with	 equivalent	 R0,	 R1,	 and	 R2	 resections.	 Postoperative	 pulmonary
complications,	 ventilatory	 time,	 intensive	 care	 unit	 stay,	 and	 hospital	 stay	 were	 significantly	 higher	 in	 those
patients	assigned	to	the	transthoracic	group.	Despite	the	higher	perioperative	morbidity,	there	was	no	statistically
significant	 increase	 in	 in-hospital	mortality	 (4%	versus	 2%	 for	 transthoracic	 versus	 transhiatal	 esophagectomy,
respectively;	P	 =	 .45).	 At	 a	median	 follow-up	 of	 4.7	 years,	 there	were	 no	 significant	 differences	 between	 the
transhiatal	and	 transthoracic	esophagectomy	groups	with	 respect	 to	median	disease-free	 interval	 (1.4	versus	1.7
years)	and	median	OS	time	(1.8	versus	2.0	years),	respectively.	Likewise,	no	significant	differences	were	noted	in
local–regional	 recurrence,	 distant	 recurrence,	 and	 combined	 local–regional	 and	 distant	 recurrence	 for	 patients
randomly	allocated	to	the	transthoracic	or	transhiatal	esophagectomy	arm.	The	investigators	point	out	that	a	trend
toward	 improved	 disease-free	 survival	 (39%	 versus	 27%)	 and	 OS	 (39%	 versus	 29%)	 at	 5	 years	 favored	 the
transthoracic	 approach	 group.	 However,	 an	 update	 on	 this	 study	 that	 provided	 complete	 5-year	 survival	 data
demonstrated	 that	 survival	was	 equivalent	 in	 patients	 randomized	 to	 either	 a	 transhiatal	 (34%)	or	 transthoracic
(36%)	resection.223

Either	the	transhiatal	or	transthoracic	procedure	can	be	performed	with	acceptable	morbidity	and	mortality	in
experienced	hands	and,	with	either	technique,	the	outcome	is	remarkably	similar.
Minimally	 Invasive	 Esophagectomy.	 In	 an	 attempt	 to	 reduce	 morbidity	 and	 mortality	 while	 achieving	 an



equivalent	oncologic	outcome,	minimally	 invasive	 techniques	 for	esophageal	 resection	have	been	designed	and
continue	 to	 be	 investigated.	A	 variety	 of	minimally	 invasive	 approaches	 have	 been	 used	 for	 esophagectomies,
including	 laparoscopic,	 thoracoscopic,	 combined	 laparoscopic	 and	 thoracoscopic,	 hand-assisted,	 and	 robotic-
assisted	techniques.224–228	These	techniques	have	been	described	and	are	similar	in	conduct	to	open	procedures	of
transthoracic	and	transhiatal	esophagectomy	(detailed	in	“Surgical	Resection”	section)	except	for	the	nuances	of
the	 minimally	 invasive	 approach	 (Figs.	 52.8	 and	 52.9).	 These	 procedures	 had	 been	 applied	 initially	 in	 the
management	of	premalignant	and	early-stage	disease,	but	now,	minimally	invasive	esophagectomy	(MIE)	is	being
more	broadly	applied	to	more	advanced	lesions	and	its	frequency	of	use	substantially	trending	upward.229

By	 far	 the	 largest	 single-institution	 experience	 with	 MIEs	 has	 been	 reported	 by	 Luketich	 et	 al.,230	 which
included	 1,011	 consecutive	 patients,	 the	 vast	 majority	 (95%)	 of	 whom	 had	malignant	 disease.	 Approximately
equivalent	numbers	of	patients	underwent	either	a	three-incision	MIE	or,	more	recently,	an	Ivor	Lewis	MIE.	The
median	intensive	care	unit	stay	was	2	days,	the	median	length	of	hospital	stay	was	8	days,	30-day	perioperative
mortality	was	1.7%,	and	the	R0	resection	rate	was	98%.	Median	follow-up	was	only	20	months,	and	stage-specific
survival	was	similar	to	that	reported	in	a	series	with	open	esophagectomies.	This	group	concluded	that	MIE	is	a
safe	 and	 an	 appropriate	 surgical	 approach	 in	 experienced	 hands.	 The	 results	 following	MIEs	 reported	 by	 this
group	 at	 the	University	 of	Pittsburgh	 are	 both	 promising	 and	 impressive,	 but	whether	 they	 are	 reproducible	 in
other	institutions	and	therefore	more	broadly	applicable	needed	to	be	determined	through	further	study.	The	first
multicenter,	randomized	controlled	trial	of	MIEs	versus	open	esophagectomies	(TIME	trial)	recently	reported	its
short-term	results.	Patients	(N	=	115)	were	randomly	assigned	to	MIEs	or	open	esophagectomies	with	the	primary
end	 point	 of	 postoperative	 pulmonary	 infection	 within	 2	 weeks	 of	 surgery.	 MIEs	 were	 associated	 with	 a
statistically	significant	reduction	in	pulmonary	infections	and	in	length	of	stay.	There	was	no	difference	detected
in	either	30-day	or	in-hospital	mortality,	and	postoperative	complication	rates	were	similar.	Patients	randomized
to	the	MIE	arm	had	statistically	significant	longer	operative	times	and	decreased	operative	blood	loss.	Long-term
oncologic	 outcomes	 are	 pending,	 but	 R0	 resection	 rates	 and	 lymph	 node	 retrieval	 were	 equivalent	 between
minimally	invasive	and	open	approaches.231
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Figure	52.8	Abdominal	port	sites	and	incisions	used	for	minimally	invasive	esophagectomy.



Figure	52.9	Thoracoscopic	view	and	dissection	of	intrathoracic	esophagus.

A	 meta-analysis	 of	 48	 studies,	 including	 the	 aforementioned	 phase	 III	 study,	 comprising	 14,311	 patients
comparing	MIE	to	open	esophagectomy	concluded	that	MIE	was	superior	to	open	surgery.	This	was	manifested
by	 reductions	 in	 in-hospital	 mortality	 (3.0%	 versus	 4.6%;	 OR,	 0.69;	 95%	 CI,	 0.55	 to	 0.86),	 the	 incidence	 of
pulmonary	complications	 (17.8%	versus	20.4%;	pooled	 relative	 risk,	0.69;	95%	CI,	0.61	 to	0.77),	 incidence	of
pulmonary	embolism	(pooled	OR,	0.71;	95%	CI,	0.51	to	0.99),	and	incidence	of	atrial	arrhythmias	(pooled	OR,
0.79;	95%	CI,	0.68	to	0.92).232

Long-term	 outcomes	 from	 the	 TIME	 trial	 have	 now	 been	 reported.233	 All	 patients	 received	 neoadjuvant
therapy,	with	 the	vast	majority	 (92%)	undergoing	chemoradiotherapy	consistent	with	 the	CROSS	trial	 regimen.
There	 were	 no	 differences	 in	 3-year	 OS	 or	 disease-free	 survival	 between	 the	 two	 groups.	 In	 the	 open
esophagectomy	group,	3-year	OS	was	41%	and	43%	in	the	MIE	group,	whereas	3-year	disease-free	survival	was
37%	in	the	open	group	and	43%	in	the	MIE	cohort.	It	should	be	noted	that	the	study	was	powered	for	the	primary
end	point	of	pulmonary	complications	and	not	for	oncologic	outcome.	However,	multivariable	regression	analysis
did	 not	 demonstrate	 that	 the	 surgical	 approach	 was	 a	 significant	 predictor	 of	 survival.	 One	 could	 reasonably
conclude	that	MIE	is	safe	when	compared	to	open	esophagectomy	and	that	based	on	available	evidence,	MIE	may
be	 noninferior	 to	 open	 esophagectomy,	 although	 larger	 multicenter	 randomized	 trials	 would	 be	 valuable	 in
ensuring	oncologic	equivalence.
Extended	Esophagectomy.	 In	 an	 attempt	 to	 improve	on	 the	dismal	 results	 reflected	 in	high	 local	 recurrence
rates	 and	 poor	OS	with	 standard	 transhiatal	 and	 transthoracic	 esophagectomy	 techniques,	 some	 surgeons	 have
examined	 extending	 the	 limits	 of	 resection	 to	 accomplish	 a	more	 effective	 primary	 tumor	 excision	 and	 lymph
node	dissection.	Two	concepts	guide	the	intent	of	these	more	extended	resections:	en	bloc	resection	of	the	primary
tumor	 with	 its	 adjacent	 surrounding	 tissue	 and	 systematic	 lymph	 node	 dissection,	 encompassing	 either	 two
(mediastinal	 and	 abdominal)	 or	 three	 (cervical,	 mediastinal,	 and	 abdominal)	 lymph	 node	 basins	 (Fig.	 52.10).
Although	 some	 investigators	 have	 focused	 and	 reported	 separately	 on	 en	 bloc	 esophagectomies	 and	 extended
lymphadenectomies,	most	of	the	techniques	described	encompass	both	components	of	this	“radical”	approach.	An
en	 bloc	 esophagectomy	 involves	 the	 resection	 of	 middle	 and	 lower	 esophageal	 tumors	 with	 an	 envelope	 of
adjacent	tissue	that	includes	the	mediastinal	pleura	laterally,	the	pericardium	anteriorly,	and	the	azygos	vein	and
thoracic	duct	posterolaterally	with	the	surrounding	periesophageal	tissue	and	lymph	nodes.	For	tumors	traversing
the	 esophageal	 hiatus,	 a	 cuff	 of	 diaphragm	 is	 resected.	 In	 addition	 to	 a	 thorough	 mediastinal	 lymph	 node
dissection	 extending	 from	 the	 tracheal	 bifurcation	 to	 the	 esophageal	 hiatus,	 an	 upper	 abdominal	 lymph	 node
dissection	 incorporating	 lymph	 nodes	 along	 the	 portal	 vein,	 common	 hepatic	 artery,	 celiac	 trunk,	 left	 gastric
artery,	and	splenic	artery	is	 included	to	achieve	a	two-field	lymph	node	dissection.234	A	three-field	lymph	node
dissection	 extends	 the	 lymphadenectomy	 to	 the	 superior	mediastinum,	 including	nodes	 along	 the	 course	 of	 the
right	 and	 left	 recurrent	 laryngeal	 nerves,	 and,	 through	 a	 separate	 collar	 incision	 in	 the	 neck,	 completes	 the
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dissection	with	removal	of	the	lower	cervical	nodes,	including	the	deep	external	and	lateral	cervical	lymph	node
basins.

Figure	52.10	Left	to	right:	Standard,	two-field,	and	three-field	lymphadenectomy.

Most	of	the	series	that	examine	the	utility	of	extended	esophagectomies	are	retrospective	and	involve	a	single
institution	for	which	the	results,	at	least	in	part,	if	not	completely,	can	be	attributed	to	selection	bias	and	enhanced
staging,	leading	to	stage	migration.	Lerut	et	al.235	reported	on	174	patients,	equally	divided	between	squamous	cell
and	adenocarcinoma	histology,	who	underwent	a	three-field	lymphadenectomy.	Hospital	mortality	was	only	1.2%,
with	an	overall	mortality	of	58%.	Five-year	survival	for	stage	III	patients	was	36.8%.	A	total	of	23%	of	patients
with	 adenocarcinoma	 and	 25%	 of	 those	with	 squamous	 cell	 carcinoma	 had	 positive	 cervical	 nodes.	 Five-year
survival	for	patients	with	positive	cervical	lymph	nodes	was	27%	and	12%,	respectively,	for	squamous	cell	and
adenocarcinoma	histology.	The	authors	suggest	 that	a	 three-field	 lymphadenectomy	may	have	a	role	 in	patients
with	squamous	cell	carcinoma,	but	this	remains	investigational	for	patients	with	adenocarcinoma.	These	results,
although	impressive,	 likely	reflect	both	selection	bias	and	stage	migration.	In	addition,	 the	expertise	required	to
perform	these	technically	demanding	procedures	effectively	limits	their	application	to	specialized	centers	only	and
a	fraction	of	the	patients	who	might	benefit	from	these	procedures	if	an	actual	advantage	were	proven.

In	a	large,	single	institution	cohort	study	recently	reported	by	Lagergren	and	colleagues,236	the	role	of	extended
lymphadenectomy	was	questioned.	In	this	cohort	study	of	606	patients	from	a	high-volume	academic	center	in	the
United	 Kingdom,	 investigators	 found	 that	 the	 extent	 of	 lymphadenectomy	 was	 not	 statistically	 significantly
associated	with	5-year	all-cause	or	disease-specific	mortality,	 independent	of	other	known	prognostic	factors.236
The	Hulscher	trial,	discussed	previously,	which	also	employed	an	en	bloc	resection	of	the	esophagus,	compared	to
transhiatal	esophagectomies,	failed	to	improve	outcome.223

The	 body	 of	 evidence	 confirms	 that	 extended	 resections	 improve	 staging	 and	 may	 enhance	 local–regional
control;	however,	there	are	no	reliable	data	confirming	a	survival	benefit	for	these	procedures.

Adjuvant	Therapy

Preoperative	Chemotherapy.	Nearly	three-fourths	of	patients	newly	diagnosed	with	esophageal	cancer	present
with	 locally	 advanced	 (stage	 IIB	or	 III)	disease.	The	poor	 survival	 rate	 achieved	with	 surgery	alone,	given	 the
patterns	of	both	local	and	systemic	disease	recurrence,	has	provided	the	impetus	for	the	evaluation	of	preoperative
(induction)	chemotherapy	in	patients	with	resectable	esophageal	cancer.

The	benefits	of	induction	chemotherapy	include	the	potential	downstaging	of	the	disease	to	facilitate	surgical
resection,	improvement	in	local	control,	relief	of	dysphagia	in	patients	responding	to	induction	chemotherapy,	and
the	 potential	 eradication	 of	 micrometastatic	 disease.	 An	 esophagectomy	 after	 induction	 therapy	 enables	 a



comprehensive	 pathologic	 assessment	 of	 treatment	 response,	which	may	 be	 important	 in	 selecting	 patients	 for
postoperative	 adjuvant	 therapy.	 The	 disadvantages	 of	 preoperative	 chemotherapy	 include	 the	 potential
development	of	chemotherapy	resistance	and	the	delay	in	definitive	treatment	with	the	risk	of	further	spread	of	the
disease.	 These	 are	 important	 concerns	 because	 approximately	 50%	 of	 patients	 do	 not	 respond	 to	 current
chemotherapeutic	regimens.	Further	compromise	of	the	patient’s	already	marginal	nutritional	status	due	to	a	delay
in	local	disease	control	is	also	of	concern	when	surgery	is	not	the	initial	treatment.	There	is	ongoing	debate	about
the	 adequacy	 of	 preoperative	 chemotherapy	 alone	 to	 achieve	 sufficient	 rates	 of	 R0	 curative	 resection	 at
esophagectomy	and	whether	concurrent	radiation	therapy	is	required.

Trials	evaluating	the	use	of	induction	chemotherapy	followed	by	surgery	for	the	treatment	of	esophageal	cancer
have	 been	 underway	 since	 the	 late	 1970s.	 This	 strategy	 was	 evaluated	 in	 parallel	 with	 studies	 of	 concurrent
chemoradiation	 followed	 by	 surgery	 or	 chemoradiation	 as	 definitive	 therapy.	 Early	 trials	 of	 cisplatin-based
chemotherapy	 ultimately	 led	 to	 randomized	 phase	 III	 trials	 comparing	 surgery	 alone	 to	 pre-	 or	 perioperative
chemotherapy,	with	contemporary	trials	comparing	different	preoperative	chemotherapy	regimens.

The	 results	 of	 more	 contemporary	 randomized	 trials	 evaluating	 the	 use	 of	 preoperative	 chemotherapy	 in
esophageal	 cancer	patients	 are	 summarized	 in	Table	52.6.104,105,237–243	 Earlier	 trials	 enrolled	 only	 patients	with
squamous	cell	carcinoma,240	but	with	the	now	predominance	of	adenocarcinoma	in	the	West,	contemporary	trials
have	treated	largely	adenocarcinoma.105,237–239,241–243	One	of	these	randomized	trials	treated	mostly	gastric	cancer,
although	one-fourth	of	patients	enrolled	had	adenocarcinoma	of	the	distal	esophagus	or	GEJ.237	Two	recent	small
European	trials	and	three	recent	larger	European	trials	treated	only	adenocarcinoma	of	the	esophagus	and	stomach
with	half	or	more	of	patients	having	esophageal	or	GEJ	adenocarcinoma.238,239,241–243

Boonstra	et	al.240	reported	a	survival	advantage	for	preoperative	chemotherapy	in	the	final	report	published	in
2011	of	a	 study	 initially	published	 in	abstract	 form	14	years	earlier	 in	1997.	This	 study,	enrolling	171	patients
with	squamous	cell	carcinoma	and	using	etoposide	combined	with	cisplatin,	differed	from	other	trials	by	requiring
a	response	assessment	after	two	courses	of	preoperative	chemotherapy.	Patients	showing	no	response	underwent
immediate	 surgery,	 whereas	 patients	 showing	 a	 response	 received	 two	 more	 courses	 of	 chemotherapy	 before
surgery.	Median	OS	in	 the	surgery	arm	was	12	months	compared	to	16	months	for	surgery	plus	chemotherapy.
Fewer	 patients	 went	 on	 to	 surgery	 after	 preoperative	 chemotherapy	 (89%)	 compared	 to	 patients	 undergoing
immediate	 surgery	 (97%).	 Rates	 of	 R0	 resection	 favored	 the	 chemotherapy	 arm,	 but	 the	 difference	 was
nonsignificant	(P	=	.09).	OS	was	superior	with	preoperative	chemotherapy	(hazard	ratio	[HR],	0.71;	P	=	.03)	with
the	5-year	survival	for	chemotherapy	plus	surgery	26%	compared	to	17%	for	surgery	alone.

The	 U.S.	 Intergroup	 Trial	 113	 (INT-0113)	 randomized	 467	 patients	 with	 resectable	 esophageal	 cancer	 to
immediate	surgery	or	to	three	cycles	of	cisplatin	and	5-fluorouracil	(5-FU)	followed	by	surgery	and	then,	for	those
patients	whose	resection	was	curative	(R0),	two	additional	cycles	of	cisplatin	and	5-FU	as	adjuvant	treatment.104
No	differences	were	observed	between	the	surgery	control	group	and	the	preoperative	cisplatin	and	5-FU	group	in
terms	of	curative	resection	rate	(59%	versus	62%),	treatment	mortality	(6%	versus	7%),	median	OS	(16.1	versus
14.9	months),	or	3-year	survival	(26%	versus	23%)	(Fig.	52.11).	Furthermore,	the	median	survival	of	patients	who
had	a	curative	resection	was	the	same	in	both	treatment	groups	(27.4	versus	25.0	months).	The	pattern	of	failure
was	also	similar	for	 the	 two	treatment	groups	(local	recurrence	31%	versus	32%	and	distant	recurrence	of	50%
versus	41%	in	the	surgery-alone	group	compared	to	those	receiving	induction	chemotherapy	followed	by	surgery,
respectively).	There	was	no	impact	of	preoperative	chemotherapy	on	any	outcome	of	this	trial	and	no	differences
observed	between	patients	with	squamous	cell	cancer	and	adenocarcinoma.	An	update	of	the	trial	reported	no	late
benefit	 for	preoperative	chemotherapy.111	The	 importance	of	 achieving	an	R0	 resection	 in	 the	updated	analysis
was	emphasized,	with	these	patients	achieving	long-term	survival,	whereas	patients	with	an	R1	resection	treated
only	with	surgery	all	died	of	recurrent	disease.	The	only	patients	with	R1	resection	achieving	long-term	survival
were	 those	 receiving	 protocol-permitted	 postoperative	 chemoradiotherapy:	 Among	 34	 patients	 treated	 with
surgery	alone	with	R1	resection,	18	received	postoperative	chemoradiotherapy	and	9	(21%)	achieved	long-term
survival.	 These	 results	 indicated	 that	 R1	 resection	 patients	 may	 be	 salvaged	 with	 postoperative
chemoradiotherapy.	Important	outcomes	in	this	trial	include	a	postoperative	death	rate	well	below	10%,	the	lack
of	 difference	 in	 survival	 for	 lesions	 of	 different	 histologic	 types,	 and	 the	 fact	 that	 an	 R0	 curative	 resection
(regardless	of	treatment)	conferred	a	median	survival	time	of	>2	years.

TABLE	52.6
Randomized	Trials	of	Preoperative	Chemotherapy
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Study	(Ref.) Treatment
No.	of	Patients
(n) Histologic	Type

Median	Survival
(mo)

Three-	or	Five-
Year	Survival
(%)

Boonstra	et	al.240 Preop	C/etoposide
Surgery

85
84

S
S

16
12

5-y:	26
5-y:	17

Kelsen	et	al.	(Intergroup
0013)104,111

Preop	C/5-FU	and
adjuvant	C/5-FU
Surgery

213
227

S/A
S/A

15
16

3-y:	26
3-y:	23

Allum	et	al.105,112 Preop	C/5-FU
Surgery

400
402

A
A

16.8
13.3

5-y:	23
5-y:	17

Cunningham	et	al.237 Preop/postop	ECF
Surgery

250
253

A
A

24
20

5-y:	36
5-y:	23

Ychou	et	al.238 Preop/postop	CF
Surgery

113
111

A
A

—
—

5-y:	38
5-y:	24

Schuhmacher	et	al.239 Preop	CF
Surgery

72a

72a
A
A

65
53

—
—

Alderson	et	al.241 Preop	ECX
Preop	CF

446
451

A
A

26.1
23.4

3-y:	42
3-y:	39

Cunningham	et	al.242 Preop	ECX	+	Bev
Preop	ECX

533b

530b
A
A

—
—

3-y:	48.1
3-y:	50.3

Al-Batran	et	al.243 Preop	ECX/ECF
Preop	FLOT

360c

356c
A
A

35
50

5-y:	36
5-y:	45

Ando	et	al.244 Preop	CF
Postop	CF

164
166

S
S

—
—

5-y:	55
5-y:	43

aA	total	of	51%	to	54%	had	gastroesophageal	junction	or	cardia	primary	cancers.
bA	total	of	74%	had	esophageal	or	gastroesophageal	junction	primary	cancers.
cA	total	of	56%	had	gastroesophageal	junction	primary	cancers.
Preop,	 preoperative;	 C,	 cisplatin;	 S,	 squamous	 cell	 carcinoma;	 5-FU,	 5-fluorouracil;	 A,	 adenocarcinoma;	 postop,	 postoperative;
ECF,	epirubicin/cisplatin/5-fluorouracil;	CF,	cisplatin/5-fluorouracil;	ECX,	epirubicin/cisplatin/capecitabine;	Bev,	bevacizumab;	FLOT,
5-FU/leucovorin/oxaliplatin/docetaxel.

In	contrast	to	the	results	of	the	467-patient	INT-0113	trial,	the	Medical	Research	Council	(MRC)	Oesophageal
Cancer	Working	 Group	 demonstrated	 a	 statistically	 significant	 9%	 improvement	 in	 2-year	 survival	 rate	 (43%
versus	34%)	 (Fig.	52.12)	with	preoperative	cisplatin	and	5-FU.105	A	 total	of	802	patients,	31%	with	 squamous
lesions	and	69%	with	adenocarcinoma	or	lesions	of	undifferentiated	histologic	type,	were	enrolled.	Patients	were
randomly	assigned	either	to	receive	two	courses	of	cisplatin	and	continuous	infusion	5-FU	followed	by	surgery	or
to	undergo	immediate	surgery.	The	curative	resection	(R0)	rate	(60%	versus	54%)	and	the	percentage	of	randomly
assigned	patients	undergoing	surgery	(92%	versus	97%)	were	similar	for	the	two	treatment	groups,	although	the
improvement	 in	 curative	 resection	 rate	 did	 reach	 statistical	 significance.	 Patients	 receiving	 preoperative
chemotherapy	 had	 improved	median	 survival	 (16.8	 versus	 13.3	months)	 and	 2-year	 survival	 rate	 (43%	 versus
34%)	(see	Fig.	52.12).	OS	was	significantly	improved	with	preoperative	chemotherapy	(HR,	0.79;	95%	CI,	0.67
to	0.93;	P	=	.04).	The	postoperative	mortality	rate	was	10%	in	both	treatment	groups.	These	authors	reported	an
update	of	this	trial	at	a	median	follow-up	of	6	years.112	The	survival	benefit	had	diminished	to	only	6%	at	5	years
(23.0%	for	preoperative	therapy	versus	17.1%	for	surgery;	HR,	0.84;	P	=	.03).	There	was	no	difference	in	pattern
of	 failure—in	 particular,	 the	 development	 of	 distant	 metastatic	 disease—in	 the	 chemotherapy	 surgery	 versus
surgery-alone	group,	with	the	authors	attributing	the	survival	improvement	with	preoperative	chemotherapy	to	the
enhancement	of	rate	of	curative	resection.



Figure	52.11	Overall	survival	of	the	U.S.	Intergroup	Trial	113	(INT-0113)	comparing	patients
randomized	to	preoperative	chemotherapy	versus	surgery	alone.

Figure	52.12	Overall	survival	Medical	Research	Council	Oesophageal	Cancer	Working	Group
trial	comparing	patients	randomized	to	preoperative	chemotherapy	(CS)	versus	surgery	alone	(S).

Positive	 results	 of	 another	 trial	 of	 perioperative	 chemotherapy	 in	 gastric,	 GEJ,	 and	 distal	 esophageal
adenocarcinoma	 have	 been	 reported	 from	 the	 United	 Kingdom.	 In	 the	 seminal	 Medical	 Research	 Council
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Adjuvant	Gastric	Infusional	Chemotherapy	(MAGIC)	trial	by	Cunningham	et	al.,237	503	patients	were	assigned	to
three	cycles	of	preoperative	and	three	cycles	of	postoperative	epirubicin/cisplatin/5-FU	or	surgery	alone,	and	26%
of	patients	treated	had	tumors	in	the	GEJ	and	lower	esophagus.	Preoperative	chemotherapy	resulted	in	significant
improvement	 in	 patient	 survival,	 with	 a	 6-month	 improvement	 in	 progression-free	 survival	 (PFS),	 a	 4-month
improvement	 in	 median	 survival,	 and	 a	 13%	 improvement	 in	 5-year	 OS	 (23%	 to	 36%),	 all	 of	 which	 were
statistically	significant.	Despite	the	survival	improvement	with	pre-	and	postoperative	chemotherapy,	there	was	no
improvement	 in	 the	 rate	 of	 reported	 complete	 resection	 in	 patients	 treated	 with	 preoperative	 chemotherapy
compared	with	 surgery	 alone	 (66%	 to	69%).	Downstaging	was	 also	observed	with	preoperative	 chemotherapy,
with	 a	 shift	 to	 earlier	 T	 and	N	 stage	 tumors	with	 preoperative	 chemotherapy	 compared	 to	 surgery	 alone.	 The
median	follow-up	was	47	months	in	the	surgery-alone	arm	and	49	months	in	the	chemotherapy	arm.

Two	 subsequent	 smaller	 studies	 from	 Europe	 came	 to	 conflicting	 results	 for	 a	 benefit	 for	 preoperative
chemotherapy	 in	 adenocarcinoma.	Ychou	 and	 colleagues238	 randomized	 224	 patients	with	 esophageal,	GEJ,	 or
gastric	adenocarcinoma	to	immediate	surgery	or	to	perioperative	chemotherapy	with	cisplatin	and	5-FU.	Rates	of
R0	resections	were	improved	with	preoperative	chemotherapy	to	84%	compared	to	74%	for	surgery	alone	(P	 =
.04).	At	a	median	follow-up	of	5.7	years,	preoperative	chemotherapy	improved	5-year	survival	from	24%	to	38%.
On	the	other	hand,	Schuhmacher	and	colleagues239	for	the	European	Organisation	for	Research	and	Treatment	of
Cancer	 (EORTC)	 reported	 a	 negative	 trial	 of	 144	 patients	 with	 GEJ	 junction	 or	 gastric	 adenocarcinoma
randomized	 to	 surgery	alone	or	 to	 two	48-day	cycles	of	 infusional	5-FU	and	cisplatin.	 In	contrast	 to	all	 earlier
studies	reported,	 this	 trial	performed	modern	presurgical	staging	including	endoscopic	ultrasound,	CT	scan,	and
laparoscopic	staging,	and	only	endoscopic	stage	T3	to	T4	tumors	were	eligible.	The	R0	resection	was	improved
from	67%	 for	 surgery	 to	 82%	 for	 preoperative	 chemotherapy	 (P	 =	 .036).	At	 a	median	 follow-up	 of	 4.4	 years,
median	 survival	was	65	months	 for	 the	chemotherapy	arm	versus	63	months	 for	 surgery	alone	 (HR,	0.84;	P	 =
.466)	and	2-year	OS	was	equivalent	(70%	for	surgery	alone	and	73%	for	the	chemotherapy	arm).	Both	arms	had
higher	than	expected	median	survival.

Despite	 the	 inconsistency	 of	 these	 outcomes,	 preoperative	 chemotherapy	 became	 the	 standard	 of	 care	 for
resectable	esophageal	cancers—in	particular,	adenocarcinoma	of	the	esophagus	and	GEJ—in	the	United	Kingdom
and	 in	 much	 of	 Europe,	 whereas	 this	 approach	 has	 not	 been	 generally	 accepted	 for	 esophageal	 cancer	 in	 the
United	States.

Adequacy	of	surgical	resection	with	preoperative	chemotherapy	alone,	and	the	optimal	chemotherapy	regimen
to	 use,	 have	 been	 addressed	 by	 three	 recently	 published	 or	 reported	 European	 trials	 in	 esophagogastric
adenocarcinoma.	The	potential	 contribution	of	epirubicin	 to	preoperative	cisplatin	and	5-FU,	and	extending	 the
duration	 of	 preoperative	 chemotherapy,	were	 addressed	 by	 trial	OEO5	 from	 the	United	Kingdom.	All	 patients
were	staged	with	endoscopic	ultrasound	and	CT	scan	to	identify	clinical	stage	T3	or	node-positive	disease,	and	a
significant	number	of	patients	also	underwent	staging	laparoscopy	and	PET	scan	imaging.	The	control	arm	was
based	 on	 the	 prior	 OEO2	 trial	 and	 administered	 two	 cycles	 of	 preoperative	 5-FU	 and	 cisplatin,	 compared	 to
treatment	with	epirubicin,	cisplatin,	and	capecitabine	given	for	four	cycles,	followed	by	surgery.	The	majority	of
patients	 treated	had	T3	(86%	to	87%)	or	node-positive	(75%)	disease,	and	 the	majority	had	cancers	of	 the	GEJ
(79%	 to	 81%).	 There	 was	 no	 difference	 in	 median	 OS	 for	 the	 cisplatin/5-FU	 (CF)	 (23.4	 months)	 or
epirubicin/cisplatin/capecitabine	 (ECX)	 group	 (26.1	 months;	 HR,	 0.90;	P	 =	 .19),	 and	 a	 similar	 rate	 of	 3-year
survival	of	39%	and	42%,	respectively.	Rates	of	R0	resection	were	low	in	both	groups	but	higher	for	ECX	(66%)
compared	to	CF	(59%),	and	more	ECX	patients	were	stage	T0	to	1	(19%	versus	9%)	and	N0	(39%	versus	30%).
The	authors	concluded	that	two	cycles	of	cisplatin	and	5-FU	should	remain	a	care	standard	and	also	that	there	was
no	benefit	for	the	addition	of	epirubicin	to	cisplatin	and	a	fluorinated	pyrimidine.	The	authors	did	not	comment	on
the	 relatively	 poor	 rates	 of	 R0	 resection	 achieved	 with	 preoperative	 chemotherapy,	 with	 little	 improvement
beyond	 the	 prior	OEO2	 trial	 published	more	 than	 15	 years	 earlier,	 despite	 potential	 better	 patient	 staging	 and
selection	with	the	use	of	endoscopic	ultrasound,	PET	scan	imaging,	and	laparoscopy.

A	second	recently	published	trial	from	the	United	Kingdom,	STO3,	administered	perioperative	chemotherapy
with	three	pre-	and	three	postoperative	cycles	of	ECX	chemotherapy	with	patients	randomized	to	receive	or	not
receive	 concurrent	 treatment	 with	 the	 vascular	 endothelial	 growth	 factor	 A	 (VEGFA)	 ligand–targeted	 agent
bevacizumab.242	In	this	contemporary	trial,	endoscopic	ultrasound,	CT	scan,	and	laparoscopic	staging	were	also
employed	 and	 patients	 with	 operable	 distal	 esophageal,	 GEJ,	 and	 gastric	 cancers	 were	 eligible.	 Of	 the	 1,063
patients	enrolled,	 the	majority	had	cancers	of	either	lower	esophagus	(13%	to	14%)	or	GEJ	(50%	to	51%).	The
addition	 of	 bevacizumab	 failed	 to	 improve	 any	 treatment	 outcome	 including	 OS	 but	 increased	 the	 rate	 of
anastomotic	leak.	Three-year	OS	was	48.1%	to	50.3%.	Rates	of	R0	resection	were	again	relatively	low	(61%	to
64%),	with	distal	gastric	cancers	having	the	highest	rate	of	R0	resection	(87%)	and	distal	esophageal	and	type	I



GEJ	tumors	having	the	lowest	rate	(61%	to	66%).
Recent	 results	 of	 the	 FLOT4	 trial	 from	 Germany	 published	 in	 abstract	 form	 may	 potentially	 change	 the

selection	 of	 chemotherapy	 administered	 preoperatively	 for	 gastroesophageal	 adenocarcinoma.243	 Conventional
preoperative	chemotherapy	with	either	the	epirubicin/cisplatin/5-FU	(ECF)	or	ECX	regimen	given	for	three	pre-
and	three	postoperative	cycles	was	compared	to	the	oxaliplatin,	infusional	5-FU,	and	docetaxel	(FLOT)	regimen,
employing	a	24-hour	infusion	of	5-FU	(2,600	mg/m2)	administered	with	leucovorin	(200	mg/m2),	oxaliplatin	(85
mg/m2),	and	docetaxel	 (50	mg/m2)	 on	day	1,	 once	 every	 2	weeks,	 for	 four	 pre-	 and	 four	 postoperative	 cycles.
Staging	included	endoscopic	ultrasound,	CT	scan,	laparoscopy,	and	in	some	cases	PET	scan	imaging.	Of	the	716
patients	with	GEJ	 or	 gastric	 adenocarcinoma	 enrolled,	 66%	 had	 type	 1	 to	 3	GEJ	 cancers	 and	 34%	 had	 distal
gastric	cancers,	and	70%	to	75%	were	clinical	T3	and	78%	to	81%	were	node	positive.	All	end	points	favored	the
FLOT	regimen	over	ECF/ECX,	 including	 improvement	 in	median	PFS	 (30	versus	18	months),	median	OS	 (50
versus	35	months;	HR,	0.77;	P	=	.012),	and	projected	5-year	OS	(45%	versus	36%).	Rates	of	R0	resection	were
higher	with	FLOT	(84%	versus	77%).	More	patients	treated	with	FLOT	had	≤T1	disease	(25%	versus	10%)	and
node-negative	 disease	 at	 surgery	 (49%	 versus	 41%).	 Although	 most	 patients	 completed	 all	 preoperative
chemotherapy	 (90%	 to	 91%),	 only	 52%	 to	 60%	 started	 postoperative	 chemotherapy	 and	 only	 37%	 to	 46%
completed	all	planned	chemotherapy.

Based	on	 the	FLOT4	 trial,	 in	patients	 able	 to	 tolerate	 a	 three-drug	 regimen	containing	docetaxel,	 the	FLOT
regimen	 is	 emerging	 as	 the	 standard	preoperative	 chemotherapy	 regimen	 to	 administer	 to	GEJ	or	 distal	 gastric
cancer.	This	 result	combined	with	 the	 failure	of	ECF	 to	 improve	outcome	compared	 to	CF	 in	 trial	OEO5	have
questioned	the	benefit	of	epirubicin	added	to	preoperative	chemotherapy	regimens.

Preoperative	 chemotherapy,	 either	 with	 a	 fluorinated	 pyrimidine	 and	 a	 platinum	 agent	 with	 or	 without	 the
addition	 of	 a	 taxane,	 is	 considered	 one	 therapy	 alternative	 for	 esophageal	 and	 GEJ	 adenocarcinoma.	 This
approach,	however,	has	not	been	adopted	for	squamous	cancers	given	the	negative	results	of	INT-0113	and	the
marginal	 benefits	 for	 preoperative	 chemotherapy	 reported	 in	 OEO2.	 In	 Japan,	 however,	 preoperative
chemotherapy	followed	by	surgery	is	a	standard	of	care	based	on	the	results	of	Japan	Clinical	Oncology	Group
(JCOG)	trial	9907.244	The	trial	was	based	on	the	prior	JCOG9204	trial,	which	compared	primary	surgery	alone	to
surgery	plus	postoperative	chemotherapy	with	infusional	5-FU	and	cisplatin.245	Although	adjuvant	chemotherapy
on	the	JCOG9204	trial	did	not	achieve	an	OS	benefit,	the	trial	did	show	a	disease-free	survival	benefit	limited	to
node-positive	patients,	 and	 there	was	no	benefit	 for	node-negative	patients.	These	observations,	however,	were
made	in	unplanned	subset	analyses.	The	subsequent	JCOG9907	trial	enrolled	330	patients	with	clinical	stage	II
and	 III	 esophageal	 squamous	cancer	 that	was	 surgically	 resectable,	with	 required	CT	scan	 staging	but	optional
endoscopic	 ultrasound	 staging.	 Patients	 were	 randomized	 to	 receive	 either	 two	 cycles	 of	 preoperative
chemotherapy	followed	by	surgery	or	surgery	followed	by	two	cycles	of	postoperative	chemotherapy.	Because	the
authors	 only	 observed	 a	 disease-free	 survival	 benefit	 for	 adjuvant	 chemotherapy	 from	 the	 prior	 JCOG9204	 in
node-positive	 patients,	 pathologic	 node-negative	 patients	 on	 the	 postoperative	 therapy	 arm	 did	 not	 receive
chemotherapy.	This	resulted	in	a	marked	imbalance	on	the	two	treatment	arms	in	the	number	of	patients	treated
with	chemotherapy.	Because	of	this	exclusion	of	N0	patients,	and	also	because	only	R0	resection	patients	received
adjuvant	 therapy,	 only	 65%	 of	 patients	 assigned	 to	 the	 postoperative	 therapy	 arm	 received	 chemotherapy,
compared	to	all	patients	on	the	preoperative	arm,	regardless	of	clinical	N0	or	N1	status,	receiving	chemotherapy.
An	 identical	 number	 of	 patients	 achieved	 R0	 resection	 irrespective	 of	 receiving	 pre-	 or	 postoperative
chemotherapy	 (91%	 to	92%).	At	 a	median	 follow-up	of	 64	months,	 the	 trial	 failed	 to	 achieve	 the	primary	 end
point	for	pre-	versus	postoperative	chemotherapy,	with	no	significant	difference	in	PFS	at	5	years	(39%	for	pre-
versus	44%	for	postoperative	therapy,	P	=	 .22).	Five-year	OS,	however,	was	 improved	from	43%	to	55%	(HR,
0.73;	P	=	.04).	The	authors	therefore	reported	this	as	a	positive	trial	establishing	preoperative	chemotherapy	as	a
therapy	option	in	esophageal	squamous	cancer	in	Japan.	Further	confounding	the	interpretation	of	this	trial	is	that
an	OS	benefit	was	only	seen	for	pre-	over	postoperative	therapy	in	clinical	N0	patients	and	not	N1	patients,	which
directly	 contradicts	 the	observation	 from	JCOG9204	 that	 showed	a	 survival	 benefit	 for	 adjuvant	 chemotherapy
only	in	node-positive	patients.	Locoregional	recurrences	were	observed	in	25%	to	31%	of	patients.	An	ongoing
trial	in	Japan,	JCOG1109,	is	comparing	preoperative	therapy	with	cisplatin	and	5-FU	with	or	without	concurrent
radiotherapy,	and	a	third	arm	of	three-drug	preoperative	chemotherapy	adding	docetaxel	to	cisplatin	and	5-FU.
Preoperative	Chemotherapy	and	Radiation	Therapy.	The	high	rate	of	local	failure	after	esophagectomy,	as
well	 as	 concerns	 about	 achieving	 curative	 negative	 margin	 resection,	 have	 engendered	 interest	 in	 the	 use	 of
radiation	 therapy	 as	 part	 of	 combined	 modality	 surgery-based	 therapy.	 Historic	 trials	 of	 either	 pre-	 or
postoperative	 radiation	 therapy	without	 chemotherapy	 have	 failed	 to	 yield	 any	 consistent	 benefit	 over	 surgery
alone.	The	combined	use	of	concurrent	chemotherapy	and	radiation	therapy	has	been	the	focus	of	contemporary
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trials.
The	rationale	for	trimodal	therapy—combined	chemotherapy	and	radiation	followed	by	surgery—is	based	on

the	 pattern	 of	 both	 local	 and	 distant	 failure	 associated	 with	 surgery	 alone	 or	 chemoradiation	 without	 surgery
(which	is	reviewed	in	detail	later	in	this	chapter).	The	results	for	patients	randomly	assigned	to	the	surgery	control
arm	of	the	INT-0113	trial	revealed	a	31%	local	failure	rate	in	patients	undergoing	an	R0	resection	and,	including
all	patients	entered	in	the	study,	an	overall	61%	rate	of	failure	in	controlling	local	disease	if	we	include	patients
failing	 to	achieve	R0	resection	or	developing	progressive	disease	on	preoperative	 therapy.104	Similarly,	 the	 two
Intergroup	trials	(RTOG	85-01	and	INT-0123)	 that	evaluated	nonsurgical	 treatment	(concurrent	cisplatin	and	5-
FU,	and	radiotherapy),	which	are	discussed	later	in	this	chapter,	showed	unacceptably	high	rates	of	local	failure
(44%	 to	 53%).246,247	 Treatment	 with	 chemoradiation	 followed	 by	 an	 esophagectomy	 has	 the	 potential	 to	 (1)
downstage	 the	 disease,	 (2)	 increase	 the	 rate	 of	 complete	 resection	 with	 negative	 circumferential	 margins,	 (3)
eradicate	occult	micrometastatic	disease,	and	(4)	reduce	the	risk	of	local	disease	recurrence.	Some	early	small	and
underpowered	 trials	 administered	 sequential	 chemotherapy	and	 radiation	 therapy,	but	given	 the	 failure	of	 these
trials	 to	 improve	 outcome,	 and	 the	 potential	 of	 chemotherapy	 to	 sensitize	 radiotherapy	 when	 administered
concurrently,	this	approach	has	not	been	pursued.

Most	early	pilot	trials	used	5-FU–	and	cisplatin-based	chemotherapy	combined	with	radiation	therapy.	In	most
series,	the	pathologic	complete	response	(pCR)	rate	(based	on	total	number	treated)	was	approximately	25%.	The
highest	pCR	rates	have	been	reported	in	trials	treating	mainly	squamous	cancers,	with	more	modern	series	treating
predominantly	adenocarcinoma	achieving	lower	rates	of	pCR.	Chemoradiation	regimens	using	hyperfractionated
radiotherapy	appear	to	escalate	toxicity	without	improving	either	response	or	survival	outcomes.	The	total	dose	of
radiotherapy	with	concurrent	chemotherapy	varied	from	30	Gy	in	earlier	series	up	to	60	Gy,	followed	by	surgery.
As	 discussed	 later,	 the	CROSS	 randomized	 trial	 of	 preoperative	 chemoradiation	 used	 41.4	Gy	 and	 achieved	 a
significant	survival	benefit	with	neoadjuvant	therapy.248

Newer	regimens	employing	various	combinations	of	5-FU,	cisplatin	or	oxaliplatin,	taxanes,	and	irinotecan	with
radiotherapy	 report	 pCR	 rates	 similar	 to	 those	 for	 previous	 cisplatin	 and	 5-FU	 plus	 radiotherapy	 preoperative
regimens,	 and	 rates	 of	 survival	 are	 also	 similar.	 Weekly	 carboplatin	 combined	 with	 weekly	 paclitaxel	 and
concurrent	radiotherapy	also	appeared	to	have	a	favorable	toxicity	profile	in	a	phase	II	 trial	 treating	54	patients
with	adenocarcinoma	and	squamous	cell	carcinoma	of	 the	esophagus,	and	 this	 regimen	 formed	 the	basis	of	 the
recent	Dutch	CROSS	trial,	which	is	discussed.248,249

Ajani	and	colleagues250	 conducted	 a	 randomized	 phase	 II	 trial	 comparing	 induction	 chemotherapy	 added	 to
preoperative	 chemoradiotherapy	 compared	 to	 chemoradiotherapy	 alone,	 followed	 by	 surgery,	with	 the	 primary
end	point	to	improve	the	rate	of	pCR.	Patients	received	50.4	Gy	of	radiation	therapy	given	with	weekly	oxaliplatin
40	mg/m2	and	weekly	96	hour	5-FU	infusion	dosed	at	250	mg/m2/day	for	5	weeks,	with	or	without	the	inclusion
of	 four	 cycles	 of	 induction	 chemotherapy	 prior	 to	 the	 start	 of	 radiation	 therapy,	 with	 oxaliplatin	 100	 mg/m2

combined	 with	 a	 48-hour	 infusion	 of	 5-FU	 dosed	 at	 2,400	mg/m2,	 given	 every	 2	 weeks.	 Of	 the	 120	 patients
treated,	97%	had	adenocarcinoma	and	nearly	all	patients	(97%)	had	tumors	of	the	GEJ.	Although	the	rate	of	pCR
was	higher	on	the	induction	chemotherapy	arm	(26%	compared	to	11%	for	chemoradiotherapy	alone),	there	was
no	difference	in	OS	with	or	without	induction	chemotherapy.	This	negative	trial,	in	conjunction	with	the	OEO5
trial	 discussed	 previously	 comparing	 two	 versus	 four	 cycles	 of	 preoperative	 chemotherapy	 also	 showing	 no
survival	benefit,	has	reduced	interest	in	extending	the	duration	of	preoperative	therapy	beyond	the	chemotherapy
administered	during	 radiotherapy,	 or	 beyond	 two	 cycles	 of	 5-FU–	and	platinum-based	 induction	 chemotherapy
without	 radiation	 therapy.	 A	 recent	 large	 propensity	 score-matched	 analysis	 was	 performed	 using	 the	 U.S.
National	Cancer	Database	in	over	10,000	patients	treated	with	preoperative	chemoradiotherapy	and	surgery	with
subsequent	 observation	 after	 surgery,	 or	 additional	 postoperative	 chemotherapy.251	 A	 total	 of	 732	 propensity
score-matched	 patients	 who	 received	 additional	 postoperative	 chemotherapy	 was	 compared	 to	 3,660	 patients
undergoing	observation	alone.	Five-year	OS	was	improved	from	34%	to	38%,	suggesting	a	potential	benefit	for
postoperative	chemotherapy.	The	small	survival	difference	observed	in	 this	analysis,	 the	difficulty	of	delivering
any	additional	postoperative	therapy	to	patients	undergoing	preoperative	chemoradiotherapy	and	surgery,	and	the
potential	 selection	 bias	 in	 patients	 capable	 of	 undergoing	 postoperative	 therapy	 render	 these	 results	 at	 best
hypothesis	generating.

Randomized	 trials	 comparing	 preoperative	 concurrent	 chemoradiation	 with	 surgery	 alone	 in	 patients	 with
clinically	 resectable	disease	 are	 listed	 in	Table	52.7.106,215,248,252–256	Mixed	 results	 have	 been	 reported	 on	 these
studies	 treating	 both	 adenocarcinoma	 and	 squamous	 cell	 cancer	 and	 using	 varying	 doses	 and	 schedules	 of
radiation	 therapy	 as	 well	 as	 varying	 chemotherapy	 regimens.	 Only	 the	 more	 contemporary	 trials248,256	 have
mandated	 staging	 with	 endoscopic	 ultrasound.	 It	 is	 noteworthy	 that	 the	 pathologically	 determined	 complete



response	 rate	 was	 consistent	 for	 all	 studies,	 25%	 to	 33%,	 with	 higher	 pCR	 rates	 consistently	 reported	 for
squamous	cancers	compared	to	adenocarcinoma.	Comparable	rates	of	3-year	survival	for	patients	in	each	of	the
chemoradiation	treatment	groups	across	multiple	trials	(30%	to	40%)	were	also	observed.	Survival	benefits	at	5
years	for	preoperative	chemoradiotherapy	were	only	reported	for	the	Tepper	and	van	Hagen	trials.254,257

TABLE	52.7
Results	of	Preoperative	Chemoradiation	for	Esophageal	Cancer:	Randomized	Trials

Study

No.	of
Patients
(N) Histology Chemotherapy RT	(Gy)

R0
Resection
(%)

Pathologic
Complete
Response
(%)

Median
Survival
(mo)

Three-
and	Five-
Year
Overall
Survival
(%)

Bosset	et	al.215 282 S C	+	RT	+	surgery
Surgery

37 78
68

26
—

19
19

5-y:	26
5-y:	26

Walsh	et	al.252 113 A CF	+	RT	+
surgery

40 NS
NS

25
—

16
11

3-y:	32
3-y:	6

Urba	et	al.106 100 S/A CF	+	RT	+
surgery
Surgery

45 90
90

28
—

18
17

3-y:	30
3-y:	16

Burmeister	et
al.253

256 S/A CF	+	RT	+
surgery

	
Surgery

35

	
44

80

	
59

9	(A)
27	(S)
—

22

	
19

NS

	
NS

Tepper	et	al.254 56 S/A CF	+	RT	+
surgery
Surgery

50.4 NS
NS

40
—

54
22

5-y:	39
5-y:	16

van	Hagen	et
al.248

366 S/A CaP	+	RT	+
surgery

	
Surgery

41.4 92

	
69

24	(A)
49	(S)
—

49

	
24

3-y:	58
5-y:	47
3-y:	50
5-y:	34

Lee	et	al.255 102 S CF	+	RT	+
surgery
Surgery

	 NS
NS

49
—

28
27

3-y:	46
3-y:	46

Mariette	et	al.256 98
97

S	+	A
S	+	A

CF	+	RT	+
surgery
Surgery

45	Gy 93.8
92.1

33.3
—

31.8
41.2

5-y:	41.1
5-y:	33.8

Stahl	et	al.258 	 A
A

CF	+	EP/RT	+
surgery
CF	+	surgery

30	Gy 72.0
69.5

15.6
2

33.1
21.1

3-y:	47.4
3-y:	27.7

RT,	 radiation	 therapy;	 S,	 squamous	 cell	 carcinoma;	 C,	 cisplatin;	 A,	 adenocarcinoma;	 F,	 5-fluorouracil;	 NS,	 not	 stated;	 Ca,
carboplatin;	P,	paclitaxel;	EP,	etoposide/cisplatin.

In	one	of	 the	earliest	 trials,	Urba	et	al.106	 at	 the	University	of	Michigan	 randomly	assigned	100	patients	 (75
with	adenocarcinoma,	25	with	squamous	cell	carcinoma)	to	receive	surgery	alone	by	transhiatal	esophagectomy,
or	 preoperative	 cisplatin,	 vinblastine,	 and	 daily	 continuous	 infusion	 5-FU	 and	 concurrent	 radiotherapy	 (1.5	Gy
twice	 a	 day	 to	 45	 Gy),	 followed	 by	 transhiatal	 esophagectomy.	 After	 a	 median	 follow-up	 of	 8.2	 years	 for
surviving	patients,	a	nonsignificant	survival	improvement	was	observed	for	preoperative	chemoradiation	(3-year
survival,	30%	versus	16%;	P	=	.15).	Local–regional	recurrence	was	significantly	reduced	from	42%	to	19%	(P	=
.02).	However,	there	was	no	difference	in	the	rates	of	distant	metastases,	60%	and	65%,	respectively.	Although
OS	 rates	 were	 not	 significantly	 different,	 there	 was	 a	 31%	 lower	 risk	 of	 death,	 after	 adjustment	 for	 other
prognostic	 factors,	 for	 patients	 assigned	 to	 receive	 trimodal	 therapy,	 but	 the	 trial	was	underpowered	 and	 could
draw	 no	 definite	 conclusion.	 Consistent	 with	 other	 phase	 II	 trials,	 patients	 who	 achieved	 a	 pathologically
confirmed	complete	response	had	better	survival	outcomes,	with	a	median	survival	time	of	50	months	and	3-year
survival	rate	of	64%,	compared	to	those	with	residual	disease	in	the	resected	specimen,	who	had	a	median	survival
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time	of	12	months	and	a	3-year	survival	rate	of	19%.
In	 their	 series,	Walsh	 et	 al.252	 reported	 a	 significant	 survival	 advantage	 for	 patients	 receiving	 preoperative

chemoradiation.	A	total	of	113	patients	with	adenocarcinoma	of	the	esophagus,	GEJ,	and	cardia	were	randomly
assigned	to	receive	two	cycles	(weeks	1	and	6)	of	5-FU	infusion	days	1	to	5	and	cisplatin	day	1,	plus	concurrent
radiotherapy	(2.67	Gy	per	day	to	40	Gy	given	weeks	1	to	3)	followed	by	esophagectomy,	or	immediate	surgery
alone.	The	incidence	of	acute	toxicity	of	grade	3	or	higher	was	relatively	low	at	15%.	The	operative	mortality	was
9%	in	the	multimodality	treatment	arm	compared	with	4%	in	the	surgery	control	arm.	After	a	median	follow-up	in
surviving	patients	of	18	months,	a	significant	improvement	in	both	median	survival	time	(16	versus	11	months,	P
=	 .01)	 and	3-year	 survival	 rate	 (32%	versus	 6%,	P	 =	 .01)	was	 observed	 in	 patients	who	 received	preoperative
therapy.	A	major	criticism	of	this	trial	was	the	low	3-year	survival	rate	(6%)	in	the	surgical	control	arm.	This	may
reflect	a	patient	population	with	more	advanced	disease	as	CT	scan	staging	was	not	required.	More	than	80%	of
patients	had	lymph	node	metastases.

The	 Bosset	 trial	 conducted	 by	 the	 EORTC215	 compared	 surgery	 alone	 to	 preoperative	 chemoradiation	 in
esophageal	squamous	cell	carcinoma.	Based	on	a	previously	defined	CT	scan	staging	system,	282	patients	with
clinical	stage	I	and	II	resectable	squamous	cell	carcinoma	were	randomly	assigned	to	undergo	either	preoperative
chemoradiation	 or	 surgery	 alone.	 The	 preoperative	 regimen	 consisted	 of	 five	 daily	 fractions	 of	 3.7	 Gy	 each
followed	by	a	2-week	rest	and	another	3.7	Gy	for	5	days.	Chemotherapy	was	single-agent	cisplatin,	0	to	2	days
before	 starting	 each	 5	 days	 of	 radiotherapy.	 Rates	 of	 curative	 resection	 were	 significantly	 higher	 in	 patients
undergoing	preoperative	chemoradiation	(81%)	compared	with	immediate	surgery	(69%).	After	a	median	follow-
up	of	55	months,	patients	who	received	preoperative	chemoradiation	had	a	significantly	better	3-year	disease-free
survival	 rate	 (40%	 versus	 28%)	 and	 local	 disease-free	 survival	 (relative	 risk,	 0.6)	 yet	 had	 no	 improvement	 in
median	 survival	 time	 (19	 months)	 or	 3-year	 OS	 (36%)	 compared	 with	 patients	 treated	 with	 surgery	 alone.
However,	radiation	therapy	was	given	in	an	unconventional	split-dose	schedule	with	high	doses	per	fraction,	and
single-agent	 cisplatin	 would	 not	 be	 considered	 adequate	 systemic	 therapy.	 The	 threefold	 higher	 postoperative
mortality	in	the	combined	modality	arm	(12%)	compared	with	the	surgery-alone	arm	(4%)	may	have	undercut	any
potential	OS	benefit	for	chemoradiation.

A	similar	trial	was	reported	by	Lee	et	al.255	from	Korea.	A	total	of	102	patients	with	squamous	cell	cancer	were
randomized	to	surgery	alone	versus	preoperative	therapy	with	45.6	Gy	(1.2	Gy	twice	a	day)	plus	5-FU/cisplatin.
There	was	no	difference	in	median	survival	(28	versus	27	months).

The	 trial	 reported	 by	 Burmeister	 et	 al.253	 treated	 256	 patients	 with	 adenocarcinoma	 and	 squamous	 cell
carcinoma	 with	 either	 surgery	 alone	 or	 preoperative	 cisplatin,	 5-FU,	 and	 radiation	 followed	 by	 surgery.
Chemoradiation	was	well	tolerated,	with	the	most	common	toxicities	grade	3	or	4	esophagitis	(16%)	or	nausea	and
vomiting	 (5%).	 There	 was	 no	 difference	 in	 surgical	 complications	 in	 either	 treatment	 group,	 with	 an	 overall
operative	mortality	of	5%.	After	a	median	follow-up	of	65	months,	no	significant	difference	was	seen	 in	either
median	OS	time	(22	versus	19	months	with	surgery	alone)	or	3-year	survival	rate.	The	chemoradiation	group	had
a	higher	 rate	or	curative	 resection	 (80%)	compared	with	 the	surgery-alone	arm	(59%).	pCRs	were	significantly
less	 common	 in	 adenocarcinoma	 (9%)	 compared	 with	 squamous	 cell	 carcinoma	 (27%).	 A	 univariate	 analysis
indicated	 that	 patients	 with	 squamous	 cell	 cancer	 had	 significantly	 better	 PFS	 and	 OS	 when	 treated	 with
preoperative	chemoradiation.	The	low	rate	of	pCRs	in	patients	with	adenocarcinoma	on	this	 trial	raises	concern
about	the	adequacy	of	chemotherapy	delivered	(one	cycle)	during	radiotherapy.

The	 randomized	 trial	 by	 Tepper	 et	 al.254	 reported	 the	 results	 of	 an	 Intergroup	 trial	 led	 by	 the	 Cancer	 and
Leukemia	Group	B	 (CALGB	9781),	 in	which	patients	were	 randomly	assigned	 to	 receive	either	 (1)	 immediate
surgery	 or	 (2)	 two	 cycles	 of	 cisplatin,	 5-FU,	 and	 concurrent	 radiotherapy	 (total	 dose,	 50.4	 Gy)	 followed	 by
surgery.	This	 trial,	activated	 in	July	1998	and	projected	 to	enroll	475	patients,	was	 terminated	early	because	of
failure	to	meet	accrual	targets.	However,	follow-up	was	available	in	56	patients	ultimately	randomized	and	treated
on	protocol.	With	a	median	follow-up	of	6	years,	5-year	survival	was	significantly	improved	with	the	addition	of
preoperative	chemoradiation	(39%	versus	16%,	P	=	.005).	Interpretation	of	this	trial	is	confounded	by	the	small
number	of	patients	treated.

The	two	most	recent	contemporary	trials	of	chemoradiation	have	also	reached	disparate	outcomes	for	a	benefit
of	 preoperative	 chemoradiation	 therapy	 compared	 to	 surgery	 alone.	 Modern	 staging	 techniques,	 including
endoscopic	ultrasound,	CT	scan,	and	in	some	patients	PET	scan	imaging	and	staging	laparoscopy,	were	used	on
these	trials.	The	trial	by	Mariette	et	al.256	focused	on	early-stage	I	and	II	cancers,	and	the	majority	of	patients	had
squamous	cell	carcinoma.	Of	the	195	patients	treated	on	this	randomized	trial,	70%	had	squamous	cancer	and	30%
adenocarcinoma,	56%	had	T2	disease	and	72%	had	N0	disease,	 and	53%	had	 stage	 IIA	cancers.	Patients	were
randomly	assigned	to	treatment	with	(1)	45	Gy	of	radiation	therapy	in	25	fractions	given	with	5-FU	and	cisplatin



weeks	1	and	5	of	radiation	therapy,	followed	by	surgery,	or	(2)	immediate	surgery.	Neoadjuvant	chemoradiation
did	 not	 increase	 the	R0	 resection	 rate	 above	 surgery	 alone	 (94%	versus	 92%)	 and	was	 not	 associated	with	 an
improvement	in	OS	(HR,	0.99;	95%	CI,	0.69	to	1.40;	P	=	.94).	There	was	no	difference	in	median	OS	(31.8	versus
41.2	months,	respectively)	or	3-year	(47.5%	versus	53.0%)	or	5-year	OS	(41.1%	versus	33.8%).	A	pCR	rate	of
33.3%	 was	 observed	 for	 the	 chemoradiotherapy	 group,	 and	 significantly	 more	 patients	 treated	 with
chemoradiotherapy	were	N0	(69%	versus	47%)	or	T0	to	1	(53%	versus	29%).	A	relatively	high	rate	of	operative
mortality	was	observed	on	the	chemoradiotherapy	arm	versus	surgery	alone	(11.1%	versus	3.4%,	P	=	.049).	The
authors	 concluded	 that	 given	 the	high	 rate	of	R0	 resection	with	 surgery	 alone,	 the	operative	mortality	 increase
with	chemoradiotherapy,	and	the	absence	of	a	survival	benefit,	that	early-stage	I	and	II	esophageal	cancers	should
not	undergo	preoperative	therapy	with	chemoradiation.

The	 other	 contemporary	 trial	 reported	 by	 van	Hagen	 et	 al.,	 the	 CROSS	 trial,248	 has	 for	many	 practitioners
established	a	new	standard	of	care	for	preoperative	chemoradiotherapy.	Whereas	the	Mariette	trial256	focused	on
patients	with	early-stage	disease	and	 largely	 squamous	cell	 carcinoma,	 the	majority	of	patients	on	CROSS	had
stage	III	adenocarcinoma.	This	study	randomized	366	patients	with	squamous	cell	carcinoma	or	adenocarcinoma
of	 the	 esophagus	 or	 GEJ	 to	 treatment	 with	 (1)	 preoperative	 carboplatin	 at	 an	 area	 under	 the	 curve	 of	 2
mg/mL/minute	and	paclitaxel	50	mg/m2	once	weekly	for	5	weeks,	and	concurrent	radiotherapy	(1.8	Gy	daily	to
41.4	Gy	in	23	fractions),	followed	by	transthoracic	esophagectomy	or	transhiatal	esophagectomy	for	GEJ	cancers,
or	(2)	immediate	surgery.	This	more	modern	trial	staged	all	patients	by	endoscopic	ultrasound	and	CT	scan,	and
patients	 were	 required	 to	 have	 either	 node-positive	 or	 T2	 to	 3	 disease.	 The	 majority	 of	 patients	 treated	 had
adenocarcinoma	 (75%),	 and	 most	 tumors	 involved	 the	 distal	 third	 of	 the	 esophagus	 (58%).	 The	 majority	 of
patients	were	node	positive	(65%),	and	slightly	more	patients	on	the	chemoradiotherapy	arm	had	T3	tumors	(84%)
compared	 to	 the	 surgery-alone	arm	 (78%).	At	a	median	 follow-up	of	45	months,	 the	 trial	 showed	a	 significant
survival	benefit	(Fig.	52.13)	for	chemoradiotherapy	added	to	surgery,	with	a	median	survival	increased	from	24	to
49	months	(HR,	0.0657;	P	=	.003),	and	improvement	in	2-	and	5-year	OS	(67%	and	47%	versus	50%	and	34%;
HR,	0.665).	The	rate	of	R0	resection	was	significantly	improved	on	the	chemoradiotherapy	arm	(92%	compared
to	69%,	P	<	.001).	pCRs	were	seen	in	23%	of	adenocarcinomas	and	49%	of	squamous	cancers.	Survival	benefits
were	significant	for	both	histologies	but	with	an	even	greater	benefit	for	squamous	cancers	(HR,	0.453)	compared
to	adenocarcinomas	(HR,	0.741).	Therapy	was	well	tolerated	with	grade	3	or	4	hematologic	toxicity	seen	in	7%
patients	 and	 grade	 3	 or	 4	 nonhematologic	 toxicity	 seen	 in	 <13%.	 There	was	 no	 difference	 in	 either	 operative
morbidity	or	mortality,	and	mortality	was	below	4%	in	each	arm,	which	is	considered	consistent	and	appropriate
with	modern-day	surgical	outcomes	in	high-volume	centers.	Long-term	follow-up	indicated	a	maintained	survival
benefit	for	preoperative	therapy	over	surgery	alone	for	both	squamous	cell	and	adenocarcinoma.257	At	a	median
follow-up	of	84.1	months	in	surviving	patients,	benefits	were	maintained	for	both	adenocarcinoma	and	squamous
cell	carcinoma	patients.	For	adenocarcinoma,	median	survival	was	increased	from	27.1	to	43.2	months	(HR,	0.73),
and	 for	 squamous	 cell	 carcinoma,	median	 survival	was	 increased	 from	21.1	 to	 81.6	months	 (HR,	 0.48),	which
translated	to	a	5-year	OS	improvement	from	33%	to	47%	(HR,	0.67).	Survival	improvements	were	significant	for
both	squamous	cell	carcinoma	(P	=	.008)	and	adenocarcinoma	(P	=	 .038).	PFS	was	also	significantly	 improved
with	chemoradiotherapy	for	both	adenocarcinoma	(median	17.7	months	increased	to	29.9	months)	and	squamous
cell	 carcinoma	 (11.6	 to	 74.7	 months).	 Preoperative	 chemoradiotherapy	 significantly	 reduced	 the	 risk	 of	 both
locoregional	disease	progression	(38%	with	surgery	alone	reduced	to	22%	with	chemoradiotherapy)	and	distant
disease	progression	(48%	to	39%	with	chemoradiotherapy).	Many	investigators	feel	that	this	chemoradiotherapy
trial	using	a	well-tolerated,	relatively	easy-to-administer	 therapeutic	regimen	established	a	new	standard	of	care
for	squamous	cell	carcinomas	and	adenocarcinomas	of	the	distal	esophagus	or	GEJ.
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Figure	52.13	Overall	survival	CROSS	trial	comparing	patients	randomized	to	preoperative
chemoradiotherapy	(CRT	+	surgery)	versus	surgery	alone.

Some	additional	insight	may	be	obtained	from	a	small	trial	reported	by	Stahl	et	al.,258	a	multicenter	phase	III
trial	 directly	 comparing	 preoperative	 chemotherapy	 to	 combined	 chemoradiotherapy	 followed	 by	 surgery	 in
patients	with	GEJ	adenocarcinoma.	The	trial	did	not	meet	accrual	goals	and	randomized	only	119	eligible	patients
with	Siewert	I	to	III	GEJ	adenocarcinoma.	The	strength	of	the	trial	was	the	rigorous	pretherapy	staging,	including
EUS	and	laparoscopy,	and	the	balance	in	treatment	arms	by	clinical	stage.	Patients	were	assigned	to	(1)	2.5	cycles
of	a	6-week	schedule	of	weekly	5-FU	2	g/m2,	24-hour	infusion	and	leucovorin	500	mg/m2,	2-hour	infusion	plus
biweekly	cisplatin	50	mg/m2,	or	(2)	two	cycles	of	the	same	regimen,	followed	by	3	weeks	of	radiotherapy	given	in
15	fractions	at	a	dose	of	2	Gy	combined	with	cisplatin	50	mg/m2	on	days	1	and	8	and	etoposide	80	mg/m2	on	days
3	 to	 5.	 The	 primary	 end	 point	 was	 3-year	 OS.	 Comparable	 numbers	 of	 patients	 had	 an	 R0	 resection	 after
chemotherapy	 (69.5%)	 compared	 to	 chemoradiotherapy	 (72%).	 More	 patients	 on	 the	 chemoradiotherapy	 arm
achieved	 a	 pCR	 (15.6%)	 compared	 to	 the	 chemotherapy	 arm	 (2.0%),	 and	 more	 patients	 were	 node	 negative
(64.4%	compared	to	36.7%,	respectively).	Three-year	survival	 trended	superior	 in	the	chemoradiotherapy	group
(47.4%)	compared	to	the	chemotherapy	group	(27.7%,	P	=	.07),	and	freedom	from	local	tumor	progression	also
favored	 the	 chemoradiotherapy	 group	 (76.5%	 versus	 59%,	 P	 =	 .06).	 More	 in-hospital	 deaths	 occurred	 in	 the
chemoradiotherapy	arm	(10.2%	versus	3.8%,	not	statistically	significant).	The	authors	concluded	that	preoperative
chemoradiotherapy	 could	 be	 considered	 a	 standard	 of	 care	 based	 on	 the	 favorable	 comparison	 to	 preoperative
chemotherapy	alone.

Meta-analyses	 lend	 support	 to	 the	 inclusion	 of	 chemotherapy	 and	 radiation	 therapy	 as	 part	 of	 surgical
management.	Two	studies	evaluated	 in	a	combined	analysis	 randomized	 trials	of	preoperative	chemotherapy	or
preoperative	chemoradiotherapy259,260	 compared	 to	 surgery	 alone.	 These	 studies	 pooled	 the	 results	 of	 11	 to	 25
randomized	trials	treating	between	2,300	and	nearly	4,200	patients.	Preoperative	chemotherapy	improved	2-year
survival	 by	 5.1%	 to	 6.3%	 for	 preoperative	 chemotherapy	 alone,	 and	 preoperative	 combined	 chemoradiation
improved	2-year	survival	by	8.7%.

Controversy	continues	about	 the	optimal	management	of	adenocarcinoma	of	 the	distal	esophagus	or	GEJ,	 in
particular	 the	 relative	 merits	 of	 preoperative	 chemotherapy	 versus	 combined	 chemoradiotherapy	 followed	 by
surgery.	 The	 recent	 FLOT4	 trial,	 discussed	 previously,	 indicated	 that	 chemotherapy	 with	 FLOT	 achieved
improved	 response,	 R0	 resection	 rates,	 and	 PFS	 and	 OS	 compare	 to	 ECF	 or	 ECX	 in	 cancers	 of	 the	 GEJ	 or



stomach.243	 An	 ongoing	 trial	 in	 Germany,	 ESOPEC	 (NCT92509286),	 is	 a	 head-to-head	 comparison	 of	 the
approach	used	in	the	CROSS	trial	to	the	FLOT	regimen	without	radiation	therapy	and	is	recruiting	438	patients
with	 either	 node-positive	 or	 T2	 or	 higher	 adenocarcinoma	 of	 the	 esophagus.	 Another	 trial	 of	 a	 head-to-head
comparison	 of	 the	CROSS	 approach	 versus	 pre-	 and	 postoperative	 chemotherapy	with	ECF/ECX,	Neo-AEGIS
ICORG	10-14	(NCT01726452),	planned	to	recruit	366	patients	with	T2	or	node-positive	adenocarcinoma	of	the
esophagus	 or	GEJ.	Another	 trial,	 TOPGEAR	 (NCT01924819),	 being	 run	 by	 the	Australasian	Gastro-Intestinal
Trials	 Group	 (AGITG)	 will	 treat	 patients	 with	 esophageal,	 GEJ,	 or	 gastric	 cancers	 with	 perioperative
chemotherapy	 with	 ECF,	 with	 752	 patients	 randomized	 to	 receive	 preoperative	 chemotherapy	 followed	 by
chemoradiation	with	either	infusion	5-FU	or	capecitabine,	or	to	preoperative	chemotherapy	alone	with	esophageal,
GEJ,	and	gastric	adenocarcinoma.	The	interpretation	of	both	Neo-AEGIS	and	TOPGEAR	will	be	complicated	by
the	recently	demonstrated	inferiority	of	preoperative	ECF/ECX	to	the	FLOT	regimen	and	the	recent	OEO5	trial
demonstrating	no	benefit	for	ECX	above	two	cycles	of	cisplatin	and	5-FU.

A	 recent	 trial	 reported	 in	 abstract	 form,	 the	 CRITICS	 trial	 being	 run	 in	 the	 Netherlands,	 Sweden,	 and
Denmark,261	indicated	no	survival	benefit	for	the	addition	of	postoperative	radiation	therapy	in	patients	with	GEJ
and	 gastric	 cancer	 treated	 with	 perioperative	 chemotherapy	 with	 ECF/ECX,	 although	 the	 majority	 of	 patients
treated	on	this	trial	had	gastric	cancers.
Targeted	 Agents.	 Limited	 studies	 have	 evaluated	 the	 combination	 of	 a	 targeted	 agent	 with	 either	 definitive,
nonoperative	 chemoradiotherapy,	 or	 preoperative	 chemoradiotherapy.	 As	 discussed	 previously,	 bevacizumab
added	 to	 preoperative	 chemoradiotherapy	 failed	 to	 improve	 outcomes	 compared	 to	 preoperative	 chemotherapy
alone.	 The	 epidermal	 growth	 factor	 receptor	 (EGFR)-targeted	 agent	 cetuximab	 was	 combined	 with	 definitive
chemoradiotherapy	in	two	recently	reported	trials,262,263	and	both	failed	to	improve	any	treatment	outcome.	These
trials	 are	 discussed	 in	 the	 discussion	 of	 definitive	 chemoradiotherapy	 without	 surgery.	 The	 addition	 of
trastuzumab	 to	 preoperative	 chemotherapy	 with	 weekly	 carboplatin,	 paclitaxel,	 and	 radiation	 therapy	 was
evaluated	 in	 the	 recently	 completed	 RTOG	 1010	 trial	 (NCT01196390).	 In	 this	 trial,	 patients	 with	 human
epidermal	 growth	 factor	 receptor	 2	 (HER2)-positive	 T2	 or	 higher	 or	 node-positive	 adenocarcinoma	 of	 the
esophagus	or	GEJ	were	treated	with	weekly	carboplatin,	paclitaxel,	and	50.4	Gy	of	radiation	therapy	followed	by
surgery,	 with	 or	 without	 the	 addition	 of	 trastuzumab	 during	 chemoradiotherapy	 and	 then	 administered	 for	 an
additional	9	months	after	surgery.	Results	from	this	trial	are	still	pending.
Postoperative	 Chemotherapy	 or	 Chemoradiotherapy.	 The	 only	 randomized	 trial	 of	 postoperative
chemoradiation	 is	 the	 Intergroup	 trial	 INT-0116.264	Although	 the	 goal	 of	 this	 trial	was	 to	 examine	 the	 role	 of
postoperative	adjuvant	chemoradiation	in	gastric	cancer,	20%	of	patients	had	adenocarcinoma	of	the	GEJ.	Eligible
patients	 included	 those	with	 stage	 at	 least	 T2	 and	 nonmetastatic	 adenocarcinoma	 of	 the	 stomach	 or	GEJ	 after
curative	resection.	Patients	were	randomly	assigned	to	either	observation	alone	or	postoperative	chemoradiation
consisting	of	four	monthly	cycles	of	bolus	5-FU	and	leucovorin	plus	45	Gy	concurrent	radiation	with	cycle	two.
Among	the	603	registered	patients,	pretreatment	characteristics	were	similar	in	both	arms,	and	most	patients	had
locally	 advanced	 disease.	Approximately	 two-thirds	 of	 the	 patients	 had	 pT3	 or	 pT4	 tumors	 and	 approximately
85%	had	positive	locoregional	nodes.

Patients	who	received	postoperative	chemoradiation	had	a	significant	decrease	in	local	failure	as	the	first	site	of
failure	(19%	versus	29%)	and	an	increase	in	median	survival	(36	versus	27	months),	3-year	relapse-free	survival
(48%	versus	31%),	and	OS	(50%	versus	41%,	P	=	.005).	Although	17%	of	patients	could	not	complete	all	therapy
as	planned,	 there	was	only	one	 treatment-related	death.	Updated	results,	with	more	 than	10	years	of	 follow-up,
have	shown	a	sustained	benefit	 in	PFS	and	OS	with	adjuvant	chemoradiotherapy.265	The	incidence	of	local	and
regional	 relapse	 were	 2%	 and	 22%,	 respectively,	 in	 the	 treatment	 arm	 and	 8%	 and	 39%,	 respectively,	 in	 the
control	arm,	suggesting	 that	adjuvant	chemoradiation	sterilized	subclinical	 locoregional	 failure	sites.	This	study
established	postoperative	chemoradiation	as	a	standard	of	care	for	patients	with	resected	gastric	and	GEJ	cancer
with	high	risk	for	locoregional	failure.265	This	trial	has	been	criticized	for	the	poor	quality	of	surgery	performed
with	a	relatively	low	rate	of	lymph	node	retrieval	and	that	adjuvant	therapy	only	had	an	impact	on	reducing	local
tumor	recurrence	and	no	impact	on	systemic	disease	recurrence.

Patients	who	 appeared	 to	 derive	 less	 benefit	 from	 the	 adjuvant	 chemoradiotherapy	were	 those	with	 Lauren
diffuse–type	histology	versus	those	with	the	intestinal-type	tumors.

The	 other	 role	 for	 postoperative	 radiation	 therapy	 is	 in	 cases	 of	 positive	 surgical	 margins.	 As	 described
previously,	in	the	INT-0113	trial	evaluating	preoperative	chemotherapy	versus	surgery	alone,	patients	with	an	R1
resection	 were	 salvaged	 with	 protocol-permitted	 postoperative	 chemoradiotherapy.	 Among	 34	 patients	 treated
with	surgery	alone	with	R1	resection,	18	received	postoperative	chemoradiotherapy	and	9	(21%)	achieved	long-
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term	survival.104
There	 are	 significant	 disadvantages	 to	 the	 use	 of	 postoperative	 chemoradiation	 after	 esophagogastrectomy,

including	the	radiation-dose	limitations	necessary	because	of	the	inclusion	of	the	gastric	mucosa,	a	hypoxic	tumor
bed,	increased	small	bowel	in	the	radiation	field,	and	most	notably	larger	radiation	field	sizes.	Esophageal	cancers
have	widespread	patterns	of	direct	extension	and	lymphatic	drainage	necessitating	very	large	fields	to	cover	areas
of	 potential	 relapse.	Moreover,	 postoperative	 radiation	 fields	 can	 be	 especially	 extensive	 because	 the	 surgical
anastomotic	site	resides	in	the	chest.	As	the	anastomosis	is	one	of	the	most	likely	sites	of	recurrence,	along	with
the	 relevant	 regional	 lymphatics,	 it	 must	 be	 included	 in	 the	 postoperative	 radiation	 field.	 In	 a	 comparison	 of
normal	 tissue	 radiation	 doses	 between	 preoperative	 and	 postoperative	 radiotherapy	 for	 locally	 advanced	 GEJ
cancers,	 preoperative	 therapy	was	 found	 to	 decrease	 the	 radiation	 dose	 received	 by	 normal	 thoracic	 structures,
most	notably	for	lung	and	heart.266

There	 is	 one	 randomized	 trial	 comparing	 preoperative	 chemoradiation,	 postoperative	 chemoradiation,	 and
surgery	alone	in	patients	with	clinical	stage	II	and	III	esophageal	squamous	cell	carcinoma.267	The	5-year	OS	rates
were	43.5%	versus	42.3%	versus	33.8%	(P	=	.018)	for	the	preoperative,	postoperative,	and	surgery-alone	groups,
respectively.	 However,	 there	 were	 no	 significant	 differences	 in	 OS	 or	 PFS	 between	 the	 preoperative	 and
postoperative	 chemoradiation	 arms.267	 As	 discussed	 previously,	 the	 recent	 CRITICS	 trial	 failed	 to	 indicate	 a
survival	benefit	the	addition	of	postoperative	chemoradiation	for	patients	with	GEJ	and	gastric	cancer	treated	with
preoperative	chemotherapy.261

Predictive	and	Prognostic	Markers	and	Outcomes	of	Surgery	and	Adjuvant	Therapy.	There	 are	 limited
data	 from	 prospective,	 controlled	 trials	 of	 adjuvant	 or	 neoadjuvant	 therapy	 in	 esophageal	 and	 GEJ	 cancers
evaluating	potential	predictive	and	prognostic	markers	of	outcomes.	Many	studies	have	retrospectively	explored
potential	clinical	and	biologic	parameters,	usually	in	patient	series	from	single	institutions.	No	clear	predictive	or
prognostic	 biomarkers	 have	 emerged	 from	 these	 studies.	 Although	 response	 to	 preoperative	 therapy	 with
chemotherapy	 and	 radiation	 therapy	 appears	 to	 correlate	 with	 improved	 survival,	 pathologic	 responses	 to
preoperative	therapy	often	occur	in	a	minority	of	patients,	and	pathologic	response	has	not	been	clearly	validated
in	 controlled	 clinical	 trials.	Trials	 have	 also	 treated	 both	 squamous	 cancers	 and	 adenocarcinomas,	 and	 even	 in
trials	limited	to	treatment	of	adenocarcinoma,	many	trials	have	treated	esophageal,	GEJ,	and	gastric	cancers	on	the
same	treatment	protocols.

Patients	who	achieve	a	pCR	had	an	improvement	in	survival	compared	with	patients	who	have	residual	disease
after	pre-operative	chemoradiation.106,253,268–270	Berger	et	al.268	 and	Rohatgi	et	al.269	 reported	 that	 patients	who
achieve	a	pCR	had	an	improvement	in	survival	compared	with	those	who	do	not	(5-year,	48%	versus	15%,	and
median,	133	versus	34	months,	respectively.	In	a	follow-up	report	from	the	MAGIC	trial	comparing	surgery	alone
to	perioperative	ECF	in	esophagogastric	adenocarcinoma,	Smyth	et	al.271	evaluated	centrally	reviewed	pathologic
response	and	survival	outcome.	Of	the	473	patients	who	underwent	surgery	on	this	trial,	tissue	was	available	for
review	 from	 70%	 of	 patients,	 and	 24%	 of	 cases	 had	 esophageal	 or	 GEJ	 primaries.	 pCR	 (Mandard	 tumor
regression	grade	1)	or	minimal	residual	disease	with	fibrosis	(Mandard	tumor	regression	grade	2)	were	seen	in	5%
and	18%	of	patients,	and	this	correlated	with	improved	OS	(median	not	reached)	compared	to	patients	with	little
or	 no	 therapy	 response	 (median	 20.5	months),	 as	was	 5-year	OS	 (58.8%	 compared	 to	 28.9%).	However,	 in	 a
multivariate	 analysis,	 the	 significance	 of	 treatment	 response	 was	 lost	 and	 only	 the	 presence	 of	 lymph	 node
metastasis	 at	 surgery	correlated	with	OS.	 Interestingly,	 in	node-negative	patients,	5-year	OS	was	 similar	 in	 the
presence	(66.0%)	or	absence	of	response	to	chemotherapy	(71.8%).	Mutational	analysis	identified	rare	presence	of
KRAS	(6.4%),	BRAF	(0.7%),	and	PIK3CA	kinase	(5%)	and	common	presence	of	TP53	mutation	(37.9%).	None
of	these	mutations,	however,	showed	any	correlation	with	OS.

Studies	 have	 linked	 tumor	 lymphocytic	 infiltration	 as	 well	 as	 the	 apoptotic	 index	 with	 response	 to
chemoradiation.272	Additional	studies	have	linked	a	large	number	of	proteins	and	genes	involved	in	a	wide	array
of	signaling	cascades	with	response	to	chemoradiation.	Examples	include	alterations	in	diverse	signaling	cascades
involving	PI3	kinase,	p53,	EGFR,	RAS,	DNA	repair	capabilities,	DNA	methylation	status,	nuclear	factor	kappa	B,
and	hypoxia-inducible	factor	1α	(HIF1α).273–278	Unfortunately,	 the	vast	majority	of	these	studies	lack	validation
and	the	specificity	that	are	required	for	these	factors	to	be	used	clinically.	One	recent	study	generated	a	microRNA
signature	to	predict	pCR	from	tumors	in	52	patients	treated	uniformly	with	chemoradiation.279

In	recent	genomic	analyses	of	gastric	adenocarcinoma	treated	with	primary	surgery	without	adjuvant	therapy,
tumors	that	had	microsatellite	instability	(MSI)	appeared	to	have	superior	OS.280	MSI	however	is	rarely	seen	in
esophageal	 and	 GEJ	 adenocarcinomas,	 which	 appear	 similar	 to	 genomically	 unstable	 gastric	 cancers,	 with
frequent	 amplification	 of	 receptor-associated	 tyrosine	 kinase	 pathways.281	 In	 another	 biomarker	 analysis	 report



from	the	MAGIC	trial,	 the	authors	studied	MSI	and	DNA	mismatch	repair	protein	deficiency	in	303	of	the	503
study	participants	with	results	available	for	both	tests	in	254	patients.282	No	MSI	high	tumors	were	identified	in
the	esophageal	cancers	studied,	and	of	the	gastric	and	GEJ	cancers,	22	had	mismatch	repair	deficiency	(MMRd)
(8%)	and	20	had	MSI	high	cancers	(7%).	Median	OS	was	not	reached	in	the	MSI	high	patients	or	patients	with
MMRd	 undergoing	 surgery	 alone,	 compared	 to	 MSS	 patients	 or	 patients	 with	 mismatch	 repair	 proficiency
(MMRp)	with	a	median	OS	20.3	to	20.7	months.	Interestingly,	patients	with	MSI	or	MMRd	had	inferior	median
survival	if	they	were	treated	with	chemotherapy	(9.6	months)	compared	to	MSS	patients	or	patients	with	MMRp
(19.5	months).	The	results	support	the	observation	that	MSI	high	status	is	a	favorable	prognostic	factor	and	that,
in	 this	 small	 series,	 chemotherapy	 treatment	 had	 an	 adverse	 impact	 on	 these	 patients.	 This	 observation	 is
reminiscent	 of	 results	 in	MSI	 high	 stage	 II	 colon	 cancer,	where	 survival	with	 surgery	 alone	 is	 quite	 high	 and
chemotherapy	with	a	fluorinate	pyrimidine	resulted	in	a	potential	survival	detriment.	These	results	are	hypothesis
generating	and	require	validation	in	larger	data	sets.

HER2	 is	 the	most	 frequently	 amplified	 receptor	 tyrosine	 kinase	 (RTK)	 in	 esophageal	 adenocarcinoma,	 and
surgical	series	have	come	to	conflicting	conclusions	about	the	potential	prognostic	impact	of	HER	amplification.
Prins	et	al.283	 evaluated	HER2	 status	 in	 154	 patients	 by	 fluorescence	 and	 silver-enhanced	 in	 situ	 hybridization
(FISH	and	SISH).	In	this	analysis,	16%	to	18%	of	tumors	were	HER2	amplified	by	FISH	or	SISH.	HER2	gene
amplification	 or	 protein	 expression	 was	 associated	 with	 higher	 T	 stage	 and	 node-positive	 disease,	 as	 well	 as
greater	 rates	 of	 locoregional	 or	 distant	 disease	 recurrence.	 In	 a	 multivariate	 analysis,	 HER	 positivity	 by
immunohistochemistry	 (IHC)	 or	 amplification	 by	 SISH	 was	 independently	 associated	 with	 cancer	 specific
survival,	but	no	independent	association	was	seen	with	HER2	protein	overexpression	or	HER2	amplification	by
FISH.	In	a	much	larger	series	of	673	patients	reported	by	Yoon	and	colleagues284	 in	which	both	IHC	and	FISH
testing	were	performed,	HER2	amplification	was	detected	in	17%	of	cases,	and	13%	were	strongly	positive	for
HER2	expression	by	IHC.	HER2	positive	tumors	were	associated	with	more	favorable	clinical	features	including
lower	T	stage,	node-negative	status,	and	tumors	that	were	well	or	moderately	differentiated.	HER2	positivity	was
associated	with	a	more	favorable	OS,	but	the	association	did	not	remain	significant	after	adjustment	for	pathologic
tumor	stage.

As	of	yet,	there	are	no	clearly	validated	predictive	or	prognostic	biomarkers	for	outcome	in	adjuvant	trials.	The
role	 of	 PET	 scan	 in	 response	 assessment	 and	 outcome	 in	 esophageal	 cancer	 treated	 with	 combined	 modality
therapy	is	reviewed	later	in	this	chapter.

Definitive	Chemoradiation
Radiotherapy	 has	 been	 employed	 in	 the	management	 of	 esophageal	 cancer	 for	more	 than	 four	 decades.	 Early
studies	 of	 radiotherapy	 alone	 as	 primary	 treatment	 or	 as	 pre-	 or	 postoperative	 therapy	 reported	 very	 poor
outcomes,	with	5-year	survival	rates	of	10%	or	less.285	Although	radiotherapy	did	provide	palliation	of	dysphagia,
local	 failure	 remained	common;	 thus,	 the	effects	of	 radiotherapy	were	rarely	durable.	Given	 the	poor	outcomes
when	 using	 definitive	 radiotherapy	 alone,	 combined-modality	 therapy	 was	 tested	 in	 the	 Radiation	 Therapy
Oncology	 Group	 (RTOG)	 85-01	 trial,	 a	 phase	 III	 randomized	 study	 of	 radiotherapy	 alone	 versus	 concurrent
chemoradiotherapy.

This	 Intergroup	 trial,	 which	 primarily	 included	 patients	 with	 squamous	 cell	 carcinoma,	 demonstrated	 the
benefit	 of	 systemic	 chemotherapy	 with	 concurrent	 radiation	 therapy	 was	 reported	 by	 Herskovic	 et	 al.246	 and
updated	by	al-Sarraf	et	al.286	Patients	received	four	cycles	of	5-FU	(1,000	mg/m2/day	×	4	days)	and	cisplatin	(75
mg/m2	on	day	1).	Radiation	therapy	(50	Gy	at	2	Gy	per	day)	was	given	concurrently	with	day	1	of	chemotherapy.
Curiously,	cycles	3	and	4	of	chemotherapy	were	delivered	every	3	weeks	(weeks	8	and	11)	rather	 than	every	4
weeks	(weeks	9	and	13).	This	intensification	may	explain,	in	part,	why	only	50%	of	the	patients	finished	all	four
cycles	of	the	chemotherapy.	The	control	arm	received	radiation	therapy	alone,	albeit	at	a	higher	dose	(64	Gy)	than
the	chemoradiation	arm.

Patients	who	were	treated	with	chemoradiation	had	a	significant	improvement	in	median	survival	(14	versus	9
months)	 and	 5-year	 survival	 (27%	 versus	 0%,	P	 <	 .0001).286	 There	was	 a	 clear	 plateau	 in	 the	 survival	 curve.
Minimum	follow-up	was	5	years,	and	the	8-year	survival	was	22%.113	In	fact,	in	the	radiotherapy-alone	arm,	all
patients	were	dead	of	their	disease	by	3	years.286

The	histologic	type	did	not	significantly	influence	the	results:	21%	of	patients	with	squamous	cell	carcinomas
(n	 =	 107)	 were	 alive	 at	 5	 years	 compared	 with	 13%	 of	 patients	 with	 adenocarcinoma	 (n	 =	 23)	 (P	 was	 not
significant).	Although	African	Americans	had	 larger	primary	 tumors,	all	of	which	were	squamous	cell	cancers,
there	was	no	difference	in	their	survival	compared	with	that	of	Caucasians.287	The	incidence	of	local	failure	as	the
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first	site	of	failure	(defined	as	local	persistence	or	recurrence)	was	also	decreased	in	the	chemoradiation	arm	(45%
versus	65%).	The	protocol	was	closed	early	because	of	the	positive	results;	however,	after	this	early	closure,	an
additional	 69	 eligible	 patients	 were	 treated	 with	 the	 same	 chemoradiation	 regimen.	 In	 this	 nonrandomized
combined	modality	group,	the	5-year	survival	was	14%	and	local	failure	was	52%.286

Although	 chemoradiation	 improves	 the	 results	 compared	 with	 radiation	 alone,	 it	 is	 also	 associated	 with	 a
higher	 incidence	of	 toxicity.	 In	 the	1997	report	of	 the	RTOG	85-01	trial,	patients	who	received	chemoradiation
had	a	higher	incidence	of	acute	grade	3	toxicity	(44%	versus	25%)	and	acute	grade	4	toxicity	(20%	versus	3%)
compared	with	 those	who	 received	 radiation	 therapy	alone.	 Including	 the	one	 treatment-related	death	 (2%),	 the
incidence	of	total	acute	grade	3+	toxicity	was	66%.286	The	1999	report	examined	late	toxicity.	The	incidence	of
late	grade	3+	toxicity	was	similar	in	the	chemoradiation	arm	and	in	the	radiation-alone	arm	(29%	versus	23%).113
However,	grade	4+	toxicity	remained	higher	 in	 the	combined	modality	arm	(10%	versus	2%).	Interestingly,	 the
nonrandomized	chemoradiation	group	experienced	a	similar	incidence	of	late	grade	3+	toxicity	(28%)	but	a	lower
incidence	of	grade	4	toxicity	(4%),	and	there	were	no	treatment-related	deaths.

The	results	of	the	landmark	RTOG	85-01	trial	established	definitive	chemoradiation	as	an	accepted	treatment
option	 for	 patients	 with	 localized	 resectable	 esophageal	 carcinoma,	 especially	 in	 patients	 not	 considered	 ideal
resection	 candidates.	There	 are	 only	 two	 trials	 that	 directly	 compare	 nonoperative	 treatment	with	 surgery.	One
randomized	 trial	 compared	 surgery	with	 radiation	 alone288	 and	 one	 compared	 surgery	with	 chemoradiation.289
Both	 series	 have	 small	 numbers	 of	 patients,	 limited	 follow-up,	 and	 neither	 report	 a	 difference	 in	 survival.	 In
general,	 comparisons	 between	 outcomes	 for	 surgery	 versus	 definitive	 chemoradiation	 are	 difficult	 to	 interpret
since	patients	with	unfavorable	prognostic	 features	are	more	commonly	selected	 for	 treatment	with	nonsurgical
therapy.	These	features	include	medical	contraindications	and	primary	unresectable	or	actual	metastatic	disease.
Surgical	series	report	results	based	on	pathologic	stage,	whereas	nonsurgical	series	report	results	based	on	clinical
stage.	 Pathologic	 staging	 has	 the	 advantage	 of	 excluding	 some	 patients	 with	 metastatic	 disease	 not	 identified
during	clinical	staging.	Because	some	patients	treated	without	surgery	are	approached	in	a	palliative	rather	than	a
curative	 fashion,	 the	 intensity	of	chemotherapy	and	 the	doses	and	 techniques	of	 radiation	 therapy	used	may	be
suboptimal.	Given	that	the	patient	population	selected	for	treatment	with	each	modality	is	usually	different,	 this
results	in	a	selection	bias	against	nonsurgical	therapy.
Intensification	of	Chemoradiation.	Based	on	the	positive	results	from	the	RTOG	85-01	trial,	 the	conventional
nonsurgical	 treatment	for	esophageal	carcinoma	is	chemoradiation.	However,	given	 that	 the	 local	 failure	rate	 in
the	RTOG	85-01	chemoradiation	arm	was	still	45%,	and	there	was	clearly	room	for	improvement.113	Therefore,
new	 approaches,	 such	 as	 intensification	 of	 chemoradiation	 and	 escalation	 of	 the	 radiation	 dose,	 have	 been
developed	in	an	attempt	to	help	improve	these	results.

The	 phase	 II	 Intergroup	 trial	 0122	 (ECOG-PE289/RTOG	90-12)	was	 designed	 to	 intensify	 treatment	 in	 the
RTOG	 85-01	 combined	 modality	 arm.290	 Both	 the	 chemotherapy	 and	 radiation	 therapy	 in	 INT-0122	 were
intensified	 by	 20%.	The	median	 survival	 time	was	 20	months	 and	 the	 5-year	 actuarial	 survival	 rate	was	 20%.
Because	almost	all	patients	in	both	the	INT-0122	trial	who	started	radiation	therapy	were	able	to	complete	the	full
dose	(64.8	Gy),	this	higher	dose	of	radiation	was	used	in	the	experimental	arm	of	the	Intergroup	esophageal	trial
INT-0123	(RTOG	94-05).247	 In	 this	 trial,	patients	with	either	squamous	cell	carcinoma	or	adenocarcinoma	who
were	 selected	 for	 nonsurgical	 treatment	 were	 randomly	 assigned	 to	 receive	 a	 slightly	 modified	 RTOG	 85-01
combined	modality	regimen	with	50.4	Gy	of	radiation	versus	the	same	chemotherapy	with	64.8	Gy	of	radiation.
The	modifications	to	the	original	RTOG	85-01	chemoradiation	arm	include:	(1)	using	1.8-Gy	fractions	to	50.4	Gy
rather	than	2-Gy	fractions	to	50	Gy;	(2)	treating	with	5-cm	proximal	and	distal	margins	for	50.4	Gy	rather	than
treating	the	whole	esophagus	for	the	first	30	Gy	followed	by	a	cone	down	with	5-cm	margins	to	50	Gy;	(3)	cycle	3
of	5-FU	and	cisplatin	did	not	begin	until	4	weeks	after	 the	completion	of	radiation	therapy	rather	 than	3	weeks
after;	and	(4)	cycles	3	and	4	of	chemotherapy	were	delivered	every	4	weeks	rather	than	every	3	weeks.

INT-0123	was	closed	to	accrual	in	1999	with	a	total	of	218	patients	enrolled	after	an	interim	analysis	revealed
that	it	was	unlikely	that	the	high-dose	arm	would	achieve	superior	survival	compared	with	the	standard-dose	arm.
There	was	 no	 significant	 difference	 in	median	 survival	 time	 (13.0	 versus	 18.1	months)	 or	 2-year	 survival	 rate
(31%	 versus	 40%)	 between	 the	 high-dose	 and	 standard-dose	 arms.247	 Although	 11	 treatment-related	 deaths
occurred	in	the	high-dose	arm	compared	with	2	in	the	standard-dose	arm,	7	of	the	11	deaths	occurred	in	patients
who	had	received	50.4	Gy	or	 less,	 thus	calling	 into	question	 the	 impact	of	 the	higher	dose	on	 treatment-related
mortality.	Only	one	of	the	four	deaths	occurring	among	patients	who	received	more	than	50.4	Gy	was	related	to	a
potential	 radiation	 dose	 effect	 (late	 esophageal	 fistula),	 the	 other	 three	 deaths	 were	 related	 to	 infection	 or
hematologic	toxicity,	unlikely	related	to	the	radiation	dose	itself.	Although	the	crude	incidence	of	local	failure	or
persistence	of	local	disease	(or	both)	was	lower	in	the	high-dose	arm	than	in	the	standard-dose	arm	(50%	versus



55%),	 as	was	 the	 incidence	of	 distant	 failure	 (9%	versus	 16%),	 these	were	 not	 significant.	Thus,	 based	on	 the
results	of	the	INT-0123	trial,	the	standard	dose	of	50.4	Gy	was	validated.

Nonetheless,	 there	 has	 been	 ongoing	 investigation	 of	 radiation	 dose	 escalation	 using	 more	 sophisticated,
modern	 radiotherapy	 techniques.	 Studies	 using	 definitive	 chemoradiation	 for	 cervical	 esophageal	 cancer	 have
routinely	 used	 higher	 doses	 (≥56	 Gy)	 and	 have	 achieved	 good	 local	 control	 without	 excessive	 toxicity.291,292
Moreover,	definitive	chemoradiation	 is	 an	excellent	option	 for	patients	with	cervical	 esophageal	 squamous	cell
carcinoma	where	surgery	would	entail	a	laryngectomy.	Emerging	data	using	newer	radiotherapy	techniques	such
as	 intensity-modulated	 radiotherapy	 (IMRT)	 to	 dose	 escalate	 radiotherapy	 are	 discussed	 in	 a	 later	 section	 on
IMRT.

Another	approach	to	improving	outcomes	with	chemoradiotherapy	has	been	to	replace	the	standard	concurrent
cisplatin	and	5-FU	that	was	used	in	the	older	RTOG	studies	with	newer	more	effective	regimens.	The	Fédération
Francaise	de	Cancérologie	Digestive	(FFCD)	performed	a	randomized	phase	II/III	trial,	PRODIGD5/ACCORD17
to	assess	the	efficacy	and	safety	of	the	FOLFOX	regimen	versus	5-FU	and	cisplatin	for	267	patients	with	localized
esophageal	 cancer.293	 The	 rationale	 for	 changing	 the	 combination	 of	 drugs	 was	 based	 on	 phase	 II	 studies	 of
patients	 with	 advanced	 disease	 that	 have	 shown	 promising	 response	 rates	 and	 acceptable	 toxicity.294,295	 The
control	 group	 received	 radiotherapy	 (total	 dose	 of	 50	 Gy)	 combined	 with	 two	 cycles	 of	 cisplatin	 and	 5-FU,
followed	by	another	two	cycles	of	the	same	drugs.	In	the	FOLFOX	group,	cisplatin	was	replaced	by	oxaliplatin
and	leucovorin	both	during	and	after	the	radiotherapy.	Median	PFS	was	9.7	months	in	the	FOLFOX	group,	and
9.4	months	 in	 the	5-FU	and	cisplatin	group	 (P	=	 .64).	There	were	also	no	 significant	differences	 in	any	of	 the
secondary	 end	 points	 of	OS,	 complete	 response	 rates,	 time	 to	 treatment	 failure,	 or	 occurrence	 of	 grade	 3	 or	 4
toxicities.	One	toxic	death	occurred	in	the	FOLFOX	group	and	six	in	the	5-FU–cisplatin	group	(P	=	 .066).	The
authors	 concluded	 that	 despite	 not	 improving	 PFS,	 the	 FOLFOX	 option	 improves	 the	 therapeutic	 ratio	 by
increasing	the	treatment	options	for	cisplatin-intolerant	patients	and	by	offering	a	more	convenient	and	easier	to
administer	regimen.293

Chemoradiation	 with	 Targeted	 Agents.	 Molecularly	 targeted	 agents	 are	 also	 being	 incorporated	 into
chemoradiation	 regimens	 for	 the	 definitive	 management	 of	 esophageal	 cancer.	 As	 discussed	 earlier,	 two	 pilot
trials	 evaluating	 the	 combination	 of	 the	 vascular	 endothelial	 growth	 factor	 (VEGF)	 ligand–targeted	 agent
bevacizumab	 added	 to	 preoperative	 chemoradiotherapy	 followed	 by	 surgery	 failed	 to	 improve	 outcomes.296,297
The	EGFR-targeted	agent	cetuximab	was	combined	with	definitive	chemoradiotherapy	 in	 two	recently	 reported
trials.	First,	the	SCOPE-1	trial	was	a	phase	II/III	trial	from	the	United	Kingdom	in	which	258	patients	with	stages
I	through	III	cancer	(25%	adenocarcinoma)	were	randomized	to	50	Gy/capecitabine/cisplatin	±	cetuximab	without
planned	 surgery.262,298	 The	 trial	 was	 stopped	 early	 because	 it	 met	 its	 futility	 rules.	 Patients	 who	 received
cetuximab	 had	 inferior	 2-year	 survival	 (41%	 versus	 56%)	 and	 higher	 nonhematologic	 grade	 3+	 acute	 toxicity
(79%	versus	 63%).	With	 longer	 follow-up,	 the	median	OS	was	 34.5	months	 standard	 chemoradiation	 arm	 and
24.7	months	in	chemoradiation	+	cetuximab	arm,	and	although	survival	in	the	standard	arm	remained	superior	to
the	 cetuximab	 arm,	 the	 difference	 was	 no	 longer	 statistically	 significant.298	 In	 patients	 receiving	 standard
chemoradiation	 with	 squamous	 cell	 subtype,	 the	 median	 OS	 was	 35.9	 months	 and	 3-year	 OS	 was	 47.8%.
Interestingly,	in	the	adenocarcinoma	subtype,	the	median	OS	was	only	25.8	months,	but	the	3-year	OS	(43.8%)
was	more	similar	to	the	squamous	cell	carcinoma	group.	Earlier	stage,	completion	of	full-dose	radiotherapy,	and	a
cisplatin	dose	intensity	of	>75%	were	associated	with	improved	survival	in	the	multivariable	model.298

The	second	study	evaluating	the	addition	of	EGFR	inhibition	was	the	phase	III	randomized	RTOG	0436	trial	in
which	patients	with	nonoperable	esophageal	cancer	were	 randomized	 to	50.4	Gy/paclitaxel	±	cetuximab.263	On
this	nonoperative	trial,	of	the	328	patients,	the	majority	had	adenocarcinoma.	There	was	no	difference	in	outcome
with	the	addition	of	cetuximab	to	chemoradiotherapy,	with	no	increase	in	rates	on	endoscopic	clinical	complete
response	(cCR),	and	no	differences	in	OS	and	no	impact	on	either	adenocarcinoma	or	squamous	cell	carcinoma
histology.	As	might	 be	 expected,	 patients	who	 achieved	 a	 cCR	after	 therapy	had	 improved	OS	compared	with
those	with	residual	disease	with	a	3-year	OS	of	43.3%	compared	with	18.1%	for	those	with	residual	disease.263
These	negative	results	add	to	the	accumulating	literature,	also	discussed	in	the	section	on	metastatic	disease,	that
currently	available	EGFR-targeted	therapies	are	ineffective	in	esophageal	cancer.

A	 phase	 I/II	 trial	 combining	 the	 HER2-targeted	 agent	 trastuzumab	 with	 chemoradiotherapy	 in	 esophageal
cancer299	 led	 to	 a	 randomized	 phase	 III	 trial,	 RTOG	 1010,	 in	 esophageal	 adenocarcinoma	 (NCT01196390).
Patients	 with	 esophageal	 or	 GEJ	 adenocarcinoma	 whose	 tumors	 test	 HER2	 positive	 are	 randomized	 to
chemoradiotherapy	with	weekly	carboplatin	AUCS	2	and	paclitaxel	50	mg/m2	for	six	doses	combined	with	50.4
Gy	of	radiotherapy	followed	by	surgery,	with	or	without	the	addition	of	trastuzumab	during	chemoradiotherapy
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and	as	a	surgical	adjuvant	therapy	for	1	year	after	surgery.	As	discussed	earlier,	this	trial	has	completed	accrual,
and	results	have	not	yet	been	reported.	As	reviewed	in	the	section	covering	advanced	disease,	with	the	exception
of	 trastuzumab,	 suitable	 targets	 as	 well	 as	 active	 targeted	 agents	 remain	 to	 be	 established	 in	 the	 combined
modality	treatment	of	esophageal	cancer.

Definitive	Chemoradiation	versus	Preoperative	Chemoradiation	and	Surgery
Two	randomized	trials	examined	the	addition	of	surgery	after	chemoradiation	versus	definitive	chemoradiation.	In
the	FFCD	9102	trial,	444	patients	with	clinically	resectable	T3	to	4	N0	to	1	M0	squamous	cell	carcinoma	(89%)
or	 adenocarcinoma	 (11%)	 of	 the	 esophagus	 received	 initial	 chemoradiation.115	 Patients	 initially	 received	 two
cycles	of	5-FU,	cisplatin,	and	concurrent	radiation	(either	46	Gy	at	2	Gy	per	day	or	split	course	15	Gy	weeks	1
and	3).	The	259	patients	who	had	at	 least	a	partial	 response	were	 then	randomized	 to	surgery	versus	additional
chemoradiation,	which	included	three	cycles	of	5-FU,	cisplatin,	and	concurrent	radiation	(either	20	Gy	at	2	Gy	per
day	or	split	course	15	Gy).	There	was	no	significant	difference	in	2-year	survival	(34%	versus	40%,	P	=	.44)	or
median	survival	(17.7	versus	19.3	months)	in	patients	who	underwent	surgery	versus	additional	chemoradiation.
However,	there	was	a	significantly	higher	rate	of	treatment-related	mortality	in	patients	who	underwent	surgery.
Twelve	patients	(9%)	died	 in	 the	surgery	arm,	most	commonly	from	postoperative	complications,	and	1	patient
(1%)	died	during	definitive	chemoradiation	(P	=	.002)	within	3	months	of	registration,	thus	potentially	accounting
for	the	lack	of	benefit	in	survival	for	the	addition	of	surgery.	Although	there	was	no	difference	in	the	frequency	of
metastases,	 there	 were	 more	 locoregional	 relapses	 after	 chemoradiation	 (HR	 for	 chemoradiation	 versus
chemoradiation	plus	surgery,	1.63;	P	=	.03).115

Using	 the	Spitzer	Quality	of	Life	 Index,	 there	was	no	difference	 in	global	quality	of	 life	between	 treatment
arms	 among	 2-year	 survivors;	 however,	 a	 significantly	 greater	 decrease	 in	 quality	 of	 life	was	 observed	 in	 the
surgery	 arm	 during	 the	 postoperative	 period	 (7.52	 versus	 8.45,	P	 <	 .01,	 respectively).300	 A	 separate	 analysis
revealed	that	compared	with	split-course	radiation,	patients	who	received	standard	course	radiation	had	improved
2-year	 local	 relapse-free	 survival	 rates	 (77%	 versus	 57%,	P	 =	 .002)	 but	 no	 significant	 difference	 in	OS	 (37%
versus	31%).301

The	German	Oesophageal	Cancer	 Study	Group	 compared	 preoperative	 chemoradiation	 followed	 by	 surgery
versus	chemoradiation	alone.116	In	this	trial,	172	eligible	patients	with	uT3	to	4	N0	to	1	M0	squamous	cell	cancers
of	 the	 esophagus	 were	 randomized	 to	 preoperative	 therapy	 (three	 cycles	 of	 5-FU,	 leucovorin,	 etoposide,	 and
cisplatin,	 followed	 by	 concurrent	 etoposide,	 cisplatin,	 plus	 40	Gy)	 followed	 by	 surgery	 versus	 chemoradiation
alone	 (the	 same	 chemotherapy	 but	 the	 radiation	 dose	 was	 increased	 to	 60	 to	 65	 Gy	 with	 or	 without
brachytherapy).	The	pCR	rate	was	33%	among	patients	who	went	to	surgery.	Despite	a	decrease	in	2-year	local
failure	(36%	versus	58%,	P	=	.003),	there	was	no	significant	difference	in	3-year	survival	(31%	versus	24%)	for
those	who	were	 randomized	 to	 preoperative	 chemoradiation	 followed	 by	 surgery	 versus	 chemoradiation	 alone.
Clinical	 response	 to	 induction	 chemotherapy	was	 found	 to	be	 the	 single	 independent	 prognostic	 factor	 for	OS.
Similar	to	the	FFCD	9102	study,	treatment-related	mortality	was	significantly	increased	in	the	surgery	arm	(12.8%
versus	3.5%,	P	<	.05)	than	for	the	definitive	chemoradiation	arm	due	to	a	higher	rate	of	perioperative	mortality.

Taken	 together,	 these	 data	 suggest	 that	 if	 the	 risk	 of	 postoperative	 mortality	 in	 patients	 receiving
chemoradiation	could	be	reduced,	a	survival	benefit	to	surgical	resection	might	be	demonstrated.

Role	of	Salvage	Surgery
Despite	 the	 lack	of	a	demonstrable	survival	advantage	of	adding	surgery	after	chemoradiation	 in	 the	previously
discussed	studies,	it	stands	to	reason	that	some	patients	with	esophageal	cancer	benefit	from	surgery.	Patients	with
residual	 viable	malignancy	 after	 chemoradiation	 can	 be	 potentially	 cured	 by	 eradicating	 the	 primary	 tumor	 by
surgical	resection,	as	long	as	occult	systemic	spread	has	not	yet	occurred.	Conversely,	for	the	minority	of	patients
who	achieve	pCR	to	chemoradiation,	surgical	resection	likely	adds	little	to	the	probability	of	cure,	while	exposing
the	 patient	 to	 the	 significant	 risks	 and	morbidities	 of	 a	major	 operation.	Moreover,	 data	 from	multiple	 studies
suggest	that	patients	who	achieve	a	pCR	have	better	survival	outcomes	compared	to	those	who	do	not.248	In	these
patients,	surgical	resection	may	not	be	necessary	and	has	led	to	the	concept	of	selective	surgery	after	preoperative
chemoradiation.

Swisher	 et	 al.302	 reported	 a	 retrospective	 analysis	 of	 patients	 who	 underwent	 a	 salvage	 compared	 with	 a
planned	 esophagectomy	 at	 the	MD	Anderson	Cancer	 Center	 from	 1987	 to	 2000.	 The	 operative	mortality	was
higher	in	those	who	underwent	salvage	versus	planned	surgery	(15%	versus	6%),	but	there	was	no	difference	in
survival	(25%).	Because	only	13	patients	were	identified	who	had	salvage,	the	results	need	to	be	interpreted	with



caution.	This	approach	formed	the	basis	of	a	phase	II	RTOG	trial	(RTOG	0246),	which	prospectively	examined
the	approach	of	preoperative	paclitaxel/cisplatin	and	50.4	Gy	followed	by	selective	surgery	in	patients	with	either
residual	 disease	 or	 recurrent	 disease	 in	 the	 absence	 of	 distant	metastasis.303,304	 In	 this	 trial	 of	 43	 patients	with
locally	advanced	disease,	21	patients	required	surgical	resection	after	chemoradiation	due	to	residual	(17	patients)
or	recurrent	(3	patients)	disease	and	1	patient	by	choice.	This	approach	led	to	a	1-year	overall	survival	of	71%;
however,	 the	 trial	was	closed	early	because	 it	did	not	meet	 the	predetermined	survival	 rate	of	78%.	In	a	 recent
update,	now	with	a	median	follow-up	of	8	years,	the	estimated	5-	and	7-year	survival	rates	are	36.6%	and	31.7%,
respectively.	 cCR	 was	 achieved	 in	 15	 patients	 of	 43	 patients	 (37%),	 and	 in	 this	 subgroup,	 the	 5-	 and	 7-year
survival	 rates	were	53.3%	and	46.7%,	 respectively.	Esophageal	 resection	was	not	 required	 in	20	of	41	patients
(49%)	 on	 this	 trial,	 suggesting	 that	watchful	waiting	 for	 patients	who	 achieve	 a	 cCR	with	 salvage	 surgery	 for
recurrent	disease	may	be	a	promising	organ-preserving	approach.303

A	large,	recent	multicenter	retrospective	study	from	Europe	evaluating	the	impact	of	salvage	esophagectomy
after	 definitive	 chemoradiation	 compared	 308	 patients	 who	 received	 definitive	 chemoradiation	 and	 underwent
salvage	 for	 persistent	 disease	 versus	 540	 patients	 who	 had	 neoadjuvant	 chemoradiation	 followed	 by	 planned
esophagectomy.305	 The	 rates	 of	 perioperative	 morbidity,	 the	 severity	 of	 the	 complications,	 and	 in-hospital
mortality	was	similar	in	both	groups.	The	only	significant	differences	in	complications	were	seen	for	anastomotic
leak	and	surgical	 site	 infection,	which	were	both	more	 frequent	 in	 the	 salvage	group.	Using	a	propensity	 score
analysis,	there	was	no	difference	in	3-year	OS	(43.3%	versus	40.1%,	P	=	.542)	and	disease-free	survival	(39.2%
versus	32.8%,	P	=	.232)	between	the	two	groups.305
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PREDICTORS	OF	TREATMENT	RESPONSE
Predictors	of	Response	to	Chemoradiation
Although	 definitive	 chemoradiation	 may	 be	 offered	 to	 a	 small	 subset	 of	 patients	 who	 are	 not	 good	 surgical
candidates,	the	current	standard	of	care,	in	medically	operable	patients,	is	to	perform	an	esophagectomy	following
preoperative	 chemoradiation.306	 However,	 as	 described	 previously,	 a	 subset	 of	 patients	 will	 achieve	 a	 pCR	 to
chemoradiation.	Given	that	these	patients	may	not	benefit	from	additional	surgery,	the	ability	to	predict	whether
chemoradiation	alone	will	be	curative	for	a	given	patient	would	be	immensely	valuable.	Many	factors	have	been
examined	as	potential	predictors	of	chemoradiation	response,	which	can	be	broadly	divided	into	two	categories:
(1)	potential	predictors	based	on	pretreatment	patient	or	tumor	characteristics	and	(2)	potential	predictors	based	on
diagnostic	tests	or	tumor	characteristics	during	or	immediately	after	chemoradiation.

Pretreatment	Predictors	of	Response
Several	studies	have	evaluated	baseline	clinical	characteristics	that	are	predictive	for	response	to	chemoradiation
and	pCR.	Data	 from	multiple	studies	suggest	 that	patients	who	achieve	a	pCR	had	an	 improvement	 in	survival
compared	with	patients	who	have	 residual	disease	after	preoperative	chemoradiation.106,253,268–270	However,	 the
ability	to	predict	a	pCR	prior	to	surgery	is	limited.

More	 recently,	 investigators	 at	MD	Anderson	Cancer	Center	have	developed	 a	nomogram	based	on	 clinical
criteria	including	gender,	pretreatment	T	stage	on	endoscopic	ultrasound,	PET	response	(maximum	standardized
uptake	value	[SUVmax]	after	chemoradiation),	posttreatment	biopsy,	and	grade	that	were	independently	associated
with	pCR.307,308	The	first	predictive	model	was	for	pCR	in	patients	undergoing	preoperative	chemoradiation	and
the	area	under	the	receiver-operating	characteristic	curve	was	0.72,	indicating	a	highly	predictive	model.307

A	 subsequent	 study	 at	 MD	 Anderson	 Cancer	 Center	 among	 patients	 receiving	 definitive	 chemoradiation
demonstrated	 that	 among	 patients	with	 cCR,	 squamous	 cell	 carcinoma	 histology	was	 independently	 associated
with	 improved	disease-free	survival.309	Besides	histology,	baseline	 tumor	bulk	and	extent	 also	predict	outcome
with	 definitive	 chemoradiation	with	 node-positive	 status	 and	 T3/T4	 disease	 correlated	with	worse	 disease-free
survival	after	definitive	chemoradiation.309	In	a	separate	study,	the	same	nomogram	used	to	predict	pCR	was	then
applied	to	patients	undergoing	definitive	chemoradiation	to	predict	survival.	The	investigators	analyzed	data	from
333	 patients	 with	 esophageal	 squamous	 cell	 carcinoma	 and	 adenocarcinoma	 who	 received	 definitive
chemoradiation	with	a	median	dose	of	50.4	Gy.	A	nomogram	score	of	>125	was	used	 to	differentiate	between
patients	with	better	survival	outcomes.307	Although	this	nomogram	requires	further	validation,	it	may	be	useful	in
risk-stratifying	patients	for	more	or	less	intensive	therapies.

Molecular	imaging,	such	as	FDG-PET	imaging,	has	been	demonstrated	to	be	an	emerging	imaging	biomarker
for	esophageal	cancer.	PET	is	considered	a	standard	part	of	the	staging	workup	for	esophageal	cancer	due	to	its
ability	to	detect	occult	metastatic	disease	and	therefore	incurable	disease.	In	newly	diagnosed	esophageal	cancer,
it	has	been	shown	that	15%	to	20%	of	patients	will	be	found	to	have	distant	metastases	not	identified	by	CT.310–313
The	intensity	of	FDG	uptake	correlates	with	tumor	metabolic	activity	and	may	therefore	predict	biologic	behavior
and	 treatment	 responsiveness.	 Numerous	 studies	 have	 examined	 the	 prognostic	 value	 of	 baseline	 SUVmax	 in
patients	with	 esophageal	 cancer,	with	most	 showing	 a	 correlation	 between	SUVmax	 and	 outcome	 after	 surgical
resection.314,315	 However,	 whether	 baseline	 SUVmax	 is	 an	 independent	 prognostic	 factor	 in	 the	 context	 of
treatment	with	chemoradiation	is	less	clear.	For	example,	Rizk	et	al.314,316	identified	a	lower	baseline	SUVmax	as	a
positive	prognostic	factor	for	patients	undergoing	surgery	alone,	but	SUVmax	no	longer	predicted	survival	when
applied	 to	 patients	 undergoing	 preoperative	 chemoradiation.317	 In	 fact,	 patients	 with	 SUVmax	 >4.5	 were	 more
likely	 to	 achieve	 pCR	 after	 chemoradiation,	 suggesting	 that	 higher	 baseline	 FDG	 avidity,	 signifying	 a	 more
metabolically	 active	 tumor,	may	 be	more	 responsive	 to	 chemoradiation.316	However,	 an	 analysis	 by	 Suzuki	 et
al.317	 in	 definitive	 chemoradiation	 patients	 reached	 the	 opposite	 conclusion	 in	 that	 higher	 baseline	 SUVmax
correlated	with	worse	OS.	A	more	recent	analysis	from	this	group	suggested	that	patients	with	baseline	SUVmax
<6	fare	equally	well	with	chemoradiation	alone	as	with	trimodality	therapy,	and	this	finding	awaits	validation	in
other	cohorts	and	in	the	prospective	setting.318	In	a	retrospective	analysis	of	patients	with	esophageal	squamous
cell	carcinoma	at	Memorial	Sloan	Kettering	Cancer	Center,	lower	baseline	SUVmax	did	correlate	on	multivariate



analysis	with	better	locoregional	recurrence-free	survival	and	distant	metastasis–free	survival.319

Metabolic	Changes	as	a	Predictor	of	Response
Although	 baseline	 SUVmax	may	 provide	 some	 prognostic	 information,	 the	 SUVmax	 as	well	 as	 other	 FDG-PET
parameters	such	as	metabolic	tumor	volume	has	substantial	promise	as	a	tool	to	assess	response	to	therapy	and	as
an	 imaging	 biomarker	 to	 help	 guide	 therapy	 in	 esophageal	 cancer.	 Because	 PET	 imaging	 can	 be	 obtained	 at
various	time	points	in	the	treatment	process,	serial	scans	may	provide	additional	prognostic	information	based	on
metabolic	 response.	 Postchemoradiation	 FDG-PET	 imaging	 has	 been	 evaluated	 in	 several	 studies316,320–330;
however,	 the	 prognostic	 utility	 of	 SUVmax	 after	 chemoradiation	 remains	 controversial	 due	 to	 difficulties	 in
distinguishing	 postradiotherapy	 inflammation	 from	 residual	 viable	 tumor.	 The	 results	 of	 several	 small
retrospective	studies	are	conflicting.	On	the	one	hand,	Blackstock	et	al.328	reported	that	the	percentage	of	decrease
in	SUVmax	predicted	response,	and	Brücher	et	al.329	 found	 that	 it	correlated	with	survival.	McLoughlin	et	al.330
treated	81	patients	with	preoperative	chemoradiation	and	reported	that	FDG-PET	scans	were	able	to	predict	a	pCR
with	62%	sensitivity,	44%	specificity,	and	56%	accuracy.

However,	some	groups	have	also	reported	no	significant	or	clinically	useful	association	between	residual	FDG
avidity	and	pCR	or	survival.331,332	A	review	of	multiple	studies	of	PET	response	after	chemoradiation	attempted
to	synthesize	these	disparate	results.	Drawing	overall	conclusions	from	these	retrospective	studies	was	limited	by
inherent	differences	in	patient	characteristics	and	FDG-PET	techniques,	but	it	was	concluded	that	residual	FDG
avidity	 likely	 has	 predictive	 value.333	 Two	 recent	 meta-analyses	 show	 that	 PET	 has	 a	 pooled	 sensitivity	 and
specificity	 of	 67%	 to	 70%	 for	 response	 evaluation	 after	 neoadjuvant	 chemoradiation.	 Therefore,	 these	 meta-
analyses	and	other	major	cohort	studies	concluded	that	 the	reliability	of	PET	for	response	evaluation	is	still	 too
low	to	have	therapeutic	consequences.334–337

Even	the	combination	of	PET	and	biopsy	is	unable	to	detect	residual	tumor	tissue.338,339	This	was	demonstrated
in	 a	 retrospective	 analysis	 of	 a	 large	 series	 of	 patients	 (n	 =	 284)	 that	 underwent	 response	 evaluation	 by	 PET
combined	with	biopsy.338	In	this	cohort	of	patients,	the	a	priori	risk	of	a	pCR	was	24%.	A	total	of	218	of	the	284
patients	had	a	combination	of	negative	biopsy	and	negative	PET.	Of	these	218	patients,	only	31%	had	a	pCR.	The
specificity	for	the	detection	of	a	pCR	of	this	combination	was	29.8%.	Thus,	the	current	state	of	PET	imaging	lacks
accuracy	after	neoadjuvant	chemoradiation	for	esophageal	cancer	to	be	able	to	predict	pCR	and	therefore	should
not	be	guiding	the	decision	to	omit	surgery.339	Assessment	of	PET	response	after	chemoradiation	is	likely	to	be
less	 reliable	 than	 after	 chemotherapy	 alone	 (discussed	 in	 the	 following	 text)	 as	 persistent	 FDG	 avidity	 from
radiation	esophagitis	is	typically	indistinguishable	from	active	malignancy.

Another	approach	has	been	to	evaluate	change	in	SUVmax	 from	baseline	 to	posttreatment	FDG-PET	imaging
and	has	particular	promise	in	evaluating	response	to	chemotherapy	in	patients	with	esophageal	adenocarcinoma.	A
seminal	 prospective	 trial	 from	 Germany	 showed	 that	 after	 starting	 induction	 chemotherapy,	 early	 response
assessment	with	PET	could	predict	whether	significant	pathologic	response	would	be	achieved.340	Reduction	 in
the	SUVmax	of	>35%	from	baseline	to	the	scan	performed	14	days	after	initiation	of	chemotherapy	was	associated
with	 improved	 disease-free	 survival,	whereas	metabolic	 nonresponders,	 defined	 as	 having	 a	 <35%	decrease	 in
SUVmax	 from	baseline,	who	were	 identified	 therapy	had	 reduced	 disease-free	 survival	 rates.340,341	 This	 finding
was	validated	in	a	larger,	multicenter	phase	II	trial,	the	MUNICON	trial,	in	which	“metabolic	nonresponders”	to
induction	 chemotherapy	 went	 to	 immediate	 surgery	 rather	 than	 continuing	 with	 the	 3	 months	 of	 preoperative
chemotherapy.	 This	 study	 demonstrated	 that	 early	 metabolic	 responders	 to	 5-FU	 and	 cisplatin-based
chemotherapy	had	 significantly	better	 event-free	 survival	 compared	with	metabolic	 nonresponders	 (29.7	versus
14.1	months).342	The	MUNICON	trial	also	suggests	a	benefit	of	early	identification	of	metabolic	nonresponders,
as	these	patients	were	treated	with	immediate	surgical	resection.	Compared	to	patients	from	a	prior	study,	where
metabolic	 nonresponders	 continued	 with	 chemotherapy,	 nonresponders	 who	 went	 directly	 to	 surgery	 had
improved	 recurrence-free	 periods	 and	 median	 survival	 times	 compared	 to	 the	 same	 group	 of	 patients	 who
continued	a	total	of	3	months	of	likely	ineffective	preoperative	chemotherapy	(2-year	OS,	37%	versus	26%).341,342
Thus,	PET-directed	 treatment	may	help	 to	 tailor	multimodality	 therapy	based	on	early	 identification	of	patients
who	might	 benefit	 from	 either	 earlier	 referral	 for	 surgery	 or	 potentially	 changing	 the	 treatment	 regimen	 in	 the
absence	of	response.

Support	 for	 the	SUVmax	cut	point	of	35%	has	been	reported	 from	Memorial	Sloan	Kettering	Cancer	Center,
using	 a	 different	 induction	 chemotherapy	 regimen	 of	 weekly	 irinotecan	 and	 cisplatin,	 followed	 by	 combined
irinotecan/cisplatin/radiotherapy.	Ilson	et	al.343	confirmed	that	the	change	in	SUV	on	FDG-PET	scan	was	able	to
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predict	which	patients	showed	a	response	to	the	full	course	of	chemotherapy	followed	by	chemoradiotherapy.343
In	 this	 prospective	 study,	 55	 patients	 with	 esophageal	 cancer,	 predominantly	 (75%)	 adenocarcinomas,	 were
treated	with	 induction	cisplatin	and	 irinotecan	(four	 treatments	over	5	weeks)	 followed	by	a	postinduction	PET
scan	and	then	continued	on	with	chemoradiation	with	concurrent	cisplatin,	irinotecan,	and	50.4	Gy.	A	total	of	39
patients	also	underwent	esophagectomy.	Of	53	patients	with	evaluable	PET	scans	treated	with	induction	cisplatin
and	 irinotecan,	 a	 35%	 decline	 in	 SUVmax	 on	 the	 week	 6	 PET	 scan	 after	 induction	 chemotherapy	 yielded	 the
greatest	 distinction	 in	 time	 to	 tumor	 progression	 (TTP).	 Patients	 who	were	 PET	 responders	 (≥35%	 decline	 in
SUVmax)	 had	 a	 median	 TTP	 of	 40.8	 months	 versus	 patients	 who	 were	 PET	 nonresponders	 (<35%	 decline	 in
SUVmax)	who	had	a	median	TTP	of	8.8	months	(P	=	.002).	Median	OS	trended	superior	in	the	PET	responding
patients	 (41	 versus	 27	months,	P	 value	 nonsignificant).	 PET-responding	 patients	 also	 had	 significantly	 higher
rates	 of	R0	 resection	 (84%	versus	57%)	 and	 a	greater	 rate	 of	 pCR	 (32%	versus	4%).	Four	patients	with	 frank
progression	 of	 disease	 on	 induction	 irinotecan/cisplatin	were	 changed	 to	 paclitaxel-based	 chemotherapy	 during
subsequent	 radiotherapy;	 three	 of	 four	 patients	 were	 successfully	 salvaged	 with	 taxane-based	 chemotherapy
during	radiotherapy	and	are	 long-term	survivors	more	 than	4	years	out	from	therapy.343	Thus,	 the	advantage	of
neoadjuvant	chemotherapy	followed	be	reassessment	by	PET	imaging	is	the	early	identification	of	those	patients
who	may	not	respond	to	the	chemotherapeutic	regimen	being	delivered	concurrently	with	chemoradiation	and	can
be	switched	to	an	alternative	regimen	that	may	have	more	systemic	and	radiosensitizing	activity.

The	MUNICON	 investigators	explored	whether	early	PET	nonresponders	might	benefit	 from	a	preoperative
salvage	 neoadjuvant	 chemoradiation	 in	 the	 MUNICON	 II	 trial.344	 In	 this	 56-patient	 study	 using	 the	 same
definition	of	PET	response	at	day	14	of	chemotherapy	as	in	the	initial	MUNICON	trial,	PET	responders	continued
on	 their	 cisplatin/5-FU–based	 neoadjuvant	 chemotherapy	 for	 3	months	 and	 then	 had	 surgery.	 In	 an	 attempt	 to
improve	the	treatment	outcome	for	the	PET	nonresponders,	patients	received	salvage	preoperative	chemoradiation
consisting	of	external-beam	radiation	at	32	Gy	(1.6	Gy	per	fraction,	twice	daily)	plus	daily	cisplatin	at	6	mg/m2

before	proceeding	 to	 surgery.	Unfortunately,	 the	patients	were	continued	on	 the	 same	chemotherapy	 (cisplatin)
and	received	a	suboptimal	dose	of	radiotherapy.	The	trial	was	terminated	early	due	to	poor	outcome	with	a	median
event-free	survival	was	15.4	months	and	OS	was	only	18.3	months	for	the	PET	nonresponders.	Results	from	the
MUNICON	 II	 trial	 underscore	 the	 potential	 futility	 of	 continuing	 likely	 ineffective	 chemotherapy	 with	 the
addition	of	low-dose,	nonstandard	radiotherapy	as	preoperative	treatment	in	PET	nonresponding	patients.344

Investigators	 at	Memorial	 Sloan	 Kettering	 Cancer	 Center	 reported	 a	 retrospective	 analysis	 of	 patients	 with
locally	advanced	esophageal	and	GEJ	adenocarcinoma	who	had	undergone	induction	chemotherapy	followed	by
preoperative	 chemoradiation	 and	 had	 a	 baseline	 and	 postinduction	 chemotherapy	 PET	 scan.345	 Ku	 et	 al.345
assessed	the	impact	of	changing	chemotherapy	during	radiation	in	some	patients	with	a	suboptimal	PET	response
after	 induction	 chemotherapy.	 The	 pCR	 rate	 among	 the	 patients	who	went	 to	 surgery	was	 significantly	 higher
between	 PET	 responders	 and	 PET	 nonresponders	 who	 did	 not	 change	 chemotherapy	 (15%	 versus	 3%).	 The
median	PFS	and	OS	were	significantly	better	for	PET	responders	versus	PET	nonresponders	who	did	not	change
chemotherapy	 (PFS,	 18.9	 versus	 10.0	 months;	 OS,	 37	 versus	 25.3	 months).	 The	 median	 PFS	 for	 PET
nonresponders	who	changed	chemotherapy	was	superior	to	the	median	PFS	for	PET	nonresponders	who	did	not
change	chemotherapy	(17.9	versus	10	months,	P	=	.01).345

The	 observations	 from	 these	 trials	 provided	 the	 impetus	 to	 study	 changing	 chemotherapy	 during
chemoradiation	 based	 on	PET	 response.	The	Alliance/CALGB	80803	 is	 a	 randomized	 phase	 II	 study	 that	was
designed	 to	 evaluate	 the	 early	 assessment	 of	 chemotherapy	 responsiveness	 by	 PET	 imaging	 to	 direct	 further
therapy	in	patients	with	esophageal	cancer	in	order	to	improve	their	response	to	therapy	as	demonstrated	by	pCR
rates	and	PFS.346	In	particular,	the	primary	end	point	was	to	improve	pCR	rates	of	PET	nonresponders	from	5%	to
20%.	A	 total	 of	 257	 patients	with	 resectable	 T3/T4	 or	 node-positive	 esophageal	 adenocarcinoma	 underwent	 a
baseline	PET/CT	scan	 to	determine	SUVmax,	 followed	by	 random	assignment	 to	 either	modified	FOLFOX6	or
carboplatin/paclitaxel.	 After	 approximately	 6	 weeks	 of	 induction	 therapy,	 patients	 had	 a	 repeat	 PET	 scan.	 If
SUVmax	decreased	by	>35%	from	baseline,	as	was	the	case	in	50%	to	57%	of	evaluable	patients,	these	individuals
were	deemed	PET	responders,	continued	on	their	assigned	chemotherapy,	and	received	concurrent	radiotherapy.	If
the	decrease	in	SUVmax	did	not	meet	 this	 threshold,	which	occurred	in	30%	to	38%	of	evaluable	patients,	 these
patients	were	considered	PET	nonresponders	and	crossed	over	to	receive	the	alternative	chemotherapy	regimen	in
conjunction	 with	 radiotherapy.	 Surgery	 occurred	 approximately	 6	 weeks	 after	 the	 completion	 of
chemoradiotherapy.	A	 total	 of	 198	 patients	who	 completed	 chemoradiation	were	 analyzed	 for	 the	 primary	 end
point	of	pCR.	Among	the	entire	group,	the	pCR	rate	was	22.7%.	The	highest	pCR	rate	of	37.5%	occurred	in	PET
responders	who	received	both	induction	and	concurrent	FOLFOX,	whereas	the	lowest	rate	of	12.5%	occurred	in



PET	responders	who	received	both	induction	and	concurrent	carboplatin/paclitaxel.	Notably,	the	pCR	rate	for	PET
nonresponders	 who	 switched	 from	 FOLFOX	 to	 carboplatin/paclitaxel	 was	 19.0%	 and	 for	 those	 who	 switched
from	carboplatin/paclitaxel	to	FOLFOX	was	17.0%.	Overall,	switching	chemotherapy	in	PET	nonresponders	led
to	 an	 18.0%	 pCR	 rate—a	 value	 approaching	 the	 26.0%	 pCR	 rate	 observed	 across	 all	 PET	 responders.346	 The
survival	 outcomes	 for	 the	 PET	 nonresponders	 are	 pending,	 but	 if	 PET-directed	 therapy	 is	 shown	 to	 enhance
outcomes	 among	 patients	 undergoing	multimodality	 therapy	 for	 esophageal	 cancer	 in	 this	 phase	 II	 study,	 this
approach	could	be	used	to	introduce	newer	regimens	and	targeted	therapies	into	the	armamentarium	of	systemic
therapies	for	this	disease.

The	recently	completed	Australian	DOCTOR	trial,	a	randomized	phase	II	trial	of	preoperative	cisplatin,	5-FU,
and	 docetaxel	 ±	 radiotherapy	 based	 on	 poor	 early	 response	 to	 standard	 chemotherapy	 for	 resectable
adenocarcinoma	 of	 the	 esophagus	 and/or	 esophagogastric	 junction,	 is	 also	 evaluating	 the	 use	 of	 early	 PET
response	to	guide	therapy.347

Investigators	in	the	United	Kingdom	are	also	evaluating	the	use	of	PET	scans	to	direct	both	the	radiation	dose
and	the	chemotherapy	during	chemoradiation	for	patients	with	esophageal	cancer	in	Study	of	Chemoradiotherapy
in	Oesophageal	Cancer	Including	PET	Response	and	Dose	Escalation	(SCOPE2).	SCOPE2	is	an	umbrella	study
that	 incorporates	 two	parallel	 trials	 in	 esophageal	 squamous	cell	 carcinoma	and	adenocarcinoma	patients.	Each
trial	is	randomized	comparing	high-dose	(60	Gy)	versus	standard-dose	(50	Gy)	radiotherapy.	Within	the	trials	is
an	embedded	phase	II	study	comparing	cisplatin	and	capecitabine	versus	carboplatin	and	paclitaxel	chemotherapy
during	chemoradiation	in	PET	nonresponders	after	induction	cisplatin	and	capecitabine.	The	primary	end	point	for
the	phase	II	portion	of	the	study	is	total	failure-free	survival,	defined	as	patients	being	alive	with	no	evidence	of
residual	malignancy	in	the	endoscopic	biopsy	and	no	evidence	of	disease	progression	outside	of	the	radiotherapy
field	on	CT	scan	at	24	weeks	following	start	of	treatment.	There	will	be	a	phase	III	portion	for	the	patients	with
esophageal	squamous	cell	carcinoma	with	the	primary	end	point	of	OS.	This	SCOPE2	study	is	actively	accruing.
The	goal	with	these	approaches	is	to	move	toward	personalized	medicine	in	esophageal	cancer	treatment.

Although	molecular	imaging	with	PET	has	emerged	as	a	powerful	imaging	tool	for	assessing	therapy	response,
there	 are	 a	 number	 of	 challenges	with	 using	 PET	 imaging	 as	 a	 biomarker	 in	multicenter	 clinical	 trials.	 These
include	standardization	of	imaging	and	reconstruction	protocols,	quality	control,	image	processing,	and	analysis.
Central	review	of	PET	scans	was	performed	on	the	CALGB	80803	trial,	and	the	rigorous	protocol	standards	for
PET	scans	as	well	 as	 the	 interaction	with	 the	Alliance	 Imaging	Core	Lab	helped	 to	 improve	 the	quality	of	 the
scans	on	this	study.	As	PET	imaging	is	integrated	into	clinical	practice	for	response	assessment,	the	quality	issues
will	need	to	be	addressed	to	maintain	the	potential	to	use	PET	as	an	accurate	biomarker.

PALLIATION	OF	ESOPHAGEAL	CANCER	WITH	RADIATION	THERAPY
Palliation	of	Dysphagia	and	Bleeding
Many	of	 the	 series	examining	dysphagia	are	 retrospective,	and	most	do	not	use	objective	criteria	 to	define	and
assess	dysphagia.	Options	for	palliation	include	stents,	feeding	tubes,	chemotherapy,	and	external-beam	radiation
therapy	or	brachytherapy,	or	a	combination	of	 these	approaches.	The	selection	of	 the	 technique	 is	variable	and
commonly	 is	 based	on	physician	 preference.	Based	on	older,	 small	 institutional	 series,	 external-beam	 radiation
therapy	with	or	without	chemotherapy	provides	palliation	of	dysphagia	in	70%	to	90%	of	patients.348–350	Harvey
et	al.348	treated	106	patients	and	reported	that	78%	had	improvement	of	at	least	one	grade	in	their	dysphagia	score;
51%	maintained	swallowing	improvement	until	the	time	of	last	follow-up.

Because	 of	 the	 lack	 of	 data	 on	 the	 optimal	 approach	 for	 palliating	 patients	 with	 esophageal	 cancer	 and
obstructive	symptoms,	a	recent	phase	III	randomized	trial,	TROG	03.01	NCIC	CTG	ES2,	was	conducted	in	the
United	Kingdom,	Canada,	Australia,	and	New	Zealand	to	compare	palliation	of	dysphagia	using	radiation	alone
versus	 chemoradiation.351	 The	 study	 included	 220	 patients,	 who	 were	 randomized	 to	 receive	 either	 palliative
radiotherapy	(35	Gy	in	15	fractions	or	30	Gy	in	10	fractions)	or	the	same	with	chemotherapy	(cisplatin	80	mg/m2

on	day	1	or	20	mg/m2	on	days	1	to	4	plus	5-FU	800	mg/m2/day	on	days	1	to	4).	Baseline	parameters,	including
proportion	with	metastatic	 disease	 (approximately	 73%)	 and	 performance	 status,	 were	 similar.	 Dysphagia	was
measured	 using	 several	 quality-of-life	 instruments	 and	 Common	 Terminology	 Criteria	 for	 Adverse	 Events
(CTCAE)	grading.	There	was	no	difference	in	dysphagia	response	or	quality-of-life	measures	with	radiotherapy
alone	 compared	 to	 chemoradiation,	 but	 there	 was	 a	 significant	 increase	 in	 gastrointestinal	 toxicity	 with
chemoradiation.	Median	 survival	was	210	days	 for	 chemoradiation	 and	203	days	 for	 radiation	 alone;	 however,
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nearly	10%	of	patients	were	alive	at	2	years	indicating	this	is	a	group	of	patients	who	should	not	be	denied	active
cancer	treatment.351

Endoluminal	brachytherapy	is	also	an	effective	method	of	achieving	palliation	of	dysphagia,	albeit	with	more
limited	availability	 at	many	centers.	To	evaluate	whether	 endoluminal	 esophageal	brachytherapy	or	 esophageal
stent	 placement	 was	 more	 effective	 for	 palliation	 of	 dysphagia,	 the	 Dutch	 SIREC	 Study	 Group	 performed	 a
randomized	trial	of	stent	versus	one	12-Gy	fraction	of	brachytherapy.352	Dysphagia,	as	measured	by	a	variety	of
quality-of-life	scales,	 improved	more	rapidly	after	stent	placement;	however,	 long-term	relief	was	superior	after
brachytherapy.	Median	survivals	were	similar	(145	versus	155	days).

A	major	 limitation	of	brachytherapy	 is	 the	 effective	 treatment	distance.	The	primary	 isotope	 is	 iridium-192,
which	is	usually	prescribed	to	treat	to	a	distance	of	1	cm	from	the	source.	Any	portion	of	the	tumor	that	is	>1	cm
from	 the	 source	 will	 receive	 a	 suboptimal	 radiation	 dose,	 confirmed	 by	 pathologic	 analysis	 of	 surgical
specimens.353	 Given	 its	 limited	 effective	 range,	 brachytherapy	 is	 usually	 not	 as	 successful	 as	 external-beam
radiation	therapy	in	treating	the	entire	tumor	volume.	However,	in	a	randomized	trial,	there	was	no	difference	in
local	control	or	survival	with	high-dose-rate	(HDR)	brachytherapy	alone	as	opposed	to	HDR	brachytherapy	plus
external-beam	 radiation	 therapy.354,355	 Rosenblatt	 et	 al.355	 reported	 on	 the	 results	 of	 their	 phase	 III
multinational/multi-institutional	trial,	in	which	219	patients	received	endoluminal	HDR	brachytherapy	(8	Gy	×	2)
for	palliation	of	squamous	esophageal	cancer	causing	dysphagia	and	were	then	randomized	to	additional	external-
beam	radiation	therapy	(3	Gy	×	10)	or	observation.	Dysphagia	was	significantly	improved	with	combined	therapy,
and	the	toxicities	and	OS	were	not	different	between	study	arms.355	Furthermore,	if	external-beam	radiation	is	not
possible	 given	 prior	 irradiation	 history,	 then	 endoluminal	 brachytherapy	 should	 be	 considered	 because	 it	 is	 an
effective	modality	for	decreasing	symptoms	such	as	dysphagia	and	bleeding.

Another	option	for	palliation	is	a	combination	of	stent	insertion	and	single	high-dose	brachytherapy.	In	a	recent
randomized	 study	of	 160	patients	with	 unresectable	 esophageal	 cancer	 and	dysphagia,	 patients	who	 received	 a
stent	loaded	with	iodine-125	seeds	revealed	an	improvement	in	survival	with	the	irradiated	stent	(177	versus	147
days,	P	=	.0046),	with	equal	dysphagia	relief.356

If	a	patient	requires	rapid	palliation	(within	a	few	days),	alternative	approaches	such	as	laser	treatment	or	stent
placement	 are	 recommended.	Although	 external-beam	 radiation	with	 or	without	 chemotherapy	 takes	 at	 least	 2
weeks	 to	 produce	 palliation,	 once	 palliation	 is	 achieved,	 it	 is	 more	 durable	 than	 that	 provided	 by	 the	 other
palliative	 modalities	 because	 external-beam	 radiation	 treats	 the	 problem	 (the	 gross	 tumor	 mass),	 not	 just	 the
symptom.	Chemotherapy	by	itself	may	also	substantially	relieve	dysphagia	when	used	as	an	initial	 treatment	of
metastatic	disease.

Treatment	in	the	Setting	of	Tracheoesophageal	Fistula
The	 presence	 of	 a	malignant	 tracheoesophageal	 fistula	 usually	 results	 in	 poor	 survival,	 although	 occasionally,
patients	may	survive	for	a	prolonged	period.	Historically,	radiation	therapy	was	believed	to	be	contraindicated	for
these	patients	for	fear	of	exacerbating	the	fistula	as	the	tumor	responded.	More	recently,	there	have	been	reports	to
the	contrary.	A	series	from	Japan	that	treated	24	patients	with	fistulization	to	the	airway	reported	ultimate	closure
of	the	fistula	after	chemoradiotherapy	in	17	patients,	with	time	to	closure	ranging	from	6	to	280	days.357	A	case
report	from	Memorial	Sloan	Kettering	Cancer	Center	described	a	patient	with	thoracic	esophageal	squamous	cell
carcinoma	 with	 bronchial	 invasion	 who	 was	 treated	 to	 a	 cCR	 with	 induction	 chemotherapy	 followed	 by
consolidation	with	concurrent	chemoradiotherapy.	Such	a	staged	approach	may	reduce	the	morbidity	of	upfront
radiation.358

A	 large	 retrospective	 review	 from	 Tata	Medical	 Center	 in	Mumbai	 reported	 outcomes	 of	 83	 patients	 with
esophageal	 cancer	 and	 bronchoscopic	 evidence	 of	 airway	 involvement	 who	 were	 treated	 with	 induction
chemotherapy.359	The	objective	response	rate	was	67%	among	patients	who	underwent	restaging	scans	following
induction	chemotherapy	and	80%	went	on	to	receive	radical	intent	therapy.	The	median	PFS	was	8	months	and
median	OS	was	17	months	for	all	patients,	and	the	median	OS	for	patients	who	went	on	to	receive	curative	intent
therapy	was	29	months.359	Thus,	 although	 the	 experience	 is	 relatively	 limited,	 these	data	 suggest	 that	 radiation
treatment	 does	 not	 necessarily	 increase	 the	 severity	 of	 a	 malignant	 tracheoesophageal	 fistula	 and	 it	 can	 be
administered	safely.

RADIOTHERAPY	TECHNIQUES



Radiation	Therapy	Planning	and	Technical	Considerations
Just	as	expert	 surgical	 skills	are	 required	 for	a	 successful	esophagectomy,	 radiation	 field	design	 for	esophageal
cancer	 requires	careful	planning.	The	design	and	delivery	of	 radiation	 therapy	 for	esophageal	cancer	 requires	a
knowledge	 of	 the	 natural	 history	 of	 the	 disease,	 patterns	 of	 failure,	 anatomy,	 and	 radiobiologic	 principles.
Furthermore,	the	use	of	proper	equipment,	implementation	of	methods	to	decrease	treatment-related	toxicity,	and
a	close	collaboration	with	the	physics	and	technology	staff	is	essential.

There	are	a	number	of	 sensitive	organs	 that,	depending	on	 the	 location	of	 the	primary	 tumor,	will	be	 in	 the
radiation	field.	These	include	but	are	not	limited	to	the	spinal	cord,	lung,	heart,	intestine,	stomach,	kidneys,	and
liver.	 Minimizing	 the	 dose	 to	 these	 structures	 while	 delivering	 an	 adequate	 dose	 to	 the	 primary	 tumor	 and
local/regional	 lymph	nodes	 is	aided	by	techniques	such	as	patient	 immobilization,	CT-based	treatment	planning
for	organ	identification	and	lung	correction,	and	the	use	of	dose–volume	histograms.

Although	CT	can	identify	adjacent	organs	and	structures,	it	may	be	limited	in	defining	the	extent	of	the	primary
tumor	 delineation	 of	 the	 gross	 tumor	 volume	 (GTV)	 should	 incorporate	 endoscopic	 as	 well	 as	 radiographic
findings,	as	the	proximal	and	distal	extent	of	tumor	may	not	be	well	defined	on	simulation	CT	images.	PET-CT,
especially	when	fused	with	the	CT	simulation	images,	is	particularly	helpful	in	this	regard	and	has	been	shown	to
result	in	significant	changes	in	GTV	definition.360,361

Usually,	a	margin	of	4	to	5	cm	above	and	below	the	primary	GTV	to	create	the	clinical	target	volume	(CTV)	is
generally	recommended	to	account	for	subclinical	disease	spread	and	regional	nodal	stations.	One	study	assessing
histologic	 disease	 extent	 after	 esophagectomy	 for	 esophageal	 squamous	 cell	 carcinomas	 and	 GEJ
adenocarcinomas	demonstrated	that	a	3-cm	proximal	margin	included	subclinical	disease	extension	in	almost	all
of	the	squamous	cell	carcinoma	and	adenocarcinoma	patients.	For	the	squamous	cell	carcinomas,	a	3-cm	margin
was	 sufficient	 distally	 but	 a	 5-cm	 distal	 margin	 was	 needed	 to	 cover	 94%	 of	 the	 subclinical	 spread	 for
adenocarcinomas.362	 Although	 not	 well	 defined,	 an	 approximate	 1.0-	 to	 1.5-cm	 radial	 margin	 expansion	 is
recommended	from	the	GTV	to	the	CTV	to	encompass	the	periesophageal	nodes	and	subclinical	spread.

Historically,	 the	 radiation	 fields	 were	 primarily	 defined	 by	 bony	 anatomy.	With	 the	 incorporation	 of	 more
modern	treatment	planning	approaches	as	described	in	the	following	text,	the	radiation	fields	are	designed	based
on	CT	anatomy	and	identification	of	regional	nodal	drainage.	From	a	radiation	treatment	planning	viewpoint,	the
inclusion	of	regional	nodes	is	determined	by	the	location	of	the	tumor	in	the	cervical	esophagus,	upper	thoracic,
midthoracic,	or	distal	esophagus/GEJ.	In	general,	 tumors	at	or	above	the	carina	are	 treated	as	an	upper	 thoracic
primary	and	the	supraclavicular	nodes	should	be	included	in	the	radiation	field.	Tumors	below	the	carina	but	not
extending	 to	 the	 distal	 esophagus	 are	 considered	 midesophagus	 and	 the	 radiation	 field	 does	 not	 include	 the
supraclavicular	or	celiac	nodes.	Tumors	 in	 the	distal	esophagus	or	which	 involve	 the	GEJ	are	considered	distal
and	the	celiac	nodes	are	included.	To	better	define	the	appropriate	CTV	for	the	regions	of	the	esophagus	and	GEJ,
a	panel	of	expert	gastrointestinal	radiation	oncologists	convened	to	develop	a	standardized	contouring	guidelines
to	 ensure	 adequacy	 of	 the	 CTV	 and	 to	 generate	 a	 reference	 atlas	 for	modern-day	 contouring	 for	 ongoing	 and
future	clinical	 trials	 incorporating	radiotherapy	for	esophageal	and	GEJ	cancers.363	A	consensus	CTV	atlas	was
generated	for	the	three	test	cases,	each	representing	common	anatomic	presentations	of	esophageal	cancer.	This
publication	provides	additional	guidelines	and	principles	to	facilitate	the	generalizability	of	the	atlas	to	individual
cases.363

Intensity-Modulated	Radiation	Therapy
A	criticism	of	many	dose	escalation	trials	in	the	definitive	management	of	locally	advanced	esophageal	cancer	is
the	use	of	 conventional	 two-dimensional	 and	 three-dimensional	 (3D)	 radiation	 techniques.	Trials	using	modern
techniques	such	as	intensity-modulated	radiation	therapy	(IMRT)	and	protons	may	be	able	to	deliver	higher	doses
of	radiation	with	a	more	tolerable	toxicity	profile.

Multiple	 dosimetric	 studies	 comparing	 standard	 3D	 conformal	 radiotherapy	 (3DCRT)	 and	 IMRT	 generally
have	found	improved	sparing	of	the	heart,	lung,	or	both	using	either	static	field	or	arc-based	IMRT.364–366	This	has
led	multiple	centers	to	begin	the	routine	use	of	IMRT	in	this	disease.	Retrospective	analyses	comparing	patients
treated	 with	 IMRT	 versus	 non-IMRT	 treatment	 techniques	 suggest	 decreased	 toxicity	 with	 IMRT.367–369
Investigators	at	the	MD	Anderson	Cancer	Center	reported	the	results	of	676	patients	with	locally	advanced	disease
treated	 with	 either	 IMRT	 (263	 patients)	 or	 3DCRT	 (413	 patients).368	 On	 a	 multivariate	 analysis,	 IMRT	 was
associated	with	improved	survival	(P	=	.004)	but	not	cancer-specific	survival	(P	=	 .86).	The	survival	difference
between	3DCRT	and	IMRT	was	thought	to	be	due	to	a	higher	level	of	cardiac	deaths	(P	=	.05)	and	unexplained
deaths	(P	 =	 .003)	 in	 the	 3DCRT	patients,	 suggesting	 that	 decreased	 cardiac	 dose	may	have	 a	 direct	 impact	 on
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patient	 outcome.	 Although	 this	 and	 other	 comparisons	 between	 3DCRT	 and	 IMRT	 are	 retrospective,	 a
randomized	trial	is	unlikely;	thus,	the	available	data	may	represent	the	best	comparison.

Several	 studies	 have	 also	 evaluated	 volumetric-modulated	 arc	 therapy	 versus	 static	 IMRT	 fields.370	 One
drawback	 of	 using	 arc	 therapy	 can	 increase	 the	 low	 dose	 to	 the	 lungs,	 potentially	 increasing	 the	 risk	 of
pneumonitis	 or	 postoperative	 pulmonary	 complications.	 This	 approach	 may	 be	 best	 in	 the	 setting	 of	 cervical
esophageal	cancers,	which	have	less	lung	volume	included	in	the	field.371

Another	 theoretical	 advantage	 of	 IMRT	 is	 the	 possibility	 of	 dose	 escalation.	 With	 the	 use	 of	 IMRT,	 a
simultaneous	 integrated	 boost	 (SIB)	 may	 be	 performed	 while	 maintaining	 commonly	 used	 lung	 and	 heart
dosimetric	 constraints.	 Retrospective	 data	 from	 the	 MD	 Anderson	 Cancer	 Center	 and	 a	 recent	 meta-analysis
suggest	a	positive	correlation	between	radiation	dose	and	local–regional	control.372,373	These	promising	results	led
to	 a	 phase	 I/II	 study	 examining	 the	 use	 of	 an	 SIB	 to	 dose	 escalate	 in	 44	 patients	 with	 unresectable,	 locally
advanced	 esophageal	 cancer	 receiving	definitive	 chemoradiation	 a	 total	 dose	of	 50.4	Gy	 to	 the	planning	 target
volume	with	an	SIB	of	58.8	to	63	Gy	to	the	primary	tumor,	all	in	28	fractions,	with	concurrent	docetaxel	and	5-FU
or	capecitabine.374	The	maximum	tolerated	SIB	dose	was	63	Gy	to	the	primary	tumor.	Among	the	38	evaluable
patients,	50%	had	an	esophageal	adenocarcinoma	and	5	had	metastatic	disease.	At	a	median	follow-up	time	of	13
months,	there	were	no	grade	4	or	5	toxicities,	and	29%	developed	a	local	failure.	A	comparison	with	97	similar
patients	who	received	50.4	Gy	without	an	SIB	showed	that	 the	 local	failure	rate	for	patients	with	node-positive
disease	or	adenocarcinoma	histology	was	lower	with	the	SIB.374

Of	note,	if	IMRT	is	to	be	used,	careful	attention	should	be	given	to	target	delineation.	In	addition,	particularly
in	 the	 case	 of	 distal/GEJ	 tumors,	 four-dimensional	 CT	 or	 other	 forms	 of	 motion	 management	 should	 be
considered.	The	impact	of	respiratory	and	organ	movement	on	delivery	of	focal	radiotherapy	such	as	IMRT	has
also	been	investigated	in	order	to	avoid	“marginal	misses.”375–378	In	a	motion	study	of	distal	esophageal	and	GEJ
tumors	 using	 four-dimensional	 CT	 scans	 performed	 during	 the	 treatment	 planning	 process,	 GTV	 motion
throughout	 the	total	respiratory	cycle	was	greatest	 in	 the	superior-inferior	direction	with	mean	displacements	of
15.2	±	5.7	mm.	This	could	be	reduced	by	over	half	(mean	of	5.6	±	2.9	mm)	by	just	treating	during	the	expiratory
phase	of	the	respiratory	cycle,	a	technique	called	respiratory	gating.375–378	This	is	particularly	important	for	GEJ
tumors	where	the	tumor	extends	below	the	diaphragm	and	may	require	larger	margins	to	encompass	the	full	range
of	 respiratory	motion,	 thereby	 increasing	 the	 heart	 and	 lung	 doses.	With	 respiratory	 gating,	 the	margin	 can	 be
reduced	and	the	heart	and	lung	doses	can	be	minimized.	Fiducial	markers	in	the	tumor	to	help	localize	the	GTV
and	to	guide	when	to	turn	on	the	beam	should	be	considered	when	using	respiratory	gating.

Protons
Recently,	proton	beam	radiotherapy	has	become	increasingly	available	as	a	 treatment	modality.	By	virtue	of	 its
physical	characteristics,	proton	beam	radiotherapy	is	thought	to	decrease	dose	to	critical	structures,	in	large	part
by	 minimizing	 the	 low-dose	 “bath”	 often	 seen	 with	 IMRT.	 In	 the	 United	 States,	 Lin	 and	 colleagues379
retrospectively	reviewed	62	patients	treated	with	proton	radiotherapy	for	locally	advanced	disease.	Overall,	47%
were	treated	with	surgical	resection	following	chemoradiation,	with	a	pCR	rate	in	these	patients	of	28%.	In	this
series,	2	patients	(3.2%)	developed	symptomatic	pneumonitis	and	an	additional	2	patients	died	due	to	treatment-
related	factors.379	Proton	therapy	remains	experimental	and	is	currently	being	evaluated	in	a	randomized	trial.

Brachytherapy
Another	method	by	which	to	intensify	the	radiation	dose	to	the	esophagus	is	by	using	brachytherapy.	Intraluminal
brachytherapy	allows	for	the	escalation	of	the	dose	to	the	primary	tumor	while	protecting	the	surrounding	dose-
limiting	structures	such	as	the	lung,	heart,	and	spinal	cord.	A	radioactive	source	is	placed	endoluminally	through	a
brachytherapy	 catheter	 that	 is	 inserted	 endoscopically.	 Brachytherapy	 has	 been	 used	 both	 as	 primary	 therapy
(usually	palliative)	and	as	a	boost	after	external-beam	radiation	therapy	or	chemoradiation.	It	can	be	delivered	by
HDR	or	low-dose	rate	(LDR).	Although	there	are	technical	and	radiobiologic	differences	between	the	two	dose
rates,	there	are	no	clear	therapeutic	advantages	for	either,	although	HDR	is	used	in	more	modern	series.

To	 evaluate	 the	 role	 of	 brachytherapy	 as	 a	 boost	 after	 chemoradiation,	 the	 phase	 II	 RTOG	 92-07	 trial	was
performed.380	A	total	of	75	patients	with	squamous	cell	cancers	(92%)	or	adenocarcinomas	(8%)	of	the	thoracic
esophagus	 received	 the	 RTOG	 85-01	 combined	 modality	 regimen	 (5-FU,	 cisplatin,	 and	 50	 Gy	 of	 radiation)
followed	by	 a	boost	 during	 cycle	 three	of	 chemotherapy	with	 either	LDR	or	HDR	 intraluminal	 brachytherapy.
Because	of	low	accrual,	the	LDR	option	was	discontinued,	and	the	analysis	was	limited	to	patients	who	received
the	HDR	treatment.	HDR	brachytherapy	was	delivered	 in	weekly	 fractions	of	5	Gy	during	weeks	8,	9,	and	10.



After	 the	 development	 of	 several	 fistulas,	 the	 fraction	 delivered	 at	 week	 10	 was	 discontinued.	 Although	 the
complete	response	rate	was	73%,	the	rate	of	local	failure	was	27%.	Rates	of	acute	toxicity	were	58%	for	grade	3,
26%	for	grade	4,	and	8%	for	grade	5	(treatment-related	death).	The	cumulative	incidence	of	fistula	was	18%	per
year,	and	the	crude	incidence	was	14%.	Of	the	six	treatment-related	fistulas,	three	were	fatal.	Given	the	significant
toxicity,	this	treatment	approach	should	be	used	with	caution.380

Given	 the	 toxicity	 reported	 with	 brachytherapy,	 the	 American	 Brachytherapy	 Society	 (ABS)	 designed
guidelines	to	assist	in	the	use	of	HDR	in	the	definitive	and	palliative	treatment	of	esophageal	cancers.	In	addition
to	selection	criteria	useful	 in	determining	which	patients	could	potentially	benefit	 from	endoluminal	esophageal
brachytherapy,	 these	 guidelines	 specify	 the	 use	 of	 an	 applicator	with	 an	 external	 diameter	 of	 6	 to	 10	mm	 and
dosing	 regimens	 between	 5	 to	 10	Gy	 per	 fraction	 in	 one	 to	 four	 fractions	 based	 on	 clinical	 scenario.	Using	 a
prescription	depth	specified	as	1	cm	from	the	midsource	or	middwell	without	optimization,	with	typical	dose	fall
off	 the	 mucosal	 surfaces	 can	 receive	 doses	 in	 excess	 of	 15	 Gy	 per	 fraction	 using	 the	 6-mm	 applicator	 and
assuming	a	5-Gy	fraction	size.

Using	 these	 guidelines,	 an	 endoluminal	 esophageal	 brachytherapy	 program	 was	 initiated	 for	 patients	 with
recurrent	or	medically	inoperable	esophageal	cancer	at	Memorial	Sloan	Kettering	Cancer	Center.	Folkert	et	al.381
reported	on	14	patients	were	treated	with	HDR	intraluminal	brachytherapy	with	recurrent	disease	and	previously
unirradiated	lesions.	With	a	median	follow-up	of	15	months,	for	patients	with	recurrent	disease,	PFS	and	OS	at	18
months	were	11.1%	and	55.6%,	respectively,	whereas	for	patients	with	previously	unirradiated	disease,	PFS	and
OS	 at	 18	 months	 were	 75.0%	 and	 100.0%,	 respectively.381	 Thus,	 with	 more	 modern	 techniques,	 HDR
endoluminal	brachytherapy	is	a	well-tolerated	treatment	for	superficial	primary	and	recurrent	esophageal	cancer	in
medically	inoperable	patients.

Acute	and	Long-Term	Toxicity	of	Radiation	Therapy
Radiation-induced	 toxicity	 can	 generally	 be	 divided	 into	 acute/subacute	 (during	 treatment	 and	 1	 to	 2	 months
thereafter)	and	late	side	effects.	Acute	and	late	toxicity	due	to	thoracic	radiotherapy	is	clearly	linked	to	the	types
and	volumes	of	normal	tissues	irradiated	as	well	as	radiation	dose	delivered.	The	organs	that	are	most	likely	to	be
dose	limiting	are	the	heart,	lungs,	spinal	cord,	and	kidneys.	The	use	of	concurrent	chemotherapy	also	compounds
the	toxicity	profile,	with	bone	marrow	suppression	among	the	most	common	reasons	for	treatment	suspension	or
discontinuation.

Fatigue	 and	 dermatitis	 are	 nearly	 universal	 acute	 effects	 of	 radiotherapy	 but	 rarely	 represent	 major
impediments	 to	 completion	 and	 tolerance	 of	 treatment.	 Diarrhea,	 early	 satiety,	 nausea,	 and	 vomiting	 may	 be
induced	by	radiation,	particularly	for	distal	and	GEJ	tumors.	Esophagitis,	which	may	cause	dysphagia,	pain,	and
anorexia,	is	typically	the	most	onerous	symptom	caused	by	radiotherapy	and	starts	1	to	2	weeks	into	a	course	of
conventionally	fractionated	treatment.	The	radiation-alone	arm	of	RTOG	85-01	noted	an	incidence	of	acute	grade
3	toxicity	of	25%	and	the	incidence	of	acute	grade	4	toxicity	of	3%.	The	incidence	of	long-term	grade	3+	toxicity
and	long-term	grade	4+	toxicity	was	23%	and	2%,	respectively.246	Note	that	Candida	esophagitis,	which	can	be
induced	 by	 the	 immunosuppressive	 state	 from	 chemotherapy,	 has	 similar	 symptoms	 to	 radiation-induced
esophagitis,	and	both	conditions	may	coexist.	Management	of	esophagitis	is	supportive	and	may	include	dietary
modification,	topical	anesthetics,	and,	in	many	cases,	narcotic	analgesics.

The	most	 frequently	observed	chronic	 toxicity	of	 esophageal	 radiation	 is	 esophageal	 stricture.382	Obviously,
radiation-induced	 stricture	 is	 a	more	 probable	 development	when	 surgical	 resection	 is	 not	 performed,	 although
strictures	can	occur	at	the	anastomosis	postoperatively.	Strictures	are	typically	managed	with	endoscopic	dilation.
Other	 potential	 late	 esophageal	 complications	 include	 dysphagia	 and/or	 odynophagia	 associated	 with	 chronic
ulceration.	Esophageal	perforation	or	fistula	formation	as	a	consequence	of	chemoradiation	are	rare	events.

Pneumonitis	 is	 also	 a	 well-known	 complication	 of	 thoracic	 radiotherapy,	 and	 it	 typically	 arises	 4	 or	 more
weeks	 after	 the	 completion	 of	 treatment.	 Radiation-induced	 pneumonitis	 is	 characterized	 by	 a	 cough	 and	 low-
grade	 fever.	 It	 is	 generally	 self-limited,	 and	 glucocorticoid	 administration	 is	 first-line	 therapy	 for	 severe	 or
persistent	cases.	Risk	of	radiation-induced	lung	injury	is	generally	related	to	dose	and	volume	of	lung	irradiated,
but	metrics	used	to	quantify	and	predict	this	risk	vary	widely	and	include	mean	lung	dose,	volume	of	total	lung
receiving	>20	Gy,	and	various	mathematical	models.

Postoperative	pulmonary	complications	may	be	an	even	more	relevant	end	point	for	patients	with	esophageal
cancer,	as	the	impact	of	radiotherapy	on	lung	function	may	be	greater	in	patients	who	undergo	a	thoracotomy	and
further	insult	to	the	lungs	during	surgical	resection.	One	recent	study	has	shown	that	dosimetric	differences	affect
clinical	 outcomes	 in	 the	 combined	 modality	 setting,	 with	 preoperative	 lung	 dose	 an	 important	 predictor	 of
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postoperative	pulmonary	complications.43	There	are	several	other	publications	evaluating	the	effect	of	 low-dose
radiotherapy	on	the	risk	of	pneumonitis	and	postoperative	pulmonary	complications.	It	appears	likely	that	normal
tissue	 tolerance	 in	 neoadjuvant	 therapy	 (i.e.,	 preoperative	 chemoradiation	 followed	 by	 surgical	 resection)	may
differ	from	that	seen	with	definitive	radiation	alone,	and	even	relatively	low	doses	when	delivered	to	a	sufficient
percentage	of	lung	volume	may	be	less	tolerable	when	given	preoperatively	with	concurrent	chemotherapy.

The	 prescribed	 dose	 of	 radiation	 for	 patients	 with	 esophageal	 cancer	 remains	 an	 open	 question	 given	 the
multiple	dose	 regimens	 in	definitive	 and	preoperative	 chemoradiation	 trials.	Historically,	 the	 standard	 radiation
dose,	 based	 on	 INT-0123,	 for	 patients	 selected	 for	 chemoradiation	 is	 50.4	 Gy	 at	 1.8	 Gy	 per	 fraction.
Unquestionably,	radiation	therapy	should	be	delivered	without	treatment	breaks,	as	randomized	data	from	France
reveal	a	higher	local	control	(57%	versus	29%)	and	2-year	survival	rate	(37%	versus	23%)	with	continuous	course
compared	with	split-course	radiation.310	Data	from	the	German	Oesophageal	Cancer	Study	Group116	and	FFCD
9102115	used	a	dose-escalated	approach	on	the	definitive	chemoradiation	arm,	up	to	60	Gy.	However,	recent	data
from	the	CROSS	trial	suggest	that	41.4	Gy	may	be	sufficient	to	treat	in	the	preoperative	setting.248	The	SCOPE2
trial	described	previously	is	evaluating	the	role	of	dose	escalation	in	the	modern	era,	and	those	results	are	eagerly
awaited.

TREATMENT	OF	METASTATIC	DISEASE
A	variety	of	single-agent	and	combination	chemotherapy	regimens	have	been	evaluated	in	patients	with	recurrent
or	metastatic	carcinoma	of	the	esophagus.

Until	 the	 mid-1990s,	 the	 accumulated	 experience	 with	 chemotherapy	 was	 almost	 entirely	 in	 patients	 with
squamous	cell	 tumors.	With	the	rising	incidence	of	adenocarcinoma	of	the	distal	esophagus,	GEJ,	and	cardia	in
the	United	States	and	Western	industrialized	countries,	patients	with	this	histologic	type	now	make	up	more	than
half	 of	 referrals	 for	 chemotherapy.	 Modern	 chemotherapy	 trials	 in	 advanced	 disease	 also	 treat	 gastric
adenocarcinoma	 in	concert	with	adenocarcinoma	of	 the	GEJ	and	distal	esophagus,	and	some	 trials	also	 include
squamous	 esophageal	 cancer.	With	 the	 advent	 of	 genomic	 profiling	 data,	 it	 is	 clear	 that	 esophageal	 and	 GEJ
adenocarcinomas	share	similar	a	spectrum	of	mutation	and	gene	amplifications	with	gastric	cancer,	as	discussed
previously.281,383	 Squamous	 cancer	 of	 the	 esophagus,	 however,	 despite	 similarities	 in	 responsiveness	 to
chemotherapy	with	adenocarcinoma,	is	genomically	distinct	from	adenocarcinoma.281

Single-Agent	and	Combination	Chemotherapy
Studies	of	single-agent	chemotherapy	for	esophageal	cancer	are	summarized	here.	Response	data	for	many	of	the
older	drugs	have	come	from	broad	phase	I	and	II	trials	conducted	in	the	1970s	and	1980s,	which	included	small
numbers	 of	 esophageal	 cancer	 patients.	 Bleomycin,	 5-FU,	 mitomycin,	 and	 cisplatin	 have	 been	 used	 most
frequently	because	of	their	single-agent	activity	and	additive	or	synergistic	effects	with	radiation,	but	because	of
the	 potential	 for	 pulmonary	 toxicity,	 bleomycin	 is	 no	 longer	 included	 in	 combination	 regimens,	 having	 been
replaced	 by	 5-FU.	 Similarly,	 mitomycin	 is	 used	 less	 often	 because	 of	 its	 toxicity	 profile,	 which	 includes
hemolytic–uremic	 syndrome	 and	 cumulative	 myelosuppression.	 Commonly	 used	 contemporary	 agents	 given
alone	or	in	combination	include	5-FU,	capecitabine,	cisplatin,	oxaliplatin,	carboplatin,	the	taxanes	paclitaxel	and
docetaxel,	and	irinotecan.

The	two-drug	combination	of	cisplatin	(100	mg/m2	on	day	1)	and	5-FU	(1,000	mg/m2/day	continuous	infusion
for	96	to	120	hours)	has	been	the	standard	regimen	for	three	decades	to	treat	patients	with	either	squamous	cell
carcinoma	or	adenocarcinoma.	Despite	the	common	use	in	the	oncology	community	of	the	combination	of	5-FU
and	 cisplatin	 for	 the	 treatment	 of	 esophageal	 carcinoma,	 only	 one	 trial	 conducted	 by	 the	 EORTC	 has	 directly
addressed	 the	 issue	 of	 the	 comparative	 efficacy	 of	 single-agent	 cisplatin	 and	 the	 combination	 of	 5-FU	 and
cisplatin	(Table	52.8).284	Patients	with	 locally	 advanced	or	metastatic	 squamous	 cell	 carcinoma	were	 randomly
assigned	to	receive	either	cisplatin	(100	mg/m2)	plus	continuous-infusion	5-FU	(1,000	mg/m2/day,	days	1	to	5)	or
to	cisplatin	(100	mg/m2)	alone,	with	both	regimens	repeated	every	3	weeks.	The	cisplatin/5-FU	arm	had	a	higher
response	 rate	 (35%)	 and	 better	 median	 survival	 (33	 weeks)	 than	 the	 cisplatin	 arm	 (19%	 and	 28	 weeks,
respectively),	but	these	findings	were	not	statistically	significant.	Cisplatin/5-FU	was	also	more	toxic,	with	16%
treatment-related	deaths	for	the	combination.



TABLE	52.8
Randomized	Phase	II–III	Chemotherapy	Trials	in	Esophageal	and	Gastroesophageal	Junction
Cancers

Regimen Patients	(N) Histologic	Type
Response	Rate
(%) Overall	Survival Reference

C	+	5-FU	vs.
C

88 S 35
19

28	wk
33	wk

384

ECF	vs.
FAMTX

274 A 45
21

8.9	mo
5.7	mo

386

ECF	vs.
MCF

690 A/S 42
44

9.4	mo
8.7	mo

387

ECF	vs.
ECX	vs.
EOF	vs.
EOX

1,002 A/S 41
46
42
48

9.9	mo
9.9	mo
9.3	mo
11.2	mo

388

5-FU	+	O	vs.
5-FU	+	C

220 A 35
25

10.7	mo
8.8	mo

389

5-FU	+	C	vs.
Cape	+	C

316 A 32
46

9.3	mo
10.5	mo

390

5-FU	+	C	vs.
S-1	+	C

1,053 A 32
29

7.9	mo
8.6	mo

392

CF	vs.
DCF

445 A 26
36

8.6	mo
9.2	mo

393

mDCF	vs.
DCF

57
33

A
A

49
33

18.8	mo
12.6	mo

394

5-FU	+	C	vs.
5-FU	+	irinotecan

333 A 26
32

8.7	mo
9.0	mo

398

ECX	vs.
5-FU	+	irinotecan

209
207

A
A

39.2
37.8

9.5	mo
9.7	mo

396

C,	 cisplatin;	 5-FU,	 5-fluorouracil;	 S,	 squamous	 cell	 carcinoma;	 ECF,	 epirubicin/cisplatin/5-fluorouracil;	 FAMTX,	 5-
fluorouracil/doxorubicin/methotrexate;	 A,	 adenocarcinoma;	 MCF,	 mitomycin/cisplatin/5-fluorouracil;	 ECX,
epirubicin/cisplatin/capecitabine;	 EOF,	 epirubicin/oxaliplatin/5-fluoruracil;	 EOX,	 epirubicin/oxaliplatin/5-fluorouracil;	 O,	 oxaliplatin;
Cape,	 capecitabine;	 CF,	 cisplatin/5-fluorouracil;	 DCF,	 docetaxel/cisplatin/5-fluorouracil;	 mDCF,	 modified	 docetaxel/cisplatin/5-
fluorouracil.

Cisplatin	 in	combination	with	 tegafur	uracil	 (UFT),	 an	oral	5-FU	prodrug	combining	 tegafur	with	uracil,	 an
inhibitor	 of	 the	 enzyme	 dihydropyrimidine	 dehydrogenase	 that	 degrades	 5-FU,	 has	 also	 been	 evaluated	 in
esophageal	cancer.	A	response	rate	of	25%	was	reported.385

The	Royal	Marsden	group	developed	the	ECF	regimen,	a	combination	of	epirubicin	(50	mg/m2)	and	cisplatin
(60	mg/m2)	 every	3	weeks	 in	 combination	with	daily	protracted	 continuous	 infusion	5-FU	 (200	mg/m2/day)	 in
gastric	 cancer.	The	ECF	 regimen	was	 compared	 in	 a	 phase	 III	 trial	 in	gastric	 and	GEJ	 adenocarcinoma	with	 a
bolus	regimen	of	5-FU,	doxorubicin,	and	methotrexate	(FAMTX)	(see	Table	52.8).386	The	ECF	regimen	resulted
in	a	superior	response	rate	(45%	versus	21%),	failure-free	survival	(7.4	versus	3.4	months),	and	median	survival
(8.9	 versus	 5.7	months)	 in	 comparison	with	 FAMTX.	 The	 ECF	 regimen	 had	 a	 tolerable	 toxicity	 profile,	 with
<10%	rates	of	grade	3	or	4	diarrhea	or	stomatitis.	A	subsequent	 trial	by	 this	group	 treating	nearly	600	patients
with	 advanced	 esophageal	 squamous	 and	 adenocarcinoma	 and	 gastric	 adenocarcinoma	 compared	 the	 ECF
regimen	 with	 a	 similar	 regimen	 substituting	 mitomycin	 (7	 mg/m2	 every	 6	 weeks)	 for	 epirubicin	 (see	 Table
52.8).387	This	trial	validated	the	previously	reported	response	rate	and	median	survival	for	the	ECF	regimen	(42%,
9.4	months),	and	the	response	rate	and	median	survival	observed	for	the	mitomycin	combination	regimen	(44%,
8.7	 months)	 were	 identical	 to	 those	 of	 ECF.	 Of	 the	 533	 patients	 enrolled	 in	 this	 trial,	 40	 had	 squamous	 cell
carcinoma	of	 the	esophagus	and	the	remainder	had	adenocarcinoma	(125,	esophagus;	125,	GEJ;	243,	stomach).
There	was	 a	 significantly	 higher	 response	 rate	 among	 patients	with	GEJ	 cancers	 than	 among	 those	with	 distal
gastric	cancers	(48%	versus	37%).

Oxaliplatin,	 as	 a	potential	 substitute	 for	 cisplatin,	 and	oral	 capecitabine,	 as	 a	 substitute	 for	5-FU,	have	been
explored	 in	 phase	 II	 trials304	 and,	 more	 recently,	 phase	 III	 randomized	 trials	 in	 esophageal	 and	 gastric
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adenocarcinoma	 (see	 Table	 52.8).	 Cunningham	 et	 al.388	 reported	 results	 of	 a	 1,000-patient	 phase	 III	 trial	 in
esophageal	squamous	cell	and	adenocarcinoma	and	gastric	cancer,	evaluating	 the	 frontline	use	of	oxaliplatin	or
capecitabine.	This	trial	compared	conventional	ECF	with	the	substitution	of	capecitabine	for	infusional	5-FU,	and
oxaliplatin	for	cisplatin.	The	trial	employed	a	two-by-two	design,	with	the	control	arm	ECF	and	the	experimental
arms	 including	 capecitabine	 (625	mg/m2	 twice	 daily)	 substituted	 for	 infusional	 5-FU,	 oxaliplatin	 (130	mg/m2)
substituted	for	cisplatin,	and	a	fourth	arm	with	a	substitution	of	both	capecitabine	and	oxaliplatin.	Capecitabine
was	found	to	be	noninferior	to	5-FU,	and	oxaliplatin	noninferior	to	cisplatin,	with	comparable	rates	of	antitumor
response	 and	 PFS	 across	 the	 four	 treatment	 arms.	 A	 toxicity	 analysis	 favored	 oxaliplatin	 over	 cisplatin	 for
neutropenia,	alopecia,	renal	toxicity,	and	thromboembolism.	In	a	planned	comparison	of	ECF	to	EOX	(epirubicin,
oxaliplatin,	capecitabine),	median	survival	was	superior	for	EOX	(11.2	versus	9.9	months;	HR,	0.80;	P	=	.02).	A
second	phase	III	trial	from	the	German	AIO	group	compared	infusional	5-FU	(24-hour	infusion)	plus	leucovorin
combined	with	either	oxaliplatin	 (85	mg/m2)	 or	 cisplatin	 (50	mg/m2)	 once	 every	 2	weeks	 in	 220	 patients	with
metastatic	gastroesophageal	adenocarcinoma.389	Like	the	Cunningham	et	al.388	 trial,	oxaliplatin	was	found	to	be
noninferior	 to	 cisplatin.	 Oxaliplatin	 caused	 significantly	 less	 nausea	 and	 vomiting,	 fatigue,	 renal	 toxicity,	 and
thromboembolism.	Remarkable	on	both	arms	of	this	trial	was	the	relatively	low	level	of	grade	3	or	4	toxicities	in
all	categories,	running	<10%	to	15%,	which	was	likely	due	to	the	2-weekly	schedule	of	chemotherapy	mimicking
colorectal-like	 cancer	 scheduling	 of	 chemotherapy.	 Response	 rates	 (24.5%	 to	 34.8%),	 PFS	 (3.9	 versus	 5.8
months),	 and	OS	 (8.8	versus	10.7	months)	were	comparable	between	 the	 two	 treatment	 arms,	 although	all	 end
points	 trended	higher	on	 the	oxaliplatin	arm.	Lastly,	a	 third	phase	 III	 trial	 reported	by	Kang	et	al.390	 compared
capecitabine	 (1,000	mg/m2)	 twice	 a	day	 for	14	days	 to	5-FU	 (800	mg/m2/day	 continuous	 infusion)	 for	 5	 days,
cycled	every	3	weeks	with	cisplatin	(80	mg/m2).	Like	the	Cunningham	et	al.388	trial,	capecitabine	was	found	to	be
noninferior	to	5-FU.	Rates	of	toxicity	on	the	treatment	arms	were	similar,	as	were	measures	of	PFS	(5.0	versus	5.6
months)	and	OS	(9.3	versus	10.5	months).	Based	on	the	results	of	these	three	phase	III	trials,	the	substitution	of
oxaliplatin	for	cisplatin,	or	capecitabine	for	5-FU,	seems	justified.

An	alternative	oral	5-FU	agent,	S-1,	combines	the	5-FU	prodrug	tegafur	with	a	bowel	protectant	(oteracil)	and
an	inhibitor	of	dihydropyrimidine	dehydrogenase	(gimeracil).	A	phase	III	trial	conducted	in	Japan	evaluated	S-1
40	to	60	mg	twice	a	day	for	3	weeks	as	a	single	agent	versus	S-1	plus	cisplatin	(60	mg/m2),	cycled	once	every	5
weeks,	in	advanced	gastric	cancer.	S-1	plus	cisplatin	was	superior	to	S-1	alone,	with	improved	rates	of	response
(54%	versus	31%),	PFS	(6	versus	4	months),	and	OS	(13	versus	11	months).391	Based	on	encouraging	data	for	S-
1,	a	phase	III	superiority	trial	comparing	S-1	50	mg/m2	in	two	daily	divided	doses	for	21	days	was	compared	to
infusional	5-FU	1,000	mg/m2/day	for	5	days,	cycled	every	28	days	(see	Table	52.8).392	Both	arms	were	combined
with	 cisplatin,	with	 a	 lower	 dose	 of	 cisplatin	 combined	with	 S-1	 (75	mg/m2)	 compared	 to	 the	 5-FU	 arm	 (100
mg/m2).	A	lower	dose	of	S-1	than	that	used	in	 the	Japanese	trials	was	mandated	due	to	greater	 toxicity	for	S-1
reported	in	Western	patients	in	prior	phase	I	and	II	 trials.	The	trial	failed	to	demonstrate	superiority	for	the	S-1
arm,	with	equivalent	rates	of	OS	(7.9	versus	8.6	months).	The	S-1	arm	had	less	toxicity	than	5-FU,	but	the	lesser
cisplatin	dose	likely	accounted	for	much	of	the	toxicity	differences	between	the	treatment	arms.	S-1	is	approved
for	use	in	Europe	but	not	in	the	United	States.

The	 addition	of	 docetaxel	 as	 a	 third	 agent	 added	 to	5-FU	and	 cisplatin	 has	 also	 recently	been	 reported	 in	 a
phase	 III	 trial	 of	GEJ	and	gastric	 cancer	 (see	Table	52.8).	 5-FU	dosed	 at	 1,000	mg/m2	 by	 continuous	 infusion
during	5	days	combined	with	cisplatin	(100	mg/m2)	was	compared	with	cisplatin	(75	mg/m2),	5-FU	(750	mg/m2)
by	continuous	infusion	during	5	days,	and	docetaxel	(75	mg/m2)	(DCF)	in	445	patients	with	metastatic	gastric	or
GEJ	adenocarcinoma.393	Docetaxel	resulted	in	a	higher	response	rate	and	time	to	progression	(36%,	5.6	months)
compared	with	 5-FU	 and	 cisplatin	 (26%,	 3.7	months),	 but	 only	 a	marginal	median	 survival	 improvement	 (0.6
months)	was	noted	for	three-drug	therapy.	Toxicity	was	substantial	in	both	treatment	arms,	including	hematologic
and	gastrointestinal	toxicity,	with	80%	of	patients	receiving	the	three-drug	combination	experiencing	grade	3	or	4
neutropenia.	The	 recent	 trials	of	5-FU	 infusion	combination	chemotherapy	 indicate	 improved	 therapy	 tolerance
and	potentially	enhanced	antitumor	activity,	employing	either	a	once-every-2-weeks	or	a	more	protracted	infusion
of	 5-FU	 as	 in	 the	 ECF	 regimen.	 A	 recent	 randomized	 phase	 II	 trial	 compared	 the	 parent	 DCF	 regimen
administered	with	granulocyte-stimulating	factor	support	to	a	modified	regimen	combining	a	48-hour	infusion	of
5-FU	(1,000	mg/m2/day),	boluses	of	leucovorin	and	5-FU	(400	mg/m2),	and	cisplatin	and	docetaxel	(40	mg/m2)
given	on	day	1,	once	every	2	weeks	in	85	patients	with	adenocarcinoma	of	the	GEJ	or	stomach.394	Although	grade
3	and	4	neutropenia	were	common	on	 the	modified	 (56%)	and	parent	 schedule	 (61%),	 febrile	neutropenia	was
more	common	on	 the	parent	 regimen	 (16%)	compared	 to	 the	modified	 schedule	 (9%)	and	hospitalization	 rates
were	 reduced	 from	 53%	 on	 the	 parent	 arm	 to	 22%	 on	 the	 modified	 arm.	 Efficacy	 also	 favored	 the	 modified



schedule	with	improved	OS	(18.8	versus	12.6	months,	P	=	.007),	PFS	(9.7	versus	6.5	months),	and	response	rate
(49%	versus	33%).	Toxicity	 even	on	 the	modified	 schedule	was	 still	 substantial.	The	 tolerance	of	 a	 three-drug
regimen	may	also	be	 influenced	by	patient	 age.	 In	a	phase	 III	 trial	 targeting	143	patients	with	esophagogastric
cancer	 65	 years	 or	 older,	 Al-Batran	 and	 colleagues395	 compared	 a	 regimen	 of	 biweekly	 infusional	 5-FU	 and
oxaliplatin	with	or	without	 the	addition	of	docetaxel	 (see	Table	52.8).	A	higher	 response	 rate	was	 reported	 for
triplet	 therapy	with	 no	 impact	 on	OS	 and	 resulted	 in	much	 higher	 rates	 of	 toxicity	 and	 an	 actual	 detriment	 in
quality-of-life	measures	compared	to	two-drug	therapy.

The	 contribution	 of	 epirubicin	 to	 three-drug	 therapy	 has	 also	 been	 questioned	 in	 recent	 randomized	 trials.
Guimbaud	et	al.396	compared	a	modified	ECX	regimen	using	a	dose	of	capecitabine	of	1,000	mg/m2	twice	daily
given	for	2	out	of	every	3	weeks	to	the	FOLFIRI	regimen	(5-FU	1,200	mg/m2/day	over	48	hours	combined	with
irinotecan	180	mg/m2	and	leucovorin	and	5-FU	boluses	of	400	mg/m2	on	day	1)	given	every	2	weeks.396	A	total	of
416	patients	with	GEJ	or	 gastric	 adenocarcinoma	were	 treated,	 and	 there	was	no	difference	between	ECX	and
FOLFIRI	for	PFS	(5.39	versus	5.75	months),	OS	(9.49	versus	9.72	months),	or	response	(39.2%	versus	37.8%),
and	time	to	treatment	failure	(which	includes	patients	taken	off	therapy	for	adverse	events)	favored	the	FOLFIRI
arm	 (4.24	 versus	 5.08	 months).	 A	 randomized	 phase	 II	 trial,	 CALGB	 80403,	 treated	 esophageal	 and	 GEJ
adenocarcinoma	and	a	small	number	of	squamous	cell	carcinoma	patients.397	The	trial	was	conducted	to	identify
the	optimal	regimen	to	combine	with	targeted	agents	in	future	trials,	and	on	this	study	all	treatment	arms	included
the	addition	of	cetuximab	400	mg/m2	week	1	followed	by	250	mg/m2	weekly.	The	trial	randomized	245	patients
to	ECF,	FOLFOX	(5-FU	2,400	mg/m2	over	48	hours,	oxaliplatin	85	mg/m2,	and	boluses	of	5-FU	and	leucovorin
400	mg/m2	on	day	1)	every	2	weeks,	and	a	regimen	combining	weekly	irinotecan	(65	mg/m2)	and	cisplatin	(30
mg/m2)	given	weekly	2	weeks	on	and	1	week	off.	The	irinotecan	cisplatin	arm	was	the	least	efficacious	with	the
lowest	rates	of	response,	PFS,	and	OS	(45%,	4.9	months,	8.6	months,	respectively).	Comparison	of	the	ECF	and
FOLFOX	arms	indicated	similar	rates	of	response	(60.9%	versus	54.3%),	PFS	(7.1	versus	6.8	months),	and	OS
(11.6	versus	11.8	months).	The	FOLFOX-treated	patients	had	fewer	dose	modifications	and	were	less	frequently
taken	off	study	for	adverse	events	than	the	ECF	arm.	Based	on	the	data	for	oxaliplatin-based	regimens	compared
to	cisplatin	and	these	recent	trials,	the	FOLFOX	regimen	is	emerging	as	the	preferred	chemotherapy	backbone	in
the	treatment	of	esophageal	and	gastric	cancers.

One	phase	III	 trial	compared	the	combination	of	infusional	5-FU	and	irinotecan	with	conventional	5-FU	and
cisplatin	 in	333	patients	with	 adenocarcinoma	of	 the	GEJ	or	 stomach.398	 Infusional	 5-FU	 and	 irinotecan	 had	 a
comparable	response	rate	 to	5-FU/cisplatin	(31.8%	versus	25.8%),	 time	 to	progression	(5.0	versus	4.2	months),
and	 OS	 (9.0	 versus	 8.7	 months).	 Time	 to	 treatment	 failure,	 which	 factors	 in	 patients	 coming	 off	 therapy	 for
toxicity,	favored	the	irinotecan	over	the	cisplatin	arm	(4.0	versus	3.4	months,	P	=	.018),	and	the	irinotecan/5-FU
arm	appeared	to	have	a	more	favorable	toxicity	profile.	Support	for	the	use	of	the	combination	of	infusional	5-FU
and	irinotecan	also	comes	from	the	trial	discussed	previously	by	Guimbaud	et	al.,396	comparing	this	regimen	to
ECX,	and	also	indicated	superior	time	to	treatment	failure	for	irinotecan/5-FU.

Targeted	Agents	and	Immunotherapy
Phase	III	trials	of	targeted	agents	studied	alone	or	in	combination	with	chemotherapy	are	outlined	in	Table	52.9.
Validation	 of	 the	 activity	 of	 a	 growth	 factor	 receptor–targeted	 agent,	 trastuzumab,	 was	 recently	 achieved	 in
esophagogastric	 cancer	 (see	 Table	 52.9).399	 Over	 3,800	 patients	 with	 gastric	 or	 GEJ	 adenocarcinoma	 were
screened	for	overexpression	of	the	HER2	by	FISH	and	IHC;	22.1%	tested	positive.	A	total	of	594	patients	were
ultimately	randomized	to	chemotherapy	alone	with	(1)	capecitabine	1,000	mg/m2	 twice	a	day	for	14	days	or	(2)
infusional	5-FU	800	mg/m2/day	for	5	days,	combined	with	cisplatin	80	mg/m2	on	day	1,	cycled	every	3	weeks,	or
to	chemotherapy	plus	 trastuzumab	6	mg/kg	once	every	3	weeks.	The	majority	of	patients	received	capecitabine
plus	cisplatin	 as	 the	chemotherapy	 regimen.	All	 end	points	were	 improved	with	 the	addition	of	 trastuzumab	 to
chemotherapy,	including	antitumor	response	(47.3%	versus	34.5%),	PFS	(6.7	versus	5.5	months),	and	OS	(13.8
versus	 11.1	 months)	 (HR,	 0.74;	 P	 =	 .0046).	 Toxicity	 was	 comparable	 for	 the	 two	 treatment	 arms,	 with	 no
significant	 cardiotoxicity	 from	 trastuzumab	other	 than	 an	 asymptomatic,	<10%	drop	 in	 left	 ventricular	 ejection
fraction,	which	was	slightly	higher	on	the	trastuzumab	arm	compared	to	chemotherapy	alone	(4.6%	versus	1.1%).
Based	 on	 these	 results,	 the	 inclusion	 of	 trastuzumab	 in	 the	 first-line	 treatment	 of	 HER2-positive	 metastatic
esophagogastric	cancer	should	now	be	considered.	Based	on	these	data	and	pilot	data	combining	trastuzumab	with
chemoradiotherapy	 in	 esophageal	 cancer,	 RTOG	 completed	 a	 phase	 III	 trial	 (RTOG	 1010)	 comparing
preoperative	chemoradiotherapy	with	carboplatin	and	paclitaxel	with	or	without	trastuzumab	in	locally	advanced
adenocarcinoma	of	the	esophagus	and	GEJ,	as	discussed	previously.
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The	success	with	trastuzumab,	however,	has	not	been	achieved	with	other	agents	targeting	the	HER2.	Hecht	et
al.400	randomized	545	patients	with	HER2-positive	GEJ	or	gastric	adenocarcinoma	to	treatment	with	capecitabine
850	mg/m2	 twice	 daily	 for	 14	 days	 and	 oxaliplatin	 130	mg/m2	 on	 day	 1	 every	 3	weeks,	with	 or	without	 oral
lapatinib	1,250	mg	daily.400	Lapatinib	inhibits	both	the	EGFR	and	HER2	tyrosine	kinase.	PFS	was	improved	from
5.4	to	6.0	months,	and	response	rate	was	improved	from	39%	to	53%.	However,	OS,	the	primary	end	point,	was
not	improved	for	lapatinib	(12.2	versus	10.5	months;	HR,	0.91;	P	=	.3244).	A	recent	abstract	report	by	Tabernero
et	 al.401	 compared	 treatment	 with	 capecitabine,	 cisplatin,	 and	 trastuzumab	 with	 or	 without	 the	 HER/HER2-
targeted	monoclonal	antibody	pertuzumab	in	780	patients	with	HER2-positive	GEJ	or	gastric	adenocarcinoma.401
Despite	an	improvement	in	PFS	for	pertuzumab	(7.0	to	8.5	months),	there	was	no	significant	improvement	in	OS
(17.5	versus	14.2	months;	HR,	0.84;	P	=	.056).

Another	recent	negative	trial	reported	by	Thuss-Patience	et	al.402	evaluated	the	trastuzumab	conjugate	with	the
antimicrotubule	 agent	 emtansine,	 T-DM1,	 compared	 to	 second	 paclitaxel	 or	 docetaxel	 in	 patients	with	HER2-
positive	GEJ	or	gastric	cancer	progressing	off	first-line	chemotherapy.402	T-DM1	was	no	better	than	a	taxane	as
second-line	therapy	in	345	patients	treated,	with	no	difference	in	OS	(7.9	versus	8.6	months),	PFS	(2.7	versus	2.9
months),	or	response	rate	(20.6%	versus	19.6%).

Recent	results	from	genomic	studies	in	HER2-positive	esophagastric	cancers	may	shed	some	light	on	potential
mechanisms	of	both	de	novo	and	acquired	 resistance	 to	HER2-targeted	 agents.	Kim	et	 al.403	 reported	 genomic
analysis	 in	 42	 tumor	 samples	 from	 patients	 with	 previously	 untreated,	 HER2-gene-amplified	 esophagogastric
adenocarcinoma.	The	authors	 identified	mutation	or	coamplication	of	pathways	 that	might	 lead	 to	 resistance	 to
HER2-targeted	agents	 in	55%	of	 tumor	 samples.	These	 included	 frequent	 amplification	of	 cell	 cycle	mediators
(44%)	 including	CCNE1,	CDK6,	and	CCND1;	PIK3CA	kinase	mutation	or	 factors	affecting	 the	PIK3CA/AKT
pathway	 (12%);	 and	 amplification	 of	 other	 RTK	 pathways	 (14%)	 including	 EGFR,	 mesenchymal-	 epithelial
transition	(MET),	and	fibroblast	growth	factor	receptor	2	(FGFR2).	Janjigian	et	al.404	recently	reported	genomic
analysis	 in	 patients’	 tumors	 with	 disease	 progression	 on	 previous	 trastuzumab.	 Loss	 of	 HER2	 overexpression
occurred	 in	16%	of	patients	with	 trastuzumab	 resistance	 and	also	 suggested	 a	 role	 for	mutations	 activating	 the
RAS	and	PIK3CA	kinase	pathways.

With	 evidence	 for	 effectiveness	 of	 agents	 targeting	 the	 EGFR	 in	 non–small-cell	 lung	 cancer	 (including
receptor-associated	tyrosine	kinase	inhibitors)	and	in	colorectal	cancer	(including	monoclonal	antibodies	blocking
the	 binding	 of	 the	 EGFR	 ligand),	 recent	 phase	 III	 trials	 have	 evaluated	 EGFR-targeted	 agents	 in	 esophageal
squamous	cell	and	adenocarcinoma	based	on	results	seen	for	these	agents	in	phase	II	trials.	A	recent	negative	trial
for	EGFR	tyrosine	kinase	inhibitor	gefitinib	was	reported.405	The	trial	compared	best	supportive	care	to	treatment
with	gefitinib	 in	450	patients	with	esophageal	and	GEJ	adenocarcinomas	and	squamous	cancers	progressing	on
conventional	chemotherapy.	In	this	large	trial,	no	difference	in	OS	could	be	demonstrated	for	gefitinib	compared
to	supportive	care	alone.	The	authors	published	a	planned	biomarker	analysis	with	 tissue	available	from	340	of
these	patients.406	EGFR	amplification	was	positive	on	FISH	testing	in	20.2%,	and	survival	for	these	patients	was
improved	compared	to	placebo	(HR,	0.59;	P	=	.05).	Patients	with	actual	EGFR	gene	amplification	(7.2%)	gained	a
greater	survival	benefit	(HR,	0.21;	P	=	.006).	There	was	no	survival	impact	in	patients	with	mutations	in	EGFR,
KRAS,	BRAF,	or	PIK3CA.	Monoclonal	antibodies	targeting	the	EGFR,	including	cetuximab	and	panitumumab,
have	 proceeded	 to	 phase	 III	 trial	 investigation	 combined	 with	 chemotherapy.	 The	 randomized	 phase	 II	 trial
conducted	by	the	CALGB	and	ECOG	evaluated	three	modern	chemotherapy	regimens	combined	with	cetuximab
in	 the	 first-line	 treatment	of	esophageal	and	GEJ	cancer	 (see	Table	52.9)397	 and	was	discussed	previously.	The
regimens	used	were	weekly	irinotecan–cisplatin,	ECF,	and	FOLFOX	(5-FU,	leucovorin,	and	oxaliplatin).	The	trial
indicated	comparable	response	rates,	PFS,	and	OS	for	the	FOLFOX	and	ECF	plus	cetuximab	arms,	whereas	the
irinotecan–cisplatin	 arm	was	 inferior.	 Two	 large	 phase	 III	 trials	 of	 these	 agents	 combined	with	 chemotherapy
failed	 to	 improve	outcomes.	Waddell	and	colleagues407	 reported	 results	of	 the	REAL-3	 trial	 in	esophagogastric
cancer,	comparing	patient	treatment	with	EOX	with	or	without	the	EGFR	antibody	panitumumab	(see	Table	52.9).
In	the	553	patients	treated,	although	response	rates	for	treatment	with	or	without	panitumumab	were	similar,	OS
was	 significantly	 inferior	 on	 the	 panitumumab	 arm	 (11.3	 versus	 8.8	 months)	 and	 PFS	 trended	 inferior	 for
panitumumab	(7.4	versus	6.0	months).	Toxicity	rates	were	higher	on	the	panitumumab	arm,	and	the	chemotherapy
starting	doses	were	lower	with	panitumumab	than	on	the	chemotherapy-alone	arm.	Prognostic	biomarkers	studied
on	 the	 trial	 included	KRAS	mutation,	PIK3CA	 kinase	 mutation,	 and	 loss	 of	 phosphatase	 and	 tensin	 homolog.
These	markers	were	affected	in	a	tiny	minority	of	patients,	and	no	clear	biomarker	has	emerged	from	this	trial.408
A	second	negative	trial	for	EGFR-	targeted	antibodies	in	advanced	disease	was	reported	by	Lordick	et	al.409	(see
Table	52.9).	The	904	patients	with	esophagogastric	cancer	were	randomized	 to	 treatment	with	capecitabine	and



cisplatin	with	or	without	cetuximab.	PFS	and	OS	also	trended	inferior	on	the	cetuximab	arm	(PFS,	5.6	versus	4.4
months;	OS,	10.7	versus	9.4	months),	and	response	rates	were	identical	(29%).	In	contrast	to	these	negative	trials,
Lorenzen	 et	 al.410	 reported	 results	 of	 a	 small	 phase	 II	 trial	 in	 advanced	 squamous	 cancer	 of	 the	 esophagus
comparing	5-FU–cisplatin	with	or	without	cetuximab	(see	Table	52.9).	Outcomes	were	poor	on	both	arms	of	the
trial;	 however,	 response	 rates	 and	OS	were	 improved	 on	 the	 cetuximab	 arm	 (19%	versus	 13%;	 9.5	 versus	 5.5
months).	A	phase	 III	 trial	evaluating	panitumumab	 in	combination	with	chemotherapy	 in	squamous	cancer	was
recently	terminated	prior	to	completing	accrual	(NCT01627379).

TABLE	52.9
Phase	II–III	Randomized	Trials	of	Targeted	Agents

Regimen Patients	(N) Histologic	Type
Response	Rate
(%)

Overall	Survival
(mo) Reference

Cape-C	+/−
trastuzumab

584 A 47
35

13.8
11.1

399

Cape-O	+	lapatinib	vs.
Cape-O

272
273

A
A

53
39

12.2
10.5

400

T-DM1	vs.
paclitaxel/docetaxel

228
117

A
A

20.6
19.6

7.9
8.6

402

FOLFOX	+	cetuximab
vs.
Irino-C	+	cetuximab	vs.
ECF	+	cetuximab

210 A/S 54
46
58

12.4
8.9
11.5

397

EOX	+/−	panitumumab 553 A 46
42

8.8
11.3

407

Cape-C	+/−	cetuximab 904 A 29
29

10
10

409

5-FU–C	+/−	cetuximab 62 S 19
13

9.5
5.5

410

Gefitinib	vs.
placebo

224
225

S	+	A
S	+	A

—
—

3.73
3.67

405

Cape-C	+/−
bevacizumab

774 A 46
37

12.1
10.1

411

Ramucirumab	vs.
placebo

355 A 3
3

5.2
3.8

412

Paclitaxel	+
ramucirumab	vs.
paclitaxel

330
335

A
A

27.8
16.1

9.6
7.4

413

FOLFOX	+
ramucirumab	vs.
FOLFOX

84
84

A
A

45.2
46.4

11.7
11.5

414

Everolimus	vs.
placebo

656 A 4
2

5.4
4.3

417

Nivolumab	vs.
Placebo

330
163

A
A

11.2
0

5.26
4.14

421

Cape,	 capecitabine;	 C,	 cisplatin;	 A,	 adenocarcinoma;	 O,	 oxaliplatin;	 T-DM1,	 trastuzumab	 emtansine;	 FOLFOX,	 5-
/fluorouracil/leucovorin/oxaliplatin;	Irino-C,	irinotecan/cisplatin;	ECF,	epirubicin/cisplatin/5-fluorouracil;	S,	squamous	cell	carcinoma;
EOX,	epirubicin/oxaliplatin/5-fluorouracil;	5-FU,	5-fluorouracil.

Another	growth	 factor	 receptor	pathway	under	active	 investigation	 is	 the	VEGF	receptor	pathway,	based	on
trials	 that	 demonstrate	 improved	 effectiveness	 for	 chemotherapy	 in	 colorectal	 cancer	 and	 other	 cancers	 when
combined	 with	 the	 anti-VEGFA	 ligand	 monoclonal	 antibody	 bevacizumab.	 A	 phase	 III	 trial	 combining
bevacizumab	with	either	5-FU	or	capecitabine	plus	cisplatin	in	774	patients	with	esophagogastric	adenocarcinoma
was	 recently	 reported	 by	Ohtsu	 and	 colleagues411	 (see	 Table	 52.9).	 Despite	 improvements	 in	 PFS	 (5.3	 to	 6.7
months)	and	response	rate	(37%	to	46%),	a	trend	toward	improvement	in	OS	did	not	reach	statistical	significance
(10.1	 to	12.1	months;	HR,	0.87;	P	=	 .1002).	Another	VEGF-targeted	agent,	 ramucirumab,	which	blocks	 ligand
binding	 to	 the	 receptor	 VEGF2,	 indicated	 effectiveness	 in	 refractory	 esophagogastric	 cancer	 compared	 to
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placebo.412	 Fuchs	 and	 colleagues412	 randomized	 355	 patients	 progressing	 on	 5-FU–	 or	 platinum-based
chemotherapy	 to	 best	 supportive	 care	 plus	 placebo	 versus	 best	 supportive	 care	 plus	 ramucirumab	 administered
once	every	2	weeks.	Although	no	significant	antitumor	responses	were	seen,	OS	was	significantly	improved	with
ramucirumab	(3.8	to	5.2	months)	and	toxicity	was	limited	to	a	slight	increase	in	hypertension.	A	subsequent	trial
in	second-line	therapy	of	GEJ	and	gastric	adenocarcinoma	compared	weekly	single-agent	paclitaxel	to	paclitaxel
combined	with	 ramucirumab	 in	665	patients	with	gastric	or	GEJ	adenocarcinoma.413	Patients	were	 treated	with
weekly	paclitaxel	with	either	placebo	or	ramucirumab.	All	treatment	end	points	were	improved	with	the	addition
of	ramucirumab,	including	response	rate	(28%	to	16%),	PFS	(4.4	to	2.9),	and	OS	(9.6	to	7.4).	More	hypertension
and	 more	 neutropenia	 were	 seen	 on	 the	 ramucirumab	 arm.	 This	 trial	 established	 weekly	 paclitaxel	 plus
ramucirumab	 as	 standard	 second-line	 therapy	 in	 GEJ	 adenocarcinoma	 after	 progression	 on	 fluourinated
pyrimidine	 and	 platinum-based	 chemotherapy.	 Despite	 demonstrable	 benefit	 for	 ramucirumab	 in	 second-line
therapy,	 a	 randomized	 phase	 II	 trial	 combining	 ramucirumab	 with	 FOLFOX	 in	 esophageal	 and	 gastric
adenocarcinoma	 failed	 to	 improve	OS	compared	 to	FOLFOX	alone.414	A	 subsequent	phase	 III	 trial	 combining
ramucirumab	with	either	 infusional	5-FU	or	capecitabine	with	cisplatin	 in	 first-line	 therapy	of	gastric	 and	GEJ
cancers	was	recently	completed	and	the	report	of	this	trial	is	pending	(NCT02314117).	To	date	no	biomarker	has
been	identified	that	can	predict	response	to	VEGF-targeted	agents.415,416

A	recent	large,	placebo-controlled	trial	in	chemotherapy	refractory	esophagogastric	cancer	compared	placebo
to	 the	mammalian	 target	 of	 rapamycin	 (mTOR)–targeted	 agent	 everolimus	 in	 656	 patients	 (see	Table	 52.9).417
Although	 PFS	 was	 slightly	 improved	 with	 everolimus,	 there	 was	 no	 improvement	 in	 OS	 (5.4	 months	 for
everolimus	versus	4.3	months	for	placebo).

Based	on	encouraging	phase	II	trials,	monoclonal	antibodies	either	targeting	the	MET	receptor	(onartuzumab)
or	 its	 activating	 ligand	 hepatocyte	 growth	 factor	 (rilotumumab)	 were	 evaluated	 in	 recently	 reported	 phase	 III
trials.	Shah	et	al.418	combined	onartuzumab	with	FOLFOX	in	562	patients	with	GEJ	and	gastric	adenocarcinoma
testing	positive	for	MET	overexpression	by	IHC.418	No	survival	benefit	was	seen	for	the	addition	of	onartuzumab
to	chemotherapy	over	chemotherapy	alone	in	PFS	or	OS	or	antitumor	response	rate.	Catenacci	et	al.419	 reported
results	in	609	patients	with	GEJ	and	gastric	adenocarcinoma	who	were	selected	by	IHC	for	overexpression	of	the
MET	receptor	and	treated	with	ECF/ECX	with	or	without	rilotumumab.	Median	survival	was	actually	inferior	for
the	 rilotumumab	 arm	 compared	 to	 placebo	 (8.8	 versus	 10.7	 months)	 and	 more	 deaths	 due	 to	 adverse	 events
occurred	on	the	rilotumumab	arm.	It	is	unclear	whether	IHC	for	MET	overexpression	is	an	appropriate	biomarker
to	 select	 patients	 for	MET-targeted	 agents.	 Initial	 promise	 for	MET	 gene	 overexpression	 as	 a	 biomarker	 also
appears	to	have	not	been	sustained.

Given	 the	 recent	 failure	of	 large	phase	 III	 trials	 even	 in	biomarker-selected	patients	 to	 identify	 a	 successful
targeted	therapy,	there	is	now	greater	interest	in	pursuing	biomarker-driven,	smaller	scale	phase	II	trials	to	identify
a	clear	signal	prior	to	proceeding	to	larger	scale	evaluation.	It	is	also	clear,	using	the	genomic	analyses	in	HER2-
positive	disease	as	an	example,	that	coamplification	of	and	presence	of	activating	mutations	in	potential	resistance
pathways	 needs	 to	 be	 studied.	 It	 is	 likely	 that	 therapeutic	 strategies	will	 need	 to	 evaluate	 tumor	 growth	 factor
pathway	networks,	as	well	as	potential	downstream	pathways,	to	move	the	field	forward.

Immunotherapy	agents	have	now	emerged	as	a	potential	new	 therapy	 in	 the	 treatment	of	esophageal	cancer.
Phase	I/II	trials	in	GEJ	and	gastric	adenocarcinoma	and	esophageal	squamous	cancer	have	indicated	a	consistent
but	modest	 signal	of	 activity	 for	 agents	 targeting	programmed	cell	 death	protein	1	 (PD-1).	Activation	of	PD-1
results	in	T-cell	apoptosis	and	inhibition	of	T-cell–mediated	immune	response,	and	agents	in	trials	have	targeted
PD-1	 (pembrolizumab,	nivolumab)	or	 the	programmed	cell	death	protein	 ligand	1	 (PD-L1)	activating	 the	PD-1
receptor	 (avelumab,	 durvalumab,	 and	 atezolizumab).	 Some	 trials	 have	 required	 overexpression	 of	 the	 PD-L1,
whereas	others	have	only	determined	 this	 retrospectively.	 In	 esophageal	 squamous	cell	 carcinoma,	 a	 consistent
signal	of	activity	has	been	 reported	 in	phase	 II	 trials	of	anti–PD-1	agents.	 In	biomarker-unselected	patients,	65
patients	with	chemotherapy	refractory	squamous	cancer	of	 the	esophagus	were	treated	with	nivolumab	3	mg/kg
every	3	weeks	and	17%	had	an	objective	response.420	In	GEJ	adenocarcinoma,	these	agents	have	also	been	studied
in	 larger	scale	phase	II	and	III	 trials.	Kang	and	colleagues421	 recently	 reported	a	phase	 III	 trial	of	nivolumab	3
mg/kg	every	3	weeks	versus	placebo	in	493	patients	with	refractory	gastric	or	GEJ	adenocarcinoma.	Median	OS
was	improved	(HR,	0.63)	as	was	12-month	survival	(26.2%	versus	10.9%),	and	responses	were	seen	in	11.2%	of
patients.	Based	on	results	of	a	small	phase	II	trial	evaluating	pembrolizumab	in	GEJ	and	gastric	adenocarcinoma,
a	large	phase	II	trial	treating	patients	with	200	mg	every	3	weeks	was	recently	reported	in	abstract	form.422	Of	the
259	patients	treated,	57%	tested	PD-L1	positive.	An	overall	response	rate	of	11.6%	was	observed,	higher	in	the
PD-L1–positive	 patients	 (15.5%)	 versus	 the	 PD-L1–negative	 patients	 (6.4%).	 This	 trial	 led	 to	 U.S.	 regulatory
approval	 for	 pembrolizumab	 in	 the	 treatment	 of	 PD-L1–positive,	 chemotherapy-refractory	 GEJ	 and	 gastric



cancers.
As	has	been	seen	in	other	cancers	treated	with	anti–PD-1	agents,	most	patients	progress	on	these	agents,	but

some	obtain	more	durable	treatment	benefit.	Ongoing	trials	are	now	evaluating	these	or	similar	agents	in	second-
and	third-line	therapy,	or	in	combination	with	other	immunotherapy	agents	or	chemotherapy	in	first-line	therapy.
Although	 PD-L1	 expression	 has	 emerged	 as	 a	 putative	 biomarker	 for	 benefit	 of	 these	 agents,	 other	 candidate
biomarker	panels	are	in	development	including	interferon-γ	gene	expression.423

STAGE-DIRECTED	TREATMENT	RECOMMENDATIONS
Although	level	I	evidence	is	lacking	to	support	ironclad	recommendations	regarding	the	most	effective	treatment
of	patients	grouped	by	stage	in	many	clinical	situations,	reasonable	trial-generated	information	exists	to	suggest
appropriate	therapeutic	interventions	for	patients	grouped	under	broad	staging	categories.

Resection	remains	the	standard	by	which	all	other	treatment	options	must	be	measured	for	patients	with	high-
grade	 dysplasia	 in	 the	 setting	 of	 Barrett	 esophagus	 or	 T1	 disease	 limited	 to	 the	mucosa,	 with	 the	 caveat	 that
esophagectomy	ESD	-associated	mortality	must	be	extremely	low.	EMR	and	should	be	considered	an	appropriate
first	step	in	addressing	patients	with	mucosa-limited	lesions	or	limited	submucosal	invasion	(T1b).	Intensive	long-
term	endoscopic	surveillance	for	patients	with	Barrett	esophagus–associated	high-grade	dysplasia	is	necessary	to
limit	both	cancer-	and	treatment-related	mortality.

An	esophagectomy	is	an	appropriate	method	for	treating	patients	with	stage	I,	II,	and	III	disease.	Alternatively,
definitive	chemoradiation	is	a	therapeutic	option	for	patients	with	stage	II	and	III	disease,	especially	those	who	are
not	considered	surgical	candidates	or	who	have	squamous	cell	carcinoma	at	or	above	the	carina.	The	high	rate	of
persistent	or	recurrent	local–regional	disease	after	definitive	chemoradiation	suggests	that	additional	local	therapy
in	 the	 form	 of	 surgery	 may	 be	 necessary	 and	 beneficial.	 This	 potential	 benefit	 may	 be	 realized	 only	 if
perioperative	 mortality	 is	 minimized.	 Preoperative	 chemoradiation	 has	 been	 proven	 to	 be	 more	 effective	 than
surgery	alone	and	is	now	appropriately	embraced	by	U.S.	oncologists	for	patients	with	resectable	stage	IIB	and	III
esophageal	 cancers.	Defining	more	 effective	 regimens	must	 continue	 to	 be	 the	 focus	 of	well-designed	 clinical
trials.	 Postoperative	 chemoradiation	 should	 be	 reserved	 for	 patients	with	 resected	 adenocarcinoma	 of	 the	GEJ.
Preoperative	chemotherapy	is	an	accepted	standard	of	care	in	the	United	Kingdom	and	is	utilized	with	increasing
frequency	 in	 the	United	States.	All	patients	with	unresectable	or	 stage	 IV	disease	are	 ideally	 suited	 for	clinical
trials	exploring	novel	therapeutic	agents	and	approaches.
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53 Cancer	of	the	Stomach
Itzhak	Avital,	Aviram	Nissan,	Talia	Golan,	Yaacov	Richard	Lawrence,	and
Alexander	Stojadinovic

INTRODUCTION
Adenocarcinoma	of	 the	 stomach	was	 the	 leading	 cause	 of	 cancer-related	 death	worldwide	 through	most	 of	 the
20th	century.	It	now	ranks	second	only	to	lung	cancer;	an	estimated	952,000	new	cases	are	diagnosed	annually,
and	 an	 estimated	 723,000	 deaths	 (10%	of	 all	 cancer	 deaths)	worldwide.1	 In	 the	West,	 the	 incidence	 of	 gastric
cancer	has	decreased,	potentially	because	of	changes	 in	diet,	 food	preparation,	and	other	environmental	 factors.
The	declining	incidence	has	been	dramatic	in	the	United	States	in	all	age	groups	except	between	25	and	39	years
(noncardia	 cancers),	 ranked	 sixth	 as	 a	 cause	 of	 cancer-related	 death	 during	 the	 period	 of	 2000	 to	 2006.	 It	 is
estimated	that	in	2009,	21,130	new	gastric	cancer	cases	were	diagnosed	in	the	United	States,	with	approximately
10,600	deaths.2	Data	was	updated	for	2018	where	an	estimated	26,240	new	cases	will	be	diagnosed	in	the	United
States,	with	approximately	10,880	deaths.	Prognosis	remains	poor	except	in	a	few	countries	where	early	screening
is	feasible	(East	Asia).	The	decline	in	incidence	has	been	limited	to	noncardia	gastric	cancers	and	intestinal	type.3
The	number	of	newly	diagnosed	cases	of	proximal	gastric	and	esophagogastric	junction	(EGJ)	adenocarcinomas
has	 increased	 sixfold	 since	 the	mid-1980s,	 paralleling	Barrett	 dysplasia	 geography.	These	 proximal	 tumors	 are
thought	 to	 be	 biologically	 more	 aggressive	 and	 more	 complex	 to	 treat.	 The	 only	 chance	 of	 cure	 is	 complete
surgical	 resection.	 However,	 even	 after	 what	 is	 believed	 to	 be	 a	 “curative”	 gastrectomy,	 disease	 recurs	 in	 the
majority	 of	 patients.	 Efforts	 to	 improve	 these	 poor	 results	 have	 focused	 on	 developing	 effective	 pre-	 and
postoperative	systemic	and	regional	adjuvant	therapies.

ANATOMIC	CONSIDERATIONS
The	stomach	begins	at	the	gastroesophageal	junction	and	ends	at	the	pylorus	(Fig.	53.1).	Cancers	arising	from	the
proximal	greater	curvature	may	directly	involve	the	splenic	hilum	and	tail	of	pancreas,	whereas	more	distal	tumors
may	 invade	 the	 transverse	 colon.	 Proximal	 cancers	 may	 extend	 into	 the	 diaphragm,	 spleen,	 or	 the	 left	 lateral
segment	of	the	liver.	A	recent	study	reported	on	the	potential	benefits	and	harms	of	complete	resection	even	when
the	tumor	invades	adjacent	abdominal	visceral	structures	(pT4b).4	In	this	large	multicenter	cohort	series	of	2,208
patients	who	underwent	curative	intent	resection,	206	patients	had	pT4b	tumors	and	112	underwent	resection	of
adjacent	organs	as	part	of	en	bloc	gastric	cancer	resection.	The	5-year	overall	survival	(OS)	rate	for	this	group	of
patients	was	27.2%,	suggesting	that	patients	do	have	a	chance	at	long-term	survival	if	their	tumor	can	be	removed
en	 bloc	 with	 involved	 adjacent	 organs,	 thereby	 supporting	 the	 role	 of	 multivisceral	 resection	 if	 required	 and
technically	feasible.

The	blood	 supply	 to	 the	 stomach	 is	 extensive	 and	 is	 based	on	vessels	 arising	 from	 the	 celiac	 axis	 (see	Fig.
53.1).	The	 right	 gastric	 artery	 arises	 from	 the	hepatic	 artery	proper	 (50%	 to	68%),	 from	 the	 left	 hepatic	 artery
(29%	to	40%),	or	from	the	common	hepatic	artery	(3.2%).	The	left	gastric	artery	originates	from	the	celiac	axis
directly	 (90%)	 and	may	 arise	 from	 the	 common	hepatic	 artery	 (2%),	 splenic	 artery	 (4%),	 or	 aorta	 or	 from	 the
superior	mesenteric	artery	(3%).	Both	right	and	left	gastric	arteries	course	along	the	lesser	curvature.	Along	the
greater	curvature	are	the	right	gastroepiploic	artery,	which	originates	from	the	gastroduodenal	artery	at	the	inferior
border	of	the	proximal	duodenum	(rarely	from	the	superior	mesenteric	artery),	and	the	left	gastroepiploic	artery
(highly	variable	artery),	branching	from	the	distal	(72%),	inferior,	middle	splenic	artery	laterally.	The	short	gastric
arteries	(vasa	brevia,	five	to	seven	separate	vessels)	arise	directly	from	the	splenic	artery	or	the	left	gastroepiploic
artery.	The	posterior	(dorsal)	gastric	artery	(17%	to	68%)	may	arise	from	the	splenic	artery	 to	supply	 the	distal
esophagus,	cardia,	and	fundus.	The	preservation	of	any	of	these	vessels	in	the	course	of	a	subtotal	gastrectomy	for
carcinoma	 is	not	necessary,	and	 the	most	proximal	 few	centimeters	of	 remaining	stomach	are	well	 supplied	by



collateral	 flow	 from	 the	 lower	 segmental	 esophageal	 arterial	 arcade.	 The	 rich	 submucosal	 blood	 supply	 of	 the
stomach	is	an	important	factor	in	its	ability	to	heal	rapidly	and	produce	a	low	incidence	of	anastomotic	disruption
following	radical	gastric	resection.	The	venous	drainage	of	the	stomach	tends	to	parallel	the	arterial	supply.	The
venous	efflux	ultimately	passes	through	the	portal	venous	system,	and	this	is	reflected	in	the	fact	that	the	liver	is
the	primary	site	for	distant	metastatic	spread.

Figure	53.1	Blood	supply	to	the	stomach	and	anatomic	relationships	of	the	stomach	with	other
adjacent	organs	likely	to	be	involved	by	direct	extension	of	a	T4	gastric	tumor.	a.,	artery.

The	lymphatic	drainage	of	the	stomach	is	extensive,	and	distinct	anatomic	groups	of	perigastric	lymph	nodes
have	been	defined	according	 to	 their	 relationship	 to	 the	stomach	and	 its	blood	supply.	There	are	six	perigastric
lymph	node	groups.	In	the	first	echelon	(stations	1	to	6)	are	the	right	and	left	pericardial	nodes	(stations	1	and	2).
Along	the	lesser	curvature	are	the	lesser	curvature	nodes	(station	3)	and	the	suprapyloric	nodes	(station	5).	Along
the	greater	 curvature,	 the	gastroepiploic	 nodes	or	 greater	 curvature	nodes	 (station	4),	 and	 the	 subpyloric	 nodes
(station	6).	 In	 the	 second	echelon	 (stations	7	 to	12)	 are	 the	nodes	 along	named	arteries,	which	 include	 the	 left
gastric,	common	hepatic,	celiac,	splenic	hilum,	splenic	artery,	and	hepatoduodenal	 lymphatics	(stations	7	 to	12,
respectively),	which	drain	into	the	celiac	and	periaortic	lymphatics.	The	third	echelon	(stations	13	to	16)	contains
the	 posterior	 to	 pancreatic	 head,	 superior	 mesenteric	 vessels,	 middle	 colic	 artery,	 and	 para-aortic	 lymphatics
(stations	13	to	16,	respectively).	Proximally	are	the	lower	esophageal	lymph	nodes	(stations	20	to	22);	extensive
spread	 of	 gastric	 cancer	 along	 the	 intrathoracic	 lymph	 channels	 may	 be	 manifested	 clinically	 by	 a	 metastatic
lymph	 node	 in	 the	 left	 supraclavicular	 fossa	 (Virchow	 node)	 or	 left	 axilla	 (Irish	 node).	 Tumor	 spread	 to	 the
lymphatics	 in	 the	hepatoduodenal	 ligament	 can	extend	along	 the	 falciform	 ligament	 and	 result	 in	 subcutaneous
periumbilical	tumor	deposits	(Sister	Mary	Joseph	nodes).

PATHOLOGY	AND	TUMOR	BIOLOGY
Approximately	95%	of	all	gastric	cancers	are	adenocarcinomas.	The	term	gastric	cancer	refers	to	adenocarcinoma
of	the	stomach.	Other	malignant	tumors	are	rare	and	include	squamous	cell	carcinoma,	adenoacanthoma,	carcinoid
tumors,	 small-cell	 carcinoma,	 mucinous	 carcinoma,	 hepatoid	 adenocarcinoma,	 oncocytic	 (parietal	 gland)
carcinoma,	 sarcomatoid	carcinoma,	 lymphoepithelioma-like	carcinoma,	adenocarcinoma	with	 rhabdoid	 features,
gastric	 carcinoma	 with	 osteoclast-like	 giant	 cells,	 neuroendocrine	 tumor,	 gastrointestinal	 stromal	 tumor,	 or
leiomyosarcoma.5	Although	no	normal	 lymphoid	 tissue	 is	 found	 in	 the	gastric	mucosa,	 the	stomach	 is	 the	most
common	site	for	lymphomas	of	the	gastrointestinal	tract.	The	increased	awareness	of	association	between	mucosa-
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associated	 lymphoid	 tissue	 lymphomas	 and	 Helicobacter	 pylori	 may	 explain,	 in	 part,	 the	 rise	 in	 incidence,
although	the	incidence	of	mucosa-associated	lymphoid	tissue	gastric	lymphomas	is	decreasing	likely	because	of
effective	treatment	against	H.	pylori.

In	 terms	 of	 pathogenesis,	 two	 new	 concepts	 are	 worth	 mentioning:	 bone	 marrow	 participation	 in	 gastric
carcinogenesis	and	gastric	cancer	stem	cells.5	 It	has	been	hypothesized	that	 the	gastric	epithelial	cells	acquiring
abnormal	phenotype	(resembling	intestinal	epithelium)	originate	from	gastric	stem	cells	localized	to	the	only	cell
replication	 zone	 of	 the	 gastric	 glands	 (i.e.,	 the	 isthmus).	 However,	 Houghton	 et	 al.6	 and	 Stoicov	 et	 al.7
demonstrated	 in	a	rodent	model	of	Helicobacter-induced	gastric	cancer	 that	 the	entire	cancer	mass	was	derived
from	cells	originating	in	the	bone	marrow.	This	interesting	phenomenon	was	observed	by	other	authors	studying
solid	 cancers	 in	 patients	 receiving	 bone	 marrow	 transplantation.8	 Recent	 evidence	 proposes	 the	 existence	 of
cancer	 stem	 cells	 or	 stem-like	 cancer	 cells	 in	 various	 cancers.	 Although	 controversial,	 cancer	 stem	 cells	 are
defined	as	cancer	cells	with	the	exclusive	ability	to	initiate	tumors,	metastasize,	and	self-renew	tumors.	In	gastric
cancer,	several	investigators	suggested	the	existence	of	gastric	cancer	stem	cells	(i.e.,	CD44+)	and	side	population
cells.	 These	 cells	 showed	 relative	 resistance	 to	 chemotherapy	 and	 radiation,	 and	 exclusive	 ability	 to	 initiate
tumors.	These	 important	observations	might	 lead	 to	novel	 approaches	 to	 the	diagnosis	 and	 treatment	of	gastric
cancer	in	the	next	decade.9

HISTOPATHOLOGY
Several	staging	schemas	have	been	proposed	based	on	the	morphologic	features	of	gastric	tumors.	The	Borrmann
classification	 divides	 gastric	 cancer	 into	 five	 types	 depending	 on	 macroscopic	 appearance.	 Type	 I	 represents
polypoid	or	 fungating	 cancers,	 type	 II	 encompasses	ulcerating	 lesions	 surrounded	by	 elevated	borders,	 type	 III
represents	ulcerated	lesions	infiltrating	the	gastric	wall,	type	IV	includes	diffusely	infiltrating	tumors,	and	type	V
gastric	cancers	are	unclassifiable	cancers.	The	gross	morphologic	appearance	of	gastric	cancer	and	the	degree	of
histologic	 differentiation	 are	 not	 independent	 prognostic	 variables.	 Ming10	 has	 proposed	 a	 histomorphologic
staging	system	that	divides	gastric	cancer	into	either	a	prognostically	favorable	expansive	type	or	a	poor	prognosis
infiltrating	type.	Based	on	an	analysis	of	171	gastric	cancers,	the	expansive-type	tumors	were	uniformly	polypoid
or	superficial	on	gross	appearance,	whereas	the	infiltrative	tumors	were	almost	always	diffuse.	Grossly	ulcerated
lesions	were	divided	between	 the	 expansive	or	 infiltrative	 forms.	Broder	 classification	of	 gastric	 cancer	grades
tumors	 histologically	 from	 1	 (well-differentiated)	 to	 4	 (anaplastic).	 Bearzi	 and	 Ranaldi11	 have	 correlated	 the
degree	of	histologic	differentiation	with	the	gross	appearance	of	41	primary	gastric	cancers	seen	on	endoscopy.	A
total	of	90%	of	protruding	or	superficial	cancers	were	well	differentiated	(Broder	grade	1),	whereas	almost	half	of
all	ulcerated	tumors	were	poorly	differentiated	or	diffusely	infiltrating	(Broder	grades	3	and	4).

The	 most	 widely	 used	 classification	 of	 gastric	 cancer	 is	 by	 Laurén.12	 It	 divides	 gastric	 cancers	 into	 either
intestinal	or	diffuse	 forms.	This	 classification	 scheme,	based	on	 tumor	histology,	 characterizes	 two	varieties	of
gastric	 adenocarcinomas	 that	manifest	 distinctively	 different	 pathology,	 epidemiology,	 genetics,	 and	 etiologies.
The	intestinal	variety	represents	a	differentiated	cancer	with	a	tendency	to	form	glands	similar	to	other	sites	in	the
gastrointestinal	 tract,	 but	 in	 particular	 the	 colon	 type,	 hence	 the	 intestinal	 type.	 In	 contrast,	 the	 diffuse	 form
exhibits	 very	 little	 cell	 cohesion	 with	 a	 predilection	 for	 extensive	 submucosal	 spread	 and	 early	 metastases.
Although	the	diffuse-type	cancers	are	associated	with	a	worse	outcome	than	the	intestinal	type,	this	finding	is	not
independent	of	tumor,	node,	and	metastasis	(TNM)	stage.	The	molecular	pathogenesis	of	these	two	distinct	forms
of	gastric	cancer	is	also	different.	Although	the	intestinal	type	represents	H.	pylori–initiated	multistep	progression
with	less	defined	progressive	genetic	alterations,	the	diffuse	type	main	carcinogenic	event	is	loss	of	expression	of
E-cadherin	(CDH1	gene).	E-cadherin	is	a	molecule	involved	in	cell-to-cell	adhesion;	loss	of	its	expression	leads	to
noncohesive	 growth,	 hence	 the	 diffuse	 type.	 In	 tumors	 that	 display	 both	 intestinal	 and	 diffuse	 phenotypes,	 the
CDH1	mutation	and	loss	of	E-cadherin	function	are	observed	only	within	the	diffuse	phenotype.

MOLECULAR	CLASSIFICATION	OF	GASTRIC	CANCER
Full	 description	 of	 molecular	 pathogenesis	 of	 gastric	 cancer	 is	 beyond	 the	 scope	 of	 this	 chapter.	 However,
evidence	shows	that	classification	of	gastric	cancer	for	purposes	of	prognosis,	treatment,	and	staging	will	be	based
in	 the	 future	 on	 molecular	 changes	 rather	 than	 or	 in	 addition	 to	 the	 classical	 histologic	 features.13,14	 Gene
expression	 data	 from	 300	 cases	 has	 been	 used	 to	 describe	 four	 molecular	 subtypes	 of	 gastric	 cancer15:



mesenchymal-like	type,	microsatellite-unstable	tumors,	tumor	protein	53	(TP53)-active,	and	TP53-inactive	types,
representing	approximately	30%,	22%,	24%,	and	23%	of	samples	within	the	National	Cancer	Institute’s	(NCI’s)
Cancer	Genome	Atlas,	 respectively.	The	subtypes	are	associated	with	distinct	patterns	of	molecular	alterations,
disease	 progression,	 and	 prognosis.	 For	 instance,	 the	mesenchymal-like	 type	 has	 the	worst	 prognosis,	 tends	 to
occur	at	an	earlier	age,	and	has	 the	highest	 frequency	of	 recurrence.	Conversely,	microsatellite-unstable	 tumors
have	the	best	overall	prognosis	and	the	lowest	frequency	of	tumor	recurrence.	The	TP53-active	and	TP53-inactive
types	 include	 patients	 with	 intermediate	 prognosis	 and	 recurrence	 rates.	 Classical	 Laurén	 histologic	 subtypes
correlate	 somewhat	 with	 genomic	 subtypes:	 Diffuse-type	 adenocarcinomas	 are	 predominant	 within	 the
mesenchymal-like	 subtype,	 whereas	 intestinal-type	 adenocarcinomas	 are	 the	 predominant	 histologic	 subtype
within	microsatellite-unstable	subtype.	This	genomic	classification	has	the	potential	to	impact	on	management;	for
instance,	immunotherapy	approaches	are	likely	to	be	most	successful	in	the	hypermutated	microsatellite-unstable
tumors,	 whereas	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)-targeted	 agents	 are	 likely	 to	 be	 most
successful	 in	TP53-inactive	 types	 that	 frequently	 have	 overamplified	HER2	 genes.	 Such	 approaches,	 however,
should	 be	 considered	 experimental;	 it	 remains	 to	 be	 seen	 if	 sequencing-based	 genomic	 subtyping	 is	 a	 better
therapeutic	 discriminator	 than	 simple	 HER2,	 programmed	 cell	 death	 protein	 1	 (PD-1)/programmed	 cell	 death
protein	ligand	1	(PD-L1),	and	microsatellite	instability	(MSI)	testing.15

PATTERNS	OF	SPREAD
Carcinomas	 of	 the	 stomach	 can	 spread	 by	 local	 extension	 to	 involve	 adjacent	 structures	 and	 can	 develop
lymphatic	 metastases,	 peritoneal	 metastases,	 and	 distant	 metastases.	 These	 extensions	 can	 occur	 by	 the	 local
invasive	 properties	 of	 the	 tumor,	 lymphatic	 spread,	 or	 hematogenous	 dissemination.	 The	 initial	 growth	 of	 the
tumor	occurs	by	penetration	into	the	gastric	wall,	extension	through	the	wall,	within	the	wall	longitudinally,	and
subsequent	 involvement	of	an	increasing	percentage	of	 the	stomach.	The	two	modes	of	 local	extension	that	can
have	major	 therapeutic	 implications	 are	 tumor	 penetration	 through	 the	 gastric	 serosa,	where	 the	 risk	 of	 tumor
invasion	of	adjacent	structures	or	peritoneal	spread	is	increased,	and	lymphatic	involvement.	Zinninger16	in	1954
evaluated	spread	within	the	gastric	wall	and	found	a	wide	variation	in	its	extent.	Tumor	spread	is	often	through	the
intramural	 lymphatics	 or	 in	 the	 subserosal	 layers.	 Local	 extension	 can	 also	 occur	 into	 the	 esophagus	 or	 the
duodenum.	 Duodenal	 extension	 is	 rare	 (0.5%	 to	 1.8%	 of	 all	 resected	 cases),	 portrays	 poor	 prognosis,	 and	 is
principally	 through	 the	 muscular	 layer	 by	 direct	 infiltration	 and	 through	 the	 subserosal	 lymphatics	 but	 is	 not
generally	 to	 any	 great	 extent.	 Extension	 into	 the	 esophagus	 occurs	 primarily	 through	 the	 submucosal
lymphatics.17,18

Local	extension	does	not	occur	solely	by	radial	intramural	spread	but	also	by	deep	invasion	through	the	wall	to
adjacent	structures	 (omentum,	spleen,	adrenal	gland,	diaphragm,	 liver,	pancreas,	or	colon).	Many	studies	 report
that	60%	to	90%	of	patients	had	primary	 tumors	penetrating	 the	serosa	or	 invading	adjacent	organs	and	 that	at
least	50%	had	 lymphatic	metastases.	 In	 the	 largest	 series	 reporting	on	10,783	patients	with	gastric	cancer	 from
Korea,	57%	of	 the	patients	had	 lymph	node	metastasis,	 and	 the	average	number	of	 involved	 lymph	nodes	was
five.19,20	 Of	 the	 1,577	 primary	 gastric	 cancer	 cases	 admitted	 to	 Memorial	 Sloan	 Kettering	 Cancer	 Center
(MSKCC)	between	1985	and	1998,	60%	of	the	1,221	resected	cases	had	evidence	of	serosal	penetration	and	68%
had	positive	nodes.	Lymph	node	metastases	were	found	in	18%	of	pT1	lesions	and	60%	of	pT2	lesions	after	R0
resection	in	941	patients.	The	highest	 incidence	of	 lymphatic	metastasis	was	seen	in	tumors	diffusely	involving
the	entire	 stomach.	Tumors	 located	at	 the	gastroesophageal	 junction	also	had	a	high	 incidence	 relative	 to	other
sites.

The	pattern	of	nodal	metastases	also	varies	depending	on	the	location	of	the	primary	site.	In	a	study	reporting
on	1,137	patients	with	 early	gastric	 cancer	 (EGC),	 tumors	 located	 in	 the	upper,	middle,	 and	 lower	 third	of	 the
stomach	had	12%,	10%,	and	8%	nodal	involvement,	respectively.	The	most	common	nodal	station	metastases	for
the	 upper,	 middle,	 and	 lower	 third	 of	 the	 stomach	 were	 stations	 3	 (lesser	 curvature),	 3/4/7	 (lesser/greater
curvature/left	gastric	artery),	 and	3/4/6	 (lesser/greater	curvature/infrapyloric),	 respectively.21	Earlier	studies	 that
included	more	advanced	gastric	cancers	showed	that	the	left	gastric	artery	nodes	were	at	increased	risk	for	nodal
metastases	independent	of	tumor	location.21,22

Gastric	cancer	recurs	in	multiple	sites,	locoregionally	and	systemically.	Patterns	of	failure	are	variable.	These
differences	are	likely	related	to	the	patient	cohorts	evaluated,	 the	time	at	which	failure	was	determined,	and	the
method	of	determination	of	failure	patterns.	Recent	series	from	the	MSKCC	and	Korea	do	shed	light	on	modern
patterns	 of	 failure.23,24	 In	 the	 report	 from	MSKCC,	 recurrence	 patterns	 of	 1,038	 patients	 who	 underwent	 R0
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gastrectomy	with	D2	lymphadenectomy	(61%)	were	analyzed;	complete	data	on	recurrence	were	available	in	367
of	496	 (74%)	patients	who	experienced	 recurrence.	The	 locoregional	 area	was	 involved	 in	199	 (54%)	patients.
Distant	sites	were	involved	in	188	(51%)	patients,	and	peritoneal	recurrence	was	detected	in	108	(29%)	patients.
More	 than	 one	 site	 of	 recurrence	 was	 detected:	 distal,	 peritoneal,	 and	 locoregional	 recurrences	 in	 9	 (2.5%);
locoregional	and	peritoneal	in	34	(9.3%);	locoregional	and	distant	in	61	(16.6%);	and	distant	and	peritoneal	in	15
(4.1%)	patients.	On	multivariate	analysis,	peritoneal	 recurrence	was	associated	with	female	gender,	advanced	T
stage,	and	distal-	and	diffuse-type	tumors;	locoregional	recurrence	was	associated	with	proximal	location,	early	T
stage,	 and	 intestinal-type	 tumors.	 In	 the	 study	 from	Korea,	 recurrence	patterns	were	analyzed	 in	2,038	patients
who	 were	 treated	 with	 potentially	 curative	 gastrectomy.24	 Of	 508	 patients	 who	 developed	 recurrence,	 33%
involved	locoregional	sites,	44%	were	peritoneal,	and	38%	were	distant.	At	time	of	presentation,	35%	of	patients
presented	with	distant	metastasis,	with	4%	to	14%	having	liver	metastases.

CLINICAL	PRESENTATION	AND	PRETREATMENT	EVALUATION
Signs	and	Symptoms
Because	of	 the	vague,	nonspecific	symptoms	that	characterize	gastric	cancer,	many	patients	are	diagnosed	with
advanced-stage	disease.	Patients	may	have	 a	 combination	of	 signs	 and	 symptoms	 such	 as	weight	 loss	 (22%	 to
61%);	 anorexia	 (5%	 to	 40%);	 fatigue,	 epigastric	 discomfort,	 or	 pain	 (62%	 to	 91%);	 and	 postprandial	 fullness,
heart	burn,	indigestion,	nausea,	and	vomiting	(6%	to	40%).	None	of	these	unequivocally	indicates	gastric	cancer.
In	addition,	patients	may	be	asymptomatic	(4%	to	17%).	Weight	loss	and	abdominal	pain	are	the	most	common
presenting	symptoms	at	initial	encounter.	Weight	loss	is	a	common	symptom,	and	its	clinical	significance	should
not	be	underestimated.	Dewys	et	al.25	found	that	in	179	patients	with	advanced	gastric	cancer,	>80%	of	patients
had	a	>10%	decrease	in	body	weight	before	diagnosis.	Furthermore,	patients	with	weight	loss	had	a	significantly
shorter	survival	than	did	those	without	weight	loss.26

In	 some	 patients,	 symptoms	may	 suggest	 the	 presence	 of	 a	 lesion	 at	 a	 specific	 location.	Up	 to	 25%	 of	 the
patients	have	history/symptoms	of	peptic	ulcer	disease.	A	history	of	dysphagia	or	pseudoachalasia	may	indicate
the	presence	of	 a	 tumor	 in	 the	 cardia	with	 extension	 through	 the	gastroesophageal	 junction.	Early	 satiety	 is	 an
infrequent	symptom	of	gastric	cancer	but	is	indicative	of	a	diffusely	infiltrative	tumor	that	has	resulted	in	loss	of
distensibility	 of	 the	 gastric	 wall.	 Delayed	 satiety	 and	 vomiting	 may	 indicate	 pyloric	 involvement.	 Significant
gastrointestinal	bleeding	 is	uncommon	with	gastric	 cancer;	however,	hematemesis	does	occur	 in	approximately
10%	 to	 15%	of	 patients,	 and	 anemia	 in	 1%	 to	 12%	of	 patients.	 Signs	 and	 symptoms	 at	 presentation	 are	 often
related	to	spread	of	disease.	Ascites,	jaundice,	or	a	palpable	mass	indicate	incurable	disease.	The	transverse	colon
is	 a	 potential	 site	 of	 malignant	 fistulization	 and	 obstruction	 from	 a	 gastric	 primary	 tumor.	 Diffuse	 peritoneal
spread	 of	 disease	 frequently	 produces	 other	 sites	 of	 intestinal	 obstruction.	 A	 large	 ovarian	 mass	 (Krukenberg
tumor)	 or	 a	 large	 peritoneal	 implant	 in	 the	 pelvis	 (Blumer	 shelf),	 which	 can	 produce	 symptoms	 of	 rectal
obstruction,	 may	 be	 palpable	 on	 pelvic	 or	 rectal	 examination.	 Nodular	 metastases	 in	 the	 subcutaneous	 tissue
around	the	umbilicus	(Sister	Mary	Joseph	node)	or	in	peripheral	lymph	nodes	such	as	in	the	supraclavicular	area
(Virchow	node)	or	axillary	region	(Irish	node)	represent	areas	in	which	a	tissue	diagnosis	can	be	established	with
minimal	morbidity.	There	 is	 no	 symptom	complex	 that	 occurs	 early	 in	 the	 evolution	of	gastric	 cancer	 that	 can
identify	 individuals	for	further	diagnostic	measures.	However,	alarming	symptoms	(dysphagia,	weight	 loss,	and
palpable	abdominal	mass)	are	independently	associated	with	survival;	increased	number	and	the	specific	symptom
is	associated	with	mortality.

Screening
A	list	of	risk	factors	associated	with	gastric	cancer	is	outlined	in	Table	53.1.	These	factors	might	be	use	for	risk
stratification	 in	 screening	 programs.	Mass	 screening	 programs	 for	 gastric	 cancer	 have	 been	most	 successful	 in
high-risk	areas,	especially	in	Japan.27	A	variety	of	screening	tests	have	been	studied	in	Japanese	patients,	with	a
sensitivity	and	specificity	of	approximately	90%.28	Gastric	cancer	screening	modalities	include	endoscopy	(upper
endoscopy),	radiology	(contrast	radiography),	and	serology	(serum	trefoil	factor	3,	microRNAs,	and	multianalytes
blood	 tests).29–32	 Screening	 typically	 includes	 serology	 for	 H.	 pylori,	 the	 use	 of	 double-contrast	 barium
radiographs,	or	upper	endoscopy	with	risk	stratification	(OLGA	staging	system	for	gastric	cancer	risk).



TABLE	53.1
Factors	Associated	with	Increased	Risk	of	Developing	Stomach	Cancer

Acquired	Factors
■	Nutritional

■	High	salt	consumption
■	High	nitrate	consumption
■	Low	dietary	vitamin	A	and	C
■	Poor	food	preparation	(smoked,	salt	cured)
■	Lack	of	refrigeration
■	Poor	drinking	water	(well	water)

■	Occupational
■	Rubber	workers
■	Coal	workers

■	Cigarette	smoking
■	Helicobacter	pylori	infection
■	Epstein-Barr	virus
■	Radiation	exposure
■	Prior	gastric	surgery	for	benign	gastric	ulcer	disease
■	Prior	treatment	for	mucosa-associated	lymphoid	tissue	lymphoma

Genetic	Factors
■	Type	A	blood
■	Pernicious	anemia
■	Family	history	without	known	genetic	factors	(first-degree	relative	with	gastric	cancer)
■	Hereditary	diffuse	gastric	cancer	(CDH1	mutation)
■	Familial	gastric	cancer
■	Hereditary	nonpolyposis	colon	cancer
■	Familial	adenomatous	polyposis
■	Li-Fraumeni	syndrome
■	BRCA1	and	BRAC2

■	Precursor	lesions
■	Adenomatous	gastric	polyps
■	Chronic	atrophic	gastritis
■	Dysplasia
■	Intestinal	metaplasia
■	Menetrier	disease

■	Ethnicity	(in	the	United	States,	gastric	cancer	is	more	common	among	Asian/Pacific	Islanders,	Hispanics,	and	African
Americans)
■	Obesity	(the	strength	of	this	link	is	not	clear)

Ohata	et	al.33	reported	on	4,655	asymptomatic	patients	at	an	average	age	of	50	years	old	who	were	followed	for
7.7	years.	Atrophic	gastritis	was	identified	using	pepsinogen	and	H.	pylori	testing:	2,341	(52%)	were	H.	pylori–
positive	with	 nonatrophic	 gastritis,	 967	 (21%)	were	H.	 pylori–negative	without	 atrophic	 gastritis,	 1,316	 (28%)
were	H.	pylori–positive	with	atrophic	gastritis,	and	31	 (0.7%)	had	severe	atrophic	gastritis.	The	 rates	of	gastric
cancer	development	per	population	per	year	were	107/100,000	for	H.	pylori–positive	with	nonatrophic	gastritis,
0/100,000	 for	H.	 pylori–negative	 without	 atrophic	 gastritis,	 238/100,000	 for	H.	 pylori–positive	 with	 atrophic
gastritis,	 and	 871/100,000	 for	 severe	 atrophic	 gastritis.	 Thus,	 the	 number	 of	 endoscopies	 needed	 to	 detect	 one
cancer	 was	 1/1,000,	 0/1,000,	 1/410,	 and	 1/114,	 respectively.	 Similar	 data	 were	 reported	 on	 6,985	 patients	 by
Watabe	et	al.34	Surveillance	in	endemic	populations	is	clinically	important	because	EGC	has	a	very	high	cure	rate
with	 surgical	 treatment.	However,	 the	 fact	 that	 gastric	 cancer	 remains	 one	 of	 the	 top	 causes	 of	 death	 in	 Japan
indicates	 the	 limitations	 of	 a	 mass-screening	 program	 when	 the	 entire	 population	 at	 risk	 is	 not	 effectively
screened.	However,	more	recent	studies	indicate	that	for	surveillance	programs	to	be	effective	and	feasible	from
an	 economical	 perspective,	 they	 should	 be	 instituted	 only	 in	 high-risk	 populations	 (>20/100,000	 incidence	 of
disease)	 and	 include	 the	 following	 components:	 detection	 and	 eradication	 of	 H.	 pylori,	 serum	 pepsinogen
(pepsinogen	I/II	ratio),	endoscopy	with	biopsy,	and	risk	stratification	before	and	after	H.	pylori	eradication	using	a
system	such	as	the	OLGA	staging	system	for	gastric	cancer	risk.	Such	programs	are	expected	to	avoid	long-term
repeated	screening	of	approximately	70%	of	the	population	who	are	at	low	risk	of	developing	gastric	cancer.	A
U.S.	study	found	that	screening	and	eradication	of	H.	pylori	in	Japanese	Americans	is	cost-effective	in	preventing
gastric	cancer.35	These	findings	were	confirmed	by	two	studies	from	the	United	Kingdom.36,37

Fluorodeoxyglucose	(FDG)	positron	emission	tomography	(PET)	and	PET/computed	tomography	(CT)	scans
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are	 being	 evaluated	 in	 Japan	 as	 a	 potentially	 useful	 modality	 for	 the	 purpose	 of	 gastric	 cancer	 screening.	 A
recently	published	trial	from	the	National	Center	for	Global	Health	and	Medicine	in	Tokyo	studied	over	150,000
asymptomatic	patients	as	part	of	FDG-PET	screening.	With	a	sensitivity	and	positive	predictive	value	of	38%	and
34%,	 respectively,	 the	 authors	 appropriately	 concluded	 that	 gastric	 endoscopy	 should	 be	 included	 as	 part	 of
screening	programs	in	order	to	increase	rate	of	gastric	cancer	detection.38

PRETREATMENT	STAGING
Tumor	Markers
Most	 gastric	 cancers	 have	 at	 least	 one	 elevated	 tumor	marker,	 but	 some	benign	gastric	 diseases	 show	elevated
serum	 tumor	markers	 as	well.	Tumor	markers	 in	gastric	 cancer	 continue	 to	have	 limited	diagnostic	usefulness,
with	 their	 role	more	 informative	 in	 follow-up	 after	 primary	 treatment.	 The	most	 commonly	 used	markers	 are
serum	carcinoembryonic	antigen	(CEA),	cancer	antigen	(CA)	19-9,	CA	50,	and	CA	72-4.	There	is	wide	variation
in	the	reported	serum	levels	of	these	markers;	positive	CEA	and	CA	19-9	levels	varied	from	8%	to	58%	and	4%	to
65%,	 respectively.	Overall,	 the	 sensitivity	of	 each	 serum	 tumor	marker	 alone	 as	 a	diagnostic	marker	of	gastric
cancer	is	low.	However,	when	the	levels	are	elevated,	it	does	usually	correlate	with	stage	of	disease.	Combining
CEA	with	 other	markers,	 such	 as	CA	 19-9,	CA	 72-4,	 or	CA	 50,	 can	 increase	 sensitivity	 compared	with	CEA
alone.39,40

In	a	large	study	evaluating	serum	CEA,	α-fetoprotein,	human	chorionic	gonadotropin	β,	CA	19-9,	CA	125,	as
well	as	tissue	staining	for	HER2	 in	gastric	cancer	patients,	only	human	chorionic	gonadotropin	β	level	>4	IU/L
and	a	CA	125	level	≥350	U/mL	had	prognostic	significance.	Elevated	serum	tumor	marker	levels	in	gastric	cancer
before	chemotherapy	may	reflect	not	only	tumor	burden	but	also	biology	of	disease.

Endoscopy
Endoscopy	is	the	best	method	to	diagnose	gastric	cancer	as	it	visualizes	the	gastric	mucosa	and	allows	biopsy	for	a
histologic	 diagnosis.	 Chromoendoscopy	 helps	 identify	 mucosal	 abnormalities	 through	 topical	 mucosal	 stains.
Magnification	endoscopy	is	used	to	magnify	standard	endoscopic	fields	by	1.5-	to	150-fold.	Narrow	band	imaging
affords	enhanced	visualization	of	the	mucosal	microvasculature.	Confocal	laser	endomicroscopy	permits	in	vivo,
three-dimensional	 microscopy	 including	 subsurface	 structures	 with	 diagnostic	 accuracy,	 sensitivity,	 and
specificity	of	97%,	90%,	and	99.5%,	respectively.41

Endoscopic	ultrasound	(EUS)	is	a	tool	for	preoperative	staging	and	selection	for	neoadjuvant	therapy.	It	is	used
to	assess	the	T	and	N	stage	of	primary	tumors.	A	study	of	225	patients	from	MSKCC	found	that	the	concordance
between	EUS	and	pathology	was	lower	than	expected.	The	accuracy	for	individual	T	and	N	stage	were	57%	and
50%,	 respectively.	 However,	 the	 combined	 assessment	 of	 N	 stage	 and	 serosal	 invasion	 identified	 77%	 of	 the
patients	at	 risk	of	disease-related	death	after	curative	 resection.42	Other	 investigators	 compared	 the	 accuracy	of
EUS	with	that	of	multidetector	computed	tomography	(MDCT)	and	magnetic	resonance	imaging	(MRI)	and	found
that	the	overall	accuracy	was	65%	to	92%	(EUS),	77%	to	89%	(MDCT),	and	71%	to	83%	(MRI)	for	T	stage	and
55%	to	66%	(EUS),	32%	to	77%	(MDCT),	and	54%	to	87%	(MRI)	for	N	stage,	respectively.	The	corresponding
sensitivity	and	specificity	for	serosal	involvement	were	78%	to	100%	(EUS),	83%	to	100%	(MDCT),	and	89%	to
93%	(MRI)	for	T	stage,	and	68%	to	100%	(EUS),	80%	to	97%	(MDCT),	and	91%	to	100%	(MRI)	for	N	stage,
respectively.41

Computed	Tomography
Once	gastric	 cancer	 is	 suspected,	 a	 triphasic	CT	with	oral	 and	 intravenous	contrast	of	 the	abdomen,	chest,	 and
pelvis	is	imperative.	These	patients	should	be	discussed	in	a	multidisciplinary	setting.	In	a	study	of	790	patients
who	underwent	MDCT	prior	to	surgery,	the	overall	accuracy	in	determining	T	stage	was	74%	(T1	46%,	T2	53%,
T3	 86%,	 and	 T4	 86%),	 and	 for	 N	 staging,	 it	 was	 75%	 (N0	 76%,	 N1	 69%,	 and	 N2	 80%).43	 The	 sensitivity,
specificity,	and	accuracy	for	lymph	node	metastasis	were	86%,	76%,	and	82%,	respectively.43	MDCT	with	thin-
sliced	multiplanar	 reconstruction	 (MPR)	and	water	 filling	 is	 increasingly	used.	The	accuracy	 rate	 for	 advanced
gastric	 cancer	 was	 96%	 and	 for	 EGC,	 it	 was	 41%.	 An	 improvement	 on	 axial	 CT	 and	MPR-MDCT	 was	 the
addition	of	staging	with	three-dimensional	MPR-MDCT.	The	detection	rate	for	MPR	with	virtual	gastroscopy	was
98%.	MPR-MDCT	with	combined	water	and	air	distention	is	superior	to	conventional	axial	imaging.44



Magnetic	Resonance	Imaging
MRI	is	not	used	routinely	in	preoperative	staging	of	gastric	cancer.	Several	studies	have	demonstrated	that	CT	and
MRI	 are	 comparable	 in	 terms	 of	 accuracy	 and	 understaging.45	 However,	MRI	 is	 a	 useful	 modality	 to	 further
characterize	liver	lesions	identified	on	preoperative	CT	staging	workup.

Positron	Emission	Tomography
Whole-body	 FDG-PET	 is	 being	 applied	 increasingly	 in	 the	 evaluation	 of	 gastrointestinal	 malignancies.38	 In
gastric	cancer,	approximately	half	of	the	primary	tumors	are	FDG-negative;	the	diffuse	(signet	cell)	subtype	was
most	likely	to	be	non-FDG	avid,	likely	because	of	decreased	expression	of	the	glucose	transporter	1	(GLUT1).	In
patients	with	non-FDG–avid	primary	tumor,	FDG-PET/CT	is	not	useful.	PET/CT	was	tested	as	a	tool	to	predict
response	 to	 neoadjuvant	 chemotherapy.	Ott	 et	 al.46	 reported	 90%	2-year	 survival	 in	 patients	with	 PET-defined
response	(<35%	decrease	standardized	uptake	value	[SUV])	versus	25%	for	patients	not	responding	to	PET.	PET
response	could	be	detected	as	early	as	14	days.	At	least	60%	of	the	patients	were	PET-nonresponding	patients	and
thus	could	have	been	spared	further	chemotherapy.	Authors	of	the	MUNICON	trial	reported	on	patients	who	were
PET	 nonresponders	 by	 day	 14	 after	 cisplatin	 and	 fluorouracil	 (5-FU)	 (CF)	 neoadjuvant	 chemotherapy,	 and
subsequently	 were	 sent	 for	 surgery,	 and	 patients	 who	 were	 PET	 responders	 and	 continued	 3	 months	 of
neoadjuvant	therapy	before	surgery.	The	PET-responding	patients	had	a	survival	benefit	(hazard	ratio	[HR],	2.13;
P	 <	 .15).	 In	PET-nonresponding	patients,	 stopping	 the	 chemotherapy	did	 not	 affect	 long-term	 survival.	Recent
studies,	including	one	large	meta-analysis,	showed	that	in	terms	of	diagnostic	accuracy	and	lymph	node	staging,
EUS,	MDCT,	MRI,	and	PET/CT	are	comparable	modalities.	There	were	no	significant	differences	between	mean
sensitivities	 and	 specificities.47,48	 Even	 in	 patients	whose	 tumors	were	 FDG	 avid,	 FDG-PET/CT	 scans	 did	 not
identify	occult	peritoneal	disease	(0	of	18)	but	did	identify	extraperitoneal	M1	disease	in	9	patients	with	bone	(n	=
2),	liver	(n	=	4),	and	retroperitoneal	lymph	node	(n	=	3)	involvement.	In	patients	with	FDG-avid	tumors,	PET	may
be	useful	in	detecting	metastatic	disease	and	follow-up	for	recurrence.	Interestingly,	the	presence	of	GLUT1–	and
FDG-avid	gastric	cancers	may	be	associated	with	decreased	OS.	The	role	of	PET/CT	in	 the	primary	staging	of
gastric	cancer	remains	to	be	established;	its	role	might	be	better	defined	in	advanced	disease.49–53

In	a	prospective	study	of	113	patients	who	were	clinically	staged	as	locally	advanced	but	nonmetastatic	gastric
cancer	(T3	to	T4,	Nx	or	N+,	M0),	investigators	found	that	FDG-PET/CT	did	identify	occult	metastatic	disease	in
about	 10%	 of	 patients.	 In	 this	 study,	 FDG-PET/CT	 did	 not	 identify	 occult	 peritoneal	 disease,	 suggesting	 a
necessary	role	for	laparoscopy	in	preoperative	staging	of	locally	advanced	gastric	cancer.54	A	cost	evaluation	was
also	 performed,	 and	 it	 suggested	 that	 if	 FDG-PET/CT	 is	 included	 as	 part	 of	 the	 staging	 algorithm,	 that	would
result	in	an	estimated	cost	savings	of	approximately	$13,000	U.S.	dollars	per	patient.55

Staging	Laparoscopy	and	Peritoneal	Cytology
Staging	 laparoscopy	with	peritoneal	 lavage	 should	be	an	 integral	part	of	 the	pretreatment	 staging	evaluation	of
patients	believed	to	have	localized	gastric	cancer.	Current	noninvasive	modalities	used	in	preoperative	staging	of
gastric	 cancer	 have	 sensitivities	 significantly	 <100%,	 particularly	 in	 cases	 of	 low-volume	 peritoneal
carcinomatosis.	Current	CT	techniques	cannot	consistently	identify	low-volume	macroscopic	metastases	that	are
≤5	mm	 in	 size.	 Laparoscopy	 directly	 inspects	 the	 peritoneal	 and	 visceral	 surfaces	 for	 detection	 of	 CT-occult,
small-volume	metastases.	Staging	laparoscopy	also	allows	for	assessment	of	peritoneal	cytology	and	laparoscopic
ultrasound.	 Laparoscopic	 staging	 is	 done	 to	 spare	 nontherapeutic	 operations	 and	 for	 potential	 stratification	 in
various	trials.56–58

The	 rate	 of	 detection	 of	CT-occult	M1	 disease	 by	 laparoscopy	 depends	 on	 the	 quality	 of	 CT	 scanning	 and
interpretation.	 Muntean	 et	 al.59	 reported	 on	 98	 patients	 with	 primary	 gastric	 cancer:	 45	 underwent	 staging
laparoscopy	with	subsequent	surgery	and	53	went	directly	to	surgery.	An	unnecessary	laparotomy	was	avoided	in
38%	of	the	patients.	The	overall	sensitivity	and	specificity	were	89%	and	100%,	respectively.	Nonetheless,	even
high	quality	MDCT	is	insufficiently	sensitive	for	detection	of	low-volume	extragastric	disease	and	thus	CT,	EUS,
and	laparoscopy	are	complementary	staging	studies.

The	value	of	peritoneal	cytology	as	a	preoperative	staging	tool	in	patients	with	gastric	cancer	who	are	potential
candidates	for	curative	resection	by	EUS	and	CT	has	been	examined	by	several	investigators.60,61	Bentrem	et	al.62
reported	 on	 371	 patients	 who	 underwent	 R0	 resection,	 6.5%	 of	 whom	 had	 positive	 cytology	 after	 staging
laparoscopy.	Median	 survival	of	patients	with	positive	 cytology	was	14.8	versus	98.5	months	 for	patients	with
negative	cytology	findings	(P	<	.001).	Positive	cytology	predicted	death	from	gastric	cancer	(relative	risk,	2.7;	P	<
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.001)	 and	 is	 tantamount	 to	 M1	 disease.	 Several	 groups	 confirmed	 these	 findings	 and	 concluded	 that	 staging
laparoscopy	 with	 peritoneal	 cytology	 can	 change	 the	 management	 of	 gastric	 cancer	 in	 6.5%	 to	 52%	 of
patients.63,64–67

Laparoscopy	 can	 be	 performed	 as	 a	 separate	 staging	 procedure	 prior	 to	 definitive	 treatment	 planning	 or
immediately	prior	to	planned	laparotomy	for	gastrectomy.	When	performed	as	a	separate	procedure,	laparoscopy
has	 the	 disadvantage	 of	 the	 additional	 risks	 and	 expense	 of	 a	 second	 general	 anesthetic.	 However,	 separate
procedure	laparoscopy	allows	the	additional	staging	information	including	cytology	acquired	at	laparoscopy	to	be
reviewed	 and	 discussed	with	 the	 patient	 and	 in	multidisciplinary	 treatment	 group	 prior	 to	 definitive	 treatment
planning.	 Laparoscopic	 ultrasound	 (LUS)	 and	 “extended	 laparoscopy”	 are	 techniques	 that	 may	 increase	 the
diagnostic	 yield	 of	 laparoscopy.	 Preliminary	 results	 reveal	 conflicting	 data	 on	 the	 added	 benefit	 of	 LUS	 and
extended	laparoscopy.	Further	prospective	studies	will	be	required	to	evaluate	the	cost-benefit	relationship	of	LUS
and	extended	laparoscopy	in	the	routine	or	selective	workup	of	patients	with	gastric	cancer.

Although	 laparoscopic	 staging	 is	 thought	 to	 detect	 CT-occult	 metastatic	 disease	 in	 approximately	 40%	 of
patients	and	spares	nontherapeutic	operations	in	approximately	one-third	of	patients	with	gastric	cancer,	one	needs
to	remember	that	tumor	biology,	not	staging,	will	eventually	guide	outcomes.	For	advanced	gastric	cancer	staging,
laparoscopy	improves	decision	making.68	Clearly,	not	all	patients	benefit	from	preoperative	laparoscopic	staging;
therefore,	 future	 studies	 should	 address	 the	 issue	 of	 selective	 laparoscopy	 based	 on	 noninvasive	 staging	 (i.e.,
patients	with	T1	tumors).	Staging	laparoscopy	with	or	without	cytology	should	be	considered	only	if	therapy	will
be	altered	consequent	to	information	obtained	by	laparoscopy.

STAGING,	CLASSIFICATION,	AND	PROGNOSIS
For	patients	with	surgically	treated	gastric	adenocarcinoma,	both	pathologic	staging	(American	Joint	Committee
on	 Cancer	 [AJCC]/International	 Union	 Against	 Cancer	 [UICC]	 or	 Japanese	 system)	 and	 classification	 of	 the
completeness	of	 resection	 (R	classification)	 should	be	done.	Additionally,	 the	AJCC	 recommends	collection	of
additional	 prognostic	 factors:	 tumor	 location,	 serum	 CEA	 and	 CA	 19-9	 (both	 are	 not	 independent	 prognostic
factors	 [IDPFs],	 used	 for	monitoring),	HER2	 (not	 an	 IDPF	 if	HER2-positive	 tumor),	MSI	 (MSI-high	 [MSI-H]
better	 prognosis,	 PD-1	 therapy),	molecular	markers	 (Epstein-Barr	 virus	 [EBV],	MSI,	 copy	 number,	 epithelial–
mesenchymal	transition	[EMT]),	and	histopathologic	grade	and	type.	The	pathologic	reports	should	include	AJCC
eighth	 edition	 staging,	 tumor	 location,	 size	 and	 penetration,	 histologic	 classification,	 nodal	 involvement	 and
number,	lymphovascular	invasion	(LVI)	status,	D1	versus	D2	by	station,	margin	status,	number	of	metastatic	sites
and	location,	and	Eastern	Cooperative	Oncology	Group	(ECOG).	Initial	management	is	dependent	on	meticulous
clinical	staging.69–71

American	Joint	Committee	on	Cancer/International	Union	Against	Cancer
Tumor,	Node,	Metastasis	Staging
The	AJCC/UICC	TNM	 staging	 system,	 eighth	 edition,	 for	 gastric	 cancer	 is	 outlined	 in	 Table	 53.2.69,72–74	 The
AJCC/UICC	stage-stratified	survival	rates	based	on	the	following:	clinical	stage	all-comers	in	the	National	Cancer
Database	(NCDB)	(2004	to	2008;	n	=	7,306;	follow-up	=	12	years);	clinical	stage	database	of	patients	receiving
curative	or	palliative	resection	at	the	Shizuoka	Cancer	Center	(2002	to	2015;	n	=	4,091;	follow-up	=	47	months);
International	 Gastric	 Cancer	 Association	 (IGCA)	 data	 on	 pathologic	 stage	 of	 patients	 undergoing	 surgical
resection	and	adequate	lymphadenectomy	(D2)	without	prior	chemotherapy	or	radiation	(2000	to	2004;	follow-up
=	 5	 years;	 n	 =	 25,411);	 and	 patients	 from	 the	 NCDB	 (2004	 to	 2008;	 n	 =	 683;	 follow-up	 =	 23	months)	 who
received	 neoadjuvant	 therapy	 (stage	 ypTNM;	 Table	 53.3).	 Changes	 to	 note	 in	 the	 eighth	 edition	 of	 the
AJCC/UICC	staging	system	include	the	following:	anatomic	considerations—EGJ	tumors	with	epicenter	<2	cm
and	>2	 cm	 into	 the	proximal	 stomach	 are	 considered	EGJ	 and	gastric	 cancers,	 respectively;	 cardia	 cancers	 not
involving	the	EGJ	are	considered	gastric	cancer;	lymph	nodes—N3	was	subdivided	into	N3a	and	N3b;	prognostic
stage	grouping—cTNM	differ	from	pTNM,	ypTNM	are	the	same	as	pTNM,	and	T4aN2	and	T4bN0	are	classified
as	stage	IIIA.73,75

TABLE	53.2
American	Joint	Committee	on	Cancer	Staging	of	Gastric	Cancer	2010:	Definition	of	Tumor,



Nodes,	Metastasis

Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ:	intraepithelial	tumor	without	invasion	of	the	lamina	propria

T1 Tumor	invades	lamina	propria,	muscularis	mucosae,	or	submucosa

T1a Tumor	invades	lamina	propria	or	muscularis	mucosae

T1b Tumor	invades	submucosa

T2 Tumor	invades	muscularis	propria

T3
Tumor	penetrates	subserosal	connective	tissue	without	invasion	of	visceral	peritoneum	or
adjacent	structures

T4 Tumor	invades	serosa	(visceral	peritoneum)	or	adjacent	structures

T4a Tumor	invades	serosa	(visceral	peritoneum)

T4b Tumor	invades	adjacent	structures

Regional	Lymph	Nodes	(N)
NX Regional	lymph	node(s)	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	1–2	regional	lymph	nodes

N2 Metastasis	in	3–6	regional	lymph	nodes

N3 Metastases	in	more	than	7	regional	lymph	nodes

N3a Metastasis	in	7–15	regional	nodes

N3b Metastasis	in	16	or	more	regional	nodes

Distant	Metastasis	(M)
MX Presence	of	distant	metastasis	cannot	be	assessed

M0 No	distant	metastasis

M1 Distant	metastasis

Stage	Grouping
O Tis N0 M0

IA T1 N0 M0

IB T2 N0 M0

	 T1 N1 M0

IIA T3 N0 M0

	 T2 N1 M0

	 T1 N2 M0

IIB

T4a
T3
T2
T1

N0
N1
N2
N3

M0
M0
M0
M0

IIIA

T4a
T3
T2

N1
N2
N3

M0
M0
M0

IIIB

T4b
T4b
T4a
T3

N0
N1
N2
N3

M0
M0
M0
M0

IIIC

T4b
T4b
T4a

N2
N3
N3

M0
M0
M0

IV Any	T Any	N M1
Used	with	the	permission	of	the	American	Joint	Committee	on	Cancer	(AJCC),	Chicago,	IL.	The	original	source	for	this	material	is
the	 AJCC	 Cancer	 Staging	 Manual,	 seventh	 edition	 (2010),	 published	 by	 Springer	 Science	 and	 Business	 Media	 LLC,
www.springer.com,	page	123.
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TABLE	53.3
Japanese	Gastric	Cancer	Association	Staging	System

Tumor	Stage
T1 Tumor	invasion	of	mucosa	and/or	muscularis	mucosa	or	submucosa

T2 Tumor	invasion	of	muscularis	propria	or	subserosa

T3 Tumor	penetration	of	serosal

T4 Tumor	invasion	of	adjacent	structures

TX Unknown

Nodal	Stage
N0 No	evidence	of	lymph	node	metastasis

N1 Metastasis	to	group	1	lymph	nodes	but	no	metastasis	to	groups	2–3	lymph	nodes

N2 Metastasis	to	group	2	lymph	nodes	but	no	metastasis	to	group	3	lymph	nodes

N3 Metastasis	to	group	3	lymph	nodes

NX Unknown

Hepatic	Metastasis	Stage	(H)
H0 No	liver	metastasis

H1 Liver	metastasis

HX Unknown

Peritoneal	Metastasis	Stage	(P)
P0 No	peritoneal	metastasis

P1 Peritoneal	metastasis

PX Unknown

Peritoneal	Cytology	Stage	(CY)

CY0 Benign/indeterminate	cells	on	peritoneal	cytologya

CY1 Cancer	cells	on	peritoneal	cytology

CYX Peritoneal	cytology	was	not	performed

Other	Distant	Metastasis	(M)
M0 No	other	distant	metastases	(although	peritoneal,	liver,	or	cytologic	metastases	may	be	present)

M1 Distant	metastases	other	than	the	peritoneal,	liver,	or	cytologic	metastases

MX Unknown

Stage	Grouping
	 N0 N1 N2 N3
T1 IA IB II 	

T2 IB II IIIA 	

T3 II IIIA IIIB IV

T4 IIIA IIIB 	 	

H1,	P1,	CY1,	M1 	 	 	 	
aCytology	believed	to	be	“suspicious	for	malignancy”	should	be	classified	as	CY0.
Adapted	 from	Japanese	Gastric	Cancer	Association.	Japanese	Classification	of	Gastric	Carcinoma	-	2nd	English	edition.	Gastric
Cancer	1998;1(1):10–24.



Figure	53.2	Definition	of	American	Joint	Committee	on	Cancer/International	Union	Against
Cancer	T	stage	based	on	depth	of	penetration	of	the	gastric	wall.

In	the	AJCC/UICC	staging	system,	tumor	(T)	stage	is	determined	by	depth	of	tumor	invasion	into	the	gastric
wall	and	extension	 into	adjacent	structures	(Fig.	53.2).	The	relationship	between	T	stage,	 the	overall	 stage,	and
survival	is	well	defined	(Fig.	53.3).	Nodal	stage	(N)	is	based	on	the	number	of	involved	lymph	nodes,	a	criterion
that	 may	 predict	 outcome	 more	 accurately	 than	 the	 location	 of	 involved	 lymph	 nodes.	 Tumors	 with	 1	 to	 2
involved	 nodes	 are	 classified	 as	 pN1,	 3	 to	 6	 involved	 nodes	 are	 classified	 as	 pN2,	 and	 those	with	 7	 or	more
involved	 nodes	 are	 classified	 as	 pN3	 (N3a	 has	 7	 to	 15	 nodes	 and	N3b	 has	 ≥16	 nodes).	 The	 use	 of	 numerical
thresholds	for	nodal	classification	has	gained	increasing	acceptance,	although	the	extent	of	lymphadenectomy	and
rigor	 of	 pathologic	 assessment	 may	 affect	 results.	 The	 nodal	 numerical	 threshold	 approach	 is	 based	 on
observations	 that	 survival	 decreases	 as	 the	 number	 of	 metastatic	 lymph	 nodes	 increases	 and	 that	 survival
significantly	 decreases	 at	 three	 or	 more	 involved76	 lymph	 nodes	 and	 again	 at	 seven	 or	 more	 involved	 lymph
nodes.
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Figure	53.3	Disease-specific	survival	by	American	Joint	Committee	on	Cancer	stage	grouping.
Numbers	beneath	x-axis	indicate	patients	at	risk.	(From	Crew	KD,	Neugut	AI.	Epidemiology	of

gastric	cancer.	World	J	Gastroenterol	2006;12[3]:354–362,	with	permission.)

Given	the	reliance	on	numerical	thresholds	for	nodal	staging,	it	is	extremely	important	that	adequate	number	of
lymph	nodes	are	retrieved	surgically	and	examined	pathologically	(at	least	15	and	preferably	30).	However,	recent
reports	 document	poor	 compliance	with	AJCC	staging	primarily	because	 the	number	of	 lymph	nodes	 removed
and/or	examined	(≤15)	was	insufficient.	Positive	peritoneal	cytology	is	classified	as	M1.	Ratio-based	lymph	node
classification	(number	of	positive	nodes	over	number	of	total	nodes	resected	and	evaluated)	is	an	alternative	to	the
threshold-based	system	currently	utilized	by	the	AJCC/UICC	staging	systems.	It	may	minimize	the	confounding
effects	of	regional	variations	in	the	extent	of	lymphadenectomy	and	pathologic	evaluation	on	lymph	node	staging
and	thereby	reduce	stage	migration.	Sun	et	al.77	evaluated	the	ratio	between	metastatic	and	examined	lymph	nodes
(RML)	 in	 a	 group	 of	 2,159	 patients	 who	 underwent	 curative	 gastrectomy.	 The	 anatomic	 location,	 number	 of
positive	lymph	nodes	(AJCC/UICC),	and	RML	were	analyzed	for	staging	accuracy	and	relationship	to	survival.
RML	 was	 an	 independent	 prognostic	 factor	 for	 survival	 and	 reduced	 stage	 migration.	 These	 findings	 were
confirmed	by	several	investigators	reporting	on	approximately	2,000	patients	treated	by	R0	gastrectomy.78–83

Japanese	Staging	System
The	 most	 recent	 Japanese	 Classification	 for	 Gastric	 Carcinoma	 was	 published	 in	 1998.84	 The	 Japanese
classification	and	staging	system	is	more	detailed	than	the	AJCC/UICC	staging	system	and	places	more	emphasis
on	 the	 distinction	 between	 clinical,	 surgical,	 pathologic,	 and	 “final”	 staging	 (prefixes	 “c,”	 “s,”	 “p,”	 and	 “f,”
respectively).	 For	 example,	 a	 surgically	 treated	 and	 staged	patient	with	 locally	 advanced,	 nonmetastatic	 gastric
cancer	might	be	staged	as	pT3,	pN2,	sH0,	sM0,	stage	f-IIIB	(where	H0	denotes	no	hepatic	metastases	and	the	“f”
prefix	 denotes	 final	 clinicopathologic	 stage).	 The	 Japanese	 classification	 system	 also	 includes	 a	 classification
system	for	EGC	(Fig.	53.4).85

In	the	combined	superficial	types,	the	type	occupying	the	largest	area	should	be	described	first,	followed	by	the
next	type	(e.g.,	IIc	+	III).	Type	0I	and	type	0IIa	are	distinguished	as	follows:	type	0I,	the	lesion	has	a	thickness	of
more	than	twice	that	of	 the	normal	mucosa;	 type	0IIa,	 the	 lesion	has	a	 thickness	up	to	 twice	that	of	 the	normal
mucosa.

Similar	 to	 the	AJCC/UICC	staging	 system,	primary	 tumor	 (T)	 stage	 in	 the	 Japanese	 system	 is	 based	on	 the
depth	 of	 invasion	 and	 extension	 to	 adjacent	 structures,	 as	 outlined	 in	 Table	 53.4.	However,	 the	 assignment	 of
lymph	 node	 (N)	 stage	 involves	 much	 more	 rigorous	 pathologic	 assessment	 than	 is	 required	 for	 AJCC/UICC



staging.	 The	 Japanese	 system	 extensively	 classifies	 18	 lymph	 node	 regions	 into	 four	N	 categories	 (N0	 to	N3)
depending	on	their	relationship	to	the	primary	tumor	and	anatomic	location.	Most	perigastric	lymph	nodes	(nodal
stations	1	to	6)	are	considered	group	N1.	Lymph	nodes	situated	along	the	proximal	left	gastric	artery	(station	7),
common	hepatic	 artery	 (station	8),	 celiac	 axis	 (station	9),	 splenic	 artery	 (station	11),	 and	proper	 hepatic	 artery
(station	12)	 are	defined	 as	group	N2.	Para-aortic	 lymph	nodes	 (station	16)	 are	defined	 as	group	N3.	However,
some	 lymph	 nodes,	 even	 perigastric	 nodes	 for	 specific	 tumor	 locations,	 can	 be	 regarded	 as	 M1	 disease	 (i.e.,
involvement	of	station	2	in	the	case	of	antral	tumors).	This	is	because	their	involvement	in	antral	tumors	is	rare
and	portrays	a	poor	prognosis.

Figure	53.4	Japanese	classification	system	for	early	gastric	cancer.

The	Japanese	staging	system	also	includes	elements	not	included	in	the	AJCC/UICC	system	(see	Table	53.3).
These	 are	macroscopic	descriptions	of	 the	 tumor	 (EGC	subtype	or	Borrmann	 type	 for	more	 advanced	 tumors),
extent	of	peritoneal	metastases	(classified	as	P0	 to	P1),	extent	of	hepatic	metastases	(H0	to	H1),	and	peritoneal
cytology	 findings	 (CY0	 to	CY1).	Recent	 comparison	of	 the	 Japanese	 and	AJCC/UICC	 staging	 systems	 in	 731
patients	 suggests	 that	 both	 are	 comparable.	However,	 older	 studies	 suggest	 that	 the	AJCC/UICC	 system	more
accurately	estimates	prognosis.86

Classification	of	Esophagogastric	Junction	Cancers
EGJ	cancers	(i.e.,	tumors	with	a	definitive	component	involving	the	EGJ)	are	no	longer	classified	by	the	AJCC	as
gastric	 cancers	 per	 se.	 They	 are	 briefly	 reviewed	 here	 for	 historical	 reasons.	 Siewert	 and	 Stein87	 classified
adenocarcinomas	of	the	EGJ	(Siewert	classification)	into	three	distinct	clinical	entities	that	arise	within	5	cm	of
the	EGJ:	type	I	arises	in	the	distal	esophagus	and	may	infiltrate	the	EGJ	from	above,	type	II	arises	in	the	cardia	or
the	EGJ,	and	type	III	arises	in	the	subcardial	stomach	and	may	infiltrate	the	EGJ	from	below.	The	assignment	of
tumors	to	one	of	these	subtypes	is	based	on	morphology	and	the	anatomic	location	of	the	epicenter	of	the	tumor.
The	Siewert	classification	has	important	therapeutic	implications.	The	lymphatic	drainage	routes	differ	for	type	I
versus	types	II	and	III	lesions.	The	lymphatic	pathways	from	the	lower	esophagus	pass	both	cephalad	and	caudad.
In	 contrast,	 the	 lymphatic	 drainage	 from	 the	 cardia	 and	 subcardial	 regions	 is	 caudad.	 Thus,	 the	 Siewert
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classification	provides	a	practical	means	for	choosing	among	surgical	options.	For	type	I	tumors,	esophagectomy
is	required,	whereas	types	II	and	III	tumors	can	be	treated	by	transabdominal	gastrectomy.88,89



Resection	Classification
The	R	classification	 system	 indicates	 the	amount	of	 residual	disease	 left	 after	 tumor	 resection.	R0	 indicates	no
gross	 or	 microscopic	 residual	 disease,	 R1	 indicates	 microscopic	 residual	 disease	 (positive	 margins),	 and	 R2
signifies	 gross	 residual	 disease.	 The	 R	 classification	 has	 implications	 for	 individual	 patient	 care	 and	 clinical
research.	Results	of	clinical	trials	that	include	surgery	should	include	information	on	R	status.	Readers	should	be
aware	of	the	dual	use	of	the	“R”	terminology	in	the	gastric	cancer	literature.	Prior	to	1995,	the	Japanese	staging
and	 treatment	 vernacular	 included	 an	 “R	 level,”	which	described	 the	 extent	 of	 lymphadenectomy.	The	 latter	 is
now	classified	by	“D”	(for	dissection)	level.

GASTRIC	CANCER	NOMOGRAMS:	PREDICTING	INDIVIDUAL	PATIENT
PROGNOSIS	AFTER	POTENTIALLY	CURATIVE	RESECTION
Kattan	 et	 al.90	 developed	 a	 nomogram	 for	 predicting	 individual	 patient	 5-year	 disease-specific	 survival	 using
established	 prognostic	 factors	 derived	 from	 a	 population	 of	 1,039	 patients	 with	 gastric	 cancer	 treated	 by	 R0
surgical	resection	without	neoadjuvant	therapy	at	a	single	institution	(nomograms@mskcc.org).	Clinicopathologic
factors	incorporated	in	the	nomogram	include	age	and	gender,	primary	tumor	site,	Laurén	classification,	numbers
of	positive	and	negative	lymph	nodes	resected,	and	depth	of	invasion.	This	nomogram	was	subsequently	validated
by	several	authors.	Peeters	et	al.91	found	that	the	nomogram	prognosticates	better	than	the	AJCC	staging	system.
Novotny	 et	 al.92	 validated	 the	 nomogram	 in	 862	 patients	 from	 Germany	 and	 the	 Netherlands;	 Strong	 et	 al.93
compared	outcomes	using	the	nomogram	in	711	patients	from	the	United	States	and	1,646	patients	from	Korea.
This	 tool	 may	 be	 useful	 for	 individual	 patient	 counseling	 regarding	 the	 use	 of	 adjuvant	 therapy,	 follow-up
scheduling,	 and	 clinical	 trial	 eligibility	 assessment	 and	 is	 available	 for	 personal	 handheld	 computer	 devices	 at
www.nomograms.org.

TABLE	53.4
Prospective	Randomized	Trials	Comparing	D1	versus	D2	and	D3	Resection	for	Potentially
Curable	Gastric	Carcinoma

Study	(Ref.)
Extent	of	Lymphadenectomy

D1 D2 P	Value

Groote	Schuur	Hospital,	Cape	Town,	1988370

Number	of	patients 22 21 —

Length	of	operation	(h) 1.7	±	0.6 2.33	±	0.7 <.005

Transfusions	(units/group) 4 25 <.05

Postoperative	stay	(d) 9.3	±	4.7 13.9	±	9.7 <.05

5-y	overall	survival	(log-rank	test) 0.69 0.67 NS

Prince	of	Wales	Hospital,	Hong	Kong,	1994371

Number	of	patients 25 29 —

Length	of	operation	(h) 140 260 <.05

Operative	blood	loss	(mL) 300 600 <.05

Postoperative	stay 8 16 <.05

Median	survival	(d) 1,511 922 <.05

Medical	Research	Council	Trial,	United	Kingdom,	1999257,372

Number	of	patients 200 200 —

Operative	mortality	(%) 6.5 13 <.04

Postoperative	complications	(%) 28 46 <.001

5-y	overall	survival	(%) 35 3 NS

Dutch	Gastric	Cancer	Trial,	The	Netherlands,	1999	(2009,	15-y	F/U	update)121,122
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Number	of	patients 380 331 —
Operative	mortality	rate	(%) 4 10 .004

Postoperative	complications	(%) 25 43 <.001

Postoperative	stay	(d) 18 25 <.001

5-y	overall	survival	(%) 45 47 NS

11-y	F/U	overall	survival	(%) 30 35 .53

11-y	F/U	survival	(perioperative	death	excluded) 32 39 .10

15-y	F/U	overall	survival 21 29 .34

15-y	F/U	gastric	cancer–specific	death 48 37 .01

Italian	Gastric	Cancer	Study	Group,	2004123

Number	of	patients 76 86 —

Operative	mortality	rate	(%) 1.3 0 NS

Postoperative	complication	(%) 10.5 16.3 .29

Postoperative	stay	(d) 12 12 NS

5-y	overall	survival NS NS NS

Yang-Ming	University,	Taiwan,	2006126

Number	of	patients 110 111,	D3 —

Operative	mortality	rate	(%) 0 0 —

Postoperative	complication	(%) 10.1 17.1 .012

Postoperative	stay	(d) 15 19.6 .001

5-y	overall	survival 53.6 59.5 .041
NS,	not	stated;	F/U,	follow-up.

Recently,	a	large	retrospective	cohort	study	of	1,273	patients	who	underwent	resection	revealed	that	having	a
positive	family	history	of	gastric	cancer	(defined	as	a	self-reported	history	of	cancer	in	first-degree	relatives)	was
associated	with	significant	reduction	in	disease-free	survival	(DFS;	P	=	.012),	relapse-free	survival	(P	=	.006),	and
OS	(P	=	.005)	when	compared	with	those	who	did	not	have	a	family	history	of	gastric	cancer.	The	improvement	in
outcomes	was	more	pronounced	among	patients	with	stage	III	or	IV	gastric	cancer,	with	significant	adjusted	HRs
for	DFS	(HR,	0.49;	95%	confidence	interval	[CI],	0.29	to	0.84),	relapse-free	survival	(HR,	0.47;	95%	CI,	0.30	to
0.87),	and	OS	(HR,	0.47;	95%	CI,	0.26	to	0.84),	respectively.94–98

TREATMENT	OF	LOCALIZED	DISEASE
Stage	I	Disease	(Early	Gastric	Cancer)

Classification	of	Early	Gastric	Cancer	and	Risk	for	Nodal	Metastases
EGC	has	been	usefully	subclassified	by	the	Japanese	Research	Society	for	Gastric	Cancer	based	on	endoscopic
criteria.	 The	 current	 classification	 system	 is	 used	 for	 both	 in	 situ	 and	 invasive	 tumors	 and	 categorizes	 tumors
based	 on	 endoscopic	 findings	 as	 follows:	 protruded,	 type	 0I;	 superficial	 elevated,	 type	 0IIa;	 flat,	 type	 0IIb;
superficial	 depressed,	 type	 0IIc;	 and	 excavated,	 type	 0III	 (see	 Fig.	 53.4).	 The	English	 language	 version	 of	 the
Japanese	 EGC	 classification	 contains	 excellent	 color	 photos	 of	 these	 subtypes.	 This	 classification	 system	 is
important	 in	 describing	 patients	 treated	 by	 newer	 endoscopic	 gastric-sparing	 resection	 (ER)	 for	 EGC,	 such	 as
endoscopic	mucosal	resection	(EMR)	or	endoscopic	submucosal	dissection	(ESD).99,100	The	risk	for	lymph	node
metastasis	 is	 important	when	evaluating	 treatment	options	 for	patients	with	EGC.	The	 frequency	 and	 anatomic
distribution	of	nodal	disease	are	 related	 to	 the	depth	of	 tumor	 invasion.	 In	a	 Japanese	series	of	>5,000	patients
who	 underwent	 gastrectomy	 with	 lymph	 node	 dissection	 for	 EGC,	 none	 of	 the	 1,230	 patients	 with	 well-
differentiated	 intramucosal	 tumors	<3	 cm	 in	 diameter	 (regardless	 of	 ulceration)	 had	 lymph	node	metastases.101
None	 of	 the	 929	 patients	 with	 EGC	 without	 ulceration	 had	 nodal	 metastases,	 irrespective	 of	 tumor	 size.	 In
contrast,	in	the	subset	of	>2,000	patients	with	tumors	that	invaded	the	submucosa,	the	frequencies	of	lymph	node
involvement	for	tumors	≤1.0	cm,	1.1	to	2.0	cm,	2.1	to	3.0	cm,	and	>3.0	cm	were	7.9%,	13.3%,	15.6%,	and	23.3%,
respectively.	Thus,	once	tumors	penetrate	into	the	submucosa,	the	risk	for	nodal	metastasis	increases	with	tumor



size.102–108	The	estimates	of	the	frequency	of	nodal	disease	in	EGC	are	based	on	conventional	light-microscopic
histologic	assessment.	However,	the	use	of	more	sensitive	techniques	such	as	serial	sectioning	of	individual	lymph
nodes,	immunohistochemistry,	or	reverse	transcriptase	polymerase	chain	reaction	may	increase	the	frequency	of
detection	of	occult	micrometastatic	disease.109	The	clinical	significance	of	micrometastasis	remains	unknown.

Endoscopic	Mucosal	Resection	and	Endoscopic	Submucosal	Dissection
The	 English	 language	 version	 of	 the	 Japanese	 EGC	 classification	 contains	 excellent	 color	 photos	 of	 these
subtypes.	This	 classification	 system	 is	 important	 in	 describing	 patients	 treated	 by	 newer	ER	 for	EGC,	 such	 as
EMR	or	ESD.100	The	risk	for	lymph	node	metastasis	is	important	when	evaluating	treatment	options	for	patients
with	EGC.	The	frequency	and	anatomic	distribution	of	nodal	disease	are	related	to	 the	depth	of	 tumor	invasion
(Table	53.5).

A	more	recent	review	by	Wang	et	al.110	performed	a	meta-	analysis	of	six	studies	comparing	ER	(n	=	618)	or
surgery	 (n	=	 848)	 for	 resection	 of	EGC.	They	 showed	no	 difference	 in	OS	between	ER	 and	 gastrectomy	with
shorter	hospital	stay	and	reduced	perioperative	morbidity	 in	patients	undergoing	ER.110	There	were	two	studies
comparing	EMR	to	surgery,	three	studies	comparing	ESD	to	surgery,	and	one	study	comparing	both	methods	to
surgery.	Five	studies	were	from	Asian	countries	and	one	from	the	West.	Most	common	complications	associated
with	ER	were	bleeding	(4.3%)	and	perforation	(5.3%).

There	are	emerging	variations	of	ER	techniques,	including	the	cap	suction	and	cut	versus	a	ligating	device.	As
outcome	studies	accumulate	demonstrating	 favorable	survival,	ER	 is	emerging	as	 the	definitive	management	of
selected	 EGCs	 and	 is	 not	 just	 reserved	 for	 patients	 in	 whom	 gastrectomy	 cannot	 be	 considered.	 However,
randomized	controlled	trials	(RCTs)	are	needed	to	establish	an	outcome	advantage	over	open	surgery.111

Limited	Surgical	Resection
Given	the	low	rate	of	nodal	involvement	for	patients	with	EGC,	limited	resection	may	be	a	reasonable	alternative
to	 gastrectomy	 for	 some	patients.	 There	 are	 no	well-accepted	 pretreatment	 criteria	 for	 selection	 of	 patients	 for
limited	 resection.	 Based	 on	 available	 pathology	 studies,	 patients	 with	 small	 (<3	 cm)	 intramucosal	 tumors	 and
those	with	nonulcerated	intramucosal	tumors	of	any	size	may	be	candidates	for	ER	or	limited	resection.	Surgical
options	for	these	patients	may	include	gastrotomy	with	local	excision.	This	procedure	should	be	performed	with
full-thickness	 mural	 excision	 (to	 allow	 accurate	 pathologic	 assessment	 of	 T	 status)	 and	 is	 often	 aided	 by
intraoperative	gastroscopy	for	tumor	localization.	Formal	lymph	node	dissection	is	not	required	in	these	patients.

Gastrectomy
Gastrectomy	with	D1	lymph	node	dissection	should	be	considered	for	patients	with	EGC	who	cannot	be	treated
with	ER	or	limited	surgical	resection,	and/or	patients	who	have	EGC	not	included	in	the	extended	criteria	for	ER
and/or	in	Western	countries	where	the	ability	to	perform	safe	and	effective	EMR	or	ESD	is	limited	to	very	few
specialized	centers.	Gastrectomy	with	D1	lymph	node	dissection	allows	for	adequate	pathologic	staging	and	local
therapy	for	these	patients	at	increased	risk	of	nodal	metastasis.	Dissection	of	level	I	(stations	2	to	6)	lymph	nodes
is	 a	 reasonable	minimum	 standard	 at	 this	 time	 for	 higher	 risk	 EGCs.	 The	 roles	 for	 nodal	 “sampling”	without
formal	node	dissection	(D0	dissection)	and	sentinel	 lymph	node	(SLN)	mapping	and	biopsy	 in	 the	 treatment	of
EGC	remain	undefined	at	this	time.

Stage	II	and	Stage	III	Disease

Surgery
Surgical	resection	of	the	primary	tumor	and	regional	lymph	nodes	is	the	cornerstone	of	treatment	for	patients	with
localized	gastric	 cancer.	However,	 for	 stage	 II	 and	 III	disease,	 surgery	 is	necessary	but	often	not	 sufficient	 for
cure.	The	general	 therapeutic	goals	are	 (1)	 to	achieve	a	microscopically	complete	 resection	 (R0),	 (2)	 to	dissect
lymphatic	 and	 peritoneal	 surfaces	 originating	 from	 the	 embryonic	 dorsal	 and	 ventral	mesogastrium	 in	 order	 to
reduce	local	recurrence	and	adequate	staging,	and	(3)	restore	gastrointestinal	continuity.	A	complete	discussion	of
all	 the	 technical	 details	 of	 gastric	 resection	 and	 reconstruction	 is	 beyond	 the	 scope	 of	 this	 chapter.	 However,
specific	surgical	issues	of	oncologic	significance	are	addressed	here,	including	the	extent	of	gastrectomy,	extent	of
regional	lymph	node	dissection,	and	role	of	partial	pancreatectomy	and	splenectomy.	Additional	technical	details
can	be	found	in	surgical	atlases	and	the	section	“Technical	Treatment-Related	Issues.”
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Extent	of	Resection	for	Mid-	and	Distal	Gastric	Cancers.	The	extent	of	gastrectomy	required	for	satisfactory
primary	 tumor	 treatment	 depends	 primarily	 on	 the	 gross	 and	microscopic	 status	 of	 surgical	margins.	 For	most
clinical	situations,	a	5-cm	grossly	negative	margin	around	the	tumor	and	microscopically	negative	surgical	margin
(R0)	are	the	treatment	goals.	When	gastrectomy	is	performed	with	curative	intent,	intraoperatively	frozen	section
assessment	of	proximal	and	distal	resection	margins	should	be	used	to	improve	the	likelihood	that	an	R0	resection
has	 been	 attained.	 Three	 relatively	 small	 prospective	 RCTs	 have	 compared	 total	 gastrectomy	 with	 partial
(subtotal)	gastrectomy	for	distal	gastric	cancer.112,113	Overall	morbidity,	mortality,	and	oncologic	outcome	were
comparable	 in	 each	of	 these	RCTs.	When	 the	general	 oncologic	goal	of	 an	R0	 resection	 can	be	 achieved	by	a
gastric-preserving	approach,	partial	gastrectomy	is	preferred	over	total	gastrectomy	because	total	gastrectomy	is
associated	 with	 inferior	 long-term	 quality	 of	 life	 compared	 to	 distal-subtotal	 gastrectomy.	 This	 is	 particularly
relevant	for	distal	gastric	cancers,	for	which	a	gastric-preserving	R0	approach	may	minimize	the	risks	of	specific
sequelae	of	total	gastrectomy	such	as	early	satiety,	weight	loss,	and	the	need	for	vitamin	B12	supplementation.

TABLE	53.5
Adjuvant/Neoadjuvant	Therapy	for	Gastric	Cancer:	Phase	III	Trials

Study	(Ref.) No.	of	Patients
3-y	DFS
(%)

Overall	5-
y	Survival
(%)

Postoperative	Chemotherapy

ACTS-GC196

Surgery	alone 530 60 70

Adjuvant	S-1	(12	mo) 529 72 80

GOIRC204

Surgery	alone 128 42a 49

Adjuvant	PELF	(cisplatin,	epirubicin,	leucovorin,	and	5-FU) 130 43a 48

CLASSIC198

Surgery	alone 515 59 69

Capecitabine	and	oxaliplatin 520 74 78

Perioperative	Chemotherapy

MAGIC234

Surgery 253 25 23

Perioperative	chemotherapy	(ECF) 250 38 36

ACCORD-07373

Surgery	alone 111 25 24

Perioperative	chemotherapy	(CF) 113 40 38

FLOT4236

ECF/ECX 360 NA 48b

FLOT	(docetaxel	50	mg/m2,	oxaliplatin	85	mg/m2,	leucovorin	200	mg/m2,
and	5-FU	2,600	mg/m2) 356 NA 57b

Postoperative	Chemoradiation

INT-116374

Surgery	alone 275 31 41b

Adjuvant	chemoradiation	(5-FU–based) 281 48 50b

ARTIST	I220

Capecitabine	and	cisplatin 228 74 73c

Capecitabine,	cisplatin,	and	radiation 230 78 75c

CRITICS221

Pre-	and	postoperative	chemotherapy:	ECC/EOC 393 NA 41.3



Preoperative	ECC/EOC	and	postoperative	chemoradiation	(45	Gy	in	25
fractions	combined	with	weekly	cisplatin	and	daily	capecitabine) 395 NA 40.9

Note:	Additional	older	trials	are	mentioned	in	the	text.
aFive-year	DFS.
bFive-year	overall	survival.
cSeven-year	overall	survival.
DFS,	disease-free	survival;	ACTS-GC,	adjuvant	chemotherapy	trial	of	TS-1	for	gastric	cancer;	GOIRC,	Gruppo	Oncologico	Italiano
di	 Ricerca	 Clinica;	 5-FU,	 5-fluorouracil;	 MAGIC,	 Medical	 Research	 Council	 Adjuvant	 Gastric	 Infusional	 Chemotherapy;	 ECF,
epirubicin,	 cisplatin,	 and	 fluorouracil;	 CF,	 cisplatin	 and	 fluorouracil;	 ACCORD,	 the	 French	 Action	 Clinique	 Coordonnées	 en
Cancérologie	Digestive;	FLOT4,	5-FU,	 leucovorin,	 oxaliplatin	and	docetaxel;	ECX,	epirubucin,	 cisplatin	and	capecitabin;	NA,	not
available;	INT,	Intergroup	Trial;	ECC/EOC,	epirubicin,	cisplatin/oxaliplatin,	and	capecitabine.

Extent	 of	 Resection	 for	 Proximal	 Gastric	 Cancer.	 There	 are	 many	 choices	 for	 surgical	 management	 of
adenocarcinomas	 arising	 at	 the	 EGJ	 or	 in	 the	 proximal	 stomach	 (Siewert	 types	 II	 and	 III).	 Many	 abdominal
surgeons	have	advocated	transabdominal	approaches	with	resection	of	the	lower	esophagus	and	proximal	stomach
or	total	gastrectomy.	Surgeons	trained	in	thoracic	surgery	have	frequently	advocated	a	combined	abdominal	and
thoracic	procedure	(often	termed	esophagogastrectomy)	with	an	intrathoracic	or	cervical	anastomosis	between	the
proximal	esophagus	and	the	distal	stomach,	or	a	procedure	termed	transhiatal	(or	blunt)	esophagectomy	 (THE),
which	 involves	 resection	 of	 the	 esophagus	 and	 EGJ	 with	 mediastinal	 dissection	 performed	 in	 a	 blunt	 fashion
through	 the	 esophageal	 hiatus	 of	 the	 diaphragm.	 When	 THE	 is	 performed	 for	 adenocarcinoma	 of	 the	 EGJ,
gastrointestinal	continuity	is	restored	by	low	cervical	anastomosis	of	the	stomach	(usually	advanced	through	the
esophageal	bed	 in	 the	posterior	mediastinum)	 to	 the	 cervical	 esophagus.	Selection	 among	 the	options	has	been
dependent	primarily	on	individual	surgeon	training	and	experience.

The	optimal	surgical	procedure	for	patients	with	localized	tumors	of	the	EGJ	and	proximal	stomach	is	a	matter
of	considerable	debate.	A	Dutch	RCT	compared	transthoracic	esophagogastrectomy	(TTEG,	with	abdominal	and
thoracic	 incisions)	with	THE	 in	220	patients	with	adenocarcinoma	of	 the	esophagus	and	EGJ.114	Although	 this
trial	was	designed	for	patients	with	esophageal	cancer,	40	(18%)	of	the	patients	had	adenocarcinomas	of	the	EGJ
(Siewert	type	II),	and	the	operations	evaluated	are	among	those	considered	for	patients	with	Siewert	type	II	or	III
cancers.	 Perioperative	 morbidity	 was	 higher	 after	 THE,	 but	 there	 was	 no	 significant	 difference	 in	 in-hospital
mortality	 compared	 with	 TTEG.	 Although	 median	 OS,	 DFS,	 and	 quality-adjusted	 survival	 did	 not	 differ
significantly	between	the	groups,	there	was	a	trend	toward	improved	OS	at	5	years	with	TTEG.	These	results	are
judged	equivocal,	and	there	is	currently	no	consensus	on	the	optimal	surgical	approach	for	patients	with	Siewert
type	 II	 tumors.	 The	 long-term	 survival	 data	 showed	 no	 difference	 in	OS	 between	 THE	 and	 TTEG.	However,
compared	with	THE,	TTEG	for	Siewert	type	I	tumors	shows	a	trend	toward	better	5-year	survival.	Patients	with	a
limited	 number	 of	 positive	 lymph	 nodes	 (one	 to	 eight)	 in	 the	 resection	 specimen	 seem	 to	 benefit	 from
TTEG.115,116

Until	additional	RCTs	are	performed,	the	surgical	approach	to	these	patients	will	continue	to	be	individualized
and	determined	by	a	constellation	of	 factors	 including	surgeon	factors	 (training	and	experience),	patient	 factors
(age,	comorbid	conditions,	and	functional	status),	and	tumor	factors	(pretreatment	T	and	N	stage).
Extent	of	Lymphadenectomy.	There	has	been	 intense	debate	 surrounding	 the	 extent	 of	 lymphadenectomy.	 It
involves	 at	 least	 two	 important	 issues:	 (1)	 adequate	 staging	 in	 terms	 of	 the	 number	 of	 lymph	 nodes	 resected
surgically	and	examined	pathologically	and	(2)	adequate	therapy	(i.e.,	do	some	forms	of	lymphadenectomy	result
in	better	outcomes).117–120

Single-institution	 reports	 suggest	 that	 the	 number	 of	 pathologically	 positive	 lymph	 nodes	 is	 of	 prognostic
significance	 and	 that	 removal	 and	 pathologic	 analysis	 of	 at	 least	 15	 lymph	 nodes	 is	 required	 for	 adequate
pathologic	 staging.	 Indeed,	 the	 current	 AJCC	 staging	 system	 accounts	 for	 these	 issues	 and	 therefore	 requires
analysis	 of	 ≥16	 lymph	 nodes	 to	 assign	 a	 pathologic	 N	 stage.	 Traditionally,	 D1	 dissection	 (perigastric
lymphadenectomy)	was	the	standard	of	care	in	Europe	and	North	America,	whereas	a	more	radical,	D2	dissection
including	the	second	echelon	lymph	nodes	is	the	standard	of	care	in	Eastern	Asia.	The	possible	therapeutic	benefit
of	 extended	 lymph	 node	 dissection	 D2	 versus	 D1	 dissection	 has	 been	 the	 focus	 of	 six	 RCTs,	 which	 are
summarized	 in	 Table	 53.4.	 These	 trials	 were	 performed	 because	 retrospective	 and	 prospective	 nonrandomized
evidence	 suggested	 that	 extended	 lymph	node	 dissection	may	 be	 associated	with	 improved	 long-term	 survival.
The	RCTs	 tested	 the	 hypothesis	 that	 removal	 of	 additional	 pathologically	 positive	 lymph	 nodes	 (not	 generally
removed	as	part	of	a	standard	D1	lymph	node	dissection)	improves	survival.	The	larger	RCTs	attempted	to	follow
what	are	referred	to	as	the	“Japanese	rules”	for	lymph	node	classification	and	dissection	that	govern	the	extent	of
nodal	dissection	required	based	on	anatomic	location	of	the	primary	tumor.	Using	these	Japanese	definitions,	the
RCTs	compared	limited	lymphadenectomy	of	the	perigastric	lymph	nodes	(D1	dissection)	to	en	bloc	removal	of
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second	 echelon	 lymph	 nodes	 (D2	 dissection)	 including	 removal	 of	 the	 embryonic	 dorsal	 and	 ventral
mesogastrium,	distal	(left)	pancreas,	and	spleen.	At	least	two	of	the	completed	trials	are	underpowered	for	their
primary	end	point,	OS.	The	trials	from	the	Medical	Research	Council	(MRC)	of	the	United	Kingdom257	and	the
Dutch	Gastric	Cancer	Group121	have	received	the	most	attention	and	discussion.

The	MRC	 trial	 registered	 737	 patients	with	 gastric	 adenocarcinoma;	 337	 (46%)	 patients	were	 ineligible	 by
staging	 laparotomy	 because	 of	 advanced	 disease,	 and	 400	 (54%)	 patients	 were	 randomized	 at	 the	 time	 of
laparotomy	to	undergo	D1	(200)	or	D2	(200)	 lymph	node	dissection.	Postoperative	morbidity	was	significantly
greater	in	the	D2	group	(46%	versus	28%,	P	<	.001),	and	in-hospital	mortality	rates	were	also	significantly	higher
in	the	D2	group	than	in	the	D1	group	(13%	versus	6%,	P	<	.04).257	The	most	frequent	postoperative	complications
were	 related	 to	 anastomotic	 leakage	 (D2	 26%	 versus	 D1	 11%),	 cardiac	 complications	 (8%	 versus	 2%),	 and
respiratory	complications	(8%	versus	5%).	The	excess	morbidity	and	mortality	seen	in	the	D2	group	were	thought
to	 be	 related	 to	 the	 routine	 use	 of	 distal	 (left)	 pancreatectomy	 and	 splenectomy.	 Partial	 pancreatectomy	 and
splenectomy	were	performed	to	maximize	clearance	of	 lymph	nodes	at	 the	splenic	hilum,	primarily	for	patients
with	 proximal	 tumors;	 however,	 many	 surgeons	 now	 believe	 that	 adequate	 lymph	 node	 dissection	 can	 be
performed	with	pancreas-	and	spleen-preserving	techniques.	Long-term	follow-up	analysis	of	patients	in	the	MRC
trial	demonstrated	comparable	5-year	OS	rates	of	35%	and	33%	in	the	D1	and	D2	dissection	groups,	respectively.
Survival	based	on	death	 from	gastric	cancer	as	 the	event	was	also	similar	 in	 the	D1	and	D2	groups	 (HR,	1.05;
95%	CI,	0.79	to	1.39),	as	was	recurrence-free	survival	(HR,	1.03;	95%	CI,	0.82	to	1.29).	The	authors	concluded
that	classic	D2	lymphadenectomy	(with	partial	pancreatectomy	and	splenectomy)	offered	no	survival	advantage
over	D1	lymphadenectomy.

The	Dutch	Gastric	Cancer	Group	conducted	a	larger	RCT	with	optimal	surgical	quality	control	comparing	D1
to	D2	 lymph	 node	 dissection	 for	 patients	with	 gastric	 adenocarcinoma	 that	was	 updated	 in	 2010	 after	 15-year
follow-up.122	Between	1989	and	July	1993,	1,078	patients	were	entered,	of	whom	996	patients	were	eligible;	711
patients	were	 randomized	 to	D1	dissection	(n	=	380)	or	D2	dissection	 (n	=	331).	To	maximize	surgical	quality
control,	all	operations	were	monitored.122	Initially,	this	oversight	was	done	by	a	Japanese	surgeon	who	trained	a
group	 of	 Dutch	 surgeons,	 who	 in	 turn	 acted	 as	 supervisors	 during	 surgery	 at	 80	 participating	 centers.
Notwithstanding	 the	 extraordinary	 efforts	 to	 ensure	 quality	 control	 of	 the	 two	 types	 of	 lymph	node	 dissection,
both	 noncompliance	 (not	 removing	 all	 lymph	 node	 stations)	 and	 contamination	 (removing	 more	 than	 was
indicated)	occurred,	thus	blurring	the	distinction	between	the	two	operations	and	confounding	the	interpretation	of
the	oncologic	end	points.	The	postoperative	morbidity	 rate	was	higher	 in	 the	D2	group	 (43%	versus	25%,	P	<
.001),	the	reoperation	rate	was	also	higher	at	18%	(59	of	331)	versus	8%	(30	of	380),	and	the	mortality	rate	was
also	 significantly	 higher	 in	 the	D2	group	 (10%	versus	 4%,	P	 =	 .004).	 Patients	 treated	with	D2	 dissection	 also
required	a	longer	hospitalization.	As	in	the	MRC	trial,	partial	pancreatectomy	and	splenectomy	were	performed	en
passant	in	the	D2	group.	Five-year	survival	rates	were	similar	in	the	two	groups:	45%	for	the	D1	group	and	47%
for	 the	D2	 group	 (95%	CI	 for	 the	 difference,	 −9.6%	 to	 5.6%).	 The	 subset	 of	 patients	who	 had	R0	 resections,
excluding	those	who	died	postoperatively,	had	cumulative	risks	of	relapse	at	5	years	of	43%	with	D1	dissection
and	37%	with	D2	dissection	(95%	CI	for	the	difference,	−2.4%	to	14.4%).

The	Dutch	investigators	concluded	that	there	was	no	role	for	the	routine	use	of	D2	lymph	node	dissection	in
patients	 with	 gastric	 cancer.	 At	 15-year	 follow-up,	 174	 of	 711	 (25%)	 patients	 were	 alive,	 all	 but	 1	 without
recurrence.	The	OS	was	21%	(82	of	711)	and	29%	(92	patients)	for	the	D1	and	D2	groups,	respectively	(P	=	.34).
Interestingly,	gastric	cancer–specific	death	was	higher	in	the	D1	group	at	48%	(182	of	380)	versus	37%	(123	of
331).	Local	 recurrence	was	 higher	 in	 the	D1	 group	 at	 22%	 (82	 of	 380)	 versus	 12%	 (40	 of	 331),	 and	 regional
recurrence	was	higher	in	the	D1	group	at	19%	(73	of	380)	versus	13%	(43	of	331).	The	authors	concluded	that
after	15	years	of	 follow-up,	D2	 lymphadenectomy	 is	 associated	with	 lower	 locoregional	 recurrence	and	gastric
cancer–specific	death	rates	than	D1	lymphadenectomy.	D2	resection	is	also	associated	with	higher	postoperative
mortality,	 morbidity,	 and	 reoperation	 rates.	 Examining	 the	 results	 after	 15-year	 follow-up	 and	 given	 the	 data
regarding	 gastric	 cancer–specific	mortality,	 local	 recurrence,	 and	 regional	 recurrence,	 the	 authors	 revised	 their
original	 conclusion:	 “Because	 spleen-preserving	 D2	 resection	 is	 safer	 in	 high-volume	 centers,	 it	 is	 the
recommended	surgical	approach	for	patients	with	potentially	curable	gastric	cancer.”122

Degiuli	et	al.123	reported	on	the	Italian	Gastric	Cancer	Study	Group	experience	with	a	prospective	randomized
trial	comparing	pancreas-sparing	D1	versus	D2.	There	were	76	patients	randomized	to	undergo	D1	and	86	patients
to	D2	resections.	Complication	rates	were	higher	in	the	D2	group:	16.3%	versus	10.5%.	Postoperative	mortality
was	higher	in	the	D1	group:	1.3%	versus	0%	in	the	D2	group.	The	authors	concluded	that	in	experienced	hands,
the	morbidity	and	mortality	can	be	as	low	as	shown	by	Japanese	surgeons.	Long-term	survival	was	similar	(66.5%
versus	 64.2%	 for	 D1	 and	 D2	 lymphadenectomy,	 respectively;	 P	 =	 .695).	 However,	 whereas	 the	 D1



lymphadenectomy	showed	improved	DFS	for	pT1N0	tumors,	D2	showed	improved	survival	in	patients	with	pT2
to	pT4	or	patients	with	N1	disease.124	A	meta-analysis	of	clinical	trials	comparing	D1	and	D2	lymphadenectomy
was	performed	by	Memon	et	al.125	Six	trials	totaling	1,876	patients	(D1	=	946,	D2	=	930)	were	analyzed.125	Meta-
analysis	 showed	 that	 D1	 gastrectomy	 is	 associated	 with	 significantly	 fewer	 anastomotic	 leaks	 and	 decreased
postoperative	complication	rate,	reoperation	rate,	length	of	hospital	stay,	and	30-day	mortality	rate,	whereas	the	5-
year	survival	in	D1	gastrectomy	patients	was	similar	to	the	D2	cohort.	Wu	et	al.126	reported	on	a	randomized	trial
comparing	D1	versus	D3	dissections.	There	were	no	operative	deaths,	and	morbidity	was	only	12%.	At	median
follow-up	of	94.5	months,	D3	showed	better	5-year	OS	of	59.5%	(95%	CI,	50.3	to	68.7)	versus	53.6%	(95%	CI,
44.2	to	63.0;	P	=	.041),	and	a	trend	toward	better	DFS	at	5	years:	40.3%	versus	50.6%	(P	=	.197).	Only	13%	had
pancreas	 or	 splenic	 resection	 as	 compared	 with	 23%	 in	 the	 Dutch	 trial.	 The	 authors	 concluded	 that	 D3	 as
compared	to	D1	offers	survival	benefit.	As	far	as	the	authors	of	this	chapter	understand,	this	is	the	first	RCT	to
demonstrate	 survival	 advantage	 for	 more	 extensive	 lymphadenectomy	 (D3).	 As	 such,	 it	 requires	 careful
examination.	Roggin	and	Posner127	have	critically	reviewed	the	work	by	Wu	et	al.126	One	controversial	element	of
this	trial	was	the	use	of	OS	versus	gastric	cancer–specific	survival;	17	of	111	(15%)	of	the	reported	deaths	were
not	related	to	tumor	recurrence,	resulting	in	very	small	survival	benefit.

Interpretation	of	the	existing	level	1	evidence	is	encumbered	by	a	number	of	issues	that	have	been	discussed	in
detail	 elsewhere.	 The	 primary	 concerns	 relate	 to	whether	 (1)	 the	 increased	 operative	mortality	 associated	with
protocol-mandated	 partial	 pancreatectomy	 and	 splenectomy	 for	 patients	 with	 proximal	 tumors	 undergoing	 D2
dissection	prevented	identification	of	a	potential	therapeutic	impact	of	extended	lymph	node	dissection	and	(2)	the
phenomena	of	noncompliance	and	contamination	 led	 to	homogenization	of	 the	operative	procedures	 to	such	an
extent	 that	 the	 fundamental	 hypothesis	 was	 not	 tested.	 Owing	 to	 these	 interpretation	 issues,	 the	 question	 of	 a
possible	therapeutic	benefit	of	D2	dissection	remains	unsettled.

Many	 Japanese	gastric	 surgeons	have	considered	 the	 caveats	 associated	with	 the	MRC	and	Dutch	 trials	 and
believe	that,	notwithstanding	inherent	patient	selection	and	stage	migration	biases,	the	existing	retrospective	data
provide	 sufficient	 proof	 of	 a	 clinical	 benefit	 of	 D2	 dissection.	 On	 this	 basis,	 D2	 or	 less	 aggressive
lymphadenectomy	(stations	1	 to	9	or	2	 to	9)	with	spleen	and	distal	pancreas	sparing	(D1+)	dissection	has	been
adopted	as	the	standard	of	care	for	patients	with	localized,	higher	risk	gastric	cancer	in	most	centers	in	East	Asia
and	some	specialized	centers	in	the	West.	The	Japanese	Clinical	Oncology	Group	(JCOG-9501)	has	investigated
an	 even	 more	 aggressive	 surgical	 approach	 in	 an	 RCT	 evaluating	 standard	 D2	 versus	 D2+	 (para-aortic	 node
dissection	[PAND])	in	the	management	of	completely	resected	(R0)	T2	to	T4	gastric	cancer.128,129	Patients	(n	=
523)	 were	 randomized	 intraoperatively	 to	 undergo	 D2	 lymphadenectomy	 alone	 (263	 patients)	 or	 D2
lymphadenectomy	plus	PAND	(260	patients).	The	primary	end	point	was	OS.	Postoperative	morbidity	was	higher
in	the	PAND	group	(28%	versus	21%,	P	=	.07),	and	mortality	was	similar	at	0.8%	in	each	group.	Five-year	OS	for
patients	undergoing	PAND	was	70.3%	versus	69.2%	(HR,	1.03;	P	=	.85).	There	was	no	significant	difference	in
recurrence-free	survival.	The	authors	concluded	that,	as	compared	to	D2	lymphadenectomy,	PAND	when	added
to	D2	lymphadenectomy	does	not	improve	survival	rates.

Another	Japanese	study	compared	D2	with	extended	PAND	(D4).130	This	trial	randomized	patients	to	undergo
gastrectomy	with	D2	(n	=	135)	or	D4	(n	=	134)	lymphadenectomy.	The	5-year	survival	rates	were	52.6%	versus
55%,	 respectively	 (P	 =	 .8).	 The	 authors	 concluded	 that	 prophylactic	D4	 dissection	 is	 not	 recommended.	 In	 an
RCT,	a	Western	group	from	Poland	investigated	D2	dissection	versus	extended	D2	dissection	defined	according
to	the	Japanese	Gastric	Cancer	Association	classification.131	They	randomized	275	patients	with	gastric	cancer	to
gastrectomy	with	D2	(n	=	141)	versus	D2	+	lymphadenectomy	(n	=	134).	The	overall	postoperative	morbidity	and
mortality	were	similar	and	did	not	differ	statistically.	Survival	data	are	not	available	at	this	time.	Thus,	the	limits
of	radical	surgery	have	been	reached	in	Japan	and	the	pendulum	has	swung	back	toward	D2	dissection	in	clinical
settings	in	which	this	can	be	safely	performed.

In	summary,	lymph	nodes	should	be	considered	as	indicators	that	the	gate	was	opened	rather	than	as	the	gate
keepers	for	cure.	None	of	 the	prospective	RCT	trials	executed	in	 the	West	demonstrated	survival	advantage	for
more	 extensive	 lymphadenectomy.	However,	 none	of	 these	 studies	were	powered	 enough	 to	detect	 single-digit
difference	 in	5-year	OS.	Several	non–a	priori	planned	subgroup	analyses	were	done	and	showed	some	survival
advantage	for	certain	subgroups.	These	analyses	cannot	be	used	to	form	evidence-based	medicine	but	should	be
used	 to	 form	 hypotheses	 for	 further	 RCT	 studies.	 In	 high-volume	 specialty	 centers,	 spleen-	 and	 pancreas-
preserving	D2	dissection	(D1+)	is	performed	safely	and	can	potentially	result	in	decreased	gastric	cancer–specific
mortality	based	on	15	years	of	follow-up	from	the	Dutch	study.122

Another	systematic	review	and	meta-analysis	of	eight	RCTs	encompassing	over	2,000	patients	(D1,	n	=	1,042;
D2,	n	=	1,002)	evaluated	 the	safety	and	efficacy	of	extended	 lymphadenectomy	in	gastric	cancer.	A	significant



Dr. AVR @ TMH

increase	in	operative	morbidity	and	mortality	was	evident	in	patients	undergoing	extended	D2	lymphadenectomy,
with	a	trend	in	decreased	disease-specific	mortality	in	those	having	spleen-	and	pancreas-preserving	gastrectomy.
Longer	term	survival	is	required	to	ascertain	oncologically	relevant	outcome	benefit	with	D2	gastrectomy.132–139

Partial	 Pancreatectomy	 and	 Splenectomy	 Resect	 or	 Preserve?	 Partial	 (left,	 distal)	 pancreatectomy	 and
splenectomy	 have	 been	 performed	 as	 part	 of	D2	 lymph	 node	 dissection	 to	 remove	 the	 lymph	 nodes	 along	 the
splenic	 artery	 (station	 11)	 and	 lymph	 nodes	 within	 the	 splenic	 hilum	 (station	 10),	 primarily	 for	 patients	 with
tumors	located	in	the	proximal	and	mid-stomach.	Indeed,	partial	pancreatectomy	and	splenectomy	were	required
for	patients	with	proximal	tumors	in	the	D2	arm	of	the	Dutch	and	MRC	RCTs	but	were	required	only	for	direct
tumor	 extension	 in	 the	 D1	 arm.	 In	 the	 Dutch	 and	 MRC	 D1	 versus	 D2	 randomized	 trials,	 splenectomy	 was
associated	 with	 increased	 risk	 of	 surgical	 complications	 and	 operative	 mortality.	 In	 addition,	 a	 multivariate
analysis	suggested	that	splenectomy	is	associated	with	inferior	long-term	survival.	The	frequent	performance	of
splenectomy	 (e.g.,	 30%	of	 patients	 in	 the	D2	 arm	versus	 3%	 in	 the	D1	 arms	 of	 the	Dutch	 trial)	 in	 the	 patient
undergoing	 extended	 D2	 lymphadenectomy,	 with	 its	 associated	 adverse	 effects	 on	 both	 short-	 and	 long-term
mortality,	 confounds	 the	 interpretation	 of	 the	 Dutch	 and	 MRC	 RCTs.	 Thus,	 the	 hypothesis	 that	 spleen-	 and
pancreas-preserving	 D2	 lymph	 node	 dissection	 improves	 survival	 remains	 unproven.	 There	 is	 an	 evolving
consensus	 that	 splenectomy	 should	 be	 performed	 only	 in	 cases	 with	 intraoperative	 evidence	 of	 direct	 tumor
extension	into	the	spleen,	or	its	hilar	vasculature,	or	when	the	primary	tumor	is	located	in	the	proximal	stomach
along	the	greater	curvature.	Partial	pancreatectomy	should	be	performed	only	in	cases	of	direct	tumor	extension	to
the	pancreas.136

Recent	 reports	 have	 described	 pancreas-	 and	 spleen-preserving	 forms	 of	 D2	 dissection.140,141	 This	 organ-
preserving	modification	 of	 classic	D2	dissection	 allows	 for	 dissection	 of	 some	 station	 11	 and	 10	 lymph	nodes
without	 the	 potential	 adverse	 effects	 of	 pancreatectomy	 and/or	 splenectomy.	 In	 a	 small	 single-institution	RCT
recently	 reported	 from	 Chile,	 Csendes	 et	 al.142	 randomized	 187	 patients	 with	 localized	 proximal	 gastric
adenocarcinoma	 to	 treatment	 by	 total	 gastrectomy	 with	 D2	 lymph	 node	 dissection	 plus	 splenectomy	 or	 total
gastrectomy	 with	 D2	 lymphadenectomy	 alone.	 Operative	 mortality	 was	 similar	 in	 both	 groups	 (splenectomy
group,	3%;	control	group,	4%).	However,	septic	complication	rates	were	higher	in	the	splenectomy	arm	than	in
the	control	arm	(P	<	.04).	There	was	no	difference	in	5-year	OS	between	study	groups,	although	it	is	not	clear	that
the	trial	was	designed	with	survival	as	the	primary	end	point.	Other	investigators	confirmed	these	findings.136,143

The	JCOG	conducted	a	multi-institutional	RCT	(JCOG-0110-MF)	comparing	D2	dissection	with	and	without
splenectomy	for	patients	diagnosed	with	proximal	gastric	cancer.	The	hypothesis	to	be	tested	is	that	5-year	OS	of
patients	treated	by	extended	D2	dissection	without	splenectomy	(n	=	251)	is	5%	less	than	that	of	patients	treated
by	D2	dissection	with	splenectomy	(n	=	254).	The	study	showed	no	added	value	in	survival	to	splenectomy	in	D2
lymphadenectomy,	whereas	the	estimated	blood	loss	during	surgery	as	well	as	postoperative	complications	were
higher.144

Minimal	Invasive	Surgery	for	Gastric	Cancer
The	understanding	that	the	“classical”	D2	dissection	with	splenectomy	and	distal	pancreatectomy	can	be	replaced
by	 a	 spleen-	 and	 pancreas-preserving	 lymphadenectomy	 as	 well	 as	 the	 understanding	 that	 bursectomy	 is	 not
always	 mandatory	 in	 gastric	 cancer	 patients	 led	 the	 way	 to	 explore	 minimal	 invasive	 surgery	 (MIS)	 for	 the
treatment	of	gastric	cancer.	Eight	prospective	clinical	trials	from	Korea,	Japan,	and	China	and	a	small-scale	trial
from	Italy	showed	that	laparoscopic	D2	gastrectomy	(LADG)	is	feasible,	safe	with	improved	short-term	outcomes
and	not	inferior	to	open	distal	gastrectomy	(ODG)	for	EGC	patients,	although	it	 is	still	controversial	for	locally
advanced	 gastric	 cancer	 patients.	 Laparoscopic	 total	 gastrectomy	 is	 performed	 only	 selectively	 in	 very
experienced	centers.145

A	meta-analysis	including	3,411	patients	from	nonrandomized	trials	and	randomized	clinical	trials	showed	that
the	number	of	 lymph	node	 retrieved	was	close,	postoperative	complications	were	 lower	 in	LADG	compared	 to
ODG,	with	shorter	hospital	stay	and	similar	OS.

They	concluded	that	in	experienced	surgical	centers,	LADG	is	feasible	with	postoperative	recovery.	However,
the	current	evidence	cannot	exclude	the	benefits	or	harms	especially	in	node-	positive	patients.146

An	 earlier	 meta-analysis	 was	 conducted,	 including	 only	 prospective	 randomized	 trials,	 with	 nearly	 1,500
patients	 assessing	 the	 feasibility	 and	 safety	 of	 laparoscopic	 total	 gastrectomy	 with	 D2	 lymphadenectomy
compared	 to	 the	 same	operation	done	 in	 the	 standard	open	manner.	The	 laparoscopic	 technique	was	associated
with	significantly	longer	operative	time,	less	operative	blood	loss,	fewer	analgesic	requirements,	earlier	return	of
bowel	function,	shorter	hospital	stay,	and	reduced	operative	morbidity.	The	total	number	of	lymph	nodes	removed



surgically	 and	 analyzed	 pathologically	 as	 well	 as	 operative	 mortality	 was	 not	 significantly	 different	 between
groups.	 Further	well-designed	 clinical	 RCTs	 are	warranted	 to	 define	 the	 role	 of	 laparoscopic	 gastrectomy	 and
extended	lymphadenectomy	for	gastric	adenocarcinoma.

Laparoscopy	clearly	has	a	role	in	the	complete	staging	of	disease	in	patients	with	gastric	adenocarcinoma	and
the	detection	of	 radiologically	occult	macroscopic,	or	microscopic	peritoneal	 cytology	positive-only	metastasis.
Laparoscopy	 and	 peritoneal	 cytology	 are	 important	 for	 accurate	 staging	 and	 the	 detection	 of	 occult	metastatic
disease.	 This	 methodology	 adds	 value	 to	 modern	 imaging	 techniques,	 for	 positive	 microscopic	 peritoneal
cytology-only	disease	is	tantamount	to	macroscopic	M1	disease	in	terms	of	oncologic	outcome.147,148

Adjuvant	Intraperitoneal	Chemotherapy
Peritoneal	recurrence	is	a	common	pattern	of	failure	for	patients	with	gastric	cancer,	even	after	curative	resection.
The	median	survival	 time	of	patients	with	peritoneal	 recurrence	 is	3	 to	6	months.	The	rationale	 is	based	on	 the
observation	 that	 drug	 concentrations	 within	 the	 peritoneal	 cavity	 are	 much	 higher	 than	 those	 achievable	 by
intravenous	or	oral	drug	administration.	The	data	are	a	mixture	of	retrospective	reviews,	pilot	phase	II	trials,	and
several	 small	 phase	 III	 trials.	 No	 definitive	 conclusions	 can	 yet	 be	 drawn	 regarding	 the	 effectiveness	 of
intraperitoneal	postoperative	chemotherapy	in	this	setting.149

There	are	several	modes	of	administering	intraperitoneal	chemotherapy:	hyperthermic	intraoperative	peritoneal
chemotherapy	(HIPEC),	normothermic	intraoperative	intraperitoneal	chemotherapy	(NIIC)	given	at	the	conclusion
of	 the	 operation,	 early	 postoperative	 intraperitoneal	 (normothermic)	 chemotherapy	 (EPIC),	 or	 delayed
postoperative	intraperitoneal	(normothermic)	chemotherapy.	The	theoretical	advantage	of	intraoperative	treatment
is	better	drug	distribution	and	the	ability	to	use	hyperthermia	(HIPEC)	to	enhance	microscopic	tumor	cytotoxicity.
Most	 trials	 in	gastric	cancer	have	used	either	5-FU	or	 floxuridine,	mitomycin	C,	or	cisplatin	 for	 intraperitoneal
chemotherapy.	 Yan	 et	 al.150	 performed	 a	 meta-analysis	 of	 the	 RCTs	 reporting	 on	 adjuvant	 intraperitoneal
chemotherapy	for	patients	undergoing	curative	gastric	resection;	10	trials	involving	1,474	patients	were	included.
A	 total	 of	 775	 patients	 had	 resection	 alone,	 and	 873	 patients	 had	 resection	 plus	 intraperitoneal	 treatment.	 A
significant	 improvement	 in	 survival	was	 associated	with	HIPEC	 (HR,	0.6;	 95%	CI,	 0.43	 to	0.83;	P	=	 .002)	or
HIPEC	plus	EPIC	(HR,	0.45;	95%	CI,	0.29	to	0.68;	P	=	.0002).	There	was	only	a	trend	toward	survival	benefit
with	NIIC	(P	=	.06),	but	this	was	not	significant	with	either	EPIC	alone	or	delayed	postoperative	intraperitoneal
(normothermic)	 chemotherapy.	 The	 authors	 concluded	 that	HIPEC	with	 or	without	 EPIC	 after	 curative	 gastric
resection	is	associated	with	modest	improvement	in	survival	and	increased	complication	rate.

Kang	et	al.151	reported	on	640	patients	with	serosal-positive	gastric	cancer	who	underwent	resection	and	were
then	 randomized	 to	 receive	 intravenous	 mitomycin	 C	 (20	 mg/m2)	 at	 3	 to	 6	 weeks	 after	 surgery	 and	 oral
doxifluridine	(460	to	600	mg/m2/day)	starting	4	weeks	after	the	administration	of	mitomycin	C	and	continuing	for
3	months	or	to	receive	intraoperative	intraperitoneal	cisplatin	(100	mg),	intravenous	mitomycin	C	(15	mg/m2)	on
postoperative	 day	 1,	 followed	 by	 oral	 doxifluridine	 for	 12	months,	 and	 six	 monthly	 intravenous	 cisplatin	 (60
mg/m2).	Results	indicated	potential	improvement	in	progression-free	survival	(PFS)	and	OS	for	the	intraperitoneal
cisplatin	therapy	arm.	Kuramoto	et	al.152	reported	in	a	retrospective	fashion	that	extensive	intraperitoneal	lavage
performed	with	10	L	of	normal	saline	after	curative	resection	and	before	NIIC	is	superior	to	surgery	alone	or	to
surgery	plus	NIIC.153,154

A	recent	international	multidisciplinary	expert	panel	created	statements	to	define	processes	of	care	relevant	to
the	perioperative	management	of	patient	with	gastric	cancer.	Ten	processes	were	deemed	essential	to	maintaining
quality	of	care:

1.	 CT	of	the	chest,	abdomen,	and	pelvis	is	part	of	preoperative	staging.
2.	 PET	scans	are	not	routinely	indicated.
3.	 Adjuvant	and	neoadjuvant	therapy	should	be	considered.
4.	 Clinical	trials	should	be	conducted	and	patients	considered	for	participation.
5.	 Treatment	decision	making	should	involve	a	multidisciplinary	team.
6.	 Hospitals	must	have	sufficient	systems	in	place	to	support	the	care	of	patients	with	gastric	cancer.
7.	 Sixteen	or	more	lymph	nodes	should	be	resected	and	staged	pathologically.
8.	 Surgery	should	only	be	performed	to	palliate	major	symptoms	in	the	setting	of	metastatic	disease.
9.	 Surgeons	experienced	in	the	treatment	of	gastric	cancer	should	be	performing	the	operations.
10.	 These	surgeons	should	also	have	advanced	laparoscopic	surgery	experience	for	laparoscopic	gastric	resection.

These	processes	were	deemed	to	be	of	indeterminate	necessity	for	maintaining	quality	of	care:
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1.	 Diagnostic	laparoscopy	before	treatment
2.	 Multidisciplinary	approach	to	patients	with	linitis	plastica
3.	 Genetic	testing	for	diffuse	gastric	cancer,	family	history,	or	age	younger	than	45	years	at	time	of	diagnosis
4.	 Endoscopic	removal	of	select	T1a	N0	lesions
5.	 D2	lymphadenectomy	in	curative	intent	cases
6.	 D1	lymphadenectomy	for	EGC	or	patients	with	comorbidities
7.	 Frozen	section	analysis	of	gastric	resection	margins
8.	 Nonemergent	cases	performed	in	a	hospital	with	a	volume	of	>15	gastric	cancer	resections	per	year
9.	 By	a	surgeon	who	performs	more	than	six	gastric	resections	per	year

Individualized	 Assessments	 of	 Lymph	 Node	 Involvement.	 Recent	 attention	 has	 focused	 on	 methods	 of
individual	 assessment	 of	 risk	 of	 lymphatic	 spread.	 These	 techniques	 offer	 the	 possibility	 of	 tailoring	 surgical
therapy	 for	 an	 individual	 patient	 based	 on	 clinicopathologic	 risk	 assessment	 of	 the	 primary	 tumor	 and/or
preoperative	or	intraoperative	identification	of	SLNs,	or	primary	draining	lymph	nodes.	At	present,	at	least	three
approaches	to	individual	nodal	risk	assessment	have	been	evaluated:	computer	modeling,	preoperative	endoscopic
peritumoral	injection,	and	SLN	biopsy.155,156

Preoperative	 Computer	Modeling	 of	 Individual	 Patient	 Nodal	 Involvement.	 Kampschöer	 et	 al.157	 developed	 a
computer	program	to	estimate	the	probability	of	spread	to	specific	nodal	regions	for	an	individual	patient	using	his
or	 her	 pretreatment	 clinicopathologic	 data.	 The	 program	 incorporated	 data	 on	 tumor	 size,	 depth	 of	 infiltration,
primary	 tumor	 location,	 grade,	 type,	 and	macroscopic	 appearance	 of	 primary	 tumors	 from	 2,000	 patients	with
surgically	resected	gastric	cancers	treated	at	the	National	Cancer	Center	of	Tokyo.	The	data	set	used	for	matching
individual	patient	data	is	continuously	updated	and	now	includes	>8,000	patients.	This	computer	model	has	been
validated	 in	 non-Japanese	 patients	 in	 Germany158	 and	 Italy.159	 In	 the	 United	 States,	 Hundahl	 et	 al.160
retrospectively	 applied	 this	 computer	 model	 to	 evaluate	 the	 surgical	 treatment	 of	 patients	 entered	 into	 the
intergroup	trial	of	adjuvant	5-FU–based	chemoradiation.	The	Kampschöer	et	al.157	program	was	used	to	estimate
the	 likelihood	 of	 disease	 in	 undissected	 regional	 node	 stations,	 defining	 the	 sum	 of	 these	 estimates	 as	 the
Maruyama	index	of	unresected	disease.	A	total	of	54%	of	participating	patients	underwent	D0	lymphadenectomy.
The	median	index	was	70	(range,	0	to	429).	In	contrast	to	D	level,	the	Maruyama	index	proved	to	be	an	IDPF	of
survival,	even	with	adjustment	for	the	potentially	linked	variables	of	T	stage	and	number	of	positive	nodes.	More
recent	and	smaller	studies	confirmed	these	findings.161–163

Preoperative	Endoscopic	Peritumoral	Injection.	The	hypothesis	that	peritumoral	injection	of	compounds	designed
to	 optimize	 lymph	 node	 dissection	 improves	 lymph	 node	 clearance	was	 addressed	 in	 a	 small	 RCT	 evaluating
preoperative	 endoscopic	vital	 dye	 staining	with	CH40	prior	 to	D2	dissection.	The	 frequency	of	positive	 lymph
nodes	in	patients	injected	with	CH40	before	D2	dissection	was	greater	than	that	observed	in	patients	treated	by	D2
dissection	alone.	This	approach	optimized	the	yield	of	lymph	node	dissection	presumably	by	directing	surgeons	to
include	 specific	 lymph	 nodes	 in	 the	 dissection	 that	might	 have	 otherwise	 been	 left	 in	 situ	 and/or	 by	 directing
pathologists	 to	 examine	 specific	 areas	 of	 the	 lymphadenectomy	 specimens.	 Further	 prospective	 studies	 of	 this
approach	 are	 required	 to	 confirm	 the	 feasibility	 of	 this	 technique	 and	 to	 assess	 its	 impact	 on	 intraoperative
decision	 making	 regarding	 the	 extent	 of	 lymphadenectomy	 and	 accuracy	 of	 specimen	 dissection	 and	 nodal
retrieval	in	anatomic	pathology.

Sentinel	Lymph	Node	Biopsy	in	Gastric	Cancer.	The	goal	of	SLN	biopsy	is	to	identify	the	node	or	nodes	believed
to	be	the	first	peritumoral	lymph	nodes	in	the	orderly	spread	of	gastric	adenocarcinoma	from	the	primary	site	to
the	 regional	 lymph	nodes.	Sampling	of	 this	 lymph	node(s)	may	 allow	 for	 prediction	of	 the	 nodal	 status	 of	 the
entire	 lymph	 node	 basin,	 possibly	 obviating	 extended	 nodal	 dissection	 and	 its	 attendant	 morbidity	 in	 patients
found	to	have	a	negative	SLN.	Recent	pilot	studies	have	evaluated	the	feasibility,	sensitivity,	and	specificity	of
SLN	 biopsy	 for	 patients	with	 gastric	 cancer.164–173	 These	 pilot	 studies	 demonstrated	 that	 SLN	 identification	 is
feasible	 in	approximately	95%	of	patients.	However,	most	patients	with	gastric	cancer	have	multiple	“sentinel”
nodes,	with	mean	numbers	of	SLNs	per	patient	ranging	from	2.6	to	6.3.	The	aggregate	experience	to	date	suggests
that	 among	 patients	 with	 pathologically	 involved	 lymph	 nodes,	 SLN	 results	 in	 false-negative	 assessment	 of
pathologic	regional	nodal	status	in	11%	to	60%	of	patients.	Thus,	the	preliminary	data	available	suggest	that	SLN
biopsy	cannot	 reliably	 replace	 lymph	node	dissection	as	a	means	of	accurately	staging	regional	nodal	basins	 in



gastric	adenocarcinoma.174
In	 a	 large	 study	 of	 nearly	 400	 patients,	 the	 ability	 and	 accuracy	 of	 SLNs	 was	 examined	 in	 a	 prospective,

multicenter	phase	II	study.175	Patients	with	early	T-stage	gastric	cancer	(cT1	or	cT2,	tumor	<4	cm)	were	evaluated
with	 SLN	 mapping,	 followed	 by	 gastrectomy	 and	 D2	 lymph	 node	 dissection.	 The	 SLN	 mapping	 technique
identified	57	patients	who	had	nodal	involvement,	of	which	53	had	true	positive	SLNs,	resulting	in	99%	accuracy.
Although	further	validation	is	needed,	these	results	are	quite	encouraging.76

The	 JCOG	multicenter	 trial	 (JCOG-0302)	 assessed	 the	 feasibility	 and	 accuracy	 of	 indocyanine	 green	 (ICG)
SLN	mapping	at	time	of	surgery	prior	to	gastrectomy	and	lymphadenectomy	for	EGC	(T1).176	Single	sections	of
ICG-stained	SLNs	were	 examined	 intraoperatively	 using	 frozen	 section	with	 hematoxylin	 and	 eosin	 stain.	The
primary	 study	 end	 point	was	 the	 proportion	 of	 false-negative	SLNs.	 Study	 accrual	was	 halted	 after	 440	 of	 the
planned	1,550	patients	were	enrolled	when	 the	proportion	of	 false	negatives	was	 found	 to	be	unexpectedly	and
unacceptably	 high	 (46%).	 The	 authors	 appropriately	 concluded	 that	 SLN	mapping	 and	 biopsy	 using	 ICG	 and
intraoperative	 single	 nodal	 frozen	 section	 evaluation	 using	 hematoxylin	 and	 eosin	 staining	 is	 inappropriate	 for
clinical	use	in	EGC.
Volume-Outcome	 Relationships	 for	 Gastrectomy.	 Recent	 studies	 have	 established	 a	 clear	 relationship
between	 institutional	 gastrectomy	 volume	 and	 perioperative	 mortality	 rates—the	 so-called	 volume-outcome
relationship.	 The	 recent	 analysis	 of	 a	 national	 database	 by	 Birkmeyer	 et	 al.177–179	 of	 31,854	 patients	 who
underwent	 gastrectomy	 between	 1994	 and	 1999	 demonstrated	 an	 inverse	 relationship	 between	 institutional
gastrectomy	volume	and	operative	mortality	rates.	The	odds	ratio	for	gastrectomy-related	death	was	lowest	among
patients	 treated	 within	 hospitals	 in	 the	 highest	 gastrectomy	 volume	 quintile	 (odds	 ratio,0.72;	 95%	CI,	 0.63	 to
0.83).	A	separate	analysis	evaluating	surrogate	end	points	for	morbidity	demonstrated	 that	gastrectomy	at	high-
volume	centers	was	associated	with	the	shortest	duration	of	hospital	stay	and	the	lowest	readmission	rates.180–183
Similar	 findings	were	noted	by	Hannan	 et	 al.184	 in	 an	 analysis	 of	 the	New	York	State	Department	 of	Health’s
administrative	 database.	 Their	 analysis	 of	 3,711	 patients	who	 underwent	 gastrectomy	 between	 1994	 and	 1997
included	adjustments	for	covariates	such	as	age,	demographic	variables,	organ	metastasis,	socioeconomic	status,
and	comorbidities.	Patients	who	had	a	gastrectomy	at	hospitals	in	the	highest	volume	quartile	had	an	absolute	risk-
adjusted	mortality	 rate	 that	 was	 7.1%	 (P	 <	 .0001)	 lower	 than	 those	 treated	 at	 hospitals	 in	 the	 lowest	 volume
quartile,	although	the	overall	mortality	rate	for	gastrectomy	was	only	6.2%.185

These	studies	demonstrate	 that	 the	risk-adjusted	mortality	rates	for	gastrectomy	are	significantly	 lower	when
gastrectomy	is	performed	by	high-volume	providers.186–189	 It	 is	 likely	 that	 the	variations	 in	gastrectomy-related
mortality	rates	relate	in	part	to	surgeon	training	and	their	patient	age-volume	and	experience	with	the	procedure.
Data	 on	 gastrectomy	 volume	 obtained	 from	 general	 surgeons	 undergoing	 recertification	 after	 a	minimum	 of	 7
years	 in	 practice	 demonstrate	 that	 the	 mean	 number	 of	 gastric	 resections	 performed	 by	 recertifying	 general
surgeons	in	the	United	States	is	only	1.4	per	year.	Thus,	given	the	data	supporting	a	relationship	between	hospital
and	 provider	 volumes	 and	 the	 morbidity	 and	mortality	 rate	 of	 gastric	 resection,	 there	 are	 reasons	 to	 consider
regionalization	of	the	surgical	treatment	of	gastric	cancers.
Outcome	in	Japan	versus	Western	Countries.	Stage-stratified	survival	 rates	 for	gastric	adenocarcinoma	are
higher	in	Japan	than	in	most	Western	countries.	The	reasons	for	this	are	complex,	are	incompletely	understood,
and	cannot	be	fully	addressed	within	the	context	of	a	chapter	covering	all	aspects	of	gastric	cancers.

Important	differences	in	the	epidemiology	of	gastric	cancer	may	contribute	to	observed	differences	in	outcome
in	 Japan	 versus	Western	 countries.	 First,	 the	 better	 prognosis	 intestinal-type	 (Laurén	 classification)	 tumors	 are
seen	more	commonly	in	Japan,	whereas	the	diffuse-type	cancers	(poorer	prognosis)	are	more	frequent	in	Western
series.	These	regional	differences	in	the	frequencies	of	intestinal	and	diffuse	cancers	are	believed	to	be	related	to
the	 higher	 incidence	 of	H.	 pylori	 infection	 and	 atrophic	 gastritis	 in	 Japan.	 Second,	 poorer	 prognosis	 proximal
gastric	cancers	are	less	frequent	in	Japan.	Indeed,	the	progressive	increase	in	proximal	gastric	cancers	observed	in
the	West	has	not	been	observed	in	Japanese	populations.

Regional	differences	in	the	diagnostic	criteria	for	EGC	also	may	contribute	to	regional	differences	in	observed
outcome.	 In	 Japan,	 gastric	 carcinoma	 is	 diagnosed	 based	 on	 its	 structural	 and	 cytologic	 features	 without
consideration	of	invasion	of	the	lamina	propria.	In	contrast,	Western	pathologists	consider	invasion	of	the	lamina
propria	 to	 be	 an	 essential	 element	 of	 the	 diagnosis	 of	 carcinoma.	As	 a	 consequence,	 unequivocally	 neoplastic
noninvasive	lesions	are	classified	as	carcinoma	in	Japan	but	as	dysplasia	by	Western	pathologists.	To	overcome
these	 differences,	 the	 Padova190	 and	Revised	Vienna191	 classifications	 have	 recently	 been	 proposed.	 However,
until	 there	 is	 worldwide	 consensus	 and	 implementation	 of	 uniform	 diagnostic	 criteria	 for	 EGC,	 comparative
assessments	of	the	outcome	of	patients	with	EGC	treated	in	Japan	and	Western	countries	should	acknowledge	the
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selection	bias	associated	with	different	diagnostic	criteria.
Stage	migration	is	a	well-documented	factor	contributing	to	the	stage-specific	differences	in	outcome	between

Japanese	 and	Western	 patients.	 Stage	migration	 arises	 because	 there	 is	widespread	 use	 of	 extensive	D2	 or	D3
lymphadenectomy	 combined	with	 rigorous	 pathologic	 assessment	 of	 the	 lymphadenectomy	 specimen	 in	 Japan.
More	accurate	stage	assignment	of	Japanese	patients	leads	to	secondary	stage	migration—improvement	in	stage-
specific	survival	without	improvement	in	OS.	The	frequency	and	impact	of	stage	migration	were	quantified	by	the
Dutch	Gastric	Cancer	Group	in	their	RCT	comparing	D1	and	D2	lymph	node	dissection.	Stage	migration	occurred
in	 30%	 of	 patients	 in	 the	 D2	 group,	 and	 the	 stage-specific	 decreases	 in	 survival	 rates	 attributable	 to	 stage
migration	were	3%	for	AJCC/UICC	stage	I	disease,	8%	for	stage	II,	6%	for	stage	III,	and	12%	for	stage	IIIB,	with
the	more	accurately	staged	D2	group	having	higher	survival	rates.192

In	 addition	 to	 regional	 differences	 in	 epidemiology,	 diagnostic	 criteria	 for	 EGC,	 and	 stage	migration,	 other
factors	may	contribute	to	the	observed	differences	in	stage-stratified	survival.	Such	factors	may	include	genetic,
environmental,	and	biologic	differences	between	Japanese	and	Western	patients	and	tumors.	These	factors	have
been	less	well	studied	but	were	addressed	in	a	comprehensive	review	by	Yamamoto	et	al.193

Outcome	in	Korea	versus	Western	Countries.	A	separate	evaluation	was	performed	comparing	gastric	cancer
survival	 following	 curative	 intent	 resection	 in	Korea	 versus	 the	United	States.193–195	 This	 study	 compared	 two
independent,	 single-	 institution	prospectively	maintained	databases	 from	1995	 to	2005:	one	 from	MSKCC	(n	=
711	curatively	resected	patients	who	did	not	receive	neoadjuvant	therapy)	and	another	from	St.	Mary’s	Hospital	in
Seoul,	 South	 Korea	 (n	 =	 1,646	 patients,	 also	 curatively	 resected	 without	 receiving	 preoperative	 therapy).	 All
patients	 had	 a	 D2	 dissection	 and	 adequate	 nodal	 staging.	 There	 were	 notable	 differences	 in	 the	 two	 cohorts:
Patients	 from	 the	United	States	were	more	 likely	 to	have	proximal	 tumors	and	more	advanced	 stage	compared
with	patients	 resected	 in	Korea.	However,	when	controlling	 for	all	known	 risk	 factors,	 stage	 for	 stage,	patients
from	Korea	still	had	better	OS	(HR,	1.3;	95%	CI,	1.0	to	1.7;	P	=	.05).	These	data	cannot	exclude	differences	in
underlying	 cancer	 biology	 as	 a	 potential	 explanation	 for	 the	 observed	 differences	 in	 survival	 in	 gastric	 cancer
between	patients	treated	in	Korea	versus	those	treated	in	the	United	States.

Adjuvant	Therapy
Adjuvant	 therapy	refers	 to	 the	administration	of	 treatment	following	a	potential	curative	resection.	However,	as
recovery	after	gastrectomy	may	be	prolonged,	adjuvant	therapy	is	often	delayed	or	avoided.	Neoadjuvant	therapy
involves	 the	 use	 of	 treatment	 before	 potentially	 curative	 surgery	 and	 has	 three	 advantages:	 higher	 compliance
rates,	 potential	 downstaging	 of	 the	 tumor	 facilitating	 a	 higher	 rate	 of	 R0	 resections,	 and	 earlier	 treatment	 of
micrometastatic	disease.	Perioperative	therapy	refers	to	a	combination	of	neoadjuvant	and	adjuvant	therapies.
Adjuvant	Chemotherapy.	The	results	of	selected	recent	RCTs	comparing	adjuvant	chemotherapy	with	surgery
alone	are	summarized	in	Table	53.5.	The	adjuvant	chemotherapy	trial	of	TS-1	for	gastric	cancer	(ACTS-GC)	trial
from	Japan	studied	S-1,	an	oral	fluoropyrimidine,	in	a	group	of	1,059	patients	(stages	II	to	IIIB).	S-1	was	given	for
12	 months	 (4	 weeks	 on/2	 weeks	 off).	 A	 total	 of	 529	 patients	 received	 S-1	 plus	 operation	 and	 530	 patients
underwent	 operation	 only.	The	 3-year	OS	was	 80.1%	and	 70.1%,	 respectively	 (HR,	 0.68),196	 and	 this	 survival
advantage	was	maintained	at	5	years:	71.7%	with	adjuvant	S-1	versus	61.1%	with	surgery	alone	(HR,	0.669;	95%
CI,	 0.540	 to	 0.828).197	 In	 addition,	 the	 CLASSIC	 trial	 conducted	 in	 Asia	 reported	 the	 results	 of	 adjuvant
capecitabine	and	oxaliplatin.198	In	this	study,	patients	were	required	to	have	a	D2	resection,	and	those	with	stage	II
to	IIIB	were	then	randomly	assigned	to	receive	6	months	(eight	cycles)	of	capecitabine/oxaliplatin	or	observation.
This	was	a	large	study,	in	which	520	patients	were	randomly	assigned	to	receive	adjuvant	chemotherapy	and	515
to	 surgery	 alone.	 The	 study	 met	 its	 primary	 end	 point	 of	 3-year	 DFS	 (74%;	 95%	 CI,	 69%	 to	 79%	 with
chemotherapy,	versus	59%;	95%	CI,	53%	to	64%	with	surgery	alone;	P	<	.0001).	Estimated	5-year	OS	was	78%
(95%	CI,	74%	to	82%)	in	the	adjuvant	capecitabine	and	oxaliplatin	group	versus	69%	(95%	CI,	64%	to	73%)	in
the	 observation	 group.199	 In	 contrast	 to	 these	 positive	 studies	 performed	 in	 Asia,	 a	 number	 of	 older	 studies
produced	 negative	 results.200–205	 For	 example,	 in	 the	Gruppo	Oncologico	 Italiano	 di	Ricerca	Clinica	 (GOIRC)
trial,204	 128	 patients	were	 randomized	 to	 surgery	 alone	 versus	 130	 patients	who	 received	 cisplatin,	 epirubicin,
leucovorin,	and	5-FU	as	adjuvant	therapy.	There	was	no	difference	in	5-year	DFS	(42%	versus	43%)	or	5-year	OS
(49%	versus	48%),	respectively.

Several	meta-analyses	of	adjuvant	chemotherapy	in	gastric	cancer	have	been	reported.	Buyse	et	al.206	reported
a	meta-analysis	that	included	individual	patient	data;	16	trials	involving	3,710	patients	were	available	for	analysis.
They	found	an	OS	benefit	in	favor	of	adjuvant	chemotherapy	(HR,	0.83;	95%	CI,	0.76	to	0.91;	P	<	.0001).	The
absolute	benefit	was	6.3%	at	5	years.	The	GASTRIC	group	conducted	a	meta-analysis	including	individual	patient



data	from	17	trials	involving	3,838	patients.	They	found	an	OS	benefit	in	favor	of	adjuvant	chemotherapy	(HR,
0.82;	95%	CI,	0.75	 to	0.90;	P	>	 .001).	The	absolute	benefit	was	5.9%	at	5	years.207	The	five	most	 recent	 trials
indicate	 that	adjuvant	 therapy	decreases	 the	risk	of	 recurrence	by	approximately	10%.207	 It	 is	 important	 to	note
that	the	extent	of	lymph	node	dissection	varied	greatly	among	these	trials.	To	summarize,	the	benefit	of	adjuvant
chemotherapy	has	only	been	demonstrated	 in	 randomized	 trials	 following	D2	 lymph	node	dissection.	The	most
effective	 regimen	 to	 use,	 postoperative	 or	 perioperative,	 chemotherapy	 alone	 or	 combined	 chemoradiation,	 is
discussed	in	the	following	text	and	is	the	focus	of	ongoing	clinical	research	trials.
Adjuvant	Combined-Modality	Therapy.	The	recognition	of	the	high	rates	of	local	and	regional	failure	following
surgery	 in	 patterns	 of	 failure	 analyses	 has	 served	 as	 the	 rational	 for	 the	 inclusion	 of	 radiation	 therapy	 in
adjuvant/neoadjuvant	gastric	cancer.	Between	different	studies	 there	 is	marked	variability	 in	 radiation	dose	and
schedule,	sequence	with	surgery	(preoperatively,	 intraoperatively,	or	postoperatively),	and	the	use	of	concurrent
and	maintenance	chemotherapy.	These	differences,	together	with	changes	in	surgical	practice	and	epidemiologic
trends,	may	explain	in	part	the	conflicting	results	observed	in	phase	III	studies.

Single-Modality	Radiation,	Adjuvant	or	Neoadjuvant.	Two	older	randomized	phase	III	trials	have	studied	the	use
of	external-beam	radiation	 therapy	 (EBRT)	alone	with	 surgery.208,209	The	British	Stomach	Cancer	Group	study
published	in	1989	demonstrated	that	radiation	improved	local	control	but	had	a	detrimental	effect	on	survival.	Of
note,	one-third	of	patients	randomized	to	receive	adjuvant	treatment	did	not	receive	the	assigned	therapy,	and	39%
had	residual	microscopic	or	gross	disease	at	the	end	of	the	operation.	In	contrast,	the	results	of	a	phase	III	study
from	 Beijing	 published	 in	 1998	 demonstrated	 a	 survival	 benefit	 for	 patients	 with	 gastric	 cardia	 carcinoma
receiving	preoperative	radiation	and	surgery	versus	surgery	alone.210	In	this	study,	370	patients	with	gastric	cardia
carcinoma	were	 randomized	 to	 40	Gy	 in	 20	 fractions	 over	 4	weeks	 of	 preoperative	 irradiation	 and	 surgery	 or
surgery	alone.	The	5-year	survival	rates	of	preoperative	radiation	and	surgery	and	the	surgery-alone	group	were
30%	 and	 20%,	 respectively	 (10-year,	 20%	 and	 13%,	 respectively;	P	 =	 .009).	 Further,	 both	 local	 and	 regional
nodal	 control	 was	 improved	 in	 patients	 undergoing	 preoperative	 radiation	 and	 surgery	 (61%	 and	 61%,
respectively)	versus	surgery	(48%	and	45%,	respectively)	only.	Morbidity	and	mortality	rates	were	not	increased
in	patients	receiving	preoperative	therapy.

Systematic	reviews	and	meta-analysis211,212	 have	 evaluated	 the	benefit	 of	 adjuvant/neoadjuvant	 radiation	 for
resectable	gastric	cancer.	Postoperative	radiation	was	associated	with	a	significant	improvement	in	OS	(HR,	0.78;
P	<	.001).
Intraoperative	Radiation	Therapy.	Intraoperative	radiation	therapy	(IORT)	technique	facilitates	the	delivery	of
a	 single	 large	 fraction	 (10	 to	 35	 Gy)	 of	 radiation	 to	 the	 tumor	 or	 tumor	 bed	 while	 excluding	 or	 protecting
surrounding	 normal	 tissue.	 Two	 randomized	 trials	 have	 examined	 the	 efficacy	 of	 IORT	 in	 combination	 with
surgery	for	patients	with	gastric	carcinoma.213,214	A	randomized	study	from	Japan	demonstrated	that	patients	with
Japanese	stages	II	to	IV	disease	who	received	IORT	(28	to	35	Gy)	in	conjunction	with	resection	showed	improved
survival	 over	 patients	 who	 underwent	 resection	 without	 radiation.213	 A	 small	 study	 performed	 at	 the	 NCI
randomized	41	patients	(out	of	100	screened	patients	for	the	study)	to	receive	IORT	versus	postoperative	EBRT	to
the	 upper	 abdomen	 (50	 Gy).	 Those	 receiving	 IORT	 had	 improved	 local	 control	 (92%	 versus	 44%),	 without
significant	improvement	in	OS.	The	implication	of	IORT	has	logistical	challenges,	and	based	on	these	results,	the
use	of	IORT	in	gastric	cancer	remains	investigational.
Adjuvant	 Chemoradiation,	 Combined-Modality	 Treatment.	 The	 Intergroup	 Trial	 (INT)	 0116	 randomized
patients	 to	 receive	surgery	alone	or	 surgery	plus	postoperative	5-FU–based	chemotherapy	and	 radiation.215	The
trial	 included	patients	with	stages	IB	to	IVA	nonmetastatic	adenocarcinoma	of	the	stomach	or	gastroesophageal
junction.	 After	 en	 bloc	 resection,	 556	 patients	 were	 randomized	 to	 either	 observation	 alone	 or	 postoperative
combined-modality	therapy	consisting	of	one	monthly	5-day	cycle	of	5-FU	and	leucovorin,	followed	by	45	Gy	in
25	fractions	plus	concurrent	5-FU	and	leucovorin	(4	days	in	week	1,	3	days	in	week	5)	followed	by	two	monthly
5-day	cycles	of	5-FU	and	leucovorin.	Nodal	metastases	were	present	in	85%	of	the	cases.	With	5	years	of	median
follow-up,	3-year	 relapse-free	survival	was	48%	for	adjuvant	 treatment	and	31%	for	observation	(P	=	 .001);	3-
year	OS	was	50%	for	treatment	and	41%	for	observation	(P	=	 .005).	The	median	OS	in	the	surgery-only	group
was	27	months,	compared	with	36	months	in	the	chemoradiotherapy	group;	the	HR	for	death	was	1.35	(95%	CI,
1.09	to	1.66;	P	=	.005).	The	HR	for	relapse	in	the	surgery-only	group	as	compared	with	the	chemoradiotherapy
group	was	1.52	(95%	CI,	1.23	to	1.86;	P	<	.001).	The	median	duration	of	relapse-free	survival	was	30	months	in
the	chemoradiotherapy	group	and	19	months	in	the	surgery-only	group.	Patterns	of	failure	were	based	on	the	site
of	first	relapse	only	and	were	categorized	as	local,	regional,	or	distant.	Local	recurrence	occurred	in	29%	of	the
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patients	who	relapsed	in	the	surgery-only	group	and	19%	of	those	who	relapsed	in	the	chemoradiotherapy	group.
Regional	relapse,	typically	abdominal	carcinomatosis,	was	reported	in	72%	of	those	who	relapsed	in	the	surgery-
only	group	and	65%	of	those	who	relapsed	in	the	chemoradiotherapy	group.	Extra-abdominal	distant	metastases
were	diagnosed	in	18%	of	 those	who	relapsed	in	 the	surgery-only	group	and	33%	of	 those	who	relapsed	in	 the
chemoradiotherapy	group.	Treatment	was	tolerable,	with	3	(1%)	toxic	deaths.	Grade	3	and	4	toxicity	occurred	in
41%	and	32%	of	cases,	respectively.	With	more	than	10	years	of	median	follow-up,	the	survival	advantage	was
maintained,	the	HR	for	OS	was	1.32	(P	=	.0046),	and	the	HR	for	relapse-free	survival	was	1.51	(P	<	.001).216	No
increases	 in	 late	 toxicity	 events	 were	 noted.	 Post	 hoc	 subset	 analyses	 show	 robust	 treatment	 benefit	 in	 most
subsets,	including	different	T	and	N	stages,	with	the	exception	of	patients	with	diffuse	histology	who	exhibited	a
minimal	nonsignificant	treatment	effect.	Few	patients	in	this	trial	had	T4	disease	or	underwent	D2	dissection.	The
results	 of	 this	 large	 study	 demonstrate	 a	 clear	 survival	 advantage	 for	 the	 use	 of	 postoperative	 chemoradiation;
however,	 the	 regimen	 used	 in	 this	 trial	 was	 associated	 with	 high	 rates	 of	 gastrointestinal	 and	 hematologic
toxicities.	 Infusional	 5-FU	 has	 generally	 been	 replaced	 with	 capecitabine,	 and	 indeed,	 the	 combination	 of
postoperative	 radiation	 combined	 with	 capecitabine	 (1,650	 mg/m2	 daily	 throughout	 radiotherapy)	 has	 been
demonstrated	to	be	well	tolerated	in	a	small	pilot	study.217

Attempts	 have	 been	made	 to	 intensify	 the	 chemoradiation	 regimen.	 Cancer	 and	 Leukemia	 Group	 B	 80101
compared	 the	 INT	 0116	 regimen	 with	 a	 postoperative	 ECF	 (epirubicin	 50	 mg/m2,	 cisplatin	 60	 mg/m2,	 and
continuous	infusion	5-FU	200	mg/m2/day	for	21	days)	prior	and	following	radiation	but	did	not	find	any	survival
advantage.218

Role	 of	 Adjuvant	 Chemoradiation	 After	 D2	 Dissection.	 To	 address	 the	 important	 question	 of	 the	 value	 of
postoperative	 radiation	 following	 D2	 resection,	 a	 Korean	 phase	 III	 “ARTIST”	 study	 compared	 postoperative
cisplatin/capecitabine	 (XP)	alone	versus	postoperative	XP	with	capecitabine	and	radiation.219	 In	 this	 study,	458
patients	were	enrolled,	with	228	randomly	assigned	to	receive	adjuvant	chemotherapy	(XP	for	six	cycles)	and	230
patients	assigned	to	receive	adjuvant	chemoradiation	(XPx2	→	capecitabine	and	radiation	→	XPx2).	With	7	years
of	follow-up,	DFS	remained	similar	between	treatment	arms	(HR,	0.740;	95%	CI,	0.520	to	1.050;	P	=	.09).	OS
also	was	similar	(HR,	1.130;	95%	CI,	0.775	to	1.647;	P	=	.5).	Subgroup	analyses	showed	that	chemoradiotherapy
significantly	improved	DFS	in	patients	with	node-positive	disease	and	with	intestinal-type	gastric	cancer.	There
was	 a	 similar	 trend	 for	 DFS	 and	 OS	 by	 stage	 of	 disease.220	 A	 meta-analysis	 of	 13	 clinical	 trials	 testing
adjuvant/neoadjuvant	 radiotherapy	 or	 chemoradiotherapy	 for	 resectable	 gastric	 cancer	 (including	 the	 ARTIST
trial)	 published	 in	 2012	 was	 unable	 to	 identify	 a	 subgroup	 of	 patients	 that	 does	 not	 benefit	 from	 adjuvant
radiotherapy,	whether	based	on	geographical	region,	timing	of	radiation,	the	extent	of	nodal	dissection	performed,
or	nodal	status.211

The	ongoing	ARTIST	2	is	a	three-arm	phase	III	trial	among	patients	with	positive	lymph	nodes	following	D2
dissection.	The	trial	compares	adjuvant	chemotherapy	involving	S-1	for	1	year	(arm	A)	with	S-1	plus	oxaliplatin
for	eight	cycles	(arm	B)	and	chemoradiotherapy	(arm	C).	Arm	C	patients	receive	S-1	plus	fixed	dose	oxaliplatin
(SOX)	 for	 two	 cycles,	 then	 concurrent	 chemoradiotherapy	 45	 Gy	 with	 S-1	 40	 mg	 twice	 daily,	 followed	 by
additional	 SOX	 for	 four	 more	 cycles.	 Hence,	 in	 D2-resected	 gastric	 cancer,	 both	 adjuvant	 chemotherapy	 and
chemoradiotherapy	 are	 tolerated	 and	 beneficial	 in	 preventing	 relapse.	 For	 patients	with	 involved	 lymph	nodes,
there	may	 be	 an	 advantage	 of	 chemoradiotherapy	 over	 chemotherapy	 alone,	 a	 question	 being	 addressed	 in	 the
ongoing	ARTIST	2	trial.

Role	of	Adjuvant	Radiation	Therapy	 in	Patients	Receiving	Perioperative	Chemotherapy.	To	address	 the	 role	of
adjuvant	chemoradiation	in	those	who	have	received	perioperative	chemotherapy	(the	MAGIC,	ACCORD,	and	5-
FU,	 leucovorin,	 oxaliplatin	 and	 docetaxel	 [FLOT4]	 trials),	 the	 Dutch	 Colorectal	 Cancer	 Group	 initiated	 the
CRITICS	 trial.221	 This	 study	 is	 a	 phase	 III	 prospective	 randomized	 trial	 that	 investigated	 whether
chemoradiotherapy	(45	Gy	in	5	weeks	with	daily	cisplatin	and	capecitabine)	after	preoperative	chemotherapy	(3	×
epirubicin,	cisplatin,	and	capecitabine)	and	adequate	(D1+)	gastrectomy	leads	to	improved	survival	in	comparison
with	postoperative	chemotherapy	alone	(3	×	epirubicin,	cisplatin,	and	capecitabine).	The	results	have	only	been
reported	 in	 abstract	 form.	Between	 2007	 and	 2015,	 788	 patients	 from	 the	Netherlands,	 Sweden,	 and	Denmark
were	 randomized.	 A	 total	 of	 46%	 in	 the	 chemotherapy	 arm	 and	 55%	 in	 the	 chemoradiation	 arm	 completed
treatment	according	 to	protocol.	The	5-year	survival	 is	41.3%	for	chemotherapy	and	40.9%	for	chemoradiation
(not	significant	[NS]).	Hence,	it	appears	that	the	addition	of	postoperative	chemoradiation	did	not	provide	improve
survival	among	those	receiving	perioperative	chemotherapy.
Preoperative	 Chemoradiation.	 Although	 no	 phase	 III	 trials	 evaluating	 preoperative	 chemoradiation	 have



focused	 specifically	 on	 gastric	 cancer,	 these	 patients	 have	 been	 included	 in	 a	 number	 of	 esophageal	 cancer
trials.222	In	these	trials,	the	trimodality	study	arm	demonstrated	an	improvement	in	OS	when	compared	with	the
control	 arm	 of	 surgery	 alone.	 The	 U.S.	 GI	 Intergroup	 phase	 III	 trial	 (adenocarcinoma	 or	 squamous	 cell	 of
esophagus	 or	 EGJ),	 compared	 surgery	 alone	with	 5-FU	 cisplatin–based	 preoperative	 chemoradiation.	 The	 trial
closed	 prematurely	 because	 of	 low	 accrual,	 reported	 a	 median	 survival	 of	 54	 versus	 22	 months,	 and	 5-year
survival	of	39%	versus	16%	(P	=	 .008),	with	a	significant	advantage	associated	with	 the	 trimodality	arm.222	In
addition,	 a	 recent	 phase	 III	 randomized	 German	 trial	 compared	 preoperative	 chemotherapy	 alone	 (5-FU,
leucovorin,	 and	 cisplatin)	 versus	 the	 same	 regimen	 followed	 by	 low-dose	 radiation	 therapy	 (30	 Gy)	 with
concurrent	 cisplatin	 and	 etoposide	 in	 patients	 with	 adenocarcinoma	 of	 the	 lower	 esophagus	 or	 gastric	 cardia.
Although	the	trial	was	closed	early	because	of	poor	accrual	(126	patients),	patients	receiving	radiation	therapy	had
significantly	 higher	 pathologic	 complete	 response	 rates	 (2%	 versus	 16%,	P	 =	 .03)	 and	 trend	 toward	 improved
survival	 (3-year	 survival,	 47%	 versus	 28%;	 P	 =	 .07).223	 The	 CROSS	 trial224	 compared	 surgery	 alone	 with
preoperative	 chemoradiation	 carboplatin	 and	 paclitaxel	 for	 5	weeks	 and	 concurrent	 radiotherapy	 (41.4	Gy)	 for
patients	with	esophageal	or	EGJ	carcinomas.	Focusing	on	those	with	adenocarcinoma,	with	a	median	follow-up
for	 surviving	 patients	 of	 84.1	 months,	 median	 OS	 was	 43.2	 months	 (24.9	 to	 61.4)	 in	 the	 neoadjuvant
chemoradiotherapy	plus	surgery	group,	and	27.1	months	(13.0	to	41.2)	in	the	surgery	alone	group	(HR,	0.73;	95%
CI,	0.55	to	0.98;	log-rank	P	=	.038).225

Several	 small	 studies	 of	 preoperative	 chemoradiation	 data	 for	 patients	with	 exclusively	 gastric	 cancer	 have
demonstrated	 high	 rates	 of	 partial	 and	 complete	 pathologic	 response,	 which	 correlated	 with	 OS.	 Among	 34
patients,	 induction	 chemotherapy	 of	 5-FU,	 leucovorin,	 and	 cisplatin,	 followed	 by	 45	 Gy	 of	 radiation	 therapy,
achieved	36%	pathologic	complete	and	an	additional	29%	partial	responses.	Median	survival	time	was	64	months
for	patients	with	pathologic	complete	response	and	12.6	months	for	patients	with	pathologic	partial	response.226	A
subsequent	 trial	of	41	patients	with	operable	gastric	cancer	 received	 two	cycles	of	continuous	5-FU,	paclitaxel,
and	cisplatin	followed	by	45	Gy	of	radiation	 therapy	with	concurrent	5-FU	and	paclitaxel.	Pathologic	complete
response	was	seen	in	20%	and	pathologic	partial	response	in	15%	of	patients.227	The	Radiation	Therapy	Oncology
Group	 (RTOG	9904)	was	a	phase	 II	 study	of	49	patients	undergoing	 induction	5-FU,	 leucovorin,	 and	cisplatin
followed	by	concurrent	radiation	therapy	at	45	Gy,	and	infusional	5-FU	and	paclitaxel.	The	pathologic	complete
response	 rate	was	26%.	At	1	year,	more	patients	with	 tumors	exhibiting	a	pathologic	complete	 response	 (89%)
were	alive	than	patients	with	tumors	having	less	favorable	pathologic	treatment	response	(66%).260

A	definitive	answer	to	the	role	of	preoperative	chemoradiation	will	hopefully	be	provided	by	the	TOPGEAR
intergroup	 trial.	 Patients	 with	 resectable	 adenocarcinoma	 of	 the	 stomach	 or	 gastroesophageal	 junction	 will	 be
randomized	to	receive	either	perioperative	chemotherapy	alone	(three	preoperative	and	three	postoperative	cycles
of	 ECF)	 or	 perioperative	 chemotherapy	 plus	 preoperative	 chemoradiation.	 In	 the	 chemoradiation	 arm,	 patients
receive	two	cycles	of	ECF	plus	chemoradiation	prior	to	surgery,	and	then	following	surgery,	three	further	cycles
of	ECF	are	given.	Accrual	 is	expected	to	be	completed	in	late	2019;	however,	results	have	been	published	of	a
planned	interim	analysis	of	the	first	120	patients.228	Compliance	was	similar	in	both	arms,	and	better	for	pre-	than
postoperative	therapy:	the	proportion	of	patients	who	received	all	cycles	of	preoperative	chemotherapy	was	93%
(ECF	 group)	 and	 98%	 (chemoradiation	 group),	 whereas	 65%	 and	 53%,	 respectively,	 received	 all	 cycles	 of
postoperative	chemotherapy.	The	proportion	of	patients	proceeding	 to	 surgery	was	90%	(ECF	group)	 and	85%
(chemoradiation	 group).	Grade	 3	 or	 higher	 surgical	 complications	 occurred	 in	 22%	of	 patients	 in	 both	 groups.
Furthermore,	grade	3	or	higher	gastrointestinal	toxicity	occurred	in	32%	(ECF	group)	and	30%	(chemoradiation
group)	 of	 patients,	 whereas	 hematologic	 toxicity	 occurred	 in	 50%	 and	 52%	 of	 patients,	 respectively.	 These
preliminary	results	demonstrate	that	preoperative	chemoradiation	can	be	safely	delivered	to	the	vast	majority	of
patients	without	a	significant	increase	in	treatment	toxicity	or	surgical	morbidity.
Perioperative	 and	 Neoadjuvant	 Chemotherapy.	 Perioperative	 (pre-	 and	 postoperative)	 and	 neoadjuvant
chemotherapy	 are	 attractive	 concepts	 in	 gastric	 cancer	 because	many	 patients	 have	 locally	 advanced	 tumors	 at
diagnosis,	 particularly	 in	 Western	 countries.	 There	 are	 two	 goals	 of	 perioperative	 treatment:	 to	 increase	 the
likelihood	of	an	R0	resection	and	treat	micrometastatic	disease	early.	After	gastric	resection,	many	patients	have	a
prolonged	recovery,	delaying	initiation	of	adjuvant	therapy.	Phase	II	trials	involving	either	purely	preoperative	or
perioperative	 treatment	 demonstrated	 that	 there	 was	 no	 increase	 in	 anticipated	 surgical	morbidity	 or	mortality
when	compared	to	controls.229,230	Evaluating	efficacy	at	the	primary	site	is	difficult	in	gastric	cancer,	both	EUS
and	CT	have	been	shown	to	be	inaccurate	in	restaging	patients	following	neoadjuvant	chemotherapy.231	FDG-PET
imaging	has	been	studied	in	patients	with	gastric	cancer	as	a	marker	of	response.	Several	studies	have	correlated
changes	in	SUV	uptake	with	pathologic	response	following	neoadjuvant	chemotherapy.232	Furthermore,	a	small
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recent	 study	 suggested	 that	 changing	 chemotherapy	 regimens	 in	 PET	 nonresponding	 patients	 may	 improve
outcomes.233	However	as	previously	noted,	 approximately	20%	 to	25%	of	patients	with	gastric	 cancer	will	not
have	an	informative	PET	scan	at	presentation.

After	phase	II	studies	demonstrated	safety	and	suggested	efficacy,	several	perioperative	chemotherapy	phase
III	 trials	 were	 conducted	 (see	 Table	 53.5).	 The	 British	 MRC234	 performed	 a	 well-designed	 phase	 III	 trial
comparing	surgery	alone	with	surgery	and	perioperative	chemotherapy	in	patients	with	gastroesophageal	junction
and	gastric	cancers	 (the	MAGIC	 trial).	All	patients	had	potentially	 resectable	disease	prior	 to	entrance	 into	 the
study.	Patients	assigned	 to	perioperative	chemotherapy	were	 treated	with	 the	ECF	regimen.	Chemotherapy	was
given	both	before	and	after	surgery.	A	total	of	503	patients	were	entered	into	the	study;	three-quarters	had	gastric
cancer	 and	 one-quarter	 had	 gastroesophageal	 junction	 or	 lower	 esophageal	 adenocarcinomas.	 The	 ECF
chemotherapy	was	well	 tolerated,	with	 no	 increase	 in	 surgical	morbidity	 or	mortality.	 There	was	 a	 shift	 to	 an
earlier	stage	overall	 in	patients	 receiving	perioperative	chemotherapy	as	well	as	an	 improved	R0	resection	rate.
With	 a	 median	 follow-up	 of	 4	 years,	 there	 was	 a	 significant	 improvement	 in	 both	 DFS	 and	 OS	 for	 patients
receiving	 perioperative	 chemotherapy:	 5-year	 survival	 rate	 was	 36%	 for	 those	 receiving	 perioperative
chemotherapy	 and	 23%	 for	 those	 receiving	 surgery	 alone	 (HR,	 0.75;	 95%	 CI,	 0.6	 to	 0.9;	P	 =	 .009).	 Hence,
perioperative	ECF	chemotherapy	improves	outcome	for	patients	with	resectable	gastric	cancer	without	increasing
operative	 morbidity	 or	 mortality.	 This	 important	 trial	 demonstrated	 the	 advantage	 of	 systemic	 treatment	 plus
surgery	when	compared	with	operation	alone.

The	ACCORD	07-FFCD	9703	study,	performed	in	France,	investigated	perioperative	CF	versus	surgery	alone
reported	 similar	 results.235	 Three-quarters	 of	 the	 patients	 had	 adenocarcinoma	 of	 the	 lower
esophagus/gastroesophageal	 junction,	 and	 only	 a	 quarter	 had	 gastric	 cancer.	 Approximately	 half	 the	 patients
receiving	preoperative	chemotherapy	also	received	postoperative	 treatment	using	 the	same	regimen.	The	results
were	similar	 to	 those	of	 the	MAGIC	trial,	with	5-year	OS	being	24%	for	operation	alone	versus	38%	for	 those
who	 received	 perioperative	 chemotherapy	 (P	 =	 .02);	 the	 corresponding	 5-year	DFS	 rates	were	 34%	 and	 19%,
respectively.	 This	 trial	 was	 prematurely	 terminated	 due	 to	 poor	 accrual.	 The	 results	 of	 the	 ACCORD	 07	 trial
support	the	results	of	the	MAGIC	study.

Encouraging	 results	of	 the	FLOT4	 randomized	 trial	 investigating	 the	 role	of	combined	docetaxel-oxaliplatin
have	been	reported	in	abstract	form.236	Eligible	patients	with	resectable	gastric	cancer	of	stage	at	least	T2	and/or
node	positive	were	randomized	 to	either	 three	preoperative	and	 three	postoperative	3-week	cycles	of	ECF/ECX
(epirubicin	 50	 mg/m2,	 cisplatin	 60	 mg/m2,	 both	 day	 1,	 and	 5-FU	 200	 mg/m2	 as	 continuous	 infusion	 or
capecitabine	1,250	mg/m2	orally	on	days	1	 to	21)	or	 four	preoperative	and	four	postoperative	2-week	cycles	of
FLOT	 (docetaxel	50	mg/m2,	 oxaliplatin	 85	mg/m2,	 leucovorin	 200	mg/m2,	 and	 5-FU	 2,600	mg/m2	 as	 24-hour
infusion,	all	on	day	1).	Pathologic	complete	regression	was	16%	versus	6%	in	the	FLOT	versus	ECF/ECX	arms,
respectively	 (P	 =	 .02).	 The	 FLOT	 regimen	 appeared	 better	 tolerated,	 with	 44	 of	 111	 (40%)	 patients	 in	 the
ECF/ECX	group	and	30	of	119	(25%)	patients	in	the	FLOT	group	having	at	least	one	serious	adverse	event.	With
a	median	follow-up	of	43	months,	FLOT	demonstrated	an	improved	OS	(50	versus	35	months	for	FLOT	versus
ECF/ECX,	 respectively;	 HR,	 0.77;	 P	 =	 .012).	 Three-year	 OS	 rate	 was	 57%	 with	 FLOT	 versus	 48%	 with
ECF/ECX.	Of	note,	a	similar	percentage	of	patients	were	able	to	complete	preoperative	chemotherapy	treatment	in
both	arms	(90%	to	91%);	however,	a	higher	percentage	in	the	FLOT	arm	completed	postoperative	treatment	(50%
versus	37%).

Based	 on	 the	 success	 of	 the	 trastuzumab	 for	 gastric	 cancer	 (ToGA)	 trial	 that	 demonstrated	 the	 efficacy	 of
trastuzumab	in	HER2-expressing	metastatic	gastric	cancer,237	the	INNOVATIVE	trial	is	comparing	perioperative
ECF	 alone	 with	 two	 experimental	 arms:	 (1)	 ECF	 combined	 with	 trastuzumab	 and	 (2)	 ECF	 combined	 with
trastuzumab	and	pertuzumab.238

Summary	for	Perioperative	Chemotherapy.	To	summarize,	two	well-conducted	randomized	studies	(MAGIC,
ACCORD	07)	have	established	the	role	of	perioperative	systemic	chemotherapy	in	gastric	cancer	versus	surgery
alone.	Only	approximately	one-third	of	patients	in	these	studies	underwent	D2	lymph	node	dissection;	it	is	unclear
the	extent	of	impact	of	lymph	node	dissection	on	the	results.	Subsequently,	a	more	recent	study	has	demonstrated
the	superiority	of	the	FLOT	perioperative	regimen.	The	best	strategy	to	pursue—that	is,	whether	to	give	systemic
therapy	 first	 followed	 by	 operation	 or	 to	 proceed	 directly	 to	 operation	 followed	 by	 systemic	 treatment	 plus	 or
minus	radiation	given	before	or	after	surgery—has	yet	to	be	determined.

TECHNICAL	TREATMENT-RELATED	ISSUES



Surgery
The	D2	 subtotal	 gastrectomy	commences	with	mobilization	of	 the	greater	 omentum	 from	 the	 transverse	 colon.
After	the	omentum	is	mobilized,	the	anterior	peritoneal	leaf	of	the	transverse	mesocolon	is	incised	along	the	lower
border	 of	 the	 colon,	 and	 a	 plane	 is	 developed	down	 to	 the	 head	of	 the	 pancreas.	The	mesenteric	 lymph	nodes
(station	 14)	 can	 be	 removed	with	 the	 peritoneal	 surface	 of	 the	 bursa	 omentalis.	 The	 infrapyloric	 lymph	 nodes
(station	6)	are	dissected,	and	the	origins	of	the	right	gastroepiploic	artery	and	vein	are	ligated.	With	a	combination
of	 blunt	 and	 sharp	 dissection,	 the	 plane	 of	 dissection	 continues	 on	 to	 the	 anterior	 surface	 of	 the	 pancreas,
extending	 to	 the	 level	 of	 the	 common	 hepatic	 and	 splenic	 arteries.	 This	 maneuver	 can	 be	 tedious,	 but	 it
theoretically	 provides	 additional	 protection	 against	 serosal	 spread	of	 tumor	 to	 the	 local	 peritoneal	 surface.	The
suprapyloric	 lymph	nodes	(station	5)	are	 then	removed,	and	 the	right	gastric	artery	 is	 ligated.	At	 this	point,	 the
duodenum	 is	 divided	 distal	 to	 the	 pylorus.	 The	 stomach	 and	 omentum	 are	 then	 reflected	 cephalad.	 The
gastrohepatic	 ligament	 is	 divided	 close	 to	 the	 liver	 up	 to	 the	 gastroesophageal	 junction.	 Dissection	 is	 then
continued	along	the	hepatic	artery	removing	all	lymphatic	tissues	(station	8)	toward	the	celiac	axis.	Once	near	the
celiac	axis,	the	lymph	node–bearing	tissue	(station	9)	is	dissected	until	the	left	gastric	artery	is	visualized	and	can
be	 divided	 at	 its	 celiac	 origin	 removing	 lymphatic	 tissue	 at	 its	 origin	 (station	 7).	 The	 proximal	 peritoneal
attachments	 of	 the	 stomach	 and	 distal	 esophagus	 can	 then	 be	 incised,	 and	 the	 proximal	 extent	 of	 resection	 is
defined.	The	pericardial	 lymph	nodes	 (stations	1	and	2)	can	be	dissected.	For	 tumors	of	 the	mid-	and	proximal
stomach,	 dissection	 of	 the	 lymph	 nodes	 along	 the	 splenic	 artery	 (station	 11)	 and	 splenic	 hilum	 (station	 10)	 is
important.	This	technique	is	not	indicated	for	antral	tumors,	given	the	low	rate	of	splenic	hilar	nodal	metastases
seen	with	tumors	in	this	anatomic	location.	In	antral	tumors,	mobilization	of	the	duodenum	and	pancreatic	head
facilitates	removal	of	hepatoduodenal	ligament	lymph	nodes	(station	12)	and	posterior	pancreatic	nodes	(station
13).	 The	 stomach	 is	 then	 divided	 5	 cm	 proximal	 to	 the	 tumor,	 which	 dictates	 the	 extent	 of	 gastric	 resection
(including	lesser	curvature	lymph	nodes	(station	3)	and	epiploic	lymph	nodes	(station	4).	Despite	the	fact	that	the
entire	 blood	 supply	 of	 the	 stomach	 has	 been	 interrupted,	 a	 cuff	 of	 proximal	 stomach	 invariably	 shows	 good
vascularization	 from	 the	 feeding	 distal	 esophageal	 arcade.	When	 feasible,	most	 surgeons	 prefer	 to	 anastomose
jejunum	 to	 stomach	 rather	 than	 to	 esophagus	 because	 of	 the	 technical	 ease	 and	 excellent	 healing	 seen	 with
gastrojejunal	 anastomosis.	 Reconstruction	 using	 a	 variety	 of	 techniques	 has	 been	 described	 and	 is	 a	matter	 of
personal	choice.

Nasogastric	Drainage	After	Gastrectomy
The	Italian	Total	Gastrectomy	Study	Group	reported	on	the	largest	RCT	comparing	total	gastrectomy	with	Roux-
en-Y	with	 and	 without	 nasogastric	 tube	 (n	 =	 237).	 There	 were	 no	 differences	 in	 overall	 morbidity,	 leak	 rate,
hospital	 stay,	 and	 time	 to	 diet.239	 Other	 authors	 confirmed	 that	 nasogastric	 tube	 is	 not	 necessary	 after
gastrectomy.240

Intraperitoneal	Drains	After	Gastrectomy
As	with	other	pathologies,	 two	RCTs	concluded	that	drains	after	gastrectomy	are	generally	not	indicated	and	in
certain	situations	can	increase	significantly	operative	morbidity.241,242

Reconstruction	After	Gastrectomy
Continuity	of	the	gastrointestinal	tract	may	be	achieved	in	a	variety	of	techniques.	Following	total	gastrectomy,
Roux-en-Y	 esophagojejunostomy	 is	 standard.	 Iivonen	 et	 al.243	 compared	 Roux-en-Y	 with	 and	 without	 pouch.
They	 randomized	 48	 patients	 and	 found	 significantly	 less	 dumping	 syndrome	 and	 early	 satiety	 but	 with	 no
differences	at	15	months	of	follow-up.	Fein	et	al.244	reported	on	138	patients	randomized	in	a	similar	fashion;	they
found	similar	quality	of	life	at	1	year	but	significantly	improved	quality	of	life	at	3-,	4-,	and	5-year	follow-up.	It
seems	 that	 reconstruction	 with	 pouch	 has	 long-term	 advantages	 and	 may	 be	 recommended	 as	 the	 standard
reconstruction	after	total	gastrectomy.	Following	distal-subtotal	gastrectomy,	anastomosis	between	the	duodenum
and	the	gastric	stump	(Bilroth	I)	is	popular	mainly	in	Korea.	Single	anastomosis	gastrojejunostomy	(Bilroth	II)	is
a	 technically	 easy	 option	 or	 Roux-en-Y	 gastric	 reconstruction	 may	 be	 performed.	 Multiple	 variations	 were
described	including	the	passage	of	the	jejunum	in	an	ante-	or	retrocolic	fashion,	site	of	anastomosis	to	the	gastric
stump	(anterior	wall,	posterior	wall,	or	to	the	resection	line),	and	technique	(hand-sewn	versus	stapled).245,246

Radiation	Treatment
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Ionizing	radiation	is	a	local	modality	that	kills	cancer	cells	through	the	induction	of	DNA	damage.	Challenges	to
the	correct	delivery	of	radiation	in	gastric	cancer	include	the	poor	visualization	of	gastric	tumors	on	preoperative
imaging;	difficulty	in	the	interpretation	of	postoperative	imaging;	and	organ	movement	within	the	abdomen	as	a
consequence	of	respiration,	gastric	filling,	peristalsis,	and	stance.

When	reviewing	the	literature	it	is	important	to	appreciate	that	radiation	techniques	for	abdominal	tumors	have
developed	 substantially	 over	 the	 previous	 three	 decades:	 from	 two-dimensional	 simulations	 and	 consequent
treatment	plans	based	on	simple	anteroposterior-posteroanterior	 (AP-PA)	radiation	 fields	used	 in	 the	1980s	and
early	 1990s,	 through	 three-dimensional	 “conformal”	 treatment	 planning247	 at	 the	 turn	 of	 the	 21st	 century	 that
typically	 utilized	 four	 radiation	 fields,	 to	 the	 complex	 intensity-modulated	 radiation	 therapy	 (IMRT)	 and
volumetric	modulated	 arc	 therapy	 (VMAT)	 plans248	 commonly	 used	 today	 that	 utilize	 a	 very	 large	 number	 of
beam	angles,	combined	with	three-dimensional	imaging	performed	at	time	of	treatment.	Hence,	although	both	the
INT	0114215	(accrued	1991	to	1998)	and	CRITICS	trials249	 (commenced	accrual	 in	2007)	applied	postoperative
radiation	to	a	similar	dose,	the	techniques	used	and	the	exposure	of	the	normal	organs	to	radiation	was	likely	very
different.	 The	 overall	 aim	 of	 the	 radiation	 remains	 the	 same,	 but	 new	 techniques	 have	 enabled	 the	 improved
sparing	of	normal	tissues,	in	particular	the	kidneys,	liver,	and	uninvolved	small	bowel.250

There	are	three	indications	for	radiation	in	gastric	cancer:	perioperative,	palliative,	and	oligometastatic	disease.
Surgical	 resection	alone	 is	associated	with	high	 levels	of	 local	 recurrence251;	 the	aim	of	perioperative	 radiation
therapy	 is	 to	 improve	 local	 control	 and	 consequently	 OS	 through	 the	 sterilization	 of	 residual	 disease,	 this	 is
especially	 important	 for	 the	 20%	of	 gastrectomy	patients	 for	whom	 local–regional	 relapse	 is	 their	 sole	 area	 of
disease.	Chemoradiation	is	now	standard,	based	on	earlier	studies	that	demonstrated	the	superiority	of	combined
5-FU–based	 chemoradiation	 over	 radiation	 alone,	 although	 at	 the	 cost	 of	 increased	 toxicity.252,253	 Small	 daily
fractions	of	1.8	to	2	Gy	to	a	total	dose	of	45	to	50	Gy	are	used	to	minimize	small	bowel	toxicity.	Well-described
areas	 of	 local	 relapse	 following	 gastrectomy	 include	 the	 tumor	 bed,	 gastric	 remnant,	 duodenal	 stump,	 areas	 of
anastomosis,	 and	 regional	 lymph	 nodes.254	 The	 precise	 lymph	 node	 areas	 requiring	 irradiation	 depend	 on	 the
location	and	stage	of	 the	primary	 tumor255;	 nodal	 chains	 at	 risk	 include	 the	 lesser	 and	greater	 curvature,	 celiac
axis,	 pancreaticoduodenal,	 splenic,	 suprapancreatic,	 porta	 hepatis,	 and	 para-aortic	 to	 the	 level	 of	 mid-L3.	 In
gastroesophageal	 tumors	 mediastinal	 irradiation	 should	 be	 considered,	 whereas	 in	 more	 distal	 cancers	 the
portahepatic	lymph	nodes	are	at	risk.	Patterns	of	recurrence	after	D2	dissections	are	remarkably	similar	to	those
see	with	less	radical	surgery.256	The	INT	0114	established	a	survival	advantage	for	postoperative	radiation	therapy
combined	with	5-FU.215	More	recent	studies	(CRITICS,	ARTIST	I)	have	demonstrated	lower	levels	of	efficacy.	It
is	unclear	if	this	is	due	to	a	more	aggressive	surgical	approach	(although	the	role	of	D2	lymph	node	dissections	is
controversial),	more	efficacious	systemic	treatments,	or	a	change	in	tumor	biology	(increase	in	diffuse	histology
type,	for	which	benefit	of	radiation	therapy	is	less	than	for	intestinal	type216).

D2	 lymph	 node	 dissections	 are	 increasingly	 performed	 in	 Western	 countries,119	 even	 though	 phase	 III
British257	 and	Dutch257	multicenter	 trials	 did	 not	 demonstrate	 a	 survival	 advantage	 for	 the	 technique.	As	 only
limited	lymph	node	dissections	were	performed	in	INT	0114,	the	efficacy	of	chemoradiation	after	D2	dissections
has	been	questioned.	In	a	large	retrospective	study	from	Seoul,	postoperative	chemoradiation	improved	OS	after
D2	 dissections.258	 Likewise,	 in	 the	 ARTIST	 trial,	 chemoradiation	 improved	DFS	 after	 D2	 dissection	 amongst
those	with	involved	lymph	nodes.220

Neoadjuvant	chemoradiation	approaches	are	established	for	esophageal	and	gastroesophageal	cancers,	based	on
the	phase	III	Cross	trial.225	The	role	of	neoadjuvant	chemoradiation	for	tumors	of	the	mid-	and	distal	stomach	is
an	ongoing	area	of	interest,	with	nonrandomized	trials	reporting	rates	of	pathologic	complete	response	of	around
25%.259,260	A	historical	 trial	 that	randomized	gastric	cancer	patients	between	neoadjuvant	radiation	followed	by
surgery	versus	surgery	alone	demonstrated	that	40	Gy	radiation	was	able	to	downstage	the	primary	and	improve
OS;	however,	 chemotherapy	was	not	 delivered	within	 the	 trial.210	 The	 currently	 accruing	TOPGEAR	 trial	will
address	the	role	of	neoadjuvant	radiotherapy	in	addition	to	perioperative	chemotherapy	in	gastric	cancer.228

An	additional	but	less	common	technique	is	IORT,	involving	a	single	fraction	of	10	to	28	Gy	delivered	at	the
time	 of	 resection.261	 Potential	 advantages	 of	 IORT	 include	 the	 ability	 to	 direct	 the	 beam	 to	 an	 at-risk	 area
identified	 at	 surgery	 and	 the	 ability	 to	 improve	 anatomy	 by	 simply	 moving	 bowel	 out	 of	 the	 radiation	 field.
Disadvantages	 include	 the	difficulty	 in	documenting	 the	 extent	 of	 the	 treatment	 field	 and	 lengthened	operating
time.	Level	1	evidence	for	the	efficacy	of	IORT	is	absent,	and	widespread	expertise	lacking.

An	 important	newly	recognized	 indication	for	 radiation	 is	oligometastatic	disease.	Oligometastatic	disease	 is
generally	defined	as	disease	confined	to	no	more	than	five	sites	throughout	the	body	and	is	understood	to	be	an
intermediate	state	between	a	locally	confined	primary	cancer	and	widespread	disease.262	Oligometastatic	disease



is	an	evolving	indication	for	stereotactic	body	radiation	therapy	(SBRT)	and	other	local	ablative	modalities.	SBRT
involves	the	delivery	of	a	very	high	ablative	radiation	dose	to	a	small	confined	volume	and	is	well	suited	to	brain,
lung,	liver,	and	retroperitoneal	metastases.	Typically,	SBRT	is	associated	with	minimal	side	effects,	although	the
practitioner	has	to	be	careful	to	avoid	the	exposure	of	normal	tissues	to	very	high	radiation	doses;	therefore,	the
technique	is	less	suited	to	masses	abutting	small	bowel.263	The	majority	of	the	oligometastatic	literature	refers	to
colon,	 lung,	 and	 renal	 carcinomas,	 with	 little	 discussion	 of	 gastric	 cancer.	 Local	 treatment	 of	 oligometastatic
disease,	whether	by	SBRT,	surgery,	or	other	ablative	treatment,	may	be	associated	with	an	increased	disease-free
interval	and	a	delay	in	the	use	of	systemic	treatments.	Whether	such	approaches	improve	OS	is	unclear,	although
this	 hypothesis	 is	 being	 currently	 testing	 in	 a	 number	 of	 accruing	 phase	 III	 trials,	 including	 the	 German
RENAISSANCE	trial	(NCT02578368).

In	unresectable	gastric	cancer	definitive	chemoradiation	has	a	reported	3-year	OS	rate	of	23%.264	The	palliative
role	of	radiation	therapy	in	advanced	gastric	cancer	is	discussed	later	in	this	chapter.

TREATMENT	OF	ADVANCED	DISEASE	(STAGE	IV)
Treatment	of	Advanced	Gastric	Cancer:	Palliative	Systemic	Chemotherapy

Chemotherapy	versus	Best	Supportive	Care
Patients	with	gastric	cancer	frequently	present	with	symptomatic	widespread	disease	with	dismal	prognosis.	The
aims	of	therapy	are	to	improve	OS,	pain	control,	 improve	quality	of	life,	and	enable	nutritional	intake.	A	meta-
analysis	comparing	systemic	chemotherapy	with	best	supportive	care	concluded	that	systemic	therapy	extends	OS
by	approximately	6.7	months	more	than	best	supportive	care	(HR,	0.63)265;	median	survival	was	improved	from
4.3	months	for	best	supportive	care	to	approximately	11	months	for	chemotherapy.	Note	that	the	median	survival
for	 patients	 receiving	 chemotherapy	 is	 consistent	with	 several	more	 recent	 trials.	A	meta-analysis	 has	 likewise
provided	 evidence	 to	 support	 second-line	 chemotherapy	 in	 advanced	 gastric	 cancer.266	 A	 total	 of	 410	 patients
were	 eligible	 for	 analysis,	 of	 whom	 150	 received	 docetaxel	 chemotherapy	 and	 81	 received	 irinotecan
chemotherapy.	 A	 significant	 reduction	 in	 the	 risk	 of	 death	 (HR,	 0.64;	P	 <	 .0001)	 was	 observed	 with	 salvage
chemotherapy.	When	the	analysis	was	restricted	to	irinotecan	or	docetaxel,	there	was	still	significant	reduction	in
the	risk	of	death	with	each	chemotherapeutic	agent.	The	HR	was	0.55	(P	=	 .0004)	for	 irinotecan	and	0.71	(P	=
.004)	for	docetaxel.

Single-Agent	Chemotherapy
A	number	 of	 diverse	 agents	 have	 demonstrated	 at	 least	modest	 activity	 in	 the	 treatment	 of	 gastric	 cancer	 and
which	are	routinely	used	in	clinical	practice	options	(Table	53.6).	Drugs	with	little	or	no	activity,	especially	if	they
were	evaluated	prior	to	2000,	are	not	included	in	this	table.

The	 antimetabolite	 5-FU	 is	 the	 most	 extensively	 studied	 single	 agent	 in	 gastric	 cancer,	 using	 a	 variety	 of
intravenous	schedules:	once	weekly	and	daily	for	2	to	5	consecutive	days.	Studies	from	the	1990s	suggest	overall
response	 rates	 (ORRs)	 of	 10%	 to	 20%,	with	 a	median	 duration	 of	 response,	 or	 time	 to	 progression	 (TTP),	 of
approximately	4	months.	The	major	toxicities	reported	in	gastric	cancer	for	5-FU	are	mucositis,	diarrhea,	or	mild
myelosuppression.	Because	continuous	intravenous	infusion	schedules	can	be	cumbersome,	oral	analogs	of	5-FU
have	been	studied	in	gastric	cancer.	Three	oral	drugs	of	this	class	have	been	studied	in	gastric	cancer.	These	are
tegafur	 and	 uracil	 (UFT),	 S-1	 (tegafur	 and	 two	 modulators,	 5-chloro-2,4-dihydroxypyridine,	 and	 potassium
oxonate),	and	capecitabine	(Xeloda,	Hoffmann-La	Roche,	Basel,	Switzerland).	The	data	for	these	agents	are	also
shown	in	Table	53.6.	S-1	has	been	most	extensively	studied	in	Japan.	Although	a	response	rate	to	single-agent	S-1
of	44%	to	54%	was	reported	in	Japanese	patients,	 the	response	rate	among	European	patients	was	substantially
lower.	Like	capecitabine,	S-1	 is	now	undergoing	 study	 in	combination	with	other	agents,	particularly	cisplatin.
UFT,	which	combines	tegafur	and	uracil,	elicited	a	response	rate	of	28%	in	Japanese	patients	with	gastric	cancer
and	 a	 response	 rate	 of	 16%	 in	 European	 patients	when	 combined	with	 leucovorin	 (European	Organisation	 for
Research	and	Treatment	of	Cancer	 [EORTC]	study).267	Similar	activity	 is	 seen	with	capecitabine	as	with	other
oral	fluorinated	pyrimidines.

TABLE	53.6
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Activity	of	Selected	Single	Agents	in	Advanced	Gastric	Cancer

Drug Response	Rate	(%)
FLUORINATED	PYRIMIDINES
5-Fluorouracil 21

UFT 28

S-1 49

Capecitabine 26

ANTIBIOTICS
Doxorubicin	hydrochloride 17

Epirubicin	hydrochloride 19

HEAVY	METALS 	

Cisplatin 19

TAXANES
Paclitaxel 17

Docetaxel 19

CAMPTOTHECINS
Irinotecan	hydrochloride 23
UFT,	tegafur	and	uracil;	S-1,	tegafur	and	two	modulators,	5-chloro-2,	4-dihydroxypyridine,	and	potassium	oxonate.
From	van	De	Velde	CJH,	Kelsen	D,	Minsky	B.	Gastric	cancer:	clinical	management.	 In:	Kelsen	D,	Daly	JM,	Kern	SE,	et	al.,	eds.
Principles	and	Practice	of	Gastrointestinal	Oncology.	2nd	ed.	Philadelphia:	Lippincott	Williams	&	Wilkins;	2008,	with	permission.

Cisplatin	was	 studied	 in	 the	1980s,	 in	both	previously	 treated	and	untreated	patients,	 and	a	 response	 rate	of
approximately	 15%	 was	 reported.	 The	 major	 toxicities	 for	 cisplatin	 are	 nausea	 and	 vomiting,	 peripheral
neuropathy,	ototoxicity,	and	nephropathy.	The	development	of	efficacious	antiemetics	has	significantly	improved
control	of	nausea	and	vomiting.	An	analog	of	cisplatin,	carboplatin,	has	been	less	well	studied	in	gastric	cancer;	it
appears	to	have	less	activity	in	this	disease,	as	compared	to	other	epithelial	malignancies.	Oxaliplatin,	a	diamino
cyclohexane	 extensively	 used	 in	 the	 treatment	 of	 colorectal	 cancer,	 has	 been	 included	 as	 part	 of	 combination
chemotherapy	for	gastric	cancer.	A	third	class	of	cytotoxic	agents	with	activity	 in	gastric	cancer	 is	 the	 taxanes.
Both	paclitaxel	and	docetaxel	have	been	studied	as	single	agents	in	gastroesophageal	cancers.	Docetaxel	has	been
more	 extensively	 studied	 than	 paclitaxel,	 with	 an	 ORR	 of	 19%	 as	 a	 single	 agent.268	 The	 major	 toxicities	 are
neutropenia,	alopecia,	and	edema.	Allergic	reactions	are	seen	in	about	25%	of	patients.	The	most	common	dosing
schedule	for	docetaxel	is	100	mg/m2	every	3	weeks.	The	median	TTP	while	on	docetaxel	therapy	was	6	months.	A
schedule	using	lower	doses	given	once	weekly	has	also	been	studied	with	similar	activity.	On	the	basis	of	a	large
randomized	study	comparing	CF	to	docetaxel-cisplatin–5-FU	(DCF),	docetaxel	was	approved	by	 the	U.S.	Food
and	Drug	Administration	(FDA)	for	the	treatment	of	advanced	gastric	cancer.	Paclitaxel	has	also	been	studied	in
gastric	cancer,	although	in	smaller	numbers	of	patients,	and	has	a	similar	degree	of	cytotoxic	activity.

A	fourth	class	of	active	agent	 is	 represented	by	 irinotecan.	 It	has	been	studied	both	as	a	single	agent	and	 in
combination	with	other	cytotoxic	agents.	When	used	alone,	response	rates	of	15%	to	25%	have	been	reported	in
both	previously	treated	and	untreated	patients	with	advanced	gastric	cancer.	The	major	toxicities	of	irinotecan	are
myelosuppression	and	diarrhea.

Anthracyclines	 also	 have	 activity	 in	 gastric	 cancer.	 Single-agent	 data	 from	 the	 1960s	 and	 1970s	 show	 a
response	rate	for	doxorubicin	of	17%,	and	for	epirubicin,	a	similar	response	rate	of	approximately	19%.

Single-Agent	versus	Combination	Chemotherapy
The	 potential	 advantage	 of	 giving	 combination	 chemotherapy	 versus	 single-agent	 chemotherapy	 has	 been
evaluated	by	Wagner	et	al.269	in	an	update	of	their	original	Cochrane	review.265	Based	on	trials	performed	since
the	year	2000,	they	found	that	combination	chemotherapy	provided	a	modest	but	statistically	significant	survival
advantage	when	compared	 to	 single-agent	 chemotherapy	 (11.6	versus	10.5	months;	HR,	0.84;	95%	CI,	0.79	 to
0.89).	 A	 secondary	 analysis	 for	 response	 rate	 (39%	 versus	 23%)	 and	 for	 TTP	 also	 favored	 combination
chemotherapy.	 Toxicity	 is	 higher	 when	 several	 agents	 are	 given	 together,	 although	 this	 was	 not	 statistically
significant.	 Treatment-related	 mortality	 was	 only	 slightly	 higher	 (1.1%)	 for	 patients	 receiving	 combination
chemotherapy	versus	0.5%	when	single-agent	chemotherapy	was	used.

The	role	of	anthracyclines	as	part	of	combination	chemotherapy	has	been	analyzed.	Three	studies	with	a	total



of	 500	 patients	were	 included:	Anthracyclines	 in	 a	CF	 combination	 had	 a	modest	 survival	 advantage	 over	CF
alone	(HR,	0.77;	95%	CI,	0.62	to	0.95).269	A	similar	advantage	to	anthracyclines	in	combination	was	found	when
5-FU–anthracycline	combinations	without	cisplatin	were	studied.	In	contrast	to	anthracyclines,	there	was	a	more
modest,	 albeit	 not	 statistically	 significant,	 benefit	 for	 irinotecan-containing	 combinations.	 There	was	 a	modest
improvement	in	OS	for	docetaxel-containing	regimens,	but	this	did	not	reach	statistical	significance.	The	response
rate	 as	 a	 secondary	 objective	 was	 36%	 for	 docetaxel-containing	 regimens	 versus	 31%	 for	 non–docetaxel-
containing	 regimens	 (not	 statistically	 significant).	 Oral	 fluoropyrimidines	 when	 compared	 to	 intravenous
fluoropyrimidine	 therapy	 also	 showed	no	 significant	 difference	 in	median	OS.	The	meta-analysis	 is	 in	keeping
with	 the	 results	 of	 the	 REAL-2	 trial,	 which	 indicated	 noninferiority	 for	 oral	 capecitabine	 when	 compared	 to
intravenous	5-FU.	Similarly,	oxaliplatin	 regimens	were	compared	 to	cisplatin-containing	 regimens	with	modest
superiority	to	oxaliplatin.

In	 summary,	 there	 are	 five	 classes	 of	 cytotoxic	 chemotherapy	 agents	 in	 which	 single	 agents	 have	 modest
activity	 in	 gastric	 cancer.	The	 response	 rates	 range	 from	10%	 to	 25%,	 and	 the	median	 duration	 of	 response	 is
relatively	 short	 (4	 to	 6	 months).	 As	 a	 result	 of	 the	 single-agent	 trials,	 5-FU	 or	 capecitabine	 (or	 other	 oral
fluoropyrimidines);	cisplatin	or	oxaliplatin;	docetaxel;	and	 less	commonly,	paclitaxel,	epirubicin,	and	 irinotecan
are	the	major	components	of	conventional	combination	cytotoxic	systemic	chemotherapy	regimens.
Cisplatin-Fluorouracil.	One	of	 the	most	widely	used	combination	chemotherapy	 regimens	 in	gastric	cancer,	 is
the	 two-drug	 combination	 of	 CF;	 several	 phase	 III	 randomized	 trials	 have	 used	 CF	 as	 the	 control	 arm.	 This
allowed	an	opportunity	for	an	evaluation	of	the	efficacy	of	this	combination	in	patients	with	advanced	incurable
gastric	cancer,	in	terms	of	response	rate,	PFS,	and	OS,	using	currently	accepted	criteria	for	efficacy	and	toxicity	of
treatment.	Table	53.7	shows	 the	data	 from	six	studies	 in	which	CF	was	 the	control	arm.	The	doses	of	cisplatin
used	were	80	to	100	mg/m2	per	course.	5-FU	was	given	as	a	continuous	24-hour	infusion	from	days	1	to	5	at	a
dose	of	800	to	1,000	mg/m2/day.	Cycles	were	usually	given	on	an	every-28-day	basis.	Response	rates,	PFS,	and
OS	were	 similar	 across	 the	 trials.	Major	 objective	 tumor	 regression	was	 reported	 in	 20%	 to	 30%	 of	 patients;
complete	clinical	remission	was	very	uncommon.	The	median	TTP	or	PFS	ranged	from	3.7	months	to	4.1	months,
with	median	survival	ranging	from	7.2	months	to	8.6	months.	Two-year	survival	was	between	7%	and	10%.

In	summary,	 there	 is	consistent	data	for	 the	efficacy	(and	toxicity)	of	 the	 two-drug	combination	CF,	and	 the
meta-analysis	performed	by	Wagner	et	al.269	supports	the	use	of	combination	over	single-agent	chemotherapy.

Although	type	and	incidence	of	treatment-related	toxicity	is	consistent	across	most	CF	trials	and	is	generally
tolerable,	 it	can	be	severe	on	occasion.	For	example,	 in	 the	EORTC	trial,	grade	3	or	4	neutropenia	was	seen	in
approximately	one-third	of	patients;	one-quarter	of	patients	had	grade	3	or	4	nausea	or	vomiting.	Similarly,	in	the
more	recent	TAX325	trial,	overall	grade	3	or	4	toxicity	was	seen	in	75%	of	patients	receiving	CF;	in	the	FLAGS
trial,	treatment-related	mortality	occurred	in	4.9%	of	patients	receiving	CF.	Some	toxicity	may	be	ameliorated	by
improved	supportive	care.	For	example,	newer	antiemetics	 such	as	aprepitant	 should	 improve	control	of	 severe
nausea	 and	 vomiting.	 More	 widespread	 use	 of	 supportive	 cytokine	 agents	 may	 decrease	 the	 incidence	 of
neutropenic	 fever.	 Nonetheless,	 it	 should	 be	 recognized	 that	 CF,	 using	 the	 doses	 and	 schedules	 described
previously,	is	associated	with	substantial	toxicity	in	some	patients.

The	use	 of	 oral	 fluoropyrimidines	 in	 place	of	 intravenous	5-FU	has	 been	 studied	 in	 several	 phase	 III	 trials,
including	 that	 of	 Kang	 et	 al.270	 described	 earlier,	 the	 REAL-2	 trial,	 and	 the	 FLAGS	 trial	 comparing	 CF	 to
cisplatin–S-1.	In	the	FLAGS	trial,	1,029	patients	received	either	cisplatin	100	mg/m2	and	5-FU	1,000	mg/m2	as	a
continuous	5-day	infusion	or	a	slightly	lower	dose	of	cisplatin	plus	oral	S-1.271	Median	OS	was	8.6	months	for
patients	 receiving	 cisplatin	 plus	 S-1	 versus	 7.9	months	 in	 the	 CF	 arm,	with	 less	 toxicity	 for	 the	 cisplatin–S-1
combination.	These	three	trials	indicate	that	oral	fluoropyrimidine	when	given	with	a	platinum	compound	is	not
inferior	to	intravenous	5-FU	plus	cisplatin.
Docetaxel,	 Cisplatin,	 and	 Fluorouracil.	 TAX325	 was	 a	 large	 randomized	 trial	 that	 compared	 DCF	 (221
analyzable	patients)	to	CF	(224	patients)	in	untreated	patients	with	advanced	gastric	cancer.272	The	primary	end
point	 of	 the	 study	 was	 TTP.	 The	 two	 arms	 of	 the	 study	 were	 well	 balanced	 for	 prognostic	 factors,	 including
weight	loss,	performance	status,	and	extent	of	disease.	The	median	TTP	was	3.7	months	for	patients	receiving	CF
and	 5.6	months	 for	 those	 receiving	DCF	 (HR,	 1.47;	P	 =	 .0004).	As	 a	 secondary	 end	 point,	 survival	was	 also
modestly	 increased	 from	 8.6	 months	 for	 CF	 to	 9.2	 months	 for	 DCF.	 The	 2-year	 survival	 rate,	 however,	 was
increased	greater	than	twofold	in	the	DCF	treatment	arm	(2-year	OS,	8.8%	for	CF	and	18.4%	for	DCF).	Another
measure	of	efficacy	favoring	DCF	was	tumor	response	to	 treatment	(37%	for	DCF	and	25%	for	CF).	Although
this	study	indicated	an	advantage	to	the	three-drug	combination	of	DCF,	toxicity	was	also	increased	and	was	very
substantial.	A	total	of	81%	of	all	patients	receiving	DCF	had	at	least	one	grade	3	or	4	nonhematologic	toxicity	as
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well	as	substantially	more	hematologic	toxicity.	Of	the	patients	receiving	CF,	14%	had	neutropenic	fever,	as	did
30%	of	patients	receiving	DCF.	However,	there	was	no	difference	in	the	treatment-related	mortality	rate	for	the
two	arms.	This	study	led	to	the	approval	of	docetaxel	by	the	FDA	for	the	treatment	of	gastric	cancer	when	given
in	association	with	CF.

The	very	substantial	 toxicity	seen	with	the	DCF	regimen,	however,	has	led	to	concerns	regarding	its	general
use.	A	number	of	studies	have	been	performed	using	modifications	of	DCF	to	develop	a	more	tolerable	regimen.
Several	strategies	have	been	pursued,	most	of	which	involve	using	somewhat	lower	doses	of	docetaxel	and	5-FU,
or	modifications	in	the	schedule	as	to	duration	of	5-FU	infusion	or	timing	of	the	cisplatin	dose.	Various	regimens,
including	docetaxel,	have	been	evaluated	in	the	phase	II/III	setting,	indicating	that	modifications	of	the	treatment
schedule	may	decrease	toxicity	while	maintaining	treatment	efficacy.273–275

TABLE	53.7
Combination	Chemotherapy	in	Advanced	Gastric	Cancer:	Cisplatin-Fluorouracil–Containing
Regimens	Used	as	the	Control	Arm	in	Random	Assignment	Trials

Study	(Ref.) Drug
Dose
(mg/mL)

Schedule
(d)

No.	of
Patients RR	(%)

Median
TTP/PFS
(mo)

Median
Survival
(mo)

2-Y
Survival
(%)

EORTC375 C 100 1 127 20 4.1 7.2 <10

F 1,000 1–5

JCOG376 C 20 1–5 105 36 7.3 3.9 7

F 800 1–5

Dank	et	al.276 C 100 1 163 26 4.2 8.7 <10

F 1,000 1–5

TAX325272 C 100 1 224 25 3.7 8.6 9

F 1,000 1–5

FLAGS271 C 100 1 508 32 5.5 7.9 <10

F 1,000 1–5

Kang	et	al.270 C 80 1 156 32 5.5 9.3 <10

F 800 1–5

REAL-2281 E 50 1 289 41 6.2 9.9 <15

C 60 1

F 200 Daily
RR,	 recovery	 rate;	 TTP,	 time	 to	 progression;	PFS,	 progression-free	 survival;	 EORTC,	European	Organisation	 for	Research	 and
Treatment	 of	 Cancer;	 C,	 cisplatin;	 F,	 fluorouracil;	 JCOG,	 Japan	 Clinical	 Oncology	 Group;	 FLAGS,	 Cisplatin/S-1	 with
Cisplatin/Infusional	 Fluorouracil	 in	 Advanced	 Gastric	 or	 Gastroesophageal	 Adenocarcinoma	 Study;	 E,	 epirubicin;	 REAL,
Randomized	Trial	of	EOC	+/−	Panitumumab	for	Advanced	and	Locally	Advanced	Esophagogastric	Cancer.

Modified	from	van	De	Velde	CJH,	Kelsen	D,	Minsky	B.	Gastric	cancer:	clinical	management.	In:	Kelsen	D,	Daly	JM,	Kern	SE,	et	al.,
eds.	 Principles	 and	 Practice	 of	 Gastrointestinal	 Oncology.	 2nd	 ed.	 Philadelphia:	 Lippincott	 Williams	 &	 Wilkins;	 2008,	 with
permission.

Irinotecan	plus	Fluorouracil-Leucovorin.	A	phase	III	trial	compared	5FU,	leucovorin	and	irinotecan	(FOLFIRI)
with	CF	 in	 the	 first-line	 setting;	a	 total	of	170	patients	 received	 irinotecan–5-FU,	and	163	 received	CF.276	The
primary	 end	 point	was	TTP.	The	 analysis	 allowed	 for	 a	 noninferiority	 comparison	 between	 the	 two	 arms.	The
study	was	reasonably	well	balanced	for	the	usual	prognostic	indicators;	approximately	20%	of	patients	had	EGJ
tumors.	There	was	no	significant	difference	 in	 the	major	objective	 response	 rate	 (32%	for	 irinotecan–5-FU	and
26%	 for	CF)	 or	 in	median	TTP	 (5	months	 for	 irinotecan–5-FU	 and	 4.2	months	 for	CF).	Median	OS	was	 also
similar	between	groups	(9	months	for	irinotecan–5-FU	and	8.7	months	for	CF).	Time	to	treatment	failure	was	4
versus	3.4	months	for	 irinotecan–5-FU	and	CF,	respectively	(P	=	 .018).	Irinotecan–5-FU	was	better	 in	terms	of
toxic	deaths	 (0.6%	versus	3%),	discontinuation	 for	 toxicity	 (10%	versus	22%),	neutropenia,	 thrombocytopenia,
and	 stomatitis,	 but	 not	 diarrhea,	 than	 CF.	 In	 summary,	 the	 study	 demonstrated	 that	 irinotecan–5-FU	 was	 not
inferior	to	CF	and	was	somewhat	less	toxic.
Cisplatin	plus	Irinotecan.	Cisplatin	plus	irinotecan	produced	encouraging	response	rates	and	tolerable	toxicity	in



single-arm	phase	II	studies,	leading	to	a	random-assignment	phase	II	trial	comparing	irinotecan-cisplatin	with	the
FOLFIRI	 regimen.277	 The	 response	 rate	 and	 the	 TTP	 were	 higher	 for	 irinotecan–5-FU	 than	 for	 irinotecan-
cisplatin.
Fluorouracil-Leucovorin-Oxaliplatin.	As	is	the	case	for	irinotecan-containing	regimens,	oxaliplatin	plus	5-FU	is
a	standard	practice	option	for	patients	with	both	metastatic	and	locally	advanced	colon	cancer.	In	part	because	of
this	data,	5-FU–leucovorin-oxaliplatin	(FOLFOX)	regimens	have	also	been	studied	in	gastric	cancer.	The	toxicity
spectrum	 is	 similar	 to	 that	 seen	 in	 patients	with	 colorectal	 cancer,	with	 the	dose-limiting	 toxicity	 of	 peripheral
neuropathy	 (oxaliplatin).	 Myelosuppression,	 mucositis,	 and	 diarrhea	 typical	 for	 5-FU	 regimens	 were	 noted	 as
well.	Several	FOLFOX	phase	II	studies	have	now	been	reported	in	gastric	cancer.	ORRs	of	approximately	50%
were	observed,	with	median	TTP	of	5	to	6	months	and	median	OS	ranging	from	10	to	12	months.278

Epirubicin,	 Cisplatin,	 and	 Fluorouracil.	 English	 investigators	 have	 extensively	 studied	 the	 three-drug
combination	 ECF.	 Two	 random-assignment	 phase	 III	 trials	 have	 compared	 the	 ECF	 with	 a	 non–cisplatin-
containing	combination	(FAMTX)	or	with	a	mitomycin-cisplatin–5-FU	(MCF)	combination.279	In	the	first	study,
ECF	was	more	effective	 than	FAMTX	in	 terms	of	both	 response	 rate	and	median	OS	 (8.7	versus	6.1	months).
Two-year	survival	was	also	superior	for	the	ECF	combination	(14%	versus	5%).280	In	the	second	study,	Ross	et
al.279	compared	ECF	with	MCF.	In	this	larger	study,	574	patients	were	treated.	The	primary	end	point	was	1-year
survival.	 The	 objective	 ORRs	 were	 similar	 between	 the	 two	 arms	 (ECF	 50%	 and	 MCF	 55%).	 Toxicity	 was
tolerable,	although	myelosuppression	was	greater	for	the	experimental	MCF	arm.	There	was	a	slightly	improved
median	duration	of	survival	for	ECF	(9.4	versus	8.7	months)	and	for	1-year	survival	(40%	for	ECF	and	32%	for
MCF).	There	was	no	significant	difference	 in	2-year	 survival,	which	was	approximately	15%	for	both	arms.279
Several	studies	have	demonstrated	that	a	small	percentage	of	patients	with	advanced	unresectable	gastric	cancer
actually	 survive	 2	 years.	 Data	 for	 the	 ECF	 regimen	 as	 the	 control	 arm	 of	 the	 REAL-2	 trial	 are	 discussed
subsequently.

The	REAL-2	Trial
Partly	 on	 the	 basis	 of	 these	 studies,	 a	 phase	 III	 trial	 comparing	 an	 oxaliplatin-based	 regimen	 with	 cisplatin-
containing	 combinations	was	 performed.	Cunningham	et	 al.281	 in	 the	REAL-2	 trial	 studied	 1,002	 patients	who
were	 randomized	 to	one	of	 four	 treatment	groups:	a	control	arm	of	ECF	and	 three	 investigational	arms.281	The
central	 question	 in	 this	 study	 was	 the	 following:	 Can	 capecitabine	 be	 substituted	 for	 5-FU	 and/or	 oxaliplatin
substituted	for	cisplatin?	The	four	arms	were	ECF,	epirubicin-oxaliplatin–5-FU,	epirubicin-	cisplatin-capecitabine,
and	 epirubicin-oxaliplatin-capecitabine	 (EOX).	 The	 four	 regimens	 are	 shown	 in	 Table	 53.8.	 Patients	 were
stratified	for	performance	status	and	extent	of	disease.	The	primary	end	point	was	in	OS.	The	study	was	powered
to	show	noninferiority	for	capecitabine	compared	with	5-FU	and	oxaliplatin	compared	with	cisplatin.	There	were
approximately	250	patients	per	arm.	The	study	design	was	a	two-by-two	comparison.	A	total	of	40%	of	patients
had	primary	gastric	cancer,	and	the	remainder	had	either	EGJ	or	esophageal	cancers,	with	10%	of	patients	having
squamous	 cell	 cancer	 of	 the	 esophagus.	 There	 was	 no	 difference	 in	 median	 OS	 between	 the	 arms	 (ECF	 9.9
months,	 epirubicin-oxaliplatin–5-FU	 9.3	 months,	 epirubicin-cisplatin-capecitabine	 9.9	 months,	 and	 EOX	 11.2
months).	The	1-year	OS	was	also	similar	and	ranged	from	38%	to	47%,	the	best	outcome	evident	with	EOX	and
the	lowest	with	the	control	arm	of	ECF.	Regarding	toxicity,	compared	with	cisplatin,	oxaliplatin	was	associated
with	 less	 neutropenia,	 alopecia,	 renal	 toxicity,	 and	 thromboembolism	 but	 with	 slightly	 higher	 incidence	 of
diarrhea	 and	 neuropathy.	 The	 toxic	 effects	 of	 5-FU	 and	 capecitabine	were	 similar.	 The	 authors	 concluded	 the
oxaliplatin	 could	 be	 substituted	 for	 cisplatin,	 and	 capecitabine	 could	 be	 substituted	 for	 5-FU	 in	 the	 palliative
setting.

TABLE	53.8
REAL-2	Regimens

Drug Dose	(mg/m2) Day(s) Week(s)a

ECF
Epirubicin 50	mg/m2	IV 1 Every	3	wk

Cisplatin 60	mg/m2	IV 1

PVI	5-FU 200	mg/m2/db 1
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EOF
Epirubicin 50	mg/m2	IV 1 Every	3	wk

Oxaliplatin 130	mg/m2	IV 1

PVI	5-FU 200	mg/m2/db 1

ECX
Epirubicin 50	mg/m2	IV 1 Every	3	wk

Cisplatin 60	mg/m2	IV 1

Capecitabine 625	mg/m2/BID 1

EOX
Epirubicin 50	mg/m2	IV 1 Every	3	wk

Oxaliplatin 130	mg/m2	IV 1

Capecitabine 625	mg/m2/BID 1
aPlanned	treatment	duration	24	weeks	(eight	cycles).
bPVI	5-FU	delivered	by	central	venous	access	catheter.
REAL,	Randomized	Trial	of	EOC	+/−	Panitumumab	for	Advanced	and	Locally	Advanced	Esophagogastric	Cancer;	ECF,	epirubicin-
cisplatin-fluorouracil;	PVI,	protracted	venous-infusion;	5-FU,	5-fluorouracil;	EOF,	epirubicin-oxaliplatin–5-FU;	IV,	intravenously;	ECX,
epirubicin-cisplatin-capecitabine;	BID,	twice	a	day;	EOX,	epirubicin-oxaliplatin-capecitabine.
Modified	from	Cunningham	D,	Starling	N,	Rao	S,	et	al.	Capecitabine	and	oxaliplatin	for	advanced	esophagogastric	cancer.	N	Engl	J
Med	2008;358(1):36–46.

A	modified	FOLFOX-6	 schedule	was	 demonstrated	 to	 be	 equivalent	 to	 5-FU–leucovorin-cisplatin	 (FLP).282
Although	 this	 randomized	 study	 did	 not	 demonstrate	 superiority	 for	 oxaliplatin-	 containing	 regimens,	 it	 does
support	the	results	of	the	REAL-2	study	for	noninferiority	comparing	oxaliplatin	and	cisplatin.

Furthermore,	 in	 keeping	with	 the	 results	 of	 the	REAL-2	 study,	 capecitabine	 can	 be	 substituted	 for	 5-FU	 as
demonstrated	 by	Kang	 et	 al.284	 in	 a	 noninferiority	 randomized	 trial	 comparing	 capecitabine/cisplatin	 versus	 5-
FU/cisplatin.270

Therefore,	oxaliplatin	and	capecitabine	are	suitable	alternatives	to	cisplatin	and	5-FU.	In	upper	gastrointestinal
tract	malignancies,	oxaliplatin,	cisplatin,	5-FU,	irinotecan,	capecitabine,	taxanes,	and	anthracyclines	have	at	least
modest	single-agent	activity.

Second-line	Therapy
Second-line	chemotherapy	versus	best	supportive	care	has	been	demonstrated	in	randomized	studies	to	improve
OS.283,284	However,	 patients	with	gastric	 cancer	often	have	numerous	 comorbidities	 and	complications	of	 their
malignancy	 (i.e.,	 failure	 to	 thrive	with	 significant	 protein-calorie	 losses,	 peritoneal	 carcinomatosis	with	 limited
bowel	function)	that	preclude	the	safe	administration	of	second-line	therapy.

In	 one	 study,	 previously	 treated	 patients	were	 randomly	 assigned	 to	 best	 supportive	 care	 or	 to	 single-agent
irinotecan	 plus	 best	 supportive	 care.	 Despite	 the	 small	 sample	 size	 (n	 =	 40),	 the	 investigators	 observed	 a
significant	improvement	in	the	HR	for	death	(HR,	0.48)	with	the	administration	of	irinotecan	(P	=	.012).285	In	a
larger	Korean	study,	201	patients	were	randomized	to	second-line	chemotherapy	(either	irinotecan	or	docetaxel)
after	progression	on	CF	therapy.	Chemotherapy	improved	median	OS:	3.8	versus	5.3	months	for	best	supportive
care	 and	 chemotherapy,	 respectively.284	 The	 COUGAR-02	 trial	 (n	 =	 168)	 randomized	 patients	 between	 best
supportive	care	and	docetaxel	combined	with	best	supportive	care;	those	receiving	active	treatment	had	a	survival
advantage	(median	OS,	5.2	versus	3.6	months,	P	=	.01).	Docetaxel	improved	quality-of-life	measures	(dysphagia
and	abdominal	pain)	but	was	associated	with	a	high	incidence	of	grade	3	to	4	neutropenia,	infection,	and	febrile
neutropenia.286	Together,	 these	studies	definitely	establish	 that	patients	with	metastatic	gastric	cancer	who	have
maintained	their	performance	status	should	be	considered	for	second-line	palliative	chemotherapy	as	a	standard	of
practice.	 A	 randomized	 study	 has	 shown	 paclitaxel	 and	 irinotecan	 to	 be	 equivalent	 in	 the	 second-line	 setting
(median	survival,	8.4	to	9.5	months).287

Recent	studies	have	investigated	the	role	of	combination	chemotherapy	in	the	second-line	setting.	Second-line
irinotecan	plus	cisplatin	has	not	been	shown	to	be	more	effective	than	irinotecan	alone	in	with	advanced	gastric
cancer	refractory	to	S-1	monotherapy.288	A	recent	systemic	review	and	meta-analysis	evaluated	third-line	therapy
in	gastric	cancer	compared	with	versus	best	supportive	care.289	Therapy	improved	medial	OS	from	3.20	months	to
4.80	months	compared	with	best	supportive	care;	however,	the	authors	commented	on	the	paucity	of	quality-of-
life	data.



Targeted	Therapy

The	Epidermal	Growth	Factor	Receptor	Superfamily:	Monoclonal	Antibodies

Trastuzumab.	Overexpression	or	amplification	of	HER2	(epidermal	growth	factor	receptor	2	[EGFR])	occurs	in
approximately	20%	of	patients	with	gastric	cancer;	it	varies	with	the	subtype,	being	more	common	in	intestinal-
type	tumors.	A	phase	III	study	of	trastuzumab	plus	chemotherapy	versus	chemotherapy	alone	was	performed	in
patients	 with	 gastric	 cancer	 overexpressing	 HER2	 in	 the	 first-line	 setting,	 the	 ToGA	 trial.290	 Among	 3,807
patients,	594	patients	had	HER2-positive	gastric	cancer.	They	were	randomized	to	receive	either	CF	or	XP	given
every	3	weeks	for	six	cycles	or	the	same	chemotherapy	plus	trastuzumab.	The	median	OS	was	13.8	months	for
patients	 receiving	 trastuzumab	 plus	 chemotherapy	 versus	 11.1	months	 for	 those	 receiving	 chemotherapy	 alone
(HR,	 0.74;	 P	 =	 .0046).	 The	 most	 common	 adverse	 events	 in	 both	 groups	 were	 nausea	 (trastuzumab	 plus
chemotherapy,	67%,	versus	chemotherapy	alone,	63%),	vomiting	(147,	50%,	versus	134,	46%),	and	neutropenia
(53%	versus	57%).	Rates	of	overall	grade	3	or	4	adverse	events	(68%	versus	68%)	and	cardiac	adverse	events	(6%
versus	 6%)	did	 not	 differ	 between	groups.	The	 response	 rate	was	 47%	 for	 patients	 receiving	 trastuzumab	plus
chemotherapy	 versus	 35%	 for	 those	 receiving	 chemotherapy	 alone.237	 The	 ToGA	 trial	 used	 a	HER2	 scoring
system	similar	to	that	used	in	breast	cancer.	HER2	was	more	likely	to	be	positive	in	patients	with	EGJ	tumors	than
in	more	 distal	 tumors	 (33%	versus	 20%);	 patients	with	 diffuse	 gastric	 cancer	were	much	 less	 likely	 to	 have	 a
HER2-positive	(6%)	tumor.	There	is	currently	no	data	for	second-line	use	of	trastuzumab	in	gastric	cancer.

Numerous	 targeted	 agents	 have	 failed	 to	 demonstrated	 efficacy	 in	 clinical	 trials	 despite	 initial	 excitement,
including	antibodies	against	EGFRs	(cetuximab291,292	and	panitumumab)	and	tyrosine	kinase	inhibitors	including
gefitinib,	erlotinib,	and	lapatinib.293	For	instance,	a	phase	III	study	examined	lapatinib	in	the	second-line	setting
among	Asian	population	patients	with	advanced	gastric	cancer	who	were	HER2	positive	by	fluorescence	in	situ
hybridization	 (FISH).	 A	 total	 of	 261	 patients	 were	 randomly	 assigned	 to	 receive	 either	 weekly	 paclitaxel	 or
paclitaxel	with	lapatinib.	The	addition	of	lapatinib	was	not	associated	with	a	statistical	improvement	in	OS	(11.0
versus	8.9	months,	P	=	.104).293

The	Vascular	Endothelial	Growth	Factor	Superfamily:	Monoclonal	Antibodies

Bevacizumab.	 Bevacizumab	 is	 a	 humanized	monoclonal	 antibody	 that	 binds	 the	 vascular	 endothelial	 growth
factor	ligand	(VEGFA).	In	the	AVAGAST	multinational	phase	III	 trial	comparing	bevacizumab	plus	XP	versus
XP	alone,	774	patients	were	randomly	assigned	to	XP	(n	=	387)	or	XP/bevacizumab	(n	=	387).294	The	study	did
not	meet	the	primary	end	point	of	improving	OS	(12.1	months	with	XP/bevacizumab	versus	10.1	months	with	XP,
P	 =	 .1),	 but	 bevacizumab	 did	 demonstrate	 improvement	 in	 PFS	 (6.7	 versus	 5.3	months,	P	 =	 .004)	 and	ORRs
(46.0%	versus	37.4%,	P	=	 .03).	 In	 this	study,	non-Asian	patients	appeared	 to	benefit	more	 than	Asian	patients.
Furthermore,	 patients	with	high	baseline	plasma	VEGF-A	appeared	 to	benefit	 from	bevacizumab	 therapy	 (HR,
0.72;	95%	CI,	0.57	to	0.93),	and	similarly,	patients	with	low	baseline	expression	of	neuropilin	1	also	showed	a
trend	 toward	 improved	OS	with	bevacizumab	(HR,	0.75;	95%	CI,	0.59	 to	0.97).295	The	AVATAR	study	was	a
phase	III	trial	with	the	same	treatment	arms	as	the	AVAGAST	trial	performed	exclusively	in	China.	In	this	trial,
there	was	no	difference	in	OS,	PFS,	or	response	rates	between	the	arms.296

The	Vascular	Endothelial	Growth	Factor	Superfamily:	Tyrosine	Kinase	Inhibitors
Sunitinib	 is	 an	 oral	 inhibitor	 of	 VEGF	 receptors	 VEGFR1,	 VEGF2,	 and	VEGF3,	 and	 platelet-derived	 growth
factor	receptor	(PDGFR)	α,	PDGFR	β,	and	c-Kit.

In	 a	 randomized	phase	 II	 trial	 comparing	docetaxel	 alone	with	 docetaxel	 combined	with	 sunitinib,	 sunitinib
improved	the	response	rate	(41%	versus	14%)	but	not	TTP.297

Apatinib,	a	tyrosine	kinase	inhibitor	that	selectively	inhibits	VEGFR2,	is	active	in	advanced	gastric	cancer.	An
Asian	phase	III	study	randomized	267	patients	who	had	progressed	on	at	least	two	lines	of	therapy	to	apatinib	(n	=
181	patients)	or	placebo	(n	=	92).	Patients	assigned	to	apatinib	experienced	a	longer	median	OS	(6.5	versus	4.7
months;	HR,	0.709;	P	=	.0149).298

In	addition,	a	second	study	has	demonstrated	efficacy	of	VEGFR2	inhibition	as	monotherapy	in	gastric	cancer.
Ramucirumab	(IMC-1121B)	is	a	fully	human	immunoglobulin	G1	monoclonal	antibody	targeting	VEGFR2.	The
Regard	 study	was	 a	 placebo-controlled,	 double-blind,	 phase	 III	 international	 trial	 conducted	 in	 the	 second-line
setting	in	patients	with	metastatic	gastric	or	EGJ	adenocarcinoma.	Median	OS	was	5.2	months	for	ramucirumab
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and	3.8	months	for	placebo	(HR,	0.776;	95%	CI,	0.603	to	0.998;	P	=	.0473).299
The	 RAINBOW	 study	 randomized	 885	 patients	 to	 ramucirumab	 in	 combination	 with	 paclitaxel	 versus

paclitaxel	 alone	 in	 advanced	 gastric	 cancer	 in	 the	 second-line	 setting.300	 OS	 was	 significantly	 longer	 in	 the
ramucirumab	plus	paclitaxel	group	than	in	the	placebo	plus	paclitaxel	group	(median,	9.6	versus	7.4	months;	HR,
0.81;	P	 =	 .017).	 Grade	 3	 or	 higher	 adverse	 events	 that	 occurred	 in	 >5%	 of	 patients	 in	 the	 ramucirumab	 plus
paclitaxel	group	versus	placebo	plus	paclitaxel	included	neutropenia	(41%	versus	19%),	leucopenia	(17%	versus
7%),	hypertension	(14%	versus	2%),	fatigue	(12%	versus	5%),	anemia	(9%	versus	10%),	and	abdominal	pain	(6%
versus	 3%).	 The	 incidence	 of	 grade	 3	 febrile	 neutropenia	 was	 low	 in	 both	 groups	 (3%	 versus	 2%).	 The
combination	of	ramucirumab	with	paclitaxel	significantly	increases	OS	compared	with	placebo	plus	paclitaxel	and
has	established	a	new	standard	second-line	treatment	for	patients	with	advanced	gastric	cancer.

Regorafenib	is	an	oral	multikinase	inhibitor	inhibiting	angiogenic,	stromal,	and	oncogenic	pathways.	This	drug
was	examined	 in	a	 random	assignment	phase	 II	 study	versus	placebo	 in	 the	 refractory	setting	and	 resulted	 in	a
significant	 improvement	 in	 PFS	 (2.6	months	with	 regorafenib	 versus	 0.9	months	with	 placebo;	HR,	 0.40;	P	 <
.001).301	 A	 phase	 III	 study	 is	 now	 ongoing	 (INTEGRATEII,	 NCT02773524).	 Cumulatively,	 these	 studies
demonstrate	a	benefit	of	antiangiogenic	therapy	in	gastric	and	gastroesophageal	malignancies.

Inhibition	of	Mammalian	Target	of	Rapamycin	(Protein	Kinase)
Everolimus	is	an	oral	inhibitor	of	the	mammalian	target	of	rapamycin.	Doi	et	al.302	reported	a	phase	II	trial	testing
everolimus	in	refractory	metastatic	gastric	cancer.	In	53	patients,	the	disease	control	rate	was	56%,	and	the	median
PFS	and	OS	were	2.7	and	10.1	months,	respectively.302	Based	on	these	encouraging	results,	a	phase	III	study	was
performed	 comparing	 everolimus	 to	 best	 supportive	 care	 in	 the	 second-line	 setting.	 In	 this	 study,	 656	 patients
were	randomized	in	a	2:1	fashion	to	everolimus	versus	placebo.	Median	OS	was	similar	in	both	arms,	5.4	versus
4.3	months	(HR,	0.9;	P	=	.1).303

Poly	(ADP-Ribose)	Polymerase	Inhibitors
Olaparib	is	an	oral	inhibitor	of	poly	(ADP-ribose)	polymerase	(PARP),	which	is	now	approved	for	BRCA-mutated
ovarian	and	breast	cancers.	A	phase	II	study	initially	demonstrated	encouraging	activity	of	olaparib	when	added	to
paclitaxel.304	 A	 consequent	 large	 phase	 III	 trial,	 the	 GOLD	 study,	 compared	 olaparib	 plus	 paclitaxel	 versus
placebo	 plus	 paclitaxel	 in	 the	 second-line	 setting.305	 Two	 coprimary	 populations	 were	 assessed:	 the	 overall
population	of	all	patients	 and	patients	whose	 tumors	were	ATM-negative.	OS	did	not	differ	between	 treatment
groups	in	the	overall	patient	population	(8.8	months	in	the	olaparib	group	versus	6.9	months	in	the	placebo	group)
or	in	the	ATM-negative	population	(12.0	versus	10.0	months).	Hence,	the	GOLD	study	did	not	meet	its	primary
objective	of	showing	a	significant	improvement	in	OS	with	olaparib	in	the	overall	or	ATM-negative	population	of
Asian	patients	with	advanced	gastric	cancer.

Immunotherapy
There	 is	 emerging	 evidence	 for	 the	 role	 of	 the	 immunotherapy	 in	 determining	 outcomes	 in	 gastric	 cancer.
Checkpoint	 inhibitors	 restore	 immune	 system	 function	and	have	demonstrated	activity	 in	multiple	 tumor	 types.
These	drugs	were	initially	examined	in	the	second-	and	third-line	setting;	subsequent	studies	are	investigating	the
role	of	these	agents	in	first-line	metastatic	and	adjuvant	treatment.	There	is	ongoing	uncertainly	regarding	use	of
PD-1	and	PD-L1	expression	as	a	predictive	biomarker.

Keynote-012	was	a	multicenter	phase	Ib	study	to	assess	the	safety	and	activity	of	pembrolizumab	in	PD-L1–
positive	recurrent	or	metastatic	gastric	cancer.306	Five	 (13%)	patients	had	a	 total	of	 six	grade	3	or	4	 treatment-
related	adverse	events,	consisting	of	two	cases	of	grade	3	fatigue	and	one	case	each	of	grade	3	pemphigoid,	grade
3	hypothyroidism,	grade	3	peripheral	sensory	neuropathy,	and	grade	4	pneumonitis.	Of	the	36	evaluable	patients,
8	 patients	 had	 a	 partial	 response	 (22%),	 5	 patients	 had	 stable	 disease	 (14%),	 and	 there	 were	 no	 complete
responses.	For	the	purposes	of	the	survival	analysis,	the	population	was	split	into	two	groups,	within	and	outside
of	Asia.	Median	duration	of	response	was	40	weeks	in	Asia,	and	not	yet	reached	outside	of	Asia.	Median	OS	was
11.4	months	in	the	Asian	population,	and	not	yet	reached	in	the	rest	of	the	world.

The	CheckMate	 032	 study	was	 a	 phase	 I/II	 study	 of	 nivolumab	 alone	 or	with	 ipilimumab	 in	 advanced	 and
metastatic	gastric	cancer	that	had	progressed	on	chemotherapy,	irrespective	of	PD-L1	status.	The	results	have	only
been	reported	in	abstract	form.307	In	this	42-patient	subset,	62%	of	patients	had	gastroesophageal	junction	cancer,
and	38%	had	gastric	cancer.	A	total	of	93%	of	patients	had	prior	systemic	treatment	in	the	metastatic	setting,	43%
had	two	prior	regimens,	and	57%	had	three	prior	regimens.	The	ORR	was	7.1%,	and	stable	disease	31%,	with	an



overall	disease	control	rate	of	38.1%	in	a	heavily	pretreated	population.	Median	PFS	was	1.49	months.	Median
OS	was	8.5	months.	OS	rates	at	6	and	12	months	were	58.1%	and	44.3%,	respectively.

The	 KEYNOTE-059	 study	 was	 a	 phase	 II	 multicohort	 study	 for	 patients	 with	 metastatic	 gastric
adenocarcinoma;	 the	 results	 have	only	been	 reported	 in	 abstract	 form.	Cohort	 1	 enrolled	259	patients	who	had
received	 at	 least	 two	 prior	 lines	 of	 therapy,	 of	 whom	 57%	 had	 PD-L1–positive	 tumors.	 Patients	 received
pembrolizumab	200	mg	alone	every	3	weeks	for	up	to	2	years.	ORR	was	12%,	and	median	duration	of	response
(DOR)	was	14	months.	The	PFS	6-month	rate	was	15%,	and	the	OS	6-month	rate	was	46%.	In	patients	with	PD-
L1–positive	tumors,	ORR	was	16%,	median	DOR	was	14	months,	6-month	PFS	was	20%,	and	6-month	OS	was
50%.

Cohort	 2	 enrolled	 25	 patients	 who	 received	 pembrolizumab	 and	 cisplatin	 combined	 with	 either	 5-FU	 or
capecitabine	in	the	first-line	setting.	Confirmed	ORR	was	60%	overall,	73%	in	PD-L1–positive,	and	38%	in	PD-
L1–negative	 tumors.	 Cohort	 3	 enrolled	 31	 patients	 with	 PD-L1–positive	 gastric	 cancers	 who	 received
pembrolizumab	alone	in	the	first-line	setting.	Confirmed	ORR	was	26%.308

A	number	of	trials	are	investigating	the	incorporation	of	immunotherapy	in	the	first-line	setting,	in	addition	to
cohorts	2	and	3	of	KEYNOTE-059	discussed	previously.	The	ATTRACTION-04	study,	part	1,	is	a	randomized,
open-label	 trial	 to	 evaluate	 the	 feasibility	 of	 nivolumab	 in	 combination	 with	 oxaliplatin	 plus	 either	 S-1	 or
capecitabine.	The	results	have	only	been	reported	in	abstract	form.	A	total	of	40	patients	were	included	in	part	1:
21	 patients	 were	 randomized	 to	 nivolumab	 and	 SOX	 and	 19	 to	 nivolumab	 and	 capecitabine	 plus	 oxaliplatin
(Cape/Ox).	Median	 duration	 of	 treatment	was	 7.03	months.	Both	 treatments	were	well	 tolerated.	Grade	 3	 to	 4
treatment-related	 adverse	 events	 were	 reported	 in	 23	 (57.5%)	 patients.	 The	 ORR	was	 68.4%,	 and	 the	 disease
control	rate	was	86.8%.	Median	PFS	was	not	reached.	A	total	of	18	(46.2%)	patients	remain	on	treatment	at	the
time	of	the	data	cut	off.	There	were	no	significant	differences	in	activity	and	safety	between	the	two	treatments.
Part	2	of	the	trial	will	accrue	650	chemo-naïve	patients	who	will	be	randomized	to	receive	chemotherapy	(SOX	or
Cape/Ox,	investigator’s	choice)	plus	either	nivolumab	or	placebo.309

The	largest	published	study	to	date	is	ATTRACTION	2,	a	randomized,	double-blind,	placebo-controlled,	phase
III	 trial	 done	 at	 49	 clinical	 sites	 in	 Japan,	 South	 Korea,	 and	 Taiwan	 in	 patients	 with	 advanced	 gastric	 or
gastroesophageal	junction	cancer	who	had	been	previously	been	treated	with	two	or	more	chemotherapy	regimens.
Patients	were	randomly	assigned	(2:1)	to	receive	nivolumab	(n	=	330)	or	placebo	(n	=	163).	Median	follow-up	in
surviving	patients	was	8.87	months	in	the	nivolumab	group	and	8.59	months	in	the	placebo	group.	Grade	3	or	4
treatment-related	 adverse	 events	 occurred	 in	 34	 of	 330	 (10%)	 patients	 who	 received	 nivolumab	 and	 7	 of	 161
(10%)	patients	who	received	placebo;	treatment-related	adverse	events	led	to	death	in	5	of	330	(2%)	patients	in
the	 nivolumab	 group	 and	 2	 of	 161	 (1%)	 patients	 in	 the	 placebo	 group	 Median	 OS	 was	 5.26	 months	 in	 the
nivolumab	group	and	4.14	months	 in	 the	placebo	group	(P	<	 .0001).	Twelve-month	OS	rates	were	26.2%	with
nivolumab	 and	 10.9%	 with	 placebo.310	 Checkpoint	 blockage	 has	 demonstrated	 efficacy	 in	 patients	 with	 solid
tumors	and	mismatch	repair	deficiency	including	patients	with	gastric	cancer.311	A	total	of	86	consecutive	patients
with	at	least	one	prior	therapy	were	enrolled	in	a	recently	published	study.	Evidence	of	mismatch	repair	deficiency
was	 assessed	 by	 either	 polymerase	 chain	 reaction	 or	 immunohistochemistry.	 Objective	 radiographic	 responses
were	observed	in	53%	of	patients,	and	complete	responses	were	achieved	in	21%	of	patients.312	Likewise,	in	the
KEYNOTE-059	study,	7	of	the	174	tumors	analyzed	were	found	to	be	MSI-H;	in	this	small	subset	ORR	was	57%
and	median	DOR	was	not	reached.	In	CheckMate	032,	an	exploratory	analysis	evaluated	ORR	and	OS	by	MSI
status	 in	 patients	 with	 gastric	 cancer	 treated	 with	 nivolumab	monotherapy.	MSI	 status	 was	 centrally	 assessed
using	a	polymerase	chain	reaction–based	assay.	MSI	status	was	determined	in	25	patients:	7	(28%)	were	MSI-H,
and	 18	 (72%)	were	 non–MSI-H.	ORR	was	 29%	 in	MSI-H,	 patients,	 11%	 in	 non–MSI-H	 patients,	 and	 9%	 in
patients	with	unknown	MSI	(MSI-U).	Disease	control	rate	(DCR)	was	71%,	28%,	and	26%,	respectively.	Of	the	7
responders,	3	were	PD-L1–positive	(≥1%	tumor	expression),	3	were	PD-L1–negative	(MSI-U,	n=2;	non–MSI-H,
n=1),	and	1	was	not	evaluable	for	PD-L1	assessment	(MSI-H).	Median	OS	was	14.75	months	(1.51,	not	achieved
[NA])	 in	MSI-H	patients,	 6.49	months	 (2.96,	 12.42)	 in	 non–MSI-H	patients,	 and	5.03	months	 (2.76,	 16.16)	 in
MSI-U	patients.313	 In	 summary,	 immunotherapy	 for	 gastric	 cancer	 is	 a	 promising	 new	 treatment	 strategy	 for	 a
subset	for	patients	with	gastric	cancer.	Toxicity	profiles	are	manageable	and	similar	to	that	seen	in	other	disease
sites.	FDA	approval	has	been	granted	for	pembrolizumab	and	nivolumab	for	mismatch	repair	deficiency	gastric
cancer.	 FDA	 approval	 has	 also	 been	 granted	 for	 pembrolizumab	 in	 PD-L1–positive	 refractory	 gastric	 cancer.
Optimal	patient	 selection	has	yet	 to	be	determined.	The	biomarker	PD-L1	expression	correlated	with	 treatment
efficacy	in	a	subset	of	patients;	however,	additional	biomarkers	need	to	be	defined	as	some	PD-L1	nonexpressing
tumors	 show	 response.	 Furthermore,	 there	 appear	 to	 be	 differential	 response	 based	 on	 geographic	 and	 genetic
factors,	with	Asian	patients	responding	less	well.
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SURGERY	IN	TREATMENT	OF	METASTATIC	GASTRIC	CANCER
Given	 the	 recent	 improvements	 in	 systemic	 therapy	 for	 gastric	 cancer,	 the	 question	 whether	 resection	 of
oligometastatic	disease	from	gastric	cancer	can	provide	survival	benefit	remains	unanswered.

Liver	resection:	Kerkar	et	al.314,315	reviewed	the	published	data	reporting	on	liver	resection	for	gastric	cancer;
19	studies	reported	on	436	patients.	The	majority	of	the	patients	had	synchronous	isolated	liver	gastric	metastases.
Overall,	the	1-,	3-,	and	5-year	survival	rates	were	62%,	30%,	and	27%,	respectively;	13%	(48	of	358)	were	alive
at	 5	 years,	 and	 in	 studies	 with	 more	 than	 10	 years	 of	 follow-up,	 4%	 (48	 of	 358)	 survived	 for	 more	 than	 10
years.315	Outcomes	from	recent	national	series	from	England	demonstrated	clear	survival	advantage	for	patients
undergoing	liver	resection:	40%	versus	9%	at	5-year	survival.316–319

Lung	 resection:	 Standard	 of	 care	 for	 patients	 with	 pulmonary	 gastric	 metastases	 is	 chemotherapy	 with	 a
median	survival	of	6	months.	Kemp	et	al.320	reviewed	the	published	data	reporting	on	lung	resections	for	gastric
cancer:	21	studies	reported	on	43	patients.	A	total	of	82%	of	patients	(34	of	43)	had	a	solitary	lesion.	At	a	median
follow-up	 of	 23	months,	 15	 of	 43	 (35%)	 patients	 had	 no	 evidence	 of	 disease.	The	 5-year	OS	was	 33%.	More
recently,	Shiono	et	al.321	reported	28%	5-year	survival	after	lung	resection	for	gastric	cancer	metastases.	Recently,
Uramoto	et	al.	demonstrated	30%	3-year	survival	after	pulmonary	resection	for	gastric	metastases.322

Multivisceral	 resection	 for	 gastric	 cancer:	 Mita	 et	 al.323	 reported	 on	 103	 patients	 who	 underwent
multivisceral	 resection	 for	 T4b	 gastric	 cancer.	 Postoperative	 mortality	 and	 morbidity	 were	 1%	 and	 38%,
respectively.	OS	at	3	years	was	48%	and	14%	for	R0	and	R1	resections,	respectively.323,324

HIPEC	for	gastric	cancer:	The	surgery	branch	of	the	National	Institutes	of	Health	(NIH)/NCI	has	conducted
a	 limited-scale	 prospective	 RCT	 comparing	 gastrectomy,	metastasectomy	 plus	 systemic	 therapy,	 and	 systemic
therapy	alone	(the	GYMSSA	trial).325	The	GYMSSA	trial	randomized	17	patients	with	metastatic	gastric	cancer
to	gastrectomy,	cytoreductive	surgery	(CRS)/HIPEC	plus	FOLFOXIRI	(GYMS	arm),	versus	FOLFOXIRI	alone
(SA	 arm)	 to	 study	OS.	All	 patients	 underwent	 comprehensive	 staging	 including	 laparoscopy.	OS	 in	 the	CRS-
HIPEC	arm	was	11.3	versus	4.3	months	in	the	chemotherapy	alone	arm.	All	patients	surviving	beyond	12	months
had	initial	peritoneal	carcinomatosis	index	(PCI)	≤15.	Another	study	randomized	patients	into	CRS-HIPEC	(OS,
11	months)	versus	CRS	(OS,	6.5	months)	arms.326	In	a	meta-	analysis	of	randomized	trials	examining	surgery	plus
intraperitoneal	chemotherapy,	improvement	was	demonstrated	in	1-,	2-,	and	3-year	survival	but	no	difference	at	5-
year	survival.327	Although	the	results	from	Western	randomized	trials	are	awaited,	CRS	plus	HIPEC	studies	from
Asia	 demonstrated	 survival	 advantage.	 The	 authors	 of	 this	 chapter	 recommend	 considering	 CRS-HIPEC	 for
highly	selected	group	of	patients.328–335

Gastric	carcinomatosis	occurs	in	5%	to	50%	of	patients	undergoing	surgery	with	curative	intent.	The	median
survival	 for	 such	patients	 is	1.5	months	 to	3.1	months.	Overall	data	 are	 limited;	however,	 several	 investigators
reported	on	CRS	plus	HIPEC	for	gastric	carcinomatosis—the	median	OS	ranged	from	6	to	21	months,	and	5-year
survival	 ranged	 from	 6%	 to	 16%	 with	 operative	 mortality	 of	 2%	 to	 7%	 mortality.	 In	 patients	 with	 optimal
cytoreduction	(completeness	of	cytoreduction	[CCR0/1])	(no	macroscopic	or	disease	<5	mm),	the	5-year	survival
was	16%	to	30%.	Complete	cytoreduction	was	possible	 in	only	44%	to	51%	of	 the	patients.	 In	2008,	 the	Fifth
International	Workshop	on	Peritoneal	Surface	Malignancy	indicated	that	peritonectomy,	intraoperative,	and	early
postoperative	HIPEC	potentially	can	be	a	powerful	therapy	against	gastric	cancer	peritoneal	carcinomatosis.

Bidirectional	 chemotherapy	utilizing	 intraperitoneal	 and	 systemic	 induction	 chemotherapy	prior	 to	CRS	 and
HIPEC	has	been	studied	(retrospectively)	in	patients	with	peritoneal	carcinomatosis	of	gastric	origin	undergoing
treatment	 in	 a	 specialized	 peritoneal	 surface	 malignancy	 unit	 in	 Japan.	 A	 study	 of	 194	 patients	 with	 gastric
carcinomatosis	treated	initially	and	responsive	(response	rate,	78%)	to	intraperitoneal	docetaxel	(20	mg/m2)	and
cisplatin	(30	mg/m2)	followed	by	four	cycles	of	oral	S-1	(60	mg/m2),	followed	by	CRS/HIPEC,	reported	median
OS	of	16	months	and	1-,	2-,	and	5-year	survival	of	66%,	32%,	and	11%,	respectively.336	Operative	morbidity	and
mortality	were	24%	and	4%,	respectively.	Response	to	bidirectional	intraperitoneal	and	systemic	chemotherapy,
low	tumor	burden	(peritoneal	cancer	index	≤6)	and	CCR0/1	were	independently	associated	with	improved	OS	on
multivariate	analysis.

Pressurized	intraperitoneal	aerosol	chemotherapy	(PIPAC)	was	first	 introduced	by	Marc-Andre	Reymond	for
palliation	or	volume	reduction	of	peritoneal	metastasis.	This	is	a	simple	technique	based	on	laparoscopic	injection
of	 low-dose	 chemotherapy	 in	 patients	 with	 refractory	 ascites	 or	 high-volume	 peritoneal	 disease	 either	 for
palliation	or	downstaging	before	CRS	and	HIPEC.337	PIPAC	was	shown	in	a	small-scale	retrospective	study	to	be
effective	both	for	palliation	and	for	volume	reduction	of	peritoneal	metastasis	of	gastric	origin.338



Surgery	for	Palliation
Because	 survival	 for	 patients	with	 advanced	gastric	 cancer	 is	 poor,	 any	proposed	operation	 could	have	 a	 good
chance	 of	 providing	 sustained	 symptomatic	 relief	 while	 minimizing	 the	 attendant	 morbidity	 and	 need	 for
prolonged	 hospitalization.	 Ekbom	 and	 Gleysteen339	 have	 reviewed	 the	 results	 of	 palliative	 resection	 versus
intestinal	bypass	 (gastrojejunostomy)	 in	75	patients	with	advanced	gastric	cancer.	The	most	 frequent	symptoms
for	which	patients	underwent	operation	included	pain,	hemorrhage,	nausea,	dysphasia,	or	obstruction.	Operative
mortality	was	25%	for	gastrojejunostomy,	20%	for	palliative	partial	or	subtotal	gastrectomy,	and	27%	for	total	or
proximal	 palliative	 gastrectomy.	 The	 most	 common	 and	 often	 fatal	 complication	 was	 anastomotic	 leak.	 After
gastrojejunostomy,	80%	of	patients	had	 relief	of	 symptoms	 for	a	mean	of	5.9	months	compared	with	palliative
resection,	which	provided	relief	of	symptoms	in	88%	of	patients	for	a	mean	of	14.6	months.	Although	the	duration
of	palliation	was	significantly	 longer	after	 resection	(P	<	 .01),	 the	 selection	criteria	 for	 resection	versus	bypass
were	 not	 controlled,	 and	 some	 bias	 against	 performing	 a	 palliative	 resection	 in	 high-risk	 patients	 with	 more
advanced	 disease	may	 have	 occurred.	Meijer	 et	 al.340	 also	 reported	 on	 a	 retrospective	 analysis	 of	 51	 patients
undergoing	 either	 palliative	 intestinal	 bypass	 or	 resection.	 In	 20	 of	 26	 (77%)	 patients	 undergoing	 resection,
palliation	was	considered	moderate	to	good	with	a	mean	survival	of	9.5	months.	After	gastroenterostomy,	some
palliation	was	noted	in	8	of	25	(30%)	patients,	and	survival	was	4.2	months.	Butler	et	al.341	presented	the	results
of	total	gastrectomy	for	palliation	in	27	patients	with	advanced	gastric	cancer.	Operative	mortality	was	only	4%,
whereas	morbidity	occurred	in	48%	of	patients.	Median	survival	was	15	months,	with	a	survival	rate	of	38%	at	2
years.	This	substantial	survival	rate	at	2	years	reflects	that	although	all	patients	were	symptomatic	before	surgery,
only	 half	 had	 stage	 IV	 disease.	 Patients	 with	 linitis	 plastica	 present	 a	 very	 difficult	 therapeutic	 challenge.
Resection	may	 provide	 palliation	 of	 symptoms;	 however,	 survival	 after	 total	 gastrectomy	 is	 exceedingly	 poor,
ranging	from	3	months	to	1	year.342–344

Bozzetti	et	al.345,346	reviewed	the	outcomes	of	246	patients	with	advanced	gastric	cancer	who	underwent	simple
exploratory	 laparotomy	alone,	gastrointestinal	bypass,	or	palliative	 resection	at	 the	National	Cancer	 Institute	of
Milan.	When	survival	was	compared	 in	patients	with	similar	 type	and	extent	of	disease,	a	consistent	 trend	was
seen	 for	 improved	median	OS	with	 palliative	 resection	 in	 patients	with	 local	 (4	 versus	 8	months)	 and	 distant
spread	of	disease	(3	versus	8	months).	Boddie	et	al.347	reported	similar	results	in	45	patients	undergoing	palliative
resection	at	the	MD	Anderson	Cancer	Center	for	advanced	gastric	cancer.	Operative	mortality	for	resection	was
22%.	In	21	patients	who	had	undergone	a	palliative	bypass	procedure,	OS	was	significantly	shorter	than	for	those
undergoing	palliative	gastric	resection	(P	<	.01).

In	 select	 patients	 with	 symptomatic	 advanced	 gastric	 cancer,	 resection	 of	 the	 primary	 disease	 appears	 to
provide	symptomatic	relief	with	acceptable	morbidity	and	mortality,	even	in	the	presence	of	macroscopic	residual
disease.348

Role	of	Radiation	in	Palliation	of	Gastric	Cancer
In	 the	 palliative	 setting,	 the	 principal	 indications	 for	 radiotherapy	 are	 gastric	 bleeding,	 pain,	 and
dysphagia/obstruction.	Generally,	 radiation	 is	 administered	at	 a	dose	of	20	 to	40	Gy	as	 a	 fractionated	 schedule
over	 1	 to	 3	 weeks,	 although	 there	 is	 also	 limited	 experience	 with	 a	 single	 8-Gy	 treatment.349	 Treatments	 are
generally	well	tolerated,	with	the	principal	side	effects	being	transient	nausea,	vomiting,	and	anorexia.	Of	patients
receiving	palliative	radiotherapy	alone,	15%	have	been	reported	to	experience	grade	3	to	4	toxicities,	as	opposed
to	25%	of	those	receiving	chemoradiation.350	As	detailed	in	the	following	text,	treatment	is	remarkably	effective;
for	many	patients,	symptom	control	is	achieved	for	the	majority	of	their	remaining	lives.

The	 largest	 experience	 is	 with	 gastric	 hemorrhage.	 Radiotherapy	 is	 effective	 at	 stopping	 bleeding	 in	 the
majority	 of	 patients	within	 2	 or	 3	 days	 of	 the	 initiation	 of	 treatment.349,351	 A	 dose	 of	 30	Gy	 over	 2	weeks	 is
typically	used,351,352	although	one	study	has	suggested	a	benefit	for	slightly	higher	doses	(a	biologic	effective	dose
of	50	Gy—an	alpha-beta	of	10,	corresponding	to	39	Gy	in	13	fractions).353	Beyond	this	dose,	there	appears	to	be
no	additional	benefit.349	One	study	that	utilized	lower	radiation	doses	(the	majority	received	a	single	fraction	of	8
Gy)	also	reported	a	lower	response	rate	of	50%.354

For	pain	 relief	and	gastric	obstruction,	published	experience	 is	more	 limited.	Radiation	has	been	 reported	 to
relieve	pain	in	approximately	half	of	patients.349,355	Radiation	has	also	been	reported	to	be	successful	in	relieving
obstruction/dysphagia	 in	 50%	 to	 80%	 of	 patients.349,355,356	 Aside	 from	 radiotherapy,	 these	 patients	 have	 other
palliative	options.	Two	small	randomized	trials	have	compared	the	effectiveness	of	laser	recanalization	alone,	to
laser	 recanalization	 combined	 with	 radiation	 therapy	 (either	 external	 beam	 or	 brachytherapy);	 both	 trials
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concluded	that	the	addition	of	radiation	meaningfully	lengthened	the	time	until	dysphagia	recurred.357,358	There	is
also	 evidence	 that	 radiotherapy	 is	 effective	 in	 reliving	 obstructed	 jaundice	 caused	 by	 gastric	 cancer
metastases.359,360

GASTRIC	CANCER	IN	THE	ELDERLY
Gastric	cancer	in	the	United	States	is	predominantly	a	disease	of	the	elderly,	with	a	median	age	of	diagnosis	of	68
years	and	34.5%	of	patients	aged	75	years	or	older.361	Conversely,	the	median	age	of	subjects	in	three	recent	trials
(ARTISTS,	CRITICS,	and	MAGIC	trial)	ranged	between	56	and	62	years.	Furthermore,	it	is	well	recognized	that
clinical	trial	participants	are	generally	healthier	and	have	fewer	comorbidities	than	age-matched	members	of	the
general	population.362,363	Hence,	the	results	of	randomized	trials	cannot	be	simply	extrapolated	to	the	more	elderly
patients	seen	in	the	community.

Several	 studies	 have	demonstrated	 that	 elderly	patients	 tolerate	 surgery	 less	well;	 for	 instance,	 in	 the	Dutch
D1D2	trial	postoperative	mortality	was	significantly	higher	in	those	older	than	the	age	of	70	years	(overall	risk,
3.55;	P	<	.0001).122	Likewise,	a	German	study	demonstrated	that	30-day	mortality	increased	with	age,	being	0%,
1%,	and	8%	for	age	younger	than	60	years,	60	to	75	years,	and	older	than	75	years,	respectively.364

The	tolerability	of	systemic	chemotherapy	appears	to	depend	more	on	functional	status	than	chronologic	age.
Furthermore,	a	multidimensional	score	system	consisting	of	geriatric	assessment	variables,	laboratory	test	values,
and	patient,	 tumor,	and	treatment	characteristics	has	been	shown	to	better	predict	risk	of	chemotherapy-induced
toxicity	than	simple	physician-rated	performance	status.365

Fit	elderly	patients	appear	to	benefit	equally	from	systemic	chemotherapy.	In	the	MAGIC	trial,	patients	older
than	 the	 age	 of	 70	years	 appeared	 to	 benefit	 as	much	 as	 those	 younger	 than	 the	 age	 of	 60	years.234	 In	 a	 large
pooled	analysis	of	1,080	patients	with	esophageal-gastric	cancer	recruited	 to	 three	different	RCTs,	 investigators
compared	 patients	 older	 and	 younger	 than	 the	 age	 of	 70	 years.	 There	 were	 no	 significant	 differences	 in	 the
incidence	of	grade	3	or	4	toxicity	between	the	two	cohorts.	Objective	and	symptomatic	response	rates,	failure-free
survival,	and	OS	were	not	significantly	different.	In	a	multivariate	analysis,	IDPFs	for	survival	were	performance
status	and	locally	advanced	disease,	not	age.	The	authors	concluded	that,	compared	with	younger	patients,	patients
aged	 70	 years	 or	 older	 obtained	 similar	 benefits	 from	 palliative	 chemotherapy	 with	 respect	 to	 symptomatic
response,	tumor	regression,	and	survival,	without	increased	toxicities.366

Regarding	 radiotherapy	 in	 the	 elderly,	 a	 subgroup	 analysis	 of	 the	 Southwest	 Oncology	 Group	 (SWOG)-
directed	 INT	 0116	 based	 on	 age	 has	 yet	 to	 be	 published.	 Observational	 studies	 suggest	 that	 adjuvant
chemoradiation	 is	effective	up	 to	 the	age	of	80	years.367	There	 is	 limited	evidence	 that	elderly	patients	are	 less
tolerant	 of	 bowel	 irradiation	 than	 younger	 subjects.368	 Population-based	 studies	 within	 the	 United	 States	 have
demonstrated	that	older	patients	are	less	likely	to	receive	adequate	nodal	evaluation	and	adjuvant	radiotherapy.369

In	conclusion,	it	does	not	appear	that	age	itself	is	a	prognostic	factor	in	gastric	cancer;	however,	elderly	patients
tolerate	aggressive	surgery	poorly.	Elderly	patients	appear	to	benefit	from	chemotherapy	and	chemoradiation	to	a
similar	degree	as	younger	patients;	however,	those	with	comorbidities	and	poor	performance	status	are	at	higher
risk	of	experiencing	side	effects.	The	results	of	a	comprehensive	geriatric	assessment	incorporating	functional	and
physiologic	components	is	useful	in	determining	the	aggressiveness	of	treatment.



REFERENCES

1.	 Siegel	RL,	Miller	KD,	Jemal	A.	Cancer	statistics,	2018.	CA	Cancer	J	Clin	2018;68(1):7–30.
2.	 Jemal	A,	Siegel	R,	Ward	E,	et	al.	Cancer	statistics,	2009.	CA	Cancer	J	Clin	2009;59(4):225–249.
3.	 Anderson	WF,	Camargo	MC,	Fraumeni	JF	Jr,	et	al.	Age-specific	trends	in	incidence	of	noncardia	gastric	cancer	in

US	adults.	JAMA	2010;303(17):1723–1728.
4.	 Pacelli	F,	Cusumano	G,	Marrelli	D,	 et	 al.	Multivisceral	 resection	 for	 locally	 advanced	gastric	 cancer:	 an	 Italian

multicenter	observational	study.	JAMA	Surg	2013;148(4):353–360.
5.	 Chia	NY,	Tan	P.	Molecular	classification	of	gastric	cancer.	Ann	Oncol	2016;27(5):763–769.
6.	 Houghton	 J,	 Stoicov	 C,	 Nomura	 S,	 et	 al.	 Gastric	 cancer	 originating	 from	 bone	 marrow-derived	 cells.	 Science

2004;306(5701):1568–1571.
7.	 Stoicov	 C,	 Saffari	 R,	 Cai	 X,	 et	 al.	 Molecular	 biology	 of	 gastric	 cancer:	 Helicobacter	 infection	 and	 gastric

adenocarcinoma:	bacterial	and	host	factors	responsible	for	altered	growth	signaling.	Gene	2004;341:1–17.
8.	 Avital	 I,	 Moreira	 AL,	 Klimstra	 DS,	 et	 al.	 Donor-derived	 human	 bone	 marrow	 cells	 contribute	 to	 solid	 organ

cancers	developing	after	bone	marrow	transplantation.	Stem	Cells	2007;25(11):2903–2909.
9.	 Bekaii-Saab	T,	El-Rayes	B.	Identifying	and	targeting	cancer	stem	cells	in	the	treatment	of	gastric	cancer.	Cancer

2017;123(8):1303–1312.
10.	 Ming	SC.	The	classification	and	significance	of	gastric	polyps.	Monogr	Pathol	1977;(18):149–175.
11.	 Bearzi	I,	Ranaldi	R.	Early	gastric	cancer:	a	morphologic	study	of	41	cases.	Tumori	1982;68(3):223–233.
12.	 Laurén	P.	The	two	histological	main	types	of	gastric	carcinoma:	diffuse	and	so-called	intestinal-type	carcinoma.	An

attempt	at	a	histo-clinical	classification.	Acta	Pathol	Microbiol	Scand	1965;64:31–49.
13.	 Shah	MA,	Khanin	R,	Tang	L,	et	al.	Molecular	classification	of	gastric	cancer:	a	new	paradigm.	Clin	Cancer	Res

2011;17(9):2693–2701.
14.	 Riquelme	I,	Saavedra	K,	Espinoza	JA,	et	al.	Molecular	classification	of	gastric	cancer:	towards	a	pathway-driven

targeted	therapy.	Oncotarget	2015;6(28):24750–24779.
15.	 Cristescu	R,	Lee	 J,	Nebozhyn	M,	 et	 al.	Molecular	 analysis	 of	 gastric	 cancer	 identifies	 subtypes	 associated	with

distinct	clinical	outcomes.	Nat	Med	2015;21(5):449–456.
16.	 Zinninger	MM.	Extension	of	gastric	cancer	in	the	intramural	lymphatics	and	its	relation	to	gastrectomy.	Am	Surg

1954;20(9):920–927.
17.	 Tan	 CH,	 Peungjesada	 S,	 Charnsangavej	 C,	 et	 al.	 Gastric	 cancer:	 patterns	 of	 disease	 spread	 via	 the	 perigastric

ligaments	shown	by	CT.	AJR	Am	J	Roentgenol	2010;195(2):398–404.
18.	 Hundahl	 SA.	 Staging,	 stage	 migration,	 and	 patterns	 of	 spread	 in	 gastric	 cancer.	 Semin	 Radiat	 Oncol

2002;12(2):141–149.
19.	 Miyazaki	 M,	 Itoh	 H,	 Nakagawa	 K,	 et	 al.	 Hepatic	 resection	 of	 liver	 metastases	 from	 gastric	 carcinoma.	 Am	 J

Gastroenterol	1997;92(3):490–493.
20.	 Kim	 JP,	Lee	 JH,	Kim	SJ,	 et	 al.	Clinicopathologic	 characteristics	 and	prognostic	 factors	 in	10	783	patients	with

gastric	cancer.	Gastric	Cancer	1998;1(2):125–133.
21.	 Namieno	T,	Koito	K,	Higashi	T,	et	al.	General	pattern	of	lymph	node	metastasis	in	early	gastric	carcinoma.	World	J

Surg	1996;20:996–1000.
22.	 Maruyama	K,	Gunvén	P,	Okabayashi	K,	et	al.	Lymph	node	metastases	of	gastric	cancer.	General	pattern	in	1931

patients.	Ann	Surg	1989;210:596–602.
23.	 D’Angelica	 M,	 Gonen	 M,	 Brennan	 MF,	 et	 al.	 Patterns	 of	 initial	 recurrence	 in	 completely	 resected	 gastric

adenocarcinoma.	Ann	Surg	2004;240(5):808–816.
24.	 Yoo	 CH,	 Noh	 SH,	 Shin	 DW,	 et	 al.	 Recurrence	 following	 curative	 resection	 for	 gastric	 carcinoma.	 Br	 J	 Surg

2000;87(2):236–242.
25.	 Dewys	WD,	Begg	C,	Lavin	PT,	et	al.	Prognostic	effect	of	weight	 loss	prior	 to	chemotherapy	 in	cancer	patients.

Eastern	Cooperative	Oncology	Group.	Am	J	Med	1980;69(4):491–497.
26.	 Smyth	EC,	Verheij	M,	Allum	W,	et	al.	Gastric	cancer:	ESMO	Clinical	Practice	Guidelines	for	diagnosis,	treatment

and	follow-up.	Ann	Oncol	2016;27(Suppl	5):v38–v49.
27.	 Hamashima	C;	 for	 Systematic	Review	Group	 and	Guideline	Development	Group	 for	Gastric	 Cancer	 Screening

Guidelines.	 Update	 version	 of	 the	 Japanese	 Guidelines	 for	 Gastric	 Cancer	 Screening.	 Jpn	 J	 Clin	 Oncol
2018;48(7):673–683.

28.	 Areia	M,	Carvalho	R,	Cadime	AT,	et	al.	Screening	for	gastric	cancer	and	surveillance	of	premalignant	lesions:	a
systematic	review	of	cost-effectiveness	studies.	Helicobacter	2013;18(5):325–337.



Dr. AVR @ TMH

29.	 Yoshihara	M,	Hiyama	T,	Yoshida	 S,	 et	 al.	 Reduction	 in	 gastric	 cancer	mortality	 by	 screening	 based	 on	 serum
pepsinogen	concentration:	a	case-control	study.	Scand	J	Gastroenterol	2007;42(6):760–764.

30.	 Kaise	M,	Miwa	J,	Tashiro	J,	et	al.	The	combination	of	serum	trefoil	factor	3	and	pepsinogen	testing	is	a	valid	non-
endoscopic	 biomarker	 for	 predicting	 the	 presence	 of	 gastric	 cancer:	 a	 new	 marker	 for	 gastric	 cancer	 risk.	 J
Gastroenterol	2011;46(6):736–745.

31.	 Wang	W,	Sun	G,	Zhang	L,	et	al.	Circulating	microRNAs	as	novel	potential	biomarkers	for	early	diagnosis	of	acute
stroke	in	humans.	J	Stroke	Cerebrovasc	Dis	2014;23(10):2607–2613.

32.	 Cohen	JD,	Li	L,	Wang	Y,	et	 al.	Detection	and	 localization	of	 surgically	 resectable	cancers	with	a	multi-analyte
blood	test.	Science	2018;359(6378):926–930.

33.	 Ohata	H,	Kitauchi	S,	Yoshimura	N,	et	 al.	Progression	of	chronic	atrophic	gastritis	 associated	with	Helicobacter
pylori	infection	increases	risk	of	gastric	cancer.	Int	J	Cancer	2004;109(1):138–143.

34.	 Watabe	 H,	 Mitsushima	 T,	 Yamaji	 Y,	 et	 al.	 Predicting	 the	 development	 of	 gastric	 cancer	 from	 combining
Helicobacter	 pylori	 antibodies	 and	 serum	 pepsinogen	 status:	 a	 prospective	 endoscopic	 cohort	 study.	 Gut
2005;54(6):764–768.

35.	 Parsonnet	J,	Harris	RA,	Hack	HM,	et	al.	Modelling	cost-effectiveness	of	Helicobacter	pylori	screening	to	prevent
gastric	cancer:	a	mandate	for	clinical	trials.	Lancet	1996;348:150–154.

36.	 Roderick	 P,	 Davies	 R,	 Raftery	 J,	 et	 al.	 Cost-effectiveness	 of	 population	 screening	 for	 Helicobacter	 pylori	 in
preventing	gastric	cancer	and	peptic	ulcer	disease,	using	simulation.	J	Med	Screen	2003;10:148–156.

37.	 Mason	 J,	 Axon	 AT,	 Forman	 D,	 et	 al.	 The	 cost-effectiveness	 of	 population	 Helicobacter	 pylori	 screening	 and
treatment:	 a	Markov	 model	 using	 economic	 data	 from	 a	 randomized	 controlled	 trial.	Aliment	 Pharmacol	 Ther
2002;16:559–568.

38.	 Minamimoto	R,	Senda	M,	 Jinnouchi	S,	 et	 al.	 Performance	profile	 of	 a	FDG-PET	cancer	 screening	program	 for
detecting	gastric	cancer:	results	from	a	nationwide	Japanese	survey.	Jpn	J	Radiol	2014;32(5):253–259.

39.	 Xu	MX,	Cui	HJ,	Yao	TL,	et	al.	Clinical	value	of	combined	tests	for	tumor	markers	for	gastric	cancer.	J	Biol	Regul
Homeost	Agents	2018;32(2):263–268.

40.	 Guo	 J,	Chen	S,	Li	S,	 et	 al.	A	novel	 classifier	based	on	 three	preoperative	 tumor	markers	predicting	 the	cancer-
specific	survival	of	gastric	cancer	(CEA,	CA19-9	and	CA72-4).	Oncotarget	2018;9(4):4814–4822.

41.	 Moon	JS.	Screening	upper	endoscopy	for	early	detection	of	gastric	cancer.	J	Korean	Med	Sci	2018;33(23):e190.
42.	 Bentrem	D,	Gerdes	H,	Tang	L,	et	al.	Clinical	correlation	of	endoscopic	ultrasonography	with	pathologic	stage	and

outcome	in	patients	undergoing	curative	resection	for	gastric	cancer.	Ann	Surg	Oncol	2007;14:1853–1859.
43.	 Yan	C,	 Zhu	ZG,	Yan	M,	 et	 al.	Value	 of	multidetector-row	 computed	 tomography	 in	 the	 preoperative	T	 and	N

staging	of	gastric	carcinoma:	a	large-scale	Chinese	study.	J	Surg	Oncol	2009;100(3):205–214.
44.	 Nagpal	P,	Prakash	A,	Pradhan	G,	et	al.	MDCT	imaging	of	 the	stomach:	advances	and	applications.	Br	J	Radiol

2017;90(1069):20160412.
45.	 Giganti	F,	Ambrosi	A,	Chiari	D,	et	al.	Apparent	diffusion	coefficient	by	diffusion-weighted	magnetic	 resonance

imaging	as	a	sole	biomarker	for	staging	and	prognosis	of	gastric	cancer.	Chin	J	Cancer	Res	2017;29(2):118–126.
46.	 Ott	 K,	 Fink	 U,	 Becker	 K,	 et	 al.	 Prediction	 of	 response	 to	 preoperative	 chemotherapy	 in	 gastric	 carcinoma	 by

metabolic	imaging:	results	of	a	prospective	trial.	J	Clin	Oncol	2003;21(24):4604–4610.
47.	 Kwee	RM,	Kwee	TC.	Imaging	in	assessing	lymph	node	status	in	gastric	cancer.	Gastric	Cancer	2009;12(1):6–22.
48.	 Kim	 EY,	 Lee	 WJ,	 Choi	 D,	 et	 al.	 The	 value	 of	 PET/CT	 for	 preoperative	 staging	 of	 advanced	 gastric	 cancer:

comparison	with	contrast-enhanced	CT.	Eur	J	Radiol	2011;79(2):183–188.
49.	 Chon	HJ,	Kim	C,	Cho	A,	et	al.	The	clinical	implications	of	FDG-PET/CT	differ	according	to	histology	in	advanced

gastric	cancer.	Gastric	Cancer	2018	[Epub	ahead	of	print].
50.	 Schneider	PM,	Eshmuminov	D,	Rordorf	T,	et	al.	18FDG-PET-CT	identifies	histopathological	non-responders	after

neoadjuvant	 chemotherapy	 in	 locally	 advanced	 gastric	 and	 cardia	 cancer:	 cohort	 study.	 BMC	 Cancer
2018;18(1):548.

51.	 Yoon	HJ,	Kim	BS,	Moon	CM,	et	al.	Prognostic	value	of	diffuse	splenic	FDG	uptake	on	PET/CT	in	patients	with
gastric	cancer.	PloS	One	2018;13(4):e0196110.

52.	 Brenkman	HJF,	Gertsen	EC,	Vegt	E,	et	al.	Evaluation	of	PET	and	laparoscopy	in	STagIng	advanced	gastric	cancer:
a	multicenter	prospective	study	(PLASTIC-study).	BMC	Cancer	2018;18(1):450.

53.	 Kudou	M,	Kosuga	T,	Kubota	T,	 et	 al.	Value	of	preoperative	PET-CT	 in	 the	prediction	of	pathological	 stage	of
gastric	cancer.	Ann	Surg	Oncol	2018;25(6):1633–1639.

54.	 Luo	M,	Song	H,	Liu	G,	et	al.	Comparison	of	DWI	and	18F-FDG	PET/CT	for	assessing	preoperative	N-staging	in
gastric	cancer:	evidence	from	a	meta-	analysis.	Oncotarget	2017;8(48):84473–84488.

55.	 Smyth	E,	Schöder	H,	Strong	VE,	et	al.	A	prospective	evaluation	of	the	utility	of	2-deoxy-2-[18F]fluoro-D-glucose



positron	 emission	 tomography	 and	 computed	 tomography	 in	 staging	 locally	 advanced	 gastric	 cancer.	 Cancer
2012;118(22):5481–5488.

56.	 Li	 Z,	 Li	 Z,	 Zhang	 L,	 et	 al.	 Staging	 laparoscopy	 for	 locally	 advanced	 gastric	 cancer	 in	 Chinese	 patients:	 a
multicenter	prospective	registry	study.	BMC	Cancer	2018;18(1):63.

57.	 Li	K,	Cannon	JGD,	Jiang	SY,	et	al.	Diagnostic	staging	laparoscopy	in	gastric	cancer	treatment:	a	cost-effectiveness
analysis.	J	Surg	Oncol	2018;117(6):1288–1296.

58.	 Irino	T,	Sano	T,	Hiki	N,	et	al.	Diagnostic	staging	laparoscopy	in	gastric	cancer:	a	prospective	cohort	at	a	cancer
institute	in	Japan.	Surg	Endosc	2018;32(1):268–275.

59.	 Muntean	V,	Mihailov	A,	Iancu	C,	et	al.	Staging	laparoscopy	in	gastric	cancer.	Accuracy	and	impact	on	therapy.	J
Gastrointestin	Liver	Dis	2009;18(2):189–195.

60.	 Olesiński	T,	Malinowska	M,	Zwierko	M,	et	al.	Conventional	cytology	vs.	immunocytochemistry	of	intraoperative
peritoneal	 washes	 in	 gastric	 cancer	 patients	 subjected	 to	 gastrectomy:	 clinical	 correlates	 and	 association	 with
overall	survival.	Minerva	Chir	2018;73(3):261–268.

61.	 Jamel	S,	Markar	SR,	Malietzis	G,	 et	 al.	 Prognostic	 significance	of	 peritoneal	 lavage	 cytology	 in	 staging	gastric
cancer:	systematic	review	and	meta-analysis.	Gastric	Cancer	2018;21(1):10–18.

62.	 Bentrem	D,	Wilton	A,	Mazumdar	M,	et	al.	The	value	of	peritoneal	cytology	as	a	preoperative	predictor	in	patients
with	gastric	carcinoma	undergoing	a	curative	resection.	Ann	Surg	Oncol	2005;12(5):347–353.

63.	 Conlon	KC.	Staging	laparoscopy	for	gastric	cancer.	Ann	Ital	Chir	2001;72(1):33–37.
64.	 Dalal	KM,	Woo	Y,	Kelly	K,	et	al.	Detection	of	micrometastases	in	peritoneal	washings	of	gastric	cancer	patients	by

the	reverse	transcriptase	polymerase	chain	reaction.	Gastric	Cancer	2008;11(4):206–213.
65.	 Wilkiemeyer	MB,	Bieligk	SC,	Ashfaq	R,	 et	 al.	 Laparoscopy	 alone	 is	 superior	 to	 peritoneal	 cytology	 in	 staging

gastric	and	esophageal	carcinoma.	Surg	Endosc	2004;18(5):852–856.
66.	 Nakagawa	 S,	 Nashimoto	 A,	 Yabusaki	 H.	 Role	 of	 staging	 laparoscopy	 with	 peritoneal	 lavage	 cytology	 in	 the

treatment	of	locally	advanced	gastric	cancer.	Gastric	Cancer	2007;10(1):29–34.
67.	 Wong	 J,	 Schulman	 A,	 Kelly	 K,	 et	 al.	 Detection	 of	 free	 peritoneal	 cancer	 cells	 in	 gastric	 cancer	 using	 cancer-

specific	Newcastle	disease	virus.	J	Gastrointest	Surg	2010;14(1):7–14.
68.	 Hu	YF,	Deng	ZW,	Liu	H,	 et	 al.	 Staging	 laparoscopy	 improves	 treatment	 decision-making	 for	 advanced	 gastric

cancer.	World	J	Gastroenterol	2016;22(5):1859–1868.
69.	 Liu	JY,	Peng	CW,	Yang	XJ,	et	al.	The	prognosis	role	of	AJCC/UICC	8th	edition	staging	system	in	gastric	cancer,	a

retrospective	analysis.	Am	J	Transl	Res	2018;10(1):292–303.
70.	 Abdel-Rahman	O.	Validation	 of	 the	 8th	AJCC	 staging	 system	 for	 gastric	 cancer	 in	 a	 population-based	 setting.

Expert	Rev	Gastroenterol	Hepatol	2018;12(5):525–530.
71.	 Zhang	YJ,	Fang	JY.	Molecular	staging	of	gastric	cancer.	J	Gastroenterol	Hepatol	2008;23(6):856–860.
72.	 He	X,	Wu	W,	Lin	Z,	et	al.	Validation	of	the	American	Joint	Committee	on	Cancer	(AJCC)	8th	edition	stage	system

for	gastric	cancer	patients:	a	population-based	analysis.	Gastric	Cancer	2018;21(3):391–400.
73.	 Amin	MB,	 Edge	 S,	 Greene	 F,	 et	 al.	AJCC	Cancer	 Staging	Manual.	 8th	 ed.	 New	York:	 Springer	 International

Publishing;	2017.
74.	 Allem	 JP,	Ayers	 JW,	Unger	 JB,	 et	 al.	 The	 environment	modifies	 the	 relationship	 between	 social	 networks	 and

secondhand	 smoke	 exposure	 among	 Korean	 nonsmokers	 in	 Seoul	 and	 California.	 Asia	 Pac	 J	 Public	 Health
2015;27(2):NP437–NP447.

75.	 In	H,	Solsky	 I,	Palis	B,	et	al.	Validation	of	 the	8th	edition	of	 the	AJCC	TNM	staging	system	for	gastric	cancer
using	the	National	Cancer	Database.	Ann	Surg	Oncol	2017;24(12):3683–3691.

76.	 Takeuchi	H,	Kitagawa	Y.	Sentinel	lymph	node	biopsy	in	gastric	cancer.	Cancer	J	2015;21(1):21–24.
77.	 Sun	Z,	Zhu	GL,	Lu	C,	et	al.	The	impact	of	N-ratio	in	minimizing	stage	migration	phenomenon	in	gastric	cancer

patients	with	insufficient	number	or	level	of	lymph	node	retrieved:	results	from	a	Chinese	mono-institutional	study
in	2159	patients.	Ann	Oncol	2009;20(5):897–905.

78.	 Tavares	A,	Monteiro-Soares	M,	Viveiros	F,	et	al.	Occult	tumor	cells	in	lymph	nodes	of	patients	with	gastric	cancer:
a	systematic	review	on	their	prevalence	and	predictive	role.	Oncology	2015;89(5):245–254.

79.	 Seevaratnam	R,	Bocicariu	A,	Cardoso	R,	et	al.	How	many	lymph	nodes	should	be	assessed	in	patients	with	gastric
cancer?	A	systematic	review.	Gastric	Cancer	2012;15(Suppl	1):S70–S88.

80.	 Hong	SA,	Son	MW,	Cho	 J,	 et	 al.	 Prognostic	 value	 of	 fibrosis	 ratio	 in	metastatic	 lymph	nodes	 of	 node-positive
advanced	gastric	cancer.	Medicine	(Baltimore)	2018;97(3):e9703.

81.	 Macalindong	SS,	Kim	KH,	Nam	BH,	et	al.	Effect	of	total	number	of	harvested	lymph	nodes	on	survival	outcomes
after	 curative	 resection	 for	 gastric	 adenocarcinoma:	 findings	 from	an	 eastern	high-volume	gastric	 cancer	 center.
BMC	Cancer	2018;18(1):73.



Dr. AVR @ TMH

82.	 Zhao	B,	Zhang	J,	Zhang	J,	et	al.	Anatomical	location	of	metastatic	lymph	nodes:	an	indispensable	prognostic	factor
for	gastric	cancer	patients	who	underwent	curative	resection.	Scand	J	Gastroenterol	2018;53(2):185–192.

83.	 Li	M,	Wang	XA,	Wang	L,	et	al.	A	three-step	method	for	modular	lymphadenectomy	in	gastric	cancer	surgery:	the
ability	to	retrieve	sufficient	lymph	nodes	and	improve	survival.	Am	J	Surg	2018;215(1):91–96.

84.	 Ochiai	T,	Hayashi	H,	Suzuki	T,	et	al.	Evaluation	of	a	new	staging	system	by	 the	Japanese	Research	Society	 for
Gastric	Cancer.	Surg	Today	1998;28(10):1015–1021.

85.	 Sayegh	ME,	Sano	T,	Dexter	S,	et	al.	TNM	and	Japanese	staging	systems	for	gastric	cancer:	how	do	they	coexist?
Gastric	Cancer	2004;7(3):140–148.

86.	 Ichikura	 T,	 Tomimatsu	 S,	 Uefuji	 K,	 et	 al.	 Evaluation	 of	 the	 New	 American	 Joint	 Committee	 on
Cancer/International	 Union	 against	 cancer	 classification	 of	 lymph	 node	 metastasis	 from	 gastric	 carcinoma	 in
comparison	with	the	Japanese	classification.	Cancer	1999;86(4):553–558.

87.	 Siewert	 JR,	 Stein	 HJ.	 Classification	 of	 adenocarcinoma	 of	 the	 oesophagogastric	 junction.	 Br	 J	 Surg
1998;85(11):1457–1459.

88.	 Zhao	 E,	 Ling	 T,	 Xu	 J,	 et	 al.	 Turning	 left	 or	 right?	 A	 comparative	 analysis	 in	 adenocarcinomas	 of	 the
esophagogastric	 junction	 according	 to	 the	 seventh	 AJCC	 TNM	 classification	 for	 cancers	 of	 the	 esophagus	 and
stomach:	experience	in	a	Chinese	single	institution.	Int	J	Clin	Exp	Med	2015;8(7):10668–10677.

89.	 Ustaaliog˘lu	BBÖ,	Tilki	M,	Sürmeliog˘lu	A,	et	al.	The	clinicopathologic	characteristics	and	prognostic	factors	of
gastroesophageal	junction	tumors	according	to	Siewert	classification.	Turk	J	Surg	2017;33:18–24.

90.	 Kattan	MW,	Karpeh	MS,	Mazumdar	M,	et	al.	Postoperative	nomogram	for	disease-specific	survival	after	an	R0
resection	for	gastric	carcinoma.	J	Clin	Oncol	2003;21(19):3647–3650.

91.	 Peeters	KC,	Kattan	MW,	Hartgrink	HH,	et	al.	Validation	of	a	nomogram	for	predicting	disease-specific	survival
after	an	R0	resection	for	gastric	carcinoma.	Cancer	2005;103(4):702–707.

92.	 Novotny	 AR,	 Schuhmacher	 C,	 Busch	 R,	 et	 al.	 Predicting	 individual	 survival	 after	 gastric	 cancer	 resection:
validation	of	a	U.S.-derived	nomogram	at	a	single	high-volume	center	in	Europe.	Ann	Surg	2006;243(1):74–81.

93.	 Strong	VE,	Song	KY,	Park	CH,	et	al.	Comparison	of	gastric	cancer	survival	following	R0	resection	in	the	United
States	and	Korea	using	an	internationally	validated	nomogram.	Ann	Surg	2010;251(4):640–646.

94.	 Roberto	M,	Botticelli	A,	Strigari	L,	et	al.	Prognosis	of	elderly	gastric	cancer	patients	after	surgery:	a	nomogram	to
predict	survival.	Med	Oncol	2018;35(7):111.

95.	 Zheng	 ZF,	 Lu	 J,	 Wang	 W,	 et	 al.	 Development	 and	 external	 validation	 of	 a	 simplified	 nomogram	 predicting
individual	 survival	 after	 R0	 resection	 for	 gastric	 cancer:	 an	 international,	 multicenter	 study.	 Ann	 Surg	 Oncol
2018;25:2383–2390.

96.	 Wang	W,	 Sun	Z,	Deng	 JY,	 et	 al.	A	 novel	 nomogram	 individually	 predicting	 disease-specific	 survival	 after	D2
gastrectomy	for	advanced	gastric	cancer.	Cancer	Commun	(Lond)	2018;38(1):23.

97.	 Choi	 JH,	Suh	YS,	Choi	Y,	et	 al.	Comprehensive	analysis	of	 the	neutrophil-to-lymphocyte	 ratio	 for	preoperative
prognostic	prediction	nomogram	in	gastric	cancer.	World	J	Surg	2018;42(8):2530–2541.

98.	 Mao	CC,	Chen	XD,	Lin	J,	et	al.	A	novel	nomogram	for	predicting	postsurgical	intra-abdominal	infection	in	gastric
cancer	patients:	a	prospective	study.	J	Gastrointest	Surg	2018;22(3):421–429.

99.	 Lian	J,	Chen	S,	Zhang	Y,	et	al.	A	meta-analysis	of	endoscopic	submucosal	dissection	and	EMR	for	early	gastric
cancer.	Gastrointest	Endosc	2012;76(4):763–770.

100.	 Bang	CS,	 Park	 JM,	Baik	GH,	 et	 al.	 Therapeutic	 outcomes	 of	 endoscopic	 resection	 of	 early	 gastric	 cancer	with
undifferentiated-type	histology:	a	Korean	ESD	Registry	Database	analysis.	Clin	Endosc	2017;50(6):569–577.

101.	 Japanese	Gastric	Cancer	Association.	Japanese	classification	of	gastric	carcinoma—2nd	English	edition—response
assessment	of	chemotherapy	and	radiotherapy	for	gastric	carcinoma:	clinical	criteria.	Gastric	Cancer	2001;4(1):1–
8.

102.	 Kwee	RM,	Kwee	TC.	Predicting	lymph	node	status	in	early	gastric	cancer.	Gastric	Cancer	2008;11(3):134–148.
103.	 Haruta	H,	Hosoya	Y,	Sakuma	K,	et	al.	Clinicopathological	study	of	lymph-node	metastasis	in	1,389	patients	with

early	gastric	cancer:	assessment	of	indications	for	endoscopic	resection.	J	Dig	Dis	2008;9(4):213–218.
104.	 Jeong	O,	 Ryu	 SY,	 Park	 YK.	 Accuracy	 of	 surgical	 diagnosis	 in	 detecting	 early	 gastric	 cancer	 and	 lymph	 node

metastasis	and	its	role	in	determining	limited	surgery.	J	Am	Coll	Surg	2009;209(3):302–307.
105.	 Li	H,	Lu	P,	Lu	Y,	et	al.	Predictive	factors	of	lymph	node	metastasis	in	undifferentiated	early	gastric	cancers	and

application	of	endoscopic	mucosal	resection.	Surg	Oncol	2010;19(4):221–226.
106.	 Park	JM,	Kim	SW,	Nam	KW,	et	al.	Is	it	reasonable	to	treat	early	gastric	cancer	with	signet	ring	cell	histology	by

endoscopic	 resection?	 Analysis	 of	 factors	 related	 to	 lymph-node	 metastasis.	 Eur	 J	 Gastroenterol	 Hepatol
2009;21(10):1132–1135.

107.	 Hirasawa	 T,	 Gotoda	 T,	Miyata	 S,	 et	 al.	 Incidence	 of	 lymph	 node	 metastasis	 and	 the	 feasibility	 of	 endoscopic



resection	for	undifferentiated-type	early	gastric	cancer.	Gastric	Cancer	2009;12(3):148–152.
108.	 Hölscher	AH,	Drebber	U,	Mönig	SP,	et	al.	Early	gastric	cancer:	lymph	node	metastasis	starts	with	deep	mucosal

infiltration.	Ann	Surg	2009;250(5):791–797.
109.	 Matsumoto	M,	Natsugoe	S,	Ishigami	S,	et	al.	Lymph	node	micrometastasis	and	lymphatic	mapping	determined	by

reverse	transcriptase-polymerase	chain	reaction	in	pN0	gastric	carcinoma.	Surgery	2002;131(6):630–635.
110.	 Zhao	G,	Xue	M,	Hu	Y,	et	al.	How	commonly	is	the	diagnosis	of	gastric	low	grade	dysplasia	upgraded	following

endoscopic	resection?	A	meta-analysis.	PLoS	One	2015;10(7):e0132699.
111.	 Kang	MS,	Hong	SJ,	Kim	DY,	et	al.	Long-term	outcome	after	endoscopic	submucosal	dissection	for	early	gastric

cancer:	focusing	on	a	group	beyond	the	expanded	indication.	J	Dig	Dis	2015;16(1):7–13.
112.	 Angelov	KG,	Vasileva	MB,	Grozdev	KS,	et	al.	The	impact	of	the	extent	of	surgical	resection	on	survival	of	gastric

cancer	patients.	Onco	Targets	Ther	2016;9:4687–4694.
113.	 Tao	KL,	Huang	CM,	Lin	JX,	et	al.	Impact	of	the	extent	of	gastric	resection	on	the	prognosis	of	patients	with	middle

one-third	gastric	cancer.	Zhonghua	Wei	Chang	Wai	Ke	Za	Zhi	2013;16(2):155–159.
114.	 Hulscher	 JB,	 van	 Sandick	 JW,	 de	 Boer	 AG,	 et	 al.	 Extended	 transthoracic	 resection	 compared	 with	 limited

transhiatal	resection	for	adenocarcinoma	of	the	esophagus.	N	Engl	J	Med	2002;347(21):1662–1669.
115.	 Omloo	 JM,	Lagarde	SM,	Hulscher	 JB,	 et	 al.	Extended	 transthoracic	 resection	compared	with	 limited	 transhiatal

resection	 for	 adenocarcinoma	of	 the	mid/distal	 esophagus:	 five-year	 survival	 of	 a	 randomized	clinical	 trial.	Ann
Surg	2007;246(6):992–1001.

116.	 Volpe	CM,	Driscoll	DL,	Douglass	HO	Jr.	Outcome	of	patients	with	proximal	gastric	cancer	depends	on	extent	of
resection	and	number	of	resected	lymph	nodes.	Ann	Surg	Oncol	2000;7(2):139–144.

117.	 Kung	CH,	Song	H,	Ye	W,	et	al.	Extent	of	lymphadenectomy	has	no	impact	on	postoperative	complications	after
gastric	cancer	surgery	in	Sweden.	Chin	J	Cancer	Res	2017;29(4):313–322.

118.	 Liang	H,	Deng	J.	Evaluation	of	rational	extent	lymphadenectomy	for	local	advanced	gastric	cancer.	Chin	J	Cancer
Res	2016;28(4):397–403.

119.	 Randle	RW,	Swords	DS,	Levine	EA,	et	al.	Optimal	extent	of	lymphadenectomy	for	gastric	adenocarcinoma:	a	7-
institution	study	of	the	U.S.	gastric	cancer	collaborative.	J	Surg	Oncol	2016;113(7):750–755.

120.	 Giuliani	 A,	 Miccini	 M,	 Basso	 L.	 Extent	 of	 lymphadenectomy	 and	 perioperative	 therapies:	 two	 open	 issues	 in
gastric	cancer.	World	J	Gastroenterol	2014;20(14):3889–3904.

121.	 Bonenkamp	 JJ,	Hermans	 J,	 Sasako	M,	 et	 al.	Extended	 lymph-node	dissection	 for	 gastric	 cancer.	N	Engl	 J	Med
1999;340(12):908–914.

122.	 Songun	I,	Putter	H,	Kranenbarg	EM,	et	al.	Surgical	 treatment	of	gastric	cancer:	15-year	 follow-up	results	of	 the
randomised	nationwide	Dutch	D1D2	trial.	Lancet	Oncol	2010;11(5):439–449.

123.	 Degiuli	M,	Sasako	M,	Calgaro	M,	et	al.	Morbidity	and	mortality	after	D1	and	D2	gastrectomy	for	cancer:	interim
analysis	 of	 the	 Italian	 Gastric	 Cancer	 Study	 Group	 (IGCSG)	 randomised	 surgical	 trial.	 Eur	 J	 Surg	 Oncol
2004;30(3):303–308.

124.	 Degiuli	M,	Sasako	M,	Ponti	A,	et	al.	Randomized	clinical	trial	comparing	survival	after	D1	or	D2	gastrectomy	for
gastric	cancer.	Br	J	Surg	2014;101(2):23–31.

125.	 Memon	 MA,	 Subramanya	 MS,	 Khan	 S,	 et	 al.	 Meta-analysis	 of	 D1	 versus	 D2	 gastrectomy	 for	 gastric
adenocarcinoma.	Ann	Surg	2011;253(5):900–911.

126.	 Wu	CW,	Hsiung	CA,	Lo	SS,	et	al.	Nodal	dissection	for	patients	with	gastric	cancer:	a	randomised	controlled	trial.
Lancet	Oncol	2006;7(4):309–315.

127.	 Roggin	KK,	Posner	MC.	D3	or	not	D3	…	that	is	not	the	question.	Lancet	Oncol	2006;7(4):279–280.
128.	 Sano	T,	Sasako	M,	Yamamoto	S,	et	al.	Gastric	cancer	surgery:	morbidity	and	mortality	results	from	a	prospective

randomized	controlled	trial	comparing	D2	and	extended	para-aortic	lymphadenectomy—Japan	Clinical	Oncology
Group	Study	9501.	J	Clin	Oncol	2004;22(14):2767–2773.

129.	 Sasako	M,	Sano	T,	Yamamoto	S,	et	al.	D2	lymphadenectomy	alone	or	with	para-aortic	nodal	dissection	for	gastric
cancer.	N	Engl	J	Med	2008;359(5):453–462.

130.	 Yonemura	 Y,	 Wu	 CC,	 Fukushima	 N,	 et	 al.	 Randomized	 clinical	 trial	 of	 D2	 and	 extended	 paraaortic
lymphadenectomy	in	patients	with	gastric	cancer.	Int	J	Clin	Oncol	2008;13(2):132–137.

131.	 Kulig	J,	Popiela	T,	Kolodziejczyk	P,	et	al.	Standard	D2	versus	extended	D2	(D2+)	lymphadenectomy	for	gastric
cancer:	an	interim	safety	analysis	of	a	multicenter,	randomized,	clinical	trial.	Am	J	Surg	2007;193(1):10–15.

132.	 Chiappa	A,	Bertani	E,	Fazio	N,	et	al.	D2-lymphadenectomy	and	gastric	resection	in	a	consecutive	series	of	patients
with	gastric	cancer.	Eur	J	Cancer	2018;92(Suppl	2):S7.

133.	 Zhang	CD,	Zong	L,	Ning	FL,	et	al.	Modified	vs.	standard	D2	lymphadenectomy	in	distal	subtotal	gastrectomy	for
locally	advanced	gastric	cancer	patients	under	70	years	of	age.	Oncol	Lett	2018;15(1):375–385.



Dr. AVR @ TMH

134.	 Shi	Y,	Xu	X,	Zhao	Y,	et	al.	Short-term	surgical	outcomes	of	a	randomized	controlled	trial	comparing	laparoscopic
versus	 open	 gastrectomy	 with	 D2	 lymph	 node	 dissection	 for	 advanced	 gastric	 cancer.	 Surg	 Endosc
2018;32(5):2427–2433.

135.	 Seo	HS,	Jung	YJ,	Kim	JH,	et	al.	Necessity	of	D2	 lymph	node	dissection	 in	older	patients	≥80years	with	gastric
cancer.	J	Geriatr	Oncol	2018;9(2):115–119.

136.	 Toh	BC,	Rao	J.	Laparoscopic	D2	total	gastrectomy	and	en-mass	splenectomy	and	distal	pancreatectomy	for	locally
advanced	proximal	gastric	cancer.	Surg	Endosc	2018;32(4):2156.

137.	 Kumagai	 K,	 Sano	 T,	 Hiki	 N,	 et	 al.	 Survival	 benefit	 of	 “D2-plus”	 gastrectomy	 in	 gastric	 cancer	 patients	 with
duodenal	invasion.	Gastric	Cancer	2018;21(2):296–302.

138.	 Liao	 Y,	 Yang	 ZL,	 Xiang	 J,	 et	 al.	 Systematic	 review	 on	 safety	 and	 efficacy	 of	 laparoscopy-assisted	 distal
gastrectomy	 with	 D2	 lymph	 node	 dissection	 for	 gastric	 cancer.	 Zhonghua	 Wei	 Chang	 Wai	 Ke	 Za	 Zhi
2010;13(11):825–830.

139.	 Wang	 Z,	 Chen	 JQ,	 Cao	 YF.	 Systematic	 review	 of	 D2	 lymphadenectomy	 versus	 D2	 with	 para-aortic	 nodal
dissection	for	advanced	gastric	cancer.	World	J	Gastroenterol	2010;16(9):1138–1149.

140.	 Furukawa	H,	Hiratsuka	M,	Ishikawa	O,	et	al.	Total	gastrectomy	with	dissection	of	lymph	nodes	along	the	splenic
artery:	a	pancreas-preserving	method.	Ann	Surg	Oncol	2000;7(9):669–673.

141.	 Oh	SJ,	Hyung	WJ,	Li	C,	et	al.	The	effect	of	spleen-preserving	lymphadenectomy	on	surgical	outcomes	of	locally
advanced	proximal	gastric	cancer.	J	Surg	Oncol	2009;99(5):275–280.

142.	 Csendes	A,	Burdiles	P,	Rojas	J,	et	al.	A	prospective	randomized	study	comparing	D2	total	gastrectomy	versus	D2
total	gastrectomy	plus	splenectomy	in	187	patients	with	gastric	carcinoma.	Surgery	2002;131(4):401–407.

143.	 Quan	B,	Yan	WT,	Yu	JJ,	et	al.	Relationship	between	complications	and	long-term	prognosis	after	total	gastrectomy
with	splenectomy	for	proximal	advanced	gastric	cancer.	Eur	J	Surg	Oncol	2018	[Epub	ahead	of	print].

144.	 Sano	T,	Sasako	M,	Mizusawa	J,	et	al.	Randomized	controlled	trial	to	evaluate	splenectomy	in	total	gastrectomy	for
proximal	gastric	carcinoma.	Ann	Surg	2017;265(2):277–283.

145.	 Park	YK,	Yoon	HM,	Kim	YW,	et	al.	Laparoscopy-assisted	versus	open	D2	distal	gastrectomy	for	advanced	gastric
cancer:	results	from	a	randomized	phase	II	multicenter	clinical	trial	(COACT	1001).	Ann	Surg	2018;267(4):638–
645.

146.	 Cao	X,	Li	Y,	Luo	RZ,	et	al.	Tyrosine-protein	phosphatase	nonreceptor	type	12	is	a	novel	prognostic	biomarker	for
esophageal	squamous	cell	carcinoma.	Ann	Thorac	Surg	2012;93(5):1674–1680.

147.	 Hiki	 N,	 Katai	 H,	 Mizusawa	 J,	 et	 al.	 Long-term	 outcomes	 of	 laparoscopy-	 assisted	 distal	 gastrectomy	 with
suprapancreatic	nodal	dissection	for	clinical	stage	I	gastric	cancer:	a	multicenter	phase	II	trial	(JCOG0703).	Gastric
Cancer	2018;21(1):155–161.

148.	 Li	Z,	Ji	G,	Bai	B,	et	al.	Laparoscopy-assisted	distal	gastrectomy	versus	laparoscopy-assisted	total	gastrectomy	with
D2	lymph	node	dissection	for	middle-third	advanced	gastric	cancer.	Surg	Endosc	2018;32(5):2255–2262.

149.	 Feingold	 PL,	 Kwong	ML,	 Davis	 JL,	 et	 al.	 Adjuvant	 intraperitoneal	 chemotherapy	 for	 the	 treatment	 of	 gastric
cancer	at	risk	for	peritoneal	carcinomatosis:	a	systematic	review.	J	Surg	Oncol	2017;115(2):192–201.

150.	 Yan	TD,	Black	D,	Sugarbaker	PH,	et	al.	A	systematic	review	and	meta-	analysis	of	the	randomized	controlled	trials
on	adjuvant	intraperitoneal	chemotherapy	for	resectable	gastric	cancer.	Ann	Surg	Oncol	2007;14(10):2702–2713.

151.	 Kang	Y,	Chang	H,	Zang	D,	et	al.	Postoperative	adjuvant	chemotherapy	for	grossly	serosa-positive	advanced	gastric
cancer:	a	randomized	phase	III	trial	of	intraperitoneal	cisplatin	and	early	mitomycin-C	plus	long-term	doxifluridine
plus	cisplatin	 (iceMFP)	versus	mitomycin-C	plus	 short-term	doxifluridine	 (Mf)	 (AMC	0101)	 (NCT00296322).	J
Clin	Oncol	2008;26:LBA4511.

152.	 Kuramoto	M,	Shimada	S,	Ikeshima	S,	et	al.	Extensive	intraoperative	peritoneal	lavage	as	a	standard	prophylactic
strategy	for	peritoneal	recurrence	in	patients	with	gastric	carcinoma.	Ann	Surg	2009;250(2):242–246.

153.	 Xue	SL,	Su	HF,	Hu	XQ,	et	al.	Adjuvant	combined	systemic	chemotherapy	and	intraperitoneal	chemotherapy	for
locally	advanced	gastric	cancer.	Oncol	Lett	2012;4(6):1309–1314.

154.	 Miyashiro	I,	Furukawa	H,	Sasako	M,	et	al.	Randomized	clinical	trial	of	adjuvant	chemotherapy	with	intraperitoneal
and	 intravenous	 cisplatin	 followed	 by	 oral	 fluorouracil	 (UFT)	 in	 serosa-positive	 gastric	 cancer	 versus	 curative
resection	 alone:	 final	 results	 of	 the	 Japan	 Clinical	 Oncology	 Group	 trial	 JCOG9206-2.	 Gastric	 Cancer
2011;14(3):212–218.

155.	 Takeuchi	M,	Takeuchi	H,	Kawakubo	H,	et	al.	Risk	factors	for	lymph	node	metastasis	in	non-sentinel	node	basins	in
early	gastric	cancer:	sentinel	node	concept.	Gastric	Cancer	2018.

156.	 Shida	 A,	Mitsumori	 N,	 Fujioka	 S,	 et	 al.	 Sentinel	 node	 navigation	 surgery	 for	 early	 gastric	 cancer:	 analysis	 of
factors	which	affect	direction	of	lymphatic	drainage.	World	J	Surg	2018;42(3):766–772.

157.	 Kampschöer	GH,	Maruyama	K,	 van	de	Velde	CJ,	 et	 al.	Computer	 analysis	 in	making	preoperative	decisions:	 a



rational	approach	to	lymph	node	dissection	in	gastric	cancer	patients.	Br	J	Surg	1989;76(9):905–908.
158.	 Bollschweiler	E,	Boettcher	K,	Hoelscher	AH,	et	al.	Preoperative	assessment	of	lymph	node	metastases	in	patients

with	gastric	cancer:	evaluation	of	the	Maruyama	computer	program.	Br	J	Surg	1992;79(2):156–160.
159.	 Guadagni	 S,	 de	 Manzoni	 G,	 Catarci	 M,	 et	 al.	 Evaluation	 of	 the	 Maruyama	 computer	 program	 accuracy	 for

preoperative	estimation	of	lymph	node	metastases	from	gastric	cancer.	World	J	Surg	2000;24(12):1550–1558.
160.	 Hundahl	SA,	Macdonald	JS,	Benedetti	J,	et	al.	Surgical	 treatment	variation	 in	a	prospective,	 randomized	 trial	of

chemoradiotherapy	in	gastric	cancer:	the	effect	of	undertreatment.	Ann	Surg	Oncol	2002;9(3):278–286.
161.	 Mekicar	J,	Omejc	M.	Computer-guided	surgery	for	gastric	carcinoma.	Coll	Antropol	2008;32(3):761–766.
162.	 Mekicar	 J,	 Omejc	M.	 Preoperative	 prediction	 of	 lymph	 node	 status	 in	 gastric	 cancer	 patients	 with	 the	 help	 of

computer	analysis.	Dig	Surg	2009;26(3):256–261.
163.	 Yoo	MW,	Park	DJ,	Ahn	HS,	 et	 al.	 Evaluation	 of	 the	 adequacy	 of	 lymph	 node	 dissection	 in	 pylorus-preserving

gastrectomy	for	early	gastric	cancer	using	the	maruyama	index.	World	J	Surg	2010;34(2):291–295.
164.	 Yanagita	 S,	Natsugoe	 S,	Uenosono	Y,	 et	 al.	 Sentinel	 node	micrometastases	 have	 high	 proliferative	 potential	 in

gastric	cancer.	J	Surg	Res	2008;145(2):238–243.
165.	 Arigami	T,	Natsugoe	S,	Uenosono	Y,	et	al.	Evaluation	of	sentinel	node	concept	in	gastric	cancer	based	on	lymph

node	micrometastasis	determined	by	reverse	transcription-polymerase	chain	reaction.	Ann	Surg	2006;243(3):341–
347.

166.	 Higashi	H,	Natsugoe	S,	Uenosono	Y,	et	al.	Particle	size	of	tin	and	phytate	colloid	in	sentinel	node	identification.	J
Sur	Res	2004;121(1):1–4.

167.	 Aikou	T,	Higashi	H,	Natsugoe	 S,	 et	 al.	 Can	 sentinel	 node	 navigation	 surgery	 reduce	 the	 extent	 of	 lymph	 node
dissection	in	gastric	cancer?	Ann	Surg	Oncol	2001;8(9	Suppl):90S–93S.

168.	 Kitagawa	Y,	Watanabe	M,	Hasegawa	H,	et	al.	Sentinel	node	mapping	for	colorectal	cancer	with	radioactive	tracer.
Dis	Colon	Rectum	2002;45(11):1476–1480.

169.	 Kitagawa	 Y,	 Fujii	 H,	 Mukai	 M,	 et	 al.	 Radio-guided	 sentinel	 node	 detection	 for	 gastric	 cancer.	 Br	 J	 Surg
2002;89(5):604–608.

170.	 Kitagawa	 Y,	 Kitajima	 M.	 Gastrointestinal	 cancer	 and	 sentinel	 node	 navigation	 surgery.	 J	 Surg	 Oncol
2002;79(3):188–193.

171.	 Ichikura	T,	Morita	D,	Uchida	T,	et	al.	Sentinel	node	concept	in	gastric	carcinoma.	World	J	Surg	2002;26(3):318–
322.

172.	 Miwa	K,	Kinami	S,	Taniguchi	K,	et	al.	Mapping	sentinel	nodes	in	patients	with	early-stage	gastric	carcinoma.	Br	J
Surg	2003;90(2):178–182.

173.	 Miwa	K,	Kinami	 S,	 Taniguchi	K,	 et	 al.	Mapping	 sentinel	 nodes	 in	 patients	with	 early-stage	 gastric	 carcinoma.
Gastroenterology	2000;118:A263.

174.	 Skubleny	D,	Dang	JT,	Skulsky	S,	et	 al.	Diagnostic	evaluation	of	 sentinel	 lymph	node	biopsy	using	 indocyanine
green	and	infrared	or	fluorescent	 imaging	in	gastric	cancer:	a	systematic	review	and	meta-analysis.	Surg	Endosc
2018;32(6):2620–2631.

175.	 Kitagawa	Y,	Takeuchi	H,	Takagi	Y,	et	al.	Sentinel	node	mapping	for	gastric	cancer:	a	prospective	multicenter	trial
in	Japan.	J	Clin	Oncol	2013;31(29):3704–3710.

176.	 Miyashiro	 I,	 Hiratsuka	 M,	 Sasako	 M,	 et	 al.	 High	 false-negative	 proportion	 of	 intraoperative	 histological
examination	 as	 a	 serious	 problem	 for	 clinical	 application	 of	 sentinel	 node	 biopsy	 for	 early	 gastric	 cancer:	 final
results	of	the	Japan	Clinical	Oncology	Group	multicenter	trial	JCOG0302.	Gastric	Cancer	2014;17(2):316–323.

177.	 Birkmeyer	 JD,	Skinner	 JS,	Wennberg	DE.	Will	volume-based	 referral	 strategies	 reduce	costs	or	 just	 save	 lives?
Health	Aff	(Millwood)	2002;21(5):234–241.

178.	 Birkmeyer	JD,	Finlayson	EVA.	Volume	and	outcome—reply.	N	Eng	J	Med	2002;347:693–696.
179.	 Birkmeyer	JD,	Siewers	AE,	Finlayson	EV,	et	al.	Hospital	volume	and	surgical	mortality	 in	 the	United	States.	N

Eng	J	Med	2002;346(15):1128–1137.
180.	 Birkmeyer	JD,	Stukel	TA,	Siewers	AE,	et	al.	Surgeon	volume	and	operative	mortality	in	the	United	States.	N	Eng	J

Med	2003;349(22):2117–2127.
181.	 Goodney	 PP,	 Stukel	 TA,	 Lucas	 FL,	 et	 al.	 Hospital	 volume,	 length	 of	 stay,	 and	 readmission	 rates	 in	 high-risk

surgery.	Ann	Surg	2003;238(2):161–167.
182.	 Finlayson	EV,	Goodney	PP,	Birkmeyer	JD.	Hospital	volume	and	operative	mortality	in	cancer	surgery:	a	national

study.	Arch	Surg	2003;138(7):721–726.
183.	 Goodney	PP,	Lucas	FL,	Birkmeyer	JD.	Should	volume	standards	for	cardiovascular	surgery	focus	only	on	high-

risk	patients?	Circulation	2003;107(3):384–387.
184.	 Hannan	EL,	Radzyner	M,	Rubin	D,	et	al.	The	influence	of	hospital	and	surgeon	volume	on	in-hospital	mortality	for



Dr. AVR @ TMH

colectomy,	gastrectomy,	and	lung	lobectomy	in	patients	with	cancer.	Surgery	2002;131(1):6–15.
185.	 Fujita	 T,	 Yamazaki	 Y.	 Influence	 of	 surgeon’s	 volume	 on	 early	 outcome	 after	 total	 gastrectomy.	 Eur	 J	 Surg

2002;168(10):535–538.
186.	 Lin	HC,	Xirasagar	S,	Lee	HC,	et	al.	Hospital	volume	and	inpatient	mortality	after	cancer-related	gastrointestinal

resections:	the	experience	of	an	Asian	country.	Ann	Surg	Oncol	2006;13(9):1182–1188.
187.	 Birkmeyer	 JD,	 Sun	 Y,	 Goldfaden	 A,	 et	 al.	 Volume	 and	 process	 of	 care	 in	 high-risk	 cancer	 surgery.	 Cancer

2006;106(11):2476–2481.
188.	 Hollenbeck	BK,	Wei	YL,	Birkmeyer	JD.	High	volume	hospitals	do	not	have	better	long	term	outcomes	following

cystectomy	for	bladder	cancer.	J	Urol	2006;175:8.
189.	 Birkmeyer	 JD,	Dimick	 JB,	 Staiger	DO.	Operative	mortality	 and	 procedure	 volume	 as	 predictors	 of	 subsequent

hospital	performance.	Ann	Surg	2006;243:411–417.
190.	 Rugge	M,	Correa	P,	Dixon	MF,	et	al.	Gastric	dysplasia:	the	Padova	international	classification.	Am	J	Surg	Pathol

2000;24(2):167–176.
191.	 Schlemper	RJ,	Riddell	RH,	Kato	Y,	 et	 al.	The	Vienna	 classification	of	 gastrointestinal	 epithelial	 neoplasia.	Gut

2000;47(2):251–255.
192.	 Bunt	AM,	Hermans	J,	Smit	VT,	et	al.	Surgical/pathologic-stage	migration	confounds	comparisons	of	gastric	cancer

survival	rates	between	Japan	and	Western	countries.	J	Clin	Oncol	1995;13(1):19–25.
193.	 Yamamoto	M,	 Rashid	 OM,	Wong	 J.	 Surgical	 management	 of	 gastric	 cancer:	 the	 East	 vs.	West	 perspective.	 J

Gastrointest	Oncol	2015;6(1):79–88.
194.	 Ohtsu	A.	Diverse	eastern	and	Western	approaches	to	the	management	of	gastric	cancer.	Gastrointest	Cancer	Res

2007;1(2	Suppl):S10–S15.
195.	 Yang	K,	Choi	YY,	Zhang	WH,	et	 al.	Strategies	 to	 improve	 treatment	outcome	 in	gastric	cancer:	 a	 retrospective

analysis	of	patients	from	two	high-volume	hospitals	in	Korea	and	China.	Oncotarget	2016;7(28):44660–44675.
196.	 Sakuramoto	 S,	 Sasako	 M,	 Yamaguchi	 T,	 et	 al.	 Adjuvant	 chemotherapy	 for	 gastric	 cancer	 with	 S-1,	 an	 oral

fluoropyrimidine.	N	Engl	J	Med	2007;357(18):1810–1820.
197.	 Sasako	M,	Sakuramoto	S,	Katai	H,	et	al.	Five-year	outcomes	of	a	randomized	phase	III	trial	comparing	adjuvant

chemotherapy	with	S-1	versus	surgery	alone	in	stage	II	or	III	gastric	cancer.	J	Clin	Oncol	2011;29(33):4387–4393.
198.	 Bang	YJ,	Kim	YW,	Yang	HK,	et	al.	Adjuvant	capecitabine	and	oxaliplatin	for	gastric	cancer	after	D2	gastrectomy

(CLASSIC):	a	phase	3	open-label,	randomised	controlled	trial.	Lancet	2012;379(9813):315–321.
199.	 Noh	SH,	Park	SR,	Yang	HK,	et	al.	Adjuvant	capecitabine	plus	oxaliplatin	for	gastric	cancer	after	D2	gastrectomy

(CLASSIC):	5-year	follow-up	of	an	open-label,	randomised	phase	3	trial.	Lancet	Oncol	2014;15(12):1389–1396.
200.	 Nakajima	T,	Nashimoto	A,	Kitamura	M,	et	al.	Adjuvant	mitomycin	and	fluorouracil	followed	by	oral	uracil	plus

tegafur	 in	 serosa-negative	 gastric	 cancer:	 a	 randomised	 trial.	 Gastric	 Cancer	 Surgical	 Study	 Group.	 Lancet
1999;354(9175):273–277.

201.	 Nashimoto	 A,	 Nakajima	 T,	 Furukawa	 H,	 et	 al.	 Randomized	 trial	 of	 adjuvant	 chemotherapy	 with	 mitomycin,
fluorouracil,	 and	 cytosine	 arabinoside	 followed	 by	 oral	 fluorouracil	 in	 serosa-negative	 gastric	 cancer:	 Japan
Clinical	Oncology	Group	9206-1.	J	Clin	Oncol	2003;21(12):2282–2287.

202.	 Bouché	O,	 Ychou	M,	 Burtin	 P,	 et	 al.	 Adjuvant	 chemotherapy	with	 5-fluorouracil	 and	 cisplatin	 compared	with
surgery	 alone	 for	 gastric	 cancer:	 7-year	 results	 of	 the	 FFCD	 randomized	 phase	 III	 trial	 (8801).	 Ann	 Oncol
2005;16(9):1488–1497.

203.	 De	Vita	F,	Giuliani	F,	Orditura	M,	et	al.	Adjuvant	chemotherapy	with	epirubicin,	 leucovorin,	5-fluorouracil	and
etoposide	regimen	in	resected	gastric	cancer	patients:	a	randomized	phase	III	trial	by	the	Gruppo	Oncologico	Italia
Meridionale	(GOIM	9602	Study).	Ann	Oncol	2007;18(8):1354–1358.

204.	 Di	Costanzo	F,	Gasperoni	S,	Manzione	L,	et	al.	Adjuvant	chemotherapy	in	completely	resected	gastric	cancer:	a
randomized	phase	III	trial	conducted	by	GOIRC.	J	Natl	Cancer	Inst	2008;100(6):388–398.

205.	 Kulig	 J,	 Kolodziejczyk	 P,	 Sierzega	M,	 et	 al.	 Adjuvant	 chemotherapy	 with	 etoposide,	 adriamycin	 and	 cisplatin
compared	with	surgery	alone	in	the	treatment	of	gastric	cancer:	a	phase	III	randomized,	multicenter,	clinical	trial.
Oncology	2010;78(1):54–61.

206.	 Buyse	 ME,	 Pignon	 J,	 GASTRIC.	 Meta-analyses	 of	 randomized	 trials	 assessing	 the	 interest	 of	 postoperative
adjuvant	chemotherapy	and	prognostic	factors	in	gastric	cancer.	J	Clin	Oncol	2009;27(15S):4539.

207.	 Paoletti	X,	Oba	K,	Burzykowski	T,	et	al.;	for	Global	Advanced/Adjuvant	Stomach	Tumor	Research	International
Collaboration	(GASTRIC)	Group.	Benefit	of	adjuvant	chemotherapy	for	resectable	gastric	cancer:	a	meta-	analysis.
JAMA	2010;303(17):1729–1737.

208.	 Allum	WH,	Hallissey	MT,	Ward	LC,	et	al.	A	controlled,	prospective,	randomised	trial	of	adjuvant	chemotherapy	or
radiotherapy	 in	 resectable	 gastric	 cancer:	 interim	 report.	 British	 Stomach	 Cancer	 Group.	 Br	 J	 Cancer



1989;60(5):739–744.
209.	 Hallissey	MT,	Dunn	JA,	Ward	LC,	et	al.	The	second	British	Stomach	Cancer	Group	trial	of	adjuvant	radiotherapy

or	chemotherapy	in	resectable	gastric	cancer:	five-year	follow-up.	Lancet	1994;343(8909):1309–1312.
210.	 Zhang	ZX,	Gu	XZ,	Yin	WB,	et	al.	Randomized	clinical	 trial	on	 the	combination	of	preoperative	 irradiation	and

surgery	in	 the	 treatment	of	adenocarcinoma	of	gastric	cardia	(AGC)—report	on	370	patients.	Int	J	Radiat	Oncol
Biol	Phys	1998;42(5):929–934.

211.	 Ohri	 N,	 Garg	MK,	 Aparo	 S,	 et	 al.	Who	 benefits	 from	 adjuvant	 radiation	 therapy	 for	 gastric	 cancer?	 A	 meta-
analysis.	Int	J	Radiat	Oncol	Biol	Phys	2013;86(2):330–335.

212.	 Liao	Y,	Yang	ZL,	Peng	JS,	et	al.	Neoadjuvant	chemotherapy	 for	gastric	cancer:	a	meta-analysis	of	 randomized,
controlled	trials.	J	Gastroenterol	Hepatol	2013;28(5):777–782.

213.	 Abe	M,	Takahashi	M,	Ono	K,	et	al.	Japan	gastric	trials	in	intraoperative	radiation	therapy.	Int	J	Radiat	Oncol	Biol
Phys	1988;15(6):1431–1433.

214.	 Sindelar	WF,	Kinsella	TJ,	Tepper	 JE,	et	 al.	Randomized	 trial	of	 intraoperative	 radiotherapy	 in	carcinoma	of	 the
stomach.	Am	J	Surg	1993;165(1):178–187.

215.	 Macdonald	JS,	Smalley	SR,	Benedetti	J,	et	al.	Chemoradiotherapy	after	surgery	compared	with	surgery	alone	for
adenocarcinoma	of	the	stomach	or	gastroesophageal	junction.	N	Engl	J	Med	2001;345(10):725–730.

216.	 Smalley	SR,	Benedetti	JK,	Haller	DG,	et	al.	Updated	analysis	of	SWOG-	directed	intergroup	study	0116:	a	phase
III	 trial	 of	 adjuvant	 radiochemotherapy	 versus	 observation	 after	 curative	 gastric	 cancer	 resection.	 J	 Clin	Oncol
2012;30(19):2327–2333.

217.	 Lee	HS,	Choi	Y,	Hur	WJ,	et	al.	Pilot	study	of	postoperative	adjuvant	chemoradiation	for	advanced	gastric	cancer:
adjuvant	5-FU/cisplatin	and	chemoradiation	with	capecitabine.	World	J	Gastroenterol	2006;12(4):603–607.

218.	 Fuchs	CS,	Tepper	JE,	Niedzwiecki	D,	et	al.	Postoperative	adjuvant	chemoradiation	for	gastric	or	gastroesophageal
junction	(GEJ)	adenocarcinoma	using	epirubicin,	cisplatin,	and	infusional	(CI)	5-FU	(ECF)	before	and	after	CI	5-
FU	and	radiotherapy	(CRT)	compared	with	bolus	5-FU/LV	before	and	after	CRT:	intergroup	trial	CALGB	80101.
J	Clin	Oncol	2011;29(15	Suppl):4003.

219.	 Lee	J,	Lim	DH,	Kim	S,	et	al.	Phase	III	trial	comparing	capecitabine	plus	cisplatin	versus	capecitabine	plus	cisplatin
with	concurrent	capecitabine	radiotherapy	in	completely	resected	gastric	cancer	with	D2	lymph	node	dissection:	the
ARTIST	trial.	J	Clin	Oncol	2012;30(3):268–273.

220.	 Park	SH,	Sohn	TS,	Lee	J,	et	al.	Phase	III	trial	to	compare	adjuvant	chemotherapy	with	capecitabine	and	cisplatin
versus	concurrent	chemoradiotherapy	in	gastric	cancer:	final	report	of	the	adjuvant	chemoradiotherapy	in	stomach
tumors	trial,	including	survival	and	subset	analyses.	J	Clin	Oncol	2015;33(28):3130–3136.

221.	 Verheij	 M,	 Jansen	 EP,	 Cats	 A,	 et	 al.	 A	 multicenter	 randomized	 phase	 III	 trial	 of	 neo-adjuvant	 chemotherapy
followed	 by	 surgery	 and	 chemotherapy	 or	 by	 surgery	 and	 chemoradiotherapy	 in	 resectable	 gastric	 cancer:	 first
results	from	the	CRITICS	study.	Am	Soc	Clin	Oncol	2016;34(15	Suppl):4000.

222.	 Tepper	 J,	 Krasna	 MJ,	 Niedzwiecki	 D,	 et	 al.	 Phase	 III	 trial	 of	 trimodality	 therapy	 with	 cisplatin,	 fluorouracil,
radiotherapy,	 and	 surgery	 compared	 with	 surgery	 alone	 for	 esophageal	 cancer:	 CALGB	 9781.	 J	 Clin	 Oncol
2008;26(7):1086–1092.

223.	 Stahl	 M,	 Walz	 MK,	 Stuschke	 M,	 et	 al.	 Phase	 III	 comparison	 of	 preoperative	 chemotherapy	 compared	 with
chemoradiotherapy	in	patients	with	locally	advanced	adenocarcinoma	of	the	esophagogastric	junction.	J	Clin	Oncol
2009;27(6):851–856.

224.	 van	Hagen	P,	Hulshof	MC,	van	Lanschot	 JJ,	et	al.	Preoperative	chemoradiotherapy	 for	esophageal	or	 junctional
cancer.	N	Engl	J	Med	2012;366(22):2074–2084.

225.	 Shapiro	J,	van	Lanschot	JJB,	Hulshof	MCCM,	et	al.	Neoadjuvant	chemoradiotherapy	plus	surgery	versus	surgery
alone	 for	 oesophageal	 or	 junctional	 cancer	 (CROSS):	 long-term	 results	 of	 a	 randomised	 controlled	 trial.	Lancet
Oncol	2015;16(9):1090–1098.

226.	 Ajani	JA,	Mansfield	PF,	Janjan	N,	et	al.	Multi-institutional	trial	of	preoperative	chemoradiotherapy	in	patients	with
potentially	resectable	gastric	carcinoma.	J	Clin	Oncol	2004;22(14):2774–2780.

227.	 Ajani	 JA,	 Mansfield	 PF,	 Crane	 CH,	 et	 al.	 Paclitaxel-based	 chemoradiotherapy	 in	 localized	 gastric	 carcinoma:
degree	of	pathologic	response	and	not	clinical	parameters	dictated	patient	outcome.	J	Clin	Oncol	2005;23(6):1237–
1244.

228.	 Leong	 T,	 Smithers	 BM,	Haustermans	K,	 et	 al.	 TOPGEAR:	 a	 randomized,	 phase	 III	 trial	 of	 perioperative	 ECF
chemotherapy	with	or	without	preoperative	chemoradiation	 for	 resectable	gastric	cancer:	 interim	results	 from	an
international,	intergroup	trial	of	the	AGITG,	TROG,	EORTC	and	CCTG.	Ann	Surg	Oncol	2017;24(8):2252–2258.

229.	 Kelsen	 D,	 Karpeh	 M,	 Schwartz	 G,	 et	 al.	 Neoadjuvant	 therapy	 of	 high-risk	 gastric	 cancer:	 a	 phase	 II	 trial	 of
preoperative	FAMTX	and	postoperative	intraperitoneal	fluorouracil-cisplatin	plus	intravenous	fluorouracil.	J	Clin



Dr. AVR @ TMH

Oncol	1996;14(6):1818–1828.
230.	 Brenner	 B,	 Shah	 MA,	 Karpeh	 MS,	 et	 al.	 A	 phase	 II	 trial	 of	 neoadjuvant	 cisplatin-fluorouracil	 followed	 by

postoperative	 intraperitoneal	 floxuridine-	 leucovorin	 in	patients	with	 locally	advanced	gastric	cancer.	Ann	Oncol
2006;17(9):1404–1411.

231.	 Yoshikawa	 T,	 Tanabe	K,	Nishikawa	K,	 et	 al.	 Accuracy	 of	 CT	 staging	 of	 locally	 advanced	 gastric	 cancer	 after
neoadjuvant	chemotherapy:	cohort	evaluation	within	a	randomized	phase	II	study.	Ann	Surg	Oncol	2014;21(Suppl
3):S385–S389.

232.	 Manoharan	V,	Lee	S,	Chong	S,	et	al.	Serial	imaging	using	[18F]fluorodeoxyglucose	positron	emission	tomography
and	histopathologic	 assessment	 in	predicting	 survival	 in	 a	population	of	 surgically	 resectable	distal	oesophageal
and	gastric	adenocarcinoma	following	neoadjuvant	therapy.	Ann	Nucl	Med	2017;31(4):315–323.

233.	 Won	E,	Shah	MA,	Schöder	H,	et	al.	Use	of	positron	emission	tomography	scan	response	to	guide	treatment	change
for	locally	advanced	gastric	cancer:	the	Memorial	Sloan	Kettering	Cancer	Center	experience.	J	Gastrointest	Oncol
2016;7(4):506–514.

234.	 Cunningham	D,	Allum	WH,	Stenning	SP,	 et	 al.	Perioperative	 chemotherapy	versus	 surgery	 alone	 for	 resectable
gastroesophageal	cancer.	N	Engl	J	Med	2006;355(1):11–20.

235.	 Ychou	M,	 Boige	 V,	 Pignon	 JP,	 et	 al.	 Perioperative	 chemotherapy	 compared	 with	 surgery	 alone	 for	 resectable
gastroesophageal	 adenocarcinoma:	 an	 FNCLCC	 and	 FFCD	 multicenter	 phase	 III	 trial.	 J	 Clin	 Oncol
2011;29(13):1715–1721.

236.	 Al-Batran	SE,	Hofheinz	RD,	Pauligk	C,	et	al.	Histopathological	regression	after	neoadjuvant	docetaxel,	oxaliplatin,
fluorouracil,	and	leucovorin	versus	epirubicin,	cisplatin,	and	fluorouracil	or	capecitabine	in	patients	with	resectable
gastric	 or	 gastro-oesophageal	 junction	 adenocarcinoma	 (FLOT4-AIO):	 results	 from	 the	 phase	 2	 part	 of	 a
multicentre,	open-label,	randomised	phase	2/3	trial.	Lancet	Oncol	2016;17(12):1697–1708.

237.	 Bang	 YJ,	 Van	 Cutsem	 E,	 Feyereislova	 A,	 et	 al.	 Trastuzumab	 in	 combination	 with	 chemotherapy	 versus
chemotherapy	 alone	 for	 treatment	 of	 HER2-positive	 advanced	 gastric	 or	 gastro-oesophageal	 junction	 cancer
(ToGA):	a	phase	3,	open-label,	randomised	controlled	trial.	Lancet	2010;376(9742):687–697.

238.	 Integration	 of	 trastuzumab,	 with	 or	 without	 pertuzumab,	 into	 perioperative	 chemotherapy	 of	 HER2-positive
stomach	cancer:	the	INNOVATION	trial	(EORTC-1203-GITCG).	Oncol	Res	Treat	2016;39(3):153–155.

239.	 Doglietto	 GB,	 Papa	 V,	 Tortorelli	 AP,	 et	 al.	 Nasojejunal	 tube	 placement	 after	 total	 gastrectomy:	 a	 multicenter
prospective	randomized	trial.	Arch	Surg	2004;139(12):1309–1313.

240.	 Wei	ZW,	Li	JL,	Li	ZS,	et	al.	Systematic	review	of	nasogastric	or	nasojejunal	decompression	after	gastrectomy	for
gastric	cancer.	Eur	J	Surg	Oncol	2014;40(12):1763–1770.

241.	 Kim	J,	Lee	J,	Hyung	WJ,	et	al.	Gastric	cancer	surgery	without	drains:	a	prospective	randomized	trial.	J	Gastrointest
Surg	2004;8(6):727–732.

242.	 Alvarez	Uslar	R,	Molina	H,	Torres	O,	et	al.	Total	gastrectomy	with	or	without	abdominal	drains.	A	prospective
randomized	trial.	Rev	Esp	Enferm	Dig	2005;97(8):562–569.

243.	 Iivonen	MK,	 Koskinen	MO,	 Ikonen	 TJ,	 et	 al.	 Emptying	 of	 the	 jejunal	 pouch	 and	 Roux-en-Y	 limb	 after	 total
gastrectomy—a	randomised,	prospective	study.	Eur	J	Surg	1999;165(8):742–747.

244.	 Fein	 M,	 Fuchs	 KH,	 Thalheimer	 A,	 et	 al.	 Long-term	 benefits	 of	 Roux-en-Y	 pouch	 reconstruction	 after	 total
gastrectomy:	a	randomized	trial.	Ann	Surg	2008;247(5):759–765.

245.	 Wu	 JZ,	 Fukunaga	 T,	 Oka	 S,	 et	 al.	 Comparative	 study	 of	 outcomes	 of	 Roux-en-Y	 reconstruction	 and	 Billroth
reconstruction	performed	after	radical	distal	gastrectomy.	Asian	J	Surg	2018	[Epub	ahead	of	print].

246.	 Wang	S,	Lin	S,	Wang	H,	et	al.	Reconstruction	methods	after	radical	proximal	gastrectomy:	a	systematic	review.
Medicine	(Baltimore)	2018;97(11):e0121.

247.	 Leong	 T,	 Willis	 D,	 Joon	 DL,	 et	 al.	 3D	 conformal	 radiotherapy	 for	 gastric	 cancer—results	 of	 a	 comparative
planning	study.	Radiother	Oncol	2005;74(3):301–306.

248.	 Li	Z,	Zeng	J,	Wang	Z,	et	al.	Dosimetric	comparison	of	intensity	modulated	and	volumetric	arc	radiation	therapy	for
gastric	cancer.	Oncol	Lett	2014;8(4):1427–1434.

249.	 Dikken	JL,	van	Sandick	JW,	Maurits	Swellengrebel	HA,	et	al.	Neo-adjuvant	chemotherapy	followed	by	surgery
and	 chemotherapy	 or	 by	 surgery	 and	 chemoradiotherapy	 for	 patients	with	 resectable	 gastric	 cancer	 (CRITICS).
BMC	Cancer	2011;11:329.

250.	 Minn	 AY,	 Hsu	 A,	 La	 T,	 et	 al.	 Comparison	 of	 intensity-modulated	 radiotherapy	 and	 3-dimensional	 conformal
radiotherapy	as	adjuvant	therapy	for	gastric	cancer.	Cancer	2010;116(16):3943–3952.

251.	 Landry	J,	Tepper	JE,	Wood	WC,	et	al.	Patterns	of	failure	following	curative	resection	of	gastric	carcinoma.	Int	J
Radiat	Oncol	Biol	Phys	1990;19(6):1357–1362.

252.	 Gastrointestinal	Tumor	Study	Group.	A	comparison	of	combination	chemotherapy	and	combined	modality	therapy



for	locally	advanced	gastric	carcinoma.	Cancer	1982;49(9):1771–1777.
253.	 Moertel	CG,	Reitemeier	RJ,	Childs	DS	Jr,	et	al.	Combined	5-fluorouracil	and	supervoltage	radiation	therapy	in	the

palliative	management	of	advanced	gastrointestinal	cancer:	a	pilot	study.	Mayo	Clin	Proc	1964;39:767–771.
254.	 Gunderson	 LL,	 Sosin	 H.	 Adenocarcinoma	 of	 the	 stomach:	 areas	 of	 failure	 in	 a	 re-operation	 series	 (second	 or

symptomatic	 look)	 clinicopathologic	 correlation	 and	 implications	 for	 adjuvant	 therapy.	 Int	 J	 Radiat	Oncol	 Biol
Phys	1982;8(1):1–11.

255.	 Smalley	SR,	Gunderson	L,	Tepper	J,	et	al.	Gastric	surgical	adjuvant	radiotherapy	consensus	report:	rationale	and
treatment	implementation.	Int	J	Radiat	Oncol	Biol	Phys	2002;52(2):283–293.

256.	 Yoon	HI,	Chang	JS,	Lim	JS,	et	al.	Defining	the	target	volume	for	post-	operative	radiotherapy	after	D2	dissection
in	gastric	cancer	by	CT-based	vessel-guided	delineation.	Radiother	Oncol	2013;108(1):72–77.

257.	 Cuschieri	A,	Weeden	S,	Fielding	J,	et	al.	Patient	survival	after	D1	and	D2	resections	for	gastric	cancer:	long-term
results	 of	 the	MRC	 randomized	 surgical	 trial.	 Surgical	 Co-operative	Group.	Br	 J	 Cancer	 1999;79(9–10):1522–
1530.

258.	 Kim	 S,	 Lim	 DH,	 Lee	 J,	 et	 al.	 An	 observational	 study	 suggesting	 clinical	 benefit	 for	 adjuvant	 postoperative
chemoradiation	 in	 a	 population	 of	 over	 500	 cases	 after	 gastric	 resection	 with	 D2	 nodal	 dissection	 for
adenocarcinoma	of	the	stomach.	Int	J	Radiat	Oncol	Biol	Phys	2005;63(5):1279–1285.

259.	 Rostom	Y,	Zaghloul	H,	Khedr	G,	et	al.	Docetaxel-based	preoperative	chemoradiation	in	localized	gastric	cancer:
impact	of	pathological	complete	response	on	patient	outcome.	J	Gastrointest	Cancer	2013;44(2):162–169.

260.	 Ajani	 JA,	Winter	K,	Okawara	GS,	et	 al.	Phase	 II	 trial	of	preoperative	chemoradiation	 in	patients	with	 localized
gastric	 adenocarcinoma	 (RTOG	 9904):	 quality	 of	 combined	 modality	 therapy	 and	 pathologic	 response.	 J	 Clin
Oncol	2006;24(24):3953–3958.

261.	 Abe	 M,	 Nishimura	 Y,	 Shibamoto	 Y.	 Intraoperative	 radiation	 therapy	 for	 gastric	 cancer.	 World	 J	 Surg
1995;19(4):544–547.

262.	 Hellman	S,	Weichselbaum	RR.	Oligometastases.	J	Clin	Oncol	1995;13(1):8–10.
263.	 Frelinghuysen	M,	Schillemans	W,	Hol	L,	et	al.	Acute	toxicity	of	the	bowel	after	stereotactic	robotic	radiotherapy

for	abdominopelvic	oligometastases.	Acta	Oncol	2018;57(4):480–484.
264.	 Suzuki	A,	Xiao	L,	Taketa	T,	et	al.	Localized	gastric	cancer	 treated	with	chemoradation	without	surgery:	UTMD

Anderson	Cancer	Center	experience.	Oncology	2012;82(6):347–351.
265.	 Wagner	AD,	Syn	NL,	Moehler	M,	et	al.	Chemotherapy	for	advanced	gastric	cancer.	Cochrane	Database	Syst	Rev

2017;(8):CD004064.
266.	 Kim	HS,	Kim	HJ,	Kim	SY,	et	al.	Second-line	chemotherapy	versus	supportive	cancer	treatment	in	advanced	gastric

cancer:	a	meta-analysis.	Ann	Oncol	2013;24(11):2850–2854.
267.	 Okines	 AF,	 Norman	 AR,	 McCloud	 P,	 et	 al.	 Meta-analysis	 of	 the	 REAL-2	 and	 ML17032	 trials:	 evaluating

capecitabine-based	combination	chemotherapy	and	infused	5-fluorouracil-based	combination	chemotherapy	for	the
treatment	of	advanced	oesophago-gastric	cancer.	Ann	Oncol	2009;20(9):1529–1534.

268.	 Di	Cosimo	S,	Ferretti	G,	Fazio	N,	et	al.	Docetaxel	in	advanced	gastric	cancer—review	of	the	main	clinical	trials.
Acta	Oncol	2003;42(7):693–700.

269.	 Wagner	AD,	Unverzagt	S,	Grothe	W,	et	al.	Chemotherapy	for	advanced	gastric	cancer.	Cochrane	Database	Syst
Rev	2010;(3):CD004064.

270.	 Kang	YK,	Kang	WK,	Shin	DB,	et	al.	Capecitabine/cisplatin	versus	5-fluorouracil/cisplatin	as	first-line	therapy	in
patients	with	advanced	gastric	cancer:	a	randomised	phase	III	noninferiority	trial.	Ann	Oncol	2009;20(4):666–673.

271.	 Ajani	 JA,	 Rodriguez	 W,	 Bodoky	 G,	 et	 al.	 Multicenter	 phase	 III	 comparison	 of	 cisplatin/S-1	 with
cisplatin/infusional	fluorouracil	in	advanced	gastric	or	gastroesophageal	adenocarcinoma	study:	the	FLAGS	trial.	J
Clin	Oncol	2010;28(9):1547–1553.

272.	 Van	Cutsem	E,	Moiseyenko	VM,	Tjulandin	S,	 et	 al.	Phase	 III	 study	of	docetaxel	 and	cisplatin	plus	 fluorouracil
compared	with	 cisplatin	 and	 fluorouracil	 as	 first-line	 therapy	 for	 advanced	 gastric	 cancer:	 a	 report	 of	 the	V325
Study	Group.	J	Clin	Oncol	2006;24(31):4991–4997.

273.	 Van	Cutsem	E,	Boni	C,	Tabernero	J,	et	al.	Docetaxel	plus	oxaliplatin	with	or	without	fluorouracil	or	capecitabine	in
metastatic	or	locally	recurrent	gastric	cancer:	a	randomized	phase	II	study.	Ann	Oncol	2015;26(1):149–156.

274.	 Shah	MA,	Janjigian	YY,	Stoller	R,	et	al.	Randomized	multicenter	phase	II	study	of	modified	docetaxel,	cisplatin,
and	fluorouracil	(DCF)	versus	DCF	plus	growth	factor	support	in	patients	with	metastatic	gastric	adenocarcinoma:
a	study	of	the	US	Gastric	Cancer	Consortium.	J	Clin	Oncol	2015;33(33):3874–3879.

275.	 Wang	 J,	 Xu	R,	 Li	 J,	 et	 al.	 Randomized	multicenter	 phase	 III	 study	 of	 a	modified	 docetaxel	 and	 cisplatin	 plus
fluorouracil	regimen	compared	with	cisplatin	and	fluorouracil	as	first-line	therapy	for	advanced	or	locally	recurrent
gastric	cancer.	Gastric	Cancer	2016;19(1):234–244.



Dr. AVR @ TMH

276.	 Dank	 M,	 Zaluski	 J,	 Barone	 C,	 et	 al.	 Randomized	 phase	 III	 study	 comparing	 irinotecan	 combined	 with	 5-
fluorouracil	 and	 folinic	 acid	 to	 cisplatin	 combined	 with	 5-fluorouracil	 in	 chemotherapy	 naive	 patients	 with
advanced	adenocarcinoma	of	the	stomach	or	esophagogastric	junction.	Ann	Oncol	2008;19(8):1450–1457.

277.	 Pozzo	C,	Barone	C,	Szanto	J,	et	al.	Irinotecan	in	combination	with	5-fluorouracil	and	folinic	acid	or	with	cisplatin
in	patients	with	advanced	gastric	or	esophageal-gastric	junction	adenocarcinoma:	results	of	a	randomized	phase	II
study.	Ann	Oncol	2004;15(12):1773–1781.

278.	 Nardi	M,	Azzarello	D,	Maisano	R,	 et	 al.	FOLFOX-4	 regimen	as	 fist-line	 chemotherapy	 in	 elderly	patients	with
advanced	gastric	cancer:	a	safety	study.	J	Chemother	2007;19(1):85–89.

279.	 Ross	 P,	 Nicolson	M,	 Cunningham	 D,	 et	 al.	 Prospective	 randomized	 trial	 comparing	 mitomycin,	 cisplatin,	 and
protracted	 venous-infusion	 fluorouracil	 (PVI	 5-FU)	 with	 epirubicin,	 cisplatin,	 and	 PVI	 5-FU	 in	 advanced
esophagogastric	cancer.	J	Clin	Oncol	2002;20(8):1996–2004.

280.	 Waters	 JS,	Norman	A,	Cunningham	D,	 et	 al.	 Long-term	 survival	 after	 epirubicin,	 cisplatin	 and	 fluorouracil	 for
gastric	cancer:	results	of	a	randomized	trial.	Br	J	Cancer	1999;80(1–2):269–272.

281.	 Cunningham	D,	Starling	N,	Rao	S,	et	al.	Capecitabine	and	oxaliplatin	for	advanced	esophagogastric	cancer.	N	Engl
J	Med	2008;358(1):36–46.

282.	 Al-Batran	SE,	Hartmann	 JT,	Probst	S,	 et	 al.	 Phase	 III	 trial	 in	metastatic	 gastroesophageal	 adenocarcinoma	with
fluorouracil,	 leucovorin	 plus	 either	 oxaliplatin	 or	 cisplatin:	 a	 study	 of	 the	 Arbeitsgemeinschaft	 Internistische
Onkologie.	J	Clin	Oncol	2008;26(9):1435–1442.

283.	 Thuss-Patience	PC,	Kretzschmar	A,	Bichev	D,	et	al.	Survival	advantage	for	irinotecan	versus	best	supportive	care
as	 second-line	 chemotherapy	 in	 gastric	 cancer—a	 randomised	 phase	 III	 study	 of	 the	 Arbeitsgemeinschaft
Internistische	Onkologie	(AIO).	Eur	J	Cancer	2011;47(15):2306–2314.

284.	 Kang	JH,	Lee	SI,	Lim	DH,	et	al.	Salvage	chemotherapy	for	pretreated	gastric	cancer:	a	randomized	phase	III	trial
comparing	 chemotherapy	 plus	 best	 supportive	 care	 with	 best	 supportive	 care	 alone.	 J	 Clin	 Oncol
2012;30(13):1513–1518.

285.	 Thuss-Patience	PC,	Kretzschmar	A,	Deist	T,	et	al.	Irinotecan	versus	best	supportive	care	as	second-line	therapy	in
gastric	 cancer:	 a	 randomized	 phase	 III	 study	 of	 the	Arbeitsgemeinschaft	 Internistische	Onkologie	 (AIO).	J	 Clin
Oncol	2009;27:4540.

286.	 Ford	 HE,	 Marshall	 A,	 Bridgewater	 JA,	 et	 al.	 Docetaxel	 versus	 active	 symptom	 control	 for	 refractory
oesophagogastric	 adenocarcinoma	 (COUGAR-02):	 an	 open-label,	 phase	 3	 randomised	 controlled	 trial.	 Lancet
Oncol	2014;15(1):78–86.

287.	 Hironaka	S,	Ueda	S,	Yasui	H,	et	al.	Randomized,	open-label,	phase	III	study	comparing	irinotecan	with	paclitaxel
in	 patients	with	 advanced	 gastric	 cancer	without	 severe	 peritoneal	metastasis	 after	 failure	 of	 prior	 combination
chemotherapy	using	fluoropyrimidine	plus	platinum:	WJOG	4007	trial.	J	Clin	Oncol	2013;31(35):4438–4444.

288.	 Nishikawa	K,	Fujitani	K,	Inagaki	H,	et	al.	Randomised	phase	III	trial	of	second-line	irinotecan	plus	cisplatin	versus
irinotecan	alone	in	patients	with	advanced	gastric	cancer	refractory	to	S-1	monotherapy:	TRICS	trial.	Eur	J	Cancer
2015;51(7):808–816.

289.	 Chan	 WL,	 Yuen	 KK,	 Siu	 SW,	 et	 al.	 Third-line	 systemic	 treatment	 versus	 best	 supportive	 care	 for
advanced/metastatic	gastric	cancer:	a	systematic	review	and	meta-analysis.	Crit	Rev	Oncol	Hematol	2017;116:68–
81.

290.	 Van	Cutsam	E,	Kang	Y,	Chung	H,	et	al.	Efficacy	results	 from	the	ToGA	trial:	a	phase	III	study	of	 trastuzumab
added	 to	 standard	 chemotherapy	 (CT)	 in	 first-line	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)-positive
advanced	cancer	(GC).	J	Clin	Oncol	2009;27:LBA450.

291.	 Lordick	F,	Luber	B,	Lorenzen	S,	et	al.	Cetuximab	plus	oxaliplatin/leucovorin/5-fluorouracil	in	first-line	metastatic
gastric	 cancer:	 a	 phase	 II	 study	 of	 the	 Arbeitsgemeinschaft	 Internistische	 Onkologie	 (AIO).	 Br	 J	 Cancer
2010;102(3):500–505.

292.	 Lordick	F,	Kang	YK,	Chung	HC,	 et	 al.	Capecitabine	 and	 cisplatin	with	 or	without	 cetuximab	 for	 patients	with
previously	 untreated	 advanced	gastric	 cancer	 (EXPAND):	 a	 randomised,	 open-label	 phase	 3	 trial.	Lancet	Oncol
2013;14(6):490–499.

293.	 Satoh	T,	Xu	RH,	Chung	HC,	et	al.	Lapatinib	plus	paclitaxel	versus	paclitaxel	alone	in	the	second-line	treatment	of
HER2-amplified	 advanced	 gastric	 cancer	 in	Asian	 populations:	 TyTAN—a	 randomized,	 phase	 III	 study.	 J	 Clin
Oncol	2014;32(19):2039–2049.

294.	 Ohtsu	A,	Shah	MA,	Van	Cutsem	E,	et	al.	Bevacizumab	in	combination	with	chemotherapy	as	first-line	therapy	in
advanced	 gastric	 cancer:	 a	 randomized,	 double-blind,	 placebo-controlled	 phase	 III	 study.	 J	 Clin	 Oncol
2011;29(30):3968–3976.

295.	 Van	Cutsem	E,	de	Haas	S,	Kang	YK,	et	al.	Bevacizumab	in	combination	with	chemotherapy	as	first-line	therapy	in



advanced	 gastric	 cancer:	 a	 biomarker	 evaluation	 from	 the	AVAGAST	 randomized	 phase	 III	 trial.	 J	 Clin	Oncol
2012;30(17):2119–2127.

296.	 Shen	L,	Li	J,	Xu	J,	et	al.	Bevacizumab	plus	capecitabine	and	cisplatin	in	Chinese	patients	with	inoperable	locally
advanced	 or	 metastatic	 gastric	 or	 gastroesophageal	 junction	 cancer:	 randomized,	 double-blind,	 phase	 III	 study
(AVATAR	study).	Gastric	Cancer	2015;18(1):168–176.

297.	 Yi	JH,	Lee	J,	Lee	J,	et	al.	Randomised	phase	II	trial	of	docetaxel	and	sunitinib	in	patients	with	metastatic	gastric
cancer	who	were	previously	treated	with	fluoropyrimidine	and	platinum.	Br	J	Cancer	2012;106(9):1469–1474.

298.	 Li	J,	Qin	S,	Xu	J,	et	al.	Randomized,	double-blind,	placebo-controlled	phase	III	 trial	of	apatinib	in	patients	with
chemotherapy-refractory	advanced	or	metastatic	 adenocarcinoma	of	 the	 stomach	or	gastroesophageal	 junction.	J
Clin	Oncol	2016;34(13):1448–1454.

299.	 Fuchs	 CS,	 Tomasek	 J,	 Yong	 CJ,	 et	 al.	 Ramucirumab	 monotherapy	 for	 previously	 treated	 advanced	 gastric	 or
gastro-oesophageal	 junction	 adenocarcinoma	 (REGARD):	 an	 international,	 randomised,	 multicentre,	 placebo-
controlled,	phase	3	trial.	Lancet	2014;383(9911):31–39.

300.	 Wilke	H,	Muro	K,	Van	Cutsem	E,	et	al.	Ramucirumab	plus	paclitaxel	versus	placebo	plus	paclitaxel	 in	patients
with	previously	treated	advanced	gastric	or	gastro-oesophageal	junction	adenocarcinoma	(RAINBOW):	a	double-
blind,	randomised	phase	3	trial.	Lancet	Oncology	2014;15(11):1224–1235.

301.	 Pavlakis	 N,	 Sjoquist	 KM,	 Martin	 AJ,	 et	 al.	 Regorafenib	 for	 the	 treatment	 of	 advanced	 gastric	 cancer
(INTEGRATE):	a	multinational	placebo-controlled	phase	II	trial.	J	Clin	Oncol	2016;34(23):2728–2735.

302.	 Doi	 T,	 Muro	 K,	 Boku	 N,	 et	 al.	 Multicenter	 phase	 II	 study	 of	 everolimus	 in	 patients	 with	 previously	 treated
metastatic	gastric	cancer.	J	Clin	Oncol	2010;28(11):1904–1910.

303.	 Ohtsu	 A,	 Ajani	 JA,	 Bai	 YX,	 et	 al.	 Everolimus	 for	 previously	 treated	 advanced	 gastric	 cancer:	 results	 of	 the
randomized,	double-blind,	phase	III	GRANITE-1	study.	J	Clin	Oncol	2013;31(31):3935–3943.

304.	 Bang	YJ,	Im	SA,	Lee	KW,	et	al.	Randomized,	double-blind	phase	II	trial	with	prospective	classification	by	ATM
protein	 level	 to	 evaluate	 the	 efficacy	 and	 tolerability	 of	 olaparib	 plus	 paclitaxel	 in	 patients	 with	 recurrent	 or
metastatic	gastric	cancer.	J	Clin	Oncol	2015;33(33):3858–3865.

305.	 Bang	YJ,	Xu	RH,	Chin	K,	et	al.	Olaparib	in	combination	with	paclitaxel	in	patients	with	advanced	gastric	cancer
who	have	progressed	following	first-line	therapy	(GOLD):	a	double-blind,	randomised,	placebo-controlled,	phase	3
trial.	Lancet	Oncol	2017;18(12):1637–1651.

306.	 Muro	K,	Chung	HC,	Shankaran	V,	et	al.	Pembrolizumab	for	patients	with	PD-L1-positive	advanced	gastric	cancer
(KEYNOTE-012):	a	multicentre,	open-label,	phase	1b	trial.	Lancet	Oncol	2016;17(6):717–726.

307.	 Ott	 P,	 Calvo	 E,	 Sharma	 P,	 et	 al.	 O-007	 Nivolumab	 monotherapy	 in	 patients	 with	 advanced	 gastric	 or
gastroesophageal	 junction	 (GEJ)	cancer	and	2	or	more	prior	 treatment	 regimens:	 sub-analysis	of	 the	CheckMate
032	study.	Ann	Oncol	2017;28(Suppl	3):mdx262.006.

308.	 Wainberg	ZA,	Jalal	S,	Muro	K,	et	al.	LBA28_PR	KEYNOTE-059	update:	efficacy	and	safety	of	pembrolizumab
alone	or	in	combination	with	chemotherapy	in	patients	with	advanced	gastric	or	gastroesophageal	(G/GEJ)	cancer.
Ann	Oncol	2017;28(Suppl	5):v616–v617.

309.	 Kang	YK,	Kato	K,	Chung	HC,	et	al.	671P	Interim	safety	and	clinical	activity	of	nivolumab	(Nivo)	in	combination
with	S-1/capecitabine	plus	oxaliplatin	in	patients	(pts)	with	previously	untreated	unresectable	advanced	or	recurrent
gastric/gastroesophageal	junction	(G/GEJ)	cancer:	part	1	study	of	ATTRACTION-04	(ONO-4538-37).	Ann	Oncol
2017;28(Suppl	5):mdx369.055.

310.	 Kang	YK,	Boku	N,	Satoh	T,	 et	 al.	Nivolumab	 in	 patients	with	 advanced	gastric	 or	 gastro-oesophageal	 junction
cancer	 refractory	 to,	 or	 intolerant	 of,	 at	 least	 two	 previous	 chemotherapy	 regimens	 (ONO-4538-12,
ATTRACTION-2):	a	randomised,	double-blind,	placebo-controlled,	phase	3	trial.	Lancet	2017;390(10111):2461–
2471.

311.	 Le	 DT,	 Uram	 JN,	Wang	 H,	 et	 al.	 PD-1	 blockade	 in	 tumors	 with	 mismatch-	 repair	 deficiency.	N	 Engl	 J	 Med
2015;372(26):2509–2520.

312.	 Le	 DT,	 Durham	 JN,	 Smith	 KN,	 et	 al.	 Mismatch	 repair	 deficiency	 predicts	 response	 of	 solid	 tumors	 to	 PD-1
blockade.	Science	2017;357(6349):409–413.

313.	 Ott	 PA,	 Le	DT,	Kim	 JW,	 et	 al.	 674P	Nivolumab	 (NIVO)	 in	 patients	 (pts)	with	 advanced	 (adv)	 chemotherapy-
refractory	 (CT-Rx)	 esophagogastric	 (EG)	cancer	 according	 to	microsatellite	 instability	 (MSI)	 status:	CheckMate
032.	Ann	Oncol	2017;28(Suppl	5):mdx369.058.

314.	 Kerkar	SP,	Kemp	CD,	Duffy	A,	et	al.	The	GYMSSA	trial:	a	prospective	randomized	trial	comparing	gastrectomy,
metastasectomy	plus	systemic	therapy	versus	systemic	therapy	alone.	Trials	2009;10:121.

315.	 Kerkar	SP,	Kemp	CD,	Avital	I.	Liver	resections	in	metastatic	gastric	cancer.	HPB	(Oxford)	2010;12(9):589–596.
316.	 Markar	SR,	Mackenzie	H,	Mikhail	S,	et	al.	Surgical	resection	of	hepatic	metastases	from	gastric	cancer:	outcomes



Dr. AVR @ TMH

from	national	series	in	England.	Gastric	Cancer	2017;20(2):379–386.
317.	 Ryu	T,	Takami	Y,	Wada	Y,	et	al.	Oncological	outcomes	after	hepatic	resection	and/or	surgical	microwave	ablation

for	liver	metastasis	from	gastric	cancer.	Asian	J	Surg	2017	[Epub	ahead	of	print].
318.	 Thelen	 A,	 Jonas	 S,	 Benckert	 C,	 et	 al.	 Liver	 resection	 for	 metastatic	 gastric	 cancer.	 Eur	 J	 Surg	 Oncol

2008;34(12):1328–1334.
319.	 Nishi	M,	Shimada	M,	Yoshikawa	K,	et	al.	Results	of	hepatic	resection	for	liver	metastasis	of	gastric	cancer.	J	Med

Invest	2018;65(1.2):27–31.
320.	 Kemp	 CD,	 Kitano	 M,	 Kerkar	 S,	 et	 al.	 Pulmonary	 resection	 for	 metastatic	 gastric	 cancer.	 J	 Thorac	 Oncol

2010;5(11):1796–1805.
321.	 Shiono	 S,	 Sato	 T,	 Horio	 H,	 et	 al.	 Outcomes	 and	 prognostic	 factors	 of	 survival	 after	 pulmonary	 resection	 for

metastatic	gastric	cancer.	Eur	J	Cardiothorac	Surg	2013;43(1):e13–e16.
322.	 Iijima	Y,	Akiyama	H,	Atari	M,	et	al.	Pulmonary	resection	for	metastatic	gastric	cancer.	Ann	Thorac	Cardiovasc

Surg	2016;22(4):230–236.
323.	 Mita	K,	Ito	H,	Katsube	T,	et	al.	Prognostic	factors	affecting	survival	after	multivisceral	resection	in	patients	with

clinical	T4b	gastric	cancer.	J	Gastrointest	Surg	2017;21(12):1993–1999.
324.	 Tran	TB,	Worhunsky	DJ,	Norton	JA,	et	al.	Multivisceral	resection	for	gastric	cancer:	results	from	the	US	Gastric

Cancer	Collaborative.	Ann	Surg	Oncol	2015;22(Suppl	3):S840–S847.
325.	 Rudloff	 U,	 Langan	 RC,	 Mullinax	 JE,	 et	 al.	 Impact	 of	 maximal	 cytoreductive	 surgery	 plus	 regional	 heated

intraperitoneal	 chemotherapy	 (HIPEC)	 on	 outcome	 of	 patients	 with	 peritoneal	 carcinomatosis	 of	 gastric	 origin:
results	of	the	GYMSSA	trial.	J	Surg	Oncol	2014;110(3):275–284.

326.	 Yang	XJ,	Huang	CQ,	Suo	T,	et	al.	Cytoreductive	surgery	and	hyperthermic	intraperitoneal	chemotherapy	improves
survival	 of	 patients	 with	 peritoneal	 carcinomatosis	 from	 gastric	 cancer:	 final	 results	 of	 a	 phase	 III	 randomized
clinical	trial.	Ann	Surg	Oncol	2011;18(6):1575–1581.

327.	 Coccolini	F,	Cotte	E,	Glehen	O,	et	al.	Intraperitoneal	chemotherapy	in	advanced	gastric	cancer.	Meta-analysis	of
randomized	trials.	Eur	J	Surg	Oncol	2014;40(1):12–26.

328.	 Fava	BEC,	da	Costa	WL	Jr,	Medeiros	MLL,	et	al.	Neoadjuvant	intraperitoneal	chemotherapy	followed	by	radical
surgery	 and	HIPEC	 in	patients	with	very	 advanced	gastric	 cancer	 and	peritoneal	metastases:	 report	 of	 an	 initial
experience	in	a	western	single	center.	World	J	Surg	Oncol	2018;16(1):62.

329.	 Roviello	F.	The	role	of	HIPEC	in	gastric	cancer.	Eur	J	Cancer	2018;92(Suppl	2):S4–S5.
330.	 Ba˘lescu	I,	Godoroja	D,	Gongu	M,	et	al.	Laparoscopic	HIPEC	for	peritoneal	carcinomatosis	from	gastric	cancer—

technique	and	early	outcomes	of	our	first	cases.	Chirurgia	(Bucur)	2017;112(6):714–725.
331.	 Fugazzola	P,	Coccolini	F,	Montori	G,	et	al.	Overall	and	disease-free	survival	in	patients	treated	with	CRS	+	HIPEC

with	cisplatin	and	paclitaxel	for	gastric	cancer	with	peritoneal	carcinomatosis.	J	Gastrointest	Oncol	2017;8(3):572–
582.

332.	 Badgwell	B,	Blum	M,	Das	P,	et	al.	Lessons	learned	from	a	phase	II	clinical	trial	of	laparoscopic	HIPEC	for	gastric
cancer.	Surg	Endosc	2018;32:512.

333.	 Ji	ZH,	Peng	KW,	Yu	Y,	et	al.	Current	status	and	future	prospects	of	clinical	 trials	on	CRS	+	HIPEC	for	gastric
cancer	peritoneal	metastases.	Int	J	Hyperthermia	2017;33(5):562–570.

334.	 Yamaguchi	 T,	Murata	 S,	 Kaida	 S,	 et	 al.	 Stage	 IV	 gastric	 cancer	 with	 positive	 peritoneal	 washing	 cytology	 or
peritoneal	dissemination	was	successfully	treated	with	gastrectomy	and	hyperthermic	intraperitoneal	chemotherapy
(HIPEC)	followed	by	systemic	chemotherapy—a	report	of	two	cases.	Gan	To	Kagaku	Ryoho	2016;43(12):1954–
1956.

335.	 Boerner	T,	Graichen	A,	Jeiter	T,	et	al.	CRS-HIPEC	prolongs	survival	but	is	not	curative	for	patients	with	peritoneal
carcinomatosis	of	gastric	cancer.	Ann	Surg	Oncol	2016;23(12):3972–3977.

336.	 Canbay	E,	Mizumoto	A,	Ichinose	M,	et	al.	Outcome	data	of	patients	with	peritoneal	carcinomatosis	from	gastric
origin	 treated	 by	 a	 strategy	 of	 bidirectional	 chemotherapy	 prior	 to	 cytoreductive	 surgery	 and	 hyperthermic
intraperitoneal	chemotherapy	in	a	single	specialized	center	in	Japan.	Ann	Surg	Oncol	2014;21(4):1147–1152.

337.	 Solass	W,	Giger-Pabst	U,	Zieren	J,	et	al.	Pressurized	intraperitoneal	aerosol	chemotherapy	(PIPAC):	occupational
health	and	safety	aspects.	Ann	Surg	Oncol	2013;20(11):3504–3511.

338.	 Nadiradze	G,	Giger-Pabst	U,	Zieren	J,	et	al.	Pressurized	intraperitoneal	aerosol	chemotherapy	(PIPAC)	with	low-
dose	cisplatin	and	doxorubicin	in	gastric	peritoneal	metastasis.	J	Gastrointest	Surg	2016;20(2):367–373.

339.	 Ekbom	GA,	Gleysteen	JJ.	Gastric	malignancy:	resection	for	palliation.	Surgery	1980;88(4):476–481.
340.	 Meijer	S,	De	Bakker	OJ,	Hoitsma	HF.	Palliative	resection	in	gastric	cancer.	J	Surg	Oncol	1983;23(2):77–80.
341.	 Butler	JA,	Dubrow	TJ,	Trezona	T,	et	al.	Total	gastrectomy	in	the	treatment	of	advanced	gastric	cancer.	Am	J	Surg

1989;158(6):602–605.



342.	 Fujitani	K,	Ando	M,	Sakamaki	K,	et	al.	Multicentre	observational	study	of	quality	of	life	after	surgical	palliation	of
malignant	gastric	outlet	obstruction	for	gastric	cancer.	BJS	Open	2017;1(6):165–174.

343.	 Seo	HS,	Song	KY,	Jung	YJ,	et	al.	Radical	gastrectomy	after	chemotherapy	may	prolong	survival	in	stage	IV	gastric
cancer:	a	Korean	multi-institutional	analysis.	World	J	Surg	2018	[Epub	ahead	of	print].

344.	 Allum	W,	Lordick	F,	Alsina	M,	et	al.	ECCO	essential	requirements	for	quality	cancer	care:	oesophageal	and	gastric
cancer.	Crit	Rev	Oncol	Hematol	2018;122:179–193.

345.	 Bozzetti	 F,	 Doci	 P,	 Bignami	 P,	 et	 al.	 Patterns	 of	 failure	 following	 surgical	 resection	 of	 colorectal	 cancer	 liver
metastases.	Rationale	for	a	multimodal	approach.	Ann	Surg	1987;205(3):264–270.

346.	 Bozzetti	F,	Bonfanti	G,	Audisio	RA,	et	al.	Prognosis	of	patients	after	palliative	surgical	procedures	for	carcinoma
of	the	stomach.	Surg	Gynecol	Obstet	1987;164(2):151–154.

347.	 Boddie	 AW	 Jr,	 McMurtrey	 MJ,	 Giacco	 GG,	 et	 al.	 Palliative	 total	 gastrectomy	 and	 esophagogastrectomy.	 A
reevaluation.	Cancer	1983;51(7):1195–1200.

348.	 Hsu	 JT,	 Liao	 JA,	 Chuang	HC,	 et	 al.	 Palliative	 gastrectomy	 is	 beneficial	 in	 selected	 cases	 of	metastatic	 gastric
cancer.	BMC	Palliat	Care	2017;16(1):19.

349.	 Tey	J,	Choo	BA,	Leong	CN,	et	al.	Clinical	outcome	of	palliative	radiotherapy	for	locally	advanced	symptomatic
gastric	cancer	in	the	modern	era.	Medicine	(Baltimore)	2014;93(22):e118.

350.	 Tey	J,	Soon	YY,	Koh	WY,	et	al.	Palliative	radiotherapy	for	gastric	cancer:	a	systematic	review	and	meta-analysis.
Oncotarget	2017;8(15):25797–25805.

351.	 Kondoh	C,	Shitara	K,	Nomura	M,	 et	 al.	Efficacy	of	 palliative	 radiotherapy	 for	 gastric	 bleeding	 in	patients	with
unresectable	advanced	gastric	cancer:	a	retrospective	cohort	study.	BMC	Palliative	Care	2015;14:37.

352.	 Asakura	H,	Hashimoto	T,	Harada	H,	et	al.	Palliative	radiotherapy	for	bleeding	from	advanced	gastric	cancer:	is	a
schedule	of	30	Gy	in	10	fractions	adequate?	J	Cancer	Res	Clin	Oncol	2011;137(1):125–130.

353.	 Hashimoto	K,	Mayahara	H,	Takashima	A,	et	al.	Palliative	radiation	therapy	for	hemorrhage	of	unresectable	gastric
cancer:	a	single	institute	experience.	J	Cancer	Res	Clin	Oncol	2009;135(8):1117–1123.

354.	 Chaw	CL,	Niblock	PG,	Chaw	CS,	et	al.	The	role	of	palliative	radiotherapy	for	haemostasis	in	unresectable	gastric
cancer:	a	single-institution	experience.	Ecancermedicalscience	2014;8:384.

355.	 Kim	MM,	Rana	V,	Janjan	NA,	et	al.	Clinical	benefit	of	palliative	radiation	therapy	in	advanced	gastric	cancer.	Acta
Oncol	2008;47(3):421–427.

356.	 Mantell	BS.	Radiotherapy	for	dysphagia	due	to	gastric	carcinoma.	Br	J	Surg	1982;69(2):69–70.
357.	 Sargeant	 IR,	 Tobias	 JS,	 Blackman	 G,	 et	 al.	 Radiotherapy	 enhances	 laser	 palliation	 of	 malignant	 dysphagia:	 a

randomised	study.	Gut	1997;40(3):362–369.
358.	 Spencer	 GM,	 Thorpe	 SM,	 Blackman	 GM,	 et	 al.	 Laser	 augmented	 by	 brachytherapy	 versus	 laser	 alone	 in	 the

palliation	of	adenocarcinoma	of	the	oesophagus	and	cardia:	a	randomised	study.	Gut	2002;50(2):224–227.
359.	 Kim	GE,	Shin	HS,	 Seong	 JS,	 et	 al.	 The	 role	 of	 radiation	 treatment	 in	management	 of	 extrahepatic	 biliary	 tract

metastasis	from	gastric	carcinoma.	Int	J	Radiat	Oncol	Biol	Phys	1994;28(3):711–717.
360.	 Lo	 SS,	 Wu	 CW,	 Chi	 KH,	 et	 al.	 Concomitant	 chemoradiation	 treatment	 in	 the	 management	 of	 patients	 with

extrahepatic	biliary	tract	recurrence	of	gastric	carcinoma.	Cancer	2000;89(1):29–34.
361.	 National	 Cancer	 Institute.	 SEER	 cancer	 statistics	 review,	 1975–2015.

https://seer.cancer.gov/statfacts/html/stomach.html.	Accessed	November	13,	2017.
362.	 van	de	Water	W,	Kiderlen	M,	Bastiaannet	E,	et	al.	External	validity	of	a	 trial	comprised	of	elderly	patients	with

hormone	receptor-positive	breast	cancer.	J	Natl	Cancer	Inst	2014;106(4):dju051.
363.	 Elting	LS,	Cooksley	C,	Bekele	BN,	 et	 al.	Generalizability	 of	 cancer	 clinical	 trial	 results:	 prognostic	 differences

between	participants	and	nonparticipants.	Cancer	2006;106(11):2452–2458.
364.	 Gretschel	 S,	 Estevez-Schwarz	 L,	 Hünerbein	M,	 et	 al.	 Gastric	 cancer	 surgery	 in	 elderly	 patients.	World	 J	 Surg

2006;30(8):1468–1474.
365.	 Hurria	A,	Togawa	K,	Mohile	SG,	et	al.	Predicting	chemotherapy	toxicity	in	older	adults	with	cancer:	a	prospective

multicenter	study.	J	Clin	Oncol	2011;29(25):3457–3465.
366.	 Trumper	M,	 Ross	 PJ,	 Cunningham	D,	 et	 al.	 Efficacy	 and	 tolerability	 of	 chemotherapy	 in	 elderly	 patients	 with

advanced	oesophago-gastric	cancer:	a	pooled	analysis	of	three	clinical	trials.	Eur	J	Cancer	2006;42(7):827–834.
367.	 Strauss	J,	Hershman	DL,	Buono	D,	et	al.	Use	of	adjuvant	5-fluorouracil	and	radiation	therapy	after	gastric	cancer

resection	among	the	elderly	and	impact	on	survival.	Int	J	Radiat	Oncol	Biol	Phys	2010;76(5):1404–1412.
368.	 Lawrence	Y,	Pillar	N,	Goldstein	J,	et	al.	Severe	gastrointestinal	complications	of	radiation	therapy	in	rectal	cancer:

quantifying	the	effect	of	age.	Int	J	Radiat	Oncol	Biol	Phys	2014;90(1):S391.
369.	 Dudeja	V,	Habermann	EB,	Zhong	W,	et	al.	Guideline	recommended	gastric	cancer	care	in	the	elderly:	insights	into

the	applicability	of	cancer	trials	to	real	world.	Ann	Surg	Oncol	2011;18(1):26–33.



Dr. AVR @ TMH

370.	 Dent	DM,	Madden	MV,	Price	SK.	Randomized	comparison	of	R1	and	R2	gastrectomy	for	gastric	carcinoma.	Br	J
Surg	1988;75(2):110–112.

371.	 Robertson	CS,	Chung	SC,	Woods	SD,	et	al.	A	prospective	 randomized	 trial	comparing	R1	subtotal	gastrectomy
with	R3	total	gastrectomy	for	antral	cancer.	Ann	Surg	1994;220(2):176–182.

372.	 Cuschieri	 A,	 Fayers	 P,	 Fielding	 J,	 et	 al.	 Postoperative	morbidity	 and	mortality	 after	 D1	 and	D2	 resections	 for
gastric	 cancer:	 preliminary	 results	 of	 the	MRC	 randomised	 controlled	 surgical	 trial.	 The	 Surgical	 Cooperative
Group.	Lancet	1996;347(9007):995–999.

373.	 Boige	V,	Pignon	J,	Saint-Aubert	B,	et	al.	Final	results	of	a	randomized	trial	comparing	preoperative	5-fluorouracil
(F)/cisplatin	 (P)	 to	 surgery	 alone	 in	 adenocarcinoma	 of	 stomach	 and	 lower	 esophagus	 (ASLE):	 FNLCC
ACCORD07-FFCD	9703	trial.	J	Clin	Oncol	2007;25:4510.

374.	 Mohri	Y,	Tonouchi	H,	Kobayashi	M,	et	al.	Randomized	clinical	trial	of	single-	versus	multiple-dose	antimicrobial
prophylaxis	in	gastric	cancer	surgery.	Br	J	Surg	2007;94(6):683–688.

375.	 Vanhoefer	 U,	 Rougier	 P,	Wilke	 H,	 et	 al.	 Final	 results	 of	 a	 randomized	 phase	 III	 trial	 of	 sequential	 high-dose
methotrexate,	 fluorouracil,	 and	 doxorubicin	 versus	 etoposide,	 leucovorin,	 and	 fluorouracil	 versus	 infusional
fluorouracil	 and	 cisplatin	 in	 advanced	 gastric	 cancer:	 a	 trial	 of	 the	 European	 Organization	 for	 Research	 and
Treatment	of	Cancer	Gastrointestinal	Tract	Cancer	Cooperative	Group.	J	Clin	Oncol	2000;18(14):2648–2657.

376.	 Ohtsu	A,	 Shimada	Y,	 Shirao	K,	 et	 al.	Randomized	 phase	 III	 trial	 of	 fluorouracil	 alone	 versus	 fluorouracil	 plus
cisplatin	versus	uracil	and	tegafur	plus	mitomycin	in	patients	with	unresectable,	advanced	gastric	cancer:	the	Japan
Clinical	Oncology	Group	study	(JCOG9205).	J	Clin	Oncol	2003;21(1):54–59.



54 The	Molecular	Biology	of
Pancreas	Cancer
Scott	E.	Kern	and	Ralph	H.	Hruban

INTRODUCTION
Pancreatic	cancer	is	a	genetic	disease	characterized	by	reproducible	patterns	of	genetic	mutations	that	accumulate
during	 pancreatic	 tumorigenesis.	 These	 patterns	 indicate	 the	 operation	 of	 a	 selective	 process	 favoring	 the
emergence	 of	 specific	 constellations	 of	 genetic	 changes.	 Four	 categories	 of	 mutated	 genes	 play	 a	 role	 in	 the
pancreatic	 tumorigenesis:	 oncogenes,	 tumor-suppressor	 genes,	 genome-maintenance	 genes,	 and	 tissue-
maintenance	genes	(summarized	in	Table	54.1).	Some	of	these	mutations	are	germline	(i.e.,	they	are	transmitted
within	a	family),	whereas	somatic	mutations,	acquired	during	life,	contribute	to	tumorigenesis	within	a	tissue	but
are	 not	 passed	 to	 offspring.	 These	 shared	 abnormalities	 drive	 the	 processes	 of	 cancer	 growth,	 invasion,	 and
metastasis	in	individual	patients.

The	most	common	type	of	pancreatic	cancer	is	pancreatic	ductal	adenocarcinoma	(PDA),	and	PDA	is	therefore
highlighted	 in	 this	chapter.	Other	clinically	and	molecularly	distinct	 forms	of	cancer	occur	 in	 the	pancreas	and
must	be	distinguished	from	PDA;	they	are	discussed	briefly.

COMMON	GENETIC	CHANGES	IN	PANCREATIC	DUCTAL
ADENOCARCINOMA
The	 genetic	 abnormalities	 in	 all	 genes	 (exomes)	 of	 a	 series	 of	 PDAs	 were	 first	 mapped	 by	 Jones	 et	 al.1	 in
1998.They	 identified	 an	 average	 of	 63	 somatic	 mutations	 per	 tumor,	 most	 of	 which	 undoubtedly	 were
nonfunctional	 “passenger”	mutations,	mutations	 that	 occur	 at	 a	 low	prevalence	 and	which	do	not	 contribute	 to
tumorigenesis.	 Indeed,	 most	 passenger	 mutations	 likely	 arise	 in	 the	 normal	 tissues	 before	 tumorigenesis	 even
begins.2	 Smoking	 is	 associated	 with	 a	 doubling	 of	 the	 risk	 for	 pancreatic	 cancer,	 and	 remarkably,	 it	 is	 also
associated	 with	 a	 40%	 increase	 of	 the	 somatic	 mutations	 in	 PDAs.3	 Only	 a	 subset	 of	 the	 mutations	 in	 PDA,
however,	is	responsible	for	“driving”	the	neoplastic	process;	only	they	are	discussed	further	here.

The	sequencing	by	Jones	et	al.1	validated	the	previously	reported	driver	genes	and	defined	cellular	pathways
dysregulated	in	PDA.	Subsequent	whole-exome	and	whole-genome	sequencing	studies	confirmed	these	findings
and	 discovered	 additional	 mutated	 pathways.	 The	 genes	 mutated	 are	 summarized	 in	 Table	 54.1.	 Telomere
abnormalities	and	manifestations	of	chromosome	instability	are	the	most	common	genetic	alterations	in	pancreatic
neoplasia.	In	addition	to	the	four	genes	mutated	in	most	PDAs	(KRAS,	p16/CDKN2A,	TP53,	and	SMAD4/DPC4),
the	 other	 recurrent	 genetic	 abnormalities,	 seen	 at	 a	 lower	 prevalence,	 include	mutations	 in	 the	 genes	BRCA2,
PALB2,	 FANCC,	 FANCG,	 and	 FBXW7;	 the	 transforming	 growth	 factor	 β	 (TGF-β)	 receptors	 TGFBR1	 and
TGFBR2;	 the	 activin	 receptors	ACVR1B	 and	ACVR2;	 various	 chromatin-remodeling	 genes;	 the	 genes	MAP2K,
STK11,	MLL3,	ATM,	and	EGFR;	alterations	 in	 the	mitochondrial	genome;	amplifications;	various	chromosomal
deletions;	inactivation	of	DNA	mismatch-repair	genes;	rarely	the	maintenance	of	the	Epstein-Barr	virus	genome
as	an	episome;	and	common	internal	deletions	of	exons	of	FAM190A/CCSER1.

Knowing	 the	 genes	mutated	 in	 a	 cancer	 can	 have	 direct	 clinical	 impact.	 First,	 patients	 having	 an	 identified
germline	mutation	and	their	families	could	benefit	from	genetic	counseling.4	Germline	BRCA2	mutations	account
for	 the	highest	known	fraction	of	 familial	pancreatic	cancers.	These	mutations	 increase	 the	risk	of	a	number	of
cancer	types,	many	of	which,	including	breast	and	prostate	cancer,	clinically	can	be	screened	for.5,6	Second,	some
of	 the	 genetic	 alterations	 are	 therapeutically	 targetable.	 Using	 BRCA2	 as	 an	 example,	 PDAs	 with	 biallelic
mutations	 in	 BRCA2	 are	 often	 exquisitely	 sensitive	 to	 DNA	 cross-linking	 agents	 and	 to	 poly	 (ADP-ribose)
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polymerase	inhibitors.7	Unfortunately,	recent	studies	of	consecutive	case	series	suggested	that	in	the	vast	majority
of	 cases,	 systematic	 clinical	 exome	 sequencing	 for	 the	 somatic	 (noninherited)	 mutations	 in	 PDAs	 is	 not	 very
useful	in	guiding	therapy.8,9

Some	of	the	genetic	mutations	in	PDA,	such	as	the	1%	to	3%	of	PDAs	that	inactivate	a	DNA	mismatch-repair
gene,	result	in	a	significant	increase	in	the	number	of	mutations	and	therefore	neoantigens	that	emerge	specifically
in	the	cancers.10	These	neoantigens	may	be	recognized	by	the	immune	system;	they	appear	to	make	these	PDAs
exquisitely	 sensitive	 to	 immunotherapy.11	 Some	 PDAs,	 having	 inactivation	 of	 a	 DNA	 mismatch-repair	 gene,
present	 a	unique	histologic	 appearance,	 a	medullary	histology,	 suggesting	 that	 careful	morphology	can	 suggest
such	an	inherited	mutation.12	Most	pancreatic	cancers,	however,	have	intact	mismatch	repair	and	are	among	the
cancer	 types	 having	 the	 lowest	 estimated	 prevalence	 of	 neoantigens	 arising	 from	 frameshift	 mutations.13
Frameshifts	 lead	 to	 the	 translation	 of	 long	 stretches	 of	 erroneous	 polypeptides	 and	 constitute	 a	 mutation	 type
suspected	 to	 create	 the	 numerical	 majority	 of	 neoantigens;	 they	 are	 potentially	 responsible	 for	 the	 dramatic
responses	to	immunotherapy	seen	in	other	tumor	types.	Hopes	for	successful	immunotherapy	for	most	pancreatic
cancers	may	depend	on	strategies	that	overcome	this	numerical	headwind.

Genetic	alterations	are	used	 to	characterize	 the	precursors	giving	 rise	 to	 invasive	pancreatic	neoplasia.	Such
studies,	 combined	with	 clinical	 and	 histologic	 evaluation,	 indicate	 that	most	 carcinomas	 arise	 by	 a	 process	 of
progressive	 intraductal	 tumorigenesis,	 suggesting	 that	 these	 intraductal	 lesions	 might	 be	 detected	 and	 treated
before	a	patient	develops	an	invasive	cancer.14,15	Epigenetic	changes	in	DNA	methylation	and	in	gene	expression
are	also	highly	specific	for	the	cancerous	cells	and	could	serve	as	detection	markers	or	measures	of	disseminated
disease.

Not	only	are	the	genes	targeted	in	PDA	now	defined,	but	so	too	is	the	evolutionary	timing	of	these	changes.
Modeling,	applied	to	a	comprehensive	study	mapping	gene	mutations	in	multiple	regions	of	primary	PDAs	and
their	 metastases,	 indicated	 a	 general	 timeline	 of	 tumorigenesis,	 invasion,	 and	 metastasis.16	 According	 to	 this
model,	 about	 a	 decade	 passes	 between	 the	 first	 driver	 mutation	 initiating	 the	 precursor	 neoplasm	 and	 the
emergence	of	the	first	cell	having	the	genotype	of	the	invasive	cancer;	a	genotype	providing	a	metastatic	ability	is
acquired	after	another	5	years,	and	patient	death	follows	about	2	years	later.16	This	“linear”	view	of	the	evolution
of	 pancreatic	 cancer	 could	 be	 abbreviated	 in	 the	 subset	 of	 precursors	 having	 experienced	 chromothripsis,	 the
dramatic	 shattering	 and	 subsequent	 rearranging	 of	 selected	 chromosomes,	which	 could	 provide	 one	 of	 the	 two
hits,	 in	 each	 of	 multiple	 tumor-suppressor	 genes,	 essentially	 simultaneously.17,18	 More	 recent	 application	 of
evolutionary	 modeling	 to	 PDA	 genetics	 suggested	 that	 distinct	 subclones	 within	 primary	 PDAs	 are	 equally
capable	of	metastatic	seeding	(i.e.,	there	is	surprisingly	little	genetic	heterogeneity	in	different	metastases	in	the
same	patient).19,20

TABLE	54.1
Genetic	Profile	of	Pancreatic	Ductal	Carcinoma

Gene
Gene	Locations Frequency	in	Cancers

(%)
Timing	during
Tumorigenesisa Mutation	Origin

Oncogenes
KRAS 12p 95 Early	to	mid Som.

BRAF 7q 4 	 Som.

AKT2 19q 10 	 Som.

EGFR 7p 1 	 Som.

EBV	genome 	 <1 	 	

Tumor-Suppressor/Genome-Maintenance	Genes
CDKN2A/p16 9p >90 Mid	to	late Som.	>	Germ.

TP53 17p 75 Late Som.

SMAD4 18q 55 Late Som.

BRCA2	and	PALB2 13q/16p 5 Late Germ.	>	Som.

FANCC	and	FANCG 9q/9p 3 	 Germ.	or	Som.

CCSER1/FAM10A 4q 4c 	 Som.

MAP2K4 17p 4 	 Som.



LKB1/STK11 19p 4 	 Som.	>	Germ.
ACVR1B 12q 2 	 Som.

TGFBR1b 9q 1 	 Som.c

MSI−/TGFBR2b 3p 1 	 Som.c

MSI+/TGFBR2 3p 4 	 Som.	>	Germ.d

			ACVR2 2q 4 	 Som.	>	Germ.d

			BAX 19q 4 	 Som.	>	Germ.d

			MLH1 3p 4 	 Som.	>	Germ.d

FBXW7/cyclin	E	dereg. 4q 6 	 Som.e

ARID1A,	chr.
remodeling 1p >10 	 Som.

ATM 11q <1f 	 Germ.

Tissue-Maintenance	Genes

PRSS1 7q <1f Prior Germ.
Som.,	(prevalence	of)	somatic	mutation	or	methylation;	Germ.,	(prevalence	of)	germline	mutation;	MSI,	microsatellite	instability.
aStage	of	appearance	of	the	genetic	changes	during	the	intraductal	precursor	phase	of	the	neoplasm,	where	known.	For	BRCA2,
most	 mutations	 are	 inherited,	 but	 the	 loss	 of	 the	 second	 allele	 is	 reported	 only	 in	 a	 single	 advanced	 pancreatic	 intraepithelial
neoplasia.
bFew	homozygous	deletions	of	the	TGFBR1	gene	and	TGFBR2	gene	have	been	identified	in	non-MSI	pancreatic	cancers.
cThe	prevalence	of	exonic	transcript	deletions	is	much	higher	than	the	prevalence	of	homozygously	deleted	exons	given	here.
dIn	MSI+	tumors,	the	mismatch	repair	defect	is	usually	somatic	in	origin;	the	TGFBR2,	ACVR2,	and	BAX	alterations	are	somatic.
eA	 single	 example	 of	 homozygous	 mutation	 of	 the	 FBXW7	 gene	 is	 reported	 in	 a	 series	 having	 a	 6%	 prevalence	 of	 cyclin	 E
overexpression.	Cyclin	E	amplification	is	reported	to	date	only	in	cell	lines.
fThe	prevalence	of	mutations	in	severely	affected	families	is	higher	than	the	prevalence	among	unselected	cancers	given	here.

Telomere	 shortening	 is	 one	 of	 the	 earliest	 and	 most	 prevalent	 genetic	 changes	 identified	 in	 the	 precursor
lesions.21	 Telomere	 shortening	 experimentally	 predisposes	 to	 chromosome	 fusion	 (translocations)	 and	 the
missegregation	 of	 genetic	 material	 during	 mitosis.	 Later	 in	 tumorigenesis,	 telomerase	 is	 often	 reactivated,22
moderating	the	telomere	erosive	process	while	permitting	continued	chromosomal	instability	(CIN).23

The	KRAS	 gene	 mediates	 signals	 from	 growth	 factor	 receptors	 and	 other	 signaling	 inputs	 (Fig.	 54.1).	 The
mutations	present	in	most	pancreatic	cancers	convert	the	normal	Kras	protein	(a	protooncogene)	to	an	oncogene,
causing	the	protein	to	become	overactive	in	transmitting	growth	factor–initiated	signals24	and	in	regulating	aspects
of	carbohydrate	metabolism.25,26	KRAS	 is	mutated	 in	 over	 90%	of	 conventional	 pancreatic	 ductal	 carcinomas.1
Among	the	first	genetic	changes	in	the	ducts	is	a	KRAS	gene	mutation	(see	Table	54.1).27	Recent	studies	indicate
that	their	prevalence	in	early	lesions	is	higher	than	previously	thought.

The	 Smad	 pathway	mediates	 signals	 initiated	 on	 upstream	 events:	 the	 binding	 of	 the	 extracellular	 proteins
TGF-β,	activin,	and	bone	morphogenic	proteins	to	their	receptors	(Fig.	54.2).	These	signals	are	transmitted	to	the
nucleus	by	proteins	of	the	Smad	family	of	related	genes,	including	SMAD4	(DPC4).	Once	in	the	nucleus,	Smad
protein	complexes	bind	specific	recognition	sites	on	DNA	and	stimulate	gene	transcription.28	SMAD4	mutations
are	 found	 in	 nearly	 half	 of	 pancreatic	 carcinomas,	 comprising	 homozygous	 deletions	 or	 intragenic	 mutations
combined	with	loss	of	heterozygosity	(LOH).29	Other	Smad	genes	are	occasionally	mutated	in	pancreatic	cancer.1
Homozygous	 deletions	 and	mutations	 affecting	 the	 upstream	TGF-β	 receptor	 genes	 are	 seen	 in	 a	 few	PDAs.30
PDAs	with	SMAD4	inactivation	are	more	likely	to	have	widespread	metastases	and	are	associated	with	a	slightly
worse	prognosis	than	PDAs	with	intact	SMAD4.31

The	p16/cyclin	D/	RB1	 pathway	 is	 a	 key	 control	 of	 the	 cell-division	 cycle	 (Fig.	 54.3).	 The	 retinoblastoma
protein	(Rb1)	is	a	transcriptional	regulator	and	regulates	the	entry	of	cells	into	S	phase.	A	complex	of	cyclin	D	and
a	 cyclin-dependent	 kinase	 (CDK4	and	CDK6)	phosphorylates	 and	 thereby	 regulates	Rb1.	The	p16	protein	 is	 a
CDK	inhibitor	that	binds	CDK4	and	CDK6.	Virtually	all	pancreatic	carcinomas	suffer	a	loss	of	p16	gene	function,
through	homozygous	deletions,	mutation	combined	with	LOH,	or	promoter	methylation	of	the	p16/CDKN2A	gene
associated	with	a	lack	of	gene	expression.32,33	In	addition,	inherited	mutations	of	the	p16/CDKN2A	gene	cause	a
familial	melanoma/pancreatic	cancer	syndrome	known	as	familial	atypical	multiple	mole	melanoma.34
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Figure	54.1	The	KRAS	pathway.	KRAS	normally	integrates	and	regulates	signals	arising	in	the
growth	factor	receptors	that	are	passed	to	KRAS	using	the	Grb2	and	the	Sos1	nucleotide	exchange
factor.	The	active	guanosine	triphosphate	(GTP)–bound	form	of	KRAS	recruits	effector	proteins
such	as	Raf1	and	Braf,	in	turn	stimulating	the	downstream	mitogen-activated	protein	kinases	such
as	MEK	and	ERK	and	activating	certain	transcription	factors.	The	epidermal	growth	factor	receptor
(EGFR)	can	be	overexpressed	and	occasionally	mutated	to	provide	inappropriately	strong	upstream

signals,	and	the	Braf	protein	can	be	activated	by	point	mutation,	but	more	often	in	pancreatic
cancer,	the	Kras	protein	is	mutated.	These	latter	mutations	impair	the	GTPase-activating	protein–
stimulated	reaction	that	normally	returns	Kras	to	the	inactive	state.	GDF,	growth	differentiation

factor.

The	 protein	 product	 of	 the	 TP53	 gene,	 Tp53	 or	 p53,	 binds	 to	 specific	 sites	 of	 DNA	 and	 activates	 the
transcription	of	genes	controlling	cell	division	and	apoptosis.35	The	Tp53	protein,	normally	a	short-lived	protein,
becomes	 phosphorylated	 and	 stabilized	 after	 DNA	 damage	 and	 cellular	 stresses	 (Fig.	 54.4).	 In	 about	 75%	 of
pancreatic	cancers,	the	TP53	gene	has	point	mutations	that	inhibit	the	ability	of	p53	to	bind	DNA	or	occasionally
other	types	of	inactivating	mutation.36–38

Most	 human	 carcinomas	 have	 CIN,	 which	 produces	 frequent	 changes	 in	 chromosomal	 copy	 numbers	 or
aneuploidy.39	Most	pancreatic	cancers	have	complex	karyotypes	including	deletions	of	whole	chromosomes	and
subchromosomal	 regions.40	 CIN	 is	 the	 process	 explaining	 most	 of	 the	 deletions	 (LOH).	 A	 chromosomal
rearrangement	pattern	associated	with	BRCA2	gene	inactivation	or	a	severe	chromothripsis	rearrangement	pattern
is	seen	in	some	PDAs,	apparently	superimposed	on	an	underlying	CIN	process.17,18	A	few	percent	of	pancreatic
carcinomas,	however,	do	not	have	significant	gross	or	numerical	chromosomal	changes	and	instead	have	defects
in	 DNA	 mismatch	 repair,	 producing	 high	 mutation	 rates	 in	 both	 nonrepetitive	 DNA	 and	 at	 sites	 of	 simple
repetitive	 sequences	 termed	 microsatellites.10,12,41	 The	 pattern	 of	 genetic	 damage	 in	 these	 carcinomas	 differs
considerably	 from	 the	 pattern	 in	 carcinomas	 with	 CIN.	 The	 type	 II	 TGF-β	 (TGFBR2)	 and	 activin	 (ACVR2)
receptor	 genes	 and	 the	BAX	 gene	 have	 a	 repetitive	 sequence	within	 their	 protein-coding	 regions,	 and	 biallelic
inactivating	mutations	of	these	sequences	are	seen	in	this	type	of	PDA.30,41,42



Figure	54.2	The	TGF-β/activin/SMAD	pathway.	Dimeric	kinase	receptors	of	the	transforming
growth	factor	β	(TGF	β)	superfamily	respond	to	extracellular	ligands,	causing	phosphorylation	of

one	or	more	of	the	receptor-associated	Smad	proteins	and	leading	them	to	complex	with	the
unphosphorylated	common	Smad,	SMAD4.	This	complex	binds	to	specific	DNA	sequences	and
works	with	other	transcription	factors	to	stimulate	gene	expression.	Mutations	in	pancreatic	cancer
can	inactivate	either	partner	of	the	dimeric	receptors	that	respond	to	extracellular	TGF-β	or	activin.
More	commonly,	however,	mutations	and	large	deletions	in	the	SMAD4	gene	destabilize	its	protein

product	or	ablate	gene	expression.

The	 mutation	 of	 chromatin-remodeling	 genes,	 noted	 subsequently,	 seems	 to	 emphasize	 the	 importance	 of
abnormal	gene	expression	in	driving	pancreatic	 tumorigenesis.43,44	Occasional	mutations	of	 the	mRNA	splicing
factors,	 such	 as	 SF3B1,	 might	 have	 analogous	 properties	 on	 gene	 expression	 although	 through	 a	 different
mechanism.1

There	 are	 multiple	 and	 frequent	 alterations	 in	 pancreatic	 carcinomas,	 some	 probably	 being	 important	 to
tumorigenesis,	 that	 are	 typically	 not	 attributed	 to	 genetic	mutations.	 These	 include	 expression	 of	 telomerase,22
various	patterns	of	microRNA	expression,	and	overexpression	of	the	growth-stimulating	Her-2/Erbb2	cell	surface
receptor	 and	 growth	 factor–related	 proteins.	 (The	 latter	 two	 categories	 are	 sometimes	 involved	 in	 gene
amplification.)	Some	of	these	characteristics	might	be	attractive	as	therapeutic	targets,	although	clinical	evidence
is	spotty.	Pancreatic	carcinomas	also	have	reproducible	alterations	in	gene	expression,	such	as	overexpression	of
the	 proteins	 mesothelin	 and	 prostate	 stem	 cell	 antigen,	 that	 serve	 as	 diagnostic	 aids	 in	 histopathologic
interpretation.45	The	epigenetic	patterns	of	gene	hypermethylation	and	various	patterns	of	overexpression	of	RNA
transcripts	 and	proteins	 in	pancreatic	 cancers	may	be	promising	as	diagnostic	markers	 for	 analyzing	pancreatic
secretions	and	for	noninvasive	diagnostic	screening.46,47
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Figure	54.3	The	p16/RB1	pathway.	p16	binds	to,	inhibits,	and	thereby	controls	the	availability	of
the	cyclin-dependent	kinases	CDK4	and	CDK6	(not	shown).	When	activated	by	binding	to	cyclin
D,	these	kinases	phosphorylate	and	thereby	inactivate	the	Rb1	tumor-suppressor	protein.	The
activity	of	p16	is	controlled	in	a	complex	manner,	through	changes	in	gene	expression	and	by
displacement	reactions	involving	other	similar	kinase	inhibitor	proteins.	p16	mutations	and

deletions	are	nearly	ubiquitous	in	pancreatic	cancer,	resulting	in	dysregulation	of	these	CDKs	that
regulate	the	cell	division	cycle.	ATP,	adenosine	triphosphate;	ADP,	adenosine	diphosphate.

LESS-PREVALENT	GENETIC	CHANGES	IN	PANCREATIC	DUCTAL
ADENOCARCINOMA
The	causative	genes	of	Fanconi	anemia	play	a	role	in	human	tumorigenesis.	The	BRCA2	gene	represents	Fanconi
complementation	group	D1	and	aids	DNA	strand	repair.48	Because	of	this	function,	it	is	perhaps	best	to	categorize
BRCA2	as	a	genome-maintenance	gene	rather	than	a	conventional	tumor	suppressor.	As	many	as	7%	of	apparently
“sporadic”	 pancreatic	 cancers	 (more	 in	 instances	 of	 familial	 aggregation)	 harbor	 an	 inactivating	 intragenic
inherited	mutation	 of	 one	 copy	 of	 the	BRCA2	 gene,	 accompanied	 by	LOH.1,4,9,49	 The	PALB2	 gene	 represents
Fanconi	group	N,	and	its	protein	product	binds	the	Brca2	protein.50	A	total	of	3%	of	familial	pancreatic	cancers
harbored	 a	 germline	 inactivating	 mutation	 of	 PALB2,	 and	 in	 a	 tumor	 studied	 in	 depth,	 the	 other	 copy	 was
inactivated	by	a	somatic	mutation.1,51,52	The	FANCC	and	FANCG	genes	have	somatic	or	germline	mutations	 in
some	 pancreatic	 cancer	 patients,	 again	 with	 loss	 of	 the	 wild-type	 allele	 in	 the	 cancer.5,34,53	 The	 known
hypersensitivity	 of	 Fanconi	 cells	 to	 interstrand	 DNA	 cross-linking	 agents,	 such	 as	 cisplatin,	 melphalan,	 and
mitomycin	 C,	 suggested	 that	 pancreatic	 cancers	 with	 Fanconi	 pathway	 genetic	 defects	 would	 be	 especially
susceptible	 to	 treatment	with	 such	 agents.54–57	Occasional	 complete	 remissions	 of	 pancreatic	 cancer	 have	 been
reported	with	 therapies	 that	 included	DNA	 cross-linkers,8	 and	 there	 are	 recent	 reports	 of	 prolonged	 responses
using	such	agents	in	patients	having	BRCA2	mutations.7,8	Cells	made	experimentally	deficient	for	Fanconi	genes
are	also	hypersensitive	 to	certain	nongenotoxic	compounds,58	 and	patients	having	BRCA2-mutant	cancers	other
than	pancreatic	cancer	are	reported	to	respond	to	therapeutic	drug-inhibition	of	the	poly	(ADP-ribose)	polymerase
enzyme,	which	normally	becomes	activated	to	facilitate	DNA	strand	repair.59,60



Figure	54.4	The	p53	pathway.	Many	modes	of	control	affect	p53	activity,	one	of	which	is	shown
in	the	diagram.	Stresses	such	as	DNA	damage	result	in	phosphorylation	of	p53,	preventing	its

degradation	by	a	mouse	double	minute	2	(MDM2)–directed	pathway.	When	stabilized,	p53	binds	to
specific	DNA	sequences	and	activates	the	transcription	of	many	genes,	including	MDM2	as	part	of
a	negative	feedback	loop.	When	p53	is	mutated,	it	fails	to	bind	effectively	to	DNA	to	activate

transcription.	Because	MDM2	then	lacks	its	transcriptional	stimulus	from	p53,	mutant	but	inactive
p53	proteins	are	usually	expressed	at	very	high	levels.

A	genomic	mutational	pattern	 (a	 “signature”)	 typical	of	 cancers	having	BRCA2	 inactivation	was	 reported	 in
about	12%	of	pancreatic	cancers.61	This	pattern	involved	nucleotide	substitutions	of	broad	diversity	and	indicated
that	the	functions	of	BRCA	genes	extend	to	repair	mechanisms	not	yet	well	explored.	Among	natural	compounds
tested,	 BRCA2-	 and	 PALB2-null	 cancer	 cells	 in	 culture	 were	 most	 hypersensitive	 to	 the	 cytotoxicity	 of
acetaldehyde,62	a	requisite	yet	highly	reactive	metabolite	of	alcohol	and	a	natural	food	constituent.	Acetaldehyde
creates	 deoxynucleotide	 adducts,	 but	 the	 possible	mutagenic	 effects	 of	 acetaldehyde	 in	 carriers	 of	BRCA2	 and
PALB2	mutations	are	not	yet	explored	with	focused	epidemiologic	studies.	Pancreatic	cancers	do	occur	in	some
carriers	of	BRCA1-inactivating	mutations.5,63	In	these	persons,	the	relatively	high	rate	of	LOH	affecting	the	other
BRCA1	copy	indicates	that	a	loss	of	BRCA1	function	likely	fosters	tumorigenesis	in	these	patients.

Germline	mutations	of	the	STK11	(LKB1)	gene,	a	serine-threonine	kinase,	are	responsible	for	the	Peutz-Jeghers
syndrome.64,65	 Nearly	 a	 third	 of	 Peutz-Jeghers	 syndrome	 patients	 develop	 pancreatic	 cancer.66,67	 Sporadic
pancreatic	 cancers,	 independent	 of	 Peutz-Jeghers	 syndrome,	 also	 can	 lose	 the	 STK11	 gene	 by	 homozygous
deletion	or	by	somatic	mutation/LOH	in	about	4%	of	cases.68
Defects	in	DNA	mismatch	repair	(microsatellite	instability	[MSI])	are	seen	in	a	small	minority	of	PDAs.12,69,70

These	 cancers	 typically,	 but	 not	 always,	 have	 a	medullary	 histologic	 phenotype71	 and	mutations	 of	 the	 type	 II
TGF-β	(TGFBR2)	and	activin	(ACVR2)	receptor	genes.30,42	They	can	also	have	mutations	of	the	proapoptotic	BAX
gene41	and	of	the	growth	factor	pathway	BRAF	gene	(the	same	pathway,	presumably,	as	the	KRAS	gene).12,41,72
The	MSI	tumors	can	either	occur	due	to	a	familial	(Lynch)	syndrome	or	occur	sporadically.	They	typically	lack
large	chromosomal	alterations	and	gross	aneuploidy.73	In	a	study	of	four	cases	of	pancreatic	cancers	having	MSI,
all	lacked	expression	of	the	Mlh1	protein.12	Not	all	cancers	with	a	medullary	phenotype	have	MSI.	Yet,	medullary
pancreatic	carcinomas	as	a	whole	have	a	number	of	clinical	and	genetic	differences	as	compared	 to	 those	with
conventional	histologic	appearance;	the	carcinomas	have	pushing	rather	than	infiltrative	borders,	the	KRAS	gene
often	 is	 wild-type,	 and	 there	 is	 often	 a	 family	 history	 of	 malignancy.	 A	 reported	 case	 of	 Epstein-Barr	 virus–
associated	 pancreatic	 cancer12	 had	 a	 medullary	 phenotype	 with	 heavy	 lymphocytic	 infiltration.	 Due	 to	 its
distinctive	features,	it	is	advisable	to	separately	designate	the	medullary	category	in	the	reporting	of	all	clinical,
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genetic,	and	pathologic	studies	of	pancreatic	cancer.
A	hotspot	of	genomic	homozygous	deletions	affects	the	FAM190A	gene,	producing	deletions	of	internal	exons

and	 typically	 resulting	 in	 in-frame	 deletions	 of	 the	 protein-coding	 sequence.74,75	 In	 addition	 to	 these	 genomic
mutations,	more	than	a	third	of	PDAs	have	similar	in-frame	deletions	affecting	the	FAM190A	transcripts	and/or
defective	 expression	 of	 Fam190a	 protein,	 but	 yet	 without	 an	 identifiable	 genomic	 mutation.75,76	 Fam190a
functions	 in	mitosis	 and	 in	 ensuring	mononuclear	 daughter	 cells	 after	 the	 abscission	 (separation)	 phase	 of	 cell
division.76	Fam190a	abnormalities	thus	might	contribute	to	CIN	during	tumorigenesis.

The	mitochondrial	 genome	 is	 mutated	 in	 a	 majority	 of	 pancreatic	 cancers.77	 These	 mutations	 most	 likely
represent	 genetic	 drift,	 rather	 than	 contributing	 directly	 to	 tumorigenesis.77	 Such	 mutations	 might	 serve	 as	 a
diagnostic	target	due	to	the	large	number	of	copies	of	the	mitochondrial	genome	in	human	carcinoma	cells.

Genes	 encoding	 components	 of	 the	 SWI/SNF	 chromatin-remodeling	 complex,	 including	ARID1A,	ARID1B,
SMARCA4,	 and	 PBRM1,	 are	 each	 occasionally	 mutated	 in	 PDA,	 in	 total	 affecting	 nearly	 a	 third	 of	 these
tumors.43,44	Methyltransferase	genes	are	similarly	mutated	occasionally.1,78	The	MUC16	mucin	gene	encoding	the
cancer	antigen	CA125	is	found	mutated	 in	multiple	studies.	 Its	mutations	are	suggested	 to	produce	neoantigens
recognized	as	foreign	by	patients’	immune	systems.1,79

The	MAP2K4	(MKK4)	gene	participates	in	a	stress-activated	protein	kinase	pathway.	It	is	stimulated	by	various
influences,	including	chemotherapy,	and	its	downstream	effects	include	apoptosis	and	cellular	differentiation.	The
MKK4	 gene	 is	 inactivated	by	homozygous	deletions	or	mutation	coupled	with	LOH	 in	about	4%	of	pancreatic
cancers.80
Kinase	 oncogenes	 are	 mutated	 at	 low	 frequency,	 including	 the	 EGFR	 gene.81	 This	 class	 of	 mutations	 is

important	in	that	these	mutations	can	be	targeted	with	antikinase	drugs.
Gene	 amplification	 also	 occurs	 in	 pancreatic	 cancer.	 Amplified	 regions	 include	 the	 AKT2	 gene	 within	 an

amplicon	on	chromosome	19q,	involving	about	10%	of	cases.82	About	6%	of	pancreatic	cancers	overexpress	the
oncogene,	CCNE1	 (cyclin	 E).	 Two	mechanisms	 have	 been	 demonstrated,	 cyclin	 E	 gene	 amplification	 and	 the
genetic	 inactivation	of	 the	FBXW7	(AGO)	 gene,	which	 normally	 serves	 to	 degrade	 cyclin	E	 during	 the	 normal
phases	of	the	cell	division	cycle.1,72	ERBB2	is	amplified	in	about	2%	of	cases,8,83	explaining	a	minority	of	cases	in
which	it	is	overexpressed,	and	GATA6	is	occasionally	amplified.84,85

The	patterns	of	chromosomal	deletion	 in	 pancreatic	 cancer	 are	 complex.	 In	 one	 study,	 among	 the	 PDAs	 of
different	patients,	a	wide	range	from	1.5%	to	32%	of	all	 tested	 loci	had	a	deletion.86	For	most	 lost	 regions,	we
know	of	no	particular	 tumor-suppressor	genes	 targeted	by	 the	deletions.	Conversely,	 in	some	regions	known	to
harbor	 tumor-suppressor	genes,	 the	known	mutated	genes	do	not	explain	away	 the	high	observed	 local	 rates	of
LOH	unless	 effects	 dependent	 on	 “gene	 dose”	 are	 postulated.87	 Individual	 homozygous	 deletions	 are	 found	 at
some	additional	genetic	locations,	again	without	a	definitive	target	gene	yet	identified	for	most	of	these	events.74

Inherited	 or	 somatic	 inactivating	mutations	 in	 the	ATM	 gene	 accompany	 loss	 of	 the	wild-type	 allele	 of	 the
cancers,	indicating	another	tumor-suppressor	gene	for	PDAs.88,89

Inherited	mutations	of	the	cationic	trypsinogen	(PRSS1)	gene	prevent	the	inactivation	of	prematurely	activated
trypsin	within	the	ducts,	causing	a	familial	form	of	severe	early	onset	acute	pancreatitis.90	Some	kindred	have	a
cumulative	risk	of	pancreatic	cancer	that	approaches	40%	by	the	time	the	individuals	reach	60	years	of	age.91	This
cancer	 diathesis	 falls	 in	 a	 unique	 category	 of	 cancer	 susceptibility,	 in	 that	 the	 predisposition	 emanates	 from
genetic	alterations	of	a	tissue-maintenance	gene,	one	that	is	neither	an	oncogene,	a	tumor-suppressor	gene,	nor	a
genome-maintenance	gene.

OTHER	NEOPLASTIC	LESIONS
The	precursor	lesions	of	PDAs,	termed	PanIN	(pancreatic	intraepithelial	neoplasia),	in	their	most	advanced	grade
closely	resemble	the	genetic	patterns	of	the	conventional	invasive	PDAs.15	Targeted	and	whole-exome	sequencing
of	 large	 numbers	 of	 PanIN	 lesions	 found	 that	KRAS	 is	 activated	 in	 the	 vast	majority	 of	 these	 lesions	 and	 that
alterations	 in	 the	 other	 genes	 targeted	 in	 invasive	 PDA	 are	 also	 targeted	 in	 PanINs,	 although	 at	 lower	 rates.
Inactivations	of	TP53	and	of	SMAD4	are	late	genetic	events,	being	seen	predominantly	in	invasive	PDA.15	One
confounder	vexing	many	of	the	early	studies	of	PanIN	genetics	is	that	invasive	PDAs	can	grow	within	the	stroma
and	 then	 invade	 back	 into	 a	 preexisting	 duct.	 This	 “cancerization”	 of	 a	 duct	 can	 mimic	 PanIN	 lesions
histologically.	 The	 best	 studies	 of	 the	 true	 genetics	 of	 PanIN	 are	 those	 that	 study	 PanIN	 lesions	 in	 pancreata
without	an	invasive	PDA.15



Some	 intraductal	 papillary	 mucinous	 neoplasms	 (IPMNs)	 progress	 into	 invasive	 PDA.	 Whole-exome
sequencing	 of	 IPMNs	 revealed	 that	 IPMNs	 share	 some	 genetic	 alterations	with	 the	 smaller	 PanIN	 lesions,	 but
there	are	also	some	differences	between	PanINs	and	IPMNs.	For	example,	KRAS,	CDKN2A,	TP53,	and	SMAD4
are	all	 targeted	 in	PanINs,	 IPMNs,	and	PDA,	whereas	GNAS,	PIK3CA,	 and	RFN43	 alterations	 activate	distinct
pathways	and	are	more	common	in	IPMNs.92–95	Pathway	activation	has	thereby	suggested	druggable	targets	for
IPMNs;	for	instance,	RFN43	mutations	activate	Wnt	signaling	through	specific	cell-surface	mediator	proteins.96

Mutations	 in	 CTNNB1	 are	 ubiquitous	 among	 solid-pseudopapillary	 neoplasms.93,97	 These	 genetic	 data
suggested	utilities	in	detection,	diagnostic	classification,	and	prognostication	when	clinically	managing	pancreatic
cysts.

Acinar	carcinomas	have	been	extensively	sequenced.	RAF	 fusions	and	 inactivation	of	DNA-repair	genes	are
common,	as	are	large	chromosomal	losses.98–100	In	addition,	some	patients	with	acinar	carcinoma	were	reported	to
have	germline	BRCA2	mutations.101
UPF1,	a	gene	that	codes	for	a	protein	important	in	nonsense-mediated	decay,	was	reported	to	be	inactivated	in

80%	 of	 adenosquamous	 carcinomas	 of	 the	 pancreas.102	 Adenosquamous	 carcinomas	 are	 otherwise	 genetically
very	similar	to	PDAs.103

Mutations	 of	MEN1	 and	 either	 the	DAXX	 or	ATRX	 genes	 are	 found	 in	 most	 well-differentiated	 pancreatic
neuroendocrine	tumors.104,105	Nearly	two-thirds	of	these	tumors	(a	subset	uniformly	harboring	DAXX	or	ATRX
mutations)	were	found	to	have	abnormal	telomeres,	indicating	an	active	process	termed	alternative	lengthening	of
telomeres.	Alternative	lengthening	of	telomeres	is	distinct	from	the	typical	activation	of	telomerase	implicated	in
most	 types	 of	 cancer.	 The	 distinguishing	 patterns	 of	 mutations	 indicate	 that	 high-grade	 small-	 and	 large-cell
neuroendocrine	carcinomas	of	the	pancreas,	which	are	characterized	by	TP53	and	RB1	alterations,	arise	 through
tumorigenic	mechanisms	different	from	pancreatic	neuroendocrine	tumors.106,107
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INCIDENCE	AND	ETIOLOGY
Pancreatic	ductal	adenocarcinoma	(PDA)	is	the	12th	most	common	cancer	in	the	United	States,	with	54,000	new
cases	each	year	in	the	United	States.	The	lifetime	risk	is	1.5%,	and	the	median	age	at	diagnosis	is	70	years.	The
disease	is	principally	one	of	aging	because	almost	90%	of	cases	occur	after	the	age	of	55	years.	Yearly,	43,000
patients	die	from	PDA,	making	this	cancer	the	third	most	frequent	cause	of	cancer-related	death.1	Although	death
rates	of	the	most	common	cancers	have	generally	declined	over	the	past	80	years,	PDA	death	rates	remain	flat	or
slightly	 increased	 over	 time.	 Based	 on	 demographic,	 incidence,	 and	 survival	 projections,	 PDA	 death	 rates	 are
expected	 to	 eclipse	 death	 rates	 from	 colon	 cancer	within	 the	 next	 decade	 and	 become	 the	 second	most	 deadly
cancer.2	In	short,	PDA	remains	a	deadly	disease	and	is	currently	only	curable	in	a	small	minority	of	patients	with
localized	disease	who	undergo	a	complete	resection.

It	 is	 possible	 to	 see	 limited	 gains	 in	 disease-specific	 survival	 in	 recent	 decades.	According	 to	 Surveillance,
Epidemiology,	and	End	Results	(SEER)	data,	 the	5-year	survival	for	 localized,	regional,	distant	disease,	and	all
stages	 were	 12%,	 5%,	 2%,	 and	 4%,	 respectively,	 in	 1997,	 as	 compared	 to	 29%,	 11%,	 3%,	 and	 8%	 in	 2017,
respectively.1	These	figures	suggest	that	the	greatest	leap	forward	is	likely	in	the	surgical	population.	However,	a
recent	 single-institution,	 retrospective	 analysis	 of	 patients	with	 resected	 PDA	 revealed	 similar	 overall	 survival
rates	in	the	2000s	and	the	1980s.3	It	is	difficult	to	use	these	figures	collectively	to	grade	progress	because	adjuvant
therapies	have	changed	little	over	this	time.	Palliative	chemotherapies	have	improved,	but	not	by	a	magnitude	that
would	significantly	influence	5-year	survival	figures.	Targeted	and	immunotherapies	have	not	yet	been	integrated
into	pancreatic	 cancer	 care,	with	perhaps	 the	 exception	of	 poly	 (ADP-ribose)	polymerase	 (PARP)	 inhibitors	 or
platinum	 agents	 to	 treat	 DNA	 repair	 deficient	 cancers.4	 Immunologic	 checkpoint	 inhibitors	 are	 approved	 for
microsatellite	unstable	cancers,	but	these	are	exceedingly	rare	in	the	pancreas.

This	chapter	provides	a	comprehensive	overview	of	 the	pathobiology	and	management	of	pancreatic	cancer,
focusing	on	PDA.	The	less	common	types	of	pancreatic	cancer	(e.g.,	pancreatic	neuroendocrine	tumors	[PNETs]
and	pancreatic	cysts)	are	only	discussed	briefly.	Current	management	strategies	are	placed	in	a	historical	context,
and	 the	 latest	 understanding	 of	 the	 genetics	 and	 molecular	 biology	 of	 pancreatic	 cancer	 is	 reviewed.	 The
management	of	PDA	requires	a	multidisciplinary	approach	that	involves	surgeons,	medical	oncologists,	radiation
oncologists,	radiologists,	gastroenterologists,	pathologists,	palliative	medicine	specialists,	nurses,	nutritionists,	and
many	others.	Herein,	the	roles	of	surgery,	chemotherapy,	and	radiation	will	be	emphasized.	As	much	as	possible,
treatment	 strategies	 are	 framed	 in	 the	 context	 of	 the	 recently	 developed	American	 Joint	Committee	 on	Cancer
(AJCC)	eighth	edition	staging	scheme.5

Epidemiology
Like	most	cancers,	PDA	develops	as	a	result	of	acquired	genetic	defects	over	many	years	and	therefore	most	often
occurs	in	the	elderly.	Nearly	74%	of	patients	are	diagnosed	between	the	ages	of	55	and	84.	Only	10%	of	patients
are	diagnosed	younger	than	55	years,	and	14%	after	the	age	of	84	years.	Whereas	PDA	is	rarely	encountered	in
patients	younger	 than	40	years,	numerous	 reports	 exist,6	 and	 the	diagnosis	 should	be	considered	when	 relevant
signs	 and	 symptoms	 are	 present.	 The	 age-adjusted	 incidence	 rate	 in	 the	 United	 States	 is	 12/100,000,	 and	 the
lifetime	risk	of	developing	PDA	is	1	in	67.	Men	and	women	are	equally	affected,	and	African	Americans	have	a
slightly	increased	risk	compared	to	Caucasians.7

Genetic	Risk	Factors



The	 greatest	 risk	 factor	 for	 pancreatic	 cancer	 is	 a	 strong	 family	 history.	 Approximately	 10%	 to	 15%	 of	 all
pancreatic	cancers	are	 familial,	defined	as	a	 family	history	 involving	at	 least	 two	affected	 first-degree	 relatives
(FDRs;	e.g.,	parents,	offspring,	and	siblings).8	The	lifetime	risk	is	40%	(32-fold)	for	patients	with	three	or	more
affected	FDRs,	10%	for	patients	with	two	FDRs	(6.4-fold),	and	6%	for	patients	with	one	FDR	(4.6-fold).9	Only	a
small	proportion	of	the	genetic	defects	underlying	familial	pancreatic	cancer	have	been	discovered	(10%	to	15%
of	all	familial	cases),10	and	they	are	summarized	in	Table	55.1.

Hereditary	breast	and	ovarian	cancer	is	the	most	common	familial	syndrome,	and	it	is	caused	by	genetic	defects
in	 the	 Fanconi	 gene,	BRCA2	 (<15%	of	 familial	 cases).	Other	 defects	 in	DNA	 repair	 pathways	 that	 have	 been
associated	with	familial	pancreatic	cancer	include	PALB2	(3%	of	familial	cases),	ATM	(2%),	FANCC	(<1%),	and
FANCG	(<1%).11	Whereas	 these	 genotypes	 induce	 chromosome	 instability	 and	 pancreatic	 carcinogenesis,	 they
also	render	tumors	more	susceptible	to	DNA-damaging	agents.	Thus,	evidence	points	to	a	treatment	strategy	that
employs	mitomycin	C,	platinum	agents,	 or	PARP	 inhibitors	 in	 affected	patients.10	Other	genetic	predisposition
alterations	play	a	role	in	cancer	risk,	including	SPINK1	and	PRSS1	(hereditary	pancreatitis),	LKB1	(Peutz-Jeghers
syndrome),	and	CDKN2A	(familial	atypical	multiple	mole	melanoma	syndrome).

Environmental	Risk	Factors:	Tobacco,	Occupational	Hazards,	and	Alcohol	Consumption
Many	 environmental	 risk	 factors	 have	 been	 formally	 evaluated	 via	meta-analyses	 performed	 by	 the	 Pancreatic
Cancer	 Case	 Control	 Consortium	 (PanC4;	 http://www.panc4.org/).	 Smoking	 tobacco	 is	 the	 best	 characterized
environmental	risk	factor	for	PDA.	A	large	meta-analysis	of	83	studies	calculated	a	relative	risk	increase	at	1.74
for	active	smokers	(this	is	substantially	less	than	having	even	a	single	FDR).12	Importantly,	the	risk	decreases	for
former	smokers	and	returns	to	baseline	after	20	years	of	smoking	cessation.12	These	results	were	confirmed	by	the
PanC4	 consortium,	which	 also	 noted	 that	 the	 number	 of	 daily	 cigarettes	 is	 directly	 proportional	 to	 the	 risk	 of
developing	PDA.13	Not	 surprising,	 high-risk	 individuals	with	 a	 family	 history	who	 also	 smoke	 carry	 twice	 the
risk,	compared	 to	familial	patients	who	do	not	smoke.14,15	Cigars	are	also	associated	with	an	 increased	risk	 for
PDA,	 but	 smokeless	 tobacco	 is	 not.16	 The	 impact	 of	 environmental	 tobacco	 smoke	 (“second-hand	 smoke”)	 on
long-term	 risk	 is	 unclear.17,18	 Among	 the	 many	 carcinogens	 in	 tobacco	 products,	 N-nitrosamines	 and	 the
polycyclic	aromatic	hydrocarbons	are	suspected	to	be	the	greatest	culprits.19

TABLE	55.1
Familial	Disorders	Linked	to	Predisposition	to	Pancreatic	Ductal	Adenocarcinoma

Disease Gene/Pathway Lifetime	Risk
Inherited	pancreatitis PRSS1/SPINK1 40%

Peutz-Jeghers	syndrome LKB1 30%

Familial	atypical	multiple	mole	melanoma CDKN2A 15%

Hereditary	breast	and	ovarian	cancer BRCA2 5%

Familial	breast	cancer PALB2 ?

Ataxia	telangiectasia ATM 5%

Familial	(more	than	three	FDRs) Unknown 40%

Familial	(two	FDRs) Unknown 10%

Familial	(one	FDRs) Unknown 6%
FDR,	first-degree	relative.

With	regard	to	occupational	risk	hazards,	chlorinated	hydrocarbons	and	polycyclic	aromatic	hydrocarbons	have
been	 most	 consistently	 found	 to	 correlate	 with	 PDA	 and	 to	 increase	 relative	 risk	 by	 a	 comparable	 degree	 as
smoking.20	The	former	compound	 type	 is	associated	with	dry	cleaning	and	metal	work,	and	 the	 latter	exposure
occurs	with	metalwork	and	aluminum	production.	According	to	the	PanC4	consortium,	mild	or	moderate	alcohol
consumption	does	not	predispose	to	PDA,	whereas	heavy	alcohol	consumption	(≥9	drinks	per	day)	is	associated
with	an	odds	ratio	(OR)	of	1.6.21

Medical	Risk	Factors:	Pancreatitis,	Obesity,	and	Diabetes
Like	smoking,	chronic	pancreatitis	is	an	accepted	risk	factor	for	PDA,	with	an	OR	of	2.7	for	patients	with	over	2
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years	of	disease.	The	OR	is	markedly	elevated	for	patients	with	<2	years	of	chronic	pancreatitis	(13.6),	in	large
part	because	the	pancreatitis	in	many	of	these	patients	represents	a	presenting	symptom	of	PDA,	as	opposed	to	a
contributing	cause.22	A	preponderance	of	the	evidence	from	over	a	dozen	studies	suggests	that	obesity	is	a	mild
contributing	risk	factor	for	PDA	(OR,	1	 to	1.5).	Proposed	mechanistic	 links	 include	hormonal	(e.g.,	 insulin	and
insulin-like	 growth	 factor	 1)	 and	 inflammatory	 influences	 on	 pancreatic	 cells	 as	 well	 as	 increased	 carcinogen
exposure	related	to	food	consumption.23	Although	a	link	between	type	II	diabetes	mellitus	(DM)	and	pancreatic
cancer	 has	 been	 extensively	 studied,	 a	 causal	 association	 has	 not	 been	 clearly	 established.	 Two	meta-analyses
have	 been	 performed	 that	 examined	 more	 than	 30	 studies	 performed	 over	 four	 decades.	 Type	 II	 DM	 was
associated	 with	 a	 twofold	 risk	 increase	 for	 PDA.	 Patients	 with	 longstanding	 DM	 (>5	 years)	 have	 a	 mildly
increased	 risk	 compared	 to	 patients	 without	 DM,	 suggesting	 that	 the	 disease	 may	 indeed	 contribute	 to
tumorigenesis.	 Similar	 to	 obesity,	 increased	 levels	 of	 insulin	 and	 insulin-like	 growth	 factor	 1	 have	 been
implicated.	As	with	chronic	pancreatitis,	the	highest	risk	for	PDA	is	clearly	in	patients	with	recent	onset	of	DM
(<5	years,	and	particularly	within	1	year);	DM	is	most	 likely	a	manifestation	of	PDA,	as	opposed	to	a	true	risk
factor	in	these	patients.24,25

ANATOMY	AND	PATHOLOGY
The	 normal	 pancreas	 contains	 two	 epithelial	 cell	 types:	 exocrine	 and	 endocrine	 cells.	Most	 of	 the	 pancreas	 is
composed	of	 exocrine	 cells,	which	 line	 an	organized	ductal	 network.	Acinar	 cells	 line	 the	 smallest	 ducts;	 they
synthesize	and	secrete	digestive	enzymes.	Larger	ducts	are	lined	by	intercalated	duct	cells	and	secrete	bicarbonate
and	water.	Ultimately,	 the	ducts	 converge	 into	 the	main	pancreatic	duct,	which	drains	 into	 the	duodenum.	The
endocrine	 component	makes	 up	 just	 1%	of	 the	 pancreas	 and	 consists	 of	 islets	 of	Langerhans.	These	 hormone-
producing	 cell	 clusters	 are	 primarily	 involved	 with	 glucose	 homeostasis.	 The	 principal	 endocrine	 cell	 types
include	 the	 A	 (alpha),	 B	 (beta),	 and	 D	 (delta)	 cells,	 which	 synthesize	 glucagon,	 insulin,	 and	 somatostatin,
respectively.	The	different	cell	types	are	believed	to	give	rise	to	the	different	variants	of	pancreatic	neoplasms.

Pancreatic	cancer	refers	to	a	heterogeneous	group	of	malignant	pathologies	that	originate	in	the	pancreas,	and
nearly	all	are	epithelial	in	origin.	They	are	categorized	by	their	gross	appearance	(solid	or	cystic)	as	well	as	the
predominant	 cell	 differentiation	 pattern	 (ductal,	 acinar,	 or	 endocrine).	 Primary	 pancreatic	 mesenchymal	 (e.g.,
sarcomas)	 and	 lymphoid	 neoplasms	 rarely	 occur	 and	 will	 not	 be	 discussed.	 Dozens	 of	 different	 epithelial
pancreatic	 neoplasms	 have	 been	 described,	 but	 over	 85%	 are	 the	 conventional	 pancreatic	 (tubular)	 ductal
adenocarcinoma	(PDA),	and	more	than	98%	of	the	remaining	pancreatic	malignancies	fit	into	one	of	the	following
additional	diagnoses:	solid	types—pancreatic	endocrine	neoplasm,	acinar	cell	carcinoma,	and	pancreatoblastoma
—or	 cystic	 types—mucinous	 cystic	 neoplasm	 (MCN),	 intraductal	 papillary	 mucinous	 neoplasm	 (IPMNs),	 and
solid-	pseudopapillary	neoplasm	(SPN).	These	diagnoses	are	typically	made	based	on	microscopic	appearance,	but
a	 diagnosis	 may	 be	 confirmed	 with	 immunolabeling	 of	 specific	 proteins.	 Uncommon	 variants	 of	 ductal
adenocarcinoma	will	not	be	 reviewed,	 including	adenosquamous	carcinoma,	 colloid	noncystic	 adenocarcinoma,
hepatoid	 carcinoma,	 signet	 ring	 carcinoma,	 medullary	 carcinoma,	 and	 undifferentiated	 carcinoma.	 The
classification	and	nomenclature	of	pancreatic	epithelial	neoplasms	has	been	reviewed	by	Klimstra	et	al.26

EXOCRINE	PANCREATIC	CANCERS
Pancreatic	Ductal	Adenocarcinoma
Although	 the	molecular	mechanisms	 that	underlie	aggressive	PDA	biology	remain	poorly	understood,	 there	are
certain	histologic	features	and	phenotypic	traits	of	PDA	that	are	unique	or	defining.	These	include	the	tendency
for	perineural	invasion,	a	remarkable	tolerance	to	nutrient	deprivation,	and	an	abundant	stroma.

Pancreatic	Ductal	Adenocarcinoma	Pathology
PDAs	appear	as	ill-defined,	sclerotic,	yellow-white	masses	on	gross	inspection.	The	edges	are	poorly	defined	and
infiltrative.	Histologically,	 perineural	 invasion	occurs	 in	 almost	 all	 cases.	The	 etiology	 and	 significance	of	 this
finding	 remains	 unknown.	 Microscopic	 vessel	 and	 lymphatic	 invasion	 are	 common,	 and	 tumor	 necrosis	 is
frequently	present.	Even	in	localized	and	resected	cases,	PDAs	are	rarely	encountered	at	the	T1	stage	or	appear	as
well-differentiated	histology.	This	point	drives	home	the	fact	that	PDA	is	in	fact	seldom	diagnosed	“early”	in	the



life	span	of	the	tumor	or	at	a	“curable”	stage.27	On	light	microscopy,	the	epithelial	cells	typically	form	infiltrative
gland-forming	structures,	separated	from	each	other	by	stroma.	Lymph	node	spread	is	present	in	the	majority	of
resection	 specimens	 with	 localized	 disease.	 Immunohistochemical	 markers	 typically	 seen	 include	 cytokeratins
(e.g.,	 7,	 8,	 13,	 18,	 19),	 CA19-9,	 B72.3,	 CA125,	 and	DUPAN-2.	 The	 nonneoplastic	 desmoplastic	 (or	 stromal)
component	comprises	more	than	70%	of	the	tumor	mass	(a	higher	proportion	than	other	common	solid	tumors)
and	is	commonly	referred	to	as	the	tumor	microenvironment.	The	stroma	consists	of	an	extracellular	matrix	and
numerous	 cell	 types	 including	 inflammatory	 cells,	 pancreatic	 stellate	 cells,	 endothelial	 cells,	 nerve	 cells,
fibroblasts,	and	myofibroblasts.	The	stroma	is	hypovascular	with	a	 low	vessel	density	and	high	 interstitial	 fluid
pressure,	resulting	in	a	poorly	perfused	epithelial	compartment	and	the	characteristic	“hypodense”	appearance	on
cross-sectional	 imaging	 obtained	with	 intravenous	 contrast.	 Classic	 histologic	 features	 of	 PDA	 are	 depicted	 in
Figure	55.1.28

Figure	55.1	High-power	photographs	of	pancreatic	ductal	adenocarcinoma	(PDA).	A:	PDA
containing	dense	stroma.	B:	PDA	with	perineural	invasion.	C:	Intraductal	papillary	mucinous

neoplasms.	D:	Mucinous	cystic	neoplasms.

The	 defining	 stroma	 reaction	 likely	 holds	 unsolved	 clues	 to	 PDA	 biology;	 yet,	 researchers	 still	 have	 not
determined	 if	 it	 functions	 to	 primarily	 restrain	 PDA	 (a	 host	 defense)	 or	 increase	 virulence	 (tumor	 promoting).
Evidence	 suggests	 that	 the	 stroma	 creates	 a	 barrier	 to	 effective	 drug	 delivery.29	 Sophisticated	 mathematical
modeling	reveals	that	austere	conditions	in	the	tumor	microenvironment	impose	profound	selection	pressures	on
cancer	 cells,	 leading	 to	 the	 generation	 and	 dominance	 of	 aggressive	 cancer	 subclones.30	We	 and	 others	 have
identified	molecular	pathways	that	are	stimulated	under	nutrient	deprivation	and	promote	chemoresistance.	PDA
cells	even	appear	to	be	more	resistant	to	nutrient	deprivation	than	most	other	aggressive	cancer	types.31	Although
there	 is	 a	 concerted	 effort	 to	 target	 the	 tumor	 microenvironment	 therapeutically	 (see	 “Future	 Directions	 and
Challenges”	section),	preclinical	and	clinical	data	also	suggest	that	stromal	depletion	can	accelerate	metastases.

PDA	 development	 follows	 an	 adenoma	 to	 carcinoma	 sequence,	 similar	 to	 previous	 descriptions	 for	 colon
cancer.32	Precursor	 lesions	are	referred	 to	as	pancreatic	 intraepithelial	neoplasia	(PanIN)	 lesions	and	are	graded
from	PanIN-1	to	PanIN-3.	Early	PanIN	lesions	are	common	(present	in	20%	of	individuals	at	autopsy33),	and	most
do	not	progress	to	PDA	in	an	individual’s	lifetime.	PanIN-1A	lesions	are	tall	columnar	cells	with	abundant	mucin;
PanIN-1B	lesions	are	similar	but	have	a	papillary	appearance.	PanIN-2	lesions	have	nuclear	abnormalities.	PanIN-
3	lesions	were	formerly	called	carcinoma	in	situ;	they	exhibit	true	cribriform	patterning,	budding	cells	into	lumen,
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loss	 of	 nuclear	 polarity,	 and	 mitoses.	 PanIN-3	 lesions	 are	 found	 in	 roughly	 2%	 of	 autopsy	 specimens	 from
individuals	who	died	from	nonpancreatic	diseases	(Fig.	55.2).33	The	similar	lifetime	risk	as	PDA	(1.5%	risk	per
lifetime)	suggests	 that	 this	pathologic	description	may	in	fact	be	an	arbitrary	classification	 that	does	not	have	a
true	biologic	basis.	Effective	early	detection	strategies	are	faced	with	the	daunting	requirement	to	identify	lesions
at	the	curable,	PanIN-3	(carcinoma-in-situ)	stage.28

Pancreatic	Ductal	Adenocarcinoma	Genetics
Unlike	breast	and	other	cancers,	PDA	cannot	be	subgrouped	by	molecular	characteristics	at	 the	present	 time	 to
guide	 therapy	 or	 to	 inform	 prognosis.	Whole-exome	 sequencing	 of	 numerous	 PDAs	 has	 been	 performed	 and
provides	some	insight.34,35	High-throughput	sequencing	data	emphasize	the	molecular	complexity	of	PDA.	Out	of
24	PDA	genomes,	1,327	different	genes	(approximately	7%	of	all	coding	genes)	were	found	to	have	at	least	one
somatic	mutation,	 and	 148	 different	 genes	 had	 at	 least	 two	mutations	 (0.7%).35	 There	 were	 an	 average	 of	 60
genetic	alterations	per	tumor,	and	each	PDA	had	a	unique	genetic	fingerprint.	Unfortunately,	sequencing	studies
did	 not	 identify	 any	 novel	 high-frequency	 mutated	 “cancer	 genes”	 as	 promising	 therapeutic	 targets.	 A	 more
practical	approach	to	“personalized	therapy”	has	been	proposed,	which	groups	genetically	altered	genes	into	12
core	 signaling	 pathways	 (e.g.,	 apoptosis,	 DNA	 damage,	 and	 10	 others).35	 These	 pathways	 are	 universally
dysregulated	 and	 in	 theory	 may	 be	 more	 realistic	 therapeutic	 targets	 than	 single	 genes,	 if	 effective	 targeted
therapeutics	were	available.35	A	separate	study	found	that	axon	guidance	genes	were	mutated	at	a	higher	rate	than
what	was	expected	by	chance,	although	the	functional	importance	of	these	neuron-related	genes	in	cancer	is	still
unknown.34

Figure	55.2	PanIN	sequence	with	observed	molecular	changes.	(From	Maitra	A,	Hruban	RH.
Pancreatic	cancer.	Annu	Rev	Pathol	2008;3:157–188.)

A	 genetically	 altered	 gene	 may	 be	 categorized	 as	 an	 oncogene	 (with	 gain-of-function	 mutations),	 tumor
suppressor	gene	(loss-of-function),	or	genome	maintenance	gene	(loss-of-function).	For	the	latter	two	gene	types,
both	 copies	 of	 the	 gene	 are	 typically	 inactivated;	 one	 allele	 is	 lost	 by	 somatic	 mutation	 and	 the	 other	 by
chromosomal	or	allelic	 loss	(loss	of	heterozygosity	[LOH]).	KRAS	 is	altered	 in	more	 than	90%	of	PDAs	and	 is
usually	an	early	event	in	tumorigenesis.28,35,36	This	genetic	change	represents	the	only	high-frequency	oncogenic
mutation	in	PDA	and	therefore	is	considered	by	many	to	be	the	most	compelling	therapeutic	target.	Somatic	KRAS
mutations	mostly	 occur	 in	 codon	 12;	 they	 are	most	 commonly	 of	 the	 glycine	 to	 valine	 or	 glycine	 to	 aspartate
variety.	KRAS	mutations	rarely	occur	in	codons	13	and	61.37	The	sequence	alterations	inactivate	GTPase	function,
leaving	guanosine	triphosphate	continuously	engaged	and	the	oncogene	constitutively	activated.	Activated	KRAS
positively	 regulates	 multiple	 signaling	 pathways,	 including	 the	 BRAF/MAPK	 pathway	 (proliferation),
PI3K/mTOR	(cell	growth	and	survival),	and	PLC/PKC/Ca++	(calcium	and	second	messenger	signaling).38	To	date,
attempts	to	pharmacologically	inhibit	KRAS	have	been	unsuccessful.39	However,	because	of	its	early	appearance
in	virtually	all	PDAs,	the	importance	of	this	molecule	will	continue	to	preoccupy	pancreatic	researchers	in	hopes
of	finding	an	effective	targeted	therapy	with	a	large	therapeutic	window	(see	“Future	Directions	and	Challenges”
section).

The	remaining	“high-frequency”	mutated	pancreatic	cancer	genes	are	all	tumor	suppressor	genes.	The	pattern
of	frequent	allelic	loss	mutations	in	PDA	due	to	chromosome	instability	(losses	are	more	common	than	gains40)



promotes	 a	 fertile	 environment	 of	 genetic	 experimentation	 that	 favors	 loss-of-function	 mutations.	 Allelotype
mapping	 reveals	 that	 genetic	 loss	 ranges	 from	 17%	 to	 80%	 of	 the	 genome	 in	 a	 given	 PDA.41	 Allelic	 loss	 is
nonrandom	across	the	PDA	genome;	LOH	“hot	spots”	(areas	where	genetic	loss	most	commonly	occurs)	harbor
the	most	important	tumor	suppressors	genes	in	PDA:	CDKN2A	(9p),	TP53	(19p),	and	SMAD4	(18q).
CDKN2A	(p16)	is	inactivated	in	roughly	95%	of	PDAs,	either	through	homozygous	deletion	(deletion	of	both

alleles),	 somatic	 mutation	 combined	 with	 LOH	 (deletion	 of	 one	 allele),	 or	 promoter	 hypermethylation.
Inactivation	 of	 the	 gene	 abrogates	 the	 RB1-mediated	 G1/S	 checkpoint	 in	 the	 cell	 cycle	 (allows	 unchecked
inhibition	of	RB1	by	CDK4),	promoting	cell	cycle	progression	and	cancer	cell	proliferation.42,43	TP53	mutations
combined	with	LOH	also	occur	in	the	majority	of	PDAs	(approximately	75%).44	TP53	is	a	critical	component	of
the	DNA	damage	response.	In	the	face	of	a	cytotoxic	stress,	TP53	induces	cell	cycle	arrest	(at	G1	or	G2	of	the	cell
cycle),	 allowing	 cells	 to	 repair	 their	 DNA	 prior	 to	 DNA	 synthesis	 or	mitosis.	 Thus,	 TP53	 loss	 contributes	 to
chromosome	 instability	 and	 aneuploidy	 observed	 in	 PDA.45	 TP53	 has	 been	 targeted	 experimentally	 by
reactivating	the	mutant	isoform46	or	by	targeting	the	G2/M	checkpoint	with	WEE1	inhibitors	as	a	synthetic	lethal
approach	 (TP53-deficient	 tumors	 are	 particularly	 dependent	 on	 the	 G2/M	 checkpoint).47	 SMAD4/DPC4	 is
inactivated	 in	 roughly	half	of	PDAs	 through	either	homozygous	deletion	or	mutation	combined	with	LOH.48,49
SMAD4	 is	 part	 of	 the	 transforming	 growth	 factor	 β	 receptor	 pathway	 and,	 like	 the	 other	 two	 aforementioned
tumor	suppressor	genes,	regulates	the	cell	cycle	at	the	G1/S	checkpoint.28	Interestingly,	preservation	of	SMAD4
protein	 expression	 is	 associated	with	 a	 local	 predominant	 progression	 pattern	 in	PDA,	which	 could	 be	 used	 to
guide	patient	selection	for	radiotherapy.49

A	group	of	genome	maintenance	genes	(BRCA2,	PALB2,	FANCC,	FANCG)	 involved	 in	 the	Fanconi	 anemia
DNA	repair	pathway	(mutated	in	<10%	of	PDAs)	are	particularly	intriguing	as	tumors	deficient	in	this	pathway
are	highly	susceptible	to	DNA-damaging	agents	and	PARP	inhibitor	therapy.28	Mutations	in	these	genes	are	often
present	 in	 the	germline	and	 is	discussed	 further	 in	 the	section	on	genetic	 syndromes	associated	with	pancreatic
cancer.

Analyses	of	laser	capture	microdissected	pancreatic	tissues	have	elucidated	the	chronologic	sequence	of	major
genetic	 changes	 in	 pancreatic	 tumorigenesis.	 Telomere	 shortening	 and	KRAS	mutations	 are	 believed	 to	 be	 the
earliest	events	 (PanIN-1)50,51;	p16	 loss	 occurs	 at	 the	 PanIN-2	 stage52;	TP53,	SMAD4,	 and	BRCA2	 inactivation
occur	 later	during	 the	PanIN-3	stage	(see	Fig.	55.2).53,54	Major	chromosome	 instability,	characterized	by	 large-
scale	allelic	copy	number	changes,	 is	 rarely	observed	 in	early	PanIN	 lesions	and	 is	principally	 limited	 to	LOH
“hot	spots.”55–57

Iacobuzio-Donahue	 and	 colleagues49	 extended	 the	molecular	 progression	model	 of	 pancreatic	 cancer	 to	 the
most	advanced	stages	of	disease	through	a	rapid	autopsy	program	in	which	primary	tumors	and	paired	metastases
were	 sequenced	 and	 compared.	 The	 investigators	 distinguished	 founder	 mutations	 (those	 that	 arise	 early	 in
tumorigenesis	 and	 are	 present	 throughout	 a	 tumor;	 about	 two-thirds	 of	 mutations)	 from	 progressor	mutations
(mutated	 in	 subclonal	 populations	 of	 cells	 and	 absent	 in	 the	 parental	 clones;	 about	 one-third	 of	 mutations).58
Interestingly,	 progressor	 mutations	 that	 existed	 throughout	 a	metastatic	 deposit	 were	 also	 identified	 in	 certain
microdissected	foci	in	the	primary	tumor	but	not	throughout.	This	finding	demonstrated	that	parent	clones	giving
rise	 to	 specific	 metastases	 can	 actually	 be	 defined	 and	 mapped	 in	 the	 primary	 tumor.	 Whereas	 previous
sequencing	studies	highlighted	intertumoral	heterogeneity,	this	study	was	the	first	to	identify	intratumoral	genetic
heterogeneity	in	PDAs,	with	profound	implications	on	therapy.

Other	Aspects	of	Pancreatic	Ductal	Adenocarcinoma	Biology
Genetically	engineered	mouse	models	 (GEMMs)	of	PDA	have	provided	a	valuable	 research	 tool	 to	study	PDA
biology.59	The	workhorse	of	pancreatic	cancer	research	in	this	area	has	been	the	conditional	KRAS	model,	where
pancreas-specific	promoters	are	exploited	to	target	oncogenic	KRAS	expression	exclusively	to	the	pancreas.	KRAS
mutant	mice	develop	pancreatic	precursor	lesions	(e.g.,	PanIN	lesions).	Compound	mutant	mice	with	an	additional
genetic	 abnormality	 (e.g.,	mutant	TP53	or	CDKN2A)	develop	 invasive	and	metastatic	PDA,	 simulating	human
PDA.	Similarly,	KRAS	mutant	mice	with	induced	pancreatitis	also	develop	invasive	PDA.	Genetic	variations	have
also	 been	 generated	 that	 recapitulate	 pancreatic	 cystic	 tumors	 (SMAD4	 loss	 or	 transforming	 growth	 factor	 α
overexpression).	 The	 contributions	 of	 these	 models	 have	 been	 tremendous.	 For	 instance,	 cell	 lineage	 tracing
experiments	in	GEMMs	reveal	that	PDA	likely	originates	from	acinar	or	centroacinar	cells,	as	opposed	to	ductal
cells	 (i.e.,	 acinar-	 to-ductal	 metaplasia).	 GEMMs	 are	 enabling	 the	 development	 of	 molecular	 and	 bioimaging
assays	 to	 detect	 late	 PanIN	 and	 early	 invasive	 lesions.	Because	GEMMs	develop	 tumors	with	 a	 robust	 stroma
compartment,	 therapeutic	strategies	targeting	the	stroma	can	be	tested.	Finally,	these	models	can	be	used	to	test
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and	refine	chemoprevention	strategies	before	moving	to	humans.
Cancer	genetics	(e.g.,	mutations)	have	been	prioritized	over	 the	 last	 few	decades	 in	PDA	cancer	research,	 in

large	 part	 because	 of	 the	 reproducibility	 of	 the	 findings	 and	 because	 the	 genetic	 model	 of	 tumorigenesis	 is
straightforward	and	accepted.	However,	it	is	now	clear	that	other	molecular	changes	are	also	paramount	for	PDA
development	 and	maintenance.	 These	 include	 epigenetic	 abnormalities	 (methylation	 and	 histone	modification),
transcriptional	 regulation,	and	posttranscriptional	 regulation	 (microRNAs	and	RNA	binding	proteins).28	Indeed,
groups	have	tried	to	stratify	pancreatic	cancers	by	global	transcriptional	profiles,	and	observed	that	classification
schemes	may	predict	prognosis,	chemotherapy	response,	and	immune	activity	in	the	stroma.60

Less	Common	Pancreatic	Cancers

Pancreatoblastoma
Pancreatoblastoma	is	the	most	common	pancreatic	malignancy	in	children	and	usually	occurs	in	the	first	8	years
of	 life.	 These	 tumors	 have	 been	 associated	with	 the	Beckwith-Wiedmann	 and	 familial	 adenomatous	 polyposis
syndromes.	Elevated	levels	of	serum	α-fetoprotein	and	hormones	have	been	described.	Cures	are	often	achievable
with	resection	in	children,	although	one-third	of	patients	present	with	metastatic	disease.	Cases	have	been	reported
in	adults	as	well,	with	survival	after	resection	that	is	comparable	to	conventional	PDA.61	Microscopically,	these
tumors	 contain	 acinar	 cells,	 but	other	 cell	 types	 (neuroendocrine,	 ductal)	 are	often	present.	Pancreatoblastomas
have	 been	 whole-exome	 sequenced	 in	 only	 two	 adult	 cases.62	 These	 tumors	 acquire	 relatively	 few	 mutations
(approximately	15	per	 tumor),	and	SMAD4	and	CTNNB1	mutations	are	 typical.	KRAS	mutations	have	not	been
reported.

Acinar	Cell	Carcinoma
Acinar	cell	 carcinomas	may	have	a	 slightly	better	prognosis	 (median	 survival	of	33	months)	 than	conventional
PDA.	The	presentation	is	similar,	except	that	patients	may	occasionally	develop	a	paraneoplastic	syndrome	related
to	lipase	hypersecretion,	leading	to	subcutaneous	fat	necrosis	and	polyarthralgia.	Microscopically,	tumors	grow	in
a	 trabecular	pattern	with	minimal	 intervening	stroma.	Immunohistochemical	confirmation	 is	made	with	positive
labeling	 for	 pancreatic	 enzymes	 (e.g.,	 lipase,	 trypsin,	 chymotrypsin,	 amylase).63	 Cystic	 variants	 have	 been
reported	 as	 well,	 described	 as	 acinar	 cystadenoma	 or	 cystadenocarcinoma.26	 Twice	 the	 number	 of	 somatic
mutations	per	tumor	is	present	(approximately	130	per	tumor)	compared	to	PDA,	and	allelic	loss	is	comparable
(27%	fractional	loss).	Whole-exome	sequencing	does	not	have	a	consistent	genetic	pattern;	no	gene	was	mutated
in	more	 than	 30%	 of	 cancers,	 and	mutant	 genes	 previously	 identified	 in	 diverse	 pancreatic	 tumor	 types	 (e.g.,
TP53,	SMAD4,	RNF43,	MEN1,	GNAS)	and	nonpancreatic	tumors	(e.g.,	BRAF,	PTEN,	RB1,	APC)	were	identified.
Additionally,	some	mutant	familial	genes	were	identified	(e.g.,	ATM,	BRCA2,	PALB2),	suggesting	that	this	tumor
may	arise	in	a	familial	pattern.62	Interestingly,	no	KRAS	mutations	were	identified.

Intraductal	Papillary	Mucinous	Neoplasms
IPMNs	 are	 mucin-	 producing	 cystic	 neoplasms	 that	 arise	 from	 (and	 therefore	 communicate	 with)	 pancreatic
ducts.64	 Similar	 to	 PanIN	 lesions,	 they	 follow	 a	 progression	 pattern:	 low-grade	 dysplasia,	 moderate-grade
dysplasia,	high-grade	dysplasia,	and	frank	invasive	carcinoma.	Benign	IPMNs	are	subgrouped	according	to	their
papillary	appearance	on	microscopy	(see	Fig.	55.1),	with	each	type	associated	with	a	particular	mucin	expression
pattern:	 intestinal	 (MUC5AC,	 MUC2),	 gastric-foveolar	 (MUC5AC,	 MUC6),	 pancreatobiliary	 (MUC5AC,
MUC1),	and	intraductal	oncocytic	neoplasm	(MUC1,	MUC6).	Clinically,	IPMNs	are	classified	as	involving	the
side	branch	ducts	or	 the	main	pancreatic	duct,	with	 some	 tumors	 involving	both	of	 these.	 IPMNs	are	 the	most
common	pancreatic	 cystic	 neoplasms	 and,	with	 increased	 usage	 of	 high-resolution	 cross-sectional	 imaging,	 are
believed	to	develop	in	roughly	1%	to	5%	of	the	general	population.65	Although	all	benign	IPMNs	are	technically
“premalignant,”	 there	 is	a	wide	 range	of	malignant	potential	among	encountered	cysts.	For	 instance,	main	duct
IPMNs	harbor	associated	cancers	40%	of	the	time,	whereas	small	side-branched	IPMNs	without	any	concerning
radiographic	 features	 have	 a	 cancer	 risk	 of	 5%	 or	 less.66	 Thus,	 there	 has	 been	 considerable	 effort	 to	 try	 and
determine	which	IPMNs	harbor	 invasive	cancer	or	are	at	highest	 risk	 for	malignant	 transformation	and	warrant
resection.	 The	 original	 Sendai	 guidelines,	 and	 now	 the	 revised	 Fukuoka	 guidelines,	 recommend	 resection	 for
IPMNs	 in	 medically	 appropriate	 patients	 that	 are	 either	 symptomatic,	 >3	 cm	 in	 diameter,	 contain	 solid
components	 (e.g.,	 mural	 nodules),	 have	 malignant	 cells	 on	 cytology,	 or	 involve	 the	 main	 pancreatic	 duct.67



Invasive	cancer	associated	with	IPMNs	is	subgrouped	primarily	into	either	tubular	(conventional	PDA)	or	colloid
subtypes.	The	former	is	typically	more	aggressive	and	develops	from	pancreatobiliary	IPMNs,	whereas	the	latter
usually	develops	 from	 intestinal	 subtypes.	Although	 IPMN-associated	cancers	have	a	more	 favorable	prognosis
than	conventional	PDA,	this	has	been	attributed	to	the	lower	stage	at	diagnosis;	when	matched	stage	for	stage,	the
two	pancreatic	cancer	types	are	associated	with	similar	outcomes.68	Moreover,	a	recent	multi-institution	analysis
of	 IPMNs	 with	 small	 foci	 of	 invasion	 (all	 <2	 cm	 invasive	 component)	 indicates	 a	 significant	 recurrence	 risk
(approximately	20%)	regardless	of	the	size	of	the	invasive	component.69

Whole-exome	sequencing	of	IPMN	lesions	revealed	roughly	half	the	number	of	mutations	(approximately	27
per	tumor)	compared	to	PDA.	There	was	a	high	incidence	of	RNF43	mutations.	This	is	a	tumor	suppressor	with
E3	ubiquitin	ligase	activity	and	involved	in	protein	degradation.70	Additionally,	KRAS	and	GNAS	mutations	occur
with	a	high	frequency.

Mucinous	Cystic	Neoplasms
MCNs	are	typically	large	cysts	lined	by	tall,	columnar	epithelium	(see	Fig.	55.1).	Benign	MCNs	are	categorized
similarly	 to	 IPMNs,	 from	 low-grade	 to	 high-grade	 dysplasia,	 and	 roughly	 one-third	 of	 cases	 harbor	 invasive
cancer.	Additionally,	RNF43	and	KRAS	mutations	are	frequently	present	(like	IPMNs).	Distinguishing	features	of
MCNs	(from	IPMNs)	 include	a	 female	predominance,	cysts	 typically	 localized	on	 the	 left	 side	of	 the	pancreas,
ovarian	stroma	underlying	the	epithelial	component	(this	is	pathognomonic,	even	in	men),	and	no	communication
with	the	pancreatic	duct;	in	addition,	GNAS	mutations	have	not	been	identified.26,70

Solid-Pseudopapillary	Neoplasms
These	solid	and	cystic	tumors	are	eponymously	referred	to	as	Hamoudi	or	Franz	tumors.	They	typically	occur	in
young	women	and	may	arise	 throughout	 the	gland.	Histologically,	 they	 consist	 of	 noncohesive	polygonal	 cells
that	form	solid	masses	but	develop	cystic	components	over	time	with	frequent	intracystic	hemorrhage.	The	tumors
are	considered	low-grade	malignancies,	with	a	10%	risk	of	lymph	node	spread	in	resected	specimens	and	a	95%
lifetime	recurrence-free	survival	rate	after	resection.71	SPNs	develop	fewer	than	five	somatic	mutations	per	tumor,
but	virtually	all	SPNs	harbor	CTNNB1	(β-catenin)	mutations.	This	molecular	abnormality	is	believed	to	contribute
to	the	poor	cohesion	between	cells	apparent	on	microscopy	(wild-type	β-catenin	interacts	with	E-cadherin	at	cell-
cell	junctions).

ENDOCRINE	PANCREATIC	CANCERS
The	classification	of	PNET	has	been	challenging	based	on	the	heterogenous	biology	of	this	tumor	type.	The	latest
staging	approach	distinguishes	these	tumors	from	exocrine	cancer	staging	criteria	(AJCC	eighth	edition,	2017)	but
still	 only	 considers	 size,	 lymph	 node	 status,	 and	metastases.	 The	 ENETS	 is	 a	 European	 grading	 system72	 that
focuses	on	biologic	parameters,	and	 it	has	simplified	 the	World	Health	Organization	classification	according	 to
the	 following	 scheme:	G1	 (well	 differentiated,	 <2	mitoses/10	 high	 power	 fields	 (HPF),	 <3%	KI67	 index);	G2
(well	differentiated,	intermediate	grade:	2	to	20	mitoses/10	HPF,	3%	to	20%	KI67	index);	and	G3	(high	grade	or
poorly	differentiated:	>20	mitoses/10	HPF,	>20%	KI67	index).73	Typically,	G1	tumors	are	considered	benign	and
cured	 with	 resection,	 whereas	 G2	 and	 G3	 tumors	 are	 considered	malignant.	 However,	 the	 distinction	 (benign
versus	malignant)	is	not	always	clear.	Although	very	different,	each	staging	scheme	has	its	own	limitations	and
generally	has	comparable	prognostic	capabilities.	Older	studies	observed	that	half	of	PNETs	were	nonfunctional
and	 half	 were	 functional	 due	 to	 the	 presence	 of	 measurable	 hormones	 in	 serum.74	 The	 balance	 has	 shifted
dramatically	toward	nonfunctional	tumors	being	more	common,	in	large	part	due	to	small,	incidentally	discovered
PNETs	identified	on	cross-sectional	imaging	obtained	for	nonpancreatic	reasons.

PNETs	have	an	incidence	of	roughly	0.2/100,000	(versus	12/100,00	for	PDA),	yet	autopsy	studies	show	that
small	sub-	centimeter	PNETs	are	very	common	(approximately	10%	of	deceased	 individuals).75	They	comprise
roughly	5%	of	all	resected	pancreatic	cancers	(on	par	with	IPMN-associated	cancers).27	PNETs	are	typically	well
demarcated	 and	 hypervascular.	 Therefore,	 they	 focally	 enhance	 on	 the	 arterial	 phase	 in	 imaging	 studies	 with
intravenous	 contrast.	Microscopically,	 neoplastic	 cells	 are	 arranged	 in	 a	 nested	 fashion	with	 a	 high	 density	 of
intratumoral	 microvessels	 (in	 contrast	 to	 PDA).	 The	 majority	 of	 well-differentiated	 PNETs	 have	 an	 indolent
course	 and	 are	 cured	with	 surgery	 alone.	 Even	 patients	with	metastatic	 disease	 have	 a	 5-year	 survival	 around
50%.72	 Insulinomas	 are	 the	most	 common	 functional	PNETs	 (30%	 to	45%)	 and	 symptoms	 are	 associated	with
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excessive	endogenous	insulin	production	(Whipple	triad:	documented	hypoglycemia,	symptoms	of	hypoglycemia,
improved	systems	with	correction	of	hypoglycemia).76	Gastrinomas	comprise	roughly	20%	of	functional	PNETs
and	 cause	 peptic	 ulcer	 disease	 and	 diarrhea	 from	 hypergastrinemia.	 Less	 common	 functional	 PNETs	 include
glucagonomas	 (associated	 with	 glucose	 intolerance	 and	 migratory	 necrolytic	 erythema),	 VIPomas	 (watery
diarrhea),	 and	 somatostatinomas	 (steatorrhea,	 DM,	 and	 gallstones).	 Familial	 syndromes	 associated	 with	 the
development	 of	 PNETs	 include	 multiple	 endocrine	 neoplasia	 1	 (MEN1	 gene),	 von	 Hippel-Lindau	 disease,
neurofibromatosis,	and	tuberous	sclerosis	(TSC1	or	TSC2).

The	 genetic	 landscape	 of	 PNETs	 has	 now	 been	 defined	 through	 whole-exome	 sequencing.77	 Compared	 to
PDAs,	there	are	fewer	somatic	mutations	per	tumor	(approximately	16).	KRAS	mutations	have	not	been	observed.
Commonly	 mutated	 genes	 included	MEN1	 (44%	 of	 PNETs),	 chromatin	 remodeling	 genes	 (43%:	DAXX	 and
ATRX),	and	mTOR	pathway	genes	(15%:	PTEN,	PIK3CA,	and	TSC2).	This	latter	gene	group	likely	renders	many
PNETs	vulnerable	to	systemic	targeted	therapy	using	mTOR	inhibitors.	Although	surgery	is	the	principal	therapy
for	 local	disease,	 treatment	options	have	greatly	expanded	for	advanced	disease	and	 include	 local	 liver-directed
therapies	 (radiofrequency	 ablation),	 regional	 liver-directed	 therapies	 (bland	 embolization,	 chemo	 embolization,
and	 radioembolization),	 and	 systemic	 therapies	 (cytotoxic	 drugs,	 targeted	 agents,	 and	 somatostatin	 analogs
including	radiolabeled	drugs).	The	complex	management	of	PNETs	is	discussed	in	other	reviews	on	the	subject.78

PANCREATIC	DUCTAL	ADENOCARCINOMA:	SCREENING
There	is	no	effective	screening	test	for	PDA.	CA19-9	is	the	only	serum	marker	approved	by	the	U.S.	Food	and
Drug	Administration	(FDA),	but	the	indication	is	limited	to	monitoring	the	disease.	One	Japanese	study	examined
the	 marker	 for	 screening	 utility,	 in	 conjunction	 with	 other	 tests	 (ultrasound	 and	 serum	 elastase),	 in	 10,162
asymptomatic	individuals.	Only	four	PDAs	were	found	(0.04%).79	The	sensitivity	and	specificity	of	this	test	in	the
general	population	is	only	around	80%.80	However,	due	to	the	relatively	low	prevalence	of	PDA,	the	test	would
have	a	 false-positive	 rate	of	1%,	even	 if	 it	were	99%	accurate,	 and	 this	 false	detection	 rate	would	be	20	 times
higher	than	the	actual	true	detection	rate.81

High-risk	 familial	 patients	 are	 the	most	 compelling	 group	 to	 target	 screening	 strategies,	 although	 there	 are
currently	 no	 universal	 guidelines	 or	 proven	 strategies	 for	 this	 cohorts.	 The	 Cancer	 of	 the	 Pancreas	 Screening
(CAPS)	project	has	been	the	principal	mechanism	to	study	this	patient	population	and	generate	recommendations.
In	 one	 CAPS	 study,	 225	 asymptomatic	 high-risk	 individuals	 were	 screened	with	magnetic	 resonance	 imaging
(MRI),	computed	tomography	(CT),	or	endoscopic	ultrasound	(EUS),	and	the	results	were	interpreted	in	a	blinded
fashion.	 An	 abnormality	 was	 identified	 in	 92	 patients	 (42%),	 and	 5	 were	 recommended	 to	 undergo
pancreatectomy	(2%).	High-grade	dysplasia	was	present	in	three	out	of	the	five	specimens.82	These	data	highlight
that	 although	 successes	 are	 possible,	 the	 general	 yield	 of	 screening	 programs,	 even	 in	 a	 high-risk	 group,	 is
relatively	low.

A	 49-member	 multidisciplinary	 panel	 made	 the	 following	 recommendations	 (with	 varying	 degrees	 of
agreement	among	panelists):	candidates	for	screening	include	FDRs	of	individuals	with	familial	pancreatic	cancer
(at	least	two	FDRs);	patients	with	Peutz-Jeghers	syndrome;	and	p16,	BRCA2,	and	HNPCC	mutation	carriers	with
one	 affected	FDR.	There	was	 consensus	 that	EUS	and	MRI	were	 the	preferred	 surveillance	 strategies	 and	 that
these	studies	should	be	conducted	annually.	Suspicious	solid	masses	should	be	further	evaluated	by	CT.	Screening
should	begin	at	around	50	years	of	age	in	many	instances	but	at	a	younger	age	in	certain	cases	such	as	hereditary
pancreatitis	(PRSS1	carriers).83

PANCREATIC	DUCTAL	ADENOCARCINOMA:	DIAGNOSIS
Whereas	 periampullary	 cancer	 (adenocarcinoma	 of	 the	 pancreas,	 ampulla	 of	Vater,	 bile	 duct,	 or	 periampullary
duodenum)	should	be	considered	in	any	patient	who	presents	with	a	conjugated	hyperbilirubinemia,	the	likelihood
is	 highest	 in	 older	 patients	 (e.g.,	 older	 than	 55	 years).	 Patients	 with	 suspected	 PDA	 should	 undergo	 a
comprehensive	history,	with	a	focus	on	risk	factors.	The	physical	exam	is	focused	on	the	abdomen	and	regional
lymph	nodes.	In	particular,	jaundice	is	common	for	right-sided	lesions	when	the	bile	duct	is	obstructed	(75%	of
patients).	Pain	is	generally	absent,	but	abdominal	tenderness	may	be	attributable	to	related	gallbladder	symptoms
or	 pancreatitis	 (40%).	 Other	 common	 signs	 and	 symptoms	 include	 fatigue	 (30%),	 pruritus	 (30%),	 weight	 loss
(50%),	 new	 onset	 or	 worsening	 diabetes	 (10%),	 new-onset	 depression	 (40%),	 and	 steatorrhea	 (15%).	 Thus,



laboratory	tests	should	include	liver	enzymes	and	total	bilirubin,	hemoglobin	A1C,	glucose,	and	serum	albumin.
Baseline	 tumor	 markers	 (carcinoembryonic	 antigen	 and	 CA19-9)	 should	 be	 drawn.	 An	 endoscopic	 retrograde
cholangiopancreatography	 (or	often	more	 appropriately,	 an	 endoscopic	 retrograde	 cholangiography)	 and	biliary
stent	is	performed	for	patients	who	are	not	resectable	or	require	biliary	decompression	urgently.

Imaging	is	performed	of	the	chest,	abdomen,	and	pelvis	for	staging.	This	may	include	a	high-quality	MRI	or
CT	scan	of	the	abdomen.	We	typically	prefer	CT	for	its	superior	resolution	and	detailed	depiction	of	the	relevant
vasculature.	For	a	triphasic	pancreas	protocol	study,	water	(not	gastrograffin)	is	administered	as	oral	contrast,	and
nonionic	intravenous	contrast	is	rapidly	injected.	Slices	are	captured	at	1-mm	intervals	from	the	diaphragm	to	the
iliac	crests,	at	three	different	times	or	phases:	early	arterial,	late	arterial,	and	venous.	Multiplanar	reformatting	and
three-dimensional	(3D)	surface	rendering	is	performed	during	the	early	arterial	and	venous	phases	(Fig.	55.3).84
Positron	emission	tomography	(PET)/CT	does	not	add	much	additional	value	and	is	not	routinely	performed	in	the
initial	assessment	for	resectability.

The	latest	National	Comprehensive	Cancer	Network	(NCCN)	guidelines	recommend	a	chest	CT	as	part	of	the
staging	evaluation,85	although	most	 subcentimeter	chest	 lesions	can	be	considered	 to	be	unrelated	 to	PDA.86	A
tissue	diagnosis,	most	commonly	performed	 through	an	endoscopic	ultrasound-guided	 fine-needle	aspiration,	 is
generally	required	for	patients	starting	neoadjuvant	or	palliative	therapy.	A	biopsy	is	not	mandatory	for	patients
when	there	is	a	high	suspicion	of	PDA,	and	resection	is	planned	as	first-line	treatment.

Figure	55.3	Slices	from	a	triphasic	computed	tomography	scan	in	a	patient	with	resectable
pancreatic	cancer.	A:	Late	arterial	phase.	Double	duct	sign	with	dilated	common	bile	and	pancreatic
ducts,	and	an	atrophic	pancreatic	body.	B:	Mass.	C:	Coronal	reconstructions,	venous	phase,	with
the	mass	apparent,	and	(D)	clearly	away	from	the	superior	mesenteric–portal	vein	axis.	Yellow
arrow	=	pancreatic	ductal	adenocarcinoma;	green	arrow	=	common	bile	duct;	red	arrow	=
pancreatic	duct;	blue	arrow	=	superior	mesenteric	vein.	(Courtesy	of	Jennifer	Brumbaugh,

Department	of	Surgery,	Thomas	Jefferson	University.)

PANCREATIC	DUCTAL	ADENOCARCINOMA:	STAGING
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Pancreatic	cancer	is	staged	according	to	the	AJCC	eighth	edition	TNM	staging	system	published	in	2017	(Table
55.2).1,87	T-stage	is	defined	as	follows:	Tis	is	carcinoma	in	situ	(PanIN-3),	T1	is	≤2	cm,	T2	is	>2	cm	and	≤4	cm,
T3	is	>4	cm,	and	T4	invades	visceral	vessels	rendering	the	tumor	unresectable.	N-stage	is	defined	as	follows:	N0
reflects	no	regional	lymph	node	metastases,	N1	reflects	between	one	and	three	regional	lymph	node	metastases,
and	 N2	 indicates	 at	 least	 four	 positive	 lymph	 nodes.	 M-stage	 is	 defined	 as	 follows:	 M0	 reflects	 no	 distant
metastases	and	M1	reflects	distant	metastases.	Clinical	stage	1	PDA	is	extremely	rare,	due	to	a	lack	of	effective
screening.	 Early-stage	 PDAs	 are	 often	 incidentally	 discovered	 as	 small	 foci	 of	 invasion	 within	 IPMNs,	 and
recurrence	 rates	 are	 still	 significant.	Most	 patients	with	 conventional	PDA	 that	 is	 also	 resectable	 have	 stage	 II
disease,	locally	advanced	PDA	is	generally	stage	III	disease,	and	metastatic	PDA	refers	to	stage	IV	disease.

TABLE	55.2
American	Joint	Committee	on	Cancer	Staging	for	Pancreatic	Cancer	(Eighth	Edition)

DEFINITIONS
Primary	Tumor	(T)
T1 Maximum	tumor	diameter	≤2	cm

T2 Maximum	tumor	diameter	>2	and	≤4	cm

T3 Maximum	tumor	diameter	>4	cm

Regional	Lymph	Nodes	(N)
N0 No	regional	lymph	node	metastases

N1 Metastases	in	one	to	three	regional	lymph	nodes

N2 Metastases	in	four	or	more	regional	lymph	nodes

Distant	Metastases	(M)
M0 No	distant	metastases

M1 Distant	metastases

Stage T N M
Median	Survival,
Resected	(mo)

Median	Survival,
Unresected
Patients	(mo)

Percent	of	Overall
Patients

Stage	0 Tis N0 M0 N/A N/A N/A

Stage	1A T1 N0 M0 50 — 1%

Stage	1B T2 N0 M0 33 — 4%

Stage	IIA T3 N0 M0 21 — 1%

Stage	IIB

T1
T2
T3

N1
N1
N1

M0
M0
M0 24 — 13%

Stage	III
Any	T
T4

N2
Any	N

M0
M0 16 15 29%

Stage	IV Any	T Any	N M1 — 8 52%

Overall 	 	 	 20 11 	
NA,	not	applicable.

STAGES	I	AND	II:	LOCALIZED	PANCREATIC	DUCTAL	ADENOCARCINOMA
Surgical	Anatomy
The	 evaluation	 and	 treatment	 of	 localized	 pancreatic	 cancer	 requires	 an	 understanding	 of	 the	 anatomy	 of	 the
pancreas	and	nearby	structures.	The	pancreas	is	an	elongated	gland	in	the	retroperitoneum	that	crosses	the	midline
at	the	L2	spinal	level	(Fig.	55.4).	It	is	bounded	anteriorly	by	the	stomach	and	posteriorly	by	the	inferior	vena	cava,
aorta,	 left	 adrenal	 gland,	 and	 left	 kidney.	 The	 descriptive	 anatomy	 of	 the	 gland	 is	 grossly	 separated	 into	 four
components.	The	head	is	the	right-most	portion,	which	sits	within	the	duodenal	C-loop.	It	includes	parenchyma	to
the	 right	 of	 the	 superior	 mesenteric	 vessels	 and	 contains	 the	 uncinate	 process,	 which	 projects	 inferomedially
extending	to	the	right	lateral	border	of	the	superior	mesenteric	artery	(SMA).	The	common	bile	duct	runs	within



(or	rarely	 just	posterior)	 to	 the	pancreatic	head	and	enters	 the	duodenum	at	 the	ampulla	of	Vater	with	 the	main
pancreatic	duct.	Moving	leftward,	the	neck	of	the	pancreas	lies	anterior	to	the	superior	mesenteric	vein–portal	vein
axis	(SMV-PV).	The	superior	mesenteric	vessels	run	posterior	to	the	pancreatic	neck	and	course	inferiorly	across
the	anterior	border	of	the	third	portion	of	the	duodenum.	The	body	and	tail	of	the	pancreas	extends	to	the	left	of
the	superior	mesenteric	vessels.	The	gland	transitions	distally	into	the	pancreatic	tail	anterior	to	the	left	kidney	and
courses	toward	the	splenic	hilum.

Assessing	Resectability
Resection	is	an	appropriate	treatment	if	(1)	patients	are	medically	deemed	medically	fit	for	a	pancreatectomy,	(2)
there	is	no	evidence	of	metastases,	and	(3)	patients	believed	to	have	“resectable”	disease.	With	respect	to	the	last
criterion,	 resectability	 is	 judged	 by	 the	 operating	 surgeon,	 but	 general	 guidelines	 have	 been	 proposed	 and	 are
based	on	the	likelihood	of	achieving	a	complete,	margin-negative	resection.88–90	“Resectability”	equates	to	a	high
probability	 of	 an	 R0	 resection,	 borderline	 resectability	 equates	 to	 a	 likely	 result	 of	 an	 R1	 resection	 (positive
microscopic	margins),	 and	unresectable	 (or	 locally	advanced)	PDA	risks	an	R2	 resection	 (residual	macroscopic
disease).	Resectable	 lesions	do	not	contact	 the	SMA,	celiac	axis	 (CA),	or	common	hepatic	artery	(CHA).	They
also	 do	 not	 distort	 the	 SMV-PV	 and	 contact	 this	 visceral	 vein	 by	 <180	 degrees.	 In	 contrast,	 locally	 advanced
lesions	encase	(i.e.,	>180-degree	invasion)	any	of	the	abovementioned	arteries	or	occlude	the	SMV-PV	such	that
no	reconstructive	options	remain.	Borderline	resectable	lesions	involve	the	visceral	vessels	to	a	lesser	extent;	they
can	 abut	 the	 visceral	 arteries	 and	 veins	 (<180-degree	 invasion)	 or	 even	 occlude	 the	 SMV-PV,	 but	 venous
reconstruction	 remains	 still	 technically	 feasible	 (Table	 55.3).90,91	Most	 pancreatic	 surgeons	 offer	 patients	 with
resectable	lesions	an	attempt	at	resection.	Patients	with	borderline	or	locally	advanced	PDA	are	generally	offered
neoadjuvant	 treatment,	 as	 detailed	 in	 the	 following.	 Neoadjuvant	 chemotherapy	 (±	 radiation)	 can	 facilitate
resection	in	patients	with	vascular	invasion	and	may	improve	the	likelihood	of	a	complete	resection	with	negative
margins,	even	in	the	absence	of	a	radiographic	response.92

A	tissue	biopsy	should	be	performed	if	(1)	neoadjuvant	treatment	is	intended	or	(2)	an	alternative	diagnosis	is
likely	 (e.g.,	 suspicion	 for	benign	causes	of	pancreatitis,	medically	managed	neoplasms	such	as	 lymphoma,	or	a
benign	 stricture)	 and	 further	 information	would	 impact	management.93	 In	 these	 instances,	 an	EUS	with	 a	 fine-
needle	aspiration	biopsy	is	effective	for	diagnosis,	with	an	accuracy	of	90%.94	However,	if	the	diagnosis	is	clear
based	on	imaging	or	the	patient	history,	tissue	sampling	is	not	mandatory	prior	to	an	attempted	resection.



Dr. AVR @ TMH

Figure	55.4	Pancreatic	and	peripancreatic	anatomy.	PV,	portal	vein;	CBD,	common	bile	duct;
CHA,	common	hepatic	artery;	LGA,	left	gastric	artery;	CA,	celiac	axis;	GDA,	gastroduodenal

artery;	SA,	splenic	artery;	SMV,	superior	mesenteric	vein;	SMA,	superior	mesenteric	artery;	IVC,
inferior	vena	cava.	(Courtesy	of	Jennifer	Brumbaugh,	Department	of	Surgery,	Thomas	Jefferson

University.)

An	 endoscopic	 biliary	 stent	 is	 frequently	 placed	 in	 jaundiced	 patients	 preoperatively	 but	 is	 particularly
beneficial	in	frail	or	severely	jaundiced	patients	(total	bilirubin	>15	mg/dL)	prior	to	resection	to	allow	recovery	of
the	jaundiced	liver.	A	stent	should	also	be	placed	if	surgery	cannot	be	performed	in	short	order	(1	to	2	weeks).	On
the	other	hand,	urgent	resection	bypasses	 the	need	for	a	stent	 in	many	instances.	A	multicenter	prospective	and
randomized	 trial	compared	 routine	preoperative	biliary	drainage	 followed	by	delayed	 resection	 to	early	 surgery
without	stenting	in	jaundiced	patients	with	pancreatic	cancer.	Serious	complications	were	nearly	twofold	greater
in	 the	 group	 with	 routine	 biliary	 drainage	 (74%	 versus	 39%,	 P	 <	 .001).95	 Pancreaticoduodenectomy	 (PD)	 is
generally	 safe	 in	 jaundiced	 patients	with	 normal	 renal	 function	 and	 clotting	 parameters.	 If	 a	 stent	 is	 indicated,
plastic	 stents	 are	 cost-effective	 and	 appropriate	 for	 patients	 with	 a	 prognosis	 <4	 months	 or	 when	 short-term
drainage	 is	 required.	For	other	patients,	a	more	durable	self-expanding	metallic	 stent	 (covered	or	uncovered)	 is
preferred.96

TABLE	55.3
Summary	of	National	Comprehensive	Cancer	Network	Criteria

Vessel

Resectable Borderline	Resectable Locally	Advanced
R0	Resection	Likely R1	Resection	Likely R2	Resection	Likely

SMA No	contact ≤180	degrees >180	degrees

Celiac	axis/hepatic
artery No	contact

Contact	with	the	hepatic	artery	with	a
reconstructive	option	or	≤180-degree	contact	with
the	celiac	axis >180	degrees

>180	degrees,	tumor	distortion,	or	thrombosis,



SMV/PV ≤180	degrees with	suitable	vessel	above	and	below	for
reconstruction

Unreconstructable

SMA,	superior	mesenteric	artery;	SMV/PV,	superior	mesenteric	vein–portal	vein	axis.

Definitions:
R0	=	gross	total	resection;	histologically	negative	margins.
R1	resection	=	gross	total	resection;	one	or	more	histologically	positive	margins.
R2	resection	=	subtotal	resection,	visible	tumor	unresected.
For	 a	 detailed	 version,	 see	 Tempero	MA,	Malafa	MP,	 Al-Hawary	M,	 et	 al.	 Pancreatic	 adenocarcinoma,	 Version	 2.2017,	 NCCN
Clinical	Practice	Guidelines	in	Oncology.	J	Natl	Compr	Canc	Netw	2017;15(8):1028–1061.

Neoadjuvant	Therapy	for	Resectable	Pancreatic	Ductal	Adenocarcinoma
Most	 surgeons	 recommend	 resection	 followed	 by	 adjuvant	 chemotherapy	 for	 resectable	 PDA.	 However,
neoadjuvant	 therapy	 is	 increasingly	 administered	 prior	 to	 resection.	 The	 median	 survival	 when	 resection	 is
performed	first	is	just	18	months,27	leading	many	to	question	the	traditional	paradigm.	Although	there	has	never
been	a	randomized	trial	comparing	the	sequencing	of	treatment,	many	conceptual	arguments	in	favor	of	upfront
chemotherapy	have	been	offered	by	proponents.	First,	PDA	is	a	systemic	disease	in	the	majority	of	cases;	80%	of
patients	 recur	 at	 a	 distant	 site	 after	 resection.97	 Additionally,	 most	 patients	 die	 from	 metastases.	 Leaving
microscopic	and	occult	disease	unchecked	for	several	months	while	patients	recover	from	resection	ignores	these
facts.	Second,	the	most	active,	multiagent	regimens	for	PDA	are	best	tolerated	prior	to	resection.	Third,	roughly
15%	to	30%	of	resected	patients	experience	a	significant	complication,	have	a	protracted	recovery,	or	are	too	frail
to	receive	adjuvant	chemotherapy.98	Fourth,	the	1-year	cancer-specific	mortality	after	resection	in	treatment-naïve
patients	is	30%,	suggesting	that	nearly	one-third	of	patients	are	not	helped	(or	only	marginally	helped)	with	this
major	intervention.3	Many	of	these	patients	can	instead	undergo	systemic	treatment	and	the	risk	and	morbidity	of
the	 operation.	 Fifth,	 neoadjuvant	 therapy	 allows	 observance	 of	 antitumor	 response	 to	 selected	 agents,	 so
ineffective	therapies	can	be	abandoned	rather	than	completed	as	a	full	treatment	course.	Results	from	retrospective
studies	 are	 intriguing	 but	 not	 conclusive.	 Christians	 et	 al.99	 reported	 69	 patients	 who	 received	 neoadjuvant
treatment	 for	 resectable	 PDA;	 60	 (87%)	 ultimately	 underwent	 resection.	 The	 median	 survival	 in	 overall	 and
resected	 cohorts	 were	 32	 and	 45	 months,	 respectively.99	 O’Reilly	 et	 al.100	 reported	 an	 overall	 survival	 of	 27
months	(intent	to	treat)	in	a	single-arm,	phase	II	trial	of	neoadjuvant	therapy	for	resectable	PDA.	This	compared
favorably	 to	 patients	who	underwent	 resection	 first	 at	 the	 same	 institution	 (21	months).101	 Based	 on	 these	 and
other	 experiences,	 multiple	 randomized	 trials	 are	 underway	 to	 more	 scientifically	 determine	 if	 a	 neoadjuvant
approach	confers	a	benefit	(NCT02172876,	NCT02047513,	NCT01521702,	and	NCT02562716)	over	a	resection-
first	approach.

Surgery
Technical	aspects	of	pancreatectomy	are	detailed	elsewhere	and	are	beyond	the	scope	of	this	chapter.	We	provide
a	brief	overview.	For	right-sided	pancreatic	cancers,	a	PD	is	performed.	The	specimen	includes	the	gallbladder,
duodenum,	 head	 of	 the	 pancreas	 (the	 pancreatic	 transection	 typically	 is	 at	 the	 level	 of	 the	 neck),	 proximal
jejunum,	 and	 distal	 common	bile	 duct.	The	most	 proximal	 retained	 jejunum	 is	 brought	 up	 into	 the	 right	 upper
quadrant,	 and	 three	 anastomoses	 are	 performed,	 including	 the	 pancreas	 remnant,	 common	 hepatic	 duct,	 and
proximal	 duodenum	 (or	 stomach)	 (Fig.	 55.5A).	 A	 distal	 pancreatectomy	 for	 PDA	 involves	 resection	 of	 the
pancreatic	body	and	tail,	with	an	en	bloc	splenectomy,	which	ensures	a	proper	lymphadenectomy.	The	transected
surface	of	the	pancreatic	remnant	is	typically	closed	with	suture	(Fig.	55.5B)	or	staples.	A	central	pancreatectomy
or	local	excision	for	a	PDA	is	seldom	if	ever	performed	for	PDA	due	to	inadequate	lymph	node	harvest.

Minimally	invasive	pancreatectomy	using	laparoscopy	or	a	robot-assisted	approach	may	be	safely	performed.
Whereas	 a	 minimally	 invasive	 approach	 is	 more	 common	 for	 benign	 and	 premalignant	 lesions,	 a	 presumed
diagnosis	 of	 PDA	 is	 not	 a	 contraindication.102	 A	 meta-analysis	 comparing	 open	 versus	 laparoscopic	 distal
pancreatectomies	 for	 PDA	 revealed	 similar	 oncologic	 and	 pathologic	 outcomes	 in	 the	 two	 groups.	 Patients
undergoing	 laparoscopy	 had	 a	 shorter	 postoperative	 stay	 by	 4	 days,	 less	 blood	 loss,	 and	 fewer	 surgical	 site
infections.103	Importantly,	studies	comparing	the	two	techniques	have	not	been	prospective	and	randomized,	and
are	 therefore	 subject	 to	 selection	 bias,	 with	 the	 more	 difficult	 resections	 often	 included	 into	 the	 open	 group.
Whereas	most	high-volume	pancreatic	centers	offer	minimally	invasive	left-sided	resections,	laparoscopic	PD	is
more	 technically	 challenging,	 and	 a	 handful	 of	 centers	 have	 a	 significant	 experience.104	 These	 centers	 report
comparable	outcomes	with	minimally	invasive	versus	open	pancreatic	surgery	in	their	own	experience,	and	this
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was	confirmed	in	a	recent	single	institution	and	randomized	study.105

Figure	55.5	A:	Standard	reconstruction	after	a	pancreaticoduodenectomy,	with	an	end-to-side
pancreaticojejunostomy,	an	end-to-side	hepatic	jejunostomy,	and	a	retrocolic	and	end-to-side
duodenojejunostomy.	B:	Suture	closure	of	the	pancreatic	remnant	after	distal	pancreatectomy.

SMV,	superior	mesenteric	vein.

International	Study	Group	of	Pancreatic	Surgery	Contributions
Surgical-related	mortality	after	PD	has	improved	dramatically	over	the	last	three	decades	and	is	lower	than	5%	at
most	 high-volume	 centers.27	 However,	 morbidity	 remains	 high	 (approximately	 40%).	 The	 most	 common
complications	include	pancreatic	leak	(20%),	delayed	gastric	emptying	(15%),	and	wound	infection	(10%).	Bile
and	 duodenal	 leaks	 occur	 in	 roughly	 3%	 and	 1%	 of	 patients,	 respectively.27	 The	 greatest	 limitation	 to	 studies
focused	 on	 pancreatectomy-related	 complications	 has	 been	 a	 lack	 of	 standard	 definitions	 across	 institutions,
making	 comparisons	 between	 institution	 reports	 difficult.	 The	 formation	 of	 an	 International	 Study	 Group	 of
Pancreatic	Surgery	(ISGPS)	to	address	this	issue	has	been	a	great	advance	in	pancreatic	surgery–related	outcomes
research.	The	group	has	published	consensus	criteria	and	definitions	 for	complication	grading	on	 the	 following
pancreatic-specific	 morbidities:	 postoperative	 pancreatic	 fistula	 (POPF;	 leak),106	 delayed	 gastric	 emptying,107
chyle	leak,108	and	postpancreatectomy	hemorrhage.109	 In	 addition,	 the	group	established	concrete	guidelines	on
reporting	 features	 and	 management	 of	 the	 pancreatic	 remnant/anastomosis	 (e.g.,	 duct	 size,	 gland	 texture,
mobilization	distance,	type	of	anastomosis,	suture	used,	use	of	stent).110

Surgical	Trials
There	have	been	numerous	prospective	and	randomized	surgical	trials	that	have	shaped	the	surgical	management
of	PDA.	Interestingly,	one	study	found	a	benefit	to	resection	over	best	nonoperative	therapy	in	a	small	cohort	of
patients	 with	 PDA.111	 A	 total	 of	 42	 patients	 in	 Japan	 were	 randomized	 to	 standard	 pancreatectomy	 without
adjuvant	 treatment	or	chemoradiation	alone	 (50.4	Gy	with	continuous	5-fluorouracil	 [5-FU]	at	200	mg/m2/day)
without	surgery.	Randomization	occurred	at	laparotomy.	The	only	multivariate	predictor	of	survival	in	the	study
was	 treatment	group	 (hazard	 ratio,	0.4;	P	=	 .02),	with	 the	group	undergoing	 resection	having	 superior	 survival
(median	overall	survival,	13	versus	9	months).

Pancreaticoduodenectomy



A	 comprehensive	 list	 of	 surgical	 trials	 in	 patients	 undergoing	 PD	 is	 provided	 in	 Table	 55.4,	 with	 references
provided.	 The	 value	 of	 pylorus	 preservation	 has	 been	 widely	 studied	 (pylorus-	 preserving	 PD	 versus	 distal
gastrectomy	 plus	 PD	 or	 classic	 PD).	Karanicolas	 et	 al.112	 performed	 a	meta-analysis	 of	 six	 randomized	 trials,
including	574	patients.	Pylorus-preserving	PD	was	associated	with	a	reduced	operative	time	by	more	than	1	hour
(P	<	 .001),	 less	blood	loss	(284	mL,	P	<	 .001),	and	fewer	blood	 transfusions.	There	was	a	nonsignificant	 trend
toward	 improved	 mortality	 in	 the	 same	 direction	 (0.4,	 P	 =	 .09).	 There	 was	 no	 difference	 in	 delayed	 gastric
emptying.	Multiple	 randomized	 studies	 have	 examined	 the	 location	 of	 the	 enteroenterostomy	 (antecolic	 versus
retrocolic);	no	significant	differences	were	observed.

A	 POPF	 remains	 the	 most	 challenging	 complication	 after	 PD.	 Clinically	 significant	 leaks	 (e.g.,	 requiring
treatment	 intervention)	 occur	 in	 roughly	 10%	 of	 cases.	 Risk	 factors	 include	 soft	 pancreatic	 texture,	 a	 fatty
pancreas,	 a	 small	 pancreatic	 duct,	 high	 intraoperative	 blood	 loss,	 and	 a	 high	 postoperative	 serum	 amylase
level.113,114	 Numerous	 randomized	 trials	 have	 attempted	 to	 reduce	 the	 pancreatic	 leak	 rate,	 although	 few	 have
succeeded.	Ineffective	interventions	include	fibrin	glue,	octreotide,	and	internal	pancreatic	stenting.	Pasireotide	is
a	somatostatin	analogue	with	a	longer	half-life	and	broader	binding	profile	than	octreotide.	Allen	et	al.	reported	a
benefit	in	a	phase	II	randomized	trial,	although	the	findings	have	not	been	validated.115	Mixed	results	have	been
reported	 with	 pancreaticogastrostomy	 (versus	 standard	 pancreaticojejunostomy).	 Pancreaticojejunostomy
technique	was	 examined,	 comparing	 a	 two-layered	 invagination	 technique	with	 interrupted	outer	 stitches	 and	 a
continuous	inner	layer,	against	a	duct-to-mucosa	technique.	The	pancreatic	leak	rate	was	more	than	twofold	higher
with	the	latter	approach	(7%	grade	B/C	versus	17%,	P	=	.03).116	A	separate	study	reported	the	opposite	results.117
A	 binding	 pancreaticojejunostomy	 (versus	 invagination)	 is	 a	 second	 technique	 shown	 to	 have	 a	 decreased
pancreatic	 leak	 rate.	With	 this	 technique,	 an	 end-to-end	pancreaticojejunostomy	 is	 performed,	 and	3	 cm	of	 the
pancreatic	remnant	is	mobilized	and	telescoped	within	the	jejunum.	No	leaks	were	observed	in	106	patients	in	the
latter	group,	 although	 these	data	have	not	yet	been	 replicated.118	There	now	have	been	 three	 randomized	 trials
showing	a	lower	pancreatic	leak	rate	associated	with	external	pancreatic	duct	stenting	(the	pancreatic	duct	stent	is
brought	 out	 through	 the	 bowel	 and	 skin	 as	 a	 drain),	 whereas	 other	 trials	 revealed	 no	 benefit.	 Roux-en-Y
reconstruction	performed	to	isolate	the	pancreaticojejunostomy	from	the	other	two	anastomoses	did	not	decrease
the	overall	leak	rate,	but	the	proportion	of	clinically	significant	leaks	was	substantially	reduced	(74%	versus	29%
of	all	leaks;	P	=	.01).119

In	addition	to	these	important	technical	trials	relevant	to	the	management	of	right-sided	pancreatic	neoplasms,
other	 studies	 have	 informed	 the	 management	 of	 patients	 undergoing	 PD.	 A	 group	 of	 studies	 established	 that
radical	 retroperitoneal	 lymphadenectomy	 does	 not	 confer	 improved	 cancer-specific	 survival	 (four	 randomized
trials).	 Additionally,	 routine	 parenteral	 nutrition	 was	 detrimental,120	 and	 early	 nasojejunal	 enteral	 feeding	 was
even	worse.121	 Anti-inflammatories	 may	 reduce	 POPF,	 such	 as	 ulinastatin	 and	 hydrocortisone.	 The	 impact	 of
surgical	drains	on	postoperative	morbidity	 remains	controversial,	with	equivocal	 results.	Fluid	management	has
been	 examined	 in	multiple	 trials,	 with	 a	 preponderance	 of	 data	 supporting	 goal-directed	 or	 volume-	 restricted
algorithms.

Distal	Pancreatectomy
Distal	 pancreatectomy	 and	 splenectomy	 for	 left-sided	 PDA	 not	 only	 is	 a	 typically	 simpler	 operation	 than
pancreaticoduodenectomy	but	also	carries	significant	risk.	POPF	is	the	principal	morbidity.	Clinically	significant
leaks	occur	in	roughly	10%	of	cases,	whereas	in	10%	to	20%	of	cases,	a	leak	is	appreciable	as	amylase-rich	fluid
in	 surgical	 drains	 but	 does	 not	 add	morbidity.	 There	 are	 now	 roughly	 a	 half-dozen	 randomized	 clinical	 trials
examining	 the	 effect	 of	 pancreatic	 stump	management	 on	 POPF,	 ranging	 from	 staplers	 to	mattress	 sutures.	 In
summary,	no	positive	interventions	have	been	discovered.	The	DISPACT	trial	was	the	largest	of	these	trials.	The
European	 multi-institution	 study	 analyzed	 352	 patients	 and	 compared	 stapled	 and	 hand-sewn	 closures.	 The
pancreatic	 leak	 rate	 was	 roughly	 30%	 in	 both	 groups	 (P	 =	 .56).122	 Fibrin	 sealant,	 tissue	 link,
pancreaticojejunostomy,	 and	 falciform	 ligament	 patches	have	 also	been	 tested,	with	no	observed	benefit.123–126
Interestingly,	ultrasonic	dissection	of	the	pancreas	with	ligation	of	all	visualized	ducts	in	nonfibrotic	glands	was
associated	with	improved	pancreatic	leak	rates	compared	to	conventional	division	and	suturing	(n	=	58,	4%	versus
26%,	P	=	.02),	but	this	intervention	seems	exceedingly	tedious	and	has	not	been	replicated.	Roughly	twenty	4-0
silk	 ligatures	 were	 used	 per	 neck	 transection	 in	 the	 ultrasonic	 dissection	 group.127	 Additionally,	 wrapping	 an
absorbable	mesh	around	 the	 transected	 remnant	 resulted	 in	a	 reduction	 in	clinically	 relevant	POPF.128	A	 recent
large	randomized	trial	showed	no	benefit	to	prophylactic	intraperitoneal	drainage	in	patient	morbidity.129
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TABLE	55.4
Randomized	Surgical	Trials	with	Pancreaticoduodenectomy

Author Year Trial Result

Doi	et	al.111 2008 Surgery	vs.	chemoradiation	for	PDA ↑	survival	with	surgery

Pedrazzoli	et	al.262 1998 PD	vs.	PD	with	lymphadenectomy =	survival

Riall	et	al.263 2005 PD	vs.	PD	with	lymphadenectomy =	survival

Farnell	et	al.264 2005 PD	vs.	PD	with	lymphadenectomy =	survival

Jang	et	al.265 2014 PD	vs.	PD	with	lymphadenectomy =	survival

Brennan	et	al.120 1994 Preoperative	TPN	vs.	none ↑	morbidity	with	TPN

Perinel	et	al.121 2016 NJEEN	vs.	TPN ↑	morbidity	with	NJEEN

Palanivelu	et	al.105 2017 Laparoscopic	vs.	open	PD Shorter	LOS	with	laparoscopy

Fischer	et	al.266 2010
Hemodilution	vs.	standard	intraoperative
IVF ↑	POPF	with	hemodilution

Lavu	et	al.267 2014
Fluid	restriction	using	hypertonic	saline	vs.
standard ↓	morbidity	with	fluid	restriction

Grant	et	al.268 2016 Fluid	restriction	vs.	liberal =	morbidity

van	Samkar	et	al.269 2016 Fluid	restriction	vs.	liberal =	morbidity

Weinberg	et	al.270 2017 Goal-directed	fluid	vs.	standard ↓	morbidity	and	LOS	with	GDF

Conlon	et	al.271 2001 Drain	vs.	no	drain =	morbidity	and	mortality

Bassi	et	al.272 2010 Late	vs.	early	drain	removal ↑	morbidity	with	late

Van	Buren	et	al.273 2013 Drain	vs.	no	drain ↑	mortality	with	drain

Witzigmann	et	al.274 2016 Drain	vs.	no	drain ↓	POPF

van	der	Gaag	et	al.95 2010 Preoperative	biliary	drainage	vs.	none ↑	morbidity	with	drainage

Ke	et	al.119 2013 Roux-en-Y	PJ	vs.	standard ↓	Grade	B	POPF	with	Roux

Tani	et	al.275 2014 Roux-en	Y	PJ	vs.	standard =	POPF

El	Nakeeb	et	al.276 2014 Roux-en	Y	PJ	vs.	standard =	POPF

Uemura	et	al.277 2008 Ulinastatin	vs.	placebo ↓	pancreatitis	with	ulinastatin

Zhang	et	al.278 2016 Ulinastatin	vs.	placebo ↓	severe	POPF	with	ulinastatin

Laaninen	et	al.279 2016 Hydrocortisone	vs.	placebo ↓	morbidity	and	POPF	with	hydrocortisone

Winter	et	al.280 2006 Internal	MPD	stent	vs.	no	stent =	POPF

Poon	et	al.281 2007 External	MPD	stent	vs.	no	stent ↓	POPF	with	external	stent

Kamoda	et	al.282 2008 External	MPD	stent	vs.	internal	stent =	POPF

Tani	et	al.283 2010 External	MPD	stent	vs.	internal	stent =	POPF

Pessaux	et	al.284 2011 External	MPD	stent	vs.	no	stent ↓POPF	with	external	stent

Kuroki	et	al.285 2011 External	MPD	stent	vs.	no	stent =	POPF

Motoi	et	al.286 2012 External	MPD	stent	vs.	no	stent ↓	POPF	with	external	stent

Jang	et	al.287 2016 External	MPD	stent	vs.	internal	stent ↓	POPF	with	internal	stent

Yeo	et	al.288 1995 PG	vs.	PJ =	POPF

Arnaud	et	al.289 1999 PG	vs.	PJ ↓	POPF	with	PG

Takano	et	al.290 2000 PG	vs.	PJ ↓	POPF	with	PG

Duffas	et	al.291 2005 PG	vs.	PJ =	POPF

Bassi	et	al.292 2005 PG	vs.	PJ =	POPF

Fernandez-Cruz	et
al.293 2008 PG	vs.	PJ ↓	POPF	with	PG

Figueras	et	al.294 2013 PG	vs.	PJ ↓	POPF	with	PG

Topal	et	al.295 2013 PG	vs.	PJ ↓	POPF	with	PG

Keck	et	al.296 2016 PG	vs.	PJ =	POPF



Klempa	et	al.297 1991 Octreotide	vs.	none =	POPF

Beguiristain	et	al.298 1995 Octreotide	vs.	none =	POPF

Yeo	et	al.299 2000 Octreotide	vs.	placebo =	POPF

Gouillat	et	al.300 2001 Octreotide	vs.	placebo =	POPF

Shan	et	al.301 2003 Octreotide	vs.	none =	POPF

Kollmar	et	al.302 2008 Octreotide	vs.	placebo =	POPF

Fernandez-Cruz	et
al.303 2013 Octreotide	vs.	placebo =	POPF

Wang	et	al.304 2013 Octreotide	vs.	placebo =	POPF

Allen	et	al.115 2013 SOM230	vs.	placebo ↓	POPF	with	SOM230

Kurumboor	et	al.305 2015 Octreotide	vs.	none =	POPF

Reissman	et	al.306 1995 MPD	duct	ligation	vs.	PJ ↑	POPF	with	ligation

Tran	et	al.307 2002 MPD	duct	ligation	vs.	PJ =	POPF

Lillemoe	et	al.308 2004 Fibrin	glue	to	PJ	vs.	none =	POPF

Martin	and	Au309 2013 Fibrin	glue	to	PJ	vs.	none =	POPF

Bassi	et	al.310 2003 Invagination	PJ	vs.	duct-to-mucosa =	POPF

Berger	et	al.116 2009 Invagination	PJ	vs.	duct-to-mucosa ↓	POPF	with	invagination

El	Nakeeb	et	al.311 2015 Invagination	PJ	vs.	duct-to-mucosa =	POPF

Xu	et	al.312 2015 Invagination	PJ	vs.	duct-to-mucosa ↓	POPF	with	invagination

Bai	et	al.117 2016 Invagination	PJ	vs.	duct-to-mucosa ↓	POPF	with	duct-to-mucosa

Peng	et	al.118 2007 Binding	PJ	vs.	invagination ↓	POPF	with	binding	PJ

Yeo	et	al.313 1993 Erythromycin	vs.	placebo ↓	DGE	with	erythromycin

Tani	et	al.314 2006 Antecolic	vs.	retrocolic	DJ ↓	DGE	with	antecolic	DJ

Gangavatiker	et	al.315
2011 Antecolic	vs.	retrocolic	DJ =	DGE

Imamura	et	al.316 2013 Antecolic	vs.	retrocolic	DJ =	DGE

Tamandl	et	al.317 2013 Antecolic	vs.	retrocolic	DJ =	DGE

Eshuis	et	al.318 2014 Antecolic	vs.	retrocolic	DJ =	DGE

Paquet319 1998 PPPD	vs.	classic =	DGE

Bloechle	et	al.320 1999 PPPD	vs.	classic =	DGE

Wenger	et	al.321 1999 PPPD	vs.	classic =	morbidity

Tran	et	al.322 2004 PPPD	vs.	classic =	DGE

Lin	et	al.323 2005 PPPD	vs.	classic ↑	DGE	with	PPPD

Seiler	et	al.324 2005 PPPD	vs.	classic =	DGE

Matsumoto	et	al.325 2014 PPPD	vs.	classic =	DGE

Hwang	et	al.326 2016 Braun	vs.	no	Braun ↓	DGE	with	Braun

Sakamoto	et	al.327 2016 Stapled	vs.	hand-sewn	DJ =	DGE

Jo	et	al.328 2006 Glutamine	supplement	vs.	none =	morbidity
Shading	pattern	highlights	similar	trials.
PDA,	pancreatic	ductal	adenocarcinoma;	PD,	pancreaticoduodenectomy;	TPN,	total	parenteral	nutrition;	NJEEN,	nasojejunal	early
enteral	nutrition;	LOS,	 length	of	stay;	 IVF,	 intravenous	 fluid;	POPF,	postoperative	pancreatic	 fistula;	GDF,	goal	directed	 fluid;	PJ,
pancreaticojejunostomy;	 MPD,	 main	 pancreatic	 duct;	 PG,	 pancreaticogastrostomy;	 SOM230,	 pasireotide;	 DGE,	 delayed	 gastric
emptying;	DJ,	duodenojejunostomy;	PPPD,	pylorus-preserving	PD.

Palliative	Surgery
There	have	been	five	randomized	trials	directly	comparing	hepaticojejunostomy	with	endoscopic	or	percutaneous
biliary	 decompression	 for	 patients	 with	 malignant	 periampullary	 obstruction.130	 A	 meta-analysis	 revealed	 that
overall	 survival	 is	 the	 same	 between	 the	 groups,	 although	 total	 hospital	 days	 after	 randomization	was	 twofold
more	in	the	stenting	group,	principally	related	to	recurrent	biliary	obstruction	requiring	intervention.	Widespread
use	of	metallic	stents,	however,	diminishes	the	need	for	surgical	bypass.	Two	separate	randomized	studies	have
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demonstrated	 that	 prophylactic	 gastrojejunostomy	 in	 nonobstructed	 patients	 decreased	 the	 absolute	 risk	 of
subsequent	 gastric	 outlet	 obstruction	by	 roughly	20%	but	 did	not	 affect	 overall	 survival.131,132	Finally,	 there	 is
evidence	that	celiac	neurolysis	with	alcohol	injected	at	laparotomy	in	patients	with	unresectable	disease	improves
quality	of	life	and	overall	survival.133

Operative	and	Surgical	Pathology	Reporting
Just	 as	 the	 ISGPS	 has	 sought	 to	 standardize	 complication	 reporting,	 there	 have	 been	 efforts	 to	 standardize
operative	and	pathology	reporting	to	facilitate	collaboration	between	institutions,	establish	a	minimum	standard	of
quality,	 and	 provide	 consistency	 to	 the	 literature.	With	 regard	 to	 the	 operative	 dictation,	 a	 description	 of	 the
clinical	 stage	 (relationship	 to	 mesenteric	 vessels	 and	 evidence	 of	 metastatic	 disease)	 is	 important.	 Specific
mention	 of	 the	 liver,	 peritoneum,	 and	 small	 intestines	 is	 necessary.	 Blood	 loss	 and	 need	 for	 transfusion	 are
recorded.	 The	 surgical	 technique	 used	 to	 dissect	 the	 uncinate	 process	 should	 be	 described	 as	 well	 as	 the
management	 of	 the	 SMA	and	SMV	 (were	 they	 skeletonized?	 resected?	 the	method	 of	 visceral	 vessel	 repair?).
Anastomotic	techniques	need	to	be	described.	The	important	elements	of	the	pancreaticojejunostomy	have	been
defined	by	the	ISGPS,	as	mentioned	previously.110	If	frozen	section	analysis	was	performed,	the	results	should	be
stated.	Similarly,	any	gross	residual	disease	must	be	reported.134

Standards	 for	 pathology	 reporting	 have	 been	 established	 by	 the	 College	 of	 American	 Pathologists,	 and
protocols	are	available	at	the	website	(http://www.cap.org/apps/cap.portal).	On	the	pathology	review,	 tumor	site
(e.g.,	 head,	 uncinate,	 body,	 tail),	 maximum	 tumor	 diameter	 (centimeters),	 histologic	 type	 or	 subtype,	 and
histologic	 grade	 (well,	 moderate,	 or	 poor)	 are	 provided.	 Extension	 into	 extrapancreatic	 tissue	 is	 described.
Margins	are	assessed	(e.g.,	involvement	or	distance),	including	the	uncinate,	pancreatic	neck,	common	bile	duct,
and	duodenum.	The	distance	to	the	margin	(millimeters)	from	the	tumor	should	be	stated.	The	posterior	pancreatic
surface	margin	is	also	reported,	although	this	is	not	a	transected	or	surgical	margin.	Microscopic	invasion	of	the
lymphatics,	 small	 vessels,	 and	nerves	 are	 indicated.	The	TNM	stage	 and	 the	 component	 elements	 are	provided
according	 to	 the	 AJCC	 eighth	 edition	 staging	 system.	 A	 minimum	 of	 12	 lymph	 nodes	 should	 be	 evaluated.
Treatment	effect	is	described	if	the	patient	has	received	neoadjuvant	therapy.

Assessing	Prognosis
Whereas	PDA	is	widely	viewed	as	an	aggressive	cancer,	like	other	common	cancers,	tumors	display	a	wide	range
of	biology.	The	median	survival	after	resection	for	PDA	is	around	20	months	 in	 large	series27;	 roughly	20%	of
patients	survive	more	than	5	years,	and	a	comparable	number	suffer	cancer-specific	mortality	within	just	1	year	of
surgery.3	 There	 would	 be	 substantial	 value	 in	 accurately	 predicting	 patients’	 cancer-specific	 outcome.	 At	 the
present	time,	there	are	no	reliable	tests	to	predict	prognosis.	The	most	frequently	considered	adverse	prognostic
factors	remain	conventional	pathologic	features	(lymph	node	metastases,	poor	differentiation,	tumor	size	>3	cm,
and	positive	resection	margins).	The	approximate	proportions	of	resected	PDAs	that	fulfill	each	criterion	are	75%,
40%,	50%,	and	40%,	respectively.27	 It	must	be	remembered	that	each	of	 these	individual	prognostic	factors	are
weak	predictors	of	outcome,	with	multivariate	Cox	proportional	hazards	 ratios	only	around	1.5.	Winter	 et	 al.97
studied	137	patients	who	underwent	resection	for	PDA	and	died	within	1	year	from	their	disease	or	survived	more
than	 30	 months	 (patients	 with	 intermediate	 survival	 were	 excluded).	 Adverse	 pathologic	 features	 were	 even
present	in	many	long-term	survivors;	for	instance,	65%	of	patients	in	the	long	survivor	group	still	had	lymph	node
metastases	 in	 the	 resected	 specimen.	 Conversely,	 17%	 of	 patients	 in	 the	 short	 survivor	 group	 suffered	 early
recurrences,	despite	having	no	regional	lymph	node	metastases	identified.

Perhaps	the	most	robust	prognostic	marker	routinely	used	in	patients	with	localized	and	resectable	PDA	is	the
postoperative	CA19-9	 level.	CA19-9	 is	a	high	molecular	weight	glycolipid	 that	 is	a	sialylated	derivative	of	 the
Lewis	 (a)	 antigen	 (normally	 expressed	 by	 epithelial	 cells	 and	 absorbed	 onto	 the	 surface	 of	 erythrocytes).	 The
oligosaccharide	epitope	is	also	present	on	mucins	secreted	by	pancreatic	cancer	cells	and	detectable	in	the	serum.
A	markedly	elevated	preoperative	CA19-9	level	has	some	prognostic	value	(on	par	with	conventional	pathologic
features).	Preoperative	CA19-9	has	also	been	used	by	some	surgeons	as	a	predictor	of	unresectable	disease	when
the	 lesion	 appears	 resectable	 on	 imaging.	 Roughly	 30%	 of	 patients	with	 serum	 values	 above	 300	U/mL	were
found	 to	 be	 unresectable	 on	 staging	 laparoscopy.135	 However,	 preoperative	 CA19-9	 is	 particularly	 limited	 in
patients	 with	 biliary	 obstruction	 because	 the	 antigen	 is	 falsely	 elevated	 in	 this	 setting.136–138	 In	 addition,	 the
sensitivity	 suffers	 because	 5%	 to	 10%	 of	 the	 population	 are	 unable	 to	 express	 CA19-9	 due	 to	 Lewis	 antigen
variability	 (related	 to	 the	presence	or	 absence	of	 a	 fucosyltransferase).85,139,140	As	noted	previously,	CA19-9	 is



most	informative	after	resection	when	biliary	obstruction	is	no	longer	a	confounding	variable	and	there	has	been
macroscopic	 clearance	 of	 disease.	 In	 a	 landmark	 ad	 hoc	 analysis	 of	 the	 Radiation	 Therapy	 Oncology	 Group
(RTOG)	 9704	 adjuvant	 trial,	 an	 elevated	 postoperative	CA19-9	 level	 (≥180	U/mL,	 drawn	 1	 to	 2	months	 after
resection)	was	 associated	with	 a	multivariate	 proportional	 hazard	 ratio	 of	 3.6.139	 Interestingly,	 Lewis	 antigen–
negative	 individuals	 (who	 cannot	 express	 elevated	 serum	CA19-9)	 had	 the	 same	 survival	 as	 patients	with	 low
CA19-9	levels	for	unclear	reasons.

Adjuvant	Therapy
According	to	the	NCCN	guidelines,	adjuvant	chemotherapy	is	recommended	for	patients	who	recover	well	from
pancreatic	resection.	Acceptable	strategies	include	single-agent	chemotherapy	(gemcitabine,	5-FU,	or	capecitabine
monotherapy),	 dual-agent	 chemotherapy	 (gemcitabine	 and	 capecitabine),	 or	 multimodality	 therapy	 with
chemoradiation.90	 A	 meta-analysis	 of	 five	 randomized	 adjuvant	 trials	 including	 951	 patients	 concluded	 that
adjuvant	 therapy	 provides	 a	 3-month	 median	 survival	 advantage	 and	 a	 3%	 absolute	 improvement	 in	 5-year
survival.	Thus,	patients	typically	require	a	6-month	course	of	adjuvant	treatment	to	achieve	a	3-month	survival,141
underscoring	 the	 limitations	 of	 current	 treatment	 regimens.	 Although	 these	 figures	 on	 the	 surface	 are
disappointing,	the	reality	is	more	complex;	many	patients	receive	no	benefit	at	all	and	may	even	be	harmed	with
treatment,	 whereas	 a	 subset	 of	 patients	 receive	 a	 robust	 and	 durable	 survival	 benefit	 with	 current	 adjuvant
treatments.	 Identifying	 which	 patients	 are	 most	 likely	 to	 experience	 a	 survival	 benefit	 is	 as	 important	 as
discovering	superior	treatment	regimens.	Moreover,	the	most	recent	adjuvant	trials	reveal	superior	survival	in	the
control	 groups,	 compared	 to	 historical	 studies,	 hinting	 that	 adjuvant	 and	 palliative	 treatments	 may	 be	 finally
having	a	substantial	cumulative	impact	over	the	course	of	a	patient’s	disease	course.

Patterns	of	Failure
Although	 overall	 survival	 after	 resection	 for	 PDA	 is	 roughly	 18	 to	 25	months,27	 patients	 typically	 recur	 by	 1
year.142	Thus,	once	patients	recur,	their	survival	after	the	recurrences	is	similar	to	patients	initially	presenting	with
metastatic	PDA.	Recurrences	have	been	 reported	 in	virtually	every	organ	site	but	most	commonly	occur	 in	 the
retroperitoneum	 (57%),	 liver	 (51%),	 peritoneum	 (35%),	 and	 lung	 (15%).	 Interestingly,	 lung	 recurrences	 are
typically	 delayed	 and	 rarely	 occur	 early	 after	 resection.	A	 study	 of	 recurrence	 patterns	 out	 of	Memorial	 Sloan
Kettering	Cancer	Center	 revealed	 that	12%	of	 resected	patients	developed	a	 local-only	 recurrence	pattern,	33%
had	metastatic	disease	only,	and	46%	had	both	local	and	metastatic	disease	(recurrence	status	was	unknown	in	the
remaining	patients).97

Identifying	 biomarkers	 that	 predict	 patterns	 of	 recurrence	 could	 help	 select	 patients	who	 are	most	 likely	 to
benefit	from	intensive	local	therapy	(radiation).	The	most	intriguing	biomarker	to	date	in	this	area	of	research	has
been	 SMAD4.	 A	 study	 of	 pancreatic	 adenocarcinomas	 from	 an	 autopsy	 series	 (n	 =	 65)	 revealed	 that	 a	 local
predominant	pattern	was	associated	with	intact	SMAD4	expression	(7	of	9	cases),	whereas	a	disseminated	pattern
was	associated	with	absent	SMAD4	expression	(16	of	22	cases).49	This	pattern	was	confirmed	in	tissue	samples	of
patients	from	a	phase	II	trial	of	locally	advanced	PDA.143	Out	of	15	patients	with	SMAD4-positive	tumors,	11	had
progression	 in	 a	 local-predominant	 pattern.	 In	 contrast,	 10	 of	 14	 patients	with	 absent	 SMAD4	 had	 significant
distant	spread.	These	studies	suggest	that	patients	having	tumors	with	intact	SMAD4	may	indicate	appropriateness
for	 adjuvant	 radiation,	 whereas	 those	 patients	 with	 absent	 SMAD4	 should	 only	 receive	 systemic	 therapy.
Interestingly,	 a	 study	 of	 resected	 PDA	 samples	 revealed	 that	 resection	 alters	 the	 natural	 history	 of	 PDA
recurrence,	 such	 that	 SMAD4	 status	 is	 no	 longer	 predictive	 of	 recurrence	 pattern	 after	 the	 profound	 selection
pressure	of	a	surgical	intervention.97	In	a	multivariate	analysis,	patients	without	regional	lymph	node	metastases
also	had	an	increased	risk	of	a	local-only	recurrence	and	typically	in	a	relatively	delayed	fashion.97	Future	studies
are	needed	to	better	define	a	personalized	approach.	It	is	also	likely	that	as	systemic	control	improves	with	newer
chemotherapy	regimens,	the	importance	of	local	recurrence	and	control	will	become	more	critical.

Adjuvant	Trials
There	 have	 been	 11	 prospective	 and	 randomized	 adjuvant	 trials	 that	 have	 shaped	 current	 treatment
recommendations,	including	8	European	trials,	2	U.S.	trials,	and	1	Japanese	trial	(Table	55.5).144–151	Out	of	these
11	 trials,	 5	 were	 considered	 positive	 with	 respect	 to	 the	 planned	 primary	 end	 point	 (1	 United	 States	 and	 4
European),145,146,149,150	 and	 none	 yielded	 a	 powerful	 or	 game-changing	 result.	The	 continent	where	 these	 trials
were	 performed	 has	 also	 played	 an	 important	 factor	 in	 defining	 the	 standard	 of	 care	 approach;	 for	 instance,
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chemoradiation	 is	 commonly	 performed	 along	with	 chemotherapy	 in	 the	United	States,	whereas	 chemotherapy
(without	 radiation)	 is	 the	 standard	 treatment	 in	 Europe.	 The	 principal	 adjuvant	 trials	will	 briefly	 be	 reviewed,
emphasizing	strengths	and	weaknesses	of	the	studies.

The	Gastrointestinal	Tumor	Study	Group	 (GITSG)	 trial	was	 the	 first	 of	 the	 adjuvant	 trials	 and	was	 a	 small
phase	 III	 trial	 (by	 today’s	 standards;	 n	=	 49	patients	 treated	between	1974	 and	1982)	 performed	 in	 the	United
States.	Patients	 in	 the	experimental	 arm	 received	40	Gy	 (split	 course	with	20	Gy	 in	 each	course	 and	a	2-week
break	in	the	middle).	Bolus	5-FU	was	administered	weekly	for	2	years	as	maintenance	therapy	(500	mg/m2)	but
was	given	daily	for	the	first	3	days	of	each	radiation	course.	The	treatment	arm	was	compared	to	an	observation-
only	arm,	 and	chemoradiation	conferred	 superior	 survival	 (20	versus	11	months,	P	=	 .04).	The	 study	has	been
criticized	 for	 its	 small	 sample	 size,	 and	 the	 advantage	 of	 chemotherapy	 or	 chemoradiation	was	 not	 elucidated.
Nevertheless,	 this	 landmark	study	established	a	role	for	adjuvant	chemoradiation	as	an	acceptable	 treatment	for
resected	PDA	in	the	United	States.

TABLE	55.5
Prospective	and	Randomized	Phase	III	Adjuvant	Trials	for	Pancreatic	Cancer

Trial Year N Randomization OS	(mo) P

GITSG149 1985 43 Bolus	5-FU/4,000	cGy	vs.	obs 20	vs.	11 .04

Bakkevold	et	al.150,a 1993 61 AMF	vs.	obs 23	vs.	11 .04

EORTC144,a 1999 218 Cont	5-FU/4,000	cGy	vs.	obs 21.6	vs.	19.2 .5

ESPAC-1146 2004 289 Bolus	5-FU	vs.	obs	(2	×	2	design) 20.1	vs.	15.5 .009

Japan148 2006 89 5-FU/Cis	vs.	obs 12.5	vs.	15.8 .9

ESPAC-3147 2010 1,088 Gem	vs.	5-FU 23.6	vs.	23.0 .4

RTOG	9704151 2011 451
Gem	+	chemoXRT	vs.	5-FU	+
chemoXRT 18.7	vs.	17.3 .9

IFN-α2b329 2012 132 5-FU	vs.	5-FU,	Cis,	IFN-α2b 26.5	vs.	28.5 .99

CONKO-001145 2013 368 Gem	vs.	obs 22.8	vs.	20.2 .01

ESPAC-4330 2017 730 Gem	vs.	Gem	+	capecitabine 28.0	vs.	25.5 .03

CONKO-005155 2017 436 Gem	vs.	Gem	+	erlotinib 26.5	vs.	24.5 .6
Statistically	significant	findings	are	bolded	(p	<	.05).
aIncluded	all	periampullary	cancers.
OS,	 overall	 survival;	 GITSG,	 Gastrointestinal	 Tumor	 Study	 Group;	 5-FU,	 5-fluorouracil;	 obs,	 observation;	 AMF,	 adriamycin,
mitomycin	C,	5-FU;	EORTC,	European	Organization	 for	Research	and	Treatment	of	Cancer;	ESPAC,	European	Study	Group	for
Pancreatic	Cancer;	Cis,	cisplatin;	Gem,	gemcitabine;	RTOG,	Radiation	Therapy	Oncology	Group;	chemoXRT,	chemoradiation;	IFN-
α2b,	interferon	alfa-2b	CONKO,	Charité	Onkologie.

Two	 small	 trials	 (Norwegian150	 and	 Japanese148)	 were	 performed	 over	 the	 next	 15	 years	 that	 provided
equivocal	 results	 for	 chemotherapy	 alone,	 compared	 to	 surgery	 only.	 In	 the	 Norwegian	 trial,	 authored	 by
Bakkevold	 et	 al.,150	 61	 patients	 with	 periampullary	 cancer	 (only	 47	 with	 PDA)	 were	 randomized	 to	 receive
doxorubicin,	mitomycin	C,	and	5-FU	(six	cycles),	or	observation.	Patients	receiving	adjuvant	chemotherapy	had
an	improved	median	survival	(23	versus	11	months,	P	=	.04),	but	2-year	survival	was	similar	(43%	versus	32%,	P
=	.1).	In	the	Japanese	trial,	89	patients	were	randomized	to	just	two	cycles	(separated	by	4	to	8	weeks)	of	5-FU
(500	mg/m2	 as	 a	 continuous	 infusion	 over	 5	 days)	 plus	 cisplatin	 (80	 mg/m2	 on	 day	 1	 of	 each	 cycle)	 versus
observation.	Overall	survival	was	similar	in	the	two	groups	(12.5	versus	15.8,	respectively,	P	=	.9).

The	European	Organization	for	Research	and	Treatment	of	Cancer	(EORTC)	trial	was	Europe’s	response	to	the
GITSG	trial	and	proved	to	be	the	largest	adjuvant	trial	for	PDA	at	that	time.144	A	total	of	218	patients	with	either
PDA	 or	 other	 periampullary	 cancer	 were	 randomized	 to	 chemoradiation	 or	 observation.	 The	 treatment	 arm
received	split-course	radiation	for	40	Gy	(as	with	GITSG).	However,	5-FU	was	given	as	a	continuous	infusion	(as
opposed	to	bolus)	on	days	1	to	5	of	each	radiation	course	(total	of	125	mg/m2).	No	maintenance	chemotherapy
was	administered.	Overall	survival	was	21.6	months	with	treatment	and	19.2	months	with	observation	(P	=	.5).

The	European	Study	Group	for	Pancreatic	Cancer	(ESPAC-1)	was	the	next	large	randomized	adjuvant	trial.146
A	total	of	289	patients	were	randomized	to	a	complex	2	×	2	study	design,	with	one	of	the	four	groups	receiving	no
treatment.	Treatment	groups	 included	 (1)	 chemoradiation	 (40	Gy	 split-course	 radiation	with	bolus	5-FU	at	500
mg/m2	on	days	1	to	3	of	radiation,	as	with	GITSG)	followed	by	chemotherapy	(bolus	leucovorin	at	20	mg/m2	and



5-FU	 at	 425	mg/m2	 daily	 for	 5	 days,	 every	 28	 days	 for	 six	 cycles);	 (2)	 adjuvant	 chemotherapy	 only	 (without
chemoradiation)	as	previously	defined	for	group	1;	(3)	chemoradiation	only	(without	chemotherapy)	as	previously
defined	for	group	1;	and	(4)	no	treatment.	The	two	groups	receiving	chemotherapy	(groups	1	and	2)	had	superior
survival	 as	 compared	 to	 those	 who	 did	 not	 (20.1	 versus	 15.5	 months,	 P	 =	 .009).	 When	 chemoradiation	 was
analyzed	separately,	 the	overall	survival	 rates	were	15.9	months	with	 the	 two	chemoradiation	groups	(groups	1
and	3)	 and	17.9	months	without	 chemoradiation	 (groups	2	 and	4,	P	=	 .05;	worse	with	 chemoradiation).	When
patients	who	received	chemotherapy	only	were	excluded	from	the	no	chemoradiation	group	(leaving	just	patients
in	 the	observation	group),	 there	was	still	a	 strong	 trend	 toward	 improved	survival	without	chemoradiation.	The
results	 have	 been	 widely	 questioned	 because	 of	 the	 challenging	 study	 design	 and	 because	 patients	 received
suboptimal	 radiation	 therapy	 (split	course,	no	central	quality	of	 radiation	control,	9%	protocol	violation,	a	very
high	[62%]	local	failure	rate	compared	to	recent	trials).	Although	this	study	established	chemotherapy	alone	as	an
acceptable	standard	of	care	in	Europe	and	other	parts	of	the	world,	oncologists	in	North	America	remain	largely
divided	on	the	role	of	chemoradiation.

The	Charité	Onkologie	(CONKO-001)	trial	primarily	took	place	in	German	centers	between	1998	and	2004,142
with	 updated	 results	 recently	 reported.145	 The	 trial	 was	 an	 appropriate	 follow-up	 to	 ESPAC-1,	 which	 was
interpreted	in	Europe	as	evidence	in	favor	of	adjuvant	chemotherapy	alone	(without	chemoradiation).	Moreover,
only	 5-FU–based	 adjuvant	 chemotherapy	 had	 been	 tested	 up	 to	 that	 point	 in	 time,	 whereas	 the	 superiority	 of
gemcitabine	over	5-FU	had	been	established	for	patients	with	advanced	PDA	(discussed	in	“Stage	IV:	Metastatic
Disease”	section).152	A	total	of	368	patients	were	randomized	to	receive	six	cycles	of	gemcitabine	(4-week	cycles)
at	a	weekly	dose	of	1,000	mg/m2	every	3	weeks	with	a	1-week	break	versus	observation	alone.	Chemoradiation
was	not	 included	 in	 the	 treatment	arm.	The	 initial	 report	 reached	 its	primary	end	point	of	disease-free	 survival
(13.4	versus	6.9	months,	P	<	.001),	but	overall	survival	was	not	significantly	different.142	However,	the	updated
analysis	demonstrated	improved	overall	survival	with	gemcitabine	(22.8	versus	20.2	months,	P	=	.01).145	Grade	3
and	 4	 toxicities	 were	 rare	 (<5%)	 in	 the	 treatment	 arm.	 Although	 the	median	 survival	 advantage	 is	 modest,	 it
should	be	pointed	out	that	the	5-year	survival	difference	was	10%	(20.7%	versus	10.2%,	P	<	.05)	and	the	10-year
survival	advantage	was	5%	(12.2%	versus	7.7%).	These	data	provide	evidence	that,	in	a	small	subset	of	patients
(i.e.,	 1	 in	 10),	 gemcitabine	 monotherapy	 is	 effective	 (Fig.	 55.6).	 Thus,	 the	 opportunity	 to	 achieve	 long-term
survival	 directly	 due	 to	 gemcitabine	 (albeit	 uncommon)	 should	 be	 an	 important	 consideration	 for	 patients
contemplating	adjuvant	treatment,	despite	the	meager	improvement	in	median	survival.

The	 European	 ESPAC-3	 trial	 directly	 compared	 chemotherapy	 with	 gemcitabine	 (1,000	 mg/m2	 over	 30
minutes	weekly,	3	out	of	4	weeks)	versus	5-FU	(bolus	folinic	acid	at	20	mg/m2	plus	bolus	5-FU	at	425	mg/m2	on
days	 1	 to	 5,	 every	 28	 days	 for	 six	 cycles	 as	 administered	 in	 ESPAC-1).	 As	 with	 CONKO-001,	 no	 adjuvant
chemoradiation	 was	 given.	 Median	 overall	 survival	 rates	 were	 23.6	 and	 23.0	 months,	 respectively	 (P	 =	 .4),
demonstrating	equivalence	between	the	two	agents.	However,	this	study	did	not	change	the	emerging	paradigm	of
frontline	 gemcitabine	 monotherapy	 at	 most	 centers	 because	 toxicity	 was	 less	 with	 gemcitabine	 (14%	 serious
adverse	 events	 with	 5-FU	 versus	 7.5%	with	 gemcitabine,	P	 <	 .001).	 The	 increased	 toxicity	 due	 to	 5-FU	was
primarily	related	to	increased	stomatitis	and	diarrhea.
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Figure	55.6	Improved	long-term	survival	with	gemcitabine	monotherapy,	in	the	Charité
Onkologie	(CONKO-001)	trial.	The	highlighted	area	represents	patients	who	likely	had	a

substantial	benefit	from	gemcitabine	monotherapy.	(Modified	from	Oettle	H,	Neuhaus	P,	Hochhaus
A,	et	al.	Adjuvant	chemotherapy	with	gemcitabine	and	long-term	outcomes	among	patients	with
resected	pancreatic	cancer:	the	CONKO-001	randomized	trial.	JAMA	2013;310[14]:1473–1481.)

RTOG	9704	was	only	the	second	U.S.	phase	III	adjuvant	trial,	completed	in	2002153	and	updated	in	2011.151
The	 trial’s	 treatment	 arms	 paralleled	 the	 ESPAC-3	 study	 (5-FU	 versus	 gemcitabine),	 except	 patients	 in	 both
treatment	groups	received	5-FU–based	chemoradiation	in	the	middle	of	their	adjuvant	chemotherapy	course.	Total
treatment	duration	 in	both	groups	was	6	months,	 and	 the	 study	question	 related	 to	 chemotherapy	 (5-FU	versus
gemcitabine),	not	the	role	of	chemoradiation.	A	total	of	451	patients	were	randomized	to	chemotherapy	with	5-FU
at	250	mg/m2/day	given	as	a	continuous	 infusion	(different	 from	ESPAC-3)	or	gemcitabine	1,000	mg/m2	given
weekly.	 Patients	 received	 one	 chemotherapy	 cycle	 prior	 to	 chemoradiation	 (3	weeks)	 and	 12	 additional	weeks
afterward	(two	cycles	of	5-FU	consisting	of	4	weeks	on	and	2	weeks	off;	three	cycles	of	gemcitabine	with	3	weeks
on	and	1	week	off).	Chemoradiation	was	given	 to	all	 study	patients	as	50.4	Gy	with	continuous	 infusion	5-FU
(250	mg/m2/day),	 and	prospective	 quality	 assurance	was	 performed.	The	primary	 end	points	 of	 the	 study	were
overall	survival	for	the	whole	cohort	and	for	pancreatic	head	cancers.	For	all	patients,	overall	survival	was	similar
in	the	gemcitabine	and	5-FU	arms	(18.5	versus	16.4	months,	P	=	.5).	In	patients	with	pancreatic	head	tumors	(86%
of	the	total	study	population),	those	receiving	gemcitabine	had	a	trend	toward	superior	survival	in	the	multivariate
analysis	(20.5	versus	17.1	months,	P	=	.08).	The	site	of	first	relapse	was	recorded	in	this	study	and	was	distant	in
roughly	70%	of	patients	and	 locoregional	 in	30%	(a	 low	 figure	 relative	 to	 the	 local	 recurrence	 rate	 reported	 in
ESPAC-1).	 Subsequent	 sites	 of	 recurrence	 were	 not	 reported.	 The	 RTOG	 9704	 study	 had	 several	 additional
informative	 findings.	 Patients	 treated	 at	 centers	 that	 did	 not	meet	 the	 quality	 assurance	 standards	 had	 inferior
outcomes.154	As	previously	described,	postoperative	CA19-9	was	 identified	as	an	 important	prognostic	variable
and	has	been	considered	in	planning	subsequent	adjuvant	trials.139	Finally,	the	inferior	outcomes	in	patients	with
PDA	of	the	left	side	of	the	pancreas	raises	questions	about	whether	this	group	should	be	included	in	adjuvant	trials
with	chemoradiation.

Recently,	 ESPAC-4	was	 reported,	 establishing	 a	 new	 standard	 of	 care	 at	many	 centers,	 in	 high-performing
patients.	A	total	of	732	patients	were	randomized	to	gemcitabine	(1,000	mg/m2)	weekly	for	3	out	of	4	weeks	(six
cycles)	versus	gemcitabine	plus	capecitabine	(1,660	mg/m2)	for	21	days	followed	by	1	week	of	rest	(six	cycles).
Overall	survival	was	improved	with	combination	therapy	(28.0	versus	25.5	months,	P	=	.032),	as	was	the	5-year
survival	 rate	 (30%	 versus	 20%).	 Toxicity	 was	 only	 minimally	 affected	 by	 the	 combination.	 In	 contrast	 to



capecitabine,	erlotinib	did	not	positively	affect	survival	in	combination	with	gemcitabine.155

Future	Questions	and	Ongoing	Adjuvant	Trials
Based	on	these	trials,	6	months	of	adjuvant	therapy	is	clearly	supported	as	the	standard	of	care	for	patients	with
resected	PDA.	Whether	adjuvant	chemoradiation	is	important	remains	an	unanswered	question	and	is	the	subject
of	an	ongoing	randomized	trial	in	the	United	States	(RTOG	0848,	NCT01013649).	The	study	compares	the	impact
of	chemotherapy	alone	(6	months)	to	chemotherapy	(6	months)	plus	chemoradiation.	Patients	in	the	radiation	arm
will	receive	28	fractions	of	1.8	Gy	(50.4	Gy	total,	either	3D	conformal	or	intensity-modulated	radiotherapy)	and
either	capecitabine	(825	mg/m2	twice	daily)	or	5-FU	(250	mg/m2/day	as	a	continuous	infusion	for	the	duration	of
radiation)	as	a	 radiosensitizer.	Unlike	 the	RTOG	9704	 trial,	chemoradiation	 is	administered	after	chemotherapy
has	been	completed.	The	trial	design	reflects	an	emerging	trend	in	many	centers	toward	deferring	chemoradiation
until	 after	 chemotherapy	 in	 order	 to	maximize	 systemic	 control	 early	 on	 and	 spare	 patients	who	 recur	 early	 at
distant	sites	the	cost	and	morbidity	of	radiation.	In	order	to	boost	accrual,	the	original	protocol	was	amended	in
2016	 to	 allow	 patients	 to	 receive	 the	 standard	 chemotherapy	 determined	 by	 providers,	 including	 multiagent
chemotherapy.	 Because	 radiotherapy	 that	 was	 not	 done	 per	 protocol	was	 associated	with	 significantly	 inferior
survival	in	RTOG	9704,	as	compared	to	patients	receiving	radiation	per	protocol	(1.46	years	versus	1.74	years,	P
<	 .0077),154	 RTOG	 0848	was	 designed	 to	 require	 rapid	 review	 of	 radiotherapy	 planning	 with	 suggestions	 for
correction	of	errors	prior	to	the	start	of	radiotherapy.	Criteria	for	review	were	developed	by	a	consensus	panel	of
pancreatic	cancer	radiotherapists.156

While	awaiting	the	results	of	RTOG	0848,	a	number	of	retrospective	analyses	from	large	national	data	bases
(SEER,	National	Cancer	Database	[NCDB])	have	attempted	to	shed	light	on	this	issue.	Using	the	NCDB,	Kantor
et	 al.157	 showed	 a	 statistically	 significant	 2.3-month	 improvement	 in	 median	 survival	 for	 adjuvant
chemoradiotherapy,	as	compared	to	chemotherapy	alone	among	10,214	patients	with	resected	IIB	(node-positive)
disease	(P	<	.01).	This	benefit	was	sustained	out	to	10	years	of	follow-up.157	These	findings	were	confirmed	using
the	same	database158	and	by	independent	investigators	using	SEER	data.159

As	discussed	in	detail	in	the	following	text,	two	regimens	(gemcitabine	plus	nab-paclitaxel	and	FOLFIRINOX
[5-FU,	 leucovorin,	 irinotecan,	 and	 oxaliplatin])	 were	 recently	 shown	 to	 be	 superior	 to	 gemcitabine	 in	 the
metastatic	 setting.160,161	 In	 light	 of	 these	 encouraging	 results,	 both	 regimens	 have	 been	 tested	 in	 the	 adjuvant
setting	(NCT01964430	and	NCT01526135,	respectively),	using	a	similar	control	arm	in	both	studies	(gemcitabine
monotherapy).	Results	from	these	trials	could	further	change	standard	of	care	and	are	expected	within	the	next	2
years.

Surveillance	Postresection
The	current	NCCN	guidelines	recommend	that	patient	follow-up	after	resection	should	include	visits	every	3	to	6
months	for	2	years	and	then	every	6	to	12	months.	Surveillance	CT	scans	of	the	abdomen	(and	chest,	although	not
specified	 in	 the	 guidelines)	 and	 serial	 tumor	markers	 (CA19-9	 at	minimum)	 should	 be	 assessed,	 along	with	 a
history	 and	 physical	 exam.	 These	 recommendations	 are	 not	 based	 on	 a	 proven	 benefit	 but	 rather	 expert
consensus.90	In	practice,	surveillance	patterns	range	widely	from	close	follow-up	with	CT	imaging	and	CA19-9
levels	every	3	months,	 to	no	routine	surveillance	at	all.162	Poor	outcomes	once	recurrence	has	been	established
(roughly	 6	 to	 12	months	 in	 the	 adjuvant	 trials	 discussed	 previously),	 and	 a	 lack	 of	 proven	 benefit	 for	 salvage
chemotherapy,	 argue	 against	 close	 surveillance.	 However,	 as	 the	 number	 of	 second-line	 agents	 with	 activity
against	 PDA	 increases,	 so	 will	 the	 opportunity	 to	 prolong	 survival	 with	 early	 detection	 of	 recurrence	 and
intervention.	Clearly,	 this	 seems	 to	be	happening.	 In	 the	most	 recent	 adjuvant	 trials,155,163	 relapse-free	survival
was	virtually	unchanged	from	prior	studies;	yet,	overall	survival	was	consistently	25	months	in	the	control	group
(gemcitabine	 alone).145	 The	 improved	 survival	 compared	 to	 historical	 experiences	 is	 therefore	 most	 likely
attributable	to	improved	palliative	regimens	received	for	recurrent	or	progressive	disease.	It	should	be	noted	that	a
rise	in	CA19-9	often	precedes	radiographic	evidence	of	recurrence	by	3	to	12	months.164	Consideration	for	early
intervention	remains	controversial.

There	are	indeed	a	few	reports	that	support	the	benefit	of	close	surveillance	and	early	intervention.	One	study,
presented	in	abstract	form,	described	139	patients	who	underwent	resection	for	PDA.165	All	patients	were	advised
to	have	CT	scan	and	CA19-9	surveillance	every	3	months	in	the	first	year,	every	6	months	in	the	second	year,	and
annually	 thereafter.	 The	 patients	 were	 retrospectively	 analyzed	 in	 three	 groups:	 those	 who	 followed	 the
recommendations,	those	who	underwent	surveillance	but	with	less	frequency	than	recommended,	and	those	who
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did	not	follow	up.	Survival	rates	in	the	three	groups	were	16.6,	15.7,	and	8.7	months,	respectively.	The	authors
concluded	 that	 close	 follow-up	 is	 advisable.	Clearly,	 this	 study	was	 susceptible	 to	 a	 selection	bias	 in	 the	 three
groups.

Selected	patients	may	benefit	 from	metastasectomy,	 although	 a	 proven	 strategy	 to	 identifying	 these	 patients
prospectively	has	not	been	demonstrated.	Pulmonary	metastases	 (as	compared	 to	 liver	or	peritoneal	metastases)
typically	occur	in	a	delayed	fashion	after	surgery,97	suggesting	that	the	biology	and	natural	history	of	patients	who
develop	isolated	pulmonary	metastases	may	represent	one	subgroup	where	resection	of	these	lesions	is	beneficial.
The	 Johns	 Hopkins	 group	 identified	 31	 patients	 with	 isolated	 lung	 metastases	 at	 a	 median	 of	 34	 months
postpancreatectomy.	A	total	of	9	had	the	lung	lesion	resected,	and	these	patients	survived	an	additional	19	months
(range	5	to	29	months)	after	the	intervention.166	Notably,	most	of	these	patients	nonetheless	recurred.

STAGE	III:	LOCALLY	ADVANCED	DISEASE
AJCC	Staging	versus	“Intent	of	Management	Based”	Staging
In	the	new	(eighth)	edition	of	AJCC	staging	for	pancreatic	adenocarcinoma,	stage	III	cancers	are	defined	as	(1)
cancers	with	four	or	more	regional	 lymph	node	metastases	(N2)	or	 (2)	 tumor	 involvement	of	 the	CA,	SMA,	or
CHA	(T4).87	Because	N2	disease	cannot	be	identified	preoperatively,	 this	section	focuses	on	the	evaluation	and
management	of	T4	(unresectable)	lesions.	A	representative	CT	scan	of	stage	III	PDA	is	provided	in	Figure	55.7.
These	presentations	account	for	about	30%	of	all	pancreatic	cancers	and	typically	have	a	median	survival	of	15
months	in	well-performing	patients	receiving	standard	treatment	(see	Table	55.2).	However,	 it	 is	problematic	to
lump	these	patients	into	a	single	group	with	regard	to	treatment	decisions	because	of	heterogeneous	biology	and
differences	in	other	relevant	clinical	factors.	Management	decisions	for	patients	with	locally	advanced	tumors	are
based	on	both	the	local	extent	of	involvement	of	the	celiac	artery	and/or	SMA	and	critical	primary	branches,	such
as	the	proper	hepatic	artery,	as	well	as	the	clinician’s	answer	to	the	following	questions:

1.	 What	therapeutic	goal	appears	to	be	most	rational	based	not	only	on	the	tumor	staging	but	also	on
performance	status,	weight	loss,	and	significant	comorbid	illnesses?	The	central	therapeutic	issue	is	“what
intent	of	treatment	is	clinically	(physiologically)	appropriate?”	Options	include	curative,	palliative	with
moderate	antineoplastic	intensity,	and	palliative	with	symptomatic	relief.

2.	 What	is	the	level	of	treatment	intensity	that	this	patient	would	be	able	to	accept	and	withstand
psychologically	and	emotionally	(in	addition	to	physiologically)?

3.	 What	are	the	support	structures	surrounding	this	patient,	and	do	they	match	the	expected	therapeutic
challenges?

Pragmatically,	 stage	 III	 clinical	 presentations	 have	 been	 divided	 into	 “borderline	 resectable”	 and	 “clearly
unresectable”	 (introduced	 in	 the	 section	 Assessing	 Resectability,	 under	 “Stages	 I	 and	 II:	 Localized	 Pancreatic
Ductal	 Adenocarcinoma”	 and	 in	 Table	 55.3).	 The	 major	 distinction	 relates	 to	 the	 probability	 of	 a	 safe	 and
complete	resection,	without	antecedent	chemotherapy	or	chemoradiotherapy.

Figure	55.7	Computed	tomography	scans	of	a	locally	advanced,	stage	III	pancreatic	ductal
adenocarcinoma	in	the	pancreatic	body.	Coronal	images.	A:	The	arterial	phase.	Visceral	arteries



named	are	left	gastric	artery	(LGA),	common	hepatic	artery	(CHA),	and	superior	mesenteric	artery
(SMA).	The	CHA	is	encased.	B:	The	venous	phase.	The	portal	splenic	confluence	is	completely

occluded.	PV,	portal	vein;	SMV,	superior	mesenteric	vein.

Basic	Management	Considerations
At	 presentation,	 the	 initial	 evaluation	 of	 patients	 with	 presumed	 pancreatic	 adenocarcinoma	 will	 be	 the	 same
whether	 the	patient	ultimately	 is	 demonstrated	 to	have	 resectable,	 borderline	 resectable,	 or	 locally	unresectable
disease.	This	component	of	management	has	been	addressed	previously	in	 the	chapter	(see	sections	“Pancreatic
Ductal	Adenocarcinoma:	Diagnosis”;	“Pancreatic	Ductal	Adenocarcinoma:	Staging”;	and	Assesing	Resectability
under	 “Stages	 I	 and	 II:	 Localized	 Pancreatic	 Ductal	 Adenocarcinoma”).	 For	 patients	 treated	 initially	 with
chemotherapy	and/or	chemoradiation,	several	additional	management	considerations	need	to	be	considered	(also
relevant	for	patients	with	resectable	disease	who	are	to	receive	neoadjuvant	treatment).	Patients	generally	require
histologic	 confirmation	 of	 a	 pancreatic	 cancer	 diagnosis	 prior	 to	 nonsurgical	 treatment.	 Additionally,	 when
present,	relief	of	biliary	and	duodenal	obstruction	is	necessary.	These	interventions	will	be	concurrent	with	other
basic	 assessments	 and	 required	 interventions,	 including	 nutritional	 optimization;	 correction	 of	 dehydration	 and
electrolyte	 abnormalities;	 pain	 management;	 and	 attention	 to	 anxiety,	 nausea,	 and	 depression.	 Exocrine
insufficiency	 due	 to	 obstruction	 of	 the	 main	 pancreatic	 duct	 requires	 oral	 enzyme	 supplementation.	 These
supportive	care	considerations	have	been	summarized	by	Wang-Gillam	et	al.167	It	is	important	to	emphasize	that
multidisciplinary	 teams	 with	 focused	 management	 experience	 for	 gastrointestinal	 malignancies	 of	 the	 upper
abdomen	 achieve	 the	 best	 results	 and	 include	 expertise	 in	 pathology,	 chemotherapeutics,	 radiotherapeutics,
surgical	management,	interventional	radiology,	and	endoscopy.168

Locally	and	Regionally	Unresectable	Disease

Impact	of	Prognostic	Factors	in	the	Management	of	Locally	Unresectable	Patients
Patients	with	locally	advanced,	or	stage	III,	PDA	have	an	average	overall	survival	between	7	and	15	months	in
large	prospective	trials	(Table	55.6).	Several	patient-specific	factors	have	been	adversely	associated	with	outcome
in	this	context	including	anemia,	poor	performance	status,	elevated	CA19-9,	and	elevated	Charlson	Comorbidity
Score.	 In	 addition,	 use	 and	 response	 to	 systemic	 chemotherapy	 as	 the	 initial	 treatment,	 prior	 to
chemoradiotherapy,	appears	to	favorably	predict	(and	possibly	impact)	survival.169–172

Evolution	of	Management	for	Local	Regional	Unresectable	Disease
The	 early,	 practice-defining,	 randomized	 experiences	 have	 been	 reviewed	 in	 many	 prior	 publications	 and
textbooks,173	and	key	ones	are	highlighted	in	Table	55.6.	It	is	important	to	remember	how	“dated”	some	studies
are	with	respect	to	patient	selection	and	evaluation,	chemotherapy	selection,	and	radiation	planning	and	delivery
(typically	delivered	as	two-dimensional,	nonconformal,	split-course,	low-dose	therapy	in	the	past).	Nevertheless,
these	papers	established	proof	of	principle	 for	 treatment	 feasibility	with	acceptable	 toxicity	and	 the	value	of	5-
FU–based	radiosensitization	in	this	context.

TABLE	55.6
Selected	Randomized	Locally	Advanced	Pancreatic	Ductal	Adenocarcinoma	Trials

Year Study	Name

Patient	Number Radiation	(Gy)

Chemotherapy

Median
Survival
(mo)

1980331 SWOG

33 60 MeC,	5-FU,	SMF 8.8

29 60 MeC,	5-FU,	Tes 6.9

1981332 GITSG

83 60 5-FU 9.4
86 40 5-FU 9.8
25 60 None 5.3

37 40 5-FU 8.3
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1985177 ECOG 34 None 5-FU 8.2

1985333 GITSG

73 60 5-FU 8.5

70 40 Doxorubicin 7.6

1988175 GITSG

22 54 5-FU,	SMF 9.7
21 None SMF 7.4

1994334 Mayo	Clinic

44 50-60 5-FU 7.8

43 50-60 H 7.8

2005335 ECOG

62 60 None 8.4

64 60 5-FU,	MMC 7.1

2008176 FFCD/SFRO

59 60 Gem 8.6

60 None Gem 13

2011178 ECOG

34 50 Gem 11.1
37 None Gem 9.2

2013192 SCALOP

38 50,	Gem Gem,	Cap 13.4
36 50,	Cap Gem,	Cap 15.2

2013336 TNFerade

187 50,	5-FU Gem-based,	TNF	gene 10.0

90 50,	5-FU Gem-based 10.0

2016179 LAP07

136 54 Cap 15.2

133 None Gem-based 16.5
Statistically	significant	findings	are	bolded	(P	<	.05).
SWOG,	 Southwest	 Oncology	 Group;	 MeC,	 methyl-CCNU;	 5-FU,	 5-fluorouracil;	 SMF,	 streptozotocin,	 mitomycin	 C,	 5-FU;	 Tes,
testolactone;	GITSG,	Gastrointestinal	 Tumor	Study	Group;	ECOG,	Eastern	Cooperative	Oncology	Group;	H,	 hycanthone;	MMC,
mitomycin	 C;	 FFCD,	 Fédération	 Francophone	 de	 Cancérologie	 Digestive;	 SFRO,	 Société	 Francophone	 de	 Radiothérapie
Oncologique;	Gem,	gemcitabine;	Cap,	capecitabine;	TNF,	tumor	necrosis	factor.

From	 the	mid-1990s	 through	 the	 first	 decade	 of	 the	 current	 century,	 there	 have	 been	 a	 series	 of	 important
lessons	 learned	 in	 the	management	of	 locally	advanced	pancreatic	cancer.	Key	randomized	 trials	highlighted	 in
this	section	are	summarized	 in	Table	55.6,	 and	 acceptable	 chemoradiation	 strategies	 integrating	 insights	 gained
from	these	and	other	studies	are	summarized	in	Table	55.7.
1.	There	 is	a	biologic	basis	for	needing	both	improved	local	control	and	improved	systemic	control	 to	optimize
results.

The	biologic	basis	for	considering	the	importance	of	improved	local	control	in	pancreatic	cancer	has	been	strongly
suggested	 by	 the	 autopsy	 studies	 by	 Iacobuzio-Donahue	 et	 al.,49	 previously	 described	 (see	 section	 Adjuvant
Therapy	under	“Stages	 I	 and	 II:	Localized	Pancreatic	Ductal	Adenocarcinoma”),	 and	validated	 in	patients	with
locally	advanced	disease.143	 Investigators	 observed	 that	 patients	with	 tumors	 having	 intact	 SMAD4	 expression
were	more	likely	to	have	locally	destructive	tumors	and	a	lower	burden	of	metastatic	disease	than	patients	with
tumors	 showing	SMAD4	 loss.	Also,	Oshima	 et	 al.174	 found	 that	 abnormal	 TP53	 expression	 (either	 absence	 or
nuclear	 accumulation)	 was	 associated	 with	 a	 locoregional	 recurrence	 pattern	 in	 patients	 with	 resected	 PDA,
whereas	CDKN2A	loss	was	associated	with	widespread	metastases.	Similar	to	an	aforementioned	study	by	Winter
et	al.,97	SMAD4	expression	was	not	associated	with	pattern	of	failure	in	this	patient	cohort	following	resection.174
2.	The	controversy	of	using	chemotherapy	alone	versus	chemoradiotherapy	needed	to	be	reframed	to	acknowledge
that	there	might	be	potential	roles	of	each.
There	 have	 been	 several	 randomized	 trials	 comparing	 chemotherapy	 to	 chemotherapy	 plus

chemoradiation,175–178	with	mixed	 results	 (each	appear	 in	Table	55.6).	An	older	Eastern	Cooperative	Oncology
Group	(ECOG)	study	published	in	1985	(with	the	aforementioned	limitations)	compared	weekly	5-FU	against	the
same	 chemotherapy	 treatment	 preceded	 by	 40	Gy	 radiation	 (combined	with	 5-FU)	 and	 found	 no	 difference	 in
survival.	 The	 multi-institution	 French	 Fédération	 Francophone	 de	 Cancérologie	 Digestive	 (FFCD)/Société
Francophone	de	Radiothérapie	Oncologique	(SFRO)	study	found	decreased	survival	in	patients	receiving	60	Gy
radiation,	 concomitantly	 with	 5-FU	 and	 cisplatin,	 and	 followed	 with	 maintenance	 gemcitabine,	 compared	 to
gemcitabine	alone	 (8.6	versus	13	months).	The	chemoradiation	regimen	used	 in	 this	 trial	has	been	criticized	as
being	particularly	toxic	(more	on	this	in	the	following	text).176	The	LAP07	trial	with	gemcitabine	or	gemcitabine
plus	 erlotinib	 for	 four	 cycles,	 followed	 by	 either	 chemoradiotherapy	 or	 additional	 chemotherapy	 (two	 cycles),
failed	to	show	any	difference	in	survival	between	the	two	arms.	This	is	 the	largest	clinical	trial	 in	patients	with
locally	 advanced	 PDA	 to	 date,	 and	 about	 one-third	 of	 patients	 had	 progressed	 by	 the	 time	 of	 the	 second



randomization.179	However,	a	GITSG	study	from	1988	comparing	5-FU	and	radiation	followed	by	streptozotocin,
mitomycin	C,	and	5-FU	chemotherapy	to	the	same	chemotherapy	alone	showed	an	improved	median	survival	(9.7
versus	7.4	months)	with	multimodality	therapy.175	Along	the	same	lines,	ECOG	4201	from	2011	suggested	that
locally	 advanced	 patients	 randomly	 assigned	 to	 receive	 chemoradiotherapy	with	 gemcitabine	 followed	 by	 five
cycles	of	gemcitabine	alone	did	better	than	patients	receiving	gemcitabine	without	radiotherapy	(11.1	versus	9.2
months,	P	=	.016).178	It	is	noted	that	this	trial	was	closed	with	only	71	patients	accrued	and	analyzed,	a	potential
criticism	of	the	results.

It	 should	 be	 remembered	 that	 for	many	 of	 these	 trials,	 patients	were	 not	 stratified	 by	 current	 definitions	 of
resectable,	 borderline	 resectable,	 or	 by	 pretreatment	 CA19-9	 levels.	 In	 addition,	 gemcitabine	 and	 gemcitabine
doublets	 have	 more	 antineoplastic	 impact	 in	 the	 nonadjuvant	 setting	 than	 5-FU.152	 Finally,	 radiotherapy
techniques	have	evolved	considerably,	offering	potential	for	reduced	toxicity	and	enhanced	therapeutic	benefit.

Other	 nonrandomized	 studies	 suggesting	 benefit	 to	 using	 a	 combination	 of	 modalities,	 rather	 than	 one
modality,	 include	 the	Massachusetts	 General	 Hospital	 experience	 (improved	 survival	 with	 chemotherapy	 plus
chemoradiation	 versus	 chemoradiation	 alone;	 hazard	 ratio,	 0.46;	 P	 <	 .001)169	 and	 a	 German	 study	 in	 which
treatment	 decisions	 were	 assigned	 from	 tumor	 board	 discussions	 (chemoradiotherapy	 plus	 chemoradiation,
median	 survival	 13.0	months	 versus	 8.0	months	without	 additional	 chemotherapy).180	 On	 further	 analysis,	 the
authors	could	not	find	prognostic	factor	variation	between	the	two	groups	to	explain	this	difference.
3.	As	gemcitabine	has	become	a	backbone	drug	to	treat	PDA,	there	have	been	new	insights	into	how	to	also	use
gemcitabine	safely	as	a	radiosensitizer.
Gemcitabine	has	been	found	to	be	marginally	superior	to	5-FU	in	the	metastatic	setting.152	The	drug	also	has

marginal	efficacy	as	a	single-agent	adjuvant	therapy	after	resection	for	PDA	in	many	patients.145	There	 is	some
suggestion	that	it	may	be	better	than	5-FU	in	the	adjuvant	setting,	when	chemoradiation	is	included,151	although
there	is	no	such	trend	in	a	European	trial	comparing	these	agents	without	chemoradiation.147,151	Thus,	 there	has
been	 interest	 in	exploring	gemcitabine	as	a	 radiation	 sensitizer;	 indeed,	 the	drug	 is	potent	 in	 this	 role	based	on
preclinical	 and	 clinical	 data.181	 Investigators	 from	MD	Anderson	 Cancer	 Center,	 University	 of	Michigan,	 and
other	sites	explored	the	use	of	gemcitabine	with	radiotherapy	in	various	contexts,	with	the	following	observations:
Radiotherapy	 fields	 designed	 to	 cover	 gross	 tumor	 and	 at-risk	 nodal	 basins	 cannot	 safely	 be	 targeted	 with
concurrent	gemcitabine	unless	the	gemcitabine	dose	is	reduced	from	the	chemotherapy-only	level	of	1,000	mg/m2

to	 300	 to	 600	mg/m2.	Additionally,	 the	 daily	 fraction	 size	 should	 not	 exceed	 1.8	Gy	when	 targeting	 expanded
fields	with	draining	lymph	nodes.	If	the	desire	is	to	administer	full-dose	gemcitabine	(1,000	mg/m2)	weekly	with
higher	radiation	doses	(e.g.,	2.4	Gy	fractions),	 then	radiotherapy	must	be	 limited	to	gross	 tumor	only	with	 tight
margins,	and	special	attention	must	be	given	toward	inadvertent	targeting	organs	such	as	the	duodenum,	stomach,
and	 small	 bowel.	 Subsequent	 studies	 have	 demonstrated	 that	 respecting	 these	 guidelines	 allows	 for	 acceptable
toxicity,	especially	when	combined	with	appropriate	supportive	care	measures,	treatment	planning	that	accounts
for	 target	 and	 organ	 movement	 with	 respiration,	 and	 intensity-modulated	 planning	 and	 delivery	 aimed	 at
minimizing	doses	to	sensitive	critical	organs.181–185

TABLE	55.7
Recommended	Radiation	Treatment	Volumes	in	Commonly	Used	Chemoradiation	Regimens
for	Localized	Pancreatic	Cancer

Chemotherapy
Choice

Chemotherapy	Dose
and	Schedule

Radiation	Dose	and
Schedule

No	Arterial
Involvement	or
Abutment	with	Likely
Resectability	(T3	or
T4)

Extensive	Arterial
Involvement	with
Uncertain	Resectability	or
Arterial
Encasement/Unresectable
(T4)

Gemcitabine

400–500	mg/m2

weekly

50.4	Gy	over	5.5	wk
(good	PS)	or	30	Gy
over	2	wk	(poor	PS) GTV	only GTV	only

1	gm/m2	weekly 36	Gy	over	3	wk GTV	only GTV	only

40	mg/m2	twice	weekly 50.4	Gy	over	5.5	wk GTV	+	ENI GTV	only

800–825	mg/m2	b.i.d.
50.4	Gy	over	5.5	wk
(good	PS)	or	30	Gy
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Capecitabine on	days	of	radiation over	2	wk	(poor	PS) GTV	+	ENI GTV	only

PVI	5-FU

225	mg/m2	daily	or
300	mg/m2	on	days	of
radiation

50.4	Gy	over	5.5	wk
(good	PS)	or	30	Gy
over	2	wk	(poor	PS) GTV	+	ENI GTV	only

PS,	 performance	 status;	 GTV,	 gross	 tumor	 volume;	 ENI,	 elective	 nodal	 irradiation;	 b.i.d.,	 twice	 a	 day;	 PVI,	 protracted	 venous
infusion;	5-FU,	5-fluorouracil.

The	work	of	Ben	Josef	et	al.182	at	the	University	of	Michigan	validates	this	approach.	Investigators	conducted	a
phase	I/II	dose	escalating	study	of	radiotherapy	dose	over	25	fractions	(totaling	50	to	60	Gy)	in	50	patients,	all
deemed	to	have	locally	advanced	PDA	(not	borderline	resectable).	The	maximal	tolerated	dose	was	55	Gy	(2.2	Gy
per	fraction)	in	combination	with	fixed	dose	rate	gemcitabine	(1,000	mg/m2).	Patients	had	a	median	survival	of
14.8	months,	and	24%	(12	of	50	patients,	a	very	high	rate	compared	to	previous	studies143,176,186,187)	underwent
resection	(10	R0	and	2	R1).	Among	resected	patients,	the	median	survival	was	32	months.	A	meta-analysis	of	three
randomized	 trials	 and	 one	 comparative	 retrospective	 study	 (including	 229	 patients)	 revealed	 a	 small	 but
significant	survival	advantage	with	gemcitabine-based	chemoradiation	(at	12	months;	hazard	ratio,	1.5;	P	=	.03),
over	5-FU–based	treatment,	although	toxicity	was	higher.188
4.	Technologic	advances	combined	with	greater	understanding	of	the	mechanisms	and	impact	of	acute	radiation
toxicity	have	improved	the	safety	profile	of	treatment.
Excessive	acute	toxicity	quickly	results	when	the	radiation	fractional	dose	increases,	the	total	dose	increases,

the	 field	 sizes	 are	 too	 large	 for	 the	 degree	 of	 drug	 sensitization	 or	 intensity,	 or	 radiation	 is	 delivered	without
careful	consideration	of	 limiting	dose	volume	 to	 the	 stomach,	duodenum,	small	bowel,	or	other	critical	organs.
There	is	increasing	consensus	that	such	toxicity	can	be	associated	with	symptoms,	increased	costs,	and	decreased
survival.176,185
5.	Capecitabine	is	an	appealing	alternative	to	5-FU	or	gemcitabine	as	a	radiosensitizer.

Capecitabine	 is	 a	prodrug	of	5-FU	with	near-complete	oral	bioavailability.	 It	 is	 converted	 to	 its	 active	 form
through	a	three-step	process,	with	the	last	step	occurring	more	reliably	within	tumor	cells	 than	in	nonmalignant
cells	due	to	higher	 thymidine	phosphorylase	levels.	Thus,	systemic	levels	of	active	5-FU	are	actually	decreased
with	 capecitabine,	 theoretically	widening	 the	 therapeutic	window	of	 the	 drug.	Aside	 from	hand-foot	 syndrome
associated	with	capecitabine,	clinical	trials	reproducibly	demonstrate	an	improved	safety	profile.	The	efficacy	of
capecitabine	 is	 comparable	 to	 5-FU,	 at	 least	 in	 studies	 of	 other	 cancer	 types	 that	 directly	 compare	 them.189
Importantly,	oral	dosing	obviates	the	need	for	semipermanent	venous	access	and	the	attendant	risks	of	thrombosis
and	infection.	Nonrandomized	data	demonstrate	that	capecitabine	(typically	administered	at	a	daily	dose	of	around
1,600	 mg/m2)	 has	 comparable	 efficacy	 to	 continuous	 infusion	 5-FU,	 and	 an	 improved	 toxicity	 profile,	 as	 a
radiosensitizer	 in	 patients	 with	 locally	 advanced	 PDA	 receiving	 intensity-modulated	 radiation	 therapy.190,191
Finally,	the	recently	published	SCALOP	I	randomized	trial	in	patients	with	locally	advanced	PDA	has	suggested
mildly	 increased	 efficacy	 (overall	 survival,	 15.2	 versus	 13.4	 months;	 P	 =	 .01)	 and	 decreased	 toxicity	 of
capecitabine	with	 irradiation,	 as	 compared	 to	 gemcitabine.	 In	 this	 study,	 sensitized	 radiation	was	 administered
after	 four	 cycles	 of	 gemcitabine	 and	 capecitabine	 chemotherapy	 (randomization	 was	 performed	 after	 three
cycles).192	Note	 that	 the	chemosensitizing	dose	of	gemcitabine	(300	mg/m2)	was	 lower	 than	 the	 fixed	dose	 rate
levels	successfully	used	in	the	aforementioned	Ben	Josef	et	al.182	study.
6.	Induction	chemotherapy	prior	to	chemoradiation	has	advantages.

Chemotherapy,	chemoradiation,	or	both	have	been	studied	and	are	acceptable	approaches	for	locally	advanced
PDA.	There	are	no	level	1	data	conclusively	supporting	one	approach	over	 the	other.	Several	studies,	however,
provide	a	meaningful	rationale	for	beginning	with	induction	chemotherapy.	Roughly	two-thirds	of	patients	with
locally	advanced	PDA	develop	systemic	metastases	during	treatment.	Some	of	these	individuals	are	less	likely	to
benefit	from	radiation,	and	the	costs	and	side	effects	of	local	radiation	therapy	may	be	avoided.193	Ad	hoc	analysis
of	a	prospective,	nonrandomized	study	Groupe	Coopérateur	Multidisciplinaire	en	Oncologie	[GERCOR]	revealed
that	patients	with	locally	advanced	PDA	who	received	consolidation	chemoradiation	after	induction	chemotherapy
had	improved	survival,	as	compared	to	those	who	had	chemotherapy	alone	(15.0	versus	11.7	months,	P	<	.001).193
This	has	been	validated	by	other	retrospective	data.194	The	SCALOP	trial,	as	previously	described,	showed	that
sequenced	 chemoradiation	 after	 chemotherapy	 achieves	 very	 good	 results	 with	 locally	 advanced	 PDA.192	 The
GERCOR	 LAP07,	 described	 in	 point	 2,	 warrants	 additional	 mention	 here,	 as	 no	 benefit	 was	 observed	 with
chemoradiation	(50.4	Gy	plus	capecitabine)	after	chemotherapy	(gemcitabine	plus	erlotinib	or	gemcitabine	alone),
as	compared	to	additional	chemotherapy	(n	=	269;	overall	survival,	15.2	versus	16.4	months;	P	=	0.8).179	Given
that	patients	are	often	unable	to	tolerate	additional	chemotherapy,	this	study	provides	validation	that	consolidation



chemoradiation	with	an	additional	month	of	capecitabine	as	a	radiosensitizer	is	an	acceptable	option.
Along	 these	 lines,	 certain	 multidrug	 combinations	 with	 higher	 response	 rates	 for	 advanced	 PDA	 than

gemcitabine	monotherapy	 (see	“Stage	 IV:	Metastatic	Disease”	 section)	 are	also	promising	 regimens	 for	 locally
advanced	PDA.	FOLFIRINOX	has	a	response	rate	of	27%	in	the	locally	advanced	setting,195	which	rivals	the	best
results	with	multimodality	 therapy.182,192	 Planned	 and	 ongoing	 trials	with	 FOLFIRINOX,	 as	well	 as	with	 nab-
paclitaxel	plus	gemcitabine	(with	or	without	radiation),	will	help	establish	the	role	of	these	treatments	for	locally
advanced	PDA.

Management	of	Borderline	Resectable	Patients
Current	 NCCN	 guidelines	 for	 borderline	 resectable	 patients	 favor	 neoadjuvant	 therapy	 over	 directly	 going	 to
surgery	while	 acknowledging	 the	 validity	 of	 both	 approaches	 and	 the	 absence	 of	 phase	 III	 data	 to	 definitively
answer	the	issue.196	A	meta-analysis	of	182	patients	 from	10	prospective	 trials	of	borderline	 resectable	patients
included	 7	 studies	 reporting	 on	 the	 impact	 of	 chemoradiation	 (with	 or	 without	 chemotherapy)	 and	 3	 on
chemotherapy	alone.197	At	restaging	following	neoadjuvant	therapy,	16%	of	patients	responded	to	treatment,	69%
had	 stable	 disease,	 and	 19%	 showed	 progression.	 The	 median	 survival	 for	 the	 cohort	 was	 22.0	 months,	 and
treatment-related	grade	3	 to	4	 toxicity	was	observed	 in	32%	of	patients.	Surgical	exploration	was	performed	 in
69%	of	patients,	and	80%	of	surgically	explored	patients	were	resected.	Moreover,	83%	of	resected	specimens	had
microscopically	negative	 resection	margins.	Among	 resected	patients,	61%	were	alive	at	1	year	 and	44%	were
alive	at	2	years.	The	median	survival	in	this	highly	selected	and	favorable	group	was	22.0	months.

Although	the	survival	of	patients	with	borderline	PDA	after	neoadjuvant	treatment	and	resection	is	comparable
to	patients	with	resectable	PDA,27	 these	data	should	be	interpreted	with	a	few	points	of	caution.	First,	the	study
was	underpowered	and	not	designed	to	determine	the	best	neoadjuvant	regimen;	thus,	treatment	choice	is	largely
dependent	 on	 institutional	 preferences.	 Second,	 resected	 patients	 represent	 56%	 of	 the	 total	 cohort	 and	 are
enriched	for	patients	with	tumors	that	have	favorable	biology.	In	these	nonrandomized	studies,	it	is	possible	that
intrinsic	 biologic	 factors	 were	 more	 important	 determinants	 of	 survival	 than	 neoadjuvant	 treatment.	 Notably,
nonresected	patients	with	borderline	PDA	have	a	survival	around	1	year,	which	is	similar	to	patients	with	locally
advanced	disease.198	Finally,	roughly	40%	of	patients	with	potentially	resectable	tumors	do	not	undergo	resection
when	a	neoadjuvant	approach	is	used.	Whether	“unresected”	patients	suffered	a	missed	opportunity	for	resection
(and	therefore	for	long-term	survival)	or	were	spared	ineffective	surgery	is	unknown.	Most	likely,	the	answer	lies
somewhere	in	the	middle.

EMERGING	ROLE	OF	STEREOTACTIC	BODY	RADIOTHERAPY
Stereotactic	 body	 radiotherapy	 (SBRT)	 is	 hypofractionated	 (one	 to	 five	 fractions)	 radiotherapy	 given	 with
individual	fraction	sizes	larger	than	the	standard	1.8	to	2.0	Gy	(180	cGy	to	200	cGy).	Individual	fraction	sizes	for
SBRT	vary	according	to	the	total	number	of	fractions	planned	(which	is	typically	one,	three,	or	five)	and	the	dose-
limiting	tolerance	of	adjacent	normal	organs.	For	pancreatic	SBRT,	the	dose-limiting	structure	of	periampullary
tumors	 is	 typically	 the	duodenum.	For	 tumors	of	 the	neck	 region,	 the	dose-limiting	structure	may	be	either	 the
stomach	or	the	third	or	fourth	portion	of	the	duodenum,	depending	on	the	specific	individual	anatomy.	Outside	of
the	pancreatic	context,	five-fraction	SBRT	is	given	in	doses	that	do	not	exceed	50	Gy	in	the	aggregate.	Single-
fraction	courses	are	usually	in	the	dose	range	of	20	to	25	Gy.	To	be	safe,	these	large-dose	fractions	are	given	with
extra	attention	to	immobilization,	controlling	for	respiratory	movement,	image	guidance,	and	dose	shaping	around
critical	structures.	Because	the	risk	of	severe	or	lethal	normal	organ	damage	is	substantial	in	the	absence	of	proper
attention	 to	 relevant	 considerations,	 image	 guidance	 is	 an	 essential	 component	 of	 this	 management	 and	 often
requires	 the	 placement	 of	 radiopaque	 fiducial	marks	 prior	 to	 treatment	 planning	 and	 delivery.	 In	 addition,	 the
largest	tumor	size	that	can	be	safely	managed	is	in	the	range	of	about	4	cm	in	greatest	diameter.	This	approach	has
been	applied	with	and	without	chemotherapy	 in	a	variety	of	pancreatic	contexts,	 including	 locally	unresectable,
borderline	 resectable,	 locally	 recurrent,	 and	 as	 an	 adjuvant	 management	 boost	 after	 conventional
radiotherapy.199–201	These	studies	demonstrated	feasibility	and	acceptable	toxicity	in	experienced	hands,	although
the	exact	role	of	this	modality	remains	to	be	defined.	Excellent	reviews	of	SBRT	in	the	management	of	pancreatic
cancer	and	of	the	relevant	normal	organ	considerations	have	been	published.202,203
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STAGE	IV:	METASTATIC	DISEASE
Approximately	50%	of	patients	with	PDA	will	be	diagnosed	with	distant	metastatic	(stage	IV)	disease	at	the	time
of	presentation.204	Prognosis	is	dismal,	with	a	median	overall	survival	<8	months	and	an	estimated	2-year	survival
of	 only	 2%,205,206	 although	 the	 number	 of	 long-term	 survival	 rates	 is	 increasing	 slightly	 with	 newer	 first-line
regimens.207	 In	 fact,	 the	availability	of	multiple	active	 regimens	can	yield	8	months	or	more	of	disease	control
when	totaled	over	a	patient’s	disease	course.208,209	Although	these	agents	are	all	older,	nontargeted,	and	cytotoxic
chemotherapy,	this	realization	should	be	regarded	as	a	significant	advancement.

Gemcitabine	as	a	Gold	Standard	Therapy	for	Metastatic	Pancreatic
Adenocarcinoma
5-FU	was	 the	principal	 treatment	option	 for	metastatic	 pancreatic	 cancer	 through	 the	1990s,	 although	 response
rates	were	under	20%	and	median	survival	was	just	6	months.210	Other	agents	or	combinations	of	drugs	failed	to
show	any	improvement	over	5-FU	monotherapy	until	a	landmark	study	in	1997	by	Burris	et	al.,152	demonstrating
the	 superiority	 of	 gemcitabine	 for	 advanced	 PDA.	 Since	 that	 study,	 gemcitabine	 has	 become	 the	 single	 most
important	pancreatic	cancer	therapy	and	the	standard	treatment	arm	in	at	least	24	phase	III	studies	(Table	55.8).

Gemcitabine	(difluorodeoxycytidine,	dFdC)	is	a	nucleoside	analog	of	deoxycytidine,	and	it	is	administered	as	a
prodrug.	 Upon	 entry	 into	 the	 cell,	 gemcitabine	 is	 phosphorylated	 by	 deoxycytidine	 kinase	 DCK	 to	 a
monophosphate	 form	 (dFdCMP).	 Similar	 to	 the	 association	 between	 thymidine	 phosphorylase	 and	 the	 prodrug
capecitabine,	elevated	DCK	levels	in	tumor	cells	(compared	to	normal	tissues)211	enhance	the	therapeutic	window
of	gemcitabine.	dFdCMP	is	 then	phosphorylated	 into	active	diphosphate	 (dFdCDP)	and	 triphosphate	 (dFdCTP)
forms.	 The	 active	 metabolites	 incorporate	 into	 DNA	 and	 inhibit	 chain	 elongation.	 Moreover,	 they	 deplete
nucleotide	pools	by	competitively	inhibiting	ribonucleotide	reductase.212

In	the	1997	Burris	et	al.152	trial,	126	patients	with	advanced	pancreas	cancer	were	randomized	to	either	of	two
arms:	(1)	gemcitabine	1,000	mg/m2	weekly	for	7	weeks	followed	by	1	week	of	rest,	then	weekly	×	3	doses	every	4
weeks	 thereafter,	 or	 (2)	 bolus	 5-FU	 600	 mg/m2	 once	 per	 week.152	 Patients	 primarily	 had	 metastatic	 disease,
although	26%	had	locally	advanced	disease.	Treatment	in	both	arms	was	generally	well	tolerated.	Grade	3	and	4
hematologic	 toxicities	 were	 higher	 with	 gemcitabine,	 including	 neutropenia	 (25.9%	 versus	 4.9%),
thrombocytopenia	(9.7%	versus	0%),	and	anemia	(9.7%	versus	0%).	Grade	3	and	4	nausea	was	also	more	frequent
in	the	gemcitabine	arm	(9.5%	versus	4.8%).	Clinical	benefit,	based	on	pain	score,	performance	status,	and	weight,
was	 noted	 in	 23.8%	 of	 patients	 in	 the	 gemcitabine	 arm	 versus	 only	 4.8%	 in	 the	 5-FU	 arm	 (P	 =	 .0022).	 The
survival	advantage	with	gemcitabine	was	just	over	5	weeks,	with	median	overall	survival	rates	of	5.65	and	4.41
months,	respectively	(P	=	.0025).	Survival	at	12	months	was	18%	in	the	gemcitabine	arm	versus	2%	in	the	5-FU
arm.	Partial	tumor	responses	were	observed	in	5%	of	patients	in	the	gemcitabine	group	and	stable	disease	in	39%.
In	 contrast,	 no	partial	 tumor	 responses	were	observed	with	5-FU,	 and	only	19%	of	patients	 experienced	 stable
disease.	As	a	result,	gemcitabine	was	approved	by	the	FDA	in	1997	for	first-line	treatment	for	locally	advanced
unresectable	or	metastatic	pancreas	cancer.

Two	studies	have	focused	on	modifying	the	dosing	and	infusion	rates	of	gemcitabine	in	order	to	increase	the
concentration	 of	 intracellular,	 activated	 gemcitabine.	 Tempero	 et	 al.213	 compared	 two	 different	 dose-intense
regimens	 (compared	 to	 the	 Burris	 regimen)	 in	 a	 randomized	 phase	 II	 study.	 A	 total	 of	 92	 patients	 were
randomized	to	either	standard	30-minute	infusion	at	a	dose	of	2,200	mg/m2	versus	1,500	mg/m2	over	150	minutes
at	a	fixed	dose	rate	of	10	mg/m2/min.213	All	patients	had	locally	advanced	(8%)	or	metastatic	pancreatic	cancer
(92%).	 Although	 there	 was	 no	 difference	 in	 the	 primary	 end	 point	 (time	 to	 treatment	 failure),	 patients	 in	 the
standard	 arm	had	 a	median	overall	 survival	 of	 5.0	months,	whereas	 those	 in	 the	 fixed	dose	 rate	 had	 a	median
survival	 of	 8.0	 months	 (P	 =	 .013).	 Pharmacokinetic	 analyses	 showed	 a	 twofold	 increase	 in	 the	 intracellular
(peripheral	mononuclear	cells)	concentration	of	gemcitabine	triphosphate	with	fixed	dose	rate	gemcitabine,	even
though	the	total	dose	given	was	30%	less.	Consistent	with	these	data,	grade	3	to	4	hematologic	toxicity	was	also
greater	with	fixed	dose	rate	gemcitabine.	Subsequently,	the	ECOG	conducted	a	three-arm	phase	III	study	(E6201)
comparing	 gemcitabine	 (1,000	mg/m2)	 plus	 oxaliplatin	 (100	 mg/m2)	 every	 2	 weeks	 versus	 weekly	 30-minute
infusion	gemcitabine	(1,000	mg/m2)	versus	weekly	fixed	dose	rate	gemcitabine	(1,500	mg/m2	as	above).214	A	total
of	 832	patients	were	 enrolled.	The	 study	 confirmed	 an	 increase	 in	 overall	 survival	 for	 the	 fixed	dose	 rate	 arm
compared	 to	 the	 30-minute	 infusion	 gemcitabine	 arm	 (6.2	months	 versus	 4.9	months,	P	 =	 .04).	 However,	 the
overall	 survival	 benefit	 actually	 did	 not	 meet	 the	 prespecified	 criteria	 for	 significance	 (a	 33%	 decrease	 in



survival).	In	addition,	patients	experienced	greater	toxicities	with	grade	3/4	neutropenia	and	thrombocytopenia	in
the	 fixed	 dose	 rate	 gemcitabine	 arm,	 consistent	 with	 the	 earlier	 phase	 II	 trial.	 Of	 note,	 there	 was	 no	 survival
advantage	 with	 the	 combination	 of	 gemcitabine	 and	 oxaliplatin.	 Based	 on	 these	 data,	 fixed	 dose	 rate	 of
gemcitabine	can	be	considered	a	reasonable	alternative	to	the	standard	30-minute	gemcitabine	infusion,	albeit	with
greater	toxicity.

TABLE	55.8
Phase	III	Studies	of	Gemcitabine	1	Drug	“X,”	Compared	to	Gemcitabine

Author
Year N

Drug	“X”
Gemcitabine	OS

(months)
Combination
OS	(months)

P	Value

Colucci	et	al.217 2002 107 Cisplatin 5.0 7.5 .43

Berlin	et	al.216 2002 327 5-FU 5.4 6.7 .09

Bramhall	et	al.225 2002 239 Marimastat 5.8 5.98 .95

Rocha	Lima	et	al.222 2004 360 Irinotecan 6.6 6.3 .79

Richards	et	al.337 2004 565 Pemetrexed 6.3 6.2 .85

Van	Cutsem	et	al.229 2004 688 Tipifarnib 6.5 6.9 .75

Louvet	et	al.221 2005 300 Oxaliplatin 7.1 9.0 .13

Herrmann	et	al.220 2005 319 Capecitabine 7.3 8.4 .31

Heinemann	et	al.219 2006 192 Cisplatin 6.0 7.5 .15

Stathopoulos	et	al.223 2006 130 Irinotecan 6.5 6.4 .97

Abou-Alfa	et	al.215 2006 349 Exatecan 6.2 6.7 .52

Moore	et	al.239 2007 569 Erlotinib 6.2 5.9 .04

Poplin	et	al.214 2009 574 Oxaliplatin 4.9 5.7 .10

Cunningham	et	al.218 2009 533 Capecitabine 6.2 7.1 .08

Philip	et	al.228 2010 745 Cetuximab 5.9 6.3 .23

Kindler	et	al.227 2010 602 Bevacizumab 5.9 5.8 .95

Kindler	et	al.226 2011 632 Axitinib 8.3 8.5 .54

Conroy	et	al.160 2011 342 FOLFIRINOXa 6.8 11.1 <.001

Goncalves338 2012 104 Sorafenib 9.2 8.0 .23

Von	Hoff	et	al.161 2013 861 Nab-paclitaxel 6.7 8.5 <.001

Ioka	et	al.236 2015 114 Axitinib 9.9 7.4 NS

Yamaue	et	al.230 2015 153 Elpamotide 8.5 8.4 .9

Deplanque	et	al.232 2015 353 Masitinib 7.1 7.7 NS

O’Neil	et	al.231 2015 160 Rigosertib 6.4 6.1 NS

Lee	et	al.339 2017 214 Capecitabine 7.5 10.3 .06

Okusaka	et	al.224 2017 834 S-1 8.8 9.9 NS
Statistically	significant	findings	are	bolded	(P	<	.05).
aThe	experimental	arm	was	FOLFIRINOX	alone;	all	other	experimental	arms	listed	in	this	table	 include	drugs	in	combination	with
gemcitabine.
OS,	overall	survival;	5-FU,	5-fluorouracil;	FOLFIRINOX,	5-FU,	leucovorin,	irinotecan,	oxaliplatin;	NS,	not	significant.

Fifteen	Years	of	Failed	Attempts	to	Move	Beyond	Gemcitabine	Monotherapy
In	 addition	 to	 oxaliplatin,	 there	 have	 been	 numerous	 attempts	 over	 the	 past	 decade	 to	 augment	 the	 therapeutic
benefit	of	gemcitabine	in	patients	with	advanced	disease,	using	additional	therapeutic	agents	in	combination	with
gemcitabine	(see	Table	55.8).	Conventional	cytotoxic	agents	that	have	been	tested	include	cisplatin,	oxaliplatin,	5-
FU,	S-1,	capecitabine,	irinotecan,	and	exatecan.	Despite	promising	phase	II	data,	the	aforementioned	doublets	all
failed	to	show	any	benefit	over	gemcitabine	monotherapy.214–224	In	addition,	novel	targeted	or	biologic	therapies
have	been	tested	in	combination	with	gemcitabine,	including	marimastat	(metalloproteinase	inhibitor),	 tipifarnib
(a	farnesyltransferase	inhibitor,	targeting	KRAS	signaling),	cetuximab	(epidermal	growth	factor	receptor	[EGFR]
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inhibitor),	 bevacizumab	 (angiogenesis	 inhibitor),	 axitinib	 (multitarget	 tyrosine	 kinase	 inhibitor),	 elpamotide
(angiogenesis	inhibitor),	masitinib	(tyrosine	kinase	inhibitor),	and	rigosertib	(a	RAS	inhibitor).225–232	In	general,
the	addition	of	these	agents	to	gemcitabine	failed	to	markedly	change	overall	survival,	although	it	is	notable	that
many	of	the	early	trial	failed	to	control	for	performance	status.

A	 few	 of	 the	 biologic	 agents	 warrant	 special	 mention.	 EGFR	 is	 expressed	 in	 60%	 of	 PDAs,233	 and
amplification	or	high	polysomy	at	 the	EGFR	locus	 is	 identified	 in	half	of	PDA	patients.234	Moreover,	targeting
EGFR	is	effective	 in	certain	nonpancreatic	cancers	 (e.g.,	 lung,	colorectal,	head	and	neck).	Therefore,	 there	 is	a
strong	 therapeutic	 rationale	 for	 targeting	EGFR	 in	 the	 treatment	 of	PDA.	Cetuximab	 is	 a	monoclonal	 antibody
with	affinity	for	EGFR,	which	was	tested	in	a	small	phase	II	study	in	patients	with	advanced	pancreatic	cancer	as
a	 combination	 therapy	with	 gemcitabine.235	 In	 the	 41	 patients	with	 EGFR-positive	 tumors,	 the	median	 overall
survival	was	7.1	months	with	a	1-year	overall	survival	of	31.7%,	suggesting	a	potential	benefit	when	compared	to
historical	controls.152	However,	in	the	large228	and	definitive	phase	III	trial	conducted	by	the	Southwest	Oncology
Group	 (SWOG	 S0205),	 this	 combination	 failed	 to	 improve	 the	 outcome	 of	 patients	 when	 compared	 to
gemcitabine	alone.	A	total	of	745	patients	were	accrued,	with	median	survival	rates	of	6.3	(combination)	and	5.9
months,	respectively	(P	=	.23).	Objective	response	rates	and	progression-free	survival	were	also	similar	between
the	two	groups.

Angiogenesis	 has	 proven	 to	 be	 a	worthy	 target	 in	 the	 solid	 tumor	 arena,	 and	 prior	 successes	 served	 as	 the
impetus	 for	 the	Cancer	 and	Leukemia	Group	B	 (CALGB	80303)	double-blind,	placebo-controlled,	 randomized
phase	 III	 trial	comparing	gemcitabine	plus	bevacizumab	versus	gemcitabine	alone.227	A	 total	of	602	 treatment-
naïve	 patients	with	 advanced	 pancreatic	 cancer	were	 accrued.	 The	median	 overall	 survival	 rates	 were	 5.8	 and
5.9	months,	respectively	(P	=	.95).	Again,	response	rates	and	progression-free	survival	were	similar.	Axitinib	is
another	antiangiogenic	factor	and	a	potent	inhibitor	of	vascular	endothelial	growth	factor	receptors	(VERGFR)1,
2,	 and	 3.	A	 randomized	 phase	 II	 trial	with	 103	patients	 demonstrated	 a	 nonsignificant	 improvement	 in	 overall
survival;	this	prompted	a	larger	phase	III	trial	comparing	gemcitabine	1,000	mg/m2	on	days	1,	8,	and	15	every	28
days	plus	axitinib	5	 to	10	mg	orally	daily	or	gemcitabine	plus	placebo.226	There	were	632	patients	 in	 the	 trial,
which	 closed	 at	 an	 interim	 analysis	 when	 the	 futility	 boundary	was	 crossed.	Median	 overall	 survival	 was	 8.5
months	in	the	gemcitabine/axitinib	arm	and	8.3	months	in	the	gemcitabine/placebo	arm.	A	second	and	more	recent
study	confirmed	a	lack	of	benefit.236

Two	 meta-analyses	 examined	 the	 numerous	 randomized	 controlled	 clinical	 trials	 of	 gemcitabine-based
combination	therapy	in	aggregate.	These	studies	included	more	than	8,000	patients	enrolled	in	over	25	trials.237,238
Despite	the	fact	that	virtually	all	of	these	studies	were	negative	independently,	both	meta-analyses	found	a	small
survival	benefit	(OR	>0.9	with	P	<	.05)	with	combination	therapy,	although	toxicity	was	higher.	Although	these
findings	 do	 not	 justify	 routine	 use	 of	 the	 examined	 regimens,	 they	 suggest	 that	 a	 small	 subset	 of	 patients
(approximately	10%	to	20%)	do	receive	a	benefit	and	affirm	that	further	work	to	identify	the	best	candidates	for
specific	combination	therapies	is	warranted.	As	an	example,	masitinib	was	associated	with	improved	survival	in
patients	with	 increased	 circulating	ACOX1	mRNA	 (a	 fatty	 acid	 catabolic	 enzyme).	 In	 119	 evaluable	 patients,
overall	survival	was	increased	by	3.3	months	(P	=	.007).232

Modest	Breakthroughs	in	the	Treatment	of	Advanced	Pancreatic	Cancer
Two	additional	treatments	have	been	approved	for	the	treatment	of	advanced	PDA	by	the	FDA:	erlotinib	and	nab-
paclitaxel.	 The	 former	 drug	 is	 an	 oral	 tyrosine	 kinase	 inhibitor	 of	 the	 EGFR,	 approved	 in	 2005	 for	 use	 in
combination	with	gemcitabine	for	locally	advanced	unresectable	or	metastatic	pancreatic	cancer239:	The	National
Cancer	 Institute	 of	 Canada	 Clinical	 Trials	 Group	 conducted	 a	 large	 international	 phase	 III	 double-blind
randomized	trial	of	569	patients	with	advanced	or	metastatic	pancreatic	adenocarcinoma,	comparing	gemcitabine
IV	1,000	mg/m2	weekly	for	7	weeks	followed	by	1	week	of	rest	and	then	weekly	×	3	every	4	weeks	plus	erlotinib
100	mg	or	150	mg	per	day	orally	versus	gemcitabine	plus	placebo.	Toxicities,	including	diarrhea	and	the	typical
acneiform	 rash	 associated	with	 EGFR	 inhibitors,	 were	 slightly	worse	 in	 the	 erlotinib	 arm.	Nevertheless,	 these
toxicities	 were	 mostly	 grade	 1	 or	 2	 and	 easily	 manageable.	 The	 gemcitabine/erlotinib	 arm	 experienced	 an
improved	median	overall	 survival	 (6.24	months	versus	5.91	months),	with	1-year	overall	 survival	 rates	of	23%
and	17%,	respectively.	Based	on	this	study,	combination	gemcitabine	and	erlotinib	became	a	standard	of	care	in
the	 first-line	 treatment	 of	 locally	 advanced	 or	 metastatic	 pancreas	 cancer	 in	 patients	 with	 a	 reasonably	 good
performance	status	at	many	centers,	for	a	short	period	of	time.	Enthusiasm	for	the	combination	has	certainly	been
tempered	by	the	fact	that	the	survival	benefit	amounted	to	just	10	days	with	the	combination	therapy.	Moreover,
erlotinib	adds	roughly	$10,000	per	month	to	the	cost	of	treatment.240	With	that	said,	gemcitabine	and	erlotinib	is



clearly	a	more	effective	treatment	for	a	small	subgroup	of	5%	to	10%	of	patients	than	gemcitabine	monotherapy.
Identifying	 predictive	 markers	 to	 select	 these	 individuals	 would	 be	 a	 significant	 advance	 and	 a	 step	 toward
personalized	 treatment	 for	 pancreatic	 cancer.	 Notably,	 individuals	 who	 experienced	 a	 skin	 rash	 had	 improved
disease	control	(P	=	.05)	and	improved	survival	(Cox	regression	hazard	ratio,	.37;	P	=	.04).	KRAS	mutation	status
was	tested	based	on	prior	data	that	wild-type	KRAS	in	colorectal	cancers	is	predictive	of	response	to	anti-EGFR
therapy.241	 Unfortunately,	 no	 such	 correlation	was	 found,	 although	 the	 study	was	 underpowered,	 in	 large	 part
because	nearly	all	PDAs	harbor	KRAS	mutations.234

Building	on	the	modest	success	of	the	gemcitabine/erlotinib	doublet,	Van	Cutsem	et	al.242	evaluated	the	same
combination	with	or	without	bevacizumab	in	a	randomized	phase	III	study	(published	prior	to	the	negative	phase
III	 gemcitabine/bevacizumab	 study).	 A	 total	 of	 607	 patients	 were	 randomized	 to	 receive	 gemcitabine	 1,000
mg/m2/week	for	7	weeks	over	8	weeks	and	×	3	every	4	weeks	for	subsequent	cycles	plus	erlotinib	100	mg	per	day
and	bevacizumab	5	mg/kg	every	2	weeks,	or	gemcitabine/erlotinib	plus	placebo.	The	median	overall	survival	rates
were	7.1	months	 for	 the	bevacizumab	arm	and	6.0	months	 for	 the	 control	 arm	 (P	=	 .2).	Of	note,	 there	was	 an
improvement	 in	 progression-free	 survival	with	 the	 experimental	 treatment	 (4.6	 versus	 3.6	months,	P	 =	 .0002).
Grade	3	to	5	adverse	events	were	comparable.	Although	the	primary	end	point	of	overall	survival	was	not	met,
there	was	an	apparent	favorable	trend	across	all	end	points,	providing	a	modicum	of	optimism	that	the	gateway
toward	improved	outcomes	was	opening,	if	ever	so	slightly.

Nab-paclitaxel	 was	 approved	 by	 the	 FDA	 in	 September	 2013	 as	 a	 second	 agent	 indicated	 for	 combination
therapy	 with	 gemcitabine.	 Paclitaxel	 binds	 with	 high	 affinity	 to	 microtubules,	 thereby	 stabilizing	 tubule
polymerization	 and	 inhibiting	 cell	 mitosis.	 In	 this	 formulation,	 paclitaxel	 is	 bound	 to	 albumin,	 resulting	 in
improved	pharmacokinetic	efficiency	and	higher	intratumoral	drug	levels,	compared	to	the	standard	solvent-based
paclitaxel	formulation	(standard	paclitaxel	pharmacokinetics	is	otherwise	limited	by	the	hydrophobic	nature	of	the
molecule).243	 The	 exact	 mechanism	 of	 improved	 nab-paclitaxel	 delivery	 is	 not	 completely	 understood,	 but
evidence	points	to	protein–protein	interactions	between	albumin	and	receptors	that	mediate	transport	(e.g.,	gp60)
or	that	enhance	drug	targeting	in	the	stroma	(secreted	protein	acid	rich	in	cysteine	[SPARC]).244	Interestingly,	a
recent	 study	 of	 drug	 pharmacokinetics	 in	 a	 genetically	 engineered	 SPARC-null	 mouse	 demonstrated	 that
intratumoral	nab-paclitaxel	levels	were	not	dependent	on	SPARC	expression	and	that	the	drug	does	not	target	the
stroma	in	this	model.245

In	an	early	phase	 I/II	 study,	gemcitabine	1,000	mg/m2	with	 nab-paclitaxel	 125	mg/m2	weekly	×	3	every	28
days	resulted	in	tumor	shrinkage	in	48%	of	patients	(substantially	higher	than	the	5%	rate	previously	seen	with
gemcitabine	 alone152)	 and	 a	 median	 overall	 survival	 of	 12.2	 months	 (more	 than	 twice	 the	 survival	 with
gemcitabine).246	With	 these	promising	results,	a	 large	international	phase	III	study	was	conducted,	randomizing
861	 patients	 with	 advanced	 PDA	 to	 receive	 either	 gemcitabine/nab-paclitaxel	 or	 gemcitabine	 alone.161	 This
MPACT	 study	 met	 its	 primary	 end	 point	 (Fig.	 55.8)	 with	 a	 median	 overall	 survival	 of	 8.5	 months	 in	 the
gemcitabine/nab-paclitaxel	 arm	and	6.7	months	 in	 the	 gemcitabine	 group	 (P	 <	 .001).	 Progression-free	 survival
rates	were	5.5	and	3.7	months,	respectively	(P	<	.001).	The	1-year	overall	survival	rates	were	35%	versus	22%,
and	the	2-year	overall	survival	rates	were	9%	versus	4%,	respectively.	Patients	receiving	combination	therapy	had
a	higher	response	rate	as	well	(23%	versus	7%,	P	<	.001).	Grade	3	or	higher	toxicities	that	were	more	common	in
the	nab-paclitaxel	arm	included	neutropenia	(38%	versus	27%),	fatigue	(17%	versus	7%),	and	neuropathy	(17%
versus	1%).	Alopecia	is	common	(50%).	Given	the	results	of	this	trial,	gemcitabine	combined	with	nab-paclitaxel
has	eclipsed	gemcitabine	plus	erlotinib	as	a	standard	of	care	in	the	first-line	treatment	of	advanced,	unresectable,
or	metastatic	pancreatic	adenocarcinoma.	Importantly,	the	cost	of	adding	nab-paclitaxel	is	not	trivial	($8,000	per
month).

Whereas	gemcitabine	has	served	as	the	principal	backbone	for	pancreatic	cancer	therapy	in	most	clinical	trials
including	patients	with	advanced	PDA,	studies	were	also	being	conducted	on	a	combination	of	other	drugs	with
proven	 success	 in	 colorectal	 cancer,	 including	 FOLFIRINOX.	 In	 2003,	 the	 results	 of	 a	 phase	 I	 study	 were
reported,	 which	 included	 34	 evaluable	 patients	 in	 total,	 and	 6	 with	 advanced	 pancreatic	 cancer.	 Two	 of	 the
patients	 with	 pancreatic	 cancer	 experienced	 an	 objective	 response,	 with	 1	 complete	 responder.247	 These
observations	 spawned	 a	 single-arm	 phase	 II	 trial	 in	 47	 chemotherapy-naïve	 patients	 with	 advanced	 pancreatic
cancer.195	 In	 the	 46	 evaluable	 patients,	 the	 overall	 response	 rate	was	 26%,	with	 a	 4%	 complete	 response	 rate.
Median	time	to	progression	was	8.2	months,	and	the	median	overall	survival	was	10	months.	A	randomized	phase
II	 trial	was	 initiated,	comparing	 the	 regimen	 to	gemcitabine.	Promising	 results	 in	88	patients	were	presented	at
American	 Society	 of	 Clinical	 Oncology	 (ASCO)	 2007	 (response	 rate	 of	 38.7%	 versus	 11.7%),	 and	 the	 study
continued	on	as	the	large,	randomized	phase	III	PRODIGE	4/ACCORD	11	study.248
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Figure	55.8	Kaplan–Meier	curves	for	survival	and	progression-free	survival	for	nab-paclitaxel
versus	gemcitabine.	CI,	confidence	interval.	(From	Von	Hoff	DD,	Ervin	T,	Arena	FP,	et	al.
Increased	survival	in	pancreatic	cancer	with	nab-paclitaxel	plus	gemcitabine.	N	Engl	J	Med

2013;369[18]:1691–1703.)

The	PRODIGE	4/ACCORD	11	study	randomized	342	patients	with	a	performance	status	of	ECOG	0	to	1	to
receive	FOLFIRINOX	(oxaliplatin	85	mg/m2,	irinotecan	180	mg/m2,	leucovorin	400	mg/m2,	and	5-FU	400	mg/m2

IV	bolus	 followed	by	5-FU	2,400	mg/m2	 as	 a	46-hour	 continuous	 infusion	 every	2	weeks)	versus	gemcitabine
1,000	mg/m2	weekly	for	7	weeks	followed	by	1	week	of	rest	and	then	weekly	×	3	every	4	weeks.160	The	primary
end	point	was	overall	survival	(Fig.	55.9).	The	FOLFIRINOX	group	had	a	median	overall	survival	of	11.1	months
compared	to	6.8	months	in	the	gemcitabine	alone	arm	(P	<	.001).	Median	progression-free	survival	rates	were	6.4
months	and	3.3	months	(P	<	.001),	respectively.	Objective	response	rates	were	31.6%	versus	9.4%	(p	<	.001),	and



disease	control	rates	(response	+	disease	stability)	were	70.2%	and	50.9%.	The	FOLFIRINOX	regimen	resulted	in
substantially	more	 toxicity,	 including	higher	 grade	3	 and	4	 neutropenia	 (45%	versus	 21%),	 febrile	 neutropenia
(5.4%	 versus	 1.2%),	 thrombocytopenia	 (9.1%	 versus	 3.6%),	 diarrhea	 (12.7%	 versus	 1.8%),	 and	 sensory
neuropathy	 (9%	 versus	 0%).	Despite	 these	 significant	 side	 effects,	 only	 31%	 of	 patients	 in	 the	 FOLFIRINOX
group	had	a	definitive	degradation	in	quality	of	life,	as	compared	to	66%	in	the	gemcitabine	group.	The	time	to
definitive	deterioration	(based	on	the	EORTC	quality	of	life	questionnaire)	was	also	significantly	longer	for	the
FOLFIRINOX	group	in	the	areas	of	global	health	status;	physical,	cognitive,	and	social	functioning;	and	multiple
symptom	domains	(e.g.,	fatigue	and	pain).249

Finally,	a	recently	reported	phase	III	trial	in	Japan	compared	gemcitabine	alone	(standard	dosing)	versus	S-1
alone	(80	to	120	mg	per	day	for	28	days	every	42	days)	versus	the	combination	of	gemcitabine	(1,000	mg/m2	×	2
every	 21	 days)	 plus	 S-1	 (60	 to	 100	mg	 per	 day	 for	 14	 days	 every	 21	 days).	 S-1	 is	 an	 oral	 fluoropyrimidine
derivative	available	in	Japan	with	activity	against	PDA.	A	total	of	832	patients	with	locally	advanced	or	metastatic
PDA	were	included	in	the	analysis.	Overall	survival	rates	were	8.8,	9.7,	and	10.1	months	(P	=	.15	for	combination
therapy	 compared	 to	 gemcitabine	 alone),	 respectively.	Objective	 responses	were	 higher	with	 S-1	monotherapy
(21%)	 and	 combination	 therapy	 (29%)	 than	 gemcitabine	 alone	 (13%).	 Gemcitabine	was	 associated	with	more
hematologic	toxicities	compared	to	S-1,	whereas	S-1	was	associated	with	more	diarrhea.250	Combination	therapy
was	the	most	toxic	regimen.
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Figure	55.9	Kaplan–Meier	curves	for	survival	and	progression-free	survival	for	FOLFIRINOX.
FOLFIRINOX,	5-fluorouracil,	leucovorin,	irinotecan,	oxaliplatin;	CI,	confidence	interval.	(From

Conroy	T,	Desseigne	F,	Ychou	M,	et	al.	FOLFIRINOX	versus	gemcitabine	for	metastatic
pancreatic	cancer.	N	Engl	J	Med	2011;364[19]:1817–1825.)



Taken	 together,	 these	 trials	 establish	 gemcitabine	 alone,	 S-1	 (in	 Japan),	 gemcitabine	 plus	 nab-paclitaxel,
gemcitabine	plus	erlotinib,	and	FOLFIRINOX	as	the	current	standard	of	care	treatments	for	metastatic	pancreatic
cancer.	The	latter	regimen	is	recommended	for	patients	with	excellent	performance	status	(ECOG	0	or	1),	whereas
the	other	regimens	are	applicable	for	a	broader	patient	population	(ECOG	0	to	2).

An	additional	 agent,	 nanoliposomal	 irinotecan	 (MM-398),	 has	 also	been	 approved	 as	 a	 second-line	 agent	 in
combination	 with	 5-FU	 in	 patients	 who	 have	 progressed	 on	 gemcitabine-based	 therapy.251	 The	 417	 patient
NAPOLI-1	trial	randomized	patients	to	either	nanoliposomal	irinotecan	monotherapy	(120	mg/m2	every	3	weeks),
5-FU	(2,400	mg	m2	over	46	hours	every	2	weeks,	with	folinic	acid	at	400	mg/m2),	or	a	combination	of	these	three
agents	 together	 (with	 a	 reduced	 dose	 of	 nanoliposomal	 irinotecan	 (80	 mg/m2).	 There	 was	 not	 only	 a	 modest
survival	advantage	with	the	combination	therapy,	over	5-FU/folinic	acid	(6.1	versus	4.2	months,	P	=	.12),	but	also
more	frequent	grade	3	and	4	toxicities,	including	diarrhea	(13%	versus	4%),	vomiting	(11%	versus	3%),	nausea
(8%	versus	3%),	fatigue	(14%	versus	4%),	and	neutropenia	(27%	versus	1%).

Monitoring	Treatment	Response
In	 the	 current	 era,	 with	 multiple	 active	 drugs	 available	 to	 treat	 PDA,	 patients	 increasingly	 have	 second-line
options	after	first-line	therapy	fails.	Therefore,	it	is	important	for	oncologists	to	closely	monitor	patients	for	signs
of	progression.	Patients	 typically	have	weekly	 laboratory	 testing	and	are	 seen	biweekly	or	monthly	by	medical
oncologists	who	assess	for	signs	of	treatment	toxicity.	With	regard	to	treatment	response,	patients	undergo	repeat
imaging	 (CT	 or	MRI)	 every	 8	weeks	 and	 responses	 are	 assessed,	 using	 Response	 Evaluation	 Criteria	 in	 Sold
Tumors	(RECIST)	criteria	as	a	guide.	CA19-9	levels	are	serially	drawn	every	8	weeks.	A	falling	CA19-9	level	in
response	to	treatment	is	associated	with	improved	survival,	with	the	greatest	decreases	being	associated	with	the
best	outcomes.252–256	Carcinoembryonic	antigen	and	CA125	are	not	FDA-approved	biomarkers	for	PDA	and	have
far	less	accuracy	then	CA19-9.	Nevertheless,	they	may	be	helpful	to	monitor	response	to	therapy,	particularly	in
patients	who	do	not	express	CA19-9	due	to	Lewis	antigen	polymorphism	variability.	In	the	future,	liquid	biopsies
testing	 for	 other	 molecular	 analytes	 (e.g.,	 genomic	 mutations,	 RNA	 transcripts)	 may	 inform	 treatment
monitoring.257	However,	in	the	face	of	rising	tumor	markers	and	tumor	progression,	oncologists	should	pay	close
attention	to	performance	status,	as	patients	with	an	ECOG	status	of	2	or	greater	have	an	expected	survival	around
2	months	and	are	not	likely	to	benefit	from	additional	chemotherapy.227

Symptom	Palliation
While	 extending	 survival	 is	 a	 primary	 objective	 in	 patients	 with	 PDA,	 palliation	 of	 symptoms	 is	 equally
important.	 As	 with	 other	 aspects	 of	 care,	 palliative-focused	 therapy	 in	 the	 patient	 with	 PDA	 requires	 a
multidisciplinary	team	approach.	Treatment	recommendations	are	often	based	on	the	etiology	of	 the	symptoms,
which	may	be	multifactorial.	Contributing	factors	include	the	metabolic	burden	of	the	tumor,	treatment	toxicity,	or
mechanical	obstruction	from	the	tumor.	Optimization	of	nutritional	intake	is	paramount	and	could	be	exacerbated
by	 cancer	 cachexia	 and	 pancreatic	 insufficiency.	 Aggressive	 pain	 management	 frequently	 requires	 minimally
invasive	 interventions	 such	 as	 celiac	 plexus	 neurolysis	 (endoscopic	 or	 percutaneous),	 in	 addition	 to	 systemic
narcotics.	Active	 surveillance	 and	 prompt	 treatment	 of	 thromboembolic	 events,	 biliary	 obstruction,	 and	 gastric
outlet	obstruction	are	critical.	Psychosocial	issues	for	the	patient	and	family	must	be	addressed.	Often,	the	extent
of	symptoms	and	deterioration	in	performance	status	precludes	additional	antitumor-directed	therapy.	Even	with
expert	care,	there	is	a	1%	to	4%	mortality	rate	related	to	treatment.160,161	Therefore,	oncologists	need	to	have	frank
discussions	with	patients	and	 family	members	about	best	 supportive	care	 (no	chemotherapy	or	 radiation)	when
appropriate.

Promising	New	Therapies	on	the	Horizon
The	desperate	need	to	expand	treatment	options	for	PDA	beyond	conventional	chemotherapy	will	hopefully	soon
be	fulfilled.	Late	phase	trials	are	underway	to	try	and	target	multiple	aspects	of	PDA	biology,	based	on	exciting
early	 phase	 efficacy	 data.	 For	 instance,	 CPI-613	 is	 a	 lipoic	 acid	 analog	 that	 targets	mitochondrial	metabolism
(specifically	 pyruvate	 dehydrogenase	 and	 α-ketoglutarate	 dehydrogenase).	 In	 a	 pilot	 study	 of	 18	 patients	 with
metastatic	 PDA,	 CPI-613	 and	 FOLFIRINOX	 yielded	 a	 61%	 response	 rate,	 with	 three	 complete	 responses
(17%).258	 These	 outcomes	 are	 truly	 remarkable	 compared	 to	 historical	 experience	 with	 FOLFIRINOX	 alone
(32%	 response	 rate	 and	0.6%	complete	 response).160	Whereas	PDA	has	been	more	 resistant	 to	 immunotherapy
than	other	cancer	 types,	a	 recent	phase	 Ib	study	 revealed	a	positive	signal	 for	combination	FOLFIRINOX	with
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CCL2-CCR2	blockade	in	patients	with	locally	advanced	PDA.	The	response	and	clinical	benefit	rates	were	49%
and	97%,	 respectively.	 Immune	profiles	were	 altered	 in	peripheral	 blood	 and	 the	 tumor	microenvironment	 and
were	most	pronounced	in	responders.259	A	novel	therapy	against	the	PDA	microenvironment	works	by	degrading
hyaluronic	acid.	The	drug	PEGylated	human	recombinant	hyaluronidase	(PEGPH20)	was	recently	administered	to
patients	 with	 advanced	 PDA,	 in	 combination	 with	 gemcitabine	 and	 nab-	 paclitaxel.260	 Patients	 with	 high
hyaluronic	 acid	 in	 tumors	 had	 progression-free	 and	 overall	 survival	 rates	 of	 7.2	 and	 13.0	months,	 respectively
(favorable	 outcomes	 compared	 to	 backbone	 alone:	 5.5	 and	 8.5,	 respectively161).	These	 therapies	 exemplify	 the
range	of	therapeutic	strategies	currently	under	investigation.

FUTURE	DIRECTIONS	AND	CHALLENGES
The	history	of	the	clinical	management	of	pancreatic	cancer	therapy	can	be	summarized	as	follows	(Fig.	55.10):
through	 the	 1970s,	 no	 effective	 therapies	 besides	 surgery	 existed;	 between	 1980	 and	 2000,	 surgical	 outcomes
markedly	improved,	permitting	safe	treatment	of	early	stage	PDA	at	high-volume	centers;	between	2000	and	the
present,	modest	advances	in	chemotherapy	and	radiation	have	improved	outcomes	and	the	safety	profile	of	these
treatments.	 Over	 the	 same	 time	 span,	 there	 have	 been	 dramatic	 advances	 in	 the	 genetic	 and	 molecular
understanding	of	pancreatic	cancer	development	and	survival,	although	this	new	knowledge	has	not	yet	translated
into	improved	patient	outcomes.	It	is	becoming	more	apparent,	however,	that	the	field	is	on	the	cusp	of	substantial
breakthroughs,	similar	to	those	experienced	recently	in	other	cancer	types	(e.g.,	breast,	colon,	melanoma).

Figure	55.10	Timeline	of	advances	in	therapy	and	science	related	to	pancreatic	ductal
adenocarcinoma	(PDA).

Combining	modern	technology	with	our	scientific	knowledge	should	produce	improved	molecular	diagnostics
(sensitive	 detection	 methods	 for	 early	 detection,	 prognosis,	 and	 treatment	 responses),	 targeted	 therapies
(personalized	oncology,	using	yet	to	be	discovered	and	developed	targeted	therapies),	antistromal	agents	used	in
tandem	with	antineoplastic	agents,	and	immunotherapies	(e.g.,	vaccines	and	immune	checkpoint	inhibitors).	Gene
expression	 profiling	 and	 genetic	 subtyping	 may	 be	 able	 to	 effectively	 select	 patients	 for	 DNA	 damaging	 or
immunologic	 therapies.	 Other	 promising	 therapeutic	 strategies	 include	 the	 use	 of	 nanoparticles	 to	 deliver
therapeutic	 payloads	 with	 high	 specificity	 to	 cancer	 cells,	 gene	 therapy	 strategies,	 drugs	 that	 target	 PDA
metabolism	with	a	therapeutic	window,	and	the	use	of	microbes	or	viruses	as	antineoplastic	agents.	Still,	resources
are	needed	to	continue	to	improve	preclinical	modeling	for	this	disease.

We	need	to	democratize	patient-derived	models,	so	all	 laboratories	can	use	them	for	bench	research,	prior	to
translation	 into	 the	 clinic.	 Effective	 ex	 vivo	 models	 would	 enable	 empiric	 drug	 testing,	 akin	 to	 antibiotic
sensitivity	testing	routinely	performed	in	the	clinic	to	fight	infection.	Along	with	the	improvement	of	preclinical
models	for	pancreatic	cancer	is	the	need	to	continue	to	study	and	unravel	the	unique	biology	found	in	a	pancreatic
tumor	(e.g.,	the	tumor	microenvironment,	disrupted	gene	regulatory	mechanisms	beyond	somatic	mutations,	and
signaling	pathways).	Discovering	novel	targets	and	designing	better	drugs	to	target	established	targets	(i.e.,	Kras)
will	hopefully	allow	the	field	to	push	the	needle	on	improving	outcomes	for	this	disease.

Recently,	 there	 has	 been	 a	 growing	 trend	 toward	multi-	 institutional	 collaboration	 fostered	 by	 the	National
Cancer	 Institute	 (NCI),	 advocacy	 agencies	 (i.e.,	 Pancreatic	 Cancer	Action	Network	 and	 the	 Precision	 Promise



initiative),	 and	 industry,	 as	well	 as	 scheduled	 national	meetings	 focused	 entirely	 on	 pancreatic	 cancer	 research
(i.e.,	NCI,	National	Institutes	of	Health	[NIH]).	This	surge	in	collaboration	and	communication	between	thought
leaders,	 coupled	with	 increased	 national	 attention	 (e.g.,	 The	Recalcitrant	Cancer	Research	Act	 of	 2012,	which
identified	 pancreatic	 cancer	 as	 a	 high	 priority),	 will	 undoubtedly	 jolt	 the	 field	 forward	 in	 the	 coming	 years.
Additionally,	this	type	of	collaboration	and	national	dialogue	will	provide	a	setting	where	more	than	the	estimated
5%	of	all	pancreatic	cancer	patients	will	enroll	 in	clinical	 trials	and	provide	not	only	hope	for	 the	patient	being
treated	 but	 also	 valuable	 scientific	 knowledge	 for	 the	 field.261	We	 believe	 now	 is	 the	 time	 to	write	 thoughtful
clinical	 trials	 that	 embed	useful	 clinical	 correlates	 (e.g.,	 serial	 biopsies)	 and	 adaptive	 adjustment	 strategies	 that
will	 benefit	 the	 entire	 pancreatic	 cancer	 community.	 It	 is	 worth	 emphasizing	 once	 again	 that	 the	 needle	 has
unequivocally	 trended	 forward,	 based	 on	 longer	 overall	 survival	 times	 in	 adjuvant	 trials	 and	 proven	 clinical
benefit	 for	 second-line	 palliative	 therapies.	 The	 integration	 of	 nonconventional	 agents	 into	 the	 PDA	 treatment
repertoire	will	propel	the	field	forward	even	further.

CONCLUSION
Improvements	in	pancreatic	cancer	treatment	over	the	past	two	decades	include	safer	surgical	management,	safer
radiation	treatment,	and	modest	but	notable	improvements	in	systemic	chemotherapeutic	combination	treatments.
With	 modern	 chemotherapy,	 the	 majority	 of	 patients	 experience	 temporary	 disease	 control.	 Nevertheless,	 the
disease	 is	still	 lethal	 in	most	patients	and	survival	beyond	2	years	 is	considered	a	success.	For	 those	of	us	who
routinely	treat	this	disease	and	for	our	patients,	improvement	cannot	come	soon	enough.	Collectively,	the	field	is
making	important,	incremental	discoveries	that	bring	us	closer	to	cracking	this	code	and	moving	the	field	toward	a
major	 breakthrough	 in	 the	 clinical	 management	 of	 pancreatic	 cancer.	 The	 Pancreatic	 Cancer	 Action	 Network
provided	a	 slogan	 for	 its	 community:	 “Demand	Better.”	We	hope	 the	 scientific	community	can	 respond	 to	 this
“battle	cry”	and	that	this	progress	will	hopefully	be	reflected	in	the	next	edition	of	this	textbook.
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INTRODUCTION
Hepatocellular	carcinoma	(HCC)	consistently	ranks	among	the	most	common	cancers	worldwide	and	is,	currently,
the	third	leading	cause	of	cancer-related	death	accounting	for	at	least	600,000	deaths	annually.1,2	Although	in	the
traditionally	high-HCC	regions	such	as	Southeast	Asia	and	sub-Saharan	Africa,	the	HCC	rate	has	stabilized	and
slowly	declined	due	to	generalized	vaccination	programs,	the	incidence	and	mortality	rates	of	HCC	have	doubled
in	the	United	States	and	Europe	in	the	past	four	decades	and	are	predicted	to	continue	rising.3,4	Although	several
confounding	 factors	 (e.g.,	 immigration	 from	 high-incidence	 countries)	 contribute	 to	 these	 high	 numbers	 in	 the
Western	world,	HCC	is	currently	among	the	fastest	growing	causes	of	cancer-related	deaths	in	the	United	States.
Small	HCCs	can	be	cured	by	resection	and/or	liver	transplantation.	However,	at	the	time	of	diagnosis,	<20%	of
the	patients	are	eligible	for	these	treatment	options.5	These	observations	make	it	clear	that	liver	cancer	is	a	major
health	problem	in	the	United	States	and	Europe	and	highlight	the	critical	need	for	both	improved	understanding
and	 treatment	 options	 of	 this	 deadly	 disease.	 The	major	 etiologic	 agents	 responsible	 for	 chronic	 liver	 disease,
cirrhosis,	and,	ultimately,	HCC	are	known	and	well	characterized	(e.g.,	 infections	with	hepatitis	B	virus	[HBV]
and	 hepatitis	C	 virus	 [HCV]	 as	well	 as	 ethanol	 abuse).	Other	 etiologic	 factors	 include	 nonalcoholic	 fatty	 liver
disease	(NAFLD)	and	other	metabolic	disorders	that	have	become	particularly	relevant	in	Western	countries	due
to	a	sharp	increase	in	prevalence	and	a	high	number	of	HCCs	without	underlying	cirrhosis.6

Molecular	mechanisms	 of	 liver	 diseases	 that	 are	 associated	with	 increased	 risk	 of	 HCC	 as	well	 as	 cellular
alterations	 that	 precede	 HCC	 have	 been	 identified.7,8	 Research	 into	 the	 molecular	 pathogenesis	 of	 HCC	 is
currently	focused	on	the	interrelationship	of	abnormal	genomics,	epigenomics,	proteomics,	and	metabolomics	as
well	as	downstream	alterations	in	pertinent	molecular	signaling	pathways.	The	principal	objective	of	this	research
is	 to	 integrate	 these	new	omic	data	with	clinicopathologic	 features	of	HCC	in	order	 to	discover	new	diagnostic
tools,	improve	treatment	options,	and	implement	effective	prevention	strategies.9

Recent	introduction	of	next-generation	whole	(epi-)genomic	technologies	permits	simultaneously	detection	of
the	 expression	 of	 tens	 of	 thousands	 of	 genes	 in	 small	 samples	 from	 normal	 and	 diseased	 tissues.10	 High-
throughput	microarray-based	technologies	and	the	recent	advent	of	the	next-generation	sequencing	(NGS)	provide
a	unique	opportunity	to	define	the	descriptive	characteristics	(i.e.,	“phenotype”)	of	a	biologic	system	in	terms	of
the	genomic	readout	(e.g.,	gene	expression,	coding	mutations,	insertions	and	deletions	in	DNA,	splicing	variants,
copy	 number	 variations	 [CNVs],	 and	 chromosomal	 translocations).	 Integrated	 analysis	 of	 biologic	 systems	 has
caused	 a	 paradigm	 shift	 in	 biologic	 research	 (i.e.,	 from	 the	 classic	 reductionism	 to	 systems	 biology).11
Fundamental	 to	 the	systems	approach	 is	 the	hypothesis	 that	disease	processes	are	driven	by	aberrant	 regulatory
networks	 of	 genes	 and	 proteins	 that	 differ	 from	 the	 normal	 counterparts.	 Application	 of	 multiparametric
measurements	promises	 to	 transform	current	approaches	of	diagnosis	and	 therapy,	providing	 the	 foundation	 for
predictive	and	preventive	personalized	medicine.12

In	this	chapter,	we	discuss	the	molecular	hallmarks	of	hepatocarcinogenesis	in	the	context	of	next-generation
high-throughput	 genomic	 technologies,	 explore	 implications	 for	 clinical	 and	 translational	 efforts,	 and	 outline
individualized	approaches	designed	for	future	research	into	liver	cancer.

GENETIC	ALTERATIONS	IN	LIVER	CANCER
A	 detailed	 map	 of	 the	 structural	 variation	 in	 the	 human	 cancer	 genome	 has	 been	 generated	 during	 the	 last
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decade.11	This	map	reveals	that	tumor	development	is	the	consequence	of	intragenic	mutations	in	approximately
140	genes,	belonging	to	12	recurrent	signaling	pathways	regulating	three	core	cellular	processes	(i.e.,	cell	fate,	cell
survival,	and	genome	maintenance	in	the	majority	of	human	cancers).13	Hepatocarcinogenesis	can,	therefore,	be
considered	a	multistep	process	of	epigenetic	and	genetic	alterations	disrupting	these	core	processes	primarily	by
p53,	WNT,	β-catenin,	MYC,	ErbB	family,	and	chromatin	modifications.13

Structural	 variation	 and	 chromosomal	 aberrations	 in	 tumors	 are	 traditionally	 regarded	 as	 evidence	 of	 gene
deregulation	and	genome	instability	and	may	facilitate	identification	of	crucial	genes	and	regulatory	pathways	that
are	 perturbed	 in	 diseases.14	 Large	 genome-wide	 association	 studies	 (GWAS)	 recently	 identified	 liver	 disease–
specific	susceptibility	loci,	 including	in	HCC.15,16	Interestingly,	some	of	the	revealed	genetic	changes	could	not
only	 be	 specifically	 linked	 to	 etiologic	 risk	 factors	 (e.g.,	 PNPLA3	 in	 NAFLD)	 but	 also	 predicted	 distinct
metabolic	phenotypes	in	affected	indicudals	and	were	associated	with	adverse	biologic	traits	 in	tumors.17,18	The
classical	approaches	to	identify	somatic	alterations	in	liver	cancer	are	genome-wide	high-throughput	microarray
technology	 for	 single	 nucleotide	 polymorphism	 (SNP)	 genotyping	 and	 array-based	 comparative	 genomic
hybridization	 (aCGH).	 These	 technologies	 enable	 high-throughput	 analysis	 of	 DNA	 copy	 number	 and	 yield
comprehensive	information	pertinent	to	determining	the	molecular	pathogenesis	of	human	HCC.	Meta-analysis	of
comparative	 genomic	 hybridization	 studies	 of	 chromosome	 aberrations	 in	 human	 HCC	 shows	 that	 specific
chromosomal	 gains	 and	 losses	 correlate	 with	 etiology	 and	 histologic	 grade.19	 In	 HCC,	 the	 most	 frequent
amplifications	of	genomic	material	involve	1q	(57.1%),	8q	(46.6%),	6p	(22.3%),	and	17q	(22.2%),	whereas	losses
are	most	common	in	8p	(38%),	16q	(35.9%),	4q	(34.3%),	17p	(32.1%),	and	13q	(26.2%).	Deletions	of	4q,	16q,
13q,	 and	 8p	 correlate	with	HBV	 infection	 in	 the	 absence	 of	 of	HCV	 infection.	Chromosomes	 13q	 and	 4q	 are
significantly	underrepresented	in	poorly	differentiated	HCC,	and	gains	of	1q	correlate	with	other	high-frequency
alterations.20	Amplifications	and	deletions	often	occur	on	chromosome	arms	at	sites	of	oncogenes	(e.g.,	MYC	on
8q24)	and	tumor	suppressor	genes	(e.g.,	RB1	on	13q14)	as	well	as	at	several	loci	that	contain	genes	with	known
and/or	suspected	oncogenic	functions	(e.g.,	FZD3,	WISP1,	SIAH-1,	and	AXIN2,	all	of	which	modulate	the	WNT
signaling	 pathway).	 In	 these	meta-analyses,	 etiology	 and	 poor	 differentiation	 of	 HCC	 correlated	 with	 specific
genomic	 alterations.	 In	 preneoplastic	 dysplastic	 nodules	 (DNs),	 amplifications	 are	most	 frequent	 in	 1q	 and	8q,
whereas	 deletions	 occur	 in	 8p,	 17p,	 5p,	 13q,	 14q,	 and	 16q.20	 Gain	 of	 1q	 appears	 to	 be	 an	 early	 event	 in	DN
development,	possibly	predisposing	affected	cells	to	acquisition	of	additional	chromosomal	aberrations.	However,
whereas	 these	studies	 revealed	 interesting	mechanistic	clues	 for	hepatocarcinogenesis,	 the	substantial	molecular
diversity	of	alterations	in	these	loci	remain	a	major	obstacle	and	the	functional	validation	of	individual	genes	and
the	identification	of	driver	genes	remains	challenging.	A	systematic	strategy	to	identify	potential	driver	genes	by
integrating	 whole-genome	 copy	 number	 data	 with	 gene	 expression	 profiles	 of	 HCC	 patients	 was	 recently
introduced.21	 Using	 regional	 pattern	 recognition	 approaches,	 the	 authors	 discovered	 the	 most	 probable	 copy
number–dependent	regions	and	50	potential	driver	genes.	At	each	step	of	the	process,	the	functional	relevance	of
the	 selected	 genes	 was	 evaluated	 by	 estimating	 the	 prognostic	 significance	 of	 the	 selected	 genes.	 Further
validation	using	small	 interference	RNA-mediated	knockdown	experiments	 showed	proof-of-principle	evidence
for	 the	potential	 driver	 roles	 of	 the	genes	 in	HCC	progression	 (i.e.,	NCSTN	 and	SCRIB).	 In	 addition,	 systemic
prediction	 of	 drug	 responses	 using	 the	 Connectivity	Map,22	 a	 compendium	 of	 functional	 connections	 between
drugs	 and	 genes,	 implicated	 the	 association	 of	 the	 50	 genes	with	 specific	 signaling	molecules	 associated	with
hepatocarcinogenesis	 (mTOR,	AMPK,	 and	 EGFR).	 It	 was	 concluded	 that	 the	 application	 of	 an	 unbiased	 and
integrative	analysis	of	multidimensional	genomic	data	sets	can	effectively	screen	for	potential	driver	genes	and
provide	novel	mechanistic	and	clinical	insights	into	the	pathobiology	of	HCC.	Using	a	similar	approach,	Roessler
et	al.23	applied	an	integrative	approach	combining	information	from	high-resolution	aCGH	and	gene	expression
profiling	 with	 clinical	 data	 from	 HCC	 patient	 to	 identify	 CNV	 in	 HCC	 with	 functional	 relevance	 for	 tumor
progression.	 The	 investigation	 was	 restricted	 to	 genes	 that	 showed	 (1)	 recurrent	 CNVs,	 (2)	 correlation	 of	 the
CNVs	and	 the	 transcriptome,	 and	 (3)	 a	 selective	 association	 to	patient’s	outcome	 to	distinguish	 “drivers”	 from
passengers.	The	authors	could	demonstrate	significant	differences	in	CNVs	between	patients	with	good	and	poor
outcome,	generated	a	10-gene	signature	as	a	molecular	predictor	of	patient	survival,	and	validated	the	signature	in
several	 independent	 cohorts.	 In	 extension	of	 this	work,	 the	 authors	 recently	 demonstrated	 that	 gene	 expression
profiles	of	patients	with	chromosome	8p	loss	correlate	with	increased	interleukin	(IL)-6	signaling.24	Modulation
of	the	chromosome	8p	tumor-suppressor	genes	Src	homology	2	domain–containing	4A	(SH2D4A)	and	Sorbin	and
Src	 homology	 3	 domain–containing	 3	 (SORBS3)	 were	 associated	 with	 cell	 growth	 and	 clonogenicity	 in	 liver
cancer.	Both	tumor	suppressors	cooperatively	inhibited	STAT3	signaling	and,	thus,	provided	a	molecular	basis	for
inhibition	 of	 STAT3-mediated	 IL-6	 signaling	 in	 HCC.	 Both	 these	 studies	 elegantly	 illustrate	 the	 power	 of



multilayer	integrative	analyses	to	identify	the	functional	significance	of	genomic	alterations	in	human	HCC.

EPIGENETIC	ALTERATIONS	IN	LIVER	CANCER
Epigenetic	alterations	such	as	DNA	methylation	are	important	in	tumor	development	for	many	cancers.25	Changes
in	DNA	methylation	patterns	are	believed	to	be	early	events	in	hepatocarcinogenesis	preceding	allelic	imbalances
and	ultimately	leading	to	cancer	progression	thereby	adding	considerable	complexity	to	the	pathogenesis	of	liver
cancer.26

Global	hypomethylation	and	promoter	hypermethylation	in	certain	cancer-related	genes	are	known	drivers	of
hepatocarcinogenesis	associated	with	both	biologic	behavior	and	prognosis.27	Additionally,	methylation	patterns
can	be	used	to	classify	patients	according	to	different	etiologic	factors	(e.g.,	HBV,	HCV,	alcohol).28,29	Moreover,
distinct	 methylation	 patterns	 strongly	 correlate	 with	 clinical	 characteristics	 of	 HCC	 patients.27	 Methylation
patterns	in	a	807	cancer-related	gene	panel	could	successfully	separate	primary	HCC	samples	according	to	their
biologic	 subtype.30	 Consistent	 with	 previous	 studies,	 patients	 harboring	 tumors	 with	 progenitor	 cell	 origin
displayed	 the	 worst	 clinical	 outcome.31	 Confirmation	 of	 a	 multistep,	 epigenetic-driven	 sequence	 of	 molecular
alteration	 in	 hepatocarcinogenesis	 could	 further	 be	 demonstrated	 in	 HBV-related	 liver	 cancers.	 A	 stepwise
hypermethylation	of	cytosine-phosphate-guanine	(CpG)	islands	of	nine	well-described	HCC-associated	genes	was
seen	from	cirrhotic	nodules,	DNs	(low	and	high	grade)	to	early	carcinoma	(eHCC)	and	finally	progressed	HCC
(pHCC).32

More	recently,	integrative	genome-wide	methylation	analyses	of	71	human	HCC	patients	was	combined	with
data	 from	 microarray	 analysis	 of	 gene	 reexpression	 in	 four	 hepatoma	 cell	 lines	 following	 exposure	 to	 DNA
methylation	inhibitors.33	A	total	of	13	candidate	tumor	suppressor	genes	were	identified	using	this	approach	and,
subsequently,	SMPD3	and	NEFH	were	functionally	validated	as	tumor	suppressor	genes	in	HCC.	Furthermore,	it
was	shown	not	only	that	SMPD3	not	only	affects	tumor	aggressiveness	but	also	that	reduced	SMPD3	levels	are	an
independent	prognostic	factor	for	early	recurrence	of	HCC.

The	 prognostic	 impact	 of	 epigenetic	 alterations	 in	 HCC	 as	 well	 as	 the	 potential	 role	 of	 DNA	methylation
markers	 as	biomarkers	 for	HCC	were	 recently	 explored	 in	304	HCC	 tissues.34	A	methylation-based	prognostic
signature	was	identified	using	genome-wide	methylation	arrays	covering	96%	of	known	CpG	islands	and	485,000
CpG.	 These	 data	were	 combined	with	 transcriptome	microRNA	 profiling	 on	 the	 same	 samples	 for	 integrative
analyses	that	demonstrated	a	signature	consisting	of	36	methylation	probes	that	accurately	discriminated	survival
in	HCC	patients	with	different	etiologies.	The	study	further	confirmed	a	high	prevalence	of	genes	deregulated	by
aberrant	methylation	in	HCC	(e.g.,	Ras	association	[RalGDS/AF-6]	domain	family	member	1,	insulin-like	growth
factor	2,	and	adenomatous	polyposis	coli)	and	other	solid	tumors	(e.g.,	NOTCH3),	as	well	as	describing	potential
candidate	epidrivers	(e.g.,	septin	9	and	ephrin	B2).	Thus,	the	study	confirms	the	utility	of	methylation	analyses	for
mechanistic	and	predictive	applications	in	liver	cancer.

Although	genetic	changes	in	chromatin	modulators	are	among	the	most	common	alterations	in	HCC	(see	the
following	text),	the	role	of	epigenetic	alterations	beyond	DNA	methylation	(e.g.,	modification	of	histones,	such	as
acetylation,	methylation,	phosphorylation,	ubiquitylation,	and	sumoylation)	are	not	well	studied	in	HCC.35	In	fact,
modifications	of	both	repressing	(e.g.,	H3	lysine	27	and	histone	H3	lysine	9)	and	activating	histone	marks	(e.g.,
H3	 lysines	 4)	 have	 significant	 impact	 on	 expression	 of	 critical	 genes	 associated	 with	 hepatocarcinogenesis.36
Applying	chromatin	immunoprecipitation	together	with	high-throughput	sequencing	(CHIP-seq)	profiling	in	HCC
cell	 lines	 was	 recently	 used	 to	 assess	 genome-wide	 chromatin	 occupancy	 of	 the	 suppressive	 H3K27ME3
chromatin	mark.37	The	data	revealed	that	claudin14	(CLDN14)	is	a	direct	target	for	EZH2-mediated	H3K27ME3
in	HCC	and	confirmed	low	expression	of	CLDN14	in	advanced	tumor	stages.	Furthermore,	low	CLDN14	was	an
independent	 predictor	 of	 survival	 of	 HCC	 patients.	 Depletion	 of	 CLDN14	 substantially	 restored	 motility	 and
invasive	capacities	in	EZH2-silenced	HCC	cells	and	supported	cell	epithelial-mesenchymal	transition	in	a	Wnt/β-
catenin–dependent	 manner.	 Results	 from	 these	 preliminary	 studies	 highlight	 the	 need	 for	 additional	 studies
applying	whole	epigenomic	approaches	in	HCC.

MicroRNAs	 are	 epigenetically	 active	 small	 RNAs	 that	 are	 critically	 involved	 in	 regulating	 protein
expression.38	 Distinct	 microRNA	 expression	 patterns	 contribute	 to	 the	 definition	 of	 the	 cellular	 phenotype,
including	 regulation	 of	 proliferation,	 cell	 signaling,	 and	 apoptosis.	 Not	 surprisingly,	 aberrant	 expression	 of
microRNAs	 is	 associated	 to	 cancer	 initiation,	 propagation,	 and	progression.	Several	microRNAs	are	 frequently
deregulated	in	HCC	and	associated	with	certain	clinicopathologic	features.39	Numerous	studies	demonstrated	that
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microRNAs	have	essential	roles	in	HCC	progression	by	directly	contributing	to	cell	proliferation,	apoptosis,	and
metastasis	 of	 HCC	 and	 by	 targeting	 a	 large	 number	 of	 critical	 protein-coding	 genes	 involved	 in
hepatocarcinogenesis.40	 Profiling	 of	 microRNA	 expression	 by	 microarray	 revealed	 subclasses	 associated	 with
clinicopathologic	 features	as	well	as	mutations	 in	several	oncogenic	pathways	such	as	β-catenin	and	HNF1A.41
Furthermore,	microRNA	profiling	of	89	HCC	samples	using	a	 ligation-mediated	amplification	method	revealed
three	distinct	clusters	of	HCCs	reflecting	the	clinical	behavior	of	the	tumors,	and	the	association	of	the	microRNA
family	miR-517	with	increased	tumorigenicity	of	HCC	cells	in	vitro	and	in	vivo.42

Ji	and	colleagues43	confirmed	the	therapeutic	potential	of	microRNA-based	treatment	modalities	in	HCC	and
demonstrated	 that	 miR-26	 levels	 are	 associated	 with	 response	 to	 adjuvant	 therapy	 with	 interferon	 -α	 and
developed	 a	 simple	 and	 reliable	 companion	 diagnostic	 (miR-26-DX)	 to	 select	 HCC	 patients	 for	 adjuvant
interferon-α	therapy	as	a	first	step	to	successfully	translate	information	from	large-scale	analyses	into	the	clinics.

MUTATIONAL	LANDSCAPE	OF	GENETIC	ALTERATIONS—THE	NEXT
GENERATION
Sophisticated	 NGS	 technologies	 have	 now	 been	 applied	 in	 cancer	 research	 for	 a	 complete	 and	 cost-efficient
analysis	 of	 cancer	 genomes	 at	 a	 single	 nucleotide	 resolution	 and	 advanced	 into	 valuable	 tools	 in	 translational
medicine.14	Implementation	of	NGS	to	solid	tumors	like	HCC	is	challenging	as	the	proportion	of	normal	cells	or
the	 stromal	composition	within	a	given	 sample	contributes	 to	 the	genomic	 signature	and	 therefore	may	 require
additional	coverage	(i.e.,	read	depth).44	Also,	HCC	often	arises	in	the	background	of	a	chronically	diseased	liver
with	underlying	cirrhosis,	 fibrosis,	or	HBV	or	HCV	 infection,	which	may	complicate	 the	 tumor/normal	variant
discovery	 when	 compared	 to	 the	 peritumoral	 liver	 tissue	 or	 even	 blood.45	 Accordingly,	 sequential	 molecular
alterations	 during	 human	 hepatocarcinogenesis	 from	 dysplastic	 lesions	 to	 eHCC	 and	 ultimately	 pHCC	 are	 not
clearly	defined.	This	represents	a	major	challenge	in	the	clinical	management	of	patients	at	risk.	Although	MYC
activation	 is	 associated	with	 early	 stages	of	malignant	 conversion	 into	HCC,	detailed	molecular	 sequences	 that
drive	premalignant	lesions	into	progressed	HCC	still	remain	to	be	clarified.46	Nault	et	al.47	recently	investigated
TERT	promoter	mutations	 in	a	series	of	268	 liver	samples,	 including	96	nodules	developed	 in	58	patients	with
cirrhosis	 and	 114	 additional	 cirrhosis.	 The	 results	 demonstrated	 that	 TERT	 promoter	 mutations	 progressively
increased	during	stepwise	hepatocarcinogenesis	and	were	identified	in	6%	of	low-grade	DNs,	19%	of	high-grade
DNs,	 61%	 of	 eHCCs,	 and	 42%	 of	 small	 and	 pHCC.	 The	 authors	 concluded	 that	 somatic	 TERT	 promoter
mutations	 could	 be	 useful	 as	 a	 new	 biomarker	 predictive	 of	 transformation	 of	 premalignant	 lesions	 into	HCC.
Also,	integrative	transcriptome	sequencing	of	tumor-free	surrounding	liver	(n	=	7),	low-	(n	=	4)	and	high-grade	(n
=	9)	dysplastic	lesions,	eHCC	(n	=	5),	and	pHCC	(n	=	3)	from	eight	HCC	patients	with	hepatitis	B	infection	was
recently	 performed.48	 The	 results	 indicate	 that	 molecular	 profiles	 of	 dysplastic	 lesions	 and	 eHCC	 are	 quite
uniform.	 In	contrast,	a	sharp	 increase	 in	heterogeneity	on	both	messenger	RNA	and	DNA	levels	 is	observed	 in
progressed	HCC.	These	molecular	alterations	result	in	massive	deregulation	of	key	oncogenic	molecules	such	as
transforming	 growth	 factor	 β1	 (TGFβ1),	 MYC,	 phosphatidylinositol	 3-kinase	 (PI3K)/AKT,	 and	 suggest	 that
activation	of	prognostically	adverse	 signaling	pathways	 is	 a	 late	event	during	hepatocarcinogenesis	 (Fig.	 56.1).
Subsequently,	 it	 was	 shown	 that	 the	 molecular	 alterations	 in	 advanced	 HCC	 are	 relatively	 wide-ranging	 with
numbers	of	mutations	ranging	from	5	to	121	per	tumor.49–51	Thus,	it	has	to	be	assumed	that	complex	interactions
of	multiple	mutations	in	individual	tumors	eventually	generate	HCC.52–55	Although	no	clear	oncogenic	addiction
has	 been	 demonstrated	 in	 HCC,	 a	 high	 number	 of	 mutations	 in	 p53	 and	 Wnt/β-catenin	 signaling	 have	 been
detected	(Table	56.1).	Thus,	results	from	in-depth	analyses	strengthen	current	notions	that	p53	and	Wnt/β-catenin
signaling	are	the	most	common	molecular	changes	involved	in	HCC	development.49	Also,	10%	to	28%	of	HCCs
harbor	 alterations	 in	 genes	 associated	with	 chromatin-remodeling	 pathways,	 suggesting	 a	 causative	 association
with	 hepatocyte	 transformation	 and	 highlighting	 the	 key	 role	 of	 epigenetics	 in	 hepatocarcinogenesis.50,56
However,	recent	whole-	exome/whole-genome	sequencing	studies	of	87	and	88	human	HCCs57,58	have	confirmed
that	β-catenin	(10%	and	15.9%)	and	TP53	(18%	and	35.2%)	are	the	most	frequently	mutated	oncogene	and	tumor
suppressor,	 respectively.57,58	 The	 study	 by	 Kan	 et	 al.58	 also	 detected	 several	 drugable	 mutations,	 including
activating	mutations	of	Janus	kinase	1	(9.1%),	which	might	provide	an	option	for	novel	individualized	therapeutic
interventions.	Interestingly,	Nault	et	al.59	identified	somatic	mutations	activating	telomerase	reverse-transcriptase
as	both	the	earliest	and	the	most	frequent	mutations	in	human	preneoplastic	lesions	(25%)	as	well	as	HCCs	(59%)
and	 also	 associated	 with	 activating	 CTNNB1	 mutations.	 Further,	 exome	 sequencing	 of	 243	 HCCs	 identified



mutational	 signatures	 associated	 with	 specific	 risk	 factors	 and	 found	 several	 patterns	 related	 to	 alcohol	 and
tobacco	consumption	and	exposure	to	aflatoxin	B1.50	Finally,	disruption	of	several	genes	and	pathways	that	might
be	useful	for	the	selection	of	suitable	patients	in	a	setting	of	target-enriched	clinical	trials	were	identified.

The	most	integrative	view	on	hepatocarcinonesis	was	provided	by	a	recent	study	of	The	Cancer	Genome	Atlas
(TCGA)	Research	Network.60	The	TCGA	investigators	performed	multilayer	molecular	analyses	of	whole-exome
sequencing	and	DNA	copy	number	analyses,	DNA	methylation,	RNA,	microRNA,	and	proteomic	expression	on
363	HCC	cases.	Whereas	the	mutational	landscape	of	alterations	was	comparable	to	previous	studies,	significant
alterations	 by	 hypermethylation	 in	 genes	 likely	 to	 result	 in	HCC	metabolic	 reprogramming	 (ALB,	APOB,	 and
CPS1)	 were	 observed.	 Integrative	 molecular	 subtyping	 of	 five	 data	 platforms	 identified	 three	 subclusters	 of
tumors	 associated	 with	 distinct	 prognostic	 traits.	 Furthermore,	 the	 authors	 also	 revealed	 potential	 actionable
targets	in	WNT	signaling,	MDM4,	mesenchymal-epithelial	transition	(MET),	vascular	endothelial	growth	factor	A
(VEGFA),	myeloid	cell	leukemia	1	(MCL1),	isocitrate	dehydrogenase	1	(IDH1),	telomerase	reverse	transcriptase
(TERT),	and	immune	checkpoint	proteins,	cytotoxic	T-lymphocyte	antigen	4	(CTLA-4),	programmed	cell	death
protein	1	(PD-1),	and	programmed	cell	death	protein	ligand	1	(PD-L1).	These	comprehensive	data	will	provide	a
powerful	repository	for	future	investigations	on	molecular	hepatocarcinogenesis.

THE	MICROENVIRONMENT	OF	LIVER	CANCER
HCC	develops	in	the	background	of	a	chronic	liver	disease	and,	in	more	than	80%	of	the	cases,	in	a	preexisting
liver	cirrhosis.	For	a	complete	understanding	of	the	molecular	mechanisms	of	hepatocarcinogenesis,	this	primary
liver	 disease	 causing	 a	 chronic	 inflammatory	 liver	microenvironment	 has	 to	 be	 appreciated.61	 Recent	 research
efforts	 have	 focused	 on	 the	 identification	 of	 key	 factors	 that	 contribute	 to	 the	 disruption	 of	 the	 liver
microenvironment	and	the	generation	of	an	adverse	niche(s)	that	promote	hepatocarcinogenesis.	Among	the	most
prominent	 factors	 involved	 in	 the	 inflammation-fibrosis-cancer	 axis	 is	 the	 nuclear	 factor	 kappa	 B	 (NF-κB)
pathway.62	 The	 dominant	 role	 of	 this	 pathway	 in	 hepatocarcinogenesis	 is	well	 documented	 (reviewed	 in	 Li	 et
al.54).	 However,	 genetic	 deletion	 of	 the	 NF-κB	 master	 regulator	 NEMO	 significantly	 enhanced	 liver	 cancer
development	in	a	mouse	model,	indicating	that	inhibition	of	NF-κB	may	not	only	exert	beneficial	effects	but	also
negatively	impact	hepatocyte	viability,	especially	when	NF-κB	inhibition	is	pronounced.63
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Figure	56.1	Sequential	evolution	of	liver	cancer.	The	scheme	simplifies	our	understanding	of
hepatocellular	carcinoma	(HCC)	development.	The	current	concept	considers	hepatocarcinogenesis

a	multistep	process	that	develops	on	the	basis	of	a	chronically	altered	microenvironment	(i.e.,
cirrhosis)	and	progresses	from	dysplastic	nodules	(high	grade	and	low	grade)	over	early	HCC	to
progressed	HCC	(upper	panels).	On	the	molecular	level	the	different	stages	are	characterized	by
progressive	activation	of	signaling	pathways	related	to	oxidative	stress,	immune	response,	and
proliferation	(middle	panel).	However,	the	activation	of	prognostically	adverse	signaling	occurs
late	during	the	evolution	of	liver	cancer.	During	this	process,	a	progressive	loss	of	differentiation
with	concomitant	acquisition	of	malignant	and	invasive	properties	is	observed	(lower	panel).

eHCC,	early	HCC;	pHCC,	progressed	HCC;	LGDN,	low-grade	dysplastic	nodule;	HGDN,	high-
grade	dysplastic	nodule;	PI3K,	phosphatidylinositol	3-kinase;	TGFβ,	transforming	growth	factor	β;

EMT,	epithelial-mesenchymal	transition.

The	 importance	 of	 the	 microenvironment	 is	 further	 highlighted	 in	 a	 recent	 study	 demonstrating	 that
transplantation	 of	 hepatic	 progenitor	 cells	 gave	 rise	 to	 cancer	 only	 when	 introduced	 into	 a	 liver	 with	 chronic
damage	and	compensatory	proliferation.64	 Interestingly,	similar	 to	observations	 in	human	hepatocarcinogenesis,
progenitor-like	cells	quiescently	resided	within	dysplastic	lesions	for	several	months	prior	to	appearance	of	HCC.
During	this	period,	the	progenitor	cells	acquired	autocrine	IL-6	signaling	that	stimulated	their	in	vivo	growth	and
malignant	 progression,	 suggesting	 a	 general	 mechanism	 of	 progenitor	 cell–induced	 HCC.	 Notably,	 IL-6	 is	 a
highly	abundant	cytokine	in	the	liver	actively	contributing	to	immune	surveillance	while	concomitantly	promoting
growth	and	differentiation	of	epithelial	tumor	cells	via	paracrine	and	autocrine	regulatory	loops.65,66	IL-6	is	also
associated	 with	 the	 treatment	 response	 to	 targeted	 therapies	 and	 progression	 in	 a	 variety	 of	 cancers	 (e.g.,	 by
promoting	 immune	 evasion	 of	 cancer	 cells).67,68	 The	 dual	 role	 of	 IL-6	 signaling	 for	 both	 cancer	 cells	 and
nonparenchymal	(e.g.,	immune	cells)	cells,	therefore,	substantially	contributes	to	cross-talk	between	tumor	and	the
microenvironment.69	This	notion	is	supported	by	genomic	analyses	showing	that	gene	sets	associated	with	a	poor
prognosis	in	liver	cancer	contained	several	downstream	targets	of	IL-6.70

The	 microenvironment	 does	 not,	 however,	 only	 contribute	 to	 tumor	 initiation.	 Although	 gene	 expression
profiles	of	tumor	tissue	failed	to	yield	significant	association	with	survival,	a	186-gene	signature	generated	from
the	surrounding	nontumoral	 liver	 tissue	was	highly	correlated	with	 the	outcome	of	patients	 in	a	cohort	of	more
than	300	HCCs.70	Consistently,	 this	poor-prognosis	 signature	contained	gene	sets	associated	with	 inflammation
such	as	 interferon	signaling,	NF-κB,	and	tumor	necrosis	factor	α.	Further,	gene	set	enrichment	analysis	showed
that	the	downstream	targets	of	IL-6	were	strongly	associated	with	the	poor-prognosis	signature,	again	confirming
the	importance	of	this	signaling	in	hepatocarcinogenesis.

Several	 other	 immune-related	 and	 prooncogenic	 molecules	 revealed	 unexpected	 tumor-suppressing/tumor-
promoting	 effects	 when	 activated	 in	 parenchymal	 and	 nonparenchymal	 cell	 types	 (e.g.,	 immune	 cells	 vs
hepatocytes)	and	different	etiologic	context	(e.g.,	inflammation,	fibrosis,	cirrhosis),	which	underlines	the	critical
importance	of	the	interaction	of	signals	from	the	microenvironment	and	the	tumor	cells	for	tumor	initiation	and
progression.71,72	 Together,	 these	 studies	 demonstrate	 the	 complexity	 of	molecular	mechanisms	 influencing	 the
development	 and	 progression	 of	 liver	 cancer.	 The	 results	 of	 these	 studies	 also	 highlight	 the	 rationale	 for
therapeutic	 interventions	 based	 on	 the	 tumor–microenvironment	 interaction	 (e.g.,	 by	 inhibition	 of	 checkpoint
molecules	such	as	PD-1/PD-L1	and	CTLA-4).73

TABLE	56.1
Major	Functional	Signaling	Pathways	and	Molecules	in	Hepatocellular	Carcinoma

Functional	Process
(Frequency) Signaling	Pathway

Associated	Molecules
(Frequency	%)

Mode	of	Action	in
Tumors Phenotypic	Features

p53,	RB–E2F
TP53,	CKN2A/B,
CCND/E1,	CDKs,	ATM,
RB1

Inhibition

Loss	during	tumor
progression,	aggressive
phenotype,	DNA
damage	repair
mechanisms

CTNNB1,	AXIN1+2,

Early	and	late	stage,
genomic	stability,
activation	in	tumor-



Cell	cycle	(4%–35%)

Wnt–β-catenin APC Activation initiating	cells

TGF-β SMADs
Early:	inhibition
Late:	activation

Poor	prognosis,
metastasis,	tumor-
initiating	cells

Development	and
differentiation	(2%–
55%)

Hippo–YAP
Growth	control,	via
YAP	and	MST1/2 Activation

Stem	cell	features,
tumor	initiation,
chemoresistance

NF2
Growth	control,	via
YAP,	EGFR Inhibition

Stem	cell	features,
tumor	initiation

SALL4 NURD	complex,	PTEN Activation

Development	and
progression,	poor
prognosis,	tumor-
initiating	cells

IGF
IGF1R,	IRF2,	IRS,
SHP,	PI3K Activation

Preneoplastic	lesions,
early	stage

HGF–MET
SH2,	MAPK,	MEK,
ERK Activation

Metastatic	potential,
invasion

Oncogenic	signaling
(0%–35%)

EGFR AKT,	STATs,	RAS/RAF Activation
Aggressive	phenotype,
reprogramming

PI3K–mTOR

PIK3CA,	AKT,
RPS6KA3,	PTEN,
TSC1,	RAPTOR,
RICTOR Activation

Poor	prognosis,	poorly
differentiated	tumors,
and	earlier	recurrence

VEGF VEGFR,	HIF1α Activation

Aggressive	phenotype,
poor	prognosis,
metastasis

Angiogenesis	(0%–
15%)

FGF FGF19,	FGFRs,	SHP2 Activation
Development	or
progression

PDGF
ROS,	PI3K,	STAT3,
MMPs Activation

Liver	cirrhosis,
development

Immune	response
(2%–9%)

NF-κB
IKb,	IKK,	NEMO,	p65,
IL-20 Activation

Chronic	inflammation,
tumor	progression

TWEAK/Fn14 NOTCH,	WNT Activation
Tumor-initiating	cells,
cell	fate	decision

IL-6	signaling
STAT3,	LIN28,	IL-6R,
IL-6,	JAK1 Activation

Progenitor	derived,
response	to	adjuvant
interferon	therapy

Posttranscriptional
modifications	(not
reported) RNA	editing AZIN1,	ADARs,	ODC Alteration

Cirrhosis,	development
and	recurrence,	poor
prognosis

Genome	maintenance
(10%–28%)

Chromatin
remodeling

ARID1	and	ARID2,
MLL,	BAP1,	EZH2 Activation

Frequently	mutated
(SWI/SNF),	poor
prognosis

Telomere	stability TERT Activation

Earliest	genetic
changes,	associated
with	activation	of	WNT–
β-catenin

Stress
response/mitochondria
(0%–22%) Oxidative	response NRF2,	KEAP1,	CUL3 Activation

Oxidative
phosphorylation,	tumor
progression,	late	stage

Adapted	 from	Marquardt	 JU,	Andersen	JB,	Thorgeirsson	SS.	Functional	 and	genetic	deconstruction	of	 the	cellular	origin	 in	 liver
cancer.	Nat	Rev	Cancer	2015;15(11):653–667.

CLASSIFICATION	AND	PROGNOSTIC	PREDICTION	OF
HEPATOCELLULAR	CARCINOMA
The	 goals	 of	 translational	 gene	 expression	 analyses	 generally	 include	 discovery	 of	 subsets	 of	 tumors	 (class
discovery),	which	enables	diagnostic	classification	(class	comparison),	prediction	of	clinical	outcome	or	response
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to	treatment	(class	prediction),	as	well	as	mechanistic	analysis.	Verification	and	validation	of	primary	results	are
essential	 for	 discovery	 of	 oncogenic	 pathways	 and	 identification	 of	 therapeutic	 targets.	The	 goal	 of	 all	 staging
systems	is	to	separate	patients	into	homogeneous	prognostic	groups	to	allow	the	selection	of	the	most	appropriate
surveillance	 and	 to	 select	 a	 specific	 therapy	 for	 each	 subtype.	 Although	 much	 work	 has	 been	 devoted	 to
establishment	 of	 prognostic	models	 for	HCC	by	 using	 clinical	 information	 and	 pathologic	 classification,	many
issues	still	 remain	unresolved.74	More	 than	20	studies	on	prognostic	HCC	gene	expression	profiling,	as	well	as
several	reviews,	have	appeared	during	the	last	10	years.6	However,	results	were	quite	heterogeneous	and,	besides
disruption	 in	 general	 cancer-related	 processes	 (i.e.,	 proliferation,	 apoptosis,	 neoangiogenesis,	 as	 well	 as
prometastatic	 and	 proinflammatory	 gene	 sets),	 the	 overall	 similarity	 was	 low,	 limiting	 a	 successful
implementation	into	clinical	practice.	A	potential	explanation	is	that	interpretation	of	molecular-profiling	studies
of	HCC	poses	more	 challenges	 than	 other	 human	 tumors,	mainly	 because	 of	 the	 complex	 pathogenesis	 of	 this
cancer.75	As	already	emphasized,	HCC	arises	 in	diverse	 settings	 ranging	 from	 infection	with	HBV	or	HCV,	 to
chronic	metabolic	diseases	as	varied	as	diabetes,	NAFLD,	and	hemochromatosis.	These	different	disease	stages
represent	complex	assortments	of	genetic	and	epigenetic	aberrations	as	well	as	altered	molecular	pathways.45,76

A	 recent	 study	 was	 designed	 to	 generate	 a	 composite	 prognostic	 model	 by	 evaluating	 22	 prognostic	 gene
expression	signatures	generated	from	tumor	as	well	as	cirrhotic	tissue	in	a	cohort	of	287	patients	with	early-stage
HCC	(Barcelona-Clinic	Liver	Cancer	[BCLC]	0/A).77	Overall,	most	previously	reported	signatures	retained	their
prognostic	 capacity	 in	 this	 independent	 data	 set.	 A	 total	 of	 17	 of	 these	 22	 signatures	 adequately	 subclassify
patients	according	to	their	prognostic	traits.	It	is	noteworthy	that	none	of	the	signatures	reflecting	a	progenitor	cell
of	 origin	 (EpCAM,	 hepatoblastoma-C2,	 CK19-rat,	 and	 CK19-human	 signature)	 possessed	 prognostic	 value.
However,	 these	signatures	had	not	been	generated	 for	classification	of	early	stages	of	HCC.	Another	 important
finding	from	this	study	was	that	gene	expression	profiles	obtained	from	paired	biopsies	from	the	center	and	the
periphery	of	the	same	tumor	in	15	tumor	specimens	showed	a	high	(>80%)	transcriptomic	concordance.	Although
these	observations	provide	at	least	some	evidence	for	stability	of	gene	expression	signatures	in	paired	biopsies	and
suggest	a	low	influence	of	sampling	error,	more	in-depth	analyses	are	needed	to	define	the	intratumoral	genetic
heterogeneity	of	HCC	that	 is	 likely	 to	contribute	 to	 the	high	 tumor	 recurrence	and	chemoresistance.78,79	 In	 this
context,	Xue	et	al.80	investigated	the	clonal	relationship	of	43	lesions	and	10	matched	control	samples	(blood	or
nontumorous	 liver)	 from	 10	 patients	 with	 HBV-associated	 HCC	 by	 performing	 whole-exome	 and	 low-depth,
whole-genome	sequencing.	 Interestingly,	 the	common	genetic	alterations	 in	 lesions	from	a	single	patient	varied
from	8%	to	97%,	indicating	variation	in	the	extent	of	intratumor	heterogeneity.	Branched	evolution	was	evident,
with	 somatic	 mutations,	 HBV	 integrations,	 and	 CNVs	 identified	 in	 both	 the	 trunks	 and	 branches	 of	 the
phylogenetic	trees	in	several	 lesions.	Remarkably,	satellite	nodules	showed	a	high	(approximately	90%)	genetic
concordance	with	primary	 lesions.	Together,	 this	study	confirmed	that	 the	extent	of	 intratumor	heterogeneity	 in
HCC	varies	considerably	from	patient	to	patient.	Beside	interesting	mechanistic	insights	into	progression	of	HCC,
these	 investigations	might	also	have	broad	 implications	 for	 the	 selection	of	 specific	 targeted	 treatments.	 In	 this
case,	analyses	of	multiple	lesions	as	well	as	sequential	tumor	biopsies	might	increase	the	diagnostic	accuracy.

An	 interesting	 attempt	 to	 classify	 HCC	 was	 recently	 introduced	 by	 combining	 phenotypic	 and	 molecular
information	 in	 a	 large	 series	 of	 343	 resected	 HCC	 samples.81	 Results	 demonstrate	 that	 different	 histologic
subtypes	 are	 associated	 with	 clinical	 and	 molecular	 features.	 Alterations	 in	 CTNNB1	 and	 TP53	 are	 mutually
exclusive	and	are	associated	with	distinct	morphologic	features.	Tumors	harboring	CTNNB1	mutations	tend	to	be
larger	 in	size,	well	differentiated,	and	without	 inflammatory	 features,	whereas	TP53-mutated	 tumors	are	poorly
differentiated,	 pleomorphic,	 and	 show	 vascular	 invasion.	 Furthermore,	 the	 scirrhous	 HCC	 subtype	 showed
alterations	 in	 TSC1/TSC2	 and	 more	 stem-like	 features,	 whereas	 the	 steatotic	 subtype	 showed	 frequent	 IL-
6/JAK/STAT	activation.	Interestingly,	a	novel	macrotrabecular-massive	subtype	showed	a	poor	clinical	outcome,
high	 α-fetoprotein	 (AFP)	 levels,	 and	 FGF19	 amplifications.	 The	 authors	 concluded	 that	 HCC	 phenotypes	 are
tightly	associated	with	molecular	alterations	that	may	help	to	translate	the	current	understanding	of	HCC	biology
into	clinical	practice.

MOLECULAR	BASIS	OF	CHOLANGIOCARCINOMA
In	 comparison	 with	 HCC,	molecular	 pathology	 of	 intrahepatic	 cholangiocellular	 carcinoma	 (ICC)	 is	 less	 well
investigated.	 Most	 of	 the	 studies	 on	 cholangiocarcinogenesis	 focused	 on	 the	 investigation	 of	 few	 candidate
genes.82	 In	 a	 seminal	 work	 on	 both	 genomic	 and	 genetic	 features	 of	 ICC,	 gene	 expression	 profiles	 of	 104
surgically	 resected	cholangiocarcinoma	(CCA)	samples	were	collected	and	analyzed	 from	patients	 in	Australia,



Europe,	and	the	United	States.83	The	authors	discovered	two	new	prognostic	subclasses	of	patients	defined	by	a
238-gene	 classifier	 as	 well	 as	 KRAS	 mutations	 and	 increased	 levels	 of	 EGFR	 and	 HER2.	 Also,	 promising
therapeutic	strategies	in	different	ICC	cell	lines	that	resembled	the	different	prognostic	subtypes	were	validated.
This	 study	also	addresses	 the	 importance	of	 the	 stromal	component	of	 ICC	by	 laser	capture	microdissection	of
epithelial	and	stromal	compartments	from	23	tumors.	Although	tumor	epithelium	was	defined	by	deregulation	of
the	HER2	network	and	frequent	overexpression	of	EGFR,	c-MET,	and	pRPS6	as	well	as	proliferation,	the	stroma
was	predominantly	enriched	for	inflammatory	gene	sets.	In	another	study,	gene	expression	analyses	of	149	ICC
from	formalin-fixed	paraffin-embedded	samples	were	performed.84	Gene	set	enrichment	analysis	and	functional
characteristics	of	the	patients	again	revealed	two	broad	molecular	subclasses,	“proliferation”	and	“inflammation,”
defined	 by	 differential	 expression	 of	 1,565	 significant	 genes.	 The	 proliferation	 class	 was	 associated	 with
aggressive	 tumor	biology	as	well	 as	 a	poor	prognosis	 and	characterized	by	molecular	 enrichment	of	oncogenic
pathways	 (e.g.,	RAS/RAF/MAPK,	VEGF,	 and	PDGF).	The	 inflammation	class	displayed	a	better	prognosis	 and
enrichment	of	 immune-related	 signaling,	 including	 IL-10	 and	STAT3.	Furthermore,	 a	 subgroup	of	 ICCs	 in	 the
proliferation	 class	 shared	 features	 of	 several	 previously	 published	 prognostic	 HCC	 signatures	 with	 a	 possible
progenitor	 cell	 origin,	 supporting	 the	 hypothesis	 that	 these	 tumors	 may	 be	 derived	 from	 a	 common	 origin	 or
precursor	 cell(s).	 This	 hypothesis	 is	 supported	 by	 recent	 work	 by	 Woo	 et	 al.,85	 who	 applied	 an	 integrative
oncogenomic	 approach	 to	 address	 the	 clinical	 and	 functional	 implications	 of	 the	 overlapping	 phenotype	 of
combined	 hepatocellular-cholangiocarcinoma	 (CHC),	 a	 histopathologic	 intermediate	 form	 between	 HCC	 and
cholangiocarcinoma	(CC).85	Furthermore,	another	study	confirmed	that	CHC	represents	a	heterogeneous	group	of
tumors	 ranging	from	a	more	stem-like	 type	characterized	by	features	of	poor	prognosis	 to	a	classical	 type	with
common	 lineage	 of	HCC	 and	 ICC	 components.86	 Integration	 of	 genomics,	 transcriptomics,	 and	metabolomics
approaches	of	a	large	cohort	of	HCC	and	ICC	from	Thailand	further	showed	that	ICC	and	HCC	share	recurrently
mutated	genes.87	One	of	the	identified	subtypes	was	characterized	by	predominant	alterations	in	TP53,	ARID1A,
and	ARID2,	mitotic	 checkpoint	 anomalies,	 and	 shared	 key	 drivers	 PLK1	 and	 ECT2,	whereas	 another	 subtype
could	be	linked	to	obesity,	T-cell	infiltration,	and	bile	acid	metabolism.	Results	of	these	studies	indicate	that	ICC
and	HCC,	 although	 clinically	 treated	 as	 separate	 entities,	 share	 common	molecular	 traits	 as	well	 as	 actionable
alterations	 that	could	help	 to	guide	precision	 therapy	 for	primary	 liver	cancer.	Several	 recent	consortial	 studies
utilized	integrative	analyses	to	delineate	the	landscape	of	molecular	alterations	in	CCAs.88–90	Although	several	of
the	most	abundant	recurrent	genetic	alterations	could	be	identified	in	both	HCC	and	CCA	(e.g.,	TP53,	CDKN2A,
ARIDs),	other	molecular	alterations	(e.g.,	IDH1/	IDH2,	FGFR	fusion	genes,	K/NRAS)	were	predominantly	seen
in	CCA.	Overall,	distinct	genetic	alterations	are	present	in	fluke-positive	CCAs	(i.e.,	TP53	and	ERBB2)	and	fluke-
negative	CCAs	(e.g.,	PD-1,	IDH1/	IDH2,	BAP1,	FGFR/PRKA	rearrangements).

CONCLUSION	AND	PERSPECTIVE
Next-generation	 technologies	have	provided	an	extraordinary	opportunity	 for	 integrative	analyses	of	 the	cancer
(epi-)genome	 as	 well	 as	 the	 transcriptome.	 Predictive	 and	 prognostic	 gene-	 expression	 profiling	 not	 only	 has
advanced	 our	 understanding	 of	 cancer	 biology	 but	 also	 has	 begun	 to	 influence	 decision	 making	 in	 clinical
oncology	and	ultimately	may	allow	 for	 the	development	of	more	effective	 therapies.	The	 success	of	 these	new
analytical	 approaches,	 comparative	 and/or	 integrative	 functional	 genomics,	 suggests	 that	 integration	 of
independent	data	sets	will	enhance	our	ability	to	identify	robust	predictive	markers.	Despite	the	success	of	these
approaches	 in	 preclinical	 translational	 studies,	 the	 clinical	 application	 of	 gene	 expression	 profiling	 is	 still
immature.	 Although	 current	 signatures	 accurately	 classify	 HCCs	 according	 to	 their	 natural	 biology,	 they	 are
unable	to	predict	the	response	to	currently	used	therapies.75	Furthermore,	the	notion	that	HCC	with	progenitor	cell
features	 display	 a	 particular	 aggressive	 behavior	 might	 indicate	 that	 tumor	 heterogeneity	 and	 resulting
chemoresistance	 might	 be	 generated	 in	 molecularly	 plastic	 cancer	 stem	 cells	 (CSCs).91	 Because	 CSCs	 by
definition	are	a	 rare	subpopulation	of	cells,	 their	molecular	profile	might	be	diluted	by	 the	bulk	of	 tumor	cells,
which	 further	hampers	 therapeutic	progress.92	However,	 based	on	 the	 exciting	 results	 of	 recent	 studies	 and	 the
advent	of	NGS	technologies	that	offer	unprecedented	depths	and	resolution,	it	seems	reasonable	to	predict	that	the
genomic	 technologies	 will	 play	 an	 increasingly	 important	 role	 in	 clinical	 oncology.	 Furthermore,	 molecular
dissection	of	rare	genetic	alterations	within	the	tumor	cell	population	as	well	as	the	cellular	composition	of	tumors
and	the	corresponding	tumor	microenvironment	(so-called	cyber	sorting)	might	facilitate	to	select	patients	that	are
likely	 to	benefit	 from	a	 specific	 (immune)oncologic	 intervention.	The	 immediate	 focus	undoubtedly	will	 be	on
incorporating	these	whole-genomic	technologies	into	clinical	trials.	To	achieve	this	ambitious	goal,	systematic	and
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standardized	collections	of	 tissue/blood	specimens	from	HCC	patients	(e.g.,	mandatory	and	sequential	biopsies)
for	 subsequent	 prospective	 molecular	 analyses	 are	 urgently	 needed	 to	 ultimately	 improve	 the	 diagnosis	 and
treatment	of	liver	cancer	patients.
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INTRODUCTION
Primary	 cancers	 of	 the	 liver	 represent	 the	 fifth	 most	 common	 malignancy	 worldwide	 and	 the	 second	 most
common	cause	of	death	from	cancer.	This	is	due	to	the	relationship	of	hepatocellular	carcinoma	(HCC)	to	chronic
hepatitis	B	virus	(HBV)	and	hepatitis	C	virus	(HCV)	infections.1	Untreated	HCC	has	a	dismal	prognosis,	with	a	5-
year	survival	rate	below	10%.2	The	combination	of	cancer	and	chronic	liver	disease	add	significant	complexity	to
treatment.	The	great	progress	in	understanding	the	natural	history,	pathogenesis,	and	tumor	biology	of	HCC	has
resulted	 in	 effective	 treatment	 options.	 For	 localized	 HCC,	 surgical	 resection,	 orthotopic	 liver	 transplantation
(OLT),	 and	 ablative	 therapies	 are	 curative	 approaches.	 Formidable	 image-guided	 local	 and	 regional	 therapies,
radiation	 therapies,	 and	 systemic	 therapies	 now	 round	 out	 a	 full	 arsenal	 of	 treatments	 even	 for	 disseminated
disease.	Most	recently,	there	have	been	marked	advances	in	therapies	for	hepatitis3	and	in	care	of	the	associated
liver	 parenchymal	 disease	 that	may	 reduce	 the	 incidence	 of	HCV-related	HCC.	Furthermore,	 breakthroughs	 in
systemic	immunotherapy	approaches	were	also	reported.

EPIDEMIOLOGY
The	annual	number	of	worldwide	liver	cancer	cases	(748,300)	closely	resembles	the	number	of	deaths	(695,900).
Long-term	 survival	 rates	 are	 3%	 to	 5%	 in	 most	 cancer	 registries.1	 In	 2016,	 39,230	 new	 cases	 of	 liver	 and
intrahepatic	bile	duct	cancers	were	diagnosed	in	the	United	States,	responsible	for	27,170	deaths.4	Globally,	HCC
is	2.3	times	more	common	in	men	than	in	women,	and	likely	due	to	androgen	receptors	(ARs)	on	some	of	these
tumors.5	There	has	been	a	significant	overall	increase	in	the	incidence	of	HCC	in	the	United	States	during	the	past
25	years.6	This	parallels	the	increase	in	HCV	infection,	the	increase	in	immigrants	from	HBV-endemic	countries,
and	an	increase	in	nonalcoholic	fatty	liver	disease	(NAFLD).	The	widespread	utilization	of	HBV	vaccination	is
leading	to	a	decrease	in	liver	cancer.	In	Taiwan,	 introduction	of	HBV	vaccination	in	1984	led	to	a	reduction	of
liver	cancer	from	0.54	per	100,000	to	0.2	per	100,000	over	a	16-year	period.7

ETIOLOGIC	FACTORS
Viral	Hepatitis	and	Hepatocellular	Carcinoma
The	variable	geographic	 incidence	of	 liver	 cancer	 reflects	 the	variable	geographic	 incidence	 in	HCV	and	HBV
infections,	which	account	for	75%	of	the	world’s	cases.	Both	case	control	studies	and	cohort	studies	have	shown	a
strong	association	between	chronic	HBV	and	HCC.	Beasley	et	al.8	followed	Taiwanese	male	postal	carriers	who
were	 hepatitis	 B	 surface	 antigen	 (HBsAg)-positive	 and	 found	 a	 98-fold	 greater	 risk	 of	HCC	 than	 observed	 in
HBsAg-negative	individuals.	For	asymptomatic	HBsAg-positive	blood	donors	at	American	Red	Cross	centers,	a
relative	risk	of	12.7	was	noted	for	liver	cancer	compared	with	HBsAg-negative	individuals.	In	addition	to	hepatitis
viral	 levels,	 factors	 predictive	 of	 HCC	 include	 male	 gender,	 advanced	 age,	 specific	 promoter	 mutations,	 and
presence	of	cirrhosis.9

The	exact	mechanism	by	which	HBV	 infection	 causes	HCC	 is	 not	 known.10	 Some	have	 postulated	 that	 the
effect	 of	 HBV	 on	 hepatic	 carcinogenesis	 is	 indirect,	 through	 the	 process	 of	 inflammation,	 regeneration,	 and
fibrosis	 associated	with	chronic	hepatitis	 and	cirrhosis.	Consistent	with	 this	hypothesis,	70%	of	cases	of	HBV-
related	HCC	occur	 in	 association	with	 cirrhosis.	 There	 is	 also	 evidence	 for	 a	 direct	 viral	 effect.	 Integration	 of
HBV	DNA	has	been	observed	within	the	retinoic	acid	receptor	alpha	gene	and	within	the	human	cyclin	A	gene,



both	of	which	play	crucial	roles	in	cellular	growth.	The	hepatitis	Bx	(HBx)	gene	product	has	been	implicated	in
causing	 HCC.	 It	 is	 a	 transcriptional	 activator	 of	 various	 cellular	 genes	 associated	 with	 growth	 control.	HBx
interacts	with	p53,	interfering	with	its	tumor	suppressor.

HCV	is	an	RNA	virus	without	a	DNA	intermediate	form,	and	therefore	cannot	integrate	into	hepatocyte	DNA.
In	contrast	to	HBV,	HCV	is	more	likely	to	lead	to	chronic	infection	(10%:	HBV	versus	60%	to	80%:	HCV)	and
cirrhosis	 (20-fold	 increase).11	The	 typical	 interval	between	HCV-associated	 transfusion	and	subsequent	HCC	is
only	about	30	years	(compared	with	40	to	50	years	for	HBV).	HCV-associated	HCC	patients	tend	to	have	more
frequent	 and	more	 advanced	 cirrhosis.	 In	HBV-associated	HCC,	 only	 half	 the	 patients	 have	 cirrhosis.	 Risk	 of
developing	HCC	with	HCV-related	cirrhosis	is	5%	per	year	versus	0.5%	per	year	for	HBV-related	cirrhosis.

There	have	been	extensive	efforts	to	establish	the	molecular	pathways	involved	in	the	pathogenesis	of	HCC.12
Abnormalities	commonly	found	in	HCC	include	(1)	cell-cycle	dysregulation	associated	with	somatic	mutations	or
loss	 of	 heterozygosity	 in	 TP53,	 silencing	 of	 CDKN2A	 or	 RB1,	 or	 CCND1	 overexpression;	 (2)	 angiogenesis
accompanied	by	overexpression	or	amplification	of	VEGF,	PDGF,	 and	ANGPT2;	 (3)	 evasion	of	 apoptosis	 as	 a
result	of	activation	of	survival	signals	such	as	nuclear	factor	kappa	B;	and	(4)	reactivation	of	TERT.

There	 is	 emerging	 evidence	 of	 the	 importance	 of	 microRNAs	 and	 epigenetic	 alterations	 such	 as
hypermethylation	 in	 the	 pathogenesis	 of	HCC.	MicroRNA-155	 (miR-155)	 levels	 are	 significantly	 increased	 in
patients	infected	with	HCV,	and	overexpression	of	miR-155	is	associated	with	nuclear	accumulation	of	β-catenin
by	increased	Wnt	signaling,	thereby	implicating	this	pathway	in	HCV-associated	hepatocellular	carcinogenesis.13

Alcohol-Induced	Hepatocarcinogenesis
Chronic	 alcohol	 consumption	 has	 carcinogenic	 effects.	 It	 is	 known	 to	 lead	 to	 oxidative	 stress	 in	 the	 liver,
inflammation,	 cirrhosis,	 and	 development	 of	 HCC.	 Ethanol	 is	 metabolized	 by	 alcohol	 dehydrogenases	 and
cytochrome	P450,	producing	acetaldehyde	and	reactive	oxygen	species.	Acetaldehyde	binds	directly	 to	proteins
and	 DNA.	 It	 damages	 mitochondria,	 initiating	 apoptosis.	 P450	 metabolism	 leads	 to	 reactive	 oxygen	 species,
which	 lead	 to	 lipid	 consumption	 and	 peroxidation,	 protein	 oxidation,	 and	 DNA	 adducts.14	 Alcohol	 leads	 to
monocyte	activation	and	inflammatory	cytokine	production.	Oxidative	stress	has	been	demonstrated	in	alcoholic
cirrhosis	 through	 increased	 isoprostane,	 a	 marker	 of	 lipid	 peroxidation.15	 Oxidative	 stress	 promotes	 the
development	of	 fibrosis	and	cirrhosis,	creating	a	permissive	HCC	microenvironment.	Oxidative	stress	may	also
lead	to	decreased	signal	transducers	and	activators	of	transcription	1	(STAT1)–directed	activation	of	interferon-γ
(IFN-γ)	signaling	with	consequent	hepatocyte	damage.16

Nonalcoholic	Fatty	Liver	Disease
HCC	has	been	linked	to	NAFLD.	NAFLD	is	present	in	30%	of	the	general	adult	population,	in	90%	of	morbidly
obese	adults	(body	mass	index	[BMI]	≥40	kg/m2),	and	in	close	to	74%	of	those	with	diabetes.17	The	risk	of	HCC
due	 to	NAFLD	appears	 to	be	 less	 than	 that	of	chronic	hepatitis	C.	A	 recent	U.S.	 study	 reported	a	2.6%	yearly
cumulative	incidence	of	HCC	in	NAFLD	and	4%	in	HCV	cirrhosis.18	Similarly,	a	prospective	5-year	study	from
Japan	reported	a	rate	of	HCC	of	11.3%	among	patients	with	NAFLD	cirrhosis	compared	to	30.5%	among	those
with	HCV-associated	cirrhosis.19

A	recent	study	from	Germany	identified	nonalcoholic	steatohepatitis	(NASH)	as	the	most	common	etiology	of
HCC	 (24%),	 surpassing	 chronic	 hepatitis	 C	 (23.3%),	 chronic	 hepatitis	 B	 (19.3%),	 and	 alcoholic	 liver	 disease
(12.7%).20	Linoleic	acid	 is	a	fatty	acid	 that	accumulates	 in	NAFLD,	causing	more	oxidative	damage	than	other
free	 fatty	 acids,	 mediating	 the	 selective	 loss	 of	 CD4+	 T	 lymphocytes,	 and	 leading	 to	 accelerated
hepatocarcinogenesis.	 In	 a	mouse	model	 of	 HCC,	 in	 vivo	 blockade	 of	 the	 reactive	 oxidative	 species	 reversed
NAFLD-induced	hepatic	CD4+	T-cell	loss	and	delayed	NAFLD-induced	HCC.

Diabetes	and	obesity	have	been	established	as	independent	risk	factors	for	HCC	and	that	association	holds	true
in	NAFLD	and	associated	NASH.21	HCC	can	develop	 in	patients	with	metabolic	syndrome	and	NAFLD	in	 the
absence	of	NASH	and	fibrosis.22

Other	Etiologic	Considerations
Other	 underlying	 conditions	 that	 have	 been	 found	 to	 be	 associated	with	 the	 development	 of	HCC	are	 listed	 in
Table	 57.1.	 These	 include	 autoimmune	 chronic	 active	 hepatitis,	 cryptogenic	 cirrhosis,	 and	metabolic	 diseases.
Metabolic	 diseases	 include	 hemochromatosis	 (iron	 accumulation),	 Wilson	 disease	 (copper	 accumulation),	 α1-
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antitrypsin	deficiency,	tyrosinemia,	porphyria	cutanea	tarda,	glycogenesis	types	1	and	3,	citrullinemia,	and	orotic
acid	urea.	In	children,	congenital	cholestatic	syndrome	(Alagille	syndrome)	is	associated	with	a	familial	 type	of
HCC.

TABLE	57.1
Conditions	Associated	with	Human	Hepatocellular	Carcinoma

Condition Risk
Cirrhosis
Hepatitis	B	virus High

Hepatitis	C	virus High

Alcohol High

Autoimmune	chronic	active	hepatitis High

Cryptogenic	cirrhosis High

Cirrhosis	due	to	nonalcoholic	fatty	liver	disease High

Primary	biliary	cirrhosis Low

Hereditary	hemochromatosis High

α1-Antitrypsin	deficiency High

Wilson	disease Low

Metabolic	Diseases	(without	Cirrhosis)
Hereditary	tyrosinemia High

α1-Antitrypsin	deficiency Moderate

Ataxia	telangiectasia Moderate

Types	1	and	3	glycogen	storage	disease Moderate

Galactosemia Moderate

Citrullinemia Moderate

Hereditary	hemorrhagic	telangiectasia Moderate

Porphyria	cutanea	tarda Moderate

Orotic	aciduria Moderate

Alagille	syndrome	(congenital	cholestatic	syndrome) Moderate

Environmental
Thorotrast Moderate

Androgenic	steroids Moderate

Cigarette	smoking Low	to	moderate

Aflatoxin Moderate

Chemical	Carcinogens
Probably	the	best	studied	and	most	potent	ubiquitous	natural	chemical	carcinogen	is	a	product	of	the	Aspergillus
fungus,	called	aflatoxin	B1.23	Aspergillus	flavus	mold	and	aflatoxin	product	can	be	 found	 in	a	variety	of	 stored
grains,	 particularly	 in	 hot,	 humid	 parts	 of	 the	 world	 where	 grains	 such	 as	 rice	 are	 stored	 in	 unrefrigerated
conditions.	In	the	months	following	the	monsoons	in	Southeast	Asia,	most	village-based	grains	can	be	seen	to	be
covered	by	a	white	layer	of	aflatoxin.	Data	on	aflatoxin	contamination	of	foodstuffs	correlate	well	with	incidence
rates	of	HCC	in	Africa	and	in	China.

There	 is	 considerable	 literature	 on	 the	 hepatocarcinogenicity	 of	 anabolic	 steroids.24	Although	 estrogens	 are
capable	 of	 causing	HCC	 in	 rodents,	 an	 epidemiologic	 association	 in	 humans	 has	 never	 been	 clearly	 shown.	A
large	 number	 of	 environmental	 pollutants,	 particularly	 pesticides	 and	 insecticides,	 are	 known	 rodent	 hepatic
carcinogens.	In	a	recent	case	control	study,	cumulative	lifetime	tobacco	use	of	more	than	11,000	packs	and	Asian
ethnicity	 were	 independent	 predictors	 of	 HCC	 development	 among	 a	 cohort	 of	 patients	 with	 chronic	 liver
disease.25



DIAGNOSIS
The	tests	used	 to	diagnose	HCC	include	radiologic	studies	and	pathologic	diagnosis	with	biopsy.	Core	biopsies
are	most	 preferred	 because	 of	 the	 tissue	 architecture	 given	 by	 this	 technique.	 For	 patients	 suspected	 of	 having
portal	 vein	 involvement,	 a	 core	 biopsy	 of	 the	 portal	 vein	may	 be	 performed.26	Morphologic	 features,	 such	 as
stromal	invasion,	help	distinguish	high-grade	dysplastic	nodules	from	HCC.27

The	American	Association	for	the	Study	of	Liver	Diseases	(AASLD)28	and	the	European	Association	for	the
Study	of	the	Liver	(EASL)29	have	outlined	noninvasive	criteria	for	the	diagnosis	of	HCC.	EASL	recommends	that
lesions	 that	 are	 >2	 cm	 with	 characteristic	 radiologic	 features	 of	 arterial	 hyperenhancement	 on	 two	 different
imaging	modalities,	 or	 on	 one	 imaging	modality	 alongside	with	 a	 serum	 α-fetoprotein	 (AFP)	 of	 400	 ng/dL	 or
more,	 are	 diagnostic	 of	 HCC,	 and	 no	 biopsy	 is	 needed.	 The	 AASLD	 added	 venous	 washout	 as	 a	 requisite
radiologic	feature.	Detection	of	a	lesion	>2	cm	that	exhibits	both	arterial	hyperenhancement	and	venous	washout
in	a	single	imaging	modality	concomitant	with	an	AFP	>200	ng/mL	is	sufficient	to	diagnose	HCC.30	Bialecki	et
al.31	found	a	sensitivity	and	specificity	of	89.1%	and	100%,	respectively,	for	liver	biopsy	compared	to	64.9%	and
62.8%,	 respectively,	 for	 the	 noninvasive	EASL	 criteria.	 There	 is	 fear	 of	 biopsy-related	 hemorrhage	 and	 tumor
seeding	 associated	with	 biopsies.	However,	 data	 show	 that	 hemorrhage	 occurs	 at	 only	 a	 0.4%	 rate,	 and	 tumor
seeding	occurs	at	a	low	rate	of	1.6%.	When	seeding	does	occur,	it	can	be	treated	by	local	resection	and	is	seldom	a
cause	of	morbidity	and	mortality.

STAGING
Multiple	clinical	staging	systems	for	hepatic	tumors	have	been	described.	The	most	widely	used	is	the	American
Joint	Committee	on	Cancer	(AJCC)/tumor-node-metastasis	(TNM)	(Table	57.2A).32	Adverse	prognostic	features
include	 large	 size,	 multiple	 tumors,	 vascular	 invasion,	 and	 lymph	 node	 spread.	 Macroscopic	 or	 microscopic
vascular	 invasions,	 in	 particular,	 have	 profound	 effects	 on	 prognosis.	 Stage	 III	 disease	 contains	 a	 mixture	 of
lymph	node–positive	and	lymph	node–negative	tumors.	Stage	III	patients	with	positive	lymph	node	or	stage	IV
disease	have	a	poor	prognosis,	and	few	patients	survive	1	year.

The	prognosis	in	patients	with	HCC	is	very	much	influenced	by	the	presence	and	severity	of	underlying	liver
disease	as	well.	The	Child-Pugh	 scoring	 system	 is	 the	most	 commonly	used	 tool	 for	 assessing	cirrhosis	 (Table
57.2B).	 It	 encompasses	 five	 parameters—bilirubin,	 albumin,	 prothrombin	 time,	 clinical	 ascites,	 and	 clinical
encephalopathy—each	 of	 which	 is	 scored	 from	 one	 to	 three	 depending	 on	 severity.	 The	 key	 limitation	 of	 the
Child-Pugh	scoring	 system	 is	 its	 lack	of	 any	parameters	pertaining	 to	 the	cancer	 itself.	Despite	 that,	 it	 remains
incorporated	into	many	HCC	clinical	trials	as	a	tool	to	measure	the	extent	of	liver	disease	in	the	study	populations.
However,	 this	main	 limitation	 of	 the	Child-Pugh	 scoring	 system	has	 been	 overcome	by	other	 scoring	 systems.
Among	 those,	 the	 first	 to	be	established	 is	 the	Okuda	staging	system.	The	Cancer	of	 the	Liver	 Italian	Program
(CLIP)	score	was	defined	and	studied	prospectively	in	patients	with	HCC	mainly	caused	by	HCV.	The	CLIP	score
consists	 of	 the	Child-Pugh	 score	 parameters	 combined	with	 a	 subjective	 assessment	 of	 tumor	 in	 the	 liver,	 the
presence	or	 absence	of	portal	vein	 thrombosis,	 and	 the	AFP	 level.	The	addition	of	vascular	 endothelial	growth
factor	(VEGF)	levels	 to	 the	CLIP	parameters	(V-CLIP)	has	been	shown	to	provide	a	significantly	more	precise
prognosis	but	has	yet	 to	be	prospectively	validated.33	The	Chinese	University	Prognostic	 Index	(CUPI)	scoring
system	was	developed	in	patients	with	mainly	HBV-related	HCC.34	The	CUPI	parameters	are	bilirubin,	ascites,
AFP,	alkaline	phosphatase,	the	tumor	extent	(AJCC/TNM	fifth	edition),	and	clinical	symptoms	at	presentation.	A
French	 system	 called	 the	 Groupe	 d’Etude	 et	 de	 Traitement	 du	 Carcinome	 Hépatocellulaire	 (GETCH)	 staging
system	 consists	 of	 bilirubin,	 Karnofsky	 performance	 score,	 AFP,	 alkaline	 phosphatase,	 and	 portal	 vein
thrombosis.35	Another	scoring	system	that	is	mainly	used	in	Japan	is	the	Japan	Integrated	Staging	(JIS)	score.36

TABLE	57.2A
Staging	for	Liver	Function	and	Cancer:	American	Joint	Committee	on	Cancer	Staging	for
Hepatocellular	Cancer

TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor
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T

T1 Solitary	tumor	without	vascular	invasion

T2 Solitary	tumor	with	vascular	invasion,	or	multiple	tumors	no	more	than	5	cm

T3a Multiple	tumors	>5	cm

T3b Tumor	involving	a	major	branch	of	the	portal	or	hepatic	vein(s)

T4
Tumor(s)	with	direct	invasion	of	adjacent	organs	other	than	the	gallbladder	or
with	perforation	of	visceral	peritoneum

N

NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Regional	lymph	node	metastasis

M

MX Distant	metastasis	cannot	be	assessed

M0 No	distant	metastasis

M1 Distant	metastasis

Stage	Grouping
	 I T1 N0 M0

	 II T2 N0 M0

	 IIIA T3a N0 M0

	 IIIB T3b N0 M0

	 IIIC T4 N0 M0

	 IVA Any	T N1 M0

	 IVB Any	T Any	N M1
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Another	commonly	used	scoring	system	is	the	Barcelona	Clinic	Liver	Cancer	(BCLC)	classification	system.37
The	BCLC	couples	prognosis	with	 treatment	assignment	and	has	been	validated	prospectively.	However,	 it	has
been	 shown	 to	 be	 less	 valuable	 in	 the	 setting	 of	 more	 advanced	 disease,	 defined	 as	 BCLC	 category	 C.38	 In
retrospective	analyses	of	patients	with	advanced	stage	HCC	seen	by	medical	oncologists,	the	CLIP	scoring	system
was	noted	to	be	the	most	informative	regarding	the	outcome	of	this	specific	patient	population.

More	 recently,	 a	 simple	 analysis	 of	 albumin	 and	 bilirubin	 (ALBI)	 has	 been	 shown	 to	 have	 similar
prognostication	value	as	much	more	complex	scoring	systems.	This	simplified	ALBI	scoring	system	has	also	been
validated	 with	 large	 Eastern	 and	 Western	 datasets	 of	 patients	 subjected	 to	 surgery,	 chemoembolization,	 or
systemic	biologic	therapies.39

TABLE	57.2B
Child-Pugh	Grading	of	Cirrhosisa

Measurement One	Point Two	Points Three	Points
Bilirubin	(mg/dL) 1–1.9 2–2.9 >2.9

Prolongation	of	PT 1–3 4–6 >6

Albumin	(g/dL) >3.5 2.8–3.4 <2.8

Ascites None Mild Moderate/severe

Encephalopathy None Grade	1	or	2 Grade	3	or	4
aGrade	A	=	5–6	points;	grade	B	=	7–9	points;	grade	C	=	10–15	points.
PT,	prothrombin	time.

TREATMENT	OF	HEPATOCELLULAR	CARCINOMA
Many	 treatment	 options	 for	 HCC	 are	 available	 (Table	 57.3).	 Resection	 and	 liver	 transplantation	 represent	 the
potentially	curative	options	with	 the	 longest	 track	record.	For	small	 tumors,	ablation	and	radiotherapy	(RT)	are
quite	effective	and	may	also	be	curative.



Surgical	Resection	for	Hepatocellular	Carcinoma

Patient	Selection
Liver	 resection	 is	 the	preferred	 treatment	 for	 the	noncirrhotic	 patient	with	HCC.	These	patients	 generally	have
normal	 liver	 function,	no	portal	hypertension,	and	can	 tolerate	major	 liver	 resections	with	acceptable	morbidity
and	low	mortality.	The	selection	of	noncirrhotic	patients	with	HCC	for	resection	is	as	for	other	malignant	lesions.
Resection	 should	 be	 considered	 for	 patients	where	 a	 complete	 resection	 of	 tumor	 is	 possible	while	 preserving
>30%	functional	liver.	If	the	potential	remnant	liver	volume	may	be	<30%,	portal	vein	embolization	(PVE)	is	now
a	well-accepted	preoperative	preparatory	method	for	increasing	the	potential	remnant	liver	volume	and	safety	of
the	resection.40

For	 cirrhotic	 patients,	 the	primary	determinant	 of	 outcome	and	 selection	of	 therapy	 is	 the	degree	of	 hepatic
dysfunction	 and	 portal	 hypertension.	 Traditionally,	 only	 compensated	 cirrhotics	 (Child-Pugh	 class	 A)	 were
candidates	 for	 hepatic	 resection,	 whereas	 patients	 with	 significant	 hepatic	 functional	 dysfunction	 (Child-Pugh
class	A,	B,	or	C)	are	generally	not	selected	for	resection	because	of	poor	outcome.40	Portal	hypertension	can	be
indirectly	 assessed	 clinically	 by	 the	 presence	 of	 splenomegaly,	 esophagogastric	 varices,	 and	 thrombocytopenia
(platelet	count	<100,000/mm3)	 or	 directly	 determined	 by	 hepatic	 venous	wedge	 pressures	 (≥10	mm	Hg).	With
recent	 advances	 in	 perioperative	 care,	 there	 is	 growing	 evidence	 that	 liver	 resection	 for	HCC	 in	well-selected
patients	with	mild	portal	hypertension	is	safe	and	can	achieve	a	comparable	outcome	as	in	patients	without	portal
hypertension.41

TABLE	57.3
Treatment	Options	for	Hepatocellular	Carcinoma

Surgery

Partial	hepatectomy
Liver	transplantation

Local	ablative	therapies

Cryosurgery
Microwave	ablation
Ethanol	injection
Acetic	acid	injection
Radiofrequency	ablation
Proton	or	carbon	ion	therapy
Conformal	radiation	therapy
Stereotactic	radiation	therapy

Regional	therapies:	hepatic	artery	transcatheter	treatments

Transarterial	chemotherapy
Transarterial	embolization
Transarterial	chemoembolization
Transarterial	yttrium-90	microspheres
Transarterial	131I-lipiodol
Palliative	low-dose	radiation	therapy

Systemic	therapies

Chemotherapy
Targeted	therapy	(sorafenib)a
Immunotherapy
Hormonal	therapy
Oncolytic	virotherapy

Supportive	care

aSorafenib	is	the	only	systemic	therapy	with	level	1	evidence,	proving	a	survival	benefit.
131I,	iodine-131.
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TABLE	57.4
Results	of	Surgical	Resection	for	Hepatocellular	Carcinoma

Study	(Ref.)
Year

Published
Number	of
Patients

Cirrhosis Minor
Resectionsa

Mortality Five-Year	Overall	Survival
Rate

Nathan	et	al.46 2009 788 — — — 39%

Yang	et	al.47 2009 481 77% — 1.7% 20%–48%b

Wang	et	al.48 2010 438 — — 7.5% 43%

Peng	et	al.49 2012 603 88% 25% — 11.1%

Zhong	et	al.50 2014 1,259 — — 3.1% 39%

Utsunomiya	et
al.51 2014 13,318c 42% — — 55%

Leung	et	al.52 2015 176 — — — 58%d

Qi	et	al.53 2015 6,551e — — — 54%

Kim	et	al.54 2016 277 — — — 51.8%

Azoulay	et	al.55 2017 218 — 80.4% 0.9% 66.5%

Tada	et	al.56 2017 489 — — — 54.2%
Note:	Selected	series	with	>200	patients	over	the	past	two	decades.	Areas	marked	by	a	dash	are	not	defined.
aMinor	resections	are	defined	as	≤	segmentectomy.
bRange	of	5-year	overall	survival	among	different	subgroups.
cLarge	prospective	cohort	study.
dFour-year	overall	survival.
eMeta-analysis	of	32	studies.

The	 future	 remnant	 liver	mass	must	 be	 considered	 in	 cirrhotic	 patients	 before	 resection.	 There	 is	 a	 general
consensus	that	the	critical	remnant	liver	volume	in	cirrhotic	patients	is	50%,	and	PVE	should	be	considered	if	the
future	remnant	liver	volume	is	expected	to	be	below	50%.42	Some	investigators	have	even	attempted	to	sequential
employ	transarterial	chemoembolization	(TACE)	to	control	the	tumor	and	PVE	to	increase	residual	liver	volume,
followed	 by	 definitive	 surgical	 resection.	 The	 sequential	 use	 of	 TACE	 and	 PVE	 results	 in	 more	 efficient
hypertrophy	of	the	future	remnant	liver	compared	to	PVE	alone.40

In	other	parts	of	the	world,	dynamic	liver	function	tests	are	also	employed	for	the	assessment	of	suitability	for
liver	 resection.	 These	 include	 the	 indocyanine	 green	 (ICG)	 test	 and	 technetium-99m	 diethylenetriamine
pentaacetic	 acid-galactosyl	 human	 serum	 albumin	 (technetium-99m	 galactosyl	 human	 serum	 albumin	 [99mTc-
GSA]	 scintigraphy).40	 An	 ICG	 retention	 rate	 of	 <14%	 is	 a	 safe	 indicator	 for	 major	 hepatectomy	 in	 cirrhotic
patients,	whereas	retention	rates	>20%	are	considered	a	contraindication	for	major	hepatectomy.43

Patient	medical	comorbidities	should	be	considered	as	for	any	major	surgery.	Some	studies	have	reported	age
and	gender	 to	be	 independent	 risk	 factors	 for	poor	outcome	after	 resection	of	HCC.	Other	 studies	 indicate	 that
advanced	 age	 is	more	 a	 surrogate	 for	medical	 fitness,	 and	 that,	 with	 careful	 patient	 selection,	 elderly	 patients
benefit	 as	 much	 from	 resection	 as	 younger	 patients.44	 Comorbidities	 as	 represented	 by	 American	 Society	 of
Anesthesia	(ASA)	grade	have	been	shown	to	correlate	with	survival.45

Outcomes	of	Resection
With	 improving	 patient	 selection	 and	 perioperative	 care,	 the	 outcome	 of	 hepatic	 resection	 for	 HCC	 has	 been
continuously	improved	during	the	past	two	decades.	Many	large	series	of	the	past	10	years	show	that	resection	is
associated	with	a	perioperative	mortality	rate	of	<5%,	and	patients	achieve	an	overall	survival	rate	of	>50%	(Table
57.4).46–56	 Many	 major	 centers	 are	 recently	 reporting	 operative	 mortalities	 <2%,47,55,57,58	 even	 in	 cirrhotic
patients.

Tumor	 factors	 most	 predictive	 for	 outcome	 are	 TNM	 staging	 at	 presentation,	 macro-	 and	 microvascular
invasion,	 and	 the	 number	 of	 tumors.	 Large	HCC	 has	 a	 propensity	 for	 vascular	 invasion	 and	 growth	 of	 tumor
intraluminally.	 This	 is	 associated	 with	 intrahepatic	 satellite	 metastases	 via	 the	 portal	 venous	 system	 and	 is
frequently	associated	with	small	satellite	tumors.	Intraluminal	spread	through	the	hepatic	veins	leads	to	pulmonary
metastases.

One	 surgical	 factor	 prognostic	 for	 outcome	 is	 surgical	margin.	 There	 is	 no	 clear	margin	 size	 that	 has	 been



universally	agreed	upon,	but	there	is	consensus	on	importance	of	an	R0	resection.	Most	surgeons	prefer	at	least	a
1-cm	margin.	In	one	225-patient	study,	a	1-cm	margin	was	associated	with	a	77%	3-year	survival	versus	21%	for
those	with	 less	 than	 a	 1-cm	margin.59	 In	 a	 randomized	 controlled	 trial,	 a	 2-cm	margin	 was	 associated	 with	 a
decrease	in	recurrence	as	well	as	improved	survival.60

Studies	have	also	demonstrated	improved	outcome	for	anatomic	versus	nonanatomic	resections	for	HCC.	In	a
series	 of	 210	 patients,	 5-year	 survival	 rates	 were	 66%	 for	 anatomic	 versus	 35%	 in	 nonanatomic	 resections.59
Choice	of	margin	and	the	anatomic	approach	for	cancer	clearance	must	be	weighed	against	better	perioperative
outcome	for	limited	parenchymal	resection	in	cirrhotic	patients.

Allogeneic	Liver	Transplantation	for	Hepatocellular	Carcinoma

Patient	Selection
Theoretically,	 liver	 transplantation	 is	 the	 ideal	 therapy	 for	HCC	 in	 cirrhotic	 patients	 because	 it	 treats	 both	 the
cancer	 as	 well	 as	 the	 underlying	 parenchymal	 disease.	 However,	 early	 experience	 with	 transplants	 produced
dismal	results.	Bismuth	et	al.61	was	one	of	the	first	groups	to	consider	that,	in	advanced	disease,	the	likelihood	of
systemic	disease	was	so	high	 that	 recurrence	 rates,	and	 therefore	 long-term	outcomes,	were	unacceptably	poor.
They	demonstrated	 that	 patients	with	 limited	 disease	 (uninodular	 or	 binodular	<3	 cm	 tumors)	 had	much	better
outcomes	with	transplant	than	resection	(83%	5-year	survival	versus	18%).61

The	landmark	works	of	Mazzaferro	et	al.62	have	defined	the	most	commonly	used	criteria	for	the	selection	of
patients	with	HCC	for	transplantation.	In	their	paper,	they	defined	the	Milan	criteria	for	transplantation	as	a	single
tumor	<5	cm	or	three	or	fewer	tumors	all	individually	<3	cm	(Fig.	57.1).	Using	these	criteria	for	selection,	patients
transplanted	had	a	very	favorable	outcome,	including	a	4-year	actuarial	survival	rate	of	85%	and	a	recurrence-free
survival	rate	of	92%.	The	suitability	of	these	criteria	for	the	selection	of	patients	for	transplant	has	been	confirmed
by	numerous	studies	(Table	57.5).62–70
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Figure	57.1	Milan	(single	lesion	≤5	cm,	or	no	more	than	three	lesions	≤3	cm)	and	University	of
California,	San	Francisco	(UCSF),	criteria	(single	lesion	≤6.5	cm	or	no	more	than	three	lesions	≤4.5
cm	and	a	total	diameter	of	8	cm)	for	patients	with	hepatocellular	carcinoma	and	who	are	undergoing

liver	transplantation.

The	 excellent	outcomes	of	HCC	patients	within	 the	Milan	 criteria	 led	many	 to	 explore	more	 expansive	 and
inclusive	 criteria.	 The	 most	 accepted	 of	 the	 expanded	 criteria	 is	 that	 from	 the	 University	 of	 California,	 San
Francisco	 (UCSF),	 group.	 They	 reported	 excellent	 results	 after	 transplant	 for	 solitary	 tumor	 ≤6.5	 cm,	 three	 or
fewer	nodules	with	the	largest	≤4.5	cm,	and	total	tumor	diameter	≤8	cm	(see	Fig.	57.1).	The	UCSF	criteria	were
associated	with	a	survival	of	90%	and	75%	at	1	and	5	years,	respectively.71

The	largest	experience	to	date	using	transplantation	for	HCC	was	reported	from	the	University	of	California,
Los	Angeles	(UCLA).72	In	this	study	of	467	transplants	performed	for	HCC,	the	overall	1-,	3-,	and	5-year	survival
rates	were	82%,	65%,	and	52%,	respectively.	Transplanted	patients	with	tumors	beyond	the	UCSF	criteria	had	a
5-year	survival	below	50%.

Living	Donor	Liver	Transplant	for	Hepatocellular	Carcinoma
Because	 of	 the	 shortage	 of	 cadaveric	 livers,	 living	 donor	 liver	 transplant	 (LDLT)	 has	 become	 an	 increasingly
utilized	modality	 for	 the	 treatment	 of	 patients	 with	 decompensated	 cirrhosis.	 In	 many	 Asian	 countries,	 where
prevalence	of	HCC	is	high,	living	related	transplants	are	the	most	common	liver	transplants	performed.	Survival
outcomes	for	all	patients	undergoing	LDLT	are	comparable	to	the	results	with	deceased	donors	(Table	57.6).73–77
The	disadvantage	is	clearly	the	risk	to	the	living	donor,	with	morbidity	as	high	as	40%	and	a	0.5%	mortality.	The
greatest	 concern	 is	 that	LDLT	may	encourage	 transplants	 for	patients	with	unfavorable	biology	 (outside	of	 the
established	Milan	or	UCSF	criteria)	and	pose	unjustified	risk	to	two	lives,	including	the	healthy	individual.



Multimodality	Management	while	Awaiting	Transplant
To	 qualify	 for	 the	 wait	 list,	 a	 biopsy	 or	 one	 of	 the	 following	 criteria	 must	 be	 fulfilled:	 AFP	 >200	 mg/mL,
arteriogram	 confirming	 the	 tumor	 or	 arterial	 enhancement	 followed	 by	 portal	 venous	 washout	 on	 computed
tomography	(CT)	scans	or	magnetic	resonance	imaging	(MRI),	or	a	history	of	local–regional	treatment.	Patients
should	 be	 assessed	 radiologically	 for	 number	 and	 size	 of	 tumors,	 to	 rule	 out	 extrahepatic	 disease	 and	 vascular
involvement.	Patients	with	tumors	<2	cm	in	size	or	patients	who	do	not	qualify	for	the	Milan	criteria	can	be	listed
for	 transplant,	 but	 they	will	 receive	 no	 additional	 priority	 points	 for	 the	 tumor.	 The	 tumor	 should	 be	 assessed
every	3	months	by	CT	scans	or	MRI	to	rule	out	progression	of	disease	beyond	the	established	criteria.

To	reduce	the	likelihood	of	tumor	progression	while	on	the	wait	list,	many	local	treatments	are	used,	including
TACE,	percutaneous	 radiofrequency	 ablation	 (RFA),	 percutaneous	 ethanol	 injection	 (PEI),	 or	 stereotactic	 body
RT	 (SBRT).	For	 small,	 solitary	 tumor,	PEI78	 or	RFA	can	be	 effective	 treatment	 options	 for	 use	 as	 a	 bridge	 to
transplant.	 In	 a	 series	 of	 52	 patients	 treated	 with	 RFA,	 the	 dropout	 rate	 was	 6%	 at	 12	 months	 due	 to	 tumor
progression	with	a	3-year	disease-	free	survival	of	76%	for	the	41	patients	eventually	transplanted.79	Mazzaferro
et	al.80	reported	no	dropout	for	their	patients	treated	with	RFA	as	bridge	to	transplant,	with	a	3-year	survival	of
83%.	 SBRT	 has	 been	 increasingly	 used	 in	 this	 setting	 as	well.	 In	 a	 recent	 large	 study	 from	 the	University	 of
Toronto	comparing	outcomes	of	379	patients	treated	with	SBRT,	TACE,	and	RFA	as	a	bridge	to	transplant,	there
was	no	difference	in	transplant	dropout	rate,	postoperative	complications,	or	survival,	suggesting	that	this	newer
treatment	modality	could	be	a	good	alternative	to	more	conventional	therapies.81

TABLE	57.5
Results	of	Liver	Transplantation	for	Early	Hepatocellular	Carcinoma

Study,	Year	(Ref.)
Number	of	Patients

Tumor	Number	and	Size Neoadjuvant	Therapy
Survival
(%)a

Menahem	et	al.,	201763 861
Small	transplantable	HCC	or	within
Milan	criteria None 59

Grigorie	et	al.,	201764 844
74%	had	single	tumors,	26%	had
multiple None 39

Hsueh	et	al.,	201665 184

≤2.7	cm
55%	had	single	tumors,	45%	had
multiple None 76

Piros	et	al.,	201566 49 Within	Milan	criteria	69.3%

Immunosuppressive
therapy	with	mTOR
inhibitor 51

Mazzaferro	et	al.,
200962

444
1,112

One	≤5	cm;	three	≤3	cm
Beyond	Milan	criteria

None
None

73
54

Pelletier	et	al.,	200967
2,790
346

One	≤5	cm;	three	≤3	cm
Beyond	Milan	criteria

None
None

61
32

Herrero	et	al.,	200868
47
26

One	≤5	cm;	three	≤3	cm
Beyond	Milan	criteria

None
None

70
73

Onaca	et	al.,	200769
631
575

One	≤5	cm;	three	≤3	cm
Beyond	Milan	criteria

None
None

62	(5-y
RFS)
43	(5-y
RFS)

Yao	et	al.,	200170 46 One	≤5	cm;	three	≤3	cm TACE/ETOH 72

Mazzaferro	et	al.,
199662 48 One	≤5	cm;	three	≤3	cm TACE 75	(4	y)

aAll	are	5-year	survival	rates,	except	where	noted.
HHC,	 hepatocellular	 carcinoma;	 mTOR,	 mammalian	 target	 of	 rapamycin;	 RFS,	 recurrence-free	 survival;	 TACE,	 transarterial
chemoembolization;	ETOH,	alcohol.

TABLE	57.6
Results	of	Living	Donor	Liver	Transplantation	for	Hepatocellular	Carcinoma	with	Patient
Selection	Based	on	the	Milan	Criteria
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Study

Patients	Meeting	Milan	Criteria Patients	Exceeding	Milan	Criteria
Number Three-Year	Survival

(%)
Number Three-Year	Survival

(%)

Sugawara	et	al.,	200773 68 79 10 60

Canter	et	al.,	201174 — — 92 66

Gunay	et	al.,	201575 57 86 8 81

Hong	et	al.,	201676 364

88	(low)a
80	(medium)
60	(high) 168

80	(low)a
77	(medium)
9.1	(high)

Lee	et	al.,	201777

181	(total)
47	in	(GRWR	<0.8%)b
134	in	(GRWR	≥0.8%)

	
49	for	(GRWR	<0.8%)
68	for	(GRWR	≥0.8%)

147	(total)
35	in	(GRWR	<0.8%)
112	in	(GRWR	≥0.8%)

	
65	for	(GRWR	<0.8%)
80	for	(GRWR	≥0.8%)

aFive-year	 disease-free	 survival	 rate	 for	 low,	 medium,	 and	 high	 risk	 of	 recurrence	 based	 on	 α-fetoprotein	 levels	 and	 positron
emission	tomography	scan	results.
bPatients	were	stratified	into	two	groups	according	to	the	GRWR	(<0.8%	and	≥0.8%)
GRWR,	graft-to-recipient	weight	ratio.

For	 larger	 tumors,	 TACE,	 which	 involves	 selective	 embolization	 of	 the	 arterial	 feeding	 vessels	 for	 the
hepatoma	with	occlusive	particles	with	or	without	admixed	chemotherapeutic	agents,	is	often	used.	TACE	limits
wait	list	dropout,	decreases	posttransplant	recurrence,	and	downstages	HCC	that	is	beyond	transplant	criteria.	A
dropout	rate	of	14%	was	found	in	a	series	of	patients	treated	with	TACE	as	bridge	to	transplant,	which	compared
very	favorably	to	a	dropout	rate	of	38%	for	an	untreated	group.82	Recent	results	from	a	randomized	phase	II	study
suggests	that	SBRT	may	be	equivalent	to	TACE	as	a	bridge	to	transplant	in	HCC.83

ADJUVANT	AND	NEOADJUVANT	THERAPY
Adjuvant	Therapy
So	 far,	 there	 has	 been	 no	 data	 supporting	 use	 of	 adjuvant	 therapy	 after	 curative	 treatment	 of	 HCC.	 Early
encouraging	data	for	adjuvant	IFN-α2b	was	not	substantiated	by	a	subsequent	larger	study.84	Early	encouraging
data	from	use	of	intrahepatic	iodine-131	(131I)-lipiodol	as	an	adjuvant	treatment	was	also	not	substantiated	by	the
long-term	follow-up	date	of	this	trial	at	10	years.85

The	 best	 studied	 systemic	 adjuvant	 therapy	 so	 far	 is	 acyclic	 retinoid,	which	was	 evaluated	 against	 placebo
following	surgical	 resection	 in	89	patients.	Patients	who	received	acyclic	 retinoid	had	a	recurrence	rate	of	27%
compared	with	49%	for	patients	who	received	placebo	(P	=	.04)	after	a	median	follow-up	period	of	38	months.
The	 prevention	 of	 second	 primary	HCC	was	more	marked	 (P	 =	 .002,	 log-rank	 test),	with	 an	 estimated	 6-year
survival	of	74%	versus	46%,	respectively	(P	=	.04).86

Sorafenib,	which	 is	discussed	at	 length	 in	 the	“Systemic	Therapy”	 section,	was	also	 studied	 in	 the	adjuvant
setting.	In	a	phase	III	trial	(STORM),	patients	were	randomized	to	adjuvant	sorafenib	versus	placebo	after	surgery,
RFA,	or	percutaneous	alcohol	injection	with	a	primary	end	point	of	recurrence-free	survival.	In	this	study,	1,114
patients	with	HCC	with	a	complete	radiologic	response	after	surgical	resection	or	 local	ablation	were	randomly
assigned	 to	 receive	 sorafenib	 or	 placebo	 for	 4	 years.	 There	was	 unfortunately	 no	 difference	 in	 recurrence-free
survival	(median	8.4	months	with	placebo	versus	8.5	months	with	sorafenib),	with	a	hazard	ratio	(HR)	of	0.94.87
A	phase	II	randomized,	placebo-	controlled	study	evaluating	whether	adjuvant	sorafenib	can	prevent	recurrence	of
HCC	in	high-risk	orthotopic	liver	transplant	recipients	is	still	enrolling	(NCT01624285).

Brivanib,	which	will	also	be	discussed	in	greater	detail	in	the	“Systemic	Therapy”	section,	is	a	selective	dual
inhibitor	 of	 VEGF	 and	 fibroblast	 growth	 factor	 signaling.	 It	 was	 examined	 in	 the	 adjuvant	 setting	 following
TACE	 in	 a	 large	 phase	 III	 study.51	 A	 total	 of	 502	 patients	 were	 randomly	 assigned	 to	 brivanib	 (n	 =	 249)	 or
placebo	(n	=	253).	Although	overall	survival	was	not	improved	(HR,	0.90;	95%	confidence	interval	[CI],	0.66	to
1.23;	P	=	.53),	there	did	seem	to	be	improvements	in	time	to	extrahepatic	spread	of	disease	(HR,	0.64;	95%	CI,
0.45	to	0.9)	and	time	to	progression	(HR,	0.61;	95%	CI,	0.48	to	0.77).51

Neoadjuvant	Therapy
Two	 randomized	 controlled	 trials	 and	 seven	 nonrandomized	 trials	 have	 evaluated	 preoperative	 transarterial



chemotherapy.	No	clear	advantage	in	disease-free	or	overall	survival	was	found	in	these	studies.88
There	is	currently	no	clear	role	for	neoadjuvant	or	adjuvant	therapy	in	treatment	of	HCC.

Treatment	of	Hepatitis	C	Before	or	After	Treatment	of	Cancer
Mention	must	be	made	of	the	use	of	direct-acting	antiviral	agents	in	the	treatment	of	hepatitis	C.	In	2014,	Harvoni
therapy	was	approved	in	the	United	States	for	treatment	of	hepatitis	C	infection	because	data	clearly	showed	that	a
short	 course	 of	 treatment	 (2	 to	 3	 months)	 could	 be	 curative.89	 It	 is	 hoped	 that	 such	 antiviral	 treatments	 will
decrease	the	need	for	liver	transplantation	as	well	as	resection	in	the	future.

Of	note,	there	is	emerging	data	that	a	small	subset	of	patients	being	treated	for	hepatitis	C	after	treatment	for
HCC	may	experience	a	much	more	aggressive	form	of	the	cancer	if	recurrence	occurs.90	This	observation	is	being
verified	by	prospective	ongoing	studies	as	well	as	the	mechanisms	studied.

TABLE	57.7
Recent	Studies	Comparing	Long-Term	Outcome	of	Patients	with	Hepatocellular	Carcinoma
Treated	Primarily	with	Resection	(and	Salvage	Transplantation)	or	Primary	Liver
Transplantation

Study	(Ref.)

Year	Published
Primary
Therapy

Sample	Size Five-Year
Overall	Survival
Rate	(%)

Five-Year	Disease-Free
Survival	Rate	(%)

Menahem	et	al.63 2017
Transplantation
Resection

861
570

60
48

62.5
35.6

Shen	et	al.91 2017
Transplantation
Resection

129
209

83
67

92
48

Lim	et	al.92 2012 Resection 4,660a 67 37

Lee	et	al.93 2010
Transplantation
Resection

78
130

68
52

75b
50

Facciuto	et	al.94,c 2009
Transplantation
Resection

119
60

62
61

—
—

Del	Gaudio	et
al.95 2008

Transplantation
Resection

147
80

58
66

54
41

Shah	et	al.96 2007
Transplantation
Resection

140
121

64
56

78b
60

Poon	et	al.97 2007
Transplantation
Resection

85
228

44
60

—
—

aMeta-analysis.
bSignificant	difference	as	reported	in	the	original	study.
cFourth-year	survival	rates	are	reported	for	patients	meeting	the	Milan	criteria.
Adapted	from	Rahbari	NN,	Mehrabi	A,	Mollberg	NM,	et	al.	Hepatocellular	carcinoma:	current	management	and	perspectives	for	the
future.	Ann	Surg	2011;253(3):453–469,	Table	57.3,	with	permission	from	Lippincott	Williams	&	Wilkins.

Choice	of	Resection,	Ablation,	or	Transplantation
Although	liver	resection	versus	liver	transplantation	as	primary	therapy	for	patients	with	small	HCC	and	adequate
hepatic	 reserve	 is	 hotly	 debated,	 in	 most	 cases,	 resection	 and	 OLT	 are	 complementary	 and	 not	 competing
therapies.	A	number	of	studies	report	comparable	overall	survival	rates	for	primary	resection	and	primary	OLT	for
transplantable	HCC	(Table	57.7).63,91–97

Patients	with	 limited	 disease	 have	 potentially	 curative	 treatment	 options.	There	 is	 general	 consensus	 that	 in
patients	 with	 no	 underlying	 liver	 dysfunction,	 limited	 disease	 should	 be	 resected	 because	 this	 gives	 the	 best
chance	 of	 cure	 without	 an	 ongoing	 need	 of	 immunosuppression	 dictated	 by	 transplantation.	 The	 outcomes	 of
resection	are	quite	good,	with	5-year	survival	rates	of	30%	to	50%	(see	Table	57.4).

For	 patients	 with	 end-stage	 liver	 disease	 (ESLD)	 and	 limited	 HCC,	 OLT	 is	 currently	 the	 best	 treatment
modality.	However,	OLT	can	only	be	offered	to	a	small	proportion	of	patients	due	to	donor	organ	shortage.	Thus,
liver	 resection	 remains	 the	 most	 important	 surgical	 therapy	 in	 patients	 with	 HCC	 and	 compensated-cirrhosis
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(Child	class	A).40	Using	 resection	as	 first-line	 therapy	with	 salvage	 transplantation	 for	 recurrence	 is	a	common
approach.98	Resection	is	essentially	both	a	potentially	curative	cancer	therapy	and	a	bridge	therapy	before	OLT.	In
a	study	from	a	large	Asian	transplant	center,	the	majority	of	patients	(79%)	who	developed	tumor	recurrence	after
resection	 of	 small	 HCC	 were	 still	 eligible	 for	 salvage	 transplantation.99	 Primary	 resection	 also	 allows	 the
opportunity	 to	 pathologically	 assess	 the	 tumor	 and	 adjacent	 liver	 tissue.	 Pathologic	 prognostic	 factors	 such	 as
micro-	or	macrovascular	invasion,	satellitosis,	or	occult	tumors	can	be	used	as	selection	criteria	for	salvage	liver
transplantation	in	the	case	of	recurrent	tumor.

Patients	with	 large	HCC	beyond	 the	Milan	or	UCSF	criteria	have	a	 less	 favorable	outcome	 than	 those	with
small	HCC.	Patients	in	the	United	States	outside	the	accepted	criteria	can	be	transplanted	based	on	the	physiologic
Model	 for	 End-Stage	 Liver	 Disease	 (MELD)	 score	 but	 do	 not	 receive	 any	 exception	 points	 for	 HCC.	 In	 an
analysis	of	94	patients	with	HCC	exceeding	the	Milan	criteria,	results	of	resection	were	compared	to	OLT.74	The
overall	survival	rate	was	66%	for	both	groups	even	though	the	mean	tumor	size	was	10	cm	for	the	resection	group
and	6.4	cm	for	the	OLT	group.	The	results	suggest	that	resection	and	OLT	in	patients	with	HCC	beyond	the	Milan
criteria	have	similar	outcomes.	A	proposed	algorithm	of	care	from	the	Barcelona	Clinic	is	shown	in	Figure	57.2.

Ablative	Therapy	for	Localized	Hepatocellular	Cancer

Chemical	Ablation
Chemicals	 destroy	 tumor	 tissue	 by	 direct	 dehydration	 of	 the	 cytoplasm,	 protein	 denaturation,	 and	 consequent
coagulation	necrosis	as	well	as	from	indirect	ischemia	from	vascular	thrombosis	from	endothelial	damage.100,101
The	direct	instillation	of	chemicals	such	as	absolute	ethanol	or	acetic	acid	has	been	long	studied	for	the	treatment
of	HCC.	Chemical	ablation	is	very	inexpensive,	and	therefore,	it	is	more	widely	used	in	developing	countries	with
a	high	 incidence	of	HCC.	 Intratumoral	 instillation	of	 acetic	 acid	 for	 the	 treatment	of	HCC	compares	 favorably
with	that	of	ethanol	treatment.100,101	Moderate-quality	evidence	supports	that	RFA	is	superior	to	chemical	ablation
for	 the	 treatment	 of	 HCC.102	 Chemical	 ablation	 requires	 multiple	 applications,	 and	 thus,	 thermal	 ablation	 has
largely	replaced	chemical	ablation	in	many	cases.	In	the	Western	world,	chemical	ablation	has	been	replaced	by
thermal	ablation	except	 in	certain	anatomic	 locations,	 such	as	adjacent	 to	 the	major	biliary	 tree,	gallbladder,	or
bowel.103

Radiofrequency	Ablation
RFA	is	currently	the	most	widely	used	ablative	technique	for	the	treatment	of	small	liver	malignancies.	The	term
radiofrequency	 (RF)	 applies	 to	 all	 electromagnetic	 energy	 sources	 with	 frequencies	 <30	MHz,	 although	most
clinically	available	devices	function	in	the	375	to	500	kHz	range.	The	technique	for	thermal	ablation	in	the	liver
by	using	RFA	was	first	described	in	the	1990s.104



Figure	57.2	Strategy	for	staging	and	treatment	assignment	for	patients	with	hepatocellular
carcinoma	(HCC)	according	to	the	Barcelona	Clinic	Liver	Cancer	staging	system.	PST,

performance	status;	CLT,	cadaveric	liver	transplantation;	LDLT,	living	donor	liver	transplant;	PEI,
percutaneous	ethanol	injection;	RF,	radiofrequency;	tx,	treatment.

In	this	technique,	the	RF	electrode	is	placed	into	the	tumor	with	imaging	guidance.	The	electrode	is	coupled	to
an	RF	generator	and	is	grounded	by	means	of	a	grounding	pad	or	pads	applied	to	the	thighs.	The	RF	generator
produces	 a	 voltage	 between	 the	 active	 electrode	 (applicator)	 and	 the	 reference	 electrode	 (grounding	 pad),
establishing	 electric	 field	 lines	 that	 oscillate	 with	 the	 alternating	 current.	 This	 oscillating	 electric	 field	 causes
electron	 collisions	 with	 the	 adjacent	 molecules	 closest	 to	 the	 applicator,	 inducing	 frictional	 heating.105	 Tissue
heating	to	temperatures	>60°C	leads	to	immediate	cell	death.	Thus,	for	any	given	RFA	procedure,	the	application
of	energy	from	the	applicator	is	maximized	to	create	a	zone	of	tissue	necrosis	that	encompasses	the	tumor	and	a
margin	 of	 normal	 parenchyma.	The	 volume	 of	 ablation	 achieved	 is	 based	 on	 the	 energy	 balance	 between	 heat
conduction	of	the	local	RF	energy	applied	and	heat	convection	from	the	circulating	blood	and	extracellular	fluid.

In	 the	United	 States,	 there	 are	 three	 commercially	 available	 percutaneous	RFA	 systems.	All	 operate	 on	 the
same	physical	principles	and	destroy	small	 tumors	well.	These	systems	mainly	differ	 in	methods	of	monitoring
completeness	of	ablation.

Microwave	Ablation
Like	RFA,	microwave	(MW)	ablation	(MWA)	uses	electromagnetic	waves	to	produce	heating.	Unlike	RFA,	the
MW	energy	is	not	an	electrical	current	and	is	in	a	much	higher	frequency	range	that	extends	from	300	MHz	to	300
GHz.	 The	 broader	 deposition	 of	 MW	 energy	 creates	 a	 much	 larger	 zone	 of	 active	 heating.	 MW	 applicators
available	for	clinical	use	generally	operate	in	the	900	to	2,450	MHz	range.105	The	rapidly	alternating	electric	field
of	the	MW	antenna	causes	water	molecules	to	spin	rapidly	in	an	attempt	to	align	with	electromagnetic	charges	of
opposite	 polarity.	MW	 tissue	 heating	 occurs	 because	 of	 the	 induction	 of	 kinetic	 energy	 in	 surrounding	 water
molecules.

Currently,	 there	 are	 six	MWA	 systems	 that	 are	 commercially	 available	 in	 the	United	 States	 and	Europe.105
These	 systems	 use	 either	 a	 915-MHz	 generator	 (Evident,	 Medtronic,	 Boulder,	 CO;	 MicrothermX,	 Perseon
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Medical,	 Salt	 Lake	 City,	 UT;	 Avecure,	 MedWaves,	 San	 Diego,	 CA)	 or	 a	 2,450-MHz	 generator	 (Certus	 140,
NeuWave	 Medical,	 Madison,	 WI;	 Amica,	 Hospital	 Service,	 Rome,	 Italy;	 Acculis	 MTA,	 Microsulis	 Medical,
Hampshire,	England;	and	Emprint,	Medtronic,	Boulder,	CO)	and	straight	antennae	with	varying	active	tips	0.6	to
4.0	 cm	 in	 length.	 Perfusion	 of	 the	 antenna	 shaft	 is	 required	 for	 five	 of	 the	 six	 systems,	 with	 either	 room-
temperature	 fluid	or	 carbon	dioxide	 to	 reduce	 conductive	heating	of	 the	nonactive	portion	of	 the	 antenna,	 thus
preventing	damage	 to	 the	 skin	 and	 tissues	 proximal	 to	 the	 active	 tip.	A	 single	 applicator	 is	 used	with	 a	 single
generator	in	four	of	the	systems.	Two	have	the	ability	to	power	up	to	three	antennae	with	a	single	generator	and
treat	large	tumors	(Fig.	57.3).

Irreversible	Electroporation
A	novel,	 largely	nonthermal	electrical	ablation	technology	called	irreversible	electroporation	(IRE)	that	 is	much
less	 influenced	by	 thermal	sink	effects	may	play	a	role	 in	 treating	 tumors	adjacent	 to	blood	vessels	and	critical
structures,	such	as	major	bile	ducts.106	 IRE	uses	high	power	 large	electrical	currents	delivered	across	19	gauge
electrode	 pairs	 placed	 into	 tumors.	 Early	 treatment	 data	 in	 HCC	 has	 been	 published	 with	 small	 single-center
series,107	the	largest	in	58	patients	that	reported	a	1-year	progression-free	survival	of	70%.106

Figure	57.3	A	73-year-old	man	with	previously	resected	colorectal	metastatic	disease	in	the	left
lobe	of	the	liver	who	recurred	in	the	right	lobe	despite	5-fluorouracil,	oxaliplatin,	leucovorin
(FOLFOX)	chemotherapy.	An	axial	contrast-enhanced	computed	tomography	(CT)	scan	and
coronal	fludeoxyglucose–positron	emission	tomography	CT	scan	(top	panel)	show	a	large
heterogeneous	colorectal	cancer	metastasis	in	the	right	lobe.	The	patient	refused	additional

chemotherapy	and	ablation	was	offered	as	palliative	therapy.	Given	the	size	of	the	mass,	microwave
ablation	was	performed	with	multiple	antennas	under	CT	guidance	(bottom	left).	The	patient

responded	to	the	treatment	extremely	well,	and	a	current	20-month	follow-up	contrast-enhanced	CT
scan	(bottom	right)	shows	a	large	coagulation	defect	(arrows)	without	evidence	of	recurrence	in

the	liver.



Outcomes	of	Ablations
Many	 institutions	 around	 the	 world	 perform	 liver	 ablation	 for	 primary	 and	 metastatic	 liver	 tumors	 given	 its
relative	safety,	low	cost,	and	low	toxicity.	There	is	also	data	emerging	from	randomized	trials	that	tumor	ablations
are	highly	effective	and	potentially	curative	treatments	for	small	tumors.

Many	 factors	affect	 the	 success	of	 thermal	ablation	 treatment	 for	 liver	malignancies,	 some	of	which	 include
tumor	 size,	 proximity	 to	 blood	 vessels,	 operator	 experience,	 presence	 of	 underlying	 liver	 disease,	 extrahepatic
disease	 in	 patients	 with	 secondary	 liver	 malignancies,	 overall	 patient	 health,	 and	 implementation	 alongside
synergistic	therapies	in	a	collegial,	multidisciplinary	treatment	clinic.

Tumors	adjacent	to	larger	(>3	mm)	blood	vessels	may	be	undertreated	due	to	the	thermal	sink	effect.108	Proper
device	 selection	 to	 effectively	 eradicate	 tumors	 adjacent	 to	 vessels	 should	 be	 improved,	 in	 theory,	with	 hotter
energy	sources	such	as	MWA	compared	to	RFA.109	Less	heat	sink	effects	may	reduce	local	recurrences,	and	the
larger	 resultant	 ablative	 volume	 when	 using	 the	 synergistic	 effect	 of	 multiple	 applicators	 simultaneously	 will
allow	a	faster	treatment	time	when	compared	to	RFA.110	In	a	recently	published	series	on	MWA	with	long	follow-
up,	it	is	clear	that	ablations	of	small	lesions	can	be	curative.52

The	 presence	 of	 underlying	 cirrhosis	will	 affect	 treatment	 options	 and	 outcomes	 in	 patients	 presenting	with
HCC.	In	general,	HCC	patients	with	Child-Pugh	class	C	cirrhosis	who	are	not	on	a	liver	transplant	list	and	do	not
undergo	liver-directed	therapies	have	a	median	survival	of	<4	months.	Therefore,	treatment	with	thermal	ablation
is	unlikely	going	to	affect	long-term	survival.111

In	patients	with	Child-Pugh	class	A	cirrhosis,	data	suggest	thermal	ablation	can	rival	surgery	when	tumors	are
solitary	 and	 smaller	 (<5	 cm)	 and	 less	 in	 number	 (fewer	 than	 three	 tumors	 each	 under	 3	 cm).	 In	 retrospective
studies,	data	suggest	that	for	small	HCCs	(≤2	to	3	cm),	RFAs	result	in	similar	outcomes	as	resections.112

Recently,	five	randomized	trials	comparing	RFA	and	hepatic	resection	have	been	reported	(Table	57.8).113–117
Two	 of	 them,	 Chen	 et	 al.113	 and	 Huang	 et	 al.,115	 compared	 tumors	 fulfilling	 the	 Milan	 tumor	 criteria	 for
transplantation.	Chen	et	al.113	compared	resection	to	RFA	for	tumors	<5	cm	in	size.	The	1-,	3-,	and	4-year	survival
rates	were	93%,	73%,	and	64%,	respectively,	for	resection,	and	96%,	71%,	and	68%,	respectively,	for	RFA.	The
authors	 concluded	 that	RFA	was	 as	 effective	 as	 surgical	 resection	 in	 the	 treatment	 of	 solitary	HCCs	≤5	 cm	 in
terms	of	overall	and	disease-free	survival	after	4	years,	with	no	significant	difference	in	outcome	between	the	two
groups	 on	 follow-up.	Huang	 et	 al.115	 concluded	 that	 surgical	 resections	 have	 better	 outcomes	 than	RFAs.	This
conclusion	was	based	on	a	recurrence	rate	at	5	years	of	63%	in	the	RFA	group	and	41%	in	the	resection	group.
However,	it	must	be	pointed	out	that	more	patients	in	the	resected	group	had	tumors	<3	cm	in	size.	In	addition,	the
overall	survival	was	not	statistically	different	between	the	two	treatment	groups.

TABLE	57.8
Randomized	Controlled	Trials	of	Hepatic	Resection	versus	Radiofrequency	Ablations	for
Hepatocellular	Carcinoma	Reported	After	2000

Author,
Year
(Ref.) Treatment Number Age

Tumor
Number

Characteristics
Diameter

Disease-Free
Survival	(%)

Overall	Survival	(%)

One
Year

Three
Years

Five
Years

Four
Years

Five
Years

One
Year

Three
Years

Four
Years

Chen	et
al.,
2006113

RES
RFA

90
71

49	±
11
52	±
11

1
1

≤5	cm
≤5	cm

87
86

69
64

46
52

—
—

93
96

73
71

64
68 —

Liang	et
al.,
2008114,a

RES
RFA

44
66

49	±
12
55	±
11

≤3
≤3

≤5	cm
≤5	cm

—
—

—
—

—
—

—
—

79
77

45
49

31
40

28
40

Huang	et
al.,
2010115

RES
RFA

115
115

56	±
13
57	±
14

≤3
≤3

≤5	cm	(77%)
≤5	cm	(73%)

85
82

61
46

—
—

51
29

98
87

92
70

—
—

76
55

47
(18–
76)
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Feng	et
al.,
2012116

RES
RFA

84
84

51
(24–
83)

≤2
≤2

≤4	cm
≤4	cm

91
86

61
50

—
—

—
—

96
93

75
67

—
— —

Wang	et
al.,
2014117

RES
RFA

5,779
6,094

—
—

—
—

—
—

83.9
70.1

57.3
37.6

38.6
21.7

—
—

75.7
54.8

95.2
92.2

78.9
74.4 —

aTreatments	for	recurrent	disease.
RES,	resected	patients;	NS,	not	significant;	RFA,	radiofrequency	ablation.

Feng	et	al.116	 and	Liang	et	al.114	 confirmed	 the	 similar	efficacy	of	RFA	 to	 resection	 in	 tumors	<4	cm.	Both
groups	found	RFA	and	resection	to	have	similar	overall	survival	in	a	follow-up	period	after	3	years.	It	appears	that
for	 small	 HCCs,	 particularly	 in	 patients	 with	 cirrhosis,	 RFA	 can	 produce	 similar	 cancer	 outcomes	with	much
lower	morbidity.	A	 recent	 large	meta-analysis	evaluated	55	 randomized	controlled	 trials	 in	5,763	patients	 from
1988	 to	2017	with	preserved	 liver	 function	and	unresectable	HCC	comparing	bland	embolization,	conventional
chemoembolization,	 radioembolization	 (RAE)	 alone	 or	 in	 combination	 with	 thermal	 ablation,	 conventional
chemotherapy,	 and	 external-beam	 RT.118	 More	 recently,	 combination	 TACE	 plus	 ablation	 was	 shown	 to	 be
statistically	equivalent	to	surgery	with	local	tumor	progression	and	intrahepatic	distant	recurrence	rates	of	12.9	%
and	34.3%	versus	8.3%	and	28.6%	in	the	combined	treatment	group	and	surgical	resection	groups,	respectively.	In
addition,	the	combination	group	had	lower	costs	and	statistically	lower	complication	rates	after	propensity	score
matching	when	compared	to	the	surgical	resection	group.119	Figure	57.4	illustrates	a	recommended	algorithm	of
care	for	small	HCCs.

Figure	57.4	The	treatment	algorithm	for	a	small	hepatocellular	carcinoma	(HCC).

From	a	practical	standpoint,	large	tumors	will	be	resected	or	treated	with	embolic	therapies.	For	small	tumors,
deep	tumors	that	require	resection	of	large	amounts	of	parenchyma	to	eradicate	disease	will	be	much	more	likely
to	be	treated	with	ablation,	particularly	if	the	patient	is	frail.	If	the	small	tumor	is	near	the	periphery	of	the	liver,
minimally	 invasive	 resections	 such	 as	 through	 robotically	 assisted	 surgery	 can	 eradicate	 disease	with	minimal



morbidity.120

Embolic	Therapies	for	Regional	Disease
For	 patients	with	multifocal	 liver-predominant	 disease	who	 are	 not	 candidates	 for	 resection	 or	 transplantation,
transcatheter	ablative	methods	have	emerged	as	the	most	commonly	used	treatment	worldwide.	These	techniques
rely	 on	 the	 dual	 blood	 supply	 of	 the	 liver:	 Nutrient	 blood	 arrives	 by	 artery	 and	 portal	 vein.	 The	 portal	 vein
provides	over	75%	of	the	blood	flow	to	the	hepatic	parenchyma,	whereas	the	hepatic	artery	(HA)	is	the	primary
nutrient	supply	of	tumors.	Selectively	delivering	agents	transarterially	targets	the	tumor	while	sparing	the	liver.

There	are	currently	three	main	categories	of	percutaneously	administered	transcatheter	intra-arterial	therapies:
TACE,	 bland	 hepatic	 artery	 embolization	 (HAE),	 and	 RAE.	 The	 usual	 chemotherapeutic	 agents	 used	 are
mitomycin	C,	doxorubicin,	and	aclarubicin.	The	majority	of	 the	effects	of	embolic	 therapies	derive	from	tumor
ischemia	produced	by	occlusion	of	the	arterial	vessels.	Thus,	bland	embolizations	(without	chemotherapy),	even
with	 a	nonpermanent	 agent	 such	 as	Gelfoam	 (Pfizer,	New	York,	NY),	 can	produce	 a	high	 likelihood	of	 tumor
killing.	RAE	involves	the	administration	of	yttrium-90	(90Y)	(a	pure	β	emitter)	that	can	be	loaded	in	glass	or	resin
microspheres	intra-arterially.121	This	is	really	not	an	embolization,	in	that	the	goal	is	not	occlusion	of	the	arterial
inflow	but	more	brachytherapy.	RAE	will	be	further	discussed.

Transarterial	Chemoembolization
Performance	 status,	 underlying	 liver	 disease,	 and	 degree	 of	 portal	 hypertension	 are	 important	 patient	 selection
criteria.	Although	minimally	invasive,	following	embolization,	patients	commonly	experience	a	postembolization
syndrome	of	pain,	fever,	and	nausea	that	may	last	for	several	days	to	a	few	weeks.	It	often	takes	4	to	6	weeks	to
recover	to	baseline	performance	status.

Although	 embolization	 in	 patients	with	 normal	 liver,	 or	well-compensated	 cirrhosis,	 has	 a	 low	 risk	 of	 liver
failure,	 the	 risk	of	 further	 compromising	 liver	 function	 and	hastening	death	 in	poorly	 compensated	 cirrhosis	 is
significant.	This	is	because	a	basis	of	TACE	is	that	the	portal	blood	flow	will	protect	the	noncancerous	liver	from
the	treatment	agents	and	ischemia.	Thus,	portal	vein	occlusion	is	considered	a	contraindication	to	both	TACE122
and	HAE	because	 of	 the	 risk	 of	 liver	 failure.	Ascites,	which	 is	 an	 indication	 of	 severe	 portal	 hypertension,	 or
measured	reversal	of	portal	blood	flow	is	a	relative	contraindication.

It	 has	 always	 been	 apparent	 that	 embolic	 therapies	 can	 result	 in	 a	 high	 rate	 of	 tumor	 response	 (>50%).
Excellent	results	(level	IIa	evidence)	following	chemoembolization	have	also	been	reported	from	Japan	in	8,510
patients	treated	between	1994	and	2001,	with	1-,	3-,	and	5-year	survival	of	82%,	47%,	and	26%,	respectively.24
With	 well-designed	 trials,	 there	 is	 also	 now	 level	 I	 evidence	 of	 a	 survival	 benefit	 to	 conventional	 TACE	 as
demonstrated	in	randomized	trials	published	by	Llovett	et	al.,123	Lo	et	al.,124	and	Becker	et	al.125	In	the	trial	by	Lo
et	al.,124	patients	were	randomized	to	TACE	(cisplatin	+	lipiodol	+	Gelfoam)	versus	control	(no	treatment).	The	2-
year	survival	was	31%	for	TACE	versus	11%	for	controls.	In	the	trial	by	Llovet	et	al.,123	patients	randomized	to
TACE	(doxorubicin	+	lipiodol	+	Gelfoam)	had	a	2-year	survival	of	63%	versus	27%	for	control.	In	the	study	from
Becker	et	al.,125	TACE	(mitomycin	C	+	lipiodol	+	Gelfoam)	+	PEI	resulted	in	a	39%	2-year	survival	compared	to
18%	for	TACE.	What	seems	clear	from	these	data	is	that	arterial	embolotherapy	is	an	effective	method	of	treating
HCC	and	can	prolong	the	patient’s	survival.	Comparable	or	better	survival	results	have	been	demonstrated	with
bland	embolization.126

A	recent	study	compared	TACE	(using	doxorubicin-eluting	microspheres)	with	bland	embolization	and	found
no	 significant	 difference	 in	 overall	 survival	 between	 both	 treatment	 regimens.	 Specifically,	 101	 patients	 were
randomly	 assigned	 to	 bland	 embolization	 or	 TACE,	 and	 although	 there	 was	 a	 suggestion	 of	 improvement	 in
progression-free	survival	with	TACE	(6.2	versus	2.8	months,	P	=	.11),	there	was	no	difference	in	overall	survival
(19.6	versus	20.8	months;	HR,	1.11;	P	=	.64).	This	study	challenges	the	routine	use	of	doxorubicin-eluting	beads
for	 chemoembolization.	 In	 a	 separate	 study,	 the	 investigators	 studied	 doxorubicin-eluting	microsphere	 therapy
versus	microsphere	bead	blocking	treatment	alone.	In	this	random	assignment	phase	II	study	of	101	patients,	there
was	no	apparent	difference	in	the	antitumor	effect	with	the	addition	of	doxorubicin.126

Brachytherapy/Radioembolization
Although	small	experiences	in	interstitial	therapy	have	been	reported,127	liver	brachytherapy	typically	involves	an
injection	of	a	radioisotope	for	regional	transarterial	therapy	rather	than	interstitial	or	intracavitary	therapy.	RAE,
like	chemoembolization,	takes	advantage	of	the	liver’s	dual	blood	supply	and	the	arterial	enhancement	of	HCC.
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Rather	 than	 chemotherapy	 and	 embolic	 material,	 radioisotopes	 linked	 to	 either	 glass	 (TheraSphere,	 Nordion,
Canada)	or	resin	(SIRTeX	Medical,	Inc.,	Lane	Cove,	New	South	Wales,	Australia)	microspheres	are	injected	into
the	HA.	This	 outpatient	 treatment	 is	 typically	 delivered	 through	 either	 the	 right	 or	 the	 left	HA,	 although	with
favorable	anatomy,	it	can	be	delivered	more	selectively.	Whole	liver	treatment	is	usually	reserved	for	metastases
rather	 than	 HCC	 due	 to	 the	 risk	 of	 liver	 injury.	 The	most	 common	 isotope	 is	 90Y,	 a	 pure	 β	 emitter,	 with	 an
effective	path	length	of	5	mm	and	a	half-life	of	65	hours.	A	total	of	90%	of	the	energy	is	deposited	within	5	mm
of	the	sphere;	therefore,	side	effects	are	quite	localized.	The	dose	to	the	individual	tumors	is	not	well	characterized
but	is	prescribed	to	80	to	150	Gy,	depending	on	liver	function,	to	the	entire	treated	portion	of	the	liver,	assuming
equal	distribution	and	based	on	pretreatment	angiography.

Side	effects	are	typically	quite	tolerable	and	consist	of	mild	nausea,	pain	(although	typically	less	than	TACE),
and	 fatigue.	 Rare	 complications	 could	 include	 hepatobiliary	 dysfunction,	 radiation	 pneumonitis,	 and
gastrointestinal	(GI)	ulceration.	Risk	factors	associated	with	early	mortality	include	an	infiltrative	tumor,	a	tumor
encompassing	over	50%	to	70%	of	the	liver,	albumin	<3	g/dL,	bilirubin	>2	mg/dL,	and	lung	dose	>30	Gy.128	With
proper	patient	selection,	this	procedure	is	relatively	safe.	Although	both	RAE	and	chemoembolization	can	deliver
regional	therapy,	which	is	particularly	useful	for	multifocal	HCC,	it	is	currently	unclear	which	treatment	may	be
preferred	for	which	patients.	A	retrospective	comparison	suggests	that	RAE	may	have	a	longer	time	to	progression
with	reduced	toxicity	and	similar	overall	survival.121	 In	general,	 response	rates	are	30%	to	50%,	with	a	 time	to
progression	of	6	to	16	months	depending	on	stage	and	portal	vein	thrombus.129	Treatment	may	be	repeated.

A	recent	randomized	phase	II	study	compared	90Y	RAE	to	conventional	TACE.130	In	this	random	assignment
phase	 II	 study	 of	 179	 patients	 with	 BCLC	 stage	 A	 or	 B	 HCC,	 patients	 who	 received	 90Y	 RAE	 achieved	 a
significantly	longer	median	time	to	progression	(>26	months)	versus	TACE	(6.8	months)	(P	=	.0012).	Further,	90Y
treatment	 was	 associated	 with	 reduced	 diarrhea	 (21%	 with	 TACE	 versus	 0%	 with	 90Y,	 P	 =	 .031)	 or
hypoalbuminemia	(58%	versus	4%,	P	<	.001).	Notably,	survival	was	similar	in	the	two	arms.

Radiation	Therapy	as	Local	Ablation	for	Hepatocellular	Carcinoma
Radiation	 therapy	 for	 liver	 tumors	 was	 historically	 limited	 by	 hepatic	 toxicity,	 but,	 with	 improved	 imaging,
treatment	 planning,	 and	 treatment	 delivery,	 it	 now	 is	 an	 excellent	 option,	 particularly	 for	 patients	 with
unresectable	tumors	or	who	are	medically	inoperable.	Tumors	not	likely	to	be	effectively	treated	by	RFA	due	to
size	>3	 cm	or	 proximity	 to	 the	 diaphragm,	 large	 vessel,	 or	 gallbladder	 are	 also	 good	 candidates	 for	RT.	With
proper	 care,	 tumors	 near	 GI	 structures	 can	 also	 be	 treated	 with	 RT.	 Side	 effects	 are	 typically	 minimal	 and
commonly	include	mild	fatigue	and	less	commonly	include	nausea,	mild	radiation	dermatitis,	pain	associated	with
tumor	edema,	or	worsening	liver	dysfunction.	Radiation	can	be	delivered	using	external	beam	or	brachytherapy.
Patients	with	metastases	to	the	bone,	brain,	adrenals,	or	other	locations	can	be	effectively	palliated	with	RT,	as	can
patients	with	pain	from	large	primary	tumors.131	Treatment-related	toxicities	are	generally	very	low,	particularly
with	SBRT,	with	minimal	impact	on	quality	of	life	demonstrated	in	a	222-patient	prospective	longitudinal	study
from	the	University	of	Toronto.132

External-Beam	Radiotherapy

Fractionated	Treatment
Because	the	liver	is	one	of	the	most	radiosensitive	organs	in	the	body,	treatment	planning	and	delivery	must	be
done	carefully	to	maximize	dose	to	the	tumor	and	to	minimize	dose	to	the	normal	liver.	The	primary	toxicity	of
concern	 is	 radiation-induced	 liver	 disease	 (RILD),	which	 can	 be	 categorized	 as	 classic	 and	 nonclassic.	Classic
RILD	 is	 a	 constellation	 of	 anicteric	 ascites,	 hepatomegaly,	 and	 elevated	 liver	 enzymes	 (particularly	 alkaline
phosphatase),	which	typically	occurs	within	4	months	of	therapy	and	is	a	type	of	veno-occlusive	disease,	similar
to	that	seen	after	high-dose	chemotherapy	conditioning	for	bone	marrow	transplantation.133	Nonclassic	RILD,	a
more	 recently	 coined	 classification,	 can	 occur	 in	 patients	 with	 hepatitis	 and	 cirrhosis	 and	 is	 characterized	 by
jaundice	and	markedly	elevated	serum	transaminases	(>5	times	the	upper	limit	of	normal	[ULN])	within	3	months
of	completion	of	therapy.	This	is	thought	to	represent	direct	hepatocyte	rather	than	endothelial	injury.134	RILD	is
typically	self-limited	but	can	be	serious,	even	leading	to	mortality.	It	is	managed	symptomatically,	using	diuretics
and	paracentesis.	Even	low	doses	to	the	whole	liver	of	25	Gy	in	10	fractions	or	32	Gy	in	1.5	Gy	per	fraction	twice
daily	are	associated	with	a	>5%	risk	of	RILD,	particularly	for	patients	with	cirrhosis	and	already	compromised
liver	function.	Other	toxicities	that	can	occur	include	gastric	or	duodenal	bleeding,135	although	both	of	these	risks



can	 be	minimized	 using	 careful	 treatment	 planning,	 image	 guidance,	 and	 treatment	 delivery.	 It	 is	 important	 to
consider	factors	including	cirrhosis,	prior	liver-	directed	therapies,	and	hepatitis	B	and	C,	which	add	to	the	dose
and	volume	models	 for	 the	prediction	of	RILD.	 ICG	 is	 also	used	 in	Asia	 as	 a	 pretreatment	 assessment	 for	 the
safety	of	RT,	similar	to	its	use	for	the	safety	of	liver	resection.136	In	the	United	States,	the	University	of	Michigan
has	pioneered	its	use	to	measure	individual	tolerance	to	radiation,	which	can	be	quite	variable.	Even	some	patients
with	good	pretreatment	liver	function	can	experience	rapid	decline,	so	customizing	treatment	is	crucial.137

At	the	University	of	Michigan,	investigators	created	the	normal-	tissue	complication	probability	(NTCP)	model
that	 quantitatively	 described	 the	 relationship	 between	 radiation	 dose	 and	 liver	 volumes	 and	 the	 probability	 of
developing	RILD.138	Dose	was	customized	per	patient	to	give	an	anticipated	risk	of	5%	to	15%.	Due	to	the	variety
of	tumor	and	liver	sizes	and	geometries,	prescribed	doses	ranged	from	40	to	90	Gy.	Patients	who	received	75	Gy
or	more	had	a	higher	median	survival	of	24	versus	15	months.	Progression-free	survival	was	also	improved	with
higher	 doses.139	 A	 prospective	 phase	 II	 trial	 from	 France	 treated	 patients	 to	 66	 Gy	 in	 2-Gy	 fractions,	 with	 a
response	rate	of	92%.140	In	a	multicenter	retrospective	patterns-of-care	study	among	10	institutions	in	Korea,	398
patients	with	HCC	were	 described.	Of	 those,	 70%	were	Child	 class	A,	 54%	had	 tumors	>5	 cm,	 and	 40%	had
portal	vein	thrombosis.	Nearly	all	had	received	prior	treatment,	mostly	TACE.	In	this	series,	higher	dose	(biologic
effective	dose	over	53	Gy)	also	correlated	with	better	survival.141	Other	groups	have	combined	TACE	and	RT,
with	various	schedules,	although	mostly	using	RT	to	treat	residual	disease.	In	a	Korean	study	of	73	patients	with
incomplete	response	to	TACE,	38	received	RT,	whereas	the	rest	received	additional	TACE.	Patients	who	received
radiation	had	a	higher	2-year	survival	of	37%	versus	14%	(P	=	.001).142

Another	use	for	RT	is	to	treat	tumor	thrombus	in	the	portal	vein,	with	the	goals	of	decreasing	portal	pressure
and	allowing	the	safe	delivery	of	embolic	therapies.	The	largest	series	from	Taiwan	reports	a	25%	response	rate.
Compared	with	a	dismal	1-year	survival	of	9%	for	nonresponders,	 responders	had	a	better	 survival	of	21%	for
those	still	not	eligible	for	definitive	therapies	and	29%	for	those	who	ultimately	had	additional	therapy.143

Other	 crucial	 components	 of	 a	 liver	 RT	 program	 not	 always	 available	 for	 standard	 RT	 include	 adequate
imaging	with	 arterial	 and	 portal	 venous	 phase	 imaging	with	CT	 scans	 and	MRI	 for	 tumor	 delineation,	motion
assessment,	 and	 management	 tools	 four-dimensional	 CT	 (4D-CT)	 scan	 (treatment	 gating),	 and	 precise	 image
guidance	 (CT	 scan	 or	MRI)	 on	 the	 treatment	 machine.	 Because	 liver	 tumors	 move	 with	 respiration,	 accurate
assessment	 and	 management	 of	 this	 will	 aid	 in	 proper	 tumor	 targeting	 and	 normal	 tissue	 avoidance.	 Some
common	 methods	 include	 forced	 breath	 hold	 for	 tumor	 immobilization	 and	 4D-CT	 scans	 to	 assess	 and	 help
account	 for	motion.138	 Fiducials	 can	 also	be	placed	within	or	 near	 the	 tumor	percutaneously	prior	 to	 treatment
planning,	with	daily	alignment	on	the	treatment	machine,	because	external	anatomy	is	a	poor	surrogate	for	internal
anatomy	and	tumor	location.

Stereotactic	Body	Radiotherapy
SBRT	is	a	relatively	new	method	of	delivering	high-	dose,	high-precision	therapy	in	just	a	few	treatments	rather
than	spread	out	daily	over	a	course	of	several	weeks.	With	high	doses	per	 fraction,	 the	biologic	effect	 is	much
more	than	with	the	same	total	dose	delivered	in	a	standard	fractionated	course,	up	to	the	equivalent	to	80	to	150
Gy	in	2-Gy	fractions	(Fig.	57.5).	This	technique	was	pioneered	by	Blomgren	et	al.,144	who	treated	20	liver	tumors,
including	8	HCCs	in	the	1990s.	Since	then,	the	literature	has	mostly	been	populated	by	many	small	retrospective
studies	 and	 now	 several	 prospective	 studies.	Méndez	Romero	 et	 al.145	 initially	 started	 treating	 patients	 with	 a
schedule	of	25	Gy	in	five	fractions,	but	after	two	patients	experienced	local	failure,	the	dose	was	raised	to	30	Gy
in	 three	 fractions	 for	 the	 rest	of	 the	 study.	The	1-year	 local	 control	was	75%,	with	 all	 failures	 in	 the	 low-dose
group.	One	Child-Pugh	class	B	patient	experienced	grade	5	nonclassic	RILD,	leading	the	authors	to	advise	others
to	be	very	cautious	with	similar	patients.145	The	next	and	largest	studies	were	a	phase	I	and	II	trial	from	Princess
Margaret	Hospital.146	Of	41	initial	patients,	31	had	HCC.	Patients	were	treated	with	a	six-fraction	course	of	SBRT
delivered	over	2	weeks,	with	the	dose	individualized	based	on	the	University	of	Michigan	NTCP	model,	escalated
from	5%	to	20%.	The	median	dose	was	36	Gy	(range,	24	to	54	Gy),	and	the	median	tumor	volume	was	173	mL
(range,	9	to	1,913	mL).	Even	for	these	relatively	large	tumors,	approximately	50%	had	a	response	to	treatment,
and	42%	had	stable	disease.	Median	survival	was	12	months.	No	patients	developed	classic	RILD,	although	26%
had	grade	3	elevation	of	 liver	 enzymes	and	16%	had	a	decline	 from	Child	class	A	 to	B	within	3	months	after
treatment.	 In	 the	 full	 cohort	 of	 102	 patients	 from	 both	 the	 phase	 I	 and	 II	 portions	 of	 the	 trial,146	 93%	 had
underlying	 liver	disease,	52%	had	 received	prior	 therapy,	 and	55%	had	 tumor	vascular	 thrombosis.	The	1-year
local	 control	was	 excellent	 at	 87%.	However,	 30%	 of	 patients	 had	 grade	 3	 or	 higher	 toxicity,	 some	 of	which
possibly	contributed	to	mortality.	This	illustrates	the	tenuous	balance	between	treatment	safety	and	efficacy	and
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the	need	for	improved	predictive	models	of	safety	for	individual	patients.
Another	phase	I	study	reported	100%	local	control	after	36	to	48	Gy	in	three	to	five	fractions.	Similar	to	what

was	 seen	 in	 the	Méndez	 Romero	 study,145	 patients	 with	 Child-Pugh	 class	 B	 liver	 failure	 were	 prone	 to	 liver
toxicity.147	Truly,	 these	 patients	 need	 extra	 attention	 and	 consideration.	Many	 larger	 retrospective	 studies	 have
confirmed	these	smaller	prospective	results.148	Rather	than	having	to	choose	efficacy	or	safety,	a	new	strategy	of
individualizing	 and	 adapting	 therapy	 for	 patients	 to	 maximize	 both	 the	 safety	 and	 efficacy	 of	 treatment	 was
recently	 reported	 for	 patients	 at	 high	 risk	 for	 liver	 damage.149	A	 total	 of	 90	 patients	with	 intrahepatic	 cancers
received	SBRT,	with	the	dose	guided	by	each	individual’s	tolerance	to	liver	radiation	as	measured	by	change	in
ICG	clearance	during	the	course	of	therapy.	Treatment	was	adjusted	using	a	Bayesian	adaptive	model	to	maintain
safety	 while	 also	 optimizing	 tumor	 control.	 The	 2-year	 local	 control	 was	 95%,	 with	 only	 7%	 of	 patients
experiencing	 a	 2-point	 decline	 in	 Child-Turcotte-Pugh	 (CPT)	 score	 at	 6	 months.	 In	 the	 future,	 additional
biomarker-based	treatment	personalization	will	likely	become	more	common.

When	 deciding	 between	RFA	 and	SBRT,	 tumor	 and	 patient	 features	may	 help	 guide	 clinicians.	 In	 a	 recent
comparison	of	over	300	tumors	treated	with	the	two	modalities,	there	was	no	difference	in	local	control	for	tumors
<2	cm	in	greatest	dimension,	but	for	tumors	≥2	cm,	there	was	decreased	freedom	from	local	progression	for	RFA
compared	with	SBRT.150	This	difference	was	increasingly	pronounced	with	increasing	tumor	size.	The	grade	3+
complication	rate	was	similarly	low	for	both	treatments.	Other	factors	influencing	the	treatment	decision	could	be
tolerance	of	anesthesia	and	invasiveness	of	RFA	and	ability	to	travel	for	three	to	five	treatments	of	SBRT.

Charged	Particle	Radiotherapy
Charged	particles,	including	protons	and	carbon	ions,	are	being	investigated	for	treatment	of	HCC.	These	have	the
advantage	of	lower	entrance	and	minimal	exit	dose,	due	to	a	difference	in	dose	deposition	properties.	The	largest
experience	 is	 from	 Tsukuba	 University,	 in	 which	 318	 patients	 were	 treated	 with	 72	 Gy	 in	 16	 fractions	 using
protons	with	a	5-year	local	control	and	survival	of	83%	and	45%,	respectively.	There	were	no	grade	3	or	higher
toxicities.151	In	a	phase	II	proton	study,	51	patients	received	66	Gy	in	10	fractions.	The	5-year	local	control	and
survival	rates	were	88%	and	39%,	respectively.	There	were	no	cases	of	RILD,	although	26%	had	a	decline	in	liver
function.	Recently,	a	phase	II	multi-institutional	study	from	the	United	States	was	reported,	in	which	92	patients
with	HCC	or	intrahepatic	cholangiocarcinoma	received	15-fraction	proton	therapy	to	40.5	to	67.5	GyRBE,	based
on	limiting	risk	of	liver	damage.152	Two-year	local	control	for	patients	with	HCC	was	promising	95%,	with	a	63%
2-year	 overall	 survival	 and	 only	 5%	 grade	 3	 toxicity.	 The	 next	 few	 years	 should	 yield	 additional	 exciting
developments,	including	guidance	on	patient/tumor	selection	for	proton	versus	photon	RT.
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Figure	57.5	Stereotactic	body	radiation	therapy	can	be	used	to	treat	single	(A,B)	or	multiple	(C,D)
tumors	in	three	to	five	high-dose,	highly	focused	treatments.	Planning	is	typically	performed	by
fusing	magnetic	resonance	images	(A,C)	with	a	planning	computed	tomography	scan	(B,D)	for
accurate	targeting.	Special	attention	must	be	given	to	minimizing	radiation	dose	to	the	remaining

liver,	particularly	for	patients	with	preexisting	liver	dysfunction.

Currently,	carbon-ion	therapy	is	only	available	in	a	few	centers	worldwide.	In	Japan,	124	patients	with	HCC
have	been	treated	on	a	phase	I/II	dose	escalation	study	of	hypofractionated	carbon-ion	RT.	They	received	from	50
to	 80	Gy	 in	 15	 fractions,	with	 3-year	 local	 control	 and	 survival	 of	 91%	 and	 50%,	 respectively.153	Despite	 the
technologic	imperative	that	newer	is	better,	charged	particles	are	not	the	miracle	treatment	some	may	assume.	The
high-dose	 treatment	 region	 cannot	 always	 be	 shaped	 as	 conformally	 as	 with	 standard	 photon	 RT	 (SBRT	 and
intensity-modulated	 RT	 [IMRT]),	 and	 image	 guidance	 is	 relatively	 rudimentary	 with	most	 systems;	 therefore,
ensuring	 the	 accuracy	 of	 treatment	 is	 difficult.	 However,	 because	 the	 liver	 is	 extremely	 sensitive	 to	 radiation,
reducing	the	moderate-	and	low-dose	regions	could	potentially	aid	in	protecting	the	normal	liver	and	allowing	for
escalation	of	tumor	dose.

Toxicities
RT	 is	 typically	very	well	 tolerated.	Mild	 fatigue	 can	be	 attributed	both	 to	 the	 treatment	 itself	 and	 to	 the	 travel
related	 to	 multiple	 appointments	 for	 the	 treatment.	 Mild	 nausea	 can	 be	 prevented	 by	 premedicating	 with	 an
antiemetic.	Radiation	dermatitis	is	highly	unusual	due	to	the	extremely	conformal	distribution	of	radiation	dose.
Occasionally,	the	treatment	of	large	tumors	can	cause	a	pain	flare	due	to	local	edema.	These	acute	effects	typically
resolve	within	a	few	weeks	after	treatment.	Late	effects	could	include	RILD,	as	discussed	previously,	in	addition
to	 GI	 ulceration	 and	 renal	 dysfunction,	 although	 these	 risks	 can	 be	 avoided	 by	 minimizing	 the	 dose	 to	 these
structures	to	below	acceptable	levels.135

Vaccine	Therapy
Pexa-Vec	(JX-594)	is	a	targeted	oncolytic	poxvirus	designed	to	destroy	cells	with	EGFR-Ras	pathway	activation,
like	cancer	cells.	Intratumoral	injection	was	demonstrated	to	be	safe.	A	randomized	phase	II	dose-ranging	study
evaluated	 the	 safety	 and	antitumor	 efficacy	of	Pexa-Vec	administered	 at	 high	versus	 low	dose	 in	patients	with
advanced	HCC.154	Overall	survival	was	significantly	longer	in	the	high-dose	arm	compared	with	the	low-dose	arm
(median,	14.1	versus	6.7	months,	P	=	.020).	A	randomized	phase	III	study	(PHOCUS)	evaluating	Pexa-Vec	plus
sorafenib	versus	single-agent	sorafenib	is	currently	underway	(NCT02562755).

Systemic	Therapy	for	Hepatocellular	Carcinoma

First-line	Single-Agent	Therapies
For	HCC,	a	 large	number	of	controlled	and	uncontrolled	clinical	studies	have	been	performed	with	most	of	 the
major	 classes	of	 cancer	 chemotherapy,	given	 intravenously	 as	 single	 agent	or	 in	 combination.	Disappointingly,
systemic	chemotherapies	have	had	no	proven	benefits	on	survival	 in	HCC.155	Many	other	nonchemotherapeutic
agents	have	also	been	tried	without	definitive	success,	including	luteinizing	hormone–releasing	hormone	agonists,
tamoxifen,	IFN,	octreotide,	megestrol,	vitamin	K,	thalidomide,	interleukin-2,	131I-lipiodol,	and	131I-ferritin.

Given	the	vascular	nature	of	HCC,	that	VEGF	promotes	HCC	development	and	metastasis,	and	that	increased
levels	 of	 VEGF	 have	 been	 associated	 with	 inferior	 survival,156	 antiangiogenic	 agents	 have	 been	 studied
extensively	 in	 the	 setting	 of	 advanced	 HCC.	 Sorafenib,	 a	 multityrosine	 kinase	 inhibitor	 with	 antiangiogenic
effects,	is	thought	to	be	mediated	by	the	blockade	of	VEGF	receptor	2	or	3	(VEGFR2/VEGFR3),	platelet-derived
growth	 factor	 receptor	 (PDGFR)-β,	 and	other	 receptor	 tyrosine	kinases.157	The	clinical	 efficacy	of	 sorafenib	 in
HCC	was	first	reported	in	a	multicenter	phase	II	study	of	137	patients	with	systemic	treatment-naïve,	inoperable
HCC	and	varying	hepatic	reserve	(72%	Child-Pugh	class	A	and	28%	Child-Pugh	class	B).158	Although	only	2.2%
of	the	study	population	achieved	a	confirmed	objective	response	by	World	Health	Organization	(WHO)	criteria,
42%	of	 the	study	population	had	extended	disease	control.	There	was	a	median	overall	survival	of	9.2	months,
which	was	encouraging	when	compared	to	historical	controls.

Subsequently,	 the	 Sorafenib	 Hepatocellular	 Carcinoma	 Assessment	 Randomized	 Protocol	 (SHARP)	 trial
enrolled	602	patients	with	advanced	HCC,	Child-Pugh	class	A,	who	had	not	received	prior	systemic	therapy.159



The	majority	of	the	study	population	was	recruited	from	the	western	hemisphere.	Patients	were	randomly	assigned
to	receive	sorafenib	at	400	mg	orally	twice	a	day	(n	=	299)	or	best	supportive	care	(n	=	303).	The	coprimary	end
points	of	the	study	were	overall	survival	and	time	to	symptomatic	progression.	Median	overall	survival	was	10.7
months	 in	 the	 sorafenib	 arm	 versus	 7.9	 months	 in	 the	 placebo	 arm	 (HR,	 =	 0.69;	 95%	 CI,	 0.55	 to	 0.87).	 A
predefined	subset	analysis	indicated	that	the	survival	benefit	of	sorafenib	was	independent	of	performance	status
and	disease	burden.

Parallel	 to	 the	 SHARP	 trial,	 the	 Asia-Pacific	 study	 assessed	 the	 efficacy	 and	 tolerability	 of	 sorafenib	 in
comparison	with	best	supportive	care	in	the	patients	with	advanced	HCC	geographically	localized	to	Asia.160	As
expected	and	in	contrast	to	the	SHARP	trial,	the	Asia-Pacific	study	was	enriched	with	patients	with	HBV-related
HCC	(73%	of	the	total	study	population).	The	trial	confirmed	that	sorafenib,	when	compared	to	best	supportive
care,	 was	 tolerable	 and	 led	 to	 a	 statistically	 significant	 improvement	 in	 disease	 control,	 time	 to	 radiographic
progression,	and	overall	survival.	However,	the	magnitude	of	the	overall	survival	benefit	on	the	Asia-Pacific	study
was	not	as	substantial	as	observed	on	the	SHARP	study—the	median	overall	survival	was	only	6.5	and	4.2	months
for	patients	 receiving	 sorafenib	and	placebo,	 respectively.	The	 inclusion	of	patients	who	were	more	 ill	 prior	 to
beginning	therapy	than	those	patients	on	the	SHARP	study	might	explain	this	difference.

The	 recently	 reported	 phase	 III	 study	 of	 first-line	 sunitinib	 indicates	 that	 there	 may	 in	 fact	 be	 differential
outcomes	 relative	 to	 disease	 cause	 and	 ethnic	 origin,	 with	 median	 overall	 survival	 for	 HCV-associated	 HCC
ranging	from	18.3	months	for	patients	living	outside	of	Asia	to	7.9	months	for	patients	living	in	Asia.161	Etiologic-
dependent	 genomic	 differences	 in	HCC	might	 explain	 improved	 outcomes	 to	 sorafenib	 in	 patients	with	HCV-
related	HCC.	CTNNB1	mutations	 are	more	 commonly	 observed	 in	HCV-related	HCC	 but	 not	 in	HBV-related
HCC	 and	 are	 associated	 with	 a	 specific	 WNT	 gene	 expression	 profile.162	 Sorafenib	 can	 modulate	 this	 gene
signature,	 interfere	 with	 WNT	 signaling	 output,	 and	 lead	 to	 HCC	 growth	 suppression	 in	 preclinical	 models.
Etiologic-dependent	differences	in	outcome	might	also	be	explained	by	HCV	core	protein-induced	upregulation	of
the	sorafenib	target	CRAF,	among	other	kinases.163	Finally,	in	vitro	data	suggest	that	sorafenib	can	directly	inhibit
HCV	 viral	 replication,	 although	 the	 clinical	 importance	 of	 this	 observation	 is	 debatable.164	 Although	 more
exploration	 is	 certainly	 required,	 it	 should	 be	 emphasized	 that	 the	 utility	 of	 sorafenib	 is	 not	 undercut	 by	 this
observation,	and	it	remains	an	effective	and	life	prolonging	therapy	for	HCC,	irrespective	of	etiologic	factor.

Lenvatinib	 targets	VEGFR1	 to	VEGFR3,	 fibroblast	 growth	 factors	 1	 to	4	 (FGFR1	 to	FGFR4)	 receptor	 1-4,
PDGFR,	 RET,	 and	 c-KIT.165	 Lenvatinib	 was	 compared	 to	 sorafenib	 in	 a	 first-line	 treatment	 setting	 in	 a
randomized	 noninferiority	 phase	 III	 trial.	 Overall	 survival	 was	 similar	 to	 sorafenib	 therapy	 (13.6	 versus	 12.3
months).	There	was	a	significant	 improvement	 in	secondary	end	points	 including	progression-free	survival	 (7.4
versus	3.7	months),	time	to	progression,	and	response	rate	as	assessed	by	modified	RECIST	(24.1%	versus	9.2%).

Several	 other	 small	 receptor	 tyrosine	 kinase	 inhibitors	 have	 been	 studied.	 Thus	 far,	 results	 have	 been
disappointing	with	 the	major	phase	 III	 studies	of	 antiangiogenic	 therapy	 failing	 to	 improve	on	 sorafenib	 in	 the
first-line	 setting.	 Sunitinib,	 an	 inhibitor	 of	 VEGFR1/VEGFR2	 with	 greater	 potency	 than	 sorafenib,	 plus	 an
inhibitor	of	PDGFR-α/PDGFR-β,	c-KIT,	FMS-like	tyrosine	kinase	3	(FLT3),	RET,	and	other	kinases,	had	shown
anticancer	activity	in	phase	II	studies.166	However,	in	a	subsequent	randomized	phase	III	study	in	Child	class	A
patients	with	advanced	HCC,	the	median	overall	survival	for	the	sunitinib	arm	was	7.9	versus	10.2	months	for	the
sorafenib	arm	(HR,	1.30;	one-sided	P	=	.9990;	two-sided	P	=	.0014).

Brivanib,	 a	dual	 inhibitor	of	VEGFR	and	FGFR,	demonstrated	modest	 antitumor	activity	 in	both	 treatment-
naïve	patients	and	in	those	patients	who	had	failed	prior	antiangiogenic	therapy	in	phase	II	studies.167	In	a	large
randomized	phase	III	study	comparing	brivanib	to	sorafenib	in	treatment-naïve	patients	with	systemic,	advanced
HCC,168	median	overall	survival	with	brivanib	treatment	was	9.5	months	versus	9.9	months	with	sorafenib	(HR,
1.06;	95%	CI,	0.93	to	1.22;	P	=	.3730).

Linifanib,	 a	 selective	 inhibitor	 of	 VEGFR	 and	 PDGFR,	 also	 failed	 to	 improve	 on	 the	 modest	 survival
advantage	of	sorafenib	in	phase	III	studies,	despite	early	encouraging	efficacy	data.169	Over	20	separate	clinical
trials	have	assessed	or	are	assessing	bevacizumab,	a	monoclonal	antibody	directed	against	VEGF,	in	patients	with
advanced	HCC.	Evaluated	regimens	include	monotherapy	and	combination	therapy	with	chemotherapy,	targeted
agents,	and	embolization	procedures.	In	general,	completed	studies	have	reported	higher	response	rates	than	those
observed	with	other	tyrosine	kinase	inhibitors;	however,	adverse	events	such	as	arterial/venous	thrombotic	events
and	variceal	hemorrhage	 (some	 fatal)	 are	more	common.	A	phase	 II	 study	 in	advanced	HCC	with	extrahepatic
disease	 found	a	14%	overall	 response	 rate	 (ORR)	with	bevacizumab	monotherapy.170	 It	has	not	moved	 to	 later
stage	trials	due	to	concerns	regarding	bleeding.
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First-line	Combination	Therapies
The	 addition	 of	 cytotoxic	 chemotherapy	 or	 targeted	 therapy	 to	 bevacizumab	may	 augment	 antitumor	 activity.
Response	 proportions	 with	 various	 cytotoxic	 combinations	 range	 from	 9%	 to	 20%,	 with	 disease	 control	 rates
(DCRs)	reportedly	as	high	as	78%.171	Bevacizumab	and	erlotinib	may	offer	enhanced	antitumor	activity	with	a
response	 rate	 of	 24%	 and	 favorable	 patient	 outcomes	 with	 a	 median	 overall	 survival	 of	 13.7	 months.172	 A
multicenter,	randomized	phase	II	trial	of	bevacizumab	combined	with	erlotinib	(NCT00881751)	versus	sorafenib
monotherapy	is	ongoing.

The	SEARCH	trial	confirmed	 that	 the	addition	of	erlotinib	 to	sorafenib	provided	no	benefit	 in	HCC.	 In	 this
randomized,	 placebo-controlled,	 double-blind,	 phase	 III	 study,	 the	 combination	 of	 sorafenib	 and	 erlotinib	were
compared	to	sorafenib	alone	in	the	first-line	setting	in	720	patients	with	advanced	HCC.	There	was	no	statistically
significant	difference	between	study	arms	with	regard	to	the	primary	end	point	of	overall	survival	(combination
9.5	months,	sorafenib	8.5	months;	HR,	0.93;	95%	CI,	0.78	to	1.11).173

In	 the	 attempt	 to	 improve	 on	 the	 modest	 results	 observed	 with	 sorafenib,	 investigators	 have	 proposed
combination	strategies	with	cytotoxic	chemotherapy	and	novel	biologic	agents.	Prior	to	the	approval	of	sorafenib,
doxorubicin	was	evaluated	as	monotherapy	or	in	combination	with	sorafenib	in	a	randomized,	double-blind,	phase
II	 study	 involving	 96	Child	 class	A	 patients.174	 Progression-	 free	 survival	were	 increased	 by	 approximately	 4
months,	and	the	median	overall	survival	doubled	in	favor	of	combined	therapy	(13.7	versus	6.5	months,	P	=	.006).
However,	cardiac	toxicity	was	notable,	with	a	higher	proportion	of	patients	on	the	combination	experiencing	left
ventricular	systolic	dysfunction	(19%	versus	2%).	The	median	cumulative	doxorubicin	dose	was	 limited	 to	165
mg/m2.	 The	 dramatic	 increase	 in	 survival	 over	 placebo	 was	 striking;	 however,	 the	 lack	 of	 sorafenib	 as	 a
comparator	arm	limits	the	interpretation	of	the	trial.

Inhibition	of	the	mitogen-activated	protein	kinase	(MAPK)	pathway	by	sorafenib	may	restore	chemosensitivity
by	 enhancing	 proapoptotic	 pathways	 and	 dampening	 multidrug	 resistance	 (MDR)	 pathways.	 Anthracycline-
induced	cytotoxicity	is	mediated	by	the	proapoptotic	kinase	ASK1.175	Growth	factor–induced	MAPK	activation,
via	 fibroblast	 growth	 factor,	 has	 been	 shown	 to	 abrogate	 ASK1	 activity.	 Blockade	 of	 the	 RAF	 kinases	 by
sorafenib	might,	therefore,	augment	the	antitumor	activity	of	doxorubicin.	Furthermore,	MAPK	activation	leads	to
the	 induction	 of	 the	MDR1	pump.176	 Sorafenib	 decreases	 adenosine	 triphosphate	 (ATP)-binding	 cassette/MDR
protein	 gene	 expression,	 thereby	 restoring	HCC	 sensitivity	 to	 doxorubicin	 in	 vitro.177	A	 randomized	 phase	 III
study	of	sorafenib	versus	sorafenib	and	doxorubicin	in	the	first-line	setting	showed	a	median	overall	survival	of
9.3	months	for	the	combination	and	10.5	months	for	sorafenib	(HR,	1.06;	95%	CI,	0.8	to	1.4).178	A	phase	II	study
of	doxorubicin	plus	sorafenib	in	second-line	setting	after	sorafenib	failure	is	currently	underway	(NCT01840592).

Gemcitabine	 and	 oxaliplatin	 (GEMOX)	 therapy	 has	 established	 efficacy	 in	 HCC,179	 and	 there	 is	 reason	 to
believe	 that	 addition	 of	 sorafenib	 to	 gemcitabine	might	 offer	 synergistic	 antitumor	 effects.	GEMOX–sorafenib
versus	sorafenib	was	recently	tested	in	a	randomized	phase	II	study	(GONEXT).180	The	trial	enrolled	95	patients
with	advanced	HCC.	The	primary	end	point	was	4-month	progression-free	survival	of	≥50%.	The	combination	of
GEMOX	 plus	 sorafenib	 resulted	 in	 a	 4-month	 progression-free	 survival	 rate	 of	 61%	 compared	 to	 54%	 in	 the
sorafenib	monotherapy	group.	The	 combination	was	 feasible,	 and	 efficacy	data	were	 encouraging	 (ORR,	16%;
DCR,	77%).

Second-line	Therapies
The	interest	in	developing	novel	agents	for	advanced	HCC	has	led	to	a	rapidly	evolving	field	studying	second-line
therapies,	with	several	phase	III	clinical	trials	already	reported.	Regorafenib,	a	multityrosine	kinase	inhibitor	was
evaluated	in	a	randomized	phase	III	trial	versus	placebo	after	progression	on	sorafenib.181	The	study	demonstrated
a	 statistically	 significant	 improvement	 in	 overall	 survival	 of	 10.6	 for	 regorafenib	 versus	 7.8	 months	 for	 the
placebo	(P	<	.001).	The	drug	is	already	approved	for	use	as	second-line	therapy	for	patients	failing	sorafenib.

Overexpression	of	c-MET	and	its	ligand	hepatocyte	growth	factor	(HGF)	occurs	in	up	to	80%	of	human	HCC
tumors.182	Blocking	MET	with	multitargeted	tyrosine	kinase	inhibitors	induce	in	vitro	HCC	growth	suppression,
cell-cycle	 arrest,	 and	 decreased	 viability,	 as	 well	 as	 in	 vivo	 growth	 suppression	 and	 survival	 prolongation.183
Based	on	these	data,	several	MET	inhibitors	are	already	being	studied	in	the	setting	of	advanced	HCC.

Tivantinib,	a	 selective	MET	receptor	 tyrosine	kinase	 inhibitor,	was	evaluated	at	 two	doses	 in	a	 randomized,
placebo-controlled	phase	II	in	advanced	HCC	patients	who	had	progressed	after	first-line	therapy.184	For	patients
with	 high	MET-expressing	 tumors	 (defined	 as	 ≥50%	3	 to	 4+	 expression),	 tivantinib	 therapy	 resulted	 in	 longer
median	 time	 to	progression	 (2.7	versus	1.4	months	 for	placebo;	HR,	0.43;	95%	CI,	 0.19	 to	0.97)	 and	a	 longer
median	overall	survival	(7.2	versus	3.8	months	for	placebo;	HR,	0.38;	95%	CI,	0.18	to	0.81).	Importantly,	no	such



differences	 between	 the	 agent	 and	 placebo	 were	 observed	 in	 low-MET	 expression	 tumors.	 However,	 these
favorable	findings	could	not	be	verified	in	a	double-blind,	randomized	phase	III	study	in	patients	with	advanced
HCC	and	high-MET	expressing	 tumors	 in	 the	second-line	setting.	Median	OS	was	8.4	months	 (95%	CI,	6.8	 to
10.0)	in	tivantinib,	and	9.1	months	(95%	CI,	7.3	to	10.4)	in	placebo	group	(HR,	0.97;	95%	CI,	0.75	to	1.25;	P	=
.81).185

Cabozantinib,	 an	 inhibitor	of	MET	and	VEGFR2,	has	also	 shown	promising	efficacy	data	 in	a	cohort	of	41
patients	 with	 advanced	 HCC.186	 There	 was	 a	 5%	 confirmed	 partial	 response	 rate.	 Median	 progression-free
survival	for	the	cohort	was	estimated	at	4.2	months,	and	median	overall	survival	15.1	months.	A	phase	III	study	of
cabozantinib	 versus	 placebo	 in	 patients	 with	 advanced	 HCC	 in	 the	 second-line	 setting	 is	 underway
(NCT01908426).	A	difference	in	philosophy	of	MET	inhibitor	development	is	seen	in	these	studies.	The	approach
in	tivantinib	development	is	to	treat	only	patients	with	MET	positive	tumors,	whereas	the	cabozantinib	study	will
take	 all	 comers,	 arguing	 that	 it	 is	 not	 known	yet	 how	much	met	 positivity	 is	 needed,	 if	 at	 all,	 considering	 the
multikinase	activity	of	both	drugs.

The	mammalian	 target	 of	 rapamycin	 (mTOR)	 pathway	 plays	 a	 critical	 role	 in	 hepatocarcinogenesis,	 and	 in
xenograft	mouse	models,	 blockade	 of	 this	 pathway	 results	 in	HCC	 growth	 suppression,	 and	 in	 lengthening	 of
survival.187	 These	 observations,	 as	 well	 as	 retrospective	 data	 indicating	 enhanced	 survival	 among	 patients
receiving	 sirolimus	 immunosuppression	 following	 liver	 transplantation	 for	 HCC,	 led	 to	 the	 development	 of	 a
phase	I/II	study	of	everolimus	established	that	10	mg	daily	was	a	safe	dose.188	Everolimus	was	investigated	in	the
second-line	 setting	 after	 sorafenib	 failure	 in	 the	 phase	 III,	 randomized,	 placebo-controlled	 EVOLVE-1	 study
(NCT01035229)	that	was	recently	reported	as	negative.189	This	was	a	study	of	546	adult	patients	with	BCLC	stage
B	or	C	hepatocellular	cancer	and	Child-Pugh	class	A	liver	function	who	progressed	during	or	following	sorafenib
or	were	 intolerant	of	 sorafenib.	Median	survival	was	7.6	months	with	everolimus	and	7.3	months	with	placebo
(HR,	1.05;	95%	CI,	0.86	to	1.27;	P	=	.68).

A	randomized	phase	III	study	of	brivanib	after	progression	of	disease	on	sorafenib	versus	best	supportive	care
also	failed	to	meet	its	primary	end	point	of	improved	overall	survival.190	Among	395	randomized	patients,	median
overall	survival	was	9.4	months	in	the	brivanib	group	versus	8.2	months	in	the	placebo	group	(HR,	0.89;	95.8%
CI,	0.69	to	1.15;	P	=	.3307).

Ramucirumab,	a	monoclonal	antibody	blocking	VEGFR2,	was	recently	assessed	in	a	phase	II	study	composed
of	 43	 patients	 with	 systemic	 treatment-naïve	 advanced	 HCC.191	 The	 median	 progression-free	 survival	 was	 4
months	 and	 the	 median	 survival	 was	 12	 months.	 Based	 on	 these	 data,	 a	 randomized	 phase	 III	 study	 of
ramucirumab	 versus	 best	 supportive	 care	 in	 the	 second-line	 setting	was	 performed	 (NCT01140347).192	 In	 this
phase	 III	 study,	 565	 patients	 who	were	 refractory	 or	 intolerant	 to	 sorafenib	were	 randomly	 assigned	 to	 either
ramucirumab	or	 placebo.	Unfortunately,	 second-line	 treatment	with	 ramucirumab	did	not	 significantly	 improve
overall	survival	over	placebo	(HR,	0.87;	P	=	.14).	Currently,	a	study	of	ramucirumab	versus	placebo	in	patients
with	elevated	AFP	is	ongoing	(REACH-2,	NCT02435433).

Linifanib	 (ABD-869)	 is	 a	 tyrosine	 receptor	 kinase	 inhibitor	 targeting	 angiogenesis,	 inhibiting	 VEGF	 and
PDGF.	This	agent	was	examined	versus	sorafenib	in	patients	with	advanced	hepatocellular	cancer	 in	a	negative
phase	III	study.193	In	this	study,	1,035	Asian	patients	with	HCC	were	randomized,	and	a	median	overall	survival
of	9.1	months	with	linifanib	and	9.8	months	with	sorafenib	was	observed	(HR,	1.046;	95%	CI,	0.896	to	1.22).

Messenger	RNA	encoding	argininosuccinate	synthetase	is	not	present	in	subsets	of	HCCs;	therefore,	arginine
must	be	extracted	from	the	circulation.194	Pegylated	arginine	deiminase	(ADI-PEG	20)	is	an	arginine-degrading
enzyme	 isolated	 from	Mycoplasma	 that	 is	 formulated	with	 polyethylene	 glycol	 (molecular	weight:	 20	 kDa).	A
phase	I/II	study	demonstrated	an	excellent	safety	profile	in	a	patient	population	comprised	with	a	high	burden	of
disease	and	impaired	hepatic	function.195	Of	19	patients	evaluable,	2	(10.5%)	had	a	complete	response,	7	(36.8%)
had	a	partial	response,	and	7	(36.8%)	had	stable	disease.	The	duration	of	response	ranged	from	37	to	more	than
680	days.	However,	a	double-blind	placebo-controlled	study	of	ADI-PEG	20	after	prior	systemic	therapy196	was
disappointing	(median	OS	was	7.8	months	for	ADI-PEG	20	versus	7.4	months	for	placebo;	HR,	1.022;	P	=	.884).

Preclinical	 work	 has	 demonstrated	 the	 ability	 of	 ADI-PEG	 20	 to	 downregulate	 thymidylate	 synthase	 and
dihydrofolate	reductase	rendering	the	response	to	fluoropyrimidines	more	plausible.	This	favors	combining	ADI-
PEG	20	with	a	folate	antagonist	and	a	platinum.	Thus,	ADI-PEG	20	with	FOLFOX	is	currently	being	evaluated	in
a	phase	I/II	study	(NCT02102022).

Immunotherapy
Several	 studies	 are	 evaluating	 the	 role	 of	 checkpoint	 blockade	 immunotherapy	 in	 HCC,	 both	 as	 first-	 and	 as
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second-line	treatment.	In	a	study	evaluating	the	anti–cytotoxic	T-lymphocyte	antigen	4	(CTLA-4)	tremelimumab
in	 advanced	HCC	patients	with	HCV-related	 cirrhosis	 failing	 prior	 sorafenib,	 among	17	patients,	 3	 achieved	 a
partial	response	and	10	patients	had	stable	disease.	These	are	encouraging	results	compared	to	historical	controls,
and	median	 time	 to	progression	was	6.5	months.197	Based	on	phase	 I	 data,	MEDI4736	 (durvalumab),	 an	 anti–
programmed	 cell	 death	 protein	 ligand	 1	 (PD-L1)	 antibody,	 and	 tremelimumab	 are	 being	 evaluated	 as
monotherapies	 and	 in	 combination	 in	 patients	with	HCC	 (NCT02519348).198	Nivolumab,	 an	 anti–programmed
cell	 death	 protein	 1	 (PD-1)	 antibody,	was	 tested	 in	 an	HCC-specific	 phase	 I/II	 trial.	 Among	 262	 patients,	 the
safety	profile	was	manageable,	there	were	two	complete	responses	with	an	objective	response	rate	of	20%	(95%
CI,	15	to	26).199

Currently,	nivolumab	is	being	studied	in	a	randomized	phase	III	trial	versus	sorafenib	in	the	first-line	setting
(NCT02576509).	Nivolumab	 is	also	being	studied	 in	combination	with	TACE	(NCT0314327).	Pembrolizumab,
another	anti–PD-1,	is	being	evaluated,	however,	in	the	second-line	setting	(NCT02658019).

Immunotherapeutic	 approach	 with	 T	 cells	 modified	 with	 a	 chimeric	 antigen	 receptor	 (CAR)	 is	 also	 being
studied	in	HCC.	AFP-based	CAR	T-cell	therapy	is	being	studied	in	HCC.200	GPC3	is	also	attractive	because	it	is
highly	expressed	in	HCC	with	limited	expression	in	normal	tissues.201

Systemic	Treatments	for	Patients	with	Advanced	Liver	Cirrhosis
Both	the	SHARP	and	Asia-Pacific	studies	were	limited	to	patients	with	unresectable	or	metastatic	HCC	who	also
had	preserved	 liver	 function.	The	 safety	of	 sorafenib	 in	patients	who	are	not	Child-Pugh	class	A	 is	of	 concern
because	 a	 subgroup	 analysis	 of	 the	 phase	 II	 sorafenib	 study	 reported	 higher	 rates	 of	 hepatic	 decompensation,
represented	by	worse	hyperbilirubinemia,	encephalopathy,	and	ascites	in	Child-Pugh	class	B	compared	to	Child-
Pugh	class	A	patients.202	Patients	in	this	subgroup	had	a	shorter	treatment	duration	as	well	as	shorter	survival	in
Child-Pugh	 class	B	 (3.2	months)	 versus	Child-Pugh	 class	A	 patients	 (9.5	months).	 Similar	 findings	 have	 been
reported	 from	 the	phase	 IV	study	of	 sorafenib	known	as	GIDEON.203	Child-Pugh	class	B	and	C	patients	were
treated	for	a	shorter	duration,	had	a	shorter	median	survival	on	sorafenib,	and	were	more	likely	to	develop	hepatic
and	serious	drug-related	adverse	events.	A	phase	I	study	of	sorafenib	pharmacokinetics	 in	patients	with	hepatic
dysfunction	helped	establish	 some	guidance	on	 the	use	of	 sorafenib	among	patients	with	 advanced	Child-Pugh
score.204	For	a	serum	bilirubin	≤1.5	×	ULN,	sorafenib	at	the	full	dose	of	400	mg	twice	daily	can	be	given,	whereas
for	a	bilirubin	1.6	to	3	×	ULN,	half	that	dose	should	be	considered.	For	albumin	<2.5	mg/dL,	no	more	than	200
mg	once	daily	should	be	given.	There	was	no	safe	dose	identified	for	patients	with	a	bilirubin	>3	×	ULN.

A	 primary	 dose-limiting	 side	 effect	 of	 sorafenib	 is	 the	 hand-foot	 skin	 reaction	 (HFSR),	 characterized	 by
redness,	 swelling,	 and	 desquamation	 in	 severe	 cases.	 A	 recent	 random	 assignment	 study	 evaluated	 the
prophylactic	use	of	urea-based	cream	as	a	way	to	reduce	the	incidence	of	sorafenib-induced	HFSR.205	This	was	a
random	assignment	study	of	871	patients	using	sorafenib	randomly	assigned	to	use	of	10%	urea-based	cream	plus
best	 supportive	 care	 versus	 best	 supportive	 care.	The	 12-week	 incidence	 of	 any	grade	HFSR	was	 significantly
reduced	with	the	use	of	the	urea-based	cream	(56%	versus	73.6%;	odds	ratio	[OR],	0.635;	P	<	.001).	The	median
time	to	first	HFSR	increased	from	34	days	in	the	control	arm	to	84	days	in	the	treatment	arm	and	was	associated
with	improved	patient	quality	of	life.

TREATMENT	OF	OTHER	PRIMARY	LIVER	TUMORS
Fibrolamellar	Hepatocellular	Carcinoma
Fibrolamellar	HCC	 is	 a	 rare	 primary	 liver	 cancer	 that	 differs	 significantly	 from	 the	 usual	HCC.	 Fibrolamellar
HCC	occurs	in	a	much	younger	age	group	(peak	incidence,	third	decade),	is	usually	not	associated	with	cirrhosis
or	 viral	 hepatitis,	 and	 affects	 males	 and	 females	 equally.	 Additionally,	 a	 much	 higher	 percentage	 (>15%)	 of
patients	with	fibrolamellar	HCC	presents	with	positive	lymph	nodes	than	normal	variant	HCC.

Whether	 the	 diagnosis	 of	 fibrolamellar	 HCC	 portends	 a	 more	 favorable	 outcome	 after	 surgical	 treatment
remains	controversial.207	Resection	is	the	first-line	of	therapy.	For	those	patients	in	whom	the	tumor	is	thought	to
be	unresectable,	 liver	 transplantation	provides	an	effective	alternative.	Pinna	et	al.206	described	13	patients	with
fibrolamellar	HCC	who	received	transplantation	between	1968	and	1995	and	reported	1-,	3-,	and	5-year	patient
survival	rates	of	approximately	90%,	75%,	and	38%,	respectively.	Given	that	most	patients	transplanted	presented
as	young	patients	with	 advanced	disease,	 this	 is	 not	 an	unacceptable	 survival	 rate.	El-Gazzaz	 et	 al.207	reported



similar	survival	rates.	Contrary	to	what	was	previously	reported,	in	a	large	95	patient	retrospective	analysis,	with
50%	presented	with	stage	IV	disease,	median	survival	was	 limited	 to	6.7	years.	Factors	significantly	associated
with	poor	survival	were	female	sex,	advanced	stage,	lymph	node	metastases,	vascular	invasion,	and	unresectable
disease.208

There	 is	 a	 great	 need	 for	 new,	 effective	 systemic	 therapies	 for	 advanced	 fibrolamellar	 HCC.	 A	 study	 is
underway	 evaluating	 everolimus	 plus	 estrogen	 deprivation	 with	 leuprolide	 and	 letrozole	 for	 unresectable
fibrolamellar	HCC	(NCT01642186).

Hepatoblastoma
Hepatoblastoma	is	the	most	common	primary	cancer	of	the	liver	occurring	in	childhood.	The	annual	incidence	of
hepatoblastoma	ranges	from	0.5	to	1.5	cases	per	million	children,	with	a	peak	incidence	occurring	within	the	first
2	years	of	life.209	Hepatoblastoma	is	highly	sensitive	to	chemotherapy,	which	often	renders	unresectable	tumors
resectable.	 Surgical	 resection	 is	 considered	 the	 first	 line	 of	 therapy.	However,	 for	 those	 tumors	 that	 cannot	 be
converted	 to	 resectable	 lesions	 but	 without	 distant	 metastasis,	 most	 can	 be	 rescued	 with	 liver	 transplantation.
Survival	 rates	 for	 these	 children	 after	 liver	 transplantation	 is	 excellent,	 with	 1-,	 3-,	 and	 5-year	 survival	 rates
reported	at	92%,	92%,	and	83%,	respectively.209

Epithelioid	Hemangioendothelioma
Epithelioid	hemangioendothelioma	is	a	very	rare	tumor	of	vascular	origin	that	can	originate	in	the	liver;	it	occurs
predominantly	 in	 females.	 The	 tumor	 is	 often	 confused	 with	 other	 more	 aggressive	 cancers,	 particularly
cholangiocarcinoma,	angiosarcoma,	and	HCC.	The	clinical	course	of	epithelioid	hemangioendothelioma	is	quite
variable.	In	the	review	by	Makhlouf	et	al.,210	137	cases	were	described,	and	survival	ranged	from	4	months	to	28
years.	Of	 interest,	one	patient	who	 received	no	 treatment	 survived	 for	27	years	without	evidence	of	metastasis.
Surgical	resection	is	considered	to	be	the	treatment	of	choice.	However,	in	multifocal	disease,	a	short	observation
may	be	reasonable	to	help	decide	between	observation,	ablation,	resection,	or	transplant	as	the	course	of	action.
The	 presence	 of	 metastatic	 disease	 does	 not	 seem	 to	 influence	 survival	 and	 should	 not	 be	 considered	 a
contraindication	to	either	resection	or	transplantation.
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INTRODUCTION
The	biliary	 tract	 includes	 the	 intra-	 and	extrahepatic	bile	ducts	 and	 the	gallbladder.	Cancers	may	be	associated
with	biliary	tract	epithelia	along	the	entire	tract	from	the	intrahepatic	ductules	to	the	ampulla	of	Vater.

Cholangiocarcinomas	(CCAs)	are	cancers	associated	with	the	intrahepatic	or	extrahepatic	bile	ducts.	The	term
cholangiocarcinoma	 encompasses	 three	distinct	 tumor	 types	 that	vary	 in	 their	 risk	 factors,	presentation,	natural
history,	and	management.1	Intrahepatic	CCAs	(iCCAs)	arise	from	the	intrahepatic	biliary	tract	beyond	the	second-
order	ducts.	Distal	extrahepatic	CCAs	(dCCAs)	arise	from	the	common	hepatic	duct	extending	up	to	the	junction
with	the	cystic	duct	up	to	the	papilla.	Perihilar	CCAs	(pCCAs)	arise	from	the	second-order	ductal	division	within
the	liver	and	the	large	extracellular	ducts	up	to	the	confluence	with	the	cystic	duct.	In	addition	to	CCAs,	cancers
such	as	gallbladder	cancer	(GBC)	and	some	ampullary	cancers	also	arise	from	the	biliary	tract.

The	 presentation,	 diagnosis,	 and	 management	 of	 iCCAs,	 pCCAs,	 and	 dCCAs	 and	 of	 GBC	 are	 separately
described	in	this	chapter.

Periampullary	 tumors	 can	 arise	 from	 biliary	 as	 well	 as	 pancreatic,	 duodenal,	 or	 ampullary	 tissues.	 The
presentation,	evaluation,	and	management	of	periampullary	tumors	of	biliary	tract	origin	are	identical	to	those	of
any	 of	 the	 other	 types	 of	 periampullary	 tumors,	 namely	 pancreatic,	 duodenal,	 or	 ampullary	 tumors.	 In	 most
instances,	the	distinction	between	the	tissue	type	of	origin	is	obscure	or	may	only	be	made	on	a	histopathologic
examination.	These	cancers	are	not	described	in	this	chapter.

As	a	group,	cancers	of	the	biliary	tract	are	rare.	Management	requires	a	multidisciplinary	approach	by	a	team
with	 experience	 in	 their	 management	 and	 which	 includes	 hepatobiliary	 surgeons,	 hepatologists,
gastroenterologists,	diagnostic	and	interventional	radiologists,	pathologists,	and	medical	and	radiation	oncologists.
If	 the	 necessary	 expertise	 is	 not	 available	 locally,	 an	 early	 referral	 to	 experienced	 centers	 with	 the	 relevant
experience	should	be	considered.

ANATOMY	OF	THE	BILIARY	TRACT
The	 biliary	 tract	 is	 responsible	 for	 transporting	 bile	 from	 the	 liver	 to	 the	 intestine.	Development	 of	 bile	 ducts
requires	complex	intercellular	interactions	and	signaling.	Notch	signaling	is	a	critical	determinant	of	both	biliary
differentiation	 and	morphogenesis	 leading	 to	 the	 formation	 of	 normal	 bile	 ducts.	 Activation	 of	 Notch	 in	 liver
progenitor	 cells	 results	 in	 differentiation	 to	 biliary	 ductal	 cells,	 whereas	 activation	 of	 Notch	 signaling	 in	 the
hepatic	 lobule	 promotes	 ectopic	 biliary	 differentiation	 and	 duct	 formation.	 Experimentally	 enforced	 Notch
signaling	 in	 adult	murine	 hepatocytes	 causes	 them	 to	 reprogram	 to	 a	 biliary	 phenotype	 and	 can	 result	 in	CCA
formation.

Within	the	liver,	bile	ducts	along	with	branches	of	the	hepatic	artery	and	portal	vein	constitute	the	portal	triad,
which	 is	directed	 to	each	 lobule	of	 the	 liver.	The	adult	 liver	 is	divided	 into	eight	segments	delineated	by	blood
supply	and	venous	drainage.	These	segments	delineate	and	guide	surgical	 resection.	The	main	 left	hepatic	duct
exits	the	liver	at	the	base	of	the	umbilical	fissure,	and	the	main	right	hepatic	duct	exits	the	liver	between	segments
V	and	VI.	The	caudate	lobe	drains	directly	into	the	left	main	hepatic	duct	via	numerous	small	branches.

The	confluence	of	 the	right	and	 left	hepatic	ducts	occurs	 in	 the	hilum.	The	porta	hepatis	consists	of	 the	bile
duct,	the	portal	vein,	and	the	hepatic	artery,	from	right	to	left.	At	the	hilum,	the	portal	vein	is	posterior,	the	right
hepatic	 artery	generally	passes	between	 the	common	bile	duct	 and	 the	portal	vein,	 and	 the	 cystic	 artery	passes
anterior	to	the	bile	duct.	The	proximity	of	the	portal	vein	and	hepatic	artery	to	the	bile	duct	in	the	hilum	leads	to
early	 vessel	 involvement	 or	 occlusion	 from	 pCCA,	 which	 affects	 the	 options	 for	 surgical	 resection.	 Arterial
anomalies	 are	 common	 and	 if	 not	 recognized	 can	 lead	 to	 inadvertent	 injury	 during	 dissection	within	 the	 porta



hepatis.
The	cystic	duct	may	enter	the	common	duct	near	the	confluence	of	the	right	and	left	ducts	or	distally	near	the

duodenum.	It	may	also	enter	 the	right	hepatic	duct.	The	distal	bile	duct	 travels	posterior	within	 the	head	of	 the
pancreas	and	then	joins	the	pancreatic	duct	in	a	common	channel	leading	to	the	ampulla	of	Vater.

The	 lymph	node	drainage	of	 the	bile	ducts	 involves	 the	 superior	pancreaticoduodenal,	 retroportal,	 or	proper
hepatic	nodes	first	and	then	the	peripancreatic,	celiac,	and	interaortocaval	lymph	nodes.	Lymph	nodes	in	the	porta
hepatis	may	be	difficult	to	remove	because	of	attached	venous	branches	from	the	portal	vein	or	fixation	of	tumor-
involved	lymph	nodes	to	the	bile	duct,	portal	vein,	hepatic	artery,	or	the	head	of	the	pancreas.	However,	a	multi-
institutional	cohort	study	reported	that	the	presence	of	lymph	node	metastases	significantly	and	adversely	affected
patient	survival	(hazard	ratio	[HR],	2.21;	P	<	.001)	and	may	explain	the	survival	benefit	of	a	lymphadenectomy
for	iCCA.

The	location	of	the	primary	tumor	within	the	gallbladder	and	the	proximity	of	the	portal	vein,	hepatic	artery,
and	bile	duct	are	all	 important	 factors	 in	 the	surgical	management	of	 this	 tumor.	The	gallbladder	 is	attached	 to
segments	IVb	and	V	of	the	liver,	and	these	segments	may	be	involved	early	in	tumors	of	the	fundus	and	body	of
the	gallbladder.	The	gallbladder	has	a	thin	mucosal	wall,	a	narrow	lamina	propria,	and	only	a	single	muscle	layer.
Once	this	is	penetrated,	the	tumor	can	access	major	lymphatic	and	vascular	channels	leading	to	early	lymphatic
and	hematogenous	spread.	Tumors	of	the	infundibulum	or	cystic	duct	can	also	obstruct	the	common	bile	duct	and
may	involve	the	portal	vein.

The	lymphatic	drainage	of	the	gallbladder	first	involves	cystic	and	pericholedochal	nodes	before	extending	to
nodes	 posterior	 to	 the	 pancreas,	 portal	 vein,	 and	 common	 hepatic	 artery.	 Finally,	 the	 flow	 reaches	 the
interaortocaval,	celiac,	and	superior	mesenteric	artery	lymph	nodes.	Node-bearing	adipose	tissue	posterior	to	the
head	of	the	pancreas	and	portal	vein	may	be	involved	early,	whereas	drainage	to	the	hilum	does	not	occur.	Direct
connections	may	exist	from	the	pericholedochal	nodes	to	the	interaortocaval	nodes,	limiting	the	ability	to	control
disease	spread	with	a	regional	lymph	node	dissection.

The	upper	abdomen	contains	many	organs	with	relatively	low	tolerance	to	radiation,	such	as	the	spinal	cord,
kidneys,	 liver,	 stomach,	 duodenum,	 and	 small	 bowel.	 The	 tolerance	 of	 these	 at-risk	 organs	 poses	 significant
limitations	to	the	dose	used	in	radiation	therapy.

CHOLANGIOCARCINOMA
Nomenclature	of	Cholangiocarcinoma
The	 nomenclature	 used	 for	 CCAs	 has	 evolved	 over	 time	 and	 has	 been	 variably	 applied.	 As	 an	 example,
epidemiologic	reports	have	either	included	perihilar	tumors	with	iCCA	or	as	extrahepatic	tumors	with	dCCA.	In
addition,	iCCAs	have	long	been	reported	along	with	other	primary	tumors	of	the	liver.	Because	of	the	failure	to
recognize	 the	different	 tumor	 types,	 the	 true	 incidence,	prevalence,	and	natural	history	are	not	well	established.
The	relative	distribution	of	tumors	within	the	biliary	tract	 is	also	unclear.	pCCAs	are	the	most	common	type	of
CCA	worldwide.	In	one	study,	iCCA,	pCCA,	and	dCCA	accounted	for	37%,	20%,	and	43%	of	all	CCAs	seen	at	a
single	center.2	The	eighth	edition	of	American	Joint	Committee	on	Cancer	(AJCC)	staging	system	classifies	each
of	type	of	cancer	of	the	biliary	tract	as	separate	entities	with	distinct	staging	and	biologic	properties.3

Classification	of	all	of	these	diverse	cancers	as	a	single	group	of	biliary	tract	cancers	has	resulted	in	a	lack	of
recognition	of	their	distinctive	clinical	behavior,	nature,	and	management.	The	individual	risk	factors	and	specific
molecular	pathogenesis	of	 iCCA,	pCCA,	or	dCCA	are	also	not	well	understood.	Likewise,	a	 lack	of	distinction
between	 these	 cancers	 in	 clinical	 trials	 has	 limited	 progress	 in	 identifying	 useful	 and	 optimal	 therapies	 for	 the
individual	types	of	cancers.	Most	clinical	studies	have	included	all	types	of	biliary	tract	cancers,	including	GBC
and	 ampullary	 cancer,	 and	 have	 reported	 results	 in	 an	 aggregate	 fashion.	 Although	 specific	 etiologic	 and
molecular	 differences	 are	 now	 becoming	 recognized,	 an	 improved	 understanding	will	 emerge	 only	 after	 these
distinctive	 cancer	 types	 are	 recognized	 and	 treated	 as	 distinct	 and	 separate	 cancers	 in	 future	 population-based
reports,	patient-based	studies,	or	laboratory	investigations.

Etiology	of	Cholangiocarcinoma

Risk	Factors
Although	 these	 cancers	 often	 occur	 sporadically,	 there	 are	 some	 well-defined	 risk	 factors.	 These	 include
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infections,	 conditions	 resulting	 in	 chronic	 biliary	 tract	 inflammation,	 drug/toxins,	 or	 congenital	 causes.1,4–6
Because	 individual	 risk	 factors	 for	 the	 different	 types	 of	 CCA	 have	 not	 yet	 been	 well	 delineated,	 we	 review
common	risk	factors	associated	with	these	cancers	in	this	section.	Where	tumor-specific	risk	factors	are	known,
they	are	discussed	in	the	relevant	sections.

Infestation	with	Opisthorchis	viverrini	and	Clonorchis	sinensis	results	in	chronic	inflammation	of	the	bile	duct,
and	both	are	associated	with	CCAs.	These	two	parasitic	liver	flukes	are	classified	as	group	1	carcinogens	by	the
International	 Agency	 for	 Research	 on	 Cancer	 (IARC).7	 These	 liver	 flukes	 are	 highly	 prevalent	 in	 certain
geographic	regions	such	as	Southeast	Asia	and,	in	particular,	in	northeast	Thailand.	Liver	fluke	infection	with	O.
viverrini	 or	C.	 sinensis	 species	 is	 associated	 with	 ingestion	 of	 raw	 fish	 containing	 the	 larva	 of	 liver	 flukes.
Infestation	 is	 reversible	 with	 treatment	with	 praziquantel.	 The	 degree	 of	 infestation	 as	measured	 by	 stool	 egg
count	is	related	to	the	risk	for	CCA.	Liver	fluke	infestation	is	associated	with	intrahepatic	stones	as	well	as	with
elevated	 nitrates,	 and	 animal	 and	 human	 studies	 suggest	 that	 N-nitroso	 compounds	 may	 be	 involved	 in
carcinogenesis.

Other	 infectious	 diseases	 that	 have	 been	 associated	 with	 CCA	 include	 HIV	 and	 chronic	 hepatitis	 B	 virus
(HBV)	and	hepatitis	C	virus	(HCV)	infections.	A	meta-analysis	of	case	control	studies	reported	an	increased	risk
of	iCCA	in	patients	with	HBV	and	HCV	infection.8,9	There	appear	to	be	regional	differences	in	the	risk	of	chronic
hepatitis-associated	iCCA,	although	these	are	not	well	characterized.

Inflammatory	conditions	are	less	common,	but	their	prevalence	is	more	widely	distributed.	Primary	sclerosing
cholangitis	(PSC)	is	an	autoimmune	condition	affecting	the	biliary	tract	and	characterized	by	inflammation	within
the	biliary	tract	and	subsequent	development	of	diffuse	multifocal	biliary	ductal	strictures.	CCA	can	occur	in	5%
to	10%	of	patients	with	PSC10	and	occurs	more	frequently	in	patients	with	chronic	ulcerative	colitis	 than	in	the
general	population.	A	high	incidence	of	CCA	occurs	in	patients	with	coexisting	PSC	and	ulcerative	colitis.	Up	to
50%	of	patients	with	PSC	with	CCA	have	this	diagnosed	within	a	year	of	their	initial	diagnosis	with	PSC.11	The
presence	of	underlying	liver	dysfunction	resulting	from	biliary	tract	disease	complicates	surgery	or	chemotherapy.

Chronic	calculi	of	 the	 intrahepatic	and	extrahepatic	bile	ducts	(hepatolithiasis)	outside	 the	gallbladder	 is	rare
but	 predisposes	 one	 to	 cancer	 formation.	 In	 Southeast	Asia,	 chronic	 portal	 bacteremia	 and	 portal	 phlebitis	 are
associated	with	 intrahepatic	pigmented	 stones	 and,	 subsequently,	 increased	 risk	of	CCA.	Cancers	may	develop
even	after	stone	removal,	potentially	related	to	stasis	and	cholangitis	related	to	fibrosis	induced	by	stone	disease.

An	anomalous	pancreatic–biliary	duct	 junction	 (APBJ)	may	 lead	 to	 a	 chronic	 inflammatory	 state	 in	 the	bile
duct	via	reflux	of	pancreatic	juice	into	the	biliary	tree.	This	has	been	associated	with	an	increased	risk	of	CCA.

Biliary	tract	cystic	diseases	are	associated	with	an	increased	risk	of	malignancy,	which	can	arise	in	noncystic
portions	 of	 the	 biliary	 tract.	 Tumors	 can	 occur	 in	 patients	 with	 untreated	 choledochal	 cyst	 disease.12	 A
choledochal	cyst	is	a	rare	condition,	manifested	by	congenital	cystic	dilatation(s)	of	the	bile	ducts.	Bile	stasis	in
the	cysts	leads	to	chronic	inflammation	of	the	duct.	Of	patients	with	choledochal	cysts,	10%	to	20%	will	develop
CCA	if	left	untreated	or	managed	with	surgical	drainage	alone.	Early	excision	of	the	choledochal	cyst	has	been
proposed	to	reduce	the	risk	of	CCA.	Caroli	disease	is	a	rare	variant	of	choledochal	cysts	that	results	in	intrahepatic
ductal	dilatation	and	an	increased	risk	of	developing	CCA.

Occupational	exposure	to	asbestos	or	to	certain	volatile	compounds	used	in	the	printing	industry	such	as	1,2-
dichloropropane	may	also	increase	the	risk	of	cancer.13	Although	exposure	to	dioxin	has	been	implicated,	the	data
are	 not	 conclusive.	 Other	 potential	 carcinogens	 include	 radionuclides,	 radon,	 and	 nitrosamines.	 Thorotrast
(thorium	dioxide)	is	a	vascular	contrast	agent	that	is	associated	with	an	increased	risk	of	cancer	but	has	not	been
used	since	the	1940s.	The	risks	associated	with	cigarette	smoking	are	not	well	quantified.8

Recently,	 liver	cirrhosis	has	been	identified	as	a	risk	factor	for	 iCCA.8	Consistent	with	this	observation,	risk
factors	for	cirrhosis,	such	as	chronic	HCV,	chronic	HBV,	and	alcohol,	are	also	associated	with	a	higher	risk	for
iCCA.8,14,15	Because	 these	are	also	dominant	 risk	 factors	 for	hepatocellular	cancers	 (HCCs),	 these	observations
suggest	potential	common	risk	mechanisms	of	tumorigenesis	in	liver	epithelia.

Pathology	of	Cholangiocarcinomas

Gross	Morphology
The	 gross	 morphology	 can	 be	 exophytic,	 (nodular)	 mass	 forming,	 intraductal,	 or	 periductal	 infiltrating	 (or
sclerosing).	Mass	forming	and	periductal	infiltrating	(or	both	combined)	are	the	most	common	types	encountered.
iCCAs	 are	 more	 likely	 to	 be	 nodular	 and	 mass	 forming,	 whereas	 pCCAs	 and	 dCCAs	 are	 more	 likely	 to	 be
sclerosing,	although	not	exclusively	so.	The	sclerosing	 type	 is	associated	with	an	 intense	desmoplastic	 reaction



and	often	manifests	as	diffuse	thickening	of	the	ducts	without	a	defined	mass.	The	nodular	type	tends	to	result	in	a
mass	lesion	and	usually	arises	within	the	liver.	Intraductal	tumors	are	less	common	and	can	encompass	a	range	of
lesions	from	preneoplastic	to	invasive	carcinomas.	In	some	patients,	dCCAs	may	present	only	as	a	thickened	bile
duct	wall	involved	in	a	dense	fibrous	scar.	Polypoid	or	papillary	cancers	have	the	best	prognosis.	Papillary	cancers
represent	a	low-grade	adenocarcinoma	that	is	represented	by	a	polypoid	mass	filling	the	lumen	of	the	bile	duct,
with	minimal	invasion	and	no	desmoplastic	reaction.

Histology
More	 than	 90%	 of	 tumors	 are	 epithelial	 adenocarcinomas.16	 Other	 variants	 include	 well-differentiated,
pleomorphic,	 giant	 cell,	 adenosquamous,	 oat	 cell,	 and	 colloid	 carcinomas.	Other	 types,	 such	 as	 squamous	 cell
carcinomas,	sarcomas,	small-cell	cancer,	and	lymphomas	account	for	<5%.	Sclerosing	tumors	are	characterized	by
an	 extensive	 fibrous	 stroma	 with	 interspersed	 tumor	 cells.	 Papillary	 tumors	 may	 have	 papillary	 fronds	 with
extension	into	the	bile	duct	lumen	and	may	produce	extracellular	mucin.	Nodular	mass-forming	tumors	may	vary
with	 appearances	 akin	 to	 sclerosing	 type	 or	 with	 tubular	 pattern.	 Satellites	 are	 common	 and	may	 result	 from
spread	along	 the	bile	ducts	or	 from	vascular	 invasion	and	 intrahepatic	metastatic	 spread.	Regional	 lymph	node
metastases	and	perineural	 invasion	are	common	with	pCCAs	and	dCCAs.	Distant	metastases	can	occur	but	are
unusual.17

Genomics
In	addition	to	anatomy-based	subtyping	and	differences	among	CCAs,	there	are	clear	differences	in	molecular	and
genomic	alterations.	Genetic	alterations	 that	have	been	 identified	 include	activating	mutations	of	KRAS,	 loss	of
TP53,	mutations	in	IDH2	and	IDH1,	fibroblast	growth	factor	receptor	2	(FGFR2)	gene	fusions	with	a	number	of
partners,	CDKN2A/B,	and	less	commonly,	NTRK	gene	fusions	and	alterations	in	HER2/neu	and	c-MET,	BRAF,
NRAS,	and	PI3K.18,19	The	genetic	mutations	observed	vary	with	anatomic	location	of	 tumor	in	many	cases.	For
example,	IDH1/2	mutations	are	not	 seen	with	pCCA	or	dCCA	but	may	occur	 in	up	 to	25%	of	 iCCA,	whereas
KRAS	mutations	are	more	common	in	the	former.20	FGFR2	fusions	are	seen	virtually	exclusively	in	iCCA	in	up	to
45%	 of	 cases.	Her-2/neu	 alterations	 occur	 largely	 in	 gallbladder	 and	 dCCA.	 In	 addition	 to	 genetic	 changes,
epigenetic	changes	resulting	from	alterations	in	promoter	methylation	of	tumor	suppressor	genes	such	as	SOCS-3,
RASSF1A,	p14ARF,	 and	p16INK4A	 as	well	 as	 changes	 in	 some	microRNAs	 such	 as	miR-21	 and	miR-200c	 have
been	described.19	Additionally,	chromatin	remodeling	processes	may	be	affected	 in	some	cases	by	mutations	 in
the	ARID1A	and	BAP1	genes.21

Intrahepatic	Cholangiocarcinoma

Incidence	and	Etiology
iCCAs	 arise	 from	 intrahepatic	 bile	 ducts	 beyond	 the	 second-order	 ductal	 system	within	 the	 liver.	They	 are	 the
second	most	 common	 primary	 epithelial	malignancy	 of	 the	 liver.	 The	 incidence	 and	mortality	 from	 iCCAs	 is
increasing	 in	 the	 United	 States	 and	 in	 many	 other	 countries.22,23	 The	 incidence	 increases	 with	 age,	 with	 the
majority	of	patients	aged	65	years	or	older.	Patients	with	defined	risk	factors	such	as	PSC	or	choledochal	cysts
tend	to	develop	tumors	at	a	younger	age.	There	are	racial	and	ethnic	variations,	with	the	highest	prevalence	among
Hispanics	in	the	United	States	(1.22	per	100,000)	and	the	lowest	among	African	Americans	(0.3	per	100,000).24

Diagnosis
Patients	 with	 iCCAs	may	 be	 asymptomatic,	 with	 the	 initial	 presentation	 being	 a	mass	 lesion	within	 the	 liver.
Symptoms	may	 include	 nonspecific	 right	 upper	 quadrant	 pain	 or	weight	 loss.	 In	 contrast	 to	 pCCAs	or	 dCCAs
where	 obstructive	 jaundice	 occurs	 early,	 jaundice	 occurs	 late	 with	 iCCAs	 and	 usually	 indicates	 extensive
disease.25	Occasionally,	a	centrally	located	iCCA	may	present	with	jaundice	due	to	extrinsic	compression	of	the
main	ducts.	Other	presentations	are	rare	and	 include	mucobilia	or	a	 tumor	embolizing	 into	 the	extrahepatic	bile
ducts,	resulting	in	pain,	jaundice,	or	even	pancreatitis.

The	 diagnosis	 of	 iCCA	 involves	 demonstrating	 a	 mass	 lesion	 within	 the	 liver	 using	 abdominal	 computed
tomography	(CT)	or	magnetic	resonance	imaging	(MRI).26	On	CT	scan,	the	lesion	is	usually	of	low	attenuation
with	only	mild	enhancement	seen	with	contrast.27	On	a	T1-weighted	MRI,	iCCAs	are	usually	of	low	intensity	but
may	 have	 high	 intensity	 on	T2-weighted	 images.	Centripetal	 filling	 in	 after	 gadolinium	 administration	may	 be
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observed	on	MRI.	Ductal	dilation	is	often	present	peripheral	to	the	tumor.	Local	vascular	invasion	is	often	seen	by
CT	scan,	MRI,	or	angiography.28

The	differential	 diagnosis	 includes	HCC	or	metastatic	 cancer	 from	other	primary	 tumors.	Cirrhosis	 is	 a	 risk
factor	for	both	iCCAs	and	HCCs.	Characteristic	imaging	features	of	iCCAs	that	may	be	helpful	in	distinguishing
these	tumors	from	HCCs	are	slow	uptake	of	contrast,	particularly	in	highly	desmoplastic	tumors,	and	a	peripheral
rim	 of	 enhancement.	 A	 liver	 biopsy	 should	 be	 considered	 for	 a	 diagnosis	 if	 the	 tumor	 is	 inoperable	 due	 to
extensive	 spread	 or	 if	 other	 lesions	 such	 as	 focal	 nodular	 hyperplasia	 are	 strongly	 suspected.	 Otherwise,	 in
potentially	resectable	cases,	further	staging	studies,	including	a	laparoscopy,	would	be	considered.

Grossly,	iCCAs	may	be	well	or	poorly	demarcated,	single,	or	multiple.	Mucin	production,	fibrosis	between	the
acini	of	tumor	tissue,	and	a	more	overtly	glandular	pattern	are	the	main	differentiating	characteristics	from	HCC.

Immunohistochemical	staining	for	specific	cytokeratins	may	also	be	helpful.	Unlike	HCCs,	some	CCAs	stain
positively	 for	 cancer	 antigen	 (CA)	 19-9	 or	 carcinoembryonic	 antigen	 (CEA),	 or	 αvβ6	 integrin,	 but	 not	 for
hepatocyte	 antigen.	 It	may	 be	 difficult	 to	 distinguish	 iCCA	 from	 a	 liver	metastasis	 of	 extrahepatic	 origin	 if	 a
cytologic	analysis	shows	adenocarcinoma.	Cytokeratin	7	or	cytokeratin	20	may	be	helpful	 to	establish	a	biliary
origin.	Cytokeratin	20	expression	is	focal	and	rare	in	iCCAs	in	contrast	to	being	diffuse	and	common	in	colorectal
cancer	metastases.29	If	a	primary	site	cannot	be	identified,	a	diagnosis	of	iCCA	should	be	presumed.

Staging
The	tumor-node-metastasis	(TNM)	system	devised	by	the	AJCC	should	be	used	for	staging	these	cancers.3	The
eighth	edition	separates	the	staging	of	iCCAs	from	that	of	pCCAs	or	dCCAs.	Table	58.1	shows	the	staging	system
for	iCCAs.

Management
With	 a	 few	 exceptions,	 for	 example,	 in	 regard	 to	 adjuvant	 therapy	 and	 first-line	 therapy	 for	 advanced	 disease,
most	treatment	information	has	been	derived	from	small	studies,	with	variable	definitions	of	disease	used	and	a
mix	 of	 subtypes	 included.	 Therefore,	 few	 standard	 treatment	 options	 exist.	 Consensus	 guidelines	 have	 been
proposed	 for	 management	 (see	 the	 2017	 National	 Comprehensive	 Cancer	 Network	 [NCCN]	 guidelines).	 An
algorithm	for	the	management	of	these	cancers	is	shown	in	Figure	58.1.

TABLE	58.1
American	Joint	Committee	on	Cancer	Tumor,	Node,	Metastasis	Staging	for	Intrahepatic
Cholangiocarcinoma

Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ	(intraductal	tumor)

T1 Solitary	tumor	without	vascular	invasion,	≤5	cm	or	>5	cm

T1a Solitary	tumor	≤5	cm	without	vascular	invasion

T1b Solitary	tumor	>5	cm	without	vascular	invasion

T2
Solitary	tumor	with	intrahepatic	vascular	invasion	or	multiple	tumors,	with	or	without	vascular
invasion

T3 Tumor	perforating	the	visceral	peritoneum

T4 Tumor	involving	local	extrahepatic	structures	by	direct	invasion

Regional	Lymph	Nodes	(N)
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Regional	lymph	node	metastasis	present

Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis	present



AJCC	Prognostic	Stage	Groups
Stage	0 Tis N0 M0

Stage	IA T1a N0 M0

Stage	IB T1b N0 M0

Stage	II T2 N0 M0

Stage	IIIA T3 N0 M0

Stage	IIIB

T4 N0 M0

Any	T N1 M0

Stage	IV Any	T Any	N M1
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Figure	58.1	Algorithm	for	the	management	of	intrahepatic	cholangiocarcinoma.	Asterisk	indicates
need	to	consider	genomic	profiling.

Surgery.	Clear,	standardized	criteria	defining	resectability	of	iCCA	do	not	exist,	with	feasibility	being	dependent
on	the	anatomic	location	and	the	experience	of	the	surgeon.	The	goals	are	to	resect	 the	tumor	with	an	adequate
margin	of	normal	tissue,	and	to	obtain	microscopically	cancer-free	resection	margins,	while	retaining	enough	liver
tissue	 behind	 for	 the	 patient	 to	 have	 adequate	 liver	 function	 after	 surgery.	 The	 resection	 may	 vary	 from
nonanatomic	 resection	 to	 segmental	 lobectomy.	 Intrahepatic	metastases	 tend	 to	occur	as	multiple	 satellites,	 and
although	 their	 presence	 impacts	 prognosis,	 they	 should	 not	 definitively	 preclude	 resectability.	 However,	 for
widespread	hepatic	metastases,	curative	 resection	 is	unlikely,	and	other	 forms	of	 therapy	should	be	considered.
Additionally,	comorbidities,	such	as	the	presence	of	underlying	advanced	cirrhosis	with	portal	hypertension,	may
preclude	surgical	resection.	Extrahepatic	spread	also	of	course	precludes	resection	and	portends	a	poor	prognosis.
A	staging	laparoscopy	may	help	to	define	resectability	prior	to	a	full	laparotomy	and	is	recommended.30

Outcomes	after	surgical	resection	for	iCCAs	have	been	reported	in	many	series.	The	resectability	rate	ranges
from	 32%	 to	 90%.	 The	 mortality	 is	 slightly	 higher	 than	 that	 reported	 in	 series	 of	 hepatic	 resection	 for	 other
indications	but	 is	generally	<10%.	Lymph	node	metastases,	positive	margin	 status,	 and	vascular	 invasion	were
reported	as	significant	prognostic	factors	in	an	analysis	of	449	patients.31	Other	prognostic	factors	include	satellite
metastases,	 nodal	metastases,	 tumor	 size,	 and	 a	 CA	 19-9	 level	 >1,000.	 Although	 rare,	 intrahepatic	 intraductal
papillary	tumors	have	an	excellent	prognosis	if	completely	resected.32

The	 median	 survival	 after	 surgical	 resection	 is	 approximately	 36	 months.	 The	 5-year	 survival	 rate	 with	 a
curative	R0	resection	 is	approximately	60%,	but	curative	resections	are	possible	only	 in	about	30%	of	patients.
There	 is	 high	 risk	 of	 tumor	 recurrence	 both	 locally	 with	 intrahepatic	 metastases	 as	 well	 as	 with	 extrahepatic
disease.	However,	 there	are	no	established	guidelines	for	surveillance	and	follow-up	after	surgical	 resection	for
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iCCAs.	As	a	guide,	 surveillance	could	consist	of	 laboratory	 tests	of	 liver	 function	and	CA	19-9	and	 radiologic
evaluations	every	3	months	for	the	first	2	years	after	surgery	and	every	6	months	thereafter	for	the	first	5	years	and
modified	 based	 on	 the	 perceived	 risk.	 The	 role	 and	 utility	 of	 surveillance	 has	 not	 been	 formally	 established.
Surgery	is	generally	not	indicated	for	recurrent	CCAs.

Adjuvant	Therapy.	Data	from	two	randomized	trials	have	provided	data	on	adjuvant	therapy	in	the	postoperative
setting.	The	PRODIGE	12	trial	randomized	196	patients	to	receive	either	gemcitabine	plus	oxaliplatin	(GEMOX)
or	surveillance	 following	an	R0	or	R1	resection	of	a	 localized	cancer.33	Median	 recurrence-free	survival	 (RFS)
was	30.4	months	versus	22.0	months	and	4-year	RFS	was	39.3%	versus	33.2%	in	the	GEMOX	and	surveillance
arms,	respectively.	After	a	median	follow-up	of	44.3	months,	there	was	no	significant	difference	in	RFS	between
the	 arms	 (HR,	 0.83;	 P	 =	 .31).	 In	 the	 BILCAP	 study,	 447	 patients	 with	 biliary	 cancers	 were	 randomized	 to
observation	or	capecitabine	for	6	months.34	There	were	35%	“extrahepatic”	CCA,	29%	hCCA,	19%	iCCA,	and
18%	GBC.	A	per	 protocol	 analysis	 revealed	median	 overall	 survival	 of	 52.7	months	 versus	 36.1	months	 (HR,
0.75;	P	=	.028)	and	median	RFS	was	25.9	months	versus	17.6	months	(HR,	0.71;	P	=	.011).	Subgroup	analysis
highlighted	differences	in	survival	benefit	across	different	types	of	biliary	cancers:	iCCA	HR	was	0.65	(P	=	.157),
hCCA	HR	was	1.08	(P	=	.743),	gallbladder	carcinoma	HR	was	0.84	(P	=	.596),	and	“extrahepatic”	CCA	HR	was
0.81	(P	=	.091).	There	continues	to	be	a	need	to	evaluate	regimens	for	adjuvant	therapy	in	defined	types	of	CCA
rather	than	in	mixed	populations	of	biliary	tract	cancers.	Future	trials	for	iCCA	should	consider	stratification	for
neoadjuvant	 therapy	 versus	 primary	 resection,	 adjuvant	 therapy	 versus	 observation	 after	 resection,	 or	 adjuvant
chemotherapy	versus	adjuvant	chemoradiotherapy	after	resection.

Liver	Transplantation.	The	outcomes	 from	 liver	 transplantation	 for	 iCCAs,	unlike	 those	 for	hilar	CCAs,	have
been	disappointing,	with	a	5-year	survival	rate	of	29%	in	data	from	the	European	Liver	Transplant	Registry.	As	a
result,	liver	transplantation	is	not	generally	offered	for	this	indication.

Local–Regional	 Therapies.	 Local–regional	 therapy	 for	 unresectable	 iCCAs	 include	 transarterial
chemoembolization	 (TACE),	 transarterial	 radioembolization	 (TARE),	 radiofrequency	 ablation	 (RFA),	 or
microwave	 ablation.	 A	 true	 assessment	 of	 survival	 benefits	 for	 these	 treatments	 has	 been	 difficult.	 Reported
studies	 are	 limited	 to	 single-center	 studies	 of	 small	 cohorts	 of	 patients	 that	 have	 received	 a	 variety	 of	 other
therapies	 and	with	 variable	 outcome	measures.	 A	 retrospective	multicenter	 review	 of	 198	 patients	 undergoing
local–regional	treatments	reported	a	median	overall	survival	of	13.4	months	with	TACE,	14.3	months	with	bland
embolization,	 and	11.3	months	with	TARE.35	 In	 another	 study,	 systematic	 review	of	 298	 patients	 treated	with
TARE,	median	overall	survival	was	15.5	months.36

Radiation	Therapy.	Radiation	therapy	may	have	a	role	in	selected	cases	(Fig.	58.2).	Large,	randomized	studies
are	not	available.	However,	 a	 retrospective	analysis	based	on	 the	Surveillance,	Epidemiology,	and	End	Results
(SEER)	database	suggested	a	benefit	in	a	group	receiving	radiation	therapy	alone	compared	with	a	group	that	did
not	receive	any	treatment.

Chemotherapy.	Based	on	the	UK-ABC-02	study,	gemcitabine	in	combination	with	cisplatin	was	established	as
the	 standard	 of	 care	 for	 first-line	 therapy	 patients	 with	 advanced	 biliary	 cancers.36	 Gemcitabine	 was	 dosed	 at
1,000	mg/m2	 in	combination	with	cisplatin	at	25	mg/m2,	with	both	agents	given	 intravenously	on	days	1	and	8
every	21	days	for	a	maximum	of	6	months.	The	median	overall	survival	in	the	gemcitabine/cisplatin	group	was
11.7	months	compared	to	8.1	months	in	the	gemcitabine	only	group	(95%	CI,	9.5	to	14.3;	P	<	.001)	with	an	HR	of
0.64	(95%	CI,	0.52	to	0.80).	Efficacy	was	evident	across	a	range	of	end	points,	including	progression-free	survival
(8	 versus	 5	 months;	 HR,	 0.63;	 P	 <	 .001)	 and	 response	 rate	 (26.1%	 versus	 15.5%).	 Prespecified	 subgroups
described	 earlier	 all	 derived	 clinical	 benefit.	 Only	 17.6%	 (72	 of	 410)	 patients	 went	 on	 to	 receive	 second-line
therapy.	 Further,	 a	 number	 of	 phase	 II	 studies	 have	 suggested	 comparable	 benefit	 with	 oxaliplatin	 added	 to
gemcitabine.	 Moreover,	 a	 pooled	 analysis	 has	 suggested	 that	 chemotherapy	 with	 gemcitabine	 combined	 with
cisplatin	or	oxaliplatin	can	increase	the	response	rate	and	tumor	control	rate	in	CCA.



Figure	58.2	Illustration	of	radiation	dose	escalation	strategy	for	intrahepatic	cholangiocarcinoma.
The	dark	red	contour	defines	the	gross	tumor	volume	(GTV),	which	was	treated	with	a	larger
margin	(planning	target	volume)	to	60	Gy	in	15	fractions	(pink	isodose	line).	Using	an	intensity-

modulated	technique,	the	GTV	itself	with	a	smaller	margin	received	a	simultaneous	integrated	boost
to	67.5	Gy	in	15	fractions	(dark	blue	isodose	line).	The	GTV	expansions	were	pruned	back	to	avoid

overlap	with	a	5-mm	expansion	of	the	stomach	contour	(the	planning	risk	volume)	that	was
prioritized	over	the	boost	resulting	in	an	inward	dip	of	the	dark	blue	isodose	line.	The	patient	was

treated	with	daily	image-guided	breath	holds.

Standard	 treatments	 for	 subsequent	 lines	of	 therapy	do	not	exist,	 and	some	smaller	 trials	have	demonstrated
small	 benefits	 for	 second-line	 therapy.	 Fluoropyrimidine-based	 regimens	 in	 particular	 have	 demonstrated	 some
evidence	of	efficacy	in	such	studies.37,38	Overall,	median	progression-free	survival	for	therapies	in	the	second-line
setting	has	averaged	about	3	months.	At	a	conceptual	 level,	 there	 is	 support	 for	 the	consideration	of	 combined
modality	chemoradiation	therapy	for	patients	with	unresectable	disease	using	gemcitabine-	or	fluoropyrimidine-
based	strategies,	and	efficacy	has	been	observed	in	small	studies.39	However,	definitive	data	through	controlled
trials	 remains	 unavailable,	 and	 as	 such,	 this	 remains	 an	 area	 of	 active	 investigation,	 particularly	 from	 the
standpoint	of	patient	selection	and	advantages	over	chemotherapy	alone.

As	 noted	 previously,	 genomic	 profiling	 has	 uncovered	 a	 number	 of	 putative	 therapeutic	 targets,	 including
somatic	alterations	in	the	KRAS,	TP53,	CDKN2A,	ARID1A,	FGFR,	and	SMAD4	(DPC4)	genes;	genes	within	the
phosphatidylinositol	 3-kinase	 (PI3K)	 cell-signaling	 pathway	 (e.g.,	 PIK3CA,	PTEN,	 and	AKT1);	 and	 isocitrate
dehydrogenase	1	and	2	(IDH1	and	IDH2).	Among	these,	IDH1	and	IDH2	may	be	the	more	commonly	identified
genetic	 mutations	 in	 iCCA.	 Several	 trials	 are	 underway	 in	 patients	 with	 CCA	 and	 may	 lead	 to	 an	 eventual
individualized	 approach	 to	 the	 management	 of	 patients	 with	 both	 refractory	 and	 untreated	 disease	 in	 lieu	 of
empiric	approaches	such	as	systemic	chemotherapy.

Perihilar	Cholangiocarcinoma
pCCAs	are	cancers	that	arise	from	the	extrahepatic	biliary	tract	from	the	second-order	ducts	to	the	origin	of	the
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cystic	 duct.	These	 cancers	 are	 among	 the	most	 common	malignancies	 of	 the	biliary	 tract	 encountered	 in	many
parts	of	the	world.

pCCAs	should	be	distinguished	from	nonhilar,	distal	extracellular	 tumors	because	of	their	distinctive	clinical
presentations,	 natural	 history,	 staging,	 and	 management	 approaches.	 Although	 distinctive	 molecular	 and
pathologic	differences	have	yet	to	be	determined,	and	the	pathogenesis	of	these	tumors	may	be	similar,	dCCAs	are
far	less	common	than	pCCAs	and	have	better	 treatment	outcomes.	The	reason	for	the	predilection	of	pCCAs	to
predominantly	arise	at	the	liver	hilum	is	not	known.

Tumors	 that	 cause	 ductal	 obstruction	 at	 the	 hilar	 region	 are	 occasionally	 referred	 to	 as	 Klatskin	 tumors.
However,	the	series	reported	in	the	classical	paper	by	Klatskin	included	both	intrahepatic	and	extrahepatic	cancers
and	was	reported	in	an	era	in	which	the	biliary	tract	was	inaccessible	to	noninvasive	preoperative	imaging.40	Thus,
use	of	the	term	Klatskin	tumor	to	describe	pCCAs	is	inaccurate,	confusing,	and	best	avoided.

Diagnosis
Patients	with	early-stage	cancers	are	often	asymptomatic.	Nonspecific	gastrointestinal	symptoms	such	as	anorexia
and	 nausea	 as	 well	 as	 mild	 weight	 loss	 and	 fatigue	 are	 not	 unusual.	Most	 patients	 will	 present	 with	 painless
obstructive	jaundice,	associated	with	pruritus,	abdominal	pain,	weight	loss	(30%	to	50%),	and	fever	in	about	20%.
The	 clinical	 presentation	 of	 pCCAs	 are	 indistinguishable	 from	 other	 malignancies	 causing	 large	 bile	 ductal
obstruction	 such	 as	 dCCAs	 or	 pancreatic	 cancer.	 Obstruction	 of	 the	 bile	 duct	 and	 biliary	 stasis	 may	 lead	 to
bacterial	 colonization	 and	 cholangitis,	 particularly	 in	 patients	with	 biliary	 stones.	 Patients	with	 cholangitis	 can
present	with	high	fever,	pain,	nausea,	vomiting,	and	rigors.

Serum	 biochemical	 tests	 will	 reveal	 the	 evidence	 of	 cholestasis	 with	 elevations	 in	 bilirubin,	 alkaline
phosphatase,	and	γ-glutamyltransferase.	Serum	aminotransferase	levels	may	be	normal	or	mildly	elevated	in	the
early	stages.	Serum	CEA	and	CA	19-9	levels	are	the	most	commonly	elevated	serum	tumor	markers.	CA	19-9	has
limited	value	because	levels	can	be	elevated	in	benign	biliary	tract	disease,	cholangitis,	or	cholestasis.	CA	19-9
levels	 above	 100	U/mL	were	 found	 to	 be	 89%	 sensitive	 and	 86%	 specific	 for	 the	 diagnosis	 of	malignancy	 in
patients	 with	 PSC.41	 CEA	 levels	 also	 have	 a	 low	 predictive	 value	 for	 cancer	 and	 are	 not	 helpful	 for	 a
diagnosis.41,42	Both	CA	19-9	 and	CEA	 levels	may	 be	 elevated	 in	 bile	 specimens	 in	 the	 presence	 of	 cancer.	A
combined	index	of	CA	19-9	and	CEA	has	been	proposed,	with	studies	showing	mixed	results	in	predicting	cancer.
The	presence	of	cholangitis	or	hepatolithiasis	can	cause	elevations	of	 tumor	markers,	and	 these	 tests	 should	be
repeated	after	 symptoms	have	 resolved.	CA	19-9	 is	 a	 carbohydrate	cell–surface	antigen	 related	 to	Lewis	blood
group	antigens.	Patients	with	a	negative	Lewis	blood	group	antigen	(representing	10%	of	the	population)	cannot
synthesize	 CA	 19-9	 and	 will	 not	 manifest	 an	 elevation	 in	 this	 marker.	 Additional	 potential	 markers	 for	 CCA
include	CA	242,	CA	72-4,	CA	50,	CA	125,	RCAS1,	and	serum	MUC5AC.	These	have	all	been	evaluated	with
mixed	results.43–46	CA	19-9	has	also	been	defined	as	a	poor	prognostic	factor	in	CCA.

A	diagnosis	is	usually	based	on	history,	cholangiography	and	cytology,	or	tissue	analysis.	pCCAs	often	arise
and	can	progress	to	obstruction	of	one	of	the	main	bile	ducts	at	the	hilum	before	involving	the	other	main	duct.
Unilateral	obstruction	of	either	the	right	or	left	bile	duct	alone	may	not	lead	to	jaundice	or	an	elevated	bilirubin
because	of	compensation	from	the	normally	draining	lobe	of	the	liver.	However,	the	alkaline	phosphatase	and	γ-
glutamyltransferase	may	be	elevated.	Jaundice	may	occur	when	the	tumor	extends	down	the	bile	ducts	to	involve
the	confluence	of	the	right	and	left	ducts.	Unilateral	obstruction	results	in	atrophy	of	the	affected	side	of	the	liver
and	hypertrophy	of	 the	other	side.	This	atrophy–hypertrophy	phenomenon	will	also	occur	 if	 the	portal	vein	has
also	 been	 blocked	 by	 the	 tumor.	 Because	 atrophy–hypertrophy	 results	 in	 an	 axial	 rotation	 of	 structures	 in	 the
hepatoduodenal	 ligament,	 its	 effects	 need	 to	 be	 considered	 when	 interpreting	 imaging	 studies	 or	 in	 planning
hepatic	resections.47

Any	 patient	 who	 has	 a	 perihilar	 stricture,	 without	 evidence	 of	 ductal	 disease	 elsewhere	 in	 the	 biliary	 tree
suggestive	 of	 PSC,	 and	 who	 has	 not	 had	 previous	 biliary	 surgery	 that	 might	 have	 resulted	 in	 stricture,	 is
considered	 to	 have	 pCCA.	 The	 diagnosis	 and	 evaluation	 of	 these	 tumors	 depends	 on	 the	 available	 diagnostic
technologies	and	expertise.	The	goals	are	to	(1)	ascertain	the	nature	and	extent	of	obstruction,	(2)	obtain	tissue	for
diagnosis	if	possible,	and	(3)	stage	the	tumor	to	determine	spread	and	metastasis	to	guide	therapy.	An	abdominal
ultrasound	 (US)	 will	 confirm	 the	 presence	 of	 a	 biliary	 obstruction.	 Additional	 testing	 with	 either	 a	 CT	 or
MRI/magnetic	resonance	cholangiopancreatography	(MRCP)	is	needed	to	identify	the	potential	and	for	staging	if
a	 malignancy	 is	 suspected.	 The	 accuracy	 of	 CT	 and	 MRI/MRCP	 for	 the	 prediction	 of	 the	 extent	 of	 ductal
involvement	ranges	from	84%	to	91%;	for	hepatic	arterial	invasion,	it	ranges	from	83%	to	93%;	for	portal	vein
invasion,	from	86%	to	98%;	and	for	lymph	node	metastasis,	from	74%	to	84%.48,49

Biliary	tract	imaging	(cholangiography)	with	cytology	is	used	to	establish	the	diagnosis.	Tissue	biopsies	can	be



obtained	 under	 fluoroscopic	 guidance	 or	 using	 cholangioscopy	 during	 endoscopic	 retrograde
cholangiopancreatography	 (ERCP).	 A	 cholangioscopy	 may	 allow	 for	 direct	 visualization	 but	 often	 provides	 a
lower	 amount	 of	 tissue	 for	 analysis.50,51	 In	 one	 study,	 direct	 visualization	 for	 biliary	 strictures	 using	 a
miniendoscope	 identified	malignancy	 in	 11	 of	 20	 patients	 and	 resulted	 in	modification	 of	 diagnosis	 of	 biliary
stricture	in	20	of	29	patients.

Peroral	 cholangioscopy	 using	 the	 spyglass	 system	may	 also	 be	 associated	with	 a	 higher	 rate	 of	 cholangitis.
Confocal	laser	endomicroscopy	is	an	emerging	technique	that	may	be	helpful.	Specific	criteria	(Miami	criteria)	for
the	diagnosis	of	a	malignancy	within	a	stricture	using	this	technique	have	been	proposed	but	need	to	be	further
validated,	and	the	specificity	needs	to	be	improved.52	An	endoscopic	US	(EUS)	with	fine-needle	aspiration	(FNA)
may	 also	 be	 helpful	 for	 a	 diagnosis	 or	 to	 predict	 unresectability	 by	 detecting	 nodal	 spread.	An	 intraductal	US
performed	 using	 a	US	 probe	 passed	 into	 the	 common	bile	 duct	 increased	 the	 accuracy	 of	ERCP	 from	58%	 to
90%.53

pCCAs	are	less	accessible	than	other	distal	CCAs	for	sampling.	The	highly	desmoplastic	nature	of	these	tumors
further	 limits	 the	 amount	 of	 cellular	 material	 that	 may	 be	 obtained	 for	 a	 cytologic	 analysis.	 The	 diagnostic
sensitivity	of	tissue	or	cytology	examination	remains	poor.	Indeed,	benign	disease	has	been	noted	in	about	10%	of
surgical	resections	performed	for	presumed	pCCAs.54	A	positive	diagnosis	with	brush	cytology	ranges	from	44%
to	80%,55,56	with	pooled	data	from	over	800	CCA	patients	reporting	a	sensitivity	of	42%,	a	specificity	of	98%,	and
a	positive	predictive	value	(PPV)	of	98%	among	patients	with	confirmed	cancer.55	A	brush	cytology	is	diagnostic
and	very	useful	when	positive	but	of	little	value	when	negative.	In	a	study	of	74	patients	with	pancreaticobiliary
strictures,	 the	sensitivity	and	specificity	of	brush	cytology	were	56%	and	100%,	respectively,	and	the	PPV	was
100%.57	Intraductal	tissue	biopsies	also	have	a	low	diagnostic	yield	with	a	pooled	sensitivity	of	56%,	a	specificity
of	97%,	and	a	positive	predictive	value	of	97%.	The	use	of	multiple	sampling	techniques	should	be	considered	to
improve	the	diagnostic	yield	of	sampling.

Mucobilia	on	ERCP	is	an	uncommon	finding	 that	 is	highly	suggestive	of	a	papillary	CCA.	Papillary	 tumors
could	be	either	intrahepatic	or	extrahepatic.	FNA	is	also	useful	if	a	mass	can	be	seen	on	US	examination	or	on	CT
scan.

Staging
Disease	 staging	 in	 pCCA	 requires	 an	 assessment	 of	 the	 extent	 of	 ductal	 involvement	 as	well	 as	 the	 extent	 of
involvement	of	 the	liver	parenchyma,	 lymph	nodes,	and	vasculature	and	distant	metastases.58	The	TNM	system
(Table	58.2)	does	not	help	to	define	surgical	resectability	and,	therefore,	may	not	adequately	predict	outcome.20
Some	T4	tumors	may	be	resectable	at	centers	with	expertise	in	extended	hepatectomy	and	vascular	reconstruction
and	in	the	AJCC	eighth	edition	are	downstaged	to	IIB	from	IVA.	A	classification	for	hilar	tumors	was	introduced
and	modified	by	Bismuth	et	al.59	This	classification	is	based	on	the	level	of	ductal	involvement	by	the	tumor	and
provides	a	guide	as	to	the	extent	of	surgical	resection	that	may	be	required	for	tumor	eradication.	However,	it	is
not	a	true	staging	system	and	has	low	accuracy.	A	registry	of	pCCA	has	been	initiated	to	collect	data	that	may,
along	with	combined	expertise	across	centers,	serve	as	a	resource	to	guide	the	development	of	meaningful	future
staging	iterations.60	Recent	studies,	for	example,	have	shown	that	bilateral	second-order	duct	extension	does	not
affect	prognosis,	independent	of	nodal	metastases	and	vascular	invasion.61

Management
A	suggested	approach	 to	 the	management	of	pCCA	is	presented	 in	Figure	58.3.	The	 local	extent	of	 the	disease
along	 the	 biliary	 tree	 can	 be	 determined	 by	 direct	 or	 imaging-defined	 cholangiography—ERCP,	 MRCP,	 or
percutaneous	transhepatic	cholangiography	(PTC).	However,	the	extent	of	disease	may	not	be	appreciated	because
of	tumor	spread	along	the	wall	of	the	bile	duct	without	lumenal	compromise.	PTC	or	MRCP	may	be	more	useful
than	ERCP	in	establishing	the	upper	extent	of	disease.	MRCP	is	less	invasive	but	may	need	to	be	supplemented
with	 direct	 cholangiography	 at	 times.	 Vascular	 invasion	 has	 been	 assessed	 by	 MRI/magnetic	 resonance
angiography,	angiography,	or	Doppler	US.	An	MRI	is	useful	to	assess	liver	invasion	or	vascular	involvement	not
clearly	 identified	 on	 CT	 scans.	 CT	 scans	 or	 magnetic	 resonance	 angiography	 are	 replacing	 the	 need	 for	 an
invasive	angiography	to	assess	vascular	involvement.	Color-flow	Doppler	US	is	very	dependent	on	the	operator
but	 can	 be	 effective	 at	 evaluating	 portal	 vein	 involvement	 and,	 in	 some	 cases,	 hepatic	 artery	 involvement.61
Positron	emission	tomography	(PET)/CT	scans,	intraductal	US,	and	EUS	have	all	been	used	for	staging.	EUS	with
FNA	may	also	be	helpful	for	a	diagnosis	by	detecting	distal	lymph	node	involvement.	A	staging	laparoscopy	with
or	without	US	can	identify	tumor	spread	beyond	that	detected	on	cholangiography,	vascular	encasement,	or	lymph
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node	involvement.

TABLE	58.2
American	Joint	Committee	on	Cancer	Tumor,	Node,	Metastasis	Staging	System	for	Perihilar
Cholangiocarcinoma

Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ/high-grade	dysplasia

T1 Tumor	confined	to	the	bile	duct,	with	extension	up	to	the	muscle	layer	or	fibrous	tissue

T2
Tumor	invades	beyond	the	wall	of	the	bile	duct	to	surrounding	adipose	tissue,	or	tumor	invades	adjacent	hepatic
parenchyma

T2a Tumor	invades	beyond	the	wall	of	the	bile	duct	to	surrounding	adipose	tissue

T2b Tumor	invades	adjacent	hepatic	parenchyma

T3 Tumor	invades	unilateral	branches	of	the	portal	vein	or	hepatic	artery

T4
Tumor	invades	main	portal	vein	or	its	branches	bilaterally,	or	the	common	hepatic	artery,	or	unilateral	second-order
biliary	radicals	with	contralateral	portal	vein	or	hepatic	artery	involvement

Regional	Lymph	Nodes	(N)
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1
One	to	three	positive	lymph	nodes	typically	involving	the	hilar,	cystic	duct,	common	bile	duct,	hepatic	artery,
posterior	pancreaticoduodenal,	and	portal	vein	lymph	nodes

N2 Four	or	more	positive	lymph	nodes	from	the	sites	described	for	N1

Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis

Anatomic	Stage/Prognostic	Groups
Stage	0 Tis N0 M0

Stage	I T1 N0 M0

Stage	II T2a–b N0 M0

Stage	IIIA T3 N0 M0

Stage	IIIB T4 N0 M0

Stage	IIIC Any	T N1 M0

Stage	IVA Any	T N2 M0

Stage	IVB Any	T Any	N M1
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Liver	Transplantation.	 Liver	 transplantation	 is	 a	 viable	 option	 for	 the	 treatment	 of	 early	 stage,	 unresectable
pCCA	in	highly	selected	patients.62	For	patients	with	tumors	that	are	unresectable,	a	complete	hepatectomy	with
liver	 transplantation	 may	 provide	 the	 only	 chance	 for	 a	 cure.	 The	 presence	 of	 extrahepatic	 nodal	 disease	 or
metastases	is	a	contraindication	to	transplant.	In	carefully	selected	patients,	a	multimodality	approach	combining
preoperative	chemoradiation,	staging	 laparoscopy,	and	orthotopic	 liver	 transplantation	has	 resulted	 in	overall	5-
year	 survival	 rates	 of	 up	 to	 82%.	 A	 study	 of	 the	 combined	 experience	 of	 several	 centers	 showed	 an	 overall
survival	of	53%	on	an	intention-to-treat	analysis,	with	a	65%	RFS	after	5	years.62	 It	should	be	noted	 that	 these
data	reflect	results	obtained	with	a	highly	selected	group	of	patients.



Figure	58.3	Algorithm	for	the	management	of	perihilar	cholangiocarcinoma.	Asterisk	indicates
need	to	consider	genomic	profiling.

The	availability	of	adequate	organs	for	transplantation	has	limited	the	use	of	liver	transplantation	as	a	treatment
modality	for	pCCA.	The	use	of	living	donor	liver	transplantation	(LDLT)	may	overcome	some	of	these	limitations
because	 5-year	 survival	 after	 LDLT	 was	 69%	 compared	 with	 63%	 after	 deceased	 donor	 transplantation.	 The
outcomes	are	better	in	patients	with	pCCAs	arising	in	the	setting	of	PSC,	with	a	72%	5-year	survival	compared
with	51%	in	non-PSC	patients.	Furthermore,	patients	with	pCCAs	undergoing	neoadjuvant	chemoradiation	and
liver	transplantation	have	a	quality	of	life	that	is	similar	to	those	for	patients	undergoing	transplantation	for	other
indications.	 If	 liver	 transplantation	 is	 being	 considered	 as	 a	 treatment	 option,	 FNA	of	 the	 hilar	 lesion	 by	EUS
should	be	avoided	because	of	the	risk	of	tumor	seeding.

In	 early	 reports,	 external-beam	 radiation	 therapy	 (EBRT)	 and	 bolus	 fluorouracil	 (5-FU),	 followed	 by
brachytherapy,	5-FU,	 and	 liver	 transplantation,	was	used.63,64	Out	 of	 28	patients,	 11	were	 excluded	because	of
metastatic	 disease	 found	 at	 the	 time	 of	 exploratory	 surgery.	 The	 rest	 underwent	 liver	 transplantation	 with	 an
identifiable	 tumor	 noted	 on	 explant	 in	 10	 patients;	 2	 patients	 had	 recurrence	 after	 40	months	 and	 54	months,
respectively;	and	2	died	of	non–cancer-related	causes.	The	median	duration	of	follow-up	was	41.8	months	(range,
2.8	 to	 105.5	months);	 the	 5-year	 actuarial	 survival	 rate	 for	 those	 transplanted	was	 87%.	A	 follow-up	 protocol
added	 a	 intrabiliary	 brachytherapy	 using	 iridium	 seeds	 after	EBRT	 and	maintenance	 therapy	with	 capecitabine
until	transplantation.64	Typically,	EBRT	was	administered	over	a	3-week	span	(45	Gy	at	1.5	Gy	twice	daily)	with
bolus	of	5-FU	(500	mg/m2)	given	at	the	beginning	of	treatment.	Intraluminal	brachytherapy	to	a	target	dose	of	20
to	30	Gy	was	administered	2	to	3	weeks	later	using	transcatheter	iridium-192	(192Ir)	seeds	placed	endoscopically
or	 transhepatically.	Out	 of	 56	 enrolled	patients,	 28	 received	 a	 transplant.	The	 actuarial	 1-	 and	5-year	 survivals
were	 88%	 and	 82%,	 respectively,	 after	 transplantation.	 A	 similar	 protocol	 that	 combined	 neoadjuvant
brachytherapy	 and	 infusional	 5-FU	 followed	 by	 transplantation	 was	 reported,	 with	 5	 of	 17	 patients	 (29%)
achieving	long-term	disease-free	survival.50	Other	small	series	have	demonstrated	3-year	survival	rates	from	0%
to	53%.65

Earlier	studies	of	 liver	 transplantation	for	patients	with	all	 types	of	CCA	in	unselected	patients	showed	poor
results.	 Meyer	 et	 al.66	 reported	 the	 results	 of	 liver	 transplantation	 for	 CCA	 in	 207	 patients	 collected	 by	 the
Cincinnati	Transplant	Tumor	Registry.	A	total	of	51%	had	recurrence,	with	a	median	 time	of	recurrence	of	9.7
months,	and	the	median	time	between	recurrence	and	death	being	2	months.	In	a	series	of	7	patients	undergoing
liver-related	transplant	for	CCA,	6	were	alive	after	a	median	follow-up	of	20	months.	Recurrences	were	noted	in
all	patients	in	this	series	with	iCCA.67

Surgery.	 Surgical	 resection	 is	 complex	 and	 associated	 with	 mortality	 and	 morbidity.	 The	 results	 of	 surgical
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resection	 for	 pCCA	 have	 been	 reported	 in	 many	 retrospective	 single-institution	 surgical	 series.	 The	 goals	 of
surgical	resection	are	to	remove	the	tumor	with	negative	resection	margins.	An	en	bloc	resection	of	at	least	one
lobe	of	the	liver,	the	extrahepatic	bile	duct,	and	a	complete	periportal	lymphadenectomy	may	be	required.

The	preoperative	assessment	serves	to	define	the	extent	of	resection	that	may	be	required.	There	is	a	role	for
preoperative	 biliary	 drainage	 in	 some	 but	 not	 all	 patients.	 This	 could	 be	 performed	 either	 percutaneously	 or
endoscopically	 with	 stenting	 or	 placement	 of	 a	 nasobiliary	 tube.	 Biliary	 drainage	 can	 alleviate	 symptoms	 in
patients	with	 severe	 obstructive	 jaundice,	 renal	 dysfunction,	 or	 pruritus.	However,	 preoperative	 decompression
can	increase	complications	during	or	after	surgery.68–70	Cholangitis	may	occur	following	bacterial	colonization	of
bile	and	stenting	may	induce	fibrosis,	making	it	difficult	to	delineate	the	extent	of	tumor.68	Five	randomized	trials
and	 a	meta-analysis	 have	 not	 demonstrated	 a	 benefit,	 although	 retrospective	 studies	 suggest	 a	 disadvantage	 to
preoperative	stenting.71	It	may	be	appropriate	if	a	hemihepatectomy	for	CCA	is	planned	in	a	jaundiced	patient	or
if	a	pancreaticoduodenectomy	is	to	be	done	in	a	patient	with	longstanding	or	severe	jaundice.	Other	preoperative
preparations	include	correcting	a	vitamin	K	deficiency	and	bowel	preparation.	The	use	of	MRCP	to	guide	decision
making	toward	surgical	resection	may	avoid	the	need	for	more	invasive	cholangiography	and	stenting.

Excision	of	the	bile	ducts	may	be	possible	up	to	the	first	order	branches	of	the	right	and	left	bile	ducts.	If	the
tumor	 extends	beyond	 this	 on	one	 side,	 a	 partial	 hepatectomy	may	be	needed	 and	 a	Roux-en-Y	 reconstruction
performed.	The	contralateral	preserved	bile	duct	should	be	transected	at	the	level	of	the	first	segmental	branch	to
maximize	 the	chance	of	a	negative	margin.	 If	 the	resection	 is	extended	beyond	 the	first	order	branches,	a	main
drainage	 channel	may	 need	 to	 be	 fashioned	 by	 suturing	 the	 individual	 segmental	 or	 sectoral	 ducts	 together.	A
caudate	lobe	resection	is	often	routinely	performed	because	invasion	of	the	caudate	ducts	may	occur.	Several	early
branches	of	the	left	hepatic	duct	drain	the	caudate	lobe	and	can	be	involved	with	the	tumor	involving	the	left	main
hepatic	duct.	Indeed,	46%	of	pCCAs	microscopically	involve	the	caudate	lobe.72

Surgery	 is	 indicated	 in	 the	 absence	 of	 distant	metastases	where	 a	 preoperative	workup	 suggests	 that	 an	R0
resection	is	feasible.	Bilateral	biliary	involvement	to	the	point	that	all	four	sectional	ducts	are	involved	precludes
curative	resection.73	Other	indicators	of	unresectability	include	bilateral	intrahepatic	bile	duct	spread,	involvement
of	the	main	trunk	of	the	portal	vein,	involvement	of	both	branches	of	the	portal	vein	or	bilateral	involvement	of
the	hepatic	artery	and	portal	vein,	or	a	combination	of	vascular	involvement	on	one	side	of	the	liver	with	extensive
bile	duct	 involvement	on	 the	other	side.47	With	vascular	replacement,	 it	may	be	possible	 to	resect	some	tumors
previously	considered	unresectable.

A	periportal	lymphadenopathy	is	not	a	contraindication,	and	resection	with	microscopic	positive	margins	(R1)
determined	after	resection	can	provide	significant	palliation.	A	lymphadenectomy	should	include	all	soft	tissue	in
the	porta	hepatis,	excluding	the	portal	vein	and	hepatic	artery.	The	common	hepatic	artery	nodes,	the	celiac	artery
nodes,	the	peripancreatic	nodes,	and	the	interaortocaval	lymph	nodes	should	be	assessed	because	dissection	may
be	indicated.	Adequate	staging	may	require	sampling	of	at	least	seven	nodes.74

Resectable	 disease	 is	 present	 in	 approximately	 one-third	 of	 patients	with	 suspected	 pCCA.	 In	 a	 series	 from
2001	 to	 2008,	 of	 118	 patients	 referred	 for	 surgery,	 51%	 were	 resectable	 and	 41%	 underwent	 R0	 resection.
Operative	mortality	averaged	about	8%75,130;	5-year	survival	rates	after	resection	have	ranged	from	10%	to	35%.
The	results	of	surgical	resection	highly	depend	on	whether	negative	resection	margins	are	achieved.58,76–78	Frozen
sections	are	used	to	evaluate	tumor	margins	at	the	time	of	surgery	and	to	guide	the	extent	of	resection.	However,
the	desmoplastic	nature	of	these	tumors	and	fibroinflammatory	changes	related	to	the	presence	of	a	biliary	stent
often	restricts	an	accurate	determination	of	the	presence	of	a	tumor	in	frozen	sections.

When	negative	margins	are	obtained,	median	survival	of	patients	with	a	 tumor-free	margin	 is	approximately
3.4	years	with	a	5-year	survival	rate	from	11%	to	43%.	However,	when	margins	are	positive,	median	survival	is	1
to	 1.2	 years,	 and	 5-year	 survival	 is	 almost	 zero.58,78	With	 positive	microscopic	margins,	 there	were	 no	 5-year
survivors	 in	one	 study.79	Other	 negative	 prognostic	 variables	 include	 tumor	 stage,	 nodal	 disease,	 tumor	 grade,
bilirubin	 concentration,	 serum	 albumin	 level,	 postoperative	 sepsis,	 and	 absence	 of	 mucobilia.78,80	 Recurrences
most	commonly	occur	locally	at	the	resection	bed	or	within	the	retroperitoneal	lymph	nodes.	Distant	metastases
occur	 in	 one-third	 of	 cases,	 most	 commonly	 within	 the	 lung,	 mediastinum,	 liver,	 or	 peritoneum.	 Improved
outcomes	seen	in	more	recent	series	may	reflect	increasing	use	of	routine	liver	resections.

There	are	no	established	guidelines	for	surveillance	and	follow-	up	after	surgical	resection.	There	is	high	risk	of
recurrence,	with	peritoneal	spread,	hepatic	metastases,	local	extrahepatic	recurrence,	and	distant	metastases	(most
commonly	lung).	Laboratory	and	radiologic	evaluations	every	3	months	for	the	first	2	years	after	surgery	and	at
longer	6-month	 intervals	 thereafter	 could	be	considered	based	on	 the	perceived	 risk.	The	 role	of	CA	19-9	as	 a
surveillance	 indicator	 is	 not	 established,	 but	 persistently	 rising	 levels	 may	 precede	 radiologic	 evidence	 of
recurrence.	 The	 role	 of	 CT	 scans	 or	 MRI	 for	 surveillance	 and	 detection	 of	 tumor	 recurrence	 has	 not	 been



evaluated	 in	 clinical	 trials.	 MRIs	 may	 be	 preferable	 to	 CT	 scans	 for	 surveillance	 because	 of	 the	 ability	 to
concomitantly	 visualize	 the	 biliary	 tract.	 In	 a	 recent	 study,	 PET/CT	 scans	 demonstrated	 a	 higher	 positive
predictive	 value	 compared	 to	CT	 scans	 alone	 (94%	 versus	 78%)	 for	 nodal	metastases	 and	 a	 higher	 sensitivity
(95%	 versus	 63%)	 for	 distant	 metastases.81	 Surgery	 is	 generally	 not	 indicated	 for	 recurrent	 CCA.	 Close
surveillance	and	early	diagnosis	of	recurrences	may	allow	for	eligibility	for	clinical	trials.

Adjuvant	Therapy.	Adjuvant	 therapy	for	patients	with	a	group	of	biliary	tract	cancers	 that	 included	pCCA	has
been	 evaluated	 in	 two	 randomized	 phase	 III	 studies	 that	 were	 discussed	 previously	 in	 the	 section	 on	 iCCA.
Subgroup	 analyses	 showed	 different	 response	 in	 pCCA	 compared	with	 iCCA.	The	 limitations	 of	 these	 studies
remains	the	heterogeneous	patient	population	composing	of	different	types	of	biliary	cancers.	A	recent	study	from
the	 Southwest	Oncology	Group	 (S0809)	 is	 noteworthy	 for	 its	 ability	 to	 accrue	 patients	 in	 a	multi-institutional
cooperative	group	setting	in	an	uncommon	cancer.	In	this	phase	II	study,	79	patients	with	resected	extrahepatic
cholangiocarinoma	and	gallbladder	carcinoma	received	3	months	of	adjuvant	capecitabine	and	gemcitabine	and	if
they	 did	 not	 progress,	 they	 received	 consolidative	 radiotherapy	 (54	 to	 59.4	 Gy	 to	 the	 operative	 bed)	 with
concurrent	capecitabine.	Treatment	was	 tolerated	satisfactorily,	and	 the	2-year	 survival	 rate	and	median	overall
survival	duration	were	65%	and	35	months,	respectively.	A	low	local	failure	rate	of	11%	at	2	years	and	the	lack	of
a	poor	prognostic	value	of	an	R1	resection	in	this	study	may	be	interpreted	as	suggestive	of	a	benefit	provided	by
adjuvant	therapy,	similar	to	that	inferred	from	prior	retrospective	analyses.	Nonetheless,	the	true	contribution	of
adjuvant	therapy	to	treatment	outcomes	will	need	to	be	confirmed	in	a	larger	randomized	trial.	The	execution	of
this	 trial	 in	 a	 strictly	 defined	 CCA	 cohort	 in	 a	 cooperative	 group	 setting,	 however,	 bolsters	 confidence	 in	 the
feasibility	of	conducting	a	randomized	study	in	the	future.

Palliative	Care.	 For	 unresectable	 tumors,	 palliation	 may	 be	 performed	 by	 percutaneous	 or	 endoscopic	 stent
placement	or	by	surgical	bypass.

Stent	Placement.	 The	 goal	 is	 to	 drain	 the	 most	 functional	 lobe	 of	 the	 liver	 with	 a	 stent	 that	 traverses	 the
malignant	obstruction	and	allows	for	internal	drainage.	Percutaneous	biliary	drainage	is	more	appropriate	for	the
drainage	of	 intrahepatic	ducts	and	may	be	 required	 for	access	 to	 these	ducts.	Both	 internal	and	external	biliary
drainage	are	possible.	Both	plastic	or	metallic	stents	may	be	used,	with	one	study	reporting	a	longer	survival	and
lower	complication	rates	with	the	latter.82	Biliary	catheters	may	exit	the	skin	and	remain	capped.	This	allows	for
irrigation	 and	 provides	 easy	 access	 for	 cholangiography	 and	 stent	 changes	 as	 needed.	 However,	 percutaneous
draining	catheters	may	decrease	quality	of	 life.	An	attempt	 should	be	made	 to	enable	 the	drainage	of	>50%	of
more	 of	 the	 liver	 volume,	 irrespective	 of	 whether	 one	 or	 more	 stents	 are	 used	 or	 one	 or	 more	 segments	 are
drained.	Imaging-based	volumetric	assessments	may	be	useful	to	determine	whether	drainage	will	be	adequate.	A
guided	approach	using	MRCP	may	be	beneficial	 to	 routine	bilateral	 stenting.	 If	bilateral	 stents	are	placed,	 they
may	be	used	side	by	side	or	by	contralateral	stenting	 through	 the	mesh	of	 the	first	stent	 (stent	 in	stent).	Plastic
stents	 typically	 clog	within	2	 to	6	months,	whereas	metal	 stents	 last	 longer,	up	 to	8	 to	10	months.	Endoscopic
metallic	stenting	should	be	performed	by	an	experienced	biliary	endoscopist.	Catheter	 tract	 recurrence	 is	a	 rare
complication	 of	 PTC-placed	 stents	 and	was	 reported	 in	 6	 of	 441	 patients	 (2.6%)	who	 underwent	 percutaneous
biliary	 drainage	 for	 pCCAs.	 Patients	 with	 catheter	 tract	 recurrence	 had	 a	 lower	 survival	 than	 those	 without
recurrence	(17.5	versus	23.0	months,	P	=	.089).

Surgery.	Surgical	approaches	have	not	been	shown	to	be	superior	to	percutaneous	or	endoscopic	biliary	drainage.
A	surgical	bypass	may	avoid	the	need	for	long-term	biliary	tube	placement,	and	its	associated	morbidity,	such	as
cholangitis,	occlusion,	and	need	for	frequent	replacement.	The	disadvantage	of	surgical	bypass	for	palliation	is	the
morbidity	associated	with	 the	procedure	when	there	 is	 limited	overall	 life	expectancy.	 If	advanced	unresectable
disease	is	encountered	at	the	time	of	a	laparotomy	for	presumed	resectable	tumors,	a	bypass	could	be	performed
for	 palliation	 to	 avoid	 the	 need	 for	 another	 procedure.	 A	 surgical	 bypass	 for	 pCCA	 involving	 a	 bypass	 to
intraparenchymal	 ducts	 using	 a	 defunctionalized	 limb	 of	 jejunum	 can	 be	 technically	 challenging	 but	 quite
effective	for	palliation.	A	surgical	biliary	enteric	bypass	to	segment	III	(Bismuth–Corlette	cholangiojejunostomy),
where	 the	 bile	 duct	 is	 accessed	 through	 the	 liver	 parenchyma	 anteriorly,	 avoids	 the	 hilar	 region	 that	 may	 be
involved	with	the	tumor.83	A	bypass	to	right-sided	ducts	may	be	challenging.	The	right	lobe	could	be	drained	by	a
bypass	to	the	anterior	sectoral	bile	duct.	Surgical	implantation	of	large	bore	tubes	through	the	tumor	has	been	used
in	the	past	but	is	rarely	employed	now.
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Photodynamic	Therapy.	Photodynamic	therapy	with	stenting	has	shown	to	improve	survival,	reduce	cholestasis,
and	 improve	 quality	 of	 life	 compared	 to	 stenting	 alone	 in	 a	 randomized	 study.84,85	 In	 a	 small,	 multicentered,
randomized	 controlled	 trial	 of	 39	 patients,	 patients	 who	 received	 photodynamic	 therapy	 with	 biliary	 stenting
survived	493	days	compared	with	98	days	for	 those	treated	with	stenting	alone.82	 In	a	 recently	published	meta-
analysis	of	six	studies,	170	patients	received	photodynamic	therapy	and	were	compared	with	157	who	had	biliary
stenting	alone.86	There	were	statistical	improvements	in	patient	survival	and	performance	status,	and	a	trend	in	the
decline	of	serum	bilirubin	was	significantly	improved,	and	the	risk	of	biliary	sepsis	was	similar	(15%).	These	data
also	suggest	a	possible	role	for	photodynamic	therapy	in	these	patients.

Radiation	Therapy.	There	are	very	few	data	regarding	the	efficacy	of	the	use	of	radiation	therapy	either	alone	or
in	 combination	 with	 other	 techniques	 for	 advanced	 stage	 disease,	 either	 unresectable	 or	 resected	 with	 gross
residual	tumor.	Most	of	the	reported	series	are	small,	and	no	randomized	comparisons	exist.	Long-term	survivors
have	been	rarely	described.

External-beam	irradiation	was	successful	in	clearing	jaundice	in	10	of	11	patients	in	a	recent	report;	no	other
decompressive	measures	were	used.87	Brachytherapy	has	been	applied	through	percutaneous	tubes,	with	a	median
survival	of	23	months.88	The	combination	of	surgery	and	radiotherapy	was	reported	to	provide	a	median	survival
of	 14	 months	 in	 unresectable	 or	 recurrent	 disease.89	 However,	 other	 series	 have	 reported	 no	 benefit	 with
radiation.90	 Stereotactic	 body	 radiotherapy	 (SBRT)	 may	 have	 some	 efficacy	 but	 has	 the	 potential	 for	 severe
toxicity.	In	a	study	of	27	patients	(26	with	pCCA	and	1	with	iCCA),	of	whom	18	were	treated	on	a	prospective
phase	II	trial	and	received	45	Gy	in	three	fractions	over	5	to	8	days,91	the	median	overall	survival	was	10.6	months
and	the	 local	control	at	1	year	was	84%	with	a	median	follow-up	of	5.4	years.	A	total	of	6	patients	had	severe
duodenal	 or	 pyloric	 ulceration,	 and	3	 patients	 developed	duodenal	 stenosis.	 Interestingly,	 no	 such	 toxicity	was
observed	in	another	group	of	13	patients	with	Klatskin	tumors.92	Of	these,	8	received	48	Gy	in	four	fractions	and
the	others	received	a	range	of	doses	(32	to	56	Gy	in	3	to	4	Gy	per	fraction),	and	median	survival	was	33.5	months.
Recognizing	the	limitations	of	conventional	doses	of	chemoradiation	and	the	potential	for	significant	toxicity	with
stereotactic	treatments,	the	evolving	paradigm	is	to	escalate	the	dose	of	radiation	for	inoperable	iCCA	and	pCCA
over	about	15	to	25	fractions	to	deliver	a	biologically	equivalent	dose	of	over	80	Gy	using	daily	image	guidance,
respiratory	control,	and	 the	creation	of	a	planning	 risk	volume	around	critical	adjacent	gastrointestinal	mucosal
structures	 that	 does	 not	 overlap	 the	 gross	 tumor	 volume.	 If	 a	 sufficiently	 high	 dose	 of	 radiation	 can	 be
administered	this	way	(with	photons	or	protons)	while	respecting	normal	tissue	constraints,	there	is	the	potential
for	excellent	and	durable	local	control	(73%	at	3	years)	and	overall	survival	(73%	at	3	years).	Nonetheless,	as	no
formal	comparative	studies	have	been	performed,	conventional	chemoradiation	doses	would	be	expected	to	result
in	a	median	survival	of	1	year,	which	appears	to	be	superior	to	3	months	with	chemotherapy	or	6	months	with	best
supportive	care	alone.

Other	 Approaches.	 Endobiliary	 RFA	 may	 potentially	 provide	 benefits	 that	 are	 similar	 to	 the	 use	 of
photodynamic	 therapy	 for	 palliation	 of	 malignant	 ductal	 obstruction,	 but	 the	 experience	 with	 this	 has	 been
limited.93	 EUS-guided	 biliary	 drainage	 through	 a	 transgastric	 approach	 is	 technically	 feasible	 but	 has	 high
complication	rates,	such	as	bile	leakage	and	peritonitis	(20%)	even	in	experienced	hands.94–96

Systemic	Therapy.	As	described	 earlier,	 based	on	 the	UK-ABC-02	data,	 gemcitabine	 and	 cisplatin	 should	be
regarded	 as	 the	 standard	 of	 care	 for	 patients	 with	 perihilar	 CCA	 with	 unresectable	 disease.	 Therapies	 in	 the
second-line	setting	and	beyond	continue	to	evolve,	and	no	standard	exists.	Similarly,	molecular	profiling	of	these
cancers	 may	 eventually	 allow	 for	 the	 individualized	 treatment	 of	 patients	 based	 on	 single-agent/combination
therapy	based	on	perturbation	of	targeted	pathways.

Distal	Cholangiocarcinoma
dCCAs	are	cancers	arising	from	the	extrahepatic	common	hepatic	duct	between	the	junction	of	the	cystic	duct	and
the	papilla	but	not	involving	either	the	cystic	duct	or	the	ampulla	of	Vater.

There	is	heterogeneity	of	cancers	that	arise	from	the	extrahepatic	bile	duct.	Other	cancers	that	arise	from	the
extrahepatic	 ducts	 but	 are	 considered	 separately	 from	dCCAs	 include	 tumors	 at	 the	 liver	 hilum	or	 cystic	 duct.
Cancers	arising	at	the	hilum	are	considered	separately	as	pCCAs,	whereas	those	arising	within	the	cystic	duct	are
considered	along	with	other	GBCs.



Diagnosis
The	typical	presentation	of	dCCAs	is	with	obstructive	jaundice.	In	the	case	of	tumors	arising	below	the	insertion
of	the	cystic	duct,	the	gallbladder	may	be	palpable.	The	presentation	is	similar	to	that	of	pCCAs	or	cancers	arising
from	the	head	of	the	pancreas.	Patients	may	present	with	jaundice	associated	with	pruritus,	weight	loss,	fever,	and
occasionally	with	abdominal	pain.	Cholangitis	may	occur	but	is	rare	as	a	presenting	symptom	in	the	absence	of
prior	interventions	directed	toward	the	biliary	tract	such	as	cannulation	or	stent	placement.	Bile	is	sterile	but	can
serve	 as	 a	 medium	 for	 bacterial	 growth	 and	 can	 become	 contaminated	 with	 instrumentation.	 Patients	 with
cholangitis	may	present	with	 fever,	abdominal	pain,	nausea,	vomiting,	and	 rigors.	Bacteremia	with	biliary	 tract
flora	 such	 as	 Escherichia	 coli,	 Klebsiella,	 Proteus,	 Pseudomonas	 aeruginosa,	 Serratia,	 Streptococcus,	 and
Enterobacter	may	be	present.

The	presence	of	obstructive	 jaundice	 is	an	 indication	 for	 further	diagnostic	 testing	 to	evaluate	 for	malignant
obstruction	resulting	from	tumors	of	the	bile	ducts.

Laboratory	 tests	 suggest	 extrahepatic	 biliary	 obstruction	 with	 elevations	 in	 serum	 bilirubin,	 alkaline
phosphatase,	and	γ-glutamyltransferase	levels.	Transaminase	levels	may	be	elevated	but	typically	to	a	lesser	level.

Tumor	markers	may	not	be	very	helpful.	CA	19-9	has	low	accuracy	for	diagnosis	because	the	levels	may	be
increased	in	the	presence	of	pancreatic	cancer,	or	in	the	presence	of	cholangitis	or	biliary	obstruction	from	other
causes.	 In	 patients	with	 PSC,	 a	 cutoff	 of	 100	 IU	 has	 a	 sensitivity	 of	 89%	 and	 specificity	 of	 86%	 for	CCA	 in
PSC.97	 The	King’s	 College	 group	 index	 that	 incorporates	 both	 CEA	 and	CA	 19-9	 values	 has	 attained	 similar
sensitivities	for	cancer	arising	in	patients	with	PSC.	Bile	CEA	levels	are	reportedly	elevated	in	CCA	but	not	 in
benign	diseases,	other	than	intrahepatic	stones.

Evaluation	involves	abdominal	US,	and	body	imaging	with	CT	scans	or	MRI,	as	well	as	biliary	tract	imaging
with	ERCP.	US	is	cheap,	noninvasive,	and	is	the	best	initial	test	for	the	detection	of	biliary	stones	or	for	ductal
dilation	that	can	occur	with	longstanding	obstruction.	Abdominal	imaging	with	either	a	CT	scan	or	MRI	should	be
obtained	for	the	patient	with	painless	jaundice	in	whom	malignancy	is	suspected.	The	advantage	of	MRI	is	that	an
MRCP	could	 also	be	performed	at	 the	 same	 time.	Although	a	CT	 scan	 can	 identify	mass	 lesions,	 an	ERCP	or
MRCP	may	be	needed	to	evaluate	for	the	site	and	nature	of	biliary	obstruction	if	no	mass	lesions	are	noted.

In	patients	without	PSC	and	with	no	visible	mass	lesions,	the	presence	of	a	single	stricture	by	ERCP	indicates	a
malignancy.	 In	patients	with	PSC,	a	malignancy	may	be	associated	with	 the	deterioration	of	clinical	 status	and
liver	 function	 tests.	 However,	 dCCAs	 may	 also	 present	 in	 these	 patients	 without	 any	 change	 in	 liver
biochemistries.	There	are	no	data	to	determine	the	efficacy,	timing,	or	effectiveness	of	screening	and	surveillance
for	 a	 malignancy	 in	 patients	 with	 PSC,	 although	 this	 is	 often	 done	 in	 clinical	 practice	 using	 CT	 scans	 or	 an
MRI/MRCP,	with	CA	19-9.	The	diagnosis	of	malignancy	in	patients	who	have	a	biliary	tract	stricture	can	be	very
difficult.	Because	of	 the	dense	associated	stroma,	well-differentiated	cancers	with	 little	 invasion	are	difficult	 to
differentiate	 from	 the	 bile	 duct	 that	 has	 a	 fibrotic	 scar	 or	 stricture	 from	PSC	or	 other	 prior	 biliary	 injury.	The
presence	 of	 malignant-appearing	 cells	 within	 nerve	 sheaths	 (perineural	 invasion)	 is	 an	 important	 diagnostic
criterion	of	malignancy	that	is	not	present	in	a	benign	stricturing	disease	such	as	PSC.

The	 differential	 diagnosis	 includes	 any	 cause	 of	 painless	 obstructive	 jaundice	 such	 as	 choledocholithiasis,
pCCA,	 or	 pancreatic	 cancer.	 As	 with	 pCCA,	 dCCAs	 must	 be	 differentiated	 from	 benign	 fibroinflammatory
strictures	 such	 as	 from	 immunoglobulin	 G4	 (IgG4)	 cholangiopathy	 or	 sclerosing	 cholangitis.	 The	 former	 can
occur	 in	 the	 extrahepatic	 and	 intrahepatic	 ducts	 and	 is	 diagnosed	 by	 an	 elevated	 IgG4	 in	 the	 serum	 or	 by	 an
increased	number	of	 IgG4-positive	cells	 in	 tissue	 samples.	The	 failure	 to	consider	 these	diagnoses	may	 lead	 to
inappropriate	 therapies,	 such	 as	 long-term	 stenting	 or	 hepatic	 resection,	 and	 these	 strictures	 may	 respond	 to
corticosteroids.

Cancers	 of	 the	 lower	 bile	 ducts	 may	 not	 be	 readily	 distinguished	 from	 ampullary,	 duodenal,	 or	 pancreatic
cancers.	Although	all	of	 these	cancers	present	 in	a	similar	manner	 to	dCCA,	establishing	a	diagnosis	 is	helpful
because	dCCAs	are	 less	 likely	 to	metastasize	widely	and	may	have	a	more	 favorable	outcome	with	aggressive
treatment.

Staging
The	AJCC’s	TNM	system	may	be	used	for	staging	dCCAs	(Table	58.3).3	In	order	to	determine	resectability	of	the
tumor,	staging	is	necessary	to	identify	the	extent	of	tumor	spread	and	the	relationship	to	portal	vein	and	superior
mesenteric	artery.	EUS	with	FNA	may	be	useful	 in	determining	the	extent	of	 tumor	spread	and	involvement	of
local	lymph	nodes.98	Although	PET	scanning	for	staging	has	been	proposed,	the	benefit	has	not	yet	been	shown.99
A	 staging	 laparoscopy	 with	 or	 without	 US	 may	 enable	 the	 direct	 visualization	 of	 the	 peritoneal	 surfaces	 for
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metastatic	 implants	 as	 well	 as	 detect	 vascular	 or	 nodal	 invasion,	 any	 of	 which	 would	 preclude	 resection	 for
cure.73,100	The	depth	of	invasion	strongly	predicts	overall	survival,	and	stratification	by	depth	is	now	included	in
the	AJCC	TNM	classification.101

TABLE	58.3
American	Joint	Committee	on	Cancer	Tumor,	Node,	Metastasis	Staging	System	for	Distal
Cholangiocarcinoma

Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ/high-grade	dysplasia

T1 Tumor	invades	the	bile	duct	with	a	depth	<5	mm

T2 Tumor	invades	the	bile	duct	with	a	depth	of	5–12	mm

T3 Tumor	invades	the	bile	duct	wall	with	a	depth	>12	mm

T4 Tumor	involves	the	celiac	axis,	superior	mesenteric	artery,	and/or	common	hepatic	artery

Regional	Lymph	Nodes	(N)
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	one	to	three	regional	lymph	nodes

N2 Metastasis	in	four	or	more	regional	lymph	nodes

Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis

Anatomic	Stage/Prognostic	Groups
Stage	0 Tis N0 M0

Stage	I T1 N0 M0

Stage	IIA T1 N1 M0

Stage	IIA T2 N0 M0

Stage	IIB

T3 N0 M0

T2 N1 M0

T3 N1 M0

Stage	IIIA

T1 N2 M0

T2 N2 M0

T3 N2 M0

Stage	IIIB

T4 N0 M0

T4 N1 M0

T4 N2 M0

Stage	IV Any	T Any	N M1
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Management
An	approach	to	the	evaluation	and	management	of	the	patient	with	suspected	dCCA	is	presented	in	Figure	58.4.

Biliary	 Decompression.	 If	 the	 distal	 ducts	 are	 dilated	 and	 extending	 into	 the	 lower	 common	 bile	 duct,
therapeutic	 decompression	 by	 ERCP	 or	 percutaneous	 stenting	 could	 be	 performed	 at	 the	 time	 of	 the	 initial
evaluation.	We	recommend	obtaining	brushings	at	ERCP	even	if	no	masses	have	been	seen	on	abdominal	imaging
studies.



Surgery.	Surgical	resection	can	be	considered	for	locally	confined	dCCA	without	major	vascular	involvement	or
distant	 metastases.	 An	 intraoperative	 assessment	 with	 the	 help	 of	 the	 pathologist	 must	 dictate	 the	 extent	 of
resection.	 For	 localized	 dCCAs,	 a	 pancreaticoduodenectomy	with	 resection	 of	 the	 extrahepatic	 bile	 duct	 to	 the
level	 of	 the	 confluence	 may	 be	 required.	 Although	 dCCAs	 often	 involve	 the	 intrapancreatic	 portion	 of	 the
common	hepatic	duct,	on	rare	occasions,	the	tumor	may	be	confined	to	a	small	region	of	the	duct	and	removed	by
an	extrahepatic	bile	duct	resection	without	a	pancreaticoduodenectomy.	The	peripancreatic	and	periportal	lymph
nodes	should	be	removed	and	examined,	along	with	the	interaortocaval	lymph	nodes,	if	necessary.

Figure	58.4	Algorithm	for	the	management	of	distal	cholangiocarcinoma.	Asterisk	indicates	need
to	consider	genomic	profiling.

Although	the	incidence	of	dCCAs	is	lower	than	that	of	pCCAs,	the	resectability	rate	of	dCCAs	is	much	higher
than	 that	of	pCCAs,	which	may	contribute	 to	 improved	outcomes.	A	pancreaticoduodenectomy	with	distal	bile
duct	resection	has	a	reasonable	chance	of	providing	a	margin-negative	resection	for	dCCAs.	There	is	considerable
morbidity	and	a	mortality	rate	from	2%	to	10%.	Morbidity	can	arise	from	biliary	fistulas	in	about	2%	of	patients
or	 a	 fistula	 from	 the	pancreatic–jejunal	 anastomosis	 in	5%	 to	10%	of	patients.	Although	many	patients	 require
pancreatic	enzyme	replacement	after	this	procedure,	few	develop	diabetes.	Short-term	outcomes	and/or	quality	of
life	 are	 similar	 between	 the	 pylorus-preserving	 and	 standard	 types	 of	 pancreaticoduodenectomy.	 Extensive	 en
bloc–combined	 hepatic	 and	 pancreatic	 resections	 could	 be	 considered	 in	 the	 rare	 circumstance	 that	 there	 is
extensive	 involvement	 of	 the	 entire	 bile	 duct	 without	 any	 evidence	 of	 distant	 spread.	 The	 morbidity	 of	 such
extensive	surgery	is	very	high,	and	the	overall	prognosis	is	poor.	The	5-year	survival	rates	after	an	R0	resection	is
27%,	 with	 a	 median	 survival	 time	 of	 25	 months.	 The	 expected	 5-year	 survival	 is	 between	 23%	 and	 50%.
Prognostic	factors	for	poor	survival	include	high	p53	expression,	nodal	metastases,	positive	margins,	pancreatic
invasion,	and	perineural	invasion.102,103

There	 are	 no	 established	 guidelines	 for	 surveillance	 and	 follow-	 up	 after	 surgical	 resection.	 Laboratory	 and
radiologic	 surveillance	 modalities	 and	 intervals	 will	 be	 determined	 on	 perceived	 risk	 on	 an	 individual	 basis.
Tumor	recurrence	may	occur	locally	within	the	peritoneum	or	local	nodes	or	with	distant	metastases.

Adjuvant	Therapy.	Adjuvant	chemotherapy	for	biliary	tract	cancers	that	 included	dCCA	has	been	evaluated	as
discussed	 previously	 in	 the	 section	 on	 iCCA.33,34	 Postoperative	 adjuvant	 radiotherapy	 can	 be	 administered	 by
intraoperative	 radiotherapy	 (IORT)	 or	 EBRT.	 EBRT	 is	 widely	 available,	 noninvasive,	 and	 can	 deliver	 a
homogeneous	dose	to	a	large	volume.	In	most	series,	EBRT	has	been	used	to	deliver	a	dose	of	45	to	50	Gy	(at
1.80	Gy	per	day)	to	the	tumor	bed	and	draining	lymph	node	basin.	In	some	series,	a	smaller	volume	(i.e.,	a	boost)
was	treated	with	additional	EBRT.	Most	commonly,	radiotherapy	is	administered	in	a	continuous	course	during	5
to	6	weeks.	However,	the	role	of	radiotherapy	from	an	efficacy	standpoint	remains	to	be	definitively	ascertained.
Similarly,	as	described	earlier,	 the	role	of	chemotherapy	remains	an	area	of	active	investigation	in	patients	with
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biliary	cancers.

Palliative	 Care.	 For	 unresectable	 dCCA,	 palliation	 by	 stenting	 for	 biliary	 decompression	 by	 itself	 or	 in
combination	with	chemotherapy	may	be	considered.	Plastic	or	metal	stent	placement	can	be	performed	at	the	time
of	ERCP	or	PTC,	as	well	as	an	 internal	or	external	drainage.	 In	general,	 replaceable	plastic	 stents	are	used	 for
those	with	a	life	expectancy	of	<6	months	and	metal	stents	are	used	for	those	with	a	longer	life	expectancy,	based
on	results	of	a	randomized	controlled	trial.104	Plastic	stents	need	to	be	replaced	every	3	months	for	best	results	and
to	minimize	cholangitis.	This	requires	repeated	endoscopy	procedures.	Metal	expandable	stents	remain	patent	for
a	longer	time	and	are	associated	with	less	cholangitis,	but	they	cannot	be	readily	removed.	Tumor	advancement
may	lead	to	a	complete	stent	occlusion.

A	randomized	 trial	of	surgical	bypass	versus	endoscopic	 intubation	 favored	 the	 latter.105	Unresectability	can
often	be	determined	preoperatively,	but	if	unresectability	is	determined	only	at	the	time	of	an	open	exploration,	a
palliative	 bypass	 for	 biliary	 decompression	 and	 jejunal	 bypass	 may	 be	 performed.	 A	 surgical	 bypass	 to	 the
common	bile	duct	does	involve	the	morbidity	associated	with	laparotomy	and	bowel	anastomosis.	A	laparoscopic
bypass	 of	 a	 distal	 bile	 duct	 obstruction	 can	 be	 performed,	 usually	with	 a	 cholecystojejunostomy.	 This	will	 be
unsuccessful	if	the	common	bile	duct	at	the	level	of	the	cystic	duct	is	involved	with	the	tumor.

The	efficacy	of	 radiation	 therapy	 for	advanced	unresectable	disease	has	never	been	evaluated	 in	prospective
randomized	trials.	Radiation	therapy	can	result	in	biliary	tract	and	intestinal	complications.	The	available	data	is
based	on	small	retrospective	reviews	with	heterogeneous	patient	populations	that	have	been	treated	with	a	wide
variety	of	modalities	and	techniques.	Evolving	evidence	from	small	series	suggests	that	higher	doses	of	radiation
therapy	may	be	associated	with	more	durable	 local	responses	and	possibly	better	overall	survival.	As	described
earlier,	based	on	the	UK-ABC-02	data,	gemcitabine	and	cisplatin	should	be	regarded	as	the	standard	of	care	for
patients	with	dCCA.	Although	fluoropyrimidine-based	therapies	have	shown	evidence	of	preliminary	efficacy,	the
role	 of	 subsequent	 lines	 of	 systemic	 chemotherapy	 remains	 to	 be	 definitively	 defined.	 Similarly,	 molecular
profiling	 of	 these	 cancers	 may	 eventually	 result	 in	 a	 paradigm	 shift,	 allowing	 for	 individualized	 treatment	 of
patients	based	on	single-agent/combination	therapy	predicated	on	the	perturbation	of	aberrant	pathways.

GALLBLADDER	CANCER
Incidence	and	Etiology
GBCs	 are	 cancers	 that	 arise	 from	 the	 gallbladder	mucosa.	 GBC	 is	 the	 fifth	most	 common	malignancy	 of	 the
gastrointestinal	tract.	The	incidence	of	GBC	correlates	with	the	prevalence	of	cholelithiasis.	GBC	affects	women
three	 to	 four	 times	more	 often	 than	men	 and	 is	more	 common	 in	Caucasians	 than	 in	African	Americans.	 The
incidence	of	GBC	 increases	with	 age,	with	 the	greatest	 incidence	 in	persons	aged	65	years	or	older.	However,
there	have	been	 isolated	reports	of	GBC	diagnosed	in	children.106	GBC	 incidence	 in	 the	United	States,	Britain,
and	Canada	has	 stabilized	or	declined.	These	 changes	have	occurred	 coincident	with	 the	 rise	 in	 the	number	of
laparoscopic	cholecystectomies.107

Geographic	Variation
The	 incidence	of	GBC	varies	 considerably	with	geographic	 location.108	 In	 the	United	States,	GBC	 is	 the	most
common	 cancer	 of	 the	 biliary	 tract	 but	 is	 a	 rare	 cancer	with	 an	 incidence	 of	 1	 to	 2	 per	 100,000.	 The	 highest
incidence	of	GBC	occurs	in	Chileans	and	Bolivians.109	Mortality	from	GBC	in	Chile	is	5.2%,	the	highest	in	the
world.109

Ethnicity
There	 are	 considerable	 ethnic	 differences	 in	 the	 incidence	 of	 GBC.	 In	 contrast	 to	 the	 general	 population,	 the
incidence	of	GBC	is	much	higher	in	Native	Americans	in	the	southwest	United	States	and	in	Mexican	Americans.
In	Mexico,	the	highest	incidence	of	GBC	is	in	mestizos	(i.e.,	people	of	mixed	ancestry).	The	incidence	of	GBC	in
Spain,	Cuba,	and	Puerto	Rico	is	low,	suggesting	that	the	geographic	and	ethnic	variations	noted	in	GBC	incidence
in	 North	 and	 South	 America	 may	 be	 related	 to	 Native	 American	 rather	 than	 Spanish	 heritage.	 In	 Bolivia,
differences	are	related	to	tribal	origin.



Risk	Factors
Established	 risk	 factors	 include	 gallstone	 disease,	 bile	 composition,	 calcification	 of	 the	 gallbladder	 wall,
congenital	biliary	cysts	or	ductal	anatomy,	some	infections,	environmental	carcinogens,	and	drugs.	Some	of	 the
noted	geographic	differences	may	reflect	genetic	differences.	Although	gallstone	disease	is	associated	with	GBC,
the	mechanisms	predisposing	to	this	increased	risk	are	not	known.	Cholecystolithiasis	is	present	in	70%	to	90%	of
patients	with	GBC,	and	the	incidence	of	GBC	in	patients	with	cholecystolithiasis	ranges	from	0.5%	to	3%.	The
risk	of	GBC	was	increased	in	a	prospective	cohort	study	of	patients	with	gallstones,	although	the	incidence	(9	per
10,000	per	person-years)	and	 the	absolute	number	of	cases	of	GBC	(5	of	2,583	people)	 in	 this	population	was
low.110	The	duration	of	gallstone	disease,	the	patient	age,	the	size	of	gallstones,	and	possible	carcinogenic	effects
of	gallstones,	such	as	from	the	chemical	composition	or	bacteria	within	the	stones,	may	be	important;	although,	in
one	study,	patients	with	cancers	did	not	have	larger	stones	or	were	their	stones	of	higher	cholesterol	content.

Although	familial	clusters	of	GBC	have	been	reported,	an	inherited	predisposition	has	not	been	found	in	large
series.111

A	 comprehensive	 genome	 analysis	 of	 239	 biliary	 tract	 tumors	 showed	 that	 GBCs	 had	 significantly	 more
mutations	than	intra-	or	extrahepatic	bile	duct	cancers	(n	=	64;	versus	39	and	35,	respectively;	P	<	.001).	GBCs
were	 characterized	 by	EGFR	 and	ERBB3	 genetic	 alteration,	 whereas	KRAS	 mutations	were	more	 prevalent	 in
CCAs.	FGFR2	fusion	genes	were	identified	in	iCCA	exclusively	(5.5%).112

There	 is	a	high	 incidence	of	GBC	 in	patients	with	an	APBJ,	and	 this	 risk	 is	 independent	of	 the	presence	of
gallstones.	Studies	from	Japan	have	linked	APBJ	to	other	biliary	tract	cancers	as	well	as	GBC.113	About	2%	of
Japanese	patients	examined	had	APBJ,	with	about	75%	of	these	cases	associated	with	a	choledochal	cyst	and	duct
dilation.	The	rest	were	noted	to	have	normal	caliber	bile	ducts.113	Patients	with	APBJ	get	cancer	at	a	younger	age
than	patients	with	sporadic	GBC.	Children	with	APBJ	frequently	have	epithelial	hyperplasia	of	the	gallbladder.114

GBC	has	been	associated	with	partial	or	complete	calcification	of	the	gallbladder	wall	(porcelain	gallbladder).
The	association	is	controversial,	with	some	studies	reporting	an	incidence	up	to	25%,	and	other	studies	disputing
the	association.115
Salmonella	 typhi	 carriage	 has	 been	 associated	 with	 GBC.	 Typhoid	 carriers	 may	 also	 suffer	 chronic

inflammation	of	 the	gallbladder	 and	have	a	 sixfold	higher	 risk	of	GBC.116	Helicobacter	 bilis	 and	Helicobacter
pylori	have	been	 identified	 in	bile	specimens	and	have	been	demonstrated	 to	 increase	 the	 risk	of	carcinoma	by
about	sixfold.117

Exposure	 to	 toxic	 environmental	 factors	 in	 the	 automotive,	 rubber,	 textile,	 and	 metal	 industries	 have	 been
associated	 with	 GBC.108,118	 Chemicals	 implicated	 in	 gallbladder	 carcinogenesis	 include	 methyldopa,	 oral
contraceptives,	and	isoniazid.

An	elevated	body	mass	 index	has	been	associated	with	GBC.	Although	many	cohort	 studies	have	 identified
obesity	as	a	 risk	 factor	 for	GBC,	 this	parallels	 the	 risk	 for	gallstone	disease.	Other	 rare	associations	with	GBC
include	previous	gastric	surgery,	inflammatory	bowel	disease,	and	polyposis	coli.

Pathology
A	total	of	60%	of	GBCs	occur	in	the	fundus,	30%	occur	in	the	body,	and	10%	occur	in	the	neck	of	the	gallbladder.
Tumors	that	arise	in	the	neck	and	the	Hartman	pouch	may	infiltrate	the	cystic	and	common	bile	duct,	making	them
clinically	 and	 radiographically	 indistinguishable	 from	 pCCAs.	 They	 may	 be	 isolated	 tumors	 or	 involve	 the
gallbladder	through	intramural	spread	analogous	to	linitis	plastica	of	the	stomach.	GBC	can	spread	early	by	direct
extension	 into	 the	 liver	 and	 other	 adjacent	 organs.	 This	 cancer	 also	 has	 a	 propensity	 to	 seed	 and	 grow	 in	 the
peritoneal	cavity,	and	along	needle	biopsy	sites	and	in	laparoscopic	port	sites.	At	autopsy,	GBC	patients	have	a
91%	to	94%	incidence	of	lymphatic	metastasis,	65%	to	82%	have	an	incidence	of	hematogenous	metastasis,	and
60%	have	an	incidence	of	peritoneal	spread.119,120	Hematogenous	metastasis	tends	to	be	from	invasion	into	small
veins	 that	 extend	 directly	 from	 the	 gallbladder	 into	 the	 portal	 venous	 system,	 leading	 to	 hepatic	metastases	 in
segments	 IV	and	V	of	 the	 liver.	There	 is	a	high	propensity	 for	 intra-abdominal	 recurrence	after	 resection,	with
distant	metastasis	occurring	late	in	the	course.	The	only	common	extra-abdominal	site	of	metastasis	is	the	lung.	It
is	rare,	however,	to	have	metastasis	to	the	lung	in	the	absence	of	advanced	local–regional	disease.

GBC	 can	 be	 categorized	 into	 infiltrative,	 nodular,	 and	 papillary	 forms.	 The	 infiltrative	 tumors	 are	 the	most
common	form	and	cause	 thickening	and	 induration	of	 the	gallbladder	wall,	 sometimes	extending	 to	 involve	 the
entire	gallbladder.	These	tumors	spread	in	a	subserosal	plane.	Tumor	seeding	into	the	peritoneal	cavity	can	occur
if	 the	 subserosal	 plane	 is	 violated	 during,	 and	 the	 presence	 of	 the	 tumor	 is	 not	 recognized	 at	 the	 time	 of,
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cholecystectomy.	 Advanced	 tumors	 can	 invade	 the	 liver	 and	 can	 result	 in	 a	 thick	 wall	 of	 tumor	 encasing	 the
gallbladder.	Nodular	or	mass-forming	GBCs	can	show	early	invasion	through	the	gallbladder	wall	into	the	liver	or
neighboring	structures.	Despite	this	invasiveness,	it	may	be	easier	to	control	surgically	than	the	infiltrative	form,
where	the	margins	are	less	defined.	Papillary	carcinomas	exhibit	a	polypoid	or	cauliflower-like	appearance	and	fill
the	lumen	of	the	gallbladder	with	only	minimal	invasion	of	the	gallbladder	wall.	The	prognosis	of	these	tumors	is
better	than	other	forms	of	GBC.

Most	malignant	neoplasms	of	the	gallbladder	are	adenocarcinomas.	Primary	malignant	mesenchymal	tumors	of
the	 gallbladder	 have	 been	 described,	 including	 embryonal	 rhabdomyosarcoma,	 leiomyosarcoma,	 malignant
fibrous	histiocytoma,	angiosarcoma,	and	Kaposi	 sarcoma.	Other	primary	 rare	 tumors	of	 the	gallbladder	 include
carcinosarcomas,	 carcinoids,	 lymphomas,	 and	 melanomas.	 In	 addition,	 the	 gallbladder	 can	 be	 involved	 with
metastatic	 cancers	 from	 numerous	 sites.	 Many	 tumors	 exhibit	 more	 than	 one	 histologic	 pattern.	 The	 only
histologic	 type	 with	 clear	 prognostic	 significance	 is	 the	 papillary	 adenocarcinoma,	 which	 has	 a	 markedly
improved	 survival	 compared	 with	 all	 other	 histologic	 types.	 There	 is	 also	 evidence	 to	 suggest	 that	 oat	 cell
carcinomas,	adenosquamous	tumors,	and	carcinosarcomas	have	a	poorer	survival	rate.121

Cancers	arising	from	gallbladder	mucosa	behave	similar	to	other	adenocarcinomas	of	the	gastrointestinal	tract.
Premalignant	 to	 invasive	malignant	 changes	 can	be	 found,	metastatic	 spread	occurs	by	 lymphatic	 and	vascular
routes,	 the	diagnosis	 is	often	delayed,	and	survival	 is	 related	 to	 the	stage.	 Interestingly,	at	 the	population	 level,
mortality	 is	 also	 inversely	 related	 to	 cholecystectomy	 rates.	GBC	originates	 as	mucosal	 lesions	 and,	 as	 growth
progresses,	 the	 tumor	 invades	 the	wall	of	 the	gallbladder.	The	 lack	of	 a	well-defined	muscularis	 leads	 to	 early
entry	of	invasive	GBC	into	the	perimuscular	connective	tissue.	Lymphatic,	neural,	and	hematogenous	invasions
occur	earlier	with	GBC	than	with	other	cancers	of	the	gut.

Adenocarcinomas	 progress	 from	metaplasia–dysplasia	 to	 carcinoma	 in	 situ	 to	 cancer.	Chronic	 inflammation
may	play	a	role	in	the	development	of	premalignant	lesions.122	Two	types	of	metaplasia—intestinal	and	squamous
—have	been	found	in	patients	with	GBC.	The	relation	of	intestinal	metaplasia	to	the	subsequent	development	of
GBC	 has	 not	 been	 determined.	 Squamous	 metaplasia,	 in	 which	 squamous	 epithelium	 replaces	 the	 normal
gallbladder	 epithelium,	 is	 a	 rare	 premalignant	 lesion	 associated	 with	 squamous	 cell	 cancer	 of	 the	 gallbladder.
Cholecystitis	 follicularis,	 a	 rare	 type	 of	 inflammation,	 has	 been	 reported	 in	 a	 few	 cases	 of	 GBC,	 but	 its
premalignant	 potential	 is	 unclear.122	 Progression	 from	 dysplasia	 to	 carcinoma	 in	 situ	 to	 invasive	 cancer	 in	 the
gallbladder	 epithelium	 can	 take	 about	 15	 years.123	 Dysplastic	 changes	 are	 found	 in	 adjacent	 mucosa	 in	 most
GBCs.	Gallbladder	adenomas	are	rarely	encountered	or	associated	with	dysplasia.

Several	mutations	have	been	reported	in	GBCs.	KRAS	and	p53	mutations	are	common.	Mutant	p53	is	found	in
92%	of	invasive	carcinomas,	86%	of	carcinoma	in	situ,	and	28%	of	dysplastic	epithelium,	but	not	in	adenomas.124
KRAS	mutations	are	identified	in	39%	of	GBCs.125	Data	on	the	expression	of	ras	and	myc	are	conflicting.	In	one
study,	b-RAF	mutations	were	evident	in	33%	of	GBCs.	The	erbB2	oncoprotein	is	overexpressed	in	some	patients
with	GBC,	and	transgenic	mice	that	express	erbB2	in	the	gallbladder	epithelium	develop	GBC.	Activated	EGFR
and	 c-MET	may	 occur.126,127	 The	 fragile	 histidine	 triad	 (FHIT)	 gene	 is	 a	 candidate	 tumor	 suppressor	 gene	 in
GBCs.	Epigenetic	inactivation	of	SEMA3B	and	FHIT	occurs	in	some	GBCs.

The	 malignant	 potential	 of	 APBJ	 is	 quite	 high,	 and	 this	 anatomic	 variant	 is	 associated	 with	 premalignant
histologic	changes	of	epithelial	hyperplasia	with	a	papillary	or	villous	appearance.	The	nonmalignant	areas	of	the
gallbladder	of	patients	with	APBJ-associated	GBC	show	increased	hyperplastic	changes	in	the	gallbladder	mucosa
compared	with	patients	with	sporadic	GBCs.	In	a	cat	model,	side-to-side	biliary–pancreatic	anastomosis	produced
hyperplastic	changes	in	the	gallbladder	within	6	months.	Although	KRAS	mutations	are	not	commonly	observed	in
lesions	associated	with	gallstones,	they	are	frequently	identified	in	dysplastic	lesions	associated	with	APBJ.	The
differences	 in	 presentation,	 morphology,	 and	 molecular	 changes	 indicate	 that	 there	 are	 at	 least	 two	 distinct
pathways	to	gallbladder	carcinogenesis	associated	with	either	stone	disease	or	with	APBJ.128

Prevention
In	 certain	 high-risk	 conditions,	 a	 prophylactic	 cholecystectomy	 could	 be	 considered.	 A	 calcified	 or	 porcelain
gallbladder	is	an	indication	for	cholecystectomy	in	the	asymptomatic	patient	because	up	to	25%	of	cases	will	be
associated	with	GBC.	Patients	with	pancreaticobiliary	maljunction	and	a	normal-sized	bile	duct	may	benefit	from
a	 prophylactic	 cholecystectomy.129	 A	 study	 of	 northern	 Indian	 women	 reported	 a	 benefit	 of	 prophylactic
cholecystectomy.	 A	 serum	 CA	 19-9	 evaluation	 and	 bile	 cytology	 may	 be	 helpful	 in	 making	 a	 preoperative
diagnosis	 of	 cancer.	 A	 laparoscopic	 cholecystectomy	 could	 be	 reserved	 for	 those	 with	 normal	 markers	 and
negative	cytology.	For	those	highly	suspicious	of	cancer,	the	laparoscopic	approach	is	not	reasonable	because	of



the	risk	for	inadvertent	seeding	of	the	peritoneal	cavity.

Diagnosis
Patients	with	GBC	are	often	asymptomatic.	When	symptoms	occur,	they	may	be	similar	to	biliary	colic	or	chronic
cholecystitis	and	are	nonspeciifc.	In	contrast	to	biliary	colic,	patients	with	GBCs	may	have	diffuse	abdominal	pain
of	a	more	constant	nature.	As	a	result	of	the	low	index	of	suspicion,	patients	with	GBC	present	with	symptoms	at
an	advanced	 stage	of	disease	or	 as	 incidental	 findings	at	 the	 time	of	 imaging	or	 cholecystectomy	 for	unrelated
reasons.	Recent	weight	loss	and	persistent	right	upper	quadrant	pain	should	raise	the	suspicion	of	GBCs	in	elderly
patients	older	than	70	years	of	age.

Jaundice	can	result	from	the	obstruction	of	extrahepatic	bile	ducts	by	direct	tumor	growth	or	from	metastatic
disease.	Jaundice	is	a	poor	prognostic	sign,	and	85%	of	patients	with	jaundice	have	unresectable	tumors.	Mirizzi
syndrome,	in	which	compression	of	 the	common	hepatic	duct	results	from	an	impacted	stone	in	the	gallbladder
neck,	 can	 be	 a	 presentation	 of	 GBC.	 Rarely,	 duodenal	 or	 colonic	 obstruction;	 cholecystoenteric	 fistula;	 or
evidence	 of	 extra-abdominal	 metastases	 such	 as	 palpable	 mass,	 ascites,	 or	 paraneoplastic	 syndromes	 such	 as
acanthosis	nigricans	may	occur.	These	indicate	an	advanced	malignancy	and	unresectable	disease.

Tumor	spread	can	involve	the	liver	and	the	extrahepatic	biliary	tree	by	direct	spread.	Liver	metastases	without
full-thickness	 invasion	 of	 the	 gallbladder	wall	 occurs	 in	 <10%	of	 cases.	 Lymph	 node	metastasis	 to	 the	 cystic,
pericholedochal,	peripancreatic,	and	celiac	nodes	occurs	early	and	is	present	at	the	time	of	diagnosis	in	more	than
half	 of	 patients.	 Direct	 invasion	 of	 the	 duodenum	 or	 colon,	 intraperitoneal	 spread,	 Krukenberg	 tumors	 (i.e.,
ovarian	metastases),	and	hematogenous	dissemination	can	also	occur.

Laboratory	findings	lack	specificity.	Patients	may	have	increased	alkaline	phosphatase	and	bilirubin	levels	as	a
result	of	ductal	obstruction	in	advanced	cases.	Serum	CEA	or	CA	19-9	may	be	elevated,	but	these	tumor	markers
are	not	diagnostic.	A	CA	19-9	level	above	20	U/mL	has	a	79%	sensitivity	and	a	79%	specificity	for	the	diagnosis
of	GBCs.	A	CEA	>4	ng/mL	is	93%	specific	for	GBCs,	but	sensitivity	is	only	50%	for	detecting	cancer.	CA	125
has	also	been	reported	to	be	a	reasonable	marker	for	GBC	in	some	small	studies.

US	 of	 the	 gallbladder	 can	 show	 findings	 that	 that	 are	 suggestive,	 but	 not	 diagnostic,	 of	 GBCs	 include
thickening	of	the	wall,	a	lumenal	mass,	a	calcification,	or	a	mass	lesion.	A	polypoid	mass	was	present	in	27%	and
a	 gallbladder-replacing	 or	 invasive	mass	was	 present	 in	 50%	 of	 cases	 of	GBC	 examined.	Mucosal	 thickening
should	 be	 viewed	 with	 suspicion.	 US	 will	 detect	 polyps	 that	 may	 represent	 nonmalignant	 lesions	 such	 as
adenomas,	papillomas,	or	cholesterolosis	in	addition	to	GBCs.	An	invasive	cancer	is	more	likely	in	polyps	>1	cm
in	diameter.	The	accuracy	of	US	for	staging	disease	extent	or	spread	is	low	(38%	in	one	study).	EUS	is	useful	for
a	further	diagnosis	of	polyps	or	gallbladder	wall	thickening.	EUS	has	a	higher	sensitivity	(92%	versus	54%)	and
specificity	(88%	versus	54%)	for	GBC	than	US.	It	can	also	enable	FNA	of	any	suspicious	masses	or	aspiration	of
bile	for	cytology.	If	a	tumor	is	present,	EUS	can	be	useful	for	staging	by	assessing	tumor	wall	invasion	or	distant
nodal	spread.

Abdominal	 CT	 scans	 or	 MRI	 can	 identify	 intraluminal	 polyps,	 gallbladder	 wall	 thickening,	 mass	 lesions,
hepatic	 involvement,	 nodal	 enlargement,	 or	 other	 distant	 spread.	 CT	 scanning	 will	 reveal	 a	 mass	 partially
obliterating	 the	 gallbladder	 lumen,	 a	 polypoidal	 mass,	 or	 diffuse	 wall	 thickening.	 However,	 only	 one-third	 of
pathologically	 positive	 nodes	 are	 identified	 preoperatively	 by	 CT	 scan.	 MRCP	 may	 provide	 more	 detailed
information	than	can	be	provided	by	US	or	CT	scan.	MRI	may	be	helpful	in	determining	vascular	invasion	and
nodal	 involvement.	 There	 is	 almost	 no	 role	 for	 cholangiography	 using	 ERCP	 or	 PTC	 other	 than	 occasionally
being	used	to	plan	the	extent	of	surgical	resection	by	determining	the	extent	of	ductal	involvement	or	spread.130

Fluorodeoxyglucose-PET	scanning	has	 low	sensitivity	for	extrahepatic	disease.	However,	PET	scanning	may
identify	disease	and	resulted	in	a	change	in	stage	and	treatment	in	17%	to	23%	of	cases	with	presumed	localized
resectable	disease	in	one	study.30

The	need	for	tissue	biopsy	before	definitive	exploration	and	resection	of	a	mass	that	is	suspicious	for	GBC	is
controversial	 because	 of	 the	 risks	 of	 the	 tumor	 seeding	 into	 the	 peritoneal	 cavity	 or	 abdominal	 wound.	 Bile
cytology	may	avoid	 these	and	 should	be	performed	whenever	any	patient	 suspected	of	having	GBC	undergoes
ERCP	or	PTC.	The	diagnostic	accuracy	of	combined	ERCP	and	bile	cytology	is	50%	for	GBCs.	The	sensitivity	of
bile	cytology	alone	for	the	diagnosis	of	GBC	has	been	reported	between	50%	and	73%.131	If	referral	for	surgical
management	 is	 being	 considered,	 a	 diagnosis	 based	 on	 bile	 cytology	 or	 percutaneous	FNA	cytology	would	 be
preferable	to	operative	or	laparoscopic	biopsy.

Percutaneous	 FNA	 or	 core	 needle	 biopsy	 are	 indicated	 for	 unresectable	masses.	 The	 risk	 of	 tumor	 seeding
within	 the	needle	 tract	 is	greater	with	 the	 latter.	EUS-directed	FNA	for	gallbladder	 lesions	 is	associated	with	a
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80%	sensitivity	 and	100%	specificity.132	 Percutaneous	 FNA	 has	 an	 88%	 accuracy	 for	GBCs	with	 a	 negligible
false-positive	 rate.131	 EUS	 may	 be	 useful	 to	 distinguish	 between	 inflammatory	 nodes	 and	 metastatic	 disease
during	an	evaluation	of	periportal	and	peripancreatic	adenopathy.	A	staging	laparoscopy	to	determine	the	extent	of
spread	may	be	helpful	for	some	patients.73,100

Survival	of	patients	with	GBC	is	 related	 to	stage	and	histologic	 type	of	cancer.	Lymph	node	 involvement	 is
rare	 in	 stage	 T1	 tumors;	 that	 is,	 lymph	 node	 involvement	 almost	 never	 occurs	 until	 the	 muscularis	 has	 been
penetrated.	After	 that,	 lymph	node	 involvement	 is	common,	occurring	 in	about	50%	of	 stage	 II	patients	and	 in
70%	to	80%	of	patients	 in	 stage	 III	and	 IV.	There	 is	a	close	correlation	between	 lymph	node	 involvement	and
prognosis.	Most	 long-term	 survivors	 are	 patients	with	well-differentiated	 tumors	 that	were	minimally	 invasive.
These	are	usually	found	incidentally	at	or	immediately	after	cholecystectomy.

GBCs	may	be	identified	incidentally	at	the	time	of	cholecystectomy;	the	incidence	ranges	from	0.3%	to	1%.	If
this	occurs	during	a	laparoscopic	procedure,	the	potential	for	port-site	implantation	should	be	considered,133	and
the	gallbladder	is	extracted	in	a	plastic	bag.	Implantation	can	arise	due	to	physical	contact	between	the	tumor	and
port-site	 tissues	 during	 extraction	 or	 can	 be	 related	 to	 positive-pressure	 pneumoperitoneum.	 The	 tissue
surrounding	the	trocar	ports	is	excised	because	seeding	may	have	occurred.	Early	reoperation	may	be	necessary	if
the	 tumor	 is	 discovered	 on	 later	 pathologic	 examination	 or	 with	 uncertainty	 about	 residual	 tumor.	 Stage	 I
gallbladder	carcinomas	with	clear	resection	margins	may	not	require	further	surgical	treatment.

Gallbladder	polyps	may	be	malignant	but	are	rarely	so	when	they	are	<1	cm	in	diameter.	In	a	series	of	patients
with	gallbladder	polyps,	none	were	malignant	if	<1	cm	in	diameter,	but	23%	of	polyps	>1	cm	were	malignant.134
In	 another	 series,	 88%	of	 polyps	>1	 cm	 in	 diameter	were	malignant,	 and	 polyps	>1.8	 cm	were	more	 likely	 to
contain	 a	more	 advanced	 stage	 of	 cancer.135	 FNA	 is	 an	 accurate	way	of	 distinguishing	 between	 polyps	 due	 to
cholesterolosis	and	neoplastic	polyps,131	especially	for	polyps	that	are	>1	cm	in	diameter136;	however,	it	is	much
less	accurate	in	determining	whether	a	neoplastic	polyp	is	an	adenoma	or	carcinoma.136	Doppler	US	imaging	of
blood	flow	within	a	neoplastic	polyp	may	be	useful	in	distinguishing	these	lesions	from	benign	polyps.

Staging
Several	staging	systems	have	been	described	for	GBC.	These	 incorporate	clinical	and	pathologic	characteristics
with	 prognostic	 significance.	 These	 include	 the	modified	Nevin	 system,	 the	 Japanese	 Biliary	 Surgical	 Society
system,	and	the	AJCC	TNM	staging	system.3,137	The	use	of	these	different	staging	systems	makes	it	difficult	 to
compare	 the	 treatment	 results	 of	 different	 series	 in	 the	 literature.	The	AJCC	TNM	staging	 system	 is	 shown	 in
Table	 58.4.	 GBCs	 undergo	 histopathologic	 grading	 from	 G1	 (well	 differentiated)	 to	 G4	 (undifferentiated).
Although	the	grade	does	not	factor	into	staging,	it	has	prognostic	significance,	with	high-grade	tumors	having	a
worse	 prognosis.	 Stage	 II	 (T2)	 GBC	 may	 be	 detected	 incidentally	 after	 often	 diagnosed	 incidentally	 after
laparoscopic	cholecystectomy	and	require	reoperation	for	treatment	and	staging.	Survival	is	worse	for	tumors	on
the	hepatic	side	of	the	gallbladder138;	hence,	T2	tumors	are	separated	into	two	stages	based	on	tumor	location	on
the	peritoneal	or	hepatic	side	of	the	gallbladder,	respectively.

TABLE	58.4
American	Joint	Committee	on	Cancer	Tumor,	Node,	Metastasis	Staging	of	Gallbladder
Cancer

Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ

T1 Tumor	invades	lamina	propria	or	muscular	layer

T1a Tumor	invades	lamina	propria

T1b Tumor	invades	muscular	layer

T2

Tumor	invades	the	perimuscular	connective	tissue	on	the	peritoneal	side,	without	involvement	of	the	serosa
(visceral	peritoneum)

OR	tumor	invades	the	perimuscular	connective	tissue	on	the	hepatic	side,	with	no	extension	into	the	liver

Tumor	invades	the	perimuscular	connective	tissue	on	the	peritoneal	side,	without	involvement	of	the	serosa



T2a (visceral	peritoneum)

T2b Tumor	invades	the	perimuscular	connective	tissue	on	the	hepatic	side,	with	no	extension	into	the	liver

T3
Tumor	perforates	the	serosa	(visceral	peritoneum)	and/or	directly	invades	the	liver	and/or	one	other	adjacent	organ
or	structure,	such	as	the	stomach,	duodenum,	colon,	pancreas,	omentum,	or	extrahepatic	bile	ducts

T4 Tumor	invades	main	portal	vein	or	hepatic	artery	or	invades	two	or	more	extrahepatic	organs	or	structures

Regional	Lymph	Nodes	(N)
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastases	to	one	to	three	regional	lymph	nodes

N2 Metastases	to	four	or	more	regional	lymph	nodes

Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis

Anatomic	Stage/Prognostic	Groups
Stage	0 Tis N0 M0

Stage	I T1 N0 M0

Stage	IIA T2a N0 M0

Stage	IIB T2b N0 M0

Stage	IIIA T3 N0 M0

Stage	IIIB T1–3 N1 M0

Stage	IVA T4 N0–1 M0

Stage	IVB

Any	T N2 M0

Any	T Any	N M1
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Figure	58.5	Algorithm	for	the	management	of	gallbladder	carcinoma.	Asterisk	indicates	need	to
consider	genomic	profiling.

Management
Most	studies	of	treatment	approaches	for	GBC	are	from	small	case	series	or	are	heterogenous	studies	that	include
other	biliary	tract	cancers.	As	a	result,	the	optimal,	GBC-specific	approaches	to	surgery	or	palliative	therapy	with
chemotherapy	and	chemoradiation	are	unknown.	The	stage	of	the	disease	determines	the	treatment	approach	and
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prognosis.	The	diagnosis	of	GBC	usually	occurs	at	advanced	stages	TNM	III	or	IV,	and	most	patients	in	advanced
stages	are	not	resectable.	A	suggested	management	scheme	is	outlined	in	Figure	58.5.

Surgery
Surgery	 is	 the	only	potentially	 curative	option	 for	GBCs.	Absolute	 contraindications	 to	 surgery	 include	distant
metastases,	vascular	involvement,	or	nodal	spread	beyond	the	hepatoduodenal	ligament.	When	GBC	is	suspected,
an	 open	 cholecystectomy	 is	 preferable	 to	 laparoscopic	 excision	 to	 minimize	 the	 potential	 impact	 of	 tumor
implantation	due	to	gallbladder	perforation	and	bile	spillage	that	are	more	frequent	with	the	latter.	An	extraserosal
cholecystectomy	excises	the	gallbladder	on	a	deeper	plane	than	a	standard	cholecystectomy	so	that	the	gallbladder
and	all	connective	tissue	down	to	actual	liver	tissue	are	removed.	The	extent	of	resection	will	depend	on	the	extent
of	 disease	 spread.	 For	 T1	 lesions	where	 the	 tumor	 has	 not	 penetrated	 the	muscularis	mucosa	 and	margins	 are
negative,	cholecystectomy	is	sufficient	and	can	be	curative.	Direct	 tumor	growth	 into	 the	 liver	or	duodenum	or
colon	is	not	a	contraindication	to	surgery,	but	the	extent	of	spread	will	guide	the	extent	of	resection	for	these	T2	to
T4	lesions.	Thus,	wedge	resection	of	the	liver,	portal	lymph	node	dissection,	and	extrahepatic	bile	duct	resection,
or	 even	 a	 pancreaticoduodenectomy,	 may	 be	 needed	 in	 addition	 to	 a	 cholecystectomy.	 If	 there	 is	 obvious
penetration	to	the	serosal	layer	on	the	deep	surface	of	the	gallbladder,	if	margins	are	positive,	or	the	muscularis
has	been	penetrated,	resection	of	at	least	liver	segments	IVb	and	V,	and	a	lymph	node	dissection	are	performed.	If
the	cystic	duct	resection	margin	is	positive,	then,	in	addition,	the	extrahepatic	bile	duct	is	excised	to	clear	margins.
A	more	extensive	 liver	 resection	may	be	 required	 if	 the	 tumor	has	penetrated	 further	 into	 the	 liver.	 If	negative
resection	margins	are	achieved,	5-year	survival	rates	range	from	90%	in	stage	I	disease,	80%	in	stage	II,	40%	in
stage	III,	and	15%	in	stage	IV.	Lymph	node	involvement	portends	a	worse	prognosis	than	local	hepatic	invasion
alone.137	 A	 pancreaticoduodenectomy	may	 be	 considered	 for	 T2	 to	 T4	 disease,	 but	 the	 results	 remain	 poor	 in
advanced	stages.

Randomized	studies	did	not	show	a	benefit	of	preoperative	biliary	decompression	for	jaundiced	patients.139,140
However,	these	studies	were	performed	in	an	era	in	which	surgical	intervention	mostly	involved	palliative	bypass
of	 the	 biliary	 tree,	 and	 the	 potential	 benefits	 of	 preoperative	 decompression	 prior	 to	 either
pancreaticoduodenectomy	or	liver	resection	are	not	defined.

Adjuvant	Therapy
GBC	has	a	high	risk	of	systemic	spread	and	local–regional	failure,	and	adjuvant	chemotherapy	and	radiotherapy
are	recommended	by	most	cancer	centers.	As	with	other	biliary	tract	cancers,	patients	with	gallbladder	carcinoma
were	included	in	both	the	PRODIGE	12	and	BILCAP	trials	exploring	adjuvant	chemotherapy	alone,	as	discussed
previously	in	the	section	on	iCCA.	Other	published	reports	on	adjuvant	radiotherapy	or	chemoradiation	therapy
after	a	resection	for	GBC	consist	of	retrospective	reviews	that	vary	in	the	type	of	radiation	treatment	(e.g.,	EBRT,
brachytherapy,	or	IORT)	and	the	extent	of	surgical	resection	(complete	or	 incomplete).	As	a	result,	 they	cannot
provide	adequate	evidence	on	which	a	standard	treatment	recommendation	could	be	based.

In	a	study	of	21	patients	who	received	postoperative	adjuvant	5-FU	with	EBRT	to	a	median	dose	of	54	Gy	in
fractions	of	1.8	to	2.0	Gy	per	day,	with	1	patient	also	receiving	15	Gy	of	IORT	after	EBRT,	the	median	survival
rates	were	0.6,	1.4,	and	15.1	years,	and	2-year	local	control	rates	were	0%,	80%,	and	88%	for	patients	with	gross
residual	tumor,	microscopic	residual	tumor,	and	no	residual	disease,	respectively.141	For	6	patients	who	received
>54	Gy,	the	3-year	local	control	rate	was	100%	compared	with	65%	for	15	patients	who	received	<54	Gy.	In	a
randomized	trial	comparing	mitomycin	C	and	5-FU	with	observation	alone	that	enrolled	140	patients	with	GBCs,
a	significantly	better	5-year	survival	was	seen	with	chemotherapy,	but	these	differences	were	not	apparent	when
an	intent-to-treat	analysis	was	performed.

Chemotherapy
In	the	UK-ABC-02	study	described	earlier,	36.3%	(149	of	410)	of	the	patients	had	advanced	GBC.	The	overall
response	 rate	 was	 37.7%	 versus	 21.4%.	Median	 overall	 survival	 and	 progression-free	 survival	 differences	 did
demonstrate	significance	on	a	subgroup	analysis	in	patients	with	GBC	(HR,	0.63;	95%	CI,	0.42	to	0.89).	As	such,
the	 standard-of-care	 first-line	 therapy	 in	 patients	 with	 advanced	 GBC	 is	 also	 regarded	 to	 be	 gemcitabine	 in
combination	with	cisplatin.	Standards	for	second-line	therapy	and	beyond	remain	to	be	definitively	defined.	Akin
to	 CCA,	 therapeutic	 strategies	 based	 on	 genomic	 profiling	 of	 tumors	 are	 an	 area	 of	 critical	 study	 to	 define
approaches	 that	 can	 be	 more	 individualized.	 As	 an	 example,	 GBC	 tumors	 in	 particular	 may	 harbor	 human
epidermal	growth	factor	receptor	2	(HER2)/neu	alterations	in	up	to	19%	of	cases,	and	HER2/neu-targeted	therapy



in	these	tumors	has	demonstrated	significant	results	preliminarily	in	a	small	study.

Radiation	Therapy
EBRT	may	be	considered	for	symptomatic	patients.	Although	tumor	control	is	rarely	possible,	some	GBCs	may
be	radiosensitive	and	spread	is	mainly	by	local–regional	growth.142,143	Radiation	 therapy	may	be	considered	for
palliation	of	 jaundice	 in	some	cases	or	used	 in	multimodality	approaches	combining	EBRT	with	a	5-FU–based
treatment.	 The	 latter	 approach	 is	 supported	 by	 consensus	 guidelines	 from	 the	 European	 Society	 of	 Medical
Oncology	and	the	NCCN.144	Although	 the	benefit	 of	EBRT	 is	minimal,	with	 a	median	 survival	of	only	6	 to	8
months,	it	is	well	tolerated	and	may	improve	symptoms	and	prolong	survival	in	selected	patients.

Palliative	Care
Advanced	GBC	has	a	1-year	survival	rate	of	<5%.	Although	resection	of	gross	disease	may	provide	palliation,	it
may	 not	 always	 be	 possible.	 Patients	 with	 advanced	 disease	 should	 be	 considered	 for	 clinical	 trials.	 The
aggressive	nature	and	dismal	prognosis	of	advanced	unresectable	cancer	should	be	considered	when	deciding	on
palliative	 management.	 The	 goals	 of	 palliative	 treatment	 are	 to	 prevent	 biliary	 and	 bowel	 obstruction	 and	 to
relieve	pain.	If	biliary	obstruction	is	present,	percutaneous	stenting	for	relief	of	obstruction	can	be	performed	by
percutaneous	 or	 endoscopic	 approaches	 similar	 to	 that	 for	 other	 cancers	 such	 as	 dCCAs	 and	 pCCAs.	 Surgical
bypass	is	not	usually	warranted	because	of	the	poor	expected	survival.	The	resection	of	hematogenous	metastasis
or	of	distant	nodal	disease	is	not	justified.
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INTRODUCTION
Although	 the	 small	 intestine	 comprises	 75%	 of	 the	 length	 and	 90%	 of	 the	 total	 absorptive	 surface	 of	 the
gastrointestinal	(GI)	tract,	small	bowel	(SB)	cancer	(SBC)	is	40	to	60	times	less	common	than	colorectal	cancer
(CRC)	and	accounts	for	only	4%	of	all	GI	malignancies.1

Epidemiology
SBC	incidence	has	increased	2.8%	annually	in	the	last	two	decades	with	over	10,190	new	cases	and	1,390	deaths
expected	in	2017.1	The	male-to-female	ratio	is	1.3:1	with	a	median	age	of	66	years.	SBC	patients	with	familial	or
genetic	 predispositions	 present	 approximately	 10	 years	 earlier	 than	 sporadic	 cases.2	 SBC	 incidence	 is	 highest
among	African	Americans	 (5.1	versus	3.1	per	100,000	 in	non-Hispanic	whites).1	More	 than	40	SBC	histologic
subtypes	have	been	described;	however,	carcinoids	(37.4%),	adenocarcinomas	(36.9%),	lymphomas	(17.3%),	and
GI	stromal	tumors	(GISTs)	(8.4%)	predominate.3	GI	tract	distribution	of	SBC	histologic	variants	varies	widely:
Approximately	 50%	 of	 SBCs	 occur	 in	 the	 duodenum	 where	 adenocarcinoma	 predominates,	 followed	 by	 the
jejunum	 (30%)	 and	 ileum	where	 lymphoma	 is	 more	 common	 proximally,	 whereas	 carcinoids	 are	 found	more
distally.	 SBC	 patients	 are	 at	 increased	 CRC	 risk,	 and	 the	 reverse	 is	 true	 also,	 suggesting	 similar	 causal
mechanisms.4,5

Pathogenesis	and	Risk	Factors
Proposed	risk	factors	for	SB	neoplasms	are	varied,	although	it	is	notable	that	64%	of	these	neoplasms	are	SBC.
Proposed	risk	factors	include	the	following:

1.	 Advanced	age	(mean	age	of	approximately	66	years)
2.	 Specific	inheritable	syndromes	including

Familial	adenomatosis	polyposis	(FAP)	syndromes.	FAP	is	an	autosomal	dominant	disorder	characterized	by
the	development	of	polyps	throughout	the	GI	tract;	50%	to	90%	of	FAP	patients	have	SB	polyps.	FAP	patients
have	 a	 100%	 lifetime	CRC	 risk	 and	 4%	 to	 12%	 lifetime	 risk	 of	 developing	SB	 adenocarcinoma	 (SBA)	 of	 the
duodenum	or	periampullary	region	(300	times	the	general	population).	Similar	to	CRC,	the	adenoma-carcinoma
sequence	is	also	well	established	in	SBC.6,7
Hereditary	 nonpolyposis	 colon	 cancer	 (HNPCC).	 HNPCC	 is	 an	 autosomal	 dominant	 disorder	 with	 80%

lifetime	CRC	risk	and	a	1%	to	4%	lifetime	risk	of	SBC	(100	times	the	general	population).	SBC	may	be	the	initial
HNPCC	 presentation	 in	 30%	 to	 70%	 of	 patients,	 especially	 those	 with	MLH1	 and	MSH2	 mutations,	 and	 SB
surveillance	may	be	indicated.8,9
Peutz-Jeghers	syndrome	(PJS).	 PJS	 is	 an	 autosomal	 dominant	 disorder	with	 57%	 lifetime	 risk	 of	GI	 cancer

(CRC	 followed	 by	 SBC,	 15	 times	 the	 general	 population).	 Cancers	 may	 arise	 from	 both	 hamartomatous	 and
adenomatous	polyps.10
MUTYH-associated	 polyposis	 (MAP).	 MAP	 is	 an	 autosomal	 recessive	 disorder	 with	 43%	 to	 100%	 (in	 the

absence	of	timely	surveillance)	lifetime	CRC	risk	and	a	4%	lifetime	risk	of	duodenal	cancer.11
Cystic	 fibrosis	 (CF).	CF	 is	 an	 autosomal	 recessive	 disorder	with	 increased	 risk	 of	GI	 tract	 cancer	 including

SBC,	especially	in	CF	patients	who	suffered	distal	bowel	obstruction.12

3.	 Crohn	disease	(CD).	CD	is	an	autoimmune	inflammatory	bowel	disease	with	increased	risk	of	CRC	by	2-	to
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3-fold	and	SBC	by	up	to	60-fold.	The	relative	risk	(RR)	of	SBC	in	CD	patients	is	33.2%.13	CD-associated
SBC	occurs	more	commonly	in	men,	the	distal	ileum,	in	SB	bypass	loops	and	strictures,	and	in	patients	with
exposure	to	asbestos	or	other	carcinogens	such	as	halogenated	aromatic	compounds.14	The	natural	history	of
CD-associated	SBC	follows	the	inflammation-dysplasia-	carcinoma	sequence;	however,	in	certain
phenotypes	K-RAS	mutations	and	p53	gene	overexpression	is	also	noted.15

4.	 Celiac	disease	or	sprue	(CS).	CS	is	an	autoimmune	disorder	associated	with	an	increased	risk	of	enteropathy-
associated	T-cell	lymphoma	(EATL)	and	adenocarcinoma.	EATL	occurs	in	up	to	39%	of	patients	with	severe
or	refractory	CS.16	CS	increases	the	RR	of	SBC	by	60-	to	80-fold.	CS-associated	SBC	follows	the	adenoma-
carcinoma	sequence,	with	greater	predilection	to	the	jejunum.10

5.	 Immunosuppression.	Iatrogenic	(therapeutic)	or	posttransplant	immunosuppression	is	a	generalized
dysregulator	of	homeostasis	and	predisposes	certain	patients	to	both	lymphomas	and	sarcomas.	SB
lymphomas	(SBLs)	that	develop	in	these	patients	are	predominantly	B-cell	lymphomas.	Posttransplant
lymphoproliferative	disorders	(PTLDs)	are	primarily	post–Epstein-Barr	virus	(EBV)	infection	and	are
typically	B-cell	lymphomas.

6.	 Other	malignancies.	Patients	affected	by	other	primary	malignancies	may	also	be	at	increased	risk	for	SBC.
This	includes	patients	with	prior	CRC	and,	pancreas,	periampullary,	uterine,	ovarian,	prostrate,	thyroid,	skin,
and	soft	tissue	cancers.	A	total	of	30%	to	40%	of	SBC	patients	have	a	synchronous	malignancy,	which	may
be	associated	with	the	primary	pathologic	entity	or	reflect	shared	genetic	or	environmental	risk	factors.5

7.	 Modifiable	risk	factors.	Large	population-based	studies	have	identified	inconsistent	modifiable	risk	factors
associated	with	an	increased	SBC	risk.	These	include	increased	intake	of	salt	cured/smoked	food	(food	rich	in
heterocyclic	amines),	red	meat	and	refined	carbohydrates,	alcohol,	and	obesity.17	A	large	European
population-based	case-control	study	also	reported	an	increased	risk	of	SB	carcinoids	among	individuals
working	in	wholesale	food	and	beverage	industry,	manufacturing	of	motor	vehicles,	footwear,	or	metal
structure.	Occupational	exposure	to	organic	solvents	and	rust	preventive	lead	paint	were	also	identified	as	risk
factors.18	Helicobacter	pylori	and	Campylobacter	jejuni	infection	are	implicated	as	a	risk	factor	for	small
bowel	lymphoma	(SBL),	especially	immunoproliferative	small	intestinal	disease	(IPSID).14	Abstinence,
weight	loss,	and	dietary	modifications	(including	consumption	of	fish	and	vegetables,	fiber	intake	from	grains
and	beans,	adhering	to	a	gluten-free	diet	in	those	with	celiac	disease)	have	been	suggested	to	reduce	SBC
risk.

Figure	59.1	Moderately	differentiated	primary	small	bowel	(duodenal)	adenocarcinoma.	A:
Contrast-enhanced	axial	computed	tomography	image	demonstrates	an	annular	soft	tissue	lesion

(arrows)	in	the	duodenum,	resulting	in	circumferential	luminal	narrowing	and	wall	thickening.	B:	A
lateral	image	from	subsequent	upper	gastrointestinal	series	shows	an	annular	“apple-core”	lesion,

resulting	in	advanced	narrowing	of	the	duodenal	lumen	(arrows).	Note	the	compressed,
overhanging	edges	(arrowhead)	of	the	small	bowel	at	the	margin	of	the	mass.

Clinical	Features
Clinical	presentation	of	SBC	varies	depending	on	primary	site	and	histology.	Blood	loss	(frank	or	occult),	biliary
obstruction,	and	abdominal	pain	are	more	common	with	duodenal	tumors,	whereas	bowel	obstruction	(partial	or
complete),	 perforation,	 nonspecific	 abdominal	 pain	 and	 asthenia	 predominate	 with	 jejunal	 and	 ileal	 tumors.
Histologically,	 adenocarcinoma	 is	 most	 often	 associated	 with	 abdominal	 pain	 and	 obstruction,	 sarcomas	 with
bleeding	 and	 lymphomas	 with	 perforation.	 Approximately	 77%	 of	 SBC	 patients	 (particularly	 those	 with
adenocarcinoma)	 present	 acutely	with	 either	 SB	 obstruction	 or	 perforation,	 45%	 to	 76%	with	 abdominal	 pain,



16%	to	52%	with	nausea	and	vomiting,	28%	to	45%	with	weight	loss,	15%	to	30%	with	fatigue	and	anemia,	and
7%	to	23%	with	GI	bleeding.19,20

Diagnosis	and	Workup
The	majority	 of	 SBC	 patients	 present	 with	 nonspecific	 symptoms	 and	 the	 diagnosis	 is	 typically	 an	 incidental
diagnosis,	 except	 in	 high-risk	 surveillance	 patients.	 The	mean	 duration	 of	 symptom	 onset	 to	 an	 accurate	 SBC
diagnosis	 ranges	 from	 8	 to	 12	 months,	 implying	 the	 need	 for	 a	 high	 index	 of	 suspicion	 among	 clinicians,
especially	when	caring	for	high-risk	patients.

Biochemical	Investigations	and	Tumor	Markers
Complete	blood	count	may	reveal	anemia	due	 to	chronic	blood	loss.	Nonspecific	derangement	 in	 liver	function
tests	(LFTs)	may	be	seen	in	patients	with	liver	metastasis;	however,	obstructive	jaundice	is	commonly	found	only
in	 periampullary	 tumors.	 Lactate	 dehydrogenase	 (LDH)	 is	 commonly	 elevated	 in	 lymphoma	 and	 serum
chromogranin	 in	 carcinoids.	 The	 most	 commonly	 obtained	 serum	 tumor	 markers	 in	 suspected	 GI	 cancers	 are
carcinoembryonic	antigen	(CEA)	and	carbohydrate	antigen	19-9	(CA	19-9).

Radiographic	Studies
Conventional	abdominal	radiographs	have	a	limited,	nonspecific	role	in	the	diagnosis	of	SBCs.	Plain	abdominal
radiographs	are	helpful	when	an	obstruction	exists,	but	even	then	accuracy	is	limited.	A	single-	or	double-contrast
SB	follow-through	(SBFT)	is	well	suited	for	examination	of	luminal	abnormalities	and	mucosal	abnormalities	but
is	time	consuming	and	accuracy	ranges	from	33%	to	60%.	SB	enteroclysis	may	improve	this	accuracy	to	90%.21
A	major	limitation	of	both	SBFT	and	enteroclysis	is	their	inability	to	evaluate	extraluminal	pathology,	which	is
circumvented	by	cross-sectional	 imaging,	such	as	computed	 tomography	(CT)	and	magnetic	 resonance	 imaging
(MRI).	 CT-	 and	 MRI-based	 enteroclysis	 has	 improved	 the	 sensitivity	 and	 specificity	 of	 SB	 tumor	 detection
compared	 to	 conventional	 enteroclysis.22,23	 In	 clinical	 practice,	 a	 CT	 scan	 of	 the	 abdomen	 with	 oral	 and
intravenous	contrast	is	the	most	common	diagnostic	test	utilized	in	the	acute	and	chronic	setting.	Pathognomonic
CT	 signs	 are	 histology	 and	 location	 specific.	 Adenocarcinoma	 appears	 as	 a	 discrete	 tumor	mass	with	 annular
narrowing,	 abrupt	 concentric	 or	 irregular	 “overhanging	 edges,”	 or	 as	 an	 ulcerative	 lesion.	 Lesions	 in	 the
duodenum	are	 typically	 intraluminal	polyps,	whereas	more	distal	 polypoid	 lesions	present	with	 intussusception
and	 a	 characteristic	 “target	 sign”	 (Figs.	 59.1	 and	 59.2).24	 Carcinoids	 typically	 appear	 as	 hyperintense	 luminal
masses	 due	 to	 increased	 vascularity.	 These	 tumors	 display	 an	 intense	 desmoplastic	 reaction	 in	 response	 to
biochemical	 products	 produced	 by	 the	 tumor	 that	 result	 in	 puckering	 of	 the	 adjacent	 mesentery,	 giving	 a
characteristic	stellate	pattern	on	the	CT	not	necessarily	reflecting	mesenteric	invasion	(Fig.	59.3).	SBLs	present	as
circumferential	mural	thickening	with	low	homogeneous	attenuation	and	a	characteristic	aneurysmal	dilatation	in
which	 the	 involved	 segment	 shows	 cavitary	 dilatation	with	 a	 nodular,	 irregular	 luminal	 contour	 and	peripheral
bowel	wall	thickening	(Fig.	59.4).25	GISTs	are	typically	homogeneous,	well-circumscribed,	hypervascular	masses
on	 CT	 (Fig.	 59.5).26	 The	 MRI	 has	 a	 defined	 niche	 in	 the	 assessment	 of	 early	 small	 bowel	 lesions	 given	 its
improved	 soft	 tissue	 delineation,	 and	 it	may	 be	 pivotal	 in	 detecting	 early	 small	 bowel	 pathology	 (Table	 59.1).
Somatostatin	receptor	scans	(Octreoscan)	and	metaiodobenzylguanidine	(MIBG)	scans	are	helpful	in	diagnosing
and	 localizing	 carcinoids	 or	 neuroendocrine	 tumors.	 Octreoscan	 utilized	 an	 indium-111	 (111In)
diethylenetriaminepentaacetic	 acid	 analog	 that	 targets	 somatostatin	 receptors.	 Over	 90%	 of	 carcinoid	 tumors
express	 somatostatin	 receptors,	 and	 this	 test	 has	 a	 sensitivity	 of	 80%	 to	 100%.	Octreoscan	may	 also	provide	 a
functional	map	of	the	tumor	for	anticipated	radio-labeled	immunotherapy-targeted	therapy	depending	on	the	stage
of	the	disease.27	Positron	emission	tomography	(PET)/CT	scans	may	useful	in	the	initial	diagnosis	and	staging	for
SBAs,	lymphomas,	and	GIST.	Fluorodeoxyglucose	(18FDG)-PET	has	a	limited	role	in	the	diagnosis	and	staging
of	 carcinoids	 as	 they	 are	 not	 18FDG	 avid;	 however,	 it	 may	 play	 an	 important	 role	 in	 ascertaining	 treatment
response	and	detecting	disease	recurrence.28	More	 recently,	 the	U.S.	Food	and	Drug	Administration	 (FDA)	has
approved	gallium-68	(68Ga)	DOTATATE	PET/CT	for	carcinoids	and	neuroendocrine	tumors	finding	that	it	was
equivalent	 or	 superior	 to	 111In-pentetreotide	 imaging	 in	 most	 patients	 and	 should	 be	 used	 instead	 of	 111In-
pentetreotide	for	both	initial	imaging	and	recurrence	monitoring	where	available.29,30
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Figure	59.2	A	small	bowel	intussusception	due	to	primary	small	bowel	adenocarcinoma.	A:
Contrast-enhanced	axial	computed	tomography	image	depicts	a	small	bowel	target	sign	consistent
with	intussusception;	the	intussusceptum	(arrowhead)	telescopes	into	the	intussuscipiens	(arrows).
The	lead	point	for	the	intussusceptions	was	a	primary	small	bowel	carcinoma.	B:	An	image	from

small	bowel	follow-through	shows	the	“coiled	spring”	appearance	of	the	intussusceptum
(arrowheads)	as	it	telescopes	into	the	intussuscipiens	(arrow).

Figure	59.3	Primary	ileal	carcinoid.	A:	Contrast-enhanced	computed	tomography	shows	a	tethered
and	thickened	segment	of	ileum	(asterisk)	containing	a	small	submucosal	enhancing	lesion	(arrow),
consistent	with	primary	carcinoid.	Note	partially	imaged	metastasis	(arrowhead)	in	the	adjacent
mesentery.	B:	Additional	computed	tomography	images	depict	a	stellate	mesenteric	carcinoid
metastasis	(arrows)	with	central	calcification	and	desmoplastic	reaction	(arrowheads)	into	the

adjacent	fat.

Double-balloon	 enteroscopy,	 or	 push	 enteroscopy,	 and	 video	 capsule	 endoscopy	 (VCE)	 are	 two	 endoscopic
techniques	 introduced	 in	2001.	Double-balloon	 enteroscopy	permits	 the	 evaluation	of	 the	 entire	SB	with	 tissue
sampling,	 which	 is	 not	 possible	 with	 VCE.	 Double-balloon	 enteroscopy	most	 commonly	 detects	 symptomatic
lesions,	including	areas	of	ulceration,	stenosis,	and	GI	bleeds,	with	a	sensitivity	of	74%	to	81%.31	VCE	is	effective
at	identifying	50%	of	new	SBC	lesions	and	87%	of	all	lesions,	with	a	low	miss	rate	of	10%.32

SMALL	BOWEL	ADENOCARCINOMA
Incidence	and	Etiology
SBA	is	 the	second	most	common	SBC	subtype	(36.9%).3	SBA	incidence	varies	globally,	with	higher	 incidence
rates	 in	 the	United	 States	 and	Western	 Europe	 and	 lower	 rates	 in	Asia.	 U.S.-	 and	 European-based	 population
studies	have	demonstrated	an	 increasing	SBA	incidence	 (United	States,	7.3	cases	per	million	annually;	Europe,
5.3	 cases	 per	million	 annually).33,34	 SBA	 patients	 typically	 present	 in	 the	 sixth	 to	 eighth	 decade,	 with	 earlier
presentations	 in	 patients	 with	 genetic,	 autoimmune,	 or	 inflammatory	 conditions.3,35,36	 SBA	 displays	 a	 slight
predominance	for	males,	with	highest	age-adjusted	incidence	in	the	U.S.	black	population	for	both	genders.	In	a
Surveillance,	 Epidemiology,	 and	 End	 Result	 (SEER)	 study	 (1973	 to	 2005),	 the	 average	 annual	 age-adjusted
incidence	per	 1,000,000	was	6.8	 (white	men),	 4.5	 (white	women),	 12.2	 (black	men),	 and	10.2	 (black	women),
respectively.37	SBA	etiology	 remains	 largely	unknown	for	 the	vast	majority	of	patients;	however,	as	alluded	 to
previously,	 certain	SB	diseases,	genetic	conditions,	 autoimmune	diseases,	 and	environmental	 factors	have	been



identified	as	risk	factors.

Figure	59.4	Primary	small	bowel	lymphoma.	A:	Contrast-enhanced	computed	tomography	image
displays	aneurysmal	luminal	dilatation	and	extensive	wall	thickening	of	a	segment	of	small	bowel
(arrow).	Note	enlarged	adjacent	mesenteric	node	(arrowhead).	B:	A	small	bowel	radiograph	shows

a	small	bowel	segment	with	luminal	dilatation	(arrow)	and	extensive	mural	thickening	and
irregularity	(arrowhead)	corresponding	to	the	diseased	segment	on	the	computed	tomography.

Figure	59.5	A	gastrointestinal	stromal	tumor	of	the	small	bowel.	A:	Contrast-enhanced	computed
tomography	image	displays	a	solid,	heterogeneously	enhancing	mass	(arrows)	arising	from	the
submucosa	of	the	third	portion	of	the	duodenum.	B:	An	image	from	upper	gastrointestinal	series
shows	a	filling	defect	(arrow)	in	the	third	portion	of	the	duodenum	as	a	result	of	the	submucosal

gastrointestinal	stromal	tumor.

Anatomy	and	Pathology
Microscopically,	 the	 SB	 is	 composed	 of	 four	 layers:	 serosa,	muscularis	mucosa,	 submucosa,	 and	mucosa.	 The
lower	20%	of	the	epithelial	lining	is	made	up	of	crypts	of	Lieberkuhn,	which	represent	its	proliferative	zone.	The
intestinal	stem	cells	(ISCs)	that	reside	at	the	crypt	bottom	are	responsible	for	epithelial	cell	renewal.	The	ISC	Wnt
(wingless-related	integration	site)	pathway	maintains	homeostasis	and	initiates	the	self-renewal	pathway.	Aberrant
Wnt	pathway	 activation	 results	 in	 the	development	 of	 undifferentiated	progenitor	 cells	 and	may	 lead	 to	 cancer
(Fig.	59.6).38	In	a	recent	genomic	hybridization	study	looking	at	GI	cancers,	SBA	was	more	similar	to	CRC	than
stomach	cancer.39	Available	data	implies	a	similar	adenoma	to	carcinoma	sequence	for	both	SBA	and	CRC.	As
with	CRC,	progression	risk	is	associated	with	adenoma	size	(8.3%	for	lesions	<1	cm	and	30%	for	lesions	>1	cm)
and	 histology	 (14.3%	 for	 tubular,	 23.1%	 for	 tubulovillous,	 and	 36%	 for	 villous).40	 Similar	 to	 CRC,	 specific
molecular	 aberrations	 have	 been	 implicated	 in	 SBA	 development,	 including	 mutations	 in	 p53,	 β	 -CATENIN,
HER2,	APC,	KRAS,	BRAF,	and	MMR	genes.41

SBA	 incidence	 is	 highest	 in	 the	 duodenum	 (52%),	 followed	 by	 the	 jejunum	 (25%)	 and	 ileum	 (13%).	 SBA
histologic	 subtypes	 include	 adenosquamous	 and	 adenocarcinoma	 with	 endocrine,	 neuroendocrine,	 and
mesenchymal	 differentiation.	 Immunohistochemically,	 SBAs	 are	 usually	 CK7+/CK20+,	 whereas	 CRC	 is
CK7+/CK20−.	Mucin	production	and	immunoreactivity	for	CEA	is	universal,	as	is	negative	staining	for	prostate-
related	marker	AMACR,	the	latter	is	in	contrast	to	CRC.	Depending	on	location	and	differentiation,	SBA	displays
immunoreactivity	 for	 lysozyme,	 serotonin,	 chromogranin,	 and	 peptide	 hormones	 (somatostatin,	 YY	 peptide,
neurotensin,	glucagon,	and	glicentin).41
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Screening
Universal	SBC	screening	is	not	warranted;	however,	higher	vigilance	and	level	of	suspicion	is	recommended	in
patients	with	celiac	disease,	CD,	PJS,	and	CF.	Capsule	endoscopy	or	MRI	enterography	may	be	useful	in	high-
risk	 patients	 with	 clinical	 features	 including	 longstanding	 anemia,	 refractory	 or	 new-onset	 strictures,	 and
unexplained	 weight	 loss.	 The	 frequency	 and	 duration	 of	 screening	 recommendations	 varies;	 however,	 annual
screening	at	initial	suspicion	is	indicated,	with	extension	to	2	to	3	years	after	three	negative	screens.12,35,36,42	 In
FAP	 patients,	 esophagogastroduodenoscopy	 (EGD)	 screening	 with	 complete	 visualization	 of	 the	 ampulla	 is
recommended	every	6	months	to	4	years	(depending	on	duodenal	polyp	burden)	and	starting	at	ages	20	to	30	years
or	prior	to	colectomy.43

TABLE	59.1
Pathologic	and	Magnetic	Resonance	Findings	of	Common	Small	Bowel	Neoplasms

Tumor	Type Growth	Pattern Margins

Secondary
Intestinal
Findings

Type	of
Lymphatic	and
Mesenteric
Spread MRI	Findings

Adenocarcinoma

Short	annular
lesion	with
intraluminal	growth,
predominantly	in
duodenum Irregular	margins

Stenotic	lesion	with
proximal
obstruction

Local–regional
metastases

Isointense	to
muscle	on	T1,
heterogeneous
signal	on	T2,
hypovascular	after
Gd

Carcinoid

Focal	asymmetric
predominantly	in
ileum

Irregular	margins;
mesenteric
stranding	and
kinking	of	the
involved	segment

Intermittent
obstruction
possible	proximal
to	the	kinked	loop

Hypervascular
mesenteric
metastases	with
spiculated	margins
and	local
adenopathy	with
calcification

Isointense	to
muscle	on	T1,
heterogeneous
hyperintense	on
T2,	hypervascular
on	Gd

Lymphoma
Long,	segmental,
infiltrating	lesion

Smooth	regular
contours	with
preservation	of	the
perivisceral	fat
plane

Aneurysmal
dilatation	without
obstruction

Bulky
retroperitoneal
metastases

Isointense	to
muscle	on	T1,
heterogeneous
signal	on	T2,
moderate
enhancement	after
Gd

GIST

Intramural
submucosal	mass
with	extraserosal
extension

Smooth	lobulated
contours

Aneurysmal
dilatation,	stenosis
or	obstruction
usually	absent

Peritoneal
metastatic	nodules,
adenopathy	rare

Inhomogeneous
lesions,	isointense
on	T1,	mildly
hyperintense	on
T2,	peripheral
enhancement	in
large	lesions

MRI,	magnetic	resonance	imaging;	Gd,	gadolinium;	GIST,	gastrointestinal	tumor.
Adapted	from	Crusco	F,	Pugliese	F,	Maselli	A,	et	al.	Malignant	small-bowel	neoplasms:	spectrum	of	disease	on	MR	imaging.	Radiol
Med	2010;115(8):1279–1291.



Figure	59.6	Methods	to	induce	adenoma	formation	in	stem	cells	and	differentiated	cells.	A:
Overview	of	a	crypt	in	the	small	intestine.	The	crypt	base	columnar	(CBC)	cells	are	located	at	the
bottom	of	the	crypt	in	between	the	Paneth	cells.	In	addition	to	the	expression	of	several	stem	cell
markers,	the	functionality	of	the	intestinal	stem	cell	(ISC)	is	determined	by	its	location,	with	the
“center”	ISC	having	the	highest	ISC	functionality.	B:	The	expression	of	specific	stem	cell	markers
has	been	used	to	induce	cre-driven	recombination	in	ISCs,	leading	to	adenoma	formation,	either	by
loss	of	Apc	or	Bcat	ex3	mutation.	Oral	administration	of	low-dose	β-naphthoflavone	has	been	used	to

induce	AhCre-dependent	Apc	loss	in	cells	above	the	crypt	base,	resulting	in	formation	of
microadenomas.	Recombination	in	differentiated	villus	cells	only	resulted	in	adenomas	when	Apc
loss	or	Bcat	ex3	mutation	was	combined	with	Kras	mutation	or	nuclear	factor	kappa	B	activation
(villus	purification	in	VilCreERmice	or	Xbp1sCreER).	(From	Huels	DJ,	Sansom	OJ.	Stem	vs	non-

stem	cell	origin	of	colorectal	cancer.	Br	J	Cancer	2015;113[1]:1–5.)

Staging	and	Prognosis
American	 Joint	Committee	on	Cancer	 (AJCC)	 staging	 for	SBA	 is	 similar	 to	CRC	and	does	not	warrant	 excess
discussion	here	(Table	59.2).	Given	the	nonspecific	initial	presentation	of	SBA,	27%	to	32%	of	patients	present
with	stage	IV	disease,	27%	to	33%	present	with	stage	III,	30%	to	35%	present	with	stage	II,	and	only	4%	to	10%
present	with	stage	I.44	Less	than	50%	of	SBA	patients	are	curative	surgical	candidates.	Overall	survival	is	63%	for
stage	 I,	 48%	 for	 stage	 II,	 32%	 for	 stage	 III,	 and	 about	 4%	 for	 stage	 IV.	Multivariate	 regression	 analyses	 have
identified	age	>55	years,	male	gender,	African	Americans,	T4	tumors,	 lymph	node	(LN)	involvement	and	ratio,
duodenal	followed	by	ileal	primary,	poor	differentiation,	metastatic	disease,	and	R1/R2	margins	as	associated	with
a	 poor	 prognosis.45,46	 Recent	 investigations	 into	 molecular	 determinants	 have	 also	 identified	 the	 CpG	 island
methylator	phenotype	(CIMP)	status,	E-cadherin	loss,	and	aberrant	β-catenin	expression	is	also	associated	with	a
worse	prognosis.47,48

Management
Site	and	stage	of	disease	at	presentation,	available	expertise,	patient	comorbidities,	and	performance	status	are	all
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important	considerations	in	determining	optimal	initial	management	for	SBA	patients.

Stage	I,	Stage	II,	and	Stage	III	Disease

Surgery.	An	R0	resection	offers	the	longest	survival	(43	versus	10	months	for	R1/R2	or	unresectable	disease).19
Five-year	 survival	 ranges	 from	 27%	 to	 54%	 in	 resected	 patients	 versus	 0%	 (unresectable).49	 Optimal	 surgery
depends	on	location	but	for	duodenal	tumors	may	require	pancreaticoduodenectomy	or	segmental	resection;	both
have	similar	long-term	survival.50	Jejunal	and	ileal	SBA	are	best	treated	with	oncologically	appropriate	segmental
resection.	A	right	hemicolectomy	is	the	approach	for	tumors	near	the	ileocecal	valve.51

Adjuvant	Therapy.	A	total	of	86%	of	SBAs	have	distant	spread	on	diagnosis.52	Although	duodenal	SBAs	have
the	 highest	 incidence	 of	 local	 recurrence,	 distant	 disease	 still	 predominates	 (59%	 versus	 19%,	 and	 22%
combined).53	 Most	 treatments	 utilize	 5-fluorouracil	 (5-FU)	 chemotherapy	 or	 more	 recently,	 5-FU/oxaliplatin–
based	 regimens.	 Multiple	 SBA	 retrospective	 and	 prospective	 studies	 have	 demonstrated	 a	 mixed	 adjuvant
chemotherapy	 response	with	 an	 increase	 in	disease-free,	but	not	overall,	 survival	 (Table	59.3).	A	 recent	 SEER
database	analysis	reported	superior	5-year	survival	for	similar	adjuvant	chemotherapy	in	CRC	(51%)	compared	to
SBA	(35%).	Approximately	70%	of	both	groups	underwent	resection,	and	approximately	20%	of	patients	received
adjuvant	 therapy.	 Unlike	 CRC,	 chemotherapy	 did	 not	 confer	 an	 additional	 survival	 benefit	 in	 the	 SBA	 group
compared	 with	 surgery	 alone.54	 Alternatively,	 a	 propensity	 score	 analysis	 of	 data	 from	 the	 National	 Cancer
Database	 (NCDB)	 revealed	 that	 the	 stage	 III	 SBA	 subgroup	may	 benefit	 from	 adjuvant	 therapy	 identifying	 a
median	 overall	 survival	 of	 42.1	 months	 versus	 26.1	 months	 for	 surgery	 alone	 (P	 <	 .001).55	 The	 role	 of
hyperthermic	 intraperitoneal	 chemotherapy	 (HIPEC)	 in	 SBA	 patients	 has	 been	 investigated	 in	 five	 small	 trials
involving	55	patients	with	peritoneal	carcinomatosis.	HIPEC	followed	by	adjuvant	chemotherapy	yielded	a	higher
median	overall	(36	months	[range,	6	to	95	months]	compared	to	12	months	with	conventional	treatments).	These
results	are	encouraging,	but	sample	size	is	too	small	to	draw	robust	conclusions.56,57

Stage	IV	Disease

Palliative	 Care.	 Palliative	 surgery	 for	 SBA	 may	 be	 indicated	 for	 bleeding,	 obstruction,	 and	 perforation.	 In
duodenal	 tumors,	palliative	 stenting	or	 feeding	 jejunostomy	may	maintain	 an	enteral	nutrition	 route.	A	venting
gastrostomy	tube	or	palliative	intestinal	bypass	may	relieve	obstructive	symptoms	and	improve	quality	of	life.

TABLE	59.2
American	Joint	Committee	on	Cancer	Staging	of	Small	Intestinal	Adenocarcinoma

Primary	Tumor
Tx Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis High-grade	dysplasia/carcinoma	in	situ

T1 Tumor	invades	lamina	propria	or	submucosa

T2 Tumor	invades	muscularis	propria

T3

Tumor	invades	through	the	muscularis	propria	into	the	subserosa	or	into	the	subserosa,	or
extends	into	nonperitonealized	perimuscular	tissue	(mesentery	or	retroperitoneum)	without
serosal	penetrationa

T4

Tumor	perforates	the	visceral	peritoneum	or	directly	invades	other	organs	or	structures	(e.g.,
other	loops	of	small	intestine,	mesentery	of	adjacent	loops	of	bowel,	and	abdominal	wall	by	way
of	serosa;	for	duodenum	only,	invasion	of	pancreas	or	bile	duct)

Regional	Lymph	Nodes
Nx Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	one	to	two	regional	lymph	nodes

N2 Metastases	in	three	or	more	regional	lymph	nodes



Distant	Metastasis
M0 No	distant	metastasis

M1 Distant	metastasis

Anatomic	Stage/Prognostic	Group
Stage T N M
0 Tis N0 M0

I T1-2 N0 M0

IIA T3 N0 M0

IIB T4 N0 M0

IIIA Any	T N1 M0

IIIB Any	T N2 M0

IV Any	T Any	N M1
aFor	 T3	 tumors,	 the	 nonperitonealized	 perimuscular	 tissue	 is,	 for	 the	 jejunum	 and	 ileum,	 part	 of	 the	 mesentery	 and	 for	 the
duodenum	in	areas	where	serosa	is	lacking,	part	of	the	interface	with	the	pancreas.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

No	randomized	trials	comparing	different	chemotherapy	regimens	in	SBA	patients	with	stage	IV	disease	have
been	 performed.	 5-FU	 chemotherapy	 regimens	 alone	 or	most	 often	 in	 combination	 with	 a	 platinum	 agent	 are
considered	most	effective.58	Multiple	 retrospective	 studies	have	demonstrated	a	 small	 survival	advantage	 for	5-
FU–based	palliative	chemotherapy	(11	to	15	months)	compared	to	best	supportive	care	alone	(4	to	7	months).41
Three	phase	II	trials	have	reported	an	18%	to	54%	objective	response	with	limited	progression-free	survival	(PFS)
(5	to	11	months)	and	overall	survival	gains	(8	to	20	months).58–60	Novel	advanced	SBA	clinical	trials	including
targeted	therapy	are	currently	accruing	(Table	59.4).

CARCINOID	TUMORS
Incidence	and	Etiology
Carcinoid	 tumors	 are	 the	most	 common	 histologic	 subtypes	 of	 SBC	 (44.3%).3	A	 recent	 SEER	 (1973	 to	 2004)
database	 analysis	 noted	 that	 the	 incidence	 of	 SB	 carcinoids	 rose	 from	 2.1	 to	 9.3	 cases	 per	million,	 a	 340.5%
increase.3	SB	carcinoids	are	most	common	in	the	seventh	decade	of	life	(mean	age,	66	years),	with	highest	age-
adjusted	incidence	in	the	U.S.	black	population	for	both	genders.	The	average	annual	age-adjusted	incidence	per
1,000,000	was	7.7	(white	men),	5.5	(white	women),	14.4	(black	men),	and	8.7	(black	women),	respectively.37	The
etiology	of	SB	carcinoids	remains	largely	unknown	in	the	vast	majority	of	patients;	however,	certain	SB	diseases
like	CS	and	genetic	conditions	like	multiple	endocrine	neoplasm	1	(MEN1)	and	neurofibromatosis	1	(NF1)	have
been	identified	as	risk	factors.

TABLE	59.3
Studies	of	Chemotherapy	for	Advanced	Small	Bowel	Adenocarcinoma

Regimen N ORR	(%) PFS	(mo) OS	(mo)
Phase	II	studies
FOLFOX 33 48 7.8 15.2

Capecitabine	+	oxaliplatine 30 52 11.3 20

5-FU	+	doxorubicin	+	MMC 38 18 5 8

Retrospective	studies
5-FU 60 20 5.4 13.9

5-FU	+	cisplatin 17 38 3.8 12.6

FOLFOX 22 42 8.2 22.2

FOLFIRI 11 25 5.6 9.4

Others	regimen 22 21 3.4 8.1
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FOLFIRI	(second	line) 28 20 3.2 10.5

Fluoropyrimidine	+	oxaliplatin 34 32 6.3 14.2

FOLFOX 48 34 6.9 17.8

5-FU 10 0 7.7 13.5

5-FU	+	cisplatin 19 30 6 9.6

FOLFIRI 16 9 4.8 10.6

5-FU	+	cisplatin 29 41 8.7 14.8

5-FU	without	cisplatin 41 17 3.9 12

Various	regimens 44 36 — —

5-FU	+	cisplatin 20 21 8 14
ORR,	objective	response	rate;	PFS,	progression-free	survival;	OS,	overall	survival;	FOLFOX,	5-fluorouracil	+	oxaliplatin;	5-FU,	5-
fluorouracil;	MMC,	mitomycin	C;	FOLFIRI,	5-fluorouracil	+	irinotecan.
Adapted	from	Aparicio	T,	Zaanan	A,	Mary	F,	et	al.	Small	bowel	adenocarcinoma.	Gastroenterol	Clin	North	Am	2016;45(3):447–457.

Anatomy	and	Pathology
Carcinoid	 tumors	 are	 slow-growing	 neoplasms	 that	 arise	 from	 neuroendocrine	 cells	 of	 Kulchitsky,	 capable	 of
producing	 serotonin.	 A	 total	 of	 75%	 of	 carcinoids	 occur	 in	 the	 GI	 tract	 (44.7%	 in	 the	 SB	 and	 19.6%	 in	 the
rectum),	 followed	by	 the	 lung;	 bronchus;	 and	 rarely	 the	 liver,	 pancreas,	 or	 gonads.	 Several	 genetic	 aberrations
including	loss	of	chromosome	18,	loss	of	heterozygosity	of	9p	and	16p,	and	gain	of	function	on	14q	and	a	locus	of
the	gene	encoding	the	anti-apoptotic	protein	DAD1	have	been	identified	in	these	tumors.61

SB	carcinoids	are	most	common	in	the	ileum	(49.5%),	followed	by	duodenum	(12.5%)	and	jejunum	(6.1%).37
Histologically,	 the	mucosa	 is	 typically	 intact	and	submucosal	 infiltration	 is	 the	 rule,	with	 tumor	 infiltration	and
fibrosis	into	the	muscularis	mucosa	and	surrounding	mesentery.	Solid	nests	of	cells	with	small	round	nuclei	are
the	 most	 common	 histologic	 pattern.	 Lymphovascular	 and	 perineural	 invasion	 is	 common.	 SB	 carcinoids	 are
graded	based	on	mitotic	rate	and/or	proliferation	(Ki-67)	index.62

Diagnosis
SB	carcinoid	patients	typically	have	an	indolent	course	associated	with	vague	abdominal	discomfort,	borborygmi,
and	 pain.	 Approximately	 50%	 progress	 to	 SB	 obstruction	 over	 an	 extended	 time.	 Approximately	 80%	 of	 SB
carcinoid	patients	develop	carcinoid	syndrome,	and	 it	 is	 the	presenting	complaint	 in	10%	to	17%,	 indicative	of
liver	metastasis.63

TABLE	59.4
Current	Clinical	Trials	for	Advanced	Small	Bowel	Adenocarcinoma

Identifier Phase Tumor	Type N Therapy	Line Agent
NCT03000179 I Small	bowel	adenocarcinoma 25 First Avelumab

NCT02949219 II Small	bowel	adenocarcinoma 40 First
Pembrolizumab	(MK-
3475)

NCT03108131 II

Small	bowel	adenocarcinoma,
melanoma	and	other	malignant
neoplasms	of	skin,	appendiceal
adenocarcinoma,	cutaneous
squamous	cell	carcinoma 60 First

Cobimetinib	and
atezolizumab

NCT03095781 I
Small	bowel	adenocarcinoma	+
others 50 First Pembrolizumab

NCT02834013 II Small	bowel	adenocarcinoma	+
others

707 First
Nivolumab	and
ipilimumab

Serum	chromogranin	A	(CgA)	is	the	most	commonly	measured	biomarker	in	suspected	SB	carcinoids	and	is
elevated	 in	 both	 functioning	 and	 nonfunctioning	 tumors.	 CgA	 has	 both	 diagnostic	 and	 prognostic	 value,	 and
higher	levels	may	reflect	increased	tumor	burden.64	Neurokinin	A	(NKA)	has	more	recently	been	shown	to	also
have	 prognostic	 value;	 patients	 with	 both	 pre-	 and	 posttreatment	 NKA	 levels	 <50	 pg/mL	 tend	 to	 have	 good



prognosis.65	 Urine	 5-hydroxyindoleacetic	 acid	 (5-HIAA)	 levels	 (requires	 24-hour	 collection)	 are	 elevated,
particularly	in	patients	with	liver	metastasis.66	Typical	radiologic	features	of	carcinoid	tumors	have	been	described
(please	refer	to	earlier	sections).

Staging	and	Prognosis
A	new	tumor	(T),	node	(N),	and	metastasis	(M)	staging	system	was	recently	introduced	for	SB	carcinoids	(Table
59.5).	Traditionally,	SB	carcinoids	were	classified	as	localized	disease	(confined	to	SB),	regional	disease	(spread
to	 regional	 LNs),	 or	 distant	 spread	 (distant	 metastasis,	 including	 peritoneal	 metastasis).	 These	 three	 groups
correspond	to	the	stages	I	to	IIB,	IIIA	and	IIIB,	and	IV,	respectively.67,68	In	a	recent	SEER	database	study,	40.7%
of	SB	 carcinoids	 have	LN	metastasis	 and	15.6%	have	 distant	metastasis	 on	 presentation	 (8.1%	with	 liver-only
disease).3	SB	carcinoid	patients	with	 tumor	 initially	 limited	 to	 the	SB	have	a	25%	chance	of	developing	LN	or
liver	 metastases	 (median	 delay,	 12	 years),	 whereas	 those	 who	 present	 with	 initial	 LN	 disease	 have	 56%	 of
subsequent	 liver	metastasis	 (median	 delay,	 6.1	 years).	 Patients	who	 present	with	 both	LN	 and	 liver	metastasis
have	 a	 22%	chance	of	 developing	 extra-abdominal	metastases	 (median	delay,	 4.3	years).69	The	5-	 and	10-year
survival	for	SB	carcinoid	patients	is	65%	and	49%	for	patients	with	localized	disease,	71%	and	46%	for	patients
with	 LN	 disease,	 and	 54%	 and	 30%	 for	 patients	 with	 distant	 spread,	 respectively.66	 On	multivariate	 analysis,
patients	with	distant	metastases,	carcinoid	syndrome,	and	female	gender	had	worse	outcome.70	Additional	poor
prognostic	 indicators	 include	 a	 high	 Ki-67	 index,	 p53	 expression,	 vascular	 endothelial	 growth	 factor	 (VEGF)
expression,	carcinoid	syndrome,	carcinoid	heart	syndrome,	and	high	urinary	5-HIAA	levels	(>500	μmole	per	24
hours).71,72

Management

Stage	I,	II,	and	III	Disease
Segmental	 oncologic	 resection	 with	 adjacent	 mesentery	 is	 the	 optimal	 treatment	 for	 localized	 SB	 carcinoids.
Patients	with	 regional	 disease	 should	 also	 undergo	 curative	 surgery	 to	 remove	 all	 gross	 disease.	 Patients	with
bulky	LN	metastasis	at	the	mesenteric	root	are	best	managed	by	referral	to	high-volume	centers	with	experience	in
vascular	reconstruction	or	other	surgical	 techniques	that	may	be	required.	In	patients	 in	whom	a	mesenteric	LN
dissection	 was	 not	 performed	 or	 who	 later	 develop	 LN	 recurrence,	 re-resection	 with	 curative	 intent	 is
indicated.66,69,73

Stage	IV	Disease
The	 liver	 is	 the	most	 common	 site	 of	 carcinoid	metastasis.	 Hepatic	 cytoreduction	 along	with	 resection	 of	 the
primary	tumor	provides	excellent	5-year	symptom	control	(70%	to	100%)	and	survival	rates	(41%	to	100%)	with
an	approximately	1%	operative	mortality.74–85	Hepatic	cytoreduction	may	be	achieved	by	liver	resection	or	other
liver-directed	 therapy,	 including	 percutaneous	 or	 laparoscopic	 ablative	 techniques	 such	 as	 radiofrequency,
microwave,	 or	 cryoablation,	 and	hepatic	 artery	 embolization.	Hepatic	 resection	 is	 recommended	 if	 the	 primary
tumor	is	resectable	and	total	or	near-total	resection	of	hepatic	metastasis	can	be	achieved	in	a	single	setting,	via
staged	hepatectomy	or	 in	 combination	of	with	 liver-ablative	 techniques.	Disease	 progression	 and	 recurrence	 in
patients	with	 carcinoid	 liver	metastasis	 is	 the	 rule	 rather	 than	 exception,	with	 approximately	 100%	developing
hepatic	 recurrences	within	 10	 years.77	 The	 amount	 of	 residual	 disease	 rather	 than	 the	 extent	 of	 liver	 resection
appears	most	 influential	 to	 outcomes;	 survival	 following	R2	 resections	 are	 inferior	 to	R0	 and	R1	 resections.84
Minimally	invasive	liver	ablation	techniques	are	useful	in	patients	who	are	unfit	for	surgery	or	have	unresectable
tumors,	radiofrequency	ablation	(RFA)	is	the	most	commonly	used	technique	followed	increasingly	by	microwave
ablation	with	no	definitive	comparative	study	yet	available.86,87

TABLE	59.5
American	Joint	Committee	on	Cancer	Staging	of	Small	Intestinal	Neuroendocrine	Tumors

Primary	Tumor
Tx Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor
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T1a Invades	lamina	propria	or	submucosa	and	≤1	cm	in	size

T2a Invades	muscularis	propria	or	>1	cm	in	size

T3
Invades	through	the	muscularis	propria	into	the	subserosal	tissue	without	penetration	of
overlaying	serosa

T4 Invades	visceral	peritoneum	(serosal)	or	other	organs	or	adjacent	structures

Regional	Lymph	Nodes
Nx Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis	has	occurred

N1 Regional	lymph	node	metastasis	<12	nodes

N2
Large	mesenteric	mass	(>2	cm)	and/or	extensive	nodal	deposits	(≥12),	especially	those	that
encase	the	superior	mesenteric	vessels

Distant	Metastasis
M0 No	distant	metastasis

M1 Distant	metastasis

M1a Metastasis	confined	to	liver

M1b
Metastasis	in	at	least	one	extrahepatic	site	(e.g.,	lung,	ovary,	nonregional	lymph	node,
peritoneum,	bone)

M1c Both	hepatic	and	extrahepatic	metastases

Anatomic	Stage/Prognostic	Group
Stage T N M
I T1 N0 M0

IIA T2-T3 N0 M0

III Any	T N1,	N2 M0

	 T4 N0 M0

IV Any	T Any	N M1
a	For	any	T,	add	(m)	for	multiple	tumors	[TX(#)	or	TX(m)],	where	X	=	1–4	and	#	=	number	of	primary	tumors	identifiedb;	for	multiple
tumors	with	different	T,	use	the	highest.
b	Example:	If	there	are	two	primary	tumors,	only	one	of	which	invades	through	the	muscularis	propria	into	subserosal	tissue	without
penetration	of	overlying	serosa	(jejunal	or	ileal),	we	define	the	primary	tumor	as	either	T3(2)	or	T3(m).
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Hepatic	Artery	Embolization
Transcatheter	 hepatic	 arterial	 embolization	 (HAE)	 with	 or	 without	 chemotherapy	 (hepatic	 arterial
chemoembolization	[HACE])	has	been	utilized	extensively	for	both	symptom	control	and	as	a	definitive	treatment
for	 unresectable	 carcinoid	 liver	 metastasis.88	 HAE	 may	 be	 performed	 with	 gel	 foam,	 polyvinyl	 alcohol,	 or
microspheres.	The	addition	of	chemotherapy	allows	for	higher	intratumoral	concentrations	than	can	be	achieved
with	systemic	therapy.	That	said,	the	reported	overall	tumor	response	rate	(25%	to	95%),	symptom	response	rate
(50%	 to	 100%),	 and	 5-year	 survival	 (13.7%	 to	 83%)	 is	 comparable	 between	 HAE	 and	 HACE	 given	 the
heterogeneity	 of	 available	 studies.89–91	 More	 recently	 combined	 embolization	 and	 systemic	 chemotherapy	 or
hepatic	 artery	 chemoinfusion	 has	 produced	 better	 outcomes	 than	 either	 HAE	 or	 HACE	 alone.92,93	 Known
complications	include	transient	or	fulminant	liver	failure,	liver	abscesses,	and	postembolization	syndrome	(fever,
abdominal	 pain,	 leukocytosis,	 elevations	 in	 LFTs),	 gallbladder	 necrosis,	 and	 renal	 failure.91	 Selective	 internal
radiation	therapy	(SIRT),	which	is	performed	using	microspheres	encoded	with	yttrium-90	(90Y)	has	emerged	as
the	 preferred	 embolic	method	 for	 hepatic	metastases	 from	 neuroendocrine	 tumors	 (including	 carcinoids),	 with
superior	tumor	response	rates	(12%	to	93.8%),	symptom	response	rates	(55%	to	84%),	and	median	survival	(14	to
70	months)	 as	well	 as	 a	 better	 toxicity	 profile.91	Hepatic	 arterial	 delivery	of	 somatostatin	 analogs	 labeled	with
novel	 therapeutic	 radioactive	 agents	 (90Y-DOTA-lanreotide)	 has	 also	 been	 used	 to	 treat	 neuroendocrine	 liver
metastases	 with	 good	 short-term	 results	 in	 small	 sample	 sizes;	 however,	 further	 studies	 are	 needed	 for
validation.94

Adjuvant	Chemotherapy
A	 wide	 variety	 of	 chemotherapeutic	 agents	 have	 been	 studied	 in	 the	 management	 of	 carcinoid	 metastases,



including	 5-FU,	 streptozotocin,	 and	 doxorubicin,	 with	 only	 modest	 response	 rates	 (approximately	 20%).
Interferon-α	(IFN-α)	has	been	purported	to	achieve	tumor	stabilization	in	20%	to	40%	of	cases,	whereas	octreotide
has	also	been	shown	to	delay	progression	in	several	small	case	series.95	Tyrosine	kinase	inhibitors	like	imatinib	or
sunitinib	 can	 similarly	 delay	 tumor	 cell	 growth	 and	 induce	 disease	 stability	 in	 83%	 of	 patients	 (over	 a	 1-year
period).	In	a	phase	II	study,	bevacizumab,	a	monoclonal	antibody	targeting	VEGF,	stabilized	disease	in	95%	of
patients	when	combined	with	octreotide	compared	to	68%	stabilization	when	octreotide	was	combined	with	IFN-
α.96–98	In	a	more	recent	phase	III	trial	involving	patients	with	nonfunctional,	metastatic	neuroendocrine	tumor	(SB
carcinoids,	31%),	everolimus	significantly	prolonged	median	PFS	by	7.1	months,	which	corresponded	to	a	52%
reduction	in	risk	of	disease	progression	compared	with	placebo.	There	was	no	difference	in	the	overall	survival.99

Palliative	Surgery
Palliative	 surgery	 for	 disseminated	 carcinoid	 tumors	 should	 carefully	 balance	 the	 surgical	 risks	 and	 perceived
patient	 benefits.	 Orthotopic	 liver	 transplantation	 for	 patients	 with	 unresectable	 liver-only	 disease	 remains
investigational	and	is	performed	in	only	a	small	number	of	transplant	centers.100

SMALL	BOWEL	LYMPHOMA
Incidence	and	Etiology
SBLs	are	the	third	most	common	histologic	subtypes	of	SBC	(17.3%).3	In	a	SEER	database	study	(1973	to	2004),
the	incidence	of	SBL	increased	from	2.2	to	4.4	cases	per	million,	related	to	primarily	to	an	increase	in	the	number
of	 immunosuppressed	 individuals	 and	 Middle	 Eastern	 immigrants	 in	 the	 United	 States.3,101	 SBLs	 are	 most
common	 in	 the	 seventh	 decade	 of	 life	 (median	 age,	 66	 years),	with	 highest	 age-adjusted	 incidence	 in	 the	U.S.
white	population	 for	 both	males	 and	 females.	The	 average	 annual	 age-adjusted	 incidence	per	million	was	22.9
(white	men),	17.9	(white	women),	11.4	(black	men),	and	7.3	(black	women),	respectively.37	The	etiology	of	SBL
remains	 largely	unknown	for	 the	vast	majority	of	patients;	however,	certain	diseases	 like	chronic	 inflammatory
bowel	disease	(CD	and	ulcerative	colitis),	CS,	immunodeficiency	(congenital	and	acquired),	EBV,	and	H.	pylori
infection	 have	 been	 identified	 as	 risk	 factors.	 Gastrointestinal	 lymphomas	 are	 classified	 as	 B-cell	 and	 T-cell
lymphomas,	the	former	being	the	most	common	in	the	SB.102

Diagnosis
Patients	with	SBL	typically	present	with	nonspecific	symptoms	like	fever,	anorexia,	nausea,	vomiting,	abdominal
pain,	weight	loss,	hematemesis,	and	melena.	Presentation	with	abdominal	mass	or	perforation	is	common	with	T-
cell	 and	 Burkitt	 lymphoma.103	 Abdominal	 pain,	 chronic	 diarrhea	 due	 to	 steatorrhea	 and	 protein-loosing
enteropathy,	and	weight	loss	are	associated	with	IPSID.104

The	diagnosis	of	SBL	is	based	on	Dawson	criteria:	(1)	the	absence	of	peripheral	lymphadenopathy	at	disease
onset,	(2)	no	evidence	of	enlarged	mediastinal	LNs,	(3)	normal	total	and	differential	white	blood	cell	counts,	(4)	a
predominance	of	bowel	lesions	at	laparotomy	with	the	only	obviously	affected	LNs	in	the	immediate	vicinity,	and
(5)	no	lymphomatous	involvement	of	the	liver	and	spleen.105	As	alluded	in	the	previous	section,	radiologic	studies
are	useful	adjuncts	in	making	the	diagnosis.

Staging	and	Prognosis
The	most	important	prognostic	indicator	for	intestinal	lymphoma	is	tumor	spread.	Most	GI	lymphomas	are	of	the
non-Hodgkin	type	and	are	staged	based	on	the	Ann	Arbor	staging	system:	Stage	I	disease	is	 limited	to	a	single
site;	stage	II	tumors	are	confined	to	below	the	diaphragm	and	are	separated	into	two	subgroups,	namely	those	with
regional	(stage	II	1E)	and	distant	(stage	II	2E)	LN	involvement;	stage	III	has	involvement	of	organs	on	both	sides
of	the	diaphragm;	and	stage	IV	represents	widespread	dissemination,	including	the	liver	and	the	spleen.

Treatment
Treatment	 depends	 on	 SBL	 subtypes	 (Table	 59.6).	 In	 general,	 chemotherapy	 or	 radiation	 therapy	 is	 first-line
treatment,	and	surgical	intervention	is	reserved	for	complications	such	as	obstruction,	bleeding,	and	peroration.
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TABLE	59.6
Clinical	and	Pathologic	Features	of	Small	Bowel	Lymphoma	Variants108–113

	 Features Immuno-Histology Treatment

Marginal	zone	B-cell
lymphomas

Most	common	variant	of	SB	lymphoma
Association	with	chronic	inflammatory
conditions	and	autoimmune	disorders
Most	common	in	stomach	<	SB
Predominant	in	men	and	sixth	decade
Antigen	driven,	especially	by	Campylobacter
jejuni	and	Helicobacter	pylori

Elevated	IgM
CD19+,	CD20+,	CD22+,	CD79a+

CD5−,	CD10−,	CD23−
CD43	variable

Surgery	and/or
chemotherapy
H.	pylori
eradication	therapy

Diffuse	large	B-cell
lymphoma

Association	with	immunosupression
Most	common	in	ileocecal	region
Predominant	in	men	and	fifth	decade

CD19+,	CD20+,	CD22+,	and
CD79a+
Bcl-2+	in	30%

Surgery	followed
by	adjuvant
chemotherapy	and
radiation
5-y	survival	is
50%–70%	with
multimodality
therapy

Burkitt	lymphoma

Accounts	for	<5%	of	all	SB	lymphomas
Endemic	subtype:	occurs	in	central	Africa,
first	decade,	EBV	infection,	and	GI	tract
(20%–30%	of	cases)
Sporadic	subtype:	occurs	in	Western
countries,	common	in	ileocecal	region

c-Myc	gene	translocation	and
deregulation
Translocation	between	t(8;14)
(q34;q32),	t(2;8)(p12;q24),	and
t(8;22)(q24;q11)

Chemotherapy	is
mainstay	of
treatment,	usually
vincristine,
cyclophosphamide,
doxorubicin,	and
methotrexate

Mantle	cell	lymphoma

Occurs	predominantly	in	men	and	fifth	and
sixth	decade,	70%	with	stage	IV	disease
Four	histologic	subtypes:	nodular,	diffuse,
mantle	zone,	and	blastic
Prognosis:	blastic	(worse),	nodular,	and
diffuse	(best)

CD5+,	CD19+,	CD20+,	CD22+
t(11:14)	(q13;	q32)	translocation
Cyclin	D1	overexpression

Chemotherapy	is
mainstay	of
treatment

T-cell	lymphomas
(enteropathy-
associated	T-cell
lymphoma)

Accounts	for	<15%	of	SB	lymphomas
Association	with	enteropathies	(celiac
disease),	25–100-fold	increased	risk
Equal	male–female	ratio,	most	common	in
jejunum	and	proximal	ileum CD3+,	CD7+,	CD8+,	CD103+

Surgery	followed
by	adjuvant
chemotherapy,
anthracycline
based

SB,	small	bowel;	IgM,	immunoglobulin	M;	EBV,	Epstein-Barr	virus;	GI,	gastrointestinal.

GASTROINTESTINAL	STROMAL	TUMOR
GISTs	account	for	0.5%	to	1%	of	all	GI	malignancies	with	the	stomach	(51%)	as	the	most	common	site,	followed
by	SB	(36%),	colon	(7%),	rectum	(5%),	and	esophagus	(1%).	(Please	refer	to	Chapter	60	for	more	details.)

METASTATIC	CANCER	TO	THE	SMALL	BOWEL
Metastatic	 tumors	 to	 the	 small	 intestine	 are	 2.5	 times	 more	 common	 than	 are	 primary	 SBCs.	 Metastases	 are
typically	 located	deep	within	 the	submucosa	or	 the	muscularis	propria	of	 the	SB,	with	 little	 involvement	of	 the
mucosa.	Melanoma	is	the	most	common	cancer	to	metastasize	to	the	SB,	with	up	to	4.4%	of	all	melanoma	patients
demonstrating	 SB	metastases.	 Other	 common	 primary	 tumors	 that	metastasize	 to	 the	 SB	 are	 uterine,	 cervical,
colon,	lung,	and	breast	tumors.	The	management	of	SB	metastatic	disease	is	determined	by	the	primary	tumor	site;
isolated	 SB	 metastasis	 may	 warrant	 segmental	 resection	 to	 prevent	 bowel	 obstruction,	 to	 maintain	 enteral
nutrition,	or	as	part	of	a	debulking	procedure	(e.g.,	ovarian,	appendiceal).	Systemic	therapy	is	the	most	common
modality	 of	 choice	 for	 advanced/diffuse	 SB	 involvement.	 Diffuse	 disease	 may	 rarely	 warrant	 debulking	 or
treatment	with	HIPEC	on	established	or	investigational	protocols.	Metastatic	melanomas	or	renal	carcinomas	with
isolated	metastasis	to	the	SB	may	be	associated	with	prolonged	survival	after	resection.106,107
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60 Gastrointestinal	Stromal	Tumor
Paolo	G.	Casali,	Angelo	Paolo	Dei	Tos,	and	Alessandro	Gronchi

INTRODUCTION
Gastrointestinal	stromal	tumors	(GISTs)	are	mesenchymal	neoplasms	of	the	gastrointestinal	tract.	The	interstitial
cell	 of	Cajal	 is	 the	 normal	 counterpart	 of	 tumor	 cells.	 This	 serves	 as	 a	pacemaker	 of	 gastrointestinal	motility,
providing	 an	 interface	 between	 autonomic	nerve	 stimulation	 and	 the	muscle	 layer	 of	 the	 gastrointestinal	wall.1
GISTs	 are	 rare	 cancers,	 which	 were	 defined	 as	 a	 distinct	 disease	 in	 the	 1990s,	 having	 been	 classified	 within
smooth	muscle	neoplasms	for	decades	 from	their	 first	description	 in	 the	1960s.2,3	Coincidentally,	 in	2000,	 they
became	 targetable	by	new	 tyrosine	kinase	 inhibitors	 (TKIs),	 given	 the	 role	 played	by	KIT	and	platelet-derived
growth	 factor	 receptor	α	 (PDGFRA)	 in	 their	 pathogenesis.4–6	As	 of	 today,	GISTs	 serve	 as	 an	 advanced	model
displaying	both	potentials	 and	 limits	 of	 currently	 available	molecularly	 targeted	 agents	 in	medical	 oncology	of
solid	cancers.

From	 the	 clinical	 point	 of	 view,	 surgery	 is	 the	mainstay	 treatment	when	GISTs	 are	 localized,	 and	 adjuvant
therapy	is	used	depending	on	their	risk	of	relapse.	Apparently,	adjuvant	therapy	with	TKIs	is	mainly	able	to	delay
relapse,	 if	 due	 to	 occur,	 rather	 than	 to	 avoid	 it,	 though	 at	 the	 moment,	 it	 cannot	 be	 ruled	 out	 that	 in	 some
genotypes	and/or	with	longer	treatments	the	cure	rate	may	actually	increase.	In	the	advanced	disease,	TKIs	have
substantially	improved	the	prognosis	of	KIT-mutated	GISTs	and	have	become	standard	treatment.	They	face	the
major	limiting	factor	of	secondary	resistance,	which	affects	most	patients	and	is	marked	by	genetic	heterogeneity.
A	minority	of	GISTs	do	not	harbor	mutations	to	either	KIT	or	PDGFRA	genes	and	thus	were	formerly	referred	to
as	wild	type	(WT).	They	are	much	less	amenable	to	treatment	with	available	TKIs,	although	their	natural	history
tends	to	be	less	aggressive.	Their	variegated	nature	adds	to	the	complexity	of	GISTs	as	a	family	of	tumors.

In	brief,	GISTs	are	more	complex	than	initially	believed,	whereas	targeted	therapy	has	substantially	improved
their	prognosis	but	 is	challenged	by	its	apparent	 inability	to	eradicate	the	disease	in	most	cases	(even	minimum
residual	disease)	and	by	the	heterogeneity	of	the	secondary	resistance	it	often	gives	rise	to	in	the	advanced	setting.
Intense	translational	and	clinical	research	is	underway	and	new	agents	are	constantly	developed.	All	this	and	the
rarity	 of	 the	 disease	 strongly	 suggest	 to	 refer	 GIST	 patients	 to	 institutions	 or	 networks	 specializing	 in	 their
treatment	and	study.

INCIDENCE	AND	ETIOLOGY
GISTs	are	 rare	cancers.	Their	 incidence	 is	 suggested	 to	be	approximately	1.5	out	of	100,000	per	year	 (roughly
5,000	new	cases	in	the	United	States	yearly),	with	the	limitations	deriving	from	the	fact	that	only	recently	were
they	 identified	as	 a	clinicopathologic	entity.7,8	However,	 there	 are	 a	 number	 of	 small	GISTs	 that	 are	 clinically
meaningless	and	generally	go	undetected.	In	addition,	microscopic	GISTs	might	be	found	incidentally	in	as	many
as	10%	to	25%	of	stomachs.9,10	The	reasons	why	the	vast	majority	do	not	give	rise	to	clinically	overt	diseases	are
not	known,	especially	considering	the	fact	that	most	of	them	harbor	the	same	mutations	to	KIT	and	PDGFRA	of
fully	developed	diseases,	which	 implies	 that	alterations	of	 these	protooncogenes	are	not	solely	 the	pathogenetic
mechanisms	leading	to	GISTs.11	Thus,	the	incidence	of	histologic	GISTs	may	be	much	higher	than	that	of	clinical
cases,	which	remains	low.	Prevalence	is	low	as	well,	although	roughly	half	of	clinical	GISTs	are	cured	by	surgery,
and	the	median	survival	of	advanced	GISTs	has	improved	with	the	use	of	TKIs	and	is	likely	still	improving.

GISTs	can	occur	at	any	age,	with	a	median	occurrence	at	60	 to	65	years.	A	small	minority	of	GISTs	affect
children	and	adolescents:	Most	of	them	are	WT	for	KIT	and	PDGFRA,	and	some	may	take	place	within	selected
syndromes.	In	general,	GISTs	are	slightly	more	incident	in	males	than	females.	Succinate	dehydrogenase	(SDH)-
deficient	GISTs	typically	occur	in	young	females.

No	 specific	 causes	 are	 known,	 although	 the	 pathogenesis	 of	 KIT-	 and	 PDGFRA-mutated	 GISTs	 has	 been



elucidated	 in	 essence.	 There	 are	 some	 predisposing	 conditions	 for	 SDH-deficient	 GISTs,	 which	 include	 the
Carney	 triad	 (marked	 by	 GIST,	 pulmonary	 chondromas,	 and	 extra-adrenal	 paragangliomas),	 the	 hereditary
Carney-Stratakis	 syndrome	 (marked	 by	 GIST	 and	 familial	 paragangliomas),	 and	 neurofibromatosis	 type	 1
(NF1).12–14	 Hereditary	 syndromes	 driven	 by	 germline	 mutations	 to	 KIT	 or	 PDGFRA	 are	 very	 rare	 but	 well
recognized.15,16

ANATOMY	AND	PATHOLOGY
More	 than	half	 of	GIST	cases	 arise	 from	 the	 stomach,	 one-fourth	 from	 the	 small	 bowel,	 roughly	 5%	 from	 the
rectum,	 and	 a	 small	 minority	 from	 the	 esophagus.6	 Some	 GISTs	 have	 been	 labeled	 as	 extragastrointestinal,
apparently	 arising	 from	 the	 mesentery,	 omentum,	 and	 retroperitoneum;	 however,	 it	 remains	 at	 best	 unknown
whether	 these	 are	 lesions	 detached	 from	 their	 gastrointestinal	 origin	 and/or	 are	 metastases	 from	 an	 unknown
primary	tumor.

Morphologically,	GISTs	can	be	made	up	of	spindle	cells	(in	more	than	two-thirds	of	cases),	epithelioid	cells,	or
both	(Fig.	60.1).17	Epithelioid-cell	GISTs	are	more	common	in	the	stomach	and	include	those	that	are	PDGFRA
mutated	and	several	SDH	deficient.	Aside	from	this,	 there	are	no	major	clinical	implications	in	the	microscopic
aspect	of	lesions.	Importantly,	there	are	no	pathologic	clues	to	make	a	distinction	between	malignant	GISTs	and
others	whose	clinical	behavior	is	actually	benign.	Thus,	many	GISTs	behave	as	benign	diseases	as	a	matter	of	fact,
but	 this	 cannot	 be	 forecast	 histologically	 or	 molecularly.	 It	 follows	 that	 all	 GISTs	 are	 currently	 considered
malignant	neoplasms,	although	with	a	highly	variable	risk	of	distant	relapse,	which	is	negligible	in	a	significant
proportion	 of	 them.	 This	 is	 the	 reason	 why	 risk	 classification	 systems	 are	 generally	 used	 in	 the	 clinic	 as
prognosticators,	being	based	today	on	a	pathologic	factor	(i.e.,	the	mitotic	count)	and	two	clinical	variables	(tumor
size	and	tumor	site).18–22

Immunohistochemically,	the	hallmark	of	most	GISTs	is	their	positivity	for	KIT	(CD117)	and	DOG1	(ANO1)
(Fig.	 60.2).23–25	 A	 low	 proportion	 of	 GISTs	 are	 CD117−,	 which	 is	 typical	 of	 PDGFRA-mutated	 GISTs,	 but
immunohistochemical	status	does	not	 reflect	 the	mutational	status	with	regard	 to	KIT	and	PDGFRA,	per	se,	so
that	it	has	no	concrete	predictive	value	for	sensitivity	to	TKIs.	Thus,	CD117	has	only	a	meaning	in	the	pathologic
differential	diagnosis.	Given	their	morphology,	GISTs	must	be	differentiated	from	other	soft	tissue	tumors	of	the
gastrointestinal	wall,	including	those	of	smooth	muscle	and	neural	differentiation,	and	desmoid-type	fibromatosis,
glomus	tumors,	endocrine	tumors,	melanocytic	tumors,	lymphomas,	etc.	Desmin	is	rarely	positive,	as	opposed	to
CD34.	A	negative	stain	for	SDHB	identifies	the	subgroup	of	SDH-deficient	GISTs.26–28

Figure	60.1	A:	Spindle-cell	gastrointestinal	stromal	tumor.	B:	Epithelioid-cell	gastrointestinal
stromal	tumor.

Molecularly,	GISTs	have	become	a	relatively	heterogeneous	and	complex	group	of	lesions.29	Gain-of-function
mutations	of	the	oncogenes	located	on	chromosome	4	(4q12)	coding	for	the	type	III	receptor	tyrosine	kinases	KIT
and	 PDGFRA	 can	 be	 found	 in	 approximately	 80%	 of	 GISTs.5,6	 Pathogenetically,	 they	 are	 the	 drivers	 of	 the
disease	and,	therapeutically,	underlie	the	efficacy	of	currently	used	TKIs.	They	are	mutually	exclusive	and	result
in	the	constitutive	activation	of	either	KIT	or	PDGFRA,	which	normally	are	autoinhibited,	being	activated	by	the
binding	of	their	respective	ligands	(i.e.,	stem-cell	factor	[Steel	factor]	and	PDGFA).	The	activation	of	the	receptor
binds	two	molecules	of	KIT	or	PDGFRA	(dimerization),	giving	rise	 to	downstream	oncogenic	signaling,	which
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for	 both	 KIT	 and	 PDGFRA	 involves	 the	 RAS/MAPK	 and	 the	 phosphatidylinositol	 3-kinase
(PI3K)/AKT/mammalian	 target	 of	 rapamycin	 (mTOR)	 pathways	 (Fig.	 60.3).	 Mutations	 can	 be	 deletions,
insertions,	and	missense	mutations.	They	affect	exon	11	of	 the	KIT	oncogene,	encoding	for	 the	juxtamembrane
domain	of	the	KIT	receptor,	in	slightly	<70%	of	GISTs;	exon	9	of	KIT,	encoding	for	the	extracellular	domain	of
the	receptor,	in	<10%;	and	exon	13	and	17	of	KIT,	encoding	for	the	intracellular	adenosine	triphosphate	(ATP)-
binding	pocket	and	activation	loop	domains,	respectively,	 in	a	small	minority	of	GISTs.	Approximately	10%	of
GISTs	have	mutations	homologous	to	these,	which	affect	PDGFRA	(i.e.,	exons	12,	14,	and	18	of	the	oncogene,
with	70%	being	represented	by	the	exon	18	D842V	mutation).	The	latter	is	known	for	its	wide	lack	of	sensitivity
to	approved	TKIs,	along	with	a	few	other	rare	exon	18	mutations,	whereas	the	deletion	of	codons	842	to	845	is
sensitive.	Possibly	because	of	their	similarity	with	different	kinds	of	normal	interstitial	cell	of	Cajal,	some	tumor
cell	mutations	correlate	with	elective	primary	sites	of	origin.	In	particular,	exon	9	mutations	of	KIT	are	preferably
found	in	the	small	bowel,	and	PDGFRA	mutations	are	found	in	the	stomach.

Approximately	10%	to	15%	of	GISTs	are	WT	for	KIT	and	PDGFRA.	They	make	up	a	family	of	tumor	subsets
with	 different	 pathogenetic	 backgrounds	 and,	 to	 some	 extent,	 different	 natural	 histories	 (see	 Fig.	 60.3).	 Their
classification	 has	 evolved.6,29,30	 In	 essence,	 as	 of	 today,	 one	may	 identify	 (1)	 SDH-deficient	GISTs;	 (2)	NF1-
related	GISTs;	or	(3)	others,	 including	those	with	a	BRAF	V600E	or	RAS	mutation,	or	an	ETV6-NTRK3	gene
fusion.30,31	 In	 fact,	 approximately	 half	 of	 these	GISTs	 are	marked	 by	 alterations	 involving	 the	 SDH	 complex,
which	 is	 crucial	 for	 the	Krebs	cycle	and	mitochondrial	 respiratory	cell	 function.	 Immunohistochemically,	 these
GISTs	are	negative	to	SDHB	staining.	A	group	of	them	includes	pediatric	GISTs	and	can	be	associated	with	the
Carney	triad.12	In	fact,	these	GISTs	tend	to	arise	in	children	and	young	adults	of	the	female	sex,	are	gastric	and
multifocal,	can	metastasize	to	lymph	nodes,	and	have	a	rather	indolent	evolution.	When	the	Carney	triad	is	fully
expressed,	it	includes	GISTs,	pulmonary	chondromas,	and	paragangliomas.	On	the	other	hand,	a	group	of	SDH-
deficient	 GISTs	 carries	 germline	 mutations	 of	 the	 SDHA,	 SDHB,	 SDHC,	 and	 SDHD	 units	 of	 the	 SDH
complex,29,31	 and	may	be	 related	 to	 the	Carney-Stratakis	 syndrome.13	This	 is	 an	 autosomal	dominant	 condition
marked	 by	 GIST	 and	 paragangliomas.	 Immunohistochemically,	 GISTs	 with	 SDHA	mutations	 are	 negative	 to
SDHA	staining.	The	median	age	of	 these	patients	 is	 somewhat	higher	and	 the	 female	 to	male	predominance	 is
lower,	 but	 the	 course	 of	 disease	 is	 indolent	 as	 well.	 Those	 cases	 without	 mutations	 to	 the	 SDH	 complex	 are
marked	by	SDHC	promoter	hypermethylation.	Then,	SDHB-positive	GISTs	can	occur	in	the	context	of	NF1,	and
their	pathogenetic	mechanism	is	supposed	to	be	the	absence	of	neurofibromin	(i.e.,	the	product	of	the	NF1	gene),
which	is	mutated.32–34	This	 leads	 to	 increased	activity	of	 the	RAS	pathway.	GISTs	related	 to	NF1	are	 typically
multicentric	as	well,	and	have	a	rather	indolent	course,	but	arise	from	the	small	bowel.	Of	course,	an	NF1	patient
may	always	suffer	from	a	non–NF1-related	GISTs.	Finally,	the	remaining	SDHB-positive	GISTs	are	probably	a
basket	 of	 different	 conditions:	Some	were	 reported	 to	 have	 the	V600E	mutation	of	BRAF35,36	 or,	more	 rarely,
HRAS,	NRAS,	PIK3	mutations,	or	a	ETV6-NTRK3	gene	fusion.37	All	this	makes	the	formerly	called	WT	GISTs
a	variegated	family	of	tumors,	which	can	now	be	identified	not	only	through	a	negative	definition	(i.e.,	by	the	lack
of	KIT	and	PDGFRA	mutations),	but	 through	immunohistochemical	or	molecular	genetics	markers,	pointing	to
specific	subsets	with	different	natural	histories.

Figure	60.2	Immunostaining	for	KIT	(CD117)	and	DOG1.



Figure	60.3	Signaling	in	KIT/PDGFRA-mutated	and	wild-type	gastrointestinal	stromal	tumor.
(From	Joensuu	H,	Hohenberger	P,	Corless	CL.	Gastrointestinal	stromal	tumour.	Lancet

2013;382:973–983.)

A	very	rare	subset	of	familial	GISTs	does	exist,	being	marked	by	mutations	of	KIT	or	PDGFRA	affecting	the
germ	 line.15,16	 They	 parallel	 mutations	 found	 in	 sporadic	 GISTs	 and	 lead	 to	 the	 multicentric	 and	 multifocal
occurrence	of	GISTs.	The	behavior	of	these	GISTs	is	variable	(i.e.,	it	is	often	indolent,	but	some	lesions	turn	out
to	become	aggressive).	Hyperplasia	of	interstitial	cells	of	Cajal	can	be	found,	which	may	entail	altered	motility	of
the	 gastrointestinal	 tract.	 Urticaria	 pigmentosa	 and	 other	 alterations	 of	 skin	 pigmentation	 may	 complete	 the
syndrome.

It	 is	 then	clear	how	important	genotyping	has	become	for	GIST	patients.	 In	fact,	genotyping	has	an	obvious
predictive	value,	which	is	crucial	for	all	patients	who	are	candidates	for	medical	therapy,	whether	in	the	advanced
or	 in	 the	 adjuvant	 setting.	 In	 addition,	 genotyping	 confirms	 the	pathologic	diagnosis	 in	KIT/PDGFRA-mutated
GIST	or	leads	to	further	pathologic	and	molecular	assessments	in	formerly	called	WT	GISTs.	In	fact,	and	finally,
genotyping	 has	 wide	 prognostic	 implications,	 particularly	 in	 regard	 to	 SDH-deficient	 GISTs.	 So,	 in	 case
mutational	analysis	does	not	show	any	mutation	to	KIT	and	PDGFRA,	the	immunohistochemical	status	of	SDH	is
assessed	to	single	out	SDH-deficient	patients.	These	patients	can	then	be	genetically	counseled	in	order	to	proceed
to	 assess	 mutations	 in	 SDHX	 genes.	 All	 SDH-deficient	 patients	 have	 a	 risk	 of	 paragangliomas	 (which	 could
justify	annual	whole-body	magnetic	resonance	imaging	[MRI]),	whereas	those	with	nonsporadic	germline	SDHX
mutations	require	genetic	counseling.	For	all	these	reasons,	although	there	are	subsets	of	GISTs	with	such	a	low
risk	of	relapse	as	not	to	make	them	candidates	for	any	medical	therapy,	a	mutational	analysis	is	currently	felt	as	a
companion	to	virtually	any	pathologic	diagnosis	of	GISTs.
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Figure	60.4	Gastrointestinal	stromal	tumor	growing	outward	of	the	gastric	wall.

SCREENING
GISTs	are	rare	cancers.	Therefore,	population-based	screening	policies	are	unforeseeable.	As	for	all	rare	cancers,
the	clinical	aim	should	be	a	timely	diagnosis	in	the	individual	patient	with	symptoms	and/or	signs	of	disease.	A
difficulty	thereof	is	the	anatomic	tendency	of	GIST	lesions	to	grow	outward	from	the	gastrointestinal	wall	so	that
they	may	go	undetected	 for	 long	periods	even	when	endoscopically	explored.	However,	endoscopic	procedures
carried	out	 for	 other	 reasons	may	 lead	 to	 some	 risk	of	overdiagnosis,	 even	 in	 such	 a	 rare	 disease,	when	 small
gastric	lesions	are	incidentally	detected.	Some	of	them	will	be	benign	entities,	and	others	will	be	GISTs	unlikely
to	ever	grow	as	 to	become	clinically	relevant.	Only	a	minority	of	 them	will	 turn	out	 to	be	clinically	aggressive
GISTs	caught	in	their	making.

DIAGNOSIS
The	outward	growth	of	many	GISTs	(Fig.	60.4)	within	the	gastrointestinal	wall	is	one	of	the	reasons	why	several
are	 diagnosed	 relatively	 late,	 either	 as	 major	 abdominal	 masses	 or	 as	 causes	 of	 gastrointestinal	 bleeding,
hemoperitoneum,	 or	 perforations	 (Fig.	 60.5).	 Therefore,	 as	 many	 as	 one-fourth	 of	 GISTs	 are	 diagnosed	 in	 a
clinical	emergency,	often	leading	to	surgical	explorations	resulting	in	the	unexpected	finding	of	the	disease.	One-
fourth	 of	 GISTs	 are	 discovered	 incidentally	 during	 diagnostic	 assessments	 (whether	 an	 endoscopic	 procedure,
ultrasound,	or	computed	tomography	[CT]	scan)	done	for	other	reasons.	The	remaining	are	diagnosed	because	of
symptoms	of	compression	 from	an	abdominal	mass,	or	chronic	anemia,	 fatigue,	and	 the	 like.	Therefore,	GISTs
should	be	included	in	the	differential	diagnosis	of	abdominal	masses.	When	their	pertinence	to	the	gastrointestinal
wall	 is	 clear,	 the	 possibility	 of	 a	GIST	may	 be	 obvious,	with	 a	 differential	 diagnosis	mainly	 against	 epithelial
tumors,	small	bowel	endocrine	tumors,	lymphomas,	paragangliomas,	etc.	Otherwise,	retroperitoneal	sarcomas	and
desmoid-type	fibromatosis,	germ	cell	tumors,	and	lymphomas	are	the	main	alternatives.	Notably,	when	this	is	the
clinical	presentation,	surgery	is	of	choice	only	for	some	of	the	possible	alternatives	within	the	clinical	differential
diagnosis.	In	addition,	preoperative	treatments	may	be	resorted	to	even	in	some	of	the	surgical	indications.	On	top
of	this,	an	intraoperative	pathologic	differential	diagnosis	is	prohibitive.	In	principle,	therefore,	a	diagnostic	core
needle	biopsy	is	suggested,	allowing	pathologic	diagnosis	and,	in	the	case	of	GIST,	a	mutational	analysis,	prior	to
any	 surgical	 exploration.	 In	 the	 case	 of	 gastric	 or	 rectal	 lesions,	 a	 biopsy	 can	 be	 carried	 out	 by	 means	 of
endoscopic	ultrasound,	although,	for	gastric	tumors,	the	risk	of	perforation	should	be	factored	in	depending	on	the
presentation.	A	CT/ultrasound-guided	percutaneous	biopsy	is	the	other	option,	apparently	with	a	negligible	risk	of
dissemination	 if	 done	 at	 a	 center	 of	 expertise,	 again	 factoring	 in	 the	 clinical	 presentation.38	 There	may	 remain
some	 cases	 in	 which	 the	 difficulty	 of	 an	 endoscopic	 or	 percutaneous	 biopsy	 and	 the	 easiness	 of	 a	 surgical
exploration	would	suggest	the	latter.	In	general,	however,	a	biopsy	prior	to	any	therapeutic	planning	can	minimize
the	number	of	abdominal	masses	undergoing	futile	surgery.



Figure	60.5	Duodenal	gastrointestinal	stromal	tumor	with	an	intratumoral	perforation.

Follow-ups	 after	 potentially	 eradicating	 surgery	 are	 aimed	 at	 picking	 up	 relapses	 at	 an	 early	 stage.	 Local
relapses	 are	 infrequent	 and	 tend	 to	develop	outward	 from	 the	gastrointestinal	wall:	Therefore,	 an	 endoscopy	 is
generally	not	used	as	a	routine	follow-up	procedure.	A	CT	scan	is	the	most	sensitive	exam	to	pick	up	peritoneal
and	liver	metastases	and	is	recommended.	It	can	be	replaced	by	MRI,	whereas	ultrasound	is	much	less	sensitive
on	the	peritoneum.	The	maximum	risk	interval	averages	2	to	3	years	after	surgery	or,	if	an	adjuvant	therapy	was
done,	after	its	completion.	Long-term	relapses	are	unlikely,	although	they	are	occasionally	observed,	especially	in
GISTs	 with	 low	 mitotic	 rates.	 All	 this	 helps	 drive	 rational	 follow-up	 policies	 for	 potentially	 cured	 patients,
although	there	is	a	lack	of	any	empirical	evidence	of	their	effectiveness.39,40

STAGING
Conventional	stage	classification	is	seldom	used.41	Clinicians	mainly	distinguish	localized	from	metastatic	disease
and,	if	the	disease	is	localized	and	amenable	to	complete	surgery,	quantify	the	risk	of	relapse.18–22

Current	risk	classification	systems	are	based	on	the	combination	of	mitotic	count,	tumor	size,	and	site	of	origin.
Indeed,	 the	 mitotic	 count	 is	 the	 main	 prognostic	 factor,	 proportionally	 correlating	 to	 the	 risk	 of	 relapse.	 Its
downside	has	turned	out	to	be	its	possibly	low	reproducibility	rate,	but	clearly,	this	can	be	higher	if	the	pathologist
is	aware	of	its	importance	in	driving	treatment	choices.	Tumor	size	is	the	next	prognostic	factor.	On	one	side,	it
singles	out	very	small	gastric	lesions	(<2	cm),	which	may	undergo	watchful	surveillance	if	incidentally	discovered
endoscopically.	On	the	other,	it	highlights	lesions	in	excess	of	5	to	10	cm,	which	have	a	worse	prognosis.	With
regard	 to	 the	primary	site,	gastric	 lesions	have	a	better	prognosis	 than	small	bowel	and	rectal	GISTs.	Thus,	 the
combination	of	these	three	factors	allows	one	to	forecast	a	risk	of	relapse	by	using	tools	such	as	the	Armed	Forces
Institute	 of	 Pathology	 (AFIP)	 risk	 classification,	 the	 Memorial	 Sloan	 Kettering	 Cancer	 Center	 (MSKCC)
nomogram,	or	the	contour	maps.	The	contour	maps	have	the	advantage	of	treating	both	the	mitotic	rate	and	tumor
size	 as	 continuous	variables	 as	 they	 are	 so	 that	 the	 accuracy	 is	 increased	 especially	 for	 intermediate-risk	 cases
(Fig.	60.6).	Also,	reproducibility	issues	become	less	crucial	by	factoring	mitotic	count	as	a	continuous	variable.	In
addition,	contour	maps	segregate	the	prognosis	of	lesions	that	underwent	tumor	rupture,	which	is	a	highly	adverse
prognostic	factor	in	diseases	anatomically	facing	the	peritoneum.42
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Figure	60.6	Contour	prognostic	maps	in	localized	gastrointestinal	stromal	tumors.	(From	Joensuu
H,	Vehtari	A,	Riihimäki	J,	et	al.	Risk	of	gastrointestinal	stromal	tumour	recurrence	after	surgery:	an

analysis	of	pooled	population-based	cohorts.	Lancet	Oncol	2012;13:265–274.)

The	 natural	 history	 of	 advanced	GISTs	 is	marked	 by	 their	 potential	 extension	 to	 the	 peritoneum	 and/or	 the
liver.	Thus,	a	CT	scan	is	the	staging	procedure	of	choice	to	rule	out	metastatic	disease.	Lung	metastases	are	rare,
with	 the	 possible	 exception	 of	 rectal	GISTs,	 although	 a	 chest	CT	 scan	 is	 generally	 used	 to	 extend	 the	 staging
workup	 to	 lungs	 and	 the	mediastinum.	Bone	metastases	 are	possible,	 but	 they	are	usually	 confined	 to	 the	very
advanced	stages	of	disease	so	that	the	skeleton	is	not	routinely	assessed	in	the	lack	of	symptoms.43	Other	sites	of
distant	 metastases	 are	 exceedingly	 rare.	 Lymph	 node	 regional	 metastases	 are	 not	 typical	 of	 GISTs,	 as	 for
mesenchymal	tumors	in	general,	with	the	remarkable	exception	of	WT	GISTs	occurring	in	children	and/or	within
syndromes.	In	addition,	all	syndromic	GISTs	may	be	multifocal	and	multicentric.44,45	This	 is	not	 tantamount	 to
metastatic	spread,	being	rather	a	marker	of	their	inherent	natural	history.	All	these	features	of	the	natural	history
of	GISTs	drive	staging	procedures,	in	addition	to	the	potential	for	other	syndromic	correlates,	depending	on	the
presentation.

MANAGEMENT	BY	STAGE
Localized	GISTs	with	no	evidence	of	distant	metastases	are	treated	with	surgery,	followed	by	adjuvant	medical
therapy	 if	 the	 risk	 of	 relapse	 is	 significant.	 This	 treatment	 strategy	 capitalizes	 on	 the	 consolidated	 curative
potential	 of	 surgery	 and	prolongs	 the	 relapse-free	 interval	 of	 patients	who	 are	 not	 eradicated.	When	 surgery	 is
unfeasible	or	could	be	made	less	mutilating	or	easier	through	downsizing,	medical	therapy	is	used	if	the	genotype
is	sensitive	 to	 imatinib,	possibly	followed	by	surgery	and	the	completion	of	a	medical	adjuvant	 treatment	 if	 the



risk	of	relapse	is	significant.	When	the	disease	is	metastatic,	medical	therapy	with	TKIs	is	standard	treatment	and
should	be	maintained	indefinitely.	Surgery	of	metastatic	residual	responding	disease	can	be	used	when	reasonably
feasible,	but	its	added	value	prognostically	is	unproven.	When	imatinib	fails	and/or	is	ineffective,	other	available
TKIs	and	judicious	use	of	surgery	of	limited	progression	are	resorted	to	(see	Table	60.1	for	conventionally	used
agents).	This	treatment	strategy	has	substantially	improved	the	prognosis	of	advanced	GIST	patients	by	increasing
median	survival	in	terms	of	years	if	compared	to	any	historical	series,	with	a	proportion	of	patients,	limited	though
it	may	be,	becoming	long-term	progression-free	survivors.

When	 the	disease	 is	 localized,	surgery	 is	 the	 treatment	mainstay.	 Indeed,	all	GISTs	≥2	cm	in	size	should	be
resected	when	possible	because	none	of	them	can	be	considered	benign.	The	management	of	GISTs	<2	cm	in	size
is	 more	 questionable.46–48	 Although	 the	 low	 risk	 of	 progression	 of	 many	 GISTs	 <2	 cm	 leads	 to	 the
recommendation	 of	 a	 conservative	 approach,	 a	 reliable	mitotic	 index	 cannot	 be	 determined	 by	 biopsy	 or	 fine-
needle	aspiration	(FNA),	thus	preventing	the	identification	of	those	at	higher	risk.	Therefore,	both	observation	and
resection	 for	GISTs	1	 to	2	cm	can	be	considered,	 and	 the	 risks	 and	benefits	of	one	versus	 the	other	 should	be
discussed	 with	 the	 patient.	 The	 endoscopic	 resection	 of	 small	 gastric	 GISTs	 could	 be	 an	 option	 in	 these
presentations.	Risks	of	perforation	may	be	low,	although	the	decision	is	made	on	a	case-by-case	basis.	Regardless
of	their	size,	any	small	GIST	that	is	symptomatic	(e.g.,	bleeding	from	erosions	through	the	mucosa)	or	increases	in
size	on	serial	follow-up	should	be	resected.

TABLE	60.1
Standard	Medical	Agents	Currently	Used	in	Gastrointestinal	Stromal	Tumor	(GIST)

Imatinib
–	400	mg	by	mouth	daily
–	Possibly	800	mg	by	mouth	daily,	in	case	of:

•	Exon	9	KIT-mutated	GIST
•	Progression	on	imatinib	400	mg

Sunitinib
–	50	mg	by	mouth	daily	for	4	wk	every	6	wk
–	37.5	mg	by	mouth	daily	continuously

Regorafenib
–	160	mg	by	mouth	daily	for	3	wk	every	4	wk

A	laparotomic	or	laparoscopic/laparoscopy-assisted	resection	of	primary	GISTs	should	be	performed	following
standard	 oncologic	 principles.	 On	 laparotomy/laparoscopy,	 the	 abdomen	 should	 be	 thoroughly	 explored	 to
identify	and	remove	any	previously	undetected	peritoneal	metastatic	deposits.49–53	Although	primary	GISTs	may
demonstrate	inflammatory	adhesions	to	surrounding	organs,	true	invasion	is	not	frequent.	The	goal	of	surgery	is
R0	 excision.	 A	macroscopically	 complete	 resection	 with	 negative	 or	 positive	microscopic	margins	 (R0	 or	 R1
resection,	 respectively)	 is	 associated	 with	 a	 better	 prognosis	 than	 a	 macroscopically	 incomplete	 excision	 (R2
excision).54–57	Available	series	have	not	clearly	shown	that	R1	surgery	is	associated	with	a	definitely	higher	risk
in	terms	of	survival,	although	a	higher	than	average	risk	of	local	relapse	can	be	anticipated,	especially	when	the
lateral	margins	of	a	 lesion	confined	 to	 the	gastrointestinal	wall	 are	positive.	Therefore,	 the	decision	whether	 to
reexcise	a	lesion	already	operated	on	with	microscopically	positive	margins	must	be	made	on	an	individual	basis,
aside	from	the	fact	that	sometimes	a	reexcision	may	not	be	technically	foreseeable	in	the	gastrointestinal	tract.	An
exception	is	GIST	of	the	rectum,	where	microscopically	positive	margins	are	clearly	associated	with	a	higher	risk
of	local	failure.58,59	In	general,	local	relapse	after	R0	surgery	is	very	unlikely	in	GISTs.	Of	course,	the	margins	of
a	big	lesion	toward	the	peritoneum	will	not	be	covered	by	any	clean	tissue,	and	this	may	well	be	the	main	reason
for	the	high	peritoneal	relapse	rate	of	large	tumors	even	after	complete	surgery,	in	the	setting,	at	that	point,	of	a
metastatic	disease.	Tumor	rupture	or	violation	of	the	tumor	capsule	during	surgery	are	associated	with	a	very	high
risk	 of	 recurrence	 and	 therefore	 should	 be	 avoided.42	 Some	 clinicians	 approach	 ruptured	 GISTs	 as	 already
metastatic,	although	there	may	be	different	kinds	of	rupture,	possibly	leading	to	different	risk	levels.	In	addition,
there	 are	 suggestions	 that	 patients	 with	 tumor	 rupture	 have	 a	 prognosis	 that	 may	 still	 be	 sensitive	 to	 the	 risk
category	 (i.e.,	 on	 the	 basis	 of	 mitotic	 index,	 size,	 and	 site).60	 A	 lymphadenectomy	 is	 not	 routinely	 required
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because	 lymph	nodes	are	 rarely	 involved	(in	adult	patients)	and	are	 thus	 resected	only	when	 they	are	clinically
suspect.

In	general,	surgery	is	a	wedge	or	segmental	resection	of	the	involved	gastric	or	intestinal	tract,	with	margins
that	can	be	less	wide	than	for	an	adenocarcinoma.	Sometimes,	a	more	extensive	resection	(e.g.,	total	gastrectomy
for	 a	 large	 proximal	 gastric	 GIST,	 pancreaticoduodenectomy	 for	 a	 periampullary	 GIST,	 or	 abdominoperineal
resection	 for	 a	 low	 rectal	GIST)	 is	needed.	 In	 the	 rare	 syndromic	GIST	 (either	SDH	deficient	or	NF1	 related),
tumors	are	often	multifocal	and	confined	either	to	the	stomach	(SDH-deficient	GIST)	or	the	small	bowel	(NF1-
related	GIST).	The	extent	of	surgery	should	be	decided	on	a	case-by-case	basis,	 taking	 into	account	 the	risk	of
recurrence,	the	lack	of	benefit	from	currently	available	TKIs,	and	the	actual	behavior	of	the	underlying	disease.61

Adjuvant	 medical	 therapy	 with	 imatinib	 was	 demonstrated	 to	 substantially	 improve	 relapse-free	 intervals,
although	with	a	trend	to	lose	the	benefit	in	a	time	span	of	1	to	3	years	from	the	end	of	therapy.60,62,63	This	was
shown	 through	 randomized	 trials	 that	 compared	 1	 and	 2	 years	 of	 adjuvant	 therapy	 with	 imatinib	 versus	 no
adjuvant	therapy	and	3	years	versus	1	year	of	adjuvant	therapy	with	imatinib.	As	of	today,	the	suggestion	from
these	studies	is	that	adjuvant	therapy	with	TKIs	can	delay,	but	probably	not	avoid,	a	relapse,	if	this	is	due	to	occur.
This	 correlated	 with	 a	 survival	 improvement	 in	 one	 trial63	 and	 with	 a	 trend	 to	 improvement	 of	 a	 potential
surrogate	 for	 survival	 in	 another,60	where	 the	 surrogate	was	 survival	 free	 from	 changing	 the	 original	 TKI—in
practice,	survival	without	secondary	resistance.	In	fact,	secondary	resistance	is	the	limiting	factor	of	TKIs	in	the
advanced	setting,	so	that	an	adjuvant	therapy	will	be	beneficial	as	long	as	it	either	avoids	recurrences	or	at	least
prolongs	freedom	from	secondary	resistance	but	by	no	means	shortens	it.	Thus,	the	risk	of	any	detrimental	effect
was	 ruled	 out	 for	 adjuvant	 therapy	 durations	 up	 to	 3	 years.	 In	 this	 sense,	 going	 beyond	 3	 years	 would	 seem
logical,	given	the	tendency	to	lose	the	benefit	after	1	to	3	years	from	stopping	adjuvant	therapy,	and	in	fact,	some
institutions	prefer	 longer	 treatment	durations	 for	patients	who	have	a	high	 risk	of	 relapse.64,65	However,	such	a
policy	 needs	 to	 be	 validated	 by	 ongoing	 controlled	 clinical	 trials	 ruling	 out	 any	 adverse	 effect	 on	 secondary
resistance.	 At	 the	 moment	 an	 uncontrolled	 study	 seems	 to	 suggest	 this.66	 However,	 any	 curative	 potential	 of
adjuvant	 therapy	 has	 not	 been	 demonstrated	 at	 the	 moment,	 although	 this	 cannot	 be	 ruled	 out	 for	 specific
genotypes	(e.g.,	KIT	exon	11	deletions,	including	those	affecting	codons	557	and/or	558,	which	benefit	more	from
3	years	in	comparison	to	1	year).67	Therefore,	adjuvant	therapy	is	recommended	as	a	standard	for	3	years	and	is
reserved	for	patients	with	a	significant	risk	of	relapse,	as	long	as	the	benefit	in	absolute	terms	will	be	higher	as	the
risk	increases,	as	is	the	case	with	all	adjuvant	therapies.	In	a	sense,	the	lack	of	a	tangible	impact	on	the	long-term
relapse	rate	encourages	one	to	exclude	relatively	low-risk	patients,	which	is,	to	some	extent,	at	odds	with	what	is
done	with	adjuvant	cytotoxic	chemotherapy	in	some	solid	cancers.	This	said,	the	magnitude	of	risk	that	is	worth
an	adjuvant	therapy	with	imatinib	for	3	years	may	well	be	subject	to	a	shared	decision	making	with	the	individual
patient,	and,	as	a	matter	of	fact,	is	often	placed	in	the	30%	to	50%	range.	Logically,	a	benefit	can	be	expected	for
patients	whose	genotype	is	potentially	sensitive	to	imatinib.67	In	practice,	this	leads	to	the	selection	of	all	patients
with	 a	KIT-mutated	GIST	 or	 a	 PDGFRA-mutated	 sensitive	GIST	 (with	 the	 exception	 of	 the	D842V	 exon	 18
mutation	and	the	few	others	that	are	insensitive	in	vitro	and	in	vivo	to	imatinib).	Given	the	benefit	shown	with	the
use	of	a	double	dose	of	imatinib	(800	mg	daily)	for	advanced	GIST	patients	with	an	exon	9	KIT-mutated	GIST,68
such	a	dosage	can	be	 selected	 for	 them,	although	 there	 is	 a	 lack	of	 any	positive	demonstration	 in	 the	 adjuvant
setting.	Formerly	called	WT	GISTs	are	at	best	much	less	sensitive	to	imatinib,	and	adjuvant	studies	are	lacking
with	other	TKIs,	which	may	be	potentially	more	active.	Even	more	importantly,	the	natural	history	of	these	GISTs
is	often	less	aggressive.	These	are	the	reasons	why	most	clinicians	currently	do	not	select	these	patients	for	any
adjuvant	treatment.

Given	the	extensive	use	of	adjuvant	therapy	with	imatinib	in	the	high-risk	populations	and	the	activity	of	the
drug,	several	recent	multi-institutional	retrospective	series	have	questioned	the	need	for	extensive	resections	such
as	 pancreaticoduodenectomy,	 abdominal	 perineal	 resection,	 or	 total/proximal	 gastrectomy,	 when	 tumor
downsizing	can	be	likely	achieved	with	a	preoperative	medical	 treatment.	In	practice,	preoperative	imatinib	can
shrink	 gastric,	 periampullary,	 or	 rectal	 GISTs	 to	 such	 an	 extent	 as	 to	 allow	 more	 limited	 excisions	 (wedge
gastrectomy,	 excision	 of	 periampullary	 lesions,	 transanal/perineal	 resection	 of	 rectal	 GISTs,	 respectively),	 and
imatinib	can	then	be	continued	postoperatively	to	complete	the	adjuvant	treatment	(Fig.	60.7).	Thus,	if	extensive
surgery	 is	 required	 for	complete	 tumor	 removal,	preoperative	 imatinib	should	be	considered.69–72	 In	addition	 to
this,	there	are	some	big	abdominal	masses	that	may	be	felt	by	the	surgeon	as	implying	a	significant	risk	of	tumor
rupture	during	surgery,	which	can	be	treated	with	preoperative	imatinib.	Because	downsizing	is	the	clinical	end
point	in	these	cases,	the	duration	of	preoperative	medical	therapy	is	generally	6	to	12	months,	which	corresponds
to	 the	 time	 interval	when	 the	maximum	degree	of	 tumor	shrinkage	was	shown	to	occur	 in	studies	on	advanced
GISTs.73	 In	addition,	mutational	status	is	 important	 in	order	to	select	patients	likely	to	respond	to	imatinib,	and



tumor	response	should	be	monitored	closely.	Positron	emission	tomography	(PET)	scans	are	a	resource	because
they	can	demonstrate	tumor	responsiveness	in	a	matter	of	weeks.

Figure	60.7	Tumor	shrinkage	(A)	of	a	gastric	primary	gastrointestinal	stromal	tumor	after	12
months	of	preoperative	imatinib,	allowing	for	a	sleeve	gastrectomy	(B)	plus	splenectomy	and	liver

resection	with	preservation	of	most	of	the	stomach	after	resection.

Syndromic	GISTs	can	present	with	multifocal	and/or	multicentric	disease,	which	may	imply	delicate	surgical
decisions.	Thus,	 in	SDH-deficient	GIST	and	 those	occurring	 in	NF1	patients,	one	 should	 take	 into	account	 the
indolent	behavior	of	many	lesions	and	the	possible	presence	of	hyperplasia	of	the	interstitial	cells	of	Cajal	on	one
side	and	the	possibility	that	single	lesions	may	be	aggressive	on	the	other.	Surgery	should	judiciously	factor	in	all
this.	 In	 addition,	 the	 relative	 lack	 of	 sensitivity	 of	 WT	 GISTs	 to	 available	 TKIs	 may	 suggest	 surgery	 more
liberally	than	is	currently	done	with	KIT-mutated	GISTs.

With	 regard	 to	 the	 highly	 rare	 syndromes	 of	 familial	GISTs	 from	germline	mutations	 of	KIT	 or	 PDGFRA,
treatment	is	challenging	and	may	involve	resorting	to	surgery	and/or	TKIs	depending	on	the	behavior	and	extent
of	clinically	relevant	lesions.

When	the	disease	is	metastatic	or	locally	advanced,	medical	therapy	is	the	best	choice	and	is	currently	based	on
imatinib	continued	indefinitely.74–77	However,	given	the	 limiting	factor	of	secondary	resistance,	some	clinicians
prefer	 to	 surgically	 resect	 some	 highly	 localized	 first	 distant	 relapses,	 thus	 delaying	 the	 start	 of	 imatinib	 to	 a
subsequent	relapse.	It	 is	unproven	whether	this	approach	may	delay	progression,	its	rationale	being	to	delay	the
onset	of	time	to	secondary	resistance	by	delaying	the	onset	of	any	use	of	TKIs.	Theoretically,	the	downside	may
be	 starting	 medical	 therapy	 with	 a	 higher	 tumor	 burden,	 which	 was	 shown	 to	 be	 related	 to	 a	 shorter	 time	 to
secondary	 resistance	 to	 imatinib.	 In	 fact,	 initial	 tumor	 burden	 is	 virtually	 the	 only	 prognostic	 factor	 in	 the
metastatic	GIST	patient	starting	imatinib.78	On	the	other	hand,	although	above	80%	overall	(considering	all	types
of	tumor	response),	the	probability	of	response	is	strictly	correlated	with	the	mutational	status,	which	is,	therefore,
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the	main	 predictive	 factor.79,80	 KIT-mutated	 GISTs	 are	 responsive	 in	 most	 cases,	 including	 the	 most	 frequent
genotype,	marked	by	mutations	of	exon	11.	This	applies	also	 to	patients	who	underwent	adjuvant	 imatinib	and
who	did	not	experience	tumor	relapse	during	the	adjuvant	period	so	that	these	patients	are	currently	approached
the	same	way	as	those	who	have	not	been	already	exposed	to	imatinib.	The	standard	daily	dosage	of	imatinib	is
400	mg.	However,	there	are	data	derived	from	retrospective	subgroup	analyses	that	suggest	that	progression-free
survival	 is	better	with	doses	higher	 than	400	mg	 (i.e.,	 800	mg	daily)	 for	 exon	9	KIT-mutated	GIST	patients.68
Thus,	many	 institutions	 treat	 these	 patients	with	 800	mg.	 PDGFRA-mutated	GIST	patients	 can	 be	 sensitive	 to
imatinib	 as	 well,	 with	 the	 remarkable	 exception	 of	 the	 D842V	 mutation,	 which	 is	 the	 most	 frequent	 among
PDGFRA	 mutations,	 and	 a	 few	 others.	 Nonmutated	 GISTs	 are	 essentially	 not	 sensitive	 to	 imatinib,	 which,
however,	has	been	reported	to	be	active	in	occasional	patients.	Sunitinib	and	regorafenib	are	alternative	options
because	they	were	shown	to	have	some	activity	in	SDH-deficient	GISTs.81–83

Generally,	the	clinical	decision	in	these	GISTs,	and	PDGFRA	D842–mutated	patients,	takes	into	account	the
natural	 history	 of	 these	 subtypes,	 which	 is	 often	 less	 aggressive	 than	 in	 KIT-mutated	 GISTs.	 However,	 new
agents,	such	as	BLU-285	and	crenolanib,	are	currently	under	study	in	PDGFRA	D842–mutated	patients,	so	that
these	should	be	preferably	sent	to	centers	running	ongoing	trials.84,85

Once	started,	therapy	with	anti–tyrosine	kinase	agents	is	continued	indefinitely.	In	fact,	a	discontinuation	trial
showed	that	stopping	therapy	after	1,	3,	or	5	years	is	followed	by	progression	in	a	matter	of	months.77	It	is	true
that	reestablishing	therapy	generally	leads	to	a	new	response,	but	its	quality	may	be	inferior	to	the	previous	one.86
In	any	case,	 intervals	to	progression	would	be	remarkably	short,	and	an	untenable	stop-and-go	 treatment	policy
would	be	the	only	result.

Imatinib	 is	 generally	well	 tolerated,	with	 fatigue,	 edema,	mild	 diarrhea,	 and	 anemia	 as	 frequent	 complaints,
along	with	less	frequent	toxicities,	such	as	neutropenia,	skin	rash,	and	others.75,76,87	Clinical	wisdom	needs	to	be
exercised	 in	 order	 to	maintain	 dose	 intensity	 vis-à-vis	 side	 effects.	 The	 number	 of	 patients	 truly	 intolerant	 to
imatinib	should	be	exceedingly	low.

Secondary	resistance	is	the	limiting	factor	of	imatinib,	with	a	median	time	to	the	event	averaging	2	years	in	the
frontline	advanced	setting.	Likely,	current	patients,	who	are	generally	put	on	therapy	with	lower	tumor	burdens,
may	 show	 improved	progression-free	 survival	 intervals	 over	 the	 earliest	 series.	More	 importantly,	 the	 range	of
time	to	secondary	resistance	is	wide,	with	a	limited	proportion	of	patients,	averaging	10%,	who	become	long-term
progression-free	 survivors.	 Currently,	 there	 are	 no	 known	 prognostic	 factors	 for	 long-term	 progression-free
survivorship,	excluding	the	mutational	status,	which	affects	tumor	response	to	imatinib,	and	tumor	burden	at	the
onset	 of	 imatinib	 therapy,	 which	 affects	 the	 duration	 of	 response.	 The	 group	 of	 long-term	 progression-free
survivors	may	 thus	 represent	either	 just	 the	“tail”	of	a	curve	driven	by	 the	stochastic	mechanisms	of	secondary
resistance	or	the	result	of	specific	genomic	profiles,	still	to	be	elucidated.76

In	an	attempt	 to	diminish	 tumor	burden,	 thus	potentially	prolonging	 time	 to	secondary	resistance,	surgery	of
residual	responding	disease	has	been	resorted	to	in	many	institutions,	and	its	results	were	retrospectively,	but	not
prospectively,	evaluated,	with	 the	exception	of	an	underpowered	 randomized	prospective	 study	 in	patients	who
had	only	peritoneal	disease.88–92	 These	 case	 series	 analyses	 showed	 a	 better	 prognosis	 for	 patients	 undergoing
surgery,	 but	 a	 selection	 bias	 might	 explain	 the	 results.	 A	 big	 prospective	 trial	 failed	 to	 accrue;	 therefore,	 the
decision	 whether	 to	 surgically	 excise	 metastatic	 lesions	 responding	 to	 imatinib	 is	 currently	 left	 to	 a	 shared
decision	making	with	the	patient	in	conditions	of	uncertainty.	Of	course,	clinical	presentations	are	manifold,	and
sometimes,	 the	 easiness	 of	 the	 surgical	 resection	 is	 the	main	 factor	 leading	 to	 the	 decision,	 and	 vice	 versa.	 In
general,	many	institutions	currently	avoid	resorting	to	major	surgery	for	responding	metastases.	In	any	case,	only
patients	amenable	to	complete	resection	of	all	lesions	should	be	candidates	for	this	kind	of	surgery.	In	this	sense,
surgery	may	be	less	often	indicated	in	peritoneal	compared	to	liver	metastases	because	the	former	are	frequently
underestimated	by	available	imaging	modalities	and	the	selection	of	completely	clearable	tumors	is	less	feasible.
However,	 the	 clinician	must	 be	 aware	 that	 imatinib	 needs	 to	 be	 continued	 after	 surgery,	 even	 if	 surgery	 was
complete.	In	fact,	some	patients	enrolled	in	the	discontinuation	trial	of	imatinib	had	a	complete	excision	of	their
metastatic	 lesions.77	 In	 addition,	 surgery	 of	 metastatic	 GISTs	 was	 never	 proved	 to	 be	 eradicating	 in	 the
preimatinib	era.93

Progression	during	therapy	with	imatinib	is	often	due	to	secondary	resistance,	which	essentially	is	marked	by
the	 occurrence	 of	 new	 mutations	 to	 the	 same	 primarily	 mutated	 oncogene	 or,	 less	 frequently,	 oncogene
amplifications	 or	 alterations	 of	 alternative	 pathways.94,95	 Secondary	 mutations	 entail	 such	 consequences	 as	 to
lower	the	binding	capacity	of	the	KIT	or	PDGFRA	receptor	for	imatinib	and/or	to	circumvent	its	inhibiting	action
by	 escape	 mechanisms.	 It	 was	 demonstrated	 that	 secondary	 resistance	 can	 be	 heterogeneous	 so	 that	 more



mutations	 can	 be	 detected	 in	 different	 lesions	 or	 even	 within	 the	 same	 lesion.96,97	 Of	 course,	 this	 is	 a	 major
limiting	factor	for	second-line	agents	targeting	KIT	or	PDGFRA.	Secondary	mutations	in	KIT-mutated	GISTs	are
relatively	limited	in	number,	affecting	exons	13	and	14,	which	encode	the	ATP-binding	pocket,	or	exons	17	and
18,	 which	 encode	 the	 activation	 loop.	Many	 resistant	 PDGFRA-mutated	 GISTs	 acquire	 the	 D842V	mutation,
which	encodes	for	the	activation	loop	of	the	receptor.

Clinically,	the	progression	may	be	limited	in	a	substantial	proportion	of	cases.	This	means	that	progression	is
radiologically	evident	only	in	one	or	a	few	lesions,	with	the	others	still	progressing.	A	typical	clinical	pattern	is
the	nodule	within	 the	 nodule	 (i.e.,	 a	 small	 hyperdensity	within	 a	 responding	 hypodense	 lesion	 on	 CT	 scan).98
Given	 the	 scope	 of	 activity	 of	 further-line	 therapies,	 many	 clinicians	 now	 tend	 to	 treat	 limited	 progression
conservatively	from	the	medical	point	of	view,	resorting	to	selected	surgical	or	ablative	procedures	to	get	rid	of
the	progressing	 component	 of	 the	disease,	while	 continuing	 imatinib	 for	 the	 remaining.99	This	might	 delay	 the
moment	when	 the	 first	TKI	 is	 switched	 to	 a	 second-line	one.	Although	 this	policy	 is	not	based	on	prospective
clinical	studies,	 it	makes	sense	in	the	economy	of	advanced	GISTs	following	the	introduction	of	TKIs.	Clearly,
this	does	not	apply	to	generalized	progressions.

Radiologic	progression	should	be	confirmed,	taking	into	account	the	peculiarities	of	tumor	response	patterns	in
GISTs	undergoing	TKIs.	Furthermore,	before	attributing	progression	on	frontline	imatinib	to	molecular	secondary
resistance,	one	should	rule	out	any	lack	of	patient	compliance	with	 therapy,	which	may	often	go	unnoticed	and
even	 be	 underappreciated	 by	 the	 patient.	 Another	 mechanism	 leading	 to	 resistance	 can	 lie	 in	 changes	 of	 the
pharmacokinetics	 of	 the	 drug.	 There	 is	 evidence	 that	 pharmacokinetics	 can	 undergo	 variations	 with	 time,	 in
addition	to	being	variable	across	individuals.100	This	has	 led	to	 the	evaluation	of	 the	importance	of	maintaining
target	plasma	levels	of	imatinib.101	There	are	limitations	to	the	standardization	of	such	assessments,	and	available
data	pointing	to	a	correlation	with	progression-free	survival	are	retrospective	in	nature.	Thus,	at	the	moment,	we
lack	any	convincing	formal	demonstration	that	pharmacokinetics	 is	a	factor	able	 to	personalize	medical	 therapy
(i.e.,	 to	 drive	 changes	 in	 drug	 dosages	 in	 the	 lack	 of	 evident	 progression).	 However,	 available	 evidence	 also
suggests	that	it	can	well	be	a	variable	with	many	orally	administered	targeted	agents.	At	least,	plasma	levels	may
be	assessed	 in	 the	single	patient:	 in	case	of	clinical	progression,	 to	 rule	out	 that	a	major	pharmacokinetic	 issue
does	 exist	 at	 that	 stage;	 in	 case	 of	 unexpected	 side	 effects;	 and	 in	 case	 of	 comedications	 potentially	 able	 to
interfere	with	the	drug	metabolism.

In	the	case	of	clinical	progression	with	imatinib	400	mg	daily,	an	option	widely	used	is	to	increase	the	dose	to
800	mg	daily.	This	proved	temporarily	successful	in	a	limited	proportion	of	patients	crossing	over	to	the	higher
dose	in	randomized	trials	that	compared	400	mg	with	800	mg	as	frontline	therapy	for	advanced	GISTs.102	When
valuing	this	benefit,	one	should	probably	discount	patients	who	had	an	exon	9	mutation	and	who	started	with	400
mg,	and	possibly	some	patients	failing	to	comply	with	therapy,	whereas	other	patients	may	have	benefited	due	to
the	correction	of	pharmacokinetics	problems.

Standard	second-line	therapy	is	sunitinib,	which	is	not	only	a	tyrosine	kinase	inhibiting	KIT	and	PDGFRA	but
also	displays	antiangiogenic	activity	by	the	inhibition	of	vascular	endothelial	growth	factor	receptors	(VEGFR)	1,
2,	and	3.	It	was	shown	to	be	effective	at	increasing	progression-free	survival	by	5	months	in	a	randomized	trial
versus	placebo	in	patients	failing	(or	intolerant)	to	imatinib.103	Its	molecular	profile	is	such	as	to	include	activity
on	exon	9	KIT	mutations	as	well	as	on	secondary	mutations	of	regions	coding	for	the	ATP-binding	pocket,	thus
potentially	covering	mutations	that	are,	respectively,	less	affected	or	not	affected	by	imatinib.104,105	What	 limits
the	potential	of	molecular	prediction	 in	 further-line	 therapies	of	GISTs	 is	basically	 the	heterogeneity	 that	often
underlies	 secondary	 resistance,	 so	 that	 the	 presence	 of	 a	 secondary	mutation	 is	 unlikely	 to	 be	 alone,	 although
potentially	sensitive	to	available	agents.	However,	the	activity	of	sunitinib	against	some	secondary	mutations	and
probably	its	antiangiogenic	activity	underlie	its	clinical	efficacy	after	failing	to	imatinib.	Its	tolerability	profile	is
less	favorable	than	imatinib,	with	fatigue	and	hand–foot	syndrome	as	its	main	side	effects,	variable	though	they
may	be	across	patients.	Although	the	clinical	trial	evaluated	a	regimen	of	sunitinib	given	50	mg	daily	for	4	weeks,
with	a	2-week	rest,	a	continuous	regimen	with	a	daily	dose	of	37.5	mg	can	be	used	as	well.106

Regorafenib,	another	TKI	with	activity	on	KIT	and	PDGFRA	as	well	as	VEGFR	1,	2,	and	3,	and	 thus	with
antiangiogenic	properties,	 is	standard	third-line	therapy	for	advanced	GIST	patients.	In	fact,	 it	was	shown	to	be
effective	as	a	third-line	therapy	in	patients	failing	both	imatinib	and	sunitinib,	by	providing	a	median	advantage	of
4	months	of	progression-free	survival	over	placebo	in	a	randomized	clinical	trial.107	Its	tolerability	profile	is	close
to	sunitinib,	with	hand–foot	syndrome,	hypertension,	fatigue,	and	diarrhea	as	main	side	effects.108

An	observation	made	 in	 this	 trial	was	 the	persistence	of	 some	activity	when	 therapy	was	carried	on	beyond
progression.	In	other	words,	a	subset	of	patients,	although	arbitrarily	selected	by	investigators	on	clinical	grounds,
went	 on	 with	 therapy	 beyond	 their	 first	 progression,	 achieving	 a	 second	 progression-free	 interval	 that
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approximated	the	previous	one.	This	would	suggest	that	a	subset	of	progressing	patients	have	a	disease	that	might
be	slowed	down	by	continuing	the	TKI	despite	the	progression.	This	observation	likely	applies	to	all	TKIs,	at	least
in	selected	patients,	and	is	worth	testing	prospectively	by	developing	criteria	to	single	out	those	patients	who	are
more	likely	to	benefit.	In	general,	this	parallels	the	clinical	feeling	that	stopping	any	kind	of	TKI	may	accelerate
tumor	progression,	even	when	resistance	to	 that	TKI	has	been	established.	Indeed,	a	criticism	that	was	made	to
placebo-controlled	trials	on	new	TKIs	in	GIST	is	the	lack	of	any	tyrosine	kinase	inhibition	in	the	control	group,
possibly	worsening	its	outcome	in	comparison	to	what	could	happen	by	continuing	the	TKI	already	in	use	or	by
rechallenging	the	disease	with	a	TKI	used	earlier.

In	 fact,	 in	 anecdotal	 cases	 and	 also	 in	 a	 small	 randomized	 clinical	 trial,	 it	 was	 shown	 that	 rechallenging	 a
progressing	GIST	patient	with	TKIs	used	 at	 an	 earlier	 stage	 can	be	beneficial,	 at	 least	 temporarily.109	 In	 other
words,	reestablishing	imatinib	in	patients	who	underwent	the	drug	as	frontline	therapy	and	then	switched	to	others
results	in	a	benefit	in	terms	of	progression-free	survival	that	is	not	far	from	what	is	achievable	with	further-line
agents.	One	may	speculate	that	there	is	a	process	of	reexpansion	of	tumor	clones	that	were	sensitive	to	imatinib
and	might	have	been	narrowed	by	the	selective	pressure	of	the	drug,	as	long	as	resistant	clones	were	emerging.

Following	 third-line	 therapy,	 there	 is	no	 standard	option	at	 the	moment,	 aside	 from	 rechallenge,	 and	clearly
patients	are	eligible	for	clinical	studies	on	new	agents.	In	principle,	new	drugs	investigated	in	currently	ongoing
trials	 in	 patients	 with	 secondary	 resistance	 include	 other	 TKIs	 targeting	 KIT	 and	 PDGFRA;	 agents	 targeting
downstream	pathways	(e.g.,	PI3K/AKT);	agents	targeting	heat	shock	proteins,	given	their	chaperone	function	for
KIT	 and	 PDGFRA;	 and	 agents	 targeting	 pathways	 acquiring	 expression	 after	 resistance	 (e.g.,	 MET)	 among
others.110	Clearly,	agents	with	a	mechanism	of	action	other	than	imatinib,	sunitinib,	and	regorafenib	try	to	address
the	 limiting	 factor	 of	 the	 heterogeneous	 nature	 of	 secondary	 resistance.	Combinations	 of	 agents	with	 different
mechanisms	 of	 action	 are	 tried	 as	 well,	 although	 their	 added	 toxicity	may	 be	 prohibitive	 even	when	 they	 are
reasonably	well	tolerated	as	single	drugs.	Future	directions	might	try	to	exploit	molecular	diagnostics	such	as	the
liquid	 biopsy	 (i.e.,	 the	 assessment	 of	 secondary	 mutations	 on	 circulating	 DNA	 shed	 by	 tumor	 cells).	 The
sensitivity	 of	 this	 technique	 for	 primary	 and	 secondary	mutations	 of	GISTs	has	 been	demonstrated.111	Thus,	 it
looks	 promising	 for	 the	 future	 to	 allow	 a	 degree	 of	 molecular	 personalization	 of	 therapy,	 whether	 following
secondary	resistance	or	before	it	establishes	clinically,	as	a	means	to	avoid	or	delay	its	occurrence.	Rotations	of
TKIs	are	currently	tested,	although	methods	to	rationally	drive	treatment	modulation	through	liquid	biopsies	are
lacking.	Actually,	 the	 efficacy	 of	 treatment	 beyond	 progression	 and	 of	 rechallenge	 suggests	 that	 sensitive	 and
resistant	clones	may	fluctuate	within	the	tumor	load,	depending	on	the	selective	pressure	they	are	exposed	to.	This
would	be	consistent	with	a	kind	of	a	 liquid	resistance,	which,	 clinically,	 could	be	exploited	by	employing	new
strategies	as	from	the	upfront	approach	with	TKIs.

In	the	era	of	immune	therapy	in	medical	oncology,	evidence	of	activity	of	checkpoint	inhibitors	in	GIST	has
not	been	provided.	On	the	other	hand,	programmed	cell	death	protein	ligand	1	(PD-L1)	expression	was	shown	to
be	an	independent	favorable	prognostic	factor	in	localized	GIST.112	Interestingly,	in	a	mouse	model,	it	was	shown
that	 the	antitumor	activity	of	 imatinib	may	be	potentiated	by	 the	 immune	system	and	 that	concomitant	 immune
therapy	with	checkpoint	inhibitors	may	improve	it.113	Results	of	ongoing	attempts	are	therefore	expected.

A	methodologic	issue	in	the	medical	therapy	of	GISTs	with	all	TKIs	lies	in	the	peculiar	patterns	displayed	by
tumor	 response	 as	 compared	 to	 those	 observed	 with	 standard	 cytotoxic	 chemotherapy	 of	 solid	 cancers	 and
lymphomas.114–116	These	patterns	of	 tumor	 response	are	marked	by	 the	possible	 lack	of	 tumor	shrinkage	 in	 the
face	of	substantial	changes	in	tumor	tissue	and	tumor	metabolic	activity.	Although	most	observations	derive	from
imatinib	in	frontline	therapy,	in	essence,	they	regard	all	TKIs,	the	main	difference	being	possibly	the	weakness	of
tumor	response	to	further-line	therapies	so	that	some	of	these	aspects	may	look	less	clear	cut	in	the	further-line
therapy	setting	as	opposed	to	the	frontline.	Under	these	patterns	of	tumor	response,	first	of	all,	in	the	presence	of
symptoms,	 a	 subjective	 response	may	 take	place	very	 early.	 In	 a	matter	 of	 days,	 if	 not	 hours,	 after	 starting	 an
effective	TKI,	a	symptomatic	patient	may	well	feel	a	clear	degree	of	subjective	improvement.	As	far	as	imaging	is
concerned,	this	is	paralleled	by	metabolic	response	as	assessed	through	a	fluorodeoxyglucose	(FDG)-PET	scan.117
A	positive	PET	scan	may	turn	negative	in	a	few	days.	Of	course,	this	does	not	correspond	to	the	disappearance	of
the	 tumor	 lesion	 but	 rather	 be	 the	 consequence	 of	 the	metabolic	 switch	 off	 that	 the	 tumor	 undergoes	when	 an
effective	TKI	targets	its	cells.	The	reverse	is	true	as	well,	so	that	any	stop	of	therapy	rapidly	entails	a	switch	on	of
functional	imaging.	Again,	this	does	not	correspond	to	clinical	progression,	which	would	follow	only	for	longer
interruptions	of	therapy.	This	should	be	taken	into	account	when	assessing	functional	tumor	response	because,	for
instance,	any	lack	of	compliance	with	therapy	in	the	days	the	exam	is	made	might	affect	metabolic	response	as
detected	through	PET	scanning.	For	example,	metabolic	switch	on	was	observed	by	PET	scans	performed	during
the	 2-week	 off	 interval	 of	 therapy	 with	 sunitinib.	 In	 principle,	 this	 adds	 to	 the	 feeling	 that	 TKIs	 need	 to	 be



maintained	 in	 order	 to	 preserve	 tumor	 response,	 in	 the	 context	 of	 a	clinically	cytostatic	 effect.	 It	 goes	without
saying	that	when	a	PET	scan	has	become	negative,	the	tumor	lesion	will	not	be	visible	to	functional	imaging,	so
that	a	CT	scan,	an	MRI,	or	an	ultrasound	needs	to	be	used	in	order	to	appreciate	the	evolution	of	tumor	lesions.
The	radiologic	response,	as	assessed	through	CT	scans	and	MRI,	is	marked	by	tumor	shrinkage	and/or	changes	in
tumor	tissue.	Tumor	shrinkage	may	well	appear	very	early,	but,	in	some	cases,	it	is	lacking	in	the	early	phases	of
treatment,	or	even	later	on,	so	that	tumor	lesions	look	unchanged	dimensionally.	Sometimes,	tumor	size	may	even
increase.	In	these	cases,	however,	if	a	response	is	in	place,	the	radiologic	aspect	will	show	substantial	changes	to
the	tumor	tissue.	On	a	CT	scan,	this	means	a	decrease	in	density	of	responding	lesions,	with	decreased	contrast
enhancement.	On	an	MRI,	 it	 entails	 an	hypointense	 signaling	on	T1-weighted	 images	and	hyperintense	on	T2-
weighted	images	and	decreased	contrast	enhancement.	These	changes	are	substantial	in	GIST	patients	undergoing
frontline	 therapy	 with	 imatinib	 so	 that	 recording	 tumor	 response	 is	 generally	 unchallenging	 for	 the	 clinician,
provided	 tumor	 shrinkage	 is	 not	 the	 only	 criterion.	 Signs	 of	 nondimensional	 response	may	 prove	 less	 obvious
when	the	tumor	response	is	less	clear	cut,	as	with	further-line	therapy	with	TKIs.	Functional	imaging	may	help,
although	it	is	exposed	to	the	same	limitations	as	well	if	the	response	is	less	striking.	However,	when	the	response
is	 overt,	 the	main	 shortfalls	 of	 nondimensional	 tumor	 response	 assessments	 lie	 in	 the	 difficulty	 to	 standardize
reproducible	(i.e.,	reliable)	instruments,	as	is	needed	in	clinical	trials.	In	this	sense,	Response	Evaluation	Criteria
in	 Solid	 Tumors	 (RECIST)	 for	 tumor	 response	 assessment	 are	 based	 on	 the	measurement	 on	 one	 diameter	 of
selected	target	lesions	and,	thus,	have	a	good	record	of	reproducibility.118	However,	their	validity	is,	by	definition,
unsatisfactory	 in	 the	 presence	 of	 a	 nondimensional	 response.	 Choi	 criteria	 were	 worked	 out	 in	 GISTs	 to
accommodate	these	patterns	of	response,	by	factoring	tumor	hypodensity	on	CT	scans	in	addition	to	a	decrease	in
size.119	 Their	 validity	 in	 predicting	 progression-free	 survival	 was	 demonstrated	 and	 compared	 favorably	 with
RECIST	and	also	paralleled	with	functional	imaging	with	PET	scanning.	Then,	aside	from	the	need	to	use	easily
reproducible	 instruments	 in	 the	 research	setting,	 for	 the	clinician,	 the	message	coming	from	the	GIST	model	 is
simple,	inasmuch	as	it	points	to	the	existence	of	nondimensional	patterns	of	tumor	response,	which	can	be	easily
highlighted	through	CT	scans	and	MRI	on	one	side	and	through	functional	imaging	with	PET	scan	on	the	other.
One	should	be	aware	that	the	meaning	of	a	radiologic	response	through	CT	scans	or	MRI	is	deeply	different	from
metabolic	response	assessed	through	a	PET	scan.	In	fact,	a	PET	scan	measures	the	biologic	effect	of	a	TKI	on	the
tumor	cells	very	early	but	does	not	necessarily	imply	any	anatomical	change	in	the	tumor.	On	the	contrary,	CT
scans	and	MRI	detect	actual	changes	in	the	tumor	tissue,	which	correspond	to	pathologic	signs	of	tumor	response.
These	were	 found	 to	 take	 shape	 in	 terms	of	 a	myxoid	degeneration	widely	affecting	 responding	 tumor	 lesions,
with	signs	of	apoptosis	(Fig.	60.8).	A	variable	proportion	of	vital	cells	may	be	detected,	especially	to	the	periphery
of	lesions	(pointing	in	principle	to	the	prospects	of	regrowth	in	case	of	discontinuation	of	the	TKI).	In	this	sense,	a
nondimensional	 tumor	 response	 does	 not	 mean	 just	 absence	 of	 progression;	 indeed,	 it	 is	 all	 about	 an	 actual
pathologic	 response,	with	major	changes	 to	 the	 tumor	 tissue.	Of	course,	all	 tumor	changes	one	can	see	when	a
tumor	response	is	in	place	have	their	counterparts	when	the	tumor	progresses.	Thus,	increased	tumor	density	and
contrast	enhancement	on	a	CT	scan	will	mark	tumor	progression,	with	or	without	an	increase	in	tumor	size.	This
may	well	affect	just	a	portion	of	the	tumor	lesions,	such	as	its	periphery	or	a	small	part	(as	is	the	case	with	the
nodule	within	the	nodule).	In	brief,	the	quality	of	the	tumor	tissue	should	be	observed,	in	addition	to	its	size,	in
order	to	detect	both	response	and	progression	in	GISTs	undergoing	a	TKI.	Whatever	the	response	pattern,	whether
dimensional	or	not,	a	tumor	response	on	a	CT	scan	or	MRI	says	that	the	tumor	is	undergoing	pathologic	changes
that	 clearly	 correlate	 with	 the	 prognosis.	 In	 fact,	 both	 dimensional	 and	 nondimensional	 tumor	 responses	 have
clearly	correlated	with	improved	outcome	in	clinical	trials,	as	opposed	to	progression.	Only	secondary	resistance,
or	treatment	interruption,	will	 terminate	a	dimensional	or	nondimensional	tumor	response,	with	radiologic	signs
that,	as	said,	will	be	dimensional	or	nondimensional	as	well.
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Figure	60.8	Pathologic	tumor	response	of	a	gastrointestinal	stromal	tumor	lesion	following
therapy	with	imatinib.

PALLIATIVE	CARE
The	natural	history	of	GISTs	that	are	not	cured	by	initial	surgery	is	dominated	by	abdominal	spread	involving	the
liver	and	the	peritoneum.	Liver	failure	as	well	as	intestinal	and	urinary	obstructions	are	thus	the	main	palliative
challenges.	This	may	well	carry	the	need	of	palliative	surgery	in	selected	patients.	Extra-abdominal	metastases	are
occasionally	seen,	mainly	to	the	bone,	and	can	require	palliative	irradiation.	A	systemic	sign	such	as	fatigue	may
add	 to	asthenia	 induced	by	anemia	as	well	as	directly	by	TKIs.	 In	 fact,	 the	existence	of	 three	 lines	of	 standard
medical	therapy,	the	potentials	of	rechallenge,	and	the	availability	of	many	agents	of	interest,	either	within	clinical
studies	 or	 among	 TKIs	 developed	 for	 other	 diseases,	 lead	 to	 treating	 many	 GIST	 patients	 with	 molecularly
targeted	 therapy	 even	 in	 the	 very	 advanced	 stages	 of	 disease.	 In	 this	 sense,	 the	 usual	 palliative	 challenges	 of
abdominal	malignancies	meet	 the	new	palliative	challenges	posed	by	the	use	of	TKIs,	which	revolutionized	the
field	of	the	disease.

Indeed,	all	phases	of	treatment	of	GIST	are	still	a	model	for	the	medical	oncology	of	new	molecularly	targeted
agents.	 This	 model	 continues	 to	 shed	 light	 on	 their	 potentials	 in	 solid	 cancers	 as	 well	 as	 on	 their	 current
limitations.	It	also	demonstrates	how	clinical	methodology	is	deeply	affected	by	these	agents,	not	only	for	medical
oncologists	but	also	for	all	members	of	the	multidisciplinary	cancer	team,	from	surgeons	to	palliative	physicians.
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INTRODUCTION
Colorectal	cancer	(CRC)	is	a	prototype	for	the	idea	that	solid	tumors	arise	and	progress	as	the	result	of	defects	in
DNA	repair	or	chromosome	stability	and	through	accumulation	of	somatic	mutations	and	epigenetic	changes.	It	is
one	 of	 the	 few	 cancers	 known	 to	 develop	 in	 animals	 from	 a	 specific	 native	 population	 of	 intestinal	 stem	 cells
(ISCs).	This	dual	 appreciation	of	molecular	defects	 and	 the	cell	of	origin	 is	profoundly	 informed	by	 studies	of
common	 somatic	 mutations,	 well-characterized	 predisposition	 syndromes,	 and	 the	 signals	 that	 sustain	 normal
ISCs.

MULTISTEP	MODELS	OF	COLORECTAL	CANCER	AND	GENETIC
INSTABILITY
Nearly	 all	 CRCs	 develop	 within	 benign	 precursor	 polyps,	 where	 gatekeeper	 mutations	 initiate	 epithelial
overgrowth	by	constitutive	activation	of	the	Wnt	signaling	pathway	and	additional	mutations	combine	to	promote
invasion	 and	 metastasis	 (Fig.	 61.1A).	 Pedunculated	 polyps	 larger	 than	 1	 cm	 confer	 the	 highest	 risk,	 with
approximately	15%	progressing	to	invasive	cancer	over	10	years.	The	prevalence	of	polyps	in	the	U.S.	population,
estimated	at	50%	by	age	70	years,	dwarfs	 the	5%	lifetime	risk	of	developing	CRC	because	few	polyps	become
invasive	and	aberrations	that	promote	malignancy	accumulate	over	decades.1	Nevertheless,	endoscopic	resection
of	adenomas	reduces	CRC	incidence	and	mortality.	Hyperplastic	polyps	confer	low	cancer	risk,	but	approximately
8%	of	 sporadic	CRCs	originate	 in	 sessile	adenomas	with	 serrated	histology,	characteristic	nuclear	morphology,
and	little	to	no	dysplasia.2	These	CRCs	may	represent	a	distinct	subtype,	with	high	microsatellite	instability	(MSI-
hi),	frequent	BRAF	mutation,	the	CpG	island	methylator	phenotype	(CIMP),	and	a	poor	prognosis	(Fig.	61.1B).

Inherited	 CRC	 syndromes	 and	 sporadic	 tumors	 together	 highlight	 the	 importance	 of	 proper	 DNA	 repair	 in
preventing	CRC.	 Scores	 to	 thousands	 of	 somatic	DNA	 aberrations	 accumulate	 as	 a	 result	 of	 hallmark	 genetic
instability,	which	is	acquired	in	a	limited	number	of	stereotypic	ways	(see	Fig.	61.1).	About	80%	of	CRCs	show
widespread	 chromosomal	 instability	 (CIN):	 gains,	 losses,	 and	 translocations	 that	 produce	 various	 gene
amplifications,	deletions,	and	rearrangements.	Chromosomal	segregation	defects,	mediated	by	segregation	factors
such	as	BUB1,	may	underlie	CIN,	but	few	genes	are	implicated	directly.	CRCs	with	CIN	show	a	genome-wide
bias	 toward	 C:G	 to	 T:A	 transitions	 at	 5′-CpG-3′,	 and	 fewer	mutations	 in	 5′-TpC-3′,	 dinucleotides	 than	 breast
cancer,	for	example.3	On	average,	17	genes	are	deleted	or	amplified	to	12	or	more	copies	per	CRC,4	with	deletions
resulting	 in	 loss	 of	 heterozygosity	 (LOH).	 In	 aggregate,	 the	 oncogenes	 ERBB2,	MYC,	 KRAS,	 MYB,	 IGF2,
CCND1,	 and	CDK8	 are	 amplified	 or	 overexpressed	 in	most	 cases,	 usually	 along	 with	 neighboring	 genes,	 but
nearly	 half	 the	 copy	number	 alterations	 also	occur	 in	 other	 cancers.	CRCs	 thus	 reflect	 perturbation	of	 selected
pathways	 of	 replicative	 and	 tissue	 homeostasis,	 some	 common	 to	many	 cancers	 and	 others	 restricted	 to	CRC.
Specific	 cytogenetic	 anomalies	 correlate	 poorly	 with	 clinical	 outcomes	 or	 disease	 features.	 Recent	 evidence
suggests	that	beyond	driving	widespread	gene	alterations,	CIN	causes	excessive	spillage	of	DNA	into	the	cytosol,
hence	activating	noncanonical	nuclear	factor	kappa	B	(NF-κB)	signaling,	which	promotes	metastasis.5



Figure	61.1	Genetic	pathways	to	colorectal	carcinoma.	All	colorectal	cancers	(CRCs)	arise	within
benign	adenomatous	precursors,	fueled	by	mutations	that	serially	enhance	malignant	behavior.
Mutations	that	activate	the	Wnt	signaling	pathway	seem	to	be	necessary	initiating	events,	after

which	two	possible	courses	contribute	to	the	accumulation	of	additional	mutations.	A:
Chromosomal	instability	is	a	feature	of	up	to	80%	of	CRCs	and	is	commonly	associated	with
activating	KRAS	point	mutations	and	loss	of	regions	that	encompass	P53	and	other	tumor

suppressors	on	18q	and	17p,	often	but	not	necessarily	in	that	order.	B:	About	20%	of	CRCs	are
euploid	but	defective	in	DNA	mismatch	repair	(MMR),	resulting	in	high	microsatellite	instability

(MSI-hi).	MMR	defects	may	develop	sporadically,	associated	with	CpG	island	methylation	(CIMP),
or	as	a	result	of	familial	predisposition	in	hereditary	nonpolyposis	colorectal	cancer	(HNPCC).

Mutations	accumulate	in	the	KRAS	or	BRAF	oncogenes,	in	p53	tumor	suppressor,	and	in
microsatellite-containing	genes	vulnerable	to	MMR	defects,	such	as	TGFβIIR.	Epigenetic

inactivation	of	the	MMR	gene	MLH1	and	activating	BRAF	point	mutations	are	especially	common
in	serrated	adenomas,	which	progress,	in	part,	through	the	silencing	of	tumor	suppressor	genes	by
promoter	hypermethylation.	Progression	from	adenoma	to	CRC	takes	years	to	decades,	a	process

that	accelerates	in	the	presence	of	MMR	defects.	CIN,	chromosomal	instability.

Although	the	remaining	approximately	15%	of	CRCs	are	euploid,	they	carry	thousands	of	small	insertions	and
deletions	(indels)	or	point	mutations	near	nucleotide	repeat	tracts—collectively	designated	as	MSI-hi—as	a	result
of	defective	DNA	mismatch	repair	(MMR;	see	Fig.	61.1B).6	Up	to	one-third	of	these	cases	occur	in	the	setting	of
the	 familial	 Lynch	 syndrome,	 discussed	 at	 length	 in	 the	 following	 text.	 MSI-hi	 tumors	 usually	 arise	 in	 the
ascending	 colon,	 have	 a	 high	 frequency	 of	 BRAFV600E	 mutation,	 resist	 adjuvant	 5-fluorouracil	 treatment,	 and
respond	 better	 to	 immunotherapy	with	 programmed	 cell	 death	 protein	 1	 (PD-1)	 blockade	 than	 other	 cancers.7
Stage	for	stage,	aneuploidy	in	CIN	confers	a	worse	prognosis	than	MSI-hi	disease.8	Some	authors	consider	CIMP-
positive	 serrated	 CRCs	 separately,	 but	 because	 their	 molecular,	 clinical,	 and	 pathologic	 features	 overlap	 with
MSI-hi	 tumors,	 The	 Cancer	 Genome	 Atlas	 (TCGA)	 and	 other	 groups	 pool	 the	 two	 CRC	 types	 into	 a	 single
“hypermutated”	category.9
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Among	the	approximately	3%	of	sporadic	CRCs	cases	that	are	hypermutated	but	lack	MSI,	the	majority	carry
somatic	mutations	 in	 the	 exonuclease	 domain	 of	POLE.9	Moreover,	 rare	 kindreds	with	 a	 dominantly	 inherited
high	risk	of	CRC	carry	specific	germline	defects	in	POLE	or	POLD1,	the	proofreading	exonuclease	genes	for	the
leading-	 and	 lagging-strand	 DNA	 polymerases	 ε	 and	 δ.	 Although	 the	 tumors	 carry	 thousands	 of	 mutations,
microsatellite	 tracts	 are	 stable;	 polymerase	 proofreading-associated	 polyposis	 (PPAP)	 thus	 represents	 a	 third
“mutator”	mechanism	in	CRC.

MUTATIONAL	AND	EPIGENETIC	LANDSCAPES	IN	COLORECTAL	CANCER
After	accounting	for	the	different	paths	to	genome	instability,	mutational	profiles	are	similar	in	colon	and	rectal
cancers.	 Constitutive	 activation	 of	 the	 Wnt	 pathway—triggered	 by	 gatekeeper	 mutations	 in	 APC,	 CTNNB1,
RNF43,	or	RSPO	 genes—initiates	 adenoma	 formation,	 as	 discussed	 in	 the	 following	 text.	Although	 the	 classic
progression	sequence	(see	Fig.	61.1)	has	its	origins	in	the	frequencies	of	various	mutations	at	different	stages	of
disease,	 CRCs	 vary	 substantially	 in	 which	 genes	 are	 mutated	 and	 in	 which	 order.	 Early	 studies	 estimated	 an
average	 of	 81	 mutations	 per	 CRC,	 with	 a	 few	mutations	 (APC,	KRAS,	TP53,	PIK3CA)	 occurring	 frequently,
others	 of	 known	 function	 (e.g.,	BRAFV600E)	 less	 commonly,	 and	most	mutations	 detected	 only	 in	 a	 handful	 of
cases.3	 Genome-scale	 studies	 of	 hundreds	 of	 CRCs	 and	 matched	 normal	 colonic	 mucosa	 corroborate	 these
findings	and	reliably	catalog	the	genetic	landscape	of	CRC	(Table	61.1).9,10	Few	novel	mutations	uncovered	in	the
latter	 studies	 lie	 in	 genes	 that	 constitute	 “druggable”	 targets,	 such	 as	 kinases,	 and	 some	may	 have	 pleiotropic
effects	 on	 cell	 survival,	 growth,	 and	metastasis.	 In	 aggregate,	 genes	 that	 modify	 the	 epigenome	 represent	 the
largest	 new	 class	 of	 frequently	 mutated	 genes,	 and	 MSI-hi	 tumors	 in	 particular	 show	 recurrent	 mutations	 in
ARID1A,	 a	 chromatin	 remodeling	 factor.	 CRCs	 arising	 in	 African	 Americans	 have	 a	 partially	 distinct	 profile,
including	 mutations	 in	 EPHA6	 and	 FLCN,11	 and	 approximately	 10%	 of	 CRCs	 carry	 monoallelic	 missense
mutations	in	SOX9,	a	transcription	factor	that	is	highly	expressed	and	active	in	intestinal	crypt	stem	and	progenitor
cells.17

CRCs	 progress	 by	 activating	 or	 disrupting	 pathways	 that	 involve	many	 gene	 products;	 some	 genes	 in	 vital
pathways	 are	 more	 prone	 to	 mutation	 than	 others,	 and	 mutation	 of	 a	 crucial	 gene	 may	 obviate	 the	 need	 for
additional	mutations	in	the	same	pathway.	Thus,	KRAS	and	BRAF	mutations,	which	together	occur	in	about	half
of	 all	 CRCs	 but	 are	mutually	 exclusive,	 represent	 alternative	means	 to	 activate	 intracellular	 epidermal	 growth
factor	receptor	(EGFR)	signaling.	Although	these	examples	conform	to	the	paradigm	that	frequent	occurrence	of	a
genetic	aberration	reflects	the	selective	advantage	it	confers	on	tumor	cells,	the	mere	presence	of	other	mutations
does	 not	 necessarily	 signify	 a	 pathogenic	 role.	 “Passenger”	 alterations,	 whether	 associated	 with	 CIN	 or	MSI,
confer	no	advantage	and	may	even	be	detrimental	to	tumors.	Two	features	are	therefore	used	to	impute	“driver”
status:	 recurrent	 alteration,	 as	 detected	 in	 large	 cohorts,	 and	 experimental	 demonstration	 of	 a	 contribution	 to
malignancy,	 which	 is	 laborious	 and	 imperfect.	 Infrequent	 events	 that	 may	 contribute	 to	 neoplasia	 tend	 to
concentrate	in	genes	that	control	cell	adhesion,	signaling,	DNA	topology,	and	the	cell	cycle.	Common	mutations
in	sporadic	CRCs	rarely	correlate	with	specific	histologic	or	clinical	features,	but	certain	genotypes	do	delineate
disease	subtypes	and	sensitivity	 to	certain	 therapies.	For	example,	KRAS	 and	BRAF	mutations	preclude	clinical
response	to	EGFR	antibodies12,13	and	MSI-hi	CRCs	are	uniquely	sensitive	to	treatment	with	immune	checkpoint
inhibitors.14

Prominent	modes	of	epigenetic	control	in	mammalian	cells	include	DNA	methylation	at	CpG	dinucleotides	and
covalent	modification	of	certain	histone	residues.	Compared	to	normal	colonic	epithelium,	CRCs	and	even	benign
adenomas	 show	 8%	 to	 15%	 lower	 total	DNA	methylation.15,16	 Global	 DNA	 hypomethylation	may	 reduce	 the
fidelity	of	chromosome	segregation,	owing	to	reduced	pericentromeric	methylation,	and	reversal	of	imprinting	at
loci	such	as	IGF2,	but	its	pathogenic	role,	if	any,	is	unclear.	In	mouse	models,	some	studies	suggest	that	global
hypomethylation	 increases	 tumor	 susceptibility,	 whereas	 absence	 of	 the	 de	 novo	 methyltransferase	 DNMT3B
slows,	and	DNMT3B	overexpression	accelerates,	tumor	progression.	Against	the	backdrop	of	genome-wide	DNA
hypomethylation,	 the	distinctive	 subset	 of	CRCs	with	CIMP	shows	coordinate	hypermethylation	of	many	CpG
island	promoters,	associated	with	 transcriptional	attenuation	of	 tumor	suppressor	genes	such	as	HIC1	 and	Wnt-
inhibiting	secreted	frizzled	related	protein	(SFRPs).17,18	Whole-genome	methylation	analyses	affirm	the	existence
of	this	once	controversial	entity,19	revealing	properties	that	distinguish	it	from	KRAS-mutant	CIN-positive	disease:
origin	in	sessile	serrated	adenomas;	strong	association	with	BRAF-mutant,	right-sided	MSI-hi	tumors	with	MLH1
gene	methylation;	and	distinct	RNA	expression	profiles.9



TABLE	61.1
Recurrent	Somatic	Gene	Mutations	in	Human	Colorectal	Cancers

Gene Frequency CRC	Class Known	Cellular	Function
Oncogenes
KRAS 35%–40% CIN RTK	signaling

PIK3CA 18%–20% Mostly	CIN RTK	signaling

BRAF 7%–15% MSI-hi,	CIMP RTK	signaling

NRAS 9% CIN RTK	signaling

ERBB3 <8% CIN RTK	signaling

CTNNB1 <5% All Wnt	pathway	activation

Tumor	Suppressor	Genes
APC 85% All Wnt	pathway	regulation

RNF43 18% Mainly	MSI-hi Wnt	pathway	regulation

TP53 50% Mainly	CIN Stress,	hypoxia	response

SMAD4 10% CIN TGF-β	signaling

FBXW7 10% CIN Ubiquitin	ligase

SOX9 5%–10% CIN Wnt-dependent	ISC	function

TGFBR2 	 MSI-hi TGF-β	signaling

MSH2,	etc. 	 MSI-hi DNA	mismatch	repair

POLE 	 Hypermutated	(non-MSI) DNA	polymerase	ε

Epigenetic	Modifier	Genes	(Roles	Are	Emerging)
ARID1A 	 MSI-hi Chromatin	remodeling

SIN3A 	 	 Transcriptional	repression

SMARCA5 	 	 Chromatin	remodeling

NCOR1 	 	 Transcriptional	repression

JARID2 	 	 Histone	modification

TET1,	2,	3 	 	 DNA	demethylation
CRC,	colorectal	cancer;	CIN,	chromosomal	 instability;	RTK,	receptor	 tyrosine	kinase;	MSI-hi,	high	microsatellite	 instability;	CIMP,
CpG	island	methylator	phenotype;	TGF-β,	transforming	growth	factor	β;	ISC,	intestinal	stem	cell.

Understanding	 of	 other	 epigenetic	 alterations	 in	CRC	 is	 still	 in	 its	 infancy.	Differences	 in	 the	 landscape	 of
modified	 histone	 residues	 from	 that	 in	 normal	 colonic	 epithelium	 may	 reflect	 epigenetic	 rewiring,	 including
aberrant	activation	of	cis-elements,	or	the	different	proportions	of	stem	and	progenitor	cells	in	tumors	and	normal
tissue.	 The	 product	 of	 one	 gene,	ARID1A,	which	 is	 commonly	mutated	 in	MSI-hi	CRCs,	 normally	 targets	 the
SWI/SNF	chromatin	remodeling	complex	to	enhancer	elements.	In	ARID1A-deficient	CRC	cell	lines	and	mouse
colonic	epithelium,	defective	SWI/SNF	targeting	causes	widespread	enhancer	and	gene	dysregulation.20

INSIGHTS	FROM	MOUSE	INTESTINAL	CRYPTS	AND	HUMAN
COLORECTAL	CANCERS	LEAD	TO	A	COHERENT	MODEL	FOR
COLORECTAL	CANCER	INITIATION	AND	PROGRESSION
WNT	Signaling
ISCs	 in	 the	 human	 colon	 and	 mouse	 small	 intestine	 have	 a	 fundamentally	 similar	 physiology,	 including
dependence	 on	Wnt	 signaling,	 the	 pathway	 that	 is	 confidently	 implicated	 in	 initiating	 CRC.	 One	 informative
strain,	multiple	intestinal	neoplasia	(Min),	carries	a	truncating	mutation	in	Apc	and	phenocopies	human	familial
adenomatous	 polyposis	 (FAP),21	 although	 adenomas	 form	mainly	 in	 the	 small	 intestine	 and	 not	 in	 the	 colon.
Deletion	 of	 the	 N-terminal	 domain	 of	 mouse	 β-catenin	 also	 mimics	 Wnt	 signaling	 and	 induces	 intestinal
polyposis.	ApcMin	and	other	mouse	strains	are	thus	invaluable	for	studying	and	modeling	CRC.

Continuous	 epithelial	 renewal	 in	 mouse	 intestinal	 crypts	 relies	 on	 frequent	 replication	 of	 native	 LGR5-



Dr. AVR @ TMH

expressing	ISC,	with	neutral	drift	producing	stable	populations	of	six	to	eight	monoclonal	stem	cells	in	each	crypt.
Although	 crypt	 progenitors	 are	 strikingly	 able	 to	 dedifferentiate	 into	 ISC	 when	 native	 stem	 cells	 are	 injured,
LGR5-positive	ISC	are	uniquely	vulnerable	 to	 transformation	by	Wnt	pathway	activation,22	 and	LGR5-positive
cells	display	stem	cell	properties	in	CRC	xenografts.23	Thus,	most	human	and	murine	CRCs	likely	arise	from	cells
at	 the	top	of	the	lineage	hierarchy	and	not	from	their	descendants.	Selective	depletion	of	LGR5-	positive	tumor
cells,	however,	causes	their	LGR5-negative	progeny	to	assume	long-term	self-renewal,24	revealing	a	remarkably
fluid	cancer	 stem	cell	 compartment	 that	mirrors	normal	 ISC	plasticity.	Ligand-independent	 ISC	with	mutations
that	activate	Wnt	signaling	compete	by	neutral	drift	with	 their	wild-type	siblings	 in	 the	same	crypt,	and	 in	 this
contest,	the	mutations	endow	ISC	with	a	small,	measurable	growth	advantage.25	Once	a	mutant	ISC	clone	takes
hold,	free	from	competing	wild-type	ISCs	in	the	same	crypt,	it	may	flourish	indefinitely	and	accumulate	additional
mutations,	by	chance	or	by	virtue	of	hypermutable	states.	Over	time,	various	combinations	of	mutations	liberate
signaling	 circuits	 from	 other	 ligand	 dependencies	 and	 impart	 invasive	 properties,	 an	 outcome	 that	 is	 not
inevitable:	Few	polyps	progress	to	carcinoma,	and	others	may	regress.

Wnt	glycoproteins	have	diverse	developmental	and	homeostatic	functions.	Secreted	after	palmitoylation	by	the
acyltransferase	PORCN,	their	intestinal	activity	is	markedly	potentiated	by	R-spondins	(RSPO),	which	are	ligands
for	the	ISC	marker	and	surface	receptor	LGR5.26,27	In	the	absence	of	Wnt	stimulation,	an	intracellular	complex
containing	 APC,	 AXIN2,	 and	 other	 proteins	 enables	 phosphorylation	 of	 conserved	 N-terminal	 serine	 and
threonine	 residues	 in	CTNNB1	 (β-catenin).	This	 phosphorylation	 targets	 a	 cytosolic	 pool	 of	 β-catenin,	 distinct
from	 the	 abundant	 stores	bound	 to	E-cadherin	on	 the	 inner	 cell	membrane,	 for	 ubiquitin-mediated	proteasomal
degradation	(Fig.	61.2).	Binding	of	Wnts	to	a	surface	complex	containing	a	FRIZZLED	(FRZD)	protein	and	the
obligate	coreceptor	LRP5/6	inhibits	the	APC-AXIN2	destruction	complex.	Thus	stabilized,	β-catenin	shifts	to	the
cell	 nucleus,	 where	 it	 functions	 as	 an	 obligate	 coactivator	 for	 target	 genes	 of	 the	 TCF	 family	 of	 transcription
factors,	 especially	 TCF7L2.	 Important	 and	 pertinent	 negative	 regulators	 of	Wnt	 signaling	 include	 two	 related
transmembrane	E3	ubiquitin	 ligases,	RNF43	 and	ZNRF3,	which	 induce	 endocytosis	 and	degradation	of	FRZD
receptors.28	The	LGR5/RSPO	complex	potentiates	Wnt	signaling	by	neutralizing	these	ligases,	hence	increasing
FRZD	 receptor	 availability.29	 This	 detailed	 elucidation	 of	Wnt	 pathway	 circuitry	 explains	 why	 CRCs	 require
either	inactivating	mutations	in	the	tumor	suppressor	genes	APC	or	RNF43	or	events	that	activate	the	CTNNB1,
RSPO2,	RSPO3,	or,	rarely,	TCF7L2	oncogenes.



Figure	61.2	Outline	of	the	Wnt	signaling	pathway.	Lipid-modified	Wnt	glycoproteins	engage	the
Frizzled-LRP5/6	coreceptor	complex	to	inhibit	a	destruction	complex	that	includes	AXIN	and	the
product	of	the	Adenomatous	Polyposis	Coli	(APC)	gene.	This	complex	ordinarily	targets	β-catenin
for	proteasomal	degradation,	and	its	inhibition	in	response	to	Wnt	signaling	stabilizes	cytosolic	β-
catenin,	which	translocates	to	the	nucleus	and	coactivates	transcriptional	targets	of	the	T-cell

factor/lymphoid	enhancer	factor	(TCF/LEF)	family	of	sequence-specific	transcription	factors.	The
net	result	in	intestinal	crypt	cells,	mediated	in	part	by	target	genes	such	as	MYC,	is	to	foster	cell

replication.	Important	regulatory	inputs	to	this	signaling	pathway	are	provided	R-spondins	(RSPO),
potent	hormonal	potentiators	of	Wnt	signaling.	RSPO	ligands	bind	to	LGR5/6	surface	receptors	and
inhibit	the	transmembrane	ubiquitin	ligase	RNF43,	which	otherwise	degrades	Frizzled	molecules.
Through	inhibition	of	RNF43,	the	net	result	of	RSPO	signaling	is	to	increase	Frizzled	receptor
density	on	the	cell	surface,	increasing	cell	sensitivity	to	ambient	Wnt	concentrations.	Mutations
found	in	human	colorectal	cancers	affirm	that	APC	and	RNF43	are	tumor	suppressor	genes	(red
balloons),	whereas	RSPO,	β-catenin	(CTNNB1),	and	the	transcription	factor	TCF7L2	behave	as

oncogenes	(green	balloons).

Other	Growth	Factor	Pathways
Beyond	Wnt	 signaling,	 normal	 colon	 crypts	 rely	 on	 a	 correct	 balance	 of	 growth	 signals,	 principally	 from	 the
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epidermal	 growth	 factor	 (EGF)	 family,	 and	 antimitotic	 signals	 from	 the	 bone	 morphogenetic	 protein	 (BMP)
family	 of	 transforming	 growth	 factor	 β	 (TGF-β)	 ligands.	 Genes	 commonly	 mutated	 in	 sporadic	 CRC	 (KRAS,
PIK3CA,	or	BRAF)	encode	 intracellular	mediators	of	EGF	signaling.	The	 resulting	 ligand-independent	mode	of
constitutive	 intracellular	 pathway	 activation	 differs	 fundamentally	 from	 that	 of	EGFR	 point	mutations	 in	 lung
cancer,	 and	 reflecting	 this	 key	 difference,	 CRCs	 that	 lack	 KRAS	 or	 BRAF	 mutations	 respond	 to	 anti-EGFR
antibodies,	but	not	to	small-molecule	EGFR	inhibitors	such	as	gefitinib	and	erlotinib;	EGFR-mutant	lung	cancers
show	the	converse	sensitivities.

BMP	ligands	signal	through	specific	cell	surface	receptors	to	activate	the	SMAD	family	of	latent	transcription
factors,	and	 the	 tumor	suppressor	gene	mutations	 in	some	familial	predisposition	syndromes	concentrate	 in	 this
signaling	 pathway.	 Loss	 of	 BMP	 function	 in	mice	 expands	 stem	 and	 progenitor	 cells,	 leading	 to	 polyposis	 or
ectopic	crypts,30–32	and	cultured	CRC	cells	resist	antiproliferative	effects	of	TGF-β.33	Enteroid	cultures	of	normal
human	 and	 mouse	 colonic	 epithelium	 require	 Wnt/R-spondin,	 EGF,	 and	 BMP	 antagonists,	 and	 sequential
introduction	 of	 specific	 APC,	 KRAS,	 and	 SMAD	 mutations	 eliminates	 the	 respective	 requirements.24,34–36
Recurrent	 mutations	 thus	 reveal	 that	 CRC	 coopts	 pathway	 dependencies	 within	 the	 normal	 tissue’s	 signaling
circuits;	 because	 normal	 colonic	 and	 other	 cells	 rely	 on	 the	 same	 pathways,	 targeting	 them	 in	 the	 clinic	 has
inherent	limits.

INHERITED	SYNDROMES	OF	INCREASED	CANCER	RISK	HIGHLIGHT
EARLY	EVENTS	AND	CRITICAL	PATHWAYS	IN	COLORECTAL
TUMORIGENESIS
Two	 Mendelian	 syndromes,	 FAP	 and	 hereditary	 nonpolyposis	 CRC	 (HNPCC),	 together	 account	 for
approximately	5%	of	CRCs;	other	syndromes,	each	occurring	in	fewer	than	1	in	200,000	births,	also	elevate	the
risk	 (Table	 61.2).	 Moreover,	 up	 to	 one-quarter	 of	 cases	 may	 have	 an	 unappreciated	 familial	 basis.	 Beyond
improving	molecular	diagnosis,	 risk	assessment,	and	 targeted	prevention	 in	affected	kindreds,	knowledge	about
predisposing	conditions	profoundly	informs	understanding	of	the	much	larger	fraction	of	sporadic	cases.

Familial	Adenomatous	Polyposis	and	the	Central	Importance	of	WNT	Signaling
FAP,	an	autosomal	dominant	monogenic	disorder,	underlies	approximately	0.5%	of	all	CRCs.	Individuals	develop
hundreds	 to	 thousands	 of	 colonic	 polyps	 by	 their	 early	 20s,	 with	 100%	 lifetime	 risk	 of	 CRC.	 Benign
extraintestinal	 manifestations	 include	 duodenal	 and	 gastric	 adenomas;	 congenital	 hypertrophy	 of	 the	 retinal
pigmented	epithelium;	osteomas	and	mesenteric	desmoid	tumors	in	the	Gardner	syndrome	variant;	brain	tumors	in
the	Turcot	syndrome;	and,	occasionally,	cutaneous	cysts,	 thyroid	 tumors,	or	adrenal	adenomas.	The	responsible
gene,	adenomatous	polyposis	coli	(APC),	encodes	a	300-kDa	component	of	the	β-catenin	destruction	complex	in
the	Wnt	 pathway.	 Truncating	 germline	mutations	 tend	 to	 cluster	 in	 the	 5′	 half	 and	 exon	 15.	A	 few	mutations
correlate	with	phenotypic	severity	or	specific	extraintestinal	features,	but	identical	mutations	can	produce	distinct
clinical	manifestations.	Mutations	in	the	extreme	5′	or	3′	ends	of	APC	exons	cause	a	variant	syndrome,	attenuated
APC,	 in	which	 few	polyps	 or	CRCs	develop	 late	 in	 life.	 Identification	of	 specific	APC	mutations	 in	 probands
allows	 reliable	 testing	 of	 family	 members.	 Minimal	 recommendations	 for	 carriers	 include	 annual	 screening
colonoscopy	 after	 age	 10	 years	 and	 treatment	 with	 nonsteroidal	 anti-inflammatory	 drugs	 to	 reduce	 CRC	 risk.
Colectomy	is	highly	recommended	for	CRC	prophylaxis,	with	continued	lifelong	vigilance	over	the	rectal	stump
and	other	at-risk	tissues.	Reflecting	the	aforementioned	similarities	in	crypt	homeostasis	in	the	small	intestine	and
colon,	patients	have	a	5%	to	10%	risk	of	developing	periampullary	adenocarcinoma,	which	mandates	surveillance
gastroduodenoscopy	after	age	25	years.

TABLE	61.2
Inherited	Colorectal	Tumor	Syndromes

Syndrome Features	Commonly	Seen	in	Affected	Individuals Gene	Defect
Syndromes	with	Adenomatous	Polyps

Multiple	adenomas	(>100)	and	colorectal	carcinomas;	duodenal	polyps	and
carcinomas;	gastric	fundus	polyps;	congenital	hypertrophy	of	retinal



FAP epithelium APC	(>90%)

Gardner	syndrome Same	as	FAP,	with	desmoid	tumors	and	mandibular	osteomas APC
Turcot	syndrome Polyposis	and	CRC	with	brain	tumors	(medulloblastoma,	glioblastoma) APC	or	MLH1

Attenuated	FAP
Less	than	100	polyps,	although	marked	variation	in	polyp	number	(from	<5
to	>1,000	polyps)	seen	in	mutation	carriers	within	a	single	family APC	(5′	mutations)

HNPCC
CRC	with	modest	polyposis;	high	risk	of	endometrial	cancer;	some	risk	of
ovarian,	gastric,	urothelial,	hepatobiliary,	and	brain	cancers

MSH2,	MLH1,	MSH6
(together	>90%);	PMS2
(about	5%)

MAP Multiple	gastrointestinal	polyps,	autosomal	recessive MYH
Polymerase
proofreading-associated
polyposis Large	adenomas,	early-onset	CRC,	elevated	risk	of	endometrial	cancer	only POLE	or	POLD1
Syndromes	with	Atypical	Polyps
Peutz-Jeghers
syndrome

Hamartomatous	polyps	throughout	the	GI	tract;	mucocutaneous
pigmentation;	estimated	9–13-fold	increased	risk	of	GI	and	non-GI	cancers STK11	(30%–70%)

Cowden	disease
Multiple	hamartomas	involving	breast,	thyroid,	skin,	brain,	and	GI	tract;
increased	risk	of	breast,	uterus,	thyroid,	and	some	GI	cancers PTEN	(85%)

Juvenile	polyposis
syndrome

Multiple	hamartomas	in	youth,	predominantly	in	colon	and	stomach;	variable
increase	in	colorectal	and	stomach	cancer	risk;	facial	changes

BMPR1A	(25%),
SMAD4	(15%),	ENG

Hereditary	mixed
polyposis

Polyps	of	highly	heterogeneous	form	and	size,	a	few	of	which	progress	to
CRC;	confined	to	rare	Ashkenazi	Jewish	kindreds;	only	CRC	risk	is	elevated GREM1	(imputed)

FAP,	 familial	 adenomatous	 polyposis;	 CRC,	 colorectal	 cancer;	 HNPCC,	 hereditary	 nonpolyposis	 colorectal	 cancer;	 MAP,	MYH-
associated	polyposis;	GI,	gastrointestinal.

The	larger	significance	of	APC	stems	from	its	somatic	inactivation	in	approximately	80%	of	sporadic	CRCs.
Both	 familial	 and	 sporadic	 CRCs	 show	 biallelic	 inactivation,	with	 one	 copy	 usually	 lost	 by	 deletion.	 It	 is	 the
earliest	genetic	aberration	in	adenomas,37	including	tiny	polyps	with	minimal	dysplasia,	and	the	rate-limiting	step
in	polyp	formation;	indeed,	acute	APC	loss	in	mice	immediately	activates	the	Wnt	pathway,	resulting	in	epithelial
hyperproliferation.38	 As	 APC	 encodes	 many	 functional	 domains,	 mutant	 forms	 might	 affect	 diverse	 cellular
activities,	 contributing	 to	 chromosome	 segregation	 defects	 and	 aneuploidy.	 However,	 about	 half	 the	 sporadic
CRCs	 with	 intact	 APC	 function	 have	 activating	 point	 mutations	 in	 CTNNB1,39,40	 and	 many	 of	 the	 rest
(approximately	10%	of	cases)	carry	gene	fusions	involving	R-spondin	(RSPO)	cofactors.10	Therefore,	attention	on
APC	centers	appropriately	on	its	role	in	Wnt	pathway	inhibition.	CTNNB1	mutations	in	CRC	target	residues	for
N-terminal	phosphorylation,	rendering	β-catenin	resistant	to	degradation,	and	RSPO	gene	fusions	potentiate	Wnt
signals.	TCF4	mutations	 are	 surprisingly	 common,9	 but	 their	 roles	 and	 effects	 are	 unclear,	 as	 is	 the	 functional
significance	of	rare	AXIN2	mutations	in	MSI-positive	cases	and	of	TCF3	or	TCF4	gene	fusions	in	microsatellite
stable	(MSS)	cases.

Even	 advanced	 CRCs	 seem	 to	 rely	 on	 constitutive	 Wnt	 pathway	 activity,	 leading	 to	 much	 interest	 in
developing	therapies	that	attenuate	this	pathway,	but	 two	prominent	barriers	prevail.	First	 is	 the	obvious	risk	of
on-target	 toxicity	 toward	 the	 millions	 of	 normal	 Wnt-dependent	 colonic	 cells.	 Second,	 APC	 and	 CTNNB1
mutations	act	far	downstream	of	cell	surface	receptor	activity;	this	restricts	potential	vulnerabilities	to	distal	points
in	the	signaling	pathway,	such	as	stability	of	TCF–β-catenin	complexes41	or	their	transcriptional	targets.	Although
CD44	 and	 some	 other	 target	 genes,	 especially	MYC,	 are	 essential	 components	 of	 the	Wnt	 response	 in	mouse
intestines,42	 the	 candidacy	 and	 roles	 of	 most	 target	 genes	 in	 human	 CRC	 are	 uncertain.	 RSPO	 and	 RNF43
mutations	offer	greater	promise	for	treatment	because	the	corresponding	CRCs	depend	in	principle	on	Wnt	ligand
activity.	Indeed,	preclinical	models	show	increased	sensitivity	of	RNF43-mutant	CRCs	to	inhibitors	of	PORCN43

and	of	tumors	with	RSPO	fusions	to	specific	RSPO	antibodies.44

Hereditary	Nonpolyposis	Colorectal	Cancer	and	the	Role	of	DNA	Mismatch
Repair
HNPCC	 (Lynch	 syndrome)	 is	 an	 autosomal	 dominant	 disorder	 that	 confers	 40%	 to	 70%	 lifetime	 risk	 of
developing	 CRC,	 usually	 before	 age	 50	 years,	 and	 accounts	 for	 up	 to	 4%	 of	 cases.	 Individuals	 with	 HNPCC
develop	many	fewer	polyps	 than	patients	with	FAP,	 the	condition	that	must	be	excluded	to	meet	 the	diagnostic
criteria	for	HNPCC	(Table	61.3).45	Cancers	 tend	 to	arise	 in	 the	ascending	colon,	and	patients	are	also	prone	 to
develop	tumors	of	the	endometrium,	ovary,	stomach,	small	bowel,	biliary	tract,	urothelium,	and	brain	(see	Table
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61.3).	 The	 lifetime	 risk	 of	 endometrial	 cancer,	 in	 particular,	 is	 35%	 to	 50%	 and	 that	 of	 urologic	 and	 ovarian
tumors	 is	 7%	 to	 8%.	 The	 key	molecular	 feature	 of	 HNPCC	 tumors	 is	 pronounced	 variation	 in	 the	 lengths	 of
microsatellite	DNA	sequences	 (MSI-hi),	which	 is	 typically	 assessed	 in	 a	 panel	 of	 five	mono-	 and	dinucleotide
tracts	(BAT26,	BAT25,	D5S346,	D2S123,	and	D17S250).

TABLE	61.3
Criteria	for	Clinical	Diagnosis	of	Hereditary	Nonpolyposis	Colorectal	Cancer

A.	Revised	Amsterdam	criteria	(clinical	diagnosis)

1.	 Three	or	more	family	members	with	histologically	verified	HNPCC-related	cancers,	one	of	whom	is	a	first-degree	relative	of
the	other	two

2.	 Two	successive	affected	generations
3.	 One	or	more	of	the	HNPCC-related	cancers	(see	C)	diagnosed	before	age	50	y
4.	 Exclusion	of	familial	adenomatous	polyposis

B.	Revised	Bethesda	guidelines	(criteria	to	prompt	MSI	testing	of	tumors)

1.	 Diagnosis	of	CRC	before	age	50	y
2.	 Synchronous	or	metachronous	presence	of	CRC	or	other	HNPCC-associated	cancer
3.	 CRC	diagnosed	before	age	60	y	with	histopathologic	features	associated	with	MSI-hi
4.	 CRC	in	at	least	one	first-degree	relative	with	an	HNPCC-related	tumor,	with	one	of	the	cancers	diagnosed	before	age	50	y
5.	 CRC	in	two	or	more	first-degree	relatives	with	HNPCC-related	tumors,	regardless	of	age

C.	Spectrum	of	sites	for	HNPCC-related	cancers
Colon	and	rectum,	endometrium,	stomach,	ovary,	pancreas,	ureter	and	renal	pelvis,	biliary	tract,	small	intestine,	brain,	sebaceous
gland	adenomas,	and	keratoacanthomas
HNPCC,	hereditary	nonpolyposis	colorectal	cancer;	MSI-hi,	high	microsatellite	instability;	CRC,	colorectal	cancer.

HNPCC	 results	 from	germline	mutations	 in	 any	 of	 several	 genes	 that	 enable	DNA	MMR,	 the	 proofreading
process	 that	corrects	base-pair	mismatches	and	short	 indels	 that	arise	 in	 the	normal	course	of	DNA	replication.
MMR	is	an	efficient	process	mediated	by	homologs	of	bacterial	and	yeast	repair	proteins:	MutS	homologs	(MSH)
1	 to	 6,	MutL	 homologs	 (MLH)	 1	 to	 3,	 PMS1,	 and	 PMS2.	At	 sites	 of	DNA	mismatch,	MLH1	 and	 PMS2	 are
recruited	as	a	MutLα	complex;	in	turn,	they	recruit	MSH2	and	MSH6	heterodimers	(MutSα)	to	sites	of	1-bp	errors
and	MSH2	and	MSH3	(MutSβ)	 to	sites	of	2-	 to	4-bp	errors.	These	complexes	excise	 the	strand	 that	carries	 the
mismatch	and	then	resynthesize	and	ligate	the	repaired	DNA.	Germline	mutations	in	MSH2,	MLH1,	MSH6	 and
PMS2	 together	explain	about	95%	of	kindreds,46–48	 including	 a	 subset	with	germline	 loss	of	 the	 stop	 codon	of
EPCAM	 (previously	 called	 TACSTD1),	 which	 silences	 the	 neighboring	 MSH2	 gene	 promoter	 by
hypermethylation.49,50

MSI-hi	colon	cancers	are	usually	exophytic,	with	medullary	histology,	 lymphocyte	 infiltrates,	and	mucinous
differentiation;	 the	 Revised	 Bethesda	 guidelines	 (see	 Table	 61.3)	 combine	 clinical	 and	 phenotypic	 features	 to
facilitate	a	diagnosis	of	HNPCC.	When	these	criteria	are	met,	 tumor	DNA	should	be	 tested	either	for	MSI	in	a
simple,	 polymerase	 chain	 reaction	 (PCR)–based	 assay	 or	 by	 immunohistochemistry	 for	 absence	 of	 the	 most
commonly	implicated	proteins:	MLH1,	MSH2,	and	MSH6.	Because	clinical	guidelines	might	miss	up	to	a	quarter
of	 cases,	 some	 experts	 recommend	 testing	 all	 CRCs	 in	 patients	 younger	 than	 age	 70	 years.51,52	 Coupled	 with
thorough	personal	and	family	histories,	positive	results	should	prompt	DNA	testing	for	MLH1,	MSH2,	MSH6,	or
PMS2	 mutations	 because	 precise	 identification	 of	 mutant	 alleles	 and	 carriers	 allows	 targeted	 screening	 and
intervention	to	reduce	mortality—colonoscopy	every	1	to	2	years	starting	around	age	30	years,	family	counseling,
and	 aspirin	 prophylaxis.	 Two	 large	 expert	 groups	 have	 provided	 consensus	 guidelines	 for	 carriers,	 including
consideration	of	preventive	subtotal	colectomy,	annual	endometrial	evaluation	for	women	older	than	age	30	years,
and	hysterectomy	and	oophorectomy	after	bearing	children.52,53

In	 incipient	 cancers,	 random	 events	 first	 disrupt	 function	 of	 the	 wild-type	 allele	 of	 a	 mutant	 MMR	 gene,
resulting	 in	 a	 “mutator	 phenotype”	 that	 increases	 errors	 in	DNA	 replication	 102-	 to	 103-fold	 over	 background
rates.6,46	Consequently,	adenomas	progress	into	carcinomas	over	3	to	5	years	instead	of	two	or	more	decades.	The
coding	 regions	 of	 the	most	 commonly	 inactivated	 genes,	ACVR2A	 and	TGFBR2,	 encode	 receptors	 for	 TGF-β
ligands	and	contain	vulnerable	mononucleotide	tracts.9,54	TGF-β	inhibits	intestinal	epithelial	cell	proliferation,	and
>90%	of	MSI-hi	and	15%	of	MSS,	sporadic	CRCs	show	biallelic	TGFBR2	inactivation.55	Other	genes	mutated	in



familial	MSI-hi	colon	 tumors	encode	 the	negative	Wnt	 regulator	RNF43,56	 the	pro-apoptotic	genes	CASP5	and
BAX,	EGFR,	and	transcription	factor	genes,	including	TCF7L2,	but	KRAS	and	especially	BRAF	mutations	are	rare
in	familial	cases	(Lynch	syndrome).	CRC	pathogenesis	appears	to	require	Wnt	pathway	activation	irrespective	of
MMR	status.

MSI-hi	is	observed	in	up	to	15%	of	sporadic	cases	of	CRC,	often	in	older	patients	with	early-stage	disease	in
the	 ascending	 colon.	Such	 tumors	 often	 arise	 in	 sessile	 serrated	 adenomas,	with	MLH1	 inactivated	 by	 biallelic
promoter	 hypermethylation,	 and	 they	 commonly	 show	 activating	BRAF	 mutations	 and	 CIMP.	 If	BRAF	 is	 not
mutated,	the	prognosis	for	patients	with	familial	or	sporadic	MSI-hi	CRCs	is	better	than	for	those	with	sporadic
MSS	disease.	One	possible	reason	is	that	some	somatic	mutations	limit	tumor	viability,	but	observations	that	CRC
prognosis	correlates	with	the	extent	of	lymphocyte	infiltration57	also	imply	a	role	for	adaptive	immune	responses.
Indeed,	MSI-hi	CRCs	are	uniquely	sensitive	 to	 treatment	with	 immune	checkpoint	 inhibitors,58	 likely	 reflecting
expression	 of	 neoantigens	 owing	 to	 hypermutation,	 and	 drugs	 such	 as	 pembrolizumab	 and	 nivolumab	 have	 a
demonstrable	role	in	treating	advanced	MSI-hi	CRC.

Other	Inherited	Syndromes	with	Elevated	Colorectal	Cancer	Risk
MYH-associated	 polyposis	 (MAP),	 another	 recessively	 inherited	 syndrome	 of	 multiple	 adenomas	 and	 CRC,
results	 from	germline	mutations	 in	MYH,	 a	homolog	of	 the	Escherichia	coli	 base	 excision-repair	 gene	MutY.59
CRCs	develop	later	in	life	than	they	do	in	FAP	or	HNPCC,	polyp	numbers	vary	widely,	and	extracolonic	tumors
are	uncommon.	MYH	encodes	a	DNA	glycosylase	that	mediates	oxidative	DNA	damage;	accordingly,	tumors	are
not	associated	with	MSI	but	with	somatic	G:C	to	T:A	mutations	in	genes	such	as	APC.	Two	alleles,	Y165C	and
G382D,	account	for	most	cases,	and	cancers	develop	in	homozygote	or	compound	heterozygote	individuals	but
not	 in	 monoallelic	 carriers.	 Clinical	 findings	 in	 PPAP—large	 adenomas,	 early-onset	 CRC,	 and	 elevated
endometrial	cancer	risk	in	women	with	mutant	POLD1—resemble	those	in	HNPCC	or	MAP.	POLE	and	POLD1
are	nonclassical	tumor	suppressors:	The	wild-type	allele	is	usually	retained,	and	instead	of	deletion	or	truncation,
specific	missense	mutations	affect	proofreading	function.60

Familial	Juvenile	Polyposis
Patients	 with	 familial	 juvenile	 polyposis	 develop	 premalignant	 hamartomatous	 polyps	 in	 the	 stomach,	 small
intestine,	or	large	intestine	by	adolescence,	and	a	significant	minority	of	cases	represent	the	first	in	that	kindred.
Highlighting	the	role	of	TGF-β	signaling	in	disease	pathogenesis,	the	genetic	basis	is	germline	mutations	in	genes
encoding	 the	BMP	 receptor	BMPR1A,	 the	 accessory	TGF-β	 receptor	 endoglin	 (ENG),	 or	 the	 signal	 transducer
SMAD461,62;	 additional	 genes	 remain	 undiscovered.	 Patients	 with	 Peutz-Jeghers	 syndrome	 develop	 benign
tumors	that	contain	differentiated	but	disorganized	cells	(hamartomas),	mainly	in	the	small	intestine	but	also	in	the
colon.	 This	 autosomal	 dominant	 condition	 is	 associated	 with	macular	 lesions	 on	 the	 skin	 and	 buccal	mucosa,
bladder	and	bronchial	polyps,	and	a	90%	lifetime	risk	to	develop	diverse	cancers;	the	incidence	of	small	intestine,
stomach,	and	pancreas	cancers	 is	50	 to	500	 times	higher	 than	 the	general	population,	and	CRC	risk	 is	elevated
nearly	 100-fold.	 The	 implicated	 tumor	 suppressor	 gene,	 serine–threonine	 kinase	 11	 (STK11,	 also	 known	 as
LKB1),63	 acts	 at	 the	 nexus	 of	 diverse	 cellular	 pathways	 and	 functions,	 with	 a	 principal	 role	 in	 adenosine
monophosphate–activated	 protein	 kinase	 (AMPK)–mediated	 control	 of	 nutrient	 and	 energy	 utilization,	 cellular
structure,	 and	 apicobasal	 polarity.	 STK11	 also	 modulates	 the	 Rheb-GDP:Rheb-GTP	 cycle	 and	 downstream
activities	of	the	tuberous	sclerosis	gene	TSC2	and	the	mammalian	target	of	rapamycin	(mTOR),64	key	regulators
of	protein	synthesis	and	growth.

The	Cowden	 syndrome	 encompasses	 diverse	mucosal	 lesions,	 cutaneous	 papules,	 lipomas,	 neurofibromas,
breast	fibroadenomas,	and	meningiomas.	It	results	from	germline	mutations	in	the	tumor	suppressor	PTEN,65	the
second	most	frequently	mutated	gene	in	cancers,	after	TP53.	PTEN	is	a	lipid	phosphatase	that	dephosphorylates
key	 phosphoinositide	 signaling	 molecules66	 to	 regulate	 intracellular	 growth	 signaling	 negatively	 through
phosphatidylinositol	 3-kinase	 (PI3K)	 and	 its	 downstream	 effectors	 AKT	 and	 mTOR.	 CRC	 risk	 in	 Cowden
syndrome	is	modest	and	PTEN	mutations	or	deletions	occur	in	10%	of	sporadic	cases,	but	 the	protein	is	 lost	 in
approximately	40%	of	CRCs,	often	as	a	result	of	promoter	hypermethylation.

Insights	from	Mendelian	Syndromes,	Genome-Wide	Association	Studies,	and
the	Microbiome
Following	clinical	suspicion	or	diagnosis	of	a	Mendelian	risk	syndrome,	probands	and	family	members	should	be
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tested	for	pertinent	germline	mutations,	receive	genetic	counseling,	and	enter	programs	for	cancer	prevention	and
screening.	The	corresponding	molecular	defects	profoundly	inform	understanding	of	sporadic	CRC,	revealing	in
particular	 the	 seminal	 role	 of	 Wnt	 signaling	 and	 early,	 rate-limiting	 effects	 of	 APC	 inactivation	 or	CTNNB1
activation.	STK11	and	PTEN	loss	in	inherited	and	sporadic	CRCs	also	shed	light	on	crucial	molecular	pathways,
whereas	HNPCC	and	PPAP	help	classify	the	disease	and	reveal	the	broader	significance	of	features	such	as	MSI-
hi.	The	cancer	spectrum	in	HNPCC	or	PPAP	and	the	specific	predilection	for	CRC,	however,	remain	unexplained.
Colonic,	endometrial,	and	certain	other	epithelia	may	be	especially	sensitive	to	mutations	that	occur	in	the	setting
of	defective	DNA	MMR	and	base-excision	repair,	loss	of	the	wild-type	tumor	suppressor	allele	may	occur	more
readily	in	these	tissues,	or	they	may	lack	repair	safeguards	that	protect	other	cell	types.

Even	 in	 the	 absence	 of	 a	 recognized	 predisposition	 syndrome,	 individuals	with	 a	 history	 of	CRC	 in	 a	 first-
degree	 relative	 are	 up	 to	 four	 times	more	 likely	 to	 develop	CRC	 than	 those	without	 a	 family	 history.	 Specific
environmental	factors	that	compound	the	risk	of	developing	CRC	are	complex	and	insufficiently	characterized	but
include	obesity,	excessive	consumption	of	red	meat,	physical	inactivity,	and	vitamin	D	deficiency.	Many	of	these
factors	converge	on	insulin	signaling,	suggesting	a	possibly	seminal	role	for	insulin-like	growth	factors	in	CRC.67
Longstanding	 inflammatory	bowel	disease,	 especially	ulcerative	colitis,	 elevates	CRC	risk	up	 to	10-fold,	 likely
reflecting	increased	mutation	in	the	setting	of	repeated	mucosal	injury	and	repair.	Colitis-associated	CRCs	often
arise	within	flat	adenomatous	plaques	and	areas	of	nonadenomatous	dysplasia.	Compared	to	sporadic	cases,	APC
inactivation	 is	 less	 frequent,	 TP53	 mutations	 occur	 earlier	 in	 the	 cancer	 sequence,	 and	 methylation	 of	 the
p16INK4a	tumor	suppressor	gene	is	more	common.

The	 quarter	 or	 more	 of	 sporadic	 CRC	 cases	 with	 a	 familial	 component	 probably	 have	 diverse	 molecular
etiologies,	with	low	risk	conferred	by	some	common	genetic	variants	and	environmental	factors.	To	date,	genome-
wide	 association	 studies	 (GWASs)	 have	 uncovered	 statistical	 associations	 with	 at	 least	 20	 distinct	 loci	 that
individually	confer	small	increases	in	the	risk	of	developing	CRC.	Frequencies	of	risk	alleles	range	from	<10%	to
>50%	of	humans,	and	each	allele	elevates	CRC	risk	no	more	than	7%	to	25%	above	the	background	in	persons
with	 the	 nonrisk	 allele.68,69	 Even	 if	 homozygosity	 at	 some	 loci	 and	 additive	 effects	 compound	 this	 risk,	 allele
frequencies	 limit	 the	 cumulative	 risk	 to	 <50%	 to	 250%	 over	 the	 background	 and	 all	 identified	 risk	 variants
together	explain	<5%	to	7%	of	cases	with	a	family	history.	Although	it	is	not	yet	possible	to	predict	individuals’
CRC	risk	or	alter	screening	recommendations	based	on	GWAS	genotypes,	identification	of	risk	loci	is	useful	for
understanding	 disease	 determinants.	 The	 causal	 significance	 of	 most	 DNA	 sequence	 variants	 is	 unclear,	 but
growing	evidence	indicates	that	they	are	quantitative	trait	loci,	representing	the	cis-regulatory	elements	for	nearby
genes,	 such	as	MYC,	SMAD7,	 and	BMP4.	Risk	 alleles	 thus	 affect	 the	 expression	 levels	 of	 linked	 genes,	 either
promoting	transformation	of	normal	ISC	at	a	low	frequency	or,	more	likely,	influencing	the	oncogenic	potential	of
other	events.

Up	 to	 one-sixth	 of	 CRCs,	 especially	 MSI-hi	 cases,	 carry	 DNA	 and	 RNA	 from	 the	 invasive	 anaerobic
microorganism	Fusobacterium	nucleatum,70,71	and	a	worse	prognosis	than	cases	without	that	DNA.	F.	nucleatum
is	 an	 oral	 microbe	 that	 uses	 its	 Fap2	 lectin	 to	 bind	 Gal-GalNAc	moieties	 on	 colonic	 adenoma	 or	 cancer	 cell
surfaces	 and	 a	 unique	 adhesin,	 FadA	 to	 increase	Wnt	 pathway	 activity.	 Although	F.	 nucleatum	 triggers	 local
inflammation	 and	 modulates	 T-cell	 infiltrates,	 its	 causal	 role	 remains	 uncertain.	 Notably,	 its	 DNA	 persists	 in
distant	 metastases	 and	 experimental	 xenografts,	 raising	 the	 provocative	 prospect	 of	 antibiotics	 as	 adjuncts	 to
cytotoxic	or	targeted	agents	in	CRC	treatment.72

ONCOGENE	AND	TUMOR	SUPPRESSOR	GENE	MUTATIONS	IN
COLORECTAL	CANCER	PROGRESSION
Building	 on	 a	 foundation	 of	 constitutive	Wnt	 activity,	 somatic	 mutations	 in	 oncogenes	 and	 tumor	 suppressor
genes	 confer	 malignant	 properties.	 Recurring	mutations	 provide	 crucial	 clues	 to	 decipher	 oncogenic	 signaling
circuits	and	develop	rational	therapies	(see	Table	61.1).	The	high	collective	frequency	of	recurrent	KRAS,	BRAF,
and	PIK3CA	mutations	places	EGFR	and	its	downstream	effectors	extracellular	signal-regulated	kinases	(ERKs,
also	known	as	mitogen-activated	protein	kinases	[MAPKs])	at	the	center	of	research	and	therapeutic	efforts.



Figure	61.3	Signaling	pathways,	oncogenic	mutations,	and	therapeutic	opportunities	in	colorectal
cancer	(CRC).	It	is	instructive	to	consider	common	genetic	alterations	in	CRC	in	light	of	a	common

canonical	outline	of	signaling	through	receptor	tyrosine	kinases,	among	which	the	endothelial
growth	factor	receptor	is	a	prime	example.	KRAS,	the	oncogene	mutated	in	up	to	40%	of	CRCs,
signals	receptor	activation	through	RAF	proteins	(including	BRAF,	which	is	mutated	in	5%	to	8%
of	CRCs)	and	phosphatidylinositol	3-kinase	(PI3K),	whose	catalytic	PIK3CA	subunit	is	mutated	in
15%	to	20%	of	CRCs.	These	transducers	in	turn	activate	the	intracellular	mitogen-activated	protein
kinase	(MAPK)	and	AKT	or	mammalian	target	of	rapamycin	(mTOR)	pathways,	respectively.
Hence,	common	mutations	confer	growth	factor	independence	on	cells,	resulting	in	dysregulated

proliferation,	protein	synthesis,	and	metabolism.	They	also	represent	promising	targets	for
therapeutic	interference	with	aberrantly	activated	signaling	cascades.

The	KRAS,	BRAF,	and	PIK3CA	Oncogenes
The	Ras	 family	of	 small	G-proteins	 transduces	growth	 factor	 signals	 and	 is	 aberrantly	activated	 in	a	variety	of
cancers.	KRAS	is	mutated	in	about	40%	of	CRCs73	and	NRAS	in	another	<5%	of	cases.	Mutations	in	both	genes
cluster	 in	 codon	 12	 or	 13	 and	 less	 commonly	 in	 codon	 61.	 KRAS	 mutations	 appear	 even	 in	 lesions	 of	 low
malignant	 potential,	 such	 as	 aberrant	 preadenomatous	 crypt	 foci	 and	 diminutive	 polyps,	 and	 their	 frequency
increases	with	lesion	size.74	Mutant	KRAS	alone	does	not	initiate	adenomas	in	mice	but,	when	combined	with	Apc
mutation,	 accelerates	 tumor	 progression75,76;	 removing	 it	 from	 CRC	 cells	 or	 xenografts	 impedes	 cell	 growth.
Among	 the	 many	 growth	 factor	 signals	 that	 KRAS	 transduces	 in	 diverse	 tissues,	 its	 activity	 in	 the	 colonic
epithelium	 and	 CRC	 relates	 most	 to	 EGFR.	 Mutant	 KRAS	 locks	 EGFR	 signaling	 in	 the	 “on”	 state;	 EGFR
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antibodies	are	consequently	ineffective	in	this	subset	of	CRCs,12	and	targeted	therapies	will	need	to	disrupt	signals
further	downstream.

As	 KRAS	 is	 a	 plasma	 membrane-associated	 signal	 transducer	 for	 receptor	 tyrosine	 kinases,	 mutant	 forms
potentially	deregulate	several	effector	pathways	 for	cell	 survival,	proliferation,	and	 invasion	 (Fig.	61.3).	KRAS
signaling	recruits	RAF	kinases	to	the	plasma	membrane	and	triggers	MAPK	kinase	1	(MEK1)	and	MAPK	kinase
2	 (MEK2)	 to	 activate	ERK1	 and	ERK2.	KRAS	mutation	 thus	 induces	 constitutive	 phosphorylation	 of	ERKs,77
which	 in	 turn	 phosphorylate	 proteins	 that	 control	 the	 G1	 to	 S	 cell	 cycle	 transition,	 among	 other	 substrates.78
Although	other,	non–KRAS-mediated	growth	factor	pathways	also	activate	the	MEK/ERK	cascade,	signaling	in
CRC	is	most	often	deregulated	through	activating	mutations	in	KRAS	or	BRAF.	The	latter	gene	is	mutated	in	about
10%	of	CRCs,	especially	those	associated	with	MSI	and	CIMP.79,80	V600E,	the	most	common	BRAF	mutation	in
CRC,	 melanoma,	 and	 other	 cancers,	 affects	 a	 residue	 within	 the	 activation	 loop	 of	 the	 kinase	 domain	 and
constitutively	 activates	 kinase	 function,	 probably	 by	 several	 hundredfold	 and	 acting	 as	 a	 phosphomimetic.81
Activated	BRAF	also	leads	to	ERK	phosphorylation,	releasing	intrinsic	restraints	on	cell	growth.	Indeed,	KRAS
and	BRAF	mutations	are	mutually	exclusive	 in	CRC,9,79	 suggesting	 that	 they	 represent	 alternative	 routes	 to	 the
same	signaling	end.

The	prognosis	in	advanced	BRAF-mutant	CRC,	however,	is	worse	than	in	KRAS-mutant	disease,	which	implies
distinctive	molecular	or	cellular	features.	Moreover,	whereas	Kras	activation	 in	 the	mouse	 intestine	has	modest
consequence	 on	 its	 own,	Braf	V600E	 expression	 rapidly	 induces	 persistent	 generalized	 hyperplasia	 with	 a	 high
penetrance	 of	 crypt	 dysplasia,	 serrated	morphology,	 and	 invasive	MSI-hi	 cancers	with	Wnt	 and	ERK	pathway
deregulation82;	in	humans,	BRAF	mutation	is	a	hallmark	of	nonfamilial	MSI-hi	CRC	and	occurs	early	in	sessile
serrated	 adenomas.	 Notably,	 whereas	 BRAFV600E	 mutant	 melanomas	 respond	 to	 selective,	 ATP-competitive
BRAF	inhibitors	such	as	vemurafenib	and	take	months	to	manifest	secondary	resistance,	CRCs	carrying	the	same
mutation	 are	 intrinsically	 resistant.	This	 is	 because	BRAF	 inhibition	 rapidly	 induces	 feedback	EGFR	 signaling
through	KRAS	and	CRAF,	restoring	stimuli	for	CRC	replication;	melanoma	cells	avoid	such	feedback	activation
because	they	hardly	express	EGFR.83,84	In	principle,	BRAF	inhibition	should	render	cells	newly	sensitive	to	direct
antagonism	of	EGFR,	but	in	practice	combined	antagonism	of	BRAF	and	EGFR	signaling	shows	limits	that	are
unexplained.

In	 addition	 to	 the	 ERKs,	KRAS	 also	 transmits	 growth	 signals	 through	 PI3K,77,85	 which	 phosphorylates	 the
intracellular	 lipid	 PI-4,5-bisphosphate	 at	 the	 3	 position,	 triggering	 a	 cascade	 that	 promotes	 cell	 survival	 and
growth.	Up	to	20%	of	CRCs	carry	activating	mutations	in	PIK3CA,	the	gene	encoding	the	catalytic	p110	subunit
of	PI3K;	many	fewer	CRCs	carry	 related	PIK3R1	mutations.	PIK3CA	mutations	cluster	 in	exons	9	and	20	and
generally	arise	late	in	the	adenoma–carcinoma	sequence,	possibly	coincident	with	invasion.	Cellular	PI3K	activity
is	antagonized	by	the	product	of	the	PTEN	gene,	which	 is	 inactivated—usually	by	deletion—in	another	10%	of
cases	 and,	 as	 noted	 previously,	 is	 the	 causal	 factor	 in	Cowden	 syndrome.	Although	 both	 PI3K	 and	BRAF	 act
downstream	of	KRAS,	only	BRAF	 and	KRAS	mutations	 are	mutually	 exclusive,	 and	 up	 to	 one-fifth	 of	KRAS-
mutant	CRCs	also	carry	PIK3CA	mutations,	implying	that	these	oncogenes	are	not	totally	redundant.	One	reason
could	be	that	mutant	KRAS	activates	PI3K	signaling	inefficiently.	More	likely,	oncogenic	signaling	pathways	are
less	strictly	linear	than	is	convenient	to	depict.	Indeed,	overtly	parallel	streams	of	KRAS	signaling	through	RAF-
MEK	and	PI3K	(see	Fig.	61.3)	 interact	extensively	with	one	another,	and	both	streams	feed	into	mTOR,	which
coordinates	cell	growth	with	nutrient	responses.86	Lastly,	insulin-like	growth	factor	2	(IGF2)	is	overexpressed	in
approximately	15%	of	CRCs	as	a	 result	of	 focal	gene	amplifications,	 loss	of	 imprinting,	or	other	mechanisms.9
IGF2	overexpression	 is	mutually	exclusive	with	genomic	events	 that	enhance	PI3K	signaling,	 such	as	PIK3CA
mutations	and	PTEN	deletions,	 suggesting	 that	 in	normal	colon	cells,	PI3K	 transmits	growth	signals	 from	both
EGFR	and	IGF2.

MYC,	CDK8,	and	Control	of	Cell	Growth	and	Metabolism
Although	the	MYC	and	CDK8	oncogenes	are	rarely	mutated	in	CRC,	considerable	gene	amplification	is	present	in
approximately	 10%	 of	 cases	 and	moderately	 increased	 copy	 number	 and	 expression	 are	 seen	 in	 up	 to	 25%	 of
cases9,87;	aberrant	MYC	regulation	likely	explains	the	significant	GWAS	risk	allele	rs6983267.	MYC	is	not	only	a
prominent	 target	 of	Wnt	 signaling,88	 but	 seems	 to	 account	 for	 the	 bulk	 of	 tumor	 effect	 in	Apc-mutant	mouse
intestines.42	CDK8,	a	cyclin-dependent	kinase	component	of	the	Mediator	complex,	couples	transcription	factors
to	the	basal	transcriptional	machinery	and	cooperates	with	MYC	to	regulate	thousands	of	genes,	including	those
necessary	for	cellular	metabolism,	proliferation,	and	self-renewal.	CDK8	activity	in	CRC	is	particularly	associated



with	β-catenin.87	Indeed,	whereas	APC,	CTNNB1,	and	probably	RSPO	mutations	kick-start	adenomas,	additional
genetic	events	in	CRC	potentiate	Wnt	activity.	Disrupting	this	seminally	important	pathway	and/or	its	downstream
effector	MYC	may	therefore	be	imperative	in	CRC	therapy	but	poses	formidable	challenges,	in	part	because	that
requires	interfering	with	protein–protein	interactions	downstream	of	conventional	“druggable”	nodes.41

TP53	and	Other	Tumor	Suppressors
Allelic	loss	of	chromosome	17p	is	observed	in	approximately	75%	of	CRCs	but	<10%	of	polyps,74	indicating	that
it	is	a	late	event	that	may	favor	tumor	progression.	In	most	tumors	with	this	LOH,	the	remaining	TP53	allele	is
inactivated,	most	often	at	codon	175,	245,	248,	273,	or	282.	Cells	with	intact	TP53	 function	undergo	cell	cycle
arrest	and	apoptosis	when	faced	with	stress	from	DNA	damage,	hypoxia,	reduced	nutrient	access,	or	aneuploidy.
TP53	loss	allows	cells	to	overcome	these	barriers	to	tumor	survival	and	progression	but	does	not	confer	specific
disease	features	in	CRC.	FBXW7,	another	gene	frequently	inactivated	in	CRC,	encodes	a	receptor	subunit	of	Skp,
Cullin,	F-box-containing	(SCF)–E3	ubiquitin	ligase	complexes,	which	degrade	multiple	regulators	of	cell	growth,
such	as	MYC	and	JUN	transcription	factors.	Monoallelic	missense	mutations	tend	to	cluster	in	arginine	residues
within	 a	 β-propeller	 domain	 that	 recognizes	 specific	 substrates,	 including	 NOTCH,	 JUN,	 DEK,	 and	 TG-
interacting	factor	1	(TGIF1)	in	intestinal	cells.

LOH	of	chromosome	18q	is	rare	in	small	to	midsize	adenomas	but	observed	in	>60%	of	CRCs	and	nearly	all
liver	 metastases	 from	 MSS	 tumors.	 The	 minimal	 common	 region	 of	 LOH	 contains	 two	 candidate	 tumor
suppressor	 genes89:	SMAD4	 (DPC4)	 in	 about	 one-third	 of	 cases	 and	Deleted	 in	 Colorectal	 Cancer	 (DCC,	 a
receptor	 for	Netrin	 axonal	 guidance	 factors)	 in	 the	 rest.	SMAD4/	DPC4	 and	SMAD2	 are	 positive	 and	 negative
regulators	of	TGF-β	signaling,	respectively,	and	closely	linked	on	18q.	Somatic	SMAD4	mutations	are	present	in
10%	to	15%	of	CRCs	with	LOH,	and	germline	mutations	are	noted	in	some	familial	juvenile	polyposis	kindreds;
SMAD2	and	DCC	are	rarely	mutated	in	CRC,	but	DCC	messenger	RNA	(mRNA)	and	protein	are	lost	in	>50%	of
cases.	Together,	the	findings	suggest	a	complex,	multifactorial	basis	for	selection	of	18q	LOH	in	CRC.

Prognostic	and	Predictive	Value	of	Tumor	Genotypes	and	Molecular	Properties
Clinical	 features	 and	 outcomes	 are	 similar	 whether	mutations	 in	APC,	CTNNB1,	 or	 some	 other	 gene	 underlie
constitutive	Wnt	pathway	activity.	KRAS	mutations—and	possibly	PIK3CA	or	BRAF	mutations	or	loss	of	PTEN
expression	 in	 some	 contexts—predict	 lack	 of	 response	 to	 EGFR	 antibodies12,90	 and	 thus	 direct	 treatment
decisions.	Mutations	 in	KRAS	 and	PIK3CA	 seem	not	 to	 impact	 survival	 in	 stage	 III	 or	 IV	disease	 treated	with
chemotherapy,13,91	 although	 they	 will	 likely	 predict	 responses	 to	 agents	 that	 target	 MEK	 or	 PI3K	 signaling.
Patients	 with	 metastatic	 BRAF-mutant	 CRC	 have	 especially	 low	 survival	 and	 respond	 poorly	 to	 current
chemotherapy	 regimens,	 including	 adjuvant	 fluoropyrimidines	 in	 stage	 III	 disease.13,92	 Because	 common	 CRC
mutations	have	limited	prognostic	value,	attention	for	this	purpose	has	turned	to	mRNA	expression	profiles.	Three
subgroups	 defined	 in	 one	 study	 reflect	 the	 distinction	 among	CIN,	MSI-hi,	 and	 SSA/CIMP	 tumors,93	whereas
others	defined	up	to	six	subgroups	related	to	“stemness”	and	“epithelial-mesenchymal	transition”	phenotypes	and
variable	 treatment	 responses.	 Shared	 efforts	 culminated	 in	 delineation	 of	 four	 consensus	 molecular	 subtypes
(Table	61.4),94	which	seem	stable	 in	experimental	models	and	can	be	distinguished	 in	clinical	specimens	by	an
immunohistochemistry	 panel.95	 Although	 this	 classification	 may	 yet	 find	 value	 in	 patient	 stratification	 and
treatment	decisions,	a	notable	caveat	is	that	its	predictive	power	largely	reflects	gene	expression	in	stromal	rather
than	tumor	cells,	with	poor-prognosis	subtypes	revealing	a	TGF-β–induced	stromal	cell	program.33	Recent	studies
of	organoids	cultured	 from	primary	CRCs	suggest	a	possible	 role	 for	personalized	 in	vitro	 testing	 to	determine
which	drug	combinations	may	be	effective	against	individual	tumors.96

TABLE	61.4
Features	Associated	with	the	Consensus	Molecular	Subtypes	(Based	on	Gene	Expression)
of	Colorectal	Cancer

CMS1	(immune	MSI,	14%):	hypermutated	(MSI-hi	and	CIMP),	BRAF	mutations	common,	infiltration	of	activated	lymphocytes,
poor	survival	postrelapse
CMS2	(canonical,	37%):	high	frequency	of	SCNA,	high	Wnt	and	MYC	activation
CMS3	(metabolic,	13%):	low	frequency	of	SCNA	or	CIMP,	KRAS	mutations	common,	metabolic	deregulation
CMS4	(mesenchymal,	23%):	high	frequency	of	SCNA,	stromal	infiltration,	TGF-β	activation,	angiogenesis,	poor	relapse-free	and
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overall	survival
Unclassifiable	or	mixed	(13%)
CMS,	 consensus	 molecular	 subtype;	 MSI,	 microsatellite	 instability;	 MSI-hi,	 high	 microsatellite	 instability;	 CIMP,	 CpG	 island
methylator	phenotype;	SCNA,	somatic	copy	number	alterations;	TGF-β,	transforming	growth	factor	β.
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62 Cancer	of	the	Colon
Steven	K.	Libutti,	Leonard	B.	Saltz,	Christopher	G.	Willett,	and	Rebecca	A.	Levine

INTRODUCTION
A	more	 thorough	 understanding	 of	 the	molecular	 basis	 for	 this	 disease,	 coupled	with	 the	 development	 of	 new
therapeutic	 approaches,	 has	 dramatically	 altered	 the	 way	 in	 which	 patients	 with	 colorectal	 cancer	 (CRC)	 are
managed.	 This	 chapter	 and	 the	 one	 that	 follows	 provide	 an	 up-to-date	 description	 of	 the	 current	 state	 of	 the
science	and	outline	a	multidisciplinary	approach	to	the	patient	with	colon	or	rectal	cancer.

EPIDEMIOLOGY
Incidence	and	Mortality
Globally,	nearly	1,200,000	new	CRC	cases	are	believed	to	occur,	which	accounts	for	approximately	10%	of	all
incident	of	cancers,	 and	mortality	 from	CRC	 is	estimated	at	nearly	609,000.1	 In	2010,	 there	were	an	estimated
141,570	new	cases	of	CRC	and	51,370	deaths	in	 the	United	States.2	As	such,	CRC	accounts	 for	nearly	10%	of
cancer	mortality	in	the	United	States.	Prevalence	estimates	reveal	that	in	unscreened	individuals	aged	50	years	or
older,	 there	 is	 a	 0.5%	 to	 2.0%	 chance	 of	 harboring	 an	 invasive	 CRC,	 a	 1.0%	 to	 1.6%	 chance	 of	 an	 in	 situ
carcinoma,	a	7%	to	10%	chance	of	a	large	(≥1	cm)	adenoma,	and	a	25%	to	40%	chance	of	an	adenoma	of	any
size.3

Age	impacts	CRC	incidence	greater	than	any	other	demographic	factor.	To	that	end,	sporadic	CRC	increases
dramatically	above	the	ages	of	45	to	50	years	for	all	groups.	In	almost	all	countries,	age-standardized	incidence
rates	are	less	for	women	than	for	men.	Although	CRC	incidence	has	been	steadily	decreasing	in	the	United	States
and	Canada,	the	incidence	is	rapidly	increasing	in	Japan,	Korea,	and	China.1	In	the	United	States,	from	2002	to
2006,	the	age-standardized	incidence	rates	per	100,000	population	were	59.0	for	men	and	43.6	for	women	when
combined	for	all	 races.2	Recognizing	 that	 decreases	 in	 age-standardized	CRC	 incidence	 and	mortality	 rates	 are
apparent	 in	 the	United	 States	 over	 the	 past	 10	 to	 15	 years,	 such	 trends	may	 be	 counterbalanced	 by	 prolonged
longevity.

Although	 the	 incidence	 of	 CRC	 in	 the	 United	 States	 has	 decreased	 overall,	 presumably	 due	 to	 aggressive
screening	of	 the	population	older	 than	age	50	years,	 there	has	been	a	dramatic	 increase	 in	younger	patients.	A
study	using	data	from	the	Surveillance,	Epidemiology,	and	End	Results	(SEER)	program	found	a	rising	incidence
of	CRC	over	the	last	20	years	in	patients	aged	20	to	49	years.	The	most	pronounced	growth	was	in	the	age	group
40	to	44	years,	where	colon	and	rectal	cancer	increased	56%	and	94%,	respectively.	Based	on	these	findings	and
the	 fact	 that	CRC	in	younger	patients	 tends	 to	be	more	advanced,	 the	authors	 recommend	 lowering	 the	age	 for
average	risk	screening	by	10	years.4,5

Geographic	Variation
The	incidence	rate	for	Alaskan	Natives	exceeds	70	per	100,000,6	whereas	that	for	Gambia	and	Algeria	is	<2	per
100,000.7	Generally	speaking,	CRC	incidence	and	mortality	rates	are	the	greatest	in	developed	Western	nations.1,7
The	 reader	 is	 referred	 to	 the	most	 recent	detailed	 incidence	and	mortality	 rates	 in	different	 countries	over	 time
according	 to	gender,	ethnicity,	and	anatomic	site	as	established	by	 the	National	Cancer	 Institute	 (NCI)	on	 their
Web	site.

As	mentioned,	 there	 appears	 to	 be	 a	 recent	 decrease	 in	 age-standardized	CRC	 incidence	 and	mortality	 rates
within	the	United	States.	From	1999	to	2006,	CRC	incidence	and	mortality	both	decreased.2	Furthermore,	5-year
survival	 improved.	 These	 trends	 are	 apparent	 regardless	 of	 gender,	 race,	 or	 ethnic	 group,	 except	 for	 Native



Americans.	 Although	 at	 an	 initial	 glance	 one	 might	 invoke	 alterations	 in	 dietary	 and	 lifestyle	 factors,	 or	 the
utilization	of	chemopreventive	agents,	it	is	clear	that	enhanced	use	of	colonoscopy	with	polypectomy	represents	a
significant	reason	for	the	improvements	in	trends	in	some	areas.8

Emigration	Patterns	in	Population	Groups
Seminal	studies	have	revealed	that	migrants	from	low-incident	areas	to	high-incident	areas	assume	the	incidence
of	 the	 host	 country	within	 one	 generation.9–12	 For	 example,	 for	 Chinese	 who	 immigrate	 to	 the	 United	 States,
higher	CRC	rates	have	been	ascribed	to	greater	meat	consumption	and	diminished	physical	activity	in	contrast	to
controls	 within	 their	 original	 country.10	 These	 and	 other	 studies	 underscore	 the	 importance	 of	 environmental
exposure	in	CRC	incidence	and	provide	a	platform	for	attention	to	dietary	and	lifestyle	modification	as	preventive
measures.

Race	and	Ethnicity
Although	 dietary	 and	 lifestyle	 factors	 are	 of	 paramount	 importance	 in	 low-incident	 regions	 of	 the	 world,
especially	 Asia	 and	 Africa,	 nonetheless,	 there	 are	 certain	 trends	 along	 racial	 or	 ethnic	 lines.	 For	 example,	 an
inherited	adenomatosis	polyposis	coli	(APC)	gene	mutation,	I1307K,	confers	a	higher	risk	of	CRC	within	certain
Ashkenazi	 Jewish	 families	 that	 is	 not	 apparent	 in	 other	 ethnic	 groups.13,14	 Inherited	 mutations	 in	 the	 DNA
mismatch	 repair	 genes	 may	 be	 more	 common	 among	 African	 Americans,15	 in	 part	 accounting	 for	 anatomic
variation	 in	 colon	 cancers	 among	 races	 in	 the	 United	 States,16,17	 an	 area	 that	 is	 receiving	 much	 attention	 in
epidemiology-	and	biology-based	research.

One	recent	study	extracted	data	from	the	Adjuvant	Colon	Cancer	ENdpoinTs	(ACCENT)	collaborative	group
database	 to	 analyze	 time-to-event	 end	 points	 for	 black	 and	 white	 patients	 participating	 in	 12	 randomized
controlled	adjuvant	phase	III	 trials	of	resected	stage	II	and	III	colon	cancer.	 In	 this	cohort	of	14,611	patients—
controlling	for	sex,	stage,	age,	and	treatment	type—both	5-year	overall	survival	(OS)	rates	and	3-year	recurrence-
free	 survival	 rates	were	 significantly	worse	 for	 black	 patients	 (68.2%	 versus	 72.8%	 and	 68.4%	 versus	 72.1%,
respectively).	 However,	 recurrence-free	 interval	 was	 similar,	 arguing	 against	 a	 differential	 response	 to	 the
adjuvant	 therapy	 itself.	 The	 authors	 concluded	 that	 poorer	 outcomes	 were	more	 likely	 related	 to	 confounding
factors	not	measured	such	as	toxicity,	comorbid	conditions,	and	racial	disparities	in	care	for	recurrent	disease.18

Socioeconomic	Factors
Generally,	cancer	incidence	and	mortality	rates	have	been	higher	in	economically	advantaged	countries.19,20	This
may	be	related	to	consumption	of	a	high	fat	and	high	red	meat	diet,	lack	of	physical	activity	with	resulting	obesity,
and	variations	in	mortality	causes	over	a	longitudinal	period	of	time.

Anatomic	Shift
Classically,	colon	cancer	was	believed	to	be	a	disease	of	the	left	or	distal	colon.	However,	the	incidence	of	right-
sided	or	proximal	colon	cancer	has	been	increasing	in	North	America17,21	and	Europe.22	Similar	trends	have	been
observed	in	Asian	countries.23	This	anatomic	shift	is	likely	multifactorial:	(1)	due	to	increased	longevity;	(2)	as	a
response	 to	 luminal	 procarcinogens	 and	 carcinogens,	 which	 can	 vary	 between	 different	 sites	 of	 the	 colon	 and
rectum;	and	(3)	because	of	genetic	factors,	which	can	preferentially	involve	defects	in	mismatch	repair	genes	with
resulting	 microsatellite	 instability	 (MSI)	 in	 proximal	 colon	 cancers	 and	 chromosomal	 instability	 pathway
predominant	 in	 left-sided	 colon	 and	 rectal	 cancers.	 These	 developments	 in	 anatomic	 variation	will	 necessarily
impact	 considerably	 on	 screening	 procedures,	 response	 to	 chemoprevention,	 response	 to	 chemotherapy,	 and,
ultimately,	disease-specific	survival.24–26

ETIOLOGY:	GENETIC,	ENVIRONMENTAL,	AND	OTHER	RISK	FACTORS
Inherited	Predisposition
Family	history	confers	an	increased	lifetime	risk	of	CRC,	but	that	enhanced	risk	varies	depending	on	the	nature	of
the	family	history	(Table	62.1).	Familial	factors	contribute	importantly	to	the	risk	of	sporadic	CRC,	depending	on



Dr. AVR @ TMH

the	involvement	of	first-	or	second-degree	relatives	and	the	age	of	onset	of	CRC.	Involvement	of	at	least	one	first-
degree	relative	with	CRC	serves	to	double	the	risk	of	CRC.27	There	is	further	enhancement	of	the	risk	if	a	case	is
affected	prior	 to	 the	 age	of	 60	years.	 Similarly,	 the	 likelihood	of	 harboring	premalignant	 adenomas	or	CRC	 is
increased	in	first-degree	relatives	of	persons	with	CRC.28,29	The	National	Polyp	Study	reveals	compelling	data;
the	relative	risk	(RR)	for	parents	and	siblings	of	patients	with	adenomas	compared	to	spousal	controls	was	1.8,
which	increased	to	2.6	if	the	proband	was	younger	than	age	60	years	at	adenoma	detection.30

TABLE	62.1
Etiology	of	Colon	Cancer:	Environmental	Factors

Increased	Incidence Decreased	Incidence
High-caloric	diet High-fiber	diet

High	red	meat	consumption Antioxidant	vitamins

Overcooked	red	meat Fresh	fruit/vegetables

High	saturated	fats Nonsteroidal	anti-inflammatories

Excess	alcohol	consumption Coffee

Cigarette	smoking High	calcium

Sedentary	lifestyle High	magnesium

Obesity Bisphosphonates

Diabetes 	

Provocative	 assessments	 of	 population	 groups	 suggest	 a	 dominantly	 inherited	 susceptibility	 to	 colorectal
adenomas	 and	 cancer,	 which	 may	 account	 for	 the	 majority	 of	 sporadic	 CRC,	 but	 this	 may	 have	 variable
inheritance	based	on	the	degree	of	exposure	to	environmental	factors.31	What	are	these	susceptibility	factors?	The
answer	 has	 yet	 to	 emerge.	 Nonetheless,	 genetic	 polymorphisms	may	 be	 of	 paramount	 importance,	 such	 as	 in
glutathione-S-transferase,32	 ethylene	 tetrahydrofolate	 reductase,33,34	 and	N-acetyltransferases,	 especially	 NAT1
and	NAT2.35	 In	 fact,	 genetic	 polymorphisms	 can	 vary	 among	 different	 racial	 and	 ethnic	 groups,	 which	 may
provide	clues	to	the	geographic	variation	of	CRC	as	well.

A	new	prospective	study	of	7,105	women	followed	for	a	mean	of	5.5	years	also	found	an	association	with	the
BRCA1	mutation,	which	conferred	increased	risk	in	women	younger	than	50	years	(standardized	incidence	ratio
3.81).	There	was	no	discernible	impact	of	BRCA2	or	either	mutation	in	older	women.	This	finding	is	in	line	with
prior	 reports	 from	the	Breast	Cancer	Linkage	Consortium	in	2001	and	has	prompted	 the	authors	 to	recommend
earlier	screening	for	affected	women.36

Environmental	Factors
Seminal	studies	have	underscored	the	importance	of	environmental	factors	as	contributing	to	the	pathogenesis	of
CRC.	One	has	to	take	population-based	studies	into	the	context	of	methodologies	employed,	lead-time	bias,	time-
lag	issues,	definition	of	surrogate	and	true	end	points,	and	the	role	of	susceptibility	factors.

One	such	population-based	study	recently	evaluated	risk	factors	for	CRC	from	the	Women’s	Health	Initiative,
a	comprehensive	prospectively	collected	database	of	150,912	postmenopausal	women,	in	which	1,210	developed
colon	 cancer	 and	 282	 developed	 rectal	 cancer.	 Eleven	 risk	 factors	 were	 independently	 associated	 with	 colon
cancer,	some	which	have	little	or	no	previous	support	in	the	literature	(age,	waist	girth,	use	of	hormone	therapy	at
baseline	[protective],	years	smoked,	arthritis	[protective	presumably	due	to	medications	used],	relatives	with	CRC,
lower	 hematocrit	 levels,	 fatigue,	 diabetes,	 less	 use	 of	 sleep	medication,	 and	 cholecystectomy).	 Three	 of	 these
factors	were	also	significantly	associated	with	an	increased	risk	of	rectal	cancer	(age,	waist	girth,	and	not	taking
hormone	therapy).37

Diet

Total	Calories
Obesity	 and	 total	 caloric	 intake	 are	 independent	 risk	 factors	 for	 CRC	 as	 revealed	 by	 cohort	 and	 case	 control
studies.38,39	Increased	body	mass	may	result	in	a	twofold	increase	in	CRC	risk,	with	a	strong	association	in	men



with	colon	but	not	 rectal	cancer.	Weight	gains	during	early	 to	middle	adulthood	have	also	recently	been	 linked
with	increased	risk	of	colon	but	not	rectal	cancer.	This	relationship	too	seems	more	prominent	in	men	than	women
in	a	large	prospective	study.40

Meat,	Fat,	and	Protein
Ingestion	of	 red	meat	but	not	white	meat	 is	associated	with	an	 increased	CRC	risk,41,42	 and	as	 such,	per	 capita
consumption	of	red	meat	is	a	potent	independent	risk	factor.	Whether	the	total	abstinence	from	red	meat	leads	to	a
decreased	 CRC	 incidence	 has	 not	 been	 clarified,	 as	 there	 are	 studies	 with	 opposing	 results.43	 Also	 unclear	 is
whether	 the	 type	 of	 red	meat	 or	 the	 degree	 of	 processing	 or	 cooking	method	make	 any	 difference.	 Although
Probst-Hensch	et	al.44	found	fried,	barbecued,	and	processed	meats	to	be	associated	with	CRC	risk,	especially	for
rectal	 cancer,	 with	 odds	 ratio	 (OR)	 of	 6,	 follow-up	 reports	 do	 not	 consistently	 support	 these	 claims.	 In	 the
population-based	 Norwegian	Women	 and	 Cancer	 cohort	 including	 84,538	 participants,	 highly	 processed	 meat
intake	 (especially	 sausage)	was	 associated	with	 increased	CRC	 risk	 but	meat	 cooking	methods	 and	 total	meat
intake	were	not.45	A	second	study	of	53,988	participants	reported	no	difference	with	processed	meat	intake	either.
The	authors	did	 find	 that	cancer	 risk	was	associated	with	different	meat	subtypes	 (i.e.,	animal	of	origin)	which
varied	by	 tumor	 location—specifically,	colon	cancer	 risk	was	 significantly	elevated	 in	 the	 setting	of	high	 lamb
intake	 (incidence	 rate	 ratio	=	1.07)	 and	 rectal	 cancer	 risk	was	 affected	by	pork	 (incidence	 rate	 ratio	=	1.18).46
However,	 McCullough	 et	 al.47	 recently	 reported	 a	 positive	 association	 in	 patients	 with	 nonmetastatic	 CRC
between	red	and	processed	meat	consumption	before	cancer	diagnosis	with	higher	 risk	of	death	after	definitive
surgery.

Coffee
Coffee	contains	numerous	bioactive	compounds	that	may	modulate	cancer	risk	but	previous	epidemiologic	studies
investigating	 its	 role	 in	 CRC	 have	 yielded	 ambiguous	 results.	 In	 a	 recent	meta-analysis	 of	 41	 studies	 (25,965
patients),	Li	et	al.48	found	a	significant	inverse	association	from	case	control	data	for	CRC	(OR,	0.85)	and	colon
cancer	 (OR,	 0.79)	 but	 not	 rectal	 cancer.	 This	 was	 particularly	 true	 among	 females	 and	 in	 Europe.48	 Stronger
evidence	 comes	 from	 the	National	 Institutes	 of	Health–AARP	Diet	 and	Health	Study,	 a	 large	prospective	U.S.
cohort	 including	 489,706	 members.	 In	 this	 report,	 both	 caffeinated	 and	 decaffeinated	 coffee	 drinkers	 had	 a
decreased	risk	of	colon	cancer,	particularly	of	proximal	tumors	(hazard	ratio	[HR]	for	more	than	six	cups	a	day	=
0.62),	and	decaffeinated	coffee	drinkers	also	had	a	decreased	risk	of	rectal	cancer.	Although	known	confounders
such	as	smoking	and	red	meat	consumption	were	adjusted	for,	further	investigation	is	warranted	to	confirm	and
clarify	this	association.49

Fiber
Classically,	 a	 high-fiber	 diet	 was	 associated	with	 a	 low	 incidence	 of	 CRC	 in	Africa,50	with	 numerous	 studies
substantiating	this	premise.51	Protection	was	believed	to	be	afforded	from	wheat	bran,	fruit,	and	vegetables.42	A
high-fiber	 diet	 was	 believed	 to	 dilute	 fecal	 carcinogens,	 decrease	 colon	 transit	 time,	 and	 generate	 a	 favorable
luminal	environment.	The	European	Prospective	Investigation	into	Cancer	and	Nutrition	is	an	ongoing	multicenter
prospective	cohort	study,	which	was	one	of	the	largest	and	most	influential	studies	to	initially	report	an	inverse
association	between	dietary	fiber	and	CRC.	More	long-term	data,	with	a	mean	follow-up	of	11	years	and	a	near
threefold	 increase	 in	CRC	cases,	 further	supports	 this	claim	while	providing	a	more	precise	estimation	by	fiber
food	source	as	well.	After	multivariable	adjustments,	total	dietary	fiber	was	found	to	be	inversely	associated	with
both	colon	and	rectal	cancers	(HR	per	10	g	per	day	increased	in	fiber,	0.87),	and	this	did	not	differ	by	age,	sex,
lifestyle,	 or	 other	 dietary	 factors.52	 However,	 other	 large,	 well-controlled	 studies	 show	 no	 inverse	 relationship
between	CRC	and	fiber	intake.53	In	a	study	of	nearly	90,000	women	from	ages	34	to	59	years	who	were	followed
for	16	years,	no	protective	effect	was	noted	between	fiber	and	incidence	of	either	adenomatous	polyp	or	CRC.53
This	 was	 further	 corroborated	 by	 two	 large	 randomized	 controlled	 trials	 that	 evaluated	 high-fiber	 diets	 for
moderate	 duration	 and	 discovered	 a	 lack	 of	 effect	 on	 the	 number,	 size,	 and	 histology	 of	 polyps	 found	 on
colonoscopy.54,55	At	this	point,	therefore,	it	is	unclear	whether	dietary	fiber	plays	any	substantial	role	in	the	risk	of
developing	CRC.

Vegetables	and	Fruit
A	protective	effect	of	vegetables	and	fruits	against	CRC	is	generally	believed	to	be	true.41	This	has	been	observed
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with	raw,	green,	and	cruciferous	vegetables.	Whether	certain	agents	such	as	antioxidant	vitamins	(E,	C,	and	A),
folate,	 thioethers,	 terpenes,	 and	 plant	 phenols	 may	 translate	 into	 effective	 chemopreventive	 strategies	 requires
further	investigation,	although	the	data	for	folate	intake	are	sound.56

In	addition	to	folate,	dietary	methionine	(another	component	of	one-carbon	metabolism)	has	also	recently	been
shown	 to	 impact	 risk	 of	 CRC.	 Zhou	 et	 al.57	 performed	 a	 meta-analysis	 of	 eight	 prospective	 studies,	 431,029
participants,	and	6,331	cancer	cases,	reporting	an	inverse	association	between	the	two,	particularly	in	studies	with
longer	follow-up	time	(RR,	0.81),	in	Western	studies	(RR,	0.83),	and	in	men	(RR,	0.75).57

Taking	 this	nutritional	data	a	step	 further,	Bamia	et	al.58	 recently	evaluated	 the	 impact	of	 the	Mediterranean
diet	on	CRC	risk	in	a	large	European	cohort.	This	diet,	introduced	in	the	1960s	as	“health-protecting,”	includes	a
high	 intake	 of	 vegetables,	 fruits,	 nuts,	 fish,	 cereals,	 and	 legumes	with	moderate	 alcohol	 consumption	 and	 low
consumption	of	dairy	and	meat.	The	authors	found	an	8%	to	11%	decreased	CRC	risk	when	comparing	patients
with	 the	highest	 to	 lowest	diet	adherence	rates	(HR,	0.89).	The	association	was	strongest	 for	women	and	colon
tumors.58

Another	approach	to	dietary	risk	assessment	emphasizes	the	specific	impact	of	certain	foods	on	inflammation.
The	dietary	inflammatory	index	(DII)	is	a	literature	review–based	score	that	was	developed	and	validated	over	the
past	several	years	comprising	45	food	parameters	with	varying	effects	on	specific	inflammatory	mediators	such	as
interleukin	(IL)-1,	IL-4,	IL-6,	IL-10,	tumor	necrosis	factor	α	(TNF-α),	and	C-reactive	protein	(CRP).	A	number	of
recent	studies	have	demonstrated	an	association	between	DII	and	CRC	risk.	In	a	case	control	study	of	424	patients
with	CRC	and	401	controls,	 a	direct	 association	was	observed	between	DII	 score	 and	CRC	 risk	 (OR,	1.65	 for
highest	quartile	compared	to	lowest;	P	=	.011),	with	even	stronger	findings	for	colon	cancer	alone	(OR,	2.24).59
Tabung	et	al.60	reports	similar	findings	in	prospective	analysis	of	the	Women’s	Health	Initiative,	a	population	of
152,536	 racially	 and	 geographically	 diverse	 postmenopausal	women.	When	 tumors	were	 differentiated	 by	 site,
however,	only	proximal	colon	cancer	 retained	a	significant	 risk	association	with	elevated	DII	score	 (OR,	1.35),
whereas	no	impact	was	demonstrated	for	distal	colon	or	rectal	cancer,	possibly	due	to	the	smaller	number	of	these
cases.59,60

Other	dietary	factors	under	recent	investigation	include	calcium,	magnesium,	and	vitamin	D.	Calcium	has	been
historically	 implicated	 as	 having	 a	 protective	 effect,	 perhaps	 due	 to	 its	 ability	 to	 bind	 injurious	 bile	 acids	with
reduction	of	colonic	epithelial	proliferation.61	This	is	supported	through	cell	culture	models	as	well	as	a	2013	case
control	study	of	1,556	patients	from	Poland	in	which,	after	adjusting	for	numerous	dietary	and	lifestyle	factors,	the
authors	 reported	 that	 an	 increase	 in	 calcium	 consumption	was	 associated	with	 decreased	 risk	 of	 colon	 but	 not
rectal	cancer	(OR,	0.93).	Moreover,	subjects	who	consumed	>1,000	mg	per	day	showed	a	46%	decreased	rate	of
colon	cancer	(OR,	0.54).62

A	recent	meta-analysis	 evaluating	 the	 influence	of	magnesium	 intake	demonstrated	a	modest	 risk	 reduction,
with	pooled	RRs	of	0.81	for	colon	cancer	and	0.94	for	rectal	cancer.	This	association	persisted	even	after	results
were	adjusted	for	calcium	intake	in	six	of	the	analyzed	studies.63

Vitamin	D	has	 been	 shown	 to	 inhibit	 cell	 proliferation	 and	 increase	 apoptosis	 in	 vitro,	 and	 its	 deficiency	 is
considered	an	important	risk	factor	for	many	types	of	solid	cancers.	In	a	meta-analysis	of	18	prospective	studies,
vitamin	D	intake	and	blood	25(OH)D	levels	were	found	to	be	inversely	associated	with	the	risk	of	CRC	as	well
(RR,	0.79	and	0.62	for	colon	cancer,	respectively;	RR,	0.78	and	0.61	for	rectal	cancer,	respectively).	Whereas	this
report	 offers	 only	 preliminary	 observational	 data,	 larger	 randomized	 trials	 for	 vitamin	 D	 supplementation	 are
warranted64	 and	 would	 be	 needed	 before	 routine	 vitamin	 D	 supplementation	 could	 be	 recommended	 for	 the
purpose	 of	 CRC	 prevention.	 It	 is	 noteworthy	 that	 the	 Institute	 of	 Medicine,	 although	 supporting	 vitamin	 D
supplementation	to	maintain	bone	health,	found	the	evidence	insufficient	to	support	vitamin	D	as	being	protective
against	colorectal	or	any	other	cancer.65

Lifestyle
Physical	 inactivity	has	been	associated	with	CRC	 risk,	 for	 colon	more	 than	 rectal	 cancer.	A	 sedentary	 lifestyle
may	account	 for	an	 increased	CRC	risk,	although	 the	mechanism	is	unclear.	Data	suggest	 that	physical	activity
after	the	diagnosis	of	stages	I	to	III	colon	cancer	may	reduce	the	risk	of	cancer-related	and	overall	mortality	and
that	 the	amount	of	aerobic	exercise	correlates	with	a	reduced	risk	of	 recurrence	following	resection	of	stage	III
colon	 cancer.66	 More	 recently,	 positive	 associations	 have	 been	 established	 between	 increased	 amounts	 of
recreational	physical	activity	before	and	after	CRC	diagnosis	and	lower	mortality.67

Most	 studies	 of	 alcohol	 have	 demonstrated	 at	 most	 a	 minimally	 positive	 effect.	 Associations	 are	 strongest
between	 alcohol	 consumption	 in	 men	 and	 risk	 of	 rectal	 cancer.	 Perhaps,	 interference	 with	 folate	 metabolism



through	acetaldehyde	is	responsible.68
Prolonged	cigarette	smoking	is	associated	with	the	risk	of	CRC.41	Cigarette	smoking	for	>20	pack-years	was

associated	 with	 large	 adenoma	 risk	 and	 >35	 pack-years	 with	 cancer	 risk.	 To	 examine	 the	 impact	 of	 smoking
cessation	on	the	attenuation	of	this	risk,	Gong	et	al.69	conducted	a	pooled	analysis	of	eight	studies,	including	6,796
CRC	cases	and	7,770	controls.	The	authors	found	that	former	smokers	also	remained	at	increased	risk	for	up	to
25	years	after	quitting.	However,	 this	varied	substantially	by	cancer	subsite	with	risk	declining	immediately	for
proximal	colon	and	rectal	cases	but	not	until	20	years	after	smoking	cessation	for	distal	colon	tumors.69

Diabetes
Type	2	diabetes	has	previously	been	implicated	in	the	development	of	CRC,	but	it	has	been	difficult	to	separate
this	association	from	other	confounding	lifestyle	factors	such	as	smoking	and	obesity.	Two	recent	meta-analyses
provide	 further	 evidence	 that	 this	 condition	 is	 in	 fact	 a	 significant	 independent	 risk	 factor.	 Yuhara	 et	 al.70
identified	14	studies,	most	of	which	controlled	for	smoking,	obesity,	and	physical	exercise,	and	demonstrated	that
diabetes	 was	 associated	 with	 increased	 risk	 of	 both	 colon	 and	 rectal	 cancer	 (RR,	 1.38,	 and	 RR,	 1.20,
respectively).70	A	second	report,	analyzing	24	studies,	found	a	similar	association	(RR,	1.26)	with	even	higher	risk
for	those	patients	on	insulin	therapy	(RR,	1.61).71

Drugs

Nonsteroidal	Anti-inflammatory	Drugs
Population-based	studies	strongly	support	inverse	associations	between	use	of	aspirin	and	other	nonsteroidal	anti-
inflammatory	 drugs	 (NSAIDs)	 and	 the	 incidences	 of	 both	CRCs	 and	 adenomas.72–74	As	 a	 result,	NSAIDs	 and
selective	 cyclooxygenase	 2	 (COX-2)	 inhibitors	 have	 been	 investigated	 intensively	 in	 hereditary	 and	 sporadic
CRC.

Long-term	results	have	just	been	reported	from	the	CAPP2	study,	the	first	double-blind	randomized	controlled
trial	 of	 aspirin	 chemoprevention	 with	 cancer	 as	 the	 primary	 end	 point.	 In	 this	 study,	 861	 carriers	 of	 Lynch
syndrome	were	 randomly	 assigned	 to	 aspirin	 or	 placebo.	With	 a	mean	 follow-up	 of	 55.7	months,	 the	 authors
report	a	significantly	decreased	incidence	of	CRC	in	the	treatment	group	as	well	as	a	 trend	toward	reduction	in
extracolonic	 Lynch	 syndrome–associated	 cancers.	 Importantly,	 there	 was	 no	 significant	 difference	 in	 adverse
events	such	as	gastrointestinal	(GI)	bleeding,	ulcers,	or	anemia	during	the	intervention	period.	These	data	provide
strong	rationale	for	the	routine	use	of	aspirin	chemoprevention	in	Lynch	syndrome	and	establish	a	foundation	for
further	study	in	sporadic	neoplasia.	In	a	combined	analysis	of	four	large	randomized	trials	of	lower	dose	aspirin
(75	to	300	mg	per	day)	involving	14,033	patients,	aspirin	taken	for	5	years	or	more	was	associated	with	a	reduced
20-year	 incidence	and	mortality	due	 to	CRC	(absolute	 reduction,	1.76%;	95%	confidence	 interval	 [CI],	0.61	 to
2.91;	 P	 =	 .001).	 Reduction	 was	 largely	 confined	 to	 right-sided	 tumors.75	 In	 addition	 to	 generalized
chemoprevention,	 the	 question	 of	 aspirin	 and	 other	 NSAIDs	 in	 patients	 with	 a	 diagnosis	 of	 CRC	 has	 been
addressed.	 Liao	 et	 al.76	 have	 reported	 evidence	 that	 suggests	 that	 aspirin	 therapy	 after	CRC	 diagnosis	may	 be
beneficial	 to	 those	patients	whose	 tumors	have	a	PIK3CA	mutation	but	not	 in	 those	with	wild-type	PIK3CA.76
However,	PIK3CA	mutation	status	had	no	 impact	on	 the	 influence	of	 the	COX-2	 inhibitor	 rofecoxib	on	cancer
recurrence.77

Bisphosphonates
In	 addition	 to	being	one	of	 the	most	 commonly	used	medications	 for	osteoporosis,	 bisphosphonates	have	been
shown	 to	 have	 various	 antiproliferative,	 antiangiogenic,	 proapoptotic,	 and	 antiadhesive	 effects	 in	 preclinical
studies.	Practical	impact	on	malignant	disease,	however,	has	been	inconsistent.	Singh	et	al.78	performed	a	recent
meta-analysis	demonstrating	a	statistically	significant	17%	reduction	in	CRC	incidence	with	bisphosphonate	use.
This	 finding	was	 observed	 independently	 for	 both	 proximal	 and	 distal	 colon	 cancers	 as	well	 as	 rectal	 cancers,
highlighting	another	potential	pathway	for	chemoprevention.78

Statins
There	 is	 longstanding	 debate	 regarding	 the	 association	 between	 statin	 use	 and	 cancer,	 with	 research	 currently
underway	to	elucidate	the	specific	chemopreventive	properties	of	these	agents	that	may	include	inhibiting	tumor
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growth	 and	 angiogenesis,	 attenuating	 metastatic	 potential,	 stimulating	 cellular	 immunity,	 and	 potentiating	 the
antitumor	effects	of	some	cytokines.	Epidemiologic	studies	on	CRC	have	produced	very	inconsistent	results.	Liu
et	al.79	conducted	a	meta-analysis	of	42	studies	(18	case	control,	13	cohort,	11	randomized,	controlled)	and	found
that	 statin	 use	was	 associated	with	 a	modestly	 reduced	 risk	 of	 CRC	 overall	 (RR,	 0.90).	 This	 effect	was	more
pronounced	for	rectal	cancer	and	in	lipophilic	statin	users	(e.g.,	simvastatin,	lovastatin).	Due	to	the	heterogeneity
of	the	included	studies,	the	authors	were	unable	to	draw	any	conclusions	regarding	dose,	duration,	or	side	effects,
and	interestingly,	the	risk	reduction	was	not	significant	in	a	subgroup	analysis	of	long-term	statin	users.	Definitive
recommendations	await	the	results	of	ongoing	prospective	prevention	trials.79

Biomarkers
In	an	effort	to	improve	screening	protocols	and	advance	understanding	of	colorectal	carcinogenesis,	investigators
are	focusing	on	a	variety	of	biomarkers	for	increased	risk	as	well.

Toriola	et	al.80	evaluated	the	role	of	CRP	and	serum	amyloid	A,	two	common	inflammatory	mediators,	in	the
Women’s	Health	 Initiative	Observational	Study.	With	over	900	case	control	pairs	 for	 each	marker,	 the	authors
found	 that	 elevated	 concentrations	of	both	CRP	and	 serum	amyloid	A	conferred	 significantly	 increased	 risk	of
colon	 cancer	 (OR,	 1.50;	 P	 =	 .006).	 This	 is	 not	 surprising	 given	 the	 role	 inflammation	 plays	 in	 colorectal
carcinogenesis	as	well	as	the	new	promising	data	surrounding	NSAID	chemoprevention.80

Leptin,	a	peptide	hormone	produced	by	adipocytes,	is	also	thought	to	contribute	to	CRC	pathogenesis.	A	recent
prospective	analysis	 found	 that	 soluble	 leptin	 receptor	 levels,	which	may	 regulate	 leptin	 function,	was	 strongly
inversely	associated	with	both	CRC	and	colon	cancer	 risk	 (RR,	0.55,	and	RR,	0.42,	 respectively).	This	 finding
was	independent	of	leptin	levels	and	other	circulating	biomarkers.81	Chi	et	al.82	performed	a	similar	investigation
of	 insulin-like	 growth	 factor	 peptides,	 also	 implicated	 in	 CRC	 carcinogenesis,	 and	 found	 that	 high	 levels	 of
insulin-like	growth	factor	I	and	insulin-like	growth	factor	II	significantly	increased	cancer	risk	(OR,	1.25,	and	OR,
1.52,	respectively).82	Along	these	lines,	high	circulating	levels	of	C-peptide,	a	direct	marker	of	hyperinsulinemia,
may	also	be	a	predictive	factor	for	increased	CRC	risk,	as	indicated	in	a	recent	meta-analysis.83

Human	Papillomavirus
Although	human	papillomavirus	is	well	established	as	the	critical	pathogenic	force	behind	cervical	and	anogenital
cancer,	its	role	in	colorectal	malignancy	is	less	clear.	An	association	between	the	two	was	first	reported	in	1990,
and	since	then,	a	growing	number	of	studies	have	detected	the	virus	in	colon	adenocarcinoma	specimens.	In	the
first	meta-analysis	to	address	this	topic	(including	16	articles	and	1,436	patients),	Damin	et	al.84	not	only	reported
a	 high	 prevalence	 of	 human	 papillomavirus	 (31.9%)	 in	 affected	 patients	 but	 also	 found	 a	 strong	 correlation
between	human	papillomavirus	positivity	and	increased	CRC	risk	(OR,	10.04;	95%	CI,	3.7	to	27.5).	These	results
may	indicate	an	alternative	pathway	of	colorectal	carcinogenesis	that	could	have	vast	implications	for	treatment
and	prevention.84

Escherichia	coli
Escherichia	coli	is	another	pathogen	under	investigation	despite	its	ubiquity	among	the	gut	flora.	Studies	suggest
that	the	mucosa-adherent	or	mucosa-internalized	strains	might	play	a	role	in	carcinogenesis	by	inducing	chronic
inflammation	and	synthesizing	toxins	that	affect	cell	proliferation,	differentiation,	and	apoptosis.	Bonnet	et	al.85
found	an	increased	prevalence	of	these	pathogenic	strains	in	colonic	tissue	from	cancer	patients	versus	controls,	as
well	as	in	more	advanced-	versus	early-stage	tumors.	The	authors	also	confirmed	the	carcinogenic	properties	of
one	of	 these	cancer-associated	strains	by	demonstrating	a	marked	increase	in	colonic	polyp	burden	in	mice	that
were	innoculated	with	this	strain	compared	to	controls.85

FAMILIAL	COLORECTAL	CANCER
Familial	Adenomatous	Polyposis
Familial	 adenomatous	 polyposis	 (FAP)	 constitutes	 1%	 of	 all	 CRC	 incidence	 (Table	 62.2).	 Hallmark	 features
include	hundreds	to	thousands	of	colonic	polyps	that	develop	in	patients	in	their	teens	to	30s,	and	if	the	colon	is
not	surgically	removed,	100%	of	patients	progress	to	CRC.	Extracolonic	manifestations	include	benign	conditions



—congenital	 hypertrophy	 of	 the	 retinal	 pigment	 epithelium,	 mandibular	 osteomas,	 supernumerary	 teeth,
epidermal	cysts,	adrenal	cortical	adenomas,	desmoid	 tumors	 (although	 these	 tumors	may	 lead	 to	obstruction)—
and	malignant	conditions—thyroid	tumors,	gastric	small	intestinal	polyps	with	a	5%	to	10%	risk	of	duodenal	or
ampullary	adenocarcinoma,	and	brain	tumors.86	The	brain	tumors	may	be	of	two	types—glioblastoma	multiforme
or	 medulloblastoma—and	 the	 particular	 association	 of	 brain	 tumors	 and	 colonic	 polyposis	 is	 called	 Turcot
syndrome.87	The	colonic	polyps	in	Turcot	syndrome	are	fewer	and	larger	than	in	classic	FAP.	An	attenuated	form
of	FAP	harbors	up	to	100	colonic	polyps	and	has	a	predisposition	to	CRC	in	patients	when	they	are	in	their	50s	or
60s.88

FAP	is	an	autosomally	dominant	disorder	with	nearly	100%	penetrance.	However,	about	30%	of	patients	have
de	 novo	mutations	 and	 are	without	 an	 ostensible	 family	 history.	 Based	 on	 karyotypic	 analysis	 that	 reveals	 an
interstitial	 deletion	 on	 human	 chromosome	 5q	 and	 subsequent	 genetic	 linkage	 analysis	 to	 5q21,	 the	 gene
responsible	for	FAP	was	identified	as	APC.	Patients	with	FAP	inherit	a	mutated	copy	of	the	APC	gene,	thereby
predisposing	them	to	early-onset	polyposis.	During	life,	patients	with	FAP	acquire	inactivation	of	the	remaining
APC	 gene	 copy,	which	accelerates	 the	progression	 to	CRC.	 Interesting	genotypic-phenotypic	 associations	 exist
between	the	location	of	the	APC	gene	mutation	and	certain	clinical	manifestations,	such	as	congenital	hypertrophy
of	the	retinal	pigment	epithelium,	desmoid	tumors,	and	classic	FAP	versus	attenuated	FAP.

TABLE	62.2
Familial	and	Nonfamilial	Causes	of	Colorectal	Cancer

Syndromes	with	Adenomatous	Polyps
APC	gene	mutations	(1%):

Familial	adenomatous	polyposis
Attenuated	APC
Turcot	syndrome	(two-thirds	of	families)

MMR	gene	mutations	(3%):

Hereditary	nonpolyposis	colorectal	cancer	types	I	and	II
Muir-Torre	syndrome
Turcot	syndrome	(one-third	of	families)

Syndromes	with	Hamartomatous	Polyps	(,1%)
Peutz-Jeghers	(LKB1)
Juvenile	polyposis	(SMAD4,	PTEN)
Cowden	(PTEN)
Bannayan-Ruvalcaba-Riley

Mixed	polyposis

Other	Familial	Causes	(up	to	20%–25%)
Family	history	of	adenomatous	polyps	(MYH)
Family	history	of	colon	cancer:

Risk	more	than	three	times	greater	if	two	first-degree	relatives	or	one	first-degree	relative	younger	than	50	y	with	colon
cancer
Risk	two	times	greater	if	second-degree	relative	affected

Familial	colon-breast	cancer

Nonfamilial	Causes
Personal	history	of	adenomatous	polyps

Personal	history	of	colorectal	cancer

Inflammatory	bowel	disease	(ulcerative	colitis,	Crohn	colitis)

Radiation	colitis
Ureterosigmoidostomy
Acromegaly
Cronkhite-Canada	syndrome
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MMR,	mismatch	repair.

The	APC	gene	comprises	15	exons	and	encodes	a	protein	of	nearly	2,850	amino	acids	(310	kDa).	Nearly	all
germline	 mutations	 in	 the	 APC	 gene	 lead	 to	 a	 truncated	 protein,	 which	 can	 be	 detected	 through	 molecular
diagnostic	assays	that	can	be	integrated	into	genetic	counseling	and	genetic	testing	of	affected	patients	and	at-risk
family	members.89,90	The	functions	of	the	APC	protein	and	the	interrelated	pathways	and	regulatory	molecules	are
discussed	later.

Hereditary	Nonpolyposis	Colorectal	Cancer
Hereditary	nonpolyposis	CRC	(HNPCC)	accounts	for	about	3%	of	all	CRCs.	Salient	features	include	up	to	100
colonic	 polyps	 (hence	 the	 term	 nonpolyposis),	 preferentially,	 albeit	 not	 exclusively,	 in	 the	 right	 or	 proximal
colon.91	There	is	an	accelerated	rate	of	progression	to	CRC	in	these	diminutive,	at	times	flat,	polyps	with	mean
age	 of	 onset	 of	 CRC	 being	 43	 years.	 This	 is	 designated	 HNPCC	 type	 I.	 HNPCC	 type	 II	 is	 distinguished	 by
extracolonic	tumors	that	originate	in	the	stomach,	small	bowel,	bile	duct,	renal	pelvis,	ureter,	bladder,	uterus	and
ovary,	 skin,	 and	 perhaps	 the	 pancreas.	 The	 lifetime	 risk	 of	 CRC	 in	 HNPCC	 is	 80%,	 up	 to	 50%	 to	 60%	 for
endometrial	cancer,	and	1%	to	13%	for	all	other	cancers.91,92	Of	note,	a	variant	of	HNPCC	involves	skin	tumors
and	 is	 designated	 as	Muir-Torre	 syndrome.	HNPCC	 is	 defined	 classically	 by	 the	modified	Amsterdam	 criteria
(Table	62.3).

TABLE	62.3
Criteria	for	Identifying	At-Risk	Individuals	for	Mismatch	Repair	Deficiency	(High
Microsatellite	Instability)

Amsterdam	I	Criteria
At	least	three	relatives	with	colorectal	cancer

One	relative	should	be	a	first-degree	relative	of	the	other	two

At	least	two	successive	generations	should	be	affected

At	least	one	colorectal	cancer	case	before	age	50	y

FAP	should	be	excluded

Tumors	should	be	verified	histopathologically

Amsterdam	II	Criteria
At	least	three	relatives	with	HNPCC-associated	cancer	(colorectal,	endometrial,	small	bowel,	ureter,	or	renal	pelvis)

At	least	two	successive	generations	should	be	affected

At	least	one	case	before	age	50	y

FAP	should	be	excluded

Tumors	should	be	verified	histopathologically

Bethesda	Criteria	(for	Identification	of	Patients	with	Colorectal	Tumor	Who	Should	Undergo	Testing	for	MSI)
Cancer	in	families	that	meet	Amsterdam	criteria

Two	HNPCC-related	cancers,	including	colorectal	or	extracolonic

Colorectal	cancer	and	a	first-degree	relative	with	colorectal	cancer	and/or	HNPCC-related	extracolonic	cancer	and/or	colorectal
adenoma:	one	cancer	before	age	45	y	and	adenoma	before	age	40	y

Colorectal	cancer	or	endometrial	cancer	before	age	45	y

Right-sided	colorectal	cancer	with	an	undifferentiated	pattern	on	histopathology	before	age	45	y

Signet-ring	cell-type	colorectal	cancer	before	age	45	y

Adenoma	before	age	40	y
FAP,	familial	adenomatous	polyposis;	HNPCC,	hereditary	nonpolyposis	colorectal	cancer;	MSI,	microsatellite	instability.

HNPCC	is	an	autosomally	dominant	disorder	with	about	80%	penetrance.	Genetic	and	biochemical	approaches
led	 to	 the	discovery	of	 the	 involvement	of	human	DNA	mismatch	 repair	 genes	 in	HNPCC.	Recognized	 as	 the
human	orthologs	of	mismatch	repair	genes	described	in	bacteria	and	yeast,	human	mismatch	repair	genes	encode
enzymes	 that	 repair	 errors	 during	 DNA	 replication	 that	 may	 occur	 spontaneously	 or	 upon	 exposure	 to	 an
exogenous	agent	 (e.g.,	ultraviolet	 light,	chemical	carcinogen).	Mutations	 in	one	of	 these	mismatch	 repair	genes



results	in	MSI,	which	creates	a	milieu	of	somatic	mutations	of	target	genes—	TGF-β	2	receptor,	bax,	IGF	type	I
receptor,	among	others—in	HNPCC-associated	tumors.93	About	60%	of	germline	mutations	in	HNPCC	are	found
in	either	the	hMLH1	gene	or	the	hMSH2	gene,	but	mutations	in	other	members	of	this	family—	hMSH6,	hPMS1,
hPMS2—are	rare,	thereby	indicating	that	other	genes	are	involved	but	have	yet	to	be	discovered.	Genetic	testing	is
not	facile	for	HNPCC	as	it	is	for	FAP,	but	it	involves	sequencing	both	the	hMLH1	and	hMSH2	genes	(Table	62.4).
If	 a	 germline	mutation	 is	 found,	 then	 the	 remaining	 at-risk	 family	members	 can	 be	 genetically	 screened.	MSI
testing	 and	hMLH1/hMSH2	 immunohistochemistry	 (IHC)	 can	be	performed	on	 tumor	 specimens	 as	 a	 possible
prelude	to	genetic	testing.

Whereas	 these	 preliminary	 screening	 tests	 have	 traditionally	 only	 been	 applied	 to	 patients	 who	 meet	 the
Amsterdam	 or	 Bethesda	 criteria	 for	 high-risk	 family	 history,	 there	 has	 been	 a	 strong	 push	 recently	 toward
expanding	 this	 testing	 to	 all	 cases	 of	 CRC.	 The	 proponents	 of	 this	 “universal	 screening”	 approach	 argue	 that
HNPCC	 is	 underdiagnosed,	 with	 a	 significant	 number	 of	 cases	 being	 missed	 by	 selective	 testing.	 Numerous
questions	 remain,	 however,	 as	 to	 the	 logistics,	 infrastructure,	 and	 expense	 of	 implementing	 such	 an	 ambitious
change.94

TABLE	62.4
Genetic	Testing	in	Inherited	Colorectal	Cancer

FAP
APC	protein	truncating	testing	(preferred).	If	APC	mutation	found,	screen	for	mutation	in	family.
Less	desirable	alternatives:	gene	sequencing,	linkage	testing

HNPCC

MSI	testing	in	tumora
If	MSI	present,	proceed	to	sequencing	of	both	hMLH1	and	hMSH2	genes.
If	mutation	found,	screen	for	mutation	in	family.

aImmunohistochemistry	may	be	an	option.
FAP,	familial	adenomatous	polyposis;	APC,	adenomatosis	polyposis	coli;	HNPCC,	hereditary	nonpolyposis	colorectal	cancer;	MSI,
microsatellite	instability.

Hamartomatous	Polyposis	Syndromes
Hamartomatous	 polyposis	 syndromes	 are	 rare	 syndromes,	 mostly	 affecting	 the	 pediatric	 and	 adolescent
population,	 and	 represent	 <1%	of	CRCs	 annually.	 Peutz-Jeghers	 syndrome	 involves	 large	 but	 few	 colonic	 and
small	bowel	polyps	that	can	manifest	by	GI	bleeding	or	obstruction	and	an	increased	risk	of	CRC.	The	polyps	are
distinguished	 by	 a	 smooth	muscle	 band	 in	 the	 submucosa.	Hallmark	 clinical	 features	 on	 physical	 examination
include	freckles	on	the	hands,	around	the	lips,	in	the	buccal	mucosa,	and	periorbitally.	Associated	characteristics
include	sinus,	bronchial,	and	bladder	polyps,	and	about	5%	to	10%	of	patients	have	sex	cord	tumors.	Patients	can
also	 develop	 lung	 and	 pancreatic	 adenocarcinomas.	 The	 gene	 responsible	 for	 this	 syndrome	 is	LKB1,	 a	 serine
threonine	kinase.

Juvenile	 polyposis	 has	 overlapping	 clinical	 manifestations	 with	 Peutz-Jeghers,	 but	 the	 polyps	 tend	 to	 be
confined	 to	 the	 colon,	 although	 cases	 of	 gastric	 and	 small	 bowel	 polyps	 have	 been	 described	 and	 there	 is	 an
increased	 risk	 of	 CRC.	 Extracolonic	 manifestations	 are	 not	 prevalent.	 This	 is	 a	 polygenic	 disease,	 involving
germline	mutations	in	PTEN,	SMAD4,	BMPR1,	or	other	genes	yet	to	be	identified.

Cowden	 syndrome	 harbors	 hamartomatous	 polyps	 anywhere	 in	 the	 GI	 tract,	 and	 surprisingly,	 there	 is	 no
increased	risk	of	CRC.	However,	about	10%	of	patients	will	have	thyroid	tumors	and	nearly	50%	of	patients	have
breast	tumors.	Germline	PTEN	mutations	have	been	reported.

It	is	estimated	that	about	20%	to	30%	of	CRCs	are	compatible	with	an	inherited	predisposition,	independent	of
known	 syndromes.95	 The	 identification	 of	 other	 responsible	 genes	 will	 have	 great	 clinical	 impact.	 Intensive
approaches	 are	being	pursued	 through	 sibling-pair	 studies	 and	other	 familial	 studies.	As	previously	mentioned,
patients	may	be	predisposed	to	an	increased	risk	of	adenomatous	polyps	as	well	in	the	context	of	a	family	history
of	sporadic	adenomatous	polyps.

ANATOMY	OF	THE	COLON
The	colon	 and	 rectum	make	up	 the	 segment	of	 the	digestive	 system	commonly	 referred	 to	 as	 the	 large	bowel.
Defined	as	the	portion	of	intestine	from	the	ileocecal	valve	to	the	anus,	the	large	bowel	is	approximately	150	cm
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in	 length.	 It	 is	 divided	 into	 five	 segments	 defined	 by	 its	 vascular	 supply	 and	 by	 its	 extraperitoneal	 or
retroperitoneal	 location:	 the	 cecum	 (with	 appendix)	 and	 ascending	 colon,	 the	 transverse	 colon,	 the	 descending
colon,	 the	sigmoid	colon,	and	 the	 rectum.	The	anatomy	of	 the	 rectum	is	discussed	 in	detail	 in	Chapter	63.	The
large	bowel	has	a	muscular	wall	and	can	be	distinguished	from	the	small	intestine	by	its	increased	diameter,	the
presence	 of	 haustra,	 appendices	 epiploicae,	 and	 tenia	 coli.	 The	 tenia	 consist	 of	 condensations	 of	 longitudinal
muscle	 fibers	 starting	near	 the	 base	 of	 the	 appendix	 and	 continuing	 throughout	 the	 abdominal	 colon	 to	 form	a
continuous	 longitudinal	muscle	coat	 in	 the	upper	 rectum.	Haustra	are	outpouchings	of	bowel	wall	 separated	by
folds	that	give	a	classic	appearance	on	radiography	or	barium	enema.

The	right	colon	is	made	up	of	the	cecum	(with	appendix)	and	ascending	colon.	It	is	anterior	to	the	right	kidney
and	 the	 duodenum.	 Its	 vascular	 supply	 is	 from	 branches	 of	 the	 superior	 mesenteric	 artery	 (SMA).	 The	 SMA
divides	into	the	middle	colic	artery	and	the	trunk	of	the	SMA.	The	middle	colic	artery	immediately	forms	two	to
three	large	arcades	in	the	transverse	mesocolon.	The	SMA	ileocolic	arterial	branches	then	extend	from	the	SMA.
The	right	colic	artery	arises	as	a	separate	branch	from	the	SMA	in	10.7%	of	cases.96	The	ileocolic	artery	gives	off
a	right	colic	artery	to	the	upper	ascending	colon	and	forms	an	anastomosis	with	branches	from	the	middle	colic
artery.	The	ileal	branch	of	the	ileocolic	artery	gives	off	branches	to	the	distal	small	bowel	and	cecum,	whereas	the
colic	branch	supplies	the	ascending	colon.	An	anastomosis	occurs	between	the	distal	SMA	and	the	ileal	branch	of
the	ileocolic	artery	at	the	junction	of	the	terminal	ileum	and	cecum.	The	right	colon	is	a	retroperitoneal	structure.

The	 transverse	 colon	 is	 supplied	 by	 branches	 of	 the	middle	 colic	 artery.	 It	 is	 the	 first	 portion	 of	 the	 colon
considered	to	be	intraperitoneal,	and	its	length	can	vary.	Its	boundaries	are	defined	by	the	hepatic	flexure	on	the
right	and	the	splenic	flexure	on	the	left.	Both	of	these	points	are	fixed.	The	hepatic	flexure	abuts	the	gallbladder
fossa,	whereas	the	splenic	flexure	lies	anterior	to	the	splenic	hilum	and	the	tail	of	the	pancreas.	The	descending
colon	is	where	the	colon	once	again	becomes	a	retroperitoneal	structure,	and	it	is	defined	as	the	segment	of	colon
from	 the	 splenic	 flexure	 to	 the	 sigmoid	colon.	The	descending	colon	 is	 the	 first	 segment	of	 the	 left	 side	of	 the
colon	and	receives	its	blood	supply	from	the	inferior	mesenteric	artery.	The	inferior	mesenteric	artery	arises	from
the	 aorta	 and	gives	off	 the	 left	 colic	 artery.	 It	 also	gives	off	 three	 to	 four	 sigmoidal	 arteries,	which	 supply	 the
intraperitoneal	sigmoid	colon.	The	anastomosis	between	the	vessels	of	the	middle	colic	artery	and	those	of	the	left
colic	artery	and	right	colic	artery	is	known	as	 the	marginal	artery	of	Drummond.	The	arcade,	which	effectively
connects	the	left	and	right	circulations,	is	known	as	the	arc	of	Riolan.	The	arterial	supply	to	the	colon	is	depicted
in	Figure	62.1.



Figure	62.1	The	anatomy	of	the	colon	with	particular	emphasis	on	the	vascular	supply.

The	venous	and	lymphatic	drainage	of	the	colon	parallels	the	arterial	supply,	and	all	three	vessels	course	and
divide	within	 the	 colonic	mesocolon	 (Fig.	 62.2).	 The	 mesocolon	 therefore	 contains	 the	 regional	 lymph	 nodes
(LNs)	for	the	segment	of	colon	it	supplies	and	drains.	The	efferent	lymphatic	channels	pass	from	the	submucosa	to
the	intramuscular	and	subserosal	plexus	of	the	bowel	to	the	first	tier	of	LNs	lying	adjacent	to	the	large	intestine
and	known	as	epicolic	nodes.97	Paracolic	nodes	lie	on	the	marginal	vessels	along	the	mesenteric	side	of	the	colon
and	are	frequently	involved	in	metastases.	Intermediate	nodes	are	found	along	the	major	arterial	branches	of	the
SMA	and	inferior	mesenteric	artery	in	the	mesocolon.	The	principal	nodes	are	found	around	the	origin	of	these
vessels	 from	 the	 aorta,	 and	 they	 drain	 into	 retroperitoneal	 nodes.	 The	 drainage	 of	 the	 superior	 and	 inferior
mesenteric	veins,	which	drain	the	ascending,	transverse,	descending,	and	sigmoid	colon,	is	to	the	portal	vein.	The
rectum	is	drained	by	rectal	tributaries	to	the	vena	cava.

The	 extent	 of	 resection	 of	 the	 colon	 is	 defined	by	 the	 vascular	 supply	 and	by	 the	 need	 to	 take	 the	 regional
draining	LNs.98,99	 A	 careful	 understanding	 of	 the	 colonic	 anatomy,	 structure,	 location,	 and	 vascular	 supply	 is
therefore	critical	in	order	to	perform	a	safe	and	effective	cancer	operation.	The	segmental	resections	important	for
removal	of	lesions	in	various	locations	within	the	colon	are	described	in	greater	detail	in	later	sections.

DIAGNOSIS	OF	COLORECTAL	CANCER
Symptoms	associated	with	CRC	include	lower	GI	bleeding,	change	in	bowel	habits,	abdominal	pain,	weight	loss,
change	in	appetite,	and	weakness,	and	in	particular,	obstructive	symptoms	are	alarming.100	However,	apart	from
obstructive	symptoms,	other	symptoms	do	not	necessarily	correlate	with	stage	of	disease	or	portend	a	particular
diagnosis.101

Physical	examination	may	reveal	a	palpable	mass,	bright	blood	per	rectum	(usually	left-sided	colon	cancers	or
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rectal	 cancer)	 or	 melena	 (right-sided	 colon	 cancers),	 or	 lesser	 degrees	 of	 bleeding	 (hemoccult-positive	 stool).
Adenopathy,	 hepatomegaly,	 jaundice,	 or	 even	 pulmonary	 signs	 may	 be	 present	 with	 metastatic	 disease.
Obstruction	 by	 colon	 cancer	 is	 usually	 in	 the	 sigmoid	 or	 left	 colon,	 with	 resulting	 abdominal	 distention	 and
constipation,	whereas	right-sided	colon	cancers	may	be	more	insidious	in	nature.	Complications	of	CRC	include
acute	GI	bleeding,	acute	obstruction,	perforation,	and	metastasis	with	impairment	of	distant	organ	function.

Figure	62.2	The	lymphatic	drainage	of	lesions	in	various	anatomic	locations	throughout	the	colon.

Laboratory	 values	 may	 reflect	 iron-deficiency	 anemia,	 electrolyte	 derangements,	 and	 liver	 function
abnormalities.	 The	 carcinoembryonic	 antigen	 (CEA)	 may	 be	 elevated	 and	 is	 most	 helpful	 to	 monitor
postoperatively,	if	reduced	to	normal	as	a	result	of	surgery.102

Evaluation	 should	 include	 complete	 history,	 family	 history,	 physical	 examination,	 laboratory	 tests,
colonoscopy,	and	pan-body	computed	tomography	(CT)	scan.103	For	rectal	cancer,	additional	imaging	techniques,
such	as	magnetic	resonance	imaging	(MRI)	or	endoscopic	ultrasound	(EUS),	are	utilized	to	further	characterize



the	primary	tumor	prior	to	therapy	(see	Chapter	63).
Whereas	transabdominal	ultrasound	is	not	routinely	used	in	the	staging	of	colon	cancer,	recent	advances	in	this

technology	as	well	as	its	value	as	a	highly	cost-effective	and	noninvasive	means	for	evaluating	other	abdominal
tumors	has	prompted	new	interest.	In	one	of	the	first	studies	to	report	on	the	role	of	transabdominal	ultrasound	in
the	 preoperative	 assessment	 of	 colon	 cancer,	 Shibasaki	 et	 al.104	 found	 an	 overall	 T	 staging	 accuracy	 of	 64%,
which	 increased	 to	89%	when	a	 three-tier	 approach	was	used	 (Tis/TI,	T2,	 and	T3/4).	Of	 the	98	biopsy-proven
cancers,	all	but	2	(located	at	the	splenic	flexure)	were	detected	by	ultrasonography.	Although	still	investigational,
this	technique	could	prove	to	be	an	important	alternative	or	adjunct	to	existing	staging	protocols.104

Upon	completion	of	diagnosis	and	staging	for	both	colon	and	rectal	 tumors,	 it	 is	essential	 to	 incorporate	 the
expertise	 from	 medical,	 radiation,	 and	 surgical	 oncologists	 in	 order	 to	 formulate	 and	 implement	 an	 optimal
treatment	plan.

With	 the	 advent	 of	 molecular	 biologic	 techniques,	 attention	 has	 been	 drawn	 to	 stool-based	 tools	 and	 new
blood-based	tests.	Technology	now	exists	to	extract	genomic	DNA	or	protein	from	stool	and	assay	for	evidence	of
genetic	alterations.105,106	Large-scale	validation	studies	are	in	progress,	including	one	that	describes	an	automated
multitarget	 sDNA	 assay	 (fecal	 immunochemical	 testing)	 with	 a	 90%	 specificity	 and	 98%	 sensitivity	 for	 the
detection	of	CRC	as	well	83%	sensitivity	for	advanced	adenoma	with	high-grade	dysplasia.107

In	 addition,	 Epi	 proColon	 (Epigenomics	 AG,	 Berlin,	 Germany),	 a	 blood-based	 test,	 was	 shown	 to	 be
noninferior	to	fecal	immunochemical	testing	in	preliminary	results	from	a	multicenter	double-blind	comparative
study	 (press	 release	 from	 Epigenomics	 AG,	 December	 4,	 2012).One	 particularly	 attractive	 pathway	 for	 stool-
based	diagnostics	would	be	able	 to	 stratify	patients	 as	high,	moderate,	or	 low	 risk	 for	CRC	and	 thus	 influence
screening	modalities	 and	 frequency	 of	 screening.	 In	 a	 complementary	 fashion,	 functional	 genomics	 are	 being
applied	to	pair-wise	comparisons	of	normal	colon	and	CRCs	to	sample	the	entire	human	genome	of	nearly	30,000
genes	to	discover	those	genes,	known	and	novel,	that	may	be	upregulated	or	downregulated	and	possibly	linked	to
detection,	prognosis,	and	therapy.

SCREENING	FOR	COLORECTAL	CANCER
Debate	is	vigorous	as	to	the	best	approaches	for	screening,	and	multiple	factors	influence	that	decision:	simplicity
and	 rapidity	 to	 enhance	patient	 compliance,	 benefit	 to	 risk	 ratio,	 sensitivity,	 specificity,	 cost-effectiveness,	 and
other	economic	factors.	To	that	end,	currently,	optical	colonoscopy	likely	offers	the	most	effective	approach	when
one	considers	all	of	these	factors.

The	 average-risk	 patient	 is	 defined	 as	 a	man	 or	woman	 older	 than	 the	 age	 of	 50	 years	without	 personal	 or
family	 history	 of	 adenomatous	 polyps	 or	 CRC	 and	 absence	 of	 any	 occult	 or	 acute	 GI	 bleeding.	 Screening
recommendations	or	guidelines	for	average-	risk	and	high-risk	individuals	are	presented	in	Table	62.5.

Optical	 colonoscopy	 is	 currently	 the	 most	 sensitive	 method	 for	 screening.	 Advantages	 include	 direct
visualization,	with	the	ability	to	remove	polyps	(with	rate-limiting	factors	of	size	and	anatomic	location)	and	to
obtain	biopsies.	Disadvantages	involve	the	preparation,	invasive	nature	of	the	procedure,	and	potential	side	effects
that	include	perforation	(although	this	is	<1%).

The	digital	 rectal	examination	should	be	part	of	 the	general	physical	examination.	Anorectal	masses	may	be
palpated.	 Flexible	 sigmoidoscopy	 does	 not	 require	 conscious	 sedation	 and	 hemodynamic	 monitoring	 and	 will
typically	allow	visualization	of	the	rectum,	sigmoid	colon,	and	descending	colon	to	the	splenic	flexure.	Flexible
sigmoidoscopy	should	not	be	considered	as	a	single	screening	measure	but	requires	coupling	with	barium	enema.
Barium	enema	allows	visualization	of	the	entire	colon,	and	experience	is	necessary	to	ensure	proper	visualization
of	 the	 rectum.	 Barium	 enema	 affords	 advantages	 of	 ease	 of	 preparation,	 lack	 of	 conscious	 sedation	 and
hemodynamic	monitoring,	 and	 ability	 to	 visualize	 polyps	 and	masses.	However,	 small	 polyps	may	 be	missed.
Furthermore,	 if	 a	 luminal	 polyp	 or	mass	 is	 identified,	 then	 colonoscopy	will	 be	 necessary	 for	 polypectomy	 or
biopsies.

New	 noninvasive	 technologies,	 such	 as	 CT	 and	 magnetic	 resonance	 colonography,	 are	 receiving	 increased
attention	in	clinical	studies,	which	demonstrate	overall	feasibility,	as	well	as	some	advantages.108

Two	 meta-analyses	 published	 in	 2011	 provide	 strong	 support	 for	 the	 implementation	 of	 CT	 colonography
(CTC)	as	a	viable	alternative	 to	optical	colonoscopy	 in	both	average-	and	high-risk	populations.	 In	a	 review	of
4,086	 asymptomatic	 patients,	 de	 Haan	 et	 al.109	 estimate	 sensitivities	 of	 82.9%	 and	 87.9%	 and	 specificities	 of
91.4%	and	97.6%	for	adenomas	≥6	and	≥10	mm,	respectively.
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TABLE	62.5
Recommendations	for	Colorectal	Cancer	Screening	in	Average-Risk	and	Increased-Risk
Patients	from	the	Gastrointestinal	Consortium	Panel

Average-Risk	Patient	(Different	Options)

1.	 FOBT:	Offer	yearly	screening	with	FOBT	using	a	guaiac-based	test	with	dietary	restriction	or	an	immunochemical	test
without	dietary	restriction.	Two	samples	from	each	of	three	consecutive	stools	should	be	examined	without	rehydration.
Patients	with	a	positive	test	on	any	specimen	should	be	followed	up	with	colonoscopy.

2.	 Flexible	sigmoidoscopy:	Offer	flexible	sigmoidoscopy	every	5	y.
3.	 FOBT	plus	flexible	sigmoidoscopy:	Offer	screening	with	FOBT	every	year	combined	with	flexible	sigmoidoscopy	every	5	y.

When	both	tests	are	performed,	the	FOBT	should	be	done	first.
4.	 Colonoscopy:	Offer	every	10	y.
5.	 DCBE:	Offer	every	5	y.

Increased	Risk	for	Colorectal	Cancer

1.	 Family	history	of	colorectal	cancer	or	polyps.	People	with	a	first-degree	relative	(parent,	sibling,	or	child)	with	colon	cancer
or	adenomatous	polyp	diagnosed	at	age	younger	than	60	y	or	two	first-degree	relatives	diagnosed	with	colorectal	cancer	at
any	age	should	be	advised	to	have	screening	colonoscopy	starting	at	age	40	y	or	10	y	younger	than	the	earliest	diagnosis
in	the	family,	whichever	comes	first,	and	repeated	every	5	y.

2.	 FAP:	flexible	sigmoidoscopy	to	start	at	ages	10–12	y.	Genetic	testing	(for	FAP,	upper	endoscopy	with	side-viewing	scope)
should	be	done	every	1–3	y.

3.	 HNPCC:	Colonoscopy	every	1–2	y	starting	at	ages	20–25	y	or	10	y	younger	than	the	earliest	case	in	the	family,	whichever
comes	first.	Genetic	testing	(for	HNPCC,	consideration	should	be	given	to	screening	for	uterine	and	ovarian	cancer	with
hysteroscopy	and	transvaginal	ultrasound,	the	frequency	of	which	varies	within	centers).

4.	 Personal	history	of	adenomatous	polyps
A.	 If	one	or	more	polyps	that	are	malignant	or	large	and	sessile	or	colonoscopy	is	incomplete,	then	follow-up

colonoscopy	should	be	in	the	short	term.
B.	 If	three	of	more	polyps,	follow-up	colonoscopy	in	3	y.
C.	 If	one	or	two	polyps	(<1	cm),	follow-up	colonoscopy	in	5	y	(or	more).

5.	 Personal	history	of	colorectal	cancer
A.	 Colonoscopy	is	incomplete	at	time	of	diagnosis	of	colorectal	cancer	due	to	obstruction,	then	repeat	colonoscopy

6	mo	after	surgical	resection.
B.	 Colonoscopy	is	complete	at	time	of	diagnosis	of	colorectal	cancer,	then	repeat	colonoscopy	in	3	y,	and	if	that	is

normal,	then	repeat	every	5	y.
C.	 Inflammatory	bowel	disease	(ulcerative	colitis,	Crohn	colitis).	Surveillance	colonoscopy	is	recommended.

FOBT,	fecal	occult	blood	testing;	DCBE,	double-contrast	barium	enema;	FAP,	familial	adenomatous	polyposis;	HNPCC,	hereditary
nonpolyposis	colorectal	cancer.
From	Rex	DK,	Johnson	DA,	Lieberman	DA,	et	al.	Colorectal	cancer	prevention	2000:	screening	recommendations	of	the	American
College	 of	 Gastroenterology.	 American	 College	 of	 Gastroenterology.	Am	 J	 Gastroenterol	 2000;95(4):868–877;	 and	Winawer	 S,
Fletcher	R,	Rex	D,	 et	 al.	Colorectal	 cancer	 screening	 and	 surveillance:	 clinical	 guidelines	 and	 rationale—update	 based	 on	 new
evidence.	Gastroenterology	2003;124(2):544–560.

In	a	complementary	analysis	looking	exclusively	at	cancer	detection,	Pickhardt	et	al.110	concludes	that	CTC	is
not	 only	 clinically	 equivalent	 to	 colonoscopy	 but	 perhaps	 even	 more	 suitable	 for	 initial	 investigation	 given
consistently	high	 sensitivity	 (96.1%)	without	heterogeneity	 across	49	 studies	 and	11,151	patients,	 despite	wide
variation	in	technique.

Other	 reports	 suggest	 advantages	 in	 long-term	 costs	 and	 patient	 compliance,	 although	 these	 issues	 remain
controversial.111,112

Lastly,	 CTC	may	 also	 offer	 improvements	 in	 preoperative	 staging	 as	 one	 study	 found	 this	 technique	 to	 be
highly	predictive	of	T3	to	4	tumors.	Whether	this	information	will	prove	as	clinically	relevant	in	colon	cancer	as	it
is	for	the	rectum	remains	to	be	seen.113

Another	alternative	to	optical	colonoscopy,	which	may	be	more	acceptable	to	patients	even	than	CTC,	is	the
colon	capsule	PillCam	Colon	2	(Medtronic,	Minneapolis,	MN),	now	in	its	second	generation,	and	reported	to	have
a	sensitivity	of	almost	90%	for	the	detection	of	significant	lesions.	Although	a	bowel	preparation	is	still	necessary,
this	technique	required	no	intubation,	insufflation,	or	sedation	and	has	minimal	complication	rates.	In	a	study	of
patients	unwilling	or	unable	 to	undergo	colonoscopy,	Negreanu	et	al.114	 reported	 the	 capsule	 to	be	 effective	 in
detecting	clinically	 relevant	 lesions	with	a	very	high	acceptability	 rate.	 In	another	study,	which	compared	CTC
and	the	capsule	to	colonoscopy,	Rondonotti	et	al.115	reported	nearly	equivalent	accuracy	rates	for	both	modalities
in	patients	with	 a	positive	 fecal	 occult	 blood	 test	 and	polyps	>6	mm.	Moreover,	 78%	of	patients	 preferred	 the



capsule	over	CTC	or	colonoscopy.115	Further	 research	 is	necessary	 to	address	 issues	of	 long-term	benefit,	cost,
and	efficacy	in	average-	risk	individuals.114,115

STAGING	AND	PROGNOSIS	OF	COLORECTAL	CANCER
This	 discussion	 focuses	 primarily	 on	 those	 prognostic	 and	 predictive	 indicators	 that	 are	 best	 supported	 by
available	data	and	are	appropriate	for	use	and	consideration	in	current	practice.	The	reader	should	remain	aware	of
the	potential	for	rapid	changes	and	advances	in	this	area,	however.

Staging
Although	many	factors	have	been	identified	that	have	an	impact	on	recurrence	and	survival,	none	exceeds	stage	in
terms	 of	 prognostic	 significance.116	 Staging	 of	 CRC	 should	 be	 done	 using	 the	 current	 TNM	 (tumor,	 node,
metastasis)	classification	of	the	American	Joint	Committee	on	Cancer	(AJCC)/International	Union	Against	Cancer
(UICC)	staging	system	(Table	62.6).117	Other	systems	should	be	regarded	as	of	historical	significance	only	and
must	be	comprehended	solely	for	the	purposes	of	understanding	the	studies	that	were	performed	and	reported	in
the	past	using	these	older	classifications.

TABLE	62.6
Tumor	(T),	Node	(N),	Metastasis	(M)	Classification	of	Colorectal	Cancer

Stage T N M
0 Tis N0 M0

I

T1 N0 M0

T2 N0 M0

IIA T3 N0 M0

IIB T4a N0 M0

IIC T4b N0 M0

IIIA

T1-T2 N1-N2a M0

T1 N2a M0

IIIB

T3-T4a N1 M0

T2-T3 N2a M0

T1-T2 N2b M0

IIIC

T4a N2a M0

T3-T4a N2b M0

T4b N1-N2 M0

IVA T	any N	any M1a

IVB T	any N	any M1b

IVC T	any N	Any M1c
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

The	Dukes	Classification	and	Its	Modifications
In	the	1930s,	Cuthbert	Dukes,	a	Scottish	pathologist	working	predominantly	on	a	classification	scheme	for	rectal
cancer,	developed	the	classification	system	that	bears	his	name.	The	system,	and	the	several	modifications	 to	 it
made	by	Dukes	and	others,	is	at	this	time	of	historical	interest	only,	and	the	reader	is	referred	to	chapters	in	earlier
editions	of	this	book	for	further	details.

Tumor,	Node,	Metastasis	Classification
The	current	AJCC/UICC	staging	system	for	CRC	is	now	the	only	classification	system	that	should	be	used.117	The
TNM	system	classifies	colorectal	tumors	on	the	basis	of	the	invasiveness	(not	size)	of	the	primary	(T	stage),	the
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number	(not	size	or	 location)	of	 local–regional	LNs	containing	metastatic	cancer	(N	stage),	and	the	presence	or
absence	of	distant	metastatic	disease	(M	stage)	(see	Table	62.6).

T	Stage.	A	designation	of	Tx	refers	to	the	inability	to	describe	the	extent	of	 tumor	invasion	due	to	incomplete
information.	 In	 situ	 adenocarcinoma,	 intramucosal	 carcinoma	 (Tis)	 includes	 cancers	 confined	 to	 the	 glandular
basement	membrane	 or	 lamina	 propria.	 The	 terms	high-grade	 dysplasia	 and	 severe	 dysplasia	 are	 synonymous
with	in	situ	carcinoma	and	are	also	classified	as	Tis.	T1	tumors	invade	into	but	not	 through	the	submucosa.	T2
tumors	invade	into	but	not	through	the	muscularis	propria,	and	T3	tumors	invade	through	the	muscularis	propria
into	 the	 subserosa	 or	 into	 nonperitonealized	 pericolic	 or	 perirectal	 tissue.	 T4	 tumors	 perforate	 the	 visceral
peritoneum	(T4a)	or	invade	other	named	organs	or	structures	(T4b).	Tumors	invading	other	colorectal	segments
by	way	of	the	serosa	(i.e.,	carcinoma	of	the	cecum	invading	the	sigmoid)	are	classified	as	T4b.	A	tumor	that	 is
adherent	to	other	structures	or	organs	macroscopically	is	classified	clinically	as	T4b;	however,	if	the	microscopic
examination	of	the	adhesions	is	negative,	then	the	pathologic	classification	is	pT3.	The	V	and	L	substaging	should
be	used	to	identify	the	presence	or	absence	of	vascular	or	lymphatic	invasion.	The	“p”	prefix	denotes	pathologic
(rather	 than	 clinical)	 assessment,	 and	 the	 “y”	 prefix	 is	 attached	 to	 those	 tumors	 that	 are	 being	 reported	 after
neoadjuvant	(presurgical)	treatment.	For	example,	the	pathologic	T	stage	of	a	tumor	showing	only	penetration	into
the	submucosa	after	preoperative	therapy	would	be	ypT1.	Recurrent	tumors	are	reported	with	an	“r”	prefix	(rpT3).

N	Stage.	Because	of	 the	prognostic	 significance	 associated	with	 increased	numbers	of	LNs	 inspected	 (see	 the
following	discussion),	the	current	TNM	classification	scheme	calls	for	at	least	12	LNs	to	be	analyzed,	and	both
the	number	of	nodes	that	are	positive	for	tumor	and	the	total	number	of	nodes	inspected	should	be	reported.	The
term	Nx	 is	 applied	 if	no	description	of	LN	 involvement	 is	possible	because	of	 incomplete	 information.	A	pN0
designation	 may	 be	 made	 even	 if	 fewer	 than	 the	 recommended	 number	 of	 nodes	 are	 present;	 however,	 the
prognostic	significance	of	this	pN0	designation	is	weaker.	N0	denotes	that	all	nodes	examined	are	negative.	N1a
includes	tumors	with	metastasis	in	one	regional	LN.	N1b	refers	to	involvement	of	two	or	three	nearby	LNs.	N1c
defines	 the	 presence	 of	 tumor	 deposits	 found	 in	 the	 subserosa,	 mesentery,	 or	 nonperitonealized	 pericolic	 or
perirectal/mesorectal	tissues,	but	not	in	the	LNs	themselves.	N2a	indicates	metastasis	in	four	to	six	regional	LNs.
N2b	denotes	involvement	of	greater	than	seven	nodes.	Metastatic	nodules	or	foci	found	in	the	pericolic,	perirectal,
or	adjacent	mesentery	without	evidence	of	residual	LN	tissue	are	regarded	as	being	equivalent	to	a	regional	node
metastasis	and	are	counted	accordingly.

Stage	 I	 disease	 is	 defined	 as	T1	 to	T2	N0	 in	 a	 patient	without	 distant	metastases	 (M0).	 Stage	 II	 disease	 is
defined	 as	 T3	 to	 T4	N0	M0.	 The	T-stage	 carries	 prognostic	 significance	 for	 stage	 II,	 and	 therefore,	 T3	N0	 is
classified	as	IIA,	and	T4a	to	T4b	N0	is	classified	as	IIB	and	IIC,	respectively.

Node	positivity	in	the	absence	of	M1	disease	defines	stage	III	CRC.	Recently,	the	prognostic	significance	of
tumor	 invasiveness	 (T	 stage)	 has	 been	 reincorporated	 into	 the	 assessment	 of	 risk	 in	 stage	 III	 patients.	 In	 an
exhaustive	 review	of	over	50,000	patients,	Greene	et	al.118	demonstrated	 the	prognostic	significance	of	T	stage
within	node-positive	patients.	Within	the	N1	category,	T	stage	was	found	to	be	highly	prognostic,	with	T1	to	T2
patients	fairing	significantly	better	than	T3	to	T4.	Within	the	N2	population,	the	prognosis	was	worse	than	either
subgroup	of	N1	patients,	with	T	stage	no	longer	carrying	prognostic	significance.	Thus,	T	stage	is	prognostic	in
patients	with	N0	and	N1	but	not	N2	disease.	The	current	TNM	staging	system	takes	these	findings	into	account
and	now	stratifies	stage	III	patients	into	IIIA	(T1	to	T2	N1),	IIIB	(T3	to	T4	N1),	and	IIIC	(T	any,	N2).	Stages	IIIA,
B,	and	C	are	highly	prognostic	for	survival.

M	Stage.	 Patients	 are	 designated	M0	 if	 no	 evidence	 of	 distant	metastases	 is	 present.	 Identification	 of	 distant
metastases	 denotes	 a	 classification	 of	 M1.	 Involvement	 of	 the	 external	 iliac,	 common	 iliac,	 para-aortic,
supraclavicular,	 or	 other	 nonregional	 LNs	 is	 classified	 as	 distant	metastatic	 (M1)	 disease.	 The	M1	 category	 is
subdivided	 into	M1a,	 defined	 as	 spread	 of	 tumor	 to	 one	 distant	 organ	 or	 set	 of	 distant	 LNs,	 and	M1b,	where
spread	has	occurred	to	more	than	one	distant	organ	or	sets	of	LNs	or	spread	has	occurred	to	the	peritoneum,	and
M1c,	where	metastasis	to	the	peritoneal	surface	if	identified	alone	or	with	other	site	or	organ	metastasis.	Although
the	TNM	staging	 system	 is	 regarded	as	 the	most	 comprehensive	 tool	 for	prognostic	 and	predictive	purposes,	 a
major	criticism	of	the	last	two	revisions	is	that	survival	of	stage	IIIA	patients	continues	to	be	superior	to	stage	IIB.
This	disparity,	which	is	actually	more	pronounced	in	the	seventh	edition	of	AJCC	manual,	has	been	attributed	to
inadequate	 LN	 assessment	 and	 understaging.	 However,	 a	 recent	 review	 of	 SEER	 data	 showed	 this	 problem
persists	even	in	a	subset	analysis	of	patients	with	>12	LNs,	highlighting	the	need	for	additional	refinement	and
perhaps	the	incorporation	of	nonanatomic	prognostic	factors.119



Residual	Tumor	(R	Stage)	at	Margins	of	Resection.	Tumors	that	are	completely	resected	with	histologically
negative	margins	are	classified	as	R0.	Tumors	with	a	complete	gross	resection	but	with	microscopically	positive
margins	are	classified	as	R1,	the	positive	margin	indicating	that	at	least	microscopic	tumor	remains	in	the	patient.
Patients	 who	 have	 incomplete	 resections	 with	 grossly	 positive	 margins	 are	 classified	 as	 having	 had	 an	 R2
resection.	The	R0,	R1,	and	R2	designations	carry	strong	prognostic	implications.

Identification	of	 the	proximal	and	distal	margins	of	 resection	 is	 relatively	straightforward,	and	definitions	of
these	margins	are	well	understood.	A	more	complex	and	often	misunderstood	(as	well	as	underreported)	margin	of
resection	 is	 the	circumferential	 radial	margin	 (CRM).	All	 three	margins	 (proximal,	distal,	and	CRM)	should	be
specifically	commented	on	in	the	pathology	report,	as	all	three	have	prognostic	significance.

The	CRM	is,	by	definition,	a	surgically	dissected	surface.	It	is	defined	as	the	cut	retroperitoneal	or	perineal	soft
tissue	 margin	 closest	 to	 the	 deepest	 penetration	 of	 tumor.	 It	 is	 considered	 positive	 if	 tumor	 is	 present
microscopically	(R1)	or	macroscopically	(R2)	on	a	cut	 radial	or	 lateral	aspect	of	 the	surgical	specimen.	For	 the
ascending	colon,	descending	colon,	and	upper	rectum,	which	are	incompletely	encased	by	peritoneum,	the	CRM
is	created	by	dissection	of	the	retroperitoneal	aspect	of	the	bowel.	In	the	case	of	the	lower	rectum,	which	is	not
encased	by	peritoneum,	the	CRM	is	created	by	sharp	dissection	of	the	mesorectum.

A	tumor	simply	penetrating	into	pericolonic	or	perirectal	fat	does	not	necessarily	constitute	a	positive	CRM,
but	rather	is	simply	a	description	of	a	T3	primary.	A	tumor	that	involves	a	peritonealized	surface	of	the	bowel	and
not	a	surgically	cut	surface	does	not	constitute	a	positive	CRM	but	rather	constitutes	a	T4a	primary.	If,	however,
the	cut	surface	at	the	deepest	penetration	of	the	tumor	is	positive,	then	the	CRM	is	positive	and	the	resection	is
staged	R1	(microscopic)	or	R2	(macroscopic).	A	positive	CRM	is	highly	predictive	of	local	recurrence	and	should
prompt	consideration	of	adjuvant	treatment.

Prognosis

Histologic	Grade
Although	 histologic	 grade	 has	 been	 shown	 to	 have	 prognostic	 significance,	 there	 is	 significant	 subjectivity
involved	 in	 scoring	 of	 this	 variable,	 and	 no	 one	 set	 of	 criteria	 for	 determination	 of	 grade	 are	 universally
accepted.116	The	majority	of	staging	systems	divide	tumors	into	grade	1	(well	differentiated),	grade	2	(moderately
differentiated),	grade	3	(poorly	differentiated),	and	grade	4	(undifferentiated).	Many	studies	collapse	this	into	low
grade	 (well	 to	 moderately	 differentiated)	 and	 high	 grade	 (poorly	 differentiated	 or	 undifferentiated).	 Greene	 et
al.118	demonstrated	that	this	two-tiered	split	has	important	prognostic	significance.

College	of	American	Pathologists	Consensus	Statement.	The	College	of	American	Pathologists	(CAP)	has
published	 an	 expert	 panel	 consensus	 statement	 outlining	 their	 interpretation	 of	 the	 validity	 and	usefulness	 of	 a
large	number	of	putatively	prognostic	and	predictive	factors	in	CRC.120	Variables	were	categorized	as	belonging
to	categories	I	to	IV.	Category	I	was	defined	as	those	factors	proven	to	be	of	prognostic	import	based	on	evidence
from	 multiple,	 statistically	 robust,	 published	 trials	 and	 generally	 used	 in	 patient	 management.	 Category	 IIA
included	factors	intensively	studied	biologically	or	clinically	and	repeatedly	shown	to	have	prognostic	value	for
outcome	or	predictive	value	for	therapy	that	is	of	sufficient	importance	to	be	included	in	the	pathology	report	but
that	remains	to	be	validated	in	statistically	robust	studies.	Category	IIB	included	factors	shown	to	be	promising	in
multiple	studies	but	lacking	sufficient	data	for	inclusion	in	category	I	or	IIA.	Category	III	included	factors	felt	to
be	not	yet	sufficiently	studied	to	determine	their	prognostic	value,	and	category	IV	included	those	factors	that	are
adequately	 studied	 to	 have	 convincingly	 shown	 no	 prognostic	 significance.	 A	 number	 of	 these	 factors	 are
discussed	in	further	detail	in	the	following	text.

The	T,	N,	and	M	categories	of	the	current	AJCC/UICC	staging	system	were	all	classified	as	category	I.	Other
category	I	inclusions	were	blood	or	lymphatic	vessel	invasion	and	residual	tumor	following	surgery	with	curative
intent	(the	R	category).	Although	not	assessed	pathologically,	an	elevation	of	the	preoperative	CEA	level	was	also
felt	to	merit	category	I	inclusion.	Factors	in	category	IIA	included	tumor	grade,	radial	margin	status	(for	resection
of	 specimens	 with	 nonperitonealized	 surfaces),	 and	 residual	 tumor	 in	 the	 resection	 specimen	 following
neoadjuvant	therapy.	Factors	in	category	IIB	(many	of	which	are	discussed	in	further	detail	in	the	following	text)
included	 histologic	 type,	 histologic	 features	 associated	 with	 MSI	 (i.e.,	 host	 lymphoid	 response	 to	 tumor	 and
medullary	or	mucinous	histologic	type),	high	degree	of	MSI	(MSI-H),	loss	of	heterozygosity	(LOH)	of	18q	(DCC
[deleted	in	colon	cancer]	gene	loss),	and	tumor	border	configuration	(infiltrating	versus	pushing	border).	Factors
grouped	in	category	III	included	DNA	content,	all	other	molecular	markers	except	for	LOH	of	18q/DCC	and	MSI-
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H,	perineural	 invasion	 (PNI),	microvessel	density,	 tumor	cell–associated	proteins	or	carbohydrates,	peritumoral
fibrosis,	peritumoral	inflammatory	response,	focal	neuroendocrine	differentiation,	nuclear	organizing	regions,	and
proliferation.	Those	factors	in	category	IV	(proven	to	be	of	no	significance)	included	tumor	size	and	gross	tumor
configuration.

Total	Number	of	Lymph	Nodes
It	has	been	well	established	that	an	adequate	number	of	LNs	must	be	sampled	before	a	patient	can	be	considered
node	 negative,	 and	 careful	 pathologic	 technique	 has	 been	 demonstrated	 to	 be	 crucial	 to	 adequate	 nodal
interpretation.	 Failure	 to	 adequately	 dissect	 and	 display	 the	 mesentery	 will	 lead	 to	 underreporting	 and
understaging.121,122	It	should	be	noted	that	an	insufficient	number	of	LNs	reported	could	be	due	to	a	suboptimal
nodal	dissection	at	operation,	a	less	than	thorough	search	for	nodes	by	the	pathologist,	or	some	combination	of	the
two.	 Additional	 patient-	 and	 tumor-related	 factors	 may	 also	 affect	 LN	 count	 independent	 of	 pathologist	 or
surgeon.	Belt	et	al.123	found	a	significant	association	between	MSI	phenotype	and	high	LN	yield	in	both	stage	II
and	III	colon	cancers,	with	the	strongest	effect	in	the	latter	group.	The	authors	postulate	that	this	may	be	due	to	a
more	 prominent	 lymphocytic	 antitumor	 response	 known	 to	 be	 exhibited	 by	MSI-H	 cancers.123	Another	 report
suggests	that	 low	body	mass	index	is	associated	with	increased	LN	yield,	although	it	did	not	affect	relapse-free
survival	or	OS	in	stage	III	cancers.	Proximal	tumor	location,	well	or	moderately	differentiated	histology,	and	stage
IIIC	cancer	were	also	 significant	variables	 for	adequate	LN	recovery.124	Finally,	 a	multivariate	 analysis	of	 two
large	prospective	U.S.	 cohort	 databases	 (121,701	women	 and	51,529	men)	 demonstrated	 that	 specimen	 length,
tumor	 size,	 ascending	 tumor	 location,	 T3	N0	M0	 stage,	 and	 year	 of	 diagnosis	were	 positively	 associated	with
negative	node	count	 (P	 <	 .002).	Mutation	 of	KRAS	was	 borderline	 significant	 and	 requires	 further	 study.	The
authors	recommend	that	these	variables	be	taken	into	account	when	judging	adequacy	of	LN	harvest	and	devising
individualized	treatment	plans	in	the	future.125	An	analysis	was	reported	on	outcome	versus	nodal	sampling	in	the
patients	who	participated	 in	an	Intergroup	 trial	 (INT-0089),	a	 large	four-arm	trial	of	different	5-fluorouracil	 (5-
FU)–based	adjuvant	chemotherapies	in	patients	with	colon	cancer.	Multivariate	analyses	were	performed	on	the
node-positive	 (2,768	patients)	 and	node-negative	 (648	patients)	 groups	 separately.	The	median	number	 of	LNs
reported	in	the	assessable	patients	on	this	trial	was	11	(range,	1	to	87).	Survival	(OS,	cancer-specific	survival,	and
disease-free	survival	[DFS])	was	found	to	decrease	with	an	increasing	number	of	involved	LNs	(P	=	.0001	for	all
three	survival	end	points).	However,	after	controlling	for	the	number	of	involved	nodes,	survival	increased	with
the	total	number	of	nodes	(positive	plus	negative)	reported	(P	=	.0001	for	OS,	cancer-specific	survival,	and	DFS).
Even	 in	 patients	 who	 were	 node	 negative,	 OS	 (P	 =	 .0005)	 and	 cancer-specific	 survival	 (P	 =	 .007)	 were
significantly	increased	as	the	number	of	reported	LNs	increased.

In	 a	 different	 secondary	 analysis	 of	 the	 Intergroup	 trial	 (INT-0089),	 a	 mathematical	 model	 was	 created	 to
estimate	the	probability	of	a	true	node-negative	result	on	the	basis	of	the	number	of	LNs	examined	in	a	subset	of
patients	who	had	at	least	10	LNs	reported	in	their	resection	specimen.126	A	total	of	1,585	patients	with	stage	III	or
high-risk	stage	II	colon	cancer	were	evaluated.	This	model	concluded	that	when	18	nodes	are	examined,	there	is	a
<25%	probability	of	true	node	negativity	in	T1	and	T2	tumors.	However,	examination	of	<10	LNs	was	needed	in
T3	 and	 T4	 tumors	 to	 achieve	 the	 same	 probability.	 The	 overall	 conclusions	 of	 this	 analysis	 were	 that	 a	 very
significant	proportion	of	patients	are	understaged	and	 that	such	understaging	could	have	 important	 implications
for	decisions	regarding	adjuvant	therapy	and	for	overall	prognosis.

The	 CAP	 consensus	 statement	 suggests	 that	 a	 minimum	 of	 12	 to	 15	 LNs	 should	 be	 examined	 in	 order	 to
determine	 node	 negativity.120	 Availability	 of	 fewer	 nodes	 should	 therefore	 be	 regarded	 as	 a	 relative	 high-risk
factor	in	terms	of	prognosis	and	should	be	factored	into	decisions	regarding	adjuvant	therapy.	Further	support	for
this	 recommendation	 comes	 from	 a	 newly	 published	Danish	 cohort	 study	 that	 indicates	 that	 the	 advantage	 of
larger	LN	harvest	 extends	 beyond	more	 accurate	 staging.	 In	 addition	 to	 improved	 outcomes	 for	 node-negative
patients,	 the	 authors	 found	 a	 significant	 increase	 in	 OS	 for	 stage	 III	 patients	 with	 >12	 LNs	 removed	 as	 well
(58.6%	versus	45.2%	for	<12	LNs),	despite	a	higher	prevalence	of	N2	disease	in	this	group.	This	may	be	related
to	 better	 surgical	 technique	 or	 an	 underlying	 benefit	 of	wider	 lymphadenectomy	 in	 general.	LN	 ratio	was	 also
shown	to	be	an	important	independent	prognostic	indicator	and,	in	fact,	superior	to	N	stage	in	predicting	survival
for	stage	III	patients.	This	finding	is	consistent	with	a	number	of	previous	reports,	many	of	which	have	advocated
for	incorporation	of	this	parameter	into	the	AJCC	staging	system.127–131

Microscopic	Nodal	Metastases
The	advent	of	improved	pathologic	techniques	and	sensitive	methods	such	as	IHC	or	polymerase	chain	reaction



may	 have	 an	 impact	 on	 the	 number	 of	 positive	 LNs	 detected	 and	 may	 have	 important	 prognostic
significance.132,133	However,	the	prognostic	value	of	these	positive	LNs,	which	otherwise	would	not	be	detected,
remains	controversial.	In	a	recent	review	of	16	studies	with	survival	data,	Sirop	et	al.134	found	only	8	papers	that
reported	 definitely	 poorer	 outcomes,	 whereas	 the	 remainder	 were	 either	 equivocal	 in	 their	 conclusions	 or
demonstrated	no	influence	on	outcome	at	all.	Jeffers	et	al.135	evaluated	LNs	from	77	patients	who	were	found	to
have	negative	LNs	by	routine	examination	with	immunocytochemical	staining	for	cytokeratin	AE1:AE3.	A	total
of	19	patients	(25%)	were	found	to	have	IHC	evidence	of	micrometastases;	however,	there	was	no	difference	in
survival	 between	 the	microscopically	 positive	 and	 negative	 patients.	A	 larger	 trial	 by	 Faerden	 et	 al.,136	 on	 the
other	 hand,	 did	 demonstrate	 adverse	 prognostic	 impact.	 In	 this	 study,	 39	 of	 126	 patients	with	 stage	 I/II	 colon
cancer	were	noted	 to	have	micrometastases	or	 isolated	 tumor	cells	on	 IHC	staining.	Prospective	median	5-year
follow-up	of	micrometastases	or	isolated	tumor	cell–positive	compared	to	micrometastases	or	isolated	tumor	cell–
negative	patients	revealed	recurrence	rates	of	23%	versus	7%	(P	=	.010)	and	5-year	DFS	of	75%	versus	93%	(P	=
.012),	 respectively.136	 If	micrometastases	 are	 reported,	 the	methodology	 by	which	 they	 are	 detected	 should	 be
specified,	 as	 it	 is	 likely	 that	 differences	 in	 reliability	 and	 reproducibility	 of	 different	 techniques	 will	 emerge.
Although	 the	actual	TNM	staging	 is	not	altered	by	 the	presence	of	micrometastases,	many	clinicians	choose	 to
regard	the	presence	of	such	a	finding	as	a	poor	prognostic	variable	in	their	consideration	of	adjuvant	treatment.

Sentinel	Node	Analysis
Sentinel	node	analysis	is	an	approach	that	has	received	attention	in	the	management	of	cutaneous	melanoma	and
breast	 cancer.137,138	 This	 technique	 has	 been	 proposed	 as	 a	 means	 of	 increasing	 the	 yield	 and	 the	 diagnostic
information	for	colon	cancer.99,100	The	technique	for	sentinel	node	mapping	and	biopsy	for	colon	cancer	has	been
described	 by	 Saha	 et	 al.139	 Unlike	 sentinel	 node	 approaches	 for	 melanoma	 and	 breast,	 where	 the	 goal	 is	 to
potentially	limit	the	extent	of	an	unnecessary	formal	dissection	of	a	node	basin,	the	goal	of	the	sentinel	node	in
colon	cancer	is	to	focus	the	pathologic	analysis	on	fewer	nodes,	so	a	more	extensive	study	can	be	performed.	The
same	 extent	 of	 node	 dissection	 is	 performed	 regardless	 of	 the	 sentinel	 node	 procedure.	 The	 initial	 studies	 of
sentinel	node	biopsy	demonstrated	it	was	technically	feasible,	with	accuracy	rates	>80%	and	upstaging	in	15.4%
of	 patients	 according	 to	 a	 recent	 prospective	 trial.140–142	 In	 addition,	 Saha	 et	 al.143	 suggest	 that	 sentinel	 LN
mapping	may	not	just	improve	staging	accuracy	but	influence	the	extent	of	nodal	dissection	as	well.	In	this	study,
sentinel	LN	mapping	detected	aberrant	lymphatic	drainage	in	22%,	which	in	turn	led	to	a	change	in	operation	(i.e.,
more	extensive	resection).	In	two	patients,	the	aberrant	sentinel	nodes	were	the	only	positive	nodes	identified.143
However,	not	all	subsequent	studies	have	shown	positive	results.	False-negative	rates	as	high	as	60%	have	been
reported,	 and	 some	 studies	 have	 failed	 to	 demonstrate	 any	 change	 in	 the	 stage	 determination	 of	 the	 lesion.144
Based	 on	 the	 available	 data,	 two	 conclusions	 can	 be	 reached.	 First,	 from	 a	 technical	 standpoint,	 sentinel	 node
dissection	at	the	time	of	a	colon	resection	can	be	performed	and	the	sentinel	node	accurately	identified.	Second,
the	utility	of	this	technique	has	not	yet	been	established,	and	further	large-scale	trials	are	required	to	establish	its
role	in	the	staging	of	patients	with	CRC.

Blood	or	Lymphatic	Vessel	Invasion
Although	 there	 have	 been	 conflicting	 reports	 in	 the	 literature,	 the	 CAP	 consensus	 statement	 gave	 blood	 and
lymphatic	vessel	 invasion	category	I	status,	 indicating	 that	 the	preponderance	of	evidence	strongly	supports	 the
reliability	of	these	findings	as	indicators	of	poorer	prognosis.120	Unfortunately,	considerable	heterogeneity	exists
in	 the	 methodology	 for	 examining	 and	 reporting	 of	 vessel	 involvement.	 The	 finding	 of	 vessel	 involvement
increases	with	the	number	of	sections	examined,	and	differentiation	of	postcapillary	venules	from	lymphatics	is
often	not	possible.	These	aspects	can	make	interpretation	of	some	older	data	on	this	topic	potentially	problematic.
Current	 recommendations	 are	 that	 at	 least	 three	 blocks	 of	 tumor	 (optimally	 five	 or	 more)	 each	 have	 a	 single
section	examined	using	hematoxylin	and	eosin	stain	to	look	for	tumor	invasion	of	vessels.	Vessels	not	definitively
interpreted	as	venules	or	lymphatics	should	be	reported	as	angiolymphatic	vessels.

Histologic	Type
Several	histologic	 types	of	CRC	carry	specific	 independent	prognostic	 significance.	Signet	 ring	carcinomas	are
characterized	 by	 >50%	 of	 cells	 demonstrating	 the	 “signet	 ring”	 morphology	 in	 which	 intracellular	 mucin
accumulation	displaces	the	nuclei	and	cytoplasm	toward	the	cellular	periphery.	This	histology	carries	an	adverse
prognosis.145,146	 The	 prognostic	 significance	 of	 the	 finding	 of	mucinous	 (>50%	mucinous)	 carcinoma	 remains
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controversial.	Although	some	 reports	 list	mucinous	 type	as	an	adverse	histology,	 this	has	not	been	consistently
demonstrated.	Most	findings	of	adverse	prognosis	with	mucinous	histology	are	based	on	univariate	analyses.	The
one	finding	in	a	multivariate	analysis	of	a	poor	prognostic	outcome	with	mucinous	tumors	was	based	on	a	study	of
tumors	presenting	with	obstruction,	a	presentation	that	is	in	itself	high	risk.	Some	reports	have	lumped	mucinous
and	signet	cell	tumors	together	and	found	this	to	be	a	negative	prognostic	factor;	however,	this	may	simply	reflect
the	 negative	 impact	 of	 the	 signet	 cell	 tumors,	 and	 its	 meaning	 regarding	 the	 risk	 of	 a	 mucinous	 histology	 is
unclear.	Small-cell	(extrapulmonary	oat	cell)	tumors	are	high-grade	neuroendocrine	tumors	with	clearly	adverse
prognostic	features.	The	prognostic	significance	of	focal	neuroendocrine	differentiation	is,	however,	unclear	(CAP
category	 III).	 Most	 data	 indicate	 that	 extensive	 neuroendocrine	 differentiation	 is	 associated	 with	 a	 poorer
prognosis.147	Medullary	 carcinoma	 is	 a	 subtype	 characterized	 by	 an	 absence	 of	 glands	 and	 distinctive	 growth
pattern	that	previously	would	have	been	classified	as	undifferentiated.	It	is	typically	infiltrated	with	lymphocytes.
This	 histologic	 subtype	 is	 tightly	 associated	with	MSI-H	and	 carries	 a	more	 favorable	 prognosis.148	Histologic
types	other	than	signet	ring,	small	cell,	and	medullary	carcinomas	are	routinely	designated	in	the	pathology	report;
however,	the	majority	of	these	other	histologic	types	carry	no	established	independent	prognostic	significance.

Microsatellite	Instability
As	discussed	earlier	in	this	chapter,	there	are	two	distinct	mutational	pathways	that	can	give	rise	to	CRC:	the	MSI
pathway	or	the	chromosomal	instability	pathway.	Microsatellites	are	sections	of	DNA	in	which	a	short	sequence
of	 nucleotides	 (most	 commonly	 a	 dinucleotide)	 is	 repeated	 multiple	 times.149	 MSI	 is	 a	 situation	 in	 which	 a
microsatellite	 has	 gained	 or	 lost	 repeat	 units	 and	 has	 undergone	 a	 change	 in	 length,	 resulting	 in	 frame	 shift
mutations	or	base-pair	substitutions.	Approximately	15%	of	CRCs	display	these	mutations.	This	form	of	genetic
destabilization	 is	 typically	 associated	with	 defective	DNA	mismatch	 repair	 function.	Studies	 of	HNPCC	 tumor
specimens	 demonstrated	 mutations	 in	 mismatch	 repair	 genes	 such	 as	MLH1	 and	MSH2.	 These	 genes	 encode
proteins	 that	 repair	 nucleotide	 mismatches.	 The	 phenotype	 of	 tumors	 with	 this	 defect	 is	 termed	 the	 MSI-H–
instability	phenotype.

The	 majority	 (approximately	 85%)	 of	 patients	 with	 CRC	 have	 cancers	 characteristic	 of	 the	 chromosomal
instability	 pathway,	 typically	 having	 genetic	 alterations	 involving	 LOH,	 chromosomal	 amplifications,	 and
chromosomal	 translocations.	These	are	known	as	 the	microsatellite-stable	(MSS)	tumors.	MSI-H	tumors	have	a
number	 of	 different	 features	 relative	 to	 low	MSI	 (MSI-L)	 or	 MSS	 colorectal	 tumors.150,151	 MSI-L	 and	 MSS
tumors	 tend	 to	 behave	 and	 present	 similarly.	MSI-H	 tumors	 are	 more	 frequently	 right	 sided,	 high	 grade,	 and
mucinous	type.24,152	They	are	characteristically	associated	with	increased	peritumoral	lymphocytic	infiltration	and
are	characteristically	diploid,	whereas	MSS	tumors	are	more	likely	to	be	aneuploid.153,154	MSI-H	CRCs	are	more
likely	to	have	a	larger	primary	at	the	time	of	diagnosis	but	are	more	likely	to	be	node	negative.	Patients	with	MSI-
H	CRCs	have	a	better	long-term	prognosis	than	stage-matched	patients	with	cancers	exhibiting	MSS.155

Watanabe	et	al.156	evaluated	MSI	status	as	well	as	allelic	loss	from	chromosomes	18q,	17b,	and	8p	as	well	as
cellular	levels	of	p53	and	p21waf1/c1p1	proteins	as	potential	prognostic	markers.	Tumors	were	analyzed	from	460
stage	III	and	high-risk	stage	II	patients	who	had	been	treated	with	5-FU–based	adjuvant	therapy.	A	total	of	62	of
298	 tumors	 evaluated	 for	MSI	 status	 (21%)	were	 found	 to	 be	MSI-H.	Of	 the	MSI-H	 tumors,	 38	 (61%)	 had	 a
mutation	of	the	gene	for	type	II	receptor	of	transforming	growth	factor	(TGF)-β1.	In	this	analysis,	MSI-H	was	a
favorable	 prognostic	 indicator	 for	 5-year	 DFS	 (P	 =	 .02)	 and	 trended	 toward	 being	 a	 favorable	 independent
prognostic	 indicator	 but	 did	 not	 reach	 statistical	 significance	 for	 OS	 (P	 =	 .20).	 However,	 the	 5-year	 survival
among	patients	with	MSI-H	was	74%	in	the	presence	of	a	mutated	gene	for	the	type	II	receptor	of	TGF-β1	and
46%	in	patients	whose	tumors	lacked	this	mutation	(RR,	2.90;	95%	CI,	1.14	to	7.34;	P	=	.04).	MSI-H	cells	are
relatively	resistant	 to	5-FU	in	vitro.157	All	of	 the	patients	 in	Watanabe	et	al.’s156	 analysis	 received	5-FU–based
chemotherapy.	The	TGF-β1	pathway	inhibits	tumor	proliferation	by	causing	a	late	G1	cell	cycle	arrest.	Therefore,
a	 mutated	 and	 presumably	 nonfunctional	 TGF-β	1	 gene	 could	 favor	 increased	 proliferation,	 which	 would	 be
anticipated	 to	 confer	 increased	 susceptibility	 to	 cytotoxic	 chemotherapy.	A	 recent	 evaluation	 of	 the	 prognostic
significance	of	MSI	in	the	N0147	adjuvant	trial158	demonstrated	a	more	nuanced	result.	When	looking	at	the	colon
overall,	MSI	was	not	found	to	be	predictive.	However,	when	divided	by	side,	MSI	was	found	to	carry	a	favorable
prognosis	 for	 right-sided	 colon	 lesions	 but	 was	 a	 negative	 prognostic	 factor	 in	 left-sided	 colon	 lesions.	 The
reasons	for	this	difference	are	not	clear;	however,	the	different	embryologic	origins	of	the	left	and	right	colon	may
play	a	role	in	these	observations.

BRAF



BRAF	mutation,	 present	 in	 8%	 to	10%	of	CRCs,	 is	 linked	 to	 a	 subset	 of	MSI-H	 tumors	 that	 are	 sporadic	 and
generally	have	poorer	prognosis.	Ogino	et	al.159	confirmed	this	relationship	in	comparative	analysis	of	506	stage
III	 patients	 enrolled	 in	 the	Cancer	 and	Leukemia	Group	B	 (CALGB)	 89803	 trial.	BRAF-mutated	 patients	 had
significantly	worse	OS	(HR,	1.66)	compared	to	wild-type,	a	finding	that	was	most	pronounced	in	 the	setting	of
MSS.159	 In	 a	 follow-up	 study,	 Lochhead	 et	 al.160	 also	 identified	 combined	 BRAF/MSI	 status	 as	 a	 powerful
prognosticator	 and	 recommends	 stratification	 of	 all	 patients	 into	 poor	 (MSS/BRAF	 mutant),	 intermediate
(MSS/BRAF	 wild-type),	 and	 favorable	 (MSI-H/BRAF	 wild-type)	 groups	 in	 order	 better	 inform	 treatment
strategies.	Douillard	et	al.161	confirmed	BRAF	mutation	to	be	a	poor	prognostic	factor	in	patients	with	stage	IV
disease	as	well.

CpG	Island	Methylator	Phenotype
Approximately	15%	to	20%	of	CRCs	are	characterized	by	widespread	promoter	DNA	hypermethylation,	known
as	CpG	 island	methylator	 phenotype	 (CIMP),	which	 is	 associated	with	 aberrant	 silencing	 of	 tumor	 suppressor
genes.	Although	CIMP-positive	tumors	are	generally	associated	with	MSI,	BRAF	mutations,	poor	differentiation,
proximal	 location,	 female	 gender,	 and	 older	 age,	 the	 prognostic	 effect	 has	 been	 largely	 unknown.	 In	 a	 recent
retrospective	 analysis	 of	 157	 patients,	 Kim	 et	 al.162	 found	 that	 CIMP-high	 status	 was	 associated	 with	 a
significantly	poorer	5-year	DFS	compared	to	CIMP-low/none	(61.4%	versus	76.3%).	A	more	marked	difference
was	seen	in	patients	with	colon	cancer,	compared	to	rectal,	and	with	earlier	stage	disease.	Another	study	out	of
Norway	also	found	CIMP	to	be	a	poor	prognostic	indicator,	with	particularly	worse	outcomes	among	patients	with
MSS-	or	MSS/BRAF-mutated	tumors.163

Allelic	Loss	of	18q	(DCC	Gene	Loss)
Allelic	 LOH	 that	 involves	 chromosome	 18q	 occurs	 in	 half	 or	more	 of	 all	 CRCs.	Allelic	 loss	 of	 18q	 typically
involves	the	DCC	gene;	however,	other	genes	in	this	region,	such	as	SMAD2	and	SMAD4,	may	also	be	relevant
to	CRC	development.	DCC	expression	 is	greatly	 reduced	or	absent	 in	many	colorectal	 carcinomas,	and	 loss	of
DCC	is	associated	with	metastasis	and	an	adverse	prognosis.164	The	specific	product	of	the	DCC	gene	has	been
shown	to	be	the	netrin-1	receptor.	In	the	nonpathologic	state,	this	receptor	guides	the	migration	of	neuronal	axons.
DCC	induces	apoptosis	in	the	absence	of	netrin-1	binding.	DCC	is	cleaved	by	caspase,	and	mutation	of	the	site	at
which	caspase	3	cleaves	DCC	suppresses	the	proapoptotic	effect	of	DCC	completely.	Binding	of	netrin-1	to	DCC
blocks	 apoptosis.165	 Loss	 of	 DCC	 as	 a	 result	 of	 allelic	 loss	 in	 18q	 could	 therefore	 be	 anticipated	 to	 impair
apoptosis,	thereby	resulting	in	greater	resistance	to	chemotherapy.	This	hypothesized	mechanism	of	action	of	18q
LOH	is	attractive;	however,	 it	 should	be	emphasized	 that	 it	 is	not	at	all	clear	 to	what	extent	DCC	is	 the	active
moiety	 in	 the	 setting	 of	 18q	 allelic	 loss.	Watanabe	 et	 al.156	 evaluated	 allelic	 loss	 from	 chromosome	 18q	 as	 a
potential	 prognostic	 indicator	 in	 archived	 specimens	 of	 tumors	 from	 patients	 who	were	 treated	 in	 one	 of	 two
national	Intergroup	adjuvant	trials	(INT-0035	or	INT-0089).	MSI	status	was	also	evaluated,	as	were	17p,	8p,	and
cellular	levels	of	p53	and	p21waf1/c1p1	proteins.	Tumors	were	analyzed	from	460	stage	III	and	high-risk	stage	II
patients	who	had	been	treated	with	5-FU–based	adjuvant	therapy.	Allelic	loss	of	18q	was	present	in	155	of	319
cancers	(49%).	Allelic	loss	in	18q	was	highly	prognostically	significant	in	this	analysis	(Table	62.7).	In	the	stage
III	 patients	 with	 allelic	 loss	 of	 18q,	 5-year	 OS	 was	 50%,	 whereas	 in	 those	 with	 retained	 18q	 alleles,	 5-year
survival	 was	 69%	 (P	 =	 .005).	 Other	 markers	 evaluated	 in	 this	 analysis	 were	 not	 shown	 to	 be	 prognostically
significant.

SMAD4.	SMAD4,	which	is	 localized	to	band	18q21,	 is	a	common	downstream	regulator	and	tumor	suppressor
gene	in	the	TFG-β	pathway.	Sporadic	mutations	are	present	in	2.1%	to	20%	of	CRCs,	with	limited	data	suggesting
a	poor	prognostic	impact.	In	a	new	study	using	The	Cancer	Genome	Atlas	(TCGA)	database,	investigators	report
that	 SMAD4	mutation	 was	 associated	 with	 colon	 cancer	 more	 than	 rectal	 cancer	 (OR,	 2.85),	 as	 well	 as	 with
female	sex	(OR,	1.71)	and	with	shorter	OS	compared	to	wild	type	(29	versus	56	months).	Although	this	mutation
frequently	 occurred	 with	 KRAS,	 NRAS,	 and	 BRAF	 mutations,	 it	 was	 also	 separately	 associated	 with	 poorer
response	to	anti–epidermal	growth	factor	receptor	(EGFR)	therapy	in	the	setting	of	wild-type	KRAS,	NRAS,	and
BRAF.166

TABLE	62.7
Loss	of	Heterozygosity	(Allelic	Loss)	at	18q	and	Prognosis	in	Patients	with	Stage	III	Colon
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Cancer

Allelic	Status	of	18q No.	of	Patients Five-Year	Survival	(%) P	Value
No	loss 112 69 .005

Loss 109 50 	
From	Watanabe	T,	Wu	TT,	Catalano	PJ,	et	al.	Molecular	predictors	of	survival	after	adjuvant	chemotherapy	for	colon	cancer.	N	Engl
J	Med	2001;344(16):1196–1206.

Host	Lymphoid	Response
Lymphocytic	 infiltration	 has	 been	 identified	 as	 a	 favorable	 prognostic	 indicator.	 Whether	 this	 is	 a	 truly
independent	 predictor	 of	 outcome	 is	 not	 clear,	 however,	 as	 this	 finding	 is	 tightly	 associated	 with	 MSI-H,	 a
favorable	 prognostic	 factor.	Along	 these	 lines,	 the	 prognostic	 value	 of	 neutrophil-to-lymphocyte	 ratio	 has	 also
been	recently	evaluated.	Chiang	et	al.167	found	that	elevated	preoperative	neutrophil-to-lymphocyte	ratio	(>3)	was
associated	with	significantly	worse	DFS	in	stage	I	to	III	colon	but	not	rectal	cancers	on	multivariate	analysis.	In
another	study,	neutrophil-to-lymphocyte	ratio	>5	was	also	found	to	be	an	independent	risk	factor	for	recurrence.
Whereas	the	direct	 impact	of	this	parameter	is	difficult	 to	explain,	 the	authors	of	the	first	study	postulate	that	 it
may	represent	a	measure	of	innate-to-adaptive	immunity	under	stress	with	relative	lymphopenia,	as	a	marker	of
depressed	cell-mediated	immunity,	conferring	survival	disadvantage.167,168

Tumor	Border	Configuration
The	configuration	of	 the	 tumor	border	(infiltrating	versus	pushing	border)	has	been	shown	to	have	 independent
prognostic	significance.	An	infiltrating	border,	characterized	by	an	irregular,	infiltrating	pattern	at	the	tumor	edge
(also	known	as	focal	dedifferentiation	or	 tumor	budding),	has	been	shown	in	multivariate	analyses	 to	portend	a
poorer	prognosis	than	tumors	with	smooth,	pushing	borders.

Carcinoembryonic	Antigen
An	elevated	preoperative	CEA	is	a	poor	prognostic	factor	for	cancer	recurrence.	Although	there	is	variability	in
the	 available	 data	 regarding	 the	 level	 that	 denotes	 a	 prognostic	 cutoff,	 a	 preoperative	CEA	 level	 >5	 ng/mL	 is
considered	a	category	I	poor	prognostic	indicator	by	the	CAP	consensus	panel.120	Patients	in	whom	the	elevated
CEA	 fails	 to	normalize	 after	 a	potentially	 curative	operation	 are	 at	 particularly	high	 risk.	Several	 authors	have
presented	evidence	that	 indicates	 that	CEA	is	an	independent	prognostic	factor.	 In	a	report	of	572	patients	who
underwent	curative	resection	for	node-negative	colon	cancer,	the	preoperative	CEA	level	and	the	stage	of	disease
predicted	 survival	 by	 both	 univariate	 and	 multivariate	 analyses.169	 Given	 the	 prognostic	 significance	 of	 the
preoperative	CEA,	it	is	reasonable	to	recommend	that	all	patients	who	undergo	operation	for	CRC	have	a	serum
CEA	drawn	prior	to	operation.

No	 other	 serum	 markers	 have	 been	 demonstrated	 to	 be	 reliably	 prognostic	 or	 predictive	 in	 CRC.	 Cancer
antigen	(CA)	19-9,	a	factor	that	has	become	widely	used	for	pancreas	cancer,	has	no	role	at	this	time	in	the	routine
management	of	CRC.

Obstruction	and	Perforation
Carcinoma	of	the	colon	that	is	complicated	by	obstruction	or	perforation	has	been	recognized	as	having	a	poorer
prognosis.	Data	obtained	from	1,021	patients	with	Dukes	stage	B	and	C	CRC,	who	were	entered	into	randomized
clinical	trials	of	the	National	Surgical	Adjuvant	Breast	and	Bowel	Project	(NSABP),	showed	that	the	presence	of
bowel	obstruction	strongly	influenced	the	outcome.	The	effect	of	bowel	obstruction	was	more	pronounced	when
the	 obstruction	 was	 located	 in	 the	 right	 colon.	 The	 larger	 sized	 tumor	 needed	 to	 block	 the	 ascending	 colon
completely	might	allow	a	longer	time	for	these	tumors	to	grow	and	spread	when	compared	with	tumors	located	in
the	descending	colon.

A	review	of	the	Massachusetts	General	Hospital	records	compared	patients	who	presented	with	obstruction	or
perforation	 with	 a	 control	 group	who	 underwent	 curative	 resection.	 The	 actuarial	 5-year	 survival	 rate	 seen	 in
patients	 who	 presented	with	 obstruction	was	 31%,	 in	 contrast	 to	 59%	 in	 historical	 controls.	 For	 patients	 with
localized	 perforation,	 the	 5-year	 actuarial	 survival	 rate	 was	 44%.	 The	 Gastrointestinal	 Tumor	 Study	 Group
(GITSG)	multivariate	analysis	concluded	that	obstruction	was	an	important	indicator	of	prognosis,	independent	of
Dukes	stage.	Bowel	perforation	was	a	poor	prognostic	factor	only	for	DFS.



Category	III	Factors
Multiple	factors,	although	of	investigational	interest,	are	at	this	time	not	appropriate	for	routine	clinical	use	and
have	so	been	designated	as	category	III	(defined	as	not	sufficiently	studied	to	prove	their	prognostic	value)	by	the
CAP	consensus	panel.	These	include	DNA	content,	or	ploidy,	and	proliferation	indices.	Also	included	in	category
III	 are	 all	 molecular	 markers	 other	 than	 MSI	 and	 18q	 deletions,	 such	 as	 thymidylate	 synthase	 (TS),
dihydropyrimidine	 dehydrogenase	 (DPD),	 and	 p53	 mutational	 status.	 PNI,	 microvessel	 density,	 tumor	 cell–
associated	 proteins	 or	 carbohydrates,	 peritumoral	 fibrosis,	 peritumoral	 inflammatory	 response,	 and	 focal
neuroendocrine	differentiation	are	also	category	III.	The	area	of	molecular	prognostic	markers	is	one	of	particular
activity,	however,	and	it	is	anticipated	that	clinical	trials	that	are	now	ongoing	will	shed	light	on	these	important
areas.

Perineural	Invasion
The	ability	of	CRCs	to	invade	perineural	spaces	as	far	as	10	cm	from	the	primary	tumor	has	long	been	described.
Early	reports	suggest	an	increased	disease	recurrence	rate	and	worse	5-year	survival.	Multivariate	analyses	have
failed	to	show	the	prognostic	significance	of	this	finding.	The	CAP	consensus	panel	classified	PNI	as	category	III
(insufficient	evidence	of	determine	prognostic	significance).

Tumor	Size	and	Configuration
Studies	have	consistently	shown	that	both	the	size	and	configuration	of	the	primary	tumor	in	CRC	do	not	carry
prognostic	 significance	 (CAP	category	 IV).	 In	 a	 review	of	391	patients,	 the	mean	diameter	of	Dukes	 stage	B2
tumors	was	actually	greater	than	the	mean	diameter	of	stage	C2	tumors	(P	<	.001)	and	D	tumors	(P	<	.05).	The
size	of	the	primary	tumor	showed	no	relationship	to	5-year	adjusted	survival.	These	results	were	confirmed	by	the
NSABP	 experience.170	 Tumor	 configuration	 is	 described	 as	 exophytic	 (fungating),	 endophytic	 (ulcerative),
diffusely	 infiltrative	 (linitis	plastica),	 or	 annular.	The	vast	majority	of	 studies	have	 failed	 to	 show	any	of	 these
configurations	to	have	consistent	independent	prognostic	significance.	Linitis	plastica	has	been	related	to	a	poor
prognosis;	 however,	 this	 may	 be	 due	 to	 the	 signet	 cell	 and	 other	 high-grade	 features	 of	 the	 tumors	 that	 are
typically	associated	with	this	morphology.

Hemorrhage	or	Rectal	Bleeding
It	 has	 been	 speculated	 that	 tumors	 that	 present	 with	 bleeding	 might	 be	 found	 earlier	 and	 therefore	 might	 be
associated	with	a	better	prognosis.	This	has	not	been	confirmed	by	data.	In	the	GITSG	multivariate	analysis,	the
presence	of	melena	or	rectal	bleeding	showed	a	trend	as	a	prognostic	factor	for	prolonged	survival	but	failed	to
reach	statistical	significance	(P	=	.08).	One	large	study	found	bleeding	to	be	a	favorable	prognostic	indicator	on
univariate	analysis;	however,	this	finding	disappeared	on	multivariate	analysis.	Bleeding	at	presentation	does	not
appear	to	carry	any	significance.

Primary	Tumor	Location
Large	 retrospective	 reviews	 of	 data	 from	 the	 NSABP	 suggest	 that	 right-sided	 colon	 cancers	 carry	 a	 worse
prognosis	than	left-sided	ones.	However,	poorer	prognosis	for	patients	with	disease	in	the	left	colon	has	also	been
reported.	Several	investigators	report	no	difference	based	on	the	location	of	the	primary	tumor.	The	large	GITSG
colon	 cancer	 experience	 showed	 that	 tumor	 location	 (left,	 right,	 and	 rectosigmoid	 or	 sigmoid)	 was	 of	 low
prognostic	value.	A	recent	analysis	of	SEER-Medicare	data	by	Weiss	et	al.171	 provides	 additionally	 ambiguous
results.	 Of	 53,801	 patients,	 67%	 had	 right-sided	 colon	 cancer	 and	 were	more	 likely	 to	 be	 older,	 women,	 and
diagnosed	 with	 more	 advanced	 stage	 and	 with	 more	 poorly	 differentiated	 tumors.	 However,	 on	 multivariate
analysis,	there	was	no	significant	difference	in	mortality	for	all	stages	combined	or	for	stage	I.	Compared	to	left-
sided	lesions,	right-sided	cancers	were	associated	with	a	lower	mortality	within	the	stage	II	subgroup	(HR,	0.92;	P
=	 .001)	 but	 higher	mortality	within	 stage	 III	 (HR,	 1.12;	P	 =	 .001).	 Critics	 of	 this	 report	 point	 out	 that	 a	 less
aggressive	 treatment	 approach	was	 likely	 employed	 in	 this	 older	 study	population,	 as	 at	 least	 40%	of	 stage	 III
cases	did	not	receive	adjuvant	therapy	and	nearly	half	underwent	inadequate	LN	harvest.	Regardless,	these	results
further	dispel	the	notion	of	a	straightforward	relationship	between	tumor	location	and	mortality.171

Body	Mass	Index
Whereas	obesity	is	known	to	be	a	risk	factor	for	the	development	of	colon	cancer,	the	prognostic	impact	of	body
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mass	index	on	long-	term	outcomes	is	controversial.	In	a	cohort	study	conducted	within	a	large	randomized	trial	of
3,759	patients	with	high-risk	stage	II	or	III	colon	cancer	(INT-0089),	obese	women	had	significantly	worse	overall
mortality	(HR,	1.34;	95%	CI,	1.07	to	1.67);	however,	this	finding	was	not	apparent	in	men.172	Sinicrope	et	al.173
found	the	opposite	gender	correlation	using	the	ACCENT	database,	a	pooled	resource	of	25,291	participants	 in
national	and	international	adjuvant	chemotherapy	trials.	On	multivariate	analysis,	with	a	median	follow-up	of	7.8
years,	obese	and	underweight	men,	but	not	women,	had	significantly	poorer	survival	compared	to	overweight	and
normal	weight	patients.173	And	in	another	prospective	cohort	of	913	patients	with	stage	II	and	III	colon	cancer,
Alipour	et	al.174	 found	no	association	between	obesity	(as	measured	by	either	body	mass	index	or	body	surface
area)	 and	 oncologic	 outcomes.	 Evidently,	 this	 topic	 warrants	 further	 study	 before	 any	 conclusions	 can	 be
drawn.174

Diabetes	Mellitus
The	influence	of	diabetes	mellitus	on	outcome	is	also	unclear.	In	the	INT-0089	cohort,	diabetes	conferred	a	strong
disadvantage	with	 affected	patients	 experiencing	 a	 significantly	worse	DFS	 (48%	versus	59%,	P	<	 .0001),	OS
(57%	 versus	 66%,	P	 <	 .0001),	 and	 recurrence-free	 survival	 (56%	 versus	 64%,	P	 =	 .012)	 at	 5	 years.	 Median
survival	 for	diabetics	was	6	years,	whereas	 for	nondiabetics,	 it	was	11.3	years.172	Other	reports,	however,	have
generated	 less	 consistent	 results.	Among	2,278	 subjects	 from	 the	Cancer	Prevention	Study-II	Nutrition	Cohort,
patients	with	CRC	and	type	2	diabetes	were	at	higher	risk	of	all-cause	mortality	(ACM;	RR,	1.53),	but	only	those
without	insulin	use	were	at	higher	risk	for	CRC-specific	mortality.	These	results	are	in	line	with	previous	evidence
that	hyperinsulinemia	(as	in	poorly	controlled	diabetes)	plays	an	important	role	in	tumorigenesis	and	metastasis	of
CRC.175	Another	population-based	study	did	not	find	any	such	an	association	in	6,974	patients	with	colon	cancer.
Disease-specific	mortality	 was	 only	 significantly	 increased	 for	 patients	 with	 rectal	 cancer	 (n	 =	 3,888,	 10%	 of
whom	were	diabetic;	HR,	1.30).	Although	hyperinsulinemia	 is	 again	 implicated,	 the	 authors	 call	 for	 additional
study	to	clarify	specific	pathways	responsible	for	these	rectum-specific	findings.176

Gender
Female	sex	has	generally	been	considered	a	favorable	prognostic	factor,	but	data	is	limited	and	inconclusive.	In
the	first	study	to	examine	the	impact	of	gender	in	the	era	of	oxaliplatin-based	therapy,	Cheung	et	al.177	performed
a	prospectively	planned,	pooled	analysis	of	33,345	patients	participating	in	the	ACCENT	database	of	randomized
trials.	The	authors	found	a	significant	but	very	modest	survival	advantage	for	women	with	early-stage	disease	that
persisted	 across	 all	 ages,	 stages,	 and	 types	 of	 adjuvant	 therapy.	 Sex	was	 not	 a	 predictive	 factor	 for	 treatment
efficacy,	however,	suggesting	that	chemotherapy	regimens	should	not	be	altered	based	on	this	parameter.177

Smoking
As	discussed	earlier,	prolonged	cigarette	smoking	appears	 to	be	a	moderate	risk	factor	for	CRC	with	continued
effect	even	after	smoking	cessation.	Increasing	evidence	indicates	that	this	association	differs	not	only	by	tumor
site	 but	 also	 by	molecular	 features,	 such	 as	 the	 presence	 of	MSI-H	 and	BRAF	mutations,	which	 cumulatively
seem	to	confer	the	strongest	risk.	Impact	on	survival	has	now	also	been	reported	in	a	recent	study	analyzing	data
from	 a	 large	 multicenter	 randomized	 adjuvant	 chemotherapy	 trial	 (N0147).	 The	 authors	 found	 that	 smokers
experienced	significantly	shorter	3-year	DFS	(74%	versus	70%;	HR,	1.21)	that	was	most	evident	in	BRAF	wild-
type	and	KRAS-mutated	tumors.178

Blood	Transfusions
Considerable	controversy	has	surrounded	the	question	of	an	association	between	perioperative	blood	transfusions
and	the	recurrence	rate	of	CRC.	Some	investigators	have	reported	worse	DFS	in	patients	who	require	transfusions.
By	multivariate	analysis	 in	a	 large	prospective	study,	however,	no	negative	influence	of	 transfusion	on	survival
could	be	detected,	and	it	does	not	appear	that	perioperative	blood	transfusions	carry	negative	prognostic	value.	A
retrospective	 analysis	 evaluating	 1,051	 patients	 treated	 with	 curative	 surgery	 for	 stage	 II	 or	 III	 colorectal
adenocarcinoma	at	 the	Mayo	Clinic	demonstrated	that	 the	use	of	blood	components	probably	had	no	impact	on
disease	recurrence,	and	the	documented	adverse	impact	of	transfusions	is	more	likely	due	to	other	variables	or	to
the	underlying	illness	necessitating	the	transfusion.179

Steroids



It	 is	well	established	 that	certain	perioperative	 factors	such	as	anesthetic	 technique	and	drug	choice	can	 impact
cell-mediated	 immunity	 and	 potentially	 long-term	 oncologic	 outcomes	 after	 cancer	 surgery.	 Dexamethasone,
which	 is	 commonly	 used	 by	 anesthesiologists	 for	 prophylaxis	 against	 postoperative	 nausea	 and	 vomiting,	was
recently	evaluated	in	a	randomized,	placebo-controlled	study	of	43	patients	who	underwent	curative	resection	for
stage	I	to	III	colon	cancer.	Although	short-term	data	demonstrated	an	improvement	in	postoperative	fatigue	and
reduction	 in	 early	 peritoneal	 inflammatory	 response,	 5-year	 follow-up	 analysis	 was	 notable	 for	 a	 significantly
higher	rate	of	distant	recurrence	in	the	intervention	group	(6	versus	1,	P	=	.04).	There	was	no	difference	in	OS	or
DFS.	Although	this	is	a	small	study,	the	implication	that	this	medication	widely	used	in	anesthetic	practice	might
have	 a	 strong	 enough	 anti-inflammatory	 and	 immunosuppressive	 effect,	 even	 in	 a	 single	 preoperative	 dose,	 to
promote	 long-term	 tumor	 proliferation	 and	 metastasis	 is	 quite	 concerning	 and	 certainly	 warrants	 further
investigation.180

Oncogenes	and	Molecular	Markers
Oncogenes	and	molecular	markers	are	discussed	extensively	in	another	chapter.	At	present,	none	of	the	markers
under	investigation	has	achieved	adequate	validity	to	permit	routine	clinical	use.	However,	the	study	of	molecular
markers	continues	 to	progress	and	continues	 to	advance	 the	understanding	of	 the	development	and	treatment	of
CRC.	 TS	 continues	 to	 be	 a	 major	 area	 of	 investigation.	 Data	 are	 conflicting	 on	 its	 prognostic	 significance;
however,	 preliminary	 studies	 suggest	 that	 high	 TS	 levels	 may	 be	 predictive	 for	 resistance	 to	 5-FU–based
therapies.181	At	present,	there	is	no	role	for	TS	determinations	in	routine	clinical	practice.	The	p53	gene	located	on
chromosome	17p	is	a	well-known	tumor	suppressor	gene.	The	abnormal	p53	appears	to	be	a	late	phenomenon	in
colorectal	carcinogenesis.	This	mutation	may	allow	the	growing	tumor	with	multiple	genetic	alterations	to	evade
cell	 cycle	 arrest	 and	 apoptosis.	 In	 a	 retrospective	 review	 of	 141	 patients	 with	 resected	 stage	 II	 and	 III	 colon
carcinoma,	a	p53	mutation	increased	the	risk	of	death	by	2.82	times	in	patients	with	stage	II	disease	and	by	2.39
times	 in	 patients	 with	 stage	 III	 colon	 carcinoma.	 The	 Southwest	 Oncology	 Group	 (SWOG)	 assessed	 the
prognostic	value	of	p53	in	66	patients	with	stage	II	and	163	patients	with	stage	III	colon	cancer.	p53	expression
was	 found	 in	 63%	of	 cancers	 and	was	 associated	with	 favorable	 survival	 in	 stage	 III	 but	 not	 stage	 II	 disease.
Seven-year	survival	with	stage	III	disease	was	56%	with	p53	expression	versus	43%	with	no	p53	expression	(P	=
.012).182	Overall,	the	data	are	conflicting	on	the	utility	of	p53	as	a	prognostic	variable,	and	it	does	not	have	a	use
at	this	time	in	standard	practice.

EGFR	is	an	important	molecular	target	for	antibody-based	therapy	in	various	cancer	types	and	is	ubiquitous	in
colonic	tissue.	The	prognostic	impact	of	this	biomarker	was	recently	addressed	in	a	meta-analysis	demonstrating
worse	postoperative	survival	in	patients	with	high	compared	to	low	EGFR	expression	(HR,	2.34).183

Genetic	Polymorphisms
Extensive	preliminary	work	 is	 indicating	 that	 genetic	 polymorphisms	 can	potentially	 have	 important	 predictive
implications	in	terms	of	both	efficacy	and	toxicity	with	chemotherapy.	For	example,	the	UGT1A1	polymorphism
has	 been	 correlated	 with	 irinotecan	 toxicity,	 and	 TS	 and	 XRCC1	 polymorphisms	 may	 predict	 efficacy	 for
oxaliplatin	 or	 5-FU	 combinations.184	 Although	 a	 commercial	 assay	 is	 currently	 available	 for	 measurement	 of
UGT1A1	polymorphisms,	 it	 is	not,	 at	 this	 time,	 clear	how,	or	 if,	 this	 assay	 should	be	used	 in	 routine	practice.
Currently,	there	are	no	specific	guidelines	for	dose	modifications	on	the	basis	of	UGT1A1	polymorphism,	and	the
7/7	 mutation,	 associated	 with	 higher	 toxicity,	 has	 also	 been	 associated	 with	 greater	 antitumor	 activity.	 These
approaches	will	require	considerable	more	validation	and	exploration	before	they	can	be	considered	for	standard
management.185
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APPROACHES	TO	SURGICAL	RESECTION	OF	COLON	CANCER
The	management	of	colon	cancer	is	best	understood	as	a	multimodality	approach	tailored	to	the	stage	of	disease.
However,	there	are	certain	basic	tenets	of	surgical	management	for	the	resection	of	the	primary	lesion	that	can	be
applied	across	various	pathologic	 stages.	Therefore,	 in	order	 to	provide	a	clear	description	of	 these	 techniques,
they	will	 first	 be	 described	 based	 on	 the	 type	 of	 surgical	 resection.	 These	 procedures	will	 then	 be	 referred	 to
throughout	the	discussion	of	stage-specific	treatment.



Colonoscopic	Resection	of	Polyps
Many	 lesions	of	 the	colon	are	 first	detected	during	endoscopic	procedures.	These	 lesions	can	 range	 from	small
hyperplastic	polyps	to	large	fungating	invasive	carcinomas.	The	appearance	of	these	lesions	often	indicates	their
relative	potential	for	malignancy.	However,	the	only	definitive	way	to	make	a	diagnosis	is	through	a	pathologic
examination	 of	 the	 tissue.	 Therefore,	 the	 goal	 of	 a	 colonoscopic	 biopsy	 or	 resection	 is	 to,	 whenever	 feasible,
remove	the	lesion	in	its	entirety	and	preserve	a	tissue	architecture	in	order	to	achieve	both	a	therapeutic	resection
and	an	accurate	pathologic	diagnosis.	Various	techniques	can	be	employed	for	the	removal	of	lesions	in	the	colon
depending	 on	 their	 size	 and	 location.	 Biopsy	 forceps	 and	 snares	 are	 the	 two	 most	 commonly	 employed
instruments	used	during	a	colonoscopy.	These	devices	are	fashioned	from	flexible	coated	wires	that	can	conform
to	 the	 shape	 of	 the	 colonoscope	 and	 can	 also	 conduct	 electrical	 current	 in	 order	 to	 achieve	 coagulation	 and
hemostasis.

Bleeding	 and	 perforation,	 although	 uncommon,	 are	 seen	 at	 an	 increased	 frequency	 during	 a	 therapeutic	 as
opposed	to	a	diagnostic	colonoscopy.186,187	Small	polypoid	 lesions	(up	 to	5	 to	8	mm)	that	are	found	during	 the
course	of	a	colonoscopic	examination	can	often	be	removed	in	their	entirety	along	with	a	small	amount	of	normal
mucosa	using	a	biopsy	forceps.	Bleeding	is	usually	minimal	but	can	be	controlled	by	electrocautery	if	persistent.
Larger	well-pedunculated	polyps	can	often	be	removed	using	a	technique	employing	a	snare	and	electrocautery.
The	 snare	 is	 placed	 over	 the	 polypoid	 lesion	 and	 cinched	 down	 at	 the	 base	 of	 the	 polyp.	 Once	 tightened,	 an
electrical	 current	 is	 applied	 and	 the	 polyp	 is	 resected.	 If	 the	 lesions	 are	 too	 large	 to	 be	 retrieved	 through	 the
working	port	of	 the	colonoscope,	 they	can	be	held	 in	place	with	a	snare	 just	beyond	the	 tip	of	 the	colonoscope
where	they	can	be	kept	in	view	and	withdrawn	with	the	scope	from	the	patient.	It	is	important,	when	sending	these
specimens	to	pathology,	to	properly	orient	the	polyp	to	indicate	the	base	where	the	resection	took	place	as	well	as
the	other	positions	of	the	lesion.	This	will	allow	the	pathologist	to	provide	important	information	as	to	the	margin
status	 for	 the	 resection.	Carcinoma	 in	 situ	as	well	as	 stage	 I	 invasive	carcinomas	 found	 in	a	well-pedunculated
polyp	can	be	treated	with	colonoscopic	resection,	as	described	previously,	and	no	further	surgical	management	is
needed	as	long	as	there	is	a	negative	margin	>2	mm	and	the	tumor	is	well	differentiated	without	lymphovascular
invasion	or	extension	of	malignant	cells	beyond	the	stalk	(Haggitt	levels	1	to	3).188	If	these	criteria	are	not	met,
further	therapy	is	required.	It	is	for	this	reason	that	it	is	often	helpful	to	mark	the	site	of	the	polyp	resection	with
an	agent	that	will	leave	a	“tattoo”	to	guide	additional	intervention.

Larger	lesions	with	a	broad	base	or	sessile	lesions	are	best	biopsied	to	make	a	diagnosis	rather	than	resected
using	 the	colonoscope.	The	 risk	of	perforation	or	 inadequate	 resection	margins	 is	greatly	 increased	with	broad-
based	and	sessile	lesions.	Multiple	biopsies	should	be	taken	in	order	to	determine	whether	the	lesion	harbors	an
invasive	cancer,	and	further	resection	decisions	are	made	based	on	the	pathologic	findings.	In	cases	where	there	is
low	suspicion	 for	malignancy,	an	endoscopic	mucosal	or	 submucosal	 resection	may	be	attempted,	usually	by	a
gastroenterologist	with	advanced	interventional	endoscopic	expertise.	However,	if	such	a	lesion	is	left	behind,	it	is
of	critical	importance	to	note	the	position	of	the	lesion	in	order	that	it	might	be	more	easily	found	if	a	subsequent
procedure	 is	 required.	 In	 addition	 to	 determining	 the	 depth	 of	 insertion	 of	 the	 scope,	 which	 can	 be	 highly
inaccurate	with	flexible	 instruments,	other	 landmarks	 including	 the	appendiceal	orifice	or	 ileocecal	valve	 in	 the
cecum	 and	 the	 liver/splenic	 shadows	 at	 the	 flexures	 should	 be	 noted.	 The	most	 important	 step,	 however,	 is	 to
properly	mark	the	polyp	site	with	1	mL	of	tattoo	injected	submucosally	in	each	of	four	quadrants	for	definitive
intra-	and	extraluminal	recognition	at	a	later	date.189

For	lesions	that	cannot	be	resected	through	the	scope	or	are	found	to	be	invasive	carcinomas	that	are	sessile	or
broad	based,	a	variety	of	surgical	resections	can	be	employed	depending	on	the	position	of	 the	 lesion	and	its	T
stage.	It	is	important	to	keep	in	mind,	however,	that	the	formal	staging	of	the	lesion	does	not	occur	until	after	the
resection	 is	 completed;	 therefore,	 if	 there	 is	 any	 suspicion	of	 an	 invasive	carcinoma	being	present,	 a	definitive
oncologic	resection	should	be	performed.190

Bowel	Preparation
An	important	part	of	the	preoperative	regimen	for	a	colon	resection	is	the	proper	cleansing	of	the	bowel	in	order	to
reduce	 the	risk	of	postoperative	complications	as	well	as	 to	allow	for	easier	visualization	during	 the	procedure,
particularly	with	the	laparoscopic	approach.	A	variety	of	regimens	have	been	described,	and	there	are	many	that
have	 demonstrated	 efficacy.191,192	 Although	 there	 are	 several	 choices	 described	 in	 the	 literature,	 the	 basic
components	 of	 a	 bowel	 preparation	 are	 a	 mechanical	 cleansing	 of	 the	 bowel	 using	 a	 cathartic	 or	 volume-
displacing	 agent	 and	 appropriate	 antibiotic	 prophylaxis.193,194	 Recently,	 some	 studies	 have	 suggested	 that
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mechanical	bowel	preparation	may	be	unnecessary;	however,	this	remains	controversial.195,196
For	rectal	and	low	sigmoid	tumors,	a	number	of	surgeons	also	perform	distal	rectal	washout	prior	to	resection,

with	the	professed	intention	of	eliminating	exfoliated	intraluminal	cancer	cells	that	may	increase	local	recurrence
risk.	There	has	been	little	evidence	to	support	 this	 theory,	and	washout	has	not	been	routinely	recommended	as
standard	practice.	However,	a	recent	meta-analysis	of	nine	studies	and	5,395	patients	is	the	first	to	demonstrate	a
significant	 benefit	 to	 this	 maneuver	 with	 a	 nearly	 twofold	 reduction	 in	 local	 recurrence	 rates	 (5.79%	 versus
10.05%,	P	<	.00001).	Although	the	lack	of	randomized	controlled	trials	limits	the	strength	of	this	data,	the	authors
conclude	 that	 distal	 washout	 should	 be	 reconsidered	 in	 all	 patients	 given	 the	 minimal	 cost,	 time,	 and	 risk	 it
entails.197

Anatomic	Resection
For	invasive	carcinomas	of	the	colon,	stages	I	to	III,	the	surgical	approach	will	be	dictated	by	the	size	and	location
of	lesions	in	the	colon.198,199	The	location	will	determine	what	region	of	bowel	is	removed,	and	the	extent	of	its
resection	is	dictated	by	its	vascular	and	lymphatic	supply.

Resection	of	the	Right	Colon
Lesions	 in	 the	 cecum	and	 ascending	 colon	 are	managed	with	 a	 right	 hemicolectomy	 (Fig.	 62.3A,B).	 The	 right
colon	is	mobilized	from	the	retroperitoneum	by	incising	its	retroperitoneal	attachments,	taking	care	to	avoid	injury
to	 the	ureter,	 inferior	vena	cava,	duodenum,	and	gonadal	vessels.	The	colon	 is	mobilized	from	the	 ileum	to	 the
transverse	colon,	taking	care	at	the	hepatic	flexure	not	to	injure	the	gallbladder	or	duodenum.	The	ileocolic,	right
colic,	and	right	branch	of	middle	colic	vessels	are	then	ligated	and	divided.	A	proximal	ligation	in	order	to	allow
for	the	removal	of	colonic	mesentery	along	with	LNs	is	performed	for	staging	purposes.	Once	the	vascular	supply
is	divided	and	the	intervening	mesenteric	tissue	ligated	and	divided,	attention	can	be	addressed	to	the	resection	of
the	colonic	tissue.
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Figure	62.3	A:	Surgical	resection	for	a	cecal	or	ascending	colon	cancer.	B:	Surgical	resection	for	a
cancer	at	the	hepatic	flexure.	C:	Surgical	resection	for	a	descending	colon	cancer.	D:	Preferred
surgical	procedure	for	cancer	of	the	middle	and	proximal	sigmoid	colon.	In	poor-risk	patients,	the
inferior	mesenteric	artery	and	the	left	colic	artery	may	be	preserved.	E:	Surgical	resection	for
cancer	of	the	rectosigmoid.	F:	A	more	radical	surgical	resection	for	cancer	of	the	rectosigmoid.

There	are	a	variety	of	 techniques	 for	dividing	 the	colon.	This	 can	be	done	between	clamps	using	 scalpel	or
using	a	variety	of	stapling	devices.	One	method	would	be	to	use	a	linear	GI	anastigmatic	stapler.	After	making	a
small	hole	just	below	the	colonic	wall	through	the	mesentery	at	the	point	chosen	for	resection,	the	stapler	can	be
positioned	across	the	colon	and	fired,	thus	dividing	the	tissue.	This	is	then	repeated	across	the	ileum	just	proximal
to	 the	 ileocecal	 valve.	 Once	 divided,	 all	 remaining	mesenteric	 tissue	 is	 carefully	 ligated	 and	 divided,	 and	 the
colonic	specimen	can	be	removed.	Although	a	no-touch	“technique”	has	been	advocated	in	the	past,	studies	have
demonstrated	 that	 this	has	no	 influence	on	recurrence	or	seeding	of	distant	disease.200	Once	 the	right	colon	has
been	removed,	 intestinal	continuity	can	be	reestablished	by	creating	an	anastomosis	between	the	terminal	 ileum
and	the	remaining	transverse	colon	using	either	a	hand-sewn	or	stapled	technique.

Resection	of	the	Transverse	Colon
For	 lesions	 located	 in	 the	 transverse	 colon,	 a	 variety	 of	 approaches	 can	 be	 undertaken.	 Those	 lesions	 that	 are
proximal	 and	 near	 the	 hepatic	 flexure	 can	 be	 resected	 with	 an	 extended	 right	 hemicolectomy.	 This	 extension
should	 encompass	 up	 to	 and	 include	 the	 middle	 colic	 vessel.	 The	 advantage	 of	 such	 a	 resection	 over	 a	 true
transverse	colectomy	 is	 that	 the	anastomosis	performed	 to	 restore	 intestinal	 continuity	 involves	an	anastomosis
between	 the	 ileum	 and	 the	 remaining	 colon.	Due	 to	 the	 improved	 blood	 supply	 delivered	 by	 the	 small	 bowel
mesentery,	 there	 is	 a	 decreased	 risk	 of	 an	 anastomotic	 leak	 in	 an	 ileocolic	 as	 opposed	 to	 a	 colocolic
anastomosis.190	 Likewise,	 a	 lesion	 in	 the	 distal	 transverse	 colon	 can	 be	 resected	 with	 an	 extended	 left
hemicolectomy,	 which	 is	 described	 in	 more	 detail	 in	 the	 following	 section.	 For	 those	 lesions	 that	 are	 in	 the
midportion	of	the	transverse	colon,	however,	a	transverse	colectomy	can	be	performed.	This	procedure	requires
mobilization	of	the	right	colon	in	order	to	allow	this	tissue	to	be	brought	over	for	an	anastomosis	following	the
resection.

The	omentum	is	divided	from	the	greater	curvature	of	the	stomach	up	to	and	including	its	attachments	at	the
splenic	helium.	The	omentum	can	often	be	a	source	of	micrometastatic	disease	and	therefore	its	resection	at	the
time	 a	 transverse	 colectomy	 is	 indicated.	After	 dividing	 the	 omentum	 and	mobilizing	 the	 right	 and	 transverse
colon	up	 to	and	 including	 the	splenic	flexure,	 the	middle	colic	artery	 is	 ligated	at	 its	 trunk,	and	smaller	vessels
from	the	right	and	left	colic	artery	branches	can	be	ligated	and	divided	as	required.	A	linear	stapler	can	once	again
be	used	 to	divide	 the	 colonic	 tissue,	 and	 then	 the	mobilized	 right	 colon	can	be	 anastomosed	 to	 the	descending
colon	 in	 an	 end-to-end	 fashion	 using	 a	 hand-sewn	 anastomosis	 or	 using	 a	 side-to-side	 stapled	 technique.
Depending	 on	 the	 size	 of	 the	 transverse	 colon,	 however,	 it	 is	 often	 safer	 and	 easier	 to	 resect	 the	 right	 and
transverse	 colon	 and	 connect	 the	 ileum	 to	 the	descending	 colon.	This	 allows	 enough	 colonic	 reserve	 for	water
absorption	and	normal	bowel	movements.

Resection	of	the	Descending	and	Sigmoid	Colon
For	 lesions	 in	 the	 proximal	 descending	 colon,	 the	 splenic	 flexure	 is	mobilized	 and	 the	 left	 colic	 artery	 can	 be
ligated	and	divided	with	the	portion	of	colon	removed	by	mobilizing	the	splenic	flexure	and	dividing	the	omentum
(Fig.	62.3C,D).	The	transverse	colon	can	be	brought	over	to	the	region	of	the	sigmoid	colon	for	anastomosis.	For
lesions	in	the	midportion	of	the	descending	colon,	a	left	hemicolectomy	can	be	performed,	taking	care	to	ligate	the
left	 colic	 vessel	 along	with	 some	 sigmoidal	 branches	 and	 taking	 an	 adequate	 portion	 of	mesentery	 for	 staging
purposes.

For	lesions	that	involve	the	sigmoid	colon,	a	sigmoid	colectomy	can	be	performed	with	margins	of	resection	on
either	 side	 of	 the	 lesion.	 The	 descending	 colon	 is	mobilized	 (together	with	 the	 splenic	 flexure	 as	 needed)	 and
connected	to	the	rectum	using	either	a	hand-sewn	anastomosis	or	stapling	device.	The	mesentery	can	be	divided
either	at	the	level	of	the	sigmoidal	branches	with	preservation	of	the	left	colic	artery	or	at	the	origin	of	the	inferior
mesenteric	 pedicle	 (Fig.	 62.3E,F).	 Although	 the	 latter	 approach	 is	 preferred	 by	 some	 to	 achieve	 greater
mobilization	and	higher	LN	counts,	neither	this	nor	a	more	extensive	left	hemicolectomy	has	resulted	in	improved
survival.

The	approaches	to	the	resection	of	lesions	below	the	peritoneal	reflection	are	discussed	in	Chapter	63.



Total	Abdominal	Colectomy
For	patients	with	ulcerative	colitis	or	familial	polyposis	syndrome	who	either	have	evidence	of	invasive	carcinoma
or	are	at	significant	risk	for	the	development	of	invasive	carcinoma,	a	total	abdominal	colectomy	may	be	required.
This	 can	 be	 performed	 by	 mobilization	 of	 the	 right	 colon,	 transverse	 colon	 along	 the	 omentum,	 taking	 the
omentum	as	part	of	 the	 resection,	 the	hepatic	 and	 splenic	 flexures,	 as	well	 as	 the	complete	mobilization	of	 the
descending	colon	down	to	the	peritoneal	reflection.	Ligation	of	the	ileocolic,	right	colic,	middle	colic,	left	colic,
and	sigmoid	branches	will	allow	for	removal	of	the	colon	down	to	the	peritoneal	reflection.	For	ulcerative	colitis
and	 familial	 polyposis	 syndromes	without	 evidence	of	 carcinoma	below	 the	peritoneal	 reflection,	 the	operation
can	be	terminated	at	this	point	with	ileorectal	anastomoses	and	careful	surveillance	of	the	remaining	rectum	via
proctoscopy.	However,	 in	order	 to	 remove	all	 tissue	at	 risk	 for	 further	 lesions,	a	 total	proctocolectomy	 is	often
advocated.201,202	Although	this	procedure	can	be	performed	as	an	abdominal	perineal	resection	with	a	permanent
end	ileostomy,	most	surgeons	now	advocate	one	of	many	continent	pull-through	procedures	in	order	to	preserve
fecal	continence	in	a	patient	population	that	 is	often	very	young.	Such	procedures	provide	very	good	control	of
continence	and	a	relatively	normal	lifestyle.203

Complete	Mesocolic	Excision
Recently,	and	primarily	in	European	centers,	there	has	been	a	movement	toward	more	radical	lymphadenectomy
in	the	treatment	of	colon	cancer.	Proponents	of	this	technique	argue	that	the	same	principles	of	total	mesenteric
excision,	which	is	now	standard	of	care	for	rectal	cancer	and	associated	with	indisputable	oncologic	benefit	(see
Chapter	90),	should	be	applied	to	colon	resection	as	well.	Prospective	randomized	data	is	unavailable	at	this	time,
and	prior	results	have	been	inconsistent,	but	a	number	of	new	studies	lend	support	to	this	approach.	Storli	et	al.204
analyzed	a	cohort	of	patients	with	stage	I	to	II	tumors	from	the	cecum	to	the	rectosigmoid,	89	of	whom	underwent
complete	mesocolic	excision	(CME)	with	high	vascular	ligation,	whereas	105	underwent	the	standard	technique.
Three-year	OS	and	DFS	were	significantly	better	in	the	CME	group	(88.1%	versus	79%	and	82.1%	versus	74.3%,
respectively),	which	suggests	an	advantage	to	more	radical	resection	even	when	no	LN	metastases	are	removed.204
Galizia	et	al.205	 reported	similarly	positive	 results	when	right-sided	cancers	were	examined	alone.	Compared	 to
historical	controls,	patients	undergoing	CME	experienced	over	a	50%	reduction	in	the	risk	of	cancer-related	death
as	well	as	increased	detection	of	tumor	deposits,	allowing	them	to	benefit	from	chemotherapy	for	upstaged	N1c
disease.	 In	 addition,	 for	 patients	with	node-positive	 tumors	undergoing	CME,	 the	disease-specific	 survival	 rate
was	significantly	increased	(88%	versus	50%;	P	=	.05).	Although	further	validation	of	these	results	is	necessary,
the	authors	advocate	urgent	standardization	and	dissemination	of	this	approach.204,205

SURGICAL	MANAGEMENT	OF	COMPLICATIONS	FROM	PRIMARY	COLON
CANCER
Patients	with	primary	 lesions	of	 the	colon	can	present	with	obstruction,	bleeding,	and	perforation.	The	surgical
management	 of	 these	 patients	 can	 be	 complex,	 requiring	 intraoperative	 decisions	 tailored	 to	 the	 situation
encountered.	Blood	per	 rectum	can	be	one	of	 the	most	 frightening	 experiences	 for	patient	 and	physician	 alike.
Bleeding	 from	 a	 CRC	 can	 occur	 anywhere	 from	 the	 cecum	 to	 the	 distal	 rectum.	 Although	 bleeding	 can	 be
temporized	with	endoscopic	fulguration	and	the	patient	supported	with	transfusion,	definitive	management	of	the
lesion	with	either	surgery	or	radiation	therapy	will	ultimately	be	required.	Other	maneuvers	such	as	angiographic
embolization	may	 provide	 only	 a	 temporary	 solution.	 Fortunately,	 life-threatening	 hemorrhage	 due	 to	 a	 colon
cancer	primary	is	a	rare	occurrence.	More	often,	these	lesions	lead	to	a	chronic	blood	loss,	resulting	in	anemia.

Colonic	 obstruction	 due	 to	 a	 primary	 tumor	 is	 not	 uncommon.	 Obstructing	 colon	 lesions	 present	 several
important	issues.	First,	the	acute	obstruction	must	be	managed.	Ideally,	an	exploration	with	resection	of	the	tumor
and	primary	anastomosis	with	or	without	a	diversion	is	ideal.	However,	given	the	fact	that	the	operation	will	be
performed	on	unprepared	bowel	and	the	patient’s	physical	condition	may	be	less	than	optimal,	resection	without
an	anastomosis	and	an	end	colostomy	should	be	considered.	In	some	instances,	the	obstructing	lesion	may	present
significant	 technical	 hurdles	 for	 resection	 in	 the	 setting	 of	 an	 acutely	 dehydrated	 and	 ill	 patient.	 In	 these
circumstances,	a	decompression	maneuver	that	can	be	performed	rapidly	and	with	minimal	morbidity	such	as	a
transverse	 loop	 colostomy	or	 a	 colostomy	and	mucous	 fistula	 can	be	performed	 to	 temporize	 the	 situation	 and
allow	the	patient	to	be	prepared	and	resuscitated	adequately	for	a	definitive	resection	at	a	second	exploration.
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Bypass	 operations	 should	 be	 reserved	 only	 for	 the	most	 extreme	 circumstances	 as	 complications	 following
these	procedures	due	to	repeat	obstructions	and	leakage	with	abdominal	sepsis	are	not	insignificant.

Another	option	is	to	place	an	endoscopic	stent	either	for	temporary	decompression	or	for	definitive	palliation
of	unresectable	lesions.	Multiple	studies	over	the	past	10	years	have	demonstrated	the	feasibility	and	safety	of	this
maneuver	in	selected	patients.206–211	As	a	bridge	to	surgery,	stenting	can	provide	a	minimally	invasive	means	for
converting	an	emergency	situation	into	an	elective	one,	allowing	time	for	resuscitation,	bowel	prep,	and	adjuvant
therapies.	 In	 a	 small	 randomized,	 controlled	 trial	 from	 2009,	 Cheung	 et	 al.212	 reported	 additional	 advantages
including	significantly	reduced	rates	of	perioperative	morbidity	and	stoma	creation.

Although	 short-term	data	 seem	 to	 support	 the	 use	 of	 self-expanding	metallic	 stents	 (SEMSs)	 as	 a	 bridge	 to
surgery,	 long-term	 results	 are	 conflicting.213,214	 Sabbagh	 et	 al.215	 performed	 a	 head-to-head,	 intention-to-treat
analysis	of	87	patients	undergoing	either	stenting	or	emergency	surgery,	using	a	propensity	score	 to	correct	 for
selection	bias.	OS	at	3	and	5	years	was	significantly	better	in	the	surgery	group	(66%	versus	44%,	P	=	.015,	and
62%	 versus	 25%,	 P	 =	 .0003,	 respectively)	 and	 remained	 superior	 even	 when	 patients	 with	 perforation	 and
metastatic	disease	were	excluded	(74%	versus	51%,	P	=	.02,	and	67%	versus	30%,	P	=	.001,	respectively).	Five-
year	cancer-specific	mortality	was	significantly	higher	in	the	SEMS	group	(48%	versus	21%,	P	=	.02),	and	there
were	 trends	 toward	worse	 5-year	DFS	 and	 increased	 recurrence	 as	well	 as	mean	 time	 to	 recurrence.	Based	 on
these	 findings,	 the	 authors	 have	markedly	 changed	 their	management	 of	 left-sided	malignant	 obstruction,	 now
reserving	SEMS	strictly	 for	palliative	 indications	and	patients	with	high	postoperative	mortality	 risk.215	On	 the
other	 hand,	 a	 more	 recent	 study	 with	 10-year	 follow-up	 reports	 more	 positive	 outcomes.	 In	 this	 prospective
analysis	of	97	patients	from	Belgium,	technical	success	of	stenting	was	94.8%,	with	similar	survival	at	1	year,	5
years,	and	10	years	compared	to	national	data	across	the	same	time	period.216

LAPAROSCOPIC	COLON	RESECTION
Since	its	introduction	to	the	field	of	general	surgery	for	gallbladder	resection,	the	use	of	laparoscopic	surgery	has
found	 increasing	 applications.217	 Laparoscopic	 surgery	 has	 become	 a	 particularly	 important	 addition	 to	 the
armamentarium	 of	 the	 surgical	 oncologist.	 The	 use	 of	 laparoscopy	 for	 the	 staging	 of	 the	 extent	 of	 disease	 for
peritoneal	 malignancies,	 pancreatic	 cancer,	 colon	 cancer,	 and	 gastric	 cancer	 is	 now	 widely	 accepted.218–220
Laparoscopic	 resection	 has	 also	 found	 a	 niche	 for	 the	 removal	 of	 adrenal	 tumors,	 the	 spleen,	 and	 distal
pancreas.221,222	 The	 use	 of	 laparoscopic	 approaches	 for	 the	 resection	 of	malignant	 lesions	 in	 the	 colon	 is	 now
becoming	more	common.

With	 the	 increasing	 application	 of	 laparoscopic	 techniques	 to	 colon	 cancer	 surgery,	 concerns	 ranging	 from
inadequacy	 of	 resection	 margins,	 inadequacy	 of	 LN	 sampling,	 and	 the	 potential	 seeding	 of	 port	 sites	 with
malignant	 cells	 have	 been	 raised.223–225	 Although	 these	 concerns	 are	 important,	 there	 are	 several	 potential
advantages	 for	 laparoscopic	approaches	 to	 the	surgical	management	of	colon	cancer.	 Issues	 regarding	 length	of
incision,	 patient	 recovery	 time,	 and	 return	 to	 bowel	 function	 are	 often	 cited	 as	 justification	 for	 a	 laparoscopic
approach.	However,	just	as	important	are	the	technical	advantages	of	surgery	utilizing	laparoscopic	systems.	The
improved	 visualization	 due	 to	 magnification	 provided	 by	 video	 laparoscopy	 allows	 much	 more	 intricate	 and
careful	dissections	in	the	deep	pelvis,	which	could	potentially	reduce	postoperative	morbidity	from	low	anterior
resections	that	utilize	a	mesorectal	excision	technique.	The	ability	to	carefully	trace	vessels	in	the	mesentery	under
magnification	could	improve	the	ability	to	perform	high	ligations	in	order	to	retrieve	a	greater	number	of	LNs	for
sampling.

The	technical	difficulties	faced	during	laparoscopic	resection	of	the	colon	relate,	in	general,	to	the	size	of	the
specimen	being	removed	and	the	need	to	perform	an	anastomosis.	Each	of	these	can	be	overcome	through	careful
placement	of	 incisions	 for	 specimen	 removal	as	well	as	a	 judicious	use	of	 stapling	devices	 in	order	 to	perform
both	 intracorporeal	 as	 well	 as	 a	 combination	 of	 intracorporeal	 and	 extracorporeal	 anastomotic	 techniques.	 A
number	of	 studies	have	examined	 the	RRs	and	benefits	of	 the	 laparoscopic	 resection	of	 colon	cancer.223,226–228
The	 three	most	 significant	 randomized	 trials	 to	 definitively	 address	 this	 issue	 over	 the	 past	 decade	 include	 the
Clinical	 Outcomes	 of	 Surgical	 Therapy	 (COST)	 study,	 the	 CLASICC	 trial,	 and	 the	 European	 Colon	 Cancer
Laparoscopic	or	Open	Resection	(COLOR)	trial.

The	COST	 study	group	 examined	both	 the	 oncologic	 outcomes	with	 respect	 to	DFS	 and	OS	 as	well	 as	 the
impact	of	 laparoscopic	versus	open	surgery	on	patient	 recovery,	pain	management,	and	 time	 to	return	of	bowel
function.	An	initial	 report	on	quality	of	 life	showed	only	a	modest	short-term	benefit	 for	 laparoscopic	resection
versus	a	conventional	open	procedure,229	but	 the	overall	 results	of	 the	 trial	with	 respect	 to	oncologic	outcomes



demonstrated	equivalence	between	the	laparoscopic	and	open	approach.230
Long-term	 follow-up	 from	 the	 corresponding	 U.K.	 randomized	 study	 (CLASICC	 Trial	 Group),	 which	 was

similarly	 designed	 to	 compare	 laparoscopic	 to	 conventional	 surgery	 for	 colon	 and	 rectal	 cancer	 and	 initially
reported	noninferiority	results	in	2007,	lends	further	support	to	the	laparoscopic	approach.	With	a	median	follow-
up	of	62.9	months	 (range,	22.9	 to	92.8	months),	 the	authors	 found	no	statistically	significant	differences	 in	OS
(82.7%	versus	78.3%),	DFS	(77%	versus	89.5%),	or	local	recurrence.231,232

Finally,	 long-term	 data	 from	 the	 COLOR	 study	 also	 uphold	 the	 conclusions	 of	 the	 COST	 and	 CLASICC
studies.	In	keeping	with	previously	published	3-	and	5-year	results	showing	similar	outcomes,	10-year	follow-up
of	the	329	Dutch	patients	included	in	this	trial	demonstrated	similar	rates	of	DFS,	OS,	and	recurrence	between	the
two	approaches.233

A	 case-matched	 comparison	 of	 clinical	 and	 financial	 outcomes	 following	 laparoscopic	 and	 open	 colorectal
surgery	has	been	performed.224	The	group	at	 the	Cleveland	Clinic	 studied	patients	 from	a	prospective	database
who	 had	 undergone	 laparoscopic	 or	 open	 colectomy	 and	 were	 matched	 for	 age,	 gender,	 and	 disease-related
groupings.	A	 group	 of	 150	 patients	 undergoing	 laparoscopic	 colectomy	was	 compared	 to	 a	matched	 group	 of
patients	 undergoing	 open	 colectomy.	 There	 was	 no	 difference	 found	 between	 the	 two	 groups	 for	 diagnosis,
complications,	 or	 30-day	 readmission	 rate.	 Although	 operating	 room	 costs	 were	 significantly	 higher	 after
laparoscopic	 colectomy,	 this	was	offset	 by	 a	 decrease	 in	 the	 length	of	 hospital	 stay	with	 an	overall	 significant
reduction	 in	 total	 costs.	 This	 is	 attributed	mainly	 to	 a	 lower	 cost	 for	 pharmacy,	 laboratory,	 and	ward	 nursing
expenses.

As	 laparoscopic	 colectomy	 is	 becoming	 more	 widely	 adopted	 in	 the	 setting	 of	 increasingly	 robust	 and
supportive	data,	exploration	of	other	minimally	invasive	approaches	to	resection	is	ongoing.	Early	studies	report
the	 feasibility	 and	 safety	 of	 single	 port	 surgery,	 or	 single-incision	 laparoscopic	 colectomy	 (SILC),	 as	 well	 as
equivalent	oncologic	outcomes	at	2	years,	and	 robotic	colectomy	has	also	been	performed	although	 its	greatest
potential	is	thought	to	lie	with	rectal	dissection.234–241

Natural	orifice	surgery	is	another	area	of	interest	with	data	accumulating	on	transvaginal	specimen	extraction
as	well	 as	 a	 pure	 transrectal	 approach.242–244	Whether	 any	of	 these	 novel	modalities	will	 offer	 real	 advantages
(other	than	cosmesis)	to	offset	the	significant	drawbacks	of	increased	technical	difficulty,	operating	time,	and	cost
remains	to	be	seen.

POLYPS	AND	STAGE	I	COLON	CANCER
The	management	of	polyps	and	stage	I	colon	cancer	 is	 through	surgical	 resection.	Most	cancer	 in	polyps	 is	not
diagnosed	until	after	the	polypectomy	is	performed.	Therefore,	with	respect	to	pedunculated	lesions,	care	should
be	taken	to	resect	the	stalk	completely,	down	to	its	base.	Invasive	early	stage	I	cancers	found	in	a	polyp	managed
by	 polypectomy	 do	 not	 require	 further	 resection	 if	 there	 is	 a	 negative	 margin	 >2	 mm	 and	 the	 tumor	 is	 well
differentiated	without	lymphovascular	invasion	or	extension	of	malignant	cells	beyond	the	stalk	(Haggitt	levels	1
to	3).188,245	Sessile	 lesions	 that	are	biopsied	and	shown	to	harbor	an	 invasive	cancer	should	be	managed	with	a
segmental	colon	resection.	Large	polypoid	lesions	may	also	require	a	segmental	resection.

Because	 the	 stage	 of	 the	 lesion	 will	 not	 be	 determined	 until	 after	 the	 resection,	 all	 colon	 cancer	 lesions
managed	with	a	segmental	resection	should	be	approached	the	same	way.	The	type	of	resection	will	be	dictated	by
the	 location	of	 the	 lesion,	as	has	been	described.	Following	a	complete	 resection	of	a	stage	 I	 lesion,	no	 further
adjuvant	therapy	is	required.	Patients	managed	in	this	way	can	expect	a	5-year	survival	of	over	95%.245	Those	that
recur	are	most	likely	improperly	classified	stage	II	or	III	lesions.

STAGE	II	AND	STAGE	III	COLON	CANCER
Adjuvant	Chemotherapy	Considerations
The	earliest	clinical	 trials	of	adjuvant	chemotherapy	 in	colon	cancer	were	conducted	 in	 the	1950s,	utilizing	 the
limited	arsenal	of	anticancer	agents	that	were	available	at	that	time.	Many	of	these	agents	are	now	known	to	have
no	meaningful	activity	in	metastatic	CRC,	and	thus	would	not	be	studied	in	the	adjuvant	setting	today.

The	adjuvant	trials	of	the	1950s	to	the	mid-1980s	tended	to	be	small	by	current	standards.	Based	perhaps	on	an
unrealistically	optimistic	expectation	of	what	magnitude	of	benefit	might	be	achieved	from	the	use	of	available
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chemotherapies,	 the	 size	 of	 the	 trials	 did	 not	 allow	 evaluation	 of	more	modest	 clinical	 benefits.	A	 large	meta-
analysis	 of	 controlled	 randomized	 trials	 of	 adjuvant	 therapy	 published	 through	 1986	 indicated	 a	 nonsignificant
trend	 toward	 an	OS	 benefit,	 with	 a	mortality	OR	 of	 0.83	 in	 favor	 of	 therapy	 (95%	CI,	 0.70	 to	 0.98).246	 This
sobering	analysis	suggested	that	substantially	larger	trials	would	be	needed	to	detect	the	modest	advantages	that
available	chemotherapies	might	afford.

Large-Scale	Randomized	Trials
The	large-scale	5-FU	trials	have	been	well	summarized	previously,	and	the	reader	who	is	interested	in	the	details
is	 referred	 to	 subject-relevant	 chapters	 in	 the	previous	 edition	of	 this	 book.247	The	outcome	of	numerous	 trials
performed	 largely	 in	 the	1990s	can	be	briefly	summarized	as	 follows.	Trials	comparing	5-FU–based	 therapy	 to
surgery	only	demonstrated	a	clear	benefit	in	terms	of	5-year	DFS	(essentially,	an	increased	cure	rate)	for	stage	III
patients	who	received	chemotherapy.248,249	A	 total	of	6	months	of	chemotherapy	was	 sufficient,	 and	no	 further
benefit	was	provided	by	extending	treatment	to	either	9	or	12	months.	Levamisole,	an	agent	initially	thought	to	be
active,	was	in	fact	inactive,	and	high-dose	leucovorin	did	not	confer	superior	efficacy	over	low-dose	leucovorin,
so	comparisons	of	various	5-FU/leucovorin	schedules	did	not	demonstrate	clear	superiority	of	one	schedule	over
the	other	in	terms	of	efficacy.	However,	the	Mayo	Clinic	daily	times	five	schedule	was	substantially	more	toxic
than	either	weekly	bolus	of	biweekly	infusion	schedules.	Interferon-α	conferred	substantial	toxicity	and	provided
no	benefit.250–254

Oral	Fluoropyrimidine	Therapies
Oral	administration	of	5-FU	proved	to	be	problematic	secondary	to	erratic	bioavailability.	This	was	likely	due	in
large	part	to	variable	effects	of	DPD,	the	rate-limiting	enzyme	in	catabolism	of	5-FU,	on	the	first-pass	clearance
of	 oral	 5-FU	 by	 the	 liver.	 Two	 oral	 5-FU	 prodrugs,	 capecitabine	 and	 uracil/tegafur	 (UFT),	 have	 demonstrated
efficacy	in	metastatic	disease	that	is	comparable	to	the	Mayo	Clinic	schedule	of	parenteral	5-FU/leucovorin.	Both
of	these	agents	have	now	been	studied	in	the	adjuvant	setting	in	comparison	to	the	now	defunct	Mayo	Clinic	5-FU
schedule.	 In	 a	 study	 designed	 to	 assess	 for	 noninferiority	 in	 3-year	DFS,	 Twelves	 et	 al.255	 randomly	 assigned
1,987	patients	with	 resected	 stage	 III	 colon	cancer	 to	 receive	either	oral	 capecitabine	 (1,004	patients)	or	Mayo
Clinic	 bolus	 5-FU	 plus	 leucovorin	 (983	 patients).	 Each	 treatment	 was	 planned	 for	 24	 weeks.	 DFS	 in	 the
capecitabine	group	was	at	least	equivalent	to	that	in	the	5-FU/leucovorin	group	(in	the	intention-to-treat	analysis
[P	 <	 .001]	 for	 the	 comparison	 of	 the	 upper	 limit	 of	 the	 HR	 with	 the	 noninferiority	 margin	 of	 1.20),	 and
capecitabine	resulted	 in	significantly	fewer	adverse	events	 than	Mayo	Clinic	bolus	5-FU/leucovorin	(P	<	 .001).
Overall,	this	trial	demonstrates	that	capecitabine	is	a	reasonable	alternative	to	intravenous	5-FU/leucovorin	in	the
adjuvant	treatment	of	colon	cancer	in	reliable,	motivated	patients	who	are	able	to	comply	with	a	complex	schedule
of	oral	medication.	However,	as	discussed	in	the	following	text,	although	possibly	appropriate	for	some	stage	II
patients,	 5-FU/leucovorin	 alone	 is	 no	 longer	 the	 standard	 postsurgical	 adjuvant	 treatment	 for	 stage	 III	 colon
cancer.	 As	 such,	 the	 role	 of	 single-agent	 capecitabine	 in	 the	 adjuvant	 management	 of	 resected	 colon	 cancer
remains	 limited	 at	 this	 time.	 Data	 supporting	 its	 use	 with	 concurrent	 intravenous	 oxaliplatin	 are	 discussed
subsequently.

The	NSABP	C-06	trial	assessed	the	use	of	oral	UFT	plus	oral	 leucovorin	in	the	treatment	of	stage	II	and	III
colon	cancer.256	A	 total	of	1,608	patients	with	 stage	 II	 (47%)	and	stage	 III	 (53%)	colon	cancer	were	 randomly
assigned	to	receive	either	oral	UFT	with	leucovorin	or	intravenous	5-FU	with	leucovorin.	With	a	median	follow-
up	of	62.3	months,	there	were	no	significant	differences	in	DFS	or	OS	between	the	treatment	groups.	Toxicity	and
primary	 quality-of-life	 end	 points	 were	 similar	 in	 the	 two	 groups.	 As	 such,	 similar	 to	 the	 situation	 with
capecitabine,	 the	 combination	 of	 oral	 UFT	 with	 leucovorin	 is	 an	 acceptable	 alternative	 to	 parenteral	 5-
FU/leucovorin;	however,	use	of	fluoropyrimidine	plus	leucovorin	alone	is	no	longer	routine	standard	practice	(see
the	following	text)	in	the	adjuvant	treatment	of	at	least	stage	III	disease.	Furthermore,	UFT	is	not	commercially
available	in	the	United	States.

S-1	is	another	oral	fluoropyrimidine	used	primarily	in	Japan	for	the	treatment	of	gastric	and	pancreatic	cancers,
similar	 to	UFT,	but	with	 the	potential	advantage	of	 lower	cost.	A	recent	open-label	 randomized	controlled	 trial
comparing	the	two	drugs	in	the	adjuvant	setting	for	stage	III	colon	cancer	confirmed	the	noninferiority	of	S-1	in
terms	of	DFS.257

Combination	Adjuvant	Therapies



Clinical	trials	in	the	metastatic	setting	have	established	the	antitumor	activity	of	combinations	of	agents,	including
irinotecan,	 oxaliplatin,	 bevacizumab,	 cetuximab,	 and	 panitumumab	 (see	 discussion	 of	 treatment	 of	 metastatic
disease	for	more	details).	Although	it	had	been	assumed	that	activity	in	the	metastatic	setting	would	translate	into
an	 increased	 cure	 rate	 in	 the	 adjuvant	 setting,	 this	 assumption	has	 turned	out	 to	 be	overly	 simplistic	 and	often
untrue.	Of	the	agents	listed	previously,	only	the	addition	of	oxaliplatin	to	fluoropyrimidines	has	resulted	in	benefit
in	the	adjuvant	setting.

Oxaliplatin
Oxaliplatin	plus	biweekly	infusional	5-FU/leucovorin	was	first	evaluated	in	the	adjuvant	setting	in	the	Multicenter
International	 Study	 of	 Oxaliplatin/5-Fluorouracil/Leucovorin	 in	 the	 Adjuvant	 Treatment	 of	 Colon	 Cancer
(MOSAIC)	trial.258	The	results	of	this	trial	are	summarized	in	Table	62.8.	A	total	of	2,246	stage	II	and	III	patients
were	 randomized	 to	 the	 LV5FU2	 regimen,	 a	 biweekly	 infusional	 and	 bolus	 5-FU/leucovorin	 regimen	 that	 has
been	demonstrated	to	have	comparable	efficacy	to	the	Mayo	Clinic	daily	times	five	bolus	schedule	in	the	adjuvant
setting	or	 to	 the	FOLFOX-4	 regimen	 (FOLFOX:	FOL	 for	 folinic	 acid	 [leucovorin],	F	 for	 fluorouracil,	OX	 for
oxaliplatin),	which	is	LV5FU2	plus	oxaliplatin	on	day	1.250	For	the	combined	stage	II	and	III	study	population,
the	5-year	DFS	rates	were	73.3%	and	67.4%	in	the	FOLFOX-4	and	LV5FU2	groups,	respectively	(HR,	0.80;	95%
CI,	0.68	to	0.93;	P	=	.003).258	Six-year	OS	rates	were	statistically	significantly	improved	by	2.5%	(78.5%	versus
76.0%	in	the	FOLFOX-4	and	LV5FU2	groups,	respectively;	HR,	0.84;	95%	CI,	0.71	to	1.00;	P	=	.046).	For	the
stage	III	population,	 the	6-year	OS	rates	were	improved	by	4.2%	(72.9%	versus	68.7%,	respectively;	HR,	0.80;
95%	CI,	 0.65	 to	 0.97;	P	 =	 .023),	whereas	 for	 the	 stage	 II	 population,	 the	 addition	 of	 oxaliplatin	 conferred	 no
survival	benefit	(6-year	survival	85.0%	and	83.3%,	respectively;	P	=	.65).	A	more	recent	update	showed	that	even
among	the	stage	II	patients	with	high-risk	factors,	an	improved	outcome	with	the	addition	of	oxaliplatin	was	not
evident.	Although	 toxicity	was	 regarded	as	manageable,	 the	FOLFOX-4	 regimen	 resulted	 in	41%	grade	3	or	4
neutropenia	versus	5%	in	the	control	arm	and	11%	grade	3	or	4	diarrhea	versus	7%.	ACM	in	the	first	60	days	was
0.5%	 in	 each	 arm.	 Peripheral	 sensory	 neuropathy,	 a	 toxicity	 not	 present	 in	 the	 LV5FU2	 control	 arm,	 was	 a
frequent	occurrence	in	the	FOLFOX-4	arm.	Grade	2	neuropathy	was	reported	in	32%	of	the	patients,	and	grade	3
occurred	 in	 12%.	 In	 some	 cases,	 the	 duration	 of	 the	 neuropathy	was	 substantial.	One	 year	 after	 completion	 of
therapy,	30%	of	patients	still	experienced	some	grade	of	neuropathy	(0.8%	grade	2	and	1.3%	grade	3).	Four	years
after	completion	of	therapy,	15.4%	still	had	some	degree	of	neuropathy,	and	0.7%	still	had	grade	3	neuropathy.	It
is	reasonable	to	assume	that	the	toxicity	still	present	at	4	years	out	from	the	last	treatment	is	essentially	permanent.

TABLE	62.8
Results	of	the	Mosaic	Trial:	Biweekly	Infusional	Fluorouracil/Leucovorin	versus	5-
Fluorouracil/Leucovorin	plus	Oxaliplatin	in	Patients	with	Stage	II	and	III	Colon	Cancer

	 FOLFOX	(%) 5FULV2	(%) P	Value
Five-year	disease-free	survival	(stage	II	+	III) 73.3 67.4 .003

Six-year	overall	survival	(stage	II	+	III) 78.5 76.0 .046

Six-year	overall	survival	(stage	III	only) 72.9 68.7 .023

Six-year	overall	survival	(stage	II	only) 85 83.3 .65

Grade	3–4	neutropenia 41 5 	

Grade	3–4	diarrhea 11 7 	

Grade	3	neuropathy 12 0 	

Grade	2	neuropathy 32 0 	
FOLFOX,	fluorouracil/leucovorin	plus	oxaliplatin;	5FULV2,	fluorouracil/leucovorin.

Long-term	data	from	the	MOSAIC	trial	support	earlier	conclusions	with	regard	to	the	benefit	of	oxaliplatin	in
the	adjuvant	treatment	of	patients	with	resected	stage	III	colon	cancer.	In	fact,	 the	gain	in	absolute	OS	with	the
FOLFOX-4	regimen	was	noted	to	increase	from	the	6-year	follow-up	data,	from	2.2%	to	4.6%.	Specifically,	10-
year	OS	rates	with	and	without	oxaliplatin	were	67.1%	versus	59%,	respectively,	for	stage	III	disease	(P	=	.016).
This	 benefit	 was	 seen	 regardless	 of	 mismatch	 repair	 status	 or	 BRAF	 mutation.	 As	 for	 stage	 II	 disease,	 the
FOLFOX-4	regimen	still	was	not	associated	with	significant	survival	advantage	over	LV5FU2,	although	a	trend
toward	improved	10-year	OS	was	demonstrated	for	high-risk	cases	(75.4%	versus	71.7%,	P	=	.58).259
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Oxaliplatin	has	also	been	combined	with	a	weekly	bolus	5-FU	regimen	in	an	adjuvant	trial.	The	NSABP	C-07
trial	studied	the	FLOX	regimen	of	oxaliplatin	given	on	weeks	1,	3,	and	5	plus	weekly	bolus	5-FU/leucovorin	on
weeks	1	to	6,	repeated	at	8-week	cycles,	versus	the	standard	weekly	Roswell	Park	regimen	of	5-FU/leucovorin.260
A	total	of	2,409	patients	were	randomized	to	FLOX	or	to	5-FU/leucovorin.	A	total	of	29%	of	patients	had	stage	II
disease,	and	71%	had	stage	III.	With	a	median	follow-up	of	8	years,	FLOX	showed	a	superior	DFS,	with	69.4%
versus	64.2%	alive	and	free	of	disease	at	5	years	(HR,	0.82;	95%	CI,	0.72	to	0.93;	P	=	.002).	However,	the	OS
difference	was	not	statistically	significantly	different	between	the	two	arms.	Treatment-related	deaths	were	1.3%
versus	1.1%	in	the	FLOX	and	5-FU/leucovorin	arms,	respectively.	Grade	2	or	higher	neurotoxicity	was	reported
in	30.4%	of	patients	on	the	FLOX	arm	versus	3.6%	on	5-FU/leucovorin.	Grade	3	diarrhea	was	38.1%	and	32.4%
in	 the	 two	 arms,	 respectively,	 reflecting	 the	 higher	 incidence	 of	 serious	 diarrhea	 with	 the	 weekly	 bolus	 5-FU
regimen.	Kidwell	et	al.261	published	long-term	data	regarding	the	persistent	neurotoxic	side	effects	of	oxaliplatin
beyond	 4	 years	 from	 this	 same	 NSABP	 C-07	 trial	 and	 found	 that	 there	 was	 a	 statistically	 but	 not	 clinically
significant	 increase	 in	 total	neurotoxicity	 for	 those	who	 received	 the	agent,	with	 initial	differences	between	 the
two	groups	dissipating	by	7	years.	However,	specific	symptoms	of	numbness	and	tingling	in	the	hands	and	feet
did	remain	substantially	elevated	over	time.261

Another	 recent	 study	 examined	 the	 effect	 of	 diabetes	 and	 other	 comorbidities	 on	 oxaliplatin-induced
neuropathy.	With	symptoms	identified	in	65%	of	patients,	hypertension,	smoking,	and	diabetes	were	associated
with	 higher	 trends	 although	 not	 statistically	 significant	 differences	 in	 severe	 neuropathy.	Additionally,	 patients
with	diabetes	developed	oxaliplatin-induced	neuropathy	at	a	significantly	lower	cumulative	dose,	highlighting	the
importance	of	tailoring	patient-specific	regimens	to	minimize	toxicity.262

In	 an	 exploratory	 analysis,	 however,	 the	 authors	 noted	 significant	 age-related	 differences	 in	 response	 to
oxaliplatin,	 finding	 statistically	 improved	 OS	 in	 patients	 younger	 than	 70	 years	 old,	 whereas	 older	 patients
actually	fared	worse	with	increased	grade	4	to	5	toxicity	(OR,	1.59)	and	a	4.7%	decrease	in	5-year	OS.

This	age–treatment	interaction	has	also	been	supported	by	a	2012	pooled	analysis	of	5,489	patients	older	than
75	years	old	from	four	large	data	sets	that	demonstrated	minimal	benefit	of	oxaliplatin	in	this	group.263	Moreover,
post	hoc	analysis	of	MOSAIC	data	as	well	as	revised	findings	from	the	ACCENT	study	(which	initially	showed
no	age-related	difference)	further	indicate	the	limited	clinical	utility	of	this	agent	in	older	patients.263,264	Taking	all
this	 into	 account,	 the	 2013	 National	 Comprehensive	 Cancer	 Network	 (NCCN)	 guidelines	 now	 recommend
individualizing	the	decision	to	add	oxaliplatin	to	adjuvant	regimens	in	the	elderly.265

More	 recently,	 a	 1,866-patient	 study	 comparing	 capecitabine	 plus	 oxaliplatin	 (Cape/Ox)	 with	 bolus	 5-
FU/leucovorin	in	the	adjuvant	treatment	of	stage	III	colon	cancer	has	been	reported.266	The	Cape/Ox	regimen	had
a	statistically	significant	DFS	advantage	over	5-FU/leucovorin,	with	66.1%	of	patients	alive	and	disease-free	at	5
years	with	Cape/Ox	versus	59.8%	with	5-FU/leucovorin.	The	difference	between	arms	in	OS	at	5	years	favored
the	 Cape/Ox	 arm	 by	 3.4%;	 however,	 this	 difference	 did	 not	 reach	 statistical	 significance	 at	 the	 time	 of	 this
analysis	(P	=	.15).

The	authors	of	this	trial	just	published	their	final	survival	data	as	well	as	a	biomarker	analysis	after	a	median
follow-up	of	almost	7	years.	Both	DFS	and	OS	were	significantly	improved	in	the	Cape/Ox	arm	compared	to	5-
FU/leucovorin	(7-year	DFS,	63%	versus	56%,	P	=	 .004,	and	7-year	OS,	73%	versus	67%,	P	=	 .04).	 In	 the	498
participants	who	consented	 to	biomarker	analysis,	 low	 tumor	expression	of	DPD	was	 found	 to	be	predictive	of
Cape/Ox	efficacy.	The	authors	postulate	 that	 this	 leads	 to	reduced	catabolism	of	5-FU	and	therefore	higher	and
more	 effective	 intracellular	 concentrations	 of	 this	 agent.	 However,	 no	 such	 association	 was	 seen	 in	 the	 5-
FU/leucovorin	arm	for	unclear	reasons.	Further	investigation	may	clarify	these	differential	findings	as	well	as	the
utility	of	this	biomarker	in	patient	selection	for	oxaliplatin-based	therapy.267

The	efficacy	results	of	 the	FOLFOX	and	Cape/Ox	studies	appear	more	similar	 than	different	at	 this	point	 in
time	and	appear	to	justify	interchangeability	of	these	regimens	in	the	adjuvant	setting.	Data	for	FLOX	regimens
appear	 to	 show	 higher	 rates	 of	 serious	 or	 life-threatening	 diarrhea,	 and	 the	 lack	 of	 a	 statistically	 significant
survival	benefit	at	6	years	is	notable.	The	higher	degree	of	severe	and	life-threatening	diarrhea	seen	with	FLOX
would	appear	to	be	a	potential	reason	for	favoring	FOLFOX	or	Cape/Ox	over	FLOX,	although	in	the	absence	of	a
head-to-head	comparison,	the	relative	safety	and	efficacy	when	comparing	one	or	these	regimens	to	the	other	is
impossible	 to	know	with	certainty.	The	Cape/Ox	 regimen	 is	 a	 reasonable	consideration	only	 in	highly	 reliable,
motivated	patients	who	can	be	expected	to	comply	with	taking	multiple	pills	of	capecitabine	orally	(typically	three
to	 five	 pills,	 twice	 daily)	 for	 2	 weeks	 on,	 1	 week	 off,	 in	 the	 setting	 of	 concurrent	 emetogenic	 intravenous
chemotherapy.

More	recently,	a	collaboration	of	six	parallel	trials,	reported	together	as	the	International	Duration	Evaluation
of	Adjuvant	Chemotherapy	(IDEA)	collaboration,	asked	whether	3	months	of	oxaliplatin-containing	therapy	was



noninferior	 to	6	months.	Patients	 and	physicians	were	permitted	 to	 select	Cape/Ox	or	FOLFOX	and	 then	were
randomized	 to	either	3	or	6	months	of	 total	 treatment.	The	prespecified	primary	end	point	was	DFS.	A	total	of
12,834	patients	were	included	in	the	intention-to-treat	analysis.	The	two	arms	appeared	to	perform	quite	similarly,
with	DFS	HR	equaling	1.07	 (95%	CI,	 1.00	 to	1.15)	 and	3-year	DFS	being	74.6%	 for	 the	3-month	 arm	versus
75.5%	for	the	6-month	arm.	However,	the	study	failed	to	meet	the	prespecified	definition	of	noninferiority,	which
had	been	established	with	a	noninferiority	margin	of	1.12.	Thus,	this	large	trial	did	not	demonstrate	noninferiority
of	3	months	versus	6	months.	The	differences	were	most	notable	in	the	subset	of	patients	who	were	treated	with
FOLFOX,	with	 a	 3-year	DFS	 of	 76%	 versus	 73.6%	 for	 the	 6-month	 and	 3-month	 arms,	 respectively.	 For	 the
subset	 treated	 with	 Cape/Ox,	 3	 months	 of	 treatment	 did	 appear	 to	 be	 noninferior	 to	 6	 months.	 In	 a	 post	 hoc
consensus	analysis,	the	IDEA	investigators	separated	the	patient	populations	into	high-risk	and	low-risk	groups,
with	high	risk	being	either	T4	or	N2	disease	and	low	risk	being	T1	to	T3,	N1	disease.	In	this	analysis,	3	months	of
treatment	 appears	 to	 be	 noninferior	 to	 6	months.	 It	 should	 be	 noted	 that	 the	 study	was	 not	 designed	 either	 to
compare	high-	versus	 low-risk	groups	or	 to	compare	Cape/Ox	 to	FOLFOX,	and	 the	comparison	of	Cape/Ox	 to
FOLFOX	is	nonrandomized.

The	IDEA	trial	does	not	provide	straightforward,	simple	answers	to	the	optimal	duration	of	therapy	for	patients
with	 stage	 III	 colon	 cancer.	Taken	 at	 its	 simplest,	 the	 study	missed	 its	 prespecified	primary	 end	point,	 and	we
could	therefore	conclude	that	3	months	of	therapy	is	noninferior	to	6	months.	However,	we	must	keep	in	mind	the
considerable	 increased	 toxicity,	 especially	 neurotoxicity,	 that	 is	 associated	 with	 longer	 duration	 of	 oxaliplatin
therapy.	It	 is	also	 important	 to	recall	 that	Cape/Ox	requires	a	motivated	patient	who	is	both	willing	and	able	 to
comply	 with	 the	 complexities	 of	 the	 intravenous	 plus	 oral	 chemotherapy	 schedule.	Within	 these	 contexts,	 the
selection	and	duration	of	 therapy	will	need	 to	be	 individualized	based	on	 the	overall	clinical	scenario	and	on	a
detailed	discussion	between	the	patient	and	their	treating	physician.268

Irinotecan
Based	 on	 improved	OS	 in	 the	 first-	 and	 second-line	metastatic	 settings,	 it	was	widely	 assumed	 that	 irinotecan
would	 be	 beneficial	 to	 patients	 in	 the	 adjuvant	 setting.269–271	 This	 assumption	 has	 turned	 out	 to	 be	 incorrect,
however,	and	the	results	of	the	adjuvant	trials	with	this	agent	underscore	the	importance	of	both	performing	trials
in	the	adjuvant	setting	and	waiting	for	the	results	of	those	trials	before	adopting	changes	in	practice.

CALGB	studied	the	weekly	schedule	of	irinotecan	plus	bolus	5-FU	and	leucovorin	(IFL).	Early	safety	analysis
of	this	trial	identified	an	alarming	elevation	in	early	mortality	for	the	experimental	arm	on	this	trial,	with	18	deaths
within	the	first	4	months	of	treatment	on	the	IFL	arm	versus	6	deaths	within	the	same	time	period	on	the	control
arm	(P	=	.008).272	At	a	median	follow-up	of	2.1	years	in	each	arm,	futility	boundaries	for	both	DFS	and	OS	had
been	 crossed;	 thus,	 the	 final	 result	 of	 this	 trial	 is	 that	 the	 addition	 of	 irinotecan	 provided	 no	 benefit,	 while
increasing	toxicity,	including	lethal	toxicity.273

Results	 of	 adding	 irinotecan	 to	 biweekly	 infusional	 5-FU/leucovorin	 (LV5FU2	 versus	 FOLFIRI	 [FOL	 for
folinic	acid,	F	for	5-FU,	and	IRI	for	irinotecan])	were	also	negative.	In	the	ACCORD	02	trial,	400	patients	with
high-risk	 stage	 III	disease	 (defined	as	 four	or	more	positive	nodes	or	perforated	or	obstructed	primary	 tumors)
were	randomly	assigned	to	LV5FU2	versus	FOLFIRI.	In	this	high-risk	population,	there	was	no	benefit	seen	in
the	FOLFIRI	group,	and	in	fact,	the	study	trended	insignificantly	in	favor	of	the	nonirinotecan-containing	arm	(3-
year	DFS	60%	for	LV5FU2	versus	51%	for	FOLFIRI).274

A	 second,	 larger	 trial	 of	 LV5FU2	 versus	 FOLFIRI	was	 conducted	 by	 the	 PETACC-3	 investigators.275	 The
prespecified	primary	efficacy	analysis	of	this	trial	was	based	on	2,094	patients	with	stage	III	disease.	At	a	median
follow-up	of	6.5	years,	there	was	no	statistically	significant	difference	in	the	5-year	DFS	(56.7%	versus	54.3%	for
FOLFIRI	versus	LV5FU2,	respectively;	P	=	.1)	or	in	the	5-year	OS	(73.6%	versus	71.3%,	respectively;	P	=	.94).
FOLFIRI	was	associated	with	an	increased	incidence	of	grade	3	or	4	GI	events	and	neutropenia.

Taken	together,	 the	results	of	 these	 three	 trials	 to	evaluate	 irinotecan	in	 the	adjuvant	setting	clearly	establish
that	despite	having	substantial	activity	in	the	metastatic	setting,	irinotecan	has	no	meaningful	activity,	and	no	role,
in	the	adjuvant	treatment	of	colon	cancer.	Of	interest,	an	analysis	from	the	CALGB	trial	suggested	that	patients
with	 MSI-H	 showed	 a	 benefit	 from	 inclusion	 of	 irinotecan	 in	 their	 adjuvant	 treatment;	 however,	 a	 similar,
substantially	 larger	 analysis	 from	 the	 PETACC-3	 trial	 contradicted	 this	 and	 showed	 no	 benefit	 from	 adding
irinotecan	in	patients	with	MSI-H.276,277

Bevacizumab
As	detailed	subsequently,	bevacizumab	has	demonstrated	the	ability	to	favorably	augment	standard	chemotherapy
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for	metastatic	disease	and	has	become	a	part	of	standard	management	in	that	arena.	This	led	to	evaluation	of	this
agent	in	the	adjuvant	setting.	In	the	NSABP	C-08	trial,	2,672	patients,	25%	with	stage	II	and	75%	with	stage	III
colon	cancer,	were	 randomized	 to	 receive	modified	FOLFOX-6,	either	alone	or	with	bevacizumab.278	A	design
imbalance	that	could	have	been	problematic	had	this	been	a	positive	trial,	the	FOLFOX	was	given	for	6	months	in
each	arm,	whereas	the	bevacizumab	was	given	both	with	the	FOLFOX	and	then	for	an	additional	6	months,	for	a
total	of	1	year,	of	bevacizumab.	This	was,	however,	a	fully	negative	trial,	so	the	issues	regarding	the	design	of	the
trial	 are	moot.	With	a	median	 follow-up	of	5	years,	 the	addition	of	bevacizumab	 to	FOLFOX	did	not	 improve
either	 the	DFS	or	 the	OS.	DFS	was	77.9%	versus	75.1%	 (P	=	 .35)	 for	 the	 study	overall,	 and	DFS	was	73.5%
versus	71.7%	(P	=	.55)	for	the	stage	III	patients.	Five-year	OS	was	82.5%	versus	80.7%	(P	=	.56)	for	the	entire
study,	and	78.7%	versus	77.6%	for	the	stage	III	patients.	There	was	a	separation	between	the	curves	at	the	1-year
mark;	however,	this	began	to	diminish	a	few	months	later	and	was	all	but	absent	by	year	3.	This	finding	suggests
that	 bevacizumab	 did	 delay	 progression	 of	 micrometastases	 in	 some	 patients	 but	 only	 for	 as	 long	 as	 it	 was
continued.	Bevacizumab	did	not	 contribute	 to	 the	 eradication	of	micrometastases	 and	 thus	did	not	 improve	 the
cure	 rate	 in	 the	 adjuvant	 setting.	 Although	 some	 might	 choose	 to	 interpret	 these	 data	 to	 suggest	 that	 if
bevacizumab	were	 continued	 indefinitely,	 an	 improved	 survival	might	 be	 seen,	 the	 long-term	 consequences	 of
lifelong	 suppression	 of	 vascular	 endothelial	 growth	 factor	 (VEGF),	 as	 well	 as	 the	 psychological,	 social,	 and
economic	considerations	involved,	render	such	an	approach	inappropriate,	especially	considering	that	only	a	very
small	percentage	of	patients	so	treated	would	actually	have	the	potential	to	benefit,	if	there	is	a	benefit.	Another
trial,	termed	the	AVANT	trial,	also	explored	the	use	of	bevacizumab	in	the	adjuvant	treatment	of	stage	III	colon
cancer	and	also	found	no	benefit.279	This	study	randomized	3,451	patients,	2,876	of	whom	had	stage	III	disease,	to
FOLFOX-4,	FOLFOX-4	plus	bevacizumab,	or	Cape/Ox	plus	bevacizumab.	The	bevacizumab-containing	arms	did
not	achieve	a	statistically	significant	improvement	in	DFS.	After	a	minimum	of	60	months	of	follow-up,	OS	data
suggested	 a	 possible	 detriment	 with	 the	 addition	 of	 bevacizumab,	 as	 the	 survival	 in	 the	 two	 bevacizumab-
containing	arms	 trended	 toward	 inferior	 to	 the	FOLFOX-alone	control	 arm;	however,	 these	differences	did	not
reach	 statistical	 significance.	 More	 recently,	 the	 QUASAR	 2	 trial	 evaluated	 the	 addition	 of	 bevacizumab	 to
adjuvant	capecitabine	in	1,941	patients	with	stage	II	(38%)	or	stage	III	(62%)	CRC.	There	was	no	benefit,	and	a
trend	 in	 the	 direction	 of	 negative	 outcome,	 for	 the	 addition	 of	 bevacizumab	 to	 capecitabine	 adjuvant
chemotherapy.280

Thus,	the	available	evidence	suggests	that	bevacizumab	is	not	beneficial	in	the	treatment	of	colon	cancer	in	the
adjuvant	setting	and	might,	in	fact,	be	harmful.	Until	and	unless	data	to	the	contrary	emerge,	bevacizumab	should
not	be	used	in	the	adjuvant	treatment	of	stage	II	and	III	colon	cancer.

Cetuximab
As	 outlined	 in	 detail	 in	 the	 following	 text,	 cetuximab	 has	 demonstrated	 clinical	 activity	 in	 metastatic	 CRC,
prompting	investigation	of	its	usefulness	in	the	adjuvant	setting.	Intergroup	trial	N0147	randomized	patients	with
stage	 III	colon	cancer	 to	modified	FOLFOX-6	with	or	without	cetuximab.281	Once	 investigators	 became	 aware
that	the	study	included	only	patients	whose	tumors	lacked	mutations	in	the	KRAS	gene	(see	the	following	text),	the
study	was	modified	 to	obtain	KRAS	genotyping	on	all	patients	and	 to	only	enroll	 those	with	wild-type	KRAS.
Despite	 this	 selection,	 this	 large,	 adequately	 powered,	 randomized	 phase	 III	 trial	 showed	 no	 benefit	 for	 the
addition	 of	 cetuximab	 to	FOLFOX	 in	 the	 adjuvant	 treatment	 of	 patients	with	KRAS–wild-type	 stage	 III	 colon
cancer.	DFS	and	OS	curves	trended	insignificantly	in	favor	of	the	FOLFOX-alone	control	arm,	and	the	addition	of
cetuximab	was	overtly	harmful	in	patients	younger	than	70	years	of	age.	Cetuximab	should	therefore	not	be	used
in	the	treatment	of	stage	III	colon	cancer.

Panitumumab
Panitumumab,	 like	 cetuximab,	 is	 a	monoclonal	 antibody	 that	blocks	 ligand	binding	 to	 the	EGFR.	Although	no
investigations	have	been	reported	to	evaluate	panitumumab	in	the	adjuvant	setting,	results	in	the	metastatic	setting
suggest	 that	 panitumumab	 and	 cetuximab	 are	 extremely	 similar	 in	 terms	 of	 target,	 mechanism	 of	 action,
mechanisms	of	resistance,	and	clinical	activity.	It	is	therefore	extremely	unlikely	that	these	agents	would	differ	in
the	 adjuvant	 setting,	 and	 statements	 regarding	 cetuximab	 in	 this	 setting	 may	 be	 reasonably	 applied	 to
panitumumab.

TREATMENT	OF	STAGE	II	PATIENTS



The	optimal	management	of	patients	with	stage	II	colon	cancer	remains	undefined.	Although	the	role	of	adjuvant
therapy	in	patients	with	stage	II	colon	cancer	has	not	been	firmly	established,	it	is	interesting	to	see	what	practice
patterns	have	been	emerging.	Using	the	SEER-Medicare	linked	database,	Schrag	et	al.282	identified	3,151	patients
ages	65	to	75	years	with	resected	stage	II	colon	cancer	and	no	adverse	prognostic	features.	Using	Medicare	billing
records,	 they	 identified	 those	 patients	who	did	 or	 did	 not	 receive	 chemotherapy	within	 3	months	 of	 operation.
Their	 review	 identified	 that	 27%	 of	 patients	 received	 chemotherapy	 during	 the	 3-month	 postoperative	 period.
Younger	age,	white	race,	unfavorable	tumor	grade,	and	low	comorbidity	were	associated	with	a	greater	likelihood
of	 receiving	 treatment.	 The	 5-year	 survival	 was	 75%	 for	 untreated	 patients	 and	 78%	 for	 those	 patients	 who
received	 therapy	 in	 this	 nonrandomized	 comparison.	After	 adjusting	 for	 known	between-group	 differences,	 the
HR	for	 survival	 associated	with	adjuvant	 treatment	was	0.91	 (95%	CI,	0.77	 to	1.09).	Thus,	despite	 the	 lack	of
proven	benefit,	a	substantial	percentage	of	Medicare	beneficiaries	have	received	adjuvant	chemotherapy	for	stage
II	disease.

Because	stage	II	patients	as	a	group	have	a	relatively	favorable	prognosis,	benefits	from	treatment	could	only
be	expected	if	either	a	highly	efficacious	therapy	were	used	or	if	extremely	large	trials	were	done	to	detect	very
subtle	 differences.	 The	 International	 Multicentre	 Pooled	 Analysis	 of	 B2	 Colon	 Cancer	 Trials	 meta-analysis
provides	 one	 of	 the	 largest	 samples	 of	 stage	 II	 patients.283	A	 total	 of	 1,016	 stage	 II	 patients	were	 randomized
between	5-FU/leucovorin	and	surgery	alone.	The	surgery-alone	arm	had	a	long-term	OS	rate	of	81%	versus	83%
for	 those	 stage	 II	 patients	 who	 received	 adjuvant	 5-FU/leucovorin.	 This	 absolute	 difference	 of	 2%	 closely
approached,	but	did	not	reach,	statistical	significance.

More	 recently,	 published	 studies	 have	 not	 generated	 any	 consensus	 on	 this	 topic.	 In	 a	 large	 retrospective,
population-based	 analysis	 of	 3,716	 patients	 undergoing	 surgery	 for	 stage	 II	 disease	 with	 or	 without	 adjuvant
chemotherapy,	there	was	a	statistically	significant	survival	advantage	for	the	adjuvant	group	(12	versus	9.2	years).
However,	this	is	not	a	randomized	trial,	and	patients	receiving	chemotherapy	were	more	likely	to	be	younger,	with
left-sided	lesions	and	a	higher	LN	yield,	all	of	which	are	now	known	to	be	favorable	prognostic	factors.	As	such,
it	is	difficult	to	draw	conclusions	from	this	study.284	Another	study	that	evaluated	data	from	24,847	patients,	75%
of	whom	had	one	or	more	prognostic	features,	found	no	survival	benefit	from	an	adjuvant	regimen.285	Finally,	Wu
et	al.286	performed	a	systematic	review	of	12	randomized	controlled	trials	including	both	colon	and	rectal	cancers
that	suggested	some	improvement	in	5-year	OS	and	DFS	for	both	tumor	sites	as	well	as	a	significant	reduction	in
recurrence	 risk	 for	 stage	 II	colon	cancers.	Although	 the	 review	has	substantial	 flaws	 that	 limit	 interpretation	of
these	results,	 it	does	 indicate	 that	 larger,	higher	quality	 trials	are	warranted.286	One	such	study	underway	 is	 the
SACURA	trial,	a	multicenter,	randomized	phase	III	study	designed	to	evaluate	the	superiority	of	a	1-year	adjuvant
regimen	compared	to	observation	in	stage	II	colon	cancer.	Investigators	will	seek	to	identify	“high-risk	factors	of
recurrence/death”	as	well	as	predictors	of	efficacy	and	toxicity	in	the	adjuvant	arm.	End	points	include	DFS,	OS,
and	recurrence-free	survival	as	well	as	 the	 incidence	and	severity	of	adverse	events.	Results	 from	this	 trial	will
hopefully	facilitate	a	definitive	therapeutic	strategy	for	stage	II	colon	cancers	moving	forward.287

Several	 prognostic	 indicators	 have	been	 identified	 that	 correlate	with	 a	 higher	 risk	 for	 subsequent	 failure	 in
stage	II	patients.	These	include	obstruction	or	perforation	of	the	bowel	wall	as	well	as	other	less	established	risk
factors,	 such	 as	 elevated	 preoperative	 or	 postoperative	 CEA,	 poorly	 differentiated	 histology,	 and	 tumors	 not
demonstrating	 high	 levels	 of	MSI,	 or	 an	 18q	 deletion	 in	 colorectal	 tumors,	 which	 may	 correlate	 with	 a	 poor
prognosis.156,288–290	Additionally	 cited	poor	prognostic	 factors	 include	macroscopically	 infiltrating-type	 tumors,
high	 serum	 CA	 19-9	 levels,	 extensive	 venous	 invasion,	 male	 gender,	 age	 older	 than	 50	 years	 old,	 and	 <12
dissected	LNs.291	It	appears	that	stage	II	patients	with	one	or	more	of	these	risk	factors	have	a	poorer	prognosis,
one	closer	to	patients	with	stage	III	disease.	Whether	adjuvant	chemotherapy	can	provide	similar	benefits	in	these
patients	 as	 it	 does	 in	 stage	 III	 patients	 remains	 a	 matter	 of	 conjecture,	 and	 in	 the	 absence	 of	 definitive	 data,
definitive	recommendations	on	this	topic	cannot	be	made	at	this	time.	In	fully	informed	high-risk	stage	II	patients,
it	is	reasonable	to	consider	adjuvant	treatment.	All	reports	form	the	MOSAIC	trial	have	shown	no	benefit	for	the
addition	 of	 oxaliplatin	 to	 5-FU/leucovorin	 in	 terms	of	OS	of	 stage	 II	 patients.	Unequivocally,	 stage	 II	 patients
lacking	high-risk	 factors	have	not	been	shown	 to	benefit	 from	oxaliplatin,	and	considering	 the	short-	and	 long-
term	toxicities	of	this	agent,	oxaliplatin	should	not	be	used	in	the	management	of	good-risk	stage	II	patients.	A
recent	 update	 of	 the	 outcomes	 for	 stage	 II	 patients	 on	 the	 MOSAIC	 trial	 demonstrates	 no	 benefit	 to	 use	 of
oxaliplatin,	even	in	patients	on	the	trial	with	one	or	more	high-risk	factors.264	Whereas	patients	with	exceptionally
poor-risk	 stage	 II	 tumors	may	 still	 seem	 reasonable	 for	 consideration	 of	 oxaliplatin-containing	 regimens,	 these
negative	data	suggest	that	routine	use	of	oxaliplatin	in	most	patients	with	stage	II	colon	cancer	is	unlikely	to	be
appropriate.

Whereas	PNI	and	tumor	size	do	not	seem	to	carry	any	prognostic	significance	in	CRC	overall,	recent	reports
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suggest	 that	 they	 do	 affect	 outcomes	 in	 stage	 II	 disease	 and	 therefore	may	 be	 important	 additional	 factors	 to
consider	when	risk	stratifying	these	tumors	for	selective	postoperative	chemotherapy.	In	a	SEER	database	analysis
of	7,719	patients,	smaller	tumors	(<5	cm)	were	more	likely	to	result	in	worse	cancer-specific	survival	(HR,	0.775)
and,	 as	 a	 continuous	 variable,	 decreasing	 tumor	 size	was	 also	 associated	with	 decreasing	CCS,	 particularly	 in
stage	IIA	and	IIC	tumors.	And	in	a	study	of	507	patients	with	stage	I	to	II	disease,	PNI	positivity	was	found	to	be
associated	with	 poorer	DFS	 at	 5	 years	 compared	 to	 PNI-negative	 tumors	 (73.5%	versus	 88.6%).	 Interestingly,
adjuvant	chemotherapy	seemed	to	neutralize	this	negative	impact.292,293

Impact	of	Microsatellite	Instability	on	Treatment	in	Stage	II	and	III	Colon	Cancer
Ribic	 et	 al.294	 investigated	 the	 usefulness	 of	 MSI	 status	 as	 a	 predictor	 of	 benefit	 from	 5-FU–based	 adjuvant
chemotherapy	in	570	stage	II	and	III	patients	from	five	randomized	trials	in	which	no	treatment	control	arm	was
used.	 MSI-H	 was	 exhibited	 in	 95	 patients	 (16.7%),	 MSI-L	 in	 60	 patients	 (10.5%),	 and	MSS	 in	 415	 patients
(72.8%).	In	the	287	patients	who	did	not	receive	adjuvant	chemotherapy,	those	with	tumors	exhibiting	MSI-H	had
superior	5-year	survival	compared	to	patients	with	MSI-L	or	MSS	tumors	(HR,	0.31;	P	=	.004).	In	the	population
of	patients	who	 received	adjuvant	chemotherapy,	 there	was	no	difference	 in	 survival	between	 the	patients	with
MSI-H	and	patients	without	MSI-H	(P	=	.8).	In	the	patients	with	MSI-L	or	MSS	tumors,	chemotherapy	resulted	in
improved	 survival	 versus	 no	 chemotherapy	 (HR,	 0.72;	 P	 =	 .04).	 However,	 5-FU/leucovorin	 did	 not	 improve
survival	in	the	patients	with	MSI-H	tumors	(Table	62.9).

TABLE	62.9
Microsatellite	Instability	versus	Outcome	with	5-Fluorouracil–Based	Adjuvant	Chemotherapy

	 No.	of	Patients
Five-Year	Disease-
Free	Survival	(%)

P	Value

All	Patients
Adjuvant	chemotherapy 285 70 .06

No	adjuvant	chemotherapy 287 62 	

Patients	with	MSI-L/MSS
Adjuvant	chemotherapy 230 70 .01

No	adjuvant	chemotherapy 245 59 	

Patients	with	MSI-H
Adjuvant	chemotherapy 53 69 .11

No	adjuvant	chemotherapy 42 83 	
MSI-L,	low	level	of	microsatellite	instability;	MSS,	microsatellite	stable;	MSI-H,	high	level	of	microsatellite	instability.
From	Ribic	CM,	Sargent	DJ,	Moore	MJ,	et	al.	Tumor	microsatellite-instability	status	as	a	predictor	of	benefit	from	fluorouracil-based
adjuvant	chemotherapy	for	colon	cancer.	N	Engl	J	Med	2003;349(3):247–257.

5-FU/leucovorin	was	associated	with	improved	outcome	in	both	stage	II	and	III	patients	with	MSS	or	MSI-L,
with	an	HR	of	0.67	(95%	CI,	0.39	to	1.15)	in	stage	II	patients	and	0.69	(95%	CI,	0.47	to	1.01)	in	patients	with
stage	III	cancer.	In	contrast,	 in	patients	with	MSI-H	tumors,	treatment	did	not	improve	survival	and	in	fact	was
associated	with	a	trend	toward	worse	outcome	for	both	stage	II	(HR	for	death,	3.28;	95%	CI,	0.86	to	12.48)	and
stage	III	cancers	(HR,	1.42;	95%	CI,	0.36	to	5.56).	Of	note,	an	analysis	of	MSI	status	from	the	NSABP	failed	to
corroborate	 the	 results	 of	 the	 Ribic	 et	 al.294	 study,	 and	 the	 authors	 concluded	 that	 in	 their	 trial,	 there	 was	 no
interaction	 between	MSI	 status	 and	 treatment	 effect	 and	 that	 their	 data	 do	 not	 support	 the	 use	 of	MSI-H	 as	 a
predictive	marker	for	chemotherapy	benefit.295	However,	an	updated	expansion	on	the	data	from	the	Ribic	et	al.294
report	 appears	 to	 corroborate	 the	 original	 findings,	 leading	 the	 authors	 of	 that	 study	 to	 suggest	 that	 MSI
determinations	should	be	performed	on	all	stage	II	patients	and	that	stage	II	patients	with	MSI-H	should	not	be
treated	with	 fluoropyrimidines	 alone.296	 The	Eastern	Cooperative	Oncology	Group	 I	 (ECOG)	 is	 leading	 a	 trial
(ECOG	 5202)	 in	which	 patients	with	MSI-H	 and	 absence	 of	 LOH	 in	 chromosome	 18q	 are	 being	 selected	 for
observation	on	the	hypothesis	 that	 these	patients	will	have	a	highly	favorable	prognosis	with	observation	alone,
whereas	others	are	being	assigned	to	FOLFOX	chemotherapy	and	randomized	to	with	or	without	bevacizumab.
This	trial	has	accrued,	and	data	are	pending	at	the	time	of	this	writing.

An	 analysis	 of	 data	 indicates	 that	 patients	with	MSI-H	 stage	 III	 tumors,	 although	 having	 a	more	 favorable



prognosis	than	MSS	tumors,	do	nevertheless	achieve	benefit	from	and,	in	the	absence	of	contraindications,	should
receive	5-FU–based	adjuvant	therapy.297	This	recommendation	is	further	supported	when	considering	oxaliplatin-
based	chemotherapy	in	stage	III	disease.	This	would	be	reasonable	to	expect,	as	platinum-DNA	adducts	are	not
removed	by	the	mismatch	repair	enzymes	that	are	deficient	in	MSI	tumors.	A	more	recent	analysis	of	MSI	impact
in	stage	III	disease	in	the	N0147	trial	suggested	a	more	complex	and	nuanced	impact,	with	MSI-H	tumors	having
a	favorable	prognostic	impact	when	arising	in	the	right	side	of	the	colon	but	actually	having	a	negative	prognostic
impact	when	occurring	in	the	left	colon.147	The	reasons	for	this	difference	remain	unclear;	however,	the	different
embryologic	origins	of	 the	 left	 and	 right	 colon,	 and	 the	 resultant	different	venous	drainages,	may	contribute	 to
this.

The	incidence	of	MSI	has	more	recently	been	shown	to	vary	with	stage	of	disease	presentation,	with	22%	of
stage	II	patients,	12%	of	stage	III	patients,	and	only	3.5%	of	stage	IV	patients	found	to	exhibit	MSI,	consistent
with	the	data	that	MSI-H	is	a	favorable	prognostic	factor.	Data	from	the	PETACC-3	trial	suggest	that	it	is	a	strong
prognostic	factor	in	stage	II	disease;	however,	it	was	less	so	in	stage	III.298–300	As	discussed	in	the	following	text,
immune	checkpoint	inhibitors	have	shown	meaningful	activity	in	the	treatment	of	metastatic	MSI-H	CRC.	Their
safety	and	efficacy	 in	stage	III	patients,	however,	has	not	been	established,	and	use	of	 these	agents	 in	stage	III
MSI-H	CRC	patients,	until	and	unless	data	become	available	to	the	contrary,	should	be	regarded	as	investigational
at	this	time	and	is	not	recommended	outside	of	a	clinical	trial.

Other	Molecular	Markers
As	the	majority	of	stage	II,	and	even	stage	III,	patients	do	not	benefit	from	adjuvant	therapy,	it	would	be	highly
desirable	 to	 be	 able	 to	 identify	 both	 those	 patients	 who	 are	 at	 risk	 for	 recurrent	 disease	 (i.e.,	 harbor
micrometastases)	 and	 those	 whose	 micrometastases	 are	 sensitive	 to,	 and	 will	 be	 eradicated	 by,	 a	 particular
chemotherapy.	At	present,	there	are	no	such	validated	markers,	with	the	possible	exception	of	MSI,	as	discussed
previously.	KRAS	or	NRAS	mutations	have	no	prognostic	value	in	the	adjuvant	setting,	and	as	there	is	no	role	for
use	of	anti-EGFR	agents	in	the	adjuvant	setting,	the	expense	of	genotyping	patients	with	less	than	stage	IV	disease
is	difficult	to	justify.300,301	BRAF	mutations	appear	to	be	prognostic	of	poorer	OS	in	stage	II	disease	that	 is	not
MSI-H;	 however,	 this	 appears	 to	 be	 regardless	 of	 therapy,	 and	 again,	 it	 provides	 no	 information	 to	 inform
treatment	 decision	making.300	 At	 present,	 no	molecular	 test	 has	 been	 validated	 as	 useful	 for	 making	 adjuvant
treatment	decisions,	and	none	should	be	utilized	outside	of	a	clinical	trial.	A	genetic	profiling	assay	utilizing	21-
gene	signature	analysis	has	become	available;	it	has	been	shown	to	provide	risk	stratification	with	stage	II	patients
who	are	classified	as	having	from	8%	to	22%	chance	of	 recurrence.298	However,	 there	was	no	 interaction	with
treatment,	 meaning	 that	 the	 test	 is	 prognostic,	 identifying	 relatively	 lower	 or	 higher	 risk	 individuals,	 but	 it
provided	no	guidance	on	whom	to	treat.	Thus,	despite	the	interesting	data	outlined	in	the	following	text,	it	would
appear	to	be	of	little	value	in	decision	making	at	this	time.

Despite	this	limitation,	research	efforts	have	been	increasingly	focused	on	developing	and	refining	such	gene
signatures	over	the	past	few	years,	with	three	that	stand	out	presently,	promising	to	improve	and	possibly	replace
current	risk	stratification	models.302	Unfortunately,	none	of	these	approaches	are	able	to	predict	who	will	or	will
not	benefit	from	adjuvant	chemotherapy.	Although	these	prognostic	scores	may	be	of	scientific	interest,	at	present,
they	 are	 not	 recommended	 for	 routine	 clinical	 use	 in	 NCCN	 guidelines,	 as	 they	 appear	 to	 offer	 little	 if	 any
guidance	in	terms	of	treatment	decisions.

The	Oncotype	DX	Recurrence	Score,	which	 is	 the	 only	 externally	 validated	 assay	 available	 for	 commercial
use,	is	based	on	a	12-gene	signature	that	separates	3-year	recurrence	risk	into	low,	intermediate,	and	high	(12%,
18%,	 22%,	 respectively),	 independent	 of	 clinicopathologic	 features,	 and	 with	 enhanced	 accuracy.	 It	 has	 been
shown	 to	 be	 highly	 prognostic	 in	 stage	 II	 and	 III	 patients	 receiving	 5-FU/leucovorin	 and	 enables	 better
discrimination	 of	 absolute	 oxaliplatin	 benefit	 as	 a	 function	 of	 risk.	 A	 recent	 analysis	 of	 long-term	 costs	 and
outcomes	 in	 “average-risk”	 stage	 II	 colon	 cancers	 (T3,	 MSS)	 concluded	 that	 this	 signature,	 when	 applied
appropriately,	 could	potentially	 reduce	 adjuvant	 chemotherapy	use	by	17%	with	 increased	quality-adjusted	 life
expectancy	of	0.035	years	and	cost	savings	of	$2,971	per	patient.303

This	score	has	now	been	independently	validated	on	colon	cancer	patients	enrolled	in	the	CALGB	9581	and
NSABP	C-07	trials	as	well	as	on	stage	II	and	III	rectal	cancer	patients	from	the	Dutch	total	mesenteric	excision
trial.304–306

In	addition,	 the	newly	published	SUNRISE	study	provides	 the	 first	validation	of	 the	Oncotype	DX	score	 in
stage	III	cancers	that	were	not	treated	with	adjuvant	therapy.307

Another	 interesting	 signature,	 ColoPrint	 (Agendia	 Inc.,	 Irvine,	 CA),	 is	 an	 18-gene	 prognostic	 classifier
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developed	on	 fresh-frozen	 tumor	 tissue	 to	 identify	 5-year	metastasis-free	 survival.	 Separating	patients	 into	 two
risk	 categories,	 this	 assay	 is	 particularly	 precise	 in	 identifying	 low-risk	 stage	 II	 cases	 that	 may	 be	 managed
without	 chemotherapy	 irrespective	 of	 MSI	 status.	 It	 also	 appears	 to	 better	 classify	 high-risk	 patients	 than
clinicopathologic	factors	alone.	Although	the	signature	has	been	validated	twice	in	retrospective	trials,	it	is	not	yet
available	for	commercial	use.	A	large	prospective	clinical	validation	study	is	underway	(Prospective	Analysis	of
Risk	 Stratification	 by	 ColoPrint	 [PARSC])	 that	 may	 better	 clarify	 the	 role	 of	 ColoPrint	 specifically	 in	 the
management	of	stage	II	disease.308

Colorectal	 Cancer	 DSA	 (Almac	 Diagnostics,	 Craigavon,	 United	 Kingdom)	 is	 the	 most	 recently	 reported
signature,	based	on	634	genes,	developed	to	identify	stage	II	patients	at	higher	risk	of	recurrence	(HR,	2.53)	and
cancer-related	 death	 (HR,	 2.21)	 at	 5	 years.	 It	 has	 been	 shown	 to	 perform	 independently	 of	 known	 prognostic
factors.	Although	 this	 assay	 is	 also	 not	 available	 for	 commercial	 use	 at	 the	 time	 of	 this	writing,	 a	 prospective
validation	trial	in	stage	II	patients	is	being	planned.309

Considering	 the	 high	 cost	 and	 number	 of	 genes	 that	 need	 to	 be	 examined	 in	 these	 expression	 profiles,	 an
alternative	strategy	involves	developing	a	prognostic	model	based	on	microRNAs.	Studies	have	shown	that	these
molecules,	which	are	small,	noncoding	RNAs,	play	a	significant	role	in	modulating	cellular	pathways	and	have	a
more	 distinctive	 and	 reliable	 signature	 than	 messenger	 RNA.	 Zhang	 et	 al.310	 has	 recently	 described	 a	 six
microRNA	classifier	that	demonstrated	superior	prognostic	value	compared	to	both	clinicopathologic	risk	factors
and	mismatch	 repair	 status	 in	 stage	 II	 patients	 (HR	 for	 5-year	DFS	 in	 high-risk	 compared	 to	 low-risk	 groups,
4.24).	It	also	predicted	more	favorable	response	to	adjuvant	therapy.	Although	this	study	focused	on	microRNA
expression	 from	 harvested	 tissue,	 Shivapurkar	 et	 al.311	 reported	 a	 similar	 prognostic	 role	 for	 circulating
microRNAs	 in	 serum	 samples,	 a	 panel	 of	 which	 were	 predictive	 of	 recurrence	 in	 patients	 with	 early	 stage,
conventionally	low-risk	disease.

The	 lack	of	 clear	direction	on	 the	matter	of	 treatment	of	good-risk	 stage	 II	 patients	 is	 reflected	 in	 a	 current
consensus	 statement,	 which,	 although	 not	 recommending	 therapy	 for	 all	 stage	 II	 patients,	 does	 recommend	 a
medical	oncology	consultation	for	 the	purpose	of	discussing	 the	pros	and	cons	of	chemotherapy	for	all	 stage	II
patients.312

TREATMENT	OPTIONS	FOR	STAGE	III	PATIENTS
It	is	clear	that	in	the	absence	of	medical	or	psychiatric	contraindications,	patients	with	node-positive	colon	cancer
should	 receive	 postoperative	 chemotherapy.	 At	 the	 very	 least,	 a	 5-FU–based	 regimen	 would	 appear	 to	 be
appropriate,	and	approximately	6	months	of	therapy	would	be	supported	by	the	majority	of	trials.	The	daily	times
five	Mayo	Clinic	schedule	or	a	variant	has	been	shown	to	be	more	toxic	than	other	5-FU/leucovorin	schedules;
therefore,	daily	times	five	schedules	should	not	be	used.	Oral	capecitabine	or	oral	UFT/leucovorin	are	acceptable
alternatives	if	a	fluoropyrimidine-only	approach	is	selected.	At	this	time,	the	data	for	incorporation	of	oxaliplatin
into	 the	 routine	 adjuvant	 treatment	of	 colon	 cancer	 appears	 compelling,	 and	 the	FOLFOX	schedule	 is	 now	 the
most	 widely	 used	 adjuvant	 therapy.	 Cape/Ox	 is	 an	 acceptable	 option	 in	 appropriately	 motivated	 and	 reliable
patients.	 FLOX	 is	 an	 alternative	 when	 FOLFOX	 or	 Cape/Ox	 is	 not	 feasible;	 however,	 nonrandomized
comparisons	suggest	that	FLOX	may	carry	a	higher	risk	of	serious	diarrhea	than	FOLFOX,	and	long-term	efficacy
data	are	less	compelling.	Although	the	pivotal	adjuvant	study	was	done	with	FOLFOX-4,	in	practice,	this	regimen
is	 rarely	 used,	 and	 the	 modified	 FOLFOX-6	 regimen,	 which	 has	 been	 the	 basis	 for	 all	 FOLFOX-based	 NCI
Intergroup	adjuvant	and	metastatic	trials,	is	routinely	used	due	to	its	greater	convenience.	The	risk	of	peripheral
neuropathy	and	the	possibility	of	long-term	neuropathy	must	be	considered	in	the	selection	of	therapy.	At	the	time
of	this	writing,	FOLFOX	or	Cape/Ox	are	the	regimens	of	choice	in	treatment	of	all	patients	with	stage	III	colon
cancer	in	the	absence	of	specific	contraindications.	The	long-term	morbidity	of	oxaliplatin	treatment	has	become
more	 appreciated;	 however,	 it	 is	 anticipated	 that	 risk	 stratification	 strategies	may	become	 available	 in	 the	 near
future	 to	 identify	 those	patients	who	 are	 likely	 to	 benefit	 from	oxaliplatin	 treatment.	Data	 have	 failed	 to	 show
noninferiority	 of	 3	 months	 as	 compared	 to	 6	 months	 of	 therapy;	 however,	 consideration	 of	 3	 months	 of
oxaliplatin-containing	 treatment	 can	 be	 considered	 in	 selected	 favorable-risk	 stage	 III	 patients	 following	 a
discussion	of	the	risks	and	benefits	of	shorter	versus	longer	exposure.

Irinotecan-based	regimens	should	not	be	used	in	the	adjuvant	setting,	as	randomized	data	have	shown	increased
toxicity	 and	 no	 long-term	 benefit.	 Bevacizumab,	 cetuximab,	 and	 panitumumab	 should	 also	 not	 be	 used	 in	 the
adjuvant	setting,	as	they	add	toxicity	and	expense,	and	do	not	add	benefit.



Timing	of	Treatment
Adjuvant	chemotherapy	is	usually	started	once	the	patient	has	adequately	recuperated	from	surgery.	Traditionally,
adjuvant	chemotherapy	is	commenced	between	3	and	8	weeks	of	surgery.	However,	this	time	frame	is	somewhat
arbitrary,	 based	 largely	 on	what	 has	 been	mandated	 in	 clinical	 trials.	 A	 2010	meta-analysis	 pooled	 data	 from
13,158	 patients	 with	 stage	 II	 or	 III	 disease	 and	 concluded	 that	 delaying	 treatment	 beyond	 this	 interval	 was
associated	with	interior	survival	(RR,	1.20).313	However,	these	data	are	retrospective,	nonrandomized,	and	fail	to
adequately	 consider	 the	 collateral	 implications	 of	 whatever	 medical	 and	 surgical	 conditions	 might	 have
contributed	to	the	delay	in	start	of	therapy.	As	such,	these	findings	should	be	regarded	as	hypothesis-generating
only	 and	 certainly	 not	 definitive.	 Another	 study	 that	 included	 only	 stage	 III	 cancers	 found	 no	 such	 clear
correlation.	 Secondary	 analysis	 did	 demonstrate	 a	 trend	 toward	 poorer	 outcomes	 after	 8	weeks,	 particularly	 in
younger	patients	(<66	years)	as	well	as	significantly	inferior	survival	for	patients	beginning	chemotherapy	after	9
and	10	weeks	(HR	of	death,	1.68	and	1.67,	respectively).314

As	 outlined	 previously,	 the	 majority	 of	 studies	 on	 adjuvant	 chemotherapy	 support	 6	 months	 as	 the	 ideal
duration	for	therapy	regardless	of	agent	or	regimen,	with	the	IDEA	trial	suggesting	a	possible	role	for	3	months
duration	 in	 selected	 good-risk	 patients.	 However,	 due	 to	 substantial	 side	 effects,	 many	 patients	 are	 unable	 to
complete	the	full	treatment	course,	and	it	is	unclear	whether	this	is	associated	with	a	true	negative	impact	on	local
disease	control	and	survival.	Retrospective	data	suggests	that	early	discontinuation	of	FOLFOX	(<10	cycles)	does
not	impact	survival	outcomes.

INVESTIGATIONAL	ADJUVANT	APPROACHES
Portal	Vein	Infusion
The	NSABP	C-02	trial	randomized	1,158	patients	with	Dukes	A,	B,	or	C	colon	cancers	to	either	a	7-day	portal
vein	infusion	of	5-FU	(600	mg/m2/day)	or	to	surgery	alone.315	A	modest,	albeit	statistically	significant,	advantage
in	DFS	 (74%	versus	 64%	 at	 4	 years)	was	 demonstrated	 for	 the	 group	who	 received	 intraportal	 chemotherapy;
however,	no	difference	was	seen	in	the	incidence	of	hepatic	recurrences.

Similar	 findings	 were	 reported	 from	 a	 533-patient	 trial	 performed	 by	 the	 Swiss	 Group	 for	 Clinical	 Cancer
Research.316,317	 In	 this	 trial,	 intraportal	 chemotherapy	 included	 10	 mg/m2	 mitomycin	 C	 by	 2-hour	 infusion
followed	 by	 a	 7-day	 infusion	 of	 5-FU	 at	 a	 dose	 of	 500	 mg/m2/day.	 The	 5-year	 DFS	 and	 OS	 were	 modestly
improved	 in	 the	 intraportal	 treatment	 versus	 surgery-only	 groups	 (57%	 versus	 48%	 and	 66%	 versus	 55%,
respectively).

Subsequently,	 a	 large	 meta-analysis	 of	 intraportal	 chemotherapy	 trials	 involving	 over	 4,000	 patients	 in	 10
randomized	studies	revealed	only	a	4%	improvement	in	5-year	OS	for	the	patients	who	received	portal	infusion.
At	present,	 intraportal	adjuvant	chemotherapy	has	not	been	accepted	as	 routine	practice	and	 remains	 limited	 to
clinical	investigations.

The	OCTREE	regimen	is	a	new	variation	on	portal	vein	infusion	found	to	confer	a	34%	risk	reduction	in	tumor
recurrence	 for	 patients	with	 stage	 II	 and	 III	 disease	 in	 a	 newly	published	 randomized	 trial.	 In	 contrast	 to	 prior
studies	 of	 portal	 vein	 infusion,	 where	 5-FU	 was	 commonly	 administered	 alone	 via	 the	 intraportal	 route	 and
without	 any	 subsequent	 oxaliplatin-based	 adjuvant	 therapy,	 this	 novel	 regimen	 entails	 intraoperative	 bolus
administration	 of	 5-FU	 and	 oxaliplatin	 followed	 by	 adjuvant	modified	 FOLFOX-6	 for	 6	months.	 The	 authors
report	a	significant	improvement	in	the	primary	end	point	of	3-year	DFS	with	this	regimen	compared	to	standard
mFOLFOX-6	(85.2%	versus	75.6%,	P	=	.30).	There	was	no	difference	in	grade	3	or	4	toxicity.	Five-year	OS	data
is	still	pending.318

Intraperitoneal	Chemotherapy
Hyperthermic	intraperitoneal	chemotherapy	(HIPEC)	has	been	explored	as	a	possible	means	of	providing	a	benefit
in	patients	at	high	 risk	 for	developing	peritoneal	metastases.	Sammartino	et	al.319	 explored	 this	hypothesis	 in	a
small	case	control	study	of	patients	with	T3/T4	lesions	and	mucinous	or	signet	ring	cell	histology	who	underwent
either	 standard	 resection	 or	 extended	 surgery	 (including	 omentectomy,	 bilateral	 adnexectomy,	 hepatic	 round
ligament	 resection,	 and	 appendectomy)	 followed	 by	 HIPEC.	 The	 experimental	 group	 experienced	 statistically
significantly	decreased	rates	of	peritoneal	recurrence	(4%	versus	22%)	as	well	as	improved	DFS	(36.8	versus	21.9
months,	 P	 <	 .01).	 Large	 randomized	 trials	 are	 necessary,	 however,	 before	 nonresearch	 use	 of	 this	 highly
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aggressive	and	potentially	toxic	treatment	strategy	could	be	considered.	The	COLOPEC	trial	is	one	such	study;	it
began	 in	 April	 2015	 and	 plans	 to	 enroll	 176	 patients	 across	 nine	 Dutch	 HIPEC	 centers	 who	 have	 undergone
curative	 resection	 for	 T4	 or	 intra-abdominally	 perforated	 cM0	 colon	 cancer.	 Subjects	 will	 be	 randomized	 to
receive	adjuvant	HIPEC	with	oxaliplatin	followed	by	routine	systemic	chemotherapy	or	systemic	chemotherapy
only,	with	a	primary	end	point	of	peritoneal	DFS	at	18	months.320

Although	the	cytoreductive	techniques	of	this	surgery	are	becoming	increasingly	standardized	across	the	world,
there	exists	tremendous	variation	in	the	HIPEC	component,	 including	most	importantly	the	choice	of	infusional
drug.	The	American	Society	of	Peritoneal	Surface	Malignancies	published	a	comparison	of	cytoreductive	surgery
(CRS)	and	HIPEC	using	oxaliplatin	versus	mitomycin	C	 in	patients	with	peritoneal	 carcinomatosis	 from	CRC.
When	data	was	 stratified	 by	Peritoneal	 Surface	Disease	Severity	 Score	 (PSDSS),	mitomycin	C	was	 associated
with	significantly	improved	survival	for	patients	with	lower	disease	burden	(54.3	versus	28.2	months	in	PSDSS
I/II,	P	 =	 .012).	No	 difference	was	 found	 for	 patients	with	 PSDSS	 III/IV.	 The	 authors	 cite	 the	 need	 for	 larger
prospective	trials	to	guide	definitive	recommendations.321

The	 primary	 downfall	 of	 aggressive	 locoregional	 procedures	 such	 as	 CRS	 +	 HIPEC	 is	 distant	 or	 extra-
abdominal	 tumor	spread,	and	 therefore,	 it	has	become	 increasingly	 important	 to	 identify	prognostic	 factors	 that
will	 aid	 in	 patient	 selection.	 In	 addition	 to	 clinical	 factors	 such	 as	 the	 peritoneal	 carcinomatosis	 index,	 tumor
grade,	response	to	standard	chemotherapy,	and	the	PSDSS,	genetic	and	molecular	factors	may	also	be	taken	into
consideration.	Melero	et	al.322	recently	reported	on	the	prognostic	significance	of	circulating	tumor	cells	(CTC)	in
a	study	of	14	patients	eligible	for	CRS	+	HIPEC.	The	authors	found	that	detection	of	CTC	in	the	peripheral	blood
correlated	with	distant	disseminated	disease	and	was	a	significant	predictor	of	progression	after	 treatment.	This
finding	was	not	surprising	as	the	presence	of	CTC	is	considered	indicative	of	hematogenous	spread	and	has	been
proven	 a	 poor	 prognostic	 factor	 for	 survival	 in	 many	 cancers.	 Pending	 larger	 studies,	 CTC	 detection	 and
characterization	may	prove	a	useful	tool	for	improving	selection	of	patients	who	would	most	benefit	from	CRS	+
HIPEC.322

Vaccines
Vaccination	strategies	endeavor	to	stimulate	the	patient’s	immune	system	to	recognize	and	eradicate	the	patient’s
tumor	cells.	An	ideal	immunologic	target	molecule	would	be	a	highly	antigenic	epitope	that	is	always	expressed
on	 the	 tumor	 and	 never	 expressed	 on	 normal	 tissue.	 Such	 an	 ideal	 target	 has	 yet	 to	 be	 identified;	 however,	 a
number	of	approaches	have	been	explored.

CEA	 is	 a	 commonly	expressed	antigen	 in	colorectal	 carcinomas.	Unfortunately,	CEA	does	not	 appear	 to	be
particularly	immunogenic.	Several	approaches	have	been	pursued	in	an	attempt	to	increase	immune	recognition	of
CEA.	Thus,	 a	number	of	 avenues	of	 investigation	are	being	pursued;	however,	 at	 this	 time,	 the	use	of	vaccine
therapy	for	treatment	of	resected	colon	cancer	remains	highly	investigational.

One	 tumor-associated	 antigen	 that	may	be	 a	more	promising	 candidate	 is	 the	MUC1	glycoprotein,	which	 is
abnormally	expressed	on	neoplastic	cells	in	a	hypoglycosylated	form	that	induces	humoral	and	cellular	response.
A	vaccine	based	on	this	antigen	was	found	to	be	highly	immunogenic	in	the	premalignant	setting,	inducing	long-
term	 memory	 responses	 and	 no	 significant	 toxicity	 when	 administered	 to	 patients	 with	 advanced	 colonic
adenomas.	Subsequent	studies	will	determine	whether	these	results	translate	into	meaningful	clinical	outcomes.323

Active	Specific	Immunotherapy
Irradiated	 cancer	 cells	maintain	 their	 immunogenicity;	 however,	 they	 are	 unable	 to	 proliferate.	Active	 specific
immunotherapy	is	a	maneuver	in	which	patients	are	immunized	with	a	preparation	of	their	own	irradiated	tumor
cells	plus	an	immunostimulant	such	as	bacillus	Calmette-Guérin.	This	technique	has	been	explored	for	some	time
now	as	a	potential	adjuvant	immunotherapy	for	CRC.	Overall,	trials	have	failed	to	show	a	benefit	for	the	use	of
active	 specific	 immunotherapy	 in	 the	 management	 of	 colon	 cancer,	 and	 its	 use	 should	 remain	 limited	 to
investigational	settings.

Preoperative	Chemotherapy
Investigators	are	currently	exploring	the	role	of	preoperative	chemotherapy	in	the	management	of	nonmetastatic
disease.	A	pilot	phase	of	the	first	randomized	trial	to	address	this	topic	(FOxTROT)	has	recently	been	completed,
demonstrating	 the	 feasibility	 and	 safety	 of	 this	 approach	 in	 locally	 advanced,	 operable	 colon	 cancer.	 The	 150
patients	who	underwent	meticulous	radiologic	staging	were	randomly	assigned	to	receive	6	weeks	of	preoperative
oxaliplatin/5-FU/I-folinic	 acid	 followed	 by	 surgery	 and	 18	 weeks	 of	 postoperative	 chemotherapy	 or	 upfront



resection	 followed	by	24	weeks	 of	 treatment.	There	were	 no	 significant	 differences	 in	 postoperative	morbidity
between	the	two	groups.	Although	a	small	proportion	of	the	patients	receiving	preoperative	therapy	had	apparent
progression	during	the	time	between	staging	and	surgery,	there	were	no	tumor-related	complications	during	this
interval.	Overall,	 preoperative	 therapy	 resulted	 in	 significant	 downstaging,	 including	 reductions	 in	 apical	 node
involvement	and	incomplete	resections	as	well	as	two	pathologic	complete	responses.	Whether	these	results	will
translate	 into	 improved	survival	and	potentially	change	 the	accepted	pathway	for	management	of	nonmetastatic
disease	 remains	 to	 be	 seen.	A	 number	 of	 studies	 are	 currently	 underway	 to	 address	 this	matter	 as	well	 as	 the
potential	 role	 of	 biologic	 agents.324	The	PRODIGE	22–ECKINOXE	 trial,	 for	 example,	will	 incorporate	 a	 third
arm	to	include	cetuximab	in	KRAS–wild-type	patients.	The	efficacy	and	feasibility	of	two	preoperative	regimens
(FOLFOX-4	alone	for	four	cycles	and	FOLFOX	+	cetuximab)	will	be	compared	to	the	control	arm	of	resection
followed	 by	 adjuvant	 treatment	with	 a	 primary	 end	 point	 of	 tumor	 regression	 grade.	 The	 investigators	 plan	 to
enroll	165	patients.325

Based	on	the	positive	results	from	phase	II	trials,	the	NCCN,	in	2016,	added	neoadjuvant	chemotherapy	as	a
treatment	option	for	patients	with	clinical	T4b	disease.	Although	long-term	results	are	still	pending,	Dehal	et	al.326
examined	 utilization	 and	 outcomes	 for	 all	 patients	 with	 nonmetastatic	 clinical	 T3	 and	 T4	 disease	 from	 the
National	Cancer	Database	(NCDB)	between	2006	and	2014.	Of	27,575	patients,	97%	received	standard	adjuvant
therapy,	 whereas	 only	 3%	 received	 neoadjuvant	 treatment.	 Patients	 with	 stage	 T4b	 disease	 demonstrated
significantly	improved	survival	with	neoadjuvant	therapy,	with	a	23%	lower	risk	of	death	at	3	years	compared	to
those	receiving	a	postoperative	regimen	only.	This	benefit	was	not	seen	in	T3	or	T4a	disease.	The	authors	hope
that	their	study	will	encourage	increased	awareness	and	utilization	of	this	new	treatment	paradigm	in	appropriate
patients,	and	especially	in	those	with	T4b	tumors,	while	prospective	data	is	awaited.326

Patient	 selection	 for	 neoadjuvant	 chemotherapy	 remains	 challenging,	 particularly	 when	 current	 imaging
techniques	are	notoriously	unreliable	for	the	assessment	of	LNs	and	hence	the	identification	of	stage	III	disease.
Nørgaard	et	al.327	 tackled	 this	 recently,	 focusing	on	 the	utility	of	CT	 in	differentiating	high-risk	 features	of	 the
tumors	 themselves,	 including	 T	 stage,	 extramural	 tumor	 and	 venous	 invasion,	 and	 distance	 to	 the	 nearest
retroperitoneal	fascia.	Although	extramural	venous	invasion	and	distance	to	the	nearest	retroperitoneal	fascia	were
not	 consistently	 identified,	CT	accurately	predicted	81%	of	T4	 tumors	 and	71%	of	T3	 tumors	with	 extramural
invasion	 >5	 mm,	 with	 only	 7%	 understaged,	 indicating	 that	 this	 may	 be	 a	 reasonable	 modality	 for	 selecting
patients	who	would	benefit	from	neoadjuvant	therapy.327

Other	imaging	modalities	that	may	prove	even	more	useful	than	CT	include	MRI	and	EUS.	In	a	retrospective
study	of	55	patients	with	 tumors	 throughout	 the	colon,	MRI	demonstrated	a	high	sensitivity	 (72%	to	91%)	and
specificity	(84%	to	89%)	in	detecting	T3/T4	tumors	with	a	low	sensitivity	(43%	to	67%)	but	high	specificity	(75%
to	 88%)	 for	 T3cd/T4	 tumors.	 MRI	 also	 had	 a	 high	 sensitivity	 and	 moderate	 specificity	 for	 detecting	 serosal
involvement	 and	 extramural	 vascular	 invasion	 and	 was	 moderately	 accurate	 for	 detecting	 nodal	 metastases.
Another	report	compared	the	accuracy	of	EUS	to	CT	scan	specifically	in	left-sided	tumors.	The	authors	found	that
although	 the	 two	modalities	 had	 comparable	 sensitivities	 for	 T	 stage	 evaluation,	 EUS	 had	 significantly	 higher
specificity	in	the	evaluation	of	“low-risk”	tumors	(T1	to	T3	with	<5	mm	extramural	invasion).	Results	for	more
advanced	 lesions	 were	 difficult	 to	 interpret	 due	 to	 small	 sample	 size,	 and	 both	 EUS	 and	 CT	 were	 poor	 in
predicting	N	stage.328,329

FOLLOW-UP	AFTER	MANAGEMENT	OF	COLON	CANCER	WITH	CURATIVE
INTENT
Follow-up	after	definitive	management	has	two	primary	goals.	First,	patients	with	a	history	of	CRC	are	at	higher
risk	than	the	general	population	for	a	second	colon	cancer	primary.330,331	A	colonoscopic	screening	may	benefit	in
the	early	detection	of	a	second	primary	malignancy	or	detection	of	a	benign	polyp,	which	can	then	be	resected,
potentially	preventing	the	development	of	an	invasive	cancer.

Second,	 surveillance	 may	 increase	 the	 chance	 of	 identifying	 local	 regional	 or	 distant	 recurrence	 that	 is
potentially	curable	by	surgery.	It	should	be	noted	that	it	is	this	detection	of	potentially	curable	recurrent	or	second
primary	disease	that	justifies	routine	postoperative	surveillance.	To	date,	there	are	no	compelling	data	that	indicate
that	early	detection	of	unresectable	asymptomatic	metastatic	disease	is	of	benefit	to	the	patient.	In	other	words,	if
recurrent	disease	is	unresectable	and	therefore	incurable,	there	is	no	urgency	to	identify	it;	there	is	no	compelling
evidence	that	the	early	initiation	of	palliative	chemotherapy	is	of	benefit	in	the	asymptomatic,	incurable	patient.
Although	the	choice	of	follow-up	routine	and	which	studies	to	include	in	that	follow-up	have	been	the	subject	of
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much	debate	 in	 the	 colon	 cancer	 literature,332–335	 subsequent	 analyses	 have	 shown	 that	most	 interventions	 that
have	been	considered	are	not	value-added	and	not	appropriate	for	routine	use.	The	American	Society	of	Clinical
Oncology	(ASCO)	has	recently	updated	its	guidelines	for	postsurgical	follow-up.336

These	recommendations	are	for	physical	examination	and	blood	CEA	monitoring	every	3	to	6	months	for	the
first	3	years,	and	every	6	months	for	years	4	and	5.	CT	scans	of	the	chest	and	abdomen	are	recommended	once	a
year	for	the	first	3	years.	Positron	emission	tomography	(PET)	scans	are	specifically	not	recommended	for	routine
screening	and	surveillance.	NCCN	guidelines	differ	only	slightly	in	that	they	recommend	annual	CT	scanning	for
up	to	5	years	and	include	CT	scans	of	the	pelvis.	Repeat	colonoscopy	should	be	performed	1	year	after	surgery	or
immediately	after	adjuvant	therapy	if	no	preoperative	exam	was	completed	and	then	every	3	to	5	years	depending
on	 findings.	 CT	 scans	 and	CEA	monitoring	 should	 not	 be	 continued	 beyond	 5	 years.	 In	 addition,	 the	 authors
recommend	secondary	prevention	measures,	such	as	maintaining	a	healthy	body	weight	and	active	lifestyle.	For
patients	who	are	not	candidates	for	further	surgery	or	systemic	therapy,	surveillance	tests	should	be	discontinued.
Of	 note,	 older	 studies	 advocating	 routine	 monitoring	 of	 complete	 blood	 count,	 liver	 function	 studies,	 lactate
dehydrogenase,	chest	x-rays,	and	fecal	occult	blood	monitoring	have	not	been	supported	by	subsequent	data,	and
none	of	these	are	recommended	for	routine	monitoring	of	patients	at	this	time.	The	role	of	CEA	measurement	in
patients	following	definitive	management	of	CRC	has	been	controversial.102,337,338	ASCO	carefully	reviewed	its
utility	in	an	additional	panel	in	1996.339	Their	recommendation	for	CEA	monitoring	then,	which	was	confirmed	in
the	surveillance	guideline	panel	review,	was	postoperative	serum	CEA	testing	to	be	performed	every	3	months	in
patients	with	 stage	 II	 or	 III	 disease	 for	 up	 to	 3	 years	 after	 diagnosis.	An	 elevated	CEA	 level,	 if	 confirmed	 by
retesting,	warranted	further	evaluation	for	metastatic	disease.

This	 further	 workup	 of	 an	 elevated	 CEA	 typically	 consists	 of	 a	 colonoscopy	 and	 a	 CT	 scan	 of	 the	 chest,
abdomen,	and	pelvis.	If	these	studies	are	negative,	the	clinician	is	faced	with	a	dilemma.	The	question	of	what	to
do	 in	 the	 face	 of	 a	 rising	 serum	 CEA	 level	 in	 the	 absence	 of	 imageable	 disease	 by	 conventional	 imaging
modalities	 is	 one	 that	 has	 been	 addressed	 in	 clinical	 trials.340–345	 Strategies	 to	 image	 CEA	 expression	 might
improve	 on	 the	 detection	 capability	 of	 standard	 imaging	 studies.	 Several	 studies	 were	 performed	 using
immunoscintigraphy	with	an	antibody	directed	against	CEA	or	Tag72,	a	CEA-like	glycoprotein	(CEA	scan	and
OncoScint	[Cytogen	Corp,	Lonza	Biologics,	Princeton,	NJ]	scan,	respectively).346–348	The	results	of	these	studies
using	 antibody-	 directed	 immunoscintigraphy	 were	 variable,	 and	 at	 this	 time,	 CEA	 scintigraphy	 is	 no	 longer
considered	in	standard	care.

Based	on	these	findings,	it	appears	that	serum	CEA	surveillance	following	definitive	management	of	a	primary
CRC	is	a	reasonable	surveillance	technique.	If	the	CEA	level	is	elevated	on	repeat	testing,	imaging	studies	should
be	performed	consisting	of	CT	scans	and	a	thorough	evaluation	of	the	colon	with	colonoscopy	performed	as	well.
If	no	recurrence	or	second	primary	 is	detected,	watchful	waiting	and	repeat	of	CT	imaging	at	approximately	3-
month	intervals	versus	a	PET	scan	with	fluorodeoxyglucose	(FDG)	can	be	considered.	If	disease	is	discovered,	it
should	be	managed	as	 indicated.	 If	no	disease	 is	detected,	 then	continued	surveillance	 is	warranted	with	 repeat
CEA	levels	and	CT	or	MRI	at	intervals.343,349

The	 role	 of	 physical	 examination	 has	 also	 been	 evaluated.350	 The	 ASCO	 panel	 noted	 that	 no	 formal
examination	of	 the	 contribution	of	 physician’s	 history	 and	physical	 examination	 to	help	outcomes	of	CRC	has
been	 performed.	 However,	 data	 from	 the	 larger	 studies	 of	 surveillance	 showed	 that	 80%	 of	 recurrences	 were
found	by	CEA	 testing,	whereas	only	20%	were	 found	by	 routine	history	and	physical	 examination	done	at	 the
same	time.351	This	has	been	confirmed	by	other	studies.352,353	Although	no	direct	effects	were	shown	on	history	or
physical	examination	about	 the	 impact	and	detection	or	outcome	 in	 the	surveillance	period,	a	physician–patient
encounter	 provides	 a	 vital	 link	 for	 other	 studies	 that	may	 influence	 outcome.	 Therefore,	 although	 not	 in	 itself
substantiated	 by	 the	 data	 in	 the	 literature,	 it	 is	 felt	 that	 routine	 postresection	 visits	 be	 performed	 every	 3	 to	 6
months	for	the	first	3	years	following	resection	and	every	6	months	during	years	4	and	5.

The	role	of	liver	function	tests	as	a	means	for	detecting	colorectal	recurrence	has	also	been	carefully	evaluated.
No	studies	that	were	reviewed	by	the	ASCO	panel	demonstrated	any	benefit	for	the	routine	use	of	liver	function
test	measurements	in	the	postsurveillance	period.350,354	In	fact,	studies	suggest	that	other	routine	blood	tests	such
as	 CEA	 detected	 recurrence	 far	 earlier	 than	 liver	 function	 test	 abnormalities.102	 Therefore,	 the	 2005	 ASCO
consensus	 panel	 did	 not	 recommend	 the	 routine	 use	 of	 liver	 function	 test	 measurements	 in	 the	 postresection
surveillance	period.

Routine	fecal	occult	blood	testing,	routine	complete	blood	counts,	and	routine	chest	x-rays	were	all	not	thought
to	be	of	benefit	 in	postoperative	surveillance.	Although	the	panel	was	not	in	uniform	agreement	with	respect	 to
chest	x-ray,	it	was	thought	that	all	 three	of	these	modalities	should	be	reserved	for	the	evaluation	of	the	patient
with	evidence	of	recurrence	such	as	a	rising	CEA	level	or	a	positive	endoscopy.	Each	of	these	modalities	in	and	of



itself	was	not	found	to	be	useful.
The	panel	recommended	that	annual	CT	of	the	chest	and	abdomen	(with	pelvis	for	rectal	cancer)	be	performed

for	3	years	in	those	patients	at	higher	risk	for	recurrence	who	could	be	candidates	for	curative-intent	surgery	of	a
recurrence.	 With	 respect	 to	 colonoscopy	 and	 flexible	 proctosigmoidoscopy,	 the	 panel,	 after	 reviewing	 the
literature,	 recommended	 that	all	patients	have	a	colonoscopy	for	 the	pre-	or	perioperative	documentation	of	 the
cancer	and	to	ascertain	that	the	remainder	of	the	colon	is	free	from	polyps.	Further,	the	panel	agreed	that	the	data
were	sufficient	to	recommend	colonoscopy	at	3	years	to	detect	new	cancers	and	polyps	and	then	every	5	years	if
normal.	However,	they	did	not	recommend	routine	annual	colonoscopy	as	follow-up	after	definitive	management
of	 patients	 with	 CRC.	 Further,	 the	 panel	 concluded	 that	 colonoscopy	 was	 superior	 to	 flexible
proctosigmoidoscopy	and	therefore	should	be	performed	as	previously	discussed	for	patients	following	both	colon
and	 rectal	 cancer	 surgery.	 Other	 studies	 have	 also	 supported	 the	 routine	 use	 of	 colonoscopic	 examination
following	definitive	management	of	CRC.355,356

A	 meta-analysis	 and	 systematic	 review	 of	 randomized	 trials	 to	 address	 the	 impact	 of	 close	 postoperative
surveillance	on	OS	following	definitive	management	of	CRC	was	also	performed	by	Renehan	et	al.357	A	total	of
five	randomized	trials	that	met	their	inclusion	criteria	were	reviewed,	representing	1,342	patients.	For	four	of	the
studies,	 intensive	follow-up	consisted	of	blood	work	including	serum	CEA,	colonoscopy,	physical	examination,
abdominal	ultrasound,	and	CT	scans.	In	one	study,	no	CEA	measurements	or	CT	scans	were	performed.	Follow-
up	 in	 the	 intensive	arm	was	performed	every	3	months	 for	2	years	and	 then	every	6	months	 thereafter	up	 to	5
years,	with	 yearly	 CT	 scans	 and	 endoscopy.	All	 five	 studies	 had	 a	 control	 arm	 subjected	 to	 a	 less	 aggressive
follow-up	 regimen,	which	varied	 from	study	 to	 study	 ranging	 from	no	specific	 follow-up	 to	 interval	 laboratory
tests	and	plain	x-rays	or	ultrasound.	They	found	that	there	was	an	absolute	reduction	in	mortality	of	9%	to	13%	by
employing	an	aggressive	follow-up	regimen,	consisting	of	serum	CEA	measurements	and	CT	scans.	Two	studies
in	particular	showed	the	greatest	impact	on	survival.

In	 summary,	 a	 rational	 postoperative	 surveillance	 program	would	 include	CEA	measurements	 every	 3	 to	 6
months	 and	 a	 yearly	 CT	 scan	 of	 the	 chest,	 abdomen,	 and	 pelvis	 (for	 rectal	 cancer)	 for	 the	 first	 3	 years.
Colonoscopy	can	be	performed	every	3	to	5	years	following	the	resection.	At	the	time	of	CEA	measurements,	a
physician	encounter	should	be	scheduled	where	a	discussion	of	patient	symptoms	and	a	physical	examination	can
be	performed.	If	a	rising	serum	CEA	is	detected	on	two	consecutive	measurements	in	the	absence	of	imageable
disease	by	CT	scan,	a	PET	scan	with	FDG	can	be	considered.	Lesions	found	on	colonoscopy	should	be	managed
appropriately	 either	with	 colonoscopic	 resection	 or	 surgical	management.	 These	 surveillance	 guidelines	 should
allow	for	the	early	detection	of	either	resectable	recurrence	or	second	primary	lesions	and	therefore	the	potential
to	impact	patient	outcome.

SURGICAL	MANAGEMENT	OF	STAGE	IV	DISEASE
For	a	select	group	of	patients	with	metastatic	CRC,	complete	surgical	resection	of	stage	IV	disease	(discussed	in
detail	 in	Chapter	63)	may	be	an	option	and	may	provide	a	long-term	survival	advantage.	This	is	especially	true
with	 respect	 to	metastatic	 sites	 in	 the	 liver	 and	 lung.	Resection	of	 locoregional	 recurrence	 can	 also	benefit	 the
patient	with	respect	to	local	control	and	overall	outcome.	Numerous	regional	approaches	have	also	been	explored
for	 the	 treatment	 of	 stage	 IV	 colon	 cancer	 depending	 on	 the	 organ	 or	 body	 cavity	 involved.	 Organ-specific
infusional	 therapy,	 isolated	 or	 continuous	 perfusion	 therapy,	 radiofrequency	 ablation	 or	 cryotherapy,	 surgical
debulking,	and	radiation	are	all	technical	approaches	that	have	been	performed.	Many	of	these	regional	strategies
as	well	as	surgical	metastasectomy	are	discussed	in	separate	chapters	and	therefore	are	not	specifically	addressed
here.

Some	 patients	 with	 initially	 unresectable	 metastatic	 disease	 may	 also	 become	 candidates	 for	 curative
procedures	based	on	their	response	to	chemotherapy.358

MANAGEMENT	OF	UNRESECTABLE	METASTATIC	DISEASE
Unresectable	 metastatic	 CRC	 is	 generally	 not	 curable	 with	 current	 technology.	 Management	 centers	 around
palliation	and	control	of	symptoms,	control	of	tumor	growth,	and	attempts	to	lengthen	progression-free	survival
and	OS.	Given	 the	 palliative	 nature	 of	 such	 treatments,	 extreme	 care	must	 be	 taken	 to	 adequately	 assess	 each
individual’s	 potential	 for	 both	 benefit	 and	 harm	 from	 chemotherapy.	 Care	 must	 also	 be	 taken	 with	 surgical
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interventions	 as	 well.	 Quality-of-life	 issues	 must	 be	 frankly	 and	 objectively	 discussed	 with	 patients	 and	 their
caregivers	so	that	informed	decisions	can	be	made	and	expectations	can	be	contained	within	a	realistic	framework.
The	 issue	 of	whether	 patients	 presenting	with	 unresectable	 stage	 IV	 disease	 should	 have	 their	 primary	 tumors
resected	has	been	the	matter	of	some	debate.	Although	such	resections	had	been	routinely	performed	in	the	past,
more	recent	data	suggest	that	such	interventions	are	not	required	and	may	in	fact	be	counterproductive.	Temple	et
al.359	 reviewed	 the	 linked	 SEER-Medicare	 databases	 and	 found	 that	 of	 9,011	 elderly	 patients	 presenting	 with
synchronous	stage	IV	disease,	that	72%	had	undergone	resection	of	the	primary,	and	that	the	30-day	mortality	for
these	 resections	was	10%.	 In	a	 retrospective	 review,	Poultsides	et	al.360	demonstrated	 that	93%	of	233	patients
never	required	surgical	intervention	on	their	primary	tumors.	More	recently,	the	NSABP	C-10	trial	prospectively
addressed	this	question,	treating	90	patients	with	unresectable	stage	IV	disease	and	intact,	asymptomatic	primary
tumors	 with	 initial	 medical	 management	 with	 FOLFOX-6	 plus	 bevacizumab.	 A	 total	 of	 12	 patients	 (14%)
experienced	 major	 morbidity	 due	 to	 the	 intact	 primary	 tumor.	 This	 study	 met	 its	 prespecified	 end	 points	 for
acceptability	 of	 intial	 nonoperative	management,	 and	 the	 investigators	 concluded	 that	 good	 performance	 status
patients	with	asymptomatic	primaries	can	be	spared	initial	noncurative	resection	of	their	primaries.361

Surgical	intervention	can	be	a	very	effective	method	of	palliation	and	is	often	indicated	in	cases	of	impending
obstruction,	perforation,	bleeding,	or	pain.	However,	it	can	also	be	associated	with	high	postoperative	morbidity
and	mortality.	Stillwell	et	al.362	 identify	several	adverse	prognostic	factors	 that	can	guide	clinicians	considering
surgical	 palliation	 versus	 other	 less	 aggressive	 maneuvers.	 In	 a	 retrospective	 analysis	 of	 379	 patients	 who
underwent	palliative	resection,	elderly	(70	years	and	older)	patients	with	advanced	local	disease	or	extrahepatic
metastases	 were	 at	 greatest	 risk	 for	 postoperative	 mortality.	 Other	 independently	 associated	 factors	 included
emergency	 operation	 and	medical	 complications.	Advanced	 nodal	 disease	 (N2)	 and	 poor	 tumor	 differentiation
were	significant	predictors	of	decreased	long-term	survival.362

Li	et	al.363	also	reported	that	age	older	than	70	years	was	negatively	associated	with	OS	in	a	more	recent	series
of	 110	 patients	 who	 underwent	 primary	 tumor	 resection	 in	 the	 setting	 of	 metastatic	 disease.	 Additional	 poor
prognostic	 factors	 included	 alkaline	 phosphatase	 level	 over	 160	 IU/I,	 ascites,	 and	 a	 platelet/lymphocyte	 ratio
>162.	The	authors	further	combined	these	parameters	into	an	“AAAP	scoring	system”	to	stratify	the	study	patients
into	low-,	high-,	and	medium-risk	groups.	Two-year	OS	was	significantly	different	between	the	groups,	indicating
that	 this	 might	 be	 a	 useful	 tool	 for	 surgical	 decision	 making	 in	 this	 population	 moving	 forward.	 The	 role	 of
primary	tumor	resection	in	metastatic	disease	should	be	more	definitely	addressed,	however,	in	a	new	randomized
controlled	trial	currently	underway.364	The	authors	aim	to	recruit	480	patients	with	colon	or	upper	rectal	cancer
and	asymptomatic,	 synchronous,	unresectable	metastases.	Patients	will	 be	 randomized	 to	 receive	chemotherapy
with	or	without	primary	tumor	resection	and	followed	for	a	primary	end	point	of	2-year	OS.	Secondary	end	points
will	 include	 primary	 tumor-related	 complications,	 quality	 of	 life,	 surgery-related	 morbidity	 and	 mortality,
chemotherapy-related	 toxicities,	 and	 total	 cost	 of	 care.	 The	 authors	 hypothesize	 that	 the	 group	 undergoing
resection	will	show	a	10%	improvement	in	2-year	OS.	Regardless	of	outcome,	the	findings	of	this	report	will	be
instrumental	in	defining	the	optimal	treatment	approach	for	this	challenging	subset	of	CRC	patients.363,364

The	 chemotherapy	 options	 available	 and	 the	 developmental	 work	 that	 supports	 their	 utility	 are	 outlined
subsequently.	It	is	of	paramount	importance	to	keep	in	mind	that	virtually	all	of	the	clinical	trials	done	in	patients
with	metastatic	disease	were	performed	by	design	on	patients	who	were	in	good	overall	general	medical	condition.
Entry	 criteria	 for	 most	 trials	 require	 a	 favorable	 performance	 status	 and	 acceptable	 bone	 marrow,	 renal,	 and
hepatic	function,	and	they	often	specify	evidence	of	reasonable	nutritional	intake.

It	 is	 not	 reasonable	 to	 extrapolate	 the	 results	 of	 these	 trials	 to	 patients	 who	 do	 not	 conform	 to	 these	 entry
criteria.	 The	 likelihood	 of	 benefit	 in	 a	 poor	 performance	 status	 patient	 is	 substantially	 diminished,	 and	 the
likelihood	 of	 a	 serious	 adverse	 event	 is	 greatly	 increased.	 Patients	 with	 hepatic	 or	 renal	 dysfunction	 may	 be
particularly	 prone	 to	 additional	 toxicity	 if	 the	 drug	 is	 cleared	 or	 metabolized	 by	 these	 organs.	 Patients	 with
marginal	 nutritional	 intake	 may	 have	 their	 nutritional	 deficiencies	 further	 exacerbated	 by	 drugs	 that	 produce
nausea	or	anorexia,	and	patients	with	partial	or	complete	bowel	obstruction	or	other	causes	of	prolonged	GI	transit
time	may	have	increased	toxicity	from	those	drugs	that	undergo	an	enterohepatic	recirculation.

Thus,	 chemotherapy	 for	 patients	 with	 incurable	 metastatic	 disease	 should	 be	 approached	 with	 appropriate
caution.	 Good	 performance	 status	 in	 well-motivated	 patients	 with	 good	 bone	marrow	 reserve	 and	 good	 organ
function	 portend	 a	 significant	 potential	 for	 substantial	 benefits	 from	 chemotherapy	 and	 should	 be	 strongly
considered	for	aggressive	therapy.	Patients	with	poor	performance	status	and	significant	comorbidities	should	be
considered	for	either	less	aggressive	therapies	or	for	supportive	care	only.



Fluorouracil
Virtually,	 the	 entire	 history	 of	 chemotherapy	 for	 CRC	 has	 revolved	 around	 the	 use	 of	 5-FU.	 Developed	 by
Heidelberger	et	al.365	and	patented	in	1957,	it	is	a	source	of	frustration	and	humility	for	investigators	working	to
move	beyond	it	that	over	50	years	later,	this	agent	remains	at	the	very	core	of	most	chemotherapeutic	approaches
to	CRC.

5-FU	must	be	metabolized	before	it	can	exert	cytotoxic	activity.	The	details	of	5-FU	metabolism	are	covered	in
a	separate	chapter.	The	history	of	investigations	of	5-FU	in	CRC	treatment	has	been	well	summarized	in	previous
editions	 of	 this	 book.247	 5-FU	 remained	 the	 only	 drug	 available	 to	 treat	 CRC	 for	 almost	 four	 decades,	 during
which	 time	 numerous	 agents	 were	 studied	 for	 their	 ability	 to	 “biomodulate”	 5-FU.	 Of	 these,	 only	 leucovorin
remains	in	use	today,	and	it	is	debatable	whether	this	reduced	folate	truly	contributes	to	the	efficacy	of	5-FU.	Most
studies	 that	 evaluate	 the	 same	dose	of	5-FU	with	or	without	 leucovorin	 find	 that	both	 activity	 and	 toxicity	 are
increased	in	the	leucovorin	arm,	whereas	studies	that	evaluate	single-agent	5-FU	versus	an	equitoxic	schedule	of	a
lower	 dose	 of	 5-FU	 plus	 leucovorin	 find	 equivalent	 activity.	 Nevertheless,	 use	 of	 leucovorin	 persists	 in	 most
standard	 regimens	 today.	Data	 comparing	 bolus	 versus	 infusional	 schedules	 of	 5-FU	 show	 a	 slight	 benefit	 for
infusions.	These	infusional	schedules	achieved	widespread	acceptance	in	Europe	sooner	than	in	the	United	States.
It	 was	 not	 until	 the	 advent	 of	 combination	 schedules	 of	 5-FU	 plus	 other	 active	 agents	 that	 the	 benefits	 of
infusional	schedules,	especially	in	terms	of	improved	toxicity,	asserted	themselves	in	North	American	practice.	A
selection	of	commonly	used	5-FU	regimens	is	outlined	in	Table	62.10.366–368

Capecitabine
Capecitabine	 is	 a	 5-FU	 precursor	 that	 is	 administered	 orally.	 It	 is	 absorbed	 intact	 through	 the	 gut	 and	 then
activated	by	a	series	of	enzymatic	alterations.	Some	data	suggest	that	thymidine	phosphorylase	levels	are	higher	in
tumor	 than	 in	 normal	 tissue.	 This	 could,	 in	 theory,	 provide	 a	 degree	 of	 preferential	 intratumoral	 activation;
however,	 clinical	 trials	do	not	 appear	 to	 support	 a	 substantially	better	 therapeutic	 index	 than	5-FU.369	 Phase	 II
studies	demonstrate	that	this	agent	has	substantial	activity	in	CRC,	with	an	acceptable	toxicity	profile.370	Because
the	 addition	 of	 leucovorin	 did	 not	 appear	 to	 show	 any	 benefit,	 clinical	 development	 went	 forward	 without
additional	biomodulation.	Phase	 III	 randomized	clinical	 trials,	performed	both	 in	 the	United	States	and	Europe,
have	now	shown	that	this	orally	administered	agent	is	at	least	as	effective	as	intravenous	5-FU/leucovorin,	and	the
side	 effect	 profile	 of	 capecitabine	 is	 superior	 to	 the	 daily	 times	 five	 Mayo	 Clinic	 schedule	 of	 5-
FU/leucovorin.371,372	However,	as	this	bolus	daily	times	five	schedule	is	now	known	to	be	unnaceptably	toxic	and
is	not	used	anymore,	 the	 relevance	of	 the	 toxicity	comparison	 is	questionable.	Head-to-head	 studies	of	modern
infusional	 5-FU/leucovorin	 regimens	 versus	 capecitabine	 have	 never	 been	 done;	 however,	 a	 reasonable
extrapolation	from	available	data	would	suggest	that	these	two	approaches	are	extremely	similar	in	efficacy	and
tolerability.	The	dose	used	in	these	pivotal	trials	was	1,250	mg/m2	given	twice	daily	for	14	days	followed	by	a	7-
day	rest.	The	major	side	effects	of	capecitabine	appear	to	be	palmar–plantar	erythrodysesthesia,	commonly	called
hand-foot	 syndrome,	 and	 to	 a	 lesser	 extent	 diarrhea.	 The	 hand-foot	 toxicity	 is	 frequently	 a	 dose-limiting	 side
effect,	and	although	the	approved	starting	dose	is	1,250	mg/m2	twice	daily,	this	dose	is	based	on	trials	conducted
mainly	in	Europe.	For	unclear	reasons,	possibly	related	to	higher	serum	folate	levels,	American	patients	tolerate
capecitabine	less	well	than	European	patients,	and	clinicians	in	the	United	States	often	choose	to	initiate	therapy	at
a	lower	dose	and	escalate	if	little	or	no	toxicity	is	seen.

Irinotecan
Irinotecan	 is	a	semisynthetic	derivative	of	camptothecin,	a	plant	alkaloid	extracted	 from	the	wood	of	 the	Asian
tree	Camptotheca	acuminate.373	 Irinotecan	possesses	a	bulky	dipiperidino	side	chain	linked	to	the	camptothecin
molecule	via	a	carboxyl-ester	bond.	This	side	chain	provides	solubility	but	greatly	decreases	anticancer	activity.
Carboxylesterase,	a	ubiquitous	enzyme	with	primary	activity	in	the	liver	and	gut,	cleaves	the	carboxyl-ester	bond
to	form	the	more	active	metabolite	7-ethyl-10-hydroxycamptothecin	(SN-38).374	SN-38	is	as	much	as	1,000-fold
more	potent	in	inhibiting	topoisomerase	I	(topo	I)	than	irinotecan	and	is	thus	the	predominant	active	form	of	the
drug.	Irinotecan	is	often	considered	to	be	a	prodrug	for	SN-38;	however,	this	concept	may	be	a	bit	too	simplistic,
as	achieved	irinotecan	concentrations	may	be	several	logs	higher	than	those	of	SN-38.

Camptothecin,	irinotecan,	and	SN-38	function	as	inhibitors	of	topo	I.	Topo	I	is	a	nuclear	enzyme	that	aids	in
DNA	uncoiling	for	replication	and	transcription.	When	topo	I	binds	to	DNA,	it	causes	a	reversible	single-stranded
break	 in	 the	DNA,	allowing	 the	 intact	 strand	 to	pass	 through	 the	break	 to	 relieve	 torsional	 stress	on	 the	coiled
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helix,	 and	 then	 reseals	 the	 break.	 Irinotecan	 and	 SN-38	 stabilize	 these	 single-stranded	 breaks.	 Although	 the
stabilized	 breaks	 do	 not	 cause	 irreversible	 damage,	 the	 collision	 of	 replication	 forks	with	 open	 single-stranded
breaks	 results	 in	 double-stranded	 breaks,	 leading	 to	 lethal	 DNA	 fragmentation.	 The	 early	 development	 of
irinotecan	and	its	single-agent	schedules	have	been	well	documented	in	earlier	editions	of	this	textbook.247

TABLE	62.10
Commonly	Used	5-Fluorouracil	Regimensa

Name	of	Regimen Author	(Ref.) Schedule	(All	Agents	Administered	Intravenously)

Roswell	Park Haller	et	al.,	1998251
LV	500	mg/m2	over	2	h;	5-FU	500	mg/m2	by	bolus	1	h	into	LV	infusion.
Treatments	given	weekly	for	6	consecutive	wk,	repeated	every	8	wk.

Low-dose	weekly	LV Jäger	et	al.,	1996366
LV	20	mg/m2	over	5–15	min,	followed	by	bolus	5-FU	500	mg/m2;	treatments
given	weekly	for	6	consecutive	wk,	repeated	every	8	wk.

Protracted	venous
infusion Lokich	et	al.,	1989367 5-FU	300	mg/m2/d	by	continuous	infusion.

AIO	(weekly	24-h
infusion) Köhne	et	al.,	1998368

LV	500	mg/m2	over	2	h,	followed	by	5-FU	2,600	mg/m2	over	24	h,	repeated
weekly.

LV5FU2
de	Gramont	et	al.,
1997384

LV	200	mg/m2	over	2	h	days	1	and	2,	followed	by	bolus	5-FU	400
mg/m2/day	1	and	2,	followed	by	5-FU	600	mg/m2	over	22	h	days	1	and	2;
cycle	repeated	every	14	d.

Simplified	LV5FU2
Adapted	from	André	et
al.,	1999376

LV	400	mg/m2	over	2	h,	followed	by	bolus	5-FU	400	mg/m2,	followed	by	5-
FU	1,200	mg/m2/d	times	2	d	(2,400	mg/m2	over	46–48	h);	cycles	repeated
every	14	d.

aDoses	listed	are	recommended	starting	doses	for	good	performance	status	patients	with	normal	renal,	hepatic,	and	bone	marrow
function.	Individual	dose	adjustments	may	be	required.
LV,	leucovorin;	5-FU,	5-fluorouracil;	AIO,	Arbeitsgemeinschaft	Internistische	Onkologie	(Oncology	Working	Group,	Germany).

Irinotecan	in	First-line	Combination	Regimens
Numerous	 phase	 I	 combinations	 of	 5-FU,	 usually	 with	 leucovorin,	 plus	 irinotecan,	 were	 tried.	 Saltz	 et	 al.375
reported	a	phase	I	trial	built	on	the	weekly	irinotecan	schedule	that	had	been	selected	for	phase	I	development	in
North	 America.	 A	 low	 dose	 of	 weekly	 leucovorin	 was	 utilized	 in	 order	 to	 reduce	 the	 potential	 for	 5-
FU/leucovorin–induced	 diarrhea.	 The	 phase	 I	 trial	 showed	 that	 the	 full	 single-agent	 dose	 of	 125	 mg/m2	 of
irinotecan	could	be	given	with	500	mg/m2	of	5-FU	and	20	mg/m2	leucovorin,	with	all	drugs	given	weekly	for	4
consecutive	 weeks	 followed	 by	 a	 2-week	 break.	 This	 and	 other	 irinotecan/5-FU/leucovorin	 regimens	 are
summarized	 in	 Table	 62.11.	 This	 combination	 of	 IFL	 was	 compared	 to	 the	 Mayo	 Clinic	 schedule	 of	 5-
FU/leucovorin	in	a	multicenter,	multinational	phase	III	trial.271	For	regulatory	reasons,	a	single-agent	 irinotecan
arm	was	 included	as	well.	The	 IFL	arm	was	 found	 to	be	 superior	 to	Mayo	Clinic	5-FU/leucovorin	 in	 terms	of
response	rate,	time	to	tumor	progression,	and	OS.	The	irinotecan-alone	arm	appeared	to	be	comparable	in	efficacy
to	 the	5-FU/leucovorin	arm.	The	overall	 incidence	of	 severe	 toxicity	was	similar	 in	all	arms	of	 this	 trial.	More
serious	diarrhea	and	vomiting	were	seen	with	IFL,	whereas	more	neutropenia,	neutropenic	fever,	and	stomatitis
were	 seen	with	5-FU/leucovorin.	Treatment-related	deaths	occurred	 in	1%	of	patients	 in	 each	arm	of	 this	 trial.
Although	this	IFL	schedule	represented	a	step	forward	over	the	Mayo	Clinic	5-FU/leucovorin	schedule,	neither	of
these	are	recommended	for	current	use.	As	outlined	in	the	following	text,	 the	infusional	5-FU	schedules	have	a
superior	safety	and	efficacy	profile	and	are	preferred	for	use,	especially	in	combination	regimens.

In	 Europe,	 a	 parallel	 study	 to	 investigate	 the	 benefit	 of	 adding	 irinotecan	 to	 a	 5-FU–based	 schedule	 was
undertaken.270	Two	high-dose	intermittent	infusional	schedules	were	developed.	In	France,	a	biweekly	treatment
for	2	consecutive	days	was	explored,	whereas	German	investigators,	building	on	their	experience	with	weekly	24-
hour	 high-dose	 infusions	 of	 5-FU,	 combined	 irinotecan	 with	 this	 schedule.	 A	 randomized	 phase	 III	 trial	 was
performed	in	which	a	participating	center	chose	which	of	these	two	schedules	would	be	used,	and	then	the	patients
were	 randomized	 to	 that	5-FU/leucovorin	schedule	plus	or	minus	 irinotecan.	Again,	 response	 rate,	progression-
free	survival,	and	OS	were	superior	in	the	irinotecan-containing	arm	of	the	trial.	Of	note,	only	the	cohort	treated
with	 the	biweekly	schedule	demonstrated	a	statistically	superior	survival	over	 the	5-FU/leucovorin	control	arm,
and	the	biweekly	combination	schedule	is	the	only	one	registered	for	use	in	the	United	States.

More	recently,	the	biweekly	schedule	of	LV5FU2	plus	irinotecan	has	been	studied	with	a	simplified	LV5FU2



infusion	schedule.376	This	schedule,	known	as	FOLFIRI,	was	initially	studied	as	a	salvage	regimen;	however,	this
has	now	gained	widespread	acceptance	as	a	first-line	treatment	option,	based	on	the	data	discussed	subsequently.

The	Bolus,	Infusional,	or	Capecitabine	with	Camptosar-	Celecoxib	(BICC-C)	trial	is	the	only	trial	to	directly
compare	weekly	bolus	IFL	to	FOLFIRI.377	This	trial	utilized	a	modified	bolus	IFL	schedule,	giving	treatment	on
days	 1	 and	 8,	 repeated	 on	 a	 3-week	 cycle.	 This	 modified	 IFL	 was	 compared	 to	 FOLFIRI	 as	 well	 as	 to
capecitabine/irinotecan.	The	first	phase	of	 this	 trial	 (430	patients)	confirmed	 the	superior	safety	and	efficacy	of
FOLFIRI	over	IFL	(median	progression-free	survival,	7.6	months	for	FOLFIRI	versus	5.8	months	for	IFL;	P	=
.007)	 and	 over	 capecitabine/irinotecan	 (progression-free	 survival,	 5.7	months;	P	 =	 .003).	 The	 trial	 was	 halted
when	bevacizumab	(see	the	following	text)	became	commercially	available,	and	a	second	phase	randomized	117
patients	 to	 modified	 IFL	 plus	 bevacizumab	 versus	 FOLFIRI	 plus	 bevacizumab	 (capecitabine/irinotecan	 was
dropped	 from	 the	 second	 phase	 of	 this	 trial).	 This	 second	 phase	 showed	 a	 significant	 OS	 advantage	 for
FOLFIRI/bevacizumab	 over	 modified	 IFL/bevacizumab	 (P	 =	 .002).	 The	 BICC-C	 trial	 also	 had	 a	 second
randomization	of	all	patients	to	celecoxib	versus	placebo.	Celecoxib	was	found	to	provide	no	benefit	in	terms	of
either	safety	or	efficacy	and	does	not	appear	to	have	a	role	as	part	of	standard	chemotherapy	of	this	disease.

Oxaliplatin
Oxaliplatin	 (1,2-diaminocyclohexane	 (trans-l)	 oxalatoplatinum)	 is	 a	 third-generation	platinum	compound	of	 the
diaminocyclohexane	 family.	 Initial	 single-agent	 phase	 I	 studies	 established	 that	 oxaliplatin	 could	 be	 safely
administered,	 with	 evidence	 of	 clinical	 activity.378,379	 No	 significant	 nephrotoxicity	 was	 seen.	 Nausea	 and
vomiting,	minimal	leucopenia,	and	rare	thrombocytopenia	were	observed.	Extra	et	al.378	were	the	first	to	describe
in	detail	 the	most	notable	 toxicity	encountered	with	oxaliplatin:	neurotoxicity.	This	neurotoxicity	manifested	as
paresthesias	 and	 dysesthesias	 of	 the	 hands,	 feet,	 perioral	 region,	 and	 throat.	 Pharyngolaryngeal	 dysesthesia,	 a
sensation	 of	 choking	 without	 overt	 airway	 blockage,	 was	 described	 as	 well.	 These	 neurologic	 toxicities	 were
induced	or	worsened	by	exposure	to	cold.	Early	single-agent	explorations	with	oxaliplatin	have	been	well	outlined
in	the	prior	edition	of	this	textbook.380

TABLE	62.11
Commonly	Used	Irinotecan/5-Fluorouracil	Combination	Regimensa

Name	of	Regimen Author	(Ref.) Schedule	(All	Agents	Administered	Intravenously)

FOLFIRI Douillard	et	al.,	2000270

Irinotecan	180	mg/m2	over	2	h;	LV	200	mg/m2	concurrently	with	irinotecan
(can	be	given	in	same	line	through	“Y”	connector);	followed	by	5-FU	bolus
400	mg/m2,	followed	by	5-FU	600	mg/m2	infusion	over	22	h.	Irinotecan	given
day	1	only.	All	other	medicines	given	days	1	and	2.	Cycle	repeated	every	14
d.

FOLFIRI	(simplified) André	et	al.,	1999376

Irinotecan	180	mg/m2	over	90	min;	LV	400	mg/m2	concurrently	with
irinotecan	(can	be	given	in	same	line	through	“Y”	connector);	followed	by	5-
FU	bolus	400	mg/m2,	followed	by	5-FU	1,200	mg/m2/d	times	2	d	(2,400
mg/m2	infusion	over	46–48	h).	Cycle	repeated	every	14	d.

FUFIRI Douillard	et	al.,	2000270
Irinotecan	80	mg/m2,	then	LV	500	mg/m2,	followed	by	5-FU	2,300	mg/m2;	all
drugs	given	weekly	for	6	wk,	repeated	every	7	wk.

aDoses	listed	are	recommended	starting	doses	for	good	performance	status	patients	with	normal	renal,	hepatic,	and	bone	marrow
function.	Individual	dose	adjustments	may	be	required.
FOLFIRI,	irinotecan,	5-FU,	LV;	LV,	leucovorin;	5-FU,	5-fluorouracil;	FUFIRI,	5-FU,	LV.
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Oxaliplatin/5-Fluorouracil/Leucovorin	Combination	Trials
Based	on	a	series	of	phase	II	trials	by	Lévi	et	al.,381	Giacchetti	et	al.382	from	the	same	group	reported	a	phase	III
trial	of	chronomodulated	5-FU/leucovorin	alone	or	with	oxaliplatin.381–383	A	total	of	200	patients	were	randomly
assigned	 to	 receive	 a	 5-day	 course	 every	 3	 weeks	 of	 chronomodulated	 5-FU	 and	 leucovorin	 (700	 and	 300
mg/m2/day,	respectively;	peak	delivery	rate	at	4	a.m.)	with	or	without	oxaliplatin	on	the	first	day	of	each	course
(125	mg/m2,	as	a	6-hour	infusion).	The	group	who	received	oxaliplatin	had	a	superior	response	rate	(53%	versus
16%,	P	 <	 .001).	 Progression-free	 survival	 was	 also	 superior,	 just	 reaching	 statistical	 significance	 (8.7	 versus
7.4	months,	P	=	 .048).	There	were	no	differences	 in	median	OS	(19.4	and	19.9	months,	 respectively).	Survival
outcomes	in	 this	 trial	are	somewhat	difficult	 to	 interpret	as	extensive	use	of	resection	of	metastatic	disease	was
applied	in	both	arms.

Most	 of	 the	 combination	 5-FU/leucovorin/oxaliplatin	 trials	 have	 used	 flat	 (nonchronomodulated)
administration	of	agents	and	have	centered	on	variants	of	the	FOLFOX	regimen.	The	acronym	FOLFOX	refers	to
a	 series	 of	 combinations	 of	 these	 agents.	 These	 are	 biweekly	 (every	 other	 week)	 regimens	 using	 2	 days	 of
infusional	 5-FU	 on	 a	 14-day	 cycle	 (LV5FU2).384	 The	 FOLFOX-1,	 FOLFOX-2,	 and	 FOLFOX-3	 regimens
employed	 various	 alterations	 in	 dosing	 of	 each	 oxaliplatin,	 5-FU,	 and	 leucovorin.385,386	 They	 are	 of	 historical
interest	but	were	never	evaluated	in	randomized	trials.	FOLFOX-3	and	FOLFOX-4	were	reported	in	a	combined
series	to	have	a	response	rate	of	21%	in	a	population	of	patients	who	had	progressed	on	the	same	5-FU/leucovorin
schedule	without	oxaliplatin.385	The	FOLFOX-4	regimen	had	a	modestly	higher	response	rate	and	lower	toxicity
than	 FOLFOX-3	 (which	 used	 higher	 doses	 of	 5-FU	 and	 leucovorin),	 and	 FOLFOX-4	 appeared	 to	 be	 better
tolerated.	The	more	commonly	used	oxaliplatin/5-FU/leucovorin	combinations	are	outlined	in	Table	62.12.387,388

A	randomized	phase	III	trial	was	undertaken	to	evaluate	FOLFOX-4	versus	the	LV5FU2	schedule	in	patients
with	previously	untreated	metastatic	CRC	(essentially	a	trial	of	LV5FU2	with	or	without	oxaliplatin).389	Patients
treated	with	FOLFOX-4	had	a	statistically	significantly	superior	outcome	in	terms	of	response	rate	(51%	versus
22%,	P	=	 .001)	 and	progression-free	 survival	 (9	versus	6.2	months,	P	=	 .0003).	The	FOLFOX	arm	had	a	1.5-
month	improvement	in	median	OS;	however,	this	did	not	reach	statistical	significance	(16.2	versus	14.7	months,	P
=	.12).	The	number	of	patients	experiencing	grade	3	or	4	neutropenia	was	 increased	with	FOLFOX-4	over	340
(42%	versus	5%	of	patients).	Grade	3	or	4	diarrhea	(12%	versus	5%)	was	also	 increased	 in	 the	FOLFOX	arm.
Neurotoxicity,	 virtually	 absent	 in	 the	 LV5FU2	 arm,	 was	 frequent	 in	 the	 FOLFOX	 arm,	 with	 18%	 of	 patients
experiencing	grade	3	neurosensory	toxicity.

The	 FOLFOX-4	 regimen	 has	 also	 been	 evaluated	 in	 a	 multicenter	 randomized	 trial	 in	 second-line	 therapy
following	 failure	 of	 first-line	 IFL	 chemotherapy.390	 Patients	 were	 randomly	 assigned	 to	 one	 of	 three	 arms:
FOLFOX-4,	LV5FU2,	or	single-agent	oxaliplatin.	Response	rates	were	10%	for	FOLFOX,	0%	for	LV5FU2,	and
1%	for	oxaliplatin	alone	(P	<	.0001	for	FOLFOX	versus	LV5FU2).	Time	to	tumor	progression	was	also	superior
for	FOLFOX-4	(4.6	months)	versus	LV5FU2	(2.7	months)	and	oxaliplatin	alone	(1.6	months).	These	data	confirm
initial	clinical	 impressions	 that	oxaliplatin/5-FU	combinations	have	superior	activity	 to	single-agent	oxaliplatin,
even	 in	 5-FU–refractory	 disease.	 FOLFOX-4	 has	 activity	 in	 IFL-refractory	 disease;	 however,	 single-agent
oxaliplatin	essentially	does	not.

Further	modifications	have	been	made	to	the	FOLFOX	schedule.	FOLFOX-5	was	designed	with	an	increased
dose	 of	 oxaliplatin	 to	 100	 mg/m2	 every	 14	 days;	 however,	 this	 regimen	 was	 never	 tested	 in	 clinical	 trials.
FOLFOX-6	utilized	this	100	mg/m2	oxaliplatin	dose	with	a	simplified	5-FU/leucovorin	schedule.391	Oxaliplatin
100	mg/m2	is	given	over	2	hours,	with	leucovorin	400	mg/m2	given	concurrently	via	a	“T”	connector.	These	are
then	followed	by	a	400	mg/m2	bolus	of	5-FU,	and	then	a	46-hour	infusion	of	5-FU	at	2,400	to	3,000	mg/m2.	More
recently,	the	FOLFOX-7	regimen	has	been	reported,	utilizing	a	130	mg/m2	dose	of	oxaliplatin	every	14	days.	The
simplified	 leucovorin/5-FU	 administration	 of	 FOLFOX-6	 is	 maintained,	 with	 deletion	 of	 the	 bolus	 5-FU.
Oxaliplatin	 is	 discontinued	 after	 3	 months,	 with	 planned	 reintroduction	 after	 12	 weeks	 or	 sooner	 if	 clinical
progression	occurs.392	This	rationale	appears	promising,	both	for	treatment	of	metastatic	disease	and	for	potential
use	in	the	adjuvant	setting.	Given	the	similar	response	rates	after	12	weeks,	it	would	appear	that	the	increased	dose
of	oxaliplatin	in	FOLFOX-7	is	unnecessary.	A	reasonable	approach	to	standard	use	of	FOLFOX	in	the	metastatic
setting	is	to	use	a	modified	FOLFOX-6,	with	85	mg/m2	of	oxaliplatin	and	simplified	LV5FU2	at	a	dose	of	2,400
mg/m2	over	46	to	48	hours	(1,200	mg/m2	per	day	for	2	consecutive	days).	As	discussed	in	the	following	text,	the
OPTIMOX	trial	data	support	cessation	of	oxaliplatin	after	12	weeks	and	reintroduction	of	the	oxaliplatin	at	a	later
date	upon	disease	progression.	It	had	been	previously	hypothesized	that	administration	of	high	doses	of	calcium
and	 magnesium	 with	 oxaliplatin	 would	 be	 protective	 against	 neurotoxicity,	 but	 a	 definitive	 trial	 has	 now



demonstrated	that	this	is	not	the	case.393

Comparisons	of	Oxaliplatin-	and	Irinotecan-Based	Combinations
With	both	oxaliplatin-	and	irinotecan-based	regimens	showing	encouraging	activity,	the	question	of	which	agent
to	use	first	was	addressed	by	a	number	of	investigators.	Tournigand	et	al.392	reported	a	phase	III	trial	of	FOLFOX-
6	 versus	 FOLFIRI.	 This	 trial	 utilized	 identical	 simplified	 LV5FU2	 schedules,	 with	 the	 only	 variable	 being
oxaliplatin	or	irinotecan.	All	patients	were	planned	to	crossover	to	the	other	regimen	at	time	of	progression,	and
the	 primary	 end	point	was	 time	 to	 tumor	 progression	 after	both	 chemotherapy	 regimens.	Results	 are	 shown	 in
Table	62.13.	Although	the	study	is	somewhat	underpowered	at	a	total	of	226	patients,	the	results	show	a	striking
consistency	 between	 regimens,	 suggesting	 that	 use	 of	 either	 FOLFOX-6	 or	 FOLFIRI	 in	 first-line	 treatment	 is
acceptable.	A	 somewhat	 larger	 trial	 of	 360	patients	 randomized	 to	FOLFOX-4	versus	 the	 equivalent	FOLFIRI
schedule,	utilizing	the	same	LV5FU2	dose	and	schedule	in	each	arm,	again	shows	comparable	efficacy	data,	with
differing	and	predictable	toxicity	profiles.394

TABLE	62.12
Selected	Commonly	Used	Oxaliplatin/5-Fluorouracil	Combination	Regimensa

Name	of	Regimen Author	(Ref.) Schedule	(All	Agents	Administered	Intravenously)

FOLFOX-4
de	Gramont	et	al.,
2000389

Oxaliplatin	85	mg/m2	over	2	h;	LV	200	mg/m2	concurrently	with	oxaliplatin
(can	be	given	in	same	line	through	“Y”	connector);	followed	by	5-FU	bolus
400	mg/m2,	followed	by	5-FU	600	mg/m2	infusion	over	22	h.	Oxaliplatin
given	day	1	only.	All	other	medicines	given	days	1	and	2.	Cycle	repeated
every	14	d.

FOLFOX-6
Tournigand	et	al.,
2004392

Oxaliplatin	100	mg/m2	over	2	h;	LV	400	mg/m2	concurrently	with	oxaliplatin
(can	be	given	in	same	line	through	“Y”	connector);	followed	by	5-FU	bolus
400	mg/m2,	followed	by	5-FU	1,200	mg/m2/d	times	2	d	(2,400	mg/m2

infusion	over	46–48	h).	Cycle	repeated	every	14	d.

Modified	FOLFOX-6

Widely	used	in	current
phase	III	trials,
Wolmark	et	al.	2009387

Oxaliplatin	85	mg/m2	over	2	h;	LV	400	mg/m2	concurrently	with	oxaliplatin
(can	be	given	in	same	line	through	“Y”	connector);	followed	by	5-FU	bolus
400	mg/m2,	followed	by	5-FU	1,200	mg/m2/d	times	2	d	(2,400	mg/m2

infusion	over	46–48	h).	Cycle	repeated	every	14	d.

FUFOX Moehler	et	al.,	2002388
Oxaliplatin	50	mg/m2	over	2	h,	followed	by	LV	500	mg/m2,	followed	by	5-FU
2,000	mg/m2	over	24	h,	weekly	for	5	wk,	repeated	every	6	wk.

FOLFOX,	folinic	acid;	5-FU,	oxaliplatin;	LV,	leucovorin;	5-FU,	5-fluorouracil;	FUFOX,	5-FU,	folinic	acid.
aDoses	listed	are	recommended	starting	doses	for	good	performance	status	patients	with	normal	renal,	hepatic,	and	bone	marrow
function.	Individual	dose	adjustments	may	be	required.

TABLE	62.13
Comparison	of	First-line	Use	of	Irinotecan	versus	Oxaliplatin	in	Conjunction	with	the	Same
Simplified	Biweekly	Infusional	5-Fluorouracil/Leucovorin	Schedule

	
FOLFIRI	(n	5	109
Patients	Treated)

FOLFOX-6	(n	5	111
Patients	Treated) P	Value

Major	objective	response	rate	(partial	plus	complete	responses) 56% 54% .68

Time	to	tumor	progression	(on	first-line	regimen) 8.5	mo 8.1	mo .65

Time	to	tumor	progression	(after	first-	and	second-line	regimen) 14.4	mo 11.5	mo .65

Overall	survival	(from	initial	randomization) 20.4	mo 21.5	mo .9

Two-year	overall	survival 41% 45% 	

Grade	3–4	neutropenia 25% 44% 	

Neutropenic	fever 6% 1% 	

Grade	3–4	diarrhea 14% 11% 	

Neuropathy	(grade	3) 0% 34% 	

Alopecia	(grade	2) 24% 9% 	
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FOLFIRI,	irinotecan,	5-fluorouracil,	leucovorin;	FOLFOX,	folinic	acid,	5-fluorouracil,	oxaliplatin.
From	Tournigand	C,	André	 T,	 Achille	 E,	 et	 al.	 FOLFIRI	 followed	 by	 FOLFOX6	 or	 the	 reverse	 sequence	 in	 advanced	 colorectal
cancer:	a	randomized	GERCOR	study.	J	Clin	Oncol	2004;22(2):229–237.

The	North	Central	Cancer	Treatment	Group–led	U.S.	Intergroup	study	N9741,	a	complex	and	important	trial
that	 underwent	many	 iterations	 before	 its	 completion,	 initially	 opened	 as	 a	 four-arm	 trial	 comparing	 the	Mayo
Clinic	5-FU/leucovorin	control	arm	to	three	different	irinotecan/5-FU/leucovorin	regimens:	weekly	bolus	IFL	as
reported	by	Saltz	et	al.,271	a	“Mayo	II”	schedule	of	irinotecan	on	day	1	and	bolus	5-FU/low-dose	leucovorin	on
days	2	to	5,	or	the	biweekly	infusional	schedule	of	LV5FU2	plus	irinotecan	as	reported	by	Douillard	et	al.270	and
Goldberg.395	 After	 accruing	 a	 small	 number	 of	 patients,	 the	 trial	 was	 closed	 to	 incorporate	 three	 oxaliplatin-
containing	arms:	FOLFOX-4,	IROX	(a	once-every-3-weeks	combination	of	irinotecan	and	oxaliplatin,	without	5-
FU),	and	a	modified	Mayo	Clinic	schedule	of	bolus	5-FU	plus	low-dose	leucovorin	days	1	to	5,	with	oxaliplatin
given	on	day	1.	The	infusional	LV5FU2	plus	irinotecan	arm	was	dropped.	This	created	a	six-arm	trial.	In	March
2000,	 the	 trial	 was	 again	 halted,	 based	 on	 presentation	 of	 evidence	 that	 the	 combination	 of	 irinotecan/5-
FU/leucovorin,	 using	 either	 bolus	 or	 infusional	 schedules,	 was	 superior	 to	 5-FU/leucovorin.	 The	Mayo	 Clinic
control	 arm	 of	 N9741	 was	 now	 dropped,	 and	 weekly	 bolus	 IFL	 became	 the	 control	 arm.	 At	 the	 same	 time,
ongoing	real-time	monitoring	of	fatal	toxicities	identified	unacceptably	high	rates	of	treatment-related	mortality	in
the	 oxaliplatin	 plus	 Mayo	 Clinic	 5-FU/leucovorin	 and	 in	 the	 irinotecan	 plus	 5-FU/leucovorin	 arms.	 These
schedules	were	also	dropped	from	the	trial	and	from	further	development,	leaving	a	three-arm	trial	of	irinotecan
plus	 bolus	 5-FU/leucovorin	 (IFL),	 oxaliplatin	 plus	 infusional	 LV5FU2	 (FOLFOX-4),	 and	 oxaliplatin	 plus
irinotecan	(IROX).

The	trial	was	stopped	a	third	time	in	April	2001,	when	monitoring	of	the	trial	indicated	what	appeared	to	be	a
higher	 than	 expected	 early	 mortality	 in	 the	 IFL	 control	 arm.272	 This	 observation,	 however,	 was	 based	 on
utilization	of	a	new	metric,	the	60-day	ACM.	This	metric	records	death	from	any	cause	within	60	days	of	initial
therapy.	The	60-day	ACM	of	the	IFL	arm	was	initially	noted	to	be	4.5%.	Because	this	was	a	new	metric,	however,
there	were	no	readily	available	historical	controls;	no	one	had	ready	access	to	data	to	say	what	the	60-day	ACM
had	 been	 in	 previous	 trials,	 either	with	 IFL	 or	with	 5-FU/leucovorin	 regimens.	 The	 4.5%	ACM	was	 therefore
compared	 to	 the	previously	reported	death	rate	 for	 the	IFL	regimen,	which	was	0.9%.	However,	 the	previously
reported	death	rate	was	 the	 treatment-related	death	rate,	 the	percentage	of	deaths	 judged	by	 the	 investigators	 to
have	been	caused	by	treatment,	not	all	deaths	within	60	days	of	starting	therapy.	Of	further	concern	to	the	safety
monitoring	committee,	however,	 the	experimental	arms	(FOLFOX-4	and	IROX)	each	showed	60-day	ACMs	of
1.8%	(compared	 to	4.5%	for	 the	 IFL	control	arm).	This	 information	was	difficult	 to	put	 into	context,	however,
because	the	efficacy	of	the	two	experimental	arms	had	not	yet	been	established.

In	fact,	the	60-day	ACM	on	the	original	phase	III	trial	of	IFL	(subsequently	calculated	after	N9741	was	halted)
was	6.7%,	and	the	60-day	ACM	for	the	Mayo	Clinic	control	arm	of	that	trial	was	found	to	be	7.3%.	Although	the
7.3%	60-day	ACM	appeared	subjectively	to	be	unusually	high,	no	historical	baseline	data	on	60-day	ACM	in	5-
FU–based	regimens	were	readily	available.	To	help	interpret	these	data,	an	analysis	was	undertaken	to	determine
the	60-day	ACM	in	multiple	large-scale	randomized	trials	that	had	used	5-FU/leucovorin	schedules	over	the	prior
decade.	 This	 analysis	 confirmed	 that	 60-day	 ACM	 regularly	 was	 encountered	 at	 a	 rate	 of	 5%	 to	 8%	 in	 the
treatment	of	metastatic	CRC.396	Thus,	the	60-day	ACM	for	the	IFL	regimen	was	actually	lower	on	N9741	than	in
previous	trials	and	was	lower	than	what	had	been	seen	consistently	with	5-FU/leucovorin	regimens	alone.	In	the
final	 analysis	 of	N9741,	 the	60-day	ACM	seen	 in	 the	 IFL,	FOLFOX-4,	 and	 IROX	arms	was	4.5%,	2.6%,	 and
2.7%,	respectively,	and	these	differences	were	not	statistically	significant.

The	 efficacy	 results	 of	N9741,	 however,	were	 statistically	 significant	 and	 showed	 superior	 outcome	 for	 the
patients	randomized	to	FOLFOX-4,	as	compared	to	those	randomized	to	either	IFL	or	IROX,	in	terms	of	response
rate,	time	to	tumor	progression,	and	OS	(Table	62.14).397	Toxicity	for	FOLFOX-4	was	also	superior	for	virtually
all	parameters,	except	of	course	neurotoxicity.	The	results	of	the	IROX	arm	did	not	statistically	significantly	differ
from	 those	of	 the	 IFL	arm	 in	 terms	of	 toxicity,	 response,	or	 time	 to	 tumor	progression;	however,	 survival	was
borderline	statistically	significantly	better	in	the	IROX	arm	than	the	IFL	arm	(P	=	.04).

Taken	 together,	where	do	 these	 trials	 leave	us	 in	 terms	of	 first-line	use	of	 oxaliplatin-	 and	 irinotecan-based
regimens?	Data	 from	 trial	N9741	 indicate	 that	FOLFOX-4	 is	 superior	 to	 IFL	 in	both	 response	 rate	and	 time	 to
tumor	 progression.	OS	was	 superior	 in	 the	 FOLFOX-4	 arm	versus	 IFL	 as	well;	 however,	 interpretation	 of	 the
survival	 results	of	N9741	 is	somewhat	complicated	due	 to	 imbalances	between	arms	 in	availability	of	effective
second-line	 therapy.	 Second-line	 irinotecan	 was	 available	 to	 all	 patients	 who	 had	 received	 FOLFOX-4.
Oxaliplatin,	however,	was	not	commercially	available	in	the	United	States	during	the	course	of	N9741.	To	what
degree	 this	 imbalance	 in	second-line	 therapy	may	have	 influenced	 the	survival	 result	 is	unknown.	Also,	as	 IFL



contains	 bolus	 5-FU,	 whereas	 FOLFOX-4	 contains	 infusional	 leucovorin/5-FU2,	 it	 is	 difficult	 to	 isolate	 the
irinotecan	versus	oxaliplatin	component	from	the	5-FU	bolus	versus	5-FU	infusion	component.

TABLE	62.14
Results	of	Intergroup	Trial	N9741:	Irinotecan	plus	Bolus	5-Fluorouracil/Leucovorin,
Oxaliplatin	plus	Infusional	5-Fluorouracil/Leucovorin,	and	Irinotecan	plus	Oxaliplatin	in	First-
line	Treatment	of	Patients	with	Metastatic	Colorectal	Cancer

	 IFL	(n	5	264) FOLFOX-4	(n	5	267) IROX	(n	5	264)
P	Value	(IFL	vs.
FOLFOX)

Major	objective	response	rate	(partial
plus	complete	responses) 31% 45% 35% .03

Time	to	tumor	progression 6.9	mo 8.7	mo 6.5	mo .001

Overall	survival 15.0	mo 19.5	mo 17.4	mo .0001

Received	second-line	therapy	with
active	drug	not	included	in	first-line
regimen 24%	(oxaliplatin) 60%	(irinotecan) 50%	(fluorouracil) Not	given

Grade	3–4	neutropenia 40% 50% 36% .35

Neutropenic	fever 15% 4% 11% .001

Grade	3–4	diarrhea 28% 12% 24% .001

Grade	3–4	nausea 16% 6% 19% .001

Grade	3	neuropathy 3% 18% 7% .001

Sixty-day	all-cause	mortality 4.5% 2.6% 2.7% Not	significant
IFL,	5-fluorouracil,	leucovorin;	FOLFOX-4,	oxaliplatin	plus	infusional	5-fluorouracil/leucovorin;	IROX,	irinotecan	plus	oxaliplatin.
From	Goldberg	RM,	 Sargent	 DJ,	Morton	RF,	 et	 al.	 A	 randomized	 controlled	 trial	 of	 fluorouracil	 plus	 leucovorin,	 irinotecan,	 and
oxaliplatin	combinations	in	patients	with	previously	untreated	metastatic	colorectal	cancer.	J	Clin	Oncol	2004;22(1):23–30.

Two	 other	 trials	 indicate	 that	 the	 FOLFOX	 and	 FOLFIRI	 regimens	 have	 similar	 safety	 and	 efficacy,	 with
differing	toxicity	profiles.392,394	Thus,	FOLFOX	has	comparable	efficacy	 to	FOLFIRI,	whereas	FOLFOX	has	a
superior	response	rate,	time	to	tumor	progression,	and	possibly	some	degree	of	survival	benefit	over	IFL.	Toxicity
with	irinotecan-based	regimens	shows	a	higher	degree	of	alopecia.	Diarrhea	and	neutropenia	are	increased	on	the
bolus	5-FU	schedule	but	are	similar	between	FOLFOX	and	FOLFIRI.	Oxaliplatin-based	regimens,	however,	have
neurotoxicity,	 absent	 from	 the	 irinotecan-based	 regimens,	which	can	be	problematic	 in	 some	patients.	 It	would
therefore	 seem	 reasonable	 at	 this	 time	 to	 favor	 the	 use	 of	 a	 high-dose	 intermittent	 infusional	 5-FU/leucovorin
schedule	 plus	 either	 oxaliplatin	 (i.e.,	 FOLFOX)	 or	 irinotecan	 (i.e.,	 FOLFIRI).	 Data	 do	 not	 support	 continued
routine	 use	 of	 the	 bolus	 IFL	 schedule	 or	 are	 there	 randomized	 data	 to	 support	 the	 routine	 use	 of	 a	 bolus	 5-
FU/leucovorin	schedule	with	oxaliplatin	in	the	metastatic	setting.	Routine	use	of	IROX	is	also	not	supported	by
the	currently	available	body	of	data.

Whether	 to	 use	 an	 irinotecan-based	 or	 oxaliplatin-based	 combination	 in	 first-line	 treatment	 of	 good
performance	 status	 patients	 can	 be	 considered	 a	 matter	 of	 patient	 preference,	 and	 discussion	 of	 the	 differing
toxicity	 profiles	 is	 appropriate	 to	 help	 individuals	 decide.	 It	 is	 hoped	 that	 in	 the	 near-term	 future,	 molecular
prognostic	indicators	and	pharmacogenomics	will	provide	useful	guidance	for	the	individualization	of	therapies,
but	such	approaches	remain	investigational	at	this	time.

The	 only	 oxaliplatin	 schedule	 registered	 for	 use	 in	 the	United	 States	 is	 FOLFOX-4;	 however,	 the	modified
FOLFOX-6	would	appear	at	this	time	to	be	a	very	reasonable	schedule	for	routine	clinical	use	when	the	decision
is	made	to	use	an	oxaliplatin/5-FU	combination.

The	 recognition	 of	 neurotoxicity	 as	 a	major	 limitation	 of	 the	FOLFOX	 regimens	 led	 to	 the	 investigation	 of
optimization	 of	 oxaliplatin	 (the	OPTIMOX	 study).398	 In	 this	 trial,	 patients	 were	 randomly	 assigned	 to	 receive
either	 standard	 FOLFOX-4	 until	 progression	 or	 12	 weeks	 of	 FOLFOX-7,	 followed	 by	 planned	 cessation	 of
oxaliplatin	and	continuation	of	the	LV5FU2.	As	designed,	the	study	called	for	a	reintroduction	of	oxaliplatin	after
6	months	of	LV5FU2,	although	this	actually	occurred	in	the	minority	of	patients	and	outcomes	were	superior	in
those	patients	in	whom	reintroduction	of	oxaliplatin	occurred.399	The	primary	end	point	was	duration	of	disease
control,	 the	 time	 from	 initiation	of	 treatment	 until	 either	 progression	 through	 all	 agents	 (including	 failure	 after
reintroduction	of	oxaliplatin	 if	 this	was	done),	or	death.	Duration	of	disease	control	as	well	as	progression-free
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survival	 and	 OS	 were	 not	 statistically	 significantly	 different	 between	 the	 two	 arms.	 As	 anticipated,	 toxicity,
including	neurotoxicity,	was	 substantially	 reduced	 in	 the	OPTIMOX	arm.	This	OPTIMOX	strategy	of	 planned
interruption	of	oxaliplatin	can	be	considered	a	standard	care	option	in	metastatic	disease.	It	is	important	to	discuss
plans	for	such	planned	interruptions	with	patients	at	the	beginning	of	therapy	so	that	they	will	not	be	surprised	or
alarmed	at	the	removal	of	one	of	the	drugs.

Although	 a	 regimen	 of	 oxaliplatin,	 weekly	 bolus	 5-FU,	 and	 low-dose	 weekly	 leucovorin	 (bFOL)	 appeared
promising	in	an	initial	phase	II	trial,	two	sequential	randomized	phase	II	trials,	known	as	TREE-1	and	TREE-2,
suggest	modestly	inferior	activity	for	the	bFOL	schedule	compared	with	FOLFOX	or	Cape/Ox.400,401	Thus,	in	the
metastatic	setting,	oxaliplatin	with	bolus	5-FU	schedules	is	therefore	not	recommended	for	routine	use.

Use	of	planned	sequential	administration	of	FOLFOX	and	FOLFIRI	has	also	been	proposed,	both	in	terms	of
pretreatment	for	potentially	resectable	patients	with	liver	metastases	and	in	terms	of	adjuvant	treatment	of	earlier
stage	 disease.	 Several	 groups	 are	 also	 exploring	 the	 use	 of	 “triple	 therapy”	with	 oxaliplatin,	 irinotecan,	 and	 5-
FU/leucovorin	 (FOLFOXIRI).	 A	 randomized	 phase	 III	 trial	 conducted	 in	 Italy	 reported	 that	 FOLFOXIRI	 is
tolerable	and	offers	a	modest	survival	benefit	over	FOLFIRI.	These	trials	utilized	higher	doses	of	5-FU	than	are
likely	to	be	tolerable	by	American	patients,	and	use	of	this	combination	has	not	gained	widespread	acceptance.402

As	discussed	previously,	a	trial	comparing	FOLFIRI	to	capecitabine/irinotecan	suggested	inferior	outcome	for
the	 capecitabine-containing	 regimen.377	However,	 a	 large	 randomized	 trial	 has	 now	 compared	Cape/Ox	 versus
FOLFOX.	 The	 study	 also	 had	 a	 two-by-two	 randomization	 to	 with	 or	 without	 bevacizumab	 (discussed
subsequently).	 This	 trial	 demonstrated	 the	 Cape/Ox	 regimen	 to	 be	 noninferior	 to	 FOLFOX,	 and	 each	 had
acceptable	toxicity,	indicating	that	Cape/Ox	is	an	acceptable	alternative	to	FOLFOX.403	It	should	be	noted	that	the
Cape/Ox	regimen	requires	a	motivated,	reliable	patient	who	will	be	able	to	take	multiple	pills	of	oral	medication
on	a	complex	schedule,	even	in	the	setting	of	potentially	emetogenic	oxaliplatin.

Duration	of	Therapy
Controversy	continues	to	exist	regarding	the	optimal	duration	of	chemotherapy	for	palliation	of	metastatic	disease.
Traditional	practice	for	many	years	had	been	to	continue	chemotherapy	until	either	unacceptable	toxicity,	clinical
deterioration,	or	disease	progression.	When	efficacy	of	treatment	was	more	limited,	with	the	duration	of	therapy
typically	 limited	 to	a	 small	number	of	months,	 the	 issue	of	 treatment	breaks	did	not	 seem	 relevant.	Now,	with
patients	 typically	 living	multiple	 years	with	metastatic	CRC	and	with	 some	 treatments	maintaining	 control	 for
more	extended	periods	of	time,	the	need	for	patients	to	have	breaks	(often	referred	to	as	“treatment	holidays”	or
“chemotherapy-free	intervals”	[CFI])	is	greater,	and	there	is	considerable	interest	in	using	these	approaches.	Both
physically	 and	 psychologically,	 many	 patients	 appear	 to	 both	 need	 and	 derive	 benefit	 from	 these	 treatment
interruptions.

The	concept	of	noncontinuous	chemotherapy	has	been	investigated	for	some	time.	Maughan	et	al.404	conducted
a	 randomized	 trial	of	continuous	versus	 interrupted	 treatment	 in	354	patients	who	were	 responding	or	who	had
stable	 disease	 after	 receiving	 12	 weeks	 of	 either	 5-FU–	 or	 raltitrexed-based	 chemotherapy.	 Patients	 were
randomized	to	either	continue	chemotherapy	until	progression	or	 to	stop	chemotherapy	after	 the	first	12	weeks,
followed	by	a	planned	restarting	on	the	same	chemotherapy	at	the	time	of	progression.	At	randomization,	41%	of
patients	 had	 achieved	 a	 major	 objective	 response	 and	 59%	 had	 stable	 disease.	 There	 was	 no	 evidence	 of	 a
difference	 in	OS,	 the	 primary	 end	 point,	 between	 the	 two	 groups,	with	 an	HR	 of	 0.87	 (P	 =	 .23,	 favoring	 the
intermittent	arm).

The	idea	of	planned	early	cessation	of	all	chemotherapy	was	investigated	in	the	OPTIMOX-2	trial.405	A	total	of
202	patients	with	previously	untreated	metastatic	CRC	were	treated.	All	patients	received	six	cycles	of	modified
FOLFOX-7	followed	by	either	continued	LV5FU2	until	progression	or	a	complete	cessation	of	all	chemotherapy
(a	CFI).	Patients	on	both	arms	were	planned	to	receive	retreatment	with	FOLFOX	following	tumor	progression.
The	 results	 of	 this	 study	 did	 not	 support	 the	 use	 of	 this	 planned,	 early	 interruption	 in	 therapy,	 as	 the	median
duration	of	disease	control,	progression-free	survival,	and	OS	were	all	inferior	in	the	arm	with	the	early	planned
CFI.	This	should	not	be	misconstrued	as	evidence	that	CFIs	are	contraindicated	but	rather	that	early	planned	CFIs
for	 all	 patients	 is	 not	 an	 appropriate	 strategy.	 The	 authors	 suggest	 that	 this	 study	 indicates	 there	 are	 no
pretreatment	parameters	that	can	identify	a	priori	those	patients	who	can	successfully	benefit	from	a	CFI.	Thus,
specific	 decisions	 regarding	 use	 and	 timing	 of	 CFIs	 cannot	 be	 made	 in	 advance	 of	 starting	 treatment;	 rather,
clinical	judgment	must	be	exercised	in	deciding	on	treatment	interruptions	for	CFIs	in	responding	patients	after	a
favorable	response.	In	a	retrospective	review	of	822	patients	in	the	two	OPTIMOX	studies,	after	excluding	those
patients	 who	 had	 early	 progression	 within	 the	 first	 3	 months	 of	 treatment	 as	 well	 as	 those	 who	 underwent



complete	gross	 resection	of	metastatic	disease	within	3	months	of	stopping	chemotherapy,	Perez-Staub	et	al.406
noted	that	there	was	no	indication	of	a	detriment	in	survival	when	comparing	those	patients	who	took	a	CFI	versus
those	who	did	not.	In	fact,	in	this	retrospective,	nonrandomized	analysis,	the	median	survival	was	37.5	months	in
patients	who	had	a	CFI	versus	21.2	months	in	matched	patients	who	did	not	have	a	CFI.	Of	note,	median	OS	of
patients	who	stopped	chemotherapy	earlier	than	3	months	was	24	months,	whereas	it	was	42	months	when	a	CFI
was	taken	between	3	and	9	months	into	therapy,	and	44	months	when	a	CFI	was	taken	later	than	9	months	into
chemotherapy.	These	studies	were	accomplished	prior	to	the	use	of	bevacizumab.	Some	clinicians	have	advocated
the	continuation	of	bevacizumab	during	CFIs.	Such	an	approach	is	not	supported	by	data,	and	given	the	absence
of	activity	of	single-agent	bevacizumab	 in	CRC,	use	of	single-agent	bevacizumab	during	otherwise	CFIs	 is	not
recommended	at	this	time.

Other	 investigators	 specifically	 addressed	 the	 question	 of	 whether	 rechallenge	 with	 5-FU	 after	 a	 planned
treatment	 interruption	could	produce	a	 response.	A	pooled	analysis	was	 conducted	on	613	patients	 involved	 in
three	randomized	trials	of	first-line	5-FU–based	therapy.407	All	patients	had	a	planned	maximum	treatment	period
of	6	months.	Patients	with	responding	or	stable	disease	at	the	end	of	that	period	were	observed	off	treatment	with
a	plan	for	retreatment	at	the	time	of	disease	progression.	Median	time	to	rechallenge	was	11.7	months.	A	total	of
17%	 of	 patients	 had	 an	 objective	 response	 to	 rechallenging.	Median	 survival	 for	 the	 group	was	 14.8	months.
These	 nonrandomized	 data	 indicate	 that	 patients	 have	 a	 meaningful	 response	 rate	 at	 time	 of	 reinstitution	 of
chemotherapy.

A	 similar	 approach	was	 explored	 in	 patients	who	 received	 second-line	 irinotecan	 therapy.408	A	 total	 of	 333
patients	entered	into	a	trial	to	receive	24	weeks	of	irinotecan.	Patients	who	remained	in	the	study	at	the	end	of	that
time	were	to	be	randomized	to	either	continue	treatment	or	to	stop	therapy.	Of	the	333	patients,	most	came	off	the
study	due	to	progression	or	toxicity	before	reaching	the	24-week	mark.	A	total	of	55	patients	with	responding	or
stable	disease	agreed	to	randomization.	Although	the	numbers	available	for	comparison	were	small,	there	were	no
differences	between	the	arms	in	progression-free	survival	or	OS	or	were	there	differences	in	quality-of-life	scores.

Overall,	 there	 appears	 to	 be	 no	 compelling	 evidence	 that	 continuation	 of	 chemotherapy	 indefinitely	 is
necessary	 for	optimal	control	of	metastatic	disease.	The	option	of	discontinuation	of	 therapy	after	a	 reasonable
period	of	time	appears	to	be	an	appropriate	consideration	in	standard	practice.

Combination	versus	Single-Agent	Cytotoxic	Chemotherapy
Given	that	combination	regimens	are	invariably	associated	with	more	toxicity	than	single	agents,	the	question	of
the	 need	 for	 universal	 upfront	 use	 of	 these	 combinations	 was	 investigated.	 The	 CApecitabine,	 IRinotecan,
Oxaliplatin	(CAIRO)	trial	randomized	820	patients	to	sequential	versus	concurrent	therapies	(Table	62.15).409	In
the	 sequential	 arm,	 first-line	 therapy	 was	 single-agent	 capecitabine.	 Upon	 failure,	 single-agent	 irinotecan	 was
used,	 and	 then	 third-line	 therapy	 was	 Cape/Ox	 (as	 single-agent	 oxaliplatin	 is	 essentially	 inactive	 in	 5-FU–
refractory	 CRC).	 The	 combination	 arm	 used	 Cape/Ox	 as	 first-line	 therapy	 and	 capecitabine	 and	 irinotecan	 as
second-line	therapy.	The	primary	end	point,	median	OS,	was	not	statistically	significantly	different	between	the
two	 arms	 (17.4	 months	 for	 combination	 versus	 16.3	 months	 for	 the	 sequential	 arm,	 P	 =	 .33).	 Dose-limiting
toxicity	(grade	3	or	4)	was	not	significantly	different	between	the	two	groups;	in	fact,	grade	3	hand-foot	syndrome
was	somewhat	more	common	in	the	sequential	arm	(13%	versus	7%,	P	=	.004).

Similar	findings	were	reported	in	the	FOCUS	study.410	In	this	trial,	a	total	of	2,135	patients	were	randomized	to
one	of	three	arms.	Arm	A	was	sequential	therapy,	with	initial	treatment	given	with	5-FU	on	the	leucovorin/5-FU2
(biweekly	infusional)	schedule	until	progression,	at	which	point	second-line	therapy	was	given	with	single-agent
irinotecan.	Arm	B	also	gave	biweekly	LV5FU2	until	failure,	and	then	LV5FU2	was	continued	with	the	addition	of
either	oxaliplatin	or	irinotecan	(this	was	a	second	randomization	within	this	arm).	Thus,	second-line	therapy	was	a
change	 from	 biweekly	 LV5FU2	 to	 either	 FOLFOX	 or	 FOLFIRI	 in	 this	 arm.	 In	 arm	 C,	 patients	 began	 with
combination	chemotherapy	and	within	 this	arm	were	 randomized	 to	either	FOLFOX	or	FOLFIRI.	The	primary
end	point,	median	OS,	for	arm	A	was	13.9	months.	For	arm	B,	survival	was	15.0	months	for	irinotecan	and	15.2
months	for	oxaliplatin.	Arm	C	had	a	median	OS	of	16.7	months	for	 the	FOLFIRI	patients	and	15.4	months	for
those	 treated	 with	 FOLFOX.	 Only	 the	 difference	 between	 arm	 A	 and	 the	 irinotecan	 arm	 of	 arm	 C	 reached
statistical	significance	(P	=	 .01).	Arm	B	(initial	LV5FU2	followed	by	FOLFOX	or	FOLIRI)	was	noninferior	 to
arm	C	(initial	FOLFOX	or	FOLIRI)	(HR,	1.06;	90%	CI,	0.97	to	1.17).

TABLE	62.15
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Sequential	versus	Combination	Chemotherapy	with	Capecitabine,	Irinotecan,	and	Oxaliplatin
in	Advanced	Colorectal	Cancer:	Efficacy	End	Points

	 Overall	Survival

One-Year
Survival

Progression-
Free	Survival
(First	Line)

Response	Rate

Sequential	Cape,	then	Iri,	then	Cape/Ox	(n	=	401) 16.3	mo 64% 5.8	mo 20%

Combination	Cape/Iri,	then	Cape/Ox	(n	=	402) 17.4	mo 67% 7.8	mo 41%

P	value .33 .38 .0002 .0001
Cape,	capecitabine;	Iri,	irinotecan;	Ox,	oxaliplatin.
From	Koopman	M,	Antonini	NF,	Douma	J,	et	al.	Sequential	versus	combination	chemotherapy	with	capecitabine,	 irinotecan,	and
oxaliplatin	in	advanced	colorectal	cancer	(CAIRO):	a	phase	III	randomised	controlled	trial.	Lancet	2007;370(9582):135–142.

Taken	together,	the	CAIRO	and	FOCUS	trials	provide	a	strong	argument	that	not	all	patients	with	unresectable
metastatic	 disease	 require	 exposure	 to	 the	 toxicity	 of	 combination	 therapy	 and	 that	 initial	 use	 of	 fluorinated
pyrimidine	alone	in	patients	with	previously	untreated	metastatic	CRC	is	a	treatment	alternative	that	needs	to	be
carefully	considered.

Bevacizumab
Bevacizumab	is	a	humanized	monoclonal	antibody	that	binds	to	VEGF,	thereby	substantially	reducing	the	amount
of	circulating	ligand	and	thus	preventing	receptor	activation.411,412	The	first	 trial	of	bevacizumab	in	CRC	was	a
modest-sized,	 three-arm,	 randomized	 phase	 II	 trial	 in	which	 a	 total	 of	 104	 patients	were	 randomly	 assigned	 to
either	one	of	two	different	doses	levels	of	bevacizumab	(5	mg/kg	or	10	mg/kg)	plus	weekly	5-FU/leucovorin	or	to
5-FU/leucovorin	 alone.413	 The	 response	 rate,	 time	 to	 tumor	 progression,	 and	 OS	 were	 superior	 in	 the	 5-
FU/leucovorin	with	5	mg/kg	bevacizumab	arm.	Despite	the	small	size	and	limited	statistical	power	of	this	study,
this	result	would	serve	as	the	basis	for	design	of	the	pivotal	phase	III	trial	of	bevacizumab	in	CRC.

The	initial	design	of	the	phase	III	pivotal	trial	was	a	comparison	between	5-FU/leucovorin	plus	placebo	to	5-
FU/leucovorin	plus	5	mg/kg	of	bevacizumab.	However,	 as	 the	 randomized	phase	 II	 trial,	 discussed	previously,
was	 nearing	 completion,	 the	 randomized	 phase	 III	 trial	 was	 reported,	 which	 demonstrated	 a	 modest	 but
statistically	 significant	 survival	 advantage	 for	 the	 IFL	 regimen	 (irinotecan	 plus	weekly	 bolus	 5-FU/leucovorin)
compared	 with	 5-FU/leucovorin	 alone.271	 As	 a	 result	 of	 this	 trial,	 the	 IFL	 regimen	 was	 then	 felt	 to	 be	 the
appropriate	 control	 arm	 for	 subsequent	phase	 III	 trials.	There	were	no	 safety	data	at	 the	 time,	however,	on	 the
combination	of	bevacizumab	plus	 IFL.	As	a	 result	of	 this,	 a	 three-arm	 trial	was	designed	 that	 contained	 (1)	5-
FU/leucovorin/bevacizumab,	(2)	IFL/bevacizumab,	and	(3)	IFL/placebo	(the	control	arm).414	The	design	included
a	preplanned	analysis	of	safety	on	all	arms	when	enrollment	reached	100	patients	per	arm,	with	a	further	plan	to
close	 the	5-FU/leucovorin/bevacizumab	arm	at	 that	 time	 if	 the	 safety	data	 indicated	 acceptable	 tolerability	 and
safety	of	the	IFL/bevacizumab	arm.

In	 the	 final	 efficacy	 analysis,	 the	 IFL/bevacizumab	 cohort	 experienced	 superior	 outcome	 compared	 to	 the
IFL/placebo	 group	 in	 response	 rate	 (45%	 versus	 35%,	 P	 <	 .003),	 progression-free	 survival	 (10.6	 versus	 6.2
months,	P	<	.00001),	and	OS	(20.3	versus	15.6	months,	P	=	.00003)	(Table	62.16A).	It	should	be	noted	that	no
crossover	to	second-line	bevacizumab	in	the	IFL/placebo	control	arm	was	allowed	in	this	trial.

In	order	to	better	understand	the	effects	of	bevacizumab	in	conjunction	with	5-FU/leucovorin,	Kabbinavar	et
al.415	combined	the	data	from	three	separate	modest-sized	trials	to	create	a	more	robust	data	set.	In	this	combined
analysis	of	5-FU/leucovorin	with	or	without	bevacizumab,	there	was	a	statistically	significant	survival	advantage
for	 the	 patients	 who	 received	 bevacizumab.	 Given	 the	 favorable	 aspects	 of	 the	 biweekly	 infusional	 LV5FU2
schedule	 used	 in	 the	 FOCUS	 trial,	 the	 LV5FU2	 schedule	would	 seem	most	 appropriate	 for	 combination	with
bevacizumab.416	At	the	same	time	as	the	pivotal	front-line	study	was	accruing,	the	ECOG	also	performed	a	trial
(ECOG-3200)	to	evaluate	the	use	of	bevacizumab	in	the	second-line	setting.417	This	trial	randomized	patients	who
had	 failed	 irinotecan	 and	 5-FU	 but	 were	 naïve	 to	 bevacizumab	 to	 one	 of	 three	 arms:	 bevacizumab/FOLFOX,
FOLFOX	alone,	or	bevacizumab.	The	investigators	chose	to	investigate	a	10	mg/kg	bevacizumab	dose.	Overall,	a
modest	 but	 statistically	 significant	 improvement	 in	 median	 OS	 was	 demonstrated	 for	 FOLFOX-4	 with
bevacizumab	versus	FOLFOX-4	alone	(12.5	versus	10.7	months,	P	=	.0024),	and	grade	3	or	4	toxicities	were	not
increased.	The	 bevacizumab-alone	 arm	had	 substantially	 inferior	 progression-free	 survival	 and	 an	 investigator-
adjudicated	response	rate	of	3%,	suggesting	that	single-agent	bevacizumab	does	not	have	meaningful	activity	in
CRC	and	should	not	be	used.	It	is	important	to	note	that	this	trial	was	performed	exclusively	in	patients	who	had



not	received	bevacizumab	in	the	first-line	setting.	This	trial	provides	no	data	on	whether	use	of	bevacizumab	with
a	second-line	regimen	after	progression	on	a	first-line	bevacizumab-containing	regimen	is	efficacious.

TABLE	62.16A
Efficacy	Outcomes,	First-line	Treatment	of	Metastatic	Colorectal	Cancer:	Irinotecan	plus
Bolus	5-Fluorouracil/Leucovorin	plus	Placebo	versus	5-Fluorouracil/Leucovorin	plus
Bevacizumab

Regimen
No.	of	Patients Response	Rate Progression-Free

Survival
Overall	Survival

IFL	+	placebo 411 34.8% 6.2	mo 15.6	mo

IFL	+	bevacizumab 402
44.8%
P	=	.004

10.6	mo
P	<	.001

20.3	mo
P	<	.001

IFL,	5-fluorouracil,	leucovorin.
From	 Hurwitz	 H,	 Fehrenbacher	 L,	 Novotny	 W,	 et	 al.	 Bevacizumab	 plus	 irinotecan,	 fluorouracil,	 and	 leucovorin	 for	 metastatic
colorectal	cancer.	N	Engl	J	Med	2004;350(23):2335–2342.

TABLE	62.16B
Efficacy	Outcomes,	First-line	Treatment	of	Metastatic	Colorectal	Cancer:	Cape/Ox/FOLFOX
plus	Placebo	versus	Cape/Ox/FOLFOX	plus	Bevacizumab

Regimen
No.	of	Patients Response	Rate Progression-Free

Survival
Overall	Survival

Cape/Ox/FOLFOX	+
placebo 701 49% 8.0	mo 19.9	mo

Cape/Ox/FOLFOX	+
bevacizumab 699

47%
P	=	.31

9.4	mo
P	=	.0023

21.3	mo
P	=	.078

Cape/Ox,	capecitabine,	oxaliplatin;	FOLFOX,	fluorouracil,	leucovorin,	oxaliplatin.
From	Saltz	LB,	Clarke	S,	Díaz-Rubio	E,	et	al.	Bevacizumab	in	combination	with	oxaliplatin-based	chemotherapy	as	first-line	therapy
in	metastatic	colorectal	cancer:	a	randomized	phase	III	study.	J	Clin	Oncol	2008;26(12):2013–2019.

Although	 it	was	performed	 in	second-line	patients,	 the	ECOG-3200	 trial	was	 the	 first	 trial	 to	provide	safety
data	 for	 the	 combination	 of	 bevacizumab	 plus	 FOLFOX.	As	 a	 result	 of	 this,	 even	 before	 front-line	 data	were
available,	bevacizumab	plus	FOLFOX	had	become	widely	accepted	as	a	front-line	option	in	the	United	States	for
metastatic	CRC.	More	recently,	the	NO16966	trial	directly	addressed	the	question	of	front-line	bevacizumab	plus
oxaliplatin-based	 therapy	 (Table	 62.16B).418	 In	 this	 trial,	 1,400	 patients	 with	 previously	 untreated	 CRC	 were
randomly	assigned	to	either	FOLFOX-4	or	Cape/Ox	and	then	to	either	placebo	or	bevacizumab,	in	a	two-by-two
randomization.	Although	the	study	did	show	a	statistically	significant	progression-free	survival	advantage	for	the
addition	of	bevacizumab	(9.4	versus	8.0	months	for	chemotherapy	with	bevacizumab	versus	chemotherapy	with
placebo,	respectively;	HR,	0.83;	P	=	.003),	this	difference	was	more	modest	than	the	4.4-month	progression-free
survival	difference	seen	in	the	initial	bevacizumab	with	IFL	front-line	trial.	OS	improvement	with	bevacizumab
approached,	but	did	not	reach,	statistical	significance	(21.3	versus	19.9	months;	HR,	0.89;	P	=	.077).	Also,	in	the
NO16966	 trial,	 the	 addition	 of	 bevacizumab	 to	 front-line	 oxaliplatin-based	 chemotherapy	 did	 not	 confer	 any
response	benefit.	It	is	noteworthy	that	the	majority	of	patients	on	this	trial	discontinued	treatment,	presumably	due
to	 nonbevacizumab-related	 toxicity	 issues,	 before	 progression.	 This	 may	 have	 diminished	 the	 impact	 of
bevacizumab	on	survival	and	progression-free	survival	but	would	not	have	impacted	the	response	rate.

Toxicity
In	 terms	of	 toxicity,	grade	3	hypertension	was	higher	 in	 the	bevacizumab/IFL	arm	than	 in	 the	placebo/IFL	arm
(11%	versus	2%)	 in	 the	 IFL/bevacizumab	 study.414	Hypertension	 is	 now	widely	 recognized	 as	 a	 common	 side
effect	of	bevacizumab,	and	monitoring	for	and	treatment	of	hypertension	with	antihypertensive	medications	is	a
routine	part	of	bevacizumab	management.	Incidences	of	overall	thromboembolic	events	and	proteinuria	were	not
statistically	different	between	the	two	arms.	However,	two	rare	but	extremely	serious	toxicities	were	encountered
with	increased	frequency	in	the	bevacizumab-containing	arm:	GI	perforations	and	arterial	thrombotic	events.
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The	GI	perforations	were	a	group	of	events	that	included	a	perforated	gastric	ulcer,	small	bowel	perforations,
and	 free	 air	 under	 the	 diaphragm	without	 identified	 sources.	Although	 these	were	 somewhat	 heterogeneous	 in
nature,	it	was	noted	that	six	such	events	occurred	on	the	bevacizumab-containing	arm	(one	fatal)	compared	with
none	on	 the	 chemotherapy-alone	 arm.	No	clear	 risk	 factors	 for	 these	perforations	 could	be	 identified	 from	 this
trial.	Interestingly,	GI	perforations	were	not	frequent	occurrences	in	large	cooperative	group	trials	in	patients	with
lung	cancer	or	breast	cancer;	however,	an	unusually	high	GI	perforation	rate	has	recently	halted	accrual	on	a	trial
of	bevacizumab	in	patients	with	ovarian	cancer.	These	ovarian	observations	illustrate	an	important	aspect	about
GI	 perforations	 in	 association	 with	 bevacizumab:	 There	 is	 no	 association	 between	 the	 presence	 of	 an	 intact
primary	 tumor	 in	 the	 colon	 and	 a	GI	 perforation.	Concerns	 have	 been	 expressed	 by	 some	 clinicians	 about	 the
possibility	of	needing	to	remove	an	asymptomatic	primary	colorectal	tumor	in	a	patient	with	synchronous	stage	IV
disease	before	using	bevacizumab	out	of	an	unsubstantiated	fear	 that	 the	primary	will	put	 the	patient	at	risk	for
perforation.	At	present,	 there	are	no	data	 to	 support	 this	assumption,	and	surgery	 for	an	asymptomatic	primary
tumor	in	a	stage	IV	patient	is	not	routinely	indicated,	regardless	of	whether	there	are	plans	to	use	a	bevacizumab-
containing	chemotherapy	regimen.360

The	other	 rare	but	 very	 serious	 identified	 increased	 risk	with	bevacizumab-containing	 treatment	was	 that	 of
arterial	 thrombotic	 events.	 Initially,	 no	 clear	 indication	 of	 this	 risk	was	 detected	 in	 the	 pivotal	 phase	 III	 trial.
However,	 in	 a	 combined	 analysis	 of	 several	 trials,	 an	 important	 observation	 was	 made.	 Here	 again,	 multiple
events	 were	 combined	 into	 one	 metric.	 Thus,	 cerebral	 vascular	 accidents,	 myocardial	 infarctions,	 transient
ischemic	 attacks,	 and	 angina	 were	 combined	 to	 create	 the	 metric	 of	 arterial	 thrombotic	 events.	 The	 observed
incidence	 of	 these	 events	 was	 2.5%	 in	 the	 nonbevacizumab-containing	 control	 arms	 versus	 5.0%	 in	 the
bevacizumab-containing	 experimental	 arms.	 It	 was	 noted	 that	 patients	 who	 had	 histories	 of	 cardiovascular	 or
atherosclerotic	 disease	 appeared	 to	 be	 at	 greater	 risk	 for	 increased	 bevacizumab-related	 arterial	 thrombotic
complications.	 In	 addition,	 a	 further	 analysis	of	 these	events	 suggested	 that	 the	 risk	was	essentially	 linear	over
time,	 indicating	 that	 the	 risk	of	 a	new	arterial	 thrombotic	 event	was	 the	 same	 in	 earlier	 versus	 later	months	of
exposure.419

Another	 complication	 of	 bevacizumab	 that	 has	 been	 rarely	 described	 in	 the	 literature	 is	 fistula	 formation.
Ganapathi	et	al.420	 reports	 a	 4.1%	 incidence	 of	 this	 problem	 in	 a	 review	of	 222	patients	with	metastatic	CRC.
Two-thirds	 were	 perineal	 or	 anal	 with	 the	 remainder	 colovesicular,	 occurring	 an	 average	 of	 3.9	 months	 after
initiation	of	 treatment.	Cessation	of	 bevacizumab	 led	 to	 fistula	 healing	 in	 nearly	 all	 cases;	 however,	 3	 patients
required	fecal	diversion.	The	authors	suggest	that	this	complication	has	been	underreported	thus	far	and	stress	the
importance	of	early	recognition.420

FOLFOXIRI	plus	Bevacizumab
Building	 on	 prior	 experience	 with	 FOLFOXIRI,	 Loupakis	 et	 al.421	 randomized	 508	 patients	 with	 previously
untreated	metastatic	CRC	 to	 receive	 either	FOLFOXIRI	plus	 bevacizumab	or	FOLFIRI	plus	 bevacizumab.	All
patients	had	an	excellent	performance	status	 (mostly	ECOG	0).	The	median	progression-free	survival	was	12.1
months	versus	9.7	months,	respectively	(P	=	.003).	FOLFOXIRI	was	also	superior	in	terms	of	response	rate	(65%
versus	 53%,	P	 =	 .006).	 OS	was	 improved	 from	 25.8	months	 to	 31.0	months	 with	 a	P	 value	 that	 just	 missed
statistical	 significance	 (P	 =	 .054).	 Grade	 3	 or	 4	 toxicities	 including	 neurotoxicity,	 stomatitis,	 diarrhea,	 and
neutropenia	were	significantly	higher	in	the	FOLFOXIRI	group.	It	 is	again	noteworthy	that	the	5-FU	infusional
dose	of	3,200	mg/m2	over	46	hours	was	higher	in	the	FOLFOXIRI	than	in	the	FOLFIRI	group,	and	with	this	study
having	 been	 done	 only	 in	 Europe,	 the	 question	 of	 whether	 such	 a	 fluorouracil	 dose	 would	 be	 tolerable	 in
American	 patients	 remains	 unknown.	 In	 general,	 the	 FOLFOXIRI	 plus	 bevacizumab	 regimen,	 possibly	 with
fluorouracil	 dose	modifications	 for	 American	 patients,	 is	 a	 reasonable	 consideration	 for	 first-line	 treatment	 of
excellent	performance	status	patients,	especially	those	in	need	of	a	substantial	rapid	response.421

Bevacizumab	Beyond	Progression
Prior	 studies	 demonstrated	 the	 activity	 of	 bevacizumab	when	 added	 to	 first-line	 chemotherapy,	 and	 the	ECOG
3200	 trial	 showed	 activity	 when	 bevacizumab	 was	 added	 to	 second-line	 chemotherapy	 in	 bevacizumab-naïve
patients.	Until	recently,	however,	data	were	lacking	regarding	the	question	of	continuation	of	bevacizumab	with
second-line	 therapy	 after	 progression	 of	 disease	 through	 a	 first-line,	 bevacizumab-containing	 regimen.	 This
question	has	now	been	addressed	by	the	ML18147	trial.422	In	this	trial,	820	patients	who	had	progressed	through	a
first-line,	 bevacizumab-containing	 regimen	 were	 assigned	 to	 a	 non–cross-resistant	 chemotherapy	 regimen
(irinotecan	 plus	 fluoropyrimidine	 if	 previously	 treated	 with	 oxaliplatin	 or	 oxaliplatin-fluoropyrimidine	 if



previously	 treated	 with	 irinotecan)	 and	 then	 randomized	 to	 receive	 bevacizumab	 with	 this	 second-line
chemotherapy	 or	 not.	 The	 arm	 receiving	 bevacizumab	 showed	 a	 modest	 but	 statistically	 significant	 survival
benefit	of	1.4	months	 (OS,	11.2	versus	9.8	months;	HR,	0.81;	95%	CI,	0.69	 to	0.94;	P	=	 .0062).	Grade	3	 to	5
bleeding	 or	 hemorrhage	 (8	 [2%]	 versus	 1	 [1%]),	 GI	 perforation	 (7	 [2%]	 versus	 3	 [1%]),	 and	 venous
thromboembolisms	(19	[5%]	versus	12	[3%])	were	more	common	in	the	bevacizumab	plus	chemotherapy	group
than	in	the	chemotherapy-alone	group.

Aflibercept
Aflibercept	is	a	fusion	molecule	containing	the	binding	domains	of	VEGF	receptors	1	and	2	bound	to	the	human
immunoglobulin	 (Ig)	 G	 Fc	 fragment,	 forming	 a	 VEGF	 trap	 molecule.	 Aflibercept	 binds	 all	 human	 VEGF	 A
isoforms,	VEGF	B,	and	placental	growth	factor	with	greater	affinity	 than	the	native	receptors	for	 these	 ligands.
Aflibercept	 has	 been	 evaluated	 in	 the	 large-scale	 phase	 III	 VELOUR	 trial,	 in	 which	 1,226	 patients	 who	 had
progressed	on	a	first-line	oxaliplatin-containing	regimen	were	randomized	to	receive	second-line	FOLFIRI	plus
aflibercept	4	mg/kg	versus	FOLFIRI	plus	placebo.	All	 treatments	were	given	every	2	weeks.	A	total	of	30%	of
patients	had	received	prior	bevacizumab	with	their	first-line	treatment	regimen,	whereas	the	remainder	were	naïve
to	anti-VEGF	therapy.	The	group	receiving	aflibercept	achieved	a	modest	but	statistically	significant	OS	benefit
of	 1.4	months	 (13.50	 versus	 12.06	months;	HR,	 0.817;	 95%	CI,	 0.713	 to	 0.937;	P	 =	 .0032).423	 PFS	was	 also
statistically	significantly	improved	from	4.67	months	to	6.9	months	with	the	addition	of	aflibercept	(P	<	.0001).
Response	rate	was	improved	from	11.1%	to	19.8%.

The	findings	of	the	VELOUR	and	TML	trials	show	striking	similarities	to	one	another.	Each	utilized	an	anti-
VEGF	strategy	 in	second-line	 treatment	 in	conjunction	with	active	chemotherapy,	and	each	shows	a	1.4-month
survival	benefit.	Given	these	findings,	use	of	either	with	second-line	FOLFIRI	(if	second-line	FOLFIRI	is	deemed
appropriate)	would	 seem	 reasonable.	Aflibercept	 has	 not	 demonstrated	 benefit	 in	 conjunction	with	 oxaliplatin-
based	 regimens	 at	 the	 time	 of	 this	 writing,	 and	 use	 of	 aflibercept	 with	 oxaliplatin-based	 chemotherapy	 is	 not
recommended.	Furthermore,	a	change	from	FOLFIRI-aflibercept	to	FOLFIRI-bevacizumab	(or	vice	versa)	is	not
supported	by	current	data,	nor	is	use	of	either	aflibercept	or	bevacizumab	as	a	single	agent.	As	such,	aflibercept
presents	an	option	for	second-line	therapy	in	conjunction	with	FOLFIRI	but	does	not	create	a	new	line	of	therapy
in	the	continuum	of	treatment.

Ramucirumab
Ramucirumab	 is	 a	monoclonal	 antibody	 that	 targets	 VEGF	 receptor	 2.	 In	 a	 clinical	 trial	 of	 patients	 receiving
second-line	FOLFIRI,	 the	addition	of	 ramucirumab	versus	placebo	 resulted	 in	a	median	 survival	benefit	of	1.6
months	with	an	HR	of	0.84.	Toxicities	were	similar	to	those	of	other	vaginal	inhibitors.

Vascular	Endothelial	Growth	Factor	Inhibition	Beyond	Progression
Given	the	aforementioned	data,	a	reasonable	interpretation	would	be	that	in	a	patient	treated	with	a	bevacizumab-
containing	first-line	regimen,	similar	modest	benefit	could	be	expected	from	use	of	either	continued	bevacizumab,
aflibercept,	or	ramucirumab	with	second-line	treatment.	The	side	effect	profiles	of	these	three	agents	appear	to	be
similar	 as	 well.	 NCCN	 guidelines	 have	 offered	 the	 opinion	 that	 given	 the	 similar	 efficacy	 and	 safety,	 use	 of
ramucirumab	in	this	setting	would	be	difficult	to	justify	over	the	other,	substantially	less	expensive	alternatives.	It
should	be	noted	that	no	data	suggest	 that	any	one	of	 these	agents	would	be	likely	 to	have	salvage	activity	after
failure	of	another;	rather,	any	of	these	agents	may	potentiate	a	potentially	active	second-line	regimen.

Cetuximab	and	Panitumumab
The	 EGFR,	 also	 called	 human	 epidermal	 growth	 factor	 receptor	 1	 (HER1),	 is	 a	 transmembrane	 glycoprotein
receptor.	When	the	external	binding	domain	of	the	EGFR	binds	specific	ligands,	such	as	epidermal	growth	factor
or	TGF-α,	receptor	dimerization	occurs	(either	homodimerization	with	another	EGFR	or	heterodimerization	with
another	 member	 of	 the	 EGFR	 family).	 This	 in	 turn	 stimulates	 phosphorylation	 of	 the	 tyrosine	 kinases	 on	 the
intracellular	 domain	 of	 the	 receptor,	 which	 initiates	 a	 signaling	 cascade,	 which	 ultimately	 regulates	 cell
proliferation,	migration,	adhesion,	differentiation,	and	survival.424–426	Cetuximab,	is	a	chimeric	IgG1	monoclonal
antibody	that	recognizes	and	binds	to	the	extracellular	domain	of	the	EGFR.	Panitumumab	is	a	fully	human	IgG2
monoclonal	 antibody	 that	 also	 targets	 the	EGFR.	Binding	of	 either	 cetuximab	or	panitumumab	 to	 this	 receptor
does	not	cause	receptor	activation	but	rather	results	in	a	steric	interference	with	the	ligand	binding	site.427



Dr. AVR @ TMH

Preclinical	models	of	cetuximab,	or	its	murine	precursor,	demonstrated	more	substantial	activity	when	given	in
combination	with	 cytotoxic	 chemotherapy.	Based	 on	 these	 observations,	 and	 on	 a	 single	 anecdotal	 report	 of	 a
major	 response	 to	 cetuximab	 plus	 irinotecan	 in	 a	 young	woman	with	 irinotecan-refractory	CRC,	 a	multicenter
phase	 II	 trial	 was	 initiated.	 This	 trial,	 reported	 in	 abstract	 form	 only,	 was	 conducted	 in	 patients	 who	 were
determined	by	their	treating	investigator	to	have	progressed	on	irinotecan.428	Patients	were	treated	with	cetuximab
at	a	dose	of	400	mg/m2	loading	dose	week	1	over	2	hours,	followed	by	weekly	250	mg/m2	over	1	hour.	Irinotecan
was	given	on	the	same	dose	and	schedule	as	had	previously	failed.	Irinotecan	dose	reductions	made	previously,
prior	to	study	entry,	were	maintained	upon	initiation	of	the	study	treatment.

A	total	of	120	patients	with	irinotecan-refractory	CRC	were	identified	and	enrolled.	In	addition,	in	a	parallel
portion	of	the	trial,	28	patients	with	clinically	and	radiographically	stable	disease	after	receiving	a	minimum	of	3
months	 of	 irinotecan	 therapy	 were	 also	 enrolled	 and	 treated	 by	 the	 addition	 of	 cetuximab	 to	 their	 ongoing
irinotecan	therapy.	The	response	outcome	of	this	“stable	disease	cohort”	was	not	reported;	only	those	patients	who
were	felt	 to	be	 irinotecan	refractory	were	 included	in	 the	 initial	report.	As	reported	by	an	independent	response
assessment	 committee,	 22.5%	 of	 irinotecan-refractory	 patients	 achieved	 a	 major	 objective	 response.	 The
irinotecan-related	toxicity	was	relatively	mild	in	this	population,	at	least	in	part	because	many	patients	had	already
had	irinotecan	dose	modifications	made	prior	to	starting	on	this	trial.	Of	the	side	effects	specifically	attributable	to
cetuximab,	3%	of	patients	developed	an	allergic,	anaphylactoid	 reaction	requiring	discontinuation	of	cetuximab
therapy,	and	75%	of	patients	experienced	a	skin	rash	(12%	grade	3),	a	rash	now	recognized	to	be	characteristic	of
all	EGFR	inhibitors.	This	rash	superficially	resembles	acne,	leading	to	its	initial	description	as	an	acneiform	rash.
However,	microscopically,	 this	 is	not	acne,	and	 topical	acne	medications	are	 ineffective	 in	 its	management.	An
interesting	observation	from	this	trial,	which	has	since	been	corroborated	in	multiple	trials,	is	that	the	presence	and
severity	of	the	rash	appeared	to	be	associated	with	response	in	this	study.

The	results	seen	 in	 the	phase	II	cetuximab	plus	 irinotecan	combination	 trial	 raised	 the	question,	both	from	a
scientific	 and	 from	 a	 regulatory	 perspective,	 of	 the	 activity	 of	 single-agent	 cetuximab	 in	 irinotecan-refractory
CRC.	 A	 small	 phase	 II	 trial	 was	 therefore	 quickly	 designed	 and	 accrued.	 In	 this	 trial,	 5	 of	 57	 patients	 (9%)
achieved	a	partial	response	confirmed	by	an	independent	radiologic	review.429

Based	on	the	preliminary	results	of	the	initial	phase	II	cetuximab	plus	irinotecan	study,	described	previously,	a
subsequent	 larger	 trial,	 ultimately	 reported	 by	 Cunningham	 et	 al.,269	 was	 designed	 to	 provide	 confirmatory
evidence	of	the	activity	of	cetuximab	in	CRC	(Table	62.17).	This	large,	randomized	phase	II	trial	in	patients	with
irinotecan-refractory	CRC,	which	has	become	known	as	the	BOND	trial,	compared	cetuximab	plus	irinotecan	to
cetuximab	monotherapy.	A	total	of	329	patients	were	randomized	in	a	two-to-one	schema.	The	response	rates	of
22.9%	for	cetuximab	plus	irinotecan	and	10.8%	for	cetuximab	alone	were	virtually	identical	to	the	response	rates
that	had	been	 reported	previously	 in	 the	 two	U.S.	phase	 II	 trials,	 confirming	 the	activity	of	 this	 agent	 in	CRC.
Time	 to	 tumor	 progression	 in	 the	 Cunningham	 et	 al.269	 study	was	 4.1	months	 for	 the	 combination	 versus	 1.5
months	for	single-agent	cetuximab.	Survival	in	the	two	arms	was	not	significantly	different;	however,	the	study
was	neither	designed	nor	powered	to	address	the	issue	of	a	survival	advantage	for	cetuximab,	and	cetuximab	was
given	to	all	patients	on	both	arms	of	the	study.

An	NCI	Canada	phase	III	trial	compared	cetuximab	plus	best	supportive	care	to	best	supportive	care	alone	in
572	patients	who	had	exhausted	standard	treatment	options.430	The	median	OS	was	improved	by	1.5	months	(from
4.6	 to	6.1	months)	 in	 the	cetuximab	group	compared	 to	supportive	care	alone.	Partial	 responses	occurred	 in	23
patients	(8.0%)	in	the	cetuximab	group	versus	none	in	the	supportive	care	group	(P	<	.001).

Similar	results	were	reported	with	panitumumab.	As	seen	with	single-agent	cetuximab,	phase	II	evaluations	of
panitumumab	 in	 patients	 with	 CRC	 indicate	 approximately	 a	 10%	 response	 rate,	 with	 over	 90%	 of	 patients
experiencing	some	degree	of	acneiform-like	rash.431,432	The	fully	human	nature	of	this	antibody	appears	to	reduce
the	 likelihood	 of	 anaphylactoid	 infusion	 reactions,	with	 only	 1	 of	 the	 148	 patients	 treated	 after	 experiencing	 a
dose-limiting	 allergic	 reaction.	A	 randomized	 trial	 of	 panitumumab	 versus	 best	 supportive	 care	 in	 the	 salvage
setting	 demonstrated	 a	modest	 (8	 versus	 7.3	weeks)	 but	 highly	 statistically	 significant	 improvement	 in	median
progression-free	 survival	 for	 single-agent	 panitumumab	 over	 best	 supportive	 care	 (HR,	 0.54;	 P	 <	 .0001).
Response	 rate	 to	 panitumumab	 was	 10%.	 There	 was	 no	 difference	 in	 OS;	 however,	 there	 was	 extensive
postprogression	crossover,	which	obscures	this	end	point.433

RAS	and	Other	Determinants	of	Anti–Epidermal	Growth	Factor	Receptor
Resistance
Perhaps	 the	 most	 important	 development	 in	 the	 use	 of	 anti-EGFR	 agents	 over	 the	 past	 decade	 has	 been	 the



recognition	that	these	agents	only	have	the	potential	to	be	beneficial	to	patients	whose	tumors	have	nonmutated,	or
wild-type,	 KRAS	 and	 NRAS	 genes.	 KRAS	 and	 NRAS	 are	 signal	 transduction	 proteins	 that	 are	 a	 critical
intermediate	in	transmission	of	growth	and	survival	signals	from	the	EGFR	to	the	nucleus.	Initially	it	was	noted
that	mutations	 in	 exon	 2	 of	 the	 gene	 that	 encodes	 for	 the	KRAS	 protein	 led	 to	 constitutive	 activation	 of	 this
signaling	 pathway,	 which	 rendered	 blocking	 of	 the	 EGFR-binding	 site	 on	 the	 surface	 useless.	 Several	 small
retrospective	 series	 identified	 KRAS	 mutations	 as	 being	 incompatible	 with	 responses	 to	 cetuximab.434,435
Subsequently,	Amado	et	al.436	demonstrated	that	the	activity	of	panitumumab	in	the	registration	study	referenced
previously	was	limited	to	those	patients	with	wild-type	KRAS.	In	this	trial,	92%	of	patients	had	tissue	available
for	KRAS	 genotyping,	 and	 43%	 of	 tumors	were	 found	 to	 harbor	 a	mutation	 in	 codons	 12	 or	 13	 in	 exon	 2	 of
KRAS.	The	objective	response	rate	to	single-agent	panitumumab	was	17%	in	KRAS	wild-type	tumors	and	0%	in
those	tumors	that	had	a	KRAS	mutation.	The	progression-free	survival	in	the	patients	with	KRAS	wild-type	tumor
who	received	panitumumab	was	12.3	weeks	versus	7.3	weeks	for	best	supportive	care.	 In	patients	with	KRAS-
mutated	 tumors,	 there	was	no	difference	 in	progression-free	 survival	with	panitumumab	versus	best	 supportive
care.	Again,	OS	in	this	trial	could	not	be	interpreted	due	to	extensive	postprogression	crossover.

Similarly,	analysis	of	the	NCI	Canada	study,	discussed	previously,	demonstrated	that	activity	of	cetuximab	as	a
single	 agent	 in	 chemotherapy-refractory	 disease	 was	 limited	 to	 the	 KRAS	 wild-type	 patients	 only	 (Table
62.18).437	Approximately	70%	of	patients	in	this	trial	had	tissue	available	for	KRAS	genotyping,	and	42%	were
found	to	have	mutated	KRAS.	Those	with	mutated	KRAS	showed	no	evidence	of	clinical	benefit	from	cetuximab,
whereas	 patients	 whose	 tumors	 had	 wild-type	 KRAS	 showed	 a	 4.7-month	 improvement	 in	 median	 OS	 with
cetuximab	versus	 best	 supportive	 care	 (9.5	 versus	 4.8	months;	HR	 for	 death,	 0.55;	 95%	CI,	 0.41	 to	 0.74;	P	 <
.001).	In	the	control	group	who	received	best	supportive	care,	KRAS	mutation	status	had	no	impact	on	median	OS
(P	=	 .97).	Although	some	data	have	suggested	 that	 tumors	with	KRAS	exon	2,	codon	13	mutations	might	 still
garner	 some	benefit	 from	 first-line	 treatment	with	 cetuximab	or	panitumumab,438	 subsequent	 data	 have	 refuted
this,	and	any	KRAS	exon	2	mutation	remains	a	firm	contraindication	to	treatment	with	an	EGFR	inhibitor.	More
recently,	 a	 retrospective	 analysis	 suggested	 that	 in	 addition	 to	 exon	 2	 KRAS	mutations,	 tumors	 with	mutated
BRAF,	 NRAS,	 or	 PIK3CA	 were	 significantly	 associated	 with	 a	 low	 response	 rate	 to	 cetuximab	 or
panitumumab.439	 The	 question	 of	 the	 impact	 of	 other	 KRAS	 mutations	 outside	 of	 exon	 2	 has	 been	 further
addressed,	as	has	the	impact	of	NRAS	mutations.	Data	strongly	suggest	that	the	presence	of	any	KRAS	or	NRAS
mutation	confers	resistance	to	cetuximab	and	panitumumab	and	that	these	agents	should	not	be	used	in	patients
whose	tumors	harbor	any	of	these	mutations.161	The	role	of	BRAF	genotyping	remains	less	definitive.	Although
an	 unpreplanned	 retrospective	 subset	 analysis	 of	 a	 combination	 of	 two	 first-line	 trials	 suggests	 some	 possible
contribution	of	cetuximab	in	patients	with	BRAF-mutated	tumors,	most	published	data	sets	of	patients	treated	in
the	 non–first-line	 setting	 show	 essentially	 no	 activity	 for	 cetuximab	 or	 panitumumab	 in	 patients	 with	 BRAF-
mutated	tumors.

TABLE	62.17
Efficacy	Outcomes:	Cetuximab	plus	Irinotecan	versus	Cetuximab	Alone	in	Irinotecan-
Refractory	Colorectal	Cancer

	
No.	of	Patients Response	Rate

(95%	CI)
Disease	Control
(95%	CI)

Median	TTP	(mo) Median	OS	(mo)
(95%	CI)

Cetuximab 111 11%	(6%–18%) 32%	(24%–42%) 1.5 6.9	(5.6–9.1)

Cetuximab	+
irinotecan 218 23%	(18%–29%)a

56%	(49%–
62%)b 4.1c 8.6	(7.6–9.6)

aP	=	.0074.
bP	=	.0001.
cP	<	.0001.
CI,	confidence	interval;	TTP,	time	to	progression;	OS,	overall	survival.
From	Cunningham	D,	Humblet	Y,	Siena	S,	 et	 al.	Cetuximab	monotherapy	and	cetuximab	plus	 irinotecan	 in	 irinotecan-refractory
metastatic	colorectal	cancer.	N	Engl	J	Med	2004;351(4):337–345.

TABLE	62.18
Cetuximab	versus	Best	Supportive	Care	in	Metastatic	Chemotherapy-Refractory	Colorectal
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Cancer

	 Overall	Survival Progression-Free	Survival Response	Rate

	
KRAS	Wt KRAS	Mut KRAS	Wt KRAS	Mut KRAS	Wt KRAS

Mut
Cetux 9.5	mo 4.5	mo 3.7	mo 1.8	mo 12.8% 1.2%

BSC 4.8	mo 4.6	mo 1.9	mo 1.8	mo 0% 0%

P	value .001 .89 .001 .96 NR NR
Wt,	wild	type;	Mut,	mutant;	Cetux,	cetuximab;	BSC,	best	supportive	care;	NR,	not	reported.
From	Karapetis	CS,	Khambata-Ford	S,	Jonker	DJ,	et	al.	K-ras	mutations	and	benefit	from	cetuximab	in	advanced	colorectal	cancer.
N	Engl	J	Med	2008;359(17):1757–1765.

Genotyping	for	all	RAS	mutations	(KRAS;	NRAS;	and	exons	2,	3,	and	4)	should	now	be	regarded	as	standard
practice	 in	 all	 patients	 with	 stage	 IV	 disease,	 and	 cetuximab	 and	 panitumumab	 should	 only	 be	 considered	 in
patients	with	nonmutated	RAS.440	 Importantly,	using	a	matched	 set	of	 resected	metastases	 and	primary	 tumors
from	84	patients,	Vakiani	et	al.441	demonstrated	near-complete	concordance	between	primary	and	metastasis	for
RAS,	BRAF,	and	PIK3CA.	Therefore,	genotyping	of	the	primary	tumor	is	sufficient,	and	patients	do	not	need	to
be	subjected	to	a	biopsy	of	a	metastatic	site	for	the	purposes	of	tissue	genotyping.

It	is	prudent	to	obtain	RAS	genotyping	at	the	time	that	stage	IV	disease	is	diagnosed,	not	necessarily	because
the	information	is	needed	for	first-line	therapy,	as	only	a	minority	of	patients	will	be	appropriate	for	first-line	anti-
EGFR	therapy,	but	because	whether	a	patient	can	consider	the	use	of	cetuximab	or	panitumumab	in	the	course	of
multiple	 lines	of	 therapy	 is	easier	 to	both	determine	and	 to	deal	with	early	on	when	 there	are	multiple	options,
rather	than	waiting	until	all	other	options	are	exhausted.	At	present,	there	is	no	role	for	determining	RAS	status	in
stage	I,	II,	or	III	disease,	as	there	is	no	basis	for	use	of	EGFR	agents	in	other	than	stage	IV.

Preliminary	data	suggests	that	KRAS	status	might	play	a	role	in	oxaliplatin	sensitivity	as	well.	In	vitro	analysis,
published	 by	 Lin	 et	 al.,442	 demonstrated	 that	 this	 mutation	 caused	 downregulation	 of	 excision	 repair	 cross-
complementation	group	1	(ERCC1),	which	led	to	enhanced	oxaliplatin	sensitivity.	Overexpression	of	ERCC1	has
been	 shown	 previously	 to	 be	 associated	 with	 resistance	 to	 platinum-based	 therapy	 in	 a	 number	 of	 cancers.
Improved	understanding	of	 this	 pathway	may	prove	 critical	 toward	defining	new	 targets	 for	RAS-mutant	CRC
treatment.442

More	recent	data	suggest	 that	 the	small	 (approximately	2%)	of	metastatic	CRCs	 that	are	RAS	wild-type	but
human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)-amplified	 are	 highly	 unlikely	 to	 respond	 to	 anti-EGFR
monoclonal	 antibodies.	 However,	 preliminary	 data	 suggest	 that	 combination	 HER2-targeted	 therapy,	 such	 as
trastuzumab	plus	lapatinib,	may	be	active	in	this	molecularly	identified	subset	of	patients.443

Cetuximab	or	Panitumumab	in	First-line	Therapy
A	 1,200-patient	 study	 of	 FOLFIRI	 with	 or	 without	 cetuximab,	 known	 as	 the	 CRYSTAL	 trial,	 has	 been
reported.444	The	primary	end	point	of	the	trial,	progression-free	survival,	was	statistically	significantly	improved
with	the	addition	of	cetuximab,	albeit	by	only	0.9	months,	or	27	days.	When	the	study	was	analyzed	in	terms	of
KRAS	 genotype,	 those	 patients	with	mutated	KRAS	 showed	 no	 benefit,	 whereas	 those	with	wild-type	KRAS
showed	 not	 only	 a	 progression-free	 survival	 improvement	 of	 1.2	 months,	 or	 37	 days,	 but	 also	 a	 median	 OS
improvement	from	20.0	months	to	23.5	months	(HR,	0.796;	P	=	.0093).445	Response	rates	were	also	statistically
significantly	higher	(57.3%	versus	39.7%)	in	the	cetuximab	arm	for	the	KRAS	wild-type	tumors.	Skin	rash	and
diarrhea	were	increased	in	the	cetuximab	arm.	As	has	been	noted	in	virtually	all	trials	of	anti-EGFR	agents,	there
was	 a	 strong	 correlation	 between	 severity	 of	 skin	 rash	 and	 clinical	 benefit,	 with	 progression-free	 survival
advantage	being	limited	to	those	patients	with	grade	2	or	3	skin	rash.	BRAF	was	confirmed	as	a	poor	prognostic
factor	but	was	not	predictive	of	response	to	cetuximab	in	this	trial.	The	numbers	of	BRAF-mutated	tumors	limit
the	power	to	detect	a	predictive	role	of	BRAF	in	this	trial,	however.

FOLFOX	with	or	without	cetuximab	had	been	initially	investigated	in	a	randomized	phase	II	trial	in	which	the
primary	 end	 point	 was	 response	 rate.446	 A	 total	 of	 337	 patients	 were	 treated.	 The	 overall	 response	 rate	 was
improved	by	the	addition	of	cetuximab	from	36%	to	46%,	a	result	that	did	not	achieve	statistical	significance	(P	=
.64).	For	the	KRAS	wild-type	patients,	however,	the	result	was	more	robust,	with	an	improvement	from	37%	to
61%	(P	 =	 .011).	 Progression-free	 survival	was	 very	modestly,	 albeit	 statistically	 significantly,	 improved	 in	 the
KRAS	 wild-type	 patients	 by	 a	 median	 of	 15	 days;	 however,	 progression-free	 survival	 was	 statistically
significantly	worse	in	the	cetuximab	arm	in	those	patients	whose	tumors	had	mutated	KRAS.



However,	several	larger	phase	III	trials	have	cast	considerable	doubt	on	the	role	of	cetuximab	in	conjunction
with	 oxaliplatin-based	 therapy.	 In	 the	 Medical	 Research	 Council	 COIN	 trial,	 1,603	 patients	 with	 previously
untreated	metastatic	CRC	were	treated	with	oxaliplatin	plus	a	fluoropyrimidine	(either	the	FOLFOX	or	Cape/Ox
regimen)	and	randomized	 to	 receive	cetuximab	 in	addition	or	not.	 In	 the	patients	with	KRAS	wild-type	 tumors
(367	with	cetuximab	plus	oxaliplatin-containing	chemotherapy	and	362	with	oxaliplatin-containing	chemotherapy
alone),	 there	 was	 no	 improvement	 in	 OS	 (17.9	 versus	 17	 months;	 HR,	 1.04;	P	 =	 .67)	 or	 in	 progression-free
survival	 (8.6	 versus	 8.6	months	 in	 the	 two	 arms).	Overall	 response	 rate	 increased	 from	 57%	 to	 64%	with	 the
addition	 of	 cetuximab	 (P	 =	 .049).	 The	 data	 from	 this	 trial	 do	 not	 support	 use	 of	 cetuximab	 with	 front-line
oxaliplatin-based	 chemotherapy.	 Outcomes	 were	 worse	 with	 the	 addition	 of	 cetuximab	 to	 capecitabine	 plus
oxaliplatin,	and	the	use	of	that	combination	is	specifically	not	recommended.447	In	addition,	the	Nordic	VII	trial
investigated	the	addition	of	cetuximab	to	the	Nordic	FLOX	regimen	of	oxaliplatin,	bolus	5-FU	and	leucovorin	in	a
571-patient	phase	III	trial.448	Patients	were	randomized	to	one	of	three	arms:	Nordic	FLOX	given	continuously,
cetuximab	plus	Nordic	FLOX	given	continuously,	or	cetuximab	plus	Nordic	FLOX	given	 intermittently.	There
were	no	statistically	significant	differences	 in	 the	median	progression-free	survival	between	 the	 three	arms	(7.9
months,	8.3	months,	and	7.3	months,	respectively).	OS	also	showed	no	difference	between	the	three	arms	(20.4
months,	19.7	months,	and	20.3	months,	respectively).	Even	in	patients	with	KRAS	wild-type	tumors,	cetuximab
did	not	provide	demonstrable	benefit.

Taken	in	the	aggregate,	these	data	would	not	appear	to	lend	substantial	support	to	the	use	of	cetuximab	with
oxaliplatin-based	chemotherapy.	Curiously,	however,	the	results	with	panitumumab	are	somewhat	different.	In	a
phase	 III	 trial	 of	 FOLFOX	 with	 or	 without	 panitumumab	 (6	 mg/kg	 every	 14	 days),	 1,183	 patients	 were
randomized,	 of	 whom	 60%	 had	 wild-type	 KRAS.449	 Progression-free	 survival	 was	 modestly	 but	 statistically
significantly	 improved	with	panitumumab	 in	 the	KRAS	wild-type	patients	 (9.6	versus	8	months;	P	=	 .02),	 and
response	rate	was	increased	from	48%	to	55%.	However,	as	was	seen	with	cetuximab,	in	the	patients	with	KRAS-
mutated	 tumors,	 the	 addition	 of	 panitumumab	 resulted	 in	 a	 statistically	 significant	 worsening	 of	 median
progression-free	survival	from	8.8	months	in	the	control	arm	to	7.3	months	in	the	panitumumab-containing	arm.
In	an	updated	analysis	focusing	on	KRAS	wild-type	patients	only,	as	statistically	significant	survival	benefit	was
seen	with	the	addition	of	panitumumab	in	this	cohort.161	The	addition	of	panitumumab	resulted	in	increased	skin
rash,	diarrhea,	and	hypomagnesemia.

Also	 reported	 in	 abstract	 form	 is	 a	phase	 III	 trial	 of	 second-line	FOLFIRI	with	or	without	panitumumab.450
Despite	 this	 being	 a	 second-line	 study,	 patients	 had	 an	 excellent	 performance	 status	 (ECOG	0	 or	 1	 in	 94%	of
patients).	KRAS	mutations	were	present	 in	45%	of	patients.	For	 the	patients	with	KRAS	wild-type	 tumors,	 the
progression-free	survival	was	statistically	significantly	improved	in	the	panitumumab-containing	arm	(5.9	versus
3.9	months,	P	=	.004),	and	response	rate	was	improved	as	well	(35%	versus	10%).	OS	differences	in	favor	of	the
panitumumab	 arm	 (14.5	 versus	 12.5	 months)	 did	 not	 reach	 statistical	 significance	 (P	 =	 .1).	 There	 were	 no
differences	 in	efficacy	outcomes	with	 the	addition	of	panitumumab	in	 the	patients	with	KRAS-mutated	 tumors.
Again,	skin	rash,	diarrhea,	and	hypomagnesemia	were	increased	in	the	panitumumab	arm.

More	recently,	the	long-awaited	initial	results	of	the	NCI	Cooperative	Group	80405	study	have	been	reported
in	 abstract	 form.	 In	 this	 trial,	 patients	 with	 previously	 untreated	 metastatic	 CRC	 with	 wild-type	 KRAS	 were
enrolled.	 Patients	 were	 assigned	 to	 receive	 either	 FOLFOX	 or	 FOLFIRI	 per	 physician	 preference	 and	 then
randomized	to	receive	either	cetuximab	or	bevacizumab.	There	was	no	difference	in	OS,	the	primary	study	end
point,	between	the	cetuximab	and	bevacizumab	arms	(29.0	versus	29.9	months,	P	=	.34).451

Toxicities	of	Anti–Epidermal	Growth	Factor	Receptor	Monoclonal	Antibodies
The	primary	toxicity	of	cetuximab	and	panitumumab	is	an	acne-like	rash,	which	is	seen	to	some	degree	from	75%
to	100%	of	patients	treated.	This	rash	is	not	acne,	and	it	is	accompanied	by	skin	dryness	and	paronychial	cracking.
Other	 than	moisturizers,	 which	 are	 recommended,	 no	 topical	 agents	 have	 been	 shown	 to	 be	 of	 benefit	 in	 the
treatment	 of	 this	 rash.	 Drying	 agents	 and	 retinoids,	 such	 as	 those	 used	 in	 the	 treatment	 of	 acne,	 are
contraindicated.	Anecdotal	reports	of	benefit	for	topical	steroids	or	antibiotics	do	not	have	supportive	randomized
data,	 and	 as	 the	 natural	 history	 of	 the	 rash	 is	 to	 wax	 and	 wane,	 interpretation	 of	 these	 anecdotal	 reports	 is
problematic.	 There	 are	 data	 suggesting	 that	 prophylactic	 use	 of	 oral	 antibiotics	 may	 somewhat	 mitigate	 the
severity	of	the	rash.452	Importantly,	it	has	been	well	established	that	there	is	a	clear	correlation	between	severity	of
skin	 rash	 and	 favorable	 outcome	 with	 EGFR	 agents.453	 The	 mechanism	 of	 this	 correlation	 has	 not	 yet	 been
determined;	 however,	 it	 is	 clear	 that	 benefit	 from	 these	 agents	 is	 virtually	 confined	 to	 those	 patients	 who
experience	 a	grade	2	or	3	 skin	 rash.	A	 severe	 rash	does	not	guarantee	 a	 response	or	 clinical	 benefit;	 however,
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absence	of	a	rash	after	the	first	month	of	therapy	is	virtually	incompatible	with	clinical	benefit	from	these	agents.
This	is	an	important	point	to	consider,	especially	in	consideration	of	front-line	use;	only	those	patients	with	a	very
substantial	rash	stand	a	chance	of	benefit.

Hypersensitivity	reactions,	which	are	anaphylactoid	in	nature	and	are	completely	separate	and	distinct	from	the
skin	 rash	 toxicity	 discussed	 previously,	 occur	 in	 approximately	 3%	 of	 patients	 with	 cetuximab	 and	 <1%	 of
patients	with	panitumumab.	Almost	all	of	 these	reactions	are	first-dose	events.	Dramatic	regional	differences	in
the	frequency	of	these	reactions	have	been	noted,	with	serious	hypersensitivity	reactions	to	cetuximab	noted	in	up
to	 20%	 of	 patients	 in	North	 Carolina	 and	 Tennessee,	 whereas	 the	 serious	 hypersensitivity	 reaction	 rate	 in	 the
northeastern	United	States	is	<1%.454	Subsequently,	 it	has	been	demonstrated	 that	 there	 is	a	high	prevalence	of
cetuximab-specific	IgE	in	Tennessee,	suggesting	cross-reactivity	with	an	environmental	allergen.455	Panitumumab
does	not	appear	to	exhibit	 this	marked	regional	variation	in	incidence	of	hypersensitivity	reaction	and	would	be
the	clearly	preferred	agent	over	cetuximab	in	these	areas	of	high	incidence	of	cetuximab	hypersensitivity.

It	 should	 be	 noted	 that	 the	 incidence	 of	 skin	 rash	 appears	 to	 be	 quite	 similar	 between	 cetuximab	 and
panitumumab,	 as	 does	 the	 degree	 of	 clinical	 activity.	 Thus,	 outside	 of	 the	 areas	 that	 see	 high	 frequency	 of
cetuximab	 hypersensitivity	 reactions,	 there	 appears	 to	 be	 little	 reason	 to	 favor	 one	 agent	 over	 the	 other.	 Case
reports	 and	anecdotal	 evidence	 suggest	 that	patients	who	experience	hypersensitivity	 to	 cetuximab	do	 typically
tolerate	panitumumab.	There	is	no	basis,	however,	for	using	one	of	these	agents	after	clinical	failure	on	the	other.

Another	more	recently	recognized	toxicity	of	anti-EGFR	therapy	is	hypomagnesemia.456	This	result	 is	due	to
hypermagnesemia,	presumably	promoted	by	EGFR	antagonism	in	the	loop	of	Henle.	Regular	monitoring	of	serum
magnesium	 levels,	 and	 intravenous	magnesium	 supplementation,	when	 indicated,	 should	be	practiced	 routinely
with	anti-EGFR	therapies.	Oral	magnesium	is	unlikely	to	provide	adequate	supplementation,	as	diarrhea	from	this
is	often	dose-limiting.

Cetuximab	and	Panitumumab	in	Epidermal	Growth	Factor	Receptor–Negative	Patients
From	the	outset	of	clinical	development,	the	assumption	was	made	that	quantitative	EGFR	expression	would	be
predictive	of	the	activity,	or	lack	thereof,	of	an	anti-EGFR	antibody	and	that	an	absence	of	demonstrable	EGFR
expression	would	therefore	preclude	clinical	activity	of	cetuximab	or	panitumumab.	For	this	reason,	all	early	trials
with	 these	 agents	 required	 that	 the	 patient’s	 tumor	 shows	 EGFR	 positivity	 by	 IHC	 as	 a	 criterion	 for	 study
eligibility.	This	assumption,	that	EGFR	expression	would	be	predictive,	has	never	been	supported	by	clinical	or
preclinical	 data	 and	 has	 been	 refuted	 by	 all	 clinical	 data	 that	 have	 addressed	 the	 issue.	 All	 of	 the	 reported
cetuximab	trials	to	date,	the	earlier	ones	of	which	excluded	EGFR-negative	patients	altogether,	have	demonstrated
absolutely	no	correlation	between	the	intensity	of	the	EGFR	expression	and	clinical	response.269,428	Additionally,
the	results	of	a	small	cohort	of	nine	patients	who	were	EGFR-negative	and	treated	with	cetuximab	were	reported
in	 abstract	 form.457	 Two	 major	 objective	 responses	 were	 reported	 by	 the	 investigators,	 one	 of	 which	 was
confirmed	as	a	major	response	by	third-party	review	and	one	of	which	was	not.

On	the	basis	of	the	lack	of	correlation	between	EGFR	staining	intensity	and	response,	as	well	as	the	small	data
set	 outlined	 previously,	 a	 decision	 was	 made	 at	 Memorial	 Sloan	 Kettering	 Cancer	 Center	 in	 New	 York	 that
patients	with	EGFR-negative	CRC	would	not	be	excluded	from	standard	off-protocol	 treatment	with	cetuximab
simply	on	the	basis	of	EGFR	status.	Subsequently,	a	retrospective	review	was	conducted	using	the	computerized
pharmacy	 records	 to	 identify	 all	 patients	who	 had	 received	 nonresearch	 cetuximab-based	 therapy	 at	Memorial
Sloan	Kettering	Cancer	Center	in	the	first	3	months	of	cetuximab’s	commercial	availability.	This	review	identified
16	patients	with	irinotecan-refractory,	EGFR-negative	CRC	who	had	been	treated.	A	total	of	14	of	these	patients
had	received	cetuximab	in	combination	with	irinotecan,	and	2	had	received	cetuximab	alone.	Of	the	16,	4	patients
experienced	major	objective	(response	rate,	25%;	95%	CI,	4%	to	46%),	demonstrating	that	the	hypothesis	that	a
negative	 EGFR	 stain	 would	 preclude	 the	 possibility	 of	 response	 to	 cetuximab	 is	 false.458	 A	 similar	 lack	 of
correlation	of	EGFR	staining	and	activity	with	panitumumab	has	also	more	recently	been	reported.459

Because	 current	 EGFR	 IHC	 techniques	 have	 no	 predictive	 value,	 these	 techniques	 have	 no	 role	 in	 current
management	of	CRC.	The	exclusion	of	a	patient	from	cetuximab-based	or	panitumumab-based	therapy	solely	on
the	basis	of	EGFR	IHC	is	not	appropriate.	Likewise,	no	patient,	with	CRC	or	otherwise,	should	be	given	an	anti-
EGFR	treatment	solely	on	the	basis	of	a	high	EGFR	IHC	expression.

First-line	Epidermal	Growth	Factor	Receptor	versus	Vascular	Endothelial
Growth	Factor
Two	large	randomized	clinical	trials	have	addressed	the	question	of	use	of	first-line	anti-VEGF	versus	anti-EGFR



monoclonal	antibodies	in	RAS	wild-type	patients.	The	larger	of	these	is	the	CALGB/SWOG	C80405	trial.460	In
this	 trial,	 1,137	 patients	 with	 KRAS	 wild-type	 metastatic	 CRC	 were	 permitted	 to	 select	 either	 FOLFOX	 or
FOLFIRI	and	then	were	randomized	to	receive	this	with	either	cetuximab	or	bevacizumab.	Prespecified	primary
end	 point	was	OS.	No	 significant	 difference	was	 seen,	with	 a	median	OS	 of	 29.0	months	 in	 the	 bevacizumab
group	versus	30.0	months	 in	 the	 cetuximab	group.	The	median	progression-free	 survival	was	10.6	months	 and
10.5	 months,	 respectively.	 Response	 rates	 also	 were	 not	 significantly	 different	 with	 55.2%	 of	 bevacizumab
patients	 and	 59.6%	 of	 cetuximab	 patients	 responding	 (P	 =	 0.13).	 No	 differences	 were	 seen	 in	 any	 subsets
evaluated,	 including	 patients	 treated	 with	 FOLFIRI	 or	 patients	 treated	 with	 FOLFOX	 as	 their	 chemotherapy
backbone.	In	a	subsequent	exploratory	analysis	looking	at	an	all–RAS	wild-type	population,	the	results	remained
unchanged.	Notably,	however,	activity	of	cetuximab	was	seen	only	in	those	patients	with	left-sided	tumors.	Thus,
for	patients	with	either	RAS-mutated	tumors	or	right-sided	tumors	in	whom	a	monoclonal	antibody	is	to	be	used,
an	anti-VEGF	strategy	with	bevacizumab	would	be	warranted.	For	patients	with	RAS	wild-type	left-sided	tumors,
data	 would	 support	 use	 of	 either	 an	 anti-EGFR	 agent	 (cetuximab	 or	 panitumumab)	 or	 bevacizumab	 as	 the
accompanying	antibody.	Even	in	this	population,	an	argument	can	be	made	in	favor	of	bevacizumab	on	cost	and
toxicity	issues.

Another	clinical	trial	that	addressed	the	question	of	EGFR	versus	the	EGFR	strategy	is	the	FIRE-3	trial.461	In
this	 trial,	 592	 patients	 with	 KRAS	 wild-type	 metastatic	 CRC	 were	 randomized	 to	 receive	 FOLFIRI	 plus
cetuximab	 versus	 FOLFIRI	 plus	 bevacizumab.	 The	 prespecified	 primary	 end	 point	 of	 this	 trial	 was	 overall
response	rate,	and	there	was	no	significant	difference	between	the	two	arms	(62%	versus	58%,	P	=	.18).	OS	was
also	not	different	at	10.0	months	versus	10.3	months	(P	=	.55).	Interestingly,	there	was	a	significant	difference	in
OS	with	the	cetuximab	group	having	a	median	survival	of	28.7	months	versus	25.0	months	in	the	bevacizumab
group	 (P	 =	 .017).	 This	 survival	 difference	was	 even	more	 impressive	 in	 a	 post	 hoc	 all–RAS	wild-type	 subset
analysis.	 At	 first	 glance,	 the	 results	 of	 FIRE-3	 would	 appear	 to	 contradict	 those	 of	 CALGB/SWOG	 80405.
However,	it	should	be	noted	that	the	prespecified	primary	end	point	of	FIRE-3,	overall	response	rate,	showed	no
difference	in	the	arms.	With	the	specified	primary	end	point	being	negative,	any	other	conclusions	drawn	from	the
trial	must	necessarily	guarded	as	hypothesis	generating,	rather	than	definitive.	Furthermore,	there	appears	to	be	a
substantial	number	of	patients	in	the	bevacizumab	arm	that	never	received	an	anti-EGFR	monoclonal	antibody	for
their	 RAS	 wild-type	 CRC.	 This	 relative	 lack	 of	 second-line	 usage	 may	 have	 substantially	 contributed	 to	 the
survival	difference	seen	in	the	trial,	especially	because	the	curves	begin	to	separate	at	approximately	the	2-year
mark,	substantially	beyond	the	point	of	progression.

Bevacizumab	plus	Anti–Epidermal	Growth	Factor	Receptor	Agents
Given	the	reported	activity	of	both	bevacizumab	and	cetuximab,	investigators	logically	became	interested	in	the
idea	 of	 concurrent	 use	 of	 these	 agents.	 Both	 some	 limited	 preclinical	 data	 and	mechanistic	 understandings	 of
potential	 interaction	 between	 anti-EGFR	 and	 anti-VEGF	 pathways,	 supported	 the	 concept.	 As	 discussed
subsequently,	 this	 concept	 serves	 as	 yet	 another	 example	 of	 perfectly	 logical,	 well-thought-out	 assumptions
supported	 by	 preliminary	 clinical	 evidence	 that	 turned	 out	 to	 be	 incorrect	when	 subjected	 to	 the	 appropriately
rigorous	test	of	an	adequately	powered	clinical	trial.

The	 first	 study	 to	 attempt	 to	 administer	 bevacizumab	 and	 cetuximab	 concurrently	was	 a	 small	 randomized
phase	 II	 study	 of	 bevacizumab	 added	 to	 cetuximab	 alone	 or	 to	 cetuximab	 plus	 irinotecan	 in	 patients	 with
irinotecan-refractory	CRC.462	This	was	a	feasibility	trial	to	assess	the	safety	of	concurrent	administration	of	these
agents	and	to	look	for	preliminary	evidence	of	efficacy.	The	study	concluded	that	coadministration	of	these	two
monoclonal	antibodies	together	was	feasible	and	that	the	preliminary	data	were	encouraging.	It	should	be	noted,
however,	 that	 this	 was	 a	 small	 feasibility	 trial	 with	 41	 and	 40	 patients,	 respectively,	 reported	 in	 each	 arm.
Furthermore,	this	study	was	conducted	in	patients	who	were	naïve	to	both	cetuximab	and	bevacizumab.	As	most
patients	now	receive	bevacizumab	with	their	first-line	regimen,	the	results	 in	the	bevacizumab-naïve	population
might	not	necessarily	have	a	bearing	on	current	practice.	A	small	follow-up	trial	in	patients	with	prior	progression
on	a	front-line	bevacizumab-containing	regimen	showed	far	less	activity,	with	3	of	33	patients	(9%)	achieving	a
partial	 response	and	a	median	 time	 to	 tumor	progression	of	3.9	months.463	These	 small	 trials	were	designed	 to
serve	as	the	safety	pilots	for	large-scale	front-line	studies	that	combined	bevacizumab	plus	cetuximab	with	front-
line	chemotherapy.	Two	such	studies	have	now	been	reported,	with	alarming	results,	which	highlights	the	dangers
of	jumping	to	conclusions	prior	to	the	availability	of	mature,	definitive	data.

The	 CAIRO-2	 study	 randomized	 755	 patients	 with	 previously	 untreated	 metastatic	 CRC	 to
Cape/Ox/bevacizumab	with	or	without	concurrent	cetuximab	(Table	62.19A).464	Not	only	was	there	not	a	benefit



Dr. AVR @ TMH

to	 the	 addition	 of	 cetuximab,	 but	 the	 group	 receiving	 cetuximab	 actually	 had	 a	worse	median	 progression-free
survival	of	9.4	months,	compared	 to	10.7	months	 in	 the	Cape/Ox-bevacizumab–alone	arm	(P	=	 .01).	Response
rates	 were	 identical	 (44%)	 in	 the	 two	 arms.	 Furthermore,	 quality-of-life	 scores	 were	 lower	 in	 the	 cetuximab-
containing	arm.	OS	was	not	 statistically	 significantly	different	between	 the	 two	groups.	Even	 for	 the	wild-type
KRAS	patients,	there	was	no	benefit	in	progression-free	survival	with	the	addition	of	cetuximab.	As	might	now	be
anticipated	(Table	62.19B),	within	the	cetuximab-containing	arm,	patients	whose	tumors	had	mutated	KRAS	had
statistically	significantly	decreased	progression-free	survival	compared	to	those	with	wild-type	KRAS	tumors	(8.1
versus	10.5	months,	P	=	.04).	However,	for	the	patients	with	KRAS	mutations,	those	who	received	cetuximab	also
had	 a	 worse	 outcome	 than	 those	 on	 the	 noncetuximab-containing	 control	 arm	 (progression-free	 survival,	 8.1
versus	12.5	months;	P	=	.003;	OS,	17.2	versus	24.9	months;	P	=	.03).

TABLE	62.19A
Capecitabine,	Oxaliplatin,	and	Bevacizumab	with	or	without	Cetuximab	in	Metastatic
Colorectal	Cancer

Overall
Median	Progression-Free
Survival Median	Response Objective	Survival	Rates

COB	(n	=	332) 20.3	mo 10.7	mo 50%

COB	plus	cetux	(n	=	317) 19.4	mo 9.4	mo 52.7%

P	value .16 .01 .49
COB,	capecitabine,	oxaliplatin,	bevacizumab;	cetux,	cetuximab.
From	Tol	J,	Koopman	M,	Cats	A,	et	al.	Chemotherapy,	bevacizumab,	and	cetuximab	in	metastatic	colorectal	cancer.	N	Engl	J	Med
2009;360(6):563–572.

TABLE	62.19B
Impact	of	KRAS	Mutation	Status	on	Addition	of	Cetuximab	to	Capecitabine,	Oxaliplatin,	and
Bevacizumab

	 Overall	Survival	COB	+	COB	cetux Progression-Free	Survival	COB	+	COB	cetux
KRAS	wild-type 22.4	mo	21.8	mo	(P	=	.64) 10.6	mo	10.5	mo	(P	=	.30)
KRAS	mutated 24.9	mo	17.2	mo	(P	=	.03) 12.5	mo	8.1	mo	(P	=	.003)
COB,	capecitabine,	oxaliplatin-bevacizumab;	cetux,	cetuximab.
From	Tol	J,	Koopman	M,	Cats	A,	et	al.	Chemotherapy,	bevacizumab,	and	cetuximab	in	metastatic	colorectal	cancer.	N	Engl	J	Med
2009;360(6):563–572.

Another	study	that	 investigated	the	use	of	combined	bevacizumab	plus	anti-EGFR	monoclonal	antibody	was
the	Panitumumab	in	Advanced	Colon	Cancer	Evaluation	(PACCE)	trial.465	This	trial	used	FOLFOX-bevacizumab
(823	 patients)	 or	 FOLFIRI-bevacizumab	 (230	 patients)	 and	 randomized	 them	 with	 or	 without	 concurrent
panitumumab.	Again,	 the	 result	 of	 adding	 the	 anti-EGFR	 to	 chemotherapy	plus	bevacizumab	was	not	only	not
beneficial,	 but	 was	 actually	 detrimental.	 The	 median	 progression-free	 survival	 for	 the	 overall	 study	 was	 10.0
months	versus	11.4	months	for	the	panitumumab-containing	versus	chemotherapy-bevacizumab–alone	arm.	The
median	 OS	 was	 decreased	 by	 5.1	 months,	 from	 24.5	 months	 in	 the	 control	 arm	 to	 19.4	 months	 in	 the
panitumumab	arm.	Toxicity,	including	not	only	skin	rash	but	also	diarrhea,	infections,	and	pulmonary	embolisms,
was	more	 frequent	 in	 the	 panitumumab-containing	 arm,	 and	 worse	 outcomes	 were	 seen	 in	 the	 panitumumab-
containing	arm	regardless	of	KRAS	mutation	status.

Clearly,	 the	concurrent	use	of	anti-EGFR	monoclonal	antibodies,	bevacizumab,	and	cytotoxic	chemotherapy,
despite	 supportive	 encouraging	 preliminary	 data,	 is	 not	 an	 acceptable	 treatment	 strategy.	 The	 reasons	 for	 this
unanticipated	negative	interaction	remain	unknown	at	this	time.

Oral	Epidermal	Growth	Factor	Receptor,	Vascular	Endothelial	Growth	Factor,	and
Cyclooxygenase-2	Inhibitors
The	limited	experiences	with	the	oral	EGFR	tyrosine	kinase	inhibitors	gefitinib	(ZD1839)	and	erlotinib	(OSI-774)
in	CRC	have	been	essentially	negative,	and	at	present,	there	is	no	role	for	these	agents	in	this	disease.466,467	This	is



consistent	 with	 the	 findings	 that	 the	 activating	 mutation	 seen	 in	 lung	 cancer	 required	 for	 anti-EGFR	 tyrosine
kinase	activity	does	not	appear	to	occur	in	CRC.

Oral	VEGF	tyrosine	kinase	inhibitors,	with	the	exception	of	regorafenib	noted	previously,	have	been	similarly
disappointing.	Sunitinib	showed	essentially	no	activity	as	a	single	agent	in	chemotherapy-refractory	disease,	and
front-line	 trials	of	 chemotherapy	with	or	without	 sunitinib,	 as	well	 as	 chemotherapy	with	or	without	 sorafenib,
have	now	been	closed	early	by	their	respective	data	monitoring	committees	for	futility.468	Two	large,	randomized
trials	of	FOLFOX	with	or	without	 the	 investigational	VEGF	 tyrosine	kinase	 inhibitor	PTK-787	have	also	been
reported	as	negative	trials.

Regorafenib.	Regorafenib	is	an	orally	administered	small	molecule	multitargeted	tyrosine	kinase	inhibitor.	It	is
closely	related	to	its	parent	compound,	sorafenib,	and	differs	only	by	the	addition	of	a	fluorine	atom.	After	phase	I
trials	 identified	 preliminary	 evidence	 of	 activity	 in	 patients	 with	 refractory	 CRC,	 a	 large	 phase	 II	 trial	 of
regorafenib	versus	placebo	was	undertaken.469	A	total	of	760	patients,	all	with	ECOG	grade	0	or	1	performance
status,	who	had	progressed	through	all	standard	therapies,	were	randomized	2:1	to	received	regorafenib	160	mg
orally	daily	versus	placebo.	The	regorafenib	group	achieved	a	modest	but	statistically	significant	OS	benefit	of	1.4
months	(6.4	versus	5.0	months;	HR,	0.77;	95%	CI,	0.64	to	0.94;	P	=	.0052).	Response	was	essentially	nonevident,
with	a	response	rate	of	1%	in	the	regorafenib	arm.	Grade	3	hand-foot	syndrome	(17%)	and	grade	3	fatigue	(10%)
were	 the	 most	 common	 toxicities	 encountered	 on	 the	 regorafenib	 arm.	 Regorafenib	 monotherapy	 can	 be
considered	as	a	standard	care	option	for	good	performance	status	patients	who	have	progressed	through	standard
therapies.	Studies	assessing	 the	use	of	 regorafenib	 in	earlier	 lines	of	 therapy	and	 in	combination	with	cytotoxic
agents	are	in	progress	at	the	time	of	this	writing.

TAS-102.	 TAS-102,	 another	 orally	 administered	 agent,	 is	 a	 combination	 of	 trifluridine,	 a	 pyrimidine-based
nucleic	 acid	 analogue,	 and	 tipiracil	 hydrochloride,	 an	 inhibitor	 of	 thymidine	 phosphoralase	 that	 serves	 to
potentiate	the	trifluridine.	In	a	randomized	trial	of	TAS-102	versus	placebo,	conducted	in	800	CRC	patents	with
performance	status	of	ECOG	0-1	who	had	previously	been	treated	with	all	available	chemotherapy	agents,	TAS-
102	resulted	 in	a	median	1.7-month	 improvement	 in	survival	 (HR,	0.66;	P	<	 .001).	The	most	common	toxicity
was	neutropenia,	with	38%	grade	≥3,	and	4%	febrile	neutropenia.470

Cyclooxygenase-2	Inhibitors.	COX-2	 catalyzes	 the	 synthesis	 of	 prostaglandins	 in	 the	 inflammatory	 response
process.	 COX-2	 has	 been	 frequently	 shown	 to	 be	 upregulated	 in	 malignant	 and	 premalignant	 tissues.	 COX-2
expression	has	been	correlated	with	increased	invasiveness,	resistance	to	apoptosis,	and	increased	angiogenesis.471
The	science	behind	COX-2	inhibition	appeared	so	compelling	that	many	clinicians	had	chosen	to	add	drugs	such
as	celecoxib	or	rofecoxib	(now	withdrawn	from	the	market	for	safety	reasons)	in	the	absence	of	efficacy	data	with
the	assumption	 that	“it	couldn’t	hurt.”	Evidence	 that	use	of	either	NSAIDs	or	selective	COX-2	 inhibitors	has	a
beneficial	 role	 in	 the	 treatment	 of	 CRC	 is	 lacking.	 The	 large	 randomized	 BICC-C	 trial	 showed	 no	 benefit
whatsoever	for	the	use	of	celecoxib	in	terms	of	either	safety	or	efficacy.377	In	the	absence	of	any	emerging	data	to
the	contrary,	routine	use	of	COX-2	inhibitors	with	chemotherapy	is	not	recommended.

Aspirin
The	role	of	aspirin	as	an	adjuvant	agent	is	also	of	particular	interest,	especially	after	a	recent	case	control	study
suggested	that	initiation	of	this	medication	after	diagnosis	reduced	overall	CRC	specific	mortality	(HR,	0.53;	95%
CI,	0.33	to	0.86).472	The	ASCOLT	study	is	the	first	randomized,	placebo-controlled	trial	designed	to	investigate
this	question	in	patients	with	stage	III	to	IV	and	high-risk	stage	II	disease.	End	points	will	include	DFS	and	OS
with	anticipated	follow-up	of	5	years.473

In	the	meantime,	a	large	observational	study	of	4,481	patients	lends	further	support	to	the	potential	therapeutic
benefits	of	aspirin	in	CRC.	The	authors	report	a	23%	decrease	in	disease-specific	mortality	for	patients	who	took
aspirin	for	any	length	of	time	after	diagnosis	compared	to	nonaspirin	users	as	well	as	a	30%	lower	disease-specific
mortality	 for	 those	 who	 took	 aspirin	 for	 9	 months	 after	 diagnosis.	 A	 survival	 benefit	 was	 also	 found	 for
prediagnosis	users,	although	this	was	less	pronounced	at	12%.474

Other	 reports	 indicate	 that	 aspirin	may	 only	 be	 beneficial	 for	 patients	 with	mutation	 of	 the	 PIK3CA	 gene,
which	 is	present	 in	15%	to	20%	of	CRCs	and	affects	 tumor	apoptosis.	 In	a	 study	of	964	patients,	Liao	et	al.76
demonstrated	superior	survival	data	(HR	for	OS,	0.54;	HR	for	cancer-specific	survival,	0.18)	only	for	those	with
the	 mutation.76	 Domingo	 et	 al.77	 produced	 comparable	 results	 with	 regard	 to	 aspirin	 use	 in	 their	 trial	 but
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interestingly	 found	 no	 such	 effect	 of	 the	mutation	 on	 patients	 taking	 rofecoxib,	 despite	 similar	mechanisms	 of
action.	This	topic	remains	controversial	though	as,	more	recently,	Reimers	et	al.475	found	no	association	between
the	mutation	and	survival	benefit	of	aspirin.	Instead,	these	authors	found	that	this	benefit	was	dependent	on	human
leukocyte	antigen	class	I	antigen	expression	in	the	original	tumor.	Clearly,	a	better	understanding	of	the	biologic
mechanisms	underlying	the	anticancer	effects	of	this	medication	is	necessary.

Other	Novel	Agents
The	number	of	agents	that	are	undergoing	early	evaluation	in	CRC	is	too	large	to	allow	a	complete	discussion	of
these	in	this	chapter.	Many	are	variations	on	the	currently	available	agents	and	are	unlikely	to	substantially	move
the	field	if	successful	in	gaining	approval.	At	present,	no	new	agent	with	a	unique	mechanism	of	action	has	been
identified	as	having	meaningful	activity	in	CRC.	Furthermore,	all	of	these	are	currently	of	research	interest	only
and	do	not	presently	have	a	role	in	standard	treatment	of	CRC.

MOLECULAR	PREDICTIVE	MARKERS
With	the	availability	now	of	a	number	of	active	agents,	the	ability	to	prospectively	select	a	particular	drug	or	drug
combination	 that	would	have	an	 increased	 likelihood	of	efficacy	or	a	decreased	 likelihood	of	 toxicity	would	be
clinically	useful.	Such	means	of	rational	selection	do	not	yet	exist.

One	avenue	of	investigation	has	been	the	elucidation	of	markers	of	resistance	to	5-FU	based	on	knowledge	of
its	metabolic	pathways.	Studies	have	indicated	that	high	levels	of	either	TS,	DPD,476	or	thymidine	phosphorylase,
as	 measured	 in	 a	 tumor	 specimen	 by	 reverse	 transcription–polymerase	 chain	 reaction,	 predict	 for	 failure	 to
respond	to	an	infusional	5-FU	regimen.181,477,478	These	observations	are	intriguing	but	are	insufficient	to	exclude
the	use	of	5-FU	in	a	particular	patient,	and	they	need	to	be	validated	in	large-scale	prospective	trials	before	being
applied	to	routine	practice.	There	is,	at	this	time,	no	role	for	the	use	of	these	markers	in	standard	practice.	Others
have	 investigated	 genomic	 analysis	 as	 an	 indicator	 of	 response	 or	 toxicity.185,479	 Although	 these	 approaches
appear	promising,	they	are	not	yet	validated	and	should	not	be	considered	as	part	of	standard	care.

A	recently	reported	mechanism	of	resistance	thought	to	be	independent	of	other	mutations	or	MSI	involves	the
tumor	suppressor	gene	transcription	factor	AP-2	epsilon	(TFAP2E)	and	its	downstream	target	dickkopf	homolog	4
protein	(DKK4).	In	an	analysis	of	220	patients	with	CRC,	Ebert	et	al.480	found	that	hypermethylation	of	TFAP2E
led	 to	 decreased	 protein	 expression	 and	 was	 significantly	 associated	 with	 nonresponse	 to	 5-FU–based
chemotherapy,	 whereas	 hypomethylation	 yielded	 a	 sixfold	 higher	 likelihood	 of	 response.	 Moreover,	 TFAP2E
hypermethylation	 in	 vitro	 led	 to	 overexpression	 of	 DKK4,	 which	 was	 in	 turn	 associated	 with	 increased
chemoresistance	 to	 5-FU	 but	 not	 irinotecan	 and	 oxaliplatin.	 The	 authors	 suggest	 that	 future	 studies	 focus	 on
specific	targeting	of	DKK4	to	overcome	this	pathway	of	chemoresistance.480
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63 Cancer	of	the	Rectum
Steven	K.	Libutti,	Christopher	G.	Willett,	Leonard	B.	Saltz,	and	Rebecca	A.	Levine

INTRODUCTION
Information	concerning	epidemiology	and	systemic	approaches	to	the	management	of	both	colon	and	rectal	cancer
was	given	in	another	chapter	in	this	book.	This	chapter	focuses	on	issues	unique	to	rectal	cancer	with	an	emphasis
on	radiation,	combined	modality	therapy,	and	sphincter-preserving	surgery.

ANATOMY
The	anatomy	of	 the	rectum	can	be	confusing	as	 there	are	differing	definitions	of	 the	relevant	 landmarks.	 In	 the
upper	portion	of	the	rectum,	there	are	changes	both	in	the	musculature	of	the	large	bowel	and	in	the	relationship	to
the	peritoneal	covering	 that	 roughly	coincide.	 In	 the	 lower	portion	of	 the	rectum,	 the	mucosal	changes	occur	at
roughly	the	same	location	as	the	anal	sphincter.

The	 anatomy	 of	 the	 rectum	 is	 usually	 divided	 into	 three	 portions	 (Fig.	 63.1).	 The	 lower	 rectum	 is	 the	 area
approximately	from	3	to	6	cm	from	the	anal	verge.	The	midrectum	goes	from	5	to	6	cm	to	8	to	10	cm,	and	the
upper	 rectum	 extends	 approximately	 from	 8	 to	 10	 cm	 to	 12	 to	 15	 cm	 from	 the	 anal	 verge,	 although	 the
retroperitoneal	portion	of	the	large	bowel	often	reaches	its	upper	limit	approximately	12	cm	from	the	anal	verge.
In	 some	patients,	 especially	 elderly	women,	 the	peritonealized	portion	of	 the	 large	bowel	 can	be	 located	much
lower	than	these	definitions.	The	determination	of	the	location	of	the	boundary	between	rectum	and	sigmoid	colon
is	important	in	defining	adjuvant	therapy,	with	the	rectum	usually	being	operationally	defined	as	that	area	of	the
large	bowel	that	is	at	least	partially	retroperitoneal.

Externally,	the	upper	extent	of	the	rectum	can	be	identified	where	the	tenia	spread	to	form	a	longitudinal	coat
of	muscle.	The	upper	 third	of	 the	rectum	is	surrounded	by	peritoneum	on	its	anterior	and	lateral	surfaces	but	 is
retroperitoneal	 posteriorly	 without	 any	 serosal	 covering.	 At	 the	 rectovesical	 or	 rectouterine	 pouch,	 the	 rectum
becomes	completely	extra-/retroperitoneal.	The	rectum	follows	the	curve	of	the	sacrum	in	its	lower	two-thirds.	It
enters	 the	 anal	 canal	 at	 the	 level	 of	 the	 levator	 ani.	The	 anorectal	 ring	 is	 at	 the	 level	 of	 the	 puborectalis	 sling
portion	of	the	levator	muscles.

The	 location	of	 a	 rectal	 tumor	 is	most	 commonly	 indicated	by	 the	 distance	between	 the	 anal	 verge,	 dentate
(pectinate	or	mucocutaneous)	line,	or	anorectal	ring	and	the	lower	edge	of	the	tumor.	These	points	of	reference	are
all	different	for	different	individuals.	Also,	these	measurements	differ	depending	on	the	method	of	measurement.
This	can	be	important	clinically,	as	the	measurement	from	a	flexible	endoscopy	can	substantially	overestimate	the
distance	to	the	tumor	from	the	anal	verge	or	other	landmark.	The	distance	from	the	anal	sphincter	musculature	is
clinically	 of	 more	 importance	 than	 the	 distance	 from	 the	 anal	 verge,	 as	 it	 has	 implications	 for	 the	 ability	 to
perform	sphincter-sparing	surgery.	The	lack	of	a	peritoneal	covering	over	most	of	the	rectum	is	a	major	reason	for
the	higher	risk	of	local	failure	after	primary	surgical	management	of	rectal	cancer	compared	to	colon	cancer.	The
mesorectum	is	usually	used	as	the	structure	to	define	the	extent	of	a	total	mesorectal	excision	(TME),	with	most	of
the	perirectal	fatty	tissue	and	perirectal	lymph	nodes	(LNs)	contained	within	its	boundaries.

Lymphatic	Drainage
The	 lymphatic	drainage	of	 the	upper	 rectum	 follows	 the	course	of	 the	 superior	hemorrhoidal	 artery	 toward	 the
inferior	mesenteric	artery.	LNs	that	are	above	the	midrectum	and	therefore	drain	along	the	superior	hemorrhoidal
artery	are	often	part	of	the	mesentery	that	is	removed	during	resections	of	the	intraperitoneal	portion	of	the	colon.
Lesions	 that	 arise	 in	 the	 rectum	 below	 approximately	 6	 cm	 are	 in	 a	 region	 of	 the	 rectum	 that	 is	 drained	 by
lymphatics	that	follow	the	middle	hemorrhoidal	artery.	Nodes	involved	from	a	cancer	in	this	region	can	include
the	internal	iliac	nodes	and	the	nodes	of	the	obturator	fossa.	These	regions	deserve	particular	attention	during	the



resection	 and	 irradiation	 of	 lesions	 in	 this	 location.	When	 lesions	 occur	 below	 the	 dentate	 line,	 the	 lymphatic
drainage	is	via	the	inguinal	nodes	and	external	iliac	chain,	which	has	major	therapeutic	implications,	especially	for
the	radiation	fields.	The	corollary	of	this	high	risk	of	inguinal	node	involvement	for	the	very	low-lying	tumors	is
that	tumors	located	above	the	dentate	line	are	at	low	risk	of	inguinal	node	involvement,	and	these	nodes	as	well	as
the	external	iliacs	do	not	need	to	be	treated.

Figure	63.1	Division	of	the	rectum	into	upper,	middle,	and	lower	thirds.

Bowel	Function
Fecal	continence	is	maintained	through	the	function	of	both	the	sphincter	mechanism	and	the	preservation	of	the
normal	pelvic	floor	musculature,	which	creates	a	neorectal	angle	or	rectal	sling.	The	pelvic	floor	is	composed	of
the	levator	ani	muscles,	which	separate	the	pelvis	from	the	perineum	and	ischiorectal	fossa.	The	urethra,	vagina,
and	anus	pass	through	the	levator	muscles.

Preservation	 of	 fecal	 continence	 during	 surgery	 for	 rectal	 cancer	 is	 therefore	 dependent	 on	 a	 thorough
understanding	of	the	anatomic	relationships	of	the	musculature	and	the	sphincter	mechanism.	Maintenance	of	the
sphincter	apparatus	without	preservation	of	the	muscular	angles	will	not	have	the	desired	result.	These	anatomic
constraints,	 especially	 with	 respect	 to	 lateral	 margins,	 make	 the	 use	 of	 adjuvant	 chemotherapy	 and	 radiation
therapy	critical	to	a	successful	surgical	outcome.	This	is	true	from	both	an	oncologic	as	well	as	a	bowel	function
perspective.

Autonomic	Nerves
The	preservation	of	both	bladder	and	sexual	function	depends	on	the	surgeon’s	understanding	of	 the	autonomic
nerve	 supply	 to	 the	 pelvic	 organs.1,2	 The	 hypogastric	 plexus	 is	 formed	 from	 the	 sympathetic	 trunks	 as	 they
converge	over	the	sacral	promontory.	These	sympathetic	nerves	are	found	beneath	the	pelvic	peritoneum	along	the
lateral	 pelvic	 sidewalls	 lateral	 to	 the	mesorectum.	The	 second,	 third,	 and	 fourth	 sacral	 nerve	 roots	 give	 rise	 to
parasympathetic	fibers	to	the	pelvic	viscera.	The	parasympathetic	fibers	proceed	laterally	as	the	nervi	erigentes	to
join	the	sympathetic	fibers	at	the	site	of	the	pelvic	plexus	that	is	just	lateral	and	somewhat	anterior	to	the	tips	of
the	seminal	vesicle	in	men.1,2	In	order	to	preserve	these	structures	and,	therefore,	sexual	and	bladder	function,	a
sharp	rather	than	a	blunt	technique	should	be	used	to	dissect	the	mesorectum.3–6
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STAGING
Standard	 clinicopathologic	 staging	 is	 the	 best	 indicator	 of	 prognosis	 for	 patients	with	 rectal	 cancer.	 For	 rectal
cancer,	 it	 is	 increasingly	 common	 to	 use	 clinical	 staging	 as	 the	 basis	 for	 the	 decision	 to	 initiate	 neoadjuvant
chemoradiation	 therapy	 (CRT).	 Therefore,	 the	 accuracy	 of	 that	 initial	 staging	 is	 critically	 important,	 both	 for
management	and	for	prognosis.	There	have	been	a	large	number	of	studies	that	have	evaluated	other	prognostic
markers,	 including	pathologic,	socioeconomic,	and	molecular,	as	described	more	fully	 in	Chapter	62.	However,
even	 though	many	 of	 these	 appear	 to	 have	 prognostic	 value,	 there	 are	 none	 that	 are	 commonly	 used	 to	 define
management.	This	is	related	to	the	large	number	of	tests	that	could	be	used,	the	lack	of	standardization	of	these
tests,	as	well	as	the	lack	of	knowledge	as	to	how	to	incorporate	them	into	the	patient	management	scheme.	The
molecular	marker	 that	has	engendered	 the	most	 interest	 is	 the	deletion	of	18q.7	These	markers	have	been	 fully
reviewed	elsewhere.8,9

The	staging	system	that	should	be	used	in	the	evaluation	of	patients	with	rectal	cancer	is	the	American	Joint
Committee	on	Cancer	(AJCC)/International	Union	Against	Cancer	TNM	(tumor,	node,	metastases)	staging	system
(fully	described	in	Chapter	62),	which	has	been	 recently	 revised	 to	 subcategorize	patients	with	 stage	 III	 (node-
positive)	 tumors.	 The	 Dukes	 staging	 system,	 or	 its	 multiple	 modifications,	 has	 been	 used	 for	 many	 years	 but
provides	less	information	than	the	TNM	system	and	should	not	be	used.	There	have	been	gradual	changes	in	the
TNM	system	that	primarily	reflect	the	stage	grouping	rather	than	the	system	itself.	The	other	systems	should	be
acknowledged	for	their	historical	interest	and	for	initially	defining	many	of	the	high-risk	factors	for	this	disease.

Patients	 now	 often	 have	 both	 a	 clinical	 (preoperative)	 stage,	 which	 may	 define	 the	 need	 for	 neoadjuvant
therapy,	 and	 a	 pathologic	 (postoperative)	 stage.	 Initial	 therapy	 with	 chemoradiation	 can	 produce	 substantial
downstaging	 (approximately	15%	of	patients	will	 have	a	pathologic	 complete	 response	 [pCR],	 and	as	many	as
40%	 in	 those	with	more	 favorable	 tumors).	Although	 some	believe	 that	 the	degree	of	 response	 to	 neoadjuvant
therapy	should	alter	subsequent	treatment,	and	this	is	in	fact	an	area	of	active	investigation	(see	later	discussion),
the	current	standard	of	care	dictates	 that	all	surgical	planning	and	adjuvant	 therapy	be	determined	based	on	 the
initial	clinical	stage	regardless	of	 tumor	response.	This	guideline	 is	based	in	part	on	the	 idea	 that	a	good	tumor
response	locally	to	chemoradiation	does	not	translate	into	reduced	risk	of	having	micrometastatic	disease	and	thus
does	not	lessen	the	need	for	adjuvant	postoperative	chemotherapy.	Whether	this	will	continue	to	be	true	in	the	face
of	newer	data	and	more	aggressive	neoadjuvant	 regimens	remains	 to	be	seen.	Numerous	studies	have	 indicated
that	tumor	response	to	neoadjuvant	therapy	is	an	important	predictor	of	multiple	oncologic	end	points	for	patients
completing	the	full	course	of	multimodal	therapy.	Patients	with	pCR	in	particular	demonstrate	excellent	long-term
results,	with	 local	 recurrence	 rates	 as	 low	as	0.7%,	and	 significantly	 improved	disease-free	 survival	 (DFS)	and
overall	 survival	 (OS)	 compared	 to	 nonresponders	 at	 5	 years	 (odds	 ratio	 [OR],	 3.28,	 and	 OR,	 4.33,
respectively).10–12	It	is	unclear	at	this	time	whether	such	a	favorable	outcome	can	be	maintained	should	the	course
of	treatment	be	altered	based	on	postneoadjuvant	reassessment.

Although	 it	 is	 not	 standard	 practice	 to	 alter	 treatment	 based	 on	 local	 response	 to	 neoadjuvant	 therapy,
preoperative	 restaging	 prior	 to	 surgery	 may	 still	 be	 valuable	 not	 only	 as	 a	 prognostic	 predictor	 but	 also	 for
detecting	interval	metastatic	progression.	Multiple	studies	recommend	repeating	serum	carcinoembryonic	antigen
(CEA)	levels,	for	example,	between	chemoradiation	and	surgery	as	this	value	as	well	as	the	pre-	to	posttreatment
ratio	may	be	more	 important	 in	predicting	 survival	 than	 the	 initial	measurement.13–15	 In	addition,	Ayez	et	 al.16
advocate	restaging	with	chest	and	abdominal	computed	tomography	(CT),	as	this	changed	management	in	12%	of
their	 patients,	 and	 spared	 8%	 from	 undergoing	 noncurative	 rectal	 surgery,	 due	 to	 new	 findings	 of	 progressive
metastatic	disease.16

The	best	restaging	strategy	for	assessing	complete	response	is	another	focus	of	ongoing	debate.	In	one	recent
prospective	cohort	study,	patients	underwent	clinical	assessment	(digital	 rectal	exam	[DRE],	endoscopy	with	or
without	 biopsy),	 T2-weighted	 magnetic	 resonance	 imaging	 (MRI),	 and	 diffusion-weighted	 MRI	 (DWI).	 The
single	most	 accurate	modality	was	 found	 to	 be	 clinical	 assessment	with	 the	 addition	 of	MRI	 and	DWI	 further
improving	diagnostic	performance	(98%	probability	of	predicting	complete	response).	The	authors	recommend	a
combination	of	all	three	as	the	optimal	strategy	for	assessment.

The	major	change	 that	has	occurred	 in	 the	newest	version	of	 the	staging	system	is	 the	acknowledgment	 that
both	 the	T	 stage	 and	 the	N	 stage	have	 independent	 prognostic	 importance	 for	 local	 control,	DFS,	 and	OS.17,18
Thus,	for	patients	with	N0	and	N1	tumors	viewed	separately,	the	extent	of	the	primary	tumor	in	the	rectum	is	of
additional	prognostic	importance.	Patients	with	T1	to	T2	N1	tumors	have	a	relatively	favorable	prognosis	and	an
outcome	 superior	 to	 that	 of	 other	 stage	 III	 patients.	 In	 fact,	 patients	 with	 T3	 N0	M0	 disease	 (stage	 II)	 have
outcomes	slightly	inferior	to	those	with	T1	to	T2	N1	M0,	demonstrating	the	independent	prognostic	importance	of



T	 stage.	 These	 distinctions	 may	 allow	 future	 decisions	 to	 be	 more	 individualized	 as	 to	 the	 adjuvant	 therapy
required.

Although	at	one	level,	staging	is	very	straightforward,	the	actuality	of	proper	staging	is	much	more	difficult	as
it	relies	on	multiple	quality	control	issues	that	can	mislead	the	clinician	regarding	proper	therapy.	For	instance,	it
has	been	well	demonstrated	that	for	patients	with	colon	and	rectal	cancer	who	are	pathologically	staged	as	N0,	the
prognosis	is	markedly	improved	for	those	in	whom	more	than	12	to	14	nodes	were	identified	by	the	pathologist
compared	with	 those	 in	whom	fewer	nodes	were	 identified.19	This	could	be	a	surgical	 issue	 (fewer	nodes	were
removed)	 or	 a	 pathologist	 issue	 (fewer	 nodes	 were	 identified),	 but	 it	 suggests	 that	 many	 patients	 were
inappropriately	understaged,	which	could	result	in	inappropriate	therapy.	Others	have	shown	that	staging	accuracy
continues	to	improve	as	the	pathologist	recovers	more	nodes,	with	accuracy	leveling	off	at	approximately	12	to	20
nodes	 recovered	 (see	 discussion	 in	Chapter	 62).20,21	 In	 rectal	 cancer,	 however,	N	 staging	 presents	 a	 particular
challenge	as	 there	are	often	fewer	LNs	 in	 the	specimen	and	preoperative	 radiotherapy	 is	 thought	 to	 reduce	 that
number	even	further.22–24	In	fact,	one	recent	report	suggests	that	LN	harvests	of	<12	in	pretreated	specimens	may
be	a	marker	of	high	tumor	response	and	improved	rather	than	compromised	oncologic	outcome.	In	this	study	of
237	 patients,	 local	 recurrence	 rates	were	 significantly	 higher	 in	 the	 LN	 >12	 group	 as	 compared	 to	 those	with
“inadequate”	LN	retrieval	(11%	versus	0%,	P	=	.004).25

As	with	colon	cancer,	the	percentage	of	positive	nodes	is	likely	of	greater	prognostic	importance	than	total	LN
number	(M.	Meyers,	2007,	personal	communication).26–28

A	recent	review	of	Surveillance,	Epidemiology,	and	End	Results	(SEER)	data	(63,381	patients	over	15	years)
supports	this	concept,	demonstrating	that,	for	stage	III	patients,	increasing	number	of	positive	LNs	and	LN	ratio
(>0.5)	were	independent	negative	predictors	of	survival,	whereas	total	number	of	LNs	had	no	prognostic	impact.
The	 authors	 also	 found	 that	 optimum	 staging	was	 achieved	with	 retrieval	 of	 16	 nodes	 in	 patients	 treated	with
neoadjuvant	therapy	and	18	nodes	in	those	undergoing	upfront	resection.

The	 same	 issue	 relates	 to	 T-stage	 determination.	 If	 the	 pathologist	 does	 not	 look	 carefully	 for	 evidence	 of
extension	 of	 tumor	 through	 the	 muscularis	 propria,	 the	 patient	 can	 be	 understaged,	 resulting	 in	 inappropriate
treatment.	Close	or	positive	circumferential	margins	are	a	poor	prognostic	factor,	which	can	only	be	found	if	the
pathologist	assiduously	evaluates	the	radial	margins.29,30

The	standard	staging	procedure	for	 rectal	cancer	entails	a	history,	physical	examination,	complete	blood	cell
count,	 liver	 and	 renal	 function	 studies,	 as	 well	 as	 CEA	 evaluation.	 The	 routine	 laboratory	 studies	 are	 quite
insensitive	to	the	presence	of	metastatic	disease,	but	they	are	usually	ordered	as	a	screen	of	organ	function	prior	to
surgery	or	CRT.	High	CEA	levels	are	associated	with	poorer	survival	(see	Chapter	62)	and	give	an	indication	as	to
whether	 follow-up	CEA	determinations	are	 likely	 to	be	useful.	A	careful	 rectal	examination	by	an	experienced
examiner	is	an	essential	part	of	the	pretherapy	evaluation	in	determining	distance	of	the	tumor	from	the	anal	verge
or	 from	 the	 dentate	 line,	 involvement	 of	 the	 anal	 sphincter,	 amount	 of	 circumferential	 involvement,	 clinical
fixation,	sphincter	tone,	and	so	forth	and	has	not	been	replaced	by	imaging	studies	or	endoscopy.	Colonoscopy	or
barium	enema	to	evaluate	the	remainder	of	the	large	bowel	is	essential	(if	the	patient	is	not	obstructed)	to	rule	out
synchronous	tumors	or	the	presence	of	polyposis	syndromes.

Local	staging	is	completed	with	one	of	two	imaging	modalities,	endorectal	ultrasound	(EUS)	or	pelvic	MRI.
Each	 provides	 similar	 overall	 accuracy	 in	 T	 and	 N	 determination,	 and	 each	 has	 its	 advantages	 as	 well	 as
drawbacks.	 The	 decision	 of	 which	 to	 use	 generally	 depends	 on	 local	 institutional	 expertise	 and	 resource
availability.

EUS	 defines	 five	 interface	 layers	 of	 the	 rectal	 wall:	 mucosa,	 muscularis	 mucosa,	 submucosa,	 muscularis
propria,	 and	 perirectal	 fat,	 as	 shown	 in	 Figure	 63.2.	 Rectal	 tumors	 are	 generally	 hypoechoic	 and	 disrupt	 the
interfaces	depending	on	the	level	of	tumor	extension.	The	accuracy	of	EUS	depends	heavily	on	the	experience	and
skill	of	the	operator.	In	experienced	hands,	EUS	has	an	overall	accuracy	rate	for	T	stage	of	75%	to	95%	with	an
overstaging	 of	 approximately	 10%	 to	 20%	 in	 T2	 disease	 because	 of	 an	 inability	 to	 distinguish	 a	 desmoplastic
response	 and	 postbiopsy	 changes	 from	 local	 tumor	 invasion	 and	 approximately	 a	 10%	 rate	 of	 understaging
because	of	an	inability	to	detect	microscopic	tumor	extension.31–33

EUS	is	less	accurate	in	determining	N	stage	than	for	T	stage,	with	an	overall	accuracy	rate	of	62%	to	83%.31,32
Understaging	occurs	because	many	nodal	metastases	from	rectal	cancer	are	small,	even	micrometastatic,	and	not
easily	detected	by	EUS.	In	addition,	some	nodes	are	 located	beyond	the	range	of	 the	ultrasound	transducer	and
thus	 cannot	 be	 seen	 during	 the	 procedure.	 Overstaging	 is	 often	 related	 to	 an	 inflammatory	 response,	 perhaps
secondary	 to	 previous	 biopsy	 or	 manipulation.	 EUS	 is	 not	 accurate	 for	 determining	 tumor	 regression	 after
preoperative	radiation	and	chemotherapy,	as	inflammatory	changes	and	scarring	can	persist	in	the	rectal	wall	or	in
perirectal	soft	tissue	and	may	not	reflect	persisting	tumor.	Newer	ultrasound	techniques,	such	as	three-dimensional
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ultrasound,	are	being	explored	but	have	not	yet	made	it	into	standard	practice.

Figure	63.2	Endorectal	ultrasound	of	a	T3	tumor	of	the	rectum,	extension	through	the	muscularis
propria,	and	into	perirectal	fat.

Endorectal	 coil	MRI	allows	discernment	of	 the	 layers	of	 the	bowel	wall	 and	 is	 similar	 in	 accuracy	 to	EUS.
Thin-section	pelvic	MRI	with	a	surface	coil	also	allows	one	to	visualize	the	mesorectal	fascia	and	thus	to	predict
the	 likely	 distance	 of	 the	 surgical	 resection	 margin	 when	 performing	 a	 TME.	 The	MERCURY	 Study	 Group
confirmed	 this	key	advantage	of	MRI	 in	 their	 landmark	2005	multicenter	 trial,	where	 specificity	 for	predicting
clear	margins	 in	 408	 patients	 with	 varying	 stages	 of	 rectal	 cancer	 was	 92%.34	 Although	 there	 has	 been	 great
interest	 in	 this	 technique	 since	 then,	 follow-up	 studies	 still	 show	a	disappointing	overall	 accuracy	 for	T	 and	N
staging,	which	fails	to	surpass	EUS	in	experienced	hands.	In	one	study	of	96	patients	who	had	MRI	followed	by
TME,	 of	 22	 patients	 classified	 as	 having	T2	 disease	 on	MRI,	 3	 had	T1,	 and	 6	 had	T3	 tumors.	Of	 61	 patients
classified	as	having	T3	disease	on	MRI,	8	had	T2	tumors,	and	2	had	T4.	Thus,	6	of	22	(27%)	patients	who	might
have	benefited	from	preoperative	therapy	for	T3	disease	would	not	have	received	that	therapy.	A	total	of	8	of	61
patients	(13%)	would	have	received	preoperative	treatment	inappropriately	based	on	the	MRI	T	stage.35	For	nodal
status,	8	of	33	MRI-positive	nodes	were	clinically	negative,	and	7	of	57	MRI-negative	nodes	were	pathologically
positive.36	The	presence	of	nodal	disease	identified	by	MRI	is	also	primarily	determined	by	size,	so	the	accuracy
is	 similar	 to	 that	 of	 CT	 (<80%),	 although	 defining	 node	 positivity	 based	 on	 irregular	 border	 or	 mixed	 signal
intensity	could	help	improve	sensitivity	and	specificity.35

Although	the	accuracy	of	MRI	in	determining	T	and	N	stage	is	imperfect,	newer	studies	have	focused	on	other
radiographic	features	that	may	prove	more	relevant	to	prognosis	and	treatment	planning	than	the	traditional	AJCC



classification.	 In	 addition	 to	defining	 the	 circumferential	 resection	margin	 (CRM)	of	 a	 low	 rectal	 cancer,	 high-
resolution	MRI	 can	 be	 used	 to	 predict	 tumor	 regression	 grade	 (TRG)	 after	 neoadjuvant	 therapy.	 TRG	 in	 the
surgical	 specimen	 is	 a	 measure	 of	 response	 to	 preoperative	 chemoradiation	 and	 has	 been	 shown	 to	 correlate
strongly	with	OS	and	DFS.	In	the	first	prospective	study	to	address	MRI-predicted	TRG,	Shihab	et	al.37	found	this
too	 was	 significantly	 associated	 with	 long-term	 outcomes.	 A	 prognostic	 role	 was	 also	 demonstrated	 for
pretreatment	MRI,	specifically	in	the	characterization	of	tumor	invasion	into	the	pelvic	floor	muscles.	Based	on
these	results,	the	authors	postulate	that	MRI-defined	factors	may	be	extraordinarily	useful	for	modifying	treatment
in	both	the	pre-	and	postneoadjuvant	settings.	Further	review	of	the	original	MERCURY	study	data	supports	this
concept,	 with	 MRI-predicted	 TRG	 and	 CRM	 found	 to	 be	 significant	 prognostic	 markers	 in	 one	 subgroup
analysis.38	Five-year	follow-up	results	suggest	that	preoperative	CRM	may	even	be	superior	to	AJCC	TNM-based
criteria	 for	assessing	risk	of	 recurrence	and	survival.	This	parameter	was	 the	only	preoperative	staging	variable
which	remained	significant	for	OS,	DFS,	and	local	recurrence	on	multivariate	analysis.

Two	studies	have	taken	this	issue	a	step	further	by	investigating	exactly	how	MRI	parameters	can	and	should
alter	 therapy.	 In	 another	 extension	 of	 the	 MERCURY	 trial,	 Taylor	 et	 al.39	 identified	 patients	 with	 “good
prognosis”	MRI	(as	defined	by	predicted	negative	CRM,	absence	of	extramural	venous	invasion,	and	T2/T3a/T3b
regardless	 of	 N	 stage)	 and	 referred	 them	 directly	 for	 TME	 resection	 without	 chemoradiation.	 Survival	 and
recurrence	outcomes	were	highly	favorable,	suggesting	that	early	MRI	can	improve	patient	stratification	for	more
selective	and	appropriate	targeting	of	preoperative	therapy.39	In	the	postneoadjuvant	setting,	MRI	can	be	used	to
identify	poor	responders	who	may	require	alternative	treatments	or	more	radical	resection	such	as	the	extralevator
abdominoperineal	approach	described	by	Shihab	et	al.40

Although	 the	 original	 MERCURY	 study	 validated	 the	 ability	 of	 MRI	 to	 preoperatively	 assess	 the	 tumor-
mesorectal	fascia	relationship,	this	parameter	cannot	fully	predict	negative	CRM	for	very	low	rectal	cancers	(<6
cm	from	the	anal	verge)	 that	may	 involve	 the	sphincter	complex	as	well,	 leading	 to	a	17-fold	 increased	risk	of
pathologic	CRM	(pCRM)	involvement.	In	the	MERCURY	II	study,	MRI	assessment	of	tumor	extension	into	the
intersphincteric	plane	has	now	been	prospectively	validated	 in	order	 to	more	accurately	predict	CRM	for	 these
low	rectal	cancers	and	guide	treatment	decisions,	including	selective	use	of	preoperative	chemoradiation	and	more
extensive	 surgery.	 The	 authors	 evaluated	 279	 patients,	 recommending	 sphincter-preserving	 resection	 without
neoadjuvant	 treatment	 for	 those	 without	 adverse	 MRI	 features,	 including	 a	 “safe”	 low	 rectal	 cancer	 surgical
resection	plane	(defined	as	tumor	that	did	not	threaten	the	intersphincteric	plane	or	mesorectal	fascia).	For	patients
with	an	“unsafe”	resection	plane,	preoperative	treatment	was	advocated	as	well	as	extralevator	abdominoperineal
excision	 if	 this	 feature	 persisted	 on	 posttreatment	 imaging.	 This	 modified	 MRI	 staging	 system,	 designed
specifically	to	guide	management	of	low	rectal	cancers,	not	only	avoided	overtreatment	of	favorable	tumors	but
also	 more	 importantly	 resulted	 in	 a	 marked	 reduction	 in	 pCRM	 involvement	 (9%)	 compared	 to	 previously
published	results.

Finally,	 pelvic	 MRI	 may	 also	 help	 predict	 which	 patients	 are	 at	 increased	 risk	 for	 distant	 synchronous
metastases	 and	 would	 therefore	 benefit	 from	 more	 extensive	 pretreatment	 imaging	 such	 as	 positron	 emission
tomography	 (PET)/CT	 or	 liver	MRI.	 Hunter	 et	 al.41	 found	 that	 adverse	 features	 demonstrated	 on	 pelvic	MRI
(extramural	venous	invasion,	extramural	spread	of	>5	mm	or	T4,	involved	CRM	or	intersphincteric	plane	for	low
tumors)	 were	 significantly	 associated	 with	 a	 higher	 incidence	 of	 distant	 metastases	 (OR,	 6.0;	P	 <	 .001).	 The
authors	recommend	using	MRI-based	risk	stratification	to	identify	patients	who	may	benefit	not	only	from	more
meticulous	staging	but	also	from	more	aggressive	treatment	regimens.41

M	staging	for	rectal	cancer	is	determined	in	the	same	way	as	colon	cancer:	with	a	baseline	CT	scan	to	evaluate
the	chest,	abdomen,	and	pelvis.42	There	has	been	much	debate	about	the	relative	value	of	CT	versus	MRI	or	PET,
particularly	in	assessing	the	liver,	without	any	clear	resolution.	This	decision	depends	heavily	on	the	institutional
expertise	and	the	equipment	available.

CT	 has	 an	 overall	 sensitivity	 of	 70%	 to	 85%,	 which	 might	 be	 improved	 with	 multidetector-improved	 CT
technology,	although	the	data	do	not	yet	prove	that	contention.43	MRI	is	superior	 in	characterizing	liver	 lesions
and	distinguishing	cysts	and	hemangiomas	from	tumor,	especially	with	the	use	of	enhancement	with	gadolinium
or	other	agents.44	PET	with	[18F]fluorodeoxyglucose	shows	promise	as	the	most	sensitive	study	for	the	detection
of	 metastatic	 disease	 in	 the	 liver	 and	 especially	 in	 abdominal	 LNs	 for	 which	 CT	 and	 MRI	 are	 relatively
insensitive.	In	addition,	a	meta-analysis	of	whole-body	PET	showed	a	sensitivity	of	97%	and	a	specificity	of	76%
in	evaluating	for	 recurrent	colorectal	cancer.45	However,	PET	is	not	standardly	used	 in	preoperative	staging,	or
recommended	by	National	Comprehensive	Cancer	Network	 (NCCN)	guidelines,	and	 the	 incremental	gain	 from
routine	PET	scan	appears	 to	be	 small.46	A	2013	 study	has	 reemphasized	 this	 point,	 reporting	 that	 preoperative
PET/CT	had	no	impact	on	disease	management	in	96.8%	of	enrolled	patients	and	advocating	against	its	routine
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use	 for	 primary	 staging.47	 PET	 is	 probably	 most	 valuable	 in	 restaging	 patients	 with	 recurrence	 or	 suspected
recurrence	to	detect	additional	metastatic	sites	prior	to	attempted	resection	of	metastatic	disease.

SURGERY
The	surgical	management	of	primary	rectal	cancer	presents	unique	problems	for	the	surgeon	based	in	large	part	on
the	 anatomic	 constraints	 of	 the	 pelvis.	 The	 primary	 goal	 of	 achieving	 a	 complete	 oncologic	 resection	must	 be
balanced	with	the	desire	for	optimal	nerve	and	sphincter	preservation,	which	can	be	quite	challenging	in	such	a
confined	space.

Stage	I
The	treatment	of	early-stage	rectal	cancer	can	be	confusing	as	there	are	many	approaches	that	can	be	used,	and
patient	selection	 is	critical	 to	outcome.	 In	addition,	 the	risk	of	nerve	 injury	and	damage	 to	 the	anal	sphincter	 is
substantial	 for	 low-lying	 tumors	 and	 must	 be	 taken	 into	 consideration,	 along	 with	 the	 desire	 not	 to	 have	 a
permanent	 colostomy	 for	 early-stage	 disease.	 Thus,	 the	 options	 for	 these	 patients	 are	 primarily	 those	 of	 local
therapies	without	 abdominal	 surgery,	 abdominal	 resection	 of	 the	 rectum	with	 anastomosis	 and	 retention	 of	 the
anal	sphincter,	and	abdominal-perineal	resection.	The	last	two	options	are	discussed	in	detail	in	“Stages	II	and	III
Rectal	Cancer.”

Small	 early-stage	 lesions	 of	 the	 rectum	 that	 are	 diagnosed	 on	 physical	 examination	 or	 by
colonoscopy/proctoscopy	 can	 often	 be	 managed	 with	 local	 resection.	 Local	 resection	 can	 be	 performed
colonoscopically	 (as	described	 in	 the	Chapter	62),	 or	 lesions	 can	 be	 removed	via	 a	 transanal	 excision	with	 the
patient	positioned	in	a	prone	or	lithotomy	position.	Appropriate	retractors	can	provide	visualization,	and	resection
should	extend	into	the	perirectal	fat	with	a	surrounding	margin	of	normal	tissue.48	For	selected	T1	and	T2	lesions
without	evidence	of	nodal	disease,	transanal	excision	often	provides	an	adequate	resection	of	the	primary	tumor
mass	and	can	spare	the	patient	the	morbidity	of	a	more	extensive	rectal	resection.	However,	it	does	not	stage	the
nodal	 drainage	 areas	 and	 therefore	 cannot	 provide	 as	 complete	 staging	 and	 management	 of	 the	 tumor	 as	 a
definitive	resection.	In	the	effort	to	minimize	the	risk	of	locoregional	failure,	criteria	for	local	excision	have	been
established:	The	 tumor	must	be	within	8	 to	10	cm	of	 the	anal	verge,	be	well	or	moderately	well	differentiated,
encompass	<40%	of	the	circumference	of	the	bowel	wall,	and	contain	no	evidence	of	lymphovascular	invasion	on
biopsy.	Although	these	criteria	are	not	strongly	evidence	based	(and	are	evolving	along	with	surgical	technology),
a	 growing	 body	 of	 literature	 supports	 this	 approach	 particularly	 for	T1	 lesions.	 In	 a	 review	of	 677	T1	 and	T2
cancers	 after	TME,	Saraste	 et	 al.49	 identified	 three	 significant	 risk	 factors	 for	LN	 invasion	 (and	 hence	 relative
contraindications	for	local	excision):	T2	stage	(OR,	2.0),	poor	differentiation	(OR,	6.5),	and	vascular	infiltration
(OR,	3.4)	with	likelihood	of	LN	positivity	ranging	from	6%	to	78%	depending	on	how	many	were	found.	Further
support	 for	 these	 criteria	 comes	 from	a	 study	of	 25	 high-risk	T1	 rectal	 cancers,	 half	 of	which	were	 treated	by
transanal	 excision	 only	 (due	 to	 comorbidities	 or	 patient	 refusal	 to	 undergo	 resection)	 and	 the	 remainder	 with
immediate	 conventional	 reoperation	 after	 local	 excision.	 Local	 recurrence	 was	 significantly	 higher	 in	 patients
undergoing	 local	 excision	 only	 (50%	 versus	 7.7%,	mean	 follow-up	 62	months),	 and	 there	was	 a	 trend	 toward
decreased	5-year	survival	(63%	versus	89%).	There	were	no	differences	in	age,	gender,	or	tumor	characteristics
between	 the	 two	 groups.50	 On	 the	 other	 hand,	 for	 low-risk	 T1	 lesions	 in	 the	 prospective	 phase	 2	 Cancer	 and
Leukemia	Group	B	study,	 local	excision	alone	was	associated	with	 low	recurrence	and	good	survival	 rates	 that
remained	durable	with	long-term	follow-up.	For	T2	lesions,	however,	even	with	adjuvant	therapy,	the	role	of	local
excision	is	less	clear;	as	Saraste	et	al.49	would	predict,	these	were	associated	with	higher	recurrence	rates.51

The	addition	of	neoadjuvant	chemoradiation,	however,	may	extend	the	 indications	for	 local	excision	without
compromising	outcome	particularly	for	these	high	risk	or	more	locally	advanced	tumors.	This	has	been	the	subject
of	multiple	recent	investigations,	which	have	shown	quite	promising	results.	The	ACOSOG	Protocol	Z6041	was	a
phase	 II	 trial	 of	 neoadjuvant	 capecitabine,	 oxaliplatin,	 and	 radiation	 therapy	 followed	 by	 local	 excision	 for
ultrasound	T2	tumors.52	The	authors	reported	that	49	of	77	patients	were	downstaged,	and	44%	achieved	a	pCR.
There	was	 one	 positive	margin	 and	 one	 patient	with	 a	 positive	 node.	Long-term	 results	were	 published	 for	 72
patients	completing	the	protocol	with	a	median	follow-up	of	56	months.	The	estimated	3-year	DFS	was	88.2%	for
the	 intention-to-treat	group	and	86.9%	for	 the	per-protocol	group	with	a	 local	 recurrence	rate	for	all	patients	of
4%.	 Three-year	 OS	 was	 94.8%	 and	 95.7%,	 respectively.	 Although	 these	 results	 were	 lower	 than	 originally
anticipated	 (possibly	 due	 to	 the	 neoadjuvant	 dose	 reduction),	 they	 were	 within	 the	 margin	 of	 efficacy	 and



comparable	to	TME	trials,	suggesting	that	this	organ-preserving	alternative	might	be	considered	in	patients	with
cT2N0	 tumors	 who	 refuse	 or	 are	 not	 candidates	 for	 proctectomy.	 Rates	 of	 treatment-related	 toxicity	 and
perioperative	complications	were	high,	however,	requiring	dose	reduction	and	potentially	compromising	response.
Follow-up	 trials	are	planned	 to	 improve	on	 the	 therapeutic	 ratio	of	 this	approach	and	better	optimize	 long-term
efficacy.

Additional	 support	 for	 this	approach	comes	 from	randomized	data	as	well.	Lezoche	et	al.53	 reported	on	100
patients	with	low-risk	T2	N0	lesions	who	underwent	either	endoluminal	resection	or	laparoscopic	or	open	TME
following	 neoadjuvant	 chemoradiation.	 Downstaging	 and	 pCR	 rates	were	 similar	 in	 both	 groups,	 occurring	 in
51%	 and	 28%	 of	 patients,	 respectively.	 With	 a	 mean	 follow-up	 of	 9.6	 years,	 oncologic	 outcomes	 were	 also
essentially	equivalent—with	similar	local	recurrence	rates	and	incidence	of	distant	metastases	(8%	versus	6%	and
4%	versus	4%,	respectively)	and	no	difference	in	DFS.53	Furthermore,	not	surprisingly,	the	subset	of	patients	with
cT2	 lesions	 that	 demonstrate	 a	 complete	 response	 to	 neoadjuvant	 therapy	 fair	 even	 better	 after	 local	 excision
alone.	Stipa	et	al.54	found	no	local	or	distant	recurrences	over	a	median	follow-up	of	81	months,	and	Noh	et	al.55
reported	a	DFS	of	90%	over	75	months	of	follow-up.

The	GRECCAR	2	trial	has	carried	this	organ-preserving	strategy	a	step	further	by	examining	the	role	of	local
excision	of	 tumors	 that	have	responded	well	 to	neoadjuvant	 therapy	even	 in	 the	setting	of	stage	2	 to	3	disease.
Patients	with	clinical	T2	or	T3	Nx	lesions	were	treated	with	concurrent	capecitabine,	oxaliplatin,	and	radiotherapy
for	5	weeks.	Clinical	responders,	defined	by	a	residual	scar	<2	cm,	were	then	randomized	to	local	excision	versus
TME.	Patients	with	ypT2	to	ypT3	disease	or	positive	margins	after	local	excision	underwent	completion	TME,	as
did	the	originally	identified	poor	responders.	Although	this	study	failed	to	show	superiority	of	local	excision	over
TME	(probably	because	too	many	patients	in	LE	group	underwent	completion	TME	per	protocol),	there	were	still
no	differences	 in	3-year	 local	 recurrence	or	DFS	between	 the	 two	 treatment	 strategies.	This	 suggests	a	 role	 for
organ	preservation	in	more	advanced	tumors	that	show	good	clinical	response	in	addition	to	the	cT1	to	cT2	N0
cases	previously	studied.

The	 benefits	 of	 adding	 adjuvant	 therapy	 following	 local	 excision,	 particularly	 in	 pretreated	 tumors,	 has	 not
been	well	explored.	Borstlap	et	al.56,57	conducted	a	meta-analysis	of	14	studies	comprising	patients	treated	with
chemoradiation	after	 local	excision	and	7	studies	comprising	patients	 treated	with	completion	TME.	Due	to	 the
heterogeneity	of	tumor	and	treatment	characteristics	across	studies,	it	was	not	possible	to	directly	compare	the	two
strategies.	However,	the	authors	did	find	a	higher	weighted	average	local	recurrence	rate	in	the	adjuvant	therapy
group	(14%	versus	7%),	prompting	them	to	reinforce	completion	TME	as	the	continued	standard	of	care	for	high-
risk	 T1	 and	 all	 T2	 tumors	 pending	 further	 investigation.	 The	 TESAR	 study57	 is	 a	 multicenter	 noninferiority
randomized	trial	from	the	Netherlands	that	aims	to	clarify	the	role	for	adjuvant	therapy	as	an	organ-sparing	option
for	these	tumors.	Patients	with	locally	excised	intermediate	risk	T1	and	T2	lesions	will	be	randomized	to	adjuvant
chemoradiation	or	completion	TME,	and	they	will	be	followed	for	a	primary	outcome	of	3-year	local	recurrence
rate.	The	experimental	arm	will	be	strictly	monitored	with	MRI	and	endoscopy	to	identify	locoregional	recurrence
and	facilitate	early	salvage	surgery.	Secondary	outcomes	include	morbidity,	DFS	and	OS,	stoma	rate,	functional
outcomes,	and	health-related	quality	of	life	and	costs.

Although	the	primary	advantage	of	local	excision	over	standard	TME	would	be	to	reduce	surgical	morbidity,
an	 additional	 related	 goal	 should	 be	 the	 preservation	 of	 quality	 of	 life	 including	 bowel,	 bladder,	 and	 sexual
function.	However,	most	of	the	data	on	this	topic	comes	from	small	single-institution	studies	with	a	mix	of	benign
and	 malignant	 tumors	 and	 no	 validated	 methods	 of	 analysis.	 Pucciarelli	 et	 al.58	 have	 now	 published	 their
multicenter	results	on	this	 topic	in	121	rectal	cancer	patients	who	underwent	either	local	excision	or	TME	after
CRT.	With	a	median	follow-up	of	49	months,	the	authors	found	that	overall	the	local	excision	group	had	a	better
quality	 of	 life	 and	 bowel	 function	 across	 multiple	 measured	 parameters	 including	 constipation,	 incomplete
emptying,	stool	frequency,	buttock	pain,	impotence,	and	embarrassment.	Although	these	results	are	not	surprising
given	the	known	risks	of	the	more	radical	TME	resection,	interpretation	is	limited	by	the	retrospective	design	and
the	fact	that	the	TME	group	contained	more	clinically	advanced	cancers.

Performing	a	good	transanal	excision	requires	substantial	technical	expertise	as	the	surgeon	must	retain	control
over	 the	 primary	 tumor	 and	 obtain	 adequate	mucosal	margins	 as	well	 as	 deep	 resection	 into	 the	 perirectal	 fat.
Once	removed,	 the	 tumor	must	be	well	 laid	out	 for	 the	pathologist	so	 that	all	 relevant	margins	can	be	properly
evaluated.	There	is	some	experience	using	preoperative	radiation	therapy	and	chemotherapy	for	small	lesions,	but
care	must	be	taken	to	have	the	site	of	the	primary	tumor	well	marked	with	a	tattoo	if	 this	approach	is	 taken,	as
excellent	regression	could	make	identification	of	the	primary	site	difficult.

Newer	techniques	for	 transanal	excision,	 including	transanal	endoscopic	microsurgery	(TEMS)	and	transanal
minimally	invasive	surgery,	have	recently	gained	popularity	based	on	improved	visualization	of	the	lesion.	TEMS
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makes	use	of	a	standard	laparoscopic	light	source	and	monitoring	system	combined	with	specialized	instruments
and	 scopes.	 The	 technique	 allows	 for	 videoscopic	magnification	 and	 the	 placement	 of	 instruments	 through	 an
operating	sigmoidoscope.	TEMS	and	its	counterpart	 transanal	minimally	 invasive	surgery,	which	uses	 the	more
basic	single-port	laparoscopic	technology,	may	be	applied,	in	general,	to	the	same	patients	who	are	candidates	for
traditional	 transanal	 resection.	However,	 these	methods	are	most	useful	 for	excising	more	proximal	 lesions	 that
are	 beyond	 the	 reach	 of	 standard	 surgical	 instruments	 and	 too	 large	 for	 removal	 through	 a	 colonoscope.
Preliminary	 data	 supports	 the	 role	 of	 TEMS	 in	 both	 benign	 and	 early-stage	 malignant	 lesions	 with	 improved
margin	negativity	and	DFS	compared	 to	 transanal	 resection	for	T1	and	T2	 lesions	 in	a	 recent	 report.59	Another
meta-analysis	 found	 significant	 reductions	 in	 morbidity	 and	 mortality	 compared	 to	 conventional	 surgery	 and
equivalent	 5-year	 survival	 rates	 for	T1	 tumors.60	 Studies	 that	 include	T2	 lesions	 and	 selective	 use	 of	 adjuvant
therapy	have	demonstrated	5-year	OS	and	cancer-specific	survival	rates	over	90%,	with	recurrence	rates	between
4%	to	9%.61,62	Moreover,	the	TEMS	procedure	fairs	quite	favorably	with	respect	to	long-term	quality	of	life	and
functional	outcome	as	most	defecatory	parameters	return	to	baseline	by	5	years,	according	to	prospective	data.63
Other	 reports	 are	 less	 encouraging	 with	 recurrence	 rates	 following	 TEMS	 resection	 as	 high	 as	 30%,64	 and
therefore,	close	endoscopic	surveillance	is	recommended.

Stages	II	and	III	Rectal	Cancer
The	primary	treatment	of	patients	with	stages	II	and	III	rectal	cancer	(T3	to	T4	and/or	node-positive)	is	surgical.
However,	 in	 contrast	 to	 the	 treatment	of	patients	with	 stage	 I	 disease,	 there	 is	 a	 strong	body	of	 information	 to
suggest	that	combined	modality	therapy	with	radiation	therapy	and	chemotherapy	should	be	used	in	conjunction
with	surgical	resection.	This	conclusion	is	based	on	both	patterns	of	failure	data,	which	demonstrate	a	substantial
incidence	of	local,	regional,	as	well	as	distant	disease	failure	and	the	fact	that	this	incidence	of	tumor	recurrence	at
all	sites	is	decreased	with	the	use	of	trimodality	therapy.

The	desire	when	performing	a	resection	for	rectal	cancer	is	to	preserve	intestinal	continuity	and	the	sphincter
mechanism	whenever	possible	while	still	maximizing	tumor	control.	Therefore,	careful	preoperative	screening	is
crucial	in	the	determination	of	the	location	of	the	lesion	and	its	depth	of	invasion.	As	previously	described,	it	is
convenient	 to	 think	 of	 the	 rectum	 as	 divided	 into	 thirds	 for	 the	 purposes	 of	 the	 evaluation	 and	 preoperative
determination	of	the	surgical	approach	for	resection.	The	upper	third	of	the	rectum	is	often	considered	the	region
of	 large	 intestine	 from	 the	 sacral	 prominence	 to	 the	 peritoneal	 reflection.	These	 lesions	 are	 in	 almost	 all	 cases
managed	with	 a	 low	anterior	 resection	 in	much	 the	 same	way	as	 a	 sigmoid	colon	cancer	 (see	Chapter	62).	An
adequate	1-	to	2-cm	distal	mucosal	margin	can	be	achieved	for	these	lesions	well	above	the	sphincter	mechanism,
and	intestinal	continuity	can	be	restored	using	either	a	hand-sewn	technique	or	a	circular	stapling	device	inserted
through	the	rectum.65,66

Tumors	in	the	middle	and	lower	thirds	of	the	rectum	can	be	considered	as	lying	entirely	below	the	peritoneal
reflection.	 The	 resection	 of	 these	 tumors	 can	 be	 challenging	 because	 of	 the	 confines	 of	 the	 pelvic	 skeletal
structure,	and	the	ability	to	perform	a	resection	with	an	adequate	distal	margin	is	significantly	influenced	by	the
size	of	the	lesion.	Nevertheless,	tumors	of	the	middle	third	of	the	rectum	in	most	cases	can	be	safely	resected	with
a	 low	 anterior	 resection,	 with	 restoration	 of	 intestinal	 continuity	 and	 preservation	 of	 a	 continent	 sphincter
apparatus.

Lesions	in	the	distal	third	of	the	rectum,	defined	as	those	within	6	cm	of	the	anal	verge,	can	present	the	greatest
challenge	 to	 the	surgeon	with	respect	 to	sphincter	preservation.	This	 is	often	 influenced	by	 the	extent	of	 lateral
invasion	 of	 the	 lesion	 into	 the	 muscles	 of	 the	 sphincter	 apparatus	 and	 how	 close	 distally	 the	 tumor	 is	 to	 the
musculature	 of	 the	 anal	 canal.	 The	 abdominal	 perineal	 resection	 (APR)	 has	 historically	 been	 considered	 the
standard	treatment	for	patients	with	rectal	cancers	located	within	6	cm	of	the	anal	verge.	This	procedure	requires	a
transabdominal	as	well	as	a	transperineal	approach	with	removal	of	the	entire	rectum	and	sphincter	complex.	A
permanent	end	colostomy	 is	created	and	 the	perineal	wound	either	closed	primarily	or	 left	 to	granulate	 in	after
closure	of	the	musculature.

Although	the	adoption	of	total	mesenteric	excision	(see	the	following	text)	has	improved	oncologic	outcomes
for	all	forms	of	proctectomy,	APR	continues	to	be	associated	with	higher	rates	of	positive	CRM,	local	recurrence,
and	 intraoperative	 perforation	 compared	 to	 low	 anterior	 resection	 as	 well	 as	 shorter	 OS	 and	 DFS.	 These
disadvantages	may	be,	in	part,	due	to	the	greater	percentage	of	distal	and	locally	advanced	tumors	that	are	treated
with	this	more	radical	approach.	However,	the	fact	that	specimens	from	a	traditional	APR	typically	have	a	“waist”
with	often	less	tissue	surrounding	the	tumor	may	also	contribute	to	these	problems.	With	this	in	mind,	some	have
advocated	 a	more	 extended	 technique,	 the	 extralevator	 abdominoperineal	 resection	 (EAPR	 or	 ELAPE),	 which



involves	 removing	 the	 mesorectum,	 levator	 ani,	 and	 ischiorectal	 fossa	 en	 bloc	 in	 a	 cylindrical	 specimen	 that
incorporates	more	 tissue	 around	 the	 tumor	 and	 theoretically	 improves	 visualization	 in	 the	 deep	 pelvis,	 thereby
reducing	perforation	risk.	Although	this	modified	procedure	has	attracted	much	attention,	efficacy	and	safety	data
are	inconsistent.	A	number	of	new	studies,	however,	have	recently	lent	support	to	the	extended	approach	at	least
with	regard	to	short-term	benefit.	Yu	et	al.67	evaluated	949	patients	in	eight	studies	comparing	the	two	techniques,
and	 found	 that	 ELAPE	 was	 associated	 with	 significantly	 reduced	 rates	 of	 intraoperative	 bowel	 perforation
(relative	 risk	 [RR],	 0.34),	 positive	 CRM	 (RR,	 0.44),	 and	 local	 recurrence	 (RR,	 0.32).	 Huang	 et	 al.68	 reported
similar	 findings	 in	 a	 second	 investigation.	 Neither	 group	 found	 a	 statistical	 difference	 in	 complication	 rate,
although	most	ELAPE	procedures	require	a	perineal	flap	reconstruction	to	avoid	wound	breakdown.

In	another	report,	analysis	of	a	case-matched,	prospectively	collected	cohort	of	72	patients	(36	ELAPE	and	36
APR)	also	demonstrated	a	significantly	decreased	rate	of	bowel	perforation	(0%	versus	16.7%)	and	a	trend	toward
improved	5-year	local	recurrence	(18.2%	versus	5.9%,	P	=	.153)	when	ELAPE	was	performed.	Moreover,	local
recurrence	without	distant	metastases	occurred	in	15.5%	of	the	APR	group	but	in	none	of	the	ELAPE	group	(P	=
.039).	Although	there	were	no	differences	in	cause-specific	survival	or	OS,	the	authors	suggest	that	based	on	the
local	 oncologic	 benefit	 alone	 ELAPE	 should	 be	 strongly	 considered	 as	 the	 procedure	 of	 choice	 for	 low-lying
lesions.	The	ELAPE	randomized	 trial	also	upholds	 the	 findings	of	previous	 reports	with	significantly	 improved
CRM	 in	 the	ELAPE	arm	compared	 to	 conventional	APR.	Long-term	outcomes	are	not	yet	 available,	 however,
from	 any	 of	 these	 studies	 and	 will	 need	 to	 be	 critically	 assessed	 prior	 to	 widespread	 adoption	 of	 this	 more
aggressive	approach.

Although	 an	APR	 is	 associated	with	 a	 relatively	 low	 rate	 of	 local	 recurrence,	 it	 is	 not	without	 the	 obvious
problems	 of	 the	 need	 for	 a	 permanent	 colostomy	 and	 loss	 of	 intestinal	 continuity	 and	 sphincter	 function.
Therefore,	intense	interest	has	been	focused	on	developing	approaches	to	the	resection	of	tumors	in	the	distal	third
of	 the	 rectum	 that	would	 both	 avoid	 local	 regional	 recurrence	 and	 preserve	 intestinal	 continuity	 and	 sphincter
continence.

Traditionally,	tumors	within	1	to	2	cm	of	the	dentate	line—that	is,	those	that	can	be	removed	with	at	least	a	1-
cm	 distal	 margin—have	 been	 considered	 candidates	 for	 sphincter	 preservation	 and	 restoration	 of	 intestinal
continuity	via	 a	 coloanal	 anastomosis,	which	 is	 commonly	protected	by	 a	diverting	 loop	 ileostomy	 that	 can	be
reversed	 in	6	 to	12	weeks.69,70	Newer	data	suggest	 that	when	TME	and	preoperative	 radiotherapy	are	 routinely
employed,	 even	 smaller	 margins	 are	 acceptable	 without	 oncologic	 compromise,	 as	 long	 as	 they	 are
microscopically	negative.71	In	fact,	one	of	the	advantages	of	neoadjuvant	therapy	is	thought	to	be	an	increase	in
sphincter-sparing	procedures	due	to	reduction	in	tumor	bulk,	which	would	normally	preclude	identification	of	this
slight	but	critical	margin.69,72	A	recent	systematic	literature	review	identified	seven	studies	addressing	this	topic,
most	of	which	 implemented	pre-	or	postoperative	 radiotherapy,	and	 three	of	which	 reported	 results	 related	 to	a
margin	of	<5	mm.	There	were	no	statistically	significant	differences	in	local	recurrence	rates	regardless	of	margin
status.	This	data	contributes	to	the	growing	evidence	that	a	1-cm	(or	even	5-mm)	margin	may	be	unnecessary	and,
more	 importantly,	 that	 strategies	 employed	 solely	 to	 achieve	 this	 margin	 (such	 as	 an	 APR	 or	 intersphincteric
resection	[ISR]	for	distal	T1	lesions)	may	in	fact	be	unnecessary	as	well.73

Although	controversial	in	the	United	States,	ISR	has	been	described	extensively	abroad	as	a	method	involving
at	least	partial	resection	of	the	internal	sphincter	designed	to	improve	margin	status	without	sacrificing	sphincter
function.74	Recently,	 a	 large	 systematic	 review	 addressed	 the	 efficacy	 of	 this	 approach,	 identifying	 14	 (mostly
retrospective)	studies	with	1,289	patients	who	underwent	both	open	and	laparoscopic	ISR.	Median	follow-up	was
56	(range,	1	 to	227)	months.	Overall	oncologic	outcomes	did	not	appear	 to	be	compromised	with	R0	resection
achieved	in	97%	and	a	mean	local	recurrence	rate	of	6.7%	(range,	0%	to	23%).	In	addition,	mean	5-year	OS	and
DFS	rates	were	86.3%	and	78.6%,	respectively.	Functional	outcomes,	however,	were	widely	variable	with	only
51.2%	of	patients	reporting	“perfect	continence,”	whereas	an	average	of	29.1%	experienced	fecal	soiling,	23.8%
incontinence	to	flatus,	and	18.6%	complained	of	urgency.75

It	has	been	postulated	that	neoadjuvant	chemoradiation,	although	improving	locoregional	control	and	rates	of
margin-	negative	resection,	has	a	deleterious	effect	on	 long-term	functional	outcomes,	particularly	after	surgery
for	ultralow	tumors.	However,	a	recent	multivariate	analysis	did	not	support	 this	 in	ISR	cases,	 finding	 the	only
significant	predictors	of	continence	were	distance	of	the	tumor	from	the	anal	ring	and	distance	of	the	anastomosis
from	the	anal	verge.	There	was	also	no	difference	with	age	or	extent	of	internal	sphincter	resection.76

Another	 report	 did	 find	 significant	 functional	 differences	when	 comparing	 partial	 ISR	 (resection	 above	 the
dentate	 line),	 subtotal	 ISR	 (resection	 at	 the	 dentate	 line),	 and	 total	 ISR	 (resection	 from	 the	 intersphincteric
groove).	 Patients	with	more	 extensive	 sphincter	 resection	 had	 higher	 fecal	 incontinence	 scores,	more	 frequent
nocturnal	leakage,	and	more	problems	with	discrimination.	In	addition,	manometric	studies	at	12	months	showed
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greater	 reductions	 in	mean	 resting	 pressure.	 Overall	 though,	 quality	 of	 life	 was	maintained	 in	 the	majority	 of
patients	and	function	improved	over	time	in	both	studies.77

Chemoradiation	should	be	used	preoperatively	when	performing	sphincter-preserving	resections	for	T3	or	T4
rectal	lesions	or	for	any	node-positive	disease	stages	II	or	III.	There	is	some	evidence	that	preoperative	radiation
results	in	less	morbidity	than	postoperative	radiation	therapy	when	a	coloanal	anastomosis	is	planned.	In	a	study
of	 109	 patients	 treated	 with	 a	 low	 anterior	 resection	 and	 a	 straight	 coloanal	 anastomosis,	 those	 receiving
preoperative	 radiation	 therapy	 had	 a	 lower	 incidence	 of	 adverse	 effects	 on	 anal	 function	 than	 those	 receiving
postoperative	 radiation.78	 The	 authors	 attributed	 this	 to	 sparing	 of	 the	 neorectum	 from	 these	 effects.	 Relative
benefits	 and	 outcomes	 for	 preoperative	 chemoradiation	 versus	 postoperative	 chemoradiation	 are	 discussed	 in
detail	in	following	sections.

Total	Mesorectal	Resection
The	goal	of	the	resection	of	rectal	tumors	is	the	removal	of	the	tumor	with	an	adequate	margin	as	well	as	removal
of	draining	LNs	and	lymphatics	to	properly	stage	the	tumor	and	to	reduce	the	risk	of	recurrence	and	spread.	For
lesions	in	the	intraperitoneal	colon,	the	lymphatics	and	vascular	supply	are	found	in	the	mesentery	associated	with
that	region	of	bowel.

In	 the	 rectum,	 the	mesorectum	 is	 the	 structure	 that	 contains	 the	blood	 supply	 and	 lymphatics	 for	 the	upper,
middle,	and	lower	rectum.	Most	involved	LNs	for	rectal	cancers	are	found	within	the	mesorectum,	with	T1	lesions
associated	with	positive	LNs	in	5.7%	of	cases,	T2	lesions	having	positive	LNs	in	20%	of	cases,	and	T3	and	T4
lesions	having	positive	LNs	in	65%	and	78%	of	cases,	respectively.79

The	anatomy	and	approach	to	mesorectal	excision	is	depicted	in	Figure	63.3.	This	operation	involves	a	sharp
dissection	occurring	in	an	avascular	plane	between	the	fascia	propria	of	the	rectum	and	the	presacral	membrane,
beyond	the	region	where	most	of	the	nodes	are	located.	After	a	TME,	the	specimen	is	typically	shiny	and	bilobed
in	 contrast	 to	 the	 irregular	 and	 rough	 surface	 after	 a	 blunt	 dissection,	where	much	of	 the	mesorectal	 fat	 is	 left
behind.	TME	attempts	not	only	 to	clear	 involved	LNs	but	also	 to	adequately	manage	 the	 radial	margins	of	 the
rectal	tumor.	These	radial	margins	have	been	shown	to	be	more	important	with	respect	to	the	risk	of	local	regional
recurrence	than	the	distal	mucosal	margin.72,80	Distal	mucosal	margins	of	≥1	cm	are	adequate	for	 local	control;
however,	 the	margin	 on	 the	mesorectum	 should	 extend	 beyond	 the	 distal	mucosal	margin	 in	 order	 to	 ensure	 a
successful	 surgical	 outcome.70,72	 Numerous	 studies	 have	 demonstrated	 the	 benefit	 of	 TME,	 and	 it	 is	 now
considered	 the	 standard	 of	 care	 for	 the	 surgical	 management	 of	 middle	 and	 lower	 third	 rectal	 cancers.5,81–83
Although	some	studies	have	suggested	that	an	adequate	TME	might	in	and	of	itself	be	sufficient	management	for
T2	and	T3	rectal	cancers,	the	majority	of	the	literature	still	supports	the	use	of	adjuvant	chemoradiation	for	stages
II	and	III	disease	even	when	combined	with	TME.



Figure	63.3	Total	mesorectal	excision.

Large	 studies	 of	 proctectomy	 with	 TME	 have	 demonstrated	 a	 reduction	 in	 the	 overall	 incidence	 of	 local
recurrence	to	<10%.4	The	consequences	of	TME	can	be	impairment	 in	erectile	and	bladder	function	because	of
disruption	 of	 parasympathetic	 nerves	 that	 are	 located	 in	 proximity	 to	 the	 mesorectum.	 Several	 authors	 have
stressed	 the	 importance	 of	 the	 experience	 of	 the	 surgeon	 performing	 the	 procedure,	 and	 some	 have	 suggested
specific	techniques	for	monitoring	modalities	that	can	be	used	during	this	procedure	to	minimize	morbidity.5,6	A
careful	understanding	of	the	anatomy	and	adequate	visualization	during	sharp	dissection	will	help	in	minimizing
injury	to	the	parasympathetic	nerves	and	the	consequent	morbidity.3,4

Adequate	visualization	in	 the	deep	pelvis	can	often	be	a	challenge.	This	may	be	a	situation	where	the	visual
magnification	and	ability	to	enter	tight	spaces	that	are	unique	to	the	laparoscopic	approach	may	be	an	advantage.
The	feasibility	and	safety	of	laparoscopic	TME	for	low	rectal	cancer	was	first	reported	in	2003.84–86	Since	then,
numerous	 studies	 of	 varying	 quality	 and	 size	 have	 reported	 on	 the	 short-term	 advantages	 of	 this	 approach,
including	decreased	length	of	stay	and	30-day	morbidity,	as	well	as	the	potential	for	oncologic	equivalence	when
compared	to	open	resection.87–92	One	more	 recent	prospective	multicenter	analysis	of	4,970	patients	 found	 that
oncologic	 parameters	 were	 actually	 improved	 with	 laparoscopy,	 including	 decreased	 margin	 involvement	 and
more	complete	TME.93	In	another	smaller	study,	laparoscopic	surgery	was	found	to	be	an	independent	predictor
of	DFS	on	multivariate	analysis	with	5-year	DFS	rates	of	50.3%	compared	to	71.0%	after	open	proctectomy.94

Definitive	 recommendations,	 however,	will	 come	 from	 the	 results	 of	 four	multicenter	 phase	 III	 randomized
trials	 (COLOR	 II,	COREAN,	ACOSOG	Z6051,	ALaCaRT),	 the	 last	 two	of	which	 are	 still	 awaiting	 long-term
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data.
The	 European	 COLOR	 II	 trial	 was	 the	 first	 of	 these	 studies	 to	 report	 short-term	 results	 confirming

noninferiority	of	the	laparoscopic	approach	in	terms	of	safety	(morbidity,	40%	versus	37%,	P	=	.676;	mortality,
1%	versus	2%,	P	 =	 .409),	 resection	margin	 (positive	CRM,	 10%	versus	 10%),	 and	 completeness	 of	 resection.
Laparoscopic	surgery	was	also	associated	with	significantly	 longer	 time	 in	 the	operating	 room	(240	versus	180
minutes)	 but	 less	 blood	 loss	 (200	versus	 400	mL,	P	 <	 .0001)	 and	 faster	 recovery	 (return	 of	 bowel	 function,	 2
versus	 3	 days,	P	 <	 .0001;	 hospital	 stay,	 8	 versus	 9	 days,	P	 =	 .036).	 Overall,	 1,044	 patients	 were	 eligible	 for
analysis,	the	majority	of	whom	underwent	neoadjuvant	treatment.	T4	tumors	and	T3	lesions	within	2	mm	of	the
endopelvic	 fascia	 were	 excluded.	 There	 was	 also	 no	 difference	 in	 patient-	 reported	 genitourinary	 dysfunction
between	the	two	groups.

Long-term	 results	 at	 3	 years	 continue	 to	 support	 the	 oncologic	 noninferiority	 of	 the	 laparoscopic	 approach.
Locoregional	recurrence	rate	was	5%,	with	DFS	rates	of	74.8%	and	70.8%	and	OS	rates	of	86.7%	and	83.6%	in
the	laparoscopic	and	open	surgery	groups,	respectively.95

In	 a	 prospective	 cost-minimization	 analysis,	 including	 a	 short-term	 assessment	 at	 28	 days	 and	 a	 long-term
analysis	 at	 3	 years,	 the	 authors	 found	 increased	 costs	 to	 the	 health-care	 sector	 with	 laparoscopy	 at	 both	 time
intervals	but	no	difference	in	long-term	societal	costs.

The	 COREAN	 trial	 has	 also	 published	 3-year	 DFS	 data	 demonstrating	 similar	 outcomes	 in	 their	 340
randomized	 patients	 (72.5%	 open	 versus	 79.5%	 laparoscopic,	 P	 =	 not	 significant	 [NS]),	 with	 no	 significant
difference	in	mortality	during	this	time	frame	(15%	open	versus	12%	laparoscopic).

However,	 preliminary	 results	 from	 the	more	 recent	U.S.	 and	Australian	 studies	 do	not	 support	 laparoscopic
resection	 for	 rectal	 cancer.	The	ACOSOG	Z6051	 trial,	which	enrolled	486	patients	with	 clinical	 stage	 II	or	 III
mid-	or	distal	rectal	cancer	across	the	United	States	and	Canada,	reported	reduced	rates	of	successful	resection	in
laparoscopic	 cases	 compared	 to	 open	 (86.9%	 versus	 81.7%)	 and	 lower	 negative	 CRM	 (87.9%	 versus	 92.3%).
Meanwhile,	 the	 operative	 time	 for	 laparoscopic	 cases	 was	 significantly	 longer	 and	 there	 was	 no	 short-term
advantage	with	regards	to	length	of	stay,	30-day	readmission	rate,	or	severe	complications.	The	ALaCaRT	trial,
which	 was	 similarly	 designed	 and	 conducted	 in	 New	 Zealand	 and	 Australia,	 also	 failed	 to	 establish	 the
noninferiority	of	pathologic	outcomes	for	laparoscopic	resection.	Successful	resection	and	a	negative	CRM	were
again	achieved	in	a	lower	percentage	of	laparoscopic	cases	compared	to	open	(82%	versus	89%	and	93%	versus
97%,	 respectively).	 TME	was	 complete	 in	 only	 87%	 of	 the	 laparoscopy	 group	 compared	 to	 92%	 of	 the	 open
group.	Both	trials	used	rigorous	criteria	to	ensure	high	surgical	quality	and	technical	skill	as	evidenced	by	much
lower	conversion	rates	(9%	in	ALaCaRT	and	11.3%	in	ACOSOG)	compared	to	the	U.K.	CLASICC	trial	(34%)
and	even	the	more	recent	COLOR	II	(17%).	Furthermore,	the	COLOR	II	trial	included	a	large	proportion	of	stage
I	and	upper	rectal	tumors,	with	much	lower	rates	of	neoadjuvant	treatment	(compared	to	100%	in	the	ACOSOG
trial),	which	may	have	skewed	outcomes	in	favor	of	laparoscopy.	As	for	the	Korean	study,	this	was	carried	out	by
a	very	small	number	of	surgeons	at	three	hospitals,	on	patients	with	a	much	lower	mean	body	mass	index	(BMI)
(24),	which	may	limit	its	generalizability	to	Western	populations.	Ultimately,	the	role	of	laparoscopic	resection	for
rectal	cancer	remains	unclear	as	long-term	oncologic	outcomes	from	ACOSOG	and	ALaCaRT	are	still	pending.

Although	 laparoscopic	 TME	 may	 be	 technically	 feasible,	 it	 requires	 a	 high	 level	 of	 expertise	 and	 can	 be
particularly	 challenging	 to	 perform	 within	 the	 confines	 of	 a	 deep	 and	 narrow	 pelvis.	 More	 recently,	 robotic
technology	has	been	applied	to	rectal	dissection,	overcoming	many	of	the	limitations	associated	with	conventional
laparoscopy	 including	 limited	 dexterity,	 inadequate	 visualization,	 and	 tremor.	 Robotic	 surgery	 offers	 the
advantages	of	a	stable,	 three-dimensional	 image,	enhanced	ergonomics,	and	articulating	 instruments	with	seven
degrees	 of	 freedom,	 in	 addition	 to	 operator-	 controlled	 camera	 and	 retraction.96	 Embraced	 by	 urologists	 and
gynecologists	over	the	past	decade,	this	technology	is	ideally	suited	to	pelvic	procedures	and	has	the	potential	to
yield	enhanced	oncologic	and	functional	outcomes	 in	rectal	cancer	surgery	as	well.	Limited	studies	so	far	have
demonstrated	 feasibility	 and	 acceptable	 short-term	 outcomes.96–100	 In	 a	 case	 control	 analysis	 of	 118	 patients
undergoing	 laparoscopic	 versus	 robotic	 resection,	Kwak	 et	 al.101	 reported	 no	 differences	 in	 surgical	 oncologic
parameters,	 postoperative	 complications,	 or	 recurrence	 rates	 at	 a	 median	 of	 15	 months	 of	 follow-up.	 When
compared	to	open	TME	in	another	case-matched	study,	the	robotic	approach	was	superior	in	terms	of	LN	harvest,
distal	margin	length,	blood	loss,	and	length	of	stay.102	Other	potential	benefits	include	decreased	conversion	rates
in	 three	 large	 meta-analyses	 as	 well	 as	 a	 trend	 toward	 reduced	 anastomotic	 leaks	 and	 CRM	 positivity	 with
complete	autonomic	preservation	 in	a	 recent	 systematic	 review	of	1,549	patients.103–106	The	positive	 functional
impact	of	a	robotic	approach	was	further	demonstrated	in	a	recent	systematic	review	of	the	literature	on	this	topic,
comprising	 10	 studies,	 4	 of	 which	 were	 eligible	 for	 meta-analysis	 (including	 152	 robotic	 cases	 and	 161
laparoscopic	cases).	Genitourinary	function,	as	measured	by	the	International	Prostate	Symptom	Score	at	3	and	12



months,	and	the	International	Index	of	Erectile	Function	at	3	and	6	months,	was	significantly	more	favorable	after
robotic	 surgery	 compared	 to	 laparoscopy.	 Female	 sexual	 function,	 assessed	 in	 a	 minority	 of	 patients,	 was
equivalent.

Despite	these	promising	findings,	long-term	studies	have	yet	to	show	any	oncologic	benefit.	In	a	prospective
nonrandomized	comparison	of	robotic	versus	laparoscopic	surgery,	217	patients	with	stage	I	 to	III	rectal	cancer
underwent	 the	minimally	 invasive	 procedure	 of	 their	 choice	 (133	 robotic	 and	 84	 laparoscopic).	There	were	 no
significant	 differences	 in	 patient	 or	 tumor	 characteristics	 between	 the	 two	 groups	 except	 for	 age	 (59.2	 robotic
versus	63.5	laparoscopic).	There	were	also	no	significant	differences	in	perioperative	clinicopathologic	outcomes
except	for	conversion	rate	and	length	of	hospital	stay,	both	of	which	were	higher	in	the	laparoscopic	group.	The
robotic	approach	ultimately	offered	no	advantages	in	terms	of	5-year	OS,	DFS,	or	local	recurrence.

More	definitive	recommendations	should	be	forthcoming	from	the	the	Robotic	versus	Laparoscopic	Resection
for	 Rectal	 Cancer	 (ROLARR)	 trial,	 a	 prospective,	 randomized,	 controlled,	 multicenter	 superiority	 trial	 that
enrolled	 471	 patients	 and	 has	 recently	 published	 preliminary	 results.	 Protocol	 compliance	 was	 excellent	 with
similarly	 high-quality	 surgical	 outcomes	 in	 both	 arms	 as	 demonstrated	 by	 an	 overall	 conversion	 rate	 of	 10.1%
(12.2%	 laparoscopic	versus	8.1%	robotic;	OR,	0.61;	P	=	 .156)	and	overall	CRM	positivity	 rate	of	5.7%	(6.3%
laparoscopic	versus	5.1%	robotic;	OR,	0.79;	P	=	NS).	The	difference	in	conversion	rates,	although	not	statistically
significant	 across	 the	 entire	 study	population,	was	more	 pronounced	 in	 the	 a	 priori	 defined	 subgroups	 of	male
patients	(OR,	0.46),	low	anterior	resections	(OR,	0.49),	and	the	obese	(OR,	0.58).	Intraoperative	complications	as
well	as	30-day	morbidity	were	also	similar	between	the	two	groups,	with	an	overall	0.9%	30-day	mortality	rate
(0.9%	 laparoscopic	 versus	 0.8%	 robotic).	 Interestingly,	 there	 was	 no	 advantage	 of	 the	 robot	 for	 postoperative
genitourinary	function.	Long-term	quality-of-life	data	and	oncologic	outcomes	are	still	pending	but	will	hopefully
shed	 some	much	 anticipated	 light	 on	 the	 ultimate	 role	 for	 this	 innovative	 but	 costly	 platform	 in	 rectal	 cancer
surgery.

Natural	orifice	transluminal	endoscopic	surgery,	or	NOTES,	as	introduced	in	the	previous	chapter,	is	another
form	 of	minimally	 invasive	 surgery	 garnering	 increased	 attention.	Although	 a	 purely	 transluminal	 approach	 to
colorectal	 resection	 remains	 experimental	 at	 this	 point,	 there	 is	 a	 growing	 body	 of	 literature	 to	 support	 the
feasibility	 and	 potential	 benefit	 of	 transvaginal	 or	 transrectal	 specimen	 extraction.	Others	 have	 now	 taken	 this
technique	 a	 step	 further	 describing	 transanal	 NOTES	 TME	 proctectomy	 with	 either	 laparoscopic	 or	 robotic
assistance.	Although	technically	challenging	with	a	potentially	steep	learning	curve	for	many,	this	approach	may
offer	significant	advantages	in	visualization	and	dissection	of	the	distal	mesorectum,	which	could	have	important
functional	and	oncologic	implications.	In	one	of	the	earliest	reports,	an	average	of	15.9	LNs	were	retrieved	by	this
method	and	the	mesorectal	fascia	was	intact	with	negative	CRM	in	all	cases.	Fernandez-Hevia	et	al.107	found	that
transanal	 TME	 was	 associated	 with	 shorter	 surgical	 time	 and	 a	 lower	 early	 readmission	 rate	 compared	 to
laparoscopy.	Short-term	oncologic	results	also	appear	promising	with	no	local	recurrence	at	a	mean	23	months	of
follow-up	 in	one	 series	of	26	patients,	 and	no	evidence	of	disease	 in	a	pilot	 study	of	 robotic-assisted	 transanal
proctectomy	at	3	months.

Since	these	early	reports,	data	has	continued	to	accumulate	on	the	safety,	feasibility,	and	oncologic	equivalence
of	 transanal	 TME	 to	 laparoscopic	 resection	 in	 the	 form	 of	 large	 case	 series,	 case-matched	 cohorts,	 systematic
reviews,	and	most	recently	the	Bordeaux	trial,	which	is	the	first	to	report	long-term	and	functional	outcomes.	In
this	study,	100	patients	with	low	rectal	cancer	were	randomized	to	transanal	versus	laparoscopic	TME.	Previously
published	preliminary	results	demonstrated	a	short-term	oncologic	advantage	from	the	transanal	technique	with	a
significant	 reduction	 in	CRM	positivity	 (4%	versus	18%)	 and	R1	 resections	without	 any	difference	 in	 surgical
morbidity	or	rate	of	conversion	between	approaches.	A	follow-up	report	on	functional	outcomes	described	a	trend
toward	better	erectile	function	with	a	significantly	higher	rate	of	sexual	activity	in	patients	undergoing	transanal
TME	(71%	versus	39%).	There	were	no	differences	in	overall	bowel	or	urologic	function	between	the	two	groups.
Most	recently,	the	authors	have	published	long-term	results	with	a	median	follow-up	of	5	years.	Despite	the	short-
term	functional	and	oncologic	benefits,	transanal	TME	did	not	achieve	any	improvement	in	local	recurrence	rates
compared	to	conventional	 laparoscopy	(3%	versus	5%,	P	=	 .3)	or	5-year	DFS	(72%	versus	74%,	P	=	 .35).	The
findings	 were	 limited	 by	 small	 sample	 size	 and	 the	 fact	 that	 not	 all	 patients	 completed	 5-year	 follow-up.	 In
addition,	the	study	was	not	powered	to	assess	for	local	recurrence.	As	of	now,	the	indications	for	transanal	TME
remain	 undefined	 and	many	 authors	 suggest	 that	 until	 formal	 training	 programs	 are	 established,	 this	 technique
should	be	 reserved	 for	 surgeons	and	centers	with	expertise	 in	advanced	 transanal	platforms	such	as	TEMS	and
transanal	 minimally	 invasive	 surgery.	 In	 the	 meantime,	 a	 prospective	 registry	 has	 been	 set	 up	 in	 the	 United
Kingdom,	and	larger	randomized	controlled	trials	are	now	actively	enrolling,	including	the	GRECCAR	11	trial	in
France	and	COLOR	III,	an	international	multicenter,	superiority	randomized	controlled	trial,	which	will	hopefully
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provide	more	definitive	answers	regarding	this	latest,	ambitious	approach	to	rectal	cancer	surgery.

Lateral	Lymph	Node	Dissection
A	longstanding	source	of	controversy	 in	 rectal	cancer	management	 revolves	around	 the	 treatment	of	 the	 lateral
LNs.	The	reader	is	referred	to	two	recent	reviews	that	provide	detailed	discussion	of	this	topic	including	historical
context,	 previous	 data,	 and	 outstanding	 questions.	 It	 has	 been	 well	 demonstrated	 that	 although	 the	 lymphatic
spread	of	proximal	rectal	tumors	is	predominantly	confined	to	the	mesorectum,	and	hence	surgically	extirpated	by
TME,	drainage	of	 the	distal	 rectum	often	occurs	 in	 two	directions—not	only	medially	 into	 the	mesorectum	but
also	 laterally	 into	 the	 internal	 iliac	 vessels	 in	 as	many	 as	 44%	 of	 cases.	 Correspondingly,	 rates	 of	 lateral	 LN
metastases	 have	 been	 reported	 as	 high	 as	 29%.	 In	 Japan,	 it	 has	 been	 standard	 practice	 to	 perform	 lateral	 LN
dissection	 (LLND)	 together	 with	 mesorectal	 excision	 for	 advanced	 distal	 tumors	 since	 the	 1980s	 when	 this
technique	was	 shown	 to	markedly	 improve	 oncologic	 outcomes.	 In	North	America	 and	 Europe,	 however,	 this
practice	has	largely	been	abandoned	in	favor	of	the	multidisciplinary	approach	with	preoperative	chemoradiation
followed	by	TME,	which	arguably	produces	a	similar	advantage	in	local	control,	although	there	has	been	no	head-
to-head	comparison,	and	neither	has	shown	direct	survival	benefit.	The	rationale	for	this	choice	is	multifold.

First,	the	evidence	in	support	of	chemoradiation,	as	discussed	later	in	the	chapter,	is	far	more	robust	than	the
assortment	of	data	currently	available	on	LLND.	Second,	lateral	lymphadenectomy	as	originally	introduced	in	the
1970s	was	associated	with	severe	functional	morbidity,	including	urinary	dysfunction	in	30%	to	70%	of	patients
and	 sexual	 sequelae	 in	 nearly	 all.	 Substantial	 technical	 modifications	 since	 then,	 however,	 involving	 the
meticulous	 preservation	 of	 pelvic	 autonomic	 nerves,	 have	 translated	 into	 dramatically	 improved	 functional
outcomes	that	might	even	surpass	results	of	chemoradiation	once	the	long-term,	late	adverse	effects	of	the	latter
treatment	are	fully	accounted	for.

The	Japan	Clinical	Oncology	Group	(JCOG)	0212	trial,	a	multicenter	randomized	noninferiority	study	of	TME
compared	 to	TME	plus	LLND,	 recently	 published	 primary	 outcome	 data	 that	 not	 only	 directly	 addresses	 both
matters	but	also	raises	 further	questions.	Whereas	LLND	was	associated	with	 longer	operative	 times	and	blood
loss	in	the	701	enrolled	participants,	functional	impact	was	minimal	and	5-year	OS	was	not	statistically	different
between	the	two	groups	(90.2%	versus	92.6%).	However,	TME	alone	was	associated	with	a	nearly	double	local
recurrence	rate	compared	to	TME	with	LLND	(12.6%	versus	7.4%,	P	=	.024).	Interestingly,	these	rates	are	quite
similar	 to	 those	 reported	 in	 the	Dutch	 TME	 trial	 for	 the	 TME	 alone	 arm	 (12%)	 versus	 the	 arm	 that	 received
preoperative	 radiation	 (6%).	 As	 none	 of	 the	 patients	 enrolled	 in	 JCOG	 0212	 received	 neoadjuvant	 therapy,	 it
would	seem	that	LLND	merely	affords	the	same	oncologic	benefits	and	no	additional	advantage	over	what	is	now
the	standard	of	care	outside	of	Japan	and	Asia.	A	direct	comparison	between	TME	with	LLND	and	TME	with
neoadjuvant	therapy	is	necessary	at	this	juncture	in	order	to	most	accurately	determine	the	best	approach	to	these
tumors.

Another	 reason	 Western	 centers	 have	 avoided	 this	 procedure	 is	 the	 notion	 that	 lateral	 LN	 involvement
represents	 disseminated,	 metastatic	 disease.	 However,	 this	 too	 is	 not	 well	 substantiated,	 and	 even	 the	 AJCC
defines	nodes	confined	to	the	internal	iliac	vessels	as	regional	disease.	Akiyoshi	et	al.108	investigated	this	matter
further,	 reporting	 on	 the	 prognostic	 implications	 of	 both	 internal	 iliac	 spread	 as	well	 as	more	 extensive	 lateral
node	involvement.	In	the	largest	study	of	its	kind,	including	11,567	patients,	the	authors	demonstrated	that	when
LN	 metastases	 were	 isolated	 to	 the	 internal	 iliac	 area,	 survival	 was	 comparable	 to	 N2a,	 supporting	 AJCC
classification	as	regional	disease.	Moreover,	LN	involvement	beyond	the	internal	iliacs,	although	associated	with
poorer	prognosis	(comparable	to	N2b)	still	did	not	confer	the	same	survival	disadvantage	as	distantly	metastatic,
stage	 IV	 disease.	 Therefore,	 the	 authors	 concluded,	 lateral	 LN	 metastases	 should	 all	 be	 regarded	 as	 regional
disease	 and	considered	 for	 curative	 resection.	Other	 concerns	 include	protocol	 for	preoperative	 assessment	 and
patient	selection	as	only	those	with	high	risk	of	lateral	spread	are	likely	to	benefit.	In	addition	to	identifying	distal,
locally	advanced	tumors	with	poor	histology,	MRI-based	assessment	of	lateral	LN	status	may	be	important,	as	one
recent	study	showed	a	high	negative	predictive	value	for	this	imaging	modality	and	no	advantage	of	LLND	when
nodes	were	 deemed	 benign.	 Finally,	 there	 is	 the	 question	 of	whether	 lateral	 lymphadenectomy	would	 be	most
beneficial	 as	 an	 adjunct	 rather	 than	 alternative	 to	 preoperative	 chemoradiation.	A	 recent	 study	 by	Akiyoshi	 et
al.109	supports	the	integration	of	this	procedure	into	a	multidisciplinary	protocol,	as	20%	of	patients	had	lateral	LN
involvement	even	after	neoadjuvant	treatment.	The	authors	suggest	that	a	combined	approach,	including	LLND	in
select	patients,	could	further	improve	outcomes	over	what	is	attainable	with	each	modality	alone.



Resection	of	Contiguous	Organs	and	Total	Pelvic	Exenteration
Although	aggressive	surgical	approaches	to	rectal	cancer	have	resulted	in	improvement	in	locoregional	recurrence
rates,	these	rates	can	still	be	as	high	as	33%.	Not	infrequently,	large	rectal	lesions	will	invade	through	the	wall	of
the	rectum	into	contiguous	structures	such	as	the	bladder,	prostate,	vagina,	and	uterus.	Carefully	selected	patients
with	recurrent	or	locally	advanced	rectal	cancers	may	benefit	from	an	aggressive	approach	such	as	a	total	pelvic
exenteration.	Local	 recurrences	 remain	 localized	 to	 the	pelvis	 in	a	 significant	number	of	patients,	with	autopsy
studies	demonstrating	the	incidence	of	pelvic	recurrence	to	be	as	high	as	50%.110

Recurrences	 in	 the	pelvis	 can	 result	 in	 significant	morbidity	 such	as	 tenesmus,	pain,	 bowel	obstruction,	 and
fistula.	Although	some	of	these	can	be	ameliorated	with	radiation,	these	problems	are	best	managed	by	preventing
their	 occurrence.	 Although	 the	 impact	 of	 total	 pelvic	 exenteration	 on	 survival	 has	 been	 debated,	 the	 potential
benefits	on	controlling	locoregional	disease	and	preventing	morbidity	keeps	this	technique	as	one	of	the	tools	in
the	surgeon’s	armamentarium	when	approaching	large	rectal	lesions.

Existing	literature	on	multivisceral	resection	of	both	primary	and	recurrent	tumors	has	been	recently	evaluated
in	 a	 systematic	 review	 of	 22	 studies	 comprising	 1,575	 patients.	 The	 authors	 reported	 a	 4.2%	 perioperative
mortality	rate	with	morbidity	of	42.5%.	The	5-year	OS	rate	was	50.3%	with,	not	surprisingly,	worse	outcomes	in
patients	with	recurrent	compared	to	primary	disease	(19.5%	versus	52.8%).	R0	resection	was	achieved	in	79.5%
of	cases	and,	also	not	surprisingly,	was	the	strongest	factor	associated	with	long-term	survival.111	Another	review
focusing	only	on	locally	recurrent	tumors	reported	R0	resection	rates	from	30%	to	45%	and	5-year	global	survival
ranging	 from	30%	 to	40%,	with	 authors	 stressing	 the	 importance	of	 careful	 patient	 selection.112	To	 this	 end,	 a
panel	 of	 36	 colorectal	 surgeons	 were	 recently	 recruited	 to	 establish	 a	 scoring	 system	 for	 determining	 patient
suitability	 for	 pelvic	 exenteration.	 A	 comprehensive	 list	 of	 clinicopathologic	 and	 radiographic	 criteria	 were
considered	 and	 ranked	 by	 importance	 and	 utility	 in	 predicting	 negative	 resection	margin.	 The	 authors	 hope	 to
apply	this	quantitatively	toward	improving	outcomes	for	this	highly	invasive	and	morbid	intervention.113

For	 symptomatic	 tumors	 that	 are	 not	 resectable,	 other	 palliative	 options	 to	 consider	 include	 debulking	 and
ablation.	 Ripley	 et	 al.114	 reported	 some	 benefit	 associated	 with	 sequential	 open	 radiofrequency	 ablation	 and
surgical	debulking	in	16	patients,	achieving	a	median	survival	of	12	months,	with	OS	24%	at	36	months,	and	3
patients	 remaining	with	 no	 evidence	 of	 disease	 at	 9,	 48,	 and	 84	months.	 There	were	 four	 cases	 of	 significant
postoperative	morbidity,	however,	and	variable	levels	of	symptom	relief.114	Pusceddu	et	al.115	reported	far	better
palliation	with	CT-guided	 radiofrequency	 ablation	 in	 12	 patients	with	 painful	 pelvic	 recurrence.	At	 the	 end	 of
follow-up	(23	±	23	months),	92%	of	patients	were	symptom	free,	with	a	16%	treatment-related	morbidity	 (one
rectovesical	fistula	and	one	rectal	abscess).115	Finally,	transrectal	high-intensity	focused	ultrasonography	has	now
been	described	in	the	palliative	treatment	of	rectal	cancer.	As	the	only	completely	noninvasive	thermal	therapy,	it
can	 be	 delivered	 by	 either	 an	 intracavitary	 or	 extracorporeal	 device,	 causing	 focal	 ablation	 via	 coagulative
necrosis.	In	the	first	case	report,	it	was	well	tolerated	and	led	to	immediate	symptom	relief.116

Combined	Modality	Therapy	(Stage	II	and	III)
The	use	of	adjuvant	radiation	therapy	is	based	on	the	substantial	 incidence	of	 locoregional	failure	with	surgical
therapy	 alone.	 Older	 studies	 demonstrate	 local	 failure	 rates	 of	 up	 to	 50%	 in	 patients	 with	 T3	 to	 T4	 or	 node-
positive	disease	(Table	63.1).117–123	The	locoregional	recurrence	rates	in	these	studies	are	in	the	range	of	25%	to
50%	for	patients	with	T3	to	T4	and/or	node-positive	disease	and	is	a	dominant	pattern	of	failure,	although	distant
recurrence	is	also	of	great	importance.	Local	failure	is	related	not	only	to	the	stage	of	the	disease	but	also	to	the
location	of	the	tumor	in	the	rectum	(tumors	located	low	in	the	rectum	have	a	higher	incidence	of	local	failure)	and
the	experience	and	ability	of	 the	surgeon.	However,	 the	relevance	of	 these	older	 local	 recurrence	data	has	been
brought	into	question	with	the	advent	of	the	use	of	TME,	as	previously	described.	It	is	important	to	realize	that	the
data	on	local	recurrence	after	primary	surgical	resection	come	from	selected	series	with	operations	performed	by
experienced	 surgeons	 who	 have	 been	 specially	 trained	 in	 TME	 and	 may	 not	 be	 relevant	 to	 the	 operations
performed	by	general	surgeons	who	perform	the	operation	only	occasionally	and	who	are	not	specially	trained.

TABLE	63.1
Results	of	Dutch	Total	Mesorectal	Excision	Trial

Preoperative	Radiotherapy	(5	Gy	×	5)	+	Total	Mesorectal Total	Mesorectal	Excision
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Technique Excision Alone
Percentage	of	Patients
Stage	0	or	I 	 30

Local	failure	(2	y) 2.4 8.2

Local	failure	(4	y) 3 10

Local	Failure	(Distance	from	Anal	Verge)
0–5	cm 5.8 10

5–10	cm 1 10.1

10–15	cm 1.3 3.8

Stage	III	(4-y	estimate) 	 20
From	 Kapiteijn	 E,	 Marijnen	 CA,	 Nagtegaal	 ID,	 et	 al.	 Preoperative	 radiotherapy	 combined	 with	 total	 mesorectal	 excision	 for
resectable	rectal	cancer.	N	Engl	J	Med	2001;345(9):638–646,	with	permission.

Although	initial	studies	reported	locoregional	failure	rates	of	<5%	after	TME	without	the	use	of	any	adjuvant
therapy,81,83,124–126	 there	 was	 concern	 that	 these	 excellent	 results	 could	 not	 be	 replicated	 in	 larger	 population-
based	 studies.	A	number	of	European	countries	or	 regions	have	 shown	 that	 the	overall	 locoregional	 recurrence
risks	could	be	decreased	by	 limiting	 the	 surgeons	who	were	authorized	 to	perform	 rectal	 surgery	 to	 those	who
were	trained	and	certified	in	the	procedure	and	by	having	educational	sessions	for	those	who	were	performing	the
surgery.5	This	raised	the	question,	what	 is	 the	true	rate	of	 local	failure	after	TME	to	help	define	which	patients
really	require	adjuvant	therapy?

The	most	 important	analysis	on	 local	 recurrence	 rates	with	TME	are	 the	data	 from	the	Dutch	TME	study	 in
which	patients	were	randomized	to	receive	either	TME	alone	or	a	short	course	of	preoperative	radiation	therapy
followed	by	TME.83	All	patients	with	rectal	cancer	were	eligible,	including	those	with	early-stage	disease.	Special
attempts	were	made	 to	have	good	surgical	and	pathology	quality	control.	The	early	 results	 (2	years)	 relating	 to
local	tumor	recurrence	have	been	reported	and	are	summarized	in	Table	63.2.	The	study	demonstrates	that	there
are	 subsets	 of	 patients	 in	 whom	 TME	 alone	 is	 likely	 sufficient	 for	 obtaining	 good	 pelvic	 control,	 including
patients	with	high	rectal	tumors	(some	of	these	may	have	been	sigmoid	cancers,	rather	than	rectal)	and	low-stage
tumors	(T1	to	T2	N0).	On	the	other	hand,	low-lying	rectal	tumors	that	are	moderately	advanced	(T3	to	T4	and/or
node	positive)	had	a	higher	 incidence	of	 locoregional	 failure.	Local	 failure	after	TME	alone	was	15%	in	node-
positive	 patients	 at	 2	 years,	 not	 corrected	 for	 site	 of	 the	 primary,	 and	 longer	 term	 follow-up	will	 undoubtedly
demonstrate	higher	local	failure	rates.	In	addition,	as	these	results	were	obtained	in	a	controlled	setting,	one	would
likely	 not	 obtain	 similarly	 good	 results	 when	 surgery	 is	 done	 with	 less	 careful	 quality	 control.	 There	 was	 a
consistent	 decrease	 in	 local	 failure	 rate	 by	 the	 addition	 of	 preoperative	 radiation	 therapy,	 but	 the	 absolute
magnitude	 of	 the	 effect	 varied	 by	 the	 tumor	 characteristics	 previously	 discussed.	 Long-term	 results	 from	 the
Dutch	TME	study	have	now	been	published	demonstrating	a	stable,	persistent	>50%	reduction	in	recurrence	risk
for	 the	 radiotherapy	 group	 after	 a	median	 follow-up	 of	 12	 years.	 For	 patients	 with	 a	 negative	 circumferential
margin,	 the	 benefit	 was	 even	 greater,	 with	 the	 10-year	 cumulative	 incidence	 of	 local	 recurrence	 3%	 after
radiotherapy	versus	9%	after	surgery	alone	(P	<	.0001)	and	the	incidence	of	distant	recurrence	19%	versus	24%
(P	=	.06).	In	addition,	the	incidence	of	cancer-specific	death	at	10	years	was	17%	for	the	irradiated	group	versus
22%	for	surgery	alone	(P	=	.04).	OS	rates,	however,	were	equivalent.127

A	trial	similar	 to	the	Dutch	TME	study	was	recently	reported.	This	phase	III	 trial	randomized	1,350	patients
with	operable	adenocarcinoma	of	the	rectum	to	short-course	preoperative	radiotherapy	(25	Gy	in	5	fractions;	n	=
674)	or	to	initial	surgery	with	selective	postoperative	CRT	(45	Gy	in	25	fractions	with	concurrent	5-fluorouracil
[5-FU])	restricted	to	patients	CRM	involvement	(n	=	676).	The	primary	outcome	measure	was	local	recurrence.	At
the	 time	 of	 analysis,	 330	 patients	 had	 died	 (157	 preoperative	 radiotherapy	 group	 versus	 173	 selective
postoperative	CRT),	 and	median	 follow-up	of	 surviving	patients	was	4	years.	A	 total	 of	99	patients	developed
local	recurrence	(27	preoperative	radiotherapy	versus	72	selective	postoperative	CRT).	A	reduction	was	noted	of
61%	in	the	RR	of	local	recurrence	for	patients	receiving	preoperative	radiotherapy	(hazard	ratio	[HR],	0.39;	95%
confidence	interval	[CI],	0.27	to	0.58;	P	<	.0001)	and	an	absolute	difference	at	3	years	of	6.2%	(4.4%	preoperative
radiotherapy	versus	10.6%	selective	postoperative	CRT;	95%	CI,	5.3	to	7.1).	A	relative	improvement	in	DFS	of
24%	for	patients	receiving	preoperative	radiotherapy	(HR,	0.76;	95%	CI,	0.62	to	0.94;	P	=	.013)	and	an	absolute
difference	at	3	years	of	6.0%	(77.5%	versus	71.5%;	95%	CI,	5.3	to	6.8)	was	observed.	OS	did	not	differ	between
the	groups	(HR,	0.91;	95%	CI,	0.73	to	1.13;	P	=	.40).	These	findings	provide	further	evidence	that	short-course
preoperative	radiotherapy	is	an	effective	treatment	for	patients	with	operable	rectal	cancer.128



TABLE	63.2
Local	Failure	of	Rectal	Cancer	Surgery	Alone	(Local	Failure	Rate	Percentage/Number	of
Patients	in	Cohort)

Analysis

Gunderson
and	Sosin120 Rich	et	al.122

Minsky	et
al.221

Martling	et
al.123

Mendenhall
et	al.117

Pilipshen	et
al.119

Bonadeo	et
al.241

Reoperation
(Crude)

Clinical
Exam	+
Surgery
(Crude)

First	Failure
—Clinical
Exam	+
Surgery	(5-y
Actuarial)

Total	Local
Recurrence

Total	Local
Recurrence
—5-y	Follow-
up	Clinical

First	Failure
—Clinical

Total	Local
Recurrence
—Clinicala

T1	N0 	 8%/39 11%/11 9%/78 0%/6 0%/5 3%/103

T2	N0 	 	 3%/36 	 38%/16 14%/128 	

T3	N0 67%/6 24%/42 23%/60 34%/80 40%/30 30%/111 4%/181

T4	N0 	 53%/15 11%/9 	 	 	 	

T1–2	N+ 24%/17 50%/4 14%/11 37%/93 71%/17 22%/49 24%/133

T3	N+ 83%/40 47%/34 25%/31 	 65%/17 49%/89 	

T4	N+ 	 67%/6 22%/10 	 	 	 	

Total 64%/75 30%/142 15%/168 27%/251 46%/90 	 	
aLocal	recurrence	highly	dependent	on	site	in	rectum—18%	overall	for	tumors	≤7	cm	from	anal	verge.

TABLE	63.3
Local	Control	and	Survival	with	and	without	Radiotherapy—Preoperatively,	Postoperatively,
and	with	or	without	Chemotherapy

Study/Institutiona	(Ref.) No.	of	Patients
Local	Failure
(%)

Disease-Free
Survival	(%)

Survival	(5	y)
(%)

NSABP	RO-1132	Surg/Surg	+	RT	(postoperative
RT) 184/187 25/16 No	difference No	difference

NSABP	RO-2133	Surg	+	chemo/Surg	+	chemo	+
RT	(postoperative	RT) 348/346 13/8 	 	

GITSG130	Surg/Surg	+	RT/Surg	+	chemo	+	RT
(postoperative	RT) 58/50/46 25/20/10 44/50/65 26/33/45

Swedish224	Surg/Surg	+	RT	(preoperative	RT) 	 27/11 	 48/58

Stockholm	II123	Surg/Surg	+	RT	(preoperative	RT) 	
34/16	Stage	II
37/21	Stage	II 	 	

MRC135	Surg/Surg	+	RT	(postoperative	RT) 235/234 34/21 	 38/41
aRandomized	studies	in	either	all	patients	or	patients	with	stage	II	and	III	disease.
NSABP,	National	 Surgical	 Adjuvant	 Breast	 and	 Bowel	 Project;	 Surg,	 surgery;	 RT,	 radiotherapy;	 chemo,	 chemotherapy;	GITSG,
Gastrointestinal	Study	Group;	MRC,	Medical	Research	Council.

The	data	are	excellent	that	radiation	therapy,	especially	when	combined	with	chemotherapy,	can	decrease	the
local	failure	rate.	This	is	shown	by	a	Swedish	study	of	preoperative	radiation	therapy	compared	with	surgery,129
the	Dutch	TME	trial	in	the	preoperative	setting,82	and	by	multiple	studies	in	the	postoperative	setting.130–135	There
are	also	excellent	data	to	show	that	locoregional	failure	is	decreased	by	the	use	of	radiation	therapy	and	is	further
decreased	 by	 the	 use	 of	 concurrent	 5-FU–based	 chemotherapy	 (Table	 63.3).130,131,136	 Most	 studies	 have
demonstrated	that	local	failure	decreases	by	about	50%	with	the	use	of	adjuvant	radiation	therapy,	with	a	greater
effect	when	concurrent	5-FU	is	used	with	irradiation.	This	appears	to	provide	a	strong	justification	for	the	use	of
adjuvant	 radiation	 therapy.	What	 is	 less	 clear	 is	 whether	 trimodality	 therapy	 with	 radiation	 therapy	 improves
survival,	 if	 CRT	 should	 be	 given	 preoperatively	 or	 postoperatively,	 and	 precisely	 which	 patients	 should	 be
irradiated.	To	that	effect,	Schrag	et	al.137	 investigated	the	use	of	a	neoadjuvant	chemotherapy	utilizing	a	5-FU–
leucovorin-oxaliplatin	(FOLFOX)-based	regimen,	with	selective	use	of	CRT	only	in	those	patients	who	had	failed
to	 demonstrate	 tumor	 improvement	 on	 neoadjuvant	 chemotherapy.	Of	 the	 30	 patients	 treated	without	 radiation
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therapy	in	this	small	pilot	trial,	none	experienced	local	recurrence	with	a	minimum	follow-up	of	4	years.137	A	total
of	3	patients	experienced	distant	failure,	all	in	the	lungs.	This	interesting	pilot	trial	has	led	to	the	current	phase	III
cooperative	 group	 trial	 comparing	 this	 approach	 of	 neoadjuvant	 chemotherapy	 plus	 selective	 use	 of	 radiation
versus	 standard	 neoadjuvant	CRT.	Pending	 any	 new	 information	 from	 this	 randomized	 trial,	 neoadjuvant	CRT
remains	appropriate	standard	practice.

DOES	ADJUVANT	RADIATION	THERAPY	IMPACT	SURVIVAL?
Although	there	have	been	multiple	randomized	trials	addressing	the	use	of	adjuvant	radiation	therapy	or	CRT,	and
although	 they	 consistently	 show	 an	 improvement	 in	 local	 control	with	 adjuvant	 radiation	 therapy,	 the	 survival
outcome	data	have	been	mixed.	In	the	past,	there	have	been	two	meta-analyses	performed.138,139	Table	63.4	shows
the	results	of	a	meta-analysis	by	Cammà	et	al.139	showing	a	decreased	local	recurrence	rate,	cancer	mortality	rate,
and	overall	mortality	 rate	with	 the	use	of	preoperative	 radiation	 therapy,	although	without	a	decrease	 in	distant
metastasis	rate.	The	Colorectal	Cancer	Collaborative	Group	study	(Table	63.5)	demonstrates	no	improvement	in
the	 likelihood	 of	 curative	 surgery	 with	 preoperative	 therapy	 or	 of	 OS	 with	 all	 types	 of	 radiation	 therapy
combined.138	 Preoperative	 radiation	 therapy,	 however,	 was	 shown	 to	 improve	 local	 control,	 DFS,	 and	 OS
compared	 with	 surgery	 alone,	 although	 deaths	 within	 the	 first	 year	 after	 surgery	 were	 higher	 after	 radiation
therapy.	 Local	 recurrence	 with	 preoperative	 radiation	 therapy	 was	 46%	 lower	 than	 surgery	 alone,	 and	 cancer
deaths	were	 decreased	 from	50%	 to	 45%.	Postoperative	 radiation	 therapy	was	 shown	 to	 improve	 local	 control
(although	 less	 than	preoperative	 therapy)	but	did	not	 impact	 long-term	survival.	Lending	substantial	strength	 to
the	 conclusion	 that	 there	was	 a	 true	 advantage	 to	 radiation	 therapy	 is	 the	 fact	 that	 there	was	 a	 dose	 response
demonstrated	for	the	radiation	effect	on	local	control	(i.e.,	better	control	was	obtained	with	higher	radiation	dose).
This	observation	strengthens	the	conclusion,	as	it	demonstrates	a	direct	correlation	between	the	amount	of	therapy
and	 outcome.	The	 data	 from	 this	 analysis	 are	 heavily	 influenced	 by	 the	 results	 of	 a	 single	 Swedish	 study	 that
showed	 a	 long-term	 survival	 advantage	 to	 the	 use	 of	 preoperative	 radiation	 therapy	 compared	 with	 surgery
alone.129	Thus,	 these	data	 show	 that	 improving	 local	control	with	 the	use	of	 radiation	 therapy	 (and	presumably
with	concurrent	CRT)	is	beneficial	and	that	trimodality	therapy,	especially	when	CRT	is	used	preoperatively,	can
improve	survival.

TABLE	63.4
Results	of	Meta-analysis:	Preoperative	Radiotherapy	versus	Surgery	Alone

Result Preoperative	Radiotherapy	versus	Surgery
Overall	5-y	mortality OR	=	0.84	(P	=	.03)
5-y	cancer	mortality OR	=	0.71	(P	<	.001)
5-y	local	recurrence OR	=	0.49	(P	<	.001)
5-y	distant	metastases OR	=	0.93	(P	=	.54)
OR,	overall	recovery.
From	 Cammà	 C,	 Giunta	 M,	 Fiorica	 F,	 et	 al.	 Preoperative	 radiotherapy	 for	 resectable	 rectal	 cancer:	 a	 meta-analysis.	 JAMA
2000;284(8):1008–1015,	with	permission.

TABLE	63.5
Colorectal	Cancer	Collaborative	Group	2001	Adjuvant	Radiation	Therapy	in	Rectal	Cancer

	 Preoperative	RT	versus	Surgery Postoperative	RT	versus	Surgery
Yearly	risk	of	local	recurrence 46%	decrease	with	RT 37%	decrease	with	RT

Death	rate 5%	less	than	with	surgery No	difference	from	surgery
RT,	radiotherapy.
From	Colorectal	Cancer	Collaborative	Group.	Adjuvant	radiotherapy	for	rectal	cancer:	a	systematic	overview	of	8,507	patients	from
22	randomised	trials.	Lancet	2001;358(9290):1291–1304,	with	permission.



PREOPERATIVE	RADIATION	THERAPY
The	second	 issue	of	 importance	 is	whether	adjuvant	 therapy	should	be	given	preoperatively	or	postoperatively,
and	the	exact	timing	of	the	chemotherapy.	Current	data	clearly	favor	the	preoperative	approach.

Perhaps,	 the	 most	 important	 study	 addressing	 the	 issue	 of	 pre-	 versus	 postoperative	 adjuvant	 therapy	 is	 a
German	 trial	 of	 preoperative	 versus	 postoperative	 chemoradiation	 with	 radiation	 therapy	 given	 at	 1.8	 Gy	 per
fraction	and	using	continuous-infusion	5-FU	chemotherapy	as	a	120-hour	 infusion,	 for	which	results	have	been
reported	 by	 Sauer	 et	 al.140	 This	 study	 demonstrates	 an	 advantage	 in	 sphincter	 preservation	 with	 the	 use	 of
preoperative	 therapy.	Of	 the	 patients	 thought	 to	 need	 an	APR	at	 initial	 assessment,	 only	 19%	had	 a	 sphincter-
preserving	 surgery	 when	 operation	 was	 done	 immediately	 versus	 39%	 after	 preoperative	 radiation	 therapy,
although	 there	was	no	difference	 in	 the	overall	 sphincter	preservation	 rate.	There	was	 a	 statistically	 significant
decrease	in	local	failure	with	preoperative	radiation	therapy	compared	to	postoperative	treatment	(6%	versus	13%,
P	=	 .006).	The	RR	of	 local	 failure	 in	 the	pre-	versus	postoperative	 treatment	group	was	0.46.	The	5-year	DFS
showed	 a	 small	 advantage	 to	 preoperative	 therapy	 (68%	 versus	 65%,	 P	 =	 .32),	 which	 was	 not	 statistically
significant.	There	was	a	decrease	in	late	anastomotic	strictures	with	preoperative	therapy,	and	acute	toxicity	was
also	decreased	by	the	use	of	preoperative	radiation	and	chemotherapy,	both	statistically	significant.	This	provides
strong	 evidence	of	 the	 superiority	 of	 preoperative	 adjuvant	 treatment	 in	 patients	 in	whom	 it	 is	 determined	 that
adjuvant	therapy	is	needed.	Eleven-year	follow-up	data	for	this	study	have	just	been	published,	demonstrating	a
persistently	significant	 improvement	 in	 local	control	 for	pre-	versus	postoperative	chemoradiation	(local	 relapse
rates,	7.1%	versus	10.1%;	P	=	.48).	However,	there	was	still	no	effect	on	OS	or	distant	metastases,	highlighting
the	need	for	more	effective	systemic	therapy	than	just	5-FU–based	regimens.141

Similar	to	the	goals	of	the	German	trial,	the	National	Surgical	Adjuvant	Breast	and	Bowel	Project	(NSABP)	R-
03	 trial	 compared	 neoadjuvant	 versus	 adjuvant	 CRT	 in	 the	 treatment	 of	 locally	 advanced	 rectal	 carcinoma.
Patients	 with	 clinical	 T3	 or	 T4	 or	 node-positive	 rectal	 cancer	 were	 randomly	 assigned	 to	 preoperative	 or
postoperative	 CRT.	 In	 the	 preoperative	 group,	 surgery	 was	 performed	 within	 8	 weeks	 after	 completion	 of
radiotherapy.	 In	 the	 postoperative	 group,	 chemotherapy	 began	 after	 recovery	 from	 surgery	 but	 no	 later	 than	 4
weeks	after	surgery.	The	primary	end	points	were	DFS	and	OS.	A	total	of	267	patients	were	randomly	assigned	to
NSABP	R-03.	The	intended	sample	size	was	900	patients.	Excluding	11	ineligible	and	2	eligible	patients	without
follow-up	data,	the	analysis	used	data	on	123	patients	randomly	assigned	to	preoperative	and	131	to	postoperative
CRT.	Surviving	patients	were	observed	for	a	median	of	8.4	years.	The	5-year	DFS	for	preoperative	patients	was
64.7%	versus	53.4%	for	postoperative	patients	 (P	=	 .011).	The	5-year	OS	 for	preoperative	patients	was	74.5%
versus	 65.6%	 for	 postoperative	 patients	 (P	 =	 .065).	A	 pCR	was	 achieved	 in	 15%	of	 preoperative	 patients.	No
preoperative	 patient	 with	 a	 pCR	 has	 had	 a	 recurrence.	 The	 investigators	 concluded	 that	 preoperative	 CRT,
compared	with	postoperative	CRT,	significantly	improved	DFS	and	showed	a	trend	toward	improved	OS.142

In	 addition	 to	 improving	 survival,	 another	 reason	 for	 using	 preoperative	CRT	 is	 to	 increase	 the	 chance	 for
sphincter	 preservation	 for	 patients	with	 low-lying	 tumors	 of	 the	 rectum,	where	 an	 abdominoperineal	 resection
would	be	conventionally	used.	The	NSABP	R-03	trial	was	able	to	obtain	worthwhile	information	regarding	this
issue.	When	 a	 patient	was	 first	 seen,	 the	 surgeon	was	 asked	 (for	 both	 preoperative	 and	 postoperative	 patients)
what	 operation	 was	 needed.	 In	 the	 patients	 randomized	 to	 postoperative	 radiation	 therapy	 (i.e.,	 immediate
surgery),	 the	 determination	 in	 the	 office	 corresponded	 extremely	 well	 to	 the	 operation	 actually	 performed.
However,	 in	 the	patients	who	received	preoperative	radiation	therapy,	sphincter-preserving	surgery	was	done	in
50%	of	patients	compared	with	33%	of	those	who	had	initial	surgery.143	However,	the	data	have	been	inconsistent
overall	in	demonstrating	an	advantage	to	preoperative	therapy	in	terms	of	sphincter	preservation.	The	analyses	are
complicated	because	the	decision	as	to	whether	sphincter-preserving	surgery	should	be	done	is	heavily	dependent
on	the	biases	of	the	surgeon.	If	the	surgeon	believes	that	the	same	operation	should	be	done	regardless	of	tumor
regression,	then	clearly	the	same	surgery	will	be	done.	There	are	some	surgeons	who	will	do	sphincter-preserving
operations	after	preoperative	irradiation,	when	they	would	not	have	done	so	if	the	surgery	had	been	done	first.

If	 one	 is	 using	 preoperative	 radiotherapy	 to	 try	 to	 improve	 the	 likelihood	 of	 sphincter	 preservation,	 the
radiation	must	be	given	in	such	a	way	as	to	maximize	the	likelihood	of	this	occurring.	Specifically,	a	“standard”
long	course	of	irradiation	to	a	dose	of	approximately	50	Gy	at	18	to	20	Gy	per	fraction	over	5	to	5.5	weeks	(as
given	in	the	German	trial	mentioned	previously)	has	been	thought	by	most	U.S.	investigators	to	be	optimal.	The
short-course	therapy	with	immediate	surgery	(typically	25	Gy	for	5	fractions	given	over	1	week),	as	often	used	in
Europe,	 followed	by	 immediate	 surgery	 is	not	 likely	 to	produce	enough	 tumor	shrinkage	 to	allow	for	 sphincter
preservation	in	patients	with	very	low-lying	tumors.	Bujko	et	al.144	have	published	data	that	suggest	that	the	short
course	 is	 as	 effective	 in	 producing	 local	 control	 as	 the	 longer	 course	 of	 therapy.	A	 total	 of	 312	 patients	were
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randomized	 to	either	25	Gy	 in	5	 fractions	 followed	by	 surgery	within	1	week,	or	50.4	Gy	 in	28	 fractions	with
concurrent	bolus	5-FU	and	leucovorin	and	surgery	4	to	6	weeks	later.	DFS	was,	respectively	(short-	versus	long-
course	 therapy),	 58.4%	 versus	 55.6%;	 local	 recurrence,	 9%	 versus	 14.2%;	 severe	 late	 toxicity,	 10.1%	 versus
7.1%;	 and	 acute	 toxicity,	 3.2%	versus	 18.2%.	There	was	 no	 improvement	 in	 sphincter	 preservation	with	 long-
course	treatment.	Although	this	was	a	relatively	small	study,	it	provides	important	evidence	to	support	the	value	of
short-course	 preoperative	 therapy.	 A	 second	 randomized	 trial	 from	 the	 Australian	 Intergroup	 randomized	 326
patients	with	T3	rectal	cancer	within	12	cm	of	the	anal	verge	to	short-course	radiotherapy	(25	Gy	in	5	fractions)	or
CRT	 (50.4	Gy	with	 continuous	 infusion	 5-FU).	 Both	 arms	 received	 adjuvant	 chemotherapy.	 The	 primary	 end
point,	locoregional	recurrence	at	3	years,	was	not	significantly	different	at	7.5%	for	short-course	radiotherapy	and
4.4%	for	CRT	with	no	difference	in	distant	recurrence	rates	or	OS.	At	median	follow-up	of	6	years,	there	were	no
differences	in	late	toxicity	rates.145

The	 authors	 of	 this	 trial	 have	 just	 published	 additional	 data	 regarding	 acute	 toxicities	 and	 surgical
complications,	which	present	a	somewhat	mixed	picture	of	the	two	options.	Long-course	therapy	was	associated
with	significantly	higher	acute	toxicity	and	a	trend	toward	increased	perineal	wound	complications,	although	this
did	 not	 affect	 treatment	 compliance	 or	 postoperative	morbidity	 overall.	On	 the	 other	 hand,	 rates	 of	 permanent
stoma	and	 anastomotic	 breakdown	were	higher	 in	 the	 short-course	group	 (38%	versus	29.8%	and	7.1%	versus
3.5%,	respectively;	P	=	NS).	There	was	no	difference	between	the	two	arms	in	health-related	quality	of	life	at	12
months.

Both	the	Polish	and	Australian	Intergroup	trials	were	relatively	small	and	not	powered	to	show	equivalence	of
long-course	CRT	and	short-course	radiotherapy.	Both	trials	have	relatively	short	follow-up	and,	as	 indicated	by
other	randomized	trials,	 locoregional	recurrence	continues	to	 increase	with	time.	In	addition,	 late	 toxicities	may
manifest	many	years	following	treatment.

Latkauskas	et	al.146	addressed	this	question	in	a	very	small	randomized	trial	of	115	patients	who	received	either
conventional	 chemoradiation	 (i.e.,	 long	 course)	 versus	 short-term	 radiotherapy	 followed	 by	 surgery	 at	 6	 to	 8
weeks.	 Although	 there	 were	 no	 statistically	 significant	 differences	 in	 pCR	 (11.1%	 versus	 4.4%),	 downstaging
(37.5%	versus	30.9%),	3-year	OS	(82.4%	versus	78%),	or	perioperative	morbidity,	3-year	DFS	was	better	in	the
CRT	arm	(75.1%	versus	59%,	P	=	.022),	possibly	suggesting	an	advantage	to	the	conventional	approach.

Another	 question	 is	 whether	 the	 time	 interval	 between	 radiation	 and	 surgery	 is	 more	 important	 than	 the
duration	of	 the	preoperative	 treatment	 itself.	A	 total	of	154	patients	 receiving	short-course	 radiation	underwent
immediate	 surgery	 (7-	 to	 10-day	 interval)	 or	 delayed	 surgery	 (4	 to	 5	 weeks)	 and	 demonstrated	 a	 higher
downstaging	 rate	 in	 the	 latter	 group	 (13%	 versus	 44.2%,	P	 =	 .0001).	 In	 addition,	 there	was	 reduced	 systemic
recurrence	 (2.8%	 versus	 12.3%,	 P	 =	 .035)	 and	 a	 trend	 toward	 improved	 5-year	 survival	 (73%	 versus	 63%).
Interestingly,	however,	delayed	surgery	was	not	associated	with	superior	locoregional	control	or	increased	rates	of
sphincter-	saving	procedures	and	curative	resections.147

The	Stockholm	III	 trial	was	 launched	 in	1998	 to	answer	 this	question	by	randomizing	840	patients	 to	short-
course	radiotherapy	followed	by	 immediate	or	delayed	surgery	(4	 to	8	weeks)	or	 long-course	radiotherapy	with
delayed	surgery.	No	chemotherapy	was	administered	to	any	of	the	three	arms.	Preliminary	results	were	reported	in
2015,	demonstrating	improved	pCR	and	downstaging	with	the	short-course	delayed	surgery	regimen.	Final	data
analysis,	 however,	 shows	 similar	 oncologic	 results	 between	 the	 three	 arms	 with	 the	 main	 advantage	 of	 short
course	with	delay	being	a	 significant	 reduction	 in	postoperative	complications	compared	 to	 immediate	 surgery.
Long-course	radiotherapy	was	an	acceptable	alternative	but	delays	treatment	time	substantially	and	was	associated
with	a	poorer	tumor	response	than	seen	in	other	studies	that	included	chemotherapy.	Based	on	these	and	previous
findings,	it	would	seem	that	both	long-course	radiation	(with	concurrent	chemotherapy)	and	short-course	radiation
with	delay	to	surgery	are	reasonable	options.

Some	clinicians	are	advocating	even	more	extended	 intervals	between	radiation	and	surgery.	A	recent	meta-
analysis	of	13	trials	and	3,584	patients	lends	further	support	for	delaying	surgery,	with	a	42%	higher	likelihood	of
achieving	pCR	and	trends	toward	improved	DFS	and	OS	with	intervals	>6	to	8	weeks.148	Although	many	of	these
studies	are	limited	by	small	size	and	retrospective	design,	investigators	on	the	GRECCAR-6	trial	hope	to	provide
more	 definitive	 guidelines	 by	 prospectively	 randomizing	 264	 patients	 to	 7-	 versus	 11-week	 intervals	 between
chemoradiation	 and	 surgery.	The	 primary	 aim	of	 this	 study	 is	 to	 evaluate	 impact	 on	 pCR,	with	 secondary	 end
points	including	OS	and	DFS	as	well	as	rate	of	sphincter	conservation	and	quality	of	TME.

Primary	 end	 point	 data	 have	 now	 been	 reported	 from	 the	 GRECCAR	 6	 trial	 indicating	 no	 benefit	 and
significant	drawbacks	to	a	longer	waiting	period	between	neoadjuvant	therapy	and	surgery.	The	rate	of	pCR	was
statistically	equivalent	between	the	7-week	and	the	11-week	groups	(15%	versus	17.4%,	P	=	NS).	However,	there
were	 increased	medical	 complications	with	 the	 longer	 interval	 (44.5%	versus	32%)	 and	 several	 indicators	 of	 a



technically	more	difficult	 rectal	 resection,	 including	 increased	pelvic	 fibrosis	 leading	 to	higher	conversion	 rates
and	longer	operative	time.	Most	importantly,	the	quality	of	the	mesorectal	dissection	was	significantly	worse	in
the	11-week	group	 (complete	mesorectum,	78.7%	versus	90%;	P	=	 .0156),	which	may	ultimately	 impact	 long-
term	oncologic	outcomes.

An	 alternative	 strategy	would	 be	 to	 customize	 the	 time	 interval	 between	neoadjuvant	 treatment	 and	 surgery
based	 on	 tumor	 response	 to	 chemoradiation.	 In	 a	 retrospective	 study	 of	 291	 patients,	 You	 et	 al.149	 compared
oncologic	outcomes	for	intervals	shorter	and	longer	than	7	weeks	across	subgroups	of	ypT0	to	ypT2	N0,	ypT3	to
ypT4	N0,	 and	ypT0	 to	ypT4	N+.	The	authors	 found	a	differential	prognostic	 impact	of	 the	 two	 time	 intervals,
which	was	 highly	 dependent	 on	 pathologic	 stage	 at	 the	 time	 of	 surgery.	 Although	 there	 was	 no	 difference	 in
survival	or	recurrence	for	the	complete	responders,	patients	with	ypT3	to	ypT4	N0	had	a	higher	local	recurrence
rate	in	the	long-interval	group,	and	patients	with	ypT0	to	ypT4	N+	experienced	lower	OS	and	DFS	compared	to
the	short-interval	group.	These	results	suggest	that	there	may	not	be	one	optimal	time	interval	that	would	be	best
for	all	but	rather	that	the	schedule	of	treatments	should	be	tailored	according	to	the	individual	tumor	and	patient.

Hall	 et	 al.150	 recently	 investigated	 the	 effect	 of	 increasing	 radiation	 dose	 on	 achieving	 pCR.	 In	 a
nonrandomized	 comparative	 analysis	 of	 3,298	 patients	 who	 received	 preoperative	 chemoradiation	with	 a	 dose
range	of	<45	to	54	Gy,	the	authors	found	that	pCR	rates	increased	sequentially	with	increasing	dose	(10.9%	for	45
Gy	to	18.8%	for	54	Gy).	In	addition,	patients	treated	with	higher	doses	were	less	likely	to	have	positive	CRM	and
more	 likely	 to	 have	 negative	 nodes	 at	 surgery	 and	 be	 downstaged	 from	 cT3	 to	 cT4	 or	 node-positive	 disease.
However,	there	were	no	differences	in	cause-specific	survival	or	OS.

To	better	evaluate	the	impact	of	preoperative	chemoradiation	on	long-term	functional	outcome,	Loos	et	al.151
performed	 a	 systematic	 review	 and	 meta-analysis	 of	 25	 studies	 and	 6,548	 patients,	 including	 six	 randomized
controlled	 trials	 and	 previously	 published	 data	 from	 the	 Dutch	 TME	 trial.	 Although	 there	 was	 substantial
heterogeneity	of	the	included	trials	and	low	methodologic	quality,	the	authors	suggest	that	preoperative	treatment
has	a	largely	negative	impact	on	long-term	anorectal	function	but	does	not	significantly	affect	sexual	or	urinary
performance	compared	 to	surgery	alone.	Without	better	designed	 trials,	however,	 that	 include	standardized	pre-
and	 postoperative	 assessment	 of	 these	 parameters	 as	 well	 as	 direct	 comparison	 to	 postoperative	 treatment,	 no
definitive	conclusions	can	be	drawn.151

As	the	retrospective	meta-analyses	have	generally	shown	better	tumor	control	locally	and	better	evidence	of	a
survival	 advantage	 secondary	 to	 preoperative	 irradiation,	many	 gastrointestinal	 oncologists	 prefer	 preoperative
CRT	 for	 the	 patient	who	 clearly	 requires	 adjuvant	 radiation	 therapy.	A	 reasonable	 strategy	 at	 present	 is	 to	 use
preoperative	CRT	for	patients	 in	whom	there	 is	 little	doubt	about	 the	advisability	of	adjuvant	 therapy	(T3	node
positive	or	T4	disease)	or	patients	with	low-lying	tumors	in	whom	an	APR	may	still	be	avoided	but	to	use	initial
surgery	for	other	patient	cohorts,	with	postoperative	CRT	used	based	on	the	operative	and	pathologic	findings.

Another	 issue	of	 importance	 is	 the	 timing	of	chemotherapy.	 It	has	been	assumed	by	many	 investigators	 that
concurrent	preoperative	chemoradiation	and	postoperative	adjuvant	chemotherapy	is	the	proper	way	of	delivering
treatment.	 A	 study	 by	 the	 European	Organization	 for	 Research	 and	 Treatment	 of	 Cancer	 (EORTC),	 however,
questions	these	assumptions.152	Patients	were	randomized	to	receive	either	preoperative	radiation	therapy	alone,
preoperative	 CRT,	 preoperative	 radiation	 therapy	 and	 postoperative	 chemotherapy,	 or	 preoperative	 CRT	 and
postoperative	 chemotherapy.	 Chemotherapy	 was	 bolus	 5-FU	 (350	 mg/m2/day	 for	 5	 days)	 and	 leucovorin	 (20
mg/m2	for	5	days)	with	two	cycles	given	with	radiation	therapy	and	four	cycles	postoperatively	for	the	appropriate
groups.	Local	recurrence	rates	were	roughly	similar	for	all	patients	receiving	chemotherapy	regardless	of	timing
(7%	 to	 9%)	 and	 significantly	 improved	 compared	with	 those	 patients	 not	 receiving	 any	 chemotherapy	 (17%).
There	was	no	difference	in	survival	outcomes	based	on	the	timing	of	chemotherapy.	The	5-year	DFS	rates	were
52.2%	and	58.2%	in	the	no	adjuvant	treatment	groups	and	the	adjuvant	treatment	groups,	respectively	(P	=	.13).

WHICH	PATIENTS	SHOULD	RECEIVE	ADJUVANT	THERAPY?
For	either	pre-	or	postoperative	therapy,	the	physician	needs	to	address	the	issue	of	precisely	which	patients	need
to	 receive	 adjuvant	 radiation	 therapy	 and	 chemotherapy.	 At	 the	 present	 time,	 these	 two	modalities	 have	 been
completely	linked	in	U.S.	clinical	trials,	so	it	is	not	possible	to	determine	if	there	are	subsets	of	patients	who	might
benefit	from	one	modality	and	not	the	other.	In	addition,	recent	U.S.	trials	have	all	used	chemotherapy	concurrent
with	the	radiation	therapy	in	addition	to	postradiation	chemotherapy,	so	it	is	not	possible	to	determine	the	relative
importance	of	each	modality.

Based	on	the	historical	patterns	of	failure	data,	which	demonstrated	high	local	failure	rates	with	surgery	alone
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for	 patients	 with	 T3	 and/or	 node-positive	 disease,	 virtually	 all	 U.S.	 studies	 have	 evaluated	 this	 entire	 patient
population.	However,	many	 of	 these	 studies	 predate	 the	 routine	 use	 of	 now-standard	 TME	 surgery,	 and	more
detailed	analyses	have	allowed	us	to	define	characteristics	that	help	define	relatively	low-risk	and	relatively	high-
risk	patient	subsets.	As	mentioned	earlier,	among	the	patients	conventionally	treated	with	adjuvant	CRT,	a	number
of	 relatively	 lower	 risk	 categories	 have	 been	 identified.	 Those	 include	 patients	 with	 T3	 N0	 or	 T1	 to	 T2	 N1
disease,17,18,153	those	with	primary	tumors	located	high	in	the	rectum,	those	with	wide	circumferential	margins	on
the	final	pathology	specimen,29,30	those	with	node-negative	disease	after	multiple	(12	to	14	or	more)	nodes	have
been	 evaluated,19–21,154	 and	 those	 in	 whom	 TME	 surgery	 had	 been	 performed	 by	 an	 experienced	 colorectal
oncologic	surgeon.155,156	In	the	preoperative	setting,	only	some	of	this	information	will	be	available	at	the	time	a
therapeutic	decision	must	be	made,	but	some	information	will	be	available	(including	knowledge	of	the	surgeon).
In	addition,	one	must	consider	the	known	inaccuracy	of	transrectal	ultrasound	in	staging	and	the	experience	of	the
ultrasonographer.33,64	However,	if	most	of	these	conditions	are	met,	it	is	possible	that	routine	adjuvant	radiation
therapy,	and	perhaps	chemotherapy,	is	not	required	for	the	lower	stage	tumors.

Another	 question	 is	 which	 patients	 are	 unlikely	 to	 respond	 to	 chemoradiation	 at	 all	 and	 would	 only	 be
disadvantaged	by	the	toxicities	and	delay	in	surgical	treatment.	Numerous	biomarkers	and	tumor-related	features
are	under	 investigation	as	potential	predictive	factors	of	 response,	and	 this	will	have	 important	 implications	 for
preoperative	patient	selection	as	well.157–167	Among	these	biomarkers,	KRAS	has	received	quite	a	lot	of	attention,
but	results	are	conflicting.	Previous	reports	suggest	that	mutated	tumors	are	less	likely	to	develop	a	pCR	compared
to	wild	type.	Duldulao	et	al.168	has	recently	published	follow-up	data	that	support	this	(13%	versus	33%	pCR	in
KRAS	mutant	versus	wild	 type,	P	=	 .006).168	However,	 a	 larger	meta-analysis	of	 eight	 series	 and	696	patients
showed	no	association	between	KRAS	status	and	pCR,	tumor	downstaging,	or	cancer-related	mortality.	Although
limited	by	the	heterogeneity	of	its	included	studies,	this	report	highlights	the	need	for	caution	when	considering
biomarkers	in	the	context	of	clinical	decision	making.169

Human	epidermal	growth	factor	receptor	2	(HER2)	is	another	potential	prognostic	marker,	with	overexpression
documented	 in	 many	 types	 of	 invasive	 cancer.	 Meng	 et	 al.170	 found	 that	 HER2	 positivity	 was	 significantly
associated	with	 poor	 5-year	DFS	 and	OS	 in	 patients	with	 locally	 advanced	 rectal	 cancer,	with	 a	 trend	 toward
resistance	 to	 neoadjuvant	 therapy.	 Yao	 et	 al.171	 also	 reported	 on	 the	 negative	 impact	 of	 this	 biomarker,	 with
overexpression	being	a	significant	risk	factor	for	distant	metastasis,	particularly	in	patients	with	poor	neoadjuvant
response.	In	this	case,	however,	there	was	no	correlation	with	survival	or	local	recurrence.

Hur	 et	 al.172	 reported	 on	 the	 development	 of	 a	 new	 biomarker	 scoring	 system	 to	 attempt	 to	 predict	 tumor
response	based	on	the	messenger	RNA	(mRNA)	expression	levels	of	p53,	p21,	Ki67,	and	CD133	obtained	from
pretreatment	biopsies	of	80	lesions.	This	scoring	system	was	found	to	have	a	62.5%	sensitivity,	94.6%	specificity,
83.3%	positive	predictive	value,	and	85.5%	negative	predictive	value	in	determining	pCR.	The	authors	posit	that
the	inclusion	of	biomarkers	with	distinct	patterns	of	expression	in	this	scoring	system	would	allow	for	improved
predictive	power	and	should	be	the	strategy	for	future	iterations	of	this	clinical	tool.172

Another	newly	described	method	for	predicting	response	to	neoadjuvant	therapy	involves	measuring	histologic
changes	in	the	tumor	soon	after	the	initiation	of	treatment.	Suzuki	et	al.173	evaluated	biopsies	obtained	7	days	into
the	CRT	course,	comparing	expression	levels	of	various	apoptotic	markers	and	cellular	changes	to	pretreatment
findings	 as	 well	 as	 to	 the	 final	 surgical	 specimen.	Markers	 and	 cellular	 features	 of	 apoptosis	 at	 7	 days	 were
strongly	 correlated	with	 pCR	and	 tumor	 regression.	This	 study	offers	 another	 potential	 strategy	 for	 identifying
patients	who	might	benefit	from	early	alternative	interventions.173

Data	 continues	 to	 accumulate	 on	 additional	 potential	 predictors	 of	 tumor	 response.	 As	 with	 colon	 cancer,
elevated	neutrophil-	lymphocyte	ratio	has	been	shown	to	be	associated	with	poor	response	and	prognosis	in	rectal
cancer,	 again	 likely	 functioning	 as	 a	 marker	 of	 depressed	 antitumor	 lymphocytic	 activity	 and	 cell-	 mediated
immunity	(see	Chapter	62).174	Another	study	found	that	CEA	<5	ng/dl	and	distance	from	the	verge	>5	cm	were
associated	with	higher	 rates	of	 complete	 response	as	well	 as	 improved	5-year	 survival.	Rogers	et	 al.175,	 on	 the
other	hand,	reported	that	tumor	budding	was	a	predictor	of	poor	response	and	associated	with	lower	5-year	DFS,
cancer-specific	 survival,	 and	 predicted	 cancer–specific	 death.	A	 number	 of	 investigators	 are	 also	 attempting	 to
identify	gene	signatures	through	microarray	analysis	to	better	stratify	tumor	response	potential.	Accuracy	rates	are
promising	in	small	studies,	but	further	validation	is	warranted.

At	the	present	time,	most	patients	treated	outside	clinical	trials	that	have	T3	to	T4	and/or	node-positive	disease
should	probably	receive	neoadjuvant	CRT	if	there	are	no	extenuating	circumstances.	However,	for	patients	who
meet	 the	 previously	 mentioned	 favorable	 criteria,	 especially	 those	 with	 high	 rectal	 T3	 N0	 tumors,	 avoiding
neoadjuvant	 radiation	 therapy	 and	 perhaps	 chemotherapy	 can	 be	 considered.	 Clinical	 trials	 will	 need	 to	 be



performed	to	help	resolve	which	subsets	of	patients	do	not	require	routine	adjuvant	radiation	therapy.	New	data
suggests	that	for	the	subset	of	patients	who	are	confirmed	to	be	node-negative	after	neoadjuvant	chemoradiation
and	curative	surgery,	little	benefit	may	be	derived	from	additional	postoperative	treatment.	In	two	studies,	long-
term	survival	and	recurrence	outcomes	were	compared	between	patients	with	ypN0	rectal	cancer	who	did	and	did
not	receive	adjuvant	chemotherapy.	Overall,	there	was	minimal	difference	between	the	two	groups	with	prognosis
primarily	 determined	 by	 pathologic	 stage.176,177	 However,	 these	 nonrandomized	 data	 should	 be	 regarded	 as
preliminary	 and	 hypothesis-generating;	 postoperative	 chemotherapy	 should	 be	 the	 default	 position	 in	 these
patients,	and	deviations	from	this	plan	should	only	be	made	on	an	individual	basis	after	a	detailed	review	of	the
patient’s	comorbidities,	RRs,	and	benefits,	and	a	detailed	discussion	of	this	with	the	patient.

Long-term	 results	 of	 several	 randomized	 trials	 are	 now	 being	 reported	 that	 further	 sustain	 the	 notion	 that
adjuvant	chemotherapy	may	be	of	little	benefit	to	patients	who	have	undergone	preoperative	treatment	followed
by	definitive	surgery.	The	I-CNR-RT	study,	which	randomized	patients	to	six	cycles	of	5-FU/folinic	acid	versus
observation	 postoperatively,	 demonstrated	 no	 significant	 difference	 in	 5-year	 OS	 or	 DFS.	 Rates	 of	 pCR	 and
overall	downstaging	were	similar	between	the	two	groups.	In	a	follow-up	report,	Breugom	et	al.178	performed	a
meta-analysis	of	individual	data	from	the	four	existing	randomized	trials	that	have	tackled	this	question	(I-CNR-
RT,	CHRONICLE,	PROCTO-SCRIPT,	and	EORTC	22921)	and	found	similarly	that	there	was	no	improvement
in	OS,	DFS,	or	distant	recurrences	with	the	addition	of	adjuvant	chemotherapy.	Limitations	of	this	study	included
suboptimal	compliance	with	chemotherapy	regimens	(ranging	from	43%	to	73%)	as	well	as	variable	adherence	to
TME,	which	became	standard	of	care	midway	through	the	trial	accrual	periods.	Clearly,	further	investigation	and
risk	stratification	of	patients	is	necessary	to	determine	who	would	ultimately	benefit	from	additional	postoperative
therapy.

Maas	et	al.179	have	begun	to	address	this	issue	in	a	pooled	analysis	of	data	from	3,313	patients,	with	variable
response	 to	 neoadjuvant	 treatment,	 half	 of	whom	 received	 adjuvant	 chemotherapy.	 The	 authors	 found	 that	 the
effect	of	adjuvant	treatment	differed	substantially	depending	on	histologic	staging	at	the	time	of	surgery	with	no
benefit	 for	 complete	 responders	 but	 superior	 outcomes	 in	 patients	with	 residual	 tumor	 (HR	 for	 recurrence-free
survival	was	0.58	and	0.83	for	patients	with	ypT1	to	ypT2	and	ypT3	to	ypT4	tumors,	respectively).	These	results
provide	preliminary	support	for	a	more	individualized	approach	to	adjuvant	therapy	regimens.

Another	 important	 area	 of	 investigation	 is	 whether	 patients	 who	 have	 a	 complete	 clinical	 response	 to
neoadjuvant	therapy	can	be	safely	managed	with	a	nonoperative	“watch	and	wait”	approach.	In	other	words,	can
the	organ-preserving	multidisciplinary	algorithm,	which	is	now	the	standard	of	care	for	anal	cancer,	be	adopted
for	rectal	malignancy	as	well?	This	“wait	and	see”	approach	was	first	seriously	addressed	in	a	seminal	study	by
Habr-Gama	 et	 al.,180	 which	 compared	 the	 outcomes	 of	 71	 clinically	 complete	 responders	 who	 were	 observed
without	surgery	to	a	well-matched	group	of	patients	with	pCR	who	were	resected.	After	a	mean	follow-up	of	57
months,	 there	were	no	cancer-related	deaths	 in	 the	observation	group	and	 recurrence	 rates	were	 extremely	 low
regardless	of	treatment	strategy.180	Another	more	recently	published	study	from	a	different	group	reported	similar
results.	In	this	report,	21	patients	who	achieved	a	clinical	complete	response	were	followed	without	surgery	for	a
mean	of	25	±	19	months	and	compared	to	20	patients	who	underwent	resection	with	pCR.181	There	was	one	local
recurrence	in	the	observed	group,	treated	with	local	excision,	and	two	deaths	in	the	control	group.	In	addition	(not
surprisingly)	functional	outcome	was	significantly	better	in	the	patients	who	did	not	undergo	surgery.	Despite	the
small	 sample	 size	 and	 short	 follow-up,	 these	 results	 lend	 further	 credibility	 to	 the	 “wait	 and	 see”	 approach	 in
carefully	selected	patients	with	rectal	cancer.

The	 authors	 of	 this	 pilot	 study	 have	 now	 published	 results	 from	 all	 patients	 who	 have	 undergone	 organ
preservation	in	their	institution	from	2004	to	2014.	A	total	of	100	patients	were	included	in	the	analysis	(61	with
complete	 clinical	 response	 and	39	with	near-complete	 response)	with	 a	median	 follow-up	of	41.1	months.	The
management	strategy	included	TEMS	for	the	near-complete	responders	as	well	as	close	follow-up	with	frequent
endoscopy	 and	 MRI	 for	 all.	 Three-year	 OS	 was	 96.6%,	 distant	 metastasis-free	 survival	 was	 96.8%,	 local
recurrence-free	survival	was	84.6%,	and	DFS	was	80.6%.	A	total	of	15	patients	developed	local	regrowth	within
25	 months,	 all	 of	 which	 were	 salvageable	 with	 surgery,	 5	 patient	 developed	 metastases,	 and	 5	 patients	 died.
Colostomy	rates	were	low	with	good	long-term	functional	outcome	as	well.

A	similar	report	from	yet	a	third	group	noted	that	in	32	patients	carefully	selected	over	a	5-year	period,	with	a
median	follow-up	of	28	months,	6	patients	experienced	local	recurrence	(3	of	whom	also	had	distant	recurrence),
and	all	6	patients	were	able	to	undergo	resection	of	the	recurrent	primary	to	achieve	local	control.	When	compared
in	 an	 exploratory	 analysis	 to	 a	 control	 group	 of	 patients	 treated	 in	 the	 same	 institution	 who	 had	 undergone
resection	and	had	been	found	to	have	a	pCR,	2-year	distant	DFS	and	OS	appeared	to	be	similar.	Of	course,	these
numbers	 are	 small	 and	 nonrandomized,	 and	 follow-up	 is	 short;	 however,	 the	 experience	 further	 supports	 the
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investigation	of	selective	nonoperative	management	in	patients	who	achieve	a	clinical	complete	response.182

SUPPORT	OF	NONOPERATIVE	MANAGEMENT
The	OnCore	project,	a	propensity-score	matched	cohort	analysis	from	the	United	Kingdom,	comprises	the	largest
series	 thus	 far	 to	 compare	 nonoperative	 management	 of	 rectal	 cancer	 with	 standard	 of	 care	 (i.e.,	 surgical
resection).	 In	 this	 study,	109	patients	 in	 each	 treatment	 arm	were	matched	 for	key	confounders,	 including	age,
performance	 status,	 and	 T	 stage.	 There	 was	 no	 significant	 difference	 in	 3-year	 DFS	 or	 OS	 between	 the
nonoperative	and	standard-of-care	groups.	A	multi-institutional	phase	II	randomized	control	trial	is	now	underway
to	address	 the	 role	and	oncologic	efficacy	of	nonoperative	management	more	definitively,	 in	 the	setting	of	 two
different	neoadjuvant	regimens,	with	all	therapy	delivered	upfront.	Patients	with	MRI-staged	II	or	III	rectal	cancer
will	 be	 randomized	 to	 receive	 leucovorin,	 5-FU,	 and	 oxaliplatin	 (FOLFOX)/capecitabine	 and	 oxaliplatin
(Cape/Ox)	either	before	or	after	5-FU–	or	capecitabine-based	chemoradiation.	All	patients	will	then	be	restaged—
those	with	residual	tumor	will	undergo	TME	and	those	with	clinical	complete	response	will	receive	nonoperative
management.	 The	 primary	 objective	 will	 be	 to	 evaluate	 3-year	 recurrence-free	 survival	 across	 the	 study
population.	In	addition,	the	two	neoadjuvant	treatment	regimens	will	be	compared	for	rates	of	organ	preservation
at	3	years,	treatment	compliance,	adverse	events,	and	quality	of	life.	Investigators	plan	to	recruit	101	patients	into
each	arm	over	a	4-year	period	with	an	additional	3	years	of	follow-up.	If	successful,	this	study	has	the	potential	to
change	 the	 treatment	paradigm	for	 locally	advanced	 rectal	cancer	and	provide	a	platform	for	more	 individually
tailored,	organ-preserving	strategies	in	the	future.

Given	 continued	 improvements	 in	 adjuvant	 therapies	 as	 well	 as	 the	 increasingly	 sophisticated	 imaging
modalities	available	for	follow-up,	a	new	organ-sparing	algorithm	for	treatment	warrants	further	consideration.	At
present	 such	an	approach	outside	a	 clinical	 trial	 represents	 a	 clear	departure	 from	standard	practice	and	 should
only	be	 considered	 in	 a	 fully	 informed	patient	who	 is	willing	 and	 able	 to	 comprehend	 and	 accept	 the	 inherent
risks.	Logically,	 this	approach	seems	most	appropriate	 for	consideration	 in	 those	patients	with	distal	 tumors,	 in
whom	either	an	APR	or	a	low	anastomosis	with	poor	functional	outcome	would	be	required.	As	noted	previously,
PET	 scans	 have	 insufficient	 sensitivity	 and	 specificity	 to	 be	 relied	 on	 in	 terms	 of	 determining	 the	 presence	 or
absence	of	a	complete	clinical	response	and	should	not	be	used	for	this	purpose.

TOTAL	NEOADJUVANT	THERAPY
One	aspect	of	combined	modality	 therapy,	which	 is	undergoing	reconsideration	at	some	centers,	 is	 the	order	of
administration	of	modalities	of	 therapy.	As	noted	in	detail	previously,	preoperative	chemoradiation	followed	by
surgery	followed	by	postoperative	chemotherapy	is	the	most	commonly	used	approach.	The	role	of	administering
all	therapy,	both	chemotherapy	and	CRT,	prior	to	surgery	has	become	of	increasing	interest.	Chau	et	al.183	were
the	first	 to	publish	an	experience	using	 induction	capecitabine	plus	oxaliplatin	(Cape/Ox)	for	3	months	prior	 to
radiation	 plus	 capecitabine	 in	 77	 patients	 with	 poor	 risk	 rectal	 cancer.183	 The	 response	 rate	 to	 Cape/Ox
chemotherapy	alone	was	88%,	with	86%	of	patients	achieving	symptomatic	relieve	within	a	median	of	32	days	of
starting	therapy.	Fernández-Martos	et	al.184	published	a	small	 randomized	phase	 II	 trial	 in	which	a	 total	of	108
patients	with	rectal	cancer	were	randomly	assigned	to	either	standard	order	chemoradiation	followed	by	surgery
followed	 by	 Cape/Ox	 chemotherapy,	 or	 to	 Cape/Ox	 chemotherapy	 first,	 followed	 by	 surgery.	 As	 might	 be
anticipated	from	the	small	size	of	this	trial,	there	were	no	differences	between	the	arms	in	terms	of	efficacy,	with
pCR	rates	and	R0	resection	rates	being	essentially	the	same;	however,	greater	dose	intensity	of	both	oxaliplatin
and	 capecitabine	 was	 achieved	 in	 the	 group	 receiving	 preoperative	 chemotherapy,	 and	 higher	 grades	 3	 and	 4
adverse	 events	 were	 seen	 during	 postoperative	 versus	 preoperative	 chemotherapy.	 The	 toxicities	 and	 dose
intensities	during	the	combined	CRT	were	essentially	the	same	in	the	two	arms.

Outcome	data	at	5	years	continued	to	show	similar	results	between	the	two	study	arms	with	DFS	rates	of	64%
versus	62%	and	OS	rates	of	78%	versus	75%	(P	=	NS).	Given	the	lower	acute	toxicity	and	improved	compliance
with	the	induction	regimen,	the	authors	offer	this	as	a	promising	strategy	warranting	further	investigation	in	phase
III	trials.

Subsequently,	 several	 other	 single-institution	 experiences	 with	 this	 total	 neoadjuvant	 approach	 have	 been
reported.	Cercek	et	al.185	reported	a	retrospective	series	of	61	patients	who	received	some	or	all	of	their	planned
chemotherapy	as	initial	treatment	for	rectal	cancer.	Of	these	61,	19	(31%)	had	either	a	pCR	(14	patients)	or	had	a



complete	clinical	 response	and	elected	 to	pursue	nonoperative	management	 (5	patients).	Perez	et	al.186	reported
preliminary	results	of	a	prospective	trial	of	this	approach	in	36	patients	and	concluded	that	a	larger	proportion	of
patients	 were	 able	 to	 complete	 all	 planned	 FOLFOX	 chemotherapy	 than	 would	 have	 been	 expected	 from
postoperative	administration.

In	another	more	recent	trial,	Garcia-Aguilar	et	al.187	not	only	show	the	feasibility	and	safety	of	this	approach
but	also	demonstrate	improvements	in	pCR	with	upfront	chemotherapy.	The	authors	prospectively	evaluated	four
sequential	study	groups	of	patients	with	locally	advanced	rectal	cancer—group	1	underwent	surgery	after	standard
chemoradiation	 and	 groups	 2	 to	 4	 received	 two,	 four,	 or	 six	 cycles	 of	 FOLFOX,	 respectively,	 between
chemoradiation	and	surgery.	The	study	group	was	 independently	associated	with	complete	 response	 (OR,	3.49;
group	4	versus	1,	P	=	.011).

Given	 the	 expense	 of	 a	 large-scale	 trial	 of	 initial	 versus	 postoperative	 chemotherapy,	 it	 is	 clear	 that	 an
adequately	 powered	 trial	 comparing	 these	 two	 approaches	will	 never	 be	 done.	 The	 potential	 benefits	 of	 initial
chemotherapy	are	several.	Firstly,	it	allows	for	administration	of	full-dose	chemotherapy	earlier	in	the	course	of
treatment	and	appears	to	permit	greater	dose	intensity,	which	may	improve	treatment	of	distant	micrometastases
and	so	improve	long-term	outcome.	Emerging	data	have	also	indicated	that	the	primary	rectal	tumors	appear	to	be
more	responsive	to	FOLFOX	chemotherapy	than	would	be	expected	from	the	data	in	metastatic	disease,	and	rapid
symptomatic	benefit	can	be	seen	even	with	 the	first	dose	of	chemotherapy.	 It	also	allows	for	patients	 requiring
temporary	ostomies	after	resection	to	have	those	ostomies	closed	after	only	2	months	and	to	not	have	to	tolerate
chemotherapy	 during	 the	 time	 they	 have	 an	 ostomy.	 In	 addition,	 the	 approach	 of	 delivering	 all	 planned
chemotherapy	 and	 radiation	 therapy	 preoperatively	 allows	 for	 a	 favorable	 platform	 from	 which	 to	 consider
nonoperative	management	in	carefully	selected	patients.	A	potential	negative	to	total	neoadjuvant	therapy	is	 the
potential	for	overtreatment	of	some	patients.	Nevertheless,	despite	the	absence	of	randomized	comparisons	of	pre-
versus	postoperative	chemotherapy,	total	neoadjuvant	therapy	has	become	an	accepted	standard	option	in	practice
and	in	NCCN	guidelines.

A	critical	component	of	the	“wait	and	see”	approach	is	the	ability	to	accurately	identify	pathologic	complete
responders	 in	 the	 preoperative	 setting.	Although	many	 strategies	 have	 been	 utilized	 toward	 this	 end,	 including
endoscopic	 evaluation,	 imaging,	 and	 tissue	 biopsy,	 there	 is	 no	 consensus	 on	 the	 optimal	method	 and	 each	 has
significant	 limitations.	Endoscopic	evaluation	and	close	surveillance	have	 long	been	considered	 important	 tools
for	detecting	residual	or	recurrent	malignancy.	A	recent	expert	consensus	article	described	the	cardinal	signs	of
incomplete	 tumor	 response:	 deep	 ulceration	 with	 or	 without	 necrosis,	 superficial	 ulceration	 or	 mucosal
irregularity,	a	palpable	nodule	despite	mucosal	integrity,	or	significant	stenosis.188	Using	these	criteria,	Smith	et
al.189	reported	that	an	endoscopic,	or	“clinically	complete,”	response	was	90%	predictive	of	pCR.	Sensitivity	of
this	 assessment	 was	 low,	 however,	 with	 61%	 of	 the	 pathologic	 complete	 responders	 demonstrating	 ultimately
false	signs	of	incomplete	clinical	response.189

A	variety	of	imaging	modalities	have	been	applied	to	evaluate	tumor	burden	after	neoadjuvant	therapy	as	well.
Most	are	limited	by	the	inability	to	differentiate	postradiation	fibrosis	from	residual	cancer	cells.	Guillem	et	al.190
found	 PET	 and	 CT	 equally	 inadequate	 in	 distinguishing	 complete	 from	 partial	 pathologic	 responders	 in	 a
prospective	analysis	of	121	patients.	Among	the	26	patients	with	a	complete	response,	only	54%	and	19%	were
correctly	classified	by	PET	and	CT	scans,	respectively.	And	of	the	95	patients	with	an	incomplete	response,	66%
and	95%	were	appropriately	recognized	by	these	techniques.190	Perez	et	al.191	also	found	PET/CT	lacking	in	 its
ability	 to	 definitively	 identify	 pCR.	 In	 a	 series	 of	 99	 patients,	 imaging	 yielded	 5	 false-negative	 and	 10	 false-
positive	 results,	 giving	 PET/CT	 a	 93%	 sensitivity,	 53%	 specificity,	 73%	 negative	 predictive	 value,	 and	 87%
positive	predictive	value	for	the	detection	of	residual	cancer.	Accuracy	of	PET/CT	was	85%,	which	was	inferior	to
that	of	clinical	assessment	alone	at	91%.191	Much	attention	has	focused	on	the	role	of	MRI	in	evaluating	tumor
burden	at	all	stages	of	rectal	cancer	management.	DWI	has	been	particularly	useful	for	predicting	tumor	response
in	multiple	sites	and	has	the	advantage	of	providing	a	quantitative	measurement	(apparent	diffusion	coefficient),
which	can	be	tracked	longitudinally	and	compared	to	pretreatment	values.	However,	this	modality	is	also	limited
in	its	ability	to	distinguish	residual	solitary	tumor	cells	from	a	complete	response.192

Lambregts	et	al.193	recently	described	four	MRI	patterns	of	persistent	complete	response	that	may	aid	in	long-
term	follow-up	of	patients	who	are	being	managed	by	the	“wait	and	see”	approach.	A	cohort	of	19	patients	with
clinical	complete	 response	was	 followed	 for	a	median	of	22	months	with	serial	exams,	endoscopic	biopsy,	and
MRI	at	3-	to	6-month	intervals.	The	MRI	morphology	of	the	tumor	bed	was	reported	as	normalized	in	26%	and
demonstrating	three	patterns	of	fibrosis	in	74%	(“full	thickness,”	“minimal,”	and	“irregular”).	Although	there	was
no	definitive	histologic	confirmation	as	patients	never	underwent	resection,	the	authors	concluded	that	consistency
of	 these	MRI	 patterns	 could	 be	 considered	 a	 sign	 of	 persistent	 complete	 response	 and	might	 be	 a	 potentially
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effective	method	for	long-term	surveillance	in	this	population.	Other	potentially	simpler	and	less	costly	imaging
modalities	under	investigation	include	double-contrast	barium	enema,	used	commonly	in	Asia,	and	CT	volumetry,
which	has	been	shown	to	be	predictive	of	neoadjuvant	 therapy	response	in	esophageal	and	gastric	cancers.	In	a
recent	retrospective	cohort	study	of	101	patients,	radiographic	response	from	both	techniques	strongly	correlated
with	pathologic	response	with	a	positive	predictive	value	of	63.4%	for	barium	enema	and	63%	for	CT	volumetry.
Accuracy	improved	with	increasing	distance	of	tumors	from	the	dentate	line.

Endoscopic	 biopsies	 seem	 to	be	 the	most	 unreliable	measure	of	 tumor	 response,	with	one	 study	 reporting	 a
negative	 predictive	 value	 of	 11%	 (only	 3	 of	 the	 28	 negative	 biopsies	 were	 associated	 an	 actual	 tumor-free
specimen	after	definitive	 resection).194	These	disappointing	 results	might	 be	 explained	by	 the	 fact	 that	 residual
tumor	cells	do	not	necessarily	reside	in	the	most	superficial	 layers	of	 the	bowel	wall.	In	fact,	Duldulao	et	al.195
reports	 that	 in	 analysis	 of	 94	 patients	with	 ypT2	 to	 ypT4	 tumors,	 only	 13%	had	 cancer	 cells	 remaining	 in	 the
mucosa	and	only	56%	in	the	submucosa.	The	majority	of	tumor	burden	after	neoadjuvant	therapy	appears	to	be
located	at	the	invasive	front	or	deepest	layer	of	the	bowel	wall,	suggesting	that	only	a	full-thickness	or	excisional
biopsy	could	accurately	detect	residual	malignancy.195	The	question	then	becomes	where	to	perform	this	biopsy.
In	 a	 recent	 study,	Hayden	et	 al.196	 found	 that	 a	 significant	 amount	of	 “tumor	 scatter”	occurs	 after	 neoadjuvant
therapy,	 with	 49.1%	 of	 cancer	 cells	 located	 outside	 the	 visible	 ulcer	 or	 deep	 to	 normal	 appearing	 mucosa.
Moreover,	the	mean	distance	of	distal	scatter	was	1.0	cm	from	the	visible	edge	to	a	maximum	of	3	cm,	indicating
that	neither	gross	ulceration	nor	the	traditional	2-cm	margin	can	be	used	to	adequately	guide	biopsy	or	excision	of
the	potential	 residual	 tumor.196	Additionally,	 even	 if	 complete	 full-thickness	 excision	 of	 the	 tumor	 site	 and	 all
remaining	potential	cancer	cells	within	the	bowel	wall	were	accomplished,	a	sterile	specimen	does	not	guarantee
complete	nodal	response.	Although	the	rate	of	LN	involvement	in	patients	with	a	ypT0	lesion	is	small,	 it	 is	not
zero	(7.7%	and	9.1%	in	recent	reports),	and	therefore,	there	is	ultimately	no	conclusive	method	for	determining	a
pCR	short	of	total	mesenteric	excision.197,198

In	an	effort	 to	 improve	 the	preoperative	assessment	of	nodal	 response	 to	chemoradiation,	 investigators	have
developed	a	nomogram	that	predicts	LN	positivity	with	an	accuracy	of	70.9%.	A	total	of	8,984	patients	from	the
National	 Cancer	 Database	 were	 included	 in	 this	 retrospective	 study,	 and	 seven	 clinicopathologic	 factors	 were
found	 to	 be	 associated	 with	 LN	 positivity	 after	 chemoradiation	 on	 bivariate	 and	 multivariate	 analysis.	 These
variables—young	age,	low	Charlson	score,	mucinous	histology,	poorly	differentiated	and	undifferentiated	tumors,
lymphovascular	invasion,	elevated	CEA	level,	and	clinical	LN	positivity—were	combined	to	create	a	score	that
then	correlates	with	probability	of	LN	positivity.	The	authors	highlight	the	simplicity	of	assessing	these	variables
preoperatively	without	any	need	for	additional	tumor	or	genetic	testing	and	hope	that	this	nomogram	will	aid	in
clinical	decision	making	when	an	organ-sparing	approach	is	being	considered.

CONCURRENT	CHEMOTHERAPY
The	use	of	adjuvant	chemotherapy	has	centered	on	the	use	of	5-FU	chemotherapy,	although	this	drug	has	been	in
use	 for	over	60	years	 and	 is	only	modestly	 effective	 for	 colon	or	 rectal	 cancer.	The	 initial	 trials	of	 trimodality
therapy	 in	 rectal	 cancer	 used	bolus	 5-FU	at	 a	 dose	of	 500	mg/m2/day	 for	 3	 days	 during	weeks	 1	 and	5	 of	 the
radiation	therapy.	This	was	 the	approach	routinely	used	until	 the	results	of	 the	North	Central	Cancer	Treatment
Group	study	testing	the	use	of	long-term	continuous	infusion	5-FU	with	postoperative	radiation	therapy	(bolus	5-
FU	was	used	both	before	and	after	the	radiation	therapy)	were	reported.136	This	study	demonstrated	an	advantage
to	continuous	infusion	5-FU	(only	during	radiation	therapy)	compared	with	bolus	5-FU	in	terms	of	local	control,
DFS,	and	OS.	A	large	U.S.	Gastrointestinal	Intergroup	trial	compared	bolus	and	continuous	infusional	schedules
of	5-FU	and	demonstrated	no	advantage	of	one	regimen	over	another.199,200

The	1,608-patient	phase	III	randomized	NSABP	R-04	trial	has	now	definitively	established	that	capecitabine	is
noninferior	to	infusional	5-FU	when	used	concurrently	with	preoperative	radiation	therapy	in	patents	with	rectal
cancer.201	 There	 were	 no	 statistically	 significant	 differences	 in	 pCR	 rates,	 rate	 of	 sphincter-sparing	 surgery,
surgical	 downstaging,	 or	 treatment-related	 toxicities.	 This	 study	 also	 was	 a	 2	 ×	 2	 randomization	 to	 include
concurrent	 oxaliplatin	 with	 radiation	 therapy	 of	 not.	 This	 large	 trial	 showed	 no	 benefit	 for	 the	 inclusion	 of
oxaliplatin	 during	 radiation	 therapy,	 with	 substantially	 increased	 toxicity	 in	 the	 oxaliplatin-containing	 arm.
Another	large	trial	of	capecitabine,	this	time	versus	bolus	5-FU,	confirmed	that	capecitabine	is	noninferior	to	5-
FU	in	this	setting.	Final	results	from	this	trial	showed	superior	5-year	OS	(76%	versus	67%,	P	=	.05)	and	3-year
DFS	(75%	versus	67%,	P	=	.07)	for	patients	who	received	capecitabine	in	both	adjuvant	and	neoadjuvant	cohorts.
There	 were	 similar	 rates	 of	 local	 recurrence	 in	 each	 group	 (6%	 versus	 7%),	 but	 fewer	 patients	 receiving



capecitabine	developed	distant	metastases	(19%	versus	28%,	P	=	.04).202	These	findings	suggest	greater	systemic
efficacy	of	capecitabine	compared	to	bolus	5-FU	and	mirror	the	conclusions	drawn	from	the	X-ACT	trial	data	for
stage	 III	 colon	 cancer.	 Long-term	 follow-up	 from	 this	 study	 over	 a	 median	 of	 6.9	 years	 demonstrated	 that
capecitabine	significantly	improved	both	DFS	and	OS	with	a	better	overall	safety	profile	than	5-FU/folinic	acid	in
the	 adjuvant	 setting.203	 In	 practice,	 most	 gastrointestinal	 oncologists	 now	 use	 capecitabine	 concurrently	 with
radiation	 therapy,	 and	 use	 continuous	 infusion	 5-FU	 or	 bolus	 5-FU	 during	 radiation	 therapy	 only	 in	 patients
unable	or	unwilling	to	take	oral	capecitabine.

There	 has	 been	 greater	 interest	 in	 the	 use	 of	 oxaliplatin	 concurrently	 added	 to	 radiation	 therapy	 plus
capecitabine	or	5-FU,	although	 thus	 far,	 the	 results	have	been	disappointing.	Despite	phase	 I/II	data	suggesting
feasibility,	 The	 NSABP,	 as	 part	 of	 their	 R-04	 trial,	 performed	 a	 second	 randomization	 to	 the	 use	 of	 weekly
oxaliplatin	(50	mg/m2/day)	with	an	evaluation	of	pCR	and	local	control	as	end	points.	However,	phase	III	results
argue	strongly	against	adding	oxaliplatin	concurrently	to	radiation.204

Mature	data	 from	the	NSABP	R-04	 trial	 supports	 the	original	conclusions—neoadjuvant	use	of	capecitabine
was	 found	 to	 be	 comparable	 with	 continuous	 5-FU	 infusion	 when	 combined	 with	 radiation	 therapy,	 and
oxaliplatin	did	not	confer	a	benefit	in	any	patient	risk	group	while	adding	substantial	toxicity.

The	 results	of	other	 trials	also	argue	against	 the	concurrent	use	of	oxaliplatin	with	 radiation	 in	patients	with
rectal	 cancer.	 The	 French	 ACCORD	 12/0405-PRODIGE	 2	 cooperative	 group	 trial	 included	 598	 patients	 with
locally	advanced	rectal	cancer	who	were	randomly	assigned	to	preoperative	treatment	with	5	weeks	of	radiation
therapy	(45	Gy	in	25	fractions)	with	concurrent	capecitabine	800	mg/m2	twice	daily	5	days	per	week	or	the	same
regimen	 plus	 oxaliplatin	 50	 mg/m2	 once	 weekly.205	 There	 was	 not	 a	 statistically	 significant	 difference	 in	 the
primary	end	point	of	the	trial,	the	pCR	rate,	which	was	13.9%	without	and	19.2%	with	oxaliplatin	(P	=.09).	More
preoperative	grade	3	 to	4	 toxicity	occurred	 in	 the	oxaliplatin	group	(25%	versus	1%,	P	<	 .001).	There	were	no
statistically	 significant	differences	between	groups	 in	 the	 rate	of	 sphincter-preserving	operations	 (75%),	and	no
differences	 in	 terms	 of	 rates	 of	 serious	 medical	 or	 surgical	 complications	 or	 postoperative	 deaths	 at	 60	 days
(0.3%).	The	authors	concluded	 that	 the	 trial	did	not	support	 the	addition	of	oxaliplatin	 to	 this	 regimen	and	 that
oxaliplatin	 should	 not	 be	 used	 with	 concurrent	 irradiation	 in	 standard	 practice.	 They	 did	 not	 detect	 an
improvement	 in	 the	 frequency	 of	 clear	 circumferential	 radial	 margins,	 and	 they	 speculated	 that	 further
investigations	 are	 warranted	 in	 selected	 populations.	 Secondary	 end	 point	 data	 from	 this	 trial	 have	 now	 been
published	demonstrating	no	advantage	in	clinical	outcomes	with	the	addition	of	oxaliplatin	either.	At	3	years	of
follow-up,	there	were	no	significant	differences	in	local	recurrence,	OS,	or	DFS.206

The	large	Italian	cooperative	group	STAR-01	phase	III	trial	reached	a	similar	result.207	A	total	of	747	patients
were	randomly	assigned	to	either	5-FU	infusion	(225	mg/m2/day)	concomitant	with	external	beam	pelvic	radiation
(50.4	Gy	 in	28	daily	 fractions)	or	 the	 same	 regimen	plus	weekly	oxaliplatin	 (60	mg/m2	×	6).	The	primary	end
point	 was	 OS.	 Data	 are	 not	 yet	 mature	 for	 this	 end	 point;	 however,	 a	 secondary	 end	 point	 of	 primary	 tumor
response	to	preoperative	treatment,	as	well	as	toxicity	data,	have	been	reported.	Overall	grade	3	to	4	toxicity	rates
on	treated	patients	(mainly	diarrhea)	were	8%	without	oxaliplatin	and	24%	in	the	oxaliplatin-	containing	arm	(P	<
.001).	A	total	of	82%	of	patients	receiving	oxaliplatin	got	five	or	more	doses	of	this	drug.	pCR	rates	were	15%
and	16%	in	 the	5-FU	only	and	5-FU–oxaliplatin	arms,	 respectively.	The	authors	concluded	 that	 the	addition	of
weekly	 oxaliplatin	 to	 standard	 5-FU–based	 preoperative	CRT	 significantly	 increases	 toxicity	without	 affecting
local	tumor	response.	Survival	data	require	further	maturation.

In	contrast	to	the	three	negative	trials	of	adding	oxaliplatin	to	radiation	therapy,	the	German	CAO/ARO/AIO-
04	trial	reached	a	different	conclusion.208	The	structure	of	this	trial	needs	to	be	understood	in	order	to	help	place	it
into	context.	The	two	arms	varied	considerably	from	one	another,	and	the	addition	of	oxaliplatin	to	one	arm	was
but	one	of	those	differences.	The	control	arm,	which	was	selected	based	on	its	use	on	older	German	cooperative
group	trials,	gave	neoadjuvant	radiation	with	concurrent	5-FU,	using	a	schedule	of	1,000	mg/m2/day	for	the	first	5
days	of	week	1	and	week	5,	and	then	gave	postoperative	bolus	5F-U,	500	mg/m2	daily	for	5	consecutive	days,	×	4
monthly	 cycles.	 The	 experimental	 arm	 utilized	 a	 protracted	 infusional	 schedule	 of	 5-FU	 concurrently	 with
radiation,	 with	 5-FU	 doses	 at	 250	mg/m2/day	 for	 14	 consecutive	 days,	 days	 1	 to	 14	 and	 days	 22	 to	 35,	 with
oxaliplatin	50	mg/m2	given	on	days	1,	8,	22,	and	29.	Then,	postoperatively,	in	contradistinction	to	the	bolus	daily
×	5	5-FU	given	 in	 the	control	arm,	patients	 in	 the	 investigational	arm	received	eight	cycles	of	oxaliplatin	 (100
mg/m2	on	days	1	and	15),	leucovorin	(400	mg/m2	on	days	1	and	15),	and	infusional	5-FU	(2,400	mg/m2	on	days	1
to	 2	 and	 15	 to	 16),	 or	 essentially	 eight	 cycles	 of	 FOLFOX-7.	 Long-term	 results	 of	 this	 study	 involving	 1,236
patients	 have	 now	 been	 published.	 DFS	 at	 3	 years	 was	 improved	 in	 the	 investigational	 arm	 compared	 to	 the
control	group	(75.9%	versus	71.2%,	P	=	.03)	with	similar	rates	of	toxicity.	It	should	be	noted,	however,	that	the	5-
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FU	schedules	used	in	the	control	arm	are	substantially	more	toxic	than	those	used	in	the	investigational	arm,	and
these	control	arm	schedules	are	no	longer	in	routine	use.	OS	was	not	different	between	the	two	arms	at	a	median
follow-up	of	 50	months.	The	 pCR	 rate	was	modestly	 but	 statistically	 superior	 in	 the	 investigational	 arm	 (17%
versus	13%,	P	=	.031);	however,	the	hypothesis	that	an	improved	pCR	rate	would	translate	into	an	improved	OS	is
not	 supported	 by	 these	 data.	 Although	 the	 authors	 conclude	 that	 “adding	 oxaliplatin	 to	 fluorouracil-based
neoadjuvant	 chemoradiotherapy	 and	 adjuvant	 chemotherapy	 (at	 the	 doses	 and	 intensities	 used	 in	 this	 trial)
significantly	 improved	 disease-free	 survival,”	 it	 is	 unclear	 what,	 if	 any,	 of	 this	 benefit	 is	 contributed	 by	 the
concurrent	addition	of	oxaliplatin	during	radiation.	A	strong	argument	could	be	made	for	the	DFS	benefit	being
attributable	to	the	superior	postoperative	chemotherapy	in	the	investigational	arm.

In	terms	of	the	question	of	adding	oxaliplatin	concurrently	with	radiation,	three	large	trials,	the	NSABP-04,	the
STAR-1,	 and	 the	ACCORD	 12/0405-PRODIGE	 2	 trials,	 all	 found	 increased	 toxicity	 and	 no	 benefit	 to	 giving
oxaliplatin	 during	 radiation.	 The	 CAO/ARO/AIO-04	 trial	 must	 be	 interpreted	 within	 that	 context,	 and	 its
conclusions	must	 be	 interpreted	within	 the	 context	 of	 the	 substantially	 different	 chemotherapy	 regimens	 given
during	radiation	and	after	surgery.	Taken	as	a	whole,	the	preponderance	of	available	evidence	argues	against	the
use	of	oxaliplatin	during	radiation	therapy	for	locally	advanced	rectal	cancer.

Postresection	 use	 of	 adjuvant	 chemotherapy	 based	 on	 the	 results	 in	 colon	 cancer	 has	 become	 a	widespread
practice,	with	oncologists	using	primarily	FOLFOX	(biweekly	oxaliplatin,	5-FU,	and	leucovorin	or	Cape/Ox;	see
Chapter	62)	 as	 the	 postradiation	 chemotherapy.	This	 is	 based	on	 the	 reasonable,	 albeit	 unproven,	 extrapolation
from	data	showing	that	 the	addition	of	oxaliplatin	to	5-FU/leucovorin	or	capecitabine	improves	DFS	and	OS	in
the	postoperative	management	of	patients	with	colon	cancer	(see	Chapter	62).

The	ADORE	trial	is	the	first	to	show	a	direct	benefit	from	adjuvant	FOLFOX	in	patients	with	rectal	cancer.	In
this	 phase	 II	 randomized	 controlled	 study,	 321	 patients	 with	 pathologic	 stage	 II	 to	 III	 rectal	 cancer	 after
neoadjuvant	 chemoradiation	 and	TME	were	 treated	with	 either	 5-FU/leucovorin	 or	 FOLFOX.	Three-year	DFS
and	OS	were	 significantly	 improved	 in	 the	 FOLFOX	group	 (DFS,	 71.6%	 versus	 62.9%,	P	 =	 .0347;	OS,	 95%
versus	85.7%,	P	 =	 .36,	 respectively)	with	 acceptable	 levels	 of	 grade	 3	 to	 4	 toxicity.	 Longer	 follow-up	 data	 is
anxiously	awaited.

In	 addition	 to	 studies	 that	 have	 substituted	 fluoropyrimidines,	 there	 is	 also	 substantial	 interest	 in	 the	 use	 of
other	agents	added	to	fluoropyrimidines	with	concurrent	radiation	therapy;	however,	to	date,	data	do	not	support
the	use	of	any	other	agents.	It	must	be	noted	that	irinotecan,	bevacizumab,	and	cetuximab	have	all	been	shown	to
be	of	no	benefit	in	the	adjuvant	therapy	of	colon	cancer	(see	Chapter	62).	As	such,	 it	 is	difficult	 to	believe	that
they	will	have	substantial	utility	in	the	adjuvant	or	neoadjuvant	treatment	of	rectal	cancer.	There	have	been	studies
with	the	addition	of	irinotecan,209	but	because	of	the	overlapping	toxicity	of	diarrhea	with	radiation	therapy	and	5-
FU,	 plus	 the	 demonstrated	 lack	 of	 efficacy	 of	 irinotecan	 in	 the	 adjuvant	 treatment	 of	 colon	 cancer,	 use	 of
irinotecan	in	the	combined	mode	has	not	been,	and	most	likely	ought	not	be,	heavily	pursued.	A	small	randomized
phase	III	study	showed	no	benefit	to	the	addition	of	irinotecan	to	5-FU/leucovorin	in	the	nonradiation	portion	of
the	treatment.210	The	Radiation	Therapy	Oncology	Group	(RTOG)	completed	a	small	randomized	phase	II	trial	of
concurrent	 capecitabine,	 irinotecan,	 and	 radiation	 therapy	 versus	 concurrent	 oxaliplatin,	 capecitabine,	 and
radiation	therapy.211	Both	on	the	basis	of	a	lack	of	data	supporting	adjuvant	irinotecan	and	a	superior	pCR	rate	in
the	oxaliplatin-containing	arm,	no	further	development	of	the	irinotecan-containing	schedule	is	planned.

As	biologic	agents	have	a	substantial	appeal	when	used	in	combination	with	conventional	cytotoxics,	they	also
have	 a	 large	 appeal	 in	 combination	 with	 radiation	 therapy.	 There	 is	 evidence	 for	 a	 beneficial	 effect	 of	 both
cetuximab	and	bevacizumab	when	combined	with	cytotoxics	in	patients	with	metastatic	colon	and	rectal	cancer,
although,	as	mentioned	previously,	these	agents	have	failed	in	adjuvant	colon	cancer	trials	(see	Chapter	62).	There
are	good	laboratory	data	demonstrating	radiation	sensitization	when	these	(and	similar)	agents	are	used	in	vitro,
and	a	substantial	improvement	has	been	shown	in	survival	in	patients	with	head	and	neck	cancer	when	cetuximab
is	added	to	radiation	therapy.212	Only	preliminary	studies	have	been	done,213	but	given	 the	 lack	of	encouraging
complete	 responses	 and	 the	 negative	 results	 with	 cetuximab	 in	 adjuvant	 colon	 cancer	 (see	 Chapter	 62),	 it	 is
unlikely	that	there	will	be	substantial	further	investigations	in	this	area,	and	neither	cetuximab	nor	panitumumab
should	be	used	in	standard	practice	with	radiation	therapy	for	rectal	cancer.	Similarly,	bevacizumab	has	failed	to
demonstrate	 a	 benefit	 in	 adjuvant	 colon	 cancer	 and	 should	 not	 be	 used	 in	 the	 routine	management	 of	 locally
advanced	rectal	cancer.

The	literature	on	this	topic	continues	to	grow	with	a	number	of	new	phase	II	trials	reporting	on	the	feasibility,
safety,	and	even	potential	superiority	of	neoadjuvant	regimens	that	incorporate	these	agents.	Kim	et	al.214	found
that	 adding	 cetuximab	 to	 preoperative	 radiotherapy	 with	 irinotecan	 and	 capecitabine	 was	 well	 tolerated	 in	 39
patients	 and	 achieved	 a	 much	 higher	 pCR	 rate	 of	 23.1%,	 compared	 to	 10%	 to	 15%	 with	 conventional	 5-FU



regimens.	Pinto	et	al.215	reported	a	similarly	improved	pCR	rate	of	21.1%	in	the	StarPan/STAR-02	study,	which
evaluated	 panitumumab,	 oxaliplatin,	 and	 5-FU	with	 concurrent	 radiotherapy.	Although	 this	 did	 not	 reach	 their
anticipated	 goal,	 it	 was	 a	 substantial	 improvement	 over	 both	 5-FU–only	 regimens	 and	 5-FU/oxaliplatin
combinations	from	previous	reports.	The	high	incidence	of	grade	3	to	4	diarrhea	with	one	toxic	death,	however,
mandates	modification	of	this	regimen	in	future	trials.215

Most	 recently,	 in	 a	 study	 evaluating	 pre-	 and	 postoperative	 Cape/Ox	 regimens	 with	 and	 without	 weekly
cetuximab,	 the	addition	of	cetuximab	significantly	 improved	 radiologic	 response	as	well	as	OS	 (HR,	0.27;	P	=
.34).216	These	results	are	tempered	by	the	negative	phase	II	trial	of	cetuximab	in	the	adjuvant	treatment	of	KRAS
wild-type	stage	III	colon	cancer.	Outside	of	a	clinical	trial,	neither	cetuximab	nor	panitumumab	should	be	used	in
the	adjuvant	or	neoadjuvant	treatment	of	locally	advanced	rectal	cancer.

The	role	of	bevacizumab	in	neoadjuvant	therapy	was	also	thought	to	be	promising,	although	dosing	schedules,
appropriate	use	of	synergistic	medications,	and	patient	selection	have	yet	to	be	defined.	When	combined	with	5-
FU	±	oxaliplatin	in	the	most	recent	studies,	toxicity	levels	were	manageable	and	pCR	rates	ranged	from	13%	to
36%.	 In	 addition,	 Spigel	 et	 al.217	 reported	 an	 85%	 1-year	 DFS.218,219	 However,	 the	 negative	 outcomes	 of
bevacizumab	 trials	 in	 colon	 cancer	 adjuvant	 therapy	 have	 greatly	 dampened	 enthusiasm	 for	 pursuing	 this
approach.	Outside	 of	 a	 clinical	 trial,	 the	 use	 of	 bevacizumab	 in	 the	 adjuvant	 treatment	 of	 rectal	 cancer	 is	 not
recommended.

The	BACCHUS	 trial	 is	 a	multicenter,	 randomized	 phase	 II	 trial	 currently	 open	 to	 enrollment	 in	 the	United
Kingdom	that	aims	 to	 further	elucidate	 the	 role	of	bevacizumab	 in	 locally	advanced	 rectal	cancer	as	part	of	an
intensified	 four-drug	neoadjuvant	 regimen.	The	primary	end	point	 is	pCR	with	 secondary	end	points	 including
MRI	TRG;	involved	CRM;	T	and	N	downstaging;	and	survival	data,	toxicities,	and	protocol	compliance.

Although	not	technically	a	chemotherapeutic	agent,	statin	medication	has	recently	become	the	focus	of	much
attention	not	only	 for	 its	putative	 risk-reducing	effect	on	 the	 incidence	of	 colorectal	 cancer	 as	discussed	 in	 the
previous	chapter	but	also	for	its	adjunctive	potential	in	the	treatment	of	a	number	of	malignancies.	In	vitro	and	in
vivo	studies	have	demonstrated	numerous	antineoplastic	properties	of	these	agents,	including	the	ability	to	induce
apoptosis,	 reduce	 angiogenesis,	 and	 inhibit	 the	 proliferation	 of	 colorectal	 cancer	 cells	 as	 well	 as	 a	 likely
chemosensitizing	effect.	Mace	et	al.220	 took	these	findings	a	step	further,	reporting	that	daily	statin	therapy	was
significantly	and	 independently	associated	with	 improved	 tumor	response	 to	neoadjuvant	 therapy	 in	a	cohort	of
407	patients	with	rectal	cancer	(24.3%	on	statins),	which	was	in	turn	associated	with	significantly	improved	long-
term	outcomes.	Although	this	study	was	 limited	by	its	retrospective	design	and	small	sample	size,	 the	potential
benefit	demonstrated	from	this	relatively	safe	and	inexpensive	class	of	medications	warrants	further	exploration	in
a	prospective	trial.

A	 large	 body	 of	 evidence	 now	 links	 aspirin	 use	with	 both	 risk	 reduction	 for	 the	 development	 of	 colorectal
adenomas	and	cancers	and	improved	prognosis	in	the	setting	of	established	cancer.	Restivo	et	al.221	now	report	on
the	potential	synergistic	effect	of	this	agent	in	the	setting	of	neoadjuvant	therapy.	In	an	observational	study	of	240
patients	with	stage	II	to	III	rectal	cancer,	15.4%	of	whom	were	taking	a	100-mg	daily	dose	of	aspirin	at	the	time	of
diagnosis,	aspirin	use	was	associated	with	a	higher	rate	of	tumor	downstaging	(67.6%	versus	43.6%,	P	=	.01)	and
good	pathologic	response	(46%	versus	19%,	P	<	.001)	as	well	as	a	nonsignificant	trend	toward	higher	pCR	(22%
versus	13%).	In	addition,	patients	on	aspirin	had	a	better	5-year	progression-free	survival	(86.6%	versus	67.1%)
and	 OS	 (90.6%	 versus	 73.2%).	 Aside	 from	 older	 age	 and	 higher	 comorbidity	 in	 the	 aspirin	 group,	 clinical
characteristics	were	similar	across	the	study	population,	including	known	markers	of	biologic	aggressiveness	and
all	other	measured	 tumor	variables.	Further	study	will	be	necessary	 to	clarify	 the	potential	oncologic	benefit	of
including	aspirin	in	all	neoadjuvant	regimens.

SYNCHRONOUS	RECTAL	PRIMARY	AND	METASTASES
The	 use	 of	 pelvic	 radiotherapy	 in	 patients	with	 synchronous	 presentation	 of	 primary	 and	metastatic	 disease	 is
controversial.	 Primary	 combination	 chemotherapy	 can	 provide	 substantial	 palliation	 and	 can	 be	 considered	 as
initial	 therapy	 in	many	patients	with	 rectal	 cancer	 and	metastatic	disease.222	Endoscopically	placed	expandable
metal	stents	can	be	considered	for	palliation	or	protection	from	impending	obstruction.	Control	of	disease	in	the
pelvis	can	have	important	implications	for	patient	quality	of	life;	therefore,	combined	modality	therapy,	including
radiation,	 chemotherapy,	 and	 in	 some	 cases	 palliative	 surgery,	 can	 be	 appropriate,	 especially	when	 extrapelvic
metastatic	disease	is	small	volume	and	the	patient’s	prognosis	is	favorable	enough	that	pelvic	complications	could
be	 anticipated	 as	 a	 long-term	 problem.	No	 firm	 guidelines	 can	 be	made	 in	 the	management	 of	 these	 complex
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patients,	and	treatment	decisions	must	be	made	on	an	individual	basis.

MANAGEMENT	OF	UNRESECTABLE	PRIMARY	AND	LOCALLY
ADVANCED	DISEASE	(T4)
Although	 the	 majority	 of	 patients	 who	 present	 with	 stage	 II	 and	 III	 disease	 have	 primary	 tumors	 that	 are
technically	 easily	 resectable,	 there	 are	 a	 group	 of	 patients	 who	 have	 T4	 tumors	with	 deep	 local	 invasion	 into
adjacent	structures,	which	makes	primary	resection	for	cure	difficult,	if	not	impossible.	Some	T4	tumors	invade
into	 the	vagina,	which	 is	 easily	 resectable,	but	others	 invade	 into	pelvic	 sidewall	or	 sacrum,	where	a	 complete
surgical	 resection	may	be	 impossible	 (the	coccyx	and	distal	 sacrum	can	be	 resected,	 if	appropriate),	and	others
invade	into	bladder	or	prostate,	where	a	more	extensive	surgical	resection	can	be	done	but	often	at	the	expense	of
major	morbidity	 or	 functional	 loss.	Although	 there	 are	 few	 randomized	 trials	 to	 define	 optimal	 therapy	 in	 this
group	of	patients,	there	are	data	suggesting	that	it	is	appropriate	to	treat	these	patients	preoperatively,	either	with
preoperative	radiation	therapy	combined	with	chemotherapy	or	with	initial	chemotherapy	(FOLFOX	or	Cape/Ox)
followed	by	combined	radiation	plus	capecitabine	or	5-FU,	in	a	manner	similar	to	that	described	for	T3	disease.
This	 will	 often	 result	 in	 a	 good	 clinical	 response	 that	 will	 allow	 for	 a	 potentially	 curative	 resection	 to	 be
performed.	 It	 is	 preferable	 to	 treat	 a	 patient	 preoperatively	 to	 try	 to	 avoid	 leaving	 residual	 disease	 rather	 than
attempting	to	salvage	a	patient	after	a	clearly	inadequate	operation.

The	 use	 of	 adjuvant	 radiation	 therapy	 in	 this	 clinical	 situation	 also	 allows	 for	 treatment	 of	 the	 lymphatics
draining	the	locally	invaded	organ,	such	as	the	internal	or	external	iliacs,	which	are	not	typically	resected	in	a	low
anterior	resection	or	APR	but	which	may	be	at	substantial	risk	of	secondary	involvement	from	an	invaded	organ,
such	as	the	bladder.	Although	the	definition	of	“unresectable”	is	very	subjective,	a	number	of	studies	have	shown
that	preoperative	radiation	therapy	can	convert	a	substantial	number	of	these	patients	to	having	resectable	disease
with	substantial	cure	rates.223–226

In	a	randomized	phase	III	trial	of	207	patients	with	locally	nonresectable	T4	primary	rectal	carcinoma	or	local
recurrence	from	rectal	cancer,	patients	received	chemotherapy	(5-FU/leucovorin)	administered	concurrently	with
radiotherapy	(50	Gy)	and	adjuvant	for	16	weeks	after	surgery	(98	patients)	or	radiation	therapy	(50	Gy)	alone	(109
patients).	 The	 two	 groups	 were	 well	 balanced	 according	 to	 pretreatment	 characteristics.	 An	 R0	 resection	 was
performed	in	82	patients	(84%)	in	the	CRT	group	and	in	74	patients	(68%)	in	the	radiation	therapy	group	(P	=
.009).	Local	control	(82%	versus	67%	at	5	years,	log-rank	P	=	.03),	time	to	treatment	failure	(63%	versus	44%,	P
=	.003),	cancer-specific	survival	(72%	versus	55%,	P	=	.02),	and	OS	(66%	versus	53%,	P	=	.09)	all	favored	the
CRT	group.	There	was	no	difference	in	late	toxicity.227	Although	the	use	of	preoperative	radiation	therapy	with
concurrent	 5-FU–based	 chemotherapy,	 as	 described	 earlier,	 appears	 of	 value	 in	 patients	with	 locally	 advanced
disease,	there	is	still	a	substantial	incidence	of	local	failure.	Therefore,	a	number	of	investigators	have	explored
ways	to	increase	the	radiation	dose	to	the	highest	risk	region	to	try	to	improve	local	 tumor	control.	Three	main
techniques	 have	 been	 used:	 supplemental	 postoperative	 external	 beam	 radiation	 boost,	 intraoperative	 electron
beam	radiation	therapy	boost,	and	intraoperative	brachytherapy	boost.

There	are	relatively	few	data	on	the	use	of	postoperative	external	beam	as	a	boost,	largely	because	of	concerns
of	normal	 tissue	 tolerance	after	 the	use	of	 the	relatively	 large	fields	delivered	preoperatively,	extensive	surgical
resection,	and	the	prolonged	delay	between	initial	external	beam	therapy	and	the	final	boost	after	recovery	from
surgery.	 The	 two	 intraoperative	 techniques	 are	 philosophically	 the	 same,	 although	 the	 technique	 of	 radiation
delivery	 is	 different.	 After	 a	 high	 dose	 (50	Gy)	 of	 preoperative	CRT	 and	 then	 a	 4-	 to	 6-week	 break,	 surgical
resection	is	performed,	the	extent	of	which	depends	on	the	location	and	extent	of	tumor.	Areas	considered	at	high
risk	for	residual	tumor	are	determined	both	by	the	surgical	findings	and	frozen	section	pathologic	evaluation.

For	electron	beam	intraoperative	radiotherapy,	a	treatment	cylinder	is	placed	over	the	high-risk	region,	often	on
a	pelvic	sidewall	or	the	sacrum,	and	the	cylinder	is	then	aligned	to	the	radiation	machine,	which	is	either	in	the
operating	room	or	in	the	radiation	therapy	department.	The	cylinder	acts	both	to	hold	normal	tissues	outside	the
radiation	beam	and	to	confine	the	electron	beam.	The	use	of	electrons	allows	the	radiation	oncologist	to	adjust	the
depth	of	penetration	of	the	beam	to	conform	to	the	local	tumor	extent.	When	using	brachytherapy,	carriers	for	the
radioactive	sources	are	placed	over	the	high-risk	region,	and	the	radiation	is	then	given	either	during	the	surgery
(high	dose	rate)	or	the	radioactive	sources	are	inserted	approximately	5	days	after	surgery	and	left	in	place	for	1	or
2	days	(low	dose	rate).	 In	all	situations,	 the	radiation	dose	 is	 in	 the	range	of	10	 to	20	(most	commonly	15)	Gy
when	used	as	a	boost	to	conventional	therapy.	In	both	approaches,	care	must	be	taken	to	ensure	that	normal	tissues
such	as	small	bowel	are	out	of	the	irradiated	volume.



Techniques	similar	to	this	have	been	used	for	a	number	of	years	and	have	shown	encouraging	results,	although
formal	randomized	trials	have	not	been	performed.	Data	suggest	fairly	good	levels	of	local	control	and	long-term
survival	 if	a	gross	 total	 resection	can	be	accomplished,	with	poorer	 results	 if	 there	 is	gross	 residual.228–231	 In	a
recent	 analysis,	 the	 local	 failure	 rate	 of	 306	 patients	 with	 T4	 rectal	 cancer	 undergoing	 multimodality	 therapy
including	electron	beam	intraoperative	radiation	therapy	(IORT)	was	16%.	Five-year	DFS	and	OS	was	55%	and
56%,	respectively.

Use	of	IORT	boosts	often	requires	specialized	radiation	facilities	and	expertise	as	well	as	an	experienced	team
of	 radiation	 oncologists,	 surgical	 oncologists,	 urologists,	 and	 plastic	 surgeons.	 Similar	 types	 of	 surgical	 and
radiation	therapy	approaches	can	produce	surprisingly	good	results.

Two	 recent	 studies	 describe	 circumstances	 in	 which	 high	 dose	 rate	 brachytherapy	 might	 be	 of	 particular
benefit.	 For	 patients	 with	 a	 history	 of	 prior	 pelvic	 irradiation,	 Chuong	 et	 al.232	 reports	 that	 endorectal
brachytherapy	was	well	tolerated	with	3	of	10	patients	achieving	a	complete	or	near	pCR.	And	Morimoto	et	al.233
describes	 favorable	 long-term	 results	 in	 patients	 treated	 for	 locally	 recurrent	 rectal	 cancer	 with	 interstitial
brachytherapy.	At	a	median	follow-up	of	90	months,	5	of	9	patients	achieved	local	control,	with	a	56%	8-year	OS
and	no	late	adverse	events.

For	patients	who	still	cannot	have	a	surgical	resection	performed,	either	because	of	the	tumor	extent	or	because
of	coexisting	medical	problems,	attempts	should	be	made	to	maximize	palliation	and	perhaps	local	control.	Boost
doses	of	radiation	are	appropriately	delivered	to	the	residual	tumor	to	doses	of	>60	Gy	if	sensitive	normal	tissues
(primarily	small	bowel)	can	be	removed	from	the	radiation	fields.	Only	a	small	percentage	(5%)	of	patients	with
these	advanced	tumors	will	be	locally	controlled	and	cured	by	such	an	approach,	but	a	substantial	percentage	will
obtain	good	palliation.234–236

A	recent	review	of	27	studies	supports	this.	Although	there	were	large	variations	in	radiotherapy	regimens,	the
overall	 response	 rate	 to	 symptoms	 including	 pain,	 bleeding,	 discharge,	 and	mass	 effect	was	 75%.	A	 dearth	 of
evidence	 to	 evaluate	 toxicity	or	 quality	 of	 life	 as	well	 as	 the	 absence	of	 a	 documented	optimal	 regimen	 in	 the
literature	highlights	the	need	for	prospective	trials.

MANAGEMENT	OF	LOCALLY	RECURRENT	DISEASE
Conceptually,	locally	recurrent	rectal	cancer	is	often	treated	in	a	similar	fashion	to	T4	disease	with	a	combination
of	neoadjuvant	CRT,	surgery,	and	adjuvant	chemotherapy.	IORT	may	also	be	considered.	Common	sites	of	local
recurrence	within	the	pelvis	include	the	presacral	space	and	pelvic	sidewall.	The	5-year	OS	for	these	patients	is
poor,	at	approximately	20%	for	all	comers.	The	rate	of	local	control	is	higher	in	patients	who	have	not	previously
undergone	radiation	therapy.

Several	series	have	evaluated	neoadjuvant	treatment	in	this	setting	followed	by	surgery	in	patients	who	had	not
previously	undergone	 radiation.	One	 randomized	 trial	 compared	neoadjuvant	CRT	 to	neoadjuvant	 radiotherapy
alone	 prior	 to	 resection,	 including	 25	 patients	with	 recurrent	 disease.	They	 noted	 higher	 rates	 of	R0	 resection,
local	control,	time	to	treatment	failure,	and	cancer-	specific	survival	in	those	patients	who	underwent	CRT.

Another	 series	 included	 123	 patients	with	 locally	 recurrent	 CRC	who	 underwent	 radiation	 to	 45	 to	 54	Gy,
either	neoadjuvantly	or	adjuvantly,	followed	by	resection	and	IORT.	Five-year	OS	was	improved	in	patients	who
were	able	to	get	a	gross	total	resection.

Another	smaller	series	included	patients	who	were	not	able	to	undergo	surgical	resection	upfront	but	who	went
on	to	receive	neoadjuvant	CRT.	A	total	of	80%	of	patients	were	ultimately	able	to	undergo	surgical	resection.

Generally,	patients	who	have	not	undergone	prior	radiation	are	treated	with	a	course	of	neoadjuvant	CRT	to	50
to	54	Gy	with	concurrent	5-FU–based	chemotherapy.	These	patients	may	also	be	considered	for	IORT.

REIRRADIATION	IN	RECURRENT	DISEASE
Reirradiation	can	be	considered	in	select	patients	who	present	with	recurrent	rectal	cancer.	A	phase	II	series	from
Italy	 evaluated	 patients	 who	 had	 previously	 undergone	 pelvic	 radiation.	 Patients	 were	 treated	 with	 a
hyperfractionated	 regimen	 to	 30	 Gy	 with	 a	 10.8-Gy	 boost	 and	 concurrent	 5-FU.	 Patients	 then	 proceeded	 to
resection	if	possible.	A	total	of	35%	of	patients	achieved	an	R0	resection,	and	the	OS	at	5	years	was	39%.	The
investigators	noted	low	rates	of	acute	and	acceptable	rates	of	late	complications.

A	 retrospective	 series	 of	 patients	 with	 recurrent	 disease	 included	 57	 patients	 who	 had	 previously	 been
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irradiated	 and	were	 retreated	 to	 a	 dose	 of	 30.6	Gy.	 There	was	 no	 apparent	 difference	 in	 late	 toxicity	 in	 those
patients	who	were	reirradiated.

Another	 series	 included	 103	 patients	 with	 recurrent	 disease	 who	 had	 undergone	 neoadjuvant	 or	 adjuvant
radiation	therapy	as	part	of	their	initial	treatment	(median	initial	dose,	50.4	Gy).	These	patients	were	reirradiated
to	30	or	30.6	Gy	with	a	6-	to	20-Gy	boost	to	areas	of	gross	tumor	plus	margin.	A	total	of	22	patients	experienced
late	 toxicity	 following	 reirradiation	 including	persistent	diarrhea,	 small	bowel	obstruction,	 fistula,	 and	 stricture.
MD	Anderson	Cancer	Center	 investigators	evaluated	a	hyperfractionated	approach	 in	 this	setting	 in	an	effort	 to
reduce	the	incidence	of	late	toxicity.	A	total	of	50	patients	who	previously	received	radiation	were	treated	to	30	to
39	Gy	in	1.5	Gy	twice	daily	fractions,	most	with	concurrent	chemotherapy.	The	rate	of	high-grade	toxicity	(grades
3+)	at	3	years	was	35%.

Based	on	these	results,	it	is	reasonable	to	consider	a	second	course	of	treatment	(30	to	39	Gy)	in	patients	with
recurrent	disease,	at	the	risk	of	late	toxicity.	Therefore,	care	should	be	taken	to	avoid	normal	structures,	including
small	bowel,	as	much	as	reasonably	possible.

RADIATION	THERAPY	TECHNIQUE
There	have	been	primarily	two	dosing	schemes	for	radiation	therapy	that	have	been	used	in	the	treatment	of	rectal
cancer.	In	the	preoperative	setting,	many	European	centers	have	favored	a	rapid	short-course	treatment	of	doses	of
approximately	 25	 Gy	 in	 five	 fractions	 followed	 by	 immediate	 surgery,	 whereas	 U.S.	 centers	 have	 generally
favored	doses	of	50.4	Gy	given	at	1.8	Gy	per	fraction	with	a	delay	of	4	to	8	weeks	until	surgery.	As	previously
mentioned,	 an	 advantage	 of	 the	 long-course	 therapy	 is	 that	 it	 provides	 time	 to	 have	 tumor	 regression,	 which
appears	to	facilitate	sphincter	preservation,	although	it	is	more	expensive	and	time-consuming	for	the	patient.	In
addition,	 there	was	 substantial	 late	 toxicity	 from	 the	 short-course	 treatment	 in	 earlier	 series,	 although	 this	was
most	 evident	 when	 the	 radiation	 therapy	 techniques	 were	 less	 sophisticated	 and	 simple
anteroposterior/posteroanterior	fields	alone	were	used,	which	were	at	times	quite	large237;	those	techniques	are	not
used	at	present.

Although	 major	 late	 toxicity	 is	 relatively	 uncommon,	 functional	 gastrointestinal	 disturbances	 are	 relatively
common.	These	relate	to	both	surgical	effects	on	bowel	with	lack	of	a	good	reservoir	function	and	possible	nerve
dysfunction	 and	 long-term	 radiation	 effects	 on	 bowel	 compliance	 and	 neural	 functioning.238,239	 Many	 patients
continue	 to	 have	 some	 rectal	 urgency	 and	 food	 intolerance	 (especially	 to	 roughage),	 but	 symptoms	 tend	 to
improve	over	time	and	most	patients	can	live	a	relatively	normal	life	regarding	their	gastrointestinal	tract.	Detailed
discussions	with	the	patient	about	the	type	of	foods	likely	to	cause	worsening	bowel	symptoms,	attention	to	the
superimposed	problems	that	can	occur	from	other	difficulties	such	as	lactose	intolerance,	and	use	of	agents	such
as	loperamide	all	can	help	the	patient	deal	with	bowel	problems.

Small	bowel–related	complications	are	directly	proportional	to	the	volume	of	small	bowel	in	the	radiation	field
and	 the	 radiation	 dose.	 In	 patients	 receiving	 combined	modality	 therapy,	 the	 volume	of	 irradiated	 small	 bowel
limits	 the	ability	 to	escalate	 the	dose	of	5-FU.	A	number	of	simple	 radiotherapeutic	 techniques	are	available	 to
decrease	 radiation-related	 small	 bowel	 toxicity.	 First,	 small	 bowel	 contrast	 or	 CT	 scanning	 during	 treatment
planning	allows	 identification	of	 the	 location	of	 the	 small	bowel	 so	 that	 fields	can	be	designed	 to	minimize	 its
treatment.	Multiple-field	 techniques	 (preferably	 a	 three-	 or	 four-field	 technique)	 are	 now	 standard	 to	minimize
normal	 tissue	 irradiation.	The	 use	 of	 lateral	 fields	 for	 the	 boost	 as	well	 as	 positioning	 the	 patient	 in	 the	 prone
position	can	further	decrease	the	volume	of	small	bowel	in	the	lateral	radiation	fields.

The	treatment	should	be	designed	with	the	use	of	computerized	radiation	dosimetry	and	be	delivered	by	high-
energy	 linear	 accelerators	 that	 deliver	 a	 higher	 dose	 to	 the	 target	 volume	while	 relatively	 sparing	 surrounding
normal	structures.	The	advantage	of	combining	a	multiple-field	technique,	high-energy	photons,	and	computerized
dosimetry	produces	a	homogenous	dose	distribution	throughout	the	target	volume	and	minimizes	the	dose	to	the
small	bowel.	Although	not	well	studied	to	date,	newer	developments	in	intensity-modulated	radiation	therapy	may
allow	 more	 conformal	 radiation	 dose	 distributions	 and	 a	 decrease	 in	 the	 irradiation	 of	 small	 bowel.	 To	 date,
intensity-modulated	radiation	therapy	has	not	been	shown	to	be	of	additional	value	in	the	adjuvant	 treatment	of
rectal	cancer.	In	a	recent	NRG	Oncology	Radiation	Therapy	Oncology	Group	trial,	the	use	of	intensity-modulated
radiation	therapy	in	neoadjuvant	treatment	for	rectal	cancer	did	not	reduce	the	rate	of	gastrointestinal	toxicity.

After	pelvic	surgery,	the	small	bowel	commonly	fills	the	pelvis.	Adhesions	can	form,	resulting	in	fixed	loops
of	small	bowel	in	the	radiation	fields.	In	this	situation,	despite	treatment	of	the	patient	in	the	prone	position,	the
use	 of	 multiple-field	 techniques	 may	 be	 of	 limited	 value.	 In	 contrast,	 when	 radiation	 therapy	 is	 delivered



preoperatively	to	a	patient	who	has	not	undergone	prior	pelvic	surgery,	the	small	bowel	is	usually	mobile.	When
no	small	bowel	fixation	is	present,	treatment	in	the	prone	position	can	exclude	much	of	the	small	bowel	from	the
posteroanterior	field	and	completely	from	the	lateral	fields.

Various	physical	maneuvers	 to	exclude	small	bowel	from	the	pelvis	have	been	examined.	Gallagher	et	al.240
determined	 the	 volume,	 distribution,	 and	 mobility	 of	 small	 bowel	 in	 the	 pelvis	 after	 a	 variety	 of	 maneuvers.
Regardless	of	the	prior	surgical	history,	a	significant	decrease	was	seen	in	the	average	small	bowel	volume	when
the	patients	were	treated	in	the	prone	position	with	abdominal	wall	compression	and	bladder	distention	compared
with	 the	 supine	 position.	 Treatment	 in	 the	 prone	 position	 without	 abdominal	 wall	 compression	 was	 not
consistently	 effective	 in	 displacing	 small	 bowel	 and,	 in	 some	patients	 (most	 commonly,	 obese),	 the	 volume	of
small	bowel	increased.

RADIATION	FIELDS
The	precise	radiation	fields	that	are	used	should	depend	on	the	individual	clinical	situation,	although	the	principles
of	 the	 radiation	 treatment	 remain	 the	 same.	 The	 locoregional	 failures	 in	 rectal	 cancer	 occur	 both	 because	 of
residual	disease	in	the	soft	tissues	of	the	pelvis	as	well	as	from	residual	pelvic	nodal	disease.	The	nodal	disease
can	be	in	the	internal	iliac	chain	for	very	low-lying	lesions	but	only	involves	the	external	iliac	nodes	if	the	anal
canal	or	sphincter	is	involved	or	if	an	organ	is	involved	that	drains	into	the	external	iliac	system.	The	internal	iliac
nodes	 are	 not	 usually	 dissected	 by	 the	 surgeon,	 so	 it	 is	 important	 to	 treat	 these	 for	 low	 rectal	 cancers,	 but	 the
external	 iliacs	 should	 not	 be	 routinely	 irradiated.	 The	 proximal	 extent	 of	 nodal	 radiation	 is	 arbitrary,	 but	 the
primary	drainage	of	all	rectal	cancers	is	along	the	mesenteric	system,	and	those	nodes	should	primarily	be	treated
surgically.	Extending	radiation	fields	to	cover	para-aortic	nodes	is	not	indicated	unless	there	is	evidence	of	disease
in	those	chains.

Because	many	of	the	local	recurrences	occur	in	the	soft	tissues	of	the	pelvis,	the	radiation	oncologist	must	be
sure	to	treat	the	regions	that	are	least	well	treated	by	the	surgeon.	These	include	extension	to	the	pelvic	sidewall
and	presacral	space	and	to	the	prostate	in	men	and	vagina	in	women.	The	proximal	extent	of	the	radiation	field
should	 generally	 extend	 to	 the	 sacral	 promontory,	 as	 that	 is	 the	 level	 at	 which	 there	 is	 an	 attachment	 of	 the
posterior	peritoneum	and	where	 the	 retroperitoneal	 rectum	becomes	 the	 intraperitoneal	colon.	Above	 this	 level,
there	is	little	risk	of	pelvic	soft	tissue	invasion	for	standard	rectal	cancer.

The	lower	extent	of	the	radiation	field	is	more	complex.	Often,	the	surgeon	will	rely	on	the	radiation	oncologist
to	sterilize	the	most	distal	extent	of	the	primary	tumor	in	order	to	perform	a	sphincter-preserving	operation,	so	the
distal	margins	should	be	at	least	a	couple	of	centimeters	below	the	primary	tumor	mass.	Although	rectal	tumors
tend	 to	have	only	 a	minimal	 amount	of	 longitudinal	 spread	 along	 the	mucosal	margin,	 they	 can	 spread	 further
distally	 in	 the	perirectal	 fat	 and	 in	 the	LNs	 in	 the	mesorectum.	 In	 fact,	 this	 is	part	of	 the	 rationale	 for	 a	TME.
Attempts	 should	 thus	 be	made	 for	 treatment	 to	 at	 least	 the	 level	 of	 the	 dentate	 line	 for	most	 low-lying	 rectal
cancers,	although	this	is	likely	not	necessary	for	rectal	cancers	in	the	proximal	third.	However,	it	is	also	likely	true
that	 a	 substantial	 part	 of	 the	 late	 toxicity	 from	 pelvic	 radiation	 therapy	 is	 related	 to	 dysfunction	 of	 the	 anal
sphincter.	 Thus,	 it	 is	 important	 to	 try	 to	 minimize	 the	 amount	 of	 sphincter	 that	 is	 irradiated.	 Although	 many
textbooks	define	the	lower	edge	of	the	radiation	field	relative	to	the	bones	of	the	pelvis,	this	is	not	the	proper	way
to	think	about	 irradiating	such	tumors.	The	locations	of	bony	anatomic	landmarks	such	as	the	ischial	 tuberosity
have	no	consistent	relationship	to	the	anal	sphincter,	anal	verge,	dentate	line,	or	the	rectal	cancer.	The	radiation
oncologist	must	identify	the	location	of	these	structures	as	best	as	possible	using	radiopaque	markers	and	rectal
contrast	 and	 then	 determine	 the	 balance	 between	 adequate	 distal	 coverage	 of	 the	 tumor	 as	well	 as	minimizing
irradiation	of	the	anal	sphincter	and	the	perineum	(acute	toxicity).	For	anteroposterior	or	posteroanterior	fields,	the
lateral	borders	should	extend	 to	 treat	 the	pelvic	sidewall,	a	possible	region	for	soft	 tissue	extension.	The	 lateral
fields	should	have	a	similar	superior	and	inferior	margin.	The	posterior	border	should	include	all	of	the	presacral
soft	tissue	so	the	posterior	extent	of	the	field	should	cover	the	anterior	border	of	the	sacrum	with	at	least	a	1.5-cm
margin	for	patient	motion	and	dosimetric	variation.	The	anterior	border	of	the	lateral	fields	should	cover	at	least
the	posterior	border	of	the	vagina	or	the	prostate,	the	anterior	extent	of	the	primary	rectal	tumor,	and	the	anterior
edge	of	the	sacral	promontory.	Examples	of	typical	radiation	fields	as	depicted	by	a	CT	simulation	are	shown	in
Figure	63.4.
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Figure	63.4	Posteroanterior	(A)	and	lateral	(B)	digitally	reconstructed	radiograph	of	the	radiation
fields	for	preoperative	radiation	therapy	of	a	T3	N1	rectal	adenocarcinoma.	The	clinical	target
volume	and	rectum	are	outlined.	There	is	a	marker	at	the	anal	verge	to	help	avoid	irradiating	the
entire	anal	canal.	The	field	treats	the	mesorectum	and	the	lymph	nodes	to	the	level	of	the	sacral

promontory.	C:	Transverse	cut	at	the	middle	of	the	radiation	field.
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INTRODUCTION
Carcinoma	 of	 the	 anal	 canal	 is	 a	 rare	 malignancy,	 although	 its	 incidence	 continues	 to	 steadily	 increase.	 The
development	of	anal	cancer	is	a	multifocal	process	largely	associated	with	the	human	papillomavirus	(HPV).	The
treatment	approach	to	this	disease	has	evolved	significantly	over	recent	decades	and	serves	as	a	model	for	organ-
preserving	therapy,	transitioning	from	radical	surgery	by	abdominoperineal	resection	(APR,	entailing	permanent
colostomy	 placement	 with	 associated	 high	 pelvic	 recurrence	 rates)	 to	 a	 nonsurgical	 approach	 of	 definitive
chemoradiotherapy	with	 5-fluorouracil	 (5-FU)	 and	mitomycin	C	 (MMC),	 leading	 to	 successful	 preservation	 of
anorectal	 function	 in	 the	 majority	 of	 patients.	 Anal	 cancer	 is	 relatively	 unique	 among	 gastrointestinal	 (GI)
malignancies	in	that	it	has	a	low	propensity	for	metastatic	spread,	making	local–regional	control	a	paramount	end
point	in	the	approach	to	this	disease.	Over	the	past	two	decades,	published	randomized	trials	have	demonstrated
the	superiority	of	chemoradiotherapy	with	5-FU	and	MMC	over	radiation	therapy	alone,	radiation	with	concurrent
5-FU,	 as	well	 as	 induction	 cisplatin/5-FU	 alone	 followed	 by	 concurrent	 radiotherapy	 using	 the	 same	 regimen.
Additionally,	randomized	trials	have	failed	to	demonstrate	a	definitive	benefit	for	neither	radiation	dose	escalation
nor	 superiority	 when	 substituting	 cisplatin	 for	 MMC.	 Treatment	 with	 chemoradiotherapy	 is	 associated	 with
significant	acute	and	chronic	toxicity	rates,	and	improvement	in	radiation	therapy	techniques	has	been	shown	to
decrease	the	same.	Current	investigations	include	selective	radiation	dose	reduction	(early-stage	patients)	as	well
as	escalation	(more	advanced	patients).	Additional	areas	of	 investigation	include	the	use	of	novel	cytotoxic	and
inhibitor	 targeted	 agents,	 including	 epidermal	 growth	 factor	 receptor	 (EGFR)	 and	 immunotherapy/HPV-based
vaccines,	in	efforts	to	improve	outcomes	in	patients	with	more	advanced	disease,	as	well	as	further	understanding
the	 molecular	 etiology	 and	 resistance	 of	 this	 disease.	 This	 chapter	 provides	 an	 overview	 of	 the	 background,
epidemiology,	 diagnosis,	 multidisciplinary	 treatment,	 and	 outcomes	 of	 tumors	 arising	 in	 the	 anal	 canal	 and
perianal	skin	as	well	as	anal	canal	adenocarcinoma	and	melanoma.

EPIDEMIOLOGY	AND	ETIOLOGY
Anal	cancer	is	the	least	prevalent	among	all	GI	cancers.	It	has	been	reported	that	anal	cancers	account	for	1%	to
2%	of	all	large	bowel	malignancies.	According	to	the	2018	American	Cancer	Society	(ACS)	statistics,	about	8,580
men	and	women	(a	ratio	of	1.5:2.1	for	men	to	women	per	100,000	persons,	respectively)	will	be	diagnosed	with
anal	cancer,	and	it	is	estimated	that	1,160	(or	approximately	13%)	of	those	diagnosed	with	anal	cancers	will	die
from	their	disease.1	The	median	age	at	diagnosis	for	anal,	anal	canal,	and	anorectal	cancers	was	61	years	during
2010	to	2014.1	This	data	showed	that	among	all	races,	Caucasian	females	experienced	the	highest	incidence	rate
(2.3	out	of	100,000),	whereas	Asian	males	and	females	had	the	lowest	 incidence	rate	(0.5	out	of	100,000	each)
during	that	time	frame	(Fig.	64.1).	The	median	age	at	death	was	65	years	during	this	period.	It	was	estimated	that
African	American	males	and	non-Hispanic	females	had	the	highest	mortality	rate	(0.3	out	of	100,000	each)	among
all	races,	whereas	at	the	same	time,	both	Asian	males	and	females	had	the	lowest	mortality	rate	(<16	cases)	(see
Fig.	64.1).

The	 incidence	of	anal	cancer	has	been	 increasing	over	 the	 last	30	years	 in	 the	United	States	 (1.5/100,000	 in
2005	compared	 to	2.0/100,000,	 according	 to	 the	National	Cancer	 Institute	 [NCI]1)	as	well	as	globally.2	 This	 is
likely	related	 to	 the	 increase	 in	 infections	by	sexually	 transmitted	HPV	and	HIV,	which	may	have	a	significant
impact	on	anal	 cancer	 incidence.	 In	one	 large	case	control	 series,	 an	 increasing	number	of	 sexual	partners	was
associated	with	the	development	of	anal	cancer	in	both	men	and	women	(odds	ratio	of	4.5	for	women	and	2.5	for
men	with	≥10	sexual	partners).	This	study	also	demonstrated	 that	a	history	of	anal	warts	was	associated	with	a
higher	risk	of	developing	anal	cancer	as	was	receptive	anal	intercourse	in	women.
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Human	Papillomavirus	Infection
High-risk	HPV16	has	been	detected	in	almost	90%	of	cases	of	squamous	cell	carcinoma	(SCC)	of	the	anus.3	A
recent	meta-analysis	suggests	that	HPV16	is	found	more	frequently	(75%)	and	HPV18	less	frequently	(10%)	in
anal	carcinomas	than	in	cervical	carcinomas.	Moreover,	approximately	80%	of	anal	cancers	demonstrated	more
than	 one	 HPV	 genotype.4	 Anal	 cancer,	 now	 considered	 to	 be	 a	 predominantly	 HPV-related	 cancer,	 has	 an
incidence	15	times	higher	in	homosexual	men	than	in	heterosexual	men.	In	most	cases,	anal	infection	with	HPV	is
sexually	transmitted,	and	the	risk	for	cancer	is	increased	in	patients	with	a	history	of	receptive	anal	intercourse	in
women	and	homosexual	activity	in	men.5	It	is	also	shown	that	women	with	high-grade	cervical	or	vulvar	dysplasia
are	more	susceptible	to	develop	anal	cancer,	as	cervical	or	vulvar	HPV	infection	escalates	anal	HPV	infection	risk.

HIV	Infection
The	incidence	of	anal	cancer	in	patients	who	are	infected	with	HIV	is	estimated	to	be	twice	that	of	HIV-negative
patients.	Highly	 active	 antiretroviral	 therapy	 (HAART)	has	 resulted	 in	patients	with	HIV	 living	 longer	 and	 the
development	 of	 related	 malignancies.	 In	 contrast	 to	 other	 HIV-associated	 malignancies,	 the	 incidence	 of	 anal
cancer	 has	 actually	 risen	 following	 implementation	 of	HAART.	According	 to	 the	NCI,	 the	 rise	 in	 anal	 cancer
incidence	rates	during	1980	to	2005	was	predominantly	seen	in	male	patients	with	HIV,	relative	to	their	female
counterparts.6	Although	HIV	has	been	considered	to	be	a	major	factor	in	anal	cancer	incidence,	it	is	also	suggested
that	HIV	may	have	 an	 impact	 on	 the	 survival	 of	 patients	with	 anal	 cancer,	with	 one	 report	 demonstrating	 that
HIV-positive	 patients	with	 anal	 cancer	 tended	 to	 develop	 earlier	 recurrences	 than	HIV-negative	 patients	 by	 20
months,	 although	 the	 median	 survival	 for	 HIV-positive	 patients	 (34	 months)	 and	 HIV-negative	 patients	 (39
months)	was	similar	(nonsignificant)	(discussed	in	the	following	text).



Figure	64.1	Anal	cancer	distribution	among	different	races.	(Top)	Incidence	rate.	(Bottom)	Death
rate.
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Other	Risk	Factors
According	to	the	American	Society	of	Colon	and	Rectal	Surgeons	(ASCRS),	risk	factors	other	than	HIV	and	HPV
infections	include	the	following:

Age:	67%	>55	years
Smoking:	There	are	reports	demonstrating	that	smoking	is	a	risk	factor	for	anal	cancer	development.
According	to	one	study,	the	relationship	between	smoking	and	anal	cancer	persists	for	both	gender	types
(adjusted	odds	ratio	for	women	=	3.8,	95%	confidence	interval	[CI],	2.3	to	6.2;	adjusted	odds	ratio	for	men	=
3.9,	95%	CI,	1.9	to	8.0).	Similarly,	the	risk	of	anal	cancer	appears	to	be	related	to	the	pack-year	history	of
smoking,	with	more	extensive	histories	associated	with	a	higher	risk.7
Immunosuppression:	Solid	organ	transplant	recipients	with	chronic	immunosuppressive	therapy	have	a	six
times	higher	risk	to	develop	anal	cancer	relative	to	the	general	population.8

Benign	 anal	 lesions	 are	 no	 longer	 thought	 to	 contribute	 to	 the	 development	 of	 this	 disease,	 although	 anal
cancers	are	frequently	misdiagnosed	as	these	conditions.

SCREENING	AND	PREVENTION
Anal	 squamous	 intraepithelial	 lesions	 (SILs)	 or	 anal	 intraepithelial	 neoplasia	 (AIN)	 have	 been	 recognized	 as
precursors	that	can	progress	to	anal	SCC.9	Although	there	are	no	published	guidelines	that	recommend	screening
of	the	general	population	for	anal	cancer,	there	are	high-risk	groups	that	may	benefit	from	such,	most	prominently
patients	 infected	with	HIV.	Although	 the	natural	history	of	SIL	 is	still	being	unraveled,	studies	show	increased
rates	of	progression	in	HIV-positive	patients	with	a	relative	risk	(RR)	of	2.4	and	increasing	to	3.1	for	those	with
CD4	counts	<200.	The	rationale	for	screening	for	SIL	is	based	on	the	following:	There	is	a	high	incidence	of	anal
cancer	 within	 the	 proposed	 screening	 population	 (i.e.,	 HIV-positive	 patients),	 available	 screening	 tests	 are
effective	and	cost-efficient,	and	early	detection	can	change	the	outcome	of	the	disease.	The	initial	recommended
screening	 test	 is	 an	 “anal	 Pap	 smear”	 that	 evaluates	 cells	 in	 the	 anal	 canal	 for	 abnormal	 cytology	 through
swabbing.	Patients	with	abnormal	cytology	should	then	be	evaluated	by	high-resolution	anoscopy	(HRA),	which
facilitates	 the	 visualization	 of	 abnormal	 lesions,	 allowing	 biopsy	 and/or	 removal.10	 Algorithms	 for	 the
management	 of	 low-grade	 and	 high-grade	 SILs	 (LSILs	 and	HSILs,	 respectively)	 remain	 controversial	 as	more
data	are	needed	to	determine	the	effectiveness	of	intervention	on	decreasing	long-term	rates	of	anal	SCC.

There	 is	consensus	 that	HRA	with	directed	biopsy	 is	 the	gold	standard	for	detection	of	HSIL.	However,	 the
procedural	technique	itself	 is	not	standardized	and	wide	variations	exist	across	clinical	practices	worldwide	that
are	 not	well	 defined	 or	 documented.	 There	 is	 also	 significant	 diversity	 in	 the	 professional	 backgrounds	 of	 the
practitioners	 who	 provide	 this	 screening,	 ranging	 from	 surgical	 and	 gynecologic	 training	 to	 internal	 medicine
specialties	and	dermatology.	In	an	effort	to	improve	the	quality	of	anal	dysplasia	screening	globally	and	allow	for
more	meaningful	development	and	comparison	of	research	data,	the	International	Anal	Neoplasia	Society	(IANS)
has	published	detailed	guidelines	to	define	the	minimum	practice	standards	for	this	clinical	service.	In	this	report,
the	essential	components	of	a	satisfactory	HRA	exam	are	described,	including	technical	steps	and	documentation
language,	as	well	as	basic	competencies	for	clinicians.	Quality	assurance	metrics	are	also	proposed	to	maximize
accurate	HSIL	detection	while	minimizing	patient	morbidity.	Although	these	standards	will	require	further	review
and	 validation,	 the	 ultimate	 goal	 would	 be	 to	 develop	 certification	 methods	 for	 individual	 practitioners	 and
accreditation	of	sites	similar	to	what	is	already	well	established	for	colposcopy	and	endoscopy.11

Whereas	progression	of	SIL	to	cancer	has	been	increasingly	described,	the	rate	of	spontaneous	regression	even
in	 high-risk	 patients	 is	 largely	 unknown.	 In	 the	 first	 study	 to	 quantify	 this,	 Tong	 et	 al.12	 found	 that	 23.8%	 of
patients	 diagnosed	 with	 high-grade	 dysplasia	 on	 HRA	 screening	 regressed	 to	 low	 grade	 or	 normal	 histology
without	any	ablative	therapy.	The	rate	of	regression	was	actually	higher	than	progression	to	cancer,	indicating	that
not	 all	 lesions	warrant	 treatment.	 The	 challenge	will	 be	 to	 delineate	 predictive	 factors	 for	 progression	 so	 that
therapy	can	be	targeted.	The	Australian	SPANC	study	is	one	of	a	few	large	prospective	trials	underway	that	hopes
to	address	this	issue	directly	by	advancing	our	understanding	of	the	natural	history	of	anal	HPV	and	dysplasia	so
that	definitive	evidence-based	guidelines	can	be	generated.	The	study	will	follow	HIV-negative	and	HIV-positive
homosexual	men	aged	35	years	and	over	 from	the	community	setting	as	 they	undergo	anal	dysplasia	screening
over	the	course	of	3	years.	Investigators	have	recently	published	results	from	the	baseline	visit	for	the	study’s	617
participants,	all	of	whom	had	both	cytology	and	HRA	performed.	A	total	of	35%	of	participants	were	found	to



have	 histologic	 high-grade	 dysplasia.	 Overall,	 the	 sensitivity	 of	 cytology	 was	 83.2%,	 the	 specificity	 52.6%,
positive	predictive	value	 (PPV)	45.8%,	and	negative	predictive	value	 (NPV)	86.7%.	Specificity	 improved	with
increasing	age	and	the	sensitivity	was	significantly	higher	in	men	with	more	extensive	high-grade	dysplasia	and	in
those	with	increased	metaplastic	cells.12,13

Treatment	options	of	high-grade	AIN	include	ablation	with	electrocautery,	topical	trichloroacetic	acid,	topical
5-FU,	 or	 imiquimod,14	 with	 estimated	 lesion	 control	 rates	 ranging	 from	 60%	 to	 80%.	 A	 collective	 review
highlights	the	paucity	of	evidence	regarding	the	efficacy	of	available	interventions	for	SIL.	This	review	revealed
only	 one	 randomized	 trial,	 comparing	 imiquimod	 versus	 placebo.	 Although	 underpowered,	 results	 showed	 no
statistically	 significant	 benefit	 for	 treatment.15	 The	 ANCHOR	 (Anal	 Cancer/HSIL	Outcomes	 Research)	 study,
which	is	an	NCI-sponsored	trial	that	began	enrollment	in	December	2014,	aims	to	address	exactly	these	questions.
This	multicenter	 controlled	 trial	will	 randomize	 5,058	HIV-positive	 patients	with	 anal	 high-grade	 dysplasia	 to
undergo	either	active	monitoring	(with	frequent	HRA)	or	lesion-directed	treatment.	Time	to	the	development	of
anal	 cancer	will	 be	measured	 as	 the	primary	outcome	with	 at	 least	 5	 years	 of	 follow-up	 for	 all	 patients.	Other
outcome	measures	to	be	investigated	include	tolerance	and	safety	of	the	various	treatment	modalities,	quality-of-
life	parameters,	and	behavioral	risk	factors	as	well	as	biomarkers	for	HSIL	progression	to	cancer.16

A	promising	strategy	for	the	prevention	of	anal	dysplasia	and	malignancy	is	HPV	vaccination.	Two	vaccines
(Cervarix	 [GlaxoSmithKline,	 Brentford,	 United	 Kingdom]	 and	 Gardasil	 [Merck,	 Kenilworth,	 NJ])	 are	 now
approved	 by	 the	U.S.	 Food	 and	Drug	Administration	 (FDA)	 and	 have	 been	 shown	 to	 protect	 against	 cervical
cancer	in	women.17,18	The	quadrivalent	HPV	vaccine	Gardasil	has	demonstrated	efficacy	for	prevention	of	HPV6-
,	HPV11-,	HPV16-,	and	HPV18-related	genital	warts	and	has	been	shown	to	protect	against	cancers	of	the	anus,
vagina,	 and	 vulva.19	 In	 a	 large,	 double	 blind	 study,	 602	 healthy	 men	 who	 have	 sex	 with	 men	 (MSM)	 were
randomized	to	receive	the	quadrivalent	HPV	vaccine	versus	placebo.	With	a	36-month	median	follow-up	for	the
development	of	AIN	and/or	high-risk	HPV	infection,	significantly	reduced	rates	of	high-grade	anal	dysplasia	and
high-risk	HPV	infection	were	demonstrated	in	the	vaccinated	group.20	No	cases	of	anal	cancer	or	vaccine-related
serious	 events	 were	 noted.	 In	 the	 context	 of	 limited	 availability	 and	 suboptimal	 outcomes	 of	 AIN	 screening
programs,	vaccination	may	reflect	the	best	long-term	approach	for	reducing	anal	cancer	risk	and	is	recommended
for	girls	and	boys	at	age	11	or	12	years	and	girls	13	to	26	years	of	age	who	have	not	been	previously	vaccinated.

Given	 that	 HIV	 +	MSM	 patients	 are	 at	 highest	 risk	 for	 anal	 cancer,	 most	 of	 whom	 have	 been	 repeatedly
exposed	to	oncogenic	HPV	subtypes	and	possibly	treated	for	premalignant	lesions,	studies	to	determine	the	role	of
vaccination	 in	 this	population	 are	paramount.	One	 retrospective	 analysis	of	202	HIV	+	MSM	patients,	 44%	of
whom	 received	 the	 quadrivalent	 HPV	 vaccine,	 found	 this	 intervention	 to	 be	 associated	 with	 an	 almost	 50%
reduction	 in	 the	 risk	 of	 recurrent	 high-grade	 dysplasia.	 In	 follow-up,	Deshmukh	 et	 al.21	 constructed	 a	Markov
model	to	determine	the	long-term	clinical	and	economic	outcomes	of	adding	the	quadrivalent	HPV	vaccine	to	the
treatment	 regimen	 for	 these	 lesions	 in	 this	high-risk	group.	Using	data	 from	 the	 literature	and	a	natural	history
model	of	anal	carcinogenesis,	the	authors	calculated	that	vaccination	reduced	the	lifetime	risk	of	anal	cancer	by
60.77%	and	was	highly	cost-effective	with	decreased	lifetime	costs	and	increased	quality-adjusted	life	expectancy.
These	findings	were	robust	irrespective	of	reasonable	changes	in	vaccine	efficacy	and	age	at	vaccination.21

PATHOLOGY
A	variety	of	malignancies	can	arise	in	the	anal	canal	and	perianal	skin.	The	typical	gross	appearance	of	SCC	of	the
anal	canal	(SCCA)	consists	of	a	lesion	with	rolled	edges,	often	with	central	ulceration,	with	a	minority	consisting
of	 polypoid	 lesions	 (Fig.	 64.2).	 On	 a	 practical	 level,	 these	 can	 be	 divided	 into	 squamous	 and	 nonsquamous
histologies.	The	vast	majority	of	anal	canal	tumors	are	classified	as	SCC,	which	encompasses	tumors	previously
described	as	basaloid,	cloacogenic,	 transitional,	mucoepidermoid,	and	verrucous	mucoepidermoid	varieties	(Fig.
64.3).	These	subtypes	generally	referred	to	tumors	arising	in	the	anal	transitional	zone,	where	the	anal	squamous
histology	transitions	into	the	glandular	epithelium	seen	in	the	colorectum.	From	a	treatment	standpoint,	these	are
all	 approached	 as	 SCC.	 The	 current	World	 Health	 Organization	 (WHO)	 classification	 does	 not	 include	 these
subtypes.	The	majority	of	these	are	nonkeratinizing,	although	tumors	arising	below	the	dentate	line	often	display
keratinizing	 properties.	 Most	 squamous	 lesions	 are	 moderately	 to	 poorly	 differentiated	 and	 display	 koilocytic
changes	consistent	with	HPV	infection.
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Figure	64.2	A	60-year-old	male	with	advanced	squamous	cell	carcinoma	of	the	anal	verge,
exhibiting	rolled	edges	with	central	ulceration.

It	is	believed	that	most	anal	cancers	arise	from	precancerous	changes	(i.e.,	AIN)	of	the	anal	canal	and	perianal
skin	 epithelium.	AIN	 is	 a	multifocal	 process	 associated	with	HPV,	 analogous	 to	 cervical	 dysplasia.	There	 is	 a
progression	 from	 normal	 epithelium	 to	 condyloma	 and	 grade	 I	 AIN	 (associated	 with	 mild	 dysplasia),	 later
progressing	to	grade	II	AIN	(with	moderate	dysplasia),	and	ultimately	grade	III	AIN	with	severe	dysplasia,	as	well
as	in	situ	disease.	Immunohistochemistry	for	p16	protein	may	be	used	as	a	marker	to	confirm	a	diagnosis	of	HPV-
related	 anal	 HSIL,	 also	 being	 used	 as	 a	 surrogate	marker	 for	 the	 presence	 of	 HPV	 genome	 in	 tumor	 cells	 in
cervical	 and	 head	 and	 neck	 cancers.	 Once	 disease	 has	 reached	 grade	 III	 AIN,	 regression	 is	 less	 common.	 A
simpler	classification	has	adopted	a	two-tiered	approach	of	LSILs	and	HSILs.	In	this	classification	system,	grade	I
AIN	 corresponds	 to	 LSIL	 and	 grade	 II	 to	 III	 correspond	 to	HSIL,	 similar	 to	 criteria	 and	 terminology	 used	 in
cervical	lesions.22

It	 has	 been	 estimated	 that	 approximately	 5%	 of	 AIN	 III	 patients	 progress	 to	 invasive	 malignancy,	 often
occurring	over	a	multiyear	period.	This	incidence	of	progression	of	AIN	III	is	substantially	increased	in	patients
who	are	immunocompromised.23	The	prevalence	of	AIN	among	HIV-negative	homosexual	men	is	high	(>36%),
and	 almost	 universal	 among	 HIV-positive	 MSM.24	 The	 incidence	 of	 AIN	 is	 believed	 to	 be	 much	 greater	 in
patients	 with	 HIV	 as	 exemplified	 by	 a	 French	 study	 analyzing	 8,153	 routine	 hemorrhoidectomy	 specimens,
finding	that	only	3	cases	of	AIN	(0.04%)	were	seen,	as	compared	to	20	cases	out	of	a	103	(19.4%)	in	specimens
from	HIV-positive	men	(Fig.	64.4).



Figure	64.3	A	microscopic	image	of	a	biopsy	revealing	nonkeratinizing	squamous	cell	carcinoma.

Figure	64.4	A	schematic	representation	of	an	anal	intraepithelial	neoplasia	progression.	Note	that
the	increasing	severity	as	a	proportion	of	epithelium	is	replaced	by	progressive	increase	in

immature-appearing	cells,	ultimately	leading	to	invasive	disease	with	violation	of	the	basement
membrane.	(From	Goldstone	SE.	Diagnosis	and	treatment	of	HPV	related	squamous	intraepithelial

neoplasia	in	men	who	have	sex	with	men.	PRN	Notebook	2005;10:11–16.)

Although	multiple	studies	provide	 indirect	evidence	for	 the	progression	from	AIN	to	cancer	across	high-risk
populations,	Berry	et	al.9	are	the	first	to	describe	progression	within	individual	lesions.	The	authors	reviewed	the
records	of	all	HIV-infected	MSM	patients	at	the	University	of	California,	San	Francisco	(UCSF),	who	developed
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anal	 cancer	while	under	 their	 care	between	1997	 and	2011.	A	 total	 of	 27	men	had	documented	progression	 to
cancer	at	the	site	of	biopsy-proven	high-grade	disease.	This	finding	more	directly	supports	the	role	of	AIN	II	to	III
as	 a	 cancer	 precursor	 and	 highlights	 the	 urgency	 of	 developing	 standardized	 screening	 and	 management
protocols.9

Most	high-grade	anal	 lesions,	however,	do	not	progress	 to	cancer,	and	 the	 rate	of	 spontaneous	 regression	 in
high-risk	 patients	 is	 largely	 unknown	 (see	 Tong12;	 SPANC13	 and	ANCHOR16	 trials	 previously	mentioned).	 A
French	 study	 is	 prospectively	 evaluating	 the	 incidence	 of	 anal	 cancer	 development	 in	 patients	 with	 AIN	 III.
Precancerous	lesions	are	now	classified	according	to	the	two	similar	criteria	and	terminology	as	cervical	lesions.

In	a	substudy	of	this	population,	Tong	et	al.12,25,26	found	that	HPV16	E6-specific	CD4	T-cell	responses	were
associated	 with	 spontaneous	 regression	 of	 high-grade	 lesions.	 Further	 evaluation	 of	 this	 and	 other	 predictive
factors	for	regression	will	be	important	as	screening	and	treatment	algorithms	are	delineated.

Additional	 nonsquamous	 cell	 histologies	 arising	 in	 the	 anal	 canal	 include	 adenocarcinoma,	 small-cell
carcinoma/neuroendocrine	 tumors,	 undifferentiated	 carcinomas,	 melanomas,	 and	 rarely,	 lymphomas	 and
sarcomas.	 Neuroendocrine	 tumors	 are	 thought	 to	 arise	 from	 endocrine	 cells	 in	 the	 transitional	 zone	 and,	 like
neuroendocrine	 tumors	 arising	 from	 other	 sites,	 tend	 to	 disseminate	widely.	A	 suspected	 anal	 adenocarcinoma
may	 actually	 reflect	 an	 extension	 from	 a	 distal	 rectal	 adenocarcinoma	 in	 some	 situations.	 Mucinous
adenocarcinoma	is	generally	thought	to	arise	in	the	anal	glands	and	ducts	and	is	uncommon.	It	should	be	noted
that	histology	is	generally	more	important	than	location	within	the	anal	canal	and	usually	dictates	overall	patient
management.

Tumors	 of	 the	 perianal	 skin	 are	 similar	 to	 that	 seen	 in	 the	 anal	 canal,	 primarily	 composed	 of	 SCC.	 These
tumors	are	generally	well	differentiated	and	keratinizing.	Verrucous	carcinoma—also	sometimes	known	as	a	giant
condyloma	 or	 Buschke-Lowenstein	 tumor—was	 initially	 described	 in	 1925.	 These	 tumors	 are	 sometimes
mistakenly	 considered	 to	be	benign	 and	misdiagnosed	 as	 condylomata	 acuminata,	with	 a	 subsequent	histologic
analysis	revealing	invasion.	These	are	often	large,	have	a	cauliflower	appearance,	are	locally	destructive,	and	are
HPV	related.	They	are	often	slow	growing	and	can	be	present	for	many	years	before	coming	to	medical	attention.
Local	 recurrence	 rates	 following	 excision	 are	 high,	 and	malignant	 transformation	 can	 be	 seen	 in	 up	 to	 50%.27
Additional	precursor	lesions	seen	in	the	perianal	skin	include	Bowen	disease,	which	consists	of	a	slow-growing
intraepidermal	SCC	that	may	mimic	perianal	dermatitis,	as	well	as	Paget	disease,	which	 is	 similar	 to	 the	entity
seen	associated	with	breast	cancer,	with	an	eczematous	appearance.	Approximately	half	of	Paget	disease	patients
will	harbor	an	underlying	adenocarcinoma,	notably	in	the	colorectum.

CLINICAL	PRESENTATION	AND	STAGING
Symptoms	of	anal	cancer	can	be	diverse	and	include	bleeding,	pain,	itching,	anal	discharge,	tenesmus,	and	a	sense
of	fullness	or	a	lump	in	the	anal	canal.	The	most	common	presentation	is	bleeding	from	the	anus.	More	extensive
lesions	may	present	with	more	ominous	symptoms	such	as	incontinence,	passage	of	gas	or	stool	from	the	vagina,
or	significant	change	in	bowel	habits.	Less	frequently,	an	enlarged	inguinal	lymph	node	is	reported,	and	20%	of
patients	are	initially	asymptomatic.	Symptoms	may	often	be	dismissed	as	hemorrhoids	or	other	benign	causes,	and
it	 is	 crucial	 to	 further	 evaluate	 by	 a	 physical	 examination	 and	 anoscopy.	 Any	mass	 should	 be	 biopsied	 for	 a
diagnosis.

TABLE	64.1
Recommended	Diagnostic	Evaluation	in	Newly	Diagnosed	Anal	Cancer

■	Digital	rectal	examination	with	tumor	characterization	(location,	fixation,	extent)
■	Examination	of	inguinal	lymph	nodes;	consideration	of	biopsy	if	deemed	suspicious
■	Endoscopy/proctoscopy
■	Gynecologic	examination	in	females	to	rule	out	vaginal	invasion	as	well	as	exclude	gynecologic	primary;	include	screening	for
cervical	cancer
■	CT	scan	of	chest	and	abdomen,	and	pelvic	CT	or	MRI
■	PET/CT	scan
■	Complete	blood	count	with	serum	chemistries	as	well	as	HIV	testing/CD4	levels	in	the	presence	of	risk	factors
CT,	computed	tomography;	MRI,	magnetic	resonance	imaging;	PET,	Positron	emission	tomography.

Clinical	staging	is	performed	by	a	combination	of	clinical,	endoscopic,	and	radiographic	examinations	(Table



64.1).	History	should	include	an	assessment	of	anal	sphincter	function	as	well	as	HIV	risk	factors.	Digital	rectal
examination	 can	 identify	 fixation	 to	 the	 sphincter	 complex	or	 adjacent	 organs	 such	 as	 the	vagina	 and	prostate.
Proctoscopy	provides	 information	 about	 the	 extent	 of	mucosal	 spread,	 including	 the	 relationship	 to	 the	dentate
line,	 and	 facilitates	 biopsy.	 It	 may	 be	 necessary	 to	 examine	 patients	 under	 anesthesia	 secondary	 to	 pain	 and
sphincter	 muscle	 spasms.	 Female	 patients	 should	 undergo	 a	 gynecologic	 examination	 to	 determine	 vaginal
involvement	and	to	exclude	other	HPV-associated	cancers,	including	evaluation	of	the	cervix.	Imaging	is	used	to
better	 delineate	 the	 local	 extent	 of	 disease	 and	 regional	 adenopathy,	 and	 to	 determine	 the	 presence	 of	 distant
metastases.	 Cross-sectional	 imaging	 provides	 information	 about	 the	 primary	 tumor	 including	 accurate
measurement,	 which	 is	 used	 for	 T	 stage	 classification,	 and	 involvement	 of	 adjacent	 structures.	 Computed
tomography	(CT)	scans	of	the	chest,	abdomen,	and	pelvis	are	commonly	employed	to	evaluate	distant	disease	and
adenopathy,	particularly	in	the	inguinal	regions.	Pelvic	magnetic	resonance	imaging	(MRI)	may	be	performed	as
an	alternative	 to	pelvic	CT.	Of	all	patients	presenting	with	palpable	 inguinal	 lymph	nodes,	only	approximately
50%	 are	malignant;	 therefore,	 fine-needle	 aspiration	 is	 often	 recommended	 in	 suspected	 cases,	 and	 a	 positive
result	may	guide	radiation	field	design	and	dose.	Some	oncologists	have	suggested	a	routine	sentinel	lymph	node
(SLN)	evaluation	as	a	staging	technique.	A	systematic	review	of	16	published	series	evaluating	the	outcome	of
SLN	biopsy	of	inguinal	nodes	included	323	patients,	and	the	success	in	identifying	the	SLN	was	86%.	However,
the	exact	role	of	SNL	in	pretreatment	evaluation	remains	undetermined.28

A	number	of	 recent	 studies	have	 investigated	 the	 role	of	positron	emission	 tomography	 (PET)-CT	scans	 for
staging	anal	cancer.	One	review	described	outcomes	of	patients	undergoing	conventional	staging	with	ultrasound
as	 well	 as	 PET-CT	 scans.	 Of	 95	 patients,	 the	 authors	 found	 that	 PET-CT	 scans	 were	 particularly	 valuable	 in
detecting	 more	 extensive	 nodal	 and	 metastatic	 disease	 as	 well	 as	 the	 detection	 of	 synchronous	 malignancies.
Upstaging	was	noted	in	14%	of	patients,	and	23%	had	a	change	in	treatment	plan	relative	to	ultrasound	staging.29
Another	study	comparing	the	use	of	conventional	imaging	with	CT	scans	and	MRI	found	that	the	addition	of	PET-
CT	scans	upstaged	patients	in	20%,	downstaged	25%,	and	altered	management	in	37%.	These	authors	concluded
that	 PET-CT	 scans	 should	 be	 a	 routine	 part	 of	 initial	 staging	 of	 all	 anal	 cancers.	A	 lesser	 impact	was	 seen	 in
patients	 evaluated	 in	 follow-up	where	PET-CT	scans	upstaged	11%	and	downstaged	 in	6%	of	 cases;	 however,
these	changes	also	led	to	an	altered	management	in	17%,	indicating	a	potential	role	for	selected	PET-CT	scan	use
when	 there	 is	 a	 question	 of	 recurrence	 or	 salvage	 surgery	 is	 planned.30	 A	 study	 by	Vercellino	 and	 colleagues
similarly	found	that	PET-CT	scans	were	useful	in	the	avoidance	of	unnecessary	biopsies	and	surgery,	with	a	NPV
of	94%,	ultimately	impacting	on	treatment	plans	in	22%	of	follow-up	cases.31	Finally,	PET-CT	scans	may	have
prognostic	 value	 as	 well,	 with	 one	 study	 demonstrating	 a	 significant	 correlation	 between	 metabolic	 response
posttreatment	 and	 progression-free	 survival	 (PFS)	 as	well	 as	 overall	 survival	 (OS).32	National	Comprehensive
Cancer	Network	(NCCN)	 treatment	guidelines	 include	 the	use	of	FDG-PET	scans	with	CT	scans	as	part	of	 the
staging	 evaluation.33	 After	 the	 previously	 mentioned	 evaluation,	 staging	 is	 assigned	 according	 to	 the	 newly
released	American	Joint	Committee	on	Cancer	(AJCC)	eighth	edition,	which	was	incorporated	January	1,	2018.
(Table	64.2).	One	major	change	in	the	eighth	edition	is	that	cancers	of	the	perianal	skin	(within	5	cm	of	the	anal
verge)	are	staged	and	treated	the	same	as	anal	canal	cancers	rather	than	squamous	cell	cancers	of	the	skin.

TABLE	64.2
Tumor,	Node,	Metastasis	Anus	Staging	According	to	the	American	Joint	Committee	on
Cancer

Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis
High-grade	squamous	intraepithelial	lesion	(previously	termed	carcinoma	in	situ,	Bowen
disease,	anal	intraepithelial	neoplasia	II–III,	high-grade	anal	intraepithelial	neoplasia)

T1 Tumor	≤2	cm	in	greatest	dimension

T2 Tumor	>2	cm	but	not	>5	cm	in	greatest	dimension

T3 Tumor	>5	cm	in	greatest	dimension

T4
Tumor	of	any	size	invades	adjacent	organ(s)	(e.g.,	vagina,	urethra,	bladder);	direct	invasion	of
rectal	wall,	perirectal	skin,	subcutaneous	tissue	or	sphincter	muscle	is	not	classified	as	T4

Regional	Lymph	Nodes	(N)
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Nx Regional	lymph	nodes	cannot	be	assessed
N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	inguinal,	mesorectal,	internal	iliac,	or	external	iliac	nodes

N1a Metastasis	in	inguinal,	mesorectal,	and/or	internal	iliac	lymph	nodes

N1b Metastasis	in	external	iliac	lymph	nodes

N1c Metastasis	in	external	iliac	lymph	nodes	with	any	N1a	nodes

Distant	Metastases	(M)
M0 No	distant	metastasis

M1 Distant	metastasis

Anatomic	Stage/Prognostic	Group
Stage	0 Tis N0 M0

Stage	I T1 N0 M0

Stage	IIA T2 N0 M0

Stage	IIB T3 N0 M0

Stage	IIIA T1,	T2 N1 M0

Stage	IIIB T4 N0 M0

Stage	IIIC T3,	T4 N1 M0

Stage	IV Any	T Any	N M1
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

PROGNOSTIC	FACTORS
Clinical
T	 and	N	 stages	 are	 the	most	 important	 prognostic	 factors	 for	 anal	 cancer.	According	 to	 the	AJCC,	 the	 5-year
observed	OS	rates	of	anal	cancer	for	stages	I,	II,	IIIA,	IIIB,	and	IV	are	69.5%,	68.1%,	45.6%,	39.6%,	and	15.3%,
respectively.	It	has	also	been	demonstrated	that	the	5-year	OS	rates	for	T1,	T2,	T3,	T4,	N0,	and	node-positive	anal
cancer	are	86%,	86%,	60%,	45%,	76%,	and	54%,	respectively.

There	 are	 relatively	 few	 studies	 available	 that	 analyze	 prognostic	 factors	 for	 anal	 cancer.	 According	 to	 the
Radiation	Therapy	Oncology	Group	(RTOG)	98-11	study,	tumor	size	(>5	cm),	involved	lymph	nodes	(N+),	and
male	 sex	were	 associated	with	worse	 5-year	 disease-free	 survival	 (DFS)	 and	OS.34	Results	 from	 the	European
Organization	for	Research	and	Treatment	of	Cancer	(EORTC)	22861	study	indicated	that	skin	ulceration,	lymph
node	involvement,	and	male	sex	were	independent	variables	associated	with	local–regional	failure	(LRF)	and	OS
in	 multivariate	 analysis.35	 A	 secondary	 analysis	 of	 the	 United	 Kingdom	 Co-ordinating	 Committee	 on	 Cancer
Research	(UKCCCR)	Anal	Cancer	Trial	 (ACT	I)	 trial	 indicated	 that	palpable	 lymph	nodes	as	well	as	male	sex
portended	 a	 poor	 prognosis,	 similar	 to	 previous	 studies.	 In	 addition,	 after	 adjusting	 for	 these	 factors,	 these
investigators	 also	 reported	 that	 lower	 hemoglobin	 and	 higher	 white	 blood	 cell	 counts	 were	 also	 prognostic	 in
terms	of	anal	cancer	death	and	worsened	OS,	respectively.	Tumor	site,	T	classification,	and	platelet	levels	had	no
influence	on	outcomes.36	However,	not	all	studies	have	confirmed	gender	as	an	independent	prognostic	factor	in
terms	of	local	control,	metastasis,	or	OS.37

Although	 well-differentiated	 histologies	 have	 been	 shown	 to	 portend	 more	 favorable	 outcomes	 in	 other
cancers,	the	histologic	subtypes	of	anal	cancer	have	not	yet	been	demonstrated	as	substantial	prognostic	factors,38
with	 studies	 demonstrating	 no	 significant	 difference	 in	 survival	 among	 cloacogenic,	 well-differentiated,	 and
moderately	or	poorly	differentiated	anal	carcinomas.

Molecular
Prognostic	 biomarkers	 provide	 information	 on	 patient	 outcomes	 regardless	 of	 therapy,	 whereas	 predictive
biomarkers	 provide	 information	 about	 the	 effect	 of	 specific	 therapeutic	 intervention.	 The	 ultimate	 goal	 of
determining	 prognostic	 factors	 is	 to	 improve	 patient	 survival.	 Disease	 processes	 and	 progression	 result	 from
molecular	 and	 pathologic	 pathways,	 and	 by	 targeting	 altered	 pathways,	 potential	 avenues	 for	 therapeutic
interventions	 that	 could	 facilitate	 improvements	 in	 survival	may	 emerge.	 Similarly,	molecular	 analyses	 of	 anal



cancer	to	predict	treatment	response	and	survival	outcomes	are	essential.	Lampejo	and	colleagues39	performed	a
systematic	review	on	anal	cancer	prognostic	biomarkers	after	reviewing	29	studies	for	final	analysis.	The	authors
found	 that	 13	 biomarkers	 were	 associated	 with	 anal	 cancer	 outcomes	 in	 only	 one	 study,	 whereas	 the	 tumor
suppressor	genes	p53	and	p21	as	prognostic	markers	were	established	by	more	than	one	study.

The	p53	gene	is	 located	in	 the	short	arm	of	chromosome	17	(17p13.1),	which	encodes	a	protein	(393-amino
acid	nuclear	phosphoprotein)	that	regulates	the	cell	cycle	and	is	responsible	for	cell	apoptosis.40	Accumulation	of
nuclear	proteins	was	 seen	by	 immunohistochemistry	 in	 the	 cases	of	muted	p53	genes	 in	 some	 studies.41	 These
studies	 found	 that	 in	 anal	 carcinoma,	 p53	 was	 overexpressed	 with	 a	 range	 of	 34%	 to	 100%.	 Wong	 et	 al.40
described	that	increased	p53	expression	was	associated	with	worse	local–regional	control	(P	=	.02)	and	DFS	(P	=
.01).	Another	 study	of	64	patients	 suggested	 that	mutant	p53	was	 responsible	 for	 inferior	LRF	 rates	 relative	 to
wild	type,	although	nonsignificant	(48%	versus	27%,	P	=	.14).	Yet	another	study	reported	that	anal	cancer	patients
with	p53-positive	lesions	had	a	lower	local–regional	control	rate	(RR,	0.38;	P	=	.03)	and	shorter	DFS	(RR,	0.29;	P
=	.003).

The	p21	gene	protein,	a	cyclin-dependent	kinase	(CDK)	 inhibitor,	 is	considered	 to	be	a	mediator	of	 the	p53
gene	function.	Some	studies	have	indicated	that	 the	lack	of	p21	expression	is	associated	with	poor	prognosis	in
patients	with	SCCA.	One	study	reported	that	a	lack	of	p21	expression	was	associated	with	reduced	OS	(P	=	.013),
whereas	Nilsson	and	colleagues42	 reported	that	absence	of	 the	same	p21	expression	was	also	responsible	for	an
increased	LRF	rate	(P	<	.05).

Ajani	and	colleagues41	reported	EGFR	expression	was	observed	in	86%	of	patients	with	anal	cancer,	but	the
study	was	unable	to	determine	the	significant	correlation	between	degree	of	staining	and	DFS.	The	same	study’s
multivariate	 models	 suggested	 that	 Ki67	 (negatively,	 coefficient:	 −0.04),	 nuclear	 factor	 kappa	 B	 (NF-κB)
(positively,	 coefficient:	 0.07),	 Sonic	 Hedgehog	 (SHH)	 (positively,	 coefficient:	 0.05),	 and	 GLI1	 (positively,
coefficient:	0.03)	were	associated	with	DFS	(P	=	.005,	.002,	.02,	and	.02,	respectively).	Further	investigation	into
the	molecular	prognostic	factors	of	anal	carcinoma	is	needed.39

Other	prognostic	markers	recently	described	include	elevated	pretreatment	neutrophil-lymphocyte	ratio	(NLR)
in	 blood	 samples	 and	 p16	 expression	 in	 tumor	 tissue,	 both	 of	 which	 were	 associated	 with	 higher	 risk	 of
recurrence.	Elevated	NLR	was	also	significantly	associated	with	worse	OS	and	cancer-specific	survival.43,44	On
the	 other	 hand,	 HPV	 positivity	 was	 found	 to	 be	 a	 positive	 prognostic	 factor	 for	 DFS,	 possibly	 due	 to	 better
chemosensitivity	as	has	been	shown	in	oropharyngeal	squamous	cell	cancer.45

TREATMENT	OF	LOCALIZED	SQUAMOUS	CELL	CARCINOMA
Surgery
As	 with	 any	 disease,	 treatment	 decisions	 in	 anal	 cancer	 are	 made	 following	 a	 consideration	 of	 the	 risks	 and
benefits.	 Chemoradiation	 remains	 the	 primary	 treatment.	 Wide	 local	 excision	 may	 be	 considered	 in	 a	 highly
selected	 subset	 of	patients	of	 anal	 cancer	patients.	This	 approach	 should	generally	be	 reserved	 for	 small,	well-
differentiated,	superficial	 lesions	confined	to	 the	perianal	skin,	not	 involving	the	 internal	sphincter,	and	without
nodal	involvement.46	For	 lesions	 that	have	residual	microscopic	disease	or	have	close	surgical	margins	<1	mm,
further	local	excision,	if	technically	possible,	may	be	pursued,	or	adjuvant	chemoradiation	should	be	considered.33
Although	 limited	 resection	 of	 early	 anal	 cancer	 has	 been	 described,	 the	 efficacy	 of	 this	 treatment	 in	 high-risk
populations,	 particularly	 those	 affected	 by	 HIV,	 is	 unknown.	 Alfa-Wali	 et	 al.47	 recently	 published	 favorable
outcomes	 in	a	 retrospective	analysis	of	15	HIV-positive	patients	with	T1	N0	M0	 tumors	at	 the	anal	verge	 that
underwent	complete	local	excision.	There	were	no	complications	or	need	for	adjuvant	therapy,	and	no	recurrence
at	a	median	follow-up	of	4	years	 (range	3	 to	15	years).	The	AMC-092	 trial	aims	 to	address	 this	question	more
comprehensively	by	prospectively	following	HIV-positive	patients	who	have	undergone	complete	local	excision
of	 superficially	 invasive	 SCC	 anywhere	 in	 the	 anus.	 Enrollment	 is	 currently	 underway	 with	 primary	 and
secondary	outcomes	including	treatment	failure	or	recurrence	at	2	years,	metachronous	lesions,	and	safety	of	the
surgical	approach.47,48

Prior	 to	the	mid-1970s,	 the	standard	surgical	approach	to	anal	cancer	was	APR,	which	required	a	permanent
colostomy	following	the	removal	of	the	rectum,	ischiorectal	fat,	levator	sling,	perirectal	and	superior	hemorrhoidal
nodes	 as	 well	 as	 a	 wide	 area	 of	 perianal	 skin,	 with	 associated	 long-term	 sequelae	 of	 sexual	 and	 urinary
dysfunction.	 Collectively,	 long-term	 DFS	 results	 with	 a	 surgery	 alone	 approach	 were	 approximately	 50%.	 A
review	 at	 the	 Mayo	 Clinic	 of	 118	 anal	 cancers	 treated	 with	 APR	 reported	 an	 OS	 rate	 of	 70%	 and	 overall
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recurrence	 rate	 of	 40%.	Of	 these,	 >80%	established	 recurrence	 sites	 had	 either	 local	 recurrence	 alone	 or	 some
component	 of	 such.49	 Similarly,	 results	 from	 other	 surgical	 series	 using	 surgery	 alone	 suggested	 high	 rates	 of
regional	recurrence	(up	to	60%)	following	local	excision	or	APR	alone	across	a	variety	of	stages.

Definitive	Chemoradiotherapy
Given	the	relatively	poor	outcomes	obtained	with	APR	alone,	Nigro	and	colleagues	from	Wayne	State	University
pioneered	incorporating	concurrent	pelvic	radiation	therapy	and	chemotherapy	(5-FU	and	MMC)	prior	to	surgical
resection,	 resulting	 in	 high	 rates	 of	 pathologic	 complete	 response	 and	 survival,	 later	 verified	 by	 other
investigators.50–53	This	led	to	significant	interest	in	a	definitive	chemoradiotherapy	approach.

Initially,	 the	UKCCCR	group	conducted	the	ACT	I	study.	In	this	study,	585	patients	with	SCCA	or	perianal
skin	were	 randomized	 to	 receive	 radiation	 therapy	 alone	 (45	Gy	 in	20	or	25	 fractions),	 followed	by	 additional
radiation	dose	 in	patients	 achieving	at	 least	 a	50%	response	 (delivering	an	additional	15	 to	25	Gy	using	either
external-beam	radiation	therapy	or	brachytherapy	following	a	6-week	break)	versus	a	similar	radiation	approach
delivered	concurrently	with	infusional	5-FU	(750	mg/m2	or	1,000	mg/m2	for	5	days	given	during	the	first	and	last
weeks	of	radiation	therapy)	along	with	MMC	(12	mg/m2	delivered	on	day	1	of	treatment).	Note	that	ACT	I	local
failure	 rates	 captured	 several	 events,	 including	 persistence	 of	 primary	 disease	 following	 combined	 modality
therapy	 (CMT),	 the	 requirement	 for	 surgery	 or	 colostomy	 because	 of	 treatment	 failure	 as	 well	 as	 ongoing
requirement	for	colostomy	at	6	months	following	the	completion	of	treatment.	On	the	initial	report,	following	a
median	 follow-up	 of	 42	 months,	 the	 3-year	 local	 failure	 rate	 was	 significantly	 lower	 in	 patients	 receiving
chemoradiotherapy	 (39%	 versus	 61%,	 P	 <	 .0001),	 although	 at	 the	 expense	 of	 increased	 treatment-related
morbidity.	 In	 particular,	 hematologic,	 skin,	 GI,	 and	 genitourinary	 toxicities	 were	 higher	 with	 the	 addition	 of
chemotherapy,	 with	 six	 (2%)	 treatment-related	 deaths	 in	 the	 chemoradiation	 arm	 versus	 two	 (0.7%)	 for	 the
radiation-alone	 arm.	Although	 no	 statistically	 significant	 advantage	was	 seen	 in	 terms	 of	OS	 (3-year	OS	 72%
versus	 65%,	 P	 =	 .17),	 with	 the	 addition	 of	 chemotherapy,	 anal	 cancer–related	 mortality	 was	 significantly
improved	(28%	versus	39%,	P	=	.02),	leading	the	authors	to	conclude	that	patients	with	SCCA	could	be	treated
with	definitive	chemoradiotherapy	with	surgery	 reserved	 for	salvage.	 In	a	 report	of	 long-term	follow-up	of	 this
trial	 (median	 follow-up	 of	 13	 years),	 no	 significant	 differences	 were	 seen	 in	 terms	 of	 long-	 term	 morbidity,
although	 an	 excess	 in	 non–anal	 cancer	 deaths	 was	 seen	 in	 the	 combined	modality	 group	 in	 the	 first	 10	 years
following	 treatment	 (cardiovascular,	 treatment-related,	 pulmonary	 disease,	 and	 second	 malignancy)	 but	 not
beyond.	LRF	 rates	 remained	 significantly	higher	 in	patients	 treated	with	 radiation	 therapy	alone	 (25%	absolute
difference	at	12	years),	with	a	corresponding	improvement	in	relapse-free	survival	(12%	absolute	at	12	years).54,55
Five-year	colostomy-free	survival	was	increased	in	patients	receiving	concurrent	therapy	(47%)	versus	radiation
alone	(37%,	P	=	.004).	Although	not	statistically	significant,	an	absolute	improvement	in	12-year	survival	of	5.6%
was	seen.

A	similar	but	smaller	trial	conducted	by	the	EORTC	randomized	103	patients	with	T3-4N0-3	or	T1-2N1-3	anal
cancer	to	radiation	therapy	(45	Gy,	with	a	boost	dose	of	15	to	20	Gy	following	a	6-week	break,	based	on	disease
response),	with	or	without	concurrent	chemotherapy	using	infusional	5-FU	(750	mg/m2/day,	days	1	to	5	and	days
29	 to	33)	with	MMC	(given	on	day	1	at	15	mg/m2).	Surgery	was	 reserved	 for	patients	with	 less	 than	 a	partial
response.	Outcomes	 from	 this	 study	 revealed	 that	 patients	 treated	with	 concurrent	 chemotherapy	 had	 a	 higher
complete	 response	 rate	 (80%	versus	 54%)	with	 significant	 improvement	 in	 local–regional	 control	 (68%	versus
50%),	colostomy-free	(72%	versus	40%),	and	event-free	survival	at	5	years	with	 the	addition	of	chemotherapy.
Similarly,	OS	was	improved	in	patients	receiving	chemotherapy	(3-year	OS,	72%	versus	65%),	although	this	did
not	 reach	 statistical	 significance.	 Rates	 of	 high-grade	 toxicity	 were	 deemed	 similar	 between	 the	 two	 groups,
although	rates	of	late	anal	ulceration	were	higher	with	the	use	of	concurrent	chemotherapy.35

The	results	from	these	two	trials	demonstrated	that	the	addition	of	chemotherapy	to	definitive	radiation	therapy
significantly	improves	LRF	rates	as	well	as	relapse-free	and	colostomy-free	survival	rates,	although	at	the	expense
of	increased	toxicity.

Capecitabine	 is	 an	oral	 fluoropyrimidine	prodrug	 that	 is	 converted	 to	5-FU	 in	 tumor	cells.	A	phase	 II	 study
evaluating	anal	cancer	patients	receiving	mitomycin	and	capecitabine	with	radiation	was	well	tolerated	with	low
rates	 of	 significant	 adverse	 events	 and	 reasonable	 compliance.	 A	 total	 of	 77%	 of	 patients	 achieved	 complete
clinical	response	and	16%	partial	response	at	4	weeks	following	completion.56	In	a	recent	study	comparing	oral
versus	infusional	5-FU,	capecitabine	combined	with	MMC	was	equally	effective	as	standard	chemoradiotherapy
(clinical	complete	response,	89.7%	versus	89.1%;	3-year	locoregional	control,	79%	versus	76%;	3-year	OS,	86%
versus	78%).57	A	similar	comparative	study	between	these	two	regimens	demonstrated	lower	rates	of	grade	III	to



IV	neutropenia	with	the	use	of	capecitabine	along	with	fewer	(primarily	hematologic)	toxicity-related	breaks.58

The	Role	of	Mitomycin	in	the	Combined	Modality	Therapy	Approach	of	Anal	Cancer
Although	MMC	was	delivered	concurrently	with	5-FU	in	the	aforementioned	trials,	its	necessity	was	questioned
given	the	association	with	significant	toxicities,	including	significant	myelosuppression,	dermatitis,	as	well	as	less
common	 side	 effects	 of	 pulmonary	 fibrosis,	 hemolytic-uremic	 syndrome,	 and	 therapy-related	 myelodysplastic
syndrome.	 Given	 this,	 a	 randomized	 trial	 conducted	 by	 the	 RTOG	 and	 Eastern	 Cooperative	 Oncology	 Group
(ECOG)	 attempted	 to	 deintensify	 therapy	 by	 omitting	 MMC	 in	 efforts	 to	 preserve	 oncologic	 efficacy	 while
eliminating	MMC-related	toxicity.	In	this	study,	patients	with	anal	cancer	of	any	T	or	N	stage	were	randomized	to
radiation	therapy	(45	to	50.4	Gy,	with	an	additional	9	Gy	to	patients	with	biopsy-proven	persistence	of	disease	4
to	6	weeks	following	the	completion	of	initial	therapy)	with	infusional	5-FU	(1,000	mg/m2/day	on	days	1	to	4	and
days	29	to	32),	with	patients	randomized	to	MMC	(10	mg/m2	days	1	and	29)	versus	not.	Note	that	in	patients	with
a	 positive	 biopsy	 following	 the	 first	 4-	 to	 6-week	 treatment,	 an	 additional	 cycle	 of	 cisplatin	 and	 5-FU	 with
radiotherapy	 was	 delivered.	 A	 second	 biopsy	 was	 later	 obtained	 and,	 if	 positive	 for	 residual	 tumor,	 patients
proceeded	to	APR.	This	study	enrolled	310	patients,	of	which	291	were	analyzable.	Colostomy-free	survival	and
DFS	 rates	 were	 significantly	 higher	 in	 patients	 receiving	 MMC	 (71%	 versus	 59%	 and	 73%	 versus	 51%,
respectively)	with	significantly	lower	colostomy	(9%	versus	22%)	and	local	failure	rates	(16%	versus	34%).	OS
was	not	 improved,	although	as	 in	 the	previously	described	 randomized	studies,	was	numerically	 superior	 (76%
versus	 67%).	 Also	 of	 note	 is	 that	 all	 grade	 4	 and	 5	 toxicities	 were	 considerably	 higher	 in	 patients	 receiving
MMC.38	Table	64.3	summarizes	the	results	of	randomized	phase	III	clinical	trials	evaluating	CMT	with	radiation,
5-FU,	and	mitomycin	versus	radiation	therapy	alone	or	radiation	therapy	with	5-FU.

The	Role	of	Cisplatin	Concurrent	With	Radiation	Therapy	in	Anal	Cancer
Given	the	aforementioned	toxicities	associated	with	MMC,	there	has	been	interest	in	substituting	with	a	platinum-
based	chemotherapy	when	delivered	concurrently	with	radiation	therapy.	Initial	results	using	this	approach	from	a
Cancer	and	Leukemia	Group	B	(CALGB)	pilot	study	demonstrated	that	the	use	of	induction	5-FU	with	cisplatin
for	advanced	anal	cancers	(T3	to	4,	or	node	positive)	followed	by	definitive	chemoradiotherapy	(45	Gy,	with	or
without	a	9-Gy	boost)	with	5-FU	and	MMC	resulted	in	an	80%	complete	response	rates	with	56%	and	colostomy-
free	 survival.59	 These	 and	 other	 data	 led	 to	 increasing	 interest	 in	 substituting	 cisplatin	 for	MMC.	 The	 RTOG
subsequently	 conducted	 a	 phase	 III	 trial	 (RTOG	98-11)	 that	 randomized	 644	patients	 to	 (1)	 a	 standard	 arm	of
concurrent	chemoradiotherapy	(45	to	59	Gy)	with	continuous	infusional	5-FU	(1,000	mg/m2/day)	and	bolus	MMC
(10	mg/m2)	weeks	1	 and	5	versus	 (2)	 an	 experimental	 arm	of	 two	cycles	of	 induction	continuous	5-FU	 (1,000
mg/m2/day)	and	bolus	cisplatin	(75	mg/m2)	alone	on	weeks	1	and	5,	followed	by	concurrent	chemoradiotherapy
with	two	cycles	of	continuous	5-FU	(1,000	mg/m2	per	day)	and	bolus	cisplatin	(75	mg/m2)	on	weeks	9	and	13.
The	trial	primary	end	point	was	DFS	and	secondary	end	point	included	toxicity	analysis.	On	the	initial	report,	no
significant	difference	was	 seen	 in	5-year	DFS	 (60%	versus	54%,	P	=	 .17),	OS	 (75%	versus	70%,	P	=	 .10),	 or
local–regional	relapse	(25%	versus	33%,	P	=	.07).	However,	the	5-year	colostomy	rate	was	10%	in	the	mitomycin
group	versus	19%	in	the	cisplatin-containing	arm	(P	=	.02).60	An	update	of	 this	 trial	demonstrated	a	significant
improvement	 in	 5-year	 DFS	 (68%	 versus	 58%,	 P	 =	 .005),	 OS	 (78%	 versus	 71%,	 P	 =	 .02),	 and	 borderline
colostomy-free	survival	(72%	versus	65%,	P	=	.05)	in	the	MMC-containing	arm,	albeit	at	the	expense	of	increased
grade	3	and	higher	hematologic	toxicities	(61%	versus	42%,	P	<	.001).	However,	nonhematologic	toxicity	rates
were	equivalent	in	both	arms,	with	similar	rates	of	late	toxicity.61	Critics	of	this	study	have	pointed	out	that	the
prolonged	overall	treatment	duration	associated	with	the	use	of	induction	chemotherapy	with	cisplatin	may	have
allowed	for	accelerated	tumoral	repopulation	prior	to	radiation	therapy	initiation.

TABLE	64.3
Summary	of	Randomized	Phase	III	Clinical	Trials	Evaluating	Combined	Modality	Treatment
with	Mitomycin	C/5-FU	versus	Radiation	Therapy	Alone	or	Radiation	Therapy/5-FU	for	Anal
Cancer

Study	(Ref.)
Treatment
Armsa

Local–
Regional
Failure

Relapse-Free
Survival

Colostomy-
Free
Survival

Overall
Survival Acute	Toxicity
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UKCCCR/ACT
I54,55 (1)	Radiation (1)	59.1% (1)	17.7% (1)	20.1% (1)	27.5%

(1)	“Severe”	skin	toxicity	=
39%;	“severe”	GI	toxicity	=
5%

	

(2)	Radiation
+	5-FU	+
MMC

(2)	33.8%	(at
12	y)

(2)	29.7%	(at	12
y)

(2)	29.6%	(at
12	y)

(2)	33.1%	(at
12	y),	P	=	NS

(2)	“Severe”	skin	toxicity	=
50%;	“severe”	GI	toxicity	=
14%

EORTC35 (1)	Radiation

18%
improvement
in	arm	2 N/A

32%
improvement
in	arm	2

7%
improvement
in	arm	2,	P	=
NS

(1)	Grade	3–4	diarrhea	=
8%;	grade	3–4	dermatologic
=	50%

	

(2)	Radiation
+	5-FU	+
MMC 	 	 	 	

(2)	Grade	3–4	diarrhea	=
20%;	grade	3–4
dermatologic	=	57%

RTOG/ECOG38
(1)	Radiation
+	5-FU (1)	34% (1)	51% (1)	59% (1)	67%

(1)	Grade	4–5	heme	=	3%;
grade	4–5	nonheme	=	4%

	

(2)	Radiation
+	5-FU	+
MMC (2)	16%

(2)	73%
(disease-free
survival	at	4	y)

(2)	73%	(at	4
y)

(2)	76%	(at	4
y),	P	=	NS

(2)	Grade	4–5	heme	=	18%;
grade	4–5	nonheme	=	7%

Note:	P	values	significant	for	comparisons	unless	otherwise	noted.
aDetails	of	treatment	arms	noted	in	text.
5-FU,	 5-fluorouracil;	 UKCCCR,	 United	 Kingdom	 Co-ordinating	 Committee	 on	 Cancer	 Research;	 ACT	 I,	 Anal	 Cancer	 Trial;	 GI,
gastrointestinal;	MMC,	mitomycin	C;	NS,	not	stated.

A	follow-up	study	from	the	UKCCCR	group	(the	ACT	II	trial)	performed	a	more	direct	comparison	of	the	use
of	cisplatin	 in	conjunction	with	 radiation	 therapy	compared	 to	MMC.	In	 this	 largest	of	anal	cancer	 randomized
trials,	950	patients	with	anal	or	perianal	skin	cancer	were	randomized	using	a	2	×	2	factorial	design,	with	patients
randomized	to	receive	infusional	5-FU	(1,000	mg/m2/day	on	days	1	to	4	and	days	29	to	32)	with	pelvic	radiation
therapy	(50.4	Gy)	plus	MMC	(12	mg/m2	on	day	1)	versus	cisplatin	(60	mg/m2	on	days	1	and	29)	with	the	same	5-
FU–radiation	regimen.	A	second	randomization	was	performed	following	completion	of	the	combined	treatment
course	to	no	further	therapy	versus	two	additional	cycles	of	cisplatin	and	5-FU.	Treatment	response	was	assessed
at	 three	time	points	from	treatment	 initiation:	11,	18,	and	26	weeks.	The	final	assessment	at	26	weeks	included
digital	examination	and	CT	imaging.	Grade	3	to	4	acute	nonhematologic	toxicity	rates	were	similar	between	the
regimens	 (60%	 versus	 65%,	P	 =	 .17).	 Not	 unexpectantly,	 grade	 3	 and	 higher	 hematologic	 toxicity	 rates	 were
greater	in	the	mitomycin	group	(25%	versus	13%,	P	<	.001),	although	no	toxic	deaths	were	reported	in	the	trial.	In
terms	of	the	trial	primary	end	point	of	complete	clinical	response	at	6	months,	there	was	no	significant	difference
between	the	two	groups,	and	at	a	median	follow-up	of	5.1	years,	clinical	complete	response	at	26	weeks	was	91%
in	the	MMC	group	compared	to	90%	in	the	cisplatin	group.	Additionally,	the	3-year	colostomy	rate	was	similar
between	 the	 two	 groups	 (14%	mitomycin	 versus	 11%	 cisplatin).	 The	 use	 of	 maintenance	 therapy	 in	 this	 trial
showed	no	obvious	benefit,	with	3-year	recurrence-free	survival	of	75%	in	both	arms,	similar	OS	rates	between
the	 maintenance	 versus	 no	 maintenance	 groups	 (85%	 versus	 84%),	 and	 3-year	 PFS	 rates	 of	 74%	 in	 the
maintenance	 group	 versus	 73%	 in	 the	 nonmaintenance	 group.	 The	 authors	 concluded	 that	 MMC	 given
concurrently	with	5-FU	and	radiation	therapy	should	remain	the	standard	in	the	treatment	of	anal	cancer,	given	the
following:	(1)	the	high-grade	hematologic	toxicity	seen	with	MMC	did	not	significantly	increase	sepsis	rates;	(2)
the	MMC	 course	 was	 delivered	 over	 approximately	 10	minutes	 compared	 to	 two	 courses	 of	 either	 all	 day	 or
overnight	intravenous	hydration	with	cisplatin,	with	similar	efficacy	and	overall	toxicities	between	the	regimens;
(3)	fewer	chemotherapy	cycles	were	required;	 (4)	 there	was	requirement	for	 fewer	nonchemotherapy	drugs;	 (5)
there	was	 lesser	 expense;	 and	 (6)	 there	was	 no	 risk	 of	 neuropathy.62	 A	 post	 hoc	 analysis	 evaluated	 timing	 of
clinical	assessment	at	preestablished	time	points	as	previously	discussed.	Clinical	complete	response	was	defined
as	including	the	primary	and	any	nodal	disease.	At	initial	assessment	(11	weeks),	64%	were	found	to	be	in	clinical
complete	response,	although	by	week	26,	85%	demonstrated	such.	Of	patients	who	did	not	experience	complete
response	 at	 11	 weeks,	 72%	 went	 on	 to	 achieve	 such	 by	 week	 26.	 At	 the	 11-week	 assessment,	 patients	 with
complete	response	had	a	5-year	OS	of	85%	versus	75%	without	complete	response;	however,	by	week	26,	patients
who	failed	to	achieve	a	complete	response	had	a	significantly	inferior	5-year	OS	(87%	versus	48%).	This	confirms
that	 delayed	 tumor	 response	 is	 frequent	 following	 CMT	 and	 prolonged	 tumor	 regression	 occurs	 following
treatment,	with	prognostic	significance	at	later	time	points	following	completion.63

Another	phase	III	trial	conducted	by	the	French	Federation	Nationale	des	Centres	de	Lutte	Contre	La	Cancer
ACCORD	(the	ACCORD-03	trial)	randomized	patients	with	stage	II	 to	III	anal	cancer	 to	one	of	four	 treatment
arms:	 (1)	 neoadjuvant	 5-FU	 +	 cisplatin	 alone	 followed	 by	 5-FU	 cisplatin	 radiation	 therapy	 (45	 Gy)	 with	 a



radiation	therapy	boost	(15	Gy)	using	either	external	beam	or	brachytherapy	techniques;	(2)	same	as	the	first	arm,
except	 utilizing	 a	 higher	 dose	 radiation	 boost	 (20	 to	 25	 Gy);	 (3)	 same	 as	 the	 first	 arm,	 but	 no	 neoadjuvant
chemotherapy;	and	(4)	same	as	the	second	arm,	but	no	neoadjuvant	chemotherapy.	Of	note	is	that	a	3-week	break
was	mandated	following	the	completion	of	 the	 initial	45	Gy,	prior	 to	boost	 treatments.	Following	a	median	50-
month	 follow-up,	 there	 was	 no	 significant	 difference	 in	 5-year	 colostomy-free	 survival	 rates	 (70%	 to	 82%).
Similarly,	no	significant	differences	were	seen	between	the	arms	in	terms	of	LRF,	cause-specific	survival,	and	OS.
The	most	 intensified	 treatment	 arm	 of	 induction	 chemotherapy	with	 high	 dose	 radiation	 boost	 demonstrated	 a
numerically	improved	local	control	(88%	versus	72%	to	83%	in	the	additional	arms).	The	trial	authors	indicated
that	induction	chemotherapy	does	not	improve	outcomes,	with	the	role	of	radiation	dose	escalation	in	this	disease
remaining	uncertain	but	 felt	 that	 that	 the	 combination	of	 induction	chemotherapy	and	 radiation	dose	 escalation
should	be	explored	further.64	The	results	of	randomized	trials	evaluating	cisplatin	are	shown	in	Table	64.4.

TABLE	64.4
Phase	III	Randomized	Trials	Evaluating	the	Role	of	Cisplatin	in	Anal	Cancer

Study	(Ref.)
Primary
Site N Stage Treatments

Colostomy-
Free
Survival
(%)a

Overall
Survival
(%)a

Grade	3	or	4
Hematologic
Toxic
Effects	(%;
n/N)b

Grade	3	or	4
Nonhematologic
Toxic	Effects
(%;	n/N)b

Late	Toxic
Effects
(%;	n/N)b

RTOG	98-
1160,61,122,123

Anal
canal 682

T2–
T4,
N0–
N3

Group	1:
EBRT	(45–
59	Gy)	+
fluorouracil
and
mitomycin
Group	2:
fluorouracil
and	cisplatin
→	EBRT
(45–59	Gy)	+
fluorouracil
and	cisplatin

Group	1:
71.9%
Group	2:
65.0%

Group	1:
78.3%
Group	2:
70.7%

Group	1:
61%
(199/324)
Group	2:
42%
(134/320)

Group	1:	74%
(240/324)
Group	2:	74%
(239/320)

Grade	4
small	or
large
bowel:	1%
(6/625)

≥4
cm,
<4

Group	1:
fluorouracil
and	cisplatin
→	EBRT	(45
Gy)	+
fluorouracil
and	cisplatin
→	rest	→	15
Gy
Group	2:
fluorouracil
and	cisplatin
→	EBRT	(45
Gy)	+
fluorouracil
and	cisplatin
→	rest	→
20–25	Gy
Group	3:
EBRT	(45
Gy)	+
fluorouracil
and	cisplatin
→	rest	→	15
Gy
Group	4:
EBRT	(45
Gy)	+
fluorouracil

Group	1:
69.6%
Group	2:
82.4%

Group	1
+	Group
2:	75%
Group	3
+	Group
4:	71%
Group	1
+	Group
3:	71%

Group	1	+
Group	2:

Group	1	+	Group
2	diarrhea:	9%
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ACCORD64
Anal
canal 307

cm
plus
N1–
N3

and	cisplatin
→	rest	→
20–25	Gy

Group	3:
77.1%
Group	4:
72.7%

Group	2
+	Group
4:	74%

19%	(29/150)
Group	3	+
Group	4:
12%	(19/157)

(14/150)
Group	3	+	Group
4	diarrhea:	12%
(18/157)

Grade	4
colostomy:
3%	(9/307)

ACT	II62

Anal
canal	or
anal
margin 940

T1–
T4,	N
−	or
N+

Group	1:
EBRT	(50.4
Gy)	+
fluorouracil
and	cisplatin
Group	2:
EBRT	(50.4
Gy)	+
fluorouracil
and
mitomycin
Group	3:
EBRT	(50.4
Gy)	+
fluorouracil
and	cisplatin
→
fluorouracil
and	cisplatin
Group	4:
EBRT	(50.4
Gy)	+
fluorouracil
and
mitomycin	→
fluorouracil
and	cisplatin

Group	1:
72%
Group	2:
75%
Group	3:
75%
Group	4:
73%

Group	1:
84%
Group	2:
86%
Group	3:
83%
Group	4:
82%

Mitomycin:
26%
(124/472)
Cisplatin:
16%	(73/468)

Mitomycin:	62%
(294/472)
Cisplatin:	68%
(316/468)

Colostomy:
2%
(14/844)

aAt	5	years	in	RTOG	98-11	and	ACCORD3;	at	3	years	in	ACT	II.
b(n/N)	=	affected	population/total	population.
EBRT,	external-beam	radiation	therapy.

Novel	Biologic	Radiosensitizing	Agents
To	date,	no	biologic	agent	has	been	granted	FDA	approval	as	an	effective	 radiosensitizer	 in	anal	cancer.	Early
reports	have	described	outcomes	of	combined	treatment	modality	with	EGFR	inhibitors,	with	varying	degrees	of
response	 and	 toxicity.65	 These	 and	 other	 studies	 are	 warranted	 to	 assess	 the	 role	 of	 treatment	 intensification,
particularly	in	more	advanced	disease	where	outcomes	are	less	favorable.	Two	recent	reports	document	the	rarity
of	KRAS	mutations	in	anal	cancer,	lending	further	support	to	the	potential	value	of	EGFR-targeted	therapy.	In	the
first	 study,	 KRAS	mutations	 were	 detected	 in	 1.6%	 of	 193	 patients	 treated	 over	 a	 10-year	 period,	 and	 in	 the
second,	only	wild	type	was	found	in	50	cases	over	12	years.66,67

Traditional	Radiation	and	Intensity-Modulated	Radiation	Therapy
The	use	of	CMT	in	the	definitive	treatment	of	anal	cancer	results	in	significant	acute	as	well	as	late	toxicities.	All
the	 previously	 mentioned	 randomized	 trials	 used	 radiation	 therapy	 planned	 and	 delivered	 using	 either
conventional	 two-dimensional	 or	 three-dimensional	 radiation	 planning	 techniques.	 This	 approach	 frequently
entails	treating	large	volumes	of	nontarget	tissues	(bowel,	bladder,	bone,	genitalia),	leading	to	the	aforementioned
morbidities.	Although	 three-dimensional	planning	results	 in	potentially	 improved	normal	 tissue	sparing	 through
the	 use	 of	 axial	 CT	 images	 to	 define	 the	 target	 volume	 as	 well	 as	 normal	 tissue	 structures,	 results	 remain
suboptimal.	 Intensity-modulated	 radiation	 therapy	(IMRT)	 is	an	advanced	form	of	 three-dimensional	conformal
radiation	therapy	that	implements	multiple	beams	using	a	nonuniform	dose	delivery.	This	can	be	accomplished	in
a	 variety	 of	 ways,	 all	 of	 which	 entail	 the	 use	 of	 collimating	 leaves	 that	 sweep	 across	 the	 beam	 path	 during
treatment	 delivery.	 Through	 inverse	 computer	 planning	 techniques,	 the	 radiation	 dose	 can	 be	 more	 tightly
conformed	 to	 target	 tissues	with	 dose	 reductions	 to	 adjacent,	 nontarget	 organs.	With	 this	 technique,	 there	 is	 a
significant	potential	 to	reduce	both	acute	(with	associated	treatment	breaks)	and	long-term	morbidity	associated
with	anal	 cancer	 treatments.	Multiple	 institutional	 studies	have	 indicated	 that	compared	 to	patients	 treated	with
non-IMRT	techniques,	a	significant	reduction	of	treatment-related	toxicity	can	be	accomplished.68,69	Additionally,
with	corresponding	reductions	in	acute	toxicity,	there	may	be	a	reduction	in	the	need	for	treatment	breaks,	with



the	potential	to	further	influence	disease-related	outcomes.70	A	prospective	trial	evaluating	IMRT	for	anal	cancer
was	 conducted	 through	 the	RTOG	 (0529	 study).	 In	 this	 phase	 II	 trial,	 patients	 received	 concurrent	 5-FU	with
MMC.	 Radiation	 therapy	 was	 delivered	 through	 a	 dose-painting	 technique,	 whereby	 differing	 target	 volumes
received	differing	doses	of	radiation	therapy	during	any	one	treatment	as	defined	by	the	study.	The	primary	end
point	of	this	study	included	an	assessment	of	grade	2	or	higher	GI	and	genitourinary	toxicities	as	compared	to	the
previously	 described	RTOG	98-11	 trial	 (MMC-containing	 arm).	 In	 52	 analyzable	 patients	 (out	 of	 63	 accrued),
rates	of	grade	3	or	higher	dermatologic	toxicity	were	improved	in	the	IMRT	study	(20%	versus	47%,	P	<	.001)	as
were	rates	of	grade	3	or	higher	GI	and	genitourinary	toxicity	(22%	versus	36%,	P	=	.014).	Additionally,	median
radiation	duration	was	42.5	days	in	the	IMRT	study	compared	to	49	days	in	98-11,	with	similar	2-year	disease-
related	outcomes	when	compared	to	RTOG	98-11.71,72	An	important	caveat	to	this	trial	was	that	a	central	reviewer
performed	 pretreatment	 quality	 assurance	 on	 all	 patients.	 Of	 initially	 submitted	 plans,	 81%	 required	 planning
revisions,	with	46%	of	plans	requiring	two	or	more	revisions.	Although	this	trial	did	not	formally	meet	its	primary
end	points	in	reduction	and	acute	toxicities,	it	does	suggest	that	the	use	of	IMRT	can	significantly	reduce	high-
grade	GI,	genitourinary,	and	skin	toxicities	without	compromising	treatment-related	outcomes;	that	the	incidence
of	 treatment	breaks	may	be	 reduced;	 that	 radiation	dose	 escalation	may	be	 achievable	with	 reduced	 toxicity	 in
select	 patients;	 and	 that	 there	 is	 also	 a	 significant	 learning	 curve	 for	 the	use	of	 IMRT	 in	 the	 treatment	 of	 anal
cancer.	Figure	64.5	demonstrates	an	example	of	an	anal	cancer	plan	implementing	IMRT.

Figure	64.5	An	axial	computed	tomography	slice	of	an	intensitymodulated	radiation	therapy	plan
of	a	56-year-old	male	with	clinical	T3	N3	squamous	cell	carcinoma	of	the	anal	canal	treated	with
definitive	chemoradiotherapy.	Note	relative	organ	sparing	and	bending	of	isodose	curves	around

normal	structures	including	anteriorly	based	(genitalia)	and	femora	bilaterally	while	still
encompassing	the	primary	target	volume	of	his	gross	tumor	(red)	as	well	as	local–regional	lymph
nodes	basins	(perirectal	and	inguinal).	Note	that	colored	lines	(isodose	curves)	represent	varying

radiation	doses.

Follow-up	Management
Given	that	SCC	of	the	anus	can	regress	slowly	following	treatment	completion	(up	to	12	months),	it	is	generally
recommended	 that	 patients	who	have	 regressive	disease	do	not	undergo	 repeat	biopsies	given	 this	may	 lead	 to
nonhealing	ulceration	and	chronic	wound	infection	in	previously	irradiated	tissues.	As	discussed	previously,	in	a
post	hoc	analysis	of	the	ACT	II	trial,	at	11	weeks	following	treatment	initiation,	64%	of	patients	were	found	to	be
in	clinical	complete	response;	by	week	26,	85%	demonstrated	such.	Of	patients	who	did	not	experience	complete
response	at	11	weeks,	72%	went	on	to	achieve	such	by	week	26.

Approximately	 20%	 to	 25%	 of	 patients	 with	 SCC	 treated	 by	 chemoradiation	 will	 either	 fail	 to	 completely
respond	 or	 relapse	 within	 the	 first	 3	 years	 after	 treatment.	 Posttreatment	 evaluation	 is	 critical	 to	 assess	 the
effectiveness	of	therapy	and	to	detect	a	persistent	or	recurrent	tumor.	The	first	evaluation	typically	is	between	8	to
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12	weeks	after	the	completion	of	chemoradiation.	The	physical	examination	should	include	a	visual	inspection,	a
digital	 rectal	exam,	an	anoscopy,	and	a	palpation	of	 the	 inguinal	nodal	 regions.	 If	 there	has	been	at	 least	 some
response,	it	is	prudent	to	continue	surveillance.	Ongoing	clinical	evaluation	typically	occurs	every	3	to	6	months
for	the	first	2	years	and	then	every	6	to	12	months	until	5	years	following	completion	of	chemoradiation.	It	may	be
appropriate	to	conduct	less	intense	follow-ups	following	3	years,	given	that	only	7%	of	relapses	occur	beyond	this
time	 point.	 Lesions	 persisting	 beyond	 3	months	 following	 treatment	 are	more	 concerning	 for	 residual	 disease;
however,	 as	 stated	previously,	 it	 is	 important	 to	assess	 changes	over	 time.	 If	 a	 tumor	continues	 to	 shrink,	 then
close	 clinical	 surveillance	 is	 advised.	 Chronically	 persistent	 or	 recurrent	 tumors	 should	 be	 biopsied	 for
confirmation	of	SCC.46	Discretion	regarding	the	size	and	depth	of	biopsies	is	needed	because	extensive	biopsies
may	 result	 in	 nonhealing	 ulcers	 and	 chronic	wound	 infection.	As	 an	 adjunct	 to	 physical	 examination,	 imaging
studies	for	posttreatment	surveillance	should	be	considered.46	For	those	patients	with	a	complete	remission	after
chemoradiation,	 current	NCCN	guidelines	 recommend	digital	 rectum	and	 inguinal	 node	palpation	 every	3	 to	6
months	for	5	years,	anoscopy	every	6	to	12	months	for	3	years,	and	a	CT	scan	of	the	chest,	abdomen,	and	pelvis
annually	for	3	years	for	patients	who	had	T3	or	T4	disease	or	positive	inguinal	nodes.33

HRA,	which	is	slowly	becoming	a	more	widely	adopted	component	of	screening	and	prevention	protocols	for
anal	 cancer,	may	 also	 prove	 to	 be	 important	 tool	 for	 posttreatment	 surveillance	 as	well.	 In	 a	 pilot	 study	 of	 20
patients	who	completed	chemoradiation	for	T1	to	T3	anal	cancer,	Goon	et	al.73	 reports	a	5.72-fold	reduction	 in
local	 disease	 failure	 rates	 compared	 to	 previously	 published	 data	when	HRA	was	 incorporated	 into	 follow-up
exams.	Study	participants	underwent	HRA-guided	detection	 and	 ablation	of	high-grade	neoplastic	 lesions	 at	 3-
month	intervals	for	the	first	2	years,	and	6-month	intervals	until	5	years,	with	one	case	of	local	disease	failure	in
576	patient-months.	Larger	randomized	trials	are	warranted,	but	this	technology	should	be	considered	for	routine
inclusion	in	follow-up	care	moving	forward.73

Treatment	for	HIV	Population
Unfortunately,	the	majority	of	pivotal	phase	III	trials	did	not	allow	the	inclusion	of	HIV-positive	patients.	There
are	studies	suggesting	that	anal	cancer	patients	with	HIV	comorbidities	have	comparable	rates	of	response	to	HIV-
negative	patients	while	being	 treated	with	chemoradiation.74	Earlier	studies	suggested	that	 there	was	a	potential
for	 HIV-positive	 patients	 to	 experience	 higher	 toxicities	 and	 inferior	 treatment	 compliance,	 which	 could
ultimately	 alter	 their	 outcomes.	 Most	 studies	 addressing	 the	 application	 and	 outcomes	 of	 standard	 combined
regimens	 for	 the	 treatment	 of	 anal	 cancer	 with	 HIV-positive	 patients	 describe	 small	 sample	 sizes.	 There	 are
several	 studies	 where	 investigators	 endeavored	 to	 describe	 the	 outcomes	 of	 treatment	 modalities	 for	 anal
carcinomas	 based	 on	 CD4	 cell	 count.75,76	 According	 to	Hoffman	 et	 al.,75	 patients	 with	 CD4	 count	 ≥200/mm3

tolerated	 combined	 therapy	 (5-FU/MMC/radiation)	 better	 (decreased	 likelihood	 of	 toxicity)	 compared	 with
patients	 who	 had	 CD4	 counts	 <200/mm3.	 In	 the	 Cook	 County	 Hospital	 AIDS	Malignancy	 Project	 (CHAMP)
study,	median	survival	in	the	HIV-positive	versus	HIV-negative	patients	was	34	versus	39	months	(P	>	.5).	In	the
HIV-negative	population,	22%	survived	120	months,	whereas	no	HIV	patient	survived	over	90	months,	and	time
to	local	recurrence	was	20	months	shorter	in	the	HIV-positive	arm	(P	<	.5),	with	the	authors	speculating	this	may
imply	more	aggressive	disease.	OS	based	on	CD4	count	did	not	differ.

Safety	and	efficacy	results	were	presented	on	the	administration	of	two	doses	of	cetuximab,	cisplatin,	and	5-
FU,	 and	 with	 radiation	 therapy	 (45	 to	 54	 Gy)	 in	 immunocompetent	 (ECOG	 3205,	 n	 =	 61)	 and	 HIV-positive
(AMC-045,	n	=	45)	patients	with	nonmetastatic	(stage	I	to	III)	SCC	of	anal	canal.77,78

These	results	showed	that	the	PFS	and	OS	rates	in	the	subsequent	3	years	were	72%	and	79%	for	HIV-positive
patients	with	anal	cancer,	compared	 to	68%	and	83%,	respectively,	 for	HIV-negative	patients.	 In	HIV-negative
patients,	 grade	 4	 toxicity	 occurred	 in	 32%,	 and	 5%	 had	 treatment-associated	 deaths,	 whereas	 grade	 4	 toxicity
occurred	 in	26%,	and	4%	had	 treatment-associated	deaths	 in	HIV-positive	patients.	The	authors	concluded	 that
although	 the	 addition	 of	 cetuximab	 to	 chemoradiation	 for	 SCCA	 was	 associated	 with	 lower	 LRF	 rates	 than
historical	data	with	CRT	alone,	toxicity	was	substantial,	and	LRF	still	occurs	in	approximately	20%,	indicating	the
continued	need	for	more	effective	and	less	toxic	therapies.

HAART	is	important	for	bolstering	CD4	cell	counts	in	patients	with	HIV.	To	analyze	the	impact	of	HAART	on
patients	with	anal	cancer	receiving	CMT,	Place	and	colleagues	completed	a	small	study	in	which	patients	were
divided	into	two	groups:	One	group	received	CMT	before	HAART	implementation,	and	the	other	group	received
CMT	following	HAART	therapy.	The	authors	concluded	that	the	patients	who	received	CMT	after	the	advent	of
HAART	had	better	outcomes,	although	it	was	speculated	interpretation	could	be	hampered	by	the	fact	HAART
alone	might	have	altered	the	immune	status	of	the	patients.76	In	a	French	study,	clinical	outcomes	of	anal	cancer



patients	with	HIV	 treated	with	HAART	and	chemoradiation	were	 similar	 to	 immunocompetent	 (HIV-negative)
controls.79	However,	more	recently,	a	single-institution	French	study	reported	significantly	poorer	outcomes	for
their	 HIV-positive	 compared	 to	 HIV-negative	 patients.	 Local	 control	 was	 achieved	 in	 50%	 versus	 77%,	 with
corresponding	5-year	OS	rates	of	30%	versus	84%	and	DFS	rates	of	37%	versus	75%,	respectively.	In	addition,
HIV-infected	patients	were	more	likely	to	be	younger	and	male,	although	no	significant	differences	were	seen	in
terms	of	stage	or	other	tumor	characteristics.	These	investigators	postulated	that	the	worsened	outcomes	may	have
resulted	from	a	higher	frequency	of	advanced	disease	in	their	population	relative	to	other	studies	and	a	reflection
of	lack	of	routine	and	local	screening	programs.	In	contrast,	a	follow-up	study	at	Case	Western	University	showed
that	both	HIV-positive	and	HIV-negative	patients	 treated	with	HAART	had	comparable	 treatment	 efficacy	and
toxicity	 rates.	 Finally,	 a	 pooled	 analysis	 of	 121	 patients	 with	 anal	 cancer	 treated	 in	 the	 HAART	 era	 revealed
similar	complete	 response	and	OS	rates	among	HIV-positive	and	HIV-negative	patients,	although	HIV-positive
patients	 were	 much	 more	 likely	 to	 experience	 local	 failure	 (5-year,	 62%	 versus	 13%;	 P	 =	 .008)	 along	 with
increased	acute	dermatologic	and	hematologic	toxicities	with	treatment.

There	 is	 a	 general	 concern	 that	 cancer	 patients	 receiving	 chemotherapy	 are	 predisposed	 to	 develop
immunosuppression,	particularly	 in	 the	setting	of	an	 immunodeficiency	disease	such	as	HIV,	 thus	complicating
the	 treatment	 choice	 and	 follow-up	 plan.	 There	 is	 also	 a	 potentially	 greater	 chance	 of	 experiencing	 adverse
treatment	 reactions	 that	can	hinder	 treatment	compliance.	Although	 it	 is	usually	not	necessary	 to	alter	 standard
management	 recommendations,	 HIV-infected	 patients,	 especially	 those	 with	 a	 CD4	 count	 <200/μL,	 should	 be
monitored	 for	 an	 increased	 risk	 of	 toxicity	when	 treated	with	 chemoradiation.	Given	 the	 previously	 described
ACT	I	and	EORTC	trial	results,	chemotherapy	omission	is	generally	not	recommended.	Thus,	factors	including
pretreatment	CD4	cell	 count,	HAART	compliance,	posttreatment	CD4	cell	 count,	 and	performance	 status	must
come	 into	account	 in	order	 to	 formulate	a	 favorable	combined	 treatment	modality	 for	anal	cancer	patients	on	a
personalized,	case-by-case	basis.

Salvage	Therapy	for	Persistent	Disease	or	Local	Recurrence
APR	 is	 usually	 recommended	 for	 patients	who	 have	 chronically	 persistent	 disease	 or	who	 develop	 recurrence.
Restaging	is	performed	to	evaluate	the	extent	of	the	disease	and	determine	the	presence	of	extrapelvic	metastases.
Surgery	is	generally	the	only	curative	option	and	must	attain	negative	margins	for	oncologic	success,	and	tumor
invasion	 into	 adjacent	 organs	warrants	 en	 bloc	 resection.	 Invasion	 of	 local	 structures,	 including	 the	 vagina	 or
prostate,	should	be	approached	with	an	intent	of	resecting	with	negative	margins.	This	may	involve	a	multivisceral
resection.	If	inguinal	nodes	are	positive,	a	groin	dissection	should	accompany	the	APR.	In	instances	where	there
may	 be	 close	 or	 involved	 margins	 at	 resection,	 the	 use	 of	 intraoperative	 radiotherapy	 or	 brachytherapy	 may
enhance	 local	 control	 rates.	 In	 highly	 selected	 cases,	 there	 may	 be	 a	 role	 for	 low-dose	 re-	 irradiation	 with
concurrent	chemotherapy,	possibly	followed	by	resection	and	intraoperative	radiotherapy.	Surgery	is	usually	the
only	 curative	 option	 after	 failure	 of	 chemoradiation.	 In	 a	 recent	 study	 that	 included	 31	 patients	 that	 failed
chemoradiation,	 those	who	underwent	 surgery	with	curative	 intent	had	a	5-year	OS	of	66%	compared	 to	 those
only	13.5%	who	those	who	had	palliative	treatment.80

The	majority	of	published	series	describing	outcomes	with	salvage	surgery	have	small	patient	numbers	given
the	relative	rarity	of	such.	Five-year	survival	 following	resection	generally	 ranges	between	30%	and	70%,	with
DFS	rates	ranging	from	30%	to	40%	(Table	64.5).	The	most	important	prognostic	factor	of	survival	after	resection
is	margin	status,	and	patients	with	negative	margins	(R0)	have	up	to	a	75%	5-year	OS.81	Further	predictors	of	a
poor	OS	outcome	following	surgery	include	inguinal	lymph	node	involvement,	tumor	size	>5	cm,	adjacent	organ
involvement,	male	gender,	and	comorbidities.82,83	 In	one	of	 the	largest	series	describing	salvage	surgery	in	anal
cancer,	Correa	et	al.	proposed	a	scoring	system	predicting	postoperative	survival.	The	three	factors	included	were
lymph	node	 involvement,	 involved	 surgical	margins,	 and	perineural	 and/or	 lymphovascular	 invasion.84	 Patients
who	had	none	of	these	factors	(i.e.,	a	score	of	0)	had	an	estimated	5-year	survival	of	55%;	however,	those	with
scores	of	1	to	3	did	much	worse,	with	5-year	survival	of	0.03%	in	patients	with	all	of	the	factors.	The	utility	of
such	a	system	is	to	define	a	subgroup	that	would	potentially	benefit	from	additional	postoperative	treatments.	The
majority	 of	 reported	 series	 describing	 salvage	 surgery	 indicate	 that	 persistence	 of	 disease	 (as	 opposed	 to
recurrence)	following	CMT	was	the	primary	reason	for	such	an	approach.	In	patients	undergoing	salvage	surgery,
even	with	 R0	 resection,	 patients	 with	 disease	 persistence	 tend	 to	 have	worse	 outcomes,	 with	 5-year	 OS	 rates
ranging	from	31%	to	33%	as	compared	to	51%	to	82%	for	truly	recurrent	patients.82,85,86	It	has	been	hypothesized
that	 persistent	 tumors	may	 harbor	 a	more	 aggressive	 tumor	 biology	 resistant	 to	 chemoradiotherapy,	 leading	 to
worse	outcomes.	Overall,	length	of	time	to	recurrence	following	resection	varies	from	1	to	50	months.81,83,87,88
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TABLE	64.5
Results	of	Salvage	Surgery	for	Residual	or	Recurrent	Anal	Cancer

Study,	Year	(Ref.)
Patient
Number

Negative	Margin	After
Surgery	(R0)

5-y	Survival	Based	on	Margin
Status

Overall	5-y
Survival

Akbari	et	al.,	200482 62 85%
R0	=	38%
R1/R2	=	0% 33%

Nilsson	et	al.,	200285 35 91% NS 52%

Ghouti	et	al.,	200587 36 NS NS
69.4%
(DFS,	31.1%)

Renehan	et	al.,
200588 73 75%

R0	=	61.4%
R1/R2	=	0% 40%

Schiller	et	al.,	200783 40 83% NS
39%
(DFS,	30%)

Ferenschild	et	al.,
2005124 18 78% NS 30%

Sunesen	et	al.,
200981 45 78%

R0	=	75%
R1	=	40%
R2	=	0% 61%

Eeson	et	al.,	201189 51 63%
R0	=	42%
R1/R2	=	0% 29%

Lefèvre	et	al.,	2012125 105 82%
R0	=	69%
R1	=	0% 61%

R0,	clear	margin;	R1,	microscopic	positive	margin;	R2,	grossly	positive	margin;	NS,	not	stated;	DFS,	disease-free	survival.

Salvage	 resection	 is	associated	with	significant	morbidity	 in	up	 to	72%	of	patients,	 including	side	effects	of
delayed	 perineal	 wound	 healing,	 pelvic	 abscesses,	 perineal	 wound	 hernia,	 urinary	 retention,	 as	 well	 as	 the
development	 of	 impotence.	 Perineal	wound	 healing	 difficulties	 are	 a	 result	 of	 both	 the	 large	 soft	 tissue	 defect
created	 in	fully	excising	 these	 tumors	as	well	as	potentially	 impacted	by	prior	radiation	 therapy.	Closure	of	 the
wound	by	primary	intention	produces	suboptimal	results	if	not	combined	with	flap	placement.	In	one	series	of	22
patients	 undergoing	 salvage	 APR	 with	 primary	 closure,	 59%	 experience	 perineal	 wound	 break	 down,	 with	 1
requiring	 reconstructive	 operation.88	 Commonly	 used	 tissue	 flaps	 include	 an	 omental	 pedicle	 flap,	 a	 gracilis
muscle	 flap,	 and	 the	 vertical	 rectus	 abdominis	 myocutaneous	 (VRAM)	 flap.	 In	 one	 series	 of	 95	 patients
undergoing	salvage	APR,	patients	undergoing	an	omental	pedicle	flap,	as	compared	to	a	VRAM	flap,	had	more
perineal	wound	complications	and	slower	healing.	In	another	smaller	series,	the	perineal	wound	breakdown	rate
with	the	use	of	omental	flap	reconstruction	was	36%	versus	0%	with	a	VRAM	flap	following	APR.89	Finally,	a
series	of	48	patients	who	underwent	salvage	APR	reported	no	delays	in	wound	healing	or	infectious	complications
when	a	VRAM	flap	was	used.81	One	group	recently	reported	a	new	approach	for	perineal	reconstruction	using	an
internal	pudendal	artery	perforator	flap	after	irradiation	and	showed	a	95%	healing	rate	at	12	weeks.90

Management	of	Metastatic	Disease
Randomized	studies	have	demonstrated	that	patients	treated	with	chemoradiation	can	develop	metastatic	disease
in	 10%	 to	 17%	 of	 cases.35,54	 Currently,	 systemic	 chemotherapy	 is	 the	 treatment	 of	 choice	 for	 metastatic	 anal
cancer.	However,	there	is	little	published	data	in	the	setting	of	metastatic	disease.	Much	of	the	treatment	has	been
extrapolated	from	more	common	squamous	cell	cancers	such	as	head	and	neck	cancer,	cervical	cancer,	etc.	A	5-
FU/cisplatin	combination	is	recommended	by	the	NCCN33	guidelines	as	the	first-line	regimen	to	treat	metastatic
anal	SCC	outside	of	a	clinical	trial.

There	are	a	few	small	studies	that	report	the	benefit	of	administration	of	the	previously	mentioned	regimen	in
patients	with	metastatic	SCCA.91,92	Some	reports	have	described	survival	at	1	and	5	years	of	62.2%	and	32.2%,
respectively,	with	a	median	survival	of	34.5	months.

MMC	and	5-FU	may	also	be	considered	for	first-line	therapy93	for	metastatic	SCCA.	One	study	showed	that
patients	 treated	with	 this	 regimen	 ultimately	 achieved	 better	 response	 that	 included	 tumor	 size	 shrinkage,	 pain
management,	 and	performance	 improvement.	There	 are	 additional	 combination	chemotherapy	 trials	 and	 single-
agent	case	reports	available	that	are	described	briefly	in	Table	64.6.94



A	 retrospective	 analysis	 was	 completed	 at	MD	Anderson	 Cancer	 Center	 in	 treatment-naïve	metastatic	 anal
cancer	 patients.95	 The	 majority	 of	 patients	 had	 received	 5-FU/cisplatin	 versus	 carboplatin/paclitaxel.	 In	 those
patients	who	were	receiving	palliative	chemotherapy,	the	median	PFS	was	only	5	months	(95%	CI,	3.5	to	6.5;	P	<
.001),	and	the	median	OS	was	17	months	(95%	CI,	13.9	to	20.1).	Thus,	novel	treatments	are	greatly	needed.

TABLE	64.6
Studies	Demonstrating	Survival	and	Response	Data	on	Metastatic	Anal	Cancer

Study	Type
(Ref.)

Patient
Number Agent(s)

Response	Rate	or
Clinical	Response

Progression-Free
Survival	in	Months

Combination126 15 Vincristine/bleomycin/methotrexate 25% 2

Combination127
7	(anal
only) Paclitaxel/carboplatin/5-FU 65% 26

Combination128 20
Mitomycin
C/adriamycin/cisplatin/bleomycin 60% 8

Combination98 77
5-FU/cisplatin	vs.
carboplatin/paclitaxel — 8	vs.	4

Single-agent
case	report 	 Carboplatin Partial 9

Single-agent
case	report 	 Semustine Partial 15

Single-agent
case	report 	 Irinotecan Partial Not	reported
5-FU,	5-fluorouracil.

Cetuximab	 has	 shown	 favorable	 outcomes	 for	 the	 treatment	 of	 SCC	 of	 the	 head	 and	 neck	while	 delivered
concurrently	with	radiation	therapy.96	However,	the	data	supporting	the	administration	of	cetuximab	in	metastatic
SCCA	is	scant.	According	to	a	few	small	studies	and	case	reports,	the	maximum	clinical	response	achieved	was	a
partial	 response,	with	varying	 ranges	of	PFS	with	cetuximab/irinotecan	combination	 therapy.97	Due	 to	 the	very
small	sample	sizes	of	these	studies,	a	further	evaluation	is	warranted.

Like	other	GI	cancers,	the	liver	is	the	primary	site	of	metastasis	from	anal	cancer.	Data	on	the	resection	of	an
isolated	hepatic	lesion	are	sparse,	and	currently,	a	definitive	surgical	treatment	protocol	remains	largely	undefined
in	the	metastatic	setting.	That	said,	surgical	resection	of	metastatic	disease	can	be	considered	when	appropriate,
based	on	the	extent	of	disease	and	performance	status.	According	to	Eng	et	al.,98	the	median	PFS	and	OS	of	33	out
of	77	patients	with	metastatic	SCCA	who	received	curative	surgical	treatment	for	their	metastatic	disease	were	16
(95%	 CI,	 9.2	 to	 22.8)	 and	 53	 months	 (95%	 CI,	 28.3	 to	 77.6),	 respectively.	 Previously,	 a	 multicenter	 study99
composed	of	52	patients	also	suggested	that	a	subset	of	patients	might	benefit	from	surgical	resection.	According
to	 the	study,	among	27	metastatic	anal	SCC	patients	pretreated	with	systemic	 therapy,	 the	median	PFS	and	OS
were	9.6	and	22.3	months,	respectively,	although	definitive	selection	criteria	for	surgical	resection	were	lacking.

Outcome,	 benefit,	 and	 toxicity	 analysis	 on	 chemoradiation	 for	 metastatic	 anal	 cancer	 is	 limited.	 A	 small
study100	 (n	 =	 6)	 from	 the	 MD	 Anderson	 Cancer	 Center	 of	 patients	 with	 para-aortic	 nodal	 involvement	 was
reported.	In	this	study,	all	the	patients	were	treated	with	IMRT	with	concurrent	infusional	5-FU	and	cisplatin.	The
results	 showed	 that	3-year	actuarial	 local–regional	control,	distant	control,	and	survival	 rates	were	100%,	56%,
and	63%,	respectively.	In	another	study,	a	short	course	of	chemoradiation	composed	of	30	Gy	with	concurrent	5-
FU	 demonstrated	 good	 local–regional	 control	 (73%	 at	 the	median	 follow-up	 of	 16	months)	 in	 elderly	 patients
(median	 age	 81	years).	Radiation	 therapy	or	 combined	 chemoradiation	may	 also	 be	 used	 to	 palliate	 symptoms
related	to	metastatic	disease.

The	 International	 Rare	 Cancer	 Initiative	 (IRCI)	 in	 collaboration	 with	 the	 NCI	 has	 developed	 interest	 in
specifically	 focusing	on	establishing	guidelines	 for	metastatic	anal	SCC	patients,	 including	diagnostic	 imaging,
staging,	 surveillance,	 and	 survivorship.	 The	 first	 initiative	 is	 an	 international	 collaboration	 with	 the	 United
Kingdom,	 EORTC,	 and	 ECOG/ACRIN	 on	 a	 randomized	 phase	 II	 trial	 of	 5-FU/cisplatin	 versus
carboplatin/paclitaxel	in	treatment-naïve	patients	(InterAACT/ECOG	EA2133).	The	primary	end	point	is	response
rate.	This	study	has	completed	enrollment	with	final	results	to	be	presented	at	a	later	date.

Unfortunately,	 standard	 treatment	options	do	not	 exist	 for	previously	 treated	metastatic	 anal	 cancer	patients.
Due	to	the	well-known	association	of	HPV	and	anal	carcinogenesis,	the	role	of	immunotherapy	was	considered.
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Ott	 et	 al.101	 evaluated	 the	 role	 of	 the	 immune	 checkpoint	 inhibitor	 pembrolizumab	 in	 a	 phase	 Ib	 study	 of
previously	 treated	 anal	 carcinoma	 patients	 and	 noted	 a	 response	 rate	 of	 17%.	 NCI9673	 was	 a	 phase	 II	 of
nivolumab	in	refractory	patients	with	a	response	rate	of	24%.102	This	 study	 is	being	expanded	 to	a	 randomized
phase	II	study	of	nivolumab	+/−	ipilimumab	and	is	due	to	open	in	2018.

TREATMENT	OF	OTHER	SITES	AND	PATHOLOGIES
Squamous	Cell	Carcinoma	of	the	Anal	Margin
The	definition	of	anal	margin	tumors	has	varied	over	time,	ranging	from	perianal	skin	to	the	distal	aspect	of	the
anal	canal.	A	generally	accepted,	contemporary	definition	includes	the	area	extending	from	the	anal	verge	radially
5	cm	outward	on	the	perianal	skin.	As	per	prior,	the	AJCC	eighth	edition	groups	anal	margin	tumors	along	with
those	of	the	anal	canal.	The	onset	of	this	disease	is	frequently	seen	in	the	seventh	and	eighth	decades	of	life,	with	a
slight	 female	 predominance.93,103,104	 The	 majority	 of	 these	 tumors	 are	 well	 differentiated,	 indicating	 a	 slow-
growing	nature	with	the	development	of	distant	metastases	rare.93	The	primary	drainage	is	to	the	inguinal	region
and	regional	nodal	metastases	directly	related	to	 tumoral	size.	One	series105	describes	 that	 tumors	<2	cm	rarely
exhibit	lymph	node	metastases,	2-	to	5-cm	tumors	were	associated	with	an	approximately	23%	node	positive	rate,
and	 tumors	>5	cm	with	 rates	as	high	as	67%.	Therefore,	 it	 is	 important	 that	 these	 tumors	be	approached	on	an
individual	basis	based	on	size,	location,	and	histologic	characteristics.	Tumors	whose	epicenter	is	distal	to	the	anal
verge	may	be	managed	as	skin	tumors.	Potential	treatment	options	for	these	patients	include	local	excision	with	or
without	adjuvant	radiation	therapy	or	radiation	with	or	without	chemotherapy.	Treatment	considerations	in	these
patients	must	take	into	account	expected	morbidity	with	such	approaches.	For	smaller	tumors,	wide	local	excision
with	a	1-cm	margin	is	often	sufficient.	However,	surgery	for	larger	tumors	may	require	more	aggressive	removal,
which	may	entail	APR.	CMT	may	be	an	appropriate	alternative	in	such	cases,	particularly	where	the	risk	of	lymph
node	 involvement	 is	high.	Therefore,	surgery	 is	often	reserved	for	 tumors	<2	cm	in	greatest	dimension	without
adverse	 histologic	 features	 and	 no	 involvement	 of	 the	 anal	 sphincter.	 APR	 should	 generally	 be	 reserved	 for
patients	with	recurrent	disease	following	radiation/chemoradiation	or	recurrence	not	amenable	to	local	excision.
Chapet	 and	 colleagues106	 reviewed	 an	 experience	 of	 26	 patients	 with	 tumors	 of	 the	 perianal	 skin,	 5	 with
involvement	of	the	anal	canal.	Most	were	≤5	cm	in	diameter.	A	total	of	14	received	definitive	radiation	therapy,
with	or	without	chemotherapy,	and	12	received	radiation	therapy	following	initial	local	excision.	Actuarial	local
control	 rate	was	61%,	 and	with	 salvage	 surgical	 treatment,	 this	 increased	 to	 81%,	with	 a	 5-year	 cause-specific
survival	 of	 88%.	 Khanfir	 et	 al.107	 reported	 similar	 results	 in	 a	 series	 of	 45	 patients.	 A	 total	 of	 29	 patients
underwent	local	excision	prior	to	radiation	therapy.	Five-year	local–regional	control	was	78%	with	5-year	DFS	of
86%.	 Balamucki	 et	 al.108	 updated	 the	 University	 of	 Florida	 experience	 with	 definitive	 radiotherapy	 and
chemoradiotherapy	in	26	patients	with	SCC	of	the	perianal	skin.	Of	the	26,	2	patients	developed	local	recurrence
and	 2	 developed	 regional	 nodal	 recurrence,	 resulting	 in	 a	 10-year	 cause-specific	 survival	 of	 92%.	 Of	 note,	 2
patients	 who	 had	 clinically	 node-negative	 disease	 who	 did	 not	 receive	 prophylactic	 inguinal	 nodal	 radiation
developed	inguinal	recurrences.

Anal	Canal	Adenocarcinoma
Primary	adenocarcinoma	of	the	anal	canal	is	an	uncommon	tumor.	In	many	situations,	this	will	represent	growth
of	a	distal	 rectal	adenocarcinoma	into	 the	anal	canal	and	 is	managed	as	such.	 In	some	instances,	 this	disease	 is
believed	to	arise	from	glandular	epithelium	in	the	anal	canal,	accounting	for	<5%	of	all	anal	malignancies.	The
WHO	classifies	 anal	 canal	 cancers	 as	 either	 colorectal-type,	 anal	 gland,	 or	 fistula-associated	 adenocarcinomas.
The	 former	 type	 represents	 the	primary	 rectal	 adenocarcinoma	 tracking	 inferiorly	or	de	novo	disease	arising	 in
glandular	cells	of	the	transitional	zone.	Anal	gland	tumors	originate	from	anal	ducts	and	demonstrate	continuity
with	 anal	 gland	 epithelium.	 Fistula-associated	 tumors	 arises	 in	 anorectal	 fistulae	 (e.g.,	 Crohn	 disease).109
Occasionally,	 adenocarcinoma	 may	 occur	 in	 patients	 with	 ulcerative	 colitis	 or	 Crohn	 disease	 who	 have	 ileal
pouch–anal	 anastomosis.	 A	 study	 from	 the	 Rare	 Cancer	 Network	 registry	 of	 82	 patients	 diagnosed	 with	 anal
adenocarcinoma	was	 analyzed	 based	 on	 the	 treatment	 approach.	 The	 actuarial	 local–regional	 relapse	 rate	 at	 5
years	was	37%,	36%,	and	20%,	 respectively,	 in	 the	 radiation/surgery,	 combined	chemoradiation	 therapy	alone,
and	APR	alone	groups.	The	5-year	OS	rates	were	29%,	58%,	and	21%,	respectively,	and	5-year	DFS	rates	were
25%,	 54%,	 and	 22%,	 respectively.	 A	 multivariate	 analysis	 revealed	 four	 independent	 prognostic	 factors	 for



survival:	T	stage,	N	stage,	histologic	grade,	and	treatment	modality	(chemoradiotherapy).	The	authors	concluded
that	they	observed	better	survival	rates	after	combined	chemoradiotherapy	and	recommended	using	APR	only	for
salvage	 treatment.110	 In	 contrast,	 a	 Surveillance,	 Epidemiology,	 and	 End	 Results	 (SEER)	 study	 evaluated	 165
patients	with	nonmetastatic	 adenocarcinoma	of	 the	 anal	 canal.	Of	 these,	 30	patients	were	 treated	with	 an	APR
only,	42	patients	with	an	APR	and	radiation,	and	93	patients	with	radiation	alone.	The	5-year	survival	for	APR
only,	APR	 and	 radiation,	 and	 radiation	 alone	was	 58%,	 50%,	 and	 30%,	 respectively	 (P	 =	 .04).	A	multivariate
analysis	confirmed	factors	accounting	for	the	survival	differences	included	age,	nodal	stage,	and	treatment	groups.
The	authors	concluded	definitive	surgical	treatment	in	the	form	of	an	APR	with	or	without	radiation	is	associated
with	 improved	survival	 in	 these	patients.111	A	follow-up	SEER	analysis	comparing	anal	adenocarcinoma,	SCC,
and	rectal	adenocarcinoma	patients	including	462	cases	of	the	former	demonstrated	a	significantly	lower	median
OS	for	anal	adenocarcinoma	(33	months)	compared	to	SCC	(118	months)	or	rectal	adenocarcinoma	(68	months),
suggesting	anal	canal	adenocarcinoma	patients	have	a	worse	prognosis.	There	was	a	 strong	 trend	 for	 improved
survival	 among	 patients	 undergoing	 radical	 surgery.112	 Similarly,	 a	 systematic	 review	 of	 reports	 of	 anal	 canal
adenocarcinoma	 treated	with	a	variety	of	approaches	concluded	prognosis	of	anal	adenocarcinoma	 is	poor	with
little	 information	 on	 optimal	management,	 although	 relevant	 studies	 indicate	 a	 combination	 of	 radical	 surgery
combined	 with	 chemoradiotherapy	 offers	 best	 chance	 of	 survival.113	 An	 institutional	 report	 from	 the	 MD
Anderson	Cancer	Center	analyzed	16	patients	with	anal	adenocarcinoma	and	compared	outcomes	with	definitive
chemoradiotherapy	 to	similarly	 treated	patients	with	squamous	cell	 tumors.114	At	5	years,	 local	failure	rate	was
54%	in	 the	adenocarcinoma	group	compared	 to	18%	for	patients	with	SCC,	with	corresponding	5-year	DFS	of
19%	versus	77%,	respectively,	and	OS	rates	of	64%	versus	85%,	respectively.	Given	this,	patients	with	primary
anal	 adenocarcinoma	are	generally	 treated	 as	 if	 they	had	 rectal	 adenocarcinomas	of	 similar	 stage,	with	 surgery
remaining	as	a	cornerstone	therapy	and	neoadjuvant	radiation	therapy	or	CMT	generally	implemented	in	patients
with	high-risk	features	(T3	or	T4	and/or	nodal	involvement).

Anal	Paget	disease	is	an	intraepithelial	adenocarcinoma	arising	from	the	dermal	apocrine	sweat	glands,	most
commonly	 found	 in	 females	 and	 in	 older	 patients.27	 The	 management	 of	 Paget	 disease	 is	 usually	 surgical,
although	 local	 recurrence	 may	 be	 seen	 due	 to	 the	 presence	 of	 multifocal	 disease.	 Although	 progression	 from
perianal	 Paget	 disease	 to	 invasive	 disease	 is	 seen	 in	 approximately	 5%	 of	 cases,	 invasive	 cancers	 have	 been
reported	up	to	40%	of	patients	with	untreated	Paget	disease.	Association	with	tubo-ovarian	adenocarcinoma	was
seen	 in	 7%	 to	 24%	 and	GI	 cancers	 in	 12%	 to	 14%	 of	 cases.27	 Therefore,	 appropriate	 imaging	 and	 fiber-optic
endoscopy	studies	are	recommended	to	rule	out	synchronous	underlying	malignancies.

Melanoma	of	the	Anorectal	Region
Anorectal	melanoma	is	a	rare	disease	that	accounts	for	approximately	1%	of	all	malignant	melanomas	and	0.5%
of	 tumors	 of	 anorectal	 area.	 Symptoms	 are	 rather	 nondescript,	with	 bleeding	manifesting	 as	 the	most	 common
complaint.115	 The	 gross	 appearance	 varies	 from	 a	 small,	 pigmented	 lesion	 to	 an	 ulcerated	 mass.	 Anal	 canal
melanomas	 are	 usually	 pigmented	 lesions,	 but	 they	 can	 be	 amelanotic	 in	 as	many	 as	 29%	 of	 cases.	 A	 SEER
database	review	reported	a	5-year	OS	of	2.5%,116	although	some	series	report	up	to	a	20%	survival.115	Surgery	is
the	cornerstone	of	treatment	with	debate	regarding	the	optimal	approach.	Traditionally,	surgeons	adopted	a	more
radical	approach	utilizing	APR	with	a	radical	lymph	node	dissection.	However,	this	approach	was	associated	with
significant	morbidity	without	improving	OS.	Kiran	et	al.117	reviewed	109	patients	with	anorectal	melanoma	from
the	SEER	database	 between	 1982	 and	 2002	 and	 reported	 no	 significant	 difference	 between	 patients	 treated	 by
APR	 or	 local	 resection.	 A	 retrospective	 review	 of	 251	 patients	 from	 the	 Swedish	 National	 Cancer	 Registry
between	 1960	 and	 1999	 demonstrated	 similar	 findings.118	 A	 systematic	 review	 comparing	 APR	 to	 wide	 local
excision	in	anal	melanoma	patients	reported	similar	median	survivals	regardless	of	treatment	approach	(21	months
for	APR,	n	=	369;	20	months	for	local	excision,	n	=	324).	Similarly,	the	treatment	approach	did	not	significantly
impact	5-year	survival	(14%	for	APRs	and	15%	for	local	excision).119

There	 are	 some	 centers	 that	 advocate	 more	 aggressive	 treatment	 for	 localized	 disease,	 arguing	 for	 better
oncologic	outcomes	 in	select	subsets.	 In	an	older	Memorial	Sloan	Kettering	experience,	 factors	associated	with
long-term	 survival	 following	 APR	 included	 female	 gender,	 negative	 lymph	 nodes,	 and	 tumor	 size	 <2.5	 cm,
concluding	APR	may	be	considered	in	the	subset	of	patients	with	these	features.115	A	Japanese	study	that	included
79	 patients	 with	 anorectal	 melanoma	 reported	 3-	 and	 5-year	 survival	 rates	 of	 34.8%	 and	 28.8%,	 respectively
(median	survival	22	months),	for	patients	 treated	by	APR.120	Therefore,	the	authors	of	that	study	recommended
local	 excision	 for	 patients	 with	 stage	 0	 melanoma,	 whereas	 those	 with	 stage	 I	 cancers	 or	 T1	 tumors	 should
undergo	an	APR	with	lymph	node	dissection.	Ballo	et	al.121	reported	on	23	patients	treated	at	the	MD	Anderson
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Cancer	Center	with	sphincter-sparing	excision	and	adjuvant	radiation	therapy	using	a	hypofractionated	regimen	of
30	Gy	delivered	in	five	fractions.	Nine	patients	received	systemic	therapy.	Five-year	actuarial	OS,	DFS,	distant
metastases-free	 survival,	 local	 nodal	 control,	 and	 regional	 nodal	 control	 rates	were	31%,	37%,	35%,	74%,	 and
84%,	respectively,	comparing	favorably	to	varying	reports	using	local	excision	alone.
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65 Molecular	Biology	of	Kidney
Cancer
W.	Marston	Linehan	and	Laura	S.	Schmidt

INTRODUCTION
Kidney	cancer	or	renal	cell	carcinoma	(RCC)	affects	more	than	338,000	people	annually	worldwide,	resulting	in
144,000	deaths	each	year.1	Obesity,	hypertension,	tobacco	smoking,	and	certain	occupational	exposures	are	well-
documented	 risk	 factors	 for	 RCC.2	 RCC	 occurs	 in	 familial,	 inherited	 forms	 as	 well	 as	 sporadic,	 nonfamilial
disease.	Much	of	our	current	understanding	of	the	molecular	genetics	of	kidney	cancer	has	come	from	studies	of
families	with	an	inherited	predisposition	to	develop	renal	tumors.	Individuals	with	a	family	history	of	RCC	have	a
2.5-fold	greater	chance	for	developing	renal	cancer	during	their	lifetimes3	and	comprise	about	4%	of	all	RCCs.

Kidney	cancer	is	not	a	single	disease	but	consists	of	multiple	tumor	subtypes	based	on	histology.	Over	the	past
two	 and	 a	 half	 decades,	 studies	 of	 families	 with	 inherited	 renal	 carcinoma	 enabled	 the	 identification	 of	 five
inherited	renal	cancer	syndromes	and	their	predisposing	genes,	which	implicate	diverse	biologic	pathways	in	renal
cancer	 tumorigenesis.4	 The	 von	 Hippel-Lindau	 (VHL)	 tumor	 suppressor	 gene	 was	 discovered	 in	 1993.5
Subsequently,	activating	mutations	were	identified	in	the	MET	protooncogene	in	patients	with	hereditary	papillary
renal	 carcinoma	 (HPRC).6	 More	 recently,	 germline	 mutations	 in	 the	 gene	 for	 Krebs	 cycle	 enzyme	 fumarate
hydratase	(FH),	responsible	for	hereditary	leiomyomatosis	and	RCC	(HLRCC),7	and	in	FLCN,	the	gene	for	Birt-
Hogg-Dubé	(BHD)	syndrome,	were	identified.8	Germline	mutations	in	the	genes	encoding	subunits	B,	C,	and	D
of	 another	 Krebs	 cycle	 enzyme,	 succinate	 dehydrogenase	 (SDHB/SDHC/SDHD),	 have	 been	 found	 in	 patients
with	 familial	 renal	 cancer.9,10	 Discovery	 of	 the	 genes	 for	 the	 inherited	 forms	 of	 renal	 cancer	 has	 enabled	 the
development	 of	 diagnostic	 genetic	 tests	 for	 presymptomatic	 diagnosis	 and	 improved	 prognosis	 for	 at-risk
individuals.

CLEAR	CELL	RENAL	CELL	CARCINOMA
von	Hippel-Lindau	Disease
Clear	 cell	 RCC	 occurs	 in	 inherited,	 familial	 as	 well	 as	 sporadic,	 noninherited	 forms.	 The	 most	 well	 studied
hereditary	form	of	clear	cell	RCC	is	von	Hippel-Lindau	(VHL)	disease.	VHL	disease	is	an	autosomal	dominant
inherited	multisystem	neoplastic	disorder	that	is	characterized	by	clear	cell	renal	tumors,	retinal	angiomas,	central
nervous	system	(CNS)	hemangioblastomas,	tumors	of	the	adrenal	gland	(pheochromocytoma),	endolymphatic	sac
and	pancreatic	 islet	 cell,	 and	cysts	 in	 the	pancreas	and	kidney.	VHL	occurs	 in	about	1	 in	36,000	and	develops
during	the	second	to	fourth	decades	of	life	with	nearly	complete	penetrance	by	age	70	years.	Bilateral,	multifocal
renal	tumors	with	clear	cell	histology	develop	in	up	to	30%	of	VHL	patients11	that	can	have	metastatic	potential
when	they	reach	3	cm.

Genetics	of	von	Hippel-Lindau	Disease:	VHL	Gene
Positional	 cloning	 in	 VHL	 kindreds	 localized	 the	 disease	 locus	 to	 chromosome	 3p25-26,	 leading	 to	 the
identification	of	the	VHL	gene	in	1993.5	VHL	is	a	classic	“two-hit”	tumor	suppressor	gene	in	which	both	copies	of
VHL	 must	 be	 inactivated	 for	 tumor	 initiation,	 usually	 by	 loss	 of	 heterozygosity	 (LOH),	 somatic	 mutation,	 or
methylation	 of	 the	wild-type	 allele.	Germline	VHL	mutations	 encompass	 the	 entire	mutation	 spectrum	 and	 are
located	throughout	the	entire	gene.12	VHL	subclasses,	based	on	the	predisposition	to	develop	pheochromocytomas
and	a	high	or	low	risk	of	RCC,	have	been	established	with	clear	genotype–phenotype	associations	emerging.4,12



Gene	Mutated	in	Renal	Cancer	Families	with	Chromosome	3p	Translocations
Another	 form	 of	 hereditary	 clear	 cell	 RCC	was	 initially	 identified	 in	 1979	 by	Cohen	 et	 al.13	who	 described	 a
family	 with	 a	 constitutional	 t(3;8)(p14;q24)	 balanced	 translocation	 that	 cosegregated	 with	 bilateral	 multifocal
clear	 cell	 renal	 tumors.	 Loss	 of	 the	 derivative	 chromosome	 carrying	 the	 3p	 segment	 and	 different	 somatic
mutations	 in	 the	 remaining	copy	of	VHL	were	 identified	 in	 tumors	 from	 this	 translocation	 family,	 leading	 to	 a
proposed	 three-step	 tumorigenesis	 model14:	 (1)	 inheritance	 of	 the	 constitutional	 translocation,	 (2)	 loss	 of	 the
derivative	chromosome	bearing	3p25,	and	(3)	mutation	of	the	remaining	wild-type	VHL,	resulting	in	inactivation
of	 both	 copies	 of	 VHL	 and	 predisposing	 individuals	 to	 clear	 cell	 RCC.	 Loss	 of	 the	 derivative	 chromosome
concomitant	with	 somatic	mutation	 of	 the	 remaining	VHL	 allele	 reported	 in	 other	 chromosome	3	 translocation
families15	implicates	VHL	loss	as	the	driver	for	clear	cell	RCC	in	chromosome	3	translocation	kindreds.

Sporadic	Clear	Cell	Kidney	Cancer:	VHL	Gene	Mutation
Somatic	mutation	of	the	VHL	gene	with	associated	loss	of	 the	wild-type	allele	is	found	in	up	to	92%	of	tumors
from	 patients	 with	 clear	 cell	 kidney	 cancer.16	 VHL	 gene	 mutation	 is	 not	 found	 in	 papillary,	 chromophobe,
collecting	duct,	medullary,	or	other	types	of	kidney	cancer.

Function	of	the	von	Hippel-Lindau	Protein
The	most	well-understood	function	of	the	VHL	protein,	pVHL,	is	the	substrate	recognition	site	for	the	hypoxia-
inducible	 factor	 α	 (HIF-α)	 family	 of	 transcription	 factors	 targeting	 them	 for	 ubiquitin-mediated	 proteasomal
degradation	 (Fig.	 65.1).12	 pVHL	 binds	 through	 its	 α	 domain	 to	 elongin	 C	 and	 forms	 an	 E3	 ubiquitin	 ligase
complex	 with	 elongin	 B,	 cullin	 2	 (CUL2),	 and	 Rbx1.	 Under	 normal	 oxygen	 conditions,	 HIF-α	 becomes
hydroxylated	 on	 critical	 prolines	 by	 a	 family	 of	 HIF	 prolyl	 hydroxylases	 (PHDs).	 pVHL	 then	 binds	 to
hydroxylated	HIF-α	 through	 its	 β	 domain,	 targeting	HIF-α	 for	 ubiquitination	 by	 the	E3	 ligase	 complex.	Under
hypoxic	conditions,	when	PHDs	are	unable	to	function,	or	when	pVHL	is	mutated,	thereby	altering	its	binding	to
HIF-α	or	elongin	C,	HIF-α	accumulates	and	transcriptionally	upregulates	a	number	of	genes	important	 in	blood
vessel	 development	 (EPO,	 VEGF),	 cell	 proliferation	 (PDGFβ,	 TGF-α),	 and	 anaerobic	 glucose	 metabolism
(GLUT1).12	HIF-α–dependent	upregulation	of	 target	genes	involved	in	neovascularization	leads	to	the	increased
vascularity	of	CNS	hemangioblastomas	and	clear	cell	renal	tumors	in	VHL.	Germline	VHL	mutations	frequently
occur	in	the	pVHL	binding	domains	for	HIF-α	and	elongin	C.17	HIF-2α	(rather	than	HIF-1α)	stabilization	appears
to	be	critical	for	renal	tumor	development.18

Figure	65.1	The	von	Hippel-Lindau	(VHL)	E3	ubiquitin	ligase	complex	targets	hypoxia-inducible
factor	α	(HIF-α)	for	ubiquitin-mediated	degradation.	A:	Under	normal	oxygen	conditions,	HIF-α	is
hydroxylated	on	critical	prolines	by	HIF	prolyl	hydroxylase	(PHD),	requiring	molecular	oxygen,	α-

ketoglutarate	(2-OG),	and	iron	as	cosubstrates.	The	VHL	protein	can	then	recognize	and	bind
hydroxylated	HIF-α,	enabling	ubiquitination	(UB)	by	the	VHL	E3	ligase	complex	and	degradation
by	the	proteasome.	Under	hypoxic	conditions,	PHD	is	unable	to	function	properly,	the	VHL	protein
cannot	recognize	HIF-α,	and	HIF-α	accumulates,	leading	to	the	upregulation	of	HIF	target	genes
(VEGF,	vascular	endothelial	growth	factor;	GLUT1,	glucose	transporter	1;	PDGF,	platelet-derived
growth	factor)	that	support	tumor	growth	and	neovascularization.	B:	When	VHL	is	mutated	and	the
VHL	protein	is	unable	to	bind	HIF-α,	HIF-α	stabilization	leads	to	transcriptional	upregulation	of

HIF	target	genes.	CUL2,	cullin	2;	Rbx1,	ring-box	1;	ODD,	oxygen-dependent-degradation	domain.
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(From	Linehan	WM,	Srinivasan	R,	Schmidt	LS.	The	genetic	basis	of	kidney	cancer:	a	metabolic
disease.	Nat	Rev	Urol	2010;7[5]:277–285.)

Additional	Genes	Mutated	in	Clear	Cell	Kidney	Cancer
Large-scale	 genomic	 studies	 performed	 to	 identify	 the	 genetic	 basis	 of	 clear	 cell	 kidney	 cancer	 have	 revealed
genetic	 alterations	 in	 genes	 important	 for	 the	 maintenance	 of	 chromatin	 states.	 Significantly	 mutated	 genes
identified	 in	 sporadic	 clear	 cell	 kidney	 cancer,	 in	 addition	 to	VHL,	 include	PBRM1	 encoding	 a	 subunit	 of	 the
PBAF	 SWI/SNF	 chromatin	 remodeling	 complex,	 the	 histone	 methyl	 transferase	 gene	 SETD2,	 a	 histone
demethylase	gene	KDM5C,	and	the	novel	tumor	suppressor	gene,	BAP1,	which	encodes	a	histone	deubiquitinase
(Fig.	65.2).19

BAP1-Associated	 Tumor	 Predisposition	 Syndrome.	 Mutations	 in	 BAP1	 have	 also	 been	 identified	 in	 the
germline	of	individuals	from	a	small	number	of	families	with	a	genetic	predisposition	to	develop	clear	cell	kidney
cancer	 (Table	 65.1).20,21	 Additionally,	 individuals	 carrying	 heterozygous	 BAP1	 mutations	 are	 at	 risk	 for
developing	other	tumor	types	including	uveal	and	cutaneous	melanoma	and	malignant	mesothelioma.20,21
BAP1	mutation	carriers	are	characterized	by	early	age	of	tumor	onset20,21	and	an	aggressive	form	of	RCC20	that

is	associated	with	poor	survival.	LOH	of	BAP1	was	demonstrated	in	some	tumors	from	BAP1	mutation	carriers,
confirming	BAP1	as	a	classic	two-hit	tumor	suppressor	gene.20,21

PAPILLARY	RENAL	CELL	CARCINOMA
Hereditary	Papillary	Renal	Carcinoma:	Type	1	Papillary
Similar	 to	 clear	 cell	RCC,	papillary	RCC	 (PRRC)	occurs	 in	hereditary	 as	well	 as	 sporadic	 forms.	HPRC	 is	 an
autosomal	dominant	hereditary	cancer	syndrome	in	which	affected	individuals	are	at	risk	for	the	development	of
multifocal,	 bilateral	 papillary	 type	 1	 kidney	 cancer.	 HPRC	 develops	 in	 the	 sixth	 and	 seventh	 decades	 of	 life,
although	early-onset	HPRC	has	been	described,	and	exhibits	nearly	complete	penetrance	by	80	years	of	age.4	This
rare	disorder	has	been	reported	in	<35	kindreds	worldwide.4

Genetics	of	Hereditary	Papillary	Renal	Carcinoma:	MET	Protooncogene
In	 1994,	 Zbar	 et	 al.22	 described	 a	 three-generation	 family	 in	which	multifocal,	 bilateral	 papillary	 renal	 tumors
were	inherited	in	an	autosomal	dominant	fashion.	The	disorder	was	not	linked	to	chromosomal	3p	loss,	suggesting
the	presence	of	a	new	predisposing	renal	cancer	gene	and	representing	a	hereditary	counterpart	to	sporadic	PRCC.
Schmidt	 et	 al.6	 localized	 the	 HPRC	 disease	 locus	 to	 chromosome	 7q31.1-34	 by	 genetic	 linkage	 analysis	 and
identified	 germline	 missense	 mutations	 in	 the	 tyrosine	 kinase	 domain	 of	 the	MET	 protooncogene	 in	 affected
HPRC	family	members.

Hereditary	Papillary	Renal	Carcinoma:	Functional	Consequences	of	MET	Mutations
The	MET	protooncogene	encodes	the	hepatocyte	growth	factor/scatter	factor	(HGF/SF)	receptor	tyrosine	kinase.
Binding	 of	 ligand	 HGF	 to	MET	 triggers	 autophosphorylation	 of	 critical	 tyrosines	 in	 the	 intracellular	 tyrosine
kinase	domain,	leading	to	recruitment	of	a	variety	of	transducers	of	downstream	signaling	cascades	(see	Fig.	65.2)
that	 regulate	 cellular	 programs	 supporting	 cell	 growth,	 branching	morphogenesis,	 differentiation,	 and	 “invasive
growth.”23	All	MET	 mutations	 identified	 in	 HPRC	 are	missense	 and	 predicted	 to	 constitutively	 activate	MET
kinase	without	ligand	stimulation.24,25	Papillary	renal	tumors	are	characterized	by	trisomy	of	chromosome	7	and
nonrandom	duplication	of	the	chromosome	7	bearing	the	mutant	MET	allele	was	demonstrated	in	papillary	renal
tumors	from	HPRC	patients.26	The	presence	of	two	copies	of	mutant	MET	may	give	kidney	cells	a	proliferative
growth	advantage	and	lead	to	tumor	progression.



Figure	65.2	The	genetic	basis	of	kidney	cancer.	Thirteen	renal	cancer	predisposing	genes—VHL,
MET,	FLCN,	BAP1,	TFE3,	TFEB,	MITF,	TSC1,	TSC2,	FH,	SDHB,	SDHC,	and	SDHD—have	been

identified	mainly	through	studies	of	inherited	kidney	cancer	syndromes.	These	genes	interact
through	common	oxygen,	nutrient,	and	energy-sensing	pathways	that,	when	dysregulated,

predispose	to	the	development	of	kidney	cancer.	Our	understanding	of	the	molecular	mechanisms
by	which	these	genes	interact	in	these	pathways	is	enabling	the	development	of	targeted	therapeutic
agents	to	benefit	kidney	cancer	patients.	HGF,	hepatocyte	growth	factor;	MET,	hepatocyte	growth

factor	receptor;	TK,	tyrosine	kinase;	PI3K,	phosphatidylinositol	3-kinase;	AKT,	AKT
serine/threonine	kinase;	TSC1/2,	tuberous	sclerosis	complex	1/2;	AMPK,	5′-adenosine

monophosphate	activated	protein	kinase;	FNIP1/2,	folliculin	interacting	protein	1/2;	FLCN,
folliculin;	mTORC1/2,	mechanistic	target	of	rapamycin	complex	1/2;	TFE3,	transcription	factor
binding	to	IGHM	enhancer	3;	TFEB,	transcription	factor	EB;	MITF,	melanogenesis	associated

transcription	factor;	HIF	1/2a,	hypoxia-inducible	factor	1/2	alpha;	VHL,	von	Hippel-Lindau;	PHD,
prolyl	hydroxylase;	FH,	fumarate	hydratase;	SDHB/C/D,	succinate	dehydrogenase	B/C/D;	KEAP1,
Kelch-like	erythroid-derived	Cap-n-Collar	homology	(ECH)–associated	protein	1;	NRF2,	nuclear
factor	(erythroid-derived	2)–like	2;	TGFa,	transforming	growth	factor	alpha;	EGFR,	epidermal
growth	factor	receptor;	VEGF,	vascular	endothelial	growth	factor;	VEGFR,	vascular	endothelial
growth	factor	receptor;	PDGF,	platelet-derived	growth	factor;	PDGFR,	platelet-derived	growth
factor	receptor;	KDM5C,	lysine	demethylase	5C;	SETD2,	SET	domain	containing	2;	PBRM1,

polybromo1;	BAP1,	BRCA1	associated	protein	1;	Ac,	acetylation;	Me,	methylation.	(Adapted	from
Ricketts	CJ,	Crooks	DR,	Sourbier	C,	et	al.	SnapShot:	renal	cell	carcinoma.	Cancer	Cell

2016;29[4]:610–610.e1.)

Sporadic	Type	1	Papillary	Renal	Cell	Carcinoma
Initial	 studies	 of	 sporadic	 unclassified	 PRCC	 reported	 MET	 coding	 sequence	 alterations	 in	 13%	 of	 cases,
suggesting	 a	 minor	 role	 for	 MET	 mutation	 in	 HPRC	 sporadic	 counterpart	 tumors.27	 Subsequent	 molecular
characterization	 of	 161	 sporadic	 papillary	 tumors	 by	 The	 Cancer	Genome	Atlas	 Research	Network	 uncovered
altered	MET	 status	 in	 81%	 of	 75	 type	 1	 PRCC	 cases	 including	 sequence	 alterations	 (18.6%),	 alternate	 splice
variants	 (5.3%),	and	MET	amplification	 (76%)	due	 to	 increased	chromosome	7	copy	number,28	underscoring	a
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prominent	role	for	MET	in	the	pathogenesis	of	sporadic	type	1	PRCC.

Xp11.2	Translocation	Renal	Cell	Cancer
Xp11.2	translocation	RCCs,	typically	presenting	with	papillary	architecture	and	clear	or	eosinophilic	cytoplasm,
are	 rare	 tumors	 in	 adults	 (<5%)	 but	 are	 the	 cause	 of	 approximately	 40%	 of	 pediatric	 renal	 cancers.29
Translocations	 in	sporadic	papillary	 renal	carcinoma	 involving	Xp11.2	and	1q21.2	generate	a	 fusion	between	a
novel	gene,	PRCC,	and	the	basic	helix-loop-helix	leucine	zipper	transcription	factor	gene,	TFE3,	a	member	of	the
microphthalmia	 (MiT)	 family	 of	 transcription	 factors.30	 The	 encoded	 fusion	 protein,	 PRCC-TFE3,	 acts	 as	 a
stronger	transcriptional	activator	than	native	TFE3	and	may	drive	the	development	of	sporadic	PRCC.29	Xp11.2
translocation	 RCCs	 involving	 at	 least	 five	 different	 TFE3	 gene	 fusions	 have	 been	 described	 resulting	 in
deregulation	of	TFE3	transcription	activity.29	Tsuda	et	al.31	have	shown	that	these	TFE3	fusion	proteins	are	strong
transcriptional	activators	of	the	MET	gene,	resulting	in	inappropriate	MET-directed	cell	proliferation	and	invasive
growth.

TABLE	65.1
Inherited	Renal	Cancer	Syndromes

Syndrome
Chromosome
Location

Predisposing
Gene Histology

Detection	Frequency	of
Gene	Mutations

Germline
Sporadic
RCC

von	Hippel-Lindau	disease 3p25 VHL Clear	cell 100%12 92%16

Hereditary	papillary	renal
carcinoma	type	1 7q31 MET Type	1	papillary 100%6,27 <15%27,28

Hereditary	leiomyomatosis	and
renal	cell	carcinoma 1q42–43 FH Type	2	papillary 93%33 TBD

Birt-Hogg-Dubé	syndrome 17p11.2 FLCN
Chromophobe,	hybrid
oncocytic 90%42 11%46

Tuberous	sclerosis	complex
9q34
16p13.3

TSC1
TSC2

Angiomyolipoma,	all
histologies

80%–
90% TBD

Succinate	dehydrogenase–
associated	renal	carcinoma

1p35–36
1q23.3
11q23

SDHB
SDHC
SDHD

Clear	cell,	chromophobe,
oncocytic	neoplasm TBD TBD

BAP1-associated	tumor
predisposition	syndrome 3p21.1 BAP1 Clear	cell,	predominantly TBD 15%19

MITF	p.E318K	associated	RCC 3p13 MITF Clear	cell,	limited	reports
1.5%–
4%32 <0.5%

RCC,	renal	cell	carcinoma;	TBD,	to	be	determined.

The	 fusion	 of	 another	member	 of	 the	MiT	 family,	TFEB,	with	 the	Alpha	 gene	 has	 been	 described	 in	 renal
tumors	harboring	t(6;11)(p21;q13)	chromosomal	translocation.29	The	first	case	of	renal	cancer	 involving	a	 third
MiT	 family	 member,	 MITF,	 was	 also	 recently	 reported.	 A	 germline	 missense	 MITF	 mutation
(c.952G→A;p.E318K)	was	identified	at	a	higher	frequency	in	family	members	affected	with	melanoma,	RCC,	or
both	compared	 to	 controls,	 resulting	 in	 a	 fivefold	 increased	 risk	 for	developing	 these	 cancers	 in	 carriers	of	 the
MITF	mutation.32	Codon	318	 is	 located	within	 a	 small	 ubiquitin-like	modifier	 (SUMO)	 consensus	 site	 and	 the
amino	 acid	 change	 caused	 by	 this	 mutation	 was	 shown	 to	 severely	 compromise	 SUMOylation	 (inhibition)	 of
MITF,	 thereby	 increasing	 its	 transcriptional	 activity	 toward	 HIF-α	 (among	 other	 targets)	 and	 driving
tumorigenesis.32

Hereditary	Leiomyomatosis	and	Renal	Cell	Carcinoma:	Type	2	Papillary
HLRCC	is	an	autosomal	dominant	inherited	disorder	that	predisposes	individuals	to	the	development	of	skin	and
uterine	 leiomyomas	and	an	aggressive	form	of	 type	2	papillary	renal	carcinoma.	Renal	 tumors,	which	are	often
unilateral	 and	 solitary,	may	develop	with	early	age	of	onset	 in	14%	 to	18%	of	affected	 individuals	and	can	be
aggressive,	metastasize,	and	cause	death	within	5	years	of	diagnosis.33



Hereditary	Leiomyomatosis	and	Renal	Cell	Carcinoma:	Fumarate	Hydratase	Gene
Genetic	linkage	analysis	localized	the	disease	locus	for	multiple	cutaneous	and	uterine	leiomyomata	(MCUL)	to
chromosome	1q42-43,34	but	an	association	with	renal	cancer	was	not	appreciated	until	linkage	was	demonstrated
to	chromosome	1q	in	two	Finnish	MCUL	kindreds	with	solitary,	highly	aggressive	papillary	type	2	renal	tumors.35
The	 disorder	 was	 renamed	 hereditary	 leiomyomatosis	 and	 renal	 cell	 carcinoma,	 and	 subsequently,	 germline
mutations	 were	 identified	 in	 HLRCC-affected	 family	 members	 in	 the	 FH	 gene,	 a	 Krebs	 cycle	 enzyme	 that
converts	 fumarate	 to	 malate.7	 FH	 mutations	 in	 HLRCC	 include	 missense	 mutations	 that	 occur	 mainly	 in
evolutionarily	 conserved	 residues,	 frameshift,	 nonsense,	 and	 splice-site	 mutations	 that	 are	 predicted	 to
prematurely	 truncate	 the	 FH	 protein	 as	 well	 as	 partial	 and	 complete	 gene	 deletions.36	 Mutations	 are	 found
throughout	the	entire	length	of	the	FH	gene,	and	no	clear	genotype–phenotype	associations	have	been	reported.37
FH	 acts	 as	 a	 classic	 tumor	 suppressor	 gene	with	 loss	 or	 somatic	mutation	 of	 the	 wild-type	FH	 allele	 at	 high
frequency	in	renal	tumors	and	skin	and	uterine	leiomyomata.7	FH	mutations	are	rarely	detected	in	sporadic	uterine
and	skin	leiomyomata	or	sporadic	RCCs.

Functional	Consequences	of	Fumarate	Hydratase	Mutations
FH	 mutations	 cause	 a	 severe	 reduction	 in	 FH	 activity	 in	 lymphoblastoid	 cell	 lines	 from	 HLRCC	 patients.7,37
HLRCC-associated	 missense	 mutations	 significantly	 lower	 FH	 activity	 compared	 to	 truncating	 mutations,38
suggesting	that	mutant	FH	monomers	might	act	in	a	dominant	negative	manner	to	alter	proper	conformation	of	FH
tetramers.	Loss	of	FH	activity	in	HLRCC	leads	to	accumulation	of	fumarate,	which	can	competitively	inhibit	HIF
PHD,	resulting	in	HIF-1α	stabilization.33,39	The	subsequent	upregulation	of	HIF-inducible	genes	contributes	to	the
aggressive	nature	of	HLRCC-associated	renal	tumors	(see	Fig.	65.2).

Another	 consequence	 of	 fumarate	 accumulation	 in	 HLRCC	 tumors	 is	 activation	 of	 the	 nuclear	 factor
(erythroid-derived	2)–like	2	(NRF2)-mediated	antioxidant	signaling	pathway.40	Kelch-like	erythroid-derived	Cap-
n-Collar	homology	(ECH)–associated	protein	1	(KEAP1),	an	electrophile	sensor	and	substrate	recognition	site	for
cullin	3	(CUL3)–based	E3	ubiquitin	ligase,	binds	to	NRF2	transcription	factors	under	low	electrophile	conditions,
facilitating	interactions	with	CUL3	for	ubiquitin-mediated	degradation	of	NRF2.	However,	accumulated	fumarate
can	 act	 as	 an	 electrophile	 and	 react	 with	 exposed	 cysteines	 on	 the	 KEAP1	 protein	 (known	 as	 succination),
resulting	 in	 a	 conformational	 change	 that	 inhibits	KEAP1–NRF2	binding	 (see	Fig.	 65.2).	 Consequently,	NRF2
becomes	available	for	transcriptional	activation	of	its	target	genes	that	are	regulated	through	antioxidant	response
elements	(ARE)	in	their	promoters.33,40

Sporadic	Type	2	Papillary	Renal	Cell	Carcinoma
Molecular	characterization	of	sporadic	PRCC	by	The	Cancer	Genome	Atlas	Research	Network	has	confirmed	that
type	 1	 and	 2	 PRCCs	 are	 clinically	 and	 biologically	 distinct.28	Whereas	 type	 1	 PRCC	 is	 associated	 with	MET
alterations	that	lead	to	activation	of	the	MET	signaling	pathway	and	a	more	indolent	clinical	course,	type	2	PRCC
is	 characterized	 by	 CDKN2A	 silencing	 (25%),	 SETD2	 mutations,	 TFE3/TFEB	 gene	 fusions,	 and	 increased
expression	(activation)	of	the	NRF2-antioxidant	response	element	pathway.	Additionally,	a	CpG	island	methylator
phenotype	(CIMP)	was	identified	in	a	subset	of	type	2	PRCC	that	was	associated	with	universal	hypermethylation
or	 loss	 of	 the	 CDKN2A	 promoter,	 FH	 mutations,	 and	 a	 highly	 aggressive	 tumor	 phenotype	 with	 the	 worst
survival.28

CHROMOPHOBE	RENAL	CELL	CARCINOMA
Birt-Hogg-Dubé	Syndrome
BHD	syndrome	 is	a	 rare	autosomal	dominant	 inherited	cancer	syndrome	characterized	by	benign	 tumors	of	 the
hair	follicle	(fibrofolliculoma),	pulmonary	cysts,	and	spontaneous	pneumothorax,	and	a	sevenfold	increased	risk
for	renal	cancers.41–43	Fibrofolliculomas	and	lung	cysts	are	the	most	common	manifestations	(>85%	and	>70%,
respectively)	 of	 BHD	 patients.42	 Renal	 tumors	 with	 variable	 histologies,	 most	 frequently	 chromophobe	 renal
carcinoma	and	hybrid	oncocytic	tumors,	develop	in	12%	to	34%	of	BHD-affected	individuals	(median	age,	48	to
50	years).42	Metastases,	although	uncommon,	may	develop	from	BHD	renal	tumors.
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Birt-Hogg-Dubé	Syndrome:	FLCN	Gene
Genetic	linkage	analysis	performed	in	BHD	kindreds	led	to	the	localization	of	the	disease	locus	on	the	short	arm
of	 chromosome	 17	 and	 mutations	 in	 a	 novel	 gene,	 FLCN,	 were	 subsequently	 identified	 in	 the	 germline	 of
clinically	affected	BHD	patients.8	The	most	frequently	occurring	BHD-associated	FLCN	mutations	are	predicted
to	 truncate	 the	 BHD	 protein,	 folliculin,	 including	 insertion/deletion,	 nonsense,	 and	 splice-site	 mutations,	 but
missense	mutations	and	partial	gene	deletions	have	been	described.42,44	Mutations	are	distributed	throughout	the
entire	length	of	the	FLCN	gene	with	no	clear	genotype–phenotype	correlations.42	Vocke	et	al.45	identified	second
“hit”	 somatic	mutations	 or	LOH	 in	70%	of	 renal	 tumors	 from	BHD	patients,	 supporting	 a	 role	 for	FLCN	 as	a
tumor	suppressor	gene.	FLCN	mutations	have	been	found	infrequently	in	chromophobe	RCCs	(11%)46	and	only
rarely	in	other	histologic	variants	of	RCC.42

Function	of	the	Birt-Hogg-Dubé	Protein:	Folliculin
The	FLCN	gene	encodes	a	novel	protein,	folliculin	(FLCN),	with	no	characteristic	functional	domains.	Efforts	to
elucidate	FLCN	function	led	to	the	identification	of	two	novel	FLCN-interacting	proteins,	FNIP147	and	FNIP2,48
which	interact	with	5′	adenosine	monophosphate–activated	protein	kinase	(AMPK),	an	energy	sensor	and	negative
regulator	 of	 mammalian	 target	 of	 rapamycin	 (mTOR),	 the	 master	 switch	 for	 protein	 translation	 and	 cell
proliferation.42	FLCN,	through	FNIP1/FNIP2	and	AMPK,	may	play	a	role	in	the	regulation	of	PI3K-AKT-mTOR
signaling	(see	Fig.	65.2).	However,	conflicting	data	obtained	from	FLCN-deficient	in	vivo	models	and	BHD	renal
tumors	 support	 both	mTOR	 activation	 and	 inhibition,	 leading	 to	 the	 hypothesis	 that	 the	mechanism	 by	which
FLCN	interacts	with	and	modulates	mTOR	is	context	dependent.49

The	resolution	of	C-terminal	FLCN	crystal	structure	has	demonstrated	structural	homology	to	the	differentially
expressed	in	normal	cells	and	neoplasia	domain,	which	has	guanine	exchange	factor	activity	toward	Rab	GTPases
and	 recent	 reports	 have	 shown	 FLCN/FNIP1/FNIP2	 interaction	 with	 Rag	 GTPases,	 suggesting	 a	 role	 of	 this
complex	 in	 amino	 acid	 sensing	 for	mTOR	 activation.49	 Additional	 functional	 roles	 for	 FLCN	 in	 transforming
growth	 factor	 β	 (TGF-β)	 signaling,	 modulation	 of	 HIF-α	 and	 its	 target	 genes,	 ciliogenesis,	 peroxisome
proliferator-activated	 receptor	 γ	 coactivator	 1α	 (PGC-1α)	 regulation	 and	 mitochondrial	 biogenesis,	 cell–cell
adhesion,	exit	from	embryonic	stem	cell	pluripotency,	and	regulation	of	lysosome	function	through	cytoplasmic
sequestration	of	the	transcription	factors	TFE3	and	TFEB	have	been	reported.49

Sporadic	Chromophobe	Renal	Cell	Carcinoma
Molecular	 characterization	 of	 sporadic	 chromophobe	 RCC	 by	 The	 Cancer	 Genome	 Atlas	 Research	 Network
demonstrated	loss	of	one	copy	of	the	entire	chromosome	for	most	of	chromosomes	1,	2,	6,	10,	13,	and	17	in	the
majority	of	cases	(86%).	The	analysis	did	not	identify	FLCN	mutations	and	found	TP53	(32%)	and	PTEN	(9%)	to
be	the	only	significantly	mutated	genes	in	chromophobe	RCC.50	Genomic	rearrangements	were	identified	in	12%
of	the	cases,	leading	to	structural	breakpoints	within	the	TERT	promoter,	correlating	with	highly	elevated	TERT
expression.	 In	 addition,	 gene	 expression	 and	 mitochondrial	 DNA	 (mtDNA)	 analysis	 indicated	 increased
mitochondrial	 genome	 copy	 number	 and	 expression	 of	 the	 mitochondrial	 regulator	 PPARGC1A,	 suggesting
increased	levels	of	mitochondrial	biosynthesis	in	sporadic	chromophobe	RCC.50

ADDITIONAL	TYPES	OF	RENAL	CELL	CARCINOMA
Tuberous	Sclerosis	Complex
The	tuberous	sclerosis	complex	(TSC)	is	a	multisystem,	autosomal	dominant	disorder	affecting	both	children	and
adults	and	is	characterized	by	facial	angiofibromas,	renal	angiomyolipomas,	lymphangiomyomatosis	of	the	lung,
and	 disabling	 neurologic	manifestations.	 The	 disease	 is	 phenotypically	 heterogeneous,	 and	many	 patients	 have
only	minimal	symptoms	of	disease.51

The	 predominant	 renal	 manifestations	 in	 TSC	 are	 bilateral	 multifocal	 angiomyolipomas,	 benign	 tumors
composed	of	abnormal	vessels,	immature	smooth	muscle	cells,	and	fat	cells.	The	lifetime	risk	of	renal	cancer	in
TSC	patients	is	2%	to	3%,	which	is	similar	to	the	general	population.51	The	most	common	histologic	type	of	renal
tumor	 is	 clear	 cell;	 however,	 there	 are	 rare	 reports	 of	 PRCCs,	 chromophobe	 RCCs,	 and	 oncocytoma	 in	 TSC
patients.51	TSC	is	caused	by	mutations	in	one	of	two	genes—	TSC1	that	encodes	hamartin52	or	TSC2	that	encodes



tuberin53—leading	to	a	loss	of	TSC1/TSC2-negative	regulation	of	mTOR	signaling	(see	Fig.	65.2).51

Succinate	Dehydrogenase–Associated	Renal	Cancer
Early-onset	(<40	years)	bilateral	multifocal	renal	tumors	with	or	without	hereditary	head	and	neck	paragangliomas
(HNPGL)	 and	 adrenal	 or	 extra-adrenal	 pheochromocytomas	 have	 been	 reported	 in	 patients	 with	 germline
mutations	in	SDHB,	 the	gene	that	encodes	subunit	B	of	 the	Krebs	cycle	enzyme	succinate	dehydrogenase.9,10,54
Germline	mutations	 in	 the	gene	encoding	succinate	dehydrogenase	subunit	D	 (SDHD),	 initially	associated	with
HNPGL	and	 later	with	 familial	 and	 sporadic	pheochromocytomas,	 have	 also	been	 associated	with	 a	hereditary
RCC	phenotype10,54	and	recently,	two	cases	of	SDH-associated	RCC	have	been	reported	in	patients	with	germline
SDH	C	mutations.10	Most	 frequently,	 a	 unique	 form	 of	RCC	with	 “oncocytic	 neoplastic”	 features	 develops	 in
SDH-associated	RCC;	however,	a	variety	of	tumor	histologies	have	been	described.4,10	The	SDHB/SDHC/SDHD
mutation	spectrum	in	SDH-associated	RCC	includes	missense,	frameshift,	and	nonsense	mutations.10,54

Mutational	 inactivation	 of	 the	SDH	 gene	 results	 in	 reduced	 SDH	 enzyme	 activity	 and	 the	 accumulation	 of
succinate	in	renal	tumors.	In	a	mechanism	similar	to	FH	mutations	in	HLRCC	(see	Fig.	65.2),	the	accumulation	of
succinate	serves	to	competitively	inhibit	PHD	cofactor	α-ketoglutarate	and	block	PHD	activity.39	In	the	absence	of
PHD,	 HIF-α	 accumulates	 and	 drives	 transcriptional	 activation	 of	 HIF-α	 target	 genes	 that	 support	 tumor
neovascularization,	growth,	and	invasion.

CONCLUSION
A	total	of	13	renal	cancer	predisposing	genes—	VHL,	MET,	FLCN,	BAP1,	TFE3,	TFEB,	MITF,	TSC1,	TSC2,	FH,
SDHB,	SDHC,	 and	SDHD—have	 been	 identified	mainly	 through	 studies	 of	 inherited	 renal	 cancer	 syndromes,
including	VHL,	HPRC,	BHD,	HLRCC,	SDH-related	familial	renal	cancer,	and	TSC	(Table	65.1;	see	Fig.	65.2).
These	studies	have	provided	valuable	insight	into	the	genetic	events	that	lead	to	the	development	of	renal	tumors
and	the	biochemical	mechanisms	that	contribute	to	their	progression	and,	ultimately,	in	some	cases,	to	metastasis.
These	 findings	have	enabled	 the	development	of	diagnostic	genetic	 testing	and	provided	 the	 foundation	 for	 the
development	of	targeted	therapeutic	agents	for	patients	with	the	common	form	of	sporadic	kidney	cancer.
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66 Cancer	of	the	Kidney
Andres	F.	Correa,	Brian	R.	Lane,	Brian	I.	Rini,	and	Robert	G.	Uzzo

INTRODUCTION
Kidney	cancer	encompasses	a	heterogeneous	group	of	cancers	derived	from	renal	 tubular	renal	epithelial	cells,1
which	is	neither	common	enough	to	cause	a	large	percentage	of	cancer-related	deaths	nor	uncommon	enough	to	be
considered	an	“orphan”	malignancy.	In	 that	context,	 the	progress	made	in	uncovering	the	genetic	basis	of	renal
cell	carcinoma	(RCC),	its	molecular	pathways,	and	the	approval	of	novel	therapies	to	perturb	those	pathways	over
the	last	decade	is	indeed	remarkable.	Over	a	relatively	short	time,	the	management	options	for	localized	kidney
cancer	 have	 evolved	 from	 near-universal	 acceptance	 of	 open	 radical	 nephrectomy	 (RN)	 to	 the	 routine	 use	 of
minimally	invasive	partial	nephrectomy	(PN),	thermal	ablation	(TA),	and	active	surveillance	(AS).	Concurrently,
metastatic	RCC	has	progressed	from	marginally	treatable,	with	a	low	incidence	of	spontaneous	and/or	immune-
induced	durable	 regression,	 to	overall	 response	 rates	 (complete	 response	+	partial	 response	+	stable	disease)	of
>50%	and	a	near	doubling	of	cancer-specific	survival	(CSS).	Looking	forward,	it	is	anticipated	that	kidney	cancer
will	 soon	 become	 a	 chronic	 disorder	 as	 we	 better	 understand	 its	 biologic	 heterogeneity	 and	 complex
interrelationship	 with	 systemic	 antiangiogenics	 and	 novel	 immunotherapy	 combinations.	 Here	 we	 review	 the
current	and	rapid	evolution	in	our	understanding	and	management	of	cancer	of	the	kidney.

EPIDEMIOLOGY,	DEMOGRAPHICS,	AND	RISK	FACTORS
Kidney	cancer	 accounts	 for	 approximately	2%	of	malignancies	worldwide	with	about	425,000	cases	diagnosed
per	 year	 and	137,000	deaths.2	 The	 incidence	 of	 kidney	 cancer	 is	 highest	 in	 the	Czech	Republic	 and	European
Baltic	 countries,	 with	 an	 age-	 adjusted	 rate	 of	 22.1	 and	 9.1	 new	 cases	 per	 100,000	 for	 men	 and	 women,
respectively.3	 In	 the	United	States,	 tumors	of	 the	kidney	account	for	3%	to	4%	of	all	cancer	diagnoses	with	an
estimated	64,000	new	diagnoses	and	14,000	deaths.4	There	 is	a	male-to-female	predominance	with	 the	 lifetime
risk	of	a	RCC	diagnosis	of	1:69	in	men	and	1:116	in	women.5	Although	kidney	cancer	remains	predominantly	a
tumor	of	the	elderly	(median	age	at	diagnosis	of	65	years),	the	number	of	new	kidney	cancer	cases	appears	to	be
rising	 in	 younger	 individuals.4	 This	may	 be	 explained	 by	 either	 the	 increasing	 use	 of	 noninvasive	 imaging	 in
younger	patients5	or	perhaps	a	true	biologic	difference	in	the	disease.	Racial	differences	have	also	been	described
with	an	increased	incidence	and	decreased	survival	noted	in	African	Americans	and	improved	survival	in	Asian
populations.4	Whether	this	represents	differences	in	health-care	access	or	disease	biology	is	unclear.

The	 most	 commonly	 cited	 risk	 factors	 for	 the	 development	 of	 RCC	 include	 smoking,	 obesity,	 and
hypertension.5	The	data	regarding	smoking	as	a	risk	factor	for	RCC	appears	strong.	In	a	meta-	analysis	evaluating
19	 case	 control	 studies	 and	 5	 cohort	 studies,	 Hunt	 et	 al.6	 found	 a	 38%	 increased	 risk	 in	 current	 and	 former
smokers,	noting	not	only	a	dose–risk	relationship	but	also	an	abatement	of	risk	with	smoking	cessation	>10	years.
The	 relationship	between	obesity	and	RCC	 is	 less	well	 studied,	 although	 the	epidemiology	 seems	 to	point	 to	a
causal	association.	In	a	quantitative	review	of	the	literature	between	1966	and	1998,	Renehan	et	al.7	calculated	a
relative	risk	of	1.07	per	increase	in	unit	body	mass	index	(BMI)	and	concluded	that	nearly	a	third	of	RCC	cases
may	 be	 attributable	 to	 obesity.	 A	 paradoxical	 relationship	 between	 obesity	 and	 RCC	 has	 been	 noted,	 with
improved	survival	outcomes	observed	in	those	with	higher	BMIs.8	Recent	tumor	expression	analyses	have	noted
decreased	expression	of	FASN,	an	enzyme	needed	for	fatty	acid	synthesis,	 in	renal	 tumors	from	obese	patients,
pointing	 to	 a	 possible	 mechanism.9	 The	 relationship	 between	 hypertension	 and	 RCC	 is	 based	 largely	 on
retrospective	and/or	population-based	epidemiologic	data.	In	an	analysis	of	13	case	control	studies,	Grossman	et
al.10	noted	hypertensive	patients	exhibited	a	pooled	odds	ratio	(OR)	of	1.75	of	having	RCC.	Although	there	may
be	a	relationship	between	severity	and	duration	of	hypertension,	given	the	limits	of	the	data,	if	such	an	association
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exists,	 it	 is	 difficult	 to	 ascertain.	 Finally,	 several	 lifestyle,	 dietary,	 pharmacologic,	 occupational,	 and
environmental	factors	have	been	linked	to	an	increased	risk	of	RCC.3,10,11

Although	screening	for	kidney	and	other	potentially	lethal	diseases	is	enticing,	a	risk–benefit	analysis	argues
against	 it	 given	 the	 low	 overall	 prevalence	 of	RCC	 in	 the	 general	 population.	One	 large	 study,	 in	which	 over
200,000	adults	were	screened	for	abdominal	malignancy	with	ultrasound,	found	only	192	cases	of	screen-detected
RCC	(0.09%).12	Screening	has,	therefore,	been	proposed	in	target	populations,	including	individuals	with	familial
RCC	syndromes	and	 those	on	hemodialysis,	who	are	known	 to	be	more	 likely	 to	be	diagnosed	with	RCC.	The
increased	risk	of	RCC	observed	in	dialysis	patients	may	be	a	result	of	the	intense	medical	follow-up	rather	than	a
true	biologic	phenomenon.	This	is	distinctively	different	than	an	emerging	population	of	patients	with	increased
genetic	 risk	 for	 cancer	 whose	 kidneys	 have	 not	 yet	 been	 imaged.	 In	 families	 who	 carry	 known	 RCC-specific
mutations,	 a	 renal	ultrasound	may	be	an	 inexpensive,	 low-risk,	 and	 judicious	means	of	 targeted	 screening.	The
initial	 timing,	 frequency,	 and	 effectiveness	 of	 screening	 in	 these	 at-risk	 populations	 are	 not	 yet	 established;
nonetheless,	some	guidelines	do	exist	to	guide	management	(see	Table	66.4).

PATHOLOGY	OF	RENAL	CELL	CARCINOMA
Pathologic	classifications	assist	 in	diagnosis	and	prognosis,	and	 inform	 therapy.	Most	pathologic	classifications
emphasize	 a	 tumor’s	 morphology	 and	 histology,	 although	 increasingly	 they	 are	 incorporating	 genetic
characteristics.13	 There	 are	 16	 tumor	 subtypes	 in	 the	 current	World	Health	Organization	 (WHO)	 classification
system1	 for	 RCC	 (Table	 66.1).	 The	 major	 histologic	 variants	 include	 clear	 cell,	 papillary,	 chromophobe,	 and
collecting	duct	tumors,	which	account	for	90%	to	95%	of	renal	carcinomas,	although	less	common	subtypes	and
an	 “unclassified”	 category	 also	 exist.	 The	 relatively	 rapid	 movement	 in	 RCC	 toward	 molecular	 classification
follows	advances	 in	our	molecular	understanding	of	 these	variants	 and	may	 soon	 supplant	 simple	morphologic
classification	systems.14,15

TABLE	66.1
2004	World	Health	Organization	Classification	of	Sporadic	Renal	Cell	Carcinoma	with
Genetic	and	Clinical	Correlates

Type Genetics Clinical

ccRCC	(70%	to	80%)

von	Hippel	Lindau	disease	is	familial	form
Deletion,	mutation,	or	methylation	of	3p25-26
(VHL	gene)

Most	common	variant
Prognosis	predicted	by	stage	and	grade
Respond	to	tyrosine	kinase	inhibitors
and	PD-1/PD-L1	inhibitors

Papillary	RCC	type	1	(5%	to	10%)

Hereditary	papillary	RCC	is	familial	form
Mutations	of	7q31	(MET)	in	hereditary	papillary
RCC	and	81%	of	sporadic	cases
Gain	of	7	or	17	(trisomy	or	tetrasomy),	deletion
of	9p

Often	multifocal
95+%	5-y	cancer-specific	survival
Response	to	tyrosine	kinase	inhibitors	is
less	robust

Papillary	RCC	type	2	(5%	to	10%)
Gain	of	7	or	17	(trisomy	or	tetrasomy),	deletion
of	9p

Worse	prognosis	then	type	1	papillary
RCC;	similar	prognosis	to	ccRCC
Originates	from	proximal	tubule

Chromophobe	RCC	(3%	to	5%)

Extensive	chromosomal	loss	of	Y,	1,	2,	6,	10,
13,	17,	21	Mutations	of	17p11.2	when
associated	with	BHD

5%	of	RCC
Affects	men	and	women	equally,	with
overall	excellent	prognosis

Unclassified	RCC	(1%	to	3%) Varied Generally	poor	prognosis

Acquired	cystic	disease-associated
RCC	(rare) Not	defined Excellent	prognosis

Collecting	duct	carcinoma	(Bellini
tumor)	(rare)

Highly	variable
Losses	of	1q,	6p,	8p,	9p,	13q,	19q,	21q

Male	preponderance	(2:1)
Mean	age	55	y
Microscopically	high	grade,	may
resemble	urothelial	spectrum	of	cancers
Overall	poor	prognosis

Occurs	exclusively	in	association	with
familial	HLRCC



HLRCC-associated	RCC	(rare) Fumarate	hydratase	gene	(1q42-43)	mutation

Generally	poor	prognosis,	so	early
treatment	is	recommended	(exception	to
the	3-cm	rule)

MiT	family	translocation	RCC	(rare)
Various	mutations	involving	chromosome
Xp11.2	resulting	in	TFE3	gene	fusion

Children	and	young	adults
May	present	at	advanced	state	and	act
more	aggressively	in	adults

Mucinous	tubular	and	spindle	cell
carcinoma	(rare) Not	defined

Female	preponderance	(4:1)
Rarely	metastasizes

Multilocular	cystic	clear	cell	renal
neoplasm	of	low	malignant
potential	(1%–5%) Identical	to	ccRCC

Variant	of	ccRCC
Almost	uniformly	benign	clinical	behavior

Postneuroblastoma	RCC	(rare) Not	defined

Occurs	exclusively	in	children	with	prior
neuroblastoma
Morphologically	and	microscopically
similar	to	ccRCC

Renal	medullary	carcinoma	(rare) Not	defined

Associated	with	sickle	cell	trait
Aggressive	and	lethal	within	12	mo
Mean	age	19	y
Male	>	female

Succinate	dehydrogenase–
deficient	renal	carcinoma	(rare)

Succinate	dehydrogenase	complex	subunits:
SDHB	(1p36.1-35)	or	SDHD	(11q23) 	

Tubulocystic	RCC	(rare) Not	defined Good	prognosis
ccRCC,	clear	cell	 renal	cell	 carcinoma;	PD-1,	programmed	cell	death	protein	1;	PD-L1,	programmed	cell	death	protein	 ligand	1;
RCC,	renal	cell	carcinoma;	BHD,	Birt-Hogg-Dubé;	HLRCC,	hereditary	leiomyomatosis	renal	cell	carcinoma.
Adapted	from	Deng	FM,	Melamed	J,	Zhou	M.	Pathology	of	renal	cell	carcinoma.	In:	Libertino	JA,	ed.	Renal	Cancer:	Contemporary
Management.	New	York:	Springer;	2013:51–69.

Other	 pathologically	 relevant	 variables	 in	 RCC	 include	 nuclear	 grade,	 sarcomatoid/rhabdoid	 differentiation,
tumor	 necrosis,	 and	 vascular	 invasion.	Although	 the	 Fuhrman	 grading	 system16	 was	 the	most	 commonly	 used
system	for	grading	clear	cell	RCC	(ccRCC),	its	prognostic	value	in	non-ccRCC	remains	largely	unproven.	As	a
result,	a	 four-tiered	WHO/International	Society	of	Urological	Pathology	(ISUP)	grading	system	was	 introduced
and	 recommended	 for	 ccRCC	 and	 papillary	 RCC	 but	 not	 endorsed	 for	 chromophobe	 RCC.1	 Sarcomatoid
differentiation	exists	in	5%	of	RCC	and	can	be	seen	in	any	subtype.	As	such,	it	is	not	considered	a	distinct	entity
but	 rather	 as	 a	 high-grade	 or	 poorly	 differentiated	 component,	 currently	 graded	 as	 grade	 4.1	 The	 presence	 and
extent	 of	 micro-	 or	 macronecrosis	 has	 been	 correlated	 with	 prognosis	 in	 ccRCC,17	 whereas	 the	 correlation
between	the	extent	of	micro-	or	macrovascular	invasion	and	prognosis	remains	ill-defined.18

DIFFERENTIAL	DIAGNOSIS	AND	STAGING
Most	 patients	with	RCC	 present	with	 an	 incidental,	 radiographically	 detected	 renal	mass	 (Fig.	 66.1).	Whereas
symptoms	 including	 microscopic	 or	 gross	 hematuria,	 flank	 pain,	 gastrointestinal	 disturbances	 and/or	 pain,
bleeding,	 or	 systemic	 disturbances	 related	 to	 metastases	 may	 lead	 to	 the	 diagnosis,	 the	 use	 of	 routine	 cross-
sectional	 imaging	 has	 led	 to	 the	more	 common	 scenario	 of	 an	 incidentally	 detected	 renal	mass.	 Although	 the
suspicion	for	RCC	may	be	high	 in	cases	such	as	 these,	RCC	is	a	pathologic/tissue	diagnosis,	not	a	clinical	one
(Fig.	66.2).	Proper	radiographic	evaluation	of	a	renal	mass	requires	a	pre-	and	postcontrast	computed	tomography
(CT)	or	magnetic	resonance	imaging	(MRI)	to	assess	enhancement.19	Duplex	ultrasound,	noncontrast	diffusion-
weighted	MRI,	and	nuclear	medicine	antibody	drug	conjugates	may	be	useful	adjunctive	tests	in	various	clinical
settings.	Deoxy-2[18F]fluoro-d-glucose	 positron	 emission	 tomography	 (PET)	 exhibits	 a	 low	 sensitivity	 for	 the
diagnosis	of	RCC	and	is	therefore	not	recommended	for	the	evaluation	of	RCC.	99mTc-Sestamibi	PET-CT,	a	test
clinically	used	 for	 detection	of	 parathyroid	 adenomas,	was	 recently	 introduced	 as	 a	 potential	 tool	 for	 detecting
mitochondria-rich	 tumors	(chromophobe	RCC	and	oncocytoma)	with	a	sensitivity	and	specificity	of	83.3%	and
95.2%,	respectively.20	Immuno-PET	with	G-250	using	an	iodine-labeled	antibody	against	carbonic	anhydrase	IX
(CA-IX),	which	 is	 known	 to	be	overexpressed	 in	 ccRCC,	 exhibits	 near	90%	sensitivity	 and	 specificity	 for	 this
RCC	subtype.21
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Figure	66.1	Cross-sectional	imaging	of	kidney	cancer	using	computed	tomography	and	magnetic
resonance	imaging.	A:	Contrast-enhanced	computed	tomography	imaging	(parenchymal	phase)
reveals	a	left	renal	mass	with	tumor	thrombus	within	the	left	renal	vein.	B:	Magnetic	resonance

imaging	in	the	same	patient	shows	that	the	renal	vein	thrombus	extends	within	the	renal	vein	but	not
to	the	confluence	with	the	inferior	vena	cava	(level	0	thrombus).	m,	mass;	v,	vein.

The	 differential	 diagnosis	 of	 the	 renal	 mass	 is	 broad	 and	 includes	 a	 long	 list	 of	 benign,	 malignant,	 and
inflammatory	conditions.	Clinical	and	radiographic	features	can	assist	the	astute	clinician	in	narrowing	down	the
diagnosis	 of	 the	 renal	mass,	 particularly	 for	 benign	 and	 inflammatory	 lesions.	Cystic	 lesions,	 for	 example,	 are
frequently	 benign,22	 and	 fat-containing	 solid	 lesions	 are	 most	 commonly	 found	 to	 be	 angiomyolipomas	 (also
benign).	About	20%	of	enhancing	renal	masses	and	15%	of	surgically	removed	masses	are	nonmalignant,	with	the
most	common	diagnoses	being	oncocytoma	and	fat-poor	angiomyolipoma.23,24	Young	to	middle-aged	women,	in
particular,	 are	more	 likely	 to	have	benign	pathology,	 as	 high	 as	40%	 in	 some	 series.25	Tumor	 size	 is	 the	most
important	determinant	of	pathology	and	biologic	aggressiveness	with	larger	tumors	more	likely	to	be	high	grade,
locally	invasive,	and/or	of	adverse	histologic	subtype.23,26	Incorporation	of	readily	available	radiographic	features
may	 allow	 the	 physician	 to	 provide	 an	 individualized	 risk	 of	 cancer	 (ranging	between	 approximately	 50%	and
approximately	99%),	but	a	certain	diagnosis	requires	pathologic	confirmation.25,27	The	most	accurate	nomogram
currently	available	gives	estimates	of	preoperative	prediction	of	tumor	histology	with	an	area	under	the	curve	of
0.76	and	high-grade	malignancy	with	an	area	under	the	curve	of	0.73.27

Percutaneous	renal	mass	sampling	is	being	performed	with	increased	regularity	at	many	centers.28	According
to	the	2017	American	Urological	Association	guidelines,29	there	is	a	strong	rationale	for	biopsy	when	the	findings
will	 change	management,	 such	 as	when	 there	 is	 reason	 to	 suspect	 lymphoma/leukemia	 or	 abscess,	 or	 to	 guide
systemic	therapy	for	metastatic	disease.	Even	for	clinically	localized	renal	tumors,	conventional	renal	mass	biopsy
can	provide	a	definitive	histologic	diagnosis	in	80%	to	90%	of	cases;	however,	the	ability	to	grade	RCC	remains
substandard,	 with	 concordance	 rates	 ranging	 from	 60%	 to	 70%.28	 The	 use	 of	 renal	 mass	 biopsy	 should	 be
considered	 judiciously,	 as	 it	 will	 not	 always	 impact	 management,	 and	 in	 some	 scenarios,	 may	 add	 more
uncertainty.	Kutikov	et	al.30	have	proposed	a	risk	stratification	algorithm	(Fig.	66.3)	for	the	appropriate	selection
of	patients	for	renal	mass	biopsy.

Figure	66.2	Human	renal	epithelial	neoplasms.	Renal	cortical	tumors	do	not	conform	to	a	single
pathology.	There	are	a	number	of	different	tumor	subtypes	that	display	the	full	range	of	oncologic
activity,	ranging	from	benign	to	indolent	to	aggressive.	Each	histologic	type	is	characterized	by
distinct	gross	and	microscopic	appearance,	gene	associated	with	their	familial	forms,	and	genetic
changes	commonly	detected	in	sporadic	cases.	TBD,	to	be	determined.	(Used	with	permission	from

Linehan	WM,	Ricketts	CJ.	The	metabolic	basis	of	kidney	cancer.	Semin	Cancer	Biol



2013;23[1]:46–55.)

Figure	66.3	Flow	diagram	illustrating	critical	clinical	decision	making	prior	to	renal	biopsy.	(Used
with	permission	from	Kutikov	A,	Smaldone	MC,	Uzzo	RG,	et	al.	Renal	mass	biopsy:	always,

sometimes,	or	never?	Eur	Urol	2016;70[3]:403–406.)

Clinical	 and	 pathologic	 staging	 systems	 provide	 a	 basis	 of	 standardized	 communication,	 comparison,	 and
prognostication.	They	 are	used	 to	 communicate	 risk	 for	 treatment	decision	making	 and	 clinical	 trials	 planning.
The	 most	 widely	 used	 staging	 system	 for	 RCC	 is	 the	 tumor,	 node,	 metastasis	 (TNM)	 staging	 system	 of	 the
American	Joint	Committee	on	Cancer	and	the	Union	for	International	Cancer	Control,	which	was	updated	in	2016
to	the	eighth	version	(Table	66.2).	Compared	to	earlier	versions,	the	eighth	version	now	categorizes	pericalyceal
invasion	as	pT3a	disease,31	with	the	remainder	of	the	staging	categories	unchanged.

HEREDITARY	KIDNEY	CANCER	SYNDROMES,	GENETICS,	AND
MOLECULAR	BIOLOGY
Although	most	renal	cancers	are	believed	to	occur	sporadically,	familial	clusters	have	led	to	the	discovery	of	at
least	 seven	 RCC	 susceptible	 syndromes	 (Table	 66.3).	 It	 is	 estimated	 that	 approximately	 4%	 of	 RCC	 have	 a
hereditary	 basis.32	 In	 these	 cases,	 in	 addition	 to	 a	 provocative	 family	 history,	 tumors	 tend	 to	 be	 bilateral,
multifocal,	 and	 arise	 at	 an	 early	 age.29	 Importantly,	 the	 study	 of	 hereditary	 kidney	 cancer	 has	 dramatically
improved	understanding	of	the	genetic	and	molecular	basis	of	RCC	and	has	led	to	the	development	of	effective,
approved	therapeutic	agents	as	similar	cytogenetic	and	molecular	alterations	appear	to	be	shared	between	sporadic
and	 hereditary	RCC	 (see	 Fig.	 66.4).32	 The	molecular	 alterations	 present	 in	 each	 of	 these	 syndromes	 has	 been
reviewed	in	Chapter	65.	Herein,	the	clinical	implications	and	management	of	these	syndromes	is	reviewed	briefly.

von	Hippel-Lindau	Disease
von	Hippel-Lindau	(VHL)	disease	is	a	syndrome	characterized	by	the	development	of	highly	vascular	tumors	of
the	 retina,	 central	 nervous	 system,	 pancreas,	 adrenal,	 and	 kidney	 (ccRCC).	 It	 is	 inherited	 in	 an	 autosomal
dominant	 fashion	with	 an	 incidence	 of	 1:35,000.32	Approximately	 25%	 to	 60%	 of	 patients	with	VHL	 develop
bilateral	multifocal	cystic	and	solid	RCC,32	which	represents	a	common	cause	of	death	(Fig.	66.4).	Management
of	renal	tumors	in	patients	with	VHL	now	includes	surveillance	of	smaller	tumors	(<3	cm)	and	resection	of	larger
ones	 (>3	 cm)	 by	 PN	 with	 the	 goal	 of	 preventing	 metastases	 and	 optimizing	 renal	 function	 by	 “resetting	 the
biologic	clock”	through	appropriately	timed	surgeries.33	The	goal	of	complete	tumor	removal	with	wide	negative
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surgical	margins	 is	 less	appropriate	 for	 these	patients,	where	management	of	 localized	 lesions	supplants	cure.33
Patients	should	be	evaluated	and	followed	by	a	team	of	clinicians	familiar	with	the	complexities	of	multisystem
genetic	disorders.

Hereditary	Papillary	Renal	Cell	Carcinoma
Hereditary	papillary	RCC	is	perhaps	the	least	common	familial	RCC	syndrome,	with	manifestations	that	appear	to
only	affect	the	kidney.	Affected	individuals	develop	bilateral,	multifocal,	type	1	papillary	RCC.	The	syndrome	is
transmitted	in	an	autosomal	dominant	fashion	and	tumors	usually	appear	after	the	age	of	30	years.32	As	with	VHL,
management	of	renal	tumors	recognizes	the	need	to	remove	larger	lesions	and	observe	smaller	ones.	Although	no
size	cutoff	for	intervention	has	been	established,	the	biology	of	type	1	papillary	RCC	appears	to	be	more	indolent
than	ccRCC,	suggesting	the	risk	of	death	from	kidney	cancer	in	these	patients	is	low.	Unfortunately,	renal	mass
biopsy	cannot	reliably	make	a	diagnosis	of	type	1	papillary	RCC,	so	surgery	is	sometimes	required.	As	such,	PN
with	 renal	 preservation	 is	 emphasized	 despite	 the	 often	 encountered	 diffuse	micro-	 and	macromultifocality	 of
these	lesions.

Birt-Hogg-Dubé	Syndrome
Birt-Hogg-Dubé	 (BHD)	 syndrome	 is	 characterized	 by	 cutaneous	 fibrofolliculomas,	 a	 50-fold	 increased	 risk	 of
pneumothorax,	and	bilateral	multifocal	solid	renal	tumors.	It	is	an	autosomal	dominant	disorder	with	an	incidence
of	around	1:200,000.	Renal	tumors	associated	with	BHD	are	more	indolent	in	nature,	occurring	in	approximately
20%	 of	 individuals,	 with	 <5%	 developing	metastases.	 Although	 the	 histology	 of	 renal	 tumors	 associated	with
BHD	 is	 most	 often	 chromophobe	 RCC,	 oncocytomas,	 hybrid	 oncocytic	 tumors,	 ccRCC,	 or	 papillary	 RCC
occasionally	occur	as	well.

TABLE	66.2
International	Tumor,	Node,	Metastasis	Staging	System	for	Renal	Cell	Carcinoma	and	Survival
Rates

T:	Primary	Tumor
Five-Year
Survival	(%)

TX Primary	tumor	cannot	be	assessed 	

T0 No	evidence	of	primary	tumor 	

T1a Tumor	≤4	cm	and	confined	to	the	kidney 90–100

T1b Tumor	>4	cm	and	≤7	cm	and	confined	to	the	kidney 80–90

T2a Tumor	>7	cm	and	≤10	cm	and	confined	to	the	kidney 65–80

T2b Tumor	>10	cm	and	confined	to	the	kidney 50–70

T3a
Tumor	extends	into	the	renal	vein	or	its	segmental	veins,	or	tumor	invades	perirenal	fat,	renal	sinus
fat,	and/or	the	pelvicalyceal	system 40–65

T3b Tumor	grossly	extends	into	the	vena	cava	below	the	diaphragm 30–50

T3c Tumor	grossly	extends	into	the	vena	cava	above	the	diaphragm	or	invades	the	wall	of	the	vena	cava 20–40

T4
Tumor	invades	beyond	Gerota	fascia	(including	contiguous	extension	into	the	ipsilateral	adrenal
gland) 0–20

N:	Regional	Lymph	Nodes
NX Regional	lymph	nodes	cannot	be	assessed 	

N0 No	regional	lymph	nodes	metastasis 	

N1 Metastasis	in	regional	lymph	node(s) 0–20

M:	Distant	Metastases
MX Distant	metastasis	cannot	be	assessed 	

M0 No	distant	metastasis 	

M1 Distant	metastasis	present 0–10

Stage	Grouping
Stage



I T1 N0 M0
Stage
II T2 N0 M0

Stage
III T3 Any	N M0

	 T1	or	T2 N1 M0

Stage
IV T4 Any	N M0

	 Any	T Any	N M1
Modified	from	American	Joint	Committee	on	Cancer.	Amin	MB,	Edge	S,	Greene	F,	et	al.,	eds.	AJCC	Cancer	Staging	Manual.	8th
ed.	 New	 York:	 Springer;	 2017.	 Data	 from	Hafez	 KS,	 Fergany	 AF,	 Novick	 AC.	 Nephron	 sparing	 surgery	 for	 localized	 renal	 cell
carcinoma:	impact	of	tumor	size	on	patient	survival,	tumor	recurrence,	and	TNM	staging.	J	Urol	1999;162(6):1930–1933;	Leibovich
BC,	Cheville	JC,	Lohse	CM,	et	al.	Cancer	specific	survival	for	patients	with	pT3	renal	cell	carcinoma—can	the	2002	primary	tumor
classification	be	improved?	J	Urol	2005;173(3):716–719;	Thompson	RH,	Cheville	JC,	Lohse	CM,	et	al.	Reclassification	of	patients
with	pT3	and	pT4	renal	cell	carcinoma	improves	prognostic	accuracy.	Cancer	2005;104(1):53–60;	Lane	BR,	Kattan	MW.	Prognostic
models	and	algorithms	in	renal	cell	carcinoma.	Urol	Clin	North	Am	2008;35(4):613–625,	vii;	Campbell	L,	Nuttall	R,	Griffiths	D,	et	al.
Activated	extracellular	signal-regulated	kinase	is	an	independent	prognostic	factor	in	clinically	confined	renal	cell	carcinoma.	Cancer
2009;115(15):3457–3467;	 Martínez-Salamanca	 JI,	 Huang	 WC,	 Millán	 I,	 et	 al;	 for	 International	 Renal	 Cell	 Carcinoma-Venous
Thrombus	 Consortium.	 Prognostic	 impact	 of	 the	 2009	 UICC/AJCC	 TNM	 staging	 system	 for	 renal	 cell	 carcinoma	 with	 venous
extension.	Eur	Urol	2011;59(1):120–127;	Haddad	H,	Rini	BI.	Current	 treatment	considerations	 in	metastatic	 renal	cell	carcinoma.
Curr	Treat	Options	Oncol	2012;13(2):212–229.

Hereditary	Leiomyomatosis	Renal	Cell	Carcinoma
Hereditary	 leiomyomatosis	 RCC	 (HLRCC)	 is	 also	 characterized	 by	 dermatologic	manifestations.	 Patients	with
HLRCC	 exhibit	 cutaneous	 leiomyomas,	 early	 onset	 of	 uterine	 fibroids,	macronodular	 adrenal	 hyperplasia,	 and
kidney	cancer.	Renal	tumors	in	HLRCC	tend	to	be	aggressive	and	lethal.	The	most	common	histology	observed	is
type	2	(eosinophilic)	papillary	RCC.32	Unlike	other	hereditary	forms	of	RCC,	AS	with	delayed	 intervention	for
small	 tumors	 is	not	 recommended	due	 to	 the	aggressive	nature	of	 these	 tumors.	Although	 tumor	enucleation	 is
recommended	 for	most	 patients	with	hereditary	 tumors,	 renal	 lesions	 associated	with	 this	 syndrome	 tend	 to	be
infiltrative,	thus	wide	local	excision	is	recommended	at	initial	diagnosis,	even	for	tumors	<3	cm.33

TREATMENT	OF	LOCALIZED	RENAL	CELL	CARCINOMA
Greater	use	of	cross-sectional	imaging	has	contributed	to	earlier	detection	of	RCC	in	many	cases.	Between	50%	to
70%	of	RCC	are	detected	incidentally,	and	the	majority	are	“small	renal	masses”	(SRMs),	or	clinically	localized
renal	cortical	 tumors	up	to	4	cm	in	size.	Treatment	of	clinical	T1	renal	masses	has	changed	substantially	in	the
past	25	years.	Whereas	all	SRMs	were	presumed	to	be	malignant	and	 therefore	managed	aggressively,	we	now
recognize	the	tremendous	biologic	heterogeneity	of	these	lesions.	Multiple	strategies	are	now	available,	including
RN,	 PN,	 TA,	 and	AS.29	 Each	 approach	 has	 associated	 risks	 and	 benefits,	 and	 no	 one	 approach	 is	 best	 in	 all
circumstances	(Table	66.4).	For	example,	PN	is	now	accepted	as	standard	of	care	for	SRM,	based	in	part	on	the
appreciation	of	the	deleterious	renal	functional	consequences	of	RN	(Fig.	66.5).34	Ongoing	analyses	of	the	relative
merits	of	PN,	RN,	and	other	management	strategies	have	produced	vibrant	literature	and	updated	guidelines	over
the	past	few	years.29,35–38	The	American	Society	of	Clinical	Oncology	(ASCO),	American	Urologic	Association
(AUA),	European	Association	of	Urology	 (EAU),	and	National	Comprehensive	Cancer	Network	 (NCCN)	have
released	guidelines	for	the	management	of	localized	renal	masses	that	provide	robust	analyses	and	interpretations
of	 the	 available	 studies.29,39,40	 The	 involvement	 of	 an	 urologist	 with	 expertise	 in	 the	 management	 of	 RCC	 is
essential	for	selection	of	the	optimal	strategy	based	on	the	individual	features	of	each	patient	and	tumor.

Radical	Nephrectomy	for	Renal	Cell	Carcinoma
The	objective	of	surgical	therapy	for	RCC	is	to	excise	all	of	the	cancer	with	an	adequate	surgical	margin.	Simple
nephrectomy	 was	 practiced	 for	 many	 decades	 but	 was	 replaced	 by	 RN	 when	 Robson	 and	 colleagues	 (1969)
established	this	procedure	as	the	“gold	standard”	approach	for	localized	RCC.41	“RN”	as	currently	practiced	may
be	 better	 termed	 “total”	 nephrectomy,	 as	 it	 often	 omits	 several	 of	 the	 components	 of	 the	 original,	 “radical”
nephrectomy,	which	always	 included	extrafascial	nephrectomy,	adrenalectomy,	and	extended	lymphadenectomy
(LND)	from	the	crus	of	the	diaphragm	to	the	aortic	bifurcation.	Perifascial	dissection	is	still	routinely	practiced	for
larger	tumors,	as	≥25%	of	these	tumors	extend	into	the	perinephric	fat.42	Removal	of	the	ipsilateral	adrenal	gland
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is	no	longer	recommended,	unless	there	is	suspicion	of	direct	invasion	of	the	gland	by	tumor	or	a	radiographically
or	clinically	suspicious	adrenal	tumor	because	of	the	similar	propensity	of	RCC	to	metastasize	to	the	ipsilateral	or
contralateral	adrenal	gland.43–45	Finally,	extended	LND	has	been	shown	to	be	of	no	therapeutic	benefit	for	patients
with	clinically	localized	RCC	as	the	risks	of	clinically	negative	nodes	being	pathologically	involved	is	<5%.46	The
role	of	LND	in	high-risk	(>pT2	N+	M+)	renal	tumors	remains	controversial.43

RN	is	still	a	preferred	option	for	some	patients	with	localized	RCC,	such	as	those	with	very	large	tumors	(most
clinical	T2	tumors)	or	the	relatively	limited	subgroup	of	patients	with	clinical	T1	tumors	that	are	not	amenable	to
nephron-sparing	 approaches.29	 According	 to	 the	 2017	 AUA	 guidelines,	 physicians	 should	 consider	 RN	 for
patients	with	a	solid	or	Bosniak	3/4	complex	cystic	renal	mass	where	increased	oncologic	potential	is	suggested
by	tumor	size,	renal	mass	biopsy,	and/or	imaging	characteristics	and	in	whom	active	treatment	is	planned.	In	this
setting,	 RN	 is	 preferred	 if	 all	 of	 the	 following	 criteria	 are	met:	 (1)	 high	 tumor	 complexity	 and	 PN	would	 be
challenging	even	in	experienced	hands;	(2)	no	preexisting	chronic	kidney	disease	(CKD)	or	proteinuria;	and	(3)
normal	 contralateral	 kidney	 and	 new	 baseline	 estimated	 glomerular	 filtration	 rate	 (eGFR)	 will	 likely	 be	 >45
mL/min/1.73	m2.29	The	 surgical	approach	 for	RN	depends	on	 the	 size	and	 location	of	 the	 tumor	as	well	 as	 the
patient’s	 habitus	 and	medical/surgical	 history.	For	 locally	 advanced	disease	 and/or	 bulky	 lymphadenopathy,	 an
open	 surgical	 approach	 using	 either	 an	 extended	 subcostal,	midline,	 or	 thoracoabdominal	 incision	 is	 generally
used.

TABLE	66.3
Familial	Renal	Cell	Carcinoma	Syndromes

Syndrome Gene	(Chromosome)
Major	Clinical
Manifestations RCC	Screening	Recommendationsa

von	Hippel-Lindau VHL	gene	(3p25-26)

Clear	cell	RCCs
Retinal	angiomas
Central	nervous	system
hemangioblastomas
Pheochromocytoma
Other	tumors

From	age	16	y:	annual	abdominal	US
Abdominal	MRI	every	24	mo	for
assessment	of	kidneys,	pancreas,	and
adrenal

Hereditary	papillary
RCC c-MET	protooncogene	(7q31)

Multiple,	bilateral	type	1
papillary	RCCs No	guidelines

Familial
leiomyomatosis	and
RCC Fumarate	hydratase	(1q42-43)

Type	2	papillary	RCCs
Collecting	duct	RCC
Leiomyomas	of	skin	or
uterus
Uterine	leiomyosarcomas

Annual	abdominal	MRI	from	the	age	of
16	y
Once	renal	mass	been	identified	annual
abdominal	CT	scan	or	renal	US

Birt-Hogg-Dubé Folliculin	(17p11)

Multiple	chromophobe
RCCs,	hybrid	oncocytic
tumors,	oncocytomas
Clear	cell	RCC
(occasionally)
Papillary	RCC
(occasionally)
Facial	fibrofolliculomas
Lung	cysts
Spontaneous
pneumothorax No	guidelines

Succinate
dehydrogenase	RCC

Succinate	dehydrogenase
complex	subunits:	SDHB
(1p36.1-35)	or	SDHD	(11q23)

Chromophobe	RCC,	clear
cell	RCC,	type	2	papillary
RCC,	oncocytoma
Paragangliomas	(benign
and	malignant)
Papillary	thyroid	carcinoma

MRI	or	CT	scan	of	the	chest,	abdomen
and	pelvis	every	2	y	for	detection	of
RCC	and	paragangliomas

Multiple	renal
angiomyolipomas
Clear	cell	RCC
(occasionally)
Renal	cysts/polycystic
kidney	disease



Tuberous	sclerosis TSC1	(9q34)	or	TSC2	(16p13)
Cutaneous	angiofibromas
Pulmonary
lymphangiomyomatosis

Abdominal	MRI	every	1–3	y
Annual	renal	function	and	blood
pressure	assessment

PTEN	hamartoma
tumor	syndrome
(Cowden	syndrome) PTEN	(10q23)

Breast	tumors	(malignant
and	benign)
Epithelial	thyroid	carcinoma
Papillary	RCC	or	other
histology No	guidelines

aRecommendation	based	on	Fox	Chase	Cancer	Center	review	of	the	guidelines.
RCC,	renal	cell	carcinoma;	US,	ultrasound;	MRI,	magnetic	resonance	imaging;	CT,	computed	tomography;	PTEN,	phosphatase	and
tensin	homolog.
Adapted	from	Linehan	WM,	Walther	MM,	Zbar	B.	The	genetic	basis	of	cancer	of	the	kidney.	J	Urol	2003;170(6	Pt	1):2163–2172;
and	Linehan	WM,	Ricketts	CJ.	The	metabolic	basis	of	kidney	cancer.	Semin	Cancer	Biol	2013;23(1):46–55.

Current	 minimally	 invasive	 approaches	 allow	 all	 of	 the	 essential	 steps	 of	 RN	 to	 be	 performed,	 with	 the
associated	benefits	of	shorter	convalescence	and	reduced	morbidity.47	Laparoscopic	RN	is	now	established	as	a
preferred	approach	for	moderate	to	large	volume	tumors	(≤10	to	12	cm),	without	invasion	of	adjacent	organs,	with
limited	 (or	 no)	 venous	 involvement,	 and	 having	 manageable	 (or	 no)	 lymphadenopathy.48,49	 Robotic	 RN	 may
further	extend	the	indications	for	minimally	invasive	radical	nephrectomy	(MIRN),	to	include	some	patients	with
features	 previously	 thought	 to	 mandate	 open	 RN	 as	 vascular	 control	 and	 suturing	 is	 facilitated	 with	 this
approach.50

On	the	other	hand,	RN	has	fallen	out	of	favor	for	SRMs	due	to	concerns	about	CKD.	Therefore,	it	should	be
performed	 infrequently	 in	 this	 population.29,51,52	 Several	 studies	 have	 shown	 an	 increased	 risk	 of	 CKD	 on
longitudinal	follow-up	after	RN.52–54	Huang	et	al.52	first	reported	that	26%	of	patient	populations	with	an	SRM,
normal	opposite	kidney,	and	“normal”	serum	creatinine	had	preexisting	grade	3	CKD	(eGFR	<60	mL/min/1.73
m2).	After	surgery,	stage	3b	or	higher	CKD	(eGFR	<45	mL/min/1.73	m2)	was	more	common	after	RN	than	PN
(36%	 versus	 5%,	 P	 <	 .001).	 When	 classifying	 CKD	 according	 to	 risk	 of	 progression	 based	 on	 eGFR	 and
proteinuria,	the	proportion	of	patients	with	at	least	moderately	increased	risk	is	44%	before	RN.54	CKD	has	been
demonstrated	to	lead	to	increased	rates	of	cardiovascular	events	and	death,	with	proportionally	greater	impact	with
higher	CKD	stage	(and	lower	GFR).	For	example,	in	a	population-based	study	of	>1	million	subjects,	the	relative
death	 rates	were	 1.2,	 1.8,	 3.2,	 and	 5.9	 for	 eGFR	 (mL/min/1.73	m2)	 of	 45	 to	 60,	 30	 to	 45,	 15	 to	 30,	 and	<15,
respectively,	even	after	controlling	for	hypertension,	diabetes,	and	other	potential	confounding	factors.55	Coupled
with	the	biologic	heterogeneity	of	SRMs,	many	of	which	will	never	lead	to	compromised	survival,	the	potential
negative	 consequences	 of	 RN	 on	 renal	 function	 have	 highlighted	 the	 importance	 of	 nephron-	 sparing
approaches.29,56
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Figure	66.4	The	von	Hippel-Lindau	(VHL)	gene	is	responsible	for	the	inherited	form	of	clear	cell
renal	cell	carcinoma	(ccRCC):	VHL	syndrome.	A:	Axial	computed	tomography	image	showing

multifocal	and	bilateral	renal	tumors	and	cysts.	B:	Gross	image	of	nephrectomy	specimen	showing
typical	yellow-gold	appearance	of	ccRCC	present	in	multiple	portions	of	this	kidney	from	a	patient
with	VHL.	C:	Histologic	appearance	of	ccRCC,	showing	the	clearing	of	the	cytoplasm	around	the

darker	nuclei	typical	of	these	“clear	cells.”	D:	Structure	of	the	VHL	gene	with	sites	of	point
mutations	and	truncations	indicated.

Partial	Nephrectomy	for	Renal	Cell	Carcinoma
Kidney-sparing	surgery	for	 renal	 tumors	was	 first	described	by	Czerny	 in	1890;	however,	significant	morbidity
limited	 its	 use	 for	 the	 next	 half	 century.41	Vermooten	 revisited	 the	 concept	 of	 local	 excision	with	 a	margin	 of
normal	parenchyma	for	encapsulated	and	peripherally	located	renal	tumors	in	1950.41	The	use	of	PN	for	RCC	has
subsequently	been	 stimulated	by	experience	with	 renal	vascular	 surgery	 for	other	conditions,	 advances	 in	 renal
imaging,	 growing	 numbers	 of	 incidentally	 discovered	 SRMs,	 greater	 appreciation	 of	 the	 deleterious	 effects	 of
CKD,	introduction	of	minimally	invasive	techniques,	and	encouraging	long-term	survival	in	patients	undergoing
this	form	of	treatment	during	the	last	50	years.41	Kidney-sparing	surgery	entails	complete	 local	 resection	of	 the
tumor	while	 leaving	 the	 largest	possible	amount	of	normal	functioning	parenchyma	in	 the	 involved	kidney	(see
Fig.	66.5).

Initially	described	 for	patients	with	an	“absolute”	 indication	 for	kidney-sparing	 surgery	or	 for	 the	“elective”
indication	of	a	small	renal	tumor	in	the	setting	of	a	normal	contralateral	kidney,	PN	is	now	strongly	considered
whenever	preservation	of	renal	function	is	potentially	important.	Common	indications	include	conditions	that	pose
a	threat	to	future	renal	function,	such	as	hypertension,	diabetes	mellitus,	peripheral	or	coronary	artery	disease,	or
nephrolithiasis,	 and	 patients	with	 baseline	CKD,	 an	 abnormal	 contralateral	 kidney,	 or	 those	with	multifocal	 or
familial	RCC.	PN	is	generally	considered	feasible	for	 the	vast	majority	of	 localized	renal	masses	<5	cm	in	size
and	often	for	tumors	≥7	cm	by	those	with	expertise	with	kidney-sparing	surgery.57–59	Particularly	for	those	with
an	absolute	indication	for	nephron-sparing	surgery,	PN	can	even	be	performed	for	tumors	that	deeply	invest	the
renal	vascular	structures	or	with	limited	venous	thrombus,	but	such	procedures	clearly	carry	higher	perioperative
morbidity.60,61	Local	 recurrence	 rates	after	PN	for	 imperative	 indications	have	averaged	3%	to	5%	or	higher	 in
historical	series.62,63	The	decision	to	perform	a	PN	in	such	circumstances	should	be	individualized,	weighing	the
potential	increased	technical	and	oncologic	risks	of	such	an	operation	with	the	renal	functional	consequences	of
RN.



PN	 consistently	 leads	 to	 improved	 functional	 outcomes,	 when	 compared	 with	 RN,	 even	 for	 complicated
situations.53,64	Temporary	or	permanent	renal	replacement	therapy	is	necessary	in	<5%	of	patients	undergoing	PN
in	a	solitary	kidney	and	is	rarely	needed	for	patients	with	a	functioning	contralateral	kidney.63,65	In	fact,	the	vast
majority	of	patients	will	avoid	permanent	dialysis,	even	following	multiple	surgeries	for	multifocal	tumors	in	both
kidneys,	as	long	as	at	least	30%	of	a	well-functioning	remnant	kidney	is	preserved.60	For	situations	in	which	PN	is
deemed	impossible,	RN	with	ensuing	hemodialysis	 is	sometimes	necessary,	although	presurgical	 therapy	with	a
tyrosine	kinase	inhibitor	is	an	alternative	approach	that	has	proven	successful	in	downstaging	tumor	size,	allowing
for	more	PNs	in	some	patients.66,67

For	patients	with	clinical	T1	renal	masses,	local	recurrence	rates	are	1%	to	2%	after	PN	and	most	commonly
located	 distant	 from	 the	 initial	 resection.	 These	 therefore	 may	 represent	 a	 new	 primary	 tumor	 rather	 than	 a
recurrence	of	the	excised	lesion.	Cancer-free	survival	is	achieved	in	well	above	90%	of	patients.64	Meta-analysis
of	published	studies	 reveals	CSS	>98%	for	T1a,	90%	for	T1b,	and	86%	for	T2	 tumors	 treated	with	PN.29	 The
contralateral	kidney	is	also	at	risk	for	metachronous	disease,	which	also	occurs	in	1%	to	5%	of	patients,	even	with
contemporary	imaging	modalities.	This	provides	further	rationale	to	avoid	unnecessary	RN	for	tumors	amenable
to	kidney-sparing	surgery.	The	goal	of	PN	is	resection	of	all	grossly	appreciated	tumor	with	negative	microscopic
surgical	 margins;	 this	 is	 generally	 performed	 with	 a	 thin	 rim	 of	 normal	 parenchyma	 based	 on	 prior	 literature
indicating	 that	margin	width	 is	 immaterial.29	 Some	 centers	 now	 routinely	 perform	 enucleation	 of	 renal	 tumors
along	 their	pseudocapsular	plane	with	excellent	oncologic	outcomes,	although	enthusiasm	for	more	widespread
use	of	this	approach	has	been	tempered	by	the	somewhat	higher	recurrence	rate	among	patients	with	RCC	with
positive	margins	and	the	propensity	of	some	RCC	subtypes	to	invade	the	pseudocapsule.

TABLE	66.4
Treatments	for	Localized	Renal	Cell	Carcinoma

	 Advantages Disadvantages Main	Indications

ORN

Traditional	surgical	approach	for	renal	cancer,
effective	in	removing	tumor	with	surrounding
structures	and	lymph	nodes	when	indicated

Morbidity	of	surgical	incision	(flank,
subcostal,	midline,	thoracoabdominal)
Renal	functional	implications	of
removing	entire	kidney	(average	35%
decrease	in	GFR)

Large	tumor	(>12	cm)
Locally	advanced
tumor
Bulky	adenopathy
Tumor	thrombus

MIRN

Reproducible	and	effective	surgery	for	most	localized
renal	tumors
MIS,	with	decreased	pain,	morbidity,	and
convalescence	compared	to	ORN

Some	tumors	(up	to	7	cm	or	larger)	can
be	treated	with	PN
Renal	functional	implications	of
removing	entire	kidney	(average	35%
decrease	in	GFR)

Medium	to	large	tumor
(up	to	10	to	12	cm)
High	tumor	complexity

OPN

Oncologic	outcomes	appear	similar	to	RN;	although
selection	biases	limit	this	conclusion
Maximizes	renal	functional	preservation	when
performed	with	precise	tumor	excision	and	judicious
use	of	regional	hypothermia

Morbidity	of	flank	incision	(bulge,
longer	recovery	than	with	MIS)
Potential	for	local	recurrence	due	to
incomplete	excision	or	de	novo	tumors
in	the	renal	remnant

Small	to	medium
tumors	(up	to	7	cm	and
occasionally	larger)
Moderate	to	high
complexity	tumors

MIPN

Kidney-sparing	surgery,	with	maximal	preservation	of
renal	function	when	warm	ischemia	kept	to	limited
duration	(<20	to	25	min)
MIS,	with	decreased	pain,	morbidity,	and
convalescence	compared	to	OPN

Higher	complication	rate	for	high
complexity	tumors	and	in	less
experienced	hands
Positive	surgical	margins	and	local
recurrence	rates	may	be	higher	than
with	OPN	in	such	situations

Small	renal	masses	(up
to	5	cm	and
occasionally	larger)
Low	to	moderate	(and
selected	high)
complexity	tumors

TA

Kidney-sparing	approach,	with	renal	functional
benefits	versus	RN
Can	be	performed	outside	of	OR	(percutaneous)	or
with	minimally	invasive	approach	(laparoscopic)
For	small	(<3	cm)	tumors,	provides	comparable
control	of	metastasis	to	PN	and	RN

Relatively	high	rate	of	local	failure
Imprecision	of	histopathologic
diagnosis
Increased	and	challenging	radiographic
follow-up

Prior	ipsilateral	surgery
for	renal	tumor
Poorer	surgical
candidates	unwilling	to
undergo	surveillance

Least	invasive	and	most	kidney-sparing	of	all
strategies
Most	SRMs	have	limited	oncologic	potential	and	can
be	safely	managed	with	initial	short	interval	follow-up
imaging
Intensity	of	surveillance	can	be	tailored	to	patient	and

Tumor	remains	in	place	and	untreated
Oncologic	nature	of	tumor	unknown

Poor	surgical
candidates
Limited	life	expectancy
Benign	tumors	and
those	with	limited	risk
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AS tumor	characteristics (without	biopsy) of	metastasis
ORN,	 open	 radical	 nephrectomy;	 GFR;	 glomerular	 filtration	 rate;	 MIRN,	 minimally	 invasive	 radical	 nephrectomy;	 PN,	 partial
nephrectomy;	OPN,	open	partial	nephrectomy;	RN,	radical	nephrectomy;	MIS,	minimally	invasive	surgery;	MIPN,	minimally	invasive
partial	nephrectomy;	TA,	thermal	ablation;	OR,	operating	room;	AS,	active	surveillance;	SRM,	small	renal	mass.

Within	the	last	decade,	substantial	progress	has	been	made	with	minimally	invasive	PN,	which	is	now	the	most
commonly	 performed	 procedure	 for	 SRMs.	Laparoscopic	 PN,	with	 or	without	 robotic	 assistance,	 is	 performed
according	to	the	same	principles	as	open	PN.	Margin	status	and	oncologic	outcomes	with	laparoscopic	and	open
PN	 appear	 equivalent	 in	 series	 of	 patients	 in	 which	 patients	 were	 selected	 appropriately	 for	 each	 of	 these
approaches.29,48	 Although	 early	 to	 intermediate	 experience	with	 laparoscopic	 PN	 suggested	 increased	 urologic
complications	compared	with	open	RN,	subsequent	experience	with	pure	laparoscopic	PN	and	more	prevalent	use
of	 robotic	 PN	 have	 substantially	 reduced	 perioperative	 morbidity.68,69	 Tumor	 complexity	 remains	 a	 major
predictor	for	intraoperative	and	postoperative	complications,	regardless	of	surgical	approach,	and	open	PN	should
be	considered	for	particularly	challenging	situations.70

Thermal	Ablation	of	Renal	Cell	Carcinoma
TA,	 including	 renal	 cryosurgery	 and	 radiofrequency	 ablation,	 have	 emerged	 as	 alternative	 kidney-sparing
treatments	for	patients	with	small	(<3	cm)	renal	tumors.29,38,51	Both	can	be	administered	percutaneously	or	with
laparoscopic	exposure	and	thus	offer	the	potential	for	reduced	morbidity	and	more	rapid	recovery	compared	with
PN	and	RN.29,48	The	overall	rates	of	complications	range	from	7%	to	20%,	with	a	low	rate	of	major	complications
that	compares	favorably	with	PN.38	However,	 the	long-term	efficacy	of	TA	has	not	been	well	established	when
compared	 to	 surgical	 excision,	 and	 current	 data	 suggest	 that	 the	 local	 recurrence	 or	 persistence	 rates	 are
significantly	higher	with	TA	(10%	to	20%)	than	are	reported	with	PN	and	RN.29,38,48

The	 ideal	 candidates	 for	 TA	 are	 patients	 with	 advanced	 age	 and/or	 significant	 comorbidities	 who	 prefer	 a
proactive	approach	(over	surveillance)	but	are	not	optimal	candidates	for	conventional	surgery,	patients	with	local
recurrence	after	previous	kidney-sparing	 treatments	 (PN	or	TA),	 and	patients	with	hereditary	 renal	 cancer	who
present	with	multifocal	 lesions	 for	which	multiple	PNs	might	 replace	 their	 renal	 unit	 and	 therefore	 function	 at
risk.38	Patient	preference	must	also	be	considered	as	some	patients	not	fitting	these	criteria	may	select	TA	after
balanced	 counseling	 about	 the	 current	 status	 of	 these	modalities.29,38,51	 Tumor	 size	 and	 location	 are	 important
factors	in	patient	selection	because	the	current	technology	does	not	allow	for	reliable	treatment	of	lesions	>4	cm
and	those	that	are	very	anterior.	Success	rates	appear	to	be	highest	for	posterior	tumors	<3	cm.38,48,71



Figure	66.5	Partial	nephrectomy.	The	intention	of	kidney-sparing	surgery,	or	“nephron-sparing
surgery,”	is	to	achieve	complete	local	resection	of	the	tumor	while	leaving	as	much	functioning

parenchyma	in	the	involved	kidney	as	possible.	An	assessment	of	volume	preservation	can	be	made
by	accounting	for	both	the	amount	of	parenchyma	replaced	by	tumor	and	the	adjacent	uninvolved
parenchyma	removed	or	devascularized	during	the	procedure.51	The	amount	of	volume	preservation

and	the	quality	of	the	functioning	renal	remnant	are	the	most	important	determinants	of	renal
function	after	renal	surgery.	Partial	nephrectomy	and	other	kidney-sparing	alternatives	provide
definite	renal	functional	benefits	that	must	be	weighed	against	the	potential	for	increased	risk	of

cancer	recurrence,	when	compared	with	radical	nephrectomy.	(Artwork	courtesy	of	Kristen	Tobert.)

Clinical	experience	and	follow-up	of	patients	after	renal	cryosurgery	suggests	successful	local	control	in	about
85%	to	90%	of	patients,	although	many	studies	provide	limited	and	often	incomplete	follow-up.38,72,73	Diagnosis
of	local	recurrence	after	TA	can	be	challenging	because	evolving	fibrosis	within	the	tumor	bed	can	be	difficult	to
differentiate	 from	 residual	 cancer.	 In	 general,	 central,	 deep,	 or	 nodular	 enhancement	within	 the	 tumor	 bed	 on
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extended	 follow-up	 has	 been	 considered	 diagnostic	 of	 local	 recurrence,	 whereas	 peripheral	 enhancement	 is
indeterminate	and	should	be	followed	closely	with	repeat	imaging.55	Other	findings	that	suggest	local	recurrence
include	failure	of	 the	 treated	 lesion	 to	 regress	over	 time,	a	progressive	 increase	 in	size	of	an	ablated	neoplasm,
new	nodularity	in	or	around	the	treated	zone,	enhancement	of	the	deep	margin	of	the	ablated	lesion,	satellite,	or
port	site	lesions.74	 If	 these	 features	are	 found,	biopsy	and	possible	 retreatment	should	be	considered.	The	AUA
guidelines	for	surveillance	after	TA	include	cross-sectional	scanning	(CT	or	MRI)	with	and	without	intravenous
contrast	at	3	and	6	months	following	ablative	therapy	and	annually	with	chest	x-ray	for	5	years	thereafter.74

More	mature	data	 from	a	 limited	number	of	 studies	now	provide	encouraging	outcomes	 for	 smaller	 tumors,
particularly	those	<3	cm;	yet,	the	cumulative	experience	continues	to	suggest	that	local	control	after	cryoablation
remains	suboptimal	when	compared	to	surgical	excision.29,38,72	For	this	reason,	the	EAU	guidelines	indicate	that
“owing	 to	 the	 low	 quality	 of	 the	 available	 data,	 no	 recommendation	 can	 be	made	 on	RFA	 or	 cryoablation.”39
Meta-analysis	of	available	data	found	rates	of	local	tumor	persistence	or	progression	in	9.4%	after	TA	compared
with	0.4%	after	PN,	although	this	difference	is	mitigated	when	considering	both	primary	and	salvage	TA.72	Both
ASCO	and	AUA	guidelines	(2017)	indicate	that	TA	is	an	alternate	approach	for	the	management	of	cT1a	renal
masses	 <3	 cm	 in	 size.	 The	AUA	 guidelines	 add	 that	 “for	 patients	who	 elect	 TA,	 a	 percutaneous	 technique	 is
preferred	 over	 a	 surgical	 approach	 whenever	 feasible	 to	 minimize	 morbidity.”29	 Percutaneous	 displacement
techniques	 using	 fluid	 (hydrodissection),	 carbon	 dioxide,	 or	 spacer	 balloons	 frequently	 enable	 separation	 of
adjacent	structures	 from	the	anticipated	zone	of	ablation,	 rendering	many	cases	suitable	 for	percutaneous	TA.71
Other	concerns	with	TA	relate	to	surgical	salvage	and	potential	morbidity.	Most	local	recurrences	can	be	salvaged
with	 repeat	 ablation,	but	 some	patients	with	progressive	disease	 eventually	 require	 surgical	 extirpation.75,76	PN
and	minimally	invasive	approaches	are	occasionally	precluded	in	this	setting	due	to	the	extensive	fibrotic	reaction
induced	 by	TA.75,76	 As	 expected,	 the	 incidence	 of	 treatment	 failure	 or	 complications	 after	 TA	 correlates	with
tumor	 factors,	 including	 tumor	 size	 and	 central	 tumor	 location,	 and	 patient	 factors,	 such	 as	 prior	 myocardial
infarction	and	diabetes	mellitus.77

Other	new	technologies,	such	as	high-intensity	focused	ultrasound	and	frameless,	image-guided	radiosurgical
treatments	 (CyberKnife;	 Accuray,	 Sunnyvale,	 CA),	 are	 also	 under	 development	 and	may	 allow	 extracorporeal
treatment	 of	 small	 renal	 tumors	 in	 the	 future.78–80	 However,	 at	 present,	 cell	 kill	 with	 these	 modalities	 is	 not
sufficiently	reliable,	and	they	should	still	be	considered	developmental.81

Active	Surveillance	of	Clinically	Localized	Renal	Cell	Carcinoma
The	concept	of	overdiagnosis	and	overtreatment	of	kidney	cancers	is	relatively	new.	The	risks	and	consequences
associated	with	unnecessary	treatment	of	low-risk	RCC	are	an	unintentional	yet	underappreciated	harm	associated
with	incidental	detection	of	 these	tumors.	Although	early	detection	leads	to	“cure,”	lead	time	biases	in	reported
surgical	 series	and	 the	growing	 recognition	 that	 some	 localized	 renal	 tumors	exhibit	an	 indolent	natural	history
have	challenged	the	“find	it,	excise	it”	practice	pattern.

Objectifying	and	comparing	the	risks	of	treatment	(excision/ablation)	versus	AS	remains	difficult	as	the	data	on
which	competing	 risks	models	are	based	 remain	 largely	 retrospective	and	 incomplete.27	Nonetheless,	 data	have
emerged	 to	 suggest	 that	 radiographically	 localized	 SRMs,	 most	 of	 which	 are	 RCC,82,83	 exhibit	 slow
linear/volumetric	growth	 (0.3	cm	per	year	on	average)	with	a	 low	metastatic	potential	 (1.1%	to	1.4%)	over	 the
first	 24	 to	 36	 months	 following	 diagnosis.82,83	 Moreover,	 in	 patients	 with	 localized	 small	 renal	 tumors	 at
diagnosis,	 the	 risk	of	metastases	 appears	 to	be	 related	 to	both	 the	 size	of	 the	primary	 tumor	and	perhaps	more
importantly	 the	 growth	 kinetics	 of	 the	 lesion.84	 Interestingly,	 as	 many	 as	 20%	 to	 30%	 of	 small	 renal	 tumors
exhibit	zero	radiographic	growth	over	the	initial	24	months	following	their	incidental	detection.85

Given	these	data,	AS	with	delayed	intervention	has	been	endorsed	by	existing	practice	guidelines29,39,51	for	the
management	of	patients	with	lesions	<2	cm	in	size,	those	with	complex	cystic	lesions	(Bosniak	3/4),	and	in	those
where	 the	 competing	 risks	 of	 death	 outweigh	 the	 benefit	 of	 active	 oncologic	 treatment.	 This	 practice	 is	 a
calculated	 risk	 accepted	 by	 the	 patient	 and	 managed	 by	 the	 physician,	 utilizing	 serial	 imaging	 (every	 3	 to	 6
months)	where	the	oncologic	safety	of	AS	is	continuously	reevaluated.	Advances	in	percutaneous	biopsy,	imaging
techniques,	and	emerging	biologic	and	genetic	markers	will	continue	to	improve	the	decision	making	process.

Follow-up	for	Localized	Renal	Cell	Carcinoma
Follow-up	for	cancer	survivors	focuses	broadly	on	early	detection	of	cancer	recurrence.	With	earlier	diagnosis	of
many	 cancers	 and	 longer	 survivorship	 after	 diagnosis	 and	 treatment,	 an	 increasing	 number	 of	 patients	 remain



under	the	care	of	cancer	specialists	and	primary	care	physicians.	Wide	variations	in	recommended	practice	have
led	 to	 the	 development	 of	 guidelines	 by	 various	 organizations.	 The	AUA	 released	 guidelines	 for	 follow-up	 of
clinically	localized	RCC	in	2013	that	reflect	a	consistent	approach	that	also	takes	into	account	the	heterogeneity	of
the	 population	 of	 cancer	 survivors	 (Table	 66.5).74	 Although	 current	 guidelines	 provide	 a	 framework	 for
surveillance,	 it	 is	 important	 for	 the	 treating	physician	 to	create	an	 individualized	 follow-up	plan	 that	 takes	 into
account	the	patient’s	clinical	history	as	well	as	the	tumor	characteristics	that	allow	for	an	oncologically	safe	and
cost-effective	surveillance	strategy.	Clinicians	should	be	aware	that	in	managing	adult	cancer	survivors,	they	are
not	 only	 looking	 for	 RCC	 recurrence	 but	 also	 monitoring	 for	 secondary	 malignancy,	 the	 effects	 of	 cancer
treatment,	 implementing	 therapies	 to	 prevent	 recurrences	 or	 new	 tumors,	 understanding	 the	 consequences	 of
cancer	 and	 its	 treatment	 effects,	 and	 coordinating	 the	 overall	 care	 between	 cancer	 specialists	 and	primary	 care
physicians	to	meet	each	individual’s	needs.

TABLE	66.5
Guidelines	for	Follow-up	of	Clinically	Localized	Renal	Cell	Carcinoma

Follow-up
Measure Recommendation
Physical	exam
and	history

History	and	physical	examination	directed	at	detecting	signs	and	symptoms	of	metastatic	spread	or	local
progression

Laboratory
testing

Basic	laboratory	testing	including	blood	urea	nitrogen/creatinine,	urinalysis,	and	estimated	glomerular	filtration
rate	for	all	patients
Progressive	renal	insufficiency	should	prompt	nephrology	referral
Complete	blood	count,	lactate	dehydrogenase,	liver	function	tests,	alkaline	phosphatase,	and	serum	calcium
per	discretion	of	the	physician

Abdominal
imaging

Obtain	a	baseline	abdominal	scan	(CT	or	MRI)	within	3–6	mo	following	surgery,	and	periodically	thereafter
based	on	individual	risk	factors	(e.g.,	every	6	mo	for	3	y	for	moderate-	to	high-risk	RCC)
Perform	site-specific	imaging	as	symptoms	warrant
Imaging	beyond	5	y	may	be	performed	at	the	discretion	of	the	clinician

Chest	imaging

Low-risk	RCC:	chest	x-ray	annually	for	3	y	and	only	as	clinically	indicated	beyond	that	time	period
Moderate-	to	high-risk	RCC:	baseline	chest	CT	3–6	mo	after	surgery	with	continued	imaging	(chest	x-ray	or
CT)	every	6	mo	for	at	least	3	y
Imaging	beyond	5	y	is	optional	and	should	be	based	on	individual	patient	characteristic	and	tumor	risk	factors

Bone	scan

Elevated	alkaline	phosphatase,	clinical	symptoms	such	as	bone	pain,	and/or	radiographic	findings	suggestive
of	a	bony	neoplasm	should	prompt	a	bone	scan
Bone	scan	should	not	be	performed	in	the	absence	of	these	signs	and	symptoms

Central	nervous
system	imaging

Acute	neurologic	signs	should	lead	to	prompt	neurologic	cross-sectional	imaging	of	the	head	or	spine	based
on	localized	symptoms

CT,	computed	tomography;	MRI,	magnetic	resonance	imaging;	RCC,	renal	cell	carcinoma.
Adapted	 from	 Donat	 SM,	 Diaz	 M,	 Bishoff	 JT,	 et	 al.	 Follow-up	 for	 clinically	 localized	 renal	 neoplasms:	 AUA	 guideline.	 J	 Urol
2013;190(2):407–416.

TREATMENT	OF	LOCALLY	ADVANCED	RENAL	CELL	CARCINOMA
Surgery	for	Tumor	Thrombus	in	the	Inferior	Vena	Cava
Renal	tumors	are	unique	in	their	ability	to	form	tumor	thrombi	that	can	propagate	from	the	ipsilateral	renal	vein
into	 the	 inferior	vena	cava	 (IVC)	and	extend	as	 far	as	 the	patient’s	 right	atrium.	Approximately	4%	 to	10%	of
patients	who	present	with	renal	masses	will	have	a	concomitant	tumor	thrombus.	The	level	of	tumor	thrombus	is
classified	as	level	0	(thrombus	limited	to	the	renal	vein),	level	I	(thrombus	extending	into	the	IVC	≤2	cm	above
the	renal	vein),	level	II	(thrombus	extending	into	the	IVC	>2	cm	above	the	renal	vein	but	below	the	hepatic	veins),
level	III	(thrombus	extending	into	the	IVC	to	or	above	the	level	of	the	hepatic	veins	but	still	remaining	below	the
diaphragm),	and	level	IV	(thrombus	extending	into	the	IVC	and	above	the	level	of	the	diaphragm)	(Fig.	66.6).	A
tumor	 thrombus	 should	 be	 suspected	 in	 patients	with	 a	 renal	 tumor	who	 also	 have	 new-onset	 lower	 extremity
edema,	 an	 isolated	 right-sided	 varicocele	 or	 one	 that	 does	 not	 collapse	 with	 recumbency,	 dilated	 superficial
abdominal	veins,	proteinuria,	pulmonary	embolism,	right	atrial	mass,	or	nonvisualization	on	contrast	imaging	of
the	involved	kidney	due	to	renal	vein	occlusion.
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Five-year	CSS	for	patients	with	RCC	and	venous	extension	ranges	from	45%	to	70%,	and	surgical	therapy	in
the	 form	of	RN	and	 IVC	 thrombectomy	can	be	curative.	 Interestingly,	many	patients	with	vena	cava	extension
will	present	without	metastatic	disease.86	Clinical	variables	associated	with	survival	following	surgery	in	patients
with	tumor	thrombi	are	somewhat	conflicting	given	the	retrospective	nature	of	the	reports.	The	level	of	the	tumor
thrombi	has	been	associated	with	survival	in	some	series,	showing	an	improved	survival	in	patients	with	level	I/II
tumor	thrombus	compared	to	those	with	level	III/IV	tumor	thrombi	(6.6	versus	1.4	years,	P	=	.041).87	Others	have
advocated	 that	 tumor	 histopathologic	 characteristics	 are	 far	 more	 important	 prognostic	 measures.88	 A	 recent
international	multi-institutional	 retrospective	 study	 analyzed	 the	 role	 of	 tumor	 histology	on	 survival	 in	 patients
undergoing	RN	and	caval	thrombectomy.	In	this	series	of	1,774	patients,	the	overall	5-year	CSS	was	53.4%.88	On
multivariable	analysis,	papillary	histology	(hazard	ratio	[HR],	1.62;	95%	confidence	interval	[CI],	1.01	to	2.61;	P
<	.05),	fat	invasion	(HR,	1.49;	95%	CI,	1.10	to	2.03;	P	<	.01),	and	thrombus	level	(P	<	.01)	were	all	independent
predictors	of	a	poor	CSS.88

Surgery	remains	an	integral	part	in	the	treatment	paradigm	for	patients	with	tumor	venous	extension	because	of
the	sequelae	of	such	vascular	involvement.	The	surgical	approach	and	technique	to	treat	these	challenging	tumors
are	tailored	to	the	level	of	IVC	thrombus	but	uniformly	begin	with	careful	mobilization	of	the	kidney	and	early
ligation	 of	 the	 arterial	 blood	 supply.89	 With	 an	 increasing	 tumor	 thrombus	 level,	 more	 advanced	 surgical
techniques	 and	 multidisciplinary	 surgical	 teams	 are	 required	 for	 vasculature	 control	 and	 complete	 tumor
extirpation,	including	veno-venous	bypass	and	cardiopulmonary	bypass	potentially	with	hypothermic	circulatory
arrest	 for	 some	 cases.	 Recently,	 several	 imaging	 characteristics	 have	 been	 proposed	 to	 predict	 the	 need	 for	 a
complex	vascular	 reconstruction.	 In	 a	 retrospective	 review	of	 172	patients,	Psutka	 et	 al.90	 showed	 that	 a	 right-
sided	tumor	thrombus	(OR,	3.3;	P	=	.017),	anteroposterior	diameter	of	the	IVC	at	the	renal	ostium	of	least	34	mm
(OR,	4.4;	P	=	.014),	and	radiographic	evidence	of	complete	IVC	occlusion	(OR,	4.6;	P	<	.001)	were	predictors	of
a	complex	vascular	reconstruction.90



Figure	66.6	Classification	of	renal	cell	carcinoma	venous	tumor	thrombi.	Level	0	(green):
Thrombus	within	main	renal	vein	(RV)	or	its	branches	and	not	reaching	into	the	inferior	vena	cava
(IVC).	Level	I	(yellow):	IVC	thrombus	is	present	within	the	IVC,	<2	cm	above	renal	vein.	Level	II
(orange):	IVC	thrombus	extends	along	the	IVC	but	not	to	the	level	of	the	main	hepatic	veins.	Level
III	(purple):	IVC	thrombus	extends	within	the	IVC	above	the	level	of	the	main	hepatic	veins	but
below	the	diaphragm.	Level	IV	(red):	IVC	thrombus	extends	above	the	diaphragm,	near	to	or	into
the	right	atrium,	and	occasionally	beyond.	TNM,	tumor,	node,	metastasis.	(Reproduced	with
permission	from	Pouliot	F,	Shuch	B,	Larochelle	JC,	et	al.	Contemporary	management	of	renal

tumors	with	venous	tumor	thrombus.	J	Urol	2010;184[3]:833–841,	1235.)

Despite	the	surgical	ability	to	resect	these	tumor	thrombi,	perioperative	mortality	rates	associated	with	RN	and
IVC	 thrombectomy	 have	 been	 reported	 to	 be	 as	 high	 as	 5%	 to	 10%	 in	 some	 series,	 depending	 on	 patient
comorbidities	 and	 tumor	 characteristics.89	 In	 an	 effort	 to	 downsize	 the	 tumor	 thrombus	 and	 lessen	 the	 surgical
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morbidity,	 neoadjuvant	 treatment	 with	 targeted	 agents	 has	 been	 studied	 with	 inconsistent	 and	 disappointing
results.91,92	On	the	other	hand,	treatment	of	the	caval	thrombi	with	stereotactic	body	radiation	therapy93	has	shown
promise	 for	 symptom	 palliation	 in	 those	 suffering	 from	 intractable	 edema,	 ascites,	 and	 cardiac	 and	 liver
dysfunction	who	will	 not	 benefit	 from	 a	 surgical	 procedure	 due	 to	 the	 risks	 and	 perioperative	morbidity	 or	 an
otherwise	limited	life	expectancy.

Lymphadenectomy
The	need	for	extensive	LND	in	patients	undergoing	RN	remains	a	subject	of	debate.	Despite	the	fact	that	multiple
prior	 studies	 have	 shown	 a	 survival	 benefit	 with	 a	 lymph	 node	 dissection	 performed	 at	 the	 time	 of
nephrectomy,94,95	 a	 recent	 randomized	 trial	 (European	 Organisation	 for	 Research	 and	 Treatment	 of	 Cancer
[EORTC]	 30881)	 failed	 to	 show	 a	 distinct	 advantage.46	 Although	 this	 trial	 represents	 level	 I	 evidence,	 its
generalizability	 is	 limited	as	 the	 trial	 included	a	 significant	number	of	patients	at	 low	 risk	 for	nodal	metastasis
(81%	of	patients	had	grade	1	or	2	tumors	and	72%	had	organ-confined	disease),	which	supports	the	low	incidence
(4%)	of	nodal	metastases	found	in	the	LND	cohort.46

More	recently,	a	study	by	Gershman	et	al.,96	controlling	for	nonrandom	treatment	allocation	using	a	propensity
score–based	analysis,	evaluated	 the	 impact	on	survival	of	LND	on	1,797	patients	with	nonmetastatic	RCC	who
underwent	RN	with	and	without	LND.96	On	evaluation	of	their	cohort,	the	authors	reported	no	survival	advantage
associated	with	LND	 (CSS:	HR,	1.14;	P	=	 .23).	More	 importantly,	 the	 authors	 assessed	 the	 impact	of	LND	 in
several	risk	group	categories	using	increasing	threshold	probabilities	for	presence	of	pN1	disease,	noting	a	lack	of
added	 improvement	 in	 any	 of	 the	 survival	 measures	 (recurrence-free	 survival,	 CSS,	 and/or	 overall	 survival
[OS]).96	In	an	effort	to	reconcile	the	conflicting	data	on	the	survival	benefit	of	LND,	Gershman	et	al.97	examined
the	natural	progression	of	patients	with	completely	resected	N1	M0	RCC.	In	the	cohort	consisting	of	138	patients,
the	5-year	metastases-free	survival	was	only	16%	with	a	median	time	to	recurrence	of	4.2	months.	A	small	subset
of	 patients	 (16	 of	 138)	 did	 achieve	 a	 durable	 response,	 and	 on	 evaluation	 of	 their	 tumor	 characteristics,	 these
patients	were	 noted	 to	 have	more	 indolent	 tumor	 biology	 (lower	 stage	 and	 grade	 and	 absence	 of	 necrosis	 and
sarcomatoid	differentiation).

Taken	 together,	 in	 patients	 who	 are	 clinically	 N	 positive,	 these	 findings	 suggest	 that	 LND	 plays	 a	 more
important	role	as	a	staging	(diagnostic)	rather	than	therapeutic	tool.	Practically,	the	decision	to	perform	an	LND
should	 be	 taken	with	 caution	 and	 considered	 in	 a	 select	 group	 of	 patients	 (younger,	 fumarate	 hydratase	 [FH]-
papillary	 type	 2	 tumors,	 and	 those	 considered	 for	 adjuvant	 trials),	 given	 that	 the	majority	 of	 patients	 will	 not
benefit	from	the	added	procedure	but	may	be	subjected	to	the	low	but	real	risk	of	LND-associated	complications.
In	cases	where	regional	lymph	nodes	appear	involved,	in	the	absence	of	compelling	data,	the	current	standard	of
care	is	regional	LND,	especially	in	the	M0	population.

Adjuvant	Therapy	for	Renal	Cell	Carcinoma
Although	a	significant	proportion	of	patients	are	cured	or	in	remission	after	surgical	treatment	for	localized	RCC,
distant	metastases	are	detected	in	20%	to	35%	and	local	recurrence	in	2%	to	5%	of	patients.98	Patients	with	locally
advanced	RCC	and	others	with	high-risk	features	are	at	greater	risk	of	recurrence,	and	various	predictive	tools	can
be	used	to	provide	an	individualized	estimate.98	Despite	the	significant	likelihood	of	recurrence	in	patients	with
poor-risk	features,	multiple	therapies	have	failed	to	demonstrate	improved	survival	in	the	adjuvant	setting.	Prior
trials	 have	 evaluated	 hormone	 therapy,	 radiotherapy,	 immunotherapy,	 and	 tumor	 vaccines,	 all	 with	 essentially
negative	results.

The	success	of	targeted	molecular	therapies	in	metastatic	RCC	has	supported	their	use	in	the	adjuvant	setting
with	a	number	of	randomized	trials	(Table	66.6)	evaluating	their	role	 in	patients	at	high	risk	of	recurrence.	The
ASSURE	trial99	was	the	first	to	report	on	the	efficacy	of	targeted	kinase	inhibitors	(TKIs)	in	the	adjuvant	setting.
The	trial	included	1,943	patients	with	high-risk	(pT1bG3/4,	pT2	to	pT3,	N1)	ccRCC	and	non-ccRCC	who	were
randomized	 (1:1:1)	 to	 adjuvant	 sunitinib,	 sorafenib,	 or	 placebo	 for	 12	 months	 following	 complete	 surgical
resection.	Following	high	rates	of	treatment-related	discontinuations	(26%),	the	results	of	the	trial	were	released
early	showing	no	difference	in	disease-free	survival	(DFS;	primary	end	point):	5.8	years	for	sunitinib	(HR,	1.02;
95%	CI,	0.85	to	1.23;	P	=	.80),	6.1	years	for	sorafenib	(HR,	0.97;	95%	CI,	0.80	to	1.23;	P	=	.72),	and	6.6	years	for
placebo.	 By	 contrast,	 S-TRAC,100	 which	 randomized	 615	 patients	 to	 sunitinib,	 yielded	 positive	 results	 with	 a
reported	median	DFS	of	6.8	years	in	the	sunitinib	group	compared	to	5.6	years	in	the	placebo	group	(HR,	0.76;
95%	CI,	0.59	to	0.98;	P	=	.03).	S-TRAC,	like	ASSURE,	had	a	relatively	high	treatment-related	discontinuation



rate	of	28%,	with	48%	of	patients	in	the	treatment	arm	experiencing	grade	3	or	4	adverse	events.	Despite	a	lack	of
benefit	 in	OS	in	S-TRAC,	 these	data	 led	 to	approval	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	 the
adjuvant	 use	 of	 sunitinib	 in	 high-risk	 kidney	 cancer	 after	 surgical	 resection.	 The	 preliminary	 results	 of	 the
PROTECT	 trial101	 (adjuvant	 pazopanib)	 were	 recently	 reported	 showing	 a	 difference	 in	 DFS	 in	 patients	 who
tolerated	the	higher	dose	of	pazopanib	(HR,	0.69;	95%	CI,	0.51	to	0.94;	P	=	.02).	Unfortunately,	only	26%	of	the
cohort	was	able	to	tolerate	the	800-mg	dose	of	pazopanib	with	the	remainder	needing	the	dose	to	be	reduced	to
600	mg.	Analysis	of	the	600-mg	group	showed	no	difference	in	DFS	at	a	median	follow-up	of	30	months,	with
neither	arm	reaching	median	DFS.

These	results	leave	more	questions	than	answers	about	the	role	that	targeted	therapy	may	have	in	the	adjuvant
setting.	 The	 contradictory	 results	 of	 the	ASSURE	 and	S-TRAC	 trials	 are	 likely	 related	 to	 the	 different	 patient
populations	 evaluated	 in	 each	 trial.	 ASSURE	 allowed	 patients	 with	 high-grade	 pT1b	 disease	 to	 be	 enrolled,
whereas	S-TRAC	only	allowed	pT1	to	pT2	patients	if	they	had	evidence	of	nodal	involvement.	The	inclusion	of
papillary	histology	 in	 the	ASSURE	trial	 is	another	potential	 factor	 leading	 to	 the	conflicting	results,	although	a
subset	analysis	of	patients	with	clear	cell	histology	in	the	ASSURE	trial	failed	to	reveal	a	survival	benefit.	In	an
attempt	to	control	for	potential	confounders	raised	by	the	results	of	S-TRAC,	investigators	from	the	ASSURE	trial
performed	an	updated	 subgroup	analysis	of	pT3,	pT4,	 and	node-positive	patients	 in	 the	ASSURE	cohort.99	No
improvements	in	DFS	or	OS	were	found	with	sunitinib	or	sorafenib,	even	when	stratified	by	dose	quartiles.

As	we	wait	for	the	results	of	SORCE,	EVEREST,	and	ATLAS,	the	current	available	evidence	does	not	support
the	use	of	TKI	therapy	in	the	adjuvant	setting.	It	is	yet	to	be	determined	how	the	FDA’s	approval	of	sunitinib	in
the	 adjuvant	 setting	 for	 high-risk	 patients	 (University	 of	 California,	 Los	 Angeles,	 Integrated	 Staging	 System
[UISS]	2–3)	with	clear	cell	histology	will	affect	care	or	future	clinical	trial	design.

Encouraging	results	in	the	use	of	immune	checkpoint	inhibitors	in	advanced	RCC	has	prompted	their	use	in	the
adjuvant	 setting.	 Multiple	 trials—PROSPER,	 IMmotion010,	 KEYNOTE	 564,	 and	 CHECKMATE	 914—are
currently	enrolling	patients.	Although	these	trials	share	a	common	aim,	assessing	the	role	of	immunotherapy	in	the
adjuvant	 setting,	 there	 are	 key	 differences	 in	 their	 design	 that	 must	 be	 highlighted.	 The	 neoadjuvant/adjuvant
design	of	PROSPER,	which	aims	to	harness	a	possible	“immune	priming”	phenomenon,	has	raised	concerns	given
lack	of	a	comparator	group	(adjuvant	only)	which	would	help	tease	out	the	added	benefit	of	presurgical	dosing.
Although	 this	 effect	 may	 be	 able	 to	 be	 extrapolated	 from	 the	 results	 of	 the	 other	 trials	 (IMmotion010	 and
KEYNOTE	 564),	 which	 use	 a	 more	 traditional	 placebo	 controlled,	 randomized	 approach,	 differences	 in	 the
selection	criteria	between	the	trials	may	limit	their	comparison.

SURGICAL	MANAGEMENT	OF	ADVANCED	RENAL	CELL	CARCINOMA
Cytoreductive	Nephrectomy
Approximately	 30%	 to	 40%	 of	 patients	 will	 present	 with	 metastatic	 or	 advanced	 RCC.102	 For	 these	 patients,
multimodal	therapy,	which	includes	surgery,	has	produced	improved	progression-free	survival	(PFS)	and	OS.	The
NCCN	guidelines	for	kidney	cancer	list	cytoreductive	nephrectomy	(CN)	with	or	without	metastasectomy	prior	to
systemic	 treatment	 as	 the	primary	 treatment	 option	 for	 patients	with	 stage	 IV	RCC.40	The	data	 supporting	 this
recommendation	come	 from	 three	 randomized	 trials	demonstrating	a	 survival	benefit	 for	patients	who	 received
systemic	immunotherapy	with	interferon-alfa	(IFN-alfa)	after	surgical	removal	of	the	primary	tumor.103	The	initial
study	 found	 the	median	 survival	 of	 120	 patients	 assigned	 to	 surgery	 followed	 by	 IFN-alfa	 to	 be	 11.1	months
compared	to	8.1	months	in	121	patients	assigned	to	IFN-alfa	alone	(P	=	.05).103	A	subsequent	study	found	time	to
progression	(5	versus	3	months)	and	median	duration	of	survival	 to	be	better	 in	patients	randomized	 to	surgery
plus	 IFN-alfa	 compared	 to	 those	 randomized	 to	 IFN-alfa	 alone.103	 Combining	 the	 survival	 data	 from	 all	 these
trials	resulted	in	a	median	survival	of	13.6	months	versus	7.8	months	for	patients	undergoing	surgery	in	addition
to	IFN-alfa	as	compared	to	IFN-alfa	alone.103

TABLE	66.6
Clinical	Trials	of	Adjuvant	Treatment	for	Nonmetastatic	Renal	Cell	Carcinoma

Trial
Study
Groups

Treatment
Duration Inclusion	Criteria Results
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ASSURE:	Adjuvant	Sorafenib	or
Sunitinib	for	Unfavorable	Renal
Cell	Carcinoma

Sunitinib	vs.
sorafenib	vs.
placebo 1	y

Clear	cell	and	non–clear
cell	RCC	eligible
pT1b	and	G3–G4;
pT2/pT3/pT4;	N1	if
complete	dissection
performed

No	difference	in	DFS:	sunitinib	(HR,
1.02;	95%	CI,	0.85–1.23;	P	=	.80),
sorafenib	(HR,	0.97;	95%	CI,	0.80–
1.23;	P	=	.72)
Median	DFS:	sunitinib	(5.8	y)	vs.
sorafenib	(6.1	y)	vs.	placebo	(6.6	y)
No	difference	in	OS
Median	OS:	sunitinib	(77.9%)	vs.
sorafenib	(80.5%)	vs.	placebo
(80.3%)

SORCE:	Sorafenib	for	Patients
with	Resected	Primary	Renal	Cell
Carcinoma

Sorafenib	(for
1	or	3	y)	vs.
placebo 3	y

Clear	cell	and	non–clear
cell	RCC	eligible
Mayo	Clinic	progression
score	3–11 Awaiting

S-TRAC:	Sunitinib	vs.	Placebo	for
the	Treatment	of	Patients	at	High
Risk	for	Recurrent	Renal	Cell
Cancer

Sunitinib	vs.
placebo 1	y

Clear	cell	predominant
histology	eligible
High-risk	RCC	according
to	UISS

Modest	improvement	in	DFS:
sunitinib	(HR,	0.76;	95%	CI,	0.59–
0.98;	P	=	.03)
Median	DFS:	sunitinib	(6.8	y)	vs.
placebo	(5.6	y)

EVEREST:	Everolimus	for	Renal
Cancer	Ensuing	Surgical	Therapy

Everolimus
vs.	placebo 1	y

Clear	cell	and	non–clear
cell	RCC	eligible
pT1b	and	G3–G4;
pT2/pT3/pT4;	N1	if
complete	dissection
performed Awaiting

ATLAS:	Adjuvant	Axitinib
Treatment	of	Renal	Cancer

Axitinib	vs.
placebo 3	y

Clear	cell	predominant
(>50%)	eligible
pT2	and	G3–G4;	pT3a
and	>4	cm;
pT3b/pT3c/pT4;	N1 Awaiting

PROTECT:	Pazopanib	as	an
Adjuvant	Treatment	for	Locally
Advanced	Renal	Cell	Carcinoma

Pazopanib	vs.
placebo 1	y

Clear	cell	predominant
(>50%)	eligible
pT2	and	G3–G4;
pT3/pT4;	N1

Study	broken	in	two	groups	due	to
toxicity:
600-mg	group	(74%):
No	difference	in	DFS	(HR,	0.94;
95%	CI,	0.77–1.14;	P	=	.51)
Median	DFS:	not	reached	in	either
arm
800-mg	group	(26%):
Improvement	in	DFS	(HR,	0.69;
95%	CI,	0.51–0.94;	P	=	.02)	but	at
the	expense	of	increased	toxicity
Median	DFS:	not	reached	in
treatment	group	and	54	mo	in
placebo

ARISER:	Adjuvant	Girentuximab
(Monoclonal	Antibody	Targeting
CAIX)

Girentuximab
vs.	placebo 6	mo

Clear	cell	RCC	only
pT1b–pT2	with	G3–G4;
pT3–pT4	N0	M0,	Tany
N+	M0

No	difference	in	DFS	(HR,	0.97;
95%	CI,	0.79–1.18;	P	=	.74)
Median	DFS:	girentuximab	(71.4
mo)	vs.	placebo	(not	reached)

	 	 	 	

No	difference	in	OS	(HR,	0.99;	95%
CI,	0.74–1.32;	P	=	.94)
Median	OS:	not	reached	in	either
group

PROSPER:
Neoadjuvant/Adjuvant	Nivolumab
(Anti-PD-L1)

Arm	1:
nivolumab	→
nephrectomy
→	nivolumab
Arm	2:
nephrectomy
alone 6	mo

All	RCC	histologies
including	sarcomatoid;
T2	Nx	M0	or	Tany	N+
disease;	ECOG	0–1 Currently	recruiting

IMmotion010:	Adjuvant
Atezolizumab	(Anti-PD-L1)	in
High	Risk	Patients

Atezolizumab
vs.	placebo 1	y

RCC	with	clear	cell	or
sarcomatoid	component;
Tany	N+	M0 Currently	recruiting

RCC,	 renal	cell	carcinoma;	pT:	pathologic	T	stage;	G:	Fuhrman	nuclear	grade;	DFS,	disease-free	survival;	HR,	hazard	 ratio;	CI,
confidence	interval;	UISS:	University	of	California,	Los	Angeles,	Integrated	Staging	System;	PD-L1,	programmed	cell	death	protein



ligand	1;	ECOG,	Eastern	Cooperative	Oncology	Group.

More	recent	data	accounting	for	the	current	use	of	targeted	therapies	as	first-line	systemic	therapy	for	patients
with	metastatic	RCC	have	confirmed	the	survival	advantage	associated	with	CN.	A	large	retrospective	study	using
the	National	Cancer	Database104	with	15,390	patients	treated	with	targeted	therapy	evaluated	the	role	of	CN;	35%
of	patients	had	CN	between	2006	and	2013.	Patients	with	younger	age,	private	insurance,	treatment	at	academic
center,	lower	tumor	stage,	and	node-negative	stage	were	more	likely	to	have	CN.	Median	OS	favored	CN	(17.1
[95%	CI,	16.3	to	18.0]	versus	7.7	months	[95%	CI,	7.4	to	7.9];	P	<	.001).	In	sensitivity	analyses	using	propensity
scores	adjustment	as	well	as	other	covariates,	patients	with	CN	had	lower	risk	of	death	(HR,	0.45;	95%	CI,	0.4	to
0.5;	P	<	 .001).	The	OS	benefit	with	CN	was	0.7	and	3.6	months	 in	patients	who	survived	≤6	and	≤24	months,
respectively.	A	second	large	retrospective	study	from	the	International	Metastatic	Renal-Cell	Carcinoma	Database
Consortium105	(IMDC)	validated	the	above	findings	(median	OS,	20.6	months	for	CN	versus	9.8	months	for	those
without	CN)	 in	 1,658	RCC	 patients	 presenting	with	 synchronous	metastatic	 disease.	 Following	 adjustment	 for
IMDC	risk	categories,	CN	remained	an	 important	predictor	 in	OS	(HR,	0.60;	95%	CI,	0.52	 to	0.69;	P	<	 .001),
leading	the	authors	 to	conclude	that	CN	should	be	offered	to	all	patients	expected	to	have	>12	months	survival
and	 those	who	present	with	 fewer	 than	four	 IMDC	risk	factors.105	Despite	 these	promising	results,	 rates	of	CN
appear	 to	 be	 decreasing	 with	 the	 introduction	 of	 targeted	 therapy.	 Using	 data	 from	 the	 Surveillance,
Epidemiology,	 and	End	Results	 (SEER)	 registry,	Tsao	 et	 al.106	 showed	 that	CN	utilization	 from	2001	 to	 2005
remained	stable	at	approximately	50%	but	decreased	with	the	introduction	of	targeted	therapy	in	2006	and	further
declined	to	38%	in	2008.	This	phenomenon	was	confirmed	by	Psutka	et	al.107	who,	using	a	U.S.	private	insurance
database,	tracked	the	use	of	CN	over	a	10-year	period	(2004	to	2010),	showing	a	peak	utilization	in	2005	(31.3%)
followed	by	50%	reduction	in	CN	use	by	2010	(14.8%).107

Decreasing	trends	in	CN	utilization	are	a	reflection	of	the	morbidity	that	CN	imposes	in	an	already	vulnerable
population.	 Although	 the	 use	 of	 laparoscopic/minimally	 invasive	 techniques	 can	 potentially	 provide	 a	 less
invasive	and	less	morbid	method	for	cytoreduction,	CN	is	still	not	without	risk,	and	surgical	risk	assessment	needs
to	 be	 considered	 preoperatively.	 For	 example,	 Abdollah	 et	 al.108	 identified	 17,688	 patients	 within	 the	 Florida
Inpatient	 Database	 that	 underwent	 nephrectomy	 between	 the	 years	 1999	 to	 2008.	 They	 identified	 1,063	 (6%)
patients	who	underwent	a	CN	and	found	that	these	patients	were	more	likely	to	have	a	longer	length	of	stay	(8.4
versus	5.7	days,	P	<	.001),	a	secondary	surgical	procedure	(28.3%	versus	10%,	P	<	.001),	an	in-hospital	mortality
(2.4%	versus	0.9%,	P	<	.001),	and	a	postoperative	complication	(26.5%	versus	18.9%,	P	<	.001).	In	this	report,
increasing	age	was	predictive	of	increasing	in-hospital	mortality	and	complications	for	patients	undergoing	CN.
According	 to	 prior	 reports,	 patients	who	 are	most	 likely	 to	 benefit	 from	CN	 are	 those	 patients	with	 lung-only
metastatic	 disease,	 good	 prognostic	 features	 as	 defined	 by	Motzer	 (or	 other)	 criteria,	 and	 a	 good	 performance
status.109,110	However,	 the	 challenge	 associated	with	 these	 risk	 criteria	 is	 that	 they	mostly	 account	 for	 the	 risk
associated	with	the	disease	and	do	not	consider	the	perioperative	risk	to	the	patient,	which	may	be	significant.

The	 surgical	management	 of	 patients	with	metastatic	 disease	 has	 a	 completely	 different	 set	 of	 standards	 to
those	faced	in	curative	procedures.	Complications	associated	with	cytoreduction,	even	the	most	minor,	can	lead	to
significant	 consequences	 in	 the	 patient’s	 overall	 oncological	 treatment.	 As	 a	 result,	 two	 randomized	 trials,
CARMENA	and	SURTIME,	were	 launched	in	2009	and	2010,	 to	define	 impact	and	the	sequence	in	which	CN
should	 be	 used	 in	 combination	 with	 targeted	 agents.	 In	 CARMENA,	 patients	 are	 randomized	 to	 upfront
nephrectomy	followed	by	sunitinib	versus	sunitinib	alone,	whereas	SURTIME	investigates	nephrectomy	followed
by	sunitinib	versus	sunitinib	followed	by	nephrectomy	in	the	absence	of	progression.	Unfortunately,	accrual	for
these	 trials	 has	 been	 challenging	 leading	 to	 the	 early	 closure	 of	 SURTIME;	 CARMENA	 continues	 to	 slowly
accrue.	The	preliminary	results	of	the	SURTIME	trial	were	recently	released,	noting	that	the	sequence	of	targeted
therapy	had	no	effect	on	DFS;	a	benefit	was	seen	with	 regard	 to	OS	 in	 the	CN	deferred	group,	but	 the	 limited
sample	size	precluded	a	definite	conclusion.	These	results	are	in	line	with	smaller	phase	II	trials	that	have	shown
the	survival	benefit	of	using	a	short	period	of	 targeted	therapy	as	a	 litmus	 test	 for	CN.	In	a	study	by	Powles	et
al.,111	the	use	of	12	weeks	of	pazopanib	prior	to	CN	demonstrated	disease	reduction	in	84%	of	the	patients	with
61%	proceeding	to	CN.	More	importantly,	the	study	showed	that	patients	who	had	evidence	of	progression	prior
to	CN	had	particularly	poor	oncologic	outcomes	(median	OS,	3.9	months;	95%	CI,	0.5	to	9.1).111

In	summary,	CN	offers	patients	with	metastatic	RCC	a	survival	advantage	prompting	the	NCCN	guidelines	to
recommend	a	CN	for	patients	with	an	Eastern	Cooperative	Oncology	Group	(ECOG)	performance	status	<2	who
have	no	evidence	of	brain	metastasis.40	The	timing	of	CN	remains	controversial,	with	some	studies	showing	that	a
trial	of	targeted	therapy	as	a	litmus	test	for	CN	may	aid	in	patient	selection.	Recent	data	note	that	surgical	risks
associated	with	CN	are	not	insignificant,	especially	in	the	elderly	and	comorbid,	and	should	be	weighed	against
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the	patient’s	disease	biology	(presence	of	poor-risk	disease)	before	reflexively	proceeding	with	surgery.

Surgical	Management	of	Recurrent	and	Metastatic	Disease
Approximately	 one-third	 of	 patients	 initially	 diagnosed	 with	 RCC	 will	 present	 with	 metastatic	 disease.102	An
additional	 40%	 of	 patients	 who	 present	 with	 localized	 disease	 will	 ultimately	 develop	 metastatic	 disease.102
Although	the	introduction	of	 targeted	agents	has	provided	a	survival	advantage,	a	 long-term	remission	and	cure
with	these	agents	is	rare.	As	a	result,	retrospective	data	has	supported	the	ongoing	role	of	resection	of	metastatic
disease,	when	feasible,	in	the	multimodal	treatment	of	patients	with	advanced	RCC.112,113

In	 patients	 treated	with	 immunotherapy,	 there	 are	multiple	 retrospective	 reports	 demonstrating	 that	 patients
undergoing	metastasectomy	may	have	better	outcomes,	with	a	significant	portion	of	those	patients	achieving	long
disease-free	intervals.114	Similar	retrospective	reports	in	patients	who	have	received	targeted	therapies	have	shown
comparable	results,	albeit	in	smaller	patient	cohorts.115	The	recurrent	theme	in	these	studies	is	the	importance	of
appropriate	patient	selection:	single	metastatic	site	of	pulmonary	origin,	slow-growing	lesion,	and	at	least	a	partial
response	to	immune	or	targeted	therapy.

In	 a	 large	 series	 from	 the	Mayo	Clinic,116	 the	 benefit	 of	 complete	metastasectomy	 in	 patients	with	multiple
metastatic	 sites	 was	 retrospectively	 evaluated.	 The	 cohort	 consisted	 of	 887	 patients	 who	 developed	 multiple
metastatic	 sites	 following	RN,	of	which	125	 (14%)	patients	underwent	 a	complete	 resection	of	 their	metastatic
disease.	Complete	metastasectomy	was	associated	with	an	improvement	in	median	CSS	(4.8	versus	1.3	years,	P	<
.001).	 Patients	 with	 pulmonary	 metastases	 (5-year	 CCS	 rate,	 73.6%)	 continued	 to	 show	 an	 improved	 CSS
compared	 to	 nonpulmonary	metastases	 (5-year	CCS	 rate,	 32.5%);	 however,	 complete	metastasectomy	 in	 either
site	conferred	a	survival	improvement.	Complete	resection	remained	predictive	of	improved	CSS	for	patients	who
had	 three	 or	 more	 metastatic	 lesions	 (P	 <	 .001)	 and	 for	 patients	 who	 had	 synchronous	 (P	 <	 .001)	 and
asynchronous	(P	=	 .002)	multiple	metastases.	Moreover,	on	multivariate	analysis,	patients	 in	whom	surgery	did
not	achieve	a	complete	metastasectomy	were	almost	three	times	more	likely	to	die	of	RCC	(HR,	2.91;	95%	CI,
2.17	 to	3.90;	P	<	 .001).	These	 findings	were	validated	 in	 a	 recent	meta-analysis	by	Zaid	et	 al.117	 in	which	 the
impact	of	complete	surgical	metastasectomy	was	studied	by	pooling	2,267	patients	(958	undergoing	complete	and
1,309	 undergoing	 incomplete	 surgical	 metastasectomy)	 from	 eight	 studies.	 Complete	 metastasectomy	 was
associated	with	 a	 reduced	 risk	 of	 all-cause	mortality	 (pooled	HR,	 2.37;	 95%	CI,	 2.03	 to	 2.87;	P	 <	 .001)	 and
remained	independently	predictive	after	adjustment	for	performance	status.

Although	 level	 1	 evidence	 for	 consolidative	 treatment	 of	 metastatic	 disease	 is	 lacking	 in	 RCC,	 a	 recent
randomized	 trial	 in	 lung	 cancer	 showed	 that	 consolidative	 treatment	 (chemotherapy	 +	 resection/radiation	 of
metastases)	was	superior	to	maintenance	therapy	alone	(chemotherapy	only)	for	patients	with	low-volume	stage
IV	non–small-cell	lung	cancer	(median	PFS,118	11.9	months	in	the	consolidative	therapy	versus	3.9	months	in	the
maintenance	therapy;	P	=	.005),	setting	the	ground	work	for	a	possible	trial	in	RCC	and	other	malignancies.

Surgical	management	of	recurrent	and	metastatic	RCC	plays	an	important	role	in	the	treatment	paradigm	for
stage	IV	patients.	Complete	resection	appears	to	be	the	best	predictor	of	survival	in	two	large	retrospective	trials
independent	 of	 disease	 location.	 It	 is	 important	 to	 recognize	 the	 selection	 bias	 inherent	 in	 these	 results,	which
stresses	the	importance	of	appropriate	patient	selection.

SYSTEMIC	THERAPY	FOR	ADVANCED	RENAL	CELL	CARCINOMA
Prognostic	Factors
Clinical	 characteristics	 have	 been	 extensively	 studied	 as	 potential	 prognostic	 factors	 in	 metastatic	 RCC.
Performance	status	is	a	measure	of	overall	well-being	and	is	the	most	consistently	reported	factor	associated	with
survival	 in	 advanced	RCC,	whereas	 other	 demographic	 features,	 such	 as	 age,	 gender,	 and	 race,	 are	 of	 limited
value.119–122	 Some	 studies	 have	 found	 the	 presence	 of	 visceral	 (i.e.,	 lung,	 liver,	 and	 adrenal),	 bone,	 and	 brain
metastases	 to	 be	 associated	with	 poor	 survival,119,121	whereas	 others	 have	 found	no	 relationship	between	 these
sites	and	prognosis.121	A	more	reliable	finding	is	the	number	of	metastatic	sites	present,	which	provides	a	rough
estimate	of	tumor	burden.	Most	studies	have	found	that	patients	with	higher	number	of	metastatic	sites	(more	than
two)	 are	 independently	 associated	with	 at	 least	 twofold	 greater	 probability	 of	 death.	 Similarly,	 patients	with	 a
short	 interval	 from	 initial	RCC	diagnosis	 to	metastases	 have	 been	 found	 to	 have	 a	worse	 outcome,	 likely	 as	 a
reflection	 of	 faster	 growing	 disease.120,122–124	 Those	with	 synchronous	metastases	 have	 outcomes	 intermediate



between	those	with	metastases	developing	within	1	year	of	diagnosis	and	those	with	asynchronous	metastases	that
develop	 later.125	 Investigators	 have	 evaluated	 the	 effects	 of	 several	 laboratory	 parameters	 in	 patients	 with
advanced	 RCC.	 Erythrocyte	 sedimentation	 rate,	 C-reactive	 protein,	 hemoglobin,	 white	 blood	 cell,	 and	 platelet
parameters	have	been	evaluated.	Elevated	erythrocyte	sedimentation	rate	and	C-reactive	protein	were	consistently
found	 to	 be	 independent	 poor	 prognostic	 factors.123	 Patients	 with	 thrombocytosis	 (defined	 as	 platelet	 counts
>400,000/μL),	 another	 potential	 marker	 of	 inflammation,	 have	 been	 reported	 to	 have	 a	 negative	 impact	 on
survival	mostly	 in	patients	with	 localized	RCC.	Studies	overall	have	been	inconsistent	 in	 the	metastatic	setting,
especially	when	other	markers	of	inflammation	were	considered.	Anemia	has	also	consistently	been	found	to	be
an	independent	prognostic	factor	for	an	adverse	outcome.	Patients	with	pretreatment	hemoglobin	below	the	lower
limit	of	laboratory	normal	values	were	found	to	have	twice	the	risk	of	death	compared	with	patients	with	normal
hemoglobin	 in	 several	 large	 studies.121,122	 The	 mechanism	 of	 effect	 of	 such	 blood	 parameters	 is	 unknown—
whether	 these	 markers	 reflect	 an	 underlying	 inflammatory	 disease	 and/or	 somehow	 contribute	 to	 the	 disease
process	 itself	 is	 unclear.	 Other	 biochemical	 factors	 that	 have	 been	 implicated	 in	 RCC	 prognosis	 include
pretreatment	 serum	 lactate	 dehydrogenase	 (LDH)	 and	 calcium.	Corrected	 serum	calcium	>10	mg/dL	 and	LDH
>1.5	 times	 the	 upper	 limit	 of	 normal	 have	 been	 associated	 with	 a	 two-	 to	 threefold	 higher	 risk	 of	 death,
respectively.121–123

Prognostic	Schema
Using	the	previously	identified	variables,	investigators	have	combined	these	variables	to	stratify	patients	into	“risk
groups”	 to	 predict	 outcome.	 Such	 schema	 serve	 to	 aid	 in	 individual	 patient	 counseling,	 stratify	 patients	 for
randomized	clinical	trial	entry,	and	aid	in	interpretation	of	nonrandomized	clinical	trials	(Table	66.7).	The	most
commonly	employed	schema	from	Memorial	Sloan	Kettering	Cancer	Center	was	developed	from	patients	treated
with	 IFN-based	 regimens.126	 This	 schema	 uses	 ECOG	 performance	 status,	 anemia,	 LDH,	 corrected	 serum
calcium,	and	time	from	diagnosis	to	metastatic	disease	to	segregate	patients	into	three	risk	groups.	This	schema	is
still	widely	used	today	despite	the	limited	IFN	use	currently	and	has	been	shown	to	also	segregate	patients	treated
with	 newer	 agents.	More	 recent	 efforts	 have	 developed	 prognostic	 variables	 and	 risk	 groups	 based	 on	 patients
treated	with	targeted	agents.	This	schema	uses	hemoglobin,	corrected	calcium,	performance	status,	and	time	from
diagnosis	 to	treatment,	but	additionally	neutrophil	and	platelet	count.127	Both	Memorial	Sloan	Kettering	Cancer
Center	and	Heng	criteria	are	used	to	describe	patient	populations	treated	in	the	targeted	therapy	era.

TABLE	66.7
Prognostic	System	in	Metastatic	Renal	Cell	Carcinoma

Schema Factors Comments

MSKCC124

■	Low	Karnofsky	performance	status
■	High	lactate	dehydrogenase
■	Low	serum	hemoglobin
■	High	corrected	serum	calcium
■	Time	from	initial	RCC	diagnosis	to	start	of
therapy	<1	y

Developed	from	patients	with	metastatic	RCC
patients	treated	with	IFN-based	therapy	on	clinical
trials	at	MSKCC

Heng	et	al.127

■	Low	Karnofsky	performance	status
■	Low	serum	hemoglobin
■	High	corrected	serum	calcium
■	Time	from	initial	RCC	diagnosis	to	start	of
therapy	<1	y
■	Elevated	neutrophils
■	Elevated	platelets

Developed	from	retrospective	data	for	a	global
multicenter	consortium	of	patients	receiving
targeted	therapy	for	metastatic	RCC

MSKCC,	Memorial	Sloan	Kettering	Cancer	Center;	RCC,	renal	cell	carcinoma;	IFN,	interferon.

Predictive	Markers
With	the	shift	in	systemic	therapy	for	RCC	to	molecularly	targeted	agents,	looking	at	the	molecular	characteristics
of	 tumors	has	occurred	 to	 identify	 additional	prognostic	 factors.	VHL	gene	 status	has	been	 investigated	 for	 an
association	with	clinical	outcome.	Over	multiple	retrospective	series	and	prospective	trials,	VHL	status	(and	other
VHL	pathway	elements,	such	as	hypoxia-inducible	factor	[HIF]	expression)	has	not	been	consistently	associated
with	 response	 to	 vascular	 endothelial	 growth	 factor	 (VEGF)-targeted	 agents.128–130	 CA-IX,	 a	 member	 of	 the



Dr. AVR @ TMH

carbonic	anhydrase	family,	regulates	pH	during	hypoxia	and	is	a	product	of	the	HIF	complex	overexpression.	The
vast	majority	 of	 ccRCC	 tumor	 samples	 stain	 positive	 for	 CA-IX	 and	 high	 CA-IX	 staining	 (>85%	 staining	 by
immunohistochemical	 analysis)	 was	 found	 to	 be	 an	 independent	 favorable	 prognostic	 indicator	 of	 survival	 in
patients	with	metastatic	ccRCC.131	Retrospective	data	initially	suggested	CA-IX	to	be	potentially	associated	with
response	to	high-dose	interleukin-2	(IL-2).131–133	However,	 the	prospective	SELECT	 trial	 failed	 to	confirm	 this
finding,	and	thus,	there	remain	no	predictive	biomarkers	to	identify	the	small	percentage	of	patients	who	will	have
a	complete	response	to	high-dose	IL-2.134	Single	nucleotide	polymorphisms,	which	are	natural	variations	in	tumor
and/or	germline	DNA	sequences,	have	also	been	investigated	in	relation	to	targeted	therapy	efficacy	and	toxicity
in	 RCC.135–137	 Although	 several	 retrospective	 series	 have	 found	 associations	 between	 single	 nucleotide
polymorphisms	 associated	 with	 the	 VEGF	 pathway	 and/or	 drug	 metabolism	 with	 outcome,	 none	 have	 been
consistent	 or	 robust	 enough	 to	 currently	 affect	 clinical	 practice.	 Finally,	 clinical	 markers,	 such	 as	 treatment-
induced	hypertension,	have	been	explored.	Several	retrospective	data	sets	have	identified	a	strong	association	of
treatment-induced	hypertension	and	clinical	outcome	in	response	to	VEGF-targeting	agents.137,138	This	has	been
identified	 across	 mechanism	 of	 agent	 and	 including	 non-RCC	 diseases.139	 The	 precise	 biologic	 mechanism
underlying	this	observation	remains	to	be	elucidated.

Systemic	Therapy
Although	 several	 active	 agents	 now	 exist	 for	metastatic	RCC	 (as	 discussed	 subsequently),	 they	 are	 considered
noncurative	for	the	majority	of	patients	and	thus	require	chronic	therapy	(Table	66.8).	Therefore,	benefits	must	be
weighed	against	 the	toxicity,	 time	commitment,	and	cost.	There	exists	a	subset	of	patients	with	metastatic	RCC
with	low-volume,	slow-growing	disease	in	which	withholding	systemic	therapy	until	radiographic	progression	has
occurred	may	be	a	reasonable	approach.	Further	investigation	into	this	strategy	is	ongoing.

Historically,	progestational	agents	such	as	medroxyprogesterone	acetate	were	investigated	in	metastatic	RCC.
These	 reports	 documented	 some	 tumor	 regression	 and	 symptom	 reduction,	 largely	 applied	 to	 a	 very	 advanced,
symptomatic	 population	 of	 RCC	 patients.	Multicenter	 randomized	 trials	 demonstrated	 uniformly	 low-response
rates.140	In	the	current	era,	progestational	agents	may	be	useful	for	symptom	palliation	but	do	not	appear	to	have
any	significant	antitumor	effects.

Due	to	success	in	other	solid	tumors,	chemotherapy	for	advanced	RCC	has	been	extensively	studied	during	the
last	 four	 decades.	 A	 summary	 of	 clinical	 trials	 from	 1983	 to	 1993	 noted	 a	 6%	 overall	 response	 rate	 in	 4,093
patients	with	advanced	RCC.141	Another	report	of	51	published	phase	II	clinical	 trials	 (n	=	1,347)	 involving	33
chemotherapeutic	agents	noted	an	overall	 response	rate	of	5.5%.142	Combinations	of	5-fluorouracil	and	analogs
with	gemcitabine	have	produced	modestly	higher	 response	 rates,	on	 the	order	of	10%	to	15%.143	Similarly,	 the
addition	of	chemotherapy	to	cytokine	regimens	has	not	resulted	in	significant	benefit	over	cytokines	alone	when
investigated	 in	 phase	 III	 trials.144	A	 report	 of	 18	metastatic	RCC	 patients	with	 sarcomatoid	 histologic	 features
and/or	rapidly	progressing	disease	treated	with	doxorubicin	and	gemcitabine	noted	a	28%	objective	response	rate
(ORR),	 potentially	 identifying	 a	 subset	 of	 patients	 with	 RCC	 where	 chemotherapy	 may	 have	 some	 utility.145
Overall,	chemotherapy	currently	has	little	to	no	role	in	the	treatment	of	metastatic	RCC	pending	further	study	of
novel	chemotherapeutic	agents	or	combinations	or	perhaps	through	additional	patient	selection	efforts.

Immunotherapy
IL-2	and	IFN	had	been	the	standard	of	care	for	patients	with	metastatic	RCC	until	 the	development	of	 targeted
therapy.	These	agents	are	nonspecific	cytokines	that	presumably	have	an	antitumor	effect	through	stimulation	of
an	 antitumor	 immune	 response	 that	 is	 not	 adequate	 in	 the	 patient	 prior	 to	 therapy.	 Specific	 insights	 into
mechanism(s)	 of	 action	 are	 still	 lacking	 after	 decades	 of	 use	 and	 further	 clinical	 and/or	molecular	markers	 to
predict	benefit	are	lacking.

TABLE	66.8
Summary	of	Target	Agents	in	Metastatic	Renal	Cell	Carcinoma

Treatment
Response
Rate Progression-Free	Survival Overall	Survival

VEGF	Receptor	Inhibitors



Sunitinib 30%–47%

9.5–11	mo	in	treatment-naïve
patients
8.4	mo	in	cytokine	refractory	patients 29.3	mo	in	untreated	patients

Pazopanib 30%
8.4–9.2	mo
(11.1	mo	in	treatment-naïve	patients) 28.4	mo	in	untreated	patients

Sorafenib 2%–10%

5.7–9	mo	in	treatment-naïve	patients
5.5	mo	in	treatment-refractory
patients

17.8–19.2	mo	in	treatment-
refractory	patients

Axitinib 19% 6.7	mo	(second	line)
20.1	mo	in	treatment-
refractory	patients

VEGF	Ligand-Binding	Agents

Bevacizumab

10%–13%	as
monotherapy
26%–31%	in
combination
with	IFNA

8.5	mo	in	treatment-naïve	patients
as	monotherapy
8.5–10.2	mo	in	treatment-naïve
patients	in	combination	with	IFNA
4.8	mo	in	cytokine-refractory	patients 18.3–23.3	mo

mTOR/Inhibiting	Agents

Temsirolimus 7%–9%

3.7	mo	(vs.	1.9	mo	for	IFNA
monotherapy,	P	=	.0001)	in
treatment-naïve	patients
5.8	mo	in	treatment-refractory
patients

10.9	mo	(vs.	7.3	mo	for	IFNA,
P	=	.008)

Everolimus 1%

4.9	mo	(vs.	1.9	mo	for	placebo-
treated	patients)	in	refractory
patients

14.8	mo	(vs.	14.4	mo	for
placebo-treated	patients,	P	=
.177)

Multitargeted	Tyrosine	Kinase	Inhibitors

Cabozantinib 21%
7.4	mo	(vs.	3.8	mo	in	patients
treated	with	everolimus,	P	<	.001)

21.4	mo	(vs.	16.5	mo	in
patients	treated	with
everolimus,	P	<	.001)

Lenvatinib	(combination	with
everolimus	increased	PFS	and	OS	vs.
lenvatinib	alone) 27%

7.4	mo	(vs.	5.5	mo	in	patients
treated	with	everolimus,	P	=	.001)

19.1	mo	(vs.	15.4	mo	in
patients	treated	with
everolimus)

PD-1	Inhibitors

Nivolumab 25%
4.6	mo	(vs.	4.4	mo	in	patients
treated	with	everolimus,	P	=	.11)

25	mo	(vs.	19.6	mo	in	patients
treated	with	everolimus,	P	=
.002)

VEGF,	 vascular	 endothelial	 growth	 factor;	 IFNA,	 interferon-alfa;	 mTOR,	mammalian	 target	 of	 rapamycin;	 PFS,	 progression-free
survival;	OS,	overall	survival;	PD-1,	programmed	cell	death	protein	1.

Bolus	high-dose	intravenous	IL-2	treatment,	as	initially	described	many	years	ago,	leads	to	sustained	responses
in	a	small	subset	of	patients.146	However,	later	randomized	trials	failed	to	demonstrate	a	benefit	over	lower	dose
cytokine	 regimens	 for	 the	 entire	 cohort,	 likely	 reflecting	 the	 small	 number	 of	 patients	 benefiting.147,148	 The
durable	complete	remissions	that	occur	in	5%	to	7%	of	patients,	however,	served	as	the	basis	for	FDA	approval	of
high-dose	 IL-2	 in	 the	 United	 States	 in	 1992.149	 Thus,	 given	 the	 noncurative	 nature	 of	 targeted	 therapy	 and
considering	only	a	small	fraction	of	patients	are	eligible	for	this	toxic	treatment,	IL-2	remains	a	viable	treatment
option	for	patients	with	ccRCC	with	a	good	performance	status.

IFN	 (given	 only	 in	 low	 doses	 in	 RCC)	 has	 also	 been	 employed.	 Although	 never	 approved	 by	 the	 FDA
specifically	for	 this	 indication,	 two	large	randomized	 trials	demonstrated	 that	 IFN	improved	OS	compared	with
medroxyprogesterone140	 or	 vinblastine.150	 IFN	 thus	 was	 a	 community	 standard	 for	 metastatic	 RCC	 prior	 to
targeted	therapy	and	served	as	the	comparator	arm	in	many	trials.	Single-agent	IFN	is	generally	no	longer	used.
As	noted	in	the	following,	IFN	combined	with	bevacizumab	is	a	currently	approved	regimen	for	metastatic	RCC;
however,	 in	practice,	many	oncologists	use	bevacizumab	monotherapy	as	 the	 IFN	 likely	adds	some	benefit	but
significantly	more	 toxicity.	Multiple	attempts	over	many	decades	 to	 improve	on	 the	modest	effects	of	 IL-2	and
IFN,	 including	 combinations	 of	 cytokines,	 combinations	 with	 chemotherapy,	 and	 cytokine	 sequencing,	 have
failed.151

Additional	 efforts	 to	 expand	 the	 application	 of	 immunotherapy	 have	 been	 attempted	 with	 vaccines.
Specifically,	IMA901,	a	vaccine	composed	of	multiple	tumor-associated	peptides,	has	been	found	to	be	safe	and
to	induce	antitumor	immunity	in	patients	with	metastatic	RCC.	Based	in	part	on	data	that	sunitinib	may	favorably
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modulate	the	immune	repertoire,	a	phase	III	trial	that	randomized	patients	with	metastatic	RCC	to	sunitinib	alone
or	 sunitinib	 in	 combination	with	 IMA901	was	 undertaken	but	 failed	 to	 show	benefit	 to	 vaccine	 addition.152	 In
addition,	an	autologous	dendritic	cell	vaccine	derived	from	primary	patient	tumor-specific	antigens	demonstrated
favorable	results	in	phase	II	studies	but	failed	to	show	benefit	in	phase	III	testing.153,154

In	addition,	checkpoint	inhibitors,	agents	that	stimulate	antitumor	immunity	by	releasing	the	natural	“brake”	of
the	immune	system,	have	recently	undergone	rapid	clinical	development	in	RCC.155	Nivolumab,	which	binds	to
programmed	cell	death	protein	1,	is	one	such	checkpoint	inhibitor.	A	phase	III	study	compared	nivolumab	(a	fully
human	immunoglobulin	G4	(IgG4)	anti–programmed	cell	death	protein	1	blocking	antibody)	monotherapy	with
everolimus,	 a	 mammalian	 target	 of	 rapamycin	 (mTOR)	 inhibitor,	 in	 821	 patients.	 The	 median	 OS	 was	 25.0
months	(95%	CI,	21.8	to	not	estimable)	with	nivolumab	and	19.6	months	(95%	CI,	17.6	to	23.1)	with	everolimus.
The	HR	for	death	with	nivolumab	versus	everolimus	was	0.73	(98.5%	CI,	0.57	 to	0.93;	P	=	 .002).	The	overall
ORR	was	25%	with	nivolumab	versus	5%	with	everolimus	(25%	versus	5%;	OR,	5.98;	95%	CI,	3.68	to	9.72;	P	<
.001).	Median	PFS	was	4.6	months	(95%	CI,	3.7	to	5.4)	with	nivolumab	and	4.4	months	(95%	CI,	3.7	to	5.5)	with
everolimus	(HR,	0.88;	95%	CI,	0.75	to	1.03;	P	=	.11).	Nivolumab	was	also	better	tolerated	with	fewer	grade	3	or	4
adverse	events,	 the	most	common	 toxicity	being	 fatigue.155	These	data	 led	 to	FDA	approval	of	nivolumab	and
common	use	in	the	second-line	setting.	Further,	nivolumab	has	been	combined	with	ipilimumab,	a	cytotoxic	T-
lymphocyte	antigen	4	(CTLA-4)	inhibitor,	in	metastatic	RCC	patients.	Encouraging	phase	II	results	led	to	a	phase
III	trial	versus	sunitinib.156	Preliminary	data	from	this	trial	demonstrated	an	OS	advantage	in	addition	to	an	ORR
advantage.157	Full	details	are	pending,	but	this	combination	is	likely	to	assume	a	role	in	the	front-line	management
of	 metastatic	 RCC	 patients.	 In	 addition,	 the	 relatively	 benign	 and	 nonoverlapping	 toxicity	 profile	 of	 immune
checkpoint	 inhibitors	 like	 nivolumab	 lends	 itself	 very	well	 to	 combination	 approaches	 in	 the	 future	with	 other
immunotherapy	drugs	as	well	as	agents	 targeting	VEGF.	Several	 such	 large	scale	 trials	of	combinations	versus
standard	of	care	sunitinib	are	in	progress.

Vascular	Endothelial	Growth	Factor–Targeted	Therapy
RCC	presents	a	unique	clinical	setting	for	the	application	of	antiangiogenic	approaches.	Through	mutations	in	the
VHL	gene	and/or	other	genetic	events	 that	 result	 in	 the	deregulated	expression	of	HIF1α	and/or	HIF2α,	a	 large
cohort	of	hypoxia-responsive	genes	 is	 induced,	 including	VEGF	as	one	of	 the	 classic	 transcriptional	 targets.158
There	 is	 a	 direct	 link	 between	VHL	 mutation	 and	 upregulation	 of	 angiogenesis-promoting	 proteins,	 including
VEGF	 and	 platelet-derived	 growth	 factor	 (PDGF).	 Thus,	 increased	 expression	 of	 these	 proteins	 and	 the
consequences	of	that	increased	expression	are	central	events	in	the	development	of	most	RCC	tumors.	VEGF	is
the	major	factor	responsible	for	 tumor	angiogenesis.	Several	 treatment	strategies	have	 thus	been	 investigated	 in
metastatic	RCC	to	block	components	of	the	angiogenic	signaling	pathway	components,	such	as	VEGF.

Sunitinib
Sunitinib	(Sutent;	Pfizer	Inc.,	New	York,	NY)	is	an	oral	drug	with	in	vitro	and	cellular	inhibitory	activity	against
several	related	protein	tyrosine	kinase	receptors,	including	PDGF-receptor	β,	stem	cell	factor	receptor	(KIT),	and
FMS-like	 tyrosine	 kinase-3	 (FLT3),	 as	well	 as	VEGF	 receptors	 1,	 2,	 and	 3.159,160	 The	most	 common	 adverse
events	 with	 sunitinib	 are	 fatigue,	 diarrhea,	 mucositis,	 hand-foot	 syndrome,	 and	 hypertension.	 A	 phase	 III
randomized	trial	of	first-line	sunitinib	versus	IFN-alfa	in	750	patients	with	metastatic	ccRCC	showed	statistically
significant	 improvements	 in	ORR	 and	PFS	with	 sunitinib	 compared	with	 IFN.	Median	 PFS	 as	 assessed	 by	 an
independent	 review	was	 11	months	 in	 the	 sunitinib	 arm	 versus	 5	months	 in	 the	 IFN	 arm,	 and	ORR	was	 31%
versus	6%,	 respectively	 (P	 <	 .0001;	 see	Table	66.8).161	Median	OS	was	 26.4	months	 for	 sunitinib	 versus	 21.8
months	for	IFN	(P	=	.051).162	Sunitinib	was	approved	by	the	FDA	as	monotherapy	for	advanced	RCC	in	January
2006	and	remains	an	initial	standard	of	care	in	metastatic	RCC.

Pazopanib
Pazopanib	is	an	oral	multitargeted	tyrosine	kinase	inhibitor	 that	 targets	VEGF	receptors	1	to	3,	PDGF	receptor,
and	 c-KIT.	 In	October	 2009,	 the	 FDA-approved	 pazopanib	 for	 the	 treatment	 of	metastatic	RCC,	 based	 on	 the
results	 of	 a	 phase	 III	 trial.	 This	 study	 evaluated	 435	 patients	 with	 advanced	 ccRCC	 with	 either	 no	 previous
treatment	or	with	one	prior	cytokine	treatment.	Patients	were	randomized	(2:1)	to	receive	pazopanib	800	mg	daily
or	placebo.	The	response	rate	for	patients	treated	with	pazopanib	was	30%,	and	the	median	duration	of	response
was	58.7	weeks.	Median	PFS	was	9.2	months	in	the	pazopanib	group	and	4.2	months	in	the	placebo	group	(HR,
0.46;	P	<	.0001;	see	Table	66.8).	PFS	was	prolonged	in	both	treatment-naïve	patients	(11.1	versus	2.8	months,	P	<



.0001)	and	in	cytokine-pretreated	patients	(7.4	versus	4.2	months,	P	<	.001).
Pazopanib	has	been	further	studied	in	a	noninferiority	study	compared	to	sunitinib	in	the	front-line	treatment	of

metastatic	RCC	(COMPARZ	study).163	Over	1,100	patients	with	previously	untreated	ccRCC	were	randomized	to
either	pazopanib	or	sunitinib	(1:1)	in	a	noninferiority	design.	Median	PFS	was	9.5	months	with	sunitinib	and	8.4
months	with	pazopanib,	with	an	HR	of	1.047	(95%	CI,	0.898	to	1.220).	The	upper	bound	of	the	CI	was	<1.25,
satisfying	 the	 predefined	 boundary	 for	 noninferiority.	OS	was	 approximately	 29	months	 in	 both	 arms.	Certain
toxicities	 were	 more	 common	 with	 sunitinib	 including	 fatigue	 and	 hand-foot	 syndrome,	 whereas	 pazopanib
produced	greater	hepatic	abnormalities.	This	trial	demonstrated	that	both	sunitinib	and	pazopanib	are	appropriate
front-line	 treatment	 options	 in	metastatic	RCC	 and	 that	 a	 differing	 toxicity	 profile	may	 allow	 the	 physician	 to
tailor	therapy	to	each	individual	patient.

Sorafenib
Sorafenib	(Nexavar;	Bayer	Pharmaceuticals	and	Onyx,	Leverkusen,	Germany)	is	an	oral	multikinase	inhibitor	that
inhibits	VEGF	receptors	1	to	3,	PDGF	receptor	β,	and	the	serine	threonine	kinase	RAF1,	which	acts	through	the
RAF/MEK/ERK	 signaling	 pathway	 and	 plays	 a	 role	 in	 cellular	 proliferation	 and	 tumorigenesis.164,165	 A	 905-
patient,	placebo-controlled,	 randomized	 trial	of	sorafenib	400	mg	 twice	daily	 in	 treatment-refractory,	metastatic
RCC	reported	a	PFS	advantage	in	the	sorafenib	arm	of	5.5	months	versus	2.8	months	for	placebo	(P	<	.0001;	see
Table	 66.8).	 A	 2%	 Response	 Evaluation	 Criteria	 in	 Solid	 Tumors	 (RECIST)-defined	 ORR	 was	 seen	 in	 the
sorafenib	arm,	but	74%	of	patients	overall	had	some	degree	of	tumor	burden	shrinkage.165	The	median	OS	was
19.3	months	for	patients	in	the	sorafenib	group	and	15.9	months	for	patients	in	the	placebo	group	(HR,	0.77;	95%
CI,	0.63	 to	0.95;	P	=	 .02),	which	did	not	 reach	prespecified	 statistical	boundaries	 for	 significance.166	 Common
toxicity	 in	 the	 sorafenib	 trials	 has	 included	 dermatologic	 (hand-foot	 syndrome),	 fatigue,	 diarrhea,	 and
hypertension.	 Sorafenib	 was	 approved	 by	 the	 FDA	 as	 monotherapy	 for	 advanced	 RCC	 in	 December	 2005.
Sorafenib	has	thus	assumed	a	small,	salvage	role	in	the	treatment	of	metastatic	RCC.

Bevacizumab
Bevacizumab	(Avastin;	Genentech,	South	San	Francisco,	CA)	is	a	monoclonal	antibody	that	binds	and	neutralizes
circulating	VEGF	protein.	The	activity	of	this	agent	in	RCC	was	initially	identified	by	small	randomized	trials.167
Two	phase	III	trials	were	subsequently	reported	and	led	to	FDA	approval	of	bevacizumab	plus	IFN	for	advanced
RCC.	One	phase	III	trial	randomized	649	untreated	patients	with	metastatic	RCC	to	treatment	with	IFN	(Roferon;
Roche,	 Basel,	 Switzerland)	 plus	 placebo	 infusion	 or	 to	 IFN	 plus	 bevacizumab	 infusion	 10	 mg/kg	 every	 2
weeks.168	A	significant	advantage	for	bevacizumab	plus	IFN	was	observed	for	ORR	(31%	versus	13%,	P	<	.0001)
and	PFS	(10.2	versus	5.4	months,	P	<	.0001;	see	Table	66.8).	A	second	multicenter	phase	III	trial,	conducted	in
the	United	States	and	Canada	through	the	Cancer	and	Leukemia	Group	B,	was	nearly	identical	in	design	with	the
exception	of	lacking	a	placebo	infusion	and	not	requiring	prior	nephrectomy.133	In	this	trial,	the	median	PFS	was
8.5	months	in	patients	receiving	bevacizumab	plus	IFN	(95%	CI,	7.5	to	9.7)	versus	5.2	months	(95%	CI,	3.1	to
5.6)	for	IFN	monotherapy	(P	<	.0001;	see	Table	66.8).	Also,	among	patients	with	measurable	disease,	 the	ORR
was	higher	in	patients	treated	with	bevacizumab	plus	IFN	(25.5%)	than	for	IFN	monotherapy	(13.1%;	P	<	.0001).
OS	 data	 are	 similar	 to	 the	 other	 agents	with	 a	 numerical	 advantage	 in	median	 survival	 not	meeting	 statistical
significance,	reflecting	the	large	proportion	of	patents	who	receive	subsequent	active	therapy.	The	contribution	of
IFN	to	the	antitumor	effect	of	this	regimen	is	unclear	at	present,	although	preliminary	results	indicate	a	longer	PFS
and	higher	 response	 rate	 than	expected	with	bevacizumab	monotherapy.167	Combination	 IFN	and	bevacizumab
therapy	 is	more	 toxic	 than	 either	 as	monotherapy,	 notable	 for	 fatigue,	 anorexia,	 hypertension,	 and	 proteinuria.
Thus,	the	use	of	IFN	with	bevacizumab	requires	evaluation	of	the	risk–benefit	ratio	for	each	patient.

Axitinib
Axitinib	is	a	potent	VEGF	receptor	family	inhibitor	studied	in	several	settings	in	metastatic	RCC.	Initial	studies	in
cytokine-	and	sorafenib-refractory	patients	demonstrated	objective	responses	and	disease	control,	which	prompted
further	development.169,170	The	phase	III	AXIS	trial	randomized	723	patients	with	metastatic	RCC	(refractory	to
either	 sunitinib,	 cytokines,	 bevacizumab,	or	 temsirolimus)	 to	 axitinib	or	 sorafenib.171	The	median	PFS	was	6.7
months	for	axitinib	versus	4.7	months	for	sorafenib	(HR	for	disease	progression	or	death,	0.665;	95%	CI,	0.544	to
0.812;	P	<	 .0001).	ORR	was	19.4%	versus	9.4%	with	axitinib	and	sorafenib,	respectively.	This	 trial	 resulted	 in
FDA	 approval	 of	 axitinib	 for	 previously	 treated	 metastatic	 RCC.	 A	 separate	 trial	 examined	 axitinib	 versus
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sorafenib	in	the	front-line	setting.172	Despite	a	numerical	advantage	for	PFS	for	axitinib,	this	trial	did	not	meet	its
stringent	predefined	efficacy	end	point,	and	thus,	axitinib	is	largely	used	in	the	second-line	setting	in	RCC.

Multitargeted	Tyrosine	Kinase	Inhibitors:	Cabozantinib	and	Lenvatinib
Another	approach	in	second-	and	subsequent-line	therapy	of	renal	cell	cancer	is	with	multitargeted	tyrosine	kinase
inhibitors.	 Cabozantinib	 is	 a	 multikinase	 inhibitor	 targeted	 at	 VEGF	 receptor,	 MET,	 and	 AXL	 among	 other
proteins.	In	the	landmark	trial,173	658	patients	were	randomized	to	receive	cabozantinib	at	starting	dose	of	60	mg
daily	or	everolimus	at	10	mg	daily.	Median	PFS,	the	primary	end	point,	was	7.4	months	with	cabozantinib	and	3.8
months	with	 everolimus.	 The	ORR	was	 21%	with	 cabozantinib	 and	 5%	with	 everolimus	 (P	 <	 .001).	Of	 note,
cabozantinib	required	more	frequent	dose	reductions	(down	to	40	mg	daily	then	to	20	mg	daily)	due	to	toxicity,
occurring	in	60%	of	the	patients	versus	in	25%	of	patients	on	everolimus.173

Updated	results	from	this	trial	(METEOR)	were	recently	published.	Median	OS	was	21.4	(95%	CI,	18.7	to	not
estimable)	with	cabozantinib	and	16.5	months	(95%	CI,	14.7	to	18.8)	with	everolimus	(HR,	0.66;	95%	CI,	0.53	to
0.83;	P	=	.0003).174	Cabozantinib	resulted	in	longer	PFS	(HR,	0.51;	95%	CI,	0.41	to	0.62;	P	<	.0001)	and	higher
ORR	(17%	[95%	CI	13	to	22]	with	cabozantinib	versus	3%	[95%	CI	2	 to	6]	with	everolimus;	P	<	 .0001).	The
most	common	grade	3	or	4	adverse	events	were	hypertension	(15%	on	cabozantinib	versus	4%	on	everolimus),
diarrhea	(13%	versus	2%),	fatigue	(11%	versus	7%),	palmar–plantar	erythrodysesthesia	(8%	versus	1%),	anemia
(6%	versus	17%),	hyperglycemia	(1%	vs	5%),	and	hypomagnesemia	(5%	versus	none).	Serious	grade	3	or	higher
adverse	events	occurred	in	39%	of	patients	on	cabozantinib	and	40%	on	everolimus.	These	data	resulted	in	FDA
approval	of	cabozantinib	(April	25,	2016)	in	patients	with	advanced	RCC	after	prior	antiangiogenic	therapy.

More	 recent	 data	 has	 evaluated	 combination	 therapy	 in	 a	 salvage	 setting.175	 A	 phase	 II	 open-label	 trial
randomized	153	patients	with	advanced	ccRCC	with	progression	on/within	9	months	of	stopping	VEGF-targeted
therapy	to	either	lenvatinib	(24	mg	per	day),	everolimus	(10	mg	per	day),	or	lenvatinib	+	everolimus	(18	mg	per
day	and	5	mg	per	day,	respectively)	until	disease	progression	or	unacceptable	toxicity.	Lenvatinib	+	everolimus
significantly	prolonged	PFS	versus	everolimus	(median,	14.6	[95%	CI,	5.9	to	20.1]	versus	5.5	months	[95%	CI,
3.5	to	7.1];	HR,	0.4;	95%	CI,	0.24	to	0.68;	P	=	.0005)	but	not	versus	lenvatinib	(7.4	months	[95%	CI,	5.6	to	10.2];
HR,	0.66;	95%	CI,	0.30	to	1.10;	P	=	.12).	Lenvatinib	alone	significantly	prolonged	PFS	versus	everolimus	(HR,
0.61;	95%	CI,	0.38	to	0.98;	P	=	.048).	Grade	3	or	4	events	occurred	in	fewer	patients	on	everolimus	(50%)	versus
lenvatinib	 alone	 (79%)	 or	 lenvatinib	+	 everolimus	 (71%).	The	most	 common	grade	 3	 or	 4	 treatment-emergent
adverse	 event	 on	 lenvatinib	 +	 everolimus	was	 diarrhea	 (20%),	 on	 lenvatinib	 it	was	 proteinuria	 (19%),	 and	 on
everolimus	it	was	anemia	(12%).	Two	deaths	were	deemed	related	to	study	therapy,	one	cerebral	hemorrhage	on
lenvatinib	 +	 everolimus	 and	 one	 myocardial	 infarction	 on	 lenvatinib	 alone.176	 These	 data	 resulted	 in	 FDA
approval	of	lenvatinib	with	everolimus	(May	13,	2016)	in	patients	with	advanced	RCC	after	prior	antiangiogenic
therapy.	The	high	toxicity	of	this	regimen	and	its	preliminary	results	warrant	further	investigation	before	adoption
into	routine	practice.

Mammalian	Target	of	Rapamycin–Targeted	Therapy

Temsirolimus
Temsirolimus	is	an	inhibitor	of	mTOR,	a	molecule	implicated	in	multiple	tumor-promoting	intracellular	signaling
pathways,	including	regulation	of	transcription	factors	involved	in	VEGF	expression,	such	as	HIF.177

A	 randomized	 phase	 III	 trial	 was	 conducted	 in	 patients	 with	metastatic	 RCC	 (n	 =	 626)	 and	 three	 or	more
adverse	risk	features	as	defined	by	existing	prognostic	schema	(see	Table	66.8).122,124	Patients	were	randomized
equally	to	receive	IFN	(18	million	units	subcutaneously)	 three	times	a	week,	 temsirolimus	25	mg	intravenously
weekly,	 or	 temsirolimus	 15	mg	 intravenously	 weekly	 and	 IFN	 (6	million	 units	 subcutaneously)	 three	 times	 a
week.	The	primary	study	end	point	was	OS,	and	the	study	was	powered	to	compare	each	of	the	temsirolimus	arms
to	 the	 IFN	arm.	Both	 temsirolimus-containing	arms	demonstrated	a	PFS	advantage	versus	 IFN	(3.7	months	 for
each	arm	versus	1.9	months;	P	=	.0001	for	temsirolimus	monotherapy	and	P	=	.0019	for	temsirolimus	plus	IFN).
Patients	 treated	with	 temsirolimus	monotherapy	 had	 a	 statistically	 longer	 survival	 than	 those	 treated	with	 IFN
alone	 (10.9	 versus	 7.3	months,	P	 =	 .0069).	OS	of	 patients	 treated	with	 IFN	and	 temsirolimus	+	 IFN	were	 not
statistically	different	(7.3	versus	8.4	months,	P	=	.6912).	Even	though	temsirolimus	has	demonstrated	activity	in
poor-risk	RCC,	 it	 is	not	clear	 that	 this	agent	has	more	activity	 than	the	VEGF-targeted	agents	 in	 this	subset,	as
VEGF-targeted	agents	have	shown	activity,	albeit	in	limited	subsets,	in	poor-risk	patients.



Everolimus
Everolimus	 is	 an	 oral	 rapamycin	 analogue	 that	 inhibits	 mTOR.	 A	 phase	 III	 study	 evaluated	 410	 patients
previously	treated	with	sorafenib,	sunitinib,	or	both	who	were	randomized	(2:1)	to	receive	everolimus	10	mg	once
daily	or	placebo.178	PFS	was	significantly	longer	in	the	everolimus	group	(HR,	0.30;	95%	CI,	0.22	to	0.40;	P	<
.0001).	Median	 PFS	 in	 the	 everolimus	 group	was	 4.9	months	 versus	 1.9	months	 in	 the	 placebo	 group.	 Partial
response	in	the	everolimus	group	occurred	in	1%	of	the	patients,	and	63%	(versus	32%	in	the	placebo	group)	had
disease	 stabilization	 for	 at	 least	 56	 days.	 Most	 common	 adverse	 effects	 of	 everolimus	 were	 stomatitis,	 rash,
fatigue,	asthenia,	and	diarrhea.	Stomatitis,	fatigue,	infection,	and	pneumonitis	were	the	most	common	grade	3	or	4
toxicities.	On	the	basis	of	these	results,	everolimus	was	approved	for	the	treatment	of	metastatic	RCC	refractory	to
sunitinib	and/or	sorafenib.

A	trial	(RECORD-3)	randomized	471	patients	with	previously	untreated	metastatic	RCC	to	either	sunitinib	or
everolimus,	with	crossover	at	progression.179	This	 trial,	 reported	 to	date	only	 in	abstract	 form,	demonstrated	an
advantage	 to	sunitinib	 in	 response	 rate	 (27%	versus	8%),	PFS	(10.7	versus	7.9	months),	and	OS	(32	versus	22
months).	 In	addition,	 all	 subsets	examined	 (non–clear	cell,	 clear	cell,	 and	prognostic	groups)	 favored	 sunitinib.
These	 data	 support	 the	 use	 of	 everolimus	 only	 in	 a	 refractory	 setting	 and	 confirm	 a	 hypothesis	 that	 VEGF
targeting	is	a	superior	initial	strategy	for	RCC	therapy.

Second-line	Therapy
As	noted	previously,	axitinib	has	been	studied	and	FDA-approved	as	second-line	therapy	in	metastatic	RCC	with
a	PFS	advantage	over	sorafenib.	Still	debated	is	the	role	of	everolimus	versus	a	VEGF	agent	in	this	setting.	The
INTORSECT	 trial	 randomized	 patients	 with	 metastatic	 RCC	 refractory	 to	 prior	 sunitinib	 to	 receive	 either
temsirolimus	or	 sorafenib.180	Although	 there	was	 no	 significant	 difference	 in	 PFS	 (approximately	 4	months	 in
both	arms),	an	OS	advantage	to	sorafenib	was	observed.	These	data	lend	support	to	the	hypothesis	that	continued
VEGF	 targeting	 is	of	benefit	 in	metastatic	RCC,	although	no	PFS	advantage	was	demonstrated	and	 the	mTOR
inhibitor	used	in	this	trial	had	not	been	specifically	shown	to	have	benefits	in	this	setting.

Current	Status	of	Systemic	Therapy	in	Metastatic	Renal	Cell	Carcinoma
Sunitinib	 and	 pazopanib	 are	 the	most	 commonly	 used	 front-line	 agents	 based	 in	 large	 part	 on	 the	COMPARZ
efficacy	 data	 as	well	 as	 their	 tolerability	 and	 oral	 formulation.	 Emerging	 data	with	 checkpoint	 inhibitor-based
combinations	is	likely	to	change	this	standard	of	care.	There	is	no	proven	sequence	of	agents	or	ability	to	predict
response	 to	 any	 given	 agent,	 and	 thus,	 the	 current	 standard	 of	 care	 is	 an	 empiric	 sequence	 of	 targeted	 therapy
monotherapy,	notwithstanding	the	select	patient	who	initially	receives	high-dose	IL-2.

CONCLUSION	AND	FUTURE	DIRECTIONS
The	 last	 20	 years	 have	 seen	 a	 tremendous	 increase	 in	 our	 recognition	 of	 the	 extreme	 clinical,	 biologic,	 and
genomic	heterogeneity	of	renal	cancers.	For	this	reason,	as	with	most	solid	tumors,	renal	cancer	is	now	considered
multiple	 diseases,	 each	with	 its	 own	 unique	 biology	 and	 host	 interactions.	 Insights	 beginning	with	 the	 clinical
observation	of	the	hypervascularity	of	these	tumors,	continuing	with	rigorous	scientific	investigation	of	familial
cases	of	RCC,	and	culminating	in	the	development	of	treatments	based	on	the	VEGF	pathway,	have	made	the	last
decade	 a	 rich	 period	 of	 expansion	 in	 treatment	 options	 for	 advanced	 RCC.	 Simultaneously,	 improvements	 in
imaging,	perioperative	management,	minimally	 invasive	 techniques	and	a	growing	recognition	that	not	all	 renal
masses	are	equally	lethal	have	led	to	massive	refinements	in	the	care	of	patients	with	localized	disease.

Combination	immunotherapy	is	likely	to	dominate	the	next	several	years	of	clinical	drug	development	in	RCC,
highlighted	 hopefully	 by	 the	 development	 of	 predictive	 tools	 and	 biomarkers	 to	 understand	 which	 patient
populations	will	most	benefit	from	specific	drugs	or	combinations.	Novel	targets	and	a	deeper	understanding	of
non-ccRCC	also	remain	a	priority.
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67 Molecular	Biology	of	Bladder
Cancer
Carolyn	D.	Hurst	and	Margaret	A.	Knowles

INTRODUCTION
Bladder	 cancer	 has	 long	 been	 separated	 into	 two	major	 disease	 types	 comprising	 non–muscle-invasive	 bladder
cancer	(NMIBC)	(75%)	and	muscle-invasive	bladder	cancer	(MIBC)	(25%).	NMIBC	include	tumors	that	have	not
penetrated	the	epithelial	basement	membrane	(stage	Ta),	high-grade	tumors	that	invade	the	submucosa	but	not	the
underlying	muscle	(stage	T1),	and	carcinoma	in	situ	(CIS),	a	high-grade	lesion	with	high	risk	of	progression	to
MIBC.	Ta	tumors	commonly	recur,	but	progression	to	muscle	invasion	is	infrequent	(10%	to	15%)	and	prognosis
is	good.	In	contrast,	patients	with	MIBC	at	diagnosis	(stage	T2	or	higher)	have	poor	prognosis	(<50%	survival	at	5
years).	 Stage	 T1	 tumors	 represent	 a	 clinically	 challenging	 and	molecularly	 heterogeneous	 group	with	 features
related	 to	 both	NMIBC	 and	MIBC.	More	 than	 90%	of	 bladder	 cancers	 are	 urothelial	 carcinomas	 (UC),	which
share	features	with	the	normal	epithelial	lining	of	the	bladder,	and	it	is	these	cancers	that	have	been	most	studied.
Rare	 epithelial	 variants	 include	 squamous	 cell	 carcinoma,	 adenocarcinoma,	 and	 small-cell	 carcinoma.	As	 only
limited	molecular	analysis	of	these	is	available,	they	are	not	discussed	here.

In	 the	 pre-genomics	 era,	molecular	 alterations	were	 identified	 in	 key	 candidate	 genes,	 with	 the	 differential
frequency	 of	 alterations	 in	 these	 genes	 in	NMIBC	 and	MIBC	 supporting	 a	 two-pathway	 pathogenesis	model.1
Recent	 advances	 in	 high-throughput	 genome-wide	 technologies	 have	 enabled	 high-resolution	DNA,	RNA,	 and
protein	 analyses,	 and	 their	 application	 to	 the	 study	 of	 large	 numbers	 of	 tumors	 through	 projects	 such	 as	 The
Cancer	Genome	Atlas	 (TCGA)	has	greatly	 advanced	our	understanding	of	 the	molecular	 characteristics	 of	 this
heterogeneous	 disease	 and	 revealed	 overlapping	 features	 that	 cut	 across	 tumor	 stage	 and	 grade.	 This	 chapter
summarizes	our	current	knowledge	of	 the	molecular	 landscape	of	bladder	cancer	and	the	promise	this	holds	for
improved	 disease	 surveillance,	 a	 move	 toward	 more	 personalized	 medicine,	 and	 the	 development	 of	 novel
therapies.

MUTATIONAL	LANDSCAPE
Candidate	 gene	 studies	 have	 identified	 key	 genes	 involved	 in	 bladder	 cancer	 including	 FGFR3,	 PIK3CA,
CDKN2A,	TP53,	TSC1,	RB1,	STAG2,	and	the	RAS	gene	family.	Next-generation	sequencing	(NGS)	studies	have
confirmed	frequent	alterations	in	these	well-characterized	candidates,	have	revealed	additional	oncogenic	drivers
and	 tumor	 suppressor	 genes	 (Table	 67.1),	 and	 have	 provided	 insight	 into	 mutational	 processes	 that	 shape	 the
genomes	of	bladder	tumors.	The	following	sections	provide	an	overview	of	the	somatic	mutations	and	structural
alterations	that	currently	define	the	mutational	landscapes	of	NMIBC	and	MIBC.

Mutation	Rates,	Mutational	Signatures,	and	Mutational	Processes
The	 2014	 TCGA	 study	 of	 131	 chemotherapy-naïve	 MIBC	 revealed	 a	 high	 somatic	 mutation	 rate	 (mean	 and
median	somatic	mutation	 rates	of	7.7	and	5.5	mutations	per	megabase	 [Mb],	 respectively),2	which	 is	 similar	 to
those	reported	for	non–small-cell	lung	cancer	and	melanoma.3,4	This	was	confirmed	in	the	expanded	TCGA	study
of	412	 tumors,	where	mean	and	median	nonsynonymous	mutation	 rates	of	8.2	and	5.8	mutations	per	Mb	were
recorded,	respectively.2	 In	NMIBC,	mutation	 rates	 are	much	 lower	with	 studies	 reporting	 2.4	 (mean)	 and	 1.64
(median)	overall	mutations	per	Mb	in	Ta	tumors5	and	1.8	nonsynonymous	mutations	per	Mb	(median)	in	a	cohort
of	stage	Ta	and	T1	tumors.6

In	 addition	 to	 overall	 mutation	 burden,	 the	 pattern	 of	 base	 changes	 or	 “mutational	 signature”	 can	 provide



insight	 into	 underlying	 mutational	 processes.	 To	 date,	 there	 are	 30	 such	 signatures	 held	 in	 the	 Catalogue	 of
Somatic	Mutations	in	Cancer	(COSMIC)	database	(http://cancer.sanger.ac.uk/cosmic/signatures).	Bladder	cancer
is	 strongly	 linked	 to	 smoking,	 but	 genome	 sequencing	 studies	 have	 not	 detected	 the	more	 common	 smoking-
related	 signature	 characterized	 by	 C	 >	 A	 transversions	 (COSMIC	 signature	 4).	 Instead,	 studies	 suggest	 that
APOBEC	 activity	 and	 deficiencies	 in	 the	 nucleotide	 excision	 repair	 (NER)	 pathway	 may	 contribute	 to	 the
mutation	spectra	observed	in	bladder	cancer.

A	 signature	 characterized	 by	 C	 >	 T	 and	 C	 >	 G	mutations	 at	 TCW	motifs,	 where	W	 is	 A	 or	 T,	 has	 been
attributed	 to	 the	 activity	 of	 the	 APOBEC	 family	 of	 cytosine	 deaminases.7	 Several	 studies	 have	 revealed	 that
mutational	 loads	 in	 both	 NMIBC	 and	 MIBC	 are	 mainly	 driven	 by	 APOBEC-mediated	 mutagenesis.2,5,6,8–11
Expression	 of	 APOBEC3B	 correlates	 with	 APOBEC	 mutagenesis	 in	 MIBC,2	 and	 in	 NMIBC,	 expression	 of
APOBEC3A	and	APOBEC3B	was	associated	with	a	specific	expression	subtype.9	In	a	recent	study	in	primary	Ta
tumors,	expression	of	APOBEC3H	was	implicated	and	showed	association	with	a	copy	number	subtype.5

ERCC2	 is	a	DNA	helicase,	which	plays	a	core	 role	 in	 the	NER	pathway.	Kim	et	al.12	 reported	 that	ERRC2
mutation	status	was	significantly	associated	with	a	mutational	signature	characterized	by	a	broad	spectrum	of	base
changes.	 Examination	 of	 three	 independent	 cohorts	 consisting	 mainly	 of	 MIBC	 revealed	 a	 strong	 association
between	 somatic	ERCC2	 mutations	 and	 this	 signature,	 suggesting	 that	 this	 is	 driven	 by	 loss	 of	 normal	 NER
function.	The	presence	of	 the	signature	was	associated	with	 tobacco	exposure,	which	creates	DNA	adducts	 that
are	typically	repaired	by	the	NER	pathway.

In	 the	 2017	 TCGA	 study,	 non–negative	 matrix	 factorization	 (NMF)	 analysis	 of	 single	 nucleotide	 variants
(SNVs)	 classified	 into	 96	 base	 substitution	 types	 within	 the	 trinucleotide	 context	 was	 used	 to	 identify	 the
processes	contributing	to	the	high	mutation	rate.11	This	revealed	five	mutation	signatures	including	two	variants	of
the	APOBEC	mutagenesis	signature	(APOBEC-a	and	APOBEC-b)	that	accounted	for	67%	of	all	SNVs.	The	other
signatures	 included	 one	 characterized	 by	 C	 >	 T	 transitions	 at	 CpG	 motifs,	 likely	 resulting	 from	 spontaneous
deamination	 of	 5-methylcytosine,	 a	 POLE	 signature	 in	 one	 hypermutated	 sample	 that	 carried	 a	 functional
mutation	in	POLE	(DNA	polymerase	epsilon)	that	is	predicted	to	affect	its	proofreading	activity,	and	the	ERCC2
signature.12	 Unsupervised	 cluster	 analysis	 by	 mutation	 signature	 identified	 four	 clusters	 (MSig1	 to	 MSig4).
Patients	with	MSig1	cancers,	characterized	by	high	APOBEC	signature	mutation	load,	high	mutation	burden,	and
a	 high	 predicted	 neoantigen	 load,	 had	 the	 highest	 (75%)	 5-year	 survival	 probability.	 In	 contrast,	 patients	with
MSig2	 cancers,	which	had	 the	 lowest	mutation	 rate,	 had	 the	poorest	 (22%)	5-year	 survival	 probability.	MSig4
samples	had	enrichment	of	ERCC2	signature	mutations	and	ERCC2	mutations.

TABLE	67.1
Frequently	Mutated	Genes	in	NMIBC	and	MIBC

Genea

Hurst	et	al.,
2017b

Nordentoft	et	al.,
2004c

Pietzak	et	al.,
2017d

Pietzak	et	al.,
2017d

Guo	et	al.,
2013e

TCGA
2017f

Ta	(%) Ta	(%) Ta	(%) T1	(%) T1	(%) MIBC	(%)
FGFR3 79 40 66 30 25 14

PIK3CA 54 25 36 22 6 22

KDM6A 52 65 50 43 50 26

STAG2 37 25 24 22 25 14

KMT2D 30 15 31 26 0 28

ARID1A 18 35 25 27 6 25

EP300 18 25 20 8 16 15

CREBBP 15 20 23 19 12 12

KMT2C 15 20 16 5 3 18

RHOB 13 0 ND ND 0 11

HRAS 12 10 2 8 16 9

KMT2A 11 0 9 11 9 11

TSC1 11 5 5 22 12 8

BRCA2 10 0 11 11 0 7

COL11A1 10 0 ND ND 0 5
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RBM10 10 20 22 5 0 9
TP53 4 5 11 35 25 48

FAT1 (2) 10 13 17 0 12

KRAS 2 0 11 8 6 4

ATM (1) 5 13 19 3 14

CDKN1A (1) 0 11 13 0 9

ELF3 (1) 25 ND ND 12 12

ERCC2 (1) 0 21 13 6 9

ERBB2 (0) 0 11 19 3 12

ERBB3 (0) 0 9 19 3 10

RB1 (0) 5 0 5 9 17
aGenes	mutated	at	≥10%	in	the	studies	of	Hurst	et	al.5	and	The	Cancer	Genome	Atlas	(TCGA)	201711	are	shown.
bData	 from	 Hurst	 et	 al.5	 Sample	 cohort	 consists	 of	 79	 TaG1/TaG2	 and	 3	 TaG3	 tumors.	 Exome	 sequencing	 of	 24	 tumors	 and
targeted	sequencing	of	58	tumors	was	carried	out.	Mutation	frequency	is	shown	in	parentheses	where	only	exome	sequencing	data
is	available.
cData	from	Nordentoft	et	al.6	Exome	sequencing	was	carried	out	on	20	TaG1/TaG2	tumors.
dData	from	Pietzak	et	al.21	Targeted	sequencing	of	55	Ta	(23	grade	1/2;	32	grade	3)	and	38	T1	tumors	was	carried	out.
eData	from	Guo	et	al.16	Exome	sequencing	was	carried	out	on	32	T1	tumors.
fData	from	TCGA	2017.11	Exome	sequencing	was	carried	out	on	412	MIBCs.
NMIBC,	 non–muscle-invasive	 bladder	 cancer;	 MIBC,	 muscle-invasive	 bladder	 cancer;	 ND,	 genes	 were	 not	 covered	 by	 target
capture	design.

FGFR3,	PIK3CA,	and	RAS	Genes
Activating	 point	mutations	 in	 fibroblast	 growth	 factor	 receptor	 3	 (FGFR3)	 are	 present	 in	 ≥70%	of	Ta	 cases.13
These	are	in	hot-spot	codons	in	exons	7,	10,	and	15	and	are	all	predicted	to	constitutively	activate	the	receptor.
The	frequency	of	mutation	is	lower	in	stage	T1	NMIBC	(10%	to	45%)	and	MIBC	(approximately	15%)	(see	Table
67.1).13	In	high-grade	T1	(T1G3)	tumors,	FGFR3	and	TP53	mutations	show	an	independent	distribution,	unlike
the	situation	in	Ta	tumors	where	these	mutations	are	virtually	mutually	exclusive.14,15	Mutations	are	also	found	in
urothelial	 papilloma,	 a	 likely	 precursor	 of	 NMIBC	 superficial	 UC.13	 Increased	 expression	 of	 mutant	 FGFR3
protein	is	common	in	these	tumors.	Although	only	15%	of	MIBC	show	FGFR3	mutation,	protein	expression	 is
upregulated	in	40%	to	50%	of	nonmutant	MIBC.13	An	alternative	mechanism	of	FGFR3	activation	in	a	subset	of
cases	 (2%	 to	 5%)	 is	 chromosomal	 translocation	 to	 generate	 fusion	 proteins.11,16,17	 In	 cultured	 normal	 human
urothelial	cells,	expression	of	mutant	FGFR3	leads	to	activation	of	the	RAS-MAPK	pathway	and	PLCγ,	leading	to
overgrowth	 of	 cells	 at	 confluence	 and	 suggesting	 a	 possible	 contribution	 of	 FGFR3	 activation	 to	 urothelial
hyperplasia	in	vivo.13

The	 phosphatidylinositol	 3-kinase	 (PI3K)	 pathway	 plays	 a	 pivotal	 role	 in	 signaling	 from	 receptor	 tyrosine
kinases.	 Activating	 mutations	 of	 the	 p110α	 catalytic	 subunit	 (PIK3CA)	 are	 common	 in	 low-grade,	 stage	 Ta
(approximately	40%	to	50%),	compared	to	stage	T1,	NMIBC	and	MIBC	(approximately	20%)	(see	Table	67.1).18
Missense	mutations	E542K	and	E545K	in	the	helical	domain	are	most	common	(22%	and	60%,	respectively),	and
the	kinase	domain	mutation	H1047R,	which	 is	 the	most	common	mutation	 in	other	cancers,	 is	 less	 frequent.	A
recent	NGS-based	study	of	primary	stage	Ta	NMIBC	reported	that	17	of	48	PIK3CA	mutations	detected,	some	of
which	 have	 confirmed	 gain	 of	 function,	were	 not	 in	 these	 three	major	 hotspot	 codons.5	 This	warrants	 caution
when	using	assays	that	detect	only	hotspot	mutations,	especially	in	a	clinical	trial	setting.

Activating	hotspot	mutations	 in	 the	RAS	gene	 family	occur	most	 commonly	 in	HRAS	or	KRAS	 and,	 unlike
FGFR3	and	PIK3CA	mutations,	are	not	associated	with	either	NMIBC	or	MIBC	(mutations	in	approximately	10%
overall)	 (see	 Table	 67.1).	 PIK3CA	 mutation	 commonly	 co-occurs	 with	 either	 FGFR3	 or	 RAS	 mutation	 in
NMIBC.5,19	However,	RAS	and	FGFR3	mutations	are	mutually	exclusive,20	perhaps	reflecting	the	fact	that	both
activate	 the	 RAS-MAPK	 pathway.	 A	 recent	 study	 reported	 mutually	 exclusive	 alterations	 in	 FGFR3	 and	 the
receptor	tyrosine	kinase	ERBB2	in	57%	of	high-grade	(Ta,	T1,	CIS)	UC.21

Telomerase	Reverse	Transcriptase	Promoter
Mutations	 in	 the	 promoter	 of	 telomerase	 reverse	 transcriptase	 (TERT)	 represent	 the	 most	 common	 genomic
alteration	identified	in	UC	to	date,	occurring	at	high	frequency	(60%	to	80%)	across	all	stages	and	grades.22,23	The
high	 frequency	of	mutation	 suggests	 that	 this	 is	 an	 early	 event	 and	a	 requirement	 in	 all	 pathways	of	urothelial



tumorigenesis.	Interestingly,	the	frequency	of	mutation	in	early-onset	disease	is	reported	to	be	much	lower	(46%),
perhaps	 suggesting	different	mechanisms	of	 tumorigenesis	 in	young	patients.24	Mutations	 are	 predominantly	 in
two	hotspot	positions	(−124	bp	[G	>	A]	and	−146	bp	[G	>	A]	relative	to	the	ATG	translational	start	site),	and	this
has	facilitated	the	design	of	robust	methods	of	detection.	The	ease	with	which	these	mutations	can	be	detected	in
urine	sediments22,23	is	likely	to	make	a	major	contribution	to	the	development	of	noninvasive	urine-based	assays
for	detection	of	bladder	tumors	of	all	grades	and	stages	in	both	diagnostic	and	disease	monitoring	settings.	These
mutations	 create	 binding	 sites	 for	 ETS/TCF	 transcription	 factors	 and	 are	 predicted	 to	 increase	 transcriptional
activity.25	 The	 effect	 of	 mutation	 on	 disease	 recurrence	 has	 been	 shown	 to	 be	modified	 by	 the	 presence	 of	 a
common	 polymorphism	 (rs2853669)	 within	 a	 preexisting	 ETS/TCF	 binding	 site	 in	 the	 promoter	 region,	 with
mutations	in	the	absence	of	the	variant	allele	being	associated	with	increased	disease	recurrence	in	NMIBC.26

TP53,	RB1,	and	CDKN2A
As	in	other	aggressive	cancers,	 the	 tumor	suppressor	genes	TP53,	RB1,	 and	CDKN2A	 are	 implicated	 in	MIBC.
The	 pathways	 controlled	 by	 p53	 and	RB1	 regulate	 cell-cycle	 progression	 and	 responses	 to	 stress.	 The	 TCGA
study	has	 reported	 alterations	 in	 the	p53/cell-cycle	pathway,	 including	TP53	mutation,	MDM2	 amplification	or
overexpression,	RB1	mutation	or	deletion,	and	CDKN2A	mutation	or	deletion,	in	89%	of	MIBC.11
TP53	is	the	most	commonly	mutated	gene	in	MIBC	(approximately	50%).11	Mutations	are	very	infrequent	in

low-grade	 Ta	 tumors	 (approximately	 1%)	 but	 occur	 at	 higher	 frequency	 in	 T1	 tumors	 (see	 Table	 67.1).27
Detection	 of	 mutation	 or	 p53	 protein	 accumulation	 is	 associated	 with	 poor	 prognosis.	 Although
immunohistochemical	 detection	 of	 p53	 with	 increased	 half-life	 identifies	 many	 mutant	 p53	 proteins	 and	 has
commonly	 been	 used	 as	 a	 surrogate	 marker	 for	 mutation,	 some	 TP53	 mutations	 (approximately	 20%)	 yield
unstable	or	truncated	proteins	that	cannot	be	detected	in	this	way.	Thus,	p53	protein	accumulation	is	not	a	useful
prognostic	 marker.	 Two	 meta-analyses	 indicate	 only	 a	 small	 association	 between	 p53	 positivity	 and	 poor
prognosis.28,29	 However,	 examination	 of	 both	 protein	 expression	 and	 mutation	 of	 TP53	 provides	 more	 useful
prognostic	information.30

The	RB	 pathway	 regulates	 cell-cycle	 progression	 from	G1	 to	 S	 phase.	Deletion	 of	 13q14	 and	 loss	 of	 RB1
protein	expression	are	common	in	MIBC.1	Loss	of	p16	expression	is	inversely	related	to	positive	RB1	expression,
and	 high-level	 p16	 expression	 results	 from	 negative	 feedback	 in	 tumors	with	 loss	 of	 RB1.	 Thus,	 both	 loss	 of
expression	and	high	level	expression	of	p16	are	associated	with	RB	pathway	deregulation,	and	these	are	adverse
prognostic	biomarkers	found	in	>50%	of	MIBC.1	Interestingly,	in	MIBC	with	FGFR3	mutation,	a	high	frequency
of	 CDKN2A	 homozygous	 deletion	 (HD)	 has	 been	 reported,	 which	 may	 identify	 a	 progression	 pathway	 for
noninvasive	 FGFR3-mutant	 tumors	 to	 muscle	 invasion	 via	 loss	 of	 CDKN2A.11,31,32	 Amplification	 and
overexpression	of	E2F3,	which	is	normally	repressed	by	RB1,	is	associated	with	RB1	or	p16	loss	in	MIBC.33	p16
and	 p14ARF	 proteins	 link	 the	 RB	 and	 p53	 pathways,	 and	 due	 to	 multiple	 regulatory	 feedback	 mechanisms,
inactivation	 of	 both	 pathways	 together	 is	 predicted	 to	 have	 greater	 impact	 than	 inactivation	 of	 either	 pathway
alone.	This	 is	borne	out	by	the	achievement	of	greater	predictive	power	in	studies	using	concurrent	analyses	of
multiple	changes	that	deregulate	the	G1	checkpoint.34

Genes	Involved	in	Chromatin	Modification	and	Architecture
One	of	the	major	findings	of	genome	sequencing	studies	in	UC	is	the	high	frequency	of	mutations	in	chromatin
modifier	 (CM)	 genes	 including	 the	 histone	 demethylase	 (KDM6A),	 the	 histone	 methyltransferases	 (KMT2A,
KMT2C,	KMT2D),	 the	 histone	 acetyltransferases	 (CREBBP,	EP300),	 the	 SWI/SNF	 complex	 genes	 (ARID1A,
ARID4A),	and	the	polycomb	group	genes	(ASXL1,	ASXL2)	(see	Table	67.1).	Mutations	were	reported	in	the	first
exome	sequencing	study	of	UC,35	and	subsequent	studies	have	demonstrated	that	such	mutations	are	common	in
tumors	 of	 all	 stages	 and	 grades	 and	 are	 most	 frequent	 in	 NMIBC.5,6,21	 Many	 mutations	 in	 these	 genes	 are
inactivating	(small	deletions/insertions,	nonsense,	essential	splice	site).	ARID1A,	CREBBP,	and	KDM6A	are	also
targets	in	large	deletions,	suggesting	that	all	of	these	genes	have	a	tumor	suppressor	function.11
KDM6A,	 a	 histone	 demethylase	 that	 catalyzes	 the	 demethylation	 of	 tri-/dimethylated	 histone	 H3	 lysine	 27

(H3K27me2/3),	 is	 the	 most	 frequently	 mutated	 CM	 gene	 in	 NMIBC,5,6,21	 with	 mutations	 occurring	 at	 higher
frequency	 (38%	 to	 65%)	 than	 in	 MIBC	 (26%)	 (see	 Table	 67.1).11	 KDM6A	 associates	 with	 KMT2C/D	 in	 a
COMPASS-like	 complex,	 which	 acts	 to	 maintain	 gene	 expression.	 KDM6A,	 through	 the	 removal	 of	 methyl
groups	 from	 H3K27me2	 and	 H3k27me3	 that	 are	 associated	 with	 promoter	 silencing,	 antagonizes	 the
methyltransferase	 activity	 of	 EZH2	 in	 polycomb-repressive	 complex	 2	 (PRC2).	 It	 also	 erases	 H3K27me3	 at
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poised/silenced	 enhancers.	 KMT2C/D	 are	 methyl	 transferases	 that	 write	 the	 H3K4Me3	 mark	 associated	 with
active	 promoters	 and	 the	 H3K4me	 mark	 at	 enhancers.	 The	 predicted	 effect	 of	 inactivation	 of	 these	 genes	 is
therefore	 to	 silence	 transcription	 via	 effects	 on	 both	 promoters	 and	 enhancers.	 Loss	 of	 KDM6A	 results	 in
enrichment	of	PRC2-regulated	pathway	signaling,	and	thus,	KDM6A-null	or	PRC2-enriched	cells	are	sensitive	to
EZH2	 inhibition.36	 Studies	 have	 implicated	 loss	 of	 KDM6A	 function	 as	 an	 early	 event	 in	 tumorigenesis.6,37
Interestingly,	KDM6A	(Xp11.3)	has	been	reported	to	show	more	mutations	in	noninvasive	tumors	from	females
than	males,	perhaps	indicating	gender	differences	in	the	epigenetic	landscape	of	the	normal	bladder.5	Interrogation
of	publicly	available	exome-sequencing	data	has	not	revealed	a	similar	association	in	MIBC.

Inactivating	mutations	 in	ARID1A	 are	associated	with	high-grade	bladder	cancer	 (see	Table	67.1).38	 Patients
with	 tumors	 carrying	 ARID1A	 mutations	 have	 significantly	 worse	 recurrence-free	 survival	 after	 an	 induction
course	of	bacillus	Calmette-Guérin	(BCG).21	Future	studies	are	required	to	elucidate	whether	ARID1A	mutations
can	predict	BCG	response	or	whether	they	merely	identify	a	subset	of	poor	prognosis	patients.	A	recent	study	in
ovarian	 clear	 cell	 carcinoma	 (OCCC)	 has	 shown	 that	 treatment	 with	 an	 EZH2	 methyltransferase	 inhibitor
(GSK126)	is	synthetically	lethal	in	ARID1A	mutant	OCCC.39	Such	treatment	might	represent	a	valid	approach	in
UC	with	inactivated	ARID1A.

STAG2
Inactivating	mutations	 in	 the	 cohesin	 complex	 component	STAG2	 (Xq25)	 have	 been	 identified	 in	NMIBC	 and
MIBC	 by	 single	 gene	 analyses40,41	 and	 whole-exome	 sequencing	 (see	 Table	 67.1).5,16,38	 Cohesin	 plays	 an
important	 role	 in	 ensuring	 accurate	 chromosome	 segregation	 at	 mitosis,	 and	 in	 some	 cancer	 types,	 STAG2
mutation	 has	 been	 associated	with	 aneuploidy.42	 However,	 studies	 in	 bladder	 cancer	 have	 reported	 conflicting
results.	Some	have	reported	that	mutations	are	more	prevalent	in	genomically	stable	NMIBC,5,38,41	whereas	others
have	associated	loss	of	STAG2	with	aneuploidy.16,40	The	relationship	of	STAG2	mutation	status	 to	prognosis	 is
also	 ambiguous,	 with	 two	 studies	 reporting	 worse	 prognosis	 for	 patients	 with	 STAG2-mutant	 tumors16,40	 and
another	 indicating	 that	 loss	of	STAG2	was	associated	with	better	prognosis	 for	patients	with	either	NMIBC	or
MIBC.38	 This	may	 reflect	 differences	 in	 the	 stages	 and	 grades	 of	 the	 tumor	 cohorts	 used	 in	 individual	 studies
and/or	 alternative	 roles	 for	 cohesin	 in	 bladder	 cancer.43	 For	 example,	 in	 addition	 to	 its	 role	 in	 chromosome
segregation,	 cohesin	 plays	 a	 role	 in	 anchoring	 the	 base	 of	 chromatin	 loops	 to	 facilitate	 long	 range	 chromatin
interactions	that	regulate	transcription.	As	STAG2	mutations	are	commonly	found	in	association	with	mutations	in
other	CM	genes,	loss	of	function	may	contribute	to	an	overall	pattern	of	gene	silencing.

Alterations	in	DNA	Repair	Pathways
DNA-damaging	agents	play	an	 important	 role	 in	 the	 treatment	of	both	NMIBC	and	MIBC.	Mitomycin	C	 is	an
alkylating	 agent	 that	 is	 administered	 intravesically	 following	 transurethral	 resection	 of	 NMIBC,	 and	 first-line
systemic	 chemotherapy	 for	MIBC	 involves	 the	 use	 of	 platinum-based	DNA-damaging	 agents	 such	 as	 cisplatin
administered	in	adjuvant	or	neoadjuvant	settings.	The	therapeutic	efficacy	of	these	drugs	exploits	deficiencies	in
DNA	 repair	 pathways,	 and	 there	 is	 much	 interest	 in	 exploring	 alterations	 in	 these	 pathways	 and	 identifying
markers	 that	 can	 help	 guide	 therapy.	 Somatic	mutations	 in	DNA	damage	 repair	 (DDR)	 genes	 including	ATM,
ATR,	ERCC2,	ERCC4,	 BRCA1,	 BRCA2,	 CHEK2,	 PALB2,	 POLE,	 FANCA,	 FANCC,	 FANCD2,	 FANCM,	 and
MSH6	 have	 been	 reported	 in	NMIBC	 and	MIBC	 (see	Table	67.1).5,11,21,38	 In	 the	 2017	TCGA	 study,	 the	most
frequently	mutated	DDR	genes	identified	were	ATM	(14%)	and	ERCC2	(9%)	(see	Table	67.1).	Recurrent	somatic
mutations	in	ERCC2	have	been	reported	in	several	studies12,16,21,44	and	are	associated	with	improved	outcomes	in
cisplatin-treated	 patients.44	 A	 recent	 study	 employing	 a	 targeted	 capture-based	 NGS	 test,	 MSK-IMPACT,
identified	a	high	frequency	(30%)	of	alterations	in	DDR	genes,	including	ERCC2,	in	high-grade	NMIBC.21	These
alterations	were	associated	with	a	larger	mutational	burden	and	a	predicted	higher	neoantigen	burden,	suggesting
that	treatment	with	BCG	or	immune	checkpoint	inhibitors	may	be	viable	therapeutic	approaches	in	these	patients.
The	expression	levels	of	DDR	pathway	components	have	been	much	studied	 in	relation	 to	outcome,	prognosis,
and	treatment	response.	For	example,	low	expression	of	the	NER	pathway	component	ERCC1	has	been	associated
with	better	overall	survival	in	patients	with	metastatic	UC	treated	with	cisplatin-based	chemotherapy,45	and	high
levels	of	MRE11A,	a	homologous	recombination	pathway	protein	involved	in	the	repair	of	double-strand	breaks,
was	associated	with	better	outcome	in	radiation-treated	patients.46

Structural	Alterations	to	the	Genome



Structural	alterations	in	the	genomes	of	bladder	tumors	include	allelic	loss,	DNA	copy	number	gains	and	losses,
and	rearrangements.	The	genomes	of	NMIBC	and	MIBC	are	very	different.	NMIBC,	especially	stage	Ta	tumors,
are	 typically	 diploid	 or	 near-diploid	 and	 exhibit	 very	 few	 copy	 number	 alterations.5	 In	 contrast,	MIBC	 can	 be
highly	aneuploid	and	exhibit	many	genomic	alterations.11,15	It	is	notable	that	some	stage	T1	tumors	show	similar
profiles	to	MIBC,	suggesting	that	these	tumors	with	the	ability	to	break	through	the	basement	membrane	may	be
aggressive	 lesions.	However,	 other	T1	 tumors	 show	 remarkable	 similarity	 in	 their	 copy	 number	 profiles	 to	Ta
tumors,	suggesting	that	distinct	biologic	subgroups	exist.15

The	most	 common	genomic	 alteration	 in	 both	NMIBC	 and	MIBC	 is	 loss	 of	 heterozygosity	 (LOH)	 or	 copy
number	loss	of	chromosome	9.	More	than	50%	of	UC	of	all	grades	and	stages	show	chromosome	9	loss.	A	critical
region	on	9p	contains	CDKN2A	(9p21),	which	encodes	the	two	cell-cycle	regulators,	p16	and	p14ARF.1	p16	is	a
negative	regulator	of	the	RB	pathway,	and	p14ARF	is	a	negative	regulator	of	the	p53	pathway.	TSC1	is	the	best
validated	9q	tumor	suppressor	gene,	with	biallelic	inactivation	in	approximately	12%	to	16%	of	cases.47,48	TSC1
in	 complex	with	 TSC2	 negatively	 regulates	 the	mammalian	 target	 of	 rapamycin	 (mTOR)	 branch	 of	 the	 PI3K
pathway.

High-level	DNA	amplification	occurs	at	a	low	frequency	in	NMIBC	and	is	mainly	associated	with	high-grade
and	T1	tumors.15,49	Other	alterations	reported	in	stage	Ta	NMIBC	include	losses	of	10q,	11p,	11q,	17p,	19p,	and
19q	and	gains	of	20q.15,50	 In	 contrast,	 the	genomes	of	MIBC	are	very	 complex,	 exhibiting	many	copy	number
alterations	and	 rearrangements.11,15,50	High-level	 amplifications	are	 common,	with	candidate	 regions	containing
key	 genes	 involved	 in	 bladder	 cancer	 including	 CCND1,	 CCNE1,	 E2F3,	 EGFR,	 ERBB2,	 FGFR3,	 MDM2,
MYCL1,	PPARG,	and	YWHAZ.11,15,33,50	The	most	common	region	of	homozygous	deletion	(HD)	reported	is	9p21
containing	CDKN2A.	 Other	 key	 regions	 of	 HD	 include	 10q23	 containing	PTEN,	 a	 key	 regulator	 of	 the	 PI3K
pathway,	and	13q14	(RB1).	Recurrent	focal	deletions	at	14q24	containing	RAD51B	are	also	reported.11

Genome	doubling	in	combination	with	increased	tolerance	to	chromosome	aberrations	is	proposed	to	accelerate
cancer	 genome	 evolution,51	 and	 this	 event	 has	 been	 reported	 in	 bladder	 cancer.11,52	 The	 2017	 TCGA	 study
reported	that	TP53	mutations	were	enriched	 in	 tumors	with	genome-doubling	events,	 supporting	 the	suggestion
that	loss	of	p53	facilitates	this.11,52

Several	gene	fusions	have	been	reported	in	bladder	cancer.	The	most	common	is	an	intrachromosomal	FGFR3-
TACC3	fusion.11,16,17	All	fusions	identified	to	date	show	loss	of	the	final	exon	of	FGFR3	with	frequent	fusion	in-
frame	to	transforming	acid	coiled-coil	containing	protein	3	(TACC3).	These	fusion	proteins	are	highly	activated
and	 transforming	 oncogenes.17	 Other	 FGFR3	 fusions	 include	 FGFR3-BAIAP2L117,53	 and	 FGFR3-TNIP2.21
FGFR3	fusions	have	mainly	been	reported	in	MIBC	but	have	also	been	found	in	two	NMIBC-derived	cell	lines
and	 a	 low-grade	 Ta	 tumor.21	 The	 2017	 TCGA	 study	 reported	 fusions	 involving	 PPARG	 (TSEN2-PPARG,
MKRN2-PPARG),	with	PPARG	expression	 being	 higher	 in	 samples	with	 fusions	 than	 in	 those	without.11	The
majority	 retained	 the	DNA-	 and	 ligand-binding	 domains	 of	 PPARG,	 suggesting	 that	 they	 are	 functional.	 Two
other	studies	have	described	PPARG	activation	in	bladder	cancer	cells	through	PPARG	amplification	or	mutation
or	 RXRA	 S427F	 mutation,	 suggesting	 that	 PPARG	 may	 represent	 a	 candidate	 therapeutic	 target	 in	 these
tumors.54,55

HETEROGENEITY	AND	CLONAL	EVOLUTION
Multifocality	and/or	development	of	multiple	 recurrent	 tumors	 in	 the	same	patient	 is	a	common	feature	of	UC.
Although	some	patients	develop	more	than	one	molecularly	distinct	tumor	(oligoclonal	disease),56	in	most	cases,
tumors	from	the	same	patient	are	molecularly	related	(monoclonal).57

Several	 studies	 in	NMIBC	 have	 sequenced	 individual	 tumors,	 synchronous	multifocal	 tumors,	 primary	 and
recurrent	 tumors	 from	 the	 same	 patient,	 and	 samples	 collected	 before	 and	 after	 disease	 progression.6,8,10,58	 A
higher	 intrapatient	 variation	 of	 the	 tumor	 mutation	 spectrum	 and	 a	 higher	 frequency	 of	 APOBEC-	 related
mutations	was	reported	in	patients	with	progressive	disease,	implying	that	APOBEC	activity	in	these	tumors	was	a
later	tumor-specific	event.10	Monoclonality	was	also	confirmed	 in	 this	study.	Nordentoft	et	al.6	 analyzed	paired
samples	from	patients	with	progressive	disease	and	showed	that	although	noninvasive	and	invasive	tumors	shared
multiple	identical	mutations	indicating	a	common	origin,	progressed	tumors	also	exhibited	much	divergence.6

Recent	genome-sequencing	studies	have	revealed	much	information	regarding	intratumor	heterogeneity	(ITH),
with	 clonal	 diversity	 being	 strongly	 associated	 with	 higher	 tumor	 stage	 and	 grade.59	 Sequencing	 of	 primary
bladder	 tumors	 and	metastatic	 lesions	 from	 the	 same	patient	 has	 revealed	 low	 spatial	 heterogeneity	 in	 primary
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tumors	 and	 a	much	 higher	 level	 of	 ITH	 in	metastases.60	Multiregional	 analysis	 of	 cystectomy	 specimens	 from
patients	with	multifocal	or	unifocal	disease	has	also	revealed	higher	spatial	heterogeneity	in	multifocal	lesions.61
Analysis	 of	 adjacent	 “normal	 cells”	 in	 this	 study	 detected	 more	 mutations	 in	 the	 samples	 from	 patients	 with
multifocal	disease	than	in	those	with	unifocal	disease,	suggesting	intraepithelial	migration	or	seeding	from	tumors.
The	presence	of	genomic	alterations	 in	morphologically	normal	urothelium	 in	 tumor-bearing	bladders	has	been
widely	reported.62,63	Where	the	normal	cell	population	uniformly	contains	alterations,	this	has	been	interpreted	as
clonal	expansion	of	altered	cells	within	 the	urothelium	 to	generate	“fields”	of	altered	cells	within	which	 tumor
development	occurs	following	acquisition	of	additional	changes.

ITH	in	16	matched	sets	of	primary	and	advanced	tumors	prospectively	collected	before	and	after	chemotherapy
has	also	been	assessed.64	Intrapatient	mutational	heterogeneity	in	the	chemotherapy-treated	samples	was	evident,
with	 most	 mutations	 not	 shared	 with	 pretreatment	 samples.	 This	 suggests	 that	 care	 is	 warranted	 when	 using
primary	samples	to	guide	treatment	of	metastatic	disease.

MOLECULAR	SUBTYPES
Bladder	 tumors	 of	 similar	 grade	 and	 stage	 commonly	 show	divergent	 clinical	 behavior.	 In	 particular,	 stage	T1
tumors	 show	 considerable	 molecular	 and	 clinical	 diversity.	 Until	 recently,	 molecular	 features	 have	 failed	 to
explain	 or	 predict	 this	 heterogeneity.	 The	 two	 tumor	 groupings	 (NMIBC	 and	 MIBC)	 that	 have	 for	 so	 long
dominated	 the	 bladder	 cancer	 literature	 are	 insufficient	 for	 this.	 Recent	whole-genome	DNA-based	 and	RNA-
based	(transcriptome)	studies	have	now	begun	to	unravel	this	complexity,	revealing	multiple	subgroups	that	are
independent	 of	 conventional	 grade	 and	 stage	 groupings.	 The	 following	 sections	 describe	 the	main	 findings	 of
these	studies	to	date.

DNA-Based	Subtypes
DNA	copy	number	and	mutation	status	has	identified	multiple	subgroups	of	tumors	within	the	conventional	grade
and	 stage	 groupings,15	 although	 these	 have	 not	 been	 as	 extensively	 studied	 as	 expression-based	 subtypes	 and
classification	signatures	are	not	yet	fully	defined.	Hierarchical	cluster	analysis	of	copy	number	data	for	49	high-
grade	stage	T1	tumors	defined	three	clusters,	one	of	which	was	associated	with	disease	progression.15	This	study
also	 separated	 58	 stage	 Ta	 tumors	 into	 two	 copy	 number	 groups.	 In	 a	 larger	 panel	 of	 tumors	 (n	 =	 140),	 the
existence	 of	 two	major	 genomic	 subtypes	 of	 primary	 stage	 Ta	 tumors	with	 distinct	 copy	 number	 profiles	was
confirmed.5	Genomic	subtype	1	(GS1)	contained	no	or	few	copy	number	alterations,	whereas	genomic	subtype	2
(GS2)	was	 characterized	 by	 a	 higher	 level	 of	 genomic	 instability,	 in	 particular	 loss	 of	 9q	 (including	 the	TSC1
genomic	 region).	 Whole-exome	 and	 targeted	 sequencing	 analysis	 revealed	 that	 GS2	 tumors	 have	 a	 higher
mutation	rate,	enrichment	of	APOBEC-related	signatures,	and	more	mutations	 in	TSC1.	Consistent	with	 loss	of
either	 one	 or	 both	 copies	 of	TSC1	 (a	 regulator	 of	mTORC1	 activity),	 GS2	 tumors	 had	 upregulated	mTORC1
signaling.

Transcriptome-Based	Subtypes
Initial	assessment	of	messenger	RNA	(mRNA)	expression	profiles	of	UC	of	all	grades	and	stages	by	 the	Lund
group	identified	two	major	molecular	subtypes	(MS1	and	MS2),	separated	mainly,	though	not	entirely,	according
to	grade	and	stage	with	stage	T1	 tumors	distributed	relatively	equally	between	 the	 two	subtypes.65,66	The	same
group	subsequently	reported	a	novel	molecular	taxonomy	of	UC	based	on	transcriptional	profiling	of	308	bladder
tumors	of	all	stages	and	grades.67	Five	major	subtypes	were	 identified:	urobasal	A	(UroA),	urobasal	B	(UroB),
genomically	unstable	 (GU),	squamous	cell	carcinoma–like	 (SCCL),	and	“infiltrated”	 (Fig.	67.1).	Tumors	 in	 the
latter	group	were	highly	infiltrated	with	nontumor	cells,	whereas	the	definition	of	the	other	groups	reflected	tumor
cell–specific	criteria.	Clear	differences	in	expression	of	cell-cycle	regulators,	keratins,	receptor	tyrosine	kinases,
and	cell	adhesion	molecules	were	evident.	UroA	and	UroB	subtypes	expressed	high	levels	of	FGFR3,	CCND1,
and	TP63;	GU	tumors	showed	low	levels	of	these	proteins	but	expressed	high	levels	of	ERBB2	and	E-cadherin,
and	SCCL	tumors	expressed	P-cadherin	and	high	levels	of	KRT5,	KRT14,	and	proteins	involved	in	keratinization.
These	subtypes	showed	distinct	clinical	outcome.	UroA	had	good	prognosis,	GU	had	intermediate	prognosis,	and
SCCL	and	UroB,	the	worst	prognosis.	UroB	tumors	shared	epithelial	characteristics	with	UroA	tumors	including
FGFR3	mutation,	but	 they	also	had	TP53	mutation	and	were	often	 invasive.	Stage	T1	 tumors	appeared	evenly
distributed	between	molecular	subtypes.	The	Lund	group	subsequently	reported	 immunohistochemistry	markers



that	could	distinguish	these	subtypes.68
Subsequent	 RNA-profiling	 studies	 of	MIBC	 by	 three	 other	 groups	 (MD	Anderson	 Cancer	 Center	 [MDA],

University	 of	 North	 Carolina	 [UNC],	 TCGA)	 have	 all	 identified	 two	 major	 subtypes	 that	 show	 considerable
overlap	with	the	Lund	subtypes	(see	Fig.	67.1).2,69,70	These	subtypes	were	termed	“luminal”	and	“basal”	because
they	express	markers	of	urothelial	differentiation	and	normal	basal	cells	of	the	urothelium,	respectively,	and	show
similarity	to	basal	and	luminal	subtypes	of	breast	cancer.71	Basal	tumors	typically	express	high	levels	of	KRT5,
KRT6,	KRT14,	and	CD44,	and	luminal	tumors	are	characterized	by	high	expression	of	FGFR3,	uroplakins,	and
the	 transcription	factors	PPARG,	GATA3,	and	FOXA1.	The	MDA	group	also	described	a	“p53-like”	subset	of
luminal	 MIBC	 characterized	 by	 the	 expression	 of	 luminal	 markers	 and	 genes	 expressed	 by	 cancer-associated
fibroblasts,	which	corresponds	to	the	infiltrated	subtype	described	in	the	Lund	study.	The	first	TCGA	study	of	131
MIBC	identified	four	clusters	(I	to	IV),	enriched	for	luminal	(I	and	II)	and	basal	(III	and	IV)	markers.	Clusters	I
and	II	corresponded	to	the	luminal	and	“p53-like”	subtypes,	respectively,	described	in	the	MDA	study.	Cluster	III
overlapped	with	the	basal	subtype,	and	cluster	IV	was	similar	to	the	claudin-low	breast	cancer	subtype.72	These
expression	subtypes	have	shown	relationships	to	outcome	and	therapeutic	response.

The	TCGA	have	 reported	 on	 the	most	 comprehensive	 omic-	 based	 study	of	MIBC	 to	 date.11	This	confirms
overlap	with	the	basal	and	luminal	subtypes,	and	refines	and	adds	to	the	current	consensus.	Using	NMF	consensus
clustering	 of	 RNA-seq	 data,	 five	 mRNA	 expression-based	 subtypes	 (luminal,	 luminal-papillary,	 luminal-
infiltrated,	basal-squamous,	and	a	new	“neuronal”	subtype)	were	identified	(see	Fig.	67.1).	The	majority	of	tumors
within	the	luminal	subtypes	express	high	levels	of	uroplakins	(UPK1a	and	UPK2)	and	urothelial	differentiation
markers	 (FOXA1,	 GATA3,	 PPARG).	 The	 luminal-papillary	 subtype	 consists	 mainly	 of	 tumors	 with	 papillary
architecture,	 lower	stage	(T2),	and	high	purity.	These	are	characterized	by	FGFR3	overexpression	and	enriched
for	FGFR3	mutations	and	amplifications,	 and	FGFR3-TACC3	 fusions.	A	 low	CIS	expression	 signature	 score73
and	 high	 expression	 of	 genes	 involved	 in	 sonic	 hedgehog	 signaling	 (SHH	 and	 BMP5)	 are	 also	 characteristic.
Based	 on	 these	 observations,	 it	 was	 suggested	 that	 tumors	 in	 this	 group	may	 have	 developed	 from	 precursor
NMIBC.	 Uroplakins	 are	 highest	 in	 the	 luminal	 subtype	 as	 are	 genes	 expressed	 in	 terminally	 differentiated
urothelial	 umbrella	 cells	 (KRT20,	 SNX31).	 The	 luminal-infiltrated	 subtype	 is	 less	 pure	 than	 the	 other	 luminal
subtypes,	 containing	 lymphocytic	 infiltrates	 and	 expressing	 high	 levels	 of	 smooth	 muscle	 and	 myofibroblast
signature	 genes.	 This	 subtype	 shares	 features	with	 the	MDA	 “p53-like”	 subtype	 that	 has	 been	 associated	with
chemoresistance.69	The	majority	of	luminal-infiltrated	tumors	were	classified	as	cluster	II	in	the	previous	TCGA
study	and	have	increased	expression	of	the	immune	checkpoint	markers,	programmed	cell	death	protein	1	(PD-1)
and	programmed	cell	death	protein	ligand	1	(PD-L1).	It	was	reported	that	patients	with	cluster	II	subtype	tumors
respond	best	 to	 the	anti–PD-L1	treatment	atezolizumab.74	The	basal-squamous	subtype	expresses	high	levels	of
basal	and	stem	cell	markers	(CD44,	KRT5,	KRT6A,	KRT14)	and	markers	of	squamous	differentiation	(TGM1,
DSC3,	 PI3).	 This	 subtype	 was	 more	 common	 in	 females,	 and	 a	 high	 proportion	 of	 tumors	 had	 squamous
histology.	 Enrichment	 of	 TP53	 mutations,	 a	 strong	 CIS	 signature,	 and	 low	 sonic	 hedgehog	 signature	 gene
expression	 led	 to	 the	 suggestion	 that	 these	 tumors	 may	 have	 developed	 from	 basal	 cells	 and	 CIS	 lesions.
Expression	of	immune	markers	is	highest	in	this	subtype,	reflecting	the	relatively	low	purity	of	the	samples.
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Figure	67.1	Molecular	subtypes	of	bladder	cancer.	A:	Three	messenger	RNA	(mRNA)	expression
subtypes	of	non–muscle-invasive	bladder	cancer	(NMIBC)	(class	1,	class	2,	and	class	3)	were
defined	by	the	UROMOL	study.9	The	main	molecular	features	of	each	subtype	are	shown.	B:

Overview	and	proposed	overlap	of	mRNA	expression	subtypes	defined	in	six	studies	carried	out	by
four	groups:	MD	Anderson	Cancer	Center	(MDA),69	University	of	North	Carolina	(UNC),70	Lund
University	(LUND),67,75	and	The	Cancer	Genome	Atlas	(TCGA).2,11	The	LUND	studies	included
both	NMIBC	and	muscle-invasive	bladder	cancer	(MIBC),	whereas	the	MDA,	UNC,	and	TCGA

studies	included	only	MIBC.	The	newly	described	neuronal	(TCGA)	and	small-
cell/neuroendocrine-like	(Sc/NE)	(LUND)	subtypes	are	shown	on	the	right-hand	side	of	the	figure.

The	overlap	of	this	subtype	with	the	other	described	subtypes	is	yet	to	be	fully	defined.	Key
molecular	features	of	the	five	subtypes	recently	described	in	the	TCGA	2017	study	are	shown	in	the

bottom	panel.	UroA,	urobasal	A;	SCC,	squamous	cell	carcinoma;	UroB,	urobasal	B;	Epi-Inf,
epithelial-infiltrated;	Mes-Inf,	mesenchymal-infiltrated;	SCCL,	squamous	cell	carcinoma–like.

A	 newly	 described	 “neuronal”	 subtype	 is	 characterized	 by	 high	 expression	 of	 neuronal	 differentiation	 and
development	 genes,	 and	 typical	 neuroendocrine	markers,	 although	 the	majority	 of	 tumors	 lacked	 small-cell	 or
neuronal	histology.	Alterations	in	genes	affecting	the	p53/cell-cycle	pathway,	including	TP53	and	RB1	mutations
and	E2F3	 amplifications,	 are	 common	 in	 this	 subtype,	 which	 is	 also	 characterized	 by	 the	 poorest	 survival.	 A
similar	subtype	(small-cell/neuroendocrine-like)	and	refinement	of	 their	existing	molecular	classification	system
was	recently	described	by	the	Lund	group.75

Fewer	 studies	have	described	mRNA-based	 subtypes	of	NMIBC.5,9,67	Low-grade	Ta	 tumors	 included	 in	 the
Lund	study	were	classified	mainly	as	UroA,	expressing	high	levels	of	urothelial	differentiation	markers,	FGFR3
signature	genes,	early	cell-cycle	genes,	 and	cell	 adhesion	genes.	Stage	T1	and	high-grade	 tumors,	on	 the	other
hand,	 were	 shown	 to	 be	 very	 heterogenous	 being	 classified	 into	 UroA,	 genomically	 unstable,	 or	 infiltrated
subtypes.67	 The	 UROMOL	 study	 reported	 transcriptome	 profiling	 of	 460	 NMIBC	 of	 all	 stages	 and	 grades,
including	CIS,	 and	 16	MIBC.9	 Three	molecular	 subtypes	 (class	 1,	 class	 2,	 and	 class	 3)	were	 defined.	Class	 1
contained	mainly	low-grade	Ta	tumors	with	the	best	prognosis	and	overlapped	with	the	Lund	UroA	subtype.	The
other	two	classes	were	associated	with	tumors	that	had	higher	European	Organisation	for	Research	and	Treatment



of	Cancer	(EORTC)	risk	scores	and	contained	more	T1	and	high-grade	tumors,	and	CIS.	Class	2	also	contained
the	majority	of	MIBC	samples	and	 tumors	 from	patients	with	progression	events.	These	 tumors	expressed	high
levels	of	uroplakins,	characteristic	of	luminal	cells,	but	also	expressed	high	levels	of	late	cell-cycle	genes,	cancer
stem	cell	markers,	epithelial-mesenchymal	transition	markers,	and	progression	and	CIS	signatures,	leading	to	the
suggestion	 that	Class	 2	may	 represent	 tumors	 of	 origin	 for	 luminal	MIBC.	Class	 3	 tumors	 not	 only	 had	 some
luminal	features	(GATA3+,	FGFR3	mutation)	but	also	exhibited	 features	characteristic	of	basal	MIBC	(CD44+,
KRT5+,	KRT14+,	KRT15+,	KRT20−,	 PPARG−).	 This	 class	 may	 represent	 a	 dormant	 tumor	 state	 as	 it	 is	 also
characterized	by	the	expression	of	many	long	noncoding	RNAs,	some	of	which	have	been	found	to	be	upregulated
in	oncogene-induced	senescence.9	 In	 the	study	of	Hurst	et	al.,5	expression	profiling	of	primary	stage	Ta	 tumors
confirmed	 the	 overall	 luminal	 status	 of	 GS1	 and	 GS2	 samples	 and	 showed	 alignment	 mainly	 to	 the	 UroA
subgroup.67

THERAPEUTIC	OPPORTUNITIES	AND	FUTURE	OUTLOOK
The	overall	therapeutic	efficacy	of	standard-of-care	treatments	for	NMIBC	and	MIBC	is	relatively	poor,	and	until
recently,	 little	progress	had	been	made	in	identifying	new	therapeutic	approaches.	Patients	with	NMIBC	have	a
very	 high	 recurrence	 rate	 (approximately	 70%),	 and	 10%	 to	 15%	 progress	 to	 MIBC	 despite	 intravesical
chemotherapy	or	BCG.	Novel	approaches	to	localized	therapy	are	urgently	needed	to	reduce	their	requirement	for
long	 term	 cystoscopic	 surveillance	 and	 its	 associated	 costs.	 Platinum-based	 chemotherapy	 has	 long	 been
recognized	 as	 the	 standard-of-care	 treatment	 for	 metastatic	 bladder	 cancer,	 but	 only	 approximately	 40%	 of
patients	 respond,	 and	 relapse	 is	 common.	 Recently,	 checkpoint	 immunotherapy	 was	 approved	 for	 second-line
therapy	 in	 such	 patients	whose	 first-line	 chemotherapy	 has	 failed.	Although	 impressive	 and	 durable	 responses
have	been	reported,	the	overall	response	rates	are	modest,	and	robust	predictive	biomarkers	are	currently	lacking.
Over	the	past	5	years,	molecular	profiling	studies	employing	whole-genome	technologies	have	greatly	enhanced
our	knowledge	of	the	molecular	landscape	of	bladder	cancer.	These	have	revealed	clinically	actionable	alterations
(activating	mutations,	amplifications,	fusions)	and	discovered	molecular	signatures	with	predictive	relevance.

High	frequencies	of	alterations	in	CM	genes	point	to	chromatin	modification	as	a	key	driver	of	bladder	cancer.
The	reversible	nature	of	epigenetic	changes	highlights	a	potential	therapeutic	opportunity	in	patients	carrying	such
alterations.	Molecules	targeting	epigenetic	alterations	are	being	developed	and	several	are	in	clinical	trials.	These
include	 DNA	 methyltransferase	 inhibitors	 (e.g.,	 5-aza-2′-deoxycytidine),	 histone	 deacetylase	 inhibitors	 (e.g.,
vorinostat,	 romidepsin,	mocetinostat),	 and	 histone	methyl	 transferase	 inhibitors	 (e.g.,	 tazemetostat).	A	 phase	 II
trial	(NCT02236195)	aimed	at	evaluating	the	efficacy	of	mocetinosat	(a	histone	deacetylase	inhibitor)	in	patients
with	 advanced	UC	with	gene	deletions	or	 inactivating	mutations	 in	 the	histone	 acetyltransferase	 (HAT)	 family
genes	 CREBBP	 and/or	 EP300	 has	 recently	 been	 completed	 and	 results	 are	 awaited.	 However,	 a	 recent	 study
showed	that	some	mutations	in	CREBBP	or	EP300	did	not	abrogate	HAT	activity,	highlighting	the	need	for	a	full
understanding	 of	 the	 functional	 impact	 of	 variants	 detected	 in	 such	 genes.	 This	 study	 also	 developed	 a	 gene
expression	signature	associated	with	loss	of	HAT	activity	that	could	be	used	to	stratify	patients.76

Many	canonical	pathways	that	can	be	targeted	with	available	drugs	are	altered	in	bladder	cancer.	As	p53/cell-
cycle	pathway	alterations	occur	 in	89%	of	MIBC,11	 targeting	 of	 components	 of	 the	 cell	 cycle	may	 represent	 a
therapeutic	 option.	 For	 example,	 palbociclib,	 a	 selective	 inhibitor	 of	 the	 cyclin-dependent	 kinases	 CDK4	 and
CDK6,	has	been	licensed	for	use	in	some	breast	cancer	patients	and	may	be	suitable	as	a	second-line	treatment	in
advanced	bladder	cancer	with	alterations	in	cell-cycle	regulators	such	as	RB1	and	CDKN2A.	Frequent	mutations
and	copy	number	alterations	in	the	ERBB	genes	family	of	receptor	tyrosine	kinases	(ERBB2,	ERBB3,	and	EGFR)
are	potential	targets	for	treatment	with	tyrosine	kinase	inhibitors.	For	example,	in	platinum-refractory	metastatic
UC,	alterations	in	ERBB2	and	ERBB3	have	been	associated	with	 response	 to	 treatment	with	 the	 tyrosine	kinase
inhibitor	afatinib.77	Similarly,	FGFR3	is	considered	a	good	therapeutic	target,	and	several	inhibitors	are	currently
in	 clinical	 trials.	Good	 responses	 of	FGFR3	 mutant	 bladder	 cancers	 to	 the	 selective	 FGFR1-3	 tyrosine	 kinase
inhibitor	BGJ398	have	been	reported.78	Alterations	to	the	PI3K/AKT/mTOR	pathway,	such	as	PIK3CA	mutation
and	activation	of	mTOR,	may	also	represent	actionable	targets.	Indeed,	durable	responses	to	everolimus	have	been
reported	in	patients	with	MTOR	or	TSC1	mutations.79,80

The	use	of	molecular	markers	holds	promise	for	predicting	the	response	of	patients	to	chemotherapy	prior	to
surgery.	Alterations	 in	DNA	repair	genes	 show	some	association	with	 response	 to	chemotherapy.	For	 instance,
mutations	in	ERCC2	are	associated	with	improved	outcomes	in	cisplatin-treated	patients.44	Prospective	screening
of	 such	genes	 in	 clinical	 trial	 samples	 should	help	 identify	 robust	markers	 of	 chemosensitivity.	A	 clinical	 trial
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(Southwest	Oncology	Group	[SWOG]	1314)	has	been	 testing	 the	efficacy	of	a	gene	expression	profiling–based
algorithm	(CoXEN)	to	predict	a	patient’s	response	to	neoadjuvant	chemotherapy	(NAC).

The	 recently	described	mRNA	subtypes	 also	hold	promise	 for	 prediction	of	 response.11	Patients	with	basal-
squamous	MIBC	have	 the	worst	prognosis	and,	when	 treated	with	cystectomy	alone,	have	 significantly	 shorter
disease-specific	and	overall	survival.	However,	when	treated	with	cisplatin-based	NAC,	patients	with	basal-like
tumors	 show	 better	 outcome	 than	 those	 with	 luminal	 or	 “p53-like”	 tumors.69	 This	 superior	 response	 of	 basal
tumors	 has	 been	 confirmed	 recently.81	 Cisplatin-based	 combination	 therapies	 (e.g.,	 etoposide-cisplatin)	 are
currently	in	use	for	the	treatment	of	neuroendocrine	tumors	in	other	tissues	and	may	be	appropriate	for	the	newly
identified	bladder	neuronal	subtype.11,75

Recent	data	suggests	that	tumors	with	the	luminal-papillary	subtype	identified	in	the	2017	TCGA	study	show
poor	 response	 to	 cisplatin-based	 NAC.81	 This	 subtype	 has	 better	 overall	 survival	 and	 is	 characterized	 by
alterations	 in	 FGFR3	 (activating	 mutations,	 FGFR3-TACC3	 fusions,	 DNA	 amplifications),	 suggesting	 that
treatment	with	FGFR	inhibitors	may	be	a	valid	approach.

The	2017	TCGA	luminal-infiltrated	subtype	is	predicted	to	be	resistant	to	cisplatin-based	chemotherapy	as	it
shares	 features	with	 the	2014	TCGA	cluster	 II	 and	 the	p53-like	 subtype	 identified	by	Choi	 et	 al.2,69	However,
treatment	 with	 checkpoint	 inhibitors	 may	 be	 a	 valid	 approach	 in	 such	 patients	 as	 the	 cluster	 II	 subtype	 has
previously	been	shown	 to	 respond	well	 to	 treatment	with	atezolizumab.74	Basal-squamous	 tumors	 express	 high
levels	 of	 immune	markers,	 but	 basal	 subtypes	 III	 and	 IV	 are	 reported	 to	 show	 a	 reduced	 response	 to	 immune
checkpoint	inhibitors	compared	to	cluster	II,	perhaps	suggesting	that	other	immunosuppressive	factors	exist	in	the
basal	subtype.74

Tumors	 with	 the	 mutation	 signature	 MSig1	 may	 benefit	 from	 immunotherapy.	 These	 tumors	 have	 a	 high
mutational	 burden,	 high	 APOBEC	 signature	 mutational	 load	 and	 high	 predicted	 neoantigen	 load.	 The	 5-year
survival	 probability	 in	 these	 patients	was	 very	 high	 (75%)	 compared	 to	 the	 cluster	with	 the	 lowest	mutational
burden	 (22%).	 It	 was	 hypothesized	 that	 this	 improved	 survival	 may	 be	 related	 to	 a	 greater	 host	 immune
response.11	 It	will	 be	 important	 to	 examine	 such	 features	 in	 future	 and	 ongoing	 clinical	 trials,	 especially	 those
using	immune	checkpoint	therapy.

In	NMIBC,	particularly	patients	with	stage	Ta	disease,	the	use	of	systemic	therapies	is	unlikely	to	be	suitable.
However,	for	patients	with	high-risk	NMIBC,	particularly	BCG	refractory	disease,	some	systemic	therapies	may
be	considered.	These	 include	 immune	checkpoint	 inhibitors	 and	 some	 targeted	 therapies	 (e.g.,	FGFR	or	ERBB
family	 inhibitors).	 Ultimately,	 improved	 understanding	 of	 the	 molecular	 features	 of	 NMIBC	 may	 lead	 to
reformulation	 of	 drugs	 for	 localized	 application	 and	 the	 development	 of	 novel	 approaches	 for	 delivery	 of
therapeutics	in	this	setting.

Genome-wide	profiling	has	generated	a	wealth	of	data	and	is	suggesting	exciting	potential	therapeutic	advances
in	 the	 treatment	 of	 bladder	 cancer.	 However,	 application	 in	 the	 clinic	 will	 require	 careful	 validation	 by
retrospective	analysis	of	samples	from	previous	studies	and	by	carefully	designed	prospective	studies.	To	increase
predictive	power,	 these	should	 take	 into	consideration	not	only	alterations	 in	 the	 therapeutic	 target	but	also	 the
overall	molecular	 landscape	 in	which	 the	 target	 functions.	The	ultimate	goal	will	be	 the	development	of	 robust
markers,	suitable	for	routine	application	in	the	clinical	setting.
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Jason	A.	Efstathiou

INTRODUCTION
This	chapter	details	the	incidence,	epidemiology,	pathology,	and	treatment	of	cancers	of	the	bladder,	ureter,	and
renal	pelvis.	Urothelial	carcinoma	(UC),	previously	referred	to	as	 transitional	cell	carcinoma	(TCC),	constitutes
90%	to	95%	of	all	bladder	tumors	diagnosed	in	North	America	and	Europe.	UC	occurs	throughout	the	lining	of
the	urinary	tract	from	the	renal	calyceal	system	to	the	proximal	two-thirds	of	the	urethra,	at	which	point	squamous
epithelium	predominates.	Cancers	of	the	renal	pelvis	and	ureter	are	grouped	with	bladder	cancer	rather	than	with
cancers	of	the	kidney	because	approximately	90%	of	the	cancers	of	the	renal	pelvis,	ureter,	and	bladder	are	UCs,
which	share	similarities	 in	epidemiology,	pathology,	biology,	patterns	of	spread,	molecular	 tumor	markers,	and
treatment.	 This	 chapter	 presents	 the	 common	 characteristics	 of	 UC	 in	 an	 initial	 section	 and	 then	 deals	 in
subsequent	sections	with	the	separate	characteristics	of	these	organs.	The	multidisciplinary	management	described
in	this	chapter	reflects	the	current	approach	to	patients	with	these	diseases.

Epidemiology
Bladder	cancer	is	almost	three	times	more	common	in	males	than	in	females	and	more	common	in	whites	than	in
blacks.	In	2018,	there	are	estimated	to	be	approximately	81,190	new	cases	and	17,240	deaths	from	bladder	cancer
in	the	United	States.	The	incidence	increases	with	age	and	peaks	in	the	sixth,	seventh,	and	eighth	decades	of	life.1

Simultaneous	or	subsequent	development	of	UC	of	the	urethra	in	patients	with	UC	of	the	bladder	occurs	with
an	incidence	of	6%	to	16%,	more	commonly	in	women	than	in	men	and	in	those	with	recurrent	multifocal	bladder
cancers,	and	in	bladder	neck	or	trigonal	involvement	with	either	invasive	cancer	or	carcinoma	in	situ	(CIS).2,3

The	incidence	of	UC	of	the	ureter	is	0.7	per	100,000,	whereas	UC	of	the	renal	pelvis	has	an	incidence	of	1	per
100,000.4	 Renal	 pelvic	 tumors	 constitute	 5%	 of	 all	 renal	 tumors,	 and	 90%	 of	 them	 are	 UC.	 Squamous	 cell
carcinoma	and	adenocarcinoma	constitute	the	majority	of	the	remainder.	Renal	pelvic	UC	constitute	5%	of	all	UC
of	the	urinary	tract.	Patients	who	have	primary	UC	of	the	renal	pelvis	or	ureter	have	a	20%	to	50%	incidence	of
either	synchronous	or	metachronous	bladder	cancer.	Conversely,	patients	with	bladder	cancer	have	a	1%	to	4%
incidence	of	synchronous	or	metachronous	upper	tract	urothelial	tumors.5	However,	if	the	bladder	cancer	is	grade
3,	has	associated	CIS,	or	is	resistant	to	intravesical	chemotherapy,	the	incidence	of	upper	tract	tumors	doubles.6

Patients	with	Balkan	nephropathy	have	an	increased	incidence	of	upper	tract	tumors;	these	tumors	are	usually
low	 grade	 and	multiple.7	 Aristolochic	 acid,	 a	 component	 of	 all	Aristolochia	 plants,	 has	 been	 identified	 as	 the
etiologic	agent	causing	Balkan	nephropathy	and	the	associated	UC.8	In	the	Balkan	region,	the	exposure	occurs	via
consumption	of	bread	made	from	flour	contaminated	with	Aristolochia	clematitis	seeds.9	There	are	also	specific
areas	of	Taiwan	where	UC	of	the	renal	pelvis	accounts	for	40%	of	all	renal	tumors,	whereas	in	other	nonendemic
areas,	the	upper	tract	tumors	account	for	only	1%	or	2%	of	renal	tumors.10	Aristolochic	acid	has	also	recently	been
identified	as	the	etiology	in	this	population	due	to	widespread	use	of	Aristolochia	herbal	remedies.11

Risk	 factors	 for	 UC	 may	 be	 classified	 into	 one	 of	 three	 categories:	 (1)	 gene	 abnormalities	 that	 result	 in
perturbations	in	cell	cycle	regulatory	processes,	(2)	chemical	exposure,	or	(3)	chronic	irritation.	Those	risk	factors
that	 involve	 genetic	 abnormalities	 include	 chromosome	 deletions	 or	 duplications,	 protooncogene	 expression,
tumor	suppressor	gene	mutation,	and	abnormalities	of	specific	cell	cycle	regulatory	proteins.	In	non–muscularis
propria–invasive	bladder	cancer,	deletions	of	part	or	all	of	chromosome	9	and	alterations	in	the	gene	encoding	for
fibroblast	growth	factor	receptor	3	(FGFR3)	are	often	encountered.	Inactivation	of	the	cohesion	subunit	stromal



antigen	2	(STAG2),	which	regulates	sister	chromatid	cohesion	and	segregation,	is	frequently	found	in	low-grade
and	 low-stage	bladder	 cancer.12	Other	 protooncogenes	 that	 have	 been	 implicated	 in	 bladder	 cancer	 encode	 the
RAS	 and	 p21	 proteins.13	 Genetic	 abnormalities	 associated	 with	 CIS	 include	 alterations	 in	 the	 genes	 encoding
retinoblastoma	 (Rb),	 p53,	 and	phosphatase	 and	 tensin	 homolog	 (PTEN).	 In	muscle-invasive	disease,	 the	 tumor
suppressor	genes	that	have	been	associated	with	an	altered	biology	and	more	aggressive	behavior	include	the	p53
and	the	Rb	gene.14	Abnormalities	in	specific	cell-cycle	regulatory	proteins	such	as	p16,	metalloproteinase	(MMP),
and	tissue	inhibition	of	metalloproteinase	(TIMP)	have	also	been	implicated.14–16	At	this	time,	there	is	no	single
molecular	marker	that	is	predictive	of	muscularis	propria	invasion	or	distant	metastatic	potential.

More	recently,	 the	association	between	UC	and	Lynch	syndrome	(hereditary	nonpolyposis	colorectal	cancer)
has	 been	 appreciated.	 This	 association	 is	 strongest	 with	 upper	 tract	 UC	 (UTUC);	 however,	 there	 likely	 is	 an
increased	risk	for	UC	of	the	bladder	as	well.	The	lifetime	risk	of	UTUC	in	a	patient	with	Lynch	syndrome	is	6%
and	is	approximately	14	to	22	times	greater	than	that	in	the	general	population.17	Based	on	this	association,	it	has
been	suggested	that	patients	with	UTUC	should	be	evaluated	for	Lynch	syndrome	if	they	either	(1)	are	younger
than	 60	 years	 of	 age;	 (2)	 have	 a	 family	 history	 of	 UTUC,	 colon	 cancer	 diagnosed	 before	 age	 60	 years,	 or
endometrial	carcinoma;	or	(3)	have	a	personal	history	of	colon	or	endometrial	cancer.18

Chemical	exposure	has	perhaps	the	most	epidemiologic	evidence	to	support	it	as	an	inciting	agent.	Aromatic
amines,	aniline	dyes,	nitrites,	and	nitrates	have	all	been	implicated.	There	are	genetic	polymorphisms	that	appear
to	 increase	 the	 susceptibility	 of	 affected	 patients	 exposed	 to	 carcinogens.	N-acetyltransferase,	which	 detoxifies
nitrosamines,	 and	 glutathione-S	 transferase,	 which	 conjugates	 reactive	 chemicals,	 have	 been	 implicated	 in
increasing	 the	 risk	 for	 the	 development	 of	 bladder	 cancer	 in	 patients	 so	 afflicted.	 Tobacco	 smokers	 have	 a
threefold	 increased	 risk	of	developing	bladder	cancer	compared	with	nonsmokers,	and	even	ex-smokers	have	a
twofold	 increased	 risk.19	 Long-term	 cyclophosphamide	 administration	 for	 treatment	 of	 other	 malignancies	 or
rheumatologic	conditions,	particularly	in	patients	who	have	upper	tract	or	bladder	outlet	obstructions,	results	in	an
increased	risk	of	UC.	These	cancers,	when	discovered,	tend	to	be	particularly	aggressive.	Coffee,	tea,	analgesics,
alcohol,	and	artificial	sweeteners	have	not	been	shown	to	act	as	independent	risk	factors.

Chronic	 irritants	 including	 catheters,	 recurrent	 urinary	 tract	 infections,	 Schistosoma	 haematobium,	 and
irradiation	 have	 been	 implicated	 in	 bladder	 cancer	 development.	Chronic	 irritation	 due	 to	 indwelling	 catheters
associated	 with	 chronic	 infection	 increases	 the	 risk	 for	 the	 development	 of	 squamous	 cell	 carcinoma,	 an	 S.
haematobium	 infestation	 results	 in	 an	 increased	 risk	 of	 squamous	 cell	 and	 UC,	 and	 pelvic	 irradiation	 also
increases	the	risk	of	developing	bladder	cancer.

Screening	and	Early	Detection
Screening	has	not	been	particularly	useful	in	the	detection	of	bladder	cancer,	and	the	most	recent	statement	from
the	 U.S.	 Preventive	 Services	 Task	 Force	 concludes	 that	 the	 current	 data	 are	 insufficient	 to	 make	 a	 definitive
recommendation	on	screening	for	bladder	cancer	in	asymptomatic	adults.20	The	only	test	of	proven	usefulness	is	a
urinalysis	 to	 detect	 microhematuria.	 If	 microscopic	 hematuria	 is	 detected,	 then	 specific	 diagnostic	 studies	 are
performed.	 When	 individuals	 are	 screened,	 4%	 to	 20%	 are	 found	 to	 have	 microhematuria.	 Of	 those	 with
microhematuria,	 0.5%	 to	 8.1%	 have	 bladder	 tumors.21,22	 In	 these	 particular	 studies,	 high-grade	 disease	 was
identified	in	2.4%	to	3.5%	of	those	presenting	with	dipstick	microhematuria,	and	invasive	disease	was	identified
in	0.4%	to	1%.	Although	one	of	these	studies	suggests	that	routine	screening	results	in	a	reduced	mortality	from
bladder	cancer,	 the	data	are	unconvincing	due	to	a	lack	of	randomization	and	likely	significant	selection	bias.22
Screening	 does	 not	 generally	 improve	 the	 detection	 rate	 of	 low-grade	 tumors	 because	 the	 methods	 used	 for
screening	 have	 a	 large	 number	 of	 false-negative	 findings	 for	 low-grade	 tumors.	 When	 UC	 is	 suspected,
noninvasive	testing	may	be	performed	using	voided	urine	cytology,	but	the	definitive	diagnosis	is	made	only	by
cystoscopy	and	biopsy.

Cytology	has	been	regarded	as	the	gold	standard	for	noninvasive	analysis	of	urine	for	bladder	cancer.	It	has	a
sensitivity	 of	 40%	 to	 60%	 and	 specificity	 in	 excess	 of	 90%.	Nuclear	matrix	 protein,23	 urinary	 bladder	 cancer
antigen,24	fluorescence	in	situ	hybridization,25	and	several	other	biomarkers	have	been	compared	with	cytology	in
bladder	cancer	screening	studies.	Unfortunately,	all	of	these	tests	have	a	sensitivity	that	ranges	from	only	40%	to
75%	with	a	specificity	of	50%	to	90%,	thus	making	it	impossible	to	eliminate	the	need	for	cystoscopy	by	the	use
of	these	tests.26	Due	to	its	low	sensitivity	and	the	relatively	poor	performance	characteristics	of	other	biomarkers,
the	most	recent	American	Urological	Association	(AUA)	guidelines	on	asymptomatic	microscopic	hematuria	 in
adults	 do	 not	 recommend	 the	 routine	 use	 of	 urine	 cytology	 or	 other	 urine-based	 biomarkers.27	 The	 AUA
guidelines	on	non–muscle-invasive	bladder	cancer	(NMIBC)	recommend	against	routine	use	of	urine	cytology	or
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other	urine-based	biomarkers	in	surveillance	after	low-risk	NMIBC	but	do	recommend	the	use	of	urine	cytology
along	with	cystoscopy	in	the	surveillance	of	intermediate-	and	high-risk	NMIBC.28

Pathology
More	 than	 90%	 of	 the	UC	 throughout	 the	 lining	 of	 the	 urinary	 tract	 occur	 in	 the	 urinary	 bladder,	 and	 of	 the
remaining	10%,	most	are	 in	 the	 renal	pelvis	and	<2%	are	 in	 the	ureter	and	urethra.	Squamous	cell	carcinomas,
defined	 by	 the	 presence	 of	 keratinization,	 account	 for	 5%	 of	 bladder	 tumors	 in	 North	 America	 and	 Europe,
although	 they	are	more	common	 in	 regions	of	 the	world	 in	which	S.	haematobium	 infection	 is	 endemic.	Other
even	less	common	bladder	tumor	types	include	adenocarcinoma	and	undifferentiated	carcinoma	variants	such	as
small-cell	carcinoma,	giant-cell	carcinoma,	and	lymphoepitheliomas.29	A	UC	histology	can	also	demonstrate	areas
of	 a	 variant	 subtype	 within	 a	 tumor,	 including	 micropapillary,	 squamous,	 glandular,	 or	 sarcomatoid
differentiation.	These	are	considered	variants	of	UC,	and	stage	for	stage,	they	do	not	portend	a	worse	prognosis,30
likely	 with	 the	 exception	 of	 sarcomatoid	 carcinoma,	 which	 presents	 with	 a	 higher	 stage	 and	 more	 distant
metastases	than	conventional	UC.31	Pure	adenocarcinoma	of	the	bladder	may	also	arise	in	the	embryonal	remnant
of	 the	 urachus	 on	 or	 above	 the	 bladder	 dome.	 Other	 adenocarcinomas	 may	 closely	 resemble	 intestinal
adenocarcinoma	and	must	be	distinguished	from	direct	spread	to	the	bladder	from	an	intestinal	primary	by	careful
clinical	evaluation.	Rarely,	these	demonstrate	a	signet	ring	cell	or	clear	cell	histology.

Primary	Tumors	of	the	Bladder
The	differential	diagnosis	of	UC	usually	does	not	pose	a	diagnostic	difficulty	 for	experienced	pathologists,	but
tumors	that	are	grade	1	and	invasive	are	occasionally	difficult	to	distinguish	from	von	Brunn	nests.32	Also,	rarely,
an	invasive	UC	may	be	overdiagnosed	when	the	glandular	component	of	a	nephrogenic	adenoma	is	mistaken	for
UC	 with	 glandular	 differentiation	 or	 for	 a	 pure	 adenocarcinoma.	 When	 invasion	 of	 the	 lamina	 propria	 has
occurred,	 the	pathologist	must	 report	whether	muscularis	propria	 is	present	 in	 the	submitted	 tissue	and	whether
there	is	invasion	of	the	muscularis	propria.	If	muscularis	propria	is	not	present	in	the	submitted	tissue,	this	should
be	noted	by	the	pathologist.	Identification	of	invasion	of	the	muscularis	propria	by	the	tumor	may	occasionally	be
difficult	because	it	may	be	confused	with	involvement	of	the	muscularis	mucosa,	which	is	in	the	lamina	propria.33
More	than	two-thirds	of	newly	diagnosed	cases	of	bladder	tumors	are	exophytic	papillary	UCs	that	are	confined	to
the	 epithelium	 (stage	 Ta)	 or	 invade	 only	 into	 the	 lamina	 propria	 (stage	 T1),	 with	 the	 remaining	 third	 being
invasive	of	the	muscularis	propria	or	beyond	(stage	T2	to	T4).

Bladder	tumors	are	also	classified	by	their	cytologic	characteristics	as	low	grade	(grade	1	to	2)	or	high	grade
(grade	3)	based	on	the	degree	of	cytologic	and	architectural	abnormalities.34	Noninvasive	tumors	may	be	divided
into	 papillary	 and	 flat	 categories.	 Papillary	 tumors	 include	 low-grade	 papillary	 urothelial	 neoplasm	 of	 low
malignant	potential	(PUNLMP),	as	well	as	low-	and	high-grade	papillary	UC.34	Papillary	carcinomas	of	low	grade
are	considered	to	be	relatively	benign	tumors	that	histologically	resemble	the	normal	urothelium.	They	show	only
very	slight	pleomorphism	or	loss	of	polarity	and	rarely	progress	to	a	higher	stage.	On	the	contrary,	carcinoma	that
is	flat	and	devoid	of	papillary	structures,	or	CIS,	is	cytologically	synonymous	with	high-grade	disease	and	carries
a	 high	 risk	 of	 progression	 to	 invasive	 disease.	 Primary	 CIS	 (stage	 Tis)	 that	 presents	 without	 a	 concurrent
exophytic	 tumor	 constitutes	 only	 1%	 to	 2%	 of	 newly	 detected	 cases	 of	 bladder	 cancer,	 but	 CIS	 is	 found
accompanying	 more	 than	 half	 of	 cases	 presenting	 with	 multiple	 papillary	 tumors.	 CIS	 is	 believed	 to	 be	 an
important	precursor	of	invasive	cancer	and,	if	untreated,	will	develop	into	muscle-invasive	disease	within	5	years
from	the	initial	diagnosis	in	>50%	of	patients.

Upper	Tract	Tumors
Like	bladder	 tumors,	 90%	of	 upper	 tract	 tumors	 are	UC.35	 Squamous	 cell	 carcinomas	 account	 for	most	 of	 the
remaining	carcinomas,	with	adenocarcinoma	representing,	at	most,	1%	of	upper	tract	malignancies.	The	cytologic
characteristics	for	the	classification	of	UC	by	grade	are	the	same	for	UTUC	as	they	are	for	the	bladder.

Molecular	Tumor	Markers
Because	the	natural	history	of	superficial	urothelial	tumors	is	that	of	recurrence,	an	area	of	controversy	has	been	if
tumors	that	occur	at	separate	sites	or	at	separate	times	in	the	urothelial	tract	are	derived	from	the	same	clone	or	are
polyclonal	in	origin.	Some	studies	suggest	that	UC	appearing	at	different	times	and	sites	are	commonly	derived



from	 the	 same	 neoplastic	 clone,36	 but	 there	 is	 also	 evidence	 for	 subclonal	 genomic	 evolution	within	 different
lesions,	 leading	 to	 the	 observed	 molecular	 complexity	 and	 intratumoral	 heterogeneity	 of	 multifocal	 tumors.37
Recent	 whole-exome	 sequencing	 analyses,	 including	 those	 by	 The	 Cancer	 Genome	 Atlas	 (TCGA)	 Research
Network,	 have	 demonstrated	 a	 high	 somatic	 mutation	 frequency	 in	 muscle-invasive	 bladder	 cancer	 (MIBC;
median	5.8	per	megabase),	a	frequency	similar	 to	 lung	cancer	and	melanoma.38,39	Many	tumor	suppressor	gene
modifications,	including	those	of	p53,	pRB,	p16,	p21,	thrombospondin-1,	glutathione,	and	factors	controlling	the
expression	 and	 function	 of	 the	 epidermal	 growth	 factor	 receptor	 (EGFR),	 have	 been	 shown	 in	 retrospective
analyses	 to	be	 adverse	prognostic	 factors	 in	patients	with	UC	after	various	 treatments.40–42	 These	 retrospective
analyses	 gave	 initial	 promising	 results	 on	 the	 association	 of	 p53	 mutation	 status	 and	 responsiveness	 to
chemotherapy.	However,	a	phase	III	trial	that	randomized	114	postcystectomy	patients	with	p53	alteration	to	three
cycles	of	adjuvant	methotrexate,	vinblastine,	doxorubicin,	and	cisplatin	(MVAC)	or	observation	failed	to	confirm
an	association	between	p53	status	and	the	risk	of	recurrence.42

In	 addition	 to	 mutational	 profiling,	 several	 groups	 have	 used	 gene	 expression	 profiling	 to	 identify	 and
characterize	 distinct	 biologic	 subtypes	 of	 bladder	 cancer,	 broadly	 categorized	 into	 luminal	 and	 basal	 subtypes
reminiscent	 of	 those	 found	 in	 breast	 cancer.38,39,43,44	 Retrospective	 analyses	 suggest	 that	 these	 subtypes	 are
associated	with	differences	in	prognosis,	with	basal	tumors	associated	with	shorter	disease-specific	survival	(DSS)
and	overall	 survival	 (OS)	 among	patients	 undergoing	upfront	 cystectomy.43,44	 Interestingly,	 patients	with	basal
tumors	experience	a	significantly	better	improvement	in	survival	with	the	addition	of	neoadjuvant	cisplatin-based
chemotherapy	compared	to	those	with	other	subtypes,	suggesting	that	expression	subtype	is	not	only	prognostic
but	also	predictive	of	response	to	treatment.45	These	findings	require	prospective	validation	in	clinical	trials.

Overexpression	of	members	of	the	EGFR	family	has	been	reported	in	many	bladder	tumors	and	is	correlated
with	 an	 unfavorable	 prognosis.	 Preclinical	 evidence	 indicates	 that	 inhibition	 of	 these	 pathways	 may	 have	 an
antitumor	effect	in	bladder.46	Biologic	agents	and	small	molecules	inhibitors	that	target	EGFR,	including	EGFR1
and	 EGFR2	 (or	 human	 epidermal	 growth	 factor	 receptor	 2	 [HER2]/neu),	 are	 being	 tested	 in	 clinical	 trials	 in
bladder	 cancer,	 as	 discussed	 further	 in	 “Biologic	 Agents.”	 Evidence	 suggests	 that	 p53,	p16,	 and	 pRB	 altered
expression	 are	of	 no	prognostic	 significance	 in	patients	 treated	with	 chemoradiation	but	 that	 overexpression	of
HER2	 correlated	 with	 a	 significantly	 inferior	 complete	 response	 (CR)	 rate.	 The	 Radiation	 Therapy	 Oncology
Group	 (RTOG)	 0524	 phase	 I/II	 study	 evaluated	 the	 addition	 of	 trastuzumab	 to	 chemoradiation	 for	 HER2-
overexpressing	 tumors,	but	due	 to	a	 low	rate	of	HER2	positivity	 in	 the	 study	 (fewer	 than	one-third	of	enrolled
patients),	the	study	did	not	draw	clear	conclusions	regarding	the	efficacy	of	trastuzumab.47	In	contrast	to	HER2,
EGFR	overexpression,	which	occurs	in	19%	of	patients,	has	been	associated	with	improved	DSS.48

Another	potential	therapeutic	avenue	is	the	inhibition	of	angiogenesis.	Several	studies	have	correlated	elevated
vascular	 endothelial	 growth	 factor	 (VEGF)	 levels	 or	 cyclooxygenase-2	 (COX-2)	 expression	 with	 disease
recurrence	or	progression,	often	as	an	 independent	prognostic	 factor	by	multivariate	analysis.49	Preclinical	data
support	 the	 concept	 that	 COX-2	 inhibitors	 may	 inhibit	 the	 development	 of	 NMIBC.	 A	 randomized,	 placebo-
controlled	trial	sought	to	determine	whether	celecoxib,	a	COX-2	inhibitor,	could	reduce	the	time	to	recurrence	of
superficial	 tumors.	No	benefit	was	 observed	 in	 patients	 receiving	daily	 celecoxib.50	More	 recently,	 a	 phase	 III
study	of	the	addition	of	the	vascular	endothelial	growth	factor	receptor	2	(VEGFR2)	antagonist	ramucirumab	to
docetaxel	 in	 platinum-refractory	 advanced	 UC	 resulted	 in	 superior	 progression-free	 survival	 (PFS),	 validating
VEGFR2	signaling	as	a	viable	therapeutic	target.51

The	major	challenge	for	clinical	and	translational	investigators	is	to	design	appropriate	trials	that	will	identify
which	molecular	tumor	markers	will	be	prognostic	of	outcome	and	also	predict	whether	a	patient’s	outcome	will
be	 better	 with	 surgery,	 radiation,	 chemotherapy,	 molecular-targeted	 therapy,	 or	 a	 combination	 of	 these.	 An
example	of	recent	encouraging	results	 include	the	identification	of	MRE11,	a	protein	involved	in	DNA	damage
double-strand	break	repair,	as	a	predictive	marker	of	DSS	following	radiation	or	chemoradiation	for	MIBC.52,53
Similarly,	 low	expression	 levels	of	ERCC1,	 a	DNA	damage	 repair	 gene	 involved	 in	 nucleotide	 excision	 repair
(NER),	 are	 correlated	with	 improved	 survival	 in	metastatic	 bladder	 cancer	 patients	 treated	with	 cisplatin-based
chemotherapy.54	More	 recently,	 somatic	missense	mutations	 in	ERCC2,	 another	 NER	 gene,	 were	 found	 to	 be
associated	 with	 improved	 pathologic	 response	 and	 survival	 in	MIBC	 patients	 receiving	 neoadjuvant	 cisplatin-
based	 chemotherapy	 followed	 by	 radical	 cystectomy.55,56	 Although	 such	 molecular	 biomarkers	 require
prospective	 validation	 prior	 to	 incorporation	 into	 clinical	 decision	making,	 they	 have	 the	 potential	 to	 serve	 as
powerful	tools	that	will	enable	physicians	to	make	better	treatment	choices	on	behalf	of	their	patients.
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CANCER	OF	THE	BLADDER
Cancers	of	the	bladder	can	be	grouped	into	three	general	categories	by	their	stages	at	presentation:	(1)	those	that
do	not	invade	the	muscularis	propria,	referred	to	as	NMIBC;	(2)	muscularis	propria–invasive	cancers,	referred	to
as	MIBC;	and	(3)	metastatic	cancers.	Each	differs	in	clinical	behavior,	primary	management,	and	outcome.	When
treating	NMIBC,	the	aim	is	to	prevent	recurrences	and	progression	to	a	stage	that	is	life	threatening.	With	MIBC,
the	main	issue	is	to	determine	which	tumors	require	cystectomy,	which	can	be	successfully	managed	by	bladder
preservation	using	combined	modality	therapy,	and	which	tumors,	by	virtue	of	a	high	metastatic	potential,	require
an	integrated	systemic	chemotherapeutic	approach	from	the	outset.	Combination	chemotherapy	is	the	standard	for
treating	metastatic	disease.

Clinical	Presentation	and	Staging
Bladder	 cancer	 is	 rarely	 incidentally	 discovered	 at	 autopsy.	 The	 most	 common	 presentation	 is	 gross	 painless
hematuria.	Unexplained	urinary	frequency	and	irritative	voiding	symptoms	should	alert	one	to	the	possibility	of
CIS	of	the	bladder	or,	less	commonly,	MIBC.

Workup
The	 workup	 of	 suspected	 bladder	 cancer	 should	 include	 a	 cystoscopy	 and	 an	 upper	 tract	 study.	 As	 discussed
previously,	a	voided	urine	cytology	may	be	used	but	is	not	mandatory.	The	preference	for	the	upper	tract	study	is
a	computed	tomography	(CT)	urogram	because	both	ureters	and	renal	pelves	as	well	as	the	relevant	lymph	nodes
and	the	kidney	parenchyma	can	be	particularly	well	visualized.

Careful	staging	is	important	because	treatment	depends	on	the	initial	stage	of	the	disease.	The	clinical	stage	of
the	primary	tumor	is	determined	by	transurethral	resection	of	the	bladder	tumor	(TURBT).	This	resection	should
include	a	sample	of	the	muscularis	propria	for	appropriate	diagnosis,	particularly	if	the	tumor	appears	sessile	or
high	grade.	Once	the	specimen	has	been	resected,	the	base	of	the	resected	area	should	be	separately	biopsied.	Any
suspicious	 areas	 in	 the	 remainder	 of	 the	 bladder	 should	 be	 biopsied,	 and	 many	 advocate	 additional	 selected
biopsies	of	the	bladder	mucosa	and	a	prostatic	urethral	biopsy.	Urethral	biopsies	are	clearly	indicated	in	patients
with	 risk	 factors	 for	 urethral	 involvement,	 as	 previously	 discussed,	 and	 in	 those	 who	 have	 persistent	 positive
cytologies	 in	 the	absence	of	a	demonstrated	bladder	 lesion.	Patients	who	have	high-grade	T1	 tumors	on	biopsy
without	 muscularis	 propria	 in	 the	 specimen	 absolutely	 require	 a	 second	 biopsy	 in	 order	 to	 obtain	 muscularis
propria	 to	 reduce	 the	 risk	of	understaging.	 Indeed,	 the	authors	 rebiopsy	all	patients	with	high-grade	T1	disease
because	 it	 has	 been	 shown	 that	 even	 if	 muscularis	 propria	 is	 in	 the	 initial	 specimen,	 a	 significant	 number	 of
patients	will	be	upstaged	(T2)	on	the	second	biopsy.	In	line	with	this	practice,	the	most	recent	AUA	guidelines	on
NMIBC	recommend	that	all	patients	with	T1	bladder	cancer	undergo	repeat	transurethral	resection	of	the	tumor
site	within	6	weeks	of	the	initial	TURBT.28

5-Alpha	aminolevulinic	acid	(5-ALA)	installation	into	the	bladder,	resulting	in	porphyrin-induced	fluorescence
of	vascular	lesions	when	viewed	with	blue	light,	and	narrow	band	imaging,	which	increases	the	contrast	between
vascular	lesions	and	normal	mucosa,	have	been	recommended	by	some	to	increase	the	yield	of	positive	biopsies.
Several	studies	have	shown	a	slight	advantage	to	these	techniques	in	reducing	disease	recurrence,	but	it	remains
difficult	to	differentiate	inflammatory	lesions	from	UCs	with	either	technique,	and	not	all	well-designed	clinical
trials	 have	 shown	a	benefit.57–59	More	 recently,	 intravesical	 instillation	 of	 hexylaminolevulinic	 acid	 (HAL),	 an
ester	derivative	of	5-ALA,	combined	with	blue	light,	has	been	shown	to	have	improved	results.	This	method	has
been	demonstrated	 to	 reduce	 recurrence	 rates,	 and	 in	a	 recent	phase	 III	clinical	 trial	 in	 the	 surveillance	setting,
HAL	has	been	shown	to	improve	detection	of	recurrent	disease.60,61

Staging
The	primary	bladder	cancer	is	staged	according	to	the	depth	of	invasion	into	the	bladder	wall	or	beyond	(Table
68.1).62	The	urothelial	basement	membrane	separates	NMIBCs	 into	Ta	and	T1	 tumors.	Stage	T2	and	higher	T-
stage	tumors	invade	the	muscularis	propria,	the	true	muscle	of	the	bladder	wall.	If	the	tumor	extends	through	the
muscle	to	involve	the	full	thickness	of	the	bladder	and	into	the	serosa,	it	is	classified	as	T3.	If	the	tumor	involves
contiguous	structures	such	as	the	prostate,	the	vagina,	the	uterus,	or	the	pelvic	sidewall,	the	tumor	is	classified	as
stage	T4	(nonstromal	invasive	urothelial	tumors	of	the	prostate	are	not	classified	as	T4	because	the	prognosis	in
this	group	is	quite	good).	It	is	important	to	note	that	in	2017,	the	American	Joint	Committee	on	Cancer	(AJCC)62



updated	 its	 staging	groups	 to	 include	 local	 tumor	 staging	up	 to	T4a	 and	 involvement	 of	 regional	 lymph	nodes
within	 the	 pelvis,	 within	 the	 stage	 III	 group.	 This	 reflects	 a	 movement	 toward	 more	 aggressive	 localized
multimodal	therapy	in	locoregionally	advanced	disease.

Patients	 who	 have	 documented	MIBC	 require	 an	 additional	 set	 of	 studies:	 a	 chest	 x-ray	 or	 CT	 scan,	 liver
function	studies,	creatinine	and	electrolytes	 level	 studies,	and	a	CT	evaluation	of	 the	pelvic	and	 retroperitoneal
lymph	 nodes.	 A	 bimanual	 examination	 is	 also	 performed	 at	 the	 time	 the	 tumor	 is	 transurethrally	 resected	 to
evaluate	for	possible	extravesical	extension	of	the	tumor	and	to	determine	mobility	of	the	pelvic	contents.

Of	 note,	 significant	 rates	 of	 clinical–pathologic	 stage	 discrepancy,	 with	 clinical	 (TURBT	 and	 imaging)
understaging	as	compared	with	final	surgical	(radical	cystectomy)	pathologic	staging	have	been	described.63	CT
scans	 or	 magnetic	 resonance	 imaging	 (MRI),	 even	 those	 performed	 prior	 to	 the	 TURBT,	 are	 not	 reliable	 for
staging	of	the	primary	tumor.	Neither	scan	can	differentiate	a	Ta/T1	tumor	from	a	T2/T3	tumor	because	neither
can	visualize	the	depth	of	invasion	of	the	primary	tumor	into	the	bladder	wall.	These	scans	are	helpful,	however,
when	 they	do	 show	unequivocal	 tumor	 extension	outside	 the	bladder	 (stage	T3)	 (Fig.	68.1).	 CT	 scans	 or	MRI
following	a	TURBT	also	are	not	reliable	for	staging	of	the	primary	tumor	because	either	surgically	induced	edema
in	the	resected	portion	of	the	bladder	wall	or	postsurgical	extravesical	inflammatory	stranding	may	be	confused
with	extravesical	tumor	extension.	For	this	reason,	it	is	preferable	and	recommended	to	perform	a	staging	CT	or
MRI	prior	to	TURBT.

TABLE	68.1
American	Joint	Committee	on	Cancer	2017	Tumor,	Necrosis,	Metastasis	Bladder	Cancer
Staging

Primary	Tumor	(T)
Ta Noninvasive	papillary	tumor

Tis Carcinoma	in	situ

T1 Tumor	invades	the	lamina	propria,	but	not	beyond

T2 Tumor	invades	the	muscularis	propria

pT2a Tumor	invades	superficial	muscle	(inner	half)

pT2b Tumor	invades	deep	muscle	(outer	half)

T3 Tumor	invades	perivesical	tissue

pT3a Microscopically

pT3b Macroscopically	(extravesical	mass)

T4 Tumor	invades	any	of	the	following:	prostatic	stroma,	uterus,	vagina,	pelvis,	or	abdominal	wall

T4a Tumor	invades	prostate,	uterus,	or	vagina

T4b Tumor	invades	pelvic	or	abdominal	wall

Regional	Lymph	Nodes	(N)
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	a	single	lymph	node	in	primary	drainage	region

N2 Metastasis	in	multiple	lymph	nodes	in	primary	drainage	region

N3 Common	iliac	lymph	node	involvement

Distant	Metastasis	(M)
MX Distant	metastasis	cannot	be	assessed

M0 No	distant	metastasis

M1 Distant	metastasis

M1a Metastasis	in	nonregional	lymph	nodes	(outside	pelvis)

M1b Metastasis	in	one	or	more	distant	organs
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.
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Figure	68.1	A	computed	tomography	scan	of	a	patient	with	a	muscle-	invasive	bladder	cancer
performed	before	a	transurethral	tumor	resection,	unequivocally	showing	an	extravesical	extension
of	tumor	(stage	T3).	The	tumor	projecting	into	the	bladder	lumen	(black	arrow);	portion	of	the

tumor	extending	into	the	ureter	outside	the	bladder	(white	arrow).

Treatment	of	Non–Muscle-Invasive	Bladder	Cancer	(Ta,	Tis,	T1)
Of	patients	with	bladder	cancer,	70%	have	disease	 that	does	not	 involve	 the	muscularis	propria	at	presentation.
Approximately	 15%	 to	 20%	of	 these	 patients	will	 progress	 to	 stage	T2	 disease	 or	 greater	 over	 time.	Of	 those
presenting	with	Ta	or	T1	disease,	50%	to	70%	will	have	a	recurrence	following	initial	therapy.	Low-grade	tumors
(G1	or	G2)	and	low-stage	(Ta)	disease	tend	to	have	a	lower	recurrence	rate	at	about	50%	and	a	5%	progression
rate,	whereas	high-risk	disease	 (G3,	T1	associated	with	CIS,	and	multifocal	disease)	has	a	70%	recurrence	 rate
and	a	30%	to	50%	progression	rate	to	stage	T2	disease	or	greater.	Less	than	5%	of	patients	with	non–muscularis
propria–invasive	 bladder	 cancer	 will	 develop	 metastatic	 disease	 without	 developing	 evidence	 of	 muscularis
propria	invasion	(stage	T2	disease	or	greater)	of	the	primary	lesion.

The	current	AUA	guidelines	for	NMIBC	risk	stratifies	patients	into	low-,	intermediate-,	and	high-risk	groups.
Low	risk	includes	a	solitary	low-grade	tumor	≤3	cm.	Intermediate	risk	includes	a	solitary	low-grade	tumor	>3	cm,
multifocal	low-grade	tumors,	low-grade	tumors	that	recur	within	1	year,	solitary	high-grade	Ta	tumors,	and	low-
grade	T1	tumors.	High-risk	disease	includes	high-grade	T1,	any	recurrent	high-grade	Ta,	high-grade	Ta	>3	cm	or
multifocal,	any	CIS,	any	bacillus	Calmette-Guérin	 (BCG)	failure	 in	a	high-grade	patient,	any	variant	histology,
lymphovascular	invasion,	or	any	high-grade	prostatic	urethral	involvement.28

Patients	 who	 are	 at	 significant	 risk	 for	 developing	 progressive	 or	 recurrent	 disease	 following	 TURBT	 are
generally	considered	candidates	for	adjuvant	intravesical	drug	therapy.	This	includes	those	with	multifocal	CIS,
CIS	associated	with	Ta	or	T1	 tumors,	 any	G3	 tumor,	multifocal	 tumors,	 and	 those	whose	 tumors	 rapidly	 recur
following	the	initial	TURBT.	A	number	of	drugs	have	been	used	intravesically,	including	BCG,	interferon	(IFN)
with	BCG,	 thioTEPA,	mitomycin	C,	doxorubicin,	and	gemcitabine.	Complications	generally	 include	frequency,
dysuria,	and	 irritative	voiding	symptoms.	Over	 the	 long	 term,	bladder	contracture	may	occur	with	 these	agents.
Other	complications,	which	are	specific	 for	each	drug,	are	as	 follows:	BCG	administration	may	 result	 in	 fever,
joint	pain,	granulomatous	prostatitis,	sinus	formation,	disseminated	tuberculosis,	and	death;	thioTEPA	may	cause



myelosuppression;	 mitomycin	 C	 may	 cause	 skin	 desquamation	 and	 rash;	 and	 doxorubicin	 may	 cause
gastrointestinal	upset	 and	allergic	 reactions.	The	proposed	benefit	 of	 intravesical	 chemotherapy	 is	 to	 lessen	 the
rate	of	recurrences	and	reduce	the	incidence	of	progression.	Unfortunately,	it	cannot	be	clearly	stated	that	any	of
these	drugs	accomplish	these	goals	over	the	long	term.

Intravesical	BCG	therapy	is	typically	initiated	with	an	induction	course	of	6	weekly	instillations,	followed	by	a
cystoscopic	evaluation	1	month	after	induction.	In	cases	in	which	CIS	is	present	or	suspected,	only	a	biopsy	can
differentiate	 this	 from	 inflammatory	 change	 secondary	 to	 treatment.	 For	 those	 who	 respond	 to	 induction,
maintenance	BCG	therapy	for	up	to	3	years	is	a	standard	of	care,	although	patients	frequently	discontinue	therapy
early	due	to	bladder	toxicity.64	A	number	of	studies	have	compared	one	intravesical	agent	with	another.	For	the
most	part,	BCG	in	these	comparisons	has	a	slight	advantage	in	reducing	recurrences.65	However,	when	the	follow-
up	 is	 more	 than	 5	 years,	 it	 appears	 that	 there	 is	 minimal	 overall	 effect	 at	 reducing	 the	 recurrence	 rate	 when
compared	with	no	treatment.

BCG	failure	is	a	clinical	concern	and	a	treatment	dilemma	with	limited	truly	effective	nonsurgical	options.	The
precise	definitions	of	BCG	failure	are	well	defined	and	include	four	subtypes	of	BCG	failure:	BCG	unresponsive,
refractory,	 relapsing,	or	 intolerant.66	BCG	refractory	T1	disease	should	be	of	paramount	concern	and	 raises	 the
concern	for	understaged	diseases.	Options	for	further	intravesical	treatment	after	BCG	failure	include	BCG	plus
IFN-α,	gemcitabine,	valrubicin,	docetaxel,	and	other	novel	agents.67–70	Unfortunately,	however,	no	single	agent
has	 yet	 proven	 to	 be	 more	 reliably	 or	 durably	 effective	 than	 another,	 and	 a	 true	 consensus	 on	 continued
intravesical	 treatment	 in	 this	 setting	 remains	 to	 be	 determined.	More	 recently,	 interest	 has	 developed	 in	 newer
systemic	 immunomodulating	 agents	 with	 two	 clinical	 trials	 that	 are	 currently	 investigating	 the	 utility	 of
atezolizumab	and	pembrolizumab	in	this	setting.

Approximately	 70%	of	 patients	with	 high-grade	 disease	will	 experience	 recurrence	whether	 or	 not	 they	 are
treated	with	 intravesical	 therapy.	Moreover,	 there	 is	 no	well-documented	 evidence	 that	 the	 use	 of	 these	 agents
prevents	disease	progression,	for	example,	from	stage	Ta/T1	disease	to	stage	T2	or	greater	disease.	One-third	of
patients	who	are	at	high	risk	for	disease	progression	(those	with	high-grade	T1	disease)	will	progress	to	stage	T2
or	greater	disease	whether	or	not	they	are	treated	with	BCG.71	One-third	of	patients	at	5	years	who	have	disease
progression	 and	 undergo	 a	 cystectomy	 die	 of	 metastatic	 disease.	 Thus,	 approximately	 15%	 of	 patients	 with
NMIBC	at	high	risk	for	disease	progression	(CIS	with	associated	Ta	or	T1	disease,	rapidly	recurrent	disease,	or
high-grade	 disease),	 irrespective	 of	 treatment	 modality,	 will	 die	 of	 their	 disease.72	 If	 definitive	 therapy
(cystectomy)	is	performed	when	the	disease	is	found	to	progress	into	the	muscularis	propria	(T2	or	greater),	there
is	no	difference	in	cure	rate	when	these	patients	are	compared	with	those	who	present	initially	with	T2	or	greater
disease.	These	statistics	have	encouraged	some	to	perform	a	preemptive	cystectomy	in	 those	patients	at	highest
risk	for	progression	before	muscularis	propria	invasion	is	documented.	Ten-year	cancer-specific	survivals	of	80%
are	 given	 as	 justification	 for	 this	 approach,	 as	 compared	 with	 50%	 in	 patients	 in	 whom	 the	 cystectomy	 is
performed	when	the	disease	progresses	to	involve	the	muscularis	propria.73	Unfortunately,	this	approach	subjects
approximately	 two-thirds	 of	 these	 patients	 who	 are	 included	 in	 the	 80%	 cancer-specific	 survival	 figure	 to	 a
needless	cystectomy,	making	it	questionable	as	to	whether	there	is	in	fact	any	survival	advantage	whatsoever.	For
this	 reason,	 recent	multicenter	meta-analyses	 have	 attempted	 to	 identify	 those	 highest	 risk	 patients	who	would
benefit	from	upfront	cystectomy.	These	investigations	identified	that	in	high-grade	T1	patients,	tumor	size	3	cm	or
greater,	and	the	presence	of	concomitant	CIS,	deep	lamina	propria	invasion,	and	lymphovascular	invasion	are	the
most	 significant	 risk	 factors	 for	 progression	 to	 invasive	 disease	 and	 cancer-specific	 survival.74,75	 Although
cystectomy	 remains	 the	 gold	 standard	 for	 BCG-refractory	 T1	 disease,	 we	 await	 the	 results	 of	 a	 clinical	 trial,
protocol	RTOG	0926,	evaluating	chemoradiation	for	such	patients	who	opt	for	an	attempt	at	bladder	preservation
or	are	otherwise	not	good	cystectomy	candidates.76

Treatment	of	Muscle-Invasive	Disease

Surgical	Approaches
Radical	 cystectomy	 is	 the	 standard	 of	 care	 for	 patients	 with	 transitional	 cell,	 squamous	 cell,	 sarcomatoid,	 or
spindle	cell	carcinomas,	and	adenocarcinomas	that	invade	into	the	muscularis	propria	of	the	bladder.	In	men,	the
procedure	includes	en	bloc	removal	of	the	prostate.	Complete	urethrectomy	may	also	be	required	if	there	is	found
to	be	neoplasia	or	dysplasia	distal	to	the	prostatic	urethra.	When	the	prostate	stroma	is	involved	with	UC	or	when
there	 is	 concomitant	CIS	 of	 the	 urethra,	 a	 cystoprostatourethrectomy	 is	 the	 treatment	 of	 choice.	 In	women,	 an
anterior	exenteration	is	performed.	This	includes	en	bloc	removal	of	the	bladder	and	urethra,	the	ventral	vaginal
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wall,	and	the	uterus.	The	urethra	may	be	spared	in	men	or	women	if	the	urinary	diversion	chosen	is	a	neobladder.
Made	 from	 reconfiguring	a	portion	of	 the	 intestine,	 this	 forms	a	 continent	 reservoir	 and	affords	 the	patient	 the
ability	 to	void	 through	 the	preserved	urethra.	 In	all	 radical	cystectomy	surgery,	an	extended	pelvic	 lymph	node
dissection	should	be	performed.	A	radical	cystectomy	may	be	indicated	in	NMIBCs.	Clinical	grade	3	T1	disease	is
often	 found	 to	 have	muscle	 invasion	 at	 cystectomy.	 Patients	 with	 grade	 3	 T1	 cancers,	 extensive	 CIS,	 rapidly
recurring	 bladder	 tumors,	 and	 those	 recalcitrant	 to	 intravesical	 therapy	 may	 also	 require	 cystectomy.	 Partial
cystectomies	may	rarely	be	appropriate,	 thus	preserving	bladder	 function	and	affording	 in	 the	properly	selected
patient	the	same	cure	rate	as	a	radical	cystectomy.77	Patients	who	are	candidates	for	such	procedures	must	have
focal	 disease	 located	 far	 enough	 away	 from	 the	 ureteral	 orifices	 and	 bladder	 neck	 to	 achieve	 at	 least	 a	 2-cm
margin	around	the	tumor	and	a	margin	sufficient	around	the	ureteral	orifices	and	bladder	neck	to	reconstruct	the
bladder.	Practically,	 this	 limits	partial	cystectomies	 to	 those	 rare	patients	who	have	small	 tumors	 located	 in	 the
dome	of	 the	 bladder	 and	 in	whom	 random	bladder	 biopsies	 show	no	 evidence	of	 diffuse	CIS	or	 other	 bladder
tumors.

Minimally	invasive	approaches	to	cystectomy	have	become	increasingly	popular.	In	a	randomized	trial,	there
were	no	significant	differences	in	outcomes	between	standard	open	cystectomy	and	robotic-assisted	laparoscopic
surgery.78

Survival
The	probability	of	survival	from	bladder	cancer	following	a	cystectomy	is	determined	by	the	pathologic	stage	of
the	disease.	Survival	 is	markedly	 influenced	by	 the	presence	or	absence	of	positive	 lymph	nodes.79	Some	have
argued	 that	 the	 number	 of	 positive	 nodes	 impacts	 survival	 in	 that,	when	 resected,	 there	 is	 a	 potential	 for	 cure
provided	 there	 are	 fewer	 than	 four	 to	 eight	 positive	 nodes.80,81	We	 await	 the	 results	 of	 the	 randomized	 trials
evaluating	standard	or	extended	pelvic	lymphadenectomy	in	patients	undergoing	radical	cystectomy	for	MIBC.82
Cell	type	may	also	impact	outcome,	but	in	most	series,	survival	is	primarily	dependent	on	pathologic	stage.	Most
large	 series	 of	 survival	 statistics	 following	 treatment	 include	 all	 patients	 regardless	 of	 cell	 type.	The	histologic
distribution	 is	 UC,	 85%	 to	 90%;	 combination	 of	 UC	 and	 either	 squamous	 cell	 or	 adenocarcinoma,	 6%;	 pure
squamous	 cell	 carcinoma,	 3%;	 pure	 adenocarcinoma,	 3%;	 and	 small-cell	 and	 sarcomatoid	 or	 spindle	 cell
carcinoma,	2%	(Table	68.2).

TABLE	68.2
Survival	After	Radical	Cystectomy	According	to	Pathologic	Stage	at	10	Years

Pathologic	Stage Disease-Specific	Survival	(%) Overall	Survival	(%)
pTa,	Tis,	T1	with	high	risk	of	progression 82 —

Organ	confined,	negative	nodes	(pT2,	pN0) 73 49

Non–organ	confined	(pT3–pT4a	or	pN1–pN2) 33 23

Lymph	node	positive	(any	T,	pN1–pN2) 28,	34 21
From	Gschwend	 JE,	Dahm	P,	 Fair	WR.	Disease	 specific	 survival	 as	 endpoint	 of	 outcome	 for	 bladder	 cancer	 patients	 following
radical	cystectomy.	Eur	Urol	2002;41(4):440–448;	Stein	JP,	Cai	J,	Groshen	S,	et	al.	Risk	factors	for	patients	with	pelvic	lymph	node
metastases	 following	 radical	 cystectomy	 with	 en	 bloc	 pelvic	 lymphadenectomy:	 concept	 of	 lymph	 node	 density.	 J	 Urol
2003;170(1):35–41;	Stein	JP,	Lieskovsky	G,	Cote	R,	et	al.	Radical	cystectomy	in	the	treatment	of	invasive	bladder	cancer:	long-term
results	 in	 1,054	 patients.	 J	 Clin	 Oncol	 2001;19(3):666–675;	 Dalbagni	 G,	 Genega	 E,	 Hashibe	 M,	 et	 al.	 Cystectomy	 for	 bladder
cancer:	 a	 contemporary	 series.	 J	 Urol	 2001;165(4):1111–1116;	 Grossman	 HB,	 Natale	 RB,	 Tangen	 CM,	 et	 al.	 Neoadjuvant
chemotherapy	 plus	 cystectomy	 compared	 with	 cystectomy	 alone	 for	 locally	 advanced	 bladder	 cancer.	 N	 Engl	 J	 Med
2003;349(9):859–866;	and	Zehnder	P,	Studer	UE,	Skinner	EC,	et	al.	Super	extended	versus	extended	pelvic	lymph	node	dissection
in	patients	undergoing	radical	cystectomy	for	bladder	cancer:	a	comparative	study.	J	Urol	2011;186(4):1261–1268.

Types	of	Urinary	Diversion
Urinary	diversion	after	cystectomy	is	required	to	manage	urine	flow	and	collection.	Diversion	is	accomplished	by
employing	segments	of	 intestine	 to	 form	either	continent	or	 incontinent	diversions.	Short	 segments	of	 ileum	or
colon	are	used	to	attach	the	ureters	deep	in	the	abdomen	and	convey	the	urine	to	an	abdominal	wall	stoma.	Longer
segments	of	the	ileum	or	colon	can	be	reconfigured	into	a	continent	reservoir.	Accessed	either	via	a	catheterizable
stoma	in	the	abdominal	wall	or	by	connecting	the	pouch	to	the	native	urethra,	neobladders	afford	the	patient	the
possibility	of	managing	urinary	output	without	a	permanent	stoma	appliance.	If	the	urethra	needs	to	be	removed,
the	type	of	urinary	reconstruction	is	limited	to	an	abdominal	urinary	diversion.



Incontinent	urinary	diversions	or	conduits	involve	the	use	of	a	segment	of	ileum	or	colon	and,	less	commonly,
a	segment	of	jejunum.	The	distal	end	is	brought	to	the	skin,	and	the	ureters	are	implanted	into	the	proximal	end.
The	patient	wears	a	urinary	collection	appliance.	The	advantages	of	a	conduit	(ileal	or	colonic)	are	its	simplicity
and	the	reduced	number	of	immediate	and	long-term	postoperative	complications.	In	most	series,	13%	of	patients
who	undergo	a	 cystectomy	and	urinary	diversion	of	 this	 type	will	have	a	 significant	 complication	 that	 impacts
hospital	stay	or	recovery.	Generally,	the	distal	ileum	is	used	for	the	urinary	conduit	or	reservoir;	however,	if	it	has
been	irradiated	or	is	otherwise	involved,	the	right	colon	or	jejunum	can	be	used.	The	latter	is	the	least	desirable
choice	because	electrolyte	disturbances	may	be	significant.	On	occasion,	during	exenterative	surgery	when	an	end
colostomy	is	created,	a	segment	of	distal	bowel	is	used,	thus	obviating	the	need	for	an	intestinal	anastomosis.

Continent	diversions	may	be	divided	into	two	types:	abdominal	and	orthotopic.	Abdominal	diversions	require	a
continence	 valve,	 whereas	 an	 orthotopic	 neobladder	 depends	 on	 the	 urethral	 sphincter	 for	 continence.	 The
reservoir	 is	made	of	bowel	 that	 is	 fashioned	 into	 a	 spherical	 configuration.	 In	 the	 abdominal	 type	of	 continent
diversion,	the	small	stoma	is	brought	through	the	abdominal	wall	to	the	skin.	The	patient	catheterizes	the	pouch
every	4	hours.	Orthotopic	urinary	diversions	connect	the	reservoir	to	the	urethra,	thus	allowing	the	patient	to	void
by	Valsalva	(Fig.	68.2).	Patient	selection	and	commitment	is	key	to	success	in	continent	diversion.	Patients	must
have	 the	 facility	 to	 catheterize	 themselves	 because	 it	 is	 mandatory	 in	 the	 abdominal	 continent	 diversion	 and
occasionally	necessary	in	the	orthotopic	reconstruction.	The	advantage	of	continent	diversions	is	the	avoidance	of
a	collection	device.	The	advantage	of	an	orthotopic	neobladder	over	all	other	types	of	continent	diversions	is	that
it	 rehabilitates	 the	 patient	 to	 normal	 voiding	 through	 the	 urethra,	 often	 without	 the	 need	 for	 intermittent
catheterization	or	 the	need	 to	wear	a	collection	device.	Postoperative	and	 long-term	complications	of	continent
diversion	are	increased	over	the	conduit	types	of	diversions.	Indeed,	in	some	series,	postoperative	complications
range	from	13%	to	30%.	Long-term	metabolic	complications	are	also	increased.
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Figure	68.2	An	intravenous	urogram	of	a	patient	with	an	orthotopic	bladder	after	a	radical
cystoprostatectomy.	The	orthotopic	bladder	was	constructed	of	the	right	colon	and	distal	ileum.

Complications	of	Cystectomy	and	Urinary	Diversion
The	complications	of	all	types	of	urinary	diversion	may	be	divided	into	three	groups:	metabolic,	neuromechanical,
and	surgical.

Metabolic	Complications	of	Urinary	Intestinal	Diversion.	When	the	intestine	is	interposed	in	the	urinary	tract,
there	 is	 the	potential	for	metabolic	complications.	These	may	involve	electrolyte	abnormalities	and	altered	drug
metabolism,	 which	 may	 result	 in	 altered	 sensorium,	 infection,	 osteomalacia,	 growth	 retardation,	 calculi	 both
within	the	reservoir	as	well	as	in	the	kidney,	short	bowel	syndrome,	cancer,	and	altered	bile	metabolism.

Depending	on	the	bowel	segment	used,	different	specific	electrolyte	abnormalities	may	occur.	Hypokalemia	is
more	common	when	the	colon	is	used,	whereas	hypocalcemia	is	more	common	when	the	ileum	or	colon	is	used,
and	hypomagnesemia	is	more	common	when	the	ileum	or	colon	is	used.

The	most	pervasive	detrimental	effect	created	by	all	urinary	intestinal	diversions	is	acidosis.	When	the	ileum	or
colon	 is	 used,	 hyperchloremic	 metabolic	 acidosis	 may	 result;	 when	 jejunum	 is	 used,	 hypochloremic	 or
hyperkalemic	 metabolic	 acidosis	 may	 follow.	 Acidosis	 may	 result	 in	 electrolyte	 abnormalities,	 osteomalacia,



growth	retardation,	altered	sensorium,	altered	hepatic	metabolism,	renal	calculi,	and	abnormal	drug	metabolism.
In	general,	patients	with	normal	renal	function	as	well	as	normal	hepatic	function	are	less	prone	to	acidosis	and	its
complications.

Treatment	 for	 the	 metabolic	 acidosis	 is	 straightforward	 and	 can	 be	 accomplished	 with	 bicarbonate	 or	 with
Bicitra	solution,	which	 is	sodium	citrate	and	citric	acid.	Polycitra,	which	 is	a	combination	of	potassium	citrate,
sodium	citrate,	 and	 citric	 acid,	may	 also	be	 employed.	 It	 has	 the	 advantage	of	 supplying	potassium,	which,	 on
occasion,	 is	 deficient.	 Chlorpromazine	 and	 nicotinic	 acid	 have	 been	 used	 to	 block	 the	 chloride	 bicarbonate
exchanger	and	thus	lessen	the	potential	for	the	acidosis.83

Decreased	 renal	 function	 is	 seen	 in	a	majority	of	patients	 in	 the	decade	 following	a	 radical	cystectomy,	and
choice	of	diversion	does	not	predict	the	decline.	Postoperative	hydronephrosis,	pyelonephritis,	and	ureteroenteric
strictures	represent	factors	that,	if	addressed,	may	mitigate	the	loss	of	function.84

Patients	 with	 conduits	 may	 have	 a	 3%	 to	 4%	 incidence	 of	 renal	 calculi	 over	 the	 long	 term.	 Those	 with
reservoirs	 have	 up	 to	 a	 20%	 incidence	 of	 calculi	 within	 the	 reservoir.	 The	 pathogenesis	 may	 be	 a	 metabolic
alteration	 or	 infection,	 whereas	 reservoir	 stones	 are	most	 commonly	 due	 to	 a	 surgical	 foreign	 body	 or	mucus
serving	as	a	nidus.

There	is	a	high	incidence	of	bacteriuria	in	patients	with	either	conduits	or	pouches,	and	the	incidence	of	sepsis
is	13%.	There	appears	to	be	diminished	antibacterial	activity	of	the	intestinal	mucosa,	with	the	immunoglobulins,
which	are	normally	secreted	by	the	mucosa,	being	altered.	In	addition,	when	the	bowel	is	distended,	there	can	be	a
translocation	of	bacteria	from	the	lumen	into	the	bloodstream.

Because	the	intestine	is	interposed	in	the	urinary	tract,	drugs	that	are	eliminated	unchanged	through	the	kidney
and	have	the	potential	to	be	reabsorbed	by	the	gut	can	in	fact	result	in	significant	alterations	in	metabolism	of	that
drug.	 Patients	 with	 a	 urinary	 diversion,	 when	 given	 systemic	 chemotherapy,	 have	 a	 higher	 incidence	 of
complications	 and	 are	 more	 likely	 to	 have	 their	 chemotherapy	 limited	 when	 compared	 with	 patients	 without
diversion	who	receive	the	same	drugs	and	dose.85

The	loss	of	the	distal	ileum	may	result	in	vitamin	B12	malabsorption,	which	then	manifests	itself	as	anemia	and
neurologic	 abnormalities.	Bile	 salt	malabsorption	may	occur	 and	 result	 in	diarrhea.	Loss	of	 the	 ileocecal	valve
may	result	 in	diarrhea	with	bacterial	overgrowth	of	 the	 ileum	and	malabsorption	of	vitamin	B12	 and	 fat-soluble
vitamins	A,	D,	E,	and	K.	Loss	of	the	colon	may	result	in	diarrhea	and	bicarbonate	loss.

Neuromechanical	Complications.	Neuromechanical	complications	may	be	of	two	types:	atonic,	resulting	in	an
atonic	 segment	 with	 urinary	 retention,	 and	 hyperperistaltic	 contractions.	 The	 latter	 is	 relevant	 in	 continent
diversions,	as	this	may	result	in	incontinence	and	a	low-capacity	reservoir.

Surgical	 Complications.	 Complications	 that	 can	 occur	 following	 any	 major	 surgical	 procedure	 include
thrombophlebitis,	 pulmonary	 embolus,	 wound	 dehiscence,	 pneumonia,	 atelectasis,	 myocardial	 infarction,	 and
death.	Complications	specific	to	cystectomy	and	urinary	diversion	are	divided	into	short	and	late	term.	The	short-
term	complications	include	acute	acidosis	(16%),	urine	leak	(3%	to	16%),	bowel	obstruction	or	fecal	leak	(10%),
and	pyelonephritis	(5%	to	15%).	The	longer	term	complications	include	ureteral	or	intestinal	obstruction	(15%),
renal	deterioration	(15%),	 renal	 failure	 (5%),	stoma	problems	(15%),	and	 intestinal	stricture	 (10%	to	15%).86,87
The	morbidity	 of	 salvage	 cystectomy	 for	 a	 recurrence	 following	 bladder-sparing	 chemoradiation	 has	 also	 been
described	and	appears	acceptable	when	compared	to	primary	cystectomy	series.88

Quality-of-Life	 Implications.	 For	 both	 men	 and	 women,	 cystectomy	 results	 in	 significant	 changes	 in
sexual	function.	In	selected	circumstances	in	the	male,	the	neurovascular	bundles	coursing	along	the	lateral	side
of	the	prostate	caudally	and	adjacent	to	the	rectum	more	cephalad	may	be	preserved	with	the	chance	of	preserving
potency.	In	women,	selected	cases	of	cystectomy	may	be	performed	to	spare	the	anterior	vaginal	wall	and	uterus.
For	 both	 sexes,	 it	 is	 important	 to	 counsel	 the	 patient	 that	 there	 are	 likely	 to	 be	 substantial	 changes	 in	 sexual
function	with	cystectomy.

Selective	Bladder-Preserving	Approaches
The	treatment	options	for	MIBC	can	broadly	be	divided	into	those	that	remove	the	bladder	and	those	that	spare	it.
In	the	United	States,	a	radical	cystectomy	remains	the	standard	treatment.	Several	reports	from	North	America	and
Europe	have	described	long-term	results	using	multimodality	treatment	of	MIBC,	with	appropriate	safeguards	for
early	 cystectomy	 should	 this	 treatment	 fail.	 For	 bladder-conserving	 therapy	 to	 be	 more	 widely	 accepted,	 this
treatment	 approach	 must	 have	 a	 high	 likelihood	 of	 eradicating	 the	 primary	 tumor,	 must	 preserve	 good	 organ
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function,	and	must	not	result	in	compromised	patient	survival.	It	does	appear	that	for	selected	patients,	bladder-
sparing	therapy	with	salvage	cystectomy	reserved	for	tumor	recurrence	represents	a	safe	and	effective	alternative
to	immediate	radical	cystectomy.89,90

Successful	bladder-preserving	approaches	have	evolved	during	the	past	three	decades.	They	began	with	the	use
of	 radiation	 therapy	 but	 expanded	when	 the	National	 Bladder	Cancer	Group	 first	 demonstrated	 the	 safety	 and
efficacy	 of	 cisplatin	 as	 a	 radiation	 sensitizer	 in	 patients	with	MIBC	 that	was	 unsuitable	 for	 cystectomy.91	 The
long-term	 survival	with	 stage	T2	 tumors	 (64%)	 and	 stage	T3	 to	T4	 tumors	 (22%)	was	 encouraging.	 This	was
validated	 by	 the	 National	 Cancer	 Institute–Canada	 randomized	 trial	 of	 radiation	 (either	 definitive	 or
precystectomy)	 with	 or	 without	 concurrent	 cisplatin	 for	 patients	 with	 T3	 bladder	 cancer,	 which	 showed	 a
significant	 improvement	 in	 long-term	survival	with	pelvic	 tumor	control	 (67%	versus	47%)	in	 the	patients	who
were	assigned	cisplatin.92	Additional	single-institution	studies	showed	that	the	combination	of	a	visibly	complete
TURBT	followed	by	radiation	therapy	or	radiation	therapy	concurrent	with	chemotherapy	safely	improved	local
control.93	These	findings	led	the	RTOG	to	develop	protocols	for	bladder	preservation	beginning	with	a	TURBT	of
as	 much	 of	 the	 tumor	 as	 is	 safely	 possible,	 followed	 by	 the	 combination	 of	 radiation	 with	 concurrent
radiosensitizing	chemotherapy.	One	key	to	the	success	of	such	a	program	is	the	selection	of	patients	for	bladder
preservation	on	the	basis	of	the	initial	response	of	their	tumor	to	therapy.	Thus,	bladder	conservation	is	reserved
for	those	patients	who	have	a	clinical	CR	to	concurrent	chemoradiation.	A	prompt	cystectomy	is	recommended	for
those	 patients	whose	 tumors	 respond	 only	 incompletely	 or	who	 subsequently	 develop	 an	 invasive	 tumor	 (Fig.
68.3).	 Between	 10%	 to	 30%	 of	 the	 patients	 entering	 a	 potential	 bladder-preserving	 protocol	 with	 trimodality
therapy	(initial	TURBT	followed	by	concurrent	chemoradiation)	will	ultimately	require	a	salvage	cystectomy.94–96

Figure	68.3	Schema	for	trimodality	treatment	of	muscle-invasive	bladder	cancer	with	selective



bladder	preservation.	TURBT,	transurethral	resection	of	the	bladder	tumor;	XRT,	radiation	therapy.

For	over	three	decades,	the	Massachusetts	General	Hospital	(MGH),	the	RTOG,	and	several	centers	in	Europe
have	 evaluated	 in	 phase	 II	 and	 III	 protocols	 of	 concurrent	 chemoradiation	 plus	 neoadjuvant	 or	 adjuvant
chemotherapy	 (Table	 68.3).	 Radiosensitizing	 drugs	 studied	 in	 these	 series,	 either	 singly	 or	 in	 various
combinations,	include	cisplatin,	carboplatin,	paclitaxel,	5-fluorouracil	(5-FU),	mitomycin	C,	and	gemcitabine.	The
first	RTOG	study	of	patients	treated	with	once-daily	radiation	treatment	and	concurrent	cisplatin	yielded	a	5-year
survival	 of	 52%	 (42%	with	 intact	 bladder).97	 RTOG	 studies	 8802	 and	 8903	 used	methotrexate,	 cisplatin,	 and
vinblastine	 (MCV)	 chemotherapy	 as	 neoadjuvant	 treatment.98	 In	 the	 latter	 study,	 the	 neoadjuvant	 therapy	was
tested	in	a	randomized	fashion.99	No	improvement	was	seen	in	survival	or	in	local	tumor	eradication	as	a	result	of
neoadjuvant	 therapy,	 although	 the	 trial	 was	 closed	 early	 and	 underpowered	 to	 give	 a	 definitive	 answer.	 The
toxicity	of	the	MCV	arm	was	considerable,	with	only	67%	of	patients	able	to	complete	the	planned	treatment.	The
use	 of	 contemporary	 neoadjuvant	 chemotherapy	 (dose-dense	 methotrexate,	 vinblastine,	 adriamycin,	 cisplatin
[ddMVAC],	 or	 gemcitabine	 and	 cisplatin	 [GC])	 regimens	with	 appropriate	 supportive	 therapy	 in	well-selected
bladder-sparing	patients	warrants	further	investigation.

TABLE	68.3
Results	of	Multimodality	Treatment	for	Muscle-Invading	Bladder	Cancer

Series
(Ref.) Multimodality	Therapy	Used Number	of	Patients

5-y
Overall
Survival
(%)

5-y	Survival
with	Intact
Bladder	(%)

RTOG
8512,
199397 External-beam	radiation	with	CP 42 52 42

RTOG
8802,
199698 TURBT,	MCV,	external-beam	radiation	with	CP 91 62	(4	y) 44	(4	y)

RTOG
8903,
199899

TURBT	with	or	without	MCV,	external-beam	radiation	with
CP 123 49 38

University
of	Paris,
1998100 TURBT,	5-FU,	external-beam	radiation	with	CP 120 63 N/A

University
of	Erlangen,
2002101

TURBT,	external-beam	radiation,	CP,	carboplatin,	or	CP	and
5-FU

415	(cisplatin,	82;
carboplatin,	61;	5-
FU/cisplatin,	87) 51 42

RTOG
9906,
2009102 TURBT,	TAX	plus	CP	plus	XRT;	adjuvant	CP	plus	GEM 80 56 47

BC2001,
201294 External-beam	radiation,	5-FU	and	MMC 182 48 N/A

RTOG
0233,
2013103 TURBT,	external-beam	radiation	and	CP	with	5-FU	or	TAX 97 71–75 67–71

Pooled
RTOG,
201496

TURBT,	external-beam	radiation	and	CP	with	or	without	5-
FU	or	TAX;	neoadjuvant	or	adjuvant	chemotherapy	(MCV	or
CP	plus	GEM) 468 57 N/A

MGH,
201795

TURBT,	external-beam	radiation	and	CP	(with	or	without	5-
FU	or	TAX)	or	GEM;	neoadjuvant	or	adjuvant	chemotherapy
(MCV	or	CP	plus	GEM) 475 57 46

RTOG,	Radiation	Therapy	Oncology	Group;	CP,	cisplatin;	TURBT,	 transurethral	 resection	of	bladder	 tumor;	MCV,	methotrexate,
cisplatin,	 vinblastine;	 5-FU,	 5-fluorouracil;	 N/A,	 not	 available;	 TAX,	 paclitaxel;	 XRT,	 radiation	 therapy;	GEM,	 gemcitabine;	MMC,
mitomycin	C;	MGH,	Massachusetts	General	Hospital.

Other	 studies	 from	Paris	 and	Germany	have	 reported	 their	 large	 experience	with	bladder	preservation.100,101
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The	CR	rate	 in	 the	German	study	was	72%,	and	 local	control	of	 the	bladder	 tumor	after	CR	without	a	muscle-
invasive	relapse	was	maintained	in	64%	of	the	patients	at	10	years.	The	10-year	DSS	was	42%,	and	>80%	of	these
survivors	preserved	their	bladders.	This	series	reported	the	sequential	use	of	radiation	with	no	chemotherapy	(126
patients),	 followed	by	 concurrent	 cisplatin	 (145	patients),	 then	 concurrent	 carboplatin	 (95	patients),	 and	 finally
concurrent	cisplatin	with	5-FU	(49	patients).	The	CR	rates	in	these	four	protocols	were	51%,	81%,	64%,	and	87%,
respectively.	The	5-year	actuarial	survival	with	an	intact	bladder	in	these	studies	was	38%,	47%,	41%,	and	54%,
respectively.	 These	 results	 strongly	 suggest	 that	 concurrent	 chemoradiation	 is	 superior	 to	 radiation	 alone,	 that
carboplatin	is	less	radiosensitizing	than	cisplatin,	and	that	cisplatin	plus	5-FU	may	be	superior	to	cisplatin	alone.

The	 RTOG	 protocols	 have	 subsequently	 explored	 both	 twice-daily	 radiation	 therapy	 and	 novel
radiosensitization	using	cisplatin	with	or	without	5-FU	or	paclitaxel.102,103	CR	and	bladder	preservation	rates	are
consistently	high,	with	no	one	regimen	clearly	superior.96

Gemcitabine	 has	 been	 also	 tested	 in	 bladder-treatment	 protocols.	 In	 a	 phase	 I	 trial	 from	 the	 University	 of
Michigan,	 23	 patients,	mostly	 T2,	 were	 treated	with	 gemcitabine	 and	 concurrent	 daily	 radiation.	 At	 a	median
follow-up	of	5.6	years,	an	impressive	91%	CR	rate	was	observed,	and	the	5-year	actuarial	estimates	of	survival
include	a	bladder-intact	survival	of	62%,	an	OS	of	76%,	and	DSS	of	82%.104	A	phase	II	study	from	the	United
Kingdom	of	50	patients	 treated	with	concurrent	weekly	gemcitabine	and	hypofractionated	radiation	reported	an
88%	 complete	 endoscopic	 response	 rate,	 a	 3-year	OS	 of	 75%,	 and	 cancer-specific	 survival	 of	 82%.105	 Twice-
weekly	low-dose	gemcitabine	was	recently	evaluated	as	a	radiosensitizer	with	daily	radiation	in	the	randomized
protocol	RTOG	0712.	Distant	metastasis	failure-free	survival	at	3	years	was	84%	for	gemcitabine	and	once-daily
radiation	(versus	78%	for	5-FU/cisplatin	and	twice-daily	radiation)	with	high	CR	rates	in	both	arms.	There	were
fewer	overall	toxicities	in	the	gemcitabine	and	once-daily	radiation	arm,	suggesting	it	is	a	reasonable	option.106

Cisplatin	is	not	always	an	ideal	drug	for	bladder	cancer	patients	because	it	may	cause	impaired	renal	function
in	many.	A	British	 group	 observed	 high	 response	 rates	 using	 the	 combination	 of	 5-FU	 and	mitomycin	C	with
pelvic	 radiotherapy.107	 These	 results	 led	 to	 the	 phase	 III	 Bladder	 Cancer	 2001	 (BC2001)	 trial,	 in	 which	 360
patients	with	MIBC	were	randomized	to	either	radiotherapy	alone	or	to	radiotherapy	with	concomitant	5-FU	and
mitomycin	 C	 chemotherapy.	 Local–regional	 disease-free	 survival	 was	 superior	 for	 those	 patients	 receiving
chemotherapy	(67%	versus	54%	at	2	years;	hazard	ratio	[HR],	0.68;	P	=	.03	with	median	follow-up	of	70	months).
Survival	 at	 5	 years	 was	 higher	 with	 chemoradiotherapy	 (48%	 versus	 35%),	 but	 did	 not	 reach	 statistical
significance	(HR,	0.82;	P	=	.16).94

Predictors	of	Outcome
A	common	feature	of	all	 the	RTOG	protocols	was	early	bladder	tumor	response	evaluation	and	the	selection	of
patients	 for	bladder	conservation	on	 the	basis	of	 their	 initial	 response	 to	TURBT	combined	with	chemotherapy
and	 radiation.95,96	 Bladder	 conservation	 was	 reserved	 for	 those	 who	 had	 a	 complete	 clinical	 response	 at	 the
midpoint	in	therapy	(after	a	radiation	dosage	of	40	Gy).	Complete	responders	to	induction	therapy	then	received
consolidation	 with	 additional	 chemotherapy	 and	 radiation	 to	 a	 total	 tumor	 dose	 of	 64	 to	 65	 Gy.	 Incomplete
responders	were	 advised	 to	undergo	 a	 radical	 cystectomy,	 as	were	patients	whose	 invasive	 tumors	persisted	or
recurred	after	treatment.	The	current	schema	for	trimodality	treatment	of	MIBC	is	provided	in	Figure	68.3.	Other
tumor	 presentations	 associated	with	 successful	 bladder-sparing	 therapy	 include	 solitary	 T2	 or	 early	 T3	 tumors
(typically	 <6	 cm	 in	 size),	 no	 tumor-associated	 hydronephrosis,	 tumors	 allowing	 a	 visibly	 complete	 TURBT,
invasive	 tumors	 not	 associated	 with	 extensive	 CIS,	 and	 primary	 UC	 histology.	 Although	 alternative	 primary
histologies	 have	 not	 been	 rigorously	 evaluated	 in	 bladder-sparing	 protocols,	 it	 appears	 that	mixed	 variant	 UC
responds	 to	 trimodality	 therapy	 with	 no	 significant	 differences	 in	 CR,	 OS,	 DSS,	 or	 salvage	 cystectomy	 rates
compared	with	pure	UC.108

In	 the	MGH	series,95	 the	median	 follow-up	 for	 all	 surviving	 patients	was	 7.21	 years.	Of	 475	 patients,	 75%
(83%	with	stage	T2)	had	CR	to	induction	therapy.	The	10-year	actuarial	OS	was	39%	(T2,	46%;	T3	to	T4a,	26%)
and	 the	 10-year	 DSS	was	 59%	 (T2,	 66%;	 stage	 T3	 to	 T4a,	 45%)	 (Fig.	 68.4).	 The	 clinical	 stage,	 achieving	 a
complete	TURBT,	achieving	a	CR,	hydronephrosis,	and	tumor-associated	CIS	were	significantly	associated	with
survival	outcomes.	When	evaluating	the	cohort	over	treatment	eras,	rates	of	CR	improved	from	66%	to	88%	and
5-year	DSS	improved	from	60%	to	84%	during	the	eras	of	1986	to	1995	to	2005	to	2013,	whereas	the	5-year	risk
of	salvage	radical	cystectomy	rate	decreased	from	42%	to	16%.	The	use	of	neoadjuvant	chemotherapy	with	MCV
or	adjuvant	chemotherapy,	however,	was	not	associated	with	 survival	or	 incidence	of	metastases,	 although	 this
may	warrant	further	investigation	in	the	modern	era.
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Figure	68.4	Kaplan-Meier	plots	for	disease-specific	and	overall	survival	for	all	patients	stratified
by	clinical	T	stage	(A,B),	by	induction	response	status	(C,D),	and	extent	of	transurethral	resection
of	bladder	tumor	(TURBT)	(E,F).	CR,	complete	response.	(Giacalone	NJ,	Shipley	WU,	Clayman
RH,	et	al.	Long-term	outcomes	after	bladder-preserving	tri-modality	therapy	for	patients	with
muscle-invasive	bladder	cancer:	an	updated	analysis	of	the	Massachusetts	General	Hospital

experience.	Eur	Urol	2017;71[6]:952–960.)

The	10-year	DSS	with	an	intact	bladder	was	46%.	Achieving	a	complete	TURBT	(in	addition	to	response	to
chemoradiation	 and	 hydronephrosis)	 was	 associated	 with	 bladder-intact	 DSS.	 Only	 1	 patient	 required	 a
cystectomy	due	to	bladder	morbidity.	The	10-year	DSS	rate	for	the	129	patients	(29%)	undergoing	a	cystectomy
was	44%,	illustrating	the	very	important	contribution	of	prompt	salvage	cystectomy.

The	5-year	 rates	 of	 non–muscle-invasive	 (i.e.,	 clinical	Ta,	Tis,	 or	T1),	muscle-invasive,	 regional	 nodal,	 and
distant	 failures	were	26%,	16%,	12%,	and	32%,	 respectively,	 and	 the	10-year	 rates	were	26%,	18%,	14%,	and
35%,	respectively.	In	a	separate	review	of	 the	patients	who	were	complete	responders	after	 trimodality	therapy,
25%	 subsequently	 developed	 a	 non–muscle-invasive	 recurrence,	 developing	 in	 some	more	 than	 a	 decade	 after
trimodality	 therapy,	 highlighting	 the	 needs	 for	 lifelong	 cystoscopic	 surveillance	 after	 bladder	 preservation.109
Patients	with	NMIBC	recurrence	had	worse	10-year	DSS	(72.1%	versus	78.4%,	P	=	.002)	than	those	without	such
recurrence	 but	 similar	OS.	Most	 patients	with	 superficial	 recurrence	were	 treated	 successfully	 by	TURBT	 and
adjuvant	 intravesical	BCG	had	a	reasonable	 toxicity	profile	and	efficacy	 in	 this	population.	Therefore,	properly
selected	patients	with	recurrent	NMIBC	after	a	CR	may	avoid	immediate	salvage	cystectomy.

Notably,	age	is	not	a	contraindication	to	successful	bladder-sparing	therapy,	and	indeed,	results	are	favorable	in
patients	aged	75	years	or	older.95,96	This	is	an	important	consideration	given	that	the	elderly	generally	appear	to	be
undertreated	for	invasive	bladder	cancer	in	the	United	States.110	Bladder-sparing	chemoradiation	remains	a	good
option	for	those	patients	who	are	not	cystectomy	candidates	and,	often,	such	patients	would	be	treated	with	daily
radiation	and	appropriate	concurrent	chemotherapy	without	a	break.

Radiation	Treatment
The	 most	 common	 approach	 with	 external-beam	 irradiation	 reported	 from	 North	 America95,96	 involves	 the
treatment	of	the	pelvis	to	include	the	bladder,	the	prostate	(in	men),	and	often,	the	low	external	and	internal	iliac
lymph	nodes	for	a	 total	dose	of	40	to	45	Gy	in	1.8-	 to	2.0-Gy	fractions	during	4	to	5	weeks.	Subsequently,	 the
target	volume	is	reduced	to	deliver	a	final	boost	dose	of	20	to	25	Gy	in	15	fractions	to	the	bladder	only	and/or
primary	bladder	tumor.	Some	protocols	call	for	partial	bladder	radiation	as	the	boost	volume	if	the	location	of	the
tumor	in	the	bladder	can	be	satisfactorily	identified	by	the	use	of	cystoscopic	mapping,	selected	mucosal	biopsies,
and	imaging	information	from	CT	or	MRI.	Figure	68.5	 is	an	 isodose	color	wash	of	a	partial	bladder	boost	 in	a
three-dimensional	conformal	plan.	Plans	using	conventional	fractionation	that	result	in	a	whole-bladder	dose	of	50
to	 55	 Gy	 and	 a	 bladder	 tumor	 volume	 dose	 of	 65	 Gy	 in	 combination	 with	 concurrent	 cisplatin-containing
chemotherapy	 have	 been	 widely	 used.	 Data	 looking	 at	 toxicity	 from	 urodynamic	 and	 quality-of-life	 studies
indicate	that	lower	dose	per	fraction	irradiation	given	once	or	twice	a	day	concurrent	with	chemotherapy	results	in
excellent	long-term	bladder	function	and	low	rates	of	late	pelvic	toxicity.111,112	Another	acceptable	approach	often
employed	in	the	United	Kingdom	is	for	radiation	to	be	delivered	to	55	Gy	in	20	fractions	or	64	Gy	in	32	fractions
to	bladder-only	fields	and	without	fields	to	specifically	cover	the	pelvic	lymph	nodes.94,113

Because	the	bladder	is	not	a	fixed	organ,	its	location	and	volume	can	vary	considerably	from	day	to	day.	This
results	 in	 a	 number	 of	 logistic	 problems	 to	 ensure	 adequate	 coverage	 of	 the	 bladder.	 Studies	 have	 identified
substantial	movement	of	the	bladder	during	the	course	of	external-beam	radiation	therapy,	and	as	a	result	of	these
findings,	many	have	 recommended	 that	 the	 bladder	 be	 emptied	when	 simulated	 and	 prior	 to	 each	 treatment	 to
maximize	reproducibility	and	avoid	a	geographic	miss.114	Forms	of	image-guided	delivery	(including	daily	cone-
beam	CT	and	fiducials)	have	also	been	employed	for	accurate	localization.



Figure	68.5	Display	of	a	sagittal	section	through	the	three-dimensional	data	set,	with	dose
displayed	in	color	wash,	for	a	patient	with	bladder	cancer	treated	with	a	partial	bladder	tumor	boost
with	three-dimensional	conformal	radiotherapy.	Note	sparing	of	the	anterior,	non–tumor-bearing

portion	of	bladder.

Brachytherapy	is	another	technique	to	deliver	a	higher	dose	of	radiation	to	a	limited	area	of	the	bladder	within
a	short	period.	This	approach	has	been	reported	from	institutions	in	the	Netherlands,	Belgium,	and	France.	It	 is
reserved	 for	 patients	with	 solitary	 bladder	 tumors	 and	 as	 part	 of	 combined	modality	 therapy	with	 transurethral
resection	and	external-beam	radiation	therapy	as	well	as	interstitial	radiation	therapy.	External-beam	doses	of	30
Gy	 are	 used	 in	 combination	with	 an	 implant	 tumor	 dose	 of	 40	Gy.	 These	 groups	 report	 that	 for	 patients	with
solitary	clinical	stage	T2	to	T3a	tumors	>5	cm	in	diameter,	local	control	rates	at	5	to	10	years	range	from	72%	to
84%	with	DSS	of	approximately	75%.115

Comparison	of	Treatment	Outcomes	of	Contemporary	Cystectomy	Series	with
Contemporary	Selective	Bladder-Preserving	Series
Comparing	 the	 results	 of	 selective	 bladder-preserving	 approaches	 with	 those	 of	 radical	 cystectomy	 series	 is
confounded	by	selection	bias	and	the	discordance	between	clinical	(TURBT)	staging	and	pathologic	(cystectomy)
staging.	Clinical	staging	will	understage	the	extent	of	disease	40%	to	45%	of	the	time	with	regard	to	penetration
into	 the	 muscularis	 propria	 or	 beyond	 when	 compared	 to	 pathologic	 staging.63	 The	 University	 of	 Southern
California,	Memorial	 Sloan	Kettering	Cancer	Center,	 the	University	 of	 Bern,	 and	 the	University	 of	Ulm	 have
reported	 their	 large	 cystectomy	 experience,115–118	 and	 the	 national	 phase	 III	 protocol	 by	 Southwest	 Oncology
Group	(SWOG),	Eastern	Cooperative	Oncology	Group	(ECOG),	and	Cancer	and	Leukemia	Group	B	(CALGB)
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has	 also	 reported	 valuable	 prospective	 data.119	 The	 OS	 rates	 from	 these	 contemporary	 cystectomy	 series	 are
comparable	to	those	reported	from	single-institution	and	cooperative	group	results	using	contemporary	selective
bladder-preserving	 approaches	 with	 trimodality	 therapy	 and	 prompt	 salvage	 cystectomy	 for	 the	 minority	 of
patients	who	recur	(Table	68.4).	These	data	demonstrating	similar	survival	outcomes	are	further	supported	by	a
recent	propensity	 score-matched	analysis	 of	patients	 treated	with	 cystectomy	or	 trimodality	 therapy	after	 being
seen	 in	a	multidisciplinary	bladder	cancer	clinic	at	Princess	Margaret	Hospital.	The	112	patients	 included	after
matching	 demonstrated	 a	 5-year	 DSS	 rate	 of	 73.2%	 in	 the	 cystectomy	 group	 versus	 76.6%	 in	 the	 trimodality
group	(P	=	.49).120	Furthermore,	a	recent	meta-analysis	and	systematic	review	also	found	no	difference	in	DSS	(at
5	or	10	years),	PFS	(at	10	years),	or	OS	(at	5	or	10	years)	between	cystectomy	versus	trimodality	therapy.121	An
attempt	to	compare	cystectomy	to	bladder-sparing	therapy	in	a	randomized	fashion	in	the	United	Kingdom	failed
to	accrue.122

TABLE	68.4
Muscle-Invasive	Bladder	Cancer:	Survival	Outcomes	in	Contemporary	Series

Series	(Ref.) Stages Number	of	Patients
Overall	Survival	(%)
5-y 10-y

Cystectomy

USC,	2001118 pT2–pT4a 633 48 32

Memorial	Sloan	Kettering,	2001251 pT2–pT4a 181 36 27

SWOG/ECOG/CALGB,	2003119,a,b cT2–cT4a 317 49 34

USC	and	U	Bern,	2001116,c pT2–pT3 959 50 39

U	Ulm,	2012117,d pT1–pT4 1,100 58 44

Selective	Bladder	Preservation	(Chemoradiation)

University	of	Erlangen,	2002101,a cT2–cT4a 326 45 29

MGH,	201795,a cT2–cT4a 475 57 39

RTOG,	199899,a cT2–cT4a 123 49 —

BC2001,	201294,a cT2–cT4a 182 48 —

RTOG	pooled,	201496,a cT2–cT4a 468 57 36
aThese	series	include	all	patients	by	their	intention	to	treat.
bA	total	of	50%	of	patients	were	randomly	assigned	to	receive	three	cycles	of	neoadjuvant	methotrexate,	vinblastine,	doxorubicin,
and	cisplatin.
cEstimated	survival	statistics.
dIncluded	26%	pT1	and	18%	pN+.
USC,	 University	 of	 Southern	 California;	 SWOG,	 Southwest	 Oncology	 Group;	 ECOG,	 Eastern	 Cooperative	 Oncology	 Group;
CALGB,	 Cancer	 and	 Leukemia	Group	 B;	 U	 Bern,	 University	 of	 Bern;	 U	 Ulm,	 University	 of	 Ulm;	MGH,	Massachusetts	 General
Hospital;	RTOG,	Radiation	Therapy	Oncology	Group;	BC2001,	Bladder	Cancer	2001	trial.

Bladder-Preservation	Treatments	with	Less	than	Trimodality	Therapy
It	has	been	argued	that	 trimodality	 therapy	might	represent	excessive	 treatment	for	many	patients	with	 invasive
bladder	 cancer	 and	 that	 comparable	 results	 could	 be	 obtained	 by	 TURBT,	 either	 alone	 or	with	 chemotherapy.
Herr123	 reported	 the	outcome	of	432	patients	 initially	 evaluated	by	 repeat	TURBT	 for	muscle-invasive	bladder
tumors.	 In	 that	 series,	 99	 patients	 (23%	 of	 the	 original	 432	 patients)	 initially	 treated	 conservatively	 without
immediate	cystectomy	had	a	34%	rate	of	progression	to	a	recurrent	muscle-invading	tumor	at	20	years.	In	a	series
combining	TURBT	and	MVAC	chemotherapy,	only	50%	of	those	found	to	have	a	clinical	CR	proved	to	be	tumor
free	 at	 cystectomy.124	 By	 comparison,	 one	 of	 the	 clearest	 examples	 of	 the	 improved	 success	 of	 trimodality
treatment	was	reported	in	the	study	from	the	University	of	Paris.125	TURBT	followed	by	concurrent	cisplatin,	5-
FU,	and	accelerated	radiation	was	used	by	this	group	initially	as	a	precystectomy	regimen.	In	the	first	18	patients,
all	 of	 whom	 demonstrated	 no	 residual	 tumor	 on	 cystoscopic	 evaluation	 and	 rebiopsy	 (a	 CR)	 but	 who	 all
underwent	 a	 cystectomy,	 none	 had	 any	 tumor	 in	 the	 cystectomy	 specimen	 (100%	 had	 a	 pathologic	 CR).
Comparing	approaches	by	TURBT	plus	MVAC	chemotherapy	alone	with	trimodality	therapy,	the	5-year	survival
rates	are	comparable	(50%),	but	the	preserved	bladder	rate	for	all	patients	studied	ranged	from	20%	to	33%	when
radiation	 therapy	 was	 not	 used	 and	 from	 41%	 to	 45%	when	 radiation	 therapy	 was	 used.125	 Thus,	 trimodality



therapy	 increases	 the	probability	of	surviving	with	an	 intact	bladder	by	30%	to	40%	compared	with	 the	 results
reported	with	TURBT	and	chemotherapy	alone.

Herr126	reported	on	63	patients	who	had	achieved	a	clinical	CR	to	neoadjuvant	chemotherapy	with	a	cisplatin-
based	regimen,	who	then	refused	to	undergo	a	planned	cystectomy.	The	most	significant	predictor	of	 improved
survival	was	complete	resection	of	the	tumor	before	starting	chemotherapy.	Over	90%	of	surviving	patients	had
small	 low-stage	 invasive	 tumors	 that	were	 completely	 resected.	 Thus,	 he	 concluded,	 selected	 patients	with	 T2
bladder	cancers	may	do	well	after	a	TURBT	and	chemotherapy.	The	efficacy	of	chemotherapy	with	TURBT	as
definitive	 therapy	 for	MIBC	 continues	 to	 be	 investigated,127,128	 including	 in	 genetically	mutationally	 favorable
subsets.

Systemic	Chemotherapy	with	Radical	Therapy

Neoadjuvant	Chemotherapy
The	 advantage	 of	 neoadjuvant	 chemotherapy	 is	 its	 potential	 to	 downsize	 and	 downstage	 tumors	 and	 to	 attack
occult	metastatic	disease	early,	especially	given	the	frequent	postoperative	complications	and	prolonged	recovery
that	can	delay	or	derail	plans	for	adjuvant	chemotherapy.	Moreover,	although	trials	described	as	follows	suggest	a
survival	advantage	for	neoadjuvant	chemotherapy,	there	have	been	no	contemporary	studies	supporting	a	benefit
with	 adjuvant	 chemotherapy.	 The	 disadvantages	 of	 neoadjuvant	 therapy	 include	 the	 inherent	 difficulties	 in
assessing	response,	the	fact	that	clinical	rather	than	pathologic	criteria	must	be	relied	on,	the	debilitating	effects	of
chemotherapy	 in	 some	patients,	 increasing	 the	 risks	of	 surgery,	 and	 the	possibility	of	deleterious	effects	of	 the
delay	in	cystectomy	or	definitive	radiation.

Although	 downstaging	 of	 the	 primary	 tumor	 has	 been	 demonstrated,	 randomized	 studies	 using	 single-agent
neoadjuvant	 chemotherapy	 have	 failed	 to	 demonstrate	 a	 survival	 benefit.	 Studies	 in	 patients	 with	 measurable
metastatic	 disease	 clearly	 showed	 the	 superiority	 of	 MVAC	 over	 single-agent	 cisplatin	 on	 survival,	 inspiring
further	studies	of	multiagent	neoadjuvant	therapy.

The	 study	 by	 Grossman	 et	 al.119	 randomly	 assigned	 patients	 with	 MIBC	 (stage	 T2	 to	 T4a)	 to	 radical
cystectomy	 alone	 or	 three	 cycles	 of	 MVAC	 followed	 by	 radical	 cystectomy.	 During	 an	 11-year	 period,	 317
patients	were	 enrolled.	 The	 authors	 reported	 that	MVAC	 can	 be	 given	 before	 radical	 cystectomy,	 but	 the	 side
effects	 are	 appreciable.	 One-third	 of	 patients	 had	 severe	 hematologic	 or	 gastrointestinal	 reactions,	 but,	 on	 the
positive	side,	there	were	no	drug-related	deaths	and	the	chemotherapy	did	not	adversely	affect	the	performance	of
surgery.	The	authors	concluded	the	following:

1.	 The	survival	benefit	associated	with	MVAC	appeared	to	be	strongly	related	to	downstaging	of	the	tumor	to
pT0.	Of	the	chemotherapy-treated	patients,	38%	had	no	evidence	of	cancer	at	cystectomy,	as	compared	with
15%	of	patients	in	the	cystectomy-only	group.	In	both	groups,	improved	survival	was	associated	with	the
absence	of	residual	cancer	in	the	cystectomy	specimen.

2.	 The	median	survival	was	77	months	for	the	chemotherapy-treated	patients	compared	with	46	months	for	the
cystectomy-only	group.

3.	 The	5-year	actuarial	survival	was	43%	in	the	cystectomy	group,	which	was	not	significantly	different	from
57%	in	the	chemotherapy-treated	group.

Stratification	by	tumor	stage	indicated	greater	improvement	in	median	survival	with	chemotherapy	in	subjects
with	T3	to	T4a	disease	(65	versus	24	months,	chemotherapy	versus	observation)	than	in	subjects	with	T2	disease
(105	versus	75	months).	The	authors	point	out	that	their	study	is	different	from	seven	previous	negative	studies
that	 used	 either	 single-agent	 cisplatin	 or	 a	 two-drug	 combination.	 They	 also	 acknowledged	 problems	 of
interpretation	created	by	slow	accrual	and	a	lack	of	pathologic	review.

The	Medical	Research	Council	(MRC)	and	the	European	Organisation	for	Research	and	Treatment	of	Cancer
(EORTC)	 performed	 a	 prospective	 randomized	 trial	 of	 neoadjuvant	 cisplatin,	 methotrexate,	 and	 vinblastine
(CMV)	in	patients	undergoing	cystectomy	or	full-dose	external-beam	radiotherapy	for	MIBC.129,130	In	the	initial
report	 with	 a	 median	 follow-up	 of	 7.4	 years,	 the	 difference	 in	 5-year	 survival	 between	 those	 who	 received
chemotherapy	(49%)	and	those	who	did	not	(43%)	just	reached	clinical	significance	with	a	probability	value	of
.048.	However,	the	survival	benefit	did	not	reach	the	prespecified	study	goal.	Long-term	follow-up	of	the	study
with	median	 follow-up	 of	 8	 years	 and	more	 death	 events	 demonstrated	 that	 systemic	 chemotherapy	 plus	 local
treatment	 improved	10-year	OS	by	6%	and	reduced	the	risk	of	bladder	cancer	death	by	17%	compared	to	local
treatment	 alone.	For	patients	whose	 local	 treatment	 included	 a	 cystectomy,	 the	use	of	CMV	 resulted	 in	 a	26%
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reduction	 in	 the	 risk	of	death	compared	 to	surgery	alone.130	Whereas	neoadjuvant	chemotherapy	 is	accepted	as
standard	 of	 care	 especially	 for	 T3/T4	 or	 node-positive	 disease,	 some	 clinicians	 have	 raised	 concern	 that	 the
“number	needed	to	treat”	for	benefit	remains	high.

A	 third	 randomized	 trial	 was	 the	 Nordic	 Cystectomy	 Trial	 1.131	 Patients	 were	 treated	 with	 two	 cycles	 of
neoadjuvant	 doxorubicin	 and	 cisplatin.	 All	 patients	 received	 5	 days	 of	 radiation	 followed	 by	 cystectomy.	 A
subgroup	analysis	showed	a	20%	difference	in	DSS	at	5	years	in	patients	with	T3	and	T4	disease,	but	there	was	no
difference	in	stages	T1	and	T2,	nor	a	difference	when	all	entered	patients	were	compared.

The	Nordic	Cystectomy	Trial	2	 included	only	stage	T3	or	T4a	patients	 in	an	attempt	 to	confirm	the	positive
results	 in	 Nordic	 1	 in	 this	 subgroup	 of	 patients.132	 This	 trial	 eliminated	 radiation	 therapy	 and	 substituted
methotrexate	for	doxorubicin	in	order	to	lower	toxicity.	In	317	patients	studied,	no	survival	benefit	was	noted	in
the	chemotherapy	arm.	The	authors	concluded	that	despite	substantial	downstaging,	no	survival	benefit	was	seen
with	 neoadjuvant	 chemotherapy	 after	 5	 years	 of	 follow-up,	 although	 the	 choice	 of	 chemotherapy	 was
unconventional	by	contemporary	standards.

A	meta-analysis	of	11	completed	randomized	trials	of	neoadjuvant	chemotherapy	for	invasive	bladder	cancer
(3,005	patients)	demonstrated	a	5%	OS	benefit	at	5	years	(HR,	0.86;	95%	confidence	interval	[CI],	0.77	to	0.95;	P
=	.003),	supporting	the	role	for	platinum-based	combination	neoadjuvant	chemotherapy.

Many	phase	II	studies	have	investigated	alternative	neoadjuvant	combinations	including	cisplatin/gemcitabine
and	 ddMVAC.133–136	 ddMVAC,	 accelerated	 MVAC,	 and	 high-dose	 intensity	 MVAC	 are	 nearly	 synonymous
terms	for	MVAC	that	is	given	on	a	compressed	schedule	over	14	days	rather	than	the	standard	28	days.	Doses	of
doxorubicin	and	cisplatin	remain	the	same,	but	the	doses	of	methotrexate	and	vinblastine	on	days	15	and	22	are
omitted,	 effectively	 doubling	 the	 administered	 dose	 of	 doxorubicin	 and	 cisplatin	 in	 half	 the	 time	 for	 standard
MVAC.	EORTC	protocol	30924	was	a	randomized	phase	III	trial	that	demonstrated	improved	response	rate,	PFS,
and	OS	 for	 ddMVAC	 compared	with	 standard	MVAC	 in	 the	metastatic	 setting.137	 In	 the	 neoadjuvant	 setting,
ddMVAC	was	tolerable	and	associated	with	pathologic	T0	rates	comparable	to	standard	MVAC.135,136	Despite	the
absence	 of	 phase	 III	 randomized	 data	 to	 support	 its	 use	 in	 the	 neoadjuvant	 setting,	 ddMVAC	 has	 become	 a
preferred	 regimen.	 The	 SWOG	 1314	 study	 is	 a	 randomized	 controlled	 trial	 comparing	 ddMVAC	 with
cisplatin/gemcitabine	neoadjuvant	chemotherapy	and	has	completed	accrual.

In	 the	 2018	 National	 Comprehensive	 Cancer	 Network	Clinical	 Practice	 Guidelines	 in	 Oncology:	 Bladder
Cancer,	 neoadjuvant	 chemotherapy	 is	 a	 category	 1	 recommendation	 for	 localized	 stage	 T2	 to	 T4a	 disease.
Suggested	regimens	include	ddMVAC,	CMV,	and	cisplatin/gemcitabine	for	three	or	four	cycles.	According	to	the
National	 Cancer	Database	 (NCDB),	 in	 the	United	 States,	 only	 11.6%	 of	 patients	 underwent	 any	 perioperative
chemotherapy,	with	most	in	the	adjuvant	setting.138	In	the	future,	gene	profiling	may	identify	those	most	likely	to
respond	to	chemotherapy.139	Genomic	alterations	in	ATM,	RB1,	and	FANCC	are	associated	with	higher	rates	of
pathologic	CR	to	neoadjuvant	chemotherapy	and	OS.139

Adjuvant	Chemotherapy
The	advantage	of	adjuvant,	as	opposed	to	neoadjuvant,	chemotherapy	is	that	pathologic	staging	allows	for	a	more
accurate	selection	of	patients.	This	approach	facilitates	the	separation	of	patients	in	stage	pT2	from	those	in	stages
pT3	or	pT4	or	node-positive	disease,	all	at	a	high	risk	for	metastatic	progression.

Adjuvant	 chemotherapy	 has	 been	 studied	 in	 two	 major	 clinical	 settings:	 (1)	 following	 bladder-sparing
chemoradiation	and	(2)	following	a	radical	cystectomy.	In	the	former	case,	there	is	no	guidance	from	pathologic
staging,	 but	 experience	 has	 shown	 that	 up	 to	 50%	 of	 those	 with	 invasive	 cancers	 ultimately	 have	 systemic
disease.140	Respecting	this,	the	RTOG	studies	have	added	adjuvant	chemotherapy	at	first	with	MCV,	later	using
cisplatin	plus	gemcitabine	 and	more	 recently	 adding	paclitaxel.141	 The	 results	 thus	 far	 do	 not	 indicate	whether
adjuvant	chemotherapy	is	affecting	survival.

The	place	of	adjuvant	chemotherapy	after	cystectomy	has	been	studied	more	thoroughly,	but	again,	the	results
are	not	clear.	Investigators	generally	agree	that	 in	 the	face	of	positive	nodes,	and	even	with	negative	nodes	and
high	 pathologic	 stage	 of	 the	 primary	 tumor,	 adjuvant	 chemotherapy	 is	 likely	 to	 be	 important	 in	 improving
survival.	There	are	five	randomized	trials	using	adjuvant	chemotherapy.142–146	Three	studies	found	no	difference
between	adjuvant	chemotherapy	and	cystectomy	alone,	but	all	three	were	seriously	flawed	in	design	or	accrual.147
Two	 of	 the	 five	 studies145,146	 showed	 a	 survival	 benefit	 for	 cystectomy	 and	 adjuvant	 chemotherapy	 over
cystectomy	alone,	but	both	are	subject	to	criticism	for	both	method	considerations	and	small	accrual.

Nonetheless,	 in	a	 follow-up	report	by	Stöckle	et	al.,148	an	analysis	of	166	patients,	 including	 the	49	 initially
randomized	patients,	a	difference	was	noted	in	the	80	patients	who	received	adjuvant	chemotherapy	as	compared



with	86	patients	who	underwent	cystectomy	alone.	The	extent	of	nodal	involvement	proved	important,	and	when
patients	were	stratified	by	the	number	of	nodes	involved,	adjuvant	chemotherapy	was	most	effective	in	patients
with	N1	disease.

In	an	important	review	of	the	current	status	of	adjuvant	chemotherapy	in	MIBC,	the	Advanced	Bladder	Cancer
Meta-Analysis	Collaboration	examined	491	patients	from	six	trials,	representing	90%	of	all	patients	randomized
in	cisplatin-based	combination	chemotherapy	trials.	They	concluded	that	there	is	insufficient	evidence	on	which	to
base	reliable	treatment	decisions,	and	they	recommended	further	research.149

More	 recent	 studies	 have	 used	 different	 adjuvant	 chemotherapy	 regimens	 or	 molecular	 stratification.	 A
randomized	 trial	performed	 in	 Italy	 randomized	patients	 after	 cystectomy	either	 to	 four	 courses	of	gemcitabine
plus	cisplatin	(n	=	102)	or	to	the	same	treatment	at	time	of	relapse	(n	=	92).	There	was	no	difference	in	the	5-year
OS	across	treatment	arms.	However,	due	to	poor	accrual,	the	study	was	insufficiently	powered	to	detect	a	survival
difference.150

As	 described	 earlier,	 p53	 alteration	 status	 was	 hypothesized	 to	 be	 both	 prognostic	 for	 recurrence	 after
cystectomy	and	predictive	for	a	survival	benefit	conferred	by	adjuvant	chemotherapy.	A	phase	III	trial	separated
patients	based	on	p53	status,	with	all	p53-negative	patients	 followed	with	observation	alone.	Patients	with	p53
alteration	(n	=	114)	were	randomized	postcystectomy	to	three	cycles	of	adjuvant	MVAC	or	observation.	Neither
p53	status	nor	MVAC	adjuvant	chemotherapy	impacted	risk	of	recurrence.151

Gallagher	et	al.152	studied	adjuvant,	sequential	chemotherapy	in	a	nonrandomized	design,	using	as	a	basis	the
improvement	 in	 survival	 in	 breast	 cancer	when	 sequential	 adjuvant	 chemotherapy	was	 used.	 In	 this	 study	 and
others	similarly	designed,	adjuvant,	sequential	chemotherapy	for	patients	with	high-risk	urothelial	cancer	did	not
appear	to	improve	DSS	over	that	observed	with	surgery	alone.

Is	 adjuvant	 therapy	better	 than	 treatment	at	 relapse?	The	EORTC	30994	study	was	a	 randomized	controlled
phase	III	trial	that	evaluated	adjuvant	chemotherapy	versus	chemotherapy	at	relapse	in	284	patients	with	pT3/4	or
node-positive	M0	disease	at	cystectomy.153	Adjuvant	chemotherapy	was	associated	with	significant	improvement
in	PFS	(HR,	0.54;	95%	CI,	0.4	to	0.73;	P	<	.0001)	but	no	difference	in	OS	(HR,	0.78;	95%	CI,	0.56	to	1.08;	P	=
.13).

Dreicer,154	 in	reviewing	the	published	literature,	made	the	case	for	adjuvant	chemotherapy	as	the	standard	of
care	given	the	lethality	of	radical	cystectomy	alone	in	MIBC,	but	he	acknowledged	that	“suboptimal	trial	design,
insufficient	 numbers	 of	 patients,	 and	 lack	 of	 standardization	 of	 the	 chemotherapy	 regimens	 used	 have	 plagued
adjuvant	 studies.”	 In	 a	 retrospective	 observational	 study	 of	 comparative	 effectiveness	 between	 postcystectomy
adjuvant	chemotherapy	and	observation	in	patients	with	pathologic	T3	to	T4	and/or	node-positive	bladder	cancer
using	the	NCDB,	5,653	patients	were	included	and	23%	had	adjuvant	chemotherapy.	Adjuvant	chemotherapy	was
associated	with	longer	OS	(HR,	0.7;	95%	CI,	0.64	to	0.76).	The	correlation	between	adjuvant	chemotherapy	and
longer	 OS	 was	 consistent	 in	 subset	 analyses,	 suggesting	 that	 adjuvant	 chemotherapy	 should	 be	 considered	 in
patients	 with	 pT3/pT4	 and/or	 node-positive	 disease	 if	 they	 had	 not	 received	 neoadjuvant	 chemotherapy.155
Ongoing	 studies	may	 define	 the	 role	 for	 adjuvant	 chemotherapy	 or	 immune	 checkpoint	 inhibitors	 for	 specific
molecular	subsets	of	bladder	cancer.

Combined	Modality	Treatment	of	Local–Regionally	Advanced	Disease
Current	 practice	 for	 locoregionally	 advanced	 disease	 (AJCC	 stage	 III)	 is	 evolving	 to	 include	 more	 definitive
multimodality	therapy	including	consideration	of	neoadjuvant	chemotherapy,	followed	by	radical	cystectomy	with
pelvic	 lymph	 node	 dissection	 and/or	 consolidative	 pelvic	 chemoradiation.156	 However,	 the	 place	 of	 combined
modality	 therapy	 for	 advanced	 disease	 has	 still	 not	 been	 entirely	 settled.	 Several	 series	 have	 suggested	 an
improvement	 in	 long-term	 survival	 in	 selected	 patients	 undergoing	 resection	 of	 persistent	 cancer	 deposits	 after
MVAC	or	CMV.140,157

In	 our	 experience,	 carefully	 selected	 patients	 with	 locally	 advanced	 unresectable	 bladder	 cancer,	 including
some	 patients	 with	 pelvic	 nodal	 masses,	 may	 experience	 long-term	 survival	 with	 the	 combination	 of
chemotherapy	 and	 radiation.	 To	 be	 selected	 for	 this	 combined	 modality	 treatment,	 patients	 must	 have	 (1)	 an
excellent	performance	status,	(2)	locally	advanced	measurable	disease,	(3)	normal	kidney	function	tests,	and	(4)
no	evidence	of	distant	metastases	beyond	the	common	iliac	lymph	nodes.	The	initial	treatment	consists	of	four	to
six	cycles	of	combination	chemotherapy.	 If	a	 significant	 regression	of	 tumor	 is	achieved,	 radiation	 treatment	 is
administered	 in	combination	with	 radiosensitizing	chemotherapy.	These	patients	were	carefully	 selected,	but	 in
the	majority	of	 patients	 so	 treated,	 excellent	 tumor	 shrinkage	 and	 long-term	 survival	were	 achieved	 in	patients
who	would	otherwise	have	been	expected	to	succumb	rapidly	if	treatment	had	consisted	of	chemotherapy	alone.
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Quality	of	Life	After	Cystectomy	or	Bladder	Preservation
Evaluating	the	quality	of	life	in	long-term	survivors	of	bladder	cancer	has	been	difficult,	and	only	recently	have
attempts	 been	made	 to	 assess	 this	 in	 an	 objective	 and	 quantitative	 fashion.111,112,158–167	A	number	of	 problems
arise	in	the	interpretation	of	the	published	studies.	Tools	to	assess	quality-of-life	variables	were	developed	early
for	 common	prostate	 and	gynecologic	 cancers,	 but	 until	 very	 recently,	 no	 such	 instruments	 existed	 for	 bladder
cancer.	The	instruments	in	use	for	bladder	cancer	have	often	thus	been	adaptations	of	uncertain	validity,	although
more	 recently,	 a	 Bladder	 Cancer	 Index	 has	 been	 developed	 and	 validated168	 with	 high	 internal	 and	 retest
consistency	 and	 the	 ability	 to	 be	 used	 regardless	 of	 local	 treatment	 type	 and	 across	 genders,	 allowing	 for
comparative	treatment	studies.	To	date,	the	published	studies	are	all	cross-sectional	and	patients	have	follow-ups
of	 varying	 lengths.	This	matters	 in	 a	 surgical	 series	 in	which	 functional	 outcome	 improves	with	 time	 and	 in	 a
radiation	series	in	which	it	may	deteriorate.	Despite	these	limitations,	some	conclusions	can	now	be	drawn.

A	 radical	 cystectomy	 causes	 changes	 in	many	 areas	 of	 quality	 of	 life,	 including	 urinary,	 sexual,	 and	 social
function,	 daily	 living	 activities,	 and	 satisfaction	 with	 body	 image.	 During	 the	 past	 decade,	 researchers	 have
concentrated	on	the	relative	merits	of	continent	and	incontinent	diversions.	Available	data	have	been	mixed	with
some	groups,	surprisingly,	reporting	few	differences	between	the	quality	of	life	of	those	with	an	ileal	conduit	and
those	with	continent	diversions.	Hart	et	al.158	have	compared	outcome	in	cystectomy	patients	who	have	either	ileal
conduits,	 cutaneous	Koch	 pouches,	 or	 urethral	Koch	 pouches.	Regardless	 of	 the	 type	 of	 urinary	 diversion,	 the
majority	of	patients	reported	good	overall	quality	of	life,	little	emotional	distress,	and	few	problems	with	social,
physical,	or	functional	activities.	Problems	with	their	diversions	and	with	sexual	function	were	most	commonly
reported.	After	controlling	for	age,	no	significant	differences	were	seen	among	urinary	diversion	subgroups	in	any
quality-of-life	area.	It	might	be	anticipated	that	 those	receiving	the	urethral	Koch	diversions	would	be	 the	most
satisfied,	and	the	explanation	why	this	is	not	so	is	unclear.	It	may	be	that	the	subgroups	were	too	small	to	detect
differences,	but	perhaps,	it	is	more	likely	that	each	group	adapts	in	time	to	the	specific	difficulties	presented	by
that	 type	 of	 diversion.	 Somani	 et	 al.160	 reviewed	 40	 published	 studies	 that	 evaluated	 overall	 quality	 of	 life,
reporting	on	3,645	patients.	Only	two	studies	reported	a	better	quality	of	life	for	those	who	had	neobladder	and
only	two	reported	a	better	body	image.160	Another	prospective	study	reported	by	Månsson	et	al.161	suggested	that
there	may	be	a	large	cultural	component	to	the	response	with	big	differences	seen	between	Egyptian	and	Swedish
men	followed	prospectively	through	trials	of	chemotherapy	and	cystectomy.

Porter	 and	 Penson159	 attempted	 a	 systematic	 review	 of	 the	 literature,	 testing	 the	 premise	 that	 continent
diversions	 result	 in	 improved	 health-related	 quality-of-life	 outcomes.	 They	 concluded	 that,	 regardless	 of
assumptions,	there	is	no	literature	to	support	the	use	of	one	urinary	diversion	over	another.	Reviews	by	Gerharz	et
al.163	and	Somani	et	al.160	came	to	the	same	conclusion.	It	appears	that	women	have	more	problems	with	continent
diversions,	particularly	the	need	to	catheterize,	than	do	men.162

Zietman	et	al.112	performed	a	study	on	patients	 treated	with	chemoradiation	for	MIBC.	Patients	underwent	a
urodynamic	 study	and	completed	a	quality-of-life	questionnaire	with	 a	median	 time	 from	 therapy	of	6.3	years.
This	long	follow-up	is	sufficient	to	capture	the	majority	of	late	radiation	effects.	A	total	of	75%	of	patients	had
normally	functioning	bladders	by	urodynamic	studies.	Reduced	bladder	compliance,	a	recognized	complication	of
radiation,	 was	 seen	 in	 22%,	 but	 in	 only	 one-third	 of	 these	 was	 it	 reflected	 in	 distressing	 symptoms.	 The
questionnaire	 showed	 that	 bladder	 symptoms	 were	 uncommon,	 especially	 among	 men,	 with	 the	 exception	 of
control	problems.	These	were	reported	by	19%,	with	11%	using	incontinence	products	(all	women).	Distress	from
urinary	 symptoms	was	half	 as	 common	as	 their	 prevalence.	Bowel	 symptoms	occurred	 in	22%	with	only	14%
recording	any	level	of	distress.	The	majority	of	men	retained	sexual	function.	Global	health-related	quality	of	life
was	 high.	 A	 study	 reported	 by	 Herman	 et	 al.164	 showed	 that	 when	 low	 doses	 of	 gemcitabine	 are	 used	 as	 an
alternative	 radiation	 sensitizer	 to	 cisplatin,	 treatment	 is	 also	very	 tolerable.	Thus,	 the	great	majority	of	patients
treated	 by	 trimodality	 therapy	 retain	 good	 bladder	 function.	 Long-term	 bowel	 and	 bladder	 toxicity	 after
chemoradiotherapy	was	investigated	in	patients	enrolled	in	prospective	sequential	RTOG	trials	(8903,	9506,	9706,
and	9906).	A	total	of	7%	of	 the	patients	experienced	 late	grade	3	or	4	pelvic	 toxicity	(5.7	%	genitourinary	and
1.9%	gastrointestinal).	In	only	one	of	nine	patients	did	a	grade	3	to	4	genitourinary	toxicity	persist.	This	indicates
that	 rates	 of	 late	 pelvic	 toxicity	 for	 patients	who	undergo	 selective	bladder	 preservation	 and	 retain	 their	 native
bladder	are	acceptably	low.111

Two	cross-sectional	questionnaire	studies,	one	from	Sweden	and	one	from	Italy,	have	compared	the	outcome
following	radiation	with	the	outcome	following	cystectomy.165,166	The	questionnaire	results	for	urinary	function
following	radiation	were	very	similar	 to	 those	recorded	in	 the	MGH	study.	More	than	74%	of	patients	reported
good	 urinary	 function.	 Both	 studies	 compared	 bowel	 function	 in	 irradiated	 patients	 with	 that	 seen	 in	 patients



undergoing	 cystectomy.	 In	both,	 the	bowel	 symptoms	were	greater	 for	 those	 receiving	 radiation	 than	 for	 those
receiving	 cystectomy	 (10%	versus	 3%	 and	 32%	versus	 24%,	 respectively),	 but	 in	 neither	was	 this	 statistically
significant.

Data	on	the	assessment	of	sexual	function	are	largely	limited	to	men.	The	majority	in	the	MGH	series	report
adequate	erectile	function	(full	or	sufficient	for	intercourse)	following	radiation.	These	findings	align	with	those
obtained	in	the	Swedish	and	Italian	series	in	which	three	times	as	many	men	retained	useful	erections	as	compared
with	cystectomized	controls.

A	third,	more	recent	cross-sectional	bi-institutional	questionnaire	study	attempted	to	compare	the	quality	of	life
of	cystectomy	versus	trimodality	therapy	in	226	patients	treated	over	20	years.167	With	a	response	rate	of	77%,	a
median	follow-up	period	of	5.6	years,	using	six	different	validated	quality-of-life	instruments	and	propensity	score
matching,	 multivariable	 analysis	 demonstrated	 better	 general	 quality	 of	 life	 in	 those	 who	 received	 trimodality
therapy	 versus	 radical	 cystectomy.	Trimodality	 therapy	was	 also	 associated	with	 superior	 physical,	 role	 social,
emotional,	and	cognitive	functioning;	better	body	 image;	as	well	as	bowel	and	sexual	 function.	Patients	 treated
with	 trimodality	 therapy	 also	 reported	 greater	 informed	 decision-making	 scores	 and	 less	 concern	 about	 the
negative	effect	of	cancer.	Urinary	symptom	scores	were	similar.	This	data	supports	trimodality	therapy	as	a	good
alternative	to	radical	cystectomy	for	selected	patients.

The	 availability	 of	 long-term	 outcomes	 and	 these	 quality-of-life	 data	 permit	 comparative	 analyses	 beyond
systematic	 reviews.	A	recent	comparative	effectiveness	modeling	study	using	 the	primary	end	point	of	quality-
adjusted	life-years	showed	a	potential	gain	of	over	1	quality-adjusted	life-year	with	bladder-preserving	trimodality
therapy	relative	to	cystectomy.169	Further	prospective	investigations	are	warranted.

Metastatic	Bladder	Cancer
An	 estimated	 17,240	 deaths	 in	 the	 United	 States	 in	 2018	 will	 be	 due	 to	 metastatic	 bladder	 cancer.1	 Through
lymphatic	 and	 hematogenous	means,	 bladder	 cancer	metastasizes	 to	 distant	 organs,	most	 commonly	 the	 lungs,
bone,	liver,	and	brain.	The	prognosis	of	metastatic	bladder	cancer,	as	with	other	metastatic	solid	tumors,	is	poor,
with	a	median	survival	on	the	order	of	only	12	months.

Compared	with	other	solid-tumor	malignancies,	transitional	cell	cancer	is	chemosensitive.	In	phase	II	clinical
trials,	radiographic	response	rates	may	be	as	high	as	70%	to	80%,	and	in	phase	III	clinical	trials,	response	rates	are
often	on	the	order	of	50%.	Moreover,	a	small	but	substantial	minority	of	responding	patients	manifest	a	CR,	and
among	these	patients	some	long-term,	durable	responses	are	observed.	Overall,	however,	the	duration	of	response
in	UC	is	short,	with	a	median	of	4	to	6	months,	and	therefore,	the	impact	of	chemotherapy	on	survival	has	been
disappointing.	 As	 newer	 targeted	 agents	 come	 into	 clinical	 practice,	 the	 hope	 is	 that	 their	 incorporation	 into
treatment	 regimens	will	 lengthen	 the	 duration	 of	 response	 and,	 ultimately,	 will	 translate	 into	 a	 real	 change	 in
survival.

Cisplatin
In	 1976,	 a	 series	 of	 24	 patients	 with	 bladder	 cancer	 treated	 with	 single-agent	 cisplatin	 was	 reported.170	 The
investigators	observed	eight	partial	responses	in	addition	to	four	minor	responses.	Subsequent	studies	confirmed
the	 activity	of	 cisplatin	 in	UC,	 although	 the	 response	 rate	 to	 single-agent	 cisplatin	has	been	 lower	 than	 that	 of
cisplatin-containing	combination	therapy.171	Thus,	most	subsequent	studies	have	explored	combination	regimens.

Cisplatin-Based	Combination	Chemotherapy
The	standard	chemotherapy	regimen	for	advanced	bladder	cancer	for	more	than	a	decade	was	MVAC.172	MVAC
is	administered	in	28-day	cycles,	with	starting	doses	of	methotrexate	30	mg/m2	(days	1,	15,	and	22),	vinblastine	3
mg/m2	(days	2,	15,	and	22),	doxorubicin	30	mg/m2	(day	2),	and	cisplatin	70	mg/m2	(day	2).	Another	commonly
used	 regimen	 has	 been	 CMV,	 which	 omits	 the	 doxorubicin	 and	 has	 somewhat	 less	 toxicity.173	 The	 MVAC
regimen	has	superior	activity	to	cisplatin	alone171	and	to	other	cisplatin-containing	regimens.174	The	response	rate
to	MVAC	is	40%	to	65%,171,172,175	and	there	is	improved	PFS	and	OS	compared	with	either	single-agent	cisplatin
or	cisplatin,	cyclophosphamide,	and	doxorubicin.	CR	is	seen	in	15%	to	25%	of	patients,	with	an	expected	median
survival	of	12	months	(Table	68.5).171–174

The	downside	 to	MVAC	 is	 substantial	 toxicity,	 and	most	 patients	 require	 dose	 adjustment	 at	 some	point	 in
their	 treatment.	Toxic	effects	of	MVAC	include	neutropenia,	anemia,	 thrombocytopenia,	stomatitis,	nausea,	and
fatigue.115,147,175	The	rate	of	chemotherapy-induced	fatality	among	patients	with	metastatic	disease	may	be	as	high
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as	3%,	most	often	due	to	neutropenic	sepsis.175
The	doublet	of	GC	showed	encouraging	results	in	phase	II	studies,	with	response	rates	of	42%	to	66%	and	CR

rates	 of	 18%	 to	 28%.176,177	 Primary	 toxicity	 was	 hematologic	 and	 was	 generally	 easily	 managed,	 with	 rare
hospitalizations	 for	 febrile	 neutropenia	 and	 no	 toxic	 deaths.	 Based	 on	 these	 encouraging	 results,	 GC	 was
compared	with	MVAC	in	a	multicenter	phase	III	study.175,178	MVAC	was	administered	as	previously	described,
and	GC	was	administered	 in	28-day	cycles	with	gemcitabine	1,000	mg/m2	 (days	1,	8,	and	15)	and	cisplatin	70
mg/m2	(day	2).	In	the	study,	405	patients	were	randomized	to	one	of	the	two	treatment	arms,	and	the	two	groups
exhibited	similar	characteristics.	Median	survival	was	14	months	with	GC	and	15.2	months	with	MVAC,	which
were	statistically	comparable.178	Patients	treated	with	GC,	however,	had	significantly	less	toxicity	and	improved
tolerability.	Patients	 receiving	GC	gained	more	weight,	 reported	 less	 fatigue,	and	had	better	performance	status
than	patients	who	received	MVAC.

As	 described	 previously	 in	 neoadjuvant	 chemotherapy,	 ddMVAC	 was	 initially	 tested	 in	 patients	 with
metastatic	bladder	cancer.	In	the	randomized	phase	III	EORTC	protocol	30924,	ddMVAC	demonstrated	improved
response	 rate,	 PFS,	 and	 OS	 compared	 with	 standard	MVAC	 in	 the	 metastatic	 setting.137	 As	 a	 result	 of	 these
studies,	GC	and	ddMVAC	are	generally	considered	the	current	standard	of	care	for	metastatic	bladder	cancer.

Other	Chemotherapy	Regimens
The	addition	of	 taxanes	 to	cisplatin-based	regimens	has	been	 the	subject	of	numerous	phase	II	 trials	 in	bladder
cancer	(Table	68.6).	The	doublets	of	cisplatin	and	paclitaxel	and	cisplatin	and	docetaxel	appear	to	have	response
rates	comparable	to	that	of	GC.179–182	Trials	with	carboplatin	suggest	that	this	agent	has	good	activity,	although
likely	not	the	same	level	of	activity	as	cisplatin.183,184

TABLE	68.5
Standard	Cisplatin-Containing	Regimens	for	Urothelial	Carcinoma

Regimen Response

Agents	(Ref.) 	 Schedule
Composite	Number	of
Assessable	Patients

Complete
Response	(%)

Response
Rate	(%)

Median
Survival
(mo)

MVAC252,172,173 Methotrexate
30	mg/m2	days
1,	15,	22 374 12–35 39–65 12.5–14.8

Vinblastine
3	mg/m2	days
2,	15,	22 	 	 	 	 	

Doxorubicin
30	mg/m2	day
2 	 	 	 	 	

Cisplatin
70	mg/m2	day
2 	 	 	 	 	

CMV181 Cisplatin
70	mg/m2	day
2 104 10 36 7

Methotrexate
30	mg/m2

days	1,	8 	 	 	 	 	

Vinblastine
4	mg/m2	days
1,	8 	 	 	 	 	

GC182 Gemcitabine
1,000	mg/m2

days	1,	8,	15 203 12 49 13.8

Cisplatin
70	mg/m2	day
2 	 	 	 	 	

MVAC,	methotrexate,	vinblastine,	doxorubicin,	and	cisplatin;	CMV,	cisplatin,	methotrexate,	and	vinblastine;	GC,	gemcitabine	and
cisplatin.

Many	patients	with	bladder	cancer	cannot	receive	cisplatin	due	to	medical	comorbidities.	The	EORTC	reported
a	 randomized	 phase	 III	 study	 comparing	 a	 historic	 standard	 of	 care	 in	 Europe,	 the	 three-drug	 regimen	 of
methotrexate,	carboplatin,	and	vinblastin	to	the	doublet	gemcitabine	and	carboplatin	in	patients	who	were	felt	to
be	unfit	for	cisplatin-based	therapy.	All	had	previously	untreated	locally	advanced	or	metastatic	urothelial	cancer.



Severe	toxicity	was	greater	in	patients	receiving	the	three-drug	regimen.	Responses	were	greater	in	the	two-drug
regimen,	but	this	did	not	translate	into	a	difference	in	survival	between	the	two	arms.	The	authors	recommended
gemcitabine	 plus	 carboplatin	 as	 the	 new	 standard	 of	 care	 based	 on	 a	 better	 safety	 profile	 in	 this	 patient
population.185

A	phase	III	trial	compared	MVAC	with	carboplatin	and	paclitaxel.186	The	study	failed	to	reach	its	accrual	goal,
with	only	85	patients	randomized,	although	no	significant	differences	in	efficacy	were	seen.	It	is	of	note	that	the
MVAC	group	exhibited	a	trend	toward	higher	response	rate	(36%	versus	28%),	PFS	(8.7	versus	5.2	months),	and
OS	(15.4	versus	13.8	months).

To	 date,	 there	 has	 been	 no	 consensus	 regarding	 those	 patients	 who	 should	 not	 receive	 cisplatin-based
chemotherapy.	A	review	of	trial	eligibility	shows	marked	variation	across	studies.	To	address	this	concern,	criteria
for	trials	for	“cisplatin-ineligible”	patients	were	reviewed,	and	a	set	of	criteria	for	all	future	studies	was	proposed
by	an	international	group	of	investigators.187

The	 complete	 omission	 of	 platinum	 has	 been	 studied	 as	 well.	 The	 doublet	 of	 gemcitabine	 and	 paclitaxel
appears	to	have	good	activity,	with	phase	II	studies	suggesting	that	this	regimen	has	response	rates	and	survival
comparable	 to	 GC,	with	minimal	 toxicity.188,189	 Gemcitabine	 with	 paclitaxel	 may	 be	 a	 reasonable	 regimen	 to
consider	in	patients	unfit	for	platinum	therapy.	Gemcitabine	and	docetaxel	demonstrated	a	response	rate	of	33%
and	median	 survival	 of	 12	months	 in	 a	 trial	 of	 27	patients	with	 advanced	UC.190	Gemcitabine	 and	vinorelbine
demonstrated	a	response	rate	of	39%	in	a	study	of	31	patients	with	advanced	bladder	cancer	who	were	not	eligible
for	cisplatin	(n	=	21)	or	had	cancer	that	did	not	respond	to	previous	cisplatin	(n	=	10).191

Triplet	Chemotherapy
Because	of	 the	activity	of	each	of	 these	agents	 in	UC,	 investigators	 then	asked	whether	 triplet	combinations	of
platinum,	taxanes,	and	gemcitabine	might	have	increased	activity	over	the	doublets.	In	phase	II	trials,	three	such
combinations,	 including	 cisplatin/gemcitabine/paclitaxel,144	 carboplatin/gemcitabine/paclitaxel,192	 and
cisplatin/gemcitabine/docetaxel,193	demonstrated	high	CR	rates	of	28%	to	32%,	and	overall	response	rates	of	66%
to	 78%,	 although	 the	 number	 of	 patients	 with	 visceral	 metastases	 was	 relatively	 low.	 A	 second	 study	 of
carboplatin/gemcitabine/paclitaxel	showed	a	more	modest	response	rate	of	43%	and	OS	of	11	months	in	a	more
typical	 population	 of	 metastatic	 UC.194	 A	 triplet	 of	 paclitaxel,	 cisplatin,	 and	 infusional	 high-dose	 5-FU	 with
leucovorin	has	also	been	 studied.	The	 response	 rate	was	75%,	with	28%	CRs	and	a	median	OS	of	17	months.
Significant	 toxicity	 included	 frequent	 myelosuppression,	 gastrointestinal	 disturbances,	 infections,	 and	 two
treatment-related	deaths.195

A	randomized	phase	III	trial	compared	the	standard	GC	regimen	with	GC	plus	paclitaxel.196	Despite	a	response
rate	that	was	superior	in	the	three-drug	arm	(55.5%	versus	43.6%;	P	=	.0031)	and	a	median	OS	that	was	slightly
longer	 in	 patients	 receiving	 the	 third	 drug	 (15.8	 versus	 12.7	 months),	 the	 HR	 for	 survival	 did	 not	 achieve
statistical	significance	(HR,	0.85;	P	=	.075).	Thus,	the	standard	of	care	remains	GC.196

Second-line	Chemotherapy	and	Beyond
There	 is	 no	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)-approved	 second-line	 chemotherapy	 regimen	 for
progressive	bladder	cancer.	One	phase	III	trial	randomized	370	patients	with	advanced	UC	who	had	received	prior
platinum-based	 chemotherapy	 2:1	 to	 single-agent	 vinflunine	 or	 best	 supportive	 care.	 Median	 OS	 favored	 the
vinflunine	population	(6.9	versus	4.6	months),	but	the	difference	was	not	statistically	significant	(P	=	.287).	These
findings	were	confirmed	at	longer	follow-up.197	The	lack	of	benefit	combined	with	adverse	effects	have	not	led	to
broad	approval	of	vinflunine	worldwide	or	approval	by	the	FDA	in	the	United	States.	In	contemporary	practice,
treatment	 beyond	 first-line	 chemotherapy	 typically	 employs	 immune	 checkpoint	 inhibitors	 (described	 in	 the
following	 text),	 chemotherapy	 doublet	 regimens	 described	 previously,	 single-	 agent	 chemotherapy,	 or	 clinical
trials,	where	available.

TABLE	68.6
Phase	II	Trials	of	Taxane-Containing	Chemotherapy	Regimens

Regimen
Composite	Number	of

Patients
Response	Rate

(%)
Median	Survival

(mo)
Reference

Carboplatin/paclitaxel 104 21–65 8.5–9.5 183,	186
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Cisplatin/paclitaxel 52 50 10.6 179

Cisplatin/docetaxel 129 52–60 8.0–13.6
180,	181,

182

Cisplatin/gemcitabine/paclitaxel 61 78 15.8 144,	196

Carboplatin/gemcitabine/paclitaxel 49 68 14.7 194

Cisplatin/gemcitabine/docetaxel 35 66 15.5 193

Gemcitabine/paclitaxel 94 54–60 14.4 188,	189

Immune	Checkpoint	Inhibition
UCs	elude	immune	surveillance	by	expression	of	programmed	cell	death	protein	ligand	1	(PD-L1).	The	binding	of
PD-L1	to	programmed	cell	death	protein	1	(PD-1)	on	T	cells	inhibits	T-cell	activation	and	proliferation.	Thus	the
immune	 checkpoint	mediated	 by	 PD-L1	 and	 PD-1	 is	 a	 therapeutic	 target	 in	 urothelial	 cancer.	 The	 first	 report
inhibiting	 this	 immune	checkpoint	 in	UC	used	 the	anti–PD-L1	antibody	MPDL3280A,	which	 is	now	known	as
atezolizumab,	 in	 a	 phase	 I	 expansion	 study.198	 Atezolizumab	 demonstrated	 significant	 activity	 in	 a	 platinum-
refractory	population	with	26%	overall	response	rate	(n	=	65),	including	rapid	responses	(median	of	6	weeks	from
start	of	 therapy)	 that	were	often	durable.	Response	rates	were	higher	 in	patients	whose	 tumors	or	 immune	cells
had	higher	 levels	of	PD-L1	expression,	but	 responses,	 including	CRs,	were	seen	even	 in	 the	absence	of	PD-L1
expression.

A	follow-up	phase	II	trial	evaluated	atezolizumab	in	310	patients	with	locally	advanced	or	metastatic	UC	with
disease	 progression	 after	 platinum-based	 chemotherapy.199	 Atezolizumab	 was	 associated	 with	 a	 significantly
higher	 response	 rate	 when	 compared	 to	 historical	 chemotherapy	 controls.	 Exploratory	 analyses	 revealed	 that
TCGA	molecular	subtype	and	mutation	 load	were	 independent	predictors	 for	 response.	Grade	3	 to	4	 treatment-
related	 adverse	 events	 occurred	 in	 16%	 of	 patients,	 with	 fatigue	 being	most	 common.	 Grade	 3	 to	 4	 immune-
mediated	 adverse	 events	 occured	 in	 5%	 of	 patients,	 including	 pneumonitis,	 elevated	 transaminases,	 rash,	 and
dyspnea.	 The	 high	 degree	 of	 activity,	 low-grade	 3	 and	 4	 adverse	 event	 rate,	 and	 unmet	 need	 in	 this	 patient
population	led	to	FDA	approval	of	atezolizumab	in	May	2016,	representing	the	first	approval	of	a	bladder	cancer
therapy	in	decades.

Since	the	approval	of	atezolizumab,	four	other	immune	checkpoint	inhibitors	have	been	approved	by	the	FDA
as	 second-line	 therapy	 for	 advanced	 urothelial	 cancer	 after	 platinum	 chemotherapy:	 pembrolizumab	 (anti-PD-
1),200	 nivolumab	 (anti-PD-1),201	 durvalumab	 (anti-PD-L1),202	 and	 avelumab	 (anti-PD-L1).203	 Overall	 response
rates	to	these	therapies	range	from	15%	to	25%.	Severe	immune-related	toxicities	were	generally	rare.

Is	immune	checkpoint	therapy	better	than	chemotherapy?	In	an	open-label,	phase	III	study,	542	patients	with
platinum-pretreated	 UC	 were	 randomized	 to	 pembrolizumab	 or	 the	 investigator’s	 choice	 of	 single-agent
chemotherapy	 (paclitaxel,	 docetaxel,	 or	 vinflunine).204	Pembrolizumab	was	associated	with	 significantly	 longer
OS	 (10.3	versus	7.4	months;	HR	 for	death,	0.73;	95%	CI,	0.59	 to	0.91;	P	 =	 .002)	 and	 fewer	 treatment-related
adverse	events.

Atezolizumab	 and	 pembrolizumab	 are	 approved	 by	 the	 FDA	 as	 first-line	 therapy	 for	 patients	 who	 are	 not
eligible	to	receive	cisplatin.	In	a	phase	II	study	of	119	patients	receiving	atezolizumab,	the	objective	response	rate
was	23%,	and	response	was	associated	with	tumor	mutation	load.205	Immune-related	events	occurred	in	12%	of
subjects.	In	a	phase	II	study	of	370	patients	receiving	pembrolizumab,	24%	demonstrated	an	objective	response,
with	acceptable	tolerability.206

In	summary,	on	the	basis	of	phase	I/II	studies,	five	immune	checkpoint	inhibitors	were	approved	as	second-line
therapy	after	platinum	chemotherapy,	with	pembrolizumab	demonstrating	improved	OS	over	chemotherapy	in	a
phase	III	study.	Two	immune	checkpoint	inhibitors,	atezolizumab	and	pembrolizumab,	are	approved	as	first-line
therapy	 for	 cisplatin-ineligible	 patients.	 There	 remains	 room	 for	 improvement	 despite	 the	 emergence	 of	 these
immunotherapies,	and	ongoing	studies	should	answer	important	questions	about	combinations	of	immunotherapy
with	 chemotherapy,	 radiation,	 and	 targeted	 therapies;	 sequential	 treatment	 strategies;	 and	 improved	 molecular
biomarkers	 that	 may	 predict	 response	 to	 immunotherapy.	 Additionally,	 ongoing	 trials	 are	 evaluating	 immune
checkpoint	 therapies	 as	 neoadjuvant	 and	 adjuvant	 therapy	 and	 in	 even	 earlier	 disease	 states,	 including	 BCG-
refractory	NMIBC.	The	nonoverlapping	toxicity	profile	of	these	well-tolerated	agents	presents	potential	for	novel
combinations	with	cytotoxic	chemotherapy,	radiation	therapy,	and	biologics.

Biologic	Agents



The	enthusiasm	engendered	by	the	development	of	novel	biologic	agents	targeted	against	tumor-specific	growth
factor	pathways	or	angiogenesis	has	been	fortified	in	recent	years	by	positive	studies	in	a	variety	of	solid	tumors.
Two	 classes	 of	 agents	 that	 may	 be	 of	 interest	 in	 UC	 are	 inhibitors	 of	 EGFR,	 including	 EGFR1	 and	 EGFR2
(HER2/neu),	 and	 inhibitors	 of	 VEGF	 or	 its	 receptors.	 There	 is	 ample	 preclinical	 evidence	 that	 many	 bladder
tumors	 express	members	of	 the	EGFR	 family,	 that	overexpression	may	correlate	 inversely	with	prognosis,	 and
that	 inhibition	 of	 these	 pathways	 may	 have	 an	 antitumor	 effect.46,207,208	 A	 number	 of	 groups	 are	 conducting
studies	with	inhibitors	of	EGFR1	and	HER2/neu	in	the	treatment	of	advanced	bladder	cancer.	Similarly,	the	utility
of	angiogenesis	inhibitors	in	UC	is	currently	being	explored	in	a	cooperative	group	trial	in	metastatic	UC	studying
GC	with	or	without	the	addition	of	bevacizumab.	More	recently,	ramucirumab	addition	to	docetaxel	was	shown	to
prolong	PFS	 in	an	open-label	phase	 II	 trial	 in	 locally	advanced	or	metastatic	UC	as	 second-line	 therapy	and	 is
currently	being	evaluated	in	a	phase	III	trial.209

CANCERS	OF	THE	RENAL	PELVIS	AND	URETER
The	majority	 of	 tumors	 of	 the	 upper	 urinary	 collecting	 system	 are	UC.	 Fewer	 than	 3,000	 cases	 of	 upper	 tract
malignancies	 are	diagnosed	annually	 in	 the	United	States.	Because	of	 the	 challenge	 in	gaining	 access	 to	 them,
initial	diagnosis	and	staging	are	less	accurate	than	for	cancer	of	the	bladder.	Histologically,	90%	of	cancers	of	the
renal	 pelvis	 and	 ureter	 are	UC.	 Squamous	 cell	 carcinoma	 accounts	 for	 nearly	 all	 of	 the	 remainder.	 There	 is	 a
predilection	for	these	tumors	to	arise	in	the	renal	pelvis;	primary	tumors	of	the	ureter	occur	only	half	as	frequently
as	do	tumors	of	the	renal	pelvis.210	Men	develop	UTUC	two	to	three	times	more	often	than	women,	with	the	peak
age	of	development	of	these	tumors	in	the	seventh	and	eighth	decades	of	life.179	Women,	however,	are	more	likely
than	men	 to	have	a	more	advanced	and	higher	grade	 tumor	at	nephroureterectomy.211	As	 discussed	 in	 the	 first
section	 of	 this	 chapter,	 the	 majority	 of	 these	 tumors	 arise	 as	 a	 result	 of,	 or	 at	 least	 in	 association	 with,
environmental	exposures	and	stresses.6–10,212

Clinical	Presentation,	Diagnosis,	and	Staging
Gross	hematuria	is	 the	presenting	symptom	in	75%	to	95%	of	all	patients	who	present	with	tumors	of	the	renal
pelvis	 and	 ureter.	 Hematuria	 may	 be	 accompanied	 by	 colicky	 flank	 pain	 if	 the	 tumor	 or	 blood	 clots	 cause
obstruction	of	the	upper	urinary	tract.	Patients	often	describe	the	passage	of	vermiform	clots,	which	are	unusual	in
bleeding	 from	 a	 lower	 tract	 source.	 Hydronephrosis	 may	 also	 be	 a	 presenting	 sign.	 Urinary	 cytology	 is	 an
important	part	of	 the	workup	 for	an	upper	 tract	 tumor.	Voided	urine	cytology,	however,	has	only	10%	 to	40%
sensitivity	in	the	detection	of	low-grade	UC	lesions.	Cytology	is	far	more	useful	for	high-grade	tumors,	for	which
the	sensitivity	may	be	as	high	as	70%.213
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Figure	68.6	Abdominal	computed	tomographic	scan	of	a	stage	T3	transitional	cell	carcinoma	of
the	right	renal	pelvis,	with	intravenous	contrast	showing	a	large	filling	defect	in	the	right	renal

pelvis	(arrow).

Improvements	in	endoscopic	technology	allow	the	urologist	to	view	directly	and	to	obtain	tissue	in	many	of	the
UC	of	the	upper	 tract.	A	pathologic	confirmation	may	be	obtained	prior	 to	treatment.	Also,	 the	grade	may	be	a
useful	predictor	of	advanced	stage	disease.214

Historically,	 intravenous	urography	was	 the	mainstay	of	a	radiographic	evaluation	of	upper	 tract	 tumors,	but
for	 the	past	several	years,	CT	urogram	has	become	the	standard	of	care	(Fig.	68.6).215	An	MRI	urography	may
also	be	useful	in	patients	when	sensitivity	to	iodinated	contrast	prevents	the	use	of	that	agent.216	When	a	patient	is
found	 or	 judged	 to	 have	UTUC	more	 aggressive	 than	 a	G1	 stage	 I	 tumor,	 additional	 staging	 of	 the	 patient	 is
indicated,	including	CT	scans	of	the	chest,	abdomen,	and	pelvis.	Because	standard	therapy	is	radical	excision	of
the	 kidney	 and	 the	 ipsilateral	 ureter,	 an	 evaluation	 of	 the	 total	 remaining	 renal	 function	 prior	 to	 a	 proposed
nephrectomy	is	indicated.	Isotope	renal	scanning	can	accurately	estimate	the	function	of	the	uninvolved	kidney.

The	current	AJCC	tumor,	necrosis,	metastasis	(TNM)	staging	for	tumors	of	the	upper	urinary	tract	is	shown	in
Figure	68.7	and	in	Table	68.7.	The	staging	is	determined	by	the	extent	of	invasion	by	the	primary	tumor	and	by
microscopic	evaluation	of	the	regional	lymph	nodes.

Surgical	Treatment
The	standard	surgical	 treatment	for	patients	with	UTUC	of	all	grades	and	stages	 is	 radical	nephroureterectomy.
This	involves	a	complete	removal	of	the	kidney	with	its	surrounding	perirenal	fat	contained	within	Gerota	fascia
and	en	bloc	 removal	of	 the	ureter	down	 to,	 and	 including,	 the	portion	of	ureter	within	 the	urinary	bladder	 (the
ureteral	orifice	and	 the	 intramural	ureter).217	A	retroperitoneal	 lymph	node	dissection	along	 the	 ipsilateral	great
vessel	 (the	 vena	 cava	 for	 right-sided	 tumors;	 the	 aorta	 for	 left-sided	 tumors)	 for	 a	 renal	 pelvic	 and/or	 ureteral
tumor	 above	 the	 iliac	 vessels,	 or	 an	 ipsilateral	 pelvic	 lymph	 node	 dissection	 for	 a	 distal	 ureteral	 tumor	 is



performed	 for	 more	 complete	 surgical	 staging,	 especially	 for	 higher	 grade	 and	 invasive	 cancers.	 A
lymphadenectomy	may	not	be	necessary	in	cases	of	UTUC	which	are	 low	stage	and	grade.218	When	UC	of	the
renal	 pelvis	 invades	 the	 renal	 vein	 or	 the	 vena	 cava,	 an	 extensive	 surgical	 procedure,	 including	 thrombus
extraction	or	partial	vena	cava	dissection,	may	be	required.	A	nephroureterectomy	may	be	performed	via	open	or
laparoscopic	surgical	techniques.	Common	open	approaches	employ	either	a	single	extended	midline	abdominal
incision	 or	 nephrectomy	 via	 a	 thoracoabdominal	 incision	 and	 a	 separate	 incision	 in	 the	 lower	 abdomen	 to
accomplish	the	distal	ureterectomy	with	a	cuff	of	the	contiguous	urinary	bladder.

Figure	68.7	Schematic	diagram	of	the	American	Joint	Committee	on	Cancer	tumor,	necrosis,
metastasis	(TNM)	staging	of	cancers	of	the	renal	pelvis.	LP,	lamina	propria;	M,	muscularis	propria;

F,	peripelvic	fat;	L,	lumen.

TABLE	68.7
American	Joint	Committee	on	Cancer	2017	Tumor,	Necrosis,	Metastasis	Staging	of	Renal
Pelvis	and	Ureter	Cancers:	Definition	of	Tumor,	Necrosis,	Metastasis

Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Ta Papillary	noninvasive	carcinoma

Tis Carcinoma	in	situ

T1 Tumor	invades	subepithelial	connective	tissue

T2 Tumor	invades	the	muscularis
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T3 (For	renal	pelvis	only)	Tumor	invades	beyond	muscularis	into	peripelvic	fat	or	the	renal	parenchyma

T3 (For	ureter	only)	Tumor	invades	beyond	muscularis	into	periureteric	fat

T4 Tumor	invades	adjacent	organs	or	through	the	kidney	into	the	perinephric	fat

Regional	Lymph	Nodes	(N)a
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Metastasis	in	a	single	lymph	node	≤2	cm	in	greatest	dimension

N2
Metastasis	in	a	single	lymph	node	>2	cm	but	not	>5	cm	in	greatest	dimension	or	multiple	lymph	nodes;	none	>5	cm	in
greatest	dimension

N3 Metastasis	in	a	lymph	node,	>5	cm	in	greatest	dimension

Distant	Metastasis	(M)
MX Distant	metastasis	cannot	be	assessed

M0 No	distant	metastasis

M1 Distant	metastasis
aLaterality	does	not	affect	the	N	classification.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Open	surgical	approaches	had	long	been	the	standard	of	treatment	for	the	majority	of	patients	with	tumors	of
the	renal	pelvis	and	ureter,	although	morbidity	may	be	reduced	by	using	a	laparoscopic	or	robotic	technique.219,220
The	operative	time	and	blood	loss	with	the	laparoscopic	technique	may	be	substantially	less	and	the	hospital	stay
shorter	than	those	of	an	open	surgical	technique.	With	proper	technique	in	resecting	the	distal	ureter,	laparoscopic
or	robotic-assisted	nephroureterectomy	is	equally	oncologically	effective.221

In	 patients	 in	 whom	 radical	 excision	 of	 the	 tumor	 would	 result	 in	 severe	 renal	 insufficiency	 that	 required
dialysis	(such	as	patients	with	a	solitary	kidney	or	in	a	patient	with	substantially	diminished	renal	function),	other
surgical	 therapies	may	 be	 considered.	 Endoscopic	 resection	 techniques	 have	 been	 developed	 and	 shown	 to	 be
effective	when	done	selectively	and	in	experienced	hands.222	Endoscopic	ablation	via	laser	or	electrocautery	may
be	used	to	treat	small	tumors	of	the	ureter	and	renal	collecting	system.	However,	the	success	of	focal	resection	can
be	thwarted	by	the	multicentricity	of	these	tumors	and	the	common	concurrent	existence	of	CIS.223	Furthermore,
although	 small,	 low-grade	 tumors	 can	 often	 be	 effectively	 treated	 endoscopically,	 high-grade	 tumors	 are	 often
understaged	 by	 endoscopic	 assessment	 only,	 and	 therefore,	 may	 be	 treated	 inadequately	 without
nephroureterectomy.224

Percutaneous	endoscopic	surgery	of	renal	pelvic	and	calyceal	UC	with	access	via	the	flank	has	been	developed
as	 a	 treatment	 option	 in	 highly	 selected	 patients	 who	 have	 poor	 renal	 function	 or	 who	 medically	 could	 not
withstand	an	open	surgical	procedure.225	Using	 standard	endoscopic	 tools,	 it	 is	possible	 to	 resect	 tumors	 in	 the
fashion	 similar	 to	 that	 which	 is	 used	 for	 bladder	 tumors.	 All	 limited	 resection	 endoscopic	 procedures	 require
vigilant	follow-up	with	an	endoscopic	reevaluation	on	a	regular	schedule	because	recurrence	is	quite	common.	In
one	study,	33%	of	patients	ultimately	required	nephroureterectomy	and	11%	of	patients	died	of	UC.226

Although	 endoscopic	management	 of	 high-grade	 tumors	 can	 result	 in	 undertreatment	 and	 poorer	 oncologic
outcomes,	a	kidney-sparing	approach	to	appropriately	selected	isolated	ureteral	tumors	using	surgical	resection	is
becoming	 a	 more	 accepted	 alternative	 to	 nephroureterectomy	 with	 similar	 oncologic	 outcomes.227,228	 This
involves	 segmental	 resection	 of	 the	 ureter	 incorporating	 the	 tumor	 and	 the	 entire	 ureter	 distally,	 including	 the
ureteral	 orifice/bladder	 cuff,	 and	 appropriate	 lymphadenectomy.	 Because	 recurrences	 and	 urothelial	 atypia	 are
usually	distal	in	the	ureter	to	the	index	lesion,	it	is	reasonable	to	spare	the	kidney	without	undue	risk	of	recurrent
disease.	Surgically,	it	is	possible	to	remove	approximately	half	of	the	distal	ureter	and	reimplant	it	in	the	bladder.
For	upper	ureteral	 tumors,	 replacement	of	 the	ureter	with	a	segment	of	 the	 ileum	may	be	considered.	Although
segmental	 resection	 is	becoming	more	accepted	for	mid-	and	distal	ureteral	 tumors,	 radical	nephroureterectomy
does	 remain	 the	gold	 standard,	 especially	 for	 tumors	 in	 the	proximal	ureter	 and	 tumors	with	 extensive	ureteral
involvement.

Results	of	Surgical	Therapy
The	 success	 rate	 of	 surgical	 procedures	 is	 primarily	 influenced	 by	 the	 pathologic	 stage	 of	 the	 disease	 at	 the
resection.	Tumors	lower	in	the	urinary	tract	have	a	better	prognosis	when	matched	by	stage	with	tumors	higher	in
the	ureter	and	pelvis.229	Within	the	upper	tract,	the	location	of	the	tumor	in	the	ureter	versus	the	renal	pelvis	does



not	seem	to	affect	the	prognosis.230	In	a	report	with	a	long	follow-up	from	the	University	of	Texas	Southwestern
Medical	 Center,	 of	 252	 patients	 treated	 surgically	 for	 UTUC,	 DSS	 and	 OS	 were	 strongly	 influenced	 by	 the
pathologic	stage	of	the	primary	tumor.231	The	5-year	actuarial	DSS	rates	by	primary	tumor	pathologic	stage	were
100%	for	noninvasive	tumors	(Ta	and	Tis),	92%	for	pathologic	stage	T1,	73%	for	pathologic	stage	T2,	and	41%
for	pathologic	stage	T3.	There	were	no	long-term	survivors	for	those	with	stage	T4	tumors.

Adjuvant	Topical	Therapy
Following	nephroureterectomy	 for	UTUC,	 up	 to	 half	 of	 patients	will	 experience	 a	 bladder	 recurrence.	 For	 this
reason,	two	prospective	randomized	trials	have	investigated	the	early	postoperative	administration	of	intravesical
chemotherapy	after	nephroureterectomy.232,233	Both	of	 these	studies	demonstrated	a	 significant	 reduction	 in	 the
risk	 of	 developing	 a	 bladder	 recurrence	 within	 the	 first	 1	 to	 2	 years	 following	 surgery,	 and	 therefore	 the
recommendation	for	a	single	early	postoperative	dose	of	intravesical	chemotherapy	has	been	included	in	the	most
recent	 update	 of	 the	 European	 Association	 of	 Urology	 guidelines	 on	 upper	 urinary	 tract	 urothelial	 cell
carcinoma.234

In	 cases	 in	which	 endoscopic	 resection	 is	 performed,	 topical	 immunotherapy	or	 topical	 chemotherapy	given
either	antegrade	or	retrograde	may	be	important	in	preventing	or	delaying	local	tumor	recurrence.	BCG	appears	to
be	 useful	 in	 treating	 carcinomas	 of	 the	 upper	 tract	 that	 are	 stage	 Tis.223	 Adriamycin	 given	 prophylactically
following	 conservative	 resection	 of	 UTUC,	 using	 an	 antegrade	 infusion,	 also	 has	 been	 judged	 to	 be	 of	 some
benefit	 in	 reducing	 recurrence.	 The	 risk	 of	 systemic	 absorption	 of	 BCG	 or	 the	 chemotherapeutic	 agents	 is
substantially	higher	than	in	treatment	of	the	bladder	and	should	be	considered	in	therapeutic	decision	making.

Adjuvant	and	Neoadjuvant	Therapy:	Advanced	Primary	Tumors
The	most	 appropriate	 treatment	 for	 invasive	UTUC	 is	 radical	 nephroureterectomy.	Despite	 aggressive	 surgery,
cure	rates	are	low	when	the	disease	has	spread	beyond	the	muscularis,	with	5-year	survival	rates	varying	between
0%	and	34%.235,236	Whether	these	low	survival	rates	can	be	improved	by	adjuvant	therapy	depends	on	the	pattern
of	failure	and	the	efficacy	of	the	available	treatment.	Metastatic	relapse	appears	to	predominate	over	local	relapse
when	 systemic	 cisplatin-based	 chemotherapy	 has	 been	 used,	 extrapolating	 from	 the	 experience	 with	 locally
advanced	 bladder	 cancer.	 The	 true	 rate	 of	 local–regional	 failure	 is,	 however,	 unknown	 because	 many	 of	 the
published	series	are	old	and	employed	pre-CT	methods	of	intra-abdominal	evaluation.	The	available	data	suggest
an	overall	local–regional	failure	of	2%	to	27%,	although	these	figures	may	be	underestimated.237	Cozad	et	al.238
report	 local	 failure	 rates	of	50%	 in	 stage	T3	disease,	 rising	 to	60%	 if	 the	 tumors	were	high	grade.	Most	 series
report	a	close	association	between	local	failure	and	distant	metastasis,	although	whether	the	association	is	causal
or	simply	synchronous	cannot	be	determined	from	the	small	numbers	in	the	series.

Radiation	has	been	employed	as	an	adjuvant	therapy	with	mixed	results	reported	in	the	literature.	Several	small
phase	II	studies	have	suggested	a	local	control	and	perhaps	survival	advantage	for	adjuvant	radiation.239–242	In	a
retrospective	report	by	Chen	et	al.,242	a	survival	advantage	was	seen	in	patients	with	T3/T4	disease	of	the	renal
pelvis	or	ureter	receiving	postoperative	radiation	with	a	median	dose	of	50	Gy	to	the	tumor	bed.	At	the	MGH,	a
more	aggressive	approach	has	been	taken	in	which	patients	with	high-risk	disease	were	treated	first	with	adjuvant
radiation	 alone	 (median	 dose	 of	 47	 Gy)	 and	 then	 more	 recently	 with	 concomitant	 radiation-sensitizing
chemotherapy	and,	if	tolerable,	further	combination	chemotherapy.241	Although	the	authors’	series	of	31	patients
is	 nonrandomized	 and	 small,	 local	 failure	 was	 lower	 if	 chemotherapy	 was	 combined	 with	 radiation	 and	 the
survival	rate	was	higher,	with	a	5-year	OS	of	67%	in	the	combined	modality	group.
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Figure	68.8	Sequential	coronal	magnetic	resonance	imaging	(MRI)	of	a	patient	with	an
unresectable	ureteral	tumor	mass.	The	mass	shown	on	the	MRI	on	the	left	(arrows)	was	at	the

bifurcation	of	the	aorta;	it	was	initially	judged	unresectable	because	of	involvement	of	the	vessels.
A	partial	resection,	however,	became	possible	as	part	of	a	combined-modality	treatment	approach

that	included	preoperative	conformal	external-beam	radiation.	Intraoperative	electron-beam
radiation	was	given	to	the	entire	tumor	bed	after	resection.	On	the	right	is	the	repeat	MRI	1	year

after	treatment	without	any	visible	tumor.

The	data	on	adjuvant	and	neoadjuvant	chemotherapy	for	UCs	of	 the	upper	urinary	 tract	are	also	 limited	and
mostly	 retrospective.	 A	 meta-analysis	 of	 studies	 investigating	 the	 role	 of	 perioperative	 chemotherapy	 found
significant	 OS	 and	 DSS	 benefits	 for	 cisplatin-based	 adjuvant	 chemotherapy	 but	 not	 for	 non–cisplatin-based
regimens.243	 A	 recent	 retrospective	 study	 using	 the	 NCDB	 analyzed	 3,253	 patients	 who	 received	 adjuvant
chemotherapy	or	observation	 after	 radical	 nephroureterectomy	between	2004	and	2012	 for	pT3/T4	and/or	pN+
UTUC.244	The	study	reported	a	significant	OS	benefit	with	the	addition	of	chemotherapy	(HR,	0.77).244	Of	note,
however,	 removal	 of	 a	 kidney	 precludes	 a	 majority	 of	 patients	 from	 receiving	 nephrotoxic	 cisplatin-based
chemotherapy	 in	 the	 adjuvant	 setting.	 Thus,	 guided	 by	 trials	 in	 bladder	 cancer,	 neoadjuvant	 chemotherapy	 for
UTUC	is	an	ongoing	subject	of	investigation.	Porten	et	al.245	conducted	a	retrospective	review	of	31	patients	with
high-risk	UTUC	who	received	neoadjuvant	chemotherapy	followed	by	surgery,	compared	with	a	matched	cohort
of	81	patients	who	underwent	initial	surgery.	The	neoadjuvant	chemotherapy	cohort	had	an	improved	5-year	OS
of	80.2%	compared	to	57.6%	for	the	initial	surgery	cohort.245	Nevertheless,	although	these	results	are	promising,
the	absence	of	data	from	prospective	randomized	trials	has	hampered	widespread	acceptance	of	this	approach.

Very	 little	 published	 data	 exist	 to	 guide	 physicians	 managing	 patients	 with	 a	 local	 relapse	 following	 a
nephroureterectomy.	 If	 the	 relapse	 is	 bulky	 and	 metastases	 are	 present	 elsewhere,	 then	 palliation	 with
chemotherapy	would	be	the	most	appropriate	course.	When	the	relapse	appears	isolated	and	the	patient	has	good
performance	status,	consideration	can	be	given	to	an	aggressive	approach	that	holds	out	the	chance	for	cure.	The
first	step	would	be	to	downsize	and	perhaps	improve	the	resectability	of	the	recurrence	using	external	radiation	to
a	modest	preoperative	dose	of	30	to	45	Gy	along	with	sensitizing	chemotherapy.	An	attempt	could	then	be	made
at	resection	or	debulking	and,	if	the	facility	were	available,	intraoperative	radiation	could	then	be	given	directly
onto	 the	 tumor	bed	or	onto	an	unresectable	mass,	with	 the	bowel	and	other	critical	organs	displaced	out	of	 the
field.	Such	an	approach	allows	for	the	delivery	of	high	doses	of	radiation	to	the	target	without	the	risk	of	bowel
injury	that	is	present	when	managing	such	disease	using	external	radiation	treatment	alone	(Fig.	68.8).

Advanced	Transitional	Cell	Carcinoma	of	the	Upper	Tract
Most	patients	with	UTUC	have	superficial	disease,	with	a	favorable	prognosis.246	However,	patients	with	disease
that	invades	beyond	the	muscularis	propria	have	a	significantly	worse	prognosis.	The	most	consistent	prognostic
variables	for	the	outcome	of	patients	with	UTUC,	including	renal	pelvic	and	ureteral	carcinomas,	are	tumor	stage
and	grade.247	Molecular	markers	are	being	studied,	and	a	poor	outcome	may	be	predicted	by	overexpression	of
p53	and	a	higher	Ki-67	labeling	index.248,249

In	a	series	of	252	patients	with	mostly	localized	disease,	relapse	occurred	in	67	patients	(27%)	after	a	median



of	12	months.250	Survival	was	highly	stage	specific,	with	5-year	DSS	of	92%	for	T1,	73%	for	T2,	41%	for	T3,	and
0%	 for	 T4.	 In	 a	 series	 of	 126	 patients	with	 nonmetastatic	 but	more	 advanced	 renal	 pelvic	 or	 ureteral	 tumors,
relapsed	disease	was	noted	in	81	patients	(64%)	after	a	median	of	9	months.239	Overall,	5-	and	10-year	survival
rates	were	29%	and	19%,	respectively.	The	most	common	sites	of	distant	metastases	were	 liver,	bone,	or	 lung.
Utilization	of	postoperative	 radiation	 therapy	did	not	 impact	on	 local	or	distant	 relapse.	Factors	 that	 influenced
survival	outcomes	in	a	multivariate	analysis	were	initial	tumor	stage,	residual	postsurgery	tumor,	and	the	location
of	 the	 initial	 tumor,	 with	 renal	 pelvic	 cancer	 being	more	 favorable	 than	 ureteral	 cancer.	 The	 role	 of	 adjuvant
chemotherapy	in	reducing	relapse	has	not	been	explored	in	randomized	fashion	in	this	uncommon	disease.

The	 biology	 of	 UTUC	 is	 considered	 identical	 to	 that	 of	 UC	 of	 the	 bladder.	 Consequently,	 the	 systemic
regimens	recommended	for	advanced	or	metastatic	UTUC	are	the	same	as	that	for	bladder	cancer,	as	previously
described.	 Standard	 treatment	 is	 cisplatin-	 based	 combination	 therapy,	 such	 as	 gemcitabine	 and	 cisplatin	 or
ddMVAC.	As	with	bladder	cancer,	UTUC	is	highly	responsive	to	chemotherapy	but	has	a	short	median	duration
of	response.	Immune	checkpoint	inhibitors	are	used	in	the	same	way	as	with	bladder	cancer.
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69 The	Molecular	Biology	of
Prostate	Cancer
Charles	Dai	and	Nima	Sharifi

INTRODUCTION
Prostate	cancer	is	the	most	common	noncutaneous	malignancy	and	third	leading	cause	of	cancer-related	death	in
U.S.	men.1	 As	 a	 disease	 entity,	 prostate	 cancers	 are	 marked	 by	 extensive	 clinical	 and	 biologic	 heterogeneity.
Therefore,	 the	 clinical	 presentation	 and	 natural	 history	 of	 this	 malignancy	 can	 be	 quite	 varied,	 ranging	 from
relatively	 indolent	 organ-confined	 tumors	 to	 highly	 invasive	 and	 rapidly	 progressive	 disease.	 The	 current
nomenclature	 and	 risk	 stratification	 of	 prostate	 cancer	 primarily	 relies	 on	 a	 combination	 of	 serologic	markers,
histopathology,	 and	 anatomic	 staging.2	 However,	 recent	 large-scale	 sequencing	 initiatives	 to	 rigorously
characterize	the	genomic	and	transcriptomic	landscape	of	prostate	cancer	have	greatly	advanced	our	knowledge	of
the	molecular	underpinnings	that	drive	tumor	initiation	and	progression.	This	has	provided	a	novel	framework	to
classify	 tumors	 by	 molecular	 subtype,3	 with	 the	 aim	 of	 establishing	 a	 precise	 and	 personalized	 management
approach	based	on	 the	 specific	molecular	 aberrations	 that	 drive	 tumor	progression.	The	 introduction	of	 several
clinically	available	tissue-based	gene	expression	assays	has	already	enabled	the	molecular	stratification	of	primary
tumors	by	potential	aggressiveness.4,5	At	the	same	time,	efforts	to	understand	the	genomics	of	advanced	prostate
cancer	have	 revealed	 substantial	molecular	heterogeneity	 and	 impressive	 spatiotemporal	 complexity,	which	has
challenged	our	current	understandings	of	progressive	metastatic	disease.6–9

Despite	 considerable	 heterogeneity,	 prostate	 cancers	 almost	 always	 regress	 after	 depletion	 of	 gonadal
testosterone	by	medical	or	surgical	castration,	 indicating	the	importance	of	androgen	signaling	in	driving	tumor
growth.	Thus,	 this	 therapeutic	maneuver	 remains	a	cornerstone	 in	 the	 treatment	of	advanced	disease.	However,
recurrence	 with	 castration-resistant	 prostate	 cancer	 (CRPC)	 invariably	 occurs,	 which	 is	 largely	 typified	 by	 a
restoration	 of	 the	 androgen	 signaling	 axis.10,11	 In	 recent	 years,	 the	 development	 of	 several	 successful	 second-
generation	AR-directed	therapies	and	other	treatment	strategies	have	greatly	expanded	the	therapeutic	options	for
CRPC.	However,	these	interventions	are	not	curative,	and	metastatic	CRPC	(mCRPC)	remains	a	uniformly	fatal
stage	of	disease.	Consequently,	there	remains	an	unmet	need	to	further	elucidate	the	molecular	mechanisms	that
allow	tumors	to	circumvent	androgen	signaling	blockade	as	well	as	to	identify	potential	predictive	biomarkers	for
treatment	response	and	new	avenues	for	therapeutic	targeting.	In	this	chapter,	we	review	the	molecular	biology	of
prostate	 cancer	 and	 highlight	 current	 and	 emerging	 treatment	 paradigms	 based	 on	 novel	 understandings	 in	 the
molecular	pathophysiology	of	this	disease.

THE	GENOMIC	LANDSCAPE	OF	PROSTATE	CANCER
The	 advent	 of	 rapid,	 cost-effective	 next-generation	 sequencing	 technologies	 has	 recently	 permitted	 the
comprehensive	characterization	of	the	prostate	cancer	genome	and	transcriptome	across	broad	cohorts	of	patients
with	 primary	 prostate	 cancer	 and	mCRPC.	Coupled	with	 copy	number	 data	 and	gene	 expression	 profiling,	 the
high-throughput	interrogation	of	several	hundred	complete	prostate	cancer	genomes	and	over	a	thousand	exomes
has	now	yielded	a	detailed	survey	of	the	diversity	of	genomic	aberrations	in	prostate	cancer.3,6,9,12–17	Although	the
overall	 mutational	 burden	 is	 low	 compared	 to	 other	 cancers	 (approximately	 1	 per	 megabase	 [Mb]	 in	 primary
disease	 and	approximately	4	per	Mb	 in	mCRPC),	prostate	 cancers	predictably	harbor	 a	wide	 array	of	genomic
lesions,	including	recurrent	point	mutations,	translocations,	somatic	copy	number	alterations	(SCNAs),	as	well	as
transcriptional	 and	 epigenomic	 changes,	 concentrating	 within	 several	 discrete	 biologic	 pathways	 such	 as	 the
androgen	signaling	pathway,	phosphatidylinositol	3-kinase	(PI3K)	pathway,	Wnt	pathway,	cell	cycle	progression,



and	DNA	damage	 repair.3,9	 In	 particular,	 frequent	 gains	 in	 8q	 and	 losses	 in	 8p,	 13q,	 16q,	 and	 18q	 have	 been
observed,	with	 recurrent	 focal	 amplification	peaks	occurring	 at	AR,	CCND1,	MYC,	PIK3CA,	 and	PIK3CB	 and
deletion	peaks	detected	at	CHD1,	PTEN,	RB1,	and	TP53,	among	other	genes	(Fig.	69.1).

A	 seminal	 molecular	 analysis	 by	 The	 Cancer	 Genome	 Atlas	 (TCGA)	 recently	 demonstrated	 that	 74%	 of
primary	tumors	can	be	classified	using	a	molecular	taxonomy	consisting	of	seven	mutually	exclusive	subtypes.3
Interestingly,	a	comparison	of	primary	versus	mCRPC	samples	has	revealed	remarkably	similar	distributions	by
molecular	subtype	between	the	two	settings	(see	Fig.	69.1).3	However,	alterations	in	androgen	signaling	appear	far
more	commonly	 in	 the	 latter.	Although	amplifications	and	mutations	 in	 the	androgen	 receptor	 (AR)	are	 largely
absent	in	primary	tumors,	they	occur	frequently	in	mCRPC	and	likely	reflect	selective	pressure	exerted	by	the	use
of	AR-directed	therapies.	Overall,	AR	pathway	alterations	are	observed	in	approximately	40%	to	70%	of	mCRPC
cases,	 with	 the	majority	 not	 only	 affecting	 the	 AR	 directly	 but	 also	 involving	 AR	 pathway	members	 such	 as
NCOR1,	NCOR2,	 and	FOXA1.9	mCRPC	 samples	 are	 also	 enriched	 in	 PI3K	 pathway	 and	DNA	damage	 repair
alterations,	 as	 well	 as	 in	 mutations	 or	 deletions	 in	 TP53,	RB1,	GNAS,	 BRCA2,	 APC,	 KMT2C,	 and	 KMT2D,
representing	 a	 number	 of	 genes	 that	may	 facilitate	metastatic	 progression	 and/or	 treatment	 resistance	 (see	 Fig.
69.1).3,9

Although	the	gradual	acquisition	of	genomic	lesions	is	generally	thought	to	be	the	basis	of	tumor	progression,
studies	 further	 suggest	 that	 the	 prostate	 cancer	 genome	may	 be	 subjected	 to	 accelerated	mechanisms	 that	 can
introduce	multiple	deleterious	hits	in	cancer-associated	genes.	These	distinct	processes	include	chromothripsis,	in
which	 catastrophic	 chromosomal	 shattering	 enables	 extensive	 rearrangement	 within	 a	 chromosome	 or
chromosomal	region,	as	well	as	chromoplexy,	in	which	simultaneous	breakage,	complex	shuffling,	and	rejoining
of	 multiple	 chromosomal	 segments	 may	 occur	 in	 closed	 chains.15	 Importantly,	 these	 observations	 support	 a
punctuated	 evolution	model,	wherein	 a	 single	 event	 of	 genomic	 restructuring	may	 create	 radical	 chromosomal
disarray	and	collateral	inactivation	of	multiple	tumor-suppressor	genes.15	These	events	could	account	for	many	of
the	genomic	alterations	detected	in	prostate	cancer,	providing	insight	into	the	key	molecular	insults	that	instigate
malignant	transformation	and	metastasis.	Ultimately,	prospective	genomics	and	comprehensive	characterization	of
the	mutational	landscape	of	prostate	cancer	is	expected	to	inform	further	investigations	of	prostate	cancer	biology
as	well	as	genomics-driven	clinical	trials.

Figure	69.1	Common	genomic	alterations	in	primary	and	metastatic	castration-resistant	prostate
cancer	(CRPC).	A:	Copy	number	alteration	landscape	observed	in	prostate	cancer.	Individual

chromosomes	are	represented	by	alternating	colors,	and	key	aberrant	genes	are	indicated.	B:	The
relative	distribution	of	prostate	cancer	molecular	subtypes	is	similar	between	primary	and	metastatic
samples.	C:	Mutations	enriched	in	metastatic	CRPC	relative	to	hormone-naïve	primary	prostate

cancer.	Level	of	CRPC	enrichment	is	represented	by	the	x-axis,	and	Mutation	Significance	(MutSig)
CRPC	significance	analysis	is	provided	by	the	y-axis.	D:	Metastatic	prostate	cancer	samples	have
greater	mutational	burden.	(A,C:	Reprinted	from	Robinson	D,	Van	Allen	EM,	Wu	YM,	et	al.
Integrative	clinical	genomics	of	advanced	prostate	cancer.	Cell	2015;161[5]:1215–1228,	with
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permission	from	Elsevier.	B,D:	Reprinted	from	The	Cancer	Genome	Atlas	Research	Network.	The
molecular	taxonomy	of	primary	prostate	cancer.	Cell	2015;163:1011–1025,	with	permission	from

Elsevier.)

THE	MOLECULAR	SUBTYPES	OF	PRIMARY	PROSTATE	CANCER
ETS	Family	Gene	Fusions
The	 most	 common	 aberration	 found	 in	 prostate	 cancer	 is	 a	 genetic	 rearrangement	 involving	 ETS	 family
transcription	 factors.	 The	 product	 is	 a	 gene	 fusion	 in	 which	 the	 ETS	 transcription	 factor	 is	 translocated
downstream	 to	 a	 regulatory	 element	 that	 is	 usually	 androgen-responsive,	 resulting	 in	 dysregulated	 AR-driven
overexpression	 and	 oncogenic	 transcriptional	 programming.18–20	 These	 genetic	 rearrangements	 occur	 in
approximately	40%	to	60%	of	prostate	cancers,	with	a	large	majority	of	rearrangements	involving	a	chromosomal
deletion	 or	 insertion	 of	 chromosome	 21,	 fusing	 the	 5′	 untranslated	 region	 of	 the	 androgen-regulated	 gene
TMPRSS2	 with	 the	 ETS	 family	 member	 ERG.18,21	 The	 remaining	 ETS	 fusions	 typically	 involve	 ETV1
(chromosome	 7),	 ETV4	 (chromosome	 17),	 ETV5	 (chromosome	 3),	 and	 FLI1	 (chromosome	 X).	 Moreover,
although	TMPRSS2	is	the	most	frequent	5′	fusion	partner,	over	10	other	androgen-regulated	genes	(e.g.,	SLC45A3
and	NDRG1)	as	well	as	constitutively	expressed	genes	with	minimal	androgen	responsiveness	(e.g.,	HNRPA2B1)
have	been	identified	that	can	participate	in	ETS	rearrangements.22

Interestingly,	 ETS	 rearrangements	 appear	 to	 be	 an	 early	 genomic	 event,	 occurring	 in	 clinically	 localized
prostate	cancers,	as	well	as	 in	 isolated	high-grade	prostatic	 intraepithelial	neoplasia	 (HGPIN).23,24	 Furthermore,
androgens	 have	 been	 found	 to	 induce	 nonrandom	 fusion	 events	 by	 promoting	 double-stranded	DNA	breaks	 or
coordinating	spatial	proximity	between	two	gene	loci,	which	may	explain	why	ETS	rearrangements	are	specific	to
the	prostate.25–27	However,	whether	ETS	fusion	status	is	a	clear	prognostic	factor	remains	somewhat	unclear.28–30
Although	 the	 prognostic	 value	 of	 ETS	 fusion	 status	 may	 be	 confounded	 by	 heterogeneous	 study	 cohorts	 and
considerable	 disease	 variation	 and	multifocality,	 additional	molecular	 insults	 are	 likely	 required	 to	 drive	 tumor
progression.31,32	Nevertheless,	ETS	fusion-positive	prostate	cancers	appear	to	have	a	distinct	genomic,	messenger
RNA	 (mRNA),	 and	 epigenetic	 profile,33,34	 and	 are	 enriched	 in	 specific	 aberrations,	 such	 as	 loss	 of	PTEN	 and
TP53.3,12	 Strikingly,	 ETS	 gene	 fusions	 are	 largely	 mutually	 exclusive	 with	 each	 other	 and	 with	 mutations	 in
SPOP,	FOXA1,	 and	 IDH1,	 demarcating	 a	molecular	 taxonomic	 classification	 of	 presumed	 driver	mutations	 in
prostate	 cancer.3	 However,	 even	 within	 ETS	 fusion-positive	 disease,	 substantial	 heterogeneity	 persists,	 with
remarkable	differences	 in	DNA	methylation	observed	across	 tumors,	which	could	 reflect	epigenetically	distinct
groups.3	 Overall,	 these	 findings	 suggest	 greater	 molecular	 diversity	 within	 ETS	 fusion-positive	 disease	 than
previously	realized.

Speckle-Type	POZ	Protein	Mutations
SPOP	encodes	the	substrate-binding	subunit	of	a	cullin	3-based	E3-ubiquitin	ligase.	Recurrent	speckle-type	POZ
protein	(SPOP)	mutations	occur	in	5%	to	15%	of	tumors	and	represent	the	most	common	nonsynonymous	point
mutations	 detected	 in	 localized	 prostate	 cancer,	 with	mutations	 being	 detected	 exclusively	 within	 a	 conserved
region	of	the	substrate-binding	cleft.14,35	SPOP	has	been	shown	to	facilitate	the	degradation	of	AR,	AR-associated
coregulators,	 and	other	 oncogenic	 factors.36–40	 SPOP	mutations	 are	 thought	 to	 disrupt	 proper	 protein	 turnover,
leading	to	high	levels	of	androgen	signaling	and	oncogenic	transcriptional	activity,	although	the	specific	disease-
driving	effectors	remain	to	be	precisely	elucidated.3,38,41,42	Recently,	SPOP	has	also	been	shown	to	participate	in
DNA	 double-stranded	 break	 repair,	 linking	 SPOP	 mutations	 with	 increased	 genomic	 instability.43	 Like	 ETS
fusions,	 SPOP	 mutations	 appear	 to	 be	 an	 early	 genomic	 event	 detectable	 in	 HGPIN.14	 Furthermore,	 SPOP-
mutated	cancers	are	mutually	exclusive	with	ETS	fusions	and	are	frequently	associated	with	loss	of	2q,	6q,	and
5q21.	Deletion	 of	 5q21	 frequently	 involves	 the	CHD1	 locus,14,35	which	 encodes	 an	ATP-dependent	 chromatin
remodeling	helicase	that	is	deleted	in	approximately	5%	to	10%	of	prostate	cancers.44,45	SPOP-mutated/	CHD1-
deleted	 primary	 cancers	 overexpress	SPINK1,	 demonstrate	 elevated	 levels	 of	 DNA	methylation,	 and	 exhibit	 a
unique	 gene	 expression	 profile.3	 Furthermore,	 CHD1-deleted	 tumors	 appear	 to	 harbor	 an	 excess	 of
intrachromosomal	 rearrangements	 akin	 to	 chromothripsis.15	 Thus,	 CHD1	 deletion	 may	 promote	 genomic
instability,	a	potentially	critical	process	within	this	taxonomic	subset	of	tumors.15,46



Forkhead	Box	A1	Mutations
Forkhead	 box	 A1	 (FOXA1)	 is	 a	 pioneering	 transcription	 factor	 of	 the	 AR	 that	 globally	 facilitates	 AR
transactivation	 by	 mediating	 chromatin	 remodeling	 and	 enabling	 genomic	 access.	 FOXA1	 binding	 sites	 are
typically	found	in	close	proximity	to	AR	binding	sites,	with	a	large	amount	of	overlap	between	their	respective
cistromes.47	 FOXA1	 has	 been	 proposed	 to	 promote	 both	 AR-dependent	 and	 AR-independent	 oncogenic
processes.48	FOXA1	missense	mutations	occur	in	approximately	3%	to	5%	of	primary	tumors	and	tend	to	affect
either	 the	 winged	 helix	 DNA-binding	 domain	 (DBD)	 or	 the	 C-terminal	 transactivation	 domain,3,13,14	 although
specific	 resulting	mechanisms	 remain	 to	 be	 clarified.	 FOXA1-mutated	 and	 SPOP-mutated	 cancers	 share	 some
common	molecular	features,	including	similar	mRNA,	copy	number,	and	methylation	profiles,	as	well	as	high	AR
transcriptional	output.3	Although	generally	mutually	exclusive,	FOXA1	and	SPOP	mutations	can	co-occur.3

Serine	Peptidase	Inhibitor,	Kazal	Type	1	Overexpression
Serine	peptidase	inhibitor,	Kazal	type	1	(SPINK1)	is	a	secreted	protease	inhibitor	that	is	commonly	overexpressed
in	 a	 subset	 of	 ETS	 fusion-negative	 cancers.	 Outlier	 expression	 of	 SPINK1	 occurs	 in	 5%	 to	 10%	 of	 primary
prostate	 cancers.49	 SPINK1	 overexpression	 is	 associated	 with	 African	 American	 ethnicity	 and	 unfavorable
clinicopathologic	 factors.49,50	 Interestingly,	 SPINK1	 shares	 structural	 similarity	 and	 roughly	 50%	 sequence
homology	with	epidermal	growth	factor	(EGF).	Recent	studies	have	thus	focused	on	the	interaction	of	SPINK1
with	epidermal	growth	factor	receptor	(EGFR),	which	may	mediate	the	oncogenic	actions	of	SPINK1	through	an
autocrine/paracrine	 loop.51	 In	 preclinical	 models,	 SPINK1	 enhances	 cell	 proliferation	 and	 invasion,	 whereas
antibodies	against	SPINK1	and	EGFR	inhibit	tumor	growth	in	SPINK1-positive	xenografts.	Thus,	targeting	of	the
EGFR	signaling	pathway	using	clinically	available	EGFR	inhibitors	may	be	a	feasible	therapeutic	strategy	for	this
particular	prostate	cancer	subtype.

Isocitrate	Dehydrogenase	1	Mutations
Isocitrate	dehydrogenase	1	(IDH)	is	a	metabolic	enzyme	normally	involved	in	the	conversion	of	 isocitrate	to	α-
ketoglutarate	 and	 is	 recurrently	mutated	 in	 several	 human	malignancies,	 including	 gliomas	 and	 acute	myeloid
leukemia	(AML).52,53	 In	prostate	cancer,	 IDH1	mutations	 involving	 the	arginine	residue	at	position	132	(R132)
have	been	found	to	occur	in	approximately	1%	of	tumors.3	The	consequence	is	an	altered	enzyme	that	generates
the	oncometabolite	2-hydroxyglutarate,	which	inhibits	the	α-ketoglutarate–dependent	activity	of	histone	and	DNA
demethylating	 TET	 dioxygenases,	 resulting	 in	 genome-wide	 hypermethylation.52	 Interestingly,	 IDH1-mutated
prostate	 cancers	 demonstrate	 cancer	 type–specific	 hypermethylation	 at	 levels	 greater	 than	 those	 seen	 in	 IDH1-
mutated	 glioblastoma	 or	AML.	Compared	 to	 other	 prostate	 cancers,	 IDH1-mutated	 tumors	 also	 possess	 fewer
DNA	copy	number	alterations.	Although	in	AML	and	gliomas,	IDH1	mutations	may	portend	a	specific	prognosis
compared	to	wild-type	IDH1,	it	remains	to	be	determined	whether	this	is	true	in	prostate	cancer.54	Nevertheless,
this	 mutation	 is	 potentially	 actionable,	 with	 investigations	 in	 IDH	 (R132)	 inhibitors	 ongoing	 in	 other
malignancies.55

THE	CLONAL	EVOLUTION	OF	LETHAL	METASTATIC	PROSTATE	CANCER
Prostate	cancers	are	inherently	multifocal	and	heterogeneous	in	nature,	which	presents	as	a	principal	challenge	in
understanding	 tumor	 cell	 clonality	 and	 evolution.56,57	 Furthermore,	 the	 majority	 of	 available	 genomic	 studies
involve	 single	 site/single	 time	 point	 tissue	 sampling	 and	 thus	 do	 not	 adequately	 survey	 the	 spatiotemporal
relationship	of	disease	recurrence	and	progression,	particularly	after	therapeutic	intervention.	Thus,	until	recently,
the	sequence	of	genomic	events	behind	tumor	progression	and	therapeutic	resistance	remained	mostly	speculative.
However,	 several	 small	 studies	 have	 now	 sought	 to	 computationally	 reconstruct	 the	 phylogenetic	 evolution	 of
prostate	cancers	through	longitudinal	sampling	approaches	or	sampling	of	multiple	metastatic	sites	within	a	single
patient.7,8,58	 Interestingly,	 histologically	 disparate	 foci	 within	 a	 single	 primary	 tumor	 can	 be	 genetically
heterogeneous,	 suggesting	 independent	 clonal	 origin.59	 Lethal	metastatic	 disease	 can	 be	 traced	 back	 to	 a	 clone
within	 an	 index	 lesion	 from	 the	 primary	 tumor,	 although	 the	 index	 lesion	may	not	 be	 adequately	 predicted	 by
histology	alone.60	Additionally,	 tracking	metastatic	progression	 is	 potentially	 complicated	by	multiple	potential
pathways	of	 seeding	and	spread	between	primary	and	metastatic	 sites	as	well	as	 intermetastatic	 seeding,	which
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may	not	follow	one	exclusive	sequence.7,8
Compared	to	indolent	disease,	aggressive	tumors	are	characterized	by	molecular	complexity	and	heterogeneity,

with	tumor	progression	generally	mirroring	an	increasing	burden	of	genomic	aberrations.3,9	Early	genomic	events
in	tumor	evolution	that	manifest	as	clonal	aberrations	include	loss	of	NKX3-1	(an	AR-regulated	gene	involved	in
normal	differentiation	of	prostate	epithelium),	SPOP	mutations,	and	ETS	rearrangements,	which	are	later	followed
by	additional	lesions	that	mediate	progression.15	In	particular,	TP53	and	PTEN	loss	appear	to	be	frequent	events
prior	 to	metastasis	 that	 likely	contribute	 to	metastatic	 spread.7,8	 In	 contrast,	AR	 alterations,	which	 are	 likewise
prevalent	in	mCRPC	and	promote	resistance	to	androgen	deprivation,	have	been	found	to	sequentially	arise	after
metastases	 have	 developed,	 indicating	 that	 metastasis	 and	 therapeutic	 resistance	 are	 temporally	 discrete
processes.7,8,58,61	The	development	of	noninvasive	cell-free	DNA	and	circulating	tumor	cell	platforms	will	likely
yield	additional	insight	into	the	clonal	evolution	of	lethal	metastatic	prostate	cancer.

GENETIC	BASIS	OF	PROSTATE	CANCER	HERITABILITY
Prostate	cancer	risk	is	strongly	predicted	by	family	history	and	exhibits	appreciable	patterns	of	inheritance	within
prostate	 cancer	 pedigrees.62	 Genetic	 predisposition	 for	 prostate	 cancer	 may	 arise	 through	 either	 rare,	 highly
penetrant	 germline	mutations	 or	 through	 lower	 risk	 genetic	 variants.	Over	 20	 genome-wide	 association	 studies
have	now	been	conducted	to	date	in	prostate	cancer,	which	in	aggregate	have	identified	over	100	associated	single
nucleotide	polymorphisms	(SNPs)	that	account	for	30%	to	40%	of	excess	familial	prostate	cancer	risk,	primarily
among	patients	of	European	ancestry.63,64	Among	 the	 first	genetic	 risk	 loci	 to	be	 reproducibly	mapped	was	 the
8q24	 locus,	 a	 noncoding	 region	 in	 close	 proximity	 to	 the	 c-MYC	 oncogene,	 which	 acts	 as	 a	 transcriptional
enhancer.65,66	In	contrast,	the	ascertainment	of	highly	penetrant	genes	linked	with	familial	prostate	cancer	risk	has
proven	 more	 difficult.	 Genetic	 linkage	 studies	 have	 suggested	 several	 putative	 cosegregating	 susceptibility
regions,	although	only	one	predisposition	gene,	HOXB13,	has	been	definitively	characterized	via	this	method.	The
HOXB13	gene	lies	on	chromosome	17	and	plays	a	critical	role	in	urogenital	development.67	Targeted	sequencing
of	 a	 candidate	 linkage	 region	 at	 17q21-22	 among	 94	 families	 with	 early-onset	 hereditary	 prostate	 cancer	 has
revealed	a	recurrent	nonsynonymous	mutation	(G84E)	in	HOXB13	as	the	responsible	susceptibility	allele.68	Other
germline	mutations	in	HOXB13	have	now	also	been	reported,	and	it	is	estimated	that	2%	to	5%	of	familial	cases
occur	in	the	setting	of	HOXB13	mutations.69	Although	clinical	testing	for	HOXB13	is	not	routinely	performed	at
this	 time,	 carrier	 status	may	 have	 important	 future	 implications	 in	 the	 screening,	 prevention,	 and	 treatment	 of
prostate	cancer.

Recent	germline	 sequencing	 in	patients	with	metastatic	prostate	cancer	has	demonstrated	 that	 approximately
12%	 of	 men	 not	 selected	 for	 family	 predisposition	 harbor	 potentially	 pathogenic	 germline	 mutations	 in	 DNA
repair	 genes,	 including	 BRCA2,	ATM,	CHEK2,	BRCA1,	 RAD51D,	 and	 PALB2.70	 Moreover,	 the	 incidence	 of
deleterious	 germline	 mutations	 is	 enriched	 in	 mCRPC	 cohorts	 relative	 to	 localized	 disease,	 with	 loss	 of
heterozygosity	of	the	intact	allele	commonly	occurring	as	a	second	somatic	event	in	advanced	disease.70,71	Among
DNA	repair	defects,	mutations	in	BRCA2	are	the	most	prevalent,	representing	approximately	half	of	all	germline
mutations	detected,	and	are	the	most	strongly	associated	with	increased	prostate	cancer	risk.72–74	Although	still	an
evolving	area,	important	clinical	implications	derive	from	these	observations,	as	tumors	with	DNA	repair	defects
exhibit	 unique	vulnerabilities	 to	 specific	 therapies,	 such	as	poly	 (ADP-ribose)	polymerase	 (PARP)	 inhibitors.75
These	 findings	 thus	 provide	 further	 insight	 into	 prostate	 cancer	 susceptibility	 and	 the	 potential	 for	 targeted
screening	and	tailored	therapeutic	approaches	in	this	context.

ANDROGEN	SIGNALING	IN	PROSTATE	CANCER
Androgen	signaling	plays	a	pivotal	role	in	the	pathophysiology	of	prostate	cancer.	The	dependence	of	tumors	on
sustained	 AR	 activation	 forms	 the	 basis	 for	 many	 therapeutic	 strategies,	 including	 gonadotropin-releasing
hormone	(GnRH)	analogs,	AR	antagonists,	and	androgen	biosynthesis	 inhibitors.	A	mainstay	of	initial	systemic
therapy	to	block	androgen	signaling	in	advanced	disease	involves	the	administration	of	GnRH	analogs	(androgen
deprivation	therapy	[ADT])	to	disrupt	the	hypothalamic–pituitary–gonadal	axis,	thereby	suppressing	production	of
gonadal	 testosterone	 and	 its	 subsequent	 conversion	 by	 5α-reductase	 to	 the	 more	 potent	 androgen
dihydrotestosterone	(DHT)	(Fig.	69.2).76	Although	initial	response	rates	to	ADT	exceed	90%,	tumors	inevitably



progress	to	CRPC	within	a	median	of	14	to	20	months.77	The	onset	of	CRPC	is	frequently	accompanied	by	a	rise
in	 serum	 prostate-specific	 antigen	 (PSA)	 protein,	 which	 is	 AR-dependent	 and	 signifies	 the	 restoration	 of
competent	androgen	signaling.10	Various	mechanisms	have	been	 identified	 to	 explain	 the	 emergence	of	CRPC,
including	 AR	 overexpression	 and	 amplification,	 gain-of-function	 alterations	 in	 the	 AR	 or	 its	 coregulators,
intratumoral	 DHT	 synthesis	 from	 extragonadal	 steroid	 precursors,	 and	 AR	 sensitization	 or	 ligand-independent
signaling.11	The	development	of	several	effective	second-generation	AR-directed	therapies,	including	competitive
AR	 antagonists	 (e.g.,	 enzalutamide	 and	 apalutamide)	 and	 androgen	 biosynthesis	 inhibitors	 (e.g.,	 abiraterone
acetate)	 has	 added	 clinical	 validation	 to	 this	 paradigm	 wherein	 persistent	 AR	 activity	 remains	 critical	 in
facilitating	 disease	 progression	 (see	 Fig.	 69.2).	However,	 primary	 resistance	 to	 first-line	 abiraterone	 acetate	 or
enzalutamide	occurs	in	approximately	20%	to	40%	of	patients,	which	increases	to	80%	or	higher	with	second-line
therapy,	suggesting	wide	biologic	heterogeneity	in	treatment	response.

Androgen	Receptor	Structure	and	Function
The	AR	is	a	110	kDa	ligand-dependent	nuclear	transcription	factor	and	member	of	the	steroid	hormone	receptor
superfamily.	The	AR	gene	is	located	on	chromosome	Xq11-12.	Like	many	other	nuclear	hormone	receptors,	the
AR	is	composed	of	four	separate	functionally	distinct	domains:	an	N-terminal	domain	(NTD),	a	DBD,	a	flexible
hinge	 region,	 and	 a	 C-terminal	 ligand-binding	 domain	 (LBD).78	 AR	 gene	 amplification	 and	 increased	 protein
expression	 represent	 common	 mechanisms	 in	 CRPC,	 enabling	 tumor	 activity	 despite	 castrate	 circulating
testosterone	concentrations.79	Although	genomic	aberrations	in	the	AR	pathway	are	rare	in	primary	disease,	they
are	 observed	 in	 approximately	 40%	 to	 70%	 of	 CRPC	 cases,	 with	 a	 majority	 of	 cases	 demonstrating	 focal
amplification	of	Xq11-12.9

The	 native	 agonists	 for	 AR	 under	 normal	 physiologic	 conditions	 are	 testosterone	 and	 DHT,	 which,	 upon
binding,	permit	nuclear	translocation	of	the	AR	and	transactivation	of	target	genes.	However,	LBD	mutations	can
broaden	 ligand	 specificity	 to	 include	 other	 endogenous	 steroids80–83	 as	 well	 as	 transform	 competitive	 AR
antagonists	into	agonists	(Fig.	69.3).81,84,85	The	latter	is	the	presumed	mechanism	behind	why	tumors	occasionally
regress	 after	 withdrawal	 of	 AR	 antagonist	 therapies86,87	 and	 may	 explain	 why	 tumors	 refractory	 to	 one	 AR
antagonist	may	demonstrate	continued	susceptibility	 to	alternative	antagonists.88,89	Although	 infrequent	 in	early
disease,	 AR	 mutations	 are	 detectable	 in	 10%	 to	 30%	 of	 patients	 previously	 treated	 with	 first-generation	 AR
antagonists.85,90,91	 More	 recently,	 LBD	 mutations	 have	 also	 been	 identified	 that	 confer	 resistance	 to	 second-
generation	AR	antagonists	as	well.92,93

A	number	of	AR	splice	variants	(AR-Vs)	have	now	also	been	described	in	CRPC,	which	are	thought	to	arise
through	alternative	splicing	or	AR	gene	rearrangements.94–96	These	variants	commonly	harbor	an	intact	NTD	and
DBD	 but	 characteristically	 lack	 an	 LBD,	 resulting	 in	 the	 uncoupling	 of	 transcriptional	 control	 from	 ligand-
dependent	induction	(see	Fig.	69.3).	Over	20	AR-Vs	have	been	confirmed	with	varying	levels	of	expression	and
transcriptional	 activity.9,97–100	 In	 CRPC,	 the	 most	 common	 variant	 observed	 is	 AR-V7,	 which	 demonstrates
constitutive	AR	activity.97,101,102	AR-V7	mRNA	levels	in	blood	of	mCRPC	patients	have	been	found	to	correlate
remarkably	 with	 resistance	 to	 enzalutamide	 and	 abiraterone,	 suggesting	 that	 AR-V7	 may	 be	 a	 promising
biomarker	 to	predict	 response	 to	AR-directed	 therapies	versus	 taxane	 therapy.103–106	However,	AR-V	 levels	are
comparatively	 low	 in	 contrast	 to	 full-length	 AR.	 In	 preclinical	 studies,	 AR-Vs	 have	 shown	 an	 ability	 to
heterodimerize	 with	 the	 full-length	 AR,	 and	 whether	 AR-Vs	 may	 drive	 androgen	 signaling	 completely
independent	of	the	full-length	receptor	requires	further	clarification.107	Nevertheless,	development	of	novel	AR-
directed	inhibitors	that	target	the	NTD	of	both	AR-V	and	full-length	AR	may	be	a	promising	therapeutic	strategy
that	is	currently	under	investigation	(NCT02606123).108,109

Androgen	Receptor	Action
The	 classical	 model	 for	 androgen	 signaling	 involves	 ligand	 binding	 and	 dimerization	 of	 the	 AR,	 followed	 by
recruitment	to	androgen	response	elements	of	various	AR	target	genes	to	initiate	transcription	(see	Fig.	69.2).	This
process	 is	 facilitated	by	a	host	of	different	proteins	 that	dictate	 the	extent	of	AR	activation	and	 the	 location	of
genomic	binding	sites.	It	is	now	evident	that	the	AR	cistrome	may	collectively	undergo	extensive	reprogramming
during	 prostate	 tumorigenesis,	 which	 is	 mediated	 by	 proteins	 such	 as	 FOXA1,	 GATA2,	 and	 HOXB13.110–113
Moreover,	hundreds	of	potential	coregulators	have	now	been	characterized	 that	can	coactivate	or	corepress	AR
transactivation	and	which	may	be	altered	in	CRPC.114	Although	diverse	in	function,	many	coregulators	share	the
ability	 to	 either	 directly	 modify	 the	 AR	 or	 its	 interacting	 proteins	 through	 processes	 such	 as	 acetylation,
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methylation,	SUMOylation,	 and	ubiquitination.114,115	A	prime	example	 includes	 the	p160	coactivator	 family	of
proteins	 (SRC1,	 SRC2,	 and	 SRC3),	 which	 interact	 with	 the	 AR	 and	 recruit	 histone	 acetyltransferases	 and
methyltransferases	 to	 transcriptionally	 active	 regions.	 Of	 note,	 the	 coactivator	 SRC3	 has	 been	 shown	 to	 be	 a
substrate	of	SPOP,	which	 is	 upregulated	 in	SPOP-mutated	cancers	 to	promote	 tumorigenesis.36,38,116	 Similarly,
bromodomain	 and	 extraterminal	 (BET)	 subfamily	 proteins	 (BRD2,	 BRD3,	 BRD4)	 have	 also	 been	 shown	 to
interact	with	AR	and	are	increasingly	recognized	to	play	an	important	role	in	driving	transcriptional	programming
in	 CRPC.	 BET	 inhibitors	 thus	 present	 as	 a	 novel	 “postreceptor”	 therapeutic	 strategy	 to	 disrupt	 epigenetic
regulation	 of	 oncogenic	 drivers	 in	 prostate	 cancer.117–119	 Interestingly,	 SPOP	 mutations	 may	 stabilize	 BRD4,
suggesting	 complex	 protein	 interactions	 at	 play	 in	 AR-dependent	 transcription.120,121	 Overall,	 efforts	 to
understand	the	processes	behind	AR-dependent	 transcription	have	revealed	an	impressive	number	of	potentially
actionable	coregulatory	proteins	that	cooperate	in	androgen	signaling.

Figure	69.2	Androgen	signaling	in	prostate	cancer.	Androgen	biosynthesis	is	closely	regulated	by
the	hypothalamic–pituitary–gonadal	axis.	Disruption	of	pulsatile	gonadotropin-releasing	hormone
(GnRH)	release	using	GnRH	analogs	to	suppress	testosterone	production	is	an	effective	initial

approach	to	target	androgen	signaling	in	advanced	prostate	cancer.	Several	novel	agents	that	act	on
different	aspects	of	the	androgen	signaling	axis	are	also	depicted.

Intratumoral	Androgen	Biosynthesis
Despite	castrate	levels	of	serum	testosterone	following	ADT,	the	depletion	of	intratumoral	androgens	is	generally



incomplete.122,123	These	residual	androgen	concentrations	are	sufficient	to	permit	androgen	signaling,	target	gene
expression,	and	tumor	growth	in	CRPC.124	The	persistence	of	intratumoral	androgens	is	thought	to	occur	through
either	de	novo	synthesis	from	cholesterol	or	conversion	from	extragonadal	steroid	precursors,	such	as	circulating
adrenal	 androgens,	 through	 multiple	 potential	 pathways	 (Fig.	 69.4).	 Supporting	 this	 paradigm	 are	 expression
studies	indicating	that	CRPC	often	upregulates	key	steroidogenic	enzymes	involved	in	these	pathways.125	 Thus,
steroid	metabolism	and	enzymology	are	closely	tied	to	the	pathophysiology	of	CRPC.

Figure	69.3	The	androgen	receptor	(AR)	gene	locus	and	protein	structure.	The	messenger	RNA
transcript	for	full-length	AR	includes	eight	exons	that	correspond	by	color	scheme	with	the	four	AR
functional	domains:	the	N-terminal	domain	(NTD),	DNA	binding	domain	(DBD),	hinge	region,	and

ligand-binding	domain	(LBD).	AR	splice	variants	7	and	9	(AR-V7	and	AR-V9)	are	shown	for
comparison,	with	novel	cryptic	exons	depicted	(in	green).

Figure	69.4	Pathways	of	androgen	biosynthesis	occurring	in	prostate	cancer.	Key	enzymes	are
denoted	next	to	arrows	for	each	reaction.	Steroidogenesis	begins	with	the	stepwise	modification	of
cholesterol,	first	to	21-carbon	progestins	and	subsequently	to	19-carbon	androgens,	including
testosterone	and	dihydrotestosterone	(DHT).	De	novo	intratumoral	biosynthesis	of	DHT	from

cholesterol	may	occur	either	through	the	canonical	pathway	(black	arrows),	in	which	testosterone
serves	as	the	immediate	precursor	to	DHT,	or	via	alternative	backdoor	pathways	(white	arrows).	In
contrast,	the	metabolism	of	adrenal	dehydroepiandrosterone	(DHEA)	to	DHT	in	castration-resistant
prostate	cancer	principally	involves	conversion	by	3β-hydroxysteroid	dehydrogenase-1	(3β-HSD1)
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first	to	androstenedione,	which	is	then	5α-reduced	via	the	5α-androstanedione	pathway	(striped
arrows),	prior	to	17-keto	reduction	to	DHT,	thereby	bypassing	testosterone	as	a	precursor.

(Reprinted	with	permission	from	Dai	C,	Heemers	H,	Sharifi	N.	Androgen	signaling	in	prostate
cancer.	Cold	Spring	Harb	Perspect	Med	2017;7[9]:a030452.	Copyright:	Cold	Spring	Harbor

Laboratory	Press.)

In	humans,	 the	most	abundant	19-carbon	steroid	 in	serum	is	dehydroepiandrosterone	(DHEA)	 in	 its	 sulfated
form	 (DHEA-S),	 which	 is	 primarily	 derived	 from	 the	 adrenal	 glands.	 DHEA	 can	 be	 converted	 to	 DHT	 via	 a
limited	number	of	enzymes	expressed	in	tumors	and	is	thus	regarded	as	a	major	source	of	androgen	precursors	in
CRPC.	 In	 the	 adrenal	 reticularis,	 DHEA	 is	 synthesized	 through	 initial	 side	 chain	 cleavage	 of	 cholesterol	 by
CYP11A1	(cholesterol	side	chain	cleavage	enzyme,	P450scc)	to	generate	pregnenolone,	which	is	then	converted
by	 CYP17A1	 (17-hydroxylase/17,20-lyase,	 P450c17)	 to	 17-OH-pregnenolone	 and	 subsequently	 to	 DHEA.
CYP17A1	is	 the	major	enzyme	 target	of	abiraterone,	which	markedly	 reduces	serum	DHEA/DHEA-S	 levels	 to
suppress	residual	androgen	biosynthesis	in	CRPC.126	More	recently,	abiraterone	has	shown	efficacy	in	castration-
naïve	disease	as	well,	suggesting	that	the	adrenal	contribution	to	androgen	signaling	may	be	important	even	prior
to	CRPC.127,128

To	generate	DHT,	DHEA	must	 first	undergo	 irreversible	3β-hydroxyl	oxidation	and	Δ5	→	Δ4	 isomerization
into	 androstenedione,	 catalyzed	 by	 3β-hydroxysteroid	 dehydrogenase-1	 (3β-HSD1;	 encoded	 by	 HSD3B1)
expressed	in	peripheral	tissues,	including	the	prostate	(see	Fig.	69.4).	A	gain-of-function	missense	variant	of	this
enzyme	has	been	recently	characterized	in	CRPC	tumors,	arising	from	an	SNP	at	position	1245	(A	→	C),	which
exchanges	an	asparagine	for	threonine	at	amino	acid	position	367.	This	substitution	renders	the	3β-HSD1	protein
resistant	 to	 ubiquitin-mediated	 degradation,	 consequently	 increasing	DHEA	→	AD	 activity	 and	 enabling	more
efficient	DHT	biosynthesis	from	extragonadal	precursors.129	Tumors	may	express	this	HSD3B1	(1245C)	variant
as	either	a	 result	of	germline	 inheritance	or	acquisition	of	a	somatic	mutation;	 furthermore,	 in	patients	who	are
germline	heterozygous,	it	appears	that	ADT	may	clonally	select	for	HSD3B1	(1245C)	through	either	mutation	or
loss	of	heterozygosity	of	the	wild-type	copy.	Remarkably,	HSD3B1	(1245C)	is	associated	with	rapid	resistance	to
ADT	 and	 inferior	 survival	 in	 independent	 retrospective	 cohorts.130–132	 This	 SNP	may	 therefore	 be	 a	 clinically
useful	biomarker	to	identify	patients	who	may	respond	unfavorably	to	ADT	and	thus	require	escalated	therapies.

Further	metabolism	of	androstenedione	to	DHT	requires	17-keto	reduction	and	5α-reduction	reactions,	driven
by	17β-hydroxysteroid	dehydrogenase	(17β-HSD)	and	5α-reductase	(SRD5A)	family	isoenzymes,	respectively.	In
normal	male	physiology,	17β-HSD3	mediates	conversion	of	androstenedione	to	testosterone	in	testicular	tissues,
which	 is	 then	 5α-reduced	 by	 SRD5A2	 to	 DHT	 in	 prostatic	 tissue.	 However,	 in	 CRPC,	 the	 metabolism	 of
androstenedione	 appears	 to	 occur	 via	 a	 different	 metabolic	 route,	 directly	 undergoing	 5α-reduction	 to	 5α-
androstanedione	 prior	 to	 17-keto	 reduction,	 thereby	 bypassing	 testosterone	 as	 an	 obligate	 precursor	 (see	 Fig.
69.4).	 In	 fact,	 this	 “5α-androstanedione	pathway”	appears	 to	be	 the	major	metabolic	 route	of	 adrenal	 androgen
metabolism	to	DHT	in	virtually	all	CRPC	cell	lines	as	well	as	in	sampled	patient	tissues.133,134	Interestingly,	the
5α-androstanedione	pathway	is	enhanced	by	the	enzymatic	activities	of	SRD5A1	and	17β-HSD5	(also	known	as
aldo-keto	reductase	1C3).133,135	Both	SRD5A1	and	aldo-keto	reductase	1C3	are	commonly	upregulated	in	CRPC,
suggesting	that	these	isoenzymes	may	be	important	in	the	adaptive	pathophysiology	of	androgen	biosynthesis	in
CRPC.125

Glucocorticoid	Signaling	in	Treatment	Resistance
The	AR	 shares	 sequence	 homology	with	 other	 steroid	 receptors,	 a	molecular	 feature	 that	 enables	 other	 steroid
receptors	 to	 potentially	 recognize	 response	 elements	 shared	 with	 the	 AR.136	 Recent	 investigations	 into
mechanisms	of	enzalutamide	resistance	have	demonstrated	considerable	overlap	between	AR-	and	glucocorticoid
receptor	(GR)-regulated	genes,	suggesting	that	the	GR	can	reinstate	oncogenic	programming	following	intensive
AR	blockade.	Interestingly,	GR	expression	is	detectable	in	approximately	30%	of	untreated	prostate	cancers	and
more	frequently	in	androgen-deprived	tumors.137	In	preclinical	models,	enzalutamide	treatment	has	been	shown	to
promote	 GR	 upregulation,	 which	 demonstratively	 enables	 enzalutamide	 resistance.138–140	 Furthermore,
enzalutamide	 resistance	 coincides	 with	 alterations	 in	 glucocorticoid	 metabolism	 to	 further	 promote	 GR
activation.141	 This	 switch	 to	 GR	 presents	 as	 a	 potential	 therapeutic	 dilemma,	 as	 glucocorticoid	 signaling	 is
essential	 to	 life.	 However,	 preclinical	 data	 have	 recently	 suggested	 that	 BET	 family	 proteins	 facilitate	 GR
upregulation	in	this	setting.142	Thus,	BET	inhibitors	could	serve	as	an	alternative	therapeutic	approach	to	reverse
GR-driven	enzalutamide	resistance.



OTHER	SIGNALING	PATHWAYS	IN	PROSTATE	CANCER
Phosphatidylinositol	3-Kinase/AKT/Mammalian	Target	of	Rapamycin	Pathway
Genomic	alterations	leading	to	activation	of	the	PI3K/AKT/mammalian	target	of	rapamycin	(mTOR)	oncogenic
signaling	 axis	 are	 detected	 in	 around	 20%	 to	 40%	 of	 primary	 prostate	 cancers	 and	 approximately	 50%	 of
mCRPC.3,9	Most	frequently,	this	not	only	occurs	in	the	setting	of	PTEN	inactivation	but	may	also	arise	from	rare
alterations	in	PIK3CA/	B	(expressing	the	catalytic	subunit	of	PI3K),	PIK3R1,	AKT1,	and	other	members.9,12	PTEN
negatively	 regulates	 PI3K	 signaling	 so	 that	 biallelic	 PTEN	 inactivation,	 commonly	 by	 homodeletion	 or
hemideletion	 of	 one	 allele	 and	 mutation	 of	 the	 other,	 enables	 PI3K	 signaling	 hyperactivity	 to	 drive	 cellular
proliferation	 and	 a	 host	 of	 other	 oncogenic	 processes.	Multiple	 functional	 studies	 have	 confirmed	 the	 role	 of
PTEN	as	a	pertinent	tumor	suppressor	gene,143	and	a	preponderance	of	literature	suggests	that	PTEN	loss	is	a	poor
prognostic	 indicator.144–146	 Interestingly,	 cross-talk	 between	 PI3K	 signaling	 and	 AR	 signaling	may	 generate	 a
negative	 feedback	 loop	 so	 that	 inhibition	 of	 one	 pathway	 results	 in	 upregulation	 of	 the	 other.147–149	 Thus,
simultaneous	 inhibition	 of	 both	 pathways	 could	 achieve	 greater	 clinical	 responses.	 Clinical	 trials	 involving	 a
combination	 of	 AR-directed	 therapies	 in	 conjunction	 with	 PI3K/AKT/mTOR	 pathway	 inhibitors	 are	 currently
underway	 (NCT02125084,	 NCT02106507,	 NCT01485861).	 It	 also	 remains	 to	 be	 determined	 whether	 PTEN
status	could	serve	as	a	useful	predictive	biomarker	in	this	setting.

Other	Signaling	Pathways	in	Prostate	Cancer
The	 frequency	 distribution	 of	 molecular	 aberrations	 in	 prostate	 cancer	 is	 represented	 by	 a	 long	 tail	 of	 low-
incidence	mutations	 involving	multiple	 effectors	 within	 several	 pathways,	most	 notably	 those	 of	 the	mitogen-
activated	protein	kinase	(MAPK)	and	Wnt	signaling	pathways.3,9	Driver	mutations	have	since	been	identified	in
HRAS	and	other	Ras	family	small	GTPases	as	well	as	in	BRAF.	However,	the	BRAF	V600E	mutation,	which	is
pathogenic	in	other	malignancies	such	as	melanoma,	does	not	appear	to	be	prevalent	in	prostate	cancer.	Rare	gene
fusions	in	RAF	and	RAS	family	members	have	also	been	described.150	Interestingly,	activation	of	RAS	and	RAF
promotes	 the	MAPK	 signaling	 pathway	 and	may	 confer	 hypersensitivity	 to	 androgens.151	Similarly,	alterations
affecting	the	Wnt	signaling	pathway	have	been	found,	which	involve	multiple	pathway	members	including	APC,
CTNNB1,	RNF43,	and	ZNRF3.	Of	note,	R-spondin	fusions	(RSPO2),	which	have	previously	been	 implicated	 in
colorectal	 carcinoma,152	 may	 similarly	 potentiate	 Wnt	 signaling	 through	 RSPO2	 overexpression	 in	 prostate
cancer.9

Preclinical	evidence	also	indicates	that	various	other	signaling	molecules	may	be	activated	in	prostate	cancer.
These	include	EGF,	human	epidermal	growth	factor	receptor	2	(HER2),	mesenchymal-epithelial	transition	(MET),
and	SRC	kinases,	which	may	 drive	AR-independent	 signaling	 or	 sensitize	 the	AR	 to	 subphysiologic	 androgen
levels	through	signaling	cross-talk	with	the	AR.153–155	Intracellular	kinases	may	also	act	as	downstream	mediators
of	 nongenomic	 AR	 signaling,	 which	 involves	 rapid	 action	 through	 cytoplasmic	 and	membrane-associated	 AR
rather	 than	 through	AR	nuclear	 translocation	and	gene	 transcription.156	However,	kinase	 targeting	using	 single-
agent	 approaches	 have	 been	 disappointing	 overall	 in	 the	 treatment	 of	 prostate	 cancer.	 These	 findings	may	 be
attributed	to	the	lack	of	kinase	dependency	or	a	redundancy	in	signaling	transduction	networks	in	prostate	cancer.
Several	ongoing	clinical	 trials	are	now	investigating	 the	efficacy	of	adding	various	 tyrosine	kinase	 inhibitors	 to
enzalutamide	or	abiraterone	therapy,	based	on	the	rationale	that	combination	approaches	may	limit	compensatory
kinase	activation	in	response	to	AR	inhibition.157

Cell	Cycle	Aberrations
Genome	sequencing	has	revealed	a	high	prevalence	of	aberrations	in	genes	involved	in	the	cell	cycle,	particularly
in	advanced	prostate	cancer.	These	aberrations	include	deletions	of	RB1	and	rarer	events	in	CDKN1,	CDKN2A/B,
and	CDKN1B	 as	well	 as	 amplifications	 in	CDK4	 and	CCND1.9,12	 The	RB	protein	 (encoded	 by	RB1)	 acts	 as	 a
tumor	suppressor,	negatively	regulating	cell	cycle	progression	by	binding	to	E2F	family	members	and	suppressing
E2F-mediated	 gene	 transcription.	 During	 normal	 cell	 cycle,	 RB	 is	 inactivated	 via	 phosphorylation	 by	 cyclin-
dependent	 kinases	 CDK4/6,	 liberating	 E2F	 proteins	 and	 enabling	 G1	 to	 S	 transition.	 Loss	 of	RB1	 is	 seen	 in
approximately	 20%	 of	 cases	 of	 mCRPC.9	 In	 preclinical	 models,	 inactivation	 of	 RB	 results	 in	 E2F1-mediated
transcription	of	AR-dependent	genes.158	Furthermore,	RB1	loss	is	associated	with	increased	sensitivity	to	taxanes,
suggesting	 that	RB1	 status	 could	help	 refine	 the	 sequence	of	AR-directed	versus	 taxane-based	 therapies.159	 RB
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positivity	has	been	explored	 in	ongoing	clinical	 trials	 involving	CDK4/6	 inhibitors,	which	 require	an	 intact	RB
protein	 (NCT02059213,	 NCT02555189),	 exemplifying	 novel	 approaches	 to	 treatment	 stratification	 based	 on
underlying	tumor	biology.

Neuroendocrine	Prostate	Cancer
Potent	suppression	of	androgen	signaling	with	second-generation	AR-directed	therapies	has	been	associated	with
the	emergence	of	a	subset	of	treatment-resistant	tumors	that	demonstrate	neuroendocrine	differentiation	(CRPC-
NE)	and	 reduced	or	 absent	AR	expression.160	Although	a	 consensus	on	proper	nomenclature	and	classification
remains	 lacking,	 these	 clinically	 aggressive	CRPC-NE	 tumors	 generally	 express	 neuroendocrine	markers	 (e.g.,
chromogranin	A	and	synaptophysin)	and	may	exhibit	histologic	 features	 similar	 to	 small-cell	carcinoma,	a	 rare
variant	of	primary	neuroendocrine	prostate	cancer	marked	by	small	round	cells,	absent	glandular	architecture,	and
negligible	expression	of	AR.	Compared	to	usual	CRPC	adenocarcinomas	(CRPC-Adeno),	CRPC-NE	tumors	are
notably	enriched	 in	deletions	of	RB1	 and	mutation	or	deletion	of	TP53	 and	 frequently	 harbor	 amplifications	 in
AURKA	 and	 MYCN.160	 Whether	 CRPC-NE	 tumors	 arise	 primarily	 from	 clonal	 propagation	 of	 a	 subset	 of
preexisting	neuroendocrine	cells	or	by	way	of	 transdifferentiation	from	CRPC-Adeno	cells	 is	debated,	although
recent	 data	 appear	 to	 support	 the	 latter.17	 Notably,	 RB1	 loss	 is	 commonly	 observed	 in	 primary	 small-cell
carcinomas,161	 and	 preclinical	 studies	 suggest	 a	 strong	 causal	 relationship	 between	 RB1	 and	 TP53	 loss	 with
epithelial	plasticity	and	neuroendocrine	differentiation,	which	promotes	resistance	to	AR-directed	therapies.162,163
Taken	 together,	 these	 data	 indicate	 a	 probable	 role	 of	RB1	 loss	 in	 driving	 an	AR-independent	 prostate	 cancer
phenotype.	Improved	understandings	in	the	biology	of	CRPC-NE	will	hopefully	enable	refined	patient	selection
as	well	as	application	of	novel	therapeutic	strategies	such	as	AURKA	inhibitors.

AREAS	OF	ONGOING	RESEARCH	AND	EMERGING	THERAPEUTIC
APPROACHES
DNA	Repair	Pathway
Somatic	and	germline	mutations	 in	DNA	repair	genes	are	 increasingly	 recognized	as	an	exploitable	avenue	 for
therapeutic	targeting	in	prostate	cancer.	Mutations	in	genes	involved	in	homologous	recombination	(HR),	such	as
BRCA2,	BRCA1,	PALB2,	and	ATM,	have	been	found	to	recurrently	occur	in	mCRPC.	Importantly,	CRPC	tumors
demonstrating	defects	 in	various	genes	 involved	 in	HR	have	 shown	exquisite	 sensitivity	 to	 the	PARP	 inhibitor
olaparib.75	 Likewise,	 tumors	 with	 HR	 defects	 may	 exhibit	 specific	 responses	 to	 platinum-based
chemotherapies.164

Defects	 in	mismatch	 repair	 (MMR)	 through	 aberrations	 in	 genes	 such	 as	MLH1,	MLH2,	MSH6,	 and	PMS2
have	also	been	implicated	in	prostate	cancer.	Notably,	Lynch	syndrome	carriers	are	at	increased	risk	of	developing
prostate	 cancer,	 among	 other	 malignancies.165	 Prostate	 cancers	 with	 MMR	 protein	 loss	 of	 function	 exhibit
microsatellite	 instability	 and	 high	mutational	 load.9	As	 a	 consequence,	 these	 tumors	 express	 a	 greater	 level	 of
mutation-associated	 neoantigens,	 which	 has	 been	 shown	 to	 confer	 vulnerability	 to	 immunotherapy-based
strategies	 in	other	cancers.166	Although	these	findings	are	overall	promising,	 further	 investigation	 is	 required	 to
refine	the	optimal	treatment	approach	and	sequence	in	this	particular	subset	of	patients.

Epigenetic	Alterations
Epigenetic	regulation	is	a	critical	process	that	enables	cells	to	regulate	gene	expression	by	altering	transcriptional
access,	thereby	providing	detailed	control	over	a	range	of	vital	cellular	functions.	Aberrant	chromatin	remodeling
via	 DNA	 methylation	 and	 histone	 modification	 has	 been	 implicated	 in	 tumor	 progression	 across	 many
malignancies,	including	prostate	cancer.	CpG	hypermethylation	is	associated	with	gene	silencing	of	specific	tumor
suppressor	genes	such	as	GSTP1,	APC,	and	RASSF1A	in	early	prostate	cancer	lesions	and	at	a	broader,	genome-
wide	 level	 in	 invasive	 adenocarcinomas.167,168	 Furthermore,	 aggressive	 prostate	 cancers	 frequently	 overexpress
EZH2,	 the	 catalytic	 protein	 responsible	 for	 histone	 H3K27	 methylation,	 which	 can	 induce	 transcriptional
repression	or,	alternatively,	can	act	as	an	AR	coactivator.169,170	The	availability	of	novel	epigenetic	drugs	such	as
EZH2	and	BET	inhibitors	to	modulate	these	processes	has	made	this	area	of	research	of	particular	interest.



CONCLUSION
In	 recent	 years,	 novel	 genetic	 technologies	 have	 led	 to	 unprecedented	 insight	 into	 the	 molecular	 biology	 of
prostate	cancer.	Furthermore,	the	development	of	several	effective	AR-directed	therapies	for	CRPC	has	generated
a	renewed	interest	in	the	androgen	signaling	axis	and	a	major	paradigm	shift	in	the	treatment	of	advanced	prostate
cancer.	However,	these	strategies	are	not	curative,	and	thus,	additional	avenues	for	therapeutic	targeting	remain	at
the	forefront	of	translational	investigation.	Evolving	molecular	approaches	will	likely	inform	new	directions	and
understandings	 in	 the	 pathogenesis	 of	 prostate	 cancer	 and	 hopefully	 galvanize	 novel	 clinical	 strategies	 in	 this
disease	space.
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70 Cancer	of	the	Prostate
Michael	J.	Zelefsky,	Michael	J.	Morris,	and	James	A.	Eastham

INTRODUCTION
The	 approach	 to	 prostate	 cancer	 diagnosis	 and	 treatment	 has	 changed	 dramatically	 across	 the	 spectrum	 of	 the
illness.	Recognizing	the	need	to	reduce	overdiagnosis	and	overtreatment	of	clinically	 insignificant	cancers,	new
diagnostic	algorithms	have	become	available	to	identify	which	men	have	a	higher	likelihood	of	having	a	clinically
significant	cancer	and	benefit	from	early	detection	and	early	treatment.	New	clinical	and	biologic	biomarkers	are
being	validated	to	determine,	once	localized	prostate	cancer	is	diagnosed,	which	tumors	can	be	optimally	treated
using	 an	 active	 surveillance	 (AS)	 approach	 that	 closely	monitors	 the	 cancer—based	 on	 the	 likelihood	 that	 the
tumor	will	or	has	metastasized,	putting	the	patient	at	risk	for	an	impaired	quality	of	life	(QOL)	and	a	shortened	life
expectancy.	 The	 techniques	 of	 surgery	 have	 evolved,	 and	 more	 patients	 are	 being	 treated	 with	 robot-assisted
approaches	 with	 the	 aims	 of	 reducing	 morbidity	 without	 compromising	 cancer	 control.	 The	 ability	 to	 deliver
higher	doses	of	 radiation	safely	has	 improved	disease	control	 rates	without	compromising	 long-term	QOL.	The
past	decade	has	seen	unparalleled	progress	in	the	treatment	of	castration-resistant	metastatic	tumors,	as	five	agents
with	 different	 mechanisms	 of	 action	 were	 proven	 to	 prolong	 life.	 At	 the	 same	 time	 that	 more	 patients	 and
physicians	recognize	there	are	effective	treatments	for	metastatic	disease,	these	agents	are	also	being	tested	earlier
in	minimal	disease	settings	where	they	have	the	potential	to	provide	even	greater	benefit.

In	 contrast	 to	 other	 tumor	 types,	 the	 paradigm	 of	 early	 detection	 leading	 to	 increased	 cure	 rates	 must	 be
cautiously	 applied	 to	 prostate	 cancer.	 The	 widespread	 use	 of	 prostate-specific	 antigen	 (PSA)-based	 detection
strategies	has	 resulted,	unfortunately,	 in	 increased	diagnosis	and	 treatment	of	clinically	 insignificant	cancers,	 to
the	point	where	the	morbidity	and	mortality	associated	with	making	a	diagnosis	and	the	therapy	utilized	to	treat	it
can	exceed	that	of	the	cancer	itself.	The	high	prevalence	of	prostate	cancer	in	the	general	population,	coupled	with
a	natural	history	that	can	range	from	a	few	years	to	decades,	mandates	a	different	framework	than	that	provided	by
the	more	traditional	tumor,	node,	and	metastasis	(TNM)	staging.	There	are	also	many	prostate	cancers	from	which
a	relapse	after	primary	treatment	does	not	require	any	intervention	because	the	probability	is	low	that	the	cancer
will	become	metastatic,	symptomatic,	or	lethal.

Many	 of	 these	 issues	 are	 addressed	 by	 describing	 the	 spectrum	 of	 the	 disease	 as	 a	 series	 of	 clinical	 states,
ranging	from	prediagnosis	to	the	lethal	metastatic	castration-resistant	phenotype	(Fig.	70.1).1	Each	state	represents
a	 milestone	 in	 the	 disease	 that	 is	 easily	 recognizable	 by	 patients	 and	 physicians,	 enabling	 them	 to	 define
therapeutic	 objectives	 based	 on	 the	 manifestations	 present	 at	 a	 particular	 point	 in	 time	 or	 the	 likelihood	 that
specific	disease	manifestations	might	occur	in	the	future.

INCIDENCE	AND	ETIOLOGY
Incidence	and	Mortality
In	2017,	some	161,360	men	 in	 the	United	States	are	expected	 to	be	diagnosed	with	prostate	cancer	and	26,730
men	are	expected	to	die	from	the	disease.	Prostate	cancer	accounts	for	19%	of	the	nonskin	cancers	in	men	and	8%
of	male	cancer	deaths.2

Over	the	past	decade,	men	in	the	United	States	had	a	15.4%	chance	of	being	diagnosed	with	prostate	cancer
and	a	2.7%	chance	of	dying	of	it.2	Worldwide,	there	were	an	estimated	1,111,700	new	cases	and	307,500	deaths
from	prostate	cancer	in	2012.3

Risk	Factors



Age
Clinically	detected	prostate	cancer	is	rare	before	age	40	years,	but	then	the	incidence	increases	with	age	faster	than
that	of	any	other	cancer	and	continues	 to	 rise	 through	 the	ninth	decade	of	 life.	Histologic	evidence	of	 invasive
cancer	 can	 be	 found	 in	 the	 prostates	 of	men	 as	 early	 as	 the	 third	 decade	 of	 life,	 and	 its	 prevalence	 increases
dramatically	with	age	to	reach	50%	to	60%	by	age	90	years.4	As	life	expectancy	increases	throughout	the	world,
morbidity	and	mortality	from	prostate	cancer	will	impose	increasing	burdens	in	developing	countries.5

Family	History	and	Genetic	Susceptibility
A	family	history	of	prostate	cancer	increases	the	risk	that	a	man	will	develop	the	disease.	The	level	of	risk	when	a
family	member	is	affected	is	similar	in	breast	and	prostate	cancers.	Men	with	a	first-degree	relative	with	prostate
cancer	have	a	2-	to	3-fold	increased	risk,	and	those	with	two	or	more	first-degree	relatives	affected	have	a	5-	to
11-fold	increased	risk	compared	with	the	general	population.6	Nevertheless,	familial	factors	have	been	thought	to
play	 a	 role	 in	 only	 11%	 of	 prostate	 cancers,	 although	 studies	 of	 twins	 suggest	 that	 inherited	 factors	 may	 be
involved	 in	as	many	as	42%	of	all	cases.6	Although	>70	risk	alleles	 (single	nucleotide	polymorphisms	[SNPs])
have	been	associated	with	prostate	cancer	in	genome-wide	association	studies,	few	are	associated	with	the	risk	of
aggressive	or	lethal	cancer.	Many	such	SNPs	are	in	genes	that	code	for	PSA	or	related	kallikreins,	blood	levels	of
which	are	widely	used	for	diagnosis.	For	these	SNPs,	the	increased	risk	is	for	a	diagnosis	of	prostate	cancer,	not
metastases	 or	 death	 from	 the	 disease.	 Several	 high-penetrance	 mutated	 genes	 have	 been	 identified,	 such	 as
HOX13B,	 which	 are	 more	 common	 in	 patients	 with	 early-onset	 and	 familial	 disease,	 but	 this	 variant	 is	 rare
(occurring	in	0.1%	of	the	population)	and	is	not	associated	with	the	lethal	form	of	the	disease.7	In	contrast,	men
who	carry	BRCA2	mutations	are	more	likely	 to	develop	early-onset	prostate	cancer,	which	is	more	likely	 to	be
associated	with	aggressive	features	including	higher	grade,	more	advanced	stage	at	diagnosis,	and	inferior	overall
survival	(OS).8,9

The	number	of	patients	with	metastatic	castration-resistant	prostate	cancer	(CRPC)	with	germline	mutations	in
DNA	repair	mutations	is	surprisingly	high	at	11.8%,	not	only	BRCA2	mutations	(5.3%)	being	the	most	common
but	 also	CHEK2	 (1.9%),	ATM	 (1.6%),	BRCA1	 (0.9%),	 PALB2	 (0.4%),	 and	RAD51D	 (0.4%)	mutations	were
detected	 at	 rates	 higher	 than	 expected.	 Importantly,	 the	 germline	mutation	 frequency	 for	 those	with	metastatic
disease	did	not	differ	significantly	with	regard	to	age	at	diagnosis	or	family	history	of	prostate	cancer.10

Figure	70.1	Clinical	states	model	of	prostate	cancer	progression.	Green	boxes	indicate	castration-
resistant	prostate	cancer	(CRPC),	and	blue	indicate	noncastrate	disease.	PSA,	prostate-specific
antigen;	mCRPC,	metastatic	castration-resistant	prostate	cancer;	FDA,	U.S.	Food	and	Drug

Administration.	(Modified	from	Scher	HI,	Heller	G.	Clinical	states	in	prostate	cancer:	towards	a
dynamic	model	of	disease	progression.	Urology	2000;55[3]:323–327.)

Race	and	Ethnicity
The	incidence	and	frequency	of	diagnosed	clinical	cancers	are	similar	in	most	Western	countries,	with	the	highest
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age-adjusted	mortality	rates	in	Scandinavia	and	significantly	lower	rates	in	non-Western	countries.	Both	genetic
susceptibility	and	exposure	to	causative	environmental	factors	contribute	to	these	variations.

Men	of	African	ancestry	in	the	United	States	and	Caribbean	have	the	highest	incidence	of	prostate	cancer	in	the
world,	 with	 striking	 differences	 in	 incidence	 (1.8-fold)	 and	 mortality	 (2.4-fold)	 relative	 to	 American	 men	 of
European	descent.	African	American	men	are	diagnosed	at	a	younger	age	and	have	higher	tumor	burdens	within
each	stage	category	a	 twofold	higher	 frequency	of	metastatic	disease	at	presentation	and	 lower	survival	 rates.10
Incidence	 and	mortality	 rates	 are	 significantly	 lower	 for	Americans	 of	Asian	 descent	 and	 somewhat	 lower	 for
those	of	Hispanic	descent.11

Environmental	 factors	 also	 affect	 mortality	 risk.	 Asians	 who	 immigrate	 to	 the	 United	 States	 have	 a	 higher
incidence	of	and	mortality	from	the	disease	than	in	their	countries	of	origin,	which	increases	with	each	succeeding
generation	but	remains	below	the	rates	in	men	of	African	or	European	descent.11,12

Other	Risk	Factors

Diet,	Supplements,	and	Lifestyle	Factors.	The	increased	incidence	and	mortality	from	prostate	cancer	evident
in	immigrants	moving	from	low-	to	high-risk	countries	supports	an	important	role	for	environmental	in	addition	to
genetic	risk	factors.	Many	epidemiologic	studies	support	an	association	between	high	fat	intake	and	breast,	colon,
and	prostate	cancer	incidence	and	mortality.13	Adult	obesity	has	been	associated	with	aggressive	prostate	cancer,
adverse	 outcomes	 after	 therapy,	 and	 increased	 mortality.14	 The	 risk	 of	 death	 from	 prostate	 cancer	 has	 been
reported	to	increase	15%	to	20%	for	each	5	kg/m2	increase	in	body	mass	index	(BMI).12,13	Among	men	diagnosed
with	prostate	cancer,	the	risk	of	death	from	the	disease	is	significantly	associated	with	increased	BMI	(1.5-fold	for
overweight	men	and	2.7-fold	for	obese	men).15–18	Physical	activity	may	reduce	the	risk	of	mortality	from	prostate
cancer;	 the	data	are	inconsistent	for	development	of	the	disease	but	are	convincing	once	the	diagnosis	has	been
established.19	 Smoking	 has	 not	 been	 shown	 to	 alter	 incidence	 rates,	 but	 it	may	 be	 associated	with	 the	 risk	 of
prostate	cancer	death,	especially	when	assessed	in	men	after	diagnosis.

Despite	many	 indications	 that	 certain	micronutrients,	minerals,	 and	vitamins	 have	 a	 protective	 effect	 on	 the
development	of	prostate	cancer	or	mortality	from	the	disease,	firm	evidence	is	sparse.	In	the	large	Selenium	and
Vitamin	E	Cancer	Prevention	Trial	(SELECT),	vitamin	E	and	selenium,	alone	or	in	combination,	failed	to	reduce
the	 incidence	 of	 prostate	 cancer.	 In	 fact,	 men	 who	 took	 vitamin	 E	 alone	 may	 have	 had	 a	 greater	 risk	 of	 the
disease,20	 although	 there	 is	 some	 suggestion	 that	 aggressive,	 potentially	 lethal	 cancer	 may	 be	 reduced	 among
smokers	 taking	 vitamin	 E	 supplements.21	 There	 is	 no	 evidence	 that	 ingestion	 of	 calcium	 or	 administration	 of
vitamin	D	affects	incidence	or	mortality	from	prostate	cancer.	Diets	rich	in	tomato-based	products,	which	contain
high	amounts	of	carotenoids	and	lycopene,	may	reduce	the	risk	of	advanced	prostate	cancer.22,23

Alcohol	use,	blood	group,	body	hair	distribution,	sexual	activity,	urban	versus	rural	residence,	and	vasectomy
do	not	affect	risk.24	There	are	no	data	supporting	a	viral	origin	of	prostate	cancer.24

Prevention
Although	 the	 evidence	 is	 incomplete	 and	 there	 are	 no	 large	 intervention	 trials	 addressing	 the	 role	 of	 diet	 and
exercise	 in	 preventing	 prostate	 cancer,	 it	 is	 reasonable	 to	 recommend	 a	 low	 fat	 diet,	 regular	 exercise,	 and
maintenance	of	a	normal	BMI	as	likely	having	a	modest	effect	in	reducing	the	risk	of	developing	prostate	cancer.

Finasteride,	a	competitive	inhibitor	of	type	II	5α-reductase	(5αRI)	that	blocks	the	conversion	of	testosterone	to
dihydrotestosterone	(DHT)	within	prostatic	cells,	is	a	safe	and	effective	drug	that	reduces	the	size	of	the	prostate
and	relieves	voiding	symptoms	in	men	with	benign	prostatic	hyperplasia	(BPH).	Hence,	it	was	logical	to	test	the
hypothesis	 that	 finasteride,	or	other	5αRIs,	could	prevent	prostate	cancer.	The	Prostate	Cancer	Prevention	Trial
(PCPT)	 randomly	 assigned	 18,882	men,	 aged	 55	 years	 or	 older,	 who	 had	 a	 normal	 digital	 rectal	 examination
(DRE)	and	PSA,	to	receive	finasteride	or	placebo	over	a	7-year	period.25	Finasteride	reduced	by	25%	the	risk	of
detecting	prostate	cancer	on	biopsy	(either	end-of-study	biopsy	or	one	ordered	during	study	“for	cause”).	Toxicity
was	low,	but	there	were	more	high-grade	cancers	(Gleason	score	≥7;	Gleason	grade	group	≥2)	in	the	finasteride
group.26	Many	subsequent	analyses	strongly	suggested	that	the	small	increase	in	high-grade	cancers	was	probably
a	detection	artifact	resulting	from	the	20%	shrinkage	of	the	prostate	by	the	drug,	and	there	were	no	differences	in
long-term	survival	in	either	arm.24–28



Figure	70.2	Lateral	view	of	normal	anatomy	of	the	pelvis.	(Redrawn	from	Ohori	M,	Scardino	PT.
Localized	prostate	cancer.	Curr	Probl	Surg	2002;39[9]:833–957.)

In	a	separate	randomized	trial	(REDUCE),	the	dual	5αRI	dutasteride	also	reduced	the	detection	rate	of	cancer
by	23%.29	However,	 the	U.S.	Food	and	Drug	Administration	(FDA)	conducted	an	extensive	review	of	 the	data
from	the	PCPT	trial	and	a	reanalysis	of	the	biopsy	specimens	from	the	REDUCE	trial	after	Gleason	grades	were
reassigned	using	contemporary	criteria.30	The	FDA	reviewers	agreed	that	whereas	both	5αRIs	reduced	the	risk	of
a	prostate	cancer	diagnosis,	the	effect	was	seen	only	among	low-grade	cancers	(Gleason	score	≤6;	Gleason	grade
group	1),	and	there	was	a	small	(0.5%)	but	significant	absolute	increase	in	the	risk	of	the	highest	grade	cancers
(Gleason	score	8	to	10;	Gleason	grade	groups	4	and	5).	The	FDA	concluded	that	the	tradeoff	for	using	a	5αRI	in
healthy,	asymptomatic	men	would	be	the	occurrence	of	one	additional	high-grade	cancer	for	every	three	or	four
low-grade	 cancers	 (of	 uncertain	 clinical	 potential)	 prevented,	 and	 recommended	 against	 the	 approval	 of	 these
drugs	for	chemoprevention	of	prostate	cancer.

Other	 agents,	 such	 as	 statins,	metformin,	 and	 resveratrol,	may	 have	 protective	 effects,31	 but	 to	 demonstrate
their	benefit	will	require	studies	focusing	on	populations	at	high	risk	of	developing	clinically	significant	cancers.
PSA	levels	at	midlife	hold	great	promise	for	 identifying	men	most	 likely	 to	benefit	 from	aggressive	prevention
strategies	(see	“Prostate-Specific	Antigen:	A	Powerful	Tool	for	Risk	Stratification”	section).
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ANATOMY	AND	PATHOLOGY
The	prostate	is	an	exocrine	organ	weighing	20	to	25	g	that	consists	of	lobular	tubuloalveolar	glands	that	secrete
fluid	through	ducts	that	empty	into	the	prostatic	urethra.	The	fluid	comprises	the	bulk	of	seminal	emissions	and	is
rich	 in	PSA.	The	prostate	 is	 located	deep	 in	 the	pelvis	between	 the	bladder	 and	 the	 external	urinary	 sphincter,
anterior	to	the	rectum	and	below	the	pubis	(Fig.	70.2).32,33	The	cavernous	nerves,	which	control	blood	flow	to	the
penis	and	hence	erectile	function,	run	from	the	pelvic	plexus	lateral	to	the	rectum	along	the	posterolateral	prostate
and	 external	 urinary	 sphincter	 to	 enter	 the	 corpora	 cavernosa.	 Because	 the	 prostate	 is	 located	 at	 this	 critical
anatomic	 juncture,	 cancers	 of	 the	 prostate	 and	 the	 treatment	 of	 these	 cancers	 place	 urinary,	 sexual,	 and	 bowel
function	at	risk.

The	 prostate	 has	 three	 anatomic	 zones	 and	 an	 anterior	 fibromuscular	 stroma	 (Fig.	 70.3).	 The	 central	 zone
surrounds	the	ejaculatory	ducts,	 the	transition	zone	surrounds	the	urethra,	and	the	peripheral	zone	makes	up	the
bulk	of	the	normal	gland.	The	posterior	peripheral	zone	lies	against	the	rectum	and	is	the	area	that	is	palpable	by
DRE.	These	zonal	boundaries	are	indistinct	 in	 the	prostate	of	a	normal	postpubescent	male,	but	as	men	age	the
transition	zone	enlarges	from	nonmalignant	growth	(BPH).	The	frequency	of	malignancy	in	the	different	zones	is
disproportionate	 to	 the	 glandular	 tissue	 present.	Very	 few	 cancers	 originate	 in	 the	 central	 zone,	 and	only	15%
originate	in	the	transition	zone;	most	originate	in	the	peripheral	zone.

Figure	70.3	Zonal	anatomy	of	the	prostate.	A:	Young	male	with	minimal	transition	zone
hypertrophy.	Note	that	preprostatic	sphincter	and	periejaculatory	duct	zone	(central	zone	of

McLean)	are	clearly	defined.	B:	Older	male	with	transition	zone	hypertrophy,	which	effaces	the
preprostatic	sphincter	and	compresses	the	periejaculatory	duct	zone.	SV,	seminal	vesicle;	CZ,

central	zone;	TZ,	transition	zone;	AFS,	anterior	fibromuscular	stroma;	PZ,	peripheral	zone.	(From
McLaughlin	PW,	Troyer	S,	Berri	S,	et	al.	Functional	anatomy	of	the	prostate:	implications	for
treatment	planning.	Int	J	Radiat	Oncol	Biol	Phys	2005;63[2]:479–491,	with	permission.)

Patterns	of	Spread
Localized	prostate	cancer	is	typically	multifocal,	in	85%	of	patients.	Most	cancers	arise	near	the	pseudocapsule	in
the	 peripheral	 zone;	 the	 surrounding	 pseudocapsule	 is	 invaded	 early	 and	 frequently,	 in	 up	 to	 80%	 of	 cancers
detected	 clinically.	 Local	 extension	 may	 not	 only	 occur	 through	 the	 pseudocapsule	 (termed	 “focal”	 or
“established”	 extraprostatic	 extension,	 depending	 on	 extent,	 when	 observed	 in	 a	 radical	 prostatectomy	 [RP]



specimen)	 but	 may	 also	 extend	 through	 defects	 in	 the	 pseudocapsule	 where	 the	 neurovascular	 structures	 and
ejaculatory	ducts	enter	the	gland,	or	in	the	region	of	the	bladder	neck.	Local	invasion	can	progress	to	involve	the
seminal	vesicles	or	the	bladder,	or	to	invade	the	levator	muscles.	Rarely	does	tumor	invade	through	Denonvilliers
fascia	 to	 reach	 the	 rectal	 wall.	 Lymphatic	 dissemination	 can	 involve	 the	 hypogastric,	 obturator,	 external	 iliac,
presacral,	common	iliac,	or	retroperitoneal	nodes,	with	no	consistent	sentinel	landing	zone.	Hematogenous	spread
most	commonly	involves	the	bones	of	the	axial	skeleton	and,	less	commonly,	the	lung,	liver,	and	other	soft	tissue
organs.	The	predilection	for	bone	seems	to	result	from	a	unique	bidirectional	interaction	between	tumor	cells	and
the	marrow	stroma.

Histopathology
Two	 main	 growth-related	 diseases	 develop	 in	 the	 prostate:	 BPH,	 which	 affects	 both	 the	 epithelial	 and
mesenchymal	components,	and	cancer.33	There	is	no	direct	etiologic	relationship	between	BPH	and	cancer;	they
are	related	only	by	their	close	anatomic	site	of	origin	and	high	incidence	in	men	older	than	40	years	of	age.	More
than	 95%	 of	 malignant	 tumors	 of	 the	 prostate	 are	 adenocarcinomas	 that	 arise	 in	 acinar	 and	 proximal	 ductal
epithelium.	 Grossly,	 carcinoma	 appears	 as	 pale	 yellow	 or	 gray	 flecks	 of	 tissue	 coalesced	 into	 a	 firm,	 poorly
defined	 mass	 that	 is	 difficult	 to	 distinguish	 from	 surrounding	 normal	 tissue.	 Adenocarcinomas	 are	 often
multifocal,	heterogeneous,	and	follow	a	papillary,	cribriform,	comedo,	or	acinar	pattern.	 Immunohistochemistry
may	 assist	 the	 diagnosis	 when	 atypical	 areas,	 suspicious	 for	 carcinoma,	 are	 present	 in	 a	 biopsy	 sample,
particularly	in	the	differentiation	of	high-grade	prostatic	intraepithelial	neoplasia	(PIN)	and	atypical	adenomatous
hyperplasias	 from	low-grade	carcinoma.	A	hallmark	of	prostate	cancer	 is	 the	 loss	of	basal	cells,	highlighted	by
negative	staining	for	basal	cell	markers	(high	molecular	weight/basal-specific	cytokeratin)	and	p63,	and	positive
staining	for	alpha-methyl-CoA	racemase,	which	is	upregulated	in	cancer.

Pathogenesis
Prostate	cancers	develop	from	the	accumulation	of	genetic	alterations	that	result	in	an	increase	in	cell	proliferation
relative	to	cell	death,	arrest	differentiation,	and	confer	the	ability	to	invade,	metastasize,	and	proliferate	in	a	distant
site.	Histologic	changes	can	be	found	in	the	prostates	of	men	in	their	20s;	yet,	the	diagnosis	is	typically	made	three
to	four	decades	later,	which	suggests	that	the	development	of	the	disease	is	a	multistep	process	resulting	from	a
variety	of	genetic	and	epigenetic	alterations.	The	accumulation	of	changes	acting	synergistically	seems	to	be	more
critical	than	the	order	in	which	the	alterations	occur.	Identifying	and	understanding	the	events	has	implications	for
control	 of	 the	 disease	 at	 the	 earliest	 stages	 of	 transformation,	 for	 progression	 to	 an	 invasive	 tumor,	 for
prognostication,	and	for	points	of	therapeutic	attack.	Men	who	are	castrated	or	who	become	hypopituitary	before
the	age	of	40	years	rarely	develop	prostate	cancer.	The	evolution	of	the	tumor	is	heavily	influenced	by	hormonal
factors;	 it	 is	also	 influenced	by	environmental,	 infectious/inflammatory	factors,	and	given	 the	 long	history	once
the	diagnosis	is	established,	the	response	to	specific	treatments.34–37

Premalignant	Lesions
The	phenotypic	alterations	 that	occur	during	prostate	carcinogenesis	and	progression	are	shown	 in	Figure	 70.4.
The	earliest	precursor	lesion	is	the	subject	of	debate,	as	is	the	cell	type	that	is	actually	transformed.	Recognizable
changes	begin	with	proliferation	of	cells	within	glands,	termed	PIN,	often	found	adjacent	to	areas	of	proliferative
inflammatory	 atrophy.38	 PIN	 is	 defined	 by	 the	 presence	 of	 cytologically	 atypical	 or	 dysplastic	 epithelial	 cells
within	architecturally	benign-appearing	acini	and	is	subdivided	into	low	and	high	grade.	Only	high-grade	PIN	is
considered	a	precursor	for	some	invasive	carcinomas.38–40	Because	high-grade	PIN	develops	preferentially	in	the
peripheral	zone	where	most	cancers	originate,	it	precedes	the	development	of	cancer	by	10	years	or	more,41	and
prostates	with	extensive	high-grade	PIN	 tend	 to	have	multifocal	 tumors.	With	subsequent	 loss	of	 the	basal	cell
layer	 surrounding	 prostatic	 glands	 and	 the	 development	 of	 anaplastic	 cellular	 morphology	 with	 nuclear
pleomorphism	and	prominent	nuclei,	 the	 tumor	 invades	 the	basement	membrane,	spreads	 locally,	and	begins	 to
metastasize.	Not	 all	 lesions	 progress	 to	 invasive	 prostatic	 cancer	 during	 the	 lifetime	 of	 the	 host.	 Foci	 of	 small
atypical	acini	that	display	some	but	not	all	features	diagnostic	of	adenocarcinoma	are	referred	to	as	atypical	small
acinar	 proliferation,	 a	 significant	 predictor	 of	 invasive	 cancer	 on	 subsequent	 prostate	 biopsy.	 Atypical
adenomatous	hyperplasia,	on	the	other	hand,	is	not	considered	a	malignant	precursor	lesion.
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Figure	70.4	Proliferative	inflammatory	atrophy	is	hypothesized	to	be	a	precursor	to	prostatic
intraepithelial	neoplasia,	which	in	turn	is	the	precursor	of	prostate	cancer.	(From	Nelson	WG,	De
Marzo	AM,	Isaacs	WB.	Prostate	cancer.	N	Engl	J	Med	2003;349[4]:366–381,	with	permission.)

Gleason	Grade
For	 adenocarcinomas,	 the	 degree	 of	 differentiation	 has	 prognostic	 significance	 and	 pathologists	 judge	 biopsy
specimens	using	the	Gleason	grading	system,	which	assesses	the	architectural	details	of	malignant	glands	under
low	to	medium	magnification.	Cytologic	features	under	high	magnification	are	not	considered.42,43	Five	distinct
patterns	of	growth	from	well	to	poorly	differentiated	were	originally	described	by	Gleason	using	a	scale	from	1	to
5	(Fig.	70.5).	Pattern	1	tumors	were	considered	the	most	differentiated	with	discrete	glandular	formation,	whereas
pattern	5	lesions	were	the	most	undifferentiated	with	strands	of	disorganized,	free-floating	cells	and	complete	loss
of	 the	 glandular	 architecture.	 Prostate	 cancers	 tend	 to	 be	 heterogeneous,	 with	 two	 or	 three	 patterns	 occurring
within	a	typical	prostate.	Therefore,	the	final	Gleason	score	is	the	sum	of	the	grades	of	the	primary	(largest)	and
secondary	patterns,	ranging	from	2	(1	+	1)	to	10	(5	+	5).

Over	the	years,	the	Gleason	grading	system	has	undergone	several	changes.	Currently,	Gleason	total	scores	2	to
5	are	no	longer	assigned	and	in	practice	the	lowest	total	score	is	now	assigned	a	6,	although	the	scale	continues	to
range	from	2	 to	10.	This	 leads	 to	a	 logical	yet	 incorrect	assumption	on	the	part	of	patients	 that	 their	Gleason	6
cancer	 is	 in	 the	 middle	 of	 the	 scale,	 triggering	 the	 fear	 that	 their	 cancer	 is	 serious	 and	 the	 assumption	 that
treatment	 is	necessary	despite	Gleason	 score	6	actually	being	 favorable	 risk.	To	address	 these	 issues,	 a	new	5-
grade	group	system	has	been	developed:

Grade	group	1	(Gleason	score	≤6)
Grade	group	2	(Gleason	score	3	+	4	=	7)
Grade	group	3	(Gleason	score	4	+	3	=	7)
Grade	group	4	(Gleason	score	4	+	4	=	8)
Grade	group	5	(Gleason	scores	9	and	10)



Figure	70.5	Gleason	histologic	grading	of	prostate	cancer	demonstrating	progressive	loss	of
glandular	formation	with	increasing	score.	(Adapted	from	Gleason	DF.	Histologic	grade,	clinical

stage,	and	patient	age	in	prostate	cancer.	NCI	Monogr	1988;[7]:15–18.)

The	 new	 system	 simplifies	 the	 grading	 of	 prostate	 cancer,	 appropriately	 classifies	 the	 lowest	 risk	 as	 grade
group	1	(rather	than	Gleason	score	6),	and	accurately	predicts	prognosis.44

If	three	Gleason	patterns	are	seen	within	a	single	biopsy,	the	accepted	approach	is	to	designate	the	largest	area
as	the	primary	grade	and	the	highest	grade	as	the	secondary	grade	to	arrive	at	a	score.	Therefore,	a	biopsy	with	a
large	area	of	pattern	3,	a	smaller	area	of	pattern	4,	and	an	even	smaller	area	of	pattern	5	would	be	designated	3	+	5
=	8.	Multiple	cores	are	typically	taken	during	each	biopsy	session,	and	the	Gleason	score	assigned	to	the	patient	is
the	score	of	the	highest	single	core.	In	contemporary	biopsy	series,	25%	to	50%	of	tumors	are	low	grade	(Gleason
3	+	3	=	6;	Gleason	grade	group	1),	40%	to	70%	are	intermediate	grade	(Gleason	3	+	4	or	4	+	3	=	7;	Gleason	grade
group	2	or	3),	and	5%	to	10%	are	high	grade	(Gleason	8	to	10;	Gleason	grade	group	4	or	5).

The	Gleason	grading	system	is	also	used	to	assign	grade	in	RP	specimens,	with	some	modifications.	When	the
pathologist	 inspects	all	 areas	of	cancer	within	 the	prostate,	 it	 is	not	unusual	 to	 identify	more	 than	 two	Gleason
patterns.45	The	original	system	ignored	patterns	that	represented	<5%	of	the	cancer,	but	 the	presence	of	a	small
amount	of	high-grade	tumor	has	subsequently	been	shown	to	worsen	prognosis.	The	current	recommendation	is	to
report	a	tertiary	grade	(i.e.,	3	+	4	=	7	with	tertiary	5).	Transition	zone	cancers	tend	to	have	lower	Gleason	grades
than	 peripheral	 zone	 cancers	 of	 comparable	 size,	 and	 they	 are	 less	 likely	 to	 extend	 to	 the	 seminal	 vesicles	 or
lymph	 nodes	 (LNs).46	 Despite	 its	 apparent	 complexity,	 the	 Gleason	 grading	 system	 has	 proven	 reliable	 and
reproducible,	it	is	strongly	associated	with	prognosis,	and	it	is	accepted	worldwide.

Other	Histologic	Types
Other	 tumors	 and	 histologic	 variants	 of	 adenocarcinoma	 rarely	 develop	 within	 the	 prostate,	 the	 most	 notable
include	 ductal	 carcinomas	 (now	 considered	 a	 variant	 of	 poorly	 differentiated	 adenocarcinoma),	 small-cell	 or
neuroendocrine	 tumors,	 and	 transitional	 cell	 carcinomas.	 Pure	 ductal	 carcinomas	 comprise	 <1%	 of	 prostate
cancers,	but	ductal	elements	are	present	in	approximately	5%.	These	tumors	are	biologically	similar	to	high-grade
prostate	 adenocarcinomas,	 are	 clinically	aggressive,	 and	are	associated	with	 lower	PSA	 levels	 than	comparable
adenocarcinomas.47–49

Interestingly,	new	data	suggest	 that	ductal	cancers	might	have	a	high	 rate	of	mismatch	 repair	mutations	and
hypermuations.	 These	 findings	 may	 have	 therapeutic	 impact	 given	 the	 potential	 impact	 of	 immune-oncology
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drugs	in	patients	with	these	findings.50
Small-cell	or	neuroendocrine	 tumors	of	 the	prostate	 typically	comprise	small,	 round,	undifferentiated	cells.48

Distinguishing	 these	 tumors	 from	 lymphomas	 or	 round	 cell	 sarcomas	 can	 be	 difficult	 without
immunohistochemical	analysis.	Neuroendocrine	cells	can	be	found	in	almost	all	adenocarcinomas,	but	they	do	not
affect	the	biology	of	the	tumor	unless	they	are	a	large	component,	in	which	case	the	tumors	tend	to	metastasize
early	and	have	a	poor	prognosis.	The	presence	of	neuroendocrine	cells	may	raise	serum	levels	of	neuroendocrine
markers	 such	 as	 chromogranin-A,	 and	 the	 tumors	 should	 be	 treated	 with	 immediate	 chemotherapy	 as	 well	 as
androgen	 ablation	 (androgen	 deprivation	 therapy	 [ADT]).	 Transitional	 cell	 carcinoma	 of	 the	 prostate	 is	 most
frequently	 associated	with	 and	may	 be	 an	 extension	 of	 bladder	 cancer.	When	 found	 in	 isolation,	 as	 a	 primary
tumor	on	prostate	 biopsy	without	 an	 associated	bladder	 cancer,	 transitional	 cell	 carcinoma	may	be	 confined	 to
periurethral	 ducts	 but	 may	 often	 stroma.	 Treatment	 may	 require	 cystoprostatectomy.	Malignant	 mesenchymal
tumors	 make	 up	 <0.3%	 of	 prostatic	 neoplasms,	 of	 which	 rhabdomyosarcomas	 are	 most	 common	 in	 younger
patients	 and	 leiomyosarcomas	 in	 older	 patients.	 Carcinosarcomas	 are	 defined	 by	 the	 coexistence	 of
adenocarcinomas	of	the	epithelial	cells,	along	with	malignant	mesenchymal	elements	that	have	differentiated	into
identifiable	chondrosarcoma,	osteosarcoma,	myosarcoma,	liposarcoma,	or	angiosarcoma.49	These	tumors	may	be
found	in	previously	irradiated	patients	and	are	highly	resistant	to	therapy.	Metastatic	tumors	to	the	prostate	include
lymphomas,	 leukemias,	 adenocarcinomas	 of	 the	 lung,	 melanoma,	 seminoma,	 and	 malignant	 rhabdoid	 tumors,
whereas	tumors	of	the	bladder	and	colon	may	sometimes	involve	the	gland	by	direct	extension.48,49

Prostate-Specific	Antigen:	A	Powerful	Tool	for	Risk	Stratification
PSA	 is	 a	 28-kDa	 protein	 of	 the	 kallikrein	 family,	 a	 group	 of	 serine	 proteases	 whose	 genes	 are	 found	 on
chromosome	19q13.	PSA	is	abundant	in	seminal	fluid,	at	concentrations	up	to	3	mg/mL,	a	million	times	higher
than	in	serum.51	The	enzymatic	activity	of	PSA	induces	 liquefaction	of	seminal	 fluid	and	 the	release	of	mobile
spermatozoa.	PSA	is	synthesized	in	the	ductal	and	acinar	epithelium	and	is	secreted	into	the	lumina	of	the	prostate
gland.	PSA	is	organ-specific	but	not	cancer-specific;	normal	prostatic	tissue	(and	BPH)	produces	more	PSA	per
gram	than	cancer,	and	well-differentiated	cancer	produces	more	PSA	than	poorly	differentiated	cancer.52	Under
pathologic	conditions,	PSA	is	thought	to	reach	the	circulation	through	disrupted	epithelial	basement	membranes.
Circulating	 levels	of	PSA	are	 inherently	variable,	 fluctuating	spontaneously	by	15%	from	year	 to	year.53	When
cancer	is	present,	each	gram	of	tumor	raises	the	serum	PSA	level	above	background	by	approximately	3	ng/mL,
whereas	 each	 gram	 of	 BPH	 contributes	 an	 average	 of	 only	 0.3	 ng/mL.	 Thus,	 there	 is	 considerable	 overlap	 in
values	between	patients	with	cancer	and	those	with	benign	conditions	such	as	BPH	and	prostatitis.	Acute	urinary
retention,	urethral	catheterization,	urinary	tract	infection,	prostatic	manipulation	by	needle	biopsy,	or	transurethral
resection	of	the	prostate	(TURP)	may	raise	serum	PSA	levels	dramatically.	Performance	of	DRE	does	not.

A	commonly	used	threshold	for	a	normal	PSA	level	in	adult	men	is	4.0	ng/mL.	However,	there	is	no	“normal”
level;	the	risk	of	cancer	rises	directly	with	PSA	levels	as	a	continuum.54	PSA	levels	in	healthy	men	vary	with	age.
The	population	median	PSA	at	age	45	to	50	years	is	0.6	ng/mL	(interquartile	range,	0.4	to	1.0	ng/mL),	at	age	60
years	the	median	is	1.1	ng/mL	(interquartile	range,	0.6	to	2.0	ng/mL),	and	at	age	70	years,	1.6	ng/mL	(interquartile
range,	0.9	to	2.6	ng/mL).55–57

PSA	 levels	 at	midlife	 predict	with	 remarkable	 accuracy	 the	 risk	 that	 a	man	will	 develop	 advanced	 prostate
cancer	 or	 die	 of	 the	 disease.55	 For	 example,	 in	 the	 Malmö	 Preventive	 Medicine	 cohort	 of	 60-year-old	 men
followed	to	age	85	years,	stored	blood	samples	from	1981	were	retrieved	and	analyzed	for	PSA.	A	total	of	90%	of
deaths	 from	prostate	 cancer	were	 in	men	 in	 the	 top	quartile	of	PSA	 levels	 (>2	ng/mL).	 In	 contrast,	 the	 risk	of
death	from	prostate	cancer	was	only	0.2%	by	age	85	years	for	those	with	a	PSA	below	median	(<1.1	ng/mL)	at
age	60	years.56	PSA	levels	in	men	as	young	as	44	to	50	years	were	also	prognostic,	with	81%	of	advanced	cancers
diagnosed	within	30	years	occurring	in	men	with	PSA	levels	above	the	median	(0.65	ng/mL).57

In	 fact,	PSA	 levels	at	midlife	are	more	 informative	 than	 family	history	or	ethnicity	 (Table	70.1)	 and	can	be
used	 to	 stratify	 the	 intensity	 of	 screening	 over	 the	 next	 two	 to	 three	 decades	 of	 life,	 an	 approach	 that	 could
substantially	reduce	false-positive	test	results	without	delaying	detection	of	potentially	lethal	cancers.58

TABLE	70.1
Proportion	of	Prostate	Cancer	Deaths	in	Men	Defined	as	at	High	Risk	by	Family	History,
Race,	or	Prostate-Specific	Antigen	in	Middle	Age



Risk	Factor	(Scenario) %	High	Risk/%	Death Risk	Group	Size/No.	Risk	Group	Deaths
Prostate-specific	antigen 10/44 4.4

Family	history 10/14 1.4

African	American 12.6/28 2.2
Adapted	from	Vertosick	EA,	Poon	BY,	Vickers	AJ.	Relative	value	of	race,	family	history	and	prostate	specific	antigen	as	indications
for	early	initiation	of	prostate	cancer	screening.	J	Urol	2014;192(3):724–728,	with	permission.

Prostate-Specific	Antigen	for	Screening
Although	PSA	has	 proved	 to	 be	 a	 valuable	 test	 for	 early	 detection,	 prognosis,	 and	monitoring	 the	 response	 to
therapy,	its	use	for	population-based	screening	for	prostate	cancer	remains	controversial.	The	widespread	adoption
of	PSA	testing	in	the	United	States	shifted	the	stage	at	diagnosis	away	from	metastases	in	20%	of	patients	in	the
1980s	to	5%	in	the	1990s,	with	a	corresponding	increase	in	frequency	of	early-stage	cancers	that	are	potentially
curable	with	surgery	or	radiation.	Over	the	last	two	decades,	the	age-adjusted	mortality	rate	for	prostate	cancer	in
the	United	States	has	declined	by	42%	from	its	peak	in	1992,	a	more	rapid	decline	than	in	any	other	country.2	In
the	largest	randomized	trials,	PSA	screening	reduced	the	risk	of	dying	from	prostate	cancer	by	21%	to	44%	(29%
to	56%	among	men	actually	screened).59,60	With	long-term	follow-up,	the	number	needed	to	screen	to	prevent	one
prostate	cancer	death	declined	from	1,410	at	9	years	to	293	at	14	years	and	is	estimated	in	models	to	be	98	over
the	lifetimes	of	men	screened	at	ages	55	to	69	years.59,60	The	number	of	men	who	need	to	be	diagnosed	or	treated
(40%	were	managed	expectantly	on	AS)	was	estimated	to	be	48	at	9	years	but	falls	to	12	at	14	years	and	5	over
the	lifetime	of	men	screened.	These	numbers	compare	favorably	with	other	screening	programs.

In	2012,	the	U.S.	Preventive	Services	Task	Force	(USPSTF)	published	a	review	of	the	evidence	for	PSA-based
screening	for	prostate	cancer	and	made	a	clear	recommendation	against	screening.	By	giving	a	grade	of	“D”	in	the
recommendation	statement	that	was	based	on	this	review,	the	USPSTF	concluded	that	“there	is	moderate	or	high
certainty	that	this	service	has	no	net	benefit	or	that	the	harms	outweigh	the	benefits.”	At	about	the	same	time	as
the	 USPSTF	 publication,	 the	 American	 Urological	 Association	 (AUA)	 updated	 their	 consensus	 statement
regarding	prostate	cancer	screening.61	They	concluded	that	 the	quality	of	evidence	for	 the	benefits	of	screening
was	moderate	for	men	aged	55	to	69	years.	For	men	outside	this	age	range,	evidence	was	lacking	for	benefit,	but
the	 harms	 of	 screening,	 including	 overdiagnosis	 and	 overtreatment,	 remained.	 The	 AUA	 recommends	 shared
decision	making	 for	men	 aged	 55	 to	 69	 years	 considering	PSA-based	 screening,	 a	 target	 age	 group	 for	whom
benefits	may	outweigh	harms.	Outside	this	age	range,	PSA-based	screening	as	a	routine	was	not	recommended.
As	 of	 2017,	 the	USPSTF	 has	 issued	 a	 draft	 of	 a	 revised	 recommendation	with	 a	 grade	 of	 “C”	 for	 PSA-based
prostate	cancer	screening	for	men	aged	55	to	69	years.	They	recommend	shared	decision	making	for	men	aged	55
to	69	years	and	do	not	recommend	screening	for	men	aged	70	years	and	older;	this	is	now	roughly	in	agreement
with	 the	 2013	 AUA	 guideline.	 The	 USPSTF	 notes	 that	 the	 increased	 use	 of	 AS	 (observation	 with	 selective
delayed	treatment)	for	low-risk	prostate	cancer	has	reduced	the	risks	of	screening.

Screening	Trials
Two	large,	prospective	randomized	 trials	of	screening	for	prostate	cancer	have	been	published,	with	conflicting
results.	The	European	Randomized	Study	of	Screening	 for	Prostate	Cancer	 (ERSPC)	 compared	 screening	with
PSA	every	2	to	4	years	to	no	screening	in	a	core	group	of	162,243	men	aged	55	to	69	years	in	seven	European
countries.	At	a	median	of	9	years,	prostate	cancer	was	diagnosed	more	often	in	the	screened	(8.2%)	than	in	the
control	(4.8%)	group	(relative	risk	[RR],	1.63),	whereas	the	risk	of	dying	of	prostate	cancer	was	reduced	by	20%
(RR,	0.80;	P	=	 .04).	The	number	of	men	needed	 to	be	screened	 to	prevent	one	death	 from	prostate	cancer	was
1,410	 (1,068	 among	 those	 actually	 screened),	 comparable	 to	 the	 data	 for	 breast	 cancer	 and	 colorectal	 cancer
screening.	However,	the	number	needed	to	diagnose	to	prevent	one	death	was	high,	48,	probably	because	the	full
impact	of	prostate	cancer	on	mortality	was	not	manifest	within	9	years	and	because	some	of	the	cancers	detected
were	indolent.	With	further	follow-up,	the	reduction	in	prostate	cancer	mortality	at	a	median	of	11	years	was	21%
in	the	screening	arm	(P	<	.0001),	and	29%	among	those	actually	screened.	The	number	needed	to	be	screened	fell
to	1,055	and	the	number	needed	to	diagnose	to	37.	With	even	further	follow-up,	the	reduction	in	prostate	cancer
mortality	 at	 a	median	 of	 13	 years	was	 21%	 in	 the	 screening	 arm	 (P	 <	 .0001),	 and	 29%	 among	 those	 actually
screened.	The	reduction	in	the	rate	of	metastatic	disease	was	40%.62,63

In	contrast,	screening	with	PSA	and	DRE	in	a	U.S.	cohort	did	not	reduce	mortality	from	prostate	cancer.62,63
The	Prostate,	Lung,	Colorectal	and	Ovarian	Cancer	(PLCO)	Screening	Trial	enrolled	76,685	men	aged	55	to	74
years	 in	 a	prospective	 randomized	 trial	 from	1993	 to	2001,	 comparing	annual	PSA	 for	6	years	 and	DRE	 for	4



Dr. AVR @ TMH

years	with	opportunistic	screening.	At	the	most	recent	(13-year)	follow-up,	the	cancer	detection	rate	was	slightly
higher	(RR,	1.12)	in	the	screened	arm,	but	there	was	no	difference	in	the	risk	of	dying	of	prostate	cancer.

The	difference	in	outcomes	of	the	U.S.	and	European	trials	 largely	stems	from	the	very	different	contexts	in
which	the	trials	were	conducted.	The	American	trial	was	initiated	in	the	1990s,	when	PSA	screening	had	already
become	widespread	in	the	United	States.	In	fact,	44%	of	the	PLCO	study	subjects	had	had	at	least	one	PSA	test
before	randomization,	which	would	have	excluded	many	men	with	potentially	lethal	cancers.	The	mortality	rate
from	prostate	cancer	in	both	arms	of	the	PLCO	trial	(1.7	and	2	per	10,000	person-years	in	the	control	and	screened
arms,	 respectively)	 was	 much	 lower	 than	 in	 the	 ERSPC	 (3.9	 and	 3.2,	 respectively),	 suggesting	 a	 heavily
prescreened	 population.	 Many	 men	 (45%	 to	 85%)	 in	 the	 PLCO	 control	 arm	 had	 at	 least	 one	 PSA	 test	 after
randomization,	 compared	with	 <20%	 in	 the	ERSPC	 control	 arm,	 further	 diluting	 the	 potential	 for	 a	 difference
between	the	arms.

Screening	Recommendations
The	USPSTF	justifiably	raised	concerns	about	the	high	level	of	overdetection	and	overtreatment	inherent	in	PSA
screening,	which	can	lead	to	the	immediate	risks	of	harm	from	invasive	prostate	biopsies	and	subsequent	radical
therapy	 when	 cancer	 is	 found.	 But	 the	 potential	 harms	 from	 PSA	 screening	 can	 be	 greatly	 reduced	 by	 risk-
adjusting	screening	so	that	it	focuses	on	men	at	high	risk	of	otherwise	dying	of	prostate	cancer;	incorporating	into
screening	newer,	more	specific	biomarkers;	and	avoiding	radical	treatment	of	low-risk	cancers.

We	 believe	 that	 implementation	 of	 the	 following	 three	 guidelines	 will	 further	 improve	 PSA	 screening
outcomes	and	will	have	a	greater	practical	impact	on	men’s	health	than	the	USPSTF	and	AUA	recommendations
that	 are	based	almost	 solely	on	age.	First,	 avoid	PSA	 tests	 in	men	with	 little	 to	gain.	There	 is	no	 rationale	 for
recommending	PSA	screening	in	asymptomatic	men	with	a	short	life	expectancy.	Hence,	men	older	than	age	75
years	should	only	be	tested	in	special	circumstances,	such	as	higher	than	median	PSAs	measured	before	age	70
years	or	excellent	overall	health.	 In	addition,	because	a	baseline	PSA	is	a	 strong	predictor	of	 the	 future	 risk	of
lethal	prostate	cancer,	men	with	low	PSAs,	for	example	<1	ng/mL,	can	undergo	testing	less	frequently,	perhaps
every	5	years,	with	screening	possibly	ending	at	age	60	years	if	the	PSA	remains	at	1	ng/mL	or	less.	Men	with
PSAs	 that	 are	 above	 age	median	 but	 below	 biopsy	 thresholds	 can	 be	 counseled	 about	 their	 elevated	 risk	 and
actively	encouraged	to	return	for	regular	screening	and	more	comprehensive	risk	assessment.	Second,	do	not	treat
those	 who	 do	 not	 need	 treatment.	 High	 proportions	 of	 men	 with	 screen-detected	 prostate	 cancer	 do	 not	 need
immediate	treatment	and	can	be	managed	by	AS.	Third,	refer	men	who	do	need	treatment	to	high-volume	centers.
Although	 it	 is	 clearly	 not	 feasible	 to	 restrict	 treatment	 exclusively	 to	 high-volume	 centers,	 shifting	 treatment
trends	so	that	more	patients	are	treated	at	such	centers	by	high-volume	providers	will	improve	cancer	control	and
decrease	complications.	The	goal	of	prostate	cancer	screening	should	be	to	maximize	the	benefits	of	PSA	testing
and	minimize	its	harms.	Following	the	three	rules	outlined	here	should	continue	to	improve	the	ratio	of	harms	to
benefits	from	PSA	screening.

DIAGNOSIS,	RISK	ASSESSMENT,	AND	STATE	ASSIGNMENT
Signs	and	Symptoms
The	 most	 common	 symptoms	 arising	 from	 the	 prostate	 in	 men	 over	 40	 years	 are	 bladder	 outlet	 obstruction,
including	 hesitancy;	 nocturia;	 incomplete	 emptying;	 and	 a	 diminished	 urinary	 stream.	The	 occurrence	 of	 these
symptoms,	although	more	commonly	related	to	BPH,	should	prompt	a	careful	DRE	and	a	PSA	determination.	The
acute	development	of	pelvic	or	perineal	pain,	erectile	dysfunction,	or	hematuria	should	prompt	further	evaluation
of	 the	 prostate.	 Today,	men	 rarely	 present	with	 symptoms	 of	metastatic	 disease	 such	 as	 bone	 pain,	 pathologic
fracture,	anemia,	or	pancytopenia	from	bone	marrow	replacement,	or	disseminated	intravascular	coagulation.

Digital	Rectal	Examination
The	physical	examination	should	 focus	on	a	 thorough	DRE	of	 the	prostate.	Special	attention	should	be	paid	 to
detect	 areas	 of	 induration	 within	 the	 prostate,	 extension	 through	 the	 capsule,	 or	 involvement	 of	 the	 seminal
vesicles.	If	 there	is	bladder	outlet	obstruction,	the	bladder	may	be	palpable.	Although	not	uniformly	accurate	or
reproducible,	 DRE	 results	 are	 associated	 with	 pathologic	 stage	 and	 prognosis,	 and	 are	 the	 principal	 basis	 for
assigning	the	clinical	T	stage	of	the	cancer.



Prostate-Specific	Antigen	and	Related	Biomarkers
PSA	levels	are	best	considered	as	a	continuum:	The	higher	the	level,	the	greater	the	likelihood	that	any	cancer,	or
high-grade	cancer,	will	be	found	on	biopsy.	The	most	commonly	used	threshold	for	recommending	a	biopsy	is	3
ng/mL.	A	level	this	high	is	found	in	only	5%	to	10%	of	men	aged	45	to	69	years.	As	PSA	levels	vary,61	a	rise	in
PSA	to	a	newly	“elevated”	level	should	be	verified	2	to	3	months	later,	after	the	patient	has	been	evaluated	by	a
medical	 history,	DRE,	 and	 appropriate	 laboratory	 tests	 to	 exclude	 causes	 other	 than	 cancer	 for	 the	 “rise.”	The
likelihood	of	finding	cancer	is	about	15%	to	20%	in	men	with	a	normal	DRE	and	a	PSA	level	between	2.5	to	4
ng/mL.	Among	men	with	a	PSA	level	of	4	to	10	ng/mL,	20%	to	30%	will	have	cancer.	If	the	PSA	level	is	>10
ng/mL,	60%	of	men	will	 have	 cancer	 on	biopsy.	Many	of	 these	 cancers	will	 be	 low	 risk	 and	 can	be	managed
conservatively	without	radical	therapy.

Higher	circulating	PSA	levels	prior	to	treatment	are	associated	with	larger,	more	extensive	cancers,	although
there	may	be	a	wide	range	of	levels	within	any	clinical	T,	N,	or	M	category.62–64	Although	poorly	differentiated
cancers	produce	less	PSA	per	gram	than	well-differentiated	cancers,	higher	PSA	levels	indicate	a	more	extensive
cancer	 and	 a	 poorer	 prognosis	 across	 all	 Gleason	 grade	 groups.	 Rare,	 highly	 aggressive,	 poorly	 differentiated
cancers	are	found	in	men	with	low	PSA	levels	(<2	ng/mL),	but	patients	with	these	cancers	usually	present	with
rapidly	progressive	voiding	symptoms	and	an	abnormal	DRE.

PSA	levels	rise	with	age	because	of	age-related	increases	in	prostate	volume	due	to	BPH.	Adjusting	the	upper
limit	of	normal	for	age,65	PSA	should	be	<2.5	ng/mL	for	men	aged	40	to	49	years,	<3.5	for	men	aged	50	to	59
years,	<4.5	for	men	aged	60	to	69	years,	and	<6.5	for	men	aged	70	to	79	years.	The	utility	of	age-specific	PSA
levels	has	been	challenged	in	screening	trials	because	sensitivity	is	lost	for	a	small	increase	in	specificity	in	older
men.

PSA	levels	can	also	be	adjusted	for	the	volume	of	the	prostate	gland.	PSA	density	(PSAD)	is	the	ratio	of	PSA
to	gland	volume,	measured	 in	ng/mL/cm3.	As	more	PSA	 is	 released	 into	 the	 serum	by	cancer	 (3	ng/g)	 than	by
BPH	 (0.3	ng/g),	PSAD	can	help	 to	 discriminate	 cancer	 from	BPH.	Because	DRE	correlates	 poorly	with	gland
volume,	an	 imaging	study	(transrectal	ultrasound	[TRUS]	or	magnetic	resonance	 imaging	[MRI])	 is	 required	 to
measure	PSAD	accurately,	so	PSAD	is	generally	useful	only	in	men	who	have	had	an	ultrasound	during	a	biopsy.
PSAD	has	proved	to	be	more	valuable	in	prognosis	than	in	detection,	where	it	has	been	largely	replaced	by	the
free/total	PSA	ratio.	The	percent-free	PSA	in	serum	is	higher	in	men	with	BPH	than	in	men	with	cancer	and	can
be	used	to	discriminate	cancer	from	BPH.	Percent-free	PSA	values	<10%	are	more	indicative	of	cancer	 in	men
with	values	in	the	4	to	10	ng/mL	range.66

PSA	 levels	 rise	 more	 rapidly	 over	 time	 in	men	 with	 cancer	 than	 in	 those	 without	 cancer,	 even	 within	 the
normal	range.64	The	rate	of	change,	termed	PSA	velocity,	may	indicate	the	presence	of	cancer,	but	normal	biologic
variations	 in	 PSA	 levels	 over	 time	 create	many	more	 false	 positives	 and	 lessen	 the	 accuracy	 of	 the	 calculated
results.	 Once	 a	man’s	 PSA	 level	 is	 known,	 PSA	 velocity	 contributes	 no	 additional	 information	 to	 predict	 the
presence	of	 a	 cancer,	 except	 in	 the	 rare	 case	of	 an	unusually	 aggressive,	 high-grade	 cancer	 that	 produces	 little
PSA.

Panels	of	Kallikrein	Markers
The	major	limitation	of	PSA	for	screening	and	early	detection	of	prostate	cancer	is	the	high	proportion	of	false-
positive	tests:	70%	to	80%	of	men	with	a	PSA	>3	ng/mL	and	a	normal	DRE	do	not	have	cancer	on	biopsy.	The
specificity	 of	 PSA	 testing	 can	 be	 increased	 substantially	 at	 any	 given	 level	 of	 sensitivity	 by	 incorporating
additional	 kallikreins	 into	 a	 panel	 of	 markers.	 There	 are	 two	 commercially	 available	 panels:	 the	 4Kscore	 test
(OPKO	 Lab,	 Nashville,	 TN)	 and	 the	 phi	 (Prostate	 Health	 Index;	 Beckman	 Coulter,	 Brea,	 CA).	 To	 baseline
measurements	of	PSA	and	free-PSA	levels	the	4Kscore	adds	“intact”	PSA	and	hK2,	and	the	phi	adds	2(pro)PSA.
All	 three	of	 these	kallikreins	are	elevated	 in	cancer,	 relative	 to	BPH.	Both	 the	4Kscore	and	phi	panels	 increase
specificity,	reducing	the	indication	for	biopsy	among	men	with	an	elevated	PSA	level.	In	published	studies,	 the
number	of	biopsies	was	reduced	by	40%	to	50%	while	missing	few	high-grade	cancers.	The	4Kscore	preserves
sensitivity	 for	 high-grade	 (Gleason	 score	 ≥7;	 Gleason	 grade	 group	 ≥2)	 cancer	 while	 reducing	 the	 number	 of
negative	biopsies	and	biopsies	finding	only	 low-grade	(Gleason	score	6;	Gleason	grade	group	1),	small-volume
cancer.64

Urinary	Molecular	Biomarkers
Prostatic	fluid	may	contain	shed	cells	from	prostate	cancer	that	can	be	recognized	by	measuring	the	level	of	RNA
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for	prostate	 cancer	 antigen	3	 (PCA-3)	 relative	 to	 that	 for	PSA	 in	urinary	 sediment	using	 reverse	 transcription–
polymerase	chain	reaction	technology.	Urinary	PCA-3	has	been	approved	by	the	FDA	to	determine	the	likelihood
of	cancer	 in	men	with	an	elevated	PSA	level	and	a	previously	negative	biopsy	but	 is	also	useful	 in	comparable
men	with	no	previous	biopsy	to	avoid	unnecessary	biopsies.	The	test	requires	collection	of	urine	after	a	prostatic
massage	by	DRE,	 and	 the	 levels	 of	PCA-3	do	not	 reflect	 the	 volume,	 grade,	 and	 extent	 of	 cancer,	 limiting	 its
clinical	utility,	especially	when	the	goal	is	to	avoid	biopsy	in	men	with	only	low-risk	cancers.	Other	urinary	assays
for	 molecular	 markers	 are	 being	 explored,	 including	 one	 for	 the	 TMPRSS	 fusion	 gene,	 which	 may	 be	 more
prognostic	than	PCA-3.65

Biopsy
Because	prostate	cancer	is	rarely	curable	when	it	causes	symptoms,	and	rises	in	incidence	with	age,	detection	has
focused	 on	 evaluating	 asymptomatic	 men	 between	 the	 ages	 of	 50	 and	 70	 years.	 The	 principal	 indications	 for
biopsy	are	either	an	abnormal	DRE	or,	more	commonly,	an	elevated	PSA	level.	Any	palpable	induration	should
be	 evaluated	 further,	 but	 only	 about	 a	 third	 of	 men	 with	 an	 abnormal	 DRE	 prove	 to	 have	 prostate	 cancer.
Similarly,	a	normal	DRE	does	not	exclude	 the	presence	of	cancer.	The	 likelihood	 that	cancer	will	be	 found	on
biopsy	depends	on	the	results	of	the	DRE	and	PSA	test	(Table	70.2).

TABLE	70.2
Probability	of	a	Positive	Prostate	Biopsy	Based	on	the	Results	of	the	Digital	Rectal
Examination	and	Serum	Prostate-Specific	Antigen	Level

	 PSA	(ng/mL)
DRE	status	(%) 0–2 2–4 4–10 >10

DRE− 1 15 25 >50

DRE+ 5 20 45 >75
PSA,	 prostate-specific	 antigen;	DRE,	 digital	 rectal	 examination;	DRE−,	 normal	 findings	 on	 the	 digital	 rectal	 examination;	DRE+,
findings	on	digital	rectal	examination	suspicious	for	prostate	cancer.
Modified	 from	Thompson	 IM,	Pauler	DK,	Goodman	PJ,	et	al.	Prevalence	of	prostate	cancer	among	men	with	a	prostate-specific
antigen	 level	 <	 or	 =	 4.0	 ng	per	milliliter.	N	Engl	 J	Med	 2004;350(22):2239–2246;	Catalona	WJ,	Richie	 JP,	 deKernion	 JB,	 et	 al.
Comparison	of	 prostate	 specific	 antigen	 concentration	 versus	prostate	 specific	 antigen	density	 in	 the	early	 detection	of	 prostate
cancer:	receiver	operating	characteristic	curves.	J	Urol	1994;152(6	Pt	1):2031–2036.

The	diagnosis	of	prostate	cancer	is	typically	established	by	TRUS-guided	transrectal	needle	biopsy.	TRUS	is
most	useful	for	identifying	the	regions	within	the	prostate	for	needle	biopsy	and	for	determining	prostate	volume;
it	is	not	used	routinely	for	screening.	When	cancers	are	seen	on	TRUS,	they	are	typically	hypoechoic	relative	to
normal	prostate	tissue,	but	the	sensitivity	of	detection	is	low	and	MRI	has	proven	to	be	more	accurate	and	is	the
preferred	imaging	modality	for	identifying	suspicious	lesions	for	TRUS-guided	biopsies	within	the	prostate.

A	 needle	 biopsy	 of	 the	 prostate	 is	 usually	 performed	 transrectally	 with	 an	 18-gauge	 needle	 mounted	 on	 a
spring-loaded	gun	directed	by	ultrasound.	Any	palpable	abnormality	on	DRE	should	be	targeted	for	biopsy	using
finger	guidance.	In	addition,	abnormal	areas	visible	on	TRUS	or	MRI	should	be	sampled,	along	with	a	total	of	at
least	10	systematic	biopsies	of	the	prostate	taken	from	the	left	and	right	apex,	middle,	and	base	of	the	peripheral
zone.	 Each	 core	 or	 group	 of	 cores	 from	 a	 single	 region	 should	 be	 identified	 separately	 as	 to	 location	 and
orientation	so	that	the	pathologist	can	report	the	extent	and	grade	of	cancer	in	each	region	and	the	presence	of	any
perineural	 invasion	or	extraprostatic	extension.	Higher	Gleason	scores	are	strongly	associated	with	larger	tumor
volume,	 extension	 outside	 the	 prostate,	 probability	 of	metastases,	 and	 duration	 of	 response	 to	 therapy.	 Biopsy
results	 are	 used	 not	 only	 to	 assign	 a	Gleason	 score	 (Gleason	grade	 group)	 to	 the	 cancer	 but	 also	 to	 assess	 the
volume	and	extent	of	the	cancer	by	determining	the	number	and	percent	of	cores	involved	by	cancer,	the	amount
of	cancer	in	each	core,	and	the	total	length	of	cancer	in	all	cores.	Each	of	these	features	adds	important	additional
staging	and	prognostic	information.

Because	patient	selection	for	AS	is	critically	dependent	on	the	results	of	the	prostate	biopsy,	some	investigators
have	 suggested	more	 extensive	 biopsy	 strategies	 to	 better	 assess	 the	 true	 extent	 of	 cancer	within	 the	 prostate.
Transperineal	“mapping”	biopsies	use	a	brachytherapy	template,	with	needle	cores	taken	at	5-	to	10-mm	intervals
throughout	the	gland.	These	template	biopsies	more	accurately	reflect	the	grade	and	extent	of	cancer.	One	study
collected	a	median	of	46	individual	cores	and	found	bilateral	cancer	in	55%	of	patients	and	an	increased	Gleason
score	in	23%.	However,	the	risk	of	acute	urinary	retention,	hematuria,	and	erectile	dysfunction	are	increased	with



mapping	biopsy,	compared	with	standard	transrectal	needle	biopsy	(although	the	risk	of	infection	is	much	less).
Further	 experience	 is	 needed	before	 extensive	mapping	biopsies	 can	be	 recommended	as	 routine.	Today,	more
attention	is	being	focused	on	targeted	biopsies	of	suspicious	lesions	seen	on	MRI.

MRI	 images	 can	 be	 overlaid	 on	 real-time	 ultrasound	 imaging	 through	 electronic	 fusion	 techniques,	 thereby
allowing	MRI	guided	transrectal	biopsies.	In	single-institution	studies,	these	MRI-guided	biopsies	detect	a	higher
percentage	 of	 clinically	 significant	 cancers	 than	 conventional	 biopsies.66	 Given	 that	 some	 prostate	 cancer	 are
anterior	 and	 not	 well	 sampled	 by	 conventional	 transrectal	 biopsies,	MRI-guided	 biopsies	 may	 have	 particular
utility	in	the	detection	and	assessment	of	these	atypically	placed	lesions.67

Imaging	for	Diagnosis	and	Staging
The	overwhelming	majority	of	men	diagnosed	with	prostate	cancer	today	do	not	have	metastases	at	 the	time	of
diagnosis,	 so	 imaging	 studies	 to	 detect	metastases	 are	 usually	 not	 indicated.	Neither	 bone	 scans	 nor	 computed
tomography	(CT)	are	helpful	for	patients	with	clinically	localized	cancer	unless	they	have	a	poorly	differentiated
cancer	(Gleason	score	8	to	10;	Gleason	grade	group	4	or	5)	or	a	PSA	>20	ng/mL.68,69	Consequently,	most	patients
diagnosed	with	a	clinically	localized	prostate	cancer	need	no	further	studies	to	rule	out	metastases.	Patients	with
very	aggressive	tumors	(PSA	>20	ng/mL	and	biopsy	Gleason	score	>7	[Gleason	grade	group	>	2]),	advanced	local
lesions	(T3	to	T4),	or	symptoms	suggestive	of	metastatic	disease	should	have	imaging	studies,	including	a	bone
scan	and	a	CT	of	the	chest,	abdomen,	and	pelvis.

Magnetic	Resonance	Imaging
With	 current	magnet	 strengths	 of	 3	 Tesla	 (3T),	 a	multiparametric	MRI,	 which	 provides	 T1-	 and	 T2-weighted
images	 as	 well	 as	 diffusion-weighted	 and	 contrast	 images,	 permits	 excellent	 visualization	 of	 the	 prostate	 and
surrounding	tissues	and	the	pelvic	LN	(in	which	case	CT	imaging	of	 the	pelvis	 is	unnecessary).	The	endorectal
coil	 is	helpful	 for	enhanced	visualization	of	 the	 internal	anatomy	of	 the	prostate	when	 the	magnetic	 strength	 is
≤1.5T,	but	magnetic	resonance	spectroscopy	is	rarely	used	today	despite	early	promising	results.	On	T1-weighted
images,	the	prostate	should	appear	homogenous	and	low	intensity;	cancers	are	not	visible,	but	high-intensity	areas
resulting	 from	 recent	 biopsy	 should	be	noted	 to	 avoid	misinterpreting	 corresponding	 low-intensity	 areas	on	T2
images	 as	malignant	 lesions.	On	T2-weighted	 images,	 cancers	 can	 be	 recognized	 by	 their	 low	 signal	 intensity
relative	to	the	normal	peripheral	zone.

Diffusion-weighted	 imaging	 is	 a	 promising	MRI	 technique	 that	 takes	 advantage	of	 the	 known	variability	 of
random	movements	 of	water	molecules	 observed	 between	 normal	 tissues	 and	 tumors.	 The	 rate	 of	 diffusion	 of
water	molecules	is	more	restricted	within	tumors	than	in	normal	tissues	and	allows	for	an	important	metric	known
as	 the	apparent	diffusion	coefficient.	 In	one	study	comparing	MRI	with	combined	MRI	and	diffusion-weighted
MRI,	the	sensitivity	and	specificity	were	86%	and	84%,	respectively.70	Dynamic	contrast-enhancement	MRI	may
also	 identify	malignant	 lesions	within	 the	prostate.	 In	one	 study,	 the	 combination	of	T2-weighted	 imaging	 and
dynamic	contrast-enhancement	MRI	findings	had	sensitivity	and	specificity	rates	of	77%	and	91%,	respectively,
for	detecting	tumor	foci	that	measured	0.2	cm3,	but	these	values	improved	to	90%	and	88%,	respectively,	when
detecting	tumors	>0.5	cm3.71

Opinions	vary	regarding	the	value	of	MRI	in	routine	staging	and	imaging	of	the	prostate,	and	a	wide	range	in
specificity	 and	 sensitivity	 has	 been	 reported	 for	 the	 detection	 of	 extraprostatic	 extension	 and	 seminal	 vesicle
invasion	 (SVI).	 In	 general,	 multiparametric	 MRI	 permits	 excellent	 visualization	 of	 the	 prostate	 and	 is	 more
sensitive	than	DRE,	TRUS,	and	CT	for	identifying	extraprostatic	extension	and	SVI	(Fig.	70.6).	MRI	also	allows
accurate	estimates	of	the	size	and	shape	of	the	prostate,	the	proximity	of	cancer	to	the	neurovascular	bundles	and
the	 urethral	 sphincter,	 the	 presence	 of	 a	 large	 anterior	 tumor	 that	may	 be	 invading	 the	 anterior	 fibromuscular
stroma	or	bladder	neck,	and	the	length	of	the	membranous	urethral	sphincter,	making	MRI	a	valuable	adjunct	to
the	preoperative	evaluation	of	patients	with	apparently	localized	prostate	cancer.72

Computed	Tomography
CT	scans	of	the	abdomen	and	pelvis	are	ordered	far	too	frequently	in	the	initial	evaluation	of	men	with	prostate
cancer,	 as	 they	 have	 limited	 capability	 to	 detect	 cancer	 within	 the	 prostate	 or	 the	 presence	 of	 extraprostatic
extension	or	SVI.	CT	scans	can	detect	LN	metastases	within	 the	pelvis,	but	 these	can	be	detected	equally	well
with	pelvic/prostatic	MRI,	which	provides	more	information	about	the	primary	tumor.
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Figure	70.6	Clinical	stage	T2a	prostate	cancer.	On	the	transverse	image	(A),	the	patient	was	noted
to	have	a	dominant	tumor	at	the	right	base	with	loss	of	normal	contour	and	irregular	bulging

consistent	with	extracapsular	extension	(arrow).	Image	(B)	indicates	the	evidence	of	seminal	vesicle
involvement	(arrowheads)	demonstrating	mild	enlargement	of	the	seminal	vesicles	and	low	signal
intensity	tissue	replacing	normal	thin	walls	and	obliterating	the	lumen.	(From	Hricak	H,	Choyke	PL,

Eberhardt	SC,	et	al.	Imaging	prostate	cancer:	a	multidisciplinary	perspective.	Radiology
2007;243[1]:28–53,	with	permission	of	the	Radiological	Society	of	North	America.)

Bone	Scan
A	radionuclide	bone	scan	is	the	standard	imaging	study	used	to	identify	the	presence	of	osseous	metastases	but	is
not	 generally	 indicated	 in	 patients	 with	 clinically	 localized	 cancer	 because	 true	 positive	 results	 are	much	 less
common	than	false	positives.	In	patients	with	a	baseline	PSA	level	<10	ng/mL,	a	bone	scan	identifies	metastases
in	<1%	of	men	who	have	no	 symptoms	of	bone	pain.	For	patients	with	PSA	 levels	between	10	ng/mL	and	50
ng/mL	or	>50	ng/mL,	 the	 probability	 of	 a	 positive	 bone	 scan	 is	 10%	and	50%,	 respectively.73	Bone	 scans	 are
frequently	used	to	assess	the	response	to	hormonal	therapy	and	chemotherapy	in	men	with	metastatic	disease.

Risk	Assessment

Characterization	of	the	Local	Tumor
A	thorough	evaluation	of	the	extent	of	the	local	tumor	should	include	a	diagram	of	the	area	of	induration	and	a
recording	of	the	clinical	T	stage,	which	reflects	the	size,	location,	and	extent	of	the	cancer	(determined	by	DRE
and	 imaging),	histologic	grade	 (Gleason	score/grade	group)	 in	 the	biopsy	specimen,	baseline	 serum	PSA	 level,
and	systematic	biopsy	results.	These	factors	are	used	to	predict	pathologic	stage,	assist	in	treatment	planning,	and
determine	prognosis.

Tumor,	Node,	and	Metastasis	Classification
At	the	time	of	initial	diagnosis,	prostate	cancers	are	staged	using	the	TNM	classification.	A	distinct	category,	T1c,
is	used	to	describe	cancers	that	are	neither	palpable	nor	visible	but	were	detected	by	a	biopsy	performed	after	an
abnormal	PSA	test	or	 for	other	 reasons.	Cancers	 that	are	not	palpable	but	visible	on	 imaging	such	as	TRUS	or
MRI	 are	 classified	 appropriately	 along	with	 palpable	 cancers	 in	 the	 T2	 to	 T4	 categories.	 However,	 the	 TNM
system	does	not	 fully	 reflect	prognosis	because	 it	does	not	 include	PSA	levels,	Gleason	grade,	or	 the	extent	of
cancer	in	the	biopsy	specimen	(Table	70.3).

Staging	Tables	and	Risk	Groups
Although	 individual	 prognostic	 factors	 can	 be	 informative,	 combining	multiple	 factors	 together	 produces	more
accurate	estimates	of	pathologic	stage	and	prognosis.	Partin	et	al.74	developed	a	nomogram	reported	as	a	series	of
staging	 tables	 (Partin	 tables)	 that	 combine	 clinical	 tumor	 stage,	 biopsy	 Gleason	 grade,	 and	 PSA	 to	 predict



pathologic	stage.	The	accuracy	of	these	tables	has	been	widely	validated.75
As	pathologic	stage	 is	only	a	proxy	for	prognosis,	a	classification	scheme	has	been	developed	to	predict	 the

risk	 of	 recurrence	 after	 treatment	 of	 the	 primary	 tumor	 using	 the	 same	 key	 prognostic	 factors	 (clinical	 stage,
Gleason	grade,	and	PSA).	The	D’Amico	classification,	now	adopted	by	the	AUA,	assigns	patients	to	one	of	three
logical	(rather	than	empirical)	risk	groups	according	to	their	clinical	T	stage,	Gleason	grade,	and	PSA.76	Although
it	 is	 intuitive	 to	group	patients	 into	 such	 risk-group	categories,	 each	“group”	actually	contains	a	heterogeneous
population.	For	example,	patients	with	a	clinical	stage	T1c,	Gleason	grade	3	+	3,	and	PSA	of	9.9	ng/mL	would	be
classified	as	low	risk,	but	if	the	PSA	were	10.1	ng/mL,	the	same	patient	would	be	considered	intermediate	risk.
Using	categorical	values	(e.g.,	PSA	10	to	20	ng/mL)	rather	than	continuous	values,	and	assigning	a	patient	to	an
increased	risk	group	if	any	single	variable	is	high	(e.g.,	tumor	stage	cT2c,	Gleason	8	to	10,	or	PSA	>20	ng/mL),	is
inherently	 inaccurate.	 Predictions	 are	 much	 more	 accurate	 when	 nomograms	 are	 used	 to	 combine	 individual
prognostic	factors	into	a	single	prognostic	score	assigned	to	an	individual	patient.	Consequent	comparisons	of	the
results	of	different	treatments	are	also	more	accurate	when	patients	are	more	precisely	matched.

TABLE	70.3
Comparison	of	the	1992,	1997,	2002,	and	2010	American	Joint	Committee	on
Cancer/International	Union	Against	Cancer	Tumor,	Node,	Metastasis	Staging	System

Stage 1992410 1997411 2002412 2010413

TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

T1 Clinically	inapparent,	not	palpable	or	visible	by	imaging

T1a
T1b
T1c

Incidental	histologic	finding,	≤5%	of	resected	tissue
Incidental	histologic	finding,	>5%	of	resected	tissue
Tumor	identified	by	needle	biopsy,	for	any	reason	(e.g.,	elevated	PSA)

T2 Palpable	or	visible	tumor,	confined	within	the	prostatea

T2a
T2b
T2c

≤	Half	one
lobe
One	lobe
Both	lobes

One	lobe
Both	lobes
No	T2c
classification

≤	Half
one
lobe
One
lobe
Both
lobes

≤	Half	one	lobe
>	Half	one	lobe,	not	both
Both	lobes

T3 Tumor	extends	through	prostate	capsuleb

T3a
T3b
T3c

Unilateral
ECE
Bilateral	ECE
Seminal
vesicle
involvement

ECE,	unilateral	or
bilateral
Seminal	vesicle
involvement
No	T3c	classification

ECE,	unilateral	or	bilateral
Seminal	vesicle	involvement
No	T3c	classification

T4
Tumor	is	fixed	or	invades	adjacent
structures

Tumor	is	fixed	or	invades	adjacent	structures	other	than	seminal	vesicles,	such
as	external	sphincter,	rectum,	bladder,	levator	muscles,	and/or	pelvic	wall

T4a
T4b

Invades	bladder	neck,	external
sphincter,	or	rectum
Invades	levator	muscles	or	fixed	to
pelvic	sidewalls

No	T4a	classification
No	T4b	classification

aTumor	found	in	one	or	both	lobes	by	needle	biopsy,	but	not	palpable	or	reliably	visible	by	imaging,	is	classified	as	T1c.
bInvasion	into	the	prostatic	apex	or	into	(but	not	beyond)	the	prostatic	capsule	is	classified	not	as	T3	but	as	T2.
PSA,	prostate-specific	antigen;	ECE,	extracapsular	extension.
Modified	 from	Beahrs	OH,	Henson	DE,	Hutter	RVP,	et	al.	AJCC	Cancer	Staging	Manual.	4th	ed.	Philadelphia:	Lippincott-Raven;
1992;	Edge	S,	Byrd	DR,	Compton	CC,	et	al.	AJCC	Cancer	Staging	Manual.	7th	ed.	New	York:	Springer;	2010;	Fleming	ID,	Cooper
JS,	Henson	DE,	et	al.	AJCC	Cancer	Staging	Manual.	5th	ed.	Philadelphia:	J.B.	Lippincott;	1997;	Greene	FL,	Page	DL,	Fleming	ID,
et	al.	AJCC	Cancer	Staging	Manual.	6th	ed.	New	York:	Springer;	2002;	and	Ohori	M,	Wheeler	TM,	Scardino	PT.	The	New	American
Joint	Committee	on	Cancer	and	International	Union	Against	Cancer	TNM	classification	of	prostate	cancer.	Cancer	1994;74(1):104–
114.

Nomograms
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Nomograms	 now	 widely	 available	 to	 predict	 prognosis	 in	 men	 with	 prostate	 cancer	 combine	 clinical	 and
pathologic	prognostic	factors	as	continuous	rather	than	categorical	variables.77–79	The	prognosis	or	probability	of
recurrence	 after	 definitive	 therapy	of	 an	 apparently	 localized	 prostate	 cancer	 depends	 on	 the	 clinical	 stage	 and
grade	of	 the	cancer,	 the	number	or	percent	of	positive	biopsy	cores,	as	well	as	 the	PSA	level	before	 treatment.
Nomograms	 can	 be	 useful	 in	 clinical	 practice	 and	 have	 been	 developed	 for	 external-beam	 radiation	 therapy
(EBRT)	and	brachytherapy	as	well	as	surgery.	These	nomograms	may	provide	clues	about	the	relative	efficacy	of
different	 treatment	 modalities	 in	 patients	 with	 comparable	 tumors.	 All	 these	 nomograms	 are	 available	 at
http://www.mskcc.org/cancer-care/prediction-tools.

Molecular	Profiles
Genomic	testing	has	recently	been	introduced	to	characterize	the	level	of	aggressiveness	of	prostate	cancer,	and,
as	in	breast	cancer,	can	help	to	guide	treatment	decisions.80–88	The	Cell	Cycle	Progression	assay	(Prolaris,	Myriad
Genetic	Laboratories	Inc.,	Salt	Lake	City,	UT)	and	the	Genomic	Prostate	Score	assay	(Oncotype	DX,	Genomic
Health,	 Redwood	 City,	 CA)	 use	 reverse	 transcription	 polymerase	 chain	 reaction	 techniques	 to	 assay	 the
expression	 level	 of	 a	 panel	 of	 genes	 that	 reflect	 the	 biologic	 activity	 of	 the	 cancer	 relative	 to	 the	 level	 of
housekeeper	 genes.	The	Cell	Cycle	Progression-Prolaris	 assay	was	 developed	on	 a	 cohort	 of	men	with	 a	wide
spectrum	of	prostate	 cancer	managed	 conservatively;	 the	molecular	 profile	 added	 significantly	 to	 the	 ability	of
standard	clinicopathologic	features	(stage,	grade,	PSA,	and	extent	of	cancer	in	biopsy	specimens)	to	predict	time
to	 death	 from	 prostate	 cancer.86	When	 needle	 biopsy	 specimens	 from	men	who	were	 candidates	 for	 AS	were
assayed	 with	 Genomic	 Prostate	 Score-Oncotype	 DX,	 the	 assay	 independently	 predicted	 the	 risk	 of	 adverse
pathology	 (extraprostatic	 extension	 or	 Gleason	 grade	 4	 +	 3	 or	 greater)	 in	 RP	 specimens.	 Both	 tests	 can
successfully	assay	expression	profiles	from	as	little	as	1	mm	of	cancer	in	an	18-G	needle	core	obtained	as	long	as
10	to	15	years	previous	to	the	assay,	and	both	show	a	wide	range	of	expression	levels,	and	therefore	prognoses,
within	any	clinicopathologic	risk	group.

The	clinical	utility	of	these	molecular	profiles	is	under	active	investigation;	today,	the	assays	are	largely	used	to
recommend	 AS	 in	 men	 with	 low-	 or	 intermediate-risk,	 low-volume	 cancer	 and	 favorable	 expression	 profiles.
Assay	 results	 tend	 to	 be	 concordant	 with	 the	 clinicopathologic	 risk	 classification	 in	 approximately	 45%	 of
patients,	whereas	it	is	higher	or	lower	in	the	remaining	55%.	In	a	recent	study,	14%	of	patients	considered	low	risk
and	suitable	for	AS	were	reclassified	as	higher	risk	patients	for	whom	active	intervention	was	warranted,	and	7%
of	 those	with	 clinically	 aggressive	 tumors	were	 reclassified	 as	 low	 risk	 and	 suitable	 for	AS	by	 the	Cell	Cycle
Progression-Prolaris	assay.88

Pathologic	Stage
Several	other	indices	have	been	developed	that	improve	the	biologic	characterization	of	a	given	tumor.	Pathologic
stage,	determined	by	examining	the	RP	specimen,	predicts	recurrence	much	more	accurately	than	clinical	stage.
Independent	 prognostic	 factors	 include	 the	 level	 of	 invasion	 through	 the	 capsule	 of	 the	 prostate,	 SVI,	 LN
metastases,	and	positive	surgical	margins	as	well	as	the	Gleason	score	in	the	RP	specimen	and	the	preoperative
serum	PSA	level	(Fig.	70.7).	Some	 investigators	have	considered	 tumor	volume	an	 important	prognostic	 factor,
but	 others	 have	 found	 that	 it	 has	 no	 independent	 prognostic	 significance.	 Stephenson	 et	 al.89	 combined	 these
independent	prognostic	factors	into	postoperative	nomograms	to	predict	biochemical	recurrence	(BCR)	10	years
after	RP	and	15-year	cancer-specific	survival.



Figure	70.7	Probability	of	freedom	from	biochemical	recurrence	(BCR)	by	number	of	positive
nodes.	Orange	line,	one	positive	node;	blue	line,	two	positive	nodes;	red	line,	three	or	more	positive
nodes.	(From	Touijer	KA,	Mazzola	CR,	Sjoberg	DD,	et	al.	Long-term	outcomes	of	patients	with
lymph	node	metastasis	treated	with	radical	prostatectomy	without	adjuvant	androgen-deprivation

therapy.	Eur	Urol	2014;65[1]:20–25,	with	permission.)

MANAGEMENT	BY	CLINICAL	STATES
Clinically	Localized	Disease
The	 clinical	 course	 of	 newly	 diagnosed	 prostate	 cancer	 is	 difficult	 to	 predict.	Men	with	 similar	 clinical	 stage,
serum	 PSA	 levels,	 and	 biopsy	 features	 can	 have	 markedly	 different	 outcomes.	 Although	 prostate	 cancer	 is
unequivocally	lethal	in	some	patients,	most	men	die	with,	rather	than	of,	their	cancer.	The	challenge	to	physicians
is	 to	 identify	 those	men	with	aggressive,	 localized	prostate	cancer	with	a	natural	history	 that	can	be	altered	by
definitive	 local	 therapy,	while	 sparing	 the	 remainder	 the	morbidity	of	unnecessary	 treatment.	Not	 all	men	with
clinically	 localized	 prostate	 cancer	 require	 or	 benefit	 from	 therapy.	 Depending	 on	 the	 characteristics	 of	 their
cancer,	 their	 age,	 and	 comorbidities,	 some	men	would	 benefit	 greatly	 by	 aggressive	 treatment,	whereas	 others
would	suffer	harm.

Well-established	 prognostic	 factors	 for	 clinically	 localized	 prostate	 cancer	 include	 age,	 PSA	 level,	 clinical
stage	based	on	DRE	and	imaging,	Gleason	grade,	and	extent	of	the	cancer	on	biopsy.	Prognosis	can	be	estimated
more	 accurately	 by	 combining	 these	 risk	 factors	 into	 nomograms	 that	 calculate	 the	 probability	 of	 a	 clinically
important	end	point,	such	as	freedom	from	BCR	10	years	after	surgery	or	cancer-specific	survival	15	years	after
surgery.

Active	Surveillance
AS	 is	 a	 planned	 treatment	 of	 monitoring	 a	 patient	 with	 a	 potentially	 curable	 prostate	 cancer	 based	 on	 the
likelihood	that	the	cancer	will	progress,	delaying	active	treatment	until	signs	of	progression	to	a	more	aggressive,
potentially	lethal	cancer	are	detected.	AS	attempts	to	avoid	the	adverse	effects	of	treatment	in	the	majority	of	men,
intervening	with	curative	therapy	for	selected	men	only	for	specific	indications.	AS	is	now	widely	recommended
for	most	men	with	low-risk	cancer,	based	on	the	lack	of	survival	benefit	of	immediate	surgery	versus	observation
at	20	years	in	the	PIVOT	trial90	large	phase	II	studies	of	AS.90

The	ProtecT	trial	compared	active	monitoring,	RP,	and	EBRT	for	the	treatment	of	clinically	localized	prostate
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cancer.	At	a	median	of	10	years,	prostate	cancer–specific	mortality	(PCSM)	was	low	irrespective	of	the	treatment
assigned,	with	no	significant	difference	among	treatments.	Surgery	and	radiotherapy	were	associated	with	lower
incidences	of	disease	progression	and	metastases	than	was	active	monitoring.91

In	these	and	other	AS	trials,	the	risk	of	progression	or	treatment	for	men	with	low-risk	cancer	is	about	20%	to
40%	 within	 5	 years	 and	 35%	 to	 60%	 within	 10	 years,	 depending	 on	 the	 initial	 eligibility	 criteria	 and	 the
indications	for	delayed	intervention.

A	recommendation	for	AS	assumes	that	the	risk	posed	by	the	cancer	at	diagnosis	can	be	assessed	accurately,
that	 progression	 can	 be	 identified	 by	 regular	monitoring,	 and	 that	 deferring	 treatment	 until	 it	 is	 necessary	will
offer	cancer	control	 and	 survival	 rates	 similar	 to	 immediate	 treatment.	Achieving	all	of	 these	goals	has	not	yet
been	realized.	Standard	assessment	at	diagnosis	includes	PSA,	clinical	stage,	Gleason	grade,	extent	of	cancer	in
biopsy	results,	and	molecular	testing.	This	limited	evaluation	underestimates	the	grade	and	extent	of	the	cancer	in
15%	to	25%	of	patients.	A	multiparametric	MRI	of	the	prostate	can	detect	large,	more	aggressive	cancers	in	some
patients,	and	these	findings	can	be	confirmed	by	biopsies	targeting	the	suspicious	lesions.92	Patients	managed	with
AS	must	accept	regular,	detailed	evaluations	of	the	status	of	their	cancer	for	as	long	as	they	are	healthy	and	young
enough	to	be	candidates	for	definitive	 therapy.	Patients	under	AS	are	generally	monitored	every	6	months	with
DRE	and	PSA	measurement,	with	repeat	imaging	and	biopsy	every	2	to	3	years	after	the	baseline	evaluation.	The
goal	is	to	detect	progression	of	the	cancer	while	cure	is	still	possible.

Outcomes	of	Active	Surveillance	with	Selective	Delayed	Intervention.	There	are	few	reports	of	 long-term
outcomes	of	AS	for	localized	prostate	cancer.	Klotz93	updated	the	prospective	phase	II	study	of	AS	in	men	with
low-risk	cancer	(or	 those	over	70	years	with	Gleason	7	[3	+	4]	and	PSA	<15	ng/mL)	(Fig.	70.8).	Although	 the
indications	 for	 intervention	 initially	were	 a	 short	PSA	doubling	 time	 (PSADT),	 progression	on	 exam,	or	 grade
progression	on	repeat	biopsy,	after	2009,	PSA	kinetics	were	dropped	as	an	indication	for	intervention.	Although
the	study	was	published	after	a	median	follow-up	of	6.4	years,	many	patients	were	followed	longer.	At	10	and	15
years,	OS	was	80%	and	62%,	respectively.	A	total	of	2.8%	of	the	patients	had	developed	metastatic	disease,	and
1.5%	of	men	had	died	 from	prostate	 cancer.	After	 5	 and	10	years,	 75.7%	and	63.5%,	 respectively,	 of	 patients
remained	alive	and	on	surveillance	without	intervention.93	Many	physicians	now	recommend	more	comprehensive
initial	evaluation	of	candidates	for	AS	with	multiparametric	MRI	and/or	early	confirmatory	biopsies.94



Figure	70.8	Long-term	follow-up	of	active	surveillance	cohort	with	localized	prostate	cancer.	A:
Likelihood	of	remaining	alive	and	on	surveillance	in	450	patients.	Green	lines	indicate	95%

confidence	intervals.	B:	Prostate-specific	antigen	(PSA)	failure	in	117	patients	treated	with	surgery
or	radiation	after	a	period	of	surveillance.	RT,	radiotherapy.	(From	Klotz	L,	Zhang	L,	Lam	A,	et	al.
Clinical	results	of	long-term	follow-up	of	a	large,	active	surveillance	cohort	with	localized	prostate

cancer.	J	Clin	Oncol	2010;28[1]:126–131,	with	permission.)

These	and	other	studies	confirm	that	in	appropriately	selected	men,	AS	is	associated	with	an	extremely	low	rate
of	progression	to	metastatic	disease	and/or	death,	and	that	the	majority	of	patients	do	not	require	intervention	over
the	first	decade.	Further	follow-up	is	necessary	to	determine	the	long-term	risk	of	progression.
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Radical	Prostatectomy
The	modern	anatomic	technique	for	RP	was	developed	nearly	40	years	ago	and	has	proven	safe	and	effective	in
many	 large	 cohort	 studies	 and	 randomized	 clinical	 trials.	 The	 retropubic	 technique	 originally	 described	 by
Walsh95	for	open	surgery	is	equally	suitable	for	laparoscopic	and	robot-assisted	RP.	Initially	focused	on	patients
with	early-stage,	organ-confined	cancers,	RP	with	pelvic	LN	dissection	(PLND)	is	now	recommended	primarily
for	patients	with	aggressive	cancers	(intermediate	and	high	risk),	whereas	low-risk	tumors	are	generally	managed
with	 AS	 (see	 previous	 discussion).	 Because	 of	 the	 risk	 inherent	 in	 major	 surgery,	 RP	 should	 be	 reserved	 for
patients	without	serious	systemic	comorbidity.	Although	the	risk	of	recurrence	after	RP	rises	with	higher	clinical
stage,	Gleason	grade,	and	serum	PSA	level,	no	absolute	cutoff	values	exclude	a	patient	as	a	candidate.

Surgical	Technique.	The	goals	of	modern	RP	are	 to	 remove	 the	entire	cancer	with	negative	surgical	margins,
minimal	blood	 loss,	 no	 serious	perioperative	 complications,	 and	 complete	 recovery	of	 continence	 and	potency.
Achieving	these	goals	requires	careful	surgical	planning.	Because	no	single	test	provides	a	reliable	estimate	of	the
size,	location,	and	extent	of	the	cancer,	we	rely	on	the	results	of	DRE,	serum	PSA	levels,	and	a	detailed	analysis
of	the	amount	and	grade	of	cancer	in	each	individually	labeled	biopsy	core,	along	with	multiparametric	MRI.	The
results	are	used	to	plan	the	steps	necessary	to	remove	the	cancer	completely	and	to	assess	the	likelihood	that	one
or	both	of	the	neurovascular	bundles	will	have	to	be	resected	partially	or	fully	to	minimize	the	risk	of	a	positive
surgical	margin.	The	retropubic	procedure	is	performed	either	through	a	suprapubic	incision	(open	RP)	or	using	a
minimal	access	(laparoscopic	or	robot-assisted	laparoscopic)	approach.	The	operation	should	be	exactly	the	same
internally,	regardless	of	the	method	of	access	(Table	70.4).

Selecting	Patients	for	Pelvic	Lymph	Node	Dissection.	Cancer	that	has	spread	to	the	pelvic	LN	carries	a	worse
prognosis	 than	 when	 the	 nodes	 are	 negative,	 enhancing	 accurate	 staging.	 However,	 the	 therapeutic	 benefit	 of
PLND	is	uncertain.	Overall	 rates	of	pelvic	LN	metastases	found	at	RP	vary	from	2%	to	35%	depending	on	the
extent	of	the	node	dissection,	whether	the	cancer	was	discovered	after	screening,	and	the	stage	and	grade	of	the
cancer.96	Men	with	low-risk	screen-detected	cancer	are	rarely	found	to	have	nodal	metastases	(0.5%	to	2%),96–98
so	PLND	is	generally	unnecessary,	but	it	may	be	indicated	if	imaging	studies	or	intraoperative	findings	suggest	a
more	 advanced	cancer.	 In	men	with	 intermediate-risk	prostate	 cancer,	LN	metastases	 are	 found	 in	5%	 (screen-
detected)	to	20%,	whereas	in	men	with	high-risk	cancer,	 the	rates	are	20%	to	50%,	respectively,	when	a	full	or
extended	PLND	is	performed.99–101	The	incidence	of	LN	metastases	increases	with	increasing	PSA,	clinical	stage,
and	Gleason	score.	Even	so,	controversy	persists	concerning	the	role	of	PLND	in	patients	with	prostate	cancer.

TABLE	70.4
Advantages	and	Disadvantages	of	Various	Surgical	Approaches	to	Radical	Prostatectomy

Claims	by	Minimally	Invasive	Surgeons:	Advantages Rebuttal	by	Open	Surgeons
Magnification	improves	visualization Magnification	achieved	with	surgical	loupes

Less	blood	loss Transfusion	rates	are	similar

Improved	visualization	permits	more	precise	dissection	of	the	prostatic
apex	and	neurovascular	bundles

Outcomes	fail	to	demonstrate	any	advantage	in	terms
of	continence	and	potency

Less	pain	and	quicker	recovery Postoperative	pain	and	recovery	are	comparable

Watertight	anastomosis	allows	earlier	catheter	removal No	difference	noted	in	most	large	series

Claims	by	Open	Surgeons:	Disadvantages Rebuttal	by	Minimally	Invasive	Surgeons
Lack	of	proprioception	compromises	cancer	control Positive	margin	rates	are	equivalent

Complication	rates	are	lower	with	open	surgery
Complication	rates	with	laparoscopic	surgery	decrease
with	experience

Mobilization	of	the	neurovascular	bundles	with	electrocautery
compromises	potency Potency	rates	are	similar

Significant	learning	curve Proctoring	reduces	learning	curve

Longer	operative	time No	rebuttal

Increased	cost No	rebuttal
Copyright	 MedReviews,	 LLC.	 Reprinted	 with	 permission	 of	 MedReviews,	 LLC.	 Lepor	 H.	 Open	 versus	 laparoscopic	 radical
prostatectomy.	Rev	 Urol	 2005;7(3):115–127.	 Reviews	 in	 Urology	 is	 a	 copyrighted	 publication	 of	 MedReviews,	 LLC.	 All	 rights
reserved.



Radical	Prostatectomy:	Surgical	Approach
RP	 is	 one	 of	 the	 most	 complex	 operations	 performed	 by	 urologists.	 The	 outcomes—cancer	 control,	 urinary
continence,	 and	 erectile	 function—are	 exquisitely	 sensitive	 to	 fine	 details	 in	 surgical	 technique.	 No	 surgeon
achieves	perfect	results,	and	outcomes	vary	dramatically	among	individual	surgeons.	Technical	refinements	have
resulted	in	lower	rates	of	urinary	incontinence,	higher	rates	of	recovery	of	erectile	function,	less	blood	loss,	fewer
transfusions,	shorter	hospital	stays,	and	lower	rates	of	positive	surgical	margins.	Laparoscopic	and	robot-assisted
RP	promised	better	 cancer	control	 and	 functional	 recovery,	but	numerous	 studies	have	confirmed	 that	 the	only
consistent	advantages	of	“minimally	invasive”	surgery	are	shorter	hospital	stays	and	fewer	blood	transfusions.	A
thorough	understanding	of	periprostatic	anatomy	and	vascular	control	by	contemporary	surgeons	further	increases
the	probability	of	a	successful	RP	with	reduced	morbidity.

Radical	Prostatectomy

Acute	Postoperative	Complications.	Refinements	 in	 anesthesia,	 perioperative	 care,	 and	 surgical	 technique	 have
decreased	blood	loss,	length	of	hospital	stay,	complications,	and	mortality	after	open	surgery.	The	mortality	rate
ranges	 from	 0.16%	 to	 0.66%	 in	 modern	 series,	 rising	 with	 increasing	 age	 and	 comorbidity.	 Deep	 venous
thrombosis	and	pulmonary	embolism	occur	in	approximately	2%	of	cases,	with	little	evidence	that	anticoagulants
or	 sequential	 pneumatic	 compression	 are	 preventive.	 Early	 ambulation	 and	 shorter	 hospital	 stays	 are	 likely
responsible	 for	 the	 lower	 rate	 of	 thromboembolic	 events.	 Routine	 perioperative	 anticoagulation	 is	 not	 used
because	of	the	increased	risks	of	bleeding	and	lymphocele.	Rectal	injuries	are	uncommon.	Standardized	treatment
pathways	have	been	shown	to	decrease	the	cost	of	radical	retropubic	prostatectomy	without	compromising	quality
of	care.	Hospital	stays	now	average	2	days	for	open	RP	and	1	day	for	robot-assisted	RP.

Cancer	Control	with	Radical	Prostatectomy

Benefits	 of	 Surgery	 Relative	 to	 Active	 Surveillance.	 The	 most	 compelling	 evidence	 that	 selected	 patients	 with
prostate	 cancer	 benefit	 from	 active	 treatment	 compared	 with	 watchful	 waiting	 comes	 from	 the	 Scandinavian
randomized	trial	(Scandinavian	Prostate	Cancer	Group	Trial	Number	4	[SPCG-4])	of	695	unscreened	men	with
clinically	localized	prostate	cancer.102	Over	23	years	of	follow-up,	RP	(compared	with	watchful	waiting)	reduced
the	risk	of	death	from	any	cause	by	29%	and	risk	of	death	from	prostate	cancer	by	44%	(an	absolute	difference	of
11%).	The	need	for	subsequent	ADT	was	reduced	by	51%,	and	clinical	local	recurrence	was	reduced	by	66%.	At
18	years	of	follow-up,	the	number	needed	to	treat	to	prevent	one	death	from	prostate	cancer	was	eight	overall	and
four	in	men	younger	than	65	years.	This	elegant	study	firmly	documents	the	overall	benefit	of	RP	in	patients	with
clinically	localized	prostate	cancer	diagnosed	in	the	absence	of	systematic	screening.103

In	a	population	of	men	subjected	to	widespread	PSA	screening,	the	benefit	of	surgery	for	prostate	cancer	was
tested	in	the	Prostate	Cancer	Intervention	Versus	Observation	Trial	(PIVOT).104	This	 trial	was	conducted	 in	 the
United	States	and	randomly	assigned	731	men	with	clinically	localized	prostate	cancer	to	RP	or	observation.	The
mean	age	was	67	years,	the	median	PSA	level	was	7.8	ng/mL,	and	approximately	three-quarters	of	the	men	had	a
biopsy	as	a	consequence	of	an	elevated	PSA;	half	had	no	palpable	tumor	(cT1c),	and	70%	had	low-grade	(Gleason
≤6)	cancer	on	biopsy.	There	were	no	differences	in	overall	or	cancer-specific	mortality	between	the	two	arms	of
the	trial.	There	were	clear	indications,	however,	that	RP	reduced	the	risk	of	dying	of	cancer	in	the	subset	of	men
who	had	aggressive	cancers,	including	those	men	with	a	pretreatment	PSA	>10.0	ng/mL	and	those	with	high-risk
cancers.

Taken	together,	these	two	trials	indicate	that	most	men	with	cancers	detected	without	screening	and	those	with
screen-detected	intermediate-	and	high-risk	cancers	have	less	risk	of	metastases	and	of	death	from	prostate	cancer
when	treated	with	early	RP	than	with	observation	alone.	In	contrast,	men	with	screen-detected	low-risk	cancer	can
be	 managed	 safely	 with	 AS	 and	 do	 not	 need	 immediate	 surgery	 or	 radiotherapy.	 Life	 expectancy	 should	 be
considered	 in	 the	 choice	 of	 immediate	 therapy	 or	 AS,	 as	 the	 risks	 of	 RP	 increase	 and	 benefits	 decline
progressively	with	age	and	comorbidity.

Progression	 rates	 after	RP	 depend	 on	 the	 clinical	 stage,	 biopsy	Gleason	 score,	 and	 serum	PSA	 level	 before
surgery	 as	 well	 as	 pathologic	 findings	 in	 the	 surgical	 specimen.	 After	 RP,	 the	 PSA	 level	 should	 become
undetectable.	Cancer	control,	as	measured	by	freedom	from	BCR,	is	excellent	after	RP	and	is	reproducible	among
many	large	series	(Table	70.5).105–114	Of	12,086	patients	 treated	with	RP	between	1966	and	2003,	69%	to	84%
were	free	of	progression	at	5	years,	and	47%	to	78%	at	10	years.

Fifteen-year	outcomes	have	been	reported	after	RP	based	on	preoperative	and	pathologic	factors	(Table	70.6).
Bianco	et	al.105	calculated	the	risk	of	recurrence	in	1,743	consecutive	patients	with	clinical	stage	T1	to	T3	N0	or
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NX	M0	cancer	 treated	with	RP	and	followed	with	serum	PSA	levels	for	a	mean	of	72	months	(range,	1	 to	240
months).	Failure	after	RP	was	defined	as	 a	 rising	 serum	PSA	>0.2	ng/mL,	clinical	 evidence	of	 local	or	distant
recurrence,	 or	 the	 initiation	of	 adjuvant	 radiotherapy	or	hormonal	 treatment.	At	5	years	84%	of	patients,	 at	 10
years	78%,	and	at	15	years	73%	were	free	of	progression	(see	Table	70.5).

Once	 the	 prostate	 is	 removed,	 the	most	 powerful	 prognostic	 factor	 is	 the	 pathologic	 stage	 (see	Table	70.6).
When	 the	cancer	 is	 confined	 to	 the	prostate	 (defined	as	cancer	not	extending	 into	 the	periprostatic	 soft	 tissue),
92%	to	98%	of	patients	remain	free	of	progression	at	5	years	and	88%	to	96%	remain	free	10	years	after	RP.105
Focal	penetration	through	the	pseudocapsule	into	the	periprostatic	soft	tissue	alone,	in	the	absence	of	SVI,	results
in	 a	 73%	 10-year	 nonprogression	 rate.	 Established	 (extensive)	 penetration	 through	 the	 prostatic	 pseudocapsule
into	the	periprostatic	soft	tissue,	in	the	absence	of	SVI,	results	in	a	42%	10-year	nonprogression	rate.	Even	some
patients	with	SVI	(pT3	cN0)	can	be	cured	with	surgery,	with	30%	being	free	of	disease	recurrence	at	10	years	(see
Table	70.6).

TABLE	70.5
Freedom	from	Prostate-Specific	Antigen	Progression	After	Radical	Retropubic
Prostatectomy

Group	(Ref.) No.	of	Patients
Clinical	Stage Years	of	RP PSA	Nonprogression	(%)

5-y 10-y 15-y

Han	et	al.107 2,091a T1c–T2	NX 1982–1999 84 72 61

Trapasso	et	al.109 601b T1–T3	NX 1987–1992 69 47 —

Zincke	et	al.110 3,170c T1–T2	NX 1966–1991 70 52 40

Roehl	et	al.106 3,478c T1–T3	NX 1983–2003 80 68 —

Hull	et	al.108 1,000d T1–T2	NX 1983–1998 78 75 —

Bianco	et	al.105 1,746e T1–T3	NX 1983–2003 82 77 75
aProgression	defined	as	a	serum	PSA	≥0.2	ng/mL.
bProgression	defined	as	a	serum	PSA	>0.4	ng/mL.
cProgression	defined	as	a	serum	PSA	>0.3	ng/mL.
dProgression	defined	as	a	serum	PSA	≥0.4	ng/mL.
eProgression	defined	as	a	serum	PSA	≥0.4	ng/mL	before	1996	and	≥0.2	ng/mL	afterward.
RP,	radical	prostatectomy;	PSA,	prostate-specific	antigen.

The	slow	clinical	progression	of	prostate	cancer	after	RP	has	led	to	the	widespread	use	of	PSA	recurrence	as
the	primary	end	point	for	evaluating	treatment	outcome.	However,	doing	so	ignores	the	fact	that	the	prognosis	of
men	in	the	rising	PSA	state	is	highly	variable	and	that	the	rising	PSA	by	itself	does	not	necessarily	mean	that	a
patient	will	develop	metastatic	disease,	develop	symptoms,	or	die	of	his	cancer.	For	many,	the	threat	posed	to	a
man’s	duration	and	quality	of	survival	is	limited	at	best.

Reports	of	 long-term,	prostate	cancer–specific	survival	 rates	after	RP	have	clearly	shown	 that	many	patients
with	PSA	recurrence	do	not	die	from	prostate	cancer.	The	long-term	risk	of	PCSM	after	RP	for	patients	treated	in
the	era	of	widespread	PSA	screening	has	recently	been	estimated	based	on	a	multi-institutional	cohort	of	12,677
patients	 treated	with	RP	between	 1987	 and	 2005.77	 Fifteen-year	 PCSM	 and	 all-cause	mortality	were	 12%	 and
38%,	respectively.	The	estimated	PCSM	ranged	from	5%	to	38%	for	patients	in	the	lowest	and	highest	quartiles	of
nomogram-predicted	 risk	 of	 PSA-defined	 recurrence	 (Table	 70.7).	 Only	 4%	 of	 contemporary	 patients	 had	 a
predicted	15-year	PCSM	of	>5%.

Clearly,	 few	 patients	 will	 die	 from	 prostate	 cancer	 within	 15	 years	 of	 RP,	 despite	 the	 presence	 of	 adverse
clinical	 features.	 It	 is	not	known	whether	 this	 favorable	prognosis	 is	 related	 to	 the	effectiveness	of	RP	(with	or
without	 secondary	 therapy)	 or	 to	 the	 low	 lethality	 of	 cancers	 detected	 by	 early	 screening.	 Although	 year	 of
surgery,	biopsy	Gleason	grade,	and	PSA	level	are	associated	with	PCSM	risk,	an	individual	patient’s	risk	cannot
be	 predicted	 on	 the	 basis	 of	 clinical	 features	 alone.	 Further	 research	 is	 needed	 to	 identify	 novel	 markers
specifically	associated	with	the	biology	of	lethal	prostate	cancer.

High-Risk	Prostate	Cancer.	Monotherapy	 is	often	believed	 to	be	 inadequate	 for	high-risk	 cancers,	 and	 some
clinicians	are	reluctant	to	consider	RP	in	high-risk	patients.	However,	there	are	no	standardized	criteria	to	define
high-risk	 before	 definitive	 treatment.	 Among	 4,708	 patients	 undergoing	 RP,	 high-risk	 patients	 were	 identified



based	 on	 eight	 established	 definitions,	 and	 their	 pathologic	 characteristics	 and	 PSA	 outcomes	 were	 examined
(Table	70.8).	Depending	on	the	definition	used,	high-risk	patients	composed	3%	to	38%	of	the	study	population.
Among	patients	defined	as	high	risk,	22%	to	63%	of	tumors	proved	to	be	confined	to	the	prostate	on	pathologic
examination.	Although	high-risk	 patients	 had	 a	 1.8-	 to	 4.8-fold	 increased	hazard	 of	PSA	 relapse,	 their	 10-year
relapse-free	probability	after	RP	alone	was	41%	to	74%	(see	Table	70.8).113	Disease-specific	survival	at	12	years
was	between	78%	 to	94%	(Table	70.9).114	Of	 the	 high-risk	 patients	who	 relapsed,	 25%	 (across	 all	 definitions)
relapsed	>2	years	after	surgery,	and	in	26%	to	39%,	the	PSADT	at	recurrence	was	≥10	months.	New	criteria	are
needed	to	identify	those	patients	who	need	the	integration	of	systemic	therapy	to	improve	outcomes	beyond	what
can	be	achieved	with	monotherapies	directed	to	the	prostate	itself.115

Radiotherapy	for	Localized	Prostate	Cancer
Radiotherapy	 given	 by	 external	 beam	 or	 brachytherapy	 techniques	 is	 a	 second	 treatment	 option	 for	men	with
clinically	localized	prostate	cancers.	With	the	availability	of	sophisticated	treatment	planning	systems	and	image-
guided	 approaches,	 there	have	been	 significant	 advances	 in	 radiotherapy	 enabling	higher	doses	 to	be	delivered
more	 safely,	 and	 concomitant	 improvements	 in	 disease-free	 survival	 outcomes.	 Intensity-modulated	 external-
beam	radiotherapy	(IMRT)	has	become	a	standard	mode	of	treatment	delivery	and	has	facilitated	the	application
of	higher	radiation	dose	levels	of	≥80	Gy,	with	lower	risks	of	late	rectal	and	urinary	toxicities.	Such	treatments
coupled	with	 image	guidance	have	 enabled	 the	 routine	use	of	 tighter	margins,	 incorporating	 less	 normal	 tissue
within	the	high-dose	region	and	leading	to	further	decrements	in	late	toxicities.116	Brachytherapy	using	permanent
(low-dose-rate	 [LDR])	 or	 temporary	 radioactive	 implants	 (high-dose-rate	 [HDR])	 within	 the	 prostate	 alone	 or
combined	with	 IMRT	 is	 another	 commonly	 used	 radiotherapeutic	 approach.	 This	 approach	 has	 also	 improved
with	more	 accurate	 image	 guidance	 and	 intraoperative	 real-time	 planning	 for	 brachytherapy,	 resulting	 in	more
highly	conformal	dose	distributions,	which	in	turn	has	resulted	in	better	outcomes	and	lower	toxicity	rates,	relative
to	what	has	been	previously	reported.	In	some	cases,	ADT	is	used	in	several	contexts:	to	improve	local	eradication
of	 locally	 advanced	 tumors	 by	 reducing	 tumor	 size,	 to	 eliminate	 tumor	 clonogens	 inherently	 resistant	 to
radiotherapy	 by	 impairing	 DNA	 repair	 pathways,	 and/or	 to	 reduce	 prostate	 volumes	 by	 30%	 to	 40%,	 which
improves	the	ability	to	deliver	maximal	radiation	dose	levels	without	exceeding	the	tolerance	for	the	surrounding
normal	tissue.	Hormone	therapy	also	has	a	favorable	effect	on	micrometastatic	disease	that	may	be	present	at	the
time	of	diagnosis	in	men	with	high-risk	tumors.

There	are	several	criteria	used	to	help	select	the	most	appropriate	radiotherapeutic	intervention	for	the	patient
with	 localized	disease.	For	patients	with	 low-risk	disease	 in	whom	AS	may	not	be	 considered—owing	 to	PSA
velocity,	 the	 presence	 of	 a	 dominant	 lesion	 on	 imaging	 studies,	 or	 a	 larger	 volume	 of	 disease	 determined	 by
biopsy—EBRT	as	monotherapy	or	brachytherapy	alone	are	excellent	treatment	options.

Larger	 prostate	 volumes,	 the	 presence	 of	 urinary	 obstructive	 symptoms,	 and	 medical	 comorbidities	 may
influence	 the	 selection	 away	 from	 a	 brachytherapy-based	 treatment.	 In	 contrast,	 brachytherapy	 may	 be	 the
preferred	choice	for	patients	without	these	factors	because	of	its	excellent	ablative	capabilities	(leading	to	long-
term	PSA	 relapse-free	 survival	 [RFS]	 outcomes)	 and	 its	 convenience	 (as	 a	 treatment	 accomplished	 in	 a	 single
outpatient	 setting).	 For	 patients	 with	 intermediate-	 and	 higher	 risk	 disease,	 combined	 modality	 treatments
including	 brachytherapy	 and	 supplemental	 IMRT	 are	 preferred	 to	 allow	 for	 the	 delivery	 of	 a	 high	 and
concentrated	 dose	 of	 radiation	 to	 the	 prostate.	 In	 fact,	 in	 a	 recently	 published	 randomized	 trial,	 significant
improvements	in	the	long-term	biochemical	RFS	outcomes	were	demonstrated	among	patients	who	were	treated
with	 combined	 brachytherapy	 and	 supplemental	 EBRT	 compared	 to	 high-dose	 conformal	 EBRT	 alone.117
Moderate	hypofractionated	EBRT	regimens	are	becoming	more	frequently	used	due	to	the	emergence	of	favorable
results	 of	 phase	 III	 trials	 and	 represent	 another	 therapeutic	 option	 for	 patients	 with	 localized	 disease.
Ultrahypofractionated	EBRT	regimens	delivered	via	stereotactic	body	radiation	therapy	have	generated	increasing
interest;	however,	although	the	early	results	are	excellent	and	appear	comparable	to	the	best	results	achieved	with
IMRT,	the	long-term	results	of	this	approach	are	not	yet	available,	and	results	of	ongoing	trials	are	awaiting	more
mature	follow-up.

TABLE	70.6
Actuarial	5-,	10-,	and	15-y	(Prostate-Specific	Antigen-Based)	Nonprogression	Rates	(%)	After
Radical	Retropubic	Prostatectomy	for	Clinically	Localized	Prostate	Cancer	According	to
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Preoperative	and	Pathologic	Factors

	

Johns	Hopkins	Universitya MSKCC	SPORE	in	Prostate	Cancer	Databaseb
5-y 10-y 15-y 5-y 10-y 15-y

No.	of	patients 2,404 2,404 2,404 4,037 4,037 4,037

BCR 412 412 412 630 630 630

BCR-free	(%) 84 74 66 82 75 73

Actuarial	Nonprogression	Rate	(95%	CI)	by	Preoperative	Serum	PSA	(ng/mL)
≤4 94	(92–96) 91	(87–93) 67	(34–86) 92	(89–95) 89	(85–93) 86	(80–92)

>4	and	≤10 89	(86–91) 79	(74–83) 75	(69–80) 87	(85–89) 80	(77–83) 78	(74–81)

>10	and	≤20 73	(68–78) 57	(48–64) 54c	(44–63) 75	(72–78) 68	(64–71) 66	(62–70)

>20 60	(49–69) 48	(36–59) 48	(36–59) 58	(54–62) 52	(47–57) 50	(43–56)

Actuarial	Nonprogression	Rate	(95%	CI)	by	Clinical	Stage
cT1ab 90	(83–95) 85	(76–91) 75	(58–86) 90	(85–95) 85	(79–92) 83	(76–90)

cT1c 91	(88–93) 76	(48–90) 76c	(48–90) 88	(86–90) 79	(73–85) NA

cT2a 86	(83–88) 75	(71–79) 66	(59–72) 85	(82–88) 77	(71–83) 75	(70–80)

cT2b 75	(70–79) 62	(56–68) 50	(41–58) 74	(70–79) 69	(64–75) 69	(64–75)

cT2c 71	(61–79) 57	(45–68) 57	(45–68) 71	(68–75) 64	(59–68) 62	(57–67)

cT3 60	(45–72) 49	(34–63) NA 54	(44–64) 51	(40–62) NA

Actuarial	Nonprogression	Rate	(95%	CI)	by	Specimen	Gleason	Sum
2–4 100 100 100 100 100 100

5 98	(96–99) 94	(90–96) 86	(78–92) 92	(90–94) 89	(86–92) 88	(84–92)

6 95	(93–97) 88	(83–92) 73	(59–82) 91	(89–93) 83	(80–86) 81	(78–85)

s7	(All) 73	(69–76) 54	(48–59) 48	(41–56) 77	(75–79) 70	(66–74) 67	(63–72)

3	+	4 81	(77–84) 60	(53–67) 59	(51–65) 82	(79–84) 74	(69–79) 72	(62–82)

4	+	3 53	(44–61) 33	(22–43) 33	(22–43) 60	(50–70) 53	(44–64) 53	(44–64)

8–10 44	(36–52) 29	(22–37) 15	(5–28) 41	(35–47) 33	(24–42) NA

Actuarial	Nonprogression	Rate	(95%	CI)	by	Pathologic	Stage
Organ	confined 97	(95–98) 93	(90–95) 84	(77–90) 93	(92–94) 89	(87–91) 87	(85–89)

EPE+,	GS	<7,	SM− 97	(94–98) 93	(89–96) 84	(70–92) 92	(89–94) 89	(84–94) 86	(79–92)

EPE+,	GS	<7,	SM+ 89	(80–94) 73	(61–82) 58	(41–71) 74	(64–84) 65	(54–76) 65	(54–76)

EPE+,	GS	≥7,	SM− 80	(75–85) 61	(52–68) 59	(50–67) 76	(66–86) 68	(61–75) 65	(56–74)

EPE+,	GS	≥7,	SM+ 58	(49–66) 42	(32–52) 33	(23–44) 60	(53–67) 55	(44–66) 55	(44–66)

SV+,	LN−
48	(38–58) 30	(19–41) 17	(5–35)

44	(38–50) 31	(24–38) 28	(19–37)

LN+ 26	(19–35) 10	(5–18) 0 25	(18–32) 15	(5–25) 0

Negative	margins NA NA NA 87	(86–88) 81	(79–83) 79	(76–82)

Positive	margins NA NA NA 66	(63–69) 56	(52–60) 54	(49–59)
MSKCC	 SPORE,	 Memorial	 Sloan	 Kettering	 Cancer	 Center	 Specialized	 Programs	 of	 Research	 Excellence;	 BCR,	 biochemical
recurrence;	CI,	confidence	interval;	PSA,	prostate-specific	antigen;	NA,	not	applicable;	EPE,	extraprostatic	extension;	GS,	Gleason
sum;	SM,	surgical	margin;	SV,	seminal	vesicles;	LN,	lymph	node.
aSingle	surgeon	series.	From	Han	M,	Partin	AW,	Pound	CR,	et	al.	Long-term	biochemical	disease-free	and	cancer-specific	survival
following	anatomic	radical	retropubic	prostatectomy.	The	15-year	Johns	Hopkins	experience.	Urol	Clin	North	Am	2001;28(3):555–
565.
bIncludes	1,092	radical	prostatectomies	performed	by	a	single	surgeon.
cFourteen-year	data.

External-Beam	Radiotherapy

Intensity-Modulated	Radiotherapy	and	Image-Guided	Techniques.	IMRT,	a	type	of	conformal	radiotherapy
(CRT),	has	become	a	standard	mode	of	 treatment	planning	for	patients	with	 localized	prostate	cancer	and	takes
advantage	of	inverse-planning	methods	to	optimize	dose	distribution.	Inverse	planning	is	part	of	a	mathematical
optimization	algorithm	that	creates	a	treatment	plan	based	on	predefined,	desired	dose-distribution	parameters	for



the	target	and	dose	constraints	imposed	on	the	normal	tissues.	The	highly	conformal	radiation	beam	is	produced
with	the	ability	to	vary	the	intensities	of	the	x-rays	from	each	treatment	field	over	the	entire	cross-section	of	the
beam.

TABLE	70.7
Risk	of	Prostate	Cancer–Specific	Mortality	at	10	and	15y	After	Radical	Prostatectomya

Variable
Patientsb Eventsb 10-y	PCSM 15-y	PCSM
No. % No. % % 95%	CI % 95%	CI

Nomogram-Predicted	5-y	PFP	(%)
76–99 8,555 73 51 26 1.8 1.2–2.4 5 3–7

51–75 2,228 19 75 38 6 4–7 15 10–21

26–50 656 6 40 21 9 6–12 16 9–22

1–25 209 2 29 15 15 9–22 38 19–56

Risk	Group
PSA	<10,	Gleason	score	6,	T1c	or	T2a 5,200 46 14 7 0.9 0.3–1.5 2 0.3–4

PSA	10–20,	Gleason	score	7,	T2b 4,184 37 64 32 4 2–5 10 6–14

PSA	>20,	Gleason	score	8–10,	T2c–T3 1,962 17 121 61 8 7–10 19 14–24

Pretreatment	PSA	(ng/mL)
<4 2,285 18 18 9 2 1–4 4 1–7

4–10 7,574 61 75 37 3 2–4 9 5–12

10.1–20 1,874 15 50 24 4 3–6 11 6–15

20.1–50 726 6 62 30 10 7–12 22 15–30

1992	TNM	Clinical	Stage
T1ab 174 2 4 2 2 0–4 6 0–12

T1c 6,413 56 28 14 2 1–3 6 5–7

T2a 2,520 22 42 21 3 2–4 7 4–10

T2b 1,461 13 57 29 5 3–7 14 9–19

T2c 714 6 38 19 7 4–9 12 8–17

T3 254 2 28 14 15 9–21 38 22–54

Biopsy	Gleason	Score
2–6 7,454 65 78 40 2 1–3 6 4–8

7 3,292 29 55 28 5 3–7 17 8–26

8–10 702 6 61 32 16 11–20 34 23–46
aValues	were	based	on	a	previously	validated	nomogram,	risk	groups,	clinical	stage,	pretreatment	PSA,	and	biopsy	Gleason	score.
bPercentages	refer	to	proportion	of	total	in	each	category.
PCSM,	prostate	cancer–specific	mortality;	CI,	confidence	interval;	PFP,	progression-free	probability;	PSA,	prostate-specific	antigen;
TNM,	tumor,	node,	metastasis.
From	Stephenson	AJ,	 Kattan	MW,	Eastham	 JA,	 et	 al.	 Prostate	 cancer-specific	mortality	 after	 radical	 prostatectomy	 for	 patients
treated	in	the	prostate-specific	antigen	era.	J	Clin	Oncol	2009;27(26):4300–4305,	with	permission.

TABLE	70.8
Estimates	of	5-	and	10-y	Progression-Free	Probability	in	Men	Undergoing	Radical
Prostatectomy	for	High-Risk	Prostate	Cancer

High-Risk	Definition BCR/No.	of	Patients 5-y	PFP	(95%	CI) 10-y	PFP	(95%	CI)
Biopsy	Gleason	8–10 109/274 53	(46–60) 42	(38–56)

Preoperative	PSA	≥20 121/275 56	(50–62) 47	(40–54)

1992	TNM	stage	T3 62/144 49	(39–58) 41	(29–53)

PSA	≥20	or	≥T2c	or	GS	≥8 299/957 68	(65–71) 59	(55–63)
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Nomogram	5-y	PFP	≤50% 180/391 53	(47–57) 43	(36–49)

PSA	≥20	or	≥T3	or	GS	≥8 234/605 57	(53–62) 50	(44–55)

PSA	≥15	or	≥T2b	or	GS	≥8 466/1,752 73	(71–75) 65	(62–68)

PSA	velocity	>2	ng/mL/y 161/952 80	(77–83) 74	(70–78)
BCR,	biochemical	relapse;	PFP,	progression-free	probability;	CI,	confidence	interval;	PSA,	prostate-specific	antigen;	TNM,	tumor,
node,	metastasis;	GS,	Gleason	score.
From	Yossepowitch	O,	Eggener	SE,	Bianco	FJ	Jr,	et	al.	Radical	prostatectomy	 for	clinically	 localized,	high	 risk	prostate	cancer:
critical	analysis	of	risk	assessment	methods.	J	Urol	2007;178(2):493–499,	with	permission.

More	 recently,	 image-guided	 approaches	 have	 enhanced	 IMRT	 delivery.	 Acquisition	 of	 CT	 images	 or
kilovoltage	images	on	the	treatment	machine	immediately	before	the	radiation	treatment	allows	for	visualization
of	the	target	and	correction	of	its	position,	which	can	fluctuate	on	a	daily	basis,	related	to	bladder	or	rectal	filling.
Linac-based	kilovoltage	image	guidance	systems	have	become	commercially	available;	they	possess	capabilities
for	kilovoltage	two-dimensional	projection	imaging	(radiographs),	fluoroscopy,	and	three-dimensional	cone-beam
CT,	 and	 are	 thus	 ideally	 suited	 for	 monitoring	 inter-	 and	 intrafractional	 motion.	 The	 use	 of	 image-guided
radiotherapy	and	enhanced	target	localization	have	successfully	led	to	a	further	reduction	of	safety	margins	and	a
potential	 decrease	 in	 morbidity	 related	 to	 ultrahypofractionated	 regimens.	 A	 recent	 retrospective	 report
demonstrated	reduced	urinary-related	treatment	 toxicities	and	improved	tumor	control	outcomes	among	patients
with	clinically	localized	prostate	cancer	treated	with	image-guided	approaches,	compared	with	patients	not	treated
with	image-guided	therapy.116	Among	a	cohort	of	patients	treated	to	dose	levels	of	86.4	Gy,	the	incidence	of	late
grade	 2	 urinary	 toxicities	 was	 20%	 for	 those	 treated	 without	 daily	 image	 guidance,	 compared	 with	 10%	 for
patients	treated	with	daily	image	guidance	and	target	positional	corrections	(P	=	.02).

TABLE	70.9
Estimated	10-y	Disease-Specific	Mortality	After	Radical	Prostatectomy	for	Patients	with	High-
Risk	Cancer	by	Various	Definitions

High-Risk	Definition 10-y	DSM	(95%	CI)
Biopsy	Gleason	8–10 12	(7–19)

Preoperative	PSA	≥20 9	(6–13)

1992	TNM	stage	T3 11	(7–19)

PSA	≥20	or	≥T2c	or	GS	≥8 7	(5–9)

Nomogram	5-y	PFP	≤50% 8	(6–12)

PSA	≥20	or	≥T3	or	GS	≥8 8	(6–11)

PSA	≥15	or	≥T2b	or	GS	≥8 5	(4–7)

PSA	velocity	>2	ng/mL/y 3	(2–6)
DSM,	 disease-specific	 mortality;	 CI,	 confidence	 interval;	 PSA,	 prostate-specific	 antigen;	 TNM,	 tumor,	 node,	 metastasis;	 GS,
Gleason	score;	PFP,	progression-free	probability.
From	Yossepowitch	O,	Eggener	SE,	Serio	AM,	et	al.	Secondary	 therapy,	metastatic	progression,	and	cancer-specific	mortality	 in
men	with	clinically	high-risk	prostate	cancer	treated	with	radical	prostatectomy.	Eur	Urol	2008;53(5):950–959,	with	permission.

Definition	 of	 Target	 Volume.	 The	 multifocal	 nature	 of	 prostate	 cancer	 and	 the	 well-documented	 risk	 of
microscopic	extracapsular	extension	(ECE),	even	for	patients	with	early	clinical	stages	of	disease,	are	important
considerations	that	influence	the	design	of	the	target	volume	for	radiation	treatment	planning.	The	clinical	target
volume	 (CTV)	 includes	 the	 entire	 prostate	 gland	 and	 immediate	 periprostatic	 tissues,	 as	 well	 as	 the	 seminal
vesicles,	as	visualized	on	CT.	For	patients	with	low-risk	disease	with	unremarkable	imaging	studies,	the	CTV	may
exclude	 the	 seminal	 vesicles,	 owing	 to	 the	 low	 likelihood	of	 disease	 involvement.	The	 planning	 target	 volume
places	an	additional	margin	around	 the	CTV	to	 take	 into	account	patient	 setup	uncertainties	and	organ	motion.
With	the	use	of	image-guided	approaches,	the	margin	can	be	safely	reduced	to	5	to	6	mm	around	the	CTV,	except
at	the	prostate–rectal	interface,	where	an	even	tighter	margin	(3	to	5	mm)	is	used.

Role	of	Dose	Escalation	 in	Patients	with	Clinically	Localized	Disease.	Findings	 from	several	 randomized
phase	 III	 trials	 (Table	 70.10)118–122	 and	 the	 long-term	 results	 of	 single-institution	 studies123–126	 demonstrate	 a
significant	 improvement	 in	 treatment	outcomes	with	higher	 radiation	doses	 in	patients	with	 clinically	 localized
disease.	As	shown	in	Table	70.10,	these	studies	have	generally	demonstrated	a	10%	to	20%	improvement	in	5-	to



10-year	PSA	survival	outcomes,	respectively,	when	higher	doses	of	78	to	80	Gy	are	applied,	compared	with	dose
levels	of	70	Gy,	and	such	benefits	have	been	observed	for	low-,	intermediate-,	and	high-risk	cohorts.	Although	OS
benefits	have	not	been	demonstrated	with	dose	escalation,	 improvements	 in	distant	metastases–free	survival	are
emerging	with	 longer	 follow-up,	 suggesting	 that	 survival	 benefits	will	 be	 seen	 as	 these	 studies	mature.	 In	 one
report,	a	reduction	in	death	due	to	prostate	cancer	was	noted	at	10	years	for	intermediate-	and	high-risk	patients
treated	with	doses	of	78	Gy,	compared	with	those	treated	at	70	Gy.

For	patients	with	 intermediate-risk	and	especially	high-risk	disease,	doses	beyond	80	Gy	may	be	required	 to
achieve	 optimal	 tumor	 control	 outcomes.	 To	 do	 so	 requires	 ultrahigh-dose	 IMRT,	 which	 constrains	 the	 dose
delivered	to	normal	tissues,	such	as	the	bladder	and	the	rectum.	In	a	recent	update	of	the	long-term	outcomes	of
ultrahigh-dose	IMRT	at	Memorial	Sloan	Kettering	Cancer	Center	(MSKCC),	1,002	patients	treated	with	86.4	Gy,
using	 a	 five-	 to	 seven-field	 IMRT	 technique,	 had	 7-year	 PSA-RFS	 rates	 of	 99%,	 86%,	 and	 68%	 for	 low-,
intermediate-,	 and	high-risk	 patients,	 respectively.	The	 incidence	of	 distant	metastases	 for	 these	 respective	 risk
groups	was	0.5%,	6%,	and	18%	at	7	years,	and	incidence	of	grade	3	rectal	and	urinary	toxicities	was	0.7%	and
2.2%.	The	median	follow-up	was	5.5	years.127

It	 would	 appear	 however	 that	 the	 most	 effective	 form	 of	 dose	 intensification	 is	 achieved	 when	 EBRT	 is
combined	with	brachytherapy.	In	such	cases,	the	biologic	dose	is	enhanced	with	the	combined	treatments	leading
to	a	greater	ablative	effect	on	 the	prostatic	epithelium.	A	retrospective	comparison	from	MSKCC	demonstrated
improved	 long-term	 PSA	 RFS	 outcomes	 and	 a	 reduction	 in	 the	 incidence	 of	 distant	 metastases	 among
intermediate-risk	 patients	 treated	 with	 brachytherapy	 combined	 with	 IMRT	 compared	 to	 high-dose	 IMRT
alone.128

TABLE	70.10
Phase	III	External-Beam	Radiotherapy	Dose	Escalation	Studies

Study	(Ref.)

No.	of
Patients

Median
Follow-
up Treatment	Arms

PSA	Relapse-Free
Survival	Outcome

P
Value

Beckendorf	et
al.118/GETUG-
06 306 5	y 80	vs.	70	Gy

At	5	y:	overall	results
High	dose,	72%
Low	dose,	61% .039

Al-Mamgani	et
al.119 669 70	mo

78	vs.	68	Gy	(neoadjuvant	short-term	and	long-term	ADT
used	in	two	participating	institutions	for	high-risk	patients)

At	7	y:	intermediate-
and	high-risk
patients
High	dose,	54%
Low	dose,	47% <	.04

Kuban	et	al.120 301 8.7	y 78	vs.	70	Gy	(no	ADT	given)

At	8	y:	overall	results
High	dose,	78%
Low	dose,	59%
At	8	y:	PSA	>10
ng/mL
High	dose,	78%
Low	dose,	39%

.004

	
<
.001

Zietman	et
al.121 393 8.9	y

79.2	Gy	equivalent	vs.	70.2	Gy	equivalent	(dose
delivered	with	combination	of	protons/photons)

At	10	y:	overall
results
High	dose,	83%
Low	dose,	68%
At	10	y:	low-risk
patients
High	dose,	93%
Low	dose,	72%

<
.001

	
<
.001

Dearnaley	et
al.122/MRC-
RT01 843 10	y

74	vs.	64	Gy	30-CRT	(3–6	mo	neoadjuvant	+	concurrent
ADT	administered)

At	10	y:	low-risk
patients
High	dose,	55%
Low	dose,	43% .0003

PSA,	prostate-specific	antigen;	GETUG,	Genitourinary	Tumor	Group;	ADT,	androgen	deprivation	therapy;	MRC,	Medical	Research
Council;	CRT,	conformal	radiotherapy.

These	 improved	 results	 may	 be	 associated	 with	 the	 greater	 radiation	 dose	 intensity	 associated	 with
brachytherapy	compared	to	EBRT.	Recently,	a	randomized	trial,	ASCENDE	RT,	accrued	398	intermediate-	and
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high-risk	 patients	who	were	 randomized	 to	 receive	EBRT	 alone	 or	ERBT	 to	 46	Gy	 to	 the	 prostate	 and	 pelvis
followed	by	a	boost	 to	a	final	dose	of	78	Gy	compared	to	46	Gy	followed	by	and	LDR	brachytherapy	implant.
Both	arms	were	treated	with	12	months	of	ADT	and	the	median	follow-up	was	6.5	years.	Improved	tumor	control
outcomes	 were	 observed	 in	 the	 combined	 regimen	 cohort.117	 These	 data	 indicate	 improved	 tumor	 control
outcomes	with	combined	regimen	for	intermediate-	and	high-risk	patients.129

Sequelae	of	External-Beam	Radiotherapy.	Complication	rates	after	EBRT	vary	as	a	function	of	the	dose,	the
volume	of	normal	 tissues	 irradiated	at	particular	dose	 levels,	and	 the	 treatment	 field.	Acute	symptoms	 typically
appear	during	the	third	week	of	treatment	and	resolve	within	days	to	weeks	after	its	completion.	Acute	intestinal
symptoms,	 especially	 those	 associated	with	whole	 pelvic	 irradiation,	 are	most	 commonly	 relieved	with	 dietary
manipulations.	 Otherwise,	 medications	 such	 as	 loperamide	 hydrochloride	 (Imodium;	McNEIL-PPC,	 Inc.,	 Fort
Washington,	 PA)	 or	 diphenoxylate	 hydrochloride	 and	 atropine	 sulfate	 (Lomotil;	 Pfizer,	 New	 York,	 NY)	 are
appropriate	 to	 relieve	 symptoms.	 Internal	 and	 external	 hemorrhoids,	 which	 may	 become	 inflamed	 during	 the
course	 of	 therapy,	 are	 often	 best	 treated	 with	 sitz	 baths	 and	 hydrocortisone	 suppositories.	 Patients	 may	 also
experience	 changes	 in	 the	 consistency	 of	 their	 bowel	 movements	 or	 an	 increase	 in	 mucous	 discharge.	 Acute
urinary	symptoms	are	 treated	with	phenazopyridine	hydrochloride	 (Pyridium;	Warner	Chilcott,	Rockaway,	NJ),
nonsteroidal	 anti-inflammatory	 agents,	 or	 α-blockers,	 such	 as	 tamsulosin	 hydrochloride	 (Flomax;	 Boehringer
Ingelheim	 Pharmaceuticals,	 Inc.,	 Ridgefield,	 CT).	 α-Blockers	 have	 been	 reported	 to	 be	 significantly	 more
effective	 than	nonsteroidal	 anti-inflammatory	 agents,	 resulting	 in	 significant	 resolution	of	 urinary	 symptoms	 in
66%	of	patients	and	moderate	improvement	in	22%.130

Late	rectal	toxicities	attributed	to	radiotherapy	typically	manifest	12	to	18	months	after	completion	of	treatment
and	may	persist	 for	 several	years	 thereafter;	 the	development	of	 rectal	 complications	after	5	years	 is	 rare.	Late
rectal	toxicities	may	include	rectal	bleeding,	mucous	discharge,	and	mild	incontinence	of	stool.	The	more	severe
toxicities,	 including	 ulcer	 development	 and	 fistula	 formation,	 are	 observed	 in	 ≤1%	 of	 patients.	 Grade	 2	 rectal
bleeding	can	be	effectively	treated	with	steroid	suppositories,	sitz	baths,	and	an	increase	in	dietary	fiber.	Because
of	the	increased	risk	of	further	trauma	to	the	rectal	mucosa	and	the	risk	of	fistula	formation,	deep	rectal	biopsies
and	cauterization	procedures	 should	be	avoided	unless	absolutely	necessary.	For	 radiation-induced	proctitis	not
responsive	 to	conservative	measures,	argon-beam	plasma	laser	coagulation	can	decrease	 the	frequency	of	 rectal
bleeding	episodes.131	Hyperbaric	oxygen	treatments,	at	a	pressure	of	2.4	atmospheres	for	a	median	of	36	sessions
(90	minutes	per	session),	may	be	helpful;	in	one	study,	they	were	associated	with	a	complete	resolution	of	rectal
bleeding	 in	 48%	 of	 patients	 and	 a	 reduction	 in	 bleeding	 episodes	 in	 28%	 of	 patients.132	 It	 is	 assumed	 that
hyperbaric	 oxygen	 improves	 the	 delivery	 of	 oxygen	 to	 ischemic	 rectal	 mucosa,	 promoting	 angiogenesis	 and
advancing	mucosal	healing	and	fibroblast	proliferation.

Late	urinary	toxicities	include	chronic	urethritis,	which	occurs	in	approximately	10%	to	15%	of	patients,	and
urethral	 strictures,	 which	 occur	 in	 2%	 to	 3%.	 Hemorrhagic	 cystitis	 is	 uncommon	 with	 conformal	 radiation
techniques,	which	reduce	the	dose	to	the	bladder.	Current	treatment	approaches	for	hemorrhagic	cystitis	include
intravesical	formalin	therapy	and	selective	embolization	of	the	hypogastric	arteries.	For	patients	refractory	to	such
measures,	hyperbaric	oxygen	therapy	can	be	considered	for	radiation-induced	hemorrhagic	cystitis.	In	one	report,
49	 of	 57	 patients	 (86%)	 experienced	 complete	 resolution	 or	 marked	 improvement	 of	 hematuria	 following
hyperbaric	oxygen	treatment.133



Figure	70.9	Incidence	of	grade	2	or	greater	genitourinary	(GU)	and	gastrointestinal	(GI)	toxicities
for	patients	receiving	intensity-modulated	radiation	therapy	only	for	patients	treated	at	Memorial
Sloan	Kettering	Cancer	Center.	X-axis	represents	months	from	completion	of	treatment.	Y-axis

represents	the	percentage	incidence	of	toxicity.

Whereas	any	form	of	radiotherapy	can	increase	the	risk	of	developing	a	secondary	cancer,	the	incidence	after
prostate	 radiotherapy	 appears	 to	 be	 lower	 than	 expected.	One	 report	 comparing	 the	 risks	 of	 secondary	 cancers
among	 patients	 treated	 with	 RP,	 EBRT,	 and	 brachytherapy	 did	 not	 find	 the	 therapeutic	 intervention	 to	 be	 a
significant	predictor	of	secondary	cancer	at	10-year	follow-up.134	Longer	follow-up	will	be	required	to	determine
whether	any	significant	differences	eventually	develop	between	the	treatment	arms.	Nonetheless,	given	the	risk	of
secondary	cancer	with	any	form	of	radiotherapy,	close	monitoring	is	important.	Colonoscopy	every	5	years	and
careful	 evaluation	 of	 patients	who	 present	with	 hematuria	 after	 radiotherapy	 are	 recommended	 to	 rule	 out	 the
possibility	of	a	secondary	cancer.

IMRT	 is	 also	 associated	with	 a	 reduced	 risk	 of	 rectal-related	 toxicities	 after	 high-dose	 radiotherapy.	 In	 the
initial	cohort	of	patients	treated	with	81	Gy,	late	rectal	and	urinary	complications	were	significantly	reduced	with
IMRT	relative	to	conventional	three-dimensional	CRT	(Fig.	70.9).	In	561	patients	treated	with	IMRT	(81	Gy)	at
MSKCC,135	the	8-year	actuarial	likelihood	of	developing	grade	2	rectal	bleeding	was	1.6%	with	no	grade	4	events
and	late	grade	2	and	3	(urethral	strictures)	urinary	toxicities	were	9%	and	3%,	respectively.	Among	patients	who
were	potent	before	IMRT,	49%	developed	erectile	dysfunction.135

Factors	predictive	of	late	urinary	toxicities	after	high-dose	IMRT	included	a	lower	baseline	urinary	symptom
score	(International	Prostate	Symptoms	Score)	(P	=	.006)	and	an	increased	maximal	dose	beyond	the	prescribed
dose	to	the	bladder	trigone	region	(P	=	.003).136	When	high-dose	radiotherapy	is	used,	efforts	should	be	made	to
restrict	 the	 high-dose	 region	 from	 receiving	 >15%	 to	 20%	 of	 the	 prescription	 doses	 for	 the	 urethra	 and,	 in
particular,	for	the	bladder	neck	and	the	region	of	the	bladder	trigone.	These	and	other	data	indicate	that	patients
with	significant	urinary	symptoms	before	treatment	may	be	better	served	by	surgery,	rather	than	radiotherapy.

Potency	 Preservation	 with	 External-Beam	 Radiotherapy.	 The	 reported	 rates	 of	 impotence	 at	 3	 years	 or
longer	after	EBRT	ranges	widely	from	36%	to	68%,137	a	 reflection	of	 the	differences	 in	methodologies	used	 to
assess	this	end	point	and	the	heterogeneity	of	the	EBRT	patient	population.	Factors	such	as	advanced	age	and	the
presence	of	medical	comorbidities	(coronary	artery	disease,	diabetes,	and	use	of	antihypertensive	medications)	can
have	a	profound	effect	on	erectile	function.	Besides	erectile	dysfunction,	aspects	of	sexual	dysfunction	that	occur
after	radiotherapy	include	decreased	volume	of	ejaculate,	absence	of	ejaculate,	decreased	intensity	of	orgasm,	and
decreased	libido.

Hypofractionated	 External-Beam	 Radiotherapy	 and	 Stereotactic	 Body	 Radiation	 Therapy.	 There	 have
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been	 significant	 improvements	 in	 the	 delivery	 of	 EBRT	 that	 have	 paved	 the	 way	 for	 safer	 modes	 of	 dose
intensification	 and	more	 precise	 application	 of	 the	 prescription	 dose	 to	 the	 prostate	 target.	With	 the	 advent	 of
image-guided	radiotherapy,	higher	radiation	doses	per	fraction	are	now	more	often	used	in	the	routine	delivery	of
EBRT.	Conventionally	fractionated	EBRT	generally	delivers	fraction	sizes	of	1.8	to	2	Gy	daily,	5	days	per	week
for	 spanned	 treatment	 duration	 of	 8	 to	 9	weeks.	Moderate	 hypofractionated	 regimens	 utilize	 2.4	 to	 4	Gy	daily
fraction	sizes	for	a	treatment	duration	of	4	to	6	weeks	and	such	a	treatment	delivers	a	total	dose	of	57	to	70.2	Gy.
Ultrahypofractionated	 regimens	 known	 as	 SBRT	 employ	 anywhere	 6.5	 Gy	 up	 to	 10	 Gy	 per	 fraction	 for	 five
fractions,	delivering	a	total	dose	to	the	prostate	target	of	35	to	50	Gy.	While	image	guidance,	tighter	margins,	and
advancement	in	treatment	planning	techniques	have	facilitated	more	precise	ways	of	delivering	escalated	radiation
dose	 levels,	 there	 also	 is	 a	 recognized	biologic	 advantage	 for	 the	delivery	of	 higher	 doses	per	 fraction	 as	with
moderate	and	ultrahypofractionated	regimens,	resulting	in	profound	effects	on	the	cellular	and	molecular	levels,
which	 have	 been	 shown	 to	 be	 modulated	 through	 various	 biologic	 signaling	 pathways	 and	 immune-based
responses.	The	administration	of	 larger	doses	for	each	 treatment	 fraction	has	potential	 radiobiologic	advantages
(hypofractionated	radiotherapy)	that	can	result	in	a	greater	degree	of	cell	kill.138,139

There	are	several	noninferiority	designed	randomized	trials	evaluating	the	role	of	moderate	hypofractionation
in	the	treatment	of	localized	disease.140–145

These	 studies	have	generally	 consisted	of	 average	 follow-up	observations	of	 5	years.	These	 trials	 compared
conventionally	fractionated	radiotherapy	using	total	dose	levels	of	65.6	to	80	Gy	for	the	control	arms	compared	to
60	to	72	Gy	utilizing	2.4	to	3.1.	Gy	daily	fractions	for	the	hypofractionated	regimen.	The	5-year	outcome	results
generally	demonstrated	that	there	were	no	differences	in	disease-free	survival	or	genitourinary	or	gastrointestinal
(GI)	 toxicities	between	 the	 treatment	groups.	The	CHHiP	 trial143	 is	 the	 largest	of	 these	 trials	 and	accrued	over
3,000	patients	that	included	all	risk	groups	(12%,	73%,	and	15%,	respectively,	for	low-,	intermediate-,	and	high-
risk	disease).	In	this	study,	all	patients	with	intermediate-	and	high-risk	disease	received	short-course	ADT.	The
dose	 arms	 that	 were	 used	 for	 the	 study	were	 74	Gy	 in	 37	 fractions,	 60	Gy	 in	 20	 fractions,	 and	 57	Gy	 in	 19
fractions.	Dosage	of	60	Gy	was	not	found	to	be	inferior	to	74	Gy	in	37	fractions	for	5-year	PSA-RFS	and	distant
metastases–free	survival	outcomes.	In	addition,	there	were	no	urinary-	or	GI-related	toxicity	differences	between
the	arms.	The	other	 aforementioned	 trials	demonstrated	 similar	 findings.	These	overall	 results	based	on	 level	 I
evidence	indicate	that	hypofractionated	regimens	are	an	acceptable	form	of	treatment	and	should	be	considered	a
standard	of	care	for	its	use	in	the	radiotherapeutic	management	of	patients	localized	prostate	cancer	given	the	cost-
effectiveness	and	patient	convenience	benefits	as	compared	with	the	more	protracted	treatment	regimens.

There	have	been	a	number	of	published	single	institutional	studies	utilizing	ultrahypofractionated	regimens	for
localized	prostate	cancer	that	have	reported	excellent	biochemical	tumor	control	outcomes,	and	generally,	toxicity
profiles	were	found	similar	to	that	observed	with	conventionally	fractionated	EBRT.	In	these	studies	the	general
dose	levels	used	were	35	Gy	in	5	fractions	to	36.25	Gy	in	5	fractions.	A	pooled	analysis	of	1,100	patients	treated
from	2003	to	2011	at	eight	institutions	was	recently	reported.146	The	median	dose	delivered	for	these	patients	was
36.25	Gy	in	5	fractions.	The	median	follow-up	was	3	years;	the	5-year	PSA-RFS	rates	were	95%,	84%,	and	81%
for	 low-,	 intermediate-,	 and	 high-risk	 patients,	 repsectively.	 The	 largest	 single-institution	 experience	 with	 a
median	 follow-up	of	6	years	 reported	 the	7-year	PSA-RFS	 survival	 for	patients	 treated	 at	 35	 to	36.25	Gy	 in	5
fractions.	 The	 5-year	 PSA-RFS	 for	 low-,	 intermediate-,	 and	 high-risk	 disease	 was	 95.8%,	 89.3%,	 and	 68.5%,
respectively.	No	differences	as	far	as	PSA-RFS	outcomes	were	observed	between	those	patients	who	received	35
Gy	and	36.5	Gy.	Several	 randomized	 trials	are	now	in	progress	comparing	ultrahypofractionated	regimens	with
either	moderate	hypofractionated	regimens	or	conventionally	fractionated	regimens.	The	Swedish	phase	III	 trial
has	recently	completed	accrual	and	randomized	592	patients	with	intermediate-risk	disease	to	receive	42.7	Gy	in	7
fractions	 and	 comparing	 this	 intervention	with	 a	 standard	 conventionally	 fractionated	 regimen	 of	 78	Gy	 in	 39
fractions.	More	recently	at	MSKCC,	we	have	completed	a	phase	I	dose	escalation	trial	of	examining	the	optimal
dose	 of	 stereotactic	 body	 radiosurgery	where	 low-	 and	 intermediate-risk	 patients	 have	 been	 treated	 from	 dose
levels	 of	 32.5	Gy	 in	 5	 fractions	 to	 40	Gy	 in	 5	 fractions.	 The	 dose	 level	 of	 40	Gy	 has	 been	 found	 to	 be	well
tolerated	and	associated	with	excellent	biochemical	control	outcomes	(data	not	published).

The	Role	of	Proton	Therapy	for	Localized	Prostate	Cancer
Recently,	there	has	been	increasing	interest	in	the	use	of	proton	therapy	for	clinically	localized	disease	because	of
the	known	physical	advantages	of	this	charged	particle—namely,	the	Bragg	peak—by	which	the	majority	of	the
energy	of	the	beam	is	deposited	at	the	end	of	its	track,	creating	a	rapid	falloff	of	dose	beyond	the	target.	The	result
is	 that	 exit	 dose	 beyond	 the	 target	 volume	 is	 eliminated,	 providing	 the	 potential	 to	 achieve	 greater	 sparing	 of
normal	tissues	with	dose	escalation.	Theoretically,	physical	advantages	of	the	proton	beam	may	also	translate	into



a	 reduced	 risk	of	 second	malignancies,	 owing	 to	 the	 reduced	 exposure	of	 normal	 tissues	 to	 the	 radiation	beam
relative	 to	 photon	 therapy.	 A	 series	 by	 Mendenhall	 et	 al.147	 examined	 the	 5-year	 clinical	 outcomes	 of	 211
prospectively	 treated	 patients	who	 received	 proton	 therapy	 using	 an	 image-guided	 approach.	Low-risk	 patients
received	78	Gy,	intermediate	risk	78	to	82	Gy,	and	high	risk	78	Gy	with	concomitant	docetaxel	followed	by	ADT;
the	5-year	PSA-RFS	rates	were	99%,	99%,	and	76%,	 respectively.	The	 incidence	of	grade	3	 rectal	and	urinary
toxicities	was	1%	and	5.4%,	respectively,	comparable	if	not	superior	to	those	with	high-dose	IMRT.	Recently	a
study	 from	Japan	 reported	on	1,375	patients	with	 localized	disease	 treated	with	a	median	dose	of	74	Gy	using
proton	therapy.	The	5-year	PSA-RFS	outcomes	for	low,	intermediate,	high,	and	very	high	risk	were	99%,	91%,
86%,	and	66%,	respectively.	The	incidence	of	grade	2	and	higher	urinary	and	rectal	toxicities	were	2%	and	3.9%,
respectively.148	 Randomized	 trials	 to	 confirm	 these	 findings	 are	 ongoing,	 including	 a	 multi-institutional	 trial
comparing	80	Gy	versus	a	similar	dose	of	protons	for	low-	and	intermediate-risk	patients;	the	end	point	is	2-year
QOL	and	late	toxicities.

Reports	addressing	the	question	of	whether	protons	are	associated	with	reduced	long-term	toxicities	relative	to
high-dose	photon	therapy	are	conflicting.	One	recent	study	of	1,242	patients	treated	with	either	proton	therapy	at
doses	of	76	 to	82	Gy	or	 IMRT	at	doses	of	75.6	 to	79.4	Gy	showed	similar	QOL	scores	 for	 the	bowel,	urinary
incontinence,	urinary	irritative	symptoms,	and	sexual	domains	at	the	last	follow-up	evaluation.	Further	exploration
of	 specific	 function	 outcomes	 showed	 that	 patients	 treated	 with	 proton	 therapy	 had	 less	 frequent	 bowel
movements	and	rectal	urgency,	compared	with	patients	treated	with	IMRT.147	However,	an	analysis	of	the	relative
toxicities	 of	 IMRT	 and	 proton	 therapy	 in	 patients	 with	 localized	 prostate	 cancer	 based	 on	 the	 Surveillance,
Epidemiology,	and	End	Results	(SEER)–Medicare-linked	database	showed	that	IMRT	was	associated	with	fewer
GI-related	 toxicities	 and	 hip	 fractures,	 whereas	 proton	 therapy	 was	 associated	 with	 a	 lower	 risk	 of	 erectile
dysfunction.149	It	is	anticipated	that	future	improvements	in	intensity-modulated	proton	therapy	will	also	improve
the	 conformality	 of	 the	 proton	 beam,	 resulting	 in	 fewer	 complications	 with	 proton	 dose	 escalation.	 To	 date,
however,	 there	 is	 no	 established	 evidence	 that	 proton	 therapy	 provides	 superior	 tumor	 control	 outcomes,
compared	with	well-delivered	high-dose	IMRT	or	image-guided	radiotherapy,	for	the	treatment	of	prostate	cancer.

Prostate	Brachytherapy
Excellent	 long-term	 tumor	 control	 is	 achieved	 with	 brachytherapy,	 and	 the	 approach	 is	 considered	 a	 standard
treatment	intervention	associated	with	outcomes	comparable	to	those	with	prostatectomy	and	EBRT	for	patients
with	 clinically	 localized	disease.150–155	By	 category,	 low-risk	 disease	 is	managed	with	 seed	 implantation	 alone
(i.e.,	 monotherapy),	 whereas	 intermediate-	 and	 selected	 high-risk	 disease	 is	 managed	 with	 a	 combination	 of
brachytherapy	 (LDR	permanent	 interstitial	 implantation	or	HDR	brachytherapy	via	 after-loading	 catheters)	 and
EBRT.	Whether	the	addition	of	EBRT	is	necessary	in	all	patients	with	intermediate-risk	prostate	cancer	is	being
studied	in	a	phase	III	randomized	trial	(Radiation	Therapy	Oncology	Group	[RTOG]	0232).

Technical	Aspects	of	Prostate	Brachytherapy.	 Transperineal	 ultrasound-guided	 approaches	 have	 facilitated
image-guided	placement	of	the	seeds	and	are	credited	with	improved	long-term	outcomes	and	reduced	treatment-
related	complications.	These	approaches	have	further	improved	the	accuracy	and	consistency	of	the	dose	delivery
to	the	target,	with	a	concomitant	reduction	of	dose	to	the	urethra	and	rectum.	The	use	of	adjunctive	intraoperative
CT	 scanning	 to	 verify	 the	 actual	 deposited	 seed	 coordinates	 may	 eliminate	 the	 need	 for	 postimplantation
assessments	 and	may	 allow	 for	 opportunities,	 if	 necessary,	 to	 correct	 suboptimal	 implanted	 regions	within	 the
gland	 before	 the	 reversal	 of	 anesthesia.	 Close	 collaboration	 between	 the	 radiation	 oncologist	 and	 the	medical
physicist	in	the	design	of	the	pre-	or	intraoperative	treatment	plan	is	critical	for	a	successful	outcome.

The	 two	 most	 commonly	 used	 radioisotopes	 for	 permanent	 seed	 brachytherapy	 are	 iodine-125	 (125I)	 and
palladium-103	(103Pd).	The	half-life	of	125I	is	60	days,	with	a	mean	photon	energy	of	27	KeV	and	an	initial	dose
rate	of	0.07	Gy	per	hour.	In	contrast,	the	half-life	of	103Pd	is	17	days,	with	a	mean	photon	energy	of	21	KeV	and
an	initial	dose	rate	of	0.19	cG	per	hour.	The	active	periods	for	125I	and	103Pd	are	10	and	3	months,	respectively.
When	125I	is	used,	the	typical	prescription	dose	is	144	Gy;	125	Gy	is	routinely	used	for	103Pd.

The	quality	of	the	implant	and	dose	distributions	are	routinely	evaluated	using	CT	scans	obtained	on	the	day	of
the	implant	or	30	days	later.	Postimplantation	CT	scans	are	used	to	generate	dose-volume	histograms,	which	allow
detailed	 analysis	 of	 the	 radiation	 dose	 distribution	 relative	 to	 the	 prostate	 and	 surrounding	 normal	 tissues.
Dosimetric	 parameters	 include	V100	 for	 the	 target	 (volume	of	 the	 prostate	 receiving	 100%	of	 the	 prescription
dose),	D90	of	the	target	(dose	delivered	to	90%	of	the	prostate),	and	the	average	and	maximum	rectal	and	urethral
doses.155
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Table	70.11	summarizes	the	published	biochemical	control	outcomes	after	LDR	interstitial	seed	implantation,
according	to	prognostic	risk	groups.	The	size	of	 the	prostate	gland	should	preferably	be	<60	cm3	and	optimally
<50	 cm3.	 In	 larger	 gland	 sizes,	 the	 pubic	 arch	may	 interfere	with	 needle	 placement	 reaching	 the	 anterolateral
portions	 of	 the	 gland,	 resulting	 in	 inadequate	 dose	 coverage	 of	 the	 target	 volume.	 Larger	 glands	 require	more
seeds	and	activity	to	achieve	coverage	of	the	gland	with	the	prescription	dose,	which	may	result	in	an	increase	in
the	central	urethral	doses	and	potentially	 increase	 the	risk	of	urinary	morbidity.	The	size	of	 the	prostate	can	be
effectively	addressed	with	combined	androgen	blockade	therapy.	An	approximately	30%	reduction	in	volume	is
commonly	observed	after	3	months	of	ADT.	For	patients	who	have	imaging	findings	consistent	with	gross	ECE	or
SVI	 not	 detected	 on	 rectal	 examination,	 monotherapy	 is	 not	 sufficient,	 and	 supplemental	 EBRT	 should	 be
considered.

Patients	 with	 a	 significant	 degree	 of	 urinary	 obstructive	 symptoms	 are	 more	 prone	 to	 develop	 prolonged
morbidity	after	brachytherapy	and	would	be	better	suited	to	other	treatment	interventions.	A	previous	TURP	may
increase	 the	 risk	 of	 urinary	 morbidity	 after	 seed	 implantation156,157;	 brachytherapy	 should	 be	 performed	 with
caution	in	such	patients.	Careful	attention	to	dose-volume	considerations	to	the	periurethral	region	and	the	area	of
the	TURP	defect	should	reduce	the	likelihood	of	long-term	morbidities.

Seed	implantation	may	be	a	more	suitable	 intervention	for	patients	with	bilateral	hip	replacements,	 in	whom
CT-based	treatment	planning	is	 technically	difficult	because	of	 the	substantial	artifact	created	by	the	prosthesis,
precluding	 adequate	 visualization	 of	 the	 target	 volume.	 Ultrasound-based	 seed	 implantation	 would	 be	 an
appropriate	alternative	 for	 such	patients,	 as	artifacts	would	not	pose	a	difficulty	with	 this	 imaging	modality.	 In
most	cases,	patients	with	hip	prostheses	are	able	 to	 tolerate	 the	extended	dorsal	 lithotomy	position	for	adequate
perineal	exposure	during	seed	implantation.	Patients	with	small	bowel	in	close	proximity	to	the	prostate	volume
are	 also	 better	 suited	 to	 brachytherapy,	 owing	 to	 the	 lower	 doses	 to	 the	 bowel	 expected	 with	 brachytherapy.
Brachytherapy	may	be	safe	for	patients	with	a	history	of	inflammatory	bowel	disease,	a	condition	that	represents	a
relative	contraindication	for	EBRT.	Of	24	patients	with	a	history	of	inflammatory	bowel	disease	who	were	treated
with	 brachytherapy,	 none	 experienced	 grade	 3	 or	 higher	 rectal	 toxicities	 (median	 follow-up,	 4	 years),	 but	 late
grade	 2	 rectal	 bleeding	 (19%)	was	 significantly	 higher	 than	 among	 patients	without	 a	 history	 of	 inflammatory
bowel	disease.158

TABLE	70.11
Prostate-Specific	Antigen	Relapse-Free	Survival	Outcomes	for	Low-Dose-Rate
Brachytherapy

Study
(Ref.)

No.	of
Patients

Median
Follow-up	(y) Treatment

Five-Year	Biochemical	Outcome
According	to	Risk	Group Comments

Stock	et
al.414 1,377 4.2 MT/CMT

Low,	94%
Intermediate,	89.5%
High,	78%

Interactive	real-time
planning

Zelefsky	et
al.155 2,693 5.2 MT

Low,	82%
Intermediate,	70%
High,	48%

D90	≥130	Gy
8-y	PSA	control,	93%
D90	<130	Gy
8-y	PSA	control,	76%

Guedea	et
al.415 1,050 2.5 MT

Low,	93%
Intermediate,	88%
High,	80% —

Khaksar	et
al.416 300 4 MT

Low,	96%
Intermediate,	89%
High,	93% —

Zelefsky	et
al.417 367 5.3 MT

Low,	96%
Intermediate,	89%

Real-time	intraoperative
planned	implants

Sylvester	et
al.418

232 9.4 CMT

Low,	86%
Intermediate,	80%
Unfavorable,	68%

—

Potters	et
al.419 1,449 7 MT/CMT

Low,	89%
Intermediate,	78%
Unfavorable,	63% —



MT,	monotherapy;	CMT,	 combined-modality	 therapy	 (implant	+	external	 beam);	D90,	 the	dose	 received	by	90%	of	 the	prostate;
PSA,	prostate-specific	antigen.

Transient	urinary	morbidity	 related	 to	 radiation-induced	urethritis	or	prostatitis	 represents	 the	most	 common
side	 effect	 following	 seed	 implantation.	 Symptoms	 include	 urinary	 frequency,	 urgency,	 and	 dysuria,	 which
usually	peak	1	to	3	months	after	the	implant	procedure	and	gradually	resolve	during	the	subsequent	months.	The
incidence	of	urinary	symptoms	persisting	after	1	year	is	15%	to	25%;	the	risk	of	urethral	strictures	ranges	from
1%	to	12%.	The	incidence	of	grade	3	and	4	rectal	or	urinary	toxicities,	including	urinary	or	rectal	incontinence,	is
≤1%	(Table	70.12).159–161

The	incidence	of	grade	2	rectal	toxicity	after	prostate	brachytherapy	ranges	from	2%	to	5%162,163;	grade	3	or	4
rectal	 toxicity	 is	 unusual	 (≤2%).	 These	 results	 are	 similar	 to	 late	 toxicities	 observed	 after	 high-dose	 EBRT.
Meticulous	attention	to	needle	and	seed	placement,	as	well	as	to	the	intraoperative	dose-volume	histogram	data	on
normal	tissue,	should	reduce	rectal	doses	and	lower	risks	of	toxicity	to	minimal	levels.

Erectile	 Function	 After	 Brachytherapy.	 Impotence	 rates	 after	 prostate	 brachytherapy	 and	 EBRT	 are	 likely
underestimated	in	the	literature.	With	longer	follow-up,	observations	and	responses	from	patient	surveys	indicate
that	 approximately	 40%	 to	 50%	 of	 patients	 maintain	 erectile	 function	 after	 prostate	 brachytherapy.163,164
Preimplant	erectile	function	score	and	the	dose	to	50%	of	the	proximal	crura	of	the	penis	have	been	shown	to	be
significant	predictors	of	erectile	dysfunction.164

Excellent	 responses	 have	 been	 observed	 with	 sildenafil	 citrate	 in	 the	 treatment	 of	 impotence	 after
brachytherapy	and	EBRT.	In	one	report,164	80%	of	patients	responded	to	the	medication.	With	long-term	follow-
up,	37%	of	patients	discontinued	use	of	 the	medication.	Similar	 responses	have	been	 reported	 for	patients	who
developed	 erectile	 dysfunction	 after	 EBRT	 and	were	 treated	with	 sildenafil	 citrate.	 There	 has	 been	 increasing
interest	 in	 the	 use	 of	 sildenafil	 before	 the	 development	 of	 erectile	 dysfunction	 to	 reduce	 the	 risk	 of	 erectile
dysfunction	 after	 treatment.	 The	 RTOG	 randomized	 patients	 to	 receive	 sildenafil	 following	 radiotherapy	 but
before	the	development	of	erectile	dysfunction	and	found	no	demonstrable	benefit.165	However,	a	randomized	trial
from	 MSKCC	 showed	 improvements	 in	 sexual	 function	 parameters	 12	 and	 24	 months	 after	 therapy	 among
patients	treated	with	prophylactic	sildenafil,	compared	with	those	who	received	placebo.166

Combined	Brachytherapy	and	External-Beam	Radiotherapy
Combined	brachytherapy	and	EBRT	is	considered	to	be	a	more	suitable	treatment	option	than	implantation	alone
for	patients	with	unfavorable	 intermediate-	or	high-risk	disease.	The	combined	approach	effectively	delivers	an
increased	dose	of	radiation	that	has	been	estimated	to	have	a	biologic	equivalent	that	well	exceeds	a	100-Gy	dose
of	EBRT.	Conventional	or	conformal-based	techniques	are	used	to	deliver	45	to	50	Gy	of	EBRT	to	the	prostate
and	periprostatic	tissues.	If	an	LDR	boost	is	used,	the	brachytherapy	prescription	dose	is	90	to	100	Gy	for	103Pd
implants	and	110	Gy	for	125I	implants.	In	the	absence	of	clinical	trials	comparing	HDR	brachytherapy	boosts	with
LDR	boosts	or	establishing	the	optimal	sequence	of	therapy	(brachytherapy	boost	preceding	EBRT	or	vice	versa)
or	the	preferred	isotope	to	be	used	for	combined-modality	therapy,	there	is	no	definitive	evidence	demonstrating
the	superiority	of	a	particular	treatment	strategy	over	another.

TABLE	70.12
Late	Toxicity	Outcomes	After	Prostate	Brachytherapy

Study	(Ref.)

No.	of
Patients

Median
Follow-up

(y) Genitourinary Gastrointestinal

Stock	et	al.414

325
Incontinence,

1% 7 Grade	3,	2%	(urethral	stricture)
Grade	≤2,	24%
Grade	3–4,	0%

Waterman	and	Dicker420 98 3 	 Grade	2,	10%

Merrick	et	al.421 1,186 4.3
Grade	3,	3.6%
Urethral	stricture 	

Gelblum	et	al.159;
Gelblum	and	Potters422 825 4

Grade	3,	4.7%
17%	post-TURP
developed	incontinence

Grade	1,	9%
Grade	2,	6.6%
Grade	3,	0.5%
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Bottomley	et	al.160 667 2.5

Acute	retention,	14.5%
Late	retention,	1%
Urethritis	at	6	mo,	13.5%
Urethritis	at	24	mo,	2.5%

	
Grade	4,	<1%

Lee	et	al.161	(RTOG
0019) 138 4

Late	≥	grade	3	gastrointestinal/genitourinary,
15%	(combined-modality	therapy) 	

Shah	et	al.423 135 3.5 	

Diarrhea,	7.3%
Urgency,	6.5%
Bleeding,	7.3%

Keyes	et	al.424 805 3.3

AUR:
IPSS	0–5,	8%
IPSS	10–15,	15%
IPSS	>16,	21% 	

Albert	et	al.425 201 2.8

Radiation-cystitis
Monotherapy,	0%
Combined-modality	therapy,	5%

Grade	3
Monotherapy,	8%
Combined-modality
therapy,	30%

Zelefsky	et	al.417 367 5.2
Grade	2,	19%
Grade	3,	4%

Grade	2,	7%
Grade	3,	1%

TURP,	 transurethral	 resection	 of	 the	 prostate;	 RTOG,	Radiation	 Therapy	Oncology	Group;	 AUR,	 acute	 urinary	 retention;	 IPSS,
International	Prostate	Symptom	Score.

The	ASCENDE	RT	trial	randomized	intermediate-	and	high-risk	patients	 to	receive	combined	brachytherapy
and	EBRT	versus	EBRT	alone	with	both	arms	with	12	months	of	ADT.	Patients	who	were	 treated	with	EBRT
alone	 were	 twice	 as	 likely	 to	 develop	 biochemical	 failure	 compared	 to	 those	 who	 were	 treated	 with	 a
brachytherapy-based	 regimen.	 The	 overall	 9-year	 PSA-RFS	 for	 the	 combined-modality	 group	 versus	 external-
beam	 radiation	 was	 83%	 versus	 62%	 (P	 <	 .001).	 No	 survival	 differences	 as	 of	 yet	 were	 noted	 between	 the
treatment	arms.117	The	phase	III	trial	RTOG	0232	is	comparing	permanent-source	brachytherapy	as	monotherapy
with	EBRT	followed	by	brachytherapy	for	patients	with	intermediate-risk	prostate	cancer.	The	study	is	ongoing
but	no	 longer	 recruiting	patients.	The	primary	end	point	of	 this	 study	 is	 survival;	 secondary	end	points	 include
PSA-RFS,	distant	metastases–free	survival,	and	QOL.	Eligibility	criteria	for	this	study	include	clinical	stage	T1c
to	T2b	and	either	Gleason	score	<7	with	a	PSA	level	of	10	to	20	ng/mL,	or	Gleason	score	of	7	with	a	PSA	level
<10	ng/mL.	The	AUA	voiding	symptom	score	should	be	≤15,	and	prostate	volume	should	be	<60	g.

HDR	 brachytherapy	 has	 been	 used	 in	 combination	 with	 EBRT	 for	 the	 treatment	 of	 prostate	 cancer.163–165
Patients	 undergo	ultrasound-guided	 transperineal	 placement	 of	 afterloading	 catheters	 in	 the	prostate.	After	CT-
based	treatment	planning,	several	high-dose	fractions,	ranging	from	4	to	6	Gy	each,	are	administered	during	an
interval	of	24	to	36	hours	using	iridium-192	(192Ir),	followed	by	supplemental	EBRT	directed	to	the	prostate	and
periprostatic	 tissues	 at	 a	 dose	 of	 45	 to	 50.4	Gy	 using	 conventional	 fractionation.	 The	 results	 of	 a	 randomized
trial166	 comparing	 hypofractionated	 EBRT	 at	 55	 Gy	 in	 20	 fractions	 with	 EBRT	 at	 35.75	 Gy	 in	 13	 fractions
followed	 by	 an	 HDR	 brachytherapy	 boost	 of	 17	 Gy	 in	 2	 fractions	 delivered	 over	 24	 hours	 showed	 a	 7-year
likelihood	of	biochemical	control	of	66%	in	the	combined-modality	group	versus	48%	in	the	EBRT	group	(P	=
.04).

HDR	 brachytherapy	 offers	 several	 potential	 advantages	 over	 other	 techniques.	 Taking	 advantage	 of	 an
afterloading	approach,	the	radiation	oncologist	and	physicist	can	more	easily	optimize	the	delivery	of	radiotherapy
to	 the	 prostate,	 reducing	 the	 potential	 for	 underdosage	 (“cold	 spots”).	 This	 technique	 also	 reduces	 radiation
exposure	 to	 the	 radiation	oncologist	 and	others	 involved	 in	 the	procedure,	 compared	with	 that	 from	permanent
interstitial	implantation.	Finally,	HDR	brachytherapy	boosts	may	be	radiobiologically	more	efficacious	in	terms	of
tumor	cell	kill	for	patients	with	increased	tumor	bulk	or	adverse	prognostic	features,	compared	with	LDR	boosts
using	125I	or	103Pd.

Combined-modality	 regimens	 whether	 with	 LDR	 brachytherapy	 or	 HDR	 brachytherapy	 combined	 with
supplemental	EBRT	are	optimal	approaches	for	the	treatment	of	intermediate-risk	and	higher	risk	disease	because
of	 the	 dose	 intensification	 associated	 with	 these	 regimens.	 The	 tradeoff	 with	 a	 combined	 regimen	 could	 be	 a
higher	rate	of	urinary	grade	2	symptoms	in	the	combined	treatment	arm	as	has	been	reported	by	the	ASCENDE
RT	 trial.	Yet,	 in	 our	 experience,	 strict	 adherence	 to	 dose	 contraints	 to	 the	 urethra	 and	bladder	 neck	have	been
associated	 with	 lower	 urinary	 toxicity	 rates	 among	 those	 receiving	 these	 combined	 modality	 regimens.	 Late
toxicity	outcomes	were	4.6%	versus	4.1%	for	grade	2	GI	 toxicity	 (P	=	 .89),	 0.4%	versus	1.4%	 for	grade	3	GI
toxicity	(P	=	 .36),	19.4%	versus	21.2%	for	grade	2	genitourinary	 toxicity	 (P	=	 .14),	 and	3.1%	versus	1.4%	for



grade	3	genitourinary	toxicity	(P	=	.74)	for	the	IMRT	versus	the	combination	RT	groups,	respectively.128
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Androgen	Deprivation	Therapy	and	Radiotherapy
ADT	 has	 been	 used	 as	 part	 of	 a	 combined	 modality	 approach	 with	 radiation,	 and	 randomized	 trials	 have
demonstrated	 improved	 outcomes,	 including	 an	 OS	 benefit	 for	 this	 combination,	 compared	 with	 radiotherapy
alone.	The	uses	include	neoadjuvant	and	concurrent;	neoadjuvant,	concurrent,	and	adjuvant;	and	concurrent	and
adjuvant.	It	is	routinely	recommended	for	patients	with	high-risk	disease	and	selected	patients	with	intermediate-
risk	disease	when	used	in	combination	with	EBRT.	Reported	trials,	however,	vary	in	the	total	dose	of	radiation
used	to	the	primary	site,	whether	pelvic	radiation	was	utilized,	as	well	as	the	duration	and	timing	of	ADT.	The	end
points	 also	 vary	 from	PSA	 recurrence	 alone,	whether	 a	 biopsy	 of	 the	 gland	was	 performed	 to	 assess	 for	 local
disease	control,	 to	the	documentation	of	metastatic	disease	or	death.	For	many,	follow-up	is	simply	too	short	to
draw	 definitive	 conclusions.	 Recognizing	 these	 caveats,	 outcomes	 and	 indications	 for	 use	 in	 practice	 are
summarized.

Randomized	Trials	for	High-Risk	Disease.	Table	70.13167–175	summarizes	the	outcomes	of	randomized	trials
comparing	 radiotherapy	alone	 to	 radiotherapy	combined	with	ADT	for	patients	with	 locally	advanced	high-risk
prostate	 cancer.	 These	 trials	 have	 consistently	 demonstrated	 improved	 outcomes	when	ADT	 is	 combined	with
EBRT	and	the	administered	dose	is	≥70	Gy	(see	Table	70.10).

Several	trials	have	used	adjuvant	hormonal	therapy	for	various	durations	after	EBRT	and	demonstrated	long-
term	disease-free	survival	benefits.	In	another	important	randomized	trial,	the	European	Organisation	for	Research
and	 Treatment	 of	 Cancer	 (EORTC)	 22863,	 node-negative	 patients	 with	 clinical	 stage	 T3	 disease	 or	 T1	 to	 T2
patients	with	high-grade	disease	received	adjuvant	ADT	on	 the	first	day	of	 radiotherapy	(prescribed	dose	of	70
Gy)	and	continued	for	3	years.	Improved	outcomes	were	observed	for	all	parameters,	including	absolute	survival
(median	follow-up,	9	years).170	The	10-year	OS	was	58%	versus	40%	for	patients	treated	with	ADT	plus	EBRT
and	EBRT	alone,	respectively	(P	=	 .0004).	 In	addition,	 the	10-year	PCSM	rates	 for	 these	 respective	cohorts	of
patients	were	10%	and	30%	(P	<	.0001).

The	 duration	 of	 ADT	 was	 addressed	 in	 RTOG	 92-02,	 the	 first	 ADT	 trial	 performed	 with	 baseline	 PSA
information	available,	which	randomized	patients	with	clinical	T2	to	T4	disease	with	PSA	baseline	levels	<150
ng/mL	 to	 receive	 either	 neoadjuvant	 and	 concurrent	ADT	 for	 a	 total	 of	 4	months	 or	 the	 same	 therapy	plus	 an
additional	24	months	of	adjuvant	ADT	for	a	total	of	28	months.	The	prescribed	radiation	dose	levels	used	in	this
study	ranged	from	65	to	70	Gy.	At	a	median	follow-up	of	5.8	years,	 the	results	showed	that	all	outcomes	were
improved	for	patients	who	received	28	months	with	the	exception	of	OS.	A	subset	analysis,	however,	showed	a
10%	OS	advantage	for	patients	with	Gleason	scores	of	8	to	10	who	were	treated	with	the	longer	course	of	ADT.171

RTOG	94-13	evaluated	two	sequencing	regimens	of	adjuvant	ADT	as	well	as	the	role	of	pelvic	radiotherapy	in
the	setting	of	treatment	with	ADT	in	patients	with	T2c	to	T4	disease	or	those	with	an	estimated	LN	risk	≥15%.
The	radiation	dose	administered	was	70.2	Gy	in	39	fractions.	Patients	were	randomized	to	receive	either	4	months
of	ADT	before	 and	during	 radiotherapy	or	 4	months	 of	ADT	as	 adjuvant	 therapy	 following	 the	 completion	of
EBRT.	 Patients	were	 also	 randomized	 to	 receive	 either	whole-pelvic	 radiotherapy	 or	 treatment	 directed	 to	 the
prostate	 only.	Neoadjuvant	 and	 concurrent	ADT	 in	 conjunction	with	whole-pelvic	 radiotherapy	was	 associated
with	 a	 trend	 for	 an	 improved	progression-free	 survival	 (PFS)	 compared	 to	 the	 other	 study	 arms	 (48%	PFS	 for
neoadjuvant	ADT	and	whole-pelvic	radiotherapy	versus	40%	for	prostate-only	radiotherapy	and	adjuvant	ADT,	P
=	.065).172

Randomized	Trials	for	Intermediate-Risk	Disease.	Recent	studies	have	explored	the	role	of	ADT	for	patients
with	earlier	stages	of	disease.	D’Amico	et	al.173	 reported	 the	 results	of	 a	 randomized	 trial	 comparing	70	Gy	of
three-dimensional	 CRT	 alone	 or	 a	 similar	 dose	 of	 radiotherapy	 combined	with	 6	months	 of	 ADT	 (initiated	 2
months	before	radiotherapy).	Of	note,	most	of	the	patients	included	in	this	study	had	intermediate-risk	disease—
namely,	 pretreatment	 PSA	 levels	 10	 to	 40	 ng/mL	 or	 Gleason	 score	 >7	 with	 T1	 to	 T2	 disease.	 Five-year	 OS
(median	follow-up,	4.5	years)	advantage	was	demonstrated	for	the	combination-therapy	regimen,	compared	with
radiotherapy	alone	 (88%	versus	78%,	P	=	 .04).	RTOG	9408169	 compared	 radiation	 alone	with	 radiation	plus	4
months	of	ADT	(starting	2	months	before	radiation)	in	1,979	patients	with	stage	T1b,	T1c,	T2a,	or	T2b	prostate
cancer	and	a	PSA	level	≤20	ng/mL.	The	total	EBRT	dose	was	66.6	Gy,	46.8	Gy	delivered	to	the	pelvis	(prostate
and	 regional	 LN),	 followed	 by	 19.8	 Gy	 to	 the	 prostate	 (see	 Table	 70.13).	 Low-risk	 disease	 was	 defined	 as	 a
Gleason	score	≤6,	PSA	level	≤10	ng/mL,	and	clinical	stage	T2a	or	lower;	intermediate-risk	disease	was	defined	as
a	Gleason	score	of	7,	Gleason	score	≤6	and	PSA	level	from	10	to	20	ng/mL,	or	clinical	stage	T2b;	and	high-risk
disease	was	defined	as	a	Gleason	score	of	8	to	10.	The	10-year	OS	(median	follow-up,	9.1	years)	was	62%	for



EBRT	plus	ADT,	compared	with	57%	for	EBRT	alone	(P	=	.03).	The	addition	of	ADT	decreased	10-year	PCSM
from	 8%	 to	 4%	 (P	 =	 .001).	 The	 reduction	 in	 risk	 was	 primarily	 observed	 in	 intermediate-risk	 patients;	 no
significant	reductions	in	mortality	were	noted	among	low-risk	patients.	Conclusions	from	this	trial	are	limited	by
the	 dose	 of	 radiation	 administered,	which	was	 far	 lower	 than	 contemporary	 standards.	Nevertheless,	 this	 study
provides	further	level	I	evidence	that	short-course	ADT	is	associated	with	a	survival	benefit	when	combined	with
subtherapeutic	doses	of	EBRT.	A	subsequent	trial	in	a	similar	patient	population	showed	that	8	months	of	ADT
was	not	superior	to	3	months	of	therapy.	This	multi-institutional	phase	III	study	from	Canada174	randomized	378
patients	 to	 receive	 either	 3	 or	 8	months	 of	 total	 androgen	 blockade.	 Conventional	 radiotherapy	 at	 66	Gy	was
initiated	within	2	weeks	of	completion	of	the	ADT	regimen.	In	this	trial,	31%	of	the	patients	were	considered	to
have	high-risk	disease;	the	remaining	patients	had	low-	or	intermediate-risk	disease.	No	differences	in	any	of	the
end	points,	including	BCR-free	survival,	were	observed.

TABLE	70.13
Randomized	Trials	Involving	Hormone	Therapy	and	Radiation	Therapy	for	Locally	Advanced
Prostate	Cancer

Trial Eligibility Arms LF	(%) DM	(%) bNED	(%) DFS	(%) OS	(%)

RTOG	85-
31

T3	(15%)
or	T1–T2,
N+	or	path
T3	and	(+)
margin	or
(+)	SV

RT	(HT	at
failure)	vs.	RT	+
AHT	indefinite

10-y:
38	vs.	23
(P	<	.0001)

10-y:
39	vs.	24
(P	<	.0001)

10-y:
9	vs.	31
(P	<	.0001)

10-y:
23	vs.	37
(P	<
.0001)

10-y:
39	vs.	49
(P	=	.002)

EORTC
22863

T3–T4
(89%)	or
T1–T2
WHO	3

RT	vs.	RT	+
CAHT	3	y

5-y:
16.4	vs.	1.7
(P	<	.0001)

5-y:
29.2	vs.	9.8
(P	<	.0001)

5-y:
45	vs.	76
(P	<	.0001)

5-y:
40	vs.	74
(P	<
.0001)

5-y:
62	vs.	78
(P	=	.0002)

RTOG	86-
10

Bulky	T2b,
T3–T4,
N+
allowed

RT	vs.	RT	+
NHT	(TAB)	3.7
mo

8-y:
42	vs.	30
(P	=	.016)

8-y:
45	vs.	34
(P	=	.04)

8-y:
3	vs.	16
(P	<	.0001)

8-y:
69	vs.	77
(P	=	.05)

8-y:
44	vs.	53
(P	=	.10)

RTOG	92-
02

T2c–T4	w/
PSA
<150,	N+
allowed

RT	+	NHT	(TAB)
4	mo	vs.	RT	+
NHT	+	AHT	×	28
mo

5-y:
12.3	vs.	6.4
(P	=	.0001)

5-y:
17	vs.	11.5
(P	=	.0035)

5-y:
45.5	vs.	72
(P	<	.0001)

5-y:
28.1	vs.
46.4
(P	<
.0001)

5-y:
78.5	vs.	80
(P	=	.73)

RTOG	94-
13

T2c–T4	w/
Gleason
≥6,	or
>15%	risk
of	N+

WP	+	NHT,	WP
+	AHT,	PO	+
NHT,	PO	+	AHT

4-y:
9.1	WP	vs.	8.0
PO
(P	=	.78)

4-y:
8.2	WP	vs.	6.6
PO
(P	=	.54)

4-y:
69.7,
63.3,
57.2,
63.5
(P	=	.048)

4-y:
59.6,
48.9,
44.3,
49.8
(P	=	.008)

4-y:
84.7	vs.	84.3
(P	=	.94)

Brigham
and
Women’s
Hospital174

PSA	≥10,
Gleason
≥7,	T1–
T2b

RT	70	Gy	30-
CRT	vs.	RT	+	6
mo	ADT NS NS 	

5-y:
82	vs.	57
(P	=	.002)

5-y:
88	vs.	78
(P	=	.04)

RTOG	94-
08169

PSA	≥20,
Gleason
any,	T1b–
T2b

RT	66.6	Gy	vs.
RT	+	4	mo	ADT NS

10-y:
8	vs.	6
(P	=	.04)

10–y
(biochemical
failure):
41	vs.	26
(P	<	.001)

10-y
(disease-
specific
mortality):
8	vs.	4
(P	=	.001)

10-y:
57	vs.	62
(P	=	.03)

LF,	 local	 failure;	DM,	distant	metastasis;	bNED,	biochemical	 failure-free	survival;	DFS,	disease-free	survival;	OS,	overall	survival;
RTOG,	Radiation	Therapy	Oncology	Group;	SV,	seminal	vesicle;	RT,	radiation	therapy;	HT,	hormone	therapy;	AHT,	adjuvant	HT;
EORTC,	 European	 Organisation	 for	 Research	 and	 Treatment	 of	 Cancer;	 WHO,	 World	 Health	 Organization;	 CAHT,	 concurrent
adjuvant	HT;	NHT,	neoadjuvant	HT;	TAB,	total	androgen	blockade;	PSA,	prostate-specific	antigen;	WP,	whole	pelvis;	PO,	prostate
only;	CRT,	conformal	RT;	ADT,	androgen	deprivation	therapy;	NS,	not	significant.
Adapted	from	D’Amico	AV.	Radiation	and	hormonal	 therapy	 for	 locally	advanced	and	clinically	 localized	prostate	cancer.	Urology
2002;60(3	 Suppl	 1):32–38;	 D’Amico	 AV,	Manola	 J,	 Loffredo	M,	 et	 al.	 6-Month	 androgen	 suppression	 plus	 radiation	 therapy	 vs
radiation	therapy	alone	for	patients	with	clinically	localized	prostate	cancer:	a	randomized	controlled	trial.	JAMA	2004;292(7):821–
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827;	Jones	CU,	Hunt	D,	McGowan	DG,	et	al.	Radiotherapy	and	short-term	androgen	deprivation	 for	 localized	prostate	cancer.	N
Engl	J	Med	2011;365(2):107–118;	Lee	AK.	Radiation	 therapy	combined	with	hormone	therapy	 for	prostate	cancer.	Semin	Radiat
Oncol	2006;16(1):20–28.

The	 various	 trials	 have	 used	 different	 sequences	 to	 deliver	 ADT,	 and	 the	 eligibility	 criteria	 have	 not	 been
consistent.	Nevertheless,	 some	broad	conclusions	can	be	drawn	 regarding	 the	optimal	 integration	of	ADT	with
radiotherapy.	 For	 patients	 with	 high-risk	 cancers,	 and	 in	 particular	 high-grade	 cancers,	 ADT	 is	 indicated	 and
adjuvant	 courses	 of	 hormonal	 therapy	 that	 extend	 ≥2	 years	 appear	 to	 be	 associated	 with	 disease-free	 survival
improvements	 compared	 to	 shorter	 courses.	 The	 preliminary	 results	 of	 the	 EORTC	 phase	 III	 trial	 22961,175
comprising	970	patients	with	locally	advanced	prostate	cancer	who	were	randomized	to	receive	either	6	months	or
3	years	of	ADT	 in	conjunction	with	70	Gy	of	EBRT,	 show	 that	biochemical	 control	 and	PFS	were	 shorter	 for
patients	 treated	with	the	6-month	ADT	regimen	than	for	 those	treated	with	the	longer	course.	No	differences	in
survival	have	been	noted	so	far	between	the	two	treatment	arms.	These	data	suggest	that,	for	high-risk	patients,
longer	courses	of	ADT	may	be	critical	in	the	setting	of	subtherapeutic	doses	of	EBRT	(i.e.,	70	Gy).	One	cannot
extrapolate	 from	 the	 published	 randomized	 trials	 whether	 2-year	 or	 longer	 courses	 for	 high-risk	 disease	 are
necessary	 when	 using	 modern	 dose-escalated	 radiotherapy	 in	 the	 range	 of	 78	 to	 80	 Gy.	 Nevertheless,	 longer
courses	of	ADT	are	routinely	used	 in	clinical	practice	for	high-risk	patients	 in	combination	with	dose-escalated
radiotherapy.	For	patients	with	 lower	Gleason	scores	but	with	 larger	volume	disease,	or	 for	select	patients	with
intermediate-risk	disease,	a	shorter	course	of	6	months	may	be	sufficient	to	provide	a	significant	clinical	benefit.
In	 a	 meta-analysis	 of	 studies	 using	 various	 durations	 of	 ADT	 in	 conjunction	 with	 radiotherapy,	 a	 twofold
reduction	in	prostate	cancer	mortality	was	observed	among	patients	treated	with	longer	courses	of	ADT.176

As	all	of	the	previously	mentioned	trials	used	doses	of	radiotherapy	≤70	Gy,	the	role	of	ADT	in	the	setting	of
an	escalated	dose	of	radiotherapy	(≥75.6	Gy)	remains	uncertain.	Higher	doses	of	radiotherapy	have	been	shown	to
improve	local	tumor	control	and	may	obviate	the	need	for	ADT.	Nevertheless,	in	the	absence	of	a	randomized	trial
in	this	setting,	it	remains	uncertain	whether	ADT	should	be	avoided	in	the	treatment	of	high-risk	patients;	this	has
been	the	subject	of	much	debate.

A	 large	 prospective	 trial	 (EORTC	 22961)	 on	 this	 issue	 has	 recently	 been	 reported	 involving	 819	 patients
(74.8%	 intermediate	 risk	 and	 24.8%	 high	 risk)	 randomized	 to	 radiation	 alone	 or	 radiation	 plus	 6	 months	 of
ADT.175	 In	 the	 radiation	 arm,	 patients	were	 treated	 at	 70	Gy,	 74	Gy,	 and	 78	Gy	 (center	 choice).	At	 7.2	 years
median	 follow-up,	 radiation	 plus	 ADT	 improved	 PSA	 recurrence-free	 survival	 (hazard	 ratio	 [HR],	 0.52;	 95%
confidence	 interval	 [CI];	 P	 <	 .001)	 as	 well	 as	 clinical	 PFS	 (HR,	 0.63;	 P	 =	 .001).	 No	 significant	 interaction
between	treatment	effect	and	radiation	dose	was	noted	indicating	that	ADT	effects	were	independent	of	radiation
dose.	OS	data	are	not	mature.177

Retrospective	data	from	MSKCC	showed	that	among	intermediate-risk	patients	treated	with	high-dose	IMRT,
short-course	 ADT	 (6	 months)	 was	 associated	 with	 improved	 PSA-RFS,	 distant	 metastases–free	 survival,	 and
PCSM,	compared	with	high-dose	radiotherapy	alone.178	The	10-year	incidence	of	distant	metastases	and	PCSM
rates	were	6.5%	and	2.4%,	respectively,	for	patients	treated	with	high-dose	IMRT	and	ADT	compared	to	12.3%
and	5%,	respectively,	for	patients	treated	with	IMRT	alone	(P	<	.001).

Definitive	 trials	 addressing	 the	 role	 of	 ADT	 in	 combination	 with	 brachytherapy	 are	 lacking,	 but	 its	 use	 is
supported	 by	 basis	 extrapolating	 the	 results	 of	 randomized	 trials	 of	 patients	 treated	 with	 EBRT.	 Several
reports163,179,180	have	suggested	that	 in	 the	setting	of	brachytherapy	(LDR	or	HDR	brachytherapy	boosts),	ADT
may	 be	 less	 beneficial	 than	 EBRT,	 whereas	 others181	 have	 suggested	 a	 benefit	 for	 higher	 risk	 patients.	 It	 is
possible	that	the	primary	role	of	ADT	is	to	act	as	a	radiosensitizer	of	EBRT	when	lower	radiation	doses,	such	as
70	 Gy,	 are	 used.	When	 higher	 radiation	 doses	 were	 used,	 or	 with	 the	 incorporation	 of	 brachytherapy	 boosts,
several	retrospective	reports	found	no	benefit	of	hormone	therapy,	except	in	high-grade,	high-risk	patients.	In	the
absence	of	randomized	trials	in	this	setting,	it	is	reasonable	to	recommend	the	use	of	ADT	in	high-risk	patients,
even	when	higher	radiation	doses	are	used.	Many	reports	have	not	confirmed	the	role	of	ADT	in	conjunction	with
brachytherapy	for	intermediate-risk	disease.	The	phase	III	RTOG	0815	trial	will	address	the	role	of	short-course
ADT	 for	 intermediate-risk	 patients	 who	 receive	 dose-escalated	 radiotherapy	 and	 brachytherapy	 as	 well;	 1,520
patients	will	be	randomized	to	receive	either	6	months	of	ADT	with	high-dose	radiotherapy	or	radiotherapy	alone.
High-dose	 radiotherapy	 will	 be	 administered	 either	 at	 79.2	 Gy	 in	 conventional	 fractionation	 or	 as	 combined
brachytherapy	with	EBRT.

The	 utility	 of	 external-beam	 radiation	was	 studied	 as	 a	 component	 of	 the	STAMPEDE	 trial	 in	 combination
with	ADT	 (given	 for	 at	 least	 2	 years).181	 For	 those	 at	 initial	 diagnosis	with	 radiographically	 detectable	 pelvic
nodes,	but	nonmetastatic	disease,	patients	were	treated	with	external	beam	at	investigators’	discretion.	Analysis	of
failure-free	survival	demonstrated	a	strong	improvement	in	those	with	ADT	plus	planned	radiation	as	compared	to



those	without	planned	radiation	(HR,	0.48;	95%	CI,	0.29	 to	0.79).	 In	a	separate	analysis,	a	propensity	matched
analysis	of	data	from	the	National	Cancer	Database	(NCDB),	ADT	plus	radiation	as	compared	to	ADT	alone	was
associated	with	 a	 lower	 5-year	OS	 (HR,	 0.50;	 95%	CI,	 0.37	 to	 0.67;	P	 <	 .001).	The	5-year	OS	 rate	was	71%
versus	53%	in	this	study.182	Given	the	lack	of	randomized	trials	in	this	setting,	these	nonrandomized	trials	provide
the	 best	 current	 data	 to	 support	 the	 use	 of	 radiation	 therapy	 in	 combination	 with	 ADT	 in	 this	 subset	 of
patients.181,182

Morbidities	for	Androgen	Deprivation	Therapy	and	Radiotherapy.	Finally,	there	is	a	growing	awareness	that
the	use	of	ADT	in	conjunction	with	radiation	therapy	is	not	without	cost,	as	outcomes	suggest	an	increased	risk	of
subsequent	congestive	heart	failure	or	myocardial	 infarction.	Although	most	of	 the	previously	cited	randomized
trials	did	not	report	an	increase	in	cardiac-related	events,	a	meta-analysis	of	patients	with	unfavorable	risk	prostate
cancer	with	moderate	to	severe	medical	or	cardiac-related	comorbidities	showed	no	survival	difference	between
the	two	groups	due	to	a	relative	increase	in	noncancer-related	deaths	in	the	ADT-treated	group.183	In	a	report	of
12,792	men	treated	with	brachytherapy,	the	use	of	a	4-month	course	of	ADT	was	associated	with	an	increased	risk
of	all-cause	mortality	among	those	with	a	history	of	coronary	artery	disease–induced	heart	failure	or	myocardial
infarction.184	The	effect	of	 longer	courses	of	ADT	in	patients	with	moderate	or	severe	comorbidities	 is	unclear.
These	data	suggest	that	the	use	of	ADT	among	favorable	risk	patients,	in	whom	its	oncologic	benefit	is	unproven,
should	 be	 carefully	 considered	 (particularly	 in	 those	with	 severe	 cardiac	 comorbidities),	 owing	 to	 its	 potential
morbidity.185	Future,	well-designed	prospective	studies	will	be	needed	to	elucidate	these	issues.

Adjuvant	Radiation	Therapy	for	High-Risk	Patients	After	Radical	Prostatectomy

Adjuvant	Radiotherapy

Randomized	 Studies.	 The	 long-term	 (median	 follow-up,	 14	 years)	 results	 of	 Southwest	 Oncology	 Group
(SWOG)	trial	8794,	which	included	425	patients	with	high-risk	localized	disease	who	were	randomized	to	receive
either	60	 to	64	Gy	 to	 the	prostatic	 fossa	or	only	observation,	have	demonstrated	a	 survival	benefit	of	 adjuvant
radiotherapy	in	high-risk	patients	after	RP.186	The	10-year	distant	metastases–free	survival	and	OS	rates	were	71%
and	74%	for	the	adjuvant	radiotherapy	arm,	compared	with	61%	and	66%	for	the	observation	arm,	respectively	(P
=	.01;	HR,	0.71	and	0.72,	respectively).	The	differences	between	the	treatment	groups	were	detected	only	after	10
years,	highlighting	the	importance	of	long-term	follow-up	in	these	patients	(Fig.	70.10).

EORTC	22911	 included	1,005	patients	with	positive	 surgical	margins	or	pT3	 (ECE	and	SVI)	disease;	 these
patients	were	randomized	to	receive	either	adjuvant	EBRT	(50	Gy	to	the	prostatic	fossa	and	periprostatic	tissue
plus	a	10-	 to	14-Gy	boost	 to	 the	prostatic	 fossa	only)	or	no	 immediate	 treatment.187	A	published	update	of	 this
study	(median	follow-up,	10.6	years)	showed	that	adjuvant	radiotherapy	improved	the	biochemical	PFS	rate	from
40.1%	 to	60.6%	 (P	 <	 .0001);	 the	 10-year	 rate	 of	 locoregional	 relapse	was	 7.3%	 for	 the	 adjuvant	 radiotherapy
group	and	16.6%	for	the	control	group.	There	was	no	difference	in	prostate	cancer	mortality	(HR,	0.78;	P	=	.34):
10-year	 prostate	 cancer	mortality	was	 3.9%	 for	 the	 adjuvant	 irradiation	 group	versus	 5.4%	 for	 the	 observation
group.188

Similar	 results	were	observed	 in	a	phase	 III	 trial	 from	Germany	 (ARO	96-02)	 that	 randomized	388	patients
with	 pathologic	 T3	 prostate	 cancer	 with	 undetectable	 postoperative	 PSA	 levels	 to	 receive	 either	 adjuvant
radiotherapy	 or	 observation.	 The	 10-year	 PFS	was	 56%	 for	 the	 adjuvant	 radiotherapy	 group	 and	 35%	 for	 the
observation	group	(P	<	.0001)	with	no	survival	benefit.189
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Figure	70.10	Overall	survival	advantage	demonstrated	for	high-risk	postoperative	patients
receiving	adjuvant	radiation	therapy	(RT)	versus	observation	in	the	Southwest	Oncology	Group

(SWOG)	trial	8794.	(From	Thompson	IM,	Tangen	CM,	Paradelo	J,	et	al.	Adjuvant	radiotherapy	for
pathological	T3N0M0	prostate	cancer	significantly	reduces	risk	of	metastases	and	improves
survival:	long-term	followup	of	a	randomized	clinical	trial.	J	Urol	2009;181[3]:956–962,	with

permission.)

These	trials	provide	evidence	that	adjuvant	postprostatectomy	radiotherapy	reduces	the	risk	of	BCR	and	in	one
trial,	an	improvement	in	distant	metastases–free	survival.	Yet,	it	remains	unclear	that	deferring	radiotherapy	until
manifestation	 of	 an	 early	 biochemical	 relapse	 would	 compromise	 the	 outcome	 of	 patients,	 compared	 with
subjecting	all	high-risk	patients	to	salvage	radiotherapy	(SRT).	In	a	recent	multi-institutional	cohort	study	of	1,566
patients,	1,195	patients	were	treated	with	early	SRT	and	371	patients	were	treated	with	ART.	A	propensity	score-
matched	pair	analysis	was	performed	that	adjuvant	RT	compared	to	early	SRT	was	associated	with	a	reduced	risk
of	 biochemical	 relapse	 and	 distant	 metastases,	 and	 improved	 OS.190	 Nevertheless,	 despite	 the	 evidence	 of
improved	disease-free	progression	rates	with	adjuvant	RT,	such	an	approach	for	patients	with	high-risk	features
after	prostatecotmy	has	not	been	routinely	adopted.

Management	of	the	Patient	with	Rising	Prostate-Specific	Antigen	After	Definitive	Local
Therapy
The	most	 frequent	manifestation	 of	 a	 potential	 relapse	 after	 definitive	 local	 therapy	 is	 a	 rise	 in	 PSA	with	 no
detectable	 disease	 on	 standard	 imaging	 modalities	 such	 as	 CT,	 MRI,	 or	 technetium-99m	 (99mTc)	 methylene
diphosphonate	(MDP)	bone	scintigraphy.	Here,	 the	need	is	 to	determine	whether	 the	PSA	rise	 is	from	a	locally
recurrent	 tumor	 or	 micrometastatic	 disease	 outside	 the	 pelvis,	 and,	 once	 determined,	 to	 assess	 whether	 an
intervention	is	needed	to	prevent	morbidity	or	mortality	from	cancer.

This	clinical	 state	 is,	by	definition,	 contingent	on	 the	performance	characteristics	of	 the	 imaging	 technology
that	 is	employed.	As	a	 result,	 this	class	of	patients	 is	 in	 flux,	as	newer	 imaging	agents	are	 increasingly	used	 to
define	 the	 presence	 and	 distribution	 of	 disease	 in	 men	 who	 have	 undergone	 primary	 therapy	 and	 who	 have
biochemically	relapsed.	These	positron	emission	tomography	(PET)	agents	are	able	to	detect	disease	earlier	than
standard	 imaging	 agents	 and	 therefore	 can	 detect	 systemic	 disease	 where	 cross-sectional	 imaging	 and	 bone



scintigraphy	could	not.	Such	agents	include	carbon-11	(11C)-choline,	fluorine-18	(18F)-fluoricholine,	11C-acetate,
fluciclovine,	 and	gallium-68	 (68Ga)	and	 18F-radiolabeled	 prostate-specific	membrane	 antigen	 (PSMA)-	 directed
agents.	Such	agents	have	a	potential	advantage	even	over	such	bone-directed	PET	agents	such	as	NaF,	as	these
newer	agents	image	the	cancer	directly,	rather	than	the	surrounding	bone.	They	should	not	be	subject,	therefore,	to
potential	 confounding	 caused	 by	 noncancer-related	 bone	 injury	 or	 by	 pseudoprogression	 due	 to	 paradoxic
worsening	of	imaging	findings	due	to	bone	healing	rather	than	progression.	These	novel	PET	tracers,	and	others,
are	now	in	frequent	use	across	the	world	for	detection	of	disease	in	the	biochemically	relapsed	patient,	but	of	these
tumor-directed	agents,	only	11C-choline	and	fluciclovine	have	regulatory	approval	in	the	United	States.

Choline	is	implicated	in	cell	membrane	and	lipid	biosynthesis,	and	has	been	utilized	for	the	detection	of	occult
disease	for	several	decades,191	after	its	discovery	in	the	late	1990s.	In	one	of	the	larger	studies	of	choline	PET/CT
involving	 358	 patients	 who	 had	 biochemically	 relapsed	 after	 surgery,	 the	 tracer	 had	 a	 sensitivity	 of	 85%,
specificity	of	93%,	positive	predictive	value	of	91%,	negative	predictive	value	87%,	and	overall	accuracy	of	89%.
The	performance	characteristics	of	11C-choline	appears	to	be	highly	dependent	on	a	number	of	variables,	which
include	 the	PSA	level;	 the	use	of	ADT;	 time	 to	 trigger	PSA	level;	 the	presence	of	pT3b	or	greater	disease;	 the
presence	of	pN1	disease;	and	Gleason	8,	9,	or	10	disease	on	univariate	analysis.	On	multivariate	analysis,	old	age
(HR,	 1.07;	 95%	 CI,	 1.02	 to	 1.11;	P	 =	 .004),	 PSA	 level	 (HR,	 1.26;	 95%	 CI,	 1.15	 to	 1.39;	P	 <	 .0001),	 prior
biochemical	failure	(HR,	4.15;	95%	CI,	1.88	to	9.18;	P	<	.0001),	and	pathologic	staging	(pT3b/pT4:	HR,	4;	95%
CI,	2.10	to	7.64;	P	<	.0001;	pN1:	HR,	4.89;	95%	CI,	2.22	to	10.77;	P	<	.0001)	were	all	associated	with	a	higher
likelihood	of	a	positive	finding	on	the	scan.191	Of	these,	at	a	PSA	level	of	1.5	to	2	approximately	51%	of	choline
scans	may	be	positive.	However,	 in	 the	 range	of	when	most	SRT	might	be	performed,	when	 the	PSA	 is	<0.4,
detection	of	disease	only	occurs	in	21%	of	cases,	which	can	limit	the	practical	application	of	11C-choline	PET/CT
when	applied	in	the	context	of	routine	practice.192

Fluciclovine,	or	FACBC,	 is	a	synthetic	analogue	of	L-leucine	and	 therefore	 is	 taken	up	 in	cancers	 that	have
active	amino	acid	transport.193	In	a	comparison	of	11C-choline	and	fluciclovine,	100	patients	who	had	undergone
surgery	 and	who	 biochemically	 relapsed	 underwent	 11C-choline	 and	 fluciclovine	 imaging,	 and	 the	 two	 tracers
were	 directly	 compared	 on	 a	 per-patient	 and	 per-site	 basis	 in	 89	 patents,	 with	 a	 year	 of	 follow-up.	 Fuclivine
appeared	to	detect	more	local,	nodal,	and	bony	disease	than	choline,	with	higher	sensitivity	(37%	versus	32%)	and
specificity	 (67%	versus	40%).	 In	particular,	detection	of	disease	 for	 the	 fluciclovine	appeared	 to	be	superior	 to
choline	(21%	versus	14%,	P	=	 .0001)	at	PSA	levels	<1,	when	decision	making	around	salvage	therapy	must	be
made.194

PSMA-based	 PET	 imaging	 techniques	 appear	 to	 detect	 disease	 at	 PSA	 levels	 even	 lower	 than	 choline	 and
fluciclovine.	68Ga-based	PSMA	imaging	can	detect	appears	to	detect	disease	in	50%	of	scans	in	patients	with	a
PSA	as	low	as	<0.5,	and	detects	disease	with	PSA	values	between	0.5	and	1	in	approximately	60%	of	cases.195
Relative	to	18F-choline,	PSMA	imaging	can	detect	additional	disease	otherwise	not	detected	by	choline	imaging.
In	 a	 study	 of	 139	 patients	 scanned	 after	 definitive	 local	 therapy,	 patients	 underwent	 serial	 scanning	with	 18F-
choline	and	then	68Ga	PET	imaging.	Overall	detection	rates	were	74.4%	for	choline	imaging	alone	and	85.6%	for
the	sequential	approach.	In	men	with	a	negative	choline	scan,	disease	was	detected	by	the	PSMA	scan	in	28.6%	of
men	with	a	PSA	level	of	0.2	to	1	ng/mL,	45.5%	of	men	with	a	PSA	of	1	to	2	ng/mL,	and	71.4%	of	men	with	a
PSA	of	>2	ng/mL.196

18F-DCFPyL	 is	also	a	 small	molecule	 that	 is	PSMA	directed	and	 is	undergoing	development	 that	may	offer
potential	 advantages	 over	 [68Ga]-PSMA.197	 18F-DCFPyL	 may	 have	 physical	 properties	 that	 render	 higher
resolution	images	relative	to	68Ga,	related	to	its	low	positron	emission	energy	of	0.6	MeV,	and	consequent	shorter
distance	to	decelerate	the	positron	relative	to	68Ga.	Further,	18F	may	also	prove	to	be	more	feasible	to	produce	due
to	 its	 longer	 half-life.	 In	 one	 small	 study	 of	 14	 patients	 examining	men	 with	 biochemically	 relapsed	 prostate
cancer,	18F-DCFPyL	PET/CT	was	compared	to	68Ga-PSMA	PET/CT,	with	a	suggestion	that	18F-DCFPyL	might
be	superior	to	68Ga	in	detecting	disease,	with	additional	lesions	detected	and	higher	mean	maximum	standardized
uptake	 value	 values	 found	 in	 the	 18F	 scans	 relative	 to	 those	with	 68Ga	 even	 in	 those	 lesions	 that	 both	 tracers
detected.	The	value	and	reproducibility	of	such	findings,	however,	will	require	further	study.198

From	 a	 therapy	 standpoint,	 men	 with	 locally	 recurrent	 disease	 former	 may	 benefit	 from	 additional	 local
therapy,	whereas	men	with	 systemic	 disease	would	 require	 a	 systemic	 approach	with	 or	without	 local	 therapy.
Patients	who	 develop	 a	 rising	 PSA	 following	RP	may	 be	 candidates	 for	 potentially	 curative	 salvage	 radiation,
particularly	 those	who	have	 an	undetectable	PSA	after	 surgery	 and	develop	 the	 rising	PSA	 later	 (see	 “Salvage
Radiotherapy	 for	 the	Patient	with	Rising	Prostate-Specific	Antigen	After	Prostatectomy”	section).	Patients	who
develop	 a	 rising	 PSA	 after	 radiation	 therapy	 may	 be	 candidates	 for	 salvage	 RP	 or	 brachytherapy	 salvage



Dr. AVR @ TMH

cryotherapy,	 assuming	 the	 sole	 source	 of	 the	 PSA	 is	 the	 gland	 itself.	With	 the	 introduction	 of	 new	molecular
imaging	 agents,	 disseminated	 disease	 or	 oligometastatic	 disease	 may	 be	 detected	 far	 earlier	 than	 standard
anatomic	imaging.	How	to	best	treat	such	patients	is	presently	not	known,	and	this	is	the	subject	of	intense	interest
at	 present.	However,	 in	 the	 following,	we	 consider	 both	 salvage	 local	 and	 early	 systemic	 treatments,	 based	 on
standard	anatomic	imaging	modalities.

Salvage	Therapies

Salvage	 Radiotherapy	 for	 the	 Patient	 with	 Rising	 Prostate-Specific	 Antigen	 After	 Prostatectomy.
Numerous	nonrandomized	studies	have	shown	improved	biochemical	control	outcomes	with	salvage	EBRT;	yet,
the	overall	PSA-RFS	outcome	at	≥5	years	is	approximately	50%.199,200	Prognostic	factors	associated	with	relapse
include	 surgical	 Gleason	 score,	 the	 presence	 of	 SVI,	 absolute	 preradiotherapy	 PSA	 level,	 and	 preradiotherapy
PSADT.	Improved	outcomes	are	achieved	with	SRT	when	preradiotherapy	PSA	values	are	≤0.5	ng/mL.201	SRT	is
generally	directed	to	the	prostate	fossa,	and	in	higher	risk	patients,	the	radiation	portals	would	include	the	pelvic
LNs	up	to	the	bifurcation	of	the	common	iliac	nodes.	The	general	dose	to	the	prostate	fossa	ranges	from	66	to	72
Gy	using	conventional	fractionation.	Dose	escalation	in	the	postoperative	setting	has	never	demonstrated	benefit,
and	there	would	appear	to	be	higher	rates	of	acute	urinary	toxicity	as	noted	in	some	reports	yet	other	reports	could
not	confirm	these	findings.	A	randomized	trial	NCT01272050	included	350	patients	compared	64	versus	70	Gy;
those	 receiving	70	Gy	 reported	a	more	pronounced	and	clinically	 relevant	worsening	 in	urinary	 symptoms	 that
impaired	 to	 a	 degree	 their	 QOL.	 No	 benefit	 in	 tumor	 control	 was	 reported	 in	 this	 study.202	 The	 role	 of
hypofractionated	radiotherapy	in	the	postoperative	setting	is	not	established,	and	three	prospective	studies203–205
where	2.2-3	Gy	per	fraction	in	20	to	28	fractions	was	used	demonstrated	increased	risks	of	acute	and	long-term
urinary	toxicities	associated	with	such	an	approach.203–205

At	MSKCC,	285	patients	with	 increasing	PSA	levels	after	prostatectomy200	were	 treated	with	either	salvage
three-dimensional	CRT	or	IMRT.	The	median	dose	delivered	to	the	prostate	fossa	was	70.2	Gy.	Neoadjuvant	and
concurrent	ADT	were	 used	 in	 31%	 of	 treated	 patients.	 The	 7-year	 (median	 follow-up,	 5	 years)	 PSA-RFS	 and
distant	metastases–free	 survival	 rates	were	37%	and	77%,	 respectively.	Multivariate	analysis	demonstrated	 that
predictors	 of	 postradiotherapy	 failure	 included	 the	 presence	 of	 vascular	 invasion,	 negative	 surgical	 margins,
presalvage	 PSA	 level	 >0.4	 ng/mL,	 and	 radiotherapy	 alone	 (i.e.,	 without	 ADT).	 Patients	 treated	 without	 any
adverse	 prognostic	 features	 had	 a	 5-year	 PSA-RFS	 of	 70%,	 compared	 with	 30%	 for	 those	 with	 any	 adverse
feature.	 In	 a	multi-institutional	 cohort	 of	 472	 patients	 treated	with	 SRT	 for	 a	BCR	 after	 prostatectomy,199	 the
overall	 PSA-RFS	 at	 5	 years	 (median	 follow-up,	 4	 years)	 was	 73%.	 Variables	 significant	 as	 predictors	 of
biochemical	 tumor	 control	 included	 Gleason	 score,	 surgical	 margin	 status,	 and	 preradiotherapy	 PSA	 level.
Although	 it	 is	difficult	 to	compare	retrospective	series,	 it	would	appear	 that	 this	 latter	multi-institutional	cohort
comprised	a	more	favorable	group	with	fewer	adverse	pathologic	features.

The	efficacy	of	salvage	EBRT	alone	for	clinically	palpable	local	disease	or	imaging	evidence	of	disease	within
the	prostatic	bed	is	suboptimal	in	part	due	to	the	inability	to	deliver	full	therapeutic	doses	of	radiation	safely.203,204
Here,	ADT	 can	 be	 used	 to	 improve	 local	 tumor	 eradication	 by	 reducing	 the	 size	 of	 a	mass,	 by	 the	 concurrent
elimination	of	tumor	clonogens	inherently	resistant	to	radiotherapy,	or	both.	The	30%	to	40%	size	reduction	also
increases	the	ability	to	deliver	maximal	radiation	dose	levels	without	exceeding	the	tolerance	for	the	surrounding
normal	tissue.	As	such,	it	is	our	policy	that	neoadjuvant	and	concurrent	ADT	should	be	considered	in	patients	with
palpable	 local	 recurrence,	 imaging	 evidence	 of	 recurrent	 disease,	 especially	 if	 biopsy	 proven,	 or	 an	 immediate
detectable	PSA	after	surgery,	extrapolating	from	randomized	trials	showing	the	benefit	of	ADT	in	patients	treated
with	the	prostate	intact.	Further	studies	are	needed	in	this	setting.

A	multi-institutional	retrospective	study	of	657	treated	with	SRT	with	a	median	follow-up	of	10	years	noted	the
importance	of	the	pre-SRT	PSA	level	and	its	impact	on	long-term	biochemical	tumor	control.	PSA	levels	of	0.2	or
less	 at	 the	 time	 of	 inititation	 of	 salvage	RT	was	 associated	with	 a	 twofold	 improvement	 in	 10-year	 PSA-RFS
outcomes	 and	 distant	 metastase–free	 survival,	 and	 twofold	 reduction	 in	 the	 cancer-specific	 mortality	 rates
compared	 to	 higher	 levels.206	 Three	 randomized	 trials	 are	 currently	 testing	 the	 important	 question	 of	 whether
earlier	 administration	 of	 SRT	provides	 comparable	 benefit	 to	 adjuvant	 radiotherapy.	The	RADICALS	 trial	 has
nearly	 completed	 its	 required	 2,500	 accrual	 requirement	 randomizing	 patients	 to	 adjuvant	 versus	 salvage	 and
second	randomization	among	RT-treated	patients	to	no	hormones,	6	months	or	24	months	of	hormone	therapy.	In
this	 trial,	patients	with	positive	margins	after	RP	or	pathologic	stage	T3	disease	with	a	postoperative	PSA	≤0.2
ng/mL	would	be	randomized	to	receive	early	adjuvant	radiotherapy	or	deferred	radiotherapy	on	manifestation	of	a
PSA	relapse	 (defined	as	a	detectable	and	 rising	PSA	>0.1	ng/mL	or	 three	consecutive	 rising	PSA	values).	The



primary	end	point	of	this	study	is	distant	metastases–free	survival.	A	second	randomization	will	evaluate	the	role
of	ADT	with	salvage	radiotherapy	(SRT)	and	will	randomize	patients	to	be	treated	with	RT	alone	versus	RT	with
concomitant/adjuvant	ADT	for	6	months;	a	third	arm	will	be	treated	with	RT	and	concomitant/adjuvant	RT	for	24
months.	For	this	second	randomization,	the	primary	end	point	is	disease-free	survival.207

The	 GETUG-17	 trial	 compares	 adjuvant	 radiotherapy	 (ART)	 plus	 ADT	 versus	 early	 SRT	 plus	 ADT	 for
patients	with	pathologic	pT2-	to	T3-positive	margin	disease.208	The	Radiotherapy-Adjuvant	Versus	Early	Salvage
(RAVES)	trial	is	a	phase	III	multicenter	randomized	controlled	trial	led	by	the	Trans	Tasman	Radiation	Oncology
Group	(TROG),	where	470	patients	are	planned	to	be	randomized	to	either	ART	or	close	observation	with	early
SRT	when	 a	PSA	 rises	 to	 a	 level	 of	>0.20	ng/mL.	Eligible	 patients	 have	had	 a	RP	 for	 adenocarcinoma	of	 the
prostate	with	at	least	one	of	the	following	risk	factors:	positive	surgical	margins	(SMs)	±	extraprostatic	extension
±	seminal	vesicle	involvement.209

Recently,	 the	 use	 of	 novel	 genomic	 biomarkers	 to	 identify	 high-risk	 patients	 with	 an	 increased	 risk	 for
recurrence	after	prostatectomy	has	been	reported.210–212

In	 these	 studies	 genomic	 classifier	 scores	 were	 associated	 with	 distant	 metastases	 propensity.	 In	 one	 study
reported	by	Den	et	al.,210	 patients	with	higher	 scores	who	were	 treated	with	ART	developed	metastases	 in	6%
compared	23%	for	similar	patients	who	were	treated	with	SRT.	Such	information	may	help	better	characterize	the
potential	metastatic	rates	of	patients	and	identify	those	who	could	benefit	from	ART	compared	to	SRT.

In	the	salvage	setting	there	are	two	randomized	trials	demonstrating	a	benefit	for	ADT	when	combined	with
radiotherapy.	GETUG-16	trial	randomized	patients	with	biochemical	relapsing	disease	to	SRT	alone	versus	SRT
in	 combination	 with	 ADT.87	 The	 5-year	 PSA-RFS	 was	 improved	 for	 patients	 treated	 with	 SRT	 plus	 ADT
compared	 to	 SRT	 alone.	 RTOG	 9601	 randomized	 761	 patients	 to	 SRT	 alone	 versus	 SRT	 plus	 24	 months	 of
bicalutamide.	At	a	median	follow-up	of	12.6	years	those	treated	with	ADT	experienced	improved	cause-specific
survival	and	OS	outcomes.	The	bicalutmaide	groups	experienced	a	rate	of	70%	gynecomastia	compared	to	only
11%	in	the	RT-alone	group.	At	the	present	time,	anti-androgen	therapy	alone	such	as	bicalutamide	is	not	routinely
used,	 and	 these	 results	 are	 not	 applicable	 where	 luteinizing	 hormone–releasing	 hormone	 (LHRH)	 agonists	 or
antagonists	are	more	routinely	used.213	The	RADICALS	trial	will	provide	further	insight	regarding	the	efficacy	of
6	versus	24	months	of	ADT	in	the	setting	of	SRT.	RTOG	0534	is	accruing	patients	with	an	increasing	PSA	level
after	prostatectomy	to	receive	either	radiotherapy	alone	to	the	prostate	bed,	radiotherapy	to	the	prostate	bed	plus	4
to	6	months	of	ADT,	or	radiotherapy	to	the	pelvis	and	prostate	bed	plus	6	months	of	ADT.

The	American	Society	for	Radiation	Oncology	(ASTRO)	and	AUA	guidelines	recommend	that	among	patients
with	 adverse	 pathologic	 features	 after	 prostatectomy	 (such	 as	 positive	 surgical	 margins	 and	 SVI),	 adjuvant
radiotherapy	should	be	used	to	reduce	the	risk	of	biochemical	failures	and	clinical	progression,	although	its	impact
on	OS	is	unclear.	The	level	of	evidence	grade	was	C.	The	guidelines	also	recommend	that	SRT	should	be	offered
to	patients	with	an	increasing	PSA	level	or	with	evidence	of	local	recurrence	in	the	absence	of	metastatic	disease.
The	recommended	definition	of	biochemical	failure	after	surgery	is	a	detectable	or	rising	PSA	level	>0.2	ng/mL,
with	a	second	confirmatory	increase	>0.2	ng/mL.	Once	documented,	earlier	administration	of	SRT	is	appropriate,
as	disease	control	is	improved	when	SRT	is	administered	at	lower	PSA	levels.214

Salvage	 Therapy	 for	 Locally	 Recurrent	 Disease	 After	 Radiation.	 Patients	 with	 persistent	 disease	 in	 the
prostate	 after	 radiation	 therapy	 can	 be	 considered	 for	 salvage	 local	 therapies	 including	 a	 salvage	 RP,
brachytherapy,	 or	 cryosurgery.	 Patient	 selection	 requires	 a	 performance	 status	 of	 80	 or	 more,	 histologic
confirmation	of	disease	in	the	gland,	and	no	evidence	of	metastatic	disease	by	imaging.

Salvage	 RP	 is	 technically	 challenging.	 Reported	 short-	 and	 long-term	 complication	 rates	 exceed	 those	 of
standard	 RP,	 but	 with	 appropriate	 patient	 selection	 and	 surgical	 expertise,	 the	 procedure	 has	 become	 less
hazardous.	Despite	these	advances,	complications	including	bladder-neck	contractures	and	anastomotic	strictures
have	continued	to	be	problematic.215	Urinary	incontinence	rates	remain	high	and	in	an	MSKCC	series,	only	74%
(95%	CI,	54%	to	94%)	recover	urinary	control	and	20%	require	a	sling	procedure	or	artificial	urinary	sphincters.
The	15-year	nonprogression	rate	was	29%	and	the	15-year	cancer-specific	survival	rate	was	64%	after	salvage	RP.
The	 5-year	 actuarial	 nonprogression	 rate	was	 86%	 for	 patients	with	 organ-confined	 cancer	 (pT2	N0),	 61%	 for
those	with	ECE,	and	48%	for	those	with	SVI.

Salvage	Brachytherapy.	 Initial	 efforts	 to	 use	 brachytherapy	 in	 the	 salvage	 setting	were	 restricted	 because	 of
concerns	about	treatment-related	complications.	Improvements	in	imaging,	dosimetry,	and	approaches	(including
HDR	 brachytherapy)	 have	 significantly	 lowered	 the	 risks	 of	 treatment-related	 complications	 to	 an	 acceptable
level.	After	recurrent	disease	in	the	prostate	is	documented	histologically,	preferred	candidates	include	those	with
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no	clinical	or	radiologic	evidence	of	distant	disease,	adequate	urinary	function,	age	and	overall	health	indicative	of
a	>5-	to	10-year	life	expectancy,	prolonged	disease-free	interval	(>2	years)	from	primary	radiotherapy,	and	a	long
PSADT	 (>6	 to	 9	months)	 at	 the	 time	of	 recurrence.	Salvage	brachytherapy	 should	be	 avoided	 in	 patients	with
evidence	 of	 SVI	 recurrence	 and	 extracapsular	 disease,	 as	 these	 patients	 are	 poorly	 treated	 in	 the	 conventional
setting.

Therapeutic	 approaches	 include	 permanent	 interstitial	 seed	 implantation,216–218	 with	 reported	 5-	 to	 10-year
PSA-RFS	 rates	 ranging	 from	 10%	 to	 53%.	 In	 a	 second	 series	 of	 37	 patients	 with	 a	 median	 follow-up	 of	 86
months,	 10-year	 PSA-RFS	 and	 cause-specific	 survival	 rates	 were	 54%	 and	 96%,	 respectively.	 Improved
biochemical	tumor	control	was	associated	with	a	presalvage	PSA	level	of	≤0.6	ng/mL	in	multivariate	analysis.216
In	another	report,	69	patients	were	treated	with	salvage	permanent	seed	implantation	using	103Pd	with	a	planned
D90	dose	 of	 100	Gy	 as	monotherapy	 of	whom	90%	 received	 concurrent	ADT.	With	 a	median	 follow-up	 of	 5
years,	5-year	PSA-RFS	rates	were	86%,	75%,	and	66%	for	patients	with	low-	intermediate-	and	high-risk	disease,
respectively.	Grade	3	urinary	toxicity	was	observed	in	9%	of	patients.217

In	 52	 patients	 treated	 with	 salvage	 HDR	 brachytherapy	 after	 radiotherapy	 failure	 delivering	 36	 Gy	 in	 six
fractions	using	 two	TRUS-guided	HDR	prostate	 implants,	 separated	by	1	week,	 the	5-year	PSA-RFS	was	51%
(median	 follow-up,	 60	months).	 The	 incidence	 of	 grade	 3	 urinary	 toxicity	was	 2%,	 and	 that	 of	 grade	 2	 rectal
toxicity	was	4%.219	A	prospective	phase	II	protocol	at	MSKCC	assessed	the	safety	and	efficacy	of	salvage	HDR
brachytherapy	after	EBRT	failure	 in	42	patients;	 the	median	dose	was	81	Gy.	The	5-year	PSA-RFS	and	distant
metastasis–free	 survival	 rates	 were	 69%	 and	 82%,	 respectively.	 Late	 grade	 rectal	 toxicity	 was	 8%;	 grade	 2
urethral	toxicity	was	7%.	One	patient	developed	urinary	incontinence.220

Caution	and	meticulous	treatment	planning	are	necessary	when	considering	repeat	irradiation,	especially	in	the
setting	 of	 previous	 high-dose	EBRT.	Given	 the	 radiation	 dose	 previously	 delivered	 to	 the	 prostate	 and	 nearby
normal	 tissue	structures,	 side	effects	can	manifest,	 including	chronic	urinary	 retention,	hematuria,	 rectal	ulcers,
rectal	bleeding,	and	permanent	sexual	dysfunction.	Yet,	in	the	absence	of	randomized	trials,	the	nonrandomized
published	studies	suggest	salvage	brachytherapy	as	potentially	less	toxic	relative	to	salvage	RP.

Salvage	 Cryotherapy.	 With	 the	 development	 of	 second-	 and	 third-generation	 probes,	 real-time	 TRUS	 for
intraoperative	 monitoring,	 thermocouplers,	 and	 urethral	 warmers,	 cryotherapy	 is	 potentially	 less	 toxic	 and	 a
feasible	 alternative	 for	 salvage	 local	 therapy	 after	 radiation	 failure.	 Case	 selection	 criteria	 include	 a	 prostate
volume	between	20	and	30	g.	The	procedure	is	not	advised	for	patients	in	whom	the	gland	is	≥60	g.	Patients	with
a	prior	TURP	have	an	increased	risk	of	urethral	sloughing	and	urinary	retention.	Reported	biochemical	disease-
free	survival	rates	range	from	34%	to	98%.221,222	Reported	long-term	complications	include	erectile	dysfunction
(77%	to	100%),	rectal	pain	(10%	to	40%),	urinary	incontinence	(4%	to	20%),	urinary	retention	(0%	to	7%),	and
urethral	sloughing	(0%	to	5%).221,222	Rectourethral	fistulas,	the	most	serious	complication	following	cryotherapy,
are	relatively	uncommon	(0%	to	4%).

Advanced	Prostate	Cancer:	Rising	Prostate-Specific	Antigen	and	Clinical
Metastases—Noncastrate	and	Castrate
The	core	principle	of	treatment	of	advanced	prostate	cancer	is	to	deplete	androgens	or	inhibit	signaling	through
the	 androgen	 receptor	 (AR).	 The	 approach	 was	 first	 described	 in	 the	 1940s	 by	 Huggins	 and	 Hodges,223	who
showed	 that	 surgical	 removal	 of	 the	 testes	 or	 the	 administration	 of	 exogenous	 estrogen	 could	 induce	 tumor
regressions,	reduce	the	level	of	acid	phosphatase	in	the	blood,	and	palliate	symptoms	of	 the	disease.223,224	Both
remained	the	standard	of	care	until	the	LHRH	agonists	were	introduced	in	the	1980s.224–226	The	palliative	role	of
surgical	 adrenalectomy	 for	 disease	 that	was	 progressing	 following	 orchiectomy	was	 first	 described	 in	 1945,227
later	replaced	by	the	first-generation	enzymatic	inhibitors	of	adrenal	steroid	biosynthesis	(aminoglutethimide	and
ketoconazole).228,229	 Nonsteroidal	 antiandrogens	 were	 introduced	 in	 the	 1980s.230,231	 All	 these	 agents	 lower
androgen	levels,	with	the	exception	of	the	nonsteroidal	antiandrogens	that	block	the	binding	of	androgens	to	the
AR.

The	“combined	androgen	blockade”	era	followed,	during	which	various	hormone	combinations	were	explored
in	an	attempt	to	increase	the	degree	of	AR	signaling	inhibition	and	thereby	response.	The	first	combined	a	LHRH
agonist	with	flutamide,232	others	with	adrenal	androgen	synthesis	inhibitors;	none	of	these	meaningfully	improved
survival.233,234	Other	approaches	 to	 treating	advanced	prostate	cancer	 include	cytotoxic	agents,	biologic	agents,
and	 immunotherapy.	 In	 1996,	 the	 first	 cytotoxic	 drug,	 mitoxantrone,	 was	 approved	 for	 the	 palliation	 of	 pain
secondary	to	progressive	osseous	disease	based	upon	a	trial	that	was	not	specifically	designed	to	show	a	survival



benefit.235	But	it	was	not	until	2004	that	the	first	systemic	therapy,	docetaxel,	was	shown	to	prolong	the	lives	of
men	with	progressive	CRPC,236,237	setting	a	new	benchmark	for	drug	approvals	that	has	not	been	exceeded	by	any
docetaxel-based	combination,	several	of	which	have	proved	inferior	to	docetaxel	alone	(Table	70.14).238–252

Efforts	 were	 also	 focused	 on	 better	 understanding	 of	 the	 biology	 of	 the	 disease.	 This	 effort	 has	 led	 to	 the
approval	of	six	new	treatments	with	diverse	mechanisms	of	action	since	2010.	Five	were	shown	to	prolong	life
(see	 Table	 70.14),	 including	 a	 biologic	 agent	 (sipuleucel-T),238	 a	 cytotoxic	 (cabazitaxel),240	 a	 bone-seeking	 α-
emitting	 radionuclide	 (radium-223),241	 and	 two	 hormonal	 agents,	 the	 CYP17	 inhibitor	 abiraterone	 acetate	 that
inhibits	androgen	biosynthesis	in	combination	with	prednisone	and	a	next-generation	antiandrogen,	enzalutamide,
which	 is	 mechanistically	 unique	 from	 the	 first-generation	 compounds.242,243	 The	 sixth	 agent,	 denosumab,	 a
monoclonal	antibody	that	binds	the	cytokine	RANKL	(receptor	activator	of	nuclear	factor	kappa	B	ligand),	was
shown	 to	 reduce	 the	morbidity	 associated	with	 skeletal	metastases	 relative	 to	 a	previously	established	 standard
(zoledronate).252

Taken	 together,	 the	 results	 of	 these	 new	 treatments	 showed	 that	 survival	 could	 be	 prolonged	 by	 targeting
different	 aspects	 of	 the	 malignant	 process	 in	 addition	 to	 direct	 targeting	 of	 the	 tumor	 and	 demonstrated	 the
complexity	of	measuring	success	for	these	new	agents.	Separately,	the	success	of	hormonal	agents	that	inhibit	the
AR	and	AR	signaling	confirmed	 that	prostate	cancers	progressing	despite	castrate	 levels	of	 testosterone	are	not
uniformly	hormone	refractory;	instead,	they	are	more	accurately	described	as	castration	resistant.

Efficacy	End	Points
Prostate	cancer	treatment	outcomes	are	reported	based	on	the	changes	in	individual	disease	manifestations	that	are
present	 when	 therapy	 is	 initiated	 and	 the	 prevention	 of	 development	 of	 subsequent	 manifestations.	 The
appropriateness	of	one	metric	over	another	depends	on	the	class	and	mechanism	of	the	drug	or	therapy	being	used,
the	 disease	 state	 of	 the	 patients	 being	 treated,	 and	 the	 clinical	 benefit	 or	 outcome	 the	 therapy	 is	 expected	 to
achieve.	Measurements	of	PSA	levels	alone	are	not	sufficient	to	gauge	efficacy	for	several	classes	of	agents.	For
example,	AR	and	AR	signaling	inhibitors	may,	in	some	patients,	produce	declines	in	PSA	without	affecting	tumor
growth.	Conversely,	bone-seeking	radiopharmaceuticals	may	relieve	pain	without	decreasing	PSA	levels.	A	drug
that	 inhibits	 cell	 proliferation	without	 inducing	 an	 apoptotic	 effect	may	 lead	 to	 a	 prolonged	 period	 of	 disease
stability	 or	 “nonprogression,”	 preventing	 disease	 manifestations	 such	 as	 the	 development	 of	 new	 metastatic
lesions	or	pain	that	were	expected	to	occur.	Such	a	drug	might	be	beneficial	independent	of	its	effect	on	PSA.	In
contrast,	 a	 hormonal	 agent	 or	 cytotoxic	 drug	 that	 does	 not	 produce	 a	 decline	 in	 PSA	 is	 likely	 to	 be	 inactive.
Examples	of	agents	that	provide	clinical	benefit	without	PSA	declines	include	the	delay	and	prevention	benefit	of
zoledronate104	and	denosumab253	on	skeletal-related	events	(SREs),	and	separately,	the	survival	benefit	shown	for
sipuleucel-T238	and	radium-223.241

TABLE	70.14
(A)	Phase	III	Trials	of	Single	Agents	Leading	to	Regulatory	Approval	in	Castration-Resistant
Prostate	Cancer.	(B)	Completed	or	Ongoing	Phase	III	Studies	Examining	Docetaxel-Based
Combinations	in	the	First-line	Treatment	of	Metastatic	Castration-Resistant	Prostate	Cancer

Trial:	Therapy	(Approved	Date) N Disease	State Comparator HR OS P	Value
(A)	Phase	III	Trials	of	Single	Agents	Leading	to	Regulatory	Approval

IMPACT:	Provenge	vaccine	(2010)318 512
Prechemotherapy
Asymptomatic Placebo 0.775 25.8	vs.	21.7 .032

COU-AA-302:	abiraterone	acetate
(2013)319 1,088 Prechemotherapy

Placebo
Prednisone 0.75

NYR	vs.
27.2 .01

TAX327:	docetaxel	(2004)317 1006 First-line
Mitoxantrone
Prednisone 0.76 18.9	vs.	16.5 .009

TROPIC:	cabazitaxel	(2010)320 755
Postchemotherapy
Symptoms

Mitoxantrone
Prednisone 0.70 15.1	vs.	12.7 <	.0001

COU-AA-301:	abiraterone	acetate
(2011)322 1195 Postdocetaxel

Placebo
Prednisone 0.646 14.8	vs.	10.9 <	.0001

AFFIRM:	enzalutamide	(2012)323 1199 Postdocetaxel Placebo 0.631 18.4	vs.	13.6 <	.0001

Pre-	and
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ALSYMPCA:	radium-223	(2013)321 922 postsymptomatic Placebo 0.695 14.0	vs.	11.2 .00085

PREVAIL:	enzalutamide	(2014)368 1,717 Prechemotherapy Placebo 0.71 32.4	vs.	30.2 <	.001

(B)	Phase	III	Trials	with	Docetaxel-Based	Combinations
CALGB	90401:	docetaxel	±
bevacizumab324 1,050 First-line Placebo 0.091 22.6	vs.	21.5 .181

VENICE:	docetaxel	±	aflibercept325 1,224 First-line Placebo 0.94 22.1	vs.	21.2 .38

SWOG	S0421:	docetaxel	±	atrasentan326 994 First-line Placebo 1.04 17.8	vs.	17.6 .64

ENTHUSE:	docetaxel	±	zibotentan327 1,052 First-line Placebo 1.00 20.0	vs.	19.2 .963

READY:	docetaxel	±	dasatinib328 1,380 First-line Placebo 0.99 21.5	vs.	21.2 .90

VITAL	2:	docetaxel	±	GVAX329 408
First-line
Symptomatic Placebo 1.70 12.2	vs.	14.1 .0076

MAINSAIL:	docetaxel	±	lenalidomide330 1,059 First-line Placebo 1.53
17.7	vs.
NYR .0017

ASCENT:	docetaxel	±	calcitriol331 953 First-line Placebo 1.42 17.8	vs.	20.2 .002

SYNERGY:	docetaxel	±	custirsen332 1,022 First-line Placebo 0.93 23.4	vs.	22.2 .207
HR,	hazard	ratio;	OS,	overall	survival	(mo);	NYR,	not	yet	reached.

It	is	for	these	reasons	that	the	PCWG2,	and	subsequently	PCWG3,254	recommended	focusing	less	on	whether	a
treatment	 was	 “working”	 and	 more	 on	 when	 it	 was	 “not	 working,”	 and	 to	 carefully	 consider	 the	 potential
significance	 of	 an	 apparent	 adverse	 change	 in	PSA	before	 stopping	 therapy.	Rather	 than	discontinue	 treatment
based	 on	 a	 PSA	 change	 alone,	 it	 is	 preferable	 to	 wait	 until	 there	 is	 evidence	 of	 radiographic	 or	 clinical
progression.	Figure	70.11	shows	examples	where	(1)	a	significant	initial	rise	in	PSA	or	(2)	a	slow	rise	following
an	initial	decline	did	not	associate	with	radiographic	or	clinical	progression	for	a	considerable	period	of	time	(2
years	and	3.5	years,	 respectively,	 in	Fig.	70.11).253,255	 In	each	case,	 reliance	on	 the	PSA	change	alone	 to	guide
management	 would	 have	 resulted	 in	 the	 premature	 discontinuation	 of	 therapy	 and	 denied	 the	 patient	 durable
disease	 control.	 In	 furtherance	 of	 keeping	 patients	 on	 treatments	 from	 which	 they	 are	 benefiting,	 PCWG3
recommended	that	patients	remain	on	treatments	not	only	beyond	PSA	progression	but	also	beyond	radiographic
progression	if	there	is	evidence	that	they	are	still	deriving	clinical	benefit	from	treatment.254

Noncastrate	Prostate	Cancer	(Rising	Prostate-Specific	Antigen	and	Noncastrate
Metastases)

Hypothalamic–Pituitary–Gonadal	 Axis.	 The	 regulation	 of	 androgen	 production	 begins	 with	 LHRH	 being
secreted	from	the	hypothalamus,	which	acts	on	the	pituitary	gland	to	release	follicle-	stimulating	hormone,	which
acts	on	Sertoli	cells,	and	luteinizing	hormone	(LH),	which	acts	on	Leydig	cells	to	control	androgen	synthesis	and
spermatogenesis	in	the	testes	(Fig.	70.12).



Figure	70.11	Prostate-specific	antigen	(PSA)	rise	alone	is	not	sufficient	reason	to	discontinue
treatment;	there	must	also	be	radiographic	or	clinical	evidence	of	progression.	A:	An	initial	rapid
rise	in	PSA,	with	subsequent	decline	above	baseline	on	a	second	value,	in	a	patient	who	remained
biochemically,	radiographically,	and	clinically	stable	for	22	months	on	abiraterone	acetate.	B:	A

slow	rise	in	PSA	after	an	initial	rapid	decline,	with	no	evidence	of	radiographic	or	clinical
progression	for	28	months	while	receiving	enzalutamide.	(From	Scher	HI,	Morris	MJ,	Basch	E,	et
al.	End	points	and	outcomes	in	castration-resistant	prostate	cancer:	from	clinical	trials	to	clinical

practice.	J	Clin	Oncol	2011;29[27]:3695–3704,	with	permission.)
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Figure	70.12	The	androgen-signaling	axis	and	its	inhibitors.	Testicular	androgen	synthesis	is
regulated	by	the	gonadotropin-releasing	hormone	(GnRH)–luteinizing	hormone	(LH)	axis,	whereas

adrenal	androgen	synthesis	is	regulated	by	the	corticotrophin-releasing	hormone	(CRH)–
adrenocorticotropic	hormone	(ACTH)	axis.	GnRH	agonists	and	corticosteroids	inhibit	stimulation
of	the	testes	and	adrenals,	respectively.	Abiraterone	inhibits	CYP17,	a	critical	enzyme	in	androgen
synthesis.	Bicalutamide,	flutamide,	and	nilutamide	competitively	inhibit	the	binding	of	androgens	to
androgen	receptors;	enzalutamide	also	blocks	the	translocation	of	the	ligand	bound	AR	complex	to

the	nucleus	and	from	binding	to	DNA.	DHEA,	dehydroepiandrosterone;	DHEA-S,
dehydroepiandrosterone	sulfate;	DHT,	dihydrotestosterone;	AR,	androgen	receptor;	ARE,

androgen-response	element.	(Adapted	from	Chen	Y,	Clegg	NJ,	Scher	HI.	Anti-androgens	and
androgen-	depleting	therapies	in	prostate	cancer:	new	agents	for	an	established	target.	Lancet	Oncol

2009;10[10]:981–991,	with	permission.)

Bilateral	 orchiectomy	 is	 an	 inexpensive	 standard	 treatment	 that	 reliably	 reduces	 testosterone	 levels	 to	 the
“castrate”	range	(<50	ng/dL).	Estrogens	inhibit	the	production	of	LHRH,	which	decreases	the	release	of	follicle-
stimulating	 hormone	 and	 LH,	 and	 reduces	 androgen	 levels	 in	 a	 dose-dependent	 manner.	 A	 dose	 of
diethylstilbestrol	(DES),	3	mg	per	day,	generally	achieves	castrate	testosterone	levels.

LHRH	agonists	produce	an	initial	rise	in	LH	that	increases	testosterone	levels,	followed	1	to	2	weeks	later	by
downregulation	of	LH	receptors	 that	results	 in	a	medical	castration.	The	initial	rise	 in	 testosterone	can	flare	 the



disease,	precipitating	or	exacerbating	symptoms	such	as	pain,	obstructive	uropathies,	and	spinal	cord	compromise.
These	agents	were	 first	 approved	on	 the	basis	of	 trials	 showing	an	 improved	safety	profile	compared	with	oral
estrogens,	 most	 notably	 the	 reduction	 in	 cardiovascular-related	 events	 such	 as	 edema,	 thrombosis	 and
thromboembolism,	myocardial	 infarction,	 and	 stroke.256,257	 Several	 are	 approved	 for	 use	 in	 the	 United	 States,
including	 leuprolide	 acetate	 (Lupron,	 given	 intramuscularly	 [AbbVie,	 North	 Chicago,	 IL];	 Eligard,	 given
subcutaneously	 [TOLMAR	Pharmaceuticals,	 Inc.,	 Fort	Collins,	CO];	Viadur,	 implanted	 subcutaneously	 [Bayer
HealthCare	 Pharmaceuticals	 Inc.,	 Montville,	 NJ]),	 goserelin	 acetate	 (Zoladex,	 given	 subcutaneously	 in	 the
abdominal	wall	 [AstraZeneca,	London,	England]),	 triptorelin	pamoate	 (Trelstar,	 given	 intramuscularly	 [Actavis
Pharma,	 Inc.,	Parsippany,	NJ]),	 and	histrelin	 acetate	 (Vantas,	 implanted	 subcutaneously	 [Endo	Pharmaceuticals
Inc.,	Dublin,	Ireland]).	These	drugs	are	available	as	daily	or	monthly	injections,	and	3-,	4-,	6-,	or	12-month	depot
injections.

Figure	70.13	Testosterone	levels	following	treatment	with	a	luteinizing	hormone–releasing
hormone	agonist	and	antagonist.	Nadir	is	achieving	castrate	range.

In	contrast,	LHRH	antagonists	produce	castrate	levels	of	testosterone	in	48	hours	without	the	initial	rise	(Fig.
70.13),	 making	 them	 a	 compelling	 choice	 for	 the	 initial	 treatment	 of	 patients	 with	 symptoms.	 At	 present,
degarelix,	 available	 as	monthly	 subcutaneous	 injections,	 is	 the	 only	 LHRH	 antagonist	 that	 is	 approved	 in	 the
United	 States.	 Reported	 outcomes	 suggest	 a	 comparable	 to	 slightly	 improved	 efficacy	 relative	 to	 the
agonists/antagonists	 discussed	 previously.258	 The	 tradeoff	 is	 the	 need	 for	 monthly	 injections	 and	 a	 higher
frequency	of	injection	site	reactions.

Antiandrogens
Antiandrogens	block	the	binding	of	testosterone	to	the	AR	(see	Fig.	70.12).	There	are	two	types:	the	steroidal	type
I	 agents	 such	 as	 cyproterone	 acetate	 have	 progestational	 properties	 that	 suppress	 LH	 levels	 and	 lower	 serum
testosterone;	 these	 are	 not	widely	 used;	 the	 nonsteroidal	 type	 II	 agents	 bind	 to	 the	AR	 and	 act	 as	 competitive
antagonists	for	ligands	that	might	otherwise	bind	and	activate	the	ligand-dependent	transcriptional	activity	of	the
receptor.	The	 three	 first-generation	 type	 II	 agents	 approved	are	 flutamide,	which	has	 a	 short	 half-life	 requiring
multiple	daily	doses,	and	bicalutamide	and	nilutamide,	which	have	weekly	half-lives	and	are	administered	once
daily.	All	three	were	approved	initially	in	combination	with	an	LHRH	analog:	flutamide	to	prevent	the	flare	that
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can	result	from	the	initial	rise	in	testosterone	that	occurs	with	LHRH	analogs,	bicalutamide	(50	mg	daily)	on	the
basis	of	an	improved	safety	profile	relative	to	flutamide,	and	nilutamide	in	combination	with	surgical	orchiectomy
based	on	greater	efficacy	relative	to	orchiectomy	alone.	Type	II	agents	given	as	monotherapy	do	not	inhibit	LH
synthesis	in	the	hypothalamus	or	pituitary,	and	circulating	testosterone	levels	rise.	None	of	these	antiandrogens	are
approved	as	monotherapy	in	the	United	States,	although	bicalutamide	150	mg	is	approved	in	the	European	Union.

Enzymatic	 Inhibitors	 of	 Androgen	 Synthesis.	 All	 steroidal	 hormones	 are	 derived	 from	 pregnenolone	 and
subsequently	 metabolized	 via	 several	 CYP450	 class	 enzymes.	Within	 the	 adrenal	 gland,	 CYP17	mediates	 the
synthesis	of	weak	androgens	dehydroepiandrosterone	(DHEA)	and	androstenedione	(Fig.	70.14),	whereas	 in	 the
testes,	the	presence	of	17-keto	reductase	generates	testosterone	that	can	be	further	converted	to	DHT	in	peripheral
tissues	 by	 5α-reductase.	 Ketoconazole	 is	 a	 nonspecific	 P450	 inhibitor	 that,	 at	 a	 dose	 of	 1,200	 mg	 per	 day,
produces	castrate	 levels	of	 testosterone	 in	24	hours	 through	 inhibition	of	adrenal	and	 testicular	 steroidogenesis.
The	effect	is	not	durable,	limiting	the	drug’s	use	as	first-line	treatment.	It	was	useful	for	patients	who	presented
with	 acute	 spinal	 cord	 compression	 or	 disseminated	 intravascular	 coagulation,	 when	 LHRH	 analogs	 are
contraindicated	and	the	risk	of	hemorrhage	from	surgery	is	significant.

Toxicities	 of	 Androgen	 Deprivation	 Therapy.	 The	 adverse	 effects	 associated	 with	 ADT	 include	 those
associated	 with	 the	 hypogonadal	 state	 and	 others	 that	 are	 unique	 to	 the	 specific	 drugs	 utilized.	 Symptoms
associated	 with	 castration,	 whether	 medical	 or	 surgical,	 can	 be	 grouped	 under	 the	 “androgen	 deprivation
syndrome,”	and	include	hot	flashes,	a	decrease	in	libido,	erectile	dysfunction,	impotence,	fatigue,	anemia,	weight
gain	and	alterations	in	fat	metabolism,	loss	of	muscle	mass	and	weakness,	bone	loss,	a	decrease	in	mental	acuity,
mood	 swings,	 personality	 changes,	memory	 loss,	 depression,	 and	 insomnia.	 Consequently,	 to	 relieve	 patients’
anxiety	 and	minimize	 stress,	 it	 is	 essential	 to	 inform	 them	 of	 the	 goals	 of	 treatment	 and	 the	 potential	 adverse
events	that	may	occur.	Many	of	the	adverse	effects	of	ADT	can	be	relieved	by	exercise.259–261	Table	70.15	shows
the	 frequency	 and	methods	 of	 amelioration.	Hot	 flashes	 occur	 in	more	 than	80%	of	 patients	 at	 any	 time,	 even
during	sleep,	and	may	last	for	several	seconds	or	an	hour	or	more.	They	are	bothersome	in	about	25%	of	cases
and,	if	significant,	can	be	reduced	in	frequency	and	intensity	with	estrogens	at	doses	as	low	as	0.3	mg	per	day	by
patch262	or	progestins	(e.g.,	megestrol	acetate	or	medroxyprogesterone	acetate).263

Erectile	dysfunction	and	loss	of	libido	are	almost	universal.	Penile	and	testicular	size	may	diminish	and	facial
and	 body	 hair	 decrease,	 but	 male	 pattern	 baldness	 may	 improve.	 Fatigue,	 in	 part	 related	 to	 anemia,	 is	 also
frequent,	as	90%	of	men	on	ADT	show	a	decrease	in	hemoglobin	of	10%,	and	25%	show	a	decrease	of	18%	or
more.264	Weight	gain	is	also	frequent	(most	of	which	is	fat,	as	lean	body	mass	decreases)	and	exceeded	6	kg	on
average	at	12	months	in	one	study.265	Other	factors	contributing	to	weight	gain	include	an	increase	in	appetite	and
sedentary	lifestyle.

Metabolic	changes	include	an	increase	in	cholesterol	in	10%	of	patients,	increase	in	triglycerides	in	26%,	and
incident	diabetes,266	a	consequence	of	insulin	resistance.	It	is	uncertain	whether	glucose	intolerance	results	from
an	increase	in	weight	or	adiposity,	a	decrease	in	exercise	tolerance,	or	a	combination	of	these	or	other	factors.

Osteopenia	and	osteoporosis	are	well	documented,	and	in	one	prospective	trial,	bone	mass	decreased	by	2%	to
5%	after	1	year	of	ADT,	 leading	to	an	 increased	rate	of	fracture,265,267	 although	 few	fractures	occur	 in	patients
treated	for	<1	year	(Fig.	70.15).268	Changes	 in	bone	can	be	monitored	by	bone	densitometry	and	bone	 turnover
markers	such	as	urinary	N-telopeptide	(a	breakdown	product	of	collagen),	bone-specific	alkaline	phosphatase,	and
osteocalcin.269	 Bone	 loss	 and	 fracture	 rates	 can	 be	 reduced	 by	 bisphosphonates	 such	 as	 zoledronate270	 or
denosumab,	 blocking	 osteoclast	 maturation,	 function,	 and	 survival,271,272	 and	 toremifene,	 a	 selective	 estrogen
receptor	modulator.273	Supplemental	calcium	(1,000	to	1,500	mg	per	day)	and	vitamin	D	(400	international	units)
daily	 are	 also	 advised	 to	 prevent	 bone	 loss,	 but	 data	 to	 support	 their	 use	 are	 limited.	 Integral	 parts	 of	 the
maintenance	of	bone	integrity	are	exercise,	reduction	in	caffeine,	and	smoking	cessation.

Other	adverse	effects	of	ADT	include	depression,	mood	swings,	emotional	 lability,	decreased	mental	acuity,
and	memory	loss.274	Psychological	tests	for	cognitive	dysfunction	suggest	that	certain	aspects	of	spatial	reasoning
and	spatial	ability,275	along	with	memory	and	attention,	can	be	impaired	by	ADT.276

Cardiovascular	 issues	 are	 also	 a	 concern,	 given	 the	multiplicity	 of	 risk	 factors	 that	 are	worsened	 by	ADT,
including	weight	gain,	 increased	adipose	 tissue,	decreased	exercise	 tolerance,	hyperlipidemia,	decreased	 insulin
sensitivity,	and	glucose	intolerance.	The	literature	on	the	effects	of	ADT	on	cardiovascular	mortality	shows	that
this	 remains	 an	 area	 of	 controversy.	 A	 recent	 advisory	 panel	 from	 the	 American	 Heart	 Association	 (AHA)
concluded	that	links	between	ADT	and	cardiovascular	mortality	remain	controversial,	and	that	there	is	no	reason
at	present	to	initiate	cardiac	testing	in	patients	with	cardiovascular	disease	before	initiation	of	ADT.277,278



Figure	70.14	The	effects	of	abiraterone	acetate	on	steroid	biosynthesis.	ACTH,
adrenocorticotropic	hormone;	DOC,	11-deoxycorticosterone;	DHEA,	dehydroepiandrosterone;

DHT,	dihydrotestosterone.

Antiandrogen	Toxicity.	Antiandrogens	do	not	lower	serum	androgens,	and,	as	a	result,	there	is	less	loss	of	libido,
fewer	hot	flashes,	and	potency	may	be	spared,	and	muscle	and	bone	mass	are	retained.	Unique	toxicities	relative
to	testosterone-lowering	approaches	include	GI	events	such	as	elevations	in	hepatic	enzymes,	stomach	upset	and
diarrhea,279	 and	 pulmonary	 complications	 such	 as	 fibrosis;	 these	 toxicities	 are	 a	 rare	 class	 effect	 of	 the	 first-
generation	antiandrogens,280	which	occur	most	frequently	with	nilutamide.	Gynecomastia	and/or	breast	tenderness
may	also	develop,	which,	if	severe,	might	require	a	reduction	mammoplasty.	Prophylactic	breast	 irradiation	can
reduce	the	frequency	and	severity	of	these	effects.259,260

Combination	strategies	that	prolong	life	for	noncastrate	metastatic	disease.	Several	important	phase	III	trials	have
reported	 survival	 benefits	 for	 men	 with	 metastatic	 noncastrate	 disease,	 as	 summarized	 in	 Table	 70.14.	 Three
randomized	controlled	trials	have	explored	chemotherapy	in	combination	with	docetaxel	for	men	with	noncastrate
metastatic	disease.	These	are	the	GETUG-AFU	15	(GETUG-15),	CHAARTED	(ECOG	3805),	and	STAMPEDE
studies,	 which	 have	 compared	 standard	 ADT	 with	 ADT	 plus	 concurrent	 docetaxel	 for	 men	 with	 noncastrate
metastatic	 disease.281–285	 More	 recently,	 two	 randomized	 studies,	 the	 LATITUDE	 trial,	 and	 another	 arm	 of
STAMPEDE,	 have	 compared	 standard	 ADT	 with	 ADT	 plus	 concurrent	 abiraterone	 with	 prednisone	 or
prednisolone	 (AAP)	 for	 men	 with	 noncastrate	 metastatic	 disease.286,287	 In	 aggregate,	 these	 trials	 support	 two
separate	standards	of	care	 for	at	 least	 subsets	of	men	with	newly	diagnosed	noncastrate	metastatic	disease:	one
standard	is	comprised	of	six	doses	of	docetaxel	given	every	3	weeks	at	a	dose	of	75	mg/m2	and	the	other	being
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concurrent	ADT	and	AAP	until	castration	resistance	is	manifest.

Docetaxel.	 The	GETUG-15	 trial	 reported	 by	Gravis	 et	 al.282	 included	 385	M1	 patients.	 Patients	 received	 nine
cycles	of	docetaxel	at	75	mg/m2	given	every	3	weeks.	The	primary	outcome	for	the	GETUG-15	trial	was	OS.	The
trial	did	not	detect	a	survival	difference	at	a	median	83.9	months	of	follow-up	(ADT	alone:	48.6	months	versus
ADT	plus	docetaxel:	62.1	months;	HR,	0.88;	95%	CI,	0.68	to	1.14;	P	=	.3).	Four	patients	in	the	study	died	from
docetaxel-related	complications.

TABLE	70.15
Adverse	Effects	of	Androgen	Deprivation,	Approximate	Frequency,	and	Potential
Therapeutic	Options	for	Ameliorationa

Effect Approximate	Frequency Potential	Corrective	Actions
Libido	loss Universal None	known

Erectile	dysfunction Universal None	known

Hot	flashes 50%–80% Venlafaxine,	estrogens,	progestins

Muscle	loss Common,	duration	dependent Exercise

Weight	gain Common Exercise/diet

Facial/body	hair	loss Very	common None	known

Fatigue Not	defined Exercise

Emotional	lability Not	defined None	known

Depression 0%–30% Various	antidepressants

Cognitive	dysfunction Not	defined None	known

Gynecomastia Up	to	20% Preemptive	radiation

Breast	tenderness Not	defined Aromatase	inhibitors

Osteoporosis Common,	duration	dependent Exercise/bisphosphonates

Anemia 5%–13% Erythropoietin	not	recommended

Hyperlipidemia 10% Diet,	statins

Diabetes 0.8%/y	increase Exercise,	oral	agents

Myocardial	infarction 0.25%/y	increase Treatment	of	risk	factors

Coronary	heart	disease 1%/y	increase Treatment	of	risk	factors
aA	number	of	events	are	poorly	defined	in	frequency	as	a	consequence	of	a	 lack	of	controlled	studies,	quantitative	assessments,
and/or	agreed	on	definitions.

The	CHAARTED	trial	reported	by	Sweeney	et	al.285	included	a	total	of	790	M1	patients.	Prior	adjuvant	ADT
was	 allowed	 if	 the	 duration	 of	 therapy	was	 24	months	 or	 less	 and	 progression	 had	 occurred	>12	months	 after
completion	of	therapy.	Patients	on	the	docetaxel	arm	of	the	study	received	six	cycles	of	docetaxel	given	at	a	dose
of	75	mg/m2	 every	3	weeks.	The	primary	end	point	 for	CHAARTED	was	median	OS.	 In	 the	overall	 treatment
group,	a	benefit	 in	 favor	of	ADT	in	combination	with	docetaxel	was	demonstrated	 (HR,	0.61;	95%	CI,	0.47	 to
0.80;	median	 survival:	 44	versus	57.6	months;	P	 <	 .001)	 after	 28.9	months	median	 follow-up	 relative	 to	ADT
alone.	 In	 a	 planned	 subgroup	 analysis,	 the	 benefit	 of	 chemotherapy	 appeared	 to	 be	 singularly	 enjoyed	by	men
characterized	 as	 having	 “high-volume	 disease”	 (HVD),	 which	 the	 protocol	 defined	 as	 four	 or	 more	 bone
metastases,	one	or	more	of	which	is	outside	of	the	spine	or	pelvis,	and/or	the	presence	of	any	visceral	disease.	In
the	 subgroup	of	men	with	HVD,	 there	was	 a	 40%	 improvement	 in	OS	 (HR,	 0.60;	 95%	CI,	 0.45	 to	 0.81;	 32.2
versus	49.2	months;	P	<	.001).	Such	a	treatment	effect	was	not	seen	in	men	without	these	characteristics,	and	who
were	termed	as	having	“low-volume	disease”	(LVD).	In	men	with	LVD,	the	OS	difference	did	not	meet	statistical
significance,	with	an	HR	of	0.60	(95%	CI,	0.32	to	1.13)	(median	OS,	not	reached	in	either	arm;	P	=	.11).	In	2016,
the	CHAARTED	data	were	updated.285	The	addition	of	docetaxel	to	ADT	continued	to	have	a	significant	benefit
for	the	overall	population	(HR,	0.73;	95%	CI,	0.59	to	0.89;	median	survival:	47.2	[95%	CI,	41.8	to	52.8	months]
versus	57.6	months	[95%	CI,	52	to	63.9	months];	P	=	.0018).	But	the	LVD	patients	appeared	not	to	have	any	OS
benefit	 (HR,	1.04;	95%	CI,	0.70	 to	1.55;	P	=	 .86),	whereas	men	with	HVD	appeared	 to	have	a	 significant	OS
benefit	with	docetaxel	(ADT	alone,	median	survival:	34.4	months	[95%	CI,	30.1	to	42.1	months]	versus	ADT	plus



docetaxel,	median	survival:	51.2	months	[95%	CI,	45.2	to	58.1	months];	HR,	0.63	[95%	CI,	0.50	to	0.79];	P	 <
.0001).	Additionally,	only	one	patient	died	of	treatment-related	causes	in	the	docetaxel	arm,	and	none	in	the	ADT
alone	arm.

Figure	70.15	Fracture	rate	as	a	function	of	time	after	androgen	deprivation	therapy	in	men	older
than	age	68	years	in	the	United	States.	Number	of	doses	is	the	number	administered	within	12
months	after	diagnosis.	GnRH,	gonadotropin-releasing	hormone.	(From	Shahinian	VB,	Kuo	YF,
Freeman	JL,	et	al.	Risk	of	fracture	after	androgen	deprivation	for	prostate	cancer.	N	Engl	J	Med

2005;352[2]:154–164,	with	permission.)

The	STAMPEDE	trial,	 reported	by	James	et	al.,286	 included	a	 total	of	2,962	patients	overall,	but	only	1,776
participated	in	 the	question	of	 the	benefits	of	docetaxel	(1,184	in	 the	ADT	alone	arm	and	592	in	 the	ADT	plus
docetaxel	arm).	Notably,	approximately	39%	of	the	total	number	of	patients	were	M0.	Patients	on	the	docetaxel-
containing	arms	received	six	doses	of	docetaxel	at	75	mg/m2,	with	prednisolone	10	mg	daily.	Inclusion	criteria	for
STAMPEDE	were	newly	diagnosed	metastatic,	node-positive,	or	high-risk,	locally	advanced	(at	least	two	of	the
following	high-risk	features:	T3/T4,	Gleason	score	of	8	to	10,	and	PSA	≥40	ng/mL)	prostate	cancer	or	previous
treatment	 with	 radical	 surgery,	 radiotherapy,	 or	 both	 and	 relapsing	 with	 high-risk	 features.	 All	 patients	 in
STAMPEDE	were	to	receive	long-term	ADT.	The	primary	outcome	for	STAMPEDE	was	OS.	The	STAMPEDE
trial	detected	a	median	survival	benefit	in	favor	of	the	addition	of	docetaxel	to	ADT	compared	with	ADT	alone
(median,	 71	 versus	 81	months).286	 This	 was	 true	 for	 the	 overall	 study	 population	 (M0	 and	M1)	 that	 received
docetaxel	 (HR,	 0.78;	 95%	 CI,	 0.66	 to	 0.93;	 median	 survival,	 81	 months;	 P	 =	 .006),	 and	 specifically	 those
metastatic	 patients	who	 underwent	ADT	plus	 docetaxel	 (HR,	 0.76;	 95%	CI,	 0.62	 to	 0.92;	median	 survival,	 60
months;	P	=	.033).	At	least	at	last	publication,	the	subset	of	M0	patients	have	not	yet	demonstrated	an	OS	benefit
(HR,	0.95;	95%	CI,	0.62	to	1.47),	but	note	should	be	made	that	the	trial	was	not	powered	to	examine	subsets	of
patients,	and	the	lack	of	an	OS	benefit	to	date	in	the	M0	patients	does	not	mean	that	the	trial	has	demonstrated	that
such	patients	do	not	an	enjoy	a	survival	benefit.

CHAARTED285	detected	a	significant	improvement	in	biochemical	RFS	with	the	docetaxel	arm	(ADT	alone,
11.7	 months	 versus	 ADT	 plus	 docetaxel	 20.2	 months;	 HR,	 0.61;	 95%	 CI,	 0.51	 to	 0.72;	 P	 <	 .001).	 In
STAMPEDE,283	 failure-free	 survival	 was	 defined	 as	 a	 composite	 end	 point	 including	 biochemical	 and
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radiographic	 measures	 and	 death,	 and	 the	 trial	 demonstrated	 an	 improvement	 with	 docetaxel	 (ADT	 alone,	 20
months	versus	ADT	plus	docetaxel,	37	months;	HR,	0.61;	95%	CI,	0.53	to	0.70;	P	<	.001).

Two	meta-analyses	examined	the	aggregate	of	the	three	trials,	both	of	which	supported	the	use	of	docetaxel	for
noncastrate	metastatic	disease.	In	one	meta-analysis,	treatment	of	metastatic	noncastrate	patients	demonstrated	an
HR	of	0.77	(95%	CI,	0.68	to	0.87;	P	<	.0001)	in	favor	of	treatment.	In	the	other,	the	addition	of	docetaxel	yielded
an	HR	of	0.73	(95%	CI,	0.60	to	0.90;	P	=	.002).288,289

In	conclusion,	for	chemotherapy-fit	patients	with	at	 least	HVD,	and	perhaps	high-risk	nonmetastatic	disease,
six	cycles	of	docetaxel	should	be	considered	a	standard	of	care.

AAP.	 There	 are	 two	 trials	 supporting	 the	 use	 of	AAP	 for	metastatic	 noncastrate	 disease.	The	LATITUDE	 trial
examined	1,199	M1	patients	who	had	“high-risk”	disease	defined	as	having	at	 least	 two	of	 the	 following	 three
factors:	Gleason	score	of	8	or	more,	at	least	three	bone	lesions,	and	the	presence	of	measurable	visceral	metastasis.
The	two	primary	end	points	of	this	trial	were	OS	and	radiographic	PFS.	Patients	received	abiraterone	at	a	dose	of
1,000	mg	daily,	with	5	mg	of	prednisone.	The	LATITUDE	trial	demonstrated	a	38%	reduction	in	the	risk	of	death
(HR,	0.62;	95%	CI,	0.51	to	0.76;	P	<	.001),	with	a	median	survival	of	34.7	months	in	the	ADT-alone	arm	whereas
the	AAP	arm	median	survival	was	not	yet	reached.	The	risk	of	PFS	was	reduced	by	53%	(HR,	0.47;	95%	CI,	0.39
to	0.55;	P	<	.001)	in	favor	of	the	abiraterone	arm	(14.8	months	ADT	alone	versus	33	months	AAP).

The	 abiraterone	 data	were	 reported	 by	 James	 et	 al.286	 in	which	 1,917	M0/M1	 patients	were	 randomized	 to
either	ADT	 alone	 or	AAP.	 Inclusion	 criteria	were	 newly	 diagnosed	 and	metastatic,	 node-positive,	 or	 high-risk
locally	advanced	disease	or	disease	that	had	been	previously	treated	with	radical	surgery	or	radiotherapy	and	was
relapsing	with	high-risk	 features.	Patients	with	 clinically	 significant	 cardiovascular	disease	were	 excluded.	The
primary	outcome	was	OS	and	the	intermediate	primary	outcome	was	failure-free	survival,	defined	as	the	time	to
the	 following	 forms	 of	 treatment	 failure:	 biochemical	 (PSA)	 failure;	 progression	 of	 local,	 LN,	 or	 distant
metastases;	 or	 death	 from	prostate	 cancer.	Abiraterone	 reduced	 the	 risk	 of	 death	 by	 37%	 for	 the	 overall	 study
population	(HR,	0.63;	95%	CI,	0.52	to	0.76;	P	<	.001)	and	39%	in	the	M1	population	(HR,	0.61;	95%	CI,	0.49	to
0.75;	P	<	.05).	The	risk	of	failure-free	survival	was	reduced	by	69%	(HR,	0.31;	95%	CI,	0.26	to	0.37;	P	<	.05)	in
the	M1	population	(median	30	months	ADT	alone	versus	43.9	months	AAP).

Hence,	the	use	of	AAP	with	ADT	for	noncastrate	metastatic	disease	is	a	standard	of	care,	at	least	for	patients
who	meet	HVD	 disease	 by	 LATITUDE	 criteria,	 if	 not	 other	 patients	 with	 lesser	 degrees	 of	 risk,	 or	 even	M0
disease.	On	February	17,	2018,	the	FDA	approved	abiraterone	acetate	in	combination	with	prednisone	for	high-
risk	metastatic	castration-sensitive	prostate	cancer	on	the	basis	of	the	LATITUDE	data.290

Contemporary	Management
For	the	patient	with	metastatic	disease	and/or	symptoms,	or	the	patient	in	the	rising	PSA	state	for	whom	treatment
is	advised	based	on	the	absolute	level	of	PSA	or	PSA	kinetics,	standard	practice	is	to	initiate	therapy	and	monitor
the	disease	with	 serial	PSA	measurements	and	 imaging	as	appropriate	until	 there	are	 signs	 that	 the	disease	has
started	to	progress,	at	which	point	it	is	considered	“castration	resistant.”	In	most	patients,	this	is	manifested	first
by	a	rise	in	PSA	despite	castrate	(<50	ng/dL)	levels	of	testosterone.

Androgen	deprivation	 and/or	blockade	produces	declines	 in	PSA,	 regression	of	measurable	 tumor	masses	 if
present,	 and	 a	 period	 of	 clinical	 quiescence	 or	 stability	 in	which	 PSA	 levels	 and	 tumor	 size	 does	 not	 change,
followed	in	a	variable	period	of	time	by	a	rise	in	PSA,	tumor	proliferation,	and	clinically	detectable	changes	on
imaging.	 Applying	 the	 control/relieve–delay/prevent	 metric,	 approximately	 60%	 to	 70%	 of	 patients	 with	 an
abnormal	PSA	will	show	a	normalization	to	a	value	of	≤4	ng/mL,	30%	to	50%	of	measurable	tumor	masses	will
regress	by	≥50%,	30%	to	40%	of	bone	scans	will	improve	while	the	majority	remain	stable,	and	>60%	of	patients
with	symptoms	will	show	palliation,	be	the	symptoms	urinary	or	osseous	in	origin.

The	complete	elimination	of	disease	in	any	site	with	ADT	is	rare,	be	it	in	bone	or	the	prostate	itself,	although	in
many	cases,	LN	disease	that	was	present	when	hormone	therapy	is	initiated	does	not	recur.	When	ADTs	are	used
as	 neoadjuvant	 therapy	 prior	 to	 surgery	 for	 upwards	 of	 8	months,	 <5%	of	 prostates	 removed	 subsequently	 are
pathologically	free	of	tumor,367	which	suggests	that	hormone	therapy	alone	does	not	cure	the	disease.	Prognosis
varies	by	the	disease	state,	grade	of	the	tumor,	rapidity	of	growth,	and	extent	of	disease	when	hormone	therapy
was	started.	Adverse	features	from	multiple	series	include	a	high	Gleason	score	(8	to	10),	low	performance	status,
bone	 pain,	 low	 hemoglobin,	 high	 alkaline	 phosphatase,	 low	 testosterone	 level,	 and	 extensive	 as	 opposed	 to
minimal	 disease.291	 The	 number	 of	 metastases	 or	 percentage	 of	 the	 skeleton	 involved	 by	 tumor292	 is	 also
prognostic.	In	one	series,	2-year	survival	times	were	94%,	71%,	61%,	and	40%	for	men	with	0	to	5,	6	to	10,	19,
and	≥20	lesions,	 respectively.292,293	Using	a	different	classification,	patients	with	minimal	disease	 (involvement



confined	to	the	axial	skeleton	[pelvis	and/or	spine]	and/or	LN)	and	extensive	disease	(disease	in	long	bones,	skull
or	ribs,	and/or	viscera)	had	median	PFS	of	46	and	16	months,	respectively,	and	OS	times	of	51	and	27.5	months,
respectively.294

Prognosis	can	be	estimated	in	part	by	the	degree	and	rapidity	of	response	determined	by	the	posttreatment	PSA
nadir	and	the	timing	of	the	nadir.	In	a	trial	enrolling	1,345	patients,	failure	to	achieve	a	PSA	nadir	of	≤4	ng/mL
within	7	months	was	associated	with	a	median	survival	of	13	months,	whereas	those	with	a	nadir	between	0.2	to
4.0	ng/mL	had	a	median	survival	of	44	months,	and	patients	with	a	nadir	≤0.2	ng/mL	had	a	median	survival	of	75
months.295	With	respect	to	the	timing	of	the	nadir,	those	who	achieved	a	nadir	in	<6	months	had	a	median	survival
of	4.5	versus	7.8	years	for	those	with	a	nadir	after	6	months	from	the	start	of	treatment.296

Unfortunately,	more	contemporary	natural	history	 studies	 for	patients	with	metastatic	disease	are	 lacking,	 in
part	because	fewer	men	are	presenting	with	metastatic	disease,	and	because	this	approach	has	been	the	standard	of
care	 for	 over	 seven	 decades,	 fewer	 randomized	 trials	 are	 being	 conducted.	 As	 a	 result,	 comparing	 different
treatments	outside	of	dedicated	trials	is	difficult	due	to	the	different	methods	used	to	determine	and	define	disease
extent,	the	posttreatment	monitoring	schema,	and	how	outcomes	were	reported,	leaving	several	basic	questions	in
management	incompletely	resolved.
Is	 one	 form	of	monotherapy	 that	 suppresses	 testosterone	 levels	 superior	 to	 another?	No.	All	 single-therapy

hormonal	interventions	that	lower	serum	testosterone	levels	to	castrate	levels	had	similar	OS	times	after	2	years	of
treatment.297	 An	 EORTC	 study,	 powered	 for	 a	 13%	 difference	 around	 the	medians,	 showed	 similar	 outcomes
between	DES	1	mg	and	orchiectomy.298	In	a	meta-analysis	of	10	randomized	controlled	trials	that	included	LHRH
agonists/antagonists,	orchiectomy,	DES,	or	choice	of	DES	or	orchiectomy,	outcomes	were	similar.
Is	more	complete	androgen	 suppression	 superior?	Geller	 et	 al.299	were	 the	 first	 to	 document	 elevated	DHT

levels	 in	 patients	 treated	 by	 orchiectomy,	 a	 finding	 validated	 later	 when	 more	 sensitive	 and	 specific	 mass
spectroscopy–based	 assays	 became	 available,300	 and	 the	 demonstration	 of	 persistent	 PSA	 and	 TMPRSS2:ERG
expression	 in	 posthormone-treated	 RP	 specimens	 indicating	 continued	 AR	 signaling.301,302	 This	 led	 to	 trials
testing	 the	 hypothesis	 that	 more	 complete	 androgen	 suppression	 using	 a	 combination	 of	 an	 antiandrogen
(flutamide,	 bicalutamide,	 or	 nilutamide)	 to	 inhibit	 adrenal	 androgens	 with	 an	 LHRH	 agonist/antagonist	 or
orchiectomy	 would	 provide	 greater	 benefit.	 Adrenal	 androgens	 can	 contribute	 5%	 to	 45%	 of	 the	 residual
androgens	present	in	tumors	after	surgical	castration	alone.	Early	results	were	promising,303	but	subsequent	meta-
analyses	 have	 been	 conducted	 showing	 that	 the	 first-generation	 antiandrogens	 did	 not	 add	 significantly	 to	 the
antitumor	effects	of	surgical	castration.233,304	One,	summarizing	27	randomized	trials	with	8,275	patients,	showed
a	2%	difference	 in	mortality	at	5	years:	72.4%	for	monotherapy	versus	70.4%	for	 the	combined	approach233;	 a
second	meta-analysis	 limited	 to	 trials	 of	 a	 nonsteroidal	 antiandrogen	 showed	 a	 2.9%	 difference:	 75.3%	 versus
72.4%	at	5	years.256	Other	combinations	explored	 to	affect	more	complete	androgen	suppression	 included	 low-
dose	DES	and	megestrol	acetate;	an	LHRH	analog	and	ketoconazole	plus	hydrocortisone;	and	an	LHRH	analog,
antiandrogen,	 and	ketoconazole,	plus	hydrocortisone	or	 aminoglutethimide	and	hydrocortisone.305	None	proved
meaningfully	superior.	To	a	 large	degree,	 these	data	are	becoming	more	historical	 in	nature,	as	 these	studies	of
ADT	and	 first-generation	 antiandrogens	 and	androgen	 synthesis	 inhibitors	 are	 supplanted	by	 treatment	patterns
utilizing	more	contemporary	drugs	such	as	abiraterone.	For	example,	the	benefits	of	utilizing	ADT	and	abiraterone
relative	 to	ADT	 alone	 for	 the	 initial	 treatment	 of	metastatic	 noncastrate	 disease	 has	 been	 demonstrated	 in	 the
LATITUDE	and	STAMPEDE	studies,	as	discussed	previously.286,287	Clinical	trials	testing	whether	enzalutamide
and	ADT	is	superior	to	ADT	alone	in	metastatic	noncastrate	disease	are	pending	(NCT02677896,	the	ARCHES
trial).
When	should	hormone	therapy	be	initiated?	Early	versus	late?	This	question	is	difficult	to	answer	because	of

methodologic	 differences	 in	 the	 trials	 designed	 to	 address	 it.	 The	 differences	 include	 the	 clinical	 state	 of	 the
patient	group	studied,	whether	 the	primary	 tumor	has	been	 treated	and	how	(no	 treatment,	surgery,	or	 radiation
including	 dose	 and	 treatment	 field),	 the	 specific	 hormones	 used,	 the	 duration	 they	were	 administered,	 and	 the
patient	follow-up	including	the	frequency	of	visits	and	the	specific	clinical,	laboratory,	and	imaging	assessments
performed.	Critical	to	the	discussion	as	well	is	the	“trigger”	used	to	start	treating	patients	randomized	to	the	“no
immediate	 treatment”	 arm	of	 the	 study,	which	 range	 from	 a	 predefined	 degree	 or	 level	 of	 PSA	 rise	 alone,	 the
documentation	 of	metastases,	 or	 the	 development	 of	 symptoms.	 Further	 confounding	 the	 issue	 is	 that	 in	 some
studies,	a	significant	proportion	of	patients	in	the	“no	immediate	treatment”	group	were	never	treated.

A	complete	review	of	all	of	the	trials	designed	to	assess	this	question	is	beyond	the	scope	of	this	chapter.	In
general,	randomized	trials	that	address	this	question	show	“early”	hormone	therapy	delays	the	time	to	metastases
and	 symptoms,	 but	 the	 effect	 on	 OS	 is	 less	 clear.	 A	 key	 consideration	 in	 formulating	 a	 recommendation	 for
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patients	at	a	particular	point	in	the	illness	is	to	balance	the	likelihood	that	a	patient	would	require	treatment	based
on	the	development	of	metastatic	disease	or	symptoms	and	when,	with	the	likelihood	that	no	treatment	would	ever
be	required	based	on	these	same	metrics.

Trials	 in	 patients	 who	 did	 not	 receive	 treatment	 of	 the	 primary	 tumor	 were	 reported	 by	 the	 Veterans
Administration	Research	Service	Cooperative	Urological	Research	Group,	the	Medical	Research	Council	(MRC),
and	 the	 Early	 Prostate	 Cancer	 Trials	 Group.	 The	 Veterans	 Administration	 Research	 Service	 Cooperative
Urological	 Research	 Group	 trials	 enrolled	 1,900	 patients	 staged	 primarily	 by	 DRE	 and	 showed	 that	 DES	 or
orchiectomy	 could	 delay	 the	 development	 of	 metastatic	 disease	 in	 patients	 with	 locally	 advanced	 stage	 C
tumors,305,306	 although	OS	was	 worse	 due	 to	 cardiovascular	 complications.	 There	 was	 also	 no	 OS	 benefit	 for
patients	with	metastatic	disease.

The	 MRC	 PR03	 trial	 randomized	 998	 patients	 with	 locally	 advanced	 or	 asymptomatic	 metastatic	 prostate
cancer	to	“immediate”	treatment	(orchiectomy	or	LHRH	analog)	or	to	the	same	treatment	deferred	until	there	was
an	“indication.”	The	trigger	 to	 initiate	 treatment	was	“clinically	significant	progression,”	which	was	as	frequent
locally	as	metastatic.	The	trial	showed	that	patients	treated	with	early	therapy	were	less	likely	to	require	a	TURP
or	 develop	 ureteral	 obstruction,	 progress	 from	M0	 to	M1	 disease	 (P	 <	 .001,	 two-tailed),	 to	 develop	 pain	 (P	 <
.001),	or	to	die	of	prostate	cancer	relative	to	those	in	whom	therapy	was	“deferred.”	Even	so,	survival	times	were
similar	between	the	 two	groups.	An	important	caveat	 limiting	the	extrapolation	of	 the	results	 to	 the	question	of
“early”	versus	“late”	was	that	half	of	the	men	who	died	in	the	deferred	arm	never	received	therapy.307

The	Early	Prostate	Cancer	Trials	Group	trial	(n	=	985)	randomized	men	with	T0	to	T4	N0	to	N2	M0	prostate
cancer	 who	 were	 not	 candidates	 for	 local	 therapy	 to	 immediate	 or	 to	 deferred	 treatment	 until	 symptomatic
progression	was	documented.	The	results	showed	an	increased	risk	of	death	in	the	deferred	arm	(HR,	1.25;	95%
CI,	1.05	to	1.48),	which	remained	after	adjusting	for	baseline	factors.	Notable	was	that	only	49.7%	of	men	in	the
deferred	arm	began	anticancer	therapy	during	the	median	7.8-year	follow-up	period,	suggesting	that	a	significant
proportion	of	men	on	the	immediate	arm	were	overtreated.	The	median	time	to	treatment	for	those	who	required
it,	 however,	 was	 3.2	 years.	 Deaths	 were	 equally	 balanced	 between	 prostate	 cancer	 (n	 =	 193,	 18.8%	 of	 the
population)	and	cardiovascular	disease	(n	=	185)	(Fig.	70.16).308

The	 final	 results,	 after	12.8	years	of	 follow-up,	 showed	an	 increased	 risk	of	death	 in	 the	deferred	arm	 (HR,
1.21;	95%	CI,	1.05	to	1.39);	however,	prostate	cancer	deaths	were	not	distinct.	Notable	was	that	only	55.8%	of
men	in	the	deferred	arm	began	anticancer	therapy	during	the	median	12.8-year	follow-up	period,	suggesting	that	a
significant	proportion	of	men	on	the	immediate	arm	were	overtreated.	The	median	time	to	treatment	for	those	who
required	 it,	 however,	 was	 2.8	 years.	 Deaths	 occurred	 in	 769	 of	 the	 985	 patients	 and	 were	 equally	 balanced
between	prostate	cancer	(35%	of	the	population)	and	cardiovascular	disease	(33%)	(see	Fig.	70.16).309

Rising	Prostate-Specific	Antigen	(Extrapelvic	Disease).	For	the	patient	presumed	to	have	microscopic	nodal
or	 more	 distant	 disease	 that	 would	 not	 respond	 or	 which	 cannot	 be	 addressed	 by	 additional	 treatment	 to	 the
primary	 site,	 the	 optimal	 timing	 of	 ADT	 initiation	 is	 controversial.	 The	 first	 issue	 is	 to	 determine	 the	 risk	 of
developing	metastatic	disease	and	in	what	time	frame.	One	series	that	addressed	this	question	included	1,997	RP-
treated	patients,	of	whom	315	(15%)	developed	a	rising	PSA	and	were	followed	with	annual	 imaging	and	PSA
assessment	 until	 metastatic	 disease	 was	 documented.	 Of	 these	 patients,	 metastatic	 disease	 was	 subsequently
documented	 in	 103	 at	 a	 median	 actuarial	 time	 of	 8	 years,	 of	 whom	 44	 (44%,	 or	 2%	 of	 the	 1,997)	 died	 of
disease.310,311	Factors	associated	with	the	development	of	metastasis	included	the	grade	of	the	primary	tumor,	the
time	interval	between	the	start	of	the	treatment	to	the	date	of	first	recurrence,	the	absolute	PSA	value,	and	the	rate
that	it	was	rising,	typically	expressed	in	terms	of	the	PSADT.311	 In	a	separate	study,	virtually	all	cancer-related
deaths	 occurred	 in	men	who	had	PSADT	≤6	months,	 independent	 of	whether	 the	 patient	 received	 radiation	 or
surgery	as	primary	treatment.312	In	practice,	many	physicians	consider	treating	patients	when	the	PSADT	is	≤12
months,	although	there	remains	no	absolute	PSA	level	mandating	that	treatment	be	started.

Strategies	to	Reduce	the	Toxicities	Associated	with	Androgen	Deprivation	Therapy.	Now,	with	the	widespread	use
of	PSA-based	detection	and	monitoring,	fewer	men	are	diagnosed	with	or	develop	symptoms	of	advanced	prostate
cancer.	For	these	individuals,	the	tolerance	of	castration	is	less	than	for	men	who	receive	treatment	to	relieve	the
symptoms	of	urinary	obstruction	or	bone	pain	from	osseous	spread.	This,	coupled	with	the	adverse	events	that	can
occur	 with	 longer	 use,	 has	 led	 to	 the	 evaluation	 of	 noncastrating	 approaches	 in	 an	 effort	 to	 improve	 patient
tolerance	without	compromising	efficacy.

Antiandrogen	 Monotherapy.	 Several	 randomized	 trials	 have	 compared	 antiandrogens	 alone	 to	 conventional



testosterone-lowering	 forms	of	castration.	Bicalutamide	50	mg	daily,	 the	dose	approved	 for	use	 in	combination
with	an	LHRH	analog,	was	 inferior	 to	surgical	orchiectomy.313	Bicalutamide	150	mg,	which	produces	a	higher
frequency	of	PSA	normalization	 than	does	 the	50	mg	dose	 (97%	versus	73%	of	 cases),	 showed	mixed	 results:
inferiority	 to	castration	for	patients	with	metastatic	disease	but	equivalence	for	patients	with	M0	disease	(rising
PSA	 values	 with	 no	 detectable	 metastases	 on	 imaging	 studies).314	 Another	 approach	 is	 to	 begin	 with	 the
antiandrogen	alone	and	add	a	 testosterone-lowering	 therapy	when	PSA	 levels	 rise.	Unfortunately,	only	30%	of
patients	treated	in	this	fashion	respond	to	the	addition	of	the	LHRH	analog.315	Nevertheless,	some	patients	may	be
willing	to	accept	this	risk	rather	than	experience	the	impotence	and	other	adverse	effects	of	testosterone-lowering
treatment,	as	long	as	symptoms	of	disease	are	controlled.

Figure	70.16	Immediate	versus	deferred	hormonal	therapy	in	patients	with	M0	prostate	cancer
(PCa)	who	either	refused	local	therapy	or	were	deemed	unsuitable	for	local	therapy.	Red	curve

indicates	PCa–specific	mortality.	Green	curve	indicates	non-PCa	mortality.	Blue	curve	indicates	all-
cause	mortality.	ADT,	androgen	deprivation	therapy.	(From	Studer	UE,	Whelan	P,	Albrecht	W,	et
al.	Immediate	or	deferred	androgen	deprivation	for	patients	with	prostate	cancer	not	suitable	for
local	treatment	with	curative	intent:	European	Organisation	for	Research	and	Treatment	of	Cancer

[EORTC]	Trial	30891.	J	Clin	Oncol	2006;24[12]:1868–1876,	with	permission.)

Current	data	with	enzalutamide	monotherapy	is	in	initial	evaluation,	but	more	data	are	needed	in	comparative
trials	before	this	approach	can	change	practice.	Activity	as	measured	by	PSA	reduction	is	high	but	the	duration	of
responses	is	not	clear.316

Intermittent	Androgen	Depletion/Blockade.	A	second	approach	that	is	now	used	widely	is	intermittent	androgen
deprivation	 (IAD).	 It	 evolved	 somewhat	 empirically	 in	 the	 era	 of	 estrogen	 therapy,	 pre-PSA,	 when	 it	 was
recognized	that	patients	in	whom	therapy	was	stopped	for	noncancer-related	reasons	would	often	respond	when
the	treatment	was	resumed	to	control	the	disease.317	The	central	hypothesis,	based	on	studies	in	murine	tumors,	is
that	by	minimizing	the	exposure	time	to	a	castrate	environment,	the	sensitivity	to	subsequent	androgen	depletion
would	be	retained.318,319	An	additional	advantage	is	the	potential	for	an	improved	QOL	during	the	“off”	intervals.

Applied	today,	the	approach	is	considered	for	patients	who	respond	well	to	ADT,	typically	defined	as	a	PSA
nadir	≤4	ng/mL	for	those	with	metastatic	disease,	and	is	restarted	when	PSA	levels	return	to	a	predetermined	level
(typically	10	to	20	ng/mL).	Multiple	phase	III	trials	have	been	reported	that	differ	in	the	patient	population	treated
(BCR	only,	metastatic	disease	only,	or	both),	the	type	and	duration	of	treatment	(3	to	8	months),	the	criteria	for
discontinuation	and	for	restarting	it,	and	the	primary	end	point.	Most	report	a	time	to	progression	measure	but	do
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not	 use	 the	 same	 criteria.	 Few	 are	 powered	 for	 survival.	 Several	 large	 randomized	 trials	 have	 been	 reported
recently:	None	showed	the	intermittent	approach	to	be	superior	to	continuous	therapy	in	terms	of	cancer	control,
but	most	show	a	better	QOL	during	the	off	intervals,	which	patients	prefer.

In	one	trial	enrolling	1,386	patients,	median	survival	in	the	intermittent	versus	continuous	arms	was	8.8	years
and	9.1	years,	respectively,	with	more	prostate	cancer	deaths	in	the	intermittent	arm	and	more	deaths	from	other
causes,	 including	 cardiovascular	 events,	 in	 the	 continuous	 arm.	 In	 this	 trial,	 a	 slight	 increase	 in	 cancer-related
deaths	in	the	intermittent	arm	was	counterbalanced	by	an	increase	in	nonprostate	cancer	deaths	in	the	continuous
arm.320

In	 the	 largest	 trial	 reported	 to	 date,	 3,040	men	with	 noncastrate	metastatic	 disease	were	 enrolled,	 of	whom
1,535	 met	 the	 criteria	 for	 discontinuation.	 The	 trial	 was	 designed	 as	 a	 noninferiority	 study	 to	 show	 that	 the
intermittent	 approach	 was	 no	 >20%	 inferior	 to	 continuous	 therapy.	 No	 significant	 different	 in	 survival	 was
observed	overall,	but	 for	 the	subset	of	men	with	disease	 limited	 to	 the	axial	skeleton	and	no	visceral	disease	at
presentation,	 the	median	survival	was	7.1	years	 for	continuous	 therapy	and	5.1	years	 for	 the	 intermittent	group
(HR,	 1.23;	 95%	CI,	 1.02	 to	 1.48);	 the	 study	 did	 not	 exclude	 IAD	 to	 be	 inferior.321	 Three	meta-analyses	were
recently	reported	based	on	8	trials	enrolling	a	total	of	4,664	patients,322	9	trials	of	5,508	patients,322	and	13	trials
of	6,419	men323	(Fig.	70.17).	All	 showed	no	 difference	 in	OS,	 2	 showed	no	 significant	 differences	 in	 disease-
specific	survival,323,324	and	1	showed	more	deaths	with	IAD	offset	by	more	prostate	cancer	deaths	with	continuous
therapy.322	IAD	was	superior	with	respect	to	overall	QOL	and	sexual	function	with	significantly	reduced	costs.

Although	some	controversy	remains	whether	a	patient	will	accept	the	tradeoff	of	a	potentially	higher	risk	of	a
prostate	cancer	death	in	return	for	time	off	therapy,	it	is	important	to	recognize	that	the	approach	should	only	be
considered	for	patients	who	respond	well	to	ADT.	In	the	recently	reported	SWOG	study,	only	1,535	of	the	3,040
enrolled	patients	(51%)	reached	the	defined	PSA	nadir	of	≤4	ng/mL.321

Castration-Resistant	Disease:	Metastatic	and	Nonmetastatic
A	rising	PSA	despite	castrate	levels	of	testosterone	represents	the	transition	to	a	castration-resistant	(CRPC)	state,
which	is	lethal	for	most	men.	Clinically,	there	are	several	phenotypes:	nonmetastatic	that	includes	a	rising	PSA	or
disease	limited	to	the	prostate	or	prostate	bed,	and	metastatic,	which	includes	the	patterns	of	osseous	disease	and
no	soft	tissue	disease,	nodal	spread	and	no	bone	or	visceral	spread,	and	visceral	spread	with	or	without	osseous
disease.	In	some	cases,	the	pattern	of	spread	is	observed	with	no	increase	in	PSA.	Symptoms	may	or	may	not	be
present.	Disease	in	other	sites,	including	the	adrenal	glands,	omentum,	kidney,	pancreas,	or	brain,	is	rare.	Which
pattern	develops	in	a	patient	is	influenced	in	part	by	the	extent	of	disease	at	the	time	ADT	was	first	initiated.	The
patient	who	initially	received	hormones	for	a	rising	PSA	alone	is	likely	to	relapse	with	a	rising	PSA	and	negative
imaging	 studies—the	 nonmetastatic	 CRPC	 state.	 A	 therapeutic	 objective	 for	 these	 patients	 is	 to	 prevent	 the
development	of	bone	metastases,	the	likelihood	of	which	is	highly	variable	between	patients.	In	the	placebo	arm
of	 one	metastasis	 prevention	 study	 evaluating	 denosumab,	 the	median	 time	 to	metastasis	was	 25.2	months,325
whereas	in	a	second	evaluating	zoledronate,	only	one-third	of	patients	had	evidence	of	radiologic	spread	after	2
years	 of	 follow-up.326	 In	 Smith	 et	 al.,327	 men	 with	 a	 PSADT	 of	 ≤6	 months	 had	 a	 median	 time	 to	 first	 bone
metastases	of	18.5	months.

Figure	70.17	Overall	survival	with	intermittent	versus	continuous	androgen	deprivation	in	prostate
cancer.	This	figure	is	licensed	under	a	Creative	Commons	Attribution	4.0	license.	(From	Botrel	TE,

Clark	O,	dos	Reis	RB,	et	al.	Intermittent	versus	continuous	androgen	deprivation	for	locally
advanced,	recurrent	or	metastatic	prostate	cancer:	a	systematic	review	and	meta-analysis.	BMC	Urol

2014;14:9.)



In	both	trials,	overall	risk	of	developing	visible	metastases	by	imaging	was	most	informed	by	the	PSA	level	at
baseline	 and	 the	 PSADT:	 Men	 with	 higher	 PSA	 levels	 and	 faster	 PSADT	 had	 a	 shorter	 time	 to	 first	 bone
metastasis.	In	contrast,	the	patient	who	first	receives	hormones	for	symptomatic	osseous	disease	is	more	likely	to
develop	recurrent	symptoms	and	is	at	higher	risk	of	death	from	prostate	cancer.	Considered	by	site	of	spread	based
on	 trials	enrolling	patients	with	progressing	metastatic	CRPC,	85%	 to	90%	have	osseous	disease,	20%	 to	40%
have	measurable	pelvic	or	retroperitoneal	nodal	disease,	and	5%	to	10%	have	visceral	(lung	and	liver)	spread.328–
330

A	more	 contemporary	 and	 effective	 approach	 to	 preventing	 the	 onsent	 of	 metastatic	 disease	 for	 men	 with
nonmetastatic	 CPRC	 is	 through	 the	 use	 of	 next-generation	 antiandrogens,	 as	 shown	 in	 Table	 70.15.	 The
antiandrogen	apalutamide,	which	has	been	shown	to	have	activity	in	metastatic	CRPC,331	has	been	shown	to	delay
the	first	onset	of	metastatic	disease	in	men	with	nonmetastatic	CRPC	or	death	in	a	recently	completed	randomized
phase	III	placebo-controlled	trial.332	In	this	trial,	termed	the	SPARTAN	trial,	1,207	men	with	biochemical	relapse
and	a	doubling	time	of	10	months	or	less	were	randomized	on	a	2:1	basis	to	either	apalutamide	or	a	placebo.	All
men	continued	standard	testosterone-lowering	therapies.	The	primary	end	point	of	the	study	was	metastasis-free
survival	(MFS).	Apalutamide	conferred	a	significant	improvement	in	MFS	relative	to	placebo,	rendering	a	median
MFS	of	40.5	months	rather	than	16.2	months	(HR,	0.28;	95%	CI,	0.32	to	0.63;	P	<	.0001).	In	addition,	median
time	to	symptomatic	progression	was	delayed	in	the	apalutamide-treated	group	(HR,	0.45;	95%	CI,	0.32	to	0.63;	P
<	 .001,	 median	 time	 to	 symptomatic	 progression	 not	 reached	 for	 either	 arm),	 and	 OS	 trending	 toward
improvement	as	well	(HR,	0.7;	95%	CI,	0.47	to	1.04;	P	=	.07,	median	OS	39	months	for	placebo,	not	reached	for
apalutamide).	Treatment-limiting	adverse	events	were	higher	in	the	apalutamide	treated	group	as	well,	at	a	rate	of
10.6%	versus	7%.	These	 side	effects	were	dominated	by	 fatigue,	 rash,	 and	weight	 loss.332	A	second	study,	 the
PROSPER	trial,	tested	the	same	hypothesis	using	enzalutamide.	In	this	study,	men	with	a	PSADT	of	10	months	of
less	 and	 a	 minimum	 PSA	 of	 2	 who	 had	 nonmetastatic	 CRPC	 were	 randomized	 on	 a	 2:1	 basis	 to	 either
enzalutamide	or	placebo.	The	primary	end	point	of	this	trial	was	also	MFS.	Men	who	received	enzalutamide	had	a
median	MFS	of	36.6	months,	as	opposed	to	14.7	months	for	those	who	received	the	placebo	(HR,	0.29;	95%	CI,
0.24	to	0.35;	P	<	 .0001).	OS	trended	in	favor	of	enzalutamide	as	well	 (median	OS	not	 reached	in	either	group,
HR,	0.80;	P	=	 .1519).	Grade	3	or	higher	adverse	events	were	more	common	 in	 the	enzalutamide	 treated	group
(31%	 versus	 23%),	with	 a	 3%	 death	 rate	 in	men	who	 received	 enzalutamide	 as	 opposed	 to	 1%	 in	 those	who
received	placebo.333

A	 unique	 pattern	 of	 spread	 being	 recognized	 with	 increasing	 frequency	 is	 one	 in	 which	 new	 metastases,
predominantly	in	the	lung	or	viscera,	develop	in	the	absence	of	a	PSA	rise.	Histologically	on	repeat	biopsy,	these
tumors	may	be	pure	small-cell/neuroendocrine	lesions	similar	to	what	is	seen	in	other	sites,	or	are	classified	more
broadly	 as	 “anaplastic”	 tumors.329,330	 These	 entities,	 when	 documented,	 are	 generally	 treated	 with	 platinum-
containing	 chemotherapy	 regimens	 similar	 to	 what	 is	 used	 in	 small-cell	 tumors	 that	 occur	 in	 the	 lung.	 The
responses	are	similar:	rapid	improvements	of	short	duration.334

Patient	Management.	 Patients	 with	 progressive	 disease	 with	 castrate	 levels	 of	 testosterone	 should	 continue
LHRH	agonist/antagonist	therapies	recognizing	that	no	randomized	trials	have	prospectively	addressed	this	issue.
Although	 not	 direct	 evidence,	 the	 survival	 benefits	 seen	 with	 the	 recently	 approved	 agents	 that	 inhibit	 AR
signaling	would	suggest	 that	allowing	 testosterone	 levels	 to	 rise	may	adversely	affect	outcome.	A	retrospective
analysis	 of	 341	 patients	 treated	 on	 four	 trials	 of	 secondary	 therapies	 suggested	 an	 improved	 survival	 for
continuous	androgen	suppression	when	corrected	for	other	factors,335	but	another	did	not.

The	 first	 consideration	 is	 to	 document	 castrate	 levels	 of	 testosterone.	 In	 rare	 cases,	 approximately	 1%	 in
prospective	trials,	LHRH	analogs	do	not	affect	complete	testosterone	suppression.336	The	second	 is	whether	 the
patient	 has	 been	 on	 long-term	 antiandrogen	 therapy	 in	 combination	 with	 an	 LHRH	 analog	 or	 surgical
orchiectomy,	 and	 if	 so,	 whether	 to	 discontinue	 the	 antiandrogen	 (continuing	 LHRH	 analog	 therapy)	 and	 to
monitor	 the	 patient	 for	 a	withdrawal	 response.	 The	withdrawal	 response,	 consistent	with	 the	 conversion	 of	 an
antagonist	to	an	agonist,	was	first	reported	in	1993	with	flutamide	discontinuation	and	later	shown	to	occur	with
bicalutamide,	 nilutamide,	 cyproterone	 acetate,	 estrogens,	 glucocorticoids,	 and	 progestational	 agents.337,338	 The
onset	of	the	withdrawal	response,	when	it	occurs,	is	directly	related	to	the	half-life	of	the	drug:	early	for	flutamide
with	its	short	half-life	and	6	weeks	to	8	weeks	for	agents	such	as	bicalutamide,	which	has	a	7-day	half-life.	The
disease	 flare	 that	 can	occur	with	megestrol	 acetate	prescribed	 to	 increase	 appetite	 is	 consistent	with	 an	 agonist
effect.339–341

Previously,	if	no	withdrawal	response	was	observed,	patients	were	often	treated	with	a	different	antiandrogen
to	which	they	had	not	been	exposed,	with	limited	benefit.	The	approaches	included	estrogens	such	as	oral	DES	at
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a	dose	of	1	mg	per	day	 to	3	mg	per	day,342	Premarin	 (1.25	mg	 three	 times	daily;	Wyeth	Pharmaceuticals	 Inc.,
Philadelphia,	PA),343	estramustine,	the	first	agent	with	a	formal	indication	in	this	setting,344	and	various	parenteral
formulations.345	 All	 provided	 PSA	 decline	 rates	 in	 the	 24%	 to	 42%	 range,	 although	 durable	 responses	 were
rare.344,346	 Attempts	 to	 reduce	 the	 thromboembolic	 risk	 of	 estrogens	 by	 using	 transdermal	 estrogen	 delivery
systems	have	been	made;	however,	efficacy	in	these	trials	has	generally	been	less	than	anticipated.347,348

Ketoconazole,	600	to	1,200	mg	per	day	in	combination	with	hydrocortisone	to	minimize	adrenal	insufficiency,
produces	PSA	declines	by	≥50%	in	up	to	71%	of	patients,349	the	response	correlating	with	higher	serum	androgen
levels	at	baseline.350	Absorption	requires	an	acidic	environment,	and	it	is	typically	taken	with	juice.	Proton	pump
inhibitors	and	H2	antagonists	potentially	interfere	with	absorption.	Caution	is	urged	with	ketoconazole	use	as	it	is
a	 potent	 inhibitor	 of	 CYP3A4.	 Cancer	 progression	 is	 associated	 with	 rises	 in	 androstenedione	 and	 DHEA
sulfate,351	implying	that	steroidogenic	compensatory	mechanisms	contribute	to	escape	from	ketoconazole.

Prednisone	10	mg	daily	was	shown	to	palliate	symptoms	of	the	disease	in	one-third	of	patients	by	Tannock	et
al.352	in	the	pre-PSA	era.	Based	on	this,	prednisone	became	an	integral	part	of	the	“control”	arms	of	many	phase
III	trials	in	this	disease.	Similar	results	have	been	reported	with	hydrocortisone	30	to	40	mg	per	day	and	low-dose
dexamethasone	 0.5	 to	 2	 mg	 daily	 in	 the	 PSA	 era,	 with	 reported	 decline	 rates	 ranging	 from	 16%	 to	 59%	 of
patients.353	These	agents	also	lower	serum	androgen	levels	and,	in	a	recent	phase	III	trial	in	which	patients	were
treated	with	prednisone	10	mg	daily	plus	placebo,	median	survival	times	increased	with	each	quartile	increase	in
baseline	serum	androgen	levels.	PSA	levels	at	baseline	strongly	associated	with	survival	(P	<	.0001)	in	bivariate
and	multivariable	 analyses.354	 The	 use	 of	 ketoconazole	 for	metastatic	 CRPC,	 however,	 is	 largely	 of	 historical
interest,	given	the	higher	potency	and	specificity	for	inhibiting	the	steroid	sex	hormones	by	use	of	AAP.

Cytotoxic	Therapy

Mitoxantrone.	 Building	 on	 the	 palliative	 benefits	 observed	 with	 prednisone	 alone,	 its	 combination	 with
mitoxantrone	12	mg/m2	every	3	weeks	suggested	superiority	to	prednisone	monotherapy.	The	definitive	phase	III
trial	enrolling	160	patients,	small	by	today’s	standard,	used	a	primary	end	point	of	pain	palliation	assessed	with	a
patient-reported	outcome	scale	and	measuring	daily	analgesic	consumption.234	The	trial	was	not	designed	nor	was
it	 powered	 to	 show	a	 survival	 benefit.	The	 results	 showed	 that	 a	 higher	proportion	of	 patients	 treated	with	 the
combination	 had	 a	 decrease	 in	 pain	 (29%	 versus	 12%)	 and	 overall	 palliative	 response	 (38%	 versus	 21%).
Consistent	with	 the	 findings	was	a	decrease	 in	analgesic	consumption,	 improved	bowel	 function,	and	 increased
patient	mobility.	Disease	 control	 shown	 by	 the	 duration	 of	 pain	 relief	 among	mitoxantrone	 responders	was	 43
versus	18	weeks	for	the	control	group.	Similar	results	were	obtained	in	a	second	trial,353	leading	to	the	approval	of
mitoxantrone	 and	 prednisone	 for	 the	 treatment	 of	 CRPC	 in	 1996	 and	 establishing	 the	 regimen	 as	 the	 first
cytotoxic-containing	standard	and	the	standard	to	which	other	treatments	would	be	compared.	Common	toxicities
with	mitoxantrone	at	doses	of	12	mg/m2	every	3	weeks	 included	nausea	(61%),	 fatigue	(39%),	alopecia	 (29%),
and	anorexia	(25%).	Grade	3/4	neutropenia	is	reported	in	approximately	20%	of	patients,	but	febrile	neutropenia
is	relatively	unusual	(2%	of	patients).	Cardiac	function	is	a	concern;	decreased	cardiac	function	was	reported	in
5%	to	7%	of	patients.

Docetaxel.	 Two	 pivotal	 trials	 were	 reported	 in	 2004	 showing	 that	 docetaxel	 plus	 prednisone	 could	 palliate
symptoms,	 delay	 progression,	 and	 definitively	 prolong	 life	 relative	 to	 mitoxantrone	 and	 prednisone.	 TAX327
compared	docetaxel	75	mg/m2	 every	3	weeks	 for	up	 to	10	cycles	 (group	1),	docetaxel	30	mg/m2	weekly	 for	5
cycles	(group	2),	or	mitoxantrone	12	mg/m2	every	3	weeks	for	10	cycles	(group	3).	Prednisone	(10	mg	daily)	was
added	to	all	regimens.	The	primary	end	point	was	OS;	secondary	end	points	included	changes	in	pain,	PSA,	and
overall	QOL.	Median	survival	for	the	respective	arms	was	18.9,	17.4,	and	16.5	months,	respectively,	which	led	to
the	 approval	 of	 docetaxel	 plus	 prednisone	 for	 “androgen-independent	 (hormone-refractory)”	 disease.	 The	 2.4-
month	 difference	 in	 median	 survival	 (18.9	 versus	 16.5	 months)	 for	 the	 every-3-week	 docetaxel	 versus	 the
mitoxantrone	schedule	established	the	every-3-week	regimen	as	the	de	facto	standard.335

SWOG	 99-16	 randomized	 770	 patients	 to	 estramustine	 (280	 mg	 orally	 three	 times	 daily	 on	 days	 1	 to	 5),
docetaxel	 (60	 mg/m2	 every	 3	 weeks),	 and	 dexamethasone	 (60	 mg	 every	 3	 weeks)	 versus	 mitoxantrone	 and
prednisone	 (5	mg	 twice	a	day)	 to	 a	maximum	of	12	cycles	with	no	crossover	 at	progression.	The	primary	end
point	was	OS.	PSA	declines,	 soft	 tissue	 response,	 and	PFS	were	 secondary	 end	points.	Here	 again,	 a	 2-month
difference	in	median	survival	was	observed	for	docetaxel/estramustine	(17.5	versus	15.6	months),	representing	a
20%	reduction	in	mortality	(HR,	0.8).	A	higher	incidence	of	neutropenia	and	fever,	nausea,	vomiting,	and	vascular
events	with	docetaxel/estramustine	was	noted	despite	the	lower	dose	of	docetaxel.	The	results	further	supported



docetaxel	70	mg/m2	 every	 3	weeks	 as	 the	 standard	 regimen.334	A	 regimen	 of	 docetaxel	 given	 at	 a	 dose	 of	 50
mg/m2	on	days	1	and	15	of	a	4-week	cycle	has	also	been	shown	to	be	clinically	beneficial	and	to	be	tolerated	and
may	be	an	option	for	more	frail	patients	who	cannot	tolerate	a	regimen	of	docetaxel	given	at	75	mg/m2	every	3
weeks.355

With	 docetaxel	 established	 as	 the	 first-line	 cytotoxic	 standard,	 drug	 development	 efforts	 focused	 on	 three
discrete	clinical	contexts:	the	prechemotherapy	space,	the	first-line	cytotoxic	chemotherapy	space	to	build	on	the
results	of	docetaxel,	and	the	postchemotherapy	space	for	which	there	was	no	standard	of	care	at	the	time.	Notable
is	that	none	of	the	docetaxel-based	combination	trials	showed	an	improvement	over	single-agent	therapy,	whereas,
in	several	trials,	outcomes	were	inferior	with	the	combination	arm	(see	Table	70.14).243–250

Cabazitaxel	 is	 a	 next-generation	 taxane	 with	 an	 improved	 therapeutic	 index	 relative	 to	 docetaxel	 that	 is
noncross-resistant	with	the	parent	compound	in	selected	contexts.	Following	successful	early	phase	trials	showing
antitumor	activity	 in	docetaxel-refractory	metastatic	CRPC,	 a	 randomized	phase	 III	 trial	 comparing	cabazitaxel
plus	prednisone	(n	=	377)	to	mitoxantrone	plus	prednisone	(n	=	378)	was	developed	in	this	setting.	At	the	final
analysis,	median	survival	and	median	PFS	for	the	cabazitaxel	and	mitoxantrone	cohorts	was	15.1	and	12.7	months
(HR,	0.70;	95%	CI,	0.59	to	0.83;	P	<	.0001)	and	2.8	and	1.4	months	(HR,	0.74;	95%	CI,	0.64	to	0.86;	P	<	.0001),
respectively.239	 In	 2010,	 the	 FDA	 approved	 cabazitaxel	 plus	 prednisone	 for	 the	 treatment	 of	metastatic	CRPC
previously	treated	with	a	docetaxel-containing	regimen.

Two	large	phase	III	trials	with	cabazitaxel	have	recently	reported.	In	one,	in	the	postdocetaxel	space	similar	to
TROPIC,	two	doses	of	cabazitaxel	were	evaluated	(20	mg/m2	and	25	mg/m2).	The	trial	had	a	noninferiority	design
with	survival	as	the	primary	end	point	and	enrolled	1,200	patients.356

The	lower	dose	was	noninferior,	indicating	that	survival	was	not	compromised	with	the	lower	dose,	but	adverse
events	were	fewer.	This	sets	a	new	standard	of	care.	A	second	large	phase	III	(N	=	1,168	patients)	evaluated	two
doses	of	cabazitaxel	in	comparison	to	docetaxel	in	the	first-line	chemotherapy	setting.	In	this	trial,	cabazitaxel	was
not	superior	to	docetaxel,	leaving	docetaxel	as	the	standard	of	care.357

Further	progress	was	not	achieved	until	there	was	a	more	complete	understanding	of	the	biology	of	the	disease.
Through	profiling	studies	of	prostate	cancers	representing	different	clinical	states,	a	series	of	oncogenic	changes
in	the	AR	signaling	pathway	were	identified	that	showed	CRPC	remained	hormone	driven,	while	serving	as	points
for	 therapeutic	 attack.	 These	 changes	 included	 amplification	 of	 a	 wild-type	 AR	 gene,	 overexpression	 of	 the
enzymes	involved	in	androgen	synthesis,	and	alterations	in	the	ligand-binding	domain	and	coactivator/corepressor
protein	 interactions	 leading	 to	promiscuous	activation	by	other	 steroid	hormones	and	antiandrogens.	Consistent
with	the	upregulation	of	the	androgen	biosynthetic	machinery,	and	with	the	development	of	mass	spectroscopy–
based	 assays	 for	 serum	 and	 tissue	 androgens,	 came	 the	 demonstration	 that	 intratumoral	 androgen	 levels	 in
metastatic	CRPC	 tumor	 samples	 could	 exceed	 those	present	 in	 the	 prostates	 of	men	 in	 a	 eugonadal	 state.	This
finding,	coupled	with	overexpression	of	the	receptor	itself,	enabled	an	intracrine	signaling	mechanism	to	sustain
growth.

Abiraterone	acetate	plus	prednisone.	The	 cytochrome	P450	 (17)	 inhibitor	 abiraterone	was	developed	 to	 inhibit
testicular	and	adrenal	androgen	production358	 and	 shown	 in	 a	 series	 of	 three	dose-escalating	 studies	 to	 achieve
androgen	suppression	in	both	noncastrate	and	castrate	men.359	A	subsequent	phase	I	trial	in	men	with	CRPC	who
had	not	received	chemotherapy	showed	a	sustained	decrease	in	testosterone	to	the	1	to	2	ng/dL	range	as	well	as	a
reduction	in	estradiol,	DHEA,	and	androstenedione,	confirming	the	dependence	of	CRPC	on	ligand-activated	AR
signaling.	Antitumor	 effects	 included	 significant	 declines	 in	 PSA,	 tumor	 regressions,	 and	 favorable	 changes	 in
circulating	 tumor	 cell	 number.	Adverse	 clinical	 and	 laboratory	 events	 consistent	with	mineralocorticoid	 excess
including	hypertension,	fluid	retention,	and	hyperkalemia	were	identified,	which	could	be	reduced	by	eplerenone
or	prednisone.360	A	second	phase	I	trial	showed	similar	results	in	the	same	patient	group	and	established	a	dose	of
1,000	mg	daily	for	phase	II	investigations.361

Phase	 II	 trials	of	abiraterone	acetate	alone362	or	abiraterone	acetate	plus	prednisone363	 in	 postchemotherapy-
treated	CRPC	followed	based	on	the	hypothesis	that	the	decision	to	treat	a	patient	with	chemotherapy	would	not
change	the	underlying	biology	of	the	disease	significantly,	and	that	if	efficacy	were	shown,	the	track	to	approval
would	be	shorter	because	the	prognosis	of	these	patients	was	inferior	to	that	of	patients	who	had	not	received	prior
chemotherapy.	 The	 unmet	 need	 for	 effective	 therapy	was	 also	 greater	 in	 this	 population	 because	 there	was	 no
standard	 of	 care	 that	 had	 been	 shown	 to	 prolong	 life.	 Two	 phase	 II	 trials	 followed,	 one	 that	 excluded	 prior
ketoconazole	 exposure364	 and	 one	 which	 did	 not363;	 both	 trials	 showed	 significant	 activity,	 leading	 to	 the
definitive	phase	II	trial,	Cougar	AA-301,	comparing	the	combination	of	abiraterone	acetate	(1,000	mg	daily)	plus
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prednisone	(5	mg	twice	a	day)	to	placebo	plus	prednisone	(5	mg	twice	a	day).	The	primary	end	point	was	OS,	and
secondary	 end	 points	were	 radiographic	 PFS	 (rPFS),	 PSA	 response,	 time	 to	 PSA	 progression,	 and	 changes	 in
QOL.	Superiority	of	the	combination	relative	to	the	placebo	combination	with	respect	to	OS	was	shown	in	both
interim	(median,	14.8	versus	10.9	months;	HR,	0.65;	95%	CI,	0.54	to	0.77;	P	<	.001)	and	final	(15.8	versus	11.2
months;	HR,	0.74;	95%	CI,	0.64	to	0.86)	analyses.	The	drug	was	approved	in	2011	for	postchemotherapy-treated
CRPC.365

Subsequently,	there	was	an	abiraterone	phase	III	trial	in	chemotherapy-naïve	patients	that	used	a	coprimary	end
point	 of	 rPFS	 and	OS.	Notably,	 the	 rPFS	 end	point	 included	 the	PCWG2	definition	of	 bone	 scan	progression,
which	enabled	72%	(166	of	229)	of	patients	with	apparent	progression	on	a	first	follow-up	to	continue	treatment
because	no	additional	new	lesions	were	documented	on	the	confirmatory	scan.	In	the	final	analysis	with	a	median
follow-up	period	of	27.1	months,	rPFS	was	8.3	months	in	the	placebo	arm	and	not	yet	reached	in	the	abiraterone
arm	(HR,	0.43;	95%	CI,	0.35	to	0.52;	P	<	.0001).	Improvement	in	OS	(35.3	versus	30.1	months;	HR,	0.78;	95%
CI,	 0.66	 to	 0.95;	P	 =	 .0151)	 did	 not	 reach	 the	 prespecified	 statistical	 efficacy	 boundary	 but	was	 supported	 by
significant	 improvements	 in	 time-to-opiate-use	 and	 time-to-cytotoxic-chemotherapy	 end	 points.366	Abiraterone
plus	prednisone	gained	expanded	approval	for	chemotherapy-naïve	metastatic	CRPC	in	2012.238

Next-Generation	 Antiandrogens.	 Enzalutamide	 was	 rationally	 designed	 with	 the	 aim	 of	 developing	 an
antiandrogen	active	in	prostate	cancers	with	overexpressed	AR,	a	setting	in	which	the	tumor	is	both	resistant	and
growth	is	stimulated	by	bicalutamide,	consistent	with	an	antagonist-agonist	conversion.

In	the	phase	I/II	enzalutamide	clinical	trial	that	enrolled	patients	with	pre-	and	postchemotherapy	CRPC	treated
with	 a	 variety	 of	 dose	 levels,	 there	 were	 PSA	 declines	 of	 ≥50%	 in	 71%	 and	 37%	 of	 patients	 who	 were
prechemotherapy	or	postchemotherapy	treated,	respectively,	along	with	soft	tissue	regressions,	and	a	posttherapy
conversion	of	circulating	tumor	cell	counts	from	unfavorable	to	favorable	in	49%	(25	of	51)	of	patients.367	 The
results	led	to	the	phase	III	AFFIRM	trial	in	which	1,199	men	with	progressive	postchemotherapy-treated	CRPC
were	randomized	in	a	2:1	ratio	 to	enzalutamide	160	mg	daily	(n	=	800)	or	placebo	(n	=	399).	The	primary	end
point	was	OS	and	at	the	first	interim	analysis,	a	statistically	significant	reduction	in	mortality	was	seen	(HR,	0.63;
95%	CI,	0.53	to	0.74;	P	<	.001),	with	a	median	OS	of	18.4	months	(95%	CI,	17.3	months	to	not	yet	reached)	for
enzalutamide	versus	13.6	months	(95%	CI,	11.3	to	15.8	months)	in	the	placebo	group.	All	secondary	end	points
favored	enzalutamide	including	rPFS	(8.3	versus	2.9	months;	HR,	0.40;	P	<	.001),	the	time	to	the	first	SRE	(16.7
versus	13.3	months;	HR,	0.69;	P	<	.001),	and	QOL	response	rate	(43%	versus	18%;	P	<	.001).	The	results	led	to
FDA	approval	in	2012.242

More	 recently,	 the	 results	 of	 the	 prechemotherapy	 enzalutamide	 trial	 PREVAIL	 were	 reported;	 PREVAIL
randomized	 1,717	 patients	 with	 prechemotherapy	 CRPC	 to	 enzalutamide	 160	 mg	 daily	 or	 placebo	 using	 the
coprimary	end	points	of	rPFS	and	OS.	This	study	was	stopped	by	the	data	and	safety	monitoring	board	after	540
deaths	based	on	the	superiority	of	enzalutamide	in	delaying	radiographic	progression	or	death	(HR,	0.19;	95%	CI,
0.15	 to	0.23;	P	<	 .001)	 and	 risk	of	death	 (HR,	0.71;	95%	CI,	0.60	 to	0.84;	P	 <	 .001)	 relative	 to	 placebo.	The
benefit	of	 enzalutamide	was	consistent	 for	 all	 secondary	end	points	 including	 rate	of	≥50%	PSA	decline	 (78%
versus	3%),	overall	soft	tissue	response	(59%	versus	5%),	time	to	PSA	progression	(HR,	0.17),	time	to	initiation
of	cytotoxic	chemotherapy	(HR,	0.35),	and	time	to	first	SRE	(HR,	0.72)	(P	<	.001	for	all	comparisons).368	These
results	have	been	submitted	to	the	FDA,	and	an	expanded	indication	is	pending.

Targeting	the	Tumor	Microenvironment

Immunotherapy.	Sipuleucel-T	(Provenge;	Dendreon	Corporation,	Seattle,	WA)	is	an	autologous	active	cellular
immunotherapy	that	includes	an	acid	phosphatase	specific,	replication-competent	adenovirus	that	is	cotransfected
with	 granulocyte-macrophage	 colony-stimulating	 factor.	 Mononuclear	 cells	 are	 harvested	 by	 leukopheresis,
transfected	 with	 the	 viral	 construct,	 and	 maintained	 in	 culture	 under	 an	 adequate	 number	 of	 the	 defined
mononuclear	cell	fraction	has	developed	to	enable	reinfusion	to	the	patient.	A	phase	I	dose-ranging	study	showed
that	injection	of	the	primed	cells	into	the	prostates	of	patients	with	recurrent	disease	after	radiation	therapy	was
safe,	and	declines	in	PSA	were	observed	that	correlated	with	the	administered	dose	of	the	virus.369

A	randomized	phase	 III	 trial	 in	which	patients	 received	 either	 primed	 and	unprimed	mononuclear	 cells	was
then	performed;	the	trial	failed	to	meet	the	primary	end	point	of	PFS,370	but	with	longer	follow-up,	an	OS	benefit
was	 observed.371	 A	 pivotal	 trial	 was	 then	 designed	 in	 which	 512	 patients	 with	 asymptomatic	 or	 minimally
symptomatic	metastatic	CRPC	were	randomized	to	three	doses	of	the	biologic	product	or	autologous	cells	that	had
been	 treated	 similarly	 but	 not	 exposed	 to	 the	 granulocyte-macrophage	 colony-	 stimulating	 factor/prostatic	 acid



phosphatase	fusion	protein.	The	results	showed	a	significant	improvement	in	survival	for	the	immunized	patients
(HR,	0.77;	95%	CI,	0.61	to	0.97;	P	=	.02):	median	25.8	months	in	the	sipuleucel-T	arm	and	21.7	months	in	the
control	 arm.	Adverse	 reactions	were	 primarily	 related	 to	 the	 infusion	 of	 the	 activated	 cells	 and	 included	 chills
(53%),	 fatigue	 (41%),	 fever	 (31%),	 back	 pain	 (30%),	 nausea	 (21%),	 joint	 aches	 (20%),	 and	 headaches	 (18%).
Most	of	these	reactions	had	resolved	within	2	days	of	infusion.	Grade	3	to	4	events	were	<3%	for	each	of	these
conditions.	No	improvement	in	PFS	or	response	rate	was	seen	in	the	large	randomized	trial,	suggesting	either	that
these	 parameters	 were	 not	 accurately	 measured	 or	 that	 slower	 kinetics	 of	 the	 disease	 were	 manifest	 after
progression	was	initially	measured.	FDA	approval	was	granted	in	2010.

PROSTVAC	(Bavarian	Nordic,	Kvistgaard,	Denmark)	is	a	vaccinia	and	fowlpox	immunization	approach	that
includes	the	gene	sequence	for	PSA	and	three	costimulatory	molecules	(B7-1,	ICAM-1,	and	LFA-3)	collectively
designated	as	TRICOM.	In	the	phase	I	trial,	patients	received	the	recombinant	vaccinia	virus	vaccine	first,	which
was	followed	by	a	booster	injection	with	recombinant	fowlpox	virus;	all	patients	generated	an	immune	response	to
vaccinia.372	A	randomized	phase	II	trial	was	then	performed	with	a	primary	end	point	of	PFS,	which	showed	no
difference	between	the	groups,	but	3	years	poststudy,	30%	(25	of	82)	of	the	vaccine-treated	versus	17%	(7	of	40)
of	the	placebo-treated	patients	were	alive	(median	survival	25.1	versus	16.6	months;	HR,	0.56;	95%	CI,	0.37	to
0.85).371	A	phase	 III	 trial	 for	metastatic	CRPC,	 however,	was	 terminated	 early	 by	 the	 study’s	 data	monitoring
committee	on	the	basis	of	futility.373	Other	phase	III	trials	using	this	agent	are	continuing.

PALLIATION
Bone-Directed	Therapy
The	high	propensity	for	prostate	cancers	to	metastasize	to	the	skeleton	puts	patients	at	a	high	risk	for	significant
morbidity	 from	 SREs.	 This	 can	 be	 complicated	 further	 by	 the	 bone	 loss	 associated	 with	 ADT	 itself	 and	 the
frequent	 use	 of	 corticosteroids	 for	 antitumor	 effects,	 to	 reduce	 the	 toxicities	 of	 anticancer	 agents	 such	 as	 the
taxanes	 and	 CYP17	 inhibitors,	 and	 for	 palliation	 of	 pain	 or	 symptoms	 related	 to	 neurologic	 compromise.
Targeting	the	bone	microenvironment	can	provide	palliation	of	symptoms,	delay	SREs,	and	prolong	life.

Targeting	Growth	Factors	and	Cytokines
Bisphosphonates	localize	to	the	bone	tumor	interface	and	inhibit	osteoclast	activity	to	reduce	bone	turnover.	The
bisphosphonate	 zoledronate	 is	 the	 only	 FDA-approved	 agent	 for	 CRPC	 with	 bone	 metastases.	 In	 randomized
trials,	zoledronate	(4	mg	intravenously	every	3	to	4	weeks)	reduced	the	frequency	of	SREs	(defined	as	pathologic
fractures,	 radiation	 to	 bone,	 spinal	 cord	 compression,	 and/or	 surgery	 to	 bone)	 by	 25%	 (33%	with	 zoledronate
versus	44%,	P	=	.021).	Time	to	first	SRE	was	prolonged,	whereas	skeletal	morbidity	rate	and	the	proportion	of
patients	with	an	individual	SRE	were	lowered.	There	was	no	effect	on	OS.374	Bisphosphonates	are	also	used	in
patients	 with	 prostate	 cancer	 to	 reduce	 the	 risk	 of	 osteoporosis,	 exacerbated	 by	 ADT,	 that	 increases	 the
susceptibility	to	fracture	or	collapse	of	a	vertebra	in	non–tumor-bearing	areas.375	Nephrotoxicity	can	occur	with
these	agents,	and	doses	must	be	adjusted	on	the	basis	of	renal	function.

Denosumab	is	a	monoclonal	antibody	that	binds	RANKL,	inhibiting	osteoclast	function.	Initial	trials	showed	a
decrease	in	bone	loss	and	reduction	in	fracture	rate	for	patients	on	ADT.376	A	subsequent	phase	III	trial	enrolled
1,904	patients	and	compared	denosumab	(120	mg	subcutaneous	monthly)	to	zoledronate	(4	mg	every	3	weeks).
The	 primary	 end	 point,	 delay	 in	 time	 to	 first	 SRE,	 showed	 a	 benefit	 in	 favor	 of	 denosumab	 (20.7	 versus	 17.1
months;	HR,	0.82;	P	<	.001	for	noninferiority	and	P	=	.008	for	superiority).	The	denosumab	arm	had	a	slightly
higher	frequency	of	serious	adverse	events	(63%	versus	60%),	Common	Terminology	Criteria	for	Adverse	Events
grade	3	to	4	adverse	events	(72%	versus	66%,	P	=	.01),	and	grade	≥3	hypocalcemia	(5%	versus	1%).	There	was
no	 significant	 difference	 in	 the	 rate	 of	 serious	 adverse	 events,	 disease	 progression,	 or	 OS.	 The	 frequency	 of
osteonecrosis	of	the	jaw	was	similar	(2%	versus	1%).	This	relatively	rare	but	serious	side	effect	seems	associated
with	bisphosphonate	or	denosumab	use	in	combination	with	dental	disease,	dental	surgery	(e.g.,	tooth	extraction),
oral	trauma,	periodontitis,	poor	dental	hygiene,	glucocorticoid	use,	or	chemotherapy	use.

Denosumab	120	mg	every	4	weeks	was	also	shown	to	delay	 the	development	of	bone	metastases	 relative	 to
placebo	 in	 patients	 with	 nonmetastatic	 CRPC	 at	 a	 high	 risk	 of	 bone	 metastases	 (baseline	 PSA	 ≥8	 ng/mL	 or
PSADT	 ≤10	 months).	 In	 this	 trial,	 bone	 metastasis–free	 survival	 was	 increased	 by	 a	 median	 of	 4.2	 months
(median,	29.5	months	[95%	CI,	25.4	to	33.3	months]	for	denosumab	versus	25.2	months	[95%	CI,	22.2	to	29.5
months]	for	placebo).	Denosumab	also	prolonged	the	time	to	first	bone	metastasis.	Osteonecrosis	was	observed	in
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5%	of	patients	receiving	denosumab.	Although	statistically	significant,	denosumab’s	effect	upon	bone	metastases
was	deemed	insufficient	for	FDA	approval.

Pain
Optimal	palliation	of	pain	requires	careful	attention	to	the	pain	frequency,	pattern,	and	precipitating	factors.	It	also
requires	early	performance	of	appropriate	diagnostic	studies	to	establish	an	etiology.

Critical	 for	 pain	 management	 is	 a	 low	 threshold	 for	 recommending	 MRI	 if	 there	 should	 be	 any	 of	 the
following:	 back	 pain	 suggestive	 of	 neurologic	 compromise	 of	 the	 spinal	 cord	 or	 cauda	 equina;	 diplopia,
dysarthria,	 difficulty	 swallowing,	 or	 facial	 weakness	 suggestive	 of	 involvement	 of	 the	 base	 of	 the	 skull;	 or
numbness	 in	 the	 jaw	 or	 chin	 suggestive	 of	 mental	 nerve	 compromise	 that	 may	 interfere	 with	 eating.376	 If
neurologic	encroachment	is	documented	in	any	of	these	areas,	radiotherapy	should	be	administered	on	an	urgent
basis	 to	 preserve	 function	 and	 to	 maximize	 the	 chance	 of	 recovery.	 Corticosteroids	 are	 also	 administered	 to
provide	more	 immediate	palliation	and	 to	reduce	 the	risk	of	 further	compromise	secondary	 to	swelling	 that	can
occur	after	radiotherapy	is	initiated.376	MRI	can	also	be	recommended	for	patients	with	extensive	bony	disease	in
the	 absence	 of	 symptoms,	 as	 one	 series	 showed	 occult	 cord	 compromise	 in	 11%	 of	 patients,	 which	 involved
multiple	locations	in	several	patients.377	Metastases	 to	 the	base	of	 the	skull	 leading	 to	cranial	nerve	palsies	can
also	severely	compromise	function	unless	diagnosed	and	treated	expeditiously.

For	one	or	more	painful	lesions	that	can	be	encompassed	by	a	single	or	regional	radiation	port,	EBRT	offers
excellent	palliation.	A	variety	of	 fractionation	schemes	and	administered	daily	doses	have	been	studied:	30	Gy
administered	as	300	cGy	in	10	fractions	is	considered	standard,	although	randomized	trials	have	shown	a	single
administered	dose	of	8	Gy	in	1	fraction	to	be	equivalent	but	not	as	durable.	Patients	treated	with	30	Gy	are	less
likely	to	require	repeat	treatment	(18%	versus	9%).	High-dose	hypofractionation	regimens	have	also	been	studied,
including	20	Gy	or	24	Gy	as	a	single	dose,	or	500	to	800	cGy	in	three	separate	doses.	A	limitation	of	EBRT	is	that
the	disease	is	often	diffuse	and	that	lacking	some	form	of	systemic	control,	patients	often	experience	recurrence	in
a	relatively	short	interval	after	a	first	lesion	is	treated.	In	such	cases	of	patients	with	recurrence	of	painful	lesions
outside	 of	 radiated	 areas,	 a	 systemic	 approach	 is	 preferred.	 Retreatment	 of	 a	 site	 previously	 irradiated	 is	 also
necessary	in	approximately	25%	of	cases.378–380

Radiopharmaceuticals
Therapies	 to	 control	more	 diffuse	 pain	 include	 those	 directed	 at	 the	 tumor/bone	 interface	 with	 little	 effect	 on
tumor,	those	directed	at	specific	cytokines	and	growth	factors	produced	by	tumor	cells	and	the	host	that	contribute
to	the	progression	and	survival	of	prostate	cancer	cells	in	the	skeleton,	and	those	directed	at	the	tumor	itself.

Bone-seeking	radiopharmaceuticals	are	taken	up	rapidly	at	the	tumor/bone	interface	with	maximal	deposition
at	 the	 site	 of	 maximal	 bone	 turnover.	 The	 distribution	 of	 the	 isotope	 through	 the	 tumor	 is	 uncertain,	 making
dosimetry	difficult	to	calculate,	but	estimates	are	that	the	administered	dose	to	the	tumor	itself	is	typically	below
that	achieved	with	EBRT.	Three	such	agents	are	currently	approved	in	the	United	States	on	the	basis	of	phase	III
trials.381–383

Strontium-89	is	a	low	energy	beta-emitter	with	a	long	(50-day)	half-life.	It	was	approved	on	the	basis	of	a	trial
enrolling	 patients	 with	 symptomatic	 skeletal	 metastasis	 randomized	 to	 EBRT	 alone	 or	 EBRT	 plus	 the
radiopharmaceutical,	showing	patients	treated	with	strontium	were	less	likely	to	have	pain	in	new	metastatic	sites.

Samarium	(153Sm)	lexidronam,384–386	with	a	2.9-day	half-life,	relies	on	the	diphosphonate	moiety	for	targeting,
whereas	the	radionuclide	simultaneously	emits	gamma	energies	that	can	be	imaged	and	short-range	beta	energies
that	can	be	therapeutic.	99mTc	MDP	bone	imaging	can	identify	tumors	with	high	uptake.

153Sm-EDTMP	 exhibits	 pharmacokinetic,	 toxicity,	 and	 pain	 response	 using	 an	 escalating	 dose	 schedule	 in
treatment	of	metastatic	bone	cancer.	This	agent	was	approved	on	the	basis	of	a	trial	that	randomized	patients	to
radioactive	 (153Sm)	 versus	 nonradioactive	 (152Sm)	 drug,	 showing	 a	 reduction	 in	 both	 opioid	 analgesic
consumption	 and	 improvement	 in	 patient-reported	 visual	 analog	 scales	 and	 pain	 descriptor	 scales.	 The	 most
common	 side	 effects	 were	 pain	 flare	 in	 approximately	 10%	 of	 cases	 that	 could	 last	 for	 several	 days	 and
myelosuppression,	which	varies	with	the	extent	of	disease	and	with	the	amount	of	bone	marrow	that	has	received
radiation	 in	 the	 past.381,385	 153Sm	 lexidronam	 has	 also	 been	 safely	 administered	 on	 a	 repetitive	 basis	 in
combination	with	docetaxel.386,387

As	beta	emitters,	both	strontium-89	and	153Sm	lexidronam	have	a	penetration	energy	up	to	2.4	mm	in	bone	that
disrupts	normal	hematopoiesis	leading	to	myelosuppression	and	anemia.	Tumor	cell	kill	results	from	the	inability
to	repair	single-strand	DNA	breaks	induced	by	the	agent.



Radium-223	dichloride	(radium-223)	is	a	high	linear	energy	transfer	radiation	that	has	a	very	short	(<0.1	mm)
range	and	induces	double-strand	DNA	breaks,	rendering	cellular	repair	mechanisms	ineffective.	Exposure	of	the
surrounding	tissues	is	minimized.	After	activity	was	shown	in	a	phase	I	trial,388	a	phase	III,	randomized,	double-
blind,	placebo-controlled	study	was	completed	that	enrolled,	 in	a	2:1	ratio,	922	patients	with	symptomatic	bone
metastases	and	no	visceral	disease	who	had	either	 received,	were	not	eligible	 to	 receive,	or	declined	docetaxel.
Patients	were	 randomized	 to	 receive	 six	 injections	 of	 radium-223	 (at	 a	 dose	 of	 50	 kBq	per	 kg	of	 body	weight
intravenously)	or	matching	placebo;	one	 injection	was	administered	every	4	weeks.	The	primary	end	point	was
OS.	Secondary	end	points	included	time	to	the	first	symptomatic	SRE;	time	to	bone-specific	alkaline	phosphatase
progression,	 response,	 and	 normalization;	 PSA	 progression;	 and	 changes	 in	 several	 biochemical	 measures.
Relative	to	placebo,	radium-223	significantly	improved	OS	(median,	14	versus	11.2	months;	HR,	0.66;	95%	CI,
0.58	to	0.83;	two-sided	P	=	.00007).	Assessments	of	all	main	secondary	efficacy	end	points	also	showed	a	benefit
for	radium-233	compared	with	placebo,	including	the	time	to	first	SRE,	which	was	prolonged	from	a	median	9.8
months	for	placebo	to	15.6	months	(HR,	0.66;	95%	CI,	0.52	to	0.83).	Notable	was	that	the	drug	was	associated
with	low	myelosuppression	rates	and	fewer	adverse	events.320

Programmed	cell	death	protein	1	inhibition.	In	recent	series	of	genomically	profiled	metastatic	prostate	cancer
specimens,	approximately	3%	had	somatic	alterations	in	mismatch	repair	genes	such	as	MSH2,	MLH1,	PMS2,	or
MSH6	 and	 even	 more	 rarely	 manifest	 as	 germline	 mutations,10,389	 which	 are	 associated	 with	 hypermutation
microsatellite	instability.390	These	patients	fall	into	a	new	category	of	tumor,	not	based	on	organ	of	origin,	but	on
the	 presence	 of	 these	 genomic	 alterations.	 On	 May	 23,	 2017,	 the	 FDA	 granted	 accelerated	 approved	 to
pembrolizumab	for	patients	with	any	metastatic	microsatellite	instability–high	or	mismatch	repair–deficient	tumor
that	 has	 progressed	 following	 prior	 treatment,	 at	 a	 dose	 of	 either	 200	mg	 every	 3	weeks	 or	 10	mg/kg	 every	 2
weeks,	to	a	maximum	of	24	months	of	therapy.391	Included	in	this	dataset	were	two	prostate	cancer	patients,	one
of	 whom	 had	 a	 partial	 response	 and	 one	 of	 whom	 had	 stable	 disease,	 with	 a	 duration	 of	 response	 of	 9.8+
months.392	 Clinical	 trials	 examining	 the	 definitive	 benefits	 of	 programmed	 cell	 death	 protein	 1	 (PD-1)	 and
programmed	cell	death	protein	ligand	1	(PD-L1)	inhibition	are	now	underway	both	alone	and	in	combination	with
other	agents.	An	initial	small	report	has	attracted	considerable	interest	as	a	result	of	having	deep	and	significant
responses	in	unselected	patients	postenzalutamide	using	nivolumab.393

FUTURE	DIRECTIONS
The	 key	 to	 prostate	 cancer	 diagnosis	 and	 management	 is	 the	 assessment	 of	 risk	 based	 on	 the	 continuous
reassessment	of	the	disease	at	the	current	point	in	time	and	projecting	the	likelihood	of	disease-specific	events	in
the	future.	Now,	advances	in	our	understanding	of	prostate	cancer	biology	have	changed	diagnostic	and	treatment
paradigms	 and	 improved	 the	 outcomes	 for	 patients	 across	 the	 clinical	 spectrum	 of	 the	 disease.	 The	 diagnostic
algorithms	 used	 to	 detect	 disease	 are	 increasingly	 incorporating	 biologic	 determinants	 to	 better	 enable	 the
detection	of	clinically	significant	cancers	rather	than	all	cancers.	Many	of	the	prognostic	models	used	to	define	the
metastatic	 and	 lethal	 potential	 of	 a	 tumor	 are	 also	 including	 molecular	 measures	 in	 addition	 to	 the	 standard
clinicopathologic	measures	such	as	T	stage	 (plagued	by	 interobserver	variability),	PSA	(which	 lacks	sensitivity
and	specificity),	 and	Gleason	score	based	on	morphology.	All	prognostic	models	aim	 to	ensure	 that	only	 those
tumors	with	the	potential	to	cause	symptoms,	metastasize,	or	shorten	patient	survival	are	treated,	at	the	same	time
recognizing	that	for	the	tumors	that	are	not	treated,	close	monitoring	using	an	AS	approach	is	the	“treatment.”

Technologic	advances	in	surgery	and	radiation	therapy	have	resulted	in	better	cancer	control	rates,	particularly
for	 high-risk	 patients,	 with	 fewer	 and	 lesser	 short-	 and	 long-term	 morbidities.	 In	 these	 cases,	 the	 focus	 of
treatment	centers	on	two	objectives:	control	of	the	primary	tumor	and	of	metastatic	disease.

A	range	of	biomarkers	are	in	development	to	better	inform	prognosis	(who	needs	treatment),	prediction	(what
type	 of	 treatment),	 treatment	 efficacy	 (if	 it	 is	 working),	 and	 regulatory	 approval	 (providing	 clinical	 benefit).
Missing	in	many	biomarker	studies	is	clinical	utility—showing	the	incremental	information	provided	by	the	“test”
relative	to	what	is	currently	available,	a	key	factor	in	whether	a	test	will	be	used	in	practice.

The	 same	 needs	 apply	 to	 patients	who	 have	 experienced	 recurrence	 after	 primary	 therapy:	 to	 determine	 the
likelihood	that	a	tumor	can	be	cured	if	still	localized,	independent	of	whether	the	primary	treatment	was	surgery	or
radiation,	 and	 if	 not	 still	 localized,	 to	 guide	 the	 need	 for	 a	 systemic	 intervention	 based	 on	 the	 likelihood	 that
metastatic	disease	might	develop	and	when.	Equally	important	is	that	we	have	learned	that	prostate	cancer	in	an
individual	is	more	than	one	disease	that	can	have	different	drivers	of	growth	in	different	tumors	as	well	as	within
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one	 individual	 site	of	disease.	The	heterogeneity	 increases	even	 further	with	 the	 increasing	number	of	drugs	 to
which	the	cancer	has	been	exposed.	To	address	this	will	require	the	continued	characterization	of	disease	biology.
However,	 the	 necessary	 repeated	 tissue-	 or	 blood-based	 diagnostics	 to	 do	 so	 are	 presently	 not	 part	 of	 routine
clinical	practice.

Unfortunately,	the	field	is	still	plagued	by	the	use	of	end	points	of	convenience	that	occur	early	as	opposed	to
end	points	 that	 take	 longer	 to	observe	but	which	more	accurately	 reflect	clinical	benefit.	Few	reports	 include	a
clearly	defined	statistical	design,	and	those	that	do	rarely	define	a	level	of	improvement	to	justify	the	development
of	a	large-scale	definitive	trial	to	generate	the	evidence	required	to	change	practice	standards.

The	recent	approval	of	several	life-prolonging	therapies	as	well	as	agents	that	reduce	morbidity	is	particularly
encouraging.	However,	 it	 also	 presents	 an	 additional	 challenge	 because	 the	 use	 of	 effective	 treatments	 after	 a
patient	has	been	treated	on	a	clinical	trial	reduces	the	trial’s	ability	to	show	a	survival	benefit	for	an	experimental
drug.	The	failure	to	show	a	survival	benefit	in	the	phase	III	trials	in	CRPC	with	the	CYP17	inhibitor	orteronel394
and	custirsen,395	 an	 antisense	molecule	 that	 reduces	 the	 levels	 of	 the	 antiapoptotic	 protein	 clusterin,	 are	 recent
examples.	The	latter	represents	another	docetaxel-based	combination	that	failed	to	show	a	survival	benefit	relative
to	 docetaxel	 alone.	 Yet,	 both	 agents	 showed	 promising	 effects	 in	 phase	 II	 studies396–398	 and	 show	 that	 it	 is
essential	 to	 carefully	 consider	 the	 regulatory	path	 to	 approval	 for	 any	prostate	 cancer	drug.	Critical	 here	 is	 the
discovery,	validation,	and	qualification	of	predictive	biomarkers	of	sensitivity.	Such	biomarkers	will	enable	 the
enrollment	 of	 patients	most	 likely	 to	 respond	 to	 the	 treatment	 being	 evaluated	 and	will	 supply	 trial	 end	 points
short	of	survival	that	could	potentially	lead	to	regulatory	approvals.

One	intriguing	new	concept	involves	the	use	of	biomarkers	in	the	form	of	mutated/deleted	DNA	repair	genes	to
predict	 for	 responses	 to	 selected	 therapeutic	 agents.	 One	 such	 trial	 (TOPARP)	 has	 recently	 been	 published	 in
which	 a	poly	 (ADP-ribose)	polymerase	 (PARP)	 inhibitor	 response	 rates,	 response	durations,	 and	 survival	were
dramatically	influenced	by	homozygous	deletions	or	deleterious	mutations	in	DNA	repair	genes.	In	this	study	in
which	heavily	pretreated	metastatic	CRPC	patients	were	 treated	with	olaparib	(a	PARP	inhibitor),	patients	with
the	deletions/mutations	 in	genes	such	as	BRCA1/2,	ATM,	Fanconi	anemia	genes,	 and/or	CHEK2	were	 found	 to
have	much	better	responses	as	compared	to	patients	without	such	defects.	When	measuring	responses	by	various
criteria,	14	of	16	patients	with	DNA	repair	defects	had	a	response	as	compared	to	only	2	of	33	patients	without
such	defects.	Importantly,	in	the	TOPARP	trial,	patients	with	prior	exposure	to	platinum	were	excluded.	This	may
be	of	consequence	given	that	some	studies	with	platinum	have	indicated	high	rates	of	response	in	patients	with
DNA	repair	defects.399

A	challenge	now	is	to	design	trials	that	show	how	to	maximize	patient	benefit	with	the	available	agents,	used
alone	 in	 sequence	 or	 in	 combination,	 and	 to	 understand	 cross-resistance	 and	 synergies.	 Strategies	 to	 improve
outcomes	 with	 AR	 and	 AR	 signaling	 inhibitors	 include	 the	 development	 of	 new	 antiandrogens	 such	 as
apalutamide.	An	analysis	of	the	posttherapy	PSA	patterns	of	patients	treated	with	AR	and	AR	signaling	inhibitors
shows	that	a	proportion	of	tumors	are	intrinsically	resistant,	a	proportion	show	a	pattern	consistent	with	acquired
resistance,	and	others	show	durable	response	followed	later	by	progression.400	Studies	in	preclinical	models	have
associated	intrinsic	resistance	with	reciprocal	feedback	between	the	AR	and	phosphatidylinositol	kinase	signaling
pathways,401	and	AR	splice	variants,402	in	particular	the	AR-V7	variant,403	whereas	acquired	resistance	has	been
associated	with	an	acquired	mutation	in	the	ligand-binding	domain	of	the	AR	at	position	876L.404	Cooptation	of
the	AR	by	the	glucocorticoid	receptor405	and	a	number	of	new	agents	and	combinations	are	being	evaluated	in	the
clinic	based	on	activity	demonstrated	in	these	models.

The	AR-V7	variant	data	in	patients	has	now	been	published,	confirming	the	importance	of	preclinical	studies.
Expression	of	AR-V7	RNA	in	circulating	tumor	cells	purified	by	an	immunomagnetic	approach	predicts	primary
resistance	to	both	enzalutamide	and	abiraterone	in	metastatic	CRPC	patients.403

This	AR	variant	does	not,	however,	predict	resistance	to	docetaxel	in	the	same	setting.406	Taken	together,	these
data	indicate	that	AR-V7	can	function	as	a	predictive	biomarker.	Larger	studies	are	needed	to	confirm	these	initial
observations.

Other	 studies	 of	 predictive	 biomarkers	 include	 circulating	 free	 DNA	 detection	 of	 androgen	 receptor
amplifications	 and	mutations,	 and	 the	presence	of	 nuclear	AR-V7	 immunohistochemical	 staining	 in	 circulating
tumor	cells.	Each	of	these	alterations	is	predictive	of	resistance	to	the	newer	hormonal	agents	abiraterone	and/or
enzalutamide.407,408

The	 efficacy	 seen	 with	 newer	 agents	 in	 late-stage	 disease	 also	 suggests	 that	 the	 time	 is	 now	 to	 shift	 our
paradigm	from	palliation	to	cure	by	evaluating	available	life-prolonging	therapies	in	noncastrate	settings	with	low
disease	burdens.	Several	 trials	 exploring	combinations	of	ADT	and	 radiation	 therapy	have	been	completed	and
have	shown	significant	survival	improvements.	Such	has	not	been	the	case	with	trials	of	ADT	and	RP	as,	to	date,



only	one	trial	that	enrolled	patients	with	node-positive	disease	following	RP	showed	a	survival	improvement.	The
more	 recent	 survival	 advantages	 demonstrated	 with	 the	 early	 application	 of	 abiraterone	 and	 docetaxel	 in	 the
LATITUDE,	 STAMPEDE,	 and	 CHAARTED	 trials	 lend	 credence	 to	 this	 exploration	 of	 early	 therapies.	 One
randomized	trial	is	evaluating	a	similar	combination	in	the	high-risk	neoadjuvant	setting	(NCT00430183)	as	well.
An	 important	 consideration	 in	 the	 design	 of	 such	 studies	 is	 to	 demonstrate	 that	 the	 “experimental”	 treatment
proposed	has	sufficient	activity	to	justify	large-scale	testing.	Here,	neoadjuvant	studies	are	particularly	important
because	they	ensure	that	adequate	amounts	of	tumor	material	are	available	for	analysis.	One	promising	approach
reported	 recently	 was	 a	 randomized	 trial	 in	 which	 abiraterone	 acetate	 and	 prednisone	 in	 combination	 with
leuprolide	acetate	was	shown	to	provide	a	higher	pathologic	complete	response	rate	relative	to	leuprolide	acetate
alone.409	To	test	this	further,	the	trial	in	patients	with	a	rising	PSA	and	rapid	PSADT	is	comparing	degarelix	to
degarelix	 in	 combination	 with	 abiraterone	 acetate	 and	 prednisone	 and	 to	 degarelix	 with	 abiraterone	 and
apalutamide,	with	 the	 end	 point	 of	 an	 undetectable	 PSA	 (NCT03009981).	 Trials	 of	 this	 type	 can	 be	 useful	 to
support	 larger	scale	studies	 to	address	whether	even	greater	benefit	can	be	provided	to	patients	with	potentially
lethal	disease	if	treated	early,	an	approach	that	has	been	shown	to	be	effective	in	many	cancer	types.
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71 Cancer	of	the	Urethra	and	Penis
J.	Ryan	Mark,	Mark	Hurwitz,	and	Leonard	G.	Gomella

INTRODUCTION
Penile	 and	 urethral	 carcinomas	 are	 rare	 malignancies	 that	 present	 unique	 treatment	 dilemmas.	 The	 anatomic
considerations	 and	 variable	 histology	 present	 significant	 challenges	 for	 treating	 physicians.	 Squamous	 cell
carcinoma	of	 the	penis,	a	slow-growing	tumor,	has	a	well-defined	pattern	of	dissemination.	This	orderly	spread
allows	 definitive	 locoregional	 management	 of	 the	 primary	 tumor	 in	 most	 cases.	 In	 contradistinction,	 urethral
carcinoma	in	men	and	women	can	vary	in	histology	and	tends	to	invade	locally	and	metastasize	to	regional	nodes
early.	Classically,	surgery	has	been	the	primary	tool	in	managing	these	diseases;	however,	a	multimodal	treatment
approach	 is	 increasingly	gaining	 favor.	This	 is	 reflected	 in	 treatment	guidelines	published	by	both	 the	National
Comprehensive	Cancer	Network	(NCCN)	and	the	European	Association	of	Urology	(EAU).1–3

URETHRAL	CANCER	IN	THE	MALE

Incidence	and	Etiology
Carcinoma	of	the	male	urethra	is	an	uncommon	disease	representing	<1%	of	male	cancers,	and	only	2,724	men
with	urethral	carcinoma	have	been	reported	to	the	Surveillance,	Epidemiology,	and	End	Results	(SEER)	database
between	 1973	 and	 2006.4	 Chronic	 irritation	 and	 infection	 are	 the	 strongest	 risk	 factors.	 A	 54%	 incidence	 of
urethral	stricture	has	been	 identified	 in	patients	with	urethral	carcinoma	as	well	as	an	association	with	sexually
transmitted	disease	(24%).5	Human	papillomavirus	16	(HPV16)	likely	has	a	causative	role	in	the	development	of
squamous	cell	carcinoma	of	the	urethra	and	sexually	transmitted	disease.	There	is	a	predominance	of	Caucasian
patients.

The	onset	of	malignancy	in	a	patient	with	a	longstanding	urethral	stricture	is	often	insidious,	and	a	high	index
of	suspicion	is	needed	to	diagnose	these	tumors	early.	The	new	onset	of	urethrorrhagia	or	urethral	stricture	in	a
man	without	a	history	of	trauma	or	venereal	disease	should	raise	the	possibility	of	urethral	carcinoma.	A	palpable
urethral	 mass	 associated	 with	 obstructive	 voiding	 symptoms	 is	 the	 most	 common	 presenting	 symptom.	 Pain
associated	with	a	periurethral	abscess	or	urethral	fistula	may	be	the	harbinger	of	a	male	urethral	cancer.

Anatomy	and	Pathology
Male	 urethral	 cancers	were	 once	 thought	 to	 be	 predominantly	 squamous	 cell	 carcinoma;	 however,	 analysis	 of
SEER	 data	 has	 demonstrated	 that	 urothelial	 cancer	 is	 found	 in	 77.6%	 of	 urethral	 cancers,	with	 squamous	 cell
carcinoma,	adenocarcinoma,	and	other	histologies	representing	11.9%,	5%	and	5.5%,	respectively.4	The	anatomic
location	 of	 urethral	 cancer	 largely	 determines	 the	 histologic	 type.	 Carcinomas	 of	 the	 prostatic	 urethra	 are
urothelial	in	90%	and	squamous	in	10%;	conversely,	carcinomas	of	the	penile	urethra	are	squamous	in	90%	and
urothelial	in	10%.	Adenocarcinomas	of	the	urethra	arise	from	metaplasia	of	mucosa	or	from	periurethral	glands,
but	direct	invasion	of	rectal	adenocarcinoma	must	be	ruled	out.	Adenocarcinoma	has	the	same	prognosis,	stage	for
stage,	as	the	other	histologies.

The	bulbomembranous	urethra	is	most	commonly	involved	(60%),	followed	by	the	penile	urethra	(30%)	and
the	prostatic	urethra	(10%).	The	incidence	of	urethral	involvement	associated	with	carcinoma	of	the	bladder	has
been	estimated	to	be	approximately	6%,	and	urethral	recurrences	after	radical	cystectomy	occur	in	4%	to	17%.

Male	 urethral	 cancer	may	 spread	 locally	 to	 involve	 the	 corpus	 spongiosum	 or	may	metastasize	 to	 regional
nodes.	 The	 lymphatics	 of	 the	 anterior	 urethra	 drain	 into	 the	 superficial	 and	 deep	 inguinal	 lymph	 nodes	 and
occasionally	 to	 the	external	 iliac	nodes.	The	 lymphatics	 from	 the	posterior	urethra	drain	 into	 the	external	 iliac,
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obturator,	and	hypogastric	nodes.	Palpable	 inguinal	nodes	are	found	in	approximately	20%	of	cases	and	almost
always	suggest	metastatic	disease,	 in	contrast	 to	penile	cancer	where	50%	of	palpable	nodes	are	 inflammatory.
Bulbomembranous	 urethral	 cancer	 in	 particular	 spreads	 to	 the	 urogenital	 diaphragm,	 prostate,	 perineum,	 and
scrotum.	 Hematogenous	 spread	 is	 rare	 except	 in	 advanced	 disease	 and	 most	 common	 with	 transitional	 cell
carcinoma	of	the	prostatic	urethra.

Diagnosis
Men	with	urethral	cancer	present	with	a	combination	of	blood	at	the	meatus,	palpable	urethral	mass,	and	irritative
or	obstructive	 lower	urinary	 tract	 symptoms.	Physical	examination	should	 include	 retraction	of	 the	 foreskin	 for
visualization	 of	 the	 urethral	meatus	 and	 palpation	 of	 the	 urethra	 along	 its	 course	 including	 perineal	 and	 rectal
examination.	Inguinal	lymph	nodes	should	be	palpated	in	a	frog-legged	position.

Urine	cytology	is	useful	in	detecting	urothelial	carcinomas	of	the	urethra	but	is	limited	in	its	utility	for	other
nonurothelial	histology	with	sensitivities	of	80%	for	urothelial	and	50%	for	squamous	cell	carcinoma.6	Ultimately,
diagnosis	 requires	 cystoscopy	 with	 biopsy	 (cold	 cup	 with	 direct	 visualization	 or	 needle	 biopsy	 [penile,
transperineal/transrectal])	or	transurethral	resection.	Cystoscopic	examination	should	include	a	full	evaluation	of
the	bladder	 to	 look	for	concomitant	bladder	 tumors	and	careful	 inspection	of	 the	prostatic	urethra.	Resection	of
prostatic	ducts	at	5	and	7	o’clock	can	improve	detection	of	prostatic	urethral	carcinomas.

Staging
The	2018	American	Joint	Committee	on	Cancer	(AJCC)	tumor-node-metastasis	(TNM)	staging	system	is	based
on	depth	of	invasion	of	the	primary	tumor	and	the	presence	or	absence	of	regional	lymph	node	involvement	and
distant	metastasis	 (Table	 71.1).7	 The	 2018	AJCC	 system	 has	 eliminated	 the	 Tis-pu	 and	 Tis-pd	 distinctions	 of
prostatic	urethral	and	prostatic	duct	in	situ	disease	and	has	compiled	them	into	a	single	Tis	diagnostic	stage.	Nodal
metastases	are	now	staged	based	on	anatomic	location	relative	to	the	true	pelvis	rather	than	size.

TABLE	71.1
American	Joint	Committee	on	Cancer	Tumor-Node-Metastasis	2018	Urethral	Cancer	Staging

Primary	Tumor	(T)
Tx Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Ta Noninvasive	papillary	carcinoma

Tis Carcinoma	in	situ

T1 Tumor	invades	subepithelial	connective	tissue

T2 Tumor	invades	any	of	the	following:	corpus	spongiosum,	periurethral	muscle

T3 Tumor	invades	any	of	the	following:	corpus	cavernosum,	anterior	vagina.

T4 Tumor	invades	other	adjacent	organs	(e.g.,	invasion	of	the	bladder	wall)

Prostatic	Urethra
Tis Carcinoma	in	situ	involving	the	prostatic	urethra	or	periurethral	or	prostatic	ducts	without	stromal	invasion

T1 Tumor	invades	urethral	subepithelial	connective	tissue	immediately	underlying	the	urothelium

T2
Tumor	invades	the	prostatic	stroma	surrounding	ducts	either	by	direct	extension	from	the	urothelial	surface	or	by	invasion
from	prostatic	ducts

T3 Tumor	invades	the	periprostatic	fat

T4 Tumor	invades	other	adjacent	organs	(e.g.,	extraprostatic	invasion	of	the	bladder	wall,	rectal	wall)

Regional	Lymph	Node	(N)
Nx Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1
Single	regional	lymph	node	metastasis	in	the	inguinal	region	or	true	pelvis	(perivesical,	obturator,	internal	[hypogastric]	and
external	iliac),	or	presacral	lymph	node

N2
Multiple	regional	lymph	node	metastasis	in	the	inguinal	region	or	true	pelvis	(perivesical,	obturator,	internal	[hypogastric]
and	external	iliac),	or	presacral	lymph	node



Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	eighth	edition	(2017)	published	by	Springer	Science	and	Business	Media	LLC,	www.springer.com.

Clinical	 staging	 is	 best	 done	 with	 pathologic	 examination	 after	 biopsy	 or	 resection	 of	 the	 primary	 tumor.
Computed	tomography	(CT)	of	the	chest,	abdomen,	and	pelvis	is	useful	in	defining	extent	of	metastatic	disease
and	should	be	obtained	in	all	patients	with	suspected	invasive	urethral	cancer	(≥T1).	Magnetic	resonance	imaging
(MRI)	of	 the	pelvis	with	gadolinium	 is	 superior	 for	 identifying	 the	 local	extent	of	disease.8	Disease	 survival	 is
highly	associated	with	stage	at	presentation	(Table	71.2).

Management	by	Stage
Surgery	 is	 the	mainstay	of	 treatment	of	carcinoma	of	 the	male	urethra.	 In	general,	anterior	urethral	cancers	are
more	amenable	to	surgical	extirpation,	and	the	prognosis	is	better	than	that	of	posterior	urethral	tumors,	which	are
more	often	associated	with	extensive	local	invasion	and	distant	metastasis.9	Node	dissection	is	performed	only	for
clinically	positive	lymphadenopathy	as	no	benefit	to	prophylactic	lymphadenectomy	has	been	reported.	Radiation
therapy	 is	 reserved	 for	patients	with	early-stage	 lesions	of	 the	anterior	urethra	who	 refuse	 surgery.	Although	 it
preserves	the	penis,	radiation	may	cause	urethral	stricture	or	chronic	penile	edema,	and	careful	follow-up	to	assess
for	 local	 recurrence	 is	 important.	 Multimodal	 treatment	 combining	 chemotherapy	 and	 radiation	 therapy	 with
surgical	excision	for	locally	advanced	urethral	carcinomas	has	yielded	promising	results	of	up	to	a	60%	disease-
free	survival	rate.	The	median	survival	without	treatment	or	with	palliation	is	approximately	3	months.

TABLE	71.2
American	Joint	Committee	on	Cancer	Prognostic	Stage	Groups	with	Reported	5-Year
Survival	Ratesa

Stage Tumor Node Metastasis %	5-Y	Survival
0a Ta N0 M0 79.3

0is Tis N0 M0 61.6

I T1 N0 M0 59.0

II T2 N0 M0 50.6

III T1 N1 M0 28.4

	 T2 N1 M0 	

	 T3 N0 M0 	

	 T3 N1 M0 	

IV T4 Any	N Any	M 21.8

	 Any	T N2 M0 	

	 Any	T Any	N M1 	
aAs	reported	in	1,278	patients	identified	in	the	National	Cancer	Database	from	1998	to	2002.
Adapted	from	Amin	MB,	Edge	SB,	Greene	F,	et	al.,	eds.	AJCC	Cancer	Staging	Manual.	8th	ed.	New	York:	Springer;	2017.

Noninvasive	tumors	(Ta,	Tis)	and	T1	disease	are	typically	treated	with	transurethral	resection	and	close	follow-
up.	Segmental	urethrectomy	for	T1	tumors	at	high	risk	of	recurrence	or	incomplete	resection	should	be	considered
with	perineal	urethrostomy	as	an	option	for	more	extensive	resections	and	has	been	shown	to	have	good	long-term
results.	Intraurethral	bacillus	Calmette-Guérin	(BCG)	has	been	reported	in	superficial	urethral	tumors,	specifically
when	involving	the	prostatic	urethra.	Use	should	be	limited	to	Ta,	in	situ,	and	T1	urothelial	carcinoma	following
transurethral	 resection	 of	 the	 prostate	 because	 this	 has	 been	 shown	 to	 improve	 complete	 response	 rates	 (95%
versus	66%).10

T2	 tumors	 are	 treated	based	on	 their	 location	within	 the	urethra.	Distal	 urethral	 tumors	 invading	 the	 corpus
spongiosum	 and	 localized	 to	 the	 distal	 half	 of	 the	 penis	 are	 best	 treated	 with	 a	 partial	 penile	 amputation,
traditionally	with	a	2-cm	margin	proximal	to	the	visible	or	palpable	tumor.	If	infiltrating	tumor	is	confined	to	the
proximal	penile	urethra	or	 involves	the	entire	urethra,	 total	penectomy	is	 indicated.	Radiation	therapy	for	organ
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preservation	can	be	considered	but	is	associated	with	high	rates	of	urethral	stricture	and	penile	edema.
Series	 reporting	 penile-sparing	 surgery	 (urethrectomy	 with	 corpora	 cavernosa	 sparing)	 are	 becoming	 more

prevalent	in	the	literature	calling	the	radical	resection	of	distal	lesions	into	question.	In	a	United	Kingdom–based
series,	seven	patients	with	T1	to	T2	primary	squamous	cell	carcinoma	of	the	urethra	were	managed	by	resection	of
the	glans	and	urethra	with	preservation	of	the	corporal	bodies	and	skin	grafting.	No	adjuvant	treatment	was	used,
and	all	patients	were	disease	free	with	a	mean	of	32	months	(range,	9	to	58	months)	of	follow-up.	One	patient	had
a	nodal	recurrence	at	18	months	that	was	managed	with	lymphadenectomy	and	is	disease	free	at	47	months.11

Bulbomembranous	 and	 prostatic	 T2	 urethral	 cancers	 require	 more	 extensive	 resection	 with	 radical
cystoprostatectomy	and	en	bloc	penectomy	and	pelvic	 lymphadenectomy.	Despite	 this	aggressive	approach,	 the
prognosis	 remains	 poor,	 with	 a	 5-year	 disease-free	 survival	 rate	 of	 26%	 in	 patients	 with	 invasive
bulbomembranous	 carcinomas.5	 Penile	 preservation	 for	 invasive	 bulbomembranous	 cancers	 has	 used	 adjuvant
radiation	 therapy	 (45	 Gy)	 and	 concurrent	 chemotherapy	 with	 5-fluorouracil	 (5-FU)	 and	 mitomycin	 C	 with
acceptable	results.12	Neoadjuvant	chemotherapy	should	be	considered	for	stromal	prostatic	(T2)	urethral	lesions.

T3	urethral	cancer	 in	 the	distal	urethra	has	classically	been	 treated	with	 radical	penectomy;	however,	partial
penectomy	 with	 inguinal	 lymphadenectomy	 of	 clinically	 suspicious	 nodes	 has	 resulted	 in	 acceptable	 survival
results.	One	series	included	nine	men	with	T3	distal	urethral	squamous	cell	carcinoma.	Glansectomy	with	distal
corporal	resection	and	limited	urethrectomy	resulted	in	an	overall	survival	rate	of	66%	at	a	mean	follow-up	of	25
months.	Most	men	had	inguinal	and	pelvic	lymphadenectomy,	and	44%	received	adjuvant	chemotherapy	and/or
radiotherapy.11

Advanced	 carcinoma	 (T3	 to	 T4,	 N1	 to	 N2)	 of	 the	 membranous	 or	 prostatic	 urethra	 is	 best	 treated	 with	 a
combination	of	neoadjuvant	chemotherapy	with	consolidative	surgery	or	irradiation.

Radiation	and	Multimodal	Therapy
Radiation	therapy	alone	has	been	associated	with	suboptimal	results	in	male	urethral	carcinoma	based	on	largely
small,	single-institution	experiences.	Patients	who	receive	radiation	therapy	followed	by	salvage	surgery	seem	to
fare	 worse	 than	 with	 surgery	 in	 an	 integrated	 fashion.	 The	 most	 common	 approach	 has	 been	 external-beam
radiotherapy	to	60	to	70	Gy,	with	best	results	for	distal	urethral	lesions.	Multimodal	therapy	with	chemoradiation
has	shown	 the	efficacy	of	5-FU,	mitomycin	C,	and	cisplatin	with	 radiation	 for	squamous	cell	carcinoma	of	 the
urethra	 in	 select	 cases.13	 Contemporary	 series	 of	 advanced	 urethral	 malignancies	 highlight	 the	 importance	 of
multidisciplinary	 management	 of	 this	 disease.	 A	 multi-institutional	 study	 of	 124	 consecutive	 patients
demonstrated	 improved	 3-year	 recurrence-free	 and	 overall	 survival	 in	 patients	with	 stage	 III	 or	 higher	 urethral
cancer	after	receiving	neoadjuvant	chemotherapy.14	Tumor	histology	did	not	influence	the	survival.	Neoadjuvant
cisplatin-based	chemotherapy	 regimens	have	been	 shown	 to	 result	 in	 response	 rates	of	67%	 to	85%	 in	patients
with	 locally	 advanced	 and	 clinically	 node-positive	 squamous	 carcinoma	 and	 adenocarcinoma	 of	 the	 urethra
receiving	 either	 cisplatin,	 gemcitabine,	 and	 ifosfamide	 (CGI);	 ifosfamide,	 paclitaxel,	 cisplatin	 (ITP);	 or
gemcitabine,	5-fluorouracil,	leucovorin,	and	cisplatin	(Gem-FLP).15	However,	results	of	a	retrospective	review	of
1,749	 patients	 in	 the	 National	 Cancer	 Database	 (NCDB)	 demonstrate	 no	 survival	 advantage	 to	 multimodal
treatment	 over	 surgery	 alone	 in	 squamous	 cell	 and	 adenocarcinoma.	 Patients	 with	 urothelial	 carcinoma	 of	 the
urethra,	 however,	 did	 show	a	 significant	 improvement	 in	 survival	with	multimodal	 therapy	 (hazard	 ratio	 [HR],
0.61;	 95%	 confidence	 interval	 [CI],	 0.45	 to	 0.83).16	 The	 authors	 note	 that	 less	 than	 16%	 of	 advanced	 cases
received	 multimodal	 treatment,	 suggesting	 undertreatment	 of	 this	 disease.	 Despite	 this,	 NCCN	 guidelines
recommend	neoadjuvant	chemotherapy	for	≥T3	and	cN+	patients.1

URETHRAL	CANCER	IN	THE	FEMALE
Incidence	and	Etiology
Carcinoma	of	 the	 urethra	was	once	 thought	 to	 be	most	 prevalent	 in	Caucasian	women,	with	 an	 incidence	 four
times	higher	than	that	of	men.	Recent	SEER	reporting	calls	this	into	question,	showing	a	2:1	male	predominance
and	close	to	a	fourfold	greater	incidence	in	African	American	women	compared	to	Caucasian	women.17	The	peak
incidence	 is	 in	 the	 sixth	 decade.	 Chronic	 irritation,	 recurrent	 urinary	 tract	 infections,	 and	 proliferative	 lesions
(caruncles,	papillomas,	polyps)	are	predisposing	factors,	and	HPV	may	play	a	role.	Leukoplakia	of	the	urethra	is
considered	a	premalignant	condition.



An	epidemiologic	survey	of	female	urethral	cancer	identified	more	than	700	women	in	the	SEER	database.18
The	median	overall	survival	in	this	large	cohort	was	42	months,	with	5-	and	10-year	overall	survival	rates	of	43%
and	 32%,	 respectively.	 The	 median	 cancer-specific	 survival	 was	 78	 months,	 and	 the	 5-	 and	 10-year	 cancer-
specific	 survival	 rates	 were	 53%	 and	 46%,	 respectively.	 On	 multivariate	 analysis	 of	 nonmetastatic	 patients,
variables	predicting	for	worse	cancer-specific	survival	were	African	American	race,	stage	T3	to	T4	tumors,	node-
positive	disease,	non–squamous	cell	histology,	and	advanced	age.

Anatomy	and	Pathology
In	females,	the	urethra	is	approximately	4	cm	long,	mostly	encompassed	in	the	anterior	vaginal	wall,	and	divided
into	 the	 distal	 one-third	 (anterior	 urethra)	 and	 the	 proximal	 two-thirds	 (posterior	 urethra).	 Stratified	 squamous
epithelium	 lines	 the	 distal	 two-thirds	 of	 the	 female	 urethra,	 and	 transitional	 epithelium	 (urothelium)	 lines	 the
proximal	one-third.	The	majority	(60%)	of	neoplasms	of	the	female	urethra	are	squamous	cell	carcinomas.	Less
common	 types	 are	 urothelial	 carcinoma	 (20%),	 adenocarcinoma	 (10%),	 undifferentiated	 tumors	 (8%),	 and
melanoma	(2%).	Clear	cell	adenocarcinoma	is	a	distinctive	clinical	entity	that	has	generated	considerable	interest
with	respect	to	its	prognosis	and	relationship	to	urethral	diverticula.	Histology	does	not	affect	the	prognosis,	and
all	 patients	 are	 treated	 similarly.	 In	 general,	 anterior	 urethral	 carcinomas	 are	 low	 grade	 and	 stage;	 carcinomas
involving	the	proximal	or	entire	urethra	are	of	a	higher	grade	and	stage.

Spread	of	urethral	carcinoma	follows	the	anatomic	subdivision;	lymphatics	of	the	anterior	urethra	drain	into	the
superficial	and	deep	inguinal	nodes	and	lymphatics	of	the	posterior	urethra	into	the	external	iliac,	hypogastric,	and
obturator	nodes.	At	presentation,	one-third	of	patients	have	inguinal	lymph	node	metastases	and	20%	have	pelvic
node	 involvement.	 Palpable	 inguinal	 nodes	 in	 patients	 with	 urethral	 cancer	 invariably	 contain	 metastatic
carcinoma.	The	most	common	sites	of	distant	spread	are	the	lungs,	liver,	and	bone.

Diagnosis
The	most	common	presenting	symptom	(>50%)	is	urethrorrhagia.	Urinary	frequency,	obstructive	voiding,	a	foul-
smelling	discharge,	and	a	palpable	urethral	mass	are	other	modes	of	presentation.	Initially,	it	may	be	difficult	to
distinguish	 fungating	 tumors	of	 the	urethra	 from	 those	of	 the	vagina	or	 vulva.	Bimanual	 exam	 is	 essential	 and
should	be	performed	under	anesthesia	at	the	time	of	cystoscopy	to	determine	extent	of	disease	and	if	there	is	any
fixation	 to	 the	 pubic	 bone.	 Biopsy	 can	 be	 performed	 cystoscopically	 or	 transvaginally	 with	 needle	 biopsy.
Inguinal	lymph	nodes	are	palpated	in	the	frog-legged	position.	Urine	cytology	can	be	more	useful	in	females	than
in	males,	with	a	sensitivity	of	77%	for	squamous	cell	carcinoma	and	50%	for	urothelial	carcinomas.9

Staging
The	AJCC	eighth	edition	TNM	staging	for	female	urethral	carcinoma	is	shown	in	Table	71.1.	As	with	males,	CT
of	 the	chest,	abdomen,	and	pelvis	should	be	used	for	staging	invasive	disease.	MRI	provides	 the	best	detail	 for
staging	the	local	extent	of	disease	(Fig.	71.1).

Management	by	Stage
The	anatomic	location	and	stage	of	the	tumor	are	the	most	significant	prognostic	factors	predicting	local	control
and	 survival.	Treatment	 is	 based	on	 the	 stage	 at	 the	 time	of	 initial	 presentation,	with	 low-stage,	 distal	 urethral
tumors	having	a	better	prognosis	than	high-stage,	proximal	urethral	tumors.

Local	surgical	excision	is	often	sufficient	in	selected	patients	with	low-stage,	distal	urethra	carcinoma.	Small
superficial	 (Ta,	 Tis,	 and	 T1)	 tumors	 of	 the	 distal	 female	 urethra	 can	 be	 removed	 surgically	 with	 little	 risk	 of
urinary	 incontinence.	 Spatulation	 of	 the	 urethra	 and	 approximation	 to	 the	 adjacent	 vagina	 preserve	 urinary
continence	and	prevent	meatal	stenosis.

For	small	invasive	tumors	of	the	distal	urethra	(T2),	brachytherapy	alone	is	an	excellent	therapeutic	option.
Proximal	 urethral	 disease	 and	 bulky,	 locally	 advanced	 tumors	 require	 more	 aggressive	 treatment.	 Anterior

pelvic	 exenteration	 is	 often	 needed	 (en	 bloc	 total	 urethrectomy,	 cystectomy,	 pelvic	 lymphadenectomy,
hysterectomy	 with	 salpingectomy,	 removal	 of	 the	 anterior	 vaginal	 wall).	 Bulky	 proximal	 urethral	 tumors	 that
invade	the	pubic	symphysis	may	require	resection	of	the	pubic	symphysis	and	inferior	rami.	Anterior	exenteration
alone	has	been	reported	to	produce	a	5-year	survival	rate	of	<20%	in	female	patients	with	invasive	carcinoma	of
the	urethra.	Radiation	therapy	(brachytherapy	alone	or	with	external-beam	radiation)	is	an	alternative	to	surgery	in
low-stage	urethral	carcinoma,	with	cure	rates	up	to	75%.	The	reported	doses	have	ranged	from	50	to	60	Gy	for
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brachytherapy	alone	and	40	to	45	Gy	for	external-beam	radiation	to	the	whole	pelvis	followed	by	a	brachytherapy
boost	 of	 20	 to	 25	 Gy	 over	 2	 to	 3	 days	 with	 low	 dose	 rate	 brachytherapy.	 Alternatively,	 high	 dose	 rate
brachytherapy	 may	 be	 used	 as	 reported	 in	 several	 small	 series.	 Proximal	 urethral	 tumors	 with	 bladder	 neck
invasion	and	bulky	tumors	require	combined	external-beam	radiotherapy	and	brachytherapy.	Large	primary	tumor
bulk	and	treatment	with	external	radiation	alone	(no	brachytherapy)	were	independent	adverse	prognostic	factors.
Brachytherapy	 reduced	 the	 risk	 of	 local	 recurrence,	 possibly	 as	 a	 result	 of	 the	 higher	 radiation	 dose.19
Complications	from	radiation	therapy	occur	in	approximately	half	of	patients,	with	up	to	one-third	being	severe,
including	urethral	strictures	and	stenosis,	urethrovaginal	fistulas,	incontinence,	and	bowel	obstruction.

Figure	71.1	Magnetic	resonance	imaging	of	a	locally	advanced	urethral	adenocarcinoma	(A)	in	a
diverticulum	as	compared	to	a	squamous	cell	carcinoma	(B).	The	adenocarcinoma	is	localized

around	the	urethra,	whereas	the	urothelial	lesion	arises	from	the	mucosa	of	the	urethra	and	involves
the	bladder	neck.

Combined-modality	treatment	with	neoadjuvant	chemotherapy	and	preoperative	radiation	therapy,	followed	by
surgery,	 is	 recommended	 for	 advanced	 female	urethral	 carcinoma.	A	55%	survival	 rate	has	been	 reported	with
advanced	 urethral	 carcinoma	 treated	 with	 radiotherapy	 plus	 surgery,	 as	 compared	 with	 a	 rate	 of	 34%	 with
radiation	 alone.	Similarly	 to	 advanced	urethral	 carcinoma	 in	men,	 the	 combination	of	 chemotherapy,	 radiation,
and	surgery	is	believed	to	be	essential	for	local	control	and	cure	of	larger	or	locally	advanced	urethral	cancer.

The	prognosis	for	women	with	carcinoma	of	the	urethra	is	poor,	regardless	of	the	treatment	modality	used,	and
the	median	 time	 to	 local	 recurrence	 for	 invasive	 carcinoma	 is	 13	months;	 however,	 there	 does	 appear	 to	 be	 a
therapeutic	 role	 for	 salvage	 therapy.	 A	 retrospective	 series	 reviewed	 139	 patients	 treated	 for	 primary	 urethral
carcinoma	 by	 various	methods.	 Patients	with	 recurrence	 treated	 by	 either	 salvage	 surgery	 or	 radiation	 therapy
were	found	to	have	better	3-year	overall	survival	than	patients	with	untreated	recurrences	(84.9%	versus	38.0%,
respectively;	 P	 <	 .001).	 Survival	 of	 those	 undergoing	 salvage	 treatment	 was	 equivalent	 to	 patients	 without
recurrence	(86.7%).20

PENILE	CANCER
Penile	cancer	is	an	uncommon	malignancy	that	can	result	in	disfiguring	treatment	for	afflicted	men.	Tumors	are
essentially	all	squamous	cell	carcinomas	and	develop	as	a	result	of	either	chronic	inflammation	or	infection	with
HPV.	 Cure	 of	 this	 cancer	 can	 be	 achieved;	 however,	 stepwise	 progression	 through	 a	 predictable	 pattern	 of
regional	lymph	nodes	can	ultimately	result	in	devastating	outcomes	if	not	well	controlled.

Incidence	and	Etiology
Squamous	cell	carcinoma	of	 the	penis	affects	26,000	men	globally	with	an	increased	incidence	in	Asia,	Africa,
and	South	America.21	 In	Western	countries,	 the	 incidence	of	penile	cancer	 is	much	 lower,	with	an	 incidence	of
0.45	to	1.7	per	100,000	in	Europe	and	0.58	per	100,000	in	the	United	States.22	It	most	commonly	presents	in	the



sixth	decade	but	may	occur	 in	men	younger	 than	40	years	old.	Analysis	of	 the	SEER	database	shows	no	racial
difference	 in	 the	 incidence	of	 penile	 cancer	 among	African	American	men	 and	Caucasian	men,	 but	 significant
disparities	 exist	 in	 mortality.23	 Lower	 rates	 of	 invasive	 penile	 cancer	 are	 seen	 in	 Asian	 American	 men,	 and
substantially	higher	rates	are	seen	in	Hispanic	American	men.	Regional	and	socioeconomic	differences	are	also
noted,	with	 higher	 rates	 in	 the	 southern	 area	 of	 the	United	 States	 and	 in	 lower	 socioeconomic	 populations.	A
recent	analysis	of	the	NCDB	has	demonstrated	an	increasing	incidence	of	all	stages	of	penile	cancer	in	the	United
States.24

Penile	cancer	is	associated	with	phimosis	and	poor	local	hygiene.	The	irritative	effect	of	smegma,	a	by-product
of	bacterial	action	on	desquamated	epithelial	cells	in	the	preputial	sac,	is	well	known,	although	definitive	evidence
of	 its	 role	 in	 carcinogenesis	 is	 lacking.	 Neonatal	 circumcision	 virtually	 eliminates	 the	 occurrence	 of	 penile
carcinoma;	however,	circumcision	after	puberty	does	not	have	the	same	benefit	with	respect	to	penile	cancer.

HPV	infection,	particularly	HPV16,	has	been	implicated	in	the	development	of	invasive	penile	cancer,	as	has
the	number	of	sexual	partners.	HPV	infection	accounts	for	approximately	half	of	penile	cancers,	and	HPV16	and
HPV18	 are	 the	 predominant	 subtypes.	 The	 other	 half	 of	 cases	 are	 related	 to	 inflammatory	 conditions	 such	 as
phimosis,	chronic	balanitis,	and	lichen	sclerosis.25	The	use	of	tobacco	products	is	an	independent	risk	factor.	Thus,
avoidance	of	tobacco	products	and	HPV	infection,	penile	hygiene,	and	neonatal	circumcision	represent	important
preventive	strategies	against	penile	cancer.

Vaccination	 of	 young	men	 against	 HPV	 is	 controversial	 but	 may	 change	 the	 incidence	 and	 burden	 of	 this
disease.26,27	Currently,	three	U.S.	Food	and	Drug	Administration	(FDA)-approved	HPV	vaccines	are	available	in
the	 United	 States.	 These	 are	 a	 quadrivalent	 vaccine	 against	 HPV6,	 HPV11,	 HPV16,	 and	 HPV18	 that	 was
approved	in	2006	for	use	in	females	and	in	2009	for	males	aged	9	to	26	years;	a	bivalent	vaccine	against	HPV16
and	 HPV18	 approved	 in	 2009;	 and	 a	 nonavalent	 vaccine	 against	 HPV6,	 HPV11,	 HPV16,	 HPV18,	 HPV31,
HPV33,	HPV45,	HPV52,	HPV58	approved	in	2016.28	Use	of	this	vaccine	in	females	decreased	the	prevalence	of
HPV	 by	 half.	 More	 than	 50%	 of	 females	 in	 the	 population	 require	 vaccination	 for	 herd	 immunity	 to	 benefit
males.29,30	Vaccination	of	male	patients	aged	16	to	26	years	with	the	quadrivalent	vaccine	has	been	shown	to	be
90.4%	 effective	 in	 seroconversion	 if	 a	 full	 course	 of	 three	 injections	 is	 received.31	 Despite	 the	 success	 of	 the
vaccine	in	prevention	of	HPV,	it	remains	to	be	seen	if	this	will	decrease	the	incidence	of	squamous	cell	carcinoma
of	the	penis.

Anatomy	and	Pathology
More	 than	 95%	 of	 penile	 cancers	 are	 squamous	 cell	 carcinoma.	 Non–squamous	 cell	 carcinomas	 (melanomas,
basal	cell	carcinomas,	lymphomas,	and	sarcomas)	are	much	rarer.	Squamous	cell	carcinomas	are	graded	using	the
World	 Health	 Organization	 (WHO)/International	 Society	 of	 Urological	 Pathology	 (ISUP)	 classification.	 Low-
grade	tumors	(grades	1	and	2),	typically	confined	to	the	prepuce	and	glans	penis,	constitute	nearly	80%	of	penile
cancers.	Most	 lesions	 that	 involve	 the	 shaft	 of	 the	 penis	 are	 high	 grade	 (grade	 3),	with	 grade	 and	 stage	 often
correlated.	 The	 incidence	 of	 lymph	 node	metastases	 from	 squamous	 cell	 carcinoma	 of	 the	 penis	 is	 related	 to
histologic	grade.	Verrucous	carcinoma,	 a	particularly	 exuberant	variant	of	 squamous	cell	 carcinoma,	has	 a	 low
potential	 for	 lymph	 node	 spread	 as	 well	 as	 a	 good	 prognosis.	 Another	 important	 predictor	 of	 lymph	 node
metastases	and,	hence,	prognosis	is	the	presence	of	vascular	invasion.

Penile	cancer	metastasis	progresses	via	a	predictable	pattern	through	the	regional	 lymph	nodes.	The	inguinal
lymph	 nodes	 constitute	 the	 first	 echelon	 of	 drainage.	 Superficial	 and	 deep	 inguinal	 nodes	 are	 involved	 in	 a
stepwise	manner.	Bilateral	drainage	occurs	as	a	result	of	crossover	at	the	base	of	the	penis.	Therefore,	the	pattern
of	nodal	metastasis	 is	not	 limited	 to	one	side.	The	superficial	 inguinal	nodes	are	 located	 in	 the	deep	portion	of
Camper	 fascia	 above	 the	 deep	 fascia	 of	 the	 thigh	 (fascia	 lata).	 The	 superficial	 lymphatics	 drain	 into	 the	 deep
inguinal	lymphatics,	which	surround	the	femoral	vessels	deep	to	the	fascia	lata.	Secondary	drainage	is	to	the	iliac
nodes;	direct	drainage	to	these	nodes	(skip	metastases)	is	rare.

Squamous	 cell	 carcinomas	 of	 the	 penis	 arise	 from	 either	 an	 HPV	 or	 non-HPV	 molecular	 pathway.
Carcinogenesis	 from	 HPV	 infection	 is	 better	 understood.	 Viral	 oncoprotein	 E7	 dissociation	 of	 retinoblastoma
protein	 from	 transcription	 factor	 E2F	 leads	 to	 cell	 proliferation,	 and	 E6-mediated	 p53	 degradation	 promotes
cellular	immortality.	Non-HPV	carcinogenesis	results	from	p53	mutation	and	cyclin	D1	overexpression	and	is	still
being	elucidated.32

The	first	comprehensive	molecular	analysis	of	penile	cancer	has	recently	been	published.	This	study	underlines
the	 importance	 of	 HPV	 as	 well	 as	 opportunities	 for	 potentially	 targeted	 therapies.	 High-risk	 HPV	 subtypes
(HPV16	and	HPV33)	were	detected	in	12%	of	cases,	and	p16	positivity	was	detected	in	28%.	Epidermal	growth
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factor	receptor	(EGFR)	amplification	was	present	in	4	of	14	samples	despite	EGFR	overexpression	being	detected
in	virtually	all	samples.33	Whether	these	EGFR	amplifications	are	clinically	actionable	is	conjecture	at	this	time;
however,	small	studies	of	EGFR-targeted	therapy	have	shown	responses.34

Diagnosis
Identification	of	penile	 carcinoma	 is	often	 initiated	by	 the	patient	 after	 penile	 irregularity	 is	 visualized	or	 after
failed	 treatment	 of	 chronic	 ulcer	 incorrectly	 diagnosed	 as	 a	 sexually	 transmitted	 infection.	 Patients	 typically
present	with	low-stage	disease.	SEER	trends	from	1988	to	2006	found	the	frequency	of	T1,	T2,	T3,	and	T4	lesions
to	 be	 64.8%,	 17.1%,	 9.5%,	 and	 2.1%,	 respectively;	 61.6%	 of	 patients	 have	 no	 clinical	 evidence	 of	 nodal
metastasis,	 and	 only	 2.3%	have	 distant	metastasis	 on	 presentation.35	 Suspicious	 lesions	 should	 be	 biopsied	 for
pathologic	confirmation.

Staging
The	workup	for	penile	cancer	begins	with	physical	examination	of	 the	genitalia	and	inguinal	nodes	 to	ascertain
local	extent	of	the	lesion	and	the	presence	of	inguinal	adenopathy.	Nodal	status	is	the	most	significant	predictor	of
survival.	 Approximately	 50%	 of	 patients	 with	 palpable	 inguinal	 nodes	 will	 have	 metastatic	 disease,	 with	 the
remainder	 having	 inflammatory	 adenopathy	 secondary	 to	 infection	 of	 the	 primary	 lesion.	 Conversely,	 20%	 of
patients	with	clinically	negative	groin	examination	are	found	to	have	metastases	on	prophylactic	node	dissection.
The	most	common	distant	metastatic	sites	are	the	lung,	bone,	and	liver.

The	AJCC	system	(8th	edition)	for	staging	penile	cancer	uses	the	TNM	classification	to	determine	the	stage	of
the	primary	tumor	and	the	extent	of	nodal	metastases	(Table	71.3).36	After	biopsy	confirmation	of	the	lesion,	no
further	 radiologic	 workup	 is	 generally	 needed	 in	 patients	 with	 early-stage	 disease,	 the	 absence	 of	 inguinal
adenopathy	on	examination,	and	lack	of	other	worrisome	symptoms.	Ultrasound	and	gadolinium-enhanced	MRI
are	recommended	for	high-grade	and	high-stage	lesions	suspected	of	involving	the	corporal	bodies,	especially	if
partial	 penectomy	 is	 contemplated.	 Abdominal	 and	 pelvic	 CT	 scanning	 is	 recommended	 in	 obese	 patients	 to
evaluate	 the	 inguinal	 nodes.	 In	 patients	with	 bilateral	 lymphadenopathy	 or	 suspected	 inguinal	metastases,	 CT-
guided	biopsy	of	enlarged	pelvic	nodes,	 if	positive,	 is	an	 indication	for	neoadjuvant	chemotherapy.	The	role	of
positron	emission	tomography	scan	in	the	staging	of	penile	cancer	is	unclear,	with	conflicting	data.37–39

The	role	of	molecular	markers	in	the	staging	of	penile	cancer	is	expanding.	HPV-associated	tumors	often	show
overexpression	of	p16,	which	 is	associated	with	 improved	survival.	Expression	of	p53,	SCCAg,	and	Ki-67	has
been	 well	 studied	 and	 is	 associated	 with	 locally	 advanced	 disease	 as	 well	 as	 lymph	 node	metastasis.40	 These
markers	may	prove	useful	in	the	future	as	a	tool	for	risk	stratification	or	as	targets	for	systemic	therapy.

Treatment
Treatment	of	penile	carcinoma	depends	on	the	local	extent	of	the	primary	neoplasm	and	the	regional	lymph	node
status.	 Classically,	 primary	 lesions	 have	 been	 treated	 surgically	 by	 excising	 the	 primary	 tumor	 with	 a	 2-cm
proximal	 margin.	 If	 an	 adequate	 margin	 can	 be	 obtained,	 a	 partial	 penectomy	 offers	 excellent	 local	 control.
Leaving	 the	 patient	 with	 adequate	 penile	 length	 for	 hygienic	 upright	 micturition	 and	 sexual	 intercourse	 is	 a
primary	 goal.	 Thus,	 depending	 on	 the	 extent	 of	 the	 primary	 tumor,	 resection	 may	 include	 a	 partial	 or	 total
penectomy.	This	provides	good	local	control	with	recurrences	being	rare.41	Experience	has	shown	that	survival	is
largely	 driven	 by	 the	 management	 of	 lymph	 nodes	 in	 penile	 cancer.	 Five-year	 disease-free	 survival	 rates	 for
palpably	negative	adenopathy	(cN0)	or	low-volume	palpable	groin	disease	(cN1)	are	favorable	at	93%	and	84%,
respectively,	 with	 a	 markedly	 worse	 survival	 for	 palpably	 bulky	 disease	 (cN2	 and	 cN3)	 of	 32%	 and	 0%,
respectively.42	 When	 stratified	 by	 pathologic	 stage,	 low-volume	 nodal	 involvement	 (pN1)	 had	 favorable	 and
similar	 5-year	 disease-free	 survival	 rates	 when	 compared	 to	 pathologically	 negative	 nodes	 (pN0),	 at	 93%	 and
90%,	 respectively,	 identifying	 the	 curative	 nature	 of	 lymphadenectomy.	 Pathologically	 confirmed	 bulky
adenopathy	(pN2	and	pN3)	had	very	poor	long-term	outcomes,	with	5-year	disease-free	survival	rates	of	31%	and
0%,	respectively.	The	poor	survival	outcomes	in	these	patients	have	led	to	an	understanding	of	the	importance	of	a
more	multidisciplinary	approach	for	advanced	disease.

TABLE	71.3
American	Joint	Committee	on	Cancer	Tumor-Node-Metastasis	2018	Penile	Cancer	Staging



Primary	Tumor	(T)
Tx Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Carcinoma	in	situ	(penile	intraepithelial	neoplasia	[PeIN])

Ta Noninvasive	localized	squamous	cell	carcinoma

T1

Glans:	Tumor	invades	lamina	propria

Foreskin:	Tumor	invades	dermis,	lamina	propria,	or	dartos	fascia

Shaft:	Tumor	invades	connective	tissue	between	epidermis	and	corpora	regardless	of	location

All	sites	with	or	without	lymphovascular	invasion	or	perineural	invasion	and	tumor	is	or	is	not	high	grade

T1a Tumor	is	without	lymphovascular	invasion	or	perineural	invasion	and	is	not	high	grade	(i.e.,	grade	3	or	sarcomatoid)

T1b Tumor	exhibits	lymphovascular	invasion	and/or	perineural	invasion	or	is	high	grade	(i.e.,	grade	3	or	sarcomatoid)

T2 Tumor	invades	into	corpus	spongiosum	(either	glans	or	ventral	shaft)	with	or	without	urethral	invasion

T3 Tumor	invades	into	corpora	cavernosum	(including	tunica	albuginea)	with	or	without	urethral	invasion

T4 Tumor	invades	into	adjacent	structures	(i.e.,	scrotum,	prostate,	pubic	bone)

Clinical	Lymph	Node	(cN)
cNx Regional	lymph	nodes	cannot	be	assessed

cN0 No	palpable	or	visibly	enlarged	inguinal	lymph	nodes

cN1 Palpable	mobile	unilateral	inguinal	lymph	node

cN2 Palpable	mobile	≥2	unilateral	inguinal	nodes	or	bilateral	inguinal	lymph	nodes

cN3 Palpable	fixed	inguinal	nodal	mass	or	pelvic	lymphadenopathy	unilateral	or	bilateral

Pathological	Lymph	Node	(pN)
pNx Lymph	node	metastasis	cannot	be	established

pN0 No	lymph	node	metastasis

pN1 ≤2	unilateral	inguinal	metastases,	no	extranodal	extension	(ENE)

pN2 ≥3	unilateral	inguinal	metastasis	or	bilateral	metastases

pN3 ENE	of	lymph	node	metastases	or	pelvic	lymph	node	metastases

Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	eighth	edition	(2017),	published	by	Springer	Science	and	Business	Media	LLC,	www.springer.com.

Carcinoma	In	Situ	(Tis)
Penile	squamous	cell	carcinoma	in	situ,	also	known	as	erythroplasia	of	Queyrat,	is	a	red,	velvety,	well-marginated
lesion	 of	 the	 glans	 penis	 or	 the	 prepuce	 of	 uncircumcised	 men.	 After	 confirmatory	 biopsy,	 a	 conservative
approach	 that	 spares	 penile	 anatomy	 and	 function	 is	 preferred.	 Preputial	 lesions	 are	 adequately	 treated	 with
circumcision.	Topical	5-FU	cream	and	 imiquimod	have	been	used	with	excellent	cosmetic	 results	 for	glandular
and	meatal	lesions.	A	recent	10-year	follow-up	of	44	patients	receiving	topical	5%	5-FU	demonstrated	a	complete
response	rate	of	57%,	with	80%	achieving	a	durable	response	for	a	mean	of	34	months	(range,	12	to	180	months).
In	patients	who	experienced	recurrence,	44%	were	salvaged	with	imiquimod.43

Additional	penile-sparing	 techniques	can	be	used	 in	 the	event	of	 failure	or	 intolerance	of	 topical	 therapy.	A
prospective	study	of	carbon	dioxide	and	neodymium-doped	yttrium	aluminum	garnet	(Nd:YAG)	lasers	has	shown
good	 local	 tumor	control	and	satisfactory	cosmetic	 results.	Mohs	micrographic	surgery	has	been	described	as	a
less	deforming	alternative,	with	local	control	rates	up	to	86%	in	selected	patients	with	early	penile	cancer.44	Glans
resection	 with	 skin	 grafting	 is	 also	 an	 option.	 A	 multi-institutional	 retrospective	 review	 of	 penile-preserving
techniques	 used	 for	 205	 patients	 with	 Tis	 reported	 overall	 1-,	 2-,	 and	 5-year	 recurrence-free	 survival	 rates	 of
88.4%,	85.6%,	and	75%,	respectively.45	Laser	 therapy	showed	the	highest	 recurrence	rate	 (58.3%),	and	18%	of
recurrences	 occurred	 after	 5	 years,	 suggesting	 a	 need	 for	 long-term	 follow-up.	Only	 10%	 of	 patients	 required
eventual	partial	penectomy.
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Verrucous	Carcinoma	(Ta)
Penile	verrucous	carcinoma	is	characterized	by	aggressive	local	growth	and	a	low	metastatic	potential.	Partial	or
total	 penectomy	 is	 usually	 overtreatment,	 and	 conservative	 therapeutic	 approaches	 are	 favored.	 Laser	 ablation,
Mohs	micrographic	surgical	 technique,	or	 resection	with	glans	resurfacing	has	yielded	acceptable	 results.	 Intra-
aortic	 infusion	 with	 methotrexate	 has	 been	 reported	 with	 reasonable	 results	 but	 is	 not	 widely	 practiced.46
Radiation	therapy	is	contraindicated	because	it	has	been	shown	to	cause	subsequent	rapid	malignant	degeneration
and	metastases.

Invasive	Penile	Cancer	(T1,	T2,	T3)
Distal	penile	lesions,	in	which	a	serviceable	penis	for	upright	micturition	and	sexual	function	can	be	achieved,	are
best	treated	with	a	partial	penectomy.	Extensive	lesions	that	approach	the	base	of	the	penis	usually	require	total
penectomy	with	corporal	body	excision	and	perineal	urethrostomy.	Local	recurrence	after	a	partial	penectomy	in
properly	selected	cases	is	rare.	Most	relapses	occur	within	the	first	12	to	18	months	after	penectomy,	and	salvage
surgery	is	beneficial.

Historically,	 a	 2-cm	margin	 has	 been	 recommended	 during	 partial	 penectomy,	 but	 newer	 data	 suggest	 that
margin	size	can	be	reduced	for	lower	grade	lesions.	The	maximal	histologic	extent	of	disease	has	been	shown	to
be	5	mm	for	grade	1	and	2	 lesions	and	10	mm	for	grade	3	 lesions,	 suggesting	 that	margins	of	10	and	15	mm,
respectively,	 should	 be	 adequate.47	 This	 has	 driven	 increased	 enthusiasm	 for	 penile-preserving	 approaches	 to
surgical	resection	of	penile	cancer.

Treatment	with	Nd:YAG	and	carbon	dioxide	laser	ablation	has	been	reported	in	97	patients	with	pT1a,	pT1b,
and	pT2	penile	 cancer	with	 no	 evidence	of	 nodal	metastases.	Local	 recurrence	 rates	were	 roughly	40%	 for	 all
stages;	 however,	 nodal	 recurrences	were	 detected	 in	 as	many	 as	 5%,	 18%,	 and	 22%	 of	 pT1a,	 pT1b,	 and	 pT2
cancers,	 respectively,	 indicating	 the	 need	 for	 careful	 selection	 and	 strict	 attention	 to	 the	 nodal	 basins.48	Other
surgical	techniques	for	penile	preservation	include	glansectomy	and	partial	glansectomy	with	resurfacing	or	skin
grafting.	Five-year	cancer-specific	survival	was	comparable	between	penile	preservation	and	partial	penectomy	in
a	retrospective	study	of	859	patients;	however,	the	recurrence	rate	largely	favors	partial	penectomy	(27%	versus
3.8%,	 respectively).49	 Interestingly,	 cancer-specific	 survival	 was	 not	 affected	 by	 use	 of	 penile	 preservation,
despite	 the	 high	 recurrence	 rate,	 but	 only	 by	 pathologic	 stage.	 Clearly,	 these	 techniques	 should	 only	 be	 used
selectively	in	appropriate	patients.

Radiation	 therapy	 can	 be	 an	 effective	 option	 for	 organ	 preservation	 in	 the	 treatment	 of	 penile	 cancer.	 The
relative	 rarity	 of	 penile	 cancer	 coupled	 with	 diverse	 treatment	 approaches	 with	 radiation	 has	 hindered	 its
widespread	 application.	Although	organ	preservation	 is	 attractive	 to	many	patients,	 it	 is	 associated	with	higher
rates	of	 recurrence	and	side	effects	compared	with	surgery.	Therefore,	 treatment	at	centers	experienced	 in	both
external-beam	and	brachytherapy	techniques	used	for	treatment	of	penile	cancer	is	strongly	encouraged.	Radiation
therapy	is	effective	not	only	for	local	control	of	small,	2-	to	4-cm,	T1	and	T2	lesions	but	also	for	more	advanced	T
stage	 tumors.	 Local	 recurrence	 is	 higher	 in	 those	with	 T3	 and	T4	 tumors,	 but	 a	 significant	 percentage	 can	 be
salvaged	by	adjuvant	surgical	resection.50	Before	 treatment,	patients	 should	have	a	circumcision	 to	allow	direct
inspection	and	staging	of	the	tumor	and	to	facilitate	management	of	the	acute	side	effects	of	radiation.

External-beam	and	brachytherapy	techniques	have	been	used.	External-beam	radiotherapy	can	be	delivered	by
a	direct	field	method	that	uses	a	low-energy	photon	beam	or	an	electron	beam	applied	directly	to	the	tumor,	with	a
safety	margin	of	2	cm	beyond	the	visible	and	palpable	extent	of	the	tumor.	This	approach	is	suitable	only	for	very
superficial	 tumors	 (Tis	 and	 T1).	 For	 T2	 and	 T3	 lesions,	 a	 parallel	 opposed	 field	 method	 is	 used.	 Using	 this
approach,	 the	 entire	 thickness	 of	 the	 penis	 can	 be	 irradiated	 by	 encasing	 the	 lesion	 in	 a	 wax	mold	 to	 ensure
uniform	dosage	and	 to	negate	 the	 skin-sparing	effects	of	 supervoltage	beams,	with	a	 total	dose	of	60	 to	70	Gy
recommended.	A	65%	to	80%	local	 success	 rate	has	been	 reported	with	 radiation	 therapy	 for	 small	T1	and	T2
tumors.51	Brachytherapy	involves	placement	of	radioactive	material	(usually	iridium-192	wire)	within	the	tumor
(interstitial	brachytherapy)	or	molded	around	the	tumor	(plesiobrachytherapy)	and	is	limited	to	T1	and	T2	tumors.
This	form	of	therapy	is	not	suitable	for	patients	with	bulky	tumors,	patients	with	deeply	infiltrating	tumors,	and
obese	 patients	 with	 a	 short	 penis.	 Radiation	 therapy	 is	 associated	 with	 local	 control	 in	 the	 range	 of	 80%	 for
carefully	selected	patients.

Acute	effects	of	skin	edema,	desquamation,	and	dysuria	are	common	and	may	persist	 for	4	 to	8	weeks	after
completion	of	treatment.	Telangiectasia	and	fibrosis	are	found	in	approximately	90%	of	cases.	The	most	serious
late	effects	of	brachytherapy	include	non-healing	ulceration/necrosis	(6–26%	of	patients)	and	meatal	stenosis	(9–
45%	of	patients).51	Postradiation	fibrosis,	scar,	and	necrosis	may	be	difficult	to	distinguish	from	recurrent	cancer.



Infection	is	often	associated	with	penile	cancer,	increasing	the	risk	of	penile	necrosis.	Thus,	radiation	therapy	for
primary	 penile	 cancer	 can	 be	 considered	 in	 a	 select	 group	of	 patients,	 such	 as	 patients	with	 small	 (2	 to	 4	 cm)
superficial	 lesions	 of	 the	 distal	 penis	 who	wish	 to	maintain	 penile	 integrity,	 patients	 who	 refuse	 surgery,	 and
patients	with	inoperable	cancer	or	those	unsuitable	for	major	surgery.

Locally	Advanced	Penile	Cancer	(T4)
Large	 proximal	 shaft	 tumors	 require	 a	 total	 penectomy	 with	 a	 perineal	 urethrostomy.	 For	 extensive	 proximal
tumors	with	invasion	of	adjacent	structures,	total	emasculation	(total	penectomy,	scrotectomy,	and	orchiectomy)	is
recommended.	In	extreme	cases,	a	hemipelvectomy	or	even	a	hemicorporectomy	has	been	described.	Multimodal
therapy	with	chemoradiation	and	salvage	surgery	has	also	been	used	in	this	setting.

Management	of	Regional	Lymph	Nodes
The	presence	and	extent	of	 inguinal	 lymph	node	metastases	are	 the	most	 important	prognostic	 factors	 in	penile
cancer.	Although	50%	of	patients	with	a	penile	lesion	have	clinically	palpable	inguinal	nodes	at	presentation,	in
more	 than	 half	 of	 these	 patients,	 the	 adenopathy	 is	 inflammatory.	 A	 4-	 to	 6-week	 course	 of	 antibiotics	 after
treatment	 of	 the	 primary	 lesion	 is	 no	 longer	 recommended	 because	 lymph	 nodes	 are	 managed	 based	 on	 the
likelihood	of	metastasis.	Biopsy	is	favored	for	low-risk	primary	tumors	and	lymph	node	dissection	for	high-risk
disease	without	delay.	Unlike	many	other	genitourinary	malignancies	 that	 require	systemic	chemotherapy,	once
lymph	 node	 metastases	 are	 discovered,	 inguinal	 metastases	 from	 penile	 cancer	 are	 potentially	 curable	 by
lymphadenectomy	alone.	Therefore,	inguinal	lymphadenectomy	should	be	performed	at	the	earliest	suspicion	of
metastases	 in	cN1	disease;	however,	neoadjuvant	chemotherapy	 is	now	recommended	 if	cN2	or	cN3	disease	 is
determined	by	biopsy.1

Clinically	Node-Negative	Disease	(cN0)
Men	with	 clinically	 negative	 lymph	 nodes	 should	 be	managed	 based	 on	 their	 risk	 of	 harboring	 occult	 disease.
After	prophylactic	lymphadenectomy,	men	with	occult	metastasis	experience	a	6-year	survival	of	84%	to	92%,	as
compared	to	33%	if	lymphadenectomy	is	delayed	until	time	of	clinically	evident	recurrence.52	Despite	this	known
survival	 advantage	 to	 lymphadenectomy,	 SEER	 data	 indicate	 that	 only	 19%	 to	 31%	 of	 appropriate	 patients
undergo	lymph	node	dissection.53

The	hesitancy	to	perform	lymphadenectomy	is	likely	due	to	the	high	complication	rate.	Skin	necrosis	(8%	to
62%),	lymphedema	(23%	to	50%),	infection	(10%	to	17%),	and	seroma	(6%	to	16%)	are	frequently	experienced
complications.54	Minimally	invasive	approaches	to	lymphadenectomy	have	been	adopted	and	show	similar	node
counts	with	decreased	complications	compared	to	open	approaches;	however,	follow-up	and	recurrence	data	are
immature.55

The	 survival	 benefit	 of	 early	 lymphadenectomy	 for	 patients	 with	 occult	 metastasis	 is	 clear;	 however,
lymphadenectomy	 in	 all	 patients	 would	 represent	 substantial	 overtreatment.	 Identifying	 the	 risk	 of	 occult
metastasis	 is	 the	 first	method	by	which	 to	appropriately	 select	 cN0	men	 for	 lymphadenectomy.	Men	with	 low-
grade	and	low-stage	(carcinoma	in	situ,	pT1G1)	disease	have	been	shown	to	have	a	low	risk	for	occult	metastasis
(0%).	However,	patients	with	high-grade	and	high-stage	primary	tumors	(pT1G3,	pT2,	pT3,	or	pT4)	have	an	83%
risk	 of	 occult	 metastatic	 disease	 in	 clinically	 negative	 groins,	 and	 therefore,	 inguinal	 lymphadenectomy	 is
appropriate	without	further	invasive	staging.	More	controversy	exists	around	the	intermediate-risk	group	(pT1G2),
which	has	a	roughly	33%	risk	of	occult	metastasis.56

Dynamic	sentinel	 lymph	node	biopsy	(DSLNB)	is	an	emerging	technique	to	accurately	stage	inguinal	lymph
nodes	 in	 cN0	men	 and	 identify	 the	 appropriateness	 of	 early	 lymphadenectomy.	Meta-analysis	 of	 18	 published
series	 shows	 an	 overall	 sensitivity	 of	 88%;	 however,	 results	 vary	 widely,	 with	 individual	 centers	 reporting
sensitivity	 of	 42.8%	 and	 false-negative	 rates	 of	 25%.57	 Coupling	 DSLNB	 with	 inguinal	 ultrasound	 vastly
improves	detection	rates.	NCCN	guidelines	recommend	DSLNB	as	an	option	for	low-risk	men	prior	to	offering
surveillance	or	in	intermediate-	and	high-risk	men	prior	to	undergoing	inguinal	lymphadenectomy.1

Inguinal	lymph	node	dissection	superficial	to	the	fascia	lata	has	been	found	to	be	adequate	for	the	cN0	patient.
Superficial	inguinal	lymph	node	dissection	should	include	a	frozen	section,	and	if	positive,	a	modified	complete
dissection	should	be	performed.	Creation	of	thicker	skin	flaps,	control	of	infection,	and	preservation	of	the	areolar
fat	 superficial	 to	 the	 Scarpa	 fascia	 greatly	 decrease	 the	 complications	 of	 flap	 necrosis,	 scrotal	 and	 extremity
edema,	lymphocele,	and	lymphorrhea.
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Clinically	Node-Positive	Disease	(cN1,	cN2,	or	cN3)
The	modified	 inguinal	 lymph	node	dissection	has	replaced	the	standard	complete	 inguinal	 lymphadenectomy	as
the	procedure	of	choice	for	cN+	disease.	 It	 involves	a	smaller	 incision,	 limited	field	of	 inguinal	dissection,	and
preservation	of	the	saphenous	vein	in	an	effort	to	reduce	the	morbidity	of	the	standard	procedure	while	adhering	to
standard	 oncologic	 principles.	 Unlike	 superficial	 dissection,	 the	 deep	 nodes	 within	 the	 fossa	 ovalis	 are	 also
removed.	 In	 the	 face	 of	 synchronous	 unilateral	 node-positive	 disease,	 it	 is	 standard	 practice	 to	 proceed	with	 a
bilateral	lymph	node	dissection	in	view	of	the	high	incidence	of	bilateral	drainage.	The	exception	to	this	rule	is	the
patient	 with	 a	 clinically	 negative	 groin	 in	 whom	metachronous	 unilateral	 inguinal	 lymphadenopathy	 develops
sometime	after	treatment	of	the	primary	tumor.	In	these	patients,	a	unilateral	dissection	of	the	clinically	positive
groin	usually	suffices.

Ipsilateral	 pelvic	 lymphadenectomy	 should	 be	 performed	 if	 extranodal	 extension	 of	more	 than	 two	 positive
ipsilateral	 lymph	 nodes	 is	 identified	 during	 inguinal	 lymphadenectomy.	 Adjuvant	 chemotherapy	 should	 be
considered.	 Patients	 with	 mobile	 bilateral	 nodes	 (cN2)	 require	 biopsy.	 If	 positive,	 they	 are	 treated	 with
neoadjuvant	 chemotherapy	 prior	 to	 lymphadenectomy.	 Advanced	 nodal	 disease	 or	 bulky	 fixed	 inguinal	 nodes
(N3)	also	require	neoadjuvant	chemotherapy	before	any	surgery	or	should	be	treated	with	chemoradiotherapy	if
unresectable.	 Groin	 lymph	 nodes	 adherent	 to	 or	 fungating	 through	 the	 skin	 require	 wide	 excision	 with
myocutaneous	flaps	to	cover	the	skin	defect.

Multimodality	therapy,	using	a	combination	of	chemotherapy	and	surgery	or	chemotherapy	and	radiation,	has
been	 used	 in	 isolated	 reports	 of	 advanced	penile	 cancer.	 Small	 series	 of	men	with	 fixed,	 unresectable	 inguinal
nodes	 received	 neoadjuvant	 vincristine,	 bleomycin,	 and	 methotrexate	 before	 surgery	 with	 some	 long-term
responses.	Another	small	series	of	patients	who	underwent	surgical	resection	after	neoadjuvant	chemotherapy	for
unresectable	 penile	 squamous	 cell	 cancer	 were	 treated	 with	 several	 different	 chemotherapy	 combinations,
including	 bleomycin,	 methotrexate,	 and	 cisplatin;	 ifosfamide,	 paclitaxel,	 and	 cisplatin;	 and	 paclitaxel	 and
carboplatin,	with	several	responses.58	Clearly,	more	tolerable	and	active	regimens	are	needed	for	unresectable	or
metastatic	penile	cancer.

The	 published	 literature	 unequivocally	 favors	 surgical	 resection	 as	 superior	 to	 radiation	 therapy	 for	 the
treatment	 of	 inguinal	 lymph	 nodes.	 Clinical	 evaluation	 of	 the	 groin	 is	 difficult	 because	 of	 postradiation	 tissue
changes,	and	the	inguinal	area	tolerates	radiation	rather	poorly.	Radiation	therapy	is	currently	recommended	after
resection	or	can	be	used	as	a	palliative	measure	in	patients	with	fixed,	inoperable	inguinal	nodes	or	in	those	with
advanced	 unresectable	 penile	 cancer	 in	 whom	 the	 primary	 tumor	 and	 ilioinguinal	 region	 can	 be	 treated	 with
radiation	therapy.

Metastatic	Disease	(M1)
The	prognosis	for	patients	with	metastatic	penile	carcinoma	is	grim,	with	all	patients	dead	within	2	years.	Those
who	relapse	after	neoadjuvant	chemotherapy	fare	even	worse,	with	a	median	survival	time	of	less	than	6	months.
Palliative	 chemotherapy	 with	 paclitaxel,	 ifosfamide,	 and	 cisplatin	 is	 used	 as	 first-line	 treatment	 based	 on	 an
objective	 response	 rate	 of	 50%	 and	 complete	 response	 rate	 of	 10%	 in	 neoadjuvant	 studies	 for	 N2	 and	 N3
disease.59	 The	 regimen	 of	 docetaxel,	 cisplatin,	 and	 5-FU	 has	 activity	 but	 is	 highly	 toxic,	 as	 are	 bleomycin-
containing	regimens;	therefore,	patients	unfit	for	second-line	chemotherapy	are	best	treated	with	supportive	care.

Molecular	targeted	therapy	is	a	topic	of	investigation;	however,	it	is	not	currently	standard	of	care.	A	phase	II
trial	 of	 chemotherapy-naïve	 patients	 with	 N2	 to	 N3	 and	 M1	 penile	 cancer	 treated	 with	 the	 EGFR	 inhibitor
dacomitinib	was	recently	reported.	There	was	one	complete	response	and	eight	partial	responses	(28.6%).	Overall
survival	 at	 1	year	was	64.2%	 for	N2	 to	N3	patients	 and	35%	 for	patients	with	visceral	metastases.	No	 serious
treatment-related	events	were	reported.60	Retrospective	series	also	suggest	that	cetuximab	has	activity.61

New	 approaches	 using	 immunotherapy	 and	 checkpoint	 inhibitors	 are	 also	 being	 explored.	 Programmed	 cell
death	 protein	 ligand	 1	 is	 expressed	 in	 48%	 of	 histologically	 examined	 penile	 cancers,	 predominantly	 in	 those
negative	 for	 high-risk	 HPV	 infection,	 suggesting	 a	 future	 role	 for	 these	 agents	 in	 managing	 advanced	 penile
carcinoma.62
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72 Cancer	of	the	Testis
Matthew	T.	Campbell,	Jose	A.	Karam,	and	Christopher	J.	Logothetis

INTRODUCTION
Testicular	cancers	are	the	most	common	malignant	neoplasm	affecting	men	aged	15	to	35	years.	Approximately
90%	of	testicular	cancers	are	germ	cell	tumors,	which	can	be	broadly	classified	as	seminoma	or	nonseminomatous
germ	cell	 tumors	(NSGCTs).	Male	extragonadal	germ	cell	 tumors	are	also	discussed	in	this	chapter.	Analogous
germ	cell	and	sex	cord	stromal	tumors	in	women	are	not	included	here,	but	in	many	cases,	the	male	and	female
counterparts	share	a	common	biology	and	therapeutic	approach.

INCIDENCE	AND	EPIDEMIOLOGY
In	 the	United	States	 in	 2017,	 the	 estimated	 incidence	of	 testicular	 cancer	was	8,850	 cases	with	 410	 associated
deaths.1	The	cancer-	specific	survival	rate	of	approximately	95%	has	led	to	millions	of	testicular	cancer	survivors
around	the	world.2	The	 incidence	varies	among	geographic	areas;	 it	 is	highest	 in	Scandinavia,	Switzerland,	and
Germany	 and	 lowest	 in	 Africa	 and	 Asia.3	 Although	 testicular	 germ	 cell	 tumors	 are	 most	 common	 among
adolescents	 and	 young	 adult	men,	 they	 can	 potentially	 occur	 in	males	 of	 any	 age	 or	 genetic	 background.	 For
reasons	that	have	yet	to	be	discovered,	the	incidence	of	testicular	germ	cell	tumors	has	increased	over	the	past	30
years	in	the	United	States	and	throughout	much	of	Europe.4	Furthermore,	although	there	has	been	an	unexplained
increase	in	incidence	in	higher	median	income	countries,	the	mortality	has	stabilized	or	improved	with	refinement
of	therapy.	This	improvement	in	outcomes	for	patients	with	germ	cell	tumors	in	Western	countries	contrasts	with
countries	with	lower	median	income	where	the	mortality	has	remained	elevated.5

Risk	Factors
Men	whose	family	history	includes	a	first-degree	relative	with	testicular	germ	cell	tumor	or	who	have	a	personal
history	of	cryptorchidism	are	at	increased	risk	of	developing	germ	cell	tumors.6,7	Testicular	cancer	survivors	are
also	at	increased	risk	of	a	second	primary	cancer	in	the	contralateral	testicle.8	These	risk	factors	suggest	a	genetic
or	 developmental	 etiology	 for	 testicular	 germ	 cell	 tumors.	Although	 no	 definitive	 postnatal	 environmental	 risk
factors	have	yet	been	identified,	a	study	from	Sweden	found	a	correlation	between	heavy	cannabis	use	and	the	risk
of	developing	testicular	cancer.9

In	the	United	States,	testicular	cancer	is	rare	among	African	Americans	and	most	common	among	Caucasian
men.10	This	racial	disparity	in	testicular	cancer	diagnosis	and	its	geographic	distribution	suggest	a	genetic	linkage
with	the	Caucasian	phenotype,	but	no	high-penetrance	allele	has	yet	been	identified.4	Testicular	germ	cell	tumors
are	commonly	accompanied	by	 intratubular	germ	cell	neoplasia	(ITGCN),	which	was	reclassified	by	 the	World
Health	Organization	(WHO)	as	germ	cell	neoplasia	in	situ	(GCNIS)	in	postpubertal	men.11	It	 is	 thought	that	all
adult	 germ	 cell	 tumors,	 with	 the	 exception	 of	 spermatocytic	 tumors	 previously	 referred	 to	 as	 spermatocytic
seminomas,	arise	from	GCNIS.12	The	widely	accepted	theory	is	that	GCNIS	begins	in	utero.13	The	multifocality
of	GCNIS	suggests	a	field	effect	within	the	testicle	and	provides	a	mechanistic	explanation	for	cases	of	bilateral
testicular	cancer.

Men	 without	 a	 history	 of	 testicular	 cancer	 are	 occasionally	 found	 to	 have	 GCNIS	 on	 testicular	 biopsy	 or
orchiectomy	that	was	performed	for	other	reasons.	The	incidental	finding	of	testicular	microlithiasis	on	ultrasound
may	 also	 provide	 evidence	 of	GCNIS	 in	 an	 otherwise	 healthy	man.14,15	 The	 risk	 of	 testicular	 cancer	 for	 such
individuals	 has	 not	 been	 determined,	 but	 they	 should	 be	 counseled	 regarding	 a	 potential	 increased	 risk	 and	 to
report	any	new	testicular	symptoms.16	In	men	with	unilateral	germ	cell	tumors	who	are	found	to	have	contralateral
GCNIS,	 the	 5-year	 risk	 of	 development	 of	 germ	 cell	 tumor	 in	 the	 contralateral	 testicle	 has	 been	 historically



reported	to	be	50%.17

INITIAL	PRESENTATION	AND	MANAGEMENT
Symptoms	and	Signs
Testicular	swelling	is	the	most	common	presenting	complaint,	and	in	most	cases,	this	symptom	is	discovered	by
the	patient	himself.	Patients	may	also	 report	a	pressure-like	sensation,	heaviness,	or	mild-to-moderate	 testicular
pain.	This	will	sometimes	be	confused	with	orchitis	or	epididymitis	and	treated	initially	with	antibiotics.	Acute	or
severe	 pain	 is	 rarely	 caused	 by	 testicular	 cancer	 and	 suggests	 a	 different	 etiology	 such	 as	 testicular	 torsion.
Testicular	ultrasound	should	be	obtained	as	soon	as	a	neoplasm	is	suspected,	and	 it	will	appear	as	one	or	more
hypoechoic	lesions	within	the	testicle.	Ultrasound	distinguishes	a	solid	from	cystic	mass	and	intratesticular	from
intrascrotal/extratesticular	location.	A	solid	intratesticular	mass	on	ultrasound	is	presumed	to	be	a	neoplasm	and	is
an	indication	for	radical	inguinal	orchiectomy.18

Approximately	75%	of	patients	present	with	a	testicular	mass	and	no	clinical	evidence	of	metastasis	(clinical
stage	I).	Others	present	with	metastatic	disease,	which	may	also	be	symptomatic.	Primary	tumors	can	be	small	and
asymptomatic,	even	in	the	presence	of	metastatic	disease,	and	occasionally	they	“burn	out,”	leaving	only	a	fibrotic
scar	(burned-out	primary).	Metastases	can	be	the	source	of	clinical	symptoms	on	presentation	in	such	cases,	and
symptoms	 may	 include	 back	 pain,	 shortness	 of	 breath,	 cough,	 gynecomastia,	 hemoptysis,	 and	 weight	 loss.19
Ultrasound	of	 the	 testicles	 is	helpful	 in	establishing	 the	diagnosis	even	 if	 there	 is	no	palpable	 testicular	mass.18
The	 detection	 of	 elevated	 serum	 tumor	 markers	 can	 also	 be	 helpful	 when	 an	 occult	 testicular	 primary	 or
extragonadal	germ	cell	tumor	is	suspected.20

Diagnosis
Radical	 inguinal	 orchiectomy	 is	 the	 standard	 diagnostic	 and	 therapeutic	 procedure	 for	 a	 solid	 intratesticular
mass.21	 Transscrotal	 orchiectomy	 or	 biopsy	 is	 specifically	 contraindicated	 because	 of	 the	 risk	 of	 tumor	 cell
seeding	of	the	inguinal	and	pelvic	lymphatic	drainage.	Biopsy	is	also	of	limited	value	because	testicular	germ	cell
tumors	 are	 heterogeneous.	Removal	 of	 the	 entire	 organ	 is	 necessary	 to	 properly	 identify	 the	 histologic	 type(s)
present	and	to	select	the	appropriate	therapy.	It	is	reasonable	to	perform	needle	biopsy	of	a	metastatic	site	in	cases
of	occult	testicular	primary,	burned-out	primary,	or	extragonadal	germ	cell	tumor,	although	the	results	of	needle
biopsy	 must	 always	 be	 interpreted	 with	 caution	 due	 to	 sampling	 error.	 The	 pattern	 of	 serum	 tumor	 marker
elevation	is	also	informative	about	the	likely	cell	types	present	(seminoma	or	nonseminoma),	as	discussed	in	the
next	section.20

HISTOLOGY
Male	 germ	 cell	 tumors	 are	 broadly	 classified	 as	 seminoma	 and	 NSGCT	 (Table	 72.1).22,23	 Patients	 with	 pure
seminoma	are	managed	differently	than	patients	with	NSGCT	or	mixed	histology	tumors,	although	mixed	tumors
may	have	a	component	of	seminoma.	In	that	sense,	when	we	refer	to	seminoma	as	a	clinical	diagnosis,	it	is	meant
as	pure	seminoma,	whereas	seminoma	as	a	histologic	pattern	may	also	be	present	in	mixed	NSGCT.

Seminoma
The	microscopic	appearance	of	seminoma	is	characterized	by	sheets	of	neoplastic	cells	with	abundant	cytoplasm,
round	hyperchromatic	nuclei,	and	prominent	nucleoli	(Fig.	72.1).	A	prominent	lymphocytic	infiltrate	is	common
such	that	it	is	sometimes	confused	with	lymphoma	until	the	surface	immunophenotype	has	been	determined.	Most
seminomas	 do	 not	 produce	 serum	 tumor	 markers,	 but	 the	 presence	 of	 syncytiotrophoblastic	 giant	 cells	 in	 a
minority	of	cases	accounts	 for	modest	elevations	of	serum	human	chorionic	gonadotropin	(hCG).24	 Seminomas
never	produce	α-fetoprotein	(AFP),	and	patients	whose	tumors	have	the	histologic	appearance	of	seminoma	and
whose	 serum	 AFP	 is	 elevated	 should	 be	 considered	 to	 have	 a	 mixed	 NSGCT,	 even	 if	 a	 nonseminomatous
histologic	 pattern	 cannot	 be	 identified.25	 Exceptions	 are	 cases	 in	 which	 there	 is	 another	 explanation	 for	 the
elevated	AFP,	such	as	liver	disease	or	a	chronic	nonspecific	elevation.
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TABLE	72.1
World	Health	Organization	Histologic	Classification	of	Testicular	Germ	Cell	Tumors

Germ	cell	tumors
Intratubular	germ	cell	neoplasia,	unclassified
Other	types

Tumors	of	one	histologic	type	(pure	forms)
Seminoma
Seminoma	with	syncytiotrophoblastic	cells

Spermatocytic	seminoma
Spermatocytic	seminoma	with	sarcoma

Embryonal	carcinoma
Yolk	sac	tumor
Trophoblastic	tumors
Choriocarcinoma
Trophoblastic	neoplasms	other	than	choriocarcinoma

Teratoma
Dermoid	cyst
Monodermal	teratoma
Teratoma	with	somatic-type	malignancies

Tumors	of	more	than	one	histologic	type	(mixed	forms)
Mixed	embryonal	carcinoma	and	teratoma
Mixed	teratoma	and	seminoma
Choriocarcinoma	and	teratoma/embryonal	carcinoma
Others

From	Eble	JN,	Sauter	G,	Epstein	JI,	et	al.,	eds.	World	Health	Organization	Classification	of	Tumours.	Pathology	and	Genetics	of
Tumours	of	the	Urinary	System	and	Male	Genital	Organs.	Lyon,	France:	IARC	Press;	2004.

Figure	72.1	Seminoma,	classic	type,	with	neoplastic	cells	(arrow)	and	the	typical	accompanying
lymphocytic	infiltrate	(arrowhead).	(From	Rao	B,	Pagliaro	LC.	Testicular	germ	cell	tumors.	In:
Silverman	PM,	ed.	Oncologic	Imaging:	A	Multidisciplinary	Approach.	Philadelphia:	Elsevier;

2012:335–357.)

Immunohistochemistry	is	usually	positive	for	placental	alkaline	phosphatase	(PLAP);	negative	for	CD30,	AFP,
and	epithelial	membrane	antigen	(EMA);	and	either	negative	or	weakly	or	focally	positive	for	cytokeratin.26

Histologic	 variations	 of	 seminoma	 such	 as	 “anaplastic”	 or	 “atypical”	 seminoma	 are	 of	 no	 known	 clinical
relevance.	The	previous	entity	of	spermatocytic	seminoma,	now	referred	to	as	spermatocytic	tumor	by	the	WHO
pathology	classification	system,	has	a	different	natural	history	and	is	even	of	uncertain	relation	to	other	germ	cell



tumors.11	 Spermatocytic	 tumors	 usually	 occur	 in	 older	 individuals	 and	 have	 low	 metastatic	 potential.27
Orchiectomy	 is	 the	 only	 treatment	 required.	 Unlike	 all	 other	 germ	 cell	 tumors,	 spermatocytic	 tumors	 are	 not
associated	with	GCNIS.

Nonseminomatous	Histologies
Germ	 cell	 tumors	 may	 be	 composed	 of	 a	 single	 histology	 or	 multiple	 histologic	 patterns.22	 Through	 poorly
understood	processes	of	mutation,	epigenetic	modification,	and	differentiation,	a	single	clone	beginning	as	GCNIS
can	 develop	 into	 an	 undifferentiated	 neoplasm	 (seminoma)	 or	 a	 primitive	 zygotic	 neoplasm	 (embryonal
carcinoma).28	 Further	 differentiation	 from	 embryonal	 carcinoma	 results	 in	 somatically	 differentiated	 tumors
(teratoma)	 or	 extraembryonal	 differentiated	 tumors	 (yolk	 sac	 and	 choriocarcinoma).29	 Nonseminomatous
histologies	 are	 found	 in	55%	of	germ	cell	 tumors.	Male	germ	cell	 tumors	 that	 contain	 any	histologic	 cell	 type
other	than	seminoma	or	syncytiotrophoblasts	are	collectively	referred	to	as	NSGCT.

Embryonal	Carcinoma
Embryonal	carcinoma	is	the	most	undifferentiated	type	of	germ	cell	tumor	and	is	thought	to	be	pluripotent.	Cells
are	characterized	by	indistinct	borders	and	scant	cytoplasm,	which	can	be	arranged	in	solid	sheets	or	in	glandular
or	 tubular	 structures	 (Fig.	 72.2).	 On	 immunohistochemical	 staining,	 embryonal	 carcinoma	 can	 be	 positive	 for
cytokeratin,	 CD30,	 PLAP,	 AFP,	 and	 hCG.	 Modest	 elevations	 of	 serum	 AFP	 and/or	 hCG	 can	 be	 seen,	 and
frequently,	embryonal	carcinoma	is	marker	negative.	Lactate	dehydrogenase	(LDH)	concentration	in	the	serum	is
an	important	prognostic	factor	in	metastatic	embryonal	carcinoma	that	is	marker	negative.

Figure	72.2	Mixed	nonseminomatous	germ	cell	tumor	composed	of	teratoma	(arrow)	and
embryonal	carcinoma	(arrowhead).	(From	Rao	B,	Pagliaro	LC.	Testicular	germ	cell	tumors.	In:
Silverman	PM,	ed.	Oncologic	Imaging:	A	Multidisciplinary	Approach.	Philadelphia:	Elsevier;

2012:335–357.)

Choriocarcinoma
Choriocarcinoma	 is	 composed	 of	 both	 cytotrophoblasts	 and	 syncytiotrophoblasts.30	 The	 cells	 strongly	 express
hCG.	The	clinical	presentation	of	a	choriocarcinoma-predominant	or	pure	choriocarcinoma	tumor	often	includes
very	 high	 serum	 hCG	 levels,	 widespread	 hematogenous	 metastases,	 and	 tumor	 hemorrhage	 (Fig.	 72.3).
Syncytiotrophoblasts	and	syncytiotrophoblastic	giant	cells	can	be	associated	with	other	germ	cell	histologies,	so
the	presence	of	cytotrophoblasts	is	required	for	the	diagnosis.

Yolk	Sac	Tumor
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Yolk	 sac	 tumor	 (endodermal	 sinus	 tumor)	 is	 commonly	 seen	as	a	component	of	mixed	NSGCT.	Pure	yolk	 sac
tumors	 represent	a	 significant	proportion	of	mediastinal	germ	cell	 tumors	but	are	 rarely	 seen	 in	adult	 testicular
cancer.	 Histologic	 patterns	 include	 papillary,	 solid,	 glandular,	 hepatoid,	 macrocystic,	 and	 microcystic	 types.
Perivascular	 arrangements	 of	 epithelial	 cells	 can	 be	 seen	 in	 yolk	 sac	 tumor	 and	 are	 known	 as	 glomeruloid	 or
Schiller-Duval	 bodies.	 Immunostaining	 is	 diffusely	 positive	 for	AFP	 and	may	 also	 be	 positive	 for	 cytokeratin,
SALL4,	glipican-3,	PLAP,	and	CD117.	Yolk	sac	tumor	is	associated	with	high	serum	levels	of	AFP.

Teratoma
Teratoma	arises	 from	a	pluripotent	malignant	precursor	 (embryonal	carcinoma	or	yolk	 sac	 tumor)	and	contains
somatic	cells	from	at	least	two	germ	cell	layers	(ectoderm,	endoderm,	or	mesoderm).	Teratoma	is	commonly	seen
as	a	component	of	adult	mixed	NSGCT	(see	Fig.	72.2).	A	small	percentage	(2%	to	3%)	of	postpubertal	male	germ
cell	tumors	appear	to	have	teratoma	as	the	only	histologic	type,	but	these	are	always	assumed	to	harbor	a	minor
component	of	pluripotent	NSGCT	and	are	treated	the	same	as	a	mixed	NSGCT.

Immature	teratoma	shows	partial	somatic	differentiation,	whereas	mature	teratoma	has	terminally	differentiated
tissues,	such	as	cartilage,	skeletal	muscle,	or	nerve	tissue	and	frequently	forms	cystic	structures.	Although	these
cells	 can	 resemble	 normal	 tissues,	 teratoma	 is	 a	 low-grade	malignancy	 and,	 if	 untreated,	 will	 grow	 until	 it	 is
unresectable.	Moreover,	 teratomas	can	give	 rise	 to	 secondary	 somatic	malignancy,	 such	as	 rhabdomyosarcoma,
poorly	 differentiated	 carcinoma,	 or	 primitive	 neuroectodermal	 tumor	 (PNET).31	 These	 typically	 display	 the
biology	of	their	de	novo	counterparts	and	are	treated	accordingly.32,33

Teratoma	does	not	produce	elevated	serum	AFP	or	hCG.	Patients	with	elevated	serum	AFP	and/or	hCG	should
be	assumed	to	have	a	nonteratoma	germ	cell	tumor	component,	unless	the	elevation	can	be	otherwise	explained.

BIOLOGY
Mechanism	of	Germ	Cell	Transformation
ITGCN	 is	 thought	 to	 derive	 from	malignant	 transformation	 of	 primordial	 germ	 cells	 or	 gonocytes	 during	 fetal
development.34	 Primordial	 germ	 cells	 migrate	 from	 the	 proximal	 epiblast	 (yolk	 sac)	 through	 the	 hindgut	 and
mesentery	to	the	genital	ridge	and	become	gonocytes.	The	precise	molecular	events	underlying	transformation	to
ITGCN	are	not	well	understood.	The	most	 consistent	genetic	 finding	 in	germ	cell	 tumors	 is	 a	gain	of	material
from	chromosome	12p.	The	majority	of	NSGCT	and	seminomas	contain	i(12p),	an	isochromosome	composed	of
two	fused	short	arms	of	chromosome	12.	The	remaining	i(12p)-negative	germ	cell	tumors	also	have	a	gain	of	12p
sequences	in	the	form	of	tandem	duplications,	which	may	be	transposed	elsewhere	in	the	genome.

Figure	72.3	Chest	radiographs	of	a	man	with	primary	mediastinal	choriocarcinoma	and	pulmonary
metastases.



Gain	 of	 12p	 sequences	 has	 been	 found	 in	 ITGCN,	 indicating	 that	 it	 is	 an	 early	 event	 in	 testicular	 cancer
pathogenesis.	The	acquisition	of	i(12p)	is	not	thought	to	be	the	initiating	event,	however,	because	it	is	preceded	by
polyploidization.35	Overexpressed	genes	on	12p	are	likely	to	be	important,	and	there	are	candidate	genes	on	12p
including	several	that	confer	growth	advantage	(KRAS2,	CCND2	[cyclin	D2])	and	others	that	establish	or	maintain
the	stem	cell	phenotype	(NANOG,	DPPA3,	GDF3).	The	exact	genes	that	are	critical	to	this	step	have	not	yet	been
identified.

Seminomas	are	usually	hypertriploid,	whereas	NSGCT	is	more	commonly	hypotriploid.36	Other	chromosome
regions	were	found	to	have	nonrandom	gains	or	losses	in	germ	cell	tumors	with	less	frequency	than	12p.	Single-
gene	mutations	are	uncommon	in	germ	cell	tumors.	The	KIT/kit	ligand	(KITLG)	pathway	has	special	relevance	for
gonadal	development.	The	biologic	function	of	this	pathway	is	broad	and	includes	development	of	hematopoietic
cells,	melanocytes,	and	germ	cells.37	KITLG	is	essential	for	primordial	germ	cell	survival	and	motility,	as	are	the
chemokine	SDF-1	 (CXCL12)	 and	 its	 receptor	 CXCR4.13	 Immunohistochemical	 markers	 found	 on	 primordial
germ	 cells	 and	 gonocytes	 (PLAP,	CD117	 [KIT],	OCT3/4	 [POU5F1])	 are	 also	 found	 on	 ITGCN,	 suggesting	 a
transformation	from	these	cells	during	fetal	development	(Fig.	72.4).	The	biallelic	expression	of	imprinted	genes
in	 germ	 cell	 tumors	 has	 been	 reported,	 showing	 that	 they	 likely	 arose	 from	 primordial	 germ	 cells	 where	 the
genomic	imprinting	is	temporarily	erased.34

Somatic	mutations	in	KIT	and	increased	copy	number	have	been	described	in	9%	of	testicular	germ	cell	tumors
and	20%	of	seminomas.4	The	 somatic	 alterations	 in	KIT	 found	 in	germ	cell	 tumors	 are	predicted	 to	upregulate
pathway	 activity.	KITLG	 plays	 a	 role	 in	 determining	 skin	 pigmentation	 and	 has	 undergone	 strong	 selection	 in
European	and	Asian	populations.	Difference	 in	 the	 frequency	of	 risk	 alleles	 for	KITLG	 between	European	and
African	 populations	 may	 provide	 an	 explanation	 for	 the	 difference	 in	 germ	 cell	 tumor	 incidence	 between
Caucasian	and	African	Americans.

There	is	evidence	that	epigenetic	regulation	of	gene	expression	plays	a	role	 in	 the	pathogenesis	of	germ	cell
tumors.	 The	DNA	methylation	 patterns	 are	 different	 among	 histologic	 types.	 Global	 hypomethylation	 is	more
common	in	seminomas	than	in	NSGCT.34	In	a	study	of	16	germ	cell	tumors,	the	methylation	of	CpG	islands	in
NSGCT	 was	 similar	 to	 that	 observed	 in	 other	 tumor	 types,	 whereas	 it	 was	 virtually	 absent	 in	 seminomas.38
Aberrant	promoter	methylation	is	generally	associated	with	absent	or	downregulated	expression	of	the	methylated
genes.	 This	 can	 result,	 for	 example,	 in	 the	 silencing	 of	 tumor	 suppressor	 genes.34	 Methylation	 has	 also	 been
correlated	with	germ	cell	tumor	differentiation.	The	more	differentiated	tumors	(yolk	sac	tumor,	choriocarcinoma,
and	teratoma)	were	consistently	hypermethylated,	whereas	seminoma	and	GCNIS	were	hypomethylated.39	Some
of	the	observed	methylation	patterns	may	reflect	normal	development	rather	than	germ	cell	tumor	pathogenesis.

Pluripotency	of	Embryonal-Like	Differentiation	in	Germ	Cell	Tumors
Embryonal	carcinoma	has	a	six-gene	signature	(DNMT3B,	DPPA4,	GAL,	GPC4,	POU5F1,	TERF1),	which	was
detected	in	three	of	five	independent	studies.13	All	six	of	these	genes	are	involved	in	establishing	and	maintaining
pluripotency.	SOX2	encodes	a	transcription	factor	essential	for	maintaining	self-renewal	of	embryonic	stem	cells
and	is	upregulated	in	embryonal	carcinoma.	Two	additional	genes	that	encode	transcription	factors	associated	with
stem	cell	 pluripotency,	NANOG	 and	POU5F1,	 are	 upregulated	 in	 both	 seminoma	 and	 embryonal	 carcinoma.29
Lineage	differentiation	takes	place	in	NSGCT,	mimicking	the	development	of	a	normal	zygote.	Thus,	embryonal
carcinoma	 can	 be	 thought	 of	 as	 the	 transformed	 counterpart	 of	 embryonic	 stem	 cells,	 displaying	 self-renewal,
pluripotency,	and	lineage	differentiation.
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Figure	72.4	Pathogenesis	of	testicular	germ	cell	tumors.	SDF,	stromal	cell-derived	factor	1;
CXCR4,	C-X-C	motif	chemokine	receptor	4;	?,	refers	to	still	unclear	drivers	of	differentiator
between	seminomas	and	non-seminomas	after	puberty.	(Adapted	from	Sheikine	Y,	Genega	E,

Melamed	J,	et	al.	Molecular	genetics	of	testicular	germ	cell	tumors.	Am	J	Cancer	Res
2012;2[2]:153–167.)

Familial	Predisposition	to	Germ	Cell	Tumors
Approximately	1.4%	of	newly	diagnosed	germ	cell	 tumor	patients	report	a	family	history	of	germ	cell	 tumor.38
First-degree	male	relatives	of	testicular	cancer	patients	have	a	6-	to	10-fold	increased	risk	of	developing	testicular
cancer.	These	observations	point	 to	 the	 likely	existence	of	a	hereditary	germ	cell	 tumor	subset.	The	 inheritable
effect	is	mild,	and	the	most	common	number	of	affected	relatives	in	a	family	is	two.	The	age	at	diagnosis	among
familial	cases	is	2	to	3	years	younger	than	sporadic	cases,	and	there	is	a	higher	incidence	of	bilateral	tumors.

The	 gr/gr	 deletion	 on	 chromosome	 Y,	 common	 among	 infertility	 patients	 and	 associated	 with	 a	 two-	 to
threefold	increased	risk	of	testicular	cancer,	was	studied	as	a	candidate	region	for	hereditary	risk.4	The	frequency
of	 gr/gr	 variant	 is	 low,	 however,	 such	 that	 it	 could	 only	 account	 for	 a	 small	 component	 of	 hereditary	 risk.
Genome-wide	 association	 studies	 (GWAS)	 for	 testicular	 cancer	 have	 identified	 a	 total	 of	 44	 loci	 of	 interest
including	 signal	 nucleotide	 polymorphisms	 involved	 in	 KIT-KITLG	 signaling,	 regulation	 of	 DNA	 repair,
apoptosis,	sex	determination,	male	germ	cell	development,	and	centrosome	cycle.40,41	Candidate	genes	repeatedly
implicated	include	KITLG,	BAK1,	SPYR4,	and	DMRT1.	The	strongest	associated	single	nucleotide	polymorphisms
(SNPs)	were	at	12q22	within	the	KITLG	gene,	for	which	there	was	a	greater	than	2.5-fold	increased	risk	of	disease
per	major	allele.	A	recently	completed	meta-analysis	of	five	completed	GWAS	found	39	SNPs,	including	12	new
potential	susceptibility	loci	meeting	the	prespecified	level	of	significance	and	13	previously	described	loci	that	no
longer	maintained	significance.42	These	findings	help	define	the	mutational	 landscape	in	up	to	37%	of	heritable



testicular	 cancer	 cases,	 leaving	 63%	 still	 unexplained.	 The	 strongest	 associations	 continue	 to	 implicate	 the
aforementioned	genes,	and	eight	new	candidate	loci	have	been	found	including	one	involving	the	X	chromosome
located	at	Xq28.

Cisplatin	Sensitivity	and	Acquired	Resistance	in	Adult	Germ	Cell	Tumors
Exquisite	 sensitivity	 to	 chemotherapy	 distinguishes	 germ	 cell	 tumors	 from	most	 other	 cancers.	 Levels	 of	 p53
protein	 are	 elevated	 in	 all	 germ	cell	 tumors	 except	 teratoma.34	To	maintain	genomic	 integrity,	 embryonic	 stem
cells	have	a	high	sensitivity	to	DNA	damage,	suggesting	that	the	high	levels	of	wild-type	p53	seen	in	germ	cell
tumors	 may	 be	 intrinsic	 to	 their	 germ	 cell	 nature.	 TP53	 gene	 mutations	 are	 uncommon	 in	 germ	 cell	 tumors,
however,	using	whole-exome	sequencing;	mutations	in	TP53	or	MDM2	were	found	in	24%	of	cisplatin-resistant
tumors	as	compared	to	2%	of	cisplatin-sensitive	tumors	in	a	series	of	180	patients	from	a	single	center,	suggesting
a	role	in	treatment	failure.43

Mutations	of	BRAF	including	V600E	mutations	have	been	detected	in	a	small	percentage	of	NSGCTs.	BRAF
mutations	 were	 most	 prevalent	 in	 mediastinal	 primary	 tumors,	 late	 relapse,	 and	 cisplatin-resistant	 NSGCTs,
suggesting	 a	 role	 in	 chemoresistance.	 Further	 study	 is	 needed	 to	 define	 the	 prognostic	 significance	 of	 BRAF
mutation	and	whether	 the	V600E	mutation	can	be	 therapeutically	 targeted.	A	high	 ratio	of	proapoptotic	Bax	 to
antiapoptotic	Bcl-2	was	found	in	invasive	germ	cell	tumors	and	may	explain	the	rapid	apoptotic	response	to	DNA-
damaging	drugs;	however,	the	Bax–Bcl-2	ratio	was	not	associated	with	treatment	outcome.34	Upregulation	of	the
PI3K/AKT	pathway	 through	 the	platelet-derived	growth	 factor	 (PDGF)-α	and	PDGF-β	pathways	has	also	been
implicated	 in	 cisplatin-resistant	 cells	 with	 restoration	 of	 sensitivity	 with	 downregulation	 of	 PDGF	 signaling.44
Using	 a	 hotspot	 analysis	 for	 genetic	 mutations	 in	 DNA	 extracted	 from	 patients	 with	 cisplatin-resistant	 and
cisplatin-sensitive	 germ	 cell	 tumors,	 mutations	 in	 KRAS,	HRAS,	 PI3K,	 and	 AKT	 were	 found	 exclusively	 in
patients	with	 resistance,	 accounting	 for	 approximately	25%	of	 the	 cases	 evaluated.45	 Finally,	 the	 emergence	of
cisplatin	 resistance	 may	 be	 intimately	 associated	 with	 the	 expression	 of	 genes	 and	 pathways	 responsible	 for
lineage	 differentiation	 in	 NSGCT,	 in	 other	 words,	 intrinsic	 to	 the	 germ	 cell	 biology	 rather	 than	 the	 result	 of
specific	mutations.

IMMUNOHISTOCHEMICAL	MARKERS
SALL4	 is	 expressed	 in	 almost	 all	 germ	 cell	 tumors	 and	 has	 been	 reported	 to	 be	 positive	 in	 GCNIS,	 classic
seminoma,	 spermatocytic	 tumor,	 embryonal	 carcinoma,	 yolk	 sac	 tumor,	 choriocarcinoma,	 and	 teratoma.46,47
OCT3/4	 is	 variably	 expressed	 in	 GCNIS,	 classic	 seminoma,	 embryonal	 carcinoma,	 and	 yolk	 sac	 tumor.
Spermatocytic	 tumor,	 choriocarcinoma,	 and	 teratoma	 are	 usually	 negative	 for	 OCT3/4.	 CD117	 (KIT)	 helps
highlight	 GCNIS	 and	 classic	 seminoma.	 CD30,	 SOX2,	 and	 keratin	 are	 helpful	 in	 the	 diagnosis	 of	 embryonal
carcinoma,	whereas	SALL4	and	glypican-3	are	often	positive	in	yolk	sac	tumor.42	In	tumors	of	unknown	primary
or	 those	presenting	as	a	 retroperitoneal	or	mediastinal	mass,	SALL4,	OCT3/4,	CD117,	SOX2,	CD30,	and	 low-
molecular-weight	keratins	all	may	be	useful	in	distinguishing	germ	cell	tumors	from	non–germ	cell	tumors.

STAGING
The	 most	 widely	 used	 system	 for	 staging	 testicular	 cancer	 is	 the	 tumor-node-metastasis	 (TNM)	 classification
endorsed	by	 the	American	 Joint	Committee	on	Cancer	 (AJCC)	and	 the	Union	 for	 International	Cancer	Control
(UICC)	 (Tables	 72.2and	 72.3).48,49	 An	 important	 distinction	 for	 germ	 cell	 tumors	 is	 the	 inclusion	 of	 “S”
classification	 (S0	 to	S3),	 signifying	 serum	 tumor	marker	 elevation.	There	 are	 three	 stage	 groupings	 of	TNM/S
classifications	 whereby,	 in	 general,	 stage	 I	 disease	 is	 confined	 to	 the	 testis,	 stage	 II	 is	 confined	 to	 the
retroperitoneal	 lymph	 nodes	with	 serum	 tumor	markers	 in	 the	 good-prognosis	 range	 (S0	 to	 S1),	 and	 stage	 III
includes	metastases	that	extend	beyond	the	retroperitoneum	or	are	extranodal	in	location.	Stage	III	NSGCT	also
includes	any	patient	with	serum	tumor	markers	in	the	intermediate-	or	poor-prognosis	range	(S2	to	S3).

Patterns	of	Metastasis
Testicular	cancers	can	undergo	both	lymphatic	and	hematogenous	dissemination.	The	lymphatics	arising	from	the
testicle	 accompany	 the	gonadal	 vessels	 in	 the	 spermatic	 cord.	Some	 follow	 the	gonadal	 vessels	 to	 their	 origin,
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whereas	others	diverge	and	drain	into	the	retroperitoneum.	The	landing	zone	for	metastasis	from	the	right	testicle
is	in	the	interaortocaval	lymph	nodes	just	inferior	to	the	renal	vessels	(Fig.	72.5).	The	landing	zone	from	the	left
testicle	is	 in	the	para-aortic	lymph	nodes	just	 inferior	to	the	left	renal	vessels	(Fig.	72.6).	Large-volume	disease
tends	to	progress	in	retrograde	fashion	to	the	aortic	bifurcation	and	below,	along	the	iliac	vessels.50

Seminoma
Seminoma	 can	 spread	 extensively	 through	 the	 lymphatic	 system	 to	 include	 retroperitoneal,	 retrocrural,
mediastinal,	 supraclavicular,	 and	 cervical	 lymph	 nodes,	 often	 in	 the	 absence	 of	 hematogenous	 metastasis.51
Metastasis	to	lungs	(stage	IIIA)	is	common,	and	metastasis	to	nonpulmonary	organs	(stage	IIIB)	is	less	common.52
Serum	 tumor	 markers	 do	 not	 affect	 the	 stage	 (except	 in	 stage	 IS)	 or	 prognosis	 in	 seminoma.	 Hematogenous
metastasis	to	extrapulmonary	organs	(e.g.,	bone)	in	seminoma	carries	an	intermediate	prognosis.	There	is	no	stage
IIIC	or	poor-prognosis	designation	in	seminoma.53

TABLE	72.2
Definition	of	Tumor,	Node,	Metastases	(TNM)

TNM
Category Description
PRIMARY	TUMOR	(T)
pTX Primary	tumor	cannot	be	assessed

pT0 No	evidence	of	primary	tumor	(e.g.,	histologic	scar	in	testis)

pTis Intratubular	germ	cell	neoplasia	(carcinoma	in	situ)

pT1
Tumor	limited	to	the	testis	and	epididymis	without	vascular/lymphatic	invasion.	Tumor	may	invade	into	the	tunica
albuginea	but	not	the	tunica	vaginalis

pT2
Tumor	limited	to	the	testis	and	epididymis	with	vascular/lymphatic	invasion	or	tumor	extending	through	the	tunica
albuginea	with	involvement	of	the	tunica	vaginalis

pT3 Tumor	invades	the	spermatic	cord	with	or	without	vascular/lymphatic	invasion

pT4 Tumor	invades	the	scrotum	with	or	without	vascular/lymphatic	invasion.

Note:	Except	for	pTis	and	pT4,	extent	of	primary	tumor	is	classified	by	radical	orchiectomy.	TX	may	be	used	for	other	categories
in	the	absence	of	radical	orchiectomy.

REGIONAL	LYMPH	NODES	(N)
Clinical
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1
Metastasis	with	a	lymph	node	mass	≥2	cm	in	greatest	dimension;	or	multiple	lymph	nodes,	none	>2	cm	in	greatest
dimension

N2
Metastasis	with	a	lymph	node	mass	>2	cm	but	not	>5	cm	in	greatest	dimension;	or	multiple	lymph	nodes,	any	one
mass	>2	cm	but	not	>5	cm	in	greatest	dimension

N3 Metastasis	with	a	lymph	node	mass	>5	cm	in	greatest	dimension

Pathologic	(pN)
pNX Regional	lymph	nodes	cannot	be	assessed

pN0 No	regional	lymph	node	metastasis

pN1
Metastasis	with	a	lymph	node	mass	≥2	cm	in	greatest	dimension	and	≤5	nodes	positive,	none	>2	cm	in	greatest
dimension

pN2
Metastasis	with	a	lymph	node	mass	>2	cm	but	not	>5	cm	in	greatest	dimension;	or	>5	nodes	positive,	none	>5	cm;
or	evidence	of	extranodal	extension	of	tumor

pN3 Metastasis	with	a	lymph	node	mass	>5	cm	in	greatest	dimension

DISTANT	METASTASES	(M)

M0 No	distant	metastasis

M1 Distant	metastasis

M1a Nonregional	nodal	or	pulmonary	metastases



M1b Distant	metastasis	other	than	to	nonregional	lymph	nodes	and	lungs
SERUM	TUMOR	MARKERS	(S)
SX Marker	studies	not	available	or	not	performed

S0 Marker	study	levels	within	normal	limits

S1

LDH	<1.5	×	Na	AND
hCG	(mIU/mL)	<5,000	AND
AFP	(ng/mL)	<1,000

S2

LDH	1.5–10	×	N	OR
hCG	(mIU/mL)	5,000–50,000	OR
AFP	(ng/mL)	1,000–10,000

S3

LDH	>10	×	N	OR
hCG	(mIU/mL)	>50,000	OR
AFP	(ng/mL)	>10,000

aN	indicates	upper	limit	of	normal	for	the	LDH	assay.
S,	serum	tumor	markers;	LDH,	lactate	dehydrogenase;	hCG,	human	chorionic	gonadotropin;	AFP,	α-fetoprotein.
From	American	Joint	Committee	on	Cancer.	Testis.	In:	Edge	SB,	Byrd	DR,	Compton	CC,	eds.	AJCC	Cancer	Staging	Manual.	7th
ed.	New	York:	Springer-Verlag;	2010:471–472.

TABLE	72.3
Stage	Grouping

Group T N M Sa

Stage	0 pTis N0 M0 S0

Stage	I pT1–pT4 N0 M0 SX

IA pT1 N0 M0 S0

IB pT2 N0 M0 S0

	 pT3 N0 M0 S0

	 pT4 N0 M0 S0

IS Any	pT/Tx N0 M0 S1–S3

Stage	II Any	pT/Tx N0–N3 M0 SX

IIA Any	pT/Tx N1 M0 S0

	 Any	pT/Tx N0 M0 S1

IIB Any	pT/Tx N2 M0 S0

	 Any	pT/Tx N2 M0 S1

IIC Any	pT/Tx N3 M0 S0

	 Any	pT/Tx N3 M0 S1

Stage	III Any	pT/Tx Any	N M1 SX

IIIA Any	pT/Tx Any	N M1a S0

	 Any	pT/Tx Any	N M1a S1

IIIB Any	pT/Tx N1–N3 M0 S2

	 Any	pT/Tx Any	N M1a S2

IIIC Any	pT/Tx N1–N3 M0 S3

	 Any	pT/Tx Any	N M1a S3

	 Any	pT/Tx Any	N M1b Any	S
aMeasured	after	orchiectomy
From	American	Joint	Committee	on	Cancer.	Testis.	In:	Edge	SB,	Byrd	DR,	Compton	CC,	eds.	AJCC	Cancer	Staging	Manual.	7th
ed.	New	York:	Springer-Verlag;	2010:471–472.

Nonseminomatous	Germ	Cell	Tumors
Similar	 to	 seminoma,	 lymphatic	 spread	 is	 the	most	 common	 and	 usually	 the	 earliest	 type	 of	 dissemination	 in
NSGCT.	Stage	groupings	depend	on	both	the	anatomic	extent	of	disease	and	serum	tumor	markers.49	Stage	IIIB	is
distinguished	from	stage	II	or	IIIA	on	the	basis	of	tumor	markers	being	in	the	intermediate-prognosis	range	(S2).
Stage	IIIC	NSGCT	carries	a	poor	prognosis,	and	more	often	than	seminoma,	it	involves	multiple	organs	such	as
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liver	and	brain.53

Figure	72.5	Lymph	node	metastasis	from	nonseminomatous	germ	cell	tumor	of	the	right	testicle.
Postchemotherapy	resection	showed	metastatic	teratoma.

Figure	72.6	Lymph	node	metastasis	from	nonseminomatous	germ	cell	tumor	of	the	left	testicle	at
diagnosis	(A)	and	upon	completion	of	chemotherapy	(B).	Postchemotherapy	resection	showed

metastatic	teratoma	with	somatic	transformation	to	primitive	neuroectodermal	tumor.



Embryonal	 carcinoma,	 in	 some	 cases,	 exhibits	 hematogenous	 metastasis	 to	 lungs	 or	 nonpulmonary	 viscera
without	 clinical	 involvement	 of	 retroperitoneal	 lymph	 nodes.54	 Computed	 tomography	 (CT)	 of	 the	 chest	 is
necessary	for	complete	staging	workup	of	tumors	that	have	a	high	percentage	of	embryonal	carcinoma.

Serum	Tumor	Markers
Serum	tumor	markers	are	an	 important	part	of	 the	staging	system	for	germ	cell	 tumors.	Three	markers,	namely
AFP,	 hCG,	 and	 total	 LDH,	 are	 considered	 for	 establishing	 the	 correct	 prognostic	 classification	 (good,
intermediate,	 or	 poor	 prognosis).53	 Markers	 should	 be	 assessed	 after	 orchiectomy	 and	 before	 the	 start	 of
chemotherapy.	 Markers	 that	 are	 elevated	 prior	 to	 orchiectomy	 and	 then	 normalize	 appropriately	 have	 no
prognostic	 significance.	 Markers	 that	 do	 not	 normalize	 in	 a	 patient	 without	 any	 other	 clinical	 evidence	 of
metastatic	 disease	 are	 considered	 stage	 IS.49	 In	 the	 absence	 of	 residual	 disease,	 the	 expected	 half-life	 of
postoperative	serum	tumor	marker	decline	is	2	to	3	days	for	hCG	and	5	to	7	days	for	AFP.

Elevated	AFP	has	special	significance	in	seminoma	because	it	is	only	produced	by	NSGCT.	Germ	cell	tumors
that	 histologically	 appear	 to	 be	 pure	 seminoma	 with	 elevated	 serum	 AFP	 are	 given	 the	 clinical	 diagnosis	 of
NSGCT	 and	 are	 treated	 as	 such.25	 hCG	 can	 be	 elevated	 in	 either	 seminoma	 or	 NSGCT	 but	 has	 prognostic
significance	only	for	NSCGT.	Total	LDH	concentration	prior	to	chemotherapy	functions	as	a	prognostic	factor	in
NSGCT	and	helps	to	determine	stage.	In	seminoma	with	bulky	metastases,	LDH	can	be	markedly	elevated	but	has
no	prognostic	significance.

There	are	several	potential	causes	of	spurious	elevation	of	tumor	markers.	AFP	is	not	cancer	specific;	it	may	be
elevated	in	the	presence	of	liver	disease	or	as	a	nonspecific	chronic	elevation.	Stability	of	AFP	over	time	suggests
a	benign	etiology.	hCG	is	cancer	specific	in	men,	but	it	is	not	specific	to	germ	cell	tumors.	It	can	be	associated
with	 other	 neoplasms	 and	with	 exposure	 to	 cannabis	 products.	 Patients	 should	 be	 questioned	 about	 the	 use	 of
marijuana.	A	positive	hCG	test	can	also	occur	as	a	laboratory	artifact	in	patients	with	low	serum	testosterone	due
to	the	increased	secretion	of	luteinizing	hormone	and	its	sequence	similarity	to	hCG.55,56

Clinical	Staging
The	 most	 commonly	 used	 methods	 for	 detecting	 metastatic	 disease	 are	 serum	 tumor	 markers	 and	 CT	 scan.18
Positron	 emission	 tomography	 (PET)	 scan	 can	 be	 helpful	 in	 the	 staging	 evaluation	 of	 a	 seminoma	 patient	 by
distinguishing	hypermetabolic	lymph	node	metastases	from	reactive	lymph	nodes.	PET	is	not	useful	in	NSGCT,
where	 CT	 scan	 with	 oral	 and	 intravenous	 contrast	 is	 the	 preferred	 technique	 for	 detecting	 retroperitoneal
adenopathy.

Pathologic	Staging
The	T	classification	is	determined	by	pathology	of	the	orchiectomy	specimen.49	The	presence	of	lymphovascular
invasion	 (LVI)	 or	 invasion	 through	 the	 tunica	 albuginea	 with	 involvement	 of	 the	 tunica	 vaginalis	 are	 pT2;
invasion	of	the	spermatic	cord	is	pT3;	and	involvement	of	the	scrotum	constitutes	pT4	(see	Table	72.2).

Prophylactic	retroperitoneal	lymph	node	dissection	(RPLND)	is	performed	for	surgical	staging	in	some	patients
with	clinical	stage	I	NSGCT.	In	such	cases,	if	no	metastatic	germ	cell	tumor	is	found,	the	stage	is	pathologic	stage
I,	and	when	disease	is	found,	it	is	designated	pathologic	stage	II.

Factors	Affecting	Outcome
In	clinical	stage	I	NSGCT,	 the	presence	of	LVI	(pT2)	 is	associated	with	approximately	50%	risk	of	 recurrence
with	 surveillance	 alone.	A	high	percentage	of	 embryonal	 carcinoma	has	 also	been	 associated	with	high	 risk	 in
some	 series,	 but	 embryonal	 carcinoma	 is	 often	 seen	 together	 with	 LVI	 and	 has	 not	 been	 validated	 as	 an
independent	risk	factor.57

In	clinical	stage	I	seminoma,	tumor	size	≥4	cm	is	associated	with	approximately	30%	risk	of	recurrence	with
surveillance	 alone.	 Involvement	 of	 rete	 testis	 has	 not	 been	 validated	 as	 a	 risk	 factor,	 although	 it	 is	 often
mentioned.58

The	classification	of	patients	with	metastatic	germ	cell	tumors	as	good,	intermediate,	or	poor	prognosis,	based
on	 serum	 tumor	markers	 and	 extent	 of	 disease,	was	 proposed	 in	 1997	 by	 the	 International	Germ	Cell	 Cancer
Collaborative	 Group	 (IGCCCG)	 (Table	 72.4).53	 In	 this	 system,	 the	 presence	 or	 absence	 of	 nonpulmonary,
extranodal	 metastasis	 was	 validated	 as	 an	 independent	 prognostic	 factor	 for	 progression-free	 survival.	 For
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NSGCT,	the	degree	of	marker	elevation	and	mediastinal	primary	(versus	testis	or	retroperitoneal	primary)	were
also	validated	as	prognostic	 factors.	The	 threshold	values	 for	 tumor	markers	 (hCG,	AFP,	and	LDH)	have	been
incorporated	into	the	AJCC/UICC	staging	system	as	the	“S”	classification.	These	prognostic	groupings	are	used	to
make	treatment	decisions	and	are	discussed	in	the	following	sections.

TABLE	72.4
Germ	Cell	Tumor	Risk	Classification

Risk	Group Seminoma Nonseminoma

Good

Any	hCG
Any	LDH
Nonpulmonary	visceral	metastases	absent
Any	primary	site

AFP	<1,000	ng/mL
hCG	<5,000	mIU/mL
LDH	<1.5	×	ULN
Nonpulmonary	visceral	metastases	absent
Gonadal	or	retroperitoneal	primary	tumor

Intermediate

Nonpulmonary	visceral	metastases	present
Any	hCG
Any	LDH
Any	primary	site

AFP	1,000–10,000	ng/mL
hCG	5,000–50,000	mIU/mL
LDH	1.5–10.0	×	ULN
Nonpulmonary	visceral	metastases	absent
Gonadal	or	retroperitoneal	primary	site

Poor Does	not	exist

Mediastinal	primary	site
Nonpulmonary	visceral	metastases	present	(e.g.,	bone,	liver,	brain)
AFP	10,000	ng/mL
hCG	50,000	mIU/mL
LDH	10	×	ULN

hCG,	human	chorionic	gonadotropin;	AFP,	α-fetoprotein;	LDH,	lactate	dehydrogenase;	ULN,	upper	limit	of	normal	range.
From	International	Germ	Cell	Consensus	Classification:	a	prognostic	factor-based	staging	system	for	metastatic	germ	cell	cancers.
International	Germ	Cell	Cancer	Collaborative	Group.	J	Clin	Oncol	1997;15(2):594–603.

In	the	setting	of	relapsed	or	refractory	disease	treated	with	high-dose	chemotherapy	(HDCT)	and	autologous
stem	cell	 rescue	 (ASCT),	 two	prognostic	classifications	have	been	proposed.	The	 first,	 introduced	 in	1996,	has
been	 termed	 the	 Beyer	 score.	 The	 Beyer	 score	 risk	 stratifies	 patients	 into	 low,	 intermediate,	 and	 high	 risk
subgroups	 based	 on	 the	 presence	 of	 elevated	 β-hCG	 >1,000	 U/L,	 primary	 mediastinal	 NSGCT,	 platinum-
refractory	or	absolutely	refractory	disease,	and	progressive	disease	immediately	preceding	receipt	of	HDCT.59	A
more	contemporary	scoring	system	from	the	International	Prognostic	Factors	Study	(IPFS)	group	found	primary
site	 (mediastinal	NSGCT	again	with	worst	prognosis),	prior	 response	 to	 treatment,	 the	progression-free	 interval
from	 initial	 cisplatin-based	 chemotherapy,	 AFP	 level,	 β-hCG	 level,	 histology	 differentiating	 seminoma	 from
NGSCT,	and	sites	of	disease	including	lung,	bone,	and	brain	metastasis	to	stratify	patients	into	very	low-,	low-,
intermediate-,	high-,	and	very	high-risk	groups.59	The	IPFS	scoring	system	is	being	prospectively	analyzed	in	the
ongoing	 TIGER	 (Trial	 of	 Initial	 Salvage	Chemotherapy	 for	 Patients	with	Germ	Cell	 Tumors)	 study,	which	 is
discussed	in	a	later	section.

MANAGEMENT	OF	CLINICAL	STAGE	I	DISEASE
Virtually	all	patients	with	clinical	stage	I	germ	cell	 tumors	survive	(cancer-specific	survival,	98%	to	99%).58	 In
general,	 patients	 managed	 with	 observation	 have	 the	 same	 life	 expectancy	 as	 those	 who	 receive	 adjuvant
intervention.	 Treatment	 decisions	 must	 therefore	 be	 based	 on	 considerations	 of	 cost,	 burden	 of	 therapy,	 and
patient	preference.57

Seminoma
Clinical	stage	I	seminoma	is	grouped	into	high	risk	and	average	risk	based	on	tumor	size,	but	similar	options	exist
for	all	patients	with	stage	 I	 seminoma,	 regardless	of	 risk.57,58	Stage	I	 is	a	common	presentation,	accounting	for
approximately	70%	to	80%	of	patients	diagnosed	with	pure	seminoma.

Surveillance
The	average	risk	of	recurrence	with	surveillance	for	stage	I	seminoma	is	15%	to	20%.	Recurrences	are	temporally



distributed	over	a	10-year	period.60	High-risk	tumors	have	a	recurrence	probability	of	30%,	whereas	small	tumors
may	have	a	risk	as	low	as	12%.61	The	classic	risk	factors	for	recurrence	include	tumor	size	greater	than	4	cm	and
rete	 testis	 involvement.	 A	 recent	 series	 found	 using	 tumor	 size	 as	 a	 continuous	 variable	 as	 compared	 to	 a
categorical	variable	improved	performance	for	assessing	risk	of	recurrence.62	Observation	is	heavily	dependent	on
CT	 scanning	 because	 the	 region	 at	 highest	 risk	 is	 in	 the	 retroperitoneum,	 and	most	 seminomas	 do	 not	 secrete
tumor	markers.

Adjuvant	Chemotherapy
Carboplatin	 is	 a	 simple	 and	 apparently	 safe	 form	 of	 adjuvant	 chemotherapy	 that	 is	 very	 similar	 in	 efficacy	 to
prophylactic	radiotherapy.	In	a	randomized	trial	of	carboplatin	given	as	a	single	infusion	(area	under	curve	of	7)
versus	 radiotherapy	 to	 the	 para-aortic	 lymph	 nodes,	 there	 was	 no	 significant	 difference	 in	 progression-free
survival	 (94.7%	and	96%,	 respectively).63,64	There	was	only	1	death	 from	seminoma	 (N	=	1,447)	 reported	at	a
median	 follow-up	 of	 6.5	 years.	 In	 a	multicenter	 retrospective	 review	 of	 stage	 I	 seminoma	 patients	 (N	 =	 185)
treated	with	adjuvant	carboplatin	who	subsequently	relapsed,	85%	relapsed	within	the	retroperitoneum	and	98%
were	 in	 the	 IGCCCG	good-prognosis	 risk	 group.	 The	majority	 of	 patients	were	 cured	with	 standard	 front-line
chemotherapy,	 and	 of	 the	 15%	 of	 patients	 who	 had	 additional	 relapse,	 3	 patients	 have	 died	 from	 disease.65
Recurrences	 after	 adjuvant	 carboplatin	were	 frequently	 retroperitoneal	 in	 location,	meaning	 that	 follow-up	CT
scans	 are	mandatory.	There	 has	 been	 no	 reported	 evidence	 of	 second	malignant	 neoplasms	 (SMNs),	 and	 there
have	 been	 fewer	 contralateral	 germ	 cell	 tumors	 reported	 in	 the	 patients	 treated	 with	 chemotherapy	 versus
radiotherapy	at	medium-term	follow-up.	Two	courses	of	carboplatin	have	also	been	shown	to	be	effective	in	the
adjuvant	setting,	and	in	its	2014	guidelines,	the	National	Comprehensive	Cancer	Network	(NCCN)	endorsed	one
or	two	courses	as	a	standard	of	care	for	clinical	stage	I	seminoma,	regardless	of	the	estimated	risk	of	recurrence.66
Observation	is	also	standard	and	is	the	preferred	option.

Prophylactic	Radiotherapy
Treatment	of	para-aortic	lymph	nodes	to	a	dose	of	20	Gy	was	associated	with	excellent	local	control	approaching
100%.	A	randomized	trial	of	20	versus	30	Gy	showed	no	difference	in	rate	of	recurrence.67	Omission	of	ipsilateral
iliac	lymph	nodes	from	the	treatment	field	resulted	in	less	toxicity	(infertility,	gastrointestinal	effects)	and	minimal
loss	of	efficacy.	The	recurrence	rate	after	prophylactic	radiotherapy	for	clinical	stage	I	seminoma	is	approximately
4%,	and	most	of	those	patients	survive	with	additional	treatment	(combination	chemotherapy).	Recurrences	tend
to	occur	below	the	radiation	field	(pelvic	 lymph	nodes)	or	above	 it	 (lungs).	Radiotherapy	 is	contraindicated	for
patients	with	horseshoe	kidney	or	inflammatory	bowel	disease.

Radiotherapy	was	once	popularized	because	it	reduced	the	number	of	CT	scans	that	were	necessary	for	follow-
up,	with	a	net	reduction	in	the	cost	of	 treatment.68	There	is,	however,	a	different	type	of	cost	with	radiotherapy
and	 that	 is	 the	 risk	 of	 SMNs.69	 Studies	 of	 testicular	 cancer	 survivors	 20	 or	 more	 years	 after	 treatment	 have
revealed	 an	 increase	 in	 midline	 cancers	 such	 as	 gastrointestinal	 and	 genitourinary	 malignancies.70	 This	 has
brought	 about	 a	 reassessment	 of	 prophylactic	 radiotherapy,	 specifically,	whether	 it	 is	warranted	when	 80%	 of
seminoma	patients	will	be	treated	unnecessarily,	there	is	a	risk	of	SMN,	and	there	is	no	survival	benefit.	Although
it	continues	to	be	offered,	the	use	of	prophylactic	radiotherapy	for	seminoma	is	declining.71

Nonseminomatous	Germ	Cell	Tumor
Clinical	stage	I	NSGCT	is	broadly	categorized	as	high	risk	and	average	risk.	Although	there	are	many	differences
in	presentation,	including	tumor	size,	histology,	and	tumor	marker	pattern,	only	LVI	has	been	validated	as	a	risk
factor.	NSGCT	with	LVI	has	a	 recurrence	 rate	of	approximately	50%	with	observation.72	Most	recurrences	are
seen	within	 2	 to	 3	 years	 of	 the	 orchiectomy.60	 The	 average	 risk	 is	 30%,	 and	most	 patients	with	 LVI-negative
(good-risk)	stage	I	NSGCT	probably	have	a	risk	of	recurrence	of	less	than	30%.	The	risk	of	recurrence	for	LVI-
negative	stage	I	NSGCT	with	predominantly	embryonal	carcinoma	histology,	however,	may	be	higher	 (30%	to
50%).73

Surveillance
Approximately	two-thirds	of	relapses	among	patients	on	surveillance	are	in	retroperitoneal	lymph	nodes,	and	one-
third	occur	in	lungs	or	by	marker	elevation	alone.	Recurrences	in	nonpulmonary	viscera	are	rare.	Most	relapses
occur	within	2	to	3	years	of	orchiectomy,	and	patients	need	to	remain	on	follow-up	for	at	least	5	years.	The	ability
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to	cure	systemic	disease	with	cisplatin-based	chemotherapy	in	those	who	relapse	makes	observation	an	attractive
option.	It	avoids	unnecessary	therapy	for	approximately	two-thirds	of	patients.

Criteria	 for	 selecting	 patients	 for	 observation	 have	 been	 suggested	 in	 the	 literature	 and	 in	 the	 NCCN
guidelines.66	Selection	based	on	whether	the	patient	is	“reliable”	(i.e.,	likely	to	be	compliant	with	follow-up)	was
once	 the	 prevalent	 view,	 but	 this	 has	 been	 largely	 replaced	 by	 a	 more	 objective	 risk-adapted	 approach.
Observation	is	the	standard	of	care	for	patients	with	stage	IA	NSGCT.	The	alternative	is	nerve-sparing	RPLND,
which	is	an	unnecessary	procedure	for	the	majority	of	these	patients.	There	is	no	subgroup	of	stage	IA	for	whom
RPLND	 is	preferred,	 but	patients	who	choose	observation	 should	 agree	 to	be	 compliant	with	 follow-up	and	 to
receive	 chemotherapy	 in	 the	 event	 of	 recurrence.	 Patients	 with	 stage	 IA	 embryonal	 carcinoma-predominant
tumors	are	probably	the	least	likely	to	benefit	from	RPLND	because	of	the	tendency	for	hematogenous	spread	and
associated	risk	of	recurrence	in	lungs.73,74

Most	 patients	with	LVI-negative,	 clinical	 stage	 I	NSGCT	 are	 candidates	 for	 observation.	There	 is	 less	 of	 a
consensus	on	management	of	patients	with	pT2	 to	pT4	 tumors	 (including	LVI-positive	 tumors).	A	minority	of
patients	with	pT2	tumors	may	choose	observation,	but	 they	must	understand	that	 the	risk	of	recurrence	is	50%,
and	 they	 should	 agree	 (as	 in	 stage	 IA)	 to	 comply	with	 follow-up.	 The	 preferred	 treatment	 for	 LVI-positive	 or
advanced	T	classification	NSGCT	is	adjuvant	chemotherapy.

Adjuvant	Chemotherapy
Primary	chemotherapy	for	NSGCT	consists	of	bleomycin,	etoposide,	and	cisplatin	(BEP)	(Table	72.5).75,76	There
are	several	published	studies	using	either	one	or	two	courses	of	adjuvant	BEP	or	similar	regimens	in	patients	with
clinical	stage	I	NSGCT.77–80	A	phase	II	study	by	the	Medical	Research	Council	found	98%	relapse-free	survival
after	 two	 courses	 of	 bleomycin,	 vincristine,	 and	 cisplatin,	 although	 chemotherapy-induced	 neurotoxicity	 (CIN)
remained	 a	 problem.80	 Two	 courses	 of	 BEP	 are	 similarly	 effective	 in	 preventing	 recurrence	 with	 less	 CIN;
however,	 etoposide	 causes	 transient	myelosuppression	 and	 is	 associated	with	 a	 low	 but	 real	 risk	 of	 treatment-
induced	leukemia.	The	toxicity	of	two	courses	of	BEP	makes	it	unacceptable	for	stage	IA	NSGCT	but	reasonable
for	stage	IB	disease,	where	the	relapse	rate	on	observation	is	50%.57	One	limitation	of	adjuvant	chemotherapy	is
the	 continuing	 risk	 of	 growing	 teratoma	 syndrome.	 Only	 RPLND	 can	 remove	 foci	 of	 teratoma	 from	 the
retroperitoneum,	where	they	may	persist	and	grow	following	chemotherapy.81

TABLE	72.5
Chemotherapy	Regimens	for	Stage	II	or	III	Germ	Cell	Tumors

Previously	Untreated—Good	Riska

Etoposide 100	mg/m2	IV	daily	×	5	d

Cisplatin 20	mg/m2	IV	daily	×	5	d;	4	cycles	administered	at	21-d	intervals

Etoposide 100	mg/m2	IV	daily	×	5	d

Cisplatin 20	mg/m2	IV	daily	×	5	d

Bleomycin 30	units	IV	weekly	(e.g.,	days	1,	8,	15);	3	cycles	administered	at	21-d	intervals
Previously	Untreated—Intermediate	and	Poor	Risk

Etoposide 100	mg/m2	IV	daily	×	5	d

Cisplatin 20	mg/m2	IV	daily	×	5	d

Bleomycin 30	units	IV	weekly	(e.g.,	days	1,	8,	15);	4	cycles	administered	at	21-d	intervals
Previously	Treated—First-line	Salvage	Therapy

Ifosfamide 1.2	g/m2	IV	daily	×	5	d

Mesna 400	mg/m2	IV	every	8	h	×	5	d

Cisplatin 20	mg/m2	IV	daily	×	5	d

Vinblastine 0.11	mg/kg	IV	days	1	and	2;	4	cycles	administered	at	21-d	intervals

Paclitaxel 250	mg/m2	IV	by	continuous	infusion	over	24	h	on	day	1

Ifosfamide 1.5	g/m2	IV	daily	on	days	2–5

Cisplatin 25	mg/m2	IV	daily	on	days	2–5



Mesna 500	mg/m2	IV	every	8	h	on	days	2–5;	4	cycles	administered	at	21-d	intervals
aGood-risk	regimens	(bleomycin,	etoposide,	and	cisplatin	or	etoposide	and	cisplatin)	can	also	be	used	for	stage	I	adjuvant	treatment
or	stage	IS.
IV,	intravenous.

One	strategy	for	 lowering	 the	 toxicity	of	adjuvant	chemotherapy	 is	by	shortening	 treatment	 to	one	course	of
BEP.	Two	European	 studies	 provide	 data	 collected	 prospectively;	 in	 one	 study,	 patients	were	 randomized	 to	 a
single	 course	of	BEP	or	RPLND	 (none	were	observed),	 and	 in	 a	 second	 study,	 the	patients	with	LVI-negative
tumors	were	offered	surveillance	or	one	course	of	BEP,	whereas	patients	with	LVI-positive	tumors	were	offered
one	or	two	courses	of	adjuvant	BEP.78,79	Both	of	 these	studies	showed	a	 less	 than	5%	recurrence	rate	after	one
course	of	BEP	and	an	acceptably	low	rate	of	growing	teratoma.	The	2017	NCCN	guideline	endorses	either	one	or
two	courses	of	adjuvant	BEP	for	stage	IB	NSGCT.82

Retroperitoneal	Lymph	Node	Dissection
RPLND	performed	in	clinical	stage	I	NSGCT	is	done	to	accurately	stage	the	patient	(as	pathologic	stage	I	or	stage
II)	and	remove	all	viable	disease.	RPLND	is	curative	 for	 teratoma,	which	has	been	reported	 in	21%	to	30%	of
cases	with	viable	disease.83	Mortality	from	RPLND	is	less	than	1%;	minor	complications	include	prolonged	ileus,
wound	infection,	and	lymphocele.	Major	complications	(hemorrhage,	ureteral	injury,	chylous	ascites,	pulmonary
embolus,	 wound	 dehiscence,	 bowel	 obstruction)	 are	 rare.	 A	 notable	 long-term	morbidity	 is	 sympathetic	 nerve
damage	leading	to	failure	of	ejaculation.84

For	 optimal	 outcomes,	 RPLND	 should	 be	 performed	 at	 a	 referral	 center	 with	 an	 experienced	 surgeon.	 A
bilateral	 infrahilar	 RPLND	 includes	 the	 precaval,	 retrocaval,	 paracaval,	 interaortocaval,	 retroaortic,	 preaortic,
para-aortic,	and	common	iliac	lymph	nodes.

There	are	 two	 types	of	nerve-sparing	RPLND:	 the	modified	 template	RPLND	and	nerve-dissection	bilateral
RPLND.83,85,86	The	template	dissection	helps	the	surgeon	avoid	regions	where	the	risk	of	metastasis	may	be	less.
The	 nerve-dissection	 technique	 identifies	 and	 preserves	 both	 sympathetic	 chains,	 postganglionic	 sympathetic
fibers,	 and	 the	 hypogastric	 plexus,	which	 are	 necessary	 for	 anterograde	 ejaculation.	 The	 reported	 incidence	 of
retrograde	ejaculation	with	 this	 technique	 is	 less	 than	5%.	Another	 innovation	 is	 the	 robot-assisted	RPLND,	 in
which	 robotic	 instruments	 are	 inserted	 through	 a	 series	 of	 trocar	 entry	 sites	 and	 controlled	 remotely	 by	 the
surgeon.87–89	Patients	have	less	pain,	shorter	hospitalization	time,	rapid	recovery,	and	smaller	surgical	scars.

The	 relapse	 rate	 following	 RPLND	 is	 variable.	 It	 may	 be	 as	 low	 as	 4%	 with	 a	 low-risk	 patient	 and	 an
experienced	surgeon.	Most	series	include	patients	who	also	received	adjuvant	chemotherapy,	 typically	with	two
courses	 of	BEP,	 for	 pathologic	 stage	 II	 disease.	Thus,	 the	 success	 of	RPLND	comes	 at	 the	 expense	 of	 double
therapy	 for	 some	patients.	LVI-positive	 and	other	 high-risk	patients	 have	higher	 reported	 failure	 rates	 (10%	 to
14%)	with	prophylactic	RPLND.74	 The	 greatest	 advantage	 of	RPLND	 is	 the	 early	 control	 of	 teratoma	when	 it
exists.	A	randomized	trial	of	RPLND	versus	one	course	of	BEP	found	a	recurrence	rate	of	8.3%	in	the	RPLND
arm	and	1.1%	in	the	BEP	arm.78	With	median	follow-up	of	4.7	years,	only	one	patient	had	growing	teratoma	after
BEP.	 Limitations	 of	 the	 study	 were	 that	 unilateral	 dissections	 were	 performed	 (nonstandard)	 and	 that	 the
experience	level	of	surgeons	varied,	as	it	was	a	community-	based	study	leading	to	a	higher	rate	of	infield	relapse
compared	to	high-volume,	single-center	series.	The	low	incidence	(1%	to	2%)	of	growing	teratoma	seen	among
patients	 on	 observation	 or	 adjuvant	 chemotherapy	 is	 lower	 than	 one	would	 expect	 based	 on	 results	 of	 surgical
staging	and	suggests	that	not	all	teratoma	has	the	same	potential	for	growth	or	malignant	transformation.	Quality
of	life	between	the	two	arms	was	compared	over	3	years,	and	by	6	months	posttreatment,	both	arms	had	similarly
recovered	to	baseline.90

MANAGEMENT	OF	CLINICAL	STAGE	II	DISEASE	(LOW	TUMOR	BURDEN)
The	anatomic	definition	of	 stage	 II	germ	cell	 tumor	 is	metastasis	 confined	 to	 retroperitoneal	 lymph	nodes.	For
NSGCT,	there	is	the	further	requirement	that	tumor	markers	be	in	the	good-prognosis	range	(S0	to	S1).49	For	both
seminoma	and	NSGCT,	the	majority	of	these	patients	are	cured	with	standard	treatment.

Seminoma
Seminoma	is	exquisitely	sensitive	to	both	chemotherapy	and	radiation.	Radiotherapy	to	the	retroperitoneum	with	a
boost	to	the	involved	nodes	is	standard	for	disease	with	a	transverse	measurement	of	3	cm	or	less.91–93	The	fields
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include	 the	 landing	zone	and	proximal	 ipsilateral	 iliac	 lymph	nodes	 (dog-leg	 field).	Radiotherapy	 is	curative	 in
80%	to	90%	of	patients,	with	recurrence	largely	due	to	occult	disease	outside	the	radiation	field.94	Nevertheless,
prophylactic	 radiotherapy	 to	 the	mediastinum	or	 supraclavicular	nodes	 is	not	 recommended	because	of	 toxicity
concerns.95	There	is	an	excellent	rate	of	success	with	combination	chemotherapy	in	patients	who	do	relapse	after
radiotherapy.96

For	patients	with	bulky	(>3	cm	transverse	dimension)	retroperitoneal	disease,	primary	treatment	with	cisplatin-
based	 chemotherapy	 is	 standard,	 followed	 by	 radiotherapy	 for	 consolidation	 to	 a	 residual	mass	 greater	 than	 3
cm.66,96	 As	 in	 the	 adjuvant	 setting,	 patients	 with	 horseshoe	 kidney	 or	 inflammatory	 bowel	 disease	 should	 not
receive	radiotherapy;	chemotherapy	is	the	primary	treatment	for	such	patients.

Nonseminomatous	Germ	Cell	Tumor	(Low	Tumor	Burden)

Stage	IS
Serum	tumor	markers	that	do	not	normalize	after	radical	orchiectomy	are	evidence	of	micrometastases.	Treatment
has	classically	been	with	adjuvant	chemotherapy	with	either	three	cycles	of	BEP	or	four	cycles	of	etoposide	and
cisplatin	 (EP).	 A	 move	 toward	 active	 surveillance	 for	 these	 patients	 has	 become	 more	 common.	 A	 recent
retrospective	 review	using	 the	National	Cancer	Database	 found	 excellent	 and	 similar	 survival	 (≥95%)	 for	 both
stage	 IS	NSGCT	 and	 seminoma	patients	who	 either	 received	 adjuvant	 chemotherapy	 or	 had	 been	 followed	 by
active	surveillance.97	Given	the	rarity	of	this	stage,	in	the	modern	era	of	cross-sectional	imaging,	these	data	have
strengthened	the	consideration	of	surveillance	for	these	patients.

Pathologic	Stage	II	After	Retroperitoneal	Lymph	Node	Dissection
In	 the	 case	 of	 low-volume	 metastatic	 NSGCT,	 a	 prophylactic	 RPLND	 may	 be	 curative	 without	 additional
therapy.81,98	 Patients	with	 fewer	 than	 six	 lymph	nodes	 involved,	with	no	 focus	greater	 than	2	 cm,	 and	without
extranodal	 extension	 (pN1)	 have	 an	 estimated	 10%	 to	 20%	 risk	 of	 recurrence	 and	 can	 be	 managed	 with
surveillance.	Adjuvant	chemotherapy	with	BEP	or	EP	 (two	courses)	 is	an	option	 for	 selected	patients	based	on
their	 access	 to	 follow-up,	 psychological	 factors,	 and	 tumor	histology.	Although	 there	 is	 not	 strong	 evidence	 to
support	 adjuvant	 decision	making	 based	 on	 the	 histology,	metastases	with	 predominantly	 teratoma	or	 yolk	 sac
tumor	may	have	lower	post-RPLND	risk	of	recurrence	than	those	that	have	predominantly	embryonal	carcinoma
or	 choriocarcinoma.	 Nevertheless,	 surveillance	 and	 treatment	 with	 three	 or	 four	 courses	 of	 chemotherapy	 at
recurrence	are	likely	to	yield	a	similar	overall	survival	as	adjuvant	treatment.	Adjuvant	chemotherapy	should	be
recommended	for	patients	with	pN2	to	pN3	disease.	The	NCCN	guidelines	currently	recommend	two	cycles	of
chemotherapy	for	patients	with	pN2	disease	and	full	treatment	for	patients	with	N3	disease.

Clinical	Stage	IIA
Primary	 chemotherapy	 with	 three	 courses	 of	 BEP	 is	 the	 standard	 treatment	 for	 patients	 with	 enlarged
retroperitoneal	 lymph	nodes	and	elevated	serum	tumor	markers	 (S1).75	Patients	with	enlarged	lymph	nodes	and
normal	serum	tumor	markers	(N1,	S0)	may	be	appropriate	for	nerve-sparing	bilateral	RPLND	or	chemotherapy.	A
primary	 RPLND	 can	 be	 considered	 if	 the	 primary	 tumor	 contains	 teratoma	 and	 is	 not	 embryonal	 carcinoma
predominant,	 tumor	markers	are	not	elevated,	and	there	 is	no	back	pain.	Elevated	tumor	markers,	back	pain,	or
nodal	size	greater	than	2	cm	suggests	multifocal	or	unresectable	disease,	and	chemotherapy	is	preferred.99

Embryonal	 carcinoma	 can	 be	 marker	 negative	 and	 also	 requires	 chemotherapy.	 If	 metastatic	 embryonal
carcinoma	 is	 suspected	 on	 clinical	 grounds	 (enlarged	 retroperitoneal	 lymph	 nodes),	 then	 chemotherapy	 is	 the
treatment	of	choice,	whether	or	not	the	markers	are	elevated.

MANAGEMENT	OF	STAGE	II	DISEASE	WITH	HIGH	TUMOR	BURDEN	AND
STAGE	III	DISEASE
Patients	 with	 metastatic	 germ	 cell	 tumor	 and	 high	 tumor	 burden	 are	 curable,	 but	 they	 can	 be	 critically	 ill	 at
presentation.	The	chance	of	survival	improves	with	early	recognition	of	the	diagnosis	by	medical	providers,	often
on	clinical	grounds,	and	the	prompt	administration	of	chemotherapy.	Whenever	possible,	patients	with	stage	IIIC
NSGCT	should	be	treated	by	an	experienced	team	at	a	tertiary	care	center.96,100



Good	Prognosis
The	 IGCCCG	 risk	 classification	 identifies	 a	 good-prognosis	 subset	with	 overall	 survival	 of	 90%	 to	 95%	with
standard	 therapy.53	 These	 patients	 include	 most	 of	 those	 with	 metastatic	 seminoma,	 including	 mediastinal
seminoma,	 excluding	 only	 seminoma	 with	 nonpulmonary	 visceral	 metastasis,	 and	 NSGCT	 stages	 II	 and	 IIIA
(metastasis	confined	to	lymph	nodes	and	lungs	and	tumor	markers	below	the	intermediate-risk	[S2]	or	high-risk
[S3]	levels).101	For	good-prognosis	NSGCT,	three	courses	of	BEP	result	in	normalization	of	tumor	markers	for	the
majority	of	patients.75	Postchemotherapy	surgery	is	necessary	for	some	patients	with	NSGCT	who	have	a	residual
mass,	as	this	can	harbor	teratoma	or	other	viable	disease	(see	Fig.	72.6).102

An	 alternative	 to	 three	 courses	 of	 BEP,	 for	 the	 good-prognosis	 patients	 only,	 is	 EP	 given	 for	 four
courses.103–105	For	selected	patients,	 the	added	risk	of	CIN	and	other	complications	 from	a	fourth	course	of	EP
may	be	balanced	by	avoidance	of	the	pulmonary	toxicity	risk	of	bleomycin.	In	practice,	patients	with	seminoma
are	less	tolerant	of	bleomycin	because	of	older	age,	and	giving	four	courses	of	EP	is	a	reasonable	standard	for	the
majority	of	these	patients.

Intermediate	and	Poor	Prognosis
The	intermediate-prognosis	subset	(stage	IIIB)	accounts	for	25%	of	patients	with	metastatic	germ	cell	tumors	and
has	an	overall	survival	of	approximately	75%	with	standard	therapy.53	The	poor-prognosis	group	(stage	IIIC)	 is
exclusively	NSGCT,	accounts	for	15%	of	metastatic	germ	cell	 tumors,	and	has	5-year	progression-free	survival
rate	of	45%.	This	group	includes	any	patient	with	mediastinal	primary	NSGCT,	nonpulmonary	visceral	metastasis,
or	tumor	markers	in	the	S3	range.	BEP	for	four	courses	is	the	standard	primary	treatment	for	stage	IIIB	and	IIIC
germ	cell	tumors.106–108	Seminoma	patients	with	 intermediate	prognosis	are	unlikely	 to	 tolerate	bleomycin,	and
addition	of	ifosfamide	to	etoposide	and	cisplatin	(VIP)	is	a	reasonable	standard	for	these	patients.96	 In	NSGCT,
VIP	can	also	be	used	instead	of	BEP	if	there	is	an	increased	risk	of	bleomycin	lung	toxicity	because	of	respiratory
distress,	age	50	years	or	older,	smoking	or	other	chronic	respiratory	disease,	or	anticipated	major	thoracic	surgery.

Personalized	Strategy	Based	on	Tumor	Marker	Decline
Serum	tumor	markers	(AFP,	hCG)	virtually	always	decline	during	the	initial	two	to	three	cycles	of	chemotherapy.
Failure	 of	 either	 marker	 to	 normalize	 is	 a	 well-recognized	 feature	 of	 chemotherapy	 resistance.109	 The	 rate	 of
tumor	marker	decline	has	also	been	studied	as	a	predictor	of	poor	outcome.	For	patients	presenting	with	stage	IIIC
NSGCT,	it	 is	possible	to	identify	a	subgroup	of	approximately	25%	of	patients	who	will	do	comparatively	well
and	a	larger	group	of	approximately	75%	whose	outcome	with	standard	therapy	is	poor.110	This	observation	led	to
the	Groupe	D’étude	des	Tumeurs	Urogénitales	(GETUG)	13	phase	III	clinical	trial	 in	which	patients	with	stage
IIIC	NSGCT	 received	BEP	 in	 the	 first	 cycle;	 based	 on	 the	 tumor	marker	 decline	 in	 the	 first	 cycle,	 those	with
favorable	 decline	 remained	 on	 BEP	 (four	 courses	 total)	 and	 the	 rest	 were	 randomized	 (1:1)	 to	 BEP	 or	 an
intensified	regimen.	The	patients	with	unfavorable	marker	decline	had	superior	3-year	progression-free	survival	if
provided	the	intensified	regimen	(59%	versus	48%).111

Central	Nervous	System	Metastases
Patients	with	brain	metastasis	are	curable.112	Imaging	of	the	brain,	preferably	with	magnetic	resonance	imaging,	is
appropriate	 at	 baseline	 for	 stage	 II	 or	 III	 disease	 and	 should	 be	 considered	 mandatory	 for	 patients	 with	 a
significantly	elevated	β-hCG	given	the	concern	for	choriocarcinoma	syndrome.	The	initial	management	for	most
patients	with	asymptomatic	brain	metastases	is	with	systemic	chemotherapy.	Responses	tend	to	occur	swiftly	(Fig.
72.7),	but	there	is	a	risk	of	intracranial	hemorrhage.	The	risk	of	bleeding	can	be	minimized	by	modifying	the	first
cycle	 of	 chemotherapy	 (e.g.,	 EP	 given	 for	 3	 days).	 Tumors	 with	 active	 bleeding	 may	 require	 craniotomy.
Radiotherapy	 is	 useful	 for	 postchemotherapy	 consolidation	 of	 residual	 lesions	 in	 the	 brain.	 Gamma	 knife	 is
preferable	 to	 whole-brain	 radiotherapy	 in	 these	 patients	 with	 potentially	 long	 survival	 and	 risk	 of	 cognitive
impairment.
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Figure	72.7	Brain	metastasis	in	a	patient	with	testicular	nonseminomatous	germ	cell	tumor	and
clinical	features	of	choriocarcinoma	syndrome.	Magnetic	resonance	images	were	acquired	at

diagnosis	(A)	and	after	three	cycles	(B)	of	cisplatin-based	chemotherapy	(9	weeks)	using	modified
regimens	to	avoid	thrombocytopenia.

The	brain	is	a	potential	sanctuary	site.	This	can	manifest	as	a	solitary	recurrence	in	the	brain	shortly	after	the
completion	of	chemotherapy,	for	which	surgical	resection	may	be	curative.

Choriocarcinoma	Syndrome
Metastatic	choriocarcinoma	is	characterized	by	rapid	hematogenous	spread.30	It	usually	starts	as	a	component	of	a
mixed	testicular	NSGCT	but	can	then	proliferate	and	dominate	the	clinical	picture.30	Choriocarcinoma	syndrome
is	 recognizable	 by	 very	 high	 serum	 hCG	 levels	 in	 the	 range	 of	 105	 to	 106	 mIU/mL	 and	 occasionally	 over
1,000,000	 mIU/mL;	 a	 testicular	 mass	 (or	 mediastinal	 mass);	 diffuse	 lung	 metastases;	 involvement	 of
nonpulmonary	 viscera	 (brain,	 liver);	 tumor	 hemorrhage	 (hemoptysis,	 hemoperitoneum,	 intracranial	 bleed);	 and
hyperthyroidism.	The	hyperthyroidism	occurs	at	very	high	levels	of	hCG	because	hCG	has	structure	similarity	to
thyroid-stimulating	hormone.113,114

Patients	 with	 choriocarcinoma	 syndrome	 have	 a	 high	 rate	 of	 mortality	 caused	 by	 complications	 such	 as
hemorrhage	 or	 as	 a	 result	 of	 recurrent	 or	 refractory	 disease.	 At	 the	 time	 of	 diagnosis,	 however,	 the	 clinical
condition	rapidly	stabilizes	with	the	administration	of	chemotherapy.	It	is	not	recommended	to	use	bleomycin	for
the	 first	 course	 in	 most	 cases	 because	 of	 high-volume	 pulmonary	 metastases	 and	 the	 risk	 of	 pulmonary
hemorrhage.	To	avoid	destabilizing	the	patient,	EP	chemotherapy	can	be	shortened	to	3	days	for	the	first	course
only.	 For	 subsequent	 courses,	 EP	 is	 not	 sufficient	 for	 stage	 IIIC	 NSGCT,	 and	 either	 BEP	 or	 an	 ifosfamide-
containing	regimen	should	be	given.	Administration	of	a	β-blocker	during	the	first	course	alleviates	symptoms	of
hyperthyroidism	(hypertension,	tachycardia).

A	male	patient	with	testicular	mass	or	anterior	mediastinal	mass,	serum	hCG	greater	than	50,000	mIU/mL,	and
clinical	 picture	 of	 choriocarcinoma	 syndrome	 does	 not	 require	 orchiectomy	 or	 biopsy	 prior	 to	 the	 start	 of
treatment.	The	clinical	diagnosis	of	choriocarcinoma	should	be	recognized	and	treated	as	a	medical	emergency.
Immediate	chemotherapy	offers	the	best	chance	for	survival.	Resection	of	the	involved	testis	should	be	performed
between	cycles	when	the	patient	has	stabilized	or	at	the	time	of	RPLND.

Mediastinal	Nonseminomatous	Germ	Cell	Tumor
Extragonadal	germ	cell	tumors	are	the	result	of	arrested	migration	of	germ	cells	along	the	urogenital	ridge	during
embryogenesis.	 This	 aberrant	 germinal	 tissue	 is	 usually	 located	 along	 the	 craniocaudal	 axis	 in	 adult	 life,	 and
malignant	 transformation	can	occur	 in	both	women	and	men.	The	most	common	presentation	 is	 in	 the	anterior
mediastinum	of	an	adult	man.115	Patients	with	Klinefelter	syndrome	are	at	increased	risk	for	mediastinal	germ	cell
tumors.116,117

Mediastinal	 NSGCT	 is	 curable	 but	 at	 a	 lower	 rate	 than	 most	 testicular	 germ	 cell	 tumors.118	 The	 3-year



progression-free	 survival	 described	 in	 a	 modern	 therapy	 series	 was	 48%	 to	 54%.119–122	 The	 first-line
chemotherapy	is	the	same	as	for	other	stage	IIIC	germ	cell	tumors,	consisting	of	BEP	for	four	courses	for	patients
with	good	pulmonary	function	and	VIP	for	four	courses	for	those	who	are	unlikely	to	tolerate	bleomycin.	Some
authors	have	advocated	that	VIP	is	the	preferred	regimen	because	most	patients	will	undergo	postchemotherapy
thoracic	 surgery.123	 In	 a	 prospective	 multicenter	 study,	 however,	 66	 patients	 with	 mediastinal	 NSGCT	 were
treated	 with	 bleomycin-containing	 regimens,	 and	 excessive	 pulmonary	 complications	 were	 not	 seen.124
Mediastinal	primary	tumors	have	a	high	incidence	of	viable	germ	cell	malignancy,	teratoma,	and	transformation	to
somatic	malignancy	in	postchemotherapy	resections,	so	surgical	consolidation	is	essential.119,125

Management	of	Residual	Mass
Patients	with	 high	 tumor	 burden	 frequently	 have	 one	 or	more	 sites	 of	 residual	 disease	 after	 chemotherapy	 and
normalization	of	 tumor	markers.	The	management	of	 a	 residual	mass	 is	 critical	 to	 the	 curative	management	of
germ	cell	tumors.	There	are	different	treatment	considerations	based	on	the	setting	of	seminoma	or	NSGCT	and
the	size	of	the	lesion.

Residual	Nodal	Size	Less	Than	1	cm
For	either	seminoma	or	NSGCT,	a	radiographic	complete	response	does	not	require	consolidative	treatment.	The
size	criterion	for	absence	of	residual	mass	in	a	site	of	lymph	node	metastasis	is	a	transverse	dimension	less	than	1
cm	(on	CT	imaging).	There	is	a	potential	benefit	to	some	patients	with	NSGCT	from	the	surgical	consolidation	of
residual	 masses	 greater	 than	 0.5	 cm	 and	 less	 than	 1.0	 cm,	 based	 on	 the	 possibility	 of	 teratoma.81	 By	 some
estimates,	as	many	as	20%	of	nodes	less	than	0.5	cm	and	29%	of	nodes	less	than	1.0	cm	harbor	teratoma.	As	noted
previously,	however,	 the	 incidence	of	growing	 teratoma	syndrome	among	patients	observed	without	RPLND	is
lower	(1%	to	2%),	and	these	can	be	detected	on	follow-up	with	CT	imaging.	Most	are	treated	successfully,	and
RPLND	for	a	residual	mass	less	than	1	cm	is	the	exception	rather	than	the	rule.

Residual	Mass	Greater	Than	1	cm
A	 persistent	mass	 in	 a	 nodal	 site	 after	 chemotherapy	 is	 of	 concern	 for	 residual	 germ	 cell	malignancy	 in	 both
seminoma	and	NSGCT	and	for	teratoma	in	NSGCT.	The	same	applies	for	residual	masses	in	extranodal	organs.

For	NSGCT,	the	standard	management	of	a	residual	mass	greater	than	1	cm	in	the	retroperitoneum	is	a	bilateral
RPLND.102	Modified	 template	RPLND	is	not	appropriate	 in	 this	setting	because	 it	may	leave	behind	disease	 in
7%	to	32%	of	cases.	Robot-assisted	RPLND	is	an	option	for	some	patients,	resulting	in	less	short-term	morbidity
of	the	procedure	compared	to	an	open	RPLND.88	The	principal	long-term	morbidity	is	retrograde	ejaculation.126
After	the	standard	three	or	four	courses	of	BEP,	viable	germ	cell	malignancy	is	found	in	only	15%	of	specimens.
Forty	 percent	 contain	 teratoma,	 and	 45%	 contain	 only	 necrosis	 and	 fibrosis.	 There	 is	 no	 reliable	 method	 for
determining	preoperatively	whether	teratoma	is	present.	Twenty-five	percent	to	45%	of	patients	with	no	teratoma
in	the	primary	tumor	can	still	have	teratoma	in	a	residual	mass.	Biopsy	is	useless	for	ruling	out	the	presence	of
teratoma	because	of	sampling	error.	Complete	excision	is	the	standard	of	care.	For	the	minority	of	patients	with
viable	 germ	 cell	 malignancy	 (other	 than	 teratoma)	 in	 a	 residual	 mass,	 the	 standard	 treatment	 is	 postoperative
administration	of	two	additional	courses	of	chemotherapy.	Residual	teratoma	requires	no	further	therapy.

Seminoma
Unlike	NSGCT,	seminoma	does	not	produce	teratoma.	A	residual	mass	is	common	due	to	the	fibrotic	reaction	that
occurs	 in	 the	 treated	 lymph	nodes.	Surgery	 is	 technically	difficult	and	 in	most	cases	unnecessary.	Patients	with
very	high-volume	seminoma	or	residual	mass	greater	than	3	cm	can	suffer	relapse	from	residual	seminoma.	The
optimal	consolidation	for	 these	patients	 is	an	unsettled	question.	Patients	with	residual	mass	 less	 than	3	cm	can
remain	on	observation.	For	those	with	a	mass	greater	than	3	cm,	radiotherapy	is	one	means	to	reduce	the	risk	of
relapse.	An	overall	survival	benefit	from	postchemotherapy	radiation	has	not	been	demonstrated.	This	may	be	in
part	due	to	the	overall	high	survival	rate	for	seminoma	and	the	relatively	small	proportion	of	patients	at	risk	for
relapse	after	chemotherapy.	The	2017	NCCN	guidelines	recommend	surgery	(RPLND),	if	technically	feasible,	for
residual	mass	greater	than	3	cm	with	PET	positivity.

MANAGEMENT	OF	RECURRENT	DISEASE
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Patients	in	first	relapse	after	BEP	chemotherapy	can	be	successfully	salvaged	in	approximately	50%	of	cases.	The
relapse-free	 survival	 rate	with	HDCT	and	ASCT	 in	 one	 retrospective	 study	was	 60%	 (90	 of	 149	 patients	with
recurrent	or	refractory	NSGCT).	Whether	this	was	an	improvement	in	outcome	over	conventional	chemotherapy
or	a	reflection	of	patient	selection	is	unknown.	A	randomized	trial	(the	TIGER	study)	for	patients	in	first	relapse
receiving	 paclitaxel,	 ifosfamide,	 and	 cisplatin	 (TIP)	 for	 four	 courses	 versus	 HDCT-ASCT	 using	 the	 TI-CE
regimen	(paclitaxel	plus	 ifosfamide	followed	by	high-dose	carboplatin	plus	etoposide	with	stem	cell	support)	 is
currently	open	and	enrolling	patients	with	the	hope	of	addressing	this	remaining	question.

Conventional-Dose	Chemotherapy
Standard-dose	 regimens	 have	 resulted	 in	 a	 complete	 response	 rate	 of	 35%	 to	 70%	 in	 the	 second-line	 setting
without	 the	 use	 of	 HDCT-ASCT.	 The	 most	 effective	 regimens	 for	 first	 recurrence	 after	 BEP	 have	 been
combinations	with	 ifosfamide	 and	 cisplatin.127,128	 Examples	 are	 vinblastine,	 ifosfamide,	 and	 cisplatin	 and	TIP,
typically	given	for	four	courses	with	consolidation	surgery	(see	Table	72.5).129,130

High-Dose	Chemotherapy	and	Stem	Cell	Transplant
In	the	most	recent	series	from	patients	treated	at	Indiana	University	from	2004	to	2014,	364	patients	received	two
cycles	of	high-dose	carboplatin	plus	etoposide	(“tandem	transplant”).131	At	a	median	follow-up	of	3.3	years,	the	2-
year	 progression-free	 survival	 rate	was	 60%,	 and	 the	 2-year	 overall	 survival	 rate	was	 66%.	 This	 retrospective
review	 excluded	 mediastinal	 NSGCT,	 late	 relapses,	 and	 other	 nongonadal	 primary	 sites	 (unfavorable).	 In	 a
prospective	 trial	 from	the	Memorial	Sloan	Kettering	Cancer	Center	 (MSKCC),	81	patients	 received	one	 to	 two
cycles	 of	 paclitaxel	 plus	 ifosfamide	 followed	 by	 three	 cycles	 of	 high-dose	 carboplatin	 plus	 etoposide	 as	 first
salvage.132	At	a	median	of	5	years,	56%	of	patients	remained	free	of	disease.	This	study	excluded	patients	with	a
testicular	primary	tumor	who	either	had	a	prior	complete	response	to	first-line	chemotherapy	or	a	partial	response
with	negative	markers	but	included	patients	with	mediastinal	NSGCT,	late	relapse,	and	other	nongonadal	primary
sites.	A	recently	updated	prospective	trial	from	MD	Anderson	Cancer	Center	for	patients	with	platinum-refractory
or	high-risk	criteria	per	the	Beyer	score	found	significant	activity	of	a	novel	HDCT	regimen	using	gemcitabine,
docetaxel,	 melphalan,	 and	 carboplatin	 in	 the	 first	 HDCT	 followed	 by	 ifosfamide,	 carboplatin,	 and	 etoposide
during	second	HDCT,	which	will	need	to	be	evaluated	in	future	randomized	clinical	trials.133

Second	and	Subsequent	Relapse
Patients	 with	 recurrence	 after	 conventional	 second-line	 chemotherapy	 such	 as	 vinblastine,	 ifosfamide,	 and
cisplatin	 or	 TIP	 can	 be	 considered	 for	HDCT-ASCT.131	 Compared	 to	 patients	 in	 first	 relapse,	 however,	 these
patients	have	more	chemotherapy	sequelae	such	as	CIN,	 renal	 insufficiency,	and	decreased	performance	status,
leading	to	a	high	complication	rate	and	mortality	from	HDCT-ASCT.	Conventional	chemotherapy	after	second-
line	treatment	or	HDCT-ASCT	is	usually	palliative.	Regimens	endorsed	by	NCCN	guidelines	include	gemcitabine
and	oxaliplatin;	gemcitabine	and	paclitaxel;	gemcitabine,	oxaliplatin,	and	paclitaxel;	and	oral	etoposide.134–137

Molecular	targeted	therapies	do	not	yet	have	an	established	role	in	the	treatment	of	germ	cell	tumors.	There	are
two	published	studies	of	 sunitinib	 in	 relapsed	or	 refractory	germ	cell	 tumors.138,139	A	 study	 from	 the	Canadian
Urologic	 Oncology	 Group	 and	 the	 German	 Testicular	 Cancer	 Study	 Group	 found	 three	 confirmed	 and	 one
unconfirmed	partial	 response	 (13%)	among	32	patients	with	 refractory	germ	cell	 tumors	 treated	with	 sunitinib.
Another	study	from	MSKCC	found	no	responses	among	10	men	with	highly	refractory	germ	cell	tumors	treated
with	sunitinib,	although	4	patients	had	some	decline	 in	serum	tumor	markers.	An	 inhibitor	of	cyclin-dependent
kinase	 4/6	 showed	 activity	 in	 patients	 with	 unresectable	 teratoma,	 leading	 to	 clinical	 trials.140	 Patients	 with
chemotherapy-refractory	germ	cell	tumors	should	be	encouraged	to	participate	in	clinical	trials.

Defining	the	immune	landscape	has	been	of	increasing	interest	in	germ	cell	 tumors	given	the	introduction	of
immune	 checkpoint	 therapy	 to	 the	 cancer	 treatment	 armamentarium	 across	 a	 broad	 range	 of	 liquid	 and	 solid
tumors.	 In	 a	 series	of	 140	patients	with	 testicular	 germ	cell	 tumors,	 including	both	 stage	 I	 and	 advanced-stage
disease,	 programmed	 cell	 death	 protein	 ligand	 1	 (PD-L1)	 expression	 detected	 by	 immunohistochemistry	 was
evaluated	 in	 orchiectomy	 specimens.141	 The	 majority	 of	 patients	 with	 both	 seminoma	 and	 NSGCT	 had
significantly	 increased	 expression	 as	 compared	 to	 normal	 testicular	 tissue,	 and	 patients	 with	 higher	 levels	 of
expression	had	a	worse	outcome	as	compared	to	patients	with	lower	levels	using	the	study’s	cut	point.	In	a	series
from	Vanderbilt	University,	the	investigators	evaluated	35	patients	with	germ	cell	tumors,	11	of	these	patients	had



seminoma	and	24	had	nonseminoma,	including	a	mixture	of	stage	I	to	III	disease.	Using	multiplexed	fluorescence
immunochemistry	and	gene	expression	analysis,	 the	researchers	found	seminoma	to	have	higher	rates	of	PD-L1
expression	and	programmed	cell	death	protein	1	(PD-1)	and	PD-L1	interaction	compared	to	nonseminoma	and	a
trend	toward	increased	T	regulatory	populations	in	higher	stage	disease.142	The	initial	clinical	experience	with	the
anti–PD-1	agent	pembrolizumab	was	disappointing,	with	0	of	10	patients	 responding	 in	 the	platinum-refractory
setting.143

Surgery	After	Salvage	Chemotherapy
Residual	lesions	that	persist	after	chemotherapy	should	be	resected	whenever	feasible.	There	is	often	viable	tumor
in	the	setting	of	recurrent	or	refractory	disease,	even	when	tumor	markers	have	normalized	on	chemotherapy.144
When	 tumor	 markers	 decline	 to	 a	 plateau	 but	 do	 not	 normalize,	 surgery	 to	 remove	 all	 viable	 disease	 is	 a
consideration.	Surgical	salvage	is	successful	in	approximately	20%	of	patients.145,146	Patients	with	elevated	AFP
and	 normal	 hCG	 have	 better	 prognosis	 with	 surgery	 than	 patients	 with	 elevated	 or	 increasing	 hCG.	Adjuvant
chemotherapy	 is	 not	 known	 to	 improve	 the	 outcome	 when	 surgery	 reveals	 viable	 germ	 cell	 malignancy	 after
salvage	chemotherapy.

Late	Recurrence	Nonseminomatous	Germ	Cell	Tumor
Most	NSGCT	recurrences	after	chemotherapy	are	seen	within	2	 to	3	years.	Only	approximately	2%	of	patients
experience	a	relapse	after	2	years.	These	late	recurrences	appear	to	be	less	sensitive	to	subsequent	chemotherapy
than	 the	 earlier	 recurrences.147,148	 Surgery	 can	 be	 curative	 in	 cases	 that	 are	 slowly	 growing	 and	 anatomically
resectable.	 Treatment	 must	 be	 individualized.	 Although	 late	 recurrences	 are	 less	 chemosensitive	 as	 a	 group,
complete	responses	have	been	described.	Surgery	should	always	be	considered	and	integrated	as	a	component	of
the	overall	treatment	plan.

TREATMENT	SEQUELAE
Both	chemotherapy	and	radiotherapy	have	long-term	adverse	effects	on	testicular	cancer	survivors.2,69,70,95	With
posttreatment	 life	 expectancy	 of	 40	 years	 or	 more,	 the	 morbidity	 attributable	 to	 chronic	 and	 late	 effects	 of
treatment	can	exceed	that	of	the	cancer	itself.

Cardiovascular	Effects
One	of	the	most	significant	delayed	effects	of	chemotherapy	is	an	increased	risk	of	cardiovascular	disease.95	The
risk	of	suffering	a	cardiac	event	is	two-	to	sevenfold	higher	in	testicular	cancer	survivors	who	received	cisplatin-
based	 chemotherapy	 than	 the	 general	 population.149,150	Other	 risk	 factors	 such	 as	 hyperlipidemia,	 obesity,	 and
hypertension	 (metabolic	 syndrome)	 are	 also	more	 common	 among	 testicular	 cancer	 survivors.	 The	 health	 and
longevity	 of	 testicular	 cancer	 survivors	 can	 be	 maximized	 through	 early	 treatment	 of	 hypertension	 and
hyperlipidemia	and	by	interventions	such	as	diet,	exercise,	and	tobacco	cessation.	A	recent	randomized	phase	II
study	 using	 a	 supervised	 high-intensity	 aerobic	 interval	 training	 program	 compared	 to	 usual	 care	 in	 germ	 cell
tumor	 survivors	 found	 12	 weeks	 of	 this	 intensive	 exercise	 to	 correlate	 with	 improvement	 across	 a	 variety	 of
parameters	that	have	been	used	previously	to	correlate	positively	with	cardiac	health.151	Although	the	long-term
benefits	of	such	a	program	are	unknown,	reducing	the	emergence	of	metabolic	syndrome	in	the	patient	population
appears	to	be	clearly	advantageous.

Chemotherapy-Induced	Neurotoxicity
Peripheral	neurotoxicity	is	a	common	adverse	effect	of	cisplatin.	Approximately	20%	to	40%	of	patients	treated
with	neurotoxic	chemotherapy	drugs	develop	CIN,	which	can	cause	painful	and	permanent	sensory	disturbance.
Drug	therapy	for	CIN	is	only	partially	effective	in	relieving	symptoms.152	The	mechanisms	of	CIN	are	not	well
understood	and	appear	to	include	damage	to	neuronal	cell	bodies	in	dorsal	root	ganglia.153	Circulating	platinum
levels	 remain	elevated	 for	many	years	after	chemotherapy,	and	 it	 is	not	known	whether	 this	also	contributes	 to
long-term	morbidity.154	The	severity	of	CIN	is	influenced	by	the	cumulative	dose	of	cisplatin,	exposure	to	other
neurotoxic	drugs	(e.g.,	paclitaxel),	and	other	medical	conditions	such	as	diabetes.
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Hypogonadism	and	Infertility
Chemotherapy	 can	 damage	 the	 germinal	 epithelium	 and	 increase	 the	 risk	 of	 abnormal	 sperm	 morphology,
motility,	and	number.	Oligospermia	has	been	associated	with	prior	radiotherapy	for	seminoma,	presumably	due	to
scatter	radiation	to	the	contralateral	testis.	It	is	also	recognized	that	at	the	time	of	diagnosis,	the	percentage	of	men
with	 germ	 cell	 tumor	who	 are	 subfertile	 or	 infertile	 is	 greater	 than	 the	 general	male	 population.	 Thus,	 sperm
banking	 should	 be	 offered	 to	 all	 patients	 undergoing	 chemotherapy	or	 radiotherapy	 and	 to	 patients	 undergoing
RPLND	because	they	are	at	risk	for	retrograde	ejaculation.

The	 risk	 of	 infertility	 from	 treatment	 is	 proportional	 to	 the	 type	 and	 duration	 of	 treatment.	 In	 a	 study	 of
paternity	 following	 treatment,	 71%	 of	 unselected	 testicular	 cancer	 survivors	 were	 successful	 at	 15	 years.	 For
treatment	 subgroups,	 successful	 paternity	 rates	 were	 81%	 with	 surveillance,	 77%	 after	 RPLND,	 65%	 after
radiotherapy,	 62%	 after	 chemotherapy,	 and	 38%	 after	 high-dose	 salvage	 chemotherapy.	 The	 risk	 to	 patients
receiving	fewer	than	four	cycles	of	chemotherapy	has	not	been	studied,	particularly	in	the	adjuvant	setting	(one	or
two	cycles)	or	with	carboplatin	 in	 the	setting	of	seminoma.	Although	the	risk	of	 infertility	may	be	 lower	 in	 the
adjuvant	 setting,	 these	 patients	 should	 receive	 fertility	 counseling	 and	 an	 opportunity	 for	 cryopreservation	 of
semen.

Hypogonadism	or	low	testosterone	is	also	a	common	finding.	Testicular	dysfunction	is	more	common	among
testicular	 cancer	 survivors	 than	 the	 general	 male	 population.	 Persistent	 low	 testosterone	 in	 a	 patient	 who	 has
completed	 therapy	 is	 an	 indication	 of	 a	 functional	 deficit	 in	 the	 contralateral	 testis.	 Testosterone	 replacement
therapy	can	prevent	complications	such	as	weight	gain,	gynecomastia,	erectile	dysfunction,	loss	of	libido,	fatigue,
depression,	and	osteoporosis.

Ototoxicity
Cisplatin	can	result	 in	permanent,	bilateral	sensorineural	hearing	loss	 in	19%	to	77%	of	patients	and	tinnitus	 in
19%	to	42%	of	patients.155	The	incidence	and	severity	of	ototoxicity	are	related	to	the	cumulative	dose	and	dose
intensity	of	cisplatin.156	The	mechanism	is	thought	to	be	through	overproduction	of	reactive	oxygen	species	in	the
cochlea,	causing	irreversible	free	radical–related	apoptosis	of	outer	hair	cells,	spiral	ganglion	cells,	and	the	stria
vascularis.155	There	may	be	genetic	underpinnings	to	the	susceptibility	to	ototoxicity	from	chemotherapy.	There	is
no	effective	method	for	treating	or	preventing	cisplatin-induced	ototoxicity.157

Psychosocial	Functioning
There	are	potential	short-	and	long-term	psychological	consequences	in	the	posttreatment	period.158	Anxiety	and
depression	are	common	in	the	first	6	months,	whereas	most	patients	are	well	adjusted	by	1	year.	Certain	patients
(10%	to	30%)	continue	to	suffer	moderate	to	severe	nervousness,	anxiety,	or	depression.	Patients	who	have	sexual
difficulties,	are	unemployed,	or	have	financial	difficulties	appear	to	be	at	greatest	risk.	Strain	in	relationships	can
be	due	to	a	perception	of	sexual	dysfunction,	although	some	studies	suggest	that	in	married	couples,	the	patient	is
more	concerned	than	the	spouse,	and	divorce	rates	are	no	higher	than	the	general	population.159

Second	Malignant	Neoplasms
Both	 radiotherapy	and	chemotherapy	 increase	 the	 risk	of	SMN	later	 in	 life.	Second	malignancies	can	occur	20
years	after	treatment	or	later.	An	exception	is	acute	leukemia,	which	occurs	2	to	4	years	after	chemotherapy.	The
risk	of	treatment-related	leukemia	is	proportional	to	the	cumulative	dose	of	etoposide	and	is	estimated	to	be	less
than	0.5%	for	two	courses	(1,000	mg/m2),	less	than	1%	for	three	to	four	courses	(1,500	to	2,000	mg/m2),	and	as
high	as	6%	for	cumulative	etoposide	doses	greater	than	3,000	mg/m2.	Chromosomal	translocations	involving	11q
are	characteristic	of	etoposide-related	acute	leukemia.160

Acute	 leukemia	 is	 also	 seen	 in	 a	 small	 percentage	 of	 patients	 with	 mediastinal	 NSGCT.	 Although
chemotherapy	 may	 be	 a	 contributing	 factor,	 the	 leukemia	 associated	 with	 mediastinal	 primary	 tumors	 has	 a
separate	 etiology.	Megakaryocytic	 leukemia	 has	 been	 described	 and	 may	 be	 more	 common	 in	 this	 setting.161
Studies	have	identified	the	clonal	marker	i(12p)	in	leukemic	cells,	indicating	that	they	are	clonally	descended	from
the	primary	germ	cell	tumor.162,163	One	hypothesis	is	that	yolk	sac	tumor	(a	common	histology	among	mediastinal
germ	 cell	 tumors)	 retains	 the	 pluripotency	 of	 the	 normal	 yolk	 sac,	 which	 functions	 as	 a	 hematopoietic	 organ
during	embryogenesis.164	This	association	has	not	been	described	in	yolk	sac	tumor	of	testicular	origin.

Second	 primary	 germ	 cell	 tumor	 of	 the	 contralateral	 testicle	 occurs	 in	 approximately	 2%	 of	 survivors	 and



occasionally	 as	 a	 synchronous	 (bilateral)	 presentation.	 The	 risk	 of	 second	 germ	 cell	 tumor	 is	 present	 over	 the
lifetime	 of	 the	 individual,	 making	 it	 especially	 important	 that	 the	 patient	 is	 counseled	 to	 report	 any	 testicular
symptoms	and	that	long	term	follow-up	includes	surveillance	of	the	contralateral	testicle.	Prophylactic	radiation	of
the	contralateral	testicle	has	been	promoted	in	Europe	as	a	means	to	reduce	the	risk,	whereas	surveillance	alone	is
standard	 in	 the	 United	 States.	 Although	 adjuvant	 carboplatin	 for	 stage	 I	 seminoma	 appeared	 to	 reduce	 the
incidence	 of	 second	 primary	 tumors,	 longer	 follow-up	 is	 needed	 to	 determine	whether	 it	 is	merely	 a	 delay	 in
clinical	presentation.64

LONG-TERM	FOLLOW-UP
The	mandatory	duration	of	follow-up	for	detection	and	management	of	recurrence	of	germ	cell	tumors	is	5	years
for	NSGCT	and	10	years	for	seminoma.	There	is	wide	consensus,	however,	that	testicular	cancer	survivors	should
have	 lifelong	 follow-up,	 whether	 it	 is	 at	 the	 primary	 treatment	 center	 or	 with	 a	 general	 internist	 who	 is
knowledgeable	 about	 survivorship	 issues.	 Long-term	 follow-up	 is	 necessary	 for	 detection	 of	 late	 recurrences,
second	testicular	primaries,	and	SMN.	Survivors	require	management	of	cardiovascular	effects	and	symptoms	of
neurotoxicity.	Special	 care	may	be	 required	 for	maintenance	of	 sexual	health,	 fertility	 issues,	 and	psychosocial
functioning.

MIDLINE	TUMORS	OF	UNCERTAIN	HISTOGENESIS
Tumors	of	unknown	primary	site	 in	young	patients	occasionally	 respond	well	 to	cisplatin-based	chemotherapy.
This	can	be	the	presentation	of	an	extragonadal	germ	cell	tumor.	The	diagnosis	should	be	considered	in	relatively
young	patients	 in	whom	 the	 tumor	has	predominantly	midline	distribution	 and	histologic	 appearance	of	 poorly
differentiated	carcinoma.	Serum	tumor	markers	may	or	may	not	be	elevated.	Molecular	cytogenetic	analysis	for
12p	genetic	content	can	help	 to	confirm	 the	diagnosis	but	 is	often	 inconclusive.	 Immunohistochemical	markers
SALL4,	OCT3/4,	CD117,	SOX2,	CD30,	and	low-molecular-weight	keratins	can	also	facilitate	the	diagnosis.

OTHER	TESTICULAR	TUMORS
Sex	Cord/Gonadal	Stromal	Tumors

Leydig	and	Sertoli	Cell	Tumors
The	most	common	sex	cord	stromal	 tumors	 in	men	are	Leydig	cell	and	Sertoli	cell	 tumors	 (Table	72.6).	 These
tumors	 are	 occasionally	metastatic,	 but	 the	majority	 are	 benign.	 Treatment	 is	 radical	 orchiectomy.	 The	 risk	 of
metastasis	 has	 been	 associated	 with	 vascular	 invasion,	 cellular	 atypia,	 tumor	 necrosis,	 infiltrative	 margins,
increased	mitotic	rate,	tumor	size	greater	than	5	cm,	older	age	at	presentation,	increased	proliferation	index,	and
aneuploidy.	The	pattern	of	metastasis	is	initially	to	the	retroperitoneal	lymph	nodes.23,165,166

TABLE	72.6
World	Health	Organization	Histologic	Classification	of	Testicular	Sex	Cord/Gonadal	Stromal
Tumors

Leydig	cell	tumor
Malignant	Leydig	cell	tumor
Sertoli	cell	tumor

Sertoli	cell	tumor	lipid-rich	variant
Sclerosing	Sertoli	cell	tumor
Large-cell	calcifying	Sertoli	cell	tumor

Malignant	Sertoli	cell	tumor
Granulosa	cell	tumor

Adult-type	granulosa	cell	tumor
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Juvenile-type	granulosa	cell	tumor

Tumors	of	the	thecoma/fibroma	group
Thecoma
Fibroma

Sex	cord/gonadal	stromal	tumor:	incompletely	differentiated
Sex	cord/gonadal	stromal	tumors,	mixed	forms
Malignant	sex	cord/gonadal	stromal	tumors
Tumors	containing	both	germ	cell	and	sex	cord/gonadal	stromal	elements

Gonadoblastoma
Germ	cell–sex	cord/gonadal	stromal	tumor,	unclassified

From	Eble	JN,	Sauter	G,	Epstein	JI,	et	al.,	eds.	World	Health	Organization	Classification	of	Tumours.	Pathology	and	Genetics	of
Tumours	of	the	Urinary	System	and	Male	Genital	Organs.	Lyon,	France:	IARC	Press;	2004.

Leydig	and	Sertoli	cell	tumors	are	associated	with	steroid	hormone	hypersecretion.	Sertoli	cell	tumors	may	be
accompanied	 by	 precocious	 puberty	 in	 boys.	 Patients	with	 Leydig	 cell	 tumors	may	 have	 decreased	 libido	 and
gynecomastia	or	virilization	in	prepubertal	boys.

Chemotherapy	and	radiotherapy	are	not	known	to	be	effective	for	metastatic	sex	cord	stromal	tumors.	There
are	 several	 reports	 of	 treatment	 with	 mitotane,	 which	 was	 used	 because	 it	 is	 known	 to	 be	 effective	 in
adrenocortical	carcinoma,	another	steroid-producing	tumor.	Reported	results	with	mitotane	treatment	of	metastatic
sex	cord	stromal	tumors	have	been	mixed,	but	it	can	be	considered,	especially	for	functional	tumors	with	symptom
of	steroid	hormone	excess.

Granulosa	Cell	Tumors
Granulosa	cell	tumors	of	the	testicle	are	rare.167	They	resemble	granulosa	cell	tumors	of	the	ovary.	Tumors	secrete
estrogen,	 and	 patients	 may	 present	 with	 gynecomastia.	 Treatment	 is	 radical	 orchiectomy,	 which	 is	 usually
curative.	Granulosa	cell	tumor	(juvenile	type)	is	the	most	common	testicular	neoplasm	in	neonates.

Gonadoblastoma
Gonadoblastoma	 contains	 both	 germ	 cell	 and	 sex	 cord	 stromal	 elements.23	 It	 is	 associated	 with	 testicular
dysgenesis	and	karyotypic	anomalies.	 It	has	potential	 for	metastasis	of	 the	germ	cell	component	of	 the	primary
tumor.

Mesothelioma
Mesothelioma	of	the	tunica	vaginalis	can	invade	the	testis	and	spermatic	cord.168	Treatment	is	radical	orchiectomy
with	 complete	 excision	of	 the	 spermatic	 cord	 and	hemiscrotum.	RPLND	should	be	 considered	 in	patients	with
LVI	or	invasion	of	the	testicular	parenchyma.

Adenocarcinoma	of	the	Rete	Testis
Adenocarcinoma	of	the	rete	testis	has	a	poor	prognosis.169	It	is	not	responsive	to	radiotherapy	or	chemotherapy.
Treatment	 is	 radical	orchiectomy,	and	30%	to	50%	of	patients	die	within	1	year	of	metastatic	disease.	RPLND
should	be	considered	for	selected	patients	and	may	be	curative	for	low-volume	metastatic	disease.

Epidermoid	Cyst
Epidermoid	cyst	is	often	asymptomatic.170	On	palpation,	it	is	firm	and	sharply	demarcated,	and	it	appears	cystic
on	ultrasound.	It	is	of	uncertain	relation	to	germ	cell	tumors	and	is	not	associated	with	ITGCN.	Histologically,	the
cyst	 is	 lined	with	squamous	epithelium	and	 the	adjacent	 testicular	parenchyma	is	benign.	The	clinical	course	 is
benign.	Treatment	with	enucleation	of	the	tumor	or	radical	orchiectomy	is	curative.

Lymphoma
Lymphoma	 presents	 as	 painless	 enlargement	 of	 the	 testicle	 and	 may	 be	 bilateral.23	 It	 is	 the	 most	 common
secondary	malignancy	 of	 the	 testis	 in	men	 older	 than	 50	 years.	 It	 typically	 occurs	 in	 the	 setting	 of	 advanced
systemic	disease,	often	accompanied	by	central	nervous	system	or	bone	marrow	involvement.



Metastatic	Carcinoma
Metastatic	carcinoma	is	rarely	confused	with	primary	testicular	cancer.	It	occurs	most	commonly	in	the	setting	of
advanced	disseminated	disease.	Treatment	is	determined	by	the	type	of	primary	tumor.
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INTRODUCTION
Gynecologic	cancer	research	has	mirrored	all	cancer	research	programs	in	that	it	has	focused	largely	on	molecular
defects	 in	oncogenes,	 tumor	suppressor	genes,	and	DNA	repair	mechanisms.	Several	 research	groups	have	also
channeled	 their	 resources	 into	 various	 carcinogenic	 phenomena	 such	 as	 apoptotic	 pathway	 defects,	 growth
signaling,	 angiogenesis,	 tissue	 invasion,	 or	metastasis.	 These	 efforts	 have	 led	 to	 a	 broad	 understanding	 of	 the
chromosomal	and	molecular	abnormalities	 that	underlie	malignancies	of	 the	female	genital	 tract	 (vulva,	vagina,
cervix,	uterus,	ovaries,	and	fallopian	tubes).	It	is	clear	that	an	improvement	in	outcome	of	these	malignancies	can
only	be	achieved	if	(1)	early	diagnosis	is	achieved,	(2)	there	is	accurate	prediction	of	progression	and	response,
and	(3)	new	treatment	options	reflecting	the	molecular	pathogenesis	and	progression	are	developed.	This	requires
detailed	 disease-specific	 understanding	 of	 the	 diverse	 molecular	 changes	 in	 gynecologic	 malignancies	 that
ultimately	 lead	 cells	 to	 develop	 the	 following	 hallmarks	 of	 cancer:	 abnormalities	 in	 self-sufficiency	 of	 growth
signals,	 evasion	 of	 apoptosis,	 insensitivity	 to	 antigrowth	 signals,	 limitless	 replicative	 potential,	 sustained
angiogenesis,	and	tissue	invasion	and	metastases.	Moreover,	preclinical	and	clinical	evidence	now	convincingly
supports	 the	 concept	 of	 immune	 recognition	 of	 cancers.	 This	 concept	 is	 supported	 by	 several	 studies	 in
gynecologic	 cancers	 and	 has	 opened	 new	 avenues	 for	 the	 development	 of	 novel	 biomarkers	 and	 therapeutic
targets.	 It	 is	 the	 purpose	 of	 this	 chapter	 to	 highlight	 and	 summarize	 some	 of	 the	 recent	 basic	 findings	 in
gynecologic	malignancies,	with	an	emphasis	on	clinically	applicable	developments.

OVARIAN	CANCER
Origins	of	Epithelial	Ovarian	Cancer
Until	recently,	epithelial	ovarian	cancer	(EOC)	was	thought	to	arise	primarily	from	the	ovarian	surface	epithelium
(OSE),	with	a	subset	 likely	originating	 in	 the	adjacent	 fimbria.1,2	The	OSE	forms	a	monolayer	 surrounding	 the
ovary	 but	 is	 composed	 of	 relatively	 few	 cuboidal	 cells	 (107	 cells	 per	 ovary	 or	 0.05%	 of	 the	 entire	 organ).
Developmentally,	it	derives	from	the	celomic	epithelium,	which	also	gives	rise	to	the	peritoneal	mesothelium	and
oviductal	 epithelium.3	 The	 OSE	 appears	 generally	 stable,	 uniform,	 and	 quiescent,	 although	 it	 can	 undergo
proliferation	in	vivo.4

In	 other	 organs,	 such	 as	 colon,	 distinct	 premalignant	 lesions	 have	 been	 identified	 and	 found	 to	 accumulate
genetic	defects	that	ultimately	result	in	malignancy.	However,	the	search	to	identify	similar	epithelial	precursors
in	the	human	ovary	has	proven	only	partially	fruitful,	in	large	part	because	normal	ovaries	are	only	rarely	biopsied
or	examined.	Histologic	findings	consistent	with	a	preinvasive	lesion	for	ovarian	cancer	have	been	described	by	a
number	of	studies	where	ovaries	were	removed	from	women	who	eventually	developed	peritoneal	carcinomas,	in
ovaries	 from	 high-risk	 women	 who	 were	 undergoing	 prophylactic	 oophorectomy,	 and	 in	 areas	 of	 ovarian
epithelium	adjacent	to	early-stage	ovarian	cancers	that	demonstrated	a	transition	from	normal	to	malignant	cells.5
Surprisingly,	 occult	 noninvasive	 and	 invasive	 carcinomas	 in	 the	 fallopian	 tubes,	 typically	 in	 the	 fimbria,	 have
been	 discovered	 in	 women	 undergoing	 prophylactic	 salpingo-oophorectomies	 because	 of	 a	 family	 history	 or
germline	mutations	of	BRCA1	and	BRCA2.6	This	 led	to	the	hypothesis	 that	 these	occult	 tubal	carcinomas	might
shed	malignant	cells,	which	then	implant	and	grow	on	the	ovary,	simulating	primary	ovarian	cancer.	Moreover,
gene	 expression	 studies	 have	 demonstrated	 that	 the	 expression	 profiles	 of	 ovarian	 high-grade	 serous	 cancers
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(HGSOC)	more	closely	resembled	fallopian	tube	epithelium	(FTE)	than	the	OSE.7	Because	the	tubal	carcinomas
were	 associated	with	 serous	 and	 not	 endometrioid,	 clear	 cell,	 or	mucinous	 carcinomas	 (MCs),	 the	 noninvasive
tubal	carcinomas	have	been	designated	serous	tubal	intraepithelial	carcinomas	(STICs).

The	new	paradigm	for	the	pathogenesis	of	ovarian	serous	cancer	based	on	a	dualistic	model	and	the	recognition
that	 the	majority	of	 these	 tumors	originate	outside	 the	ovary	 facilitate	 the	development	of	novel	 approaches	 to
prevention,	screening,	and	treatment.	The	low-grade	serous	tumors	(type	I)	are	generally	indolent;	present	in	stage
I	 (tumor	 confined	 to	 the	 ovary);	 develop	 from	 well-established	 precursors;	 and	 are	 characterized	 by	 specific
mutations,	 including	 KRAS,	 BRAF,	 and	 ERBB2,	 but	 rarely	 TP53.	 They	 are	 relatively	 genetically	 stable.	 In
contrast,	HGSOCs	(type	II)	are	aggressive,	present	in	advanced	stage,	and	develop	from	STICs.	They	have	a	very
high	 frequency	 of	 TP53	 mutations	 but	 rarely	 harbor	 the	 mutations	 detected	 in	 the	 low-grade	 serous	 tumors.
Although	 low-grade	serous	carcinoma	(LGSC)	and	HGSOCs	develop	along	different	molecular	pathways,	both
types	 may	 develop	 from	 FTE	 and	 secondarily	 involve	 the	 ovary.8	 Currently,	 the	 major	 subtypes	 of	 ovarian
carcinomas	include	HGSOC,	endometrioid	carcinoma	(EC),	clear	cell	carcinoma	(CCC),	LGSC,	and	MC.	More
recently,	four	molecular	subtypes	(mesenchymal,	immune,	differentiated,	and	proliferative)	have	been	identified
in	 HGSOC	 and	 validated	 by	 gene	 expression	 profiling,9,10	 and	 these	 are	 associated	 with	 differential	 clinical
outcomes.

Molecular	Pathways	to	Ovarian	Cancer

Inherited	Syndromes	of	Ovarian	Cancers
A	family	history	of	disease	is	the	most	significant	known	risk	factor	for	EOC.	There	is	a	threefold	increased	risk
of	developing	 the	disease	 for	an	 individual	with	a	 first-degree	 relative	affected	with	ovarian	cancer.11	 Inherited
EOC	most	often	occurs	in	families	with	both	ovarian	and	breast	cancer	cases	or	in	families	with	multiple	ovarian
cancer	cases.	Inherited	ovarian	cancer	is	also	part	of	Lynch	syndrome	or	hereditary	nonpolyposis	colorectal	cancer
(HNPCC),	which	is	found	in	families	with	multiple	cases	of	colon	cancer.	It	is	estimated	that	5%	to	10%	of	EOC
cases	are	due	to	these	familial	syndromes.12

Linkage	analysis	of	familial	breast	and	ovarian	cancers	provided	some	of	the	first	insights	into	the	molecular
basis	of	ovarian	cancer,	ultimately	 leading	 to	 identification	of	 the	 tumor	 suppressor	genes	BRCA1	 and	BRCA2,
both	of	which	are	associated	with	significantly	increased	incidence	of	ovarian	cancer.13,14	Both	proteins	function
in	 the	double-strand	DNA	break	 repair	 pathway	but	 have	 additional	 functions:	BRCA1	 functions	 in	 checkpoint
activation	and	DNA	repair,	whereas	BRCA2	is	a	mediator	of	homologous	recombination	(HR).	A	high	frequency
of	 large	 genomic	 rearrangements	 (LGR)	 has	 been	 identified	 in	 both	 the	BRCA1	 and	 the	BRCA2	 genes.15	 The
frequency	of	BRCA1	and	BRCA2	mutations	 in	 the	general	population	 is	estimated	 to	be	1	 in	800	and	1	 in	500,
respectively,11	whereas	population-based	ovarian	cancer	studies	have	revealed	that	the	frequency	of	BRCA1	and
BRCA2	mutations	was	3%	to	10%	and	0.6%	to	6%,	respectively.12	Hundreds	of	mutations	in	BRCA1	have	now
been	 identified,	 most	 commonly	 loss-of-function,	 nonsense,	 or	 frameshift	 mutations.	 Two	 specific	 mutations,
185delAG	and	5382insC,	 are	 found	 in	1%	and	0.1%	of	Ashkenazi	 Jewish	women.	Mutation	of	BRCA1	within
nucleotides	 2402	 to	 4190	 carries	 a	 high	 risk	 of	 ovarian	 cancer	 (and	 lower	 risk	 of	 breast	 cancer).	 Any
understanding	of	the	role	of	BRCA1	in	ovarian	cancer	is	further	complicated	by	reports	of	women	with	high-risk
mutations	in	BRCA1	who	fail	to	develop	ovarian	cancer.	These	observations	speak	clearly	to	the	role	of	genetic
modifiers	in	determining	whether	BRCA1	or	BRCA2	mutations	ultimately	lead	to	malignancy.	For	example,	CAG
repeat	polymorphism	in	the	androgen	receptor	has	been	shown	to	modify	the	subsequent	risk	of	ovarian	cancer	in
women	with	known	mutations	in	BRCA1.

High-penetrance	mutations	of	BRCA1	 and	BRCA2	 account	 for	 approximately	 40%	 of	 ovarian	 cancer	 risk.16
The	 remaining	 risk	 is	due	 to	very	 rare	high-risk	genes,	very	 few	moderate-risk	genes,	 and/or	multiple	 low-risk
genes.	 Investigation	 by	 the	 Ovarian	 Cancer	 Association	 Consortium	 (OCAC)	 has	 identified	 single	 nucleotide
polymorphisms	(SNPs)	in	an	additional	six	loci	associated	with	risk	of	ovarian	cancer:	2q31,	3q25,	8q24,	9p22.2,
17q21,	and	19p13.1	(reviewed	in	Ramus11).	Mutations	have	been	identified	in	four	genes	in	the	Fanconi-BRCA
pathway	(RAD51C,	RAD51D,	BRIP1,	and	PALB2).	Mutations	in	the	RAD51C	and	RAD51D	genes	were	found	in
approximately	1%	of	breast	and	ovarian	cancer	families.	The	relative	risk	of	ovarian	cancer	in	RAD51D	carriers
was	6.3	(95%	confidence	interval	[CI],	2.9	to	13.9).	Mutations	in	PALB2	(FANCN)	were	found	in	3.4%	of	breast
cancer	 families,	 and	55%	of	 these	 families	had	 family	members	with	ovarian	cancer.	An	 Icelandic	mutation	 in
BRIP1	(FANCJ)	with	a	frequency	of	0.41%	was	associated	with	an	odds	ratio	(OR)	of	8.1	(95%	CI,	4.7	to	14.0).
A	Spanish	BRIP1	mutation	had	a	frequency	of	1.3%,	with	an	OR	of	25	(95%	CI,	1.8	to	340).11	In	2010,	Walsh	et



al.17	screened	21	tumor	suppressor	genes	in	360	unselected	ovarian,	fallopian	tube,	or	peritoneal	cancer	cases	and
found	mutations	 in	 six	 additional	genes	 (BARD1,	CHEK2,	MRE11A,	NBN,	RAD50,	 and	TP53).	 These	 findings
suggest	 that	 careful	 and	 comprehensive	mutational	 screening	 of	 all	women	may	 identify	 that	 inherited	 risk	 of
ovarian	 cancer	 is	 higher	 than	originally	 thought	 and	 that	 early	 identification	of	 the	 risk	may	ultimately	 lead	 to
prevention	of	24%	of	ovarian	cancer	cases.

Targeting	Homologous	Recombination	Defects	in	Gynecologic	Cancer
The	frequency	of	HR	deficiency	in	ovarian	cancer	has	paved	the	way	for	the	use	of	poly	(ADP-ribose)	polymerase
(PARP)	 inhibitors.	 Single-stranded	 DNA	 breaks	 (SSBs)	 that	 occur	 during	 replication	 and	 transcription	 are
repaired	 by	 a	 protein	 complex	 containing	 PARP	 enzymes.	 Inhibiting	 PARPs	 with	 the	 compounds	 olaparib,
niraparib,	or	rucaparib	converts	SSBs	to	double-strand	breaks	(DSBs),	which	require	HR	mechanisms	for	error-
free	repair.	Preclinical	data	strongly	supported	this	concept,	with	BRCA-mutated	cell	lines	showing	100-	to	1,000-
fold	 sensitivity	 to	 PARP	 inhibitors	 compared	 with	 wild-type	 control	 cell	 lines.18,19	 The	 “synthetic	 lethality”
caused	 by	 inhibiting	 PARPs	 in	 HR-deficient	 ovarian	 cancers	 results	 in	marked	 extensions	 of	 progression-free
survival	(PFS;	approximately	1	year)	and	overall	survival	(OS;	approximately	2	years)	compared	with	placebo.20
Based	on	their	clinical	success,	olaparib	and	rucaparib	are	approved	treatment	agents	for	ovarian	cancer,	whereas
niraparib	 and	 olaparib	 are	 approved	 for	 maintenance	 treatment	 after	 second-line	 chemotherapy	 for	 recurrent
ovarian	carcinoma.	Because	even	some	patients	without	HR-deficient	ovarian	cancer	derive	benefit	from	PARP
inhibitors,	efforts	are	underway	to	identify	additional	factors	and	pathways	that	determine	clinical	response.

Ovarian	Cancer	Microenvironment,	Metastases,	and	Angiogenesis

Ovarian	Cancer	Microenvironment
Although	the	defining	component	of	a	tumor	consists	of	the	cancer	cells,	a	tumor	must	rely	on	the	host	tissue	to
maintain	itself.	This	supporting	milieu,	or	microenvironment,	includes	oxygen	and	nutrients	from	the	supporting
vasculature,	 extracellular	 matrix	 components,	 and	 cytokines	 secreted	 by	 the	 various	 stromal	 cells,	 including
immune	cells.21,22	One	could	argue	that	the	specific	interactions	of	cancer	cells	with	their	environment	establish	a
baseline	 of	 therapeutic	 sensitivity	 that	 is	 a	 function	 of	 both	 the	 cancer	 type	 and	 the	 various	 external	 stressors
imposed	on	the	tumor	as	it	grows.	The	mechanisms	of	angiogenesis	and	metastasis	exemplify	this	environmental
dependence,	providing	fertile	ground	for	developing	novel	therapies.

Angiogenesis	and	Tumor	Hypoxia
Growth	 of	 both	 primary	 ovarian	 cancers	 and	 their	 metastases	 requires	 the	 formation	 of	 new	 blood	 vessels	 to
support	adequate	perfusion.	This	process,	known	as	angiogenesis,	involves	both	the	branching	of	new	capillaries
and	 the	 remodeling	 of	 larger	 vessels.	 Effective	 targeting	 of	 angiogenic	 pathways,	 therefore,	 has	 exhibited
significant	potential	for	treating	gynecologic	tumors	and	continues	to	be	an	attractive	target	for	future	therapeutic
development.

In	 normal	 development,	 angiogenesis	 is	 required	 for	 establishing	 an	 ordered	 vascular	 network	 that	 ensures
adequate	delivery	of	nutrients	to	cells.	In	tumors,	the	unchecked	proliferation	and	high	metabolic	rate	of	cancer
cells	 depletes	 the	 surrounding	 tissues	 of	 oxygen	 and	 nutrients,	 leading	 to	 the	 formation	 of	 tumor	 hypoxia.23
Angiogenesis	 is	 acutely	 sensitive	 to	 oxygen,	 and	 many	 angiogenic	 factors	 are	 directly	 induced	 in	 hypoxic
conditions.	 These	 include	 growth	 factors,	 such	 as	 transforming	 growth	 β	 factor	 (TGF-β),	 vascular	 endothelial
growth	 factor	 (VEGF),	 and	 platelet-derived	 growth	 factor	 (PDGF);	 prostaglandins,	 such	 as	 prostaglandin	 E2;
cytokines,	such	as	interleukin-8;	and	other	factors,	such	as	the	angiopoietins	(Ang-1,	Ang-2).24,25	These	factors	are
secreted	 by	 both	 tumor	 and	 stromal	 cells,	 forming	 a	 gradient	 that	 promotes	 the	 proliferation	 and	migration	 of
vascular	endothelium	to	hypoxic	regions.	Many	angiogenic	factors,	such	as	VEGF,	PDGF-β,	and	angiopoietins,
are	directly	regulated	by	the	hypoxia-inducible	factor	1	(HIF1)	or	hypoxia-inducible	factor	2	(HIF2)	transcription
factors.26,27	Recurrent	cycles	of	tumor	growth	and	angiogenesis	result	in	the	formation	of	leaky,	disordered	vessels
with	 irregular	 blood	 flow	 and	 poor	 perfusion	 that	 reinforce	 the	 hypoxic	 microenvironment	 and	 enhance	 the
process	of	metastasis.23,28	Hypoxic	tumor	cells	generally	reduce	their	rate	of	proliferation,	making	them	resistant
to	many	conventional	chemotherapeutics	that	rely	on	the	formation	of	DNA	damage	during	S	phase	and	mitosis.23
This	 provides	 additional	 justification	 to	 identify	 targetable	 factors	 in	 the	 tumor	 microenvironment	 in	 order	 to
counteract	therapeutic	resistance	in	ovarian	cancers.
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The	VEGF	family	of	secreted	factors	has	received	the	majority	of	attention	for	therapeutic	targeting	in	ovarian
cancer.	VEGFs	bind	receptor	tyrosine	kinases	on	the	surface	of	endothelial	precursors	(VEGFR1	[Flk1],	VEGFR2
[KDR],	and	VEGFR3),	triggering	proliferation,	migration,	and	differentiation	of	vascular	endothelium.	Vascular
endothelial	growth	factor	A	(VEGFA),	the	most	abundantly	expressed	VEGF,	is	a	canonical	transcriptional	target
of	 HIF1	 and	 HIF2,29	 and	 expression	 of	 HIF1	 correlates	 well	 with	 microvessel	 density	 and	 poor	 outcome	 in
ovarian	 cancers.30,31	 Higher	 levels	 of	 VEGF	 expression	 correlate	 with	 tumor	 progression	 and	 poor	 clinical
prognosis.32	Culturing	ovarian	cancer	cell	lines	under	hypoxic	conditions	stimulates	the	expression	of	both	HIF1α
and	 VEGF	 expression,	 and	 the	 addition	 of	 prostaglandin	 E2	 potentiates	 the	 ability	 of	 hypoxia	 to	 induce	 the
expression	of	both	proangiogenic	factors.33

The	angiogenesis	inhibitor	bevacizumab	is	one	of	the	most	effective	biologic	therapeutics	in	the	treatment	of
ovarian	 cancers.34	 Bevacizumab	 is	 a	 recombinant,	 humanized	 monoclonal	 antibody	 that	 binds	 VEGFA,	 the
predominant	 form	 of	VEGF	 expressed	 in	 tumors,	 preventing	 it	 from	 activating	VEGFR2	 (KDR)	 and	 blocking
tumor	 neovascularization.	 Phase	 III	 clinical	 trials	 investigating	 bevacizumab	 as	 an	 adjuvant	 therapy	 during
carboplatin	plus	paclitaxel	treatment	have	demonstrated	increased	PFS	in	ovarian	cancer	patients	at	high	risk	for
progression	 by	 2	 to	 4	months,	 with	 no	 significant	 effect	 on	OS.35	 The	 overall	 response	 rate	 for	 bevacizumab
treatment	in	multiple	phase	III	studies	is	approximately	20%	to	25%	higher	than	the	control	cohorts,	highlighting
the	need	for	identifying	molecular	markers	that	predict	therapeutic	sensitivity	or	resistance	(reviewed	in	Rossi	et
al.35).	 Immunohistochemical	 detection	 of	 CD31	 (PECAM1,	 a	 marker	 of	 neovascularization)	 was	 a	 superior
predictor	 of	 bevacizumab	 response	 compared	 to	 other	 angiogenesis	 factors	 (VEGFA,	 VEGFR2,	 MET,	 or
NRP1).36

Small-molecule	inhibitors	of	VEGF	receptors	(i.e.,	sunitinib,	cediranib,	pazopanib,	nintedanib,	sorafenib)	have
also	 been	 investigated	 in	 gynecologic	 cancers	 (reviewed	 in	 Schmid	 and	 Oehler37).	 These	 inhibitors	 target	 all
known	VEGF	 receptors	 as	well	 as	PDGF	 receptors	 and	Kit	 receptors.	Despite	 the	 broader	 range	 of	 inhibition,
effects	have	generally	been	similar	to	bevacizumab.37	A	recent	phase	II	clinical	trial	demonstrated	an	increase	in
PFS	 resulting	 from	 the	 combination	 of	 cediranib	 and	 the	 PARP	 inhibitor	 olaparib.38	 The	 effect	 of	 combining
cediranib	 with	 olaparib	 was	 most	 effective	 in	 patients	 without	 any	 identified	 mutations	 in	 BRCA1/2.	 VEGF
receptors	 are	 expressed	 by	 ovarian	 cancer	 cells,39	 so	 this	 may	 represent	 inhibition	 of	 two	 complementary
pathways.	Improvement	in	PFS	may	also	represent	conditional	synthetic	lethality,	where	the	cediranib’s	effects	on
tumor	 vasculature	 induce	 tumor	 hypoxia,	 suppressing	 expression	 of	 BRCA1,	 BRCA2,	 and	 other	 DNA	 repair
mechanisms,	making	 cancer	 cells	more	 susceptible	 to	PARP	 inhibitors.40	 Inhibition	 of	VEGFR3	may	 suppress
BRCA1	and	BRCA2	expression,41	resulting	in	conditional	synthetic	lethality	independently	of	hypoxic	signaling.

Influences	of	the	Microenvironment	on	Tumor	Metastasis
Invasion	of	tumor	cells	into	the	mesothelial	cells	of	the	omental	and	peritoneal	cavity	requires	many	of	the	same
factors	 used	 by	 vascular	 endothelium	 responding	 to	 hypoxic	 tumors,	 resulting	 in	 the	 potential	 for	 functional
overlap	for	metastasis	and	angiogenesis.28	MET	regulates	cell	migration	and	invasiveness,	pathways	used	by	both
cancer	cells	and	vascular	endothelium.42	The	receptor	tyrosine	kinase	AXL	promotes	ovarian	cancer	invasion	and
migration	by	regulating	activity	of	matrix	metalloproteases	(MMPs).43	Hypoxic	ovarian	cancer	cells	can	undergo
epithelial–mesenchymal	transition	(EMT),	increasing	invasive	and	migratory	behavior.44	Hypoxia-induced	EMT
has	been	reported	to	promote	vascular	mimicry	in	ovarian	cancers.45	An	acidic	environment	increases	interleukin-
8	expression	 in	ovarian	cancer	 in	a	manner	dependent	on	 transcription	factors	AP-1	and	nuclear	 factor-κB–like
factor.46	Loss	of	PTEN,	activation	of	phosphatidylinositol	3-kinase	(PI3K),	or	activation	of	AKT	can	also	increase
HIF1α	 independently	 of	 hypoxia,	 providing	 other	 avenues	 to	 promote	 metastasis.47–50	 The	 expression	 of
fibronectin	(FN)	on	the	surface	of	omental	mesothelium	is	essential	for	promoting	the	invasion	and	migration	of
ovarian	 cancer	 cells.51	 In	 a	 mutually	 reinforcing	 feedback	 loop,	 expression	 of	 TGF-β	 by	 ovarian	 cancer	 cells
increases	mesothelial	expression	of	FN.	Recent	efforts	to	target	ovarian	cancer	metastasis	by	screening	chemicals
with	multicellular	models	are	important	steps	toward	improving	patient	outcomes.52

Epigenetics
It	has	become	increasingly	apparent	that	epigenetic	events	can	lead	to	cancer	as	frequently	as	loss	of	gene	function
due	to	mutations	or	loss	of	heterozygosity.	Epigenetic	gene	silencing	is	a	complex	series	of	events	that	includes
DNA	 hypermethylation	 of	 CpG	 islands	 within	 gene-promoter	 regions,	 histone	 deacetylation,	 methylation	 or
phosphorylation,	or	histone	demethylation.	The	overall	level	of	genomic	methylation	is	reduced	in	cancer	(global



hypomethylation),	 but	hypermethylation	of	promoter	 regions	of	 specific	genes	 is	 a	 common	event	 that	 is	 often
associated	with	transcriptional	inactivation	of	specific	genes.53	This	is	critical	because	the	silenced	genes	are	often
tumor	 suppressor	 genes,	 and	 their	 loss	 of	 function	 can	 be	 evident	 in	 early	 stages	 of	 cancer	 but	 can	 also	 drive
neoplastic	progression	and	metastasis.	Multiple	genes	are	abnormally	methylated	in	ovarian	cancer	compared	with
normal	 ovarian	 tissue,	 including	p16,	RAR-β,	H-cadherin,	GSTP1,	MGMT,	RASSF1A,	 leukotriene	B4	 receptor,
MTHFR,	 progesterone	 receptor	 (PR),	CDH1,	 IGSF4,	BRCA1,	TMS1,	 estrogen	 receptor	 α	 (ER-α),	 the	 putative
tumor	suppressor	km23	(TGF-β	component),	and	others.54,55	The	degree	of	DNA	methylation,	the	demethylation
activity	of	chemotherapeutic	drugs,	the	degree	of	histone	acetylation,	and	the	specificity	of	demethylation	of	select
genes	are	all	critical	in	ensuring	the	success	of	treatment	and	prevention	of	ovarian	cancer	recurrence.54

Role	of	Specific	Immune	Responses	and	Immunotherapy
In	 EOC,	 support	 for	 the	 role	 of	 immune	 surveillance	 of	 tumors	 comes	 from	 observations	 that	 the	 presence	 of
infiltrating	T	lymphocytes	in	tumors	is	associated	with	improved	survival	of	patients	with	the	disease.56–58	This
effect	was	evident	regardless	of	tumor	grade,	stage,	or	histologic	subtype.	In	addition,	encouraging	results	from
large-scale	 clinical	 trials	 of	 immune	 system–provoking	 therapies	 have	 rekindled	 the	 promise	 of	 harnessing	 the
immune	system	to	attack	cancers.

Although	 there	 are	 several	 options	 in	 deciding	which	 tumor	 antigen	 (TA)	 to	 target	 for	 immunotherapy,	 the
fundamental	requirements	of	the	ideal	TAs	include	the	following:	(1)	limited	or	no	expression	in	normal	tissues
but	 aberrant	 expression	at	high	 frequencies	 in	 tumor,	 (2)	 immunogenicity,	 and	 (3)	 a	 role	 in	 tumor	progression.
Although	none	of	the	current	TAs	completely	meet	all	of	these	criteria,	the	family	of	cancer	testis	(CT)	antigens	is
closest.	CT	antigens	are	a	subclass	of	TAs	encoded	by	approximately	140	genes.	CT	genes	or	gene	families	have
been	found	with	the	following	two	distinguishing	features:	(1)	mRNA	expression	in	testis	and	cancer	cells	and	(2)
no	or	highly	restricted	mRNA	expression	in	normal	adult	somatic	cells.	Among	CT	antigens,	NY-ESO-1,	initially
defined	 by	 serologic	 analysis	 of	 recombinant	 cDNA	 expression	 (SEREX)	 libraries	 in	 esophageal	 cancer,	 is
particularly	immunogenic,	eliciting	both	cellular	and	humoral	immune	responses	in	a	high	proportion	of	patients
with	 advanced	 NY-ESO-1–expressing	 ovarian	 cancer.59,60	 NY-ESO-1	 expression	 was	 detectable	 by
immunohistochemistry	or	 reverse	 transcriptase	polymerase	chain	 reaction	 (RT-PCR)	 in	40.7%	of	1,002	ovarian
cancer	 patients,	 and	 baseline	 humoral	 response	 was	 identified	 in	 19.0%	 of	 689	 tested	 patients.	 NY-ESO-1–
positive	patients	were	older	(P	<	 .001),	had	higher	stage	disease	(85%	stage	III	or	IV	versus	76.4%,	P	=	.015),
were	less	likely	to	have	a	complete	response	to	initial	therapy	(53.9%	versus	68.9%,	P	=	.002),	had	more	serous
histotype	(74.5%	versus	66.9%,	P	=	.011),	and	had	more	grade	3	tumors	(83.7%	versus	70.8%,	P	<	.001).	There
was	a	trend	toward	shorter	PFS	(22.2	versus	25.0	months,	P	=	.07)	and	significantly	shorter	OS	(42.9	versus	50.0
months,	P	 =	 .003)	 among	NY-ESO-1–positive	 patients.	A	 subset	 analysis	 of	NY-ESO-1–positive	 patients	who
received	NY-ESO-1–targeted	immunotherapy	demonstrated	improved	OS	by	>2	years	(52.6	versus	27.2	months,
P	<	.001),	suggesting	that	NY-ESO-1	is	a	crucial	target	for	immunotherapy	in	ovarian	cancer.60	The	reasons	for
the	aberrant	expression	of	CT	antigens	in	cancer	are	currently	unknown.	Nevertheless,	the	fact	that	the	expression
of	 these	 antigens	 is	 restricted	 to	 cancers,	 gametes,	 and	 trophoblasts	 suggests	 a	 link	 between	 cancer	 and
gametogenesis.	 Although	 possible	 mechanisms	 include	 global	 demethylation	 and	 histone	 deacetylation,	 the
induction	 of	 a	 gametogenic	 program	 in	 cancer	 has	 also	 been	 proposed.61	 Additional	 classes	 of	 human	 TAs
relevant	 to	 ovarian	 cancer	 include	 (1)	 mutational	 neoantigens,	 such	 as	 cyclin-dependent	 kinase	 4	 (CDK4),	 β-
catenin,	 caspase-8,	 and	 P53;	 (2)	 amplification	 antigens,	 such	 as	 human	 epidermal	 growth	 factor	 receptor	 2
(HER2)/neu	and	p53;	and	(3)	splice	variant	antigens,	such	as	NY-CO-37/PDZ-45	and	ING1.

Advances	in	next-generation	sequencing	and	epitope	prediction	now	permit	the	rapid	identification	of	mutant
tumor	 neoantigens,	 and	 these	 are	 of	 considerable	 interest	 because	 they	 are	 unlikely	 to	 be	 subjected	 to	 central
tolerance.	 This	 has	 led	 to	 efforts	 in	 using	 these	 mutant	 tumor	 neoantigens	 for	 personalizing	 cancer
immunotherapies.	 Indirect	 support	 for	 this	 approach	 comes	 from	 studies	 demonstrating	 that	 (1)	 infusion	 of
autologous	 ex	 vivo	 expanded	 tumor-infiltrating	 lymphocytes	 (TILs)	 can	 induce	 objective	 clinical	 responses	 in
metastatic	 melanoma62	 and	 (2)	 the	 relationship	 between	 pretherapy	 CD8+	 T-cell	 infiltrates	 and	 response	 to
checkpoint	blockade	in	melanoma.63	Several	preclinical	and	clinical	studies	have	now	confirmed	the	possibility	of
identifying	 neoantigens	 on	 the	 basis	 of	 cancer	 exome	 data.64–68	 Although	 there	 are	 limitations	 of	 probing	 the
mutational	profile	of	a	tumor	in	a	single	biopsy,69,70	it	is	evident	that	the	vast	majority	of	neoantigens	occur	within
exonic	sequence	and	do	not	 lead	to	 the	formation	of	neoantigens	 that	are	recognized	by	autologous	T	cells.70,71
Consequently,	a	robust	pipeline	for	filtering	the	cancer	exome	data	is	essential.



Dr. AVR @ TMH

Immune	Inhibitory	Network	and	Immune	Checkpoint	Inhibitors	in	Ovarian	Cancer
A	major	barrier	 to	successful	cancer	 immunotherapy	 is	 the	 immunosuppressive	microenvironment	 in	which	 the
tumor	 cells	 are	 located.	 Even	 if	 large	 numbers	 of	 tumor-specific	 T	 cells	 are	 generated	 in	 patients	 by	 active
immunization	or	adoptive	transfer,	these	T	cells	may	not	readily	destroy	tumor	targets	in	vivo.	In	ovarian	cancer,
some	 of	 the	 major	 mechanisms	 that	 subvert	 antitumor	 immunity	 in	 the	 tumor	 microenvironment	 include
regulatory	 T	 cells,57,72	 myeloid-derived	 suppressor	 cells	 and	 tumor-associated	 macrophages,73–75	 inhibitory
cytokines	 such	 as	 interleukin-10	 and	 TGF-β,76	 immune	 checkpoint	 receptors,77–80	 and	 indoleamine	 2,3-
dioxygenase.81–83	 This	 redundant	 immunosuppressive	 network	 may	 pose	 an	 impediment	 to	 efficacious
immunotherapy,	thus	facilitating	tumor	progression.

Although	blockade	of	 the	 inhibitory	receptors	such	as	programmed	cell	death	protein	1	(PD-1)	with	specific
antibodies	 has	 shown	 significant	 promise	 in	 overcoming	 immune	 suppression	 and	 mediating	 tumor
regression,84–86	 recent	studies	indicate	that	multiple	inhibitory	receptors	(including	CD160,	killer	cell	 lectin-like
receptor	 G1	 [KLRG1],	 T-cell	 immunoglobulin	 and	 mucin	 domain	 3	 [TIM-3],	 2B4,	 B-	 and	 T-lymphocyte
attenuator	 [BTLA],	 and	 lymphocyte-activation	gene	3	 [LAG-3])	 are	often	coexpressed	on	TA-specific	CD8+	T
cells.87	In	human	ovarian	cancer,	a	subset	of	TA-specific	CD8+	T	cells	that	coexpress	PD-1	and	LAG-3	have	been
described	and	are	impaired	in	interferon-γ	(IFN-γ)	and	tumor	necrosis	factor	α	(TNF-α)	production	compared	with
PD-1	 or	 LAG-3	 single	 positive	 cells.80	 Simultaneous	 blockade	 of	 PD-1	 or	 LAG-3	 ex	 vivo	 restored	 effector
function	of	the	human	ovarian	TA-specific	T	cells	to	a	level	that	is	above	the	additive	effects	of	single	blockade	of
PD-1	or	LAG-3	alone.80	In	a	mouse	model	of	ovarian	cancer,	blockade	of	LAG-3	synergized	with	PD-1	blockade
to	enhance	CD8+	TIL	function	and	promoted	better	control	of	transplanted	ovarian	tumors,	whereas	single-agent
blockade	had	little	or	no	effect.88	The	combinatorial	blockade	of	LAG-3	and	PD-1	with	antibodies	significantly
increased	 the	 number	 of	 T	 cells	 in	 the	 tumor	microenvironment,	 enhanced	CD8+	 T-cell	 function,	 and	 reduced
CD4+CD25+Foxp3+	 regulatory	T	(Treg)	cells.	The	collaboration	between	PD-1	and	LAG-3	appeared	to	 involve
enhanced	recruitment	of	SHP1	or	SHP2	to	the	T-cell	receptor	(TCR)	complex,	thereby	negatively	coregulating	T-
cell	signaling	and	function.88

Tumors	can	be	classified	into	four	groups	based	on	programmed	cell	death	protein	ligand	1	(PD-L1)	expression
and	T-cell	infiltration.89	Type	I	tumors	(PD-L1	positive,	TIL	positive)	exhibit	an	adaptive	immune	resistance	and
are	 likely	 to	 respond	 to	 immune	checkpoint	 inhibitors,	whereas	 type	 II	 tumors	 (PD-L1	negative,	TIL	negative)
display	 no	 detectable	 immune	 reaction	 and	 are	 likely	 to	 be	 unresponsive	 to	 single-agent	 checkpoint	 blockade.
Type	III	tumors	(PD-L1	positive,	TIL	negative)	exhibit	intrinsic	expression	of	PD-L1	with	no	immune	reactivity,
which	 suggests	 that	 PD-L1	 itself	 is	 not	 a	 predictive	 biomarker	 of	 response	 to	 anti–PD-1/PD-L1	 monoclonal
antibodies	(mAbs).	Type	IV	tumors	(PD-L1	negative,	TIL	positive)	may	be	amenable	to	targeting	of	other	non–
PD-1/PD-L1	checkpoint	receptors.	Several	phase	IB	and	II	trials	have	investigated	the	activity	and	safety	of	anti–
PD-1	or	 anti–PD-L1	mAbs	 in	 platinum-resistant	EOC,	with	 objective	 response	 (complete	 response	plus	 partial
response)	 rates	 ranging	 from	 5.9%	 to	 15%	 and	 with	 grade	 ≥3	 adverse	 event	 rates	 ranging	 from	 3.8%	 to
40%.77,84,90,91	 Even	 for	 ovarian	 cancer	 patients	 with	 type	 I	 tumors	 (PD-L1	 positive,	 TIL	 positive),	 a	 complex
immune	suppression	network	effectively	neutralizes	antitumor	immunity,	resulting	in	treatment	failure.

Immunotherapy	Clinical	Trials	in	Ovarian	Cancer
Several	groups	have	launched	clinical	trials	testing	various	vaccination	strategies	of	generating	antitumor	immune
responses,	 either	 against	 specific	 TAs92,93	 or	 against	 autologous	 tumor	 lysate.94,95	 Studies	 on	 vaccination
combined	with	immune	checkpoint	blockade	and	studies	of	adoptive	T-cell	therapy	using	engineered	T	cells	are
ongoing	at	several	institutions.

Adoptive	Cellular	Transfer	Therapy
Adoptive	cell	transfer	(ACT)	is	an	approach	that	involves	the	following:	collection	of	circulating	or	TIL	T	cells96;
their	 modification	 and/or	 expansion	 and	 activation	 ex	 vivo;	 and	 their	 reinfusion	 into	 patients,	 usually	 after
lymphodepleting	 preconditioning	 chemotherapy.	 Initial	 studies	 demonstrating	 the	 potential	 of	 T-cell
immunotherapy	 to	 eradicate	 solid	 tumors	 came	 from	 the	 National	 Cancer	 Institute	 (NCI)	 studies	 of	 adoptive
transfer	 of	 in	 vitro	 selected	 TILs.97,98	 Unfortunately,	 methods	 of	 isolating	 and	 manufacturing	 TILs	 are	 labor
intensive	and	only	successful	in	a	subset	of	patients.99,100	To	improve	the	therapeutic	potential	of	transferred	cells,
peripheral	 blood	 lymphocytes	 with	 unique	 antigen	 specificity96	 can	 be	 genetically	 modified	 to	 express	 a	 TA-



specific	TCR101	or	chimeric	antigen	receptor	(CAR)	(i.e.,	a	transmembrane	protein	comprising	the	TAA	binding
domain	of	an	immunoglobulin	linked	to	one	or	more	costimulatory	molecules).102

ACT	using	 engineered	 peripheral	 blood	 lymphocytes	 to	 express	 antitumor	TCRs	 holds	 promise	 for	 patients
with	ovarian	and	other	common	epithelial	cancers.	Current	approaches	in	clinical	trials	include	the	use	of	TCRs
targeting	NY-ESO-1	(e.g.,	NCT03017131,	NCT02650986)	and	CAR	targeting	mesothelin	(e.g.,	NCT01583686).
From	 the	 transgenic	 cell	manufacture	 point	 of	 view,	 large	 numbers	 of	 tumor-specific	 T	 cells	 for	ACT	 can	 be
manufactured	 by	 retroviral	 or	 lentiviral	 genetic	 engineering	 of	 autologous	 peripheral	 blood	 lymphocytes,
expanded	over	several	weeks,	but	emphasis	should	be	on	preparing	young	T	cells	with	minimum	duration	of	ex
vivo	manipulation,	which	allows	quick	therapy	for	cancer	patients.103	Recent	reports	indicate	that	T	cells	that	are
expanded	ex	vivo	to	maintain	more	stem-like	T-cell	populations	known	as	T	stem	cell	memory	cells	are	capable
of	a	more	sustained	response	by	replenishing	effectors.104	A	clear	benefit	of	transferring	less	mature,	more	stem-
like	 cells	 is	 likely	 due	 to	 the	 increased	 persistence	 and	 replenishing	 capability	 of	 these	 cells	 in	 vivo.	As	ACT
becomes	more	common,	it	is	important	that	all	centers	are	familiar	with	potential	adverse	events,	such	as	cytokine
release	syndrome,	 that	may	occur	and	 its	management.	 Incorporation	of	suicide	genes	 in	 the	gene	modification
could	add	an	extra	level	of	safety.

ENDOMETRIAL	CANCER
The	current	concept	of	endometrial	cancer	integrates	histopathology	with	molecular	genetic	mechanisms	of	cancer
development.	Traditionally,	the	two	major	pathogenetic	variants	of	endometrial	carcinoma,	type	I	(endometrioid)
and	 type	 II	 (serous),	 evolve	 via	 divergent	 pathways,	 and	 ultimately,	 different	 clinical	 outcomes	 parallel	 their
distinct	histology.

Type	I	Cancers
Type	I	is	the	most	common	form	of	endometrial	cancer,	composing	up	to	80%	of	cases.	It	includes	grade	1	and	2
carcinoma	with	 high	 presence	 of	ERs	 and	 PRs.	 Several	 decades	 of	 epidemiologic	 evidence	 have	 convincingly
demonstrated	that	continued,	unopposed	exposure	to	estrogen	is	associated	with	an	increased	risk	of	developing
endometrial	cancer.	These	risks	are	particularly	notable	among	postmenopausal	women	treated	with	estrogen-only
hormone	 replacement.	 After	 the	 introduction	 of	 hormone	 replacement	 therapy,	 the	 incidence	 of	 endometrial
cancer	 among	 women	 in	 the	 United	 States	 increased	 steadily.	 An	 association	 between	 the	 growth-promoting
effects	of	 estrogen	and	endometrial	 carcinomas	 is	 thought	 to	underlie	 the	 epidemiologic	 associations	 found	 for
endometrial	 cancers,	medical	 conditions	 such	 as	 anovulation,	 obesity,	 and	other	 epidemiologically	 defined	 risk
factors,	 including	 menarche	 at	 early	 age	 and	 nulliparity.	 The	 estrogen-related	 endometrioid	 adenocarcinomas
appear	 to	arise	and	progress	via	endometrial	hyperplasia.	Common	genetic	 changes	 in	 this	 type	of	 endometrial
carcinoma	 include	 PTEN-PIK3/AKT/mTOR	 (PTEN	 is	 mutated	 in	 approximately	 52%	 to	 78%	 of	 lesions),
followed	 by	KRAS	 mutations	 (15%	 to	 43%),	 ARID1A	 and	 β-catenin	 alterations,	 and	 microsatellite	 instability
(MSI;	33%)	(reviewed	in	Mittica	et	al.105).

Type	II	Endometrial	Cancer
Type	II	endometrial	cancers	constitute	a	minority	of	EC	cases	and	are	aggressive,	non–estrogen-related	cancers
characterized	by	serous,	clear	cell,	or	grade	3	endometrioid	histology.106	In	some	cases,	these	high-grade	tumors
are	 associated	 with	 an	 identifiable	 intraepithelial	 neoplasia	 (IEN)	 component.	 Loss	 of	 heterozygosity	 in
chromosome	 17p	 corresponding	 to	 the	 TP53	 locus	 has	 been	 observed	 in	 100%	 of	 uterine	 serous	 carcinomas
(USCs)	and	43%	of	serous	intraepithelial	carcinoma	(IEC),	suggesting	an	important	early	role	in	the	pathogenesis
of	 USC.107	 In	 addition	 to	 TP53	 mutations,	 type	 II	 endometrial	 cancers	 are	 characterized	 by	 HER2/neu
amplification,	 loss	 of	 ER/PR,	 and	 loss	 of	 E-cadherin.	 Recently,	 altered	 expression	 of	 BAF250a,	 the	 protein
encoded	 by	 the	 chromatin	 remodeling	 tumor	 suppressor	 gene	ARID1A,	 has	 been	 implicated	 in	 18%	 of	 serous
cancers	of	the	endometrium	as	examined	by	immunohistochemistry.108	PPP2R1A,	the	scaffolding	subunit	of	the
serine/threonine	protein	phosphatase	2A	(PP2A)	holoenzyme,	is	also	frequently	mutated.109

This	traditional	dualistic	model	of	endometrial	pathogenesis	has	been	expanded	by	The	Cancer	Genome	Atlas
(TCGA)	 Research	 Network,	 providing	 the	 first	 comprehensive	 genomic	 analysis	 including	 somatic	mutations,
copy	number	alterations,	and	MSI.	TCGA	Research	Network	data	allow	for	a	new	classification	of	endometrial
cancer	 into	 the	 following	 four	 different	 subtypes:	 the	 polymerase	 ε	 (POLE)-ultramutated,	 MSI-hypermutated
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(MSI-H),	 copy	 number	 low,	 and	 copy	 number	 high	 endometrial	 carcinoma.110	 POLE-ultramutated	 endometrial
cancers	(6%	of	low-grade	and	17%	of	high-grade	ECs)	are	characterized	by	a	high	mutation	rate	but	microsatellite
stability	 (MSS).	PTEN,	PIK3R1,	PIK3CA,	 and	RAS	 are	 frequently	mutated.	MSI-H	 tumors	 represent	 28.6%	 of
low-grade	and	54%	of	high-grade	ECs.	They	 show	MSI	and	high	mutation	 rate	 related	 to	defects	 in	mismatch
repair	 (MMR)	 genes	 (MLH1,	MSH2,	MSH6,	 and	PMS2),	 both	 in	 sporadic	 and	 hereditary	 endometrial	 cancer.
PTEN	mutations,	alterations	in	the	PTEN-PIK3CA	pathway,	and	KRAS	mutations	are	frequent	in	this	group.	The
copy	number	low	subgroup	is	characterized	by	a	low	mutation	rate	and	MSS.	PTEN	and	PIK3CA	are	mutated	in
77%	and	53%	of	cases,	respectively,	and	WNT–β-catenin	pathway	alterations	are	frequent.	The	copy	number	high
subgroup	 includes	mainly	serous	carcinomas	and	high-grade	EC.	TP53	 is	commonly	mutated	 (>90%	of	cases),
and	ERBB2	amplification	is	detected	in	25%	of	the	serous	carcinomas.

Microsatellite	Instability
Microsatellites	 are	 short	 segments	 of	 repetitive	 DNA	 found	 predominately	 in	 noncoding	 DNA	 and	 scattered
through	the	genome.	MSI	is	due	to	inactivation	of	any	of	the	MMR	genes	and	proteins	(MLH1,	MSH2,	MSH3,	and
MSH6).	 The	 most	 common	 mechanism	 of	 MSI	 in	 the	 endometrium	 is	 inactivation	 of	MLH1	 by	 epigenetic
silencing	of	its	promoter	via	hypermethylation	of	CpG	islands,	followed	by	MSH6	mutation	and	MSH3	frameshift
mutations.	In	contrast,	the	MSI	present	in	colon	cancer	is	predominantly	due	to	mutations	in	MSH2,	followed	by
MLH1	 and	MSH6	mutations.	MSI	 is	 an	 early	 event	 in	 type	 I	 cancers	 and	 has	 been	 described	 in	 precancerous
lesions.	Once	established,	MSI	may	specifically	target	or	inactivate	genes	with	susceptible	repeat	elements,	such
as	TGF-β1	receptors	and	IGFIIR,	resulting	in	new	subclones	with	altered	capacity	to	invade	and	metastasize.	The
defects	 in	MMR	associated	with	MSI	 increase	 the	 formation	of	 neoantigens	 in	 tumors,	 potentially	 triggering	 a
more	robust	antitumor	immune	response.	Clinically,	this	phenomenon	has	served	as	justification	for	the	targeted
use	of	 immune	checkpoint	 inhibitors	 in	patients	with	MMR	deficiency.111	Based	on	recent	preliminary	reports,
pembrolizumab	and	other	 forms	of	PD-1	blockade	may	also	have	significant	efficacy	 in	MSI-high	gynecologic
cancers.112

PTEN
Inactivation	of	the	PTEN	(phosphatase	and	tensin	homolog)	tumor	suppressor	gene	located	at	10q23	is	the	most
common	 genetic	 defect	 in	 type	 I	 endometrial	 cancers,	 and	 it	 is	 present	 in	more	 than	 80%	 of	 tumors	 that	 are
preceded	 by	 a	 histologically	 distinct	 premalignant	 phase.113	PTEN	 encodes	 a	 lipid	 phosphatase	 that	 converts
inositol	 triphosphates	 into	 inositol	 biphosphate,	 thus	 inhibiting	 survival	 and	 proliferative	 pathways	 that	 are
activated	 by	 inositol	 triphosphatase.	 PTEN	 protein	 maintains	 G1	 arrest	 and	 enables	 apoptosis	 via	 an	 AKT-
dependent	mechanism.	 The	most	 common	PTEN	 defect	 in	 endometrial	 cancer	 is	 its	 complete	 loss	 of	 function
through	inactivation	of	both	alleles.	Mutations	or	deletions	that	result	in	loss	of	heterozygosity	at	the	PTEN	locus
occur	at	high	frequency.	The	pattern	of	PTEN	mutations	is	different	in	MSS	and	MSI	cancers.	MSI	tumors	have	a
higher	frequency	of	deletions,	involving	three	or	more	base	pairs,	compared	with	the	MSS	tumors.	In	addition,	the
mutations	in	MSI	tumors	rarely	involve	the	polyadenine	repeat	of	exon	8,	which	is	the	expected	target.

KRAS	Mutations
These	 have	 been	 found	 in	 up	 to	 30%	 of	 type	 I	 endometrial	 cancers.	 The	 frequency	 of	 KRAS	 mutations	 is
particularly	high	in	MSI-positive	tumors.114

β-Catenin
β-Catenin	 (3p21)	 is	 a	 component	 of	 the	 E-cadherin–catenin	 complex	 essential	 for	 cell	 differentiation	 and
maintenance	 of	 normal	 tissue	 architecture,	 and	 it	 also	 plays	 a	 role	 in	 signal	 transduction.	 The	 APC	 protein
downregulates	 β-catenin	 levels,	 inducing	 phosphorylation	 of	 serine-threonine	 residues	 coded	 in	 exon	 3	 of	 β-
catenin,	 resulting	 in	 its	 degradation	 via	 the	 ubiquitin-proteasome	 pathway.	 Gain-of-function	 mutations	 in	 β-
catenin	 exon	 3	 are	 seen	 in	 25%	 to	 38%	 of	 type	 I	 cancers.115	 These	 mutations	 result	 in	 protein	 stabilization,
accumulation,	 and	 transcriptional	 activation.	 β-Catenin	 mutations	 are	 also	 found	 in	 premalignant	 endometrial
lesions.	β-Catenin	changes	may	characterize	pathways	of	endometrial	cancer	separate	from	PTEN	mutations	and
are	 characterized	 by	 squamous	 differentiation.	 In	 colon	 cancer,	 elevated	 β-catenin	 levels	 trigger	 cyclin	 D1
expression	 and	uncontrolled	 cell	 cycle	 progression.	This	 is	 in	 contrast	 to	 type	 I	 endometrial	 cancers;	 β-catenin
may	regulate	expression	of	MMP-7,	which	has	a	role	in	the	establishment	of	the	microenvironment	necessary	for



maintenance	of	tumor	growth.

CERVIX,	VAGINAL,	AND	VULVAR	CANCERS
Role	of	Human	Papillomavirus
Persistent	 infections	 with	 specific	 high-risk	 human	 papillomavirus	 (HPV)	 genotypes	 (e.g.,	 HPV16,	 HPV18,
HPV31,	 HPV33,	 and	 HPV45)	 have	 been	 identified	 as	 an	 essential,	 although	 not	 sufficient,	 factor	 in	 the
pathogenesis	of	a	majority	of	cancers	of	 the	cervix,	vagina,	and	vulva.116	HPVs	are	encapsulated	DNA	viruses
containing	 a	 double-stranded	 DNA	 genome	 of	 approximately	 7,800	 base	 pairs.	 After	 infecting	 a	 suitable
epithelium,	viral	DNA	replication	takes	place	in	the	basal	cells	of	the	epidermis,	where	the	HPV	genome	is	stably
retained	in	multiple	copies,	guaranteeing	its	persistence	in	the	epithelium’s	proliferative	cells.	This	occurs	early	in
preneoplastic	lesions,	when	the	viral	genome	still	persists	in	an	episomal	state.	However,	in	most	invasive	cancers
and	 in	 a	 few	 high-grade	 dysplastic	 lesions,	 integration	 of	 high-risk	 HPV	 genomes	 into	 the	 host	 genome	 is
observed.	 Integration	 seems	 to	be	a	direct	 consequence	of	chromosomal	 instability	and	an	 important	molecular
event	 in	 the	progression	of	preneoplastic	 lesions.	 In	 a	 review	of	more	 than	190	 reported	 integration	 loci,	HPV
integration	 sites	 were	 found	 to	 be	 randomly	 distributed	 over	 the	 whole	 genome	 with	 a	 clear	 predilection	 for
genomically	fragile	sites.117

The	ability	of	high-risk	HPVs	to	 transform	human	epithelia	 relates	 to	 the	 transcription	of	specific	viral	gene
products.	 Transcription	 from	 the	HPV	 genome	 occurs	 in	 two	waves:	 an	 early	 phase	with	 seven	 to	 eight	 gene
products	and	a	late	phase	with	two	gene	products	(L1	and	L2).	Early-phase	gene	products	play	a	critical	role	in
viral	DNA	replication	(E1	and	E8)	and	regulation	of	transcription	(E2	and	E8).	In	contrast,	the	L1	and	L2	genes
code	 for	 the	 capsid’s	 primary	 and	 secondary	 proteins,	 respectively.	 The	 ability	 of	 different	 high-risk	HPVs	 to
transform	human	epithelia	has	been	primarily	associated	with	the	expression	of	two	specific	viral	gene	products,
E6	and	E7.	Transformation	of	human	genital	 tract	epithelium	likely	requires	 the	expression	of	both	E6	and	E7;
transfection	of	human	keratinocytes	in	vitro	with	either	is	insufficient	to	accomplish	this	phenomenon.

At	a	molecular	level,	E6	and	E7	interfere	with	important	control	mechanisms	of	the	cell	cycle,	apoptosis,	and
maintenance	of	chromosomal	stability	by	directly	 interacting	with	p53	and	pRB,	respectively.	Moreover,	recent
studies	 demonstrated	 that	 the	 two	 viral	 oncoproteins	 cooperatively	 disturb	 the	 mechanisms	 of	 chromosome
duplication	 and	 segregation	 during	mitosis	 and	 thereby	 induce	 severe	 chromosomal	 instability	 associated	with
centrosome	aberrations,	anaphase	bridges,	chromosome	lagging,	and	breaking.118	They	have	also	been	shown	to
interact	with	a	number	of	other	cellular	proteins	whose	role	in	epithelial	transformation	remains	unclear,	including
transcriptional	 coactivators,	 such	 as	 p300,	 and	 components	 of	 junctional	 complexes,	 such	 as	 hDlg1.	 Altered
expression	of	hDlg1	has	been	observed	in	high-grade	cervical	dysplasias,	consistent	with	the	hypothesis	that	these
gene	 products	 play	 an	 early	 role	 in	 the	 HPV-induced	 progression	 to	 cervical	 cancer.	 Although	 much	 less
understood,	other	early	genes,	such	as	E2,	have	also	been	implicated	in	the	transformation.

Immune	Evasion	by	Human	Papillomavirus
HPV	 infection	 has	 a	 transitory	 pattern,	 whereby	most	 individuals	 (70%	 to	 90%)	 eliminate	 the	 virus	 12	 to	 24
months	 after	 initial	 diagnosis.119	HPV	has	 evolved	 several	 strategies	 to	 evade	 immune	 attack.	Most	 obviously,
papillomaviruses	do	not	 infect	 and	 replicate	 in	 antigen-presenting	cells	 that	 are	 located	 in	 the	epithelium	or	do
they	lyse	keratinocytes,	so	there	is	no	opportunity	for	antigen-presenting	cells	to	engulf	virions	and	present	virion-
derived	antigens	to	the	immune	system.	Furthermore,	 there	is	no	bloodborne	phase	of	 infection,	so	the	immune
system	 outside	 the	 epithelium	 has	 little	 opportunity	 to	 detect	 the	 virus.	 After	 viral	 integration	 and	 subsequent
malignant	change,	the	local	tumor	environment	at	the	cervical	lesion	is	immunosuppressive.	Thus,	antigen-loaded
dendritic	cells	(DCs)	fail	to	mature,	and	immature	DCs	transmit	a	tolerogenic,	rather	than	an	immunogenic,	signal
to	T	cells	bearing	antigen-directed	TCRs	in	draining	lymph	nodes.

Human	Papillomavirus	Vaccines
The	 aim	 of	 prophylactic	 vaccination	 is	 to	 generate	 neutralizing	 antibodies	 against	 the	HPV	L1	 and	 L2	 capsid
proteins.	 Prophylactic	 vaccine	 development	 against	 HPV	 has	 focused	 on	 the	 ability	 of	 the	 L1	 and	 L2	 virion
structural	proteins	to	assemble	into	virus-like	particles	(VLPs).	VLPs	mimic	the	natural	structure	of	the	virion	and
generate	a	potent	 immune	 response.	Because	 the	VLPs	are	devoid	of	DNA,	 they	are	not	 infectious	or	harmful.
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HPV	VLPs	can	be	generated	by	expressing	the	HPV	capsid	protein	L1	in	baculovirus	or	yeast.	They	consist	of
five	L1	subunits	that	multimerize	into	immunogenic	pentamers.	Seventy-one	L1	pentamers,	in	turn,	multimerize
into	 an	 HPV	 VLP.	 Initial	 studies	 have	 shown	 that	 VLPs	 are	 capable	 of	 inducing	 high	 titers	 of	 neutralizing
antibodies	to	L1	and	L2	epitopes.120	Furthermore,	VLPs	have	proven	effective	 in	generating	HPV	type-specific
protection	from	viral	challenge	in	animal	papillomavirus	models.

The	 therapeutic	 approach	 to	 patients	 with	 preinvasive	 and	 invasive	 cervical	 cancers	 is	 to	 develop	 vaccine
strategies	that	induce	specific	CD8+	cytotoxic	T	lymphocyte	(CTL)	responses	aimed	at	eliminating	virus-infected
or	transformed	cells.	The	majority	of	cervical	cancers	express	the	HPV16-derived	E6	and	E7	oncoproteins,	which
are	thus	attractive	targets	for	T-cell–mediated	immunotherapy.	Several	HPV	vaccine	strategies	have	successfully
elicited	immune	responses	against	HPV	E6	and	E7	epitopes	and	have	prevented	tumor	growth	on	challenge	with
HPV16-positive	 tumor	cells	 in	mice.	Early-phase	human	 trials	using	 therapeutic	vaccines	have	shown	 that	 they
are	 safe,	 as	 no	 serious	 adverse	 effects	 have	 been	 reported.	 Other	 approaches	 currently	 undergoing	 preclinical
development	include	the	use	of	recombinant	alpha	viruses	such	as	Venezuelan	equine	encephalitis	virus,	Semliki
Forest	virus,	and	naked	DNA	vaccination.

Adoptive	T-Cell	Therapy
There	are	currently	no	viable	therapies	for	patients	with	metastatic	or	recurrent	cancers.	Adoptive	T-cell	therapy	is
a	 promising	 salvage	 approach	 for	 these	 patients.	 In	 a	 recent	 report,121	 patients	 with	 recurrent,	 chemotherapy-
resistant	metastatic	cervical	cancer	were	treated	with	a	single	infusion	of	ex	vivo–expanded	tumor-	infiltrating	T
cells.	 In	 the	 study,	 nine	 patients	 were	 treated	 using	 this	 protocol,	 and	 three	 patients	 showed	 objective	 tumor
response.	Although	the	numbers	are	small,	these	results	are	impressive	and	suggest	that	this	highly	personalized
therapeutic	modality	warrants	further	investigation.	As	with	ovarian	cancer,	the	major	obstacle	to	ACT	and	other
forms	 of	 immunotherapy	 is	 the	 immunosuppressive	 environment	 of	 tumors.	 It	 is	 likely	 that	 concomitantly
counteracting	 these	 tolerogenic	mechanisms	may	 be	 required	 to	 further	 enhance	 the	 efficacy	 of	ACT	 in	 future
approaches.
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CARCINOMA	OF	THE	CERVIX
Epidemiology
The	American	Cancer	Society	estimated	that,	in	the	United	States,	in	2017,	12,820	new	cases	of	invasive	cervical
cancer	would	be	diagnosed	and	there	would	be	4,210	deaths	due	to	cervical	cancer,	representing	approximately
1.5%	of	all	cancer	deaths	in	women.1	In	the	United	States	and	other	developed	countries,	age-adjusted	death	rates
from	cervical	cancer	have	declined	steadily	since	the	1930s.	This	decrease	is	primarily	the	result	of	the	adoption
of	 routine	 screening	programs,	 although	 the	death	 rates	 from	cervical	 cancer	 had	begun	 to	 decrease	before	 the
implementation	of	Papanicolaou	(Pap)	screening,	suggesting	that	other,	unknown	factors	may	have	played	some
role.2

However,	 cervical	 cancer	 continues	 to	be	a	major	 international	public	health	problem—it	 is	 the	 fourth	most
common	cancer	in	women	worldwide,	causing	an	estimated	260,000	deaths	in	2012.3	International	incidences	of
cervical	 cancer	 tend	 to	 reflect	 differences	 in	 cultural	 attitudes	 toward	 sexual	 practices	 and	 differences	 in	 the
penetration	 of	mass	 screening	programs,	with	 the	 highest	 incidences	 occurring	 in	 populations	 that	 have	 a	 high
background	 prevalence	 of	 human	 papillomavirus	 (HPV)	 infection	 combined	 with	 low	 screening	 rates.	 These
factors,	combined	with	variations	in	access	to	effective	treatments,	result	in	large	regional	differences	in	cervical
cancer	mortality	 rates,	 ranging	 from	 less	 than	2	per	100,000	 in	western	Asia,	western	Europe,	and	Australia	 to
more	than	20	per	100,000	in	central	America,	Melanesia,	and	most	parts	of	Africa.3	Differences	 in	age-specific
incidences	 between	 developed	 and	 medically	 underserved	 countries	 illustrate	 the	 probable	 impact	 of	 mass
screening	on	the	development	of	invasive	disease.	A	2003	comparison	between	data	from	Brazil	and	the	United
Kingdom	showed	similar	rates	of	cervical	cancer	in	young	women,	suggesting	similar	levels	of	exposure	to	HPV,
but	rapidly	diverging	rates	in	older	women,	probably	reflecting	differences	in	the	availability	of	mass	screening	in
the	two	countries	(Fig.	74.1).4

Although	the	overall	incidence	of	cervical	cancer	is	low	in	the	United	States,	the	incidence	in	black	Americans
is	about	30%	higher	than	the	incidence	in	white	Americans,	and	the	incidence	in	Hispanic	women	is	about	twice
the	incidence	in	white	Americans.5	Barriers	to	cervical	cancer	screening,	including	lack	of	insurance,	low	income,
and	cultural	factors,	probably	contribute	to	higher	incidences	and	mortality	rates	in	black	and	Hispanic	women.6

Molecular	and	human	epidemiologic	studies	have	demonstrated	a	strong	relationship	between	HPV,	cervical
intraepithelial	neoplasia	(CIN),	and	invasive	carcinoma	of	the	cervix.	HPV	can	be	identified	in	more	than	99%	of
cervical	 cancers,	 and	 infection	 with	 HPV	 is	 now	 accepted	 as	 a	 necessary	 cause	 of	 most	 cervical	 cancers.4	 It
appears	that	most	of	the	covariables	historically	associated	with	an	increased	risk	of	cervical	cancer	are	surrogates
for	 sexually	 transmitted	 HPV	 infection.	 Women	 who	 have	 coitus	 at	 a	 young	 age,	 who	 have	 multiple	 sexual
partners,	who	have	partners	with	multiple	partners,	or	who	bear	children	at	a	young	age	are	at	increased	risk.	A
pooled	analysis	of	26	epidemiologic	studies	showed	a	strong	inverse	association	between	ever	use	of	intrauterine
devices	 (IUDs)	 and	 cervical	 cancer,	 perhaps	 due	 to	 a	 cellular	 immune	 response	 triggered	 by	 the	 device.7	 In
addition,	 circumcised	 males	 have	 a	 lower	 incidence	 of	 HPV	 infection	 than	 uncircumcised	 males	 and	 a
correspondingly	lower	incidence	of	cervical	cancer	in	their	female	partners.8

Although	 the	 incidence	of	cervical	 squamous	carcinomas	 in	 the	United	States	decreased	dramatically	during
the	last	30	years	of	the	20th	century,	Surveillance,	Epidemiology,	and	End	Results	(SEER)	program	data	suggest
that	 the	 incidence	of	 cervical	 adenocarcinoma	 increased	by	 approximately	 29%	during	 that	 same	 time	period.9



Although	 some	 investigators	 have	 reported	 a	 correlation	 between	 cervical	 adenocarcinoma	 and	 prolonged	 oral
contraceptive	use,	potential	confounding	risk	factors	and	changes	in	diagnostic	criteria	make	it	difficult	to	confirm
a	causative	role.10	Another	possible	explanation	for	the	increase	in	incidence	of	cervical	adenocarcinoma	is	that
cytologic	 screening	methods	 may	 be	 less	 effective	 in	 detecting	 preinvasive	 adenocarcinomas	 than	 they	 are	 in
detecting	 preinvasive	 squamous	 lesions,	 resulting	 in	 a	 less	 dramatic	 reduction	 in	 the	 incidence	 of	 invasive
adenocarcinomas.

In	1993,	 the	Centers	 for	Disease	Control	 and	Prevention	 added	 cervical	 cancer	 to	 the	 list	 of	AIDS-defining
neoplasms.11	However,	the	relationship	between	immunosuppression	(particularly	human	immunodeficiency	virus
[HIV]-related	 immunosuppression)	 and	 the	 risk	 of	 HPV-related	 disease	 is	 complex	 and	 incompletely
understood.11,12	 Even	 after	 they	 are	 corrected	 for	 confounding	 risk	 factors,	 studies	 have	 shown	 HIV-infected
women	 to	 have	 an	 increased	 incidence	 of	 HPV	 infection,	 more	 persistent	 infections,	 and	 a	 faster	 rate	 of
progression	to	high-grade	CIN.11,12	Iatrogenic	immunosuppression	in	organ	transplant	recipients	is	also	associated
with	 an	 increased	prevalence	 of	CIN.13	Although	 less	 definitive,	 evidence	 linking	HIV	 infection	with	 invasive
cervical	cancer	has	also	been	increasing.12,13	Some	investigators14	have	suggested	that	cervical	cancer	is	a	more
aggressive	 disease	 in	 immunosuppressed	 patients,	 but	 other	 studies	 have	 failed	 to	 reveal	 an	 independent
linkage.11,12	 In	 most	 cases,	 antiretroviral	 therapy	 does	 not	 appear	 to	 affect	 HPV	 levels	 nor	 does	 it	 appear	 to
decrease	 the	 risks	 of	 high-grade	 squamous	 intraepithelial	 lesions	 (HSILs)	 or	 invasive	 cancer.12	 Because	 of	 the
increased	risk	of	HPV	infection	in	HIV-positive	women,	vigilant	surveillance	with	Pap	tests,	pelvic	examinations,
and	colposcopy	(when	indicated)	should	be	part	of	the	routine	care	of	these	women.13
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Figure	74.1	Age-specific	incidences	of	invasive	cervical	cancer	in	Brazil	and	in	the	United
Kingdom	(UK).

Human	Papillomavirus
Examination	of	tumor	DNA	reveals	integration	of	DNA	from	at	least	one	of	several	high-risk	HPV	subtypes	in
nearly	 all	 cases	 of	 squamous	 or	 adenocarcinoma	 of	 the	 cervix.	 High-risk	 subtypes	 include	 HPV16,	 HPV18,
HPV31,	 HPV33,	 and	 HPV45;	 of	 these,	 the	 most	 common	 are	 HPV16	 and	 HPV18,	 which	 are	 found	 in
approximately	70%	of	cervical	cancers.	Although	invasive	cervical	cancer	is	relatively	rare	in	the	United	States,
HPV	infection	is	very	common.	In	a	U.S.	study	of	vaginal	swabs,	26%	of	the	women	tested	and	44%	of	women
between	 the	 ages	 of	 20	 and	 24	 years	 had	 evidence	 of	HPV	 infection.15	 However,	 only	 a	 small	 percentage	 of
women	with	HPV	 infection	go	on	 to	develop	premalignant	or	malignant	 lesions.	These	data	 suggest	 that	HPV
infection	is	essential,	but	not	sufficient,	for	the	development	of	high-grade	dysplasia	or	invasive	cancers.

At	the	time	of	initial	infection,	episomal	HPV	DNA	resides	and	replicates	in	the	basal	cell	layer	of	the	cervical
epithelium.	For	cancer	to	develop,	the	episomal	DNA	generally	must	become	integrated	into	cellular	chromatin.
Although	 the	 mechanism	 of	 DNA	 integration	 is	 not	 fully	 understood,	 it	 tends	 to	 occur	 in	 areas	 of	 genomic
instability16;	 oncogenesis	does	not	 appear	 to	 require	disruption	of	 any	critical	 tumor	 suppressor	genes.	 Instead,
expression	of	integrated	viral	oncogenes,	E6	and	E7,	disrupts	the	function	of	critical	tumor	suppressor	genes,	p53
and	 pRB,	 respectively,	 leading	 to	 enhanced	 cell	 cycle	 proliferation,	 impaired	 apoptosis,	 and	 loss	 of	 genome
maintenance,	leading	to	increased	genomic	instability.

A	number	of	cofactors	have	been	identified	that	may	contribute	to	the	development	of	HPV	oncogenesis.	These
include	smoking,	high	parity,	and	coinfection	with	other	sexually	transmitted	diseases.	It	has	been	hypothesized
that	 these	factors	may	cause	chronic	inflammation,	with	resulting	increases	in	reactive	oxygen	species	 that	may
lead	to	host	DNA	damage	and	encourage	integration	of	HPV	DNA.16

The	 strong	 correlation	 between	 infection	 with	 high-risk	 HPV	 types	 and	 cervical	 carcinoma	 has	 led	 to	 the
development	of	prophylactic	HPV	vaccines;	 randomized	 trials	have	consistently	demonstrated	 these	vaccines	 to
be	highly	effective	in	preventing	HPV	infection.17	In	2006,	the	U.S.	Food	and	Drug	Administration	first	approved
a	prophylactic	HPV	vaccine	for	women	between	the	ages	of	9	and	26	years.17	Currently,	three	vaccines,	Cervarix,
Gardasil,	and	Gardasil	9,	are	available	for	use	in	the	United	States.	All	three	vaccines	target	HPV16	and	HPV18,
which	 account	 for	 70%	of	 cervical	 cancers.	Gardasil	 also	 includes	 antigen	 from	HPV6	and	HPV11,	which	 are
associated	with	90%	of	 cases	of	benign	genital	warts;	Gardasil	 9	protects	 against	HPV16,	HPV18,	HPV6,	 and
HPV11,	as	well	as	five	additional	high-risk	HPV	types	(HPV31,	HPV33,	HPV45,	HPV52,	and	HPV58).	All	of
these	 vaccines	 deliver	 viral-like	 particles	 (VLPs)	 composed	 of	 L1	 capsid	 protein	 assembled	 into	 a	 highly
immunogenic	VLP	form.	Because	these	vaccines	are	DNA	free,	they	carry	no	risk	of	infection.

All	three	vaccines	are	highly	effective,	generating	a	robust	immune	response,	with	production	of	neutralizing
antibodies	to	the	HPV	viral	capsid	protein.18,19	The	effect	appears	to	be	highly	durable,	lasting	at	least	5	years	and
likely	 significantly	 longer.18,19	 For	 women	 who	 had	 no	 history	 of	 HPV	 infection	 before	 vaccination,	 these
vaccines	have	been	found	to	prevent	more	than	95%	of	CIN	2	or	3	lesions	associated	with	the	vaccine-specific
subtypes.18–20	 Theoretically,	 the	 9-valent	 vaccine	 could	 provide	 greater	 protection	 than	 vaccines	 with	 fewer
antigens;	however,	studies	comparing	it	with	other	vaccines	are	as	yet	too	preliminary	to	draw	firm	conclusions.19
Although	a	three-dose	schedule	was	used	in	all	of	the	early	trials,	a	recent	meta-analysis	suggested	that	two-dose
schedules	 were	 as	 effective	 as	 three-dose	 schedules	 of	 Cervarix	 and	 Gardasil;	 there	 were	 not	 yet	 trial	 data
addressing	 this	 question	 for	 the	 9-valent	 vaccine.21	 In	 2014,	 the	 World	 Health	 Organization	 concluded	 that
immunologic	evidence	was	sufficient	to	recommend	a	schedule	of	two	doses	administered	with	at	least	a	6-month
interval	to	girls	younger	than	15	years	old.

Although	 HPV	 vaccines	 are	 highly	 effective	 when	 given	 to	 girls	 and	 women	 who	 have	 not	 had	 previous
infection,	 vaccination	 does	 not	 appear	 to	 speed	 clearance	 of	 the	 HPV	 virus	 for	 women	 who	 have	 previous
exposure	 to	HPV.22	 For	 this	 reason,	 the	 Centers	 for	 Disease	 Control	 and	 Prevention	 Advisory	 Committee	 on
Immunization	 Practice	 (ACIP)	 currently	 recommends	 routine	 HPV	 vaccine	 at	 age	 11	 or	 12	 years,	 although
vaccination	can	be	given	starting	as	early	as	age	9	years;	ACIP	also	recommends	vaccination	for	females	to	age	26
years	 and	 for	males	 to	 age	 21	 years	who	were	 not	 adequately	 vaccinated	 previously.23	For	persons	vaccinated
before	 their	 15th	 birthday,	 a	 two-dose	 schedule	 is	 recommended	 with	 the	 second	 dose	 administered	 6	 to	 12
months	after	the	first;	for	older	individuals,	a	three-dose	schedule	is	recommended.

Natural	History	and	Pattern	of	Spread



Most	cervical	carcinomas	arise	at	the	junction	between	the	primarily	columnar	epithelium	of	the	endocervix	and
the	 squamous	 epithelium	 of	 the	 ectocervix.	 This	 junction	 is	 a	 site	 of	 continuous	metaplastic	 change,	which	 is
greatest	 in	 utero,	 at	 puberty,	 and	 during	 first	 pregnancy,	 and	 declines	 after	 menopause.	 Long	 before	 the
relationship	 between	 HPV	 and	 cervical	 cancer	 was	 known,	 Richart	 and	 Barron24	 demonstrated	 that	 invasive
squamous	 cell	 cancer	 of	 the	 cervix	was	 the	 end	 result	 of	 progressive	 intraepithelial	 dysplastic	 changes	within
metaplastic	 epithelium	 of	 the	 transformation	 zone.	 The	 greatest	 risk	 of	 neoplastic	 transformation	 of	 virally
induced	atypical	squamous	metaplasia	coincides	with	periods	of	greatest	metaplastic	activity.	The	approximately
15-year	 difference	 in	 the	mean	 ages	 of	women	with	CIN	 and	women	with	 invasive	 cervical	 cancer	 suggests	 a
generally	slow	progression	of	CIN	to	invasive	carcinoma.

Once	 tumor	 has	 broken	 through	 the	 basement	 membrane,	 it	 may	 penetrate	 the	 cervical	 stroma	 directly	 or
through	vascular	channels.	Invasive	tumors	may	develop	as	exophytic	growths	protruding	from	the	cervix	into	the
vagina	 or	 as	 endocervical	 lesions	 that	 can	 cause	massive	 expansion	 of	 the	 cervix	 despite	 a	 relatively	 normal-
appearing	ectocervix.	From	the	cervix,	tumor	may	infiltrate	superiorly	to	the	lower	uterine	segment,	inferiorly	to
the	vagina,	 laterally	 to	 the	broad	 ligaments	 (where	 it	may	cause	ureteral	obstruction),	or	posterolaterally	 to	 the
uterosacral	ligaments.	Large	tumors	may	seem	fixed	on	pelvic	examination,	although	true	invasion	of	the	pelvic
wall	musculature	is	uncommon.	Although	the	cervix	is	separated	from	the	bladder	by	only	a	thin	layer	of	fascia
and	cellular	connective	tissue,	extensive	bladder	involvement	is	uncommon,	occurring	in	fewer	than	5%	of	cases.
Tumor	may	also	extend	posteriorly	to	the	rectum,	although	rectal	mucosal	involvement	is	a	rare	finding	at	initial
presentation.

The	 cervix	 has	 a	 rich	 supply	 of	 lymphatics	 that	 drain	 the	 mucosal,	 muscularis,	 and	 serosal	 layers.	 The
lymphatics	 of	 the	 cervix	 anastomose	 extensively	with	 those	 of	 the	 lower	 uterine	 segment.	The	most	 important
lymphatic	 collecting	 trunks	 exit	 laterally	 from	 the	 uterine	 isthmus	 in	 three	 groups.	The	 upper	 branches,	which
originate	in	the	anterior	and	lateral	cervix,	follow	the	uterine	artery,	are	sometimes	interrupted	by	a	node	as	they
cross	the	ureter,	and	terminate	in	the	uppermost	hypogastric	nodes	just	distal	to	the	point	where	the	common	iliac
veins	 bifurcate	 to	 form	 the	 external	 and	 internal	 iliac	 veins.	 The	middle	 branches	 drain	 to	 deeper	 hypogastric
(obturator)	 nodes.	 The	 lowest	 branches	 follow	 a	 posterior	 course	 to	 the	 inferior	 and	 superior	 gluteal,	 common
iliac,	presacral,	and	subaortic	nodes,	although	direct	spread	to	these	sites	is	relatively	uncommon.	Massive	tumors,
particularly	those	that	 involve	the	rectovaginal	septum	or	cul-de-sac	can	metastasize	to	perirectal	nodes;	 tumors
that	involve	distal	vagina	can	metastasize	directly	to	the	inguinal	lymph	nodes.

The	 incidence	 of	 pelvic	 and	 para-aortic	 node	 involvement	 is	 correlated	 with	 tumor	 stage,	 size,	 histologic
subtype,	 depth	of	 invasion,	 and	presence	of	 lymphovascular	 space	 invasion	 (LVSI).	Reported	 rates	of	 regional
metastasis,	 which	 come	 primarily	 from	 series	 of	 patients	 who	 underwent	 lymphadenectomy	 as	 part	 of	 radical
surgical	 treatment	 or	 before	 radiotherapy,	 vary	 widely.	 For	 patients	 with	 stage	 I	 disease	 treated	 with	 radical
hysterectomy,	most	investigators	report	an	incidence	of	positive	pelvic	nodes	of	15%	to	20%	and	an	incidence	of
positive	para-aortic	nodes	of	1%	to	5%.25	For	patients	who	have	more	advanced	disease,	the	incidence	of	positive
nodes	may	exceed	50%,	with	the	rate	depending	on	the	primary	risk	factors	and	method	of	evaluation.

Cervical	 cancer	 usually	 follows	 a	 relatively	 orderly	 pattern	 of	 metastatic	 progression,	 initially	 to	 primary
echelon	nodes	in	the	pelvis	and	then	to	para-aortic	nodes	and	distant	sites.	Initial	presentation	with	hematogenous
metastases	is	uncommon.	Fluorodeoxyglucose	(FDG)	positron	emission	tomography	(PET)	scanning	is	probably
the	 most	 accurate	 noninvasive	 method	 for	 the	 diagnosis	 of	 nodal	 metastasis,	 with	 a	 sensitivity	 of	 82%	 and
specificity	 of	 95%	 as	 reported	 in	 a	 2010	meta-analysis.26	 Studies	 of	 the	 distribution	 of	 PET-positive	 nodes	 in
patients	with	cervical	cancer	confirm	that	the	most	frequent	sites	of	metastasis	follow	the	hypogastric	vessels	from
the	common	iliac	bifurcations	to	the	obturator	nodes	that	lie	medial	to	the	obturator	internus	muscle	(Fig.	74.2).27

The	most	 frequent	 sites	of	distant	 recurrence	are	 lung,	 left	 supraclavicular	 and	mediastinal	nodes,	 liver,	 and
bone.
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Figure	74.2	Anatomic	distribution	of	positron	emission	tomography–positive	lymph	nodes	based
on	a	volume	probability	map.	A	color	gradient	corresponding	to	the	visible-light	spectrum	is	used	to

indicate	the	frequency	of	lymph	node	involvement.	Red,	high	frequency;	green,	moderate
frequency;	blue,	low	frequency.	(©	2011	the	University	of	Texas	MD	Anderson	Cancer	Center.)

Pathology

Cervical	Intraepithelial	Neoplasia
Several	 systems	 have	 been	 developed	 for	 classifying	 premalignant	 cytologic	 and	 histologic	 cervical	 findings
(Table	 74.1).	 Following	 a	 1988	 National	 Cancer	 Institute	 Consensus	 Conference,	 the	 Bethesda	 system	 of
classification	was	developed	in	an	effort	to	further	standardize	reporting.	The	Bethesda	system	divides	cytologic
specimens	into	two	groups,	low-grade	squamous	intraepithelial	lesions	(LSILs)	and	HSILs.	LSILs	have	low-grade
dysplasia	or	changes	associated	with	HPV.	They	are	typically	associated	with	low-risk	HPV	types	and	have	a	low
likelihood	of	progressing	to	invasive	cancers.	These	are	to	be	distinguished	from	HSILs,	which	have	findings	of
moderate-	 to	high-grade	dysplasia	such	as	abnormal	mitoses,	coarse	chromatin,	and	 loss	of	polarity.	HSILs	are
usually	associated	with	high-risk	HPV	types	and	have	a	higher	likelihood	of	progressing	to	invasive	cancer.	The
Bethesda	 system	was	meant	 to	 replace	 the	 Papanicolaou	 system	 and	 is	 now	widely	 used	 in	 the	United	 States.
However,	some	groups	have	argued	that	the	Bethesda	nomenclature	has	failed	to	improve	diagnostic	accuracy	and
believe	that	with	dichotomization	of	the	spectrum	of	atypical	lesions,	lesions	that	were	formerly	classified	as	CIN
2	(now	HSIL)	may	be	overtreated	despite	their	relatively	low	risk	of	progression.28



Biopsy	 specimens	 that	 allow	evaluation	of	 tissue	 architecture	 can	be	 scored	 as	CIN	1,	 2,	 or	 3	based	on	 the
Bethesda	 system.29	 The	 term	 cervical	 intraepithelial	 neoplasia	 refers	 only	 to	 a	 lesion	 that	 may	 progress	 to
invasive	carcinoma.	Although	criteria	for	the	diagnosis	of	CIN	and	degree	of	neoplasia	vary	somewhat	between
pathologists,	the	important	features	of	CIN	are	cellular	immaturity,	cellular	disorganization,	nuclear	abnormalities,
and	increased	mitotic	activity.	If	mitoses	and	immature	cells	are	present	only	in	the	lower	third	of	the	epithelium,
the	lesion	is	usually	designated	CIN	1.	Lesions	involving	only	the	lower	and	middle	thirds	are	designated	CIN	2,
and	 those	 involving	 the	upper	 third	are	designated	CIN	3.	Although	CIN	1	 and	2	 are	 sometimes	 referred	 to	 as
mild-to-moderate	dysplasia,	the	term	CIN	is	now	preferred	over	dysplasia.

The	Bethesda	 system	 also	 introduced	 the	 term	atypical	 squamous	 cells	 of	 undetermined	 significance	 (ASC-
US).	This	uncertain	diagnosis	is	now	the	most	common	abnormal	Pap	test	result	in	U.S.	laboratories,	with	1.6%	to
9%	of	Pap	tests	reported	as	having	ASC-US.30	Although	most	cases	of	ASC-US	reflect	a	benign	process,	about
5%	to	10%	are	associated	with	an	underlying	HSIL,	and	one-third	or	more	of	HSILs	are	heralded	by	a	finding	of
ASC-US	on	a	Pap	test.30	To	resolve	controversies	about	the	evaluation	and	management	of	ASC-US,	the	National
Cancer	Institute	initiated	a	multicenter,	randomized	trial	(the	ASC-US-LSIL	Triage	Study	[ALTS])	that	compared
three	methods	of	management—immediate	colposcopy,	cytologic	follow-up,	and	triage	by	HPV	DNA	testing—in
5,060	patients	who	were	recruited	to	the	study	following	a	community-based	Pap	test	report	of	ASC-US	or	LSIL.
In	 a	 2007	 report,31	 the	 authors	 concluded	 that	HPV	DNA	 testing	was	 the	most	 effective	method	 of	 triage	 for
patients	 with	 an	 ASC-US	 Pap	 result.	 In	 that	 study,	 only	 1.4%	 of	 women	 who	 had	 HPV-negative	 ASC-US
developed	 CIN	 3	 or	 worse	 during	 follow-up	 compared	 with	 15.2%	 of	 HPV-positive	 patients.	 This	 was
significantly	higher	than	the	detection	rate	for	repeat	cytologic	testing.	Although	combined	testing	of	HPV	DNA
and	 cytology	 had	 an	 even	 higher	 sensitivity,	 cotesting	 yielded	 a	 much	 lower	 sensitivity	 and	 a	 lower	 positive
predictive	value	when	compared	with	DNA	testing	alone.	In	their	report,	Safaeian	et	al.31	concluded	that	ASC-US
is	a	cytologic	ambiguity	(rather	than	a	cytologic	abnormality)	that	is	clarified	by	HPV	testing;	HPV-positive	ASC-
US	can	be	viewed	as	a	true	abnormality	with	a	similar	risk	of	progressing	to	precancer	as	LSIL.

TABLE	74.1
Comparison	of	Cytology	Classification	Systems	for	Cervical	Neoplasms



Dr. AVR @ TMH

Adenocarcinoma	In	Situ
Adenocarcinoma	in	situ	(AIS)	is	a	precursor	of	invasive	cervical	adenocarcinoma	that	is	diagnosed	when	normal
endocervical	 gland	 cells	 are	 replaced	 by	 tall,	 irregular	 columnar	 cells	 with	 stratified,	 hyperchromatic	 nuclei,
apoptotic	bodies,	and	increased	mitotic	activity;	however,	the	normal	branching	pattern	of	the	endocervical	glands
is	maintained	and	 there	 is	no	obvious	stromal	 invasion.32	About	30%	to	60%	of	women	with	cervical	AIS	also
have	 squamous	 CIN.32	 Almost	 all	 endocervical-type	 AISs	 exhibit	 p16	 nuclear	 positivity.	 Because	 AIS	 is
frequently	multifocal,	cone	biopsy	margins	are	unreliable.	Although	some	investigators	have	described	a	possible
precursor	 lesion	 termed	 endocervical	 glandular	 dysplasia,	 the	 reproducibility	 and	 clinical	 value	 of	 this
designation	are	uncertain.32

Microinvasive	Carcinoma
Microinvasive	 carcinoma	 is	 defined	 by	 the	 International	 Federation	 of	 Gynecology	 and	 Obstetrics	 (FIGO)	 as
“invasive	 carcinoma,	 which	 can	 be	 diagnosed	 only	 by	microscopy,	 with	 deepest	 invasion	 ≤5	mm	 and	 largest
extension	 ≥7	 mm”	 (stage	 IA	 in	 Table	 74.2).	 Thus,	 this	 diagnosis	 can	 be	 made	 only	 after	 examination	 of	 a
specimen	that	includes	the	entire	neoplastic	lesion	and	cervical	transformation	zone.	This	requires	a	cervical	cone
biopsy.	Following	the	advent	of	cytologic	screening,	the	proportion	of	invasive	carcinomas	that	invade	less	than	5
mm	increased	more	than	10-fold	to	about	20%	in	the	United	States.33

The	earliest	invasion	appears	as	a	blurring	of	the	stromoepithelial	junction	with	a	protrusion	of	cells	into	the
stroma.	These	cells	are	 less	well	differentiated	than	the	adjacent	noninvasive	cells;	have	abundant	pink-staining
cytoplasm,	hyperchromatic	nuclei,	and	prominent	nucleoli;	and	exhibit	a	 loss	of	polarity	at	 the	stromoepithelial
junction.34	 Early	 microinvasion	 is	 usually	 characterized	 by	 a	 desmoplastic	 response	 in	 adjacent	 stroma	 with
scalloping	or	duplication	of	the	neoplastic	epithelium	or	formation	of	pseudoglands	(nests	of	invasive	carcinoma
that	can	mimic	crypt	involvement).	The	depth	of	invasion	should	be	measured	with	a	micrometer	from	the	base	of



the	epithelium	to	the	deepest	point	of	invasion.	Lesions	that	have	invaded	less	than	3	mm	(FIGO	stage	IA1)	are
rarely	 associated	 with	metastases;	 5%	 to	 10%	 of	 tumors	 that	 have	 invaded	 3	 to	 5	mm	 (FIGO	 stage	 IA2)	 are
associated	with	positive	pelvic	lymph	nodes.35	Until	FIGO	refined	its	definition	of	microinvasive	carcinoma	(see
Table	74.2),	most	clinicians	in	the	United	States	used	a	different	definition	of	microinvasive	carcinoma	formulated
by	the	Society	of	Gynecologic	Oncologists:	cancers	that	invaded	less	than	3	mm	with	no	evidence	of	LVSI.	The
importance	 of	 LVSI	 remains	 somewhat	 controversial;	 the	 risk	 of	 metastatic	 regional	 disease	 appears	 to	 be
exceedingly	 low	 for	 any	 tumor	 that	 invades	 less	 than	 3	mm,	 even	 in	 the	 presence	 of	 LVSI.34	 Although	 most
clinicians	have	adopted	the	FIGO	definitions,	many	think	that	the	risk	of	regional	spread	from	tumors	that	have
invaded	3	to	5	mm	is	sufficiently	high	to	warrant	evaluation	or	treatment	of	the	parametria	and	regional	nodes.

TABLE	74.2
International	Federation	of	Gynecology	and	Obstetrics	Staging	of	Carcinoma	of	the	Cervix
(2009)

Stage Description
I The	carcinoma	is	strictly	confined	to	the	cervix	(extension	to	the	corpus	should	be	disregarded).

IA
Invasive	carcinoma	that	can	be	diagnosed	only	by	microscopy,	with	deepest	invasion	≤5	mm	and	largest	extension	≥7
mm.

IA1 Measured	stromal	invasion	of	≤3.0	mm	in	depth	and	extension	of	≤7.0	mm.

IA2 Measured	stromal	invasion	>3.0	mm	and	not	>5.0	mm	in	depth	with	an	extension	of	not	>7.0	mm.

IB Clinically	visible	lesions	limited	to	the	cervix	uteri	or	preclinical	cancers	greater	than	stage	IA.a

IB1 Clinically	visible	lesion	≤4	cm	in	greatest	dimension.

IB2 Clinically	visible	lesion	>4	cm	in	greatest	dimension.

II Cervical	carcinoma	invades	beyond	the	uterus,	but	not	to	the	pelvic	wall	or	to	the	lower	third	of	the	vagina.

IIA Without	parametrial	invasion.

IIA1 Clinically	visible	lesion	≤4	cm	in	greatest	dimension.

IIA2 Clinically	visible	lesion	>4	cm	in	greatest	dimension.

IIB With	obvious	parametrial	invasion.

III
The	tumor	extends	to	the	pelvic	wall	and/or	involves	the	lower	third	of	the	vagina	and/or	causes	hydronephrosis	or
nonfunctioning	kidney.b

IIIA Tumor	involves	lower	third	of	the	vagina,	with	no	extension	to	the	pelvic	wall.

IIIB Extension	to	the	pelvic	wall	and/or	hydronephrosis	or	nonfunctioning	kidney.

IV
The	carcinoma	has	extended	beyond	the	true	pelvis	or	has	involved	(biopsy-proven)	the	mucosa	of	the	bladder	or
rectum.	A	bullous	edema,	as	such,	does	not	permit	a	case	to	be	allotted	to	stage	IV.

IVA Spread	of	the	growth	to	adjacent	organs.

IVB Spread	to	distant	organs.
aAll	macroscopically	 visible	 lesions—even	with	 superficial	 invasion—are	allotted	 to	 stage	 IB	 carcinomas.	 Invasion	 is	 limited	 to	 a
measured	stromal	invasion	with	a	maximal	depth	of	5.0	mm	and	a	horizontal	extension	of	not	>7.0	mm.	Depth	of	invasion	should	not
be	>5.0	mm	 taken	 from	 the	base	of	 the	epithelium	of	 the	original	 tissue—superficial	 or	 glandular.	 The	depth	of	 invasion	 should
always	 be	 reported	 in	 millimeters,	 even	 in	 those	 cases	 with	 “early	 (minimal)	 stromal	 invasion”	 (<1	 mm).	 The	 involvement	 of
vascular/lymphatic	spaces	should	not	change	the	stage	allotment.
bOn	 rectal	 examination,	 there	 is	 no	 cancer-free	 space	 between	 the	 tumor	 and	 the	 pelvic	wall.	 All	 cases	with	 hydronephrosis	 or
nonfunctioning	kidney	are	included,	unless	they	are	known	to	be	the	result	of	another	cause.
Data	 from	 Pecorelli	 S.	 Revised	 FIGO	 staging	 for	 carcinoma	 of	 the	 vulva,	 cervix,	 and	 endometrium.	 Int	 J	 Gynaecol	 Obstet
2009;105(2):103–104.

For	 adenocarcinoma,	 in	 particular,	 measuring	 the	 depth	 of	 invasion	 can	 be	 difficult.	 Because	 invasive
adenocarcinomas	 may	 originate	 anywhere	 within	 the	 architecturally	 complex	 glands	 that	 course	 through	 the
cervical	 stroma,	 no	 reproducible	method	 has	 been	 found	 for	measuring	 the	 depth	 of	 invasion	 of	 these	 tumors.
Some	authors	have	measured	the	extent	of	invasion	from	the	basement	membrane	or	from	the	nearest	abnormal
glandular	 epithelium;	 others	 have	 defined	 early	 adenocarcinomas	 according	 to	 the	 volume	 of	 tumor	 (in	 cubic
millimeters).36	Despite	these	differences	in	measurement	method,	it	is	apparent	that	a	subset	of	patients	with	very
small,	particularly	low-grade,	adenocarcinomas	have	a	low	likelihood	of	lymph	node	metastasis	or	recurrence.36
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Invasive	Squamous	Cell	Carcinoma
Between	80%	and	90%	of	cervical	carcinomas	are	squamous	cell	carcinomas.	Although	squamous	neoplasms	are
often	 subclassified	 as	 large-cell	 keratinizing,	 large-cell	 nonkeratinizing,	 or	 small-cell	 carcinomas,	 these
designations	do	not	correlate	well	with	prognosis.33	Small-cell	squamous	carcinomas	have	small-	to	medium-sized
nuclei,	open	chromatin,	small	or	large	nucleoli,	and	abundant	cytoplasm	and	are	believed	by	most	authorities	to
have	 a	 somewhat	 poorer	 prognosis	 than	 large-cell	 neoplasms	 with	 or	 without	 keratin.	 However,	 small-cell
squamous	 carcinomas	 should	 not	 be	 confused	 with	 the	 much	 more	 aggressive	 anaplastic	 small-cell
neuroendocrine	carcinomas	discussed	later.	Papillary	variants	of	squamous	carcinoma	may	be	well	differentiated
(occasionally	 confused	 with	 immature	 condylomata)	 or	 very	 poorly	 differentiated	 (resembling	 high-grade
transitional	carcinoma).34	Verrucous	carcinoma	is	a	very	rare	warty-appearing	variant	of	squamous	carcinoma	that
may	be	difficult	to	differentiate	from	benign	condyloma	without	multiple	biopsies	or	hysterectomy.34	Sarcomatoid
squamous	 carcinoma	 is	 another	 very	 rare	 variant,	 demonstrating	 areas	 of	 spindle	 cell	 carcinomatous	 tumor
confluent	with	poorly	differentiated	squamous	cell	carcinoma;	despite	its	“sarcomatoid”	appearance,	these	cancers
are	HPV	related,	and	immunohistochemistry	of	the	spindle	cell	component	demonstrates	expression	of	cytokeratin
as	well	as	vimentin.	The	natural	history	of	this	uncommon	tumor	is	not	well	understood.34

Adenocarcinoma
Invasive	 adenocarcinoma	 may	 be	 pure	 or	 mixed	 with	 squamous	 cell	 carcinoma	 (adenosquamous	 carcinoma).
About	 80%	 of	 cervical	 adenocarcinomas	 are	 endocervical-type	 adenocarcinomas,	 which	 are	 composed
predominantly	of	cells	with	eosinophilic	cytoplasm,	brisk	mitotic	activity,	and	frequent	apoptotic	bodies,	although
many	other	patterns	and	cell	 types	have	also	been	observed.	Endocervical-type	adenocarcinomas	are	 frequently
referred	 to	 as	mucinous;	 however,	 although	 some	 have	 abundant	 intracytoplasmic	 mucin,	 most	 have	 little	 or
none.37

Minimal-deviation	 adenocarcinoma	 (adenoma	 malignum)	 is	 a	 rare,	 extremely	 well-differentiated
adenocarcinoma	 that	 is	 sometimes	 associated	with	Peutz-Jeghers	 syndrome.37	Because	 the	branching	glandular
pattern	 strongly	 resembles	 normal	 endocervical	 glands	 and	 the	 mucin-rich	 cells	 can	 be	 deceptively	 benign
appearing,	minimal-deviation	 adenocarcinoma	may	not	 be	 recognized	 as	malignant	 in	 small	 biopsy	 specimens.
Earlier	studies	reported	a	poor	outcome	for	women	with	this	tumor,	but	more	recently,	patients	have	been	reported
to	have	a	favorable	prognosis	if	the	disease	is	detected	early.38

Glassy	cell	carcinoma37	is	a	variant	of	poorly	differentiated	adenosquamous	carcinoma	characterized	by	cells
with	 abundant	 eosinophilic,	 granular,	 ground-glass	 cytoplasm	 with	 large	 round	 to	 oval	 nuclei	 and	 prominent
nucleoli.	 Adenoid	 basal	 carcinoma	 is	 a	 well-differentiated	 tumor	 that	 histologically	 resembles	 basal	 cell
carcinoma	of	the	skin	and	tends	to	have	a	favorable	prognosis.37	Adenoid	cystic	carcinoma	consists	of	basaloid
cells	 in	 a	 cribriform	 or	 cylindromatous	 pattern;	 metastases	 are	 frequent,	 although	 the	 natural	 history	 of	 these
tumors	may	be	long.37	Rarely,	primary	carcinomas	of	the	cervix	are	composed	of	endometrioid,	serous,	or	clear
cells;	mixtures	of	these	cell	types	may	be	seen,	and	histologically,	some	of	these	tumors	are	indistinguishable	from
those	arising	elsewhere	 in	 the	endometrium	or	ovary.37	 In	 a	 study	of	 17	 cases,	Zhou	 et	 al.39	 found	 that	 serous
carcinomas	of	the	cervix	have	an	aggressive	course,	similar	to	that	of	high-grade	serous	tumors	originating	in	the
other	müllerian	sites.

Anaplastic	Small-Cell/Neuroendocrine	Carcinoma
Anaplastic	small-cell	carcinomas	resemble	small-cell	carcinomas	of	the	lung	and	are	made	up	of	small	tumor	cells
that	 have	 scanty	 cytoplasm,	 small	 round	 to	 oval	 nuclei,	 and	 high	 mitotic	 activity;	 they	 frequently	 display
neuroendocrine	features.40	Anaplastic	small-cell	carcinomas	behave	more	aggressively	than	poorly	differentiated
small-cell	squamous	carcinomas;	most	investigators	report	survival	rates	of	less	than	50%	even	for	patients	with
early	stage	I	disease,	although	recent	studies	of	aggressive	multimodality	 treatments	have	been	somewhat	more
encouraging.40,41	 Widespread	 hematogenous	 metastases	 are	 frequent,	 but	 brain	 metastases	 are	 rare	 unless
preceded	by	pulmonary	involvement.42

Other	Rare	Neoplasms
A	variety	of	neoplasms	may	infiltrate	the	cervix	from	adjacent	sites,	and	this	makes	differential	diagnosis	difficult.
In	 particular,	 it	 may	 be	 difficult	 or	 impossible	 to	 determine	 the	 origin	 of	 adenocarcinomas	 involving	 the
endocervix	 and	 uterine	 isthmus.	 Although	 endometrioid	 histology	 suggests	 endometrial	 origin	 and	 mucinous



tumors	 in	 young	patients	 are	most	 often	of	 endocervical	 origin,	 both	histologic	 types	 can	 arise	 in	 either	 site.37
Metastatic	 tumors	 from	 the	 colon,	 breast,	 or	 other	 sites	may	 involve	 the	 cervix	 secondarily.	Malignant	mixed
müllerian	tumors,	adenosarcomas,	and	leiomyosarcomas	occasionally	arise	in	the	cervix	but	more	often	involve	it
secondarily.	Primary	lymphomas	and	melanomas	of	the	cervix	are	extremely	rare.

Clinical	Manifestations
Preinvasive	disease	is	usually	detected	during	routine	cervical	cytologic	screening.	Early	invasive	disease	may	not
be	 associated	 with	 any	 symptoms	 and	 is	 also	 usually	 detected	 during	 screening	 examinations.	 The	 earliest
symptom	 of	 invasive	 cervical	 cancer	 is	 usually	 abnormal	 vaginal	 bleeding,	 often	 following	 coitus	 or	 vaginal
douching.	This	may	be	associated	with	a	 clear	or	 foul-smelling	vaginal	discharge.	Pelvic	pain	may	 result	 from
locoregionally	invasive	disease	or	from	coexistent	pelvic	inflammatory	disease.	Flank	pain	may	be	a	symptom	of
hydronephrosis,	 which	 may	 be	 complicated	 by	 pyelonephritis.	 Patients	 with	 very	 advanced	 tumors	 may	 have
hematuria	 or	 incontinence	 from	 a	 vesicovaginal	 fistula	 caused	 by	 direct	 extension	 of	 tumor	 to	 the	 bladder.
External	compression	of	the	rectum	by	a	massive	primary	tumor	may	cause	constipation,	but	the	rectal	mucosa	is
rarely	involved	at	initial	diagnosis.

Diagnosis,	Clinical	Evaluation,	and	Staging

Diagnosis
The	 long	 preinvasive	 stage	 of	 cervical	 cancer,	 the	 relatively	 high	 prevalence	 of	 the	 disease	 in	 unscreened
populations,	 and	 the	 sensitivity	 of	 cytologic	 screening	 make	 cervical	 carcinoma	 an	 ideal	 target	 for	 cancer
screening.	In	the	United	States,	screening	with	cervical	cytologic	examination	and	pelvic	examination	has	led	to	a
decrease	of	more	 than	50%	in	 the	 incidence	of	cervical	cancer	 since	1975.43	Only	nations	with	well-developed
screening	programs	have	experienced	substantial	decreases	in	cervical	cancer	incidence.

The	American	Cancer	Society,	 in	conjunction	with	multidisciplinary	working	groups,	updated	 the	guidelines
for	cervical	cancer	screening	in	2012.44	The	guidelines	are	as	follows:

Screening	is	recommended	to	begin	at	age	21	years;	screening	should	be	avoided	before	this	age	because	it
may	lead	to	unnecessary	and	harmful	evaluation	and	treatment	in	women	at	very	low	risk	of	cancer.	For
patients	in	this	young	age	group,	the	emphasis	should	be	on	HPV	vaccination.
Between	ages	21	and	29	years,	Pap	tests	are	recommended	every	3	years;	because	of	the	high	prevalence	of
transient,	benign	HPV	infections	in	women	aged	younger	than	30	years,	HPV	testing	is	not	recommended	for
this	group.
Because	for	women	between	ages	30	and	65	years,	a	single	negative	test	for	HPV	has	been	demonstrated	to
be	sufficient	to	reassure	against	cervical	cancer	for	5	years,	women	in	this	age	group	are	recommended	to
have	both	Pap	and	HPV	testing	every	5	years.	If	a	Pap	test	has	been	performed	without	HPV	testing,	the
patient	should	be	rescreened	in	3	years.44	Women	with	a	normal	Pap	test	result	who	test	positive	for
oncogenic	HPV	should	be	rescreened	annually.
Epidemiologic	studies	indicate	that	the	5-year	screening	interval	may	also	be	recommended	for	HIV-infected
women	who	have	a	negative	Pap	and	HPV	test;	these	patients	do	not	appear	to	have	a	higher	cumulative
incidence	of	HSIL	and	CIN	2	than	HIV-negative	women	with	negative	screening	studies.45
Women	who	have	had	a	total	hysterectomy	for	benign	conditions	and	who	have	no	history	of	high-grade	CIN
may	discontinue	routine	screening.	It	is	also	reasonable	to	discontinue	screening	for	women	older	than	ages
65	to	70	years	who	have	three	or	more	consecutive	negative	studies	and	have	had	no	abnormal	test	results	in
the	past	10	years.	Women	previously	treated	for	high-grade	CIN	or	for	cancer	should	continue	to	have	annual
screening	for	at	least	20	years	and	periodic	screening	indefinitely.	Annual	gynecologic	examination	may	still
be	appropriate	even	if	cytologic	screening	is	not	performed.44

Accurate	calculation	of	false-negative	rates	for	the	Pap	test	is	difficult;	estimates	range	from	less	than	5%	to
20%	 or	 more.	 The	 sensitivity	 of	 individual	 tests	 may	 be	 improved	 by	 ensuring	 adequate	 sampling	 of	 the
squamocolumnar	 junction	 and	 the	 endocervical	 canal;	 specimens	without	 endocervical	 or	metaplastic	 cells	 are
inadequate,	and	in	such	cases,	the	test	must	be	repeated.

Most	U.S.	gynecologists	currently	prefer	liquid-based	screening	methods	to	conventional	Pap	tests.	Although
the	two	methods	have	similar	sensitivity	and	specificity	for	detection	of	high-grade	CIN,	liquid-based	tests	permit
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HPV	typing	on	the	fluid	remaining	after	cytologic	examination.46
Patients	with	abnormal	findings	on	cytologic	examination	who	do	not	have	a	gross	cervical	lesion	should	be

evaluated	with	 colposcopy	 and	 directed	 biopsies.	 After	 application	 of	 a	 3%	 acetic	 acid	 solution,	 the	 cervix	 is
examined	under	 10-	 to	 15-fold	magnification	with	 a	 bright,	 filtered	 light	 that	 enhances	 the	 acetowhitening	 and
vascular	 patterns	 characteristic	 of	 dysplasia	 or	 carcinoma.	 Microinvasive	 disease	 cannot	 consistently	 be
distinguished	from	intraepithelial	lesions	on	colposcopy.

In	patients	with	a	high-grade	Pap	test	finding,	if	no	abnormalities	are	found	on	colposcopic	examination	or	if
the	entire	squamocolumnar	junction	cannot	be	visualized,	an	additional	endocervical	sample	should	be	collected.
Although	some	authorities	advocate	the	routine	addition	of	endocervical	curettage	to	colposcopic	examination,	it
is	probably	reasonable	to	omit	this	step	in	previously	untreated	women	if	the	entire	squamocolumnar	junction	is
visible	 with	 a	 complete	 ring	 of	 unaltered	 columnar	 epithelium	 in	 the	 lower	 canal.47	 The	 rate	 of	 detection	 of
endocervical	 lesions	may	 be	 higher	when	 specimens	 are	 collected	 using	 a	 cytobrush	 rather	 than	 by	 curettage.
However,	HPV	testing	is	also	an	important	method	for	reducing	the	incidence	of	false-negative	screening	tests.44

Cervical	 cone	 biopsy	 (conization)	 and	 loop	 electrosurgical	 excision	 procedure	 (LEEP)	 are	 used	 to	 diagnose
occult	endocervical	lesions;	this	is	an	essential	step	in	the	diagnosis	and	management	of	microinvasive	carcinoma
of	 the	 cervix.	 Cervical	 cone	 biopsy	 or	 LEEP	 yields	 an	 accurate	 diagnosis	 and	 decreases	 the	 incidence	 of
inappropriate	 therapy	when	 (1)	 the	 squamocolumnar	 junction	 is	poorly	visualized	on	colposcopy	and	 there	 is	a
high-grade	 lesion,	 (2)	 high-grade	 dysplastic	 epithelium	 extends	 into	 the	 endocervical	 canal,	 (3)	 the	 cytologic
findings	 suggest	high-grade	dysplasia	or	carcinoma	 in	 situ,	 (4)	a	microinvasive	carcinoma	 is	 found	on	directed
biopsy,	 (5)	 the	 endocervical	 curettage	 specimens	 show	 high-grade	 CIN,	 or	 (6)	 the	 cytologic	 findings	 are
suggestive	of	AIS.48

Clinical	Evaluation	of	Patients	with	Invasive	Carcinoma
All	patients	with	invasive	cervical	cancer	should	be	evaluated	with	a	detailed	history	and	physical	examination,
with	 particular	 attention	 paid	 to	 inspection	 and	 palpation	 of	 the	 pelvic	 organs	with	 bimanual	 and	 rectovaginal
examinations.	Standard	laboratory	studies	should	include	a	complete	blood	cell	count	and	renal	function	and	liver
function	 tests.	All	patients	with	 invasive	cervical	cancer	should	have	at	 least	chest	 radiography	to	rule	out	 lung
metastases.	Additional	 imaging	of	 the	abdomen	and	pelvis	should	be	performed	for	all	patients	who	have	stage
IB2	or	greater	disease	and	is	generally	recommended	for	patients	with	stage	IB1	disease.

Magnetic	resonance	imaging	(MRI)	can	be	used	to	evaluate	the	size	and	extent	of	the	cervical	mass	as	well	as
suggest	 invasion	 into	 the	parametria,	bladder,	or	 rectum.	Many	clinicians	obtain	computed	 tomography	(CT)	or
MRI	 scans	 to	 evaluate	 regional	 lymph	 nodes,	 but	 these	 studies	 have	 suboptimal	 accuracy	 because	 they	 fail	 to
detect	small	metastases	and	because	patients	with	bulky	necrotic	tumors	often	have	enlarged	reactive	lymph	nodes
that	may	be	free	of	metastasis.	In	a	large	Gynecologic	Oncology	Group	(GOG)	study	that	compared	the	results	of
radiographic	 studies	with	 subsequent	 histologic	 findings,	Heller	 et	 al.49	 found	 that	 the	 sensitivity	 of	CT	 in	 the
detection	 of	 positive	 para-aortic	 nodes	 was	 only	 34%.	 PET	 appears	 to	 be	 a	 more	 sensitive,	 specific,	 and
noninvasive	method	of	evaluating	the	regional	nodes	of	patients	with	cervical	cancer.26

Cystoscopy	 and	 proctoscopy	 should	 be	 considered	 in	 patients	with	 bulky	 tumors	 and	 patients	with	 imaging
findings	suggestive	of	organ	involvement.

Clinical	Staging
The	FIGO	staging	system	is	the	most	widely	accepted	staging	system	for	carcinomas	of	the	cervix.50,51	The	latest
(2009)	update	of	this	system	is	summarized	in	Table	74.2.	Since	the	earliest	versions	of	the	cervical	cancer	staging
system,	there	have	been	numerous	changes,	including	the	designation	of	preinvasive	disease	as	a	separate	category
(1950),	 designation	 and	 changes	 in	 the	 definition	 of	 microinvasive	 disease	 (1962,	 1985,	 and	 1994),	 and
subdivisions	of	the	stage	I	and	II	categories	according	to	tumor	or	cervical	diameter	(1994	and	2009).	Although
these	changes	have	gradually	improved	the	discriminatory	value	of	the	staging	system,	the	many	fluctuations	in
the	definitions	of	stages	IA	and	IB	have	complicated	efforts	to	compare	the	outcomes	of	patients	whose	tumors
were	staged	and	treated	during	different	periods.

In	the	2009	update,	FIGO	states	that	cervical	cancer	remains	a	clinically	staged	disease,	although	“research	in
the	field	of	surgical	staging	is	encouraged.”50	Staging	is	based	primarily	on	careful	clinical	examination.	The	use
of	diagnostic	 imaging	 techniques	 to	 assess	 tumor	 size	 and	 local	 extent	 is	 encouraged	but	not	mandatory	 in	 the
2009	 system.	However,	FIGO	still	 does	not	 incorporate	 evidence	of	 lymph	node	metastasis	 gained	by	 surgical
staging	 or	 advanced	 imaging	 studies	 in	 the	 2009	 clinical	 staging	 system.	 Some	 form	 of	 imaging	 must	 be



performed	 to	 evaluate	 the	 presence	 or	 absence	 of	 hydronephrosis,	 but	 intravenous	 pyelography	 is	 no	 longer
required.	Cystoscopy,	 sigmoidoscopy,	 and	 examination	under	 anesthesia	 are	 also	optional.	However,	 suspected
bladder	 or	 rectal	 involvement	 must	 be	 confirmed	 by	 biopsy.	 Stage	 should	 be	 assigned	 before	 any	 definitive
therapy	is	administered.	The	clinical	stage	should	never	be	changed	on	the	basis	of	subsequent	findings.	When	the
stage	to	which	a	particular	case	should	be	allotted	is	in	doubt,	the	case	should	be	assigned	to	the	earlier	stage.

Although	 surgically	 treated	patients	 are	 sometimes	 classified	 according	 to	 a	 tumor,	 node,	metastasis	 (TNM)
pathologic	staging	system,	this	practice	has	not	been	widely	accepted	because	it	cannot	be	applied	to	patients	who
are	treated	with	primary	radiotherapy.52

Surgical	Evaluation	of	Regional	Spread
Lymphadenectomy	 is	performed	as	part	of	 the	surgical	 treatment	of	most	patients	with	early	carcinomas	of	 the
cervix.

Today,	 laparoscopic	methods	 are	 often	 used	 to	 reduce	 the	 perioperative	morbidity	 and	hospitalization	 times
associated	 with	 surgical	 staging.53,54	 The	 rate	 of	 late	 complications	 from	 radiotherapy	 following	 laparoscopic
lymphadenectomy	is	probably	less	than	with	transperitoneal	surgery	but	has	not	yet	been	fully	evaluated.	The	use
of	sentinel	lymph	node	evaluation	as	a	possible	alternative	to	full	lymphadenectomy	in	patients	undergoing	radical
hysterectomy	for	cervical	cancer	is	increasing,	with	most	investigators	reporting	high	rates	of	detection	of	positive
nodes.25,55	In	the	prospective	SENTICOL	(Ganglion	Sentinelle	dans	le	Cancer	du	Col)	study,	the	sensitivity	and
negative	predictive	value	of	sentinel	node	biopsy	in	early	cervical	cancer	were	92%	and	98.2%,	respectively.56	In
patients	in	whom	sentinel	lymph	nodes	were	identified	bilaterally,	sensitivity	and	negative	predictive	value	were
both	100%.

The	role	of	surgical	node	evaluation	before	definitive	radiation	therapy	of	cervical	cancer	is	a	continued	subject
of	controversy.	Although	the	detection	of	microscopic	para-aortic	or	common	iliac	node	involvement	may	identify
patients	 who	 will	 benefit	 from	 extended-field	 irradiation,	 lymphadenectomy	 can	 also	 add	 to	 the	 morbidity	 of
treatment.	Early	studies	of	diagnostic	preradiotherapy	lymph	node	staging	were	particularly	discouraging	because
of	 the	 high	 complication	 rates	 observed	 when	 transperitoneal	 lymphadenectomy	 was	 combined	 with	 large
radiation	 fields.	 In	 1989,	Weiser	 et	 al.57	 reported	 that	 the	 proportion	 of	 patients	 with	 postradiotherapy	 bowel
complications	was	reduced	to	less	than	5%	if	lymphadenectomy	was	performed	using	a	retroperitoneal	approach.
Because	patients	with	radiographically	positive	pelvic	nodes	are	at	greatest	risk	for	occult	metastasis	to	para-aortic
nodes,	these	patients	may	have	the	greatest	chance	of	benefiting	from	surgical	staging.	An	ongoing	randomized
study,	LiLACS	 (Lymphadenectomy	 in	Locally	Advanced	Cervical	Cancer	Study),	will	 compare	 retroperitoneal
lymphadenectomy	 with	 PET	 staging	 of	 para-aortic	 nodes	 in	 patients	 with	 stage	 IB2	 to	 IVA	 cervical	 cancer
undergoing	definitive	chemoradiation.58	 Some	 investigators	 have	 advocated	 for	 resection	 of	 large	 pelvic	 nodes
before	radiotherapy	to	improve	the	rate	of	pelvic	disease	control.59	However,	this	approach	has	not	been	directly
compared	with	modern	conformal	chemoradiotherapy,	which	can	achieve	high	rates	of	disease	control	in	grossly
involved	lymph	nodes.60

Prognostic	Factors
Prognosis	is	strongly	influenced	by	a	number	of	tumor	characteristics	that	are	not	included	in	the	staging	system.
Although	FIGO	now	subdivides	the	stage	IB	and	IIA	categories	according	to	size	greater	or	less	than	4	cm	(see
Table	74.2),	 specific	 information	about	 clinical	 tumor	diameter	 remains	 an	 important	prognostic	 indicator	 even
within	these	stage	categories	and	for	patients	with	more	advanced-stage	disease	(Fig.	74.3).61–63	Although	FIGO
stage	is	correlated	with	outcome,	assessment	by	clinical	examination	tends	to	be	inaccurate,	and	operative	findings
often	do	not	agree	with	clinical	estimates	of	parametrial	or	pelvic	wall	 involvement.	Furthermore,	some	authors
have	found	that	the	predictive	power	of	stage	diminishes	or	is	lost	when	comparisons	are	corrected	for	differences
in	clinical	tumor	diameter.62
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Figure	74.3	Disease-specific	survival	(DSS)	and	pelvic	disease	control	(PDC)	rates	for	4,490
patients	with	stage	I	or	II	carcinomas	of	the	cervix	divided	according	to	clinical	tumor	diameter	and

International	Federation	of	Gynecology	and	Obstetrics	(1988)	stage.

Lymph	node	metastasis	has	long	been	considered	one	of	the	most	important	predictors	of	prognosis	in	patients
with	cervical	cancer.	Survival	 rates	for	patients	 treated	with	radical	hysterectomy	with	or	without	postoperative
radiotherapy	for	stage	IB	disease	were	usually	reported	as	85%	to	95%	for	patients	with	negative	nodes	and	45%
to	 55%	 for	 those	 with	 lymph	 node	 metastases.63	 However,	 more	 recent	 trial	 data	 demonstrate	 much	 higher
survival	 rates	 of	 approximately	 80%	 for	 patients	 with	 early-stage	 node-positive	 cervical	 cancer	 treated	 with
posthysterectomy	chemoradiotherapy,64	 suggesting	 that	 the	use	of	 tailored	adjuvant	 treatment	has	narrowed	 the
survival	gap	for	patients	with	positive	or	negative	nodes.	Survival	rates	for	patients	with	positive	para-aortic	nodes
treated	with	extended-field	radiotherapy	range	from	10%	to	50%	depending	on	the	extent	of	pelvic	disease	and
para-aortic	 lymph	 node	 involvement.	 Improved	 diagnostic	 methods	 such	 as	 PET	 and	 the	 advent	 of	 highly
conformal	radiation	therapy	techniques	may	have	contributed	to	recent	improvements	in	the	outcomes	of	patients
with	extensive	nodal	metastases.60

For	 patients	 treated	with	 radical	 hysterectomy,	 other	 histologic	 parameters	 that	 have	 been	 associated	with	 a
poor	prognosis	 are	LVSI,	 deep	 stromal	 invasion	 (≥10	mm	or	>70%	 invasion),	 histologic	 type,	 and	parametrial
extension.61,63,65–67	 Roman	 et	 al.66	 reported	 a	 correlation	 between	 the	 percentage	 of	 histopathologic	 sections
containing	LVSI	and	the	incidence	of	lymph	node	metastases.	Uterine	body	involvement	has	been	associated	with
an	increased	rate	of	distant	metastases.68	A	strong	inflammatory	response	in	the	cervical	stroma	tends	to	predict	a
good	outcome.69

Although	 some	 investigators	 have	 reported	 no	 difference	 in	 outcome	 between	 patients	 with	 squamous
carcinomas	 and	 those	 with	 adenocarcinomas	 of	 the	 cervix,	 most	 investigators	 have	 concluded	 that
adenocarcinomas	confer	a	poorer	prognosis.61,63,70–73	In	a	population-based	analysis	of	24,562	patients	from	the



SEER	database,73	women	with	adenocarcinomas	were	younger,	more	often	white,	and	more	likely	to	present	with
early-stage	disease	than	patients	with	squamous	cell	tumors.	Furthermore,	adenocarcinomas	were	associated	with
worse	survival	than	squamous	cell	carcinomas	in	both	early-	(stage	IB1	to	IIA)	and	advanced-stage	(stage	IIB	to
IVA)	disease	 (39%	and	21%	higher	 risk	 of	 death	 for	 early-	 and	 advanced-stage	 carcinomas,	 respectively).	 For
patients	 with	 adenocarcinoma	 of	 the	 cervix,	 outcome	 appears	 to	 be	 correlated	 with	 the	 degree	 of	 tumor
differentiation.74	Although	the	use	of	concurrent	chemotherapy	with	radiation	appears	to	confer	a	benefit	for	both
squamous	 carcinomas	 and	 adenocarcinomas,75	 patients	who	 received	 chemoradiation	 for	 adenocarcinomas	 still
tend	to	have	a	poorer	prognosis	than	those	with	squamous	cancers	who	receive	similar	treatment.76

In	patients	with	squamous	carcinomas,	the	serum	concentration	of	squamous	cell	carcinoma	antigen	appears	to
correlate	with	stage	and	tumor	size,	the	presence	of	lymph	node	metastases,	and	the	presence	of	recurrent	disease;
however,	 the	 value	 of	 this	 antigen	 as	 an	 independent	 predictor	 of	 prognosis	 and	 the	 cost-effectiveness	 of
measurement	of	this	antigen	as	a	screening	modality	have	been	disputed.77,78

Although	many	studies	have	demonstrated	a	relationship	between	hemoglobin	level	and	prognosis	in	patients
with	 locally	 advanced	 cervical	 cancer,	 the	 independent	 influence	 of	 hemoglobin	 on	 outcome	 was	 difficult	 to
estimate	 because	 of	 numerous	 confounding	 prognostic	 factors.	 Several	 investigators	 have	 correlated	 low
intratumoral	 oxygen	 tension	 levels	 with	 a	 high	 rate	 of	 regional	 and	 distant	 metastasis	 and	 poor	 survival.79
However,	studies	aimed	at	overcoming	 the	 theoretical	 radiobiologic	consequences	of	 intratumoral	hypoxia	with
hypoxic	cell	sensitizers,80,81	hyperbaric	oxygen	breathing,82	neutron	therapy,83	or	erythropoietin84	have	not	been
successful.	 In	 a	multivariate	 analysis	 of	 2,359	well-characterized	 patients	with	 cervical	 cancer,	 Bishop	 et	 al.76
found	no	evidence	that	anemia	was	an	independent	predictor	of	central	disease	recurrence	in	patients	treated	with
definitive	radiation	therapy	with	or	without	chemotherapy.

Other	clinical	and	biologic	features	have	been	reported	to	correlate	with	outcome,	but	none	of	these	have	been
incorporated	 into	 routine	 clinical	 practice.85	 Molecular	 markers	 such	 as	 tumor	 vascularity,	 cyclooxygenase-2
expression,	 galectin	 expression,	 and	 other	 growth	 factor	 receptors	 have	 been	 reported	 to	 correlate	 with
outcome.86–89	 Several	 investigators	 have	 found	 the	 presence	 of	HPV	DNA	 in	 histologically	 cancer-free	 lymph
nodes	 to	 be	 correlated	 with	 poor	 outcome.90,91	 Tumor	PIK3CA	 mutation	 status	 has	 also	 been	 identified	 as	 a
prognostic	factor	 in	cervical	cancer.	McIntyre	et	al.92	 reported	finding	exon	9	or	exon	20	PIK3CA	mutations	 in
23%	of	the	84	cervical	cancers	studied;	the	authors	found	a	strong	correlation	between	PIK3CA	mutation	status	in
patients	with	stage	IB	or	II	carcinomas	but	not	in	those	with	stage	III	or	IVA	cancers.	The	Cancer	Genome	Atlas
(TCGA)	 identified	SHKBP1,	ERBB3,	CASP8,	HLA-A,	 and	TGFBR2	 as	 significantly	mutated	 genes	 in	 cervical
cancer.	Lower	overall	survival	rates	were	seen	among	patients	whose	tumors	had	a	protein	expression	signature
characterized	by	increased	epithelial–mesenchymal	transition	(EMT);	EMT	is	a	process	that	has	been	linked	with
the	formation	of	metastasis.93

There	 is	 also	 some	 evidence	 that	 functional	 imaging	 parameters	 may	 be	 of	 prognostic	 value.	 Kidd	 et	 al.94
concluded	 that	 the	 addition	 of	 standardized	 uptake	 values	 (SUVs)	 from	 the	 primary	 site	 of	 cervical	 cancers	 to
other	PET	parameters	(tumor	size	and	the	extent	of	lymph	node	involvement)	improved	their	ability	to	predict	the
outcomes	after	chemoradiotherapy.

Treatment
A	number	of	factors	may	influence	the	choice	of	local	treatment	for	cervical	cancer,	including	tumor	size,	stage,
histologic	features,	evidence	of	lymph	node	metastasis,	risk	factors	for	complications	of	surgery	or	radiotherapy,
and	patient	preference.	However,	as	a	rule,	HSILs	are	managed	with	LEEP;	microinvasive	cancers	invading	less
than	 3	 mm	 (stage	 IA1)	 are	 managed	 with	 conservative	 surgery	 (excisional	 conization	 or	 extrafascial
hysterectomy);	early	invasive	cancers	(stage	IA2	and	IB1	and	some	small	stage	IIA1	tumors)	are	managed	with
radical	 or	 modified	 radical	 hysterectomy,	 radical	 trachelectomy	 (if	 fertility	 preservation	 is	 desired),	 or
radiotherapy;	and	locally	advanced	cancers	(stages	IB2	through	IVA)	are	managed	with	combined	chemotherapy
and	radiotherapy.	Selected	patients	with	centrally	recurrent	disease	after	maximum	radiotherapy	may	be	 treated
with	radical	exenterative	surgery;	isolated	pelvic	recurrence	after	hysterectomy	is	usually	treated	with	irradiation.

Preinvasive	Disease
LEEP	is	the	preferred	treatment	for	HSIL.95	With	this	technique,	a	charged	electrode	is	used	to	excise	the	entire
transformation	 zone	 and	 distal	 canal.	Although	 control	 rates	 are	 similar	 to	 those	 achieved	with	 cryotherapy	 or
laser	ablation,	LEEP	is	more	easily	learned,	is	less	expensive	than	laser	ablation,	and	preserves	the	excised	lesion
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and	 transformation	 zone	 for	 histologic	 evaluation.95,96	 LEEP	 is	 an	 outpatient	 procedure	 that	 preserves	 fertility.
LEEP	 conization	 or	 excisional	 conization	with	 a	 scalpel	 should	 be	 performed	when	microinvasive	 or	 invasive
cancer	 is	suspected	and	in	patients	with	AIS.	Although	recurrence	rates	are	 low	(1%	to	5%)	and	progression	to
invasion	rare	(<1%	in	most	series),	patients	treated	with	LEEP	require	careful	post-LEEP	surveillance.

Treatment	with	total	hysterectomy	currently	is	reserved	for	women	who	have	other	gynecologic	conditions	that
justify	 the	 procedure;	 invasive	 cancer	 still	 must	 be	 excluded	 before	 surgery	 to	 rule	 out	 the	 need	 for	 a	 more
extensive	operative	procedure.

Microinvasive	Carcinoma	(Stage	IA)
The	standard	 treatment	 for	patients	with	stage	 IA1	disease	 is	cervical	conization	or	 total	 (type	 I)	hysterectomy.
Because	the	risk	of	pelvic	lymph	node	metastases	from	these	minimally	invasive	tumors	is	less	than	1%,97	pelvic
lymphadenectomy	is	not	usually	recommended.

Patients	who	have	FIGO	stage	IA1	disease	without	LVSI	and	who	wish	to	maintain	fertility	may	be	adequately
treated	with	a	therapeutic	cervical	conization	if	the	margins	of	the	cone	are	negative.	Although	reports	suggest	that
recurrences	are	 infrequent,98	 patients	who	have	 this	 conservative	 treatment	must	be	 followed	very	 closely	with
periodic	cytologic	evaluation,	colposcopy,	and	endocervical	curettage.

The	likelihood	of	residual	invasive	disease	after	cone	biopsy	is	correlated	with	the	status	of	the	internal	cone
margin	and	the	results	of	an	endocervical	curettage	performed	after	cone	biopsy.99,100	Roman	et	al.100	reported	the
surgical	 findings	 in	 87	 patients	 who	 underwent	 a	 conization	 that	 showed	microinvasive	 squamous	 carcinoma,
followed	 by	 either	 a	 repeat	 conization	 or	 hysterectomy.	 Residual	 invasive	 disease	 was	 present	 in	 only	 4%	 of
patients	 whose	 cone	 margins	 were	 free	 of	 CIN	 and	 who	 had	 no	 disease	 detected	 on	 endocervical	 curettage.
However,	residual	invasive	disease	was	present	in	13%	of	women	who	had	either	CIN	in	cone	margins	or	positive
endocervical	curettage	findings	and	in	33%	of	women	who	had	both	of	these	features	(P	<	.015),	suggesting	the
need	for	a	second	procedure	in	any	patient	who	has	one	of	these	findings.	The	authors	did	not	find	any	correlation
between	the	depth	of	invasion	or	the	number	of	invasive	foci	and	residual	invasive	disease.

Therapeutic	conization	for	microinvasive	disease	is	usually	performed	with	a	scalpel	while	the	patient	is	under
general	or	 spinal	 anesthesia.	Because	an	accurate	 assessment	of	 the	maximum	depth	of	 invasion	 is	 critical,	 the
entire	 specimen	 must	 be	 sectioned	 and	 carefully	 handled	 to	 maintain	 its	 original	 orientation	 for	 microscopic
assessment.	 Complications	 occur	 in	 2%	 to	 12%	 of	 patients;	 are	 related	 to	 the	 depth	 of	 the	 cone;	 and	 include
hemorrhage,	sepsis,	infertility,	stenosis,	and	cervical	incompetence.101	The	width	and	depth	of	the	cone	should	be
tailored	to	produce	the	least	amount	of	injury	while	providing	clear	surgical	margins.

For	patients	whose	tumors	invade	3	to	5	mm	into	the	stroma	(FIGO	stage	IA2),	the	risk	of	nodal	metastases	is
approximately	 5%.35,97	 Therefore,	 in	 such	 patients,	 bilateral	 pelvic	 lymphadenectomy	 should	 be	 performed	 in
conjunction	 with	 modified	 radical	 (type	 II)	 hysterectomy.	 Modified	 radical	 hysterectomy	 is	 a	 less	 extensive
procedure	 than	 classic	 radical	 (type	 III)	 hysterectomy	 (Fig.	 74.4).	 The	 uterus,	 cervix,	 upper	 vagina,	 and
paracervical	 tissues	are	removed	after	careful	dissection	of	 the	ureters	 to	 the	point	of	 their	entry	 to	 the	bladder.
The	medial	halves	of	the	cardinal	ligament	and	the	uterosacral	ligaments	are	also	removed.	With	this	treatment,
significant	urinary	tract	complications	are	rare,	and	cure	rates	exceed	95%.102

The	potential	for	fertility-conserving	surgery	is	being	investigated	for	patients	with	low-risk	features	and	stage
IA2	to	IB1	tumors.	A	radical	trachelectomy	removes	the	cervix	and	parametrial	tissues	while	retaining	the	uterine
corpus.	Outcomes	appear	to	be	similar	for	patients	treated	with	radical	hysterectomy	or	radical	trachelectomy,	and
successful	pregnancies	are	reported	in	a	significant	percentage	of	patients	after	radical	trachelectomy.103

Some	investigators	have	questioned	whether	removal	of	the	parametrial	tissue	is	necessary	for	all	patients	with
low-risk	stage	IA2	to	IBI	tumors	because	few	such	patients	have	extension	to	the	parametria.	Several	prospective
trials	are	currently	testing	the	safety	and	feasibility	of	conservative	surgery	in	patients	with	low-risk	features.

Although	 surgical	 treatment	 is	 standard	 for	 in	 situ	 and	 microinvasive	 cancer,	 patients	 with	 severe	 medical
problems	or	other	contraindications	to	surgical	treatment	can	be	successfully	treated	with	radiotherapy.	Depending
on	the	depth	of	invasion,	these	early	lesions	are	treated	with	brachytherapy	alone	or	brachytherapy	combined	with
external-beam	irradiation,	and	cure	rates	exceed	95%.104



Figure	74.4	The	pelvic	ligaments	and	spaces.	Dotted	lines	indicate	the	tissues	removed	with	a
modified	radical	(type	II)	or	radical	(type	III)	hysterectomy.

Stage	IB	and	IIA	Disease
Early-stage	 IB	 cervical	 carcinomas	 can	 be	 treated	 effectively	 with	 combined	 external-beam	 irradiation	 and
brachytherapy	or	with	radical	hysterectomy	and	bilateral	pelvic	lymphadenectomy.	The	goal	of	both	treatments	is
to	destroy	malignant	cells	in	the	cervix,	paracervical	tissues,	and	regional	lymph	nodes.	Patients	who	are	treated
with	 radical	 hysterectomy	 whose	 tumors	 are	 found	 to	 have	 high-risk	 disease	 features	 may	 benefit	 from
postoperative	radiotherapy	or	chemoradiation.64,105

Overall,	 disease-specific	 survival	 rates	 for	 patients	 with	 stage	 IB	 cervical	 cancer	 treated	 with	 surgery	 or
radiation	usually	range	between	80%	and	90%.	However,	the	relative	efficacy	of	the	two	treatments	is	difficult	to
determine	because	of	biases	 introduced	by	patient	selection,	variable	 indications	for	postoperative	radiotherapy,
concurrent	chemotherapy,	or	adjuvant	hysterectomy	and,	in	earlier	series,	variations	in	the	definition	of	stage	IA
disease.	 Because	 young	women	with	 small,	 clinically	 node	 negative	 tumors	 tend	 to	 be	 favored	 candidates	 for
surgery	and	because	tumor	diameter	and	nodal	status	are	inconsistently	described	in	published	series,	it	is	difficult
to	compare	the	results	reported	for	patients	treated	with	surgery	and	those	treated	with	radiotherapy.

Only	one	 large	 randomized	 trial	 has	directly	 compared	 initial	 surgical	management	with	definitive	 radiation
therapy	for	patients	with	stage	IB	or	IIA	cervical	cancer.	In	that	trial,	published	by	Landoni	et	al.106	in	1997,	343
patients	with	stage	IB	or	IIA	disease	were	randomly	assigned	to	treatment	with	radical	(type	III)	hysterectomy	or	a
combination	of	external-beam	and	low	dose	rate	(LDR)	intracavitary	brachytherapy.	In	the	surgery	arm,	findings
of	 parametrial	 involvement,	 positive	 margins,	 deep	 stromal	 invasion,	 or	 positive	 nodes	 led	 to	 the	 use	 of
postoperative	pelvic	irradiation	in	54%	of	patients	with	tumors	4	cm	or	smaller	in	diameter	and	in	84%	of	patients
with	 larger	 tumors.	 Patients	 did	 not	 receive	 concurrent	 chemotherapy	 with	 their	 radiation,	 and	 patients	 in	 the
definitive	radiotherapy	arm	received	a	relatively	low	median	dose	to	point	A	of	76	Gy.	With	a	median	follow-up
of	87	months,	the	5-year	actuarial	disease-free	survival	rates	for	patients	in	the	surgery	and	radiotherapy	groups
were	 80%	 and	 82%,	 respectively,	 for	 patients	 with	 tumors	 that	 were	 4	 cm	 or	 smaller	 and	 63%	 and	 57%,
respectively,	for	patients	with	larger	tumors.	The	authors	reported	a	significantly	higher	rate	of	complications	in
the	patients	treated	with	initial	surgery,	and	they	attributed	this	finding	to	the	frequent	use	of	combined-modality
treatment	in	this	group.
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For	 patients	 with	 stage	 IB1	 squamous	 carcinomas,	 the	 choice	 of	 treatment	 is	 based	 primarily	 on	 patient
preference,	anesthetic	and	surgical	risks,	physician	preference,	and	an	understanding	of	the	nature	and	incidence
of	complications	with	hysterectomy	and	radiotherapy.	Surgical	treatment	is	usually	preferred	for	healthy	women
with	small	tumors;	this	is	particularly	true	for	premenopausal	women	because	primary	surgical	treatment	permits
preservation	of	ovarian	function	and	may	enable	preservation	of	fertility.	Radiotherapy	is	often	selected	for	older,
medically	unfit	women	to	avoid	the	morbidity	of	a	major	surgical	procedure.	For	patients	whose	initial	evaluation
demonstrates	 high-risk	 features	 that	 would	 make	 it	 necessary	 to	 supplement	 radical	 surgery	 with	 adjuvant
treatments,	the	risks	and	benefits	of	combined	treatment	with	surgery,	radiation,	and	perhaps	chemotherapy	must
be	weighed	against	those	of	primary	chemoradiation	alone.

Some	surgeons	have	also	advocated	 the	use	of	 radical	hysterectomy	as	 initial	 treatment	 for	selected	patients
with	stage	IB2	tumors.107,108	However,	patients	who	have	tumors	measuring	more	than	4	cm	in	diameter	usually
have	sufficient	high-risk	features	to	require	adjuvant	radiation	therapy	or	chemoradiation,64,105,106	 increasing	 the
overall	 length	 of	 treatment	 and	 side	 effects	 of	 treatment.	 Consequently,	 many	 gynecologic	 and	 radiation
oncologists	 believe	 that	 patients	 with	 stage	 IB2	 carcinomas	 are	 better	 treated	 with	 primary	 chemoradiation,
although	these	two	approaches	have	never	been	directly	compared	in	a	prospective	trial.

Two	 prospective	 randomized	 trials109,110	 have	 demonstrated	 that	 patients	who	 are	 treated	with	 radiation	 for
bulky	stage	I	cancers	benefit	from	concurrent	administration	of	cisplatin-containing	chemotherapy.	A	third	study
suggested	that	patients	who	require	postoperative	radiotherapy	because	of	findings	of	 lymph	node	metastasis	or
involved	 surgical	margins	 also	benefit	 from	concurrent	 chemoradiation.64	 Patients	who	 have	 stage	 IB1	 cancers
without	evidence	of	regional	involvement	were	not	included	in	the	randomized	trials	of	chemoradiation	and	have
excellent	 pelvic	 control	 rates	 with	 radiotherapy	 alone	 (about	 97%	 at	 5	 years).111	 Ongoing	 trials	 are	 currently
evaluating	 the	 potential	 benefit	 of	 concurrent	 chemotherapy	 for	 patients	 found	 to	 have	 intermediate	 tumor	 risk
factors	after	radical	hysterectomy.

Radical	and	Modified	Radical	Hysterectomy
The	classical	surgical	 treatment	 for	stage	 IB	and	IIA	cervical	carcinomas	 is	 radical	 (type	 III)	hysterectomy	and
bilateral	 pelvic	 lymphadenectomy.	 This	 procedure	 involves	 en	 bloc	 removal	 of	 the	 uterus;	 cervix;	 and
paracervical,	parametrial,	and	paravaginal	tissues	to	the	pelvic	sidewalls	bilaterally,	with	removal	of	as	much	of
the	 uterosacral	 ligaments	 as	 possible	 (see	 Fig.	 74.4).	 The	 uterine	 vessels	 are	 ligated	 at	 their	 origin,	 and	 the
proximal	 third	of	 the	vagina	and	 the	paracolpium	are	 resected.	Modified	 radical	 (type	 II)	hysterectomy	may	be
used	for	stage	IA2	and	selected	small	(<2	cm	in	diameter)	stage	IB	lesions;	with	this	procedure,	the	parametrial
and	paracervical	tissue	is	removed	medial	to	the	ureter,	the	uterosacral	ligaments	are	partially	resected,	and	only
the	proximal	1	to	2	cm	of	the	vagina	are	removed.	The	decision	whether	or	not	to	remove	the	ovaries	should	be
individualized	and	based	on	the	patient’s	age,	menopausal	status,	and	other	factors.	Ovarian	metastases	are	rare	in
the	absence	of	metastases	to	lymph	nodes	or	other	sites.	If	intraoperative	findings	suggest	a	need	for	postoperative
pelvic	irradiation,	the	ovaries	may	be	transposed	out	of	the	pelvis.

Radical	hysterectomy	is	 increasingly	being	performed	using	a	 laparoscopic	approach	with	or	without	robotic
assistance.112,113	In	experienced	hands,	these	methods	may	result	in	reduced	blood	loss	and	quicker	postoperative
recovery	times,	although	operative	times	may	be	somewhat	longer.	Results	of	a	recently	completed	randomized
trial	comparing	the	laparoscopic	and	open	approaches	to	radical	hysterectomy	are	expected	soon.

Intraoperative	 and	 immediate	 postoperative	 complications	 of	 radical	 abdominal	 hysterectomy	 include	 blood
loss,	ureterovaginal	fistula	(1%	to	2%	of	patients),	vesicovaginal	fistula	(<1%),	pulmonary	embolus	(1%	to	2%),
small	 bowel	 obstruction	 (1%	 to	 2%),	 and	 postoperative	 fever	 secondary	 to	 deep	 vein	 thrombosis,	 pulmonary
infection,	pelvic	cellulitis,	urinary	 tract	 infection,	or	wound	 infection	 (25%	to	50%).114	 Subacute	 complications
include	 lymphocyst	 formation	 and	 lower	 extremity	 edema,	 the	 risk	 of	 which	 is	 related	 to	 the	 extent	 of	 the
lymphadenectomy.115	Lymphocysts	may	obstruct	a	ureter,	but	hydronephrosis	usually	improves	with	drainage	of
the	lymphocyst.	The	risk	of	complications,	particularly	small	bowel	obstruction,	may	be	increased	in	patients	who
undergo	preoperative	or	postoperative	irradiation.106

Most	patients	have	transient	decreased	bladder	sensation	after	radical	hysterectomy.	Severe	long-term	bladder
complications	are	infrequent	and	are	related	to	the	extent	of	the	parametrial	and	paravaginal	dissection	but	not	to
the	type	of	surgical	approach	(abdominal	or	laparoscopic).116,117	Even	with	careful	postoperative	bladder	drainage,
chronic	 bladder	 hypotonia	 or	 atony	occurs	 in	 approximately	3%	 to	5%	of	 patients.116,118	Radical	hysterectomy
may	be	complicated	by	 stress	 incontinence,	but	 reported	 incidences	vary	widely	and	may	be	 influenced	by	 the
addition	 of	 postoperative	 radiotherapy.116,119	 Patients	 may	 also	 experience	 constipation	 and,	 rarely,	 chronic



obstipation	after	radical	hysterectomy.

Radical	Trachelectomy
In	 the	 mid-1990s,	 Dargent	 et	 al.120	 pioneered	 the	 use	 of	 radical	 trachelectomy	 and	 laparoscopic	 pelvic
lymphadenectomy	as	a	means	of	sparing	fertility	in	young	women	with	early	cervical	cancer.	Since	then,	 it	has
been	demonstrated	that	when	experienced	surgeons	perform	these	procedures,	the	cure	rates	are	high,	and	many
women	are	able	to	carry	subsequent	pregnancies	to	viability.121,122	Successful	pregnancies	have	also	been	reported
after	 radical	 abdominal	 trachelectomy.	 In	 order	 to	 keep	 the	 residual	 uterine	 segment	 intact,	 a	 nonabsorbable
cervical	cerclage	is	placed	around	the	uterine	isthmus	at	the	time	of	the	trachelectomy.	Alexander-Sefre	et	al.123
reported	that	radical	trachelectomy	was	associated	with	shorter	operative	times	and	hospital	stays,	less	blood	loss,
and	 a	 lower	 incidence	 of	 bladder	 hypotony	 than	 radical	 hysterectomy.	 However,	 patients	 who	 had	 radical
trachelectomy	had	more	problems	with	dysmenorrhea,	irregular	menstruation,	and	vaginal	discharge;	in	addition,
14%	had	cervical	suture	problems,	10%	had	isthmic	stenosis,	and	7%	had	prolonged	amenorrhea.

The	use	of	radical	vaginal	or	abdominal	trachelectomy	and	laparoscopic	lymphadenectomy	may	be	indicated	in
carefully	selected	women	with	small	stage	IB1	(≤2	cm)	lesions	who	are	eager	to	preserve	fertility.	Patients	with
extensive	endocervical	extension	are	poor	candidates	for	fertility-sparing	surgery.	Preoperative	MRI	is	a	relatively
sensitive	and	specific	method	to	evaluate	the	possibility	of	tumor	extension	beyond	the	internal	os.124	Although
radical	trachelectomy	is	frequently	followed	by	full-term	pregnancies,	patients	who	have	this	procedure	do	have
an	 increased	 incidence	 of	 miscarriage	 and	 preterm	 delivery.121,122	 In	 a	 review	 of	 504	women	who	 underwent
radical	 trachelectomy,	 Jolley	et	al.121	 summarized	 the	outcome	of	200	pregnancies.	Although	84	of	 200	 (42%)
pregnancies	produced	full-term	viable	infants,	37%	of	third-trimester	deliveries	were	preterm,	indicating	that	these
women	are	at	high	risk	for	complicated	pregnancies.

Radiotherapy	after	Radical	Hysterectomy
Retrospective	and	prospective	studies	clearly	demonstrate	that	irradiation	decreases	the	risk	of	pelvic	recurrence
after	 radical	 hysterectomy	 in	 patients	 with	 high-risk	 disease	 features	 (lymph	 node	 metastasis,	 deep	 stromal
invasion,	 positive	 or	 close	 operative	margins,	 or	 parametrial	 involvement).	However,	 because	 the	 patients	who
received	postoperative	radiotherapy	in	most	studies	were	selected	because	they	had	high-risk	features,	it	has	been
difficult	to	determine	the	impact	of	adjuvant	irradiation	on	survival.

GOG-92,	a	randomized	trial	first	reported	in	1999	and	updated	in	2006,105	tested	the	benefit	of	adjuvant	pelvic
irradiation	in	patients	with	an	intermediate	risk	of	recurrence	after	radical	hysterectomy	for	stage	IB	carcinoma.
Patients	were	eligible	for	 this	study	if	 they	had	at	 least	 two	of	 the	following	risk	factors:	greater	 than	one-third
stromal	invasion,	LVSI,	or	clinical	tumor	diameter	of	at	least	4	cm.	Patients	with	involvement	of	the	pelvic	lymph
nodes,	parametria,	or	surgical	margins	were	excluded.	Patients	who	received	adjuvant	radiotherapy	experienced	a
46%	reduction	in	the	risk	of	recurrence	(P	=	.007).	Although	there	was	a	30%	reduction	in	the	risk	of	death	for
patients	who	 received	 radiotherapy,	 this	difference	was	not	 statistically	 significant	 (P	=	 .07).	A	subset	 analysis
suggested	 that	 the	 benefit	 of	 postoperative	 radiotherapy	 was	 particularly	 striking	 for	 patients	 who	 had
adenocarcinomas	or	adenosquamous	carcinomas.105

Although	pelvic	 irradiation	 reduces	 the	 risk	of	 recurrence	 for	patients	with	pelvic	 lymph	node	metastases	or
parametrial	 involvement,	 the	 risk	 of	 pelvic	 and	 distant	 recurrence	 remains	 high	 for	 these	 women	 after
radiotherapy.	 In	 an	 attempt	 to	 improve	 the	 results	 of	 combined-modality	 treatment,	 the	 Southwest	 Oncology
Group	 (SWOG)	 conducted	 a	 prospective	 trial	 comparing	 postoperative	 pelvic	 radiotherapy	 alone	 versus
administration	 of	 cisplatin	 and	 5-fluorouracil	 (5-FU)	 during	 and	 after	 postoperative	 pelvic	 radiotherapy	 for
patients	with	lymph	node	metastases,	parametrial	involvement,	or	involved	surgical	margins.	Initial	results	of	this
trial,	 published	 in	 2000,	 demonstrated	 significantly	 improved	 rates	 of	 pelvic	 disease	 control	 and	 survival	 for
patients	who	received	chemotherapy	(Table	74.3).64

TABLE	74.3
Prospective	Randomized	Trials	That	Investigated	the	Role	of	Concurrent	Radiotherapy	and
Chemotherapy	for	Patients	with	Locoregionally	Advanced	Cervical	Cancer

Relative
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Study
Protocol
Designation

No.	of
Patients Eligibility

Chemotherapy	in
Investigational	Arm Chemotherapy

in	Control	Arm

Risk	of
Recurrence
(95%	CI) P	Value

Rose	et
al.168 GOG-120 526

FIGO	IIB–IVA,	PA
nodes	negative
(dissection)

Cisplatin	40	mg/m2

(weeks	1–6)
Cisplatin	50	mg/m2

(days	1	and	29)
5-FU	4	g/m2	(96-h
infusion	days	1	and
29)
Hydroxyurea	2	g/m2

(twice	weekly,	weeks
1–6)

Hydroxyurea	3
g/m2	(twice
weekly,	weeks
1–6)
Hydroxyurea	3
g/m2	(twice
weekly,	weeks
1–6)

0.57	(0.42–
0.78)
0.55	(0.40–
0.75)

<	.001
<	.001

Eifel	et
al.109 RTOG	90-01 403

FIGO	IB–IIA	(≥5
cm),	IIB–IVA,	or
pelvic	lymph	nodes
positive
PA	nodes	negative
(dissection	or
lymphangiogram)

Cisplatin	75	mg/m2

(days	1	and	22	and
with	second
brachytherapy)
5-FU	4	g/m2	(96-h
infusion	days	1	and
22	and	with	second
brachytherapy) Nonea

0.51	(0.36–
0.66) <	.001

Keys	et
al.110 GOG-123 369

FIGO	IB	(≥4	cm),
PA	nodes	negative
(CT	or
lymphangiogram)

Cisplatin	40	mg/m2

(weeks	1–6)b Noneb
0.51	(0.34–
0.75) .001

Whitney	et
al.174 GOG-85 368

FIGO	IIB–IVA,	PA
nodes	negative
(dissection)

Cisplatin	50	mg/m2

days	1	and	29)
5-FU	4	g/m2	(96-h
infusion	days	1	and
29)

Hydroxyurea
80	mg/kg	(twice
weekly	during
external
radiotherapy)

0.79	(0.62–
0.99) .03

Peters	et
al.64

SWOG	87-
97 268

FIGO	I–IIA	after
radical
hysterectomy	with
findings	of	pelvic
lymph	node
metastases	and/or
positive	margins
and/or	parametrial
involvement
PA	nodes	negative

Cisplatin	70	mg/m2

5-FU	4	g/m2	(96-h
infusion)
Every	21	d	for	4
cycles	beginning	on
day	1	of	radiation
therapy None

0.50	(0.29–
0.84) .01

Pearcey	et
al.173 NCI	Canada 259

FIGO	IB–IIA	(≥5
cm),	IIB–IVA,	or
pelvic	lymph	nodes
positive

Cisplatin	40	mg/m2

(weeks	1–6) None
0.91	(0.62–
1.35) .33

Wong	et
al.178 	 220

FIGO	IB–IIA	(>4
cm),	IIB–III

Epirubicin	60	mg/m2

then	90	mg/m2	every
4	wk	for	5	more
cyclesc None Not	stated .02

Thomas	et
al.180 	 234

FIGO	IB–IIA	(≥5
cm),	IIB–IVA 5-FU	4	g/m2/96	h	×	2 Noned Not	stated

Not
significant

Lorvidhaya
et	al.177 	 926 FIGO	IIB–IVA

Mitomycin	10	mg/m2

and	oral	5-FU	300
mg/m2/d	×	14	d	(2
cycles);	±	adjuvant	5-
FU

None	or
adjuvant	5-FU
only

Not	stated .0001

Lanciano
et	al.179 GOG-165 316 FIGO	IIB–IVA

5-FU	225	mg/m2/d	for
5	d/wk	(protracted
venous	infusion)

Cisplatin	40
mg/m2	(weeks
1–6)

1.29	(0.93–
1.8)

Not
stated

Cisplatin	40	mg/m2	+
gemcitabine	125
mg/m2	(weeks	1–6)
followed	by	adjuvant



Dueñas-
González
et	al.181

International
multicenter 515 FIGO	IIB–IVA

cisplatin	50	mg/m2	on
day	1	plus
gemcitabine	1,000
mg/m2	on	days	1	and
8,	every	3	wk	for	2
cycles

Cisplatin	40
mg/m2	(weeks
1–6)

0.68	(0.49–
0.95) .0227

aPatients	in	the	control	arm	had	prophylactic	para-aortic	irradiation.
bAll	patients	had	extrafascial	hysterectomy	after	radiotherapy.
cChemotherapy	was	begun	on	day	1	and	continued	every	4	weeks	during	and	after	radiotherapy.
dPatients	were	also	randomly	assigned	to	receive	standard	or	hyperfractionated	radiotherapy	in	a	four-arm	trial.
CI,	 confidence	 interval;	GOG,	Gynecologic	Oncology	Group;	 FIGO,	 International	 Federation	 of	Gynecology	 and	Obstetrics;	 PA,
para-aortic;	 5-FU,	 5-fluorouracil;	 RTOG,	 Radiation	 Therapy	 Oncology	 Group;	 CT,	 computed	 tomography;	 SWOG,	 Southwest
Oncology	Group;	NCI,	National	Cancer	Institute.

The	 use	 of	 adjuvant	 radiotherapy	 undoubtedly	 increases	 the	 rate	 of	 posttreatment	 small	 bowel	 and
genitourinary	complications	in	patients	who	have	had	radical	hysterectomy106,125;	however,	inconsistencies	in	the
methods	of	analysis,	selection	biases,	and	the	relatively	small	number	of	patients	in	most	series	make	studies	of
this	 subject	 difficult	 to	 interpret.125	 The	 risk	 of	 late	 complications	 may	 be	 less	 when	 postoperative	 radiation
follows	laparoscopic	versus	open	hysterectomy,	but	this	has	not	yet	been	studied	in	a	systematic	way.

Definitive	Radiotherapy
Radiotherapy	 alone	 also	 achieves	 excellent	 survival	 and	 pelvic	 disease	 control	 rates	 in	 patients	 with	 stage	 IB
cervical	cancer.62,111	Eifel	et	al.111	 reported	5-year	disease-specific	survival	and	pelvic	control	rates	of	90%	and
98%,	 respectively,	 for	 701	 patients	 treated	with	 radiation	 alone	 for	 stage	 IB1	 disease.	Although	 outcomes	 are
poorer	 for	 patients	with	 larger	 tumors,	 even	 these	 are	 frequently	 curable	with	 a	 combination	 of	 external-beam
irradiation	and	brachytherapy.	However,	patients	with	stage	IB2	and	bulky	stage	IIA	cancers	are	usually	treated
with	concurrent	cisplatin-based	chemoradiation,	which	has	been	demonstrated	in	randomized	trials	to	yield	better
outcomes	than	radiotherapy	alone.109,110

As	with	radical	surgery,	the	goal	of	radical	radiotherapy	is	to	sterilize	disease	in	the	cervix,	paracervical	tissues,
and	 regional	 lymph	 nodes	 in	 the	 pelvis.	 Patients	 are	 usually	 treated	 with	 a	 combination	 of	 external-beam
irradiation	to	the	pelvis	and	brachytherapy.	Although	patients	with	small	 tumors	may	be	treated	with	somewhat
smaller	external-beam	fields	 than	patients	with	more	advanced	 locoregional	disease,	care	must	 still	be	 taken	 to
adequately	cover	 the	obturator,	external	 iliac,	 low	common	iliac,	and	presacral	nodes.	Brachytherapy	 is	used	 to
increase	the	dose	to	the	cervix.	As	discussed	later	in	this	chapter,	most	experts	now	recommend	that	the	radiation
dose	be	prescribed	to	a	high-risk	target	volume	encompassing	the	cervix	as	seen	on	MRI	or	CT	rather	than	to	a
reference	point	 (e.g.,	 point	A)126–128;	 however,	 even	 relatively	 small	 stage	 IB1	 tumors	 are	 usually	 treated	with
total	 doses	 of	 80	 to	 90	 Gy	 to	 this	 high-risk	 cervical	 target	 volume.	 Radiation	 technique,	 which	 is	 similar	 for
patients	who	have	bulky	stage	I	or	more	advanced	cancers,	 is	discussed	further	 in	 the	“Stage	IIB,	 III,	and	IVA
Disease”	section.

Irradiation	Followed	by	Hysterectomy
Although	early	 studies	 from	 the	MD	Anderson	Cancer	Center	 suggested	 that	 local	 recurrence	 rates	 for	patients
with	 bulky	 stage	 IB	 cancers	 were	 decreased	 when	 radiotherapy	 was	 followed	 by	 adjuvant	 hysterectomy,
subsequent	retrospective	studies	were	less	convincing	and	suggested	that	selection	bias	may	have	been	responsible
for	the	observed	differences.129,130	In	a	study	of	1,526	patients	with	stage	IB	squamous	carcinomas,	Eifel	et	al.111
reported	central	tumor	recurrence	rates	of	less	than	10%	for	tumors	as	large	as	7	to	7.9	cm	treated	with	radiation
alone,	 suggesting	 that	 the	margin	 for	 possible	 improvement	with	 adjuvant	 hysterectomy	 is	 small.	 In	 2003,	 the
GOG	 reported	 results	 of	 a	 prospective	 randomized	 trial	 of	 irradiation	 with	 or	 without	 adjuvant	 extrafascial
hysterectomy	in	patients	with	stage	IB	tumors	4	cm	or	more	in	diameter131;	the	study	demonstrated	no	significant
improvement	in	the	survival	rate	among	patients	who	had	adjuvant	hysterectomy	(relative	risk	of	death,	0.89;	95%
confidence	interval	[CI],	0.65	to	1.21).

These	results,	combined	with	those	of	later	studies	demonstrating	low	pelvic	recurrence	rates	after	concurrent
treatment	with	chemotherapy	and	radiation,109	suggest	that	there	is	little	role	for	routine	treatment	with	adjuvant
hysterectomy.	However,	adjuvant	hysterectomy	may	still	play	a	role	in	selected	cases	in	which	uterine	fibroids	or
other	 anatomic	 variations	 limit	 the	 dose	 of	 radiation	 deliverable	with	 brachytherapy	 and	 in	 patients	who	 have
involvement	 of	 the	 uterine	 fundus	 with	 cancer.	 In	 these	 cases,	 extrafascial	 (type	 I)	 hysterectomy	 is	 usually
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performed,	in	which	the	uterus,	cervix,	adjacent	tissues,	and	a	small	cuff	of	the	upper	vagina	in	a	plane	outside	the
pubocervical	fascia	are	removed.	To	minimize	the	risk	of	postoperative	complications,	the	dose	of	brachytherapy
must	be	decreased	by	about	25%	if	adjuvant	hysterectomy	is	planned;	radical	hysterectomy	is	avoided	after	high-
dose	irradiation	because	of	an	increased	risk	of	fistula	and	other	complications.

Chemotherapy	Followed	by	Radical	Surgery
A	 number	 of	 researchers	 have	 investigated	 the	 use	 of	 neoadjuvant	 chemotherapy	 followed	 by	 radical
hysterectomy	 to	 treat	 patients	with	 bulky	 stage	 IB	 or	 stage	 II	 cervical	 carcinoma.	Neoadjuvant	 regimens	 have
usually	included	cisplatin	and	bleomycin	plus	one	or	two	other	drugs.

Several	 early	 trials	 by	 Sardi	 and	 colleagues132	 suggested	 better	 projected	 4-year	 disease-free	 survival	 rates
when	neoadjuvant	chemotherapy	was	added	 to	 radical	hysterectomy	plus	postoperative	 radiotherapy	 in	patients
whose	 tumors	 were	 larger	 than	 4	 cm.	 However,	 in	 a	 subsequent	 randomized	 trial,133	 the	 GOG	 reported	 no
significant	difference	in	recurrence	rates	(relative	risk,	0.998)	or	death	rates	(relative	risk,	1.008)	for	patients	who
did	 or	 did	 not	 receive	 neoadjuvant	 chemotherapy	 before	 radical	 hysterectomy.	 In	 their	 trial,	 patients	 who
underwent	 hysterectomy	were	 treated	with	 postoperative	 irradiation	 if	 they	 had	 high-risk	 disease	 features;	 the
proportion	requiring	postoperative	irradiation	was	similar	 in	the	two	arms	(45%	for	those	who	did	and	52%	for
those	who	did	not	receive	neoadjuvant	chemotherapy).

Several	trials	have	compared	radiotherapy	alone	versus	neoadjuvant	chemotherapy	followed	by	hysterectomy
plus	or	minus	postoperative	radiotherapy	with	conflicting	results.132	A	meta-analysis	of	these	trials132	suggested	at
most	a	small	improvement	when	a	very	short	course	of	neoadjuvant	chemotherapy	(<14	days)	preceded	definitive
radiation	 therapy;	 patients	 who	 received	 longer	 courses	 of	 neoadjuvant	 chemotherapy	 actually	 had	 a	 poorer
outcome	than	those	treated	with	radiation	alone.	None	of	 these	trials	compared	neoadjuvant	chemotherapy	with
concurrent	chemoradiation;	however,	these	results	suggest	that	neoadjuvant	chemotherapy	followed	by	definitive
radiation	therapy	is	unlikely	to	be	superior	to	chemoradiotherapy.

Recently,	 several	 investigators	 have	 evaluated	 the	 use	 of	 a	 short	 (<14	 days)	 course	 of	 neoadjuvant
chemotherapy	to	expand	the	indications	for	fertility-sparing	radical	trachelectomy	to	include	patients	with	2-	to	4-
cm	 tumors.134–136	 Some	 groups	 have	 performed	 laparoscopic	 lymph	 node	 evaluation	 before	 neoadjuvant
chemotherapy.136	 In	 a	 2016	 meta-analysis	 that	 included	 148	 patients	 treated	 with	 neoadjuvant	 chemotherapy
followed	by	radical	trachelectomy,	the	authors	reported	encouraging	fertility	rates	and	pregnancy	outcomes,	with
93	pregnancies	and	71	live	births;	there	were	7	recurrences	reported.134

Stage	IIB,	III,	and	IVA	Disease
Radiotherapy	 is	 the	primary	 local	 treatment	 for	most	patients	with	 locoregionally	advanced	cervical	carcinoma.
The	success	of	radiotherapy	depends	on	a	careful	balance	between	external-beam	radiotherapy	and	brachytherapy,
optimizing	the	dose	to	tumor	and	normal	tissues,	and	the	overall	duration	of	treatment.	For	patients	treated	with
radiotherapy	alone	for	stage	IIB,	IIIB,	and	IVA	disease,	5-year	survival	rates	of	65%	to	75%,	35%	to	50%,	and
15%	to	20%,	respectively,	have	been	reported.111,137,138	However,	 results	of	major	clinical	 trials	 reported	at	 the
end	of	 the	1990s	 indicate	 that,	barring	medical	contraindications,	patients	with	 locally	advanced	 tumors	 should
also	 receive	 concurrent	 chemotherapy	 along	 with	 radiotherapy.	 With	 appropriate	 chemoradiotherapy,	 even
patients	with	locoregionally	extensive	cancers	have	a	good	chance	of	being	cured	of	their	disease.75

In	all	cases,	a	course	of	external-beam	irradiation	(combined	with	concurrent	chemotherapy)	is	used	to	deliver
an	 initial	homogeneous	dose	 to	 the	primary	cervical	 tumor	and	 to	potential	 sites	of	 regional	 spread;	 this	 initial
treatment	may	also	improve	the	efficacy	of	subsequent	intracavitary	brachytherapy	by	shrinking	bulky	tumor	and
bringing	it	within	the	range	of	the	high-dose	portion	of	the	brachytherapy	dose	distribution.	Brachytherapy,	which
is	also	a	critical	component	of	definitive	radiation	therapy,	exploits	the	inverse	square	law	to	deliver	a	high	dose	to
the	cervix	and	paracervical	tissues	while	minimizing	the	dose	to	adjacent	normal	tissues.

Breaks	during	or	between	external-beam	and	intracavitary	treatments	should	be	discouraged,	and	every	effort
should	 be	 made	 to	 complete	 the	 entire	 radiation	 treatment	 in	 less	 than	 7	 to	 8	 weeks.	 Several	 studies	 have
suggested	 that	 treatment	 courses	 longer	 than	 8	weeks	 are	 associated	with	 decreased	 pelvic	 disease	 control	 and
survival	rates.139,140	Although	 there	have	been	no	 large	 studies	evaluating	 the	effect	of	 treatment	protraction	 in
patients	 receiving	 concurrent	 chemotherapy	 with	 radiation,	 a	 2008	 review	 of	 GOG	 trials141	 suggested	 that
protraction	was	also	harmful	for	patients	receiving	combined	treatment.

A	2004	analysis	 of	 patterns	of	 care	 for	 cervical	 cancer	patients	 treated	 across	 the	United	States	 in	 radiation
oncology	 facilities142	 revealed	 that	 a	 concerningly	 high	 percentage	 of	 patients	 were	 not	 completing	 treatment



within	 this	 time	 frame.	 Approximately	 40%	 of	 patients	 treated	 in	 nonacademic	 facilities	 failed	 to	 complete
treatment	within	10	weeks.	Although	treatment	protraction	also	tended	to	be	a	problem	in	academic	centers,	the
percentage	of	patients	completing	treatment	in	less	than	10	weeks	(83%)	was	significantly	greater.	These	findings
highlight	 the	 logistical	 and	 therapeutic	 challenges	 associated	 with	 delivery	 of	 multimodality	 cervical	 cancer
treatment	and	suggest	that	facilities	with	experience	in	treating	cervical	cancer	are	more	successful	at	managing
these	issues	to	prevent	treatment	delays.

External-Beam	Radiotherapy	Technique
High-energy	photons	(15	to	18	mV)	are	usually	preferred	for	standard	three-dimensional	(3D)	conformal	pelvic
treatment	because	they	spare	superficial	tissues	that	are	unlikely	to	be	involved	with	tumor.	At	these	energies,	the
pelvis	can	be	treated	either	with	four	fields	(anterior,	posterior,	and	lateral	fields;	Fig.	74.5)	or	with	anterior	and
posterior	 fields	 alone.	 When	 high-energy	 beams	 are	 not	 available,	 four	 fields	 are	 usually	 used	 because	 less
penetrating	 4-	 to	 6-MV	 photons	 often	 deliver	 an	 unacceptably	 high	 dose	 to	 superficial	 tissues	when	 only	 two
fields	are	used.

When	 lateral	 fields	 are	 used	 to	 treat	 intact	 cervical	 cancers,	 particular	 care	 must	 be	 taken	 to	 adequately
encompass	the	primary	tumor	and	potential	sites	of	regional	spread	in	the	radiation	fields.

CT	 simulation	 is	 recommended	 to	 confirm	 adequate	 coverage	 of	 the	 uterus	 and	 draining	 lymphatics.
Information	gained	from	radiologic	studies	such	as	MRI,	CT,	and	PET	can	improve	estimates	of	disease	extent
and	 assist	 in	 localization	of	 regional	 nodes	 and	paracervical	 tissues	 that	may	 contain	microscopic	disease.	The
caudad	extent	of	disease	can	be	determined	by	reviewing	MRIs	or	by	inserting	radiopaque	markers	in	the	cervix
or	 at	 the	 distal	 extent	 of	 vaginal	 disease.	 It	 is	 usually	wise	 to	 cover	 the	 entire	 presacrococcygeal	 region	when
locally	 advanced	 cancers	 are	 treated	 to	 encompass	 the	 uterosacral	 ligaments	 and	 to	 account	 for	 internal	 organ
motion.

Tumor	response	should	be	evaluated	with	periodic	pelvic	examinations.	Some	practitioners	prefer	to	maximize
the	brachytherapy	component	of	 treatment	and	begin	 it	as	soon	as	 the	 tumor	has	responded	enough	 to	permit	a
good	placement	of	 the	brachytherapy	applicators,	delivering	subsequent	pelvic	 irradiation	with	a	central	 shield.
This	technique	may	reduce	the	volume	of	normal	tissue	treated	to	a	high	dose	but	may	also	result	in	overdoses	to
medial	 structures	 such	 as	 the	 ureters	 or	 underdosage	 of	 posterior	 uterosacral	 disease.	 For	 these	 reasons,	 most
clinicians	prefer	to	give	an	initial	dose	of	40	to	45	Gy	to	the	whole	pelvis,	believing	that	the	ability	to	deliver	a
homogeneous	 distribution	 to	 the	 entire	 region	 at	 risk	 for	 microscopic	 disease	 outweighs	 other	 considerations.
External-beam	doses	of	more	than	40	to	45	Gy	to	the	central	pelvis	tend	to	compromise	the	dose	deliverable	to
paracentral	tissues	with	brachytherapy	and	increase	the	risk	of	late	complications.

A	total	dose	(external	beam	and	intracavitary)	of	45	to	55	Gy	appears	to	be	sufficient	to	sterilize	microscopic
disease	in	the	pelvic	nodes	in	most	patients.	It	is	customary	to	treat	lymph	nodes	known	or	suspected	of	harboring
gross	 disease	 and	 heavily	 involved	 parametria	 to	 a	 total	 dose	 of	 60	 to	 66	Gy	 (including	 the	 contribution	 from
brachytherapy	treatments).
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Figure	74.5	Typical	anterior	(left)	and	lateral	(right)	fields	used	to	treat	the	pelvis	with	a	four-
field	technique.	In	this	post-hysterectomy	patient,	the	nodal	and	vaginal	target	volumes	are

indicated	in	cyan	and	teal,	respectively.

Intensity-Modulated	Radiotherapy
The	use	of	intensity-modulated	radiotherapy	(IMRT)	and	other	forms	of	highly	conformal	radiotherapy	in	patients
with	gynecologic	 tumors	has	 increased	dramatically	 since	 the	 early	2000s.	Unlike	 standard	 two-	 and	 four-field
techniques,	IMRT	makes	it	possible	to	deliver	a	lower	daily	dose	to	the	intrapelvic	contents	than	to	surrounding
pelvic	 lymph	nodes	(Fig.	74.6).	With	standard	 techniques,	 the	close	proximity	of	bowel	has	sometimes	made	 it
difficult	to	sterilize	disease	in	nodes	larger	than	2	cm;	IMRT	allows	delivery	of	doses	exceeding	60	Gy	to	regional
nodes	with	relative	sparing	of	adjacent	critical	structures.

When	 the	 para-aortic	 region	 requires	 treatment,	 IMRT	can	 reduce	 the	 dose	 of	 radiation	 to	 the	 small	 bowel,
including	the	duodenum.	IMRT	is	particularly	advantageous	when	there	are	grossly	 involved	para-aortic	nodes,
which	can	be	treated	with	an	integrated	boost.	The	duodenum	should	be	contoured	and	avoided	in	such	situations;
reducing	the	volume	receiving	55	to	60	Gy	has	been	reported	to	reduce	toxicity.143

Although	IMRT	is	an	extremely	useful	tool	in	the	treatment	of	gynecologic	cancers,	the	highly	conformal	dose
distributions	achievable	with	IMRT	also	increase	the	potential	for	error	and	require	considerable	experience	and
attention	to	detail	on	the	part	of	the	radiation	oncologist.	In	particular,	great	attention	must	be	paid	to	the	influence
of	 internal	 organ	motion	 and	 intratreatment	 tumor	 response	 on	 the	 doses	 to	 tumor	 and	 critical	 structures.	 The
uterus	and	vagina	can	move	3	to	4	cm	with	bladder	and	rectal	filling,	and	even	greater	excursion	is	possible	with
anteversion	or	retroversion	of	the	uterus,	which	can	occur	spontaneously.144	Daily	image	guidance	with	CT	or	kV
imaging	should	be	used	with	IMRT	to	ensure	that	the	uterus	remains	within	the	target	volume.	Although	a	number
of	 investigators	 are	 exploring	 the	 use	 of	 IMRT	 to	 treat	 patients	 with	 intact	 cervical	 cancers,	 large	 inter-	 and
intratreatment	 variations	 in	 the	 position	 and	 size	 of	 the	 target	 volume	 raise	 concerns	 about	 the	 risk	 of	missing
tumor	with	these	highly	conforming	treatments;	 if	very	ample	margins	are	used	to	account	for	variability	in	the
target,	the	gain	relative	to	simpler	treatments	may	not	always	justify	such	complex	treatment.



Figure	74.6	Axial	(A,	C)	and	midline	sagittal	(B,	D)	views	of	typical	four-field	and	intensity-
modulated	radiation	therapy	(IMRT)	plans	used	to	treat	the	vagina,	paravaginal	tissues,	and	iliac

lymph	nodes	of	a	patient	after	hysterectomy	for	cervical	cancer.	The	clinical	target	volume
encompasses	tissues	considered	to	be	at	risk	for	locoregional	recurrence.	The	planning	target

volume	includes	a	margin	for	potential	variation	in	the	clinical	setup	and	is	used	to	create	the	final
plan.

There	is	no	evidence	that	IMRT	can	safely	be	used	as	an	alternative	to	brachytherapy	for	routine	treatment	of
intact	cervical	cancer.	Although	IMRT	achieves	very	conformal	dose	distributions,	it	cannot	accurately	reproduce
the	 high-dose	 gradients	 produced	with	 intracavitary	 brachytherapy.	More	 importantly,	 the	 large,	 unpredictable
variations	that	occur	in	the	positions	of	the	bladder,	rectum,	and	target	mandate	the	use	of	large	treatment	margins
that	inevitably	encompass	adjacent	critical	structures	and	reduce	the	dose	deliverable	to	tumor.

Role	of	Para-Aortic	Irradiation
In	the	past,	the	prognosis	for	patients	with	grossly	involved	para-aortic	lymph	nodes	was	poor.	However,	survival
rates	appear	to	have	improved	with	the	use	of	concurrent	chemotherapy,	modern	diagnostic	imaging	methods,	and
highly	conformal	 radiation	 techniques.	With	 IMRT	and	PET-assisted	 target	volume	definition,	Osborne	et	 al.60
reported	a	para-aortic	disease	control	rate	of	96%	in	patients	who	received	radiation	therapy	for	cervical	cancers
with	grossly	involved	para-aortic	nodes;	the	5-year	disease-specific	survival	rate	for	these	patients	was	47%.	The
survival	of	patients	with	para-aortic	metastases	has	also	been	correlated	with	the	bulk	of	central	disease	and	the
extent	 and	 size	 of	 involved	 lymph	 nodes.	 The	 side	 effects	 of	 extended-field	 radiotherapy,	 particularly	 when
combined	with	concurrent	chemotherapy,	can	be	substantial,	and	the	management	of	such	patients	requires	close
multidisciplinary	collaboration.

Even	for	patients	who	have	no	clinically	involved	para-aortic	disease,	it	is	standard	to	extend	radiation	therapy
fields	 superiorly	 at	 least	 6	 cm	 above	 the	 highest	 involved	 lymph	 node	 in	 order	 to	 encompass	 secondary
micrometastases	in	these	adjacent	nodes.	However,	there	is	generally	assumed	to	be	a	diminishing	but	finite	risk
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of	 micrometastases	 proximal	 to	 the	 region	 of	 known	 involvement.	 In	 each	 case,	 the	 potential	 side	 effects	 of
extended-field	 irradiation	must	be	balanced	against	 the	risk	of	future	nodal	recurrence	marginal	 to	 the	radiation
field.

Two	prospective	randomized	trials	conducted	during	the	1980s	addressed	the	role	of	prophylactic	para-aortic
irradiation	 in	 patients	 without	 known	 para-aortic	 node	 involvement.145,146	 Both	 studies	 demonstrated	 reduced
para-aortic	 recurrence	 rates	 with	 extended	 radiation	 fields,	 but	 they	 yielded	 conflicting	 results	 regarding	 the
impact	on	survival.	Both	studies	also	revealed	an	increased	rate	of	enteric	complications	in	patients	treated	with
extended	fields.

Brachytherapy
Brachytherapy	was	first	used	to	treat	cervical	cancers	in	the	early	20th	century	and	continues	to	play	a	central	role
in	 their	 curative	management.	The	goal	of	brachytherapy	 is	 to	deliver	 a	high	dose	 to	disease	 in	 the	cervix	and
paracervical	tissues	while	preserving	function	of	adjacent	critical	structures.

The	uterine	cavity	provides	an	 ideal	 receptacle	 for	 radioactive	 sources,	which	are	positioned	using	 specially
designed	applicator	 systems	 that	 capitalize	on	 the	distinctive	 anatomy	of	 the	distal	 female	genital	 tract	 and	 the
physical	advantages	of	the	inverse	square	law.	Most	applicator	systems	consist	of	an	angled	or	curved	intrauterine
tandem	with	 some	 form	of	 intravaginal	 applicator;	 vaginal	 applicators	 used	 in	 various	 clinical	 settings	 include
several	versions	of	the	Fletcher-Suit	afterloading	colpostats,	vaginal	rings,	French	molds,	vaginal	cylinders,	and
others.144	 Vaginal	 packing	 is	 used	 to	 hold	 the	 applicator	 in	 place	 and	 to	 maximize	 the	 distance	 between	 the
sources	 and	 the	 bladder	 and	 rectum.	 CT,	 MRI,	 or	 orthogonal	 radiographs	 should	 be	 obtained	 at	 the	 time	 of
insertion	 to	 verify	 accurate	 placement,	 and	 the	 system	 should	 be	 repositioned	 if	 these	 studies	 indicate	 that
positioning	can	be	improved.

Treatments	may	be	delivered	over	several	days	at	a	continuous	LDR,	with	 frequent	pulses	 (pulsed	dose	 rate
[PDR]),	or	in	several	fractions	of	radiation	delivered	at	a	high	dose	rate	(HDR).	Over	the	past	20	years,	traditional
LDR	 treatments,	which	employed	manually	 loaded	cesium-137	 sources	have	 largely	been	 replaced	by	HDR	or
PDR	techniques	that	use	remote	afterloading	units.	These	afterloading	units	contain	a	single	“stepping”	source	of
iridium-192	 (192Ir)	 that	 travels	 through	 the	 applicator	 tubes,	 pausing	 for	 varying	 times	 in	 a	 series	 of	 “dwell”
positions	to	deliver	the	desired	dose	to	adjacent	tissues.	The	activity	of	sources	used	for	HDR	is	approximately	10
Ci;	 the	 activity	 of	 sources	 used	 for	 PDR	 is	 approximately	 0.5	 to	 1	Ci.	However,	 because	 a	 computer	 controls
insertion	 of	 the	 source,	 exposure	 to	 personnel	 is	 negligible	with	 these	methods.	Although	 the	 nominal	 dose	 of
radiation	needs	to	be	adjusted	for	treatment	delivered	at	different	dose	rates,	the	applicator	systems	and	rules	of
optimal	 brachytherapy	 placement	 are	 similar	 for	LDR,	HDR,	 and	PDR	 treatment.	The	 importance	 of	 radiation
dose	rate	and	fraction	size	is	discussed	in	more	detail	later	in	this	section.

Brachytherapy	Dose
Because	of	 the	 inverse	 square	 law,	 the	 radiation	dose	delivered	by	 intracavitary	brachytherapy	declines	 rapidly
with	distance	 from	 the	 intrauterine	and	 intravaginal	 sources.	This	 characteristic	permits	delivery	of	 a	 relatively
high	dose	to	tumor	versus	adjacent	normal	tissue	structures;	however,	the	heterogenous	dose	distribution	produced
by	intracavitary	applicators	can	be	difficult	to	describe	in	practical	terms.	Traditionally,	the	paracentral	dose	from
intracavitary	brachytherapy	was	most	commonly	expressed	at	a	single	reference	point,	usually	designated	point	A.
Although	point	A	has	been	specified	in	a	number	of	different	ways,	the	most	widely	accepted	definition	is	a	point
2	cm	lateral	to	the	cervical	collar	(typically	at	the	external	cervical	os)	and	2	cm	above	the	tops	of	the	intravaginal
applicators	(Fig.	74.7).147	Point	A	usually	lies	approximately	at	the	crossing	of	the	ureter	and	the	uterine	artery,
but	it	bears	no	consistent	relationship	to	the	tumor	or	target	volume.	As	it	was	originally	conceived,	point	A	was
meant	to	be	used	in	the	context	of	a	detailed	set	of	rules	governing	the	placement	and	loading	of	the	intracavitary
system	 and	was	 intended	 to	 be	 used	 primarily	 as	 a	means	 of	 reporting	 treatment	 intensity	 and	 not	 as	 the	 sole
parameter	for	treatment	prescription.	Today,	this	context	is	often	lost.	Other	measures	have	been	used	to	describe
the	 intensity	 of	 intracavitary	 treatment.	 “Milligram-hours”	 or	 “milligram-radium-equivalent	 hours”	 are
proportional	to	the	dose	of	radiation	at	relatively	distant	points	from	the	system	and	therefore	give	a	sense	of	the
dose	 to	 the	 whole	 pelvis.	 Total	 reference	 air	 kerma—expressed	 in	 micrograys	 at	 1	 meter—is	 an	 alternative
measure	similar	to	milligram-hours	that	allows	for	the	use	of	various	radionuclides.147	Reference	points	have	also
been	used	to	estimate	the	doses	to	the	bladder	and	rectum	(see	Fig.	74.7).	Although	normal	tissue	reference	points
provide	useful	information	about	the	dose	to	a	portion	of	normal	tissue,	volumetric	studies	have	demonstrated	that
they	consistently	underestimate	the	maximum	dose	to	normal	tissue.148



To	 improve	 on	 these	 crude	methods	 of	 dose	 estimation,	 volumetric	MRI-	 or	 CT-based	 image-guided	 dose
specification	for	tumor	and	normal	tissue	doses	is	increasingly	being	used	to	plan	and	prescribe	brachytherapy.149
The	 use	 of	 volumetric	 measurements	 yields	 much	more	 accurate	 information	 about	 the	 relationships	 between
dose,	treatment	volume,	and	outcome	than	has	been	possible	with	traditional	methods.

Whatever	 system	 of	 dose	 specification	 is	 used,	 emphasis	 should	 always	 be	 placed	 on	 optimizing	 the
relationship	between	the	intracavitary	applicators	and	the	cervical	tumor	and	other	pelvic	tissues.	Source	strengths
and	 positions	 should	 be	 carefully	 chosen	 to	 provide	 optimal	 tumor	 coverage	 without	 exceeding	 normal	 tissue
tolerance	limits.	However,	optimized	source	placement	can	rarely	correct	for	a	poorly	positioned	applicator.

Factors	 that	 influence	 source	 strength	 and	 position	 are	 beyond	 the	 scope	 of	 this	 chapter	 and	 can	 be	 found
elsewhere.144,149	 An	 effort	 should	 be	 made	 to	 deliver	 a	 tumor	 dose	 of	 at	 least	 85	 to	 90	 Gy	 (with	 LDR
brachytherapy)	or	its	biologic	equivalent	(with	HDR	brachytherapy)	for	patients	with	bulky	central	disease.	If	the
intracavitary	placement	has	been	optimized,	this	can	usually	be	accomplished	without	exceeding	accepted	normal
tissue	 tolerance	 dose	 limits,	 as	 described	 in	 the	 following	 text.	 Suboptimal	 placements	 occasionally	 force
compromises	in	the	dose	to	tumor	or	normal	tissues.	To	choose	a	treatment	that	optimizes	the	therapeutic	ratio	in
these	circumstances	requires	experience	and	a	detailed	understanding	of	factors	that	influence	tumor	control	and
normal	tissue	complications.

Figure	74.7	Posterior-anterior	and	lateral	views	of	a	Fletcher-Williamson	applicator	system	in	a
patient	with	invasive	carcinoma	of	the	cervix.	Traditional	reference	points	used	to	report	dose	to
point	A	(Pt	A),	bladder,	and	rectum	are	shown.	Teal	overlay	depicts	the	contours	of	the	ovoids.
Radiopaque	threads	in	the	gauze	used	to	pack	the	vagina	reveal	the	contours	of	the	vagina	after
applicator	placement.	ICRU,	International	Commission	on	Radiation	Units	and	Measurements.
(Adapted	from	Eifel	PJ,	Klopp	AH.	Gynecologic	Radiation	Oncology.	A	Practical	Guide.

Philadelphia:	Wolters	Kluwer;	2017.)

Image-Based	Brachytherapy	Treatment	Planning
The	use	of	CT	and	MRI	 for	brachytherapy	 treatment	planning	has	 expanded	 significantly	 in	 the	past	10	years.
Both	modalities	 can	be	used	 to	verify	 appropriate	placement	of	 the	 applicator	 and	evaluate	 the	dose	 to	normal
tissues.	CT	has	the	advantage	of	being	more	widely	available	than	MRI	and	does	not	require	 the	use	of	special
MRI-compatible	applicators.	However,	MRI	provides	much	better	visualization	of	soft	tissues	and	more	accurate
appreciation	of	the	extent	of	tumor	within	the	cervix	and	paracervical	tissues150;	one	recent	study	suggested	that
complication	rates	were	lower	when	MRI	was	used	for	3D	planning	rather	than	CT.151	Further	studies	are	needed
to	evaluate	the	cost-effectiveness	of	CT	versus	MRI	in	this	setting.

The	Groupe	Européen	de	Curiethérapie–European	Society	of	Therapeutic	Radiation	Oncology	(GEC-ESTRO)
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consortium	 has	 developed	 a	 series	 of	 guidelines	 on	 the	 optimal	 approach	 for	 imaging,	 delineating	 target	 and
avoidance	 volumes	 and	 treatment	 planning	 using	MRI.126,149,152	 According	 to	 their	 guidelines,	 T2	multiplanar
images	should	be	obtained	after	applicator	placement	to	allow	delineation	of	the	gross	tumor	volume	(GTV)	that
is	 typically	hyperintense	on	T2	 images.	The	high-risk	clinical	 target	volume	(HR-CTV)	encompasses	 the	entire
cervix	and	gross	 residual	macroscopic	disease	at	 the	 time	of	brachytherapy.	An	 intermediate-risk	clinical	 target
volume	(IR-CTV)	includes	the	initial	extent	of	disease	plus	a	1-cm	margin	on	the	HR-CTV.	Using	these	methods,
Dimopoulos	et	al.153	reported	a	strong	correlation	between	the	dose	to	the	HR-CTV	and	local	control,	with	a	96%
control	rate	when	the	equivalent	dose	at	2	Gy	per	fraction	(EQD2)	to	90%	of	the	target	volume	(D90)	was	≥87
Gy.	GEC-ESTRO	also	recommends	delivering	a	total	dose	equivalent	of	60	Gy	to	the	IR-CTV	D90.	However,	in
some	cases,	compromise	may	be	necessary	to	avoid	exceeding	normal	tissue	tolerance	limits.	For	each	implant,
tomographic	images	should	be	used	to	delineate	and	estimate	the	doses	delivered	to	critical	structures	including
the	bladder,	rectum,	and	sigmoid.	Current	recommendations	suggest	limiting	the	minimum	dose	to	the	maximally
irradiated	2	cc	(D2cc)	of	the	bladder	to	<90	Gy	and	the	minimum	dose	to	the	rectum	and	sigmoid	to	<70	Gy,154
although	 these	 dose	 relationships	 have	 been	 most	 convincingly	 demonstrated	 for	 the	 rectum.	 Results	 of	 the
prospective	multicenter	 EMBRACE	 (International	 Study	 on	MRI-Guided	 Brachytherapy	 in	 Locally	 Advanced
Cervical	Cancer)	trial	suggest	that	an	even	lower	rectal	D2cc	of	≤65	Gy	may	yield	further	reduction	in	the	risk	of
radiation	proctitis.155	An	example	of	an	MRI-based	plan,	optimized	to	cover	the	HR-CTV	while	minimizing	dose
to	normal	tissues,	is	shown	in	Figure	74.8.

In	2012,	Charra-Brunaud	et	al.156	reported	the	results	of	a	prospective,	nonrandomized,	multicenter	comparison
of	 705	 patients	 treated	 for	 cervical	 cancer	 using	 two-dimensional	 (2D)	 or	 3D	 image-guided	 brachytherapy
techniques.	Treatment	in	the	3D	group	was	performed	according	to	GEC-ESTRO	guidelines	that	were	adapted	for
CT.	Patients	were	assigned	to	one	of	 three	groups:	patients	receiving	brachytherapy	alone	followed	by	surgery;
patients	 receiving	 external-beam	 radiotherapy,	 brachytherapy,	 and	 surgery;	 or	 patients	 with	 more	 advanced
cervical	cancers	treated	with	external-beam	radiotherapy	and	brachytherapy.	In	all	three	groups,	the	local	relapse–
free	 survival	 was	 higher	 in	 the	 3D	 group,	 and	 the	 rates	 of	 grade	 3	 or	 4	 complications	 were	 lower.	 Because
treatment	 approach	was	 determined	 by	 the	 practices	 of	 the	 respective	 centers,	 other	 factors	may	 have	 differed
between	the	centers.	In	addition,	the	D90	doses	delivered	to	the	HR-CTV	in	117	patients	who	received	definitive
radiotherapy	planned	using	3D	 techniques	 (median,	 73.1	Gy)	were	 considerably	 lower	 than	 the	dose	of	 87	Gy
recommended	by	GEC-ESTRO152;	this	may	have	contributed	to	a	relatively	high	central	recurrence	rate	of	23%	at
2	years.	However,	these	results	do	support	the	safety	and	effectiveness	of	image-guided	brachytherapy.



Figure	74.8	Midline	sagittal	image	of	a	T2-weighted	magnetic	resonance	imaging	scan	obtained	in
a	patient	with	invasive	squamous	cell	carcinoma	of	the	cervix	receiving	pulsed	dose	rate

brachytherapy	with	a	tandem	and	ovoid	implant.	Dwell	times	within	the	tandem	and	ovoids	were
optimized	to	deliver	23	Gy	over	44	hours	to	the	high-risk	clinical	target	volume	(red).	Isodose	lines
represent	the	total	delivered	dose	from	this	implant.	The	doses	delivered	to	the	minimum	dose	to	the
maximally	irradiated	2	mL	(D2cc)	of	the	rectum	(green)	and	bladder	(yellow)	were	6	and	12	Gy,

respectively.

Brachytherapy	Dose	Rate	and	Treatment	Schedule
Cervical	cancer	brachytherapy	can	be	delivered	with	LDR,	PDR,	or	HDR	approach.	LDR	brachytherapy	was	the
standard	for	almost	100	years;	with	this	approach,	treatment	is	delivered	continuously,	usually	over	24	to	72	hours
using	 cesium-137	 sources	 that	 are	manually	 inserted	 in	 the	 hollow	 applicators	 after	 they	 have	 been	 optimally
positioned	in	the	uterus	and	vagina;	typically,	treatment	is	given	after	an	initial	course	of	pelvic	radiotherapy	and
is	 usually	 administered	 in	 two	 sessions	 separated	 by	 about	 2	 weeks.	 PDR	 brachytherapy	 follows	 a	 similar
treatment	schedule	as	LDR;	however,	the	treatment	is	delivered	using	a	single	remotely	controlled	source	of	192Ir
(called	 a	 “stepping	 source”)	 that	 travels	 through	 the	 applicators	 delivering	 the	 prescribed	 treatment	 in	 hourly
pulses	over	several	days.	With	HDR	brachytherapy,	a	very	high-activity	iridium	stepping	source	(about	10	Ci)	is
used	 to	 deliver	 a	 high	 dose	 of	 radiation	 over	 several	 minutes.	 This	 permits	 the	 treatment	 to	 be	 given	 on	 an
outpatient	basis;	however,	to	avoid	major	normal	tissue	complications,	HDR	brachytherapy	is	usually	delivered	in
four	to	seven	treatments	spaced	over	2	to	5	weeks.	Again,	treatment	is	almost	always	integrated	with	a	course	of
pelvic	external-beam	irradiation.

Traditional	LDR	brachytherapy	has	been	performed	with	sources	that	deliver	the	dose	of	radiation	at	a	rate	of
approximately	 0.4	 to	 0.6	 Gy	 per	 hour	 to	 point	 A.	 These	 LDRs	 permit	 repair	 of	 sublethal	 cellular	 injury	with
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preferential	sparing	of	normal	tissues.	In	a	randomized	trial,	Haie-Meder	et	al.157	reported	a	significant	increase	in
treatment-related	complications	when	the	dose	rate	was	doubled	from	0.4	to	0.8	Gy	per	hour,	indicating	that	the
total	dose	must	be	reduced	and	that	the	therapeutic	ratio	of	treatment	may	be	compromised	with	higher	dose	rates
in	some	cases.	Differences	in	the	magnitude	of	the	dose-rate	effect	between	tumor	and	normal	tissues	may	partly
reflect	differences	in	the	half-times	for	repair	of	sublethal	radiation	damage.158

The	 ability	 to	 deliver	 HDR	 brachytherapy	 as	 an	 outpatient	 can	 have	 distinct	 advantages	 for	 patients	 and
physicians	in	terms	of	convenience	and	cost.	For	these	reasons	and	because	of	the	increasingly	scarce	availability
of	cesium-137,	the	use	of	HDR	brachytherapy	has	expanded	dramatically	since	the	late	1990s;	HDR	is	now	used
to	treat	most	patients	with	cervical	cancer	in	the	United	States	and	elsewhere.	Although	HDR	brachytherapy	lacks
some	of	the	radiobiologic	advantages	of	continuous	LDR	or	PDR	delivery,	modern	image-guided	techniques	have
made	it	easier	to	estimate	and	control	the	effective	dose	of	radiation	delivered	to	normal	tissues.

There	 have	 been	 few	 direct	 comparisons	 between	 LDR	 and	 HDR	 treatment	 of	 cervical	 cancer.	 Early
prospective	 trials	were	 criticized	 for	methodologic	 flaws	 and	 used	methods	 that	 have	 limited	 relevance	 today.
However,	 there	 have	 now	 been	 many	 observational	 studies	 published	 that	 document	 the	 effectiveness	 of
concurrent	 chemoradiation	 given	 using	 a	 combination	 of	 external-beam	 radiotherapy	 and	 image-guided	 HDR
intracavitary	brachytherapy.	Survival	 rates	appear	 to	be	similar	 to	 those	 reported	using	LDR	brachytherapy.	As
with	LDR	 treatment,	 successful	HDR	brachytherapy	depends	on	optimized	applicator	position,	balanced	use	of
external-beam	therapy	and	brachytherapy,	compact	overall	treatment	duration,	and	delivery	of	an	adequate	dose	to
tumor	with	respect	for	normal	tissue	tolerance	limits.

Some	 clinicians	 have	 advocated	 the	 use	 of	 interstitial	 brachytherapy	 for	 patients	 whose	 anatomy	 or	 tumor
distribution	 makes	 it	 difficult	 to	 obtain	 an	 ideal	 intracavitary	 placement.	 Enthusiasm	 for	 this	 approach	 has
fluctuated	over	 the	 past	 40	years.	Template-based	 interstitial	 implants	 are	 inserted	 transperineally,	 guided	by	 a
Lucite	 template	 that	encourages	parallel	placement	of	hollow	needles	 that	penetrate	 the	cervix	and	paracervical
spaces.	Advocates	of	the	procedure	cite	the	ease	of	inserting	implants	in	patients	in	whom	the	uterus	is	difficult	to
probe	and	 the	ability	 to	place	sources	directly	 into	 the	parametrium.	Most	 reports	of	 this	approach	 include	 few
patients,	and	reported	outcomes	have	been	inconsistent,	with	some	investigators	reporting	poor	local	control	rates
and	 frequent	 complications.159,160	 These	 results	 may	 be	 improved	 on	 when	 implants	 are	 performed	 under
laparoscopic	or	advanced	image	guidance.161,162

More	recently,	there	has	been	a	surge	of	enthusiasm	for	intracavitary	applicators	that	incorporate	channels	that
can	be	used	to	guide	needles	through	the	vagina	into	the	parauterine	space.163,164	These	may	be	particularly	useful
to	supplement	the	lateral	dose	from	compact	applicator	systems	like	the	tandem	and	ring.	In	some	cases,	freehand
placement	of	interstitial	needles	in	the	lateral	parametrium	or	vagina	can	further	supplement	the	dose	delivered	by
intracavitary	 treatment.	However,	 these	 approaches,	 like	 all	 brachytherapy,	 require	 a	 skilled	operator	 to	get	 the
best	results.	CT	or	MRI	imaging	should	always	be	used	to	ensure	that	needles	are	safely	placed	and	to	optimize
treatment	plans	when	these	applicators	are	used.

Complications	of	Radiotherapy
During	 pelvic	 radiotherapy,	 most	 patients	 have	 mild	 fatigue	 and	 mild-to-moderate	 diarrhea	 that	 usually	 is
controllable	 with	 antidiarrheal	 medications;	 some	 patients	 have	 mild	 bladder	 irritation,	 which	 may	 be
symptomatic	 of	 a	 urinary	 tract	 infection.	When	 extended	 fields	 are	 treated,	 patients	may	 have	 nausea,	 gastric
irritation,	 and	 depression	 of	 peripheral	 blood	 cell	 counts.	 Hematologic	 and	 gastrointestinal	 complications	 are
significantly	 increased	in	patients	receiving	concurrent	chemotherapy.	Unless	 the	ovaries	have	been	 transposed,
all	 premenopausal	 patients	 who	 receive	 pelvic	 radiotherapy	 experience	 ovarian	 failure	 by	 the	 completion	 of
treatment.

Perioperative	 complications	 of	 intracavitary	 brachytherapy	 include	 uterine	 perforation,	 fever,	 and	 the	 usual
risks	 of	 anesthesia.	 Thromboembolisms	 are	 rare.	 In	 a	 review	 of	 4,043	 patients	 who	 had	 7,662	 intracavitary
applications	for	cervical	cancer,	Jhingran	and	Eifel165	reported	11	patients	(0.3%)	with	thromboembolisms,	4	of
whom—all	with	pulmonary	embolisms—died.	All	4	fatal	pulmonary	embolisms	were	in	patients	with	advanced
pelvic	wall	 disease.	However,	 appropriate	 prophylaxis	 should	 be	 used	 to	 prevent	 deep	 vein	 thrombosis	 in	 any
patient	who	will	have	prolonged	immobilization.

Estimates	 of	 the	 risk	 of	 late	 complications	 of	 radical	 radiotherapy	 vary	 according	 to	 the	 grading	 system,
duration	 of	 follow-up,	 method	 of	 calculation,	 treatment	 method,	 and	 prevalence	 of	 risk	 factors	 in	 the	 study
population.	 However,	 most	 reports	 quote	 an	 overall	 risk	 of	 major	 complications	 (requiring	 transfusion,
hospitalization,	 or	 surgical	 intervention)	 of	 5%	 to	 15%.109,166–169	 In	 a	 study	 of	 1,784	 patients	 with	 stage	 IB



disease,	Eifel	et	al.166	reported	an	overall	actuarial	risk	of	major	complications	of	7.7%	at	5	years.	Although	the
actuarial	risk	was	greatest	during	the	first	3	years	of	follow-up,	there	was	a	continuing	risk	to	surviving	patients	of
approximately	0.3%	per	year,	resulting	in	an	overall	actuarial	risk	of	14%	at	20	years.	Complication	rates	may	be
higher	 in	patients	with	very	 locally	advanced	disease	 in	part	because	of	 tissue	destruction	caused	by	infiltrative
tumor.

During	the	first	3	years	after	treatment,	rectal	complications	are	most	common	and	include	bleeding,	stricture,
ulceration,	and	fistula.	In	the	study	by	Eifel	et	al.,166	the	risk	of	major	rectosigmoid	complications	was	2.3%	at	5
years.	Major	gastrointestinal	complications	were	rare	3	years	or	more	after	treatment,	but	a	constant	low	risk	of
urinary	tract	complications	persisted	for	many	years	(Fig.	74.9).	The	actuarial	risk	of	developing	a	fistula	of	any
type	 was	 1.7%	 at	 5	 years.	 Complication	 rates	 were	 calculated	 actuarially,	 and	 patients	 who	 died	 without
experiencing	a	major	complication	were	censored	at	the	time	of	death.

Small	bowel	obstruction	is	an	infrequent	complication	of	standard	radiotherapy	for	patients	without	special	risk
factors.	The	 risk	of	 small	bowel	obstruction	 is	 significantly	 increased	 in	patients	who	have	undergone	an	open
transperitoneal	lymph	node	dissection.57,167	However,	there	appears	to	be	little	increase	in	risk	if	the	operation	is
performed	 with	 a	 retroperitoneal	 approach.57	 Although	 it	 has	 not	 been	 studied	 systematically,	 the	 use	 of	 a
laparoscopic	surgical	approach	probably	also	reduces	the	risk	of	bowel	complications	from	subsequent	radiation.
Other	factors	that	can	increase	the	risk	of	small	bowel	complications	in	patients	treated	for	cervical	cancer	include
a	 history	 of	 pelvic	 inflammatory	 disease	 or	 peritonitis,	 thin	 body	 habitus,	 heavy	 smoking,	 and	 the	 use	 of	 high
doses	 or	 large	 volumes	 for	 external-beam	 irradiation,	 particularly	 with	 low-energy	 treatment	 beams	 and	 large
daily	fraction	sizes.167

Numerous	psychological	and	physical	factors	can	influence	sexual	function	after	pelvic	radiation	therapy.170,171
Most	 patients	 who	 receive	 definitive	 radiation	 therapy	 for	 cervical	 cancer	 have	 some	 agglutination	 and
telangiectasia	 of	 the	 apical	 vagina.	 More	 significant	 vaginal	 shortening	 can	 occur,	 particularly	 in	 elderly,
postmenopausal	women,	and	those	with	extensive	tumors	treated	with	a	high	dose	of	radiation.	Hypoestrogenism
can	 enhance	 vaginal	 atrophy	 and	 dryness,	 contributing	 to	 dyspareunia.	 Intravaginal	 or	 systemic	 estrogen	may
reduce	 these	 symptoms.	 Vaginal	 dilatation	 may	 be	 helpful,	 although	 in	 a	 2014	 meta-analysis,	 the	 authors
concluded	that	there	is	as	yet	no	proof	that	routine,	regular	vaginal	dilation	prevents	vaginal	stenosis	or	improves
quality	of	life.172
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Figure	74.9	Rates	of	major	rectal	and	urinary	tract	complications	in	1,784	patients	with	stage	IB
carcinomas	of	the	cervix	treated	with	radiotherapy.	(From	Eifel	PJ,	Levenback	C,	Wharton	JT,	et	al.
Time	course	and	incidence	of	late	complications	in	patients	treated	with	radiation	therapy	for	FIGO
stage	IB	carcinoma	of	the	uterine	cervix.	Int	J	Radiat	Oncol	Biol	Phys	1995;32(5):1289–1300,	with

permission.)

Concurrent	Chemoradiation
At	 the	end	of	 the	1990s,	publication	of	a	 series	of	prospective	 randomized	 trials	provided	compelling	evidence
that	 the	 addition	 of	 concurrent	 cisplatin-containing	 chemotherapy	 to	 standard	 radiotherapy	 reduces	 the	 risk	 of
disease	recurrence	by	as	much	as	50%	(see	Table	74.3).64,109,110,168,173,174	The	benefit	of	concurrent	chemotherapy
was	 subsequently	 confirmed	 in	 several	 meta-analyses	 that	 used	 individual	 patient	 data	 from	 published	 and
unpublished	randomized	trials.75	In	2007,	a	large	epidemiologic	study	demonstrated	that	overall	survival	rates	of
patients	 treated	 in	 Ontario,	 Canada,	 for	 locally	 advanced	 cervical	 cancer	 had	 significantly	 improved	 after
concurrent	chemoradiation	was	first	made	standard	in	1999.175

The	 prospective	 trials	 described	 in	 Table	 74.3	 included	 patients	 with	 a	 variety	 of	 disease	 presentations,
although	 eligibility	 was	 in	 all	 cases	 limited	 to	 patients	 with	 disease	 confined	 to	 the	 pelvis.	 Although	 the
improvement	 achieved	 with	 concurrent	 chemotherapy	 appears	 to	 be	 greater	 for	 patients	 with	 stages	 IB2	 or	 II
disease,	meta-analyses	indicate	that	combined	treatment	also	benefits	patients	with	stage	III	or	IVA	disease.75	The
benefit	 of	 concurrent	 chemotherapy	 also	 appears	 to	 be	 independent	 of	 histologic	 subtype	 or	 grade.75	Although
most	 trials	 focused	 on	 patients	 receiving	 definitive	 radiation	 therapy	 for	 locoregionally	 advanced	 disease,	 the
SWOG	trial	published	by	Peters	et	al.64	also	demonstrated	a	benefit	for	patients	who	were	found	to	have	high-risk



features	(positive	nodes	or	surgical	margins	or	parametrial	involvement)	after	radical	hysterectomy	for	early-stage
disease.	However,	 for	 patients	who	 undergo	 definitive	 radiation	 therapy	 for	 clinically	 node-negative	 stage	 IB1
disease,	the	potential	risks	and	benefits	of	concurrent	chemotherapy	must	be	carefully	weighed,	particularly	if	the
patient	 has	 concurrent	medical	 problems;	 such	 patients	were	 not	 included	 in	 any	 of	 the	 sentinel	 trials,	 in	 part
because	the	margin	for	improvement	over	radiation	therapy	alone	is	very	small	for	such	patients.111

Most	of	the	chemoradiation	trials	had	cisplatin-based	regimens	in	the	experimental	arms,	using	either	cisplatin
alone	(weekly	at	a	dose	of	40	mg/m2)	or	a	combination	of	cisplatin	 (50	 to	75	mg/m2)	and	5-FU	given	every	3
weeks.	Although	both	approaches	appeared	to	be	of	benefit,	the	weekly	cisplatin	used	in	most	GOG	studies	has
emerged	as	the	most	frequently	recommended	standard,	primarily	because	it	is	associated	with	less	severe	acute
hematologic	 and	 gastrointestinal	 side	 effects	 than	 combined	 cisplatin	 and	 5-FU.176	 Other	 chemotherapy
approaches	 have	 been	 tested	 and,	 in	 some	 cases,	 found	 to	 be	 of	 benefit.	 Several	 early	 trials	 demonstrated	 that
combinations	 of	 mitomycin	 C	 and	 5-FU	 with	 radiation	 improved	 outcomes	 over	 treatment	 with	 radiation
alone.75,177	 Investigators	 in	Southeast	Asia	also	have	reported	improved	outcome	when	radiation	was	combined
with	epirubicin.178	However,	 the	value	of	 5-FU	as	 a	 single	 agent	 given	 concurrent	with	 radiation	has	 not	 been
clearly	 established	 for	 patients	 with	 cervical	 cancer.179,180	 A	 GOG	 trial	 comparing	 weekly	 cisplatin	 versus
concurrent	 continuous	 infusion	 5-FU	 was	 discontinued	 before	 achieving	 the	 planned	 accrual	 because	 futility
analysis	indicated	that	5-FU	was	not	going	to	be	superior	to	cisplatin.179	Weekly	cisplatin	has	never	been	directly
compared	with	mitomycin	and	5-FU	or	with	the	combination	of	every-3-week	cisplatin	(75	mg/m2)	and	5-FU	that
was	used	in	Radiation	Therapy	Oncology	Group	(RTOG)	trial	90-01	and	SWOG	87-97	(see	Table	74.3).

Only	one	large	randomized	trial	has	compared	multiagent	concurrent	chemoradiation	with	weekly	cisplatin.181
In	 that	 2011	 multinational	 trial,	 the	 authors	 compared	 a	 combination	 of	 concurrent	 weekly	 cisplatin	 and
gemcitabine	 with	 radiation	 followed	 by	 adjuvant	 cisplatin	 and	 gemcitabine	 versus	 radiation	 plus	 concurrent
weekly	cisplatin	alone.	The	authors	reported	encouraging	results,	with	a	3-year	progression-free	survival	of	74%
for	the	combination	chemotherapy	regimen	versus	65%	with	cisplatin	alone	(P	=	.03).	However,	in	part	because
the	trial	had	incomplete	follow-up,	particularly	of	late	side	effects,	and	because	the	combined	regimen	had	more
severe	acute	side	effects	than	weekly	cisplatin,	this	approach	has	not	gained	wide	acceptance.	The	trial	also	left
unanswered	whether	 any	 improvement	was	due	 to	 the	addition	of	 concurrent	gemcitabine	or	 to	 the	addition	of
postradiation	adjuvant	chemotherapy.

The	impact	of	adjuvant	chemotherapy	(carboplatin	and	paclitaxel)	following	chemoradiation	is	being	tested	in
the	currently	enrolling	Australia	New	Zealand	Gynaecological	Oncology	Group	(ANZGOG-0902)	“outback”	trial.
Other	 drugs	 that	 have	 been	 studied	 for	 their	 radiosensitizing	 effects	 in	 patients	 with	 advanced	 disease	 are
paclitaxel,182	carboplatin,183	 and	 several	biologic	 response	modifiers.	Because	 the	goal	of	 adjuvant	 treatment	 is
primarily	to	reduce	the	incidence	of	distant	disease,	several	groups	have	tried	to	develop	models	that	could	predict
a	high	risk	of	distant	recurrence	in	patients	treated	with	chemoradiation	for	locally	advanced	cervical	cancer.	In	a
Korean	 Gynecology	 Oncology	 Group	 (KCOG)	 study,184	 a	 four-parameter	 model	 incorporating	 regional	 nodal
findings	 on	 FDG-PET,	 nonsquamous	 cell	 histology,	 and	 pretreatment	 serum	 squamous	 cell	 carcinoma	 antigen
levels	was	strongly	predictive	of	distant	recurrence,	with	a	rate	of	approximately	60%	for	their	highest	risk	group
versus	less	than	25%	for	their	low-	and	intermediate-risk	groups.

Taken	together,	the	randomized	trials	provide	strong	evidence	that	the	addition	of	concurrent	chemotherapy	to
pelvic	 radiotherapy	benefits	 selected	patients	with	 locoregionally	 advanced	 cervical	 cancer.	A	meta-analysis	 of
randomized	trials	confirmed	the	benefit	of	concurrent	chemoradiation,	showing	an	advantage	for	both	cisplatin-
and	 non−cisplatin-containing	 regimens.75	 However,	 most	 trials	 have	 explicitly	 excluded	 patients	 who	 had
evidence	of	para-aortic	lymph	node	metastases,	poor	performance	status,	or	impaired	renal	function.	In	the	future,
clinicians	will	be	challenged	to	determine	whether	favorable	results	can	be	generalized	to	patients	with	cervical
cancer	who	differ	from	those	included	in	the	prospective	trials	because	of	serious	medical	or	social	problems.	A
large	Canadian	population-based	study	 that	demonstrated	a	significant	 improvement	 in	survival	of	women	with
cervical	 cancer	 after	 the	 1999	 adoption	 of	 chemoradiation	 as	 a	 standard	 did	 indicate	 that	 the	 benefits	 of
chemoradiation	can	be	generalized	beyond	the	trial	setting.175

Neoadjuvant	Chemotherapy	with	Radiotherapy
Although	investigators	were	initially	encouraged	by	high	response	rates	of	untreated	cervical	cancer	to	multiple-
agent,	 cisplatin-containing	 chemotherapy	 regimens,	 these	 results	 have	not	 translated	 to	 a	 clear	 advantage	when
neoadjuvant	chemotherapy	 is	given	before	 radiotherapy.	Most	prospective	 randomized	 trials	have	demonstrated
either	no	benefit	or	poorer	survival	when	neoadjuvant	chemotherapy	was	added	to	radiation	therapy.132	In	a	2004
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meta-analysis,	 there	was	some	suggestion	 that	a	short	 intense	course	of	neoadjuvant	chemotherapy	may	have	a
small	benefit	when	compared	with	 radiation	 therapy	alone.132	However,	 the	 standard	 for	comparison	 should	be
concurrent	chemoradiation;	these	comparisons	have	not	yet	been	made,	although	there	are	several	ongoing	trials.
Combinations	of	neoadjuvant	 followed	by	concurrent	chemoradiotherapy	have	also	not	yet	been	 tested	 in	 large
randomized	 trials.	 Such	 combinations	 should	 probably	 be	 avoided	 outside	 an	 investigational	 setting	 because
neoadjuvant	chemotherapy	could	compromise	patients’	tolerance	of	subsequent	chemoradiation.

Special	Treatment	Problems

Treatment	 after	 Simple	Hysterectomy	That	Reveals	Unsuspected	 Invasive	Cancer.	 Every	 patient	 who
undergoes	a	planned	hysterectomy	should	be	carefully	screened	before	the	procedure	to	rule	out	invasive	cervical
cancer.	When	unexpected	invasive	cancer	is	detected	in	a	hysterectomy	specimen,	the	patient	should	be	referred
for	 consideration	 of	 additional	 treatment.185	 Patients	 with	 invasion	 of	 less	 than	 3	 mm	 without	 LVSI	 usually
require	no	 treatment	after	 simple	hysterectomy.	However,	patients	with	more	extensive	disease	 should	undergo
treatment	of	the	parametria,	paracolpos,	and	lymph	nodes.

Patients	who	have	negative	margins	usually	are	treated	with	pelvic	radiotherapy	to	45	or	50	Gy.	This	may	be
followed	 by	 vaginal	 intracavitary	 brachytherapy.	 Patients	with	 positive	margins	may	 benefit	 from	 a	 somewhat
higher	dose	of	external-beam	irradiation	through	reduced	fields	designed	to	include	the	region	at	highest	risk	(e.g.,
parametria	 and	posterior	 bladder	wall).185	 In	 a	 report	 of	 the	 results	 of	 radiotherapy	 in	 123	 patients	who	 had	 a
hysterectomy	that	revealed	unsuspected	invasive	cancer,	Roman	et	al.185	reported	5-year	survival	rates	of	79%	for
patients	with	negative	margins	and	59%	for	those	with	microscopically	positive	margins.	In	contrast,	the	5-year
survival	 rate	 for	 30	 patients	with	 gross	 residual	 disease	was	 only	 41%	 (P	 =	 .0001).	Modern	 advances	 such	 as
chemoradiation,	 IMRT,	 and	 image-guided	 interstitial	 brachytherapy	 may	 improve	 these	 results.	 Few	 data	 are
available	specific	to	this	group.	However,	results	of	studies	of	treatment	for	high-risk	cervical	cancer	after	radical
hysterectomy	suggest	that	concurrent	treatment	with	chemotherapy	and	radiation	should	probably	be	considered
for	patients	who	have	positive	margins	or	gross	residual	disease.

Carcinoma	of	the	Cervical	Stump.	Supracervical	hysterectomy	was	once	a	popular	treatment	for	benign	uterine
conditions.	Although	enthusiasm	 for	 the	procedure	declined	after	 the	1950s,	 its	use	has	 increased	 somewhat	 in
recent	years,	however	carcinoma	of	the	cervical	stump	remains	an	uncommon	clinical	problem,	and	most	series
were	published	in	the	1990s	or	earlier.	The	natural	history,	staging,	and	workup	for	cervical	stump	carcinomas	are
the	same	as	those	for	carcinomas	of	the	intact	uterus.

Patients	with	stage	IA1	disease	may	be	treated	with	simple	trachelectomy,	and	selected	patients	with	stage	IA2
or	small	stage	IB	tumors	may	be	treated	with	radical	trachelectomy	and	pelvic	lymphadenectomy.	Patients	with
more	advanced	disease	are	usually	treated	with	chemoradiation	using	a	combination	of	external-beam	therapy	and
brachytherapy.	The	altered	geometry	and	short	uterine	canal	in	these	patients	complicate	treatment	planning.	MRI
may	be	an	important	aid	to	treatment	planning	in	these	patients.	However,	in	most	cases,	the	endocervical	canal	is
2	 cm	 or	 longer,	 and	 after	 a	 course	 of	 external-beam	 irradiation,	 patients	 can	 be	 adequately	 treated	 with
intracavitary	therapy.	If	the	endocervical	canal	cannot	accommodate	any	sources	or	if	intracavitary	brachytherapy
alone	 is	 insufficient	 to	 adequately	 treat	 paracervical	 disease,	 a	 boost	 dose	may	 be	 delivered	 to	 the	 tumor	with
interstitial	 therapy.	 If	 brachytherapy	 is	 impossible,	 some	 patients	 can	 be	 cured	 using	 external-beam	 irradiation
with	 reduced	 fields	 to	 deliver	 at	 least	 65	 Gy	 to	 the	 primary	 lesion.	 However,	 brachytherapy	 should	 be	 used
whenever	 possible.	 Barillot	 et	 al.186	 reported	 a	 survival	 rate	 of	 81.5%	 for	 patients	 treated	 with	 combined
brachytherapy	and	external-beam	irradiation	versus	38.5%	for	those	treated	with	external-beam	irradiation	alone.
When	 brachytherapy	 is	 used,	most	 investigators	 have	 reported	 survival	 rates	 similar	 to	 those	 for	 patients	with
carcinomas	of	the	intact	cervix.186

Carcinoma	 of	 the	Cervix	 during	Pregnancy.	 Estimates	 of	 the	 incidence	 of	 invasive	 cervical	 cancer	 during
pregnancy	 range	 from	0.02%	 to	 0.9%.187,188	 Estimates	 of	 the	 incidence	 of	 pregnancy	 in	 patients	with	 invasive
cervical	cancer	usually	range	between	0.5%	and	5%.	Hacker	et	al.187	reported	an	incidence	of	cervical	carcinoma
in	situ	of	0.013%	in	pregnant	women.

Any	suspicious	cervical	 lesion	observed	during	pregnancy	should	be	biopsied.	 If	 the	Pap	 test	 is	positive	 for
malignant	cells	 and	 the	diagnosis	of	 invasive	cancer	cannot	be	made	with	colposcopy	and	biopsy,	a	diagnostic
conization	may	 be	 necessary.	 Because	 conization	 subjects	 the	mother	 and	 fetus	 to	 complications,	 it	 should	 be
performed	only	in	the	second	trimester	and	only	in	patients	with	strong	cytologic	evidence	of	invasive	cancer	and



inadequate	 visualization	 of	 the	 squamocolumnar	 junction	 via	 colposcopy.	 MRI	 may	 help	 to	 determine	 the
prebiopsy	extent	of	disease.	Conization	in	the	first	trimester	of	pregnancy	is	associated	with	an	abortion	rate	of	up
to	33%.188	Conservative	conization	under	colposcopic	guidance	may	reduce	this	risk.189

It	appears	to	be	safe	to	delay	definitive	treatment	of	patients	with	carcinoma	in	situ	or	stage	IA	disease	until	the
fetus	has	matured.187–189	Patients	whose	disease	invades	less	than	5	mm	may	be	followed	to	term.	The	infant	may
be	delivered	by	a	cesarean	section,	which	 is	 followed	 immediately	by	modified	 radical	hysterectomy	or	 radical
trachelectomy	and	pelvic	lymphadenectomy.

Treatment	 of	 patients	with	more	 advanced	 cancers	 depends	 on	 the	 stage	 of	 gestation,	 extent	 of	 the	 cervical
cancer,	 and	 the	 wishes	 of	 the	 patient.190	 Modern	 neonatal	 care	 affords	 a	 very	 high	 survival	 rate	 for	 infants
delivered	 at	 more	 than	 28	 weeks	 of	 gestational	 age.	 Fetal	 pulmonary	 maturity	 can	 be	 determined	 by
amniocentesis,	and	when	pulmonary	maturity	is	documented,	the	infant	can	be	delivered,	and	prompt	treatment	of
the	 mother	 can	 be	 instituted.	 It	 is	 probably	 wise	 to	 avoid	 delays	 in	 therapy	 of	 more	 than	 4	 weeks	 whenever
possible,	although	this	guideline	is	controversial.188,191	For	most	women	with	stage	IB1	tumors,	the	recommended
approach	 is	 classic	 cesarean	 section	 followed	 by	 radical	 hysterectomy	 with	 pelvic	 lymphadenectomy.	 There
should	be	a	thorough	discussion	of	the	risks	and	options	with	both	parents	before	any	treatment	is	undertaken.

Patients	 with	 stage	 II	 to	 IV	 tumors	 and	 some	 patients	 with	 bulky	 stage	 IB	 cervical	 cancers	 will	 require
radiotherapy	 to	 treat	 their	 cancer.	 Although	 this	 is,	 fortunately,	 an	 uncommon	 situation,	 it	 poses	 particularly
difficult	management	decisions	because	advanced	cervical	cancer	can	jeopardize	the	lives	of	both	the	mother	and
fetus.	If	the	fetus	is	viable	at	the	time	of	diagnosis,	it	is	delivered	by	classic	cesarean	section,	and	radiotherapy	is
begun	postoperatively.	In	the	second	trimester,	a	delay	of	therapy	may	be	entertained	to	improve	the	chances	of
fetal	 survival.	 If	 the	 patient	wishes	 to	 delay	 therapy,	 it	 is	 important	 to	 ensure	 fetal	 pulmonary	maturity	 before
delivery	 is	 undertaken.	 Some	 have	 treated	with	 neoadjuvant	 chemotherapy	 in	 order	 to	 delay	 delivery	 until	 the
fetus	 has	 matured;	 the	 patient	 is	 then	 treated	 with	 definitive	 radiation	 therapy.	 In	 cases	 of	 early	 gestation,
radiotherapy	 can	 be	 initiated,	 which	 would	 result	 in	 spontaneous	 abortion.	 In	 selected	 cases,	 therapeutic
termination	might	be	considered	prior	to	the	initiation	of	treatment.

Compared	with	other	cervical	cancer	patients,	those	with	cervical	cancer	during	pregnancy	have	slightly	better
overall	survival	because	an	increased	proportion	have	stage	I	disease.	Although	studies	differ	in	their	conclusions
about	whether	pregnancy	has	an	 independent	 influence	on	 the	prognosis	of	patients	with	cervical	 cancer,	 case-
matched	studies	have	suggested	similar	survival	rates	for	pregnant	and	nonpregnant	patients.192

Patients	 who	 are	 diagnosed	 with	 invasive	 cervical	 cancer	 shortly	 after	 a	 vaginal	 delivery	 and	 who	 had	 an
episiotomy	appear	to	be	at	risk	for	recurrence	at	the	site	of	their	episiotomy.	At	least	13	cases	demonstrating	this
unusual	pattern	of	failure	have	been	reported.193

Treatment	of	Recurrent	or	Disseminated	Disease

Treatment	of	Locally	Recurrent	Carcinoma	of	the	Cervix.	Patients	should	be	evaluated	for	possible	recurrent
disease	if	a	new	mass	develops;	if,	in	irradiated	patients,	the	cervix	remains	bulky	or	nodular	or	cervical	cytologic
findings	are	abnormal	3	months	or	more	after	irradiation;	or	if	symptoms	of	leg	edema,	pain,	or	bleeding	develop
after	initial	treatment.	Persistent	PET	positivity,	particularly	for	more	than	3	to	4	months	after	treatment,	warrants
additional	 evaluation,	 although	 false-positive	 results	 can	 occur,	 particularly	 in	 patients	 who	 have	 evidence	 of
radiation-related	necrosis.	The	diagnosis	of	recurrence	must	be	confirmed	with	a	tissue	biopsy,	and	the	extent	of
disease	should	be	evaluated	with	appropriate	radiographic	studies,	cystoscopy,	proctoscopy,	and	serum	chemistry
studies	before	treatment	is	administered.

After	Radical	Surgery
The	 treatment	 of	 choice	 for	 most	 patients	 who	 have	 an	 isolated	 pelvic	 recurrence	 after	 initial	 treatment	 with
radical	 hysterectomy	 alone	 is	 definitive	 radiotherapy.	 Treatment	 of	 vaginal	 recurrence	 usually	 requires	 a
combination	of	external-beam	radiotherapy	with	or	without	brachytherapy,	using	techniques	similar	to	those	used
for	patients	with	a	primary	carcinoma	of	the	vagina.	Pelvic	wall	recurrences	are	often	treated	with	external-beam
irradiation	 alone,	 although	 surgery	 and	 intraoperative	 radiotherapy	may	 contribute	 to	 local	 control	 in	 selected
patients.194	 Patients	 with	 vaginal	 recurrence	 usually	 have	 a	 better	 prognosis	 than	 those	 with	 pelvic	 wall
recurrence.	Ijaz	et	al.195	reported	a	survival	rate	of	69%	5	years	after	radical	radiotherapy	for	16	patients	who	had
isolated	vaginal	recurrences	that	did	not	involve	the	pelvic	wall.	Only	18%	of	patients	who	had	recurrences	that
were	 fixed	 to	 the	 pelvic	wall	 or	 that	 involved	 pelvic	 lymph	 nodes	 survived	 5	 years.	 Thomas	 et	 al.196	 reported
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encouraging	results	in	a	group	of	patients	with	recurrent	cervical	carcinoma	treated	with	radiation	and	concurrent
chemotherapy;	 although	 there	 are	 no	 trials	 testing	 the	 value	 of	 concurrent	 chemotherapy	 in	 this	 setting,	many
practitioners	feel	that	combined	treatment	is	justified	based	on	the	results	of	trials	in	other	high-risk	settings.

After	Definitive	Irradiation
Some	patients	who	have	an	 isolated	central	 recurrence	after	 radiotherapy	can	be	cured	with	 surgical	 treatment.
Because	 the	extent	of	disease	may	be	difficult	 to	evaluate	and	the	risk	of	serious	urinary	 tract	complications	of
pelvic	 surgery	 is	 high	 after	 high-dose	 radiotherapy,	 surgical	 salvage	 treatment	 usually	 requires	 a	 pelvic
exenteration,	most	often	an	anterior	or	total	exenteration.	Less	extensive	operations,	such	as	radical	hysterectomy,
are	reserved	for	selected	patients	with	small	tumors	confined	to	the	cervix	or	lesions	that	do	not	encroach	on	the
rectum.197,198

In	all	cases,	preparation	for	pelvic	exenteration	must	involve	a	detailed	medical	and	imaging	evaluation	as	well
as	 careful	 counseling	 of	 the	 patient	 and	 family	 regarding	 the	 extent	 of	 surgery	 and	postoperative	 expectations.
MRI	and/or	CT/PET	scans	should	be	performed	to	exclude	substantial	pelvic	sidewall	involvement	or	extrapelvic
metastasis.	Tumor	involvement	of	the	pelvic	sidewall	is	a	contraindication	for	exenteration	but	may	be	difficult	to
assess	 if	 there	 is	 extensive	 radiation	 fibrosis.	 Although	 advanced	 age	 may	 be	 a	 contraindication	 to	 pelvic
exenteration,	 studies	 have	 suggested	 that	 with	 careful	 selection,	 good	 outcomes	 can	 be	 achieved	 with	 pelvic
exenteration	even	in	women	aged	65	years	or	older.199

The	exploratory	operation	begins	with	a	 thorough	 inspection	of	 the	abdomen	 for	evidence	of	 intraperitoneal
spread,	lymph	node	metastases,	or	pelvic	sidewall	infiltration.	Despite	careful	preoperative	evaluation,	about	30%
of	operations	are	aborted	intraoperatively.200	Frozen	section	biopsies	are	done	of	suspicious	areas.	If	 the	biopsy
findings	are	negative,	the	surgeon	proceeds	to	remove	the	bladder,	rectum,	vagina,	uterus,	ovaries,	fallopian	tubes,
and	all	other	 supporting	 tissues	 in	 the	 true	pelvis.	A	urinary	conduit,	 a	 transverse	or	 sigmoid	colostomy,	and	a
neovagina	are	created.

Postoperative	recuperation	may	 take	several	months.	The	surgical	mortality	 rate	 is	 less	 than	10%,	with	most
postoperative	 complications	 and	 deaths	 related	 to	 sepsis,	 pulmonary	 thromboembolism,	 and	 intestinal
complications	 such	 as	 small	 bowel	 obstruction	 and	 fistula	 formation.201,202	 The	 rate	 of	 gastrointestinal
complications	may	be	reduced	by	using	unirradiated	segments	of	bowel	and	by	closing	pelvic	floor	defects	with
omentum,	rectosigmoid	colon,	or	myocutaneous	flaps.202	Advances	in	low	colorectal	anastomosis	and	techniques
for	creating	continent	urinary	reservoirs	have	improved	the	quality	of	life	for	selected	patients.202

Several	 investigators	have	 studied	 the	quality	of	patients’	 lives	after	 surgical	 salvage	 treatment	 for	 recurrent
cervical	 cancer.200,203,204	 In	 the	 first	 years	 after	 exenteration,	 patients’	 quality	 of	 life	 is	 heavily	 influenced	 by
worries	about	the	progression	of	tumor.203	Most	investigators	report	that	the	most	common	problems	for	survivors
relate	 to	 their	 adjustment	 to	 urostomy	 or	 colostomy.	Women	with	 vaginal	 reconstruction	 tend	 to	 report	 fewer
sexual	problems	and	better	quality	of	life	than	those	without	reconstruction.200,203	However,	vaginal	dryness	and
discharge	still	may	interfere	with	intercourse.204	In	a	retrospective	study	of	75	exenterations,	Berek	et	al.200	found
that	the	approach	that	produced	the	best	outcome	included	the	creation	of	a	neovagina	using	a	pedicled	transverse
rectus	abdominis	myocutaneous	flap,	the	creation	of	a	continent	urinary	conduit	using	a	colonic	(Miami)	pouch,
and	the	performance	of	a	primary	colon	reanastomosis	or	 the	creation	of	a	rectal	J-pouch.	All	of	 these	findings
indicate	the	importance	of	adequate	counseling	following	the	exenterative	surgery.

The	 5-year	 survival	 rate	 for	 patients	 who	 undergo	 anterior	 pelvic	 exenteration	 is	 33%	 to	 60%;	 the	 5-year
survival	 rate	 for	 those	 who	 undergo	 total	 pelvic	 exenteration	 is	 20%	 to	 46%.200,203,204	 For	 patients	 who	 have
unresectable	recurrent	disease	after	definitive	irradiation,	treatment	options	are	limited.	Intraoperative	irradiation
may	be	helpful	as	a	 supplement	 to	 radical	 surgery	 for	 selected	patients	with	 recurrent	disease	 that	 involves	 the
pelvic	wall.205	However,	most	 patients	who	 have	 unresectable	 pelvic	 recurrences	 after	 radiotherapy	 are	 treated
with	chemotherapy	alone;	response	rates	and	prognosis	are	generally	poor.

Systemic	Treatments
Patients	who	 present	 or	 relapse	with	 disease	 in	 distant	 organs	 or	who	 have	 extensive	 recurrence	 in	 previously
irradiated	sites	are	usually	incurable.	The	care	of	these	patients	must	emphasize	palliation	of	symptoms	with	use
of	appropriate	pain	medications	and	localized	radiotherapy.	Tumors	may	respond	to	chemotherapy,	but	responses
are	usually	brief.



Single-Agent	Chemotherapy
Cisplatin	 has	 been	 studied	 in	 a	 variety	 of	 doses	 and	 schedules	 in	 the	 management	 of	 recurrent	 or	 metastatic
cervical	cancer	and	is	considered	the	most	active	agent	against	this	malignancy.206,207	Although	a	number	of	other
agents	(e.g.,	ifosfamide,	carboplatin,	irinotecan,	and	paclitaxel)	have	exhibited	a	modest	level	of	biologic	activity
in	cervical	cancer	(producing	response	rates	of	10%	to	15%),208	the	clinical	utility	of	these	drugs	in	patients	who
have	 not	 responded	 to	 cisplatin	 or	 who	 have	 experienced	 recurrence	 or	 progression	 after	 chemoradiation	 is
uncertain.	Further,	it	is	well	recognized	that	the	objective	rate	of	response	to	chemotherapy	is	lower	in	previously
irradiated	areas	(e.g.,	pelvis)	than	in	nonirradiated	sites	(e.g.,	lung).209

Combination	Chemotherapy
Most	reports	of	combination	chemotherapy	for	carcinoma	of	the	cervix	have	described	small,	uncontrolled	phase
II	trials	of	drug	combinations.	The	results	of	two	phase	III	randomized	trials,	published	in	2004	and	2005,	have
provided	 the	 first	 solid	 evidence	 that	 combination	 chemotherapy	 can	 improve	 both	 progression-free	 survival
(cisplatin	plus	paclitaxel	versus	single-agent	cisplatin,210	cisplatin	plus	topotecan	versus	single-agent	cisplatin211)
and	overall	survival	(cisplatin	plus	topotecan	versus	single-agent	cisplatin211)	when	it	is	administered	for	recurrent
or	metastatic	carcinoma	of	the	cervix.	However,	the	phase	III	GOG-204	trial	comparing	combinations	of	cisplatin
with	 either	 topotecan,	 paclitaxel,	 gemcitabine,	 or	 vinorelbine	 revealed	 no	 significant	 differences	 in	 outcome
between	patients	treated	with	the	four	cisplatin-based	regimens.212

Carboplatin	 is	 less	 toxic	 than	 cisplatin	 in	 terms	 of	 nephrotoxicity,	 neurotoxicity,	 and	 emetogenicity,	 so	 the
combination	of	carboplatin	and	paclitaxel	has	been	evaluated	in	this	setting.	A	multicenter	phase	II	study	showed
that	the	carboplatin	and	paclitaxel	regimen	was	feasible	and	had	similar	efficacy	as	other	cisplatin-based	doublets
for	the	treatment	of	metastatic	or	recurrent	cervical	cancer.213	Furthermore,	in	the	Japan	Clinical	Oncology	Group
(JCOG-0505)	randomized	phase	III	trial	of	paclitaxel	plus	carboplatin	versus	paclitaxel	plus	cisplatin	in	patients
with	 stage	 IVB,	 persistent,	 or	 recurrent	 cervical	 cancer,	 the	 carboplatin	 doublet	 was	 noninferior	 to	 cisplatin
doublet	in	terms	of	overall	survival;	however,	among	patients	who	had	not	received	prior	cisplatin	(including	as
chemoradiation),	the	cisplatin	doublet	was	associated	with	increased	overall	survival	compared	to	the	carboplatin
doublet,	 suggesting	 that	 cisplatin	 remains	 the	key	drug	 for	patients	who	have	not	previously	 received	platinum
agents.214

Molecular	Targeted	Agents
Several	recently	reported	studies	have	addressed	the	role	of	molecular	targeted	agents	in	recurrent	or	metastatic
cervical	cancer.	Bevacizumab	was	recently	shown	to	improve	overall	survival	in	women	with	recurrent,	persistent,
or	metastatic	cervical	cancer.215	Median	survival	was	3.7	months	longer	in	women	who	received	bevacizumab	in
addition	to	chemotherapy	with	cisplatin	and	paclitaxel	or	topotecan	with	paclitaxel.	This	improvement	in	overall
survival	was	not	accompanied	by	any	significant	deterioration	in	health-related	quality	of	life.216	No	difference	in
outcome	was	seen	between	the	two	chemotherapy	regimens	used	in	that	study.	Pazopanib,	another	antiangiogenic
agent	that	targets	vascular	endothelial	growth	factor	(VEGF)	receptor	and	platelet-derived	growth	factor	receptor,
was	shown	to	be	well	tolerated	and	demonstrated	activity	in	recurrent	or	metastatic	cervical	cancer.217	Cediranib,
an	 antiangiogenic	 tyrosine	 kinase	 inhibitor	 of	 VEGF1,	 VEGF2,	 and	 VEGF3,	 also	 demonstrated	 significant
efficacy	when	added	to	carboplatin	and	paclitaxel	chemotherapy	in	metastatic	cervical	cancer.218	However,	agents
that	 target	 the	 epidermal	 growth	 factor	 receptor	 (EGFR)	 and/or	 the	 human	 epidermal	 growth	 factor	 receptor	 2
(HER2/neu)	such	as	cetuximab	or	lapatinib	have	demonstrated	limited	activity	in	recurrent	or	metastatic	cervical
cancer.217,219

Immunotherapy
The	 presence	 of	HPV-specific	CD4+	 helper	 and	CD8+	 cytotoxic	 T	 cells	 has	 been	 reported	 in	 cervical	 tumors,
highlighting	 the	 inherent	 immunogenicity	of	 these	 tumors.	Cogain	or	 coamplification	of	both	programmed	cell
death	protein	ligand	1	(PD-L1)	(CD274)	and	programmed	cell	death	protein	ligand	2	(PD-L2)	(PDCD1LG2)	by
fluorescence	 in	 situ	 hybridization	 has	 been	 identified	 in	 67%	of	 cervical	 cancers	 and	 has	 been	 associated	with
higher	PD-L1	protein	expression	by	immunohistochemistry.220	Recent	data	on	the	programmed	cell	death	protein
1	(PD-1)	inhibitors	nivolumab	and	pembrolizumab	in	cervical	cancer	suggest	an	objective	response	rate	of	17%	to
26%	with	 responses	 observed	 regardless	 of	 PD-L1	 status.221,222	 Several	 trials	 of	 immune	 checkpoint	 inhibitors
targeting	the	PD-1/PD-L1	pathway	as	monotherapy	or	in	combination	with	chemotherapy	and/or	antiangiogenic
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therapy	are	currently	ongoing.	Finally,	adoptive	T-cell	therapy	(ACT)	using	tumor-infiltrating	T	cells	selected	for
HPV	 E6	 and	 E7	 reactivity	 (HPV-TILs)	 has	 produced	 durable	 complete	 responses	 in	 patients	 with	 metastatic
cervical	cancer.223

Palliative	Radiotherapy
Localized	radiotherapy	can	provide	effective	relief	of	pain	caused	by	metastases	in	bone,	brain,	lymph	nodes,	or
other	sites.	A	rapid	course	of	pelvic	radiotherapy	can	also	provide	excellent	relief	of	pelvic	pain	and	bleeding	for
patients	who	present	with	incurable	disseminated	disease.

CARCINOMA	OF	THE	VAGINA
Carcinomas	 of	 the	 vagina	 are	 rare,	 accounting	 for	 only	 about	 2%	of	 gynecologic	malignancies.	The	American
Cancer	Society	estimated	that,	in	the	United	States,	in	2017,	4,810	new	cases	of	invasive	vaginal	cancer	would	be
diagnosed,	 and	 there	 would	 be	 1,240	 deaths	 due	 to	 vaginal	 cancer.224	 According	 to	 FIGO,	 cases	 should	 be
classified	as	vaginal	carcinomas	only	when	“the	primary	site	of	the	growth	is	in	the	vagina.”225	Any	tumor	 that
has	extended	to	the	cervical	portio	and	has	reached	the	area	of	the	external	os	should	be	classified	as	a	cervical
carcinoma,	and	a	tumor	that	has	extended	from	the	vulva	to	involve	the	vagina	should	be	classified	as	a	primary
vulvar	 cancer.225	 In	 patients	with	 an	 intact	 uterus,	 it	 is	 probable	 that	many	 tumors	 that	 originate	 in	 the	 apical
vagina	 are	 classified	 as	 cervical	 cancers	 because	 they	 have	 reached	 the	 area	 of	 the	 external	 os	 by	 the	 time	 of
diagnosis.	This	may	explain	why	a	large	percentage	(30%	to	50%)	of	patients	diagnosed	with	vaginal	carcinoma
have	 previously	 undergone	 hysterectomy,	 which	 prevents	 classification	 of	 tumors	 as	 primary	 cervical
cancers.226,227

More	 commonly,	 the	 vagina	 is	 a	 site	 of	metastasis,	 direct	 extension,	 or	 recurrence	 of	 tumors	 originating	 in
other	genital	sites,	such	as	the	cervix	or	endometrium,	or	from	extragenital	sites,	including	the	rectum	and	bladder.

Epidemiology
Vaginal	 intraepithelial	 neoplasia	 (VAIN)	 often	 accompanies	 CIN	 and	 is	 thought	 to	 have	 a	 similar	 etiology.228
Kalogirou	et	al.229	found	41	cases	of	VAIN	in	993	patients	followed	with	cytologic	examination	and	colposcopy
after	hysterectomy	for	CIN.	Most	VAIN	lesions	were	in	the	upper	vagina,	particularly	in	the	vault	angles	of	the
suture	line.	Retrospective	studies	suggest	that	about	5%	to	10%	of	patients	diagnosed	with	VAIN	go	on	to	develop
invasive	lesions	of	the	lower	genital	tract	with	a	median	time	to	invasive	cancer	diagnosis	of	about	5	years.230,231

Investigators	 have	 reported	 an	 HPV	 infection	 rate	 of	 60%	 to	 65%	 in	 women	 with	 vaginal	 carcinoma.232
Population-based	studies	 indicate	 that	 the	prevalence	of	HPV	infection	 is	similar	 in	 the	vaginas	of	women	who
have	undergone	hysterectomy	and	the	cervixes	of	women	who	still	have	their	uterus.233	The	much	lower	rate	of
carcinoma	 in	 the	 vagina	 is	 thought	 to	 reflect	 the	 fact	 that	 the	 vagina	 does	 not	 have	 a	 transformation	 zone	 of
immature	epithelial	cells	susceptible	to	transformation;	HPV-induced	vaginal	lesions	are	thought	to	arise	in	areas
of	squamous	metaplasia	that	develop	during	healing	of	mucosal	abrasions	caused	by	coitus,	tampon	use,	chronic
pessary	use,	 or	 other	 trauma.228	Most	 vaginal	 cancers	 arising	 in	 patients	who	used	pessaries	 are	 located	 in	 the
posterior	wall.234	Pelvic	irradiation	might	be	a	predisposing	factor	in	some	cases	of	vaginal	cancer.	However,	viral
and	 other	 non−treatment-related	 factors	 probably	 play	 a	 role	 in	 the	 etiology	 of	 vaginal	 cancers	 that	 arise	 after
treatment	of	another	malignancy.

Primary	 invasive	 carcinoma	 of	 the	 vagina	 is	 predominantly	 a	 disease	 of	 elderly	women;	 the	median	 age	 at
diagnosis	 is	between	60	and	70	years.235	There	 is	 some	suggestion	 that	 the	median	age	has	declined	somewhat
over	time.235	However,	except	for	clear	cell	carcinomas	that	are	associated	with	maternal	diethylstilbestrol	(DES)
exposure,	invasive	vaginal	carcinomas	are	extremely	rare	in	women	younger	than	age	40	years.225,235

In	 1971,	 Herbst	 et	 al.236	 first	 reported	 a	 highly	 significant	 association	 between	 clear	 cell	 carcinoma	 of	 the
vagina	and	maternal	ingestion	of	DES	during	pregnancy.	The	peak	number	of	DES-associated	cases	occurred	in
1975,	when	33	cases	were	reported	to	a	U.S.	registry.236	The	peak	risk	period	for	exposed	women	in	the	United
States	was	between	the	ages	of	15	and	22	years;	few	cases	were	diagnosed	after	the	age	of	40	years.	Obesity,	oral
contraceptive	use,	and	pregnancy	were	suggested	as	possible	risk	factors	for	development	of	clear	cell	carcinoma
in	 DES-exposed	 women,	 but	 larger	 case-matched	 studies	 generally	 failed	 to	 confirm	 these	 associations.237
Infection	 with	 HPV	 may	 be	 a	 cofactor	 in	 some	 cases.	 Among	 14	 cases	 of	 clear	 cell	 carcinoma	 studied	 by



Waggoner	et	al.,238	3	contained	HPV31	DNA;	10	of	the	remaining	HPV-negative	tumors	had	p53	protein	detected
by	immunohistochemistry,	suggesting	a	TP53	gene	mutation.

DES-related	clear	cell	carcinomas	appear	to	have	a	better	prognosis	with	less	likelihood	of	distant	metastasis
than	other	vaginal	adenocarcinomas.	Because	many	DES-exposed	women	with	clear	cell	carcinoma	were	young	at
the	time	of	diagnosis,	treatment	of	early	lesions	emphasized	preservation	of	vaginal	and	ovarian	function.239

There	is	as	yet	no	evidence	that	DES-exposed	women	are	at	risk	for	genital	tract	malignancies	other	than	clear
cell	 carcinoma,240	 although	 recent	 studies	 yield	 conflicting	 results	 about	 the	 risk	 of	 CIN	 in	 DES-exposed
women.240,241	 One	 study	 suggested	 that	 women	 exposed	 in	 utero	 have	 an	 increased	 risk	 of	 developing	 breast
cancer.242

Natural	History	and	Pattern	of	Spread
Approximately	50%	of	vaginal	cancers	arise	in	the	upper	third	of	the	vagina,	and	there	is	a	fairly	even	distribution
of	 lesions	 arising	 on	 the	 anterior,	 posterior,	 and	 lateral	walls.	 Tumors	may	 exhibit	 an	 exophytic	 or	 ulcerative,
infiltrating	pattern	of	growth.

Tumors	may	invade	directly	to	involve	adjacent	structures	such	as	the	urethra,	bladder,	and	rectum,	although
fewer	than	10%	of	vaginal	cancers	are	found	to	be	stage	IVA	(spread	to	adjacent	organs	and/or	direct	extension
beyond	the	true	pelvis)	at	presentation.227,243	Vaginal	cancers	may	also	spread	laterally	to	the	paravaginal	space
and	pelvic	wall.	Although	tumors	arising	in	 the	vagina	undoubtedly	can	spread	superiorly	 to	 involve	 the	cervix
and	uterus,	such	tumors	are	usually	classified	as	cervical	cancers	according	to	FIGO	criteria.

The	vagina	is	supplied	with	a	fine	anastomosing	network	of	lymphatics	in	the	mucosa	and	submucosa.	Despite
the	continuity	of	lymphatic	vessels	within	the	vagina,	Plentl	and	Friedman244	found	a	regular	pattern	of	regional
drainage	from	specific	regions	of	the	vagina.	The	lymphatics	of	the	vaginal	vault	communicate	with	those	of	the
lower	 cervix,	 draining	 laterally	 to	 the	 obturator	 and	 hypogastric	 nodes.	 The	 lymphatics	 of	 the	 posterior	 wall
anastomose	 with	 those	 of	 the	 anterior	 rectal	 wall,	 draining	 to	 the	 superior	 and	 inferior	 gluteal	 nodes.	 The
lymphatics	of	 the	 lower	 third	of	 the	vagina	communicate	with	 those	of	 the	vulva	and	drain	either	 to	 the	pelvic
nodes	or	to	the	inguinofemoral	lymph	nodes.

Few	 data	 are	 available	 concerning	 the	 incidence	 of	 spread	 of	 vaginal	 cancer	 to	 the	 pelvic	 lymph	 nodes.
However,	 studies	suggest	 that	 the	 incidence	of	positive	pelvic	nodes	 in	patients	with	stage	 II	disease	 is	at	 least
25%	to	30%,	emphasizing	the	importance	of	regional	treatment	for	these	patients.245

The	 most	 frequent	 site	 of	 hematogenous	 metastasis	 is	 the	 lung.	 Less	 frequently,	 vaginal	 cancers	 may
metastasize	to	liver,	bone,	or	other	sites.225,227

Pathology
A	total	of	80%	to	90%	of	primary	vaginal	malignancies	are	squamous	cell	carcinomas.246	Grossly,	these	tumors
may	be	nodular,	ulcerative,	or	exophytic	or	form	plaques.	Histologically,	they	are	similar	to	squamous	tumors	at
other	sites.	Approximately	one-third	of	vaginal	squamous	cell	carcinomas	are	keratinizing,	and	more	than	half	are
nonkeratinizing,	moderately	differentiated	lesions.

Approximately	5%	to	10%	of	primary	vaginal	neoplasms	are	adenocarcinomas.246,247	The	differential	diagnosis
of	adenocarcinoma	occurring	in	the	vagina	is	often	difficult,	as	 it	must	be	distinguished	from	metastatic	 tumors
originating	 at	 other	 sites.	 Histologic	 patterns	 include	 clear	 cell,	 mucinous,	 adenosquamous,	 papillary,	 and
undifferentiated.	During	the	1970s	and	1980s,	clear	cell	carcinomas	of	the	vagina	were	sometimes	seen	in	young
women	in	association	with	maternal	DES	exposure.	Today,	these	are	extremely	rare,	and	most	adenocarcinomas
occur	in	postmenopausal	women.	The	prognosis	of	patients	with	adenocarcinoma	appears	to	be	poorer	than	that	of
patients	with	squamous	carcinoma	of	the	vagina.247

Primary	small-cell	carcinomas	of	the	vagina	are	very	rare,	with	fewer	than	30	cases	reported	in	the	literature.248
They	are	histologically	 indistinguishable	 from	neuroendocrine	 small-cell	 carcinomas	of	 the	 lung	or	 cervix	 and,
like	these	tumors,	may	coexist	with	squamous	or	adenocarcinoma	elements.

Primary	 vaginal	melanomas	 represent	 about	 3%	 of	 primary	 vaginal	 cancers	 and	 fewer	 than	 20%	 of	 genital
melanomas.246	Primary	vaginal	melanomas	are	thought	to	arise	from	melanocytes	in	areas	of	melanosis	or	atypical
melanocytic	hyperplasia.	They	usually	originate	 in	 the	distal	 third	of	 the	vagina	and	occur	at	a	mean	age	of	55
years.	Vaginal	melanomas	are	infrequently	associated	with	mutations	in	BRAF,	KIT,	NRAS,	or	CTNNB1;	they	also
tend	 to	 be	 associated	with	 a	 poorer	 prognosis	 than	 vulvar	 or	 other	 cutaneous	melanomas,	with	 5-year	 survival
rates	of	15%	to	20%	after	treatment	with	surgery,	radiation,	or	both.249
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About	 3%	 of	 vaginal	 cancers	 are	 sarcomas;	 these	 include	 leiomyosarcomas,	 endometrial	 stromal	 sarcomas,
adenosarcomas	 with	 sarcomatous	 overgrowth,	 malignant	 mixed	 müllerian	 tumors,	 and	 other	 rare	 types.250,251
Embryonal	 rhabdomyosarcoma	(sarcoma	botryoides)	 is	a	highly	malignant	sarcoma	that	occurs	 in	girls,	usually
before	6	years	of	age.	This	tumor	usually	forms	soft	nodules	that	fill	and	protrude	from	the	vagina.	The	prognosis
for	children	with	this	tumor	has	improved	with	the	use	of	appropriate	multimodality	therapy.252

Diagnosis,	Clinical	Evaluation,	and	Staging
Most	patients	with	VAIN	and	about	10%	to	20%	of	patients	with	invasive	vaginal	carcinoma	are	asymptomatic	at
presentation;	in	these	cases,	carcinoma	is	usually	diagnosed	during	investigation	of	an	abnormal	Pap	test	finding.
Colposcopic	evaluation	in	the	case	of	abnormal	cytologic	findings	should	always	include	a	detailed	examination
of	the	entire	vagina	and	cervix,	even	when	there	is	an	obvious	cervical	lesion,	because	patients	can	present	with
multiple	 areas	 of	 abnormality.	Women	 who	 have	 persistent	 positive	 Pap	 test	 findings	 after	 treatment	 of	 CIN
should	be	examined	carefully	for	VAIN.

About	50%	to	60%	of	patients	with	invasive	vaginal	cancer	present	with	abnormal	vaginal	bleeding.	Patients
may	also	present	with	complaints	of	vaginal	discharge,	a	palpable	mass,	dyspareunia,	or	pain	in	the	perineum	or
pelvis.227,243

The	 initial	 workup	 of	 patients	with	 vaginal	 cancer	 should	 include	 a	 pelvic	 examination	 including	 thorough
visualization	of	the	entire	vagina.	Examination	under	anesthesia	can	be	useful	to	ensure	adequate	visualization	of
the	 full	 extent	 of	 disease	 and	 to	 place	marker	 seeds	 to	 delineate	 the	 extent	 of	 involvement	 for	 brachytherapy
planning.	All	patients	should	have	chest	radiography,	a	complete	blood	cell	count,	and	a	biochemical	profile.	CT
is	useful	to	evaluate	for	possible	regional	spread	and	to	evaluate	the	kidneys	but	usually	does	not	provide	accurate
information	about	the	extent	of	primary	disease.	MRI	provides	much	more	detailed	information	about	the	extent
of	paravaginal	 infiltration	but	 frequently	underestimates	 the	extent	of	 superficial	vaginal	 involvement,	which	 is
often	 better	 appreciated	 on	 pelvic	 examination.	 FDG-PET/CT	 is	 useful	 to	 evaluate	 for	 evidence	 of	 nodal
involvement.	 If	 involvement	 of	 adjacent	 structures	 is	 suspected	 on	 physical	 examination	 or	 imaging,	 further
evaluation	with	cystoscopy,	ureteroscopy,	and/or	proctoscopy	is	recommended.

The	FIGO	stage	 categories	 for	 vaginal	 cancers	 are	 listed	 in	Table	74.4.225	Because	 this	 is	 a	 clinical	 staging
system,	the	classification	of	lesions	as	stage	I	or	II	tends	to	be	somewhat	subjective.	In	general,	thin	(<0.5	cm),
relatively	exophytic	tumors	tend	to	be	classified	as	stage	I,	and	thicker,	infiltrating	tumors	and	those	with	obvious
paravaginal	nodularity	tend	to	be	classified	as	stage	II.

FIGO	recommendations	for	staging	of	disease	associated	with	positive	lymph	nodes	are	somewhat	ambiguous.
Until	 1993,	 clinical	 staging	 was	 recommended,	 with	 “rules	 similar	 to	 those	 used	 for	 cervical	 cancer”	 (e.g.,
disallowing	 use	 of	 imaging	 or	 surgical	 information	 about	 lymph	 node	 involvement	 in	 assignment	 of	 stage).	 In
1998,225	 the	FIGO	manual	 added	a	 table	 indicating	 that	patients	who	had	“N1”	disease	 should	be	classified	 as
stage	III;	however	no	definition	of	“N1”	was	provided	and	no	formal	mention	was	made	to	highlight	a	change	in
longstanding	rules.	Subsequently,	the	American	Joint	Committee	on	Cancer	(AJCC)	staging	manual253	indicated
that	results	of	fine-needle	aspiration	biopsy	of	nodes	could	be	used	to	alter	clinical	stage	and	added	an	option	for
pathologic	 staging	 of	 lymph	 nodes.	 The	 most	 recent	 2006	 FIGO	 descriptions	 made	 no	 mention	 of	 these
refinements.235	It	remains	unclear	how	to	use	information	from	various	diagnostic	imaging	methods,	particularly
if	 there	 is	 no	 biopsy	 confirmation.	 The	 proper	 classification	 of	 patients	 who	 have	 inguinal	 lymph	 node
involvement	 is	not	described	 in	 any	of	 the	 staging	descriptions.	These	 inconsistencies	have	undoubtedly	 led	 to
inconsistencies	in	stage	assignments.

TABLE	74.4
International	Federation	of	Gynecology	and	Obstetrics	Clinical	Staging	of	Carcinoma	of	the
Vagina

Stage Description
0 Carcinoma	in	situ,	intraepithelial	carcinoma.

I The	carcinoma	is	limited	to	the	vaginal	wall.

II The	carcinoma	has	involved	the	subvaginal	tissues	but	has	not	extended	onto	the	pelvic	wall.

III The	carcinoma	has	extended	onto	the	pelvic	wall.



IV The	carcinoma	has	extended	beyond	the	true	pelvis	or	has	clinically	involved	the	mucosa	of	the	bladder	or	rectum.
Bullous	edema	as	such	does	not	permit	a	case	to	be	allotted	to	stage	IV.

IVA Spread	of	the	growth	to	adjacent	organs	and/or	direct	extension	beyond	the	true	pelvis.

IVB Spread	to	distant	organs.

TABLE	74.5
Carcinoma	of	the	Vagina:	Survival	Rates	According	to	Clinical	Stage

Study

Stage	I Stage	II Stage	III Stage	IV
Calculation
Method

No.	of
Patients

Survival
(%)

No.	of
Patients

Survival
(%)

No.	of
Patients

Survival
(%)

No.	of
Patients

Survival
(%)

Perez	et
al.260 59 80

64	(IIA)a
34	(IIB)

55
35 20 38 15 0

10-y,	actuarial,
disease	free

Davis	et
al.245 44 82 45 53 	 	 	 	

5-y,	actuarial,
uncorrected

Eddy	et
al.226 25 73 39 39 15 38 12 25

5-y,	actuarial,
corrected

Kucera	et
al.254 73 77 110 45 174 31 77 14

5-y,	crude,
uncorrected

Kirkbride	et
al.243 40 77 38 78 42 60 19 41

5-y,	actuarial,	cause
specific

Stock	et
al.259 23 67 58 53 9 0 10 15

5-y,	actuarial,
disease	free

Frank	et
al.227 50 85 97 78 46b 58b 	 	

5-y,	actuarial,
disease	specific

aIIA,	paravaginal	submucosal	extension	only;	IIB,	parametrial	involvement.
bStages	III	and	IVA	combined.

Prognostic	Factors
The	 rates	of	 local	control,	distant	metastasis,	and	survival	 in	vaginal	carcinoma	are	all	correlated	strongly	with
FIGO	stage	(Table	74.5).227,243,254	Tumor	size	also	is	an	important	predictor	of	outcome.227,243

Most	investigators	have	been	unable	to	find	a	correlation	between	tumor	site	and	outcome.227,243,254	However,
tumors	that	involve	the	entire	vagina	tend	to	be	associated	with	a	poorer	prognosis,	probably	reflecting	the	larger
size	of	these	lesions.

Frank	et	al.247	 reported	 significantly	 poorer	 survival	 and	 pelvic	 disease	 control	 rates	 for	 patients	with	 non–
DES-related	adenocarcinomas	 than	 for	patients	with	 squamous	cell	 carcinomas;	 at	5	years,	 the	overall	 survival
and	pelvic	disease	control	rates	were	34%	and	39%,	respectively,	for	patients	with	adenocarcinomas	versus	58%
and	 81%,	 respectively,	 for	 patients	 with	 squamous	 carcinomas	 of	 the	 vagina.	 Although	 other	 investigators243
found	no	difference	in	outcome	between	patients	with	squamous	carcinoma	and	those	with	adenocarcinoma,	this
may	reflect	inclusion	of	DES-related	clear	cell	carcinomas,	which	appear	to	be	associated	with	a	better	prognosis
than	other	adenocarcinomas.239

Treatment
Technical	aspects	of	the	treatment	of	vaginal	cancer	are	highly	specialized	and	vary	widely	according	to	the	site,
size,	and	distribution	of	tumor	within	the	vagina	and	adjacent	structures.	To	achieve	the	best	results	for	patients
with	 these	 rare	 cancers,	 treatment	 should	 be	 delivered	 at	 a	 center	 that	 has	 a	 strong	 multidisciplinary	 team,
including	a	radiation	oncologist	well	versed	in	the	specialized	brachytherapy	and	external-beam	techniques	used
to	treat	these	cancers.

Vaginal	Intraepithelial	Neoplasia
Patients	with	only	HPV	infection,	or	VAIN	1,	do	not	require	treatment.	These	lesions	often	regress	spontaneously,
are	 frequently	 multifocal,	 and	 recur	 quickly	 after	 attempts	 at	 ablative	 therapy.	 VAIN	 2	 may	 be	 treated	 with
observation	or	 topical	estrogen.	The	malignant	potential	of	VAIN	1	and	2	 is	uncertain.	However,	VAIN	3	may
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progress	to	an	invasive	lesion.	Thus,	when	VAIN	3	is	found,	a	careful	evaluation	should	be	done	to	rule	out	the
presence	of	occult	invasive	disease.

VAIN	 3	 lesions	 that	 have	 been	 adequately	 sampled	 to	 rule	 out	 invasion	 can	 be	 treated	with	 laser	 ablation.
Cryosurgery	should	not	be	used	 in	 the	vagina	because	 the	depth	of	 injury	cannot	be	controlled	and	 inadvertent
injury	to	the	bladder	or	rectum	may	occur.	Superficial	fulguration	with	electrosurgical	ball	cautery	may	be	used
under	 careful	 colposcopic	 control.	 Local	 excision	 is	 an	 excellent	method	 of	 treatment	 for	 small	 upper	 vaginal
lesions.	Intravaginal	5-FU	has	been	used	to	treat	patients	who	have	persistent	disease	after	resection.

Most	 authors	 report	 that	 about	 5%	 to	 10%	 of	 patients	who	 undergo	 excision	 of	VAIN	 develop	 subsequent
invasive	cancers.255,256	Hoffman	et	al.228	reported	finding	occult	invasive	disease	in	upper	vaginectomy	specimens
from	9	of	32	(28%)	patients	who	had	surgery	for	VAIN	3.	These	risks	are	sufficient	to	warrant	close	follow-up	of
patients	treated	for	VAIN	3.

VAIN	can	also	be	treated	effectively	with	intracavitary	brachytherapy,243	but	this	treatment	is	usually	reserved
for	patients	with	multifocal,	multiply	recurrent	disease	or	high	operative	risk,	usually	after	other	treatments	have
failed.	The	risk	of	long-term	side	effects	is	related	to	the	length	of	vagina	treated,	the	dose	and	fractionation,	and
damage	caused	by	prior	interventions.	MacLeod	et	al.257	reported	a	high	control	rate	without	major	complications
using	HDR	intracavitary	brachytherapy;	the	vaginal	surface	was	treated	with	a	total	dose	of	34	to	45	Gy	in	4	to	10
fractions.	However,	 in	 contrast,	Ogino	 et	 al.258	 reported	 adhesive	 vaginitis	 and	 rectal	 bleeding	 in	 two	 patients
treated	to	the	entire	vagina	with	a	less	conservative	HDR	fractionation	schedule	that	specified	doses	at	1	cm	from
the	vaginal	surface.

Stage	I	Disease
Radiotherapy	is	often	the	treatment	of	choice	even	for	relatively	small	stage	I	cancers	because	if	surgery	is	used,
total	vaginectomy	or	even	exenteration	may	be	needed	to	obtain	satisfactory	resection	margins.	However,	surgery
has	a	definite	role	in	selected	cases.245,259	Early	 tumors	 that	 involve	 the	upper	posterior	vagina	can	be	removed
with	 a	 radical	 hysterectomy	 and	 partial	 (proximal)	 vaginectomy	 if	 the	 uterus	 is	 intact	 or	 with	 a	 radical	 upper
(proximal)	vaginectomy	if	the	patient	has	previously	undergone	hysterectomy;	in	both	situations,	bilateral	pelvic
lymphadenectomy	is	also	performed.	For	patients	with	a	prior	history	of	pelvic	irradiation,	radical	surgery	(usually
pelvic	exenteration)	is	indicated	and	is	often	curative.

Disease-specific	 survival	 rates	 for	patients	with	stage	 I	disease	 treated	with	definitive	 irradiation	 range	 from
75%	to	95%.227,243,254,260	Although	some	authors	have	suggested	that	selected	patients	with	small,	very	superficial
tumors	 may	 be	 treated	 with	 brachytherapy	 alone,169	 others	 have	 noted	 unacceptable	 rates	 of	 paravaginal
recurrence	 after	 treatment	 with	 intracavitary	 brachytherapy	 alone	 and	 suggest	 that	 external-beam	 irradiation
should	 be	 used	 to	 treat	 at	 least	 the	 distal	 pelvis.227	 Thicker	 stage	 I	 tumors	 always	 should	 be	 treated	 with	 a
combination	 of	 external-beam	 irradiation	 and	 brachytherapy	with	 an	 aim	 to	 deliver	 40	 to	 50	Gy	 to	 the	 pelvic
nodes	and	70	to	75	Gy	to	the	tumor.

Stage	II	Disease
Because	investigators	rarely	define	their	criteria	for	distinguishing	stage	I	from	stage	II	vaginal	carcinoma	or	for
selecting	patients	for	various	 treatments,	different	 institutional	experiences	cannot	easily	be	compared.	Disease-
specific	survival	rates	for	patients	with	stage	II	disease	range	from	50%	to	80%.227,243,254,260	To	control	possible
regional	 disease,	 patients	with	 stage	 II	 disease	 should	 receive	40	 to	50	Gy	 to	 the	whole	pelvis	 delivered	using
conventional	fields	or	IMRT.	This	should	be	followed	by	additional	irradiation	of	sites	of	initial	gross	disease.	In
most	 cases,	 brachytherapy	 is	 used	 to	 supplement	 the	 dose	 to	 the	 primary	 vaginal	 tumor	 site.	 Perez	 et	 al.260
achieved	 pelvic	 tumor	 control	 in	 only	 4	 of	 11	 (36%)	 patients	with	 stage	 II	 tumors	 treated	with	 brachytherapy
alone,	 compared	 with	 54	 of	 81	 (67%)	 patients	 treated	 with	 a	 combination	 of	 external-beam	 irradiation	 and
brachytherapy.

Brachytherapy	should	be	tailored	to	the	volume	and	distribution	of	the	tumor	and	its	response	to	external-beam
irradiation.144	For	apical	tumors	that	flatten	to	less	than	5	mm	in	thickness,	the	dose	to	the	vagina	may	be	boosted
using	intracavitary	sources	in	a	vaginal	cylinder,	although	interstitial	brachytherapy	or	conformal	external-beam
techniques	may	still	be	useful	in	selected	cases.	Examination	under	anesthesia,	transvaginal	sonography,	or	MRI
may	be	helpful	in	evaluation	of	disease	extent	for	treatment	planning.	Larger	tumors	usually	require	a	boost	with
interstitial	brachytherapy	or	with	additional	external-beam	irradiation	(taking	into	account	the	influence	of	internal
organ	motion	on	external-beam	radiation	doses).	Brachytherapy	often	enables	more	conformal	treatment	of	gross
disease	than	can	be	achieved	with	external-beam	therapy	alone.	However,	brachytherapy	must	be	designed	to	treat



the	entire	vaginal	tumor.	Frank	et	al.227	argue	that	tumors	that	cannot	be	covered	adequately	with	brachytherapy
can	often	be	cured	with	external-beam	 irradiation	alone	using	carefully	designed	conformal	 fields.	Every	effort
should	 be	 made	 to	 complete	 treatment	 in	 no	 more	 than	 7	 weeks.	 This	 requires	 advance	 planning	 of	 boost
treatments	with	early	referral	to	an	experienced	brachytherapist	if	necessary.144

Selected	 patients	 with	 stage	 II	 disease	 may	 be	 cured	 with	 radical	 surgery.259	 However,	 total	 radical
vaginectomy	or	pelvic	exenteration	is	often	required	to	remove	the	tumor,	and	results	with	radical	surgery	do	not
appear	 to	be	better	 than	 those	with	 radiotherapy	alone.	Primary	 radical	 surgery	 is	usually	 indicated	 for	patients
who	have	previously	had	pelvic	radiotherapy.

Stage	III	and	IVA	Disease
Reported	5-year	disease-specific	survival	rates	range	from	30%	to	60%	for	patients	with	stage	III	disease	and	from
15%	to	40%	for	patients	with	stage	IVA	disease.227,243,254,260	Stage	III	and	IVA	tumors	are	usually	bulky,	highly
infiltrative	lesions	involving	most	or	all	of	the	vagina	as	well	as	the	pelvic	wall,	bladder,	or	rectum.	The	extent	of
these	tumors	and	the	proximity	of	critical	normal	tissue	structures	make	their	management	a	formidable	technical
challenge.	Pelvic	 recurrence	 rates	 are	high	 in	many	 series;	 the	 risk	of	distant	metastasis	 is	 also	 relatively	high,
although	distant	relapse	is	often	accompanied	by	locoregional	recurrence.

All	patients	require	treatment	with	external-beam	irradiation.	Most	authors	advocate	the	use	of	brachytherapy
whenever	 possible.	 A	 2016	 SEER	 analysis261	 demonstrated	 a	 higher	 survival	 rate	 for	 patients	 who	 had
brachytherapy	as	a	part	of	their	radiation	treatment;	however,	patients	who	had	incomplete	or	protracted	treatment
because	of	progressive	disease	or	poor	advance	planning	are	difficult	to	identify	in	this	type	of	analysis	and	could
have	 confounded	 the	 authors’	 analysis.	 Frank	 et	 al.227	 reported	 a	 high	 disease-specific	 survival	 rate	 (58%	 at	 5
years)	 in	 a	 series	of	 patients	with	 stage	 III	 and	 IVA	disease	 in	which	 the	majority	of	 patients	 (31	of	 46)	were
treated	 with	 external-beam	 irradiation	 alone.	 Brachytherapy	 is	 undoubtedly	 an	 important	 part	 of	 disease
management	 in	 some	 patients.	 However,	 in	 certain	 cases,	 interstitial	 brachytherapy	 does	 not	 provide	 adequate
coverage	of	tumors	that	are	very	large	and	intimately	associated	with	critical	structures.	In	these	cases,	it	may	be
appropriate	 to	 place	 greater	 emphasis	 on	 external-beam	 treatment.	 Conformal	 radiotherapy	 techniques	 such	 as
IMRT	may	help	to	increase	the	dose	to	tumor	while	limiting	the	dose	to	critical	structures.

For	 selected	 patients	 with	 relatively	 small,	 mobile	 stage	 IVA	 cancers	 who	 are	 in	 otherwise	 good	 medical
condition,	pelvic	exenteration	with	vaginal	reconstruction	using	a	gracilis	myocutaneous	flap	or	rectus	abdominis
myocutaneous	 flap	 may	 be	 the	 treatment	 of	 choice,	 particularly	 if	 a	 rectovaginal	 or	 vesicovaginal	 fistula	 is
present.262	Radical	radiotherapy	is	also	curative	in	some	cases;	Frank	et	al.227	reported	an	86%	pelvic	control	rate
in	seven	patients	treated	with	radiotherapy	for	stage	IVA	disease.

Radiotherapy	Technique
Pelvic	 external-beam	 fields	 must	 be	 individualized	 according	 to	 the	 primary	 tumor	 site	 and	 potential	 sites	 of
regional	spread.	Radiopaque	markers	placed	at	 the	distal	edge	of	 the	tumor	help	to	define	the	lower	border	and
facilitate	studies	of	internal	organ	motion.	Treating	the	patient	in	an	open	(“frog-leg”)	position	can	often	reduce
the	severity	of	vulvar	cutaneous	reactions	when	coverage	of	distal	lesions	necessitates	inclusion	of	the	introitus	in
the	radiation	field.

When	tumors	 involve	 the	distal	 third	of	 the	vagina,	pelvic	fields	should	be	designed	 to	 include	 the	 inguinal-
femoral	lymph	nodes.	When	four	fields	are	used	to	treat	the	pelvis,	care	must	be	taken	to	cover	all	the	draining
lymph	 nodes.	 Lateral	 fields	 should	 adequately	 cover	 posterior	 perirectal	 nodes,	 particularly	 when	 the	 primary
lesion	involves	the	posterior	vaginal	wall.

Intracavitary	brachytherapy	is	of	limited	value	in	the	treatment	of	locally	advanced	vaginal	cancer	because	the
dose	falls	off	very	rapidly	from	the	surface	of	a	vaginal	cylinder.	In	general,	the	dose	at	a	5-mm	depth	is	only	60%
to	70%	of	the	dose	at	the	vaginal	surface.	Interstitial	brachytherapy	can	provide	better	coverage	of	thick	vaginal
tumors.	Vaginal	 implants	can	be	 inserted	 freehand.144	Successful	use	of	 this	 technique	 requires	 experience,	but
direct	 palpation	during	needle	 insertion	permits	 excellent	 control	 of	 the	position	of	 sources	with	 respect	 to	 the
vaginal	surface	and	rectal	mucosa	(Fig.	74.10).	Vaginal	implants	may	also	be	positioned	using	a	perineal	template.
This	 technique	may	provide	a	more	homogeneous	dose	distribution	because	 it	 facilitates	parallel	positioning	of
sources,	but	the	template	interferes	somewhat	with	the	ability	of	the	brachytherapist	to	monitor	the	placement	of
needles	with	respect	to	the	rectal	and	vaginal	mucosa.	When	tumors	involve	the	vaginal	apex	in	patients	who	have
had	a	hysterectomy,	laparoscopic	or	laparotomy	guidance	may	be	needed	to	ensure	accurate	needle	placement.	In
some	cases,	real-time	guidance	with	MRI	or	can	be	used	to	position	needles	without	surgery.263
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For	 tumors	 that	 involve	 the	 walls	 of	 the	 vagina,	 interstitial	 needles	 can	 be	 placed	 transperineally	 while
monitoring	 the	 position	 of	 the	 needles	 by	 direct	 palpation	with	 fingers	 in	 the	 vagina	 and	 rectum.144	A	 plastic
cylinder	in	the	vagina	can	be	used	to	displace	uninvolved	tissues	away	from	the	needles,	which	are	loaded	with
192Ir	sources.	MRI	after	placement	of	MRI-compatible	applicators	allows	visualization	of	residual	tumor	and	can
be	used	to	shape	the	dose	distribution.

Efforts	to	correlate	radiation	dose	with	tumor	control	have	yielded	inconsistent	results	and	may	be	misleading
because	the	total	dose	of	radiation	prescribed	for	a	vaginal	tumor	is	often	influenced	by	the	tumor’s	size,	extent,
and	 initial	 response	 to	 irradiation,	 all	 of	 which	 determine	 the	 feasibility	 of	 delivering	 high-dose
brachytherapy.144,227,260	When	good	brachytherapy	coverage	of	the	tumor	can	be	accomplished,	an	effort	should
be	made	to	treat	the	tumor	to	a	dose	of	75	to	85	Gy.	When	brachytherapy	is	not	possible,	some	patients	may	be
cured	with	external-beam	irradiation	alone	using	shrinking	pelvic	fields	or	IMRT	to	deliver	a	tumor	dose	of	65	to
70	Gy.	Treatment	can	usually	be	completed	in	less	than	6	to	7	weeks	and	should	not	be	protracted	unnecessarily.
Lee	et	al.264	 reported	a	 significantly	 lower	pelvic	 recurrence	 rate	 in	patients	whose	entire	 treatment	course	was
completed	in	9	weeks	or	less.

Figure	74.10	Interstitial	implant	of	a	squamous	carcinoma	involving	the	right	lateral	walls	of	the
vagina.	A:	Positron	emission	tomography	demonstrated	uptake	in	right	lateral	wall	of	vagina.	B:
After	50	Gy	of	external-beam	radiation	with	weekly	cisplatin,	four	interstitial	needles	were	placed
in	the	right	lateral	vaginal	wall,	which	could	be	visualized	on	magnetic	resonance	imaging	(blue
arrows).	C:	Brachytherapy	treatment	plan	was	optimized	to	deliver	25	Gy	over	72	hours	to	the
residual	disease.	Isodose	contours	represent	the	dose	rates	(in	centigrays	per	hour)	delivered	to



tissues	in	the	axial	plane	at	the	approximate	center	of	the	implant.

Complications	of	Radiotherapy
The	close	proximity	of	 the	bladder	 and	 rectum	 to	 the	vagina	makes	 them	vulnerable	 to	damage	when	 invasive
vaginal	cancers	are	 treated	with	 radiotherapy.	 In	 their	 review	of	193	patients	 treated	with	definitive	 irradiation,
Frank	 et	 al.227	 reported	 a	 10%	 actuarial	 incidence	 of	 serious	 complications	 at	 5	 years.	 The	 most	 frequent
complications	were	proctitis,	hemorrhagic	cystitis,	and	fistulae.	Complication	rates	were	significantly	correlated
with	FIGO	stage	and	with	a	history	of	smoking;	major	complications	rates	were	4%,	9%,	and	21%	for	patients
with	 stage	 I,	 II,	 or	 III	 to	 IVA	 disease,	 respectively.	 Other	 authors	 have	 reported	 similar	 major	 complication
rates.243,254,260	 There	 have	 been	 no	 comprehensive	 studies	 of	 vaginal	 function	 in	 women	 with	 vaginal	 cancer
treated	with	radiotherapy,	although	some	degree	of	vaginal	stenosis	or	shortening	is	common.243	The	severity	of
vaginal	morbidity	 is	probably	 related	 to	 the	damage	 to	vaginal	mucosa	and	submucosa	 from	 tumor	 infiltration,
ulceration,	and	infection;	the	age	and	menopausal	status	of	the	patient;	and	the	radiation	dose	and	the	amount	of
vaginal	tissue	treated	to	high	doses.

Role	of	Chemotherapy
Because	primary	vaginal	carcinomas	are	rare,	few	reports	have	specifically	addressed	the	role	of	chemotherapy	in
the	treatment	of	this	disease.	Chemotherapeutic	management	is	usually	based	on	extrapolations	from	experience
with	the	treatment	of	carcinomas	of	the	cervix.

Because	 vaginal	 carcinoma	 resembles	 cervical	 carcinoma	 in	 its	 location,	 pattern	 of	 spread,	 histologic
appearance,	relationship	to	HPV	infection,	and	response	to	radiotherapy,	it	is	probably	reasonable	to	extrapolate
from	randomized	trials	demonstrating	a	benefit	from	concurrent	chemoradiation	in	patients	with	locally	advanced
cervical	cancer	to	justify	a	similar	approach	in	selected	patients	with	high-risk	invasive	vaginal	cancer.75	There	is
also	 some	 evidence	 of	 benefit	 from	 retrospective	 studies	 of	 patients	 treated	with	 radiation	 for	 vaginal	 cancer.
Miyamoto	 and	 Viswanathan265	 reported	 a	 retrospective	 analysis	 of	 71	 patients	 treated	 with	 or	 without
chemotherapy	 for	 vaginal	 cancer	 and	 found	 that	 chemotherapy	 delivery	 concurrent	 with	 radiation	 was	 an
independent	 predictor	 of	 survival.	 In	 addition,	 a	 2014	 National	 Cancer	 Database	 Analysis266	 demonstrated
superior	 outcomes	 for	 patients	 with	 vaginal	 cancer	 who	 received	 concurrent	 chemoradiation	 versus	 radiation
alone.266	 For	 these	 reasons,	 most	 patients	 who	 require	 radiation	 therapy	 for	 invasive	 vaginal	 cancer	 are
recommended	treatment	with	concurrent	cisplatin-based	chemotherapy.

For	similar	reasons,	patients	who	have	metastatic	or	recurrent	vaginal	carcinoma	that	is	no	longer	amenable	to
local	treatment	are	usually	treated	with	cisplatin-based	chemotherapy	using	regimens	that	have	shown	efficacy	in
the	treatment	of	cervical	cancer.	In	one	of	the	few	studies	specific	to	vaginal	cancer,	Thigpen	et	al.267	noted	one
complete	 response	 among	 16	 patients	 with	 squamous	 cell	 carcinoma	 of	 the	 vagina	 treated	 with	 cisplatin	 (50
mg/m2	every	3	weeks).	As	with	other	HPV-associated	tumors	arising	in	the	cervix	or	vulva,	immune	checkpoint
inhibitors	targeting	the	PD-1/PD-L1	pathway	are	being	evaluated	in	patients	with	vaginal	cancer.222

CARCINOMA	OF	THE	VULVA
Epidemiology
Invasive	vulvar	carcinoma	is	a	rare	disease	that	accounts	for	about	4%	of	gynecologic	cancers.268	The	American
Cancer	Society	estimated	that,	in	the	United	States,	in	2017,	6,020	new	cases	of	invasive	vulvar	cancer	would	be
diagnosed,	 and	 there	 would	 be	 1,150	 deaths	 due	 to	 vulvar	 cancer.224	 Overall,	 the	median	 age	 at	 diagnosis	 of
patients	with	invasive	vulvar	cancer	is	about	70	years.	Although	vulvar	cancer	is	frequently	associated	with	HPV,
authors	 have	 reported	 widely	 varying	 rates	 of	 between	 20%	 and	 80%269–271;	 these	 variations	 may	 reflect
geographical	differences	as	well	as	differences	in	the	methods	used	to	detect	HPV.271

Invasive	 cancer	 is	 often	 associated	 with	 or	 preceded	 by	 vulvar	 intraepithelial	 neoplasia	 (VIN).	 Women
diagnosed	with	VIN	in	the	absence	of	invasive	disease	have	a	median	age	of	45	to	55	years.	A	VIN	lesion	is	more
likely	to	be	HPV	positive	than	invasive	cancer.	Gargano	et	al.269	reported	finding	evidence	of	high-risk	HPV	in
94%	of	women	with	VIN	3.	Several	countries	have	reported	dramatic	increases	in	the	rate	of	VIN,	particularly	in
younger	women;	 this	 probably	 reflects	 greater	 rates	 of	HPV	 infection	 and,	 perhaps,	 improved	 recognition	 and
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diagnosis	of	these	lesions.268,272
The	median	age	of	women	with	HPV-positive	invasive	vulvar	cancers	is	greater	than	that	of	women	with	VIN

but	is	10	to	15	years	less	than	that	of	women	with	HPV-negative	invasive	cancers.	HPV-positive	vulvar	cancers
are	commonly	associated	with	VIN,	are	usually	basaloid	with	little	keratin	formation,	and	tend	to	occur	in	women
who	have	risk	factors	typically	associated	with	cervical	cancer.273	In	contrast,	HPV-negative	tumors	usually	occur
in	older	women	(ages	55	to	85	years),	are	often	associated	with	vulvar	inflammation	or	lichen	sclerosis	(but	rarely
with	VIN),	are	generally	unifocal,	and	are	usually	well	differentiated	with	exuberant	keratin	formation.273,274

Although	the	incidence	of	invasive	vulvar	cancer	has	been	relatively	stable,	recent	data	suggest	that	there	has
been	an	increase,	particularly	in	the	rate	of	HPV-associated	cancers	in	young	women.270,271	This	change	has	also
been	associated	with	an	increase	in	the	proportion	of	vulvar	cancers	involving	the	periurethral	and	clitoral	region
rather	than	the	labia.270	Based	on	estimated	rates	of	HPV	infection,	 it	has	been	estimated	 that	HPV	vaccination
could	prevent	approximately	half	of	 the	vulvar	carcinomas	 in	young	women	and	at	 least	 two-thirds	of	 the	VIN
lesions.

Several	 investigators	 have	 reported	 a	 high	 incidence	 of	 TP53	 mutations	 in	 HPV-negative	 vulvar
cancers.271,275,276	Lee	et	al.275	 found	missense	mutations	of	TP53	 in	 4	 of	 9	 (44%)	HPV-negative	 tumors	 but	 in
only	 1	 of	 12	 (8%)	 HPV-positive	 tumors.	 They	 postulated	 that	 alteration	 in	 p53	 activity,	 either	 through	 point
mutations	 or	 through	 E6-mediated	 loss	 of	 p53	 function	 in	 HPV-infected	 cells,	 could	 be	 important	 in	 the
development	of	vulvar	neoplasms.	The	common	finding	of	elevated	p53	expression	in	lichen	sclerosus	is	evidence
of	 its	 role	as	a	precursor	 lesion	 to	vulvar	carcinoma.	Hantschmann	et	al.277	 reported	elevated	p53	 expression	 in
40%	of	 lichen	 sclerosus	 cases	not	 associated	with	 cancer	 and	 in	90%	of	 lichen	 sclerosus	 cases	 associated	with
carcinoma.

Pathology
Numerous	classification	systems	have	been	proposed	to	describe	the	various	atypical	vulvar	lesions	and	squamous
carcinoma	precursors.272	In	2004,	the	International	Society	for	the	Study	of	Vulvar	Disease	proposed	a	system	that
recognized	 the	 two	 distinct	 pathways	 leading	 to	 vulvar	 squamous	 carcinoma,	 classifying	 precursor	 lesions	 as
either	(1)	VIN	of	usual	type	(uVIN),	which	is	driven	by	HPV	and	typically	has	immunohistochemical	findings	of
p16+,	p53−,	and	Ki67+,	or	(2)	VIN	of	differentiated	type,	which	develops	independently	of	HPV	and	typically	is
p16−,	p53+,	and	Ki67+.272

Histologically,	 VIN	 is	 characterized	 by	 disruption	 of	 the	 normal	 epithelial	 architecture,	 varying	 degrees	 of
cytoplasmic	 and	 nuclear	 maturation,	 and	 giant	 cells	 with	 abnormal	 nuclei.278	 The	 HPV-associated	 usual-type
VINs	usually	contain	nuclear	atypia	throughout	the	epithelial	layers,	whereas	differentiated-type	VINs	often	have
atypia	that	is	largely	confined	to	the	basal	layers	of	the	epithelium.	VIN	lesions	are	usually	assigned	a	grade	from
1	to	3	according	to	their	degree	of	maturation.	However,	in	2012,	the	College	of	American	Pathologists	and	the
American	 Society	 for	Colposcopy	 and	Cervical	 Pathology	 jointly	 published	 new	Lower	Anogenital	 Squamous
Terminology	(LAST)	guidelines;	these	guidelines	recommended	unification	of	the	terminology	applied	to	HPV-
related	intraepithelial	squamous	lesions	of	the	cervix,	vagina,	anus,	perineum,	and	penis,	dividing	them	into	two
categories:	(1)	LSILs	and	(2)	HSILs.272	HSIL	can	be	further	subdivided	into	VIN	2	or	VIN	3.

Extramammary	Paget	disease	of	the	vulva,	a	rare	nonsquamous	intraepithelial	lesion	located	in	the	epidermis
and	skin	adnexa,	accounts	for	1%	to	5%	of	vulvar	neoplasms.	Histologically,	vulvar	Paget	disease	is	usually	HPV
negative	 and	 is	 characterized	 by	 large	 cells	 with	 abundant	 pale	 cytoplasm,	 enlarged	 nuclei,	 and	 prominent
nucleoli.279	Electron	microscopic	studies	have	suggested	that	Paget	cells	derive	from	apocrine	cells	in	the	stratum
germinativum	of	the	epidermis.280	Paget	disease	usually	occurs	in	postmenopausal	women,	who	often	present	with
symptoms	of	vulvar	pruritus	and	discomfort.	Grossly,	Paget	lesions	appear	eczematoid	or,	when	extensive,	may
be	raised	and	velvety	with	persistent	weeping.	About	5%	to	10%	of	newly	diagnosed	Paget	lesions	are	associated
with	underlying	adenocarcinoma	arising	locally	in	a	vulvar	vestibular	gland	or	skin	appendage	or	from	a	distant
site	such	as	the	breast	or	rectum.279	 Immunohistochemical	stains	are	often	needed	to	distinguish	extramammary
Paget	disease	from	secondary	pagetoid	spread	of	a	synchronous	malignancy,	melanoma,	or	HSIL.279

The	 term	microinvasive	 carcinoma	 of	 the	 vulva	 should	 be	 used	 with	 caution.	 Stromal	 invasion	 by	 vulvar
carcinomas	 is	 not	measured	 in	 a	 uniform	manner,	 and	 strict	 criteria	 for	 the	 diagnosis	 of	microinvasive	 vulvar
cancer	have	not	been	defined.	VIN	is	not	routinely	seen	adjacent	to	invasive	vulvar	cancer,	and	the	transition	from
normal	tissue	to	invasive	cancer	can	be	abrupt.	Elongated	rete	pegs	may	extend	6	mm	or	more	from	the	basement
membrane	 and	 are	 sometimes	 misconstrued	 as	 invasive	 cancer.	 The	 International	 Society	 of	 Gynecologic
Pathologists	 recommends	 that	 the	 depth	 of	 stromal	 invasion	 be	 measured	 vertically	 from	 the	 most	 superficial



basement	 membrane	 to	 the	 deepest	 extent	 of	 tumor.	 Tumor	 thickness	 is	 defined	 as	 the	 distance	 between	 the
granular	layer	of	the	epidermis	and	the	deepest	extent	of	tumor.	Lymph	node	metastases	from	tumors	less	than	1
mm	in	depth	or	thickness	are	extremely	rare	(Table	74.6).	For	this	reason,	FIGO	includes	in	its	vulvar	carcinoma
staging	system	a	stage	IA	subcategory	for	tumors	that	invade	no	more	than	1	mm	(Table	74.7).51	However,	 the
risk	of	inguinal	lymph	node	metastasis	rises	steeply	as	the	depth	of	invasion	exceeds	1	mm.

TABLE	74.6
Relationship	between	Depth	of	Stromal	Invasion	and	Inguinal	Lymph	Node	Metastases	in
Patients	with	Squamous	Cell	Carcinoma	of	the	Vulva

No.	of	Patients	with	Positive	Lymph	Nodes/Total	No.	of	Patients	by	Depth	of	Invasion	(mm)
Study ≤1.0 1.1–2.0 2.1–3.0 3.1–5.0 ≥5

Binder	et	al.291 0/7 0/23 3/14 6/25 15/31

Ross	and	Ehrmann293 0/17 1/9 1/13 4/15 0/1

Hoffman	et	al.292 0/24 0/19 2/17 8/15 7/13

Hacker	et	al.344 0/34 2/19 2/17 1/7 3/7

Andreasson	and	Nyboe345 0/8 1/13 3/12 5/32 19/57

Total 0/90 4/83	(5%) 11/73	(15%) 24/94	(26%) 44/109	(40%)

More	 than	 90%	 of	 invasive	 vulvar	 cancers	 are	 squamous	 cell	 carcinomas.	 Atypical	 keratinization	 is	 the
hallmark	of	 invasive	vulvar	cancer.	Most	squamous	cell	carcinomas	are	well	differentiated,	but	mitoses	may	be
noted.	About	5%	of	vulvar	cancers	are	anaplastic	carcinomas,	which	may	consist	of	large	immature	cells,	spindle
sarcomatoid	cells,	or	small	cells.	Vulvar	carcinomas	consisting	of	small	cells	may	resemble	small-cell	anaplastic
carcinomas	of	the	lung	or	Merkel	cell	tumors,	have	neuroendocrine	features,	and	have	demonstrated	an	aggressive
biologic	behavior	in	the	few	reported	cases.281

TABLE	74.7
International	Federation	of	Gynecology	and	Obstetrics	Staging	of	Carcinoma	of	the	Vulva
(2009)

Stage Description
I Tumor	confined	to	the	vulva

IA Lesions	≤2	cm	in	size,	confined	to	the	vulva	or	perineum	and	with	stromal	invasion	≤1	mm,a	no	nodal	metastasis

IB Lesions	>2	cm	in	size	or	with	stromal	invasion	>1.0	mm,a	confined	to	the	vulva	or	perineum,	with	negative	nodes

II
Tumor	of	any	size	with	extension	to	adjacent	perineal	structures	(1/3	lower	urethra,	1/3	lower	vagina,	anus)	with	negative
nodes

III
Tumor	of	any	size	with	or	without	extension	to	adjacent	perineal	structures	(1/3	lower	urethra,	1/3	lower	vagina,	anus)
with	positive	inguinofemoral	lymph	nodes

IIIA
(1)	With	1	lymph	node	metastasis	(≥5	mm)
(2)	1–2	lymph	node	metastasis(es)	(<5	mm)

IIIB
(1)	With	2	or	more	lymph	node	metastases	(≥5	mm)
(2)	3	or	more	lymph	node	metastases	(<5	mm)

IIIC With	positive	nodes	with	extracapsular	spread

IV Tumor	invades	other	regional	(2/3	upper	urethra,	2/3	upper	vagina)	or	other	distant	structures

IVA

Tumor	invades	any	of	the	following:
(1)	Upper	urethral	and/or	vaginal	mucosa,	bladder	mucosa,	rectal	mucosa,	or	fixed	to	pelvic	bone
(2)	Fixed	or	ulcerated	inguinofemoral	nodes

IVB Any	distant	metastasis	including	pelvic	lymph	nodes
aThe	 depth	 of	 invasion	 is	 defined	 as	 the	 measurement	 of	 the	 tumor	 from	 the	 epithelial-stromal	 junction	 of	 the	 adjacent	 most
superficial	dermal	papilla	to	the	deepest	point	of	invasion.

The	diagnosis	of	Bartholin	gland	carcinoma	 is	based	on	clinical	 findings	of	a	 tumor	arising	 in	 the	anatomic
location	of	Bartholin	glands	and	on	the	histologic	appearance.	Biopsy	of	a	tumor	arising	from	a	Bartholin	gland
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usually	reveals	squamous	cell	carcinoma,	but	adenocarcinoma,	transitional	cell	carcinomas	(arising	from	the	duct
and	 histologically	 indistinguishable	 from	 transitional	 cell	 carcinoma	 of	 the	 bladder),	 and	 adenoid	 cystic
carcinomas	have	also	been	reported.

Rare	 cases	 of	 primary	 mammary	 adenocarcinoma	 of	 the	 vulva	 have	 been	 reported,	 presumably	 arising	 in
aberrant	mammary	tissue	occurring	along	the	embryonic	milk	line.282

Malignant	melanomas	of	the	vulva	account	for	approximately	4%	to	10%	of	primary	vulvar	malignancies	and
less	than	10%	of	melanomas	arising	in	women.283	Vulvar	melanoma	occurs	most	frequently	in	women	older	than
60	years	of	age,	but	10%	to	20%	of	vulvar	melanomas	occur	in	women	younger	than	40	years.	In	a	large	Swedish
series,284	 57%	 of	 vulvar	melanomas	were	 of	 the	mucosal	 lentiginous	 type,	 22%	were	 nodular,	 and	 16%	were
superficial	 spreading	 or	 lentiginous.	 Most	 investigators	 have	 reported	 a	 correlation	 between	 higher	 depth	 of
invasion	 or	 Breslow	 thickness	 and	 poorer	 outcome.283,284	 However,	 because	 the	 vulvar	 epithelium	 sometimes
lacks	 a	 well-developed	 papillary	 dermis,	 which	 makes	 it	 difficult	 to	 assign	 Clark’s	 levels	 of	 invasion,	 a
modification	of	the	Clark	system	is	often	used	to	categorize	patients	with	vulvar	melanoma.285	Other	factors	that
have	been	associated	with	a	poorer	prognosis	are	mitotic	rate	ulceration,	clinical	amelanosis,	and	older	age.283,284

Vulvar	 sarcomas	 constitute	 1%	 to	 2%	 of	 vulvar	 malignancies	 and	 include	 leiomyosarcomas,
rhabdomyosarcomas,	 angiosarcomas,	 neurofibrosarcomas,	 and	 epithelioid	 sarcomas.	 The	 prognosis	 appears	 to
depend	on	three	main	determinants:	lesion	size,	tumor	contour,	and	mitotic	activity.	Lesions	greater	than	5	cm	in
diameter	with	infiltrating	margins,	extensive	necrosis,	and	more	than	five	mitotic	figures	per	10	high-power	fields
are	the	most	likely	to	recur	after	surgical	resection.286,287

Diagnosis	and	Clinical	Evaluation
Patients	with	VIN	may	complain	of	vulvar	pruritus,	irritation,	or	a	mass,	but	many	are	asymptomatic	at	the	time	of
diagnosis.	Patients	with	 invasive	vulvar	 cancer	 usually	 complain	of	 a	 vulvar	mass	 and	 chronic	vulvar	 pruritus.
Advanced	lesions	may	bleed	and	are	often	exquisitely	tender.

Because	VIN	can	have	many	manifestations,	any	new	vulvar	 lesion	should	be	biopsied.	Once	a	diagnosis	of
high-grade	VIN	has	been	established,	the	entire	vulva,	cervix,	and	vagina	should	be	carefully	examined	because
patients	often	have	multifocal	or	multicentric	 involvement.288	Colposcopic	 examination	may	help	 to	define	 the
extent	of	disease.

Diagnosis	 of	 invasive	 vulvar	 lesions	 requires	 a	wedge	 biopsy	 of	 the	 lesion	with	 surrounding	 skin	 and	with
underlying	 dermis	 and	 connective	 tissue	 so	 that	 the	 pathologist	 can	 adequately	 evaluate	 the	 depth	 of	 stromal
invasion.	This	 procedure	 can	 usually	 be	 performed	 in	 the	 physician’s	 office	 under	 local	 anesthesia.	Excisional
biopsy	is	preferred	for	lesions	smaller	than	1	cm	in	diameter.

All	 patients	 with	 invasive	 disease	 require	 a	 careful	 physical	 examination	 including	 a	 detailed	 pelvic
examination,	 including	close	 inspection	of	 the	cervix,	vagina,	and	anus.	Cystoscopy	and	proctoscopy	should	be
performed	 in	 patients	with	 tumors	 that	 are	 near	 the	urethra	 or	 anus,	 respectively.	CT,	MRI,	 and	FDG-PET/CT
scans	can	be	obtained	to	evaluate	deep	inguinal	and	pelvic	lymph	nodes	and	possible	local	extension	of	disease	to
adjacent	 structures.	 However,	 the	 correlation	 between	 clinical	 assessment	 of	 the	 inguinal	 lymph	 nodes	 and
pathologic	findings	 is	poor.	Homesley	et	al.289	 reported	that	24%	of	patients	with	clinically	negative	nodes	had
inguinal	lymph	node	metastases	and	that	24%	of	patients	with	suspicious	but	mobile	nodes	had	negative	findings
at	 lymphadenectomy.	 For	 this	 reason,	 in	 1988,	 the	 FIGO	 staging	 system	was	 changed	 from	 a	 clinical	 staging
system	to	one	that	incorporates	the	more	accurate	information	gained	from	surgical	assessment	of	regional	lymph
nodes;	 a	 subsequent	 amendment	 provided	 a	 definition	 of	minimally	 invasive	 vulvar	 cancer.51	 Although	 FDG-
PET/CT	 may	 be	 helpful,	 its	 accuracy	 in	 the	 prediction	 of	 lymph	 node	 metastases	 is	 relatively	 poor	 because
micrometastases	 are	 frequent	 and	 because	 local	 infection	 can	 contribute	 to	 false-positive	 studies;	 reported
sensitivities	 range	 between	 50%	 and	 70%	 and	 specificities	 range	 between	 60%	 and	 90%.290	 In	 skilled	 hands,
ultrasound	 combined	 with	 ultrasound-guided	 fine-needle	 aspiration	 has	 a	 sensitivity	 of	 more	 than	 90%	 for
detection	of	lymph	node	metastasis.290

Natural	History	and	Pattern	of	Spread
The	 vulva	 includes	 the	 mons	 pubis,	 labia	 majora,	 labia	 minora,	 clitoris,	 vestibular	 bulb,	 vestibular	 glands
(including	Bartholin	 glands),	 and	vestibule	 of	 the	 vagina.	The	 region	between	 the	 posterior	 commissure	 of	 the
labia	and	the	anus	is	termed	the	gynecologic	perineum.	About	70%	of	vulvar	squamous	carcinomas	 involve	 the
labia	majora	or	minora,	most	 frequently	 the	 labia	majora.	Vulvar	 tumors	may	extend	 locally	 to	 invade	adjacent



structures,	including	the	vagina,	urethra,	and	anus;	advanced	vulvar	tumors	may	invade	adjacent	pelvic	bones.
A	rich	network	of	anastomosing	lymphatics	that	frequently	cross	the	midline	drains	the	vulva.	Even	minimally

invasive	 vulvar	 tumors	 may	 spread	 to	 regional	 lymph	 nodes	 (see	 Table	 74.6).291–293	 For	 most	 lesions,	 initial
regional	metastasis	 is	 to	 the	 inguinal	 lymph	nodes	 that	are	medial	 to	 the	common	femoral	and	saphenous	veins
and	superficial	to	Camper	fascia;	tumors	may	then	metastasize	secondarily	to	deeper	femoral	lymph	nodes,	to	the
lateral	circumflex	nodes,	and	to	the	pelvic	lymph	nodes	(Fig.	74.11).	Theoretically,	tumors	involving	the	clitoris
can	spread	directly	to	the	obturator	nodes	through	lymphatics	that	follow	the	dorsal	vein	of	the	clitoris,	although
evidence	of	 this	 route	 is	 rarely	seen	 in	practice.	Despite	 the	extensive	anastomosis	of	 lymphatics	 in	 the	 region,
metastasis	 of	 vulvar	 carcinoma	 to	 contralateral	 lymph	nodes	 is	 uncommon	 in	 patients	with	well-lateralized	T1
lesions.

The	lungs	are	the	most	common	sites	of	hematogenous	metastasis.

Prognostic	Factors	and	Staging
Our	understanding	of	 the	 importance	of	 various	prognostic	 indicators	 in	 vulvar	 carcinoma	has	 shifted	with	 the
increased	use	of	adjuvant	radiotherapy	and	the	accumulation	of	outcome	data.	In	a	1991	retrospective	review	of
586	patients	entered	in	GOG	trials	between	1977	and	1984,294	the	presence	and	number	of	lymph	nodes	and	tumor
diameter	were	 the	only	 independent	predictors	of	 survival.	More	 recent	 studies	have	produced	a	more	nuanced
understanding	of	risk	factors	for	recurrence.

In	 addition	 to	 large	 tumor	 diameter,	 features	 that	 have	 been	 associated	 with	 an	 increased	 risk	 of	 local
recurrence	after	vulvar	resection	include	multifocal	invasive	disease,	deep	stromal	invasion,	the	presence	of	lichen
sclerosus,	 and	 the	 presence	 of	 close	 or	 positive	 tumor	 margins.144,295–298	 Patients	 who	 have	 lymph	 node
involvement	also	tend	to	have	a	higher	rate	of	local	recurrence	than	those	without	nodal	metastases.295	Although
local	 recurrences	 can	 sometimes	 be	 cured	 with	 additional	 treatment,	 the	 risk	 of	 a	 second	 local	 recurrence	 is
high.298	In	a	study	of	47	patients	who	had	isolated	local	recurrences	after	surgical	resection,	Faul	et	al.299	reported
a	5-year	survival	of	only	40%	from	the	time	of	recurrence.

Figure	74.11	Inguinal-femoral	lymph	nodes.

The	status	of	surgical	margins	has	been	correlated	with	the	risks	of	disease	recurrence	and	death.	Studying	the
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relationship	 between	 surgical	 margins	 and	 tumor	 recurrence,	 Heaps	 et	 al.296	 reported	 no	 local	 failures	 in	 91
patients	whose	narrowest	tumor	margin	(deep	or	at	the	skin	surface)	was	8	mm	or	more	in	the	fixed	specimen.	A
total	of	10	of	23	(43%)	patients	with	margins	of	4.8	mm	or	 less	experienced	a	 local	 recurrence,	as	did	8	of	13
(62%)	patients	with	margins	between	4.8	and	8	mm.	The	risk	of	recurrence	in	patients	with	narrow	margins	may
be	diminished	when	postoperative	radiotherapy	is	given.300

In	2009,	FIGO	adjusted	its	T	stage	categories	to	recognize	the	diminished	importance	of	tumor	location	with
the	increased	use	of	radiation	therapy	to	achieve	local	control	in	patients	whose	tumors	were	adjacent	to	critical
structures;	 in	 this	 revision,	 the	 role	 of	 tumor	 diameter	 was	 diminished,	 and	 distal	 urethral,	 vaginal,	 and	 anal
involvement	were	removed	as	indications	for	upstaging51	(see	Table	74.7).

The	presence	of	lymph	node	involvement,	number	of	involved	nodes,	and	size	of	the	largest	focus	of	intranodal
disease	are	all	strongly	correlated	with	progression-free	survival	and	disease-related	death	in	patients	with	vulvar
carcinoma.289,301	However,	 the	 presence	 of	 bilateral	 nodal	metastases,	 a	 factor	 used	 to	 classify	N	 stage	 before
2009,	 is	not	 an	 independent	predictor	of	outcome	when	 these	other	 factors	are	considered.	Extracapsular	nodal
extension	has	also	been	associated	with	an	increased	risk	of	recurrence	and	death302,303;	however,	in	a	review	of
patients	treated	with	radiation	after	lymphadenectomy,	Katz	et	al.304	found	no	correlation	between	extracapsular
extension	and	inguinal	node	recurrence	if	the	dose	of	radiation	was	56	Gy	or	greater.	In	2009,	the	FIGO	staging
system	was	revised,	with	stage	III	subdivided	to	include	more	detailed	information	about	the	number	of	positive
lymph	nodes	and	the	presence	of	extracapsular	nodal	extension	(see	Table	74.7).51

The	 presence	 of	 pelvic	 lymph	 node	 metastases	 is	 generally	 considered	 to	 be	 a	 predictor	 of	 very	 poor
prognosis.305	However,	 this	impression	comes	largely	from	decades-old	studies	of	outcome	in	patients	who	had
pelvic	lymph	node	dissection	without	adjuvant	radiotherapy.	The	generalizability	of	these	data	to	current	practice,
in	which	most	patients	who	have	nodal	involvement	receive	radiotherapy,	is	uncertain.	In	a	recent	retrospective
study	of	patients	treated	with	radiation	therapy	for	vulvar	cancer	with	metastases	involving	pelvic	lymph	nodes,
the	5-year	overall	survival	rate	was	43%,	similar	to	that	of	patients	with	stage	IIIB	or	IIIC	disease.306

Treatment
During	the	past	30	years,	the	treatment	of	vulvar	cancer	has	increasingly	emphasized	organ	function;	in	particular,
the	management	of	invasive	disease	has	evolved	away	from	radical	en	bloc	surgical	resection,	which	was	standard
before	the	1980s,	toward	a	multidisciplinary	approach	that	emphasizes	tissue-sparing	operations	and	selective	use
of	radiotherapy	or	chemoradiation	to	optimize	local	control,	survival,	and	organ	function.

High-Grade	Vulvar	Intraepithelial	Neoplasia
After	invasive	carcinoma	has	been	excluded	by	a	sufficient	number	of	excisional	biopsies,	the	treatment	of	high-
grade	VIN	(VIN	3)	should	be	as	conservative	as	possible.	Focal	lesions	can	be	simply	excised.	Multiple	lesions
can	be	excised	separately	or,	if	confluent,	with	a	larger	single	excision.	This	approach	is	generally	well	tolerated
and	provides	material	for	histologic	assessment.	When	there	is	more	extensive	high-grade	VIN,	the	lesions	can	be
vaporized	with	a	CO2	 laser.	This	method	may	provide	an	alternative	 to	more	extensive	operations	but	does	not
yield	a	specimen	for	histologic	inspection.	Topical	treatment	with	imiquimod	or	5-FU	cream	can	also	be	effective
in	 selected	 cases.307	 However,	 in	 most	 cases,	 excision	 is	 preferred	 because	 the	 rate	 of	 unsuspected	 invasive
disease	has	been	reported	to	be	15%	to	23%	in	women	undergoing	excisional	treatment	of	VIN.308

Extensive,	diffuse	VIN	3	may	necessitate	a	wider	excision,	particularly	if	the	lesion	involves	the	perianal	skin.
These	 lesions	are	 sometimes	 treated	with	a	partial	vulvectomy	of	 the	 superficial	 skin	 (“skinning	vulvectomy”).
Whenever	 possible,	 the	 vulvar	 skin	 should	 be	 sutured	 primarily,	 but	 a	 split-thickness	 skin	 graft	 is	 sometimes
needed	to	close	the	defect.

VIN	3	often	recurs	at	or	near	the	margins	of	resection,	even	when	the	histopathology	analysis	demonstrates	that
the	 initial	 lesions	were	 completely	 resected.	Presumably,	 this	 phenomenon	 reflects	 the	multifocal	 nature	of	 the
condition.288	VIN	3	can	also	recur	within	the	donor	skin	from	split-thickness	grafts.308

Vaccination	 is	 a	 promising	 new	 treatment	 approach	 for	women	with	HPV16-positive	 high-grade	VIN.	 In	 a
prospective	study	of	20	patients	with	VIN	3,	Kenter	et	al.309	found	that	vaccination	with	a	mix	of	long	peptides
from	 the	HPV16	viral	oncoproteins	E6	and	E7	 induced	 symptomatic	 improvement	 in	60%;	47%	had	complete
clinical	 responses	 maintained	 for	 at	 least	 24	 months.	 Patients	 who	 had	 complete	 clinical	 responses	 had
significantly	stronger	T-cell	responses	than	did	patients	who	did	not	have	a	complete	response.309



Invasive	Disease
The	optimal	treatment	of	invasive	disease	requires	careful	consideration	of	the	potential	benefits	of	various	local
and	 regional	 treatment	 options	 to	 find	 an	 overall	 treatment	 strategy	 that	 will	 maximize	 locoregional	 disease
control	and	minimize	acute	and	long-term	side	effects.

Treatment	of	the	Vulva
Most	small	lesions	(approximately	<4	cm)	that	do	not	involve	the	urethra,	anus,	or	other	adjacent	structures	can	be
controlled	 locally	with	 a	 radical	 local	 excision.	A	wide	 and	deep	 excision	of	 the	 lesion	 is	 performed,	with	 the
incision	extended	down	to	the	inferior	fascia	of	the	urogenital	diaphragm.	An	effort	should	be	made	to	remove	the
lesion	with	a	1-cm	margin	of	normal	tissue	in	all	directions	unless	this	would	require	compromise	of	the	anus	or
urethra.	Small	 lesions	 that	 invade	1	mm	or	 less	 can	be	managed	with	 local	 resection	alone	because	 the	 risk	of
regional	spread	is	very	small.	Patients	with	more	invasive	tumors	must	also	have	surgical	or	radiation	treatment	of
the	inguinal	nodes	as	discussed	in	the	next	section.

Primary	tumors	that	involve	the	anus,	rectum,	rectovaginal	septum,	urethra	or	clitoris	pose	a	difficult	problem
because	adequate	surgical	clearance	can	often	be	obtained	only	by	sacrificing	organ	function.	Some	patients	who
have	tumors	that	minimally	involve	the	external	urethra	or	anus	can	undergo	initial	vulvectomy	without	sacrifice
of	major	organ	function	if	close	margins	are	accepted	near	critical	structures.	Postoperative	radiotherapy	can	then
be	delivered	to	prevent	local	recurrence.300,310	Although	local	recurrences	are	frequently	successfully	controlled
with	 additional	 surgery,	 Faul	 et	 al.299	 reported	 an	 overall	 5-year	 survival	 rate	 of	 only	 40%	 after	 the	 first	 local
recurrence	 and	 emphasized	 the	 importance	 of	 achieving	 local	 control.	 These	 authors	 reported	 a	 significant
reduction	in	the	local	failure	rate	(from	58%	to	16%)	when	tumors	that	were	within	8	mm	of	the	operative	margins
were	treated	with	radiotherapy	after	surgery.300	Although	some	patients	with	more	extensive	organ	involvement
may	be	cured	with	ultraradical	operations,	in	some	cases	with	pelvic	exenteration,	the	risks	of	acute	and	long-term
complications	of	these	procedures	are	substantial.311,312	For	this	reason,	radiotherapy	with	or	without	surgery	and
chemotherapy	is	often	used	to	spare	critical	structures	in	patients	with	locally	advanced	disease.

In	the	1980s,	several	investigators313–315	reported	results	of	preoperative	radiotherapy	in	small	series	of	patients
with	 locally	 advanced	 disease.	 These	 reports	 indicated	 that	modest	 doses	 of	 radiation	 (45	 to	 55	Gy)	 produced
dramatic	 tumor	 responses	 in	 some	 patients	 with	 locally	 advanced	 disease,	 permitting	 organ-sparing	 surgery
without	 sacrifice	 of	 tumor	 control.	 More	 recently,	 investigators	 have	 emphasized	 the	 use	 of	 concurrent
chemoradiation,	as	discussed	later	in	this	section.

Treatment	of	Regional	Disease
Effective	treatment	of	regional	disease	is	the	single	most	important	element	in	the	curative	management	of	early
vulvar	 cancer.	 Although	 patients	 with	 vulvar	 recurrences	 may	 have	 their	 disease	 successfully	 controlled	 with
additional	local	treatment,	patients	who	suffer	inguinal	recurrences	are	rarely	curable.

All	patients	with	primary	tumors	that	invade	more	than	1	mm	must	have	a	risk	of	inguinal	node	metastasis.	In
the	 past,	 standard	 treatment	 usually	 included	 a	 bilateral	 radical	 inguinal-femoral	 lymphadenectomy,	 which
initially	 was	 combined	 with	 vulvectomy	 using	 a	 single	 incision	 and,	 more	 recently,	 was	 performed	 through
separate	groin	incisions.	At	one	time,	pelvic	lymphadenectomy	was	also	performed,	particularly	in	patients	who
had	 evidence	 of	 inguinal	 metastases.	 Even	 with	 the	 use	 of	 separate	 incisions,	 radical	 lymphadenectomy	 was
frequently	 associated	 with	 serious	 perioperative	 and	 long-term	 complications.	 However,	 during	 the	 past	 two
decades,	modifications	in	surgical	technique	and	the	incorporation	of	radiation	and	chemotherapy	in	selected	cases
have	improved	outcomes	and	decreased	the	side	effects	of	regional	treatment.

In	 the	1990s,	 several	groups	 reported	 the	use	of	a	more	 limited	“superficial”	 inguinal	 lymphadenectomy	for
patients	with	early	disease.	Although	many	of	the	complications	usually	associated	with	radical	lymphadenectomy
were	avoided,	inguinal	recurrence	rates	were	higher	than	expected,	ranging	from	7%	to	16%	in	patients	who	had
negative	 dissections.304,316,317	 It	 was	 subsequently	 suggested	 that	 the	 procedure	 used	 in	 these	 studies	 did	 not
remove	medial	inguinal-femoral	nodes,	which	may	be	the	primary	site	of	drainage	of	some	vulvar	cancers.318	For
this	 reason,	 gynecologic	 oncologists	 generally	 recommend	 removal	 of	 at	 least	 the	 superficial	 and	 medial
inguinofemoral	nodes.

During	the	past	decade,	a	number	of	investigators	have	explored	the	use	of	intraoperative	lymphatic	mapping
to	 identify	 a	 “sentinel”	 node	 that	 would	 predict	 the	 presence	 or	 absence	 of	 regional	metastases.	 A	 number	 of
studies	have	evaluated	the	results	from	sentinel	lymph	node	biopsy	followed	by	regional	lymphadenectomy.	From
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the	pooled	results	for	383	patients	entered	in	10	trials,	Levenback	et	al.319	concluded	that	the	negative	predictive
value	 of	 sentinel	 node	 biopsy	 was	 99.3%	 and	 the	 false-negative	 rate	 was	 2.4%.	 Subsequently,	 the	 Groningen
International	Study	on	Sentinel	Nodes	in	Vulvar	Cancer	(GROINSS)-V	study320	assessed	the	efficacy	of	sentinel
lymph	node	evaluation	alone	in	patients	with	invasive	vulvar	cancers	less	than	4	cm	in	diameter.	Of	402	patients
registered	in	this	trial,	231	patients	with	negative	sentinel	nodes	did	not	undergo	lymphadenectomy;	at	the	time	of
the	analysis,	groin	 recurrences	had	been	observed	 in	9	of	 these	231	 (3.9%)	patients,	 and	7	 (3.0%)	patients	had
died.	 Patients	with	 sentinel	 lymph	 node	metastasis	 greater	 than	 2	mm	 had	 significantly	 lower	 disease-specific
survival	 (69.5%	versus	94.4%,	P	=	 .001).321	A	 large	GOG	 trial	 designed	 to	 estimate	 the	 sensitivity	 of	 sentinel
lymph	node	biopsy	in	a	community-based	setting	enrolled	452	women	who	underwent	 intraoperative	 lymphatic
mapping,	sentinel	lymph	node	biopsy,	and	inguinal	femoral	lymphadenectomy.322	Ninety-two	percent	of	patients
had	at	least	one	sentinel	node	identified.	The	sensitivity	was	91.7%,	and	the	false-negative	predictive	value	(1	–
negative	predictive	value)	was	3.7%;	the	false-negative	predictive	value	was	even	lower	(2%)	in	women	whose
tumors	were	smaller	than	4	cm.	These	data	suggest	that	sentinel	lymph	node	biopsy	is	a	reasonable	alternative	to
inguinal	 femoral	 lymphadenectomy	 in	 selected	 women	 with	 squamous	 cell	 carcinoma	 of	 the	 vulva.	 On	 the
subsequent	 observational	 GROINSS-VI	 study,	 patients	 with	 positive	 sentinel	 nodes	 received	 postoperative
radiation	therapy	without	undergoing	a	full	lymphadenectomy.	The	currently	enrolling	GROINSS-VII	study	uses
the	 same	approach	 for	patients	with	<2	mm	of	disease	 in	 the	 sentinel	 node,	 but	 patients	with	>2	mm	 focus	of
disease	undergo	a	lymphadenectomy	followed	by	postoperative	radiation.

Participants	in	a	2008	expert	panel	at	an	International	Sentinel	Node	Society	meeting	concluded	that	sentinel
lymph	node	biopsy	“is	a	reasonable	alternative	to	complete	inguinal	lymphadenectomy	when	[it]	is	performed	by
a	skilled	multidisciplinary	team	in	well-selected	patients.”319	They	concluded	that	patients	who	have	tumors	that
invade	 more	 than	 1	 mm,	 no	 obvious	 metastatic	 disease,	 and	 a	 tumor	 diameter	 of	 less	 than	 4	 cm	 are	 good
candidates	for	the	procedure.

During	 this	 same	 period	 of	 time,	 understanding	 of	 the	 role	 of	 radiation	 therapy	 has	 also	 evolved.	 In	 1986,
Homesley	et	al.305	published	 results	of	a	prospective	 randomized	study	 that	compared	pelvic	 lymphadenectomy
with	 inguinal	and	pelvic	 irradiation	 in	patients	with	 inguinal	node	metastases	 from	carcinoma	of	 the	vulva.	All
patients	 were	 initially	 treated	 with	 radical	 vulvectomy	 and	 inguinal-femoral	 lymphadenectomy.	 Patient
randomization	 was	 done	 intraoperatively	 after	 frozen	 section	 evaluation	 of	 the	 inguinal-femoral	 lymph	 nodes.
This	trial	was	closed	prematurely,	after	114	eligible	patients	had	been	entered,	when	interim	analysis	revealed	a
survival	advantage	for	the	radiotherapy	arm	(P	=	.03;	Fig.	74.12).	The	difference	was	most	marked	for	patients
with	clinically	positive	or	multiple	histologically	positive	groin	nodes.	The	initial	preliminary	report	was	updated
in	2009,323	confirming	marked	reductions	in	the	risks	of	recurrence	and	cancer-related	death	in	patients	who	had
radiotherapy.	There	were	3	 inguinal	recurrences	in	 the	radiation	arm	versus	13	in	 the	control	arm.	Although	no
differences	 were	 seen	 in	 the	 number	 of	 pelvic	 recurrences,	 competing	 risks	 and	 the	 lack	 of	 high-quality
tomographic	imaging	in	this	early	study	may	have	led	to	underestimates	of	the	risks	of	pelvic	recurrence.	In	the
updated	report,323	the	relative	risk	of	disease	progression	with	radiation	was	39%	(95%	CI,	0.17	to	0.88;	P	=	.02);
the	relative	risk	of	death	was	less	impressive,	with	a	hazard	ratio	of	0.61	(95%	CI,	0.3	to	1.3;	P	=	.18),	apparently
because	of	a	marked	difference	 in	 the	 rate	of	deaths	 from	other	causes	 (14	 in	 the	 radiation	arm	versus	2	 in	 the
control	 arm).	 With	 the	 1986	 publication	 of	 this	 study,	 most	 practitioners	 abandoned	 routine	 pelvic
lymphadenectomy,	and	postoperative	radiotherapy	became	standard	for	most	patients	with	 inguinal	 lymph	node
metastases.



Figure	74.12	Survival	rates	of	114	patients	with	invasive	squamous	cell	carcinoma	of	the	vulva
who	were	entered	on	a	Gynecologic	Oncology	Group	protocol	in	which	patients	with	positive	groin
nodes	after	radical	vulvectomy	and	bilateral	inguinal	lymphadenectomies	were	randomly	assigned
to	undergo	pelvic	lymph	node	dissection	or	postoperative	irradiation	of	the	pelvis	and	inguinal

nodes	(P	=	.004).

Although	 radical	 inguinal-femoral	 lymphadenectomy	was	historically	 considered	 the	 treatment	of	 choice	 for
regional	management	 of	 invasive	 vulvar	 carcinoma,	 a	 number	 of	 groups	 have	 investigated	 the	 possibility	 that
regional	radiotherapy	may	be	an	effective	and	less	morbid	way	of	preventing	recurrence	in	patients	with	clinically
negative	groins.304,324,325	 In	 1992,	 the	GOG	 reported	 the	 results	 of	 a	 trial	 that	 randomly	 assigned	patients	with
clinically	 negative	 inguinal	 nodes	 to	 receive	 inguinal	 lymph	 node	 irradiation	 or	 inguinal-femoral
lymphadenectomy	(followed	by	inguinopelvic	irradiation	in	patients	with	positive	lymph	nodes)	after	resection	of
the	primary	tumor.325	The	study	was	closed	after	entry	of	only	58	patients,	when	an	interim	analysis	demonstrated
a	significantly	higher	rate	of	inguinal	recurrence	and	death	in	the	radiotherapy	group.	The	authors	concluded	that
lymphadenectomy	was	the	superior	treatment,	although	the	morbidity	rate	of	lymphadenectomy	was	greater	than
that	 of	 groin	 irradiation.	 However,	 the	 radiotherapy	 techniques	 used	 in	 this	 study	 have	 since	 been	 criticized.
Preirradiation	CT	scans	were	not	consistently	obtained	to	verify	the	position	and	size	of	inguinal	nodes.	Patients
were	treated	with	anterior	appositional	fields,	the	dose	was	prescribed	at	a	depth	of	3	cm,	and	the	use	of	electrons
(usually	12	MeV)	was	emphasized.	This	method	of	treatment	can	lead	to	significant	under	dosage	of	the	inguinal-
femoral	nodes,	which	frequently	extend	 to	a	depth	of	more	 than	5	 to	8	cm.326	 In	contrast,	 retrospective	studies
have	indicated	that	patients	who	have	negative	inguinal	nodes	(by	tomographic	imaging)	and	careful	radiotherapy
treatment	planning	rarely	experience	a	regional	recurrence	after	inguinal-pelvic	irradiation	to	40	to	50	Gy.304,324
These	 results	 are	 also	 consistent	 with	 the	 results	 of	 regional	 radiation	 treatment	 of	 other	 HPV-related
malignancies.	It	appears	that,	with	image-based	planning	and	careful	radiotherapy	technique,	microscopic	disease
in	 the	 inguinal	 lymph	 nodes	 can	 be	 readily	 controlled	 with	 radiation	 alone.	 Radiation	 alone	 appears	 to	 be	 a
reasonable	 treatment	 to	 prevent	 inguinal	 recurrence,	 particularly	 for	 patients	 who	 have	 clinically	 and
radiographically	negative	groins	but	require	radiation	for	locally	advanced	disease.	However,	whenever	radiation
therapy	is	administered	definitively	or	postoperatively,	detailed	imaging	should	always	be	obtained	to	rule	out	the
presence	of	nodes	that	may	harbor	gross	disease;	suspicious	nodes	in	sentinel	regions	or	adjacent	to	sites	of	known
regional	 metastases	 usually	 require	 a	 radiation	 dose	 greater	 than	 45	 to	 50	 Gy	 to	 achieve	 regional	 disease
control.144
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Radiotherapy	Technique
Comprehensive	regional	radiotherapy	for	vulvar	cancer	requires	adequate	coverage	of	at	least	the	inguinofemoral
and	distal	pelvic	 lymph	nodes.	Patients	who	have	extensive	 inguinal	or	pelvic	disease	may	require	 larger	 fields
that	more	fully	encompass	the	external	and	internal	iliac	nodes	and,	in	some	cases,	the	common	iliac	nodes.	If	the
vulvar	cancer	has	been	excised	with	widely	negative	margins,	some	clinicians	choose	to	not	treat	the	primary	site;
however,	it	is	important	to	recognize	that	in	case	of	a	vulvar	recurrence	after	nodal	irradiation,	retreatment	with
radiation	may	be	difficult.	Several	 techniques	have	been	used	to	reduce	the	dose	given	to	 the	femoral	head	and
neck	during	treatment	of	the	groins.	One	approach	is	to	use	a	combination	of	photons	and	electrons;	this	technique
requires	careful	image-based	planning	to	assure	that	the	treatment	is	delivering	an	adequate	dose	to	the	superficial
and	deep	inguinal	lymph	nodes.	Alternatively,	IMRT	can	be	used	to	spare	soft	tissue,	bladder,	bowel,	and	other
critical	structures,	but	this	method	is	technically	challenging	and	requires	a	sound	understanding	of	the	local	and
regional	anatomy.144

Patients	who	have	 local	 risk	 factors	 for	 recurrence	 but	 pathologically	 negative	 lymph	nodes	may	be	 treated
with	 local	 radiation	 alone	 using	 conformal	 photon	 fields	 or,	 in	 selected	 cases,	 appositional	 electron-beam
techniques.	Whenever	 photons	 are	 used	 to	 treat	 the	 vulvar	 surface,	 tissue-equivalent	materials	may	 need	 to	 be
applied	to	ensure	that	the	surface	dose	is	adequate.	Thermoluminescent	dosimeters	can	be	used	to	verify	that	the
surface	of	the	vulva	is	receiving	the	prescribed	dose	of	radiation.

Chemoradiation	in	Locoregionally	Advanced	Disease
To	 reduce	 the	 need	 for	 morbid	 ultraradical	 surgery	 and	 to	 improve	 locoregional	 control	 rates,	 a	 number	 of
investigators	 have	 explored	 combinations	 of	 chemotherapy	with	 radiation	 and	 surgery	 in	 patients	 with	 locally
advanced	 vulvar	 carcinoma.327–336	Most	 studies	 have	 used	 combinations	 of	 cisplatin,	 5-FU,	 and	mitomycin	 C
(Table	74.8),	 extrapolating	 from	 the	high	 response	 rates	observed	with	 such	combinations	 for	 locally	advanced
carcinomas	of	the	cervix	and	head	and	neck	and	from	studies	that	have	demonstrated	the	efficacy	of	these	drugs	as
radiosensitizers	in	the	treatment	of	carcinomas	of	the	anus.	Although	studies	have	usually	included	small	numbers
of	patients	with	very	advanced	local	or	regional	disease,	most	investigators	have	observed	impressive	responses
that	often	appear	to	be	better	than	would	be	expected	with	radiation	alone.	Overall	local	control	rates	have	been
encouraging	(see	Table	74.8),	particularly	in	view	of	the	very	advanced	tumors	included	in	most	of	these	series.
Randomized	trials	have	not	been	done	and	may	be	difficult	 to	perform	because	of	the	small	number	of	patients
with	locally	advanced	vulvar	cancer.	In	a	single-arm	phase	II	study,	the	GOG	investigated	the	use	of	cisplatin	with
daily	radiation	therapy	to	a	total	dose	of	57.6	Gy	in	locally	advanced	vulvar	cancer.336	Overall,	50%	of	patients
achieved	 a	 complete	 pathologic	 response	with	 this	 regimen.	The	 current	GOG	 trial	will	 use	 IMRT	and	deliver
gemcitabine	in	addition	to	cisplatin.

Most	 investigators	 have	 reported	 local	 control	 rates	 of	 80%	 or	 more	 for	 patients	 who	 have	 a	 complete
pathologic	 response	 detected	 from	 postradiation	 vulvar	 resection.335,336	 However,	 even	 patients	 who	 have
microscopic	residual	disease	in	the	surgical	specimen	tend	to	have	high	recurrence	rates.	It	remains	unclear	how
the	 overall	 control	 and	 complication	 rates	 compare	 with	 a	 preoperative	 approach	 (which	 necessarily	 uses	 a
reduced	dose	of	radiation	therapy)	versus	definitive	chemoradiation.

Several	 investigators	 have	 explored	 the	 use	 of	 neoadjuvant	 chemotherapy	 for	 locally	 advanced	 vulvar
cancer.301,337,338	 Although	 complete	 response	 rates	 between	 5%	 and	 35%	 have	 been	 observed,	 response	 rates
appear	to	be	lower	than	for	cervical	cancers,	and	survival	rates	have	been	discouraging.

Caution	 is	 warranted	 in	 designing	 aggressive	 treatment	 protocols	 for	 patients	 with	 vulvar	 cancers,	 as	 these
patients	typically	are	elderly	and	often	have	concurrent	medical	problems.	Although	chemotherapy	may	improve
control	rates,	radiation	alone	can	produce	impressive	responses	and	should	be	considered	in	patients	who	cannot
tolerate	multimodality	treatment.

Complications	of	Treatment
Most	of	the	serious	acute	and	subacute	complications	of	radical	vulvectomy	are	related	to	the	lymphadenectomy,
although	 these	 risks	 have	 decreased	 somewhat	 with	 the	 use	 of	 separate	 groin	 incisions.	 Acute	 complications
include	wound	 seroma,	disruption,	or	 infection	 in	up	 to	50%	 to	75%	of	 cases,	 chronic	 lymphedema	 in	20%	 to
50%,	and	perioperative	death	in	2%	to	5%.316,324,339,340	Other	acute	complications	include	urinary	tract	infection,
wound	 cellulitis,	 temporary	 anterior	 thigh	 anesthesia	 from	 femoral	 nerve	 injury,	 thrombophlebitis,	 and,	 rarely,
pulmonary	embolus.	The	risk	of	chronic	 leg	edema	decreased	from	approximately	30%	to	15%	with	 the	use	of



separate	groin	incisions	and	is	rare	after	sentinel	lymph	node	dissection	only.320,341	Other	chronic	complications
include	genital	prolapse,	urinary	stress	incontinence,	temporary	weakness	of	the	quadriceps	muscle,	and	introital
stenosis.	 These	 risks	 are	 less	 when	 radical	 local	 excision	 of	 the	 primary	 lesion	 is	 done	 instead	 of	 radical
vulvectomy.317,341	 Patients	 who	 undergo	 vulvectomy	 without	 inguinal	 lymphadenectomy	 have	 significantly
shorter	hospital	stays	and	fewer	complications.324,325

TABLE	74.8
Concurrent	Chemoradiotherapy	in	the	Management	of	Locally	Advanced	or	Recurrent
Carcinoma	of	the	Vulva	(Series	Including	20	or	More	Patients)

Study
Year No.	of

Patients Chemotherapy
Radiotherapy
Dose	(Gy)

No.	(%)	with	Recurrent	or	Persistent
Local	Disease	after	RT	±	Surgery

Follow-up
(Months)

Thomas	et
al.333 1989 24 5-FU	±	Mito 44–60 10	(42) 5–43

Russell	et
al.332 1992 25 5-FU	±	cisplatin 47–72 6	(24) 4–52

Scheiströen
and	Tropé334 1992 42 Bleomycin 45 39	(93) 7–60

Koh	et	al.327 1993 20
5-FU	±	cisplatin
or	Mito 30–54 9	(45) 1–75

Landoni	et
al.328 1996 58 5-FU	+	Mito 54 13	(22) 4–48

Lupi	et	al.330 1996 31 5-FU	+	Mito 54 7	(23) 22–73

Landrum	et
al.329 2008 33

Cisplatin	±	5-
FU 37–63 4	(12) NS

Moore	et	al.331 2009 71 5-FU	+	cisplatin 47.6 11	(16) 22–72

Moore	et	al.336 2012 58 Cisplatin 57.6 Not	stateda
24.8
(median)

Beriwal	et
al.335 2013 42

Cisplatin	+	5-
FU 42.8–68 12	(29) 3–111

aThe	 local	 recurrence	rate	was	not	stated;	however,	at	 the	 time	of	analysis,	4	patients	were	alive	with	disease,	23	were	dead	of
cancer,	1	had	died	of	complications,	3	had	died	of	other	causes,	and	1	had	died	of	an	undetermined	cause.
RT,	radiotherapy;	5-FU,	5-fluorouracil;	Mito,	mitomycin	C;	NS,	not	stated.

The	most	prominent	 acute	complication	of	 radical	 radiotherapy	 for	vulvar	 carcinoma	 is	 radiation	dermatitis.
Moist	 desquamation	 is	 commonly	 seen	 in	 the	 final	weeks	 of	 treatment	 but	 resolves	within	 2	 to	 3	weeks	 after
completion;	sitz	baths	and	appropriate	use	of	pain	medications	are	helpful	during	the	acute	phase.	Skin	reactions
that	occur	in	the	first	2	to	4	weeks	of	treatment	are	frequently	due	to	superinfection	with	Candida	albicans	and
should	be	 treated	presumptively	with	antifungal	agents.	Bacterial	overgrowth	can	also	contribute	 importantly	 to
local	symptoms.	Other	acute	side	effects	of	radiation	include	diarrhea,	dysuria,	and	painful	defecation.	Failure	to
address	these	side	effects	aggressively	can	make	it	difficult	to	complete	radiation	treatment	in	a	timely	manner.	A
SEER-Medicare	 analysis	 of	 elderly	 patients	 (median	 age,	 78	 years)	 treated	 between	 1991	 and	 2009	 for	 node-
positive	vulvar	cancer	 suggested	 that	 these	patients	have	significant	barriers	 to	 receipt	of	high-quality	 radiation
therapy	even	when	chemotherapy	is	not	administered	concurrently;	in	their	study,	only	69%	of	patients	received
postoperative	 radiation	 and,	 of	 those	who	 did,	 about	 half	 either	 failed	 to	 complete	 treatment	 or	 had	 prolonged
treatment	breaks.342

Late	 complications	 result	 from	 a	 combination	 of	 radiation,	 surgery,	 and	 tissue	 destruction	 from	 locally
advanced	tumors.	 Introital	or	vaginal	stenosis,	 tissue	atrophy,	and	other	effects	of	combined	therapy	may	cause
sexual	dysfunction.	Vulvar	edema,	tissue	atrophy,	hyperpigmentation,	fibrosis,	and	telangiectasia	may	occur	and
are	related	to	the	dose	of	radiation	and	the	volume	of	tissue	irradiated.	Combined	effects	of	treatment	may	also
cause	bladder	or	rectal	incontinence,	urethral	or	anal	stenosis,	ulceration,	or	fistula.

Treatment	of	Metastatic	Disease
Unfortunately,	 reports	 of	 chemotherapy	 activity	 in	 the	 treatment	 of	 metastatic	 or	 recurrent	 squamous	 cell



Dr. AVR @ TMH

carcinoma	of	the	vulva	are	largely	anecdotal.	In	the	absence	of	reliable	data	specific	to	this	cancer,	clinicians	often
use	 single	 agents	 and	 combination	 regimens	 that	 have	 had	 some	 activity	 in	 the	 treatment	 of	 cervical	 cancer.
However,	 there	 are,	 as	yet,	 few	data	 to	 indicate	 that	 chemotherapy	can	provide	 effective	palliation	 for	patients
with	 metastatic	 or	 recurrent	 vulvar	 carcinomas	 that	 are	 not	 amenable	 to	 locoregional	 treatments.	 In	 terms	 of
molecular	targeted	agents,	erlotinib	has	shown	promising	activity	and	may	represent	one	of	the	most	active	agents
for	the	management	of	squamous	cell	carcinoma	of	the	vulva.	Specifically,	in	a	phase	II	study,	erlotinib	exhibited
a	67.5%	overall	clinical	benefit	rate	(i.e.,	27.5%	partial	response	and	40.0%	stable	disease	by	Response	Evaluation
Criteria	in	Solid	Tumors	[RECIST]).343	Immune	checkpoint	inhibitors	targeting	the	PD-1/PD-L1	pathway	are	also
being	evaluated	in	patients	with	HPV-associated	vulvar	cancer.222
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ENDOMETRIAL	CARCINOMA
Epidemiology
Endometrial	cancer	is	the	most	common	gynecologic	malignancy	and	the	fourth	most	frequently	diagnosed	cancer
in	women	 in	 the	United	States.	The	American	Cancer	Society	 estimates	 there	would	be	63,230	new	cases	 and
11,350	deaths	 in	2018.1	The	median	age	of	diagnosis	 for	 endometrial	 cancer	 is	61	years,	with	20%	of	patients
diagnosed	 before	 menopause,	 including	 5%	 who	 develop	 the	 disease	 before	 age	 40	 years.2	 One	 of	 every	 35
women	(2.8%)	is	likely	to	develop	endometrial	cancer	during	her	lifetime.	The	death	rate	from	this	disease	seems
to	be	on	the	rise,	by	about	2%	per	year.1

The	exact	etiology	of	endometrial	cancer	remains	unknown,	but	chronic	unopposed	estrogenic	stimulation	is
considered	 the	 main	 risk	 factor.	 The	 normal	 endometrium	 is	 a	 hormonally	 responsive	 tissue;	 estrogenic
stimulation	produces	cellular	growth	and	glandular	proliferation,	which	is	cyclically	balanced	by	the	maturational
effects	 of	 progesterone.	 Because	 menarche	 and	 menopause	 are	 commonly	 associated	 with	 absent	 or	 irregular
ovulation,	 women	 who	 experience	 early	 menarche	 or	 late	 menopause	 are	 more	 likely	 to	 have	 additional
estrogenic	exposure	and	thus	a	higher	risk	of	developing	endometrial	cancer.	Nulliparity	 is	also	associated	with
increased	risk	of	endometrial	cancer,4	due	in	part	to	anovulatory	menstrual	cycles.2	Morbidly	obese	women	are	at
greatest	 risk	 of	 endometrial	 cancer,	 presumably	 because	 their	 adipocytes	 convert	 androstenedione	 of	 adrenal
origin	 to	estrone,	a	weak	circulating	estrogen.3	Obesity	may	also	 influence	 endometrial	 cancer	 risk	via	 chronic
hyperinsulinemia,	which	appears	to	be	a	key	factor	for	the	development	of	ovarian	hyperandrogenism,	associated
with	 anovulation	 and	 progesterone	 deficiency.	Non–insulin-dependent	 diabetes	 mellitus	 and	 hypertension	 also
increase	the	risk	of	endometrial	cancer,	in	large	part	secondary	to	obesity,	but	there	are	data	showing	that	these
risk	factors	could	operate	independently.3	The	use	of	estrogen-only	hormone	replacement	therapy	and	sequential
oral	 contraceptives	 significantly	 increases	 endometrial	 cancer	 risk,	 whereas	 combined	 preparations	 (i.e.,	 that
contain	progestogen)	have	a	protective	effect.4

The	 use	 of	 tamoxifen	 in	 patients	with	 breast	 cancer	 has	 been	 associated	with	 increased	 risk	 of	 endometrial
cancer.	In	premenopausal	women,	tamoxifen	has	an	antiestrogenic	effect,	but	in	postmenopausal	women,	it	has	a
weak	estrogenic	effect	because	of	the	upregulation	of	estrogen	receptors.	A	meta-analysis	of	the	risks	of	adjuvant
tamoxifen	 found	 that	 it	 carried	no	 absolute	 risk	 for	 endometrial	 cancer	 for	 patients	younger	 than	55	years	old,
whereas	the	drug	increased	risk	for	patients	aged	55	to	69	years	by	2.6%	(from	1.1%	to	3.8%),	highlighting	the
influence	 of	 age	 on	 the	 risk	 of	 endometrial	 cancer	 from	 tamoxifen	 use.5	 Although	 most	 endometrial	 cancers
associated	with	tamoxifen	use	were	early-stage	cancers	with	favorable	features,	emerging	data	point	to	a	change	in
the	 profile	 of	 these	 endometrial	 cancers,	 with	 increasing	 rates	 of	 serous	 carcinoma,	 clear	 cell	 carcinoma,
carcinosarcoma,	and	sarcoma.6	The	risk	of	endometrial	cancer	from	tamoxifen,	including	the	duration	of	its	use,
has	to	be	weighed	against	its	benefit	in	reducing	mortality	from	breast	cancer.

Approximately	 5%	 of	 endometrial	 cancers	 are	 associated	with	Lynch	 syndrome,	 or	 hereditary	 nonpolyposis
colorectal	cancer.	Lynch	syndrome	is	an	autosomal	dominant	inherited	cancer	susceptibility	syndrome	caused	by	a
germline	mutation	 in	one	of	 the	DNA	mismatch	repair	genes	(MSH2,	MLH1,	MSH6,	PMS2).	Women	with	 this
syndrome	have	a	40%	to	60%	risk	of	endometrial	cancer,	which	equals	or	exceeds	their	risk	of	colorectal	cancer.
The	 estimated	 risks	 for	 endometrial	 cancer	 by	 age	 70	 years	 were	 25%	 to	 60%	 for	MLH1	 or	MSH2	mutation
carriers,	16%	to	20%	for	MSH6	carriers,	and	15%	for	PMS2	carriers.	These	endometrial	cancers	are	diagnosed	at	a
mean	age	of	50	years,	as	opposed	to	61	years	in	sporadic	cases,7	and	more	frequently	involve	the	lower	uterine
segment.	In	terms	of	histology,	endometrioid	is	the	most	common,	but	others,	such	as	clear	cell	carcinoma,	serous
carcinoma,	and	carcinosarcoma,	have	been	reported	in	patients	with	Lynch	syndrome.
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Natural	History	and	Routes	of	Spread
The	most	common	presentation	for	endometrial	cancer	is	postmenopausal	vaginal	bleeding,	which	is	reported	by
80%	to	90%	of	patients.	The	incidence	of	endometrial	cancer	in	women	presenting	with	postmenopausal	bleeding,
however,	 is	 only	 10%	 to	 15%.	 This	 incidence	 could	 vary	 from	 1%	 up	 to	 25%	 depending	 on	 patient	 age,	 the
number	of	vaginal	bleeding	episodes,	and	the	presence	of	other	risk	factors	such	as	diabetes	and	high	body	mass
index.	 Other	 patterns	 of	 presentations	 include	 vaginal	 discharge,	 abnormal	 Papanicolaou	 smear,	 or	 thickened
endometrium	on	routine	transvaginal	ultrasound.	Presenting	with	urinary	or	rectal	bleeding,	pain,	lower	extremity
lymphedema,	ascites,	and	cough	and/or	hemoptysis	is	rare	and	often	indicative	of	advanced	disease.

The	uterus	has	a	rich	and	complex	lymphatic	network.	The	main	body	of	the	uterus	drains	via	lymphatic	trunks
that	condense	in	the	parametria	and	end	up	in	pelvic	nodes.	Channels	draining	the	superior	portion	of	the	fundus
and	 fundal	 uterine	 serosa	parallel	 the	ovarian	vessels	 and	 empty	 into	 the	para-aortic	 lymph	nodes	 in	 the	upper
abdomen.	A	 few	small	 lymphatic	vessels	 course	 through	 the	 round	 ligaments	 to	 the	 superficial	 inguinal	nodes.
Invasion	 into	 adjacent	 organs	 such	 as	 bladder	 and	 rectum	may	 occur,	 although	 this	 does	 not	 occur	 frequently.
Tumor	cells	may	gain	access	to	the	peritoneal	cavity,	at	 times	leading	to	peritoneal	 implants,	similar	 to	ovarian
cancers.	Sites	of	distant	spread	include	lungs,	liver,	and	bone.

Diagnosis	and	Pretherapy	Evaluation
Office	endometrial	biopsy	is	the	preferred	approach	to	establish	the	diagnosis	of	endometrial	cancer.	Its	sensitivity
in	 detecting	 endometrial	 cancer	 in	 postmenopausal	 women	 is	 close	 to	 99%,	 compared	 to	 about	 91%	 in
premenopausal	women,	 and	 its	 specificity	 is	>98%	 for	 both	 groups.	However,	 if	 symptoms	persist,	 the	 biopsy
sampling	is	inadequate,	or	the	patient	is	being	considered	for	conservative	fertility-sparing	approaches,	a	dilatation
and	curettage	should	be	performed	 instead.	To	confirm	a	diagnosis	of	endometrial	cancer,	 a	 tissue	diagnosis	 is
required	and	must	not	be	substituted	by	imaging	studies.	Transvaginal	ultrasonography	may	be	a	useful	imaging
modality,	 particularly	 in	 patients	 who	 are	 medically	 compromised	 such	 that	 obtaining	 a	 tissue	 sample	 is	 not
feasible.	Normal	endometrium	looks	thin	and	homogenously	hyperechoic,	but	in	endometrial	cancer,	it	becomes
thickened	and	heterogenous	with	hyperplasia,	polyps,	and	tumors.	The	consensus	statement	from	the	Society	of
Radiologists	in	Ultrasound	has	defined	an	endometrial	thickness	of	≥5	mm	as	being	abnormal.8	If	the	thickness	of
the	endometrium	is	<5	mm,	the	risk	of	endometrial	cancer	is	minimal;	the	false-negative	rate	is	approximately	4%.
Computed	tomography	(CT)	imaging	can	be	helpful	in	assessing	the	extent	of	disease,	especially	for	those	with

higher	 grade	 histology	 and	 high-risk	 histologic	 subtypes	 such	 as	 serous	 or	 clear	 cell	 carcinoma	 as	 opposed	 to
those	with	endometrial	hyperplasia	or	endometrioid	low-grade	carcinoma.
Magnetic	 resonance	 imaging	 (MRI),	 especially	 dynamic	 contrast-enhanced	MRI,	 is	 very	 useful	 in	 detecting

myometrial	 invasion,	 with	 an	 accuracy	 of	 85%	 to	 93%.9	 In	 patients	 with	 suspected	 cervical	 involvement,
preoperative	MRI	may	also	help	determine	whether	the	uterine	tumor	involves	the	lower	uterine	segment	or	truly
extends	 into	 the	 cervix.	 Gross	 cervical	 involvement	 in	 endometrial	 cancer	 is	 rare	 but	 important	 to	 document
because	it	could	influence	surgical	treatment	(radical	hysterectomy	as	opposed	to	simple	hysterectomy).	Position
emission	 tomography	 (PET)	plus	CT	 is	 of	 little	 benefit	 in	 assessing	 the	 primary	 tumor	 extension,	 of	moderate
benefit	 in	detecting	nodal	metastasis,	and	of	great	benefit	 in	detecting	distant	metastasis.	Serum	cancer	antigen
(CA)	125	levels	may	be	a	predictor	of	extrauterine	disease.10	In	a	study	of	214	endometrial	cancer	patients,	serum
CA	125	was	found	to	be	an	independent	risk	factor	for	pelvic	and	para-aortic	lymph	node	metastasis.11	Elevated
levels	of	CA	125	may	also	assist	in	predicting	treatment	response	or	in	posttreatment	surveillance.

Pathology
Endometrial	 hyperplasia	 is	 the	 precursor	 lesion	 of	 the	 most	 common	 endometrial	 cancer,	 endometrioid
adenocarcinoma.	 The	World	Health	Organization	 classifies	 endometrial	 hyperplasia	 into	 four	 subtypes:	 simple
hyperplasia,	 complex	 hyperplasia,	 simple	 atypical	 hyperplasia,	 and	 complex	 atypical	 hyperplasia.	 The	 risk	 of
progressing	to	endometrial	cancer	is	approximately	1%	for	simple	hyperplasia	but	increases	up	to	approximately
29%	 for	 complex	 hyperplasia	 associated	 with	 atypia.	 In	 a	 prospective	 trial	 conducted	 by	 the	 Gynecologic
Oncology	 Group	 (GOG),	 among	 patients	 with	 atypical	 hyperplasia	 of	 the	 uterus	 who	 underwent	 immediate
hysterectomy,	the	rate	of	underlying	concurrent	carcinoma	in	the	uterus	was	42.6%.12	The	standard	recommended
treatment	for	atypical	hyperplasia	of	the	uterus	is	hysterectomy.	In	patients	who	desire	future	fertility	or	have	an
absolute	contraindication	to	surgery,	progestational	therapies	may	be	used	with	caution.

The	most	common	histologic	subtype	of	endometrial	cancer	is	endometrioid.	The	grading	is	primarily	driven



by	architecture	(i.e.,	the	proportion	of	solid	masses	of	tumor	cells	relative	to	well-defined	glands).	Grade	1	is	an
endometrioid	cancer	in	which	<5%	of	the	tumor	growth	is	in	solid	sheets.	Grade	2	is	an	adenocarcinoma	in	which
6%	to	50%	of	the	tumor	is	composed	of	solid	sheets	of	cells.	Grade	3	occurs	when	>50%	of	the	tumor	is	made	up
of	 solid	 sheets.	 There	 are	 several	 subtypes	 of	 endometrioid	 adenocarcinoma,	 as	 shown	 in	 Table	 75.1.	 Serous
carcinoma,	also	known	as	uterine	papillary	serous	cancer,	is	seen	in	approximately	10%	of	endometrial	cancers.
The	presence	of	marked	cellular	atypia	in	addition	to	papilla	is	what	distinguishes	serous	carcinoma	from	others.
This	is	an	aggressive	subtype	with	a	high	propensity	for	early	lymphatic	and	intraperitoneal	dissemination.	Other
histologies	include	clear	cell	carcinoma	(<5%	of	endometrial	cancer)	and	undifferentiated	carcinomas.	The	latter
can	 also	 be	 associated	with	 an	 endometrioid	 carcinoma	 component,	 and	 such	 tumors	 have	 been	 referred	 to	 as
“dedifferentiated	carcinomas,”	which	may	belong	to	the	spectrum	of	gynecologic	neoplasms	seen	in	the	setting	of
microsatellite	instability	(MSI)	and	possibly	Lynch	syndrome.

TABLE	75.1
Pathologic	Classification	of	Endometrial	Cancers

Endometrioid	adenocarcinoma
Not	otherwise	specified
Adenocarcinoma	with	squamous	differentiation
Secretory	adenocarcinoma
Ciliated	carcinoma
Villoglandular
Serous
Clear	cell	carcinoma
Undifferentiated	carcinoma
Mucinous	carcinoma
Squamous	cell	carcinoma
Transitional	cell	carcinoma
Mixed	cell	type

Prognostic	Factors
Adverse	 prognostic	 factors	 in	 endometrial	 cancer	 that	 are	 included	 in	 the	 staging	 system	 include	 depth	 of
myometrial	 invasion,	 cervical	 stromal	 involvement,	 adnexal	 involvement,	 pelvic/para-aortic	 node	 involvement,
extension	into	bladder	or	rectum,	and	distant	spread.	Stage	correlates	with	risk	of	recurrence,	as	confirmed	by	a
recent	NRG	Oncology/GOG	observational	 study,	where	 the	 rate	 of	 recurrence	was	 9.8%	 among	 3,484	 stage	 I
patients,	 21.6%	 for	 361	 stage	 II	 patients,	 and	 38.9%	 for	 853	 stage	 III	 patients.13	 Other	 non–staging-related
prognostic	factors	include	age,	race,	grade,	histologic	type,	and	lymphovascular	invasion	(LVI).	The	prevalence	of
these	 prognostic	 factors,	 however,	 is	 stage	 dependent,	 making	 the	 assessment	 of	 their	 independent	 impact
somewhat	challenging.

The	adverse	impact	of	older	age	is	often	explained	away	by	pointing	out	that	older	patients	tend	to	present	with
aggressive	histologies	and	more	advanced	disease	and	are	generally	treated	less	aggressively.	Age	60	years	and
older,	however,	has	been	shown	to	be	predictive	of	 locoregional	recurrence	(hazard	ratio	[HR],	3.9;	P	=	.0017)
and	 death	 (HR,	 2.66;	P	 =	 .01)	 in	 a	 randomized	 trial	 limited	 to	 stage	 I	 disease,	 excluding	 patients	 with	 deep
myometrial	invasion	and	grade	3	tumors.14	Further,	the	adverse	impact	of	advanced	age	persists	even	when	older
patients	are	treated	as	aggressively	as	younger	patients.15	Similarly,	the	influence	of	race	(African	Americans	and
Hispanics	 have	worse	 outcomes	 compared	 to	Caucasians)	 is	 often	 attributed	 to	 advanced	 stage,	 older	 age,	 and
histology.	However,	NRG	Oncology	data	seem	to	show	that	 the	 impact	of	race	persists	even	after	adjusting	for
such	confounding	factors,	making	the	case	for	exploring	the	impact	of	race	on	tumor	biology.16

Although	prognosis	may	not	differ	significantly	between	grade	1	and	2	patients,17	patients	with	grade	3	clearly
have	worse	outcomes.	In	Postoperative	Radiation	Therapy	in	Endometrial	Carcinoma	(PORTEC)-1	trial,14	which
was	limited	to	stage	I	disease,	grade	3	was	associated	with	increased	risk	of	locoregional	recurrence	(HR,	3.35;	P
=	.0003)	and	death	(HR,	7.3;	P	<	.0001).

Histology	 can	 influence	 outcome	 even	 within	 early-stage	 disease.	 An	 NRG	 Oncology/GOG	 study
demonstrated	 that	 survival	 and	 recurrence	 rates	 for	patients	with	clear	 cell	 carcinoma	were	 similar	 to	 those	 for
endometrioid	grade	3	disease	but	were	significantly	better	than	those	for	serous	endometrial	cancer.17

LVI	is	associated	with	metastasis.	Among	the	22.7%	of	patients	in	the	NRG	Oncology/GOG-210	study	whose
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cancers	displayed	LVI,	the	rate	of	pelvic	node	metastasis	was	37.5%,	compared	with	4.1%	among	those	without,
and	 the	 rate	 of	 para-aortic	metastasis	was	 23.8%	 (versus	 2.3%).18	 This	 translates	 into	more	 frequent	 relapses,
including	vaginal	recurrences.19	The	prognostic	significance	of	LVI	is	dependent	on	its	extent	and	the	presence	of
other	prognostic	factors.20,21

To	incorporate	the	impact	of	several	prognostic	factors	on	outcome,	investigators	at	Memorial	Sloan	Kettering
Cancer	Center	(MSKCC)	developed	a	nomogram	for	predicting	overall	survival	(OS)	of	women	with	endometrial
cancer	(N	=	1,735)	following	primary	therapy.22	Five	prognostic	factors	(age,	grade,	histologic	type,	number	of
lymph	nodes	 removed,	and	 International	Federation	of	Gynecology	and	Obstetrics	 [FIGO]	1988	surgical	 stage)
were	used	to	predict	OS	with	high	concordance	probability.	PORTEC	also	developed	a	similar	nomogram,	which
only	covers	early-stage	disease.23

It	has	been	long	recognized	that	there	are	two	different	pathogenetic	types	of	endometrial	carcinoma.	Type	I
disease	 arises	 in	 women	 with	 obesity	 and	 signs	 of	 hyperestrogenism,	 such	 as	 anovulatory	 uterine	 bleeding,
infertility,	 late	 onset	 of	 menopause,	 and	 hyperplasia	 of	 the	 endometrium.	 These	 tumors	 tend	 to	 be	 well	 to
moderately	differentiated,	with	minimal	invasion,	and	carry	a	good	prognosis.	Type	II	arises	in	women	who	lack
signs	 of	 hyperestrogenism	 and	 tend	 to	 be	 older.	 These	 tumors	 are	 often	 poorly	 differentiated,	 with	 deep
myometrial	invasion	and	frequent	occurrence	of	extrauterine	spread.24

Remarkably,	 this	 clinical	 observation	 has	 been	 confirmed	 at	 the	molecular	 level.25	 In	 The	 Cancer	 Genome
Atlas	(TCGA)	report	on	endometrial	cancer,	limited	to	endometrioid	and	serous	histologies,	four	distinct	genomic
groups	were	identified.	POLE	ultramutated,	MSI	hypermutated,	copy	number	low,	and	copy	number	high.26	Copy
number	 high	 tumors	 usually	 displayed	 serous	 histology;	 approximately	 25%	 were	 grade	 3	 endometrioid
adenocarcinoma	 (serous-like).	 These	 cancers	 carried	 significantly	worse	 prognosis	 than	 the	 other	 three	 groups
(Fig.	75.1).	On	the	other	end	of	the	spectrum,	cancers	with	POLE	mutations	(approximately	10%	of	endometrioid
histology)	had	excellent	prognosis.	This	correlation	between	good	prognosis	and	POLE	mutations	was	confirmed
by	the	PORTEC	group	and	is	likely	due	to	the	high	mutational	burden	in	these	tumors.27	In	the	copy	number	low
group,	approximately	52%	had	CTNNB1	(β-catenin)	mutations.	Patients	with	such	mutations	have	significantly
worse	 outcomes,	 even	 in	 the	 setting	 of	 early-stage	 endometrioid	 histology.28	 Genomic	 analysis	 of	 clear	 cell
carcinoma	 of	 the	 uterus	 found	 four	 genomic	 groups,	 similar	 to	 those	 in	 endometrioid	 carcinomas:	 POLE,
mismatch	repair–deficient	tumors,	copy	number	low,	and	copy	number	high.29

Staging
According	to	the	NRG	Oncology/GOG-210	study,18	the	extent	of	disease	was	as	follows:	24.8%	of	patients	had
disease	limited	to	the	endometrium,	38.4%	had	disease	limited	to	the	inner	half	of	 the	myometrium,	11.2%	had
disease	 that	 involved	 only	 the	 outer	 half	 of	 the	 myometrium,	 2.3%	 had	 disease	 that	 extended	 only	 to	 the
endocervical	gland,	4.4%	had	tumor	that	extended	to	the	cervical	stroma,	8.6%	had	adnexal	metastasis,	9.8%	had
pelvic	node	metastasis,	5.1%	had	para-aortic	metastasis,	and	10.7%	had	other	extrauterine	metastasis.

In	2009,	the	FIGO	Committee	on	Gynecologic	Oncology	(Table	75.2)	revised	the	1988	staging	for	endometrial
cancer.30	The	discriminating	power	of	the	2009	FIGO	staging	system	in	stage	I	disease	is	debatable.	A	study	from
MSKCC	of	 1,307	 patients	with	FIGO	1988	 stage	 I	 disease	 showed	 that	 the	 revised	 system	 for	 stage	 I	 did	 not
improve	 its	 predictive	 ability	over	 the	1988	 system.31	Endocervical	 glandular	 involvement	 is	 not	 considered	 in
staging;	 only	 patients	 with	 cervical	 stromal	 invasion	 are	 classified	 as	 stage	 II.	 Endometrial	 cancers	 with
parametrial	extension	are	now	considered	stage	IIIB.	Patients	with	stage	IIIC	are	subdivided	into	IIIC1	if	pelvic
nodes	are	involved	and	IIIC2	if	para-aortic	nodes	are	involved.

Although	positive	peritoneal	cytology,	seen	in	8.9%	of	patients	in	the	NRG	Oncology/GOG-210	study,18	is	no
longer	considered	in	staging,	it	has	prognostic	impact	in	patients	with	other	extrauterine	features.	Milgrom	et	al.32
reported	on	196	patients	with	stage	III	(2009	FIGO	staging	system)	endometrial	cancer,	where	positive	peritoneal
cytology	was	associated	with	an	increased	hazard	for	relapse	(HR,	2.3;	P	=	.002)	and	death	(HR,	2.9;	P	<	.001).32
This	 characteristic	 seems	 to	 have	 little	 prognostic	 significance	 in	 early-stage,	 low-grade	 endometrioid
carcinoma.33



Figure	75.1	Genomic	landscape	of	endometrial	cancer.

TABLE	75.2
Revised	International	Federation	of	Gynecology	and	Obstetrics	Staging	for	Endometrial
Cancer

Stage	Ia Tumor	confined	to	the	corpus	uteri

IAa No	or	less	than	half	myometrial	invasion

IBa Invasion	equal	to	or	more	than	half	of	the	myometrium

Stage	IIa Tumor	invades	cervical	stroma	but	does	not	extend	beyond	the	uterusb

Stage	IIIa,c Local	and/or	regional	spread	of	the	tumor

IIIAa Tumor	invades	the	serosa	of	the	corpus	uteri	and/or	adnexaea

IIIBa Vaginal	and/or	parametrial	involvementa

IIICa Metastases	to	pelvic	and/or	para-aortic	lymph	nodesa

IIIC1 Positive	pelvic	nodes

IIIC2 Positive	para-aortic	lymph	nodes	with	or	without	positive	pelvic	nodes

Stage	IVa Tumor	invades	bladder	and/or	bowel	mucosa,	and/or	distant	metastases

IVAa Tumor	invasion	of	bladder	and/or	bowel	mucosa

IVBa Distant	metastases,	including	intra-abdominal	metastases	and/or	inguinal	lymph	nodes
aGrade	1,	grade	2,	or	grade	3.
bEndocervical	glandular	involvement	only	should	be	considered	as	stage	I	and	no	longer	as	stage	II.
cPositive	cytology	has	to	be	reported	separately	without	changing	the	stage.
From	Pecorelli	S.	Revised	FIGO	staging	for	carcinoma	of	the	vulva,	cervix,	and	endometrium.	Int	J	Gynecol	Obstet	2009;105:103–
104.

Parametrial	extension	is	considered	IIIB.	Patients	with	stage	IIIC	are	subdivided	into	IIIC1	if	pelvic	nodes	are
involved	and	IIIC2	if	para-aortic	nodes	are	involved.

Treatment	of	Early-Stage	(Stage	I	and	II)	Disease

Surgery
The	main	treatment	is	simple	hysterectomy	and	bilateral	salpingo-	oophorectomy	(BSO),	peritoneal	cytology,	and



Dr. AVR @ TMH

some	form	of	regional	lymph	node	assessment.	Salpingo-oophorectomy	is	recommended	because	8.6%	of	patients
with	 endometrial	 cancer	may	have	adnexal	 involvement.18	 This	 procedure	 also	 eliminates	 synchronous	 ovarian
cancer,	 found	 in	5%	of	all	women	with	endometrial	cancer;	among	women	younger	 than	50	years	old,	 the	rate
could	close	to	10%.	Differentiating	between	metastasis	to	ovary	as	opposed	to	synchronous	ovarian	cancer	is	not
always	easy.	Genetic	profiling	may	represent	a	powerful	tool	in	clinical	practice	to	distinguish	between	metastatic
and	dual	primaries	in	patients	with	simultaneous	ovarian	and	endometrial	cancer	and	to	predict	disease	outcome.34
The	2009	FIGO	staging	system	requires	that	peritoneal	cytology	be	obtained	and	reported	separately	from	stage.

Simple	hysterectomy	can	be	performed	via	an	open	approach	(i.e.,	total	abdominal	hysterectomy	[TAH]/	BSO)
or	 a	 minimally	 invasive	 approach	 (i.e.,	 laparoscopic-assisted	 hysterectomy/BSO	 or	 robotic-	 assisted
hysterectomy/BSO).	 In	 a	prospective	GOG	 trial,	 patients	with	clinical	 stage	 I	 to	occult	 IIA	uterine	cancer	were
randomly	assigned	to	laparoscopy	(n	=	1,696)	or	open	laparotomy	(n	=	920),	 including	hysterectomy,	salpingo-
oophorectomy,	pelvic	cytology,	and	pelvic	and	para-aortic	lymphadenectomy.35	Laparoscopy	was	associated	with
fewer	 moderate	 to	 severe	 postoperative	 adverse	 events	 than	 laparotomy	 (14%	 versus	 21%,	 respectively;	 P	 <
.0001)	 and	 lower	 rates	 of	 extended	 hospitalization	 (>2	 days;	 52%	 versus	 94%,	 respectively;	P	 <	 .0001).	 The
conversion	rate	to	laparotomy	was	25.8%.	The	estimated	5-year	OS	was	the	same	(89.8%	for	both	procedures).36
The	specific	method	of	minimally	invasive	surgery,	whether	conventional	laparoscopy	or	robotic	surgery	(the	da
Vinci	robotic	system	was	approved	by	the	U.S.	Food	and	Drug	Administration	[FDA]	in	2005),	should	be	tailored
to	 patient	 selection,	 surgeon	 ability,	 and	 equipment	 availability.	 Because	 minimally	 invasive	 surgery	 shortens
hospital	 stays	and	 reduces	subsequent	emergency	 room	visits	and	 readmission,	 it	 is	 likely	 to	 reduce	 the	cost	of
endometrial	cancer	treatment.37

With	 regard	 to	 regional	 lymph	 node	 assessment,	 the	 options	 range	 from	 removing	 only	 grossly	 suspicious
nodes	 to	 routine	 lymphadenectomy	 for	 all	 patients.	 Based	 on	 NRG	 Oncology/GOG-120	 surgical-pathologic
assessment,	 the	 rate	 of	 positive	 pelvic	 lymph	 nodes	 ranges	 from	 as	 low	 as	 0.8%	 for	 grade	 1	 endometrioid
carcinoma	without	myometrial	invasion	to	as	high	as	44.3%	for	patients	with	serous	histology	and	deep	(>50%)
myometrial	 invasion.18	 Two	 prospective	 randomized	 trials	 assessed	 the	 benefit	 of	 pelvic	 lymphadenectomy	 in
clinical	 stage	 I	 endometrial	 cancer	 (para-aortic	 node	 sampling	 was	 optional);	 both	 found	 that	 pelvic
lymphadenectomy	did	not	improve	OS.38,39

A	middle	ground	approach	between	removing	only	grossly	suspicious	nodes	and	routine	lymphadenectomy	is
sentinel	lymph	node	(SLN)	mapping	(Fig.	75.2).	Two	prospective	studies	demonstrated	that	successful	mapping	is
achievable	in	86%	to	89%	of	cases,	with	a	sensitivity	of	84%	to	97.2%	and	a	negative	predictive	value	of	97%	to
99.6%.	 Reassuringly,	 the	 rate	 of	 positive	 nodes	 is	 12%	 to	 17%,	 slightly	 higher	 than	 that	 after
lymphadenectomy.40,41	 At	 MSKCC,	 an	 SLN	 mapping	 algorithm	 is	 used	 to	 further	 refine	 the	 utility	 of	 this
technique.42	 SLN	 mapping	 is	 for	 normal-appearing	 nodes;	 any	 grossly	 enlarged	 or	 suspicious	 nodes	 must	 be
evaluated	irrespective	of	mapping.	In	fact,	such	nodes	often	do	not	absorb	the	injected	dye	or	radiocolloid	(i.e.,
they	 do	 not	 map).	 Similarly,	 failed	 mapping	 on	 a	 hemipelvis	 should	 be	 accompanied	 by	 side-specific
lymphadenectomy	to	include	the	iliac	and	obturator	nodes	(Fig.	75.3).	This	algorithm	reduced	the	false-negative
rate	from	15%	to	2%.

With	 such	 encouraging	 results,	 SLN	 mapping	 is	 gaining	 acceptance	 in	 the	 staging	 of	 endometrioid
adenocarcinoma	and	to	some	extent	 in	nonendometrioid	histologies.	In	a	prospective	study	of	123	patients	with
grade	3	endometrioid	histology,	serous	carcinoma,	clear	cell	carcinoma,	or	carcinosarcoma,	all	patients	underwent
SLN	mapping	followed	by	lymphadenectomy.43	The	SLN	detection	rate	was	89%,	with	a	sensitivity	of	95%	and
false-negative	rate	of	5%	(1	of	20	patients).	The	rate	of	positive	nodes	was	23%;	only	1	patient	had	negative	SLNs
and	a	positive	non-SLN.43

In	summary,	minimally	invasive	simple	hysterectomy	and	BSO	(laparoscopic	or	robotic),	peritoneal	cytology,
and	SLN	mapping	seem	to	provide	the	highest	prognostic	and	therapeutic	yield	while	maintaining	a	low	morbidity
profile.

Radiation
Indications	 and	 types	 of	 radiation	 for	 early-stage	 endometrioid	 adenocarcinoma	 are	 shown	 in	 Table	 75.3.	 For
patients	with	stage	IA,	grade	1	and	2	endometrioid	adenocarcinoma	(no	or	<50%	myometrial	invasion),	adjuvant
radiotherapy	 (RT)	 is	 not	 routinely	 recommended.	 In	 a	 Swedish	 trial,	 645	 such	 patients	were	 randomized	 after
surgery	 to	 observation	 (n	 =	 326)	 or	 intravaginal	 RT	 (n	 =	 319).	 Surgery	 consisted	 of	 TAH/BSO	 (including
laparoscopic	 procedures),	 pelvic	 washing,	 and	 removal	 of	 enlarged	 nodes.	 The	 rates	 of	 vaginal	 and	 pelvic
recurrence	 did	 not	 differ	 between	 the	 observation	 and	 intravaginal	 RT	 arms	 (vaginal	 recurrence,	 3.1%	 versus



1.2%,	P	=	.114;	pelvic	recurrence,	0.9%	versus	0.3%,	P	=	.326),	nor	did	OS.	Patients	who	developed	recurrence
were	significantly	older	than	those	who	did	not	(mean	age,	68.6	versus	62.6	years;	P	=	.018).44	In	addition	to	older
age,	LVI	is	associated	a	greater	risk	of	vaginal	relapse	among	patients	with	stage	I	endometrial	cancer,	even	with
minimal	myometrial	 invasion	 (7%	versus	3%,	P	=	 .02).19	Therefore,	 although	observation	 is	 a	valid	option	 for
patient	 with	 grade	 1	 or	 2	 disease	 and	 <50%	 myometrial	 invasion,	 MSKCC	 recommends	 intravaginal	 RT	 for
patients	with	myometrial	invasion	that	is	<50%	but	who	are	60	years	and	older	or	have	LVI.

For	patients	with	stage	IA,	grade	3	endometrioid	adenocarcinoma,	those	without	myometrial	invasion	may	be
observed	or	 treated	with	 postoperative	 intravaginal	RT,	whereas	 patients	with	<50%	 invasion	 are	 often	 treated
with	adjuvant	radiation.	In	the	PORTEC-1	trial,	715	patients	with	stage	I	endometrial	cancer	(excluding	patients
with	<50%	myometrial	invasion	and	grade	1	and	patients	with	>50%	invasion	and	grade	3)	were	randomized	after
TAH/BSO	to	observation	or	pelvic	RT.14	 In	 the	subset	of	patients	with	<50%	myometrial	 invasion	and	grade	3
endometrioid	tumors	(n	=	37),	the	5-year	vaginal	recurrence	rate	was	lower	for	those	treated	with	pelvic	RT	(14%
versus	0%);	no	pelvic	recurrences	were	observed.45

Figure	75.2	Diagrammatic	illustration	of	the	location	of	the	sentinel	lymph	nodes	(blue	in
relationship	to	vessels	between	internal	and	external	iliac	arteries).

Patients	with	stage	 IB,	grade	1	and	2	 endometrioid	 adenocarcinoma	may	benefit	 from	RT,	 as	 suggested	by
results	 of	 the	 PORTEC-1	 trial.	 Patients	 treated	 postoperatively	 with	 pelvic	 RT	 had	 lower	 5-year	 vaginal
recurrence	than	those	 treated	with	surgery	alone	(1%	versus	10%	for	grade	1	and	2%	versus	13%	for	grade	2).
Rates	 of	 pelvic	 recurrence	within	 5	 years	 after	 surgery	 did	 not	 differ	 between	 groups,	 raising	 the	 question	 of
whether	pelvic	RT	provides	greater	benefit	than	intravaginal	RT.45	Two	randomized	trials	have	compared	the	two
treatments,	 neither	 of	 which	 required	 pelvic	 lymphadenectomy.	 In	 the	 PORTEC-2	 trial,	 427	 patients	 were
randomized	to	pelvic	(n	=	214)	or	intravaginal	RT	(n	=	213)	after	TAH/BSO.	Inclusion	criteria	in	this	trial	were
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more	stringent	than	those	in	PORTEC-1:	Patients	with	stage	I	were	included	if	they	were	60	years	and	older	and
had	either	grade	3	tumors	with	<50%	myometrial	invasion	or	grade	1	and	2	tumors	with	>50%	invasion.	Patients
with	endocervical	mucosal	involvement	were	also	included.	Although	5-year	vaginal	recurrence	rates	were	similar
(1.8%	for	intravaginal	RT	versus	1.6%	for	pelvic	RT,	P	=	0.74),	pelvic	recurrence	was	higher	after	intravaginal
RT	(3.8%	versus	0.5%	for	pelvic	RT,	P	=	.02).	Neither	OS	nor	disease-free	survival	differed	significantly	between
the	two	arms.46	 In	 the	other	 trial,	 reported	by	Sorbe	et	al.,47	patients	with	stage	I	endometrioid	adenocarcinoma
with	at	 least	one	of	 the	following	risk	factors	were	randomized	to	adjuvant	 intravaginal	RT	(n	=	263)	or	pelvic
plus	 intravaginal	 RT	 (n	 =	 264):	 grade	 3,	 ≥50%	 myometrial	 invasion,	 or	 DNA	 aneuploidy.	 Rates	 of	 vaginal
recurrence	within	5	years	did	not	differ	between	the	two	arms	(2.7%	for	intravaginal	RT	alone	versus	1.9%	for
intravaginal	plus	pelvic	RT,	P	=	.555).	The	pelvic	recurrence	rate,	however,	did	differ	(5.3%	for	intravaginal	RT
alone	versus	0.4%	for	combined	pelvic	and	intravaginal	RT,	P	=	.0006).	OS	did	not	significantly	differ	between
the	two	arms	(90%	versus	89%,	respectively).47

Figure	75.3	Sentinel	lymph	node	mapping	algorithm.	SLN,	sentinel	lymph	node;	LND,
lymphadenectomy.

TABLE	75.3
Treatment	Recommendations	for	Early-Stage	(FIGO	2009)	Endometrioid	Adenocarcinoma	of
the	Uterus

	 Grade	1	or	2 Grade	3

IA Observationa Observation	vs.	IVRT

IB IVRT IMRT

IIb	(<50%	cervical	stromal	invasion) IVRT IMRT	vs.	IVRT	plus	CT

II	(>50%	cervical	stromal	invasion) IMRT IMRT	vs.	IVRT	plus	CT
aConsider	IVRT	for	patients	with	<50%	myometrial	invasion	who	are	also	aged	60	years	and	older	or	have	lymphovascular	invasion.
bPatients	with	endocervical	gland	involvement,	although	no	longer	considered	stage	II,	should	be	treated	in	a	similar	fashion	to	this
subgroup	of	stage	II	patients.
FIGO,	 International	 Federation	 of	 Gynecology	 and	 Obstetrics;	 IVRT,	 intravaginal	 radiation;	 IMRT,	 intensity-modulated	 radiation
therapy;	CT,	chemotherapy,	generally	paclitaxel/carboplatin.

The	 data	 from	 these	 trials	 indicate	 that	 the	 omission	 of	 pelvic	 RT	 in	 favor	 of	 intravaginal	 RT	 does	 not
significantly	increase	the	risk	of	vaginal	recurrence.	Although	the	rate	of	pelvic	recurrence	in	the	PORTEC-2	and



Sorbe	trials,	where	lymphadenectomy	was	not	routinely	done,	was	lower	after	pelvic	RT,	this	is	not	a	sufficient
reason	 to	 recommend	 routine	 lymphadenectomy	 or	 pelvic	 RT	 for	 two	 reasons.	 First,	 neither	 pelvic	 RT	 nor
lymphadenectomy	 has	 been	 shown	 to	 improve	 survival	 in	 patients	 with	 early-stage	 endometrial	 cancer.38,39
Second,	in	the	PORTEC-2	trial,	most	patients	with	pelvic	recurrences	had	simultaneous	distant	metastasis.46	The
5-year	rate	of	isolated	pelvic	recurrence	was	only	1.5%	in	the	intravaginal	RT	arm	compared	to	0.5%	for	pelvic
RT	(P	=	.3).	At	MSKCC,	most	patients	with	stage	IB,	grade	1	or	2	endometrial	cancer	undergo	SLN	mapping,	and
if	the	nodes	are	pathologically	negative,	they	receive	intravaginal	RT	alone.

Patients	 with	 stage	 IB,	 grade	 3	 endometrioid	 adenocarcinoma	 were	 not	 enrolled	 in	 the	 PORTEC-1	 or
PORTEC-2	trials	because	omitting	pelvic	RT	when	lymphadenectomy	was	not	performed	was	not	justifiable.	In
the	registry	study	reported	by	Creutzberg	et	al.,45	99	patients	with	≥50%	myometrial	invasion	and	grade	3	disease
were	treated	with	postoperative	pelvic	RT.	The	5-year	rates	of	vaginal	recurrence,	pelvic	recurrence,	and	distant
relapse	were	5%,	8%,	and	31%,	respectively.	Very	few	investigators	would	recommend	surgery	alone	for	 these
patients.	 In	 fact,	 an	 argument	 could	 be	 made	 that	 pelvic	 RT	 might	 be	 needed	 even	 after	 a	 negative
lymphadenectomy,	especially	for	older	patients	and	those	with	LVI.	In	the	GOG-99	trial,	190	patients	with	stage	I
or	 II	 disease	 (excluding	 those	 without	 myometrial	 invasion)	 underwent	 TAH/BSO,	 pelvic	 washing,	 and
pelvic/para-aortic	lymph	nodes	sampling	and	then	were	randomized	to	observation	versus	pelvic	RT.48	The	2-year
rate	of	relapse	was	significantly	lower	in	patients	who	received	adjuvant	pelvic	RT	(3%	versus	12%,	P	=	 .007).
However,	4-year	OS	did	not	differ	(92%	for	RT	versus	86%	for	surgery	alone,	P	=	.557).	The	benefit	of	pelvic	RT
was	predominantly	seen	in	a	subset	of	patients	designated	“high-intermediate	risk	(HIR)”	based	on	advancing	age,
grade	 2	 or	 3	 tumors,	 outer	 third	myometrial	 invasion,	 and	LVI.	Among	 those	 receiving	 pelvic	RT,	 the	 overall
death	rate	was	somewhat	lower	compared	with	those	on	the	observation	arm	(HR,	0.73;	90%	confidence	interval
[CI],	 0.43	 to	1.26)	 in	 the	HIR	 subgroup.48	AT	MSKCC,	 patients	with	>50%	myometrial	 invasion	 and	grade	 3
disease	 who	 are	 HIR	 per	 GOG-99	 would	 be	 offered	 postoperative	 pelvic	 RT	 even	 in	 the	 setting	 of	 negative
lymphadenectomy.

Patients	with	 endocervical	mucosal	 invasion	 are	 no	 longer	 considered	 stage	 II	 per	 the	 FIGO	 2009	 staging
system.	This	subset	of	patients	represented	only	2.3%	of	patients	in	NRG	Oncology/GOG-120.18	Although	 they
are	 considered	 stage	 IA,	 there	 are	 no	 data	 to	 indicate	 that	 observation	 is	 the	 optimal	 treatment.	 In	 fact,	 such
patients	were	 randomized	 to	 either	 pelvic	RT	 or	 intravaginal	 RT	 in	 the	 PORTEC-2	 trial.46	At	MSKCC,	 these
patients	 are	 treated	 with	 postoperative	 intravaginal	 RT.	 For	 patients	 with	 stage	 II	 disease	 (cervical	 stromal
invasion),	omitting	pelvic	RT	may	be	justified,	in	the	setting	of	negative	lymphadenectomy,	based	on	reported	low
rates	 of	 vaginal	 and	 pelvic	 recurrence	 for	 patients	 who	 undergo	 lymphadenectomy	 and	 intravaginal	 RT.49
However,	patients	in	these	series	were	highly	selected.	At	MSKCC,	intravaginal	RT	alone,	as	opposed	to	pelvic
RT,	is	considered	only	for	stage	II	patients	who	meet	the	following	criteria:	grade	1	and	2	endometrioid	histology,
depth	 of	 cervical	 stromal	 invasion	 of	 <50%,	 and	 adequate	 lymphadenectomy	 and	SLN	mapping.	 Patients	with
stage	II,	grade	3	or	those	with	cervical	stromal	invasion	>50%	are	treated	with	pelvic	RT.

In	 the	PORTEC-2	 trial,	 the	 long-term	health-related	quality	 of	 life	 (HRQL)	 analysis	 at	 7	 years	 showed	 that
pelvic	RT	is	associated	with	more	long-term	bowel	symptoms	than	intravaginal	RT.	Rates	of	clinically	relevant
fecal	leakage	were	10.6%	for	pelvic	RT	and	1.8%	for	intravaginal	RT	(P	=	.03),	rates	of	diarrhea	were	8.4%	and
0.9%	(P	=	.04),	rates	of	limitations	due	to	bowel	symptoms	were	10.5%	and	1.8%	(P	=	.001),	and	rates	of	bowel
urgency	were	23.3%	and	6.6%	(P	 <	 .001),	 respectively.	Urinary	urgency	was	 reported	by	39.3%	of	 pelvic	RT
patients	 and	 25.5%	 of	 intravaginal	 RT	 patients	 (P	 =	 .05).	 No	 difference	 in	 sexual	 activity	 was	 seen	 between
treatment	arms.50

In	 summary,	 if	 postoperative	 radiation	 is	 needed	 in	 early-stage	 endometrioid	 adenocarcinoma,	 the	 preferred
approach	 is	 intravaginal	 RT	 rather	 than	 pelvic	RT	 in	most	 cases.	At	MSKCC,	 intravaginal	 RT	 is	 given	 as	 an
outpatient	 treatment	 using	 high-dose-rate	 iridium-192	 (18	 to	 21	Gy	given	 in	 three	 fractions	with	 1	 to	 2	weeks
between	fractions).	Intravaginal	RT	targets	the	most	likely	site	of	recurrence	in	patients	with	early-stage	disease
(approximately	80%	of	recurrences	are	vaginal),	and	its	morbidity	profile	is	better	than	pelvic	RT	(Fig.	75.4).
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Figure	75.4	Intravaginal	radiation	therapy	conformal	dose	distribution.

Chemotherapy
Adjuvant	 chemotherapy	 is	 not	 routinely	 recommended	 for	 patients	 with	 stage	 I	 or	 II	 endometrioid
adenocarcinoma.	Two	recent	prospective	randomized	trials	compared	chemoradiation	to	radiation	in	early-stage,
high-risk	 endometrial	 cancer.	 The	 first	 is	 the	 GOG-249	 trial,	 where	 601	 patients	 with	 stage	 I	 or	 II,	 HIR
endometrioid	adenocarcinoma	and	all	stage	I	or	II	serous	or	clear	cell	carcinoma	were	randomized	to	either	pelvic
RT	 (45	Gy)	or	 intravaginal	RT	plus	 three	 cycles	of	 carboplatin	plus	paclitaxel.51	At	 a	median	 follow-up	of	53
months,	no	significant	differences	were	observed	in	3-year	recurrence-free	survival	(RFS)	(82%	in	both	arms),	OS
(91%	 for	 pelvic	RT	 versus	 88%	 for	 chemotherapy	 and	 intravaginal	RT),	 or	 rates	 of	 vaginal	 relapse	 or	 distant
metastasis.	Patients	who	received	chemotherapy	had	a	higher	rate	of	pelvic	recurrence	(25	versus	6	patients	for
pelvic	RT)	and	experienced	greater	toxicity.	The	second	trial	was	PORTEC-3,	which	included	660	patients	with
high-risk	early-stage	and	stage	III	disease	(endometrioid,	serous,	and	clear	cell)	randomized	to	either	pelvic	RT
(46.8	 Gy)	 or	 pelvic	 RT	 with	 concurrent	 cisplatin	 (50	 mg/m2)	 on	 weeks	 1	 and	 4	 followed	 by	 four	 cycles	 of
carboplatin	plus	paclitaxel.52	In	the	subset	of	patients	with	stage	I	or	II	disease	(n	=	365	and	660,	respectively),
neither	5-year	OS	nor	RFS	differed	between	the	treatment	arms	(OS,	84%	for	chemoradiation	versus	82%	for	RT;
HR,	0.79	[95%	CI,	0.47	to	1.33;	P	=	.61];	RFS,	81%	versus	77%;	HR,	0.77	[95%	CI,	0.49	to	1.21;	P	=	.26]).

Chemotherapy	 is	 more	 widely	 used	 for	 patients	 with	 serous	 and	 clear	 cell	 carcinoma	 than	 for	 those	 with
endometrioid	histology.	PORTEC-3	 found	an	RFS	benefit	of	chemotherapy	 for	 the	167	patients	with	 serous	or
clear	cell	carcinoma	(stage	I	to	III);	5-year	RFS	rates	were	69%	for	patients	receiving	chemoradiation	and	59%	for
radiation	alone	 (P	=	 .036).52	 The	 5-year	OS,	 however,	 did	 not	 differ	 (76%	 for	 chemoradiation	 versus	 66%	 for
radiation	alone,	P	=	.19).	In	a	study	from	MSKCC,	41	patients	with	stage	I	or	II	serous	cancer	(excluding	those



with	no	residual	disease	in	the	hysterectomy	specimen)	were	treated	with	postoperative	intravaginal	RT	and	six
cycles	of	paclitaxel	plus	carboplatin,	85%	of	whom	completed	treatment	as	prescribed.	At	a	median	follow-up	of
58	months,	the	5-year	RFS	and	OS	rates	were	85%	and	90%,	respectively.	The	5-year	actuarial	recurrence	rates
were	 9%	 in	 the	 pelvis,	 5%	 in	 the	 para-aortic	 nodes,	 and	 10%	 at	 distant	 sites.	None	 of	 the	 patients	 developed
vaginal	recurrence.53

Treatment	of	Stage	III	Disease
Unlike	 in	cervical	cancer	where	 the	addition	of	chemotherapy	 to	 radiation	has	a	major	 impact	on	outcome,	 the
superiority	of	chemotherapy	over	radiation	in	endometrial	cancer	is	not	conclusive.	Three	randomized	trials	have
compared	 adjuvant	 chemotherapy	 to	 adjuvant	 external-beam	RT	 alone.	 In	 two	 of	 these	 trials	 (stages	 I	 to	 III),
adjuvant	chemotherapy	(cyclophosphamide,	cisplatin,	and	doxorubicin)	was	not	found	to	be	superior	to	adjuvant
external-	beam	RT	in	 terms	of	progression-free	survival	 (PFS)	or	OS.54,55	The	 third	 trial	was	GOG-122,	where
396	 patients	 with	 stage	 III	 or	 IV	 disease	 were	 randomized	 to	 whole-abdomen	 radiation	 (n	 =	 202)	 versus
doxorubicin	 plus	 cisplatin	 (n	 =	 194)	 for	 eight	 cycles.	At	 a	median	 follow-up	 of	 74	months,	 patients	 receiving
chemotherapy	had	better	PFS	(50%	versus	38%,	P	=	.007)	as	well	as	OS	(55%	versus	42%,	P	=	 .004)	but	only
after	adjusting	for	stage	imbalance.56

Two	studies	have	compared	adjuvant	 external-beam	RT	 to	 chemoradiation.	The	 first	 trial,	 conducted	by	 the
MaNGO	ILIADE	III	study	(approximately	two-thirds	of	patients	had	stage	III	disease),	also	did	not	demonstrate
significant	 improvement	 in	 outcome.57	 The	 second	 trial,	 PORTEC-3,	 showed	 an	 RFS	 advantage	 for
chemoradiation	in	the	subset	of	patients	with	stage	III	disease	(n	=	295;	5-year	RFS	of	69%	versus	58%;	P	=	.014)
but	no	difference	in	OS	(79%	chemoradiation	versus	70%	RT,	P	=	.074).52

Only	one	trial	(GOG-258)	compared	chemoradiation	to	chemotherapy	alone.	In	 that	study,	736	patients	with
stage	III	and	IVA	or	stage	I	or	II	serous	or	clear	cell	endometrial	cancer	with	positive	cytology	were	randomized
to	 six	 cycles	 of	 carboplatin	 plus	 paclitaxel	 or	 postoperative	 external-beam	 RT	 with	 concurrent	 cisplatin	 (50
mg/m2)	on	weeks	1	and	4	followed	by	four	cycles	of	carboplatin	plus	paclitaxel.58	At	a	median	follow-up	of	47
months,	 there	was	 no	 difference	 in	 5-year	 RFS	 (58%	 in	 both	 arms)	 or	OS	 (73%	 for	 chemotherapy-alone	 arm
versus	 70%	 for	 chemoradiation).	 Chemoradiation	 was	 associated	 with	 lower	 rates	 of	 vaginal	 recurrence	 (3%
versus	7%)	and	pelvic/para-aortic	recurrence	(10%	versus	19%)	but	more	distant	recurrence	(27%	vs	21%).

The	 lack	of	 a	 clear	 conclusion	 from	 these	 randomized	 trials	 is	 due	 in	 large	part	 to	 the	heterogeneity	of	 this
group	of	patients.	In	a	report	from	MSKCC	on	192	patients	with	stage	III	(FIGO	2009)	endometrial	cancer,	the
following	three	factors	emerged	as	 independent	predictors	of	relapse	and	death	from	endometrial	cancer:	>50%
myometrial	 invasion,	 positive	 peritoneal	 cytology,	 and	 aggressive	 histology,	 defined	 as	 grade	 3	 endometrioid,
serous,	clear	cell,	or	undifferentiated.59	The	5-year	relapse	rates	were	13%	for	patients	with	no	risk	factors,	27%
for	patients	with	one	risk	factor,	and	62%	for	patients	with	two	or	more	risk	factors	(P	<	.001).	The	corresponding
5-year	rates	of	death	from	endometrial	cancer	were	11%,	20%,	and	56%	(P	<	.001).	Therefore,	for	patients	with
stage	III	disease	with	two	or	more	risk	factors,	especially	positive	peritoneal	cytology,	full	systemic	chemotherapy
(six	 cycles	 of	 paclitaxel	 and	 carboplatin)	 is	 preferred	over	 chemoradiation.	For	 those	with	only	one	 risk	 factor
(e.g.,	 lymph	 node	 involvement	 only),	 using	 chemoradiation	 similar	 to	 PORTEC-3	 seems	 feasible.	 In	 another
MSKCC	 study,	 40	 patients	 with	 stage	 III	 disease	 were	 treated	 as	 such.	 Of	 the	 40	 patients,	 78%	 completed
chemoradiation	followed	by	four	cycles	of	paclitaxel	plus	carboplatin.	At	a	median	follow-up	of	49	months,	5-
year	RFS	and	OS	rates	were	79%	and	85%,	respectively.60

When	using	radiation	in	stage	III	endometrial	cancer,	the	preferred	approach	is	intensity-modulated	radiation
therapy	(IMRT)	because	of	its	favorable	morbidity	profile.	In	a	report	from	MSKCC,	46	patients	with	stage	I	to	III
(78%	stage	III)	endometrial	cancer	were	treated	with	postoperative	IMRT.	At	a	median	follow-up	of	52	months,
5-year	RFS	was	88%	and	5-year	OS	was	97%.	Chemotherapy	was	given	to	30	of	the	46	patients;	5	had	grade	3
leukopenia,	8	had	grade	2	anemia,	and	2	had	grade	2	thrombocytopenia.61

In	 summary,	 patients	 with	 stage	 III	 endometrial	 cancer	 are	 very	 heterogeneous;	 treatment	 should	 thus	 be
individualized.	Concurrent	chemoradiation	followed	by	four	cycles	of	paclitaxel	plus	carboplatin	seems	to	provide
excellent	outcome	for	most	patients.	The	preferred	form	of	radiation	at	MSKCC	is	pelvic/extended-field	IMRT	to
50.4	Gy	in	28	fractions.	Patients	who	are	at	high	risk	for	peritoneal	relapse	should	be	treated	with	full	systemic
therapy.

Treatment	of	Distant	Recurrence



Dr. AVR @ TMH

Patients	with	distant	 recurrence	 are	not	 generally	 curable,	 and	 treatment	 choices	 should	 take	both	 efficacy	 and
toxicity	into	account,	particularly	because	many	patients	with	recurrent	endometrial	cancer	are	elderly.

Endocrine	Therapy
Progestins	 have	 been	 used	 in	 the	 management	 of	 recurrent	 endometrial	 cancer.	 Results	 in	 unselected	 patient
groups	 show	 limited	 activity	 (response	 rate	 <30%)	 with	 short	 median	 PFS.	 Patients	 with	 well-differentiated
tumors,	typically	expressing	estrogen	receptors	(ERs)	and/or	progesterone	receptors	(PRs),	had	the	highest	chance
of	response	to	progestin	therapy.

Alternating	 tamoxifen	 and	 medroxyprogesterone	 acetate	 (MPA)	 or	 megestrol	 acetate	 (MA),	 based	 on	 the
hypothesis	that	the	antiestrogen	therapy	could	upregulate	the	PR,	provides	a	response	rate	in	the	range	of	30%	in	a
chemotherapy-naïve	 population.	 In	 previously	 treated	 patients,	 the	 use	 of	 tamoxifen,	 aromatase	 inhibitors,	 and
luteinizing	hormone–releasing	hormone	(LHRH)	agonists	has	mostly	yielded	lower	response	rates	than	seen	with
progestins,	which	seems	likely	in	a	pretreated	population.	A	randomized	phase	II	trial	comparing	the	mammalian
target	of	rapamycin	(mTOR)	inhibitor	ridaforolimus	to	control	treatment	(control	treatment	consisted	of	progestin
therapy	 with	 either	MPA	 [200	 mg	 per	 day]	 or	MA	 [60	 mg	 per	 day]	 in	 53	 patients	 and	 chemotherapy	 in	 13
patients)	 in	 women	 with	 one	 or	 two	 prior	 chemotherapy	 regimens	 reported	 a	 response	 rate	 of	 only	 4.3%	 for
control	therapy.62

Preclinical	 data	 have	 suggested	 that	 inhibiting	 the	 PI3K/Akt	 pathway	 reverses	 progestin	 resistance	 in
endometrial	cancer,63	and	attempts	have	been	made	to	improve	results	of	endocrine	therapy	by	combining	it	with
an	mTOR	inhibitor	(analogous	 to	 the	FDA-approved	use	of	everolimus	with	exemestane	 in	patients	with	breast
cancer).	The	GOG	conducted	a	randomized	phase	II	trial	testing	the	mTOR	inhibitor	temsirolimus	with	or	without
a	 regimen	 of	MA	 alternating	with	 tamoxifen	 in	 patients	 with	 no	more	 than	 one	 prior	 chemotherapy	 regimen.
Unfortunately,	 the	 combination	 of	 temsirolimus	 with	 MA	 and	 tamoxifen	 resulted	 in	 an	 unacceptable	 rate	 of
venous	thrombosis	(7	events	in	22	patients),	and	the	combination	arm	was	closed	to	accrual	after	the	first	stage.
Three	 of	 21	 patients	 had	 a	 response	 (14%),	 which	 is	 in	 the	 range	 of	 reported	 response	 rates	 to	 temsirolimus
alone.64

A	subsequent	phase	II,	open-label,	single-arm	study	of	the	combination	of	the	mTOR	inhibitor	everolimus	plus
letrozole	 enrolled	 35	 patients	who	 had	 received	 one	 or	 two	 prior	 chemotherapy	 regimens	 and	 showed	 a	more
promising	 objective	 response	 rate	 of	 32%.	 Serous	 histology	 was	 associated	 with	 lack	 of	 response,	 whereas
endometrioid	histology	and	presence	of	CTNNB1	mutations	were	associated	with	higher	probability	of	response.65

An	 exploratory	 analysis	 of	 the	 patients	 on	 the	 everolimus	 plus	 letrozole	 trial	 suggested	 that	 those	 also	 on
metformin	 appeared	 to	 have	 better	 outcomes,	 and	 the	 authors	 tested	 a	 triplet	 regimen	 of
everolimus/letrozole/metformin	in	a	follow-up	trial	limited	to	women	with	tumors	of	endometrioid	histology	and
treated	with	one	to	two	prior	chemotherapy	regimens.	In	a	preliminary	report,	the	overall	objective	response	rate
was	29%,	which	does	not	suggest	improvement	with	metformin	but	does	confirm	activity	of	the	combination.66	A
subsequent	randomized	phase	II	GOG	trial	(NCT02228681)	randomly	assigned	women	with	chemotherapy-	and
endocrine	 therapy–naïve	 cancers	 of	 endometrioid	 histology	 to	 either	MPA	 plus	 tamoxifen	 or	 everolimus	 plus
letrozole.	 This	 trial	 is	 fully	 accrued,	 and	 results	 should	 be	 reported	 soon.	 Trials	 of	 CDK4/6	 inhibitors	 plus
endocrine	therapy	are	also	underway.

In	 summary,	 endocrine	 therapy	 should	 be	 considered	 for	 women	 with	 low-grade	 ER-positive	 tumors,
particularly	 if	 they	 have	 a	 long	 interval	 from	diagnosis	 to	 recurrence.	Commonly	 used	 regimens	 in	 the	United
States	are	MA	80	mg	twice	a	day	and	MA	80	mg	twice	a	day	for	3	weeks	alternating	with	tamoxifen	20	mg	twice
a	day	for	3	weeks.

Cytotoxic	Chemotherapy

First-line	Chemotherapy.	Most	women	with	recurrent	or	stage	IV	endometrial	carcinoma	should	be	assessed	for
treatment	with	cytotoxic	chemotherapy.	Historically,	doxorubicin	showed	reproducible	activity	in	multiple	phase
II	and	phase	III	studies	of	patients	with	chemotherapy-naïve	disease,	with	response	rates	in	the	range	of	20%	to
30%.	 Single-agent	 cisplatin	 and	 carboplatin	 therapy	 subsequently	 produced	 similar	 results.	 Taxanes	were	 next
found	to	have	meaningful	activity	and,	indeed,	remain	the	class	of	agents	that	has	produced	the	highest	response
rates,	especially	in	the	setting	of	pretreated	disease.

Current	 combination	 chemotherapy	 regimens	 can	 yield	 response	 rates	 of	 50%	 to	 60%,	with	median	OS	 of
approximately	12	to	15	months.	In	a	phase	III	trial	of	women	with	recurrent	or	stage	IV	endometrial	cancer,	the
triplet	of	paclitaxel,	cisplatin,	and	doxorubicin	(TAP)	produced	a	superior	response	rate	(57%	versus	34%),	PFS



(median,	8.3	versus	5.3	months),	and	OS	(median,	15.3	versus	12.3	months;	P	=	.037)	when	compared	to	cisplatin
and	doxorubicin.	TAP	is	the	only	treatment	proven	to	produce	a	survival	benefit	in	women	with	recurrent	or	stage
IV	 endometrial	 disease.	 The	 TAP	 regimen	 required	 growth	 factor	 support	 and	 produced	 grade	 2	 or	 higher
neurotoxicity	in	25%	to	40%	of	patients.67	Because	phase	II	studies	had	shown	good	tolerability	and	activity	with
paclitaxel	and	carboplatin	(TC),	a	1,300-woman,	phase	III,	noninferiority	trial	for	those	with	stage	III,	stage	IV,	or
recurrent	disease	was	conducted	comparing	TC	to	TAP.68	Preliminary	results	showed	no	significant	difference	in
median	PFS	 (14	months	 in	 each	 arm)	 or	median	OS	 (32	months	 for	TC,	 38	months	 for	TAP;	 not	 statistically
significant).	Study	treatment	was	discontinued	as	a	result	of	toxicity	in	18%	of	subjects	on	TAP	and	12%	on	TC.

The	combination	of	liposomal	doxorubicin	plus	carboplatin,	which	produces	minimal	alopecia	and	neuropathy,
might	 be	 a	 reasonable	 alternative,	 particularly	 for	 patients	 with	 contraindications	 to	 taxane	 therapy.	 The
Multicenter	Italian	Trials	in	Ovarian	Cancer	and	Gynecologic	Malignancies	Group	conducted	a	single-arm,	phase
II	 trial	 of	 pegylated	 liposomal	 doxorubicin	 plus	 carboplatin	 in	 the	 front-line	 therapy	 of	 advanced	 endometrial
cancer	and	reported	a	response	rate	of	59.5%	and	a	median	survival	of	80.1	weeks.69

In	summary,	TC	therapy	every	3	weeks	is	the	usual	first-line	chemotherapy	treatment	in	the	United	States	for
women	with	stage	IV	endometrial	cancer.

Second	 (and	Later)-line	Chemotherapy.	 The	 efficacy	 of	 second-line	 cytotoxic	 chemotherapy	 remains	 very
limited.	Women	who	 have	 a	 prolonged	 disease-free	 interval	 after	 prior	 carboplatin	 plus	 taxane	 therapy	 can	 be
retreated	with	a	similar	regimen.	Nagao	et	al.70	reviewed	262	patients,	49%	of	whom	had	a	platinum-free	interval
of	<12	months	 and	 51%	of	whom	had	 a	 platinum-free	 interval	 of	 ≥12	months.	Over	 half	 received	 their	 initial
chemotherapy	 regimen	 in	 the	adjuvant	 setting.	They	 found	 response	 rates	 to	 retreatment	with	a	platinum-based
regimen	for	platinum-free	intervals	of	<6	months,	6	to	11	months,	12	to	23	months,	and	≥24	months	to	be	25%,
38%,	61%,	and	65%,	 respectively,	 suggesting	 that	 the	general	 concept	of	 “platinum	sensitivity”	 in	 selection	of
second-line	 therapy	 can	 be	 applied	 to	 endometrial	 cancer	 as	well	 as	 ovarian	 cancer.70	However,	most	 trials	 of
second-line	treatments	for	endometrial	cancer	have	not	traditionally	been	prospectively	stratified	along	these	lines
(which	may	contribute	to	some	of	the	variability	seen	in	response	rates	of	small	phase	II	studies	in	endometrial
cancer	to	agents	such	as	pegylated	liposomal	doxorubicin).

Neither	doxorubicin	nor	platinum	agents	have	generally	produced	high	response	 rates	when	used	as	second-
line	chemotherapy.	Results	of	other	selected	trials	with	standard	available	cytotoxic	agents	in	patients	who	have
received	prior	chemotherapy	are	shown	in	Table	75.4.	Taxanes	showed	good	activity	in	the	days	before	taxane-
containing	 therapy	was	 the	 standard	 first-line	 approach.	Other	 agents	 such	 as	 topotecan	 and	 gemcitabine	 have
likewise	shown	minimal	efficacy	in	previously	treated	populations.71–79

In	 summary,	 women	 with	 a	 prolonged	 disease-free	 interval	 from	 their	 front-line	 platinum	 therapy	 can	 be
retreated	with	a	platinum-	containing	combination.	However,	 in	general,	response	rates	to	second-line	cytotoxic
therapy	(and	noncytotoxic	agents)	are	low.

Predictors	of	Response	to	Cytotoxic	Therapy.	As	discussed	previously,	endometrial	carcinoma	is	composed
of	several	biologically	different	subsets,	including	endometrioid	(high	and	low	grade),	serous,	and	clear	cell.	The
proportions	of	the	subtypes	in	patients	with	advanced	or	recurrent	disease	are	different	than	in	early-stage	disease,
where	 low-grade	 tumors	 are	most	 common.	These	histologic	 subtypes	have	been	 shown	 to	have	very	different
genetic	 makeup,	 but	 to	 date,	 differences	 in	 response	 to	 standard	 front-line	 cytotoxic	 therapy	 have	 not	 been
observed.	 Specifically,	 histologic	 subtype	 was	 not	 identified	 as	 an	 independent	 predictor	 of	 response	 to
doxorubicin/cisplatin-based	 regimens.	 The	 overall	 response	 rate	 to	 treatment	 was	 42%	 (endometrioid,	 44%;
serous,	44%;	clear	cell,	32%).	The	effect	of	grade	was	not	considered	in	 this	analysis.80	An	integrated	genomic
analysis	(see	“Prognostic	Factors”	section)	of	serous	and	endometrioid	endometrial	carcinomas	has	revealed	that
25%	 of	 histologically	 classified	 high-grade	 endometrioid	 endometrial	 carcinomas	 had	 genomic	 profiles	 that
resemble	 those	 of	 serous	 carcinomas.26	 As	 discussed	 in	 the	 following	 text,	 pembrolizumab	 is	 now	 an	 FDA-
approved	immunotherapy	for	those	with	MSI	disease.	Hopefully,	molecular	profiling	will	eventually	help	select
those	tumors	most	likely	to	respond	to	conventional	agents	as	well	as	identifying	targets	for	novel	therapies.

TABLE	75.4
Representative	Single-Agent	Trials	in	Chemotherapy-Pretreated	Endometrial	Cancer

Cytotoxic	Agents Dose RR
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Ixabepilone71 40	mg/m2	q	21	d 12%

Oxaliplatin72 130	mg/m2	q	21	d 13.5%

Gemcitabine73 800	mg/m2	days	1	and	8	q	21	d 4%

Paclitaxel74 200	mg/m2	q	3	wk 27%

Pegylated	liposomal	doxorubicin75 40	mg/m2	q	28	d 21%

Nonpegylated	liposomal	doxorubicin76 60	mg/m2	q	4	wk 0%

Topotecan77 0.5–1.5	mg/m2/d	×	5	q	21	d 9%

Docetaxel78 70	mg/m2	q	3	wk 23%

Pemetrexed79 900	mg/m2	q	21	d 3.8%

Antiangiogenic	Agents

Aflibercept81 4	mg/kg	IV	q	14	d 7%

Sorafenib82 400	mg	PO	bid 5%

Sunitinib83 50	mg/d	PO	4	wk	on	2	wk	off 15%

Cediranib84 30	mg	PO	qd 12.5%

Cabozantanib85 60	mg	PO	qd 11%a

Nintedanib86 200	mg	PO	bid 9.4%

Brivanib87 800	mg	PO	qd 18.6%

Bevacizumab88 15	mg/kg	IV	q	3	wk 13.5%

mTOR	Inhibitors

Temsirolimus91 25	mg	IV	qwk 4%

Temsirolimus	(no	prior	chemotherapy)91 25	mg	IV	qwk 14%

Everolimus92 10	mg	PO	qd 0%

Everolimus93 10	mg	PO	qd 5%

Ridaforolimus94 12.5	mg	IV	qd	×	5	q	14	d 11%

Ridaforolimus95 40	mg	PO	qd	×	5	q	4	wk 9%

Anti-EGFR1/2	Agents

Trastuzumab99 2	mg/kg	IV	qwk 0%

Lapatinib100 1,500	mg	PO	qd 3%

Gefitinib101 500	mg	PO	qd 3%

Erlotinib102 150	mg	PO	qd 12.5%
aIn	tumors	of	endometrioid	histology.
RR,	relative	risk;	q,	every;	IV,	intravenous;	PO,	oral;	bid,	twice	a	day;	qd,	every	day;	qwk,	every	week;	mTOR,	mammalian	target	of
rapamycin;	EGFR,	epidermal	growth	factor	receptor.

Therapeutic	Agents	in	Development

Antiangiogenic	Agents.	Antiangiogenic	 therapies	 including	cediranib,	cabozantinib,	 and	sunitinib	have	shown
activity	in	the	treatment	of	endometrial	cancer	(see	Table	75.4),	although	none	are	currently	FDA	approved	for
this	 indication.81–87	 Bevacizumab,	 an	 anti–vascular	 endothelial	 growth	 factor	 (VEGF)	 monoclonal	 antibody,
produced	a	response	rate	of	13.5%	in	patients	with	one	or	two	prior	cytotoxic	regimens,	and	40%	of	subjects	were
progression	 free	 at	 6	 months.88	 A	 front-line	 randomized	 phase	 II	 GOG	 trial	 randomly	 assigning	 349
chemotherapy-naïve	 patients	 to	 carboplatin/paclitaxel/bevacizumab,	 carboplatin/paclitaxel/temsirolimus,	 or
carboplatin/ixabepilone/bevacizumab	 reported	 preliminary	 response	 rates	 of	 60%,	 55%,	 and	 53%	 for	 the	 three
arms,	respectively.89	There	was	 no	 significant	 improvement	 in	PFS	 relative	 to	 historical	 control	 for	 any	of	 the
arms.	 The	Multicentre	 Italian	Trials	 in	Ovarian	 and	Gynecologic	Malignancies	 (MITO)	END-2	 trial	 randomly
assigned	108	women	with	advanced	endometrial	cancer	who	were	either	chemotherapy	naïve	or	had	experienced
recurrence	at	least	6	months	after	prior	adjuvant	chemotherapy	to	carboplatin	plus	paclitaxel	or	carboplatin	plus
paclitaxel	with	bevacizumab	in	combination	and	as	maintenance.	In	a	preliminary	report,	response	rates	were	54%
and	 72%,	 respectively,	 and	 PFS	was	 significantly	 improved	with	 the	 addition	 of	 bevacizumab	 from	 8.7	 to	 13
months.90



Upcoming	National	 Cancer	 Institute	 (NCI)–sponsored	 trials	 include	 a	 phase	 II	 trial	 comparing	 single-agent
programmed	 cell	 death	 protein	 1	 (PD-1)	 inhibition	 with	 nivolumab	 to	 the	 combination	 of	 nivolumab	 and
cabozantinib	 as	 well	 as	 a	 trial	 testing	 the	 combination	 of	 cediranib	 with	 the	 poly	 (ADP-ribose)	 polymerase
(PARP)	inhibitor	olaparib.

Phosphatidylinositol	3-Kinase/Mammalian	Target	of	Rapamycin	Pathway.	Germline	mutations	 in	PTEN,
which	deactivates	the	PI3K/AKT	signaling	pathway,	are	the	etiology	of	Cowden	syndrome,	for	which	endometrial
cancer	 is	 a	 diagnostic	 criterion.	 PTEN	 mutations	 are	 also	 extremely	 common	 in	 sporadic	 type	 I	 endometrial
cancer.	 In	 addition,	 both	 serous	 and	 endometrioid	 cancers	 have	 very	 high	 rates	 of	 other	 PI3K	 pathway
alterations.25	 There	 has	 therefore	 been	 widespread	 interest	 in	 testing	 PI3K	 pathway	 inhibitors	 in	 endometrial
cancer.

Numerous	trials	involving	the	rapamycin	analogs	have	been	published,91–95	and	in	general,	modest	activity	is
seen	in	patients	with	chemotherapy-naïve	disease,	but	response	rates	 in	patients	with	prior	 therapy	are	 low	(see
Table	 75.4).	 The	 randomized	 phase	 II	 trial	 comparing	 ridaforolimus	 to	 control	 therapy	 (mostly	 progestins)	 as
second-line	therapy	reported	improved	PFS	with	ridaforolimus	(3.6	versus	1.9	months)	but	no	objective	responses
in	 the	 ridaforolimus	 arm.62	 Nonetheless,	 sporadic	 patients	 treated	 with	 mTOR	 inhibitors	 have	 prolonged
responses,	and	these	responses	are	seen	across	histologic	subtypes,	including	endometrioid,	serous,	and	clear	cell
cancers.	Several	studies	have	explored	the	association	between	molecular	biomarkers	and	response.	To	date,	no
association	 between	 clinical	 benefit	 from	mTOR	 inhibitor	 therapy	 and	 any	marker,	 including	PTEN	 mutation,
PIK3CA	mutation,	PTEN	protein	expression	or	mutation,	or	stathmin	protein	expression,	has	been	observed.

Multiple	 trials	 of	 newer	 PI3K	 pathway	 agents,	 including	 pan-PI3K,	 dual	 PI3K/mTOR,	 AKT,	 and	 catalytic
mTOR	inhibitors,	are	underway	or	have	been	completed.	A	preliminary	report	of	a	phase	II	trial	of	the	allosteric
AKT	 inhibitor,	MK-2206,	described	a	5.5%	 response	 rate	with	no	clear	 association	between	PIK3CA	mutation
and	response.96

Combinations	 of	 mTOR	 inhibitors	 with	 other	 agents	 are	 also	 being	 explored.	 Combinations	 of	 mTOR
inhibitors	with	hormonal	therapy	and	chemotherapy	are	described	earlier	(see	“Endocrine	Therapy”	section).	Two
trials	have	combined	temsirolimus	with	bevacizumab.	In	previously	treated	patients,	the	combination	produced	a
24.5%	 response	 rate,	 but	 there	 was	 significant	 toxicity,	 with	 two	 gastrointestinal-vaginal	 fistulas,	 one	 grade	 3
epistaxis,	 two	intestinal	perforations,	and	one	grade	4	 thrombosis/embolism.	Three	patient	deaths	were	possibly
treatment	related.97	When	the	same	combination	was	tested	in	patients	with	no	prior	chemotherapy	for	metastatic
disease,	a	20%	response	rate	was	reported	with	only	two	grade	4	events	that	were	possibly	related—a	duodenal
perforation	and	an	anorectal	infection.98

Anti–Human	 Epidermal	 Growth	 Factor	 Receptor	 2	 Agents.	 Human	 epidermal	 growth	 factor	 receptor	 2
(HER2)	overexpression	and/or	amplification	 is	found	in	20%	to	30%	of	serous	carcinomas	and	a	percentage	of
high-grade	endometrioid	tumors;	it	is	rare	in	lower	grade	endometrioid	tumors.25	A	phase	II	trial	of	single-agent
trastuzumab	in	women	with	HER2-overexpressing	or	amplified	disease	reported	no	responses.99	This	trial	allowed
unlimited	 prior	 chemotherapy	 and	 measurable	 disease	 and	 may	 have	 been	 too	 unfavorable	 a	 setting	 for
demonstration	 of	 activity.	 Other	 phase	 II	 trials100–102	 of	 single-agent	 anti–epidermal	 growth	 factor	 receptor
(EGFR)	agents	have	not	shown	meaningful	activity	in	unselected	populations,	with	reported	response	rate	ranging
from	3%	 to	 12.5%.	 Interest	 in	 this	 area	 continues.	There	 is	 increasing	 evidence	 that	HER2-directed	 therapy	 is
active	against	a	wide	 range	of	 solid	 tumors	with	HER2	alterations,	 including	colorectal	cancer,	bladder	cancer,
and	biliary	cancer.	Pertuzumab	plus	 trastuzumab	 is	currently	being	 tested	 in	a	histology-agnostic	 fashion	 in	 the
MyPathway	 trial	 (NCT02091141),	 and	 ado-trastuzumab	 emtansine	 (TDM1)	 is	 being	 tested	 in	 the	 Molecular
Analysis	 for	 Therapy	 Choice	 (MATCH)	 trial	 (NCT02465060).	 A	 randomized	 trial	 of	 TC	 with	 or	 without
trastuzumab	 in	 women	 with	 HER2-positive,	 platinum-sensitive	 uterine	 serous	 carcinomas	 is	 ongoing
(NCT01367002).

Other	Targets
Fibroblast	Growth	Factor	Receptor	2	Inhibitors.	The	fibroblast	growth	factor	receptor	2	(FGFR2)	tyrosine	kinase
is	somatically	mutated	in	approximately	10%	of	endometrioid	carcinoma,25	and	in	preclinical	studies,	endometrial
cancer	 cell	 lines	 expressing	 activating	 FGFR2	 mutations	 were	 sensitive	 to	 FGFR	 inhibitors.103	 Dovitinib,	 a
multikinase	inhibitor	targeting	FGFRs	as	well	as	VEGF	receptors,	was	tested	in	endometrial	cancer	patients	with
progressive	disease	after	prior	chemotherapy.	The	response	rate	was	5%	(1	of	22	patients)	in	the	FGFR2-mutated
group	and	16%	(5	of	31	patients)	in	the	FGFR2	nonmutated	group.104
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Poly	 (ADP-Ribose)	Polymerase	 Inhibitors.	 PARP	 inhibitors	may	 be	 a	 therapeutic	 option	 for	 some	 endometrial
carcinomas.	It	has	been	suggested	that	PTEN,	in	addition	to	regulating	the	PI3K	pathway,	has	a	role	in	the	repair
of	DNA	damage	via	homologous	recombination.	PTEN-deficient	endometrial	cancer	cell	lines	have	been	reported
to	show	increased	sensitivity	 to	PARP	inhibition.105	There	is	also	a	case	report	of	 tumor	shrinkage	with	single-
agent	olaparib	in	a	patient	whose	cancer	was	negative	for	somatic	BRCA1	or	BRCA2	mutations	but	had	 loss	of
PTEN.106

As	 noted	 earlier,	 NRG	 Oncology	 has	 approved	 a	 randomized	 trial	 comparing	 cediranib	 to	 olaparib	 to	 the
combination	of	both	drugs	in	advanced	or	recurrent	endometrial	cancer.

Metformin.	 Retrospective	 studies	 have	 suggested	 that	 patients	 with	 diabetes	 and	 endometrial	 cancer	 who	 use
metformin	 have	 superior	 OS	 and	 relapse-free	 survival	 compared	 to	 patients	 with	 endometrial	 cancer	 with	 or
without	 diabetes	 who	 do	 not	 use	 metformin.107	 In	 some	 preclinical	 models,	 metformin	 has	 inhibited	 cell
proliferation,	 induced	 apoptosis,	 and	decreased	 tumor	growth,	with	one	 study	 showing	 the	greatest	 response	 in
cells	 harboring	 activating	 mutations	 in	 K-Ras.108	 The	 GOG	 is	 currently	 conducting	 a	 randomized	 trial	 of
carboplatin/paclitaxel/metformin	versus	carboplatin/paclitaxel/placebo	in	the	front-line	setting	(NCT02065687).

Immunotherapy.	A	 trial	 of	 the	 anti–PD-1	 antibody,	 pembrolizumab,	 in	 patients	with	mismatch	 repair–deficient
tumors	of	multiple	histologies,	including	endometrial	cancer	(all	of	whom	had	received	at	least	one	prior	therapy),
found	an	overall	response	rate	of	53%,	with	a	21%	complete	response	rate.109	Pembrolizumab	has	subsequently
been	FDA	approved	as	single-agent	therapy	for	any	cancer	displaying	MSI.	POLE-mutated	endometrial	cancers,
although	 they	 do	 not	 usually	 recur,	 have	 even	 higher	mutational	 burdens	 than	 tumors	with	MSI	 and	would	 be
expected	 to	 respond	 to	 immune	 checkpoint	 inhibition.	Patients	with	 recurrent	 disease	 should	have	 their	 tumors
screened	for	mismatch	repair	deficiency	to	evaluate	their	eligibility	for	immunotherapy.

Treatment	of	Locally	Recurrent	Disease
Treatment	for	locally	recurrent	endometrial	cancer	should	be	individualized.	Factors	to	consider	include	location
of	 recurrence	 (vaginal	 versus	 pelvic)	 and	 use	 of	 prior	 radiation.	 Creutzberg	 et	 al.14	 reported	 on	 survival	 after
relapse	in	patients	with	endometrial	cancer	who	were	randomized	to	observation	versus	postoperative	pelvic	RT
(PORTEC-1	 trial).	 In	 the	 surgery-alone	 arm,	 the	 10-year	 survival	 rate	 was	 51%	 for	 patients	 with	 vaginal
recurrence	and	18%	for	patients	with	pelvic	recurrence.	In	the	postoperative	radiation	arm,	the	corresponding	rates
were	25%	and	0%,	respectively.14

Surgery
Surgery	should	be	reserved	for	patients	with	recurrent	disease	in	an	irradiated	area	(i.e.,	received	external-beam
RT).	Occasionally,	a	simple	excision	of	a	small	vaginal	recurrence	is	warranted;	this	is	not	curative	but	can	reduce
the	intensity	of	the	RT.	Achieving	complete	gross	resection	is	important.	Awtrey	et	al.110	evaluated	patients	with
recurrent	endometrial	cancer	who	underwent	nonexenterative	surgery	and	found	that	patients	with	residual	disease
≤2	 cm	had	 a	median	 disease-specific	 survival	 of	 43	months	 compared	with	 10	months	 for	 those	with	 residual
disease	>2	cm.

Pelvic	exenteration	may	be	considered	in	women	with	isolated	central	pelvic	recurrences	who	had	prior	pelvic
radiation.	 A	 study	 by	 Barakat	 et	 al.111	 showed	 that	 the	 complication	 rate	 in	 44	 patients	 undergoing	 pelvic
exenteration	for	recurrent	endometrial	cancer	was	80%	and	the	5-year	survival	rate	was	only	20%.

Radiation
RT	is	the	main	treatment	for	isolated	vaginal	recurrence	and,	 to	some	extent,	nodal	recurrence.	Local	control	 is
typically	achieved	in	40%	and	70%	of	patients	treated	with	salvage	radiation	for	isolated	vaginal	recurrence.	A
major	determinant	of	 local	 control	 is	 tumor	 size.	Wylie	 et	 al.112	 reported	5-year	 local	 control	 rates	 of	 80%	 for
tumors	 <2	 cm	 as	 opposed	 to	 54%	 in	 tumors	 >2	 cm	 (P	 =	 .02).	 For	most	 vaginal	 recurrences,	 the	 optimal	 RT
approach	is	a	combination	of	pelvic	RT	and	brachytherapy.	The	type	of	brachytherapy	to	be	used	in	combination
with	pelvic	RT	depends	on	the	size	of	vaginal	recurrence.	For	those	with	disease	>2	cm,	interstitial	brachytherapy
is	the	preferred	approach,	whereas	intravaginal	RT	could	be	used	instead	in	those	with	smaller	volume	disease	and
especially	in	those	who	responded	well	to	pelvic	RT.	The	dose	of	radiation	is	typically	45	Gy	with	pelvic	RT	plus
additional	20	to	30	Gy	with	brachytherapy.	With	such	high	doses	being	required,	severe	complications	may	occur,



primarily	related	to	the	gastrointestinal	tract	and	vaginal	mucosa.	In	a	study	by	Jhingran	et	al.113	on	91	patients
with	isolated	vaginal	recurrence	who	were	treated	with	definitive	radiation	(median	dose,	75	Gy),	the	rate	of	grade
4	complications	(requiring	surgery)	was	9%.113	Therefore,	when	considering	observation	after	surgery	for	early-
stage	endometrial	cancer,	the	potential	for	such	complications	should	be	considered.

Data	regarding	radiation	for	nodal	(pelvic/para-aortic)	recurrence	are	more	limited	and	less	encouraging	than
those	for	vaginal	 recurrence.	Typically,	external-beam	RT	is	used,	with	very	 limited	role	for	brachytherapy.	As
mentioned	earlier,	 in	the	PORTEC-1	trial,	 the	10-year	survival	rate	for	pelvic	recurrence	was	only	18%.14	With
modern	 techniques	 such	 as	 IMRT,	 the	 salvage	 rate	 of	 nodal	 recurrence	 seems	 to	 be	 improving.	 Ho	 et	 al.114
reported	 on	 38	 patients	 who	 had	 no	 prior	 external-beam	 RT	 and	 were	 treated	 with	 definitive	 IMRT	 for	 their
regionally	 confined	 pelvic	 or	 para-aortic	 nodal	 recurrences.	 Additional	 chemotherapy	 was	 given	 to	 33	 of	 38
patients.	 The	 median	 total	 dose	 of	 IMRT	 was	 64.7	 Gy.	 The	 2-year	 survival	 was	 71%,	 with	 8%	 of	 patients
experiencing	grade	3	or	4	late	gastrointestinal	toxicity.114

TABLE	75.5
Selected	Phase	II	and	III	Trials	of	Systemic	Therapy	in	Uterine	Carcinosarcoma	with	No	Prior
Systemic	Therapy

Trial Regimena
No.	of
Patients

RR Median
OS/Comments

van	Rijswijk	et
al.120 Cisplatin	+	doxorubicin	+	ifosfamide 32 56% 26	mo

Sutton	et	al.121

Ifosfamide	1.5	g/m2/d	×	5	q	3	wk
vs.
Ifosfamide	+	cisplatin	20	mg/m2/d	×	5	q	3	wk

102

	
92

36%

	
54%

7.6	mo

	
9.4	mo

Homesley	et
al.122

Ifosfamide	2.0	g/m2/d	×	3	q	3	wk
vs.
Ifosfamide	1.6	g/m2/d	×	3	+	paclitaxel	135	mg/m2/d	q	3	wk

91

	
88

29%

	
45%

8.4	mo

	
13.5	mo;	P	=	.03

Powell	et	al.123 Carboplatin	(AUC	6)	+	paclitaxel	175	mg/m2	q	3	wk 46 52% 14.7	mo

Aghajanian	et
al.124

Carboplatin	(AUC	6)	+	paclitaxel	175	mg/m2	q	3	wk	+	iniparib	4
mg/kg	twice	weekly 17 23.5% 11.3	mo

aMany	trials	used	initial	dose	reductions	in	patients	with	prior	pelvic	radiotherapy.
RR,	relative	risk;	OS,	overall	survival;	q,	every;	AUC,	area	under	the	curve.

Carcinosarcoma	(Mixed	Müllerian	Tumors)
In	the	mixed	epithelial	and	mesenchymal	tumors	category,	the	World	Health	Organization	classification	includes
adenosarcoma	and	carcinosarcoma	(also	termed	malignant	mixed	müllerian	tumors).	Uterine	carcinosarcomas	are
currently	 regarded	 as	 metaplastic	 carcinomas,	 with	 the	 sarcomatous	 element	 being	 derived	 as	 a	 result	 of
dedifferentiation.

Uterine	 carcinosarcoma	accounts	 for	 approximately	4.1%	of	 uterine	 cancers18	 but	 accounts	 for	 a	 significant
number	of	deaths	from	this	disease.	Risk	factors	 include	prior	use	of	 tamoxifen24	or	pelvic	radiation.	It	 is	more
common	in	African	Americans.13	It	is	rare	in	women	younger	than	40	years,	with	a	median	age	of	66.8	years.24	A
recent	 molecular	 characterization	 of	 carcinosarcomas	 showed	 frequent	 mutations	 in	 TP53,	 PTEN,	 PIK3CA,
PP2R1,	FBXW7,	and	KRAS,	similar	to	endometrioid	and	serous	uterine	carcinomas.115

Complete	surgical	 staging	 is	 recommended	because	21.1%	of	patient	 in	 the	NRG	Oncology/GOG-120	study
had	 involvement	of	pelvic	 lymph	nodes	 and	15.2%	had	para-aortic	 involvement.18	The	FIGO	2009	staging	 for
endometrial	 cancer	 is	 used	 for	 carcinosarcomas.	 Approximately	 40%	 of	 patients	 present	 with	 stage	 III	 or	 IV
disease.24	Uterine	carcinosarcomas	are	aggressive	 tumors	with	a	generally	poor	prognosis	 even	among	patients
with	early-stage	disease,	as	demonstrated	in	an	NRG	Oncology/GOG	study	of	early-stage,	high-grade	endometrial
cancer	patients.17

Based	on	poor	outcome,	adjuvant	therapy	in	the	form	of	radiation	and	chemotherapy	are	often	used.	National
Comprehensive	Cancer	Network	guidelines	recommend	that	adjuvant	 therapy	for	carcinosarcomas	be	similar	 to
that	of	poorly	differentiated	adenocarcinomas.116
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In	 a	 European	 Organisation	 for	 Research	 and	 Treatment	 of	 Cancer	 (EORTC)	 phase	 III	 randomized	 trial
comparing	observation	to	adjuvant	pelvic	RT,	91	patients	with	carcinosarcoma	were	included.	The	rate	of	pelvic
recurrence	only	was	4%	in	the	pelvic	RT	arm	compared	to	24%	for	the	surgery-alone	arm,	although	there	was	no
OS	benefit.117	GOG-150,	 a	phase	 III	 randomized	 study,	 compared	whole	 abdominal	 irradiation	 (WAI)	 to	 three
cycles	of	cisplatin,	 ifosfamide,	and	mesna	 (CIM).	Eligible	patients	 (n	=	206)	 included	 those	with	 stage	 I	 to	 IV
uterine	 carcinosarcoma	 with	 no	 more	 than	 1	 cm	 postsurgical	 residuum	 and/or	 no	 extra-abdominal	 spread.
Adjusting	for	stage	and	age,	the	recurrence	rate	was	21%	lower	for	CIM	patients	than	for	WAI	patients	(relative
hazard,	0.789;	P	=	.245),	and	the	estimated	death	rate	was	29%	lower	with	CIM	(relative	hazard,	0.712;	P	=	.085).
Although	the	authors	concluded	that	adjuvant	chemotherapy	does	not	provide	a	statistically	significant	advantage
in	 recurrence	 rate	 or	 survival	 over	 WAI,	 the	 observed	 differences	 favor	 future	 trials	 of	 combination
chemotherapy.118

Based	on	the	higher	rate	of	vaginal	recurrence	in	 the	chemotherapy	arm	of	GOG-150	(9.9%	for	CIM	versus
3.8%	 for	WAI),118	 combining	 intravaginal	 RT	with	 chemotherapy	 seems	warranted.	 In	 a	 study	 from	MSKCC
comparing	 the	outcome	of	patients	with	 stage	 I	or	 II	carcinosarcoma	 to	 that	of	patients	with	 serous	carcinoma,
there	was	no	statistically	significant	difference	in	outcome	for	patients	treated	with	adjuvant	intravaginal	RT	and
chemotherapy.119	 National	 Comprehensive	 Cancer	 Network	 guidelines	 recommend	 that	 adjuvant	 therapy	 for
carcinosarcomas	be	similar	to	that	of	poorly	differentiated	adenocarcinomas.119

Treatment	for	relapsed	disease	is	noncurative.	Ifosfamide,	cisplatin,	and	paclitaxel	are	the	only	drugs	studied
with	 clear-cut	 activity	 in	 the	 therapy	 of	 carcinosarcoma.	 Ifosfamide	 produces	 significant	 toxicity,	 including
granulocytopenia	and	central	nervous	system	toxicity,	in	the	regimens	tested.	Trials	of	doxorubicin	have	produced
inconsistent	 results.	 Combination	 therapy	 generally	 produces	 higher	 response	 rates,	 but	median	 survival	 is	 not
always	improved	and	is	generally	<1	year	(Tables	75.5and	75.6).82,120–129	There	is	no	evidence	for	effectiveness
of	antiangiogenic	agents.	The	GOG	has	conducted	a	fully	accrued	trial,	GOG-261,	comparing	the	regimens	of	TC
and	ifosfamide	plus	paclitaxel,	and	results	are	expected	soon.

TABLE	75.6
Selected	Phase	II	and	III	Trials	of	Systemic	Therapy	in	Uterine	Carcinosarcoma	with	Prior
Systemic	Therapy

Trial Regimena
No.	of
Patients

RR Median
OS

Curtin	et	al.125 Paclitaxel	170	mg/m2 44 18.2% n/a

Miller	et	al.126
Gemcitabine	600	mg/m2	on	days	1,	8,	15	+	docetaxel	35	mg/m2	on	days	1,
8,	15	q	28	d 24 8.3% 4.9	mo

Miller	et	al.127 Topotecan	1.5	mg/m2/d	×	5 48 10% n/a

Mackay	et
al.128 Aflibercept	4	mg/kg	q	2	wk 19 0% 3.2	mo

Nimeiri	et	al.82 Sorafenib	400	mg	bid 16 0% 5	mo

McCourt	et
al.129 Ixabepilone	40	mg/m2	q	21	d 34 11.8% 7.7	mo

aMany	trials	used	initial	dose	reductions	in	patients	with	prior	pelvic	radiotherapy.
RR,	relative	risk;	OS,	overall	survival;	n/a,	not	available;	q,	every;	bid,	twice	a	day.

UTERINE	SARCOMAS
Uterine	 sarcomas	 are	 uncommon,	 representing	 approximately	 3%	 to	 7%	 of	 all	 uterine	 cancers.130	 The	World
Health	 Organization	 classification	 includes	 endometrial	 stromal	 tumors,	 smooth	 muscle	 tumors,	 and
miscellaneous	mesenchymal	tumors.

Uterine	Leiomyosarcoma
Leiomyosarcomas	are	the	most	common	of	the	uterine	sarcomas.	They	are	malignant	smooth	muscle	tumors	that
are	believed	to	arise	de	novo;	for	most	cases,	evidence	does	not	show	transition	from	benign	leiomyoma	(uterine



fibroids)	to	leiomyosarcoma.	They	usually	present	as	stage	I	disease	with	abnormal	bleeding	or	a	pelvic	mass	and
are	more	 common	 in	African	Americans	 than	 in	Caucasians.	 The	median	 age	 at	 diagnosis	 is	 in	 the	 early	 50s.
Approximately	0.5%	of	patients	undergoing	hysterectomy	for	presumed	benign	leiomyoma	will	be	found	to	have
leiomyosarcoma;	 distinguishing	 the	 two	 entities	 is	 difficult	 preoperatively.	 Because	 laparoscopic	 extraction
involving	morcellation	risks	spreading	occult	leiomyosarcoma	throughout	the	abdomen,	the	FDA	issued	a	“black
box”	warning	in	November	2014	regarding	the	use	of	the	electromechanical	morcellator	device	in	myomectomy
and	hysterectomy.131

Leiomyosarcomas	must	 be	 distinguished	 from	 atypical	 leiomyomas	 and	 smooth	muscle	 tumors	 of	 uncertain
malignant	 potential.	 Smooth	 muscle	 tumors	 of	 uncertain	 malignant	 potential	 rarely	 metastasize	 and	 have	 an
intermediate	histology	between	benign	 leiomyoma	and	 leiomyosarcoma.	Mitotic	 rate	alone	does	not	distinguish
leiomyosarcomas	from	tumors	of	low	or	uncertain	malignant	potential;	cytologic	atypia	and	coagulative	necrosis
are	important	criteria	for	making	the	diagnosis.

Treatment
Surgery	 including	 simple	 hysterectomy	 and	BSO	 is	 the	 standard	 primary	 treatment	 for	 stage	 I	 disease.	Lymph
node	 involvement	 is	 rare,	 and	 lymph	 node	 dissection	 is	 not	 required.	 Chest	 imaging	 at	 time	 of	 diagnosis	 is
warranted,	as	10%	of	patients	will	have	lung	metastases	at	time	of	diagnosis.	A	nomogram	to	predict	survival	has
been	developed	and	validated;	 factors	 included	were	age	 (older	age	 is	associated	with	worse	prognosis),	 tumor
size,	 tumor	 grade,	 cervical	 involvement,	 locoregional	 and	 distant	metastases,	 and	mitotic	 index.132	 The	 current
FIGO	(2009)	staging	recognizes	the	importance	of	tumor	size	in	leiomyosarcoma.

In	 a	 EORTC	 phase	 III	 randomized	 trial	 comparing	 observation	 to	 adjuvant	 pelvic	 RT,	 103	 patients	 with
leiomyosarcoma	were	included.	RT	produced	no	improvement	in	survival	or	local	control	(20%	local	recurrence
rate	in	RT	arm	compared	to	24%	for	surgery	alone).117

Only	limited	data	exist	on	the	effect	of	adjuvant	chemotherapy	on	survival.	Published	trials	have	been	limited
by	small	sample	size,	 lack	of	control	arms,	and	heterogeneous	patient	populations.	An	international	randomized
trial	of	adjuvant	gemcitabine	plus	docetaxel	followed	by	doxorubicin	versus	no	further	treatment	after	surgery	for
early-stage	uterine	leiomyosarcoma	(uLMS),	GOG-277,	was	closed	early	as	a	result	of	slow	accrual.	Despite	the
lack	of	prospective	data,	the	use	of	adjuvant	gemcitabine	plus	docetaxel	for	stage	I	uLMS	in	the	United	States	has
increased	from	6.5%	of	women	between	2006	and	2008	to	46.9%	between	2009	and	2013.	A	recent	retrospective
analysis	taking	into	account	known	prognostic	factors	showed	no	difference	in	outcomes	between	women	who	did
and	did	not	receive	four	to	six	cycles	of	adjuvant	gemcitabine	plus	docetaxel	chemotherapy.133

For	 patients	with	multifocal	metastatic	 disease,	 treatment	 is	 usually	 systemic	 chemotherapy.	 The	 traditional
front-line	regimen	is	the	combination	of	gemcitabine	with	docetaxel,	which	is	reasonably	well	tolerated,	although
it	 requires	 the	 administration	of	 granulocyte	 colony-stimulating	 factor	 and	 is	 associated	with	 occasional	 severe
pulmonary	toxicity.	As	first-line	therapy,	a	study	of	39	women	with	unresectable	uLMS	found	a	36%	objective
response	rate	to	this	combination	(gemcitabine	at	900	mg/m2	over	90	minutes	on	days	1	and	8,	plus	docetaxel	at
100	mg/m2	on	day	8,	with	growth	factor	support).134	Further	testing	through	the	GOG	as	second-line	therapy	(with
dose	 reductions	 in	 women	 with	 prior	 pelvic	 RT)	 revealed	 a	 response	 rate	 of	 27%.135	 A	 placebo-controlled
randomized	trial	adding	bevacizumab	to	gemcitabine	plus	docetaxel	in	the	first-line	setting	did	not	observe	better
outcomes.	This	trial	used	the	same	dose	and	schedule	of	gemcitabine	as	in	the	earlier	trials,	but	the	docetaxel	dose
was	reduced	to	75	mg/m2,	with	further	dose	reductions	of	both	drugs	for	patients	with	prior	pelvic	RT	(22	of	107
patients).	The	objective	response	rate	for	the	control	arm	was	31.5%,	with	a	6.3-month	median	PFS.136

The	 recently	 published	GeDDiS	 trial	 found	 an	 even	 lower	 response	 rate	 of	 20%.137	This	 trial	 compared	 six
cycles	of	gemcitabine	plus	docetaxel	(same	schedule	as	in	previous	trials	but	a	lower	dose	of	675	mg/m2)	to	six
cycles	of	 single-agent	doxorubicin	at	75	mg/m2	 every	3	weeks	 in	257	patients	with	 chemotherapy-naïve,	high-
grade	 soft	 tissue	 sarcoma	 using	 prospective	 stratification	 by	 uLMS	 subtype.	 None	 of	 the	 outcomes,	 including
response	rate,	PFS	at	24	weeks,	OS,	and	quality	of	life,	differed	between	the	two	treatments	among	all	patients	or
within	 uLMS	 patients	 (n	 =	 71)	 specifically.	 The	 lower	 doses	 of	 gemcitabine	 used	 in	 this	 trial	 may	 have
contributed	to	the	inferior	outcomes	compared	with	other	studies.	However,	the	results	suggest	that	doxorubicin	is
also	an	appropriate	first-line	therapy	for	metastatic	uLMS.	The	addition	of	ifosfamide	to	doxorubicin	in	soft	tissue
sarcoma	improves	response	rates	but	adds	substantial	toxicity	and	does	not	improve	OS.

A	 second	 recent	 trial	 with	 implications	 for	 uLMS	 therapy	 tested	 the	 addition	 of	 the	 anti–platelet-derived
growth	factor	receptor	α	(PDGFR)	antibody	olaratumab	to	doxorubicin.138	In	this	randomized,	open-label,	phase
II	 study,	 doxorubicin	 alone	 (75	 mg/m2	 on	 day	 1	 of	 a	 21-day	 cycle)	 was	 compared	 to	 the	 combination	 of
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doxorubicin	(same	dose	and	schedule)	plus	olaratumab	(15	mg/kg	on	days	1	and	8)	in	129	patients;	dexrazoxane
was	 given	 in	 later	 cycles	 to	 reduce	 the	 potential	 of	 doxorubicin-related	 cardiotoxicity.	 The	 combination	 led	 to
better	objective	response	rates	(18.2%	versus	11.9%	for	the	single	agent),	PFS	(6.6	versus	4.1	months),	and	OS
(26.5	versus	14.7	months).	Anti-PDGFR	α	expression	did	not	correlate	with	treatment	effect.	Among	the	38%	of
subjects	with	leiomyosarcoma	(randomized	equally	between	treatments),	the	HR	of	OS	was	consistent.	Although
toxicities	(neutropenia,	mucositis,	and	gastrointestinal	effects)	were	more	frequent	with	the	combination,	the	trial
led	to	FDA	approval	of	olaratumab	in	combination	with	doxorubicin;	a	confirmatory	phase	III	trial	is	underway.
Ongoing	 soft	 tissue	 sarcoma	 trials	 are	 testing	 doxorubicin	 with	 upfront	 dexrazoxane	 plus	 olaratumab
(NCT02584309)	and	testing	 the	addition	of	olaratumab	to	gemcitabine	and	docetaxel	(NCT02659020).	Pending
results	of	the	phase	III	trial,	the	combination	of	olaratumab	plus	doxorubicin	is	an	acceptable	first-	or	second-line
therapy	for	metastatic	uLMS.

Subsequent-line	 treatment	 options	 include	 trabectedin,	 pazopanib,	 dacarbazine,	 and	 eribulin.	 Trabectedin,	 a
drug	that	binds	the	minor	groove	of	the	DNA	double	helix,	was	shown	in	a	large	(n	=	577)	randomized	phase	III
trial	to	provide	superior	disease	control	when	compared	to	dacarbazine	for	anthracycline-pretreated	patients	with
locally	advanced	or	metastatic	LMS	(all	sites)	or	liposarcoma,	which	led	to	FDA	approval	of	trabectedin	in	this
setting.	A	subgroup	analysis	including	only	the	232	women	with	uLMS	similarly	found	superior	outcomes	with
trabectedin	(median	PFS,	4.0	versus	1.5	months;	P	=	.0012).	Response	rates	were	similar	(11%	versus	9%),	as	was
OS	(13.4	versus	12.9	months).139	This	response	rate	for	trabectedin	is	similar	to	the	10%	response	rate	reported	by
the	GOG	in	a	trial	for	chemotherapy-naïve	uLMS;	of	note,	more	than	half	the	participants	in	that	trial	remained
progression	free	without	treatment-limiting	toxicity	for	more	than	10	cycles.134

Pazopanib	is	an	orally	available	multikinase	angiogenesis	inhibitor	approved	by	the	FDA	for	the	treatment	of
soft	 tissue	 sarcomas	 including	 uterine	 leiomyosarcoma.	A	 phase	 II	 trial	 of	 pazopanib	 800	mg	 by	mouth	 daily
showed	 a	PFS	 at	 12	weeks	 of	 44%	 in	 patients	with	 leiomyosarcoma	 treated	with	 two	or	 fewer	 prior	 cytotoxic
regimens	(all	primary	sites),	although	there	was	only	one	partial	response	(PR)	in	a	leiomyosarcoma	patient	(of	41
patients	treated).140	A	subsequent	randomized	phase	III	trial	(PALETTE)	in	pretreated	patients	showed	a	PFS	of
4.6	months	(all	sarcoma	subtypes)	versus	1.6	months	for	placebo.141

Although	uLMS	has	been	reported	to	exhibit	moderate	expression	of	PD-1	(49%)	and	programmed	cell	death
protein	ligand	1	(PD-L1)	(36%),130	single-agent	immune	checkpoint	inhibitors	have	not	been	highly	successful	to
date.	 A	 trial	 of	 nivolumab	 monotherapy	 had	 no	 responders	 among	 the	 12	 uterine	 leiomyosarcoma	 patients
treated.142	 An	 exceptional	 uLMS	 responder	 to	 single-agent	 pembrolizumab	 has	 been	 reported.	 This	 patient
experienced	durable	complete	remission	after	resection	of	one	resistant	lesion,	which,	unlike	the	primary	lesion,
had	biallelic	PTEN	 loss.143	Numerous	 combinations	 of	 chemotherapy	 or	 other	 immunotherapies	with	 anti–PD-
1/PD-L1	are	being	tested	in	leiomyosarcoma.

uLMS	 expresses	 ER	 or	 PR	 in	 a	 significant	 number	 of	 cases,	 and	 hormone	 receptor	 expression	 has	 been
reported	 to	 be	 prognostic.	 One	 study	 reported	 that	 only	 1	 of	 10	 early-stage	 PR-positive	 patients	 experienced
recurrence	 and	 died,	 whereas	 9	 of	 10	 PR-negative	 patients	 experienced	 recurrence	 and	 5	 died.144	 Hormonal
therapy	has	been	suggested	to	benefit	patients	with	advanced-stage	leiomyosarcoma	that	expresses	ER	or	PR,	but
this	remains	hypothetical.	One	prospective	phase	II	 trial	 treated	27	patients	with	leiomyosarcoma	whose	tumors
expressed	ER	and/or	PR	with	the	aromatase	inhibitor	letrozole	at	a	dose	of	2.5	mg	daily.	The	patients	had	received
a	median	of	two	prior	treatment	regimens.	There	were	no	objective	responses,	but	the	12-week	PFS	rate	was	50%
(90%	CI,	30%	to	67%),	and	3	patients,	all	of	whom	had	tumors	expressing	ER	and	PR	in	>90%	of	tumor	cells,
continued	to	receive	letrozole	for	>24	weeks.145	However,	this	may	merely	reflect	the	indolent	natural	biology	of
certain	strongly	receptor-positive	uterine	leiomyosarcomas.

Additional	trials	of	systemic	therapy	for	uterine	leiomyosarcoma146–149	are	listed	in	Table	75.7.

Endometrial	Stromal	Sarcoma
Endometrial	 stromal	 sarcomas	 (ESSs)	 account	 for	 1%	 of	 all	 uterine	 malignancies	 and	 15%	 of	 malignant
mesenchymal	 neoplasms	 of	 the	 uterus.	 The	World	 Health	 Organization	 subdivides	 ESS	 into	 low-grade,	 high-
grade,	and	undifferentiated	sarcoma.

Low-grade	ESSs	are	 indolent	 tumors	 that	usually	occur	 in	women	aged	40	 to	55	years.	The	 tumor	cells	are
positive	 for	 CD10	 and	 ER	 or	 PR.130	 Several	 chromosomal	 translocations	 resulting	 in	 gene	 fusion	 have	 been
identified	 in	 low-grade	ESS,	with	 the	most	 common	being	 translocation	 of	 t(7;	 17)(p15;	 q21),	 resulting	 in	 the
juxtaposition	of	two	zinc	finger	genes	(JAZF1-SUZ12).	In	most	patients,	the	disease	is	diagnosed	at	an	early	stage;
65%	 to	 86%	 of	 low-grade	 ESSs	 are	 confined	 to	 the	 uterus	 at	 diagnosis.	 Estimates	 of	 the	 rate	 of	 lymph	 node



metastasis	 range	 from	 10%	 to	 45%.	 Approximately	 one-third	 of	 stage	 I	 patients	 eventually	 develop	 recurrent
disease.130	Recurrences	can	occur	10	to	20	years	after	diagnosis,	and	survival	after	recurrence	may	be	relatively
long.

High-grade	ESSs	have	a	characteristic	 t(10:17)	 translocation	 that	 results	 in	a	YWHAE-NUTM2A/B	 fusion.130
They	typically	express	strong	and	diffuse	cyclin	D1	and	KIT,	have	high	mitotic	activity	(>10/10	high-power	fields
[HPF])	and	necrosis,	and	may	be	admixed	with	a	 low-grade	 fibromyxoid	component.	Prognosis	 is	 intermediate
between	 low-grade	 ESS	 and	 undifferentiated	 uterine	 sarcoma.	 YWHAE	 rearrangement	 in	 a	 histologically
conventional	low-grade	ESS	has	been	reported	to	be	associated	with	transformation	to	high-grade	ESS.150

TABLE	75.7
Selected	Prospective	Phase	II	and	III	Trials	of	Systemic	Therapy	in	Advanced	or	Recurrent
Uterine	Leiomyosarcoma	with	Prior	Systemic	Therapy

Trial Regimena
No.	of
Patients

RR Median
OS

Garcia	del	Muro
et	al.146 Temozolomide	75–100	mg/m2/d 11 45% n/a

Gallup	et	al.147 Paclitaxel	175	mg/m2/3	h	q	21	d 53 8.4% 12.1	mo

Look	et	al.148 Gemcitabine	1,000	mg/m2/30	min	on	days	1,	8,	15	q	21	d 44 20.5% n/a

Hensley	et	al.136
Gemcitabine	900	mg/m2	over	90	min	on	days	1	and	8	+	docetaxel	100	mg/m2

on	day	8	with	G-CSF	q	21	d 48 27% 14.7	mo

Hensley	et	al.149 Sunitinib	50	mg	PO	qd	×	4	wk	then	2	wk	off 23 8.7% 15.1	mo

Mackay	et	al.128 Aflibercept	4	mg/kd	IV	q	2	wk 41 0%

18.1	mo

17%	6
mo	PFS

aRegimens	often	dose	reduced	in	patients	with	prior	pelvic	radiotherapy.
RR,	relative	risk;	OS,	overall	survival;	n/a,	not	available;	G-CSF,	granulocytie	colony-stimulating	 factor;	PO,	oral;	 IV,	 intravenous;
PFS,	progression-free	survival.

Treatment
The	primary	treatment	for	early-stage,	low-grade	stromal	sarcoma	is	hysterectomy.	Lymph	node	dissection	may
offer	prognostic	information,	but	it	has	not	been	shown	to	improve	survival.	In	general,	removal	of	the	ovaries	is
recommended,	 as	 estrogen	has	 been	noted	 to	 be	 a	 proliferative	 stimulus.	However,	 the	data	 are	 not	 conclusive
regarding	the	impact	of	preservation	of	ovaries	on	outcome.

Regarding	the	role	of	adjuvant	radiation,	older	series	have	not	distinguished	among	the	ESS	subtypes,	and	it	is
difficult	 to	 draw	 meaningful	 conclusions.	 A	 National	 Cancer	 Database	 analysis	 reported	 by	 Seagle	 et	 al.151
suggested	that	use	of	adjuvant	chemotherapy	or	RT	is	associated	with	decreased	survival	in	low-grade	ESS;	this
was	 considered	 likely	 to	 result	 from	 the	 likely	 greater	 (although	 unmeasured)	 extent	 of	 disease	 in	 patients
receiving	 treatment.	 There	 are	 no	 prospective	 data	 for	 the	 use	 of	 adjuvant	 hormonal	 therapy,	 which	 was	 not
associated	with	survival	in	the	Seagle	et	al.151	study.	However,	given	its	efficacy	in	advanced	or	recurrent	disease,
it	is	often	recommended	for	women	with	stage	III	or	higher	disease.

Surgical	resection	of	limited	metastases	(e.g.,	lung)	should	be	considered.	In	recurrent	disease,	progestins	and
aromatase	 inhibitors	can	both	produce	prolonged	 responses.130	The	 role	of	chemotherapy	 is	unclear.	Metastatic
high-grade	 ESS	 has	 been	 reported	 to	 respond	 to	 anthracycline-based	 and	 gemcitabine	 plus	 docetaxel
chemotherapy.130

Undifferentiated	uterine	sarcoma	is	considered	a	diagnosis	of	exclusion.	They	are	high-grade	tumors	with	no
defining	genetic	rearrangement,	are	less	common	than	ESSs,	and	usually	occur	in	postmenopausal	women.130	Half
of	 patients	 present	 with	 stage	 IV	 disease.	 Progression	 after	 resection	 of	 early-stage	 disease	may	 occur	 within
months.	 Surgery	 is	 the	 primary	 therapy	 for	 early-stage	 disease;	 as	 with	 other	 ESSs,	 the	 need	 for	 lymph	 node
dissection	is	uncertain.	Gemcitabine/docetaxel-,	doxorubicin-,	and	ifosfamide-based	regimens	have	been	reported
to	yield	short-lived	responses.130	A	National	Cancer	Database	review	that	considered	undifferentiated	endometrial
sarcomas	 together	 with	 high-grade	 ESSs	 suggested	 that	 adjuvant	 chemotherapy	 and	 RT	 were	 associated	 with
increased	survival.151
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INTRODUCTION
Gestational	 trophoblastic	 neoplasia	 (GTN)	 comprises	 a	 group	 of	 interrelated	 conditions	 that	 arise	 from
trophoblastic	 tissue	 and	 consists	 of	 the	 following	 six	 distinct	 clinicopathologic	 entities:	 complete	 hydatidiform
mole	 (CHM),	 partial	 hydatidiform	 mole	 (PHM),	 invasive	 mole	 (IM),	 choriocarcinoma	 (CCA),	 placental	 site
trophoblastic	 tumors	 (PSTTs),	 and	 epithelioid	 trophoblastic	 tumors	 (ETTs).	 All	 trophoblastic	 tumors	 produce
human	chorionic	gonadotropin	(hCG),	which	can	be	used	as	a	tumor	marker	for	diagnosis,	to	monitor	the	effects
of	 therapy,	 and	 to	 detect	 relapse	 in	 follow-up.1	 Although	 these	 tumors	 represent	 less	 than	 1%	 of	 gynecologic
malignancies,	it	is	important	that	medical	oncologists	understand	their	natural	history	and	management	because	of
their	 life-threatening	 potential	 in	 reproductive-age	 females	 and	 their	 high	 curability	 with	 preservation	 of
reproductive	potential	if	treated	early	and	according	to	well-established	guidelines.

INCIDENCE
GTN	 not	 only	 arises	 most	 commonly	 after	 a	 molar	 pregnancy	 but	 also	 occurs	 after	 any	 pregnancy.	 Molar
pregnancy	occurs	in	approximately	1	in	1,000	gestations.1	Approximately	20%	of	patients	with	CHM	and	<5%	of
patients	with	PHM	will	develop	GTN.2

PATHOLOGY	AND	NATURAL	HISTORY
CHM	is	characterized	by	clusters	of	hydropic	villi	with	trophoblastic	hyperplasia	and	atypia.	CHMs	are	diploid
and	usually	have	a	46,XX	karyotype,	but	approximately	10%	have	a	46,XY	karyotype.3,4	All	chromosomes	are
androgenetic,	that	is,	of	paternal	origin,	and	arise	from	fertilization	of	an	empty	ovum	by	a	haploid	sperm	that	then
undergoes	duplication	or	two	sperm	spontaneously.5

PHM	shows	a	variable	amount	of	abnormal	villous	swelling	and	focal	trophoblastic	hyperplasia	in	association
with	identifiable	fetal	or	embryonic	tissue.	PHM	contains	both	maternal	and	paternal	chromosomes	and	is	triploid,
typically	69,XXY,	which	occurs	by	fertilization	of	a	normal	ovum	by	two	sperm.6

IM	occurs	when	molar	tissue	invades	the	myometrial	wall.	IM	develops	in	approximately	15%	of	patients	with
CHM	and	approximately	1%	to	5%	of	patients	with	PHM.7

CCA	consists	of	invasive,	highly	vascular,	and	anaplastic	trophoblastic	tissue	made	up	of	cytotrophoblasts	and
syncytiotrophoblasts	without	villi.	CCA	metastasizes	hematogenously	and	can	follow	any	type	of	pregnancy	but
most	commonly	develops	after	CHM.	Distant	metastatic	disease	 is	most	commonly	encountered	after	nonmolar
pregnancies	when	the	diagnosis	is	frequently	delayed.8

PSTT	and	ETT	are	rare	and	unique	forms	of	GTN	that	are	derived	from	intermediate	trophoblast,	produce	low
levels	of	hCG,	and	are	relatively	resistant	to	chemotherapy.9

INDICATIONS	FOR	TREATMENT
Following	a	Molar	Pregnancy
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The	early	diagnosis	of	molar	pregnancy	with	ultrasound	has	 led	 to	changes	 in	 the	histologic	characteristics	and
clinical	 presentation	 of	 CHM	 without	 changing	 the	 potential	 for	 developing	 persistent	 disease.10	 After	 molar
evacuation,	 the	 diagnosis	 of	 GTN	 is	 based	 on	 the	 following	 International	 Federation	 of	 Gynecologists	 and
Obstetricians	(FIGO)	guidelines11:

1.	 A	plateau	in	β-hCG	values	plus	or	minus	10%	on	four	tests	over	3	weeks
2.	 A	≥10%	increase	in	β-hCG	levels	for	three	or	more	tests	over	at	least	2	weeks
3.	 Persistence	of	β-hCG	levels	for	>6	months	after	molar	evacuation
4.	 Histologic	evidence	of	choriocarcinoma
5.	 Presence	of	metastatic	disease

Following	a	Nonmolar	Pregnancy
Patients	who	develop	increasing	hCG	levels	after	a	nonmolar	pregnancy	have	GTN	(CCA,	PSTT,	or	ETT)	until
proven	otherwise.	Serum	hCG	levels	are	not	routinely	obtained	after	nonmolar	pregnancies	(except	in	following
ectopic	pregnancies),	unless	the	woman	has	had	a	previous	molar	pregnancy	when	it	becomes	the	standard	of	care
because	 of	 the	 increased	 risk	 of	 developing	 GTN.	However,	 any	 woman	 in	 the	 reproductive	 age	 group	 who
presents	with	abnormal	vaginal	bleeding	or	evidence	of	metastatic	disease	should	undergo	hCG	screening	to	rule
out	GTN.	 If	 the	 hCG	 is	 elevated,	 a	 clinical	 and	 radiologic	 evaluation	 of	 the	 patient	 should	 be	 carried	 out	 to
determine	the	extent	of	disease.	Rapid	growth,	widespread	dissemination,	and	a	high	propensity	for	hemorrhage
make	CCA	a	medical	 emergency.	Metastases	 are	 found	 in	 the	 lungs	 (80%),	vagina	 (30%),	pelvis	 (20%),	brain
(10%),	 and	 liver	 (10%)	 as	 well	 as	 other	 sites	 (<5%).12	 Given	 the	 risk	 of	 hemorrhage,	 histologic	 proof	 of
choriocarcinoma	at	sites	of	metastases	is	not	recommended.

MEASUREMENT	OF	HUMAN	CHORIONIC	GONADOTROPIN
The	serial	quantitative	measurement	of	hCG	is	essential	for	diagnosing,	monitoring	the	efficacy	of	treatment	in,
and	 following	up	patients	with	molar	pregnancy	and	GTN.	hCG	is	a	glycoprotein	 that	consists	of	an	α	subunit
common	to	other	glycoproteins	and	a	β	subunit	that	is	hormone	specific.	Therefore,	the	measurement	of	hCG	in
patients	 with	 GTN	 should	 be	 performed	 by	 assays	 that	 measure	 the	 β	 subunit	 only.13	 hCG	 is	 synthesized	 by
syncytiotrophoblastic	cells	of	the	developing	placenta	and	hydatidiform	moles.	In	contrast,	the	hyperglycosylated
form	of	hCG	(H-hCG)	is	produced	by	the	cytotrophoblastic	cells	of	the	developing	placenta	during	early	gestation
and	by	malignant	GTN	(i.e.,	IMs	and	CCA).14	The	average	time	to	achieve	the	first	undetectable	hCG	level	after
molar	evacuation	is	approximately	9	weeks.15	Once	the	hCG	level	becomes	undetectable,	the	risk	of	developing
GTN	approaches	zero.16–18	Persistence	of	hCG	levels	indicates	local	or	metastatic	disease,	which	allows	for	early
detection	and	timely	intervention.	During	treatment,	β-hCG	response	is	used	as	a	guide	to	determine	whether	to
continue	 treatment	 with	 an	 agent	 or	 switch	 to	 another	 agent.	 β-hCG	 monitoring	 after	 treatment	 allows	 for
identification	of	patients	who	relapse	and	require	additional	treatment.

In	 women	 approaching	 menopause	 or	 in	 women	 treated	 with	 multiagent	 chemotherapy	 that	 may	 suppress
ovarian	function,	the	source	of	the	hCG	could	be	the	pituitary	gland.19	Normalization	of	hCG	after	initiating	oral
contraceptive	pills	or	hormone	replacement	confirms	the	pituitary	as	the	source	in	these	instances.

Hyperglycosylated	Human	Chorionic	Gonadotropin
Hyperglycosylated	hCG	is	now	believed	to	be	a	marker	for	CCA,	and	its	presence	is	associated	with	response	to
chemotherapy.20	Some	patients	treated	for	molar	pregnancy	or	GTN	will	have	persistent	(weeks	or	months)	low
levels	(<200	mIU/mL)	of	real	hCG	but	low	or	absent	concentrations	of	H-hCG.	Characteristically,	these	women
have	no	radiographic	or	clinical	evidence	of	active	disease	and	do	not	appear	to	respond	to	chemotherapy.	This
condition	 of	 persistent	 low-level	 non–hyperglycosylated	 hCG	 is	 called	 quiescent	 gestational	 trophoblastic
disease.20	 Careful	 follow-up	 is	 necessary	 because	 6%	 to	 10%	 of	 these	 patients	 will	 ultimately	 relapse	 with
evidence	of	active	disease	and	increasing	hCG	levels	with	a	high	concentration	(>30%)	of	H-hCG,	at	which	point
chemotherapy	becomes	effective.



PRETREATMENT	EVALUATION
Once	the	diagnosis	of	GTN	has	been	made,	the	following	pretreatment	evaluation	is	recommended	to	determine
the	extent	of	disease:

1.	 A	complete	history	and	physical	examination	including	a	speculum	examination	to	detect	vaginal	metastases.
Biopsy	of	the	vaginal	lesion	is	not	recommended	given	the	highly	vascular	nature	of	the	tumor	and	the	risk	of
uncontrollable	hemorrhage.

2.	 Baseline	measurement	of	the	serum	hCG	value
3.	 Hepatic,	thyroid,	and	renal	function	tests
4.	 Baseline	peripheral	white	blood	cell	and	platelet	counts
5.	 Chest	x-ray,	which	is	essential	because	the	lungs	are	involved	in	80%	of	patients	who	develop	metastatic

disease
6.	 Pelvic	ultrasound	to	confirm	absence	of	a	new	pregnancy	and	to	detect	pelvic	disease,	myometrial	invasion,

and	retained	tissue21

If	there	is	evidence	of	metastatic	disease	on	initial	evaluation,	the	workup	should	be	expanded	to	include	the
following	studies:

1.	 Chest	computed	tomography	(CT),	if	chest	x-ray	is	positive.	Although	pulmonary	metastases	can	be	detected
by	chest	CT	in	up	to	40%	of	patients	with	a	negative	chest	x-ray,	CT	is	not	required	initially	when	a	plain
film	is	negative	because	the	presence	of	micrometastases	does	not	affect	outcome	and	is	not	considered	a	risk
factor.22

2.	 Ultrasound	or	CT	scan	of	the	abdomen	and	pelvis,	with	special	attention	to	the	liver,	kidneys,	and	spleen
3.	 Magnetic	resonance	imaging	(MRI)	or	CT	scan	of	the	head23
4.	 Whole-body	18F-fluorodeoxyglucose	(FDG)	positron	emission	tomography	(PET)	scan	to	identify	active

disease	site	for	occult	disease,	if	indicated24,25
5.	 Review	of	all	available	pathology.	Histologic	confirmation	of	the	diagnosis	of	GTN	is	not	required	for

treatment.	However,	biopsy	of	a	metastatic	site	may	be	indicated	if	the	diagnosis	is	in	doubt.

STAGING	AND	PROGNOSTIC	SCORE
Table	 76.1	 summarizes	 the	 staging	 of	GTN	 adopted	 by	 FIGO	 in	 2002.11,26	 In	 addition	 to	 anatomic	 staging,	 a
prognostic	scoring	system	is	also	used	to	determine	the	appropriate	chemotherapy	regimen	that	reduces	resistance
to	chemotherapy	while	minimizing	exposure	to	toxicity.27	Patients	with	a	score	less	than	7	are	considered	at	low
risk	of	developing	resistance	and	generally	achieve	remission	with	single-agent	therapy.	Patients	with	scores	of	7
or	greater	are	at	high	risk	of	developing	resistance	 to	single-agent	 therapy	and	should	be	 treated	primarily	with
multiple-agent	 regimens.	All	 patients	with	 stage	 IV	disease	 are	 considered	high	 risk.	Data	 from	Charing	Cross
Hospital	indicate	that	only	30%	of	low-risk	GTN	patients	with	a	risk	score	of	5	to	6	are	cured	with	monotherapy.28
Patients	who	proved	 resistant	 to	 sequential	 single-agent	 therapy	were	more	 likely	 to	be	older,	have	hCG	levels
>100,000	 mIU/mL,	 develop	 GTN	 after	 a	 nonmolar	 antecedent	 pregnancy	 with	 a	 histologic	 diagnosis	 of
choriocarcinoma,	have	metastatic	disease,	and	have	ultrasound	evidence	of	large	uterine	tumor	burden.	A	similar
“intermediate-risk	group”	(scores	of	5	to	6)	was	seen	in	a	Gynecologic	Oncology	Group	(GOG)	trial	evaluating
two	single-agent	regimens	where	the	response	rates	to	single-agent	chemotherapy	were	only	10%	to	40%.29

TABLE	76.1
International	Federation	of	Gynecologists	and	Obstetricians	Staging	of	Gestational
Trophoblastic	Neoplasia	and	World	Health	Organization	Scoring	System	Based	on
Prognostic	Factors

Stage	I Disease	confined	to	the	uterus

Stage	II
GTN	extends	outside	of	the	uterus	but	is	limited	to	the	genital	structures
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Stage	III GTN	extends	to	the	lungs,	with	or	without	genital	tract	involvement

Stage	IV All	other	metastatic	sites

A	risk	factor	score	(see	below)	should	be	assigned	to	each	patient.

The	stage	should	be	followed	by	the	sum	of	the	risk	factor	score	(e.g.,	II:4)

Prognostic	Factors
Score

0 1 2 4
Age	in	years <40 ≥40 — —

Antecedent	pregnancy Mole Abortion Term —

Interval	(months)a <4 ≥4	but	<7 ≥7	but	<13 ≥13

Pretreatment	serum	hCG	(mIU/mL) <1,000 1,000	to	<10,000 10,000	to	<100,000 ≥100,000

Largest	tumor,	including	uterine — 3	to	<5	cm ≥5	cm —

Site	of	metastases Lung Spleen,	kidney GI	tract Brain,	liver

Number	of	metastases — 1–4 5–8 >8

Prior	failed	chemotherapy — — Single	drug 2	or	more	drugs
aInterval	(in	months)	between	end	of	antecedent	pregnancy	and	start	of	chemotherapy.
GTN,	gestational	trophoblastic	neoplasm;	hCG,	human	chorionic	gonadotropin;	GI,	gastrointestinal.

TREATMENT
Chemotherapy	is	highly	effective	in	most	patients	with	GTN.	Cure	rates	of	100%	in	low-risk	disease	and	80%	to
90%	in	high-risk	disease	are	reported	from	a	number	of	treatment	centers.30	Despite	the	success	of	chemotherapy,
the	role	of	other	modalities	such	as	surgery	and	radiation	therapy	should	not	be	overlooked.	The	best	results	are
achieved	when	patients	are	treated	under	the	auspices	of	a	multidisciplinary	team.

Low-Risk	Disease
Low-risk	GTN	includes	patients	with	both	nonmetastatic	(stage	I)	and	metastatic	GTN	(stages	II	and	III)	whose
prognostic	 score	 is	 <7.	 Survival	 rates	 in	 patients	 with	 low-risk	 disease	 approach	 100%	 when	 treated	 with
monotherapy	with	either	methotrexate	(MTX)	or	dactinomycin.31,32	A	number	of	different	regimens	are	currently
in	use	(Table	76.2).	A	study	compared	biweekly	 intravenous	dactinomycin	and	 the	weekly	 intramuscular	MTX
regimens	 and	 showed	 that	 the	 biweekly	 dactinomycin	 regimen	was	 associated	with	 a	 statistically	 significantly
higher	complete	response	rate.29	Overall,	the	weekly	intramuscular	or	intermittent	continuous	intravenous	infusion
MTX	 regimens	 are	 thought	 to	 be	 less	 effective	 than	 the	 daily	 (for	 5	 days)	 MTX	 or	 the	 8-day	 alternating
methotrexate/leucovorin	regimens.33	 Lurain	 et	 al.34	 analyzed	 their	 experience	 using	 secondary	 dactinomycin	 in
patients	with	MTX	resistance	and	found	a	75%	complete	response	rate.	The	patients	who	were	resistant	to	both
MTX	 and	 dactinomycin	 ultimately	 achieved	 complete	 response	 with	 multiagent	 salvage	 therapy.34	 Using
multivariate	analysis,	Maestá	et	al.35	studied	prognostic	factors	that	affect	time	to	remission	in	low-risk	GTN	and
concluded	 that	 complete	molar	 histology,	metastases,	 and	 higher	 FIGO	 score	were	 the	main	 factors	 associated
with	longer	time	to	remission.	Chapman-Davis	et	al.36	stressed	the	importance	of	dose-intensive	treatment	in	low-
risk	GTN	patients	treated	initially	with	5-day	MTX.

MTX	 with	 folinic	 acid	 (MTX/FA)	 is	 the	 initial	 choice	 at	 the	 New	 England	 Trophoblastic	 Disease	 Center
(NETDC)	for	low-risk	GTN	because	it	has	low	toxicity	and	a	high	rate	of	response.37	Courses	are	administered	at
2-week	intervals	until	the	serum	β-hCG	level	becomes	undetectable.	The	results	of	a	study	from	the	Netherlands
and	United	Kingdom	 suggest	 that	 three	 rather	 than	 two	 additional	 courses	 of	 consolidation	 therapy	 should	 be
administered	 after	 patients	 achieve	 remission	 to	 reduce	 the	 likelihood	 of	 relapse.38	 Dactinomycin	 is	 also	 used
when	 the	 patient	 develops	 resistance	 to	MTX	or	 if	 there	 is	 evidence	 of	MTX-induced	 abnormal	 liver	 function
tests.	 Patients	 with	 low-risk	 GTN	who	 develop	 resistance	 to	 sequential	 monotherapy	 should	 be	 switched	 to	 a
multidrug	 regimen	 consisting	 of	 etoposide,	MTX,	 dactinomycin,	 cyclophosphamide,	 and	vincristine	 (EMACO)
(Table	76.3).39	Remission	is	defined	as	an	undetectable	hCG	level	for	3	consecutive	weeks.

TABLE	76.2



Single-Agent	Regimens	for	Low-Risk	Gestational	Trophoblastic	Neoplasms

MTX
■	MTX	0.4–0.5	mg/kg	IV	or	IM	daily	for	5	d	(not	to	exceed	25	mg/d)
■	Pulse	MTX	50	mg/m2	IM	weekly

MTX/FA
■	MTX	1	mg/kg	IM	or	IV	on	days	1,	3,	5,	7
■	FA	0.1	mg/kg	PO	on	days	2,	4,	6,	8

High-dose	MTX/FA
■	MTX	100	mg/m2	IV	bolus
■	MTX	200	mg/m2	12-h	infusion
■	FA	15	mg	every	12	h	in	4	doses	IM	or	PO	beginning	24	h	after	starting	MTX

ACTD	regimens
■	ACTD	10–12	μg/kg	IV	push	daily	for	5	d	(not	to	exceed	1,000	μg/d)
■	ACTD	1.25	mg/m2	IV	push	every	2	wk
MTX,	methotrexate;	 IV,	 intravenous;	 IM,	 intramuscular;	FA,	 folinic	acid	 (calcium	 leucovorin);	PO,	by	mouth;	ACTD,	dactinomycin
(Cosmegen).

TABLE	76.3
Protocols	for	EMACO	and	EMAEP	Regimens

Day Drug Dose
	 Protocol	for	EMACO	Regimen

1

Etoposide
ACTD
MTX

100	mg/m2	by	infusion	in	200	mL	of	saline	over	30	min
0.5	mg	IV	push
100	mg/m2	IV	push
200	mg/m2	by	infusion	over	12	h

2

Etoposide
ACTD
Folinic	acid

100	mg/m2	by	infusion	in	200	mL	of	saline	over	30	min
0.5	mg	IV	push
15	mg	every	12	h	×	4	doses	IM	or	PO	beginning	24	h	after	starting	MTX

8
Cyclophosphamide
Vincristine

600	mg/m2	by	infusion	in	saline	over	30	min
1.0	mg/m2	IV	push

	 	 Protocol	for	EMAEP	Regimen

1

Etoposide
ACTD
MTX

100	mg/m2	by	infusion	in	200	mL	of	saline	over	30	min
0.5	mg	IV	push
100	mg/m2	IV	push
200	mg/m2	by	infusion	over	12	h

2

Etoposide
ACTD
Folinic	acid

100	mg/m2	by	infusion	in	200	mL	saline	over	30	min
0.5	mg	IV	push
15	mg	every	12	h	×	4	doses	IM	or	PO	beginning	24	h	after	starting	MTX

8
Cisplatin
Etoposide

60	mg/m2	with	prehydration
100	mg/m2	by	infusion	in	200	mL	saline	over	30	min

EMACO,	 etoposide,	 methotrexate,	 and	 dactinomycin	 alternating	 with	 cyclophosphamide	 and	 vincristine;	 EMAEP,	 etoposide,
methotrexate,	 dactinomycin,	 etoposide,	 and	 cisplatin;	ACTD,	 dactinomycin	 (Cosmegen);	MTX,	methotrexate;	 IV	 intravenous;	 IM,
intramuscular;	PO,	by	mouth.

In	 patients	with	 nonmetastatic	 disease,	 primary	 treatment	with	 hysterectomy	with	 ovarian	 preservation	may
also	 be	 considered	when	 preservation	 of	 fertility	 is	 no	 longer	 desired.	 It	 is	 advisable	 to	 administer	 adjunctive
chemotherapy	at	the	time	of	surgery	because	of	the	risk	of	occult	disease.40

After	attaining	undetectable	hCG	levels,	patients	should	be	followed	with	monthly	hCG	levels	for	12	months.
During	this	 time,	effective	contraception	is	mandatory	not	only	to	prevent	an	intercurrent	pregnancy	but	also	to
suppress	pituitary	hCG,	which	can	falsely	suggest	residual	disease.19	Pregnancy	may	be	undertaken	after	1	year	of
normal	hCG	values.

High-Risk	Disease
Dose-intensive,	multiple-agent	chemotherapy	should	be	used	initially	in	all	patients	with	stage	II	and	III	disease
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whose	prognostic	scores	are	>6	and	all	patients	with	stage	IV	disease.41	Table	76.3	summarizes	the	most	widely
used	 regimens	 including	 EMACO	 and	 etoposide,	 MTX,	 dactinomycin,	 and	 cisplatin	 (EMAEP),	 which	 are
associated	with	cure	rates	ranging	from	70%	to	90%.	Cagayan42	reported	a	remission	rate	of	72%	with	the	primary
use	of	EMACO	and	an	overall	survival	rate	of	86%.	Despite	the	success	of	EMACO,	approximately	30%	to	40%
of	women	with	high-risk	disease	will	have	an	incomplete	response	to	first-line	multiagent	therapy	or	will	relapse
from	remission	and	will	need	additional	multiagent	chemotherapy	with	potentially	other	multimodality	treatment.
Furthermore,	 the	 Charing	 Cross	 group	 has	 reported	 that	 use	 of	 induction	 low-dose	 etoposide	 100	mg/m2	 and
cisplatin	20	mg/m2	 (on	days	1	and	2	every	7	days)	 in	 selected	patients	with	high	burden	of	disease	may	allow
almost	 complete	 elimination	 of	 early	 mortality	 (<4	 weeks)	 that	 may	 result	 from	 respiratory	 compromise	 and
hemorrhage	secondary	 to	heavy	burden	of	disease	within	 the	 thorax	and	 rapid	 tumor	destruction	with	 full-dose
chemotherapy.	They	also	report	a	94%	remission	rate	with	EMACO	by	carefully	excluding	nongestational	tumors
in	patients	with	atypical	presentation	using	genetic	analysis.43	Treatment	 should	be	dose	 intensive	 every	2	 to	3
weeks,	 toxicity	 permitting.	 The	 use	 of	 granulocyte	 colony-stimulating	 factor	 (G-CSF)	 and,	 when	 absolutely
necessary,	platelet	transfusions	is	important	to	maintain	adequate	dose	intensity	and	to	prevent	unnecessary	dose
reductions	 or	 treatment	 delays.	 Treatment	 should	 be	 continued	 until	 the	 hCG	 level	 becomes	 undetectable	 and
remains	 undetectable	 for	 3	 consecutive	 weeks.	 Consolidation	 therapy	 with	 the	 administration	 of	 three	 or	 four
courses	 of	 the	 remission	 regimen	 after	 the	 patient	 achieves	 remission	 is	 recommended	 to	 reduce	 relapse.	 An
alternative	 regimen	 containing	 cisplatin	 (EMAEP)	 should	 be	 used	 as	 salvage	 therapy	 for	 patients	who	develop
resistance	to	EMACO.44	A	Cochrane	Database	review	of	chemotherapy	for	resistant	or	recurrent	GTN	recognizes
the	efficacy	of	a	number	of	platinum	plus	etoposide	combinations.45	5-Fluorouracil	has	also	been	shown	to	be	an
active	agent	in	the	management	of	this	disease	in	both	low-risk	and	high-risk	patients.46	Wang	et	al.,47	in	an	effort
to	 identify	new	agents	 and	 regimens	effective	 in	 treating	patients	 resistant	 to	 standard	chemotherapy	 regimens,
reported	 that	a	novel	 three-drug	doublet	 regimen	consisting	of	paclitaxel	and	etoposide	(TE)	and	paclitaxel	and
cisplatin	 (TP)	 induced	 a	 response	 in	 seven	 patients	 (three	 complete	 responses	 and	 four	 partial	 responses)	who
were	resistant	to	EMACO.

Other	 salvage	 chemotherapy	 regimens	 include	 ifosfamide,	 cisplatin,	 and	 etoposide	 (ICE);	 bleomycin,
etoposide,	 and	 platinum	 (BEP);	 carboplatin;	 gemcitabine;	 liposomal	 doxorubicin;	 5-fluorouracil	 (5-FU)–
containing	regimens;	and	high-dose	chemotherapy	with	stem	cell	transplantation.	In	addition,	there	is	an	enrolling
clinical	trial	(TROPHIMMUN)	evaluating	avelumab	in	chemotherapy-resistant	GTN	(NCT03135769).39

Role	of	Radiation	Therapy
Radiation	therapy	has	little	application	in	patients	with	GTN	except	in	selected	patients	with	cerebral	metastases.
The	use	of	whole-brain	or	localized	stereotactic	radiation	therapy	in	conjunction	with	chemotherapy	can	prevent	a
life-threatening	 or	 debilitating	 hemorrhage	 and	 should	 be	 initiated	 promptly.48,49	 An	 alternative	 to	 the	 use	 of
radiation	 for	 cerebral	metastases	 is	 the	 use	 of	 intrathecal	MTX	 in	 combination	with	multiagent	 chemotherapy,
particularly	 in	 the	 presence	 of	 meningeal	 involvement.50	 Chemotherapy	 with	 intrathecal	 MTX	 resulted	 in
complete	remission	in	23	(85%)	of	27	patients	with	brain	metastases.49	 In	 the	presence	of	brain	metastases,	 the
dose	of	MTX	in	multiagent	regimens	should	be	increased	to	1,000	mg/m2.

Role	of	Surgery
Surgery	 also	 plays	 an	 important	 role	 in	 the	management	 of	 high-risk	 patients.51	Hysterectomy	 in	patients	with
heavy	bleeding,	 in	patients	with	 large	bulky	 intrauterine	disease,	or	 in	 the	presence	of	 significant	pelvic	 sepsis
should	be	performed	regardless	of	the	patient’s	parity.40

Although	 pulmonary	 disease	 is	 usually	 chemosensitive,	 resection	 of	 chemoresistant	 lung	 nodules	 can	 be
curative	and	should	be	considered	when	the	metastasis	is	solitary	and	limited	to	one	lung	and	the	β-hCG	is	<1,000
mIU/mL.52,53	 Normalization	 of	 β-hCG	 within	 1	 to	 2	 weeks	 after	 resection	 of	 a	 pulmonary	 lesion	 is	 a	 good
indication	of	 a	 favorable	outcome.	When	evaluating	patients	 for	 thoracotomy,	 it	 is	 important	 to	 remember	 that
lung	nodules	can	persist	 for	several	months	or	years	after	completion	of	chemotherapy	and	normalization	of	β-
hCG.	These	nodules	may	represent	areas	of	scar	tissue	or	nonviable	tumor,	which	the	use	of	PET	or	PET/CT	may
help	to	determine.24,25

Surgery	 can	 also	 play	 a	 role	 in	 the	 management	 of	 cerebral	 metastases.	 Multimodality	 therapy	 including
chemotherapy	 with	 surgical	 resection	 and	 irradiation	 (whole-brain	 and/or	 stereotactic	 radiation)	 has	 improved
overall	survival	from	46%	to	64%	in	the	past	14	years,	even	when	metastases	developed	during	chemotherapy.54



Craniotomy	is	indicated	for	the	resection	of	peripheral,	solitary,	drug-resistant	lesions	and	can	be	life	saving	in	the
management	of	intracranial	hemorrhage	or	increased	intracranial	pressure.

The	management	 of	 resistant	 hepatic	metastases	 is	 particularly	 difficult.55	 If	 a	 patient	 becomes	 resistant	 to
systemic	 chemotherapy,	 hepatic	 arterial	 infusion	 of	 chemotherapy	may	 induce	 complete	 remission	 in	 selected
cases.	Hepatic	resection	may	also	be	required	to	control	acute	hemorrhage	or	to	excise	a	focus	of	resistant	tumor.

PLACENTAL	SITE	OR	EPITHELIOID	TROPHOBLASTIC	TUMORS
Hysterectomy	is	the	treatment	of	choice	for	all	patients	with	nonmetastatic	(stage	I)	PSTT	or	ETT,	with	cure	rates
approaching	100%.9	If	deep	myometrial	involvement	is	noted,	we	believe	it	is	advisable	to	also	perform	a	pelvic
lymphadenectomy	 because	 the	 rate	 of	 nodal	 metastases	 has	 been	 reported	 to	 be	 between	 5%	 and	 10%.56
Metastatic	PSTTs	and	ETTs	are	recognized	as	having	a	high	fatality	rate,9,57	and	FIGO	stage	and	interval	 from
antecedent	 pregnancy	 (especially	 >48	 months)	 appear	 to	 be	 two	 important	 prognostic	 factors.	 Although
universally	accepted	guidelines	on	how	to	manage	PSTT	and	ETT	are	not	available,	given	its	aggressive	clinical
behavior,	multimodality	 therapy	with	 surgery	 and	 chemotherapy,	 preferably	with	 EMAEP,	 has	 been	 shown	 to
improve	survival.9,57,58

SUBSEQUENT	PREGNANCY	AFTER	TREATMENT	FOR	GESTATIONAL
TROPHOBLASTIC	NEOPLASIA
Patients	 with	 GTN	 treated	 successfully	 with	 chemotherapy	 can	 expect	 normal	 reproductive	 function.59	 The
NETDC	database	has	follow-up	on	677	subsequent	pregnancies	 in	patients	 treated	between	1965	and	2014	that
resulted	 in	 500	 term	 live	 births	 (66.9%),	 44	 premature	 deliveries	 (6.6%),	 7	 ectopic	 pregnancies	 (1.0%),	 10
stillbirths	 (1.5%),	 and	 9	 repeat	 molar	 pregnancies	 (1.3%).	 First-	 and	 second-trimester	 spontaneous	 abortions
occurred	in	123	pregnancies	(18.4%).	Major	and	minor	congenital	anomalies	were	detected	in	12	infants	(2.4%).
These	values	are	comparable	to	the	general	gestational	population.	The	low	incidence	of	congenital	malformations
is	reassuring	despite	the	fact	that	chemotherapeutic	agents	are	known	to	have	teratogenic	and	mutagenic	potential.
We	strongly	advise	 these	patients	 to	undergo	hCG	 testing	at	 the	6-week	postpartum	or	postabortal	 check-up	 to
ensure	complete	remission.
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77 Ovarian	Cancer
Krishnansu	S.	Tewari,	Richard	T.	Penson,	and	Bradley	J.	Monk

INCIDENCE	AND	ETIOLOGY
The	 American	 Cancer	 Society	 and	 National	 Cancer	 Institute	 (NCI)	 estimate	 that	 in	 2018	 there	 will	 be
approximately	22,240	new	cases	of	ovarian	cancer	and	14,070	women	will	die	of	this	disease.	The	lifetime	risk	for
epithelial	ovarian	cancer	is	1.38%,	or	1	in	every	72	women.	The	risk	is	even	higher	among	women	with	familial
and	known	genetic	predisposition	to	this	disease.1

Ovarian	cancers	are	composed	of	epithelial	tumors,	sex	cord–stromal	tumors,	and	malignant	germ	cell	tumors
of	 the	 ovary,	 as	 well	 as	 nonspecific	 tumors	 of	 the	 ovary	 and	 metastatic	 cancers	 to	 the	 ovary.2,3	 Nonspecific
tumors,	including	lymphomas	and	sarcomas,	arise	from	ovarian	lymphocytes	and	fibroblasts,	respectively.	Among
the	 common	 metastatic	 tumors	 to	 the	 ovary	 are	 cancers	 of	 the	 fallopian	 tube,	 endometrium,	 cervix,	 breast,
appendix,	and	stomach	or	gastrointestinal	tract,	with	the	latter	being	known	as	Krukenberg	tumors.3

Epithelial	ovarian	cancers	(EOCs)	are	the	most	common	ovarian	cancer,	accounting	for	approximately	90%	of
ovarian	 cancers.	 These	 malignancies	 arise	 from	 the	 coelomic	 epithelium	 that	 encases	 the	 ovary	 and	 share	 a
common	embryonic	origin	with	primary	carcinomas	of	the	peritoneum.2,3	The	most	common	subtype	of	EOC,	the
high-grade	serous	 lesion,	most	commonly	arises	from	the	fimbriated	end	of	 the	fallopian	tube	and	is	associated
with	mutation	in	breast	cancer	susceptibility	gene	1	or	gene	2	(BRCA1	or	BRCA2)	in	approximately	10%	to	15%
of	 cases.2	 Although	 chemosensitive	 at	 diagnosis,	 the	 emergence	 of	 acquired	 drug	 resistance	 constitutes	 the
greatest	clinical	hurdle	leading	to	recurrent	and	progressive	disease	and,	ultimately,	death	in	the	vast	majority	of
patients.

Etiology
Established	risk	factors	for	EOC	include	age	and	having	a	family	history	of	the	disease,	whereas	protective	factors
include	increasing	parity,	oral	contraceptive	pill	(OCP)	use,	and	salpingo-oophorectomy.3	Lactation,	 incomplete
pregnancies,	hysterectomy,	and	 tubal	 ligation	may	confer	a	weak	protective	effect.	 Infertility	may	contribute	 to
ovarian	cancer	risk	among	nulliparous	women.	Environmental	factors	may	also	contribute	to	risk	because	highly
industrial	countries	have	the	highest	reported	incidences.	This	suggests	that	physical	or	chemical	products	used	in
industry	may	be	causative	factors.	No	specific	environmental	carcinogens	that	enter	through	the	vagina	or	dietary
factors	have	been	identified	that	fulfill	the	requirements	of	causation.	There	is	also	no	evidence	that	incriminates
viruses.

Epidemiology
There	is	wide	geographic	variation	in	the	incidence	of	EOC,	with	the	highest	age-adjusted	incident	rates	(>8	per
100,000)	 occurring	 in	 the	 industrialized	 nations	 of	North	America	 and	Central	 and	Eastern	Europe.4	 Rates	 are
lowest	in	Asia	and	Africa	(≤3	per	100,000)	and	intermediate	in	South	America	(5.8	per	100,000).4	Interestingly,
the	 risk	 increases	 with	 migration	 from	 countries	 with	 low	 rates	 to	 those	 with	 high	 rates	 (e.g.,	 Japan).	 These
observations	support	the	theory	that	the	causative	carcinogens	are	in	the	immediate	environment	(e.g.,	food,	and
personal	customs),	which	may	change	during	 the	cultural	 transition.	Within	 the	United	States,	 rates	are	highest
among	whites,	lowest	among	African	Americans	and	Asians,	and	intermediate	among	Latinas.

The	median	age	at	diagnosis	of	EOC	is	between	60	and	64	years,	but	more	 than	one-third	of	cases	occur	 in
patients	 aged	 65	 years	 or	 older.4	 Interestingly,	 elderly	 women	 are	 more	 likely	 than	 younger	 women	 to	 be	 in
advanced	 stages	 of	 ovarian	 cancer	 at	 initial	 diagnosis.	 Over	 the	 preceding	 three	 decades,	mortality	 rates	 have
decreased	for	women	younger	than	age	65	years,	whereas	rates	have	increased	for	women	older	than	age	65	years.
This	change	may	result	from	increased	use	of	OCPs	in	younger	patients	and	a	shifting	of	the	survival	curve	to	the



right.
Affected	family	members	constitute	a	significant	risk	factor.	First-degree	relatives	of	probands	have	a	three-	to

sevenfold	 increased	 risk,	 often	with	 an	 early	 age	 at	 onset.	 The	 lifetime	 risk	 of	 EOC	 associated	with	 germline
BRCA1	mutation	 exceeds	 50%,	 and	 that	 associated	with	 germline	BRCA2	mutation	 ranges	 from	 12%	 to	 20%.
Patients	with	mutations	in	the	DNA	repair	genes	BRIP1,	RAD51C,	and	RAD51D	have	 lifetime	risks	of	EOC	of
5.8%,	 5.2%,	 and	 12%,	 respectively.	 Approximately	 2%	 of	 all	 cases	 may	 be	 associated	 with	 the	 hereditary
nonpolyposis	colorectal	cancer	syndrome	and	are	commonly	endometrioid	or	clear	cell	subtypes.

Hormonal	 and	 reproductive	 factors	 have	 been	 implicated	 in	 the	 pathogenesis	 of	 EOC,	 with	 the	 incessant
ovulation	 hypothesis	 invoking	 a	 higher	 rate	 of	 spontaneous	mutations	 occurring	with	 the	 repair	 of	 the	 surface
epithelium	following	each	ovulatory	cycle.	Early	age	at	menarche	and	late	age	at	menopause	increase	the	risk	by
increasing	the	total	number	of	ovulations.	Although	this	theory	has	been	supported	by	some	animal	models,	such
as	the	unilateral	ovulator	known	as	the	Long	Island	chicken	in	which	ovarian	carcinoma	is	found	to	develop	only
in	the	ovary	that	ovulates,	the	estimated	numbers	of	ovulatory	cycles	among	infertile	and	nulliparous	women	does
not	seem	to	account	for	the	full	measure	of	ovarian	carcinoma	observed	in	the	general	population.3	Alternatively,
the	gonadotropin	hypothesis	 suggests	 that	 luteinizing	 hormone	 and	 follicle-stimulating	 hormone	 (FSH)	may	be
directly	 involved	 in	 pathogenesis.	 Infertility	 appears	 to	 be	 a	 risk	 factor	 in	 many	 epidemiologic	 studies,	 but
incomplete	 pregnancies	 (i.e.,	 spontaneous	 and/or	 induced	 abortions)	 have	 been	 associated	with	 reduced	 risk	 in
some	(but	not	all)	studies.

Because	pregnancy	 causes	 anovulation	 and	 suppresses	 secretion	of	 pituitary	gonadotropins,	 both	hypotheses
may	 contain	 elements	 that	 account	 for	 the	 disease.	 Similarly,	 because	 lactation	 also	 suppresses	 secretion	 of
pituitary	gonadotropins	and	leads	to	anovulation,	both	hypotheses	predict	a	protective	effect	from	breastfeeding,
which	has	been	demonstrated	in	some	reports.	Due	to	their	effect	on	ovulation,	numerous	epidemiologic	studies
have	 reported	 a	 consistent	 inverse	 relationship	 with	 the	 use	 of	 OCPs	 and	 risk	 of	 ovarian	 cancer.	 It	 has	 been
estimated	that	OCP	use	has	led	to	the	prevention	of	30,000	EOC	cases	every	year	and,	over	the	last	half	century,
has	prevented	a	total	of	200,000	cases	and	100,000	deaths.	Even	progestin-only	contraceptives,	although	less	well
studied,	have	been	associated	with	lowering	the	risk	of	ovarian	cancer.	Interestingly,	the	association	of	hormone
replacement	therapy	(HRT)	with	ovarian	cancer	risk	is	less	clear	and	possibly	conflicting.	Although	HRT	reduces
the	secretion	of	gonadotropins,	it	may	also	enhance	estrogen-induced	proliferation	of	ovarian	cells.

Benign	 gynecologic	 conditions,	 including	 endometriosis,	 polycystic	 ovarian	 syndrome	 (PCOS),	 and	 pelvic
inflammatory	 disease	 (PID),	 have	 also	 been	 implicated	 in	 the	 pathogenesis	 of	 EOC.	 An	 underlying	 host
susceptibility	 to	 implantation	of	exfoliated	Müllerian	epithelial	cells	from	the	endometrium	(endometriosis)	and
fallopian	tube	(endosalpingiosis)	may	lead	to	the	development	of	EOC,	with	Pearce	et	al.5	reporting	an	increased
risk	 of	 low-grade	 serous	 ovarian	 cancer	 (odds	 ratio	 [OR],	 2.11;	 95%	 confidence	 interval	 [CI],	 1.39	 to	 3.20),
endometrioid	ovarian	cancer	(OR,	2.04;	95%	CI,	1.67	to	2.48),	and	clear	cell	ovarian	cancer	(OR,	3.05;	95%	CI,
2.43	to	3.84).	ARID1A	mutations	have	been	reported	in	endometriosis-associated	ovarian	carcinomas.	In	addition
to	an	increased	risk	of	endometrial	cancer	due	to	the	production	of	unopposed	endogenous	estrogens	and	elevated
androgens	 in	women	with	PCOS,	 the	Cancer	 and	Steroid	Hormone	 (CASH)	 study	 reported	 a	history	of	PCOS
among	7	of	476	(1.5%)	patients	with	EOC,	compared	with	24	of	4,081	controls	(OR,	2.5;	95%	CI,	1.1	to	5.9).6
Finally,	 although	 PID	 causes	 inflammation	 of	 the	 entire	 reproductive	 tract	 including	 the	 cervix,	 endometrium,
fallopian	tubes,	and	ovaries,	studies	linking	PID	to	EOC	have	been	inconsistent.

Gynecologic	procedures,	including	hysterectomy	and	tubal	ligation,	have	been	associated	with	a	reduction	in
risk	of	ovarian	cancer	ranging	from	30%	to	40%,	presumably	due	to	interruption	of	some	of	the	blood	flow	to	the
ovaries.	Risk-reducing	salpingo-oophorectomy	(rrSO)	is	recommended	for	women	harboring	deleterious	germline
BRCA1and	BRCA2	(BRCA1/2)	mutations	after	completion	of	childbearing.	Importantly,	rrSO	does	not	eliminate
the	risk	entirely	because	there	is	still	an	approximately	1.8%	to	2.0%	risk	for	development	of	primary	peritoneal
carcinoma.	Women	with	BRIP1	mutations	 and/or	 strong	 family	history	with	 either	negative	BRCA1/2	 status	 or
unknown	mutation	status	may	also	benefit	from	rrSO.

Among	environmental	exposures,	 talcum	powder	has	been	of	renewed	interest	recently.	Talcum	is	a	silicate,
and	although	animal	models	do	not	support	evidence	of	carcinogenicity,	some	epidemiologic	meta-analyses	have
reported	 an	 increase	 in	 risk	of	 approximately	35%	associated	with	genital	 exposure	 to	 talc.	These	 results	were
refuted	by	the	Women’s	Health	Initiative	study	in	2014	involving	a	cohort	of	61,576	postmenopausal	women,	but
other	 investigators	 have	 found	a	positive	 association	with	genital	 talc	 exposure	 in	 certain	 subgroups,	 including
premenopausal	women,	postmenopausal	women	using	HRT,	and	women	with	certain	variants	of	glutathione	S-
transferase	M1	and	glutathione	S-transferase	T1.7
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ANATOMY	AND	PATHOLOGY
Ovarian	 cancer	 arises	 in	 the	 adnexae,	 which	 consist	 of	 the	 ovaries,	 fallopian	 tubes,	 broad	 ligament,	 and
embryologic	 rests	 within	 the	 broad	 ligament.	 The	 three	 main	 types	 of	 ovarian	 cancer	 include	 the	 epithelial
cancers,	malignant	germ	cell	tumors	that	arise	from	the	primordial	germ	cells	or	oocytes,	and	the	sex	cord–stromal
tumors,	which	are	derived	from	the	steroid-producing	cells	responsible	for	nourishing	the	germ	cells	and	oocytes.
Interestingly,	 the	 specific	malignant	 histologic	 type	of	 ovarian	 cancer	 has	 less	 prognostic	 significance	 than	 the
International	 Federation	 of	 Gynecology	 and	 Obstetrics	 (FIGO)	 stage,	 extent	 of	 residual	 disease	 following
cytoreductive	 surgery,	 and	 histologic	 grade.	 Particularly	 in	 the	 case	 of	 EOC,	 histologic	 grade	 is	 an	 important
independent	prognostic	factor.	The	World	Health	Organization	(WHO)	histologic	classification	of	ovarian	tumors
is	provided	in	Table	77.1.

In	 descending	 order	 of	 frequency,	 EOCs	 include	 serous	 cystadenocarcinoma	 (characterized	 by	 psammoma
bodies	 histologically	 and	 elevation	 in	 serum	 levels	 of	 the	 cancer	 antigen	 125	 [CA	 125]	 clinically),	 mucinous
cystadenocarcinoma	 (not	 associated	 with	 CA	 125	 but	 may	 elaborate	 carcinoembryonic	 antigen	 [CEA]),
endometrioid	 carcinoma,	 undifferentiated	 carcinoma,	 and	 clear	 cell	 carcinoma	 (characterized	 histologically	 by
hobnail	 cells	 and	 coffee	 bean	 nuclei).	 Serous	 carcinomas	 can	 be	 high	 grade	 or	 low	 grade,	 and	 clear	 cell
carcinomas	 and	undifferentiated	 carcinomas	 tend	 to	display	 the	most	 aggressive	behavior	 and	 confer	 the	worst
prognosis.	 It	 is	 important	 to	 note	 that	 there	 are	 benign	 and	 borderline	malignant	 counterparts	 of	 the	 first	 three
tumor	 types.	Benign	 lesions	 include	serous	cystadenoma,	mucinous	cystadenoma,	and	endometrioma,	while	 the
malignant	dopplegangers	include	tumors	of	low	malignant	potential	of	each	of	these	histologic	subtypes.

TABLE	77.1
Previous	and	2014	World	Health	Organization	Classification	of	Epithelial	Ovarian	Tumors

Previous New	(2014)
Previous New	(2014)
SEROUS	TUMORS
Benign	type
Cystadenoma Cystadenoma

Papillary	cystadenoma Adenofibroma

Surface	papilloma Surface	papilloma

Adenofibroma	and	cystadenofibroma 	

Borderline	(SBOT)
Papillary	cystic	BOT SBOT/atypical	proliferating	tumor

Papillary	surface	BOT SBOT,	micropapillary	type/noninvasive,	serous	low-grade	carcinoma

Adenofibromatous	and	cystadenofibromatous	BOT 	

Malignant	Type
Adenocarcinoma Serous	low-grade	carcinoma

Papillary	surface	carcinoma Serous	high-grade	carcinoma

Adenocarcinofibroma 	

MUCINOUS	TUMORS
Benign	type
Cystadenoma Cystadenoma

Adenofibroma	and	cystadenofibroma Adenofibroma

Mucinous	cystic	tumor	with	mural	nodules 	

Mucinous	cystic	tumor	with	pseudomyxoma	peritonei 	

Borderline	(MBOT)
Intestinal	type MBOT/atypical	proliferating	mucinous	tumor

Endocervical	type 	

Malignant	Type
Adenocarcinoma Mucinous	carcinoma



Adenocarcinofibroma	(malignant	adenofibroma) 	

ENDOMETRIOID	TUMORS
Benign	type
	 Endometriosis	cyst

Cystadenoma Endometrioid	cystadenoma

Adenofibroma	and	cystadenofibroma Endometrioid	cystadenofibroma

Borderline	(EBOT)
Cystic	tumor EBOT/atypical	proliferative	endometrioid	tumor

Adenofibroma	and	cystadenofibroma 	

Malignant	Type
Adenocarcinoma	NOS Endometrioid	carcinoma

Adenocarcinofibroma	(malignant	adenofibroma) 	

Malignant	Müllerian	mixed	tumor	(carcinosarcoma) 	

Adenosarcoma 	

Endometrioid	stromal	sarcoma	(low	grade) 	

Undifferentiated	ovarian	sarcoma 	

CLEAR	CELL	TUMORS
Benign	type
Cystadenoma Cystadenoma

Adenofibroma	and	cystadenofibroma 	

Borderline	(KBOT)
Cystic	tumor CBOT/atypical	proliferating	clear	cell	tumor

Adenofibroma	and	cystadenofibroma 	

Malignant	Type
Adenocarcinoma Clear	cell	tumor

Adenocarcinofibroma	(malignant	adenofibroma) 	

Transitional	cell	tumors Brenner	tumors
Benign	type
Brenner	tumor Brenner	tumor

Metaplastic	type 	

Borderline
Borderline	Brenner	tumor Borderline	Brenner	tumor/atypical	proliferating	Brenner	tumor

Proliferative	type 	

Malignant	Type
Transitional	cell	carcinoma 	

Malignant	Brenner	tumor Malignant	Brenner	tumor

	 Seromucinous	tumors

	 Benign	tumors

	 Seromucinous	cystadenoma

	 Seromucinous	adenofibroma

	 Borderline	tumors

	
Seromucinous	borderline	tumor/atypical	proliferating	seromucinous

	 Malignant	disease

	 Seromucinous	carcinoma

SQUAMOUS	EPITHELIAL	TUMORS
Mixed	epithelial	tumors 	

Undifferentiated	and	unclassifiable	tumors Undifferentiated	carcinoma
SBOT,	 serous	 borderline	 ovarian	 tumor;	 BOT,	 borderline	 ovarian	 tumor;	 MBOT,	 mucinous	 borderline	 ovarian	 tumor;	 EBOT,
endometrioid	 borderline	 ovarian	 tumor;	 NOS,	 not	 otherwise	 specified;	 KBOT,	 clear	 cell	 borderline	 ovarian	 tumor;	 CBOT,	 cystic
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borderline	ovarian	tumor.

SCREENING	AND	PREVENTION
Cancer	Antigen	125
CA	 125	 was	 discovered	 in	 1981	 by	 Bast	 et	 al.8	 Although	 it	 is	 the	 only	 U.S.	 Food	 and	 Drug	 Administration
(FDA)–approved	biomarker	for	ovarian	cancer	detection,	it	is	only	expressed	in	approximately	75%	of	cases	and
principally	in	the	serous	subtype.	It	is	not	expressed	by	mucinous	and	other	ovarian	carcinomas,	although	when
these	diseases	are	metastatic	to	the	abdominal	cavity,	levels	of	CA	125	may	be	aberrantly	elevated	but	not	reliably
enough	to	accurately	reflect	intra-abdominal	tumor	burden.	Additional	shortcomings	of	CA	125	include	a	lack	of
sensitivity	for	detecting	early-stage	ovarian	cancer	and	the	potential	presence	of	 this	protein	at	abnormally	high
levels	in	many	benign	gynecologic	and	nongynecologic	conditions.9	For	these	reasons,	CA	125	is	not	a	suitable
screening	 test	 for	 ovarian	 cancer	 in	 the	 general	 population	 of	 women,	 and	 the	 search	 for	 more	 sensitive	 and
informative	biomarkers	continues.	Accepted	uses	of	CA	125	 include	 (1)	helping	 to	determine	whether	a	pelvic
mass	is	malignant;	(2)	assisting	in	determining	whether	a	cancer	of	unknown	primary	origin	has	arisen	from	the
ovary;	 (3)	 monitoring	 response	 of	 ovarian	 cancer	 to	 systemic	 chemotherapy;	 (4)	 carrying	 out	 surveillance	 of
patients	 treated	 for	 ovarian	 cancer	 who	 are	 in	 remission;	 and	 (5)	 screening	 for	 ovarian	 cancer	 in	 high-risk
populations	(i.e.,	patients	with	a	strong	family	history	or	BRCA1/2	mutation	carriers).

Prostate,	Lung,	Colorectal,	and	Ovarian	Cancer	Screening	Trial
The	 objective	 of	 the	 ovarian	 component	 of	 the	 Prostate,	 Lung,	 Colorectal,	 and	 Ovarian	 (PLCO)	 trial	 was	 to
determine	whether	screening	reduces	mortality	from	ovarian	cancer	in	healthy	women	between	the	ages	of	55	and
74	years	who	still	have	their	ovaries.9	A	total	of	34,261	women	were	enrolled	onto	this	trial	and	were	randomly
assigned	 to	 either	 no	 screening	 interventions	 or	 to	 yearly	 transvaginal	 ultrasounds	 plus	CA	125.	A	 total	 of	 90
patients	were	diagnosed	with	ovarian	cancer,	of	whom	60	(67%)	were	detected	through	screening	with	ultrasound
plus	CA	125.	However,	72%	of	the	screen-detected	cases	were	late-stage	ovarian	cancers	(i.e.,	stages	III	and	IV).
For	every	20	women	undergoing	surgery,	only	1	case	of	ovarian	cancer	was	discovered.	Unfortunately,	15%	of
those	who	underwent	surgery	suffered	serious	complications,	and	ultimately,	it	was	determined	that	screening	did
not	significantly	reduce	the	mortality	rate	from	ovarian	cancer.

In	 2012,	 Moore	 et	 al.10	 studied	 blood	 samples	 taken	 from	 patients	 on	 the	 PLCO	 trial	 and	 reported	 that
approximately	62%	of	the	65	patients	who	had	CA	125	data	available	in	blood	samples	collected	less	than	a	year
before	 their	 ovarian	 cancer	 diagnosis	 had	 an	 elevated	CA	125	 level.	These	 scientists	 probed	 these	 same	blood
samples	for	seven	other	promising	biomarkers,	but	even	when	combined	with	CA	125,	this	panel	of	markers	was
not	found	to	be	more	sensitive	than	CA	125	alone	in	detecting	ovarian	cancer.10	In	a	2017	update	from	the	PLCO
trial,	Temkin	et	al.9	reported	that	histologic	heterogeneity	in	this	disease	impacts	detection	and	survival.

The	Risk	of	Ovarian	Cancer	Algorithm
The	Risk	of	Ovarian	Cancer	Algorithm	(ROCA)	was	developed	to	improve	the	sensitivity	of	CA	125	in	detecting
EOC.	 A	 baseline	 CA	 125	 for	 an	 individual	 woman	 is	 used	 as	 a	 yardstick	 against	 which	 any	 fluctuations	 or
changes	in	the	CA	125	over	time	can	be	measured.	Risk	estimates	or	a	ROCA	score	of	developing	ovarian	cancer
can	then	be	provided	by	inputting	these	CA	125	changes	into	a	mathematical	model	that	includes	the	age	of	the
woman.	The	hypothesis	 is	 that	CA	125	levels	should	steadily	 increase	over	 time	in	a	woman	who	is	ultimately
going	to	develop	ovarian	cancer,	whereas	the	CA	125	levels	would	be	expected	to	remain	typically	stable	or	even
decrease	in	those	with	noncancerous	conditions.	Theoretically	then,	by	monitoring	the	ROCA	score	carefully,	the
disease	may	be	intercepted	before	it	starts	to	spread,	leading	to	higher	cure	rates.

The	U.S.	ROCA	study	was	sponsored	by	the	NCI’s	Cancer	Genetics	Network,	 the	Early	Detection	Research
Network,	 and	 the	 Ovarian	 Specialized	 Program	 on	 Research	 Excellence.	 In	 this	 single-arm,	 prospective,
multicenter	screening	study,	4,051	women	(aged	50	 to	74	years)	with	no	significant	 family	history	of	breast	or
ovarian	cancer	underwent	an	annual	CA	125	blood	test.	Based	on	the	ROCA	result,	women	were	triaged	to	the
next	annual	CA	125	test	(low	risk),	to	repeat	the	CA	125	test	in	3	months	(intermediate	risk),	or	to	a	transvaginal
ultrasound	 study	 with	 referral	 to	 a	 gynecologic	 oncologist	 (high	 risk).	 Based	 on	 the	 results	 of	 the	 clinical
examination	 and	 the	 ultrasound,	 the	 gynecologic	 oncologist	 then	 made	 the	 decision	 whether	 to	 proceed	 with



surgery.11
The	average	annual	rate	of	placement	of	study	participants	into	the	intermediate	group	was	5.8%,	whereas	the

annual	 rate	 of	 referral	 for	 transvaginal	 ultrasonography	 and	 consultation	 with	 a	 gynecologic	 oncologist	 was
0.9%.11	A	total	of	10	women	underwent	surgery,	with	4	invasive	ovarian	cancers	(1	with	stage	IA	disease,	2	with
stage	IC	disease,	and	1	with	stage	IIB	disease),	2	ovarian	 tumors	of	 low	malignant	potential	 (both	stage	IA),	1
stage	I	endometrial	cancer,	and	3	benign	ovarian	tumors	detected,	providing	a	positive	predictive	value	of	40%	for
detecting	 invasive	 ovarian	 cancer	 (95%	CI,	 12.2%	 to	 73.8%).	 The	 specificity	 was	 99.9%	 (95%	CI,	 99.7%	 to
100.0%).11	All	four	women	with	invasive	ovarian	cancer	were	enrolled	in	the	study	for	at	least	3	years	with	low-
risk	annual	CA	125	test	values	prior	to	increasing	CA	125	levels.

These	 results	 are	 consistent	with	 the	United	Kingdom	Collaborate	 Trial	 of	Ovarian	 Cancer	 Screening.	 The
specificity	 of	 99.8%	 reported	 in	 the	 United	 Kingdom	 study	was	 similar	 to	 that	 of	 the	 U.S.	 study,	 as	 was	 the
positive	 predictive	 value	 of	 37.5%.12	 Although	 ROCA	 can	 detect	 early-stage	 ovarian	 cancers	 in	 the	 general
population,	 survival	 data	 are	 not	 yet	mature	 to	 determine	whether	ROCA	 can	 reduce	mortality	 rates	 from	 this
disease.

Eligibility	 criteria	 for	 the	United	Kingdom	Familial	Ovarian	Cancer	Screening	Study	 (UKFOCSS)	 included
>10%	lifetime	 risk	of	ovarian	cancer,	age	younger	 than	35	years,	 and	no	 rrSO.	 In	phase	 I,	Rosenthal	et	al.13,14
showed	that	annual	transvaginal	ultrasound	and	CA	125	screening	in	women	at	high	risk	of	ovarian	and	fallopian
tube	cancer	 lacked	 sensitivity	 for	 early-stage	disease	but	may	 result	 in	 improved	optimal	debulking	 rates	when
patients	 are	 taken	 to	 surgery.	 For	 women	 at	 high	 risk	 who	 defer	 or	 decline	 rrSO,	 ROCA	 is	 an	 acceptable
alternative	 given	 its	 high	 sensitivity	 (94.7%)	 and	 significant	 stage	 shift	 (stage	 I	 to	 II),	 although	 its	 impact	 on
mortality	from	ovarian	cancer	remains	unknown.

Skates	et	al.15	 collected	 data	 from	prospective	Cancer	Genetics	Network	 and	Gynecologic	Oncology	Group
(GOG)	trials	that	screened	3,692	high-risk	women	(germline	BRCA1/2	mutation	or	strong	breast	or	ovarian	cancer
family	history)	and	evaluated	 serum	CA	125	values	drawn	at	3-month	 intervals	with	ROCA.	The	 investigators
reported	that,	in	this	high-risk	population,	ROCA	evaluation	every	3	months	had	better	early-stage	sensitivity	and
high	specificity	compared	with	CA	125	>35	U/mL	every	6	to	12	months.15

Prevention	of	Ovarian	Carcinoma
Use	of	OCPs	has	been	associated	with	a	significant	reduction	in	the	risk	of	ovarian	cancer.	Specifically,	the	risk
has	been	shown	to	decrease	by	10%	to	12%	after	1	year	of	use	and	by	approximately	50%	after	5	years	of	use.16
Follow-up	analysis	of	CASH	data	have	 indicated	 that	 formulations	with	high	 levels	of	progestin	are	associated
with	a	lower	risk	of	ovarian	cancer.6	The	Steroid	Hormones	and	Reproductions	(SHARE)	study	was	noteworthy
for	finding	no	difference	in	ovarian	cancer	risk	between	androgenic	and	nonandrogenic	pills.17	Women	harboring
germline	BRCA1/2	mutations	also	benefited	from	a	reduction	in	risk	of	ovarian	cancer	through	OCP	use.

Risk-reducing	salpingo-oophorectomy	should	be	considered	 for	women	with	germline	BRCA1/2,	 and	BRIP1
mutations.	Women	with	a	strong	family	history	of	either	ovarian	or	breast	cancer	who	have	not	undergone	genetic
testing	may	carry	a	deleterious	mutation	and	can	be	presumed	to	be	at	higher	than	average	risk	and	should	also
consider	 rrSO,	 which	 may	 also	 reduce	 the	 risk	 of	 breast	 cancer	 by	 30%	 to	 75%.	 In	 most	 situations,	 rrSO	 is
typically	deferred	until	age	35	years	or	when	childbearing	has	been	completed	if	that	occurs	sooner.	Finally,	it	has
been	 estimated	 that	 approximately	15%	of	 patients	with	Lynch	 syndrome	are	 at	 risk	 for	 ovarian	 cancer.	These
patients	also	have	a	lifetime	risk	of	60%	for	developing	endometrial	cancer,	and	therefore,	risk-reducing	surgery
includes	hysterectomy.18

Due	 to	 microscopic	 rests	 of	 residual	 ovary,	 occult	 preexisting	 carcinomatosis	 at	 the	 time	 of	 prophylactic
surgery,	and/or	multifocal	origin	of	peritoneal	 tissue,	after	rrSO,	the	risk	of	developing	serous	carcinoma	of	the
peritoneum	has	been	reported	to	be	in	the	range	of	1.7%	to	4.3%.18

The	 technique	 of	 rrSO	 and	 pathologic	 processing	 should	 include	 the	 following:	 (1)	 bilateral	 salpingo-
oophorectomy	with	 removal	 of	 the	 entire	 fallopian	 tube,	 (2)	 cytologic	 examination	 of	 peritoneal	washings,	 (3)
random	peritoneal	and	omental	biopsies	along	with	a	biopsy	of	any	suspicious	lesion,	and	(4)	serial	sectioning	of
the	entire	fallopian	tube	and	ovaries	at	2-mm	intervals	and	microscopic	examination	of	all	sections.

Gynecologic	 Oncology	Group	 protocol	 0199	 is	 a	 nonrandomized	 trial	 that	 enrolled	 women	 at	 high	 risk	 of
developing	ovarian	cancer	(i.e.,	BRCA1/2	mutation	carriers	or	strong	family	history).19	It	was	designed	to	compare
rrSO	at	enrollment	with	serial	transvaginal	ultrasonography	and	CA	125	screening	(ROCA).	All	enrolled	patients
had	a	baseline	CA	125	and	a	transvaginal	ultrasound	performed	and	then	chose	to	have	either	rrSO	or	continue	to
be	screened	at	3-month	intervals	with	the	ROCA	evaluation.	Pathologic	review	of	the	966	prophylactic	surgical
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specimens	revealed	four	preinvasive	tubal	cancers	and	20	invasive	pelvic	cancers	involving	exclusively	the	ovary,
fallopian	 tube,	 or	 inner	 peritoneal	 lining	 of	 the	 body.	 Of	 these	 pelvic	 cancers,	 only	 12	 were	 detected
microscopically,	but	all	20	of	the	cancers	were	serous	carcinomas.	Overall,	the	prevalence	of	serous	pelvic	cancers
in	these	asymptomatic	women	with	BRCA1/2	mutations	was	3.2%,	as	compared	with	0.5%	among	patients	who
did	not	have	a	BRCA1/2	mutation	but	 had	 strong	 family	 history	of	 breast	 or	 ovarian	 cancer.	 Interestingly,	 515
patients	had	 their	uterus	 removed	at	 the	 time	of	 removal	of	 the	ovaries,	 and	 six	endometrial	 cancers	were	also
found.

DIAGNOSIS
The	Adnexal	Mass
Although	most	patients	with	EOC	will	present	with	FIGO	stage	III	or	IV	disease,	occasionally,	a	woman	with	a
pelvic	mass	in	the	absence	of	ascites,	carcinomatosis,	and	pleural	effusion	or	other	clinical	and	radiologic	findings
of	advanced	disease	will	be	ultimately	diagnosed	with	an	early-stage	ovarian	carcinoma.	The	decision	to	operate
on	a	seemingly	isolated	pelvic	mass	must	consider	the	following:	patient	age	and	symptoms,	pelvic	examination
findings	(e.g.,	fixed,	firm	nodular	mass	versus	a	soft,	smooth,	mobile	mass),	biochemical	analyses	(e.g.,	CA	125),
pelvic	 mass	 architecture	 on	 transvaginal	 ultrasonography,	 and	 pertinent	 family	 history	 concerning	 breast	 or
ovarian	cancer	and	Lynch	syndrome.

The	differential	diagnosis	of	an	adnexal	mass	includes	conditions	involving	adjacent	structures.	Hydrosalpinx
and	paratubal	cysts	arising	from	the	fallopian	tube	represent	cystic	lesions,	whereas	ectopic	pregnancy	and	tubal
neoplasms	are	examples	of	solid	masses;	tubo-ovarian	abscesses	can	have	both	solid	and	cystic	components.	An
intrauterine	pregnancy	in	a	bicornuate	uterus	may	present	as	a	cystic	adnexal	mass	due	to	the	fluid-filled	amniotic
sac,	whereas	a	pedunculated	uterine	myoma	may	present	as	a	solid	mass	in	the	adnexa.	A	distended	sigmoid	colon
gives	the	appearance	of	a	cystic	mass,	whereas	diverticulitis	or	a	primary	colon	cancer	may	be	mistaken	for	a	solid
ovarian	tumor.	Finally,	a	distended	bladder	or	a	hydropic	pelvic	kidney	can	take	on	the	features	of	a	cystic	adnexal
mass.

Among	the	most	common	benign	ovarian	masses	are	functional	cysts	(e.g.,	corpus	luteum,	follicular,	and	theca
lutein).20	Endometriotic	cysts,	although	benign,	may	be	the	source	of	significant	pelvic	pain	and	even	infertility.
Polycystic	 ovaries	 contain	 multiple	 follicle	 cysts	 with	 hyperplasia	 and	 luteinization	 of	 the	 theca	 interna
surrounding	the	cysts	and	atretic	follicles.	In	this	condition,	the	ovaries	may	be	two	to	five	times	the	normal	size
with	a	thickened	capsule.	PCOS	may	be	associated	with	infertility	and	insulin-resistant	diabetes	mellitus.

Among	 the	 benign	 mixed	 cystic	 and	 solid	 ovarian	 neoplasms	 are	 serous	 cystadenomas,	 mucinous
cystadenomas,	 and	 dermoid	 cysts	 (i.e.,	 cystic	 teratoma).20	 Benign	 solid	 tumors	 of	 the	 ovary	 include	 Brenner
tumor,	struma	ovarii,	and	fibroma.	Meigs	syndrome	is	characterized	by	ascites,	hydrothorax,	and	an	ovarian	tumor
(most	commonly	a	fibroma).

Transvaginal	ultrasonography	is	a	powerful	tool	that	allows	one	to	determine	whether	an	adnexal	mass	is	solid
or	cystic	and	simple	or	complex;	if	complex,	transvaginal	ultrasonography	can	determine	the	complexity	due	to
septations,	excrescences,	or	solid	components.	Transvaginal	ultrasonography	can	accurately	measure	the	mass	in
two	 dimensions,	 and	 if	 the	 mass	 is	 large	 enough	 to	 compress	 the	 ipsilateral	 ureter,	 hydronephrosis	 and/or
hydroureter	 may	 also	 observed.	 Ultrasonography	 can	 also	 determine	 if	 there	 is	 ascites	 present	 in	 the	 pelvis.
Computed	 tomography	(CT)	 imaging	and/or	magnetic	 resonance	 imaging	(MRI)	can	also	be	used	 to	evaluate	a
pelvic	mass	but	is	not	always	necessary,	especially	if	the	symptomatology	of	a	patient	warrants	urgent	operative
intervention.	However,	many	clinicians	routinely	order	CT	or	MRI	when	there	is	a	moderate	to	high	suspicion	for
malignancy	to	look	for	signs	of	omental	caking	or	carcinomatosis.20	A	paracentesis	performed	under	ultrasound	or
CT	 guidance	 can	 palliate	 significant	 bloating,	 and	 cytologic	 analysis	 of	 the	 fluid	may	 establish	 a	 diagnosis	 of
malignant	ascites.	False-negative	cytology	in	the	setting	of	ovarian	cancer	may	result	from	suboptimal	laboratory
protocol	in	preparing	the	cell	blocks.

Conditions	 raising	 the	 concern	 of	 possible	 malignancy	 include	 bilateral	 disease,	 complex	 masses	 with
sonographic	 evidence	 of	 solid	 areas,	 thick	 septations	 and/or	 mural	 nodules,	 persistent	 or	 enlarging	 complex
masses	 in	 premenopausal	 patients,	 complex	masses	 of	 any	 size	 in	 postmenopausal	 patients,	masses	 associated
with	elevated	tumor	markers,	and	finally	symptomatic	masses	(pelvic	pain	or	discomfort,	clear	vaginal	discharge,
bladder	and/or	gastrointestinal	effects).

To	assist	in	the	evaluation	and	triage	of	a	complex	pelvic	mass,	in	2002,	the	American	College	of	Obstetricians



and	Gynecologists	(ACOG)	joined	with	the	Society	of	Gynecologic	Oncologists	(SGO)	to	prepare	guidelines	to
help	 the	 general	 practitioner	 and	 general	 gynecologist	 direct	 referral	 when	 necessary	 to	 a	 gynecologic
oncologist.21	 Gynecologists	 are	 advised	 to	 perform	 a	 pelvic	 examination	 and	 imaging	 as	 appropriate	 for	 the
symptoms	with	which	the	patient	presents	or	the	physical	examination	findings.	For	premenopausal	women	with	a
suspicious	 pelvic	mass,	 referral	 to	 a	 gynecologic	 oncologist	 should	 be	made	 as	 a	 result	 of	 at	 least	 one	 of	 the
following:	 CA	 125	 level	 >200	 U/mL,	 ascites,	 abdominal	 or	 distant	 metastases,	 or	 one	 or	 more	 first-	 degree
relatives	with	breast	or	ovarian	cancer.	For	postmenopausal	women	with	a	concerning	pelvic	mass,	consultation
should	be	considered	for	any	CA	125	elevation,	ascites,	nodularity	or	limited	mobility,	evidence	of	metastasis,	or
history	of	a	first-degree	relative	with	breast	or	ovarian	cancer.

Human	Epididymis	Protein	4
Human	epididymis	protein	4	 (HE4)	 is	 the	product	of	 the	WFDC2	(HE4)	gene	 and	 is	overexpressed	 in	patients
with	ovarian	carcinoma.22	Paek	et	al.23	investigated	the	prognostic	significance	of	HE4	in	45	women	with	ovarian
cancer.	The	elevated	serum	HE4	level	correlated	with	advanced-stage	disease	and	serous	histology.	The	median
progression-free	survival	(PFS)	for	women	with	elevated	HE4	was	20.1	months	versus	24.2	months	for	women
with	normal	HE4	(P	=	0.029).

Risk	of	Ovarian	Malignancy	Algorithm:	Cancer	Antigen	125	and	Human	Epididymis
Protein	4
The	Risk	of	Ovarian	Malignancy	Algorithm	 (ROMA)	 test	uses	 two	serum	biomarkers	 to	detect	ovarian	cancer
(CA	125	and	HE4).	This	diagnostic	test	should	not	be	confused	with	ROCA,	discussed	previously	in	the	context
of	screening.	In	a	prospective	study	in	472	patients	with	a	pelvic	mass,	Moore	et	al.24–26	reported	that	383	women
were	diagnosed	with	benign	disease	and	89	women	were	found	to	have	cancer.	This	diagnostic	calculator	had	a
sensitivity	of	93.8%	in	detecting	ovarian	cancer.	ROMA	(CA	125	plus	HE4)	was	FDA	approved	in	2011,	and	like
OVA1,	 it	should	be	used	for	 the	preoperative	 triage	of	a	woman	with	a	pelvic	mass	and	not	 for	ovarian	cancer
screening.	There	have	been	no	head-to-head	comparisons	between	the	two	tests,	and	therefore,	it	is	not	known	if
either	one	or	the	other	is	superior.

OVA1	and	OVA2
OVA1	was	 the	 first	 blood	 test	 approved	 by	 the	 FDA	 for	 assisting	with	 the	 triage	 of	 an	 adnexal	mass.	 It	 is	 a
multivariate	 index	assay	 that	evaluates	 the	 following	 five	biomarkers27,28:	CA	125	 (typically	 increased	 in	high-
grade	serous	ovarian	cancers),	apolipoprotein	A1	(decreased	 in	ovarian	 tumors),	β2-microglobulin	 (increased	 in
ovarian	tumors),	transferrin	(decreased	in	ovarian	tumors),	and	prealbumin	(decreased	in	ovarian	tumors).

Important	attributes	of	this	blood	test	include	its	ability	to	identify	different	types	of	ovarian	cancer	(i.e.,	not
only	serous	cancer);	 it	also	performs	well	 in	 the	detection	of	both	early-	and	advanced-stage	ovarian	cancers,	 it
may	 identify	 nonovarian	 cancers,	 and	 it	 provides	 a	 composite	 score	 that	 can	 be	 interpreted	 depending	 on	 the
menopausal	 status	 of	 the	patient	 on	 a	 scale	 of	 1	 to	 10.	An	 abnormal	 score	 for	 a	 premenopausal	woman	 is	>5,
whereas	an	abnormal	score	for	a	postmenopausal	woman	is	>4.4.	The	blood	test	was	developed	only	for	the	triage
of	a	patient	with	a	pelvic	mass	who	needs	to	undergo	surgery.	OVA1	was	not	approved	to	be	used	as	a	screening
test.27,28

The	 OVA1	 test	 has	 been	 shown	 to	 outperform	 CA	 125	 testing	 and	 clinical	 assessment	 of	 a	 pelvic	 mass
performed	 by	 a	 gynecologist.	 In	 a	 study	 of	 >500	women	with	 a	 pelvic	mass,	Ueland	 et	 al.29	 reported	 that	 the
combination	 of	 this	 blood	 test	 plus	 physician	 assessment	 correctly	 identified	 cancers	 missed	 by	 physician
assessment	 alone	 and	 also	 detected	 76%	 of	 cancers	 missed	 by	 CA	 125	 testing	 alone.	 Next,	 Bristow	 et	 al.30
conducted	 a	 prospective,	multi-institutional	 trial	 designed	 to	 validate	 the	 effectiveness	 of	OVA1	 in	 identifying
ovarian	malignancy	compared	with	clinical	assessment	and	CA	125	testing	among	women	undergoing	surgery	for
an	 adnexal	mass.	 In	 this	 study,	which	 included	494	patients,	 the	 study	 team	 reported	 that	OVA1	demonstrated
higher	sensitivity	(95.7%)	and	negative	predictive	value	(98.1%)	than	clinical	impression	and	CA	125	testing.30

Most	 recently,	 the	 algorithm	 was	 optimized	 to	 increase	 specificity	 by	 substituting	 FSH	 and	 HE4	 for	 β2-
microglobulin	and	prealbumin.	CA	125	II,	apolipoprotein	A1,	and	transferrin	remain	in	this	second-generation	test
named	OVA2	or	Overa.	OVA2	uses	a	single	cutoff	point	of	5	and	does	not	require	physicians	to	determine	the
menopausal	status	of	the	patient.	OVA2	was	cleared	by	the	FDA	on	March	21,	2016.
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PRESENTATION	AND	EVALUATION	OF	ADVANCED	DISEASE
The	 most	 common	 presenting	 symptoms	 of	 ovarian	 cancer	 in	 decreasing	 order	 of	 frequency	 are	 abdominal
swelling,	abdominal	pain,	dyspepsia,	urinary	frequency,	and	weight	change.	Unfortunately,	the	presence	of	any	of
these	symptoms	often	is	indicative	of	advanced	disease.	Although	there	is	no	reliable	constellation	of	symptoms
indicative	 of	 early	 disease,	 patient	 advocacy	 efforts	 urge	women	 to	 “listen	 for	 the	whisper.”	Certainly,	 a	 high
index	of	suspicion	on	the	part	of	the	physician	can	sometimes	lead	to	early	intervention	in	any	woman	between	the
ages	 of	 40	 and	 70	 years	 who	 has	 persistent	 gastrointestinal	 symptoms.	 The	 problem	 of	 course	 is	 that	 most
nonspecific	abdominal	and	pelvic	complaints	are	not	malignant,	and	it	is	not	cost-effective	to	order	CT	scans	on
every	woman	with	a	presumptive	diagnosis	of	irritable	bowel	syndrome.

In	addition	to	abdominal	bloating	resulting	from	malignant	ascites,	many	women	with	ovarian	carcinoma	will
experience	 significant	 gastrointestinal	 disturbance	 and	 may	 present	 with	 signs	 and	 symptoms	 of	 partial	 small
bowel	obstruction.	Others	may	present	with	unexplained	or	unintended	weight	loss	due	to	decreased	oral	intake	as
a	result	of	intra-abdominal	pressure	on	the	stomach	and	intestinal	tract	and	obstructive	symptoms	making	it	hard
to	keep	meals	down.	Loss	of	appetite	is	common	in	these	cases.	Finally,	some	patients	will	present	with	shortness
of	 breath	 due	 to	 a	 malignant	 pleural	 effusion,	 whereas	 others	 may	 have	 the	 diagnosis	 of	 carcinoma	 made
simultaneously	with	the	occurrence	of	a	thromboembolic	event.	The	eminent	German	physician	Rudolf	Virchow
(1821–1902)	proposed	the	triad	of	hypercoagulability,	stasis	or	turbulence	of	blood	flow,	and	endothelial	injury—
all	of	which	are	associated	with	malignancy—to	elucidate	the	etiology	of	pulmonary	embolism.31

The	decision	to	explore	a	patient	with	carcinomatosis	likely	to	have	arisen	from	the	adnexae	can	only	be	made
by	a	gynecologic	oncologist.	A	methodical	assessment	of	the	preoperative	nutritional	and	performance	status	of
the	patient	is	imperative.	Preoperative	serum	albumin	and	prealbumin	should	be	obtained,	along	with	a	complete
blood	count	with	differential,	comprehensive	metabolic	panel,	coagulation	panel,	liver	function	tests,	blood	type
and	 screen	 for	 antibodies,	 a	 CA	 125	 test,	 and	 urinalysis	 with	 culture.	 A	 multidisciplinary	 collaboration	 is
incumbent	throughout	preoperative	medical	optimization,	with	the	gynecologic	oncologist	working	directly	with
the	patient’s	primary	care	physician	and	other	subspecialist	physicians	(e.g.,	cardiologist)	as	needed.	Personalized
review	 of	 all	 films	 with	 the	 radiologist	 can	 be	 helpful.	 Multiple	 parenchymal	 liver	 metastases,	 extensive
suprarenal	adenopathy,	porta	hepatis	disease,	bony	metastases,	pulmonary	masses,	and	any	other	extra-abdominal
metastases	 are	 relative	 contraindications	 to	 primary	 cytoreduction.	 Such	 patients	 should	 be	 treated	 with
neoadjuvant	chemotherapy	followed	by	interval	cytoreduction	if	there	is	radiologic,	biochemical,	and/or	physical
evidence	of	objective	response.	Once	a	decision	to	proceed	with	surgery	has	been	made,	however,	it	is	necessary
to	first	correct	malnutrition,	anemia,	coagulopathy,	and	electrolyte	aberrations.	In	addition,	urinary	tract	infection
should	be	treated	if	present.	Preoperative	thoracentesis	to	address	a	pleural	effusion	and	inferior	vena	cava	filter
placement	for	any	patient	who	presents	with	thrombosis	may	also	be	required.

When	the	clinical	picture	is	unclear,	combined	positron	emission	tomography	(PET)	and	CT	or	even	diagnostic
laparoscopy	 may	 be	 used	 to	 determine	 whether	 it	 is	 possible	 to	 surgically	 resect	 all	 gross	 disease	 while
minimizing	 perioperative	morbidity.	 Because	 of	 the	 risks	 of	 inadvertent	 trocar	 injury	 to	 the	 bowel	 and	 tumor
seeding	along	the	port	track,	laparoscopy	should	be	avoided	in	the	setting	of	widespread	carcinomatosis	and	large-
volume	malignant	ascites.	Occasionally,	intra-abdominal	tuberculosis	or	pseudomyxoma	peritonei	from	a	ruptured
appendiceal	neoplasm	will	be	included	in	the	differential	diagnosis.

INTERNATIONAL	FEDERATION	OF	GYNECOLOGY	AND	OBSTETRICS
STAGING
FIGO	issued	a	revised	surgical	staging	system	for	EOC,	which	was	released	on	January	1,	2014	(Table	77.2).32
Because	 there	 are	 no	 reliable	 early	 symptoms	 and	 because	 no	 validated	 screening	 tests	 are	 available	 for	 the
general	 population,	most	women	with	 EOC	 present	with	 advanced-stage	 disease,	 usually	 FIGO	 stage	 IIIC	 (ie,
abdominal	 spread	with	 lesions	 >2	 cm	 in	maximal	 diameter).	 The	 situation	 is	 usually	 even	more	 discouraging
because	 the	 metastatic	 deposits	 are	 occasionally	 very	 large	 and	 adherent	 to	 multiple	 organs	 and	 structures
throughout	 the	 abdomen	 and	 pelvis.	 The	 omentum	 is	 usually	 extensively	 involved,	 so	 at	 laparotomy	 the
presentation	may	 at	 first	 appear	 hopeless.	 Primary	 cytoreductive	 surgery	 should	 be	 carried	 out	 if	 preoperative
imaging	and	physical	examination	suggest	 there	is	a	high	probability	of	complete	resection	(i.e.,	R0	or	no	gross
residual).



TABLE	77.2
International	Federation	of	Gynecology	and	Obstetrics	(FIGO)	Staging	of	Ovarian,	Fallopian
Tube,	and	Primary	Peritoneal	Cancer	(FIGO	2014	versus	FIGO	1988;	differences	appear	in
bold)

FIGO	(1988) FIGO	(2014)
I:	tumor	confined	to	the	ovaries I:	tumor	confined	to	the	ovaries	or	tube(s)
IA:	tumor	confined	to	1	ovary	(capsule	intact),	no	tumor
on	ovarian	surface,	no	malignant	cells	in	the	ascites	or
peritoneal	cytology

IA:	tumor	confined	to	1	ovary	or	tube	(capsule	intact),	no	tumor	on
ovarian	surface,	no	malignant	cells	in	the	ascites	or	peritoneal	cytology

IB:	tumor	involves	both	ovaries	(capsule	intact),	no
tumor	on	ovarian	surface,	no	malignant	cells	in	the
ascites	or	peritoneal	cytology

IB:	tumor	involves	both	ovaries	or	tubes	(capsule	intact),	no	tumor	on
the	ovarian	or	tubal	surface,	no	malignant	cells	in	the	ascites	or
peritoneal	cytology

IC:	tumor	limited	to	1	or	both	ovaries	together	with	one
of	the	following:	capsule	rupture;	tumor	on	ovarian
surface;	malignant	cells	in	the	ascites	or	peritoneal
cytology

IC:	tumor	limited	to	1	or	both	ovaries	or	tube(s)	together	with	1	of	the
following:

	 ■	IC1:	capsule	rupture	intraoperatively

	
■	IIC2:	capsule	rupture	preoperatively	or	tumor	on	ovarian	or	tubal
surface

	 ■	IIC3:	malignant	cells	in	the	ascites	or	peritoneal	cytology

II:	tumor	in	1	or	both	ovaries	with	pelvic	involvement
II:	tumor	in	1	or	both	ovaries	or	tube(s)	with	pelvic	involvement	or
primary	peritoneal	carcinoma

IIA:	extension	and/or	implant	on	uterus	and/or	Fallopian
tube(s);	no	malignant	cells	in	the	ascites	or	peritoneal
cytology

IIA:	extension	and/or	implant	on	uterus	and/or	Fallopian	tube(s)	and/or
ovary(ies)

IIB:	extension	to	other	pelvic	tissue;	no	malignant	cells
in	the	ascites	or	peritoneal	cytology IIB:	extension	to	other	pelvic	intraperitoneal	tissue

IIC:	IIA	or	IIB	plus	malignant	cells	in	the	ascites	or
peritoneal	cytology 	

III:	tumor	in	1	or	both	ovaries	with	microscopic
extrapelvic	peritoneal	metastases	and/or	regional
lymph	node	metastases

III:	tumor	in	1	or	both	ovaries	or	tube(s)	or	primary	peritoneal
carcinoma	with	cytologically	or	histologically	verified	peritoneal
metastases	outside	the	pelvis	and/or	retroperitoneal	lymph	node
metastases

IIIA:	microscopic	extrapelvic	peritoneal	metastases 	

	
IIIA1:	positive	retroperitoneal	lymph	nodes	only	(verified
cytologically	or	histologically)

	 ■	IIIA1(i):	metastases,	maximum	diameter	10	mm
	 ■	IIIA1(ii):	metastases,	maximum	diameter	.10	mm

	
IIIA2:	microscopic	extrapelvic	peritoneal	metastases	with	or
without	positive	retroperitoneal	lymph	nodes

IIIB:	macroscopic	extrapelvic	peritoneal	metastases	of
up	2	cm

IIIB:	macroscopic	peritoneal	pelvic	metastases	of	up	to	2	cm,	with	or
without	retroperitoneal	lymph	node	metastases	(including	the
capsule	of	the	liver/spleen	but	excluding	parenchymatous
metastasis)

IIIC:	macroscopic	extrapelvic	peritoneal	metastases
larger	than	2	cm	and/or	regional	lymph	node
metastases

IIIC:	macroscopic	extrapelvic	peritoneal	metastases	larger	than	2	cm
with	or	without	retroperitoneal	lymph	node	metastases	(including
capsule	of	the	liver/spleen	but	excluding	parenchymatous	metastases)

IV:	distant	metastases	excluding	peritoneal	metastases IV:	distant	metastasis	excluding	peritoneal	metastases

	 IVA:	pleural	effusion	with	positive	cytology

	

IVB:	parenchymatous	metastases	and	metastases	to	extra-
abdominal	organs	(including	inguinal	lymph	node	metastases	and
extra-abdominal	lymph	node	metastases)

In	the	uncommon	event	that	a	seemingly	isolated	pelvic	mass	suspicious	for	ovarian	carcinoma	is	discovered,	it
is	 the	 obligation	 of	 the	 surgeon	 to	 remove	 it,	 ensuring	 it	 remains	 intact,	 and	 if	 intraoperative	 rapid	mandatory
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frozen	section	analysis	is	positive	for	carcinoma,	then	surgical	staging	is	imperative.	Up	to	30%	of	clinical	stage	I
ovarian	 carcinomas	will	 be	upstaged	based	on	 comprehensive	 surgical	 staging,	which	 includes	 total	 abdominal
hysterectomy,	 bilateral	 salpingo-oophorectomy,	 total	 omentectomy,	 bilateral	 pelvic	 and	 para-aortic
lymphadenectomy,	 peritoneal	 biopsies,	 and	 four-quadrant	 pelvic	 washings.33	 Interestingly,	 many	 cases	 of
upstaging	are	due	to	occult	para-aortic	lymph	node	metastases	identified	by	the	pathologist	after	surgical	staging.

MANAGEMENT	BY	STAGE
Early-Stage	Epithelial	Ovarian	Cancer	(FIGO	Stage	I)
Unfortunately,	only	10%	of	patients	with	EOC	are	diagnosed	with	early-stage	disease	 (i.e.,	FIGO	stage	 I).	For
women	with	 non–clear	 cell,	 FIGO	 stage	 IA	 or	 IB,	 grade	 1	 or	 2	malignancies,	 provided	 they	 have	 undergone
comprehensive	 surgical	 staging,	 adjuvant	 chemotherapy	 is	 not	 required.	 For	 all	 other	 early-stage	 patients	 (i.e.,
FIGO	stage	IC	or	grade	3	or	any	clear	cell)	as	well	as	patients	who	have	not	been	staged	surgically,	chemotherapy
is	indicated.

GOG	protocol	157	was	designed	to	study	the	number	of	cycles	of	adjuvant	platinum-paclitaxel	chemotherapy
in	women	with	early-stage	ovarian	carcinoma	who	had	undergone	comprehensive	surgical	staging	 to	determine
the	impact	on	rate	of	recurrence	and	to	compare	toxicities.34	At	a	median	follow-up	of	6.8	years,	the	recurrence
rate	for	six	cycles	of	adjuvant	chemotherapy	was	24%	lower	(hazard	ratio	[HR],	0.761;	95%	CI,	0.51	to	1.13;	P	=
0.18)	 than	for	 three	cycles,	and	the	overall	death	rate	was	similar	 in	 the	two	arms	(HR,	1.02;	95%	CI,	0.662	to
1.57).34	Grade	3	or	4	neurotoxicity	occurred	in	4	of	211	(2%)	and	24	of	212	(11%)	patients	treated	patients	on	the
three-	and	six-cycle	 regimens,	 respectively	(P	<	0.01);	 six	cycles	also	caused	 significantly	more	 severe	anemia
and	 granulocytopenia.7	 For	 surgically	 staged	 high-risk,	 early-stage	 ovarian	 carcinoma,	 this	 trial	 was	 practice
changing	because	it	demonstrated	that	six	cycles	of	adjuvant	chemotherapy	were	associated	with	higher	toxicity
and	did	not	significantly	alter	the	recurrence	rate	in	this	population.

The	 National	 Comprehensive	 Cancer	 Network	 (NCCN)	 clinical	 practice	 guidelines	 for	 ovarian	 cancer	 are
available	 on	 their	 Web	 site	 (https://www.nccn.org/).	 In	 2013,	 Bristow	 et	 al.35	 performed	 a	 Surveillance,
Epidemiology,	 and	 End	 Results	 (SEER)	 study	 in	 California	 and	 found	 that	 most	 women	 with	 ovarian	 cancer
undergoing	surgery	in	this	state	were	being	operated	on	by	surgeons	who	were	not	trained	to	perform	the	type	of
operation	required	 to	adequately	stage	patients	and	completely	 remove	all	visible	disease	when	 it	was	 found	 to
have	 spread	 throughout	 the	 abdominal	 cavity.35	 This	 is	 unfortunate	 because	 only	 one-third	 of	 patients	 studied
were	referred	to	and	treated	by	gynecologic	oncologists	who	were	considered	to	be	high-volume	surgeons.	High-
volume	surgeons	were	characterized	as	having	treated	over	10	to	15	cases	per	year	in	institutions	treating	more
than	 20	 cases	 per	 year.35	 The	 study	 indicated	 that	 patients	 with	 stage	 I	 and	 II	 disease	 who	 were	 not	 treated
according	to	the	NCCN	guidelines	had	worse	survival	rates	compared	with	those	who	were	treated	according	to
the	guidelines;	survival	was	also	worse	for	patients	with	advanced-stage	cancers.35

Uncommon	and	Rare	Tumors	of	the	Ovary
Also	 called	borderline	 tumors,	 tumors	of	 low	malignant	 potential	 can	be	of	 serous,	mucinous,	 or	 endometrioid
histology	 and	 are	 commonly	 found	 in	 reproductive-age	 and	 middle-aged	 women.	 For	 women	 who	 have	 not
completed	childbearing,	fertility-preserving	surgery	can	be	offered.	Otherwise,	bilateral	adnexectomy	is	curative
in	 this	 disease.	 Advanced	 disease	 may	 manifest	 with	 either	 noninvasive	 or	 invasive	 peritoneal	 and	 omental
implants.	Because	 these	 tumors	 have	 a	 small	 population	 of	 cells	 in	 the	 actively	 dividing	 pool,	 they	 tend	 to	 be
resistant	to	most	antineoplastic	agents	that	are	cell	cycle	specific.	As	a	result,	 late	recurrence	is	common	in	this
tumor	class.	The	Arbeitsgemeinschaft	Gynaekologische	Onkologie	(AGO)	Retrospective/Prospective	Multicenter
Outcome	Survey	 in	Borderline	Ovarian	Tumors	 (ROBOT)	 study	 is	 the	 largest	 data	 set	 available	 on	 borderline
ovarian	tumors	(n	=	950	pathologically	confirmed	on	review).	Recurrence	occurred	in	7.8%	of	patients	(n	=	74),
with	disease	progression	 in	 the	form	of	 invasive	carcinoma	occurring	 in	30%	of	relapses.20	 Inadequate	surgical
staging,	 residual	 tumor,	 fertility-sparing	 surgery,	 and	 high	 FIGO	 stage	 were	 associated	 with	 shorter	 PFS.	 No
differences	were	observed	for	laparotomy	versus	laparoscopy	or	application	of	adjuvant	chemotherapy.	Mortality
was	4.5%	(n	=	43).20

Malignant	 germ	cell	 tumors	 of	 the	ovary	 account	 for	 approximately	5%	of	 all	 ovarian	malignancies,	with	 a
median	 age	 of	 presentation	 between	 19	 and	 21	 years.20	 They	 are	 almost	 always	 unilateral	 and	 are	 exquisitely



chemosensitive.	 For	 this	 reason,	 fertility-preserving	 surgery	 is	 always	 an	 option	 for	 this	 disease,	 even	 when
metastases	are	present.	Among	 the	different	 subtypes	are	 the	 radiosensitive	dysgerminoma	 (bilateral	 in	10%	of
cases,	elaborates	lactate	dehydrogenase	and	alkaline	phosphatase,	and	characterized	by	lymphocytic	infiltration),
the	 yolk	 sac	 tumor	 (spreads	 hematogenously,	 elaborates	 α-fetoprotein,	 and	 is	 characterized	 histologically	 by
Schiller-Duval	bodies),	the	immature	teratoma	(forms	neuroepithelial	rosettes	that	serve	as	the	basis	for	the	Norris
grading	system	and	elaborates	both	α-fetoprotein	and	human	chorionic	gonadotropin),	the	mixed	germ	cell	tumor,
embryonal	 carcinoma,	nongestational	 choriocarcinoma,	 and	 the	dreaded	polyembryoma.	Therapy	 for	malignant
germ	cell	tumors	mirrors	and	has	been	extrapolated	from	the	more	common	testicular	germ	cell	cancer	experience.
Except	 for	FIGO	surgical	 stage	 IA	dysgerminoma	and	stage	 IA,	grade	1	or	2	 immature	 teratoma,	patients	with
malignant	germ	cell	tumors	of	the	ovary	should	be	treated	with	adjuvant	bleomycin-etoposide-cisplatin.	Prognosis
is	excellent	for	patients	with	this	class	of	ovarian	cancer,	with	return	of	normal	menstrual	function	being	the	rule
and	numerous	successful	pregnancies	documented	during	the	follow-up	of	the	survivors.

Accounting	 for	 less	 than	 5%	 of	 ovarian	 malignant	 neoplasms,	 sex	 cord–stromal	 tumors	 can	 be	 broadly
separated	 into	 the	 estrogen-	 secreting	 tumors	 (granulosa	 cell	 tumor	 [GCT]	 and	 juvenile	 granulosa	 cell	 tumor
[JGCT])	and	the	testosterone-secreting	tumors	(Sertoli-Leydig	tumors).20	Although	GCTs	are	usually	diagnosed	in
women	 in	 their	mid-50s,	whereas	JGCTs	 typically	occur	 in	children	and	adolescents,	both	 types	of	 tumor	have
been	 reported	 across	 the	 age	 spectrum.	Histologically,	 coffee	 bean	 nuclei	 and	Call-Exner	 bodies	 are	 observed.
Serum	levels	of	inhibin	A	(and	occasionally	inhibin	B)	can	assist	in	the	preoperative	diagnosis	of	GCTs	and	can
also	be	used	to	monitor	patients	for	recurrence.	Occasionally,	the	estrogen	made	by	a	GCT	can	induce	neoplastic
changes	 in	 the	 endometrium	 and	 manifest	 as	 uterine	 bleeding	 from	 hormonally	 driven	 atypical	 endometrial
hyperplasia	or	carcinoma.	In	children,	hormone	production	by	a	JGCT	may	result	in	isosexual	precocious	puberty.
Lymphadenectomy	 can	 probably	 be	 omitted	 from	 surgical	 staging	 of	 these	 tumors	 in	 the	 absence	 of	 grossly
enlarged	nodes.	Most	GCTs	contain	a	mutation	in	the	FOXL2	gene.	The	presence	of	the	GSP	oncogene	and	high
GATA	 binding	 protein	 4	 (GATA)	 expression	 in	 JGCTs	may	 provide	 new	 prognostic	markers.	 Among	 young
patients	with	JGCTs,	fertility-preserving	surgery	should	be	instituted.20	Although	most	patients	with	GCTs	present
with	early-	stage	disease	and	can	be	cured,	over	80%	of	patients	with	advanced	disease	will	die.	The	bleomycin,
etoposide,	 and	 cisplatin	 (BEP)	 regimen	 used	 for	 malignant	 germ	 cell	 tumors	 of	 the	 ovary	 has	 demonstrable
activity	in	GCTs,	but	the	responses	have	not	been	durable	and	long	lasting.	Sertoli-Leydig	cell	tumors	can	cause
virilization	 due	 to	 high	 levels	 of	 circulating	 testosterone.	 Surgical	 resection	 is	 usually	 curative.	 Patients	 with
advanced	 Sertoli-Leydig	 cell	 tumors	 may	 respond	 to	 gonadotropin-releasing	 hormone	 analogs.20
Gynandroblastoma	 is	 an	 exceedingly	 rare	 primary	 sex	 cord-stromal	 tumor	 of	 the	 ovary	 showing	morphologic
evidence	 of	 both	male	 and	 female	 differentiation.	 Finally,	 gonadoblastoma	 is	 another	 rare	 tumor	 that	 has	 both
primordial	germ	cells	and	immature	Sertoli	or	granulosa	cells.

Advanced-Stage	Epithelial	Ovarian	Cancer	(FIGO	Stages	II	to	IV)
The	 historic	 treatment	 paradigm	 for	 women	 diagnosed	with	 advanced	 EOC	 is	 a	model	 in	 evolution.	 Recently
published	data	from	the	SEER	Program	of	the	NCI	indicate	that	only	15%	of	women	are	diagnosed	with	localized
disease	 (FIGO	 stage	 I),	 for	 which	 the	 5-year	 relative	 survival	 rate	 approaches	 92.3%.36	 Among	 the	 18%	 of
patients	with	regional	spread	of	the	disease	to	adjacent	pelvic	organs	(FIGO	stage	II),	5-year	relative	survival	is
71.7%.	For	61%	of	patients,	the	disease	has	spread	to	distant	organs	in	the	abdomen	and/or	lymph	nodes	(FIGO
stage	III),	and	the	5-year	relative	survival	rate	 is	only	27.4%.36	 Investigators	at	 the	Centers	for	Disease	Control
and	Prevention	have	reported	on	mortality	trends	resulting	from	ovarian	cancer	from	2000	to	2009,	and	noted	that
deaths	due	to	this	disease	have	decreased	significantly	by	1.5%	per	year	among	women	overall	and	among	non-
Hispanic	Caucasian	women.	Mortality	rates	among	Hispanic	women	were	found	to	have	decreased	significantly
by	 1.1%	 per	 year.37	 The	 mortality	 rates	 remained	 stable	 among	 African	 American,	 American	 Indian/Alaskan
Native,	and	Asian/Pacific	Islander	women.36

Patients	 often	 present	 with	 a	 constellation	 of	 symptoms	 consistent	 with	 advanced	 disease.	 Most	 patients
undergo	 radiographic	 imaging	 most	 commonly	 with	 pelvic	 ultrasonography	 and/or	 CT	 imaging.	 A	 definitive
diagnosis	 is	 often	 made	 at	 the	 time	 of	 surgical	 exploration,	 but	 cytology	 from	 abdominal	 paracentesis	 and/or
histologic	confirmation	of	disease	through	CT-guided	biopsy	of	a	metastatic	disease	site	can	also	be	informative.

Cytoreductive	surgery	and	chemotherapy	are	required	in	the	majority	of	cases	of	advanced-stage	disease.	The
traditional	treatment	paradigm	is	to	operate	prior	to	administration	of	six	to	eight	cycles	of	adjuvant	platinum-	and
taxane-based	systemic	therapy,	but	this	approach	has	been	revisited	during	the	preceding	decade	as	the	definition
of	 what	 constitutes	 optimal	 surgical	 cytoreduction	 has	 evolved	 along	 with	 the	 feasibility	 of	 neoadjuvant
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chemotherapy.	An	important	area	of	study	involves	mapping	the	mutational	landscape	of	the	histologic	subtypes
of	 this	disease	 (Table	77.3).	Although	at	 least	 75%	of	women	with	 advanced	disease	 can	 enter	 remission	 after
surgery	and	chemotherapy,	due	to	acquired	drug	resistance,	the	majority	of	patients	will	relapse	and	ultimately	die
from	disease.	Ten-year	disease-free	survival	ranges	from	5%	to	10%.

Significant	strides	have	been	made	with	 incorporation	of	 targeted	 therapy	 in	 the	management	algorithms	for
advanced	 ovarian	 carcinoma,	 with	 FDA	 approvals	 and	 regulatory	 approval	 abroad	 having	 been	 granted	 for
antiangiogenesis	 therapy	 and	 integration	 of	 poly	 (ADP-ribose)	 polymerase	 I	 (PARP)	 inhibitors	 (PARPi).
Randomized	 clinical	 trials	 in	 the	 field	 of	 immuno-oncology	 using	 checkpoint	 inhibitors	 are	 also	 ongoing.
Although	 these	 targeted	 agents	 have	 been	 studied	 as	 part	 of	 primary	 therapy	 and	 recurrent	 disease,	 a	 notable
emerging	role	may	actually	be	as	maintenance	therapies	after	complete	response	(CR)	or	partial	response	(PR)	to
standard	chemotherapy.	For	this	reason,	the	targeted	agents	are	discussed	separately	after	a	detailed	review	of	the
chemotherapeutic	 agents	 used	 in	 this	 disease	 and	 the	 clinical	 trials	 in	 which	 efficacy	 and	 toxicology	 were
validated.

MANAGEMENT	OF	NEWLY	DIAGNOSED	ADVANCED-STAGE	DISEASE
Cytoreductive	Surgery
Although	the	term	optimal	cytoreduction	has	been	used	throughout	the	years	to	represent	the	goal	of	surgery	to
leave	behind	≤1	to	2	cm	of	tumor	volume,	the	modern	school	of	thought	mandates	that	the	goal	of	cytoreductive
surgery	is	to	leave	behind	no	gross	residual	disease	(i.e.,	R0	or	complete	resection).	Interestingly,	the	first	evidence
that	cytoreductive	surgery	 impacts	survival	can	be	found	 in	 the	1973	report	by	Magrath	et	al.38	on	 the	survival
advantage	 conferred	 by	 extensive	 disease	 resections	 in	 pediatric	 patients	 in	 Africa	 with	 abdominal	 Burkitt
lymphoma.	This	was	followed	by	the	landmark	study	by	Griffiths39	from	1974	in	which	the	surgeon	reported	that
among	102	consecutive	cases	of	advanced	ovarian	cancer,	patients	in	whom	residual	disease	greater	than	1.5	cm
in	maximal	diameter	was	left	in	the	abdominal	cavity	had	all	died	from	disease	within	2	years,	compared	with	the
20%	2-year	survival	rate	afforded	by	residual	tumor	burden	less	than	1.5	cm.39	The	watershed	event	occurred	in
2002	when	Bristow	et	al.40	performed	a	meta-analysis	of	81	ovarian	cancer	cohorts	(nearly	7,000	patients)	treated
with	 platinum-based	 chemotherapy	 and	 demonstrated	 that	 the	 most	 important	 determinant	 of	 survival	 was
maximal	 cytoreduction,	with	 each	 10%	 increase	 in	 tumor	 resection	 associated	with	 a	 5.5%	 increase	 in	median
survival	(Fig.	77.1).40

TABLE	77.3
Subtypes	of	Ovarian	Carcinoma	and	Associated	Genetic	Changes

Histologic
Subtype High-Grade	Serous

Low-Grade
Serous Endometrioid Clear	Cell Mucinous

Mutation(s)
p53,	BRCA1/2,	RAD51C,
RAD51D,	BARD1,	PALB2

KRAS/BRAF,
Erbb2,	PIK3CA

ARID1A,	CTNNB1,	PTEN,
PIK3CA,	PPP2RIA

ARID1A,	PIK3CA,
ZNF217,	PPP2RIA KRAS



Figure	77.1	Linear	regression	model	demonstrating	that	each	10%	increase	in	maximal
cytoreduction	is	associated	with	a	5.5%	increase	in	median	survival	time.	(Reprinted	with

permission.	©	American	Society	of	Clinical	Oncology,	2002.	All	rights	reserved.	Bristow	RE,
Tomacruz	RS,	Armstrong	DK,	et	al.	Survival	effect	of	maximal	cytoreductive	surgery	for	advanced
ovarian	carcinoma	during	the	platinum	era:	a	meta-analysis.	J	Clin	Oncol	2002;20[5]:1248–1259.)

Primary	debulking	may	require	many	hours	of	operative	time	and	be	associated	with	multivisceral	resections,
packed	red	cell	transfusions,	admission	to	the	intensive	care	unit	with	cardiac	monitoring,	and	even,	in	the	most
experienced	hands,	significant	postoperative	sequelae.	However,	the	outcome	of	the	surgical	approach	in	terms	of
residual	disease	remains	the	most	important	prognostic	factor	for	survival.	In	2017,	Harter	et	al.41	reported	on	the
Lymphadenectomy	in	Ovarian	Neoplasms	(LION)	study.	Patients	who	underwent	optimal	cytoreduction	and	had
clinically	negative	lymph	nodes	were	randomized	intraoperatively	to	undergo	formal	lymphadenectomy	versus	no
lymphadenectomy.	The	study’s	primary	end	point	of	overall	survival	(OS)	was	not	met	(median,	66	months	in	the
lymphadenectomy	 arm	 and	 69	months	 in	 the	 no	 lymphadenectomy	 arm;	HR,	 1.06;	 95%	CI,	 0.83	 to	 1.34;	P	 =
0.65),41	 but	 postoperative	 morbidity	 and	 mortality	 were	 significantly	 higher	 in	 the	 lymphadenectomy	 arm,
indicating	 that	 systemic	 lymphadenectomy	 of	 clinically	 negative	 lymph	 nodes	 in	women	who	 have	 undergone
complete	resection	should	be	omitted.

For	 primary	 disease,	 surgery	 can	 be	 performed	 upfront	 or	 after	 three	 to	 four	 cycles	 of	 neoadjuvant
chemotherapy.	 For	 patients	 for	whom	 remission	 and/or	 cure	 is	 highly	 unlikely,	 surgery	 can	 be	 palliative	 (e.g.,
small	bowel	resection	or	ileostomy	for	obstruction	or	gastric	tube	placement).

In	the	United	States,	most	gynecologic	oncologists	perform	surgery	prior	to	chemotherapy	and	use	neoadjuvant
chemotherapy	 followed	 by	 interval	 cytoreduction	 and	 postoperative	 chemotherapy	 for	 those	 who	 present	 with
what	 seems	 to	 be	 unresectable	 disease	 and	 for	 patients	 whose	 debilitated	 medical	 condition	 precludes	 their
candidacy	for	upfront	cytoreduction.

Patients	in	remission	who	ultimately	experience	recurrence	may	also	be	candidates	for	additional	cytoreductive
surgery	or	secondary	debulking.	Ideally,	such	patients	should	have	had	a	prolonged	disease-free	interval	(e.g.,	a
remission	 lasting	 ≥12	 months),	 have	 small-volume	 or	 isolated	 recurrent	 disease	 as	 opposed	 to	 widespread
carcinomatosis,	 and	 be	 medically	 optimized	 to	 undergo	 secondary	 debulking.	 Following	 these	 same	 general
guidelines,	tertiary	cytoreductions	may	also	be	possible.

Irrespective	of	where	surgery	is	positioned	in	the	disease	course,	all	visible	tumor	should	be	removed.
Although	a	final	manuscript	has	not	yet	been	published,	the	performance	of	secondary	cytoreductive	surgery	in

women	with	 platinum-sensitive	 disease	 recurrence,	 has	 been	 challenged	 recently	 by	 the	 results	 of	Gynecologic
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Oncology	Group	protocol	0213.

Platinum-Taxane–Based	Chemotherapy
Table	 77.4	 lists	 systemic	 chemotherapy	 (and	 targeted	 therapy)	 regimens	 used	 in	 the	 management	 of	 newly
diagnosed	and	recurrent	ovarian	cancer.	The	use	of	platinum-taxane–based	chemotherapy	is	the	gold	standard	for
adjuvant	treatment	of	advanced-stage	EOC.	Although	these	drugs	are	used	for	all	advanced-stage	EOCs,	they	are
probably	 most	 active	 in	 high-grade	 serous	 and	 undifferentiated	 adenocarcinomas.	 In	 1996,	 McGuire	 et	 al.42
reported	 on	 GOG	 protocol	 0111,	 a	 phase	 III	 randomized	 trial	 comparing	 cisplatin	 (75	 mg/m2)	 with	 either
cyclophosphamide	(750	mg/m2)	or	paclitaxel	(135	mg/m2	over	24	hours)	in	patients	with	advanced	disease	with
residual	disease	 larger	 than	1	cm	after	surgery.	Among	386	patients	 treated	on	study,	 in	 the	cisplatin-paclitaxel
arm	versus	 the	 cisplatin-cyclophosphamide	 arm,	 there	were	 significant	 improvements	 in	 both	PFS	 (median,	 18
versus	13	months,	respectively;	P	<	0.001)	and	OS	(median,	38	versus	24	months,	respectively;	P	<	0.001).

GOG	 protocol	 158	 was	 a	 phase	 III	 noninferiority	 trial	 designed	 to	 test	 the	 efficacy	 and	 tolerability	 of
substitution	of	carboplatin	for	cisplatin	in	combination	with	paclitaxel	for	advanced	EOC.	Gastrointestinal,	renal,
and	metabolic	toxicity	and	grade	4	leukopenia	were	more	frequent	in	the	cisplatin-containing	arm,	whereas	grade
2	 or	 greater	 thrombocytopenia	 was	more	 common	 in	 the	 carboplatin-containing	 arm.	 Neurologic	 toxicity	 was
similar	 in	both	 regimens.	Because	carboplatin	plus	paclitaxel	 resulted	 in	 less	 toxicity,	was	easier	 to	administer,
and	was	not	 inferior	 to	 cisplatin	 plus	 paclitaxel,	 the	 combination	of	 carboplatin	 plus	 paclitaxel	 emerged	 as	 the
standard	of	care	for	advanced	ovarian	carcinoma.43	As	discussed	earlier,	this	combination	is	also	used	for	adjuvant
therapy	 of	 high-risk	 early-stage	 disease	 (i.e.,	 FIGO	 stage	 IA	 or	 IB	 grade	 3,	 stage	 IC	 any	 grade,	 all	 clear	 cell
carcinoma,	and	completely	resected	stage	II).	These	combinations	are	given	on	a	21-day	schedule	for	a	total	of	six
to	eight	cycles.

The	Scottish	Randomized	Trial	 in	Ovarian	Cancer	 (SCOTROC)	was	a	phase	 III,	 randomized,	noninferiority
trial	 to	 evaluate	 the	 efficacy	 and	 tolerability	 of	 substitution	 of	 docetaxel	 for	 paclitaxel	 when	 combined	 with
carboplatin	for	FIGO	stages	IC	to	IV	ovarian	carcinoma.	At	a	median	follow-up	of	23	months,	both	groups	had
similar	PFS,	OS,	and	objective	 tumor	or	CA	125	response	 rates.	The	docetaxel-carboplatin	arm	was	associated
with	substantially	less	overall	and	grade	2	or	higher	neurotoxicity	than	paclitaxel-carboplatin	(neurosensory,	11%
versus	 30%,	P	 <	 0.001;	 neuromotor,	 3%	 versus	 7%,	P	 <	 0.001).44	 Docetaxel-carboplatin	 was	 associated	 with
significantly	 more	 grade	 3	 or	 4	 neutropenia	 and	 neutropenic	 complications.	 Based	 on	 these	 results,	 the
combination	of	docetaxel-carboplatin	has	become	an	accepted	alternative	frontline	regimen,	especially	for	patients
with	preexisting	neuropathy	(e.g.,	diabetic	patients).

Sequential	Doublets	and	New	Triplets
Given	the	demonstrable	activity	of	newer	cytotoxic	agents	in	recurrent	disease,	Bookman	et	al.45	reported	on	the
efficacy	 of	 adding	 a	 third	 agent	 to	 primary	 therapy	 in	 GOG	 protocol	 182.	 Unfortunately,	 there	 were	 no
improvements	 in	 either	 PFS	 or	 OS	 associated	 with	 any	 experimental	 regimen.45	 Survival	 analyses	 of	 groups
defined	by	size	of	residual	disease	also	failed	to	show	experimental	benefit	in	any	subgroup.

Neoadjuvant	Chemotherapy
Patients	in	whom	malnutrition	is	significant	or	the	metastatic	disease	process	appears	unresectable	may	be	treated
with	 neoadjuvant	 chemotherapy	 followed	by	 interval	 cytoreduction	 and	postoperative	 chemotherapy.	However,
there	has	been	significant	movement	in	considering	neoadjuvant	chemotherapy	for	women	who	are	candidates	for
even	primary	debulking	surgery.

TABLE	77.4
Systemic	Therapy	Regimens	Used	in	Ovarian	Cancer

Newly	diagnosed	ovarian
cancer

Bleomycin	30	U	IV	weekly	+	etoposide	100	mg/m2	days	1–5	+	cisplatin	20	mg/m2	days	1–5
(malignant	germ	cell	tumors	of	the	ovary)

Carboplatin	AUC	4–6	+	paclitaxel	175	mg/m2	3-h	infusion	every	21	d

Carboplatin	AUC	5	+	docetaxel	75	mg/m2	1-h	infusion	every	21	d



Carboplatin	AUC	5	+	paclitaxel	175	mg/m2	+	bevacizumab	15	mg/kg	every	21	d	followed	by
maintenance	bevacizumab	15	mg/kg	every	21	d	(U.S.	as	of	June	13,	2018)

Carboplatin	AUC	6	+	paclitaxel	175	mg	m2	+	bevacizumab	7.5	mg/kg	every	21	d	followed	by
maintenance	bevacizumab	7.5	mg/kg	every	21	d	(Europe	only:	suboptimal	FIGO	III	and	FIGO	IV)

Carboplatin	AUC	6	every	21	d	+	paclitaxel	80	mg/m2	weekly	(dose-dense	paclitaxel)

Cisplatin	75–100	mg/m2	41°C	for	30	min	to	1	h	IP	(heated	IP	chemotherapy)

Oxaliplatin	(85	mg/m2)	day	1	+	L-folinic	acid	(100	mg/m2)	followed	by	bolus	5-FU	(400	mg/m2)	+	5-
FU	(600	mg/m2)	22-h	continuous	infusion	for	2	consecutive	days	(pseudomyxoma	peritonei)

Paclitaxel	135	mg/m2	24-h	infusion	IV	day	1	+	CDDP	100	mg/m2	IP	day	2	+	paclitaxel	60	mg/m2	IP
day	8	every	21	d	(IP	+	IV	therapy)

Platinum-resistant
recurrence

Gemcitabine	800-1000	mg/m2	days	1	and	8	every	21	d

Nanoparticle	albumin-bound	paclitaxel	100	mg/m2	days	1,	8,	and	15	every	28	d

Olaparib	400	mg	PO	BID

Oxaliplatin	85	mg/m2	day	1	+	leucovorin	200	mg/m2	day	1	followed	by	bolus	5-FU	(400	mg/m2)	day
1	and	5-FU	(600	mg/m2)	22-h	continuous	infusion	(mucinous	ovarian)

Paclitaxel	80	mg/m2	days	1,	8,	15,	and	22	every	4	wk	+	bevacizumab	10	mg/kg	every	2	wk

Paclitaxel	80	mg/m2	weekly

Pemetrexed	500–900	mg/m2	every	21	d

PLD	40	mg/m2

PLD	30	mg/m2	+	trabectedin	1.1	mg/m2	every	21	d	(Europe	only)

PLD	40	mg/m2	every	4	wk	+	bevacizumab	10	mg/kg	every	2	wk

Rucaparib	600	mg	PO	BID

Topotecan	4	mg/m2	days	1,	8,	and	15	every	4	wk	+	bevacizumab	10	mg/kg	every	2	wk

Topotecan	4	mg/m2	weekly

Platinum-sensitive
recurrence

Carboplatin	AUC	4	day	1	+	gemcitabine	1,000	mg/m2	days	1	and	8	every	21	d

Carboplatin	AUC	4	+	gemcitabine	1,000	mg/m2	+	bevacizumab	15	mg/kg	every	21	d	followed	by
maintenance	bevacizumab	15	mg/kg	every	21	d

Carboplatin	AUC	5	+	paclitaxel	175	mg/m2	+	bevacizumab	15	mg/kg	every	21	d	followed	by
maintenance	bevacizumab	(15	mg/kg)	every	21	d

Carboplatin	AUC	5	+	PLD	30	mg/m2	every	28	d

Carboplatin	AUC	4–5	+	paclitaxel	175	mg/m2	3-h	infusion	every	21	d

CDDP	30	mg/m2	days	1	and	8	+	gemcitabine	600	mg/m2	days	1	and	8

CDDP	75	mg/m2	+	paclitaxel	135	mg/m2	24-h	infusion	every	21	d

Platinum-sensitive
recurrence	oral
maintenance	therapy

Niraparib	300	mg	once	daily

Olaparib	150	mg	BID
AUC,	area	under	the	curve;	IV,	intravenous;	CDDP,	cisplatin;	IP,	intraperitoneal;	FIGO,	International	Federation	of	Gynecology	and
Obstetrics;	5-FU,	5-fluorouracil;	PLD,	pegylated	liposomal	doxorubicin;	BID,	twice	a	day;	PO,	oral.

A	European	Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)	prospective	randomized	trial	of	632
patients	reported	by	Vergote	et	al.46	demonstrated	that	neoadjuvant	chemotherapy	followed	by	interval	debulking
surgery	 was	 not	 inferior	 to	 the	 standard	 procedure.	 The	 HR	 for	 death	 in	 the	 group	 assigned	 to	 neoadjuvant
chemotherapy	followed	by	interval	debulking	was	0.98	(90%	CI,	0.84	to	1.13;	P	=	0.01	for	noninferiority),	and
the	HR	for	PFS	was	1.01	(90%	CI,	0.89	to	1.15).46	Although	postoperative	rates	of	adverse	effects	and	mortality
tended	to	be	higher	after	primary	debulking	than	after	interval	debulking,	this	study	raised	several	controversies,
particularly	regarding	the	quality	of	debulking	surgery.	Importantly,	complete	resection	of	all	macroscopic	disease
(at	primary	or	interval	surgery)	was	the	strongest	independent	variable	in	predicting	OS.	However,	only	41.6%	of
patients	 were	 rendered	 optimally	 debulked	 to	 1	 cm	 or	 less	 of	 residual	 tumor	 after	 primary	 cytoreduction,	 as
compared	with	80.6%	of	patients	after	interval	cytoreduction.	Based	on	these	results,	neoadjuvant	chemotherapy
may	 be	 a	 reasonable	 option	 for	 significantly	 malnourished	 and	 other	 patients,	 including	 those	 not	 medically
optimized,	as	well	as	women	with	unresectable	abdominal	disease	or	extra-abdominal	metastases.

The	randomized	Medical	Research	Council	Chemotherapy	or	Upfront	Surgery	(MRC	CHORUS)	noninferiority
trial	 showed	 no	 significant	 differences	 in	 either	 OS	 or	 PFS,	 and	 the	 authors	 concluded	 that	 neoadjuvant
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chemotherapy	was	noninferior	to	primary	cytoreduction.47	The	results	should	be	interpreted	with	caution	given	the
low	microscopic	residual	disease	rate	in	the	primary	surgery	arm	and	the	identical	median	surgical	times	in	both
arms	of	120	minutes.

When	 the	 combination	 of	 carboplatin-paclitaxel	 or	 carboplatin-	 docetaxel	 is	 used	 for	 neoadjuvant
chemotherapy,	typically	three	to	four	cycles	are	given,	and	if	there	is	clinical	and	radiologic	evidence	of	response,
an	interval	debulking	operation	is	performed	after	4	weeks	to	allow	for	bone	marrow	recovery.	Two	to	3	weeks
after	surgery,	patients	can	resume	systemic	therapy	with	an	additional	three	to	four	cycles	of	chemotherapy.

Intraperitoneal	Chemotherapy
Postoperative	 combined	 intraperitoneal	 (IP)	 and	 intravenous	 (IV)	 combination	 chemotherapy	 for	 advanced
ovarian	carcinoma	has	been	studied	in	four	phase	III	randomized	clinical	trials	conducted	by	the	GOG.	Regional
therapy	takes	advantage	of	both	the	prolonged	confinement	of	disease	within	the	peritoneal	cavity	and	the	steep
dose-response	 relationship	observed	 for	most	 cytotoxic	 agents.	 In	 addition,	by	 exploiting	 the	peritoneal-plasma
barrier,	 the	 rate	 of	 drug	 clearance	 is	 slowed	 from	 the	 peritoneal	 to	 systemic	 compartment	 and	 creates	 a
concentration	differential	favoring	the	peritoneal	cavity.

Although	 two	 previous	 GOG	 phase	 III	 trials	 of	 IP	 chemotherapy	 for	 ovarian	 carcinoma	 demonstrated
significantly	improved	OS,	they	were	criticized	for	not	including	taxanes	(GOG	104)	and	using	dose	escalation	of
IV	carboplatin	area	under	the	curve	(AUC)	9	in	the	IP	arm	(GOG	114).48,49	For	the	third	GOG	study	(GOG	0172),
Armstrong	et	al.50	randomized	415	eligible	patients	with	no	residual	mass	greater	than	1	cm	after	cytoreduction	to
receive	paclitaxel	(135	mg/m2	IV	over	24	hours)	followed	by	either	cisplatin	(75	mg/m2	IV	on	day	2)—the	control
IV	arm—or	 cisplatin	 (100	mg/m2	 IP	 on	 day	 2)	 plus	 paclitaxel	 (60	mg/m2	 IP	 on	 day	8)—investigational	 IP/IV
arm.50	Because	paclitaxel	is	a	relatively	large	molecule,	the	study	team	was	concerned	that	without	IV	paclitaxel,
system	levels	of	the	taxane	would	be	suboptimal	if	dependent	only	on	absorption	of	the	drug	from	the	peritoneal
cavity.	 Treatment	 was	 repeated	 every	 21	 days	 for	 six	 cycles.	 Grade	 3	 and	 4	 pain;	 fatigue;	 and	 hematologic,
gastrointestinal,	metabolic,	 and	 neurologic	 toxic	 effects	were	more	 common	 in	 the	 IP/IV	group	 than	 in	 the	 IV
group	(P	≤	.001).	Only	42%	of	the	patients	in	the	IP/IV	arm	completed	six	cycles,	but	the	median	duration	of	PFS
in	the	IV	arm	and	IP/IV	arm	was	18.3	and	23.8	months,	respectively	(P	=	0.05).	The	median	duration	of	OS	in	the
IV	and	IP/IV	arms	was	49.7	and	65.6	months,	 respectively	(P	=	0.03)	(Fig.	77.2).50	Quality	of	 life	 (QOL)	was
significantly	 worse	 in	 the	 IP/IV	 group	 before	 cycle	 4	 and	 3	 to	 6	 weeks	 after	 treatment	 but	 not	 1	 year	 after
treatment.	Although	IP/IV	therapy	significantly	improved	OS,	due	to	high	toxic	effects,	widespread	adoption	of
IP/IV	therapy	for	advanced	ovarian	carcinoma	has	not	occurred.50

GOG	protocol	252	was	designed	to	resolve	the	toxicity	issues	and	also	validate	the	survival	benefit	attributed
to	IP	therapy.	Bevacizumab	was	included	as	both	frontline	and	maintenance	therapy	in	GOG	252.	One	of	the	arms
tested	IP	carboplatin.	Weekly,	dose-dense	paclitaxel	was	also	added	for	good	measure	to	the	study.	As	a	result,	the
trial	 lacked	 a	 definitive	 control,	 and	 the	 data	 were	 not	 interpretable.	 Survival	 data	 are	 not	 yet	mature	 but	 are
unlikely	to	be	noteworthy	given	the	negative	PFS	findings.51,52

Hyperthermic	Intraperitoneal	Chemotherapy
Hyperthermic	 intraperitoneal	 chemotherapy	 (HIPEC)	 combines	 the	 pharmacokinetic	 advantage	 inherent	 to	 the
intracavitary	delivery	of	 certain	 cytotoxic	drugs	with	 the	direct	 cytotoxic	 effect	 of	hyperthermia.	Hyperthermia
enhances	 the	 tissue	penetration	of	 the	 administered	drug.	The	chemotherapeutic	 agents	used	 in	HIPEC	need	 to
have	 a	 cell	 cycle	 nonspecific	mechanism	of	 action	 and	 should	 ideally	 show	a	heat-synergistic	 cytotoxic	 effect.
Delivery	of	HIPEC	requires	an	apparatus	that	heats	and	circulates	the	chemotherapeutic	solution	so	that	a	stable
temperature	is	maintained	in	the	peritoneal	cavity	during	the	procedure.	HIPEC	can	be	administered	by	the	open
Coliseum	 technique	 developed	 by	 Sugarbaker	 for	 the	 treatment	 of	 pseudomyxoma	 peritonei	 or	 by	 a	 closed
technique,	which	has	the	advantage	of	rapidly	achieving	and	maintaining	hyperthermia	because	there	is	minimal
heat	loss.	Hyperthermic	temperature	is	monitored	using	temperature	probes	placed	in	the	bladder,	esophagus,	and
inflow	and	outflow	IP	catheters.

Among	 patients	 with	 platinum-sensitive	 recurrent	 ovarian	 cancer	 who	 are	 candidates	 for	 secondary
cytoreduction	 as	 well	 as	 for	 those	 with	 primary	 advanced	 disease	 who	 have	 responded	 to	 neoadjuvant	 IV
chemotherapy,	HIPEC	is	administered	immediately	following	extensive	cytoreductive	surgical	procedures	leaving
patients	with	no	gross	residual	disease	(R0).	Perioperative	IP	chemotherapy	regimens	that	use	early	postoperative
IP	chemotherapy	(EPIC)	use	moderate	drug	dosages	for	HIPEC,	whereas	 those	 that	do	not	use	EPIC	use	much



higher	 dosages	 for	 HIPEC.	 In	 recent	 years,	 bidirectional	 HIPEC	 regimens	 (concurrent	 administration	 and	 IV
chemotherapy)	have	gained	ground.

In	 the	 ovarian	 cancer	 setting,	HIPEC	was	 first	 studied	 in	women	with	 recurrent	 disease.	 Following	 optimal
secondary	cytoreduction	for	recurrent	platinum-sensitive	ovarian	cancer,	Fagotti	et	al.53	 treated	41	patients	with
oxaliplatin	460	mg/m2	heated	to	41.5°C	for	30	minutes,	followed	by	six	cycles	of	IV	chemotherapy	consisting	of
oxaliplatin	100	mg/m2	plus	docetaxel	75	mg/m2.53	There	were	no	cases	of	intraoperative	death	or	death	within	30
days	of	surgery.	For	25	patients	with	a	minimum	follow-up	of	18	months,	the	median	disease-free	survival	and	OS
were	24	months	(range,	6	to	60	months)	and	38	months	(range,	18	to	60	months),	respectively.53

Two	recent	randomized	phase	3	trials	have	studied	HIPEC	in	women	with	newly	diagnosed,	advanced	EOC.
Van	Driel	et	al.54	from	the	Netherlands	conducted	a	multicenter	phase	III	study	to	determine	whether	the	addition
of	IP	chemotherapy	(cisplatin	100	mg/m2)	under	hyperthermic	conditions	to	interval	cytoreductive	surgery	would
improve	 the	outcome	among	women	 receiving	neoadjuvant	 chemotherapy	 for	 stage	 III	ovarian	cancer.	 Interval
cytoreduction	with	HIPEC	was	associated	with	longer	recurrence-free	survival	than	surgery	alone	(15	versus	11
months,	 respectively;	HR,	 0.65;	 95%	CI,	 0.49	 to	 0.86;	P	 =	 0.003).	At	 the	 time	 of	 analysis,	 49%	 of	 the	 study
population	was	alive,	with	a	significant	improvement	in	OS	favoring	HIPEC	versus	surgery	alone	(48	versus	34
months,	respectively;	HR,	0.64;	95%	CI,	0.45	to	0.91;	P	=	0.01).	Grade	3	or	4	adverse	events	were	similar	in	both
arms.54	The	second	 trial,	 conducted	 in	Korea	and	presented	by	Lim	et	al.,55	 included	women	 in	whom	optimal
cytoreductive	surgery	had	been	performed	either	through	primary	or	interval	debulking.	Randomization	to	HIPEC
(cisplatin	75	mg/m2)	or	control	occurred	intraoperatively	based	on	residual	tumor	<1	cm	and	was	balanced	for	the
use	of	neoadjuvant	chemotherapy	and	other	clinical	factors.	The	5-year	OS	was	not	significantly	different	between
the	HIPEC	and	no	HIPEC	arms,	but	for	women	who	received	neoadjuvant	chemotherapy,	the	median	5-year	OS
for	 the	 HIPEC	 arm	 was	 47.9%	 as	 compared	 with	 27.7%	 in	 the	 control	 group.55	 More	 follow-up	 has	 been
scheduled	to	critically	evaluate	the	impact	HIPEC	may	have	in	this	subgroup.

Figure	77.2	Overall	survival	curves	demonstrating	superiority	of	intraperitoneal	plus	intravenous
chemotherapy	compared	with	intravenous	chemotherapy	alone	for	women	with	optimally	debulked
ovarian	carcinoma	(Gynecologic	Oncology	Group	protocol	0172).	(Used	with	permission.	©	The
Massachusetts	Medical	Society,	2006.	All	rights	reserved.	Armstrong	DK,	Bundy	B,	Wenzel	L	et
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al.	Intraperitoneal	cisplatin	and	paclitaxel	in	ovarian	cancer.	N	Engl	J	Med	2006;354[1]:34–43.)

Dose-Dense	Paclitaxel
Weekly,	dose-dense	administration	of	paclitaxel	has	recently	emerged	as	a	promising	therapeutic	strategy	in	the
management	of	primary	advanced	EOC.	The	rationale	for	weekly	administration	is	that	more	frequent	delivery	of
moderate	doses	may	achieve	greater	efficacy	than	standard	doses	every	3	weeks	through	more	sustained	exposure
of	 dividing	 tumor	 cells	 to	 the	 cytotoxic	 effects	 of	 paclitaxel,	 which	 primarily	 acts	 on	 microtubules	 to	 arrest
mitosis.	The	weekly,	 dose-dense	 regimen	was	 carefully	 studied	 by	 the	 Japanese	Gynecologic	Oncology	Group
(JGOG).

In	 an	 effort	 to	 harness	 the	 antiangiogenic	 properties	 of	 metronomic	 paclitaxel,	 on	 behalf	 of	 the	 JGOG,
Katsumata	et	al.56,57	randomized	631	patients	with	stage	II	to	IV	ovarian	carcinoma	to	receive	six	cycles	of	either
paclitaxel	(180	mg/m2	over	3	hours)	plus	carboplatin	(AUC	6)	on	day	1	or	dose-dense	paclitaxel	(80	mg/m2	over	1
hour)	 on	 days	 1,	 8,	 and	 15	 plus	 carboplatin	 (AUC	 6)	 on	 day	 1.	Cycles	were	 repeated	 every	 21	 days,	 and	 the
primary	end	point	was	PFS.	Median	PFS	was	 longer	 in	 the	dose-dense	 treatment	group	(28.0	months;	95%	CI,
22.3	to	35.4	months)	than	in	the	conventional	treatment	group	(17.2	months;	95%	CI,	15.7	to	21.1	months;	HR,
0.71;	95%	CI,	0.58	to	0.88;	P	=	0.0015).	Neutropenia	was	the	most	common	adverse	event	(92%	in	dose-dense
group,	88%	in	conventional	group),	and	grade	3	or	4	anemia	was	significantly	higher	in	the	dose-dense	group	than
the	conventional	group,	(69%	versus	44%,	respectively;	P	<	0.0001).56,57	The	 frequencies	of	other	 toxic	effects
were	similar	between	groups.	At	a	median	follow-up	of	76.8	months,	the	investigators	reported	long-term	results,
with	median	PFS	and	median	OS	being	significantly	 improved	 in	 the	dose-dense	group	(PFS:	28.2	versus	17.5
months;	HR,	0.76;	95%	CI,	0.62	to	0.91;	P	=	0.0037;	OS:	100.5	versus	62.2	months;	HR,	0.79;	95%	CI,	9.63	to
0.99;	P	=	0.039;	Fig.	77.3).56,57

The	 Japanese	 study	 provided	 sufficient	 data	 for	 many	 in	 the	 United	 States	 to	 adopt	 a	 weekly,	 dose-dense
paclitaxel	 schedule	 for	 newly	 diagnosed	 patients,	 and	 in	 some	 centers,	 both	 drugs	 were	 given	 weekly	 as
carboplatin	(AUC	2)	plus	paclitaxel	(60	mg/m2).	The	breast	cancer	literature	has	suggested	that	Asian	women	may
metabolize	paclitaxel	differently	than	their	Western	counterparts.	Studies	in	Europe	(Multicenter	Italian	Trial	 in
Ovarian	 Cancer	 [MITO]-7,	 International	 Collaborative	Ovarian	Neoplasm	 [ICON]-8)	 and	 in	 the	United	 States
(GOG	protocol	262)	were	conducted	 to	 address	 this	 consideration.58–60	All	 three	were	unable	 to	demonstrate	 a
PFS	 advantage	 using	 weekly,	 dose-dense	 paclitaxel.	 First,	 in	 the	 Italian	 study,	MITO-7,	 both	 carboplatin	 and
paclitaxel	 were	 given	 weekly	 for	 18	 weeks,	 but	 paclitaxel	 at	 60	 mg/m2	 was	 not	 delivered	 in	 a	 dose-dense
manner.58	The	co-primary	end	points	were	PFS	and	QOL.	Although	weekly	scheduling	did	not	 result	 in	a	PFS
advantage,	 fewer	 patients	 on	 that	 arm	 experienced	 grade	 3	 to	 4	 neutropenia,	 febrile	 neutropenia,	 grade	 3	 or	 4
thrombocytopenia,	and	grade	2	or	worse	neuropathy.	Given	that	QOL	scores	were	poorer	in	the	standard	every-
21-day	therapy	arm,	a	weekly	regimen	of	carboplatin	and	paclitaxel	may	be	a	reasonable	option.	In	GOG	protocol
262,	 no	 PFS	 advantage	was	 demonstrable	 between	weekly	 and	 every-21-day	 paclitaxel	 in	women	with	 newly
diagnosed	ovarian	cancer.59	Interestingly,	in	an	unplanned	subgroup	analysis,	the	survival	curves	were	relatively
indistinguishable	 for	 women	 who	 received	 optional	 bevacizumab	 (84%	 of	 the	 study	 population),	 but	 when
considering	the	subgroup	who	did	not	receive	bevacizumab,	the	curves	mirrored	what	the	Japanese	investigators
reported	(PFS,	14.2	versus	10.3	months	for	those	receiving	weekly	paclitaxel	without	bevacizumab	versus	every-
21-day	paclitaxel	without	bevacizumab,	respectively;	HR,	0.62;	95%	CI,	0.40	to	0.95;	P	=	0.03).59	This	analysis,
although	 not	 prespecified,	 suggests	 that	 the	 antiangiogenic	 properties	 of	 paclitaxel	 that	 manifest	 with	 weekly
administration	 may	 interfere	 with	 vascular	 endothelial	 growth	 factor	 (VEGF)	 inhibition	 conferred	 through
bevacizumab.	Finally,	ICON-8	recently	reported	on	1,566	women	who	were	randomized	to	one	of	the	following
three	treatment	arms:	standard	every-21-day	carboplatin	plus	paclitaxel;	every-21-day	carboplatin	(AUC	5	to	6)
plus	weekly,	dose-dense	paclitaxel	(80	mg/m2);	or	weekly	carboplatin	(AUC	2)	plus	weekly,	dose-dense	paclitaxel
(80	mg/m2).59	Patients	who	had	undergone	primary	cytoreduction	or	interval	cytoreduction	following	neoadjuvant
chemotherapy	were	permitted	 to	enroll.	Although	 the	 investigators	demonstrated	 that	dose-dense	chemotherapy
could	 be	 delivered	 successfully	 without	 substantial	 toxicity,	 there	 were	 no	 significant	 improvements	 in	 PFS
compared	 to	 standard	 dosing	 and	 scheduling.60	With	 three	 negative	Western	 studies,	 the	 traction	 that	 weekly,
dose-dense	 paclitaxel	 had	 based	 on	 the	 Japanese	 study	 is	 slowly	 weakening	 in	 centers	 throughout	 the	 United
States.



Figure	77.3	Overall	survival	curves	demonstrating	superiority	of	dose-dense	weekly	paclitaxel	(80
mg/m2	body	surface	area	[BSA])	versus	every-21-day	paclitaxel	(175	mg/m2	BSA)	in	a	phase	III
randomized	trial	of	Japanese	women	with	advanced	ovarian	carcinoma.	HR,	hazard	ratio;	CI,

confidence	interval.	(Used	with	permission.	©	American	Society	of	Clinical	Oncology,	2009.	All
rights	reserved.	Katsumata	N,	Yasuda	M,	Takahashi	F,	et	al.	Dose-dense	paclitaxel	once	a	week	in
combination	with	carboplatin	every	3	weeks	for	advanced	ovarian	cancer:	a	phase	3,	open-label,

randomised	controlled	trial.	Lancet	2009;374[9698]:1331–1338.)

Maintenance	Chemotherapy
Up	to	70%	of	patients	with	advanced	ovarian	carcinoma	who	enter	into	remission	after	surgery	and	platinum-	and
taxane-based	chemotherapy	will	ultimately	experience	relapse.	Because	EOC	is	a	chemosensitive	disease,	it	seems
reasonable	 that	 further	 exposure	 to	 antineoplastic	 agents	 after	 primary	 therapy	 would	 be	 beneficial.	 Different
strategies	have	been	undertaken	to	address	this	concept,	including	extending	initial	therapy	from	6	to	12	cycles,
which	is	not	the	same	as	maintenance	therapy,	and	administration	of	a	non–cross-resistant	drug	in	the	remission
setting.	Failed	attempts	to	prevent	recurrence	by	being	pharmacologically	proactive	during	the	period	of	clinical
remission	 have	 included	 high-dose	 chemotherapy	 with	 stem	 cell	 support,	 whole	 abdominal	 radiotherapy,	 IP
phosphorus-32	 (32P)	 after	 negative	 second-look	 surgery,	 and	 immunotherapy	 using	 interferon	 (IFN)-α	 and	 the
monoclonal	 antibody	 oregovomab.	 However,	 significantly	 improved	 PFS	 without	 increased	 OS	 has	 been
associated	with	maintenance	paclitaxel.

After	a	clinically	defined	CR	at	the	time	of	completion	of	platinum-paclitaxel	induction,	in	GOG	protocol	178,
Markman	et	al.61	randomized	277	patients	to	3	versus	12	doses	of	monthly	paclitaxel	(175	mg/m2	reduced	to	135
mg/m2	 every	 28	 days).	 At	 interim	 analysis,	 a	 highly	 significant	 difference	 in	 PFS	 was	 observed	 favoring	 12
monthly	cycles	of	consolidation	therapy	(PFS,	28	versus	21	months).61	The	study	was	stopped	by	the	Data	Safety
Monitoring	Board	of	 the	NCI	once	these	interim	analysis	results	became	available.62	Subsequent	updates	of	 the
data	have	raised	the	possibility	that	a	subset	of	patients	with	low	CA	125	levels	may	enjoy	a	survival	benefit.

GOG	 protocol	 212	 was	 an	 open-label	 trial	 designed	 to	 validate	 the	 potential	 PFS	 benefit	 of	 maintenance
therapy	observed	in	GOG	178.	In	an	effort	to	address	the	lack	of	a	control	arm	in	GOG	178,	the	GOG	Protocol
Development	Committee	required	GOG	212	to	have	three	arms,	one	of	which	had	no	treatment.63	After	9	years,
during	 which	 time	 1,157	 subjects	 were	 enrolled,	 the	 NCI’s	 Data	 and	 Safety	 Monitoring	 Committee	 voted	 to
release	the	results	of	the	third	scheduled	interim	analysis,	which	indicated	that	the	relative	death	hazards	passed
the	 futility	 boundaries	 for	 both	 taxane	 regimens	 (paclitaxel:	 HR,	 1.104;	 97.5%	 CI,	 0.884	 to	 1.38;	 paclitaxel
poliglumex:	HR,	 0.979;	 97.5%	CI,	 0.781	 to	 1.23).63	Maintenance	 therapy	 using	 either	 investigational	 arm	was
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associated	with	significant	gastrointestinal	and	neurologic	adverse	events.

MANAGEMENT	OF	RECURRENT	DISEASE
The	Concept	of	Platinum	Sensitivity

Management	of	Patients	with	Recurrent	Disease
The	 sensitivity	 of	 a	 patient’s	 disease	 to	 platinum	 agents	 may	 be	 categorized	 as	 platinum	 sensitive,	 partially
platinum	 sensitive,	 platinum	 resistant,	 and	 platinum	 refractory.	 It	 is	 important	 to	 recognize	 that	 the	 6-month
disease-free	interval	that	separates	the	platinum-resistant	patients	from	the	partially	platinum-sensitive	patients,	as
well	as	the	12-month	disease-free	demarcation	that	separates	partially	platinum-sensitive	patients	from	platinum-
sensitive	 patients,	 are	 both	 arbitrary	 clinical	 break	 points	 that	 are	 not	 underlined	 by	 any	 known	molecular	 or
biologic	mechanisms.

Patients	 who	 are	 platinum	 refractory	 comprise	 the	 highest	 risk	 group	 because	 they	 have	 not	 responded	 to
platinum-	 and	 taxane-based	 chemotherapy	 and	 often	 demonstrate	 evidence	 of	 progression	 during	 primary
treatment	 with	 increasing	 CA	 125	 levels;	 worsening	 ascites,	 bowel	 function,	 and	 other	 symptoms;	 and
occasionally	 metastatic	 tumor	 deposits	 that	 are	 enlarging	 on	 physical	 examination	 and	 radiologic	 imaging.
Available	chemotherapy	options	are	not	likely	to	benefit	this	group	of	patients.	The	most	appropriate	management
plan	 is	 early	 intervention	with	 palliative	 care	 services,	 and	 patients	with	 a	GOG	 performance	 status	 of	 0	 to	 2
should	strongly	consider	screening	for	participation	in	a	clinical	trial	evaluating	new	therapies.

Women	who	achieve	remission	after	primary	 therapy	and	 then	relapse	within	6	months	are	considered	 to	be
platinum	resistant	and	represent	a	group	for	whom	conventional	therapies	are	probably	ineffective	or,	at	best,	offer
short-term	benefit.	These	patients	should	also	strongly	consider	participating	in	clinical	trials.	In	the	absence	of	a
new	 therapeutic	 study,	 most	 patients	 with	 platinum-resistant	 disease	 are	 treated	 with	 single	 agents	 such	 as
pegylated	liposomal	doxorubicin	(PLD)	or	topotecan	and	other	agents.

Women	who	experience	recurrence	between	6	and	12	months	after	platinum-based,	first-line	chemotherapy	are
classified	 as	 partially	 platinum	 sensitive	 and	 can	 benefit	 from	 platinum-based	 reinduction	 chemotherapy.
However,	the	therapeutic	effect	is	lower	than	in	women	characterized	as	platinum	sensitive.	Patients	described	as
having	partially	platinum-sensitive	disease	may	also	be	 considered	 for	participation	 in	 clinical	 trials	 evaluating
new	agents	and	combinations	for	platinum-sensitive	recurrences.

The	 concept	 of	 artificially	 extending	 the	 platinum-free	 interval	 in	 this	 population	with	 the	 ultimate	 goal	 of
reintroducing	 platinum	 in	 the	 third-line	 setting	 has	 also	 gained	momentum	 in	 recent	 years.	 This	 hypothesis	 is
being	 studied	 in	 the	 phase	 III	 randomized	 International	 Ovarian	 Cancer	 Patients	 Trial	 with	 Yondelis
(INOVATYON)	study	(PLD	plus	trabectedin	versus	PLD	plus	carboplatin;	NCT01379989)	and	the	MITO-8	trial
(carboplatin	plus	paclitaxel	followed	by	PLD	versus	PLD	followed	by	carboplatin	plus	paclitaxel	with	platinum-
free	interval	of	6	to	12	months;	NCT00657878).

Patients	 who	 experience	 relapse	 >12	 months	 after	 primary	 platinum-based	 therapy	 have	 platinum-sensitive
disease.	 The	 therapeutic	 landscape	 for	 these	 patients	 is	 dominated	 by	 reinduction	 of	 platinum-based
chemotherapy.	The	addition	of	a	second	compound	to	platinum	performed	favorably	against	single-agent	platinum
in	the	ICON-4	randomized	trial.64	Carboplatin	combined	with	paclitaxel,	gemcitabine,	or	PLD	have	emerged	as
the	principle	platinum-based	chemotherapy	doublets.	Importantly,	the	replacement	of	paclitaxel	with	PLD	in	the
Caelyx	 in	 Platinum-Sensitive	Ovarian	Cancer	 (CALYPSO)	 trial	 proved	 the	 noninferiority	 of	 the	 regimen	 over
carboplatin	 plus	 paclitaxel;	 interestingly,	 carboplatin	 plus	 PLD	 was	 associated	 with	 improved	 PFS	 and	 less
alopecia,	less	neuropathy,	and	less	allergic	reactions	than	carboplatin	plus	paclitaxel.65

Secondary	Cytoreduction
Theoretically,	medically	and	nutritionally	optimized	patients	with	a	long	disease-free	interval	and	solitary,	isolated
abdominal	or	pelvic	 recurrences	are	most	 likely	 to	enjoy	a	 survival	benefit	 from	surgery.	As	mentioned	above,
GOG	protocol	0213	has	challenged	the	paradigm	of	secondary	cyotreduction	as	mature	OS	results	presented	at	the
ASCO	 2013	Meeting	 indicate	 no	 survival	 beneft.	 A	 final	 manuscript	 is	 in	 preparation	 at	 the	 time	 of	 writing
(August	2018).

The	Descriptive	Evaluation	of	Preoperative	Selection	Kriteria	 for	Operability	 in	Recurrent	Ovarian	Cancer	 I
(DESKTOP	I)	is	a	German	study	that	retrospectively	evaluated	secondary	cytoreduction	in	267	women	from	25



AGO	member	 institutions	who	experienced	disease	 recurrence.	Women	who	experienced	complete	 resection	at
secondary	debulking	had	a	significantly	longer	survival	compared	with	women	who	underwent	surgery	that	 left
visible	residual	disease	(median	OS,	45.2	versus	19.7	months,	respectively;	HR,	3.71;	95%	CI,	2.27	to	6.05;	P	<
0.001).66	The	variables	associated	with	complete	 resection	were	Eastern	Cooperative	Oncology	Group	 (ECOG)
performance	status	of	0,	FIGO	stage	at	diagnosis,	 residual	 tumor	after	primary	surgery,	and	absence	of	ascites.
These	identified	criteria	were	then	prospectively	evaluated	and	validated	in	129	platinum-	sensitive	women	in	the
DESKTOP	II	trial.67	This	was	followed	by	the	randomized,	controlled,	phase	III	study,	DESKTOP	III/ENGOT-
Ov20,	which	studied	407	platinum-sensitive	patients	in	first	or	second	relapse.68	Complete	resection	was	achieved
in	67%	of	 the	 study	population,	 and	 the	median	PFS	was	14	months	without	 and	19.6	months	with	 secondary
cytoreduction	 (HR,	 0.66;	 95%	 CI,	 0.52	 to	 0.83;	 P	 <	 0.001).68	 With	 the	 exception	 of	 more	 frequent
myelosuppression	in	the	no	surgery	arm,	there	were	no	significant	differences	observed	in	grade	≥3	acute	adverse
events.	OS	data	for	DESKTOP	III	are	still	maturing.

Platinum-Based	Doublets	for	Platinum-Sensitive	Recurrent	Disease
In	 ICON-4,	 Parmar	 et	 al.64	 randomized	 802	 patients	 with	 platinum-sensitive	 ovarian	 cancer	 to	 paclitaxel	 plus
platinum	 versus	 conventional	 platinum-based,	 physician’s	 choice	 chemotherapy.	 At	 a	median	 follow-up	 of	 42
months,	OS	and	PFS	were	significantly	improved	in	the	paclitaxel	plus	platinum	group	(2-year	OS,	57%	versus
50%;	HR	 for	 death,	 0.82;	 95%	CI,	 0.69	 to	 0.97;	P	 =	 0.02).	 This	multinational	 phase	 III	 study	 established	 the
paclitaxel-platinum	chemotherapy	doublet	as	the	standard	for	platinum-sensitive	recurrent	disease.64

A	 phase	 II	 trial	 studying	 paclitaxel	 (175	 mg/m2	 over	 a	 3-hour	 infusion)	 followed	 by	 the	 third-generation
platinum	analog	oxaliplatin	(130	mg/m2	over	a	2-hour	infusion)	was	reported	by	Viens	et	al.,69	with	results	 that
appear	equivalent	 to	other	platinum	analogs.	Brewer	et	al.70	conducted	a	phase	II	study	of	cisplatin	(30	mg/m2)
plus	gemcitabine	(600	mg/m2)	on	days	1	and	8	every	28	days	for	women	with	platinum-refractory	disease.	Among
27	 subjects,	 there	were	 four	CR	 and	 five	PR,	 giving	 an	 overall	 response	 of	 16%.	Thirteen	 patients	 (54%)	 had
stable	disease.	The	median	time	to	progression	was	5.4	months,	and	OS	time	was	14.9+	months.	Grade	4	toxicities
were	 primarily	 hematologic.	 Pfisterer	 et	 al.71	 recognized	 the	 need	 to	 identify	 a	 viable	 nonneurotoxic	 alterative
regimen	and	 randomized	356	patients	with	platinum-sensitive	 recurrent	ovarian	 carcinoma	 to	 carboplatin	 alone
(AUC	5	on	day	1)	versus	carboplatin	(AUC	4	on	day	1)	plus	gemcitabine	(1,000	mg/m2	on	days	1	and	8).	Cycles
were	repeated	every	21	days,	and	the	primary	objective	was	PFS.	At	a	median	follow-up	of	17	months,	the	HR	for
PFS	favored	the	carboplatin	plus	gemcitabine	combination	(HR,	0.72;	95%	CI,	0.58	to	0.90;	P	=	0.0031).71	The
doublet	was	also	associated	with	a	significantly	higher	response	rate	(47.2%	versus	30.9%,	P	=	0.016).	Although
myelosuppression	was	significantly	more	common	in	the	combination	arm,	sequelae	such	as	febrile	neutropenia	or
infections	were	uncommon.	Less	than	5%	of	patients	on	either	arm	experienced	motor	or	sensory	neuropathy.	The
combination	of	carboplatin	plus	gemcitabine	was	approved	in	the	United	States	in	2006,	which	was	a	surprising
ruling	because	it	was	based	solely	on	positive	PFS	results.

CALYPSO	was	a	phase	III,	randomized,	noninferiority	trial	conducted	by	Pujade-Lauraine	et	al.65	to	test	the
efficacy	and	safety	of	carboplatin	(AUC	5)	plus	PLD	(30	mg/m2)	every	28	days	versus	carboplatin	(AUC	5)	plus
paclitaxel	 (175	mg/m2)	 every	 21	 days.	 A	 minimum	 of	 six	 cycles	 were	 prescribed,	 and	 the	 patient	 population
comprised	976	women	with	recurrence	>6	months	after	first-	or	second-line	platinum-	and	taxane-based	therapy.
With	a	median	follow-up	of	22	months,	PFS	for	the	carboplatin-PLD	arm	(11.3	months)	was	statistically	superior
to	the	PFS	in	the	carboplatin-paclitaxel	arm	(9.4	months)	(HR,	0.821;	95%	CI,	0.72	to	0.94;	P	=	0.005);	median
PFS	 times	were	11.3	 and	9.4	months,	 respectively.	Although	 significantly	higher	 rates	of	 hand-foot	 syndrome,
nausea,	and	mucositis	were	observed	in	the	carboplatin-	PLD	arm,	overall	severe	nonhematologic	toxicity	(36.8%
versus	28.4%,	P	<	0.01)	leading	to	early	discontinuation	(15%	versus	6%,	P	<	0.001)	occurred	more	frequently	in
the	 carboplatin-paclitaxel	 arm,	 as	 did	 grade	 ≤2	 alopecia,	 hypersensitivity	 reactions,	 and	 sensory	 neuropathy.65
CALYPSO	constitutes	the	largest	randomized	phase	III	trial	in	recurrent	ovarian	cancer.	The	improved	PFS	and
superior	 therapeutic	 index	 of	 carboplatin-PLD	 make	 this	 regimen	 an	 excellent	 alternative	 to	 conventional
platinum-paclitaxel	for	platinum-	sensitive	recurrent	ovarian	carcinoma.

Nonplatinum	Chemotherapeutic	Options	for	Platinum-Resistant	Recurrent
Disease
The	registration	 trial	 for	 topotecan	was	conducted	by	 ten	Bokkel	Huinink	et	al.72	The	 investigators	randomized
226	patients	with	 recurrent	disease	 to	paclitaxel	 (175	mg/m2	over	3	hours)	or	 topotecan	 (1.5	mg/m2	 30-minute
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infusion,	days	1	to	5).	Cycles	were	repeated	every	21	days.	All	patients	had	progressed	after	one	platinum-based
regimen,	 and	 all	 had	 bidimensionally	 measurable	 disease.	 There	 was	 a	 nonsignificant	 increased	 response	 rate
among	patients	treated	with	topotecan	(20.5%)	as	compared	with	those	treated	with	paclitaxel	(13.2%).	Although
the	median	duration	of	response	did	not	significantly	differ,	the	median	time	to	progression	favored	topotecan	(23
versus	14	weeks,	P	=	0.002).	Neutropenia	was	 significantly	more	 frequent	 among	 those	 treated	with	 topotecan
(79%	versus	23%)	but	was	short	lasting	and	noncumulative.72	Topotecan	was	approved	in	1996	by	the	FDA	and
European	Medicines	Agency	(EMA)	for	the	treatment	of	ovarian	cancer.

In	 the	 PLD	 registration	 trial,	 Gordon	 et	 al.73	 randomized	 474	 patients	 with	 measurable	 disease	 who	 had
experienced	 recurrence	after	or	had	not	 responded	 to	 first-line,	platinum-based	chemotherapy	 to	 topotecan	 (1.5
mg/m2	 on	 days	 1	 to	 5	 every	 21	 days)	 or	 PLD	 (50	mg/m2	 every	 28	 days).73	 Overall	 response	 rates,	 PFS,	 and
median	OS	were	 similar	 between	 the	 two	 arms,	 but	 among	 the	platinum-sensitive	 subset	 of	 patients,	 treatment
with	PLD	was	associated	with	a	statistically	significant	improvement	in	PFS	(28.9	versus	23.3	weeks,	P	=	0.037)
and	OS	(108	versus	71.1	weeks,	P	=	0.008).73	PLD	was	first	approved	for	platinum-refractory	ovarian	cancer	in
1999	and	then	received	full	approval	for	platinum-sensitive	recurrent	disease	in	2005.

In	the	OVA-301	trial,	Monk	et	al.74	randomized	672	patients	with	first	recurrence	to	PLD	(50	mg/m2)	every	21
days	 versus	 PLD	 (30	 mg/m2)	 followed	 by	 a	 3-hour	 infusion	 of	 trabectedin	 (1.1	 mg/m2)	 every	 21	 days.	 The
primary	 end	 point	 was	 PFS	 by	 independent	 radiology	 assessment.	 The	 combination	 of	 trabectedin	 and	 PLD,
compared	with	PLD	alone,	was	shown	to	improve	PFS	(7.3	versus	5.8	months,	respectively;	HR,	0.79;	95%	CI,
0.65	to	0.96;	P	=	0.0190)	and	overall	response	rate	(27.6%	versus	18.8%,	respectively;	P	=	0.0080).74	In	addition,
an	enhanced	activity	of	trabectedin	combined	with	PLD	was	observed	in	platinum-	sensitive	patients,	especially	in
those	 with	 a	 platinum-free	 interval	 range	 of	 6	 to	 12	 months.	 Based	 on	 these	 results,	 in	 2009,	 the	 European
Commission	granted	marketing	authorization	for	 trabectedin	combined	with	PLD	(a	nonplatinum	chemotherapy
doublet)	for	the	treatment	of	patients	with	relapsed	platinum-	sensitive	ovarian	cancer.

In	a	phase	II	study	by	the	GOG,	51	patients	with	platinum-	resistant	recurrent	ovarian	cancer	were	treated	with
pemetrexed	 (900	mg/m2)	IV	 infusion	 over	 10	minutes	 every	 21	 days.	 In	 this	 study,	 patients	were	 treated	 until
progression	or	unacceptable	toxicity.75	Median	PFS	was	2.9	months,	and	median	OS	was	11.4	months.	Although
not	 yet	 FDA	 approved	 for	 ovarian	 cancer,	 based	 on	 these	 results,	 in	 their	 2009	 update,	 the	 NCCN	 has
recommended	pemetrexed	as	a	single	agent	for	platinum-resistant	recurrent	disease.75

A	 phase	 II	 trial	 by	 the	 GOG	 evaluated	 weekly	 paclitaxel	 (80	 mg/m2)	 in	 48	 patients	 with	 platinum-	 and
paclitaxel-resistant	 ovarian	 cancer.76	 An	 objective	 response	 rate	 of	 20.9%	 was	 reported,	 and	 serious	 adverse
events	were	relatively	uncommon.	Finally,	Coleman	et	al.77	reported	on	the	GOG’s	phase	II	trial	of	nanoparticle
albumin-bound	 paclitaxel	 (Abraxane)	 administered	 at	 100	mg/m2	 on	 days	 1,	 8,	 and	 15	 on	 a	 28-day	 schedule.
Among	47	evaluable	patients	with	platinum-resistant	ovarian	cancer,	1	CR	and	10	PR	were	confirmed	(23%),	with
17	women	(36%)	having	stable	disease.	The	median	PFS	was	4.5	months,	and	median	OS	was	17.4	months.	There
were	no	grade	4	events,	with	the	majority	of	grade	3	events	being	hematologic	(n	=	9).

EORTC	5595:	Early	versus	Delayed	Treatment	of	Recurrence
Rustin	et	al.78	randomized	529	patients	in	an	effort	to	study	the	perceived	benefits	of	early	treatment	of	recurrent
ovarian	 cancer	 on	 the	basis	 of	 increased	CA	125	 concentrations	 as	 compared	with	delayed	 treatment	 based	on
clinically	evident	disease	relapse.	At	the	time	of	randomization,	all	patients	were	in	complete	remission	after	first-
line	 platinum-based	 chemotherapy	 and	 had	 a	 normal	CA	125	 concentration.	Clinical	 examination	 and	CA	125
measurements	were	done	every	3	months	for	all	patients,	with	both	investigators	and	patients	masked	to	the	CA
125	results.	Randomization	to	early	versus	delayed	treatment	took	place	when	the	CA	125	level	exceeded	twice
the	upper	limit	of	normal	levels.	Patients	assigned	to	delayed	treatment	continued	to	be	masked	to	their	CA	125
measurements,	with	treatment	commencing	at	clinical	or	symptomatic	relapse.	The	primary	end	point	was	OS.	At
a	median	follow-up	of	56.9	months	from	randomization	and	after	370	deaths	in	the	entire	study	population,	there
was	 no	 evidence	 of	 a	 difference	 in	 OS	 between	 early	 and	 delayed	 treatment	 (25.7	 versus	 27.1	 months,
respectively;	HR,	0.98;	95%	CI,	0.8	to	1.2;	P	=	0.85).78

ANTIANGIOGENESIS	THERAPY
The	interesting	history	of	the	development	of	drugs	that	 inhibit	blood	vessel	formations	is	reviewed	in	detail	 in
Chapter	3.	Activity	of	bevacizumab	in	ovarian	cancer	was	first	demonstrated	in	three	separate	phase	II	studies	in



the	 recurrent	 disease	 population.79–81	 Despite	 nine	 positive	 phase	 III	 randomized	 clinical	 trials	 involving	 five
antiangiogenesis	 drugs	 in	 newly	 diagnosed	 advanced	 EOC	 (bevacizumab	 and	 nintedanib),82–84	 maintenance
therapy	 (pazopanib),85	 platinum-sensitive	 recurrent	 disease	 (bevacizumab	 and	 cediranib),86–88	 and	 platinum-
resistant	 recurrent	 disease	 (bevacizumab	 and	 trebananib),89,90	 only	 bevacizumab	 has	 received	 FDA	 approval,
specifically	 for	 treatment	of	women	with	newly	diagnosed	advanced	disease,	 platinum-	 resistant	 and	platinum-
sensitive	 ovarian	 cancer	 (Table	 77.5).	 Finally,	 based	 on	 two	 provocative	 randomized	 phase	 II	 trials,
chemotherapy-free	 combinations	 integrating	 antiangiogenesis	 therapy	 with	 other	 targeted	 therapies	 are	 under
investigation	 in	 phase	 III	 trials.	 These	 include	 cediranib	 and	 the	 PARPi,	 olaparib,91	 and	 the	 combination	 of
bevacizumab	with	the	tumor	vascular-	disrupting	agent	(TVDA)	fosbretabulin.92

GOG	0218
GOG	 218	 was	 the	 first	 phase	 III	 randomized	 trial	 of	 targeted	 therapy	 in	 any	 gynecologic	 cancer.	 Initially,
Genentech	did	not	file	for	bevacizumab	use	in	primary	ovarian	cancer	in	the	United	States	because	at	the	time	of
public	disclosure	of	the	GOG	218	results,	the	FDA	had	withdrawn	accelerated	approval	of	bevacizumab	for	breast
cancer	due	to	the	sponsor’s	inability	to	show	OS	and	some	concerns	about	toxicology.	Originally,	when	the	breast
question	had	been	put	to	the	FDA,	it	had	convened	an	Oncology	Drugs	Advisory	Committee	(ODAG),	which	had
voted	in	December	of	2008	five	to	four	against	approval,	resulting	in	accelerated	approval	in	February	of	2009,	at
which	 point	 the	 2-year	 clock	 began	 ticking.	 On	 November	 18,	 2011,	 the	 approval	 for	 bevacizumab	 in	 breast
cancer	was	withdrawn	by	the	FDA.

Although	 OS	 was	 not	 significantly	 improved	 in	 GOG	 0218,82	 it	 should	 be	 noted	 that	 an	 ad	 hoc	 survival
analysis	among	women	with	stage	 IV	disease	was	noteworthy,	with	an	OS	of	40.6	months	 in	 the	bevacizumab
throughout	arm	versus	32.8	months	in	the	control	arm	(HR,	0.72;	95%	CI,	0.53	to	0.97).	In	addition,	in	both	trials,
bevacizumab	was	 administered	 to	 a	predefined	maximum	number	of	 cycles	not	 until	 disease	progression.	This
may	have	 limited	 the	 long-term	 therapeutic	 benefit.	 Furthermore,	 postprogression	 therapy	 cannot	 be	 controlled
for,	and	bevacizumab	and	multiple	other	active	therapeutic	agents	were	available	to	participants	through	multiple
lines	 of	 subsequent	 therapy,	 limiting	 the	 ability	 to	 demonstrate	 an	 impact	 on	 survival	 from	 the	 statistical
standpoint,	even	if	such	an	impact	existed.

Assessment	 of	 adverse	 events	 identified	 only	 hypertension	 (grade	 ≥2)	 as	 significantly	more	 common	 in	 the
bevacizumab	arms,	 leading	 to	discontinuation	of	 therapy	 in	2.4%	of	subjects.	The	rates	of	other	adverse	events
including	 gastrointestinal	 fistula	 or	 perforation,	 proteinuria	 (grade	 ≥3),	 neutropenia,	 thromboembolism,	 and
wound	disruptions	were	similar	among	the	three	treatment	arms.82,93	Importantly,	gastrointestinal	wall	disruption
(along	with	bleeding	and	impaired	wound	healing)	are	black	boxed	warnings	in	the	bevacizumab	package	insert.

As	part	of	GOG	0218,	QOL	was	evaluated	using	the	Trial	Outcome	Index	(TOI)	of	the	Functional	Assessment
of	Cancer	Therapy–Ovary	(FACT-O)	survey.94	Questionnaires	were	completed	before	cycles	1,	4,	7,	13,	and	22	as
well	as	6	months	after	completing	the	study	therapy.	The	mean	FACT-O	TOI	score	increased	over	the	duration	of
the	 study,	 indicating	 improved	 QOL.	 During	 chemotherapy,	 quality-of-life	 scores	 were	 slightly	 lower	 in	 the
bevacizumab	 groups	 than	 in	 the	 control	 group;	 however,	 these	 differences	 were	 lost	 after	 completion	 of
chemotherapy.

GOG	0218	 led	 to	 regulatory	approval	by	 the	U.S.	FDA	and	EMA	for	 the	 incorporation	of	bevacizumab	(15
mg/kg	 every	 21	 days)	 with	 standard	 platinum-	 and	 taxane-based	 combination	 chemotherapy	 (followed	 by
maintenance	bevacizumab	15	mg/kg	every	21	days	for	15	cycles)	for	primary	adjuvant	therapy.

OCEANS
The	remaining	phase	III	bevacizumab	trials	were	in	platinum-sensitive	and	platinum-resistant	recurrent	EOC.	The
industry-sponsored	Ovarian	Cancer	Study	Comparing	Efficacy	and	Safety	of	Chemotherapy	and	Antiangiogenic
Therapy	in	Platinum-Sensitive	Recurrent	Disease	(OCEANS)	study—a	study	of	carboplatin	and	gemcitabine	plus
bevacizumab	in	patients	with	ovarian,	peritoneal,	or	fallopian	tube	carcinoma—evaluated	the	efficacy	and	safety
of	 bevacizumab	 in	 the	 treatment	 of	 patients	 with	 recurrent,	 platinum-sensitive	 ovarian	 cancer.86	 Overall,	 484
patients	 were	 randomly	 assigned	 to	 carboplatin-gemcitabine	 plus	 bevacizumab	 versus	 carboplatin-gemcitabine
plus	placebo	for	6	 to	10	cycles.	Bevacizumab	or	placebo	was	 then	continued	until	disease	progression.	Median
PFS	for	the	bevacizumab	arm	was	superior	to	that	for	the	control	arm	(12.4	versus	8.4	months,	respectively;	HR,
0.484;	95%	CI,	0.388	to	0.605;	P	<	0.0001).86

The	addition	of	bevacizumab	significantly	 improved	 the	objective	 response	 rate	 (ORR;	78.5%	versus	57.4%
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with	placebo;	P	<	0.0001),	with	most	responses	being	PRs.	At	the	time	of	final	PFS	analysis,	the	OS	data	were
immature,	with	141	deaths.	An	additional	analysis	was	conducted	at	235	deaths	in	which	the	median	OS	for	the
placebo	arm	was	35.2	months	and	the	median	OS	for	the	bevacizumab	arm	was	33.3	months.86	These	data	remain
immature.	Interestingly,	evaluation	of	treatment	after	disease	progression	indicated	use	of	bevacizumab	in	31%	of
subjects	on	the	control	arm,	potentially	confounding	OS	analysis.

TABLE	77.5
Phase	III	Randomized	Trials	of	Antiangiogenesis	Therapy	in	ovarian	cancer

Trial Arms Grade	3	or	4	AEs Primary	End	Point
GOG	218
N	=	1,873
Newly	diagnosed,
incompletely	resected
stage	III	and	any
stage	IV;	GOG	PS	0–
2

IV	carboplatin	(AUC	5)	+	IV	paclitaxel
(175	mg/m2)	+	placebo	followed	by
maintenance	placebo	q	3	wk

HTN	22.9%;	GI	events	2.6%;
proteinuria	1.6%;	VTE	6.7%

Median	PFS,	10.3	vs.	11.2
vs.	14.1	mo;	HR,	0.717;
95%	CI,	0.625–0.824;	P	<
0.001IV	carboplatin	(AUC	5)	+	IV	paclitaxel

(175	mg/m2)	+	bevacizumab	(15	mg/kg)
followed	by	maintenance	placebo	q	3
wk

IV	carboplatin	(AUC	5)	+	IV	paclitaxel
(175	mg/m2)	+	bevacizumab	15	mg/kg
followed	by	maintenance	bevacizumab
15	mg/kg	q	3	wk

ICON-7
N	=	1,528
Newly	diagnosed,
stage	I–IIA	(clear	cell,
grade	3);	IIB–IV;
ECOG	PS	0–1

IV	carboplatin	(AUC	5)	+	IV	paclitaxel
(175	mg/m2)	q	3	wk

Bleeding	1%;	HTN	6%;	VTE
4%;	GIP	1%;	neutropenia	17%

Median	PFS,	17.3	vs.	19.0
mo;	HR,	0.81;	95%	CI,
0.70–0.94;	P	=	0.0041

IV	carboplatin	(AUC	5)	+	IV	paclitaxel
(175	mg/m2)	+	IV	bevacizumab	(7.5
mg/kg)	+	IV	bevacizumab	(7.5	mg/kg)
maintenance	q	3	wk

AGO-OVAR12/LUME-
Ovar	1
N	=	1,366
Newly	diagnosed,
FIGO	IIB–IV;	ECOG
PS	0–2

IV	carboplatin	(AUC	5–6)	+	IV	paclitaxel
(175	mg/m2)	q	3	wk	+	nintedanib	200
mg	PO	BID	+	nintedanib	200	mg	PO
BID	up	to	120	wk

Neutropenia	44%;	anemia	14%;
thrombocytopenia	18%;
diarrhea	20%;	elevated	ALT
15%;	elevated	AST	7%;	HTN
and	fatigue	4%

Median	PFS,	17.3	vs.	16.6
mo;	HR,	0.84;	95%	CI,
0.72–0.98;	P	=	0.0239
(RECIST	and	CA	125)

IV	carboplatin	(AUC	5–6)	+	IV	paclitaxel
(175	mg/m2)	q	3	wk	+	placebo	PO	BID
+	placebo	PO	BID	up	to	120	wk

AGO-OVAR	16
N	=	940
No	evidence	of
progression	after
surgery	and	≥5	cycles
of	platinum-taxane
therapy,	FIGO	II–IV

Pazopanib	800	mg	PO	once	a	day	up
to	24	mo

Pazopanib	26%	vs.	placebo
11%:	HTN,	diarrhea,	nausea,
headache,	fatigue,	neutropenia

Median	PFS,	17.9	vs.	12.3
mo;	HR,	0.766;	95%	CI,
0.64–0.91;	P	=	0.0021

Placebo	PO	once	a	day	up	to	24	mo

OCEANS
N	=	484
Platinum-sensitive
recurrence;	ECOG	PS
0–1

IV	carboplatin	(AUC	4)	+	IV
gemcitabine	(1,000	mg/m2)	+	placebo	q
3	wk

HTN	17.4%;	proteinuria	8.5%;
bleeding	5.7%;	VTE	4%;
fistula/abscess	1.6%

Median	PFS,	8.4	vs.	12.4
mo;	HR,	0.484;	95%	CI,
0.388–0.605;	P	<	0.0001

IV	carboplatin	(AUC	4)	+	IV
gemcitabine	(1,000	mg/m2)	+	IV
bevacizumab	(15	mg/kg)	q	3	wk

GOG	213
N	=	674
Platinum-sensitive
recurrence,	after
randomization	to
secondary
cytoreductive	surgery

IV	carboplatin	(AUC	5)	+	IV	paclitaxel
(175	mg/m2)	+	bevacizumab	(15	mg/kg)
q	3	wk	+	maintenance	bevacizumab	(15
mg/kg)	q	3	wk

Neutropenia	84%;	GIP/abscess
15%;	infection	13%;	HTN	12%;
proteinuria	8%;	VTE	4%

Median	OS,	42.2	vs.	37.3
mo;	HR,	0.827;	95%	CI,
0.683–1.005;	P	=	0.056

IV	carboplatin	(AUC	5)	+	IV	paclitaxel
(175	mg/m2)

ICON-6
N	=	456
Platinum-sensitive
recurrence,	ECOG	PS
0–1

Chemotherapy	(choice	of	platinum	+
paclitaxel;	platinum	+	gemcitabine;
carboplatin	alone	q	3	wk)	+	PO	placebo
+	continued	PO	placebo

HTN	7%;	diarrhea	5%;	fatigue
20%;	voice	change	21%;
bleeding	25%

Median	PFS,	9.4	vs.	12.5
mo	(maintenance	vs.
chemotherapy-only	arm);
HR,	0.57;	95%	CI,	0.45–
0.74;	P	=	0.024



Chemotherapy	as	above	+	PO
cediranib	20	mg	once	a	day	and
maintenance	PO	placebo
Chemotherapy	as	above	+	PO
cediranib	20	mg	once	a	day	and
maintenance	PO	cediranib	20	mg

AURELIA
N	=	361
Platinum-resistant
recurrence;	ECOG	PS
0–2;	no	history	of
SBO;	≤2	prior
regimens

IV	paclitaxel	(80	mg/m2)	days	1,	8,	15,
and	22	q	4	wk	or	IV	topotecan	(4
mg/m2)	days	1,	8,	and	15	q	4	wk	or	IV
pegylated	liposomal	doxorubicin	40
mg/m2	q	4	wk

HTN	20.1%;	proteinuria	12.8%;
fatigue/asthenia	2.2%;	GIP
1.7%;	VTE	3.4%

Median	PFS,	3.4	vs.	6.7
mo;	HR,	0.48;	95%	CI,
0.36–0.60;	P	<	0.00110

Chemotherapy	as	above	+	IV
bevacizumab	10	mg/kg	q	2	wk	or	15
mg/kg	q	3	wk

TRINOVA-1
N	=	919
Recurrent	disease
(PFI	<12	mo);	≤3	prior
lines	of	chemotherapy;
GOG	PS	0–1

IV	paclitaxel	days	1,	8,	and	15	q	4	wk	+
IV	placebo	weekly

Edema	5%;	ascites	20%;
pleural	effusion	13%

Median	PFS,	5.4	vs.	7.2
mo;	HR,	0.66;	95%	CI,
0.57–0.77;	P	<	0.001

IV	paclitaxel	days	1,	8,	and	15	q	4	wk	+
IV	trebananib	(15	mg/kg)	weekly

AE,	adverse	event;	GOG,	Gynecologic	Oncology	Group;	PS,	performance	status;	 IV,	 intravenous;	AUC,	area	under	 the	curve;	q,
every;	HTN,	hypertension;	GI,	gastrointestinal;	VTE,	venous	thromboembolism;	PFS,	progression-free	survival;	HR,	hazard	ratio;	CI,
confidence	interval;	ECOG,	Eastern	Cooperative	Oncology	Group;	GIP,	gastrointestinal	perforation;	FIGO,	International	Federation
of	 Gynecology	 and	 Obstetrics;	 PO,	 oral;	 BID,	 twice	 a	 day;	 ALT,	 alanine	 aminotransferase;	 AST,	 aspartate	 aminotransferase;
RECIST,	Response	Evaluation	Criteria	in	Solid	Tumors;	OS,	overall	survival;	SBO,	small	bowel	obstruction;	PFI,	progression-free
interval.

In	addition	to	studying	bevacizumab	in	the	platinum-sensitive	space,	GOG	0213	was	also	designed	to	explore
the	role	of	secondary	cytoreductive	surgery.	The	open-label,	randomized,	phase	III	trial	was	conducted	throughout
the	United	States,	Japan,	and	South	Korea.	Eligible	patients	were	those	who	had	achieved	a	clinical	CR	to	primary
platinum-based	chemotherapy	and	had	remained	disease	free	for	at	least	6	months	after	the	last	platinum	infusion.
Using	1:1	 randomization,	 patients	were	 assigned	 to	 standard	 chemotherapy	 (carboplatin	AUC	5	plus	paclitaxel
175	mg/m2	body	surface	area	 [BSA])	every	21	days	with	and	without	bevacizumab	(15	mg/kg	body	weight).87
Patients	randomized	to	the	bevacizumab	arm	also	received	this	drug	as	maintenance	therapy	every	21	days	until
disease	progression	or	unacceptable	 toxicity.	Subjects	who	participated	 in	 the	surgical	objective	were	randomly
assigned	1:1	 to	either	of	 the	 treatment	 regimens	described	earlier.	The	primary	end	point	was	OS,	analyzed	by
intent	to	treat.

Although	 the	 analysis	 for	 OS	 was	 not	 significant,	 a	 sensitivity	 analysis	 based	 on	 corrected	 treatment-free
interval	stratification	supports	this	intervention	in	women	with	platinum-sensitive	disease.	Based	on	GOG	213	and
OCEANS,	on	December	6,	2016,	the	FDA	approved	the	combination	of	bevacizumab	with	either	carboplatin	plus
paclitaxel	or	carboplatin	plus	gemcitabine	followed	by	maintenance	bevacizumab	for	this	patient	population.

AURELIA
To	assess	the	impact	of	bevacizumab	on	oncologic	outcome	in	patients	with	platinum-resistant	recurrent	ovarian
cancer,	 Avastin	 Use	 in	 Platinum-Resistant	 Epithelial	 Ovarian	 Cancer	 (AURELIA)—a	 study	 of	 bevacizumab
added	 to	 chemotherapy	 in	 patients	 with	 platinum-resistant	 ovarian	 cancer—was	 initiated.89	 This	 randomized,
open-label,	 phase	 III	 clinical	 trial	 compared	 chemotherapy	 (investigator’s	 choice:	 weekly	 paclitaxel,	 weekly
topotecan,	or	PLD)	with	 chemotherapy	plus	bevacizumab	at	 a	dose	of	15	mg/kg.	Eligible	patients	had	biopsy-
proven	 recurrent	 epithelial	 ovarian,	 primary	peritoneal,	 or	 fallopian	 tube	 carcinoma	 (disease-free	 interval	of	≤6
months),	 two	or	 fewer	prior	 anticancer	 regimens,	 no	history	of	bowel	obstruction	or	 abdominal	 fistula,	 and	no
clinical	 or	 radiographic	 evidence	 of	 rectosigmoid	 involvement.	 Patients	were	 treated	 to	 disease	 progression	 or
unacceptable	toxicity,	at	which	point	they	crossed	over	to	the	treatment	with	chemotherapy	alone	(bevacizumab
arm)	or	bevacizumab	alone	(chemotherapy-alone	arm).

A	total	of	361	subjects	were	enrolled,	with	7%	having	received	prior	antiangiogenic	therapy	and	27%	having
had	 a	 disease-free	 interval	 of	 <3	 months.	 The	 addition	 of	 bevacizumab	 to	 chemotherapy	 nearly	 doubled	 the
median	PFS	(6.7	versus	3.4	months;	HR,	0.48;	95%	CI,	0.38	to	0.60;	P	<	0.001),	with	consistent	findings	across
all	 subgroups	 analyzed.89	 AURELIA	 is	 the	 first	 randomized	 phase	 III	 trial	 in	 women	 with	 platinum-resistant
disease	to	meet	 its	primary	end	point.	On	November	14,	2014,	 the	FDA	approved	bevacizumab	in	combination
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with	paclitaxel,	PLD,	or	 topotecan	 for	 treatment	of	patients	with	platinum-resistant	 recurrent	epithelial	ovarian,
fallopian	tube,	or	primary	peritoneal	cancer.

Similar	to	ICON-7,95	mature	OS	data	were	also	presented	at	the	2013	European	Society	of	Medical	Oncology
(ESMO)	annual	meeting,	with	no	significant	differences	noted	between	study	arms	(OS,	16.6	in	bevacizumab	arm
versus	13.3	months	in	chemotherapy-alone	arm;	HR,	0.85;	95%	CI,	0.66	to	1.08;	P	=	0.174).96	The	study	was	not
powered	 to	 detect	 a	 statistically	 significant	 difference	 in	 OS.	 In	 addition,	 postprogression	 therapy	 was	 not
monitored	in	either	arm,	with	additional	confounding	by	the	planned	postprogression	crossover	to	bevacizumab	in
the	 chemotherapy-alone	 arm.	 Overall,	 72	 patients	 (40%)	 initially	 randomized	 to	 chemotherapy	 alone	 received
bevacizumab	after	documented	progression.96

Revisiting	GOG	218	and	ICON-7
Working	 seemingly	 backward,	 Genentech	 first	 obtained	 regulatory	 approval	 for	 bevacizumab	 in	 platinum-
resistant	ovarian	cancer	in	2014,	followed	by	approval	in	2016	for	platinum-sensitive	disease,	and	for	front-line
treatment	on	June	13,	2018.

PARP	INHIBITORS
Historical	Notes
The	 history	 of	 the	 development	 of	 PARPi	 is	 reviewed	 in	 detail	 in	 Chapter	 25	 and	 in	 Chapter	 78	 and	 in	 the
references.97,98

CLINICAL	IMPLICATIONS	OF	BRCA1/2	MUTATION	STATUS
Women	carrying	a	germline	BRCA1	mutation	have	an	80%	lifetime	risk	of	developing	breast	cancer	and	a	50%
lifetime	risk	of	developing	ovarian	cancer.99	Women	with	a	germline	BRCA2	mutation	have	a	50%	lifetime	risk	of
developing	breast	cancer	and	20%	lifetime	risk	for	ovarian	cancer.100	Approximately	10%	to	15%	of	women	with
ovarian	cancer	carry	a	deleterious	germline	BRCA1/2	mutation.	Compared	to	sporadic	disease,	ovarian	cancer	in
women	with	BRCA1	mutations	is	characterized	clinically	by	an	earlier	age	of	disease	onset	(e.g.,	median	age	of
early	to	mid-50s),	relatively	higher	response	to	platinum-based	combination	chemotherapy,	and	among	those	who
achieve	clinical	remission	after	primary	therapy,	 longer	disease-free	 intervals	prior	 to	recurrence.	These	clinical
features	are	also	present	to	varying	degree	among	some	women	with	wild-type	BRCA1/2	genes	who	exhibit	 the
BRCAness	phenotype.

Interestingly,	among	women	with	BRCA1/2	mutations	who	have	undergone	 rrSO,	a	disproportionately	 large
number	 of	 occult	 fallopian	 tube	 carcinomas	 (in	 the	 absence	 of	 a	 corresponding	 lesion	 in	 the	 ovary)	 has	 been
reported.	 In	addition,	detailed	pathologic	study	of	asymptomatic	women	with	germline	BRCA1/2	mutations	has
uncovered	the	likely	precursor	to	high-grade	serous	carcinoma—	serous	tubal	intraepithelial	carcinomas	(STIC).
This	pathologic	finding	is	most	often	identified	in	secretory	epithelial	cells	in	the	fimbriated	end	of	the	fallopian
tube.101

Other	Genes	of	Interest
Norquist	 et	 al.102,103	 evaluated	 1,915	 women	 with	 ovarian	 cancer	 who	 had	 available	 germline	 DNA	 from	 the
University	of	Washington	Gynecologic	Tissue	Bank	(n	=	570)	and	from	phase	III	trials	of	the	GOG	(GOG	218,	n
=	788;	GOG	262,	n	=	557).	A	 total	of	208	patients	 (15%)	had	BRCA1/2	mutations,	 and	8	patients	 (0.4%)	had
mutations	in	DNA	mismatch	repair	genes	(e.g.,	MSH2,	MLH1,	PMS2,	and	MSH6).	Mutations	in	BRIP1	(n	=	26),
RAD51C	(n	=	11),	RAD51D	(n	=	11),	PALB2	(n	=	12),	and	BARD1	(n	=	4)	were	significantly	more	common	in
women	with	ovarian	cancer	than	in	the	comparison	group	comprised	of	the	Exome	Sequencing	Project	and	Exome
Aggregation	 Consortium.	 Lilyquist	 et	 al.104	 studied	 7,768	 ovarian	 cancer	 cases	 of	 European	 ancestry	 with	 a
multigene	panel	 to	detect	pathogenic	alterations.	The	team	identified	alterations	in	11	genes	with	8	exhibiting	a
fivefold	 or	 greater	 increased	 risk	 for	 ovarian	 cancer	 (BRCA1,	 BRCA2,	 BRIP1,	 MSH2,	 MSH6,	 RAD51C,	 and
RAD51D).	These	two	studies	bring	the	total	number	of	genes	involved	in	hereditary	ovarian	cancer	to	11.



PARP	Inhibitors	and	Homologous	Recombination	Deficiency
Due	to	errors	in	replication,	toxic	by-products	of	cell	cycling,	and	environmental	insult,	DNA	undergoes	constant
injury,	 resulting	 in	 sequence	 alterations.	 Several	mechanisms	 have	 evolved	 to	 facilitate	DNA	 repair,	 including
nucleotide	excision	repair,	base	excision	repair,	homologous	recombination,	and	nonhomologous	end-joining.105
PARP	 enzymes	 are	 found	 in	 the	 cellular	 nucleus	 where	 they	 are	 activated	 by	DNA	 damage	 to	 identify	 DNA
single-strand	breaks.	The	DNA	repair	process	of	single-strand	breaks	by	PARP	can	be	interrupted	by	the	action	of
PARPi,	which	interact	with	binding	sites	on	single-strand	breaks	in	their	own	zinc	finger	domains	to	block	PARP
and	prevent	the	PARP-mediated	transfer	of	ADP-ribose	to	form	PAR	chains.105	The	summation	of	these	actions
by	PARPi	 leads	 to	progression	of	single-strand	breaks	 to	double-strand	breaks,	which	are	normally	 repaired	by
homologous	 recombination	 or	 repair.	 Women	 with	 germline	 BRCA1/2	 mutations	 who	 develop	 breast	 and/or
ovarian	cancer	generally	do	so	in	part	because	of	homologous	recombination	deficiency	(HRD)	in	tissues	at	risk
(ductal	 and	 fallopian	 tube	 epithelium).	 In	 such	 cases,	 the	 complementary	BRCA1/2	 allele	 has	 been	 impaired,
leading	to	absence	of	or	defective	BRCA1/2	protein.	The	loss	of	high-fidelity	homologous	recombination	in	these
patients	is	partly	due	to	an	inability	to	localize	DNA	polymerase	RAD51.105	In	cells	with	defective	homologous
repair	(e.g.,	BRCA1/2	mutations),	chromosomal	integrity	is	destroyed,	resulting	in	replication	stalling	and	collapse
at	the	replication	fork,	cell	cycle	arrest,	and	apoptosis.105	To	summarize,	escape	strategies	to	ensure	cell	survival
require	either	intact	homologous	repair	capabilities	and/or	functional	PARP.	This	is	why	the	provision	of	a	PARPi
to	BRCA1/2-deficient	 cells	 is	 synthetically	 lethal.	 Important	 determinants	 of	 the	 activity	 of	 PARPi	 in	 ovarian
cancer	include	the	molecular	signature,	platinum	sensitivity	status,	and	number	of	lines	of	prior	therapy.

Genomic	Scars
Interestingly,	 although	 approximately	 15%	 of	 women	 with	 high-grade	 serous	 ovarian	 cancer	 have	 germline
BRCA1/2	 mutations,	 approximately	 25%	 of	 high-grade	 serous	 tumors	 will	 have	 somatic	 BRCA1/2	 mutations
(inclusive	of	the	15%	with	germline	BRCA1/2	mutations),	and	up	to	50%	will	have	HRD	(inclusive	of	the	25%
with	germline	and	somatic	BRCA1/2	mutations)	in	general.100	The	BRCA1	and	BRCA2	proteins,	which	facilitate
double-strand	DNA	 repair	 through	 homologous	 recombination,	 are	 not	 the	 only	 protein	 products	 that	mediate
DNA	repair.	Examples	of	genes	and	gene	products	intrinsic	to	pathways	that	can	be	targeted	by	synthetic	lethality
include	 the	DNA	 damage	 response	 kinases,	 ataxia-telangiectasia	mutated	 (ATM)	 and	 ataxia-telangiectasia	 and
Rad3-related	(ATR),	which	activate	cell-cycle	checkpoints,	and	the	key	tumor	suppressor	gene	product,	TP53,	a
regulator	of	the	cell	cycle	and	apoptotic	pathway.100	These	observations	have	propelled	research	in	development
of	an	HRD	assay	that	can	be	validated	for	clinical	use	in	prospective,	randomized	trials.	HRD	testing	will	identify
twice	as	many	patients	 as	 somatic	 testing	and	3.5	 times	as	many	as	germline	BRCA1/2	 testing.	Although	gene
sequencing	appears	as	an	attractive	method	to	identify	such	patients,	HRD	resulting	from	epigenetic	events	such
as	BRCA1	promoter	hypermethylation	will	be	missed	with	a	pure	gene	sequencing	approach.100

Tumors	 may	 undergo	 one	 or	 more	 events	 that	 restore	 high-fidelity	 homologous	 recombination,	 leading	 to
misclassification	 as	 having	 HRD	 or	 being	 sensitive	 to	 PARPi.	 To	 improve	 the	 performance	 of	 companion
diagnostic	HRD	assays	for	PARPi,	Watkins	et	al.106	have	proposed	developing	a	diagnostic	assaying	integrating	a
genomic	scar-based	biomarker	as	an	indicator	of	PARPi	resistance.	Conversely,	tracing	genomic	scars	back	to	the
specific	drivers	of	the	mutator	phenotype	will	allow	the	selection	of	therapies	to	target	the	specific	initiators.	In
such	a	context,	genomic	scars	may	be	viewed	as	reports	of	HRD	and	drug	response.	HRD	leads	to	at	least	three
manifestations	 of	 genomic	 instability	 or	 genomic	 scarring,	 including	 genomic	 loss	 of	 heterozygosity	 (LOH),
telomeric	 allelic	 imbalance	 (TAI),	 and	 large-scale	 state	 transitions	 (LST).95	 HRD	 status	 may	 be	 evaluated	 by
analyzing	each	of	 these	biomarkers	as	well	as	 the	 total	number	of	coding	mutations	 to	generate	an	HRD	score.
HRD	assays	would	satisfy	the	FDA’s	initiative	requirement	for	every	new	drug	to	be	accompanied	to	market	by	a
biomarker	 that	predicts	 its	effectiveness.105	An	example	of	 a	FDA-approved	HRD	assay	 is	myChoice	HRD	by
Myriad	Genetics.	Table	77.6	contains	the	initial	FDA	approvals	of	PARPi	in	ovarian	cancer.

TABLE	77.6
Initial	U.S.	Food	and	Drug	Administration	Approvals	of	PARP	Inhibitors	in	Ovarian	Cancer

	 Niraparib Rucaparib Olaparib
Dose 300	mg	once	daily 600	mg	BID 400	mg	BID
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No.	of	pills	daily 3 4 16	(capsules)

No.	of	prior	lines	of
chemotherapy ≥2	(maintenance)

≥2	(maintenance)
≥3	(treatment)

≥2	(maintenance)
≥4	(treatment)

Population
Recurrent	ovary	in	complete	or	partial
response	to	platinum

gBRCAmut	or	somatic
BRCA1/2	mutation gBRCAmut

Adverse	events
Thrombocytopenia	(34%),	anemia
(25%),	neutropenia	(20%)

Nausea	(25%),	anemia
(25%),	fatigue	(11%)

Anemia	(18%),	abdominal	pain
(7%),	fatigue	(6%)

PARP,	poly	(ADP-ribose)	polymerase;	BID,	twice	a	day;	gBRCAmut,	germline	BRCA1/2	mutation.
All	3	PARPi	have	the	same	maintenance	indication	(recurrent	ovary	[germline	or	BRCA	wildtype]	in	complete	or	partial	response	to
platinum);	only	rucaparib	and	olaparib	have	treatment	indications.

OLAPARIB
Olaparib	(Lynparza,	AstraZeneca)	is	an	oral	PARP-1	and	PARP-2	inhibitor	and	was	the	first	PARPi	to	be	granted
FDA	 approval.	Olaparib	 capsules	were	 approved	 at	 400	mg	 twice	 daily	 as	 a	 fourth-line	 therapy	 (and	 beyond)
among	women	with	primary	ovarian,	 tubal,	or	peritoneal	 carcinoma	harboring	a	deleterious	germline	BRCA1/2
mutation	 as	 identified	 by	 the	 companion	 diagnostic	 test	BRCAnalysis	 by	Myriad	Genetics.107	 This	 accelerated
approval,	which	was	granted	in	the	United	States	on	December	19,	2014,	had	been	preceded	by	EMA	approval	of
olaparib	as	a	maintenance	therapy	for	women	with	germline	or	somatic	BRCA1/2	mutations	who	have	responded
to	 platinum-based	 therapy	 for	 recurrent	 disease.	 On	 August	 17,	 2017,	 the	 FDA	 approved	 olaparib	 tablets	 as
maintenance	 therapy	 for	 patients	 with	 platinum-sensitive	 recurrent	 ovarian	 cancer	 that	 have	 had	 a	 partial	 or
complete	 response	 to	 second-line	 platinum-based	 therapy.	 This	 maintenance	 indication	 does	 not	 require	 any
testing	 for	BRCA1/2.	Because	olaparib	has	also	been	approved	 for	HER2/neu	negative	breast	cancer,	 it	has	 the
widest	indication	of	all	currently	available	PARPi.

Summary	of	Key	Phase	II	Studies
The	two	randomized	phase	II	trials	of	olaparib	monotherapy	in	ovarian	cancer	studied	the	PARPi	directly	against
PLD	 (50	mg/m2	 IV	 every	 28	 days)	 in	 the	 recurrent	 germline	BRCA1/2	mutation	 population107,108	 and	 against
placebo	 in	 the	 maintenance	 setting	 in	 the	 platinum-sensitive	 recurrent	 population	 (initially	 called	 Study
19).107,109,110	 Comparable	 PFS	 between	 PLD	 and	 two	 doses	 of	 olaparib	 (200	 and	 400	 mg	 twice	 a	 day)	 was
reported	 in	 the	 first	 study,	with	a	nonsignificant	 trend	 favoring	a	higher	ORR	with	 the	higher	dose	of	olaparib
(18%,	25%,	and	31%,	respectively).108	In	Study	19,	compared	to	placebo,	olaparib	(400	mg	twice	a	day)	conferred
a	3.6-month	advantage	in	PFS	(8.4	versus	4.8	months;	HR	for	progression	or	death,	0.35;	95%	CI,	0.25	to	0.49;	P
<	0.001),109,110	with	the	benefit	being	even	greater	among	BRCA1/2	mutation	carriers	(11.2	versus	4.2	months).
There	was	no	improvement	in	OS.	Adverse	events	(mainly	grade	1	or	2)	reported	more	frequently	in	the	olaparib
group	 than	 the	placebo	group	by	more	 than	10%	of	patients	 included	nausea	 (68%	versus	35%),	 fatigue	 (49%
versus	 38%),	 vomiting	 (32%	 versus	 14%),	 and	 anemia	 (17%	 versus	 5%).	 Study	 19	 led	 to	 EMA	 approval	 of
olaparib	as	a	maintenance	therapy.

After	EMA	approval	based	on	Study	19,	AstraZeneca	submitted	the	data	to	the	FDA	where	an	Oncology	Drugs
Advisory	Committee	was	convened	 that	voted	against	approval	and	recommended	awaiting	phase	 III	data.	The
manufacturer	then	submitted	additional	data	from	Study	42,	which	led	to	postponement	of	the	PDUFA	date	by	3
months.	Study	42	would	ultimately	lead	to	FDA	approval	of	olaparib	as	fourth-line	or	later	therapy.

The	multicenter	phase	II	trial	(now	known	as	Study	1	in	the	olaparib	package	insert)	was	reported	by	Kaufman
et	 al.111	 Two	 hundred	 ninety-eight	 patients	 with	 germline	BRCA1/2	 mutation	 and	 recurrent	 platinum-resistant
ovarian	 cancer	 and	 breast	 cancer	 treated	 with	 three	 or	 more	 lines	 of	 chemotherapy	 for	 metastatic	 disease,
pancreatic	 cancer	 with	 prior	 gemcitabine	 treatment,	 and	 castration-resistant	 prostate	 cancer	 were	 enrolled	 and
treated	with	olaparib	400	mg	orally	twice	a	day.111	The	primary	efficacy	end	point	was	response	rate.	Among	the
193	women	in	the	ovarian	cancer	cohort	(mean	number	of	prior	regimens,	4.3),	the	response	rate	was	31.1%	(60
of	 193	 patients;	 95%	CI,	 24.6%	 to	 38.1%).111	Among	women	with	measurable	 disease,	 the	 response	 rate	was
34%.	Stable	disease	lasting	8	weeks	or	longer	was	observed	in	40%	of	women	in	the	ovarian	cancer	cohort	(95%
CI,	33.4%	to	47.7%).111	Median	PFS	times	were	7,	3.7,	4.6,	and	7.2	months	in	the	ovarian,	breast,	pancreatic,	and
prostate	 cancer	 groups,	 respectively.	 Grade	 3	 or	 higher	 adverse	 events	 reported	 among	 the	 ovarian	 cancer
subpopulation	included	anemia	(18.7%),	abdominal	pain	(7.3%),	fatigue	(6.2%),	and	vomiting	(2.6%).111

Two	additional	 randomized	phase	 II	 trials	 deserve	 comment.	 In	Study	41,	Oza	 et	 al.112	 studied	carboplatin-



paclitaxel	with	and	without	olaparib	in	platinum-sensitive	recurrent	ovarian	cancer	and	reported	tolerability	of	the
triplet	 along	with	 a	 significant	 improvement	 in	PFS	 (12.2	versus	 9.6	months),	with	 the	greatest	 benefit	 among
patients	with	known	BRCA1/2	mutations.112	As	described	earlier,	Liu	et	al.91	reported	on	a	randomized	phase	II
trial	 studying	 the	 novel	 combination	 of	 olaparib	with	 (n	 =	 44)	 and	without	 (n	 =	 46)	 the	 antiangiogenesis	 oral
vascular	endothelial	growth	factor	receptors	1	to	3	(VEGFR1	to	VEGFR3)	tyrosine	kinase	inhibitor	cediranib.	The
chemotherapy-free	 combined	 regimen	 was	 associated	 with	 a	 median	 PFS	 of	 17.7	 months	 compared	 with	 9.0
months	with	olaparib	monotherapy	(HR,	0.42;	95%	CI,	0.23	to	0.76;	P	=	0.005).91	Grade	3	or	4	fatigue,	diarrhea,
and	hypertension	were	more	 common	with	 combination	 therapy.91	 These	 provocative	 data	 have	 trailblazed	 the
path	forward	to	study	PARPi	plus	antiangiogenesis	combinations	in	phase	III	randomized	trials.

Novel	Combinations	of	Olaparib	plus	Antiangiogenesis	Therapy
The	 NCI-funded	 NRG	 Oncology	 cooperative	 group	 is	 currently	 studying	 the	 combination	 of	 olaparib	 plus
cediranib	in	two	phase	III	randomized	trials:	NRG	GY004	(NCT02446600)	in	the	platinum-sensitive	population
and	 NRG	 GY005	 (NCT02502266)	 in	 the	 platinum-resistant	 population.	 A	 third	 phase	 III	 randomized	 trial
combining	olaparib	with	 antiangiogenesis	 therapy	 (specifically,	 bevacizumab)	 is	 the	 frontline	maintenance	 trial
known	as	PAOLA-1	(Platine,	Avastin,	and	Olaparib	in	1st	Line;	NCT02477644).	PFS	is	the	primary	end	point	in
each	of	these	studies.

The	SOLO	Series
The	 SOLO	 (Study	 of	 Olaparib	 in	 Ovarian	 Cancer)	 phase	 III	 trials	 have	 limited	 eligibility	 to	 women	 with
documented	deleterious	germline	BRCA1/2-mutated	high-grade	 serous	ovarian	cancers.	PFS	 is	 the	primary	end
point	 for	 all	 of	 the	 studies.	 SOLO-1	 (NCT01844986)	 randomized	 approximately	 344	 patients	 2:1	 to	 olaparib
maintenance	(300	mg	orally	twice	a	day)	versus	placebo	after	front-line	platinum-based	chemotherapy.	On	June
27,	2018	Astra-Zeneca	issued	a	press	release	indicating	that	olaparib	significantly	delayed	disease	progression	in
SOLO-1.	The	data	are	expected	to	be	presented	in	October	at	the	European	Society	of	Medical	Oncology	Annual
Congress	scheduled	to	take	place	in	Munich,	Germany	during	October	2018.

SOLO-2/ENGOT-Ov21	 (NCT01874353)	 is	 the	 replacement	 trial	 for	 Study	 19.113	 Two	 hundred	 ninety-four
BRCA1/2	mutation–positive	patients	with	platinum-sensitive	recurrent	ovarian	cancer	who	had	completed	two	or
more	lines	of	chemotherapy	were	randomized	2:1	to	maintenance	olaparib	tablets	monotherapy	(300	mg	twice	a
day,	n	=	195)	versus	placebo	(n	=	99).	The	two	groups	were	well	balanced	for	age,	the	number	of	prior	platinum
regimens,	platinum-free	interval,	and	response	to	platinum	therapy.	PFS	by	investigator	assessment	(19.1	months
with	 olaparib	 versus	 5.5	months	 with	 placebo;	 HR,	 0.30;	 95%	CI,	 0.22	 to	 0.41;	P	 <	 0.0001)	 and	 by	 blinded
independent	central	review	(30.2	months	with	olaparib	versus	5.5	months	with	placebo;	HR,	0.25;	95%	CI,	0.18	to
0.35;	P	 <	 0.0001)	 strongly	 favored	 olaparib	monotherapy.113	 This	 PFS	 benefit	 was	 supported	 by	 a	 significant
delay	in	the	time	to	first	subsequent	therapy	(a	secondary	end	point;	27.9	months	with	olaparib	versus	7.1	months
with	placebo;	HR,	0.28;	95%	CI,	0.21	to	0.38;	P	<	0.0001).113	OS	data	were	immature	at	the	time	of	presentation.

In	 SOLO-2,	 the	 most	 common	 adverse	 events	 with	 olaparib	 were	 largely	 grade	 1	 or	 2	 nausea,	 fatigue	 or
asthenia,	anemia,	and	vomiting,	with	anemia	being	the	most	common	grade	≥3	adverse	event.114	Discontinuation
of	 olaparib	 occurred	 in	 11%	 of	 patients	 and	 was	 mainly	 due	 to	 hematologic	 events	 (e.g.,	 anemia	 and
neutropenia).114	There	was	no	significant	detrimental	effect	of	olaparib	 tablet	maintenance	therapy	compared	to
placebo	 when	 analyzed	 by	 change	 from	 baseline	 in	 the	 FACT-O	 TOI.	 Importantly,	 there	 was	 a	 significant
improvement	for	patients	on	maintenance	olaparib	as	measured	by	the	duration	of	“good	quality	of	life”	by	time
without	symptoms	of	disease	or	treatment	toxicity	(13.5	versus	7.2	months;	95%	CI,	2.9	to	8.6	months;	P	<	0.001)
and	quality-adjusted	PFS	 (mean,	14.0	versus	7.3	months;	95%	CI,	5.0	 to	8.5	months;	P	<	0.001).115	 Based	 on
SOLO-2	 data,	 on	August	 17,	 2017,	 the	 FDA	 granted	 regular	 approval	 to	 olaparib	 tablets	 for	 the	maintenance
treatment	of	patients	with	recurrent	ovarian,	tubal,	or	peritoneal	cancer	who	experience	a	CR	or	PR	to	platinum-
based	chemotherapy.

SOLO-3	 (NCT022820200)	 will	 also	 study	 approximately	 411	 patients	 with	 platinum-sensitive	 recurrent
disease	who	have	completed	two	or	more	lines	of	platinum-based	chemotherapy.	Patients	will	be	randomized	to
olaparib	monotherapy	 (300	mg	 orally	 twice	 a	 day)	 versus	 physician’s	 choice	 single-agent	 chemotherapy	 (i.e.,
paclitaxel,	topotecan,	PLD,	gemcitabine).
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RUCAPARIB
Rucaparib	(CO338,	Clovis)	is	another	oral	inhibitor	of	PARP-1	and	PARP-2	and	was	granted	FDA	Breakthrough
Therapy	Designation	on	April	6,	2015,	based	on	the	interim	results	of	ARIEL-2,	the	Assessment	of	Rucaparib	in
Ovarian	Cancer	Trial.	This	phase	II	study	focused	on	the	identification	of	a	molecular	signature	to	predict	clinical
benefit	 for	 204	 patients	 with	 platinum-sensitive,	 high-grade	 disease	 treated	with	 at	 least	 one	 prior	 regimen	 of
chemotherapy.116	Known	germline	BRCA1/2	 status	was	 capped	 at	 15	patients.	Patients	were	 classified	 into	 the
following	 HRD	 molecular	 subgroups:	 BRCA1/2	 mutated	 (i.e.,	 BRCAmut;	 n	 =	 40),	 BRCA1/2-like	 (i.e.,
BRCAwt/LOHhigh;	 n	 =	 82),	 or	 biomarker	 negative	 (i.e.,	 BRCAwt/LOHlow;	 n	 =	 70).	 Patients	 were	 treated	 with
rucaparib	(600	mg	orally	twice	a	day)	until	progression.116	ORR	based	on	Response	Evaluation	Criteria	in	Solid
Tumors	 (RECIST)	plus	CA	125	was	highest	 in	 the	BRCA1/2-mutated	group	 (82%),	 followed	by	BRCA1/2-like
group	(43%)	and	biomarker-negative	group	(22%),	with	median	PFS	times	of	12.8	months	(95%	CI,	9.0	to	14.7
months),	5.7	months	(95%	CI,	5.3	to	7.6	months),	and	5.2	months	(95%	CI,	3.6	to	5.5	months),	respectively.116
Grade	3	or	4	toxicity	was	mostly	limited	to	anemia	(22%)	and	transaminase	elevation	(12%).116

On	December	19,	 2016,	 the	FDA	granted	 accelerated	 approval	 to	 rucaparib	 for	 treatment	of	patients	with	 a
deleterious	germline	 and/or	 somatic	BRCA1/2	mutation	who	 had	 been	 treated	with	 two	 or	more	 chemotherapy
regimens	for	recurrent	ovarian,	tubal,	or	peritoneal	carcinoma.	This	approval	was	based	on	ARIEL-2	part	1116	and
Study	10.117	The	efficacy	population	included	106	women	with	germline	and/or	somatic	BRCA1/2	mutations	who
had	been	 treated	with	 two	or	more	prior	 lines	of	 therapy.	After	 exposure	 to	 rucaparib	600	mg	 twice	daily,	 the
objective	 response	 rate	 was	 54%	 (including	 a	 9%	 CR	 rate),	 and	 the	 median	 duration	 of	 response	 was	 9.2
months.116	 The	 regulatory	 approval	 of	 rucaparib	 was	 made	 in	 conjunction	 with	 FoundationFocus	 CDxBRCA
(Foundation	Medicine,	Cambridge,	MA)	as	a	companion	diagnostic.	A	phase	II	expansion	cohort	of	women	with
three	or	more	prior	lines	of	chemotherapy	is	currently	recruiting	in	part	2	of	ARIEL-2.

ARIEL-3	and	ARIEL-4
ARIEL-3	 is	 a	 randomized,	 phase	 III,	 placebo-controlled	 trial	 in	 which	 platinum-sensitive	 patients	 who	 have
received	 two	 or	 more	 prior	 platinum	 regimens	 were	 stratified	 into	 the	 three	 HRD	 groupings	 prospectively
determined	by	ARIEL-2	to	investigate	the	efficacy	of	rucaparib	as	a	maintenance	therapy.	The	nested	subgroups
were	as	follows:	deleterious	germline	or	somatic	BRCA1/2	mutant,	HRD	comprising	either	BRCA1/2	mutant	or
BRCA1/2	 wild-type/LOH	 high,	 and	 the	 intent-to-treat	 population.	 Coleman	 et	 al.118	 reported	 that	 PFS	 was
significantly	 improved	 across	 all	 subgroups	with	 rucaparib	 over	 placebo.	The	most	 common	 grade	 ≥3	 adverse
events	with	rucaparib	included	anemia	and	increased	alanine	and	aspartate	aminotransferase.	These	data	resulted
in	 priority	 review	 by	 the	 FDA	 and	 regulatory	 approval	 of	 rucaparib	 as	 a	 second-line	 maintenance	 therapy	 in
platinum-sensitive	 ovarian	 cancer	 was	 granted	 on	 April	 6,	 2018.	 Because	 rucaparib	 has	 a	 second-line	 (and
beyond)	maintenance	indication	as	well	as	a	third-line	and	beyond	treatment	indication	(for	germline	or	somatic
BRCA1/2	mutation),	it	has	the	largest	footprint	of	a	PARPi	in	ovarian	cancer.

Finally,	the	ongoing	ARIEL-4	trial	(NCT02855944)	will	serve	as	the	phase	III	randomized	confirmatory	trial
for	the	ARIEL-2	phase	II	treatment	study	reviewed	earlier.

NIRAPARIB
Like	olaparib	and	rucaparib,	niraparib	is	an	oral	inhibitor	of	PARP-1	and	PARP-2.	However,	niraparib	is	the	first
of	these	inhibitors	with	pharmacokinetics	that	allow	for	once-daily	dosing.	NOVA	(Niraparib	in	Ovarian	Cancer)
is	 a	 phase	 III,	 double-blind,	 placebo-controlled,	 2:1	 randomized	 trial	 of	maintenance	 niraparib	 (300	mg	 orally
daily)	 in	 490	women	with	 recurrent,	 platinum-sensitive,	 high-grade	 serous	 ovarian	 cancer	 or	 known	 to	 have	 a
germline	BRCA1/2	mutation.119	The	primary	objective	 is	PFS.	NOVA	is	also	evaluating	the	effect	of	a	high-fat
meal	on	the	pharmacokinetics	of	a	single	300-mg	dose	of	niraparib.120	Sixteen	patients	were	enrolled	in	the	food
effect	cohort,	with	each	subject	receiving	two	separate	300-mg	doses	of	niraparib,	one	each	in	a	fasting	and	a	fed
state.120

NOVA	was	initially	reported	in	a	June	29,	2016	press	release	by	Tesaro	(Waltham,	MA)	to	have	had	met	its
primary	end	point	in	three	distinct	cohorts.	The	full	data	set	was	presented	by	Mirza	et	al.119	at	the	2016	ESMO
annual	 meeting	 in	 Copenhagen,	 Denmark.	 Among	 the	 203	 patients	 who	 were	 germline	 BRCA1/2	 mutation
carriers,	138	were	assigned	to	niraparib	and	65	to	placebo.	Germline	BRCA1/2-positive	(g	BRCAmut)	patients	in



the	niraparib	 arm	had	 significantly	 improved	PFS	compared	with	 the	 control	patients	 (21.0	versus	5.5	months,
respectively;	HR,	0.27;	95%	CI,	0.17	to	0.41;	P	<	0.0001)119	(Fig.	77.4).	Among	the	162	patients	who	were	not
germline	BRCA1/2	mutation	carriers	but	whose	tumors	were	HRD	positive	using	the	Myriad	myChoice	HRD	test,
a	significant	PFS	advantage	was	also	found	among	patients	treated	with	niraparib	(n	=	106)	versus	placebo	(n	=
56)	 (12.9	versus	3.8	months,	 respectively;	HR,	0.38;	95%	CI,	0.24	 to	0.59;	P	<	0.0001).119	Finally,	 among	 the
overall	 non-g	BRCAmut	 cohort,	 which	 included	 both	HRD-positive	 and	HRD-negative	 tumors,	 treatment	with
niraparib	significantly	improved	PFS	compared	with	placebo	(9.3	versus	3.9	months,	respectively;	HR,	0.45;	CI,
0.34	 to	0.61;	P	<	0.0001).119	 The	most	 common	 treatment-related	 grade	 3	 or	 4	 adverse	 events	 among	women
treated	 with	 niraparib	 were	 thrombocytopenia	 (33.8%),	 anemia	 (25.3%),	 and	 neutropenia	 (19.6%).119
Thrombocytopenia	can	be	dose-limiting	and	has	been	cited	as	a	 frequent	 reason	 to	 treat	patients	with	a	1-level
dose	 reduction	 to	200	mg	daily.	The	RADAR	analysis	 suggests	 that	baseline	platelet	 count	under	150K	and/or
weight	less	than	70	kg	can	be	used	to	identify	patients	who	could	benefit	from	early	dose	reduction.	The	higher
dose	 of	 300	 mg	 may	 be	 particularly	 important	 among	 those	 that	 have	 wild	 type	 BRCA1/2.	 Among	 patients
receiving	niraparib	versus	placebo,	 the	 following	adverse	events	were	also	observed	more	 frequently:	 insomnia
(24.3%	 versus	 7.3%),	 dizziness	 (16.6%	 versus	 7.3%),	 and	 hypertension	 (19.3%	 versus	 4.5%)	 of	 any	 grade.119
Some	neurologic	symptoms	noted	may	be	due	to	niraparib’s	ability	to	cross	the	blood-brain	barrier	and	interfere
with	dopamine,	serotonin,	and	norepinephrine	uptake	via	pharmacologic	inhibition	of	their	respective	transporters.
Most	 adverse	 events	 were	 managed	 with	 dose	 modifications,	 and	 the	 discontinuation	 rate	 was	 14.7%	 in	 the
niraparib	 group	 and	 2.2%	 in	 the	 control	 group.119	 The	 rates	 of	 myelodysplastic	 syndrome	 (MDS)	 and	 acute
myelogenous	 leukemia	were	similar	 in	both	arms	(niraparib,	1.3%;	control,	1.2%).119	There	were	no	 treatment-
related	 deaths.	A	 food	 effect	 substudy	 built	 into	 the	NOVA	 trial	 and	 conducted	 at	 only	 some	of	 the	 trial	 sites
indicated	that	meals	high	in	fat	are	expected	to	have	a	negligible	effect	on	the	pharmacokinetics.120	On	March	27,
2017,	 the	 FDA	 approved	 niraparib	 for	 maintenance	 treatment	 of	 women	 with	 recurrent	 ovarian,	 tubal,	 or
peritoneal	carcinoma	in	CR	or	PR	to	platinum-based	chemotherapy	irrespective	of	germline	or	somatic	BRCA1/2
mutation	status.	Although	the	maintenance	indications	for	olaparib	and	rucaparib	were	discussed	earlier,	NOVA
was	 the	 first	phase	3	 randomized	 trial	of	a	PARPi,	and	niraparib	was	 the	 first	PARPi	 to	 receive	a	maintenance
indication	by	the	U.S.	FDA.
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Figure	77.4	Progression-free	survival	(PFS)	curves	for	women	with	germline	BRCA1/2	mutations
treated	with	and	without	niraparib.	CI,	confidence	interval;	NR,	not	reached.	(Used	with	permission.
From	NOVA,	the	first	phase	III	randomized	trial	studying	a	PARP	inhibitor	in	advanced	ovarian
cancer.	©	The	Massachusetts	Medical	Society,	2016.	All	rights	reserved.	Mirza	MR,	Monk	BJ,

Herrstedt	J,	et	al.	Niraparib	maintenance	therapy	in	platinum-sensitive,	recurrent	ovarian	cancer.	N
Engl	J	Med	2016;375[22]:2154–2164.)

At	 the	2017	ASCO	annual	meeting,	Matulonis	et	al.121	 reported	 that,	 in	 the	NOVA	 trial,	 niraparib	provided
long-term	benefit	 at	24	months	 irrespective	of	g	BRCAmut	or	HRD	status	 and	 resulted	 in	no	decrement	 in	 the
benefit	of	subsequent	therapy.	In	a	separate	secondary	analysis	of	NOVA,	del	Campo	et	al.122	verified	the	activity
of	niraparib	among	the	platinum-resistant	subpopulation,	which	comprised	approximately	half	of	 the	patients	 in
the	trial	(42%	g	BRCAmut,	53%	non-g	BRCAmut).122

At	the	2018	ASCO,	Moore	et	al.123	presented	the	results	of	QUADRA	(NCT02354586),	a	study	of	niraparib	in
463	 women	 who	 had	 received	 at	 least	 three	 previous	 chemotherapy	 regimens.	 Among	 the	 HRD-positive,
platinum-sensitive	patients,	the	ORR	was	27.5%	(95%	CI,	15.9%	to	41.7%),	with	the	median	duration	of	response
lasting	9.2	months.	Clinically	meaningful	objective	responses	were	also	observed	in	platinum-refractory	patients
as	well.

Switch	Maintenance	Therapy
In	 the	United	 States,	maintenance	 therapy	 is	 considered	 after	 CR	 to	 platinum	 combinations.	 The	 paradigm	 of
initiating	 (or	 switching)	 to	maintenance	 therapy	 after	 PR	 is	 standard	 in	 Europe.	 Switch	maintenance	was	 also



explored	in	the	NOVA	study	(as	well	as	in	SOLO-2,	discussed	earlier).	Induction	therapy	was	defined	as	platinum
or	 a	platinum	combination	with	measurable	disease	present.	PR	and	CR	were	 end	points	 for	 randomization,	 at
which	point	therapy	was	switched	to	maintenance	niraparib	or	placebo.	At	the	2017	ASCO	annual	meeting,	Mirza
et	 al.124	 reported	 that	 approximately	 49%	 of	 patients	 in	 the	 g	BRCAmut	 cohort	 (niraparib,	 67	 of	 138	 patients;
placebo,	32	of	65	patients)	 and	49%	of	patients	 in	 the	non-g	BRCAmut	cohort	 (niraparib,	 117	of	234	patients;
placebo,	56	of	116	patients)	entered	NOVA	with	a	PR	after	their	most	recent	platinum-based	therapy.124	The	PFS
HRs	 of	 0.24	 in	 the	 g	 BRCAmut	 cohort	 and	 0.35	 in	 the	 non-g	 BRCAmut	 cohort	 for	 patients	 who	 had	 a	 PR
compared	favorably	to	the	overall	NOVA	study	results,	and	the	investigators	concluded	that	switch	maintenance
therapy	with	niraparib	provided	significant	benefit	among	women	who	experienced	PR	after	platinum	therapy.124

VELIPARIB
Veliparib	(ABT-888;	AbbVie,	Chicago,	IL)	is	also	an	oral	PARP-1	and	PARP-2	inhibitor.	However,	veliparib	is
active	in	nanomolar	concentrations	and,	like	niraparib	and	rucaparib,	crosses	the	blood-brain	barrier.	Veliparib	has
been	 studied	 in	 combination	 with	 chemotherapy	 (i.e.,	 carboplatin-paclitaxel,	 topotecan,	 doxorubicin,	 and
cyclophosphamide)	with	variable	response.

GOG	280	was	a	phase	II	trial	that	enrolled	50	women	with	germline	BRCA1/2	mutations	and	recurrent	ovarian
cancer	treated	with	three	or	fewer	lines	of	prior	chemotherapy.	Patients	received	veliparib	400	mg	orally	twice	a
day.	The	median	PFS	was	8.2	months,	and	 the	ORR	was	26%.125	Among	platinum-sensitive	patients,	 the	ORR
was	 35%,	 compared	 to	 20%	 for	 those	 with	 platinum-resistant	 disease.125	 There	 was	 one	 case	 of	 grade	 4
thrombocytopenia;	grade	3	events	 included	the	following;	fatigue	(n	=	3),	nausea	(n	=	2),	and	one	case	each	of
leukopenia,	 neutropenia,	 dehydration,	 and	 increased	 alanine	 aminotransferase.	 Approximately	 50%	 of	 patients
reported	grade	2	nausea,	and	25%	experienced	grade	2	fatigue.125

Veliparib	is	currently	under	investigation	in	the	phase	III	randomized	GOG	3005	trial	(NCT02470585).	In	this
placebo-controlled	 study	of	newly	diagnosed	 patients	with	 advanced	high-grade	 serous	ovarian	 cancer,	 patients
are	 randomized	 to	 carboplatin-paclitaxel-placebo	 for	 six	 cycles	 followed	 by	maintenance	 placebo,	 carboplatin-
paclitaxel-veliparib	(150	mg	orally	twice	a	day)	for	six	cycles	followed	by	placebo	versus	carboplatin-	paclitaxel-
veliparib	 (150	mg	orally	 twice	a	day)	 for	 six	cycles	 followed	by	maintenance	veliparib	 (400	mg	orally	 twice	a
day).	The	maintenance	phase	of	this	trial	can	last	up	to	30	cycles.	BRCA1/2	testing	is	required	upon	study	entry,
although	 both	 germline-positive	 and	 germline-negative	 patients	will	 be	 enrolled.	Neoadjuvant	 chemotherapy	 is
permitted.

TALAZOPARIB
Talazoparib	(BMN	673;	BioMarin,	Novato,	CA)	is	an	oral	PARP-1	and	PARP-2	inhibitor.	It	is	being	studied	in
the	second-line	setting,	with	the	NCI-sponsored	phase	II	study	(NCT02326844)	enrolling	women	with	BRCA1/2
recurrent	ovarian	cancer	who	had	prior	PARPi	 treatment.	Talazoparib	 is	also	being	studied	 in	metastatic	breast
cancer,	and	a	phase	II	trial	is	planned	in	advanced	or	recurrent	endometrial	cancer	(NCT02127151).

BRCA1/2	Reversion	Mutations
Among	women	with	g	BRCAmut,	selective	pressure	 through	PARPi	exposure	may	 induce	secondary	 intragenic
(reversion)	 mutations	 that	 may	 restore	 BRCA1/2	 protein	 function,	 leading	 to	 clinically	 significant	 rates	 of
acquired	resistance.	Christie	et	al.126	obtained	plasma	and	tumor	samples	from	30	patients	with	high-grade	serous
ovarian	cancer	and	either	BRCA1	or	BRCA2	germline	mutations.126	Five	patients	were	identified	with	intragenic
mutations	predicted	to	restore	BRCA1/2	open	reading	frames.	Reversion	mutations	were	detected	only	in	 tumor
samples	from	patients	with	recurrent	disease	(5	of	16	patients)	and	only	in	circulating	cell-free	DNA	from	patients
with	 a	 tumor-detected	 reversion	 (3	 of	 5	 patients).	 Parenthetically,	 secondary	 somatic	 mutations	 that	 restore
RAD51C	and/or	RAD51D	function	have	been	implicated	in	PARPi	resistance.127

TOLERABILITY	OF	PARP	INHIBITORS
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PARP	 appears	 to	 be	 relatively	 well	 tolerated,	 although	 anemia,	 nausea,	 and	 fatigue	 are	 commonly	 reported.
Transaminase	elevation	has	been	reported	with	both	rucaparib	and	veliparib,	and	elevation	in	serum	creatinine	is
associated	 with	 olaparib	 and	 rucaparib.	 Women	 undergoing	 treatment	 with	 a	 PARPi	 should	 be	 counseled
regarding	gastrointestinal	prophylaxis.	A	proton	pump	inhibitor	can	be	 taken	daily,	and	prescriptions	should	be
filled	 for	 antinausea	 (e.g.,	 5-hydroxytryptamine-3	 [5-HT3]	 antagonist)	 and	 antidiarrheal	 medications.	 Anemia,
asthenia,	and	fatigue	can	be	addressed	with	packed	red	cell	blood	transfusions	and	good	sleep	hygiene.	If	patients
are	unable	to	take	naps	during	the	day,	caffeinated	beverages	can	be	used	to	address	fatigue.128

Myelodysplastic	Syndrome	and	Acute	Myeloid	Leukemia	and	Pneumonitis
Separate	 from	 the	 anemia	 and	 thrombocytopenia	 that	 may	 manifest	 as	 a	 consequence	 of	 myelosuppression,
neutropenia	 may	 be	 further	 exacerbated	 in	 the	 setting	 of	 other	 myelosuppressive	 anticancer	 drugs,	 including
DNA-damaging	 agents.	 PARPi	 should	 not	 be	 initiated	 until	 patients	 have	 recovered	 from	hematologic	 toxicity
caused	by	prior	chemotherapy	 (i.e.,	 resolution	of	adverse	events	 to	Common	Terminology	Criteria	 for	Adverse
Events	 [CTCAE]	 v.4.03	 grade	 0	 or	 1).	Complete	 blood	 count	 testing	 at	 baseline	 and	monthly	 thereafter	while
receiving	PARPi	is	indicated.	For	patients	who	develop	prolonged	hematologic	toxicities	on	a	PARPi,	treatment
should	 be	 interrupted	with	weekly	 blood	 count	monitoring	 until	 recovery.	 If	myelotoxicity	 has	 not	 resolved	 to
grade	0	or	1	after	4	weeks,	referral	to	a	hematologist	is	warranted	for	bone	marrow	analysis	and	cytogenetics.

In	a	single-arm	trial	of	olaparib	monotherapy,	MDS	or	acute	myeloid	leukemia	(AML)	was	confirmed	in	6	of
298	 (2%)	 enrolled	 patients	 with	 germline	 BRCA1/2-mutated	 advanced	 cancers.128	 In	 a	 randomized	 placebo-
controlled	 trial,	 MDS/AML	 occurred	 in	 3	 of	 136	 (2%)	 patients	 with	 advanced	 ovarian	 cancer	 treated	 with
olaparib.128	Across	studies,	MDS/AML	was	reported	in	22	of	2,618	(<1%)	patients	treated	with	olaparib,	with	the
majority	 of	 cases	 (n	 =	 17)	 being	 fatal.	 The	 duration	 of	 therapy	 with	 olaparib	 in	 patients	 who	 developed
MDS/AML	varied	from	less	than	6	months	to	greater	than	2	years.	As	discussed	earlier,	1.3%	of	patients	treated
with	niraparib	in	the	NOVA	study	developed	MDS/AML	(1.2%	in	the	placebo	arm).	In	ARIEL-2,	there	were	no
cases	of	MDS/AML	(rucaparib	or	placebo	arms),	but	two	cases	of	MDS/AML	(0.5%)	have	occurred	among	377
ovarian	cancer	patients	treated	with	rucaparib	outside	of	ARIEL-2.

Pneumonitis,	including	fatal	cases,	occurred	in	<1%	of	patients	treated	with	PARPi	across	studies.128	Patients
with	 new	 or	 worsening	 respiratory	 symptoms	 (e.g.,	 dyspnea,	 fever,	 cough,	 wheezing)	 should	 have	 treatment
interrupted.	If	pneumonitis	is	confirmed	on	diagnostic	workup,	the	PARPi	should	be	discontinued.

IMMUNOTHERAPY
Historical	Notes
The	development	of	immunotherapy	of	cancer	is	reviewed	in	detail	in	Chapter	29	and	references	at	the	end	of	this
chapter.129–141

Ipilimumab	was	studied	by	Hodi	et	al.134	in	11	women	with	stage	IV	EOC	who	had	been	previously	vaccinated
with	 granulocyte-macrophage	 colony-stimulating	 factor	 (GM-CSF)	 modified	 irradiated	 autologous	 tumor	 cells
(GVAX).	 One	 patient	 entered	 into	 durable	 remission	 that	 lasted	 over	 4	 years,	 and	 three	 experienced	 disease
stabilization.	 Tumor	 response	 correlated	with	 the	 CD8+	 to	 regulatory	 T	 cells	 (Treg)	 ratio,	 indicating	 potential
synergy	between	anti–cytotoxic	T-lymphocyte	antigen	4	(anti–CTLA-4)	and	Treg-depleting	therapies.	Only	two
women	experienced	grade	3	adverse	events	(gastrointestinal).134

Nivolumab	was	the	first	anti–programmed	cell	death	protein	1	(PD-1)	agent	to	be	studied	in	EOC.	Hamanishi
and	colleagues	reported	a	phase	II	trial	of	20	women	with	platinum-resistant	EOC	treated	with	at	least	two	prior
lines	 of	 chemotherapy.135,136	 Patients	 received	 nivolumab	 at	 two	 dose	 levels	 (1	 or	 3	 mg/kg).	 Two	 CRs	 were
observed	in	the	3-mg/kg	arm,	and	one	PR	occurred	in	the	1-mg/kg	arm,	providing	an	ORR	of	15%.136	Although
the	 partial	 responder	 experienced	 an	 antitumor	 response	 lasting	 up	 to	 5	 months,	 nivolumab	 treatment	 was
discontinued	after	three	courses	due	to	adverse	events,	and	the	disease	recurred	3	months	after	withdrawal	of	the
patient	from	the	trial.	One	of	the	two	patients	who	experienced	a	CR	had	an	ovarian	serous	adenocarcinoma,	and
after	 two	cycles	of	 treatment,	her	disease	remained	undetectable	for	2	months	beyond	completion	of	 the	1-year
trial	 of	 nivolumab.	 The	 other	 complete	 responder	 had	 peritoneal	 dissemination	 of	 a	 clear	 cell	 carcinoma	 and
entered	into	a	durable	CR	that	continues	to	last	beyond	the	1	year	of	study	treatment	with	nivolumab.	Grade	3	or	4
adverse	 events	 were	 reported	 by	 eight	 patients.	 The	 most	 common	 adverse	 events	 were	 hypothyroidism,



lymphocytopenia,	fever,	transaminitis,	rash,	fatigue,	anemia,	arthralgia,	and	arrhythmia.136
At	the	2015	ASCO	annual	meeting,	Varga	et	al.137	reported	interim	results	from	the	ovarian	cancer	cohort	of

the	phase	 Ib	KEYNOTE-028	 trial.	Twenty-six	patients	with	 recurrent	EOC	and	programmed	cell	death	protein
ligand	1	(PD-L1)	expression	in	≥1%	of	cells	in	tumor	nests	or	PD-L1–positive	bands	in	stroma	were	treated	with
pembrolizumab	10	mg/kg	every	2	weeks	for	up	to	2	years.137	There	was	one	CR	and	two	PRs,	and	six	patients
achieved	stable	disease.	All	responses	lasted	for	at	least	24	weeks.	The	best	ORR	was	11.5%.	The	most	common
adverse	events	reported	were	fatigue,	anemia,	and	decreased	appetite.137

To	date,	one	of	the	largest	EOC	experiences	with	anti–PD-L1	therapy	was	reported	at	the	2016	ASCO	annual
meeting	by	Disis	and	colleagues	(Javelin	Solid	Tumor	Phase	1b	Trial;	NCT01772004).138	One	hundred	 twenty-
four	 patients,	 unselected	 for	 PD-L1	 expression,	 were	 treated	 with	 avelumab	 10	 mg/kg	 intravenously	 every	 2
weeks	in	this	trial.	The	median	number	of	prior	therapies	was	four	(range,	1	to	13).	Immune-related	adverse	events
occurred	 in	 66.1%	 of	 patients,	with	 6.5%	 being	 grade	 ≥3	 (increased	 lipase	 and	 elevated	 creatinine	 kinase	 and
autoimmune	myositis	that	led	to	treatment	interruption).138	Fatigue,	nausea,	and	diarrhea	were	the	most	frequent
adverse	 events.	 There	were	 no	 treatment-related	 deaths.	 The	ORR	was	 9.7%	 (PR,	 n	 =	 12),	 and	 stable	 disease
occurred	in	44.4%	of	patients	(n	=	55).	Using	a	≥1%	cutoff	for	tumor	cell	staining	in	74	patients	evaluable	for	PD-
L1	expression,	the	ORR	was	12.3%	in	PD-L1–positive	patients	(7	of	57	patients;	95%	CI,	5.1%	to	23.7%)	versus
5.9%	in	PD-L1–negative	patients	(1	of	17	patients;	95%	CI,	0.1%	to	28.7%).138	Overall,	the	median	PFS	was	11.3
weeks,	and	median	OS	was	10.8	months.

Table	77.7	 lists	 several	 randomized	phase	 III	 trials	 studying	checkpoint	 inhibitors	 in	ovarian	cancer	 that	 are
currently	recruiting	patients	or	preparing	for	imminent	activation.	Javelin	Ovarian	200	is	expected	to	be	the	first	of
the	phase	III	randomized	trials	to	report	in	ovarian	cancer.	Among	the	novel	therapeutic	strategies	being	used,	one
of	 the	 most	 promising	 involves	 combining	 immune	 checkpoint	 inhibition	 with	 PARPi	 in	 the	 subgroup	 of
BRCA1/2-mutated	women	with	EOC	who	have	HRD	tumors.	Because	HRD	tumors	have	a	high	mutational	load,
they	are	likely	to	produce	high	levels	of	neoantigens	and,	therefore,	be	susceptible	to	checkpoint	inhibitors.	In	a
murine	 ovarian	 cancer	 model,	 Higuchi	 et	 al.139	 demonstrated	 that	 CTLA-4	 blockade	 plus	 PARP	 inhibition
increases	survival	 in	mice	(P	<	0.0001).	More	clinically	applicable	is	 the	report	by	Strickland	et	al.140	 from	 the
2015	ASCO	 annual	meeting	 in	which	 34	 high-grade	 serous	 ovarian	 cancers	with	 germline	BRCA1	 or	BRCA2
mutations	 were	 studied	 alongside	 18	 tumors	 without	 germline	 or	 somatic	 mutations	 in	 BRCA1/2	 or	 other
homologous	 recombination	 genes.140	 BRCA1/2-mutated	 tumors	 exhibited	 a	 strong	 trend	 for	 increased	 CD8+
tumor-infiltrating	lymphocytes	(TILs)	(P	=	0.05)	compared	to	non–	BRCA1/2-mutated	tumors.	Overall,	there	was
a	significantly	higher	CD8+/CD4+	ratio	in	BRCA1/2-mutated	tumors	(P	=	0.02).140	Peritumoral	CD3+	T	cells	were
also	 significantly	 increased	 in	 the	 BRCA1/2-mutated	 cohort	 (P	 =	 0.03).	 At	 the	 2017	 ASCO	 annual	 meeting,
Friedlander	et	al.141	 reported	 on	 a	 phase	 I/IB	 dose	 escalation	 and	 expansion	 trial	 that	 combined	 the	 anti–PD-1
monoclonal	antibody	BGB-A317	with	the	PARPi	BGB-0290.	Among	38	patients	with	a	variety	of	solid	tumors,
16	had	objective	responses,	including	1	CR	in	a	woman	with	ovarian	cancer.	At	the	2018	Annual	Meeting	of	the
Society	of	Gynecologic	Oncology,	two	additional	studies	reported	activity	with	combined	PARPi	and	checkpoint
inhibition:	 TOPACIO,	 a	 study	 of	 niraparib	 and	 pembrolizumab142	 and	 MEDIOLA,	 a	 study	 of	 olaparib	 plus
durvalumab.143

TABLE	77.7
Some	Examples	of	Phase	III	Randomized	Trials	of	Checkpoint	Inhibitors	and	Novel
Combinations	in	Ovarian	Cancer

Trial	Name	and
ClinicalTrials.gov	Identifier Population Intervention

Primary
Objective

IMaGYN050;	NCT03038100
Previously	untreated
EOC

Carboplatin,	paclitaxel,	and	bevacizumab	with	and	without
atezolizumab	(during	and	after) PFS,	OS

JAVELIN	Ovarian	100	Trial;
NCT02718417

Previously	untreated
EOC

Avelumab	in	combination	with	and/or	following	platinum-
based	chemotherapy PFS

ATHENA;	NCT03522246
Previously	untreated
EOC rucaparib	or	nivolumab	as	single	agents	or	in	combination PFS

JAVELIN	Ovarian	PARP	100;
NCT03642132

Previously	untreated
EOC

maintenance	talazoparib	alone	or	in	combination	with
avelumab	vs	bevacizumab	alone PFS
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ATALANTE;	NCT02891824 Platinum-sensitive
EOC

Bevacizumab	±	atezolizumab PFS

NRG-GY009;	NCT02839707
Platinum-resistant
EOC PLD	with	atezolizumab	and/or	bevacizumab

OS,	PFS,
DLT

JAVELIN	Ovarian	200	Trial;
NCT02580058

Platinum-
resistant/refractory
EOC Avelumab	±	PLD	vs.	PLD	alone OS

EOC,	epithelial	ovarian	cancer;	PLD,	pegylated	 liposomal	doxorubicin;	OS,	overall	 survival;	PFS,	progression-free	survival;	DLT,
dose-limiting	toxicity.

THERAPEUTIC	VACCINES
FANG	Maintenance	Autologous	Tumor	Cell	Vaccine	for	Advanced	Ovarian
Cancer
At	the	2015	Society	of	Gynecologic	Oncology	Annual	Meeting	on	Women’s	Cancer	Plenary	Session,	Oh	et	al.144
presented	results	of	a	2:1	randomized	phase	II	study	of	the	FANG	vaccine	(Gradalis,	Carrollton,	TX;	GM-CSF/bi-
shRNAi	 furin	 vector-transfected	 autologous	 tumor	 cells).	 Tumor	 was	 harvested	 at	 the	 time	 of	 surgical
cytoreduction,	 and	 patients	 who	 achieved	 a	 clinical	 CR	 after	 adjuvant	 chemotherapy	were	 entered	 to	 undergo
vaccine	construction	and	received	1.0	×	107	 cells	per	 intradermal	 injection	monthly	 for	up	 to	12	doses	or	were
followed	per	 standard	of	care	 (i.e.,	no	maintenance	 therapy).144	Patients	 in	 the	control	group	were	permitted	 to
cross	over	 at	 the	 time	of	 progression.	Twenty-one	patients	were	 randomized	 (FANG,	n	=	14;	 observation,	 n	=
7).144	 No	 significant	 adverse	 events	 were	 observed.	 A	 92%	 T-cell	 activation	 per	 IFN-γ–enzyme-linked
immunospot	 assay	 (ELISPOT)	 response	 rate	was	 elicited,	 and	 there	was	 a	marked	 delay	 in	 time	 to	 recurrence
(seven	recurrences	at	median	of	399	days	in	the	FANG	group	versus	five	recurrences	at	a	median	of	94	days	in	the
no	 FANG	group).144	 These	 provocative	 results	 triggered	 early	 closure	 of	 the	 study	 to	 pursue	 a	 phase	 III	 trial
design	involving	382	evaluable	patients.

TOLL-LIKE	RECEPTORS
VTX-2337	is	a	novel	toll-like	receptor	8	(TLR8)	agonist	that	activates	human	myeloid	dendritic	cells,	monocytes,
and	natural	killer	cells	to	orchestrate	the	integration	of	innate	and	adaptive	antitumor	responses.	VTX-2337	was
granted	Fast	Track	 designation	 for	 ovarian	 cancer	 by	 the	FDA	on	September	 2,	 2014,	with	 preclinical	models
suggesting	synergy	between	the	TLR8	agonist	and	PLD.145,146	GOG	Partners	protocol	3003	(NTC01294293)	was
a	randomized	phase	 II	study	of	PLD	with	and	without	VTX-2337	 in	women	with	recurrent	ovarian	cancer	 that
was	recently	reported	not	to	have	met	either	of	its	co-primary	end	points	(i.e.,	PFS	and	OS).147

ONCOLYTIC	VIRUSES
The	oncolytic	virus	(OV)	can	be	naturally	occurring	or	an	engineered	virus	that	is	able	to	exploit	cancer-specific
changes	in	cellular	signaling.148	The	effect	is	not	limited	to	the	tumor	microenvironment.	In	fact,	the	most	critical
mechanism	of	OV	action	appears	to	be	the	cytolytic	effect	on	cancer	cells	that	results	in	antigen	release	triggering
the	 cascade	 of	 events	 resulting	 in	 the	 induction	 of	 anticancer	 adaptive	 immunity.148	 Adaptive	 immunity	 may
eradicate	distant	micrometastases	or	even	oligometastases	and	provide	long-term	anticancer	immune	surveillance.
Recently,	 the	FDA	approved	talimogene	laherparepvec,	a	herpetic	OV	for	treatment	of	melanoma.148	There	has
been	some	interest	in	harnessing	the	oncolytic	properties	of	the	Newcastle	disease	virus	as	a	treatment	for	ovarian
carcinoma.

CHIMERIC	ANTIGEN	RECEPTORS
Genetically	modified	T	cells	expressing	chimeric	antigen	 receptors	 (CARs)	have	generated	great	enthusiasm	 in
acute	lymphoblastic	leukemia	(ALL),	where	CAR-modified	T	cells	targeting	CD19	resulted	in	complete	remission



in	27	of	30	(90%)	children	and	adults	with	refractory	disease.149,150	Among	the	patients	with	durable	remissions
lasting	up	to	24	months	were	15	patients	who	had	undergone	prior	stem	cell	transplantation	and	two	patients	with
blinatumomab-refractory	 disease.	 Although	 first-generation	 CARs	 demonstrated	 target	 cell–specific	 killing	 in
vitro	and	encouraging	preclinical	efficacy	in	murine	tumor	models,	clinical	responses	of	adoptively	transferred	T
cells	 expressing	 α-folate	 receptor–specific	 CARs	 in	 ovarian	 cancer	 were	 not	 encouraging.151	 Some	 have
speculated	 that	although	 these	 first-generation	CARs	were	able	 to	deliver	a	primary	activation	signal	 to	T	cells
(signal	 1),	 the	 activated	 T	 cells	 were	 susceptible	 to	 anergy	 or	 activation-induced	 cell	 death	 in	 the	 absence	 of
exogenous	 costimulation	 (signal	 2).151	 Importantly,	 although	 most	 hematologic	 tumors	 express	 costimulatory
molecules,	 solid	 tumor	 cells	 and	 antigen-presenting	 cells	 in	 the	 tumor	 microenvironment	 typically	 lack	 such
molecules.151	There	appears	to	be	tremendous	potential	with	second-generation	CARs,	and	further	improvements
in	T-cell	therapies	will	refine	CAR	design	even	further.152

On	 July	 11,	 2016,	 due	 to	 three	 potentially	 treatment-related	 deaths	 as	 a	 result	 of	 cerebral	 edema,	 the	 FDA
halted	 the	 phase	 II	 ROCKET	 trial	 designed	 to	 study	 the	 efficacy	 and	 tolerability	 of	 the	 CAR,	 JCAR015,	 for
patients	 with	 adult	 B-cell	 ALL	 (NCT02535364).	 Juno	 Therapeutics	 proposed	 continuing	 the	 trial	 with	 the
omission	of	fludarabine	(which	has	a	known	history	of	eliciting	neurotoxicity)	and	using	only	cyclophosphamide
for	preconditioning.	The	FDA	hold	was	lifted	after	a	few	days.

BISPECIFIC	T-CELL	ENGAGERS
Bispecific	 antibodies	 have	 also	 garnered	 enthusiasm	 due	 to	 their	 versatility,	 specificity,	 cost,	 and	 ease	 of
production.153	Bispecific	T-cell	engager	(BiTE)	antibodies	are	a	subclass	of	bispecific	antibodies	that	are	specific
for	CD3	on	one	arm	and	a	tumor	antigen	on	the	other	arm.	BiTE	antibodies	can	connect	any	kind	of	cytotoxic	T
cell	 to	a	cancer	cell	 independent	of	 the	traditional	requirements	for	T-cell	receptor	specificity,	costimulation,	or
peptide	antigen	presentation.153	Some	have	proposed	BiTE	antibodies	as	the	“missing	link”	in	cancer	therapy.154
Blinatumomab	 (Blincyto;	Amgen,	Thousand	Oaks,	CA)	has	 emerged	as	 a	promising	BiTE	characterized	by	 its
recombinant	bscCD19	×	CD3	construct	and	has	demonstrated	remarkable	antitumor	activity	in	a	phase	II	trial	of
patients	with	B-cell	malignancies	(NCT01466179).155	This	has	propelled	FDA-accelerated	approval	of	 the	first-
in-class	blinatumomab	antibody	for	treatment	of	a	rare	form	of	ALL	(Philadelphia	chromosome–negative	ALL)	in
December	2014	and	has	also	resulted	in	rapid	extension	of	BiTE	technology	against	a	greater	repertoire	of	tumor
antigens.

IMMUNE-MEDIATED	TOXICITY
The	toxicity	profiles	of	different	immunologic	agents	may	vary.156	Of	particular	concern	with	anti–PD-1	therapy
were	 the	 three	deaths	due	 to	autoimmune	pneumonitis	 reported	 in	a	phase	 I	 trial	 (discussed	earlier).	Nishino	et
al.157	reported	on	three	patients	with	melanoma	who	developed	anti–PD-1–associated	pneumonitis.	Two	patients
treated	 with	 nivolumab	 developed	 acute	 respiratory	 distress	 syndrome	 (ARDS)-pattern	 pneumonitis,	 diffuse
ground-glass	opacities,	reticular	opacities,	consolidation,	and	traction	bronchiectasis	that	involved	all	lobes,	with
decreased	 lung	 volumes	 and	 effusions.	 Both	 patients	 were	 admitted	 to	 the	 intensive	 care	 unit	 and	 received
intravenous	antibiotic	agents,	glucocorticoids,	and	infliximab.158	One	of	the	patients	improved	over	the	course	of
10	 weeks,	 but	 the	 second	 patient	 died	 4	 weeks	 after	 the	 diagnosis.	 The	 third	 patient	 who	 had	 also	 received
nivolumab	 was	 diagnosed	 with	 a	 nonspecific	 interstitial	 pneumonia	 with	 ground-glass	 opacities	 and	 reticular
opacities	in	the	peripheral	and	lower	lungs.157	He	was	treated	with	oral	glucocorticoids	as	an	outpatient,	and	the
pneumonitis	 resolved	 after	 2	 weeks,	 at	 which	 point	 he	 resumed	 nivolumab	 therapy	 and	 completed	 the	 2-year
treatment	period	with	12	cycles.	He	has	remained	progression	free	from	melanoma,	with	no	recurrent	pneumonitis
for	39	months	at	the	time	of	publication.157	Applications	in	ovarian	cancer	will	be	forthcoming.

Because	immune-related	adverse	events	with	checkpoint	inhibitors	may	resemble	other	autoimmune	diseases,
and	endocrinopathies,	there	is	a	practical	need	for	vigilance	on	the	part	of	the	treating	oncologist	and	the	patient.
The	basic	principles	of	management	 include	periodic	holding	of	 therapy	 and	use	of	 corticosteroids.	Diagnostic
procedures	(e.g.,	colonoscopy	in	the	setting	of	autoimmune	colitis)	may	be	considered	but	are	not	mandatory.	It
should	be	recognized	that	discontinuation	of	therapy	due	to	immune-related	adverse	events	represents	the	major
limitation	in	the	use	of	immune	checkpoint	inhibitors.
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IMMUNE-RELATED	RESPONSE	CRITERIA
Due	to	the	recruitment	of	immune	cells	and	mediators	of	immune	function	to	the	area(s)	of	primary	tumor	burden
and	metastatic	foci,	conventional	response	criteria	may	underestimate	 the	 therapeutic	benefit	of	 immunotherapy
(in	particular,	checkpoint	inhibition)	because	objective	response	and	sustained	disease	stabilization	may	still	occur
after	a	perceived	or	actual	increase	in	tumor	burden	or	appearance	of	new	lesions.	In	a	327-patient	subgroup	of
advanced	 melanoma	 treated	 with	 pembrolizumab,	 Hodi	 et	 al.158	 compared	 immune-related	 response	 criteria
(irRC)	 with	 RECIST	 v1.1	 and	 reported	 that	 atypical	 responses	 were	 indeed	 observed	 in	 the	 cohort	 and	 that
conventional	RECIST	may	underestimate	the	survival	benefit	conferred	by	pembrolizumab	in	approximately	15%
of	patients.	The	investigators	speculate	that	treatment	beyond	initial	progression	as	defined	by	RECIST	v1.1	may
prevent	premature	cessation	of	treatment	with	resultant	loss	in	potential	survival	gains.	In	the	OAK	lung	cancer
study	 using	 the	 anti–PD-L1	 atezolizumab,	 patients	who	 elected	 to	 remain	 on	 protocol-directed	 therapy	 despite
pseudoprogression	 by	 RECIST	 doubled	 their	 OS	 (from	 approximately	 11	 to	 12	 months	 to	 23	 to	 24	 months)
compared	 to	 those	 on	 placebo	 (median	 OS,	 5	 to	 6	months).159	 For	 this	 reason,	 OS	 has	 traditionally	 been	 the
corridor	through	which	immunotherapies	have	been	assessed	by	the	FDA.	However,	with	implementation	of	the
Accelerated	Approval	 program,	 some	 checkpoint	 inhibitors	 have	 received	 regulatory	 approval	 based	 on	 robust
ORR.	A	deep	and	sustained	response	may	ultimately	translate	into	a	significantly	improved	OS.
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78 Molecular	Biology	of	Breast
Cancer
Ana	T.	Nunes,	Tara	Berman,	and	Lyndsay	Harris

INTRODUCTION
It	has	been	said	that	cancer	is	a	genetic	disease	and	can	be	best	understood	by	studying	the	DNA	alterations	that
lead	to	the	development	of	cancer.	However,	a	deeper	understanding	of	carcinogenesis	requires	insight	into	how
these	 genetic	 changes	 alter	 cellular	 programs	 that	 lead	 to	 growth,	 invasion,	 and	 metastasis.	 This	 chapter	 is
presented	following	the	logical	progression	of	DNA	to	RNA	to	protein,	and	it	describes	the	lesions	that	contribute
to	 breast	 cancer	 carcinogenesis	 at	 each	 step.	 The	 chapter	 also	 introduces	 concepts	 in	 epigenetics	 and	 gene
expression	 analyses,	 illustrating	 how	 new	 biologic	 discoveries	 and	 novel	 technologies	 profoundly	 affect	 our
understanding	of	breast	cancer	pathogenesis	and	influence	the	treatment	of	patients.

GENETICS	OF	BREAST	CANCER
Breast	cancer	is	a	heterogeneous	disease	caused	by	the	progressive	accumulation	of	genetic	aberrations,	including
point	mutations,	chromosomal	amplifications,	deletions,	 rearrangements,	 translocations,	and	duplications.1,2	The
vast	majority	 of	 breast	 cancers	 appear	 to	 occur	 sporadically	 and	 are	 attributed	 to	 somatic	 genetic	 alterations.3
Germline	 mutations	 account	 for	 approximately	 10%	 of	 all	 breast	 cancers	 and	 are	 associated	 with	 several
hereditary	breast	cancer	syndromes.

Hereditary	Breast	Cancer
Family	 history	 represents	 one	 of	 the	 most	 important	 risk	 factors	 for	 breast	 cancer.	 Although	 familial	 forms
compose	nearly	20%	of	all	breast	cancers,	most	of	the	genes	responsible	for	familial	breast	cancer	have	yet	to	be
identified.	Breast	cancer	susceptibility	genes	can	be	categorized	into	three	classes	according	to	their	frequency	and
level	 of	 risk	 they	 confer:	 rare	 high-penetrance	 genes,	 rare	 intermediate-penetrance	 genes,	 and	 common	 low-
penetrance	genes	and	loci	(Table	78.1).4

High-Penetrance,	Low-Frequency	Genes

BRCA1	and	BRCA2.	BRCA1	and	BRCA2	mutations	account	for	approximately	half	of	all	dominantly	inherited
hereditary	breast	cancers.	These	mutations	confer	a	relative	risk	of	breast	cancer	10	to	30	times	that	of	women	in
the	general	population,	resulting	in	a	nearly	85%	lifetime	risk	of	breast	cancer	development.5	BRCA1	and	BRCA2
mutation	carriers	are	quite	rare	among	the	general	population;	however,	the	prevalence	is	substantially	higher	in
certain	founder	populations,	most	notably	in	the	Ashkenazi	Jewish	population,	where	the	carrier	frequency	is	1	in
40.

More	than	a	thousand	germline	mutations	have	been	identified	in	BRCA1	and	BRCA2.	Pathogenic	mutations
most	often	result	in	truncated	protein	products,	although	mutations	that	interfere	with	protein	function	also	exist.4,5
Interestingly,	the	penetrance	of	pathogenic	BRCA1	and	BRCA2	mutations	and	age	of	cancer	onset	appear	to	vary
both	within	and	among	family	members.	Specific	BRCA	mutations	as	well	as	gene–gene	and	gene–environment
interactions	as	potential	modifiers	of	BRCA-related	cancer	risk	are	areas	of	active	investigation.6,7	Risk	variation
may	be	explained	by	different	genetic	modifiers	in	BRCA1	and	BRCA2	mutation	carriers.	These	alleles	have	been
primarily	 identified	 from	 studies	 of	 the	Consortium	of	 Investigators	 of	Modifiers	 of	BRCA1/2	 (CIMBA).8	 The
commonly	identified	single	nucleotide	polymorphisms	(SNPs)	that	modify	BRCA1/2	are	listed	in	Table	78.2	with
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their	 gene	 location,	 associated	 risks,	 and	 frequency.	 These	 modifying	 SNPs	 combine	 multiplicatively	 and,
therefore,	may	significantly	alter	a	mutation	carrier’s	risk	depending	on	the	number	of	risk	alleles	present.9

Features	 of	 BRCA1-related	 breast	 cancers	 distinguish	 them	 from	 both	 BRCA2-related	 and	 sporadic	 breast
cancers.4	BRCA1-related	tumors	typically	occur	in	younger	women	and	have	more	aggressive	features,	including
high	 histologic	 grade;	 high	 proliferative	 rate;	 aneuploidy;	 and	 absence	 of	 estrogen	 receptor	 (ER),	 progesterone
receptor	(PR),	and	human	epidermal	growth	factor	receptor	2	(HER2).	This	triple-negative	phenotype	of	BRCA1-
related	breast	cancers	is	further	characterized	by	a	basal-like	gene	expression	profile	of	cytokeratins	5/6,	14,	and
17;	epidermal	growth	 factor;	 and	P-cadherin.10	Although	BRCA1	 and	BRCA2	 genes	encode	 large	proteins	with
multiple	 functions,	 they	 primarily	 act	 as	 classic	 tumor	 suppressor	 genes,	 maintaining	 genomic	 stability	 by
facilitating	 double-strand	 DNA	 repair	 through	 homologous	 recombination.10,11	 When	 loss	 of	 heterozygosity
(LOH)	occurs	via	 loss,	mutation,	or	 silencing	of	 the	wild-type	BRCA1	or	BRCA2	 allele,	 the	 resultant	defective
DNA	repair	leads	to	rapid	acquisition	of	additional	mutations,	particularly	during	DNA	replication,	and	ultimately
sets	the	stage	for	cancer	development.

The	integral	role	of	BRCA1	and	BRCA2	in	double-strand	DNA	repair	holds	potential	as	a	therapeutic	target	for
BRCA-related	breast	cancers.	For	example,	platinum	agents	cause	interstrand	cross-links,	thereby	blocking	DNA
replication	and	leading	to	stalled	replication	forks.

Poly	 (adenosine	 diphosphate	 [ADP]-ribose)	 polymerase	 1	 (PARP1)	 inhibitors	 additionally	 show	 promise	 as
specific	therapy	for	BRCA-related	tumors.	PARP1	is	a	cellular	enzyme	that	functions	in	single-strand	DNA	repair
through	base	excision	and	represents	a	major	cellular	alternative	DNA	repair	pathway.	When	PARP	inhibition	is
applied	 to	 tumor	cells	deficient	 in	double-strand	DNA	repair,	as	 is	 the	case	 in	BRCA	mutants,	 the	cells	are	 left
without	adequate	DNA	repair	mechanisms	and	ultimately	undergo	cell	cycle	arrest,	chromosome	instability,	and
cell	death.4	Given	their	phenotypic	similarities	to	BRCA1-related	breast	cancers,	sporadic	basal-like	breast	tumors
may	display	sensitivity	to	PARP	inhibition	as	well.12	Phase	II	and	III	studies	are	currently	under	way	to	explore
the	 use	 of	 PARP	 inhibitors	 in	 both	 BRCA-related	 and	 basal-like,	 non–	 BRCA-related	 breast	 tumors.	 PARP
inhibitors	in	late	clinical	development	include	olaparib,	niraparib,	rucaparib,	talazoparib,	and	veliparib.	Olaparib	is
the	first-in-class	PARP	inhibitor	and	was	recently	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for
treatment	of	germline	BRCA-positive,	HER2-negative	metastatic	breast	cancer	in	patients	who	previously	received
chemotherapy	 in	 the	neoadjuvant,	adjuvant,	or	metastatic	settings.	This	application	 is	based	on	results	 from	the
phase	III	OlympiAD	trial,	demonstrating	a	42%	reduced	risk	of	disease	progression	or	death	from	olaparib	and	a
2.3-month	 improved	progression-free	 survival	 (PFS)	versus	 standard	 chemotherapy	 in	previous	 treated	patients
with	BRCA-positive,	HER2-negative	breast	cancer.13	Of	note,	olaparib	is	additionally	approved	for	the	treatment
of	BRCA-positive	 advanced	 ovarian	 cancer	 after	 treatment	 with	 three	 or	 more	 lines	 of	 chemotherapy	 and	 as
maintenance	treatment	for	ovarian	cancer	patients	following	response	to	platinum-based	chemotherapy,	regardless
of	BRCA	mutation	status.	Beyond	olaparib,	veliparib	has	demonstrated	promise	in	BRCA-positive	patients.	Phase
II	data	have	shown	that	adding	veliparib	 to	carboplatin	and	paclitaxel	chemotherapy	 induced	a	response	rate	of
77.8%	 in	 patients	 with	 advanced	 BRCA-positive	 breast	 cancer.14	 Although	 the	 PFS	 was	 not	 statistically
significantly	improved,	there	was	a	numeric	improvement	in	the	veliparib-containing	arm	(PFS,	12.3	versus	14.1
months	with	and	without	veliparib,	respectively),	and	a	larger	randomized	phase	III	trial	(BROCADE-3)	is	under
way	 to	 determine	 if	 this	 combination	 provides	 superior	 outcomes.	 Other	 ongoing	 phase	 III	 trials	 with	 PARP
inhibitors	 in	BRCA	mutated	breast	cancer	 include	EMBRACA	which	is	a	study	evaluating	the	PARP	inhibitor,
talazoparib,	compared	to	physician’s	choice	of	chemotherapy	and	BRAVO	which	is	a	phase	III	trial	of	Niraparib
compared	 to	 physicians	 choice	 of	 therapy.	 Much	 remains	 to	 be	 understood	 about	 the	 optimal	 use	 of	 PARP
inhibitors.	 Challenges	 include	 identifying	 robust	 predictive	 biomarkers	 that	 can	 guide	 patient	 selection	 (e.g.,
measures	 of	 platinum	 sensitivity	 and	 homologous	 recombination	 repair)	 and	 understanding	 variations	 among
PARP	inhibitors	in	clinical	development	to	name	but	a	few.	Differences	in	potency	and	the	mechanism	of	action
have	been	well	elucidated	in	preclinical	studies,15	and	the	results	of	ongoing	clinical	trials	need	to	be	interpreted	in
this	 context.	Of	 note,	 several	 studies	 have	 identified	mechanisms	 of	 resistance	 to	 PARP	 inhibitors	 such	 as	 the
development	of	reversion	mutations	in	the	BRCA1	or	BRCA2	genes	that	can	restore	the	open	reading	frame	and
hence	DNA	repair	activity.16,17

TABLE	78.1
Breast	Cancer	Susceptibility	Genes	and	Loci

Mutation/Minor



Gene/Locus Associated	Syndrome	and	Clinical	Features Breast	Cancer	Risk
Allele
Frequency

High-Penetrance	Genes

BRCA1
(17q21)

Hereditary	breast/ovarian	cancer:	bilateral/multifocal	breast	tumor,
prostate,	colon,	liver,	bone	cancers

60%–85%	(lifetime);
15%–40%	risk	of
ovarian	cancer 1/400

BRCA2
(13q12.3)

Hereditary	breast/ovarian	cancer:	male	breast	cancer,	pancreas,
gallbladder,	pharynx,	stomach,	melanoma,	prostate	cancer;	also	causes
D1	Fanconi	anemia	(biallelic	mutations)

60%–85%	(lifetime);
15%–40%	risk	of
ovarian	cancer 1/400

TP53
(17p13.1)

Li-Fraumeni	syndrome:	breast	cancer,	soft	tissue	sarcoma,	central
nervous	system	tumors,	adrenocortical	cancer,	leukemia,	prostate
cancer

50%–89%	(by	age
50	y);	90%	in	Li-
Fraumeni	survivors <1/10,000

PTEN
(10q23.3)

Cowden	syndrome:	breast	cancer,	hamartoma,	thyroid,	oral	mucosa,
endometrial,	brain	tumor 25%–50%	(lifetime) <1/10,000

CDH1
(16q22.1) Familial	diffuse	gastric	cancer:	lobular	breast	cancer,	gastric	cancer RR	6.6 <1/10,000

STK11/LKB1
(19p13.3)

Peutz-Jeghers	syndrome:	breast,	ovary,	testis,	pancreas,	cervix,
uterine,	colon	cancers;	melanocytic	macules	of	lips/digits;
gastrointestinal	hamartomatous	polyps

30%–50%	(by	age
70	y) <1/10,000

Moderate-Penetrance	Genes

CHEK2
(22q12.1)

Li-Fraumeni	2	syndrome:	breast,	prostate,	colorectal,	and	brain
tumors,	sarcomas

OR	2.6	(for
1100delC	mutation)

1/100–200	(in
certain
populations)

BRIP1
(17q22) Breast	cancer:	also	causes	FA-J	Fanconi	anemia	(biallelic		mutations) RR	2.0 <1/1,000

ATM
(11q22.3)

Ataxia	telangiectasia:	breast,	ovarian,	leukemia,	lymphoma,	possible
stomach/pancreas/bladder	cancers;	immunodeficiency RR	2.37 1/33–333

PALB2
(16p12)

Breast,	pancreatic,	prostate	cancers:	also	causes	FA-N	Fanconi
anemia	(biallelic	mutations) RR	2.3 <1/1,000

Low-Penetrance	Genes	and	Loci
FGFR2
(10q26) Breast	cancer OR	1.26 0.38

TOX3
(16q12.1) Breast	cancer OR	1.14 0.46

LSP1
(11p15.5) Breast	cancer OR	1.06 0.3

TGFB1
(19q13.1) Breast	cancer OR	1.07 0.68

MAP3K1
(5q11.2) Breast	cancer OR	1.13 0.28

CASP8
(2q33–34) Breast	cancer	(protective) OR	0.89 0.13

6q22.33 Breast	cancer OR	1.41

0.21	(in
Ashkenazi
Jewish)

2q35 Breast	cancer OR	1.11 0.11–0.52

8q24 Breast	cancer OR	1.06 0.4

5p12 Breast	cancer OR	1.19 0.2–0.31
RR,	relative	risk;	OR,	overall	risk.
From	Golan	DE,	Tashjian	AH,	Armstrong	EJ.	Principles	of	Pharmacology:	The	Pathophysiologic	Basis	of	Drug	Therapy.	 2nd	ed.
Baltimore:	Lippincott	Williams	&	Wilkins;	2008.

TABLE	78.2
High	Penetrance:	Modifiers	of	BRCA1/2

	 Gene	or	Region SNP Frequency Hazard	Ratio
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BRCA1 CASP8 D302H 12% 0.85

	 TOX3/TNRC9 rs3803662 28% 1.09

	 TERT	(5p15) rs10069690 27% 1.16

	 TERT	(5p15) rs2736108 26% 0.92

	 1q32 rs2290854 33% 1.14

	 2q35 rs1337042 52% 1.11

	 6q25.1 rs2046210 35% 1.17

	 6q25.1 rs9397435 7% 1.28

	 19p13 rs8170 17% 1.26

	 19p13 rs2363956 52% 0.84

BRCA2 FGFR2 rs2981582 39% 1.3

	 LSP1 rs3817198 33% 1.14

	 MAP3K1 rs889312 29% 1.10

	 RAD51 rs1801320 6% 3.18

	 SLC4A7/NEK10 rs4973768 49% 1.10

	 TOX3/TNRC9 rs3803662 28% 1.17

	 ZNF365 rs16917302 11% 0.75

	 1p11.2 rs11249433 40% 1.09

	 2q35 rs1337042 52% 1.15

	 5p12 rs10941679 23% 1.09

	 6p24 rs9348512 35% 0.85

	 6q25.1 rs9397435 8% 1.14
SNP,	single	nucleotide	polymorphism.
From	Golan	DE,	Tashjian	AH,	Armstrong	EJ.	Principles	of	Pharmacology:	The	Pathophysiologic	Basis	of	Drug	Therapy.	 2nd	ed.
Baltimore:	Lippincott	Williams	&	Wilkins;	2008.

Other	High-Penetrance	Genes.	A	small	number	of	other	high-risk,	low-frequency	breast	cancer	susceptibility
genes	exist,	and	they	include	TP53,	PTEN,	STK11/	LKB1,	and	CDH1.	These	high-penetrance	genes	confer	an	8-
to	a	10-fold	increase	in	the	risk	of	breast	cancer	as	compared	to	noncarriers,	but	they	collectively	account	for	less
than	1%	of	breast	 cancer	 cases.	Like	BRCA1	 and	BRCA2,	 these	 genes	 are	 inherited	 in	 an	 autosomal	 dominant
fashion	 and	 function	 as	 tumor	 suppressors.18	 The	 hereditary	 cancer	 syndromes	 associated	 with	 each	 gene	 are
usually	characterized	by	multiple	cancers	in	addition	to	breast	cancer,	as	summarized	in	Table	78.1.

Moderate-Penetrance,	Low-Frequency	Genes
Four	genes	have	been	 identified	 that	confer	an	elevated	but	moderate	 risk	of	developing	breast	 cancer,	namely
CHEK2,	 ATM,	 BRIP1,	 and	 PALB2	 (see	 Table	 78.1).	 Each	 of	 these	 genes	 confers	 approximately	 a	 two-	 to
threefold	 relative	 risk	of	breast	 cancer	 in	mutation	carriers,	 although	 this	 risk	may	be	higher	 in	 certain	 clinical
settings.5	These	mutations	are	rare	in	the	general	population	(0.1%	to	1%),	although	some	founder	mutations	have
been	identified.	Together,	these	genes	account	for	approximately	2.3%	of	inherited	breast	cancer.	The	moderate
risk	of	breast	cancer	conferred	by	these	genes	along	with	the	low	population	frequency	renders	this	class	of	genes
very	difficult	to	detect	with	typical	association	studies.	These	genes	are	considered	candidate	breast	cancer	genes
largely	due	to	their	known	roles	in	signal	transduction	and	DNA	repair	in	association	with	BRCA1	and	BRCA2.6

Low-Penetrance,	High-Frequency	Genes	and	Loci
Both	 candidate	 gene	 and	 genome-wide	 association	 studies	 (GWAS)	 have	 identified	 a	 low-risk	 panel	 of
approximately	10	different	alleles	and	loci	in	15%	to	40%	of	women	with	breast	cancer	(see	Table	78.1).5	Despite
their	frequency,	the	relative	risk	of	breast	cancer	conferred	by	any	one	of	these	genetic	variants	alone	is	minimal,
on	 the	 order	 of	 less	 than	 1.5.4	 Nevertheless,	 these	 alleles	 and	 loci	 may	 become	 clinically	 relevant	 in	 their
suggestion	 of	 interactions	 with	 other	 high-,	 moderate-,	 and	 low-risk	 genes;	 these	 additive	 or	 multiplicative
relationships	 could	 account	 for	 a	 measurable	 fraction	 of	 population	 risk.	 For	 example,	 association	 studies	 of
fibroblast	 growth	 factor	 receptor	 2	 (FGFR2)	 and	mitogen-activated	 protein	 kinase	 kinase	 kinase	 1	 (MAP3K1)
within	BRCA	families	showed	that	these	SNPs	conferred	an	increased	risk	in	the	presence	of	BRCA2	mutations.



Microsatellite	Instability	in	Breast	Cancer
Emerging	data	indicate	that	Lynch	syndrome,	an	autosomal	dominant	inherited	disorder	of	cancer	susceptibility
caused	by	germline	mutations	 in	 the	DNA	mismatch	repair	 (MMR)	genes	 including	MLH1,	MSH2,	MSH5,	 and
PMS2,	may	 increase	 the	 risk	 of	 breast	 cancer.19	Mutation	 carriers	 are	 at	 increased	 risk	 of	 colorectal	 and	 other
cancers,	but	the	association	with	breast	cancer	risk	is	controversial.	A	prospective	cohort	study	using	the	Colon
Cancer	Family	Registry	evaluated	cancer	risks	among	unaffected	carriers	and	noncarriers	with	a	pathogenic	MMR
gene	mutation;	notably,	breast	cancer	risk	was	estimated	to	be	fourfold	higher	among	mutation	carriers	compared
to	 the	 general	 population.19	 A	 systematic	 review	 of	 breast	 cancer	 risk	 studies	 for	 Lynch	 syndrome	 mutation
carriers	 showed	mixed	 results;	 13	 studies	 did	 not	 observe	 an	 increased	 risk,	whereas	 8	 studies	 observed	 a	 risk
ranging	from	2-	 to	18-fold	compared	 to	 the	general	population.20	Further	studies	are	needed	 to	determine	more
precise	estimates	of	breast	cancer	risk	in	Lynch	syndrome	carriers	with	longer	follow-up.	These	studies	may	also
guide	future	breast	cancer	screening	guidelines	for	this	population.

SOMATIC	ALTERATIONS	IN	BREAST	CANCER
The	vast	majority	of	breast	cancers	are	sporadic	in	origin,	caused	by	an	accumulation	of	numerous	somatic	genetic
alterations.1	Recent	data	 suggest	 that	 a	 typical	breast	 cancer	harbors	 anywhere	 from	50	 to	80	different	 somatic
mutations.2	Many	of	these	mutations	occur	as	a	result	of	erroneous	DNA	replication;	others	may	occur	through
exposure	 to	 exogenous	and	endogenous	mutagens.	To	date,	 hundreds	of	 candidate	 somatic	breast	 cancer	genes
have	been	identified	through	GWAS	and	whole-exome	sequencing	of	large	breast	cancer	data	sets.21

Determining	the	role	of	each	identified	mutation	in	the	development	of	breast	cancer	remains	a	challenge.	Data
suggest	 that	 the	 vast	 majority	 of	 identified	 somatic	 DNA	 alterations	 are	 passenger	 mutations,	 representing
harmless,	 biologically	 neutral	 changes	 that	 do	 not	 contribute	 to	 oncogenesis.1,2	 Conversely,	 driver	 mutations
confer	a	growth	advantage	on	 the	cell	 in	which	 they	occur	and	appear	 to	be	 implicated	 in	cancer	development.
When	specific	driver	mutations	are	cataloged,	a	bimodal	cancer	genomic	landscape	appears,	comprising	a	small
number	 of	 commonly	 mutated	 gene	 mountains	 among	 hundreds	 of	 infrequently	 mutated	 gene	 hills.1,2	 Gene
mountains	correspond	 to	 the	most	 frequently	mutated	genes	 found	within	breast	 tumors,	 such	as	TP53,	CDH1,
phosphatidylinositol	3-kinase	(PI3K),	cyclin	D,	PTEN,	and	AKT.6	Each	individual	gene	hill,	on	the	other	hand,	is
typically	 found	 in	 less	 than	 5%	 of	 breast	 tumors.1,22	 This	 substantial	 heterogeneity	 of	DNA	mutations	 among
breast	tumors	may	explain	the	wide	variations	in	phenotypes,	in	terms	of	both	tumor	behavior	and	responsiveness
to	therapy.

Historically,	 the	 focus	of	genetic	 research	has	been	on	 the	gene	mountains;	however,	emerging	data	suggest
that	it	is	actually	the	gene	hills	that	play	a	more	pivotal	role	in	breast	cancer,	consistent	with	the	idea	that	having	a
large	number	of	mutations,	each	associated	with	a	small	survival	advantage,	drives	tumor	progression.	Subsequent
studies	have	shown	that	a	substantial	number	of	these	infrequent	somatic	mutations	sort	out	among	a	much	small
number	 of	 biologic	 groups	 and	 cell	 signaling	 pathways	 that	 are	 known	 to	 be	 pathogenic	 in	 breast	 cancer.
Examples	 of	 such	pathways	 include	 interferon	 signaling,	 cell	 cycle	 checkpoints,	BRCA1/2-related	DNA	repair,
p53,	AKT,	transforming	growth	factor	β	(TGF-β)	signaling,	the	Notch	pathway,	epidermal	growth	factor	receptor
(EGFR),	 fibroblast	 growth	 factor	 (FGF),	 ERBB2,	RAS,	 and	PI3K	 pathways.	 In	 short,	 it	 appears	 that	 common
pathways,	rather	than	individual	gene	mutations,	govern	the	course	of	breast	cancer	development.22

Copy	Number	Alterations	in	Breast	Cancer
Although	recurrent	point	mutations	are	less	common	in	breast	cancer	than	other	solid	tumors,	it	is	apparent	that
particular	regions	of	the	genome	are	commonly	amplified	in	breast	tumors,	and	these	regions	contain	genes	that
drive	cancer	progression.	The	most	 intensively	studied	amplified	 region	 is	 the	17q12	amplicon	 that	harbors	 the
HER2	oncogene.	This	amplicon	leads	to	a	more	aggressive	tumor	phenotype,	now	the	target	of	a	highly	successful
antibody	 therapy,	 trastuzumab	 (Herceptin).	 It	 has	 been	 observed	 that	 RNA-mediated	 interference	 (RNAi)
knockdown	of	coamplified	genes	within	the	17q12	amplicon	results	in	decreased	cell	proliferation	and	increased
apoptosis,	 suggesting	 a	 role	 of	 these	 neighboring	 genes	 in	 oncogenesis.23	 In	 addition,	 there	 are	 other	 common
amplicons	with	prognostic	significance	in	breast	cancers	including	11q13	(CCDN1),	8q24	(MYC),	7p12	(EGFR),
20q13	 (ZNF217),	 and	 others.24	 Structural	 analyses	 of	 amplicons	 found	 in	 breast	 cancer	 suggest	 that	 these
variations	efficiently	orchestrate	the	gain	and	loss	of	cancer	gene	cassettes	that	engage	many	oncogenic	pathways
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simultaneously	and	 that	 such	oncogenic	cassettes	are	 favored	during	 the	evolution	of	a	cancer.25	These	 regions
contain	 gene	 sets	 that	 are	 important	 in	 DNA	 metabolism	 and	 in	 the	 maintenance	 of	 chromosomal	 integrity,
suggesting	 that	 a	 response	 to	 DNA-damaging	 agents	 used	 as	 anticancer	 therapy	 might	 be	 modulated	 by	 the
presence	of	amplicons.	Indeed,	these	co-amplicons	are	frequent	in	HER2-amplified	tumors	and	may	modify	tumor
behavior	 and	 patient	 outcome.24,25	 Furthermore,	 it	 has	 been	 noted	 that	 distinct	 patterns	 of	DNA	 copy	 number
alterations	are	associated	with	different	clinicopathologic	features	and	gene	expression	subtypes,	suggesting	that
distinct	mechanisms	of	genomic	instability	are	involved	in	the	pathogenesis	of	these	breast	cancer	subtypes.24

Transcriptional	Profiles	of	Breast	Cancer—Molecular	Subtypes
The	cellular	programs	that	are	encoded	by	DNA	are	enacted	by	transcription	into	messenger	RNA	(mRNA)	and
translated	 into	 protein.	 Not	 surprisingly,	 the	 DNA	 alterations	 described	 previously	 lead	 to	 either	 under-	 or
overexpression	 of	 their	 associated	 mRNAs;	 consequently,	 abnormal	 gene	 expression	 patterns	 are	 a	 common
finding	 in	 breast	 tumors.	 Gene	 expression	 profiling	 has	 been	 introduced	 into	 the	 clinical	 literature	 because
research	suggests	that	assessing	the	expression	of	multiple	genes	in	a	tumor	sample	may	predict	tumor	behavior.
So-called	molecular	 signatures	hold	promise	 for	 improving	 the	diagnosis,	 the	prediction	of	 recurrence,	 and	 the
selection	of	therapies	for	individual	patients.

Many	 technologies	 have	 been	 developed	 to	 generate	 molecular	 signatures,	 including	 cDNA	 and
oligonucleotide	arrays,	next-generation	RNA	sequencing	(RNAseq),	multiplex	polymerase	chain	reaction	(PCR),
and	 newer	 molecular	 barcoding	 technologies	 (e.g.,	 Nanostring).	 These	 technologies	 and	 newly	 developed
statistical	 methodologies	 now	 allow	 for	 evaluation	 of	 hundreds	 to	 thousands	 of	 mRNAs	 per	 sample	 with
subsequent	analysis	of	patterns	of	expression	that	may	predict	tumor	behavior.

The	seminal	works	by	Perou	et	al.26	and	Sørlie	et	al.27	suggest	a	classification	of	breast	cancer	subtypes	based
on	gene	expression	patterns	they	termed	molecular	portraits	of	breast	cancer.	Among	the	categories	they	defined
were	 the	 luminal	 A	 and	 B	 tumors	 (typically	 ER	 and/or	 PR	 positive),	 HER2-enriched	 tumors	 that	 express	 the
HER2	amplicon,	and	a	class	termed	basal-like	due	to	the	expression	of	basal	keratins.	Large-scale	efforts	by	The
Cancer	 Genome	 Atlas	 Network	 (TCGA)28	 and	 the	 Molecular	 Taxonomy	 of	 Breast	 Cancer	 International
Consortium	(METABRIC)29	groups	have	confirmed	these	findings	and	provided	more	detailed	molecular	portraits
(Fig.	78.1).

Luminal	Subtypes
The	luminal	subtypes	compose	the	majority	of	breast	cancers	and	express	genes	that	are	usually	expressed	in	the
luminal	epithelium	of	 the	breast	 (i.e.,	 cytokeratins	8	and	18,	 the	ER	ESR1,	GATA3,	FOXA1,	XPB1,	 and	MYB).
Luminal	subtypes	compose	the	majority	of	breast	cancers	and	can	be	divided	into	two	subgroups:	luminal	A	and
luminal	B.	Luminal	A	 tumors	are	more	common	and	are	characterized	by	high	expression	 levels	of	ER-related
genes	and	low	expression	of	the	HER2	cluster	and	proliferation-associated	genes.	In	contrast,	luminal	B	tumors
are	characterized	by	 lower	expression	 levels	of	ER-related	genes,	variable	expression	of	 the	HER2	cluster,	and
higher	levels	of	proliferation-associated	genes.	Luminal	A	tumors	have	an	overall	better	prognosis	than	luminal	B
tumors.

HER2-Enriched	Subtype
The	HER2-enriched	subtype	composes	approximately	10%	to	15%	of	all	breast	cancers	and	overexpresses	both
HER2	and	proliferation-associated	genes	and	has	lower	expression	of	ER-related	genes.	Interestingly,	analysis	by
TCGA	demonstrates	that	not	all	cancers	that	are	clinically	HER2	positive	as	defined	by	an	immunohistochemistry
(IHC)	analysis	and/or	fluorescent	in	situ	hybridization	(FISH)	fall	into	the	HER2-enriched	molecular	subtype	and
vice	 versa.	 The	majority	 of	 clinically	HER2-positive	 breast	 cancers	 that	 are	 not	 considered	 part	 of	 the	HER2-
enriched	subgroup	by	gene	expression	profiling	fall	into	the	luminal	B	subtype,	and	the	HER2-enriched	subtype,
not	surprisingly,	is	almost	always	ER	and	PR	negative.	Emerging	data	suggest	that	the	HER2-enriched	subtype	is
particularly	 sensitive	 to	 the	 HER2-targeted	 therapy	 trastuzumab	 (Herceptin),	 and	 this	 may	 be	 in	 part	 due	 to
expression	of	immune-related	genes.30,31

Triple-Negative	Subtypes
The	ER-negative	subtypes	compose	a	heterogeneous	group	of	tumors	that	are	often	termed	triple-negative	breast
cancer	(TNBC)	because	they	typically	lack	ER,	PR,	and	HER2.	The	basal-like	category	of	the	ER-negative	subset



was	first	identified	with	first-generation	microarray	technology	and	is	characterized	by	a	high	level	of	expression
of	 proliferation	 genes	 and	basal	 cytokeratins5,23,32	 and	 a	 loss	 of	 expression	 of	 genes	 associated	with	 cell	 cycle
control.	Although	basal-like	tumors	are	the	most	common	of	the	ER-negative	subtypes	(making	up	50%	to	75%)
and	compose	15%	to	20%	of	all	breast	cancers,	other	ER-negative	subtypes	also	exist,	including	the	claudin-low
group	as	well	as	interferon-	rich,	androgen	receptor,	and	normal-like	groups.	Although	the	claudin-low	subgroup
has	some	similarities	to	basal-like	breast	cancer,	these	tumors	have	low	expression	of	the	claudin	genes	that	are
involved	 in	 epithelial	 cell	 tight-tight	 junctions	 and	 possess	 stem	 cell–like	 features	 with	 evidence	 of	 having
undergone	 an	 epithelial–mesenchymal	 transition	 (EMT).33	 In	 addition,	 they	 express	 both	 intrinsic	 and	 adaptive
immune	 cell	 features;	 however,	 recent	 studies	 suggest	 they	 are	 resistant	 to	 immune	 checkpoint	 therapy	 due	 to
recruitment	 of	 T	 regulatory	 lymphocytes	 in	 the	 microenvironment.34	 Other	 investigators	 have	 attempted	 to
characterize	TNBC	using	transcriptional	profiling,	including	work	by	Lehman	et	al.35	 that	 identified	six	distinct
subtypes.	Major	clusters	included	two	basal-like,	an	immunomodulatory,	a	mesenchymal,	a	mesenchymal	stem–
like,	 and	 a	 luminal	 androgen	 receptor	 subtype	 with	 distinct	 therapeutic	 responses	 and	 may	 have	 important
translational	relevance.35

Figure	78.1	Significantly	mutated	genes	(SMGs)	and	correlations	with	genomic	and	clinical
features.	Tumor	samples	are	grouped	by	messenger	RNA	(mRNA)	subtype:	luminal	A	(n	=	225),
luminal	B	(n	=	126),	human	epidermal	growth	factor	receptor	2	(HER2)	enriched	(n	=	57),	and

basal-like	(n	=	93).	Left:	Nonsilent	somatic	mutation	patterns	and	frequencies	for	SMGs.	Middle:
Clinical	features:	black,	positive	or	T2–T4;	white,	negative	or	T1;	grey,	not	applicable	or	equivocal.

Right:	SMGs	with	frequent	copy	number	amplifications	(red)	or	deletions	(blue).	Far	Right:
Nonsilent	mutation	rate	per	tumor	(mutations	per	megabase,	adjusted	for	coverage).	Average

mutation	rate	for	each	expression	subtype	is	indicated.	Hypermutated:	mutation	rates	>3	standard
deviations	above	the	mean	(>4.688,	indicated	by	grey	line).	(Reprinted	with	permission	from
Cancer	Genome	Atlas	Network.	Comprehensive	molecular	portraits	of	human	breast	tumours.

Nature	2012;490[7418]:61–70.)

Although	the	exact	definition	of	molecular	subtypes	is	an	area	of	active	debate,	it	is	clear	that	these	subtypes
are	 reproducible	 in	 multiple,	 unrelated	 data	 sets,	 and	 their	 prognostic	 impact	 has	 been	 validated	 in	 these
settings.26,28,36,37	As	a	result,	clinical	trials	are	now	being	designed	to	subdivide	patients	by	ER	or	PR	and	HER2
status	 to	 validate	 claims	 that	 therapeutic	 approaches	 should	 address	 these	 groups	 rather	 than	 the	 population	 of
breast	cancer	patients	as	a	whole.	In	2011,	the	St.	Gallen	International	Breast	Cancer	Conference	recognized	that
breast	cancer	should	not	be	treated	as	a	single	disease	and	recommended	defining	disease	by	molecular	subtype
using	 genetic	 array	 testing	 or	 approximated	 by	 ER,	 PR,	 or	 HER2	 status	 in	 conjunction	 with	 markers	 of
proliferation,	such	as	Ki-67.	This	approach	is	now	recognized	by	the	international	consensus	as	the	optimal	way	to
stratify	patients	for	treatment.38
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Mutational	Profiles	in	Breast	Cancer	by	Molecular	Subtype
Mutational	profiling	of	 all	 types	of	breast	 cancer	has	demonstrated	marked	heterogeneity	 that	 exists	 across	 the
entire	spectrum	of	tumors.	Data	from	TCGA	(see	Fig.	78.1)	highlight	the	fact	that	somatic	mutations	in	just	three
genes	(TP53,	PIK3A,	 and	GATA3)	occur	at	an	 incidence	of	greater	 than	10%.28	However,	when	 the	mutational
profile	of	breast	cancers	is	analyzed	by	intrinsic	subgroup,	certain	patterns	emerge.	The	most	frequent	mutation	in
luminal	A	tumors	is	PIK3CA	(45%),	followed	by	MAP3K1,	GATA3,	TP53,	CDH1,	and	MAP2K4.	Like	luminal	A
cancers,	 luminal	B	cancers	also	showed	a	wide	 range,	with	 the	most	 frequently	mutated	genes	being	TP53	and
PIK3CA	 (both	 29%).	However,	 the	 TP53	 pathway	 appears	 to	 be	 differentially	 inactivated,	with	 a	much	 lower
frequency	of	TP53	mutations	 in	 luminal	A	 (12%)	 compared	 to	 luminal	B	 (29%)	 tumors.	Although	 the	HER2-
enriched	subgroup	also	shows	a	high	frequency	of	mutations	in	TP53	(72%)	and	PIK3CA	(39%),	HER2-enriched
tumors	appear	to	have	a	much	lower	frequency	of	mutated	genes	than	the	luminal	subtypes.	This	may	be	due	to
the	fact	that	these	tumors	are	ER	negative	because	the	pattern	of	mutations	seen	in	this	group	is	similar	to	that	of
TNBCs.	Basal-like	 tumors	commonly	harbor	mutations	 in	TP53	 (80%)	and	show	 little	overlap	with	 the	pattern
seen	 in	 the	 luminal	 subtypes.	 In	 addition,	 the	 TP53	 mutations	 present	 in	 the	 basal-like	 group	 were	 mostly
nonsense	 and	 frameshift-type	 mutations	 as	 opposed	 to	 missense	 mutations,	 which	 again	 emphasizes	 the
differences	between	ER-positive	and	ER-negative	subtypes.	Interestingly,	the	TP53	mutations	seen	in	the	basal-
like	group	showed	significant	similarities	those	seen	in	serous	cancers	of	the	ovary.39

Transcriptional	Profiles	of	Breast	Cancer—Prognosis	and	Benefit	of	Therapy

70-Gene	Assay	(Mammaprint)
Transcriptional	 profiling	 of	 tumors	 has	 been	 used	 extensively	 to	 not	 only	 define	 molecular	 subtypes	 but	 also
determine	prognosis	and	 the	value	of	 systemic	 therapy,	 including	chemotherapy	and	endocrine	 treatment.	 van’t
Veer	et	al.37	 and	van	de	Vijver	 et	 al.40	were	 the	 first	 to	 apply	 transcriptional	 profiling	 to	 define	 a	 subgroup	of
breast	cancer	patients	with	an	increased	risk	of	metastasis.	In	their	first	study	published	in	2002,	they	defined	a
gene	expression	signature	that	showed	a	hazard	ratio	(HR)	of	5.1	(95%	confidence	interval	[CI],	2.9	to	9.0;	P	 <
.001)	 for	 distant	 metastases	 in	 the	 poor-prognosis	 versus	 good-prognosis	 signature	 group.	 The	 European
Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)	and	the	Breast	International	Group	(BIG)	recently
published	 a	 large,	 randomized,	 phase	 III	 trial	 (MINDACT	 [Microarray	 in	 Node-Negative	 and	 1	 to	 3	 Positive
Lymph	Node	Disease	May	Avoid	Chemotherapy	Trial])	 to	determine	 if	 this	70-gene	signature	could	 identify	a
group	of	patients	who	might	be	spared	chemotherapy.41	Patients	who	had	both	high	clinical	risk	and	high	genomic
risk	received	chemotherapy,	whereas	those	with	both	low-risk	categories	received	no	chemotherapy.	Patients	with
discordant	results	were	randomized	to	chemotherapy	or	no	chemotherapy.	The	study	met	its	primary	objective	to
show	no	difference	 in	5-year	median	metastasis-free	survival	 (MFS)	 in	patients	with	high	clinical	 risk	and	 low
genomic	 risk	 because	 these	 patients	 had	 an	MFS	 of	 94.4%	 (95%	CI,	 92.3%	 to	 95.9%)	without	 chemotherapy
compared	with	an	MFS	of	95.9%	(95%	CI,	94.0%	to	97.2%)	with	chemotherapy.	Although	these	results	suggest
there	 may	 be	 a	 clinically	 high-risk	 group	 that	 can	 avoid	 chemotherapy	 if	 the	 genomic	 risk	 is	 low,	 the	 1.5%
difference	may	matter	 to	some	patients,	and	the	trial	results	may	not	apply	to	all	patient	subgroups.	Indeed,	 the
majority	of	patients	 in	 this	group	had	ER-	or	PR-positive	 tumors	with	underrepresentation	of	HER2-positive	or
triple-negative	subsets.	As	a	result,	the	American	Society	of	Clinical	Oncology	(ASCO)	guidelines	were	recently
modified	to	support	the	use	of	the	70-gene	assay	to	determine	the	utility	of	chemotherapy	in	patients	with	ER-	or
PR-positive,	 node-negative	 tumors	 and	 patients	 with	 one	 to	 three	 positive	 nodes.42	 The	 signature	 is	 now
commercialized	as	the	MammaPrint	(Agendia,	Irvine,	CA)	assay	and	has	received	clearance	by	the	FDA	as	a	class
2,	510(k)	product.

21-Gene	Recurrence	Score	(Oncotype	DX)
Other	 groups	 have	 taken	 a	 different	 approach	 and	 developed	 gene	 signatures	 to	 determine	 the	 prognosis	 of
patients	 with	 hormone-	 sensitive	 tumors	 who	 are	 destined	 to	 receive	 antiestrogen	 therapy.	 In	 this	 setting,	 the
signature	helps	to	determine	if	the	patient	will	have	a	favorable	outcome	with	antiestrogen	therapy	alone	and	may
not	require	chemotherapy.	Genomics	Health	Inc.	(Redwood	City,	CA)	was	the	first	to	take	this	approach,	leading
to	the	development	of	the	Oncotype	DX	test,	a	21-gene	multiplex	real-time	reverse	transcriptase	PCR	(RT-PCR)
assay	performed	on	formalin-fixed	paraffin-embedded	tissue.	A	panel	of	16	cancer-related	genes	and	5	reference
genes	 is	 used	 to	 compute	 a	 recurrence	 score,	 ranging	 from	0	 to	 100,	 that	 can	 be	 used	 to	 estimate	 the	 odds	 of



recurrence	 in	ER-positive	patients	 receiving	adjuvant	 tamoxifen	based	on	 the	 initial	publication	by	Paik	et	al.43
These	results	were	subsequently	confirmed	using	samples	from	the	National	Surgical	Adjuvant	Breast	and	Bowel
Project	 (NSABP)	B20	and	Arimidex,	Tamoxifen,	Alone	or	 in	Combination	Translational	Cohort	 (TransATAC)
studies.

The	 recurrence	 score	 groups	 patients	 into	 the	 following	 three	 categories:	 low	 risk	 (recurrence	 score	 <18),
intermediate	risk	(recurrence	score	18	to	30),	and	high	risk	(recurrence	score	31	to	100).	For	patients	who	fall	in
the	 intermediate-risk	cohort,	 it	 remains	unclear	whether	 they	derive	benefit	 from	chemotherapy.	To	resolve	 this
issue,	 the	Trial	Assigning	 Individualized	Options	 for	Treatment	 (TAILORX)	was	 designed	 to	 evaluate	whether
women	with	node-negative,	ER-	or	PR-positive	breast	cancer	and	an	 intermediate	 recurrence	score	between	11
and	25	benefit	from	the	addition	of	chemotherapy.	The	high-risk	group	(recurrence	score	≥31)	was	also	allocated
to	receive	chemotherapy	and	endocrine	therapy,	whereas	the	low-risk	group	(recurrence	score	between	0	and	10)
was	treated	with	endocrine	therapy	alone.	The	study	enrolled	10,253	patients,	and	in	the	first	report	of	TAILORX,
Sparano	et	al.44	looked	at	1,626	patients	(15.9%)	in	the	low-risk	arm.44	The	authors	found	freedom	from	distant
recurrence	 to	 be	 99.3%	 at	 a	 5-year	 median	 follow-up,	 suggesting	 that	 low-risk	 patients	 have	 an	 excellent
prognosis	 with	 endocrine	 therapy	 alone	 and	 may	 be	 spared	 chemotherapy.	 The	 outcome	 of	 patients	 in	 the
intermediate-risk	group	who	were	randomized	to	receive	endocrine	therapy	with	or	with	or	without	chemotherapy
requires	further	follow-up,	and	results	are	eagerly	awaited.

The	role	of	the	recurrence	score	in	determining	benefit	of	chemotherapy	in	lymph	node–positive,	ER-positive
patients	is	not	clearly	defined	because	the	studies	used	to	support	its	clinical	utility	in	this	population	are	limited	to
one	 prospective-	 retrospective	 study	 and	 other	 lower	 level	 of	 evidence	 studies.	 We	 await	 the	 results	 of
RxPONDER,	a	randomized	phase	III	 trial	for	women	with	ER-	or	PR-positive	with	one	to	 three	positive	nodes
and	a	recurrence	score	<25,	to	more	definitively	answer	the	question	of	benefit	in	this	population.

Prediction	Analysis	of	Microarray-50	(PAM50,	PAM50	Risk	of	Recurrence	Score,	or
Prosigna)
As	previously	noted,	seminal	work	by	Perou	et	al.26	led	to	the	development	of	the	intrinsic	breast	cancer	subtypes,
which	include	luminal	A,	luminal	B,	HER2-enriched,	and	basal-like	subtypes.	To	apply	the	intrinsic	breast	tumor
subtypes	 to	predict	 patient	 outcome,	Parker	 et	 al.45	 developed	 a	 gene	 expression	 signature	 termed	 the	PAM50.
Tumor	tissue	from	189	patients	with	both	node-negative	and	node-positive	disease	was	used	to	develop	the	50-
gene	 signature	 using	 both	 gene	 expression	 microarray	 and	 quantitative	 RT-PCR	 methodologies.	 The	 intrinsic
groups	were	then	stratified	by	outcome,	generating	a	risk	of	recurrence	(ROR)	score.45	These	findings	were	then
validated	in	a	second	cohort	of	formalin-fixed,	paraffin-embedded	(FFPE)	tissue	from	761	patients	and	stratified
based	on	ER,	PR,	and	HER2	status;	pathologic	stage;	and	intrinsic	subtype.46	In	a	follow-up	analysis	comparing
the	PAM50	to	clinicopathologic	features,	786	ER-	or	PR-positive,	invasive	node-positive	or	node-negative	breast
cancer	patients	were	assigned	a	PAM50	ROR	score,	weighted	for	tumor	size	and	proliferation.	In	node-negative
patients,	PAM50	ROR	score	was	found	to	be	more	accurate	than	Adjuvant!	Online.47

Additional	studies	have	attempted	to	determine	the	value	of	the	PAM50	ROR	in	node-positive	patients.	Gnant
et	al.48	used	FFPE	tumor	tissue	from	1,478	women	with	ER-	or	PR-positive,	early-stage,	node-positive	and	node-
negative	 breast	 cancers.	 In	 a	 multivariate	 analysis,	 they	 found	 that	 the	 PAM50	 ROR	 score	 added	 additional
prognostic	information	to	clinical	variables	in	both	patients	with	one	positive	node	(P	<	.0001)	and	patients	with
two	to	three	positive	nodes	(P	=	 .0002).	Other	studies	have	confirmed	 these	 findings;	however,	 the	optimal	cut
point	 has	 not	 been	 defined	 that	 would	 identify	 a	 group	 of	 ER-	 or	 PR-positive,	 HER2-negative,	 node-positive
breast	 cancer	 patients	 for	 whom	 the	 ROR	 score	 is	 sufficiently	 low	 to	 recommend	 against	 adjuvant	 systemic
therapy.48

In	summary,	the	PAM50	ROR	score	has	shown	of	clinical	utility	in	ER-	or	PR-positive,	HER2-negative,	node-
negative	patients.

12-Gene	Risk	Score	(Endopredict)
The	12-gene	risk	score	was	developed	from	two	Austrian	Breast	and	Colorectal	Cancer	Study	Group	(ABCSG)
trials,	ABCSG-6	and	ABCSG-8,	using	 the	 tamoxifen-only	 arm	 from	each	 study.49,50	The	 training	 set	used	964
ER-	or	PR-positive,	HER2-negative	patients	from	ABCSG-6	with	a	prespecified	threshold	to	divide	samples	into
low	 or	 high	 risk	 of	 distant	 recurrence	 based	 on	 10-year	 distant	 disease-free	 survival	 (DFS).	 This	 12-gene	 risk
score	includes	8	cancer-related	genes	(BIRC5,	UBE2C,	DHCR7,	RBBP8,	IL6ST,	AZGP1,	MGP,	and	STC2)	and	3
reference	genes	(CALM2,	OAZ1,	and	RPL37A).	Two	validation	studies	were	performed	using	tumor	tissue	from



Dr. AVR @ TMH

378	additional	patients	on	ABCSG-6	and	1,324	patients	on	ABCSG-8.	In	multivariate	analyses,	the	12-gene	risk
score	was	an	independent	predictor	of	distant	recurrence	in	both	ABCSG-6	and	ABCSG-8.	In	subgroup	analyses,
there	was	no	 evidence	of	 heterogeneity	by	 clinical	 variables	 and	 trial	 cohort.50	 In	 an	 effort	 to	harmonize	 these
results	with	those	of	clinical	guidelines,	the	group	assessed	whether	there	was	a	benefit	to	integrate	the	gene	assay
with	 clinical	 parameters	 to	 predict	 risk	 of	 recurrence.	 They	 developed	 an	 algorithm,	 termed	 EPclin,	 that
incorporated	nodal	status	and	tumor	size	with	the	12-gene	assay	and	found	that	58%	to	61%	of	patients	who	were
classified	as	having	high-	or	intermediate-risk	disease	by	clinical	variables	were	reclassified	as	low	risk	according
to	EPclin	with	a	5%	risk	of	distant	metastasis	at	10	years.51

The	12-gene	risk	score	classifies	breast	tumors	into	low	risk	and	high	risk	of	distant	recurrence.	This	score	has
been	 validated	 using	 two	 prospective-retrospective	 studies	 and	 should	 be	 added	 to	 the	 growing	 list	 of	 gene
expression	assays	that	show	evidence	of	clinical	utility	for	predicting	the	risk	of	recurrence	in	ER-	or	PR-positive,
node-negative	breast	cancer.52

Two-Gene	Ratio	(Breast	Cancer	Index)
The	Breast	Cancer	Index	(BCI)	includes	two	independent	gene	expression	markers,	the	two-gene	expression	ratio
of	homeobox	gene	HOXB13	 and	 interleukin-17B	receptor	 (IL17BR),	 known	as	 the	H/I	 ratio,	 and	 the	 five-gene
tumor	grade	signature	called	the	molecular	grade	index	(MGI).	The	BCI	plays	a	role	in	patients	with	early-stage
breast	cancers	in	predicting	likelihood	of	recurrence	and	has	been	assessed	for	its	ability	to	predict	benefit	for	an
additional	5	years	of	endocrine	therapy.	The	H/I	ratio	was	initially	identified	from	a	22,000-gene	oligonucleotide
microarray	from	tissue	samples	of	60	patients	with	node-negative,	early-stage,	ER-	or	PR-positive	breast	cancer.
In	this	cohort,	28	patients	developed	distant	metastases	within	4	years,	and	32	remained	disease	free	at	10	years.
HOXB13	was	expressed	in	the	tumors	of	patients	who	had	recurrent	disease,	whereas	IL17BR	was	overexpressed
in	 those	 without	 evidence	 of	 recurrence.53	 The	 MGI	 was	 developed	 from	 79	 tissue	 samples	 of	 patients	 with
recurrent	disease	and	160	matched	controls,	all	from	patients	with	stage	I,	II,	or	III	invasive	ER-	or	PR-positive
breast	cancer.	From	the	previous	cohort	 that	was	used	to	develop	the	H/I	ratio,	39	genes	were	overexpressed	in
high-grade	tumors.	From	this	group,	five	genes	(BUB1B,	CENPA,	NEK2,	RACGAP1,	and	RRM2)	were	selected
based	on	their	involvement	in	the	cell	cycle	and	proliferation.	This	was	validated	with	a	retrospective	case-cohort
study	of	239	patients,	which	found	that	the	MGI	was	prognostic	for	MFS.54

To	further	validate	these	findings,	investigators	measured	the	H/I	ratio	in	archived	samples	from	206	women
with	early-stage	breast	cancers	who	received	adjuvant	tamoxifen	on	a	controlled	clinical	trial.	In	130	patients	with
node-negative	 disease,	 a	 high	H/I	 ratio	was	 associated	with	 poor	 prognosis	 and	worse	 recurrence-free	 survival
(HR,	1.98;	P	=	 .031)	and	overall	 survival	 (HR,	2.4;	P	=	 .014).	These	 results	were	confirmed	 in	a	 retrospective
study	of	1,252	breast	tumor	tissue	samples.	In	this	cohort,	as	previously	shown,	a	high	H/I	ratio	was	significantly
associated	with	worse	DFS	and	PFS.55,56	However,	this	was	not	observed	in	patients	with	node-positive	disease.57
Jerevall	et	al.58	conducted	a	retrospective	analysis	of	BCI	from	tissue	samples	from	588	women	with	ER-	or	PR-
positive,	invasive,	node-negative,	early-stage	breast	cancer.	The	authors	found	that	BCI	classified	patients	as	low,
intermediate,	and	high	risk,	which	was	independently	associated	with	the	rate	of	distant	recurrence	at	10	years.58
In	 summary,	 the	BCI	assay	has	 shown	clinical	utility	 to	predict	 recurrence	 in	patients	with	node-negative,	ER-
positive	patients;	however,	benefit	from	extended	adjuvant	therapy	should	be	validated	in	a	second	prospective-
retrospective	or	prospective	trial	to	meet	the	criteria	of	Simon-Paik-Hayes	for	those	end	points.59

Epigenetics	of	Breast	Cancer
Cells	maintain	 their	 stable	 identity	 and	 phenotype	 over	many	 generations	without	 external	 stimuli	 or	 signaling
events.	 This	 cellular	 memory	 is	 encoded	 in	 the	 epigenome,	 a	 collection	 of	 heritable	 information	 that	 exists
alongside	the	genomic	sequence.	DNA	methylation	and	chromatin	modification	are	major	epigenetic	mechanisms
in	higher	eukaryotes	and	are	 tightly	coupled	 to	basic	genetic	processes,	 such	as	DNA	replication,	 transcription,
and	repair.	It	is	well	documented	that	cancers,	including	breast	cancer,	have	altered	patterns	of	DNA	methylation
and	histone	acetylation,	 leading	 to	alterations	 in	 transcription	 that	 appear	 to	be	oncogenic.60	Recent	work	 from
TCGA	demonstrates	different	patterns	of	methylation	by	breast	 cancer	 subtypes	 as	defined	by	gene	expression
profiling.	Among	these	subtypes,	luminal	B	subtype	has	a	hypermethylated	phenotype,	whereas	basal-like	subtype
has	a	hypomethylated	phenotype.28	Ongoing	initiatives,	including	the	Epigenome	Project,	and	further	analyses	of
TCGA	data	will	likely	enhance	our	understanding	of	epigenetics	in	breast	cancer.



PROTEIN/PATHWAY	ALTERATIONS
The	molecular	mechanisms	that	lead	to	cancer	have	been	characterized	as	the	hallmarks	of	cancer,	as	proposed	by
Hanahan	 and	Weinberg	 and	 revised	 in	 2011.61	 They	 include	 sustained	 proliferative	 signaling,	 evading	 growth
suppressors,	resisting	cell	death,	replicative	immortality	through	telomerase	inhibition,	angiogenesis,	invasion	and
metastasis,	 genomic	 instability,	 deregulated	 metabolism,	 and	 avoiding	 immune	 destruction.	 The	 effectors	 of
genetic	 and	 epigenetic	 abnormalities	 are,	 in	 most	 cases,	 reflected	 in	 the	 abnormal	 levels,	 functions,	 and
interactions	of	proteins	and	signaling	pathways.	Recent	studies	of	 the	genome	have	generated	new	insights	 into
the	proteome	associated	with	specific	breast	cancer	subtypes	and	suggest	important	targets	for	therapy,	in	addition
to	 those	 canonical	 drivers	 ER	 and	 HER2.28	 Undoubtedly,	 numerous	 alterations	 coordinate	 to	 result	 in	 the
malignant	phenotype;	however,	a	number	of	key	proteins	and	their	pathways	have	emerged	as	critical	drivers	of
breast	cancer	development	and	growth	as	well	as	potential	therapeutic	targets.

Estrogen	Receptor	Pathway
Most	breast	cancers	are	intimately	linked	with	exposure	to	estrogen	and	alterations	in	the	ER	signaling	pathway.
Estrogen	is	a	steroid	hormone	that	exerts	its	actions	by	binding	to	the	nuclear	ER.	Upon	activation	by	its	ligand,
ER	binds	 in	a	coordinated	fashion	with	a	number	of	coregulatory	proteins	 to	estrogen	response	elements	 in	 the
promoter	 region	 of	 estrogen-responsive	 genes.	 This	 in	 turn	 directs	 the	 transcription	 of	 numerous	 growth-
promoting	 genes,	 including	 PR.	 The	 level	 of	 ER	 expression	 is	 not	 only	 of	 biologic	 interest	 but	 also	 a	 highly
effective	predictor	for	response	to	antiestrogens,	which	is	a	recommended	treatment	for	all	ER-expressing	tumors.

Although	ER	is	overexpressed	in	as	many	as	70%	of	invasive	breast	cancers,	the	precise	mechanism	by	which
this	occurs	is	unclear.	Amplification	of	the	gene	appears	to	be	one	mechanism	(approximately	50%	of	cases	with
ER	 overexpression	 in	 one	 study),	 suggesting	 that	 transcriptional	 deregulation	 and	 posttranscriptional
modifications	 (e.g.,	 alteration	 of	 mRNA	 levels	 by	 microRNAs	 [miRNAs])	 may	 also	 play	 a	 role.	 In	 addition,
studies	 suggest	 ER	mutations	 can	 lead	 to	 constitutive	 activation	 of	 the	 pathway	 and	may	 be	 a	mechanism	 of
resistance	to	antiestrogen	treatment.62

Estrogen	 exerts	 its	 actions	 through	 both	 genomic	 (described	 previously)	 and	 nongenomic	 mechanisms.	 In
contrast	to	the	genomic	actions	of	ER,	nongenomic	actions	of	ER	are	extremely	rapid	(within	seconds	to	minutes
of	estrogen	exposure)	and	are	believed	 to	result	 from	the	hormone-dependent	activation	of	membrane-bound	or
cytosolic	ERs.	These	nonnuclear	ER	actions	 result	 in	 rapid	phosphorylation	and	activation	of	 important	growth
regulatory	kinases,	including	EGFRs,	insulin-like	growth	factor	1R	(IGF1R),	c-Src,	Shc,	and	the	p85α	regulatory
subunit	 of	 PI3K.5	 This	 cross-talk	 between	 ER	 and	 growth	 factor	 receptors	 is	 bidirectional;	 for	 example,
constitutive	HER2	 can	 increase	 ER	 signaling	 to	 the	 point	where	 it	 is	 unresponsive	 to	 antiestrogen	 treatments.
These	 findings	 suggest	 a	 role	 for	 HER2/IGF1R/EGFR	 activation	 in	 both	 acquired	 and	 de	 novo	 resistance	 to
treatment	with	antiestrogens.63
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Figure	78.2	A	schematic	representation	of	the	human	epidermal	growth	factor	receptor	2	(HER2)
signaling	pathway.	A:	Circulating	growth	factors	bind	to	the	extracellular	domain	of	epidermal
growth	factor	receptor	(EGFR)	family	members	(such	as	EGFR,	human	epidermal	growth	factor
receptor	3	[HER3],	and	insulin-like	growth	factor	1R	[IGF1R]),	inducing	heterodimerization	with
the	HER2	receptor.	Dimerization	induces	phosphorylation	of	the	kinase	domain	of	HER2,	which

activates	the	phosphatidylinositol	3-kinase	(PI3K)/AKT	and	mitogen-activated	protein
(MAPK)/mitogen-activated	protein	kinase	kinase	(MEK)	signaling	pathways.	Activation	of	these
signaling	pathways	results	in	a	downstream	cascade	that	promotes	the	active	transcription	of	genes
involved	in	proliferation,	angiogenesis,	cell	survival,	and	metastasis.	B:	The	PI3K/AKT/mammalian
target	of	rapamycin	(mTOR)	signaling	cascade	is	central	to	the	growth	regulatory	pathway	in	breast
cancer.	PTEN	acts	as	a	tumor	suppressor,	inhibiting	the	activation	of	Akt	by	PI3K.	p27	inhibits
transition	through	the	cell	cycle.	Cyclin	D1	can	bind	to	p27,	thereby	interfering	with	its	ability	to
suppress	cellular	proliferation.	Signaling	through	the	mTOR	pathway	regulates	cell	growth	and

proliferation,	cellular	metabolism,	and	angiogenesis,	which	are	all	essential	for	tumorigenesis.	The
MAPK	pathway	is	also	critical	for	cell	growth	and	proliferation	and	is	frequently	upregulated	in
cancer.	APC,	antigen-presenting	cell;	FcγRIIIA,	low-affinity	immunoglobulin	gamma	Fc	region
receptor	IIIA;	WBC,	white	blood	cell.	(Reprinted	with	permission	from	Gingras	I,	Gebhart	G,	de
Azambuja	E,	et	al.	HER2-positive	breast	cancer	is	lost	in	translation:	time	for	patient-centered

research.	Nat	Rev	Clin	Oncol	2017;14[11]:669–681.)

The	ER	pathway	has	proven	to	be	an	invaluable	target	for	therapeutic	treatments	in	breast	cancer.	A	number	of
agents	have	been	developed	over	the	prior	decades	that	can	inhibit	this	pathway	by	either	binding	to	the	receptor
itself	 (e.g.,	 selective	ER	modulators	 such	 as	 tamoxifen,	 raloxifene,	 fulvestrant)	 or	 decreasing	 the	production	of
endogenous	estrogen	(e.g.,	aromatase	inhibitors,	ovarian	ablation).	Recent	data	suggest	that	a	longer	duration	of
tamoxifen	(10	years)	is	superior	to	5	years,	and	treatment	for	5	years	with	an	aromatase	inhibitor	is	standard	of
care	after	any	duration	of	tamoxifen	in	postmenopausal	women.64	Although	these	agents	are	highly	effective	and
have	made	a	significant	impact	on	breast	cancer	morbidity	and	mortality,	de	novo	and	acquired	resistance	are	also
quite	 common.	 Recent	 studies	 suggest	 that	 the	 inhibition	 of	 growth	 factor	 pathways	 in	 conjunction	 with
antiestrogen	 therapy	can	overcome	resistance	 to	 these	agents;	 for	example,	 the	mammalian	 target	of	 rapamycin
(mTOR)	inhibitor	temsirolimus	plus	a	steroidal	inhibitor	(exemestane)	is	a	new	standard	of	care	after	progression
on	a	nonsteroidal	aromatase	inhibitor	in	the	metastatic	setting.65	The	challenge	for	the	oncology	community	is	to
define	optimal	biomarkers	to	predict	patients	most	likely	to	benefit	from	longer	tamoxifen	or	aromatase	inhibitor
plus	mTOR	therapy.	As	described	previously,	 the	Oncotype	DX	assay,	 IHC4,	and	BCI	provide	 insight	 into	 the
behavior	of	ER-positive	tumors	and	help	in	treatment	decision	making.

Growth	Factor	Receptor	Pathways
Growth	factor	receptor	pathways—in	particular,	tyrosine-kinase	receptors—play	an	essential	role	in	initiating	both
proliferative	and	cell	 survival	pathways	 in	 tissues	and	are	 tightly	 regulated.	 In	breast	 cancer	biology,	 the	ErbB
family	 has	 been	 studied	 most	 extensively,	 but	 an	 expanding	 number	 of	 other	 growth	 factors,	 such	 as	 IGF
receptors,	 have	 also	 been	 the	 subject	 of	 intense	 scrutiny	 in	 hopes	 of	 identifying	 effective	 therapeutic	 targets.66
These	 growth	 factor	 receptor	 pathways	 can	 be	 constitutively	 activated	 by	 a	 number	 of	mechanisms,	 including
excessive	ligand	levels,	gain-of-function	mutations,	overexpression	with	or	without	gene	amplification,	and	gene
rearrangements	and	resultant	fusion	proteins	with	oncogenic	potential.	This	can	ultimately	 lead	to	 inappropriate
kinase	activity	and	growth-promoting	second	messenger	activation.

Human	Epidermal	Growth	Factor	Receptor	2
HER2	(EGFR2	or	ErbB2)	is	a	member	of	a	family	of	receptor	tyrosine	kinases	that	also	includes	EGFR	(HER1,
ErbB1),	ErbB3,	and	ErbB4.	Ligand	binding	to	the	extracellular	domains	of	the	ErbB1,	ErbB3,	or	ErbB4	receptors
induces	homo-	and	heterodimerization	and	kinase	activation.	The	HER2	protein	exists	in	a	closed	conformation
and	has	no	ligand,	but	it	is	the	preferred	partner	for	dimerization	with	HER1,	HER3,	and	HER4.	At	a	molecular
level,	HER2	amplification	is	associated	with	deregulation	of	G1/S	phase	cell	cycle	control	via	the	upregulation	of
cyclins	D1,	 E,	 and	 cdk6,	 as	well	 as	 p27	 degradation.	HER2	 also	 interacts	with	 important	 second	messengers,
including	SH2	domain–containing	proteins	(e.g.,	Src	kinases)	(Fig.	78.2).

Importantly,	HER2	amplification	or	protein	overexpression	(found	in	20%	of	invasive	breast	cancers)	is	clearly
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associated	with	accelerated	cell	growth	and	proliferation,	poor	clinical	outcome,	and	response	to	the	monoclonal
anti-HER2	 antibody	 trastuzumab.	Numerous	 randomized	 trials	 have	 shown	 that	 the	 addition	 of	 trastuzumab	 to
chemotherapy	improves	survival	in	both	metastatic	and	early-stage	disease,	leading	to	its	inclusion	in	the	standard
of	care	for	all	patients	with	HER2-positive	breast	cancer.67	In	addition,	several	other	HER2-targeted	agents	have
been	approved	 for	metastatic	HER2-positive	breast	cancer.	One	of	 these,	 the	monoclonal	antibody	pertuzumab,
which	targets	the	HER2	to	HER3	heterodimerization	site,	has	been	approved	for	use	in	the	neoadjuvant	setting	for
early-stage	breast	cancer	 in	addition	to	treatment	for	patients	with	metastatic	disease	when	used	in	combination
with	 trastuzumab.68,69	 Other	 small	molecules	 that	 target	 the	HER2	 pathway	 include	 lapatinib	 and	 trastuzumab
emtansine	(TDM-1),	both	of	which	are	indicated	in	patients	with	metastatic	disease	that	were	previously	treated
with	trastuzumab.	Although	neratinib	was	recently	approved	for	patients	with	early-stage,	HER2-positive	breast
cancer	to	prevent	recurrence	of	disease	after	receiving	trastuzumab.	These	rapid	advances	in	the	setting	of	targeted
therapy	for	HER2-positive	disease	illustrate	the	profound	effect	that	targeting	an	important	molecular	driver	can
have	on	clinical	practice.

The	 premise	 of	 these	 HER2-targeting	 agents	 is	 to	 act	 at	 varying	 sites	 on	 the	 tyrosine	 kinase,	 resulting	 in
inhibition	 of	 the	 downstream	 signaling	 cascade	 and	 preventing	 proliferation	 and	 promoting	 apoptosis.70
Trastuzumab	additionally	triggers	an	immune-mediated	response,	resulting	in	cell	death	through	activation	of	the
antibody-dependent	cellular	cytotoxicity	(ADCC)	pathway.	Trastuzumab,	pertuzumab,	and	lapatinib	inhibit	signal
transduction	through	the	canonical	signaling	pathways	for	the	HER2	receptor	but	may	vary	in	their	degree	of	Ras-
MAPK	versus	 PI3K-AKT	pathway	 inhibition.	 This	 is	 due	 to	 different	 degrees	 of	 inhibition	 of	 the	 coreceptors
HER1,	HER3,	and	HER4	that	have	a	different	predilection	for	each	pathway.	For	instance,	lapatinib	inhibits	both
HER2	and	EGFR	(HER1)	with	a	greater	effect	on	the	Ras-MAPK	pathway.	Pertuzumab	interferes	with	the	HER3
heterodimer	and	hence	has	more	effect	on	the	AKT	pathway.	Neratinib	is	an	oral	kinase	inhibitor	that	irreversibly
inhibits	EGFR,	HER2,	and	HER4	and	reduces	EGFR	and	HER2	autophosphorylation,	 resulting	 in	 inhibition	of
MAPK	and	AKT	signaling.	Trastuzumab	emtansine	or	TDM-1	is	an	antibody–drug	conjugate,	allowing	HER2-
targeted	 delivery	 of	 an	 antimicrotubule	 agent.	 Both	 neratinib	 and	 TDM-1	 were	 designed	 for	 trastuzumab
resistance.	Neratinib	inhibits	phosphorylation	downstream	of	the	HER2	receptor,	and	TDM-1	delivers	a	cytotoxic
load	to	HER2-positive	patients,	 independent	of	HER2	signaling.71	Despite	 these	advances	 in	 targeted	 therapies,
patients	 with	 HER2-positive	 breast	 cancer	 continue	 to	 have	 aggressive	 disease,	 and	 research	 is	 under	 way	 to
continue	to	improve	outcome	in	this	patient	population.

RAS	and	Phosphatidylinositol	3-Kinase	Signaling	Pathways
Redundancies	and	cross-talk	of	numerous	different	signaling	pathways	are	a	common	theme.	Several	downstream
messengers,	however,	bear	special	consideration	due	to	their	functional	importance	and	therapeutic	implications.
Data	from	TCGA	Breast	Cancer	publication	suggest	that	the	PI3K/AKT	and	Ras-MAPK	pathways	are	particularly
relevant	 in	 breast	 cancer	 based	 on	 frequent	 mutation,	 amplification,	 and/or	 activation	 of	 these	 pathways	 as
measured	by	genomic	technologies28	(see	Fig.	78.1).

P13K-AKT	 is	 a	 central	 signaling	pathway	downstream	of	many	 receptor	 tyrosine	kinases	 and	 regulates	 cell
growth	and	proliferation	(see	Fig.	78.2).	Activating	mutations	in	the	gene	encoding	the	p110α	catalytic	subunit	of
PI3K	(PI3CKA)	may	be	an	important	contributing	factor	to	mammary	tumor	progression,	and	the	site	of	mutation
differs	depending	on	the	breast	cancer	molecular	subtype,	as	noted	previously.	Activating	mutations	of	the	AKT
gene	family	are	seen	in	2%	to	4%	of	breast	cancers,	excluding	the	basal-like	subtype,	where	they	are	rare.33

The	tumor	suppressor	PTEN	dephosphorylates—and	therefore	inactivates—the	p110	catalytic	domain	of	PI3K
and	 is	 either	mutated	or	underexpressed	 (e.g.,	 via	methylation)	 in	many	breast	 cancers.	Activation	of	 the	PI3K
pathway,	 in	 turn,	 results	 in	 the	 3-phosphoinositide–dependent	 kinase-mediated	 activation	 of	 several	 known
kinases,	 including	AKT1,	AKT2,	 and	AKT3.	 This	 pathway	 is	 used	 by	 ipatasertib,	 an	ATP-competitive	 small-
molecule	AKT	inhibitor	that	has	shown	activity	in	TNBC.34

In	 addition	 to	 the	 AKTs,	 downstream	 proliferative	 effectors	 of	 the	 PI3K	 pathway	 also	 include	 the	 mTOR
complex	 1	 (TORC1),	 which	 consists	 of	 mTOR,	 raptor,	 and	 mLst8,	 a	 pathway	 used	 in	 endocrine	 resistance.
TORC1	 mediates	 its	 progrowth	 effects	 through	 the	 activation	 of	 S6-kinase	 1	 and	 suppression	 of	 4E-BP1,	 an
inhibitor	of	cap-	dependent	translation.	These	observations	all	point	to	mTOR-raptor	as	a	critical	target	in	cancer
therapy,	and	indeed,	everolimus	(Afinitor)	has	been	approved	for	use	with	aromatase	inhibitor	therapy.65

The	 ras/raf/MEK/MAPK	pathway	 is	 also	 a	 critical	 signaling	 pathway	 for	 numerous	 growth	 factor	 receptors
(see	Fig.	78.2A).	Thus	far	in	breast	cancer,	agents	that	target	the	MEK	pathway	(e.g.,	raf	inhibitor	sorafenib)	have
had	modest	success	as	single	agents,	but	studies	in	combination	with	other	treatments	hold	more	promise.



Cyclin-Dependent	Kinases
Cyclin-dependent	kinases	(CDKs)	are	serine/threonine	kinases	that	act	in	cell	cycle	regulation	and	play	an	integral
role	in	breast	cancer	growth	and	proliferation.	There	are	12	separate	CDKs	that	function	during	different	phases	of
the	 cell	 cycle.	 The	 key	 regulators	 for	 the	G1/S	 transition	 of	 the	 cell	 cycle	 include	CDK2,	CDK4,	 and	CDK6,
whereas	CDK1	functions	during	mitosis.	CDK4	and	CDK6	act	 in	early	G1	phase	and	play	a	prominent	 role	 in
transitioning	a	cell	 from	quiescence	 to	 the	 initiation	of	DNA	synthesis	and	cell	division.	These	 two	kinases	are
activated	by	binding	 to	cyclin	D1.	Cyclin	D1	forms	a	complex	with	CDK4/6,	and	dysregulation	plays	a	role	 in
breast	cancer	pathogenesis.1

The	tumor	suppressor	retinoblastoma	protein	(Rb)	acts	with	related	proteins	p107	and	p130	and	sequesters	the
proproliferative	proteins,	the	E2F	transcription	factors.12	When	hypophosphorylated,	Rb	binds	the	E2F	family	of
transcription	factors,	which	act	to	control	progression	from	the	G1	to	the	S	phase.	When	the	cyclin/CDK	complex
phosphorylates	Rb,	pRb	releases	E2F,	which	causes	cell	cycle	progression	toward	S	phase.	Signaling	through	the
endoplasmic	 reticulum	 upregulates	 cyclin	 D1	 expression,	 activating	 CDKs	 and	 phosphorylating	 Rb,	 in	 turn
promoting	 tumor	 proliferation.	 Conversely,	 cyclin	 D1	 promotes	 ER	 transcription,	 potentiating	 the	 effect	 of
estrogen	in	breast	cancer.	Negative	regulation	of	the	cyclin/CDK	complex	occurs	through	the	INK4	and	CIP/KIP
family	of	proteins,	which	interacts	with	CDK4/6	and	inhibits	cyclin	D1	activity.3

The	CDK4/6	inhibitors	such	as	palbociclib,	ribociclib,	and	abemaciclib	have	been	shown	to	improve	outcomes
in	patients	with	hormone	receptor–positive,	locally	advanced	or	metastatic	breast	cancer.72	Both	ER-positive	and
HER2-positive	breast	cancers	act	on	the	cyclin	D/CDK	pathway.	Amplification	of	cyclin	D1	is	primarily	seen	in
luminal	A,	luminal	B,	and	HER2-positive	breast	cancers	with	Rb1	mutation	or	loss	occurring	in	basal-like	breast
cancers.40
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INCIDENCE	AND	ETIOLOGY
Breast	 cancer	 is	 a	major	 public	 health	 problem	 for	women	 throughout	 the	world.	 In	 the	United	 States,	 breast
cancer	remains	the	most	frequent	cancer	in	women	and	the	second	most	frequent	cause	of	cancer	death.	In	2017,	it
was	estimated	there	were	255,180	new	cases	of	breast	cancer,	with	41,070	deaths.1	Worldwide,	breast	cancer	is
the	most	frequently	diagnosed	cancer	and	the	leading	cause	of	cancer	death	among	females,	accounting	for	25%
of	cancer	cases	and	15%	of	the	cancer	deaths,	although	there	is	a	4-fold	variation	in	mortality	rates	and	over	10-
fold	variation	in	incidence	rates	between	high-incidence	areas	such	as	the	United	States	and	Western	Europe	and
low-incidence	 areas	 such	 as	 Africa	 and	 Asia.2	 Between	 1950	 and	 2014,	 the	 death	 rate	 from	 breast	 cancer
decreased	 in	 the	United	States	 by	38.5%,	 and	 similar	 reductions	have	been	observed	 in	other	 countries.3,4	 The
adoption	of	screening	mammography	and	the	use	of	adjuvant	therapy	have	contributed	approximately	equally	to
this	improvement.5	Although	breast	 cancer	 has	 traditionally	 been	 less	 common	 in	nonindustrialized	nations,	 its
incidence	 in	 these	 areas	 is	 increasing.2	 This	 chapter	 examines	 the	 salient	 features	 of	 breast	 cancer,	 stressing
practical	 information	 of	 importance	 to	 clinicians	 and	 the	 results	 of	 prospective	 randomized	 trials	 that	 guide
therapeutic	decisions.

Risk	Factors	for	Breast	Cancer
Multiple	factors	are	associated	with	an	increased	risk	of	developing	breast	cancer,	but	the	majority	of	these	factors
convey	a	small	to	moderate	increase	in	risk	for	any	individual	woman.	At	least	half	of	women	who	develop	breast
cancer	have	no	identifiable	risk	factor	beyond	increasing	age	and	female	sex.	The	importance	of	age	as	a	breast
cancer	risk	factor	is	sometimes	overlooked.	In	2017,	it	was	estimated	that	11,160	invasive	breast	cancers	and	990
breast	 cancer	 deaths	 occurred	 in	U.S.	women	 younger	 than	 age	 40	 years	 compared	with	 241,550	 cancers	 and
39,620	deaths	in	women	aged	40	years	and	older.6

Familial	Factors
A	family	history	of	breast	cancer	has	long	been	recognized	as	a	risk	factor	for	the	disease,	but	only	5%	to	10%	of
women	 who	 develop	 breast	 cancer	 have	 a	 true	 hereditary	 predisposition.	 Women	 with	 a	 family	 history	 may
overestimate	their	risk	of	developing	breast	cancer	or	harboring	a	predisposing	genetic	mutation.	Overall,	the	risk
of	 developing	 breast	 cancer	 is	 increased	 1.5-	 to	 3-fold	 if	 a	 woman	 has	 a	mother	 or	 sister	 with	 breast	 cancer.
Family	history,	however,	 is	a	heterogeneous	risk	factor	with	different	 implications	depending	on	the	number	of
relatives	with	breast	cancer,	 the	exact	relationship,	 the	age	at	diagnosis,	and	the	number	of	unaffected	relatives.
Even	in	the	absence	of	a	known	inherited	predisposition,	women	with	a	family	history	of	breast	cancer	face	some
level	 of	 increased	 risk,	 likely	 from	 some	 combination	 of	 shared	 environmental	 exposures,	 lifestyle	 features,
unexplained	genetic	factors,	or	a	combination	of	all	these	potential	contributors.

Inherited	Predisposition	to	Breast	Cancer
Mutations	in	the	breast	cancer	susceptibility	genes	BRCA1	and	BRCA2	are	associated	with	a	significant	increase
in	the	risk	of	breast	and	ovarian	carcinoma	and	account	for	5%	to	10%	of	all	breast	cancers.	These	mutations	are
inherited	in	an	autosomal	dominant	fashion	with	varying	degrees	of	penetrance.	As	a	result,	the	estimated	lifetime
risk	of	breast	cancer	development	 in	mutation	carriers	ranges	from	26%	to	85%,	and	the	risk	of	ovarian	cancer
ranges	from	16%	to	63%	and	10%	to	27%	in	carriers	of	BRCA1	and	BRCA2,	respectively.7	In	a	meta-analysis	of
10	international	studies,	the	cumulative	risks	to	age	70	years	for	breast	cancer	were	57%	for	BRCA1	carriers	and
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40%	for	BRCA2	carriers.8	More	than	700	different	mutations	of	BRCA1	 and	300	different	mutations	of	BRCA2
have	been	described,	and	the	position	of	the	mutation	within	the	gene	has	been	shown	to	influence	the	risk	of	both
breast	and	ovarian	cancers.

Other	cancers	associated	with	BRCA1	or	BRCA2	mutations	include	male	breast	cancer,	fallopian	tube	cancer,
pancreatic	cancer,	and	prostate	cancer;	BRCA2	may	also	have	an	elevated	risk	of	melanoma	and	gastric	cancer.
The	presence	of	a	BRCA1	or	BRCA2	mutation	may	be	suggested	by	the	family	history	on	either	the	maternal	or
paternal	 side	 of	 the	 family.	 Management	 strategies	 available	 for	 risk	 reduction	 in	BRCA1/2	 mutation	 carriers
include	 intensive	 surveillance,	 chemoprevention	 with	 selective	 estrogen	 receptor	 modulators	 (SERM),	 and
prophylactic	(mastectomy	and	salpingo-oophorectomy)	surgery,	which	are	discussed	in	a	later	section.	It	is	worth
noting	that	women	with	a	significant	family	history	of	breast	cancer	(i.e.,	two	or	more	breast	cancers	younger	than
the	age	of	50	years	or	three	or	more	breast	cancers	at	any	age)	but	who	test	negative	for	BRCA	mutations	have
approximately	a	fourfold	increased	risk	of	breast	cancer.9	Roughly	10%	of	such	women	will	be	found	to	harbor
genetic	 predisposition	 genes	 on	 larger	 panel	 testing.	 By	 contrast,	 women	 in	 families	 where	 a	 known	 BRCA
mutation	is	present	but	who	test	negative	for	the	mutation	are	not	at	increased	risk	for	breast	cancer	development
in	the	absence	of	other	risk	factors	and	do	not	require	special	surveillance.10

Women	with	BRCA1	mutations	have	a	higher	incidence	of	triple-negative/basal-like	breast	cancers	(see	later	in
this	chapter),	with	tumors	more	likely	to	be	grade	3	and	less	likely	to	express	estrogen	receptor	(ER),	progesterone
receptor	 (PR),	 and	 human	 epidermal	 growth	 factor	 receptor	 2	 (HER2)	 markers	 than	 sporadic	 cancers.11	 The
phenotype	of	BRCA2	 cancers	does	not	differ	 from	sporadic	 cancers.	Features	 that	 the	National	Comprehensive
Cancer	Network	(NCCN)	guidelines	consider	to	warrant	further	personalized	risk	assessment,	genetic	counseling,
and	 often	 genetic	 testing	 and	management	 are	 listed	 in	Table	79.1.12	 These	 include	 young	 age	 at	 diagnosis	 of
breast	 cancer	 (aged	 50	 years	 or	 younger),	 multiple	 breast	 primary	 tumors,	 male	 breast	 cancer,	 triple-negative
breast	 cancer	 at	 age	 60	 years	 or	 younger,	 and	 certain	 family	 history	 or	 other	 personal	 cancer	 history	 criteria.
Ashkenazi	 Jewish	 ancestry	 is	 also	 considered	 to	 be	 a	 relevant	 risk	 factor	 in	 the	 guidelines	 because	 the	 carrier
frequency	of	specific	BRCA1	 (187delAG,	5385	 ins	C)	 and	BRCA2	 (6174delT)	mutations	 in	 this	 group	 is	 1:40,
compared	with	1:500	 in	 the	general	population.	Models	are	available	 to	estimate	 the	 likelihood	of	a	BRCA1	 or
BRCA2	mutation	based	on	family	history.	The	implications	of	genetic	testing	for	both	individuals	and	their	family
members	are	considerable,	and	these	issues	should	be	discussed	prior	to	undertaking	genetic	testing.

TABLE	79.1
Factors	Warranting	Further	Genetic	Risk	Evaluation12

Personal	diagnosis	of	DCIS	or	invasive	breast	cancer	+	one	or	more	of	the	following:
Diagnosed	50	y	and	younger
Triple-negative	breast	cancer	diagnosed	60	y	and	younger
At	any	age:

A	known	mutation	in	a	cancer	susceptibility	gene	within	the	family
An	additional	breast	cancer	primary
≥1	close	blood	relative	(first	to	third	degree)	with	breast	cancer	50	y	and	younger
≥1	close	blood	relative	with	ovarian	cancer	at	any	age
≥2	close	blood	relatives	with	breast	cancer,	pancreatic	cancer,	or	prostate	cancer	(Gleason	score	≥7	or	metastatic)	at
any	age

An	individual	of	Ashkenazi	Jewish	ancestry
Male	breast	cancer

Personal	history	of	certain	other	cancers	(such	as	ovarian	cancer	in	any	patient	or	other	cancers	in	certain	situations—see	full
NCCN	guidelines	for	details)

Patients	without	diagnosis	of	cancer	should	consider	further	genetic	risk	evaluation	if	they	have:
A	close	relative	with:

A	known	mutation	in	a	cancer	susceptibility	gene;	2	or	more	breast	primaries	in	a	single	individual;	2	or	more	individuals
with	breast	cancer	on	the	same	side	of	the	family	with	at	least	one	diagnosed	at	age	50	y	or	younger;	ovarian	cancer;
male	breast	cancer

A	first-	or	second-degree	relative	with	cancer	at	age	45	y	or	younger
A	family	history	of	3	or	more	of	the	following:	breast	cancer,	pancreatic	cancer,	prostate	cancer	(Gleason	7	or	higher	or
metastatic),	melanoma,	sarcoma,	adrenal	cortical	carcinoma,	brain	tumors,	leukemia,	diffuse	gastric	cancer,	colon	cancer,
endometrial	cancer,	thyroid	cancer,	kidney	cancer,	dermatologic	manifestations,	and/or	macrocephaly,	or	hamartomatous
polyps	of	GI	tract

DCIS,	ductal	carcinoma	in	situ;	NCCN,	National	Comprehensive	Cancer	Network;	GI,	gastrointestinal.



Other	 genetic	mutations	 have	 been	 associated	with	 breast	 cancer	 risk,	 although	with	 a	 lower	 prevalence	 or
penetrance	than	BRCA1	and	BRCA2.	TP53	and	PTEN	each	account	for	<1%	of	cases,	whereas	mutations	in	CDH1
are	 associated	with	 an	 autosomal	dominant	 predisposition	 to	diffuse	gastric	 cancer	 and	 lobular	 breast	 cancer.13
Young	 women	 with	 TP53	 mutations	 (Li-Fraumeni	 syndrome)	 seem	 to	 have	 a	 greater	 propensity	 for	 HER2-
positive	breast	cancers.14	Mutations	 in	 low-penetrance	genes	are	 thought	 to	account	 for	a	significant	number	of
non-BRCA1	or	non-BRCA2	 breast	 cancers.	A	 specific	mutation	of	 the	 checkpoint	 kinase	2	 (CHEK2)	gene	was
found	in	11.4%	of	families	with	 three	or	more	cases	of	breast	cancer	diagnosed	before	age	60	years,15	but	 in	a
large	study	of	10,860	unselected	breast	cancer	patients	from	five	countries,	the	CHEK2	mutation	was	identified	in
only	1.9%	of	cases16	 and	0.7%	of	 controls	 (odds	 ratio,	2.34).	Risk	of	breast	 cancer	has	 also	been	 shown	 to	be
elevated	 in	 carriers	 of	 germline	 loss-of-function	 mutations	 in	 PALB2,	 a	 nuclear	 partner	 of	 BRCA2,	 with	 an
estimated	cumulative	risk	of	breast	cancer	of	35%	by	age	70	years.17	Increasingly,	patients	are	undergoing	genetic
testing	with	multigene	 panels,	 including	 genes	 associated	with	 breast	 cancer	 such	 as	BRCA1,	BRCA2,	PALB2,
BARD1,	CHEK2,	CDH1,	ATM,	P53,	and	PTEN	helping	to	clarify	some	cases	of	familial	cancer	but	increasing	the
detection	of	variants	of	uncertain	significance.18

Hormonal	Factors
The	 development	 of	 breast	 cancer	 in	 many	 women	 appears	 to	 be	 related	 to	 female	 reproductive	 hormones,
particularly	endogenous	estrogens.	Early	age	at	menarche,	nulliparity	or	late	age	at	first	full-term	pregnancy,	and
late	 age	 at	 menopause	 increase	 the	 risk	 of	 developing	 breast	 cancer.	 In	 postmenopausal	 women,	 obesity	 and
postmenopausal	 hormone	 replacement	 therapy	 (HRT),	 both	 of	 which	 are	 positively	 correlated	 with	 plasma
estrogen	levels	and	plasma	estradiol	levels,	are	associated	with	increased	breast	cancer	risk.	Most	hormonal	risk
factors	have	a	relative	risk	(RR)	of	≤2	for	breast	cancer	development.

The	 age-specific	 incidence	 of	 breast	 cancer	 increases	 steeply	 with	 age	 until	 menopause	 and	 then	 plateaus.
There	 is	 substantial	 evidence	 that	 estrogen	 deprivation	 via	 iatrogenic	 premature	menopause	 can	 reduce	 breast
cancer	risk.	Premenopausal	women	who	undergo	oophorectomy	without	hormone	replacement	have	a	markedly
reduced	 risk	 of	 breast	 cancer	 later	 in	 life,	 with	 an	 increasing	 magnitude	 of	 risk	 reduction	 as	 the	 age	 at
oophorectomy	 decreases.19	 Data	 from	 women	 with	 BRCA1	 and	 BRCA2	 mutations	 suggest	 that	 early
oophorectomy	has	a	substantial	protective	effect	on	breast	cancer	risk	in	this	population	also.20

Early	age	at	menarche	and	 the	establishment	of	 regular	ovulatory	cycles	are	strongly	 linked	 to	breast	cancer
risk;	the	total	duration	of	exposure	to	endogenous	estrogens	seems	important.	There	appears	to	be	a	20%	decrease
in	breast	 cancer	 risk	 for	 each	year	 that	menarche	 is	delayed.	Of	note,	hormone	 levels	 through	 the	 reproductive
years	in	women	who	experience	early	menarche	may	be	higher	than	in	women	who	undergo	a	later	menarche.21

The	relationship	between	pregnancy	and	breast	cancer	risk	appears	more	complicated.	Nulliparous	women	are
at	greater	risk	for	the	development	of	breast	cancer	than	parous	women,	with	an	RR	of	approximately	1.4.	Women
whose	first	full-term	pregnancy	occurs	after	age	30	years	have	a	two-	to	fivefold	increase	in	breast	cancer	risk	in
comparison	with	women	who	have	a	first	full-term	pregnancy	before	approximately	age	18	years.22	Breast	cancer
risk	increases	transiently	for	the	10	years	after	a	pregnancy	but	then	declines.22	Abortion,	whether	spontaneous	or
induced,	does	not	increase	breast	cancer	risk.23	Breastfeeding,	particularly	for	longer	duration,	lowers	the	risk	of
breast	 cancer	 diagnosis.	 The	 combined	 effects	 of	 reproductive	 history	 and	 breastfeeding	 may	 account	 for
substantial	fractions	of	the	difference	in	breast	cancer	risk	between	developed	and	developing	nations.

The	use	of	combined	estrogen	and	progestin	HRT	also	 increases	breast	 cancer	 risk.	 In	 the	Women’s	Health
Initiative	study,	use	of	combined	estrogen	and	progestin	HRT	was	associated	with	a	hazard	ratio	(HR)	of	1.24	(P
<	.001)	for	breast	cancer	development	as	compared	to	placebo.24	The	effects	of	HRT	were	noted	after	a	relatively
short	duration	of	use.	An	excess	of	abnormal	mammograms	was	observed	after	1	year	of	HRT	use	and	persisted
throughout	the	study,	and	an	increase	in	breast	cancer	incidence	was	noted	after	2	years.	The	cancers	occurring	in
HRT	users	were	 larger	and	more	 likely	 to	have	nodal	or	distant	metastases	 than	 those	occurring	 in	 the	placebo
group	(25.4%	versus	16%,	P	=	.04),	although	they	were	of	similar	histology	and	grade.24	The	observational	UK
Million	Women	Study	found	that	current	use	of	HRT	was	associated	with	an	RR	of	breast	cancer	development	of
1.66	(P	<	.001)	and	an	RR	of	breast	cancer	death	of	1.22	(P	=	.05).25

Dietary	and	Lifestyle	Factors
Observational	studies	suggested	that	high-fat	diets	were	associated	with	higher	rates	of	breast	cancer	than	low-fat
diets.	 However,	 a	 meta-analysis	 of	 eight	 prospective	 epidemiologic	 studies	 failed	 to	 identify	 an	 association
between	fat	intake	and	breast	cancer	risk	in	adult	women	in	developed	countries.26	Consistent	with	these	findings,
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a	 randomized	dietary	modification	 in	48,835	women	 in	 the	Women’s	Health	 Initiative	study	did	not	 result	 in	a
statistically	 significant	 reduction	 in	 breast	 cancer	 incidence	 after	 8	 years	 of	 follow-up.27	 Breast	 cancer	 risk
increases	linearly	with	the	amount	of	alcohol	consumed.28	Decreased	intake	of	nutrients	such	as	vitamin	C,	folate,
and	β-carotene	may	enhance	the	risk	related	to	alcohol	consumption.

Obesity	is	associated	with	both	an	increased	risk	of	breast	cancer	development	in	postmenopausal	women	and
increased	 breast	 cancer	 mortality.	 Women	 with	 a	 body	 mass	 index	 of	 ≥31.1	 have	 a	 2.5-fold	 greater	 risk	 of
developing	breast	cancer	than	those	with	a	body	mass	index	of	≤22.6.24	Weight	and	weight	gain	appear	to	play	an
important	 but	 complex	 role	 in	 breast	 cancer	 risk.	 During	 childhood,	 rapid	 growth	 rates	 decrease	 the	 age	 of
menarche,	an	established	risk	factor,	and	result	in	greater	attained	stature,	which	has	been	consistently	associated
with	increased	risk.	During	early	adult	 life,	obesity	is	associated	with	a	lower	incidence	of	breast	cancer	before
menopause	but	no	reduction	in	breast	mortality.	Weight	gain	after	age	18	years	is	associated	with	a	graded	and
substantial	increase	in	postmenopausal	breast	cancer,	particularly	in	the	absence	of	HRT.29

Benign	Breast	Disease
Benign	breast	lesions	are	classified	as	proliferative	or	nonproliferative.	Nonproliferative	disease	is	not	associated
with	an	increased	risk	of	breast	cancer.	Proliferative	disease	without	atypia	results	in	a	small	increase	in	risk	(RR,
1.5	to	2.0),	whereas	proliferative	disease	with	atypical	hyperplasia	is	associated	with	a	greater	risk	(RR,	4.0	to	5.0)
of	breast	cancer.30	 Proliferative	breast	 disease	 appears	 to	 be	more	 common	 in	women	with	 a	 family	history	of
breast	cancer	than	in	controls,	supporting	its	significance	as	a	risk	factor;	however,	the	majority	of	breast	biopsies
done	 for	 clinical	 indications	 demonstrate	 nonproliferative	 disease.	 In	 the	 study	 of	 10,000	 breast	 biopsies	 by
Dupont	 and	 Page,31	 69%	 had	 nonproliferative	 changes	 and	 only	 3.6%	 demonstrated	 atypical	 hyperplasia.
Although	 this	 study	 also	 suggested	 an	 interaction	 between	 atypical	 hyperplasia	 and	 family	 history	 of	 breast
cancer,31	such	that	women	with	both	risk	factors	were	at	higher	risk,	this	relationship	has	not	been	confirmed	in
more	 contemporary	 series	 of	 women	 with	 both	 atypical	 ductal	 and	 lobular	 hyperplasia	 followed	 in	 the	Mayo
benign	breast	cohort.32	Lobular	carcinoma	in	situ	(LCIS)	is	a	benign	breast	lesion	that	confers	an	elevated	risk	of
subsequent	cancer	(RR,	8	to	10).33,34	This	risk	was	historically	thought	to	be	conferred	equally	to	both	breasts;	yet,
contemporary	 series	 demonstrate	 that	 approximately	 two-third	 of	 subsequent	 malignancies	 occur	 in	 the	 breast
ipsilateral	 to	 the	LCIS	diagnosis.	There	does	not	 seem	 to	be	a	significant	 interaction	between	family	history	of
breast	cancer	and	the	risk	imparted	by	a	diagnosis	of	LCIS.35

Breast	Density
Mammographic	breast	density	has	emerged	as	an	important	predictor	of	breast	cancer	risk	and	makes	screening
detection	of	cancer	more	difficult.	A	significant	component	of	breast	density	is	genetically	determined,	although
density	has	also	been	shown	to	vary	with	the	initiation	and	discontinuation	of	postmenopausal	HRT.	Women	with
>75%	breast	density	have	a	4.7-fold	increase	in	the	odds	of	breast	cancer	development	compared	with	those	with
>10%	breast	density.36

Environmental	Factors
Exposure	to	ionizing	radiation	increases	breast	cancer	risk,	and	the	increase	is	particularly	marked	for	exposure	at
a	 young	 age.	 This	 pattern	 has	 been	 observed	 in	 survivors	 of	 the	 atomic	 bombings,	 those	 undergoing	multiple
diagnostic	x-ray	examinations,	 and	women	 receiving	 therapeutic	 irradiation	 to	 the	chest.	A	markedly	 increased
risk	of	breast	cancer	development	has	been	reported	in	women	who	received	mantle	irradiation	for	the	treatment
of	 Hodgkin	 lymphoma	 before	 age	 15	 years,	 and	 risk	 of	 a	 second,	 contralateral	 cancer	 in	 such	 patients
approximates	 the	 level	 of	 risk	 seen	 in	 BRCA	 mutation	 carriers.37	Well-conducted	 studies	 do	 not	 suggest	 that
exposure	 to	 electromagnetic	 fields	or	organochlorine	pesticides	 increases	breast	 cancer	 risk.	A	 summary	of	 the
magnitude	of	risk	associated	with	known	breast	cancer	risk	factors	is	provided	in	Table	79.2.

TABLE	79.2
Magnitude	of	Risk	of	Known	Breast	Cancer	Risk	Factors

Relative	Risk	<2 Relative	Risk	2–4 Relative	Risk	>4
Early	menarche
Late	menopause

One	first-degree	relative	with	breast
cancer

Mutation	BRCA1	or	BRCA2



LCIS

Nulliparity CHEK2	mutation Atypical	hyperplasia

Estrogen	plus	progesterone Age	older	than	35	y	for	first	birth Radiation	exposure	before	age	30	y

HRT Proliferative	breast	disease 	

Alcohol	use Mammographic	breast	density 	

Postmenopausal	obesity 	 	
LCIS,	lobular	carcinoma	in	situ;	HRT,	hormone	replacement	therapy.

MANAGEMENT	OF	THE	HIGH-RISK	PATIENT
There	 is	 no	 formal	 definition	 of	 what	 constitutes	 high	 risk.	Women	who	 carry	mutations	 in	 either	BRCA1	 or
BRCA2,	who	have	mutations	 in	other	high-penetrance	genes	 such	as	PALB2	or	CHEK2,	 or	who	have	a	 family
history	 consistent	 with	 genetically	 transmitted	 breast	 cancer,	 as	 well	 as	 those	 who	 have	 received	 mantle
irradiation,	 usually	 for	 treatment	 of	 lymphoma,	 and	 those	 with	 LCIS	 or	 atypical	 hyperplasia,	 are	 generally
classified	as	high	risk.	Hormonal	factors	that	affect	breast	cancer	risk	on	a	population	basis	have	a	relatively	small
effect	on	risk	for	any	individual	woman	and	usually	do	not	warrant	more	intensive	screening	or	prophylaxis.

Because	many	women	overestimate	their	risk	of	developing	breast	cancer,	providing	an	accurate	assessment	of
breast	cancer	risk	will	often	allay	anxiety	and	facilitate	management	decisions.	It	can	be	helpful	to	provide	women
who	 are	 concerned	 about	 their	 breast	 cancer	 risk	with	 a	 numeric	 risk	 estimate.	The	Gail	 et	 al.38	model,	which
calculates	a	woman’s	risk	of	developing	breast	cancer	based	on	age	at	menarche,	age	at	first	live	birth,	number	of
previous	breast	biopsies,	 the	presence	or	absence	of	atypical	hyperplasia,	and	the	number	of	first-degree	female
relatives	with	breast	cancer,	has	been	used	in	the	National	Surgical	Adjuvant	Breast	and	Bowel	Project	(NSABP)
breast	cancer	prevention	trials.	The	Gail	et	al.38	model	underestimates	risk	in	women	with	strong	family	histories,
at	least	in	part	because	it	only	incorporates	a	family	history	in	first-degree	relatives	and	does	not	include	ovarian
carcinoma.	The	Claus	et	al.39	model	takes	into	account	both	first-	and	second-degree	relatives,	although	it	does	not
include	other	risk	factors,	and	may	be	more	useful	for	women	at	risk	based	on	family	history.	Other	models	that
are	often	used	to	estimate	risk	for	women	with	a	strong	family	history	include	BRCAPRO40	and	the	Breast	and
Ovarian	 Analysis	 of	 Disease	 Incidence	 and	 Carrier	 Estimation	 Algorithm	 (BOADICEA),41	 whereas	 the
International	Breast	Cancer	 Intervention	Study	 (IBIS)/Tyrer-Cuzik	model42	 and	 the	Breast	Cancer	Surveillance
Consortium	Benign	Breast	Disease	 (BSCS-BBD)	model43	 capture	 benign	 breast	 histology	 and	mammographic
breast	density	in	addition	to	personal	demographics	and	family	history.	Although	each	model	has	been	externally
validated,	the	decision	as	to	which	model	should	be	used	for	an	individual	patient	is	often	multifactorial	and	best
done	in	the	setting	of	a	clinical	risk	assessment	program.	It	 is	 important	to	remember	that	none	of	the	available
models	clearly	discriminate	between	women	who	will	or	will	not	develop	breast	cancer.

TABLE	79.3
American	Cancer	Society	Guidelines	for	Magnetic	Resonance	Imaging	Screening46

Annual	MRI	recommended	based	on	evidence
BRCA	mutation
Untested	first-degree	relative	of	BRCA	carrier
Lifetime	risk	of	breast	cancer	20%–25%	or	greater,	as	defined	by	models	that	are	largely	based	on	family	history

Annual	MRI	recommended	based	on	expert	opinion
Radiation	to	chest	between	ages	10	and	30	y
Li-Fraumeni	syndrome	and	first-degree	relatives
Cowden	and	Bannayan-Riley-Ruvalcaba	syndromes	and	first-degree	relatives

Insufficient	evidence	to	recommend	for	or	against	MRI
Lifetime	breast	cancer	risk	of	15%–20%	as	defined	by	models
Lobular	carcinoma	in	situ
Atypical	hyperplasia	(lobular	or	ductal)
Extremely	or	heterogeneously	dense	breasts	on	mammogram
Personal	history	of	breast	cancer,	including	ductal	carcinoma	in	situ

Recommend	against	MRI	screening	(based	on	expert	consensus	opinion)
Women	at	<15%	lifetime	risk
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MRI,	magnetic	resonance	imaging.

Management	 strategies	 available	 for	 high-risk	women	 include	 intensive	 surveillance,	 chemoprevention,	 and
prophylactic	 surgery.	 Surveillance,	 consisting	 of	 monthly	 breast	 self-examination,	 annual	 screening
mammography,	and	clinical	breast	examinations	once	or	twice	yearly,	did	not	clearly	result	in	early	detection	in
high-risk	women	in	the	placebo	arm	of	the	NSABP	P1	prevention	trial,	where	29%	of	the	women	who	developed
breast	 cancer	had	axillary	node	metastases	at	diagnosis.44	The	utility	of	 screening	mammography	 is	 reduced	 in
women	at	high	risk	for	cancer	due	to	higher	rates	of	 interval	cancer	diagnoses	 in	high-risk	women.45	However,
screening	with	magnetic	 resonance	 imaging	(MRI)	of	women	at	 increased	risk	has	demonstrated	a	 reduction	 in
node-positive	disease	at	time	of	diagnosis.	Because	the	cancers	detected	by	MRI	are	smaller	and	less	likely	to	be
associated	with	positive	nodes,	it	is	likely	that	a	survival	benefit	is	present	and	that	those	women	can	benefit	from
less	morbid	treatment	options.	For	women	at	very	high	risk	of	breast	cancer	development,	due	to	genetic	factors,	a
history	of	prior	thoracic	irradiation,	or	a	lifetime	risk	of	20%	or	greater	based	on	risk	calculations	including	family
history,	 screening	 with	 MRI	 is	 recommended	 in	 addition	 to	 mammography	 (Table	 79.3).	 For	 women	 with
“average”	risk,	less	than	a	<15%	lifetime	risk	of	breast	cancer	development,	the	American	Cancer	Society	(ACS)
recommended	against	the	use	of	MRI	screening.46	For	women	with	intermediate	risk,	such	as	women	with	prior
history	of	breast	cancer	or	for	those	with	high-risk	lesions	(such	as	LCIS	or	atypical	hyperplasia),	ACS	considered
the	evidence	 insufficient	 to	 recommend	for	or	against	MRI	screening.	A	more	recent	single-institution	study	of
776	women	with	LCIS	participating	in	high-risk	surveillance	failed	to	demonstrate	an	increased	cancer	detection
rate	or	earlier	stage	at	diagnosis	among	455	women	screened	with	mammography	plus	MRI	as	compared	to	321
women	screened	with	conventional	mammography	imaging.47

The	American	Society	of	Clinical	Oncology	(ASCO)	guideline	on	pharmacologic	agents	for	breast	cancer	risk
reduction48	 recommends	 discussion	 of	 tamoxifen	 for	 breast	 cancer	 risk	 reduction	 with	 premenopausal	 women
aged	35	years	and	older	at	increased	risk	for	breast	cancer	development	and	discussion	of	tamoxifen,	raloxifene,
and	 exemestane	 with	 high-risk	 postmenopausal	 women.	 Histories	 of	 deep	 vein	 thrombosis,	 stroke,	 pulmonary
embolism,	 or	 transient	 ischemic	 attacks	 are	 considered	 contraindications	 to	 the	 use	 of	 tamoxifen	or	 raloxifene.
Despite	the	proven	efficacy,	use	of	antiestrogens	as	chemoprevention	remains	limited	because	of	concerns	about
side	effects	and	the	small	absolute	differences	in	outcomes.

Prophylactic	surgery,	in	the	form	of	bilateral	mastectomy	or	bilateral	salpingo-oophorectomy,	is	another	option
for	 breast	 cancer	 risk	 reduction	 and	 is	 generally	 considered	 only	 for	 those	with	 the	 highest	 level	 of	 risk.	 The
efficacy	of	prophylactic	mastectomy	has	never	been	studied	in	a	prospective,	randomized	trial.	In	a	retrospective
study	of	639	women	who	had	bilateral	prophylactic	mastectomy	due	to	a	family	history	of	breast	cancer,49	a	90%
to	94%	reduction	 in	breast	cancer	 incidence	(95%	confidence	 interval	[CI],	71%	to	99%)	and	an	81%	to	100%
reduction	in	breast	cancer	mortality	with	prophylactic	mastectomy	compared	to	unaffected	sisters	or	Gail	model
predictions	was	observed.	Prospective	studies	in	BRCA	mutation	carriers	(Table	79.4)	demonstrate	similar	levels
of	risk	reduction.49–51

Prophylactic	bilateral	salpingo-oophorectomy	is	an	alternative	risk-reduction	strategy	in	women	at	risk	due	to
BRCA	mutations,	which	has	the	added	benefit	of	reducing	the	risk	of	ovarian	carcinoma.	In	a	prospective	study	of
the	benefits	of	prophylactic	salpingo-oophorectomy	in	170	BRCA	mutation	carriers,	Kauff	et	al.20	observed	 that
the	HR	for	breast	cancer	was	reduced	to	0.32	(95%	CI,	0.08	to	1.20)	and	to	0.25	for	gynecologic	cancer	(95%	CI,
0.08	to	0.74)	at	a	mean	follow-up	of	24	months.	In	a	meta-analysis52	of	risk-reduction	estimates	associated	with
risk-reducing	salpingo-oophorectomy	in	BRCA1	or	BRCA2	mutation	carriers,	statistically	significant	reductions	in
breast	 cancer	 (HR,	 0.49;	 95%	 CI,	 0.37	 to	 0.65,	 with	 similar	 risk	 reductions	 in	BRCA1	 and	BRCA2	mutation
carriers)	and	in	the	risk	of	BRCA1/2-associated	ovarian	or	fallopian	tube	cancer	(HR,	0.21;	95%	CI,	0.12	to	0.39)
were	observed.	More	recently,	recognition	that	BRCA-associated	cancers	arise	in	the	fallopian	tube	rather	than	the
ovary	has	led	some	to	propose	bilateral	salpingectomy,	with	ovarian	preservation,	as	a	risk-reducing	strategy,	but
the	efficacy	of	this	approach	is	uncertain.

ANATOMY	AND	PATHOLOGY
Anatomy	of	the	Breast
The	adult	female	breast	lies	between	the	second	and	sixth	ribs	and	between	the	sternal	edge	and	the	midaxillary
line.	The	breast	is	composed	of	skin,	subcutaneous	tissue,	and	breast	tissue,	with	the	breast	tissue	including	both
epithelial	and	stromal	elements.	Epithelial	elements	make	up	10%	to	15%	of	the	breast	mass,	with	the	remainder



being	stroma.	Each	breast	consists	of	15	 to	20	 lobes	of	glandular	 tissue	supported	by	fibrous	connective	 tissue.
The	 space	 between	 lobes	 is	 filled	 with	 adipose	 tissue,	 and	 differences	 in	 the	 amount	 of	 adipose	 tissue	 are
responsible	for	variations	in	breast	size.	The	blood	supply	of	the	breast	is	derived	from	the	internal	mammary	and
lateral	 thoracic	arteries.	The	breast	 lymphatic	drainage	occurs	 through	a	superficial	and	deep	 lymphatic	plexus,
and	>95%	of	the	lymphatic	drainage	of	the	breast	is	through	the	axillary	lymph	nodes,	with	the	remainder	via	the
internal	mammary	nodes.	The	axillary	nodes	are	variable	in	number	and	have	traditionally	been	divided	into	three
levels	based	on	their	relationship	to	the	pectoralis	minor	muscle,	as	illustrated	in	Figure	79.1.	The	sentinel	axillary
node(s)	are	almost	always	found	in	the	level	1	axillary	nodes.	The	internal	mammary	nodes	are	located	in	the	first
six	intercostal	spaces	within	3	cm	of	the	sternal	edge,	with	the	highest	concentration	of	internal	mammary	nodes
in	the	first	three	intercostal	spaces.

TABLE	79.4
Outcome	of	Bilateral	Prophylactic	Mastectomy	in	High-Risk	Women

Study Population No.	of	Women Follow-up	(y) Risk	Reduction	(%)

Hartmann	et	al.49 Women	with	a	family	history	of
breast	cancer

639 14	(median) 90–94

Meijers-Heijboer	et	al.50 BRCA1/2	mutation	carriers 139 3	(mean) 100

Rebbeck	et	al.51 BRCA1/2	mutation	carriers 105 6.4	(mean) 90–95

Figure	79.1	Lymphatic	drainage	of	the	breast	showing	lymph	node	groups	and	levels.	1,
substernal	cross-drainage	to	contralateral	internal	mammary	lymphatic	chain;	2,	subclavius	muscle
and	Halsted	ligament;	3,	pectoralis	minor	muscle;	4,	median	nerve;	(A),	apical	lymph	nodes	(B),
interpectoral	(Rotter)	lymph	nodes	(C),	axillary	vein	lymph	nodes	(D),	central	lymph	nodes	(E),
scapular	lymph	nodes	(F),	external	mammary	lymph	nodes	(G).	Level	I	lymph	nodes:	lateral	to
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lateral	border	of	pectoralis	minor	muscle;	level	II	lymph	nodes:	behind	pectoralis	minor	muscle;
level	III	lymph	nodes:	medial	to	medial	border	of	pectoralis	minor	muscle.

Lobular	Carcinoma	In	Situ
In	1941,	Foote	and	Stewart53	published	 their	 landmark	study	of	LCIS,	describing	a	relatively	uncommon	entity
characterized	 by	 an	 “alteration	 of	 lobular	 cytology.”	 They	 hypothesized	 that	 LCIS	 was	 a	 precursor	 lesion	 of
invasive	 cancer,	 and	 based	 on	 this,	 treatment	 with	 mastectomy	 was	 recommended.	 More	 recently,	 the	 term
atypical	 lobular	 hyperplasia	 (ALH)	 has	 been	 introduced	 to	 describe	 morphologically	 similar,	 but	 less	 well-
developed,	 lesions.	 Some	 centers	 use	 the	 term	 lobular	 neoplasia	 (LN)	 to	 cover	 both	 ALH	 and	 LCIS.
Morphologically,	LN	is	defined	as	“a	proliferation	of	generally	small	and	often	loosely	cohesive	cells	originating
in	the	terminal	duct-lobular	unit,	with	or	without	pagetoid	involvement	of	terminal	ducts.”54

In	the	past,	LCIS	was	most	frequently	diagnosed	in	women	aged	40	to	50	years,	a	decade	earlier	than	ductal
carcinoma	 in	 situ	 (DCIS),	 but	 recent	 literature	 indicates	 that	 the	 incidence	 in	 postmenopausal	 women	 is
increasing,55	although	determining	the	true	incidence	of	LCIS	is	difficult	because	the	diagnosis	of	LCIS	is	usually
made	as	an	incidental,	microscopic	finding	in	a	breast	biopsy	performed	for	other	indications.	The	prevalence	of
LN	in	otherwise	benign	breast	biopsies	has	been	reported	to	range	from	0.5%	and	4.3%.56	LCIS	is	both	multifocal
and	bilateral	in	a	large	percentage	of	cases.

In	 an	 analysis	 of	 nine	 studies	 including	 172	 patients	 with	 LCIS	 who	 were	 treated	 by	 biopsy	 alone,	 15%
developed	invasive	carcinoma	in	 the	ipsilateral	breast	and	9.3%	developed	carcinoma	in	the	contralateral	breast
after	10	years	of	follow-up.57	This	corresponds	to	a	risk	of	development	of	invasive	carcinoma	of	approximately
1%	to	2%	per	year,	with	a	lifetime	risk	of	30%	to	40%.	In	this	study	(conducted	before	effective	breast	imaging),
5.7%	of	the	patients	developed	metastatic	breast	cancer.	In	a	more	recent	study	of	776	women	with	LCIS	followed
in	a	high-risk	screening	program	at	Memorial	Sloan	Kettering	Cancer	Center,	King	et	al.47	reported	that	13%	had
developed	 cancer	 at	 a	median	 follow-up	 of	 58	months,	 a	 rate	 similar	 to	 that	 seen	 in	 older	 studies.	 Subsequent
cancers	 are	more	 often	 invasive	 ductal	 carcinoma	 than	 invasive	 lobular	 carcinoma	 (ILC),	 but	 the	 incidence	 of
subsequent	 ILC	 is	 substantially	 increased	 compared	 with	 women	 without	 LCIS.	 Although	 the	 risk	 for
development	of	breast	cancer	is	bilateral,	subsequent	ipsilateral	carcinoma	is	more	likely	than	contralateral	breast
cancer	(CBC),	supporting	the	view	that	ALH	and	LCIS	are	both	precursor	lesions	and	risk	indicators.	Because	the
risk	of	subsequent	breast	cancer	is	lower	in	women	diagnosed	with	ALH	than	with	LCIS,	it	remains	preferable	to
continue	to	classify	ALH	and	LCIS	separately.

LCIS	typically	expresses	ER	and	PR	but	does	not	stain	for	HER2/neu.	Lack	of	expression	of	E-cadherin,	an
epithelial	cell	membrane	molecule	encoded	by	the	CDH1	gene	and	involved	in	cell-cell	adhesion,	accounts	for	the
characteristic	histologic	appearance	of	LN/LCIS	and	ILC,	and	distinguishes	ductal	from	lobular	disease,	both	in
situ	and	invasive.	Pleomorphic	LCIS	is	a	relatively	uncommon	variant	of	LCIS	characterized	by	medium-to-large
pleomorphic	 cells	 containing	 eccentric	 nuclei,	 prominent	 nucleoli,	 and	 eosinophilic	 cytoplasm.	As	with	 classic
LCIS,	it	is	usually	ER	positive	and	negative	for	E-cadherin;	it	also	tests	positive	by	immunohistochemistry	(IHC)
for	 gross	 cystic	 disease	 fluid	 protein-15.	 Pleomorphic	 LCIS	may	 be	 associated	 with	 central	 necrosis,	 may	 be
associated	 with	 mammographic	 microcalcifications,	 and	 may	 be	 difficult	 to	 distinguish	 from	 DCIS.	 Although
pleomorphic	LCIS	has	a	more	aggressive	histologic	appearance	than	classic	LCIS,	the	relative	rarity	of	this	lesion
and	the	lack	of	uniform	diagnostic	criteria	make	it	difficult	to	know	if	pleomorphic	LCIS	has	a	different	natural
history	than	classic	LCIS.

Genetic	changes	in	LN	have	been	evaluated	in	a	number	of	studies	using	comparative	genomic	hybridization
and	 more	 recently	 DNA	 sequencing.	 LN	 is	 characterized	 by	 recurrent	 loss	 of	 16q	 and	 gain	 of	 1q,58–60
chromosomal	 alterations	 that	 are	 also	 found	 in	 low-grade	 invasive	 cancers	 of	 both	 the	 ductal	 and	 lobular
phenotype.61,62	 Targeted	 sequencing	 and	 whole-exome	 studies	 have	 also	 identified	 shared	 somatic	 mutations
between	LCIS	and	synchronous	ILC,	most	commonly	in	CDH1,	PIK3CA,	and	CBFB.63,64	Furthermore,	clonality
analyses	 suggest	 that	 a	 significant	 number	 of	 these	 paired	 lesions	 (LCIS	 and	 ILC)	 are	 clonally	 related,64,65
supporting	the	concept	that	LCIS	is	both	a	risk	indicator	and	nonobligate	precursor	of	ILC.

LN	is	a	marker	for	breast	tissue	proliferation,	and	management	must	address	the	bilateral	breast	risk,	so	options
include	 surveillance,	 chemoprevention,	 and	 prophylactic	 bilateral	 mastectomy.	 Surveillance	 is	 the	 strategy
selected	by	most	patients.	Mammographic	screening	is	the	standard	for	patients	selecting	surveillance.	Breast	MRI
has	been	used,	but,	as	noted	previously,	existing	evidence	does	not	support	its	routine	use	for	patients	with	LCIS.
Prophylactic	 mastectomy	 reduces	 breast	 cancer	 risk	 among	 high-risk	 women	 by	 approximately	 90%.
Chemoprevention	with	antiestrogens	in	patients	with	LCIS	has	been	evaluated	as	part	of	the	NSABP	P1	and	Study



of	Tamoxifen	and	Raloxifene	 (STAR)	 trials44,66	 and	 the	Mammary	Prevention	3	 (MAP.3)	 study.67	Overall,	 the
risk-reducing	 benefits	 of	 tamoxifen,	 raloxifene,	 and	 exemestane	 were	 similar	 in	 women	 with	 LCIS	 as	 in	 the
general	 study	 populations.	 The	 use	 of	 chemoprevention	 was	 associated	 with	 a	 significantly	 reduced	 risk	 of
subsequent	 breast	 cancer	 by	 nearly	 75%	 in	 a	 large	 single-institution	 series	 of	 1,032	 women	 with	 LCIS
participating	in	high-risk	surveillance	at	Memorial	Sloan	Kettering	Cancer	Center.35

In	the	past,	the	finding	of	LN	on	a	core	needle	biopsy	prompted	recommendation	for	surgical	biopsy	to	rule	out
coexisting	 DCIS	 or	 invasive	 cancer.	 Recent	 studies	 have	 demonstrated	 that	 when	 the	 diagnosis	 of	 LN	 is
concordant	with	 the	 imaging	findings,	upgrade	rates	with	surgical	excision	are	very	 low	(≤3%),	suggesting	 that
routine	surgical	biopsy	is	not	indicated.68,69	Discordance	between	the	pathology	and	imaging	and	the	presence	of
pleomorphic	LCIS	in	a	core	biopsy	remain	indications	for	surgical	excision	because	invasive	cancer	is	found	25%
to	60%	of	these	cases.70,71	The	recent	recognition	that,	in	some	cases,	LCIS	may	be	a	precursor	lesion	has	led	to
confusion	as	to	whether	it	should	be	treated	like	DCIS	(i.e.,	excised	to	negative	margins	and	irradiated),	but	there
are	no	data	indicating	that	the	incidence	of	subsequent	cancer	is	reduced	with	this	approach.	When	classical	LCIS
is	seen	on	an	excised	tissue,	it	is	not	necessary	to	obtain	negative	margins	of	resection,	and	there	is	no	established
role	for	radiation	therapy	(RT)	in	patients	with	LN.	Negative	margins	should	be	pursued	for	pleomorphic	LCIS,
although	the	use	of	RT	remains	controversial.

Ductal	Carcinoma	In	Situ
DCIS	is	defined	as	the	proliferation	of	malignant-appearing	mammary	ductal	epithelial	cells	without	evidence	of
invasion	 beyond	 the	 basement	 membrane.	 Before	 the	 widespread	 use	 of	 screening	 mammography,	 <5%	 of
mammary	 cancers	 were	 DCIS.	 At	 present,	 15%	 to	 30%	 of	 the	 tumors	 detected	 in	 mammography	 screening
programs	are	DCIS,	and	 the	greatest	 increase	 in	 the	 incidence	of	DCIS	has	been	seen	 in	women	aged	49	 to	69
years.	DCIS	can	present	as	a	palpable	or	nonpalpable	mass,	Paget	disease	of	the	nipple,	an	incidental	finding	at
biopsy,	or,	most	commonly,	as	mammographically	detected	calcifications.

A	 central	 problem	 in	 the	 management	 of	 DCIS	 is	 the	 lack	 of	 understanding	 of	 its	 natural	 history	 and	 the
inability	 to	 determine	 which	 DCIS	 will	 progress	 to	 invasive	 carcinoma	 during	 a	 woman’s	 lifetime.	 The
concordance	between	risk	factors	for	DCIS	and	invasive	carcinoma	suggests	that	they	are	part	of	the	same	disease
process.72	Attempts	to	better	characterize	the	natural	history	of	DCIS	based	on	pathologic	features	have	not	been
particularly	 successful.	The	 traditional	morphologic	 classification	 into	 comedo,	 papillary,	micropapillary,	 solid,
and	cribriform	types	is	confounded	by	the	observation	that	as	many	as	30%	to	60%	of	DCIS	lesions	display	more
than	one	histologic	pattern.	None	of	 the	morphologic	classification	systems	predicts	 the	 risk	of	development	of
invasive	carcinoma.

Molecular	 profiling	 studies	 in	DCIS	 have	 been	 limited	 by	 the	 need	 for	 histologic	 examination	 of	 the	 entire
lesion	to	reliably	exclude	the	presence	of	invasive	carcinoma.	There	are	now	two	commercially	available	assays
for	 predicting	 the	 risk	 of	 recurrence	 after	 conservative	 treatment	 for	 DCIS:	 the	 Oncotype	 DX	 DCIS	 Score
(Genomic	 Health,	 Redwood	 City,	 CA),	 which	 employs	 gene	 expression	 profiling	 of	 formalin-fixed	 paraffin-
embedded	 (FFPE)	 tissue	 and	 provides	 a	 10-year	 risk	 of	 local	 recurrence	 (LR)	 in	 patients	 treated	 with	 breast-
conserving	surgery	(BCS)	alone,73,74	and	the	DCIS	Biologic	Risk	Profile	(DCISionRT,	PreludeDx,	Laguna	Hills,
CA),	which	also	uses	FFPE	tissue	and	relies	on	a	combination	of	clinical	and	histopathologic	features	to	provide
an	estimate	of	10-year	risk	of	LR	for	patients	treated	with	surgery	alone	and	for	patients	treated	with	surgery	plus
whole-breast	 RT.75,76	 The	 impact	 of	 these	 assays	 in	 clinical	 practice	 has	 yet	 to	 be	 demonstrated.	 Although
available	 data	 indicate	 that	DCIS	 lesions	 share	many	 of	 the	 genetic	 alterations	 of	 invasive	 carcinoma,	 reliable
predictors	of	progression	to	invasion	remain	to	be	identified,	and	current	clinical	trials	for	DCIS	are	focused	on
identifying	a	low-risk	cohort	that	can	be	offered	active	surveillance	after	a	core	biopsy	diagnosis	of	DCIS	as	an
alternative	 to	 standard	management,77,78	 as	 discussed	 further	 in	 the	 section	 on	 “Management	 by	 Stage:	Ductal
Carcinoma	In	Situ”	later	in	this	chapter.

Pathology	of	Invasive	Breast	Cancer
Historically,	classification	of	invasive	breast	cancers	has	been	based	on	the	morphologic	appearance	of	the	cancer
as	 seen	 by	 light	microscopy.79	 The	 most	 widely	 used	 classification	 is	 that	 of	 the	World	 Health	 Organization
(fourth	edition),54	based	on	 the	growth	pattern	and	cytologic	 features	of	 the	 invasive	 tumor	cells.	Although	 the
classification	system	recognizes	invasive	“ductal”	and	“lobular”	carcinomas,	 these	histologies	do	not	imply	that
the	former	originates	in	the	ducts	and	the	latter	in	the	lobules	of	the	breast.	Most	invasive	breast	cancers	arise	in
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the	terminal	duct	lobular	unit,	regardless	of	histologic	type.
The	most	common	histologic	type	of	breast	cancer	is	invasive	(infiltrating)	ductal	carcinoma,	composing	70%

to	80%	of	cases.	The	diagnosis	of	invasive	ductal	carcinoma	is	a	diagnosis	by	exclusion	(i.e.,	this	tumor	type	is
defined	as	a	type	of	cancer	not	classified	into	any	of	the	other	special	categories	of	invasive	mammary	carcinoma,
such	as	 invasive	 lobular,	 tubular,	mucinous,	medullary,	and	other	special	 types).	To	emphasize	 this	point,	most
classification	 systems	 use	 the	 term	 infiltrating	 ductal	 carcinoma,	 not	 otherwise	 specified	 (NOS)	 or	 infiltrating
carcinoma	of	no	special	type	(NST);	the	latter	of	these	(NST)	is	the	preferred	option	for	nomenclature	at	present.54
In	 practice,	 the	 terms	 invasive	 ductal	 carcinoma,	 infiltrating	 ductal	 carcinoma,	 and	 infiltrating	 or	 invasive
carcinoma	of	no	special	type	are	used	interchangeably.

Special	 types	of	cancers	compose	approximately	20%	to	30%	of	 invasive	breast	cancers.	Some	of	 these,	 for
example,	classic	tubular	carcinoma	or	classic	mucinous	carcinoma	if	<1	cm	in	size,	have	a	very	low	incidence	of
axillary	nodal	metastases	 that	may	 impact	management	decisions.	Special	 types	have	classic	histologic	 features
(e.g.,	 the	 lymphoplasmacytic	 infiltrate	 that	 characterizes	medullary	 carcinomas	 or	 the	 single-file	 appearance	 of
lobular	 carcinomas).	 Although	 seen	 more	 frequently	 in	 other	 locations,	 squamous	 cell,	 adenoid	 cystic,	 and
secretory	 carcinomas	 can	 also	 develop	 in	 the	 breast.	 Over	 90%	 of	 a	 tumor	 should	 demonstrate	 the	 defining
histologic	characteristics	of	a	special	type	of	cancer	to	be	designated	as	that	histologic	type.80	Tumor	subtypes	that
occur	 in	 the	 breast	 but	 that	 are	 not	 considered	 to	 be	 typical	 breast	 cancers	 include	 cystosarcoma	 phyllodes,
angiosarcoma,	and	primary	lymphoma.

Invasive	 breast	 cancers	 can	 be	 further	 subclassified	 based	 on	 microscopic	 features.	 The	 most	 common
subclassification	has	been	grading,	based	either	solely	on	nuclear	features	(nuclear	grading)	or	on	a	combination
of	architectural	and	nuclear	characteristics	(histologic	grading).	In	nuclear	grading,	 the	appearance	of	 the	tumor
cell	 nuclei	 is	 compared	with	 that	 of	 normal	 breast	 epithelial	 cells,	 and	 the	 tumor	 nuclei	 are	 classified	 as	well
differentiated,	intermediately	differentiated,	or	poorly	differentiated.	In	current	practice,	histologic	grading	is	the
most	commonly	used	method	of	grading.	 In	histologic	grading,	breast	carcinomas	are	categorized	based	on	 the
evaluation	of	(1)	 tubule	formation,	(2)	nuclear	pleomorphism,	and	(3)	mitotic	activity.	The	Nottingham	grading
system	by	Elston	and	Ellis,81	a	modification	of	the	grading	system	proposed	by	Bloom	and	Richardson	in	1957,	is
recommended	as	part	of	American	Joint	Committee	on	Cancer	(AJCC)	staging.	Tubule	formation	(>75%,	10%	to
75%,	and	<10%),	nuclear	pleomorphism	(small	and	uniform,	moderate	variation	 in	size	and	shape,	and	marked
nuclear	pleomorphism),	and	mitotic	activity	(per	field	area)	are	each	scored	on	a	scale	of	1	to	3.	The	sum	of	the
scores	for	 these	 three	parameters	 is	 the	overall	histologic	grade.	Tumors	with	a	sum	of	 the	scores	of	3	 to	5	are
designated	 grade	 1	 (well	 differentiated),	 those	 with	 sums	 of	 6	 and	 7	 are	 designated	 grade	 2	 (moderately
differentiated),	and	those	with	sums	of	8	and	9	are	designated	grade	3	(poorly	differentiated).	Histologic	grading,
particularly	 the	 distinction	 between	 grades	 1	 and	 3,	 has	 prognostic	 significance	 as	 discussed	 in	 the	 section
“Prognostic	 and	Predictive	Factors	 in	Breast	Cancer.”	 In	 addition,	 breast	 cancers	with	 pure	 tubular,	mucinous,
papillary,	or	cribriform	features	are	recognized	to	have	a	more	favorable	outcome	than	the	more	common	types	of
breast	cancer.79	Micropapillary	tumors	carry	a	higher	incidence	of	lymphatic	and	vascular	invasion	and	systemic
recurrence.82

Prognostic	and	Predictive	Factors	in	Breast	Cancer
Prognosis	 and	 treatment	 of	 breast	 cancer	 are	 governed	 by	 the	 stage	 at	 diagnosis,	 which	 largely	 reflects	 the
anatomic	 extent	 of	 disease,	 and	 by	 the	 underlying	 biologic	 subset	 of	 the	 tumor.	 Important	 clinical	 subtypes	 of
breast	 cancer	 are	 defined	 by	 the	 expression,	 or	 lack	 of	 expression,	 of	 key	 biomarkers	 including	 ER,	 PR,	 and
HER2,	which	correlate	with	a	variety	of	pathologic	variables	such	as	grade,	and	genomic	features	of	breast	cancer.
The	AJCC	staging	system83	is	based	on	established	clinical,	pathologic,	and	now	biologic	prognostic	factors.

Stage—particularly	 the	 extent	 of	 axillary	 lymph	 node	 involvement	 by	 breast	 cancer—remains	 a	 significant
prognostic	 factor	 for	 subsequent	metastatic	 disease	 and	 survival.	 Tumor	 size	 and	 histologic	 grading	 also	 have
established	prognostic	significance.	Tumor	size	is	typically	given	as	the	microscopic	size	of	the	invasive	cancer.
Histologic	grade	is	best	determined	by	an	established	methodology,	such	as	the	Nottingham	combined	histologic
grading	 system	 described	 earlier.	 However,	 persistent	 challenges	 in	 interpretation	 of	 grade	 either	 under	 the
microscope	or	in	genomic	assays,	especially	intermediate	grade,	tend	to	diminish	some	of	its	prognostic	impact.84
ER	and	PR	expression	 are	 determined	 by	 IHC	 techniques	 and	 are	 important	 prognostic	 and	 predictive	 factors.
Patients	with	 invasive	breast	cancer	whose	 tumors	are	 totally	 lacking	 in	ER	and	PR	do	not	derive	benefit	 from
hormonal	treatment.	Tumors	that	strongly	express	ER	and	PR	have	a	better	prognosis	when	treated	with	endocrine
therapy.



Patient	age	has	been	another	prognostic	factor.	Very	young	breast	cancer	patients	(35	years	and	younger)	have
historically	 had	 a	 poorer	 prognosis	 than	 older	 patients,	 largely	 due	 to	 the	 greater	 prevalence	 of	 high-risk
pathologic	features	in	this	group.85,86	More	recent	data	demonstrate	that	molecular	subtype	is	emerging	as	a	more
important	 factor	 than	 patient	 age	 (see	 further	 description	 later	 in	 this	 chapter).	 After	 adjusting	 for	 molecular
subtype,	much	of	the	adverse	effect	of	younger	age	is	resolved.	In	a	retrospective	analysis	of	patients	treated	in
NSABP	B-14,	validating	a	21-gene	assay	for	prediction	of	chemotherapy	benefit	in	patients	with	node-negative,
ER-positive	breast	cancer	treated	with	tamoxifen,	age	was	no	longer	a	significant	predictor	of	distant	recurrence
after	recurrence	score	was	included	in	a	Cox	model.87	Age	younger	than	40	years	is	an	adverse	prognostic	factor
in	ER-positive,	 luminal	cancers;	however,	no	 impact	of	age	on	breast	cancer–specific	survival	 is	 seen	 in	 triple-
negative	and	HER2-positive	cancers.88

Approximately	 20%	 of	 patients	 with	 breast	 cancer	 have	 HER2/neu	 gene	 amplification,	 which	 is	 highly
correlated	 with	 glycoprotein	 overexpression.	HER2	 amplification	 or	 overexpression	 has	 been	 associated	 with
higher	tumor	grade,	lower	expression	or	lack	of	hormone	receptors,	higher	levels	of	tumor	proliferation,	heavier
nodal	tumor	burden,	and	poorer	prognosis.	HER2	status	is	the	major	predictive	factor	for	benefit	from	anti-HER2–
targeted	 therapies,	 which	 are	 discussed	 later	 in	 this	 chapter.	 HER2	 status	 is	 predictive	 for	 benefit	 from
anthracycline-based	chemotherapy,	although	the	significance	of	this	finding	is	unclear	in	the	era	of	anti-HER2–
targeted	therapies.89	Measurements	of	HER2	can	be	performed	by	either	IHC	or	fluorescence	in	situ	hybridization.
In	 clinical	 practice,	 tumors	 that	 are	 considered	 HER2	 3+	 by	 IHC	 or	 that	 show	 evidence	 of	 HER2	 gene
amplification	with	ratios	≥2	warrant	treatment	with	anti-HER2	therapies.90,91	In	summary,	HER2	status	would	be
positive	 if	 there	 is	 evidence	 of	 protein	 overexpression	 (IHC)	 or	 gene	 amplification	 not	 only	 by	 in	 situ
hybridization	 but	 also	 by	 copy	 number.	 Tumors	 with	 elevated	 HER2/neu	 gene	 copy	 number	 (>6)	 without
amplification	relative	to	the	chromosome	17	centromere	copy	number	are	also	considered	HER2	positive	but	there
are	no	data	on	the	benefit	of	trastuzumab	in	such	cases.91
Tumor	involvement	of	lymphovascular	spaces	is	associated	with	a	greater	likelihood	of	lymph	node	metastases

and	is	an	independent	adverse	prognostic	factor	in	node-negative	patients.	Rigid	pathologic	criteria	are	required
for	this	factor	to	be	reliable.

Proliferation	Markers
Markers	 of	 proliferation,	 such	 as	 S-phase	 fraction,	 the	 percentage	 of	 cells	 labeling	 with	 thymidine	 or
bromodeoxyuridine	or	cellular	expression	of	Ki-67	or	MIB-1	(which	measure	 the	percentage	of	cells	 in	 the	G1
phase	 of	 the	 cell	 cycle),	 and	 mitotic	 index,	 are	 powerful	 prognostic	 factors	 in	 early-stage	 breast	 cancer.92
However,	interobserver	variability	and	lack	of	uniform	thresholds	for	clinical	prognosis	preclude	reliance	on	these
measures	as	sole	determinants	for	treatment	decisions.

Molecular	and	Genomic	Factors
Breast	 cancer	 is	 a	 heterogeneous	 disease,	 and	 it	 has	 long	 been	 appreciated	 that	 tumors	with	 different	 biologic
features	have	different	clinical	outcomes	and	responses	to	therapy.	At	present,	prognosis	and	treatment	selection
in	breast	cancer	are	based	on	characterization	of	tumor	growth	factor	receptor	status—ER,	PR,	and	HER2.	These
markers	 can	 be	 used	 to	 define	 four	 functional	 groups	 of	 tumors:	 hormone	 receptor–positive,	HER2-negative
tumors;	hormone	receptor–negative,	HER2-negative	tumors	(“triple-negative”	tumors);	and	HER2-overexpressing
tumors	with	or	without	hormone	receptor	expression.

Molecular	 studies	 have	 demonstrated	 that	 these	 subsets	 are	 defined	 but	 distinctive	 genomic	 and	 gene
expression	profiles.	Sorlie	et	al.93	and	Perou	et	al.94	were	able	to	classify	breast	cancers	into	tumor	subtypes	that
had	 different	 prognoses	 using	 complementary	 DNA	 microarrays.	 These	 studies	 used	 hierarchical	 clustering
analysis	 to	 identify	 tumor	 subtypes	with	 distinct	 gene	 expression	 patterns.	 The	 differences	 in	 gene	 expression
patterns	 among	 these	 subtypes	 reflect	 basic	 differences	 in	 the	 cell	 biology	 of	 the	 tumors	 and	 are	 manifest	 in
differences	 in	 clinical	 outcome;	 clinicians	 are	 increasingly	 viewing	 these	 molecular	 subtypes	 as	 separable
diseases.	The	subtypes	are	luminal	A,	luminal	B,	HER2-enriched,	and	basal-like	(or	basaloid	or	triple	negative).
The	 subtypes	 are	 commonly	 approximated	 using	 routine	 tumor	 markers,	 such	 as	 luminal	 A	 (ER	 and/or	 PR
positive/HER2	 negative	 with	 lower	 grade	 features),	 luminal	 B	 (ER	 and/or	 PR	 positive	 but	 with	 higher	 grade
features	 or	 HER2	 positive),	 HER2	 positive	 (ER	 negative/PR	 negative/HER2	 positive),	 and	 basal	 like	 (ER
negative/PR	 negative/HER2	 negative).	 Differences	 in	 gene	 expression	 pattern	 affecting	 hundreds	 of	 genes	 are
found	between	 the	various	 subgroups;	 these	differences	appear	 to	persist	 through	 the	natural	 life	history	of	 the
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breast	cancer,95	and	neoadjuvant	treatment	of	breast	tumors	appears	to	have	little	bearing	on	the	gene	expression
patterns	 that	 contribute	 to	 the	 intrinsic	 tumor	 subtype.94,96	 Subgroup	 affects	 both	 the	 likelihood	 and	 timing	 of
cancer	recurrence.97	Triple-negative/basal-like,	HER2-associated,	and	luminal	B	breast	cancers	are	at	greater	risk
for	 early	 recurrence	 relative	 to	 luminal	A	 cancers,	which	 have	 a	 longer	 latency	 period	 of	 possible	 recurrence.
Complete	genetic	sequencing	of	human	breast	cancers	has	reinforced	the	clinical	observation	that	tumors	defined
by	 biomarkers	 have	 distinctive	 genomic	 signatures	 and	 confirmed98	 strong	 correlation	 between	 histologic
subtypes	 of	 breast	 cancers	 and	 patterns	 of	 gene	 expression	 and	 genomic	 mutations	 identified	 by	 genomic
sequencing.	This	information	is	increasingly	influencing	clinical	practice.

In	addition	 to	defining	biologic	 tumor	subsets,	gene	expression	profiling	has	been	used	 to	stratify	 tumors	as
having	good-risk	or	poor-risk	prognostic	signatures.99,100	Several	of	these	assays	are	now	commercially	available.
MammaPrint	is	a	70-gene	signature	developed	in	the	Netherlands.99	Prosigna	(NanoString	Technologies,	Seattle,
WA)	is	a	50-gene	intrinsic	subtype	classifier	that	categories	cancers	into	luminal	A,	luminal	B,	HER2-enriched,	or
basal-like	 subtypes.101	 Retrospective	 analyses	 suggest	 that	 these	 gene	 signatures	 contribute	 independent
prognostic	information	above	and	beyond	that	achieved	with	use	of	traditional	pathologic	markers,	such	as	stage,
grade,	lymphovascular	invasion,	and	ER/PR/HER2	status.	These	genomic	assays	have	proven	especially	valuable
in	distinguishing	the	prognosis	within	the	subset	of	luminal,	ER-positive,	HER2-negative	breast	tumors,	which	are
the	most	common	form	of	breast	cancer.	One	molecular	test	that	is	of	particular	clinical	value	is	the	Oncotype	DX
recurrence	score.	The	recurrence	score	is	based	on	a	quantitative	assessment	of	21	genes	thought	to	be	relevant	to
breast	 cancer	 biology,	 including	 hormone	 receptors,	 Ki-67,	 and	 HER2,	 among	 others.	 In	 contrast	 to	 gene
expression	profiles	that	classify	tumors	into	specific	subsets	or	dichotomize	tumors	into	good	or	poor	prognostic
groups,	 the	 recurrence	 score	 calculates	 a	 continuous,	 numeric	 result	 that	 correlates	 with	 distant	 metastatic
recurrence	in	tamoxifen-treated	patients	with	node-negative	breast	cancer87	and	has	been	shown	to	be	a	prognostic
marker	 in	postmenopausal	women	with	node-negative	or	node-positive	 tumors	receiving	either	 tamoxifen	or	an
aromatase	inhibitor	(AI).102	Although	 the	recurrence	score	 tends	 to	correlate	with	features	such	as	 tumor	grade,
Ki-67	expression,	and	quantitative	levels	of	hormone	receptor	expression,	multivariate	analyses	demonstrate	that
the	score	provides	significant	independent	prognostic	information.	Oncotype	DX	has	been	applied	to	a	common
clinical	 question:	whether	 a	 patient	with	ER-positive	 breast	 cancer	 should	 receive	 chemotherapy	 in	 addition	 to
hormonal	therapy.	Retrospective	analyses	from	NSABP	B-20—a	trial	of	tamoxifen	alone	versus	tamoxifen	plus
chemotherapy	for	ER-positive,	node-negative	patients—demonstrated	 that	 the	recurrence	score	was	a	predictive
factor	for	benefit	from	chemotherapy.	Patients	with	tumors	that	had	a	low	recurrence	score	had	a	very	favorable
overall	prognosis	 that	was	not	meaningfully	 improved	by	chemotherapy,	whereas	patients	with	high	 recurrence
scores	 derived	 a	 substantial	 benefit	 from	 chemotherapy.103	 Qualitatively	 similar	 findings	 were	 seen	 in	 the
Southwest	 Oncology	 Group	 (SWOG)	 8814	 study,	 a	 randomized	 trial	 of	 tamoxifen	 alone	 or	 tamoxifen	 plus
cyclophosphamide/doxorubicin/5-fluorouracil	chemotherapy	for	postmenopausal	women	with	ER-positive,	node-
positive	breast	cancer,	although	the	overall	prognosis	in	this	node-positive	cohort	was	less	favorable	than	in	node-
negative	cases.104	The	Trial	Assigning	Individual	Options	for	Treatment	(TAILORx)	was	a	prospective	study	in
which	10,253	women	with	hormone-receptor	positive,	HER2-negative,	node-negative	breast	cancer	had	treatment
determined	 by	 tumor	 OncotypeDx	 score.	 When	 the	 score	 was	 less	 than	 11,	 women	 were	 given	 endocrine
treatment	alone	without	chemotherapy.	These	patients	had	an	excellent	outcome,	with	5-year	disease-free	survival
of	94%	implying	that	chemotherapy	was	unnecessary	in	this	low	risk	group105.	Women	whose	tumors	had	scores
between	 11	 and	 25	 were	 randomized	 to	 endocrine	 therapy	 alone,	 or	 endocrine	 therapy	 with	 chemotherapy.
Chemotherapy	 did	 not	 improve	 outcomes	 among	 this	 cohort	 (9-year	 disease	 free	 survival	 83.3%	 without
chemotherapy,	 84.3%	 with	 chemotherapy,	 P	 =	 .26),	 indicating	 that	 women	 with	 node-negative	 cancers	 and
OncotypeDX	recurrence	scores	25	or	less	do	not	warrant	chemotherapy106

There	 is	 substantial	 overlap	 between	 the	 various	 molecular	 diagnostic	 assays	 used	 to	 gauge	 prognosis	 and
treatment	 for	 early-stage	 breast	 cancer.107	 In	 particular,	 many	 assays	 appear	 capable	 of	 distinguishing	 node-
negative,	 lower	grade	tumors	 that	are	strongly	ER	positive	and	HER2	negative	and	are	unlikely	to	benefit	 from
adjuvant	chemotherapy.108	For	 instance,	 the	MammaPrint	assay	has	been	shown	 to	 identify	a	group	of	patients
with	 low-risk	 tumors,	defined	by	both	 traditional	 clinical	 features	and	by	 the	genomic	 test,	who	do	not	benefit
from	chemotherapy	in	addition	to	endocrine	therapy	(Table	79.5).109	Collectively,	these	molecular	tools	have	led
to	the	evolution	of	staging83	and	specific	treatment	algorithms	based	on	subtype	classification,	and	clinical	trials
are	designed	for	specific	clinical	subtypes	of	breast	cancer.



TABLE	79.5
Association	of	Clinicopathologic	Features	of	Breast	Cancer	with	Intrinsic	Subtype

Intrinsic	Subtype Luminal	A Luminal	B HER2	Enriched Basal-Like
ER/PR	expression Positive—strong Positive—variable Positive	or	negative Negative

HER2	amplification Rare Rare	though	small
percentage	positive

Common Negative

Grade Low	to	intermediate Intermediate	to	high Intermediate	to	high High

P53	mutation Rare Uncommon Common Common

Ki67 Low Intermediate	to	high High High

DNA	copy	number Diploid Aneuploid Aneuploid;	high
genomic	instability

Aneuploid;	high
genomic	instability

mRNA	expression
signature

High	ER	cluster,	low
proliferation

Lower	ER	cluster,	high
proliferation

High	HER2	amplicon,
high	proliferation

Basal	signature,	high
proliferation

ER,	estrogen	receptor;	mRNA,	messenger	RNA;	PR,	progesterone	receptor.
Adapted	from	Cancer	Genome	Atlas	Network.	Comprehensive	molecular	portraits	of	human	breast	tumours.	Nature	2012;490:61–
70.

DIAGNOSIS	AND	BIOPSY
The	 presence	 or	 absence	 of	 carcinoma	 can	 only	 be	 reliably	 determined	 by	 tissue	 biopsy.	 An	 abnormal
mammography,	ultrasound	(US),	or	MRI	does	not	reliably	indicate	the	presence	of	cancer,	and	in	the	presence	of
an	abnormal	physical	exam	finding,	normal	imaging	does	not	reliably	exclude	carcinoma.	Further,	in	the	setting	of
an	abnormal	mammography	or	US,	a	normal	MRI	does	not	obviate	the	need	for	biopsy	to	rule	out	malignancy.110
Available	 biopsy	 techniques	 include	 fine-needle	 aspiration	 (FNA),	 core	 needle	 biopsy,	 and	 excisional	 biopsy.
Needle	biopsy	techniques	(FNA	or	core	biopsy)	are	preferred	because	they	are	more	cost-effective	than	surgical
excision,	and	because	most	breast	lesions	are	benign,	they	avoid	a	surgical	scar	and	potential	cosmetic	deformity.

FNA	is	easily	performed	but	requires	a	trained	cytopathologist	for	accurate	specimen	interpretation	and,	when
targeting	primary	breast	lesions,	does	not	reliably	distinguish	invasive	cancer	from	DCIS.	In	contrast,	core	needle
biopsy	provides	a	histologic	specimen	suitable	for	interpretation	by	any	pathologist;	facilitates	ER,	PR,	and	HER2
testing,	 which	 have	 become	 a	 critical	 component	 of	 multidisciplinary	 treatment	 planning;	 and	 allows	 for
placement	of	a	clip	to	mark	the	area	of	interest	in	the	event	that	subsequent	surgical	excision	or	definitive	breast
cancer	treatment	is	indicated.

False-negative	 results	 from	 sampling	 error	 may	 occur	 with	 both	 core	 needle	 biopsy	 and	 FNA.	 When
concordance	 between	 the	 core	 biopsy	 or	 FNA	 diagnosis	 and	 the	 clinical	 and	 imaging	 findings	 is	 not	 present,
additional	 tissue	 should	 be	 obtained,	 usually	 by	 excisional	 biopsy.	 Concerns	 about	 the	 false-negative	 rate	 of
image-guided	core	biopsy	have	been	resolved	with	the	availability	of	large,	vacuum-assisted	biopsy	devices	that
increase	the	extent	of	lesion	sampling,	coupled	with	the	development	of	clearly	defined	indications	for	follow-up
surgical	 biopsy.	 False-negative	 rates	 of	 core	 biopsy	 are	 now	 reliably	 <1%.	 Indications	 for	 surgical	 biopsy
following	 core	 biopsy	 are	 listed	 in	 Table	 79.6.	 Although	 the	 finding	 of	 atypical	 ductal	 hyperplasia	 on	 a	 core
biopsy	 is	uniformly	accepted	as	an	 indication	for	open	surgical	biopsy,	surgical	excision	of	all	 lesions	showing
ALH	 or	 LCIS	 is	 no	 longer	 routinely	 recommended	 (discussed	 in	 the	 “Lobular	 Carcinoma	 In	 Situ”	 section).
Papillary	carcinoma	in	situ	cannot	always	be	readily	distinguished	from	benign	papillary	lesions	on	a	core	biopsy,
and	radial	scar	may	be	difficult	to	distinguish	from	tubular	carcinoma	without	complete	removal	of	the	lesion.

The	use	of	core	biopsy	 for	 the	diagnosis	of	mammographic	abnormalities	 is	cost-effective	and	 increases	 the
likelihood	that	 the	patient	will	be	able	to	undergo	a	single	surgical	procedure	for	definitive	cancer	treatment.111
Excisional	biopsy	as	a	diagnostic	technique	should	be	reserved	for	patients	with	imaging	abnormalities	that	cannot
be	targeted	for	core	biopsy.	When	excisional	biopsy	is	performed	for	diagnosis,	a	small	margin	of	grossly	normal
breast	should	be	excised	around	the	tumor,	orienting	sutures	should	be	placed,	and	the	specimen	should	be	inked
to	allow	margin	evaluation.

TABLE	79.6
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Indications	for	Surgical	Biopsy	after	Core	Needle	Biopsy

Failure	to	sample	calcifications
Diagnosis	of	atypical	ductal	hyperplasia
Diagnosis	of	pleomorphic	LCISa
Lack	of	concordance	between	imaging	findings	and	histologic	diagnosis
Radial	scar	or	complex	sclerosing	lesions
Papillary	lesions

a	See	text	for	details.
LCIS,	lobular	carcinoma	in	situ.

STAGING
As	with	all	tumor	types,	the	purpose	of	breast	cancer	staging	is	to	convey	a	consistent	method	for	understanding
the	extent	and,	hence,	risk	of	cancer	and	guiding	therapeutic	decisions.	The	widely	used	AJCC	system	is	both	a
clinical	 and	pathologic	 staging	 system	and	 is	 based	on	 the	TNM	system	 in	which	 “T”	 refers	 to	 tumor,	 “N”	 to
nodes,	and	“M”	to	metastasis.	For	breast	cancer,	T	refers	to	the	extent	of	tumor	within	the	breast	proper,	N	to	the
extent	of	 regional	 lymph	nodes	 in	 the	axilla	and	supraclavicular	and	 internal	mammary	chains,	and	M	refers	 to
metastatic	disease	outside	of	the	breast	and	regional	lymph	nodes,	including	bone,	liver,	lung,	brain,	and	distant
lymph	node	basins.

Breast	cancer	staging	poses	several	unique	challenges.	Recently,	the	AJCC	updated	its	breast	cancer	staging	to
reflect	 many	 of	 those	 specific	 issues.112	 Important	 changes	 include	 the	 integration	 of	 both	 anatomic	 risk	 and
biologic	phenotype	into	the	complete	staging	criteria	(Table	79.7).83	Thus,	in	addition	to	traditional	TNM	staging,
breast	 cancer	 staging	 reflects	 biomarker	 testing	 for	 ER,	 PR,	 and	 HER2	 expression;	 tumor	 grade;	 and,	 in	 the
instance	 of	 node-negative,	 ER-positive,	 HER2-negative	 cancers,	 incorporation	 of	 the	 Oncotype	 DX	 genomic
assay.112	Based	on	these	considerations,	a	small,	node-negative	tumor	that	is	ER,	PR,	and	HER2	negative	(“triple
negative”)	 is	classified	at	a	higher	stage	 than	a	 large,	ER-positive,	HER2-negative	cancer	with	a	 low	Oncotype
DX	score.	Nearly	all	patients	with	breast	cancer	will	be	candidates	for	systemic	therapy,	and	another	distinctive
feature	of	the	updated	AJCC	staging	system	is	that	it	reflects	prognosis	in	light	of	effective	therapy,	as	opposed	to
an	untreated	natural	history.	Thus,	for	instance,	tumors	of	equal	size	where	one	is	triple	negative	and	the	other	is
HER2	positive	will	have	different	stages,	a	reflection	of	the	different	outcomes	seen	with	effective	therapies.

Microscopic	disease	detected	using	specialized	technologies	is	rarely	of	clinical	significance	in	breast	cancer
management.	 The	M0(i+)	 category	 defines	 patients	 found	 to	 have	 circulating	 tumor	 cells,	 tumor	 in	 the	 bone
marrow,	or	 incidentally	detected	 tumor	deposits	 in	other	 tissues	not	 exceeding	0.2	mm	 in	 size.	Patients	 in	 this
category	are	staged	according	to	T	and	N	and	are	not	classified	as	stage	IV	because	the	natural	history	for	patients
with	M0(i+)	staging	is	not	that	seen	with	M1	diagnoses.	Similarly,	patients	with	occult	foci	of	cancer	in	regional
lymph	 nodes	 that	 is	 seen	 only	 with	 special	 techniques,	 as	 opposed	 to	 routine	 hematoxylin	 and	 eosin	 (H&E)
staining,	are	classified	as	N0(i+)	and	have	prognosis	akin	to	node-negative	patients,	not	node-positive	patients.

One	distinctive	feature	of	breast	cancer	staging	is	the	opportunity	to	offer	curative,	multimodality	therapy	even
in	the	setting	of	extensive	regional	nodal	involvement.	Many	patients	with	stage	II	or	III	breast	cancer	will	receive
preoperative	or	“neoadjuvant”	systemic	therapy,	and	the	extent	of	residual	cancer	is	a	powerful	prognostic	factor
in	 determining	 residual	 risk	 of	 recurrence.113	 The	 eradication	 of	 all	 invasive	 breast	 cancer,	 called	 pathologic
complete	response	(pCR),	is	a	particularly	favorable	prognostic	finding.	For	this	reason,	breast	cancer	staging	has
a	 special	 designation	 for	 residual	 cancer	 after	 neoadjuvant	 chemotherapy.	 Pathologic	 stage	 after	 neoadjuvant
therapy	is	designated	with	the	prefix	“yp.”	Complete	response	is	defined	as	the	absence	of	invasive	carcinoma	in
the	breast	and	axillary	nodes.	Other	staging	systems	seek	to	capture	the	extent	of	residual	disease	and	treatment
effect	after	neoadjuvant	therapy	and	have	also	shown	prognostic	value.114

TABLE	79.7
American	Joint	Committee	on	Cancer	Staging

Primary	Tumor	(T)
TX:	Primary	tumor	cannot	be	assessed
T0:	No	evidence	of	primary	tumor



Tis:	DCISa:	Ductal	carcinoma	in	situ
Tis	(Paget):	Paget	disease	of	the	nipple	NOT	associated	with	invasive	carcinoma	and/or	carcinoma	in	situ	(DCIS)	in	the
underlying	breast	parenchyma.	Carcinomas	in	the	breast	parenchyma	associated	with	Paget	disease	are	categorized	based
on	the	size	and	characteristics	of	the	parenchymal	disease,	although	the	presence	of	Paget	disease	should	still	be	noted.
T1:	Tumor	≤20	mm	in	greatest	dimension
T1mi:	Tumor	≤1	mm	in	greatest	dimension
T1a:	Tumor	>1	mm	but	≤5	mm	in	greatest	dimension	(round	any	measurement	>1.0–1.9	mm	to	2	mm)
T1b:	Tumor	>5	mm	but	≤10	mm	in	greatest	dimension
T1c:	Tumor	>10	mm	but	≤20	mm	in	greatest	dimension
T2:	Tumor	>20	mm	but	≤50	mm	in	greatest	dimension
T3:	Tumor	>50	mm	in	greatest	dimension
T4:	Tumor	of	any	size	with	direct	extension	to	the	chest	wall	and/or	to	skin	(ulceration	or	skin	nodules);	invasion	of	the	dermis
alone	does	not	qualify	as	T4
T4a:	Extension	to	chest	wall;	invasion	or	adherence	to	pectoralis	muscle	in	the	absence	of	invasion	of	chest	wall	structures
does	not	quality	as	T4
T4b:	Ulceration	and/or	ipsilateral	macroscopic	satellite	nodules	and/or	edema	(including	peau	d’orange)	of	the	skin	that	does
not	meet	the	criteria	for	inflammatory	carcinoma
T4c:	Both	T4a	and	T4b	are	present
T4d:	Inflammatory	carcinoma

Regional	Lymph	Nodes—Clinical	(cN)
cNXb:	Regional	lymph	nodes	cannot	be	assessed	(e.g.,	previously	removed)
cN0:	No	regional	lymph	node	metastases	(by	imaging	or	clinical	examination)
cN1:	Metastases	to	movable	ipsilateral	level	I,	II	axillary	lymph	node(s)
cN1mic:	Micrometastases	(approximately	200	cells,	larger	than	0.2	mm,	but	none	larger	than	2.0	mm)
cN2:	Metastases	in	ipsilateral	level	I,	II	axillary	lymph	nodes	that	are	clinically	fixed	or	matted	or	in	ipsilateral	internal
mammary	nodes	in	the	absence	of	axillary	lymph	node	metastases
cN2a:	Metastases	in	ipsilateral	level	I,	II	axillary	lymph	nodes	fixed	to	one	another	(matted)	or	to	other	structures
cN2b:	Metastases	only	in	ipsilateral	internal	mammary	nodes	in	the	absence	of	axillary	lymph	node	metastases
cN3:	Metastases	in	ipsilateral	infraclavicular	(level	III	axillary)	lymph	node(s)	with	or	without	level	I,	II	axillary	lymph	node
involvement;	or	in	ipsilateral	internal	mammary	lymph	node(s)	with	level	I,	II	axillary	lymph	node	metastases;	or	in	ipsilateral
supraclavicular	lymph	node(s)	with	or	without	axillary	or	internal	mammary	lymph	node	involvement
cN3a:	Metastases	in	ipsilateral	infraclavicular	lymph	node(s)
cN3b:	Metastases	in	ipsilateral	internal	mammary	lymph	node(s)	and	axillary	lymph	node(s)
cN3c:	Metastases	in	ipsilateral	supraclavicular	lymph	node(s)

Note:	(sn)	and	(f)	suffixes	should	be	added	to	the	N	category	to	denote	confirmation	of	metastasis	by	sentinel	node	biopsy	or
FNA/core	needle	biopsy,	respectively

Regional	Lymph	Nodes—Pathologic	(pN)
pNX:	Regional	lymph	nodes	cannot	be	assessed	(e.g.,	previously	removed	or	not	removed	for	pathologic	study)
pN0:	No	regional	lymph	node	metastasis	identified	or	ITCs	only
pN0(i+):	ITCs	only	(malignant	cell	clusters	no	larger	than	0.2	mm)	in	regional	lymph	node(s)
pN0(mol+):	Positive	molecular	findings	by	RT-PCR;	no	ITCs	detected
pN1:	Micrometastases;	or	metastases	in	1–3	axillary	lymph	nodes;	and/or	clinically	negative	internal	mammary	nodes	with
micrometastases	or	macrometastases	by	SLNB
pN1mi:	Micrometastases	(approximately	200	cells,	larger	than	0.2	mm,	but	none	larger	than	2.0	mm)
pN1a:	Metastases	in	1–3	axillary	lymph	nodes,	at	least	one	metastasis	>2.0	mm
pN1b:	Metastases	in	ipsilateral	internal	mammary	sentinel	nodes,	excluding	ITCs
pN1c:	pN1a	and	pN1b	combined
pN2:	Metastases	in	4–9	axillary	lymph	nodes;	or	positive	ipsilateral	internal	mammary	lymph	nodes	by	imaging	in	the	absence
of	axillary	lymph	node	metastases
pN2a:	Metastases	in	4–9	axillary	lymph	nodes	(at	least	one	tumor	deposit	>2.0	mm)
pN2b:	Metastases	in	clinically	detected	internal	mammary	lymph	nodes	with	or	without	microscopic	confirmation;	with
pathologically	negative	axillary	nodes
pN3:	Metastases	in	10	or	more	axillary	lymph	nodes;	or	in	infraclavicular	(level	III	axillary)	lymph	nodes;	or	positive	ipsilateral
internal	mammary	lymph	nodes	by	imaging	in	the	presence	of	one	or	more	positive	level	I,	II	axillary	lymph	node(s);	or	in	more
than	3	axillary	lymph	nodes	and	micrometastases	or	macrometastases	by	SLNB	in	clinically	negative	ipsilateral	internal
mammary	lymph	nodes;	or	in	ipsilateral	supraclavicular	lymph	nodes
pN3a:	Metastases	in	10	or	more	axillary	lymph	nodes	(at	least	one	tumor	deposit	>2.0	mm);	or	metastases	to	the
infraclavicular	(level	III	axillary	lymph)	nodes
pN3b:	pN1a	or	pN2a	in	the	presence	of	cN2b	(positive	internal	mammary	nodes	by	imaging);	or	pN2a	in	the	presence	of	pN1b
pN3c:	Metastases	in	ipsilateral	supraclavicular	lymph	nodes

Note:	(sn)	and	(f)	suffixes	should	be	added	to	the	N	category	to	denote	confirmation	of	metastasis	by	sentinel	node	biopsy	or
FNA/core	needle	biopsy,	respectively,	with	no	further	resection	of	nodes.

Distant	Metastases	(M)
M0:	No	clinical	or	radiographic	evidence	of	distant	metastasesd
cM0(i+):	No	clinical	or	radiographic	evidence	of	distant	metastases	in	the	presence	of	tumor	cells	or	deposits	no	larger	than



Dr. AVR @ TMH

0.2	mm	detected	microscopically	or	by	molecular	techniques	in	circulating	blood,	bone	marrow,	or	other	nonregional	nodal
tissue	in	a	patient	without	symptoms	or	signs	of	metastases
cM1:	Distant	metastases	detected	by	clinical	and	radiographic	means
pM1:	Any	histologically	proven	metastases	in	distant	organs;	or	if	in	nonregional	nodes,	metastases	greater	than	0.2	mm

Pathologic	Prognostic	Stage	Groupse

TNM Grade HER2	Status ER	Status PR	Status
Pathologic	Prognostic
Stage	Group

Tis	N0	M0 Any Any Any Any 0

T1f	N0	M0
T0	N1mi	M0
T1f	N1mi	M0

1 Positive Positive Positive IA

Negative IA

Negative Positive IA

Negative IA

Negative Positive Positive IA

Negative IA

Negative Positive IA

Negative IA

2 Positive Positive Positive IA

Negative IA

Negative Positive IA

Negative IA

Negative Positive Positive IA

Negative IA

Negative Positive IA

Negative IB

3 Positive Positive Positive IA

Negative IA

Negative Positive IA

Negative IA

Negative Positive Positive IA

Negative IA

Negative Positive IA

Negative IB

T0	N1g	M0
T1f	N1g	M0
T2	N0	M0

1 Positive Positive Positive IA

Negative IB

Negative Positive IB

Negative IIA

Negative Positive Positive IA

Negative IB

Negative Positive IB

Negative IIA

2 Positive Positive Positive IA

Negative IB

Negative Positive IB

Negative IIA

Negative Positive Positive IA

Negative IIA

Negative Positive IIA

Negative IIA

3 Positive Positive Positive IA

Negative IIA



Negative Positive IIA
Negative IIA

Negative Positive Positive IB

Negative IIA

Negative Positive IIA

Negative IIA

T2	N1h	M0
T3	N0h	M0

1 Positive Positive Positive IA

Negative IIB

Negative Positive IIB

Negative IIB

Negative Positive Positive IA

Negative IIB

Negative Positive IIB

Negative IIB

2 Positive Positive Positive IB

Negative IIB

Negative Positive IIB

Negative IIB

Negative Positive Positive IB

Negative IIB

Negative Positive IIB

Negative IIB

3 Positive Positive Positive IB

Negative IIB

Negative Positive IIB

Negative IIB

Negative Positive Positive IIA

Negative IIB

Negative Positive IIB

Negative IIIA

T0	N2	M0
T1f	N2	M0
T2	N2	M0
T3	N1h	M0
T3	N2	M0

1 Positive Positive Positive IB

Negative IIIA

Negative Positive IIIA

Negative IIIA

Negative Positive Positive IB

Negative IIIA

Negative Positive IIIA

Negative IIIA

2 Positive Positive Positive IB

Negative IIIA

Negative Positive IIIA

Negative IIIA

Negative Positive Positive IB

Negative IIIA

Negative Positive IIIA

Negative IIIB

3 Positive Positive Positive IIA

Negative IIIA

Negative Positive IIIA
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Negative IIIA

Negative Positive Positive IIB

Negative IIIA

Negative Positive IIIA

Negative IIIC

T4	N0	M0
T4	N1h	M0
T4	N2	M0
Any	T	N3	M0

1 Positive Positive Positive IIIA

Negative IIIB

Negative Positive IIIB

Negative IIIB

Negative Positive Positive IIIA

Negative IIIB

Negative Positive IIIB

Negative IIIB

2 Positive Positive Positive IIIA

Negative IIIB

Negative Positive IIIB

Negative IIIB

Negative Positive Positive IIIA

Negative IIIB

Negative Positive IIIB

Negative IIIC

3 Positive Positive Positive IIIB

Negative IIIB

Negative Positive IIIB

Negative IIIB

Negative Positive Positive IIIB

Negative IIIC

Negative Positive IIIC

Negative IIIC

Any	T	Any	N	M1 Any Any Any Any IV
aLobular	carcinoma	in	situ	(LCIS)	is	a	benign	entity	and	is	removed	from	the	TNM	staging	in	the	AJCC	Cancer	Staging	Manual,	8th
edition.
bThe	cNX	category	is	used	sparingly	in	cases	where	regional	lymph	nodes	have	previously	been	surgically	removed	or	where	there
is	no	documentation	of	physical	examination	of	the	axilla.
ccN1mi	is	rarely	used	but	may	be	appropriate	in	cases	where	sentinel	node	biopsy	is	performed	before	tumor	resection;	most	likely
to	occur	in	cases	treated	with	neoadjuvant	therapy.
dNote	that	imaging	studies	are	not	required	to	assign	the	cM0	category.
eClinical	 stage	 groupings	 are	 available	 for	 patients	 who	 do	 not	 receive	 surgery	 as	 initial	 treatment	 (including	 those	 receiving
neoadjuvant	systemic	therapy).	Anatomic	staging	groupings	also	exist,	similar	to	prior	editions	of	the	staging	manual,	but	these	are
now	to	be	used	only	in	regions	of	the	world	where	biomarker	tests	are	not	routinely	available.
fT1	includes	T1mi.
gN1	does	not	include	N1mi.	T1	N1mi	M0	and	T0	N1mi	M0	cancers	are	included	for	prognostic	staging	with	T1	N0	M0	cancers	of	the
same	prognostic	factor	status.
hN1	 includes	 N1mi.	 T2,	 T3,	 and	 T4	 cancers	 and	 N1mi	 are	 included	 for	 prognostic	 staging	 with	 T2	 N1,	 T3	 N1	 and	 T4	 N1,
respectively.
DCIS,	ductal	carcinoma	in	situ;	FNA,	fine-needle	aspiration;	ITC,	 isolated	tumor	cells;	RT-PCR,	reverse	transcriptase	polymerase
chain	reaction;	SLNB,	sentinel	lymph	node	biopsy;	TNM,	tumor,	node,	metastasis;	HER2,	human	epidermal	growth	factor	receptor;
ER,	estrogen	receptor;	PR,	progesterone	receptor.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

The	evaluation	of	 the	patient	newly	diagnosed	with	breast	cancer	begins	with	a	determination	of	operability.
The	presence	of	distant	metastases	 at	diagnosis	has	 traditionally	been	considered	a	 contraindication	 to	 surgery.
Some	 retrospective	 studies	 have	 suggested	 a	 survival	 benefit	 for	 surgery	 of	 the	 primary	 tumor	 in	 the	 patient
presenting	with	metastatic	disease,115,116	but	systemic	therapy	remains	the	initial	therapeutic	approach.	Extensive
evaluations	to	look	for	metastatic	disease	are	not	warranted	in	asymptomatic	patients	with	stage	I	and	II	cancer



because	 of	 the	 low	 likelihood	 of	 identifying	 metastatic	 disease.117	 In	 patients	 with	 stage	 III	 disease,	 occult
metastases	are	more	frequent,	often	estimated	at	20%	of	cases,	and	staging	studies	are	recommended.117

Management	by	Stage:	Ductal	Carcinoma	in	Situ
Treatment	of	the	Breast
Historically,	DCIS	has	been	 treated	with	 local	 therapy	similar	 to	 that	used	for	 invasive	breast	cancer,	 including
excision,	often	with	a	recommendation	for	adjuvant	RT	or	mastectomy.	However,	DCIS	has	recently	become	a
major	focus	of	initiatives	to	reduce	the	burden	of	cancer	because	breast	cancer–specific	survival	is	nearly	100%
regardless	of	treatment.118–122	The	DCIS	detection	rate	in	women	aged	50	years	and	older	increased	dramatically
following	 the	widespread	uptake	of	 screening	mammography.123	However,	 a	 parallel	 decrease	 in	 the	 incidence
rate	of	early-stage	invasive	breast	cancer	has	not	been	observed,	raising	questions	as	to	what	proportion	of	screen-
detected	DCIS	will	actually	progress	 to	 invasive	cancer	and	leading	to	efforts	 to	 identify	a	subgroup	of	women
with	screen-detected	DCIS	who	can	be	offered	observation	alone,124	with	or	without	endocrine	chemoprevention,
based	 on	 low-risk	 clinicopathologic	 features.	 Eligibility	 criteria	 typically	 include	 a	 diagnosis	 of	 low-	 to
intermediate-grade	DCIS	made	by	core	biopsy	alone,	which	has	 led	 to	some	controversy	because	upgrade	rates
after	a	core	biopsy	diagnosis	are	well	documented	and	studies	suggest	that	as	many	as	20%	of	patients	meeting
eligibility	criteria	will	have	undiagnosed	invasive	breast	cancer	at	the	time	of	study	entry.125,126

For	most	patients	with	DCIS,	 the	standard	options	are	 local	management	with	excision	and	consideration	of
adjuvant	RT	or	mastectomy.	Ultimately,	the	appropriate	management	option	depends	on	the	extent	of	the	DCIS
lesion,	 the	 risk	of	LR	with	each	 form	of	 treatment,	and	 the	patient’s	attitude	 toward	 the	 risks	and	benefits	of	a
particular	 therapy.	Total	 or	 simple	mastectomy	 is	 curative	 in	 approximately	98%	of	patients	 regardless	 of	 age,
DCIS	presentation,	size,	or	grade.127	The	primary	medical	indication	for	mastectomy	in	DCIS	is	a	lesion	too	large
to	 be	 excised	 to	 negative	 margins	 with	 a	 cosmetically	 acceptable	 outcome.128	 The	 extent	 of	 DCIS	 is	 most
accurately	 estimated	preoperatively	with	 the	use	of	magnification	mammography.129	 Studies	 indicate	 that	MRI
both	 overestimates	 and	 underestimates	 the	 size	 of	 DCIS	 lesions,	 does	 not	 improve	 surgical	 planning	 when
compared	with	 diagnostic	mammography,	 and	does	 not	 decrease	 the	 rate	 of	 ipsilateral	 breast	 tumor	 recurrence
(IBTR).130

For	women	with	 localized	DCIS,	 excision,	 typically	 followed	 by	RT,	 is	 an	 alternative	 to	 total	mastectomy.
Breast	conservation	 is	preferred	by	many	patients	because	of	 the	preservation	of	sensation	and	cosmesis	with	a
less	extensive	surgery	and	recovery	period.	Historically,	there	was	considerable	debate	over	the	appropriate	width
of	a	negative	margin	when	breast	conservation	was	pursued,	and	many	women	underwent	reexcisions	to	obtain
“more	widely”	clear	margins.	In	2015,	a	multidisciplinary	consensus	panel	reviewed	20	studies	including	7,883
patients131	and	concluded	that	a	2-mm	margin	is	associated	with	low	rates	of	IBTR	and	should	be	considered	an
adequate	 margin	 in	 DCIS	 treated	 with	 whole-breast	 irradiation	 (WBI).	 Clinical	 judgment	 should	 be	 used	 in
determining	the	need	for	further	surgery	in	patients	with	negative	margins	narrower	than	2	mm.132

Four	published	prospective,	randomized	trials	have	directly	evaluated	the	impact	of	adjuvant	RT	after	excision
of	DCIS	in	>4,500	patients.118,119,133,134	The	majority	of	participants	had	mammographically	detected	DCIS,	with
negative	margins	defined	as	“no	ink	on	tumor.”	A	dose	of	50	Gy	of	RT	was	delivered	to	the	whole	breast	in	25
fractions,	and	a	boost	dose	to	the	tumor	bed	was	not	required.	The	results	of	these	trials	are	summarized	in	Table
79.8.	No	differences	 in	OS	were	 seen	 between	 treatment	 arms.	 In	 all	 four	 studies,	 the	 use	 of	RT	 resulted	 in	 a
highly	 significant	 reduction	 in	 the	 risk	 of	 an	 IBTR,	 with	 proportional	 risk	 reductions	 ranging	 from	 47%	 to
63%.118,135	Consistent	with	observations	from	many	retrospective	studies,	approximately	50%	of	the	recurrences
in	 both	 groups	were	 invasive	 carcinoma,	 and	 a	 benefit	 for	RT	was	 seen	 in	 the	 reduction	 of	 both	 invasive	 and
noninvasive	recurrences.	These	trial	findings	have	been	summarized	in	an	individual	patient	data	meta-analysis	by
the	Early	Breast	Cancer	Trialists’	Collaborative	Group	(EBCTCG).136	With	a	median	follow-up	of	8.9	years,	RT
halved	the	rate	of	ipsilateral	breast	events	(rate	ratio,	0.46;	standard	error	[SE],	0.05;	2P	<	.00001).

Despite	the	substantial	relative	risk	reduction	with	adjuvant	RT,	there	has	been	interest	in	trying	to	identify	a
subgroup	of	low-risk	patients	in	whom	the	absolute	risk	of	recurrence	without	RT	would	be	sufficiently	low	that
its	use	might	not	be	necessary.	The	EBCTCG	meta-analysis	included	291	low-risk	cases	of	DCIS	defined	as	low
grade,	>20	mm	in	 size,	 and	excised	 to	negative	 surgical	margins.	Among	 these	patients,	 the	10-year	 risk	of	an
ipsilateral	event	 in	 those	allocated	 to	 lumpectomy	alone	was	substantial	at	30.1%,	and	even	with	 this	 relatively
small	 number	 of	women,	 the	 effect	 of	RT	was	 highly	 significant,	with	 a	 10-year	 absolute	 gain	 of	 18.0%.	The
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Dana-Farber/Harvard	 Cancer	 Center	 led	 a	 single-arm,	 prospective	 trial	 of	 wide	 excision	 alone	 from	 1995	 to
2002.137	Entry	criteria	included	DCIS	of	predominant	grade	1	or	2	with	a	mammographic	extent	of	no	greater	than
2.5	cm	and	 final	margin	width	of	at	 least	1	cm.	Tamoxifen	was	not	permitted.	The	study	enrolled	158	patients
with	a	median	age	of	51	years,	and	94%	had	mammographically	detected	DCIS.	The	study	unfortunately	closed
early	when	 the	number	of	LRs	 (n	=	13)	met	 the	predefined	 stopping	 rules,	 and	 the	 authors	 reported	 a	 10-year
cumulative	incidence	of	LR	of	15.6%.	A	total	of	32%	of	patients	experienced	recurrence	with	invasive	disease,
and	at	a	median	follow-up	of	11	years,	there	were	no	distant	recurrences.

The	Radiation	Therapy	Oncology	Group	(RTOG)	9804	study	sought	to	determine	RT	benefit	after	lumpectomy
for	patients	with	low-risk	DCIS.138	 In	comparison	 to	 the	other	 randomized	 trials,	RTOG	9804	enrolled	patients
with	lower	risk	DCIS,	including	smaller	lesions,	low	or	intermediate	grade,	and	higher	rates	of	adjuvant	tamoxifen
use	(62%).	Recurrence	rates	were	6.7%	in	the	observation	arm	compared	to	0.9%	in	the	RT	arm	after	a	median
follow-up	of	7.2	years,138	suggesting	that	even	in	low-risk	DCIS,	RT	can	lower	the	risk	of	in-breast	recurrence	but
underscoring	that	for	some	patients,	the	risk	of	recurrence	may	be	low	enough	to	forego	RT.	Late	recurrence	in
DCIS	is	not	uncommon,	justifying	longer	term	follow-up.	An	Eastern	Cooperative	Oncology	Group	trial	offered
excision	alone	for	DCIS	among	patients	with	DCIS	at	least	3	mm	in	size,	excised	with	a	margin	width	of	≥3	mm,
with	patients	with	low-	or	intermediate-grade	DCIS	≤2.5	cm	in	size	designated	as	cohort	1	and	patients	with	high-
grade	DCIS	(defined	as	nuclear	grade	3	with	necrosis)	up	to	1	cm	in	size	designated	as	cohort	2.	At	12	years	of
follow-up,	 14.4%	 and	 24.6%	 of	 patients	 in	 cohort	 1	 and	 2,	 respectively,	 had	 developed	 an	 ipsilateral	 breast
event.139	Of	 these,	7.5%	and	13.4%,	 respectively,	were	 invasive	 ipsilateral	breast	 events.	Taken	 together,	 these
prospective	studies	indicate	that	even	patients	with	small	low-	to	immediate-grade	DCIS	treated	with	excision	to
widely	negative	margins	of	resection	have	a	nontrivial	risk	of	LR	in	the	absence	of	RT	in	the	long	term.

The	 2017	 NCCN	 guidelines	 endorse	 lumpectomy	 and	 whole-breast	 RT	 as	 a	 category	 1	 recommendation,
whereas	lumpectomy	without	RT	is	included	as	a	category	2B	recommendation.128	This	is	a	critically	important
area	for	shared	decision	making	that	centers	around	evaluating	what	magnitude	of	risk	reduction	is	meaningful	to
the	 individual	 patient	 and	 what	 level	 of	 treatment	 burden	 and	 toxicity	 she	 is	 willing	 to	 accept.	 Fortunately,
advances	in	our	understanding	of	how	to	deliver	adjuvant	RT	more	efficiently	with	hypofractionated	courses	(the
section	titled	“Hypofractionated	Whole-Breast	and	Accelerated	Partial-Breast	Irradiation”	later	in	the	chapter)	are
being	 extrapolated140	 to	 patients	 with	 DCIS,	 given	 reassuring	 observational	 data141	 suggesting	 equivalent
outcomes	with	shorter	courses	that	reduce	burden	and	possibly	also	toxicity	for	patients.	A	detailed	discussion	of
the	pros	and	cons	of	the	various	treatment	options	is	needed	to	allow	each	woman	with	DCIS	to	make	an	informed
treatment	choice.

Treatment	of	the	Axilla
In	situ	carcinoma	by	definition	does	not	metastasize,	so	theoretically,	axillary	staging	should	be	unnecessary	for
DCIS.	Studies	of	axillary	lymph	node	dissection	(ALND)	in	DCIS	have	demonstrated	axillary	nodal	metastases	in
only	1%	to	2%	of	patients,	presumably	due	to	unrecognized	microinvasion.	Data	from	the	NSABP	B-17	and	B-24
studies	 confirm	 that	 the	 risk	 of	 isolated	 axillary	 recurrence	 with	 no	 axillary	 surgery	 is	 <0.1%,	 regardless	 of
whether	RT	and	tamoxifen	are	administered.142	These	low	rates	of	axillary	recurrence	argue	against	routine	use	of
sentinel	 lymph	 node	 biopsy	 in	DCIS.	 Selective	 use	 of	 sentinel	 node	 biopsy	 in	 patients	with	DCIS	who	 are	 at
significant	 risk	of	having	coexistent	 invasive	carcinoma	 is	 appropriate.	Approximately	15%	 to	20%	of	patients
diagnosed	 as	 having	DCIS	with	 large	 vacuum-assisted	 biopsy	 devices	 are	 found	 to	 have	 invasive	 cancer	 after
complete	excision	of	the	lesion.	The	diagnosis	of	DCIS	in	a	palpable	breast	mass	and	pathologic	interpretation	of
a	core	biopsy	specimen	as	suspicious,	but	not	diagnostic,	of	microinvasion	are	circumstances	in	which	invasive
cancer	 is	more	 frequently	 found	when	 the	 lesion	 is	 completely	 examined,	 and	 sentinel	 node	 biopsy	 should	 be
considered.	 Because	 patients	 undergoing	 mastectomy	 forfeit	 the	 opportunity	 for	 sentinel	 node	 biopsy	 if	 not
performed	concurrently,	patients	receiving	mastectomy	for	DCIS	should	undergo	sentinel	node	biopsy.

TABLE	79.8
Randomized	Trials	of	Excision	with	or	without	Radiotherapy	in	Ductal	Carcinoma	In	Situ

Study
No.	of
Patients

Ipsilateral	Local	Recurrence Breast	Cancer–Specific	Survival
Without
RT With	RT

Risk
Reduction P	Value

Without
RT With	RT P	Value



NSABP	B-17119
12-y	results

813 35 19.8 44 <	.00005 96.9 95.3 NS

EORTC	10853118
10.5-y	results

1,010 26 15 47 <	.0001 96 96 NS

UK/ANZ133
Median	FU	=	12.7-y
crude	incidence

1,030 19.4 7.1 63 <	.0001 97.5 98.5 NS

Swedish134
8	y	=	mean	FU;	10-y
cumulative	incidence

1,046 27.1 12.1 55 <	.0001 99.4 99.8 NS

RT,	radiotherapy;	NSABP,	National	Surgical	Adjuvant	Breast	and	Bowel	Project;	NS,	not	stated;	EORTC,	European	Organisation	for
Research	and	Treatment	of	Cancer;	UK/ANZ,	United	Kingdom,	Australia,	and	New	Zealand;	FU,	follow-up.

Endocrine	Therapy
The	ER	is	expressed	 in	about	80%	of	DCIS	 lesions	and	 is	more	frequent	 in	noncomedo	 than	comedo	DCIS.143
Endocrine	therapy	reduces	LR	after	breast-conserving	therapy	(BCT)	and	prevents	development	of	new	primary
breast	cancers	in	the	contralateral	breast.	Two	trials	have	examined	the	use	of	tamoxifen	in	women	with	DCIS.	In
the	NSABP	B-24	trial,119	patients	with	DCIS	were	treated	with	excision	and	RT	and	randomized	to	tamoxifen	20
mg	daily	or	a	placebo	for	5	years.	Patients	in	the	tamoxifen	arm	had	a	32%	reduction	in	the	risk	of	an	invasive	LR,
a	16%	reduction	in	the	risk	of	a	DCIS	LR,	and	a	32%	reduction	in	CBC	compared	to	the	patients	in	the	placebo
arm.	In	 the	subset	of	women	with	ER-positive	DCIS,	 tamoxifen	reduced	 the	risk	of	any	breast	cancer	event	by
51%;	 there	 was	 no	 benefit	 seen	 if	 the	 DCIS	 lesion	 was	 ER	 negative.143	 The	 United	 Kingdom/Australia	 New
Zealand	trial,133	which	randomized	women	to	tamoxifen	or	to	no	tamoxifen	and	had	a	median	follow-up	of	12.7
years,	found	that	tamoxifen	reduced	ipsilateral	events	(HR,	0.78;	95%	CI,	0.62	to	0.99),	but	more	significantly,	it
reduced	 contralateral	 events	 (HR,	 0.44;	 95%	CI,	 0.25	 to	 0.77).	 In	 a	 subset	 analysis,	 the	 benefit	 of	 tamoxifen
appeared	 restricted	 to	 patients	 who	 did	 not	 receive	 RT.	 Taken	 together,	 these	 trials	 suggest	 that	 tamoxifen
modestly	reduces	ipsilateral	events	with	or	without	RT	and	substantially	reduces	contralateral	events.	The	addition
of	tamoxifen	to	RT	is	particularly	attractive	in	young	patients	with	ER-positive	DCIS,	in	whom	the	risk	of	LR	is
higher	and	the	toxicity	of	tamoxifen	is	less	than	in	older	patients.

AIs	 have	 also	 been	 evaluated	 as	 endocrine	 treatment	 for	 ER-positive	 DCIS.	 In	 NSABP	 B-35,	 3,104
postmenopausal	women	with	ER-positive	DCIS	treated	with	lumpectomy	and	whole-breast	RT	were	randomized
to	 5	 years	 of	 treatment	 with	 either	 tamoxifen	 or	 to	 the	 AI	 anastrozole.144	 Through	 9	 years	 of	 follow-up,
anastrozole	was	associated	with	a	lower	risk	of	breast	cancer	events	(in-breast	recurrence	of	DCIS	or	new	invasive
breast	cancer	or	CBC)	(HR,	0.73;	P	=	.02).	There	was	no	difference	in	the	rate	of	metastatic	cancer	or	OS.	Thus,
AI	therapy	is	an	option	instead	of	tamoxifen	for	DCIS.

Conclusions
In	summary,	patients	with	localized	DCIS	have	treatment	options	ranging	from	simple	excision	to	mastectomy,	all
of	which	 have	 high	 survival	 rates	 but	 different	 risks	 of	LR.	Patient	 preference	 plays	 a	major	 role	 in	 treatment
selection,	but	available	evidence	indicates	that	patients	have	limited	understanding	of	the	nature	of	DCIS.	In	one
study,	women	with	DCIS	estimated	their	risk	of	breast	cancer	death	to	be	39%.145	Perhaps	related	to	this,	Katz	et
al.146	 found	that	although	patients	reported	that	 their	surgeon	infrequently	recommended	mastectomy	for	DCIS,
greater	involvement	of	patients	in	the	decision-making	process	was	associated	with	higher	rates	of	mastectomy.
Others	have	shown	overestimation	of	recurrence	risk	and	worry	in	survivors	of	DCIS.147	Ensuring	that	all	patients
are	 fully	 informed	 is	 critically	 necessary	 to	 minimize	 the	 long-term	 adverse	 psychological	 consequences	 of
detecting	a	disease	from	which	virtually	all	women	remain	long-term	survivors	with	appropriate	treatment.

MANAGEMENT	BY	STAGE:	PRIMARY	OPERABLE	INVASIVE	BREAST
CANCER
Overview
In	the	patient	with	clinical	stage	I	or	II	disease,	the	initial	management	is	usually	surgical.	In	these	patients,	the
evaluation	consists	of	a	determination	of	their	suitability	for	BCT	and	a	discussion	of	the	options	of	mastectomy
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with	and	without	reconstruction.	Initial	systemic	therapy	may	be	used	to	shrink	the	primary	tumor	to	allow	BCT
in	a	woman	who	would	otherwise	require	mastectomy	and	is	increasingly	used	to	downstage	the	axillary	lymph
nodes	in	patients	presenting	with	node-positive	disease.	The	current	status	of	management	approaches	for	primary
operable	breast	cancer	is	discussed	in	detail	in	the	following	sections.

Breast-Conserving	Therapy
The	goal	of	BCT	using	conservative	surgery	(CS)	and	RT	is	to	provide	survival	equivalent	to	mastectomy	with
preservation	 of	 cosmetic	 appearance	 and	 a	 low	 rate	 of	 recurrence	 in	 the	 treated	 breast.	 Because	 of	 the	 wide
acceptance	 of	 the	 Halstedian	 dogma,	 a	 relatively	 large	 number	 of	 randomized	 clinical	 trials	 were	 conducted
comparing	mastectomy	and	BCT,	and	 they	all	demonstrated	equivalent	survival.	The	 long-term	stability	of	 this
equivalence	was	 confirmed	 by	 the	 20-year	 follow-up	 reports	 of	 the	 two	 largest	 studies,	 the	NSABP	B-06	 and
Milan	 I	 trials.148,149	 Medical	 contraindications	 to	 BCT	 are	 infrequent.	 In	 a	 population-based	 study	 of	 1,984
patients	with	DCIS	or	stage	I	or	II	breast	cancer,	only	13.4%	were	advised	by	their	surgeon	that	mastectomy	was
medically	necessary.150	In	the	1,459	women	in	whom	BCT	was	attempted,	conversion	to	mastectomy	occurred	in
12%,	and	reexcision	was	not	attempted	in	the	majority.	Thus,	the	available	data	indicate	that	a	minority	of	patients
have	 contraindications	 to	 BCT,	 and	 these	 patients	 are	 readily	 identified	 with	 standard	 clinical	 tools.	 Patient
participation	in	the	surgical	decision-making	process	is	an	important	factor	 in	mastectomy	use.	In	a	population-
based	study	of	patients	diagnosed	with	breast	cancer	 in	2002	in	 two	large	metropolitan	areas	(Los	Angeles	and
Detroit),	more	 patient	 involvement	 in	 decision	making	was	 associated	with	 a	greater	 likelihood	of	undergoing
mastectomy.151,152	 Recently,	 a	 growing	 percentage	 of	 women,	 approximately	 one	 in	 six,	 have	 been	 choosing
bilateral	mastectomy	 (including	 contralateral	 prophylactic	mastectomy)	 for	 early-stage	 unilateral	 breast	 cancer,
even	when	their	risk	of	contralateral	cancer	was	low	and	other	outcomes	would	be	the	same	with	BCS.153

Of	 note,	 the	 incidence	 of	 LR	 after	 BCT	 has	 declined	 over	 time,	 from	 10-year	 rates	 of	 8%	 to	 19%	 seen	 in
retrospective	studies	and	the	initial	randomized	trials	of	BCT,	to	2%	to	7%	in	patients	excised	to	negative	margins
in	more	recent	studies.	Table	79.9	shows	the	10-year	rates	of	LR	in	node-negative	NSABP	trials.154	This	decrease
in	LR	rates	 is	 the	 result	of	a	combination	of	 improved	mammographic	and	pathologic	evaluation	and	 the	more
frequent	use	of	adjuvant	systemic	therapy	(discussed	in	detail	in	the	section	titled,	“Risk	Factors	for	Locoregional
Recurrence	Following	Conservative	Surgery	and	Radiation	Therapy”).	In	contrast,	rates	of	LR	after	mastectomy
have	remained	stable	over	the	same	time	period.

Recurrences	in	the	breast	are	typically	classified	by	their	location	in	relation	to	the	original	tumor	and	field	for
boost	RT.	Recurrences	at	or	near	the	primary	site	(presumably	representing	a	recurrence	of	the	original	tumor)	are
classified	as	a	true	recurrence	 (within	 the	boosted	region),	a	marginal	miss	 (adjacent	 to	 the	boosted	 region),	or
elsewhere	 in	 the	 breast	 (occurring	 at	 a	 distance	 from	 the	 original	 tumor	 and	 presumably	 representing	 a	 new
primary).	More	recently,	efforts	have	turned	toward	consideration	of	tumor	receptor	status	and	even	more	accurate
genomic	characterization	of	tumor	biology	to	distinguish	true	recurrences	from	new	primary	cancers	as	well	as	to
provide	 improved	 prognostic	 information	 based	 on	 biologic	 subtype.	 The	 time	 course	 to	 LR	 in	 the	 patient
undergoing	 BCT	 is	 prolonged.	 In	 one	 study,	 the	 annual	 incidence	 rate	 for	 a	 true	 recurrence	 or	marginal	miss
recurrence	was	between	1.3%	and	1.8%	for	years	2	to	7	after	treatment	and	then	decreased	to	0.4%	by	10	years
after	 treatment.	 The	 annual	 incidence	 rate	 for	 recurrence	 elsewhere	 in	 the	 breast	 increased	 slowly	 to	 a	 rate	 of
approximately	0.7%	per	year	at	8	years	and	remained	stable.	It	also	appears	that	just	as	the	time	to	development	of
distant	metastases	 is	more	 rapid	 in	patients	with	ER-negative	or	HER2-positive	cancers	 than	 in	 those	with	ER-
positive	 and	 PR-positive	 cancers,	 the	 time	 to	 LR	 also	 varies	 with	 receptor	 status.	 (These	 results	 have	 been
contrasted	to	those	seen	after	mastectomy,	in	which	most	LRs	occur	in	the	first	3	to	5	years	after	surgery.)	In	the
Milan	I	trial,	after	20	years	of	follow-up,	the	risk	of	any	type	of	recurrence	in	the	treated	breast	was	0.63	per	100
woman-years	compared	with	a	 risk	of	0.66	per	100	woman-years	 for	contralateral	cancer.149	This	 suggests	 that
although	WBI	 is	effective	at	eradicating	subclinical	multicentric	 foci	of	breast	carcinoma	present	at	 the	 time	of
diagnosis,	it	does	not	prevent	the	subsequent	development	of	new	cancers.	Thus,	patients	who	elect	BCT	require
lifelong	follow-up	to	screen	for	the	development	of	new	cancers	in	both	the	treated	and	the	contralateral	breast.

TABLE	79.9
Ten-Year	Local	Recurrence	Rates	in	Key	National	Surgical	Adjuvant	Breast	and	Bowel
Project	Trials



Trial Systemic	Therapy ER	Status 10-Year	LR	(%)
B-13 No	chemo – 13.3

Chemo – 3.5

B-14 No	tamoxifen + 11.0

Tamoxifen + 3.6

B-19 Chemo – 6.5

B-20 Tamoxifen + 4.7

B-23 Chemo – 4.3
ER,	estrogen	receptor;	LR,	local	recurrence;	chemo,	chemotherapy.
From	Anderson	SJ,	Wapnir	I,	Dignam	JJ,	et	al.	Prognosis	after	ipsilateral	breast	tumor	recurrence	and	locoregional	recurrences	in
patients	 treated	 by	 breast-conserving	 therapy	 in	 five	 National	 Surgical	 Adjuvant	 Breast	 and	 Bowel	 Project	 protocols	 of	 node-
negative	breast	cancer.	J	Clin	Oncol	2009;27(15):2466–2473.

Risk	Factors	for	Locoregional	Recurrence	Following	Conservative	Surgery	and
Radiation	Therapy
Many	of	the	factors	that	were	discussed	as	overall	prognostic	factors	earlier	are	relevant	to	the	risk	of	locoregional
recurrence	after	conservative	surgery	and	RT.	These	factors	can	be	subdivided	into	patient,	tumor,	and	treatment
factors.

Patient	Risk	Factors
The	most	important	patient	risk	factors	for	locoregional	recurrence	are	age	and	inherited	susceptibility	(with	the
latter	in	particular	believed	to	increase	the	risk	of	new	primary	tumors	rather	than	true	recurrences).	Age	(younger
than	 35	 or	 40	 years)	 is	 associated	with	 an	 increased	 risk	 of	 locoregional	 recurrence	 (LRR)	 after	BCT.	Young
patient	 age	 is	 also	 associated	 with	 an	 increased	 frequency	 of	 various	 adverse	 pathologic	 features,	 such	 as
lymphatic	 vessel	 invasion,	 grade	 3	 histology,	 absence	 of	 ER	 or	 presence	 of	 HER2,	 and	 the	 presence	 of	 an
extensive	 intraductal	 component	 (EIC).	 However,	 even	 after	 correcting	 for	 these	 features,	 young	 age	 remains
associated	with	an	increased	likelihood	of	LR,155	although	current	rates	are	far	lower	than	reported	previously.	A
population-based	 study	 from	 the	Netherlands	 of	 1,143	women,	 aged	40	years	 and	younger,	 treated	with	 breast
conservation	for	early-stage	breast	cancer	from	1998	to	2010	reported	an	overall	5-year	LR	rate	of	7.5%,	which
decreased	significantly	over	time,	from	9.8%	for	those	treated	between	1988	and	1998	to	3.3%	for	those	treated
between	 2006	 and	 2010.156	 Similar	 findings	 were	 seen	 in	 a	 retrospective	 study	 performed	 at	 the	 Dana-
Farber/Harvard	Cancer	Center	 in	which	LR	data	was	collected	on	1,434	consecutive	patients	undergoing	breast
conservation	 from	 1997	 to	 2006.157	 In	 the	 youngest	 group	 of	 patients,	 those	 aged	 23	 to	 46	 years,	 cumulative
incidence	 of	 LR	 at	 a	median	 follow-up	 of	 85	months	was	 5.0%	 (cumulative	 incidence	 of	 LR	 for	 all	 patients,
2.1%),	and	these	low	rates	persisted	at	106	months	of	follow-up.	It	is	important	to	note	that	young	age	is	also	a
risk	 factor	 for	 LR	 after	mastectomy,	 and	 several	 studies	 have	 demonstrated	 equivalent	LR	 rates	 among	 young
women	treated	with	BCT	or	mastectomy.158,159	Hence,	young	age	should	not	be	considered	a	contraindication	to
BCT.

Patients	with	breast	cancer	with	a	known	deleterious	mutation	in	BRCA1	and	BRCA2	have	a	substantial	risk	of
developing	 contralateral	 and	 late	 ipsilateral	 breast	 cancers;	 however,	 less	 is	 known	 about	 these	 risks	 in	 more
recently	 described	moderate-penetrance	 genes.160	 In	 a	 retrospective	 study,	 outcome	 following	CS	 and	RT	was
compared	for	302	stage	I	 to	III	patients	with	breast	cancer	with	germline	BRCA1	or	BRCA2	mutations	and	353
stage	 I	 to	 III	 patients	 treated	 with	 mastectomy.161	 With	 a	 follow-up	 time	 of	 8.2	 and	 8.9	 years	 for	 BCT	 and
mastectomy	 patients,	 respectively,	 LR	 was	 significantly	 more	 likely	 in	 those	 treated	 with	 BCT	 compared	 to
mastectomy,	with	a	cumulative	estimated	risk	of	23.5%	versus	5.5%,	respectively,	at	15	years	(P	<	.0001);	the	15-
year	estimate	in	carriers	treated	with	BCT	and	chemotherapy	was	11.9%	(P	=	.08	when	compared	to	mastectomy).
In	 patients	with	 known	 hereditary	 predisposition	 to	 breast	 cancer,	many	 tumors	 coded	 as	 LRs	 appeared	 to	 be
second	primary	cancers	rather	than	true	recurrences.	The	risk	of	CBC	exceeded	40%.	More	recent	data	illustrate
that	 although	 the	 risk	 of	 CBC	 increases	 over	 time	 for	 both	BRCA1	 and	BRCA2	 mutation	 carriers,	 there	 is	 an
important	interaction	between	age	at	first	diagnosis	and	risk	of	CBC.	Most	notably,	the	risk	of	CBC	exceeds	40%
at	 15	 years	 and	 approaches	 60%	 at	 20	 years	 among	BRCA1	mutation	 carriers	 diagnosed	 before	 the	 age	 of	 40
years.162	By	contrast,	for	both	BRCA1	and	BRCA2	mutation	carriers	diagnosed	after	the	age	of	50	years,	the	risk
of	CBC	is	lower,	approximately	20%	at	20	years	of	follow-up.162,163	Family	history	also	appears	to	impact	risk	but
only	for	those	diagnosed	before	the	age	of	50	years.163
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In	patients	with	a	known	deleterious	mutation,	the	option	of	bilateral	mastectomy	may	be	appropriate	to	avoid
the	 long-term	 risk	 of	 a	 second	 breast	 cancer	 in	 either	 breast;	 however,	 these	 decisions	 should	 be	made	 in	 the
context	of	appropriate	genetic	counseling	and	with	consideration	of	all	potential	factors	impacting	risk.

Tumor-Based	Risk	Factors
An	important	tumor	risk	factor	is	the	margin	of	resection.	A	negative	margin	is	defined	by	absence	of	cancer	cells
at	 inked	 surfaces,	 but	 there	 is	 no	 standard	 definition	 of	 a	 close	 margin.	 Margins	 need	 to	 be	 interpreted	 in
conjunction	with	the	operative	findings.	A	close	deep	margin	is	not	considered	clinically	significant	if	the	breast
resection	was	 carried	 down	 to	 the	 pectoral	 fascia;	 the	 same	 is	 true	 for	 a	 close	 anterior	margin	 if	 the	 resection
extended	 to	 the	 deep	 dermal	 surface.	 Patients	 with	 negative	 margins	 of	 excision	 have	 low	 rates	 of	 LR	 after
treatment	with	CS	and	RT.	The	impact	of	close	margins	of	resection	on	LR	has	been	more	controversial,	resulting
in	 the	 frequent	 use	 of	 reexcision	 to	 obtain	 margins	 more	 widely	 clear	 than	 no	 ink	 on	 tumor.	 A	 2013
multidisciplinary	consensus	panel	considered	a	meta-analysis	of	margin	width	and	IBTR	from	a	systematic	review
of	 33	 studies	 including	 28,162	 patients,	 factoring	 in	 reproducibility	 of	 margin	 assessment	 and	 current
multimodality	 treatment	 plans.164	 The	 panel	 found	 that	 positive	margins	 (ink	 on	 invasive	 carcinoma	 or	DCIS)
were	associated	with	a	 twofold	 increase	 in	 the	 risk	of	 IBTR	compared	 to	negative	margins.	This	 increased	risk
was	not	mitigated	by	 favorable	biology,	endocrine	 therapy,	or	a	 radiation	boost.	The	panel	also	concluded	 that
more	widely	clear	margins	beyond	“no	ink	on	tumor”	did	not	significantly	decrease	the	rate	of	IBTR,	irrespective
of	adverse	clinical	factors	such	as	younger	age	at	diagnosis,	unfavorable	biology,	lobular	cancers,	or	cancers	with
an	EIC.	(When	an	EIC	is	present,	young	age	and	multiple	close	margins	are	associated	with	an	increased	risk	of
IBTR	and	can	be	used	to	select	patients	who	might	benefit	from	reexcision).	Therefore,	 the	panel	endorsed	“no
ink	on	tumor”	as	the	standard	for	an	adequate	margin	in	invasive	cancer	in	the	era	of	multidisciplinary	therapy	as
being	 associated	 with	 low	 rates	 of	 IBTR	 and	 as	 having	 the	 potential	 to	 decrease	 reexcision	 rates,	 improve
cosmetic	outcomes,	and	decrease	health-care	costs.165	Since	the	implementation	of	this	guideline,	reexcision	and
mastectomy	rates	have	decreased	at	large	centers	in	the	United	States.166

The	underlying	molecular	subtype	of	the	tumor	is	the	most	significant	determinant	of	the	likelihood	of	LR	after
BCT	 or	 mastectomy,	 particularly	 among	 those	 treated	 in	 the	 modern	 era	 with	 surgery	 to	 achieve	 negative
margins.167,168

Numerous	studies	have	demonstrated	higher	 risks	of	LR	 in	patients	with	 triple-negative	breast	cancer,	when
compared	 to	 all	 other	 subtypes	 combined,	 regardless	 of	 whether	 they	 are	 treated	 with	 BCT	 or
mastectomy.157,168–170	Individual	patterns	of	LR	by	subtype	are	well	demonstrated	in	a	large	observational	series
of	2,985	patients	treated	with	mastectomy	and	1,461	patients	treated	with	BCT.	The	10-year	LRR	rates	were	14%
and	19%	in	patients	with	triple-negative	breast	cancer	treated	with	BCT	and	mastectomy,	respectively;	21%	and
17%	in	those	with	HER2-positive	cancer	treated	with	BCT	and	mastectomy,	respectively;	and	10%	and	14%	in
patients	 with	 luminal	 B	 disease	 treated	 with	 BCT	 and	 mastectomy,	 respectively,	 whereas	 among	 those	 with
luminal	A	breast	cancer,	10-year	rate	of	LR	was	8%	for	both	treatment	options.	Of	note,	this	study	was	conducted
in	a	pretrastuzumab	era,	and	rates	of	recurrence	in	the	HER2-positive	subgroup	are	therefore	higher	than	currently
observed.171

Genomic	 assays	 that	 serve	 as	 prognostic	 markers	 for	 metastatic	 recurrence	 also	 have	 proven	 valuable	 as
prognostic	markers	for	LRR.	For	example,	 the	21-gene	recurrence	score	(Oncotype	DX)	predicts	LRR	in	node-
negative,	ER-positive	breast	cancer	regardless	of	 type	of	surgery.172	The	10-year	LR	rate	was	4.3%	for	patients
with	a	low	recurrence	score	(<18),	7.2%	in	patients	with	an	intermediate	recurrence	score	(18	to	30),	and	15.8%	in
patients	with	a	high	recurrence	score	(>30).	This	recurrence	score	also	correlates	with	LRR	risk	in	patients	with
node-positive	disease	undergoing	mastectomy.173,174	Ongoing	trials	are	exploring	whether	patients	with	low-risk
tumors	based	on	genomic	assays	might	avoid	more	extensive	locoregional	treatment.



Figure	79.2	Computed	tomography	simulation	for	a	left-sided	breast	cancer	with	medial	and
lateral	tangential	fields.	Left	upper	image	is	the	beam’s	eye	view	with	the	large	rectangle	being	the
treatment	field.	The	area	of	the	primary	in	the	upper	outer	quadrant	is	contoured	in	magenta,	and	the
heart	is	contoured	in	red.	Note	that	for	the	actual	treatment,	a	block	was	used	to	block	irradiation	of
her	heart,	which	also	blocked	out	some	breast	tissue	well	away	from	the	primary	cancer.	Right

upper	image	is	an	axial	view	of	the	treatment	fields	in	the	center	of	the	treatment	fields.	Left	lower
image	shows	(in	red)	the	medial	tangent	borders	on	the	patient’s	skin.	Right	lower	image	shows	(in

green)	the	lateral	tangent	borders	on	the	patient’s	skin.

Treatment-Based	Risk	Factors
Effective	treatments	reduce	the	risk	of	LRR.	A	boost	or	supplementary	irradiation	to	the	area	of	the	primary	site	is
generally	used	after	whole-breast	RT.	Three	prospective	randomized	trials	have	investigated	the	addition	of	a	10-
to	16-Gy	boost	to	the	region	of	the	tumor	bed	(Fig.	79.2)	after	whole-breast	RT.175–179	Particularly	noteworthy	is
the	 large	European	Organisation	 for	Research	and	Treatment	of	Cancer	 (EORTC)	 trial	 in	which	5,318	 patients
with	negative	margins	were	randomized	to	a	boost	of	16	Gy	or	no	boost	following	50	Gy	to	the	whole	breast.175
With	 a	 median	 follow-up	 of	 10.8	 years,	 the	 cumulative	 incidence	 of	 ipsilateral	 breast	 recurrence	 was	 10.2%
without	a	boost	and	6.2%	with	a	boost	(P	<	.0001).	This	41%	proportional	reduction	in	LR	was	similar	in	all	age
groups;	however,	the	absolute	benefit	of	the	boost	was	greatest	in	young	patients	aged	40	years	or	younger	(24%
decreased	to	14%)	and	was	smallest	in	patients	older	than	age	60	years	(7%	decreased	to	4%).	Severe	fibrosis	was
increased	 from	2%	 to	4%	with	 the	boost.	Survival	at	10	years	was	 the	 same	 in	both	arms.	A	clinicopathologic
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study	was	performed	on	1,616	patients	 in	 the	EORTC	trial.	 In	multivariate	analysis,	high-grade	 invasive	ductal
carcinoma	was	 associated	with	 an	 increased	 risk	 of	 LR	 (HR,	 1.67;	P	 =	 .026),	 and	 the	 boost	 was	 effective	 in
reducing	LR	in	this	subgroup.177	Both	 the	 rates	of	LR	and	 the	expected	 toxicity	 from	 the	boost	dose	are	 likely
lower	 in	 the	 modern	 era	 thanks	 to	 technologic	 and	 other	 advances;	 therefore,	 the	 decision	 to	 boost	 is	 highly
individualized	 but	most	 recommended	 among	 younger	 patients	with	 higher	 grade	 lesions,	 as	 detailed	 in	 recent
consensus	guidelines.140

The	use	of	adjuvant	systemic	therapy	affects	recurrence	in	the	treated	breast	in	conjunction	with	CS	and	RT.	In
the	NSABP	B-14	trial,	node-negative,	ER-positive	patients	were	randomized	to	receive	tamoxifen	or	a	placebo.
The	 10-year	 rate	 of	 recurrence	 in	 the	 ipsilateral	 breast	 was	 14.7%	 without	 tamoxifen	 and	 only	 4.3%	 with
tamoxifen.180	In	the	NSABP	B-21	trial,	patients	with	node-negative	breast	cancer	measuring	≤1	cm	treated	with
lumpectomy	were	randomized	to	tamoxifen	alone,	RT	alone,	or	RT	and	tamoxifen.	With	a	mean	follow-up	of	87
months,	the	8-year	rate	of	ipsilateral	LR	was	9.3%	in	the	patients	treated	with	RT	alone	and	2.8%	in	the	patients
treated	with	RT	and	tamoxifen.181	Similar	results	are	seen	with	adjuvant	chemotherapy.	In	the	NSABP	B-13	trial,
node-negative,	 ER-negative	 patients	 were	 randomized	 to	 chemotherapy	 or	 to	 a	 no-treatment	 control	 group.
Among	the	235	patients	treated	with	CS	and	RT,	the	8-year	rate	of	recurrence	in	the	ipsilateral	breast	was	13.4%
without	 chemotherapy	 and	 only	 2.6%	 with	 chemotherapy	 given	 concurrently	 with	 the	 RT.182	 HER2-targeted
therapy	also	has	an	important	impact	on	locoregional	outcomes;	a	meta-analysis	showed	that	trastuzumab	reduced
LRR	by	half.171	The	net	result	of	the	benefit	of	systemic	therapy	on	local	control	is	that	between	1990	and	2011,
LRR	decreased	from	30%	to	15%	of	all	 recurrences	 in	breast	cancer	 trials.183	Given	 the	primary	 importance	of
preventing	 systemic	 relapse,	 it	 has	 been	 the	 standard	 to	 use	 initial	 chemotherapy	 (with	 anti-HER2	 therapy,	 if
given)	followed	by	RT.	Although	concerns	have	been	expressed	about	an	increased	rate	of	LR	with	this	approach,
the	results	of	clinical	trials	in	patients	with	negative	margins	have	not	shown	this	to	be	a	problem	even	when	RT
treatments	begin	after	4	to	6	months	of	chemotherapy.184

Preservation	of	a	Cosmetically	Acceptable	Breast
A	major	goal	of	BCT	is	the	preservation	of	a	cosmetically	acceptable	breast.	When	modern	treatment	techniques
are	 used,	 breast	 conservation	 and	 RT	 yield	 an	 acceptable	 cosmetic	 outcome	 in	 almost	 all	 patients	 without
compromise	of	local	tumor	control	(Fig.	79.3).	Treatment-related	changes	in	the	breast	stabilize	at	around	3	years.
Evolution	of	the	untreated	breast,	such	as	change	in	size	because	of	weight	gain	and	the	normal	ptosis	seen	with
aging,	continue	to	affect	the	symmetry.	The	major	factor	determining	the	cosmetic	result	is	the	extent	of	surgical
resection.185	 A	 variety	 of	 factors	must	 be	 considered	 together	 (the	 size	 of	 the	 patient’s	 breast,	 the	 size	 of	 the
tumor,	the	depth	of	the	tumor	within	the	breast,	and	the	quadrant	of	the	breast	in	which	the	tumor	is	located)	to
judge	the	feasibility	of	a	cosmetically	acceptable	resection.	For	example,	although	the	removal	of	a	large	tumor	in
the	lower	portion	of	the	breast	often	results	in	distortion	of	the	breast	contour,	this	is	only	apparent	with	the	arms
raised	and	is	acceptable	to	most	women.	A	similar	distortion	in	the	upper	inner	quadrant	of	the	breast,	visible	in
several	types	of	clothing,	might	not	be	as	acceptable.



Figure	79.3	Cosmetic	outcome	of	breast-conserving	therapy.	Other	than	the	surgical	scar,	there	is
minimal	difference	between	the	treated	and	the	untreated	breast.

Guidelines	for	Patient	Selection	for	Breast	Conservation

Multidisciplinary	Approach	and	Shared	Decision	Making
Because	 of	 the	 potential	 options	 for	 treatment	 of	 early-stage	 breast	 cancer,	 careful	 patient	 selection	 and	 a
multidisciplinary	 approach	 are	 necessary.	 Critical	 elements	 in	 patient	 selection	 for	 BCT	 are	 (1)	 history	 and
physical	examination,	 (2)	mammographic	evaluation,	 (3)	histologic	assessment	of	 the	 resected	breast	specimen,
and	(4)	assessment	of	the	patient’s	needs	and	expectations.

The	patient	and	her	physician	must	discuss	the	benefits	and	risks	of	mastectomy	compared	with	those	of	BCT
in	her	individual	case.	The	following	factors	should	be	discussed:

1.	 The	absence	of	a	long-term	survival	difference	between	treatments
2.	 The	possibility	and	consequences	of	LR	with	both	approaches
3.	 Psychological	adjustment	(including	the	fear	of	cancer	recurrence),	cosmetic	outcome,	sexual	adaptation,	and

functional	competence

Psychological	 research	 comparing	 patient	 adaptation	 after	 mastectomy	 with	 that	 after	 BCT	 shows	 no
significant	differences	 in	global	measures	of	 emotional	 distress.	However,	women	whose	breasts	 are	preserved
have	more	positive	attitudes	about	 their	body	 image	and	experience	 fewer	changes	 in	 their	 frequency	of	breast
stimulation	 and	 feelings	 of	 sexual	 desirability.	 In	 addition,	 patients	 treated	 with	 BCT	 have	 better	 physical
functioning	compared	with	patients	treated	with	mastectomy	at	the	end	of	primary	treatment.186

Absolute	and	Relative	Contraindications	to	Breast-Conserving	Therapy
Contraindications	 for	 BCT	 requiring	 RT	 include	 a	 number	 of	 clinical,	 tumor,	 and	 patient	 characteristics,	 as
described	 in	 the	 2017	 NCCN	 guidelines.	 Absolute	 contraindications	 include	 diffuse	 suspicious	 or	 malignant-
appearing	 microcalcifications	 throughout	 the	 breast;	 widespread	 tumors	 that	 cannot	 be	 incorporated	 by	 local
excision	of	a	single	region	or	segment	of	breast	tissue	that	achieves	negative	margins	with	a	satisfactory	cosmetic
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result;	 or	 diffusely	 positive	 pathologic	 margins.	 Inflammatory	 breast	 cancer	 (IBC)	 is	 generally	 considered	 a
contraindication	 to	 BCT,	 even	 after	 successful	 response	 to	 neoadjuvant	 treatment.	 Breast	 conservation	 is	 also
contraindicated	in	situations	that	would	require	delivery	of	RT	during	pregnancy,	but	breast	conservation	may	be
attempted	if	the	patient	is	late	in	pregnancy	and	RT	would	be	administered	after	delivery.	Patients	homozygous
for	an	ATM	mutation	are	often	advised	against	breast	conservation	because	of	concerns	for	toxicity	related	to	RT
treatment.	 In	 general,	 a	 history	 of	 prior	 radiation	 to	 the	 breast	 or	 chest	 wall	 has	 also	 been	 considered	 a
contraindication	to	breast	conservation;	however,	knowledge	of	prior	doses	and	volumes	prescribed	is	essential	to
determine	whether	partial	breast	reirradiation	may	be	safe	and	effective	for	patients	who	have	received	therapeutic
radiation	 doses.187	 Additional	 relative	 contraindications	 to	 breast	 conservation	 include	 active	 connective	 tissue
disease	 involving	 the	 skin	 (especially	 scleroderma	 and	 lupus),	 tumors	 >5	 cm	 (category	 2B),	 and	 positive
pathologic	 margins.	Women	 with	 a	 known	 or	 suspected	 genetic	 predisposition	 to	 breast	 cancer	 may	 have	 an
increased	risk	of	ipsilateral	breast	recurrence	(likely	new	primary	development	in	conserved	breast	tissue)	as	well
as	increased	risk	of	CBC,	as	described	earlier.

Conservative	Surgery	without	Radiation	Therapy
An	unresolved	question	is	whether	RT	is	necessary	in	all	patients	with	invasive	breast	cancer	after	conservative
surgery.	It	is	well	known	that	RT	after	CS	reduces	LR	by	about	70%,	but	there	has	been	uncertainty	about	whether
this	improvement	in	LR	is	important	to	survival	and	whether	there	is	a	subgroup	of	patients	with	a	low	risk	of	LR
following	CS	alone.	The	impact	of	 improving	local	control	on	overall	 long-term	survival	was	clarified	with	 the
findings	of	the	EBCTCG	meta-analysis,	which	included	17	trials,	10,801	women,	3,143	deaths,	and	9.5	median
women-years	of	risk.188	Importantly,	the	EBCTCG	moved	from	assessing	the	effect	of	RT	on	LR	to	its	effect	on
first	failure	(or	first	recurrence,	either	LR	or	distant	metastasis).	RT	proportionally	reduced	the	annual	rate	of	any
failure	(LR	or	distant	metastases)	over	the	first	10	years	by	about	half	(RR,	0.52)	and	proportionally	reduced	the
annual	rate	of	breast	cancer	death	by	about	one-sixth.	The	absolute	benefit	of	RT	was	greater	in	patients	with	the
greater	 risk	 of	 recurrence.	 In	 node-negative	 patients,	 the	 absolute	 benefit	 was	 strongly	 correlated	 with	 age
(inversely),	tumor	grade	and	size,	and	ER	status,	with	very	small	absolute	benefit	seen	in	low-risk	subgroups.

The	small	absolute	benefit	observed	in	some	subgroups	has	inspired	many	attempts	to	identify	patients	based
on	various	clinical	and	histologic	features	with	sufficiently	low	risk	of	LR	that	RT	might	safely	be	omitted.	This
quest	has	proven	extremely	difficult,	as	RT	consistently	achieves	numerical	reductions	in	the	risk	of	recurrence,
even	in	low-risk	cases.	Historical	studies	convincingly	demonstrated	that	even	in	older	patients	with	small	tumors,
LR	rates	were	unacceptably	high	prior	to	the	widespread	use	of	tamoxifen	(reaching	23%	in	a	single-arm	trial	in
Boston	treating	older	patients	with	small	tumors	with	CS	alone).189

It	 has	proven	 challenging	 to	use	 standard	 clinicopathologic	 features	 to	 identify	 a	 population	of	 patients	 that
might	safely	omit	RT.	Even	among	tamoxifen-treated	patients	with	low-risk,	stage	I	cancers,	RT	reduces	the	risk
of	ipsilateral	tumor	recurrence.	In	a	Canadian	trial190	that	included	women	aged	50	years	and	older	with	T1	to	T2
node-negative	breast	cancer,	all	patients	received	BCS	and	tamoxifen	and	were	randomized	to	RT	or	no	RT.	The
8-year	risk	of	IBTR	was	18%	overall	and	15%	in	the	planned	subgroup	analysis	of	611	women	with	stage	I,	ER-
positive	tumors	treated	with	tamoxifen	alone;	this	risk	was	considered	too	high	to	omit	RT.

Older	 women	 with	 early-stage,	 ER-positive	 breast	 cancer	 may	 omit	 RT	 when	 taking	 adjuvant	 endocrine
treatment.	The	Cancer	and	Leukemia	Group	B	(CALGB)	9343	trial	included	women	aged	70	years	and	older	with
clinical	stage	I,	ER-positive	disease,191	all	of	whom	received	BCS	and	tamoxifen	and	were	randomized	to	RT	or
no	RT.	The	10-year	risk	of	LRR	was	10%	after	lumpectomy	and	tamoxifen	alone	as	compared	to	2%	for	those
who	were	randomized	to	RT,	with	no	significant	difference	in	metastasis-free	survival	or	OS.	The	Postoperative
Radiotherapy	 in	Minimum	Risk	Elderly	 (PRIME)	 II	 study	 had	 a	 similar	 design	 as	CALGB	9343	 but	 included
women	 aged	 65	 years	 and	 older.	At	 5	 years	 of	 follow-up,	 PRIME	 II	 revealed	 a	 4%	 risk	 of	 LRR	without	RT,
compared	to	1%	in	the	658	patients	randomized	to	RT.192	There	was	no	difference	in	OS.	These	results	suggest
that	older	women	with	ER-positive,	node-negative	breast	 cancers	up	 to	3	cm	 in	 size	who	are	 taking	 tamoxifen
have	 a	 generally	 low	 risk	 of	 in-breast	 recurrence	 and	 can	 omit	 RT	without	 compromising	 long-term	 survival,
although	RT	will	lower	the	numerical	risk	of	LRR.	Inspired	by	studies	that	suggest	very	low	risks	of	recurrence	in
patients	with	highly	favorable	biology,193	ongoing	studies	are	exploring	genomic	assays	to	identify	other	women
who	might	avoid	RT.

Hypofractionated	Whole-Breast	and	Accelerated	Partial-Breast	Irradiation
Given	 that	 relatively	 few	women	 are	 candidates	 for	 omission	 of	 RT	 after	 BCS,	 approaches	 that	might	 reduce



burden	and	possibly	toxicity	of	therapy	are	very	important.	Mature	evidence	from	randomized	trials	now	supports
a	decrease	in	the	overall	number	of	RT	treatments	after	lumpectomy	through	the	administration	of	fewer	but	larger
daily	doses	 (hypofractionation)	of	RT	delivered	 to	 the	whole	breast.	Early	evidence	also	 supports	 the	 safety	of
targeting	 treatment	 in	 select	 patients	 only	 to	 the	 portion	 of	 the	 breast	 containing	 the	 primary	 tumor,	 which
facilitates	the	delivery	of	even	larger	doses	per	treatment	fraction	and	reduces	the	number	of	treatments	further,	in
an	approach	known	as	PBI.	Detailed	consensus	guidelines	exist	regarding	each	of	these	approaches.140,194

In	a	rigorous	trial	from	the	National	Cancer	Institute	of	Canada,	hypofractionated	WBI	was	studied195	among
women	with	 invasive	 breast	 cancer	 who	 had	 undergone	 BCS	 and	 in	 whom	 resection	margins	 were	 clear	 and
axillary	lymph	nodes	were	negative.	Women	were	randomly	assigned	to	receive	WBI	either	at	a	standard	dose	of
50	Gy	in	25	fractions	over	a	period	of	35	days	(the	control	group)	or	at	a	dose	of	42.5	Gy	in	16	fractions	over	a
period	 of	 22	 days	 (the	 hypofractionated	 radiation	 group).	 The	 risk	 of	 LR	 at	 10	 years	was	 6.7%	with	 standard
irradiation	as	compared	 to	6.2%	in	 the	hypofractionated	 regimen	 (95%	CI,	–2.5	 to	3.5).	At	10	years,	71.3%	of
women	in	the	control	group,	compared	with	69.8%	of	the	women	in	the	hypofractionated	radiation	group,	had	a
good	or	excellent	cosmetic	outcome.	In	a	subset	analysis,	conventional	fractionation	had	better	results	in	patients
with	high-grade	cancers,	but	grade	was	not	 significant	 in	a	 subsequent	analysis	 that	 included	central	pathology
review	of	a	subset	of	cases	or	in	the	large	British	trials	(see	later	in	chapter)	that	corroborated	the	equivalent	safety
and	 efficacy	 of	 hypofractionated	 WBI	 such	 that	 current	 consensus	 guidelines	 recommend	 hypofractionation
regardless	of	grade.

British	trials	have	provided	additional	useful	evidence	supporting	the	safety	and	efficacy	of	hypofractionated
WBI.196	In	the	United	Kingdom	Standardisation	of	Breast	Radiotherapy	(START)-B	trial,	a	regimen	of	50	Gy	in
25	 fractions	 over	 5	weeks	was	 compared	with	 40	Gy	 in	 15	 fractions	 over	 3	weeks.	 START-B	 enrolled	 2,215
women.	 A	 boost	 dose	 was	 allowed	 in	 this	 trial.	 Median	 follow-up	 was	 9.9	 years,	 after	 which	 95	 LRRs	 had
occurred.	The	proportion	of	patients	with	LRR	at	10	years	did	not	differ	significantly	between	the	40-Gy	group
(4.3%;	95%	CI,	3.2%	to	5.9%)	and	the	50-Gy	group	(5.5%;	95%	CI,	4.2%	to	7.2%;	HR,	0.77;	95%	CI,	0.51	to
1.16;	P	=	.21).	In	START-B,	breast	shrinkage,	telangiectasia,	and	breast	edema	were	significantly	less	common
normal	tissue	effects	in	the	40-Gy	group	than	in	the	50-Gy	group.

Additional	data	have	recently	emerged	supporting	this	approach	from	a	randomized	trial	at	the	MD	Anderson
Cancer	Center197	 and	 from	 a	 large	 prospective	 observational	 cohort	 study	 in	 the	 state	 of	Michigan,198	 both	 of
which	suggested	that	hypofractionation	is	better	tolerated	acutely,	with	lower	rates	of	dermatitis,	pain,	and	fatigue.

Based	 on	 these	 experiences,	 most	 women	 receiving	 RT	 after	 breast	 conservation	 are	 candidates	 for
hypofractionated	 treatment.	 Although	 there	 are	 few	 data	 for	 use	 of	 hypofractionated	 radiation	 in	 treatment	 of
DCIS,	WBI	is	acceptable	in	women	with	DCIS	after	breast	conservation	based	on	reassuring	observational	studies
in	this	population.141,199–201

The	rationale	for	partial	breast	irradiation	(PBI)	is	based	on	studies	of	the	patterns	of	recurrence	after	standard
whole-breast	 RT	 and	 after	 excision	 alone	 that	 demonstrate	 that	 the	 large	 majority	 of	 recurrences	 are	 in	 the
immediate	vicinity	of	the	tumor	bed.202	In	addition,	pathologic	studies	on	the	distribution	of	tumor	cells	in	relation
to	the	primary	tumor	demonstrate	in	most	cases	that	the	vast	majority	of	tumor	cells	in	the	breast	are	found	near
the	primary	 tumor.	By	 limiting	 the	volume	of	 tissue	 irradiated,	 the	hope	 is	 that	 long-term	complications	of	RT
could	 be	 decreased	 by	 limiting	 the	 volume	 of	 critical	 structures	 irradiated	 to	 high	 dose.	 The	British	 IMPORT
LOW	trial,	which	 reduced	 the	 treated	volume	of	breast	 tissues,	 reported	encouraging	5-year	 results,	 suggesting
that	PBI	may	 indeed	be	 safe	 and	may	 reduce	 toxicity.203,204	Of	 note,	 this	 trial	 did	 not	 accelerate	 treatment	 but
rather	 asked	 the	pure	question	of	whether	 it	was	 safe	 to	 reduce	 treatment	volume	 in	 select	patients	with	breast
cancer.	In	the	selected	patients	treated	on	this	trial	with	unifocal	nonlobular	tumors	that	were	≤3	cm	in	size	and
resected	with	2-mm	or	greater	margins,	recurrence	rates	at	5	years	were	exceptionally	low	regardless	of	volume
treated,	suggesting	that	PBI	may	be	a	reasonable	approach	for	carefully	selected	patients.

Most	other	studies	have	paired	the	reduction	in	treatment	volume	with	the	administration	of	larger	doses	per
treatment	fraction	administered	more	quickly,	known	as	accelerated	partial-breast	irradiation	(APBI).	These	are	a
number	 of	 different	 APBI	 techniques,	 including	 interstitial	 brachytherapy	 (three-dimensional	 conformal),
external-beam	 irradiation,	 intracavitary	brachytherapy,	 and	 intraoperative	 limited	RT.	At	 present,	 there	 are	 few
long-term	 data,	 especially	 from	 randomized	 clinical	 trials,	 for	APBI,	 and	 appropriate	 patient	 selection	 remains
controversial.	Most	of	 the	patients	on	clinical	studies	have	been	 low-risk	patients	with	favorable	histology	and,
frequently,	older	age.	An	Italian	trial,205	which	randomized	520	patients	to	WBI	versus	APBI	(administered	with
an	 intensity-modulated	external-beam	technique),	demonstrated	no	difference	 in	IBTR	or	survival.	At	a	median
follow-up	of	5	years,	 the	IBTR	rate	 in	that	 trial	was	only	1.5%	in	the	APBI	group	and	in	the	WBI	group.	Two
large	North	American	cooperative	group	studies—the	 recently	completed	NSABP/Radiation	Therapy	Oncology
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Group	(RTOG)	phase	III	trial206	 (allowing	implant	or	external-beam	APBI	techniques)	and	the	National	Cancer
Institute	of	Canada	Randomized	Trial	of	Accelerated	Partial	Breast	Irradiation	(RAPID)	study207—are	comparing
conventional	RT	versus	APBI.	An	American	Society	for	Radiation	Oncology	(ASTRO)	expert	panel	has	defined	a
suitable	group	for	whom	APBI	outside	a	clinical	trial	is	considered	acceptable.194	Suitable	criteria	include	all	of
the	 following:	 age	 50	 years	 and	 older,	 BRCA1/2	 mutation	 not	 present,	 unicentric	 invasive	 ductal	 carcinoma
measuring	≤2	cm,	margins	negative	by	at	least	2	mm,	no	lymphatic	vessel	invasion	or	EIC,	ER	positive,	and	node
negative	 on	 pathologic	 examination.	A	 small	 cohort	 of	 patients	with	DCIS	 (those	with	 screen-detected,	 low	 to
intermediate	nuclear	grade	disease	of	≤2.5	cm	and	resected	with	margins	negative	at	≥3	mm)	is	also	considered
suitable	 for	 APBI.	 At	 present,	 long-term	 data	 from	 rigorous	 randomized	 trials	 are	 lacking	 as	 to	 how	 APBI
compares	to	WBI	in	this	or	any	other	cohort.

Recent	 studies	 have	 raised	 concerns	 that	 cosmetic	 results	 with	 external-beam	 APBI	 may	 be	 compromised
relative	 to	 conventional	 whole-breast	 external-beam	 treatment.208	 The	 largest	 experience	 to	 date	 is	 from	 the
RAPID	trial,207	which	compared	outcomes	among	2,135	women	 randomly	assigned	 to	APBI	or	WBI.	Adverse
cosmesis	at	3	years	was	increased	among	those	treated	with	APBI	compared	with	WBI.	Grade	3	toxicities	were
rare	 in	 both	 treatment	 arms	 (1.4%	 versus	 0%),	 but	 grade	 1	 and	 2	 toxicities	were	 increased	 among	 those	who
received	 APBI	 compared	 with	WBI	 (P	 <	 .001).	 These	 observations	 suggest	 the	 importance	 of	 continuing	 to
evaluate	novel	approaches	to	RT	delivery	in	the	context	of	rigorous	trials.

Cardiotoxicity	of	Breast	Radiotherapy
Breast	RT	is	generally	well	tolerated	with	few	long-term	toxicities.	Evidence	has	long	been	accumulating	that	RT
involving	 the	 heart	 can	 result	 in	 premature	 ischemic	 heart	 disease.	 A	 population-based	 case-control	 study
involving	2,168	Scandinavian	women	treated	between	1958	and	2001	found	that	rates	of	major	coronary	events
increased	linearly	with	the	mean	dose	to	the	heart	by	7.4%	per	Gy	(P	<	.001),	with	no	apparent	threshold.209	The
increase	started	within	the	first	5	years	after	RT	and	continued	into	the	third	decade	after	RT.	The	proportional
increase	in	the	rate	of	major	coronary	events	per	Gy	was	similar	in	women	with	and	without	cardiac	risk	factors	at
the	time	of	RT,	but	the	absolute	increase	was	greater	in	patients	with	cardiac	risk	factors.	The	overall	average	of
the	mean	doses	to	the	whole	heart	in	this	study	was	4.9	Gy.	Despite	the	proportional	relationship	between	RT	dose
to	the	heart	and	heart	disease,	the	absolute	increase	was	very	small.	For	a	woman	without	cardiac	risk	factors	who
was	irradiated	at	age	50	years,	 the	absolute	risk	of	radiation-related	acute	coronary	events	by	age	80	years	was
0.1%	after	0.5	Gy,	0.3%	after	1	Gy,	0.6%	after	2	Gy,	and	0.9%	after	3	Gy.	The	corresponding	absolute	increases
in	risk	of	death	from	ischemic	heart	disease	were	0.1%,	0.2%,	0.3%,	and	0.5%.

In	current	practice,	most	node-negative	women	 receiving	BCT	experience	mean	heart	dose	of	1	Gy	or	 less,
although	 higher	 doses	 (still	 typically	 only	 about	 2	 Gy)	 are	more	 common	 for	 women	with	 left-sided	 RT	 that
includes	 targeting	 of	 the	 internal	mammary	 region.210,211	 Thus,	 the	 expectation	 is	 that	modern	 simulation	 and
planning	 techniques	 that	 spare	 cardiac	 RT	 dosing	 are	 likely	 to	 be	 associated	 with	 very	 low	 risk	 of	 coronary
disease.	Any	cardiac	mortality	risk	 in	current	practice	 is	small	compared	to	 the	survival	benefit	 from	RT	in	 the
setting	 of	 both	 BCT	 and	 postmastectomy	 RT	 (PMRT).	 The	 survival	 benefit	 seen	 for	 RT	 in	 these	 older	 trials
includes	 the	deleterious	effects	on	 the	heart	seen	with	doses	as	high	as	10	Gy.	The	 issue	of	cardiac	 irradiation,
however,	 has	 more	 importance	 in	 patients	 with	 DCIS	 or	 low-risk	 invasive	 cancers,	 where	 there	 is	 no	 likely
survival	impact	of	RT.

Notwithstanding	these	study	limitations	and	improvements	 in	 technique,	radiation	oncologists	operate	on	 the
principle	that	there	is	no	totally	safe	radiation	dose	to	the	heart	and	that	the	heart	dose	should	be	kept	as	low	as
possible.	A	number	 of	maneuvers,	 such	 as	 using	 cardiac	 blocks,	 prone	 techniques,	 and	deep	 inspiration	 breath
holds,	make	radiation	delivery	much	safer	in	current	practice.	These	techniques	are	particularly	important	in	cases
of	 left-sided	 disease,	 especially	 when	 regional	 nodal	 irradiation,	 targeting	 the	 internal	 mammary	 region,	 is
anticipated.

A	 recent	 meta-analysis	 of	 toxicities	 observed	 among	 patients	 treated	 on	 trials	 of	 RT	 suggests	 that	 risks	 of
treatment,212	including	cardiac	events	and	second	malignancy,	are	of	greatest	concern	among	patients	who	smoke,
and	smoking	cessation	may	also	be	an	important	part	of	minimizing	treatment-related	toxicity	in	this	context.

Preoperative	Systemic	Therapy	for	Operable	Cancer
Women	who	desire	BCT	but	are	not	candidates	for	the	procedure	because	of	a	large	tumor	relative	to	the	size	of
the	 breast,	 or	 who	 have	 locally	 advanced	 breast	 cancer	 (LABC),	 should	 be	 considered	 for	 preoperative	 or
neoadjuvant	therapy.	Patients	most	likely	to	be	converted	to	BCT	with	neoadjuvant	chemotherapy	are	those	with



unicentric,	 higher	 grade,	 HER2-positive,	 or	 triple-negative	 cancers	 because	 these	 cancers	 often	 respond
dramatically	 to	 chemotherapy.	 Percutaneous	 placement	 of	 marker	 clips	 within	 the	 primary	 tumor	 prior	 to	 the
initiation	of	chemotherapy	will	provide	a	landmark	for	localization	and	excision	should	a	clinical	and	radiographic
complete	 response	 occur.	 Patients	 with	 multicentric	 cancer	 and	 those	 with	 an	 EIC	 that	 precludes	 a	 cosmetic
resection	are	not	good	candidates	 for	 this	 approach.	More	 recently,	patients	presenting	with	 clinically	 involved
axillary	lymph	nodes	are	being	considered	for	preoperative	chemotherapy	irrespective	of	their	candidacy	for	BCT,
with	 the	 hope	 that	 axillary	 node	 response	 to	 preoperative	 treatment	might	 avoid	 completion	 axillary	 dissection
surgery.	 This	 shift	 follows	 changes	 in	 the	 management	 of	 the	 axillary	 nodes	 after	 preoperative	 therapy	 as
discussed	later.

Pathological	 complete	 response—defined	 as	 the	 absence	of	 residual	 invasive	 cancer	 in	 the	 breast	 and	 axilla
after	preoperative	 therapy—is	a	 strong	prognostic	marker	and	may	be	a	 surrogate	 for	 long-term	DFS.	Multiple
studies	have	shown	that	patients	who	experience	pCR	with	neoadjuvant	treatment	have,	on	average,	better	long-
term	 outcomes,	 with	 lower	 risk	 of	 cancer	 recurrence,	 than	 women	 with	 residual	 cancer	 after	 neoadjuvant
chemotherapy.	This	 is	 particularly	 true	 for	 patients	with	 triple-negative	 and	HER2	 subtypes.	Women	with	ER-
positive	 tumors	 are	 less	 likely	 to	 achieve	 a	 pCR	 with	 neoadjuvant	 treatment	 but	 still	 benefit	 from	 adjuvant
endocrine	 therapy.	 The	 U.S.	 Food	 and	 Drug	 Administration	 considers	 improved	 rates	 of	 pCR	 in	 neoadjuvant
treatment	as	a	surrogate	for	accelerated	drug	approval	for	early-stage	breast	cancer.213	The	accelerated	approval	of
pertuzumab,	 an	 anti-HER2	 antibody,	 based	 on	 initial	 findings	 in	 the	 neoadjuvant	 setting,214	 and	 validated	 in
subsequent	 results	 from	a	 large	 adjuvant	 trial,	 offers	 an	 example	of	 the	 successful	 application	of	 this	 approach
when	using	well-tolerated,	highly	effective	agents.

Early	 prospective,	 randomized	 trials	 of	 patients	 with	 operable	 breast	 cancer	 demonstrated	 clinical	 response
rates	 to	 neoadjuvant	 chemotherapy	 ranging	 from	 50%	 to	 85%	 and	 pCRs	 in	 the	 breast	 ranging	 from	 15%	 to
40%,113,215	whereas	more	recent	trials	that	have	focused	on	the	triple-negative	and	HER2-positive	subtypes	report
pCR	rates	that	exceed	50%.214,216–218	With	increasing	response	rates,	the	number	of	women	initially	felt	to	require
mastectomy	who	become	candidates	for	BCT	has	increased	from	25%	to	30%	to	40%	to	45%;	yet,	many	women
still	require	or	choose	mastectomy.113,215,218	This	is	a	reflection	of	the	difficulty	of	assessing	the	extent	of	residual
viable	 tumor	 after	 preoperative	 chemotherapy;	 the	 often	 patchy	 nature	 of	 cancer	 cell	 death	 in	 response	 to
chemotherapy,	which	may	preclude	BCT	if	negative	margins	are	not	achieved;	and	patient	preference.219	MRI	is
better	 than	 mammography	 or	 ultrasonography	 in	 evaluating	 the	 extent	 of	 residual	 tumor	 and	 its	 distribution
following	neoadjuvant	chemotherapy	but	may	both	underestimate	and	overestimate	the	extent	of	residual	disease.

An	early	meta-analysis	of	nine	 randomized	 trials	of	preoperative	chemotherapy	demonstrated	no	 increase	or
decrease	 in	 survival	with	preoperative	 compared	with	postoperative	 treatment.220	However,	 an	 elevated	 risk	 of
LRR	(RR,	1.22;	95%	CI,	1.04	to	1.45)	was	noted.	Some	of	the	increase	in	LR	was	due	to	the	inclusion	of	studies
in	the	meta-analysis	in	which	patients	who	had	a	clinical	complete	response	did	not	have	surgery.	In	an	updated
analysis	of	14	randomized	controlled	trials	(RCT)	including	5,500	patients	with	T1	to	T3	N0	to	N3	breast	cancer,
there	was	no	difference	in	LR	with	preoperative	versus	postoperative	treatment,	and	there	was	no	difference	in	LR
rates	 among	 patients	who	were	 planned	 to	 have	BCT	 initially	 as	 compared	 to	 those	who	were	 downstaged	 to
BCT.221	An	updated	analysis	of	the	NSABP	B-18	study	also	demonstrated	equivalent	rates	of	LRR	at	10	years	in
patients	 treated	 with	 preoperative	 therapy	 undergoing	 either	 mastectomy	 or	 BCT	 (10-year	 incidence	 of	 LRR,
12.3%	and	10.3%,	respectively).222	It	is	important	to	note,	however,	that	when	BCT	is	pursued,	both	the	pattern	of
treatment	response	and	the	volume	of	viable	disease	near	the	margins	of	the	lumpectomy	specimen	(even	when
reported	as	negative)	should	be	considered	when	determining	the	need	for	further	surgery.	The	margin	consensus
guideline	for	invasive	cancer,	which	defines	a	negative	margin	as	“no	ink	on	tumor,”	does	not	apply	to	patients
treated	 with	 preoperative	 therapy,	 and	 in	 cases	 with	 residual	 disease	 scattered	 throughout	 the	 lumpectomy
specimen,	 a	 negative	margin	may	 still	 be	 associated	with	 a	 clinically	 significant	 residual	 tumor	 burden	 that	 is
unlikely	to	be	controlled	by	RT.	Thus,	an	evaluation	of	both	surgical	margins	and	the	extent	of	viable	tumor	is
essential	and	may	dictate	resection	of	additional	breast	tissue	even	when	margins	are	apparently	tumor	free.

Neoadjuvant	 therapy	 may	 also	 enable	 sentinel	 node	 surgery	 in	 women	 who	 present	 with	 palpable	 axillary
lymph	 nodes.	 In	 the	 American	 College	 of	 Surgeons	 Oncology	 Group	 (ACOSOG)	 Z1071	 trial,	 sentinel	 node
surgery	 was	 technically	 feasible	 in	 such	 patients,	 and	 although	 the	 overall	 false-negative	 rate	 was	 12.6%,
exceeding	 the	 study’s	 prearticulated	 limit,	 interest	 remains	 strong	 in	 trying	 to	 spare	 some	 women	 axillary
dissection.	 In	Z1071,	 a	 lower	 false-negative	 rate	was	 observed	 in	 the	 subgroup	 of	 patients	with	 three	 or	more
sentinel	 nodes	 excised,223	 and	 subsequent	 analyses	 have	 suggested	 that	 clipping	 and	 removal	 of	 the	 initially
involved	 node	 can	 also	 reduce	 the	 false-negative	 rate.224	 In	 current	 practice,	 many	 patients	 who	 present	 with
palpable	axillary	adenopathy	and	achieve	a	clinically	negative	axilla	with	neoadjuvant	treatment	are	being	offered
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sentinel	 node	 mapping	 with	 technical	 considerations	 to	 minimize	 the	 false-negative	 rate	 such	 as	 clipping	 the
involved	node	and	mandating	the	use	of	dual	mapping	agents	and	the	removal	of	at	least	three	negative	sentinel
nodes.	Nonetheless,	 this	practice	should	be	approached	with	careful	consideration	by	the	multidisciplinary	team
because	there	remains	limited	data	on	axillary	recurrence	rates	when	ALND	is	avoided	in	this	setting.225	Women
who	 have	 residual	 disease	 in	 the	 sentinel	 nodes	 or	 those	with	 clinically	 apparent	 residual	 disease	 in	 the	 axilla
following	neoadjuvant	treatment	warrant	axillary	node	dissection.218

Neoadjuvant	 endocrine	 therapy	 has	 also	 been	 used	 to	 increase	 rates	 of	 BCT.	 In	 trials	 of	 postmenopausal
women	with	ER-positive	cancers	who	were	not	considered	candidates	for	BCT	at	presentation,	roughly	30%	to
40%	of	those	who	received	4	months	of	endocrine	therapy	were	able	to	undergo	BCT.226,227	These	studies	indicate
that	 in	 postmenopausal	 women	 with	 hormone	 receptor–positive	 tumors,	 the	 preoperative	 use	 of	 an	 AI	 or
tamoxifen	 significantly	 increases	 the	 likelihood	 of	 breast	 conservation.	 However,	 despite	 the	 proven	 survival
benefit	seen	with	adjuvant	endocrine	therapy,	pCR	is	seen	in	less	than	10%	of	patients	treated	with	neoadjuvant
endocrine	 therapy.	 Patients	who	 experience	 substantial	 tumor	 shrinkage	with	 endocrine	 therapy,	 even	 short	 of
pCR,	may	also	have	a	more	favorable	prognosis.228	For	women	with	ER-positive	breast	cancer,	randomized	trials
suggest	that	either	endocrine	therapy	or	chemotherapy	can	be	equally	effective	in	achieving	clinical	response	and
facilitating	 breast	 conservation.229	 In	 clinical	 practice,	 neoadjuvant	 endocrine	 therapy	 is	 typically	 reserved	 for
women	not	considered	to	be	candidates	for	neoadjuvant	chemotherapy	based	on	considerations	of	age,	comorbid
health	 conditions,	 or	 the	 same	 biologic	 features	 of	 the	 tumor	 that	 factor	 into	 decision	 making	 for	 adjuvant
chemotherapy	(see	discussion	in	“Management	by	Stage:	Adjuvant	Systemic	Therapy”	section).

Women	 with	 residual	 cancer	 despite	 standard	 neoadjuvant	 chemotherapy	 are	 at	 greater	 risk	 of	 cancer
recurrence,	particularly	if	the	tumor	is	HER2	positive	or	triple	negative.	pCR	is	a	less	powerful	prognostic	marker
in	ER-positive,	HER2-negative	breast	cancer	than	in	HER2-positive	or	triple-negative	cancer230	due	to	the	lower
sensitivity	 of	 such	 tumors	 to	 chemotherapy	 and	 the	 implementation	 of	 effective	 adjuvant	 endocrine	 treatment.
Patients	with	 residual	 tumor	after	preoperative	 therapy	should	 receive	ongoing	multimodality	 therapy	 including
surgery	and	endocrine	 therapy	or	anti-HER2	 therapy,	 if	 appropriate.	Even	 if	 they	have	undergone	mastectomy,
women	with	residual	cancer	in	the	lymph	nodes	after	neoadjuvant	chemotherapy	warrant	postsurgical	RT	because
of	the	greater	risk	of	LRR,	and	all	women	who	receive	breast	conservation	have	indications	for	adjuvant	RT	to	at
least	the	 conserved	breast,	 even	 if	 no	 residual	 cancer	 is	 found	at	 surgery.	Many	clinical	 trials	 are	underway	 to
define	 the	 role	 of	 additional	 systemic	 therapy	 among	 patients	 with	 residual	 cancer	 after	 neoadjuvant	 therapy.
Adjuvant	capecitabine	chemotherapy	has	been	shown	to	reduce	recurrence	and	improve	survival	in	women	with
residual,	triple-negative	breast	cancer	following	neoadjuvant	treatment	with	standard	chemotherapy	regimens.231

Mastectomy
Mastectomy,	with	or	without	immediate	breast	reconstruction,	is	the	surgical	approach	for	the	patient	with	breast
cancer	who	has	contraindications	to	BCT	or	who	prefers	treatment	with	mastectomy.	The	mastectomy	used	today
is	a	total	or	complete	mastectomy,	with	removal	of	the	breast	tissue	from	the	clavicle	to	the	rectus	abdominis	and
between	 the	 sternal	 edge	and	 the	 latissimus	dorsi	muscles.	A	 total	mastectomy	also	 removes	 the	nipple-areolar
complex	(NAC),	the	excess	skin	of	the	breast,	and	the	fascia	of	the	pectoralis	major	muscle.	When	accompanied
by	an	ALND,	the	procedure	is	termed	a	modified	radical	mastectomy.	Mastectomy	is	an	extremely	safe	operation.
The	 30-day	 mortality	 is	 approximately	 0.25%.	 The	 most	 common	 major	 complications	 are	 related	 to	 wound
healing	 or	 infection.	 In	 2006,	 roughly	 30%	 of	 women	 in	 the	 United	 States	 underwent	 mastectomy	 for	 breast
cancer.151	 More	 recently,	 rates	 of	 mastectomy,	 including	 skin-sparing	 or	 nipple-sparing	 mastectomies	 with
immediate	 breast	 reconstruction,	 have	 increased,	 as	 have	 rates	 of	 contralateral	 prophylactic	mastectomy,232,233
largely	reflecting	patient	preference	and	not	clinical	factors	predictive	of	high	risk	of	LR	or	CBC.153,232,234

Advances	in	plastic	surgery	techniques	have	made	immediate	reconstruction	an	option	for	most	patients	who
undergo	mastectomy.	There	have	been	no	prospective	trials	comparing	mastectomy	alone	with	mastectomy	with
immediate	 reconstruction,	but	 the	available	 retrospective	data	does	not	 support	concerns	about	 the	 incidence	or
detection	 of	LR	 in	 the	 reconstructed	 patient.	 The	majority	 of	 postmastectomy	 recurrences	 occur	 in	 the	 skin	 or
subcutaneous	fat	of	the	chest	wall	and	present	as	palpable	masses	in	the	skin	flap,	so	detection	is	not	affected	by
the	presence	of	the	reconstruction.235	Skin-sparing	mastectomy,	in	which	skin	excision	is	limited	to	the	NAC	and
the	 excisional	 biopsy	 scar	 (if	 present),	 is	 now	 routinely	 used	 to	 preserve	 the	 skin	 envelope	 of	 the	 breast	 and
facilitate	 reconstruction.	 The	 reported	 rates	 of	 LR	 after	 skin-sparing	 mastectomy	 are	 comparable	 to	 those	 of
patients	treated	with	conventional	mastectomy.	This	finding	is	consistent	with	prior	observations	that	the	extent	of
skin	 removal	 in	 patients	 treated	 with	 mastectomy	 alone	 is	 not	 a	 major	 determinant	 of	 the	 risk	 of	 chest	 wall



recurrence.	Traditionally,	skin-sparing	mastectomy	included	resection	of	the	NAC	due	to	the	need	to	leave	breast
tissue	 on	 the	NAC	 to	 provide	 a	 blood	 supply	 and	 the	 uncertain	 risk	 of	 leaving	 behind	malignancy,	 given	 the
reported	incidence	of	occult	nipple	involvement	in	up	to	58%	of	patients	with	known	breast	cancer.236

Nipple-sparing	masectomy	(NSM)	preserves	the	NAC	and	is	now	being	used	with	increasing	frequency	due	to
the	excellent	cosmetic	results	that	can	be	obtained	with	this	technique.	Intraoperative	frozen	section	of	the	tissue
beneath	the	nipple	is	often	used	to	minimize	the	risk	of	residual	cancer.	Early	studies	of	this	procedure	consisted
of	 highly	 selected	 patients	 who	 had	 relatively	 short	 follow-up	 periods,	 making	 the	 long-term	 safety	 of	 NSM,
particularly	in	high-risk	women	such	as	those	with	BRCA	mutations,	difficult	to	ascertain.	A	recent	meta-analysis
of	20	studies	of	NSM,	8	with	comparison	arms,	including	5,594	patients,	most	of	whom	had	early-stage	disease,
found	no	 significant	difference	 in	DFS	or	OS	 in	patients	undergoing	NSM	as	compared	 to	modified	 radical	or
skin-sparing	mastectomy.	Importantly,	no	significant	difference	was	found	in	LLR.237	However,	in	a	large	series
from	the	European	Institute	of	Oncology,	including	772	patients	with	invasive	cancer	and	162	patients	with	DCIS
treated	with	NSM	and	intraoperative	RT	to	the	NAC,	the	5-year	rate	of	LR	was	4.4%	in	the	invasive	cancer	group
and	7.8%	in	patients	with	DCIS.238	The	majority	of	recurrences	were	at	a	distance	from	the	NAC,	suggesting	that
the	more	 difficult	 exposure	with	 this	 operation	may	 result	 in	 retained	 breast	 tissue	 on	 the	 skin	 flaps.	 In	 total,
available	 studies	 indicate	 that	 NSM	 is	 a	 viable	 option	 in	 appropriately	 selected	 women,	 with	 indications
expanding	from	those	with	small,	peripherally	located,	node-negative	tumors	to	include	some	patients	with	stage
II	disease,	as	long	as	clear	nipple	margins	can	be	obtained.	The	native	nipple	may	not	be	in	a	suitable	anatomic
position	on	the	reconstructed	breast	to	permit	NSM,	especially	in	women	with	large,	ptotic	breasts.

In	summary,	immediate	reconstruction	with	preservation	of	the	skin	envelope	of	the	breast	has	not	been	shown
to	alter	the	outcome	of	mastectomy	or	to	delay	the	administration	of	systemic	therapy.	Immediate	reconstruction
has	the	advantages	of	avoiding	the	need	for	a	second	major	operative	procedure	and	the	psychological	morbidity
of	 the	 loss	 of	 the	 breast.	 The	 two	 major	 reconstructive	 techniques	 involve	 the	 use	 of	 implants	 and/or	 tissue
expanders	 or	 the	 use	 of	 myocutaneous	 tissue	 flaps	 to	 create	 a	 new	 breast	 mound.	 The	 advantages	 and
disadvantages	of	the	techniques	are	summarized	in	Table	79.10.	Implant	reconstructions	are	best	suited	for	women
with	small-	to	moderate-sized	breasts	with	minimal	ptosis,	whereas	flap	reconstructions	allow	more	flexibility	in
the	size	and	shape	of	the	reconstructed	breast	(Fig.	79.4).	Long-term	satisfaction	with	outcomes	tends	to	be	higher
with	 autologous	 reconstruction,239	 but	 these	 procedures	 are	 more	 extensive	 and	 have	 risks	 such	 as	 donor	 site
complications	that	a	woman	must	be	willing	to	accept.	In	the	past,	most	breast	implants	were	filled	with	silicone
gel.	 However,	 after	 reports	 from	 uncontrolled	 studies	 suggested	 an	 increased	 incidence	 of	 connective	 tissue
disease	in	women	with	silicone	implants,	the	U.S.	Food	and	Drug	Administration	declared	a	moratorium	on	their
use.	 Since	 that	 time,	 several	 epidemiologic	 studies	 have	 failed	 to	 demonstrate	 an	 increased	 incidence	 of
connective	 tissue	 disorders	 in	women	with	 implants	 compared	with	matched	 control	 populations,	 and	 silicone
implants	are	again	available	for	use	in	patients	with	breast	cancer.

Reconstructive	 choices	 may	 be	 influenced	 by	 the	 possible	 need	 for	 PMRT.	 Immediate	 reconstruction	 can
negatively	impact	the	technical	delivery	of	RT,	potentially	resulting	in	greater	irradiation	of	the	heart	(in	left-sided
cancers)	 and	 lung	 and	 undercoverage	 of	 the	 chest	 wall,240	 although	 studies	 from	 centers	 of	 excellence	 have
suggested	that	it	is	possible	to	achieve	excellent	target	coverage	and	spare	normal	tissues	appropriately	even	when
administering	PMRT	to	a	patient	who	has	undergone	reconstruction.241	Moreover,	RT	can	have	an	impact	on	the
outcomes	of	 reconstruction.	Skin	 changes,	 vascular	 compromise,	 and	 fibrosis	 can	develop	 and	compromise	 the
viability	and	cosmesis	of	reconstruction.	This	may	require	repeated	intervention	for	correction.

The	 large,	 prospective,	 multicenter	 Mastectomy	 Reconstruction	 Outcomes	 Consortium	 (MROC)	 study242
assessed	physician-	and	patient-reported	outcomes	for	622	irradiated	and	1,625	unirradiated	patients	who	received
either	 implant	 or	 autologous	 reconstruction	 at	 11	 institutions	 from	 2012	 to	 2015.	 RT	 was	 associated	 with
diminished	 cosmetic	 outcomes	 and	 greater	 risk	 of	 complications	 in	 those	 who	 received	 implant-based
reconstruction	 but	 not	 in	 those	who	 received	 autologous	 reconstruction.	Major	 breast	 complications	 (requiring
rehospitalization	or	reoperation)	occurred	in	33.2%	of	irradiated	patients	receiving	implant-based	reconstruction,
17.6%	of	irradiated	patients	receiving	autologous	reconstruction,	15.6%	of	unirradiated	patients	receiving	implant-
based	 reconstruction,	 and	 22.9%	 of	 unirradiated	 patients	 receiving	 autologous	 reconstruction.	 By	 2	 years,
reconstructive	failure	occurred	in	19%	of	radiated	patients	who	received	implant-based	reconstruction,	compared
with	<4%	of	each	other	group.

Optimal	 timing	 of	 reconstruction	 procedures	 when	 PMRT	 is	 intended	 is	 a	 subject	 of	 debate.	 Patients	 who
intend	to	pursue	implant-based	reconstruction	typically	have	insertion	of	an	expander	at	the	time	of	mastectomy,
which	is	inflated	during	chemotherapy	and	exchanged	for	a	permanent	implant	either	before	or	after	RT.	Those
who	intend	autologous	reconstruction	can	have	the	procedure	at	the	time	of	mastectomy	or	later;	the	vast	majority
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of	 patients	 in	 the	MROC	 study	 mentioned	 earlier	 had	 delayed	 autologous	 reconstruction.	 Concerns	 regarding
immediate	autologous	reconstruction	followed	by	PMRT	include	diminished	cosmesis	and	loss	of	the	tissue	graft.
Variable	outcomes	have	been	reported	for	patients	who	receive	RT	after	transverse	rectus	myocutaneous	flap	or
latissimus	dorsi	flap	reconstruction.243	Complete	flap	loss	is	rare,	but	fat	necrosis,	fibrosis,	and	volume	loss	can
occur.	As	in	the	native	breast,	the	full	cosmetic	impact	may	not	be	evident	until	3	years	after	treatment.	Data	are
limited	 and	 conflicting.	 Some	 reports	 suggest	 a	 significantly	 greater	 incidence	 of	 late	 complications	 with
immediate	 autologous	 reconstruction	 (88%	 versus	 9%	 in	 one	 recent	 series),244	 but	 other	 reports	 show	 no
differences	in	fat	necrosis,	wound	healing,	or	procedures	to	address	volume	deficiencies	based	on	the	timing	of
tissue	reconstruction.245,246

TABLE	79.10
Common	Reconstructive	Options	after	Mastectomy

Type Advantages Disadvantages
Implant One-stage	procedure,	minimal	prolongation	of

hospitalization	or	recovery
Low	cost

Poor	symmetry	if	skin	removed	or	in	large	ptotic
breasts
Capsular	contracture,	leakage,	rupture	possible

Tissue	expander Short	operative	time
Hospitalization,	recovery	not	prolonged
Low	cost

Multiple	physician	visits	postoperatively
Poor	symmetry	for	large	or	ptotic	breasts
Capsular	contracture,	leakage	rupture	possible

Latissimus	dorsi	flap Very	low	risk	of	flap	loss
Natural	contour	with	autogenous	tissue

Donor	site	scar
Usually	requires	an	implant
Moderate	prolongation	of	hospitalization	and
recovery

TRAM	flap Natural	contour
Good	match	for	large	or	ptotic	breasts
Abdominoplasty

Donor	site	scar
Fat	necrosis,	flap	loss	possible
Abdominal	wall	weakness	plus	hernia
Significant	prolongation	of	hospitalization	and
recovery

DIEP	flap Natural	contour
Muscle	sparing
Abdominoplasty

Donor	site	scar
Need	for	microsurgeon
Flap	loss	possible
Moderate	prolongation	of	hospitalization	and
recovery

Superior	gluteal	artery
perforator	flap

Natural	contour
Alternative	donor	site

Donor	site	scar
Need	for	microsurgeon
Flap	loss	possible
Moderate	prolongation	of	hospitalization	and
recovery

TRAM,	transverse	rectus	abdominous	myocutaneous;	DIEP,	deep	inferior	epigastric	perforator.



Figure	79.4	Cosmetic	outcome	of	transverse	rectus	abdominis	muscle	flap	reconstruction	after
skin-sparing	mastectomy.

An	alternative	approach	to	immediate	reconstruction	is	to	perform	sentinel	node	biopsy	prior	to	mastectomy	to
identify	patients	with	nodal	involvement,	and	thus	greater	likelihood	of	requiring	PMRT,	and	delay	reconstruction
in	 this	 subset	 of	 women	 until	 after	 the	 completion	 of	 oncologic	 therapy.	 The	 obvious	 disadvantage	 of	 this
approach	 is	 that	 it	 requires	 two	 operative	 procedures.	 This	 is	 an	 area	 that	 continues	 to	 evolve,	 and
multidisciplinary	 consultation	 between	 the	 oncologic	 surgeon,	 reconstructive	 surgeon,	 and	 radiation	 oncologist
will	help	to	ensure	optimal	patient	outcomes.
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Management	of	the	Axilla
For	 many	 years,	 complete	 ALND	 was	 the	 standard	 approach	 to	 the	 axilla	 for	 patients	 with	 invasive	 breast
carcinoma	and	was	thought	to	be	a	critical	component	of	the	surgical	cure.	That	perception	shifted	when	studies
such	as	NSABP	B-04,	 in	which	clinically	node-negative	patients	were	 randomized	 to	 radical	mastectomy,	 total
mastectomy	with	RT	to	the	regional	lymphatics,	or	total	mastectomy	with	observation	of	the	axillary	nodes	and
delayed	ALND	if	nodal	metastases	developed,	showed	no	survival	benefit	for	the	axillary	surgery.247	ALND	came
to	be	 regarded	as	 a	 staging	procedure	 that	provided	prognostic	 information	and	maintained	 local	 control	 in	 the
axilla.	However,	the	observation	that	25%	to	30%	of	long-term	survivors	treated	with	radical	mastectomy	alone
had	 positive	 nodes,248	 coupled	with	 the	 decreased	 survival	 observed	 after	 inadequate	 axillary	 treatment	 in	 the
Guys	Hospital	trial,249	suggested	that	ALND	was	therapeutic	for	some	patients	with	axillary	nodal	metastases.

Lymphatic	 mapping	 and	 sentinel	 node	 biopsy	 has	 replaced	 ALND	 as	 the	 staging	 procedure	 of	 choice	 in
clinically	node-negative	women.	A	sentinel	node	can	be	identified	in	97%	of	women.250,251	In	the	ACOSOG	Z10
trial,	participating	surgeons	chose	the	method	of	lymphatic	mapping,	and	no	significant	differences	were	seen	in
the	rate	of	sentinel	node	identification	with	the	use	of	blue	dye	alone,	radiocolloid	alone,	or	the	combination	of	the
two.250	Clinical	 factors	 including	 increasing	body	mass	 index,	 increasing	age,	 and	 low-volume	surgical	 centers
(defined	 as	 <50	 patients	 accrued	 to	 the	 trial)	 were	 associated	 with	 a	 significant	 decrease	 in	 sentinel	 node
identification	 rate,	 although	 a	 sentinel	 node	 was	 successfully	 identified	 in	 >95%	 of	 patients	 in	 all	 groups.
Complications	of	sentinel	node	biopsy	are	infrequent.	Anaphylaxis	to	lymphazurin	blue	dye	was	observed	in	0.1%
of	 patients	 in	 the	 ACOSOG	 Z10	 trial252	 and	 axillary	 paresthesias	 6	 months	 postoperatively	 were	 observed	 in
8.6%.	 Lymphedema	 can	 occur	 after	 sentinel	 node	 biopsy	 but	 at	 a	 much	 lower	 rate	 than	 after	 ALND.	 In	 the
randomized	 Axillary	 Lymphatic	 Mapping	 Against	 Nodal	 Axillary	 Clearance	 trial,	 the	 absolute	 incidence	 of
lymphedema	in	the	sentinel	node	biopsy	group	was	5%	at	12	months	compared	to	13%	after	ALND	in	an	intent-
to-treat	analysis.253

The	majority	of	patients	with	clinically	node-negative,	stage	I	and	II	cancer	are	candidates	for	sentinel	node
biopsy.	Although	pregnancy	was	originally	considered	to	be	a	contraindication	to	sentinel	node	biopsy,	there	are
now	 data	 demonstrating	 the	 safety	 of	 mapping	 with	 radiocolloid	 during	 pregnancy.254	 During	 sentinel	 node
biopsy,	 any	 palpably	 abnormal	 nodes	 should	 be	 excised	 intraoperatively	 because	 lymph	 nodes	 that	 contain	 a
heavy	tumor	burden	may	not	take	up	the	mapping	agent.	In	the	patient	with	clinically	positive	nodes,	confirmation
of	metastases	 preoperatively	 with	 needle	 biopsy	 allows	 an	 immediate	 ALND	 or	 consideration	 of	 preoperative
systemic	 therapy.	Caution	 should	 be	 used	 in	 proceeding	 directly	 to	 dissection	without	 pathologic	 confirmation
because	 the	 false-positive	 rate	 of	 physical	 examination	 is	 approximately	 20%.	 Multicentric	 cancers	 and	 T3
primary	tumors	were	initially	thought	to	be	contraindications	to	lymphatic	mapping,	but	studies	have	shown	that
sentinel	node	biopsy	is	accurate	in	these	circumstances.255	Sentinel	node	biopsy	remains	contraindicated	in	locally
advanced	and	IBC.

Early	in	the	experience	with	sentinel	node	biopsy,	the	false-negative	rate	of	10%,	as	determined	by	completing
an	ALND	after	the	sentinel	node(s)	were	removed,	was	a	source	of	concern.	However,	three	randomized	studies
directly	 comparing	 the	 identification	 of	 axillary	 metastases	 with	 ALND	 and	 sentinel	 node	 biopsy	 found	 no
difference	in	the	likelihood	of	identifying	nodal	disease.251,253,256	Follow-up	studies	of	patients	treated	by	sentinel
node	biopsy	alone	demonstrate	that	the	rate	of	LR	in	the	axilla	is	extremely	low	(<0.5%)	if	the	sentinel	node	does
not	contain	metastases,	despite	the	10%	false-negative	rate.

Sentinel	node	biopsy	after	 chemotherapy	offers	 the	patient	 the	potential	benefit	of	axillary	downstaging	and
avoidance	of	ALND.	A	meta-analysis	of	27	studies	involving	2,148	patients	undergoing	sentinel	node	biopsy	after
chemotherapy	reported	a	sentinel	node	identification	rate	of	90.5%	(95%	CI,	88%	to	92%)	and	a	false-negative
rate	of	10.5%	 (95%	CI,	 8%	 to	14%),	 comparable	 to	what	 is	 seen	 in	 the	primary	 surgical	 setting,257	 and	 in	 the
NSABP	B18	trial,258	the	rate	of	nodal	positivity	was	reduced	from	57%	to	41%	with	neoadjuvant	chemotherapy
(P	<	 .001).	The	accuracy	of	sentinel	node	biopsy	in	patients	with	clinically	evident	axillary	nodal	metastases	at
presentation	 who	 receive	 neoadjuvant	 therapy	 with	 resolution	 of	 clinically	 apparent	 adenopathy	 has	 been
addressed	in	several	multi-institutional	prospective	studies,	as	summarized	in	Table	79.11.223,259,260	Most	studies
demonstrate	false-negative	rates	<10%	only	when	three	or	more	sentinel	nodes	are	identified.	The	Sentinel	Node
Biopsy	Following	Neoadjuvant	Chemotherapy	(SN-FNAC)	study	included	IHC	evaluation	of	the	sentinel	nodes
and	reported	an	overall	false-negative	rate	of	8.4%,	which	decreased	to	4.9%	when	two	or	more	sentinel	lymph
nodes	were	removed.260	The	concern	over	the	potential	significance	of	unrecognized	residual	nodal	disease	in	this
setting	has	led	others	to	investigate	strategies	to	minimize	the	false-negative	rate,	including	leaving	a	clip	in	the



suspicious	node	at	 the	 time	of	biopsy	and	 localizing	 the	clip	with	a	 radioactive	seed	at	 the	 time	of	 the	sentinel
node	 procedure.	 This	 technique,	 termed	 targeted	 axillary	 dissection	 (TAD),261	 has	 been	 reported	 in	 a	 single-
institution	series	of	85	patients	to	result	in	a	false-negative	rate	of	2%	(1	of	50	patients;	95%	CI,	0.05%	to	10.7%),
leading	 many	 centers	 to	 adopt	 this	 approach;	 however,	 the	 applicability	 of	 this	 technique	 outside	 specialized
multidisciplinary	 treatment	 settings	 remains	 unproven.	 At	 a	 minimum,	 the	 available	 data	 suggest	 that	 ALND
should	remain	the	standard	approach	for	patients	presenting	with	clinically	evident	nodal	involvement	unless	three
or	more	sentinel	nodes	are	identified.	Ongoing	trials	are	examining	whether	nodal	irradiation	could	replace	ALND
in	this	setting.

TABLE	79.11
Accuracy	of	Sentinel	Node	Biopsy	after	Neoadjuvant	Chemotherapy	in	Patients	with	Lymph
Node	Involvement	at	Presentation

No.	of	Sentinel	Nodes
Removed

%	False-negative	Rate

ACOSOG	Z1071 SENTINA SN-FNAC
a

1 32 24 18.2

2 21 19 4.9

≥3 9 7 	
aImmunohistochemistry	evaluation	of	the	sentinel	node	required.
ACOSOG,	American	College	of	Surgeons	Oncology	Group;	SENTINA,	German	Multi-Institutional	Sentinel	Neoadjuvant;	SN-FNAC,
Sentinel	Node	Biopsy	Following	Neoadjuvant	Chemotherapy.
In	the	SN-FNAC	study,	the	rate	was	reported	in	patients	with	1	versus	≥2	nodes	removed,	rather	than	in	patients	with	1	versus	2
versus	≥3	nodes	removed	in	ACOSOG	Z1071	and	SENTINA.

The	 ability	 to	 perform	 a	 more	 detailed	 examination	 of	 the	 sentinel	 node	 has	 significantly	 increased	 the
identification	 of	 small	 tumor	 deposits	 in	 the	 axillary	 nodes.	 The	 presence	 of	 isolated	 tumor	 cells	 (<0.2-mm
deposits)	and	micrometastases	(>0.2	mm	and	<2.0	mm)	was	initially	thought	to	identify	patients	at	increased	risk
for	distant	metastases.	However,	prospective	trials	in	the	modern	era,	 including	systemic	therapy,	have	failed	to
identify	an	OS	difference	associated	with	micrometastases.262,263	Randomized	trials	in	patients	with	sentinel	node
micrometastases264,265	found	no	significant	difference	in	local,	regional,	or	distant	recurrence	rates	with	sentinel
node	 biopsy	 alone	 versus	 completion	ALND,	 despite	 the	 finding	 of	 additional	 nodal	metastases	 in	 13%	of	 the
ALND	 group	 in	 both	 studies.	 Based	 on	 these	 findings,	 the	 routine	 use	 of	 serial	 sections	 and	 IHC	 to	 detect
micrometastases	is	not	warranted.

ALND	has	been	the	standard	approach	to	patients	with	axillary	nodal	metastases.	Studies	comparing	sentinel
node	biopsy	with	ALND	have	provided	important	information	on	the	morbidity	of	the	procedure.	In	the	Axillary
Lymphatic	Mapping	Against	Nodal	Axillary	Clearance	 trial,	moderate	 to	 severe	 lymphedema	was	 reported	 by
13%	of	patients	12	months	after	ALND,	and	sensory	loss	was	reported	in	31%.253	Decreases	in	shoulder	flexion
and	abduction	were	present	1	month	after	surgery	but	resolved	rapidly	after	that	time.	ALND	provides	excellent
long-term	 local	 control,	with	 only	 1.4%	of	 patients	 treated	 by	 radical	mastectomy	 in	 the	NSABP	B-04	 trial247
having	 an	 isolated	 axillary	 recurrence	 at	 10-year	 follow-up.	The	 use	 of	 axillary	 irradiation	 as	 an	 alternative	 to
ALND	was	studied	in	the	presentinel	node	era	in	a	randomized	trial	in	clinically	node-negative	patients	performed
at	the	Institut	Curie.	After	15	years	of	follow-up,	the	axillary	failure	rate	was	3%	in	the	radiated	group	and	1%	in
the	surgical	group	(P	=	.03),266	indicating	that	this	is	an	acceptable	alternative	in	patients	with	contraindications	to
axillary	surgery	or	those	who	refuse	the	procedure.

The	recognition	that	patients	in	the	modern	era	who	are	eligible	for	BCT	often	have	smaller	cancers	with	lower
nodal	disease	burdens,	coupled	with	the	recognition	that	systemic	therapy	significantly	reduces	LR,267	led	to	the
ACOSOG	 Z0011	 trial,	 a	 prospective	 randomized	 study	 to	 determine	 the	 need	 for	 ALND	 in	 clinically	 node-
negative	women	found	 to	have	macrometastases	 in	 fewer	 than	 three	sentinel	nodes.	The	study	was	designed	 to
identify	 a	 5%	 difference	 in	 survival	 between	 patients	 undergoing	 a	 completion	 ALND	 and	 those	 treated	 with
sentinel	node	biopsy	alone.	It	closed	prematurely	because	of	a	low	event	rate,	but	891	patients	were	randomized.
After	a	median	follow-up	of	6.2	years,	the	5-year	nodal	recurrence	rate	was	0.5%	in	the	dissection	arm	and	0.9%
in	 the	sentinel	node	biopsy	alone	arm	(P	=	 .11)	with	no	difference	 in	DFS	or	OS.	Morbidity,	 including	wound
infection,	paresthesia,	and	patient-reported	lymphedema,	was	significantly	lower	in	the	sentinel	node	group.	All
patients	in	this	study	were	treated	with	BCT,	97%	received	some	type	of	systemic	therapy,	and	all	patients	were	to
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receive	whole-breast	RT.	It	is	likely	that	the	low	rate	of	axillary	failure	in	the	sentinel	node	biopsy–alone	group	is
at	 least	 in	part	 related	 to	 irradiation	of	 the	 low	axilla	with	 the	breast	 tangents	 (and	 in	some	cases,	by	protocol-
deviating–directed	nodal	 radiation	 fields).268	However,	 it	 is	 important	 to	 note	 that	 radiation	 techniques	 did	 not
vary	between	the	treatment	arms,269	suggesting	that	omission	of	ALND	is	safe	in	patients	similar	to	those	enrolled
on	Z0011,	as	long	as	RT	and	adjuvant	systemic	therapy	are	planned.	These	findings	do	not	apply	to	women	with
clinically	positive	nodes	or	extensive	nodal	involvement	or	those	undergoing	partial	breast	irradiation	or	treatment
with	mastectomy.	Investigators	from	the	Memorial	Sloan	Kettering	Cancer	Center	applied	the	ACOSOG	Z0011
eligibility	criteria	to	a	consecutive	series	of	793	women,	and	ALND	was	avoided	in	84%.270

Studies	have	examined	whether	women	with	a	positive	sentinel	node	can	substitute	RT	for	axillary	dissection.
The	After	Mapping	of	the	Axilla:	Radiotherapy	or	Surgery	trial	examined	alternative	management	approaches	for
the	 patient	with	 a	 positive	 sentinel	 node	 by	 comparing	 irradiation	 of	 the	 axillary	 and	 supraclavicular	 fields	 to
ALND.271	At	5	years,	axillary	recurrence	was	seen	in	0.54%	of	patients	undergoing	ALND	and	1.03%	of	those
having	RT,	without	significant	differences	in	5-year	DFS.	There	was	a	lower	risk	of	lymphedema	among	women
treated	with	axillary	RT	instead	of	surgery	(14%	versus	28%,	P	<	.0001).	Similar	findings	were	also	reported	in
The	Optimal	Treatment	 of	 the	Axilla—Surgery	or	Radiotherapy	After	 a	Positive	Sentinel	Node	 in	Early-Stage
Breast	Cancer	 trial.272	 Taken	 together,	 these	 studies	 indicate	 that	RT	 is	 an	 alternative	 to	 dissection	 but	 do	 not
prove	 that	 all	 patients	with	metastases	 to	 one	 or	 two	 sentinel	 nodes	 require	 directed	 regional	 nodal	 irradiation
because	similar	rates	of	local	control	were	observed	in	ACOSOG	Z0011	after	sentinel	node	biopsy	alone	and	most
patients	did	not	receive	directed	nodal	RT.

Complementing	 these	 studies	 are	 the	 results	 of	 two	 trials	 investigating	 the	 role	 of	 directed	 nodal	RT	 to	 the
supraclavicular,	 infraclavicular,	 and	 internal	 mammary	 nodal	 regions.	 The	 Canadian	 MA.20	 trial	 randomized
patients	with	T1	and	T2	tumors	undergoing	WBI	to	ALND	or	ALND	plus	nodal	RT.273	The	majority	of	patients
included	 in	 the	 study	 (85%)	 had	 involvement	 of	 one	 to	 three	 axillary	 nodes.	At	 10	 years,	 nodal	RT	 improved
isolated	locoregional	DFS	(95.5%	versus	92.2%,	P	=	.009),	distant	DFS	(86.3%	versus	82.4%,	P	=	.03),	and	DFS
(82.0%	 versus	 77.0%,	P	 =	 .01)	 but	 not	OS	 (82.8%	 versus	 81.8%,	P	 =	 .38).	A	 prespecified	 subgroup	 analysis
showed	women	with	ER-negative	tumors	had	significantly	higher	OS	(81.3%	versus	73.9%,	P	=	.05).	Similarly,	in
the	EORTC	22922	trial,274	which	also	randomized	patients	 to	nodal	RT	(but	differed	by	including	a	substantial
minority	of	node-negative	patients	and	by	allowing	patients	to	receive	mastectomy	surgery),	certain	benefits	were
observed	with	more	 extensive	RT.	Specifically,	DFS	was	 improved	 (72.1%	versus	69.1%,	P	 =	 .04)	 and	breast
cancer	mortality	was	reduced	(12.5%	versus	14.4%,	P	=	.02),	with	a	trend	toward	improvement	in	survival	that
was	not	significant	(82.3%	versus	80.7%,	P	=	.06).

Thus,	at	present,	the	optimal	approach	to	the	patient	with	positive	sentinel	nodes	treated	with	BCS	and	whole-
breast	RT	is	a	matter	of	some	debate.	Nevertheless,	there	are	certain	clear	conclusions	that	can	be	drawn	from	the
studies	 discussed	 here.	 First,	 ALND	 should	 no	 longer	 be	 considered	 the	 standard	 approach	 for	 all	 patients.
Second,	regional	nodal	RT	should	be	considered	in	patients	with	higher	risk	characteristics,	particularly	those	with
hormone	receptor–negative	disease.	Ultimately,	patients	and	physicians	alike	must	appreciate	that	some	patients
with	low-volume	metastases	to	the	axilla	appear	not	to	need	ALND	or	comprehensive	nodal	RT	in	the	setting	of
modern	 systemic	 therapy	 and	 lumpectomy	 with	 tangential	 breast	 RT.	 Others	 with	 higher	 risk	 of	 harboring
substantial	residual	nodal	disease	may	benefit	from	comprehensive	nodal	RT.	Consideration	of	tumor	subtype,	in
addition	 to	 other	 prognostic	 factors	 such	 as	 age	 and	 stage,	 and	 along	 with	 patient	 values	 and	 preferences,	 is
essential	to	tailor	treatment	recommendations	and	guide	shared	decisions	in	this	complex	area	appropriately.

Postmastectomy	Radiation	Therapy
PMRT	 is	 administered	 with	 the	 dual	 goals	 of	 reducing	 the	 risk	 of	 LRRs,	 which	 are	 particularly	 morbid	 and
difficult	to	salvage	after	mastectomy,	and	improving	survival	through	the	eradication	of	microscopic	reservoirs	of
disease	 that	 might	 ultimately	 seed	 or	 reseed	 distant	 metastases	 after	 increasingly	 effective	 systemic	 therapies.
PMRT	is	 routinely	 recommended	for	women	with	 four	or	more	 involved	nodes	and	node-positive	women	with
tumors	 >5	 cm,	 who	 have	 a	 high	 risk	 (>20%	 to	 25%)	 of	 LRR	 without	 RT.275	 Despite	 multiple	 randomized
trials276–278	and	their	meta-analysis	demonstrating	a	benefit,279	the	role	of	PMRT	in	patients	with	T1	to	T2	tumors
and	one	to	 three	 involved	lymph	nodes	continues	 to	generate	controversy	even	today,	given	concerns	about	 the
generalizability	 of	 trial	 findings	 due	 to	 the	 limited	 extent	 of	 axillary	 dissections	 conducted,	 the	 conduct	 of	 the
trials	prior	to	the	advent	of	modern	systemic	therapies,	and	the	substantial	rates	of	locoregional	failure	observed	in
comparison	to	more	modern	observational	series.

To	address	the	concerns	about	inadequate	axillary	surgery	driving	benefits	observed	on	the	trials,	an	updated



meta-analysis	 from	 the	EBCTCG	data	 on	 trials	 of	 PMRT	 focused	 on	 the	 subset	 of	 patients	who	had	 complete
axillary	dissections.280	In	these	patients,	a	9.3%	absolute	benefit	in	breast	cancer	mortality	was	demonstrated	for
RT	among	patients	with	four	or	more	involved	nodes;	in	addition,	a	benefit	of	7.9%	in	breast	cancer	mortality	was
observed	among	those	with	one	to	three	involved	nodes.	That	benefit	persisted	even	in	the	subset	of	1,133	patients
with	one	to	three	positive	nodes	in	whom	adjuvant	systemic	therapy	was	administered.

Extrapolation	 from	 other	 studies	 further	 supports	 the	 use	 of	 regional	 RT	 in	 intermediate-risk	 patients.	 As
discussed	earlier,	the	MA.20	trial	randomized	high-risk,	node-negative,	or	node-positive	patients	to	WBI	alone	or
WBI	plus	regional	RT	including	internal	mammary	node	and	medial	supraclavicular	fields	after	BCS.	This	would
suggest	 that	regional	nodal	RT	(as	administered	as	part	of	PMRT)	should	be	an	important	part	of	breast	cancer
control	for	at	least	some	patients	with	N1	disease.

Given	these	findings,	the	most	recent	update	of	the	ASCO	consensus	guidelines281	on	PMRT	suggests	that	a
serious	discussion	of	PMRT	is	warranted	 in	 the	majority	of	women	with	 intermediate-risk	breast	cancer	 treated
with	mastectomy,	including	those	with	one	to	three	positive	lymph	nodes.	Although	there	is	consensus	that	PMRT
reduces	risks	of	locoregional	failure	and	improves	breast	cancer	mortality	for	all	patients	with	positive	nodes,	the
decision	 for	 treatment	 should	 be	 individualized	 and	 informed	 after	 detailed	 discussion	 of	 the	 expected	 breast
cancer	risk	reduction	and	toxicities	in	the	context	of	the	individual	patient’s	clinical	characteristics.

MANAGEMENT	BY	STAGE:	ADJUVANT	SYSTEMIC	THERAPY
The	 goal	 of	 adjuvant	 systemic	 therapy	 is	 to	 prevent	 the	 recurrence	 of	 breast	 cancer	 by	 eradicating	 occult,
micrometastatic	 deposits	 of	 tumor	 present	 at	 the	 time	 of	 diagnosis.	 The	 rationale	 for	 adjuvant	 treatment	 stems
from	 the	 systemic	 hypothesis	 of	 breast	 tumorigenesis,	 which	 argues	 that	 in	 the	 early	 stages	 of	 breast	 cancer
development,	 tumor	 cells	 are	 disseminated	 throughout	 the	 body;	 if	 systemic	 therapy	 can	 control	 microscopic
tumor	dissemination,	then	locoregional	therapies	to	treat	clinically	apparent	or	high-risk	areas	may	be	effective	in
achieving	 a	multimodal	 cure.	To	 a	 large	 extent,	 this	 hypothesis	 has	 been	 validated	 through	decades	 of	 clinical
investigation,	 and	 approximately	 half	 of	 the	 recent	 decline	 in	 breast	 cancer	mortality	 in	 the	United	 States	 and
Western	Europe	has	been	attributed	to	the	widespread	use	of	adjuvant	therapy.5

In	 current	 practice,	 three	 systemic	 treatment	modalities	 are	widely	 used	 as	 adjuvant	 therapy	 for	 early-stage
breast	cancer.	These	modalities	are	(1)	endocrine	treatments	such	as	tamoxifen,	AIs,	or	ovarian	suppression;	(2)
anti-HER2	 therapy	 with	 targeted	 therapies	 such	 as	 the	 humanized	 monoclonal	 antibody	 trastuzumab;	 and	 (3)
chemotherapy.	Selection	of	adjuvant	treatment	is	determined	by	the	biologic	features	of	the	breast	cancer	(Table
79.12).	Patients	with	 tumors	 that	 are	hormone	 receptor	positive	 (either	 for	ER,	PR,	or	both)	 are	 candidates	 for
adjuvant	 endocrine	 therapy;	 patients	 with	 tumors	 that	 are	HER2	 overexpressing	 are	 candidates	 for	 anti-HER2
treatments.	Chemotherapy	is	used	for	tumors	that	are	hormone	receptor	negative,	alongside	trastuzumab	in	HER2-
positive	 tumors,	and	 in	addition	 to	endocrine	 therapy	 in	ER-positive	patients,	based	 largely	on	features	such	as
anatomic	 stage	 (tumor	 size	and	nodal	 status),	 the	biologic	 features	of	 the	cancer,	 and	 the	patient’s	other	health
considerations.

TABLE	79.12
Overview	of	Adjuvant	Treatment	Approaches	in	Breast	Cancer

Tumor	HER	Status
Tumor	Hormone	Receptor	Status

Positive Negative
HER2	negative/normal Endocrine	therapy	±	chemotherapy Chemotherapy

HER2	positive/overexpressed Endocrine	therapy	+	chemotherapy	+
anti-HER2	antibodiesa

Chemotherapy	+	anti-HER2	antibodiesa

aTrastuzumab	and,	in	stage	II	and	III	breast	cancer,	pertuzumab.
HER2,	human	epidermal	growth	factor	receptor	2.

Adjuvant	Endocrine	Therapy

Types	of	Adjuvant	Endocrine	Therapy
Tamoxifen	is	the	historic	standard	for	adjuvant	endocrine	therapy	for	breast	cancer.	The	EBCTCG	overview	of	the
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randomized	 trials	 of	 adjuvant	 tamoxifen	 therapy282	 reflect	 data	with	 15	 years	 of	 follow-up	 from	over	 60	 trials
including	>80,000	women.	Tamoxifen	administered	for	5	years	results	 in	a	41%	reduction	in	 the	annual	rate	of
breast	cancer	recurrence	(HR,	0.59)	and	a	34%	reduction	in	the	annual	death	rate	(HR,	0.66)	for	women	with	ER-
positive	 breast	 cancer.	 The	 gains	 associated	 with	 tamoxifen	 are	 achieved	 independent	 of	 patient	 age	 or
menopausal	status,	are	achieved	with	and	without	the	use	of	adjuvant	chemotherapy,	and	are	durable,	contributing
to	 improved	 survival	 through	 at	 least	 15	 years	 of	 follow-up.	 Shorter	 durations	 of	 tamoxifen	 therapy	 are	 also
beneficial	but	appear	to	have	less	impact	than	5-year	treatment	duration.	Until	recently,	data	had	suggested	that
the	optimal	duration	of	 tamoxifen	therapy	was	5	years;	extending	tamoxifen	therapy	beyond	5	years	 in	patients
with	 no	 evidence	 of	 tumor	 recurrence	 had	 not	 led	 to	 further	 improvements	 in	 DFS	 or	 OS.283	 However,	 the
Adjuvant	Tamoxifen:	Longer	Against	Shorter	(ATLAS)	trial	compared	10	versus	5	years	of	adjuvant	tamoxifen
and	found	an	improvement	in	OS	and	DFS	with	the	longer	duration.284	This	finding	is	of	particular	relevance	for
premenopausal	women	who	lack	the	option	of	receiving	extended	adjuvant	endocrine	therapy	with	an	AI	(see	later
discussion).	Based	on	the	ATLAS	trial,	premenopausal	women	should	consider	longer	duration	of	tamoxifen	up	to
10	 years	 as	 adjuvant	 endocrine	 treatment.	 Tamoxifen	 is	 not	 effective	 in	 preventing	 recurrence	 of	 hormone
receptor–negative	breast	cancer.285,286

Multiple	clinical	 trials	have	examined	 the	 role	of	AIs	as	adjuvant	endocrine	 therapy	 for	early	breast	 cancer.
Although	tamoxifen	works	by	binding	to	 the	ER,	AIs	function	through	inhibition	of	 the	aromatase	enzyme	that
converts	androgens	into	estrogens,287	resulting	in	profound	estrogen	depletion.	In	postmenopausal	patients,	where
only	 nonovarian,	 baseline	 levels	 of	 aromatase	 activity	 are	 present,	 AIs	 lower	 estrogen	 production	 by	 90%	 to
nearly	undetectable	levels.288	AIs	are	not	appropriate	for	premenopausal	patients,	as	residual	ovarian	function	can
lead	to	enhanced	production	of	aromatase	and	thus	overcome	the	effects	of	AIs.

Major	 trials	 have	 studied	 whether	 the	 incorporation	 of	 an	 AI	 improves	 the	 results	 seen	 with	 5	 years	 of
tamoxifen	in	postmenopausal	women	with	hormone	receptor–positive	breast	cancer	(Table	79.13).	AI	 treatment
has	been	explored	as	primary	or	upfront	 therapy	 instead	of	 tamoxifen,289–291	 as	sequential	 therapy	 after	 2	 or	 3
years	of	tamoxifen,292,293	and	as	extended	therapy	after	5	years	of	tamoxifen.294–296	In	each	setting,	the	use	of	an
AI	 achieved	modest	 improvements	 in	DFS	 as	 a	 result	 of	 a	 lower	 risk	 of	 both	 distant	metastasis	 and	 in-breast
recurrences	and	contralateral	tumors.297	Two	trials,	Breast	International	Group	(BIG)	1-98298	and	the	Tamoxifen
and	 Exemestane	 in	 Early	 Breast	 Cancer	 study,299	 have	 compared	 upfront	 use	 of	 an	 AI	 against	 a	 sequential
treatment	with	tamoxifen	followed	by	an	AI	and	have	demonstrated	equal	rates	of	tumor	recurrence	with	either	5
years	of	an	AI	or	2	to	3	years	of	tamoxifen	followed	by	2	to	3	years	of	an	AI	for	a	total	of	5	years	of	therapy.
Randomized	trials	have	shown	no	important	clinical	differences	between	nonsteroidal	or	steroidal	AIs	as	adjuvant
therapy;	different	commercially	available	AIs	can	be	used	interchangeably.300,301

TABLE	79.13
Major	Studies	Comparing	Adjuvant	Therapy	Incorporating	Aromatase	Inhibitors	with	5	Years
of	Tamoxifen

Timing/Setting Trial AI No.	of	Patients
Hazard	Ratio	for

Disease-Free	Survival

Absolute	Difference	in
Disease-Free	Survival

(%)
Upfront;	year	0 ATAC289 ANA 9,366 0.87a 2.8	at	5	y

BIG	1-98298 LET 8,010 0.81 2.6	at	5	y

Sequential;	after	2–3	y
of	TAM

IES292 EXE 4,742 0.68 4.7	at	3	y

ARNO/ABCSG293 ANA 3,224 0.60 3.1	at	3	y

Extended;	after	5	y	of
TAM

MA.17294 LET 5,187 0.58 4.6	at	4	y

NSABP	B-33296 EXE 1,598 0.68 2.0	at	4	y
aComparison	for	ANA	versus	TAM.	The	third	arm	of	 the	 trial,	combined	therapy	with	ANA	plus	TAM,	yielded	outcomes	similar	 to
those	of	TAM	alone.
AI,	aromatase	 inhibitor;	ATAC,	arimidex,	 tamoxifen,	alone,	or	 in	combination;	ANA,	anastrozole;	BIG,	Breast	 International	Group;
LET,	letrozole;	TAM,	tamoxifen;	IES,	Intergroup	Exemestane	Study;	EXE,	exemestane;	ARNO/ABCSG,	Arimidex-Nolvadex/Austrian
Breast	and	Colorectal	Cancer	Study	Group;	NSABP,	National	Surgical	Adjuvant	Breast	and	Bowel	Project.

Current	 guidelines	 recommend	 that	 postmenopausal	 women	 consider	 an	 AI	 at	 some	 point,	 as	 either	 initial
therapy	or	as	sequential	therapy	after	several	years	of	tamoxifen.302,303	Differences	in	side	effect	profiles	between



tamoxifen	 and	 AI	 therapy	 may	 inform	 treatment	 selection.	 Tamoxifen	 is	 associated	 with	 rare	 risks	 of
thromboembolism	and	uterine	cancer.283,290,291	AI	 treatment	 is	 associated	with	accelerated	osteoporosis,	greater
risk	of	 bone	 fracture,	 and	 an	 arthralgia	 syndrome304;	 patients	 receiving	AI	 therapy	 require	 serial	monitoring	of
bone	mineral	density.305	Both	 treatments	 are	 associated	with	menopausal	 symptoms,	 such	 as	 hot	 flashes,	 night
sweats,	and	genitourinary	symptoms,	including	sexual	dysfunction.	Postmenopausal	women	who	are	intolerant	of
either	 tamoxifen	or	AI	 therapy	 should	be	offered	 the	 alternative	 type	of	 treatment.	Because	AI	 therapy	 is	 only
effective	 in	 postmenopausal	 women,	 tamoxifen	 remains	 the	 treatment	 of	 choice	 in	 women	 who	 are	 pre-	 or
perimenopausal	 or	 in	 whom	 there	 is	 question	 of	 residual	 ovarian	 function.	 In	 particular,	 women	 with
chemotherapy-induced	amenorrhea	may	have	recovery	of	ovarian	function	and	are	not	suitable	candidates	for	AI
treatment.306

Duration	of	Adjuvant	Endocrine	Therapy
The	duration	of	endocrine	therapy	remains	an	important	clinical	consideration.	There	is	growing	appreciation	that
ER-positive	breast	cancers	have	a	long	latency	period,	especially	in	the	setting	of	adjuvant	endocrine	treatment.
Late	 recurrences	 of	ER-positive	 breast	 cancer,	 after	 5	 years	 of	 treatment,	 outnumber	 early	 recurrences.307	Risk
factors	for	late	recurrence	include	stage,	especially	nodal	status,	higher	histologic	grade,	and	biological	features	of
the	tumor.307,308	Tumors	with	higher	 levels	of	ER	expression	and/or	more	 favorable	genomic	signatures	 (lower
Oncotype	DX	score,	luminal	A	features)	are	at	lower	risk	for	later	recurrence.309,310

Multiple	studies	now	suggest	that	longer	durations	of	adjuvant	endocrine	therapy	can	reduce	risk	of	metastatic
cancer	recurrence	and	prevent	in-breast	recurrence	and	secondary	breast	cancer.	The	ATLAS	trial284	showed	that
10	years	of	tamoxifen	reduced	recurrence	compared	to	5	years	of	treatment.	The	MA17R	trial	randomized	patients
to	 an	 additional	 5	 years	 of	 an	AI	 (letrozole)	 versus	 placebo	 after	 an	 initial	 5	 years	 of	 therapy	with	 an	AI	plus
tamoxifen.	This	 trial	showed	statistically	significant	 improvement	 in	DFS	(but	not	OS)	for	 the	 longer	 treatment
arm	(DFS,	95%	versus	91%).311	The	NSABP	B-42	trial	showed	that	5	years	of	AI	treatment	after	an	initial	5	years
with	AI	plus	tamoxifen	also	modestly	reduced	cancer	recurrence.312

A	salient	 feature	of	 longer	durations	of	endocrine	 therapy	 is	 that	 there	 is	a	 lower	 incidence	of	second	breast
cancers,	 in	 both	 the	 ipsilateral	 and	 contralateral	 breast,	 consistent	with	 the	 preventative	 effects	 of	 antiestrogen
approaches.	Longer	duration	endocrine	therapy	carries	ongoing	side	effects	of	antiestrogens,	including	persistent
increased	 risk	of	 uterine	 cancer	with	 tamoxifen	 and	greater	 risk	of	 bone	 fracture	with	AI	 treatment,	 as	well	 as
ongoing	familiar	symptoms	such	as	hot	flashes	or	arthralgias.	Women	are	usually	familiar	with	the	side	effects	of
these	treatments	after	5	years	and	are	thus	well	positioned	to	discuss	the	pros	and	cons	of	ongoing	therapy.	The
absolute	benefit	of	extended	treatment	is	greater	in	higher	stage	cancers.	Thus,	extended	therapy	to	a	total	of	10
years	is	clinically	indicated	in	stage	II	and	III,	ER-positive	breast	cancers.	Women	with	stage	I	cancers	generally
see	little	numerical	advantage	from	extended	treatment,	although	there	can	be	benefit	in	preventing	second	breast
cancers	among	women	with	remaining	breast	tissue.

Ovarian	Suppression	as	Adjuvant	Therapy
Despite	 longstanding	 interest	 in	 ovarian	 suppression	 as	 adjuvant	 therapy,	 its	 role	 in	 addition	 to	 tamoxifen	 or
chemotherapy	has	taken	years	to	clarify	due	to	confounding	clinical	factors.	Early	studies	of	ovarian	suppression
were	not	 limited	 to	patients	with	hormone	receptor–positive	 tumors,	did	not	necessarily	 include	 tamoxifen,	and
frequently	included	chemotherapy,	which	led	to	a	high	incidence	of	chemotherapy-induced	menopause.313	Thus,
despite	 the	 fact	 that	 multiple	 randomized	 trials	 have	 demonstrated	 that	 ovarian	 suppression	 can	 be	 effective
adjuvant	 therapy	 for	premenopausal	women282	 and	have	demonstrated	 that	ovarian	 suppression	 is	 frequently	 at
least	 as	 effective	 as	 adjuvant	 chemotherapy	 in	 preventing	 breast	 cancer	 recurrence,314	 there	 had	 been	 little
consensus	 on	 whether	 ovarian	 suppression	 adds	 meaningfully	 to	 results	 seen	 with	 tamoxifen	 with	 or	 without
adjuvant	chemotherapy.

The	 Tamoxifen	 and	 Exemestane	 Trial	 (TEXT)	 and	 the	 Suppression	 of	 Ovarian	 Function	 Trial	 (SOFT)
demonstrated	that	ovarian	suppression	does	contribute	to	improved	long-term	outcomes	for	younger	women.	Both
studies	 included	 patients	with	 hormone	 receptor–positive,	 early-stage	 breast	 cancer	 and	were	 required	 to	 have
documentation	 of	 premenopausal	 status	 with	 or	 without	 the	 use	 of	 chemotherapy.	 The	 SOFT	 study	 also
randomized	3,066	women	 to	 tamoxifen	 alone,	 ovarian	 suppression	plus	 tamoxifen,	 or	ovarian	 suppression	plus
exemestane.315	 In	 the	 cohort	 of	women	with	 higher	 risk	 cancers—typically	 younger	 patients	 (younger	 than	 40
years	old	and	particularly	younger	than	35	years	old)	with	higher	stage	tumors	who	also	warranted	chemotherapy
but	had	 remained	premenopausal—the	addition	of	ovarian	 suppression	 reduced	 recurrence	substantially	beyond
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the	 results	 seen	with	 tamoxifen	 alone.	By	contrast,	 in	 the	 cohort	of	women	with	 lower	 risk	 cancers,	who	were
typically	 40	 years	 and	 older	 and	 who	 in	 general	 had	 node-negative	 cancers	 and	 did	 not	 receive	 adjuvant
chemotherapy,	 there	 was	 minimal	 benefit	 for	 ovarian	 suppression.	 In	 the	 SOFT	 and	 TEXT	 studies,	 ovarian
suppression	 combined	 with	 an	 AI	 further	 reduced	 the	 risk	 of	 recurrence,	 as	 compared	 with	 tamoxifen-based
ovarian	suppression.316	Ovarian	suppression	is	associated	with	more	profound	symptoms	of	estrogen	deprivation
in	 younger	women,	 including	more	 climacteric	 symptoms	 such	 as	 hot	 flashes	 and	 night	 sweats,	 greater	 sexual
dysfunction,	and	more	issues	with	bone	health	such	as	arthralgias	and	premature	osteoporosis.317	Based	on	these
data,	younger	premenopausal	women	with	node-positive	breast	cancer	and/or	those	who	would	ordinarily	warrant
chemotherapy	should	receive	ovarian	suppression	with	either	tamoxifen	or	an	AI.318	Premenopausal	women	with
lower	 risk	 tumors,	 especially	 those	 not	 typically	 considered	 for	 adjuvant	 chemotherapy,	 get	 less	 benefit	 from
ovarian	suppression	and	should	receive	tamoxifen	alone.	Ovarian	suppression	is	often	initiated	with	gonadotropin-
releasing	 hormone	 (GnRH)	 agonist	 therapy,	 using	 agents	 such	 as	 goserelin,	 triptorelin,	 or	 leuprolide	 acetate.
Surgical	oophorectomy	is	a	treatment	option	but	carries	irreversible	side	effects	of	menopause.

Tamoxifen	 is	 metabolized	 by	 the	 cytochrome	 P450	 system	 into	 biologically	 active	 metabolites.
Pharmacogenomic	variation	in	P450	alleles	or	the	concurrent	use	of	tamoxifen	and	P450	inhibitors	might	affect
tamoxifen	metabolism,	with	 possible	 clinical	 effects.319	 Larger	 retrospective	 studies	 have	 not	 found	 consistent
relationships	 between	 CYP2D6	 metabolism	 and	 long-term	 outcomes	 with	 tamoxifen	 treatment.320	 At	 present,
neither	the	full	significance	of	pharmacogenomic	allelic	variation	nor	the	adequacy	of	testing	for	such	variation	is
well	characterized.

Adjunctive	Bisphosphonate	Therapy	and	Bone	Health
Bone-modifying	agents	such	as	bisphosphonates	and	denosumab	can	mitigate	loss	of	bone	density	in	women	with
treatment-induced	 ovarian	 failure	 or	 on	 AI	 therapy.321	 In	 addition,	 there	 are	 data	 that	 adjuvant	 use	 of
bisphosphonates	 can	 reduce	 breast	 cancer	 recurrence	 in	 postmenopausal	 women.322	 A	 large	 meta-analysis
published	 in	2015	studied	18,766	women	 in	 trials	of	2	 to	5	years	of	bisphosphonate.	Overall,	 the	 reductions	 in
recurrence,	 distant	 recurrence,	 and	 breast	 cancer	 mortality	 were	 of	 only	 borderline	 significance,	 but	 in
postmenopausal	women,	 there	were	significant	 reductions	 in	 recurrence	 (RR,	0.86;	95%	CI,	0.78	 to	0.94;	2P	=
.002),	distant	recurrence	(RR,	0.82;	95%	CI,	0.74	to	0.92;	2P	=	.0003),	bone	recurrence	(RR,	0.72;	95%	CI,	0.60
to	0.86;	2P	=	.0002),	and	breast	cancer	mortality	(RR,	0.82;	95%	CI,	0.73	to	0.93;	2P	=	.002).	The	Austrian	Breast
and	Colorectal	Cancer	 Study	Group	 (ABCSG)-18	 trial	was	 originally	 designed	 to	 show	 that	 denosumab	 could
reduce	 the	 incidence	 of	 osteoporotic	 fractures	 in	 postmenopausal	 women	 with	 ER-positive	 breast	 cancers.323
Follow-up	data	additionally	suggest	that	denosumab	reduced	the	risk	of	cancer	recurrence.324	These	data	suggest
that	either	bisphosphonate	 therapy	or	denosumab	should	be	considered	for	some	postmenopausal	women	on	AI
therapy,	recommendations	now	endorsed	in	international	guidelines.325

Adjuvant	Chemotherapy
Adjuvant	 chemotherapy	 consisting	 of	multiple	 cycles	 of	 polychemotherapy	 is	well	 established	 as	 an	 important
strategy	 for	 lowering	 the	 risk	 of	 breast	 cancer	 recurrence	 and	 improving	 survival.	 Initial	 studies	 of	 adjuvant
chemotherapy	were	conducted	in	women	with	higher	risk,	lymph	node–positive	breast	cancer.	Subsequent	trials
have	extended	the	benefits	of	adjuvant	chemotherapy	into	lower	risk,	node-negative	patient	populations.326	Long-
term	follow-up	from	the	EBCTCG	overview	demonstrated	benefit	from	chemotherapy	for	women	irrespective	of
age,	 tumor	 ER	 status,	 or	whether	 patients	 also	 received	 adjuvant	 endocrine	 therapy.	 In	 addition,	 the	 overview
suggests	that	there	are	advantages	for	multiple	cycles	(four	to	eight)	of	chemotherapy	compared	with	single-cycle
regimens	 and	 demonstrates	 the	 superiority	 of	 taxane-based	 and	 anthracycline-based	 chemotherapy	 over
cyclophosphamide,	methotrexate,	and	5-fluorouracil	(CMF)–based,	nonanthracycline	regimens.

Optimal	Chemotherapy	Regimens
Multiple	cycles	of	adjuvant	chemotherapy,	typically	including	taxanes	and	anthracyclines	as	part	of	the	regimen,
are	 recommended	 for	 the	majority	of	patients	with	node-positive	 and	higher	 risk	node-negative	 tumors.327	 The
current	challenges	in	adjuvant	chemotherapy	treatment	are	to	select	subsets	of	patients	who	might	preferentially
benefit	 from	 chemotherapy	 or	 conversely	 be	 spared	 adjuvant	 chemotherapy	 and	 to	 optimize	 the	 dosing	 and
scheduling	of	chemotherapy	to	achieve	the	best	clinical	results	and	improve	the	side	effect	profile	of	treatment.

The	introduction	of	taxanes	into	early-stage	breast	cancer	treatment	constitutes	an	important	advance	over	the



historic	 experience	 with	 alkylator-	 and	 anthracycline-based	 chemotherapy.	 The	 first	 report	 on	 adjuvant	 taxane
therapy,	CALGB	9344,	demonstrated	 that	 the	addition	of	sequential	paclitaxel	 therapy	 improved	both	DFS	and
OS	 among	 women	 with	 node-positive	 breast	 cancer	 compared	 to	 women	 receiving	 four	 cycles	 of
cyclophosphamide	plus	doxorubicin	(AC)	chemotherapy.328	Since	that	time,	nearly	a	dozen	studies	have	reported
on	breast	cancer	outcomes	with	the	incorporation	of	taxanes—either	paclitaxel	or	docetaxel—either	as	substitutes
or	sequential	additions	to	anthracycline-based	regimens.	Studies	to	define	the	optimal	taxane-based	regimen	have
yielded	the	following	important	results.	The	CALGB	9741	trial	compared	AC	followed	by	paclitaxel	given	either
every	3	weeks	or	every	2	weeks	at	 the	 same	doses	and	 schedules.329	Accelerated,	 every-2-week	 treatment	 (so-
called	dose-dense	treatment)	led	to	lower	risk	of	recurrence	and	improved	survival.	A	randomized	comparison	of
AC	followed	by	either	docetaxel	or	paclitaxel,	with	taxanes	given	either	every	3	weeks	or	on	a	weekly	schedule,
did	not	show	significant	differences	between	the	taxanes	with	respect	to	breast	cancer	recurrence,	although	weekly
paclitaxel	was	best	tolerated.330	Sequential	therapy	with	anthracyclines	or	alkylators	followed	by	taxanes	proved
superior	 to	concurrent	 taxane,	anthracycline,	and	alkylator	combinations.331	Sequential	dose-dense	AC	followed
by	 paclitaxel	 was	 at	 least	 as	 effective,	 and	 better	 tolerated,	 than	 concurrent	 docetaxel/doxorubicin/and
cyclophosphamide.332

Meanwhile,	neither	additional	chemotherapy	doses	nor	agents	have	improved	outcomes.	Multiple	studies	have
failed	 to	 demonstrate	 that	 dose	 escalation	 of	 cyclophosphamide333	 or	 doxorubicin328	 results	 in	 a	 lower	 risk	 of
recurrence.	 The	 addition	 of	 capecitabine	 or	 gemcitabine	 to	 anthracycline-	 and	 taxane-based	 chemotherapy
regimens	has	not	significantly	improved	efficacy.332,334

For	 women	 who	 warrant	 chemotherapy,	 sequential	 anthracycline-	 and	 taxane-based	 treatment	 remains	 the
“gold	 standard.”	 Although	 multiple	 possible	 variations	 on	 this	 regimen	 exist,	 the	 experience	 to	 date	 has	 not
demonstrated	that	any	regimen	is	better	tolerated	or	more	effective	than	AC	for	four	cycles	followed	by	paclitaxel
chemotherapy,	with	paclitaxel	given	as	either	four	cycles	every	2	weeks	or	as	12	weeks	of	weekly	therapy.

There	 is	 growing	 interest	 in	 adjuvant	 chemotherapy	 regimens	 that	 might	 spare	 patients	 exposure	 to
anthracycline-based	 chemotherapy.	 Historical	 options	 include	 CMF	 chemotherapy,	 which	 was	 shown	 to	 be
equivalent	to	AC.329	The	two-drug	combination	regimen	of	docetaxel	plus	cyclophosphamide	was	superior	to	AC
(each	regimen	given	for	a	total	of	four	cycles)335	in	a	trial	of	1,016	women	with	node-negative	disease	or	one	to
three	positive	lymph	nodes,	establishing	docetaxel	plus	cyclophosphamide	as	an	option	for	these	intermediate-risk
patients.	Six	cycles	of	chemotherapy	with	AC	or	taxanes	is	not	better	than	four	cycles	of	the	same	regimen.336	The
Anthracyclines	in	Early	Breast	Cancer	(ABC)	study	compared	outcomes	for	women	receiving	anthracycline-based
regimens,	such	as	AC	followed	by	 taxane,	against	docetaxel	plus	cyclophosphamide	 therapy,337	 in	women	with
HER2-negative	 breast	 cancer.	 The	 anthracycline-based	 regimens	 yielded	 better	 overall	 results,	 particularly	 in
higher	 risk,	 node-positive,	 ER-positive	 cancers	 and	 in	 triple-negative	 breast	 cancers.	 Thus,	 among	 higher	 risk
patients,	it	is	not	clear	that	anthracyclines	can	be	safely	omitted.	Various	chemotherapy	regimens	have	distinctive
side	effect	profiles	 that	can	 inform	regimen	selection	 for	an	 individual	patient.	For	example,	anthracyclines	are
associated	with	a	low	risk	of	cardiomyopathy	and	may	not	be	appropriate	for	patients	with	previous	anthracycline
exposure	 or	 preexisting	 cardiac	 disease.	 Taxane-based	 treatments	 are	 associated	 with	 neuropathy	 that	 may	 be
worse	in	patients	with	preexisting	peripheral	neuropathy.

Because	 triple-negative	 breast	 cancers	 do	 not	 have	 a	 “targeted”	 treatment	 option,	 there	 has	 been	 interest	 in
offering	additional	chemotherapy	beyond	anthracycline-	and	taxane-based	treatment	to	reduce	recurrence	risk	in
this	subset	of	breast	cancer.	Randomized	trials	have	shown	that	preoperative	addition	of	carboplatin	chemotherapy
to	 anthracycline	 and	 taxane	 treatments	 can	 increase	 the	 rate	 of	 pCR.217,338	 However,	 platinum-based
chemotherapy	has	not	as	yet	been	shown	to	improve	survival	in	women	who	received	standard	adjuvant	alkylator
chemotherapy	with	cyclophosphamide	as	part	of	the	anthracycline	and	taxane	regimens.	Many	patients	with	triple-
negative	 breast	 cancer	 will	 receive	 neoadjuvant	 chemotherapy.	 In	 patients	 who	 received	 neoadjuvant
chemotherapy	 and	 had	 residual	 invasive	 breast	 cancer,	 the	 addition	 of	 adjuvant	 capecitabine	 chemotherapy
reduced	recurrence	risk	and	improved	OS.231	This	strategy	allows	tailoring	of	additional	chemotherapy	based	on
inherent	 tumor	 resistance	 to	 standard	 anthracycline	 and	 taxane	 chemotherapy	 and	 prognostic	 risk	 based	 on
residual	disease.

Biomarkers	and	Chemotherapy	Selection
Clinical	studies	have	shown	that	chemotherapy	can	be	of	benefit	to	women	with	node-positive	and	node-negative
breast	cancers,	 in	tumors	that	are	either	hormone	receptor	positive	or	negative,	regardless	of	age	or	menopausal
status.	Retrospective	 analyses	have	even	 shown	 that	 chemotherapy	can	be	beneficial	 to	women	with	 tumors	 as
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small	 as	 ≤1	 cm,	 including	 both	 ER-positive	 and	 ER-negative	 tumors.339	 However,	 not	 all	 patients	 warrant
chemotherapy.	Although	chemotherapy	often	leads	to	statistically	significant	risk	reduction,	the	differences	in	the
absolute	risk	of	recurrence	for	patients,	especially	patients	with	small	cancers340	or	ER-positive	cancers	who	also
receive	adjuvant	endocrine	therapy,	tend	to	be	very	small	(single	percentage	points).	In	addition,	most	benchmark
trial	 results	 did	 not	 take	 into	 account	 the	 existence	 of	 molecularly	 defined	 breast	 cancer	 subsets	 and	 may
overestimate	the	benefits	of	chemotherapy	in	certain	subtypes	of	breast	cancer,	while	underestimating	the	benefits
in	 others.	 Finally,	 for	 patients	 in	whom	 the	 absolute	 advantages	 of	 chemotherapy	 are	modest,	 efforts	 to	weigh
patient	preferences	and	directly	quantify	chemotherapy	benefits	for	specific	patients,	as	opposed	to	large	cohorts
in	clinical	trials,	have	led	to	further	individualization	of	chemotherapy	choices.

Hormone	 receptor	 status	 is	 an	 important	 predictor	 of	 benefit	 from	 chemotherapy.	Nearly	 all	 triple-negative
tumors	 with	 nodal	 involvement	 and/or	 size	 greater	 than	 0.5	 cm	 carry	 sufficient	 risk	 to	 warrant	 adjuvant
chemotherapy.	 Tumors	 with	 low	 or	 no	 expression	 of	 ER	 derive	 substantial	 benefit	 from	 the	 addition	 of
chemotherapy	to	endocrine	therapy;	by	contrast,	tumors	with	high	quantitative	levels	of	ER	do	not	appear	to	gain
substantially	from	adding	chemotherapy	to	endocrine	therapy.285	A	retrospective	review	of	trials	for	node-positive
breast	 cancer	 found	 the	 gains	 associated	 with	 chemotherapy	 innovations	 in	 anthracycline-	 and	 taxane-based
treatments	 were	 most	 noticeable	 among	 patients	 with	 ER-negative	 tumors,	 whereas	 patients	 with	 ER-positive
tumors	 derived	more	 limited	benefit.341	However,	 not	 all	 retrospective	 studies	 have	 shown	 a	 clear	 relationship
between	ER	status	and	the	benefit	of	chemotherapy,342	and	precise	thresholds	of	ER	expression	and	chemotherapy
benefit	are	not	well	established.
HER2	 is	 also	 a	marker	 that	 has	 been	widely	 studied	 as	 a	 predictor	 of	 benefit	 from	 adjuvant	 chemotherapy.

HER2	overexpression	is	associated	with	a	relative	benefit	from	anthracycline-based	chemotherapy,343	and	HER2-
negative	tumors	do	not	selectively	benefit	from	anthracyclines,	as	opposed	to	CMF-type	chemotherapy	treatments.
Other	 retrospective	 work	 based	 on	 characterizing	 both	 HER2	 status	 and	 ER	 status	 of	 tumors	 suggests	 that
chemotherapy	 with	 taxanes	 may	 be	 especially	 critical	 in	 tumors	 that	 either	 lack	 ER	 expression	 or	 express
HER2.344	However,	these	chemotherapy	trials	all	predate	the	widespread	use	of	adjuvant	trastuzumab,	which	has
largely	rendered	moot	the	details	of	chemotherapy	selection	for	HER2-positive	tumors.

Molecular	assays	that	integrate	larger	numbers	of	biomarkers	can	clarify	the	role	of	chemotherapeutic	agents	in
adjuvant	treatment.	The	21-gene	recurrence	score	(Oncotype	DX,	discussed	in	the	earlier	section	of	“Prognostic
and	Predictive	Factors	in	Breast	Cancer”)	predicts	outcome	for	ER-positive,	node-negative	breast	cancers	treated
with	tamoxifen87	or	outcome	with	tamoxifen	plus	chemotherapy	in	node-negative102	and	node-positive104	patients.
Patients	with	tumors	with	higher	recurrence	scores	derive	substantial	benefit	from	the	addition	of	chemotherapy	to
endocrine	 treatment,	whereas	patients	with	 low	recurrence	scores	<25	 in	node-negative	cases	have	both	a	more
favorable	 overall	 prognosis	 and	 do	 not	 appear	 to	 benefit	 meaningfully	 from	 the	 addition	 of	 chemotherapy.106
Pathologic	 features	 such	 as	 low	 or	 no	 expression	 of	 hormone	 receptors,	 expression	 of	HER2,	 and	 high	 tumor
grade	all	tend	to	be	predictors	of	likely	sensitivity	of	tumors	to	chemotherapy.84,107	Tumors	at	the	other	end	of	the
molecular	 spectrum—low	 grade,	 high	 levels	 of	 hormone	 receptors,	 and	 lack	 of	HER2	 expression—tend	 to	 be
more	sensitive	to	endocrine	therapies	and	less	sensitive	to	adjuvant	chemotherapy.	Prospective	studies	have	now
confirmed	that	ER-positive	 tumors	with	favorable	genomic	profiles	and	with	favorable	clinical	 features	such	as
limited	stage	and	lower	grade	can	now	achieve	excellent	 long-term	outcomes	with	endocrine	 therapy	alone	and
are	unlikely	to	achieve	clinically	meaningful	benefit	with	the	addition	of	chemotherapy	treatment.105,106,109

Patients	and	doctors	should	gauge	the	absolute	gains	associated	with	chemotherapy	by	considering	rigorously
the	tumor	stage,	comorbid	conditions,	age	of	the	patient,	and	the	biologic	features	of	the	tumor.	Patient	surveys,
inevitably	performed	after	patients	have	endured	adjuvant	chemotherapy,	suggest	that	many	women	would	prefer
adjuvant	 chemotherapy	 for	 extraordinarily	 small	gains	 (1%	 improvement	 in	outcome),	 and	most	women	would
accept	chemotherapy	for	modest	differences	on	the	order	of	a	3%	to	5%	improvement	in	chance	of	recurrence.345
Contemporary	use	of	risk	estimators	based	on	stage	and	the	21-gene	Oncotype	DX	recurrence	score	assay	allows
clinical	teams	and	patients	to	readily	gauge	the	likely	benefit	of	adjuvant	chemotherapy	in	ER-positive	tumors	and
make	well-informed	 choices	 about	 treatment.	 Studies	 show	 that	 at	 least	 one-third	 of	 patients	 who	 historically
would	have	been	 advised	 to	 receive	 chemotherapy	 for	ER-positive	 breast	 cancer	 can	now	avoid	 chemotherapy
without	compromising	on	their	long-term	outcomes.346

Adjuvant	Therapy	for	HER2-Overexpressing	Breast	Cancer
HER2	expression	was	historically	an	adverse	prognostic	factor	associated	with	a	higher	risk	of	recurrence,	lack	of
or	 lower	 levels	 of	 ER	 expression,	 and	 relative	 resistance	 to	 endocrine	 therapy	 and	 CMF-based



chemotherapy.347,348	 In	 2005,	 reports	 became	 available	 from	 five	 randomized	 clinical	 trials	 that	 examined	 the
addition	 of	 trastuzumab,	 the	 humanized	 monoclonal	 antibody	 against	 the	 HER2	 protein,	 to	 chemotherapy	 as
adjuvant	 treatment	 for	HER2-overexpressing	 breast	 cancer	 (Table	 79.14).349–352	 Although	 these	 trials	 used	 a
variety	 of	 different	 adjuvant	 chemotherapy	 regimens	 and	 employed	 trastuzumab	 in	 different	 schedules	 and
sequences,	 they	 all	 showed	 significant	 improvements	 in	 DFS	 (reduction	 in	 risk	 of	 50%	 on	 average)	 and	 OS.
Subset	 analyses	 demonstrated	 comparable	 RR	 reduction	 regardless	 of	 tumor	 size,	 nodal	 status,	 or	 hormone
receptor	status,	resulting	in	the	rapid	incorporation	of	trastuzumab	into	standard	treatment	recommendations	for
women	with	HER2-positive	breast	cancer.

TABLE	79.14
Adjuvant	Trials	of	Trastuzumab

Trial No.	of	Patients
Chemotherapy
Regimen

Trastuzumab
Regimen

Hazard	Ratio—
DFS

Hazard	Ratio—
OS

NSABP	B-
31351/NCCTG
N9831

3,351 AC	→	P 1	y	beginning
concurrently	with	P

0.48 0.67

HERA350 3,401 Various 1	y	beginning
sequentially	after
chemotherapy

0.64 0.63

FinHER349 232 V	or	D	→	FEC 9	wk	beginning
concurrently	with	V	or	D

0.42 0.41

BCIRG	006352 3,222 AC	→	D 1	y	beginning
concurrently	with	D

0.61 0.59

	 CbDa 1	y	beginning
concurrently	with	CbD

0.67 0.66

aIn	comparison	to	AC	→	D	chemotherapy.
DFS,	 disease-free	 survival;	 OS,	 overall	 survival;	 NSABP,	 National	 Surgical	 Adjuvant	 Breast	 and	 Bowel	 Project;	 NCCTG,	 North
Central	Cancer	Treatment	Group;	A,	doxorubicin;	C,	cyclophosphamide;	P,	paclitaxel;	HERA,	Herceptin	Adjuvant;	FinHER,	Finland
Herceptin;	V,	vinorelbine;	D,	docetaxel;	FEC,	5-fluorouracil,	epirubicin,	and	cyclophosphamide;	BCIRG,	Breast	Cancer	International
Research	Group;	Cb,	carboplatin.

Cardiomyopathy	 is	 a	 novel	 side	 effect	 of	 trastuzumab	 therapy.351	 Cardiac	 dysfunction	 is	 more	 frequent	 in
patients	receiving	anthracycline-based	than	nonanthracycline	adjuvant	chemotherapy	(2%	versus	1%)	in	addition
to	trastuzumab.	Other	risk	factors	for	cardiac	dysfunction	with	adjuvant	trastuzumab	include	preexisting	cardiac
disease,	such	as	borderline	normal	left	ventricular	ejection	fraction	or	hypertension,	and	age	older	than	65	years.
All	patients	being	considered	for	adjuvant	trastuzumab	require	baseline	determination	of	left	ventricular	ejection
fraction	and	serial	monitoring	of	cardiac	function.

Adjuvant	trastuzumab	is	only	known	to	be	effective	in	tumors	with	aberrant	expression	of	HER2.353	Tumors
that	are	HER2	1+	and	2+	without	gene	amplification	do	not	benefit	from	trastuzumab.354	The	optimal	duration	of
trastuzumab	therapy	is	1	year.	Although	short	exposure	(9	weeks)	to	concurrent	chemotherapy	and	trastuzumab
treatment	 is	 better	 than	 no	 trastuzumab,349	 comparison	 of	 shorter	 durations	 versus	 12	 months	 of	 trastuzumab
therapy	have	shown	superiority	for	the	12-month	duration.355	The	Herceptin	Adjuvant	(HERA)	trial	compared	1
year	versus	2	years	of	therapy	and	found	no	benefit	for	a	second	year.350,356

Trastuzumab	 is	 active	 when	 delivered	 sequentially	 after	 chemotherapy	 (as	 done	 in	 the	 HERA	 trial)350	 or
concurrently	with	chemotherapy	(as	done	in	the	NSABP	B-31/North	Central	Cancer	Treatment	Group	[NCCTG]
N9831351	and	Breast	Cancer	International	Research	Group	[BCIRG]	trials352).	However,	concurrent	trastuzumab
and	chemotherapy	administration	yielded	superior	results	compared	to	sequential	therapy.357	All	of	the	adjuvant
trastuzumab	 trials	 gave	 chemotherapy;	 there	 are	 no	 data	 on	 whether	 trastuzumab	 would	 be	 effective	 without
adjuvant	chemotherapy.

The	optimal	chemotherapy	backbone	for	 trastuzumab-based	adjuvant	 treatment	 is	uncertain.358	Most	patients
treated	on	the	extant	clinical	trials	received	sequential	anthracyclines	and	taxane-based	treatment,	with	concurrent
use	 of	 trastuzumab	 during	 taxane	 treatment.	 The	 results	 from	 BCIRG	 006	 suggest	 that	 the	 nonanthracycline
trastuzumab,	 docetaxel,	 and	 carboplatin	 (TCH)	 regimen	 is	 superior	 to	 chemotherapy	 given	 without
trastuzumab.352	 TCH	 is	 an	 important	 treatment	 option,	 particularly	 in	 patients	 with	 contraindications	 to
anthracycline-based	 treatment,	 corroborated	 by	 the	 10-year	 follow-up	 of	 the	 BCIRG	 006	 study	 that	 showed
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equivalent	DFS	and	OS	in	the	two	trastuzumab-containing	arms	but	with	lower	risk	of	cardiac	adverse	events	and
leukemia	 in	 the	 nonanthracycline	 TCH	 arm.359	 Concomitant	 RT	 and	 maintenance	 trastuzumab	 can	 be	 safely
delivered	 after	 chemotherapy.	 Women	 with	 ER-positive,	 HER2-positive	 tumors	 should	 receive	 appropriate
adjuvant	endocrine	therapy	once	done	with	the	chemotherapy	phase	of	adjuvant	treatment.

Most	 of	 the	 patients	 in	 the	 major	 trastuzumab	 trials	 had	 node-positive	 or	 high-risk,	 node-negative	 breast
cancers.	The	role	of	trastuzumab	treatment	for	women	with	smaller,	node-negative	tumors,	particularly	tumors	<1
cm,	remains	unproven	in	randomized	trials.	Historical	studies	have	suggested	that	 these	smaller,	HER2-positive
breast	cancers	 still	 carried	a	 substantial	 risk	of	 tumor	 recurrence	 (on	 the	order	of	15%	 to	20%	 through	5	 to	10
years	of	therapy).360	Recent	retrospective	analyses	of	small	HER2-positive	tumors	suggest	a	benefit	may	exist	for
this	subgroup	with	the	addition	of	trastuzumab.361	A	prospective	trial	of	12	weeks	of	paclitaxel	plus	trastuzumab,
followed	 by	 conclusion	 of	 1	 year	 of	 adjuvant	 trastuzumab,	 yielded	 a	 remarkably	 low	 risk	 of	 recurrence	when
studied	 in	 stage	 I,	HER2-positive	 breast	 cancers.362	 Patients	 with	HER2-positive	 tumors	 ≥5	 mm	 are	 likely	 to
benefit	substantially	from	adjuvant	chemotherapy	and	trastuzumab.

Women	with	higher	 risk,	 typically	stage	II	or	 III,	HER2-positive	breast	cancers	may	benefit	 from	additional
anti-HER2	therapy	beyond	trastuzumab.	Pertuzumab	is	a	humanized,	monoclonal	antibody	that	also	binds	to	the
HER2	 protein,	 blocking	 interactions	 between	HER2	 and	 HER2	 proteins.	 In	 a	 randomized	 trial,	 women	 with
HER2-positive	breast	cancer	were	randomized	to	adjuvant	chemotherapy	and	trastuzumab,	given	with	or	without
concurrent	use	of	pertuzumab.363	The	addition	of	pertuzumab	in	the	Adjuvant	Pertuzumab	and	Herceptin	in	Initial
Therapy	in	Breast	Cancer	(APHINITY)	study	reduced	the	risk	of	breast	cancer	events,	particularly	in	higher	risk,
node-positive	 tumors.	 Pertuzumab	 is	 generally	well	 tolerated	 but	 does	 increase	 the	 risk	 of	 diarrhea;	 it	 did	 not
increase	the	risk	of	cardiomyopathy	seen	with	trastuzumab.	Based	on	these	findings	and	on	the	previous	approval
of	pertuzumab	as	neoadjuvant	treatment	(see	discussion	on	“Preoperative	Systemic	Therapy	for	Operable	Cancer”
section),	pertuzumab	is	indicated	in	women	with	stage	II	or	III,	HER2-positive	breast	cancers.	The	oral	tyrosine
kinase	inhibitor,	neratinib,	which	targets	the	signaling	of	epidermal	growth	factor	receptor	(EGFR)	and	HER2,	has
also	 been	 studied	 as	 adjuvant	 treatment	 for	HER2-positive	 breast	 cancers.	 In	 the	 ExtaNet	 study,	 patients	with
HER2-positive	breast	cancer	who	had	completed	1	year	of	trastuzumab	already	were	randomized	to	neratinib	or
no	further	therapy.364	Neratinib	was	found	to	reduce	recurrence	in	ER-positive,	HER2-positive	cancers	but	not	in
ER-negative,	HER2-positive	cancers.	Neratinib	carries	substantial	risk	of	marked	diarrhea.	Clinical	guidance	for
use	of	neratinib	is	still	evolving;	at	present,	it	seems	most	appropriate	in	higher	risk,	node-positive	breast	cancers
that	 are	ER	positive	 and	HER2	positive.	To	date,	 neither	 neratinib	 nor	 pertuzumab	has	 been	 associated	with	 a
survival	benefit,	and	there	are	no	data	on	the	benefit	of	neratinib	in	women	who	have	received	pertuzumab.

Integration	of	Multimodality	Primary	Therapy
Current	consensus	recommendations	for	adjuvant	therapy	are	summarized	in	Table	79.15.303,365	The	majority	of
women	 with	 breast	 cancer	 receive	 some	 form	 of	 adjuvant	 therapy,	 which	 requires	 integration	 of	 systemic
treatments	with	local	therapy	including	surgery	and	RT.	Low	rates	of	LR	are	seen	regardless	of	the	sequence	of
RT	and	chemotherapy.366	A	nonsignificant	trend	toward	a	greater	risk	of	distant	recurrence	in	patients	receiving
RT	 first	 was	 seen	 in	 one	 study,366	 and	 because	 of	 the	 primary	 importance	 of	 preventing	 distant	 relapse,	 the
convention	has	been	to	administer	chemotherapy	first.	Tamoxifen	therapy	should	not	be	given	concurrently	with
chemotherapy	 because	 in	 one	 randomized	 study,	 concurrent	 tamoxifen	 and	 chemotherapy	was	 associated	with
greater	 risk	 of	 recurrence	 than	 sequential	 treatment	 of	 chemotherapy	 followed	 by	 tamoxifen.367	 There	 are	 no
compelling	 data	 indicating	 that	 the	 concurrent	 administration	 of	 endocrine	 therapy	 and	 RT	 has	 deleterious
consequences	or	 that	 it	 has	particular	 advantages.368	The	 timing	of	 surgery	 either	before	or	 after	 (neo)adjuvant
chemotherapy	does	not	alter	long-term	survival	for	women	with	breast	cancer.220	Thus,	patients	may	comfortably
proceed	 in	 a	 linear	 fashion	 of	 treatment,	 receiving	 one	 therapeutic	modality	 (surgery,	 RT,	 chemotherapy,	 and
endocrine	therapy)	after	another,	as	they	receive	definitive	treatment	for	early-stage	breast	cancer.

Follow-up	for	Breast	Cancer	Survivors
Following	 initial	 treatment	 for	 breast	 cancer,	 patients	 require	 surveillance	 for	 locoregional	 tumor	 recurrence,
CBC,	 and	 the	 development	 of	 distant	 metastatic	 disease.	 In	 addition,	 medical	 follow-up	 allows	 clinicians	 to
monitor	for	late	effects	of	chemotherapy,	RT,	or	surgery;	to	gauge	ongoing	side	effects	from	cancer	treatments,
such	as	antiestrogen	 therapies;	 and	 to	 facilitate	opportunities	 to	update	patients	on	new	developments	 that	may
affect	 their	 treatment	plan.369	Although	 the	greatest	 risk	of	 recurrence	 is	 in	 the	 first	 5	years	 after	breast	 cancer



diagnosis,	women	 remain	at	 risk	 for	many	years	 after	 their	 treatment,	 especially	 those	with	hormone	 receptor–
positive	breast	cancer.	Given	the	long	latency	of	risk	with	ER-positive	breast	cancers	and	the	ongoing	need	for
management	 of	 extended	 adjuvant	 therapy,	 these	 patients	 should	 have	 ongoing	 follow-up	 with	 breast	 cancer
specialists;	however,	particularly	in	later	years,	follow-up	is	often	shared	with	primary	care	physicians.

TABLE	79.15
International	Recommendations	for	Adjuvant	Chemotherapy

	 St.	Gallen	Consensus	Conference	2017303
National	Comprehensive	Cancer	Network
2017365

HER2-positive	tumors Adjuvant	chemotherapy	for	tumors	>0.5	cm	and/or
node-positive	and	anti-HER2	antibody	therapy
with	trastuzumab

Adjuvant	chemotherapy	for	tumors	>0.5	cm	and/or
node	positive	and	trastuzumab;	consider
pertuzumab	in	addition	to	trastuzumab	if	node
positive

HER2-negative	tumors ER	negative:
Adjuvant	chemotherapy	for	T1b	or	larger
tumors	and/or	positive	axillary	nodes

ER	negative:
Adjuvant	chemotherapy	for	tumors	≥1.0	cm
and/or	node	positive
Consider	for	tumors	0.5–1.0	cm

HER2-negative	tumors ER	positive:
Endocrine	therapy	alone	for	high	receptor,	low
tumor	burden	(pT1a,	pT1b),	no	nodal
involvement	(pN0),	low	proliferation,	low
grade,	or	low	“genomic	risk”
Add	chemotherapy	if	ER	positive	but	with
“intermediate/high	genomic	risk”	and
intermediate/high	“clinical	risk”	(node	positive)
Add	chemotherapy	for	intermediate	to	low	ER
and	PR	expression;	higher	tumor	burden
(typically	T3	and/or	N2–N3);	more
proliferative/higher	Ki-67;	or	“intermediate	to
high	genomic	risk	markers”

ER	positive:
Adjuvant	chemotherapy	if	node	positive
Risk	stratify	by	Oncotype	DX	recurrence	score
for	node-negative	patients

HER2,	human	epidermal	growth	factor	receptor;	ER,	estrogen	receptor;	PR,	progesterone	receptor.

LR	 and	 new	 contralateral	 cancers	 are	 potentially	 curable,	 so	 women	 should	 undergo	 regular	 breast
examinations	 and	 annual	mammography,	with	 supplemental	 breast	 imaging	 as	 clinically	 indicated.	LR	 is	 often
associated	 with	 concurrent	 metastatic	 disease,	 and	 evaluation	 for	 distant	 metastases	 is	 indicated	 prior	 to	 local
therapy	in	this	setting.	By	contrast,	it	is	not	clear	that	early	detection	of	distant	metastatic	disease	contributes	to
substantial	 improvement	 in	 clinically	 important	 end	 points.	 Most	 distant	 recurrences	 are	 detected	 following
patient-reported	 symptoms,	 such	 as	 bone	 discomfort,	 lymphadenopathy,	 chest	 wall	 or	 breast	 changes,	 or
respiratory	symptoms;	asymptomatic	detection	 through	screening	 laboratory	 tests	or	 radiology	studies	occurs	 in
only	a	modest	fraction	of	patients,	even	with	intensive	surveillance.369	Randomized	trials	have	compared	vigorous
surveillance	 with	 radiologic	 imaging	 (chest	 radiography,	 bone	 scanning,	 and	 liver	 US)	 and	 laboratory	 testing
(blood	counts,	liver	function	tests,	and	serum	tumor	markers)	against	standard	care	consisting	of	regular	physical
examination	 and	mammography,	with	 additional	 testing	 performed	 only	 if	 indicated	 by	 symptoms	 or	 physical
examination.370,371	 More	 intensive	 surveillance	 achieved	 modest	 gains	 in	 early	 detection	 of	 metastatic	 breast
cancer,	with	a	small	increase	in	the	fraction	of	patients	diagnosed	while	asymptomatic,	but	no	improvement	in	OS
was	noted.

Based	on	these	data,	ASCO	has	issued	surveillance	guidelines	for	women	with	early-stage	breast	cancer	(Table
79.16).372	These	guidelines	emphasize	the	importance	of	a	careful	history	and	examination	to	elicit	symptoms	or
signs	 of	 recurrent	 breast	 cancer	 but	 minimize	 the	 role	 of	 routine	 imaging	 studies	 including	 plain	 films	 and
computed	tomography	(CT)	scans	and	do	not	recommend	routine	laboratory	testing	in	the	absence	of	symptoms.
Patients	should	be	encouraged	to	perform	breast	self-examination	and	to	contact	their	physicians	if	they	develop
symptoms	 possibly	 suggestive	 of	 breast	 cancer	 recurrence.	 Understandably,	 patients	 often	 request	 additional
testing	 to	 provide	 reassurance	 and	 to	 “catch”	 early	 recurrences.	 Clinical	 experience	 suggests,	 however,	 that
patients	respond	well	to	discussions	regarding	optimal	testing	strategies,	the	role	of	surveillance	for	breast	cancer
recurrence,	the	challenges	of	false-positive	and	false-negative	test	results,	and	the	limited	need	for	testing	in	the
absence	of	symptoms	or	physical	examination	findings.373
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MANAGEMENT	BY	STAGE:	SPECIAL	CONSIDERATIONS
Paget	Disease
Paget	disease	represents	in	situ	carcinoma	in	the	nipple	epidermis.	The	classic	pathologic	finding	is	the	presence
of	Paget	cells	(large	cells	with	clear	cytoplasm	and	atypical	nuclei)	within	the	epidermis	of	the	nipple.	The	clinical
manifestations	 of	 Paget	 disease	 include	 eczematoid	 changes,	 crusting,	 redness,	 irritation,	 erosion,	 discharge,
retraction,	and	inversion.	Rarely,	Paget	disease	is	bilateral	or	occurs	in	a	male	patient.

TABLE	79.16
Breast	Cancer	Follow-up

Recommended	for	Routine	Surveillance
History/physical	examination Every	3–6	mo	for	the	first	3	y,	every	6–12	mo	for	years	4	and	5,	and	annually	thereafter

Mammography Annually,	beginning	no	earlier	than	6	mo	after	radiation	therapy

Breast	self-examination All	women	should	be	counseled	to	perform	monthly.

Pelvic	examination Annually

Coordination	of	care Continuity	of	care	with	breast	cancer	specialist	and	appropriate	other	health-care
providers

Not	Recommended	for	Routine	Surveillance
Routine	blood	tests Complete	blood	cell	count	and	liver	function	tests	are	not	recommended

Imaging	studies Chest	radiograph,	bone	scans,	liver	ultrasound,	computed	tomography	scans,
fluorodeoxyglucose–positron	emission	tomography	scans,	and	breast	magnetic
resonance	imaging	are	not	recommended	for	routine	breast	cancer	surveillance

Tumor	markers Cancer	antigen	15-3,	cancer	antigen	27.29,	and	carcinoembryonic	antigen	are	not
recommended.

Adapted	from	Khatcheressian	JL,	Wolff	AC,	Smith	TJ,	et	al.	American	Society	of	Clinical	Oncology	2006	update	of	the	breast	cancer
follow-up	and	management	guidelines	in	the	adjuvant	setting.	J	Clin	Oncol	2006;24(31):5091–5097.

Paget	disease	may	occur	 in	 the	nipple	 (1)	 in	 conjunction	with	 an	underlying	 invasive	 cancer	 (staged	by	 the
invasive	 cancer),	 (2)	 with	 underlying	 DCIS	 (staged	 Tis),	 or	 (3)	 alone	 without	 any	 underlying	 invasive	 breast
carcinoma	 or	DCIS	 (also	 staged	Tis).	 The	 associated	 underlying	 cancer	may	 be	 located	 centrally	 in	 the	 breast
adjacent	 to	 the	 nipple,	 or	 it	may	 be	 located	 peripherally.	 It	 is	 uncertain	whether	 the	 origin	 of	 Paget	 disease	 is
primarily	 an	 in	 situ	 intraepidermal	malignancy	with	 secondary	 extension	 to	 adjacent	 structures	 (intraepidermal
theory)	 or	 migration	 of	 tumor	 cells	 into	 the	 nipple	 epidermis	 from	 an	 underlying	 carcinoma	 of	 the	 breast
(epidermotropic	theory).

The	 age-adjusted	 incidence	 rates	 of	 female	 Paget	 disease	 peaked	 in	 1985	 and	 have	 decreased	 yearly
thereafter,374	perhaps	because	of	earlier	detection	of	breast	lesions	by	mammography	prior	to	the	development	of
pagetoid	changes.	More	recently,	Paget	disease	has	been	observed	as	a	form	of	recurrence	after	NSM.

The	workup	for	the	patient	with	Paget	disease	includes	mammography	and	physical	examination	of	the	breast
to	rule	out	an	underlying	invasive	cancer	or	DCIS.	In	patients	with	negative	findings	on	physical	examination	and
mammogram,	breast	MRI	 should	be	 considered	 for	patients	who	are	 candidates	 for	BCT	and	 interested	 in	 this
approach.

Historically,	 Paget	 disease	 was	 treated	 with	 mastectomy.	 Prognosis	 is	 determined	 by	 the	 stage	 of	 the
underlying	malignancy,	if	present.	Small	studies	examining	the	use	of	excision	and	WBI	for	Paget	disease	have
reported	LR	rates	of	5%	to	8%375,376	and	no	survival	differences	between	BCT	and	mastectomy,	suggesting	that
BCT	with	WBI	is	a	reasonable	alternative	to	mastectomy.	Local	excision	alone,	without	RT,	has	been	used	to	treat
a	small	number	of	patients.	In	one	series	of	33	patients	prospectively	treated	with	local	excision	alone,	the	LR	rate
was	33%377	and	10	of	11	recurrences	were	invasive	carcinoma.	Given	these	outcomes,	omission	of	RT	after	local
excision	is	not	standard.

For	 patients	 treated	with	BCT,	 surgery	 should	 include	 excision	 of	 the	 full	NAC	with	 a	 cone	 of	 underlying
retroareolar	 tissue	 and	 complete	 excision	 of	 any	 tissue	 with	 abnormal	 radiologic	 findings.	 For	 patients	 with
positive	margins	after	central	lumpectomy,	additional	surgery	is	indicated.	Patients	with	negative	surgical	margins
should	undergo	irradiation	based	on	criteria	generally	used	to	select	patients	with	DCIS	and	invasive	cancer	for



RT	(discussed	previously).	The	decision	for	axillary	node	surgery	should	be	based	on	the	presence	of	an	invasive
breast	 cancer;	 sentinel	 node	 biopsy	 has	 been	 used	 successfully	 in	 this	 setting.	 Recommendations	 for	 adjuvant
systemic	therapy	are	based	on	the	final	pathology.

Occult	Primary	with	Axillary	Metastases
Axillary	metastases	in	the	absence	of	a	clinically	or	mammographically	detectable	breast	tumor	are	an	uncommon
presentation	of	breast	carcinoma,	seen	in	<1%	of	cases.	The	initial	evaluation	should	include	a	detailed	history	and
physical	examination,	bilateral	mammogram,	and	breast	MRI	(if	the	mammogram	is	unrevealing).	The	presence
of	ER,	PR,	or	HER2	overexpression	is	strongly	suggestive	of	metastatic	breast	carcinoma,	although	their	absence
does	not	exclude	a	primary	breast	tumor.	MRI	identifies	the	primary	tumor	in	the	breast	in	a	significant	number	of
patients	 with	 a	 normal	 mammogram	 and	 breast	 examination.	 In	 a	 meta-analysis	 of	 220	 patients	 with	 occult
primary	tumors,	MRI	identified	a	suspicious	lesion	in	72%	with	a	sensitivity	of	90%	and	a	specificity	of	31%.	The
size	of	tumors	identified	on	pathologic	exam	ranged	from	5	to	16	mm.378	The	identification	of	the	primary	tumor
within	 the	 breast	 simplifies	 local	management,	 allowing	 these	 patients	 to	 be	 treated	with	BCT	 or	mastectomy
according	to	standard	guidelines.

When	a	primary	tumor	cannot	be	identified,	mastectomy	is	the	traditional	treatment,	based	on	the	observation
that	approximately	50%	of	patients	who	do	not	receive	therapy	to	the	breast	will	develop	clinically	evident	disease
in	the	breast.	In	addition,	prior	to	the	era	of	modern	mammography	and	the	availability	of	MRI,	the	occult	cancers
found	 in	 the	 breast	 at	mastectomy	were	 sometimes	 quite	 large.379	More	 recently,	WBI	 has	 been	 used	 in	 these
patients.	Fourquet	et	al.379	treated	54	patients	with	WBI	without	removal	of	the	primary	tumor.	The	5-	and	10-year
rates	of	IBTR	were	7.5%	and	20%,	respectively.	Other	small	studies	antedating	the	use	of	MRI	confirm	that	WBI
with	 a	 dose	 of	 about	 50	 Gy	 is	 an	 acceptable	 alternative	 to	 mastectomy	 in	 this	 patient	 population.	 Systemic
treatment	 for	 patients	 with	 occult	 primary	 breast	 cancer	 and	 axillary	 involvement	 should	 follow	 the	 current
guidelines	for	patients	with	node-positive	breast	cancer,	including	neoadjuvant	therapy	if	clinically	indicated.

Breast	Cancer	and	Pregnancy
Breast	carcinoma	is	one	of	the	most	commonly	diagnosed	malignancies	during	pregnancy.	Older	studies	estimated
that	breast	cancer	developed	in	2.2	of	10,000	pregnancies380;	however,	the	trend	toward	later	age	at	first	childbirth
has	increased	the	number	of	breast	cancer	cases	coexistent	with	pregnancy,	and	breast	cancer	is	now	estimated	to
occur	in	1	in	1,000	pregnancies.381	Delay	 in	diagnosis	 remains	a	problem	due	 to	 the	nodularity	of	 the	pregnant
breast	 and	 the	 assumption	 that	 new	 breast	 masses	 are	 normal	 physiologic	 changes.	 Dominant	 breast	 masses
developing	 during	 pregnancy	 require	 biopsy	 before	 assuming	 that	 they	 are	 benign.	 This	 can	 be	 readily
accomplished	with	a	 core-cutting	needle	biopsy	 in	 the	majority	of	women.	 If	 excisional	biopsy	 is	necessary,	 it
should	be	undertaken;	concerns	about	the	development	of	a	milk	fistula	appear	to	be	overstated.382	Mammography
is	not	as	useful	in	pregnant	patients	as	in	those	who	are	not	pregnant	because	of	the	increased	density	in	the	breast
parenchyma	associated	with	pregnancy.	US	may	be	helpful	in	confirming	the	presence	of	a	dominant	mass,	but,	as
in	the	nonpregnant	patient,	normal	imaging	studies	should	not	lead	to	a	decision	to	forgo	biopsy	in	the	patient	with
a	dominant	breast	mass.

After	a	diagnosis,	the	initial	evaluation	should	include	an	assessment	of	the	extent	of	the	disease.	CT	and	bone
scans	are	not	recommended	because	of	concerns	about	radiation	exposure	to	the	fetus.	In	patients	with	symptoms
suggestive	 of	 metastases,	 MRI	 without	 contrast	 can	 be	 used	 to	 evaluate	 bony	 sites	 and	 the	 intra-abdominal
viscera.382

Breast	 cancers	 occurring	 during	 pregnancy	 are	 typically	 higher	 grade	 infiltrating	 ductal	 carcinomas.	 In
comparison	 to	nonpregnancy	breast	 cancers,	 pregnancy-associated	 tumors	 are	more	 likely	 to	be	HER2	positive
and	 less	 likely	 to	 be	 ER	 and/or	 PR	 positive.383	 Data	 from	 retrospective	 case-control	 series	 suggest	 that	 after
adjusting	for	age	and	disease	stage,	the	prognosis	of	women	with	breast	cancer	occurring	during	pregnancy	differs
little	from	that	of	nonpregnant	patients.382,383

For	 women	 diagnosed	 in	 the	 first	 or	 second	 trimester,	 the	 question	 of	 pregnancy	 termination	 is	 inevitably
raised.	Although	some	treatment	approaches	are	feasible	during	pregnancy,	others	are	contraindicated.	Depending
on	 the	 patient’s	 specific	 situation,	 continuing	 the	 pregnancy	 may	 or	 may	 not	 compromise	 the	 breast	 cancer
treatment.	Even	when	deviations	from	standard	treatment	are	required,	it	is	unclear	to	what	extent	such	changes	or
delays	affect	a	woman’s	odds	of	remaining	free	from	recurrent	breast	cancer.	The	concerns	about	compromising
care	must	be	balanced	by	the	woman,	her	family,	and	her	physicians,	with	the	desire	to	continue	the	pregnancy.
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There	is	no	evidence	that	pregnancy	termination	changes	clinical	outcomes	or	survival	for	pregnancy-associated
breast	cancer.384

Breast	cancer	treatment	during	pregnancy	is	fraught	with	physiologic	and	psychological	challenges	and	should
be	ideally	undertaken	by	multidisciplinary	 teams	with	experience	in	such	cases.385	Breast	surgery	can	be	safely
performed	during	any	trimester	of	pregnancy.	Mastectomy	is	the	traditional	operation,	as	it	affords	definitive	local
therapy,	and	therapeutic	radiation	doses	cannot	be	delivered	without	excessive	fetal	exposure	during	any	trimester.
The	effect	of	delaying	RT	on	LR,	in	the	absence	of	systemic	therapy,	is	unknown	and	is	of	concern.	BCS	can	be
safely	performed	during	any	trimester	of	pregnancy	and	may	be	appropriate	if	the	multimodality	treatment	plan	is
timed	such	that	the	woman	can	receive	postsurgical	RT	after	full-term	delivery	without	unduly	delaying	treatment.
Thus,	BCS128	can	be	an	appropriate	approach	for	cancers	diagnosed	in	the	third	trimester	and	can	be	considered
on	a	case-by-case	basis	for	cancers	diagnosed	earlier	in	pregnancy	based	on	the	planned	systemic	therapy	options.
In	 the	 pregnant	woman	who	will	 receive	 systemic	 chemotherapy,	 the	 delay	 in	 the	 delivery	 of	 RT	 is	 often	 no
greater	 than	 in	 the	 nonpregnant	 patient.	 There	 are	 few	 data	 on	 the	 utility	 of	 sentinel	 node	 mapping	 during
pregnancy.	 Isosulfan	 blue	 dye	 is	 not	 approved	 by	 the	 U.S.	 Food	 and	 Drug	 Administration	 for	 use	 during
pregnancy.	The	radiation	exposure	to	the	fetus	from	the	use	of	technetium	has	been	estimated	to	be	low,	and	it	has
been	 suggested	 that	 mapping	 with	 technetium	 alone	 could	 be	 discussed	 with	 patients	 as	 an	 appropriate
management	strategy.386	A	multicenter	registry	experience	suggests	technical	outcomes	with	SLN	mapping	during
pregnancy	 that	 are	 similar	 to	 those	 seen	 in	 nonpregnant	 women.387	 However,	 ALND	 remains	 the	 standard
management	strategy.

The	risk	of	congenital	malformation	from	cytotoxic	chemotherapy	varies	with	the	fetal	age	at	exposure	and	the
agent	used.	Exposure	in	the	first	trimester	is	associated	with	risks	of	10%	to	20%	and	should	be	avoided.	Risks
decline	to	<2%	with	exposure	in	the	second	and	third	trimesters,	enabling	chemotherapy	administration	in	those
trimesters.388	 Chemotherapy	 during	 pregnancy	 may	 also	 contribute	 to	 intrauterine	 growth	 retardation,	 and	 the
long-term	 consequences	 of	 exposure	 remain	 uncertain.	 Experience	 from	 the	 MD	 Anderson	 Cancer	 Center
suggests	little	long-term	impact	on	child	health	for	in	utero	exposure	to	chemotherapy	for	breast	cancer,	but	this
experience	represents	only	modest	numbers	of	children.389	Experience	with	 the	 taxanes	 in	pregnancy	 is	 limited,
but	taxane	use	appears	feasible	after	the	first	trimester.383,390

The	use	of	trastuzumab	in	pregnancy	is	associated	with	oligohydramnios391	and	is	considered	contraindicated.
Methotrexate	should	be	avoided	during	pregnancy	because	of	the	risk	of	abortion	and	severe	fetal	malformation.
Similarly,	tamoxifen	and	all	hormonal	approaches	should	be	withheld	until	after	delivery	because	of	concerns	for
the	health	of	the	fetus.	When	chemotherapy	or	tamoxifen	is	given	postpartum,	breastfeeding	should	be	avoided,	as
these	 agents	may	 be	 excreted	 in	 the	 breast	milk.	 Postsurgical	 RT	 can	 cause	 fibrosis	 of	 the	 treated	 breast	 that
precludes	successful	lactation.

The	 management	 of	 breast	 cancer	 during	 pregnancy	 is	 difficult	 because	 there	 is	 often	 a	 conflict	 between
optimal	 therapy	 for	 the	 mother	 and	 the	 fetus.	 Multidisciplinary	 management	 by	 a	 team	 including	 medical,
surgical,	and	radiation	oncologists;	an	obstetrician;	a	maternal-fetal	medicine	specialist;	and	a	psychologist	will
facilitate	the	development	of	a	strategy	that	optimizes	the	outcome	for	both	mother	and	child.

Male	Breast	Cancer
The	 incidence	 of	male	 breast	 cancer	 varies	 on	 a	worldwide	 basis,	with	 the	 highest	 rates	 in	 some	 sub-Saharan
countries.	In	the	United	States	in	2017,	2,470	men	were	diagnosed	with	breast	cancer,	and	460	died	of	the	disease.
Worldwide,	 the	 female-to-male	 incidence	 ratio	 is	 122:1.392	 In	 recent	 years,	 as	 the	 incidence	 of	 female	 breast
cancer	has	declined	by	42%,	a	28%	decline	in	male	breast	cancer	has	been	observed.393	The	risk	of	male	breast
cancer	 is	 related	 to	 an	 increased	 lifelong	 exposure	 to	 estrogen	 (as	 with	 female	 breast	 cancer)	 or	 to	 reduced
androgen.	 The	 strongest	 association	 is	 in	 men	 with	 Klinefelter	 syndrome	 (XXY);	 they	 have	 a	 14-	 to	 50-fold
increased	risk	of	developing	male	breast	cancer	and	account	for	about	3%	of	all	male	breast	cancer	cases.	Also,
men	who	carry	a	BRCA1	or,	particularly,	a	BRCA2	mutation	have	an	increased	risk	of	developing	breast	cancer.
Men	with	chronic	liver	disorders,	such	as	cirrhosis,	chronic	alcoholism,	and	schistosomiasis;	a	history	of	mumps
orchitis,	undescended	testes,	or	testicular	injury;	and	feminization,	genetically	or	by	environmental	exposure,	are
at	greater	risk	of	developing	breast	cancer,	but	gynecomastia	alone	does	not	appear	to	be	a	risk	factor.394

The	clinical	presentation	of	male	breast	cancer	is	similar	to	that	of	female	breast	cancer,	but	the	median	age	of
onset	 is	 later	 for	 men	 (60	 versus	 53	 years	 in	 women).	 Because	 the	 diagnosis	 of	 breast	 cancer	 is	 often	 not
considered	as	promptly	in	men	and	screening	mammography	is	not	used,	men	often	present	with	more	advanced
stage	 than	 do	 women.	 All	 known	 histopathologic	 types	 of	 breast	 cancer	 have	 been	 described	 in	 men,	 with



infiltrating	 ductal	 carcinoma	 accounting	 for	 at	 least	 70%	 of	 cases.	 However,	 ILC	 in	 men	 is	 rare.	 A	 greater
percentage	of	male	than	female	breast	cancers	are	ER	and	PR	positive.	As	for	women,	stage	is	the	predominant
prognostic	indicator,	and	most	studies	report	that,	stage	for	stage,	men	with	breast	cancer	have	the	same	outcome
following	treatment	as	women	with	breast	cancer.	However,	data	from	the	U.S.	Department	of	Veterans	Affairs
suggest	 a	 worse	 prognosis	 for	 men	 than	 for	 women	 in	 early-stage	 breast	 cancer.395	 There	 appears	 to	 be	 a
substantial	negative	disparity	in	outcome	for	blacks	with	male	breast	cancer	compared	with	whites.396

Primary	 local	 treatment	 is	 usually	 total	 mastectomy.	 In	 some	 patients	 with	 early	 disease,	 BCT	 can	 be
considered.	However,	the	subareolar	location	of	most	male	breast	cancers	and	the	small	amount	of	breast	tissue
present	in	most	men	limit	eligibility	for	BCT.	The	same	considerations	regarding	nodal	surgery	pertain	for	men	as
for	 women,	 with	 sentinel	 node	 biopsy	 the	 preferred	 treatment	 in	 clinically	 node-negative	 patients.	 The	 use	 of
PMRT	follows	the	same	guidelines	as	for	female	breast	cancer.	Similarly,	the	use	of	systemic	therapy	follows	the
same	guidelines	 as	 for	women	with	postmenopausal	breast	 cancer.	Adjuvant	 systemic	chemotherapy	 is	used	 in
men,	although	no	controlled	trials	have	confirmed	its	value.397	Tamoxifen	is	the	mainstay	for	adjuvant	systemic
therapy	in	ER-positive	male	breast	cancer.	The	hormonal	consequences	of	AIs	are	not	well	studied	in	men	with
breast	cancer,	but	a	study	of	257	male	breast	cancer	patients	demonstrated	a	1.5-fold	increase	in	mortality	in	those
treated	with	an	AI	versus	tamoxifen.398	Metastatic	breast	cancer	in	men	is	treated	identically	to	metastatic	disease
in	women.

Phyllodes	Tumor
The	 term	phyllodes	tumor	 includes	 a	group	of	 lesions	of	varying	malignant	potential,	 ranging	 from	completely
benign	 tumors	 to	 fully	malignant	 sarcomas.	Clinically,	 phyllodes	 tumors	 are	 smooth,	 rounded,	usually	painless
multinodular	 lesions	 that	may	be	 indistinguishable	 from	 fibroadenomas.	The	 average	 age	 at	 diagnosis	 is	 in	 the
fourth	decade.	Skin	ulceration	may	be	seen	with	large	tumors,	but	this	is	usually	due	to	pressure	necrosis	rather
than	invasion	of	the	skin	by	malignant	cells.	Histologically,	phyllodes	tumor,	like	fibroadenoma,	is	composed	of
epithelial	elements	and	a	connective	tissue	stroma.

Phyllodes	 tumors	 are	 classified	 as	 benign,	 borderline,	 or	malignant	 on	 the	 basis	 of	 the	 nature	 of	 the	 tumor
margins	(pushing	or	 infiltrative)	and	presence	of	cellular	atypia,	mitotic	activity,	and	overgrowth	in	 the	stroma.
There	 is	 disagreement	 about	 which	 of	 these	 criteria	 is	 most	 important,	 although	 most	 experts	 favor	 stromal
overgrowth.	The	percentage	of	phyllodes	tumors	classified	as	malignant	ranges	from	23%	to	50%.	Local	excision
to	negative	margins	is	an	appropriate	management	strategy	for	both	benign	and	malignant	phyllodes	tumors	if	this
can	be	accomplished	with	a	 satisfactory	cosmetic	outcome.	The	optimal	margin	width	 is	not	known,	but	wider
excisions	appear	to	reduce	the	risk	of	LR.	Approximately	20%	of	phyllodes	tumors	recur	locally	if	excised	with
no	margin	 or	 a	margin	 of	 a	 few	millimeters	 of	 normal	 breast	 tissue,	 regardless	 of	whether	 they	 are	 benign	 or
malignant.399	 In	 a	 review	 of	 821	 patients	 with	 nonmetastatic	 malignant	 phyllodes	 tumors	 reported	 to	 the
Surveillance,	Epidemiology,	and	End	Results	registry	between	1983	and	2002,	52%	were	treated	with	mastectomy
and	the	remainder	with	local	excision.	The	10-year	cause-specific	survival	was	89%,	and	no	survival	benefit	for
mastectomy	was	observed.399

The	role	of	RT	and	systemic	therapy	in	phyllodes	tumor	is	unclear.	RT	is	not	used	for	benign	lesions	but	has
been	 combined	with	 wide	 excision	 in	 the	management	 of	 borderline	 or	malignant	 phyllodes	 tumors.400	When
phyllodes	tumors	metastasize,	they	tend	to	behave	like	sarcomas,	with	the	lung	as	the	most	common	site.	Axillary
metastases	are	seen	in	<5%	of	cases,	and	axillary	surgery	is	not	indicated	unless	worrisome	nodes	are	clinically
evident.	When	systemic	therapy	is	used	for	malignant	phyllodes	tumors,	treatment	is	based	on	the	guidelines	for
treating	sarcomas.

Locally	Advanced	Breast	Cancer	and	Inflammatory	Breast	Cancer
LABC	and	IBC	refer	to	a	heterogeneous	group	of	breast	cancers	that	present	with	extensive	disease	in	the	breast
and/or	 regional	 lymph	nodes,	without	evidence	of	distant	metastases	 (M0),	and	 represent	only	2%	to	5%	of	all
breast	cancers	in	the	United	States.	The	term	LABC	encompasses	patients	with	(1)	operable	disease	at	presentation
(clinical	 stage	T3	N1),	 (2)	 inoperable	disease	 at	 presentation	 (clinical	 stage	T4	and/or	N2	 to	N3),	 and	 (3)	 IBC
(clinical	 stage	 T4d	 N0	 to	 N3,	 also	 inoperable).	 Subdividing	 patients	 into	 these	 three	 broad	 groups	 facilitates
clinical	management.	However,	in	clinical	practice,	nearly	all	cases	of	LABC	or	IBC	will	warrant	chemotherapy
followed	by	multimodality	care.

Comparison	of	studies	of	LABC	and	IBC	is	problematic	due	to	a	high	degree	of	heterogeneity	within	T	and	N
classification,	 small	 numbers	 of	 patients	 in	 stage	 subgroups,	 and	 variations	 in	 the	 AJCC	 staging	 criteria	 over
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time.83	For	example,	supraclavicular	lymphadenopathy,	now	classified	as	N3	disease,	was	previously	classified	as
M1.401	IBC	accounts	for	1%	to	5%	of	all	breast	cancers	in	the	United	States	and	is	an	aggressive	variant	of	LABC.
IBC	is	a	clinicopathologic	entity	characterized	by	diffuse	erythema	and	edema	(peau	d’orange)	of	the	skin	of	the
breast,	often	without	a	discreet,	underlying	palpable	mass,	although	the	breast	is	usually	diffusely	thickened.	IBC
typically	 has	 a	 rapid	 onset	 and	 is	 often	 initially	mistaken	 as	 infection	 before	 the	 diagnosis	 is	 established.	 The
clinical	presentation	results	from	tumor	emboli	in	the	dermal	lymphatics.	According	to	the	AJCC	staging	rules,83
IBC	is	a	clinical	diagnosis.	Involvement	of	dermal	lymphatics	in	the	absence	of	clinical	findings	does	not	indicate
IBC.	 A	 skin	 biopsy	 may	 be	 performed	 to	 confirm	 the	 clinical	 impression	 of	 IBC,	 but	 the	 absence	 of	 dermal
lymphatic	involvement	does	not	affect	staging.	IBCs	are	more	likely	to	be	high	grade,	 triple	negative,	or	HER2
overexpressing	 and	 to	 lack	 hormone	 receptor	 expression	 compared	 with	 other	 presentations	 of	 breast	 cancer.
Because	both	LABC	and	IBC	are	associated	with	substantial	risk	of	metastatic	disease,	patients	with	these	cancers
should	undergo	staging	workup	for	distant	metastases	prior	to	initiation	of	therapy.

Patients	 with	 newly	 diagnosed	 LABC	 or	 IBC	 should	 be	 evaluated	 by	 a	 multidisciplinary	 team.	 Treatment
typically	 includes	 neoadjuvant	 chemotherapy,	 surgery,	 and	RT.	 Prior	 to	 the	 use	 of	 neoadjuvant	 chemotherapy,
long-term	 survival	was	 uncommon.	Long-term	 survival	 has	 been	 greatly	 improved	with	 aggressive	 trimodality
treatment.	As	with	early-stage	breast	 cancer,	biologic	 tumor	markers	 should	affect	 treatment	 selection.	Patients
with	HER2-positive	cancers	should	 receive	anti-HER2–targeted	 treatment	with	chemotherapy,	 trastuzumab,	and
pertuzumab.	Patients	with	hormone	 receptor–positive	 cancers	 should	 receive	adjuvant	 endocrine	 therapy;	given
the	high-risk	nature	of	 these	presentations,	 that	would	 typically	 include	ovarian	suppression	and	AI	 therapy	 for
premenopausal	 women	 and	 the	 expectation	 of	 longer	 durations	 of	 treatment	 (up	 to	 10	 years)	 for	 pre-	 or
postmenopausal	women.	Anthracycline-	 and	 taxane-based	 chemotherapy	 regimens	 are	 appropriate	 as	 induction
chemotherapy	for	women	with	LABC	or	IBC.	The	vast	majority	of	patients	will	have	clinical	response	to	therapy,
and	 roughly	 15%	 to	 25%	will	 experience	 a	 pCR.	As	with	 other	 experiences	 using	 neoadjuvant	 chemotherapy,
complete	pathologic	eradication	of	the	tumor	is	associated	with	superior	outcomes	among	women	with	LABC	or
IBC.402	 However,	 even	 among	 patients	 with	 pCR	 to	 neoadjuvant	 chemotherapy,	 those	 with	 LABC	 or	 IBC	 at
baseline	have	a	higher	risk	of	recurrence	than	patients	with	earlier	stage	breast	cancer	at	baseline.403	Patients	with
LABC	or	IBC	should	be	routinely	treated	with	PMRT,	regardless	of	the	pathologic	response.404

Some	women	with	 LABC	may	 be	 candidates	 for	BCT	 following	 neoadjuvant	 chemotherapy.	 In	 one	 series,
locoregional	control	following	this	approach	appeared	to	be	excellent	except	in	patients	with	one	or	more	of	the
following	 features:	 (1)	 clinical	N2	 to	N3	disease,	 (2)	 lymphovascular	 invasion,	 (3)	 residual	primary	pathologic
size	>2	cm,	and	(4)	multifocal	residual	disease.405	However,	there	is	still	limited	experience	with	this	approach.	In
contrast,	 BCT	 is	 contraindicated	 in	 patients	 with	 IBC,	 even	 after	 a	 complete	 clinical	 response	 to	 neoadjuvant
therapy.

Although	most	women	have	a	clinical	 response	 to	neoadjuvant	chemotherapy,	some	patients	will	experience
tumor	progression	or	remain	inoperable.	Such	patients	may	be	candidates	for	non–cross-resistant	chemotherapy	or
novel	treatments.	Surgery	is	contraindicated	in	IBC	unless	there	is	complete	resolution	of	the	inflammatory	skin
changes.	 In	 modern	 studies,	 85%	 to	 90%	 of	 patients	 become	 operable	 after	 initial	 chemotherapy.406	 RT	 may
facilitate	 conversion	 of	 inoperable	 to	 operable	 disease.	 Despite	 modern	 multimodality	 therapy,	 approximately
20%	of	patients	with	IBC	treated	with	chemotherapy,	surgery,	and	RT	will	experience	LRR.406	Patients	with	chest
wall	recurrence	after	chemotherapy,	surgery,	and	RT	are	at	high	risk	for	both	extensive	locoregional	tumor	spread
and	development	of	metastatic	disease	to	visceral	organ	sites	and	are	treated	according	to	guidelines	for	metastatic
breast	cancer.

Fertility	Preservation	during	Chemotherapy
Younger	women	who	need	chemotherapy	as	part	of	their	treatment	plan	for	early-stage	breast	cancer	may	wish	to
preserve	 ovarian	 function,	 either	 for	 future	 childbearing	 or	 to	 avoid	 the	 long-term	 health	 effects	 of	 premature
menopause.	Randomized	trials	have	shown	that	initiation	of	GnRH	agonist	therapy	immediately	before	adjuvant
or	neoadjuvant	chemotherapy	and	continued	through	the	duration	of	chemotherapy	treatment	improves	long-term
rates	of	menstruation	and	fertility.407

Management	of	Locoregional	Recurrence
LRR	after	primary	therapy	for	breast	cancer	includes	in-breast	recurrence	after	BCS,	chest	wall	recurrence	after
mastectomy,	 and	 regional	 nodal	 recurrences	 and	 accounts	 for	 approximately	 15%	 of	 all	 breast	 cancer



recurrences.183	 Predictors	 of	 LR	 include	 higher	 initial	 tumor	 stage,	 young	 patient	 age,	 inadequate	 surgical
margins,	and	intrinsic	subtype	(greater	risk	with	basal-like,	luminal	B,	or	HER2-positive	cancers).	More	than	60%
of	 patients	 with	 LRR	 after	 either	 BCT	 or	 mastectomy	 will	 eventually	 develop	 metastatic	 disease.408,409	 Short
disease-free	intervals,	 lymph	node	recurrence,	skin	lesions,	and	lack	of	tumor	ER	expression	all	portend	greater
risk	of	disseminated	cancer.	Patients	with	LRR	warrant	comprehensive	restaging	to	exclude	concurrent	metastatic
disease.

Despite	the	high-risk	nature	of	LRR,	patients	are	treated	with	curative	intent	in	multidisciplinary	fashion,	with
treatment	plans	 individualized	based	on	 the	nature	of	 the	LRR,	prior	 local	 therapy,	and	prior	adjuvant	systemic
therapy.	 The	 initial	 management	 step	 is	 usually	 surgical	 resection.	 Women	 previously	 treated	 with	 BCS	 are
offered	 salvage	 mastectomy.	 Patients	 with	 localized	 chest	 wall	 recurrences	 should	 undergo	 surgical	 excision,
whereas	ALND	is	indicated	for	axillary	nodal	recurrences	occurring	after	sentinel	lymph	node	biopsy.	RT	to	sites
of	regional	recurrence	and	additional	regional	lymph	nodes	is	standard.	Patients	with	prior	RT	after	either	BCS	or
mastectomy	 need	 careful	 planning	 to	 minimize	 overlap	 with	 prior	 RT	 fields.	 For	 patients	 with	 chest	 wall
recurrences	after	prior	PMRT,	consideration	should	be	given	to	reirradiation	with	hyperthermia.410

Current	 treatment	 standards	 for	 LRR	 recommend	 introduction	 of	 systemic	 therapy	 following	 local
management.	Recurrences	 that	are	ER	positive	warrant	 introduction	or	switching	of	endocrine	 therapy.	Patients
with	recurrence	on	tamoxifen	should	consider	 treatment	with	AIs.	Patients	who	have	recurrences	on	AI	therapy
may	 consider	 tamoxifen	 or	 fulvestrant.	 Patients	 with	 HER2-positive	 tumors	 should	 consider	 initiation	 or
reinstitution	of	anti-HER2	therapy	in	an	adjuvant	fashion.	The	role	of	chemotherapy	in	the	management	of	LRR
has	 been	 controversial,	 especially	 among	 those	 previously	 treated	 with	 adjuvant	 chemotherapy.	 The
Chemotherapy	 as	 Adjuvant	 for	 Locally	 Recurrent	 Breast	 Cancer	 (CALOR)	 study	 was	 a	 randomized	 trial	 of
“adjuvant”	chemotherapy	following	optimal	resection	of	LRR.411	Chemotherapy	reduced	the	risk	of	subsequent
cancer	 recurrence	 and	 improved	 OS,	 especially	 in	 ER-negative	 tumors,	 although	 modest	 benefits	 were	 seen
among	patients	with	ER-positive	tumors.	Patients	without	prior	chemotherapy	exposure	would	be	suitable	for	any
standard	 adjuvant	 chemotherapy	 regimen.	 Patients	 with	 prior	 chemotherapy	 treatment	 may	 consider
nonoverlapping	regimens.

MANAGEMENT	BY	STAGE:	METASTATIC	DISEASE
Metastatic	 (stage	 IV)	 breast	 cancer	 is	 defined	 by	 tumor	 spread	 beyond	 the	 breast,	 chest	 wall,	 and	 ipsilateral
regional	lymph	nodes.	The	most	common	sites	for	breast	cancer	metastasis	include	the	bone,	lung,	liver,	 lymph
nodes,	chest	wall,	and	brain.	However,	case	reports	have	documented	breast	cancer	dissemination	to	almost	every
organ	 in	 the	 body.	 Hormone	 receptor–positive	 tumors	 are	 more	 likely	 to	 spread	 to	 bone	 as	 the	 initial	 site	 of
metastasis;	 hormone	 receptor–negative	 and/or	 HER2-positive	 tumors	 are	 more	 likely	 to	 recur	 initially	 in
viscera.412	Lobular	(as	opposed	to	ductal)	cancers	are	more	often	associated	with	serosal	metastases	to	the	pleura
and	 abdomen.	Most	 women	with	metastatic	 disease	will	 have	 been	 initially	 diagnosed	with	 early-stage	 breast
cancer,	 treated	 with	 curative	 intent,	 and	 then	 experience	 metastatic	 recurrence.	 Only	 approximately	 10%	 of
patients	 with	 newly	 diagnosed	 breast	 cancer	 in	 the	 United	 States	 have	metastatic	 disease	 at	 presentation;	 this
proportion	is	far	higher	in	areas	where	screening	programs	are	not	available.

Symptoms	of	metastatic	breast	 cancer	 relate	 to	 the	 location	and	extent	of	 the	 tumor.	Common	symptoms	or
physical	 examination	 findings	 include	bone	discomfort,	 lymphadenopathy,	 skin	 changes,	 cough	or	 shortness	of
breath,	and	fatigue.	These	clinical	findings	are	all	nonspecific,	and	appropriate	evaluation	is	warranted	in	patients
with	breast	cancer	with	new	or	evolving	symptoms.	In	some	cases,	physical	examination	or	radiologic	findings
will	 demonstrate	 unequivocal	 evidence	 of	 metastatic	 breast	 cancer.	 In	 instances	 when	 radiologic	 or	 clinical
findings	 are	 equivocal,	 tissue	 biopsy	 is	 imperative.	 If	 a	 biopsy	 is	 performed,	 ER,	 PR,	 and	HER2	 should	 be
redetermined.

The	 treatment	 goals	 in	 women	 with	 advanced	 breast	 cancer	 include	 prolongation	 of	 life,	 control	 of	 tumor
burden,	reduction	in	cancer-related	symptoms	or	complications,	and	maintenance	of	quality	of	life	and	function.
Therapy	 is	 not	 generally	 considered	 curative.	 A	 small	 fraction	 of	 patients,	 often	 those	 with	 limited	 sites	 of
metastatic	disease	or	bearing	tumors	with	exquisite	sensitivity	to	treatment,	may	experience	very	long	periods	of
remission	and	tumor	control.	Treatment	of	metastatic	breast	cancer,	like	treatment	of	early-stage	breast	cancer,	is
based	on	consideration	of	tumor	biology	and	clinical	history.	Thus,	characterization	of	tumor	ER,	PR,	and	HER2
status	is	critical	for	all	patients,	and	a	detailed	assessment	of	past	treatment,	including	timing	of	therapies	as	well
as	patient	symptoms	and	functional	assessment,	is	essential.	Patients	with	endocrine-sensitive	tumors,	particularly
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those	with	minimal	symptoms	and	limited	visceral	involvement,	are	candidates	for	initial	treatment	with	endocrine
therapy	alone;	initial	treatment	using	combined	chemoendocrine	therapy	has	not	been	shown	to	improve	survival
compared	with	sequential	 treatment	programs.413	Patients	with	hormone	receptor–negative	tumors	or	 those	with
hormone	 receptor–positive	 tumors	 progressing	 despite	 the	 use	 of	 endocrine	 therapy	 are	 candidates	 for
chemotherapy.	 If	 the	 tumor	 is	 HER2	 positive,	 then	 anti-HER2	 treatment	 is	 employed	 in	 combination	 with
chemotherapy.

Well-established	clinical	factors	can	inform	the	likelihood	of	response	to	 therapy	and	long-term	outcomes	in
women	with	metastatic	breast	 cancer.	Patients	who	have	 received	 less	 therapy;	who	have	a	 longer	disease-free
interval	since	initial	diagnosis,	soft	tissue	or	bone	metastases,	fewer	symptoms,	and	better	performance	status;	and
with	 tumors	 that	 are	 hormone	 receptor	 positive	or	HER2	 positive	 are	 likely	 to	 experience	 longer	 survival	with
metastatic	disease	 than	more	heavily	 treated	patients	with	 shorter	 intervals	 since	 treatment,	visceral	metastases,
and	greater	symptoms.

In	 clinical	 trials,	 the	 measured	 end	 points	 for	 defining	 efficacy	 of	 therapy	 for	 metastatic	 breast	 cancer	 are
response	rate,	time	to	tumor	progression,	and	OS.	These	landmarks	are	important	for	guiding	clinical	practice	as
well,	although	formal	measures	of	response	and	progression	are	often	difficult	to	apply	due	to	inconsistencies	in
imaging	studies,	the	prevalence	of	nonmeasurable	disease	such	as	bone	lesions,	subcentimeter	tumor	deposits,	and
pleural	effusions	or	ascites.	The	art	of	treating	patients	with	metastatic	breast	cancer	involves	careful,	thoughtful
repetition	 of	 a	 process	 of	 treatment	 initiation;	 evaluation	 including	 assessment	 of	 patient	 functional	 status	 and
symptom	 profile;	 and	 serial	measurement	 of	 tumor	 burden	 and	 response	 to	 therapy,	 through	multiple	 lines	 of
therapy.	 Clinical	 guidelines	 for	 the	 management	 of	 metastatic	 carcinoma414	 are	 often	 quite	 open-ended,
acknowledging	the	multiple	treatment	pathways	that	might	be	legitimately	pursued,	arguing	for	judicious	use	of
clinical	 decision	 making	 and	 treatment	 selection	 based	 on	 tumor	 biology,	 and	 focusing	 clinicians	 on	 the
continuous	considerations	of	patient	preference	and	illness	experience.

Endocrine	Therapy	for	Metastatic	Breast	Cancer
Endocrine	 treatment	 is	a	key	 intervention	 for	women	with	hormone	 receptor–positive,	metastatic	breast	cancer.
Table	 79.17	 lists	 available	 endocrine	 drugs	 for	 treating	 advanced	 breast	 cancer.	 Single-agent	 therapy	 is	 the
standard	 approach;	 combining	 endocrine	 agents	 has	 not	 in	 general	 been	 shown	 to	 improve	 outcomes.	 Many
women	will	be	candidates	for	multiple	lines	of	endocrine	therapy	to	control	metastatic	breast	cancer.	On	average,
first-line	 treatment	 is	 associated	 with	 8	 to	 12	months	 of	 tumor	 control	 and	 second-line	 treatment	 with	 4	 to	 6
months.	 Individual	 patients	 may	 experience	 substantially	 longer	 time	 to	 progression.	 Sequential	 single-agent
second-	and	third-line	endocrine	treatments	are	often	effective,	although	typically	for	shorter	durations	than	initial
therapy.	Patients	with	either	overt	 tumor	shrinkage	or	stabilization	 in	 response	 to	endocrine	 treatment	can	have
equivalent	long-term	tumor	control.	Endocrine	therapy	can	cause	regression	of	soft	tissue	and	bone	and	visceral
metastases.

TABLE	79.17
Endocrine	Therapies	for	Metastatic	Breast	Cancer

Ovarian	suppression/ablation	(premenopausal	women)
Selective	estrogen	receptor	modulators	(tamoxifen,	toremifene)
Aromatase	inhibitors	(anastrozole,	letrozole,	exemestane;	postmenopausal	women)
Antiestrogens	(fulvestrant;	postmenopausal	women)
Progestins	(megestrol	and	medroxyprogesterone)
Other	steroid	hormones	(high-dose	estrogens,	androgens;	principally	of	historical	interest)

Tamoxifen	was	 the	historic	standard	as	 treatment	 for	ER-positive	metastatic	breast	cancer,	associated	with	a
50%	 response	 rate	 and	 median	 duration	 of	 response	 of	 12	 to	 18	 months	 among	 treatment-naïve	 patients.	 A
“tamoxifen	 flare”	 reaction,	 typically	 characterized	 by	 intensification	 of	 bone	 pain,	 transient	 tumor	 progression,
and	hypercalcemia,	can	arise	in	5%	to	10%	of	patients	within	the	first	days	or	weeks	of	tamoxifen	treatment.	Flare
reactions	are	often	harbingers	of	exquisite	tumor	sensitivity	to	endocrine	manipulation	but	must	be	distinguished
from	overt	tumor	progression.	Flare	reactions	are	not	frequently	seen	with	other	endocrine	therapies	such	as	AIs
or	fulvestrant.

In	premenopausal	women	with	metastatic	breast	cancer,	combined	endocrine	therapy	with	ovarian	suppression
and	tamoxifen	can	improve	survival	compared	with	treatment	with	either	alone.415	Thus,	the	first	intervention	for



premenopausal	 women	 with	 breast	 cancer	 recurrence	 is	 ovarian	 suppression	 or	 ablation,	 with	 initiation	 of
tamoxifen	or	AI	treatment.	Premenopausal	women	with	metastatic	tumor	despite	tamoxifen	use	are	candidates	for
ovarian	 suppression	 or	 ablation	 and	 AI	 therapy.	 Postmenopausal	 women	 are	 candidates	 for	 tamoxifen,	 AIs,
fulvestrant,	or	progestational	agents	as	palliation	for	metastatic	breast	cancer.	AIs	appear	to	be	the	preferred	initial
agents	 for	women	who	 received	 prior	 tamoxifen	 treatment	 in	 the	 adjuvant	 setting415,416	 and	may	 have	modest
clinical	 advantages	over	 tamoxifen	as	 initial	 treatment	 for	metastatic	disease.417,418	 Fulvestrant	 appears	 to	 have
comparable	 activity	 to	 AIs	 in	 women	 previously	 treated	 with	 tamoxifen.419,420	 The	 optimal	 sequencing	 of
endocrine	therapy	for	postmenopausal	women	treated	with	adjuvant	AIs	is	not	clear,	as	few	trials	have	rigorously
explored	different	treatments	among	such	patients.	Tamoxifen,	fulvestrant,	progestins,	and	possibly	different	AIs
are	all	reasonable	options	among	such	patients.

Recently,	several	studies	have	examined	the	combined	use	of	an	AI	with	fulvestrant	for	de	novo	or	progressive,
ER-positive,	 metastatic	 breast	 cancer.421–423	 In	 treatment-naïve	 patients,	 the	 SWOG	 0226	 trial	 suggested	 that
combining	anastrozole	with	fulvestrant	improved	progression-free	survival	and	OS.	By	contrast,	in	patients	who
had	received	prior	tamoxifen	in	the	SWOG	and	Fulvestrant	and	Anastrozole	Combination	Therapy	trials,	or	prior
AI	 therapy	 in	 the	 Study	 of	 Faslodex	 versus	 Exemestane	 with	 or	 without	 Arimidex	 trial,	 the	 combination	 of
fulvestrant	plus	an	AI	was	not	superior	to	monotherapy	approaches.	In	the	Fulvestrant	and	Anastrozole	Compared
in	Hormonal	Therapy-Naïve	Advanced	Breast	Cancer	(FALCON)	trial,	either	fulvestrant	or	AI	therapy	afforded
comparable	 outcomes	 in	 first-line	 therapy	of	ER-positive	metastatic	 breast	 cancer.424	 Thus,	 first-line	 endocrine
choices	include	an	AI,	a	fulvestrant,	or,	particularly	in	women	with	endocrine-naïve	cancers,	a	combination	of	the
two.

Eventually,	most	women	with	hormone	receptor–positive	metastatic	breast	cancer	will	progress	despite	first-
line	 endocrine	 therapy	 and	 be	 candidates	 for	 second-,	 third-,	 and	 even	 subsequent	 lines	 of	 endocrine	 therapy.
Resistance	 to	 treatment	does	not	 seem	 to	be	associated	with	 loss	of	hormone	 receptor	expression	by	 the	 tumor
cells.	Resistance	to	AI	therapy	can	arise	through	acquired	mutations	in	the	ER	gene	(ESR1),	which	constitutively
activate	 the	 receptor	 even	 in	 the	 absence	of	 estrogen.425	Such	mutations	 are	 rare	 in	primary	breast	 cancers	but
have	 been	 identified	 in	 up	 to	 40%	 of	 tumors	 recurring	 or	 progressing	 on	 AI	 therapy	 and	 are	 associated	 with
resistance	to	ongoing	AI	treatment	but	not	to	therapy	with	selective	ER	degraders	(SERDs)	such	as	fulvestrant.426

Combining	endocrine	 therapy	with	 targeted	 treatments	 inhibiting	other	 important	 cell	growth	and	 regulatory
pathways	has	proven	to	be	a	useful	strategy	for	enhancing	the	efficacy	of	endocrine	treatments.	Two	approaches
are	widely	used	in	management	of	advanced	breast	cancer.	Cell	cycle	regulation,	of	which	the	cyclin-dependent
kinases	(CDKs)	are	an	important	component,	is	normally	tightly	controlled.	In	breast	cancer,	this	process	is	often
disrupted.	CDK4/6	 inhibitors	 have	 been	 studied	 in	 combination	 either	with	AIs	 as	 first-line	 treatment	 for	 ER-
positive	metastatic	 breast	 cancer	 or	with	 fulvestrant	 as	 second-line	 treatments.	 In	 both	 settings,	 the	 addition	 of
CDK4/6	 inhibition	 dramatically	 improved	 the	 progression-free	 survival	 compared	 to	 outcomes	 for	 endocrine
therapy	alone	(Table	79.18).427–431

These	 large	 randomized	 trials	 show	 remarkably	 similar	 effects	 of	 the	 three	 commercially	 available	CDK4/6
inhibitors	in	prolonging	progression-free	survival	in	either	first-	or	second-line	endocrine	therapy.	Palbociclib	and
ribociclib	are	associated	with	greater	risks	of	neutropenia;	abemaciclib	is	more	likely	to	cause	diarrhea.	It	is	not
clear	whether	 these	 agents	 are	best	used	 in	 first-	 or	 second-line	 therapy;	most	patients	 in	 the	United	States	 are
offered	treatment	with	a	CDK4/6	inhibitor	in	one	of	those	two	lines	of	therapy.	To	date,	CDK4/6	inhibitors	have
not	yielded	benefits	in	OS	but	have	been	shown	to	delay	initiation	of	palliative	chemotherapy	by	about	1	year.

The	 mammalian	 target	 of	 rapamycin	 inhibitor	 everolimus	 has	 also	 been	 shown	 to	 enhance	 the	 activity	 of
endocrine	 therapy	 in	 the	setting	of	 resistant,	ER-positive	 tumors.432	 In	a	 randomized	clinical	 trial,	patients	with
advanced	disease	 resistant	 to	 letrozole	or	anastrozole	were	assigned	 to	exemestane	plus	everolimus	or	placebo.
The	 combination	 of	 exemestane	 and	 everolimus	 extended	 progression-free	 survival	 but	 was	 associated	 with
significant	side	effects,	including	stomatitis,	hyperglycemia,	and	pneumonitis.

After	 several	 lines	 of	 endocrine	 therapy,	 most	 patients	 will	 develop	 disease	 refractory	 to	 endocrine
manipulations	 and	 will	 transition	 to	 chemotherapy.	 Indications	 for	 chemotherapy	 include	 symptomatic	 tumor
progression,	 pending	 visceral	 crisis,	 or	 resistance	 to	 multiple	 endocrine	 therapies.	 Patients	 presenting	 with
extensive	 visceral	 metastases	 or	 profound	 symptoms	 from	 breast	 cancer	 may	 benefit	 from	 induction
chemotherapy,	which	should	then	be	followed	with	endocrine	therapy.

TABLE	79.18
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Phase	III	Trials	of	CDK4/6	Inhibitors	in	ER-Positive,	HER2-Negative	Metastatic	Breast	Cancer

Line	of	Therapy Study	Name Schema Median	PFS	(mo) Hazard	Ratio
First PALOMA-2427 Letrozole	+/-	palbociclib 14.5	vs.	24.8 0.58

First MONALEESA-2428 Letrozole	+/-	ribociclib 14.7	vs.	<	26 0.56

First MONARCH-3429 AI	+/-	abemaciclib 14.7	vs.	<25 0.54

Second PALOMA-3430 Fulvestrant	+/-
palbociclib

3.8	vs.	9.2 0.42

Second MONARCH-2431 Fulvestrant	+/-
abemaciclib

9.3	vs.	16.4 0.55

CDK,	 cyclin-dependent	 kinase;	 ER,	 estrogen	 receptor;	 HER2,	 human	 epidermal	 growth	 factor	 receptor;	 PFS,	 progression-free
survival;	 PALOMA,	 Palbociclib:	 Ongoing	 Trials	 in	 the	 Management	 of	 Breast	 Cancer;	 MONALEESA,	 Mammary	 Oncology
Assessment	of	LEE011’s	Efficacy	and	Safety;	MONARCH,	Nonsteroidal	Aromatase	Inhibitors	plus	Abemaciclib	in	Postmenopausal
Women	with	Breast	Cancer;	AI,	aromatase	inhibitor.

Chemotherapy	for	Metastatic	Breast	Cancer
Cytotoxic	chemotherapy	remains	a	mainstay	of	treatment	for	women	with	metastatic	breast	cancer,	irrespective	of
hormone	 receptor	 status,	 and	 is	 the	 backbone	 of	 many	 novel	 treatments	 incorporating	 biologic	 therapy.433
Chemotherapy	 has	 substantial	 side	 effects,	 including	 fatigue,	 nausea,	 vomiting,	myelosuppression,	 neuropathy,
diarrhea,	and	alopecia,	making	for	trade-offs	between	cancer	palliation	and	toxicities	of	therapy.	Chemotherapy	is
used	in	patients	with	hormone-refractory	or	hormone-insensitive	tumors.

Tumor	 response	 to	 chemotherapy	 is	 a	 surrogate	 for	 longer	 cancer	 control	 and	 survival.434,435	 First-line
chemotherapy	is	associated	with	higher	response	rates	and	longer	tumor	control	than	second-line	chemotherapy,
and	so	forth.	There	are	relatively	few	studies	of	fourth-	or	higher	lines	of	chemotherapy,	although	patients	often
receive	many	 lines	 of	 treatment.	Trials	 have	 demonstrated	 palliative	 benefits	 of	 chemotherapy	 in	 patients	with
refractory	 tumors	 receiving	 third-line	 or	 subsequent	 chemotherapy	 treatment,	 but	 the	magnitude	 of	 such	 gains
must	be	realistically	weighed	against	the	side	effects	of	treatment.	Chemotherapy	treatment	can	be	interrupted	in
patients	who	 have	 had	 significant	 response	 or	 palliation	 following	 initiation	 of	 therapy	 and	 reintroduced	when
there	is	tumor	progression	or	symptom	recurrence.

It	 has	 long	 been	 debated	whether	 single-agent	 sequential	 treatment	 or	 combination	 treatment	with	multiple
agents	is	the	best	strategy.	Combination	chemotherapy	may	be	associated	with	higher	response	rates	and	improved
time	 to	 progression	 compared	 with	 single-agent	 therapy.	 However,	 studies	 that	 have	 specifically	 planned	 for
crossover	 treatment	 with	 second-line	 sequential	 therapy	 have	 not	 shown	 improved	 survival	 compared	 with	 a
sequential	 treatment	 program.436	 Patients	 with	 extensive	 visceral	 disease	 or	 pending	 visceral	 crisis	 may
preferentially	require	initiation	of	combination	chemotherapy,	but	this	has	not	been	demonstrated	in	prospective
studies.	Because	 single-agent	 chemotherapy	 facilitates	 better	 understanding	 of	which	 drugs	 are	 contributing	 to
benefit	or	side	effects	and	is	generally	associated	with	less	toxicity,	it	remains	the	preferred	approach.

Many	 chemotherapy	 agents	 and	 combinations	 are	 effective	 in	 treatment	 of	 metastatic	 breast	 cancer	 (Table
79.19).414	 A	 variety	 of	 specific	 drugs	 and	 combinations	 are	 considered	 preferred	 based	 on	 a	 large	 historical
experience,	results	from	randomized	trials,	and	consideration	of	toxicity	profiles.	A	single	“best”	approach	for	all
patients	 with	 metastatic	 cancer	 is	 not	 supported	 by	 the	 literature.	 Although	 anthracycline-	 and	 taxane-based
treatments	 are	generally	 considered	 to	be	 among	 the	most	 active	 in	 treatment	of	metastatic	breast	 cancer,	 their
utility	has	 led	 to	 their	 incorporation	 into	adjuvant	chemotherapy	 regimens.	Thus,	many	women	with	metastatic
breast	cancer	will	already	have	been	 treated	with	anthracyclines	and/or	 taxanes,	diminishing	 the	utility	of	 these
agents	in	the	palliation	of	metastatic	disease.

Capecitabine	is	an	orally	available	fluoropyrimidine,	metabolized	in	tissues	into	5-fluorouracil;	it	has	clinical
activity	 in	 anthracycline-	 and	 taxane-resistant	 breast	 cancer437	 and	 improves	 response	 and	 survival	 as	 first-line
treatment	 when	 added	 to	 single-agent	 docetaxel.437	 The	 antimetabolite	 gemcitabine	 similarly	 yields	 higher
response	rates	and	survival	when	paired	with	paclitaxel	compared	with	paclitaxel	therapy	alone.438	Ixabepilone,	an
epothilone	chemotherapy	agent,	has	substantial	activity	as	a	single	agent	or	in	combination	with	capecitabine	in
patients	previously	treated	with	anthracyclines	and	taxanes.439,440	Eribulin,	a	synthetic	analog	of	halichondrin	B,	is
a	nontaxane	microtubule	dynamics	inhibitor	that	was	evaluated	against	physician’s	choice	of	chemotherapy	in	a
randomized	 phase	 III	 study,441	 and	 led	 to	 improved	 OS	 in	 patients	 with	 locally	 recurrent	 or	 metastatic	 breast
cancer	with	at	least	two	prior	regimens.



Dose	 escalation	 of	 taxane	 therapy	 with	 paclitaxel	 has	 not	 been	 shown	 to	 result	 in	 clinically	 important
improvements.	However,	weekly	administration	of	paclitaxel	 therapy	does	appear	 to	 improve	response	rate	and
time	to	progression	compared	with	less	frequent,	every-3-week	administration.442,443

TABLE	79.19
Common	Chemotherapy	Agents	and	Combinations	for	Advanced	Breast	Cancer

Single	Agents Combination	Regimens
Anthracyclines	(doxorubicin,	epirubicin,	pegylated	liposomal
doxorubicin)

Cyclophosphamide/anthracycline	±	5-fluorouracil	regimens
(such	as	AC,	EC,	CEF,	CAF,	FEC,	FAC)

Taxanes	(paclitaxel,	docetaxel,	nanoparticle	albumin-bound
paclitaxel)

CMF

5-Fluorouracil	(5-fluorouracil	by	IV	infusion	or	oral	capecitabine) Anthracyclines/taxanes	(such	as	doxorubicin/paclitaxel	or
doxorubicin/docetaxel)

Vinca	alkaloids	(vinorelbine,	vinblastine) Docetaxel/capecitabine

Gemcitabine Gemcitabine/paclitaxel

Platinum	salts	(cisplatin,	carboplatin) Taxane/platinum	regimens	(such	as	paclitaxel/carboplatin	or
docetaxel/carboplatin)

Ixabepilone Ixabepilone/capecitabine

Cyclophosphamide 	

Eribulin 	
A,	doxorubicin;	C,	cyclophosphamide;	E,	epirubicin;	F,	5-fluorouracil;	M,	methotrexate;	IV,	intravenous.

As	 a	 strategy	 to	 overcome	 chemotherapy	 resistance,	 investigators	 in	 the	 1990s	 explored	 high-dose
chemotherapy	 with	 autologous	 bone	 marrow	 or	 stem	 cell	 support	 as	 treatment	 for	 breast	 cancer.	 Preliminary
studies	 suggested	 favorable	 clinical	 outcomes,	 prompting	 both	 widespread	 use	 of	 high-dose	 chemotherapy	 in
clinical	practice	and	randomized	trials	for	patients	with	either	metastatic	or	high-risk,	node-positive	breast	cancer.
Despite	initial	hopes,	clinical	trials	found	no	difference	in	outcome	between	standard	chemotherapy	followed	by
treatment	with	either	high-dose	chemotherapy	and	autologous	stem	cell	 rescue	or	maintenance	chemotherapy	at
conventional	doses.444	There	is	no	current	role	for	bone	marrow	or	stem	cell	transplant	in	management	of	either
early-	or	late-stage	breast	cancer.

Anti-HER2	Therapy	for	Metastatic	Breast	Cancer

First-line	Treatment
Just	as	hormonal	therapy	radically	alters	the	natural	history	of	ER-positive	metastatic	breast	cancer,	so	has	anti-
HER2	 treatment	 revolutionized	 outcomes	 for	 patients	 with	 HER2-positive	 breast	 cancer.	 Trastuzumab,	 the
humanized	anti-HER2	monoclonal	antibody,	was	the	first	anti-HER2	agent	to	enter	clinical	practice.	When	added
to	first-line	chemotherapy	for	HER2-positive	metastatic	breast	cancer,	trastuzumab	improved	response	rates,	time
to	 progression,	 and	OS.445,446	 Cardiomyopathy	 is	 a	 known	 side	 effect	 of	 trastuzumab	 therapy,	 and	 concurrent
administration	 of	 trastuzumab	 and	 anthracyclines	 should	 be	 avoided.	 Serial	 determinations	 of	 left	 ventricular
ejection	fraction	should	be	performed	to	screen	for	changes	related	to	trastuzumab.447

Pertuzumab	is	a	different	anti-HER2	antibody	than	trastuzumab	that	binds	to	both	HER2	and	human	epidermal
growth	factor	receptor	3	(HER3)	proteins	and	is	believed	 to	prevent	dimerization	of	 those	receptors.	Clinically,
the	 activity	 of	 pertuzumab	 seems	dependent	 on	 coadministration	of	 trastuzumab.448	The	Clinical	Evaluation	of
Pertuzumab	 and	 Trastuzumab	 (CLEOPATRA)	 study	 compared	 docetaxel	 and	 trastuzumab	 versus	 docetaxel,
trastuzumab,	and	pertuzumab	as	first-line	treatment	for	HER2-positive	breast	cancer	and	showed	improvement	in
both	progression-free	survival	and	OS	with	the	addition	of	pertuzumab.449	Because	of	this	survival	benefit,	first-
line	 treatment	 for	 HER2-positive	 metastatic	 disease	 typically	 includes	 chemotherapy,	 trastuzumab,	 and
pertuzumab.	Chemotherapy	plus	anti-HER2	 antibody	 therapy	with	 trastuzumab,	with	or	without	pertuzumab,	 is
associated	with	high	rates	of	clinical	response.	After	achieving	a	marked	clinical	response,	chemotherapy	can	be
withheld	while	 the	 patient	 continues	 on	maintenance	 trastuzumab	 and	 pertuzumab	 treatment.	As	 the	 first	 anti-
HER2	agent,	trastuzumab	has	served	as	the	model	for	treatment	principles	for	anti-HER2–based	therapy.	Although
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responses	 can	 be	 seen	 with	 either	 single-agent	 trastuzumab	 or	 trastuzumab	 plus	 pertuzumab	 anti-HER2
therapy,448,450	the	major	benefits	of	these	therapies	have	only	been	proven	in	combination	with	chemotherapy.	The
addition	 of	 anti-HER2	 treatments	 to	 endocrine	 therapy	 yields	 modest	 improvements	 in	 progression-free
survival.451,452	 After	 an	 induction	 phase	 of	 therapy,	 the	 chemotherapy	 can	 be	 withheld	 and	 endocrine	 therapy
initiated	(if	appropriate)	while	continuing	maintenance	treatments	with	the	antibodies.	Currently,	data	for	use	of
pertuzumab	and	trastuzumab	are	limited	to	concurrent	administration	with	taxane-based	chemotherapy.	A	variety
of	chemotherapy	agents	have	shown	clinical	activity	and	safety	when	paired	with	trastuzumab,	including	taxanes,
vinorelbine,	and	platinum	analogs.

Refractory,	HER2-Positive	Breast	Cancer
A	variety	of	clinical	approaches	are	used	to	treat	trastuzumab-refractory,	HER2-positive	metastatic	breast	cancer.
Continuation	 of	 trastuzumab	 treatment	 beyond	 progression	 is	 associated	 with	 improvements	 in	 time	 to
progression452,453	and	justifies	the	practice	of	continued	anti-HER2	blockade	in	association	with	multiple	lines	of
treatment	 for	HER2-positive	metastatic	 breast	 cancer.	 Lapatinib	 is	 a	 dual-kinase	 inhibitor	 that	 targets	 both	 the
HER2	and	the	EGFR	 tyrosine	kinase	 signaling	pathways.	Lapatinib	has	been	 studied	as	 second-line	anti-HER2
therapy	 for	 patients	 with	 disease	 progression	 after	 chemotherapy	 and	 trastuzumab.454	 In	 comparison	 with	 the
administration	of	capecitabine	chemotherapy	alone,	the	combination	of	lapatinib	plus	capecitabine	was	associated
with	a	longer	period	of	tumor	control	and	improvement	in	response	rate	but	not	survival.

Ado-trastuzumab	emtansine	(T-DM1)	is	a	novel	antibody–drug	conjugate	in	which	the	trastuzumab	antibody
has	been	linked	chemically	to	a	potent	chemotherapy	moiety.	The	resulting	conjugated	antibody	has	been	shown
to	 have	 substantial	 activity	 in	 trastuzumab-refractory	 breast	 cancer,	 without	 the	 traditional	 side	 effects	 of
chemotherapy,	such	as	neutropenia	or	alopecia.455	In	a	randomized	trial	of	trastuzumab-resistant	breast	cancer,	T-
DM1	was	found	to	be	superior	to	the	combination	of	lapatinib	and	capecitabine	with	respect	to	progression-free
survival,	OS,	and	tolerability.456

Patients	with	HER2-positive	metastatic	breast	cancer	continue	to	receive	clinical	benefit	from	multiple	lines	of
anti-HER2	therapy457	and	can	have	tumor	responses	even	after	progression	on	T-DM1.458

Emerging	Options	for	BRCA1-	or	BRCA2-Associated	Breast	Cancer
A	 novel	 class	 of	 therapeutics,	 drugs	 that	 inhibit	 the	 poly	 (adenosine	 diphosphate–ribose)	 polymerase	 (PARP)
enzyme,	 are	 emerging	 as	 potentially	 valuable	 drugs	 in	 treatment	 of	 advanced	 breast	 cancer,	 particularly	 in
hereditary	 breast	 cancer.	 In	 a	 proof-of-principle,	 open-label,	 phase	 II	 study,	 the	 PARP	 inhibitor	 olaparib	 was
studied	in	patients	with	BRCA1-	or	BRCA2-associated	cancers.	This	select	group	of	patients	was	chosen	because
of	preclinical	data	that	suggested	that	tumors	with	BRCA	deficiency	might	be	particularly	dependent	on	the	DNA
repair	function	of	the	PARP	enzyme	complex	and	thus	suitable	targets	for	PARP	inhibition.	Initial	observations
have	 suggested	 robust	 responses	 among	BRCA-associated	 breast	 cancers	 when	 patients	 are	 given	 single-agent
therapy	with	olaparib.459,460	In	a	randomized	trial	comparing	the	PARP	inhibitor	olaparib	against	several	standard
chemotherapy	 choices	 for	 refractory,	 BRCA-associated	 metastatic	 breast	 cancer,	 olaparib	 was	 associated	 with
improved	 response	 rate	 and	 progression-free	 survival,	 with	 fewer	 side	 effects	 than	 standard	 chemotherapy.461
Another	PARP	inhibitor,	talazoparib,	has,	like	olaparib,	shown	single-agent	activity	in	BRCA-associated	cancers
and,	 in	 comparison	 against	 standard	 chemotherapy	 options,	 showed	 superior	 time	 to	 progression	 and	 response
rates.462	 In	 addition	 to	 PARP	 inhibitors,	 platinum-based	 chemotherapy	 has	 a	 clinical	 role	 in	 hereditary	 breast
cancers.	Limited	experience	using	platinum-based	chemotherapy	as	neoadjuvant	treatment	for	BRCA-associated,
early-stage	breast	cancer	has	shown	dramatic	rates	of	pCR.463	The	Treating	to	New	Targets	(TNT)	trial	compared
docetaxel	 against	 carboplatin	 as	 first-line	 treatment	 for	 triple-negative	 metastatic	 breast	 cancer.464	 Overall,
docetaxel	 yielded	 higher	 response	 rates	 and	 better	 progressive-free	 survival.	However,	 in	 the	 subset	 of	BRCA-
associated	tumors,	carboplatin	had	better	response	rates	and	progression-free	survival.	Thus,	BRCA	status	affects
the	treatment	options	for	metastatic	breast	cancer	and	is	an	indication	for	platinum-based	chemotherapy	and	PARP
inhibitor	treatment.

Immunotherapy	in	Advanced	Breast	Cancer
Immunotherapy	is	being	actively	investigated	in	the	palliation	of	advanced	breast	cancer.	Most	clinical	studies	to
date	have	been	done	with	checkpoint	inhibitors	either	alone	or	in	combination	with	chemotherapy.	Triple-negative
cancers	have	been	a	particular	area	of	focus	given	the	lack	of	existing	targeted	treatments,	the	greater	mutational



burden	 in	 triple-negative	 breast	 cancer	 relative	 to	 other	 breast	 cancer	 subtypes,	 and	 the	 frequency	 of	 tumor-
infiltrating	lymphocytes	in	triple-negative	breast	cancer.	These	latter	two	factors	have	been	associated	with	greater
likelihood	 of	 response	 to	 immunotherapy	 in	 non–breast	 cancer	 tumor	 types.	 Single-agent	 therapy	 with	 the
programmed	cell	death	protein	1	(PD-1)	inhibitor	pembrolizumab	has	shown	response	rates	of	approximately	10%
to	 20%	 in	 previously	 treated	 triple-negative	 breast	 cancer465;	 single-agent	 treatment	with	 the	 programmed	 cell
death	protein	ligand	1	(PD-L1)	inhibitor	avelumab	showed	lower	response	rates	among	a	cohort	of	patients	with
previously	treated	ER-positive	and	triple-negative	tumors.466	Strategies	combining	chemotherapy	with	PD-1/PD-
L1	inhibition	have	suggested	 improved	activity	 in	 the	neoadjuvant	 treatment	of	 triple-negative	breast	cancer.467
Preliminary	 data	 suggest	 that	 adding	 anti-PDL1	 antibody	 therapy	 to	 first-line	 chemotherapy	 may	 improve
outcomes	in	metastatic,	triple-negative	breast	cancer.	However,	neither	the	specific	regimens	nor	biomarkers	for
identifying	successful	treatment	with	immunotherapy	are	as	yet	well	established	in	breast	cancer.

Treatment	of	Special	Metastatic	Sites	in	Patients	with	Breast	Cancer
Specialized	treatment	options	are	available	for	patients	with	breast	cancer	with	metastases	to	selective	anatomic
sites.	 Patients	 with	 lytic	 bone	 metastases	 should	 receive	 bone-targeted	 therapy	 either	 with	 intravenous
bisphosphonate	therapy,	such	as	pamidronate	or	zoledronic	acid,	or	the	RANK	ligand	inhibitor	denosumab.321,468
These	 agents	 lessen	 the	 pain	 associated	 with	 bone	 lesions	 and	 prevent	 complications	 of	 skeletal	 metastases,
including	fracture	and	hypercalcemia.469	Treatment	with	zoledronic	acid	every	3	months	is	as	effective	as	monthly
therapy.470	Extended	therapy	can	be	associated	with	osteonecrosis	of	the	jaw,	so	patients	should	be	monitored	for
atypical	 oral	 lesions.	 Patients	 with	 focal	 pain	 at	 sites	 of	 skeletal	 metastases,	 pending	 fracture,	 or	 pathologic
fracture	 may	 also	 benefit	 from	 external-beam	 RT	 at	 selected	 tumor	 sites	 and,	 when	 necessary,	 surgical
stabilization	or	repair	of	the	bone	or	joint.

TABLE	79.20
Prospective	Randomized	Trials	Addressing	the	Role	of	Local	Therapy	in	De	Novo	Stage	IV
Breast	Cancer

Country Trial	No. Name
Accrual
Period

No.	of
Patients Initial	Therapy

India NCT00193778477 Tata	Memorial	Hospital 2005–
2012

350 Chemotherapy

Japan JCOG1017478 JCOG1017 2011–
2016

410 Systemic	therapy

United	States	and
Canada

NCT01242800479 ECOG-E2108 2011–
2016

880 Systemic	therapy

Turkey NCT00557986480 Turkish	Study
(MF07e01)

2008–
2012

274 Surgery

Netherlands NCT01392586481 SUBMIT 2011–
2016

516 Surgery

Austria NCT01015625482 POSYTIVE 2010–
2015

254 Surgery

NCT,	 National	 Clinical	 Trials;	 JCOG,	 Japan	 Clinical	 Oncology	 Group;	 ECOG,	 Eastern	 Cooperative	 Oncology	 Group;	 SUBMIT,
Systemic	 Therapy	with	 or	 without	 Upfront	 Surgery	 in	Metastatic	 Breast	 Cancer;	 POSYTIVE,	 Primary	Operation	 in	 Synchronous
Metastasized	Invasive	Breast	Cancer.

Improvements	 in	survival	 in	metastatic	breast	cancer	achieved	through	chemotherapy	and	trastuzumab-based
treatment	 have	 led	 to	 an	 increase	 in	 the	 incidence	 of	 central	 nervous	 system	metastases,	 especially	 those	with
HER2-overexpressing	or	hormone	receptor–negative	tumors.471	Therapy	for	brain	metastases	remains	inadequate
but	generally	includes	RT,	which	may	be	administered	to	the	whole	brain	for	patients	with	diffuse	involvement	or
more	focally	using	stereotactic	techniques	for	patients	with	more	limited	disease.	Surgical	excision	may	also	be	an
option	 for	 patients	with	 isolated	 lesions	 or	 dominant	masses	 as	well	 as	 those	who	 experience	 recurrence	 after
RT.472	Patients	with	leptomeningeal	disease	may	achieve	symptomatic	improvement	with	WBI	or,	in	some	cases,
intrathecal	 chemotherapy	with	methotrexate	 or	 cytarabine.	Very	 limited	 clinical	 experience	 suggests	 that	 some
systemic	therapies,	including	endocrine	treatments;	chemotherapy	agents	including	anthracyclines,	alkylators,	and
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capecitabine;	and	HER2-targeted	agents	including	lapatinib,	ado-trastuzumab	emtansine,	and	neratinib,	may	have
antitumor	activity	in	the	brain.473	However,	none	of	these	are	at	present	substitute	for	local	therapy	to	the	brain.

Some	 patients	 with	 breast	 cancer	 will	 have	 limited	 sites	 of	 metastatic	 disease,	 such	 as	 isolated	 pulmonary
nodules,	 isolated	 contralateral	 lymph	node	 recurrence,	 or	 bone	 lesions.	Single-institutional	 experience	 from	 the
MD	Anderson	Cancer	Center	suggests	that	a	fraction	of	such	patients	may	be	treated	“aggressively”	with	curative
intent,	with	 favorable	 long-term	 results.474	 In	 a	 cohort	 of	 patients	without	 previous	 adjuvant	 therapy	 and	with
oligometastatic	 disease	 that	 could	 be	 definitively	 treated	with	 local	 therapy	 (“stage	 IV–NED”	 [no	 evidence	 of
disease]),	the	use	of	adjuvant	chemotherapy	and,	where	appropriate,	endocrine	therapy	resulted	in	25%	to	30%	of
patients	remaining	free	of	further	recurrence	through	10	years	of	follow-up.474	The	role	of	local	therapy	in	patients
with	oligometastatic	breast	cancer	remains	an	area	of	active	ongoing	investigation.475

The	treatment	of	the	primary	tumor	in	the	breast	in	women	who	present	with	metastatic	disease	is	another	area
of	controversy.	Historically,	surgery	or	RT	to	the	breast	was	limited	to	patients	with	local	tumor	complications,
such	as	pain	or	skin	erosion,	and	systemic	drug	therapy	was	the	primary	form	of	treatment.	An	analysis	of	16,023
patients	presenting	with	stage	IV	disease	and	an	intact	primary	tumor	compared	outcomes	between	patients	having
surgery	of	 the	primary	 tumor	 to	negative	margins	or	no	surgery.	 In	a	multivariate	analysis	adjusting	for	known
prognostic	 factors,	 surgery	 reduced	 the	 HR	 for	 death	 to	 0.61	 (95%	 CI,	 0.58	 to	 0.65).115	 Multiple	 other
retrospective	studies	from	single	institutions,	registries,	and	population-based	cohorts	have	confirmed	this	initial
observation,	 but	 it	 is	 uncertain	 whether	 these	 studies	 reflect	 a	 real	 benefit	 for	 surgery	 or	 consistent	 selection
bias.476

Since	2005,	 six	prospective	 randomized	clinical	 trials	exploring	 the	 role	of	 local	 therapy	 in	patients	with	de
novo	metastatic	breast	cancer	have	been	initiated	worldwide	(Table	79.20).477–482	To	date,	these	studies	have	not
shown	a	compelling	rationale	for	upfront	surgery.	At	present,	it	remains	most	appropriate	to	treat	de	novo	stage	IV
disease	with	systemic	therapy	as	initial	treatment,	generally	reserving	local	therapy	for	those	who	progress	locally.
Whether	or	not	 local	 therapy	will	have	a	 survival	benefit	 for	 the	highly	selected	group	of	patients	with	a	good
response	to	systemic	therapy	and	a	limited	number	of	metastatic	sites	remains	an	area	of	uncertainty.	It	is	clear,
however,	that	local	therapy	should	not	be	used	as	the	initial	approach	to	the	patient	with	metastatic	disease.
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ENDOCRINE	SYNDROMES
Multiple	Endocrine	Neoplasia	Type	1

Clinical	Features
Multiple	 endocrine	 neoplasia	 type	 1	 (MEN1)	 (Online	 Mendelian	 Inheritance	 in	 Man	 [OMIM]	 #131100),	 or
Werner	 syndrome,	 is	 a	 rare	 autosomal	 dominant	 disease	 characterized	 by	 a	 predisposition	 to	 tumors	 of	 the
parathyroid	 glands	 (90%),	 anterior	 pituitary	 (30%	 to	 40%),	 and	 pancreatic	 islet	 cells	 (30%	 to	 70%).1	 Our
understanding	of	MEN1’s	tumor	profile	has	expanded	in	recent	years	and	includes	an	increased	risk	of	pancreatic
islet	 cell	 tumors,	 duodenal	 gastrinomas,	 thymic	 or	 bronchial	 carcinoid	 tumors,	 adrenal	 adenomas,	 spinal	 cord
ependymomas,	 and	 lipomas.1	 Pancreatic	 islet	 cell	 tumors	 include	 the	 following	 neuroendocrine	 tumors:
gastrinomas,	 insulinomas,	 glucagonomas,	 VIPomas,	 somatostatinomas,	 nonfunctioning	 neuroendocrine	 tumors,
and	carcinoid	tumors.	The	prevalence	of	MEN1	is	2	per	100,000	in	the	general	population.2	MEN1	can	present	in
a	 wide	 age	 range,	 from	 age	 5	 to	 81	 years,	 with	 biochemical	 and	 clinical	 manifestations,	 usually	 of	 primary
hyperparathyroidism,	in	85%	of	patients.1	Approximately	95%	of	patients	present	by	the	fifth	decade	of	life.3

Molecular	Genetics	of	MEN1
The	MEN1	 tumor	 suppressor	 gene	 spans	 9.8	 kb	 and	 contains	 10	 exons	 located	 on	 chromosome	 11q13	 (Table
80.1).1	Mutations	to	MEN1	inactivate	or	disrupt	its	610–amino	acid	protein	product	menin,	which	plays	a	role	in
cell	division,	genomic	stability,	and	interaction	with	transcription	regulators	and	histone	modification	complexes.4
Menin	 is	predominantly	confined	 to	 the	nucleus	 in	nondividing	cells	but	 localizes	 to	 the	cytoplasm	of	dividing
cells.5	 The	 majority	 (>70%)	 of	MEN1	 mutations	 are	 predicted	 to	 result	 in	 truncated	 forms	 of	 menin,	 thus
disrupting	its	nuclear	localization	signal,	resulting	in	defective	localization.	De	novo	mutations	in	MEN1	are	found
in	10%	of	MEN1	patients.1

Classical	MEN1	syndrome	 is	 inherited	 in	accordance	with	Knudson’s	 two-hit	hypothesis,1	 exhibiting	 a	90%
penetrance	by	age	50	years	in	MEN1	patients	with	an	inherited	MEN1	mutant	copy.	MEN1	genetic	testing	should
be	 performed	 in	 accordance	 with	 current	 Endocrine	 Society	 guidelines	 to	 confirm	 the	 diagnosis	 as	 early	 as
possible	 because	 tumors	 can	 develop	 during	 the	 first	 decade	 of	 life.1	 It	 is	 also	 important	 to	 identify	 family
members	who	may	 harbor	 the	MEN1	 mutation.	 Equally	 important	 is	 to	 identify	 family	 members	 who	 do	 not
harbor	 the	germline	MEN1	mutation	 to	prevent	unnecessary	surveillance	and	radiologic	screening.6	All	patients
with	 a	MEN1	mutation	 require	 annual	 biochemical	 and	 radiologic	 screening	 for	 detection	 of	 anterior	 pituitary
tumors	 and	 insulinomas	 starting	 at	 5	 years,	 for	 parathyroid	 tumors	 at	 8	 years,	 and	 gastrinomas	 and	 foregut
carcinoid	 tumors	 at	 20	years.6	 Prophylactic	 surgery	 is	 not	 indicated	 in	MEN1	 patients.	Five	percent	 to	25%	of
patients	with	a	MEN1	clinical	presentation	have	a	negative	result	on	MEN1	mutation	testing.	This	may	be	partly	a
result	of	differences	in	the	methodology	used	to	identify	the	mutations,	including	a	lack	of	systematic	examination
of	large	gene	deletions,	found	in	up	to	33%	of	patients	with	no	coding	region	mutations.7

Multiple	Endocrine	Neoplasia	Type	2
Multiple	endocrine	neoplasia	type	2	(MEN2)	is	a	hereditary	disease,	further	categorized	as	being	type	2A	or	type
2B.	Both	multiple	endocrine	neoplasia	type	2A	(MEN2A)	and	multiple	endocrine	neoplasia	type	2B	(MEN2B)	are



autosomal	 dominant	 diseases,	 with	 MEN2A	 comprising	 90%	 of	 MEN2	 cases	 (including	 familial	 medullary
thyroid	cancer	[MTC])	and	MEN2B	comprising	approximately	10%	of	MEN2	cases.3

Clinical	Features	of	MEN2A
MEN2A	(OMIM	#171400)	 is	 associated	with	MTC	 (95%),	pheochromocytoma	 (50%),	 and	parathyroid	 tumors
(20%	 to	 30%).8	 MEN2A	 patients	 develop	 MTC	 in	 early	 adulthood,	 usually	 as	 the	 first	 manifestation	 of	 the
syndrome.3	Concurrently	or	after	MTC	presentation,	pheochromocytomas	present	bilaterally	and	earlier	compared
to	patients	with	sporadic	disease.3	Within	MEN2A	are	three	nonclassical	variants:	MEN2A	with	cutaneous	lichen
amyloidosis,	MEN2A	with	Hirschsprung	disease,	and	familial	MTC	(FMTC).

Clinical	Features	of	MEN2B
MEN2B	(OMIM	#162300),	also	known	as	multiple	endocrine	neoplasia	type	3	(MEN3)	or	Wagenmann-Froboese
syndrome,	 is	 the	 rarest	 and	most	 aggressive	 form	 of	MEN2,	 in	 which	 all	 patients	 develop	MTC	 and	 50%	 of
patients	develop	pheochromocytomas,	half	being	multiple	and	usually	bilateral	at	presentation.8	The	syndrome	is
also	characterized	by	a	marfanoid	habitus,	mucosal	multiple	ganglioneuromas,	and	intestinal	autonomic	ganglion
tumors.	MEN2B	patients	develop	MTC	within	the	first	years	of	life,	and	MTC	is	the	major	cause	of	mortality.3

Molecular	Genetics	of	MEN2
MEN2	is	caused	by	activating	germline	mutations	in	the	proto-oncogene	rearranged	during	transfection	(RET),
located	at	10q11.21.	RET	contains	21	exons	and	encodes	a	1,114–amino	acid	single-pass	transmembrane	tyrosine
kinase	 receptor,	Ret.	The	 receptor	 acts	 in	 combination	with	glial-derived	neurotrophic	 factor	 (GDNF)	 family	α
coreceptors	 to	 jointly	 bind	GDNF	 ligands,	 resulting	 in	 signal	 transduction	 promoting	 growth	 and	 inhibition	 of
apoptosis.9	 The	 various	 gain-of-function	 mutations	 in	 RET	 result	 in	 constitutive	 activation	 of	 this	 signal
transduction	pathway	and	increased	tyrosine	kinase	activity	of	Ret.	In	95%	of	MEN2A	patients,	RET	mutations
are	missense	mutations	 in	codon	609,	611,	618,	or	620	 in	exon	10	or	codon	634	 in	exon	11,	all	existing	 in	 the
extracellular	 cysteine-rich	 domain	 of	 the	 Ret	 receptor.9	 MEN2A	with	 cutaneous	 lichen	 amyloidosis	 is	 almost
exclusively	 associated	 with	 the	 codon	 634	 mutation,	 whereas	 MEN2A	 with	 Hirschsprung	 disease	 exhibits
mutations	 in	 exon	 10.	 Ninety-five	 percent	 of	MEN2B	 patients	 carry	 mutations	 in	 codon	 918,	 exon	 16	 in	 the
catalytic	pocket	of	the	tyrosine	kinase	domain.	Patients	with	these	mutations	have	the	highest	risk	of	aggressive
MTC,	 often	 presenting	 in	 the	 neonatal	 stage	 of	 life.3	 In	 addition,	 in	 2%	 to	 3%	 of	 MEN2B	 patients,	 a	 point
mutation	in	codon	883	has	been	identified.9

TABLE	80.1
Multiple	Endocrine	Neoplasia	Syndromes

	 MEN1 MEN2A MEN2B MEN4
Gene MEN1 RET RET CDKN1B
OMIM# 131100 171400 162300 610755

Function Tumor	suppressor Protooncogene Protooncogene Tumor	suppressor

Gene	location 11q13 10q11.21 10q11.21 12p13

Gene	structure 10	exons 21	exons 21	exons 3	exons

Protein	product Menin	(610	aa) Ret	(1,114	aa) Ret	(1,114	aa) p27	(198	aa)

Inheritance AD AD AD AD

Prevalence 2:100,000 MEN2:	1:35,000 12	index	cases
reported70%–80%	of	MEN2

cases
5%	of	MEN2	cases

Tumors

Pituitary Pituitary	adenoma
(30%–40%)

	 	 Pituitary	adenoma
(40%)a

Parathyroid Parathyroid	adenoma
(90%)

Parathyroid	tumors
(20%–30%)

	 Parathyroid	adenoma
(80%)a
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Thyroid 	 Medullary	thyroid
cancer	(95%)

Medullary	thyroid
cancer	(100%)

	

Pancreas Enteropancreatic	tumor
(30%–70%)

	 	 	

Adrenal Adrenal	cortical	tumor
(40%)

Pheochromocytoma
(50%)

Pheochromocytoma
(50%)

Adrenal	tumora

Age	of	presentation Any	age Dependent	on	RET	mutation	(childhood–early
adult)

	

Diagnosis Mutational	analysis RET	mutation	testing WRN	mutation	testing
aInsufficient	number	of	cases	to	estimate	accurate	prevalence.
MEN1,	multiple	endocrine	neoplasia	type	1;	MEN2A,	multiple	endocrine	neoplasia	type	2A;	MEN2B,	multiple	endocrine	neoplasia
type	2B;	MEN4,	multiple	endocrine	neoplasia	type	4;	OMIM,	Online	Mendelian	Inheritance	in	Man;	aa,	amino	acid;	AD,	autosomal
dominant.

According	to	the	American	Thyroid	Association	(ATA)	guidelines,	genetic	testing	for	heterozygous	germline
RET	 mutations	 is	 advised	 for	 all	 patients	 diagnosed	 with	 MTC.10	 Single	 exon	 genetic	 testing	 for	 the	 most
commonly	mutated	exons	is	normally	conducted;	however,	if	no	pathogenic	mutation	is	found,	whole	RET	gene
testing	can	be	conducted.8

If	positive,	testing	should	occur	as	soon	as	possible	in	family	members	to	identify	those	who	have	inherited	the
RET	mutation.	Furthermore,	 the	American	Society	of	Clinical	Oncology	(ASCO)	classifies	MEN2	as	a	group	1
disorder,	such	that	genetic	testing	is	standard	management	for	family	members.8

Because	 specific	 RET	 mutations	 are	 associated	 with	 specific	 clinical	 outcomes,	 clinicians	 must	 take	 into
consideration	the	precise	mutation	the	patient	harbors	when	determining	treatment.	MEN2B	patients	are	advised
to	have	prophylactic	 thyroidectomy	before	1	year	of	age;	otherwise,	 they	will	develop	metastatic	MTC	in	early
childhood,	 with	 the	 average	 age	 of	 death	 at	 21	 years.8	 However,	 approximately	 75%	 of	 the	 methionine-to-
threonine	 mutations	 in	 codon	 918	 (M918T)	 mutations	 are	 de	 novo,	 and	 because	 of	 this,	 the	 syndrome	 is	 not
recognized	 until	 later	 years.	 Furthermore,	 less	 than	 one-fifth	 of	 MEN2B	 patients	 present	 with	 the	 typical
marfanoid	 features	 and	 are	 not	 identified	 until	 later	 in	 life.11	 Alternatively,	 MEN2A	 mutations	 have	 low
transforming	activity	of	RET	 and	 low	aggression.	As	a	 result	of	 the	previously	mentioned	 reasons	and	survival
outcomes,	 the	ATA	has	 classified	 risk	 level	 of	MTC	aggressiveness	 as	well	 as	 the	 recommended	age	 to	begin
screening	and	intervention	in	RET	mutation–positive	patients	according	to	RET	genotype.10

Although	the	first	line	of	treatment	is	surgery	or	radiotherapy	for	metastatic	MTC,	systemic	treatment	is	also
used	 for	MTC	patients.	The	 tyrosine	kinase	 inhibitors	vandetanib	 and	cabozantinib	have	been	approved	by	 the
U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 to	 treat	 metastatic	 or	 unresectable	 MTC.	 Approved	 in	 2011,
vandetanib	 inhibits	 RET,	 epidermal	 growth	 factor	 receptor	 (EGFR),	 and	 vascular	 endothelial	 growth	 factor
receptor	(VEGFR),	whereas	cabozantinib,	approved	in	2012,	inhibits	RET,	VEGFR,	and	MET.	Both	therapeutics
have	been	shown	 to	 significantly	 increase	progression-free	 survival	 in	patients	and	are	options	 for	 treatment	of
metastatic	disease.12

Multiple	Endocrine	Neoplasia	Type	4
Multiple	 endocrine	 neoplasia	 type	 4	 (MEN4)	 or	 MEN	 X	 (OMIM	 #610755)	 was	 first	 identified	 by
Chandrasekharappa	et	al.13	 It	 is	 a	MEN1-like	 autosomal	 dominant	 disease	 characterized	 by	 a	 predisposition	 to
parathyroid	 and	 anterior	 pituitary	 tumors	 in	 association	with	 gonadal,	 renal,	 and	 adrenal	 tumors.6	MEN4	may
account	 for	1%	 to	2%	of	MEN1	cases	without	 identifiable	MEN1	mutations.14	MEN4	 is	 caused	 by	 a	 germline
heterozygous	mutation	 in	CDKN1B	 located	 on	 chromosome	 12p13.3	 p27,	 a	 cyclin-dependent	 kinase	 inhibitor
(CDKI),	plays	a	role	in	cell	cycle	regulation	by	controlling	the	progression	from	G1	to	S	phase.

Germline	mutations	 in	 three	other	CDKI	genes,	CDKN2B,	CDKN2C,	 and	CDKN1A,	 encoding	 the	p15,	 p18,
and	 p21	 proteins,	 respectively,	 have	 also	 been	 identified	 in	 patients	with	MEN1	 clinical	 presentation	 and	may
collectively	account	for	another	1%	to	2%	of	MEN1-like	cases	without	detectable	MEN1	mutations.15	Currently,
there	are	no	guidelines	for	the	diagnosis	and	management	of	MEN4	patients	due	to	the	small	number	of	patients
encountered	in	the	literature.

Carney	Complex

Clinical	Features



Carney	complex	(CNC)	(OMIM	#160980),	named	after	J.	Aidan	Carney	after	his	discovery	of	the	disease,	is	an
extremely	rare	(500	identified	cases	of	CNC	presently	known)	autosomal	dominant	syndrome	with	an	increased
predisposition	 to	endocrine	 tumors	of	 the	 thyroid	(10%	to	25%),	growth	hormone–secreting	pituitary	adenomas
leading	to	acromegaly	(10%),	and	primary	pigmented	nodular	adrenocortical	disease	(PPNAD)	leading	to	Cushing
syndrome	(25%	to	60%).	CNC	is	also	characterized	by	spotty	skin	pigmentation	(75%),	cardiac	myxomas	(50%),
and	skin	myxomas	(33%).	Most	affected	patients	present	as	children	or	young	adults.	Cardiac	myxoma	is	typically
the	first	clinical	manifestation	of	CNC	and	accounts	for	more	than	half	of	the	disease-specific	mortality	in	CNC
patients.16

Molecular	Genetics	of	Carney	Complex
Mutations	in	two	genetic	loci	are	associated	with	CNC.	Two-thirds	of	patients	harbor	mutations	at	chromosomal
loci	17q22-24	and	one-third	 at	 2p16.	Despite	 this,	 no	gene	has	been	discovered	 to	date	 at	 the	2p16	 loci.	CNC
mutations	 at	 this	 location	 are	 somatic	 gene	 amplifications	pointing	 to	 a	 possible	 oncogene.16	The	gene	protein
kinase	cAMP-dependent	type	I	regulatory	subunit	alpha	(PRKAR1A),	a	tumor	suppressor	gene,	is	located	at	loci
17q22-24,	 spanning	137.697	kb	and	containing	16	exons	 (Table	80.2).	Most	CNC	patients	 (45%	 to	65%)	have
germline,	 heterozygous,	 loss-of-function	mutations	 in	PRKAR1A.17	Over	 125	mutations	 in	 the	 gene	 have	 been
identified	in	patients,	with	the	majority	resulting	in	small	deletions,	base	substitutions,	or	reading	frame	shifts	in
the	translation	of	the	381–amino	acid	protein	kinase	A	type	I-α	regulatory	(PKA	R1A)	subunit,	a	major	regulator
of	 the	 cyclic	 adenosine	 monophosphate	 (cAMP)	 signaling	 pathway	 controlling	 cell	 growth	 and	 chromosome
stability.	These	mutations	cause	premature	stop	codons,	resulting	in	nonsense	messenger	RNA	(mRNA)-mediated
decay.16	Loss	of	PKA	R1A	results	in	increased	cAMP-stimulated	kinase	activity,	including	increased	activity	in
the	mitogen-activated	protein	kinase	 (MAPK)	pathway,	causing	 increased	cellular	proliferation.16	CNC	patients
with	PPNAD	are	more	 likely	 (80%)	 to	have	mutations	 in	PRKAR1A	 than	 those	without	PPNAD.	Furthermore,
patients	with	isolated	PPNAD	have	been	also	shown	to	harbor	germline	de	novo	mutations	in	the	gene.18

Currently,	 molecular	 testing	 for	 PRKAR1A	 mutations	 is	 not	 recommended	 for	 patients	 with	 clinical
presentation	of	CNC.	However,	testing	is	recommended	for	family	members	of	affected	patients	to	exclude	those
who	do	not	 carry	 the	mutation	 from	unneeded	medical	 intervention.16	Annual	 surveillance	 of	CNC	patients	 or
patients	with	a	known	PRKAR1A	germline	mutation	starting	at	infancy	is	recommended	to	monitor	for	appearance
of	disease.	An	annual	neck	ultrasound	is	recommended	to	monitor	for	thyroid	cancer,	with	fine-needle	aspiration
(FNA)	 biopsy	 used	 for	 suspicious	 nodules	 and,	 if	 needed,	 thyroidectomy	 for	 thyroid	 cancer	 treatment.18	 In
patients	with	PPNAD	resulting	in	Cushing	syndrome,	bilateral	adrenalectomy	is	recommended.

TABLE	80.2
Carney	Complex

Gene PRKAR1A	(2/3	of	cases)
OMIM# 160980

Function Tumor	suppressor

Gene	location 17q22-24

Gene	structure 16	exons

Protein	product PKA	R1A

Mode	of	inheritance AD

Prevalence 500	known	cases

Tumors

			Pituitary Growth	hormone–secreting	pituitary	adenomas	(10%)

			Parathyroid —

			Thyroid Cancer	(10%–25%)

			Pancreas —

			Adrenal PPNAD	(25%–60%)

Age	of	presentation Children,	young	adults

Diagnosis Clinical	presentation
OMIM,	Online	Mendelian	 Inheritance	 in	Man;	PKA	R1A,	protein	kinase	A	 type	 I-α	 regulatory;	AD,	autosomal	dominant;	PPNAD,
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primary	pigmented	nodular	adrenocortical	disease.

ADRENAL	GLAND
The	majority	(75%	to	90%)	of	adrenocortical	tumors	are	benign	and	unilateral.	Ten	percent	present	bilaterally	and
are	due	to	either	primary	bilateral	micro-	or	macronodular	adrenocortical	disease.19	Nonfunctioning	adrenocortical
tumors	are	most	common	(85%);	however,	approximately	10%	are	due	to	cortisol-producing	adenomas	(CPAs),
2%	 are	 due	 to	 aldosterone-producing	 adenomas	 (APAs)	 or	 Conn	 syndrome,	 and	 4%	 are	 due	 to
pheochromocytomas.20	Adrenocortical	carcinomas	(ACCs)	are	rare	and	comprise	less	than	5%	of	adrenal	tumors.
Adrenocortical	 tumors	 can	 also	 be	 familial	 and	 associated	 with	 Li-Fraumeni	 syndrome,	 MEN2,	 von	 Hippel-
Lindau	 (VHL)	 disease,	 neurofibromatosis	 type	 1	 (NF1),	 paraganglioma	 syndrome,	 and	 Beckwith-Wiedemann
syndrome.19

Cortisol-Producing	Adenomas
The	most	common	mutations	in	CPAs	are	gain-of-function	mutations	in	PRKACA.	PRKACA,	located	at	19p13.12
and	consisting	of	26.4	kb	and	10	exons,	encodes	the	protein	PRKACA,	the	catalytic	subunit	of	PKA.	One-third	of
CPAs	have	the	activating	mutation	L206R,	which	causes	constitutive	kinase	activity	due	to	blocking	binding	of
the	regulatory	subunit.21	This	activation	is	associated	with	higher	cortisol	levels	in	CPA,	smaller	tumor	size,	and
overt	 Cushing	 syndrome.22	 Recently,	 the	 role	 of	 phosphodiesterases	 (PDEs)	 has	 been	 implicated	 in	 CPA.
Inactivating	 mutations	 have	 been	 found	 through	 genome-wide	 association	 studies	 in	 Cushing	 syndrome	 in
PDE11A	and	PDE8B,	located	at	2q31-35	and	5q13.3,	respectively.	These	genes	are	PDEs	that	bind	and	regulate
cAMP.19	Prevalence	of	these	mutations	in	CPA	is	currently	unknown.

Aldosterone-Producing	Adenomas
Somatic	mutations	found	in	over	half	of	APAs	occur	in	CTNNB1,	KCNJ5,	ATP1A1,	ATP2B3,	and	CACNA1D.23

Mutations	 in	 CTNNB1	 in	 adrenal	 tumors	 are	 thought	 to	 be	 associated	 with	 tumorigenesis	 rather	 than
aldosterone	 production	 and	 are	 also	 found	 in	ACC.	Activating	 nonsynonymous	mutations	 are	most	 commonly
found	 at	 S45P	 (80%),	 and	 these	 mutations	 are	 mutually	 exclusive	 with	 other	 drivers	 of	 APA.	 Patients	 with
CTNNB1	mutations	 are	 found	 to	 be	 older	 and	 have	 a	 higher	 likelihood	 (87.5%)	 of	 residual	 hypertension	 after
adrenalectomy.24

Forty	percent	 of	APA	patients	 have	 somatic	heterozygous	gain-of-function	mutations	 in	KCNJ5.	 Located	 at
11q24.3	 and	 containing	 two	 exons	 of	 29.8	 kb,	 the	 gene	 encodes	 a	 cellular	 K+	 channel.	 The	 most	 common
nonsynonymous	mutations,	G151R,	L158R,	and	a	three-base	deletion,	dell157,	are	located	in	the	ion	selectivity
filter.	Mutations	 in	KCNJ5	 are	 associated	with	 larger	 tumor	masses,	occur	more	 frequently	 in	 females,	 and	are
diagnosed	in	younger	patients.23

Mutations	 are	 also	 found	 in	 two	 genes	 encoding	 adenosine	 triphosphatase	 (ATPases),	 ATP1A1	 (5%)	 and
ATP2B3	 (2%).	ATP1A1	 is	 located	 at	 1p13.1,	 containing	 23	 exons	 and	 spanning	 38	 kb.	 The	 gene	 encodes	 the
Na+>/K+>	ATPase	subunit	ATPA1A,	consisting	of	1,023	amino	acids.21	Loss-of-function	mutations	in	ATP1A1
result	in	decreased	K+>	import	and	Na+>	export.	ATP2B3,	located	at	Xq28	spanning	over	65.2	kb,	encodes	for	a
1,220–amino	 acid	 plasma	 membrane	 calcium-transporting	 ATPase	 3.	 ATP2B3	 loss-of-function	 mutations	 also
alter	ion	transport.
CACNA1D,	 located	 at	 3p21.1	 and	 spanning	53	 exons	 and	484.7	kb,	 encodes	 the	2,161–amino	 acid	voltage-

dependent	 L-type	 calcium	 channel	 subunit	 α-1D.	CACNA1D	 gain-of-function	 mutations	 are	 the	 second	 most
prevalent	 genetic	mutations	 in	 APA	 (5%	 to	 50%).23	Mutations	 in	KCNJ5,	 ATP1A1,	 ATP2B3,	 and	CACNA1D
result	 in	cell	depolarization	due	 to	 increased	 intracellular	calcium	levels,	which	 in	 turn	 leads	 to	upregulation	 in
aldosterone	biosynthesis.21,23

Pheochromocytoma
Pheochromocytoma	 (PCC)	 is	 a	 rare	 (approximately	0.8	 cases	per	 100,000	population),	 catecholamine-secreting
neuroendocrine	 tumor	 that	 presents	 with	 sustained	 or	 paroxysmal	 hypertension,	 headache,	 profuse	 sweating,
anxiety,	and	palpitations.	Among	the	general	population,	PCCs	are	responsible	for	0.1%	to	0.6%	of	patients	with
hypertension.25	Approximately	25%	of	patients	present	as	part	of	a	familial	disorder	including	MEN2,	VHL	type



2	 (OMIM	 #193300),	 NF1	 (OMIM	 #162200),	 or	 hereditary	 paraganglioma	 (PGL)	 or	 PCC.25	 Because	 of	 this,
genetic	testing	is	always	indicated	in	patients	with	PCC	or	PGL.

VHL	 type	 2	 is	 an	 autosomal	 dominant	 syndrome	 with	 predisposition	 to	 PCCs,	 retinal	 angiomas,	 central
nervous	system	(CNS)	hemangioblastomas,	and	clear	cell	renal	carcinomas.	Ten	percent	to	20%	of	patients	with
VHL	syndrome	type	2	present	with	PCCs,	and	40%	of	those	patients	have	bilateral	disease.26	VHL	results	from	a
mutation	 in	VHL,	 a	 tumor	 suppressor	 gene	 located	 on	 chromosome	 3p25-26	 spanning	 12.6	 kb.	Approximately
20%	of	VHL	mutations	occur	de	novo.	The	majority	of	mutations	in	VHL	type	2	are	missense	mutations.27	VHL
mutations	 cause	 alterations	 to	 the	 hypoxia-inducible	 factor	 1α	 (HIF1α)	 binding	 site	 on	 protein	 VHL	 (pVHL).
pVHL,	 a	 213–amino	 acid	 ubiquitin	 ligase,	 leads	 to	 the	 degradation	 of	HIF1α	 in	 the	 presence	 of	 oxygen	under
physiologic	conditions.27	Under	hypoxic	conditions,	pVHL	cannot	bind	to	HIF1α,	allowing	for	the	transcription	of
genes	 containing	 the	 hypoxia	 response	 element	 including	 vascular	 endothelial	 growth	 factor,	 platelet-derived
growth	factor	β,	and	erythropoietin.	Due	to	the	solely	noradrenergic	biochemical	phenotype	of	PCCs,	biochemical
screening	can	be	performed	by	normetanephrine	measurement	alone	in	these	patients.

NF1,	formerly	von	Recklinghausen	disease,	is	an	autosomal	dominant	disease	with	predisposition	to	PCCs	and
PGLs.	Between	0.1%	and	5.7%	of	NF1	patients	develop	PCCs,	with	the	majority	of	cases	presenting	as	a	solitary
benign	mass	and	only	15%	presenting	bilaterally.28,29	NF1	patients	may	also	present	with	neurofibromas,	multiple
café-au-lait	spots,	axillary	and	inguinal	freckling,	iris	hamartomas	(Lisch	nodules),	bony	abnormalities,	and	CNS
gliomas.	NF1	is	caused	by	a	mutation	in	neurofibromin1,	a	tumor	suppressor	gene	located	on	17q11.2	spanning
374.2	kb	 that	encodes	neurofibromin.	Neurofibromin	 is	 a	2,839–amino	acid	protein	 that	 stimulates	 the	GTPase
activity	 of	 Ras,	 thereby	 acting	 as	 a	 negative	 regulator	 of	 the	 Ras	 signaling	 pathway.25	 The	 majority	 of	NF1
mutations	 (82%)	 are	 either	 nonsense	 or	 frameshift	 mutations.30	 In	 contrast	 to	 VHL-associated	 PCCs,	 NF1-
associated	PCCs	produce	epinephrine.	For	this	reason,	screening	should	include	identification	of	increases	in	both
metanephrine	and	normetanephrine.	Genetic	sequencing	 is	useful	 for	NF1	and	VHL	confirmation	and	 to	screen
patients’	family	members.

Hereditary	 PGL/PCC	 syndrome	 is	 a	 rare	 (1	 in	 1,000,000)	 inherited	 predisposition	 to	 PCCs	 and	 PGLs,	 a
neuroendocrine	neoplasm	originating	from	the	autonomic	nervous	system.	PGLs	can	be	of	sympathetic	origin,	the
majority	of	which	hypersecrete	catecholamines,	or	parasympathetic	origin,	the	majority	of	which	are	nonsecretory
(95%).	Similar	to	PGL,	PCC,	and	pituitary	adenoma	association	(3PA),	hereditary	PGL/PCC	is	also	characterized
by	mutations	 in	 the	 family	of	SDHx.	As	depicted	 in	Table	80.3,	 there	 are	 seven	 types	 of	 hereditary	PGL/PCC
syndromes,	 divided	 according	 to	 genetic	 mutation	 (SDHA,	 SDHB,	 SDHC,	 SDHD,	 SDHAF2,	 TMEM127,	 and
MAX).29	 Each	 type	 differs	 in	 predominance	 of	 PGL	 versus	 PCC,	 tumor	 location,	 biochemical	 phenotype,	 and
inheritance.	SDHx	germline	mutations	are	found	in	54.4%	of	PGLs	and,	of	those,	multiple	PGLs	were	diagnosed
in	66.9%.31	Surveillance	should	start	at	10	years	of	age	or	at	least	10	years	before	the	earliest	age	of	diagnosis	in
the	 family	 in	patients	with	a	 first-degree	 relative	with	a	known	mutation.29	 Follow-up	 should	be	 individualized
according	to	genetic	mutation,	especially	in	regard	to	biochemical	testing,	and	annual	screening	is	recommended.

Adrenocortical	Carcinoma
ACC	 is	 extremely	 rare,	with	 an	 annual	 incidence	 of	 0.7	 to	 2	 per	million.	 The	 disease	 exhibits	 a	 bimodal	 age
distribution,	 containing	 a	 peak	 in	 early	 childhood	 (mean	 age,	 3.2	 years)	 and	 adulthood	 (mean	 age,	 45	 years).
Inherited	 syndromes,	 including	Beckwith-Wiedemann	 syndrome,	Li-Fraumeni	 syndrome,	 familial	 adenomatous
polyposis,	and	MEN1,	increase	the	predisposition	to	ACC	and	account	for	approximately	15%	of	adrenal	cancers.
Alternatively,	ACC	can	be	sporadic,	with	genetic	drivers	including	IGF2,	ZNRF3,	CTNNB1,	or	TP53.19

Overexpression	of	insulin-like	growth	factor	2	(IGF2)	is	a	hallmark	of	ACC.	IGF2,	located	at	11p15.5	and	20.5
kb,	encodes	the	IGF2	protein,	a	member	of	the	insulin	family	of	polypeptide	growth	factors.	IGF2	is	an	imprinted
gene,	expressed	from	the	paternal	allele	and	regulated	epigenetically.	In	sporadic	adrenal	tumors,	the	majority	of
ACCs	(80%	to	90%)	exhibit	overexpression	of	the	protein	but	do	not	show	expression	changes	in	adrenocortical
adenoma.	This	 is	also	seen	in	ACCs	of	syndromic	origin,	as	congenital	Beckwith-Wiedemann	syndrome	shows
epigenetic	 aberrations	 in	 IGF2.	 This	 overexpression	 event	 is	 classified	 as	 an	 early	 event	 in	 tumorigenesis	 for
ACC,	resulting	in	activation	of	the	insulin-like	growth	factor	1	(IGF1)	receptor.32

TABLE	80.3
Paraganglioma-	and	Pheochromocytoma-Related	Genes
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Gene
Predominant	PGL	vs.
PCC Gene	Location Tumor	Location Biochemical	Phenotype Inheritance

RET PCC 10q11.2 Adrenal Epinephrine AD

VHL PCC 3p26-p25 Adrenal Norepinephrine AD

NF1 PCC 17q11.2 Adrenal Epinephrine AD

SDHA PGL 5p15 — — AD

SDHB PGL 1p36.13 Abdomen Norepinephrine/dopamine AD

SDHC PGL 1q23.3 Head/neck Norepinephrine/dopamine AD

SDHD PGL 11q23 Head/neck Norepinephrine/dopamine Paternal

SDHAF2 PGL 11q12.2 Head/neck — Paternal

TMEM127 PCC 2q11.2 Adrenal — AD

MAX PCC 14q23 Adrenal
(bilateral)

— Paternal

PGL,	paraganglioma;	PCC,	pheochromocytoma;	AD,	autosomal	dominant.
Adapted	from	Kirmani	S,	Young	WF.	Hereditary	paraganglioma-pheochromocytoma	syndromes.	In:	Adam	MP,	Ardinger	HH,	Pagon
RA,	et	al.,	eds.	GeneReviews.	Seattle,	WA:	University	of	Washington;	1993–2018.

Mutations	in	ZNRF3	occur	in	over	20%	of	ACC	tumors.	Composed	of	eight	coding	exons	spanning	over	256.8
kb	at	22q12.1,	the	gene	encodes	for	an	E3	ubiquitin	ligase,	ZNRF3.	ZNRF3,	consisting	of	936	amino	acids,	acts
as	a	negative	regulator	in	the	Wnt/β-catenin	pathway.	Homozygous	loss-of-function	mutations	or	deletions	lead	to
activation	 of	 the	Wnt	 signaling	 pathway.	This	 pathway	may	 also	 be	 activated	 in	ACC	by	CTNNB1	mutations,
where	 gain-of-function	 mutations	 account	 for	 approximately	 15%	 of	 ACC	 cases.	 These	 two	 mutations	 are
mutually	exclusive	in	ACC.33

Loss-of-function	TP53	 mutations	 are	 also	 found	 in	 approximately	 15%	 of	 ACCs	 and	 are	 associated	 with
aggressive	 clinical	 features	 in	 ACC.33	 Identification	 of	 genetic	 drivers	 in	 ACC	 is	 beneficial	 to	 understanding
disease	progression.	However,	 these	mutations	 are	not	 currently	used	clinically	 to	diagnose	or	 alter	 therapeutic
management	in	patients.

PARATHYROID	GLAND
The	most	common	disease	of	the	parathyroid	gland	is	primary	hyperparathyroidism	(PHPT),	with	an	incidence	of
3	in	1,000	persons.34	In	contrast,	parathyroid	carcinoma	is	rare,	with	an	estimated	incidence	of	1.25	in	10,000,000
persons	 and	 occurring	 in	 <1.0%	 to	 5.2%	 of	 all	 hyperparathyroidism	 cases.35	 The	 vast	 majority	 of	 patients
presenting	with	PHPT	do	not	require	genetic	testing.	However,	genetic	testing	may	be	indicated	in	patients	with
suspected	 familial	 PHPT,	 young	 age,	 multigland	 involvement,	 or	 clinical	 findings	 suspicious	 for	 MEN1	 or
MEN2.3	 The	 hereditary	 forms	 of	 hyperparathyroidism	 and	 parathyroid	 gland	 abnormalities	 include	MEN1	 and
MEN2	 syndromes,	 familial	 hyperparathyroidism–jaw	 tumor	 (HPT-JT)	 syndrome,	 familial	 isolated
hyperparathyroidism	(FIHP),	 familial	hypocalciuric	hypercalcemia	 (FHH),	neonatal	 severe	hyperparathyroidism
(NSHPT),	and	autosomal	dominant	hypocalcemia	(ADH).

Hyperparathyroidism–Jaw	Tumor	Syndrome
HPT-JT	 syndrome	 (OMIM	 #145001)	 is	 an	 autosomal	 dominant	 disease	 characterized	 by	 a	 predisposition	 to
ossifying	 fibromas	 of	 the	 maxilla	 and	 mandible,	 cystic	 and	 neoplastic	 renal	 lesions,	 uterine	 tumors,	 and
parathyroid	 neoplasia,	 with	 a	 15%	 risk	 of	 developing	 parathyroid	 carcinoma.35	 The	 vast	 majority	 of	 HPT-JT
patients	(93.3%)	present	with	primary	HPT	due	to	single-gland	disease.36	However,	all	parathyroid	glands	are	at
risk	for	tumor	development,	and	the	tumors	can	occur	asynchronously	over	many	years.

An	inactivating	mutation	in	the	tumor	suppressor	gene	HRPT2,	or	CDC73,	has	been	recognized	as	playing	a
central	role	in	sporadic	parathyroid	carcinoma	and	HPT-JT.	Located	on	chromosome	1q21-q32,	HRPT2	is	a	gene
that	consists	of	1.3	Mb	and	17	exons.35	It	encodes	a	531–amino	acid	protein,	parafibromin,	which	plays	a	role	in
transcription	 regulation	 by	 interaction	with	 the	 polymerase	 II–associated	 factor	 1	 complex,	 cell-cycle	 arrest	 by
blocking	cyclin	D1,	and	Wnt	signaling.37
HRPT2	mutations	are	uncommon	(0.8%)	in	sporadic	parathyroid	adenomas,	thus	emphasizing	the	specificity	of

the	HRPT2	mutation	 as	 a	 differentiating	 feature	 of	 parathyroid	 carcinoma.35	Despite	 the	majority	 of	mutations



being	somatic,	up	to	20%	of	patients	with	seemingly	sporadic	parathyroid	cancer	may	have	clinically	unsuspected
germline	HRPT2	mutations.35	A	patient	with	 a	positive	HRPT2	mutation	would	 require	 clinical	 surveillance	of
serum	calcium	and	parathyroid	hormone	(PTH)	for	PHPT.	Furthermore,	these	patients	warrant	increased	caution
when	 presenting	 with	 recurrent	 hyperparathyroidism	 due	 to	 an	 increased	 risk	 for	 developing	 new,	 potentially
malignant	tumors.	Clinicians	should	also	be	aware	that	approximately	half	of	families	with	classic	HPT-JT	have	a
negative	result	because	only	the	gene’s	coding	region	is	commonly	sequenced,	and	inactivating	mutations	can	also
occur	in	regulatory	regions.37	Distinguishing	parathyroid	carcinoma	from	atypical	parathyroid	adenomas	through
immunohistochemical	 detection	 of	 parafibromin	 protein	 loss	 by	 antibody	 detection	 has	 had	 variable	 rates	 of
success.35

Familial	Hypocalciuric	Hypercalcemia
FHH	 (OMIM	 #145980)	 is	 an	 autosomal	 dominant	 benign	 condition	 characterized	 by	 hypocalciuria	 and
hypercalcemia	that	does	not	require	surgical	intervention.	FHH	type	1,	representing	the	majority	of	cases,	is	due	to
a	heterozygous	loss-of-function	germline	mutation	in	calcium	sensing	receptor	(CASR).	Located	on	chromosome
3q13.3-q21,	CASR	 encodes	 for	CaSR,	a	 seven-membrane–spanning	G	protein–coupled	glycoprotein	 receptor	of
1,078	amino	acids	expressed	in	parathyroid	and	kidney	cells.38	CaSR	functions	by	inducing	an	increase	in	PTH
secretion	 in	 response	 to	 decreases	 in	 extracellular	 calcium	 levels.	 FHH	 type	 2	 results	 from	 an	 inactivating
mutation	at	chromosome	19p13.3	that	encodes	for	a	guanine	nucleotide–binding	protein	(Gα11).	This	protein	is
part	 of	 a	 signal	 transduction	 pathway,	 connecting	 CaSR	 to	 activation	 of	 phospholipase	 C,	 resulting	 in	 the
inhibition	of	PTH	release	in	response	to	elevated	extracellular	calcium	concentrations.39	FHH	type	3	results	from
a	missense	mutation	at	chromosome	19q13.3	that	encodes	an	adaptor-related	protein	complex	2,	sigma	1	subunit
that	participates	in	CaSR	clathrin-mediated	endocytosis	and	signal	transduction.40	Testing	for	genetic	mutations	is
commercially	 available;	 however,	 a	 negative	 mutational	 analysis	 result	 does	 not	 rule	 out	 the	 possibility	 of
mutations	in	regulatory	regions.

Neonatal	Severe	Hyperparathyroidism
NSHPT	(OMIM	#239200)	is	an	autosomal	recessive	condition	caused	by	a	loss-of-function	mutation	in	CASR.	In
contrast	 to	 FHH,	 individuals	 with	 NSHPT	 have	 homozygous	 or	 compound	 heterozygous	 CASR	 mutations
resulting	in	potentially	fatal	NSHPT	(up	to	10-fold	higher	than	normal	PTH	levels),	hypercalcemia,	and	skeletal
demineralization.	 Treatment	 must	 be	 administered	 urgently,	 which	 includes	 bisphosphonates	 and/or
parathyroidectomy	and,	more	recently,	cinacalcet,	a	type	2	calcimimetic	agent.41

Autosomal	Dominant	Hypoparathyroidism
ADH	 type	 1	 is	 caused	 by	 an	 activating	 mutation	 in	 CASR,	 and	 ADH	 type	 2	 is	 caused	 by	 gain-of-function
mutations	in	Gα11.39	The	majority	of	ADH	patients	are	asymptomatic	until	adulthood.	However,	some	patients
may	 present	 earlier	with	 symptomatic	 hypocalcemia,	 seizures,	 and	 neuromuscular	 irritability	 during	 periods	 of
stress.	Diagnosis	 can	be	made	biochemically	by	measuring	PTH,	 serum	calcium,	24-hour	urinary	calcium,	 and
serum	magnesium	 levels	 and	 can	 also	be	 confirmed	by	mutational	 analysis	 of	CASR	 or	Gα11.	 Treatment	with
CaSR	antagonists,	or	calcilytics,	has	shown	promise	in	early	clinical	trials.42

Familial	Isolated	Hyperparathyroidism
FIHP	is	an	autosomal	dominant	condition	diagnosed	only	after	the	exclusion	of	clinical	or	genetic	features	from
familial	 hyperparathyroidism	 syndromes	 including	 MEN1	 or	 MEN2,	 FHH,	 or	 HPT-JT.	 Although	 a	 distinct
genetic	etiology	has	yet	to	be	defined,	genomic	screening	of	seven	FIHP	families	has	identified	a	possible	1.7-Mb
region	on	chromosome	2p13.3-14.43

PITUITARY	GLAND
Approximately	 5%	 of	 pituitary	 tumors	 have	 an	 associated	mutation.	Malignancy	 in	 the	 pituitary	 gland	 is	 rare,
consisting	 of	 only	 0.1%	 to	 0.2%	 of	 pituitary	 tumors,	 and	 is	 largely	 indistinguishable	 from	 an	 adenoma	 on
imaging.44	Due	to	the	rarity	of	known	molecular	drivers	of	pituitary	tumors,	genetic	testing	is	not	warranted	unless
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the	patient	has	a	family	history	or	clinical	features	 indicative	of	a	familial	syndrome.	These	familial	syndromes
include	 MEN1,	 MEN4,	 familial	 isolated	 pituitary	 adenoma	 (FIPA),	 X-linked	 acrogigantism	 (X-LAG),	 CNC,
McCune-Albright	syndrome	(MAS),	3PA,	and	Dicer1	syndrome.

Familial	Isolated	Pituitary	Adenoma
FIPA	 syndrome	 (OMIM	 #102200)	 is	 an	 autosomal	 dominant	 disease	 characterized	 by	 pituitary	 adenomas,	 of
which	 somatotropinomas	are	most	 common.	Prolactinomas,	 adrenocorticotropic	hormone-secreting	 tumors,	 and
nonsecreting	pituitary	adenomas	also	occur.45	Among	families,	FIPA	can	present	either	homogenously,	with	all
tumors	being	of	the	same	type,	or,	equally	as	common,	heterogeneously,	with	a	combination	of	different	types	of
pituitary	adenomas.45	In	approximately	20%	of	FIPA	cases,	the	syndrome	is	caused	by	a	missense	mutation	in	the
tumor	suppressor	gene	AIP.	However,	the	prevalence	of	AIP	mutations	in	all	pituitary	tumors	is	only	3.6%,46	and
the	mutation	has	a	limited	penetrance	of	15%	to	30%.47	The	gene	is	located	at	11q13.3,	is	8,080	bp,	and	includes
six	 exons.	The	330–amino	 acid	protein	 encoded	by	AIP	 acts	 as	 a	 cochaperone	 that	 is	 essential	 for	 interactions
between	chaperones	and	their	substrates,	including	complex	formation	with	two	heat	shock	proteins,	HSP90,	and
an	 aryl	 hydrocarbon	 receptor	 to	 aid	 in	 cellular	 localization.48	Although	 the	majority	 of	mutations	 are	missense
(75%),	leading	to	a	truncated	form	of	the	protein,	over	60	different	mutations	have	been	found	in	FIPA	patients.
Genetic	 testing	detects	90%	of	 the	mutations	by	 sequencing	of	 the	coding	 region	of	AIP.	 Patients	with	 an	AIP
mutation	 present	with	 pituitary	 tumors	 at	 a	 younger	 age	 and	with	more	 aggressive	 tumors,	 necessitating	 close
clinical	monitoring	of	these	patients.49

X-linked	Acrogigantism
X-LAG	 (OMIM	 #300942)	 is	 an	 X-linked	 dominant	 disease	 but	 may	 also	 be	 sporadic	 and	 is	 associated	 with
gigantism	 caused	 by	 a	 microduplication	 in	 chromosome	 Xq26.3.	 Gigantism	 is	 due	 to	 increased	 secretion	 of
growth	hormone	by	early-onset	somatotropinomas	or	somatotrope	hyperplasia.45,49	The	microduplicated	region	is
composed	of	four	genes,	but	GPR101	is	the	sole	upregulated	gene	found	in	tumors.	GPR101	is	a	single-exon	gene
encoding	 a	 508–amino	 acid	G	 protein–coupled	 receptor	with	 unknown	 function.	However,	 the	 protein	 is	 only
expressed	in	the	hypothalamus.49	Although	X-LAG	microduplication	screening	has	been	difficult,	new	techniques
such	 as	 droplet	 digital	 polymerase	 chain	 reaction	 or	 high-definition	 array	 comparative	 genomic	 hybridization
facilitate	detection	of	the	microduplication	at	Xq26.3.50

McCune-Albright	Syndrome
MAS	 (OMIM	 #174800)	 is	 a	 noninherited,	 sporadic	 syndrome	 that	 is	 clinically	 heterogeneous	 but	 generally
characterized	 by	 the	 triad	 of	 polyostotic	 fibrous	 dysplasia,	 café-au-lait	 skin	 pigmentation,	 and	 peripheral
precocious	puberty.	Endocrine	abnormalities	associated	with	MAS	include	thyrotoxicosis,	somatotropinomas	and
prolactinomas,	and	adrenal	Cushing	syndrome.49,51	Over	90%	of	MAS	patients	have	activating	mutations	 in	 the
oncogene	GNAS	located	at	20q13.32	and	consisting	of	22	exons.52	GNAS	encodes	the	α	subunit	of	the	stimulatory
G	protein,	which	is	involved	in	G	protein	signaling.	Patient	mutations	are	typically	missense	mutations	that	block
the	 protein’s	 GTPase	 activity,	 resulting	 in	 the	 signaling	 pathway	 being	 constitutively	 activated.49	 Patients
suspected	 of	 the	 syndrome	 undergo	 genetic	 testing	 for	 mutations	 in	 the	GNAS	 coding	 region	 by	 blood	 test.
However,	 because	 the	 disease	 is	 mosaic	 in	 nature,	 a	 negative	 result	 may	 miss	 a	 mutation	 in	 other	 tissues.53
Although	 there	 is	 no	 curative	 treatment	 for	 patients	 with	 the	 GNAS	 mutation,	 management	 of	 endocrine
abnormalities	 and	 annual	 contrast-enhanced	 magnetic	 resonance	 imaging	 (MRI)	 for	 pituitary	 adenoma
surveillance	 are	 recommended.	 There	 is	 conflicting	 evidence	 about	 whether	 pituitary	 adenoma	 excision	 is
advantageous,	as	alleviation	of	symptoms	must	be	weighed	against	the	risk	of	invasive	surgery.51

Paraganglioma,	Pheochromocytoma,	and	Pituitary	Adenoma	Association
3PA	is	an	extremely	 rare	syndrome,	with	 less	 than	40	 identified	cases,	and	 is	due	 to	germline	mutations	 in	 the
succinate	dehydrogenase	family.49	Patients	with	3PA	are	characterized	by	the	development	of	PGLs,	PCCs,	and
pituitary	 adenomas.46	 Mutations	 in	 the	 family	 of	 succinate	 dehydrogenases	 (SDHx)	 account	 for	 40%	 of	 3PA
cases.54	Mutations	 can	 occur	 in	 four	 different	 genes,	 SDHA	 at	 position	 5p15.33,	 SDHB	 at	 1p36.13,	 SDHC	 at
1q23.3,	and	SDHD	at	11q23.1,	all	of	which	are	tumor	suppressors	and	are	autosomal	dominant	in	their	inheritance
pattern.52	The	SDHx	genes	encode	the	highly	conserved	subunits	of	SDH,	which	serves	a	critical	mitochondrial



function	in	the	electron	transport	chain	to	produce	adenosine	triphosphate	(ATP).	Mutations	to	any	of	the	subunits
cause	SDH	deficiency	and	resultant	pseudohypoxia.55	Genetic	testing	for	3PA	is	warranted	in	order	to	inform	the
family	and	determine	whether	screening	for	pituitary	tumors	is	needed.

Dicer1	Syndrome
Dicer1	 syndrome	 (OMIM	 #601200),	 also	 known	 as	 pleuropulmonary	 blastoma	 familial	 tumor	 and	 dysplasia
syndrome,	 is	 an	 inherited	 autosomal	 dominant	 disorder	 associated	 with	 an	 increased	 risk	 for	 developing
pleuropulmonary	blastoma,	cystic	nephroma,	and	embryonal	rhabdomyosarcoma,	in	addition	to	pituitary	blastoma
(resulting	 in	 Cushing	 syndrome),	 Sertoli-Leydig	 cell	 tumor,	 and	 thyroid	 gland	 neoplasia	 (multinodular	 goiter,
adenomas,	or	differentiated	thyroid	cancer).54	Pituitary	blastoma	presents	in	children	during	their	first	2	years	of
life.	The	causative	germline	mutation	in	over	90%	of	Dicer1	syndrome	cases	is	in	DICER1,	an	RNase	that	plays
an	 essential	 role	 in	 microRNA	 (miRNA)	 production	 and	 is	 located	 at	 14q32.13.54	 The	 majority	 (>85%)	 of
mutations	 to	DICER1	 result	 in	 premature	 protein	 truncation,	 whereas	 a	 small	 subset	 of	 mutations	 (10%)	 are
characterized	as	missense	mutations.	The	initiating	event	in	the	syndrome	is	inactivation	by	mutation	of	one	allele,
resulting	in	miRNA-level	dysregulation.	However,	other	aberrant	events	are	required	for	tumor	formation,	and	as
such,	DICER1	mutation	carriers	have	a	 low	 risk	 for	 the	development	of	any	 tumor.	With	 such	 low	penetrance,
genetic	 testing	 for	DICER1	mutations	 is	 not	 recommended	or	 is	 it	 recommended	 for	 healthy	mutation-positive
patients	to	undergo	routine	surveillance.56

THYROID	GLAND
Follicular	Adenomas
Follicular	 adenomas	 (FAs)	 are	 highly	 prevalent	 (approximately	 4%)	 among	 the	 general	 population.57	 For	 this
reason,	 benign	 tumor	gene	 identification	 is	 critical	 because	 commercial	molecular	 panels	 are	 increasingly	used
clinically	to	differentiate	benign	and	malignant	pathologies.	Indeed,	a	meta-analysis	including	8,162	patients,	of
whom	42.5%	had	benign	lesions,	reported	that	up	to	48%	of	benign	thyroid	lesions	harbor	a	Ras	mutation,	up	to
68%	 RET/PTC	 rearrangements,	 and	 up	 to	 55%	 PPARγ/PAX8	 rearrangements,	 challenging	 the	 value	 of	 any
somatic	mutation	panels	in	the	differentiation	of	benign	from	malignant	tumors.58

Noninvasive	Follicular	Thyroid	Neoplasm	with	Papillary-Like	Nuclear	Features
In	 2016,	 Nikiforov	 et	 al.59	 reclassified	 a	 subset	 of	 encapsulated	 follicular	 variant	 of	 papillary	 thyroid	 cancers
(PTC)	 to	 noninvasive	 follicular	 thyroid	 neoplasm	 with	 papillary-like	 nuclear	 features	 (NIFTP).	 The	 authors
described	the	presence	of	genetic	alterations	in	21	of	27	NIFTP	samples;	these	included	Ras	gene	mutations	(n	=
8,	30%),	THADA	 fusion	 (n	=	 6,	 22%),	PPARγ-PAX8	 fusion	 (n	 =	 6,	 22%),	 and	BRAF	K601	mutations	 (n	 =	 1,
4%).59	Furthermore,	a	 report	by	Paulson	et	al.60	 found	 that	NIFTPs	accounted	for	59%	of	Ras-mutant	 samples.
More	importantly,	the	presence	of	these	genetic	alterations	is	not	unique	to	NIFTP	and,	therefore,	cannot	be	used
as	distinguishing	markers.

Papillary	Thyroid	Cancer
The	 molecular	 drivers	 of	 PTC	 have	 been	 largely	 discovered	 due	 to	 the	 work	 of	 The	 Cancer	 Genome	 Atlas
(TGCA)	 on	 approximately	 500	 PTC	 tumors.	 This	 effort	 revealed	 that	 PTC	 has	 a	 low	 frequency	 of	 somatic
alterations	 relative	 to	 other	 cancers.61	 The	 most	 frequent	 alterations	 in	 PTC	 are	 activating	 mutations	 and
rearrangements	 in	 the	MAPK	pathway.	These	nearly	mutually	exclusive	events	occur	 in	approximately	70%	of
PTC	patients	and	consist	of	activating	mutations	in	BRAF	and	Ras,	as	well	as	rearrangement/fusion	events	in	RET
and	NTRK1.	Other	known	mutational	events	include	mutations	in	TERT,	EIF1AX,	and	the	PAX8/PPARG	fusion.61

The	most	common	activating	mutation	in	PTC	is	in	BRAF,	found	in	approximately	45%	of	patients	with	PTC.
BRAF	 is	 located	 at	 chromosomal	 location	 7q34	 and	 consists	 of	 208.8	 kb	 and	 18	 exons.	 The	 most	 prevalent
mutation,	 the	 point	mutation	T1799A	 in	BRAF,	 results	 in	 an	 amino	 acid	 substitution	 of	 a	 valine	 to	 glutamine
(BRAF	V600E)	 in	 the	BRAF	protein,	 increasing	 its	 basal	 kinase	 activity.62	BRAF	belongs	 to	 the	RAF	protein
family	composed	of	serine-threonine	kinases	that	activate	the	MAPK	signaling	pathway	by	phosphorylating	and
activating	MEK.	BRAF	 encodes	 a	 766–amino	 acid	 monomer	 that	 heterodimerizes	 with	 RAF1	 to	 increase	 its
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kinase	activity,	regulated	by	mitogens.61	This	mutation	is	associated	with	 invasive	tumor	growth,	worse	clinical
prognosis,	recurrence,	and	tumor	aggression.62	As	BRAF	mutations	are	unique	 to	PTC,	BRAF	mutation	analysis
may	also	be	useful	in	the	diagnosis	of	PTC.

Although	more	common	in	follicular	thyroid	cancer	(FTC),	mutations	in	the	Ras	gene	family	have	also	been
found	 in	 PTC,	 especially	 in	 the	 follicular	 variant	 of	 PTC.	 The	Ras	 genes	 include	N-Ras,	H-Ras,	 and	 K-Ras,
located	on	chromosome	1p13.2,	11p15.5,	and	12p12.1,	respectively,	and	encode	for	the	Ras	family	of	intracellular
GTPases	that	play	an	important	role	in	cell	growth	and	proliferation.	Mutations	in	the	Ras	genes	cause	gain-of-
function	 activation	 at	 codons	 12,	 13,	 or	 6163	 and	 occur	 in	 approximately	 10%	 of	 PTCs.	 As	 in	 FTC,	 N-Ras
mutations	are	most	common	in	PTC	than	other	Ras	mutations.61

The	most	frequent	chromosomal	arrangements	found	in	PTC	are	fusions	involving	the	transmembrane	tyrosine
kinase	RET,	previously	discussed	in	the	MEN2	section.	Multiple	combinations	of	genetic	fusion	events	with	RET
and	unrelated	genes	are	possible.	The	fusions	produce	a	chimeric	protein,	resulting	in	 the	random	gene	product
fused	to	the	C-terminus	of	the	tyrosine	kinase	domain	of	RET,	making	a	constitutively	active	RET	tyrosine	kinase.
This	class	of	fusion	events	are	broadly	referred	to	as	RET/PTC	fusions,	with	PTC	referring	to	any	gene	found	in
PTC	to	be	fused	to	RET,	and	numbered	(e.g.,	PTC1,	PTC2,	PTC3)	by	discovery.	RET/PTC	fusions	are	present	in
approximately	40%	of	sporadic	PTCs	in	adults	and	in	approximately	60%	of	children	with	PTC	and	are	common
(80%)	 in	 PTCs	 caused	 by	 external	 radiation	 such	 as	 in	 patients	 exposed	 at	 Chernobyl.61	 RET/PTC1	 and
RET/PTC3	 are	 the	 most	 common	 fusions,	 resulting	 from	 inversions	 of	 chromosome	 10.	 The	 RET/PTC1
rearrangement	is	associated	with	classic	PTC,	whereas	RET/PTC3	is	found	most	commonly	in	solid-variant	PTC
in	children	and	those	exposed	to	external	radiation.64	RET/PTC	fusions	have	not	been	found	to	be	associated	with
a	 worse	 clinical	 outcome.	 Furthermore,	 due	 to	 the	 fact	 that	 these	 fusions	 are	 also	 commonly	 found	 in
microcarcinomas	 and	 benign	 thyroid	 nodules,	 it	 is	 believed	 that	 these	 fusion	 events	 are	 important	 for	 tumor
initiation	but	not	progression.62

In	 addition,	 rearrangements	 in	 NTRK1	 have	 also	 been	 found	 in	 approximately	 5%	 of	 PTCs.	 These
rearrangements,	 identified	as	the	class	of	TRK	fusions,	also	result	 in	constitutive	tyrosine	kinase	activity	due	to
chimeric	proteins.	The	NTRK1	gene,	consisting	of	66.2	kb	and	17	exons	located	on	chromosome	1q23.1,	encodes
for	 the	 796–amino	 acid	 neurotrophic	 receptor	 tyrosine	 kinase	 1	 (NTRK1).	 NTRK1	 autophosphorylates	 when
activated	by	neurotrophin	and	phosphorylates	other	members	of	the	MAPK	pathway,	leading	to	its	activation.65
As	with	RET/PTC	fusions,	the	tyrosine	kinase	domain	of	NTRK1	is	fused	to	other	genes,	most	commonly	either
ETV6,	an	ETS	transcription	factor,	or	RBPMS,	an	RNA-binding	protein,	which	constitutively	activates	the	kinase.
TRK	fusions	are	more	prevalent	in	radiation-induced	PTC,	with	lower	prevalence	in	sporadic	PTC.61

Two	promoter	mutations	in	TERT	can	also	be	found	in	PTC.	TERT	 is	located	at	5p15.33,	spans	41.9	kb,	and
consists	 of	 16	 exons.	 The	 gene	 encodes	 telomerase	 reverse	 transcriptase,	 the	 catalytic	 subunit	 of	 telomerase,
which	is	responsible	for	adding	telomere	repeats	to	the	end	of	chromosomes.	Although	telomerase	expression	is
absent	 in	 somatic	 cells,	 it	 is	 reactivated	 in	 over	 90%	of	 cancers,	 and	 reactivation	 can	 occur	 through	 activating
promoter	mutations.66	The	 chr5:1,295,228C>T	 (C228T)	mutation	 can	be	 found	 in	10%	of	 sporadic	PTC	cases,
whereas	the	chr5:1,295,250C>T	(C250T)	mutation	is	found	in	only	2%	of	cases.	TERT	promoter	mutations	can	be
found	in	all	histologic	PTC	subtypes.61	TERT	promoter	mutations	have	also	been	found	to	coexist	with	the	BRAF
mutation	in	PTC	and	are	believed	to	have	a	synergistic	impact	on	aggressiveness,	including	tumor	recurrence	and
patient	mortality.67

Through	TCGA	efforts,	mutations	in	EIF1AX	have	been	found	in	1.5%	of	PTCs	that	contained	no	other	known
driver	mutations.	The	gene	EIF1AX	is	located	at	Xp22.12	and	contains	seven	exons	comprising	17.3	kb	in	total.
The	gene	encodes	a	144–amino	acid	protein,	EIF1AX,	which	is	essential	for	forming	the	40S	ribosomal	subunit
preinitiation	 complex	 for	 protein	 translation	by	mediating	 the	 transfer	 of	Met-tRNA.	Mutations	 in	EIF1AX	 are
mutually	exclusive	with	MAPK	pathway	mutations.	More	studies	must	be	conducted	 to	understand	 the	clinical
relevance	of	this	mutation.61

Because	most	PTCs	can	be	treated	through	surgery	and	radioactive	iodine	(RAI)	therapy,	targeted	therapeutics
for	PTC	are	not	widely	used.	However,	sorafenib,	a	tyrosine	kinase	inhibitor,	has	been	approved	by	the	FDA	for
the	treatment	of	RAI-resistant	metastatic	PTC.	Sorafenib	acts	by	inhibiting	RET,	VEGFR1,	VEGFR2,	VEGFR3,
FMS-like	 tyrosine	 kinase	 3	 (FLT3),	 c-KIT,	 and	wild-type	 and	mutant	 (V600E)	BRAF	 and	 has	 been	 shown	 to
significantly	lengthen	progression-free	survival	in	advanced	PTC	patients.68

Follicular	Thyroid	Cancer
Unlike	PTC,	FTC	is	 rarely	associated	with	RET	or	BRAF	mutations.69	PPARγ-PAX8	 gene	 rearrangements	have



been	identified	as	a	potential	marker	of	FTC,	but,	again,	they	are	also	found	in	FAs	and	thus	not	unique.	PPARγ,
found	 on	 chromosome	 3p25.2	 and	 consisting	 of	 nine	 exons	 and	 more	 than	 100	 kb,	 encodes	 for	 the	 PPARγ1
protein.	First	discovered	due	 to	 its	 role	 in	glucose	and	 lipid	metabolism	regulation,	PPARγ1	activation	 induces
cell	 cycle	 cessation	 and	 cell	 differentiation.70	 PAX8,	 located	 on	 chromosome	 2q14.1	 and	 spanning	 62.9	 kb,
encodes	for	PAX8	and	plays	a	central	role	in	thyroid	follicular	cell	differentiation.	The	translocation	t2;3(q13;p25)
event	results	 in	the	fusion	of	a	portion	of	PPARγ1	and	the	DNA-binding	segment	of	PAX8,	 thereby	encoding	a
protein	product	 that	blocks	PPARγ1	thiazolidinedione-induced	transactivation	in	a	dominant	negative	manner.70
PAX8/PPARγ1	 has	 been	 reported	 in	 approximately	 26%	 to	 56%	 of	 FTCs	 and	 0%	 to	 13%	 of	 FAs.71	 It	 is	 not
detected	in	PTC	or	anaplastic	thyroid	cancer	(ATC).	Due	to	its	inhibitory	effects	on	cell	growth,	PPARγ1	has	been
investigated	for	targeted	therapy	using	thiazolidinediones,	which	are	PPARγ	agonists.70	Despite	its	relatively	high
prevalence	among	FTCs,	 it	has	not	been	widely	used	 in	FTC	diagnosis	 in	clinical	 settings,	 although	 it	may	be
useful	for	assessing	patient	prognosis	because	FTCs	with	PAX8/PPARγ1	translocations	are	more	likely	associated
with	 vascular	 invasion	 and	 a	 solid	 or	 nested	 tumor	 histology	 compared	 with	 those	 without	 PAX8/PPARγ1
rearrangement.71,72

Common	to	other	thyroid	tumors,	including	FAs	and	PTCs,	Ras	mutations	are	also	prevalent	in	approximately
30%	to	50%	of	FTCs,	with	the	N-Ras	mutation	being	more	common	than	H-Ras	or	K-Ras.71	The	detection	of	Ras
may	be	helpful	in	predicting	patient	prognosis	since	FTCs	with	Ras	mutations	are	associated	with	more	aggressive
tumor	behavior	and	higher	patient	mortality.73	Although	PAX8/PPARγ1	and	Ras	mutations	are	prevalent	among
FTCs	 (36%	and	49%,	 respectively),	 these	mutations	are	mutually	exclusive,	with	only	3%	of	FTCs	 reported	 to
have	 both	 mutations.71	 This	 phenomenon	 suggests	 discrete	 molecular	 mechanisms	 responsible	 for	 the
development	 of	 FTCs.	 Similar	 to	 PTC,	C228T	 and	C250T	TERT	 promoter	mutations	 have	 also	 been	 found	 in
approximately	30%	and	5%	of	FTCs.74

Hürthle	Cell	Carcinoma
Hürthle	 cell	 carcinoma	 (OMIM	 #607464),	 a	 rare	 variant	 of	 FTC,	 is	 responsible	 for	 approximately	 3%	 of	 all
thyroid	cancer	cases.75	It	is	genomically	characterized	by	the	prevalence	of	mitochondrial	DNA	(mtDNA)	genetic
alterations,	as	well	as	mutations	in	nuclear	DNA	(nDNA)	affecting	genes	encoding	mitochondrial	proteins.	The
most	common	alterations	are	large,	multi-kilobase	mtDNA	deletions,	removing	several	oxidative	phosphorylation
proteins	 in	 complex	 I.	 Both	 mtDNA	 and	 nDNA	 mutations	 cause	 dysfunctional	 mitochondria	 by	 decreasing
electron	transport	chain	efficiency,	resulting	in	increased	mitochondrial	mass	and	number.76	Specifically,	somatic
missense	 mutations	 in	 nDNA	 at	 the	 locus	 of	GRIM-19,	 at	 19p13.2,	 have	 been	 identified	 in	 affected	 patients.
GRIM-19	promotes	apoptosis	as	a	cell	death	regulator	and	forms	part	of	mitochondrial	complex	I.	Mutations	result
in	 downregulation	 of	 the	 gene	 and	 cell	 proliferation	 in	 the	 setting	 of	 mitochondrial	 dysfunction.76
Immunohistochemical	analyses	are	used	diagnostically	to	reveal	the	specific	absence	of	complex	I,	indicative	of
Hürthle	cell	carcinoma.76	Similar	to	other	differentiated	thyroid	cancers	discussed,	Hürthle	cell	carcinoma	samples
also	have	RET/PTC	rearrangements	and	PAX8/PPARG	rearrangements.76

Medullary	Thyroid	Cancer
Please	refer	to	the	section	on	Multiple	Endocrine	Neoplasia	Type	2	syndrome.

Anaplastic	Thyroid	Cancer
ATC	 is	 the	 most	 aggressive	 thyroid	 cancer,	 with	 a	 median	 survival	 time	 of	 only	 5	 months	 after	 diagnosis.77
However,	ATC	is	a	rare	disease	comprising	1.7%	of	all	thyroid	cancers	in	the	United	States.77

The	molecular	mechanism	of	ATC	 is	 incompletely	 understood.	A	 subset	 of	ATCs	 are	 believed	 to	 originate
from	well-differentiated	 tumors,	 such	 as	 PTCs	 and	 FTCs,	 as	 a	 result	 of	 progressive	 dedifferentiating	mutation
events.	 Supporting	 this	 theory,	 ATCs	 and	 well-differentiated	 cancers	 share	 the	BRAF	 V600E	 (26%)	 and	 Ras
(22%)	 mutations,	 likely	 representing	 early	 mutational	 events	 in	 thyroid	 carcinogenesis.78	 In	 addition,	 TERT
promoter	mutations	were	 identified	 in	 one	 study	 in	 approximately	40%	of	ATC	 samples.79	However,	 the	most
common	mutations	associated	with	ATCs	are	in	TP53,	CTNNB1,	and	PIK3CA.
TP53,	a	tumor	suppressor	located	on	17p13.1	and	spanning	25.7	kb,	encodes	for	the	transcription	factor	TP53.

This	 factor	 plays	 an	 important	 role	 in	 the	 regulation	 of	 DNA	 repair,	 initiation	 of	 apoptosis,	 and	 inhibition	 of
progression	 of	 the	 cell	 cycle	 at	 the	G1/S	 checkpoint	 through	 the	 cyclin	 kinase	 inhibitor	 p21.	 Loss-of-function



Dr. AVR @ TMH

mutations	in	TP53	are	estimated	to	be	in	approximately	55%	of	ATC	samples.77	In	addition,	more	than	half	of	the
ATC	samples	with	a	BRAF	V600E	mutation	also	had	an	associated	TERT	C228T	mutation.	Interestingly,	TP53
mutations	were	detected	in	the	ATC	samples	but	not	in	neighboring	PTC	cells,	supporting	the	notion	that	TP53
mutations	are	a	late	dedifferentiating	event	in	the	development	of	ATC	from	PTC.78
CTNNB1,	 located	 on	 chromosome	 3p22.1	 and	 spanning	 65.2	 kb,	 encodes	 the	 781–amino	 acid	 protein	 β-

catenin,	normally	 localized	 to	 the	cell	membrane,	whose	 function	 includes	cell–cell	 adhesion	 through	adherens
junctions	and	intracellular	signaling	through	the	Wnt	signaling	pathway.	Up	to	66%	of	ATC	samples	harbor	point
mutations	within	exon	3	of	CTNNB1,	resulting	in	increased	β-catenin	nuclear	localization.80
PIK3CA,	located	on	chromosome	3q26.3	and	spanning	91.9	kb,	encodes	for	the	phosphatidylinositol	3-kinase

(PI3K)	 catalytic	 α	 polypeptide.	 PI3K	 acts	 through	 the	 PI3K/AKT/mammalian	 target	 of	 rapamycin	 (mTOR)
pathway,	 which	 is	 responsible	 for	 regulating	 diverse	 cellular	 functions	 by	 activating	 protein	 kinase	 B	 (Akt)
through	 phosphorylation.	 PIK3CA	 mutations	 commonly	 result	 in	 overactivation	 of	 this	 pathway,	 leading	 to
cellular	 proliferation	 and	 apoptosis	 inhibition.81	PIK3CA	 mutations,	 mostly	 point	 mutations	 and	 copy	 number
gains,	are	found	in	23%	and	39%	of	ATCs,	respectively.	Moreover,	Akt	was	observed	to	be	activated	in	85%	to
93%	of	ATC	samples.82,83
TP53	 and	 CTNNNB1	 mutations	 act	 as	 markers	 of	 poor	 differentiation	 rather	 than	 specific	 ATC	 markers.

However,	BRAF,	TP53,	and	PIK3CA	could	be	effective	potential	future	therapeutic	targets.

Werner	Syndrome
Werner	 syndrome	 (OMIM	 #277700),	 named	 after	 German	 scientist	 Otto	 Werner	 who	 first	 identified	 the
syndrome,	is	a	rare	(1	in	1,000,000	to	10,000,000)	autosomal	recessive	disease	characterized	by	premature	aging
and	predisposition	to	thyroid	carcinoma,	malignant	melanomas,	and	soft	tissue	sarcomas.84	This	connective	tissue
disease	is	caused	by	loss-of-function	mutations	in	WRN,	a	gene	spanning	approximately	250	kb	and	composed	of
35	 exons	 located	 at	 chromosome	 position	 8p12.	WRN	 encodes	 a	 nuclear	 DNA	 helicase	 in	 the	 RecQ	 helicase
family,	 which	 is	 implicated	 in	 DNA	 replication	 and	 repair	 of	 DNA	 damage.	 Integrally	 involved	 in	 telomere
maintenance	 and	 apoptosis,	 helicase	malfunction	 results	 in	multisystem	 involvement	 including	 skin,	 hair,	 eyes,
endocrine	system,	and	cardiovascular	system.85	The	most	common	WRN	mutations	produce	a	truncated	protein	at
the	 nuclear	 localization	 signal,	 causing	 improper	 localization	 and	 a	 functionally	 null	 phenotype.	 The	 most
common	pathogenic	 variant,	 c1105C>T,	 comprises	 20%	 to	 25%	of	Werner	 syndrome	 cases.86	The	majority	of
patients	(97%)	with	Werner	syndrome	are	diagnosed	through	WRN	sequence	analysis.	Affected	patients	carry	an
increased	risk	for	developing	PTC,	FTC,	or	ATC	typified	by	earlier	age	of	onset.	Indeed,	the	frequency	of	ATC
among	patients	with	Werner	syndrome	is	higher	than	that	of	the	general	population	(1	to	2	cases	per	1,000,000).87
N-terminal	WRN	 variants	 are	 associated	 with	 PTC,	 whereas	 C-terminal	 variants	 are	 associated	 with	 FTC.86
Management	 of	 Werner	 syndrome	 is	 symptomatic	 treatment,	 with	 routine	 screening	 for	 thyroid	 cancer
recommended.87

ACKNOWLEDGMENTS
This	material	 is	 based	 on	 work	 supported	 by	 the	 National	 Science	 Foundation	 Graduate	 Research	 Fellowship
Program	under	Grant	No.	1746891.	Any	opinions,	 findings,	conclusions,	or	 recommendations	expressed	 in	 this
material	are	those	of	the	authors	and	do	not	necessarily	reflect	the	views	of	the	National	Science	Foundation.

REFERENCES

1.	 Thakker	 RV,	 Newey	 PJ,	Walls	 GV,	 et	 al.	 Clinical	 practice	 guidelines	 for	 multiple	 endocrine	 neoplasia	 type	 1
(MEN1).	J	Clin	Endocrinol	Metab	2012;97(9):2990–3011.

2.	 Brandi	ML,	Gagel	RF,	Angeli	A,	et	al.	Guidelines	 for	diagnosis	and	 therapy	of	MEN	type	1	and	 type	2.	J	Clin
Endocrinol	Metab	2001;86(12):5658–5671.

3.	 Walls	GV.	Multiple	endocrine	neoplasia	(MEN)	syndromes.	Semin	Pediatr	Surg	2014;23(2):96–101.
4.	 Agarwal	 SK,	 Kester	 MB,	 Debelenko	 LV,	 et	 al.	 Germline	 mutations	 of	 the	 MEN1	 gene	 in	 familial	 multiple

endocrine	neoplasia	type	1	and	related	states.	Hum	Mol	Genet	1997;6(7):1169–1175.
5.	 Guru	SC,	Goldsmith	PK,	Burns	AL,	et	al.	Menin,	the	product	of	the	MEN1	gene,	is	a	nuclear	protein.	Proc	Natl
Acad	Sci	U	S	A	1998;95(4):1630–1634.



6.	 Thakker	RV.	Multiple	endocrine	neoplasia	type	1	(MEN1)	and	type	4	(MEN4).	Mol	Cell	Endocrinol	2014;386(1–
2):2–15.

7.	 Cavaco	BM,	Domingues	R,	Bacelar	MC,	et	al.	Mutational	analysis	of	Portuguese	families	with	multiple	endocrine
neoplasia	type	1	reveals	large	germline	deletions.	Clin	Endocrinol	(Oxf)	2002;56(4):465–473.

8.	 Marquard	 J,	 Eng	 C.	Multiple	 endocrine	 neoplasia	 type	 2.	 In:	 Adam	MP,	Ardinger	 HH,	 Pagon	 RA,	 et	 al.,	 eds.
GeneReviews.	Seattle,	WA:	University	of	Washington;	1993–2018.

9.	 Frank-Raue	 K,	 Raue	 F.	 Hereditary	 medullary	 thyroid	 cancer	 genotype-phenotype	 correlation.	 Recent	 Results
Cancer	Res	2015;204:139–156.

10.	 Kloos	RT,	Eng	C,	Evans	DB,	et	al.;	for	American	Thyroid	Association	Guidelines	Task	Force.	Medullary	thyroid
cancer:	management	guidelines	of	the	American	Thyroid	Association.	Thyroid	2009;19(6):565–612.

11.	 Pacheco	MC.	Multiple	 endocrine	 neoplasia:	 a	 genetically	 diverse	 group	of	 familial	 tumor	 syndromes.	J	Pediatr
Genet	2016;5(2):89–97.

12.	 Colombo	JR,	Wein	RO.	Cabozantinib	for	progressive	metastatic	medullary	thyroid	cancer:	a	review.	Ther	Clin	Risk
Manag	2014;10:395–404.

13.	 Chandrasekharappa	 SC,	 Guru	 SC,	 Manickam	 P,	 et	 al.	 Positional	 cloning	 of	 the	 gene	 for	 multiple	 endocrine
neoplasia-type	1.	Science	1997;276(5311):404–407.

14.	 Pellegata	NS.	MENX	and	MEN4.	Clinics	(Sao	Paulo)	2012;67(Suppl	1):13–18.
15.	 Agarwal	SK,	Mateo	CM,	Marx	SJ.	Rare	germline	mutations	in	cyclin-dependent	kinase	inhibitor	genes	in	multiple

endocrine	neoplasia	type	1	and	related	states.	J	Clin	Endocrinol	Metab	2009;94(5):1826–1834.
16.	 Stratakis	 CA.	 Carney	 complex:	 a	 familial	 lentiginosis	 predisposing	 to	 a	 variety	 of	 tumors.	Rev	 Endocr	 Metab

Disord	2016;17(3):367–371.
17.	 Horvath	A,	Bossis	I,	Giatzakis	C,	et	al.	Large	deletions	of	the	PRKAR1A	gene	in	Carney	complex.	Clin	 Cancer

Res	2008;14(2):388–395.
18.	 Bertherat	J.	Carney	complex	(CNC).	Orphanet	J	Rare	Dis	2006;1:21.
19.	 Lodish	M.	Genetics	of	adrenocortical	development	and	tumors.	Endocrinol	Metab	Clin	North	Am	2017;46(2):419–

433.
20.	 Mantero	 F,	 Terzolo	M,	Arnaldi	G,	 et	 al.	 A	 survey	 on	 adrenal	 incidentaloma	 in	 Italy.	 Study	Group	 on	Adrenal

Tumors	of	the	Italian	Society	of	Endocrinology.	J	Clin	Endocrinol	Metab	2000;85(2):637–644.
21.	 Seidel	 E,	 Scholl	 UI.	 Intracellular	 molecular	 differences	 in	 aldosterone-	 compared	 to	 cortisol-secreting	 adrenal

cortical	adenomas.	Front	Endocrinol	(Lausanne)	2016;7:75.
22.	 Berthon	 AS,	 Szarek	 E,	 Stratakis	 CA.	 PRKACA:	 the	 catalytic	 subunit	 of	 protein	 kinase	 A	 and	 adrenocortical

tumors.	Front	Cell	Dev	Biol	2015;3:26.
23.	 Umemura	S.	Sy	03-3	overview	of	somatic	mutations	and	epigenetic	regulation	of	aldosterone	producing	adenoma

(APA).	J	Hypertens	2016;34:e14–e15.
24.	 Wu	 VC,	 Wang	 SM,	 Chueh	 SJ,	 et	 al.	 The	 prevalence	 of	 CTNNB1	 mutations	 in	 primary	 aldosteronism	 and

consequences	for	clinical	outcomes.	Sci	Rep	2017;7:39121.
25.	 Tsirlin	A,	Oo	Y,	Sharma	R,	et	al.	Pheochromocytoma:	a	review.	Maturitas	2014;77(3):229–238.
26.	 Neumann	HP,	Bausch	B,	McWhinney	SR,	et	al.	Germ-line	mutations	in	nonsyndromic	pheochromocytoma.	N	Engl

J	Med	2002;346(19):1459–1466.
27.	 Kaelin	WG	Jr.	Molecular	basis	of	the	VHL	hereditary	cancer	syndrome.	Nat	Rev	Cancer	2002;2(9):673–682.
28.	 Walther	 MM,	 Herring	 J,	 Enquist	 E,	 et	 al.	 von	 Recklinghausen’s	 disease	 and	 pheochromocytomas.	 J	 Urol

1999;162(5):1582–1586.
29.	 Kirmani	S,	Young	WF.	Hereditary	paraganglioma-pheochromocytoma	 syndromes.	 In:	Adam	MP,	Ardinger	HH,

Pagon	RA,	et	al.,	eds.	GeneReviews.	Seattle,	WA:	University	of	Washington;	1993–2018.
30.	 Shen	 MH,	 Harper	 PS,	 Upadhyaya	 M.	 Molecular	 genetics	 of	 neurofibromatosis	 type	 1	 (NF1).	 J	 Med	 Genet

1996;33(1):2–17.
31.	 Burnichon	N,	Rohmer	V,	Amar	L,	et	al.	The	succinate	dehydrogenase	genetic	testing	in	a	large	prospective	series

of	patients	with	paragangliomas.	J	Clin	Endocrinol	Metab	2009;94(8):2817–2827.
32.	 Leccia	F,	Batisse-Lignier	M,	Sahut-Barnola	 I,	 et	 al.	Mouse	models	 recapitulating	human	adrenocortical	 tumors:

what	is	lacking?	Front	Endocrinol	(Lausanne)	2016;7:93.
33.	 Faillot	 S,	 Assie	 G.	 Endocrine	 tumours:	 the	 genomics	 of	 adrenocortical	 tumors.	 Eur	 J	 Endocrinol

2016;174(6):R249–R265.
34.	 Bolland	MJ,	Grey	AB,	Gamble	GD,	et	al.	Association	between	primary	hyperparathyroidism	and	increased	body

weight:	a	meta-analysis.	J	Clin	Endocrinol	Metab	2005;90(3):1525–1530.
35.	 Gill	AJ.	Understanding	the	genetic	basis	of	parathyroid	carcinoma.	Endocr	Pathol	2014;25(1):30–34.



Dr. AVR @ TMH

36.	 Iacobone	M,	Masi	G,	Barzon	L,	et	al.	Hyperparathyroidism-jaw	tumor	syndrome:	a	report	of	three	large	kindred.
Langenbecks	Arch	Surg	2009;394(5):817–825.

37.	 Carpten	JD,	Robbins	CM,	Villablanca	A,	et	al.	HRPT2,	encoding	parafibromin,	is	mutated	in	hyperparathyroidism-
jaw	tumor	syndrome.	Nat	Genet	2002;32(4):676–680.

38.	 Pearce	SH,	Trump	D,	Wooding	C,	et	al.	Calcium-sensing	receptor	mutations	in	familial	benign	hypercalcemia	and
neonatal	hyperparathyroidism.	J	Clin	Invest	1995;96(6):2683–2692.

39.	 Nesbit	 MA,	 Hannan	 FM,	 Howles	 SA,	 et	 al.	 Mutations	 affecting	 G-protein	 subunit	 α11	 in	 hypercalcemia	 and
hypocalcemia.	N	Engl	J	Med	2013;368(26):2476–2486.

40.	 Nesbit	MA,	Hannan	FM,	Howles	SA,	et	al.	Mutations	in	AP2S1	cause	familial	hypocalciuric	hypercalcemia	type	3.
Nat	Genet	2013;45(1):93–97.

41.	 Gannon	AW,	Monk	HM,	 Levine	MA.	 Cinacalcet	monotherapy	 in	 neonatal	 severe	 hyperparathyroidism:	 a	 case
study	and	review.	J	Clin	Endocrinol	Metab	2014;99(1):7–11.

42.	 Roszko	KL,	Bi	RD,	Mannstadt	M.	Autosomal	dominant	hypocalcemia	(hypoparathyroidism)	types	1	and	2.	Front
Physiol	2016;7:458.

43.	 Warner	JV,	Nyholt	DR,	Busfield	F,	et	al.	Familial	 isolated	hyperparathyroidism	is	 linked	 to	a	1.7	Mb	region	on
chromosome	2p13.3-14.	J	Med	Genet	2006;43(3):e12.

44.	 Ragel	BT,	Couldwell	WT.	Pituitary	carcinoma:	a	review	of	the	literature.	Neurosurg	Focus	2004;16(4):E7.
45.	 Beckers	A,	Aaltonen	LA,	Daly	AF,	et	al.	Familial	 isolated	pituitary	adenomas	(FIPA)	and	the	pituitary	adenoma

predisposition	 due	 to	 mutations	 in	 the	 aryl	 hydrocarbon	 receptor	 interacting	 protein	 (AIP)	 gene.	 Endocr	 Rev
2013;34(2):239–277.

46.	 Gadelha	MR,	Kasuki	L,	Korbonits	M.	The	genetic	background	of	acromegaly.	Pituitary	2017;20(1):10–21.
47.	 Korbonits	M,	Kumar	AV.	AIP-related	 familial	 isolated	pituitary	adenomas.	 In:	Adam	MP,	Ardinger	HH,	Pagon

RA,	et	al.,	eds.	GeneReviews.	Seattle,	WA:	University	of	Washington;	1993–2018.
48.	 Hernández-Ramírez	LC,	Trivellin	G,	Stratakis	C.	Role	of	phosphodiesterases	on	the	function	of	aryl	hydrocarbon

receptor-interacting	protein	(AIP)	in	the	pituitary	gland	and	on	the	evaluation	of	AIP	gene	variants.	Horm	Metab
Res	2017;49(4):286–295.

49.	 Lodish	MB,	Trivellin	G,	Stratakis	CA.	Pituitary	gigantism:	update	on	molecular	biology	and	management.	Curr
Opin	Endocrinol	Diabetes	Obes	2016;23(1):72–80.

50.	 Daly	AF,	Yuan	B,	Fina	F,	et	al.	Somatic	mosaicism	underlies	X-linked	acrogigantism	syndrome	in	sporadic	male
subjects.	Endocr	Relat	Cancer	2016;23(4):221–233.

51.	 Yao	Y,	Liu	Y,	Wang	L,	et	al.	Clinical	characteristics	and	management	of	growth	hormone	excess	in	patients	with
McCune-Albright	syndrome.	Eur	J	Endocrinol	2017;176(3):295–303.

52.	 Hannah-Shmouni	 F,	 Trivellin	G,	 Stratakis	 CA.	Genetics	 of	 gigantism	 and	 acromegaly.	Growth	 Horm	 IGF	 Res
2016;30–31:37–41.

53.	 Dean	L.	McCune-Albright	syndrome.	 In:	Pratt	V,	McLeod	H,	Dean	L,	et	al.,	eds.	Medical	Genetics	Summaries.
Bethesda,	MD:	National	Center	for	Biotechnology	Information;	2012.

54.	 Schernthaner-Reiter	MH,	Trivellin	G,	Stratakis	CA.	MEN1,	MEN4,	and	Carney	complex:	pathology	and	molecular
genetics.	Neuroendocrinology	2016;103(1):18–31.

55.	 O’Toole	SM,	Dénes	 J,	Robledo	M,	 et	 al.	 15	years	of	 paraganglioma:	 the	 association	of	pituitary	 adenomas	 and
phaeochromocytomas	or	paragangliomas.	Endocr	Relat	Cancer	2015;22(4):T105–T122.

56.	 Slade	 I,	 Bacchelli	 C,	 Davies	 H,	 et	 al.	 DICER1	 syndrome:	 clarifying	 the	 diagnosis,	 clinical	 features	 and
management	implications	of	a	pleiotropic	tumour	predisposition	syndrome.	J	Med	Genet	2011;48(4):273–278.

57.	 McHenry	CR,	Phitayakorn	R.	Follicular	adenoma	and	carcinoma	of	the	thyroid	gland.	Oncologist	2011;16(5):585–
593.

58.	 Najafian	A,	Noureldine	S,	Azar	F,	 et	 al.	RAS	mutations,	 and	RET/PTC	and	PAX8/PPAR-gamma	chromosomal
rearrangements	are	also	prevalent	in	benign	thyroid	lesions:	implications	thereof	and	a	systematic	review.	Thyroid
2017;27(1):39–48.

59.	 Nikiforov	YE,	Seethala	RR,	Tallini	G,	et	al.	Nomenclature	revision	for	encapsulated	follicular	variant	of	papillary
thyroid	 carcinoma:	 a	 paradigm	 shift	 to	 reduce	 overtreatment	 of	 indolent	 tumors.	 JAMA	Oncol	 2016;2(8):1023–
1029.

60.	 Paulson	VA,	Shivdasani	P,	Angell	TE,	et	al.	Noninvasive	follicular	 thyroid	neoplasm	with	papillary-like	nuclear
features	accounts	for	more	than	half	of	“carcinomas”	harboring	RAS	mutations.	Thyroid	2017;27(4):506–511.

61.	 Cancer	Genome	Atlas	Research	Network.	Integrated	genomic	characterization	of	papillary	thyroid	carcinoma.	Cell
2014;159(3):676–690.

62.	 Ferrari	SM,	Fallahi	P,	Politti	U,	et	al.	Molecular	targeted	therapies	of	aggressive	thyroid	cancer.	Front	Endocrinol



(Lausanne)	2015;6:176.
63.	 Fernández-Medarde	A,	Santos	E.	Ras	in	cancer	and	developmental	diseases.	Genes	Cancer	2011;2(3):344–358.
64.	 Tavares	 C,	 Melo	 M,	 Cameselle-Teijeiro	 JM,	 et	 al.	 Endocrine	 tumours:	 genetic	 predictors	 of	 thyroid	 cancer

outcome.	Eur	J	Endocrinol	2016;174(4):R117–R126.
65.	 Pierotti	 MA,	 Bongarzone	 I,	 Borrello	 MG,	 et	 al.	 Rearrangements	 of	 TRK	 proto-oncogene	 in	 papillary	 thyroid

carcinomas.	J	Endocrinol	Invest	1995;18(2):130–133.
66.	 Koziel	 JE,	 Fox	 MJ,	 Steding	 CE,	 et	 al.	 Medical	 genetics	 and	 epigenetics	 of	 telomerase.	 J	 Cell	 Mol	 Med

2011;15(3):457–467.
67.	 Liu	R,	Xing	M.	TERT	promoter	mutations	in	thyroid	cancer.	Endocr	Relat	Cancer	2016;23(3):R143–R155.
68.	 Thomas	 L,	 Lai	 SY,	 Dong	 W,	 et	 al.	 Sorafenib	 in	 metastatic	 thyroid	 cancer:	 a	 systematic	 review.	 Oncologist

2014;19(3):251–258.
69.	 Soares	P,	Trovisco	V,	Rocha	AS,	et	al.	BRAF	mutations	and	RET/PTC	rearrangements	are	alternative	events	in	the

etiopathogenesis	of	PTC.	Oncogene	2003;22(29):4578–4580.
70.	 Martelli	ML,	Iuliano	R,	Le	Pera	I,	et	al.	Inhibitory	effects	of	peroxisome	proliferator-activated	receptor	gamma	on

thyroid	carcinoma	cell	growth.	J	Clin	Endocrinol	Metab	2002;87(10):4728–4735.
71.	 Nikiforova	MN,	Lynch	RA,	Biddinger	PW,	et	al.	RAS	point	mutations	and	PAX8-PPAR	gamma	rearrangement	in

thyroid	tumors:	evidence	for	distinct	molecular	pathways	in	thyroid	follicular	carcinoma.	J	Clin	Endocrinol	Metab
2003;88(5):2318–2326.

72.	 French	CA,	Alexander	EK,	Cibas	ES,	et	al.	Genetic	and	biological	subgroups	of	low-stage	follicular	thyroid	cancer.
Am	J	Pathol	2003;162(4):1053–1060.

73.	 Fukahori	M,	Yoshida	A,	Hayashi	H,	et	al.	The	associations	between	RAS	mutations	and	clinical	characteristics	in
follicular	 thyroid	 tumors:	new	 insights	 from	a	 single	center	and	a	 large	patient	cohort.	Thyroid	2012;22(7):683–
689.

74.	 Liu	 X,	 Qu	 S,	 Liu	 R,	 et	 al.	 TERT	 promoter	 mutations	 and	 their	 association	 with	 BRAF	 V600E	 mutation	 and
aggressive	 clinicopathological	 characteristics	 of	 thyroid	 cancer.	 J	 Clin	 Endocrinol	 Metab	 2014;99(6):E1130–
E1136.

75.	 Sanders	 LE,	 Silverman	 M.	 Follicular	 and	 Hürthle	 cell	 carcinoma:	 predicting	 outcome	 and	 directing	 therapy.
Surgery	1998;124(6):967–974.

76.	 Máximo	V,	Lima	J,	Prazeres	H,	et	al.	The	biology	and	the	genetics	of	Hurthle	cell	tumors	of	the	thyroid.	Endocr
Relat	Cancer	2012;19(4):R131–R147.

77.	 Smallridge	RC,	Copland	JA.	Anaplastic	 thyroid	carcinoma:	pathogenesis	and	emerging	 therapies.	Clin	Oncol	 (R
Coll	Radiol)	2010;22(6):486–497.

78.	 Quiros	RM,	Ding	HG,	Gattuso	P,	et	al.	Evidence	that	one	subset	of	anaplastic	thyroid	carcinomas	are	derived	from
papillary	carcinomas	due	to	BRAF	and	p53	mutations.	Cancer	2005;103(11):2261–2268.

79.	 Shi	X,	Liu	R,	Qu	S,	et	al.	Association	of	TERT	promoter	mutation	1,295,228	C>T	with	BRAF	V600E	mutation,
older	patient	age,	and	distant	metastasis	in	anaplastic	thyroid	cancer.	J	Clin	Endocrinol	Metab	2015;100(4):E632–
E637.

80.	 Garcia-Rostan	G,	Camp	RL,	Herrero	A,	et	al.	Beta-catenin	dysregulation	in	thyroid	neoplasms:	down-regulation,
aberrant	nuclear	expression,	and	CTNNB1	exon	3	mutations	are	markers	for	aggressive	tumor	phenotypes	and	poor
prognosis.	Am	J	Pathol	2001;158(3):987–996.

81.	 Samuels	Y,	Ericson	K.	Oncogenic	PI3K	and	its	role	in	cancer.	Curr	Opin	Oncol	2006;18(1):77–82.
82.	 García-Rostán	G,	Costa	AM,	Pereira-Castro	 I,	et	al.	Mutation	of	 the	PIK3CA	gene	 in	anaplastic	 thyroid	cancer.

Cancer	Res	2005;65(22):10199–10207.
83.	 Santarpia	 L,	 El-Naggar	 AK,	 Cote	 GJ,	 et	 al.	 Phosphatidylinositol	 3-kinase/Akt	 and	 Ras/Raf-mitogen-activated

protein	kinase	pathway	mutations	in	anaplastic	thyroid	cancer.	J	Clin	Endocrinol	Metab	2008;93(1):278–284.
84.	 Bilgiç	Ö.	Do	you	know	this	syndrome?	Werner	syndrome.	An	Bras	Dermatol	2017;92(2):271–272.
85.	 Friedrich	K,	Lee	L,	Leistritz	DF,	 et	 al.	WRN	mutations	 in	Werner	 syndrome	patients:	genomic	 rearrangements,

unusual	intronic	mutations	and	ethnic-specific	alterations.	Hum	Genet	2010;128(1):103–111.
86.	 Oshima	 J,	 Martin	 GM,	 Hisama	 FM.	 Werner	 syndrome.	 In:	 Adam	 MP,	 Ardinger	 HH,	 Pagon	 RA,	 et	 al.,	 eds.

GeneReviews.	Seattle,	WA:	University	of	Washington;	1993–2018.
87.	 Nosé	V.	Familial	thyroid	cancer:	a	review.	Mod	Pathol	2011;24(Suppl	2):S19–S33.



Dr. AVR @ TMH

81 Thyroid	Tumors
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ANATOMY	AND	PHYSIOLOGY
The	 name	 “thyroid”	 is	 derived	 from	 the	 Greek	 term	meaning	 “shield-shaped,”	 which	 was	 first	 introduced	 by
Thomas	Wharton	 in	 1656	 due	 to	 the	 shape	 of	 the	 nearby	 thyroid	 cartilage.	 The	 thyroid	 is	 one	 of	 the	 largest
endocrine	organs	weighing	between	10	and	25	g.	It	is	made	up	of	two	lobes,	connected	by	the	isthmus.	Each	lobe
is	approximately	2	cm	thick	and	4	cm	in	length,	although	the	right	lobe	may	be	larger	than	the	left.	The	gland	is
made	up	of	follicular	cells	arranged	in	a	spherical	manner	(follicles)	that	are	filled	with	a	proteinaceous	substance
called	 colloid.	 C	 cells	 are	 found	 in	 the	 thyroid	 interstitium	 surrounding	 the	 follicles	 and	 secrete	 calcitonin.
Additional	 cells	 within	 the	 thyroid	 include	 lymphocytes,	 fibroblasts,	 and	 adipocytes.	 The	 thyroid	 is	 a	 very
vascular	gland	(Fig.	81.1),	with	the	right	lobe	exhibiting	more	vascularity	than	the	left.	Arterial	supply	is	from	the
superior	 and	 inferior	 thyroid	 arteries.	 The	 thyroid	 drains	 into	 the	 superior,	 middle,	 and	 inferior	 thyroid	 veins
through	 a	 venous	 plexus	 on	 the	 surface	 of	 the	 gland.	 These	 veins	 then	 drain	 into	 the	 internal	 jugular	 and
innominate	veins.	The	thyroid	is	innervated	by	the	middle	and	inferior	cervical	ganglia	of	the	sympathetic	nervous
system.

THYROID	NODULES
A	 thyroid	 nodule	 is	 defined	 as	 a	 discrete	 lesion	 in	 the	 thyroid	 gland	 that	 is	 radiologically	 distinct	 from	 the
surrounding	 parenchyma.1	 It	 is	 very	 common	 in	 the	 general	 population,	 ranging	 from	 20%	 to	 76%.	 Nodules
discovered	 at	 autopsy	 typically	 reflect	 this	 prevalence.2	 Nodules	 are	 more	 common	 with	 increasing	 age,
particularly	in	women.1	Other	risk	factors	include	radiation	exposure,	particularly	during	childhood,	family	history
of	thyroid	nodules,	and	iodine	deficiency.	Nodules	may	also	occur	in	the	setting	of	Hashimoto	disease.	Thyroid
nodules	may	not	only	be	discovered	by	palpation	during	a	physical	exam	in	3%	to	7%	of	patients3,4	but	may	also
be	found	incidentally	on	imaging	studies.	The	proportion	of	thyroid	nodules	that	prove	to	be	malignant	is	10%	to
15%.5

In	addition	to	clinical	evaluation,	a	thyroid-stimulating	hormone	(TSH)	level	should	be	performed	on	discovery
of	 a	 thyroid	 nodule.	 If	 the	 TSH	 is	 suppressed,	 then	 a	 radioiodine	 thyroid	 scan	 should	 be	 performed.
Hyperfunctioning	 nodules	 are	 rarely	 malignant;	 therefore,	 further	 cytologic	 evaluation	 is	 not	 needed	 if	 the
patient’s	risk	profile	is	otherwise	low.6	However,	if	a	cold	nodule	is	present	on	the	scan,	then	cytologic	assessment
should	be	performed.	If	the	TSH	is	in	the	upper	range	of	normal,	there	may	be	an	increased	risk	of	malignancy,7,8
although	 this	 association	 is	 poorly	 understood.	 A	 real-time	 high-resolution	 ultrasound	 of	 the	 neck	 should	 be
performed	 if	 thyroid	 nodules	 are	 discovered	 or	 suspected.	 Certain	 features,	 such	 as	 presence	 of
microcalcifications,	nodular	hypoechogenicity,	 irregular	borders,	nodular	vascularity,	 and	a	nodule	 that	 is	 taller
than	 wide	 on	 transverse	 view,	 increase	 the	 likelihood	 of	 malignancy.1	 Purely	 cystic	 nodules	 are	 likely	 to	 be
benign.9	 Fine-needle	 aspiration	 (FNA)	 is	 a	 very	 sensitive,	 low-risk	 procedure	 to	 help	 distinguish	 benign	 from
malignant	nodules.	The	American	Thyroid	Association	(ATA)	has	provided	clinicians	with	guidelines	to	decide
which	 nodules	 require	 biopsy	 and	 pathologists	 with	 guidelines	 about	 Bethesda	 classification	 for	 reporting	 of
thyroid	cytology.1

The	 use	 of	 genetic	 markers	 could	 help	 improve	 diagnostic	 accuracy	 of	 indeterminate	 lesions.10,11	 If	 the
molecular	profile	suggests	a	low	rate	of	malignancy	(<5%),	then	observation	may	be	recommended	over	surgical
intervention.12	 Long-term	 follow-up	 studies	 are	 still	 needed	 before	 this	 technology	 is	 widely	 adopted.	 Benign
nodules	 can	 be	 followed	 conservatively	 by	 physical	 examination	 or	 ultrasound,	 unless	 there	 are	 compressive



symptoms	 such	 as	 dysphagia	 or	 respiratory	 compromise,	 at	 which	 time	 surgical	 management	 should	 be
considered.	Lesions	suspicious	for	follicular	or	Hürthle	cell	neoplasm	typically	are	treated	at	the	Mayo	Clinic	with
thyroid	lobectomy	and	intraoperative	frozen	section.	If	the	lesion	is	benign,	no	further	thyroid	resection	is	needed.
If	the	lesion	is	malignant,	completion	thyroidectomy	is	performed.	Nondiagnostic	specimens	require	repeat	FNA,
particularly	if	there	are	suspicious	features	on	ultrasound.	Repeated	nondiagnostic	FNAs	may	then	be	assessed	via
molecular	profiling	or	surgical	excision	in	order	to	obtain	a	diagnosis	(Fig.	81.2).

Figure	81.1	The	thyroid	gland	and	its	arterial	supply.	(Drs.	L.J.	Rizzolo	and	W.B.	Stewart,	Section
of	Anatomy,	Department	of	Surgery,	Yale	University	School	of	Medicine,	are	acknowledged	for

providing	the	figure.	With	permission	from	Springer,	Berlin-Heidelberg-New	York.)

Incidental	18F-Fluorodeoxyglucose	Positron	Emission	Tomography–Positive
Lesions
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Normal	thyroid	tissue	usually	has	diffuse,	low	accumulation	of	18F-fluorodeoxyglucose	(18F-FDG).	An	18F-FDG
positron	 emission	 tomography	 (PET)–positive	 solitary	 thyroid	 lesion	 has	 increased	 risk	 of	 malignancy	 of
approximately	30%	to	50%13–15	compared	to	the	5%	risk	of	malignancy	of	an	incidental	thyroid	nodule	found	by
other	 imaging.	Hence,	 these	 lesions	 should	undergo	ultrasound-guided	FNA	 to	exclude	a	primary	or	metastatic
lesion	 in	 the	 thyroid.	Hot	nodules	have	 also	been	 reported	 to	have	 increased	 18F-FDG	uptake;	 therefore,	 if	 the
TSH	is	suppressed,	further	imaging	with	a	thyroid	uptake	and	scan	may	be	indicated.	Diffuse	thyroid	uptake	that
does	not	correlate	to	a	lesion	on	computed	tomography	(CT)	or	ultrasound	may	be	seen	in	autoimmune	thyroid
disease,	such	as	Hashimoto16	or	Graves	 thyroiditis,17	 and	often	does	not	 require	 further	evaluation	unless	other
risk	factors	for	malignancy	are	present.

Figure	81.2	Flow	diagram	for	the	evaluation	of	thyroid	nodule	based	on	the	results	of	fine-needle
aspiration	(FNA)	biopsy.

Malignancies	of	the	Thyroid

Risk	Factors	for	Thyroid	Malignancy
Exposure	 to	 radiation,	 particularly	 in	 childhood,	 is	 associated	 with	 an	 increased	 risk	 of	 differentiated	 thyroid



cancer	 (DTC).7	 Relative	 risk	 is	 related	 to	 exposure	 dose,	 starting	 as	 low	 as	 0.1	Gy.7	 The	 latency	 period	 after
childhood	 exposure	 is	 at	 least	 3	 to	 5	 years,	 and	 the	 risk	 remains	 apparent	 even	 40	 years	 after	 the	 radiation
exposure.7	In	addition	to	those	who	are	exposed	to	radiation	for	medical	reasons,	patients	who	have	been	exposed
to	 nuclear	 disasters	 or	who	 are	 atomic	 bomb	 survivors	 are	 also	 at	 increased	 risk	 for	 thyroid	 cancer.	However,
iodine-131	(131I)	for	treatment	of	positive	thyroid	scans	or	hyperthyroidism	has	not	been	associated	with	this	risk.
Family	history	is	also	an	important	risk	factor,	particularly	if	well-differentiated	cancer	is	present	in	first-degree
relatives	 or	 there	 is	 a	 family	 history	 of	 thyroid	 cancer	 syndromes	 (Table	 81.1).	 Medullary	 thyroid	 carcinoma
(MTC)	is	also	associated	with	distinct	familial	syndromes.	The	only	known	risk	factor	for	thyroid	lymphoma	is
Hashimoto	 thyroiditis,18	 particularly	 the	 non-Hodgkin	 lymphoma	 derived	 from	 mucosa-associated	 lymphoid
tissue.

THYROID	TUMOR	CLASSIFICATION	AND	STAGING	SYSTEMS
The	follicular	cells	give	rise	to	DTC	and	anaplastic	thyroid	cancer	(ATC).	The	C	or	parafollicular	cell	gives	rise	to
MTC.	Immune	cells	and	stromal	cells	of	the	thyroid	are	responsible	for	lymphoma	and	sarcoma,	respectively.	A
total	of	90%	are	DTC,	5%	to	9%	are	MTC,	1%	to	2%	are	ATC,	1%	to	3%	are	lymphoma,	and	<1%	are	sarcomas
or	 other	 rare	 tumors.19	 Many	 systems	 have	 been	 proposed	 for	 staging	 thyroid	 cancer.	 In	 the	 absence	 of	 a
universally	accepted	system,	it	is	recommended	that	the	tumor,	node,	metastasis	(TNM)	system,	introduced	by	the
International	 Union	 against	 Cancer	 and	 promoted	 by	 the	 American	 Joint	 Committee	 on	 Cancer	 (AJCC),	 be
adopted	as	the	international	staging	system	(Table	81.2).

TABLE	81.1
Clinical	and	Genetic	Characteristics	of	Familial	Thyroid	Follicular	Cell	Carcinoma
Susceptibility	Syndromes

Syndrome Chromosome	Linkage/Gene Characteristics
Papillary	thyroid	carcinoma	with	papillary
renal	neoplasia

1q21 Associated	with	papillary	renal	neoplasia
Autosomal	dominant	with	partial
penetrance

Familial	nonmedullary	thyroid	carcinoma 2q21	and	19p13 Two	genetic	loci	identified
Autosomal	dominant	with	partial
penetrance

Familial	thyroid	tumors	with	cell	oxyphilia 19p13.2 Characteristic	oxyphilic	cells
Autosomal	dominant	with	partial
penetrance

Familial	adenomatous	polyposis 5q21-22/APC Papillary	thyroid	carcinoma	with	<10×
increased	prevalence
Colorectal	carcinoma,	ampullary
carcinoma,	hepatoblastoma,
medulloblastoma
Autosomal	dominant

Cowden	disease	(multiple	hamartoma
syndrome)

10q23.3/PTEN Follicular	and	papillary	thyroid	carcinoma
Multiple	hamartomas,	breast	and
endometrial	cancer
Autosomal	dominant

Carney	complex	1 17q/PRKAR1A Follicular	and	papillary	thyroid	carcinoma
Skin	pigmentation	and	cardiac,	endocrine,
cutaneous,	and	neural	myxomatous	tumors
Autosomal	dominant

DIFFERENTIATED	THYROID	CANCER
Incidence	and	Prognosis
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In	the	United	States,	the	incidence	of	thyroid	cancer	has	tripled	in	the	past	three	decades,	mainly	due	to	increased
detection	of	small	papillary	thyroid	cancers.20	However,	since	2010,	the	incidence	trend	appears	to	be	plateauing
regardless	of	tumor	size.21	Thyroid	cancer	is	currently	the	fifth	most	common	cancer	diagnosis	in	women.	By	the
year	2030,	it	is	estimated	that	it	will	be	the	second	leading	cancer	diagnosis	in	women	and	the	ninth	leading	cancer
diagnosis	in	men.22

Several	 criteria	define	prognostic	 risk	 factors	 for	well-differentiated	 thyroid	 cancer.23	The	most	widely	used
systems	 include	 AGES	 (age,	 tumor	 grade,	 tumor	 extent,	 and	 tumor	 size),24	 AMES	 (age,	metastatic	 disease,
extrathyroidal	 extension,	 and	 size),25	 and	 MACIS	 (metastasis,	 patient	 age,	 completeness	 of	 resection,	 local
invasion,	and	tumor	size)26	(Table	81.3).	The	Mayo	Clinic	developed	 the	MACIS	system	after	analyzing	1,779
patients	with	PTC.	A	low-risk	score	is	considered	<6	with	a	20-year	mortality	of	1%.	This	scoring	system	is	the
current	predominant	system	to	determine	risk	of	death	and	postoperative	outcome	at	Mayo	Clinic	and	is	the	only
system	to	take	gross	residual	disease	after	primary	resection	into	account.	These	three	staging	systems	allow	the
clinician	to	determine	risk	following	the	initial	cancer	operation.	The	ATA	clinical	practice	guidelines	for	DTC1

suggest	 a	 three-level	 classification	 scheme.	Unlike	 the	AJCC/TNM	system	 (see	Table	81.2)	 that	 is	 designed	 to
predict	survival,	the	ATA	risk	stratification	system	is	designed	to	predict	disease	recurrence.

Lymph	node	status	has	not	been	associated	with	cause-specific	mortality;	however,	positive	nodal	involvement
at	presentation	increases	the	risk	of	locoregional	recurrence.27

A	single	point	mutation	(V600E)	of	the	BRAF	protooncogene	is	recognized	as	the	initiating	oncogenic	trigger
in	 up	 to	 40%	 to	 50%	 of	 papillary	 thyroid	 carcinoma	 (PTC).28	 Less	 commonly,	RET	 rearrangements	 and	RAS
mutations	may	be	present.29	Detailed	discussion	on	the	clinical	and	molecular	genetics	of	endocrine	tumorigenesis
can	be	found	in	Chapter	80	of	this	book.	The	majority	(35%	to	70%)	of	patients	with	follicular	thyroid	carcinoma
(FTC)	 and	 Hürthle	 cell	 carcinoma	 (HCC)	 present	 with	 stage	 II	 disease.	 Predictors	 of	 cause-specific	mortality
include	 age	 older	 than	 50	 years,	 marked	 vascular	 invasion,	 and	 metastatic	 disease	 at	 presentation.23	 A
retrospective	review	from	Memorial	Sloan	Kettering	from	1930	to	198530	showed	that	age	older	 than	45	years,
Hürthle	cell	subtype,	extrathyroidal	extension,	 tumor	>4	cm,	and	distant	metastases	were	associated	with	worse
prognosis.	The	 10-year	 survival	 rates	 for	 low-,	 intermediate-,	 and	 high-risk	 groups	were	 98%,	 88%,	 and	 76%,
respectively.	 HCC	 is	 considered	 a	more	 aggressive	 subtype,	 and	 studies	 evaluating	 flow	 cytometry	 show	 that
tumors	 with	 DNA	 aneuploidy	 are	 associated	 with	 increased	 tumor-related	 mortality.31	 Although	 originally
designed	 for	 PTC,	 the	AMES	 and	AGES	prognostic	 scoring	 systems	 have	 been	 used	 in	 FTC,	 but	 they	 do	 not
include	important	prognostic	factors,	namely	vascular	invasion	and	flow	cytometry.

Pathology
Grossly,	PTCs	have	a	variable	appearance,	from	subcapsular	white	scars	to	large	tumors	>5	to	6	cm	that	invade
nearby	structures	outside	the	thyroid	gland.	Cystic	change,	calcification,	and	even	ossification	may	be	identified.
Microscopically,	PTC	is	characterized	by	the	presence	of	papillae,	but	some	variants	contain	no	papillary	areas,
are	totally	follicular	in	pattern,	and	are	identified	as	a	follicular	variant.	The	major	cytologic	feature	shared	by	all
members	of	 this	papillary	group	 is	 the	characteristic	nucleus	containing	Orphan-Annie	nuclei,	nuclear	grooves,
and	intranuclear	pseudoinclusions.	In	contrast	to	the	overall	indolent	behavior	of	the	classical	DTC,	subtypes	of
these	tumors	have	been	identified	as	being	more	aggressive.	These	tumors	comprise	approximately	10%	to	15%	of
all	 thyroid	 cancers32	 and	 include	HCC	 as	 well	 as	 variants	 of	 PTC	 such	 as	 the	 tall	 cell	 variant,	 columnar	 cell
variant,	 and	 diffuse	 sclerosing	 variant.	 True	 FTC	 is	 a	 tumor	 composing	 approximately	 5%	 to	 10%	 of	 thyroid
malignancies	 in	nonendemic	goiter	areas	of	 the	world.33	Most	of	 the	follicular	patterns	of	 thyroid	malignancies
represent	 the	 follicular	variant	of	PTC	and	share	 the	biologic	 features,	natural	history,	and	prognosis	of	PTC34;
however,	recently,	the	encapsulated	follicular	variant	of	PTC	has	been	classified	as	noninvasive	follicular	thyroid
neoplasm	with	papillary-like	nuclear	features	(NIFTP)	that	has	been	shown	to	behave	more	like	a	premalignant
condition.	The	Hürthle	cell	neoplasm	is	considered	by	most	to	be	a	variant	of	follicular	neoplasms,	and	only	20%
to	33%	show	histologic	evidence	of	malignancy	or	invasive	growth.34	The	size	of	the	lesion	is	related	to	the	risk
of	malignancy,	and	65%	of	tumors	>4	cm	are	found	to	be	malignant.34

TABLE	81.2
American	Joint	Committee	on	Cancer	Classification	of	Thyroid	Cancer,	Eighth	Edition	(2017)



Primary	Tumor	(T)a

Papillary,	follicular,	poorly	differentiated,	Hürthle	cell,	and	anaplastic	thyroid	carcinoma

T	Category T	Criteria
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

T1 Tumor	≤2	cm	in	greatest	dimension	limited	to	the	thyroid

			T1a Tumor	≤1	cm	in	greatest	dimension	limited	to	the	thyroid

			T1b Tumor	1–2	cm	in	greatest	dimension	limited	to	the	thyroid

T2 Tumor	>2	cm	and	≤4	cm	in	greatest	dimension	limited	to	the	thyroid

T3 Tumor	>4	cm	limited	to	the	thyroid,	or	gross	extrathyroidal	extension	invading	only	strap	muscles

			T3a Tumor	>4	cm	limited	to	the	thyroid

			T3b Gross	extrathyroidal	extension	invading	only	strap	muscles	from	a	tumor	of	any	size

T4 Includes	gross	extrathyroidal	extension

			T4a Gross	extrathyroidal	extension	invading	subcutaneous	soft	tissues,	larynx,	trachea,	esophagus,	or
recurrent	laryngeal	nerve	from	a	tumor	of	any	size

			T4b Gross	extrathyroidal	extension	invading	prevertebral	fascia	or	encasing	the	carotid	artery	or
mediastinal	vessels	from	a	tumor	of	any	size

Regional	Lymph	Nodes	(N)
N	Category N	Criteria
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	evidence	of	locoregional	lymph	node	metastasis

			N0a One	or	more	cytologically	or	histologically	confirmed	benign	lymph	nodes

			N0b No	radiologic	or	clinical	evidence	of	locoregional	lymph	node	metastasis

N1 Metastasis	to	regional	nodes

			N1a Metastasis	to	level	VI	or	VII	(pretracheal,	paratracheal,	or	prelaryngeal/Delphian,	or	upper	mediastinal)
lymph	nodes.	This	can	be	unilateral	or	bilateral	disease.

			N1b Metastasis	to	unilateral,	bilateral,	or	contralateral	lateral	neck	lymph	nodes	(levels	I,	II,	III,	IV,	or	V)	or
retropharyngeal	lymph	nodes

Distant	Metastasis	(M)
M	Category M	Criteria
M0 No	distant	metastasis

M1 Distant	metastasis

Prognostic	Stage	Groups
Differentiated Anaplastic

Age	at	Diagnosis T N M Stage T N M Stage
<55	y Any	T Any	N M0 I T1–T3a N0/NX M0 IVA

<55	y Any	T Any	N M1 II T1–T3a N1 M0 IVB

≥55	y T1 N0/NX M0 I T3b Any	N M0 IVB

≥55	y T1 N1 M0 II T4 Any	N M0 IVB

≥55	y T2 N0/NX M0 I Any	T Any	N M1 IVC

≥55	y T2 N1 M0 II 	 	 	 	

≥55	y T3a/T3b Any	N M0 II 	 	 	 	

≥55	y T4a Any	N M0 III 	 	 	 	

≥55	y T4b Any	N M0 IVA 	 	 	 	

≥55	y Any	T Any	N M1 IVB 	 	 	 	
aAll	categories	may	be	subdivided:	(s)	solitary	tumor,	(m)	multifocal	tumor	(the	largest	determines	the	classification).
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

TREATMENT	OF	DIFFERENTIATED	THYROID	CANCER
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Surgery
Mayo	Clinic	has	been	observing	the	treatment	of	PTC	since	1940.35	Seventy	percent	of	patients	treated	for	PTC	in
the	1940s	underwent	unilateral	lobectomy.	By	the	1950s,	this	rate	decreased	to	22%,	and	by	the	1960s,	only	5%	of
patients	with	PTC	underwent	unilateral	lobectomy.	In	contrast,	by	the	1980s,	total	or	near-total	thyroidectomy	was
performed	 in	92%	of	patients	with	PTC.35	 In	 current-day	practice,	 a	patient	diagnosed	with	a	>4-cm	PTC	will
undergo	 either	 total	 or	 near-total	 thyroidectomy	 as	 the	 preferred	 initial	 treatment,	 and	 lobectomy	 may	 be
considered	for	1-	to	4-cm	PTC	without	any	other	high-risk	features	based	on	the	clinical	scenario.1

TABLE	81.3
Prognostic	Scoring	Systems	for	AGES,	AMES,	and	MACIS

AGES	(Age,	Tumor	Grade,	Tumor	Extent,	Tumor	Size)
Prognostic	score	=	0.05	×	age	(if	age	40	y	and	older)
+	1	(if	grade	2)
+	3	(if	grade	3	or	4)
+	1	(if	extrathyroid)
+	3	(if	distant	spread)
+	0.2	×	tumor	size	(cm	maximum	diameter)
Survival	by	AGES	score	(20	y):
≤3.99	=	99%
4–4.99	=	80%
5–5.99	=	67%
≥6	=	13%

AMES	(Age,	Metastatic	Disease,	Extrathyroidal	Extension,	Size)
Low	risk:	younger	patients	(men	40	y	and	younger,	women	50	y	and	younger)	with	no	metastases
Older	patients	(intrathyroid	papillary,	minor	capsular	invasion	for	follicular	lesions)
Primary	cancers	<5	cm
No	distant	metastases
High	risk:	all	patients	with	distant	metastases
Extrathyroid	papillary,	major	capsular	invasion	follicular
Primary	cancers	≥5	cm	in	older	patients	(men	older	than	40	y,	women	older	than	50	y)
Survival	by	AMES	risk	groups	(20	y):
Low	risk	=	99%
High	risk	=	61%

MACIS	(Metastasis,	Patient	Age,	Completeness	of	Resection,	Local	Invasion,	and	Tumor	Size)
Score	=	3.1	(if	age	younger	than	40	y)	or	0.08	×	age	(if	age	40	y	and	older)
+	0.3	×	tumor	size	(cm	maximum	diameter)
+	1	(if	incompletely	resected)
+	1	(if	locally	invasive)
+	3	(if	distant	spread)
Survival	by	MACIS	score	(20	y):
<6	=	99%
6–6.99	=	89%
7–7.99	=	56%
≥8	=	24%
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Preoperative	ultrasonography	of	the	neck	allows	for	evaluation	of	suspicious	neck	node	metastases	(NNM)	that
should	be	resected	with	a	modified	neck	dissection	at	time	of	initial	thyroidectomy	(Fig.	81.3).	Of	1,916	patients
undergoing	primary	surgery	for	PTC	at	Mayo	Clinic	during	1940	to	1991,	23%	of	patients	had	suspicious	nodes
by	palpation.	More	 than	50%	of	 those	with	PTC	had	neck	nodes	 removed	at	surgery;	38%	of	 the	patients	with
PTC	had	nodes	 that	were	positive	 for	metastatic	disease.	Only	4%	of	patients	with	FTC	and	6%	of	 those	with
HCC	 had	 NNM	 at	 initial	 surgical	 diagnosis.36	 In	 2,172	 patients	 with	 DTC	 who	 underwent	 complete	 surgical
resection	at	Mayo	Clinic	during	1940	to	1991,	neck	node	recurrence	occurred	in	8%	of	PTCs	(n	=	1,801),	2%	of
FTCs	(n	=	124),	and	18%	of	HCCs	(n	=	87)	by	20	years.	Therapeutic	neck	dissection	 is	performed	with	 initial
thyroidectomy	 for	 patients	 with	 PTC	 with	 NNM.	 Prophylactic	 lateral	 neck	 dissection	 is	 not	 recommended;
however,	 prophylactic	 central	 neck	 dissection	 remains	 controversial.	At	Mayo	Clinic,	we	 routinely	 dissect	 the
central	neck	compartment	during	 initial	 thyroidectomy.	Contrast-enhanced	CT	 scanning	 is	 indicated	 in	patients



with	locally	advanced	disease	or	vocal	cord	paralysis.

Adjuvant	Therapy
As	 per	 the	 recent	 ATA	 guidelines,1	 TSH	 levels	 of	 0.5	 to	 2	 mIU/L	 are	 acceptable	 for	 those	 at	 low	 risk	 of
recurrence,	TSH	levels	of	0.1	to	0.5	mIU/L	are	acceptable	for	patients	with	intermediate	risk	of	recurrence,	and
TSH	 levels	 ≤0.1	mIU/L	 are	 acceptable	 for	 patients	with	 high	 risk	 of	 recurrence.	As	 the	 duration	 of	 follow-up
increases,	 structural	 and	 biochemical	 (thyroglobulin	 [Tg]	 level)	 response,	 as	 well	 as	 risks	 of	 thyroid	 hormone
suppression	weighed	against	cardiovascular	and	osteoporosis	risk,	should	be	taken	into	account.

At	 Mayo	 Clinic,	 approximately	 60%	 of	 patients	 underwent	 radioiodine	 remnant	 ablation	 (RRA)	 within	 6
months	of	initial	surgery	in	the	1980s.	This	is	in	comparison	to	only	6%	in	the	1970s.35	Analysis	of	1,163	patients
at	Mayo	Clinic	with	 low-risk	PTC	(defined	as	MACIS	score	<6)	between	1970	and	2000	showed	no	statistical
difference	 in	 20-year	 tumor	 recurrence	 and	 cause-specific	 mortality	 between	 patients	 who	 received	 surgical
treatment	 alone	 versus	 those	 who	 received	 surgical	 treatment	 with	 RRA.35	 Other	 studies37,38	 did	 not	 show
improvement	 in	 recurrence	 and	 cause-specific	 mortality	 in	 patients	 with	 low-risk	 disease.	 Therefore,	 it	 has
become	 clearer	 that	RRA	 in	 low-risk	 disease	 does	 not	 change	 long-term	outcomes	 and	 should	 be	 reserved	 for
higher	 risk	 patients.	At	Mayo	Clinic,	we	 reserve	 postoperative	RRA	 for	 patients	with	 high-risk	 PTC	 (MACIS
score	>6)	or	patients	with	a	diagnosis	of	follicular	or	HCC.	As	per	the	ATA	risk	classification,1	RRA	is	indicated
for	those	classified	as	high	risk	and,	in	some	cases,	for	those	with	intermediate	risk	of	recurrence,	but	not	for	low-
risk	 patients.	 Postoperative	 RRA	 is	 typically	 performed	 approximately	 6	 weeks	 after	 near-total	 or	 total
thyroidectomy.	If	performed,	a	pretherapy	scan	should	use	a	low	dose	of	131I	(1	to	3	mCi)	or	iodine-123	(123I).	To
optimize	uptake	by	both	normal	residual	thyroid	and	thyroid	cancer,	patients	are	rendered	hypothyroid	with	a	goal
of	 increasing	 serum	 TSH.	 TSH	 must	 be	 >30	 mIU/L	 to	 obtain	 optimal	 uptake	 of	 radioiodine.	 It	 is	 also
recommended	 that	 a	 serum	 Tg	 level	 is	 obtained	 during	 this	 period	 of	 hypothyroid	 state	 (see	 “Long-Term
Surveillance”	section).	A	low-iodine	diet	is	recommended	1	to	2	weeks	before	scanning	or	ablative	131I	therapy	to
enhance	the	uptake	and	retention	of	radioiodine.	Alternatively,	imaging	and	treatment	using	TSH	stimulation	with
recombinant	human	TSH	is	presently	performed	with	increased	frequency.	This	method	is	preferred	if	rendering
the	 patient	 frankly	 hypothyroid	 is	 potentially	 hazardous,	 for	 example,	 in	 patients	 with	 metastatic	 PTC	 in	 the
central	nervous	system	(CNS).	Posttherapy	whole-body	iodine	scanning	is	typically	performed	1	week	after	131I
treatment	 to	 identify	metastases.	 The	most	 common	 side	 effects	 from	 radioiodine	 therapy	 include	 sialadenitis,
nausea,	and	temporary	bone	marrow	suppression.	Women	undergoing	131I	treatment	should	be	advised	to	avoid
pregnancy	during	and	6	to	12	months	after	treatment	due	to	risk	of	miscarriage	and	fetal	malformation.	There	is	a
weak	 but	 dose-dependent	 relationship	 between	 131I	 therapy	 and	 the	 development	 of	 some	 secondary
malignancies.39

Papillary	Thyroid	Microcarcinoma
Papillary	thyroid	microcarcinomas	(PTMs)	are	defined	as	PTCs	with	a	maximum	diameter	of	≤10	mm.	Prior	to
the	 advent	 of	 high-resolution	 ultrasound,	most	 PTCs	were	 discovered	 by	 palpation.	With	 improved	 ultrasound
imaging	techniques	and	the	ability	to	perform	guided	biopsies	in	the	office	setting,	subclinical	papillary	cancers
are	now	being	discovered.	In	addition,	these	PTMs	are	often	incidentally	found	on	imaging	performed	for	other
reasons.	Their	treatment	has	remained	controversial	in	the	thyroid	field.	Mayo	Clinic	reported	treatment	outcomes
of	900	patients	with	PTM	over	60	years.40	Prognosis	was	excellent,	with	a	cause-specific	mortality	of	only	0.3%.
A	total	of	30%	of	patients	had	cervical	lymph	node	involvement,	with	only	0.3%	having	distant	spread	at	the	time
of	diagnosis.	Bilateral	lobar	resections	were	performed	in	86%,	with	unilateral	lobectomy	performed	in	14%.	By
20	years,	5.7%	of	patients	experienced	recurrence	within	 the	neck	or	at	distant	sites,	mostly	within	 the	cervical
lymph	 nodes.	 However,	 cervical	 recurrences	were	 not	 associated	with	 increased	mortality.	 Higher	 recurrences
were	 seen	 in	patients	with	multifocal	 tumors	 and	positive	NNM	at	primary	 resection.	Recurrence	 rates	did	not
differ	whether	primary	resection	included	bilateral	or	unilateral	lobe	resection.	RRA	did	not	improve	mortality	or
recurrence	 rate.	 In	 summary	 of	 this	 large	 series,40	 as	 long	 as	 complete	 resection	 is	 possible,	 more	 extensive
surgery	 and	 RRA	 do	 not	 seem	 to	 influence	 recurrence	 risk	 or	 mortality.	 The	 most	 common	 site	 of	 recurrent
disease	is	the	cervical	lymph	nodes,	and	central	compartment	exploration	can	be	performed	at	the	time	of	initial
surgery	to	remove	involved	nodes.	Future	recurrence	is	higher	in	those	with	positive	nodes	at	initial	resection	or
multifocal	disease.
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Figure	81.3	The	thyroid	gland	and	lymphatic	node	basins.	A:	Schematic	representation	of	the
lymphatic	node	basins	of	the	neck.	The	lateral	neck	lymph	node	compartments	(levels	II	to	V)	and
the	central	neck	compartment	(level	IV).	B:	Schematic	illustration	of	the	anatomic	borders	of	the
central	neck	compartment	(level	VI).	The	superior	margin	is	at	the	level	of	the	hyoid	bone,	the
inferior	margin	is	at	the	level	of	the	brachiocephalic	vessels,	and	the	lateral	margins	are	at	the
medial	aspect	of	the	common	carotid	arteries	(A).	The	central	neck	(level	VI)	contains	the

precricoid	(Delphian),	pretracheal,	paratracheal,	and	perithyroidal	nodes,	including	those	along	the
recurrent	laryngeal	nerves,	and	the	external	branch	of	the	superior	laryngeal	nerve.	The	parathyroid

glands	are	also	normally	located	in	the	central	neck	(B).

In	a	Japanese	observational	study	of	1,395	patients	with	PTM,	patients	were	given	the	choice	of	surgery	versus
observation	if	no	unfavorable	features	were	present.	Less	than	a	quarter	chose	observation	and	were	followed	with
frequent	ultrasounds	over	an	average	of	74	months.	At	5-	and	10-year	follow-up,	the	percentages	of	patients	with
tumor	growth	(≥3	mm)	were	6.4%	and	15.9%,	respectively.	After	observation,	109	of	the	340	patients	underwent
surgical	 treatment	 for	 various	 reasons,	 and	 none	 of	 those	 patients	 showed	 carcinoma	 recurrence.	 In	 those	who
underwent	 immediate	 surgical	 treatment,	 clinically	 apparent	 lateral	 node	metastasis	 (N1b)	 and	male	 sex	 were
independent	prognostic	factors	of	disease-free	survival.	The	percentages	of	patients	with	new	node	metastases	at
5-	 and	 10-year	 follow-up	were	 1.4%	 and	 3.4%,	 respectively.41	 In	 a	 recent	 update	 of	 this	 study,	 authors	 found
young	age	to	be	an	independent	predictor	of	PTM	progression,	suggesting	that	old	patients	with	subclinical	low-
risk	PTM	may	be	the	best	candidates	for	observation.42	To	summarize,	the	management	of	PTM	should	take	into
account	the	reported	absence	of	mortality	when	diagnosed	in	the	absence	of	 lymph	node	metastases	and	distant
metastases,	as	shown	even	in	recent	studies	promoting	active	surveillance;	a	low	recurrence	rate	of	1%	to	5%;	and
the	risk	of	permanent	complications	from	surgery	that	cannot	be	decreased	to	less	than	1%	to	3%,	even	in	high-
volume	centers	with	experienced	surgeons.43

Long-Term	Surveillance
The	 goal	 of	 long-term	 surveillance	 is	 to	 identify	 recurrence	 in	 patients	 thought	 to	 be	 free	 of	 disease.	Tg	 is	 an
important	serum	tumor	marker	in	the	surveillance	of	thyroid	cancer.	After	successful	thyroidectomy	and	ablation
of	 residual	 thyroid	 tissue	by	 radioiodine,	 the	Tg	 should	be	 in	 the	athyreotic	 range.	Levels	above	 the	athyreotic
range	are	indicative	of	persistent,	functioning	thyroid	tissue	or	carcinoma.	Follow-up	protocols	have	also	been	a
controversial	 issue	 in	 the	management	of	PTC.	At	Mayo	Clinic,	we	typically	order	a	TSH	with	Tg	and	anti-Tg
yearly	for	at	least	5	years	because	this	is	the	period	of	time	during	which	most	recurrences	occur.	Frequency	of
and	workup	during	follow-up	visits	after	5	years	of	thyroidectomy	depend	on	the	risk	of	recurrence.	ATA	low-risk



thyroid	cancer	requires	only	yearly	neck	examination	5	years	from	thyroidectomy,	with	ultrasound	and	Tg	only
done	when	there	is	clinical	concern	for	recurrence.	The	presence	of	autoantibodies	to	Tg,	which	occurs	in	25%	of
patients	with	 thyroid	cancer	and	10%	of	 the	general	population,	will	 falsely	 lower	serum	Tg	 levels.	We	do	not
routinely	 order	 a	 TSH-stimulated	Tg	 level.	 In	 patients	with	 low-risk	 disease,	 a	 TSH-suppressed	Tg	 level	 <0.5
ng/mL	likely	represents	absence	of	clinically	relevant	disease.	In	addition	to	Tg	and	TSH	monitoring,	follow-up
imaging	 after	 initial	 surgery	 and	 adjuvant	 therapy	 is	 required.	Neck	 ultrasound	 should	 be	 performed	 6	 and	 12
months	after	surgery	and	then	annually	for	3	to	5	years,	depending	on	the	patient’s	risk	for	recurrence.1	A	report
from	the	Mayo	Clinic	in	Jacksonville,	Florida,	looked	at	194	patients	with	follicular	cell–derived	thyroid	cancer
with	 a	 TSH-suppressed	 Tg	 of	 0.1	 ng/mL	 who	 subsequently	 underwent	 TSH	 stimulation	 and	 radioiodine
scanning.44	The	Tg	rarely	stimulated	above	2	ng/mL,	and	none	of	the	194	patients	had	radioiodine	scanning	that
was	positive	 for	 locoregional	 recurrence	or	distant	metastases.	Therefore,	 radioactive	 iodine	 (RAI)	whole-body
scan	 (WBS)	 is	 reserved	 for	patients	with	 recurrence	or	metastatic	disease	 that	may	be	 amenable	 to	 therapeutic
doses	of	RAI.

Management	of	Local	Recurrence	and	Distant	Metastasis
Patients	 with	 significant	 nodal	 locoregional	 recurrence	 in	 the	 neck	 should	 undergo	 modified	 radical	 neck
dissection	or	central	compartment	(level	VI)	neck	dissection,	depending	on	the	location	of	the	recurrence.	More
aggressive	surgery	may	be	warranted	 in	selected	patients	with	 invasion	of	 the	aerodigestive	 tract.45	For	 smaller
regional	lymph	node	metastases	or	patients	who	are	not	amenable	to	surgical	therapy	or	have	distant	metastasis,
locoregional	 disease	 control	 can	 also	 be	 achieved	 using	 ultrasound-guided	 percutaneous	 ethanol	 ablation.
Metastatic	disease	that	is	detected	with	RAI	WBS	and	is	considered	RAI	avid	is	treated	with	131I	therapy.	Similar
to	 the	discussion	of	 initial	 treatment,	no	consensus	exists	 regarding	dosing	of	131I,	 although	most	 authors	use	a
high	dose,	ranging	between	150	and	300	mCi.	Treatment	can	be	performed	every	6	to	12	months	as	long	as	the
disease	 continues	 to	 respond.	 It	 should	 be	 noted,	 however,	 that	 pulmonary	 fibrosis	 may	 limit	 further	 131I
treatment.46	 For	 select	 patients	 with	 incurable	 pulmonary	 disease,	 palliative	 treatments	 using	 metastasectomy,
laser	 ablation,	 and	 external-beam	 radiation	 therapy	 (EBRT)	may	be	 considered.	Complete	 surgical	 resection	of
isolated	 symptomatic	 bone	 metastases	 and	 131I	 treatment	 for	 RAI-avid	 widespread	 disease	 have	 both	 been
associated	with	an	 increased	survival.46	A	combination	of	 treatments	may	be	considered	 for	 symptomatic	bone
lesions	when	surgery	or	131I	treatment	is	not	possible	or	effective.	Complete	surgical	resection	of	CNS	metastasis
is	 the	 most	 efficacious	 treatment,	 whereas	 EBRT	 and	 gamma	 knife	 may	 be	 considered	 in	 those	 who	 are	 not
surgical	candidates.

There	has	been	debate	regarding	the	optimal	management	of	patients	who	are	Tg	positive	with	negative	RAI
WBS	and	ultrasound.	It	is	important	to	rule	out	technical	factors	that	could	lead	to	a	false-negative	scan,	including
iodine	 contamination	 and	 suboptimal	TSH	elevation.	 If	 the	 scan	 is	 truly	negative	 in	 the	 setting	of	positive	Tg,
management	is	controversial.	Previous	reports	have	indicated	benefit	from	empiric	therapy	with	100	to	200	mCi
of	 131I	 in	 these	 patients.47,48	 If	 the	 posttherapy	 scan	 is	 positive,	 then	 repeated	 RAI	 is	 given	 until	 the	 scan	 is
negative.	The	idea	is	that	metastases	may	be	too	small	to	visualize	on	pretherapy	scan	or	the	tumor	has	reduced
ability	to	concentrate	iodine.	However,	this	approach	is	challenged	by	the	results	of	a	study	from	the	Mayo	Clinic
of	24	high-risk	patients	with	detectable	Tg	and	negative	WBS	and	known	macrometastases,	who	were	treated	with
RAI	between	1997	and	2000,	that	showed	that	only	two	patients	had	evidence	of	uptake	on	the	posttherapy	scan.49
This	 demonstrates	 that	 high-risk	 patients	with	 known	metastases	who	have	 been	 treated	with	RAI	 for	 remnant
ablation,	with	subsequent	negative	WBS	and	positive	Tg,	are	unlikely	to	benefit	from	empiric	high-dose	RAI	due
to	reduced	131I	accumulation	in	the	persistent	disease	likely	due	to	dedifferentiation	of	the	tumor	metastasis.	FDG-
PET	is	helpful	in	restaging	of	residual	or	recurrent	advanced	disease	in	patients	with	negative	RAI	WBS	but	with
increased	 Tg.	 FDG-avid	 lesions	 are	 associated	 with	 increased	 cancer-associated	 mortality.50,51	 The	 ATA
guidelines	 recommend	 empiric	 RAI	 therapy	 only	 in	 patients	 with	 significantly	 elevated	 serum	 Tg	 (stimulated
serum	Tg	 >10	 ng/mL	with	 thyroid	 hormone	withdrawal	 or	 >5	 ng/mL	with	 recombinant	 human	TSH),	 rapidly
rising	 serum	 Tg,	 or	 rising	 anti-Tg	 antibody	 levels,	 in	whom	 imaging	 (anatomic	 neck	 or	 chest	 imaging	 and/or
FDG-PET)	has	failed	to	reveal	a	tumor	source	that	is	amenable	to	directed	therapy.1

Ultrasound-Guided	Percutaneous	Ethanol	Ablation
In	the	past,	DTC	NNM	at	diagnosis	and	during	postthyroidectomy	surveillance	was	treated	with	repeat	surgical
excision.	High-resolution	ultrasound	has	also	allowed	us	to	discover	subcentimeter	NNMs	that	are	too	small	for
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surgical	 intervention.	These	small	 lesions	present	a	dilemma	 to	 the	 treating	clinician.	 In	 the	early	1990s,	Mayo
Clinic	successfully	started	treating	neck	node	recurrences	with	ultrasound-guided	percutaneous	ethanol	ablation	in
both	MTC	and	PTC.	Mayo	Clinic	ablated	37	recurrent	NNMs	in	25	PTC	patients	with	stage	III	or	IVA	disease
and	showed	that	95%	decreased	in	size,	none	had	significant	Doppler	flow,	and	none	required	further	intervention
during	 average	 follow-up	 of	 5.4	 years.52	 Similar	 success	 has	 also	 been	 shown	 by	 other	 institutions.53	 The
procedure	can	be	repeated	if	needed,	either	on	the	same	treated	node	or	in	new	nodes.	Local	tumor	recurrence	in
the	thyroid	bed	may	also	be	amenable	to	ethanol	ablation,54	but	results	may	be	limited	by	lack	of	a	comparator
group	and	selection	bias.	We	recommend	 this	procedure	 for	patients	who	are	poor	surgical	candidates,	patients
who	prefer	not	to	undergo	repeated	neck	surgery,	or	patients	who	have	disease	that	is	resistant	to	RRA.

Systemic	Agents
Approximately	 25%	 to	 50%	 of	 patients	 with	 advanced	 DTC	 are	 RAI	 refractory	 (RAI-R).	 Five-	 and	 10-year
survival	 may	 decrease	 to	 <50%	 and	 <10%,	 respectively,	 in	 these	 patients.	 In	 these	 circumstances,	 systemic
therapies	should	be	considered,	particularly	in	patients	with	rapidly	progressive	disease.	Treatment	options	include
doxorubicin,	 palliative	 EBRT,	 targeted	 molecular	 therapies	 such	 as	 tyrosine	 kinase	 inhibitors	 (TKIs),	 and
enrollment	in	clinical	 trials.	The	role	of	EBRT	and	chemotherapy	in	thyroid	cancer	is	 limited.	EBRT	should	be
considered	 in	 patients	 with	 unresectable	 residual	 cervical	 disease,	 painful	 bone	 metastases,	 and	 metastases	 in
critical	 locations	 that	 are	 not	 amenable	 to	 surgery	 and	 that	 would	 likely	 result	 in	 fracture	 or	 neurologic	 or
compressive	symptoms.	Doxorubicin	is	approved	by	the	U.S.	Food	and	Drug	Administration	for	the	treatment	of
RAI-R	DTC;	however,	significant	partial	and	complete	responses	are	lacking.	In	addition,	doxorubicin	has	many
toxicities,	 limiting	 its	 durability.	 Over	 the	 past	 decade,	 vascular	 endothelial	 growth	 factor	 receptor	 TKIs	 have
appeared	 to	be	 the	most	promising	agents	 in	 the	 treatment	of	 advanced	 thyroid	cancer,	with	disease	 regression
seen	in	many	patients.	Impact	of	these	agents	on	quality	of	life	and	overall	survival	is	still	unknown.	Sorafenib
was	 approved	 by	 the	 U.S.	 Food	 and	 Drug	 Administration	 in	 November	 2013.	 Another	 TKI,	 vandetanib,	 has
shown	progression-free	survival	advantage	of	5.2	months	in	patients	with	RAI-R	DTC,55	and	a	phase	II	study	with
pazopanib	 showed	 a	 49%	 partial	 response	 rate	 (according	 to	 Response	 Evaluation	 Criteria	 in	 Solid	 Tumors
[RECIST])	 in	 patients	 with	 RAI-R	 DTC.56	 A	 recent	 prospective	 study	 of	 140	 thyroid	 cancer	 patients	 (56%
medullary,	33%	differentiated,	and	11%	poorly	differentiated)	who	were	treated	with	a	TKI	found	hemoptysis	in
nine	patients,	which	was	associated	with	the	presence	of	airway	invasion,	poorly	differentiated	pathology,	history
of	 EBRT,	 and	 thyroidectomy	 without	 neck	 dissection.57	 This	 underlies	 the	 importance	 of	 assessing	 airway
invasion	before	TKI	introduction.

Another	 area	 of	 research	 is	 the	 use	 of	MEK	 inhibitors	 to	 “reverse”	 the	 loss	 of	 RAI	 avidity	 seen	 in	 many
advanced	tumors,	particularly	those	with	RAS	mutations.	The	MEK1/MEK2	inhibitor	selumetinib	has	been	shown
to	induce	iodine	incorporation	into	previously	RAI-R	tumors,	allowing	a	therapeutic	RAI	dose	to	be	delivered	to
the	metastatic	lesion.58	A	recent	study	showed	that	the	selective	BRAF	inhibitor	dabrafenib	stimulated	RAI	uptake
in	60%	of	patients	with	metastatic	BRAF	V600E–mutant	RAI-R	PTC.59	Because	mammalian	target	of	rapamycin
(mTOR)	upregulation	has	been	reported	to	be	involved	in	the	pathogenesis	of	DTC,	a	recent	phase	II	clinical	trial
studied	the	mTOR	inhibitor	everolimus	for	advanced	RAI-R	DTC,	and	65%	of	patients	showed	stable	disease,	of
whom	58%	showed	stable	disease	 for	>24	weeks.60	Recently,	 there	has	been	 interest	 in	 exploring	programmed
cell	death	protein	1	(PD-1)	inhibitors,	and	there	is	an	ongoing	clinical	trial	for	pembrolizumab	in	advanced	solid
tumors	including	a	cohort	of	22	patients	with	advanced	DTC	with	programmed	cell	death	protein	ligand	1	(PD-
L1)	 positivity	 (Keynote	 trial).	 Many	 questions	 still	 remain	 unanswered	 about	 the	 treatment	 of	 RAI-R	 DTC,
including	adaptation	of	therapy	based	on	genetic	profiling	or	tumor	histology,	and	about	economic	factors,	quality
of	life,	overall	survival,	and	disease	progression	despite	treatment.

ANAPLASTIC	THYROID	CARCINOMA
Fortunately,	ATC	is	rare,	but	it	is	aggressive	and	has	a	very	poor	prognosis,	with	a	median	overall	survival	of	<6
months.61	Median	age	at	diagnosis	 is	older	 than	for	other	 thyroid	cancers,	and	female	patients	predominate.	All
ATCs	are	classified	as	stage	IV,	with	stage	IVA	limited	to	the	thyroid,	stage	IVB	with	local	invasion,	and	stage
IVC	 with	 distant	 metastases.62	 Death	 is	 mainly	 caused	 by	 distant	 metastases	 (51.5%),	 local	 complications
(24.7%),	 or	 both	 (26.2%).63	 Only	 10%	 of	 patients	 have	 intrathyroidal	 tumors	 at	 diagnosis,	 with	 40%	 having
extrathyroidal	 extension	 and	 lymph	 node	 involvement	 and	 50%	with	 distant	 metastases.63	 ATC	may	 occur	 in



synchrony	 with	 other	 thyroid	malignancies	 including	 papillary,	 follicular,	 and	 HCC,64	 leading	 to	 the	 question
about	 development	 of	 ATC	 through	 dedifferentiation	 of	 these	 well-differentiated	 cancers,	 possibly	 through
accumulation	of	mutations	in	BRAF,	RAS,	and	TP53.	ATC	can	also	arise	de	novo,	which	is	postulated	to	be	due	to
mutations	in	ErbB	pathway	genes	and	mTOR.

Ultrasonography	 is	 helpful	 to	 determine	 lymph	 node	 status	 and	 invasion;	 however,	 there	 are	 no	 specific
ultrasound	features	to	ATC.	FNA	is	usually	adequate	to	make	the	diagnosis,	as	long	as	the	sample	is	taken	from
nonnecrotic	 areas.	 If	 the	 FNA	 is	 nondiagnostic,	 then	 core	 biopsy	 should	 be	 performed.	 Cytopathology	 shows
significant	necrosis	in	addition	to	morphologic	patterns	such	as	pleomorphic	giant	cell	and	spindle	cell.	Once	the
diagnosis	has	been	established,	imaging	should	be	performed	to	assess	local	invasion	as	well	as	distant	metastases.
Per	 the	ATA	guidelines,63	 initial	 imaging	 includes	 a	 neck	 ultrasound,	 cross-sectional	 imaging	 of	 the	 neck	 and
chest,	imaging	of	the	brain,	and	FDG-PET.

Treatment	 involves	 a	 multidisciplinary	 approach	 involving	 endocrinologists,	 surgeons,	 medical	 oncologists,
radiation	oncologists,	and	palliative	care.	The	first	step	in	management	is	to	assess	resectability.	For	patients	with
locoregional	 disease	 and	 in	 whom	 a	 grossly	 negative	 margin	 is	 achievable,	 initial	 appropriate	 management
includes	surgical	resection.	In	circumstances	when	the	disease	is	considered	unresectable	or	high	risk,	neoadjuvant
radiation	 and/or	 chemotherapy	 can	 be	 considered,	 permitting	 delayed	 primary	 resection	 if	 needed.	 Adjuvant
therapy	with	radiation,	with	or	without	chemotherapy,	should	be	considered	in	patients	with	both	resectable	and
unresectable	 disease.	 Palliative	 radiotherapy	 can	 be	 offered	 to	 patients	 with	 poor	 performance	 status.
Traditionally,	doxorubicin-based	chemotherapy	has	been	used,	with	or	without	platins.	Encouraging	results	have
also	been	seen	with	taxanes	(both	paclitaxel	and	docetaxel).65–67	The	TKI	pazopanib	has	less	activity	against	ATC
than	 DTC	 as	 a	 single	 agent;	 however,	 ongoing	 trials	 are	 evaluating	 pazopanib	 in	 combination	 therapy	 with
paclitaxel.68	Although	there	is	no	clear	evidence	that	survival	is	prolonged	with	the	addition	of	systemic	therapy,
some	 therapies	 may	 have	 disease-modifying	 effects	 including	 taxanes,	 doxorubicin,	 and	 possibly	 the	 platins.
These	agents	can	be	considered	first	line	in	patients	with	advanced	ATC	who	require	a	more	aggressive	approach.
If	 a	 palliative	 approach	 is	 preferred,	 therapy	 should	 be	 aimed	 at	 local	 disease	 control	 to	 prevent	 demise	 from
invasion	 of	 vital	 structures	 such	 as	 the	 trachea.	 Better	 understanding	 of	 the	 biology	 of	 the	 ATC	 has	 led	 to
investigation	 into	 newer	 targeted	 agents	 including	 imatinib	 (inhibitor	 of	 c-Kit,	 platelet-derived	 growth	 factor
receptor,	and	Bcr-Abl	tyrosine	kinases),	fosbretabulin	(microtubule	disrupting	agent),	erlotinib	(epidermal	growth
factor	 receptor	 antagonist),	 and	 gefitinib.	 Due	 to	 the	 lack	 of	 randomized	 controlled	 trials,	 many	 management
questions	remain	unanswered.

MEDULLARY	THYROID	CANCER
MTC	is	derived	from	parafollicular	or	C	cells;	therefore,	it	is	classified	as	a	neuroendocrine	tumor.	Histologically,
it	resembles	other	neuroendocrine	tumors	such	as	islet	cell	tumors.	MTC	comprises	approximately	1%	to	2%	of
thyroid	 malignancies	 in	 the	 United	 States.	 MTC	 risk	 is	 not	 increased	 with	 radiation,	 but	 rather	 with	 distinct
familial	syndromes.	Both	sporadic	and	familial	MTC	may	have	mutations	 in	 the	rearranged	during	 transfection
(RET)	gene.

Sporadic	Medullary	Thyroid	Cancer
Sporadic	MTC	comprises	 the	majority	 of	MTC,	 approximately	80%.69	 In	 6%	 to	7%	of	 cases,	 a	RET	 germline
mutation	may	be	present.	Up	to	60%	of	sporadic	MTC	tumor	cells	may	have	a	RET	somatic	mutation	that	is	only
limited	to	the	C	cells.70,71	Tumors	with	these	somatic	mutations	may	have	a	poorer	prognosis.72	It	has	also	been
shown	that	18%	to	80%	of	patients	without	somatic	RET	mutations	have	somatic	RAS	mutations.	Sporadic	MTC
usually	presents	between	the	fourth	and	sixth	decades	of	 life.73	Patients	 typically	present	with	an	asymptomatic
thyroid	mass,	but	if	the	disease	is	locally	advanced,	patients	may	develop	systemic	symptoms	such	as	diarrhea	and
flushing	secondary	 to	calcitonin	 secretion.	Rarely,	 tumors	may	be	a	 source	of	ectopic	corticotropin	production,
leading	 to	 clinical	 evidence	 of	Cushing	 syndrome.74	Unfortunately,	many	 presentations	 have	 evidence	 of	 local
metastases	at	the	time	of	diagnosis.	Local	invasion	can	present	with	cervical	lymph	node	involvement	(50%)	or
invasion	of	local	structures	such	as	the	nerves,	trachea,	and	esophagus.	Approximately	5%	of	patients	have	distant
metastatic	disease;	the	sites	favored	include	liver,	bone,	and	lungs.75

Familial	Medullary	Thyroid	Cancer
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Autosomal	 dominant	 inherited	MTC	 comprises	 20%	 to	 25%	 of	MTC.69	 These	 syndromes	 consist	 of	 multiple
endocrine	 neoplasia	 type	 2A	 (MEN2A),	 multiple	 endocrine	 neoplasia	 type	 2B	 (MEN2B),	 and	 familial	 MTC
(Table	 81.4).	 All	 three	 genetic	 syndromes	 are	 associated	 with	 gain-of-function	 mutations	 in	 the	 RET
protooncogene,	which	lead	to	overexpression	of	Ret	protein	in	the	affected	tissues,	subsequent	C-cell	hyperplasia,
and	 progression	 to	 MTC	 over	 time.76	 MTC	 associated	 with	 familial	 syndromes	 is	 usually	 bilateral	 and
multicentric.

Diagnosis	and	Staging	of	Medullary	Thyroid	Cancer
MTC	may	appear	solid	and	hypoechoic	on	ultrasound,	with	some	having	microcalcifications.	In	sporadic	MTC,
diagnosis	is	made	by	FNA	of	the	thyroid	mass.	Because	the	sensitivity	of	FNA	in	MTC	is	50%	to	80%,	calcitonin
washout	 of	 the	 FNA	may	 improve	 sensitivity.77	 The	 revised	 ATA	 guidelines	 for	 the	 management	 of	 MTC76

recommend	that	FNA	be	performed	for	thyroid	nodules,	with	size	cutoff	depending	on	ultrasound	characteristics.
FNA	findings	that	are	inconclusive	or	suggestive	of	MTC	should	have	calcitonin	measured	in	the	FNA	washout
fluid	and	immunohistochemistry	staining	of	the	FNA	sample	to	detect	the	presence	of	markers	such	as	calcitonin,
chromogranin,	 and	 carcinoembryonic	 antigen	 (CEA)	 and	 the	 absence	 of	 Tg.	 In	 addition,	 calcitonin	 and	 CEA
should	 be	 measured	 in	 the	 serum,	 which	 can	 be	 used	 for	 comparison	 in	 the	 postoperative	 period.	 Additional
imaging	 looking	 for	metastatic	disease	 in	 lungs,	 liver,	 and	bones	 should	be	performed	 if	 neck	nodal	 disease	 is
present	or	if	the	calcitonin	is	>500	pg/mL.	Bone	magnetic	resonance	imaging	(MRI)	can	be	performed	if	there	is
clinical	 suspicion	 of	 bony	metastases.	MTC	does	 not	 concentrate	 iodine;	 therefore,	RAI	WBS	 is	 of	 no	 utility.
Similarly,	thallium	and	technetium	scans	have	been	used	with	minimal	efficacy.78	FDG-PET	and	octreotide	scans
have	low	sensitivity,	especially	if	the	calcitonin	is	not	very	high;	therefore,	they	are	not	used	in	routine	evaluation.
Recently,	gallium-68	(68G)	DOTATATE	PET/CT	has	been	used	in	localizing	metastatic	spread	of	MTC,	with	it
being	 most	 effective	 in	 the	 presence	 of	 high	 calcitonin	 levels.79	 Testing	 for	 germline	 mutations	 in	 the	 RET
protooncogene	 should	 be	 considered	 in	 all	 patients	 diagnosed	 with	 C-cell	 hyperplasia	 or	MTC.	 If	 a	 germline
mutation	 is	 present,	 family	 members	 should	 also	 be	 screened	 for	 the	 mutation.	 In	 addition,	 patients	 with	 a
germline	mutation	should	be	screened	for	other	diseases	associated	with	the	familial	syndromes	including	primary
hyperparathyroidism	and	pheochromocytoma,	particularly	prior	to	surgical	intervention.

TABLE	81.4
Clinical	and	Genetic	Characteristics	of	Familial	Medullary	Thyroid	Cancer	Syndromes

Syndrome Characteristic	Features
FMTC MTC

MEN2A MTC
Adrenal	medulla	(pheochromocytoma)
Parathyroid	hyperplasia

MEN2A	with	cutaneous	lichen	amyloidosis MEN2A	and	a	pruritic	cutaneous	lesion	located	over	the	upper
back

MEN2A	or	FMTC	with	Hirschsprung	disease MEN2A	or	FMTC	with	Hirschsprung	disease

MEN2B MTC
Adrenal	medulla	(pheochromocytoma)
Intestinal	and	mucosal	ganglioneuromatosis
Characteristic	marfanoid	habitus

FMTC,	familial	medullary	thyroid	cancer;	MTC,	medullary	thyroid	cancer;	MEN2A,	multiple	endocrine	neoplasia	type	2A;	MEN2B,
multiple	endocrine	neoplasia	type	2B.

Prognosis	of	Medullary	Thyroid	Cancer
Recent	studies	show	a	5-year	survival	of	80%	to	90%	and	a	10-year	survival	of	70%	to	80%	for	combined	series
of	familial	and	sporadic	MTC.80	The	natural	history	and	prognosis	for	the	various	subtypes	of	MTC	correlate	with
described	genetic	changes.	Poor	prognostic	factors	include	advanced	age,	large	primary	tumors,	nodal	disease,	and
distant	metastases.

Treatment	of	Medullary	Thyroid	Cancer



Initial	 surgical	 management	 of	 MTC	 includes	 total	 thyroidectomy	 with	 central	 compartment	 node	 dissection.
Total	extracapsular	thyroidectomy	is	always	indicated	in	familial	MTC	due	to	incidence	of	bilateral	tumors	with
metastatic	 disease.	 The	 anatomic	 position	 of	 primary	 MTC	 commonly	 in	 the	 upper	 thyroid	 lobes	 can	 make
complete	resection	difficult	due	to	close	proximity	to	the	recurrent	laryngeal	nerve.	ATA	guidelines76	recommend
routine	level	VI	compartment	dissection	in	patients	with	MTC	with	no	evidence	of	neck	lymph	node	metastases
by	ultrasound	examination	and	no	evidence	of	distant	metastases.	 In	 these	patients,	 lateral	neck	(levels	II	 to	V)
dissection	 may	 be	 considered	 if	 serum	 calcitonin	 is	 >200	 pg/mL.	 However,	 if	 the	 lateral	 compartment	 has
evidence	of	disease,	without	distant	metastases	or	with	limited	distant	metastases,	ipsilateral	(levels	II	to	V)	neck
dissection	 in	 addition	 to	 the	 central	 neck	 compartment	 dissection	 is	 recommended,	 and	 contralateral	 neck
dissection	can	be	considered	if	serum	calcitonin	level	is	>200	pg/mL.	Unfortunately,	most	patients	with	MTC	and
regional	 nodal	 metastases	 have	 systemic	 disease	 and	 are	 not	 cured	 by	 total	 thyroidectomy	 and	 bilateral	 neck
dissection.	 At	 Mayo	 Clinic,	 32%	 of	 MTC	 patients	 had	 palpable	 nodes	 and	 40%	 had	 nodes	 involved	 with
metastatic	disease	by	pathology.36

Postoperatively,	patients	should	begin	replacement	levothyroxine	therapy	to	maintain	euthyroidism.	Because	C
cells	are	not	responsive	to	TSH,	suppressive	doses	of	levothyroxine	are	not	indicated.	Postoperative	RAI	is	also
not	 indicated	 because	MTC	 tissue	 does	 not	 take	 up	 iodine;	 however,	 it	 can	 be	 considered	 in	 patients	 whose
regional	 or	 distant	 metastases	 contain	 MTC	 mixed	 with	 PTC	 or	 FTC.	 Serum	 calcitonin	 and	 CEA	 should	 be
measured	 3	 to	 6	 months	 after	 surgery.	 If	 the	 postoperative	 calcitonin	 and	 CEA	 are	 undetectable,	 the	 5-year
recurrence	 rate	 is	only	5%.80	Calcium	stimulation	 testing	has	diminished	over	 the	years,	and	pentagastrin	 is	no
longer	available	in	the	United	States.	In	patients	with	evidence	of	biochemical	cure,	imaging	is	repeated	6	to	12
months	after	surgery	to	establish	a	baseline.	If	calcitonin	and	CEA	are	undetectable	or	within	normal	range	at	3
months	postoperatively,	they	should	be	measured	every	6	months	for	1	year	and	yearly	thereafter.

A	 challenge	 in	 the	 surgical	 management	 of	MTC	 is	 patients	 with	 persistently	 elevated	 basal	 or	 stimulated
calcitonin	after	resection	of	all	gross	disease.76,78	In	many	of	these	cases,	imaging	studies	fail	to	demonstrate	areas
of	 disease.	 Excision	 attempts	 generally	 do	 not	 produce	 normalization	 of	 calcitonin.	 In	 a	 large	 series	 of	 899
patients,	the	10-year	survival	rate	of	patients	with	postoperative	hypercalcitonemia	was	70%,	compared	to	98%	in
patients	who	had	evidence	of	biochemical	cure.80	Therefore,	considering	that	biochemical	cure	is	only	achieved	in
approximately	 25%	 of	 patients	 with	 repeat	 neck	 dissections,	 observation	 should	 be	 considered	 with	 periodic
imaging	and	tumor	marker	evaluation	in	patients	with	limited	locoregional	disease.	Surgery	can	be	reconsidered	if
the	locoregional	disease	progresses.

If	calcitonin	remains	detectable	but	<150	pg/mL	postoperatively,	imaging	of	the	neck	should	be	performed	to
evaluate	for	persistent	disease.	If	disease	is	evident	on	imaging,	repeat	neck	dissection	may	be	indicated	to	provide
locoregional	disease	control	as	long	as	metastatic	disease	is	not	suspected.	If	imaging	of	the	neck	is	negative	for
locoregional	recurrence,	patients	should	be	followed	with	physical	examinations,	measurement	of	serum	levels	of
calcitonin	and	CEA,	and	ultrasound	every	6	months.	If	the	calcitonin	or	CEA	begins	to	rise,	further	imaging	may
be	 required	 to	 look	 for	 metastatic	 disease.	 If	 calcitonin	 is	 >150	 pg/mL	 postoperatively,	 evaluation	 for	 distant
metastases	should	be	performed,	particularly	if	calcitonin	is	>300	pg/mL.	Imaging	should	include	CT	of	the	neck,
chest,	and	abdomen.	Bone	MRI	can	be	performed	if	there	are	any	skeletal	complaints.	FDG-PET/CT	scanning	is
not	 very	 sensitive	 in	 detecting	 recurrent	 disease,	 with	 one	 study	 reporting	 a	 sensitivity	 of	 78%	 in	MTC	with
calcitonin	>1,000	pg/mL.81	68G	DOTATATE	PET/CT	has	been	shown	to	be	superior	to	both	FDG-PET/CT	and
indium-11	(111In)	octreotide	single-photon	emission	computed	tomography	(SPECT)/CT	for	detection	of	recurrent
MTC,	but	studies	are	limited	by	small	patient	numbers.82

Tumor	progression	rate	can	be	evaluated	using	RECIST	and	tumor	marker	surrogates	such	as	calcitonin	and
CEA	doubling	time	(DT).	Barbet	et	al.83	showed	that	when	the	calcitonin	DT	was	<6	months,	the	5-	and	10-year
survival	rates	were	25%	and	8%,	respectively;	when	the	DT	was	6	to	24	months,	the	5-	and	10-year	survival	rates
were	92%	and	37%,	respectively;	and	all	patients	with	a	calcitonin	DT	of	>2	years	were	alive	at	the	end	of	the
study.	If	disease	is	evident	on	imaging,	the	goal	of	treatment	is	to	prevent	complications	of	progressive	local	or
metastatic	disease.	The	first	approach	to	NNM	may	include	neck	dissection	attempting	to	obtain	surgical	cure	in
the	 setting	 of	 limited	 disease.	 The	 second	 approach	 includes	 palliative	 debulking	 in	 the	 setting	 of	 metastatic
disease	to	prevent	locoregional	complications.	Ultrasound-guided	ethanol	ablation	of	metastatic	lymph	nodes	has
been	used	in	poor	surgical	candidates.

Systemic	Therapy	in	Medullary	Thyroid	Cancer
The	 role	 of	 EBRT	 for	MTC	 is	 limited.	 EBRT	 to	 the	 neck	may	 be	 considered	 in	 patients	who	 have	 extensive
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locoregional	 disease	 without	 complete	 resection	 and	 may	 also	 be	 used	 to	 treat	 skeletal	 metastases	 that	 are
symptomatic	or	located	in	sites	prone	to	fracture.

Systemic	 therapy	may	 be	 associated	with	 significant	 toxicity	 and	 should	 be	 reserved	 for	 patients	who	 have
unresectable,	 locally	 advanced,	 or	 progressive	 disease.	 Two	 TKIs	 are	 approved	 for	 the	 treatment	 of	 advanced
MTC—vandetanib	 (2011)	 and	 cabozantinib	 (2012).	 Vandetanib	 is	 currently	 approved	 in	 the	 United	 States	 for
treatment	 of	 unresectable	 locally	 advanced	 or	 progressive	 sporadic	 and	 familial	MTC,	 based	 on	 the	 phase	 III
ZETA	 (Zactima	 Efficacy	 in	 Thyroid	 Cancer	 Assessment)	 trial	 of	 331	 patients,	 which	 studied	 300	 mg	 of
vandetanib	 daily	 versus	 placebo.84	 In	 the	 phase	 III	 EXAM	 (Efficacy	 of	 XL184	 [Cabozantinib]	 in	 Advanced
Medullary	 Thyroid	 Cancer)	 trial,	 330	 patients	 were	 randomized	 to	 cabozantinib	 versus	 placebo.85	 Median
progression-free	 survival	was	 11.2	months	 in	 the	 cabozantinib	 arm	 compared	 to	 4	months	 in	 the	 placebo	 arm.
Many	other	TKIs	are	under	investigation	in	advanced	MTC,	including	sorafenib	and	sunitinib.

Traditional	 cytotoxic	 agents	 have	 been	 used	 in	 MTC,	 but	 the	 results	 are	 disappointing.	 Chemotherapeutic
agents	 used	 in	 the	 treatment	 of	 MTC	 include	 doxorubicin,	 dacarbazine,	 cyclophosphamide,	 vincristine,
streptozocin,	 and	 5-fluorouracil.	 Combination	 regimens	 are	 preferred	 because	 they	 are	 more	 effective.	 These
agents	are	considered	second-line	 therapy	and	should	be	reserved	for	patients	who	fail	or	cannot	 tolerate	TKIs.
Other	 investigational	 approaches	 have	 included	 immunotherapy	 and	 radiolabeled	 molecules	 delivering	 high
radiation	 dose	 to	 the	 cancer.	A	 recent	 phase	 II	 trial	 evaluated	 systemic	 [yttrium-90–DOTA]-TOC	 in	 advanced
MTC	 patients	 who	 had	 increased	 tumor	 uptake	 on	 indium-octreotide	 scan;	 however,	 results	 were	 not	 very
favorable,	with	only	29%	showing	reduction	in	serum	calcitonin	levels.86

THYROID	LYMPHOMA
Primary	 lymphoma	 of	 the	 thyroid	 is	 rare,	 accounting	 for	 1%	 to	 5%	 of	 thyroid	 malignancies87	 and	 2%	 of	 all
extranodal	lymphomas.	Approximately	50%	of	patients	of	primary	thyroid	lymphoma	have	underlying	Hashimoto
thyroiditis.18	 Patients	 frequently	 present	 with	 a	 rapidly	 enlarging	 goiter.88	 Between	 10%	 and	 30%	 of	 patients
report	 a	 combination	 of	 symptoms	 relating	 to	 local	 invasion,	 including	 hoarseness,	 dyspnea	 with	 stridor,	 or
dysphagia.	Examination	may	reveal	a	firm,	possibly	tender	thyroid	that	may	be	fixed.	Thyroid	function	may	be
compromised,	with	many	patients	having	hypothyroidism	due	to	underlying	Hashimoto	thyroiditis	or	infiltration
of	 the	 thyroid	with	 lymphoma.	Hyperthyroidism	 is	 rare	but	has	been	described.	Systemic	 symptoms	associated
with	lymphoma	(B	symptoms),	including	fever,	weight	loss,	and	night	sweats,	may	be	present	in	10%	of	patients.

Primary	thyroid	lymphoma	may	be	indistinguishable	from	Hashimoto	thyroiditis	and	has	low	echogenicity	on
ultrasound.	 Borders	 may	 be	 ill	 or	 well	 defined	 depending	 on	 the	 underlying	 lymphoma	 subtype.89	 If	 clinical
suspicion	 for	 lymphoma	 is	 high,	 then	 core	 biopsy	 should	 be	 performed	 to	 allow	 for	 flow	 cytometry	 and
immunohistochemical	staining.	The	majority	of	patients	with	thyroid	lymphoma	have	disease	on	one	side	of	the
diaphragm	with	 approximately	 50%	confined	 to	 the	 thyroid	 (stage	 IE).	 Five-year	 survival	 ranges	 from	52%	 to
90%.	Surgery	 is	 predominantly	 used	 as	 a	 diagnostic	 tool	 in	 the	management	 of	 primary	 thyroid	 lymphoma.	 In
stage	IE	disease,	surgery	may	help	differentiate	intrathyroidal	tumors	from	extrathyroidal	extension,	which	is	an
important	distinction	to	make	with	respect	 to	 treatment	decisions.	If	 the	 tumor	remains	intrathyroidal,	 treatment
with	 surgery	 and	 radiation	 alone	 may	 be	 appropriate.	 If	 the	 tumor	 extends	 outside	 the	 thyroid,	 combination
chemotherapy	is	required.90	Thyroidectomy	in	patients	with	stage	IIE	or	IIIE	disease	is	less	commonly	performed
because	cause-specific	survival	is	not	improved	in	patients	who	receive	thyroidectomy	with	radiation	versus	those
who	 receive	 radiation	 alone.91	 Diffuse	 large	 B-cell	 lymphoma	 is	 treated	 with	 three	 cycles	 of	 combination
chemotherapy	 followed	 by	 radiation	 or	 six	 to	 eight	 cycles	 of	 combination	 chemotherapy	without	 radiation.	 In
localized,	 low-grade,	 or	 indolent	 lymphomas,	 radiation	 therapy	 can	 be	 used	 alone	 unless	 systemic	 disease	 is
present,	for	which	chemotherapy	can	be	used.

CHILDREN	WITH	THYROID	CARCINOMA
Differentiated	Thyroid	Carcinoma
PTC	 accounts	 for	 1.5%	 of	 childhood	 malignancies	 but	 >90%	 of	 childhood	 thyroid	 cancers.92	 Due	 to	 low
incidence,	current	treatment	strategies	for	pediatric	patients	with	well-differentiated	thyroid	carcinoma	are	derived
from	 single-institution	 clinical	 cohorts,	 reports	 of	 extensive	 personal	 experience,	 and	 extrapolation	 of	 several



common	therapeutic	practices	in	adults.	PTC	has	a	higher	incidence	of	metastases	to	the	lymph	nodes	and	lungs	at
presentation	 than	in	adults.93,94	However,	PTC	in	childhood	tends	 to	be	 indolent	with	 low	death	rates.	Children
with	 well-differentiated	 thyroid	 carcinoma	more	 often	 than	 their	 adult	 counterparts	 have	 a	 history	 of	 external
irradiation	 to	 the	 head	 and	 neck,	 although	 the	majority	 present	without	 such	 a	 history.95	 In	 the	 past,	 >50%	of
patients	had	exposure	to	ionizing	radiation.	Outside	of	the	Chernobyl	accident	region,	this	exposure	has	dropped
to	<3%	of	 cases.	Most	 authors	 agree	 that	 aggressive	 initial	management	with	 total	 thyroidectomy	 and	 cervical
lymph	node	dissection	should	be	performed	in	most	children	with	well-differentiated	thyroid	carcinoma.	Routine
radioactive	remnant	ablation	has	become	more	controversial	over	time.	A	study	of	215	patients	younger	than	21
years	old	with	PTC	at	Mayo	Clinic	showed	that	the	initial	surgery	had	the	greatest	impact	on	recurrence	that	was
not	further	 influenced	by	RRA.96	 In	addition,	 there	 is	concern	about	nonthyroid	secondary	malignancies,	which
occurred	in	patients	aged	30	to	50	years	after	initial	treatment,	most	commonly	in	patients	who	were	exposed	to
various	 forms	of	 radiation.	Therefore,	at	Mayo	Clinic,	we	 restrict	adjuvant	RAI	 to	patients	who	are	considered
high	risk	with	distant	metastases	or	incomplete	resection	with	gross	residual	disease.	Due	to	the	limited	experience
in	 the	management	 of	 thyroid	 cancer	 in	 the	 pediatric	 population,	 consideration	 should	 be	made	 for	 referral	 to
centers	with	experience	in	managing	these	challenging	cases.

Medullary	Thyroid	Carcinoma
With	the	introduction	of	screening	for	RET	gene	mutations,	an	increasing	number	of	patients	are	diagnosed	with
inherited	 forms	 of	 MTC	 during	 childhood	 or	 infancy.	 Depending	 on	 genotype,	 the	 current	 recommendations
advise	that	individuals	with	RET	gene	mutations	associated	with	MEN2A	and	familial	MTC	undergo	prophylactic
thyroidectomy	between	ages	5	and	6	years,	whereas	affected	individuals	in	kindreds	with	MEN2B	should	undergo
thyroidectomy	during	infancy	due	to	the	aggressiveness	and	earlier	age	at	onset	of	MTC	in	these	patients.76	At	the
MD	Anderson	Cancer	Center,	86	patients	with	inherited	MTC	were	stratified	into	the	following	three	RET	gene
mutation	risk	groups:	level	1,	low	risk	for	MTC	(mutations	in	codons	609,	768,	790,	791,	804,	and	891);	level	2,
intermediate	risk	(mutations	in	codons	611,	618,	620,	and	634);	and	level	3,	highest	risk	(mutations	in	codons	883
and	 918).76	 All	 patients	 in	 the	 level	 3	 group	 (all	 with	 MEN2B)	 had	 MTC	 present	 at	 initial	 thyroidectomy
performed	at	a	median	age	of	13.5	years.	With	 increased	knowledge	of	genotype–phenotype	correlations,	more
individualized	management	can	be	used	in	the	treatment	of	familial	variants	of	MTC.
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82 Parathyroid	Tumors
Anupam	Kotwal	and	Geoffrey	B.	Thompson

INCIDENCE	AND	ETIOLOGY
Parathyroid	 tumors	 are	 one	 of	 the	most	 common	 endocrine	 neoplasms.	Hyperparathyroidism	may	 be	 primary,
secondary,	 or	 rarely	 tertiary.	 Primary	 hyperparathyroidism	 (PHPT)	 is	 one	 of	 the	 most	 common	 endocrine
disorders	 along	 with	 diabetes	 mellitus,	 osteoporosis,	 and	 thyroid	 nodules	 and	 is	 the	 most	 common	 cause	 of
hypercalcemia	 in	 the	outpatient	 setting.1	 PHPT	occurs	 as	 a	 result	 of	 inappropriate	 parathyroid	 hormone	 (PTH)
secretion	from	an	enlarged	gland.	Approximately	85%	of	PHPT	cases	are	due	to	a	parathyroid	adenoma,	10%	are
due	to	multigland	parathyroid	hyperplasia,	2%	to	5%	are	due	to	double	parathyroid	adenomas,	and	<1%	are	due	to
parathyroid	 carcinoma.2	 Secondary	 hyperparathyroidism	 occurs	 when	 the	 parathyroid	 glands	 appropriately
respond	to	a	reduced	level	of	extracellular	calcium	and	elevated	level	of	serum	phosphorus.	It	is	characterized	by
an	elevation	of	PTH	with	a	normal	or	 low	calcium	concentration,	which	is	usually	associated	with	renal	failure
and	 vitamin	 D	 deficiency.	 Finally,	 in	 tertiary	 hyperparathyroidism,	 there	 is	 a	 continued	 autonomous
hypersecretion	of	PTH	from	one	or	more	enlarged	parathyroid	glands.	PHPT	may	also	be	associated	with	some
familial	syndromes,	such	as	multiple	endocrine	neoplasia	type	1	(MEN1)	or	multiple	endocrine	neoplasia	type	2A
(MEN2A),	familial	isolated	hyperparathyroidism,	and	the	hyperparathyroidism–jaw	tumor	syndrome	(HPT-JT).3,4

PHPT	was	diagnosed	less	often	when	the	diagnosis	was	dependent	on	overt	symptoms	related	to	long-standing
disease.	The	epidemiology	of	this	disease	has	shown	significant	changes	over	the	past	several	decades,	with	the
majority	 of	 patients	 remaining	 relatively	 asymptomatic	with	 only	mild	 hypercalcemia	 and	 being	 diagnosed	 by
routine	 calcium	 measurements	 instead	 of	 symptoms.5	 Recently,	 normocalcemic	 PHPT	 has	 also	 become	 a
recognized	 entity	 and	 is	mostly	diagnosed	when	PTH	 is	 checked	during	 the	 evaluation	of	 low	bone	density	or
fragility	fractures.6	Recent	 studies	 from	Europe	 and	 the	United	 States	 have	 demonstrated	 that	 the	 incidence	 of
PHPT	is	higher	than	previously	reported,	suggesting	that	the	incidence	has	increased	from	2000	to	2010.7,8	There
are	approximately	100,000	new	cases	diagnosed	each	year	in	the	United	States.	It	is	more	common	in	women	(1
in	500)	than	in	men	(1	in	1,000)	and	occurs	in	approximately	0.3%	of	the	general	population.	PHPT	occurs	most
often	in	perimenopausal	or	postmenopausal	women	and	is	rare	in	children.

Parathyroid	 carcinoma	 is	 a	 rare	 cause	 of	 PHPT	 and	 one	 of	 the	 rarest	 of	 malignancies.9	 The	 estimated
prevalence	is	0.005%	of	all	solid	malignancies.10,11	The	majority	of	cases	often	coexist	with	PHPT,	but	there	are
reports	of	cancers	occurring	in	secondary	hyperparathyroidism	and	with	nonfunctioning	tumors.	The	incidence	of
parathyroid	cancer	ranges	from	0.5%	to	5%	of	cases	of	PHPT.	Most	studies	show	a	prevalence	of	<1%	of	all	cases
of	PHPT.10,12,13	Variable	rates	in	parathyroid	cancer	are	likely	the	result	of	the	fact	that	most	studies	take	place	at
tertiary	referral	centers	where	rare	diagnoses	are	more	likely	to	be	encountered.	Hundahl	et	al.,14	in	their	review	of
the	National	Cancer	Database,	reported	286	cases	of	parathyroid	cancer	between	the	years	1985	and	1995.	Lee	et
al.,11	who	used	 the	Surveillance,	Epidemiology,	and	End	Results	cancer	 registry	database	 for	 the	years	1988	 to
2003,	 reported	 224	 cases	 of	 parathyroid	 cancer.11	 Talat	 and	 Schulte15	 recently	 compiled	 information	 on	 330
patients	collected	from	case	reviews	and	706	patients	from	other	studies	providing	clustered	data	between	1961
and	February	2009.	Based	on	these	studies,	which	capture	approximately	60%	to	80%	of	all	cancer	diagnoses	in
the	United	States,	30	to	50	cases	of	parathyroid	carcinoma	occur	annually.

The	majority	of	patients	with	parathyroid	cancer	present	with	symptoms,	severe	hypercalcemia,	and	metabolic
complications	of	PHPT,	such	as	bone	and	renal	disease.	PTH	levels	are	usually	very	high.	The	clinical	behavior	of
parathyroid	 cancer	 is	 quite	 variable,	 but	 usually,	 the	 tumor	 is	 very	 aggressive,	 and	 most	 patients	 develop
locoregional	 recurrence;	 distant	metastases	 to	 lung,	 bone,	 and	 liver	 occur	 late.	Most	 patients	 with	 parathyroid
cancer	succumb	to	uncontrollable	hypercalcemia,	not	to	direct	tumor	burden.	Parathyroid	cancer	occurs	with	equal
frequency	in	men	and	women	as	opposed	to	the	higher	frequency	of	benign	parathyroid	tumors	in	females.	Male
sex	is	associated	with	worse	overall	survival.	Parathyroid	carcinoma	typically	develops	between	ages	45	and	59



years,	with	 the	median	age	of	presentation	being	55	years.11,14	 Patients	with	 benign	 parathyroid	 tumors	 are	 on
average	 a	 decade	 older	 than	 patients	 with	 parathyroid	 carcinoma.	 There	 is	 no	 ethnic	 or	 racial	 disparity	 in	 the
incidence	of	parathyroid	cancer.11,14

There	are	few	risk	factors	associated	with	parathyroid	cancer.	Genetic	syndromes	associated	with	parathyroid
cancer	 include	 MEN1	 and	 MEN2A,	 but	 benign	 parathyroid	 tumors	 remain	 much	 more	 common	 in	 these
syndromes	as	well.16	Another	important	genetic	syndrome	is	the	HPT-JT	syndrome,	where	up	to	15%	of	affected
individuals	 develop	 parathyroid	 cancer.	 Inactivating	 germline	 mutation	 of	 the	 HRPT2	 gene	 predisposes	 to
tumor.17	 There	 are	 a	 few	 case	 reports	 of	 parathyroid	 carcinoma	 occurring	 in	 patients	 with	 a	 history	 of	 neck
irradiation	 and	 end-stage	 renal	 disease;	 however,	 there	 is	 very	 little	 clinical	 evidence	 to	 support	 this
association.16,18,19	A	retrospective	cohort	study	from	the	Swedish	Family	Cancer	Database	reported	an	association
of	 parathyroid	 cancer	 in	 patients	 with	 a	 history	 of	 thyroid	 cancer	 and	 parathyroid	 adenoma,	 but	 despite	 these
associations,	the	evidence	of	parathyroid	carcinoma	arising	from	malignant	transformation	of	a	benign	tumor	has
not	been	found.20,21

ANATOMY	AND	PATHOLOGY
It	can	be	difficult	 to	distinguish	parathyroid	cancer	from	parathyroid	adenoma.	At	the	time	of	neck	exploration,
malignant	tumors	are	often	large	(usually	>3	cm),	weighing	between	2	and	10	g	(the	combined	weight	of	all	four
normal	 parathyroid	 glands	 is	 approximately	 150	 mg).	 They	 are	 often	 hard,	 firm,	 and	 whitish-gray	 and	 with
invasion	or	adherence	to	the	adjacent	tissues	such	as	the	strap	muscles,	 thyroid	gland,	recurrent	laryngeal	nerve
(RLN),	 trachea,	or	 esophagus.10	 For	 an	 unequivocal	 diagnosis	 of	 parathyroid	 carcinoma,	 the	 presence	 of	 gross
local	invasion,	lymph	node	or	distant	(lung,	liver,	or	bone)	metastasis,	or	local	recurrence	after	complete	resection
(not	 as	 a	 result	 of	 tumor	 spillage	 at	 the	 initial	 resection)	 is	 needed.	 Even	 by	 histopathology,	 the	 diagnosis	 of
parathyroid	 carcinoma	 is	 challenging,	 but	 some	histologic	 criteria	 that	 can	be	used	 include	presence	of	 fibrous
bands	intersecting	the	tumors	forming	trabecular	architecture,	along	with	capsular	invasion,	vascular	invasion,	and
increased	mitotic	activity.	These	features	are	not	unique	to	parathyroid	carcinoma	and	can	also	be	found	in	benign
parathyroid	tumors.	Overall,	there	is	not	one	histopathologic	sign	that	can	distinguish	between	parathyroid	cancer
and	benign	disease;	definitive	diagnosis	can	be	made	only	with	the	presence	of	 locoregional	 invasion	or	distant
metastases.3

Several	 other	markers	 of	malignancy	 have	 been	 studied	 besides	 routine	 hematoxylin	 and	 eosin	 histology	 to
help	 distinguish	 parathyroid	 carcinoma	 from	parathyroid	 adenoma.	Electron	microscopy	 does	 not	 add	 proof	 of
malignancy	when	compared	to	light	microscopy.	On	flow	cytometric	analysis,	parathyroid	carcinomas	are	more
likely	 to	 be	 aneuploid	 than	 adenomas.	Determination	 of	DNA	ploidy	may	 add	 valuable	 information	 to	 routine
histology,	 even	 though	 variable	 rates	 of	 DNA	 ploidy	 can	 also	 be	 seen	 in	 parathyroid	 adenoma.22	 Analysis	 of
human	telomerase	expression	in	parathyroid	tumors	may	be	a	helpful	adjunct	to	histology,	as	100%	of	parathyroid
carcinomas	 are	 positive	 on	 immunohistochemistry	 as	 compared	 with	 6%	 of	 parathyroid	 adenomas.23	 TERT
promoter	mutations	are	rare	 in	parathyroid	carcinomas,24	 suggesting	 that	 the	 increased	 telomerase	expression	 is
due	 to	 other	 mechanisms,	 which	 could	 include	 copy	 number	 alterations,	 DNA	 methylation,	 or	 other	 genetic
events.	 Increased	Ki-67	and	galectin-3	expression	 in	association	with	absent	parafibromin	expression	may	help
distinguish	 parathyroid	 carcinomas	 from	 benign	 parathyroid	 tumors.25	 A	 combination	 of	 these	 three	 markers
showed	 that	 15	 of	 16	 parathyroid	 carcinomas	 were	 correctly	 identified,	 with	 only	 a	 3%	 false-positive	 rate.3
Recently,	distinct	DNA	methylation	profiles	between	benign	and	malignant	 lesions	have	been	demonstrated	by
Starker	et	al.26

Molecular	classification	of	parathyroid	cancer	by	gene	expression	profiling	comes	from	inherited	disorders	of
PHPT,	 especially	 HPT-JT	 syndrome.	 Identification	 of	 the	 molecular	 markers	 associated	 with	 parathyroid
carcinoma	will	prove	to	be	an	important	tool	for	the	improvement	of	the	often	difficult	diagnostic	dilemma.	HPT-
JT	 is	 an	 autosomal	 dominant	 disease,	 and	 the	majority	 of	 patients	 are	 heterozygous	 for	 germline	 cell	 division
cycle	 73	 (CDC73)	 mutations,	 located	 on	 chromosome	 1q31.2.27	 The	 gene	 encodes	 parafibromin,	 a	 tumor
suppressor	protein	that	inhibits	mitogenic	functions	of	cyclin	D1	and	the	c-Myc	pathway.28	Patients	with	HPT-JT
syndrome	have	ossifying	fibromas	of	the	maxilla	and	mandible	and,	less	frequently,	hamartomas	and	renal	cysts
and	develop	parathyroid	tumors	that	are	mostly	malignant.29	Cyclin	D1	is	an	oncogene	 located	on	chromosome
11q13	and	is	involved	in	cell	cycle	regulation.	Overexpression	of	the	oncogene	CCND1	(or	BCL1	or	PRad1)	that
encodes	cyclin	D1	was	 found	 in	many	benign	 tumors	and	 the	vast	majority	of	parathyroid	cancers.17	Although
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cyclin	D1	overexpression	has	been	seen	in	parathyroid	cancer,	it	appears	that	the	increase	in	expression	may	be
related	to	increased	proliferation	and	not	to	the	pathogenesis	of	parathyroid	cancer.4	Furthermore,	it	appears	that
parafibromin	 regulates	 cyclin	D1	 and	 thus	may	 be	 a	 downstream	 effector	 of	 parafibromin.	 The	 importance	 of
underlying	germline	mutations	in	susceptibility	genes	was	recently	underscored	by	the	presence	of	MEN1,	CASR,
and	HRPT2/CDC73	gene	mutations	in	approximately	10%	of	young	patients	(younger	than	45	years	of	age)	with
no	family	history	suggestive	of	familial	hyperparathyroidism.30	Finding	mutations	in	these	genes	implies	that	the
parathyroid	lesion	in	this	specific	subset	of	patients	should	be	treated	with	a	high	index	of	suspicion.

CLINICAL	MANIFESTATIONS	AND	SCREENING
The	majority	of	parathyroid	carcinomas	are	hormonally	functional,	presenting	with	symptoms	of	hypercalcemia,
whereas	the	benign	forms	of	PHPT	are	relatively	less	symptomatic.13,31	Some	patients	with	parathyroid	carcinoma
may	already	present	with	complications,	such	as	renal	(polyuria,	renal	colic,	nephrocalcinosis,	nephrolithiasis)	and
skeletal	 involvement	 (bone	 pain,	 decreased	 bone	 density,	 pathologic	 fractures).	 Concomitant	 renal	 and	 bone
involvement	can	be	seen	in	half	of	the	patients	and	can	lead	to	chronic	renal	insufficiency.	Manifestations	of	bone
disease	 include	 osteitis	 fibrosa	 cystica,	 subperiosteal	 bone	 resorption,	 and	 “salt	 and	 pepper”	 skull.32	 Other
symptoms	of	hypercalcemia,	 such	as	nausea,	 abdominal	pain,	 peptic	ulcer,	 pancreatitis,	 psychiatric	 complaints,
fatigue,	 and	 depression,	 may	 also	 be	 present.	 The	 overall	 symptoms	 can	 be	 exactly	 the	 same	 as	 for	 benign
parathyroid	 disease,	 and	 the	 challenge	 for	 the	 physician	 remains	 to	 differentiate	 between	PHPT	 due	 to	 benign
disease	versus	parathyroid	carcinoma.	Less	than	10%	of	parathyroid	carcinomas	are	hormonally	nonfunctional.33
Calcium	 is	markedly	 elevated,	 usually	 >14	mg/dL,	 and	 PTH	 levels	may	 be	 5	 to	 10	 times	 greater	 than	 normal
levels,34	 but	 rare	 cases	may	 remain	normocalcemic	 and	only	 present	with	 a	 neck	mass.35	 PHPT	due	 to	 benign
parathyroid	disease	usually	will	have	milder	elevation	of	calcium	and	PTH	levels.

TABLE	82.1
Sites	of	Parathyroid	Cancer	at	Presentation	and	at	Recurrence

Initial	Presentation
Local	invasion 40%

Lymph	node	metastases 15%–30%

Distant	metastases 1.8%

Recurrence
Local 33%–82%

Lymph	node 17%–32%

Distant 10%–40%

On	physical	examination,	a	neck	mass	is	palpable	in	>40%	of	patients,	whereas	in	benign	parathyroid	disease,
this	 is	 much	 less	 frequent	 (Table	 82.1).13	 Lymph	 node	 disease	 occurs	 in	 15%	 to	 30%	 of	 patients	 at	 initial
presentation.36	 Most	 commonly,	 parathyroid	 cancer	 invades	 the	 adjacent	 thyroid	 lobe,	 but	 invasion	 into	 the
esophagus,	trachea,	carotid	sheath,	strap	muscles,	and	mediastinum	is	not	uncommon.10,37	Local	symptoms	such
as	dysphagia,	dyspnea,	dysphonia,	odynophagia,	 and/or	ear	pain	may	 result	 from	 local	 invasion.32	Preoperative
laryngoscopy	 should	 be	 performed	 when	 there	 is	 voice	 change	 because	 vocal	 cord	 paralysis	 may	 occur	 from
tumor	 invasion	of	 the	RLN	and	should	be	 recognized	before	operation.	Common	sites	of	distant	metastasis	are
lung,	bone,	and	liver.

DIAGNOSIS
It	 is	 often	 difficult	 to	 diagnose	 parathyroid	 carcinoma	 prior	 to	 surgery	 because	 clinical	 features	 are	 similar	 to
benign	disease.	However,	PHPT	can	easily	be	established	with	a	high	serum	calcium	and	a	high	or	inappropriately
normal	 PTH.	 It	 is	 important	 to	 exclude	 benign	 familial	 hypocalciuric	 hypercalcemia,	 which	 presents	 with
hypercalcemia,	usually	normal	PTH	levels,	and	hypocalciuria	with	a	calcium-to-creatinine	clearance	ratio	<0.01.
Genetic	 testing	 is	 also	 available	 for	 evaluation	 of	 calcium	 sensing	 receptor	 (CASR)	 mutation.	 Making	 a



preoperative	diagnosis	of	 parathyroid	 cancer	 as	 the	 cause	of	PHPT	 is	 often	difficult	 because	 there	 is	 no	 single
laboratory	finding	that	is	pathognomonic	for	it.	Findings	of	severe	hypercalcemia,	extremely	high	PTH	(5	to	10
times	 the	upper	 limit	of	normal),	 and	a	palpable	neck	mass	may	 suggest	 the	diagnosis.	Approximately	60%	 to
65%	of	patients	present	with	a	calcium	level	>14	mg/dL.32	Patients	with	parathyroid	cancer	often	have	elevated
alkaline	phosphatase	and	low	serum	phosphorus.	Human	chorionic	gonadotropin	and	N-terminal	PTH	are	elevated
but	can	also	be	elevated	in	benign	parathyroid	disease.38,39

Patients	who	present	with	 severe	hypercalcemia,	metabolic	 complications	 (e.g.,	 bone	and	 renal),	 and	a	neck
mass	have	a	higher	likelihood	of	parathyroid	cancer.10	Preoperative	imaging	may	help	with	tumor	localization	but
cannot	reliably	distinguish	between	benign	and	malignant	disease.	A	heterogeneous	mass	with	irregular	borders
may	 increase	 the	 suspicious	 of	 malignancy,	 but	 these	 characteristics	 are	 not	 always	 present	 in	 parathyroid
cancers.40	Fine-needle	aspiration	should	be	avoided	due	to	the	possibility	of	cutaneous	seeding	along	the	needle
track.41	There	are	no	definitive	histologic	diagnostic	criteria,	and	the	diagnosis	can	only	be	made	in	a	patient	who
has	either	locoregional	or	distant	metastasis	at	the	time	of	initial	neck	exploration.	At	initial	surgery,	some	cases
are	classified	as	having	“atypical	parathyroid	neoplasm”	when	distinction	between	parathyroid	gland	atypia	and
true	parathyroid	carcinoma	cannot	be	made.	A	retrospective	study	found	that	patients	classified	as	having	atypical
parathyroid	neoplasm,	as	compared	to	true	parathyroid	carcinoma,	had	lower	PTH	level,	higher	overall	survival
rate	 (93.3%	versus	82.6%),	and	higher	5-year	 recurrence-free	 survival	 rate	 (90.9%	versus	59.6%),42	 suggesting
that	 these	 are	 separate	 clinical	 entities.	 Local	 recurrence	 or	 the	 occurrence	 of	 distant	metastases	 at	 subsequent
follow-up	ultimately	determines	the	correct	diagnosis.

TABLE	82.2
Parathyroid	Carcinoma	Proposed	Staging	System

Proposed	Staging	System
T1 Primary	tumor	<3	cm

T2 Primary	tumor	>3	cm

T3
Primary	tumor	of	any	size	with	invasion	of	the	surrounding	soft	tissues	(thyroid	gland,
strap	muscles,	etc.)

T4
Massive	central	compartment	disease	invading	trachea	and	esophagus	or	recurrence
parathyroid	cancer

N0 No	regional	lymph	node	metastases

N1 Regional	lymph	node	metastases

M0 No	evidence	of	distant	metastases

M1 Evidence	of	distant	metastases

Stage
I T1	N0	M0

II T2	N0	M0

IIIa T3	N0	M0

IIIb T3	N0	M0

IIIc Any	T,	N1	M0

IV Any	T,	any	N,	M1

STAGING
Shaha	and	Shah43	proposed	a	staging	system	in	2001	taking	into	consideration	the	size	of	the	tumor,	invasion	to
adjacent	 tissues,	 lymph	 node	 involvement,	 and	 distant	 metastases	 (Table	 82.2).	 Talat	 and	 Schulte15	 in	 2010
suggested	an	anatomy-based	TNM	(tumor-node-metastasis)	 system	 that	 showed	 that	patient	prognosis	could	be
predicted	 with	 their	 model.	 The	 American	 Joint	 Committee	 on	 Cancer	 2017	 cancer	 staging	 manual44
acknowledges	that	proposing	a	staging	system	for	parathyroid	carcinoma	at	this	time	would	be	premature	because
the	available	data	on	tumor	characteristics	and	prognosis	are	so	limited;	however,	it	defines	specific	variables	to
be	ascertained	and	recorded	prospectively	to	facilitate	development	of	a	formal	staging	system	in	the	future	(Table
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82.3).

MANAGEMENT	OF	PARATHYROID	CANCER
Surgery	is	the	treatment	of	choice	for	parathyroid	carcinoma.	It	is	helpful	to	have	a	high	index	of	suspicion	prior
to	the	surgical	procedure	to	better	enable	the	surgeon	to	perform	the	appropriate	operation,	including	a	complete
resection	 with	 microscopically	 negative	 margins	 because	 this	 offers	 the	 best	 chance	 of	 cure.	 Systemic
chemotherapy,	 embolization,	 and	 radiofrequency	 ablation	 have	 been	 attempted	 but,	 in	 general,	 are	 not	 very
effective	 in	 patients	 with	 parathyroid	 cancer.	 Hypercalcemia	 can	 be	 challenging	 to	manage,	 and	 correction	 of
electrolyte	imbalance	is	paramount	to	avoid	irreversible	cardiac	and	renal	complications.	Several	therapies	may	be
instituted	including	rehydration,	repletion	of	electrolytes,	and	loop	diuretics	after	adequate	hydration	to	improve
urinary	excretion	of	calcium.10	Other	 treatment	options	 include	calcitonin	and	bisphosphonates	 in	an	attempt	 to
lower	calcium	levels.	Less	common	treatment	includes	amifostine	(agent	that	inhibits	PTH	release),	but	use	has
been	limited	due	to	side	effect	profile.	A	new	drug	called	cinacalcet	(a	calcimimetic)	is	more	effective	in	lowering
serum	calcium	with	fewer	side	effects	and	is	preferred	over	older	drugs.

TABLE	82.3
Parathyroid	Carcinoma	Proposed	Tumor,	Node,	Metastasis	Definitions	by	the	American	Joint
Committee	on	Cancer/Union	for	International	Cancer	Control	2017

Primary	Tumor	(T)
T	Category T	Criteria
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

Tis Atypical	parathyroid	neoplasm	(neoplasm	of	uncertain	malignant	potential)a

T1 Localized	to	the	parathyroid	gland	with	extension	limited	to	soft	tissue

T2 Direct	invasion	into	the	thyroid	gland

T3
Direct	invasion	into	recurrent	laryngeal	nerve,	esophagus,	trachea,	skeletal	muscle,
adjacent	lymph	nodes,	or	thymus

T4 Direct	invasion	into	major	blood	vessel	or	spine

Regional	Lymph	Nodes	(N)
N	Category N	Criteria
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastasis

N1 Regional	lymph	node	metastasis

N1a
Metastasis	to	level	VI	(pretracheal,	paratracheal,	and	prelaryngeal/Delphian	lymph	nodes)
or	superior	mediastinal	lymph	nodes	(level	VII)

N1b
Metastasis	to	unilateral,	bilateral,	or	contralateral	cervical	(levels	I,	II,	III,	IV,	or	V)	or
retropharyngeal	nodes

Distant	Metastasis	(M)
M	Category M	Criteria
M0 No	distant	metastasis

M1 Distant	metastasis

Prognostic	Stage	Groups
There	are	not	enough	data	to	propose	anatomic	stage	and	prognostic	groups	for	parathyroid	carcinoma.

aDefined	as	tumors	that	are	histologically	or	clinically	worrisome	but	do	not	fulfill	the	more	robust	criteria	(i.e.,	invasion,	metastasis)
for	carcinoma.	They	generally	 include	 tumors	 that	have	 two	or	more	concerning	 features,	such	as	 fibrous	bands,	mitotic	 figures,
necrosis,	 trabecular	growth,	or	adherence	 to	surrounding	 tissues	 intraoperatively.	Atypical	parathyroid	neoplasms	usually	have	a
smaller	dimension,	weight,	and	volume	than	carcinomas	and	are	less	likely	to	have	coagulative	tumor	necrosis.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.



Surgical	Treatment
Because	patients	are	often	not	assessed	for	the	risk	of	parathyroid	cancer,	the	initial	surgery	may	not	completely
address	the	need	for	wide	resection.	If	during	the	resection	the	adenoma	shows	suspicious	features	such	as	a	large
mass,	 whitish	 capsule,	 or	 adherence	 to	 adjacent	 structures,	 an	 en	 bloc	 resection	 of	 the	 tumor	 and	 adjacent
structures	 including	 the	 ipsilateral	 thyroid	 lobe	 with	 gross	 clear	 margins	 should	 be	 attempted.16,43	 En	 bloc
resection	 is	 the	 modality	 of	 choice	 and	 is	 associated	 with	 improved	 outcome.10	 It	 includes	 removal	 of	 the
parathyroid	 lesion	 with	 avoidance	 of	 capsular	 disruption	 (rupture	 can	 cause	 tumor	 spread	 leading	 to
parathyromatosis)	 and	 resection	 of	 all	 involved	 tissues,	 including	 the	 ipsilateral	 thyroid	 lobe,	 trachea,	 and
esophageal	 wall.	 Suspicious	 ipsilateral	 regional	 lymph	 nodes	 should	 also	 be	 removed.	 Those	 with	 diffuse
metastatic	disease	are	less	likely	to	benefit	from	surgical	resection.

Common	 surgical	 complications	 include	 RLN	 injury,	 esophageal	 or	 tracheal	 injury,	 neck	 hematoma,	 and
infection.	 It	 is	 appropriate	 to	 resect	 the	 nerve	 in	 case	 of	 invasion	 or	 in	 those	 at	 high	 risk	 of	 invasion,	 as	 the
recurrence	risk	outweighs	the	benefit	of	preserving	the	nerve.45	Patients	with	poor	outcomes	usually	are	those	with
incomplete	resection,	positive	surgical	margins,46	tumor	seeding,	and	a	history	of	recurrence.	Studies	have	shown
that	 patients	 with	 local	 excision	 rather	 than	 en	 bloc	 resection	 have	 poor	 outcomes.47	 For	 localized	 recurrent
tumors,	a	cervical	and/or	mediastinal	exploration	with	wide	resection	is	recommended.36	If	cervical	lymph	nodes
are	involved,	a	modified	neck	dissection	should	be	performed.	En	bloc	resection	has	an	8%	local	recurrence	rate
and	long-term	overall	survival	rate	of	89%.16	Recurrence	usually	occurs	2	 to	5	years	after	surgery,	with	a	 local
recurrence	rate	of	33%	to	82%	at	5	years.10

Radiotherapy
Parathyroid	carcinomas	are	usually	radiotherapy	resistant,	and	radiation	treatment	as	primary	therapy	has	not	been
shown	to	have	any	significant	effect	either	locally	or	at	distant	sites.	External-beam	adjuvant	radiotherapy	may	be
considered	 in	 high-risk	 patients	 or	 those	 with	 positive	 surgical	 margins.48	 One	 study	 showed	 that	 the	 local
recurrence	 rate	 is	 lower	with	 radiation	 independent	 of	 the	 surgical	 procedure	or	 stage,	 in	 addition	 to	 improved
disease-free	 survival.37	 A	 study	 at	 Mayo	 Clinic	 showed	 that	 patients	 with	 aggressive	 tumors	 who	 received
radiation	 after	 surgery	 achieved	 better	 locoregional	 disease	 control,	 but	 all	 had	 negative	 surgical	 margins.48
Adjuvant	radiation	therapy	does	not	appear	to	affect	the	survival	of	patients	with	parathyroid	cancer,	but	there	is
some	evidence	that	it	decreases	locoregional	disease	progression.

Chemotherapy
There	 is	 no	 standard	 chemotherapy	 regimen	 for	 parathyroid	 carcinoma.	Most	 of	 the	 experience	 comes	 from	 a
limited	number	of	case	 reports.12,13,31,32	Regimens	used	 include	dacarbazine	 as	monotherapy;	 a	 combination	of
fluorouracil,	 cyclophosphamide,	 and	 dacarbazine;	 or	 a	 combination	 of	 methotrexate,	 doxorubicin,
cyclophosphamide,	 and	 lomustine.	 There	 is	 no	 survival	 benefit	 associated	with	 chemotherapy	 in	 patients	with
parathyroid	cancer.

Other	Treatment	Modalities	for	Parathyroid	Carcinoma
Patients	with	parathyroid	carcinoma	usually	succumb	to	the	complications	of	severe	hypercalcemia.	The	primary
goal	 in	 patients	with	metastatic	 disease	 is	 controlling	 the	 PTH-driven	 hypercalcemia.	Drugs	 that	may	 be	 used
include	 bisphosphonates,	 calcitonin,	 glucocorticoids,	 mithramycin,	 plicamycin,	 and	 gallium	 nitrate	 as	 well	 as
hemodialysis	in	addition	to	generous	hydration.	These	medications	help	decrease	the	calcium	levels	in	the	short
term,	but	long-term	remission	is	rarely	seen.	Studies	with	intravenous	pamidronate	and	zoledronate	have	shown
good	calcium	response	in	the	short	term;	zoledronate	is	slightly	superior	to	pamidronate	in	terms	of	response,	but
the	effect	gradually	diminishes	with	subsequent	infusions.49	Oral	bisphosphonates	are	not	effective.	A	new	drug
called	cinacalcet	(a	calcimimetic)	is	more	effective	in	lowering	serum	calcium	with	fewer	side	effects.	Cinacalcet
modulates	calcium-sensing	receptor	(CASR)	on	the	surface	of	parathyroid	cells	directly	decreasing	PTH	synthesis
and	 secretion	 and	 thus	 lowering	 serum	 calcium.50	 Denosumab	 could	 be	 an	 option	 when	 hypercalcemia	 is
refractory	to	bisphosphonates	and	cinacalcet.51	Other	modalities	that	have	been	attempted	include	radiofrequency
ablation	 and	 transcatheter	 arterial	 embolization	 for	 diffuse	 metastatic	 disease52,53	 and	 ultrasound-guided
percutaneous	alcohol	injection	for	unresectable	disease.54	Induction	of	anti-PTH	antibodies	by	immunization	with
PTH	fragments	has	also	been	attempted	to	shrink	tumors	and	halt	the	progression	of	metastases.55	These	adjuvant
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therapies	are	described	in	small	case	series	or	cases	reports,	so	insufficient	information	is	available	to	determine
their	effects	on	long-term	survival.	These	therapeutic	options	should	be	decided	on	a	case-by-case	basis.

FOLLOW-UP	AND	NATURAL	HISTORY
Patients	with	 parathyroid	 carcinoma	 require	 lifelong	 follow-up	 as	 at	 least	 half	 develop	 recurrent	 disease,	most
commonly	in	the	neck.48	The	average	time	to	recurrence	is	slightly	over	33	months.31	The	rate	of	 recurrence	 is
higher	when	the	diagnosis	is	not	initially	known	and	en	bloc	parathyroidectomy	is	not	performed	or	if	disruption
of	the	parathyroid	capsule	occurred.	PTH	and	calcium	monitoring	should	be	initially	performed	every	6	months
and	then	annually.	If	there	is	biochemical	evidence	of	persistent	disease,	high-resolution	ultrasound	of	the	neck	is
the	best	next	step.	Whole-body	sestamibi	scan	and	other	images,	such	as	computed	tomography	(CT)	or	magnetic
resonance	 imaging	 (MRI)	 of	 the	 chest,	 neck,	 and	 abdomen,	 are	 performed	 for	 evaluation	 of	 metastases.	 The
sensitivity	 of	 neck	 ultrasound	 is	 69%,	 whereas	 that	 of	 sestamibi	 scan,	 CT,	 and	MRI	 is	 93%,	 79%,	 and	 67%,
respectively.45	 If	 these	 noninvasive	 studies	 are	 nondiagnostic,	 selective	 venous	 sampling	 for	 PTH	 can	 be
performed	in	an	attempt	to	localize	the	site	of	recurrence.	If	isolated	distant	metastases	are	confirmed,	resection
might	be	helpful	in	controlling	disease	both	clinically	and	biochemically.	Local	recurrence	is	usually	treated	with
reoperation	 and	 resection	 of	 cervical	 and/or	 mediastinal	 disease.	 This	 often	 helps	 to	 improve	 symptoms	 and
calcium	 levels	 in	up	 to	75%	of	patients.45	 Patients	with	 disseminated	 disease	 are	 less	 likely	 to	 benefit	 and	 are
usually	offered	the	medical	management	options	discussed	earlier.

PROGNOSIS
With	a	mean	follow-up	of	6.1	years,	Talat	and	Schulte15	 showed	 that	35%	of	patients	died	of	disease	and	64%
experienced	 recurrence.	The	 relative	 risk	 of	 recurrence	 is	 1.7;	 this	 risk	 increases	 to	 4.3	when	 there	 is	 vascular
invasion.	Failure	to	perform	en	bloc	resection	carries	a	relative	risk	of	2.0	for	reoperative	surgery.	Studies	have
shown	 that	 recurrence	 is	 detected	on	 average	2	 to	 4	 years	 after	 the	 initial	 operation,	 and	 these	 patients	 have	 a
median	 survival	 of	 5	 to	 6	 years	 after	 the	 initial	 diagnosis.31,32,37	 Patients	 usually	 succumb	 to	 uncontrolled
hypercalcemia	 and	 its	 sequelae.	 The	 10-year	 survival	 is	 quite	 variable	 and	 institution	 dependent.	 However,
survival	may	be	improving	as	shown	by	the	National	Cancer	Database	survey	of	1985	to	1995	that	reported	5-	and
10-year	survival	 rates	of	55.5%	and	49%,	 respectively,14	as	compared	 to	 the	updated	survey	extending	 to	2006
showing	improved	5-	and	10-year	overall	survival	rates	of	82.3%	and	66%,	respectively	(Table	82.4).56	Patients
with	parathyroid	cancer	may	have	long	survival,	but	this	will	typically	involve	multiple	reoperations	and	a	high
rate	of	complications.36

TABLE	82.4
Demographics	and	Clinical	Characteristics	of	Primary	Hyperparathyroidism	due	to
Parathyroid	Carcinoma

Study Sex	(M:F)

Mean/Median
Age	(y)
(Range)

Mean
Size	(cm)
(Range)

Mean
Weight
(g)
(Range)

Mean
PTH
(pg/mL)
(Range)

Mean
Calcium
(mM)
(Range)

Lymph
Node
Status

Mean
Follow-up
(mo)
(Range)

No.	of
Deaths

Talat	and
Schulte15 152:169 49	(13–83)

2.9	(0.2–
12)

14.1	(0.4–
152) 8	(1–71.6)

3.6	(2.2–
6.0)

Positive:
27
Negative:
15
Unknown:
287

73	(3–
320) 117

Hundahl
et	al.14 146:140 — — — — —

Positive:
16
Negative:
89
Unknown:
181 — 140



Asare	et
al.56 327:406 56.1	(15–89)

2.96	(1–
15) — — —

Positive:
23
Negative:
157
Unknown:
553 — 180

Kebebew
et	al.45 13:5 46	(23–63) — —

—	(1.6–
20)

—	(2.4–
4.6)

Positive:	2
Negative:
0
Unknown:
16

97.2	(12–
240) 0

Wynne	et
al.32 21:22 54	(29–74) —

—	(0.6–
110)

—	(1.5–
36)

3.6	(2.8–
>5.0) — —	(3–312) 17

Iihara	et
al.25 17:21 —	(13–74) —

—	(0.8–
67)

—	(1.8–
33)

—	(2.8–
5.0)

Positive:	3
Negative:
19
Unknown:
16

119	(18–
96) 9

Lee	et
al.11 112:112 56	(23–90) — — — —

Positive:	9
Negative:
0
Unknown:
215

—	(12–
192) 72

M,	male;	F,	female;	PTH,	parathyroid	hormone.
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83 Adrenal	Tumors
Antonio	M.	Lerario,	Dipika	R.	Mohan,	Roy	Lirov,	Tobias	Else,	and	Gary	D.
Hammer

INTRODUCTION
The	 adrenal	 glands	 are	 paired	 endocrine	 organs	 that	 reside	 above	 each	 kidney	 and	 produce	 a	 broad	 array	 of
hormones	critical	for	life.	Each	adrenal	gland	is	composed	of	an	outer	cortex	and	inner	medulla	that	secrete	steroid
hormones	(e.g.,	aldosterone,	cortisol,	and	androgens)	and	catecholamines	(e.g.,	norepinephrine	and	epinephrine),
respectively.	 Primary	 adrenal	 neoplasms	 include	 cortex-derived	 adrenocortical	 tumors	 (ACTs)	 and	 medulla-
derived	 pheochromocytomas	 (PCs),	 which	 are	 often	 incidentally	 discovered	 during	 abdominal	 imaging	 exams
(“adrenal	incidentalomas”).	In	addition,	patients	with	adrenal	tumors	may	seek	medical	attention	because	of	signs
and	symptoms	related	 to	syndromes	of	hormonal	excess	or	 tumor	mass,	 increasing	 the	complexity	of	diagnosis
and	clinical	management.	Although	the	overall	prevalence	of	adrenal	tumors	is	estimated	to	be	3%	in	those	older
than	 50	 years	 old	 and	 6%	 in	 those	 older	 than	 60	 years	 old,	 primary	 malignancies	 of	 the	 adrenal	 glands	 are
extremely	 rare.1	 The	 focus	 of	 this	 chapter	 is	 the	 evaluation	 and	 management	 of	 primary	 malignant	 adrenal
neoplasia	in	adults,	specifically	cancers	of	the	adrenal	cortex	(adrenocortical	carcinoma	[“ACC”])	and	neoplasms
of	 the	 medulla	 (PC).	 However,	 given	 the	 overlapping	 clinical	 spectra	 of	 benign	 and	 malignant	 disease,	 this
discussion	 is	 broadened	 to	 include	 benign	 primary	 adrenal	 tumors.	 Not	 discussed	 in	 this	 chapter	 are
neuroblastoma	and	nonprimary	adrenal	masses	such	as	adrenal	metastases,	sarcomas,	lymphomas,	myelolipomas,
ganglioneuromas,	and	nonneoplastic	masses.

INCIDENCE	AND	ETIOLOGY
Incidence	and	Etiology	of	Adrenocortical	Carcinoma
The	estimated	global	incidence	of	ACC	is	0.5	to	2	per	million	per	year.	ACC	has	a	slight	predilection	for	women
(female-to-male	ratio,	1.5:1)	and	a	bimodal	age	distribution,	peaking	in	early	childhood	and	in	the	fifth	decade	of
life.2	There	are	no	well-established	risk	factors	for	sporadic	ACC;	however,	up	to	15%	of	adult	ACC	patients	have
germline	mutations	 associated	with	 familial	 cancer	 syndromes,	 including	Li-Fraumeni	 syndrome	 (LFS),	 Lynch
syndrome,	 multiple	 endocrine	 neoplasia	 type	 1	 (MEN1),	 familial	 adenomatous	 polyposis	 (FAP),	 Beckwith-
Wiedemann	syndrome,	and	Carney	complex.3	Among	pediatric	ACC	patients,	 the	prevalence	of	germline	TP53
mutations	 is	up	 to	80%.4	 Interestingly,	 the	 incidence	of	 pediatric	ACC	 in	 southeastern	Brazil	 is	 15-fold	higher
than	 that	 reported	 worldwide,	 secondary	 to	 the	 circulating	 founder	 p.R337H	 TP53	 germline	 variant	 in	 the
population.5

Incidence	and	Etiology	of	Pheochromocytoma
The	overall	prevalence	of	PC	in	the	general	population	has	been	estimated	at	0.05%.6	Up	to	30%	of	patients	with
PC	have	germline	mutations	associated	with	various	familial	syndromes,	including	multiple	endocrine	neoplasia
type	 2	 (MEN2),	 von	Hippel-Lindau	 disease	 (VHL),	 neurofibromatosis	 type	 1	 (NF1),	 and	 pheochromocytoma-
paraganglioma	syndrome	types	1	to	5	(PGL1	to	PGL5)	(Table	83.1).7	Syndromic	cases	are	often	characterized	by
multifocal	 and	 extra-adrenal	 tumors	 involving	 the	 paraganglia	 (termed	 paragangliomas	 [PGLs])	 and
predisposition	to	several	other	extra-adrenal	malignancies.	The	average	age	at	presentation	with	PC	is	44	years	in
apparently	sporadic	cases,	compared	with	25	years	for	patients	with	disease-associated	germline	mutations.8	Up	to
25%	of	all	PCs	are	malignant;	interestingly,	up	to	50%	of	patients	with	SDHB	mutations	that	define	PGL	type	4
have	malignant	disease.9



TABLE	83.1
Pheochromocytoma-	and	Paraganglioma-Associated	Familial	Syndromes

Gene Syndrome Prominent	Extra-Adrenal	Clinical	Features Mutation	Rate

VHL von	Hippel-Lindau

Clear	cell	renal	carcinoma,	CNS/retinal
hemangioblastomas,	pancreatic	neuroendocrine
tumors 7%

RET

Multiple	endocrine
neoplasia	types	2A	and
2B

Medullary	thyroid	carcinoma,	primary
hyperparathyroidism,	marfanoid	habitus	(MEN2B
only) 6%

NF1
Neurofibromatosis	type
1

Neurofibromas,	schwannomas,	gliomas,	Lisch
nodules,	café-au-lait	spots 3%

SDHB

Pheochromocytoma-
paraganglioma
syndrome,	type	4
(PGL4)

Renal	cell	carcinoma,	gastrointestinal	stromal
tumor	(GIST),	paraganglioma

10%

SDHD PGL1 9%

SDHC PGL3 1%

SDHA PGL5 GIST,	paraganglioma <1%

SDHAF2 PGL2 Head	and	neck	paraganglioma <0.1%

TMEM127 Familial
pheochromocytoma

Renal	cell	carcinoma 1%

MAX Paraganglioma 1%

EPAS1

Polycythemia
paraganglioma
syndrome Polycythemia,	paraganglioma,	somatostatinoma 1%

FH
Leiomyomatosis	and
renal	cell	cancer

Cutaneous	and	uterine	leiomyomas,	papillary
renal	cell	carcinoma,	paraganglioma 1%

CNS,	central	nervous	system;	MEN2B,	multiple	endocrine	neoplasia	type	2B.
From	Favier	J,	Amar	L,	Gimenez-Roqueplo	AP.	Paraganglioma	and	phaeochromocytoma:	from	genetics	to	personalized	medicine.
Nat	Rev	Endocrinol	2015;11(2):101–111.

ANATOMY	AND	PATHOLOGY
Adrenal	Gland	Anatomy	and	Histology
The	adrenal	glands	are	paired	retroperitoneal	endocrine	organs	that	lie	within	the	renal	fascia	above	each	kidney
measuring	approximately	4	to	6	g	in	weight,	5	cm	in	length,	and	3	cm	in	width.	Each	adrenal	gland	is	surrounded
by	a	connective	tissue	capsule	and	composed	of	two	embryologically	distinct	tissues:	an	outer	region,	the	cortex,
and	a	central	region,	the	medulla.

The	mature	 adrenal	 cortex	 is	 composed	of	 three	 concentric	 and	histologically	 distinct	 zones.	The	 outermost
zone,	the	zona	glomerulosa,	lies	directly	beneath	the	capsule;	cells	in	this	zone	are	characteristically	arranged	in
spherical	rosettes.	The	middle	zona	fasciculata	 is	 characterized	by	 radial	 chords	of	 lipid-rich	cells	organized	 in
fascicles.	 Finally,	 the	 innermost	 zona	 reticularis	 lies	 adjacent	 to	 the	medulla;	 lipid-poor	 cells	 in	 this	 zone	 are
irregularly	 arranged	 in	 a	 net-like	 pattern.	 The	 adrenal	 cortex	 produces	 steroid	 hormones	 using	 zone-specific
enzymes	that	catalyze	sequential	covalent	modifications	to	cholesterol,	a	process	known	as	steroidogenesis.	The
zona	glomerulosa	produces	the	mineralocorticoid	aldosterone	under	control	of	the	renin-angiotensin-aldosterone
system	(RAAS)	in	response	to	angiotensin	II	stimulation,	the	zona	fasciculata	produces	the	glucocorticoid	cortisol
under	 control	 of	 pituitary	 adrenocorticotropic	 hormone	 (ACTH)	 via	 the	 hypothalamic-pituitary-adrenal	 (HPA)
axis,	 and	 the	 zona	 reticularis	 produces	 the	 androgen	 dehydroepiandrosterone	 sulfate	 under	 control	 of	 pituitary
ACTH.

The	adrenal	medulla	is	composed	of	clusters	and	trabeculae	of	neural	crest–derived	chromaffin	cells	separated
by	venous	sinusoids.	Like	peripheral	postganglionic	sympathetic	neurons,	chromaffin	cells	of	the	adrenal	medulla
synthesize	 and	 store	 norepinephrine	 using	 tyrosine	 and	 phenylalanine	 substrates.	 Importantly,	 unlike	 other
postganglionic	neurons,	 the	 adrenal	medulla	 can	also	 synthesize	epinephrine	 from	norepinephrine.	Sympathetic
neurons	 synapse	 directly	 on	 chromaffin	 cells;	 upon	 sympathetic	 stimulation,	 chromaffin	 cells	 release
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norepinephrine	and	epinephrine	into	adjacent	venous	sinusoids	for	systemic	circulation.

Adrenal	Tumor	Pathology
In	 the	 absence	 of	 clear	 signs	 of	 invasion	 and/or	metastasis,	 differentiating	 localized	ACC	 from	 adrenocortical
adenomas	 (ACAs)	 can	 be	 challenging.	Currently,	 the	 definitive	 diagnosis	 of	ACC	 is	 established	 by	 pathologic
assessment	of	the	adrenal	tumor.	The	most	well-accepted	diagnostic	tool	is	a	scoring	system	proposed	by	Weiss.10
This	 scoring	 system	 is	 composed	of	 the	 following	nine	histologic	 criteria	 that	 are	 each	 awarded	1	point	 to	 the
Weiss	score:	atypical	mitoses;	high	nuclear	grade	(Furhmann	3	or	4);	>5	mitoses	in	50	high-power	fields	(HPF);
diffuse	architecture	in	greater	than	one-third	of	the	tumor;	clear	cells	composing	<25%	of	the	tumor;	microscopic
necrosis;	and	invasion	of	sinusoidal,	venous,	and	capsular	structures.	The	diagnosis	of	ACC	is	established	when
tumors	 have	 a	 Weiss	 score	 ≥3.11	 Importantly,	 Weiss	 criteria	 are	 not	 applicable	 in	 evaluating	 the	 malignant
potential	 of	 pediatric	ACTs.	 In	 addition,	 proliferation	 rate	 assessed	 by	mitotic	 counts	 or	 by	 the	Ki-67	 staining
index	is	routinely	used	to	predict	clinical	outcomes	in	ACC.	Mitoses	>20/50	HPF	or	Ki-67	≥10%	defines	high-
grade	disease,	which	is	associated	with	significantly	worse	outcomes.11,12	Of	note,	oncocytic	subtypes	are	also	not
evaluated	by	the	Weiss	system,	but	malignant	potential	is	diagnosed	by	specific	scores.13

Because	 PC	 and	 PGL	 share	 a	 common	 neural	 crest	 origin,	 similar	 histology,	 molecular	 pathogenesis,	 and
biologic	behavior,	they	are	often	considered	a	spectrum	of	the	same	entity.14	Differentiating	benign	PCs	or	PGLs
from	those	with	malignant	potential	is	a	challenging	clinical	problem.	Although	primary	tumor	size	(<5	cm	versus
≥5	 cm),	 tumor	 location	 (adrenal	 versus	 extra-adrenal),	 and	 presence	 of	 germline	 SDHB	 mutations	 are	 well-
recognized	 clinical	 predictors	 of	malignancy,	 no	 single	 histologic	 criterion,	 including	 extensive	 local	 invasion,
consistently	predicts	malignancy.9	Morphologic	and	biochemical	scoring	systems	have	been	proposed	to	stratify
PC	according	 to	malignant	potential.	These	 include	 the	Pheochromocytoma	of	 the	Adrenal	Gland	Scaled	Score
(“PASS”)	histopathologic	criteria	and	the	Grading	System	for	Adrenal	Pheochromocytomas	and	Paragangliomas
(“GAPP”),	 which	 also	 uses	 Ki-67	 staining	 index	 and	 patterns	 of	 catecholamine	 secretion.15,16	However,	 these
scoring	 systems	have	not	been	 fully	validated.	For	 this	 reason,	 the	only	criterion	adopted	by	 the	World	Health
Organization	for	defining	malignant	PC	or	PGL	is	the	presence	of	metastasis.14

Adrenal	Tumor	Molecular	Pathology
Studies	 of	 familial	 syndromes	 that	 feature	 benign	 and	 malignant	 ACTs	 have	 significantly	 contributed	 to	 our
current	 understanding	 of	 the	 molecular	 pathogenesis	 of	 ACT.	 The	 identification	 of	 the	 germline	 molecular
alterations	 underlying	 Carney	 complex,	 FAP,	 familial	 hyperaldosteronism,	 LFS,	 and	 Beckwith-Wiedemann
syndrome	have	seeded	subsequent	studies	that	illuminate	roles	for	dysregulated	signaling	through	protein	kinase
A	(PKA),	Wnt,	calcium/calmodulin,	p53,	and	insulin-like	growth	factor	2	(IGF2)	pathways	in	the	pathogenesis	of
sporadic	ACT.3	More	recently,	high-throughput	molecular	profiling	studies	on	ACT	have	not	only	corroborated
these	initial	observations	but	also	elucidated	a	more	complete	landscape	of	recurrent	somatic	alterations	in	these
tumors	(Table	83.2).	Notably,	a	recent	comprehensive	molecular	profiling	study	on	ACC,	as	part	of	the	National
Institutes	 of	 Health	 (NIH)	 and	 National	 Cancer	 Institute	 (NCI)	 The	 Cancer	 Genome	 Atlas	 (TCGA)	 project,
analyzed	 the	 molecular	 profiles	 of	 91	 primary	 ACC	 tumors.17	 In	 this	 study,	 investigators	 used	 several	 high-
throughput	platforms	to	evaluate	each	tumor	and	profile	the	following:	recurrent	somatic	alterations,	copy	number
variation,	DNA	methylation,	transcriptome,	and	microRNA	signatures.	By	combining	the	information	across	these
high-throughput	platforms	into	a	single	analysis	(cluster	of	clusters	[COC]),	this	study	demonstrated	that	ACC	is
composed	 of	 three	 molecular	 subtypes—COC1,	 COC2,	 and	 COC3—that	 are	 correlated	 with	 distinct	 clinical
outcomes.	Whereas	COC1	and	COC2	 tumors	 exhibit	more	 favorable	 and	 intermediate	 prognoses,	 respectively,
patients	with	COC3	tumors	 invariably	experienced	progression	(median	event-free	survival,	8	months).	Finally,
although	 it	 is	 known	 that	 11p	 uniparental	 isodisomy	 and	 imprinting	 defects	 leading	 to	 aberrant	 increased
expression	of	 the	 IGF2	 locus	 affect	 >90%	of	ACCs,	 this	 study	 also	 highlighted	 that	 the	 spectrum	of	 recurrent
somatic	alterations	in	ACC	includes	genes	that	regulate	the	cell	cycle	(e.g.,	CDK4,	RB1,	TP53,	CDKN2A),	Wnt
pathway	 (ZNRF3,	 CTNNB1),	 and	 epigenetic	 programs	 (MEN1,	 MLL4).	 These	 observations	 open	 venues	 for
incorporating	molecular	 information	 into	 the	 clinical	 decision-making	 process,	 through	 directing	 research	 into
novel,	clinically	relevant	biomarkers	and	therapeutic	approaches.

The	molecular	pathogenesis	of	PC	and	PGL	is	complex.	As	previously	mentioned,	30%	to	40%	of	PCs	and
PGLs	are	hereditary	 and	 associated	with	germline	mutations.	 In	 addition	 to	mutations	 in	RET,	 VHL,	NF1,	 and
SDHx,	 which	 define	MEN2,	VHL,	NF1,	 and	 the	 PGL	 types	 1	 to	 5,	 respectively,	 recent	 studies	 using	 exome-



sequencing	 analyses	 have	 identified	 several	 other	 mutations	 associated	 with	 hereditary	 PC	 and	 PGL.	 These
include	mutations	 in	TMEM127,	MAX,	EPAS1,	FH,	KIF1B,	 and	PHD2.7	Among	 sporadic	PC	and	PGL,	 recent
reports	 have	 noted	 several	 recurrent	 somatic	 events,	 including	mutations	 in	RET,	NF1,	HRAS,	 and	VHL7	 (see
Table	 83.2).	A	 recent	molecular	 profiling	 study	 further	 expanded	 this	 list	 to	 include	 recurrent	 fusion	 events.18
Interestingly,	the	complex	mutational	landscape	of	sporadic	and	familial	tumors	includes	common	genes	involved
in	 a	 variety	 of	 biologic	 processes	 that	 converge	 on	 the	 activation	 of	 two	major	molecular	 signaling	 pathways.
VHL,	SDHx,	 IDH1,	 and	FH	mutations	 lead	 to	 activation	 of	 hypoxia-inducible	 factor–dependent	 transcriptional
programs	(pseudohypoxia);	mutations	in	RET,	NF1,	TMEM127,	and	HRAS	cause	activation	of	kinase-dependent
signaling	pathways.19	More	recently,	two	additional	transcriptional	patterns	have	been	recently	identified	in	small
subsets	of	PC	and	PGL—the	activation	of	 the	Wnt	pathway	in	tumors	with	fusions	involving	the	MAML3	gene
and	somatic	mutations	of	CSDE1,	and	activation	of	an	adrenocortical	differentiation	program	in	some	tumors	with
RET	 and	 MAX	 mutations.18	 This	 strong	 association	 between	 genetic	 alterations	 and	 specific	 transcriptional
programs	 can	 be	 potentially	 exploited	 therapeutically	 by	 molecular	 targeted	 compounds.	 As	 such,	 tumors
exhibiting	activation	of	the	pseudohypoxia	program	may	benefit	from	antiangiogenic	agents	such	as	sunitinib,	and
tumors	 with	 kinase	 signaling	 activation	 may	 benefit	 from	 inhibition	 of	 the	 mammalian	 target	 of	 rapamycin
(mTOR)	pathway.	Emerging	data	support	clinical	benefit	of	antiangiogenic	agents	in	metastatic	PC	and	PGL	with
activation	 of	 the	 pseudohypoxia	 program.20	 Phase	 II	 clinical	 trials	 evaluating	 this	 therapy	 further	 are	 ongoing
(NCT01371201,	NCT00843037,	and	NCT1967576;	www.clinicaltrials.gov).

TABLE	83.2
Recurrent	Somatic	Alterations	in	Adrenal	Tumors

BENIGN	ADRENOCORTICAL	TUMORS	(ACT)
Cellular	Program Genes Reference
All	benign	ACT
Wnt/β-catenin	signaling CTNNB1

Monticone	S,	Buffolo	F,	Tetti	M,	et	al.
GENETICS	IN	ENDOCRINOLOGY:	the
expanding	genetic	horizon	of	primary
aldosteronism.	Eur	J	Endocrinol
2018;178(3):R101–R111.
Bonnet-Serrano	F,	Bertherat	J.	Genetics
of	tumors	of	the	adrenal	cortex.	Endocr
Relat	Cancer	2018;25(3):R131–R152.

Aldosterone-producing	benign	ACT
Calcium/calmodulin	signaling KCNJ5,	ATP1A1,	ATP2B3,	CACNA1D

Cortisol-producing	benign	ACT
PKA	signaling PRKAR1A,	GNAS,	PRKACA
ADRENOCORTICAL	CARCINOMA	(ACC)
Cellular	Program Genes Reference
Wnt/β-catenin	signaling ZNRF3,	CTNNB1,	APC

Zheng	et	al.17
Assié	G,	Letouze	E,	Fassnacht	M,	et	al.
Integrated	genomic	characterization	of
adrenocortical	carcinoma.	Nat	Genet
2014;46(6):607–612.
Lerario	et	al.3

p53/Rb	signaling
TP53,	RB1,	CDKN2A,	CDK4,	MDM2,
CCNE1

Chromatin	remodeling MEN1,	MLL4,	DAXX,	ATRX
PKA	signaling PRKAR1A

Other
IGF2,	TERT,	TERF2,	NF1,	RPL22,
MED12

PHEOCHROMOCYTOMA/PARAGANGLIOMA	(PC/PGL)
Cellular	Program Gene Reference
Pseudohypoxia VHL,	APAS1,	FH,	MDH2,	IDH1,	SDHx

Fishbein	et	al.18

Favier	et	al.7
Kinase-dependent	signaling NF1,	HRAS,	RET,	TMEM127,	MAX
Other MAML3,	CSDE1
PKA,	protein	kinase	A.

SCREENING
There	are	no	current	screening	recommendations	for	adrenal	tumors	in	the	general	population.	As	such,	screening
should	only	be	considered	for	patients	with	a	known	or	suspected	familial	syndromes	that	predispose	to	adrenal
neoplasia.	Specific	screening	and	follow-up	protocols	exist	for	each	of	these	syndromes	and	are	beyond	the	scope
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of	 this	 chapter.	 However,	 it	 is	 important	 to	 mention	 that	 at-risk	 individuals	 from	 families	 with	 hereditary
syndromes	predisposing	 to	PC	or	PGL	should	be	 recommended	 to	 follow	up	with	 expert	 centers	 for	 screening
surveillance.

DIAGNOSIS
The	 workflow	 for	 diagnosing	 and	 characterizing	 adrenal	 tumors	 relies	 on	 hormonal	 workup	 and	 imaging
assessment	 in	 a	 setting	 of	 clinical	 suspicion.	 The	 primary	 goal	 of	 these	 procedures	 is	 to	 identify	 patients	who
require	 surgical	 intervention	 either	 because	 of	 endocrine	 overactivity	 or	 malignant	 potential,	 while	 avoiding
unnecessary	procedures	in	patients	with	indolent	disease.

Initial	Evaluation	and	Clinical	Assessment	of	Adrenal	Tumors
Patients	with	adrenal	neoplasia	may	come	to	medical	attention	because	of	signs	and	symptoms	related	to	hormone
excess	and/or	 tumor	mass	effect	or	 following	 incidental	discovery	of	an	adrenal	mass	 (“incidentaloma”)	during
unrelated	imaging	assessment	(Fig.	83.1).	Patients	with	functional	cortical	neoplasms	most	frequently	present	with
hypercortisolism	 (Cushing	 syndrome),	 followed	 by	 virilization,	 hyperaldosteronism,	 and	 rarely	 feminization.21
Although	it	is	difficult	to	differentiate	ACA	from	ACC	by	hormonal	evaluation,	certain	endocrine	manifestations
in	patients	with	adrenal	masses	should	increase	clinical	suspicion	for	ACC.	In	particular,	patients	with	virilization
or	feminization,	especially	in	the	presence	of	hypercortisolism	(mixed	syndromes),	have	increased	likelihood	of
an	underlying	adrenocortical	malignancy.22

Clinical	manifestations	 of	 PC	 and	 PGL	 are	 often	 secondary	 to	 catecholamine	 excess.	 Postural	 hypotension,
episodic	 or	 sustained	 hypertension,	 and	 spells	 of	 tachycardia,	 diaphoresis,	 and	 pallor	 are	 commonly	 reported
among	patients	with	clinically	significant	catecholamine	secretion.	The	classical	symptom	triad	of	PC	and	PGL	is
headache,	 palpitations,	 and	 diaphoresis,	 but	 presentation	 is	 highly	 variable,	 and	 the	 complete	 triad	 is	 observed
only	in	a	minority	of	cases.

Laboratory	Examinations	and	Hormonal	Assessment
Patients	 presenting	 with	 clinical	 symptoms	 suggestive	 of	 endocrine	 overactivity	 and/or	 a	 documented	 adrenal
mass	require	a	comprehensive	hormonal	assessment.	Importantly,	patients	with	both	ACA	and	ACC	can	present
with	 hormone	 excess	 symptoms.	 Patients	 with	 functional	 ACTs	 often	 have	 autonomous	 hormone	 secretion
characterized	by	 loss	of	negative	feedback	control	along	 the	HPA	axis	and/or	RAAS.	For	 this	 reason,	hormone
excess	 should	 be	 evaluated	 in	 these	 patients	 through	 formal	 hormonal	 assessment	 that	 is	 interpreted	 by	 an
endocrinologist.



Figure	83.1	Imaging	evaluation	of	an	incidentally	identified	adrenal	mass.	CT,	computed
tomography;	MRI,	magnetic	resonance	imaging;	HU,	Hounsfield	unit;	NCE,	non–contrast-

enhanced;	CE,	contrast-enhanced;	APW,	absolute	percentage	washout;	RPW,	relative	percentage
washout.	aSuspicious	features	include	heterogeneity,	irregular	margins,	and	calcifications.

bFunctional	imaging	with	positron	emission	tomography/CT	or	follow-up	with	MRI	or	CT,	as
discussed	in	text

To	evaluate	abnormalities	in	the	HPA	axis	associated	with	adrenal	(ACTH-independent)	hypercortisolism,	it	is
critical	to	assess	baseline	morning	plasma	cortisol	and	ACTH,	24-hour	urinary	free	cortisol,	midnight	salivary	or
plasma	cortisol,	and	particularly,	a	morning	plasma	cortisol	after	an	overnight	1-mg	dexamethasone	suppression
test.	Abnormal	 cortisol	 production	 by	 an	ACT	 is	 definitively	 confirmed	 by	 two	 tests	 demonstrating	 cortisol	 in
excess	 in	 the	presence	of	 low	ACTH	 level	 (<10	pg/μL).	Subclinical	 cortisol	production	 is	more	challenging	 to
document;	 in	 this	 setting,	 the	most	 sensitive	 test	 for	demonstrating	autonomous	cortisol	production	 is	 the	1-mg
dexamethasone	suppression	test.23

For	patients	with	adrenal	masses	and/or	suspected	ACT,	serum	levels	of	androgens	and	precursors	such	as	free
testosterone,	 dehydroepiandrosterone	 sulfate,	 androstenedione,	 and	 11-deoxycortisol	 should	 also	 be	 evaluated.
Elevated	 serum	 levels	 of	 androgens	 and/or	 steroid	 hormone	 precursors	 in	 the	 presence	 of	 an	 adrenal	mass	 are
highly	suggestive	of	ACC.21	More	 recently,	measurements	 of	multiple	 urinary	 steroids	 and	precursors	 by	mass
spectrometry	were	able	to	reliably	distinguish	ACC	from	ACA	and	track	ACC	recurrence.24	However,	although
this	approach	is	promising	and	feasible,	it	is	still	not	available	in	clinical	practice.	Serum	aldosterone	and	plasma
renin	 activity	 should	 also	 be	 evaluated	 if	 the	 patient	 is	 hypertensive	 and/or	 hypokalemic	 in	 the	 presence	 of	 an
adrenal	mass.	An	abnormally	high	aldosterone/plasma	renin	activity	ratio	(>20	to	40	in	the	setting	of	aldosterone
>12	ng/dL)	is	suggestive	of	autonomous	aldosterone	production	and	usually	requires	a	confirmatory	test,	such	as
measurement	 of	 serum	 aldosterone	 following	 saline	 infusion	 or	 24-hour	 urine	 aldosterone	 under	 salt	 loading
conditions	 if	 an	 aldosterone-producing	 adenoma	 is	 suspected.25	 Rarely,	 male	 patients	 with	 adrenal	 masses
suspicious	of	ACC	may	develop	clinical	signs	consistent	with	feminization.	In	this	setting,	estradiol	levels	should
be	evaluated.

In	a	setting	of	high	clinical	suspicion	for	PC	or	PGL	and	for	all	patients	with	incidentalomas,	plasma	or	urinary
fractionated	metanephrines	should	be	evaluated.	Importantly,	measurement	of	these	catecholamine	metabolites	is
the	most	 sensitive	 test	 for	diagnosing	PC	and	PGL	and	should	be	performed	prior	 to	 imaging	 in	a	patient	with
clinical	symptoms	highly	suggestive	of	PC.	Plasma	fractionated	metanephrine	levels	greater	than	three	times	the
upper	limit	are	considered	strongly	suggestive	for	PC	and	PGL.26	In	addition,	measurements	of	chromogranin	A
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may	 be	 useful	 in	 the	 biochemical	 diagnosis	 of	 PC	 and	 PGL	 and	 follow-up	 of	 patients.27	 For	 interpretation	 of
fractionated	 metanephrines,	 it	 is	 important	 to	 exclude	 circumstances	 that	 increase	 metanephrine	 and
normetanephrine	levels,	such	as	obstructive	sleep	apnea,	heart	failure,	and	tricyclic	antidepressant	use.

Imaging	Exams
Cross-sectional	 imaging,	 including	 computed	 tomography	 (CT)	 and	magnetic	 resonance	 imaging	 (MRI),	 is	 the
method	of	choice	for	characterizing	adrenal	masses.	Both	imaging	modalities	have	a	sensitivity	 that	approaches
100%	for	cortisol-producing	ACA,	ACC,	and	PC.28	Because	aldosterone-producing	ACAs	are	often	 less	 than	1
cm,	 they	 may	 be	 missed	 by	 cross-sectional	 imaging.	 Procedures	 for	 diagnosing	 and	 managing	 aldosterone-
producing	 adenomas	 are	 beyond	 the	 scope	 of	 this	 chapter.	 In	 addition	 to	 its	 high	 sensitivity,	 cross-sectional
imaging	can	also	differentiate	ACA	from	ACC	and	noncortical	masses.	ACAs	are	characteristically	<4	cm,	lipid
rich,	and	homogeneous,	with	smooth	borders.	Conversely,	large,	heterogeneous	lesions	with	irregular	margins	and
calcifications	 are	 strongly	 suggestive	of	malignancy.	The	 likelihood	of	malignancy	 in	 the	 setting	of	 an	 adrenal
mass	increases	with	mass	size	and	is	estimated	at	<2%	for	lesions	<4	cm,	2%	to	6%	for	lesions	4	to	6	cm,	and
25%	 for	 lesions	 >6	 cm.	 An	 unenhanced	 CT	 may	 be	 diagnostic	 for	 ACA	 given	 its	 high	 lipid	 content.	 An
unenhanced	signal	of	<10	Hounsfield	units	(HU)	is	indicative	of	a	lipid-rich	ACA.	However,	up	to	30%	of	ACAs
may	 be	 lipid	 poor	 and	 present	with	 intermediate	 enhancement	 values	 of	 10	 to	 30	HU.29	 These	 lesions	 require
further	characterization	by	a	dedicated	adrenal	protocol	CT	with	contrast.	Absolute	percentage	contrast	washout
>60%	(or	relative	washout	>40%)	at	15	minutes	has	high	sensitivity	and	specificity	for	lipid-poor	ACA.30	Signal
dropout	 on	 opposed-phase	 MRI	 can	 also	 be	 used	 to	 estimate	 the	 lipid	 content	 of	 adrenal	 masses	 and	 hence
differentiate	lipid-rich	ACA	from	other	lesions.31	 Importantly,	although	 the	estimated	 lipid	content	and	contrast
washout	 patterns	 can	 be	 used	 in	 the	 differentiation	 of	 ACA	 from	 likely	 malignant	 adrenal	 lesions,	 these
parameters	are	only	reliable	if	the	mass	is	radiologically	homogeneous	(Fig.	83.2).	Finally,	PC	and	some	ACCs
have	the	same	intensity	as	cerebrospinal	fluid	on	T2-weighted	MRI,	indicating	high	water	content.	If	an	ACC	is
suspected,	contrast-	enhanced	CT	of	the	chest,	abdomen,	and	pelvis	is	appropriate	to	evaluate	for	metastases	and
perform	complete	staging	because	ACC	preferentially	metastasizes	to	the	lungs	and	liver	(Fig.	83.3).

Functional	 imaging	 may	 be	 useful	 in	 evaluating	 adrenal	 tumors.	 Fluorodeoxyglucose	 positron	 emission
tomography	 (18FDG-PET)	 can	 inform	 clinical	management	 of	 adrenal	masses	 that	 cannot	 be	 characterized	 by
cross-sectional	imaging	(see	Fig.	83.3F).	However,	no	validated	quantitative	criteria	exist	for	reliably	predicting
malignancy.	 Furthermore,	 metastatic	 disease	 from	 a	 nonadrenal	 primary,	 PC	 (benign	 or	 malignant),	 bilateral
macronodular	adrenal	hyperplasia,	and	up	to	10%	of	ACAs	can	be	positive	on	18FDG-PET	scan.32,33	In	contrast,
in	 the	 setting	 of	 known	ACC,	 18FDG-PET	may	 be	 useful	 to	 diagnose	 and	 to	 estimate	 the	 extent	 of	metastatic
disease	(staging)	and	surveillance	after	surgical	treatment.

For	PC	and	PGL,	iodine-123	(123I)-metaiodobenzylguanidine	(123I-MIBG)	scintigraphy,	18FDG-PET,	6-[18F]-
fluorodopamine	 (FDOPA)	PET	scanning,	and	somatostatin	 receptor–based	scans	 (including	 indium-111	 [111In]-
pentetreotide	and,	more	recently,	gallium-68	[68Ga]-based	methods)	might	be	used	as	complementary	methods	to
serum	measurements	and	anatomic	imaging	in	the	diagnosis	of	PC	and	PGL,	especially	in	patients	with	otherwise
inconclusive	results	and	in	patients	with	occult	or	multifocal	disease	(e.g.,	PGL1	to	PGL5	syndromes).	123I-MIBG,
in	particular,	is	widely	available	and	has	a	high	positive	predictive	value	for	differentiating	PC	from	lesions	not	of
medullary	origin.34	However,	 the	 sensitivity	 is	 low	 for	 extra-adrenal	 disease,	 including	 PGL	 and	PC-	 or	 PGL-
derived	metastasis.35	 Moreover,	 for	 detecting	 PGL	 of	 the	 head	 and	 neck,	 111In-pentetreotide	 scintigraphy	 has
higher	sensitivity.36	More	recently,	studies	have	shown	superior	diagnostic	accuracy	of	FDOPA-PET	and	68Ga-
DOTANOC	PET/CT	for	PC	or	PGL	compared	with	123I-MIBG	scan.37	Finally,	68Ga-DOTATATE	PET/CT	has
been	 shown	 to	 be	 superior	 to	 other	 functional	 and	 cross-sectional	 imaging	 methods	 in	 diagnosing	 metastatic
disease	of	both	sporadic	and	SDHB-associated	PC	and	PGL.38

Other	Tests
Unlike	other	 tumor	 types,	percutaneous	biopsy	of	adrenal	 tumors	should	be	avoided	because	 it	 is	unreliable	for
differentiating	ACA	from	ACC	and	is	associated	with	significant	risk	of	complications	including	hemorrhage	and
pneumothorax.39	A	percutaneous	adrenal	biopsy	may	be	considered	only	in	specific	settings,	such	as	in	a	patient
with	 a	 known	 nonadrenal	 primary	 cancer	 and	 nonneoplastic	 adrenal	masses.40	 Importantly,	 a	 diagnosis	 of	 PC
should	always	be	excluded	prior	to	attempted	biopsy	due	to	the	risk	of	biopsy-associated	catecholamine	surge.41

Given	the	high	prevalence	of	associated	familial	syndromes	in	patients	with	adrenal	tumors	(especially	those



with	ACC	or	PC),	genetic	 counseling	and	 testing	 should	be	 considered.	All	patients	with	ACC	are	 eligible	 for
germline	TP53	sequencing.42	Genetic	diagnosis	of	patients	with	PC	 is	challenging,	given	 the	complexity	of	 the
molecular	 genetics	 of	 these	 tumors.	 If	 extra-adrenal	 manifestations	 are	 present	 and	 suggestive	 of	 a	 given
syndrome	(e.g.,	VHL	or	MEN2),	targeted	genetic	tests	can	be	performed	for	the	purposes	of	clinical	management
and	 genetic	 counseling.7	 If	 a	 patient	 has	 PC	 or	 PGL	without	 other	 extra-adrenal	 disease,	 it	 is	 not	 possible	 to
diagnose	 a	 syndrome	 without	 a	 molecular	 test.	 Algorithms	 that	 include	 immunohistochemistry	 and	 clinical
assessment	 for	 prioritizing	 the	 most	 likely	 candidate	 genes	 have	 been	 proposed.7	 However,	 next-generation
sequencing	 targeted	 gene	 panels	 have	 become	 a	 cost-effective	 and	 simplified	 standard	 for	 the	 differential
diagnosis	of	PC	or	PGL	syndromes.43

Figure	83.2	A:	Non–contrast-enhanced	computed	tomography	of	lipid-rich	adrenocortical
adenoma	(2	Hounsfield	units	[HU],	arrow).	B–D:	Dynamic	contrast-enhanced	computed

tomography	of	lipid-poor	adrenocortical	adenoma	demonstrating	density	of	27	HU	without	contrast
(B,	arrow),	79	HU	at	1	minute	(C),	and	40	HU	at	15	minutes	(D).	After	infusion	of	intravenous
contrast	(absolute	percentage	washout,	75%;	relative	percentage	washout,	49%).	E–G:	Contrast-
enhanced	computed	tomography	of	suspicious	lesion	showing	heterogeneity	and	density	of	45	HU
without	contrast	(E),	followed	by	70	to	100	HU	at	1	minute	(F)	and	60	to	90	HU	at	15	minutes	(G).
Absolute	percentage	washout,	approximately	18%.	Note,	as	discussed	in	text,	by	definition,	all

heterogenous	lesions	are	suspicious	regardless	of	baseline	attenuation	values	or	washout	dynamics.
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Figure	83.3	A:	T2-weighted	magnetic	resonance	imaging	demonstrating	pheochromocytoma
(arrow).	B:	Computed	tomography	of	heterogeneous-appearing	small	left	adrenocortical	carcinoma
(ACC)	(arrow).	C:	Large	left	ACC	on	T1-weighted	magnetic	resonance	imaging	(arrow).	D	and	E:
Computed	tomography	demonstrating	large,	heterogeneous	left	ACC	with	contrast	demarcation	of

caval	thrombus	(arrows).	F:	Coronal	section	of	positron	emission	tomography/computed
tomography	demonstrating	high	uptake	in	a	patient	with	ACC	locoregional	recurrence	in	left

adrenal	fossa	and	dome	of	liver.

TABLE	83.3
American	Joint	Committee	on	Cancer	(AJCC)	Staging	of	Adrenal	Tumors

ADRENOCORTICAL	CARCINOMA	(ACC)
AJCC	Stage	(Eighth	Edition)/ENSAT
Stage TNM Notes
I T1	N0	M0 T1:	primary	tumor	≤5	cm

T2:	primary	tumor	>5	cm
T3:	local	invasion	(no	organ	invasion)
T4:	invasion	of	kidney,	diaphragm,	or	any
large	blood	vessels
N1:	metastasis	in	regional	lymph	node(s)
M1:	distant	metastasis

II T2	N0	M0

III
T1	N1	M0,	T2	N1	M0,	T3	any	N	M0,	T4
any	N	M0

IV Any	T	any	N	M1

PHEOCHROMOCYTOMA/PARAGANGLIOMA	(PC/PGL)
AJCC	Stage	(Eighth	Edition) TNM Notes
I T1	N0	M0 T1:	PC	<5	cm	in	greatest	dimension	with

no	organ	invasion
T2:	PC	≥5	cm	or	any	PGL	of	any	size,
with	no	organ	invasion
T3:	PC	of	any	size	with	invasion	of
surrounding	tissues
N1:	metastasis	in	regional	lymph	node(s)
M1:	distant	metastasis;	subtypes	exist	to
denote	location	of	metastases

II T2	N0	M0

III T1	N1	M0,	T2	N1	M0,	T3	any	N	M0

IV any	T	any	N	M1
ENSAT,	European	Network	for	Study	of	Adrenal	Tumors;	TNM,	tumor,	node,	metastasis.



STAGING
Staging	 is	 recognized	 as	 the	 most	 important	 prognostic	 factor	 for	 ACC.	 The	 staging	 system	 proposed	 by	 the
European	 Network	 for	 Study	 of	 Adrenal	 Tumors	 (ENSAT)	 has	 been	 recently	 adopted	 by	 American	 Joint
Committee	on	Cancer	(AJCC)	in	its	eighth	edition	(Table	83.3).

The	eighth	edition	of	the	AJCC	manual	has	also	proposed,	for	the	first	time,	a	staging	system	for	PC	and	PGL
based	 on	 the	 tumor,	 node,	metastasis	 (TNM)	 classification.	 PC	 and	 PGL	were	 traditionally	 classified	 as	 local,
regional,	or	metastatic	(see	Table	83.3).

MANAGEMENT
Perioperative	Hormonal	Control	of	Adrenal	Tumors	(Benign	Adrenocortical
Tumor,	Adrenocortical	Carcinoma,	Pheochromocytoma,	and	Paraganglioma—
All	American	Joint	Committee	on	Cancer	Stages)
Surgery	is	the	treatment	of	choice	for	endocrine	active	or	likely	malignant	and	resectable	ACTs	and	for	all	PCs
and	 PGLs.	 Importantly,	 adequate	 perioperative	 medical	 management	 of	 hormonal	 overactivity	 is	 mandatory.
Failure	 to	properly	 treat	 the	endocrine	manifestations	of	 these	 tumors	may	lead	 to	 life-threatening	perioperative
complications.	 Patients	with	 hypercortisolism	 are	 at	 increased	 risk	 for	 thromboembolic	 events,	 poor	metabolic
control,	 and	 infections.	 A	 course	 of	 cortisol-lowering	 agents	 such	 as	 ketoconazole	 or	 metyrapone	 may	 be
considered	 before	 surgery.	 Patients	 with	 clinical	 and	 subclinical	 hypercortisolism	 are	 at	 increased	 risk	 for
developing	 postsurgical	 adrenal	 insufficiency.	 In	 such	 patients,	 glucocorticoid	 replacement	 should	 be	 initiated
immediately	 after	 surgery	 with	 intravenous	 hydrocortisone	 and	 switched	 to	 oral	 agents	 as	 appropriate.
Hydrocortisone	replacement	therapy	should	be	tapered	off	only	after	recovery	of	the	HPA	axis	is	documented.

Patients	with	symptomatic	or	asymptomatic	PC	or	PGL	are	at	increased	risk	for	hemodynamic	and	metabolic
instability	 resulting	 from	 catecholamine	 fluctuations	 during	 surgery.	 Many	 of	 these	 patients	 may	 also	 have
additional	complications	related	to	the	cardiovascular	sequelae	of	chronic	catecholamine	excess.	The	preoperative
management	 of	 PC	 and	 PGL	 resection	 therefore	 includes	 α-blockade	 (with	 antagonists	 such	 as
phenoxybenzamine,	prazosin,	and	doxazosin)	and	volume	repletion.	Dosage	can	be	titrated	on	an	outpatient	basis
for	 adequate	 blockade,	 which	 often	 takes	 3	 weeks	 or	 longer.	 During	 this	 time,	 salt	 and	 fluid	 loading	 are
recommended	for	volume	optimization	to	minimize	postoperative	hypotension.	Initiation	of	a	β-blocker	might	be
considered	to	treat	tachycardia.	However,	a	β-blocker	agent	should	only	be	initiated	after	adequate	α-blockade	due
to	the	risk	of	hypertensive	crisis	secondary	to	unopposed	α-receptor	stimulation.

Importantly,	 even	 with	 adequate	 α-blockade,	 patients	 may	 have	 life-threatening	 hemodynamic	 instability
during	 surgery.14	 Therefore,	 aggressive	 management	 of	 blood	 pressure	 during	 surgery	 with	 real-time	 invasive
monitoring	 of	 blood	 pressure	 and	 administration	 of	 rapidly	 acting	 hypotensive	 agents	 such	 as	 sodium
nitroprusside	 is	mandatory.	 Finally,	 the	 risk	 of	 hemodynamic	 instability	 after	 surgical	 removal	 of	 PC	 or	 PGL
requires	close	monitoring	 in	 the	postoperative	period	 in	an	 intensive	care	unit.	Typically,	 these	patients	 require
aggressive	 volume	 expansion	 and	 intravenous	 vasoactive	 drugs.	 Importantly,	 α-adrenergic	 vasopressors	 should
only	be	used	after	adequate	volume	expansion.

Management	of	Benign	Adrenocortical	Tumor	and	American	Joint	Committee
on	Cancer	Stage	I	to	III	Pheochromocytoma	and	Paraganglioma

Surgical	Resection	of	Primary	Tumor
For	apparently	benign	ACT	and	AJCC	stage	I	to	III	PC	or	PGL,	laparoscopic	resection	is	the	treatment	of	choice.
Partial	 (cortical-sparing)	 adrenalectomy	 should	 be	 performed	 whenever	 possible	 for	 patients	 with	 familial	 or
bilateral	PC,	such	as	PC	in	patients	with	VHL	or	MEN2.	Cortical-sparing	adrenalectomy	avoids	the	morbidity	of
primary	adrenal	 insufficiency,	especially	considering	that	 these	patients	have	recurrent	 tumors	and	often	require
repeated	surgical	interventions.

Postsurgical	Surveillance	of	Patients	with	Pheochromocytoma	and	Paraganglioma
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All	patients	who	undergo	surgery	for	PC	or	PGL	should	receive	lifelong	surveillance	for	local	recurrence	or	the
emergence	 of	 metastatic	 disease.	 Up	 to	 17%	 of	 patients	 develop	 recurrence,	 and	 half	 of	 recurrent	 tumors	 are
malignant.44	Among	patients	with	malignant	PC	or	PGL,	half	will	develop	metastatic	disease	only	after	6	months
of	 the	 resection.9	 The	most	 common	 sites	 of	metastasis	 of	 PC	 and	 PGL	 are	 to	 bones,	 lungs,	 liver,	 and	 lymph
nodes.	Postoperative	biochemical	evaluation	of	metanephrines	at	2	to	6	weeks	and	6	months	is	appropriate,	and
measurement	of	serum	chromogranin	A	may	be	useful	if	elevated	preoperatively.14	Thereafter,	chromogranin	A
and	 plasma	 or	 urinary	metanephrines	 should	 be	 assessed	 annually	 and/or	 in	 the	 presence	 of	 relevant	 signs	 or
symptoms	of	catecholamine	excess.45	For	patients	with	familial	syndromes	or	germline	mutations	that	predispose
them	 to	 other	 tumor	 types	 or	 additional	 lesions,	 specific	 protocols	 for	 surveillance	 include	 unique	 imaging
approaches	and	hormonal	tests	beyond	the	scope	of	this	chapter.

Management	of	Locally	Recurrent	Pheochromocytoma	and	Paraganglioma
In	the	setting	of	local	recurrence,	surgery	is	the	treatment	of	choice	to	alleviate	catecholamine	excess.

Management	of	American	Joint	Committee	on	Cancer	Stage	IV
Pheochromocytoma	and	Paraganglioma
Treatment	options	for	metastases	in	patients	with	AJCC	stage	IV	PC	or	PGL	are	limited,	and	the	goal	of	therapy	is
palliative,	 with	 a	 focus	 on	 controlling	 catecholamine	 secretion,	 pain,	 and	 tumor	 burden.	 These	 strategies	 are
detailed	in	the	“Palliative	Care”	section.	For	all	patients	with	AJCC	stage	IV	PC	or	PGL,	surgical	resection	of	the
primary	tumor	is	performed	as	described	for	lower	stage	disease.

Management	of	American	Joint	Committee	on	Cancer/European	Network	for
Study	of	Adrenal	Tumors	Stage	I	to	III	Adrenocortical	Carcinoma

Surgical	Resection	of	Primary	Adrenal	Tumor
If	ACC	is	clinically	suspected,	open	approach	surgery	is	the	treatment	of	choice.1,46	The	surgeon	should	strictly
adhere	 to	 oncologic	 surgery	 principles,	 avoiding	 violating	 the	 tumor	 capsule.	Consideration	 of	 laparoscopy	 for
resection	of	potentially	malignant	ACC	<8	cm	is	advocated	by	some,	provided	R0	resection	can	be	anticipated	and
the	operation	is	conducted	by	an	experienced	surgeon.47	However,	increasing	evidence	suggests	that	this	approach
is	 associated	 with	 higher	 risk	 for	 locoregional	 recurrence.46	 Suspected	 locoregional	 invasion	 should	 be
aggressively	 treated	 with	 multivisceral	 en	 bloc	 resection.1,46	 Vena	 cava	 thrombi	 should	 also	 be	 removed
surgically.48	 On	 rare	 occasions,	 median	 sternotomy	 and	 cardiopulmonary	 bypass	 are	 necessary	 for	 extracting
tumor	thrombus	extending	into	the	right	atrium.49	Although	retroperitoneal	lymph	node	metastases	are	frequently
found	in	ACC,	routine	lymphadenectomy	during	surgery	is	not	widely	performed.	A	recent	multicenter	study	of
ACC	patients	undergoing	R0	resection	suggests	that	routine	lymphadenectomy	may	improve	overall	survival.50

Compromised	surgical	margins	and	tumor	spillage	are	strong	predictors	of	recurrence.51	In	patients	who	remain
good	 operative	 candidates,	 repeat	 resection	 by	 an	 expert	 surgeon	 should	 be	 considered,	 especially	 after	 an	R2
resection.	Those	who	are	not	candidates	for	reoperation	can	be	considered	for	radiotherapy.1	For	locally	advanced
ACC,	 the	 role	 of	 cytoreduction	 (non-R0	 surgical	 resection)	 is	 controversial	 but	may	 be	 considered	 in	 selected
cases.1,46,47	Patients	undergoing	surgery	at	high-volume	centers	have	better	oncologic	outcome;	therefore,	referral
to	an	experienced	facility	is	advised.	Finally,	recent	evidence	suggests	that	locally	advanced	tumors	benefit	from
neoadjuvant	chemotherapy,	which	should	be	considered	in	selected	cases,	including	in	patients	with	minimal	and
potentially	resectable	metastatic	disease.52

Adjuvant	Therapy
Currently,	the	adrenolytic	agent	mitotane	and	tumor	bed	irradiation	are	the	only	adjuvant	therapies	advocated	for
AJCC/ENSAT	stage	I	to	III	ACC.	A	large	retrospective	study	showed	significant	improvement	in	median	disease-
free	 survival	 with	 adjuvant	mitotane	 therapy	 in	 patients	 with	 tumor	Ki-67	 ≥10%.53	 However,	 it	 is	 not	 known
whether	 patients	 with	 AJCC/ENSAT	 stage	 I	 to	 II	 disease	 and	 Ki-67	 <10%	 (lower	 risk	 patients)	 benefit	 from
adjuvant	 mitotane.	 A	 randomized,	 prospective	 clinical	 trial	 (Efficacy	 of	 Adjuvant	 Mitotane	 Treatment
[ADIUVO])	 to	evaluate	 the	benefits	of	adjuvant	mitotane	 in	 this	population	 is	ongoing	(NCT00777244).	Given
the	uncertainty	 regarding	 therapeutic	benefit	 of	 adjuvant	mitotane	 in	 lower	 risk	patients	with	 localized	disease,



treatment	decisions	should	be	individualized	based	on	physician	or	patient	preference.	For	patients	with	tumor	Ki-
67	≥10%	and/or	AJCC/ENSAT	stage	III	disease,	mitotane	is	routinely	started	within	3	months	of	resection	and
continued	for	at	least	5	years,	if	tolerated.	Mitotane	requires	careful	monitoring	because	the	therapeutic	window	is
tight	and	complications	may	be	dose	limiting.1

Recent	studies	have	reported	conflicting	results	on	adjuvant	 radiotherapy.1	 In	general,	 radiotherapy	has	been
shown	to	provide	good	local	control	and	decrease	the	risk	of	local	recurrence	following	primary	resection,	but	its
impact	on	survival	parameters	is	not	well	researched.	Radiotherapy	might	be	considered	in	the	adjuvant	setting,
especially	 in	 those	 who	 have	 previously	 undergone	 R1	 or	 R2	 resection.47	 Finally,	 adjuvant	 treatments	 with
cytotoxic	 agents	 have	 been	 proposed	 for	 patients	 with	 high-grade	 disease,	 but	 there	 is	 still	 no	 evidence	 that
formally	supports	its	use.21

Postsurgical	Surveillance	of	Patients	with	Adrenocortical	Carcinoma
Clinical,	hormonal,	and	 radiologic	surveillance	 is	of	extreme	 importance	after	 surgical	 resection	of	ACC.	Even
after	R0	resection,	rates	of	local	recurrence	remain	high	at	19%	to	34%,	with	the	majority	of	recurrences	occurring
within	5	years	of	initial	surgery.1	For	this	reason,	the	current	guidelines	advocate	complete	clinical,	hormonal,	and
radiologic	assessment	every	3	months	for	2	to	3	years	and	then	biannually	until	5	years	after	surgery.	Evaluation
in	 this	 setting	 should	 include	 a	 routine	 history	 and	 physical	 exam,	 routine	 bloodwork,	measurement	 of	 steroid
hormones,	and	cross-sectional	imaging	of	the	chest,	abdomen,	and	pelvis.21,47	Steroid	profiles	should	be	carefully
evaluated	 because	 an	 unexpected	 rise	 in	 serum	 levels	 of	 hormones	 or	 precursors	 may	 precede	 recurrence.24
18FDG-PET	 scan	 is	 not	 a	 standard	 modality	 for	 surveillance	 but	 is	 useful	 in	 characterizing	 newly	 discovered
lesions	on	surveillance	imaging	because	ACC	metastases	and	local	recurrence	are	almost	invariably	18FDG-PET
positive.47,54

Management	of	Recurrent	Adrenocortical	Carcinoma
If	the	locally	recurrent	lesion	is	amenable	to	surgical	approach,	the	lesion	should	be	resected	with	intent	to	cure.55
In	 patients	 in	 whom	 local	 recurrence	 is	 symptomatic	 and	 unresectable,	 other	 therapeutic	 strategies	 should	 be
adopted,	 as	 discussed	 in	 the	 “Palliative	Care”	 section.	Furthermore,	 recent	 studies	have	 suggested	 that	 surgical
resection	of	recurrent	metastatic	lesions	may	improve	overall	survival	in	a	selected	group	of	patients,	especially	if
the	recurrence	occurs	>12	months	after	initial	surgery.56

Management	of	AJCC/ENSAT	Stage	IV	Adrenocortical	Carcinoma
Patients	with	AJCC/ENSAT	stage	IV	ACC	are	usually	not	candidates	for	curative	surgical	resection.	However,	if
there	 are	 few	 metastatic	 lesions	 restricted	 to	 a	 small	 region,	 an	 attempt	 to	 perform	 an	 R0	 resection	 can	 be
considered.55	Systemic	therapies	for	AJCC/ENSAT	stage	IV	ACC	are	of	 limited	efficacy	and	include	mitotane,
either	alone	or	 in	combination	with	systemic	chemotherapy.1	 In	general,	 the	goal	of	 therapy	 for	AJCC/ENSAT
stage	 IV	disease	 is	palliative,	with	a	 focus	on	control	of	hormonal	 secretion,	 symptoms,	 and	 tumor	burden.	As
such,	 appropriate	 counseling	 of	 patients	 regarding	 expectations	 of	 additional	 therapies	 is	 paramount.1	 These
strategies	are	detailed	in	the	“Palliative	Care”	section.

PALLIATIVE	CARE
Care	for	Patients	with	American	Joint	Committee	on	Cancer	Stage	IV
Pheochromocytoma	and	Paraganglioma
For	 patients	 with	 asymptomatic	 metastatic	 PC	 or	 PGL,	 “watch	 and	 wait”	 approaches	 should	 be	 strongly
considered,	with	an	emphasis	on	symptom	control.47	Treatment	options	for	patients	with	symptomatic	metastatic
PC	 or	 PGL	 include	 supportive	 medications,	 modalities	 for	 locoregional	 control,	 external-beam	 radiation,
radiopharmaceuticals,	 and	 chemotherapy.	 For	 all	 patients	 with	 AJCC	 stage	 IV	 PC	 or	 PGL,	 debulking	 and
metastasectomy	may	be	considered	when	 there	 is	 resectable	 tumor	burden	 in	 the	context	of	 slowly	progressive
disease.34	Radiofrequency	ablation	(RFA)	and	transarterial	chemoembolization	(TACE)	have	been	described	for
unresectable	 metastases.	 As	 for	 surgical	 resection	 of	 the	 primary	 tumor,	 these	 procedures	 require	 sufficient
preoperative	α-blockade.34	 In	patients	with	disease	not	amenable	 to	surgery	but	with	acceptable	overall	clinical
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status,	 the	 radiopharmaceutical	 compound	 131I-MIBG	 can	 be	 used	 for	 disease	 control,	 provided	 123I-MIBG
imaging	 demonstrates	 good	 avidity.34	 Studies	 have	 demonstrated	 a	median	 tumor	 response	 rate	 of	 32%	 and	 a
biochemical	 response	 rate	 of	 47%.57	 Alternatively,	 systemic	 cytotoxic	 chemotherapy	 can	 be	 considered	 using
cyclophosphamide-	and	dacarbazine-based	regimens.34,47	Finally,	a	recent	report	suggests	that	the	alkylating	agent
temozolomide	is	an	effective	therapeutic	option	for	SDHB-mutated	metastatic	PC	or	PGL.58

Care	for	Patients	with	American	Joint	Committee	on	Cancer/European	Network
for	Study	of	Adrenal	Tumors	Stage	IV	Adrenocortical	Carcinoma	or
Unresectable	Adrenocortical	Carcinoma
The	 mainstay	 of	 therapy	 for	 widely	 metastatic	 and/or	 unresectable	 ACC	 is	 mitotane,	 either	 alone	 or	 in
combination	 with	 cytotoxic	 chemotherapy.1	 Over	 the	 past	 few	 decades,	 the	 two	 most	 promising	 cytotoxic
chemotherapeutic	 regimens	 used	 in	 combination	 with	 mitotane	 have	 been	 etoposide-doxorubicin-cisplatin	 and
streptozotocin.	Recently,	a	randomized	controlled	trial	(First	International	Randomized	Trial	in	Locally	Advanced
and	 Metastatic	 Adrenocortical	 Carcinoma	 Treatment	 [FIRM-ACT])	 demonstrated	 that	 combined	 mitotane,
etoposide,	 doxorubicin,	 and	 cisplatin	 treatment	 can	 improve	 progression-free	 survival	 compared	 to	 combined
mitotane	 and	 streptozotocin	 treatment;	 importantly,	 objective	 response	 and	median	duration	of	 survival	 in	both
groups	remained	dismal.59	Finally,	although	preclinical	studies	investigating	targeted	therapies	for	ACC	have	been
promising,	therapies	targeting	signaling	through	the	IGF,	mTOR,	epidermal	growth	factor	receptor	(EGFR),	and
vascular	endothelial	growth	factor	(VEGF)	pathways	have	shown	limited	efficacy	in	clinical	studies.

Importantly,	 patients	 suffering	 from	 metastatic	 ACC	 may	 experience	 debilitating	 hormonal	 symptoms,
necessitating	 effective	 control.	 The	 adrenolytic	 and	 steroidogenic	 inhibitory	 effects	 of	 mitotane	 are	 often
successful	 in	mitigating	 these	 symptoms	 in	 patients	who	 have	 achieved	 therapeutic	 levels.	 In	 others,	 however,
steroidogenic	 inhibitors	 such	 as	 ketoconazole	 or	 metyrapone	 are	 commonly	 required.	 Alternatively,
hypercortisolism	 can	 be	 controlled	 by	 mifepristone,	 a	 direct	 glucocorticoid	 receptor	 antagonist.	 However,	 in
patients	treated	with	mifepristone,	cortisol	and	ACTH	levels	rise	and	cannot	be	used	to	guide	therapy;	therefore,
doses	 are	 usually	 titrated	 clinically	 based	 on	 symptom	 control.	 Patients	 with	 mineralocorticoid	 excess	 can	 be
treated	with	spironolactone,	which	may	also	benefit	 females	with	virilizing	symptoms	due	 to	 its	antiandrogenic
effect.	Males	suffering	from	feminization	may	benefit	from	aromatase	inhibitors	or	estrogen	receptor	antagonists.

In	the	setting	of	metastasis	likely	to	cause	morbidity	secondary	to	location	or	size,	surgery	can	be	considered	in
highly	 selected	 patients	when	 resection	 is	 possible	without	 undue	 complications.47	Metastasectomy	 has	 shown
promise,	particularly	with	limited	pulmonary	and	hepatic	disease,	and	can	be	repeated	in	selected	patients	when
technically	feasible.	In	other	circumstances,	additional	palliative	modalities,	including	RFA,	TACE,	and	external-
beam	radiation,	have	demonstrated	therapeutic	benefit.1,47
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INTRODUCTION
Pancreatic	neuroendocrine	tumors	(pNETs),	also	known	as	pancreatic	endocrine	tumors,	 islet	cell	carcinoma,	or
pancreatic	 carcinoid,	 are	 well-differentiated,	 low-	 to	 intermediate-grade	 neoplasms	 and	 usually	 have	 a	 more
indolent	 course	 compared	 to	 pancreatic	 adenocarcinoma.	 pNETs	 can	 secrete	 hormones	 and	 be	 functional	 or
nonfunctional.	 Functional	 status	 is	 generally	 influenced	 by	 several	 factors,	 including	 tumor	 burden,	 stage,
secretory	 status,	 and	 whether	 the	 peptide	 secreted	 is	 intact	 and	 causes	 distinct	 clinical	 symptoms.	 pNETs	 are
generally	considered	functional	if	they	are	associated	with	a	hormonal	syndrome.	Regardless	of	tumor	staining	by
immunohistochemistry	 (IHC)	 or	 serum	 levels	 of	 measured	 peptides	 in	 blood,	 pNETs	 not	 causing	 a	 clinical
hormonal	syndrome	are	considered	nonfunctional.	It	is	also	worth	noting	that	the	functional	status	of	these	tumors
may	 change	 over	 time	 or	 with	 treatment,	 and	 some	 can	 produce	multiple	 hormones	 simultaneously,	 although
symptoms	related	to	one	hormone	often	will	dominate.

Management	 of	 pNETs	 generally	 can	 be	 categorized	 into	management	 of	 the	 problems	 caused	 by	 secreted
hormone(s)	and	oncologic	issues	related	to	tumor	growth	and	metastasis.	The	organization	of	this	chapter	parallels
this	paradigm.

INCIDENCE	AND	ETIOLOGY
pNETs	are	rare	neoplasms,	but	their	exact	incidence	and	prevalence	are	somewhat	elusive.	This	is	in	part	because
most	 registries,	 including	 the	 Surveillance,	 Epidemiology,	 and	 End	 Results	 (SEER)	 Program,	 only	 include
neoplasms	that	are	deemed	malignant.	For	pNETs,	the	definition	of	malignant	behavior	is	complex.	In	the	absence
of	direct	invasion	of	adjacent	organs	or	metastases	to	regional	lymph	nodes	or	distant	sites,	size	is	typically	used
to	classify	the	malignant	potential	of	pNETs.1	The	age-adjusted	incidence	of	pNETs	has	risen	significantly	over
the	past	three	decades	(Fig.	84.1).2,3	The	diagnosed	incidence	of	pNETs	in	the	United	States	was	estimated	to	be	8
per	1,000,000	in	2012.	The	incidence	of	smaller	pNETs	in	the	general	population,	however,	is	likely	to	be	much
higher.	In	an	analysis	of	11,472	autopsies	performed	at	a	Hong	Kong	hospital,	pNETs	were	found	in	0.1%	of	all
cases.4	This	suggests	that	the	prevalence	of	small	asymptomatic	tumors,	many	of	which	are	never	diagnosed,	may
be	100-fold	more	common	 than	 the	data	 suggested	by	SEER	registries.	 It	 is	 likely	 that	most	of	 the	 increase	 in
incidence	during	recent	years	is	due	to	the	increasing	use	of	cross-sectional	imaging	for	a	variety	of	indications.

pNETs	are	slightly	more	common	among	men	(53%)	than	women	(47%),	and	the	median	age	at	diagnosis	is	60
years.2	 At	 diagnosis,	 approximately	 14%	 of	 patients	 can	 be	 expected	 to	 have	 localized	 disease,	 22%	 regional
disease,	 and	 64%	 distant	 disease.	 Other	 than	 defined	 genetic	 cancer	 syndromes	 such	 as	 multiple	 endocrine
neoplasia	 type	 1	 (MEN1),	 tuberous	 sclerosis,	 and	 von	 Hippel-Lindau	 (vHL)	 disease,	 the	 etiology	 of	 sporadic
pNETs	is	not	known.

The	 survival	 of	 patients	 with	 pNETs	 has	 improved	 over	 time,	 with	 the	 biggest	 improvement	 seen	 among
patients	with	advanced	metastatic	disease.3	Median	overall	 survival	 (OS)	 among	patients	with	 advanced	pNET
diagnosed	 between	 2000	 and	 2012	was	 60	months,	 a	marked	 improvement	 compared	 to	 our	 prior	 analyses.2,3
Within	this	period,	patients	more	recently	diagnosed	(2009	to	2012)	had	even	better	outcome	(44%	reduction	in
risk	of	death;	hazard	ratio	[HR],	0.56;	95%	confidence	interval	[CI],	0.4	to	0.7)	compared	with	those	diagnosed
earlier	(2000	to	2004)	(Fig.	84.2).
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CLASSIFICATION,	HISTOPATHOLOGY,	AND	MOLECULAR	GENETICS
Criteria	for	Pathologic	Diagnosis
The	 endocrine	 pancreas	 constitutes	 a	 variety	 of	 neuroendocrine	 cells.	 The	 larger	 fraction	 of	 these	 are	 insulin-
producing	(B)	and	glucagon-producing	(A)	cells.	The	remaining	minor	population	of	cells	produce	somatostatin
(D)	and	pancreatic	polypeptide	(PP).	Rare	cells	also	produce	serotonin	(EC)	and	ghrelin	(P/D1).5	These	endocrine
cells	are	believed	to	be	the	source	of	pNETs.	It	 is	a	matter	of	debate	whether	 tumors	arise	from	islets	or	ducts.
Transgenic	mice	expressing	potent	oncogenes	 in	endocrine	cells6	 and	MEN1	knockout	mice7,8	 point	 to	 an	 islet
origin	 of	 tumors	 consistent	 with	 the	 autorenewal	 properties	 of	 islet	 cells9	 as	 well	 as	 clinical	 observations	 in
patients	with	MEN1.10	Conversely,	molecular	evidence	from	islet	microdissection	in	MEN1	patients	 indicates	a
possible	 duct	 cell	 origin.11	 No	 matter	 where	 the	 truth	 lies,	 endocrine	 tumor	 cells	 largely	 display	 the	 same
phenotype	as	their	normal	endocrine	counterparts.

Figure	84.1	Age-adjusted	incidence	rate	per	1	million	population.	(From	Yao	JC,	Hassan	M,	Phan
A,	et	al.	One	hundred	years	after	“carcinoid”:	epidemiology	of	and	prognostic	factors	for

neuroendocrine	tumors	in	35,825	cases	in	the	United	States.	J	Clin	Oncol	2008;26[18]:3063–3072.)



Figure	84.2	Survival	by	stage.	Median	survival	times	for	patients	with	localized	and	regional
disease	were	more	than	10	years	and	for	distant	metastatic	disease	was	5	years,	respectively.	(From
Dasari	A,	Shen	C,	Halperin	D,	et	al.	Trends	in	the	incidence,	prevalence,	and	survival	outcomes	in
patients	with	neuroendocrine	tumors	in	the	United	States.	JAMA	Oncol	2017;3[10]:1335–1342.)

Aggressiveness	of	pNETs	can	be	gauged	by	cellular	morphology	and	proliferative	rate.	Histologically,	well-
differentiated	 tumors	 are	 characterized	 by	 bland	 features,	 such	 as	 trabecular,	 glandular,	 acinar,	 or	 mixed
structures;	 the	 stroma	 is	 generally	 fine	 and	 rich	 in	 well-developed	 blood	 vessels,	 sometimes	 with	 hyalinized
deposits	 of	 amyloid;	 and	 tumor	 cells	 are	 monomorphic	 with	 abundant,	 variably	 eosinophilic	 cytoplasm,	 low
cytologic	 atypia,	 and	 low	mitotic	 index.	Necrosis	 is	 usually	 absent	 or	may	 be	 seen	 as	 spotty,	 limited	 areas	 in
histologically	more	aggressive	neoplasms.	On	the	contrary,	poorly	differentiated	neuroendocrine	carcinomas	are
characterized	by	prevalent	solid	structures	with	abundant	necrosis	and	often	central,	round	tumor	cells	of	small	to
medium	size	with	severe	cellular	atypia	and	high	mitotic	 index.	Small-	and	 large-cell	endocrine	carcinomas	are
aggressive	 tumors	 associated	 with	 high	 proliferative	 indices.	 Mixed	 neuroendocrine-nonneuroendocrine
neoplasms	(MiNENs)	are	tumors	composed	of	a	neuroendocrine	component	and	a	nonneuroendocrine	component
(typically	 ductal	 adenocarcinoma	 or	 acinar	 cell	 carcinoma).	 These	 high-grade	 tumors	 behave	 more	 like	 their
exocrine	counterparts.

Fine-Needle	Aspiration	versus	Core	Needle	Biopsy
The	tissue	diagnosis	of	pNET	is	usually	necessary	for	patients	whose	tumors	require	any	form	of	oncologic	care	in
order	 to	 assess	 the	 status	 of	 endocrine	 differentiation	 and	 to	 evaluate	 prognostic	markers	 (proliferative	 index).
Fine-needle	aspiration	(FNA)	biopsy	is	an	effective	and	minimally	invasive	technique	in	expert	hands,	allowing
confirmation	 of	 the	 cytologic	 diagnosis	 on	 isolated	 cells	 or	 groups	 of	 cells.	 The	 disadvantages	 are	mainly	 its
operator-dependent	efficacy	and	its	often-limited	sample	size	precluding	evaluation	of	prognostic	variables.

Conversely,	core	needle	biopsy	(ideally	2	mm	in	diameter)	produces	a	larger	sized	tumor	sample,	potentially
allowing	a	cytologic	or	histologic	diagnosis	complete	with	all	known	prognostic	parameters.	In	addition	to	ease	of
diagnosis	intrinsic	to	histology,	its	major	advantage	is	the	potential	for	further	studies	including	IHC	and	accurate
assessment	of	proliferative	index.	Disadvantages	are	the	invasiveness	of	the	procedure(s)	and	the	relatively	higher
costs.	In	general,	we	recommend	core	needle	when	considering	biopsy	of	liver	metastases	and	FNA	for	biopsy	of
the	pancreas.
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Minimum	Immunohistochemistry	Markers
A	 large	 number	 of	 antigens,	 commonly	 defined	 as	 neuroendocrine	 markers,	 are	 expressed	 in	 neuroendocrine
tumor	(NET)	cells.5	They	comprise	peptides	dispersed	in	the	cytosol,	including	neuron-specific	enolase	(NSE)	and
protein	gene	product	 9.5	 (PGP	9.5),	 and	markers	of	 the	 secretory	 compartment,	 associated	with	 electron-dense
granules,	 large	 dense-core	 vesicles	 (LDCVs)	 such	 as	 chromogranins	 and	 related	 fragments	 (the	 most	 popular
being	 chromogranin	 A	 [CgA]),	 or	 small	 synaptic-like	 vesicles	 (SSVs)	 such	 as	 synaptophysin	 (Syn).	 These
antigens	 are	 defined	 as	 “general	markers”	 because	 they	 are	widely	 expressed	 in	 cells	 of	 the	 diffuse	 endocrine
system.	Hormones	and/or	amines	are	produced	by	specific	cell	types	and	thus	defined	as	“specific	markers.”	The
positive	identification	of	the	endocrine	cell	product(s)	in	tissue	sections	is	obtained	by	IHC.	Additional	stains	may
be	 needed	 to	 guide	 therapy	 in	 metastatic	 NET	 of	 unknown	 primary.	 Neuroendocrine-secretory	 protein	 55
(NESP55),	a	chromogranin	polypeptide,	is	thought	to	be	specific	to	pNET	and	pheochromocytomas.12	Pancreatic
duodenal	homeobox	1	(PDX-1)	is	also	highly	specific	to	pNET,	with	some	studies	reporting	up	to	93%	specificity
and	72%	sensitivity.13	These	additional	stains	may	help	to	distinguish	between	pNETs	and	gastrointestinal	NETs
in	cases	where	the	primary	lesion	is	unknown.

A	minimal	IHC	histology	panel	is	designed	to	(1)	positively	identify	the	degree	of	endocrine	differentiation	in
tumor	cells	and	(2)	determine	 the	proliferation	status.	Determining	 the	proliferation	status	 is	achieved	by	Ki-67
IHC	using	the	MIB1	antibody,	or	it	can	be	expressed	as	mitoses	per	10	high-power	microscopic	fields	(or	2	mm2).

Grade—World	Health	Organization	2017,	American	Joint	Committee	on	Cancer
Eighth	Edition,	and	Union	for	International	Cancer	Control
Proliferative	 rate	 has	 been	widely	 acknowledged	 as	 an	 important	 prognostic	 factor	 in	 pNETs.	 Although	 some
controversies	remain,	the	grading	system	based	on	cellular	morphology,	mitotic	rate,	and	Ki-67	labeling	has	been
widely	 adopted	 by	 the	American	 Joint	 Committee	 on	Cancer	 (AJCC),	Union	 for	 International	 Cancer	 Control
(UICC),	 and	 World	 Health	 Organization	 (WHO).14,15	 In	 2010,	 the	 WHO	 classification	 of	 pancreatic
neuroendocrine	neoplasms	relied	heavily	on	mitotic	rate	and	Ki-67	index	in	the	determination	of	grade.	Grade	1
(G1)	pNETs	were	defined	as	having	a	mitotic	rate	<2	mitotic	figures/10	high-power	fields	(HPF)	or	a	Ki-67	index
of	<3%.	Grade	2	(G2)	pNETs	were	defined	as	having	a	mitotic	rate	of	2	to	20	mitotic	figures/10	HPF	or	a	Ki-67
index	of	3%	to	20%,	and	grade	3	(G3)	pancreatic	neuroendocrine	carcinoma	(NEC)	was	defined	as	>20	mitotic
figures/10	HPF	or	a	Ki-67	index	of	>20%.	However,	subsequent	studies	showed	significant	biologic	heterogeneity
in	 this	 defined	G3	 pancreatic	NEC	 category,	which	 included	 both	well-differentiated	 and	 poorly	 differentiated
tumors	with	 high	 proliferative	 index.	A	 recent	 study	 showed	 that	 patients	with	well-differentiated	 pNETs	 that
were	 categorized	 as	 G3	 pancreatic	 NECs	 by	 Ki-67	 index	 had	 improved	 survival	 compared	 with	 their	 poorly
differentiated	 counterparts	 but	 worse	 survival	 when	 compared	 with	 patients	 with	 G2	 pNETs.16	 In	 addition,
distinguishing	between	G3	 tumors	by	morphology	had	predictive	 implications.	Well-differentiated	 tumors	with
Ki-67	index	<55%	were	less	likely	to	respond	to	platinum-based	therapies	when	compared	to	poorly	differentiated
tumors	 or	 tumors	 with	 higher	 Ki-67	 index.17,18	 These	 and	 other	 studies	 highlighted	 the	 need	 for	 better
stratification	 of	 high-grade	 pNETs.	 In	 the	 2017	 WHO	 classification,	 well-differentiated	 pNETs	 are	 formally
referred	to	as	pNETs	and	are	stratified	into	three	grades	based	on	Ki-67	proliferation	or	mitotic	index.	This	most
recent	update	now	distinguishes	poorly	differentiated	tumors,	referred	to	as	pNEC	(G3),	as	a	separate	entity	from
high-grade,	well-differentiated	pNET	(Table	84.1).1

TABLE	84.1
The	2017	World	Health	Organization	Classification	of	Pancreatic	Neuroendocrine	Neoplasms

Classification Mitotic	Counta Ki-67	Indexb

Well-differentiated	neuroendocrine	neoplasms:	pancreatic	neuroendocrine	tumor	(pNET)

pNET	G1 <2 ≤2%

pNET	G2 2–20 3%–20%

pNET	G3 >20 >20%

Poorly	differentiated	neuroendocrine	neoplasms:	pancreatic	neuroendocrine	carcinoma	(pNEC)

pNEC	(G3)
Small-cell	type



Large-cell	type >20 >20%

Mixed	neuroendocrine-nonneuroendocrine	neoplasm	(MiNEN)
aPer	10	high-power	fields	=	2	mm2;	at	least	50	fields	in	areas	of	highest	mitotic	density.
bMIB1	antibody;	percentage	of	500	to	2,000	tumor	cells	in	areas	of	highest	nuclear	labeling.
G,	grade.

The	general	utility	of	a	grading	scheme	has	been	validated	in	a	number	of	studies.19–23	However,	the	optimal
Ki-67	cutoff	between	G1	and	G2	has	been	debated	in	the	literature.	Some	authors	have	proposed	5%	(instead	of
2%)	as	 a	more	discriminatory	Ki-67	cut	point	 for	OS.24	 In	one	multivariate	 analysis	 that	 included	 lymph	node
ratio,	Ki-67	>5%	was	identified	as	the	strongest	predictor	of	recurrence	after	resection	of	malignant	pNETs.25	At
present,	G1	and	G2	tumors	are	managed	in	a	similar	way.	Therefore,	the	distinction	between	G1	and	G2,	although
prognostic,	does	not	have	major	therapeutic	implications.

Tumor,	Node,	Metastasis
In	2010,	a	tumor,	node,	metastasis	(TNM)	system	was	officially	provided	by	the	AJCC	and	the	UICC,	applying
the	same	TNM	system	devised	for	exocrine	pancreatic	cancer	to	pNET.15	The	European	Neuroendocrine	Tumor
Society	(ENETS)	also	proposed	a	pNET	TNM	classification	with	T	stage	size	criteria	for	pNETs	and	implied	a
malignant	 potential	 for	 any	 tumor	 type.14	 The	 practical	 utility	 of	 the	 ENETS	 system	was	 demonstrated	 in	 six
independent	 studies,	 and	 this	 system	 demonstrated	 better	 prognostic	 distinction	 by	 stage	 than	 the	 2010	AJCC
classification.19–23,26	The	AJCC	Cancer	Staging	Manual,	 eighth	edition,	 revises	pNET	TNM	staging,	 consistent
with	ENETS	(Table	84.2).27

Molecular	Genetics	of	Pancreatic	Neuroendocrine	Tumors
Advances	in	technology	over	the	past	years	have	led	to	an	explosion	of	new	data	emerging	from	high-throughput
molecular	 analyses.	Recent	 exome	 sequencing	 studies	 have	 simultaneously	 confirmed	 the	 importance	 of	 genes
associated	 with	 inherited	 cancer	 syndromes	 and	 discovered	 novel	 genetic	 aberrations	 among	 patients	 with
sporadic	pNETs.28,29	The	importance	of	the	MEN1	gene	in	the	carcinogenesis	of	pNETs	has	long	been	implicated
by	 the	genetic	 cancer	 syndrome	bearing	 its	name	as	well	 as	 studies	 showing	 frequent	 loss	of	11q13	where	 the
MEN1	gene	locus	is	found.30	Although	somatic	mutational	burden	is	low,	pNETs	frequently	have	chromosomal
level	 copy	 number	 variation	 with	 frequent	 copy	 number	 loss	 in	 11	 chromosomes	 or	 copy-neutral	 loss	 of
heterozygosity	 along	with	 gain	 in	 the	 complimentary	 11	 chromosomes.31	 Exome	 sequencing	 studies	 identified
three	 main	 groups	 (pathways)	 of	 mutations	 in	 sporadic	 pNETs.	 These	 include	MEN1,	DAXX	 or	 ATRX,	 and
mammalian	 target	 of	 rapamycin	 (mTOR).28	MEN1	 is	 thought	 to	 be	 involved	 in	 epigenetic	 regulation	 and	 is
implicated	in	the	regulation	of	endocrine	mass	during	pregnancy	through	a	p27-dependent	pathway.32	DAXX	and
ATRX	mutations	are	associated	with	alternative	lengthening	of	telomeres	and	may	offer	escape	from	senescence.33
There	is	strong	association	between	MEN1	and	DAXX	mutation.	Tumors	harboring	MEN1	mutations	tends	to	have
better	prognosis	then	those	without	mutations.	Among	early	pNETs	with	MEN1	mutation,	those	with	concomitant
DAXX	mutations	are	associated	with	a	more	aggressive	course.	mTOR	pathway	mutations	suggest	an	attractive
therapeutic	target	that	has	now	been	validated	in	a	pivotal	phase	III	study.34

TABLE	84.2
Staging	and	Grading	of	Pancreatic	Neuroendocrine	Tumors

American	Joint	Committee	on	Cancer	8th	Edition	Staging
Primary	Tumor	(T)
TX	Primary	tumor	cannot	be	assessed
T0	No	evidence	of	primary	tumor
T1	Tumor	limited	to	the	pancreas,	2	cm	or	less
T2	Tumor	limited	to	the	pancreas,	2–4	cm
T3	Tumor	limited	to	the	pancreas,	>4	cm;	or	tumor	invading	the	duodenum	or	bile	duct
T4	Tumor	invading	adjacent	organs	(stomach,	spleen,	colon,	adrenal	gland)	or	the	wall	of	large	vessels	(celiac	axis	or	the
superior	mesenteric	artery)

Regional	lymph	nodes	(N)
NX	Regional	lymph	nodes	cannot	be	assessed
N0	No	regional	lymph	node	metastasis
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N1	Regional	lymph	node	metastasis

Distant	metastases	(M)
M0	No	distant	metastasis
M1	Distant	metastasis

T N M Stage	Group
T1 N0 M0 I

T2 N0 M0 II

T3 N0 M0 II

T4 N0 M0 III

Any	T N1 M0 III

Any	T Any	N M1 IV

More	 recently,	 a	 smaller	 group	 of	 tumors	 harboring	 mutations	 related	 to	 DNA	 damage	 repair	 including
MUTYH	(5%),	CHEK2	(2%),	and	BRCA2	(1%)	has	been	described.29

DIAGNOSIS	AND	MANAGEMENT	OF	PANCREATIC	NEUROENDOCRINE
TUMORS
Nonfunctional	Tumors

Symptoms	and	Diagnosis
Nonfunctioning	pNETs	and	pancreatic	polypeptide–secreting	tumors	(PPomas)	do	not	cause	a	clinical	syndrome.
Rarely,	case	reports	of	PPomas	have	been	associated	with	watery	diarrhea,35–37	diabetes	mellitus,	ulcer	diathesis,38
or	an	erythematous	pruritic	 skin	 rash	different	 from	that	seen	 in	patients	with	glucagonomas.39	Until	 the	 tumor
causes	obstruction	of	 the	biliary	 tree	or	gastric	outlet,	 patients	 are	usually	asymptomatic	unless	 the	 tumor	bulk
results	 in	 pain;	 this	 is	 in	 sharp	 contrast	 to	 pancreatic	 adenocarcinoma,	 where	 very	 low	 tumor	 burden	may	 be
associated	with	profound	symptoms	and	death.	Jaundice	may	be	the	presenting	symptom	in	patients	with	tumors
to	the	right	of	the	superior	mesenteric	artery	(SMA)	and	superior	mesenteric	vein	(SMV);	these	tumors	originate
in	 the	 pancreatic	 head	 or	 uncinate	 process,	 which	may	 cause	 obstruction	 of	 the	 intrapancreatic	 portion	 of	 the
common	 bile	 duct.40,41	 Tumors	 in	 this	 location	 may	 also	 cause	 gastric	 outlet	 obstruction	 and/or	 pain	 due	 to
invasion	 of	 the	 autonomic	 mesenteric	 plexus.	 Pain	 may	 also	 be	 secondary	 to	 tumor	 extension	 into	 the	 celiac
ganglion	(most	commonly	seen	with	tumors	arising	in	the	body	of	the	pancreas)	or	to	liver	metastases	that	invade
the	 liver	 capsule	 or	 extend	 to	 the	 parietal	 peritoneum.	 Occasional	 patients	 may	 experience	 gastrointestinal
hemorrhage	 secondary	 to	 tumor	 erosion	 into	 the	 duodenum	 or	 secondary	 to	 splenic	 vein	 occlusion	 causing
gastroesophageal	 varices	 (sinistral	 portal	 hypertension).	 Nonfunctioning	 pNETs	 can	 sometimes	 grow	 to	 an
enormous	size	without	producing	 jaundice	or	other	symptoms.	pNETs	arising	 to	 the	 left	of	 the	SMA	and	SMV
may	cause	vague,	poorly	localized	upper	abdominal	pain	or	dyspepsia,	but	such	tumors	are	usually	asymptomatic
until	 they	 reach	 a	 considerable	 size.	 In	 contrast	 to	patients	with	 adenocarcinoma	of	 the	pancreas,	 patients	with
pNETs	 may	 not	 experience	 significant	 weight	 loss,	 cachexia,	 or	 back	 pain	 or	 show	 other	 signs	 of	 advanced
disease.40,41	 In	 the	 absence	 of	 a	 large	 tumor	 or	 metastatic	 disease	 (of	 significant	 volume),	 pNETs	 are	 often
detected	incidentally	on	abdominal	imaging	studies.

On	contrast-enhanced	multidetector	computed	tomography	(CT),	pNETs	characteristically	appear	hyperdense
because	they	are	hypervascular.	Therefore,	imaging	of	the	pancreas	during	the	arterial	phase	is	critically	important
to	detect	these	lesions	and	their	hypervascular	liver	metastases.	However,	similar	to	pancreatic	adenocarcinomas,
pNETs	may	occasionally	appear	hypodense	compared	with	adjacent	pancreatic	parenchyma,	and	they	may	contain
cystic	components	or	microcalcifications.	Importantly,	intrapancreatic	accessory	splenic	tissue	can	present	as	an
asymptomatic,	hypervascular	mass	involving	the	distal	pancreatic	tail,	thus	mimicking	a	pNET.

The	 current	 practice	 at	 our	 institutions	 is	 to	 obtain	 high-quality	multidetector	 CT	 images	 of	 the	 pancreatic
tumor.	 We	 use	 objective	 CT	 criteria	 to	 determine	 a	 tumor’s	 resectability	 based	 on	 the	 relationship	 of	 the
pancreatic	tumor	to	the	SMA	and	celiac	axis.42,43	Encasement	(defined	as	>180-degree	involvement	of	the	vessel
by	 tumor)	 of	 the	 SMA	 or	 occlusion	 of	 the	 superior	mesenteric-portal	 venous	 (SMPV)	 confluence	without	 the
technical	 option	 of	 venous	 reconstruction	 are	 considered	 criteria	 for	 a	 tumor’s	 unresectability.	 Similar	 to	 our
philosophy	 on	 local-regional	 management	 of	 pancreatic	 adenocarcinomas,44	 we	 do	 not,	 in	 general,	 perform



incomplete	 resection	 (debulking)	of	nonfunctioning	pNETs.	Some	 investigators	have	suggested	 that	 incomplete
resection	of	the	pancreatic	tumor	may	provide	relief	of	local	tumor–related	symptoms	and	improve	survival,	but
most	of	these	reports	included	patients	with	syndromes	of	hormone	excess.	However,	in	patients	without	distant
metastases	 (or	minimal	 liver	metastases),	extended	multiorgan	 resections	 to	 include	complex	vascular	 resection
and	 reconstruction	 may	 be	 considered	 at	 centers	 with	 experience	 in	 such	 complex	 operations.45,46	 Magnetic
resonance	imaging	(MRI)	is	preferred	over	CT	for	patients	with	a	history	of	allergy	to	iodine	contrast	material	or
for	those	with	renal	insufficiency.	Moreover,	MRI	may	be	more	sensitive	than	CT	for	the	detection	of	small	liver
metastases.	 Importantly,	 the	 development	 of	 gallium-68	DOTATATE	positron	 emission	 tomography	 (PET)/CT
has	revolutionized	 the	ability	 to	 image	small	pNETs,	and	 this	 technology	obviates	 the	need	for	biopsy	 in	many
patients.	 When	 biopsy	 is	 necessary,	 endoscopic	 ultrasound	 (EUS)	 is	 preferred.	 In	 the	 current	 era	 of	 invasive
gastroenterology,	EUS	is	safe	and	is	becoming	more	widely	available.

Accurate	preoperative	diagnosis	and	 staging	of	 the	primary	 tumor	are	necessary	 to	ensure	correct	 treatment.
The	oncologic	(surgical	and	medical)	approach	to	a	pNET	is	different	from	that	for	pancreatic	adenocarcinoma.
Because	 of	 the	 poor	 prognosis	 associated	 with	 pancreatic	 adenocarcinoma,	 patients	 with	 pNETs	 who	 are
incorrectly	thought	to	have	large,	locally	invasive	or	metastatic	adenocarcinomas	may	not	undergo	surgery	when
it	is	indicated	and	also	may	receive	incorrect	chemotherapy.	The	combination	of	gallium-68	DOTATATE	imaging
and	the	selective	use	of	tumor	biopsy	should	prevent	diagnostic	uncertainty	in	virtually	all	patients.

Serum	Tumor	Markers
Several	circulating	tumor	markers	have	been	evaluated	for	 the	diagnosis	and	follow-up	management	of	pNETs.
Although	 these	 can	 be	 useful	 for	 follow-up,	 isolated	 elevation	 of	marker	 levels	 is	 generally	 not	 sufficient	 for
diagnosis.	These	markers	usually	can	be	divided	into	markers	associated	with	specific	endocrine	syndromes	and
more	general	markers	 that	may	be	present	 in	functional	and	nonfunctional	 tumors.	The	most	 important	of	 these
markers,	CgA,	is	a	49-kDa	acidic	polypeptide	that	is	widely	present	in	the	secretory	granules	of	neuroendocrine
cells.	CgA	is	elevated	in	the	majority	of	patients	with	either	functioning	or	nonfunctioning	pNETs.47–50	In	a	study
where	patients	with	 advanced	pNETs	were	 treated	with	 streptozocin-based	 chemotherapy,	 79%	of	patients	had
elevation	of	CgA	at	the	time	of	diagnosis.51	In	addition,	response	to	therapy	was	associated	with	a	30%	decrease
in	 serum	 CgA.51	 This	 concept	 was	 also	 tested	 in	 the	 RAD001	 in	 Advanced	 Neuroendocrine	 Tumors
(RADIANT)-1	 study,	 which	 treated	 patients	 with	 progressive	 pNETs	 after	 cytotoxic	 chemotherapy	 with	 the
mTOR	 inhibitor	 everolimus.	 In	 this	 study,	 a	 30%	 decrease	 in	 CgA	 4	 weeks	 after	 initiation	 of	 therapy	 was
associated	 with	 significantly	 longer	 progression-free	 survival	 (PFS).52	 However,	 care	 should	 be	 taken	 in
measuring	CgA	and	interpreting	the	results.	For	example,	because	somatostatin	analogs	are	known	to	affect	blood
levels	of	CgA,	serial	CgA	levels	should	be	measured	at	approximately	the	same	interval	from	injection	in	patients
receiving	long-acting	somatostatin	analogs.	Spuriously	elevated	levels	of	CgA	have	also	been	reported	in	patients
using	proton	pump	inhibitors	(PPIs),	in	patients	with	renal	or	liver	failure,	and	in	those	with	chronic	gastritis.

Another	general	neuroendocrine	marker,	NSE,	is	a	dimmer	of	the	glycolytic	enzyme	enolase.	NSE	is	present	in
the	cytoplasmic	compartment	of	the	cell,	and	its	serum	level	is	thought	to	be	unrelated	to	the	secretory	activity	of
the	tumor.50	Although	 less	 specific	 as	 a	 diagnostic	marker,	 it	may	be	helpful	 in	 the	 follow-up	of	 patients	with
unresectable	 disease.	 In	 the	 RADIANT-1	 study,	 a	 30%	 decrease	 in	 NSE	 at	 week	 4	 was	 associated	 with
significantly	longer	PFS.52

PP	levels	also	are	frequently	elevated	in	patients	with	pNETs.	Elevation	of	PP	is	not	associated	with	a	distinct
hormonal	 syndrome	and	 is	only	considered	 significant	when	PP	 levels	are	at	 least	 three	 times	 the	age-matched
normal	basal	level	obtained	in	a	fasting	state.53	A	variety	of	other	secreted	amines	can	also	be	measured.	These
include	other	chromogranins	such	as	chromogranin	B	and	C,	pancreastatin,	substance	P,	neurotensin,	neurokinin
A,	gastrin,	glucagon,	vasoactive	 intestinal	peptide,	 insulin,	proinsulin,	and	C-peptide.	In	general,	blood	markers
should	be	drawn	in	the	fasting	state.

It	 is	recognized	that	NETs	sometimes	can	change	what	(if	any)	hormones	and	biomarkers	are	produced.	The
general	 principle	 of	 biomarker	 measurement	 is	 to	 evaluate	 a	 large	 panel	 of	 markers	 at	 key	 points	 in	 time
(diagnosis	or	relapse)	in	order	to	identify	the	biomarkers	that	are	elevated	and	then	follow	these	over	time.	It	 is
generally	not	necessary	to	check	every	biomarker	at	every	visit.

Surgical	Treatment
The	majority	of	pNETs	are	malignant,	with	the	exception	of	insulinomas,	which	are	benign	in	95%	of	patients.	It
is	 probably	 best	 to	 assume	 that	 if	 left	 untreated,	 all	 non–insulin-secreting	 pNETs	 have	 the	 biologic	 ability	 for
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uncontrolled	 local	 growth	 and	 metastasis	 to	 distant	 organs.	 pNETs	 frequently	 metastasize	 to	 regional	 lymph
nodes,	 and	 the	 frequency	 of	 lymph	 node	metastases	 depends	 on	 the	 extent	 of	 surgery	 and	 on	 the	 degree	 and
accuracy	of	the	pathologist’s	examination	of	the	surgical	specimen.54

Based	 on	 our	 experience	 and	 published	 reports,	 we	 have	 developed	 general	 guidelines	 for	 the	 surgical
management	of	patients	with	nonfunctioning	pNETs:

1.	 We	establish	the	diagnosis	with	gallium-68	DOTATATE	imaging	and	often	needle	biopsy	(EUS-guided
FNA	of	the	pancreas	or	image-guided	core	needle	biopsy	of	liver	metastases).	Local	tumor	resectability
(pancreas	and	liver)	is	determined	with	CT	or	MRI,	and	disease	extent	(liver,	lung,	or	bone)	is	determined
with	gallium-68	DOTATATE.	If	a	distal	bile	duct	obstruction	is	present,	an	endobiliary	stent	is	placed	via
endoscopic	retrograde	cholangiopancreatography	(ERCP).	Once	biliary	obstruction	is	recognized	and	a
stent	is	placed	in	the	bile	duct,	an	operation	to	remove	the	primary	tumor	or	bypass	the	site	of	obstruction
will	likely	be	needed.	In	the	absence	of	large-volume	distant	metastases,	the	patient	will	most	likely	outlive
the	biliary	stent;	significant	stent-related	morbidity	is	avoidable	with	resection	or	bypass.

2.	 We	resect	localized,	nonmetastatic	disease	confined	to	the	pancreas	if	a	gross	complete	resection	can	be
performed.	If	radiographically	occult	liver	metastases	are	found	at	the	time	of	the	operation	(becoming
much	less	common	in	the	era	of	DOTATATE	imaging),	they	are	removed	if	possible.	If	the	liver
metastases	are	of	small	volume	but	diffuse,	the	primary	tumor	is	usually	removed	due	to	the	potential	for
major	morbidity	from	the	primary	tumor,	which	is	a	possibility	because	of	the	relatively	long	anticipated
survival	of	the	patient.

3.	 There	is	an	emerging	body	of	literature	to	suggest	that	nonfunctioning	pNETs	less	than	(approximately)	2
cm	in	diameter	are	of	limited	metastatic	potential.	This	is	especially	important	when	dealing	with	patients
of	advanced	age	or	clinically	significant	comorbidities	(which	increase	operative	risk	even	if	the	procedure
is	performed	laparoscopically).	In	this	setting,	if	the	pNET	represents	an	incidental	finding	on	CT	or	MRI
obtained	for	an	unrelated	reason,	observation	may	be	the	best	approach.55–57	Repeat	imaging	in	6	to	12
months	will	provide	a	window	of	opportunity	to	assess	tumor	biology.	If	observation	is	chosen	and	the
diagnosis	is	confirmed	on	imaging,	to	include	a	DOTATATE	scan,	biopsy	is	not	necessary.

4.	 In	the	setting	of	known	metastatic	disease	or	a	large,	borderline	resectable	primary	tumor,	we	would	first
initiate	systemic	therapy	as	a	bridge	to	eventual	operation.	Significant	downstaging	of	the	overall	tumor
burden	can	improve	the	safety	of	surgery	in	some	patients.

5.	 The	decision	to	operate	on	the	primary	pancreatic	tumor	is	based	on	the	presence	and/or	extent	of	distant
disease	and	the	presence	or	absence	of	symptoms	(bleeding,	obstruction)	from	the	primary	tumor.	For
example,	resection	of	an	asymptomatic	primary	in	the	distal	pancreas	has	a	limited	role,	if	any,	in	the
presence	of	unresectable,	moderate-	to	large-volume	extrapancreatic	metastatic	disease.	As	treatments	for
metastatic	disease	become	more	effective,	the	rationale	for	aggressive	management	of	the	primary	tumor
despite	the	presence	of	extrapancreatic	disease	may	become	more	compelling.	However,	optimal	treatment
sequencing	often	emphasizes	a	surgery-last	strategy	(after	induction	systemic	therapy)	to	identify	patients
most	likely	to	benefit	from	large,	multiorgan	resections.

6.	 When	dealing	with	a	resectable	primary	tumor	and	resectable	liver	metastases,	we	usually	remove	the
pancreatic	tumor	first;	if	that	procedure	goes	well,	we	then	consider	resecting	the	liver	under	the	same
anesthesia	induction.58	However,	we	often	use	a	two-stage	approach	if	all	needed	surgery	cannot	safely	be
performed	at	one	operation.

The	goals	of	 surgery	are	 to	maximize	 local	disease	control	 and	 to	 increase	 the	quality	and	 length	of	patient
survival.	These	goals	must	be	tempered	by	the	potential	operative	morbidity	and	the	long-term	complications	of
insulin	dependence	and	gastrointestinal	dysfunction.	We	have	previously	reported,	as	expected,	that	patients	with
localized	or	regional	disease	at	diagnosis	had	a	superior	median	survival	compared	with	those	who	had	metastatic
disease	(7.1	versus	2.2	years,	P	<	.0001).59	Among	patients	with	localized	disease,	those	who	underwent	complete
resection	of	the	primary	tumor	demonstrated	an	additional	survival	advantage	over	those	with	locally	advanced,
unresectable	tumors	(median	survival	rate	of	7.1	and	5.2	years,	respectively).59	However,	only	half	of	the	patients
with	 localized,	 nonmetastatic	 disease	who	underwent	 resection	of	 the	primary	 tumor	were	without	 evidence	of
recurrent	disease	with	careful	 long-term	follow-up.	With	 the	 increasing	availability	of	gallium-68	DOTATATE
imaging,	the	percentage	of	patients	with	truly	localized	disease	will	decrease.	How	this	will	 influence	treatment
sequencing,	especially	in	patients	with	low-volume	disease,	is	unknown	at	this	time.

Occasionally,	an	extended	operation	is	required	to	achieve	complete	tumor	resection	of	nonfunctioning	pNETs.



A	 high-risk	 operation	 (to	 include	 most	 that	 require	 complex	 vascular	 resection	 and	 reconstruction	 and/or
multivisceral	 resections)	 should	 not	 be	 performed	 in	 a	 high-risk	 patient	 who,	 because	 of	 age	 and	 medical
comorbidities,	has	a	significant	 risk	of	perioperative	mortality	 (10%	or	greater)	or	morbidity.	 In	 the	absence	of
surgery,	 survival	duration	 is	often	measured	 in	years	 even	 in	 the	presence	of	distant	metastases,	 and	 therefore,
surgery-related	complications	are	 to	be	avoided.60	The	median	 survival	duration	 for	patients	with	unresectable,
nonmetastatic,	nonfunctioning	pNETs	is	approximately	5	years.	As	survival	time	without	operation	increases	and
as	 potential	 operative	morbidity	 and	mortality	 increase,	 we	 are	 less	 accepting	 of	 the	 upfront	 risks	 of	 surgery.
However,	as	mentioned	earlier,	occasionally,	locally	advanced	tumors	of	the	pancreatic	head	or	uncinate	process
are	associated	with	 significant	patient	morbidity	due	 to	complications	 such	as	biliary	obstruction,	gastric	outlet
obstruction,	 or	 gastrointestinal	 hemorrhage.59	 In	 contrast	 to	 the	 management	 of	 patients	 with	 pancreatic
adenocarcinoma	where	endoscopic	stenting	of	the	bile	duct	and	occasionally	the	duodenum	are	fairly	routine	in
the	setting	of	locally	advanced	or	metastatic	disease,	we	would	rarely	use	a	duodenal	stent	in	a	patient	with	NEC
and	would	use	endobiliary	stents	only	for	short-term	(months,	not	years)	biliary	decompression.

Oncologic	Management	of	Advanced	Pancreatic	Neuroendocrine	Tumors
Advanced,	unresectable	pNETs	generally	are	not	curable.	The	goals	of	oncologic	management	include	palliation
or	prevention	of	symptoms	and	cytoreduction	of	bulky	tumors	in	an	effort	to	prolong	survival.	Although	low-	to
intermediate-grade	 pNETs	 have	 a	 reputation	 of	 being	 indolent,	 most	 patients	 with	 advanced	 pNETs	 will	 not
survive	the	disease.

Management	 of	 patients	 with	 advanced	 pNETs	 requires	 an	 understanding	 of	 the	 disease	 process	 and	 the
importance	 of	 a	 multimodality	 approach.	 Treatment	 options	 include	 cytotoxic	 chemotherapy,	 everolimus,
sunitinib,	 somatostatin	 analogs,	 peptide	 receptor	 radiotherapy	 (PRRT),	 and	ablative	 approaches	 such	as	hepatic
artery	embolization	and	radiofrequency	ablation	(RFA).	Occasionally,	systemic	therapy	may	also	convert	cases	of
unresectable	tumors	into	cases	wherein	surgery	may	render	the	patient	disease	free.	In	such	cases,	we	recommend
that	surgical	options	be	considered	in	a	multidisciplinary	setting.	Much	of	what	is	discussed	here	for	pNETs	also
holds	true	for	managing	the	growth	of	functional	tumors.

Systemic	Therapy

Somatostatin	Analogs
Somatostatin	is	a	hormone	that	binds	to	specific	high-affinity	membrane	receptors	on	target	tissues.	To	date,	five
subtypes	of	somatostatin	receptors	(SSTRs)	have	been	identified.	When	activated,	these	receptors	trigger	differing
biologic	activity.	The	somatostatin	analogs	octreotide	and	lanreotide	both	bind	with	high	affinity	to	SSTR2	and
with	slightly	lower	affinity	to	SSTR5.

The	somatostatin	analog	octreotide	is	approved	for	the	control	of	symptoms	related	to	hormonal	hypersecretion
in	 NETs.	More	 recently,	 randomized	 controlled	 studies	 have	 also	 demonstrated	 that	 somatostatin	 analogs	 can
delay	 tumor	 growth.	 The	 PROMID	 (Placebo-Controlled,	Double-Blind,	 Prospective	Randomized	 Study	 on	 the
Effect	of	Octreotide	LAR	 in	 the	Control	of	Tumor	Growth	 in	Patients	with	Metastatic	Neuroendocrine	Midgut
Tumors)	study	compared	octreotide	long-acting	release	(LAR)	30	mg	every	4	weeks	to	placebo	among	treatment-
naïve	 patients	 with	 midgut	 NETs	 (carcinoid	 tumors).	 The	 study	 demonstrated	 significant	 benefit	 in	 time	 to
progression	(HR,	0.34;	95%	CI,	0.20	to	0.59;	P	<	.0001).61	In	a	larger	study	that	included	a	substantial	number	of
pNETs,	lanreotide	120	mg	was	compared	to	placebo	in	a	population	of	patients	with	mostly	stable	disease	(Table
84.3).	Treatment	with	lanreotide	was	also	associated	with	significant	benefit	in	PFS	(HR,	0.47;	95%	CI,	0.30	to
0.73;	P	=	 .0002).62	However,	 the	 long	median	PFS	 of	 12	months	 (95%	CI,	 9.4	 to	 18.3	months)	 among	 pNET
patients	 receiving	 placebo	 suggests	 that	 many	 patients	 with	 known	 stable	 disease	 may	 not	 need	 immediate
treatment.

TABLE	84.3
Selected	Phase	III	Studies	in	Pancreatic	Neuroendocrine	Tumors	(pNETs)

Regimen No.	of	Patients Median	PFS	(mo) Hazard	Ratio P
Study	in	patients	with	predominantly	stable	disease
Lanreotide	120	mg
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every	4	wk	(overall)62
Placebo	(overall)

101
103

Not	reached
18

0.47
(95%	CI,	0.30–0.73) .0002

Lanreotide	120	mg
every	4	wk	(pNET)
Placebo	(pNET)

42
49

Not	reached
12.1

0.58
(95%	CI,	0.32–1.04) .06a

Studies	in	patients	with	progressive	disease
Everolimus	10	mg
daily65
Placebo

204
203

11
4.6

0.35
(95%	CI,	0.27–0.45) <	.0001

Sunitinib	37.5	mg
daily68
Placebo

86
85

11.4
5.5

0.42
(95%	CI,	0.26–0.66) .0001

aStudy	not	powered	to	test	the	treatment	effect	in	pNET	subgroup.

Everolimus
mTOR	 is	 an	 intracellular	 protein	 that	 has	 a	 central	 role	 in	 cellular	 function.	 It	 acts	 as	 a	 nutrient	 sensor	 and
mediates	signaling	downstream	of	receptor	tyrosine	kinases	controlling	cell	growth,	protein	synthesis,	autophagy,
and	angiogenesis.	The	association	between	aberrant	mTOR	pathway	signaling	and	the	pathogenesis	of	pNETs	is
suggested	by	the	development	of	pNETs	in	patients	with	inherited	genetic	mutations	in	TSC2	and	NF1.	Loss	of
TSC2	 and	NF1	 is	associated	with	mTOR	activation.	 In	an	exome	sequencing	study,	mTOR	pathway	mutations
were	also	found	in	sporadic	pNETs.28	Finally,	on	a	protein	level,	low	expression	of	PTEN	and	tuberous	sclerosis
complex	2	(TSC2)	was	associated	with	poor	prognosis.63

Phase	 II	 studies	 of	 the	 mTOR	 inhibitor	 everolimus	 have	 reported	 evidence	 of	 clinical	 activity.52,64	 In	 a
multinational	phase	II	study	(RADIANT-1)	in	patients	with	advanced	pNET	with	progression	after	chemotherapy,
160	patients	were	treated	in	two	strata,	with	everolimus	(n	=	115)	or	everolimus	plus	octreotide	(n	=	45),	based	on
whether	patients	were	on	octreotide	at	 study	entry.52	By	central	 radiology	 review,	 the	 response	 rate	was	9.6%.
Durable	 disease	 stabilizations	 were,	 however,	 observed	 among	 patients	 with	 progression	 at	 study	 entry.	 The
median	 PFS	 for	 patients	 receiving	 everolimus	 or	 everolimus	 plus	 octreotide	 were	 9.7	 and	 16.7	 months,
respectively.	 In	 the	 largest	phase	 III	 study	 to	have	been	conducted	 in	pNETs	 (RADIANT-3),	410	patients	with
progressive	pNETs	were	randomly	assigned	to	receive	everolimus	or	placebo.	The	study	demonstrated	clinically
and	 statistically	 significant	 benefit	 in	 PFS	 for	 patients	 receiving	 everolimus	 (see	 Table	 84.3).65	 Everolimus
prolonged	median	PFS	from	4.6	months	to	11	months,	leading	to	a	65%	risk	reduction	for	progression	compared
to	 placebo	 (HR,	 0.35;	 95%	CI,	 0.27	 to	 0.45;	P	 <	 .0001).	 Treatment	 also	 reduced	 the	 level	 of	 tumor-secreted
hormones.	 Although	 quality-of-life	 data	 were	 not	 collected	 in	 RADIANT-3,	 quality	 of	 life	 was	 assessed	 in
RADIANT-4,	 a	 similar	 phase	 III	 study	 in	 lung	 and	 gastrointestinal	 NETs.	 Assessed	 using	 the	 Functional
Assessment	 of	 Cancer	 Therapy—General	 (FACT-G),	 health-related	 quality	 of	 life	 was	 maintained	 with	 no
relevant	differences	noted	between	the	everolimus	and	placebo	groups.66

Sunitinib
pNETs	 are	 vascular	 tumors	 known	 to	 express	 vascular	 endothelial	 growth	 factor	 (VEGF).	Recent	 studies	 have
demonstrated	 the	 expression	 of	VEGFR-FLK	 and	VEGFR-FLT1	 on	 tumor	 cells.	 Sunitinib	 is	 a	 novel	 tyrosine
kinase	inhibitor	with	activity	against	VEGF	receptor	(VEGFR),	c-Kit,	and	platelet-derived	growth	factor	receptor
(PDGFR).	 In	a	multicenter	phase	 II	 study,	 investigators	 treated	patients	with	carcinoids	and	pNETs	 in	 separate
strata.	A	higher	 response	 rate	was	observed	among	patients	with	pNETs	 than	carcinoids	 (17%	versus	2%).67	A
subsequent	 phase	 III	 study	 compared	 sunitinib	 to	 placebo	 in	 pNETs	 (see	 Table	 84.3).	 Results	 of	 an	 early
unplanned	analysis	showed	improved	PFS	with	sunitinib	(5.5	versus	11.4	months).68	Although	the	study	showed
clinically	meaningful	benefit	(HR,	0.42;	95%	CI,	0.26	to	0.66),	the	type	I	error	was	uncontrolled.

CYTOTOXIC	CHEMOTHERAPY
Systemic	chemotherapy	for	advanced	pNETs	has	been	studied	in	many	clinical	trials	over	the	past	three	decades.
Despite	the	multitude	of	publications,	the	role	of	cytotoxic	chemotherapy	continues	to	be	debated.	Older	studies
often	used	criteria	to	measure	outcome	that	are	not	accepted	today.	Older	studies	using	cytotoxic	agents	have	not
documented	improvements	in	PFS	or	OS	versus	best	supportive	care.



Streptozocin-Based	Chemotherapy
Streptozocin’s	 antitumor	 activity	 in	 pNETs	was	 first	 reported	 in	 1973;	 in	 a	 study	 that	 included	 52	 patients,	 a
response	rate	of	50%	was	reported.69	Streptozocin’s	single-agent	activity	in	pNETs	was	subsequently	confirmed
in	a	study	comparing	that	agent	alone	with	streptozocin	plus	fluorouracil.70	 In	 this	study,	a	higher	response	rate
was	 reported	 for	 the	 combination	 of	 streptozocin	 and	 fluorouracil.	 The	 Eastern	 Cooperative	 Oncology	 Group
subsequently	 compared	 this	 combination	 to	 streptozocin	 plus	 doxorubicin71	 and	 reported	 a	 significantly	 higher
response	rate	(69%	versus	45%),	time	to	progression	(median,	20	versus	7	months),	and	OS	(median,	2.2	versus
1.4	 years)	 for	 streptozocin	 plus	 doxorubicin	 than	 for	 streptozocin	 plus	 fluorouracil.	 Based	 on	 these	 data,
combination	 chemotherapy	 with	 streptozocin-based	 regimens	 is	 considered	 the	 standard	 treatment	 option	 by
many.

However,	 two	 small	 retrospective	 series	 have	 recently	 cast	 doubt	 on	 the	 value	 of	 streptozocin-based
chemotherapy.	Each	of	these	studies	examined	only	16	patients.	Both	reported	a	disappointing	radiologic	response
rate	of	only	6%.72,73	This	10-fold	difference	in	response	rates	has	aroused	considerable	controversy	as	to	the	role
of	chemotherapy	in	treating	pNETs.	Some	of	the	disparity	in	response	rate	may	be	accounted	for	by	differences	in
response	criteria.

In	light	of	the	controversy	regarding	the	role	of	chemotherapy	in	the	management	of	pNETs,	we	conducted	a
retrospective	study	that	examined	the	outcome	of	84	consecutive	patients	treated	with	fluorouracil,	doxorubicin,
and	 streptozocin	 and	 observed	 a	 response	 rate	 of	 39%.51	 The	 median	 PFS	 in	 that	 series	 was	 18	 months,	 and
median	OS	was	37	months.

Dacarbazine-	and	Temozolomide-Based	Chemotherapy
Dacarbazine	was	 initially	 studied	 in	a	phase	 II	 study	 that	 included	42	patients	with	pNETs.	A	 response	 rate	of
33%	was	observed.74	Temozolomide	is	an	oral	alkylating	agent	that	metabolizes	to	the	same	active	metabolite	as
dacarbazine,	 5-(3-methyl-triazeno)imidazole-4-carboxamide.	 Although	 a	 number	 of	 temozolomide-	 based
doublets	have	been	reported	in	clinical	trials	or	retrospective	series,	the	activity	of	single-agent	temozolomide	has
not	 been	 prospectively	 evaluated.18–20	 In	 one	 large	 series,	 18	 of	 53	 (34%)	 patients	 with	 pNETs	 had	 objective
response	 after	 temozolomide-	 based	 chemotherapy.75	 A	 randomized	 study	 comparing	 temozolomide	 versus
temozolomide	plus	capecitabine	is	ongoing.

TABLE	84.4
Selected	Cytotoxic	Chemotherapy	for	Pancreatic	Neuroendocrine	Tumors

Cytotoxic	Chemotherapy

Fluorouracil,	streptozocin,	and	doxorubicin,	28-d	cycle51

Fluorouracil	400	mg/m2/d	IV	bolus	on	days	1–5
Streptozocin	400	mg/m2/d	IV	on	days	1–5
Doxorubicin	40	mg/m2	on	day	1	only

Fluorouracil	and	streptozocin,	42-d	cycle71,144

Fluorouracil	400	mg/m2/d	IV	bolus	on	days	1–5
Streptozocin	500	mg/m2/d	IV	on	days	1–5

Streptozocin	and	doxorubicin,	42-d	cycle71,144

Streptozocin	500	mg/m2/d	IV	on	days	1–4
Doxorubicin	50	mg/m2	on	days	1	and	22

Temozolomide,	21-	to	28-d	cycle145

Temozolomide	150–200	mg/m2/d	on	days	1–5

Temozolomide	and	capecitabine,	28-d	cycle146

Capecitabine	600	mg/m2	PO	twice	daily	(maximum	1,000	mg	twice	daily)	on	days	1–14
Temozolomide	150–200	mg/m2	PO	divided	into	two	doses	daily	on	days	10–14

IV,	intravenous;	PO,	oral.

Cytotoxic	chemotherapy	continues	to	play	an	important	role	in	the	management	of	pNETs.	Selected	regimens
are	summarized	in	Table	84.4.
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Peptide	Receptor	Radiotherapy
The	presence	of	somatostatin	receptors	in	high	density	on	tumors	cells	has	led	to	the	development	of	PRRT	for
NETs.	Early	 studies	with	 indium-111	 (111In)–,	yttrium-90	 (90Y)–,	 or	 lutetium-177	 (177Lu)–labeled	 somatostatin
analogs	 have	 reported	 promising	 results	 in	 the	 control	 of	 hormone-associated	 symptoms.76	 The	 earliest	 studies
were	 carried	 out	 with	 [111In-DTPA0]octreotide.	 Although	 symptomatic	 improvements	 were	 reported,	 objective
tumor	 responses	 were	 rarely	 observed.	 Subsequently,	 90Y	 was	 linked	 to	 octreotide	 to	 create	 [90Y-
DOTA0,Tyr3]octreotide.	In	the	largest	prospective	study	of	90	patients	with	NETs,	only	a	modest	response	rate	of
4%	was	observed.77

Octreotate	substitutes	 the	C-terminal	 threoninol	with	 threonine.	Octreotate	 is	 linked	 to	177Lu	to	create	177Lu-
DOTA0,Tyr3	 octreotate.	 Recently,	 Neuroendocrine	 Tumors	 Therapy	 (NETTER)-1,	 a	 phase	 III	 study	 that
compared	four	cycles	of	177Lu-DOTA0,Tyr3	octreotate	given	every	8	weeks	followed	by	octreotide	LAR	30	mg
every	 4	 weeks	 to	 octreotide	 LAR	 60	 mg,	 demonstrated	 significant	 PFS	 benefit	 among	 patients	 with	 midgut
NETs.78	FDA	has	approved	lutetium	Lu	177	dotatate	for	wider	indication	of	gastroenteropancreatic	NETs,	though
data	from	controlled	clinical	trials	in	pNET	are	still	lacking.

Liver-Directed	Regional	Therapy
Because	the	liver	is	the	most	common	and	sometimes	the	only	site	of	metastasis,	the	development	of	liver-directed
therapeutic	 approaches	 for	 pNETs	 is	 of	 obvious	 interest.	 In	 the	 absence	 of	 a	 hormonal	 syndrome,	 typical
indications	for	liver-directed	therapy	include	right	upper	quadrant	pain,	early	satiety	due	to	gastric	compression	by
an	enlarged	left	hepatic	lobe,	and	the	need	to	control	slowly	progressive	but	bulky	disease.	Importantly,	ablative
techniques	used	 to	 treat	 liver	metastases	 are	 rarely	performed	 in	patients	who	have	undergone	a	biliary	enteric
anastomosis	(prior	Whipple	or	total	pancreatectomy	or	a	biliary	bypass)	due	to	the	risk	for	liver	abscess	that	can
occur	following	ablation	in	the	setting	of	contaminated	bile.

Hepatic	Artery	Embolization	and	Chemoembolization
Hepatic	artery	embolization	takes	advantage	of	the	liver’s	dual	blood	supply.	The	normal	liver	derives	most	of	its
blood	supply	from	the	portal	circulation.	pNET	metastases,	however,	receive	most	of	their	blood	supply	from	the
hepatic	 artery.	 Thus,	 interruption	 of	 the	 blood	 supply	 from	 the	 hepatic	 artery	 preferentially	 causes	 ischemic
necrosis	of	the	metastases	while	sparing	most	of	the	normal	liver.	Currently,	most	procedures	for	occlusion	of	the
hepatic	artery	involve	the	percutaneous	intra-arterial	 infusion	of	small	particles.	The	choice	of	embolic	material
varies	 by	 center	 and	 may	 include	 lipiodol	 or	 ethiodized	 oil,	 small	 plastic	 particles,	 or	 gelatin	 foam	 particles.
Comparative	studies	of	various	embolic	materials	are	 lacking.	In	performing	hepatic	artery	chemoembolization,
cytotoxic	 agents	 are	 administered	 intra-arterially	 before	 the	 vessels	 are	 embolized,	 as	 this	 approach	 has	 the
potential	to	enable	delivery	of	a	higher	chemotherapy	dose	to	liver	metastases.

Most	published	studies	of	hepatic	artery	embolization	or	chemoembolization	have	included	a	mix	of	patients
with	carcinoids	and	pNETs.	Studies	have	reported	a	wide	range	of	response	rates	ranging	from	8%	to	>60%	using
heterogeneous	 response	criteria.79,80	 In	 a	 retrospective	 study	 from	 the	MD	Anderson	Cancer	Center,	where	 the
outcome	of	pNET	patients	was	separately	examined,	the	objective	tumor	response	rate	was	35%.	When	the	bland
embolization	 group	 was	 compared	 with	 the	 chemoembolization	 group,	 a	 trend	 was	 observed	 for	 improved
response	rate	with	the	addition	of	chemotherapy	(50%	versus	25%,	P	=	.06).79	In	a	similar	retrospective	study	of
67	patients	with	NETs	 (19	with	pNETs)	who	underwent	 chemoembolization	 in	France,	 investigators	 compared
doxorubicin	with	 streptozocin	during	 embolization	 and	 reported	 a	 higher	 response	 rate	with	 streptozocin-based
chemoembolization	after	multivariate	analyses.81

Based	on	these	findings,	we	recommend	hepatic	artery	chemoembolization	in	carefully	selected	patients	with
liver	metastases	from	pNETs.	The	procedure	should	be	carried	out	in	a	hospital	setting	because	treatment-related
toxic	effects	are	common	and	may	be	severe.	These	include	abdominal	pain,	nausea,	fever,	fatigue,	and	elevated
liver	 enzymes	 sometimes	 referred	 to	 as	 “postembolization	 syndrome.”	 Crises	 related	 to	 massive	 release	 of
hormone(s)	may	occur	in	the	presence	of	functional	tumors;	prophylactic	administration	of	somatostatin	analogs
should	always	be	considered.	Major	complications	(even	deaths)	have	been	reported	in	clinical	trials.	To	minimize
the	risk	of	hepatic	insufficiency,	embolization	should	be	carried	out	in	one	lobe	at	a	time.	In	patients	with	bulky
disease	or	poor	 liver	function,	more	 limited	embolization	of	 liver	segments	should	be	considered;	experience	 is
clearly	very	important	in	the	use	of	this	treatment	modality.

More	 recently,	 radioactive	 microsphere	 embolization	 is	 emerging	 as	 a	 well-tolerated	 outpatient	 procedure



providing	 symptom	 relief	 and	varying	 response	 rates.82–84	However,	 prospective	 studies	 are	 lacking	 in	 patients
with	NETs	and	specifically	those	with	pNETs.

Hepatic	Metastasectomy	and	Ablation
Because	 of	 the	 relatively	 indolent	 behavior	 of	 the	 disease,	 aggressive	 surgical	 resection	 has	 a	 role	 in	 the
management	of	metastatic	pNET.	The	 largest	published	experience	with	 liver	 resection	 for	NETs	 included	170
patients,	52	with	pNET.85	A	separate	analysis	of	pNETs	was	not	performed,	but	the	OS	rates	for	all	170	patients
were	reported	to	be	61%	and	35%	at	5	and	10	years,	respectively.	However,	it	is	clear	from	this	study	that	liver
resection	is	not	curative	in	most	patients;	the	disease	recurrence	rate	was	85%	at	5	years.85

We	 encourage	 resection	 for	 patients	 in	 whom	 an	 adequate	 functional	 liver	 remnant	 is	 present;	 however,
neuroendocrine	liver	metastases	are	frequently	multifocal	with	a	bilobar	distribution.86,87	Ablation	techniques	can
be	used	in	combination	with	metastasectomy	to	further	reduce	tumor	burden.	Direct	comparison	of	the	efficacy	of
ablation	with	radiofrequency	or	microwave	techniques	has	not	been	widely	studied;	however,	some	studies	have
demonstrated	analogous	recurrence	rates	between	ablation	and	hepatic	resection.86	RFA	can	be	carried	out	during
laparoscopy	or	laparotomy	or	via	a	percutaneous	approach.	Although	RFA	has	not	been	systematically	compared
with	other	treatment	modalities,	an	anecdotal	description	of	RFA’s	clinical	benefit	has	been	reported.	In	one	series
of	34	patients,	 including	9	with	pNETs,	who	underwent	 laparoscopic	RFA,	79%	of	patients	with	 symptoms	at
baseline	reported	either	complete	resolution	or	a	significant	reduction	of	tumor-related	symptoms.88	Upfront	liver
resection	should	be	avoided	in	patients	with	a	high-grade	histologic	subtype.	A	period	of	systemic	chemotherapy
may	be	used	as	part	of	a	test-of-time	approach	to	select	patients	whose	disease	is	less	likely	to	progress	and	who
are	 therefore	 more	 likely	 to	 benefit	 from	 aggressive	 surgical	 intervention.	 Importantly,	 in	 patients	 with
synchronous	liver	metastases,	a	global	strategy	for	the	application	of	multiple	treatments	in	series	(for	primary	and
liver)	 is	 needed	because	 ablative	 techniques	 for	 the	 liver	 are	 rarely	 an	option	 in	 the	 setting	of	 a	biliary	 enteric
anastomosis.

Transplantation
For	 patients	with	 clearly	 unresectable	 liver	metastases,	 there	 has	 been	 some	 experience,	 although	 limited,	with
hepatic	 transplantation.	However,	 after	 liver	 transplantation,	 survival	 of	 patients	with	 pNETs	was	 found	 to	 be
inferior	 to	 that	 of	 patients	 who	 had	 carcinoid	 tumors	 (3-year	 survival,	 8%	 versus	 80%).89	 Given	 the	 upfront
operative	 risk	 and,	 as	 yet,	 the	 lack	 of	 data	 supporting	 a	 survival	 benefit,	 hepatic	 transplantation	 for	 the
management	of	pNETs	should	be	considered	investigational.	Further,	the	challenge	of	limited	organ	availability
(at	least	in	the	United	States)	makes	liver	transplantation	for	pNET	an	unrealistic	option	for	many	patients	in	the
absence	of	a	living	related	donor.

Therapeutic	Strategy	for	Advanced	Unresectable	Pancreatic	Neuroendocrine
Tumors
The	 past	 decade	 has	 seen	 rapid	 advances	 in	 the	 therapeutic	 options	 for	 pNETs.	 U.S.	 Food	 and	 Drug
Administration	 (FDA)-approved	 agents	 include	 streptozocin,	 everolimus,	 sunitinib,	 lanreotide,	 and	 lutetium	Lu
177	 dotatate.	 Surgical	 resection,	 regional	 therapy,	 and	 therapies	 not	 yet	 approved,	 including	 selective	 internal
radiotherapy,	 and	 temozolomide,	 offer	 additional	 options.	 Studies	 have	 also	 been	 completed	 in	 heterogeneous
populations	 with	 the	 lanreotide	 study	 being	 conducted	 in	 an	 indolent	 (stable	 disease)	 population,	 whereas
everolimus	and	sunitinib	were	studied	among	patients	with	progressive	disease.	None	of	these	options	have	been
compared	in	head-to-head	clinical	trials.

Although	 the	 rarity	 of	 the	 pNETs	 precludes	 the	 large	 studies	 necessary	 to	 answer	 treatment	 sequencing
questions,	 the	relatively	 longer	survival	means	patients	will	 likely	go	 through	many	of	 these	options	 in	varying
sequence.	A	conceptual	framework	for	choosing	therapy	at	each	stage	should	take	into	account	the	aggressiveness
of	the	tumor,	the	burden	(volume)	of	disease,	and	any	symptoms	due	to	tumor	burden	or	hormonal	secretion	(Fig.
84.3).	Depending	on	these	variables,	decisions	can	be	made	to	prioritize	the	goals	of	therapy.	For	example,	for	a
patient	 with	 low-volume,	 stable,	 and	 asymptomatic	 metastatic	 disease,	 quality	 of	 life	 can	 be	 prioritized	 by
expectant	observation	or	 treatment	with	somatostatin	analogs.	Cytotoxic	chemotherapy,	on	 the	other	hand,	may
offer	relief	to	a	patient	with	bulky,	progressive,	and	symptomatic	disease.	Everolimus	or	sunitinib	can	be	suitable
options	 for	 most	 patients	 in	 between	 the	 two	 extremes.	 The	 choice	 between	 everolimus	 and	 sunitinib	 can	 be
considered	based	on	the	strength	of	published	evidence,	secretory	status,	and	matching	of	patient	comorbidities	to
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the	 adverse	 event	 profile	 of	 the	 drug.	 For	 example,	 everolimus	 has	 been	 more	 extensively	 studied	 among
treatment-naïve	patients	and	patients	who	have	failed	prior	chemotherapy.	It	may	also	be	preferred	among	patients
with	secretory	(functional)	tumors.	Based	on	its	safety	profile,	sunitinib	would	be	a	better	choice	for	patients	with
uncontrolled	 diabetes	 or	 poor	 pulmonary	 function;	 everolimus	may	 be	 safer	 in	 patients	with	 hypertension	 or	 a
history	of	heart	disease.

Figure	84.3	Management	of	patient	with	unresectable	pancreatic	neuroendocrine	tumors.	SSA,
somatostatin	analog.

FUNCTIONAL	TUMORS
Gastrinoma

Diagnosis	and	Management	of	Localized	Disease
Gastrinoma,	or	Zollinger-Ellison	syndrome	(ZES),	is	a	rare	disease	caused	by	a	NET	(gastrinoma)	in	the	pancreas
or	duodenum.	The	hypersecretion	of	gastrin	results	in	uncontrolled	stimulation	of	parietal	cells	and	production	of
gastric	 acid	 causing	 refractory	 peptic	 ulcer	 disease.	Consequently,	most	 patients	 have	 a	 long	 history	 of	 ulcers,
abdominal	 pain,	 diarrhea,	 severe	 gastroesophageal	 reflux,	 and	 prolonged	 use	 of	 acid-suppressive	 medication
and/or	a	history	of	gastric	or	duodenal	surgery.	However,	the	diagnosis	of	ZES	is	becoming	more	difficult	due	to
the	 frequent	 use	 of	 PPIs,	which	 usually	 control	 the	 symptoms	 of	 excess	 acid	while	 the	medication	 is	 taken.90
Importantly,	 the	majority	 of	 patients	who	 are	 found	 to	 have	 an	 elevated	 level	 of	 serum	 gastrin	 do	 not	 have	 a
gastrinoma.	Hypergastrinemia	is	most	commonly	caused	by	acid-suppressive	medications,	especially	PPIs.	If	the
serum	 gastrin	 level	 is	 still	 elevated	 1	 week	 after	 the	 patient	 has	 stopped	 acid-suppressive	 therapy,	 it	 is	 then



important	to	measure	gastric	pH.	Basal	gastric	acid	output	analysis	is	not	available	in	most	centers,	and	gastric	pH
is	rarely	measured	at	the	time	of	upper	endoscopy	(although	at	that	time,	the	patient	is	usually	tested	for	infection
with	Helicobacter	pylori,	which	can	also	cause	hypergastrinemia).	Thus,	the	easiest	way	to	measure	gastric	pH	is
to	simply	place	a	nasogastric	tube	and	aspirate	the	gastric	contents.	These	contents	can	be	placed	on	litmus	paper
and	the	pH	estimated;	patients	with	ZES	should	have	a	gastric	pH	of	less	than	2.	In	contrast,	an	elevated	serum
gastrin	level	and	elevated	gastric	pH	suggest	a	normal	response	of	the	gastric	G	cells	(which	produce	gastrin)	to
parietal	cell	dysfunction	associated	with	achlorhydria,	atrophic	gastritis,	and	pernicious	anemia.

Patients	with	sporadic	ZES	usually	have	a	fasting	gastrin	level	of	>600	pg/mL,	and	virtually	all	patients	have	a
gastrin	level	of	>100	pg/mL.91	A	serum	gastrin	≥1,000	pg/mL	or	10-fold	above	the	normal	range	and	a	gastric	pH
≤2	secures	the	diagnosis	of	ZES.	In	patients	with	gastrin	levels	between	100	and	1,000	pg/mL	and	a	gastric	pH	≤2,
a	 secretin	 or	 calcium	 stimulation	 test	 should	 be	 considered.	 A	 positive	 secretin	 test	 is	 associated	 with	 a
postinjection	 serum	gastrin	 level	 increase	of	>200	pg/mL,	 and	 a	positive	 calcium	 stimulation	 test	 is	 associated
with	a	postinjection	serum	gastrin	level	increase	of	>395	pg/mL.91

Gastrinomas	may	reside	in	the	duodenum	(most	often	in	the	proximal	duodenum)	or	pancreas,	with	duodenal
location	 being	 the	 most	 common.	 Duodenal	 tumors	 are	 usually	 small	 (often	 <1	 cm	 in	 diameter)	 and	 rarely
associated	with	 liver	metastases.	When	 located	 in	 the	pancreas,	gastrinomas	are	usually	 found	 in	 the	pancreatic
head	 or	 uncinate	 process,	 in	 the	 pancreas	 that	 is	 to	 the	 right	 of	 the	 superior	mesenteric	 vessels.	 Serum	gastrin
levels	correlate	with	the	extent	of	disease	and	are	highest	in	patients	with	locally	advanced	or	metastatic	disease.

Patients	 suspected	 to	 have	 ZES	 should	 be	 managed	 at	 a	 referral	 center	 experienced	 in	 the	 diagnosis	 and
management	of	this	disease.	Once	the	diagnosis	is	established	biochemically,	tumor	localization	studies	should	be
performed	as	part	of	the	preoperative	evaluation;	these	include	upper	endoscopy	with	EUS	of	the	pancreatic	head
and	duodenum,	multidetector	CT,	and	gallium-68	DOTATATE	imaging.90,92	Because	of	the	delay	in	diagnosing
ZES	 in	most	 patients	 and	 the	 improvements	 in	 imaging	 studies	 and	 EUS,	 gastrinomas	 seen	 today	 are	 usually
successfully	 localized.	 For	 sporadic	 gastrinomas	 located	 in	 the	 duodenum,	 a	 duodenotomy	 is	 needed	 to
successfully	locate	and	remove	the	tumor.	For	pancreatic	gastrinomas,	the	operation	is	based	on	the	anatomy	of
the	tumor	and	may	consist	of	enucleation	or	pancreaticoduodenectomy.	Consistent	with	the	operative	management
of	most	NECs,	regional	lymphadenectomy	is	critically	important.	If	the	entire	pancreatic	head	and	duodenum	are
removed,	 regional	 lymphadenectomy	 is	 fairly	 easy	 to	 accomplish.	 If	 a	 less	 radical	 resection	 is	 performed,	 the
lymph	 nodes	 located	 in	 the	 peripancreatic	 region,	 adjacent	 to	 the	 hepatic	 artery,	 and	 within	 the	 porta	 hepatis
should	be	removed.

Management	of	Advanced	Gastrinoma
As	with	other	functional	pNETs,	the	management	of	malignant	gastrinoma	has	two	goals:	management	of	gastrin
hypersecretion	and	its	potential	complications	and	management	of	metastatic	disease	similar	to	the	concern	with
advanced	nonfunctional	pNETs.

Prior	 to	 effective	 therapy	 for	 the	 control	 of	 gastric	 acid	 secretion,	 the	 principal	 therapy	 for	 ZES	 was
gastrectomy	 to	 prevent	 gastric	 ulceration.	 Left	 unchecked,	 excessive	 acid	 secretion	 would	 frequently	 lead	 to
massive	 gastrointestinal	 hemorrhage	 or	 gastric	 perforation.	 Early	medical	 therapy	 for	 ZES	 included	 the	 use	 of
histamine-2	 receptor	 blockers	 such	 as	 cimetidine,	 ranitidine,	 and	 famotidine.	 The	 introduction	 of	 PPIs	 brought
significant	 advances	 in	 the	 management	 of	 ZES;	 however,	 the	 dose	 of	 PPIs	 required	 to	 manage	 ZES	 is
significantly	higher	than	typically	used	in	idiopathic	peptic	ulcer	disease.	In	addition	to	careful	monitoring	for	the
absence	of	symptoms	of	acid	hypersecretion,	we	have	a	low	threshold	for	checking	gastric	pH	prior	to	the	next
dose	of	PPI.

Another	aspect	that	deserves	special	attention	in	patients	with	advanced	gastrinoma	is	the	development	of	type
II	gastric	carcinoids	in	the	setting	of	MEN1-associated	ZES.	These	gastric	carcinoids	are	often	small,	multifocal,
and	 of	 low	malignant	 potential.	Occasionally,	 they	 can	 also	 become	 large,	 involve	 the	 stomach	 diffusely,	 and
cause	symptoms.	When	few	in	number,	they	can	often	be	excised	endoscopically.	Regression	of	gastric	carcinoids
has	been	described	in	cases	where	somatostatin	analogs	or	other	treatment	targeting	the	gastrinoma	successfully
reduced	gastrin	levels	in	a	sustained	manner.93	Because	gastric	carcinoids	are	rarely	seen	in	patients	with	sporadic
ZES,	the	development	of	gastric	carcinoids	requires	more	than	just	hypergastrinemia	(e.g.,	pernicious	anemia	or
an	additional	genetic	defect	as	is	present	in	MEN1)	and	is	likely	unrelated	to	chronic	administration	of	PPIs.

Insulinoma
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Diagnosis	and	Management	of	Localized	Disease
Insulinomas	are	seldom	malignant	and	represent	the	most	common	functioning	pNET.	If	metastatic	disease	is	not
found	at	the	time	of	initial	diagnosis,	it	is	unlikely	to	develop	in	the	future.94	It	is	unknown	whether	this	unique
feature	of	insulinomas	results	from	underlying	tumor	biology	or	simply	because,	due	to	their	profound	symptom
complex,	these	tumors	are	virtually	always	surgically	excised	early,	when	they	are	small.	As	with	all	functioning
and	nonfunctioning	tumors	of	the	pancreas,	insulinoma	may	occur	either	as	a	unifocal	sporadic	event	or	as	part	of
MEN1.95	 The	 uncontrolled	 secretion	 of	 insulin	 results	 in	 hypoglycemia,	 manifested	 by	 neuroglycopenic
symptoms	such	as	blurred	vision,	confusion,	and	abnormal	behavior	 that	may	progress	 to	 loss	of	consciousness
and	 seizure.	 In	 response	 to	 hypoglycemia,	 the	 body	 releases	 catecholamines,	which	 elicit	 perspiration,	 anxiety,
palpitations,	 and	 hunger.	 Most	 insulinoma	 patients	 associate	 the	 intake	 of	 food	 with	 the	 resolution	 of	 such
symptoms	very	early	in	the	disease	process;	this	likely	accounts	for	the	weight	gain	experienced	by	most	patients.

The	 diagnosis	 of	 insulinoma	 syndrome	 is	 established	 by	 supervised	 fasting	 of	 the	 patient	 and	 includes
laboratory	evaluation	and	clinical	observation.	Serum	levels	of	plasma	glucose,	C-peptide,	proinsulin,	insulin,	and
sulfonylurea	 are	measured	 at	 intervals	 of	 6	 to	 8	 hours,	 and	when	 symptoms	develop,	 patients	with	 insulinoma
have	an	insulin	level	greater	than	3	μIU/mL	(usually	>6	μIU/mL)	when	their	blood	glucose	is	less	than	40	to	45
mg/dL.	 The	 insulin-to-glucose	 ratio	 of	 0.3	 or	 less	 reflects	 the	 inappropriate	 secretion	 of	 insulin	 at	 the	 time	 of
hypoglycemia.	During	the	production	of	insulin,	C-peptide	is	cleaved	from	proinsulin,	and	thus,	both	are	elevated
in	 patients	 with	 insulinoma.	 In	 contrast,	 exogenous	 insulin	 does	 not	 contain	 C-peptide;	 therefore,	 an	 elevated
insulin	 level	 combined	 with	 no	 detectable	 C-peptide	 would	 indicate	 exogenous	 administration	 of	 insulin.
Detectable	levels	of	sulfonylurea	would	indicate	the	administration	of	oral	medications	to	induce	hypoglycemia.
When	 the	 patient	 is	 under	 observation	 as	 part	 of	 a	 supervised	 fast,	 symptomatic	 hypoglycemia	 and	 a	 serum
glucose	 level	 less	 than	45	mg/dL	should	be	 treated	with	1	mg	of	 intravenous	glucagon.	 If	 the	hypoglycemia	 is
insulin	mediated,	this	will	cause	the	release	of	glucose	from	the	liver,	resulting	in	an	elevation	of	serum	glucose
(usually	by	20	mg/dL)	and	the	rapid	resolution	of	symptoms.

In	 contrast	 to	 gastrinomas,	 which	 usually	 occur	 in	 the	 duodenum,	 pancreatic	 head,	 or	 uncinate	 process,
insulinomas	do	not	develop	in	the	duodenum	and	may	occur	anywhere	throughout	the	pancreas.	In	the	absence	of
MEN1,	insulinomas,	similar	to	gastrinomas,	are	usually	unifocal.	Once	the	biochemical	diagnosis	is	established,
localization	studies	performed	as	part	of	the	preoperative	evaluation	include	contrast-enhanced,	multidetector	CT
and	 usually	 upper	 endoscopy	 with	 EUS	 of	 the	 pancreas.	 In	 our	 practice,	 these	 studies	 will	 localize	 the
overwhelming	 majority	 of	 sporadic	 insulinomas.	 For	 the	 very	 rare	 patient	 in	 whom	 tumor	 localization	 is	 not
successful,	a	regionalization	study	can	be	used	to	determine	whether	the	tumor	is	located	to	the	right	or	left	of	the
mesenteric	vessels.	Regionalization	of	an	insulinoma	is	performed	with	selective	arterial	calcium	stimulation	and
hepatic	vein	sampling.96	 Calcium	 is	 used	 as	 a	 secretagogue	 for	 insulin	 and	 is	 injected	 into	 the	 gastroduodenal
artery	 (GDA),	 SMA,	 and	 splenic	 artery;	 a	 serum	 sample	 for	 insulin	 measurement	 is	 obtained	 from	 the	 right
hepatic	 vein.	 An	 elevation	 of	 insulin	 in	 the	 hepatic	 vein	 following	 selective	 arterial	 injection	 regionalizes	 the
insulinoma	to	that	portion	of	the	pancreas	injected	with	calcium.	It	is	therefore	possible	to	determine	whether	the
insulinoma	 is	 in	 the	 pancreatic	 head	 or	 uncinate	 process	 (elevation	 of	 hepatic	 vein	 insulin	 following	 calcium
infusion	of	the	GDA	and/or	SMA)	or	in	the	body	or	tail	of	the	pancreas	(elevation	of	insulin	following	calcium
infusion	into	the	splenic	artery).	Because	tumor	localization	with	a	combination	of	multidetector	CT	and	EUS	is
so	successful,	when	these	methods	fail	to	localize	the	tumor	in	a	patient	presumed	to	have	insulinoma	syndrome,
we	 first	 carefully	 double	 check	 the	 diagnostic	 evaluation.	 In	 2018,	 we	would	 then	 proceed	with	 a	 gallium-68
DOTATATE	 scan	 (world	 experience	 in	 insulinoma	 is	 slowly	 increasing).97	 We	 use	 selective	 arterial	 calcium
stimulation	and	hepatic	vein	sampling	only	when	all	imaging	studies	fail	to	localize	and	we	have	confirmed	the
diagnosis.

Because	 nonmetastatic	 insulinomas	 are	 thought	 to	 be	 benign	 (or	 at	 least	 to	 have	 a	 very	 low	 malignant
potential),	the	standard	treatment	is	enucleation.	It	is	important	to	remove	the	tumor	with	the	tumor	capsule	and
not	to	leave	a	portion	of	the	tumor	behind	because	local	recurrence	can	occur.98	If	enucleation	is	not	possible	due
to	 the	 location	of	 the	 tumor	within	 the	pancreas,	 segmental	 resection	of	 the	pancreas,	distal	pancreatectomy,	or
pancreaticoduodenectomy	 may	 be	 necessary.	 In	 our	 experience,	 we	 have	 only	 performed	 a	 handful	 of
pancreaticoduodenectomies	 for	 sporadic	 insulinoma	 due	 to	 large	 size	 and	 proximity	 to	 the	 intrapancreatic	 bile
duct.	 Large	 defects	 in	 the	 pancreas	 resulting	 from	 enucleation	 are	 usually	 treated	 with	 a	 Roux-en-Y
pancreaticojejunostomy	 to	prevent	a	pancreatic	 leak	at	 the	enucleation	site.	 In	contrast	 to	 the	 findings	of	a	 few
reports	in	the	literature,99	we	have	not	seen	a	patient	with	a	surgically	excised,	nonmetastatic,	isolated	insulinoma
develop	metachronous	tumor	recurrence	in	a	distant	organ.	The	patients	with	metastatic	insulinoma	seen	by	these



authors	had	liver	metastases	with	or	without	bone	metastases	at	the	time	of	diagnosis.

Management	of	Advanced	Insulinoma
In	rare	cases,	insulinomas	can	be	metastatic	at	diagnosis.	These	patients	are	challenging	to	manage	often	because
of	refractory	hypoglycemia.	There	are	no	data	to	suggest	that	insulinomas	respond	differently	to	systemic	or	liver-
directed	therapy.	Thus,	the	previously	discussed	strategies	outlined	for	nonfunctional	tumors	can	be	applied	with
the	understanding	that	insulinomas	may	be	unique	in	their	response	to	everolimus.

Glycemic	 control	 is	 a	 key	 aspect	 of	 managing	 malignant	 insulinomas.	 Mild	 symptoms	 sometimes	 can	 be
controlled	by	diet.	Medical	 therapy	may	 include	diazoxide,	 an	 antihypertensive	 agent	known	 to	 increase	blood
sugar.	It	is	typically	administered	in	doses	of	50	to	300	mg	per	day.	Side	effects	include	edema,	weight	gain,	renal
impairment,	and	hirsutism.	Glucagon	may	also	have	a	 role	 in	 the	management	of	 insulinomas.	A	glucagon	pen
may	be	given	to	the	patient’s	family	and	caregiver	to	be	used	in	emergent	cases.	Not	all	insulinomas	respond	well
to	glucagon.	We	suggest	 that	a	 test	dose	be	given	under	supervision	during	a	hypoglycemic	episode	before	 the
drug	is	prescribed.	Although	all	of	the	aforementioned	drugs	may	help	control	symptoms,	eventual	resistance	may
develop.	These	drugs	 are	perhaps	best	 used	when	needed	 to	maintain	glycemic	 control	while	 other	 therapeutic
strategies	are	being	applied.

Somatostatin	analogs	such	as	octreotide	may	not	only	be	helpful	for	the	control	of	insulin	release	but	may	also
suppress	counterregulatory	hormones	such	as	growth	hormones,	glucagon,	and	catecholamines.	In	this	situation,
somatostatin	analogs	can	lead	to	worsening	of	hypoglycemia.100

It	 has	been	 recently	observed	 that	patients	with	 insulinoma	 respond	 to	 the	mTOR	 inhibitor	 everolimus.	The
mTOR	 pathway	mediates	 signal	 transduction	 downstream	 of	 the	 insulin	 receptor,	 and	mTOR	 inhibitors	 block
insulin-stimulated	insulin	synthesis,	release,	and	proliferation.101,102	The	 initial	 report	 involved	 four	consecutive
patients	 with	 malignant	 hypoglycemia	 treated	 with	 everolimus;	 all	 four	 patients	 experienced	 dramatic
improvements	 in	 glycemic	 control.103	 Since	 this	 initial	 report,	 the	 efficacy	 of	 everolimus	 for	 the	 treatment	 of
metastatic	insulinoma	has	been	confirmed	in	several	case	series.104,105	Everolimus	may	represent	the	best	first-line
treatment	option	for	patients	with	metastatic	insulinoma.

In	 some	 patients,	 surgical	 resection,	 hepatic	 artery	 chemoembolization,	 and	 RFA	 can	 be	 considered.
Streptozocin-based	 chemotherapy	may	 also	be	 an	option	based	on	 tumor	 location	 and	 extent	 as	 streptozocin	 is
cytotoxic	 to	 insulin-producing	cells	and	can	decrease	 insulin	production	 in	β	cells.	 Indeed,	our	experience	with
some	patients	indicates	that	streptozocin	may	“turn	off”	the	production	of	insulin	for	years,	even	in	the	absence	of
tumor	 response.	Chemotherapy,	 however,	may	 require	 intensive	 supportive	 care	 because	 the	 nausea,	 vomiting,
and	anorexia	associated	with	treatment	may	transiently	worsen	hypoglycemia.

Rare	Functional	Endocrine	Tumors
In	 addition	 to	 gastrinomas	 and	 insulinomas,	 several	 other	 less	 common	 functional	 tumors	 deserve	 special
consideration.	These	include	VIPomas,	glucagonomas,	somatostatinomas,	adrenocorticotropic	hormone	(ACTH)–
secreting	tumors,	and	parathyroid	hormone–related	peptide–secreting	tumors.	Similar	to	other	functional	pNETs,
the	 bulk	 of	 these	 rare	 tumors	 are	 well	 differentiated	 (low	 Ki-67	 index).	 For	 the	 most	 part,	 the	 workup	 and
management	of	these	tumors	are	similar	to	those	of	nonfunctional	pNETs.	Thus,	only	the	unique	aspects	of	these
tumors	are	briefly	discussed	here.

VIPoma
VIPomas	are	 the	cause	of	 the	classic	Verner-Morrison	syndrome.106	These	endocrine	 tumors	secrete	vasoactive
intestinal	peptide	(VIP),	which	can	cause	watery	diarrhea,	hypokalemia,	and	achlorhydria	(WDHA).	Diarrhea	in
patients	with	VIPomas	is	often	insidious	at	onset	but	extreme	by	the	time	the	patient	comes	to	diagnosis.	Patients
can	 have	 more	 than	 20	 bowel	 movements	 a	 day,	 with	 a	 daily	 stool	 volume	 exceeding	 3	 L.	 Thus,	 fluid	 and
electrolyte	replacement	is	often	needed	at	the	time	of	diagnosis.	In	adults,	most	VIPomas	arise	from	the	pancreas.
In	children,	however,	most	VIP-secreting	tumors	arise	from	an	extrapancreatic	location.

Control	 of	 diarrhea	 is	 an	 important	 part	 of	 management.	 These	 tumors	 are	 often	 quite	 sensitive,	 at	 least
initially,	to	somatostatin	analogs,	which	can	control	diarrhea	in	80%	to	90%	of	patients.107	However,	over	time,
many	 patients	 will	 escape	 pharmacologic	 control;	 dose	 escalation	 can	 be	 helpful	 in	 some	 cases.	 With	 depot
formulation,	octreotide	LAR	doses	exceeding	30	mg	every	3	weeks	have	been	advocated	by	some.	Somatostatin
analogs	often	cause	exocrine	pancreatic	insufficiency,	which	can	lead	to	malabsorptive	diarrhea;	pancrelipase	and
gastric	acid	suppression	should	be	used	in	all	patients	who	are	receiving	somatostatin	analogs.	The	tyrosine	kinase
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inhibitor	sunitinib	has	also	been	effective	in	resolving	the	secretory	diarrhea	probably	due	to	a	direct	effect	on	the
release	 of	 VIP	 from	 secretory	 granules.106,107	 In	 general,	 measures	 aimed	 at	 cytoreduction	 should	 be	 initiated
whenever	possible.108,109

Glucagonoma
Glucagon	 is	 a	 29–amino	 acid	 peptide	 that	 causes	 glycogenolysis,	 gluconeogenesis,	 ketogenesis,	 lipolysis,	 and
catecholamine	secretion.	Patients	typically	present	with	a	syndrome	that	includes	diabetes	and	a	characteristic	rash
known	as	necrolytic	migratory	erythema	(NME).	NME	is	a	painful,	bullous	dermatosis	that	evolves	(over	weeks)
into	pruritic	 patches	with	ulcerations.110	Weight	 loss,	 diarrhea,	 glossitis,	 and	 angular	 stomatitis	 have	 also	 been
reported.41	These	patients	typically	also	have	amino	acid	depletion	due	to	the	high	level	of	glucagon.	Somatostatin
analogs	may	have	a	role	 in	 the	management	of	 the	hormonal	syndrome	in	patients	with	unresectable	 tumors.111
Oral	hypoglycemic	agents	and	insulin	can	be	used	to	control	the	diabetes.	NME	is	thought	to	be	related	at	least	in
part	to	amino	acid	depletion.112	Thus,	amino	acid	and	zinc	supplementation	may	also	be	helpful.113

Somatostatinoma
Somatostatinomas	are	very	rare	 functional	endocrine	 tumors	 that	can	arise	 from	the	pancreas	or	 the	duodenum.
Because	 of	 the	 insidious	 and	 nonspecific	 nature	 of	 the	 symptoms,	most	 somatostatinomas	 are	 diagnosed	 at	 an
advanced	stage.	Patients	typically	present	with	symptoms	including	diabetes,	diarrhea,	and	jaundice	due	to	biliary
obstruction.	 Somatostatinomas	 may	 be	 associated	 with	 von	 Recklinghausen	 disease	 (neurofibromatosis);	 these
tumors	are	usually	duodenal	or	ampullary	in	origin	and	less	likely	to	be	associated	with	a	hormonal	syndrome	and
are	 usually	 small	 and	 localized	 (nonmetastatic)	 at	 the	 time	 of	 diagnosis.114	 The	 principles	 of	management	 for
somatostatinomas	parallel	those	of	nonfunctional	pNETs.

Adrenocorticotropic	Hormone–Secreting	Tumors
ACTH-secreting	tumors	are	also	among	the	rare	functional	tumors	of	the	pancreas.	Patients	with	ACTH-secreting
tumors	often	present	with	florid	Cushing	syndrome	due	to	ectopic	production	of	ACTH.	Induction	chemotherapy
in	these	patients	is	fraught	with	difficulties	due	to	the	patient’s	hypercortisolism	causing	immunosuppression	and
a	 debilitated	 state.	 Initial	 management	 should	 be	 aimed	 at	 controlling	 corticosteroid	 production.	 Metyrapone,
ketoconazole,	and	mitotane	tend	to	be	more	effective	in	this	setting	than	for	adrenal	cortical	carcinoma	and	can	be
used	to	suppress	excess	cortisol	production.	In	rare	cases,	bilateral	adrenalectomy	may	be	needed.

ADDITIONAL	CLINICAL	CONSIDERATIONS
Hereditary	Syndromes
It	 is	 known	 that	 pNETs	 can	occur	 in	 the	 setting	of	 several	 genetic	 syndromes.	These	 include	MEN1,	 tuberous
sclerosis,	neurofibromatosis,	and	vHL	disease.	MEN1	is	discussed	in	greater	detail	elsewhere	in	this	book.	Here,
we	limit	our	discussion	to	special	considerations	 involved	in	 the	surgical	management	of	MEN1-related	pNETs
and	selected	aspects	of	tuberous	sclerosis,	neurofibromatosis,	and	vHL	disease	as	they	relate	to	pNETs.	As	in	all
genetic	 cancer	 syndromes,	 genetic	 counseling	 and	 cancer	 screening	 are	 necessary	 aspects	 of	 optimal	 patient
management.

Multiple	Endocrine	Neoplasia	Type	1
With	 regard	 to	 MEN1	 patients	 who	 have	 nonfunctioning	 pNETs,	 their	 surgical	 management	 remains
controversial.	Due	 to	 the	 characteristic	multifocality	 of	MEN1-associated	 pNETs	 and	 the	 desire	 to	 avoid	 total
pancreatectomy,	 some	 investigators	 have	 discouraged	 early	 surgery	 in	 patients	 with	 MEN1.115	 It	 has	 been
suggested	 that	 surgery	 for	 nonfunctioning	 pNETs	 should	 be	 limited	 to	 those	 tumors	 larger	 than	 2	 to	 3	 cm	 in
diameter.96,115–120	 In	 a	 single-institution	 series,	 a	 trend	was	 shown	 for	 larger	 tumors	 to	 be	 associated	with	 the
presence	of	synchronous	distant	metastases	at	the	time	of	diagnosis.121	None	of	the	19	pNETs	2.5	cm	or	smaller	in
maximum	dimension	 had	 distant	metastases	 at	 the	 time	 of	 diagnosis	 compared	with	 5	 (23%)	 of	 the	 22	 (23%)
pNETs	larger	than	2.5	cm	(P	=	.05).	However,	tumor	size	may	not	be	a	completely	reliable	predictor	of	malignant
behavior,	as	metastatic	disease	may	be	present	in	MEN1	patients	even	when	the	primary	tumors	are	small.122



Thompson123,124	was	the	first	to	advocate	a	specific	surgical	procedure	in	MEN1	patients	with	nonfunctioning
pNETs	 greater	 than	 1	 cm	 in	 diameter	 to	 include	 distal	 subtotal	 pancreatectomy,	 enucleation	 of	 any	 identified
lesions	 in	 the	 pancreatic	 head	 or	 uncinate	 process,	 and	 regional	 lymphadenectomy.123,124	 Enthusiasm	 for	 this
approach	 has	 waned	 largely	 due	 to	 an	 improved	 understanding	 of	 both	 the	 complex	 biology	 and	 often
unpredictable	natural	history	of	MEN1-associated	PNETs.	Further,	the	recent	availability	of	the	highly	sensitive
gallium-68	 DOTATATE	 scan	 may	 provide	 new	 insights	 into	 the	 optimal	 management	 of	 MEN1-associated
pNETs.

We	currently	operate	on	all	MEN1	patients	who	have	evidence	of	pNET(s)	on	CT	imaging	that	are	in	the	range
of	 1.5	 to	 2	 cm	 in	 size	 or	 larger	 or	 have	 demonstrated	 an	 increase	 in	 size	 on	 serial	 imaging.	 We	 agree	 that
preservation	of	islet	cell	mass	is	important,	especially	in	young	patients,	to	hopefully	prevent	the	complications	of
insulin-dependent	 diabetes	 associated	with	 total	 pancreatectomy.	The	goal	 of	 the	 first	 operation	 is	 to	 delay	 the
need	 for	 total	 pancreatectomy	 assuming	 that	 some	 patients	 may	 develop	 metachronous	 neoplasms	 in	 the
remaining	pancreas	and	require	completion	total	pancreatectomy.	In	patients	with	large	tumors	within	the	head	of
the	pancreas	that	are	not	amenable	to	enucleation,	pancreaticoduodenectomy	(with	preservation	of	a	portion	of	the
pancreatic	 body	 and	 tail	 when	 possible)	 is	 an	 appropriate	 alternative.	 The	 extent	 to	 which	 removal	 of	 the
duodenum	and	perhaps	distal	stomach	reduces	the	level	of	trophic	gastrointestinal	hormones	and	may	prevent	or
retard	tumor	growth	(in	the	remaining	pancreas	and	in	distant	sites)	is	at	present	an	unsupported	theory	based	on
anecdotal	 clinical	 observation.	 It	 is	 interesting	 to	 speculate	 if	 the	 historical	 emphasis	 on	 avoiding
pancreaticoduodenectomy	in	MEN1-associated	pNET	may	be	misguided.

von	Hippel-Lindau	Syndrome
vHL	 syndrome	 is	 an	 autosomal	 dominant	 inherited	 familial	 cancer	 syndrome	 that	 was	 initially	 discovered	 in
1927.125	 It	 is	 associated	 with	 a	 variety	 of	 neoplasms,	 frequently	 including	 retinal,	 cerebellar,	 and	 spinal
hemangioblastoma	as	well	as	renal	cell	carcinoma,	pheochromocytoma,	and	pNETs.	The	vHL	gene	is	located	on
chromosome	3p26-p25.	Tumors	arising	in	the	setting	of	vHL	are	often	vascular,	likely	due	to	the	role	of	the	vHL
gene	in	regulating	angiogenesis.

pNETs	occur	 in	approximately	15%	of	patients	with	 the	vHL	syndrome.126	However,	 the	vHL	 gene	may	be
involved	in	sporadic	cases	of	pNETs.	Allelic	deletion	at	chromosome	3p,	the	site	of	the	vHL	gene,	has	also	been
described	to	occur	frequently	in	sporadic	pNETs.127,128

Tuberous	Sclerosis	and	Neurofibromatosis
Tuberous	 sclerosis	 and	 neurofibromatosis	 are	 two	 other	 hereditary	 cancer	 syndromes	 associated	 with	 the
development	 of	 pNETs.	 The	 genes	 responsible	 for	 tuberous	 sclerosis,	 TSC1	 and	 TSC2,	 are	 located	 on
chromosomes	9q34	and	16p13.3,	respectively,	and	code	for	 the	proteins	hamartin	and	tuberin.	The	TSC1/TSC2
complex	is	an	inhibitor	of	mTOR,	which	is	a	key	regulator	of	cellular	proliferation	and	survival.	TSC1	and	TSC2
are	 normally	 expressed	 in	 neuroendocrine	 cells.129	 Although	 benign	 hamartomas	 are	 the	 most	 common
manifestation	of	mutations	in	TSC1/TSC2,	patients	with	defects	in	the	TSC2	gene	have	tuberous	sclerosis	and	are
known	to	develop	islet	cell	carcinoma.130

Neurofibromatosis	type	1	(NF1),	also	known	as	von	Recklinghausen	disease,	is	an	autosomal	dominant	disease
associated	with	 the	development	of	cutaneous	neurofibromas	and	skin	 lesions	known	as	café-au-lait	 spots.	The
gene	responsible	for	NF1	codes	for	the	protein	neurofibromin	1	and	is	located	on	chromosome	17.	It	has	recently
been	 discovered	 that	 NF1	 regulates	 the	 activity	 of	 TSC2.	 The	 loss	 of	 NF1	 in	 neurofibromatosis	 leads	 to
constitutive	mTOR	activation	and	 tumor	 formation.131	NF1	 is	 associated	with	 the	development	of	NETs	 in	 the
region	 of	 the	 duodenum	 and	 ampulla	 of	 Vater.130	 Many	 of	 the	 endocrine	 tumors	 that	 arise	 from	 von
Recklinghausen	disease	(NF1)	are	somatostatinomas.

High-Grade	Neuroendocrine	Carcinoma
High-grade	NECs	(also	known	as	poorly	differentiated	NECs)132	rarely	arise	from	the	pancreas.	These	aggressive
tumors	are	characterized	by	early	systemic	dissemination	and	rapid	growth.	Sometimes	also	described	as	small-
cell	carcinomas	or	large-cell	NETs,	high-grade	NECs	share	a	similar	pattern	of	clinical	behavior	with	small-cell
carcinomas	 of	 the	 lung.	 Although	 the	 diagnosis	 of	 poorly	 differentiated	 carcinoma	 is	 usually	 straightforward,
when	the	diagnosis	is	made	by	FNA,	the	grade	of	the	tumor	may	not	be	specified.

Due	to	the	rarity	of	these	tumors,	few	prospective	data	are	available	to	guide	management.	Much	of	the	current
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practice	has	been	based	on	experience	with	small-cell	lung	carcinoma.	High-grade	NETs	of	the	pancreas	are	often
diagnosed	at	advanced	stages.	We	recommend	induction	chemotherapy	even	for	 localized	potentially	resectable
cases	due	to	the	aggressive	nature	of	this	disease	and	the	high	rate	of	relapse.

These	 rare	 but	 aggressive	 tumors	 are	 initially	 chemosensitive.	 Treatment	 generally	 parallels	 the	 therapy
developed	for	small-cell	lung	cancer.	Platinum-based	chemotherapy	is	recommended	in	the	front-line	setting;	two-
drug	combinations	such	as	etoposide	plus	cisplatin	or	irinotecan	plus	cisplatin	have	shown	activity.133,134

Surgery	Pitfalls
For	 functioning	 tumors,	 it	 remains	 critically	 important	 to	 separate	 the	 diagnostic	 from	 the	 tumor	 localization
phases	 of	 the	 evaluation.	 It	 is	 tempting	 to	 proceed	 with	 localization	 studies	 before	 the	 diagnosis	 of	 ZES	 or
insulinoma	 is	 firmly	 established.	 In	 such	 cases,	 an	 incidental	 finding	 on	 cross-sectional	 imaging	 (now	 quite
common	due	to	the	sensitivity	of	CT	and	MRI	and	their	overuse)	may	prompt	an	ill-advised	surgical	procedure.	If
the	diagnosis	is	biochemically	confirmed	but	localization	studies	are	negative,	one	should	consider	referring	the
patient	to	a	specialty	center	and	an	experienced	endocrine	surgeon.

When	dealing	with	a	large,	borderline	resectable	or	locally	advanced	primary	tumor	(pNET)	where	there	is	a
technical	option	for	tumor	removal,	we	frequently	consider	preoperative	induction	chemotherapy.	In	such	patients,
as	 well	 as	 those	 with	 both	 a	 pNET	 and	 liver	 metastases,	 determining	 the	 patient’s	 candidacy	 for	 surgery	 has
become	very	complex.	For	example,	in	the	patient	who	has	both	local	disease	and	liver	metastases,	we	may	follow
induction	chemotherapy	with	a	two-staged	surgical	approach	if	imaging	studies	suggest	that	an	adequate	portion
of	 the	 liver	 is	 uninvolved	 (or	 minimally	 involved)	 with	 disease.	 At	 the	 first	 operation,	 the	 primary	 tumor	 is
removed	 and	 the	 liver	 bisegment	 (or	 lobe)	 that	 is	 to	 remain	 in	 place	 is	 cleared	 of	 disease.	 This	may	 then	 be
followed	by	portal	vein	embolization	of	the	hepatic	lobe	to	be	removed,	with	a	second	operation	planned	for	liver
resection.135	Such	multidisciplinary	management	 requires	a	dedicated	group	of	physicians	and	an	 infrastructure
that	can	assist	patients	with	treatment-related	complications	such	as	biliary	stent	occlusion,	nutritional	depletion,
gastrointestinal	and	hematologic	toxicity,	and	surgery-related	morbidity.

Finally,	all	physicians	must	remember	that	pNETs	usually	grow	slowly,	and	therefore,	if	patients	have	a	good
performance	status,	they	will	usually	survive	longer	than	we	anticipate	despite	the	presence	of	locally	advanced	or
metastatic	disease.	Because	of	this,	treatment-related	mortality	(especially	surgery	induced)	should	be	avoided.	An
ill-advised	operation	with	a	bad	outcome	in	an	otherwise	healthy	patient	(of	any	age	and	especially	those	of	young
age	in	whom	the	temptation	or	pressure	to	operate	is	often	great)	should	be	considered	an	act	of	poor	judgment
rather	than	heroism.

SMALL,	NONFUNCTIONING,	SPORADIC	PANCREATIC
NEUROENDOCRINE	TUMORS
Advances	 in	 cross-sectional	 imaging	have	 resulted	 in	 increased	detection	 and	diagnosis	of	 small	 asymptomatic
pNETs.136,137	The	natural	history	of	small	(<2	cm),	sporadic,	nonfunctioning	pNETs	is	still	largely	unknown,	and
the	management	of	these	incidentalomas	remains	a	point	of	frequent	debate.	Historically,	routine	resection	of	all
pNETs	 had	 been	 advocated;	 however,	 concerns	 for	 overtreatment	 due	 to	 unacceptable	 perioperative	morbidity
without	clear	evidence	of	benefit	have	led	some	to	propose	a	more	selective	approach.	Some	investigators	have
proposed	serial	observation	of	asymptomatic	sporadic,	small,	nonfunctioning	pNETs	<2	cm,	citing	their	indolent
disease	 course	 and	 lack	 of	 a	 survival	 benefit	 from	 surgical	 resection.22,55,56,138	 Several	 cohort	 studies	 and
systematic	reviews	have	demonstrated	the	feasibility	and	safety	of	surveillance	and	nonoperative	management	of
small	nonfunctioning	pNETs.54,139–141	Such	studies	demonstrated	that	approximately	20%	of	tumors	grew	during
the	period	of	observation	and	ultimately	only	half	of	 those	 required	 resection;	 survival	was	 identical	 to	 that	of
patients	 subjected	 to	 surgery.54,139	 Although	 these	 studies	 report	 a	 low	 probability	 for	 the	 development	 of
disseminated	disease,	up	to	11%	of	patients	who	underwent	resection	with	regional	lymphadenectomy	had	lymph
node	metastasis.140

Other	 reports	 have	 described	 greater	 heterogeneity	 in	 the	 prognosis	 of	 small	 pNETs	 and	 a	 need	 for	 better
discrimination	of	who	should	receive	nonoperative	management.	Haynes	et	al.142	reviewed	their	experience	with
139	patients	who	underwent	resection	of	asymptomatic	nonfunctioning	pNETs	and	reported	an	8%	rate	of	disease
dissemination,	leading	to	death	in	some	patients	with	tumors	<2	cm.	Another	factor	that	further	complicates	these
discussions	 is	 the	 discrepancy	 in	 size	 between	 preoperative	 imaging	 and	 pathologic	 tumor	 size.	 In	 one	 study,



Arvold	 et	 al.143	 reported	 that	 84%	 of	 patients	 had	 larger	 tumors	 on	 pathologic	 evaluation	 when	 compared	 to
preoperative	CT	with	a	median	size	 increase	of	7	mm	on	final	pathology.	Other	 factors	such	as	a	higher	Ki-67
index	 and	 the	presence	of	 biliary	or	 pancreatic	 ductal	 dilatation	 can	be	 associated	with	more	 aggressive	 tumor
biology	 regardless	 of	 tumor	 size.23,140	 Age	 at	 diagnosis,	 patient	 preference,	 and	 tumor	 location	 undoubtedly
impact	 the	decision	to	observe	or	resect.	We	recommend	a	personalized	approach	to	patient	selection	for	active
surveillance	 versus	 surgical	 resection	 in	 patients	 with	 asymptomatic,	 sporadic,	 nonfunctioning	 pNETs	 <2	 cm.
Factors	including	age	at	diagnosis,	comorbid	disease,	imaging	features,	and	tumor	location	and	size	should	all	be
considered.	Moving	forward,	all	patients	will	likely	receive	a	gallium-68	DOTATATE	scan	rather	than	a	biopsy
(of	 such	 small	 pNETs),	 making	 it	 impossible	 to	 assess	 Ki-67	 index.	 Our	 general	 approach	 with	 small
nonfunctioning	pNETs	is	to	allow	the	tumor	to	make	the	first	move.	pNETs	of	1	cm	or	less	in	size	are	required	to
grow	before	any	intervention	is	recommended.	For	pNETs	in	the	size	range	of	1	to	2	cm	at	diagnosis,	a	similar
strategy	 is	 recommended	 in	 the	majority	 of	 patients.	 For	 patients	 of	 advanced	 age	 or	with	 significant	medical
comorbidities,	size	does	not	matter	as	surgery	is	rarely	performed	for	 localized	pNETs	of	any	size	because	risk
exceeds	potential	benefit.

REFERENCES

1.	 Lloyd	RV,	Klöppel	G,	Rosai	J,	eds.	WHO	Classification	of	Tumours	of	Endocrine	Organs.	4th	ed.	Lyon,	France:
IARC	Press;	2017.

2.	 Yao	JC,	Hassan	M,	Phan	A,	et	al.	One	hundred	years	after	“carcinoid”:	epidemiology	of	and	prognostic	factors	for
neuroendocrine	tumors	in	35,825	cases	in	the	United	States.	J	Clin	Oncol	2008;26(18):3063–3072.

3.	 Dasari	A,	Shen	C,	Halperin	D,	et	al.	Trends	in	the	incidence,	prevalence,	and	survival	outcomes	in	patients	with
neuroendocrine	tumors	in	the	United	States.	JAMA	Oncol	2017;3(10):1335–1342.

4.	 Lam	 KY,	 Lo	 CY.	 Pancreatic	 endocrine	 tumour:	 a	 22-year	 clinico-pathological	 experience	 with	 morphological,
immunohistochemical	observation	and	a	review	of	the	literature.	Eur	J	Surg	Oncol	1997;23(1):36–42.

5.	 Rindi	 G,	 Leiter	 AB,	 Kopin	 AS,	 et	 al.	 The	 “normal”	 endocrine	 cell	 of	 the	 gut:	 changing	 concepts	 and	 new
evidences.	Ann	N	Y	Acad	Sci	2004;1014:1–12.

6.	 Hanahan	 D.	 Heritable	 formation	 of	 pancreatic	 β-cell	 tumours	 in	 transgenic	 mice	 expressing	 recombinant
insulin/simian	virus	40	oncogenes.	Nature	1985;315(6015):115–122.

7.	 Crabtree	 JS,	 Scacheri	 PC,	Ward	 JM,	 et	 al.	 A	 mouse	 model	 of	 multiple	 endocrine	 neoplasia,	 type	 1,	 develops
multiple	endocrine	tumors.	Proc	Natl	Acad	Sci	U	S	A	2001;98(3):1118–1123.

8.	 Bertolino	P,	Tong	WM,	Galendo	D,	et	al.	Heterozygous	Men1	mutant	mice	develop	a	range	of	endocrine	tumors
mimicking	multiple	endocrine	neoplasia	type	1.	Mol	Endocrinol	2003;17(9):1880–1892.

9.	 Dor	Y,	Brown	J,	Martinez	OI,	et	al.	Adult	pancreatic	beta-cells	are	formed	by	self-	duplication	rather	than	stem-cell
differentiation.	Nature	2004;429(6987):41–46.

10.	 Anlauf	M,	Schlenger	R,	Perren	A,	et	al.	Microadenomatosis	of	the	endocrine	pancreas	in	patients	with	and	without
the	multiple	endocrine	neoplasia	type	1	syndrome.	Am	J	Surg	Pathol	2006;30(5):560–574.

11.	 Vortmeyer	AO,	Huang	 S,	 Lubensky	 I,	 et	 al.	Non-islet	 origin	 of	 pancreatic	 islet	 cell	 tumors.	 J	 Clin	 Endocrinol
Metab	2004;89(4):1934–1938.

12.	 Srivastava	 A,	 Padilla	 O,	 Fischer-Colbrie	 R,	 et	 al.	 Neuroendocrine	 secretory	 protein-55	 (NESP-55)	 expression
discriminates	 pancreatic	 endocrine	 tumors	 and	 pheochromocytomas	 from	 gastrointestinal	 and	 pulmonary
carcinoids.	Am	J	Surg	Pathol	2004;28(10):1371–1378.

13.	 Chan	ES,	Alexander	J,	Swanson	PE,	et	al.	PDX-1,	CDX-2,	TTF-1,	and	CK7:	a	reliable	immunohistochemical	panel
for	pancreatic	neuroendocrine	neoplasms.	Am	J	Surg	Pathol	2012;36(5):737–743.

14.	 Rindi	G,	Klöppel	G,	Alhman	H,	 et	 al.	 TNM	 staging	 of	 foregut	 (neuro)endocrine	 tumors:	 a	 consensus	 proposal
including	a	grading	system.	Virchows	Arch	2006;449(4):395–401.

15.	 Edge	SB,	Byrd	DR,	Compton	CC,	et	al.	AJCC	Cancer	Staging	Manual.	7th	ed.	New	York:	Springer;	2010.
16.	 Basturk	 O,	 Yang	 Z,	 Tang	 LH,	 et	 al.	 The	 high-grade	 (WHO	G3)	 pancreatic	 neuroendocrine	 tumor	 category	 is

morphologically	 and	 biologically	 heterogenous	 and	 includes	 both	 well	 differentiated	 and	 poorly	 differentiated
neoplasms.	Am	J	Surg	Pathol	2015;39(5):683–690.

17.	 Sorbye	H,	Welin	S,	Langer	SW,	et	al.	Predictive	and	prognostic	factors	for	treatment	and	survival	in	305	patients
with	 advanced	 gastrointestinal	 neuroendocrine	 carcinoma	 (WHO	 G3):	 the	 NORDIC	 NEC	 study.	 Ann	 Oncol
2013;24(1):152–160.

18.	 Sorbye	 H,	 Strosberg	 J,	 Baudin	 E,	 et	 al.	 Gastroenteropancreatic	 high-grade	 neuroendocrine	 carcinoma.	Cancer
2014;120(18):2814–2823.



Dr. AVR @ TMH

19.	 Pape	UF,	Jann	H,	Müller-Nordhorn	J,	et	al.	Prognostic	relevance	of	a	novel	TNM	classification	system	for	upper
gastroenteropancreatic	neuroendocrine	tumors.	Cancer	2008;113(2):256–265.

20.	 Ekeblad	S,	Skogseid	B,	Dunder	K,	et	al.	Prognostic	factors	and	survival	in	324	patients	with	pancreatic	endocrine
tumor	treated	at	a	single	institution.	Clin	Cancer	Res	2008;14(23):7798–7803.

21.	 La	Rosa	S,	Klersy	C,	Uccella	S,	et	al.	Improved	histologic	and	clinicopathologic	criteria	for	prognostic	evaluation
of	pancreatic	endocrine	tumors.	Hum	Pathol	2009;40(1):30–40.

22.	 Zerbi	A,	 Falconi	M,	 Rindi	G,	 et	 al.	 Clinicopathological	 features	 of	 pancreatic	 endocrine	 tumors:	 a	 prospective
multicenter	study	in	Italy	of	297	sporadic	cases.	Am	J	Gastroenterol	2010;105(6):1421–1429.

23.	 Scarpa	 A,	 Mantovani	 W,	 Capelli	 P,	 et	 al.	 Pancreatic	 endocrine	 tumors:	 improved	 TNM	 staging	 and
histopathological	 grading	 permit	 a	 clinically	 efficient	 prognostic	 stratification	 of	 patients.	 Mod	 Pathol
2010;23(6):824–833.

24.	 Khan	 MS,	 Luong	 TV,	 Watkins	 J,	 et	 al.	 A	 comparison	 of	 Ki-67	 and	 mitotic	 count	 as	 prognostic	 markers	 for
metastatic	pancreatic	and	midgut	neuroendocrine	neoplasms.	Br	J	Cancer	2013;108(9):1838–1845.

25.	 Boninsegna	L,	 Panzuto	 F,	 Partelli	 S,	 et	 al.	Malignant	 pancreatic	 neuroendocrine	 tumour:	 lymph	 node	 ratio	 and
Ki67	are	predictors	of	recurrence	after	curative	resections.	Eur	J	Cancer	2012;48(11):1608–1615.

26.	 Fischer	L,	Kleeff	 J,	Esposito	 I,	 et	 al.	Clinical	 outcome	 and	 long-term	 survival	 in	 118	 consecutive	 patients	with
neuroendocrine	tumours	of	the	pancreas.	Br	J	Surg	2008;95(5):627–635.

27.	 Amin	MB,	Edge	S,	Greene	F,	et	al.,	eds.	AJCC	Cancer	Staging	Manual.	8th	ed.	New	York:	Springer;	2017.
28.	 Jiao	Y,	Shi	C,	Edil	BH,	et	al.	DAXX/ATRX,	MEN1,	and	mTOR	pathway	genes	are	frequently	altered	in	pancreatic

neuroendocrine	tumors.	Science	2011;331(6021):1199–1203.
29.	 Scarpa	A,	Chang	DK,	Nones	K,	 et	 al.	Whole-genome	 landscape	 of	 pancreatic	 neuroendocrine	 tumours.	Nature

2017;543(7643):65–71.
30.	 Rindi	G,	Villanacci	V,	Ubiali	A,	et	al.	Endocrine	tumors	of	the	digestive	tract	and	pancreas:	histogenesis,	diagnosis

and	molecular	basis.	Expert	Rev	Mol	Diagn	2001;1(3):323–333.
31.	 Nagano	Y,	Kim	DH,	Zhang	L,	et	al.	Allelic	alterations	in	pancreatic	endocrine	tumors	identified	by	genome-wide

single	nucleotide	polymorphism	analysis.	Endocr	Relat	Cancer	2007;14(2):483–492.
32.	 Karnik	 SK,	 Chen	H,	McLean	GW,	 et	 al.	Menin	 controls	 growth	 of	 pancreatic	 beta-cells	 in	 pregnant	mice	 and

promotes	gestational	diabetes	mellitus.	Science	2007;318(5851):806–809.
33.	 Heaphy	CM,	de	Wilde	RF,	Jiao	Y,	et	al.	Altered	telomeres	in	tumors	with	ATRX	and	DAXX	mutations.	Science

2011;333(6041):425.
34.	 Yao	 JC,	 Shah	 MH,	 Ito	 T,	 et	 al.	 Everolimus	 for	 advanced	 pancreatic	 neuroendocrine	 tumors.	 N	 Engl	 J	 Med

2011;364(6):514–523.
35.	 Larsson	 LI.	 Letter:	 human	 pancreatic	 polypeptide,	 vasoactive	 intestinal	 polypeptide,	 and	 watery	 diarrhoea

syndrome.	Lancet	1976;2(7977):149.
36.	 Larsson	LI,	Schwartz	T,	Lundqvist	G,	et	al.	Occurrence	of	human	pancreatic	polypeptide	in	pancreatic	endocrine

tumors.	Possible	implication	in	the	watery	diarrhea	syndrome.	Am	J	Pathol	1976;85(3):675–684.
37.	 Mortenson	M,	Bold	RJ.	Symptomatic	pancreatic	polypeptide-secreting	tumor	of	the	distal	pancreas	(PPoma).	Int	J

Gastrointest	Cancer	2002;32(2–3):153–156.
38.	 Bordi	C,	Togni	R,	Baetens	D,	 et	 al.	Human	 islet	 cell	 tumor	 storing	pancreatic	polypeptide:	 a	 light	 and	electron

microscopic	study.	J	Clin	Endocrinol	Metab	1978;46(2):215–219.
39.	 Choksi	UA,	Sellin	RV,	Hickey	RC,	et	al.	An	unusual	skin	rash	associated	with	a	pancreatic	polypeptide-producing

tumor	of	the	pancreas.	Ann	Intern	Med	1988;108(1):64–65.
40.	 Kent	RB	3rd,	van	Heerden	JA,	Weiland	LH.	Nonfunctioning	islet	cell	tumors.	Ann	Surg	1981;193(2):185–190.
41.	 Wermers	RA,	Fatourechi	V,	Wynne	AG,	et	al.	The	glucagonoma	syndrome.	Clinical	and	pathologic	features	in	21

patients.	Medicine	(Baltimore)	1996;75(2):53–63.
42.	 Loyer	EM,	David	CL,	Dubrow	RA,	et	 al.	Vascular	 involvement	 in	pancreatic	 adenocarcinoma:	 reassessment	by

thin-section	CT.	Abdom	Imaging	1996;21(3):202–206.
43.	 Appel	BL,	Tolat	P,	Evans	DB,	et	al.	Current	staging	systems	for	pancreatic	cancer.	Cancer	J	2012;18(6):539–549.
44.	 Evans	DB,	Christians	KK,	Foley	WD.	Pancreaticoduodenectomy	(Whipple	operation)	and	total	pancreatectomy	for

cancer.	In:	Fischer	JE,	Jones	DB,	Pomposelli	FB,	et	al.,	eds.	Fischer’s	Mastery	of	Surgery.	6th	ed.	Philadelphia:
Lippincott	Williams	&	Wilkins;	2012:1445–1465.

45.	 Christians	 KK,	 Riggle	 K,	 Keim	 R,	 et	 al.	 Distal	 splenorenal	 and	 temporary	 mesocaval	 shunting	 at	 the	 time	 of
pancreatectomy	for	cancer:	initial	experience	from	the	Medical	College	of	Wisconsin.	Surgery	2013;154(1):123–
131.

46.	 Christians	KK,	 Pilgrim	CH,	 Tsai	 S,	 et	 al.	 Arterial	 resection	 at	 the	 time	 of	 pancreatectomy	 for	 cancer.	 Surgery



2014;155(5):919–926.
47.	 Goebel	SU,	Serrano	J,	Yu	F,	et	al.	Prospective	study	of	the	value	of	serum	chromogranin	A	or	serum	gastrin	levels

in	the	assessment	of	the	presence,	extent,	or	growth	of	gastrinomas.	Cancer	1999;85(7):1470–1483.
48.	 Bernini	GP,	Moretti	A,	Ferdeghini	M,	 et	 al.	A	new	human	 chromogranin	 ‘A’	 immunoradiometric	 assay	 for	 the

diagnosis	of	neuroendocrine	tumours.	Br	J	Cancer	2001;84(5):636–642.
49.	 Nehar	D,	Lombard-Bohas	C,	Olivieri	S,	et	al.	Interest	of	chromogranin	A	for	diagnosis	and	follow-up	of	endocrine

tumours.	Clin	Endocrinol	(Oxf)	2004;60(5):644–652.
50.	 Bajetta	E,	Ferrari	L,	Martinetti	A,	et	al.	Chromogranin	A,	neuron	specific	enolase,	carcinoembryonic	antigen,	and

hydroxyindole	acetic	acid	evaluation	in	patients	with	neuroendocrine	tumors.	Cancer	1999;86(5):858–865.
51.	 Kouvaraki	MA,	Ajani	 JA,	Hoff	P,	 et	 al.	Fluorouracil,	 doxorubicin,	 and	 streptozocin	 in	 the	 treatment	of	patients

with	locally	advanced	and	metastatic	pancreatic	endocrine	carcinomas.	J	Clin	Oncol	2004;22(23):4762–4771.
52.	 Yao	JC,	Lombard-Bohas	C,	Baudin	E,	et	al.	Daily	oral	everolimus	activity	in	patients	with	metastatic	pancreatic

neuroendocrine	tumors	after	failure	of	cytotoxic	chemotherapy:	a	phase	II	trial.	J	Clin	Oncol	2010;28(1):69–76.
53.	 Friesen	SR,	Tomita	T,	Kimmel	 JR.	Pancreatic	polypeptide	update:	 its	 roles	 in	detection	of	 the	 trait	 for	multiple

endocrine	 adenopathy	 syndrome,	 type	 I	 and	 pancreatic	 polypeptide-secreting	 tumors.	Surgery	 1983;94(6):1028–
1037.

54.	 Partelli	 S,	 Gaujoux	 S,	 Boninsegna	 L,	 et	 al.	 Pattern	 and	 clinical	 predictors	 of	 lymph	 node	 involvement	 in
nonfunctioning	pancreatic	neuroendocrine	tumors	(NF-PanNETs).	JAMA	Surg	2013;148(10):932–939.

55.	 Falconi	M,	Bartsch	DK,	 Eriksson	B,	 et	 al.	 ENETS	Consensus	Guidelines	 for	 the	management	 of	 patients	with
digestive	neuroendocrine	neoplasms	of	the	digestive	system:	well-differentiated	pancreatic	non-functioning	tumors.
Neuroendocrinology	2012;95(2):120–134.

56.	 Gaujoux	 S,	 Partelli	 S,	Maire	 F,	 et	 al.	 Observational	 study	 of	 natural	 history	 of	 small	 sporadic	 nonfunctioning
pancreatic	neuroendocrine	tumors.	J	Clin	Endocrinol	Metab	2013;98(12):4784–4789.

57.	 Lee	LC,	Grant	CS,	 Salomao	DR,	 et	 al.	 Small,	 nonfunctioning,	 asymptomatic	 pancreatic	 neuroendocrine	 tumors
(PNETs):	role	for	nonoperative	management.	Surgery	2012;152(6):965–974.

58.	 Bacchetti	S,	Bertozzi	S,	Londero	AP,	et	al.	Surgical	treatment	and	survival	in	patients	with	liver	metastases	from
neuroendocrine	tumors:	a	meta-analysis	of	observational	studies.	Int	J	Hepatol	2013;2013:235040.

59.	 Solorzano	CC,	Lee	JE,	Pisters	PW,	et	al.	Nonfunctioning	islet	cell	carcinoma	of	the	pancreas:	survival	results	in	a
contemporary	series	of	163	patients.	Surgery	2001;130(6):1078–1085.

60.	 Mayo	 SC,	 Herman	 JM,	 Cosgrove	 D,	 et	 al.	 Emerging	 approaches	 in	 the	 management	 of	 patients	 with
neuroendocrine	liver	metastasis:	role	of	liver-	directed	and	systemic	therapies.	J	Am	Coll	Surg	2013;216(1):123–
134.

61.	 Rinke	A,	Müller	HH,	Schade-Brittinger	C,	et	al.	Placebo-controlled,	double-	blind,	prospective,	randomized	study
on	the	effect	of	octreotide	LAR	in	the	control	of	tumor	growth	in	patients	with	metastatic	neuroendocrine	midgut
tumors:	a	report	from	the	PROMID	Study	Group.	J	Clin	Oncol	2009;27(28):4656–4663.

62.	 Caplin	M,	 Ruszniewski	 P,	 Pavel	ME,	 et	 al.	 A	 randomized	 double-blind	 placebo-controlled	 study	 of	 lanreotide
antiproliferative	response	in	patients	with	enteropancreatic	neuroendocrine	tumours	(CLARINET).	Paper	presented
at:	The	European	Cancer	Congress;	September	2013;	Amsterdam,	The	Netherlands.

63.	 Missiaglia	E,	Moore	PS,	Williamson	 J,	 et	 al.	 Sex	 chromosome	 anomalies	 in	 pancreatic	 endocrine	 tumors.	 Int	J
Cancer	2002;98(4):532–538.

64.	 Yao	JC,	Phan	AT,	Chang	DZ,	et	al.	Efficacy	of	RAD001	(everolimus)	and	octreotide	LAR	in	advanced	 low-	 to
intermediate-grade	neuroendocrine	tumors:	results	of	a	phase	II	study.	J	Clin	Oncol	2008;26(26):4311–4318.

65.	 Yao	JC,	Shah	MH,	 Ito	T,	et	 al.	Everolimus	versus	placebo	 in	patients	with	advanced	pancreatic	neuroendocrine
tumors	(pNET)	(RADIANT-3).	Ann	Oncol	2010;21(Suppl	6).	doi:10.1093/annonc/mdq340.

66.	 Pavel	ME,	Singh	S,	Strosberg	JR,	et	al.	Health-related	quality	of	life	for	everolimus	versus	placebo	in	patients	with
advanced,	 non-functional,	well-	 differentiated	gastrointestinal	 or	 lung	neuroendocrine	 tumours	 (RADIANT-4):	 a
multicentre,	randomised,	double-blind,	placebo-controlled,	phase	3	trial.	Lancet	Oncol	2017;18(10):1411–1422.

67.	 Kulke	MH,	Lenz	HJ,	Meropol	NJ,	et	al.	Activity	of	sunitinib	in	patients	with	advanced	neuroendocrine	tumors.	J
Clin	Oncol	2008;26(20):3403–3410.

68.	 Raymond	 E,	 Raoul	 J,	 Niccoli	 P,	 et	 al.	 Phase	 III,	 randomized,	 double-blind	 trial	 of	 sunitinib	 versus	 placebo	 in
patients	with	progressive	well-differentiated	pancreatic	islet	cell	tumours.	Ann	Oncol	2009;20:vii11.

69.	 Broder	LE,	Carter	SK.	Pancreatic	islet	cell	carcinoma.	II.	Results	of	therapy	with	streptozotocin	in	52	patients.	Ann
Intern	Med	1973;79(1):108–118.

70.	 Moertel	 CG,	 Hanley	 JA,	 Johnson	 LA.	 Streptozocin	 alone	 compared	 with	 streptozocin	 plus	 fluorouracil	 in	 the
treatment	of	advanced	islet-cell	carcinoma.	N	Engl	J	Med	1980;303(21):1189–1194.



Dr. AVR @ TMH

71.	 Moertel	CG,	Lefkopoulo	M,	Lipsitz	S,	et	al.	Streptozocin-doxorubicin,	streptozocin-fluorouracil	or	chlorozotocin
in	the	treatment	of	advanced	islet-	cell	carcinoma.	N	Engl	J	Med	1992;326(8):519–523.

72.	 Cheng	PN,	Saltz	LB.	Failure	to	confirm	major	objective	antitumor	activity	for	streptozocin	and	doxorubicin	in	the
treatment	of	patients	with	advanced	islet	cell	carcinoma.	Cancer	1999;86(6):944–948.

73.	 McCollum	AD,	Kulke	MH,	 Ryan	DP,	 et	 al.	 Lack	 of	 efficacy	 of	 streptozocin	 and	 doxorubicin	 in	 patients	 with
advanced	pancreatic	endocrine	tumors.	Am	J	Clin	Oncol	2004;27(5):485–488.

74.	 Ramanathan	RK,	Cnaan	A,	Hahn	RG,	et	al.	Phase	II	trial	of	dacarbazine	(DTIC)	in	advanced	pancreatic	islet	cell
carcinoma.	Study	of	the	Eastern	Cooperative	Oncology	Group-E6282.	Ann	Oncol	2001;12(8):1139–1143.

75.	 Kulke	MH,	Hornick	JL,	Frauenhoffer	C,	et	al.	O6-methylguanine	DNA	methyltransferase	deficiency	and	response
to	temozolomide-based	therapy	in	patients	with	neuroendocrine	tumors.	Clin	Cancer	Res	2009;15(1):338–345.

76.	 Forrer	F,	Valkema	R,	Kwekkeboom	DJ,	et	al.	Neuroendocrine	tumors.	Peptide	receptor	radionuclide	therapy.	Best
Pract	Res	Clin	Endocrinol	Metab	2007;21(1):111–129.

77.	 Bushnell	 DL	 Jr,	 O’Dorisio	 TM,	 O’Dorisio	 MS,	 et	 al.	 90Y-edotreotide	 for	 metastatic	 carcinoid	 refractory	 to
octreotide.	J	Clin	Oncol	2010;28(10):1652–1659.

78.	 Strosberg	J,	El-Haddad	G,	Wolin	E,	et	al.	Phase	3	trial	of	177Lu-dotatate	for	midgut	neuroendocrine	tumors.	N	Engl
J	Med	2017;376(2):125–135.

79.	 Gupta	S,	Johnson	MM,	Murthy	R,	et	al.	Hepatic	arterial	embolization	and	chemoembolization	for	the	treatment	of
patients	 with	 metastatic	 neuroendocrine	 tumors:	 variables	 affecting	 response	 rates	 and	 survival.	 Cancer
2005;104(8):1590–1602.

80.	 Schnirer	II,	Yao	JC,	Ajani	JA.	Carcinoid:	a	comprehensive	review.	Acta	Oncol	2003;42(7):672–692.
81.	 Marrache	 F,	 Vullierme	MP,	 Roy	 C,	 et	 al.	 Arterial	 phase	 enhancement	 and	 body	 mass	 index	 are	 predictors	 of

response	to	chemoembolisation	for	liver	metastases	of	endocrine	tumours.	Br	J	Cancer	2007;96(1):49–55.
82.	 Rhee	TK,	Lewandowski	RJ,	Liu	DM,	et	 al.	 90Y	Radioembolization	 for	metastatic	neuroendocrine	 liver	 tumors:

preliminary	results	from	a	multi-	institutional	experience.	Ann	Surg	2008;247(6):1029–1035.
83.	 Kennedy	 AS,	 Dezarn	 WA,	 McNeillie	 P,	 et	 al.	 Radioembolization	 for	 unresectable	 neuroendocrine	 hepatic

metastases	using	resin	90Y-microspheres:	early	results	in	148	patients.	Am	J	Clin	Oncol	2008;31(3):271–279.
84.	 Andrews	 JC,	 Walker	 SC,	 Ackermann	 RJ,	 et	 al.	 Hepatic	 radioembolization	 with	 yttrium-90	 containing	 glass

microspheres:	preliminary	results	and	clinical	follow-up.	J	Nucl	Med	1994;35(10):1637–1644.
85.	 Sarmiento	JM,	Heywood	G,	Rubin	J,	et	al.	Surgical	treatment	of	neuroendocrine	metastases	to	the	liver:	a	plea	for

resection	to	increase	survival.	J	Am	Coll	Surg	2003;197(1):29–37.
86.	 Mayo	SC,	de	Jong	MC,	Pulitano	C,	et	al.	Surgical	management	of	hepatic	neuroendocrine	tumor	metastasis:	results

from	an	international	multi-	institutional	analysis.	Ann	Surg	Oncol	2010;17(12):3129–3136.
87.	 Glazer	ES,	Tseng	JF,	Al-Refaie	W,	et	al.	Long-term	survival	after	surgical	management	of	neuroendocrine	hepatic

metastases.	HPB	(Oxford)	2010;12(6):427–433.
88.	 Berber	 E,	 Flesher	 N,	 Siperstein	 AE.	 Laparoscopic	 radiofrequency	 ablation	 of	 neuroendocrine	 liver	 metastases.

World	J	Surg	2002;26(8):985–990.
89.	 Le	 Treut	 YP,	 Delpero	 JR,	 Dousset	 B,	 et	 al.	 Results	 of	 liver	 transplantation	 in	 the	 treatment	 of	 metastatic

neuroendocrine	tumors.	A	31-case	French	multicentric	report.	Ann	Surg	1997;225(4):355–364.
90.	 Ito	 T,	 Igarashi	 H,	 Jensen	 RT.	 Zollinger-Ellison	 syndrome:	 recent	 advances	 and	 controversies.	 Curr	 Opin

Gastroenterol	2013;29(6):650–661.
91.	 Berna	MJ,	Hoffmann	KM,	Long	SH,	et	al.	Serum	gastrin	in	Zollinger-Ellison	syndrome:	II.	Prospective	study	of

gastrin	provocative	 testing	 in	293	patients	from	the	National	 Institutes	of	Health	and	comparison	with	537	cases
from	 the	 literature.	Evaluation	of	diagnostic	 criteria,	 proposal	of	new	criteria,	 and	correlations	with	 clinical	 and
tumoral	features.	Medicine	(Baltimore)	2006;85(6):331–364.

92.	 Norton	 JA,	 Jensen	 RT.	 Resolved	 and	 unresolved	 controversies	 in	 the	 surgical	 management	 of	 patients	 with
Zollinger-Ellison	syndrome.	Ann	Surg	2004;240(5):757–773.

93.	 Tomassetti	 P,	 Migliori	 M,	 Caletti	 GC,	 et	 al.	 Treatment	 of	 type	 II	 gastric	 carcinoid	 tumors	 with	 somatostatin
analogues.	N	Engl	J	Med	2000;343(8):551–554.

94.	 Service	 FJ,	 McMahon	 MM,	 O’Brien	 PC,	 et	 al.	 Functioning	 insulinoma:	 incidence,	 recurrence,	 and	 long-term
survival	of	patients:	a	60-year	study.	Mayo	Clin	Proc	1991;66(7):711–719.

95.	 Niina	Y,	Fujimori	N,	Nakamura	T,	et	al.	The	current	strategy	for	managing	pancreatic	neuroendocrine	tumors	in
multiple	endocrine	neoplasia	type	1.	Gut	Liver	2012;6(3):287–294.

96.	 Doppman	JL,	Chang	R,	Fraker	DL,	et	al.	Localization	of	insulinomas	to	regions	of	the	pancreas	by	intra-arterial
stimulation	with	calcium.	Ann	Intern	Med	1995;123(4):269–273.

97.	 Nockel	 P,	 Babic	 B,	Millo	 C,	 et	 al.	 Localization	 of	 insulinoma	 using	 68Ga-	 DOTATATE	 PET/CT	 scan.	 J	 Clin



Endocrinol	Metab	2017;102(1):195–199.
98.	 Service	FJ.	Recurrent	hyperinsulinemic	hypoglycemia	caused	by	an	insulin-	secreting	insulinoma.	Nat	Clin	Pract

Endocrinol	Metab	2006;2(8):467–470.
99.	 Hirshberg	B,	Cochran	C,	Skarulis	MC,	et	al.	Malignant	insulinoma:	spectrum	of	unusual	clinical	features.	Cancer

2005;104(2):264–272.
100.	 Stehouwer	CD,	Lems	WF,	Fischer	HR,	 et	 al.	Aggravation	of	 hypoglycemia	 in	 insulinoma	patients	 by	 the	 long-

acting	somatostatin	analogue	octreotide	(Sandostatin).	Acta	Endocrinol	(Copenh)	1989;121(1):34–40.
101.	 Aspinwall	CA,	Lakey	JR,	Kennedy	RT.	Insulin-stimulated	insulin	secretion	in	single	pancreatic	beta	cells.	J	Biol

Chem	1999;274(10):6360–6365.
102.	 Leibiger	IB,	Leibiger	B,	Moede	T,	et	al.	Exocytosis	of	insulin	promotes	insulin	gene	transcription	via	the	insulin

receptor/PI-3	kinase/p70	s6	kinase	and	CaM	kinase	pathways.	Mol	Cell	1998;1(6):933–938.
103.	 Kulke	MH,	Bergsland	EK,	Yao	JC.	Glycemic	control	in	patients	with	insulinoma	treated	with	everolimus.	N	Engl	J

Med	2009;360(2):195–197.
104.	 Fiebrich	 HB,	 Siemerink	 EJ,	 Brouwers	 AH,	 et	 al.	 Everolimus	 induces	 rapid	 plasma	 glucose	 normalization	 in

insulinoma	patients	by	effects	on	tumor	as	well	as	normal	tissues.	Oncologist	2011;16(6):783–787.
105.	 Bernard	V,	Lombard-Bohas	C,	Taquet	MC,	et	al.	Efficacy	of	everolimus	in	patients	with	metastatic	insulinoma	and

refractory	hypoglycemia.	Eur	J	Endocrinol	2013;168(5):665–674.
106.	 Verner	JV,	Morrison	AB.	 Islet	cell	 tumor	and	a	syndrome	of	 refractory	watery	diarrhea	and	hypokalemia.	Am	 J

Med	1958;25(3):374–380.
107.	 Gorden	P,	Comi	RJ,	Maton	PN,	et	al.	NIH	conference.	Somatostatin	and	somatostatin	analogue	(SMS	201-995)	in

treatment	of	hormone-secreting	tumors	of	the	pituitary	and	gastrointestinal	tract	and	non-neoplastic	diseases	of	the
gut.	Ann	Intern	Med	1989;110(1):35–50.

108.	 de	Mestier	L,	Walter	T,	Brixi	H,	et	al.	Sunitinib	achieved	fast	and	sustained	control	of	VIPoma	symptoms.	Eur	J
Endocrinol	2015;172(1):K1–K3.

109.	 Dimitriadis	 GK,	 Weickert	 MO,	 Randeva	 HS,	 et	 al.	 Medical	 management	 of	 secretory	 syndromes	 related	 to
gastroenteropancreatic	neuroendocrine	tumours.	Endocr	Relat	Cancer	2016;23(9):R423–R436.

110.	 John	 AM,	 Schwartz	 RA.	 Glucagonoma	 syndrome:	 a	 review	 and	 update	 on	 treatment.	 J	 Eur	 Acad	 Dermatol
Venereol	2016;30(12):2016–2022.

111.	 Altimari	AF,	Bhoopalam	N,	O’Dorsio	T,	et	al.	Use	of	a	somatostatin	analog	(SMS	201-995)	in	the	glucagonoma
syndrome.	Surgery	1986;100(6):989–996.

112.	 Norton	JA,	Kahn	CR,	Schiebinger	R,	et	al.	Amino	acid	deficiency	and	the	skin	rash	associated	with	glucagonoma.
Ann	Intern	Med	1979;91(2):213–215.

113.	 Bloom	SR,	Polak	JM.	Glucagonoma	syndrome.	Am	J	Med	1987;82(5B):25–36.
114.	 Mao	 C,	 Shah	 A,	 Hanson	 DJ,	 et	 al.	 Von	 Recklinghausen’s	 disease	 associated	 with	 duodenal	 somatostatinoma:

contrast	of	duodenal	versus	pancreatic	somatostatinomas.	J	Surg	Oncol	1995;59(1):67–73.
115.	 Norton	 JA,	 Fraker	 DL,	 Alexander	 HR,	 et	 al.	 Surgery	 to	 cure	 the	 Zollinger-	 Ellison	 syndrome.	N	 Engl	 J	 Med

1999;341(9):635–644.
116.	 Norton	 JA,	 Doppman	 JL,	 Jensen	 RT.	 Curative	 resection	 in	 Zollinger-Ellison	 syndrome.	 Results	 of	 a	 10-year

prospective	study.	Ann	Surg	1992;215(1):8–18.
117.	 Jensen	RT.	Management	of	the	Zollinger-Ellison	syndrome	in	patients	with	multiple	endocrine	neoplasia	type	1.	J

Intern	Med	1998;243(6):477–488.
118.	 Doherty	 GM,	 Olson	 JA,	 Frisella	 MM,	 et	 al.	 Lethality	 of	 multiple	 endocrine	 neoplasia	 type	 I.	World	 J	 Surg

1998;22(6):581–587.
119.	 Norton	JA,	Alexander	HR,	Fraker	DL,	et	al.	Comparison	of	surgical	results	in	patients	with	advanced	and	limited

disease	with	multiple	endocrine	neoplasia	type	1	and	Zollinger-Ellison	syndrome.	Ann	Surg	2001;234(4):495–506.
120.	 Ruszniewski	P,	Rougier	P,	Roche	A,	et	al.	Hepatic	arterial	chemoembolization	in	patients	with	liver	metastases	of

endocrine	tumors.	A	prospective	phase	II	study	in	24	patients.	Cancer	1993;71(8):2624–2630.
121.	 Kouvaraki	MA,	 Shapiro	 SE,	Cote	GJ,	 et	 al.	Management	 of	 pancreatic	 endocrine	 tumors	 in	multiple	 endocrine

neoplasia	type	1.	World	J	Surg	2006;30(5):643–653.
122.	 Lowney	JK,	Frisella	MM,	Lairmore	TC,	et	al.	Pancreatic	islet	cell	tumor	metastasis	in	multiple	endocrine	neoplasia

type	1:	correlation	with	primary	tumor	size.	Surgery	1998;124(6):1043–1049.
123.	 Thompson	NW.	Current	concepts	in	the	surgical	management	of	multiple	endocrine	neoplasia	type	1	pancreatic-

duodenal	disease.	Results	in	the	treatment	of	40	patients	with	Zollinger-Ellison	syndrome,	hypoglycaemia	or	both.
J	Intern	Med	1998;243(6):495–500.

124.	 Thompson	NW.	Management	of	pancreatic	endocrine	tumors	in	patients	with	multiple	endocrine	neoplasia	type	1.



Dr. AVR @ TMH

Surg	Oncol	Clin	N	Am	1998;7(4):881–891.
125.	 Lindau	A.	Zur	frage	der	angiomatosis	retinae	und	ihrer	hirncomplikation.	Acta	Ophthal	1927;4:193–226.
126.	 Charlesworth	M,	 Verbeke	 CS,	 Falk	 GA,	 et	 al.	 Pancreatic	 lesions	 in	 von	 Hippel-Lindau	 disease?	 A	 systematic

review	and	meta-synthesis	of	the	literature.	J	Gastrointest	Surg	2012;16(7):1422–1428.
127.	 Zhao	J,	Moch	H,	Scheidweiler	AF,	et	al.	Genomic	imbalances	in	the	progression	of	endocrine	pancreatic	tumors.

Genes	Chromosomes	Cancer	2001;32(4):364–372.
128.	 Rigaud	G,	Missiaglia	E,	Moore	PS,	et	al.	High	resolution	allelotype	of	nonfunctional	pancreatic	endocrine	tumors:

identification	of	two	molecular	subgroups	with	clinical	implications.	Cancer	Res	2001;61(1):285–292.
129.	 Plank	TL,	Logginidou	H,	Klein-Szanto	A,	 et	 al.	 The	 expression	 of	 hamartin,	 the	 product	 of	 the	TSC1	gene,	 in

normal	human	tissues	and	in	TSC1-	and	TSC2-linked	angiomyolipomas.	Mod	Pathol	1999;12(5):539–545.
130.	 Yao	JC.	Neuroendocrine	tumors.	Molecular	targeted	therapy	for	carcinoid	and	islet-cell	carcinoma.	Best	Pract	Res

Clin	Endocrinol	Metab	2007;21(1):163–172.
131.	 Johannessen	CM,	Reczek	EE,	James	MF,	et	al.	The	NF1	tumor	suppressor	critically	regulates	TSC2	and	mTOR.

Proc	Natl	Acad	Sci	U	S	A	2005;102(24):8573–8578.
132.	 DeLellis	RA,	Lloyd	RV,	Heitz	PU,	et	al.	WHO	Classification	of	Tumours,	Pathology	and	Genetics	of	Tumours	of

Endocrine	Organs.	Lyon,	France:	IARC	Press;	2004.
133.	 Moertel	CG,	Kvols	LK,	O’Connell	MJ,	et	al.	Treatment	of	neuroendocrine	carcinomas	with	combined	etoposide

and	 cisplatin.	 Evidence	 of	 major	 therapeutic	 activity	 in	 the	 anaplastic	 variants	 of	 these	 neoplasms.	 Cancer
1991;68(2):227–232.

134.	 Hou	Z,	Elasmar	SA,	Lozano	R,	et	al.	A	pilot	 study	of	 irinotecan	plus	cisplatin	 in	patients	with	metastatic	high-
grade	neuroendocrine	carcinoma.	Proc	Am	Soc	Clin	Oncol	2003;22:1508.

135.	 Yao	 JC,	 Vauthey	 JN.	 Primary	 and	 metastatic	 hepatic	 carcinoid:	 is	 there	 an	 algorithm?	 Ann	 Surg	 Oncol
2003;10(10):1133–1135.

136.	 Fitzgerald	TL,	Hickner	ZJ,	Schmitz	M,	 et	 al.	Changing	 incidence	of	 pancreatic	 neoplasms:	 a	 16-year	 review	of
statewide	tumor	registry.	Pancreas	2008;37(2):134–138.

137.	 Kuo	EJ,	Salem	RR.	Population-level	analysis	of	pancreatic	neuroendocrine	tumors	2	cm	or	less	in	size.	Ann	Surg
Oncol	2013;20(9):2815–2821.

138.	 Bettini	 R,	 Partelli	 S,	 Boninsegna	 L,	 et	 al.	 Tumor	 size	 correlates	with	malignancy	 in	 nonfunctioning	 pancreatic
endocrine	tumor.	Surgery	2011;150(1):75–82.

139.	 Sallinen	V,	Le	Large	TY,	Galeev	S,	et	al.	Surveillance	strategy	for	small	asymptomatic	non-functional	pancreatic
neuroendocrine	tumors:	a	systematic	review	and	meta-analysis.	HPB	(Oxford)	2017;19(4):310–320.

140.	 Sallinen	 VJ,	 Le	 Large	 TTY,	 Tieftrunk	 E,	 et	 al.	 Prognosis	 of	 sporadic	 resected	 small	 (≤2	 cm)	 nonfunctional
pancreatic	neuroendocrine	tumors:	a	multi-	institutional	study.	HPB	(Oxford)	2018;20(3):251–259.

141.	 Sadot	 E,	 Reidy-Lagunes	 DL,	 Tang	 LH,	 et	 al.	 Observation	 versus	 resection	 for	 small	 asymptomatic	 pancreatic
neuroendocrine	tumors:	a	matched	case-	control	study.	Ann	Surg	Oncol	2016;23(4):1361–1370.

142.	 Haynes	AB,	Deshpande	V,	 Ingkakul	T,	 et	 al.	 Implications	of	 incidentally	discovered,	nonfunctioning	pancreatic
endocrine	tumors:	short-term	and	long-term	patient	outcomes.	Arch	Surg	2011;146(5):534–538.

143.	 Arvold	ND,	Niemierko	A,	Mamon	HJ,	et	al.	Pancreatic	cancer	tumor	size	on	CT	scan	versus	pathologic	specimen:
implications	for	radiation	treatment	planning.	Int	J	Radiat	Oncol	Biol	Phys	2011;80(5):1383–1390.

144.	 Eriksson	B,	Skogseid	B,	Lundqvist	G,	et	al.	Medical	treatment	and	long-term	survival	in	a	prospective	study	of	84
patients	with	endocrine	pancreatic	tumors.	Cancer	1990;65(9):1883–1890.

145.	 Ekeblad	 S,	 Sundin	 A,	 Janson	 ET,	 et	 al.	 Temozolomide	 as	 monotherapy	 is	 effective	 in	 treatment	 of	 advanced
malignant	neuroendocrine	tumors.	Clin	Cancer	Res	2007;13(10):2986–2991.

146.	 Fine	 RL,	 Gulati	 AP,	 Krantz	 BA,	 et	 al.	 Capecitabine	 and	 temozolomide	 (CAPTEM)	 for	 metastatic,	 well-
differentiated	neuroendocrine	cancers:	the	Pancreas	Center	at	Columbia	University	experience.	Cancer	Chemother
Pharmacol	2013;71(3):663–670.



85 Carcinoid	Tumors	and	the
Carcinoid	Syndrome
Jeffrey	A.	Norton

INCIDENCE	AND	ETIOLOGY
Neuroendocrine	tumors	(NETs)	of	the	gastrointestinal	(GI)	tract	(carcinoid	tumors)	are	uncommon	but	are	more
common	 than	 other	 primary	 sites	 except	 pancreas,	 followed	 by	 NETs	 of	 the	 lungs;	 thymus;	 and	 other	 less
common	sites	such	as	the	ovaries,	testes,	and	hepatobiliary	system.1	GI	NETS	or	carcinoid	tumors	compose	70%
of	all	NETS	and	should	no	longer	be	classified	as	carcinoid	tumors	but	rather	NETs.1	The	incidence	of	GI	NETs	is
3.56	 per	 100,000	 population	 and	 has	 been	 steadily	 increasing.2	 The	 increasing	 incidence	 of	NETs	 reported	 in
many	 studies	 is	 likely	 multifactorial	 and	 includes	 increased	 awareness	 and	 improved	 endoscopic	 methods	 of
detection.

Small	bowel	NETs	(midgut	carcinoids)	are	much	more	common	than	both	foregut	and	hindgut.1	The	incidence
is	approximately	2	per	100,000	per	year.	In	one	study	of	254	patients	from	Germany	with	GI	NETs,	the	primary
tumor	was	foregut,	midgut,	or	hindgut	 in	44.1%,	43.7%,	and	4.3%	of	patients,	 respectively.3	Midgut	NETs	can
remain	 small	 (<1	 cm)	 and	 still	metastasize	 to	 regional	 lymph	 nodes	 and	 liver.	Midgut	 carcinoids	 are	 the	 only
primary	site	in	which	size	does	not	directly	correlate	with	metastatic	disease	because	these	tumors	may	still	spread
despite	a	small	size.	Risk	factors	for	the	development	of	midgut	carcinoid	tumors	include	age,	male	sex,	increased
body	mass	index,	and	menopausal	hormone	therapy.4

Because	these	tumors	are	indolent	and	patients	survive	a	long	time,	the	prevalence	is	quite	high,	making	them
the	second	most	prevalent	GI	tract	tumor,	second	only	to	colon	cancer.	Some	are	clinically	silent	and	have	been
detected	only	at	autopsy	(incidence	8%).	Further,	patients	with	GI	NETs	have	a	higher	risk	of	other	noncarcinoid
primary	tumors.5	The	overall	5-year	survival	rate	of	all	patients	with	GI	NETs	is	between	35%	and	43%.6

ANATOMY	AND	PATHOLOGY
In	1907,	Oberndorfer	first	coined	the	term	carcinoid,	meaning	“cancer-like,”	 to	describe	a	rare	 ileal	 tumor	with
less	 malignant	 behavior	 than	 the	 more	 commonly	 identified	 large	 bowel	 carcinomas.	 Now,	 it	 is	 clear	 that
carcinoids	are,	indeed,	malignant.	They	are	derived	from	the	diffuse	neuroendocrine	system	that	is	composed	of
peptide-	and	amine-producing	cells	 that	may	secrete	different	hormones	depending	on	the	site	of	origin.7	NETs
are	composed	of	monotonous	sheets	of	small	round	blue	cells	with	uniform	nuclei	and	cytoplasm.

The	nomenclature,	classification,	and	grading	systems	for	NETs	have	historically	been	inconsistent,	and	there
is	 currently	 no	 single	 system	 for	 NETs	 at	 all	 anatomic	 sites.	 Through	 critical	 evaluations	 of	 these	 systems,
common	 principles	 have	 emerged.8,9	 Critical	 factors	 in	 NET	 pathology	 include	 key	 features	 that	 have	 been
classified	by	various	schema	over	 the	years.	These	are	embryologic	site	of	origin	(foregut,	midgut,	or	hindgut),
functional	 status	 (defined	as	hormone	 secretion	associated	with	 symptoms	of	hormone	excess),	 and	grade.	The
recent	2010	World	Health	Organization	pathology	classification	relies	mainly	on	proliferation	rates	as	measured
by	 Ki-67	 antibody	 staining	 or	 mitotic	 index.7	 Low-grade	 tumors	 (grade	 1)	 are	 the	 most	 common	 and	 have	 a
mitotic	 index	of	<2	mitoses/10	high-power	fields	(HPF)	and	a	Ki-67	<3%.	Intermediate-grade	tumors	(grade	2)
have	a	mitotic	index	of	2	to	20	mitoses/10	HPF	and	a	Ki-67	of	3%	to	20%.	High-grade	tumors	(grade	3)	have	a
mitotic	index	>20	mitoses/10	HPF	and	a	Ki-67	>20%.	These	numbers	have	clinical	importance	because	extensive
surgery	including	resection	of	locally	advanced	tumor	and/or	distant	metastases	is	the	treatment	strategy	of	choice
for	low-grade	tumors,	whereas	high-grade	tumors	are	treated	primarily	with	chemotherapy.	Chromogranin	A	and
synaptophysin	immunostains	identify	proteins	of	neurosecretory	granules	and	are	specific	immunologic	markers
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for	NETs.	Other	immunostains	such	as	gastrin	and	glucagon	are	sometimes	performed	but	do	not	indicate	whether
a	 tumor	 is	 “functional,”	 as	 defined	 by	 clinical	 symptoms	 of	 hormone	 excess.	 NET	 pathology	 guidelines	 have
recently	been	updated	and	now	recommend	a	set	of	minimum	data	elements	to	be	included	in	all	pathology	reports
for	 NETs	 (Table	 85.1).8,9	 In	 a	 Surveillance,	 Epidemiology,	 and	 End	 Results	 database	 analysis,	 patients	 with
carcinoid	 syndrome	were	more	 likely	 to	 be	women,	 be	 of	 non-Hispanic	 Caucasian	 race,	 have	more	 advanced
tumors,	and	have	lower	grade	tumors,	and	the	primary	tumor	location	had	a	significant	effect,	with	most	being	in
the	terminal	ileum.10

Until	 recently,	 an	understanding	of	 the	molecular	basis	of	NETs	has	been	elusive.	Banck	et	 al.11	 performed
exome	sequencing	on	48	small	intestine	NETs.	They	reported	an	average	of	0.1	somatic	single	nucleotide	variants
per	 106	 nucleotides	 (range,	 0	 to	 0.59),	mostly	 transitions	 (C>T	 and	A>G).	 They	 discovered	 that	 197	 protein-
altering	 somatic	 single	 nucleotide	 variants	 affected	 mostly	 cancer	 genes,	 including	 FGFR2,	 MEN1,	 HOOK3,
EZH2,	MLF1,	CARD11,	VHL,	NONO,	and	SMAD1.	Alterations	with	potential	therapeutic	application	were	found
in	35	patients,	 including	SRC,	SMAD	 family	 genes,	AURKA,	EGFR,	HSP90,	 and	PDGFR.	Mutually	 exclusive
amplification	 of	 AKT1	 or	 AKT2	 was	 the	 most	 common	 event	 in	 the	 16	 patients	 with	 alterations	 of
phosphatidylinositol	3-kinase/protein	kinase	B/mammalian	target	of	rapamycin	(mTOR)	signaling.11

Screening
The	 low	 NET	 incidence	 rates	 do	 not	 warrant	 population	 screening.	 For	 certain	 patients	 with	 an	 inherited
predisposition	 for	NETs	 (as	 in	multiple	 endocrine	 neoplasia	 [MEN]	 syndromes),	 screening	 programs	 are	 often
instituted.	See	Chapter	86	on	MEN.

GENERAL	PRINCIPLES	OF	NEUROENDOCRINE	TUMOR	DIAGNOSIS,
STAGING,	AND	MANAGEMENT
General	Diagnostic	Principles
The	diagnosis	of	GI	and	pulmonary	NETs	is	often	incidental,	although	patients	with	functional	tumors	can	present
with	symptoms	of	hormone	excess.	The	diagnostic	approach	for	a	patient	with	NETs	is	summarized	by	the	North
American	Neuroendocrine	Tumor	Society12	and	the	National	Comprehensive	Cancer	Network	NET	guidelines.13

TABLE	85.1
Staging	Criteria	for	Neuroendocrine	Tumors

Grade Low	Grade Intermediate	Grade High	Grade
Old	terminology Typical	carcinoid Atypical	carcinoid Small-cell/large-cell	carcinoma

Ki-67 <3% 3%–20% >20%

Mitotic	index <2/10	HPF 2–20/10	HPF >20/10	HPF

AJCC T1–T2	N0	M0 T3	N1	M0 T4	±	M1

SEER Localized Regional Distant
HPF,	high-power	field;	AJCC,	American	Joint	Committee	on	Cancer;	SEER,	Surveillance,	Epidemiology,	and	End	Results.
AJCC	definitions:	T1,	<2	cm;	T2,	>2	cm;	T3,	>4	cm;	T4,	tumor	extends	outside	structure;	N0,	negative	nodes;	N1,	positive	nodes;
M0,	no	distant	metastases;	M1,	distant	metastases.

Serum	hormone	markers	are	often	elevated	in	NETs	and	can	be	a	surrogate	marker	of	symptoms	of	hormone
excess	or	tumor	growth,	although	none	are	sensitive	enough	to	be	used	as	a	screening	test.	Chromogranin	A	levels
are	elevated	in	approximately	80%	of	patients	with	GI	NETs;	sensitivity	is	75%,	and	specificity	is	approximately
85%.	 Falsely	 positive	 elevated	 serum	 levels	 of	 chromogranin	 A	 may	 occur	 when	 patients	 take	 a	 commonly
prescribed	proton	pump	inhibitor	(PPI)	or	H2	receptor	antagonist,	so	these	medications	should	be	discontinued	for
several	days	prior	to	testing	and	testing	should	be	done	fasting.	Urine	5-hydroxyindoleacetic	acid	(5-HIAA),	the
primary	 metabolite	 of	 serotonin,	 is	 elevated	 in	 carcinoid	 syndrome.	 This	 assay	 has	 a	 sensitivity	 of	 35%	 and
specificity	 of	 100%.	Abnormal	 levels	 (>5	mg	 per	 24	 hours)	 of	 5-HIAA	are	 diagnostic	 of	 carcinoid	 syndrome.
Elevated	levels	of	serum	serotonin	are	also	confirmatory	and	consistent	with	carcinoid	syndrome,	although	more
difficult	 to	measure	 reproducibly.	Patients	need	 to	be	on	a	 special	diet	 to	avoid	 false-positive	 results.	Bananas,



pineapple,	 tomatoes,	 plums,	 eggplant,	 avocado,	 kiwi,	 fruits,	 and	nuts	must	 be	 avoided	 for	 3	 days.	Medications
such	as	PPIs,	cough	and	antihistamine	medications,	chlorpromazine	and	prochlorperazine,	nasal	drops	and	sprays,
hypertension	 medications,	 acetaminophen,	 and	 muscle	 relaxants,	 especially	 methocarbamol,	 valium,	 and
cyclobenzaprine,	can	also	lead	to	false-positive	results	and	should	be	avoided.

Less	 common	 NETs	 may	 also	 be	 identified	 by	 the	 specific	 hormone	 and	 syndrome	 that	 is	 produced.	 For
example,	thymic	carcinoid	tumors	may	produce	adrenocorticotropic	hormone	(ACTH)	and	corticotropin-releasing
factor	and	result	in	ectopic	Cushing	syndrome.5	Thirty	percent	of	these	tumors	can	also	secrete	catecholamines;
therefore,	24-hour	urinary	catecholamine	excretion	should	be	measured	as	clinically	indicated.

The	 diagnostic	 evaluation	 for	 GI	 and	 pulmonary	 NETs	 often	 begins	 with	 high-resolution	 cross-sectional
imaging	 with	 either	 multiphasic	 computed	 tomography	 (CT)	 or	 magnetic	 resonance	 imaging	 (MRI).	 Small
intestine	NETs	are	often	characterized	by	mesenteric	masses	that	represent	abnormal	lymph	nodes	associated	with
cicatrization	or	desmoplastic	changes	and	scarring.	In	addition,	most	NETs	express	somatostatin	receptors	that	can
bind	 and	 internalize	 the	 currently	 available	 octapeptide	 somatostatin	 analogs	 octreotide	 and	 lanreotide.	 This
feature	can	be	exploited	in	terms	of	both	somatostatin	receptor–based	treatments	and	scintigraphy	(SRS).	Indium-
111	(111In)-pentetreotide	scintigraphy	(Octreoscan;	Mallinckrodt,	Dublin,	Ireland)	can	image	approximately	80%
to	90%	of	patients	and	can	unmask	the	primary	tumor,	regional	 lymph	node	metastases,	and	distant	metastases.
Positron	 emission	 tomography	 (PET)	 scanning	 with	 gallium-68	 DOTATATE	 is	 a	 newer	 somatostatin-based
scintigraphy	method	 and	 is	more	 sensitive	 than	 111In	 scans	 (Figs.	 85.1A	 and	 85.1B).	 At	 present,	 this	 imaging
modality	 is	 newly	 available	 in	 select	 centers	 in	 the	United	States.	 It	 can	 identify	 patients	who	will	 respond	 to
lutetium-177	(177Lu)-DOTATATE,	which	has	recently	been	shown	to	be	very	effective	in	the	treatment	of	midgut
carcinoid	tumors.14	Standard	PET	scanning	with	fluorine-18	(18F)-fluorodeoxyglucose	is	disappointing	in	patients
with	 well-differentiated	 GI	 and	 pulmonary	 NETs,	 although	 poorly	 differentiated	 NETs	 are	 often	 18F-
fluorodeoxyglucose	 avid.	 Iodine-123	 (123I)-	 or	 iodine-131	 (131I)-metaiodobenzylguanidine	 is	 taken	 up	 and
accumulated	in	some	NET	cells.	Sensitivity	of	131I-meta-iodobenzylguanidine	scan	in	patients	with	small	intestine
NETs	is	between	60%	and	85%,	and	it	is	especially	useful	in	patients	whose	tumors	secrete	catecholamines.	CT
enteroclysis	is	a	newer	imaging	modality	designed	to	image	tumors	of	the	small	bowel.	It	has	a	sensitivity	of	86%
and	a	specificity	of	100%	for	small	bowel	NETs.15	Echocardiography	is	also	included	in	the	diagnostic	workup	to
either	 confirm	 or	 exclude	 carcinoid	 heart	 disease.	 North	 American	 Neuroendocrine	 Tumor	 Society	 guidelines
indicate	 that	N-terminal	 pro–B-type	 natriuretic	 peptide	 should	 be	 used	 in	 patients	with	 carcinoid	 syndrome	 to
identify	those	with	carcinoid	heart	disease.16

Figure	85.1	A:	Axial	DOTATATE	scan	of	ileal	neuroendocrine	tumor	with	adjacent	lymph	node
in	the	right	lower	aspect	of	the	image.	Tumor	appears	bright	on	DOTATATE	scan	because	of

somatostatin	receptors.	B:	The	same	patient	had	a	normal	computed	tomography	scan	of	the	liver,
but	urinary	5-hydroxyindoleacetic	acid	levels	were	elevated,	consistent	with	liver	metastases.

DOTATATE	scan	also	shows	multiple	liver	metastases	in	right	lobe	and	liver	segments	1	and	4.

General	Staging	Principles
The	 seventh	edition	of	 the	American	 Joint	Committee	on	Cancer	 (AJCC)	 staging	manual	 is	 the	 first	 edition	 to
include	 specific	 staging	 for	GI	NETs	 such	 as	 stomach,	 small	 bowel,	 appendix,	 colon,	 and	 rectum	 and	 parallel
staging	for	adenocarcinomas	of	those	same	sites.17	Multiple	papers	have	been	published	recently	that	both	validate
this	 AJCC	 staging	 and	 propose	 some	 additional	 modifications	 to	 enhance	 future	 AJCC	 versions	 (see	 Table
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85.1).18,19

General	Management	Principles
Management	of	NETs	falls	under	two	main	categories:	therapies	directed	at	tumor	control	and	therapies	directed
at	controlling	symptoms	of	hormone	excess.	 In	addition,	 therapies	directed	at	 tumor	control	are	 further	divided
based	on	biologic	differences	of	well-differentiated	versus	poorly	differentiated	NETs.	Unless	noted,	 antitumor
therapies	will	 all	 be	 for	well-differentiated	 tumors.	Carcinoid	 syndrome	and	medical	management	of	hormone-
related	symptoms	are	addressed	in	detail	later	in	this	chapter.

Therapies	directed	at	tumor	control	include	surgery.	Surgical	resection	remains	the	mainstay	of	treatment	for
resectable	NETs	of	the	GI	tract	and	lungs.	The	primary	goal	of	surgical	intervention	is	to	prolong	survival.	Yet,	in
addition	to	prolonged	survival,	surgery	can	also	palliate	symptoms	of	obstruction,	diarrhea,	flushing,	and/or	pain
with	 eating.20	 In	 the	 setting	 of	 unresectable	 disease,	 antitumor	 therapy	 is	 only	 indicated	 in	 the	 setting	 of
symptoms,	tumor	bulk,	and/or	disease	progression.	In	newly	diagnosed	asymptomatic	patients	with	unresectable
or	metastatic	disease,	it	is	often	reasonable	to	monitor	closely	without	any	active	treatment.

DIAGNOSIS,	STAGING,	AND	MANAGEMENT	BY	PRIMARY	TUMOR	SITE
The	previously	mentioned	general	principles	apply	to	most	NETs	of	the	GI	tract	and	lungs.	Following	are	some
unique	aspects	of	 the	diagnosis,	 staging,	and	management	by	primary	 tumor	site.	Management	here	 focuses	on
surgical	management	 of	 localized	 disease	 and	management	 of	 hormone	 symptoms.	Management	 of	metastatic
disease	is	addressed	separately.

Thymic	Neuroendocrine	Tumors
NETs	of	the	thymus	are	rare.	Thymic	NETs	make	up	between	2%	and	7%	of	anterior	mediastinal	masses.	CT	or
MRI	is	commonly	used	for	imaging	and	diagnosis.	Patients	may	present	with	severe	Cushing	syndrome	secondary
to	ectopic	ACTH	production.18	Approximately	25%	of	patients	with	thymic	carcinoids	will	have	MEN1.	Recent
reports	suggest	that	thymic	carcinoids	are	the	second	most	common	cause	of	death	in	MEN1	patients	following
pancreatic	NETs.	An	excellent	method	to	screen	for	thymic	carcinoids	is	the	DOTA	scan	because	it	is	a	whole-
body	 scan.21	 Patients	 typically	 present	 with	 stage	 I	 well-differentiated	 neuroendocrine	 carcinoma,	 previously
termed	 typical	 carcinoid	 syndrome;	 stage	 II	 moderately	 differentiated	 neuroendocrine	 carcinoma,	 previously
called	atypical	carcinoid	tumor;	or	stage	III	poorly	differentiated	or	small-cell	neuroendocrine	carcinoma.	Surgery
(radical	thymectomy)	is	the	primary	treatment	for	stage	I	and	II	thymic	NETs,	whereas	chemotherapy	is	best	for
stage	III.	Five-	and	10-year	survival	rates	for	resected	thymic	NETs	are	between	20%	and	30%.	Radiation	may
help	with	local	control	after	incomplete	resection.22

Bronchial	Neuroendocrine	Tumors
Bronchial	NETs	appear	histologically	like	intestinal	NETs	and	are	not	related	to	cigarette	smoking.	These	tumors
are	 more	 common	 in	 patients	 with	 MEN1.21	 Poor	 prognostic	 factors	 include	 higher	 mitotic	 index,	 nuclear
pleomorphism,	vascular	and	lymphatic	invasion,	and	poorly	differentiated	growth	pattern.	The	bronchus	is	the	site
of	a	primary	NET	in	approximately	2%	of	cases.	These	tumors	occur	close	to	the	hilum	on	CT	and	MRI	scan	and
may	be	confused	with	blood	vessels.	Bronchial	NETs	are	divided	into	the	following	three	categories:	benign	or
low-grade	malignant,	which	 is	 the	 typical	 carcinoid	 form;	 low-grade	malignant,	which	 is	 the	atypical	 carcinoid
form;	and	poorly	differentiated,	either	large	cell	or	small	cell.	The	grading	system	differs	slightly	when	compared
to	GI	NET	grading.	The	three	different	categories	of	bronchial	carcinoid	tumors	have	different	prognoses,	ranging
from	excellent	 for	 typical	well-differentiated	 carcinoids	 to	 poor	 for	 small-cell	 neuroendocrine	 carcinomas.	The
well-differentiated	 tumors	 are	 surgically	 resected	 with	 a	 lobectomy,	 whereas	 the	 small-cell	 tumors	 are	 treated
primarily	with	chemotherapy.	SRS	can	be	used	 to	complement	cross-sectional	 imaging	with	multiphasic	CT	or
MRI.	Atypical	carcinoid	tumors	have	more	uptake	of	fluorodeoxyglucose	on	PET	scan,	whereas	typical	carcinoid
tumors	have	more	uptake	of	octreotide	on	DOTA	scan.23	On	bronchoscopy,	NETs	appear	as	a	cherry-red	mass
within	 the	 bronchus	 protruding	 into	 the	 lumen.	 It	 is	 recommended	 not	 to	 biopsy	 them	because	 they	 can	 bleed
excessively	 with	 biopsy.	 Bronchial	 carcinoids	 are	 the	 most	 common	 cause	 of	 ectopic	 ACTH	 syndrome,	 and
Cushing	 syndrome	 is	 severe	 with	 usual	 clinical	 signs	 and	 symptoms	 plus	 severe	 weakness	 secondary	 to



hypokalemia.24

Esophageal	Neuroendocrine	Tumors
Esophageal	NETs	are	uncommon	(<1%	of	GI	NETs).	They	occur	predominantly	in	men	at	an	age	older	than	60
years.	Symptoms	are	nonspecific	and	vary	from	asymptomatic	to	indigestion	and	burning	pain.	Most	tumors	are
seen	 in	 the	distal	esophagus	 just	proximal	 to	 the	esophageal-gastric	 junction.	They	are	 seen	on	endoscopy	as	a
submucosal	mass,	 and	 they	usually	dimple	 the	mucosa.	Endoscopic	ultrasonography	and	SRS	are	 indicated	 for
staging	because	lymph	node	metastases	occur	in	50%	of	patients.	Endoscopic	mucosal	resection	(EMR)	is	done	if
there	is	no	evidence	of	lymph	node	metastases	and	the	tumor	is	amenable	to	complete	excision.	Open	resection	is
done	 for	 patients	 with	 lymph	 node	 metastases.	 The	 operative	 procedure	 is	 most	 commonly	 an	 Ivor	 Lewis
esophagogastrectomy,	which	requires	an	upper	midline	incision	and	a	right	thoracotomy.	Survival	is	dependent	on
stage	of	disease	and	adequacy	of	resection.

Gastric	Neuroendocrine	Tumors
Gastric	NETs	 are	 rare	 tumors	 and	 constitute	 <1%	 of	 gastric	 tumors	 and	 9%	 of	GI	NETs	 (Table	 85.2).	 These
tumors	arise	from	the	enterochromaffin-like	(ECL)	cells	of	the	stomach	that	occur	in	the	gastric	fundus	and	body.
Gastric	NETs	are	 immunoreactive	 to	histamine,	 chromogranin	A,	 and	 synaptophysin.	Gastric	NETs	have	 three
different	forms:	type	1,	type	2,	and	type	3.	Type	1	gastric	carcinoids	typically	occur	in	a	state	of	chronic	atrophic
gastritis	that	results	in	achlorhydria	and	hypergastrinemia.25	They	occur	in	80%	of	gastric	NETs.	These	tumors	are
typically	 multicentric,	 consisting	 of	 multiple	 small	 gastric	 polyps,	 and	 invariably	 develop	 from	 ECL	 cell
hyperplasia	and	become	small	polypoid	tumors.26	Tumors	vary	in	size	from	a	few	millimeters	to	1.5	cm.	These
tumors	 are	 almost	 always	 benign,	 with	minimal	 risk	 of	 invasion	 or	metastases.	 They	 are	 usually	 treated	 with
repeat	 endoscopic	 examination,	 excision,	 and	 EMR	 of	 larger	 tumors.	 There	 is	 a	 very	 low	 risk	 of	 lymph	 node
metastases	 (5%)	 or	 distant	 metastases	 (2%).	 Larger	 tumors	 (approximately	 >2	 cm)	 require	 resection,	 either
endoscopic	or	open	surgery.	If	gastric	surgery	is	performed,	antrectomy	is	indicated	because	this	will	remove	the
source	of	the	hypergastrinemia	and	the	stimulus	for	ECL	cell	growth.

TABLE	85.2
Incidence	and	Prognosis	of	Different	Stages	of	Gastrointestinal	Neuroendocrine	Tumors

Site Incidence	(%	GI	NETs)
Five-Year	Survival	for
T1–T2	N0	(%)

Five-Year	Survival	for
T3,	N1	(%)

Five-Year	Survival	for
T4	±	M1	(%)

Stomach 9 93 65 25

Duodenum 4 68 55 46

Ileum/jejunum 42 78 71 54

Appendix 8 98 78 25

Colon 4 85 46 14

Rectum 27 93 62–75 33
GI,	gastrointestinal;	NET,	neuroendocrine	tumor.

Type	2	gastric	carcinoid	tumors	are	rare	and	occur	in	only	6%	to	8%	of	patients	with	gastric	NETs.	They	are
much	 less	 common	 than	 those	 seen	 in	 atrophic	 gastritis.	 Type	 2	 tumors	 occur	 in	 patients	 with	 MEN1	 with
Zollinger-Ellison	syndrome	(ZES)	who	have	been	treated	with	PPIs	for	a	long	time.	They	occur	equally	in	both
men	and	women,	with	an	age	distribution	of	45	to	50	years.	The	hypergastrinemia	of	ZES	is	exacerbated	by	the
prolonged	use	of	PPIs	 (approximately	10	years)	 to	control	 symptoms	related	 to	excessive	acid	secretion.	These
NETs	develop	in	a	hyperplasia-dysplasia-neoplasia	sequence.	Moreover,	there	must	be	an	effect	of	the	menin	gene
defect	because	non-MEN1	patients	with	(sporadic)	ZES	have	also	been	 treated	with	prolonged	use	of	PPIs	and
have	not	developed	similar	tumors.	Type	2	NETs	of	the	stomach	are	often	multiple	and	small	(73%	<1.5	cm)	but
are	 larger	 than	 the	 type	 1	 tumors.	 Lymph	 node	metastases	 are	 present	 in	 30%	 of	 patients	with	 type	 2	 gastric
carcinoid	 tumors,	 and	 distant	 metastases	 occur	 in	 10%	 to	 20%.	 Patients	 with	 MEN1	 may	 develop	 distant
metastases	from	pancreatic	NETs,	so	it	is	sometimes	difficult	to	tell	which	primary	NET	led	to	the	development	of
a	liver	NET.	However,	rare	cases	of	highly	malignant	gastric	NETs	with	a	poor	prognosis	have	been	described	in
some	patients	with	MEN1	and	ZES.	These	patients	have	diffuse	 involvement	of	 the	entire	stomach	with	NETs,
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and	total	gastrectomy	with	adjacent	lymph	node	dissection	is	recommended.27
Type	3	gastric	NETs	are	those	that	occur	sporadically	with	no	association	of	hypergastrinemia.	They	represent

15%	to	20%	of	gastric	NETs	and	are	markedly	different	from	type	1	and	2	NETs.	They	occur	sporadically,	are
solitary,	and	grow	much	more	rapidly.	Most	have	distant	metastases	at	the	time	of	diagnosis.	These	tumors	have	a
male	predominance	and	occur	3:1	 in	men.	Mean	age	at	presentation	 is	50	years.	These	 tumors	are	 large	 (mean
size,	3	cm).	Most	lesions	invade	the	full-thickness	wall	of	the	stomach.	They	are	usually	located	in	the	body	or
fundus.	Regional	lymph	node	and	liver	metastases	are	present	in	70%	of	patients.	A	total	of	73%	of	patients	with
this	disease	are	alive	at	5	years,	but	 those	with	 liver	metastasis	have	a	5-year	survival	of	10%.	Sporadic	 type	3
gastric	 NETs	 usually	 have	 a	 Ki-67	 index	 of	 >2%.	 According	 to	 older	 classifications,	 these	 tumors	 may	 have
typical	or	atypical	histology.	Atypical	implies	nuclear	pleomorphism,	more	mitosis,	and	necrosis.	Atypical	tumors
are	 larger	 (>5	 cm)	 and	 have	 a	 more	 unfavorable	 prognosis.	 The	 atypical	 carcinoid	 syndrome	 occurs	 in	 these
patients	 and	 is	 associated	 with	 tumor	 release	 of	 histamine.	 The	 atypical	 carcinoid	 syndrome	 has	 bright	 red
cutaneous	 flushing,	 edema,	 itching,	 wheezing,	 and	 lacrimation.	 In	 patients	 with	 type	 3	 gastric	 NETs,	 tumor
debulking	of	the	primary	tumor	and	lymph	node	metastases	may	relieve	symptoms.	Hepatic	metastases	are	treated
with	resection,	hepatic	artery	embolization	or	chemoembolization,	radiofrequency	ablation,	and	octreotide	long-
acting	release	(LAR),	which	may	ameliorate	the	symptoms	of	the	atypical	carcinoid	syndrome.	Chemotherapy	is
likely	to	be	useful	when	the	proliferation	rate	exceeds	5%.	Response	rates	are	between	20%	and	40%.

Small	Bowel	Neuroendocrine	Tumors
NETs	of	the	duodenum	are	rare	and	compose	<4%	of	all	GI	NETs.	Gastrinomas	are	the	most	common	functional
duodenal	NET	and	represent	60%	of	duodenal	NETs.	These	tumors	are	more	common	in	the	proximal	duodenum
and	are	less	likely	to	arise	in	the	distal	duodenum.	They	are	usually	small	(<5	mm)	and	multiple	in	MEN1.	They
frequently	 (30%	 to	 70%)	 spread	 to	 regional	 lymph	 nodes	 such	 that	 adjacent	 lymph	 node	 sampling	 is
recommended,	but	they	do	not	commonly	spread	to	distant	sites.	Overall,	the	10-year	survival	of	duodenal	NETs
is	 64%.28	 The	 10-year	 survival	 rate	 for	 patients	 with	 duodenal	 gastrin-secreting	 NETs	 is	 90%.	 Duodenotomy
(opening	the	duodenum)	at	the	time	of	surgery	is	the	most	effective	method	to	identify	these	tumors.	When	found,
complete	 excision	 of	 the	 duodenal	 wall	 around	 the	 tumor	 with	 lymph	 node	 sampling	 is	 recommended.	 Some
advocate	Whipple	procedure,	but	the	prognosis	is	excellent	with	local	tumor	resection	and	the	cure	rate	is	60%,	so
many	think	that	Whipple	resection	is	not	indicated.

Periampullary	 duodenal	 NETs	 do	 not	 usually	 produce	 a	 hormonal	 syndrome.29	 Given	 their	 location,	 these
tumors	may	 cause	obstructive	 jaundice	or	 bleeding.	The	 size	of	 these	 tumors	 is	 small	 (between	1	 and	2	 cm	 in
diameter).	 They	 are	 typically	 nodular,	 polypoid,	 and	 ulcerated.	 Periampullary	 NETs	 are	 associated	 with	 von
Recklinghausen	 neurofibromatosis.	A	 total	 of	 50%	of	 the	 patients	 have	 either	 lymph	node	 or	 liver	metastases.
They	require	either	 local	excision	of	 tumor	or	Whipple	pancreaticoduodenectomy,	dependent	on	 the	size	of	 the
tumor,	 the	age	of	 the	patient,	and	 the	relationship	 to	 the	ampulla.	Nonampullary	duodenal	NETs	that	are	found
during	 endoscopy	 have	 an	 excellent	 prognosis	 and	 can	 be	 removed	 by	 EMR	 if	 <1	 cm.	 They	 are	 removed	 by
surgical	excision	if	the	tumor	is	>2	cm.	Lymph	node	metastases	can	occur	in	approximately	40%	of	patients,	so
lymph	 node	 sampling	 is	 recommended.	 For	 treatment	 of	 NETs	 >3	 cm,	Whipple	 pancreaticoduodenectomy	 is
recommended.	Small	bowel	NETs	are	the	most	common	GI	NET,	and	they	are	most	prevalent	within	the	ileum.
They	account	for	42%	of	all	GI	NETs.	They	usually	occur	within	20	cm	of	the	ileocecal	valve.	They	feel	like	a
firm	mobile	nodule	within	 the	wall	of	 the	bowel.	Patients	 typically	have	a	 long	history	of	vague	nonlocalizing
abdominal	pain	before	 the	 tumor	 is	detected.	These	symptoms	may	be	borborygmi,	episodic	abdominal	pain	or
cramping,	 and	 episodic	 diarrhea	 and	 constipation.	 Others	 may	 develop	 clinical	 signs	 of	 the	 typical	 carcinoid
syndrome,	including	diarrhea,	flushing,	palpitations,	intolerance	of	certain	specific	foods	like	cheese	or	red	wine,
intestinal	venous	congestion,	and	infarction,	and	these	symptoms	can	occur	as	the	tumor	lymph	node	metastases
enlarge	 and	 block	 the	 venous	 outflow.	 Intermittent	 severe	 episodes	 of	 abdominal	 pain	 or	 even	 intestinal
obstruction	can	occur	as	 the	 tumor	progresses.	 Ileal	NETs	are	commonly	very	 small	 (2	 to	4	mm)	and	multiple
within	 the	 wall	 of	 the	 ileum,	 with	 adjacent	 large	 lymph	 node	 metastases	 that	 cause	 cicatrization	 and	 venous
congestion	 that	can	 result	 in	small	bowel	obstruction	(see	Fig.	85.1).	Approximately	50%	of	patients	will	 have
liver	metastases	or	peritoneal	carcinomatosis	at	the	time	of	diagnosis.	The	10-year	survival	rates	for	jejunal	and
ileal	NETs	are	53%	and	50%,	respectively.	Surgery	includes	wide	resection	of	the	small	bowel	with	the	primary
tumor,	its	mesentery,	and	lymph	node	metastases.	This	usually	requires	an	extended	right	hemicolectomy	and	may
result	 in	 a	 relative	 short	 gut	 syndrome	 because	 the	 lymph	 node	metastases	 can	 be	 very	 centrally	 located	 and
require	resection	of	proximal	branches	of	the	superior	mesenteric	artery	and	vein.	Recent	studies	also	suggest	that



surgery	can	be	effectively	done	laparoscopically,30	but	commonly,	extensive	nodal	disease	is	present	such	that	the
superior	 mesenteric	 artery	 and	 vein	 must	 be	 skeletonized,	 which	 usually	 requires	 open	 surgical	 techniques.
Surgery	for	ileal	NETs	is	the	mainstay	of	treatment,	and	surgical	resection	of	the	primary	tumor	even	in	the	setting
of	 numerous	 distant	metastases	 has	 been	 recommended	 in	 order	 to	 avoid	 the	 cramping	 and	 bowel	 obstruction
associated	with	primary	NETs	 that	 are	 left	 to	 progress.31	 Patients	with	 unknown	primary	metastatic	NETs	 can
often	harbor	occult	primary	ileal	NETs.	This	is	quite	common,	and	careful	exploration	and	palpation	of	the	ileum
allow	detection	of	small	submucosal	primaries	that	feel	like	little	peas	within	the	bowel	wall.32	Cholecystectomy
is	also	indicated	because	most	of	these	patients	with	either	lymph	node	or	liver	metastases	will	require	the	long-
term	use	of	somatostatin	analogs,	which	can	cause	gallstones	(Fig.	85.2).

Figure	85.2	Flow	diagram	for	the	diagnosis	and	management	of	carcinoid	syndrome.	Diagram
includes	diagnosis	and	management	of	a	primary	ileal	carcinoid	tumor	and	liver	metastases.	5-

HIAA,	5-hydroxyindoleacetic	acid;	CT,	computed	tomography;	NET,	neuroendocrine	tumor;	RFA,
radiofrequency	ablation;	IM,	intramuscular;	MRI,	magnetic	resonance	imaging;	TACE,	transarterial
chemoembolization;	TAE,	transarterial	embolization;	PRRT,	peptide	receptor	radionuclide	therapy.
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Appendiceal	Neuroendocrine	Tumors
Appendiceal	NETs	 represent	 between	 5%	 and	 8%	of	GI	NETs.	 They	 occur	 in	 approximately	 1	 in	 200	 to	 300
appendectomies.33,34	Most	are	located	in	the	tip	of	the	appendix.	They	commonly	present	in	younger	patients	who
have	a	mean	age	of	younger	than	50	years.	They	seldom	metastasize;	lymph	node	metastases	occur	in	3.8%	and
distant	metastases	in	only	0.7%.	The	long-term	survival	is	nearly	95%	for	all	patients	with	appendiceal	carcinoid
tumors,	84%	for	those	with	lymph	node	metastases,	and	28%	for	those	with	liver	metastases.	Appendectomy	is
adequate	 for	 tumors	<2	cm	and	 those	 that	do	not	 invade	 through	 the	wall	of	 the	appendix	or	are	present	at	 the
base.	For	patients	with	tumors	>2	cm,	invasion	through	the	appendiceal	wall,	presence	at	the	base,	or	lymph	node
metastases,	a	right	hemicolectomy	is	indicated.

Colorectal	Neuroendocrine	Tumors
NETs	 of	 the	 colon	 are	 rare	 and	 account	 for	 only	 approximately	 4%	 of	GI	NETs	 and	 1%	 to	 5%	 of	 colorectal
tumors.35	These	tumors	occur	more	commonly	in	older	individuals	older	than	65	years.	Tumors	in	the	right	colon
are	 more	 common	 and	 can	 cause	 symptoms	 of	 carcinoid	 syndrome.	 The	 majority	 of	 colon	 NETs	 are	 well
differentiated,	but	some	are	large,	less	differentiated,	and	exophytic.	These	larger,	less	differentiated	tumors	grow
more	rapidly	and	have	a	higher	incidence	of	lymph	node	and	liver	metastases.	The	5-year	survival	for	colon	NETs
is	37%,	which	is	only	slightly	better	than	all	patients	with	colon	cancer.	In	general,	colon	NETs	should	be	treated
with	a	hemicolectomy	including	adequate	lymph	node	retrieval.

The	 incidence	 of	 rectal	 NETs	 is	 increasing.36	 They	 are	 among	 the	most	 common	NETs	 reported	 in	 recent
series.	They	constitute	27%	of	GI	NETs	and	1%	to	2%	of	all	rectal	tumors.	These	tumors	are	more	common	in
Asian	and	black	populations.	Most	are	small	and	discovered	incidentally	during	endoscopy.	The	overall	prognosis
is	favorable,	and	the	5-year	survival	rates	for	patients	with	stage	I,	II,	III,	and	IV	disease	are	93%,	75%,	43%,	and
33%,	respectively.36	Smaller	tumors	(<1	cm)	can	be	treated	by	either	EMR37	or	local	excision.	Larger	tumors	>1
cm	may	require	a	low	anterior	rectal	resection	or	an	abdominoperineal	resection	depending	on	the	relationship	to
the	distal	rectum	and	anus.

DIAGNOSIS	AND	MANAGEMENT	OF	CARCINOID	SYNDROME
Biogenic	amines	and	vasoactive	peptides	in	the	systemic	circulation	cause	symptoms	of	the	carcinoid	syndrome
(see	 Fig.	 85.2).	 Serotonin,	 tachykinins,	 bradykinins,	 and	 histamine	 have	 each	 been	 measured	 in	 the	 systemic
circulation	 of	 these	 patients.	 Enterochromaffin	 cells,	 precursors	 to	 NETs,	 have	 the	 ability	 to	 produce	 5-
hydroxytryptamine	 (serotonin).	 In	 the	 liver,	 serotonin	 is	 metabolized	 to	 5-HIAA,	 which	 eliminates	 the
development	of	the	signs	and	symptoms	of	the	carcinoid	syndrome.	However,	in	patients	with	liver	metastases	or
extrahepatic	tumor	in	sites	such	as	the	ovary	or	the	retroperitoneum,	an	excessive	amount	of	serotonin	enters	the
systemic	circulation	and	causes	carcinoid	syndrome.	Small	bowel	NETs	are	most	often	associated	with	carcinoid
syndrome.

Symptoms	of	carcinoid	 syndrome	 include	diarrhea,	 flushing,	wheezing	caused	by	bronchial	obstruction,	 and
carcinoid	 heart	 disease.	 Most	 patients	 complain	 of	 intermittent	 crampy	 abdominal	 pain.	 Flushing	 is	 the	 most
common	symptom,	occurring	in	94%	of	patients,	and	has	been	linked	to	secretion	of	tachykinins,	serotonin,	and
histamine.	Flushing	has	a	uniform	distribution	and	most	commonly	 involves	 the	upper	chest,	neck,	and	face.	 It
may	be	provoked	by	certain	foods	such	as	nuts,	cheese,	drugs,	and	alcohol	and	during	times	of	stress.	Patients	will
develop	skin	thickening	and	redness	in	this	distribution	secondary	to	chronic	flushing.	Diarrhea	occurs	in	80%	of
patients	with	carcinoid	syndrome.	Serotonin	is	thought	to	be	the	most	common	cause	of	diarrhea,	but	other	active
amines	such	as	histamine,	kallikrein,	prostaglandin,	substance	P,	and	motilin	may	play	a	role.	Further,	a	relative
short	gut	syndrome	may	occur	following	removal	of	the	primary	tumor,	and	malabsorption	of	bile	salts	and	fat,	as
well	 as	 bacterial	 overgrowth,	may	 also	 contribute	 to	 diarrhea.	The	 recently	 completed	TELESTAR	 (Telotristat
Etiprate	for	Somatostatin	Analog	Not	Adequately	Controlled	Carcinoid	Syndrome)	study	(NCT01677910)	was	a
double-blind,	placebo-controlled	phase	III	study	of	135	patients	with	carcinoid	syndrome	who	were	refractory	to
treatment	with	somatostatin	analogs.	Patients	experienced	diarrhea	with	at	 least	 four	bowel	movements	per	day
and	were	treated	with	either	placebo	or	telotristat	at	either	250	or	500	mg	orally	three	times	a	day.	Telotristat	at
both	doses	significantly	decreased	diarrhea	and	urinary	5-HIAA	excretion	levels.37	Another	phase	III	study	named
TELEPATH	 (Telotristat	 Etiprate–Expanded	 Treatment	 for	 Patients	 with	 Carcinoid	 Syndrome	 Symptoms;
NCT02026063)	 had	 similar	 results.38	 Side	 effects	 of	 the	 medication	 were	 minimal.	 Both	 studies	 suggest	 that



telotristat	is	a	good	drug	to	treat	the	symptoms	of	the	carcinoid	syndrome.
Carcinoid	heart	disease	develops	in	approximately	40%	of	patients	with	carcinoid	syndrome.	It	is	characterized

by	carcinoid	plaques	on	the	right	side	of	the	heart	with	involvement	of	the	tricuspid	and	pulmonary	valves	and	the
endocardium.39	 The	 pathogenesis	 of	 these	 plaques	 and	 fibrosis	 is	 increased	 synthesis	 of	 collagen	 secondary	 to
serotonin-induced	 transforming	growth	 factor	β	 secretion.	The	most	 common	clinical	manifestation	 is	 tricuspid
and	pulmonic	valve	 insufficiency	and	stenosis.	These	valvular	 lesions	can	be	significant	and	lead	 to	right-sided
heart	 failure.	 Several	 studies	 have	 shown	 that	 patients	with	 carcinoid	 syndrome	with	 valve	 disease	 have	much
greater	 levels	 of	 urinary	 5-HIAA	 excretion.	 Cardiac	 surgery	 is	 indicated	 for	 valve	 replacement.	 Patients	 with
urinary	 5-HIAA	 excretion	 rates	 >100	mg	 per	 day	 should	 be	 screened	 by	 transthoracic	 echocardiography	 on	 a
regular	basis.	It	has	been	increasingly	recommended	that	patients	with	valvular	carcinoid	heart	disease	be	referred
earlier	 to	 cardiologists	 and	 surgeons	 for	 possible	 valve	 replacement.40	 Similarly,	 serotonin,	 histamine,	 and
bradykinin	 also	 induce	 transforming	 growth	 factor	 β,	 collagen	 synthesis,	 and	 scarring	 in	 the	mesentery	 of	 the
bowel.	This	can	 lead	 to	adhesions	and	bowel	obstruction	or	venous	obstruction	 that	 leads	 to	 inadequate	venous
outflow	and	bowel	ischemia.

Intermittent	 bronchial	 obstruction	 and	wheezing	 are	 present	 in	 10%	of	 patients	with	 carcinoid	 syndrome.	 It
usually	occurs	during	episodes	of	flushing.	It	cannot	be	treated	like	asthma	because	β2-agonists	that	are	used	to
treat	asthma	lead	to	additional	release	of	biogenic	amines	and	peptides.

Pellagra	 is	 also	 associated	 with	 carcinoid	 syndrome,	 although	 in	 a	 minority	 of	 patients	 (5%).	 The	 triad	 of
dermatitis,	diarrhea,	and	dementia	characterizes	pellagra.	Pellagra	is	a	direct	result	of	niacin	deficiency.	Niacin	is
directly	obtained	from	the	diet	or	synthesized	from	tryptophan,	a	precursor	of	serotonin.	Carcinoid	tumors	use	a
large	proportion	of	the	body	tryptophan	stores	for	overproduction	of	serotonin.	Increased	tryptophan	consumption
leads	to	impaired	niacin	synthesis	and	pellagra.	Pellagra	should	be	treated	with	niacin	supplementation.

Finally,	carcinoid	crisis	can	occur	in	patients	with	carcinoid	syndrome	who	undergo	anesthesia	or	surgery	and
are	 not	 sufficiently	 blocked	 with	 somatostatin	 analogs.	 The	 clinical	 picture	 includes	 flushing,	 hypotension,
bronchial	obstruction,	and	cardiac	arrhythmias.	Of	note,	all	patients	with	small	bowel	NET	undergoing	surgical
intervention	should	be	given	perioperative	octreotide	to	prevent	carcinoid	crisis.	This	may	occur	with	anesthesia,
surgery,	 and	 interventional	 radiology	 procedures	 such	 as	 embolization,	 chemoembolization,	 dental	 procedures,
and	 radiofrequency	 ablation.	Basically,	whenever	 an	 invasive	 procedure	 is	 planned	on	 a	 patient	with	 carcinoid
syndrome,	it	is	prudent	to	pretreat	the	patient	with	a	large	dose	of	somatostatin	analog	to	avoid	the	development	of
carcinoid	crisis.	The	recommended	dose	of	octreotide	is	25	to	500	μg	subcutaneously	or	intravenously	1	to	2	hours
prior	 to	 the	 procedure.41	 For	 the	 same	 reason,	 adrenergic	 drugs	 should	 be	 avoided	 in	 patients	 with	 carcinoid
syndrome.	 In	 a	 case	 of	 carcinoid	 crisis,	 the	 surgical	 or	 nonsurgical	 manipulation	 should	 be	 temporarily
interrupted,	 intravenous	 volume	 administered	 under	 the	 guidance	 of	 hemodynamic	 monitoring,	 and	 additional
doses	 of	 octreotide	 and	 steroids	 administered	 intravenously.	 Patients	 who	 develop	 intraoperative	 symptoms
(hypotension	or	 rash)	 should	 receive	500	 to	1,000	μg	of	octreotide	 intravenously	until	 symptoms	 resolve	and	a
continuous	infusion	of	50	to	200	μg	per	hour.

Medical	management	of	carcinoid	syndrome	centers	around	the	use	of	somatostatin	analogs.6,42	Somatostatin
analogs	are	the	foundation	of	symptom	management	for	patients	with	functional	NETs	and	can	both	decrease	the
secretion	of	such	hormones	and	inhibit	their	end-organ	effects.	Somatostatin	is	a	naturally	occurring	polypeptide
produced	 by	 paracrine	 cells	 that	 are	 scattered	 throughout	 the	 GI	 tract;	 it	 inhibits	 GI	 endocrine	 and	 exocrine
function.	 Its	 effects	 are	mediated	 through	G-coupled	 protein	 somatostatin	 receptors	 (1	 to	 5).	 Short-	 and	 long-
acting	 octreotide	 (with	 high	 affinity	 for	 somatostatin	 receptor	 2)	 is	 available	 in	 the	United	 States.	 Lanreotide,
available	 in	 Europe,	 is	 a	 long-acting	 analog	 with	 similar	 binding	 affinity	 to	 octreotide.	 Pasireotide,	 a	 novel
somatostatin	analog	with	a	different	binding	affinity	profile	compared	to	octreotide	or	lanreotide,	is	currently	also
available	 in	 the	 United	 States.	 Side	 effects	 are	 usually	 mild	 but	 include	 nausea,	 bloating,	 biliary	 sludge,	 and
steatorrhea.	 Blockade	 of	 serotonin	 receptors	 via	 somatostatin	 analogs	 can	 greatly	 ameliorate	 the	 diarrhea	 of
carcinoid	syndrome	 in	40%	to	80%	of	patients.	Similarly,	a	 reduction	or	normalization	of	biochemical	markers
can	be	seen	in	40%	to	70%	of	patients.	Most	patients	can	be	managed	with	octreotide	LAR,	but	30%	require	either
an	increase	in	dose	or	frequency	of	administration	to	continue	to	control	symptoms	of	hormone	excess.	Standard
doses	of	octreotide	LAR	are	20	to	30	mg	every	month	intramuscularly,43	and	standard	doses	of	depot	lanreotide
are	60	to	120	mg	via	deep	subcutaneous	injection.44	Patients	who	experience	recurrence	of	their	symptoms	toward
the	 end	 of	 the	 treatment	 cycle	 may	 benefit	 from	 increased	 frequency	 of	 administration	 (every	 3	 weeks).
Supplemental	doses	of	standard	subcutaneous	octreotide	can	be	given	if	patients	develop	breakthrough	symptoms.
Tachyphylaxis	 to	 somatostatin	analogs	often	occurs	between	8	and	12	months	but	can	usually	be	overcome	by
increasing	the	dose.
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Inhibitors	of	serotonin	synthesis	are	emerging	as	a	new	class	of	agents	to	treat	carcinoid	syndrome.	Telotristat
etiprate	is	an	oral	inhibitor	of	tryptophan	hydroxylase,	a	key	enzyme	in	the	synthesis	of	peripheral	serotonin.	A
recent	study	randomized	carcinoid	patients	with	four	or	more	bowel	movements	a	day	to	receive	telotristat	etiprate
or	 placebo	 as	 double-blind	 treatment.	 Treatment	 was	 associated	 with	 decreases	 in	 urine	 5-HIAA	 and	 bowel
movement	frequency	and	self-reported	relief	of	bowel-related	symptoms.37

Other	methods	for	reducing	diarrhea	associated	with	carcinoid	syndrome	include	drugs	such	as	cholestyramine
that	bind	bile	salts	and	increase	bile	absorption.	Pancreatic	enzymes	are	used	to	aid	with	fat	absorption	and	reduce
diarrhea.	Antibacterial	therapy	can	be	used	if	there	is	evidence	of	bacterial	overgrowth.	Loperamide	and	tincture
of	opium	are	used	to	decrease	transit	time.

ANTITUMOR	MANAGEMENT
Somatostatin	Analogs
Clinical	studies	suggest	that	long-acting	octreotide	can	also	inhibit	tumor	growth.	A	total	of	50%	of	patients	with
metastatic	carcinoid	who	have	had	objective	evidence	of	tumor	progression	had	stabilization	of	tumor	size	when
treated	with	long-acting	octreotide.	In	vitro	evidence	suggests	that	octreotide	interacts	with	somatostatin	receptors
that	 stimulate	 phosphotyrosine	 phosphatases	 that	 inhibit	 growth	 factors	 such	 as	 insulin-like	 growth	 factor	 and
vascular	endothelial	growth	factor	(VEGF)	and	thus	inhibit	tumor	growth.	The	best	clinical	evidence	came	from
the	 PROMID	 (Placebo-Controlled,	 Double-Blind,	 Prospective	 Randomized	 Study	 on	 the	 Effect	 of	 Octreotide
LAR	in	 the	Control	of	Tumor	Growth	in	Patients	with	Metastatic	Neuroendocrine	Midgut	Tumors)	 trial,	which
was	a	phase	 III	 study	 that	 randomized	85	patients	with	metastatic	midgut	 carcinoids	 to	octreotide	LAR	30	mg
intramuscularly	versus	placebo.	The	study	demonstrated	a	significant	improvement	of	median	time	to	progression
from	 6	 months	 in	 the	 placebo	 arm	 to	 14.3	 months	 in	 the	 treatment	 arm	 (hazard	 ratio,	 0.34;	 P	 <	 .01).	 On
multivariate	 analysis,	 patients	with	 low	 hepatic	 tumor	 burden	 (<10%)	 and	 resected	 primary	 tumor	 appeared	 to
benefit	most	 from	octreotide	 treatment.	Because	 the	 study	 had	 a	 crossover	 design	 and	 thus	 a	 small	 number	 of
deaths,	overall	survival	was	not	analyzed.	The	study	has	also	been	criticized	for	not	requiring	disease	progression
at	 the	 time	of	 study	entry.	Despite	 these	possible	 limitations,	octreotide	LAR	is	now	considered	an	appropriate
first-line	therapy	for	patients	with	progressive	metastatic	midgut	NETs	regardless	of	 the	presence	or	absence	of
carcinoid	syndrome.42

Interferon-α
Interferons	 (IFN)	 exert	 antitumor	 effects	 through	 a	 variety	 of	 mechanisms	 including	 stimulation	 of	 T	 cells,
inhibition	 of	 angiogenesis,	 and	 induction	 of	 cell	 cycle	 arrest	 in	 the	 G1	 and	 G0	 phases.	 IFN	 also	 induces
somatostatin	 receptors.	 IFN	was	 used	 in	 early	 trials	 prior	 to	 somatostatin	 analogs.	 Improvement	 of	 symptoms,
including	palliation	of	diarrhea	and	flushing,	occurs	in	50%	of	patients.	However,	objective	antitumor	responses
occur	in	only	10%	of	patients.	In	vitro	studies	have	suggested	synergism	between	IFN	and	octreotide,	prompting
clinical	trials	to	evaluate	the	combination.	Three	randomized	trials	have	investigated	octreotide	alone	versus	the
combination	of	octreotide	with	IFN.	In	one	multicenter	trial	of	68	patients	with	metastatic	midgut	carcinoids,	there
was	a	strong	suggestion	of	improvement	with	octreotide	plus	IFN	versus	octreotide	alone.	The	5-year	survival	rate
was	57%	versus	37%,	but	the	difference	was	not	significant	(P	=	.13).43	A	three-arm	trial	compared	subcutaneous
lanreotide	to	IFN	alone	or	the	combination	of	both	with	a	very	small	response	rate	(<7%)	in	the	combination	arm
and	no	difference	among	the	three	groups.43	A	third	randomized	study	of	octreotide	alone	versus	octreotide	plus
IFN	demonstrated	an	increase	in	median	survival	with	the	combination	(54	versus	32	months),	but	the	difference
was	not	 significant.43	Response	 rates	were	 low	 in	 both	 arms	 (<6%).	The	 small	 numbers	 of	 patients	 accrued	 in
these	randomized	trials	preclude	any	meaningful	conclusions	on	the	role	of	IFN.	IFNs	are	commonly	associated
with	flu-like	symptoms,	chronic	fatigue,	depression,	thyroid	dysfunction,	mild	hepatotoxicity,	and	cytopenias.

Mammalian	Target	of	Rapamycin	Inhibitors
The	mTOR	is	a	conserved	serine/threonine	kinase	that	regulates	cell	growth,	metabolism,	and	proliferation.	The
mTOR	enzyme	lies	downstream	of	the	phosphatidylinositol	3-kinase/protein	kinase	B	pathway	and	is	activated	in
response	 to	 growth	 factors	 and	 cytokines.	 Pancreatic	 NETs	 have	 mutations	 in	 mTOR-associated	 genes
(phosphatase	and	tensin	homolog	and	phosphatidylinositol	3-kinase)	in	approximately	15%	of	cases,	whereas	it	is



not	known	whether	midgut	NETs	have	similar	mutations.44
Everolimus	 is	 an	 oral	 mTOR	 inhibitor	 that	 has	 been	 studied	 extensively	 in	 NETs.44–48	 Everolimus	 was

approved	by	 the	U.S.	Food	and	Drug	Administration	 for	 the	 treatment	of	metastatic	pancreatic	NETs	based	on
improvement	 in	 progression-free	 survival	 from	 4.6	months	 to	 11	months	 in	 a	 randomized	 study	 of	metastatic
pancreatic	NETs	(RAD001	in	Advanced	Neuroendocrine	Tumors	[RADIANT]-3).45	The	phase	III	RADIANT-2
trial	 randomized	 429	 patients	 with	 metastatic	 NETs	 and	 evidence	 of	 carcinoid	 syndrome	 to	 treatment	 with
everolimus	plus	octreotide	LAR	versus	placebo	plus	octreotide	LAR.46	The	majority	of	patients	in	each	arm	had
primary	small	bowel	NETs.	Median	progression-free	survival	was	improved	from	11.3	months	in	the	placebo	arm
to	 16.4	months	 in	 the	 everolimus	 arm	 (hazard	 ratio,	 0.77;	P	 =	 .026),	 although	 the	 result	 was	 not	 statistically
significant	because	it	failed	to	meet	its	prespecified	P	value.	Overall	survival	was	not	improved	in	the	treatment
arm	because	of	a	crossover	design.	A	major	limitation	of	this	study,	contributing	to	its	overall	lack	of	statistical
significance,	was	 the	 issue	of	 informative	censoring	and	differences	between	central	and	 investigator	Response
Evaluation	 Criteria	 in	 Solid	 Tumors	 reviews.	 Side	 effects	 of	 everolimus	 include	 oral	 aphthous	 ulcers,	 rash,
hyperglycemia,	 cytopenias,	 and	 pneumonitis.	 Major	 guideline	 groups,	 such	 as	 the	 National	 Comprehensive
Cancer	Network,	do	not	currently	recommend	everolimus	for	management	of	small	bowel	NETs.	Ongoing	studies
may	expand	the	role	of	everolimus	in	other	nonpancreatic	NETs,	particularly	the	RADIANT-4	study,	which	is	a
noncrossover,	randomized	study	of	everolimus	versus	placebo	in	patients	with	NETs	of	lung	or	GI	origin.

Angiogenesis	Inhibitors
NETs	 are	 highly	 vascular	 tumors	 that	 frequently	 overexpress	 the	VEGF	 receptor	 and	 its	 ligand.	Consequently,
inhibition	 of	 the	 VEGF	 pathway	 has	 been	 considered	 a	 promising	 target.	 In	 a	 randomized	 phase	 II	 trial,	 44
patients	 with	metastatic	 carcinoid	 tumors	 were	 randomly	 assigned	 to	 bevacizumab	 (a	monoclonal	 antibody	 to
circulating	VEGF)	versus	pegylated	IFN	for	18	weeks,	after	which	 they	received	both	agents	 in	combination.49
After	18	weeks	of	 treatment,	 the	progression-free	survival	was	95%	in	the	bevacizumab	arm	versus	68%	in	the
IFN	arm.	Moreover,	the	objective	response	rate	was	18%	in	the	bevacizumab	arm,	suggesting	that	the	drug	had
significant	clinical	activity.	This	trial	led	to	the	development	of	a	randomized	phase	III	trial	of	octreotide	and	IFN
versus	octreotide	and	bevacizumab	 in	 advanced,	high-risk	NETs;	 it	 has	 recently	 completed	accrual,	 and	 results
demonstrate	that	both	regimens	had	equal	activity.50

Several	other	angiogenesis	inhibitors	have	been	evaluated	in	NETs,	including	tyrosine	kinase	inhibitors	(TKIs)
of	VEGF	receptors.	Sunitinib,	an	oral	TKI,	inhibits	VEGF	receptors	1,	2,	and	3	as	well	as	platelet-derived	growth
factor,	c-Kit,	 and	FMS-like	 tyrosine	kinase	3	 (FLT3).	 In	a	 single-arm	phase	 II	 study	of	patients	with	advanced
NETs,	only	1	of	41	(2%)	patients	with	carcinoid	had	evidence	of	an	objective	radiographic	response	to	sunitinib;
however,	 the	 median	 time	 to	 progression	 was	 10.2	 months.51	 Sunitinib	 has	 since	 demonstrated	 improved
progression-free	 survival	 compared	 to	 placebo	 in	 a	 randomized	 phase	 III	 study	 of	 advanced	 pancreatic	NETs,
which	led	to	its	approval	by	the	U.S.	Food	and	Drug	Administration	for	this	indication	in	2010.52	A	phase	II	study
of	pazopanib	in	GI	NETs	indicates	that	it	does	have	some	efficacy	in	nonpancreatic	NETs.53

Cytotoxic	Chemotherapy
Studies	of	cytotoxic	chemotherapy	in	small	bowel	NETs	have	been	disappointing.	This	is	documented	in	modern
clinical	 trials	 using	 radiographic	 response	 criteria.	 The	 combination	 of	 temozolomide	 and	 thalidomide	 has	 a
response	 rate	 of	 45%	 in	 pancreatic	 NETs	 but	 only	 7%	 in	 carcinoid	 tumors.54	 Similarly,	 temozolomide	 plus
bevacizumab	 has	 a	 response	 rate	 of	 0%	 (0	 of	 18	 patients)	 in	 carcinoid	 tumors	 but	 33%	 in	 pancreatic	NETs.55
Cytotoxic	agents	are	not	recommended	for	the	treatment	of	metastatic	well-differentiated	small	bowel	carcinoid
tumors,	 except	 in	 the	 context	 of	 a	 clinical	 trial.	 Poorly	 differentiated	 NETs,	 regardless	 of	 primary	 site,	 are
typically	treated	like	small-cell	lung	cancer	with	a	platinum/etoposide-based	regimen.

Peptide	Receptor	Radionuclide	Therapy
Nearly	80%	of	well-differentiated	NETs	express	high	 levels	of	 somatostatin	 receptors.	This	 is	 the	basis	 for	 the
development	of	therapy	using	the	somatostatin	receptor	as	a	radioligand,	so-called	peptide	receptor	radionuclide
therapy.56	 Selection	 criteria	 for	 peptide	 receptor	 radionuclide	 therapy	 include	 evidence	 of	 strong	 radiotracer
uptake	on	SRS	or	DOTA.	Early	 trials	used	 the	 same	 isotope	 that	 is	used	 for	SRS	 imaging,	 111In-pentetreotide.
With	this	agent,	clinical	responses	were	rare.	The	next	generation	used	90Y,	a	high-energy	β-particle	emitter.	A
single-arm	phase	II	trial	of	90Y-edotreotide	in	90	patients	with	metastatic	carcinoid	tumors	reported	an	objective
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response	rate	of	4%,	stable	disease	in	70%,	and	a	high	rate	of	symptom	control.	Adverse	events	include	nausea
and	 vomiting	 attributed	 to	 the	 amino	 acid	 infusions	 that	 were	 given	 to	 prevent	 nephrotoxicity.57	 The	 latest
generation	of	radiolabeled	somatostatin	analogs	uses	177Lu-octreotate	(177Lu-DOTA-Tyr-[3]-octreotate),	which	is
an	α-,	β-,	and	γ-particle–emitting	compound	that	has	enhanced	affinity	for	the	somatostatin	receptor	2.	In	a	recent
randomized,	multinational	prospective	 trial	of	229	patients	with	 inoperable,	progressive,	 somatostatin	 receptor–
positive	midgut	carcinoid	tumors,	patients	were	randomly	assigned	to	receive	high-dose	octreotide	(60	mg	LAR
monthly)	 versus	 177Lu-DOTA0-Tyr3-octreotate	 (NCT01578239).	 Progression-free	 and	 overall	 survival	 were
significantly	better	in	the	patients	treated	with	177Lu-DOTATATE	over	high-dose	octreotide	LAR.14

MANAGEMENT	OF	LIVER	METASTASES
The	liver	is	the	predominant	site	of	metastases	in	patients	with	GI	NETs	(Fig.	85.3).	These	patients	typically	have
carcinoid	syndrome,	but	 they	may	also	develop	symptoms	secondary	 to	enlarging	 liver	 tumor	burden	 including
anorexia,	 weight	 loss,	 and	 pain.	 Liver-directed	 therapies	 include	 liver	 resection	 and/or	 ablation,	 transarterial
embolization	 (TAE),	 transarterial	 chemoembolization	 (TACE),	 and	 liver	 transplantation.	 These	 therapies	 are
reserved	for	patients	whose	sole	or	major	tumor	burden	is	confined	to	the	liver.

Liver	resection	has	been	used	in	patients	with	limited	liver	disease	if	>90%	of	the	tumor	can	be	either	resected
or	 ablated	 (see	Fig.	85.2).58–60	 Typically,	 resection	 is	 done	with	multiple	wedge	 or	 segmental	 resections	 rather
than	anatomic	resection	so	that	reoperations	remain	feasible,	 if	necessary.	There	are	numerous	single-institution
studies	 that	 suggest	 excellent	 palliation	 of	 carcinoid	 symptoms	 and	 prolonged	 survival	 of	 patients	 undergoing
complete	 tumor	 resection	 (i.e.,	 surgery	 with	 curative	 or	 near-curative	 intent).58–60	 These	 studies	 clearly
demonstrate	that	the	surgery	is	feasible	and	can	be	done	with	minimal	morbidity	and	mortality.	However,	none	of
these	studies	are	randomized,	and	none	have	a	control	group	of	similar	patients	who	have	not	had	surgery;	thus,
the	 survival	 benefit	 conferred	 by	 surgical	 therapy	 remains	 speculative	 and	 controversial.	 The	 most	 common
ablation	technique	is	radiofrequency	ablation,	which	is	used	for	centrally	located	tumors	that	are	not	near	major
blood	vessels	or	ducts	and	are	≤3	cm.61	Radiofrequency	ablation	involves	conversion	of	radiofrequency	waves	to
heat	 using	 an	 alternating	 current	 that	 generates	 ionic	 vibration.	Microwave	 ablation	 is	 a	 new	procedure	 that	 is
more	rapid	 than	radiofrequency	ablation	and	 is	not	as	 limited	by	 locations	close	 to	blood	vessels.	 It	has	a	90%
lesion	control	rate.



Figure	85.3	T2-weighted	axial	magnetic	resonance	image	of	a	right	lobe	carcinoid	tumor	liver
metastasis	from	an	ileal	carcinoid	tumor.	This	patient	had	carcinoid	syndrome.	Surgical	resection

required	preoperative	and	intraoperative	treatment	with	octreotide.	Patient	underwent	a
cholecystectomy	and	right	hepatic	lobectomy.	He	has	done	well	with	long-term	maintenance	with

octreotide	long-acting	release	intramuscularly	on	a	monthly	basis.

TAE	 or	 TACE	 is	 usually	 performed	 in	 patients	 with	 diffuse	 or	 widely	 scattered	 diffuse	 bilateral	 liver
metastases.	The	theoretical	basis	for	 this	 type	of	 treatment	 is	 that	 the	hepatic	artery	preferentially	perfuses	 liver
tumors,	whereas	normal	hepatocytes	are	perfused	primarily	through	the	portal	vein.	In	patients	with	bilobar	liver
metastases,	staged	lobar	embolizations	are	typically	performed	at	4-	 to	6-week	intervals.	TACE	is	also	done	by
combining	cytotoxic	drugs	such	as	cisplatin	or	doxorubicin	with	 iodized	oil	and	 injecting	 them	into	 the	hepatic
arterial	 branches	 until	 there	 is	 obliteration	 of	 blood	 flow.	 There	 is	 no	 clear	 advantage	 of	 TAE	 versus	 TACE.
Response	 rates	 are	 similar.	Major	 biomarker	 response	 is	 between	 40%	 and	 100%,	 symptom	 response	 between
67%	and	100%,	and	radiographic	response	between	33%	and	67%.	Median	survival	is	31	months.	Side	effects	of
TAE	 and	 TACE	 include	 abdominal	 pain,	 fever,	 and	 fatigue.	 Liver	 function	 studies	 typically	 demonstrate	 an
increase	in	transaminase	2	to	3	days	post	embolization.	One	prospective	study	on	small	bowel	NETs	used	TAE
followed	 by	 sunitinib.	Of	 39	 patients	 enrolled,	 26	 had	 primary	 intestinal	NETs,	 72%	 of	 patients	 had	 a	 partial
radiographic	response,	and	 the	progression-free	survival	was	15	months.62	Other	 trials	combining	 liver-directed
therapies	and	systemic	therapies	are	in	development.	Carcinoid	syndrome	can	also	be	palliated	through	TAE	and
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TACE.	 Of	 19	 patients	 with	 carcinoid	 syndrome	 and	 elevated	 urinary	 5-HIAA	 levels,	 16	 (84%)	 had	 a	 >50%
decrease	 in	 levels	 and	 excellent	 palliation	 of	 carcinoid	 syndrome.	 Of	 note,	 liver-directed	 therapies	 following
extensive	liver	resection	should	be	approached	with	caution	given	increased	risk	of	hepatic	abscesses.

A	 novel	 approach	 to	 hepatic	 metastases	 involves	 radioembolization	 with	 90Y	 embedded	 either	 as	 a	 resin
microsphere	 (SIR-Sphere;	 Sirtex,	 North	 Ryde,	 Australia)	 or	 a	 glass	 microsphere	 (TheraSphere;	 Nordion,	 Inc.,
Ottawa,	Canada).63,64	These	techniques	are	also	called	selective	intrahepatic	radiotherapy.	They	provide	delivery
of	radionuclide	particles	to	hepatic	metastases.	Acute	toxicities	with	this	procedure	appear	to	be	less	than	the	other
procedures	primarily	because	selective	intrahepatic	radiotherapy	does	not	induce	ischemic	hepatitis.	Therefore,	it
can	be	done	on	an	outpatient	basis.	A	rare,	but	significant,	complication	is	radiation	enteritis	if	 the	particles	are
accidentally	 infused	 into	 the	 enteric	 circulation.	Chronic	 radiation	 hepatitis	 is	 another	 significant	 complication.
Response	 rates	 are	 encouraging.	This	 is	becoming	 the	procedure	of	 choice	 for	metastatic	NETs	 to	 the	 liver.	 In
several	nonrandomized	studies,	the	radiographic	response	rates	with	SIR-Spheres	and	TheraSpheres	are	51%	and
63%,	respectively,	and	the	median	survival	is	70	months.

The	 role	of	 liver	 transplantation	 in	patients	with	metastatic	NETs	 remains	poorly	defined	 and	 controversial.
Data	are	retrospective.	It	is	difficult	to	get	live	organs	for	these	patients	because	they	typically	have	a	low	priority
on	the	transplantation	list.65	In	the	largest	meta-analysis	of	103	patients,	 the	5-year	survival	rate	was	47%,	with
only	24%	of	patients	free	of	disease	recurrence.66	Another	study	of	85	patients	reported	a	47%	5-year	survival	and
20%	 5-year	 recurrence-free	 survival.	 Because	 recurrence-free	 survival	 results	 have	 not	 plateaued,	 it	 is	 unclear
whether	liver	transplantation	can	be	curative.	Negative	prognostic	factors	for	liver	transplantation	are	high	burden
of	hepatic	tumor,	pancreatic	primary	(not	intestinal),	and	elevated	Ki-67	index.

CONCLUSIONS
NETs	 of	 the	 lungs	 and	 GI	 tract	 (carcinoid	 tumors)	 are	 rare,	 but	 given	 their	 indolent	 nature,	 they	 are	 quite
prevalent.	 Some	 studies	 suggest	 that	 certain	 primary	 sites	 are	 increasing	 in	 incidence.	 Some	 of	 these	 tumors
produce	hormones	that	lead	to	symptoms,	such	as	diarrhea	and	flushing	of	carcinoid	syndrome.	These	tumors	are,
indeed,	malignant	and	are	often	diagnosed	in	advanced	stages.	Somatostatin	analogs	have	a	profound	impact	on
the	 management	 of	 small	 intestinal	 NETs.	 They	 are	 efficacious	 in	 both	 symptom	 management	 and	 tumor
inhibition.	Other	systemic	drugs	with	potential	benefit	include	everolimus	and	sunitinib.	Liver-directed	therapies
such	as	cytoreductive	surgery	and	TAE	are	important	options	for	liver-dominant	disease.	Other	novel	therapies,
including	 VEGF	 TKIs,	 are	 currently	 being	 investigated	 in	 clinical	 trials.	 The	 landscape	 of	 diagnostic	 and
treatment	options	for	NETs	is	rapidly	changing,	which	is	cause	for	great	optimism	in	this	field.
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86 Multiple	Endocrine	Neoplasia
Jeffrey	A.	Norton

INTRODUCTION
There	 are	 five	multiple	 endocrine	 neoplasia	 (MEN)	 syndromes:	multiple	 endocrine	 neoplasia	 type	 1	 (MEN1),
multiple	 endocrine	neoplasia	 type	2	 (MEN2)	 (2A),	multiple	 endocrine	neoplasia	 type	3	 (MEN3)	 (2B),	 familial
medullary	 thyroid	 cancer	 (FMTC),	 and	 multiple	 endocrine	 neoplasia	 type	 4	 (MEN4)	 (Table	 86.1).	 MEN1	 is
inherited	 as	 an	 autosomal	 dominant	 syndrome	 caused	 by	mutations	 of	 the	 tumor	 suppressor	menin	 gene.	 It	 is
composed	of	multiple	endocrine	tumors	classically	affecting	the	parathyroid	glands,	anterior	pituitary	gland,	and
endocrine	pancreas.	It	also	may	affect	the	adrenal	cortex	and	thyroid	gland.	Neuroendocrine	tumors	(NETs)	of	the
bronchus,	 thymus,	 stomach,	 and	 small	 intestine	 (carcinoid	 tumors)	 are	more	 common	 in	 patients	with	MEN1.
MEN1	also	has	some	nonhormonal	manifestations	including	facial	angiofibromas,	meningiomas,	smooth	muscle
tumors,	collagenomas,	and	lipomas.1,2

FMTC,	MEN2,	and	MEN3	are	each	caused	by	a	specific	mutation	of	the	RET	protooncogene.3,4	They	are	also
inherited	 as	 an	 autosomal	 dominant	 condition.	 Patients	 with	 FMTC	 develop	medullary	 thyroid	 cancer	 (MTC)
usually	late	in	adulthood	with	no	other	endocrine	tumors.	The	MTC	in	this	condition	is	indolent	and	nonmetastatic
such	that	patients	typically	die	from	other	causes.	MEN2	(also	called	MEN2A)	is	characterized	by	MTC,	bilateral
pheochromocytoma,	 and	 parathyroid	 hyperplasia.	 Cutaneous	 lichen	 amyloidosis	 has	 been	 described	 in	 several
kindreds.	MEN3	(also	called	MEN2B)	is	also	caused	by	a	RET	mutation,	but	it	is	in	the	intracellular	domain	of	the
tyrosine	kinase	molecule.	These	patients	develop	a	more	aggressive	form	of	MTC	at	a	young	age,	and	they	have
characteristic	 mucosal,	 gut,	 eye,	 and	 bony	 changes.	 They	 also	 have	 bilateral	 pheochromocytomas	 usually	 in
adulthood,	 but	 they	 do	 not	 have	 primary	 hyperparathyroidism	 (HPT).	 Finally,	 MEN4	 (also	 called	MENX)	 is
caused	 by	 a	 mutation	 in	 CDKN1B	 that	 encodes	 p27Kip1,	 a	 tumor	 suppressor	 gene	 that	 inhibits	 cell	 cycle
progression.5	These	patients	may	be	confused	as	having	MEN1	because	 they	develop	pituitary	and	parathyroid
adenomas.6	This	 chapter	 further	 characterizes	 and	describes	 these	 syndromes,	 including	 specific	molecular	 and
genetic	changes,	epidemiology,	screening,	malignant	potential,	causes	of	death,	and	treatment.

MULTIPLE	ENDOCRINE	NEOPLASIA	TYPE	1
Incidence	and	Etiology
Patients	with	MEN1	develop	multiple	parathyroid	adenomas	and	primary	HPT	typically	as	the	first	manifestation
of	the	syndrome	(90%	to	100%),1,2	followed	by	pancreatic	neuroendocrine	tumors	(pNETs;	either	functional	[20%
to	70%]	or	nonfunctional	[80%	to	100%]),	pituitary	adenomas	(20%	to	65%),	adrenal	tumors	(10%	to	73%),	and
thyroid	 adenomas	 (0%	 to	 10%).	 Patients	 with	 MEN1	 also	 have	 a	 high	 occurrence	 of	 other	 endocrine	 and
nonendocrine	tumors	including	carcinoid	tumors	(thymic,	0%	to	8%;	gastric,	7%	to	35%;	bronchial,	0%	to	8%;
and	 infrequently	 intestinal),	 skin	 and	 subcutaneous	 tumors	 (angiofibromas,	 88%;	 collagenomas,	 72%;	 lipomas,
34%;	 and	melanoma),	 central	 nervous	 system	 tumors	 (meningiomas,	 ependymomas,	 and	 schwannomas,	 0%	 to
8%),	 and	 smooth	muscle	 tumors	 (leiomyomas	 and	 leiomyosarcomas,	 1%	 to	 7%).	The	main	 causes	 of	 death	 in
these	patients	are	the	malignant	potential	of	the	pNET	followed	by	the	thymic	carcinoid	tumors	(Table	86.2).2

TABLE	86.1
Multiple	Endocrine	Neoplasia	Syndromes:	Features	and	Genetics

Autosomal Gene



Syndrome Dominant Chromosome Gene Function Hormonal	Syndrome Nonendocrine	Features
MEN1 + 11q13 Menin Tumor

suppressor
Parathyroid	adenomas
(90%)
Enteropancreatic	NET
(70%)
Anterior	pituitary	(22%)
Carcinoid	(4%)

Lipomas	(30%)
Facial	angiofibroma
(85%)
Collagenomas	(70%)

MEN2
(2A)

+ 10q11.2 RET Oncogene MTC	(100%)
Pheochromocytomas
(50%)
Parathyroid	hyperplasia
(20%)

Hirschsprung
CLA

MEN3
(2B)

+ 10q11.2 RET Oncogene MTC	(100%)
Pheochromocytomas
(50%)

Marfanoid	habitus
Skeletal	changes
Mucosal	neuromas
Corneal	nerve
hypertrophy

FMTC + 10q11.2 RET Oncogene MTC	(100%) None

MEN4
(MENX)

+ 4 CDNK1B Tumor
suppressor

Parathyroid
Anterior	pituitary
Adrenal

Kidney
Reproductive	organs

MEN1,	 multiple	 endocrine	 neoplasia	 type	 1;	 NET,	 neuroendocrine	 tumor;	 MEN2,	 multiple	 endocrine	 neoplasia	 type	 2;	 MTC,
medullary	thyroid	cancer;	CLA,	cutaneous	lichen	amyloidosis;	MEN3,	multiple	endocrine	neoplasia	type	3;	FMTC,	familial	medullary
thyroid	cancer;	MEN4,	multiple	endocrine	neoplasia	type	4.

Molecular	and	Genetic	Basis
MEN1	is	inherited	as	an	autosomal	dominant	disorder	and	has	an	incidence	between	0.22%	and	0.25%	in	autopsy
studies.	The	gene	causing	MEN1	is	located	on	the	long	arm	of	chromosome	11	(11q13).7	It	encodes	a	610–amino
acid	nuclear	protein	called	menin	that	controls	cell	division,	genomic	stability,	and	transcriptional	regulation.	It	is
a	tumor	suppressor	gene.	Abnormalities	of	the	gene	can	result	in	mutations,	deletions,	and	truncations	of	menin
protein.	Menin	acts	as	a	scaffold	protein	and	increases	or	decreases	gene	expression	by	epigenetic	regulation	via
histone	methylation.	It	complexes	with	trimethylate	histone	H3	at	lysine,	which	subsequently	facilitates	activation
of	 transcription	 in	 cyclin-dependent	 kinase	 inhibitors	 and	 silences	 transcriptional	 activity	 in	 other	 target	 genes.
MEN1-associated	tumors	harbor	germline	and	somatic	mutations.

TABLE	86.2
Causes	of	Death	in	194	Patients	with	Multiple	Endocrine	Neoplasia	Type	1

Endocrine-Related 145	(75%)
Malignant	pancreatic	NET 96	(49%)

Thymic	carcinoid 31	(16%)

Pituitary	adenoma 4	(2%)

Parathyroid	hyperplasia 14	(7%)

Nonendocrine-Related 49	(25%)
Heart	attack 16	(8%)

Other	cancers 21	(11%)

Stroke 9	(5%)

Hematologic 3	(2%)
NET,	neuroendocrine	tumor.
Abstracted	from	Ito	T,	Igarashi	H,	Uehara	H,	et	al.	Causes	of	death	and	prognostic	factors	in	multiple	endocrine	neoplasia	type	1:	a
prospective	study:	comparison	of	106	MEN1/Zollinger-Ellison	syndrome	patients	with	1613	literature	MEN1	patients	with	or	without
pancreatic	endocrine	tumors.	Medicine	(Baltimore)	2013;92(3):135–181.

Screening
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Genetic	 screening	 for	 MEN1	 is	 recommended	 when	 an	 individual	 has	 two	 or	 more	 MEN1-related	 tumors,
multiple	abnormal	parathyroid	glands	before	age	30	years,	recurrent	HPT	at	a	young	age,	gastrinoma	and	HPT	or
multiple	 pNETs	 at	 any	 age,	 and	 a	 family	 history	 of	 kidney	 stones	 or	 endocrine	 tumors	 that	 are	 part	 of	 the
syndrome.8	Genetic	testing	includes	sequencing	of	the	entire	coding	region	of	the	MEN1	gene	(exons	2	to	10)	and
identifies	mutations	in	approximately	80%	of	patients	with	familial	MEN1.

Primary	Hyperparathyroidism
Primary	HPT	is	the	most	common	endocrine	abnormality	in	MEN1.	It	reaches	nearly	100%	penetrance	by	the	age
of	 50	 years.	 HPT	 is	 usually	 the	 first	 manifestation	 of	MEN1,	 with	 a	 typical	 age	 of	 onset	 of	 20	 to	 25	 years.
Decreased	bone	density	and	kidney	stones	are	common.	HPT	often	occurs	at	the	same	time	as	Zollinger-Ellison
syndrome	(ZES),	and	surgery	to	correct	the	HPT	greatly	ameliorates	the	clinical	findings	of	ZES.9	As	in	sporadic
cases,	biochemical	testing	for	HPT	is	critical	to	the	diagnosis.	Total	or	ionized	serum	level	of	calcium	and	intact
serum	parathyroid	hormone	levels	are	measured,	and	both	should	be	elevated.	Twenty-four-hour	urinary	calcium
should	also	be	measured	and	will	be	elevated.	Patients	with	MEN1	and	HPT	 typically	have	multiple	abnormal
glands.	The	tumors	are	asymmetric	in	size	and	should	be	considered	as	independent	clonal	adenomas.8	Imaging
studies	 are	 not	 useful	 for	 initial	 operations	 because	 all	 four	 parathyroid	 glands	must	 be	 identified.	The	 current
operation	 of	 choice	 is	 a	 subtotal	 parathyroidectomy	 (3.5-gland	 resection)	 with	 removal	 of	 the	 thymus.
Supernumerary	 (more	 than	 four)	 glands	 may	 be	 present	 and	 usually	 occur	 in	 the	 thymus.	 Intraoperative
parathyroid	hormone	 level	monitoring	 is	 recommended	 to	be	certain	 that	 sufficient	abnormal	parathyroid	 tissue
has	been	removed.	A	viable	50-mg	amount	of	normal-appearing	parathyroid	tissue	should	be	left	in	the	neck	and
marked	with	a	hemoclip.	Because	of	the	multiple	abnormal	parathyroid	gland	nature	of	this	disease,	there	is	a	high
probability	 of	 recurrent	 HPT	 years	 after	 surgery	 if	 resection	 of	 <3.5	 glands	 is	 performed.	 Calcium-sensing
receptor	agonists	(calcimimetics)	are	a	new	class	of	drugs	that	can	act	directly	on	the	parathyroid	gland,	decrease
parathyroid	 hormone	 release,	 and	 may	 even	 decrease	 parathyroid	 tissue	 growth.	 These	 agents	 may	 play	 an
important	role	in	the	management	of	these	patients.8	However,	results	in	patients	have	not	been	as	promising	as
initially	suggested,	and	surgery	for	the	HPT	is	still	the	treatment	method	of	choice.

Enteropancreatic	Neuroendocrine	Tumors
The	prevalence	of	enteropancreatic	NETs	in	MEN1	is	between	30%	and	75%.1,2	The	enteropancreatic	pathology
in	MEN1	is	typically	multicentric	and	multifocal	with	multiple	endocrine	tumors	throughout	the	pancreas	and	the
intestine.	 Tumors	 vary	 from	 microadenomas	 to	 carcinomas	 with	 lymph	 node	 and	 liver	 metastases.	 Duodenal
gastrinomas	 in	 MEN1	 are	 usually	 small	 (<1	 cm),	 submucosal,	 and	 multifocal.	 pNETs	 contain,	 in	 decreasing
frequency,	chromogranin,	pancreatic	polypeptide,	glucagon,	insulin,	proinsulin,	somatostatin,	gastrin,	vasoactive
intestinal	 polypeptide,	 serotonin,	 calcitonin,	 growth	 hormone–releasing	 factor,	 and	 neurotensin.	 Malignant
enteropancreatic	NETs	are	 rare	before	 the	age	of	30	years;	however,	50%	of	middle-aged	patients	with	MEN1
have	 evidence	 for	 malignant	 pNETs.	 Recent	 studies	 identified	 the	 following	 factors	 as	 suggestive	 of	 poor
prognosis:	higher	fasting	serum	levels	of	gastrin;	presence	of	more	than	one	functional	hormonal	syndrome;	need
for	 more	 than	 three	 parathyroid	 surgical	 procedures;	 presence	 of	 liver	 metastases,	 aggressive	 primary	 tumor
growth,	large	pNETs	(>4	cm),	or	pNETs	with	areas	of	poor	vascular	enhancement	on	computed	tomography	(CT);
and	serial	imaging	with	evidence	for	progression.2

Gastrinomas	 (ZES)	 are	 the	most	 common	 functional	NET	 in	MEN1.10	Approximately	 40%	of	 patients	with
MEN1	will	have	ZES,	 and	25%	of	 all	ZES	cases	occur	 in	patients	with	MEN1.	ZES	 is	diagnosed	by	elevated
fasting	serum	level	of	gastrin	(>100	pg/mL,	off	proton	pump	inhibitors)	and	concomitant	 increased	gastric	acid
output	 (>10	mEq	 per	 hour).	Approximately	 one-third	 of	 patients	with	 both	MEN1	 and	ZES	will	 die	 from	 the
malignant	 progression	 of	 the	 tumor.	 Correlates	 for	 a	 poor	 prognosis	 with	MEN1/ZES	 are	 pancreatic	 primary
tumors,	metastases,	Cushing	 syndrome,	 and	 severe	 hypergastrinemia	 (defined	 as	 >3,000	 pg/mL).2	 Surgery	 has
been	done	 to	 try	 to	cure	patients	with	MEN1	of	ZES.	Local	 removal	of	 tumors	without	duodenal	or	pancreatic
resection	 is	 associated	 with	 persistent	 ZES;	 however,	Whipple	 pancreaticoduodenectomy	 is	 more	 consistently
associated	 with	 biochemical	 cure.11	 This	 approach	 is	 still	 controversial	 because	 those	 who	 favor	 a	 more
conservative	 approach	 than	 the	Whipple	 procedure	 argue	 that	 the	 symptoms	 of	 ZES	 are	 well	 controlled	 with
proton	pump	inhibitors	and	that	the	morbidity	and	mortality	of	the	Whipple	procedure	are	too	significant.

Insulinoma	 is	 the	 second	most	 common	 functional	 pNET	 in	MEN1.12	Approximately	 10%	 of	 patients	with
MEN1	 will	 develop	 insulinoma,	 and	 10%	 of	 insulinomas	 occur	 in	 the	 setting	 of	 MEN1.	 Patients	 have



hypoglycemia	 and	neuroglycopenic	 symptoms	 (altered	mental	 status	 and	 seizures).	This	 occurs	 at	 a	 young	 age
(younger	than	35	years).	Fasting	hypoglycemia	(glucose	<45	mg/dL)	and	concomitant	hyperinsulinemia	(insulin
levels	>5	μU/mL)	are	diagnostic.	Tumors	are	generally	small	(<2	cm)	and	distributed	uniformly	throughout	 the
pancreas.1,8	Because	patients	with	MEN1	have	multiple	pNETs,	it	may	not	be	clear	which	tumor	is	secreting	the
excessive	insulin.	However,	one	study	reported	that	the	insulinoma	is	most	commonly	a	dominant	pNET	that	is
easily	identified	by	conventional	imaging	studies	such	as	CT	or	magnetic	resonance	imaging	(MRI)	(Fig.	86.1).12

For	nonfunctional	enteropancreatic	NETS	in	asymptomatic	patients	with	MEN1,	there	is	controversy	over	the
role	of	surgery.	Several	groups	advocate	that	surgery	should	be	avoided	unless	the	tumor	is	2	cm	or	growing.13
Other	groups	recommend	surgery	for	tumors	that	are	1	cm.14	The	goal	of	surgery	in	MEN1	appears	to	be	tumor
control	to	prevent	cancerous	progression.	The	standard	operation	is	distal	or	subtotal	(resection	margin	at	superior
mesenteric	 vein)	 pancreatectomy	with	 intraoperative	 ultrasound	 and	 enucleation	 of	 tumors	 from	 the	 pancreatic
head	 and	 duodenum.	 Extensive	 pancreaticoduodenal	 procedures	 are	 associated	 with	 increased	 risk;	 thus,	 the
indication	for	the	procedure,	potential	benefit,	and	surgeon	experience	must	be	considered.

Figure	86.1	Insulinoma	in	a	patient	with	multiple	endocrine	neoplasia	type	1.	A:	Computed
tomography	showing	tumor	(arrow)	as	hypervascular	blush	in	head	of	pancreas.	B:	The	same	tumor

(arrow)	on	portal	venogram.	C:	The	tumor	(arrow)	on	angiogram.	D:	The	tumor	(arrow)	on
intraoperative	ultrasound.	PV,	portal	vein;	SMV,	superior	mesenteric	vein;	CA,	celiac	axis;	CHA,
common	hepatic	artery;	RHA,	right	hepatic	artery;	LHA,	left	hepatic	artery.	(Reprinted	from	Norton
JA,	Fang	TD,	Jensen	RT.	Surgery	for	gastrinoma	and	insulinoma	in	multiple	endocrine	neoplasia
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type	1.	J	Natl	Compr	Canc	Netw	2006;4[2]:148–153.)

Pituitary	Tumors
Anterior	pituitary	adenomas	are	 the	 initial	clinical	manifestation	of	MEN1	in	25%	of	cases.2,8	 Its	prevalence	 in
MEN1	is	between	10%	and	60%.	Most	anterior	pituitary	tumors	are	microadenomas	(<1	cm	in	diameter).	Every
type	 of	 anterior	 pituitary	 tumor	 has	 been	 reported	 to	 occur	 in	 MEN1,	 with	 the	 most	 common	 type	 being	 a
prolactinoma.	Screening	for	anterior	pituitary	tumors	requires	measuring	serum	levels	of	prolactin	and	insulin-like
growth	factor	1	and	MRI	of	the	pituitary.	Patients	should	be	questioned	for	loss	of	peripheral	vision,	and	visual
fields	should	be	formally	assessed	if	there	is	any	suspicion	of	vision	loss.	Treatment	of	pituitary	tumors	in	MEN1
is	the	same	as	for	sporadic	pituitary	tumors.	Two	drugs,	bromocriptine	and	cabergoline,	are	effective.

Less	Common	Tumors
Other	primary	 sites	of	MEN1	 tumors	 include	 thymus,	bronchus,	 and	 stomach.	The	most	worrisome	are	 thymic
carcinoids	because	they	are	the	second	most	common	cause	of	death	in	patients	with	MEN1.2	Thymic	carcinoids
are	seen	more	commonly	in	men	with	MEN1	and	are	usually	asymptomatic.	Bronchial	carcinoids	also	occur	at	a
higher	frequency	and	are	more	common	in	women	with	MEN1.	In	patients	with	MEN1	with	ZES	who	have	been
taking	proton	pump	inhibitors	for	a	long	time	period,	type	II	gastric	enterochromaffin-like	cell	carcinoid	tumors
have	been	identified	on	upper	gastrointestinal	endoscopy.	These	tumors	are	usually	multiple	and	may	involve	the
entire	stomach.	The	 tumors	may	spread	 to	 lymph	nodes	and	 liver	and	may	require	 total	gastrectomy.15	Each	of
these	 three	 foregut	 carcinoid	 tumors	 in	MEN1	has	malignant	 potential,	 and	physicians	 caring	 for	 patients	with
known	MEN1	should	be	vigilant	for	early	diagnosis.	In	this	regard,	a	new	positron	emission	tomography	(PET)
scan	called	the	DOTA	scan	has	emerged	as	an	excellent	study	for	MEN1	patients.	It	is	very	specific	for	NETs	and
is	more	 sensitive	 than	octreoscan	 (standard	 somatostatin	 receptor	 scintigraphy).	 It	 is	 a	 total-body	 scan	and	will
image	NETs	wherever	they	occur,	including	the	gut,	thymus,	and	bronchus	(Fig.	86.2).



Figure	86.2	Imaging	comparing	somatostatin	receptor	scintigraphy	(SRS)	to	DOTA	positron
emission	tomography	scan	in	a	patient	with	a	pancreatic	neuroendocrine	tumor	in	the	setting	of
multiple	endocrine	neoplasia	type	1.	DOTA	scan	shows	much	more	advanced	metastatic	disease
than	SRS,	suggesting	that	it	is	a	more	sensitive	imaging	modality	for	accurate	assessment	of	the

extent	of	tumor.

Adrenal	 cortical	 tumors	 are	 common	 in	MEN1.	 The	majority	 are	 bilateral,	 hyperplastic,	 and	 nonfunctional.
Pathology	may	include	cortical	adenoma,	diffuse	hyperplasia,	nodular	hyperplasia,	and	carcinoma.	Some	patients
may	 present	 with	 Cushing	 syndrome	 secondary	 to	 an	 adrenal	 tumor,	 but	 adrenocorticotropic	 hormone	 from	 a
bronchial	 carcinoid	 or	 a	 pituitary	 adenoma	may	 also	 cause	 hypercortisolism.16	The	 adrenal	 cortical	 tumors	 are
usually	nonfunctional	and	benign	so	that	surgical	resection	is	not	indicated;	however,	hormone	production	should
be	 excluded,	 and	 adrenal	 tumors	 larger	 than	 4	 cm	 should	 be	 excised.	 Multiple	 lipomas,	 both	 cutaneous	 and
visceral,	occur	in	one-third	of	patients	with	MEN1.	Lipomas	in	MEN1	are	usually	small	but	can	be	large.2,7,8	They
are	 usually	 multicentric,	 cosmetically	 disturbing,	 and	 not	 malignant.	 If	 they	 are	 excised,	 they	 do	 not	 recur.
Multiple	facial	angiofibromas	occur	in	40%	to	80%	of	patients	with	MEN1;	collagenomas	also	are	common.

Management	of	Metastatic	Disease
Of	the	MEN1-associated	tumors,	metastatic	disease	is	common	in	pancreatic,	small	bowel,	and	bronchial	NETs.
For	example,	approximately	60%	of	patients	with	enteropancreatic	NETs	have	metastatic	disease	at	 the	 time	of
diagnosis.17	Patient	selection	 is	a	critical	 first	step	 in	 the	 treatment	algorithm	of	 these	patients	and	 is	addressed
extensively	 in	 other	 chapters.	Management	 of	metastatic	 disease	 in	 patients	 with	MEN1	 is	 comparable	 to	 the
management	 of	 patients	without	 the	 syndrome.	However,	 for	 patients	with	multiple	 primary	 endocrine	 tumors,
vigilance	must	be	 taken	when	evaluating	new	findings	on	cross-sectional	 imaging	 to	be	certain	which	 tumor	 is
metastatic	 and/or	 progressing.	 The	 oncologic	 management	 of	 metastatic	 NETs	 has	 seen	 a	 recent	 renaissance,
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which	is	reflected	in	other	chapters	on	pancreatic	and	small	bowel	NETs	and	MTC.	Such	advances	include	U.S.
Food	and	Drug	Administration	approval	of	two	agents	for	the	treatment	of	metastatic	pNETs—everolimus18	and
sunitinib.19	 In	 addition,	 multiple	 ongoing	 clinical	 trials	 are	 poised	 to	 address	 important	 questions	 in	 this	 field
around	the	roles	of	chemotherapy	and	adjuvant	treatment.

Follow-up
CT	and	MRI	are	 recommended	 for	early	diagnosis,	but	 somatostatin	 receptor	 scintigraphy	 (octreoscan)	 is	more
sensitive.	Recently,	gallium-68	DOTATOC	PET/CT	scan	has	been	shown	to	be	even	more	sensitive	for	imaging
ectopic	or	metastatic	NETs.20	It	is	a	total-body	study,	and	these	tumors	have	somatostatin	receptors,	so	there	are
few	false-positive	results.	Furthermore,	once	the	diagnosis	of	MEN1	is	made,	somatostatin	receptor	scintigraphy
and	DOTATOC	PET/CT	may	be	useful	to	exclude	unsuspected	malignant	tumors	such	as	bronchial	and	thymic
carcinoids	(see	Fig.	86.2).

MULTIPLE	ENDOCRINE	NEOPLASIA	TYPES	2	AND	3	AND	FAMILIAL
MEDULLARY	THYROID	CANCER
Incidence	and	Etiology
MTC	is	a	common	feature	of	these	three	inherited	syndromes.	It	is	a	rare	type	of	thyroid	cancer.	MTC	accounts
for	 only	 3%	 to	 10%	 of	 all	 thyroid	 cancers.	 A	 total	 of	 20%	 of	 all	 MTCs	 are	 associated	 with	 one	 of	 these
syndromes;	 80%	 are	 sporadic.	 Familial	 forms	 of	 this	 disease	 present	 earlier	 in	 life.	 The	mean	 age	 of	 sporadic
MTC	is	47	±	17	years;	for	the	familial	forms,	it	is	25	±	15	years.	Patients	who	present	with	a	thyroid	nodule	are
seldom	cured	(Fig.	86.3).	Thus,	in	the	familial	form	with	100%	penetrance,	screening	for	the	inherited	RET	gene
mutation	is	critical.

Figure	86.3	Computed	tomography	(CT)	scan	of	a	patient	with	multiple	endocrine	neoplasia	type
2	who	presents	with	a	palpable	mass	in	the	right	lobe	of	the	thyroid.	Plasma	free	metanephrine	and
normetanephrine	levels	are	normal,	indicating	that	he	does	not	have	a	pheochromocytoma.	CT	of
the	neck	shows	a	mass	in	both	the	right	and	left	lobes	of	the	thyroid	(left)	consistent	with	a	primary



medullary	thyroid	carcinoma.	Staging	CT	of	abdomen	(right)	shows	metastatic	medullary	thyroid
carcinoma	in	the	liver.

Molecular	Genetic	Basis
RET	 is	 an	 oncogene	 composed	 of	 21	 exons	 located	 on	 the	 long	 arm	of	 chromosome	 10	 (10q11.2)	 encoding	 a
transmembrane	 receptor	 tyrosine	 kinase.	 The	 RET	 protein	 is	 composed	 of	 three	 functional	 domains:	 an
extracellular	ligand-binding	domain,	a	transmembrane	domain,	and	a	cytoplasmic	tyrosine	kinase	domain.	RET	is
involved	 in	 a	 number	 of	 cellular	 signaling	 pathways	 during	 development	 regulating	 the	 survival,	 proliferation,
differentiation,	 and	 migration	 of	 the	 enteric	 nervous	 system	 progenitor	 cells	 as	 well	 as	 the	 survival	 and
regeneration	of	neural	and	kidney	cells.

All	MEN2	cases	 have	 an	 identified	mutation	 in	 the	RET	 gene,	 and	when	 tested,	 no	 family	with	MEN2	has
failed	to	have	a	RET	gene	mutation.3	MEN2-associated	mutations	in	RET	have	been	identified	on	exons	10,	11,
13,	14,	15,	and	16.	The	likelihood	of	a	RET	mutation	in	a	patient	with	sporadic	MTC	is	1%	to	7%.	Recently,	it	has
been	shown	that	HRAS,	KRAS,	and	NRAS	mutations	occur	in	approximately	10%	to	45%	of	sporadic	MTC	cases.
However,	all	cases	of	sporadic	MTC	should	still	be	tested	for	a	germline	RET	mutation.	This	should	be	performed
through	a	laboratory	that	analyzes	exons	10,	11,	13,	14,	15,	and	16.	If	these	exons	are	negative,	the	remaining	15
RET	exons	should	be	sequenced.3

Approximately	95%	of	patients	with	MEN2	have	RET	mutations	at	codons	609,	611,	618,	and	620	in	exon	10
or	 at	 codon	 634	 in	 exon	 11.	 The	 presence	 of	 mutations	 at	 codon	 634	 is	 associated	 with	 the	 development	 of
primary	HPT	 and	 pheochromocytoma.	Most	 patients	with	MEN3	 have	mutations	 in	 exon	 16	M918T	 and	 less
often	exon	15	A883F.	Patients	with	MEN3	with	mutations	at	A883F	have	a	better	prognosis,	and	rarely,	long-term
cures	 have	 been	 reported	 after	 thyroidectomy	 in	 these	 patients.	 The	 most	 common	 FMTC	 mutations	 affect
extracellular	cysteine	codons	in	RET	exon	10	or	intracellular	RET	codons	other	than	A883	or	M918	(Table	86.3).3

Screening
Screening	for	MTC	in	MEN2,	MEN3,	and	FMTC	is	done	by	measuring	the	specific	RET	germline	mutation.	MTC
arises	from	the	calcitonin-secreting	cells	or	C-cells.	C-cell	hyperplasia	is	not	itself	malignant	but	can	transform	to
MTC;	 thyroidectomy	 during	 the	 hyperplasia	 stage	 can	 prevent	 development	 of	 MTC.	 Because	 C-cells	 make
calcitonin,	screening	for	MTC	used	to	be	done	by	measuring	pentagastrin/calcium–stimulated	levels	of	calcitonin.
However,	because	all	of	these	patients	have	germline	mutations	in	RET	and	all	develop	MTC,	C-cell	hyperplasia
and	MTC	 can	 be	 diagnosed	 in	 each	 affected	 individual	 by	RET	 gene	 analysis.	One	 cannot	 overemphasize	 the
importance	of	direct	DNA	sequencing	to	detect	RET	mutations	in	kindred	members	at	risk	for	MTC.	Furthermore,
approximately	3%	to	7%	of	patients	with	presumed	sporadic	MTC	have	familial	MTC.3

TABLE	86.3
RET	Mutations	in	Multiple	Endocrine	Neoplasia:	Genotype	and	Phenotype

Syndrome Exon Codon Location Phenotype
MEN2	(2A) 10

	
	
	
11

609
611
618
620
634

	
	
Extra-	and	intracellular

MTC	aggression	++
	
	
	
Primary
HPT/pheochromocytoma

MEN3	(2B) 16
	
15

M918T
	
A883F

Intracellular MTC	aggression	++++
	
Pheochromocytomas

FMTC 10 A883
	
M918

Extra-	and	intracellular MTC	aggression	+

MEN2,	multiple	endocrine	neoplasia	type	2;	MTC,	medullary	thyroid	cancer;	HPT,	hyperparathyroidism;	MEN3,	multiple	endocrine
neoplasia	type	3;	FMTC,	familial	medullary	thyroid	cancer.
From	Wells	SA	Jr,	Pacini	F,	Robison	BG,	et	al.	Multiple	endocrine	neoplasia	 type	2	and	familial	medullary	 thyroid	carcinoma:	an
update.	J	Clin	Endocrinol	Metab	2013;98(8):3149–3164.
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A	major	issue	is	the	age	to	perform	screening	and	prophylactic	thyroidectomy.	In	patients	from	a	family	with
MEN2	and	a	RET	mutation,	most	clinicians	recommend	that	the	individual	should	be	screened	at	age	5	years	and
the	 thyroid	 gland	 be	 removed	 if	 affected.	 In	 this	 setting,	 central	 compartment	 lymph	 node	 dissection	 is
unnecessary	as	 it	can	 increase	 the	occurrence	of	postoperative	hypoparathyroidism.	In	patients	with	MEN3,	 the
surgery	should	be	done	at	any	age	as	soon	as	the	diagnosis	is	established.	Because	these	patients	commonly	have	a
more	aggressive	tumor,	central	lymph	node	dissection	should	always	be	done.	In	patients	with	FMTC,	screening
should	 be	 done	 at	 age	 21	 years	 and,	 if	 positive,	 thyroidectomy	 without	 central	 lymph	 node	 dissection.
Postoperatively	at	6	months,	physical	examination	and	serum	levels	of	calcitonin	and	carcinoembryonic	antigen
(CEA)	are	measured.	If	calcitonin	and	CEA	levels	are	undetectable	or	normal	for	5	years,	no	additional	studies	are
necessary.

Multiple	Endocrine	Neoplasia	Type	2
MEN2	 (also	 termed	MEN2A)	 accounts	 for	 80%	 of	 the	 FMTC	 syndromes.	 In	 MEN2,	 besides	 MTC,	 50%	 of
patients	develop	pheochromocytomas,	and	30%	develop	primary	HPT	depending	on	the	RET	 codon	mutation.21
Patients	 with	 MEN2	 may	 also	 develop	 cutaneous	 lichen	 amyloidosis,	 Hirschsprung	 disease,	 and	 prominent
corneal	 nerves.	 C-cells	 secrete	 calcitonin	 and	CEA	 that	 serve	 as	 a	 sensitive	marker	 for	 the	 presence	 of	MTC.
Pentagastrin-	or	calcium-stimulated	serum	calcitonin	levels	may	serve	as	an	even	more	sensitive	marker	for	MTC.
Unlike	sporadic	MTC	that	is	usually	unilateral,	familial	forms	of	MTC	are	always	bilateral	(see	Fig.	86.3).	 The
tumor	is	multicentric	and	occupies	the	superior	and	central	portion	of	each	lobe.	MTC	initially	remains	confined
to	the	thyroid	gland	but	subsequently	spreads	to	central	regional	lymph	nodes	and	then	distant	sites	including	the
liver,	lung,	bone,	and	brain.	The	tumor	is	very	firm	and	has	a	fibrous	acellular	stroma	that	has	staining	properties
similar	to	amyloid,	but	it	is	immunohistochemically	calcitonin.

Pheochromocytomas	 develop	 in	 50%	 of	 patients	 with	 MEN2	 and	 MEN3.22,23	 The	 clinical	 findings	 and
behavior	are	 the	same	 in	both	syndromes.	The	mean	age	at	presentation	 is	36	years,	and	 the	diagnosis	 is	made
after	MTC	 in	 40%	 of	 cases	 and	 before	MTC	 in	 10%.	 In	 this	 setting,	 the	 pheochromocytomas	 are	 benign	 and
confined	to	the	adrenal	gland.	Sixty-five	percent	of	the	time,	these	tumors	are	bilateral;	with	10-year	follow-up,
patients	 with	 a	 unilateral	 pheochromocytoma	 will	 develop	 a	 contralateral	 tumor.	 It	 is	 critical	 to	 exclude	 the
diagnosis	of	pheochromocytoma	in	these	patients	before	doing	any	invasive	procedure	because	sudden	death	may
occur	if	a	pheochromocytoma	is	not	detected	and	the	patient	 is	not	appropriately	prepared	with	an	α-adrenergic
blocking	agent.	Deaths	have	been	reported	during	surgical	procedures	and	childbirth.	Patients	suspected	of	having
a	pheochromocytoma	should	have	measurement	of	plasma	free	metanephrine	and	normetanephrine	levels	or	a	24-
hour	urine	 for	 vanillylmandelic	 acid,	metanephrines,	 and	 total	 catecholamines.	CT	and	MRI	 are	used	 to	 image
pheochromocytomas.	The	sensitivity	and	specificity	are	similar	for	the	two	procedures,	90%	to	100%	and	70%	to
80%,	respectively.

The	pheochromocytoma	should	be	resected	first	before	the	thyroid	surgery.	Preoperative	preparation	with	an	α-
adrenergic	blocking	drug	such	as	phenoxybenzamine	is	done.	If	necessary,	after	 the	patient	 is	well	blocked	and
just	 before	 surgery,	 a	 β-adrenergic	 blocking	 drug	 is	 added.	 Despite	 the	 fact	 that	 the	 pheochromocytomas	 are
usually	bilateral,	 if	on	CT	or	MRI	only	one	adrenal	gland	appears	to	contain	tumor,	unilateral	adrenalectomy	is
recommended	for	the	gland	with	the	tumor.22	This	is	recommended	because	a	significant	risk	of	Addisonian	crisis
with	 bilateral	 adrenalectomy	 has	 been	 reported.	 Other	 surgeons	 have	 recommended	 bilateral	 subtotal
adrenalectomy	for	these	patients	to	preserve	cortical	function.	Although	this	approach	may	have	merit,	there	have
been	 limited	 follow-up	and	 reports	of	 long-term	function	or	 recurrent	pheochromocytomas	with	 this	procedure.
Adrenalectomy	 can	 usually	 be	 accomplished	 laparoscopically,	 and	 this	 approach	 greatly	 reduces	morbidity.	 In
patients	 who	 undergo	 bilateral	 adrenalectomy,	 corticosteroid	 coverage	 is	 necessary	 both	 preoperatively	 and
postoperatively.

Primary	HPT	develops	 in	20%	 to	30%	of	patients	with	MEN2.24	The	mean	age	of	onset	 is	36	years.	 It	 can
occur	prior	to	any	manifestation	of	MTC	in	5%	of	patients.	The	hypercalcemia	is	minimal,	and	most	patients	do
not	 have	 symptoms.	 The	 parathyroid	 glands	 are	 asymmetrically	 enlarged	 and	 contain	 hyperplastic	 nodules.
Pathologically,	 it	 is	called	pseudonodular	hyperplasia.	The	operation	of	choice	 is	subtotal	parathyroidectomy	or
3.5-gland	parathyroidectomy.

Multiple	Endocrine	Neoplasia	Type	3
MEN3,	 also	 called	 MEN2B,	 accounts	 for	 5%	 of	 hereditary	 MTC.25	 These	 patients	 all	 have	 MTC,	 bilateral
pheochromocytomas,	and	characteristic	phenotype,	but	 they	do	not	develop	primary	HPT.	Patients	with	MEN3



have	a	characteristic	phenotype	that	includes	marfanoid	habitus,	prolonged	facies,	muscular	skeletal	abnormalities
(pectus,	 saber	 shins,	 bowing	 of	 the	 extremities),	 ocular	 abnormalities	 (inability	 to	 cry	 tears	 and	 corneal	 nerve
hypertrophy),26	mucosal	neuromas	usually	on	the	tip	of	the	tongue,	and	intestinal	ganglioneuromatosis.	Most	have
gastrointestinal	 symptoms	 characterized	 by	 pain,	 diarrhea,	 constipation,	 bloating,	 and	 megacolon.	 These
symptoms	may	occur	in	children	and	young	adults	with	this	syndrome.

The	MTC	is	uniformly	aggressive	and	spreads	to	distant	sites	early	in	these	patients.	It	occurs	during	infancy,
and	early	diagnosis	is	critical.25	In	approximately	50%	of	MEN3	cases,	de	novo	germline	RET	mutations	give	rise
to	the	disease.	In	patients	with	de	novo	MEN3,	the	mutated	allele	generally	comes	from	the	father.	Babies	are	at	a
high	risk	in	this	setting	because	the	parents	are	asymptomatic	and	the	disease	is	not	expected.	This	is	unfortunate
because	 there	 is	 only	 a	 narrow	 window	 during	 which	 thyroidectomy	 may	 be	 curative.	 Even	 in	 the	 most
advantageous	setting	where	thyroidectomy	was	performed	during	the	neonatal	period,	most	babies	are	not	cured.
These	patients	also	get	pheochromocytoma	(usually	bilateral),	but	they	do	not	develop	parathyroid	disease.

Familial	Medullary	Thyroid	Carcinoma
FMTC	accounts	for	15%	of	hereditary	MTC.3	These	patients	only	have	MTC	that	occurs	at	a	late	age	and	is	less
aggressive	 than	 the	 other	 familial	 forms.	 They	 do	 not	 get	 pheochromocytomas	 or	 parathyroid	 disease.	 The
diagnosis	is	made	when	an	individual	can	identify	10	affected	individuals	occurring	in	kindred	over	the	age	of	50
years	with	an	adequate	history	and	biochemical	data	to	exclude	pheochromocytoma	and	primary	HPT	in	affected
individuals.

The	strongest	predictor	of	survival	for	patients	with	MTC	is	the	stage	of	disease	at	the	time	of	thyroidectomy.
The	10-year	disease-specific	survival	of	MTC	is	90%	with	localized	disease,	78%	with	lymph	node	metastases,
and	40%	with	distant	metastases.	Only	10%	of	patients	with	metastases	to	cervical	 lymph	nodes	are	cured	with
extensive	 lymph	 node	 dissection.	 The	 prognosis	 is	 excellent	 for	 patients	with	 FMTC	who	 have	 a	 preoperative
calcitonin	level	<150	pg/mL,	an	MTC	<1	cm,	and	no	lymph	node	metastases.3	The	10-year	survival	approaches
100%	 if	 basal	 and	 stimulated	 calcitonin	 levels	 are	 undetectable	 after	 thyroidectomy.	 In	 patients	 with	 MTC
confined	to	the	thyroid	gland,	the	standard	operation	is	total	thyroidectomy	and	resection	of	all	lymph	nodes	in	the
central	zone	of	the	neck.	The	neck	dissection	is	more	extensive	in	patients	with	advanced	nodal	disease.

A	reliable	indicator	of	progression	of	MTC	is	the	calcitonin	or	CEA	doubling	time.	A	calcitonin	doubling	time
between	6	months	and	2	years	is	associated	with	a	5-year	survival	of	92%	and	a	10-year	survival	of	37%,	whereas
a	 doubling	 rate	 of	 <6	months	 is	 associated	with	 a	 25%	and	 8%	5-	 and	 10-year	 survival,	 respectively.	 In	most
patients,	 the	 calcitonin	 level	 is	 most	 predictive	 of	 prognosis,	 but	 in	 some	 patients,	 the	 CEA	 level	 is	 more
correlative,	so	both	should	be	measured.	If	the	postoperative	serum	calcitonin	level	rises	above	150	to	200	pg/mL,
total-body	CT	scan	should	be	performed.	In	the	absence	of	distant	metastases	and	the	presence	of	cervical	lymph
node	 disease,	 a	 neck	 dissection	 should	 be	 performed.	 Prior	 studies	 suggested	 that	 this	 strategy	 may	 cure
approximately	 30%	 of	 patients,	 but	 more	 recent	 long-term	 follow-up	 data	 indicate	 that	 these	 patients	 will
experience	 recurrence.	 Some	 studies	 suggest	 that	 external-beam	 radiation	 should	 be	 administered	 after	 neck
dissection;	however,	this	treatment	has	not	improved	survival.

Management	of	Metastatic	Disease
Development	of	metastatic	disease	 in	patients	not	 identified	by	 screening	 is	 common	 in	MTC.	The	 survival	of
patients	with	distant	metastases	from	MTC	is	51%	at	1	year,	26%	at	5	years,	and	10%	at	10	years.	When	patients
develop	distant	metastases	from	MTC	and	calcitonin	levels	increase,	they	may	also	develop	secretory	diarrhea	that
is	 difficult	 to	 control.	Management	 of	metastatic	 disease	 in	 patients	with	 inherited	 forms	of	MTC	 is	 similar	 to
management	 in	 sporadic	 MTC	 and	 is	 addressed	 extensively	 in	 the	 chapter	 on	 thyroid	 cancer	 (Chapter	 81).
Loperamide,	codeine,	or	octreotide	may	help	control	diarrhea	in	some	cases.	Tumor	debulking	or	selective	arterial
embolization	may	provide	symptomatic	 improvement	 in	others.	Systemic	 treatment	should	not	be	 initiated	until
the	 patient	 has	 evidence	 of	 progression.	 Standard	 chemotherapy	 to	 treat	 metastatic	 MTC	 is	 ineffective.
Multikinase	inhibitors,	including	vandetanib27	and	cabozantinib,28	have	been	approved	by	the	U.S.	Food	and	Drug
Administration	 for	 the	 treatment	 of	 metastatic	 MTC	 because	 they	 prolong	 progression-free	 survival.	 The
responses	were	partial,	but	they	were	durable.	However,	progressive	disease	developed	in	the	majority	of	patients.
No	survival	advantage	has	been	shown	with	either	drug.	In	addition,	the	drugs	are	costly	and	can	cause	toxic	side
effects	 leading	 to	 dose	 reduction.	 Other	 options	 include	 sorafenib	 and	 lenvatinib,	 but	 as	 with	 vandetanib	 and
cabozantinib,	there	is	a	lack	of	specificity	for	RET	that	diminishes	their	therapeutic	window	because	the	inhibition
of	 other	 tyrosine	 kinases	 causes	 toxic	 side	 effects.29	 Because	 MTC	 can	 be	 imaged	 on	 DOTA	 scan,	 peptide
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receptor	 radionuclide	 therapy	 (PRRT)	has	also	been	used	preliminarily	 in	 two	patients.	They	were	 treated	with
lutetium-177–DOTATATE	PRRT	with	stable	disease.30

MULTIPLE	ENDOCRINE	NEOPLASIA	TYPE	4
MEN4	 (also	 known	 as	 MENX)	 has	 been	 recently	 identified.5,29	 It	 is	 characterized	 by	 the	 occurrence	 of
parathyroid	and	anterior	pituitary	 tumors	and	 is	possibly	associated	with	 tumors	of	 the	adrenal	glands,	kidneys,
and	 reproductive	 organs	 (testicular	 cancer,	 neuroendocrine	 cervical	 carcinoma).	 It	 is	 caused	 by	 a	 heterozygous
mutation	 of	 CDK1B	 that	 encodes	 the	 196–amino	 acid	 CDK1	 p27	 Kip1	 protein	 that	 is	 activated	 by	 H3K4
transmethylation.

This	is	a	population	of	patients	who	are	thought	to	have	MEN1,	but	they	do	not	have	mutations	of	menin	and,
instead,	have	mutations	of	another	gene,	CDNK1B,	which	encodes	 the	cyclin-dependent	kinase	 inhibitor	CDK1
p27kip1.	 Studies	 revealed	 that	 approximately	 3%	 of	 patients	 with	 MEN1	 phenotype	 actually	 had	 CDNK1B
mutations.	These	patients	had	parathyroid	adenomas,	pituitary	adenomas,	and	pNETs	plus	gonadal,	adrenal,	renal,
and	 thyroid	 tumors.	 Currently,	 eight	 different	 heterozygous	 loss-of-function	 CDNK1B	 mutations	 have	 been
identified	 in	 patients	 with	 MEN1-like	 tumors.	 This	 indicates	 that	 MEN4	 in	 man	 is	 an	 autosomal	 dominant
disorder.	Further,	germline	mutations	of	CDNK1B	have	been	identified	in	sporadic	(nonfamilial)	forms	of	primary
HPT.6,31
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Section	8	Sarcomas	of	Soft	Tissue	and	Bone



87 Molecular	Biology	of	Sarcomas
Samuel	Singer	and	Cristina	R.	Antonescu

INTRODUCTION
Sarcomas	are	life-threatening	mesenchymal	neoplasms	that	account	for	approximately	1%	of	all	human	cancers.
They	 pose	 a	 significant	 therapeutic	 challenge;	 approximately	 50%	 of	 patients	 with	 newly	 diagnosed	 sarcoma
eventually	die	of	disease.	Sarcomas	also	pose	 significant	diagnostic	challenges	because	 there	are	more	 than	70
histologic	subtypes	with	unique	molecular,	pathologic,	clinical,	prognostic,	and	therapeutic	features.

SOFT	TISSUE	SARCOMAS
The	genetic	characterization	of	soft	 tissue	sarcoma	has	 improved	classification	and	divided	sarcomas	 into	 those
with	simple	and	highly	complex	karyotypes	 (Fig.	87.1).	The	 first	 group	 consists	 of	 sarcomas	with	near-diploid
karyotypes	 and	 simple	 genetic	 alterations	 (translocations,	 inversions,	 or	 specific	 activating	 mutations).
Translocation-associated	sarcomas	typically	occur	in	young	adults,	with	the	highest	incidence	between	30	and	50
years	of	age.	Oncogenesis	mostly	results	from	transcriptional	deregulation	induced	by	fusion	genes.	For	sarcomas
with	aberrant,	highly	complex	genomes,	the	peak	incidence	is	in	the	50-	and	60-year	age	groups.	These	sarcomas
are	characterized	by	copy	number	changes	with	low	mutational	loads;	frequent	alterations	in	the	cell	cycle	genes
TP53,	CDK4,	MDM2,	RB1,	 and	 INK4a;	 and	 defects	 in	 growth	 factor	 signaling	 pathways.1	 Discovery	 of	 the
critical	subtype-specific	molecular	alterations	that	drive	sarcomagenesis	will	enable	the	development	of	targeted
therapeutics.	This	 idea	 is	 illustrated	by	 the	 efficacy	of	 imatinib,	which	 inhibits	ABL,	KIT,	 and	platelet-derived
growth	 factor	 receptor	α	 (PDGFRα)	 tyrosine	kinases,	 in	 gastrointestinal	 stromal	 tumors,	which	have	 activating
mutations	in	KIT	and	PDGFRα	(see	Chapter	88).

Figure	87.2	shows	the	histologic	appearance	of	the	major	soft	tissue	sarcoma	subtypes,	and	Table	87.1	outlines
diagnostic	histologic	characteristics	and	molecular	and	cytogenetic	abnormalities.

Translocation-Associated	Soft	Tissue	Sarcomas

Myxoid/Round	Cell	Liposarcoma
Myxoid	liposarcomas	typically	arise	 in	 the	 thigh	or	other	deep	soft	 tissues	 in	adults	(peak	age,	30	to	50	years).
Myxoid	liposarcomas	usually	have	a	characteristic	morphology:	uniform	round	cells	embedded	in	a	conspicuous
myxoid	matrix,	a	plexiform	vasculature,	and	signet-ring	lipoblasts.	These	features	may,	however,	be	partially	lost
in	 its	 high-grade	 form,	 round	 cell	 liposarcoma.	 Nearly	 all	 myxoid/round	 cell	 liposarcomas	 carry	 a	 balanced
translocation,	t(12;16)(q13;p11),2	fusing	5′	exons	of	FUS	(also	known	as	TLS,	encoding	transcriptional	regulatory
domains	that	interact	with	RNA	polymerase	II3)	to	the	full	coding	sequence	of	DDIT3	(aka	CHOP	or	GADD153,
a	 leucine	 zipper	 transcription	 factor	 with	 roles	 in	 cell	 cycle	 control,4	 adipocytic	 differentiation,5	 and	 stress
response6).7	 In	 rare	cases,	EWSR1	 substitutes	 for	 its	homolog	FUS.	At	 least	 12	FUS-DDIT3	 transcript	 variants
have	 been	 reported,8,9	 and	 several	 induce	 a	 sarcoma	 phenotype	 in	model	 systems.10,11	 The	 fusion	 oncoprotein
binds	 cofactors	 including	 C/EBPβ	 to	 deregulate	 gene	 expression,	 although	 few	 direct	 targets	 have	 been
validated.12,13	 One	 result	 is	 activation	 of	 pathways	 related	 to	 angiogenesis	 (interleukin	 [IL]-8),	 early	 adipose
differentiation	(PPARγ),	growth	 factor	 signaling	 (insulin-like	growth	 factor	 [IGF],	RET),	and	cell	cycle	control
(cyclin	D,	CDK4).13–16	Another	result	is	repression	of	miR-48617	and	IL-24,18	which	might	otherwise	act	as	tumor
suppressors.

Clinically,	 detection	 of	FUS-DDIT3	 translocations	 by	 reverse	 transcription	 polymerase	 chain	 reaction	 (RT-
PCR)8	or	fluorescence	in	situ	hybridization	(FISH)19	can	help	confirm	the	diagnosis,	especially	in	small	biopsies
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dominated	 by	 a	 round	 cell	 component.	 Fusion	 subtype,	 however,	 appears	 to	 have	 little	 prognostic	 value
independent	of	stage	and	grade.	In	general,	the	prognostic	value	of	molecular	markers	in	myxoid	liposarcoma	has
been	 difficult	 to	 test,	 given	 the	 difficulty	 of	 assembling	 large	 series.20	 Nevertheless,	 high	 levels	 of	 p53,
IGF1R/IGF2,	the	receptor	tyrosine	kinase	AXL,	and	RET	may	be	adverse	indicators.14,21,22	In	addition,	mutations
in	 PIK3CA,	 which	 encodes	 a	 subunit	 of	 phosphatidylinositol	 3-kinase,	 found	 in	 18%	 of	 myxoid/round	 cell
liposarcomas,	 were	 associated	with	worse	 outcome.23	MicroRNA-135b	 (miR-135b)	 is	 highly	 expressed	 in	 the
round	 cell	 component	 and	 promotes	 myxoid	 liposarcoma	 invasion	 in	 vitro	 and	 metastasis	 in	 vivo	 by	 directly
suppressing	thrombospondin	2,	which	increases	the	amount	of	the	degradative	enzyme	matrix	metalloproteinase	2
(MMP2).24

Myxoid	 liposarcomas	 have	 dense	 microvasculature	 and	 high	 expression	 of	 IL-813	 and	 vascular	 endothelial
growth	factor	(VEGF).25	These	characteristics	suggest	a	value	for	antiangiogenic	therapies	and	may	underlie	the
observed	sensitivity	to	radiotherapy26	and	trabectedin.27	Trabectedin	may	also	function	by	disrupting	the	binding
of	FUS-DDIT3	to	target	promoters12	and	by	upregulating	tumor	cell	expression	of	the	endogenous	angiogenesis
inhibitor	thrombospondin-1	(TSP-1).28	Agents	designed	to	target	FUS-DDIT3	are	not	yet	available.

Ewing	Sarcoma
Ewing	sarcomas	mostly	affect	adolescents	and	young	adults	and	arise	more	often	 in	 the	bone	compared	 to	soft
tissues.	A	range	of	aggressive	small	blue	round	cell	tumors	have	been	subsumed	under	the	term	Ewing	sarcoma
family	 tumor	 due	 to	 their	 shared	 undifferentiated	 round	 cell	 phenotype	 and	 recurrent	 chromosomal
translocations.29,30	 EWSR1,	 the	 common	 5′	 translocation	 partner,	 is	 fused	 to	 one	 of	 several	 ETS	 family
transcription	factor	genes	(usually	FLI1).31	In	the	chimeric	protein,	EWSR1	provides,	at	minimum,	its	N-terminal
transcriptional	regulatory	domain32	and	loses	its	RNA	recognition	domain.	The	ETS	factor	provides	its	C-terminal
DNA-binding	domain	and	 loses	 its	native	 transactivation	domain.	The	 fusion	oncoprotein	has	 several	validated
direct	 transcriptional	 targets.	 Some	 of	 these	 targets	 are	 upregulated	 (PTPL1,33	PRKCB,34	DAX1/NR0B135),	 but
more	are	repressed	(FOXO1,36	TGFBR2,	LOX,37	IGFBP3,38	and	the	Let-7	microRNA	precursor39)	with	the	help
of	cofactors.40	These	oncogenic	gene	expression	programs	are	driven	at	least	in	part	by	EWSR1-FLI1	recruitment
of	the	BAF	chromatin	remodeling	complex	to	tumor-specific	enhancers.41	The	net	result	is	enhanced	proliferation
and	cell	survival42	and	repression	of	mesenchymal	differentiation.43,44



Figure	87.1	Nucleotide	and	copy	number	alterations	in	soft	tissue	sarcoma.	The	outer	ring
indicates	chromosomal	position.	The	second	to	fifth	rings	represent	four	subtypes	with	complex
karyotypes	(as	labeled;	MYXF,	myxofibrosarcoma;	PLEO,	pleomorphic	liposarcoma;	LMS,

leiomyosarcoma;	DEDIFF,	dedifferentiated	liposarcoma;	GIST,	gastrointestinal	stromal	tumor).
The	three	inner	rings	represent	subtypes	with	simple	karyotypes	(myxoid,	myxoid/round	cell

liposarcoma).	The	plots	show	the	statistical	significance	of	genomic	aberrations,	with	amplification
in	red	and	deletion	in	blue.	Green	curves	indicate	the	chromosomal	breakpoints	of	pathognomonic
translocations	in	myxoid/round	cell	liposarcoma	and	synovial	sarcoma.	Genes	harboring	somatic
nucleotide	alterations	are	indicated	with	green	circles	whose	size	is	proportional	to	their	frequency
of	occurrence.	(Courtesy	of	Barry	S.	Taylor,	Computational	Biology	Center,	Memorial	Sloan

Kettering	Cancer	Center.	Adapted	from	Barretina	J,	Taylor	BS,	Banerji	S,	et	al.	Subtype-specific
genomic	alterations	define	new	targets	for	soft-tissue	sarcoma	therapy.	Nat	Genet	2010;42:715–

721.)

Molecular	confirmation	of	an	EWSR1	translocation	is	critical	for	patient	management	because	Ewing	sarcoma
shares	many	clinical,	morphologic,	and	immunophenotypic	features	with	other	osseous	round	cell	tumors,	such	as
mesenchymal	 chondrosarcoma	 and	 small-cell	 osteosarcoma.	 Commercially	 available	 EWSR1	 split-apart	 FISH
probes	are	valuable	ancillary	diagnostic	tools	(see	Fig.	87.2).45	RT-PCR	is	complicated	by	 the	many	alternative
fusion	 variants	 but	 can	 identify	 the	 specific	 fusion.46	 Targeted	 RNA	 sequencing	 tools,	 such	 as	 Archer,	 have
become	available	and	used	with	success.	EWSR1-negative	small	blue	round	cell	 tumors	are	associated	with	the
alternative	 fusions	CIC-DUX4,	 BCOR-CCNB3,	 and	 other	 BCOR	 gene	 rearrangements	 in	 approximately	 70%,
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13%,	and	11%	of	cases,	respectively.47	CIC-DUX4	sarcomas	have	a	distinct	gene	signature	and	immunoprofile48
and	 a	 more	 aggressive	 clinical	 course	 compared	 with	 EWSR1-ETS	 fusion-positive	 Ewing	 sarcoma.49	 BCOR-
CCNB3	Ewing	sarcoma–like	tumors	occur	preferentially	in	young	males,	and	70%	arise	from	bone.47

Figure	87.2	Sarcoma	subtypes	discussed	in	the	text.	The	upper	panels	are	hematoxylin	and	eosin–
stained	paraffin	sections.	The	lower	panels	are	fluorescence	in	situ	hybridization	images	showing



alveolar	rhabdomyosarcoma	(left)	with	fusion	of	probes	for	PAX3	(red)	and	FOXO1	(green)	and
Ewing	sarcoma	(right)	with	break	apart	of	probes	flanking	the	Ewing	sarcoma	breakpoint	region,

EWSR1.	Malign.,	malignant.

TABLE	87.1
Cytogenetic	and	Molecular	Abnormalities	in	Soft	Tissue	Sarcomas

Disease

Diagnostic
Morphology	or
Immunohistochemistry Cytogenetic	Event

Molecular
Abnormality

Molecular
Diagnostica

Myxoid/round	cell
liposarcoma

Lipoblasts,	plexiform
vasculature,	myxoid
matrix

t(12;16)(q13;p11)
t(12;22)(q13;q12)

FUS-DDIT3	(>90%)
EWSR1-DDIT3	(<5%)

DDIT3	breaks
(FISH)19,318

Ewing	sarcoma	family	tumor Small,	blue,	round	cells;
CD99	and	FLI1
expression;	lack	of
lymphoid	biomarker
expression

t(11;22)(q24;q12)
t(21;22)(q22;q12)
Alternative	events:
fusions	of	22q12	with
7p22,	17q22,	2q33;
inv	22q12;	t(16;21)
(p11;q22);	t(4;19)
(q35;q13)	or	t(10;19)
(q26;q13);	t(X;4)
(p11.4;q31.1)

EWSR1-FLI1	(>80%)
EWSR1-ERG	(10%–
15%)
Other	ETS	family
partners:	ETV1,	ETV4,
FEV,	PATZ1	(<5%)
FUS-ERG	(<1%)
CIC-DUX4
BCOR-MAML3

EWSR1	breaks
(FISH)45	or	RT-PCR

Desmoplastic	small	round
cell	tumor

Small,	blue,	round	cell
islands	in	dense	stroma;
positive	for	keratin,
desmin,	vimentin,	and
WT1

t(11;22)(p13;q12) EWSR1-WT1	(>75%) EWSR1	breaks
(FISH)45

Synovial	sarcoma Biphasic	histology,
positive	for	TLE177

t(X;18)(p11;q11)
(>90%)

SYT-SSX1	(66%)
SYT-SSX2	(33%)
SYT-SSX4	(<1%)

SYT	breaks
(FISH)319

Alveolar	rhabdomyosarcoma Small,	blue	cells
expressing	desmin,
myogenin,	myoD1

t(2;13)(q35;q14)
t(1;13)(p36;q14)

PAX3-FOXO1	(<80%)
PAX7-FOXO1	(<20%)
PAX3-NCOA1	(<1%)
PAX3-NCOA2	(<1%)

PAX3/7	type-specific
FISH	or	RT-PCR320

Alveolar	soft	part	sarcoma Nested	polygonal	cells
in	vascular	network;
positive	for	TFE3321

t(X;17)(p11;q25) ASPSCR1-TFE3
(>90%)

ASPSCR1-TFE3	RT-
PCR322	or	TFE3
FISH116

Dermatofibrosarcoma
protuberans

Bland	spindle	cells,
storiform	and
honeycomb	growth	in
subcutis,	positive	for
CD34

Rings	derived	from
t(17;22)	(>75%)
t(17;22)(q22;
q13.1)126,127,323
(10%)

COL1A1-PDGFB 	

Embryonal
rhabdomyosarcoma

Spindle	cells	and
rhabdomyoblasts,
positive	for	desmin	and
myogenin

Trisomies	2q,	8,	and
20	(>75%)

LOH	at	11p15	(>75%) 	

Extraskeletal	myxoid
chondrosarcoma

Bland	epithelioid	cells
arranged	in	reticular
pattern	in	myxoid	stroma

t(9;22)(q22;q12)
t(9;17)(q22;q11)
t(9;15)(q22;q21)
t(3;9)(q12;q22)

EWSR1-NR4A3	(75%)
TAF15-NR4A3	(<10%)
TCF12-NR4A3	(<10%)
TFG–NR4A3	(<5%)

EWSR1	breaks
(FISH);	RT-
PCR135–137

Endometrial	stromal	tumor Bland	spindle	cells,
positive	for	CD10	and
ER

t(7;17)(p15;q21) JAZF1-SUZ12	(30%) 	

Clear	cell	sarcoma Nested	epithelioid	cells
with	clear	or	amphophilic
cytoplasm,	positive	for
S100	and	HMB-45

t(12;22)(q13;q12)
t(2;22)(q34;q12)

EWSR1-ATF1	(>75%)
EWSR1-CREB1
(<5%)

EWSR1	breaks
(FISH)45,324

Infantile	fibrosarcoma Monomorphic	spindle
cells,	herringbone

t(12;15)(p13;q25) ETV6-NTRK3	(>75%) FISH,	RT-PCR
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pattern
Inflammatory	myofibroblastic
tumor

Myofibroblastic	cells	with
lymphoplasmacytic
infiltrate,	positive	for
ALK

t(1;2)(q25;p23)
t(2;19)(p23;p13)
t(2;17)(p23;q23)

ALK-TPM34
ALK-TPM
ALK-CLTC

ALK	breaks	(FISH)

Solitary	fibrous	tumor Monomorphic	spindle
cells,	collagenous
stroma,	and	staghorn
vasculature;	STAT6
expression

12q13	inversion NAB2-STAT6	(>95%) RT-PCR

Gastrointestinal	stromal
tumor

Spindle	(70%),
epithelioid	(20%),	or
mixed	(10%)
morphology;	positive	for
CD117	(KIT),	DOG1,
and	CD34

Monosomies	14	and
22	(>75%)
Deletion	of	1p	(>25)

KIT	or	PDGFRA
mutation	(>90%)325,326

PCR	mutation
analysis

Desmoid	fibromatosis Bland	myofibroblastic-
type	cells,	fascicular
growth,	nuclear	positivity
for	β-catenin

Trisomies	8	and	20
(30%)

APC	inactivation	by
mutation/deletion
(10%)

IHC	for	β-catenin
expression

	 	 	 CTNNB1	(β-catenin)
mutations	(85%)

	

Well-
differentiated/dedifferentiated
liposarcoma

Atypical	multinucleated
stromal	cells,	lipoblasts,
positive	for	MDM2,
CDK4

12q13-15	rings	and
giant	markers

MDM2	and	CDK4
amplification	(>85%)

MDM2	amplification
(FISH)

Pleomorphic	liposarcoma Pleomorphic	spindle	and
giant	cells,	pleomorphic
lipoblasts

Complexb	(>90%) 	 None

Myxofibrosarcoma	and
undifferentiated	pleomorphic
sarcoma

Pleomorphic	spindle	and
giant	cells,	storiform
growth,	variable	myxoid
stroma

Complexb	(>90%) SKP2	amplification
CCNE1,	VGLL3,	or
YAP1	amplification

None

Leiomyosarcoma Elongated	fusiform	cells
with	eosinophilic
cytoplasm,	in
intersecting	fascicles,
positive	for	desmin	and
smooth	muscle	actin

Complexb	(>50%)
Deletions	of	1p

TP53	and	RB1	point
mutations/deletions

None

Malignant	peripheral	nerve
sheath	tumor

Monomorphic	spindle
cells,	high	mitotic	count,
geographic	necrosis

Complexb	(90%) NF1	mutation,	loss	or
deletion	(>50%)

None

	 	 	 Mutations	in	EED	or
SUZ12

Loss	of	H3K27me3

aRefers	 to	molecular	 tests	 that	can	be	 run	on	 formalin-fixed,	paraffin-embedded	material	 for	molecular	confirmation	of	diagnosis:
quantitative	RT-PCR	of	transcripts320	or	FISH	to	interphase	genomic	DNA.327
bComplex	karyotypes	containing	multiple	numerical	and	structural	chromosomal	aberrations.
FISH,	 fluorescence	 in	 situ	 hybridization;	RT-PCR,	 reverse	 transcription	 polymerase	 chain	 reaction;	 LOH,	 loss	 of	 heterozygosity;
IHC,	immunohistochemistry;	H3K27me3,	trimethylation	of	histone	H3	at	lysine	27.

Promising	therapeutic	strategies	in	Ewing	sarcoma	that	target	translocation-induced	mechanisms	and	pathways
include	inhibitors	of	insulin-like	growth	factor	1	receptor	(IGF1R)50	and	mammalian	target	of	rapamycin	(mTOR)
alone	 and	 in	 combination,51	 the	 combination	 of	 small-molecule	 poly	 (ADP-ribose)	 polymerase	 (PARP)	 and
nicotinamide	 phosphoribosyltransferase	 (NAMPT)	 inhibitors,52	 19S	 proteasome	 inhibitors,53	 sirtuin	 1
deacetylase,54	 and	 cyclin-dependent	 kinase	 (CDK)	 inhibitors.55	 Novel	 therapeutic	 approaches	 to	 inhibit	 the
oncoprotein	itself	are	in	active	development.55–60

Desmoplastic	Small	Round	Cell	Tumor
In	desmoplastic	small	round	cell	tumor,	the	same	5′	portions	of	EWSR1	involved	in	Ewing	sarcomas	are	fused	to
WT1,61,62	a	tumor	suppressor	deleted	in	Wilms	tumor.63	The	chimeric	protein	includes	the	last	three	WT1	DNA-



binding	 zinc	 finger	 domains.	 Despite	 some	 similarities	 to	 Ewing	 sarcoma	 family	 tumors,	 desmoplastic	 small
round	cell	tumors	are	rarely	cured	by	aggressive	conventional	chemotherapy	combined	with	surgical	debulking;
its	 dismal	 prognosis	 calls	 for	 new	 therapies.64,65	 EWSR1-WT1	 directly	 induces	 PDGFA	 expression,66	 which
explains	the	desmoplastic	background	and,	along	with	VEGFA	and	VEGF	receptor	2	(VEGFR2)	overexpression,
accounts	for	the	observed	partial	responses	to	sunitinib.67	IL2RB	is	also	induced,	and	its	downstream	JAK/STAT
and	AKT/mTOR	signaling	pathways	appear	active,61,68,69	representing	potential	therapeutic	targets.	EWSR1-WT1
is	 essential	 for	 tumor	 cell	 growth	 and	 binds	 to	 the	 promoter	 of	 ASCL1	 to	 activate	 a	 neural	 gene	 expression
program	that	drives	partial	neural	differentiation.70

Synovial	Sarcoma
Synovial	 sarcoma	differs	 from	most	 translocation-associated	sarcomas	 in	 that	 its	defining	 translocation,	 t(X;18)
(p11;q11),	fuses	epigenetic	regulators	(SS18	[also	known	as	SYT]	and	SSX,	normally	expressed	only	 in	 testis),71
not	 transcription	 factors.72	 In	 the	 fusion	 oncoprotein,	 SS18,	 part	 of	 the	BAF	 chromatin	 remodeling	 complex,73
retains	 all	 but	 eight	 amino	acids	 from	 its	 transcriptional	 activation	domain.	The	SSX	partner	 (SSX1,	SSX2,	or
SSX4)	 retains	 only	 its	 repressor	 domain,	 which	 confers	 nuclear	 localization	 in	 association	 with	 Polycomb
proteins.74	 Expression	 of	 SS18-SSX	 in	mesenchymal	 stem	 cells75	 or	 mice72,76	 recapitulates	 synovial	 sarcoma.
Neither	SS18	nor	SSX	binds	DNA,	but	the	chimeric	oncoprotein	gains	abnormal	epigenetic	functions,	including
binding	 TLE1,	 a	 highly	 expressed	 diagnostic	 marker	 of	 synovial	 sarcoma77	 that	 recruits	 Polycomb	 repressor
complex	 proteins,	 and	 binding	 the	 transcription	 factor	 ATF2.	 The	 net	 result	 is	 Polycomb-mediated	 epigenetic
repression	of	ATF2	target	genes,	including	the	tumor	suppressors	EGR1	and	CDKN2A.78	In	addition,	when	SS18-
SSX	replaces	native	SS18	 in	BAF	complexes,	 the	SMARCB1	(SNF5)	component	 is	evicted,79	which	 increases
Polycomb	 activity	 and	 hyperactivates	 stem	 cell–associated	 programs.80,81	 Genes	 and	 pathways	 that	 become
activated	 in	 synovial	 sarcoma	 include	 histone	 deacetylases,78	SOX2,79	Wnt/β-catenin,82	 the	 transcription	 factor
TWIST1,83	fibroblast	growth	factor	receptor	2	(FGFR2),84	the	apoptosis	regulator	BCL2,85	the	chemokine	receptor
CXCR4,86	 the	 receptor	 tyrosine	 kinase	ALK,	 the	 hepatocyte	 growth	 factor	 receptor	MET,87	 and	 the	Akt/mTOR
pathway88,89	via	IGF2.75,90,91	Therefore,	these	represent	candidates	for	targeted	therapy	because	no	available	drugs
inhibit	SS18-SSX	directly.	Class	I	histone	deacetylase	inhibitors	and	a	lead	compound	designated	SXT1596	have
been	found	to	disrupt	SS18-SSX’s	interaction	with	TLE1	in	synovial	sarcoma	cells	and	tissue	samples.92

Copy	number	alterations	are	more	common	in	adult	than	in	pediatric	patients,	and	both	copy	number	alterations
and	an	expression	signature	of	genes	related	to	mitosis	and	chromosome	function	are	associated	with	metastasis.93

Alveolar	Rhabdomyosarcoma
In	 alveolar	 rhabdomyosarcoma,	 an	 aggressive	 cancer	 of	 older	 children	 and	 adolescents,	 the	 transcriptional
activation	domain	of	FOXO1	(also	known	as	FKHR)	from	13q14	is	fused	to	the	DNA-binding	domain	of	paired
box	transcription	factor	PAX3	(2q35)	or	PAX7	(1p36).94,95	Approximately	20%	of	cases	were	previously	thought
to	 be	 translocation-negative;	 such	 tumors	 are	 in	 fact	 histologic	 variants	 of	 embryonal	 rhabdomyosarcoma.96
Translocations	 involving	 PAX3	 may	 be	 associated	 with	 a	 worse	 prognosis	 than	 those	 involving	 PAX7,97	 so
confirming	 the	 diagnosis	 by	 FISH	 (see	 Fig.	 87.2)	 and/or	 RT-PCR	 helps	 optimize	 treatment	 plans.98	 Either
translocation	results	 in	high	nuclear	expression	of	a	chimeric	 transcription	factor	 that	abnormally	activates	PAX
targets,	 many	 of	 which	 are	 involved	 in	 neurogenesis.99,100	 Recently,	 PAX3-FOXO1	 fusion	 messenger	 RNA
(mRNA)	and	chimeric	protein	were	 found	 to	be	 expressed	 transiently	during	normal	 fetal	muscle	development
(i.e.,	 in	 cells	 without	 DNA	 translocations).101	 PAX3-FOXO1	 direct	 targets	 include	 P-cadherin	 (CDH3),102
Gremlin	 1	 (GREM1,	 a	 bone	 morphogenetic	 protein	 [BMP]	 antagonist),	 death-associated	 protein	 kinase	 1
(DAPK1),	 myogenic	 differentiation	 1	 (MYOD1),103	 JARID2	 (a	 cofactor	 of	 polycomb	 repressor	 complex	 2
[PRC2]),104	and	PDGFRα.	Inhibitors	of	PDGFRα	are	effective	in	mouse	models.105	Targetable	kinases	expressed
in	alveolar	rhabdomyosarcoma	also	include	IGF1R,	ALK,106–108	and	PLK1,	which	phosphorylates	and	stabilizes
the	 PAX3-FOXO1	 fusion	 protein109	 and	 the	 tyrosine	 kinases	 ephrin	 receptor	 B4	 (EphB4)	 and	 PDGFRβ.110
Another	 probable	 direct	 target	 of	 PAX3-FOXO1	 is	 the	 cell	 cycle	 regulator	 SKP2,111	 perhaps	 helping	 explain
alveolar	rhabdomyosarcoma’s	response	to	cytotoxic	chemotherapy.

Alveolar	Soft	Part	Sarcoma
In	 alveolar	 soft	 part	 sarcoma,	 which	 has	 a	 similar	 clinical	 presentation	 to	 other	 translocation-associated
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sarcomas,112	the	5′	half	of	the	widely	expressed	ASPSCR1	(also	known	as	ASPL)	gene	on	17q25	is	fused	to	exon	3
or	4	of	TFE3	on	Xp11,	the	latter	retaining	its	transcriptional	activation,	basic	helix	loop	helix,	and	leucine	zipper
domains.113	 Similar	 fusions	 are	 present	 in	 a	 subset	 of	 renal	 cell	 carcinomas,	 particularly	 those	 in	 younger
patients,114	and	in	a	subset	of	perivascular	epithelioid	cell	neoplasms.115	Although	alveolar	soft	part	sarcoma	has
distinctive	histology,	two	useful	diagnostic	adjuncts	are	detection	of	TFE3	rearrangements	by	FISH116	or	RT-PCR
and	immunohistochemistry	for	TFE3.117,118	Genes	transcriptionally	activated	by	the	ASPSCR1-TFE3	oncoprotein
share	a	CACGTG	motif119;	validated	direct	targets	include	MET	and	angiogenic	mediators.120–122	Antiangiogenic
therapy	 is	 effective	 in	 xenograft	models.123	 A	 single-arm	 phase	 II	 study	 of	 the	VEGFR	 inhibitor	 cediranib	 in
metastatic	alveolar	soft	part	sarcoma	showed	a	high	rate	of	disease	control	in	association	with	downregulation	of
angiogenic	genes	(including	ANGPT2),	supporting	advanced	trials	of	antiangiogenic	agents.124

Dermatofibrosarcoma	Protuberans
A	 hallmark	 of	 dermatofibrosarcoma	 protuberans	 (DFSP)	 is	 supernumerary	 ring	 chromosomes	 that	 contain
material	from	chromosomes	17	and	22125–127	or,	less	commonly,	an	unbalanced	der(22)t(17;22)(q21-23;q13).	The
molecular	consequence	of	both	aberrations	 is	overexpression	of	PDGF	subunit	B	(PDGFB)	on	chromosome	22
through	 fusion	with	 the	collagen	gene	COL1A1	 on	 chromosome	17.128,129	The	 same	 fusion	 is	 also	 seen	 in	 two
histologic	variants—giant	cell	 fibroblastoma	and	Bednar	 tumor	(pigmented	DFSP).	 Increased	COL1A1-PDGFB
copy	number	is	associated	with	fibrosarcomatous	transformation	of	DFSP,	although	the	copy	number	increase	is
not	an	invariable	feature	of	these	cases.130,131

The	COL1A1-PDGFB	fusion	product	signals	through	the	PDGFR	in	an	autocrine	loop.132	This	signaling	can
be	blocked	using	tyrosine	kinase	inhibitors	acting	at	PDGFR,	such	as	imatinib.	A	number	of	clinical	studies	have
shown	 a	 high	 response	 rate	 to	 imatinib	 therapy	 in	 both	 locally	 advanced	 and	metastatic	DFSP.125,133,134	 These
results	support	the	concept	that	DFSP	cells	depend	on	aberrant	activation	of	PDGF	signaling	for	proliferation	and
survival.

Extraskeletal	Myxoid	Chondrosarcoma
Most	extraskeletal	myxoid	chondrosarcomas	carry	reciprocal	translocations	that	fuse	the	orphan	nuclear	receptor
NR4A3	 in	 9q22-q31.1	with	 one	 of	 the	 following	 four	 partners:	EWSR1	 in	 22q12	 (the	most	 common),	 TATA-
binding	 protein-associated	 factor	 (TAF15)	 in	 17q11,	 transcription	 factor	 12	 (TCF12)	 in	 15q21,	 or	 TFG	 in
3q12.135–137	Because	 these	fusion	genes	have	not	been	described	 in	any	other	 tumor	 type,	 they	represent	useful
diagnostic	markers.	The	four	different	fusion	partners	have	unknown	prognostic	significance.
NR4A3,	 also	 known	 as	NOR-1,	TEC,	MINOR,	 or	CHN,	 is	 ubiquitously	 expressed.138	 The	 t(9;22)	 fuses	 the

transactivation	domain	of	EWSR1	to	the	full	length	of	NR4A3.	Analogous	to	EWSR1-ETS	fusions,	the	EWSR1-
NR4A3	fusion	protein	not	only	displays	strong	transcriptional	activity	but	also	regulates	RNA	splicing.139

TAF15,	belongs	to	the	same	protein	family	as	EWSR1	and	FUS	and	contains	a	characteristic	RNA	recognition
motif	 implicated	 in	 protein	 RNA	 binding.140	 The	 N-terminal	 regions	 of	 EWSR1,	 FUS,	 and	 TAF15	 contain
degenerate	 SYGQ	 repeats	 and	 powerfully	 activate	 transcription	when	 fused	 to	 the	DNA-binding	 domains	 of	 a
variety	of	transcription	factors.141

Extraskeletal	 myxoid	 chondrosarcomas	 constitute	 a	 distinct	 genomic	 entity	 in	 which	 several	 genes	 are
upregulated,	 including	 neuromedin	 B	 (NMB,	 encoding	 a	 secreted	 neural	 peptide),	 the	Wnt	 antagonist	DKK1,
DNER,	and	CLCN3	(encoding	a	voltage-gated	chloride	channel).142	FISH	confirmed	that	NMB	is	highly	expressed
in	extraskeletal	myxoid	chondrosarcoma	but	not	in	other	sarcomas,	suggesting	its	potential	diagnostic	value.	The
tyrosine	 kinase	 inhibitor	 sunitinib,	 which	 inhibits	 all	 three	VEGFR1s,	 PDGFRα/β,	KIT,	 RET,	 and	 FLT3,	was
shown	to	have	efficacy	in	this	sarcoma;	6	of	10	patients	had	partial	responses	according	to	Response	Evaluation
Criteria	in	Solid	Tumors	(RECIST),	and	another	2	patients	had	stable	disease.143	All	responsive	patients	harbored
the	EWSR1-NR4A3	fusion,	and	the	2	patients	with	progressive	disease	had	the	TAF15-NR4A3	fusion.	RET	was
highly	expressed	and	phosphorylated	in	all	4	tumor	samples	analyzed.

Solitary	Fibrous	Tumor	and	Hemangiopericytoma
Solitary	fibrous	tumor	(SFT)	and	hemangiopericytoma	share	histopathologic	features	and	are	now	classified	as	a
single	entity.144	Virtually	all	SFTs	share	a	recurrent	NAB2-STAT6	fusion,	regardless	of	anatomic	location	(pleura,
meninges,	or	soft	tissue).145	In	SFT,	the	adjacent	genes	NAB2	and	STAT6	(on	chromosome	12q13)	are	fused	by	a
chromosomal	 inversion	 so	 that	 they	 are	 transcribed	 in	 the	 same	 direction	 (they	 are	 normally	 read	 in	 opposing



directions).
In	 contrast	 to	NAB2,	which	 represses	 early	 growth	 response	 protein	 1	 (EGR1)	 activity,	 the	NAB2-STAT6

fusion	induces	expression	of	EGR1	target	genes.	In	an	RNA	sequencing	analysis	of	7	SFTs	and	282	other	tumor
samples,	 the	SFTs	expressed	high	levels	of	both	EGR1	target	genes,	 including	NAB2,	NAB1,	IGF2,	FGF2,	 and
PDGFD,	and	receptor	tyrosine	kinases,	such	as	FGFR1	and	NTRK1.145	Overexpression	of	other	tyrosine	kinase
receptor	genes,	such	as	DDR1	and	ERBB2,	has	been	seen	in	array-based	profiling.146
IGF2	 is	 uniformly	 overexpressed	 in	 SFT.146	 IGF2	 is	 imprinted	 on	 the	 paternal	 allele	 in	most	 adult	 tissues;

IGF2	 overexpression	 in	 SFTs	 is	 related	 to	 loss	 of	 imprinting.	 Although	 IGF2	 acts	 by	 binding	 to	 IGF1R,	 the
receptor	 is	 not	 upregulated	 in	 SFTs,	 so	 IGF2	 may	 signal	 through	 the	 insulin	 receptor	 A	 pathway.147
Overexpression	of	IGF2	and	consequent	activation	of	the	insulin	receptor	may	also	explain	why	a	subset	of	SFT
patients	present	with	hypoglycemia.	This	syndrome,	known	as	Doege-Potter	syndrome,	has	been	associated	with
large	tumor	size	and	aggressive	clinical	behavior	and	is	resolved	by	surgical	resection	of	the	lesion.148

Soft	Tissue	Sarcomas	of	Simple	Karyotype	Associated	With	Mutations

Desmoid	Fibromatosis
Desmoid-type	fibromatoses	are	locally	infiltrative,	clonal,	myofibroblastic	proliferations	that	arise	in	the	deep	soft
tissues	 and	never	metastasize.	Although	 the	vast	majority	 result	 from	mutations	 in	 adenomatous	polyposis	 coli
(APC)	or	β-catenin	(CTNNB1),	tumorigenesis	may	also	be	influenced	by	physiologic	factors	such	as	pregnancy,
trauma,	 and	 prior	 surgery.	 Desmoids	 are	 usually	 divided	 into	 two	 groups:	 sporadic	 desmoids	 and	 those	 in
individuals	 with	 an	 inherited	 APC	 mutation	 (inactivation	 of	 one	 copy	 of	 APC,	 usually	 by	 point	 mutation	 or
deletion).149,150	 Although	 germline	 APC	 mutations	 often	 result	 in	 familial	 adenomatous	 polyposis,150	 some
desmoid	patients	harboring	such	a	mutation	have	no	polyposis.

Among	 sporadic	 desmoids,	 only	 a	 minority	 display	 APC	 inactivation,	 although	 >95%	 contain	 genetic
alterations	affecting	the	same	signaling	pathway	(Wnt/β-catenin),151	 indicating	that	these	changes	drive	desmoid
initiation	 in	 general.	 A	 majority	 (52%	 to	 85%)	 have	 an	 activating	 point	 mutation	 in	 the	 β-catenin	 gene,
CTNNB1,152,153	 that	 stabilizes	 β-catenin,	 resulting	 in	 its	 overabundance.	 β-Catenin	 is	 negatively	 regulated	 by
APC,	so	both	APC	inactivation	and	CTNNB1	activating	mutations	result	in	upregulation	of	the	Wnt	pathway.	The
specific	CTNNB1	mutation	may	have	prognostic	significance;	patients	with	S45F-mutant	desmoids	were	reported
to	have	a	5-year	recurrence-free	survival	of	only	23%,	compared	with	57%	for	those	with	T41A-mutant	tumors
and	65%	for	those	with	wild-type	CTNNB1.152	Another	study	seemed	to	confirm	that	S45F-mutated	patients	have
worse	recurrence-free	survival,154	but	the	finding	that	27%	of	the	study’s	179	patients	were	wild	type	suggests	that
mutations	 in	CTNNB1	 or	 other	 Wnt	 pathway	 genes	 were	 likely	 missed.	 Definitive	 conclusions	 regarding	 the
relationship	between	mutations	and	outcomes	will	 require	 thorough,	sensitive	sequencing	of	 relevant	genes	and
careful	control	for	potential	confounders	such	as	tumor	site.

Given	 the	 Wnt	 pathway	 mutations	 in	 the	 majority	 of	 patients,	 small-molecule	 β-catenin	 antagonists	 (in
preclinical	development)	would	likely	provide	significant	benefit,	particularly	for	patients	with	advanced	disease
in	whom	surgical	 resection	 is	not	 feasible.	An	 inhibitor	of	matrix	metalloproteinase,	 a	downstream	 target	of	β-
catenin,	 substantially	 reduced	 tumor	 volume	 and	 invasion	 in	 a	 transgenic	 Apc+	 /Apc1638N	 mouse	 model	 of
aggressive	fibromatosis.155

Hedgehog	 signaling	 is	 activated	 in	 human	 and	murine	 desmoid	 tumors,	 consistent	 with	 their	mesenchymal
expression	 profile.	 Inhibiting	 hedgehog	 signaling	 reduced	 proliferation	 and	 β-catenin	 protein	 levels	 in	 human
desmoid	cells	and	reduced	tumor	size	and	number	in	a	murine	model,156	suggesting	hedgehog	antagonists	may	be
a	promising	therapy	for	desmoid	patients.

Patients	with	desmoids	were	found	to	have	elevated	levels	of	PDGF-AA	and	PDGF-BB,	leading	to	a	trial	of
the	tyrosine	kinase	inhibitor	imatinib	in	patients	with	advanced	disease.	Three	of	19	(16%)	patients	had	a	partial
response,	and	4	additional	patients	had	stable	disease	for	more	than	1	year;	overall,	the	1-year	tumor	control	rate
was	37%.157	The	response	in	these	tumors	was	thought	to	be	mediated	by	inhibition	of	PDGFRβ	kinase	activity.
In	a	more	recent	study,	7	of	38	(19%)	desmoid	tumor	patients	had	partial	responses	at	21	months.158	Sorafenib,	a
multitargeted	tyrosine	kinase	inhibitor,	results	in	tumor	shrinkage	in	25%	of	desmoid	patients	and	stable	disease	in
70%,	along	with	symptom	relief	in	70%	of	patients.159	Cross-talk	between	the	Wnt	and	Notch	signaling	pathways
provided	 rationale	 for	 a	 phase	 I	 trial	 of	 the	 oral	 γ-secretase	 inhibitor	 PF-03084014,	 which	 disrupts	 Notch
signaling,	 in	which	5	of	 7	 response-evaluable	patients	with	desmoid	 tumor	 achieved	 a	partial	 response	 (71.4%
objective	response	rate).160
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Complex	Soft	Tissue	Sarcoma	Types

Well-Differentiated	and	Dedifferentiated	Liposarcoma
Well-differentiated	liposarcomas	(WDLS)	and	dedifferentiated	liposarcomas	(DDLS)	represent	the	most	common
biologic	 group	 of	 liposarcoma.	 This	 group	 is	 characterized	 by	 amplification	 of	 12q,	 which	 usually	 occurs	 in
double	minutes,	 ring	chromosomes,	and	 large	marker	chromosomes.	 In	addition,	 the	12q13.2-q23.1	 locus	often
harbors	complex	rearrangements	(see	Fig.	87.1).23,161,162	The	amplified	region	generally	 includes	the	oncogenes
MDM2	(a	negative	regulator	of	p53	and	p21),	the	transcriptional	regulator	HMGA2,	and	cyclin-dependent	kinase
4	 (CDK4).	 Additional	 driver	 genes	 indicated	 by	 rearrangements	 and	 correlated	 overexpression	 include	 neuron
navigator	3	 (NAV3),	Wnt	 inhibitory	factor	1	 (WIF1),	MDM1,	 the	 proapoptotic	 kinase	DYRK2,	 the	 transcription
factor	ELK3,	 the	 phosphatase	DUSP6	 (a	 regulator	 of	 MAP	 kinases),	 the	 histone	 acetyltransferase	 component
YEATS4,	 the	 NFκB	 pathway	 regulator	 TBK1,	 and	 FGFR	 substrate	 2	 (FRS2),163	 which	 are	 amplified	 in
approximately	14%	to	80%	of	tumors.	Aside	from	12q	aberrations,	DDLS	contain	significant	amplifications	of	1p
(JUN,	a	component	of	the	early	response	transcription	factor),	1q	(miR-214),	5p	(TERT,	a	telomerase	subunit),	6q
(SASH1),	11q	(YAP1,	a	pro-proliferative	transcription	factor),	and	20q.1,23,161,162	Chromosomal	alterations	appear
to	 correlate	with	 prognosis;	 unsupervised	 analysis	 found	 that	 1p-amplified	 and	 5p-amplified	DDLS	 had	worse
disease-specific	 survival	 compared	 to	 6q-amplified	 DDLS.	 The	 same	 study	 revealed	 an	 association	 of
hypermethylated	 DDLS	 containing	 a	 low	 leukocyte	 fraction	with	 worse	 disease-specific	 survival	 compared	 to
hypomethylated,	leukocyte-rich	DDLS.1	These	results	suggest	that	both	copy	number	alterations	and	the	immune
microenvironment	drive	biologic	behavior	in	DDLS.

Amplification	of	JUN	(on	1p32)	has	been	suggested	as	an	explanation	for	the	block	in	adipocyte	differentiation
in	DDLS.164	However,	 JUN	 is	 amplified	 or	 overexpressed	 in	 only	 approximately	 40%	 of	 these	 cancers.1,23,165
Other	 genes	 that	 have	 been	 reported	 to	 inhibit	 adipocyte	 differentiation	 include	DDIT3,166	 the	 differentiation-
regulating	phosphatase	PTPRQ,167	YAP1,168	and	C/EBPα	.169	C/EBPα	is	underexpressed	in	many	DDLS	tissues
and	 cell	 lines.	 Exogenously	 expressing	 C/EBPα	 resulted	 in	 a	 50%	 decrease	 in	 proliferation,	 G2/M	 arrest,
apoptosis,	 and	 restoration	 of	 the	 ability	 to	 induce	 early	 adipogenesis	 markers.170	 C/EBPα	 expression
independently	predicts	distant	 recurrence-free	survival	 for	patients	with	primary	 liposarcoma,171	and	loss	of	 the
19q	region	encompassing	C/EBPα	is	associated	with	poor	outcomes	in	primary	retroperitoneal	DDLS.172	C/EBPα
downregulation	may	result	from	epigenetic	defects;	24%	of	DDLSs	had	C/EBPα	promoter	methylation,	and	8.3%
had	mutations	in	histone	deacetylase	1	(HDAC1).	Treating	DDLS	cells	with	a	demethylating	agent	and	the	histone
deacetylase	inhibitor	vorinostat	increased	C/EBPα	expression	19-fold,	decreased	proliferation,	induced	apoptosis,
and	reduced	xenograft	tumor	growth	by	50%	to	70%.173	Taken	together,	these	results	suggest	that	C/EBPα	acts	as
a	tumor	suppressor	in	DDLS	and	that	its	loss	may	explain	the	undifferentiated	state	of	DDLS.

In	WDLS	and	DDLS,	 cell	 cycle	 and	 checkpoint	 pathways	 are	 activated	by	upregulation	of	CDK4;	MDM2;
CDK1;	 CDC7;	 TOP2A;	 PRC1;	 PLK1;	 and	 cyclins	 B1,	 B2,	 and	 E2,	 as	 shown	 by	 microarray	 analysis.174,175
Therefore,	these	pathways	may	be	useful	as	therapeutic	targets.	In	fact,	nutlin-3a,	a	selective	MDM2	antagonist,
induces	apoptosis	and	inhibits	proliferation	of	DDLS	cell	lines	at	concentrations	that	do	not	affect	normal	adipose-
derived	 stem	 cells.174	 Furthermore,	 PD0332991,	 a	 selective	 CDK4/CDK6	 inhibitor,	 inhibits	 proliferation	 by
inducing	 G1	 cell	 cycle	 arrest	 and	 senescence	 in	 DDLS	 cell	 lines	 and	 xenografts.23	 In	 a	 phase	 II	 trial	 of
PD0332991	(now	named	palbociclib)	in	30	patients	with	advanced	CDK4-amplified	liposarcoma,	66%	of	patients
were	progression	free	at	12	weeks,	and	a	subset	had	a	radiographic	response	and	prolonged	stable	disease.176	In	an
expanded	cohort	of	30	additional	patients,	progression-free	survival	was	57%	at	12	weeks,	median	progression-
free	 survival	was	17.9	weeks,	 and	 there	was	one	complete	 response.177	Loss	of	MDM2	protein	was	 associated
with	response	to	palbociclib	by	induction	of	a	DDLS	cell	senescence	program	that	requires	ATRX.178

These	 results	 provide	 a	 rationale	 for	 use	 of	MDM2	 antagonists	 and	CDK4	 inhibitors	 in	 patients	with	well-
differentiated	liposarcoma	and	DDLS.

Pleomorphic	Liposarcoma
Pleomorphic	liposarcoma,	accounting	for	5%	of	all	liposarcomas,	is	the	least	common	subtype.	It	is	characterized
by	 high	 chromosome	 counts	 and	 complex	 rearrangements,	with	many	 unidentifiable	marker	 chromosomes	 and
nonclonal	 alterations.	 A	 high-resolution	 single	 nucleotide	 polymorphism	 (SNP)	 array	 analysis	 has	 revealed
multiple	regions	of	significant	copy	number	amplification	and	deletion.179	The	most	common	alteration,	found	in
approximately	60%	of	tumors,	was	a	deletion	of	13q14.2-q14.3	that	includes	the	RB1	tumor	suppressor.	The	next



most	common	alteration	was	loss	of	17p13.1,	 including	TP53.	Both	RB1	and	TP53	deletions	were	a	mixture	of
hemizygous	loss	and,	less	frequently,	homozygous	deletion.	In	addition,	TP53	point	mutations	were	found	in	17%
of	tumors.23	In	TP53-mutant	cells,	antagonism	of	MDM2	by	nutlin-3a	enhances	chemosensitivity,180	suggesting
the	 potential	 therapeutic	 utility	 of	 combining	 nutlin-3a	 with	 chemotherapy	 in	 TP53-mutant	 pleomorphic
liposarcoma.

A	 third	 genetic	 alteration	 identified	 in	 a	 SNP	 analysis	 was	 the	 deletion	 of	 17q11.2,	 including	 the	 tumor
suppressor	NF1.	Among	24	pleomorphic	liposarcomas,	9	(38%)	had	NF1	loss,	including	1	case	of	a	homozygous
deletion	and	2	cases	of	a	mutation	of	the	nondeleted	allele.23	Because	loss	of	NF1	function	appears	to	activate	the
RAS	and	mTOR	pathways,	the	frequent	NF1	aberrations	suggest	that	MEK	or	mTOR	inhibitors	may	have	clinical
utility.

Myxofibrosarcoma	and	Undifferentiated	Pleomorphic	Sarcoma	(Malignant	Fibrous
Histiocytoma)
Pathologists	 now	 regard	 myxofibrosarcoma	 (MFS)	 as	 a	 distinct	 tumor	 type	 with	 clearly	 defined	 criteria	 for
diagnosis.144,181,182	Undifferentiated	pleomorphic	 sarcoma	 (UPS),	 however,	 is	 less	well	 defined,	 and	 it	 remains
controversial	 whether	 it	 represents	 either	 (1)	 a	 pleomorphic	 sarcoma	 showing	 fibroblastic	 or	 myofibroblastic
differentiation,	 and	 thus	 sharing	 a	 common	 set	 of	 genomic	 alterations	 with	 MFS,	 or	 (2)	 an	 end-stage
undifferentiated	morphologic	pattern	with	genomic	alterations	distinct	from	those	of	MFS.	In	favor	of	the	former
conclusion,	a	large-scale	multiplatform	The	Cancer	Genome	Atlas	(TCGA)	genomic	analysis	has	shown	that	UPS
and	MFS	are	largely	indistinguishable	across	multiple	platforms.1

Myxofibrosarcoma
MFS,	 also	 known	 as	myxoid	 variant	 of	malignant	 fibrous	 histiocytoma,	 is	 a	malignant	 fibroblastic	 lesion	with
variably	myxoid	stroma	(at	least	10%)	composed	of	hyaluronic	acid	and	solid	sheets	of	spindled	and	pleomorphic
tumor	cells.	Karyotypes	tend	to	be	highly	complex,	often	with	multiple	numerical	and	structural	rearrangements
and	with	chromosome	numbers	 in	 the	 triploid	or	 tetraploid	 range.183–185	No	 consistent	 chromosomal	 aberration
has	emerged.	In	general,	karyotype	complexity	is	greater	in	high-grade	lesions	and	in	recurrences.185

In	a	SNP	array	analysis	of	38	MFSs,	approximately	55%	harbored	amplification	of	chromosome	5p,23	which
contains	RICTOR	 (a	 binding	 partner	 of	 mTOR),	CDH9,	 and	 LIFR.	 Other	 amplified	 regions	 included	 several
discontinuous	 loci	 on	 1p	 and	 1q	 spanning	PI4KB	 (phosphatidylinositol	 4-kinase	 beta),	ETV3	 (a	 transcriptional
repressor),	 and	MCL1.	MCL1,	 an	 antiapoptotic	 gene,	 was	 overexpressed	 in	 these	 tumors.	 MFS	 also	 harbored
deletions	of	 tumor	suppressors	 including	CDKN2A	 (encoding	 the	p16INK4A	and	p14ARF	cell	 cycle	 inhibitory
proteins)	and	CDKN2B	(encoding	the	cell	cycle	inhibitor	p15Ink4b),	RB1,	TP53,	NF1,	and	the	phosphatase	PTEN,
leading	to	extensive	loss	of	function.23	A	recent	gene	expression	study	of	64	primary	high-grade	MFSs	identified
the	 critical	 role	 of	 integrin-α10	 for	MFS	 growth	 and	 survival.186	 High	 expression	 of	 the	 corresponding	 gene,
ITGA10,	was	most	significantly	associated	with	worse	outcomes	among	all	genes	in	the	poor-prognosis	signature.
Integrin-α10	promotes	cell	growth	and	migration	by	activating	TRIO	and	RICTOR,	which	are	coamplified	and
overexpressed	in	approximately	50%	of	MFSs.	Accordingly,	inhibitors	of	the	complexes	those	proteins	regulate
(RAC	and	mTOR)	inhibit	growth	of	MFS	in	vitro	and	in	vivo,	with	the	combination	having	greater	efficacy	than
either	drug	alone.186	This	work	informed	the	phase	II	Alliance	trial	of	the	mTOR	inhibitor	MLN0128	in	patients
with	MFS	and	UPS.

Undifferentiated	Pleomorphic	Sarcoma	(Malignant	Fibrous	Histiocytoma)
More	than	50%	of	soft	tissue	sarcomas	occurring	in	older	adults	are	histologically	pleomorphic	and	high-grade.
Most	 have	 traditionally	 been	 classified	 as	 malignant	 fibrous	 histiocytoma	 (MFH).187,188	 MFH	 was	 originally
defined	 as	 a	malignant	 pleomorphic	 spindle	 cell	 neoplasm	 showing	 fibroblastic	 and	 histiocytic	 differentiation.
More	 recently,	 pathologists	 have	 accepted	 that	 this	morphology	may	 be	 shared	 by	 a	wide	 range	 of	malignant
neoplasms.189	 In	many	 sarcomas	 previously	 classified	 as	 pleomorphic	MFH,	 careful	 immunohistochemical	 and
histopathologic	 analyses	 revealed	 specific	 lines	 of	 differentiation	 allowing	 reclassification	 as	 MFS	 (30%),
myogenic	 sarcoma	 (30%),	 liposarcoma	 (4%),	 malignant	 peripheral	 nerve	 sheath	 tumor	 (2%),	 or	 soft	 tissue
osteosarcoma	(3%),	whereas	approximately	30%	had	no	specific	differentiation	or	were	myofibroblastic.181	The
term	undifferentiated	pleomorphic	sarcoma	is	now	reserved	for	pleomorphic	sarcomas	that	show	no	definable	line
of	differentiation	by	current	technology.
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This	change	in	diagnostic	criteria	complicates	evaluation	of	the	genetic	basis	of	UPS.	Among	the	more	than	60
cases	 in	 the	Mitelman	Database	 of	 Chromosome	Alterations	 in	 Cancer	 described	 as	 storiform	 or	 pleomorphic
MFH	or	MFH	not	otherwise	specified,	the	karyotypes	are	highly	complex.	Most	have	chromosome	numbers	in	the
triploid	 or	 tetraploid	 range,	 but	 a	 few	 are	 near	 haploid.190–194	 Telomeric	 associations,	 ring	 chromosomes,	 and
dicentric	 chromosomes	 are	 common.	 A	 comparative	 genomic	 hybridization	 (CGH)	 study	 of	 33	 tumors,	 25	 of
which	were	UPSs	as	currently	defined,	found	numerous	copy	number	changes.	The	most	frequent	(found	in	50%
to	65%	of	 tumors)	were	 gains	 in	 chromosome	1p	 (1p33-p32,	 1p31,	 and	1p21),	 1q21,	 and	20q13	 and	 losses	 in
1q41,	2q36-q37,	10q25-q26,	13q13-q14,	13q14-q21,	and	16q12.195	Mutations	and/or	deletions	of	TP53,	RB1,	and
INK4a	have	been	suggested	to	be	drivers	of	oncogenesis.1,196–200	High-level	amplification	of	cyclin	E1	CCNE1,
the	transcription	factor	VGLL3,	or	YAP1	has	been	detected	in	approximately	10%	of	UPSs	and	MFSs,	correlating
with	 significant	 overexpression	 of	 these	 genes	 compared	 to	 other	 high-grade	 sarcoma	 types.1,201	 VGLL3	 and
YAP1	 are	members	 of	 the	Hippo	 signaling	 pathway	 that	 drive	 proliferation,	 so	 this	 pathway	may	 represent	 a
promising	therapeutic	target	in	these	sarcomas.

The	 stemlike	 tumor-initiating	 cells	 isolated	 from	 UPS	 show	 activation	 of	 both	 the	 Hedgehog	 and	 Notch
pathways.	Inhibition	of	these	pathways	in	UPS	xenograft	models	decreased	the	proportion	of	stemlike	cells	and
suppressed	tumor	self-renewal.	Thus,	 targeting	signaling	pathways	activated	in	a	small	subpopulation	of	 tumor-
initiating	cells	may	be	a	promising	approach	for	these	undifferentiated	tumors.202

A	recent	multicenter	phase	II	trial	of	the	anti–programmed	cell	death	protein	1	(PD-1)	antibody	pembrolizumab
found	a	40%	response	rate	in	patients	with	advanced	UPS.203	This	efficacy	makes	sense	in	light	of	the	correlation
between	dendritic	cell	numbers	and	better	outcomes	revealed	by	a	TCGA	analysis	using	mRNA	gene	signatures.1
Similarly,	UPS	and	MFS	had	the	highest	median	expression	of	the	known	druggable	immune	microenvironment
markers	B7-H3,	TGFB1,	and	TIM3	compared	 to	other	complex	sarcoma	types.1	Future	studies	should	examine
whether	the	nature	of	the	immune	infiltrate	in	UPS	can	serve	as	a	biomarker	for	response	to	anti–PD-1	therapy.

Leiomyosarcoma
Leiomyosarcoma	 is	 defined	 as	 a	malignant	 tumor	with	 evidence	 of	 smooth	muscle	 differentiation.	Karyotypes
tend	 to	 be	 complex,	 with	 amplifications,	 gains,	 and	 losses	 involving	multiple	 chromosomes.204–206	 Frequently
observed	aberrations	include	losses	of	1p12-pter,	2p,	13q14-q21	(including	RB1),207	10q	(including	PTEN),208	and
16q	 and	 gains	 of	 17p,	 8q,	 and	 1q21-31;	 these	 have	 been	 associated	 with	 aggressive	 clinical	 behavior.	 The
myocardin	(MYOCD)	gene	on	17p,	associated	with	smooth	muscle	differentiation,	is	significantly	amplified	and
overexpressed	in	retroperitoneal	and	extremity	tumors.1,209	Knockdown	of	MYOCD	in	leiomyosarcoma	cell	lines
harboring	this	amplification	decreases	smooth	muscle	differentiation	and	inhibits	cell	migration.210	In	an	analysis
of	copy	number	alterations	 in	27	 leiomyosarcomas,23	deletions,	which	were	more	common	than	amplifications,
encompassed	tumor	suppressors	such	as	TP53,	RB1,	BRCA2,	and	FANCA	(the	latter	two	genes’	products	are	both
involved	in	DNA	damage	repair).	The	most	prominent	changes	were	chromosome	10	deletions	(50%	to	70%	of
cases)	(see	Fig.	87.1).	The	TCGA	analysis	confirmed	 these	 findings;	mutations	of	TP53,	RB1,	 and	PTEN	were
detected	in	50%,	15%,	and	5%	of	samples,	respectively.	Other	shared	features	of	leiomyosarcoma	were	elevated
miR-143	and	miR-145	expression,	low	mRNA	expression	of	inflammatory	response	genes,	low	leukocyte	fraction
as	 revealed	 by	 methylation	 analysis,	 and	 high	 AKT	 pathway	 scores	 by	 reverse	 phase	 protein	 array	 (RRPA)
analysis.1

Indeed,	 genetic	 inactivation	 of	 PTEN	 (human	 10q23.21)	 in	 smooth	 muscle	 in	 mice	 recapitulates	 human
leiomyosarcoma,211	suggesting	that	10q	loss	is	an	early	tumorigenic	event.	Moreover,	partial	inactivation	of	PTEN
and	TP53	in	the	smooth	muscle	lineage	in	mice	results	in	the	development	of	high-grade	pleomorphic	sarcomas
and	 leiomyosarcomas	 with	 complex	 karyotypes.212	 The	 sarcomas	 deficient	 in	 both	 PTEN	 and	 TP53	 showed
upregulated	 Notch	 signaling	 and	 a	 greater	 metastatic	 potential,	 which	 could	 be	 attenuated	 by	 a	 γ-secretase
inhibitor.212	In	addition	to	PTEN	inactivation,	we	identified	homozygous	deletions	in	MTOR.	Because	PTEN	is	a
repressor	of	Akt,	both	of	these	events	suggest	a	critical	role	for	aberrant	Akt-mTOR	signaling	in	leiomyosarcoma.
mTOR	 inhibitors	 such	 as	 everolimus	 (RAD001)	 and	 temsirolimus	 have	 shown	 some	 efficacy	 in	 patients	 with
leiomyosarcoma	in	clinical	trials.213–215
RB1	deletion	is	common	in	leiomyosarcomas,	with	70%	harboring	heterozygous	deletions	and	8%	harboring

homozygous	deletions.	A	role	for	RB1	deletion	in	leiomyosarcoma	fits	with	the	high	incidence	of	leiomyosarcoma
in	individuals	with	hereditary	retinoblastoma.216

Malignant	Peripheral	Nerve	Sheath	Tumor



Malignant	peripheral	nerve	sheath	 tumors	(MPNSTs)	are	highly	aggressive	soft	 tissue	sarcomas	 that	may	occur
sporadically	 in	 the	 general	 population	 but	 are	 much	more	 common	 in	 patients	 with	 neurofibromatosis	 type	 1
(NF1),	 a	 hereditary	 tumor	 predisposition	 syndrome	 caused	 by	 heterozygous	mutations	 of	 the	NF1	 gene,	 or	 in
patients	after	radiotherapy.	The	MPNSTs	in	NF1	patients	typically	arise	from	neurofibromas.	The	lifetime	risk	of
developing	 MPNST	 in	 NF1	 patients	 is	 8%	 to	 13%,	 contrasting	 with	 the	 0.001%	 risk	 in	 the	 general
population.217,218

The	NF1	gene	is	implicated	in	both	sporadic	and	NF1-associated	MPNST.	Approximately	70%	of	sporadic	and
NF1-associated	 MPNSTs	 display	 monoallelic	 or	 biallelic	 loss	 at	 the	 NF1	 locus	 on	 17q.219–221	 NF1	 encodes
neurofibromin,	a	protein	that	accelerates	Ras-GTP	hydrolysis	and	thus	negatively	regulates	Ras.222	In	individuals
with	NF1,	 neurofibromas	 develop	when	 an	 unknown	 cell	 type	 in	 the	Schwann	 cell	 lineage	 loses	 its	 remaining
functional	NF1	gene,	leading	to	neurofibromin	loss	and	subsequent	activation	of	Ras	signaling.223–225	However,
little	is	known	about	the	genetic	alterations	that	drive	progression	of	neurofibromas	to	MPNST	in	NF1	patients	or
the	molecular	events	that	drive	sarcomagenesis	in	sporadic	and	radiation-associated	MPNST.

Both	 sporadic	 and	 NF1-associated	 MPNSTs	 display	 complex	 karyotypes	 and	 clonal	 chromosomal
aberrations.183,226,227	In	CGH	analyses	of	MPNSTs,	the	most	frequent	minimal	regions	of	gain	were	1q24.1-q24.2,
1q24.3-q25.1,	8p23.1-p12,	9q34.11-q34.13,	and	17q23.2-q25.3.228	The	17q	gain	was	associated	with	poor	survival
and	 overexpression	 of	 genes	 previously	 implicated	 in	 cancer,	 including	 topoisomerase	 2α	 (TOP2A),	 ETV4,
ERBB2,	and	survivin	(BIRC5).228–230	Other	frequent	alterations	include	rearrangement	or	loss	of	9p21	and	13q14,
inactivating	CDKN2A	and	RB1,	respectively.	In	a	high-resolution	CGH	analysis	of	NF1-associated	MPNST,	the
most	 frequently	 deleted	 locus	 (33%	 of	 cases)	 encompassed	 the	 CDKN2A,	 CDKN2B,	 and	 MTAP	 genes	 on
9p21.3.224	 A	 recent	 comprehensive	 genomic	 analysis	 of	 15	 MPNSTs	 from	 12	 patients	 identified	 somatic
alterations	 of	 CDKN2A	 in	 81%	 of	 all	 MPNSTs.231	 These	 studies	 implicate	 the	 p16INK4A-RB1	 pathway	 in
MPNST	pathogenesis.

Other	 studies	 have	 implicated	 the	 p19ARF-MDM2-p53232	 and	 epidermal	 growth	 factor	 receptor	 (EGFR)
pathways	in	MPNST	oncogenesis.233,234	TP53	(on	17p13)	is	frequently	mutated	or	deleted	in	MPNST.227,231	The
mentioned	comprehensive	analysis	also	revealed	mutually	exclusive	loss-of-function	somatic	alterations	in	EED
or	SUZ12	in	80%	of	MPNST,	with	similar	rates	across	subtypes.231	EED	and	SUZ12	are	core	components	of	the
Polycomb	repressive	complex	2	(PRC2),	which	cooperates	with	EZH1	and	EZH2	to	regulate	methylation	of	K27
of	 histone	 H3.235	 MPNSTs	 with	 homozygous	 alterations	 in	 EED	 or	 SUZ12	 showed	 complete	 loss	 of
trimethylation	 of	 histone	 H3	 at	 lysine	 27	 (H3K27me3)	 and	 aberrant	 activation	 of	 multiple	 PRC2-repressed
homeobox	master	 regulators.231	H3K27me3	 loss	was	 associated	with	 progression	 of	 neurofibroma	 to	MPNST,
suggesting	 that	 complete	 loss	 of	 PRC2	 function	 and	 inactivation	 of	CDKN2A	 in	 addition	 to	NF1	 loss	may	 be
critical	 cooperative	 events	 required	 to	 drive	 MPNST	 sarcomagenesis.	 Immunohistochemical	 staining	 for
H3K27me3	serves	as	a	powerful	ancillary	method	for	the	diagnosis	of	all	subtypes	of	MPNST.236

Building	on	these	observations,	MPNST	driver	genes	were	sought	in	a	Sleeping	Beauty	(SB)	transposon-based
somatic	 mutagenesis	 screen	 in	 mice	 bearing	 transgenes	 that	 confer	 a	 somatic	 loss	 of	 p53	 function	 and/or
overexpression	of	human	EGFR.237	EGFR	overexpression	and	p53	mutation	cooperated	to	significantly	increase
neurofibroma	and	MPNST	formation,	effects	that	were	enhanced	by	SB	mutagenesis.	The	mutations	found	in	the
highest	 percentage	of	MPNSTs	 in	 this	 genetic	 screen	were	 in	PTEN	 and	NF1,	 suggesting	 that	 these	mutations
cooperate	to	drive	MPNST	development.	In	addition,	the	researchers	found	that	Forkhead	box	R2	(FOXR2)	acts
as	a	protooncogene	by	promoting	anchorage-independent	MPNST	cell	growth	and	tumorigenicity.237
NF1-deficient	 Schwann	 cells	 derived	 from	 human	 neurofibromas	 show	 activation	 of	 mTOR,	 even	 in	 the

absence	of	growth	factors.	Furthermore,	these	cells,	transformed	mouse	cells	in	which	NF1	is	knocked	down,	and
tumors	in	a	genetic	mouse	model	of	NF1	are	highly	sensitive	to	the	mTOR	inhibitor	rapamycin,238	which	reduces
activation	of	 the	mTOR	 target	cyclin	D1.	These	 results	demonstrate	 that	mTOR	 inhibitors	may	be	an	effective
targeted	therapy	for	patients	with	neurofibromatosis	and	MPNST.

The	chemokine	receptor	CXCR4	is	highly	expressed	in	NF1-associated	MPNST,	and	CXCR4,	along	with	its
ligand	 CXCL12,	 promotes	MPNST	 growth	 by	 stimulating	 cyclin	 D1	 expression.	 The	 highly	 specific	 CXCR4
antagonist	AMD3100	decreased	growth	of	MPNST	cell	lines,	allografts,	and	tumors	in	transgenic	mouse	models
of	 spontaneous	 MPNST.	 These	 results	 suggest	 that	 targeting	 autocrine	 cell	 cycle	 progression	 regulated	 by
CXCR4/CXCL12	may	represent	a	promising	therapy	for	MPNST.239

Inactivation	of	NF1	and	 the	consequent	activation	of	 the	Ras/Raf/MAPK	pathway	in	most	MPNSTs	support
targeting	B-Raf	with	the	B-Raf	tyrosine	kinase	inhibitor	sorafenib.	MPNST	cell	lines	are	sensitive	to	sorafenib	at
nanomolar	concentrations,	mediated	by	suppression	of	cyclin	D1	and	hypophosphorylation	of	RB1,	resulting	in
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G1	cell	cycle	arrest.240	A	phase	II	trial	of	sorafenib	in	patients	with	metastatic	MPNST	was	recently	completed.
Although	none	of	the	12	patients	with	MPNST	had	RECIST	responses,	3	had	stable	disease	and	2	had	regression
or	cystification	of	metastatic	disease.241

Angiosarcoma
Angiosarcomas	are	rare	vascular	malignancies	of	endothelial	differentiation	that	arise	either	de	novo	or	secondary
to	 radiation	 therapy	 or	 chronic	 lymphedema.	 Angiosarcomas	 are	 characterized	 by	 upregulation	 of	 vascular-
specific	 receptor	 tyrosine	kinases,	 including	TIE1,	KDR	(VEGFR2),	TEK	 (TIE2),	 and	FLT1	 (VEGFR1).242	 Full
sequencing	of	these	genes	identified	mutations	in	KDR	in	10%	of	angiosarcoma	patients,	all	of	whom	had	tumors
in	 the	 breast,	 with	 or	 without	 prior	 radiation.243	 KDR	 mutations	 were	 associated	 with	 strong	 KDR	 protein
expression,	 although	 no	 gains	 in	 KDR	 copy	 number	 were	 detected.	 KDR	 mutants	 expressed	 in	 COS-7	 cells
showed	 ligand-independent	 activation	 of	 the	 kinase,	 which	 was	 inhibited	 with	 specific	 KDR	 inhibitors.242	 In
contrast	with	other	 sarcoma	 types,	 angiosarcoma	 showed	downregulation	of	VEGF	 ligand	expression	 (VEGFA
and	VEGFB),	 in	keeping	with	 the	constitutive	activation	of	KDR	 independent	of	 exogenous	VEGF.242	Whole-
genome,	 whole-exome,	 and	 targeted	 sequencing	 of	 39	 de	 novo	 and	 radiation-	 and	 lymphedema-associated
angiosarcomas	 found	 recurrent	mutations	 in	PTPRB	 and	PLCG,	 two	 angiogenesis	 signaling	 genes,	 in	 38%	 of
tumor	samples.244	These	results	provide	a	basis	for	the	activity	of	VEGFR-directed	therapy	in	angiosarcoma.

Despite	 their	 similar	 morphology,	 de	 novo	 angiosarcoma	 and	 radiation-	 or	 lymphedema-associated
angiosarcoma	 appear	 to	 be	 genetically	 distinct.	 An	 array-CGH	 study	 identified	 a	 set	 of	 recurrent	 genetic
abnormalities	in	radiation-	and	lymphedema-associated	but	not	de	novo	angiosarcomas.245,246	The	most	frequent
recurrent	 changes	 were	 high-level	 amplifications	 on	 chromosome	 8q24.21	 (MYC,	 50%),	 followed	 by
amplification	on	10p12.33	(33%)	and	5q35.3	(FLT4,	11%).	That	high-level	amplification	of	MYC	is	a	distinctive
feature	of	radiation-	and	lymphedema-associated	angiosarcomas	was	confirmed	by	FISH247,248	but	was	not	found
to	 predispose	 patients	 to	 higher	 grade	 morphology	 or	 increased	 proliferation.	 Recurrent	 rearrangements	 and
mutations	 in	 the	 transcriptional	 repressor	 CIC	 were	 found	 to	 occur	 preferentially	 in	 de	 novo	 soft	 tissue	 and
visceral	angiosarcomas	of	young	adults	and	were	associated	with	worse	survival.243	In	addition,	a	recurrent	novel
gene	fusion	of	the	nucleoporin	160	(NUP160)gene	with	the	nucleobase	transporter	SLC43A3,	was	detected	in	9	of
25	de	novo	scalp	angiosarcoma	specimens	and	associated	with	more	rapid	 locoregional	 tumor	progression.	The
NUP160-SLC43A3	fusion	was	found	to	be	oncogenic,	as	transfected	fibroblast	cell	lines	produced	angiosarcoma-
like	tumors	in	mouse	xenografts.249

BONE	AND	CARTILAGINOUS	TUMORS
Cartilaginous	Tumors
Cartilaginous	 tumors,	which	are	 the	most	common	primary	bone	 tumors,	all	produce	chondroid	matrix,	at	 least
focally.144	 The	 most	 common	 benign	 tumors	 are	 enchondromas	 and	 osteochondromas;	 they	 may	 represent
precursors	to	chondrosarcoma.

Enchondroma
Enchondromas	may	occur	as	solitary	lesions	in	the	metaphysis	of	bone	or	as	multiple	lesions,	as	is	found	in	Ollier
disease	 or	Maffucci	 syndrome.250	 Enchondromas	 have	 constitutively	 active	 hedgehog	 signaling,	 which	 blocks
normal	chondrocyte	differentiation	and	drives	proliferation.251	Heterozygous	somatic	mutations	in	PTHR1,	which
encodes	the	receptor	for	parathyroid	hormone–like	hormone	(PTHLH),	have	been	found	in	approximately	15%	of
patients	with	Ollier	disease.252–254	PTHR1	mutation	disrupts	the	normal	Indian	hedgehog–PTHLH	feedback	loop,
leading	to	activated	hedgehog	signaling252	and	presumably	to	pathogenesis	of	Ollier	disease	in	some	patients.254
The	genetic	deficit	in	Maffucci	syndrome	is	unknown.

Osteochondroma
Osteochondroma	 is	 a	 cartilage-capped	 bony	 outgrowth	 from	 the	metaphysis	 of	 bone.	Osteochondromas	 can	 be
solitary	 or	 multiple,	 as	 in	 multiple	 osteochondroma	 syndrome	 (MO),	 which	 is	 caused	 by	 dominant	 germline
mutations	in	 the	tumor	suppressor	exostosin	genes	EXT1	(located	on	8q)	and	EXT2	 (located	on	11p).255,256	The



remaining	wild-type	allele	 is	 lost	 in	approximately	38%	of	sporadic	osteochondromas	and	in	25%	of	hereditary
osteochondromas.257,258	Biallelic	inactivation	of	EXT1	recapitulates	the	morphology	of	human	MO	in	mice.259,260
EXT1	 and	EXT2	 encode	 glycosyltransferases	 that	 catalyze	 elongation	 of	 heparan	 sulfate	 on	 proteoglycans.261
Defective	heparan	sulfate	synthesis	affects	the	diffusion	of	hedgehog	ligands	in	the	extracellular	space,	which	in
turn	 enables	 growth	 plate	 chondrocyte	 growth	 in	 the	wrong	 direction262	 and	 interferes	with	 ossification	 of	 the
perichondrium	to	facilitate	osteochondromagenesis.263

Chondrosarcoma
Chondrosarcoma	is	a	malignant	cartilaginous	matrix–producing	tumor	with	diverse	morphologic	features.	It	tends
to	 occur	 in	 older	 patients	 with	 a	 peak	 incidence	 at	 ages	 40	 to	 70	 years.	 Low-grade	 chondrosarcomas	 rarely
metastasize	 but	 may	 progress	 to	 high-grade	 chondrosarcomas,	 which	 metastasize	 in	 approximately	 70%	 of
patients.	Some	chondrosarcomas	arise	from	benign	lesions	(enchondromas	or	osteochondromas);	these	are	termed
secondary	chondrosarcomas.144

A	prominent	genetic	alteration	in	cartilaginous	tumors	is	somatic	mutation	of	isocitrate	dehydrogenase	(IDH)
genes.	IDH1	and	IDH2	mutations	are	found	in	approximately	60%	of	cartilaginous	tumors	(56%).264,265	Among
cartilaginous	 tumors,	 IDH	mutations	 appear	 to	 be	 confined	 to	 enchondromas,	 periosteal	 chondrosarcomas,	 and
central	(intramedullary)	chondrosarcomas	of	conventional	or	dedifferentiated	histology.264,266	IDH	mutations	have
not	 been	 found	 in	 secondary	 peripheral	 chondrosarcomas,	 which	 instead	 share	 molecular	 characteristics	 with
osteochondromas,	 or	 in	 osteochondromas	 and	 osteosarcomas,	 including	 chondroblastic	 osteosarcomas.	 Thus,
mutation	detection	may	aid	diagnosis.

The	common	IDH	mutations	in	chondrosarcoma	affect	IDH1	R132	(approximately	90%	of	IDH-mutant	cases)
and	IDH2	at	the	homologous	position,	R172	(approximately	10%).	These	mutations	are	also	common	in	glioma
and	acute	myeloid	leukemia.	The	mutations	disrupt	the	enzymes’	ability	to	convert	 isocitrate	to	α-ketoglutarate,
which	in	turn	increases	levels	of	HIF1A,	a	subunit	of	a	transcription	factor	that	facilitates	tumor	growth	in	hypoxic
environments.267	HIF1A	is	highly	expressed	in	high-grade	central	chondrosarcoma.268,269

IDH1	R132	and	IDH2	R172	mutations	confer	on	the	enzymes	a	new	ability	to	convert	α-ketoglutarate	to	(R)-2-
hydroxyglutarate	(2HG),	resulting	in	markedly	elevated	levels	of	2HG.270,271	2HG	itself	appears	to	be	oncogenic.
2HG	 induces	 CpG	 island	 DNA	 hypermethylation	 in	 low-grade	 gliomas,272	 acute	 myeloid	 leukemia,273	 and
chondrosarcoma274	containing	IDH1	and	IDH2	mutations.	Across	all	these	cancer	types,	increased	production	of
2HG	is	associated	with	 inhibition	of	DNA	demethylation,	 leading	 to	a	hypermethylation	phenotype	 that	affects
genes	of	 the	retinoic	acid	receptor	activation	pathway274	and,	 in	chondrosarcoma,	genes	 implicated	 in	stem	cell
maintenance	and	differentiation.275	Expression	of	an	IDH2	mutant	in	mesenchymal	progenitor	cells	is	oncogenic
in	vitro	and	in	vivo	and	leads	to	DNA	hypermethylation	and	a	differentiation	block,	which	is	reversible	with	DNA
demethylating	 agents.275,276	 Thus,	 for	 patients	 with	 IDH-mutant	 chondrosarcomas,	 there	 may	 be	 therapeutic
potential	for	demethylating	agents	or	for	selective	inhibitors	of	the	mutant	IDH	proteins,	such	as	an	IDH1	R132
mutant	inhibitor	currently	in	development.277

A	 whole-exome	 sequencing	 study278	 showed	 that	 37%	 of	 chondrosarcomas	 have	 insertions,	 deletions,	 or
rearrangements	 of	 COL2A1,	 which	 encodes	 the	 alpha	 chain	 of	 type	 II	 collagen	 fibers—the	 major	 collagen
constituent	 of	 articular	 cartilage.	 Such	mutations	may	 interfere	with	 the	 production	 of	mature	 collagen	 fibrils.
They	 also	 identified	 mutations	 in	 IDH1/2	 (59%),	 TP53	 (20%),	 and	 genes	 of	 the	 RB1	 pathway	 (33%)	 and
hedgehog	pathway	(18%).

Other	 potentially	 targetable	 abnormalities	 in	 chondrosarcoma	 include	 the	 hedgehog	 pathway,	 IGF	 pathway,
CDK4,	MDM2,	phosphatidylinositol	3-kinase	(PI3K)/mTOR,	and	SRC.279	Hedgehog	signaling	in	primary	central
chondrosarcoma	 is	 constitutively	 activated;	 activation	 is	 thought	 to	 occur	 early	 in	 tumorigenesis	 and	maintains
chondrocytes	 in	 a	 proliferative	 state.251,280	 Hedgehog	 inhibitors	 such	 as	 cyclopamine	 and	 triparanol	 inhibit
chondrosarcoma	cell	growth	in	vitro	and	in	xenografts	to	varying	degrees.251	These	results	suggest	that	patients
with	 conventional	 chondrosarcoma	 may	 benefit	 from	 hedgehog	 pathway	 inhibitors,	 such	 as	 the	 selective
smoothened	inhibitor	vismodegib	(GDC-0449,	recently	approved	for	basal	cell	carcinoma).281–283	Unlike	primary
central	 chondrosarcoma,	 secondary	 peripheral	 chondrosarcoma	 actually	 has	 decreased	 hedgehog	 signaling,284
suggesting	 that	 hedgehog	blockade	might	not	be	 effective	 for	 the	peripheral	 subtype.	GLI	 family	 zinc	 finger	2
(GLI2)	 overexpression	 in	 a	 mouse	 model	 induces	 benign	 cartilage	 tumors,	 whereas	 GLI2	 overexpression
combined	with	p53	(TRP53)	deficiency	results	in	the	development	of	chondrosarcoma-like	tumors	by	negatively
regulating	 apoptosis	 through	 activated	 IGF	 signaling.285	 Thus,	 inhibition	 of	 IGF	 signaling	 may	 represent	 an
attractive	therapeutic	target.	Kinome	profiling	has	demonstrated	SRC	pathway	activation	in	chondrosarcoma	cell



Dr. AVR @ TMH

lines,	and	indeed,	the	SRC	inhibitor	dasatinib	decreased	chondrosarcoma	cell	viability.286

Osteosarcoma
Osteosarcoma	is	a	primary	bone	malignancy	that	arises	most	frequently	in	the	long	bones	from	osteoid-producing
cells	 adjacent	 to	 growth	 plates,	 typically	 in	 children	 and	 adolescents.287	 Osteosarcomas	 are	 characterized	 by
complex	DNA	 copy	 number	 alterations	with	 few	 recurrent	 alterations	 and	 a	 high	 level	 of	 genomic	 instability.
Most	 osteosarcomas	 are	 sporadic.	 Risk	 factors	 include	 prior	 radiation	 therapy	 and	 chemotherapy.288	 Familial
syndromes	 associated	 with	 osteosarcoma	 include	 Rothmund-Thomson	 syndrome,289	 Li-Fraumeni	 syndrome
(associated	with	TP53	mutation),	and	hereditary	retinoblastoma.	Children	with	hereditary	retinoblastoma	are	up	to
1,000	times	more	likely	to	develop	osteosarcoma	compared	with	the	general	population.	Osteosarcoma	appears	to
nearly	 universally	 arise	 from	 G1/S	 deregulation	 by	 RB1	 loss	 (found	 in	 up	 to	 80%	 of	 primary
osteosarcomas),290–292	CDK4	 amplification,	 or	CDKN2A	 (encoding	 p16INK4A)	 loss.	 The	 latter	 alterations	 are
collectively	 observed	 in	 approximately	 20%	 of	 osteosarcomas293;	RB1	 and	CDKN2A	 alterations	 are	 mutually
exclusive.294

Another	gene	significantly	associated	with	osteosarcoma	is	TP53.	The	frequency	of	somatic	TP53	mutations	in
osteosarcomas	ranges	from	19%	to	38%,295,296	 and	TP53	mutations	are	 associated	with	high	 levels	of	genomic
instability.296	An	additional	5%	to	10%	of	osteosarcomas	harbor	amplification	of	MDM2.297	TP53	mutations	 in
osteosarcomas	 are	 frequently	 associated	 with	 hypermethylation	 of	 HIC1	 (hypermethylated	 in	 cancer	 1).
Specifically,	HIC1	was	hypermethylated	in	12	of	29	(41%)	human	osteosarcomas	with	TP53	mutations	compared
to	2	of	24	(8%)	tumors	without	TP53	mutations	(P	=	.007).298	Experiments	in	mice	with	heterozygous	deletion	of
both	HIC1	 and	TP53	 have	 demonstrated	 cooperation	 between	 these	 two	 genes	 in	 osteosarcomagenesis.298	All
these	results	suggest	that	loss	of	HIC1	function	may	complement	TP53	mutations	in	the	development	of	a	subset
of	human	osteosarcomas.

CGH	of	conventional	osteosarcoma,	which	accounts	 for	75%	of	osteosarcomas,	has	 shown	 that	1p36,	6p21,
8q24,	 16p13,	 17p11,	 and	 19p13	 are	 recurrently	 gained	 or	 amplified299–302	 and	 2q,	 6p,	 8p,	 10p,	 and	 17p13	 are
recurrently	lost	or	deleted.300,303	High	copy	gains	and/or	amplification	of	chromosome	arms	6p,	8q,	and	17p	are
frequently	reported	and	are	believed	to	confer	a	more	aggressive	disease	course.304	High	copy	number	gain	of	the
MYC	 oncogene	 at	 8q24	 was	 found	 in	 43%	 of	 osteosarcomas.305	 Other	 potential	 oncogenes	 on	 8q24	 include
RECQL4	 and	 EXT1.	 Germline	 RECQL4	 helicase-inactivating	 mutations	 lead	 to	 the	 Rothmund-Thomson
syndrome306	 and	 EXT1	 mutations	 to	 multiple	 exostoses307;	 both	 syndromes	 include	 strong	 predisposition	 to
osteosarcoma.

FUTURE	DIRECTIONS:	NEXT-GENERATION	SEQUENCING	AND
FUNCTIONAL	SCREENS
New	targeted	therapies	are	desperately	needed	for	the	approximately	5,800	patients	who	die	of	sarcoma	each	year
in	 the	United	 States.308	 A	 key	 challenge	will	 be	 to	 identify	 the	 alterations	 that	 drive	 sarcomagenesis	 for	 each
subtype.	Once	these	driver	alterations	are	identified,	new	small	molecules	to	target	 them	can	be	sought	through
functional	screens,	high-throughput	compound	screens,	combinatorial	chemistry,	and	structural	biology.

Next-generation	 sequencing	 can	 vastly	 expand	 our	 knowledge	 of	 the	 mutations,	 translocations,	 epigenetic
alterations,	 and	 aberrant	 signaling	 pathways	 associated	 with	 specific	 sarcoma	 types	 and	 subtypes.	 Concurrent
massively	 parallel	 sequencing	 and	 integrative	 analysis	 now	 enable	 incredibly	 deep	 analysis	 of	 the	 sarcoma
genome,	 including	 copy	 number	 alterations,	 structural	 rearrangements,	 expressed	 coding	mutations,	 alternative
splice	 forms,	 digital	 expression,	 chimeric/fusion	 transcripts,	 and	 DNA	 methylation	 status.	 For	 example,	 on	 a
single	 tumor	sample,	 it	 is	now	possible	 to	resequence	all	of	 the	protein-coding	regions	of	 the	genome,	generate
detailed	 transcriptome	 profiles	 (RNA-seq),309	 and	 perform	 genome-wide	 profiling	 of	 epigenetic	 marks	 and
chromatin	structure	 (using	ChIP-seq,	methyl-seq,	or	DNase-seq).310	 In	gene	expression	studies,	microarrays	are
being	 replaced	 by	 RNA-seq,	 which	 provides	 far	 more	 precision	 on	 transcript	 levels,	 alternative	 splicing,	 and
sequence	variation	 in	 identified	genes	 and	 can	 identify	 rare	 transcripts	without	 prior	 knowledge	of	 a	 particular
gene.309–312	Integrating	seq-based	methods	with	high-throughput	RNA	interference	screens	in	cell	lines	harboring
the	 genetic	 alterations	 found	 in	 human	 sarcoma	 samples	will	 substantially	 enhance	 our	 ability	 to	 identify	 and
target	the	signaling	pathways	and	proteins	driving	sarcomagenesis.



“Smart”	compounds,	reflecting	the	 three-dimensional	structure	of	 the	 targeted	protein,	may	then	be	designed
using	high-throughput	biochemical	screens	capable	of	identifying	low-affinity	compounds,	together	with	sensitive
biophysical	 techniques	 such	 as	 nuclear	 magnetic	 resonance,	 x-ray	 diffraction,	 and	 protein-ligand
cocrystallography.313–316	 The	 resulting	 physicochemical	 data	 should	 facilitate	 virtual	 screening	 of	 library
structures	for	their	three-dimensional	fit	with	pharmacophores317	and	speed	the	discovery	of	new	selective	small-
molecule	inhibitors	targeting	the	signaling	pathways	essential	for	sarcoma	growth	and	survival.
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88 Soft	Tissue	Sarcoma
Samuel	Singer,	William	D.	Tap,	David	G.	Kirsch,	and	Aimee	M.	Crago

INTRODUCTION
Tumors	 arising	 in	 the	 soft	 tissue	 form	 a	 diverse	 and	 complex	 group,	 as	 they	may	 display	 varying	 degrees	 of
mesenchymal	 differentiation.	Most	 soft	 tissue	 tumors	 are	 benign	 and	 are	 usually	 cured	with	 a	 simple	 surgical
excision.	Soft	tissue	sarcomas	account	for	<1%	of	the	overall	human	burden	of	malignant	tumors	but	remain	life
threatening,	 and	 approximately	 40%	 of	 patients	 with	 newly	 diagnosed	 soft	 tissue	 sarcoma	 die	 of	 the	 disease,
corresponding	to	approximately	4,000	deaths	each	year	in	the	United	States.1	Soft	tissue	sarcoma,	diagnosed	at	an
early	stage,	is	eminently	curable.	When	diagnosed	at	the	time	of	extensive	local	or	metastatic	disease,	it	is	rarely
curable.	The	relatively	small	number	of	cases	and	the	great	diversity	in	histopathologic	features,	anatomic	sites,
and	 biologic	 behaviors	 have	 made	 comprehensive	 understanding	 of	 these	 disease	 entities	 difficult.	 A	 better
understanding	is	urgently	needed	to	accelerate	the	development	of	new	treatments.

INCIDENCE	AND	ETIOLOGY
Epidemiology
Benign	mesenchymal	 tumors	 are	 100-fold	more	 common	 than	 soft	 tissue	 sarcomas.2	 The	 annual	 international
incidence	 of	 soft	 tissue	 sarcoma	 is	 estimated	 to	 be	 between	 1.4	 and	 5.0	 cases	 per	 100,000;	 the	 true	 incidence
remains	 difficult	 to	 determine	 because	 of	 variable	 reporting	 practices	 and	 inaccurate	 diagnosis.3–8	 Incidence
patterns	 vary	 considerably	 by	 histologic	 type	 and	 subtype.7,9	 For	most	 types	 of	 soft	 tissue	 sarcoma,	 incidence
increases	progressively	with	age	from	approximately	1	to	2	per	100,000	at	age	15	years,	to	approximately	6	per
100,000	at	age	49	years,	and	to	as	high	as	approximately	20	per	100,000	at	age	80	years.7,9

Etiology	and	Risk	Factors
Most	soft	tissue	sarcomas	are	believed	to	be	sporadic	and	have	no	clearly	defined	cause.	In	a	small	proportion	of
cases,	researchers	have	identified	predisposing	or	associated	factors,	including	genetic	factors,	lymphedema,	prior
radiation	therapy,	and	carcinogens.

Genetic	Factors
A	range	of	heritable	genetic	syndromes	are	associated	with	soft	tissue	neoplasms.10	In	fact,	a	recent	study	of	1,162
patients	presenting	with	soft	 tissue	sarcoma	demonstrated	that	known	or	predicted	deleterious	germline	variants
may	contribute	to	tumorigenesis	in	over	50%	of	patients.11	Desmoid	tumors	occur	in	patients	with	adenomatous
polyposis,	a	disorder	caused	by	germline	mutations	in	the	APC	gene.	Malignant	peripheral	nerve	sheath	 tumors
(MPNSTs)	 develop	 in	 neurofibromas	 in	 patients	 with	 neurofibromatosis	 type	 1	 (NF1),	 caused	 by	 germline
mutations	 in	 the	NF1	 gene.	Patients	with	NF1	have	an	estimated	 lifetime	 risk	of	MPNST	of	8%	 to	13%.12	 Li-
Fraumeni	 syndrome	 is	 a	 rare,	 highly	 penetrant	 familial	 cancer	 phenotype	 usually	 associated	 with	 germline
mutations	in	TP53,	 the	gene	for	tumor	suppressor	p53.13	Eighty	percent	of	patients	with	 this	syndrome	develop
cancer	 by	 age	 45	 years,	 and	 the	 index	 tumors	 in	 36%	 of	 patients	 are	 soft	 tissue	 or	 bone	 sarcomas	 of	 diverse
histology.14	Heritable	retinoblastoma	gene	(RB1)	mutations	are	associated	with	an	increased	risk	of	bone	and	soft
tissue	 sarcoma.	 For	 instance,	 patients	with	RB1	mutations	 have	 a	 36%	 cumulative	 incidence	 over	 50	 years	 of
sarcoma	 in	previously	 irradiated	 tissue.15	Most	 of	 the	 excess	 cancer	 risk	 in	RB1	mutation	 carriers	who	 survive
retinoblastoma	can	probably	be	prevented	by	 limiting	exposure	 to	DNA-damaging	agents	such	as	 radiotherapy,
tobacco,	and	ultraviolet	light.16	Similarly,	radiotherapy	should	be	avoided	in	patients	with	sarcoma	with	a	known



germline	mutation	in	RB1.

Lymphedema
Lymphedema	 has	 long	 been	 established	 as	 a	 factor	 in	 the	 development	 of	 angiosarcoma.	 The	 best	 recognized
association	 is	 with	 the	 postmastectomy,	 postirradiated	 lymphedematous	 arm.17	 This	 is	 not	 a	 radiation-induced
sarcoma	because	the	tumors	develop	outside	as	well	as	inside	the	irradiated	field.	Similar	advanced	sarcomas	have
been	seen	after	chronic	lymphedema	caused	by	filarial	infection.18	The	oncogenic	mechanism	remains	unknown,
but	one	hypothesis,	based	on	 the	 frequent	proliferation	of	 lymphatic	vessels	 in	 the	edematous	 tissue,	 is	 that	 the
block	 of	 the	 lymphatics	 stimulates	 growth	 factors	 and	 cytokines,	 leading	 to	 proliferation	 of	 vessels	 and
lymphatics.19	 Others	 have	 postulated	 that	 the	 edematous	 tissue	 results	 in	 a	 regional	 immune	 deficiency	 that
enables	mutant	cells	to	escape	the	host’s	immune	surveillance.20

Radiation
It	has	been	known	since	1922	that	radiation	exposure	can	cause	soft	tissue	and	bone	sarcoma.	Soft	tissue	sarcomas
are	 one	 of	 the	more	 common	 types	 of	 radiation-associated	 tumors,	 both	 in	 the	 general	 population21–24	 and	 in
individuals	with	cancer	susceptibility	syndromes.15	Radiation-associated	sarcomas	are	most	often	seen	in	diseases
treated	 with	 radiotherapy	 and	 in	 which	 patient	 survival	 is	 typically	 long,	 such	 as	 breast	 cancer,	 lymphoma,
genitourinary	 cancer,	 and	 head	 and	 neck	 cancer.25	 Children	 are	 at	 risk	 due	 to	 the	 time	 latency	 involved.	 In	 a
review	of	130	patients	with	primary	radiation-associated	sarcoma,	the	median	interval	between	radiotherapy	and
development	 of	 a	 radiation-associated	 sarcoma	was	 10	 years	 (range,	 1.3	 to	 74.0	 years).25	 This	 interval	 varied
significantly	by	histologic	type,	with	the	shortest	latency	observed	in	liposarcoma	(median,	4.3	years)	and	longest
in	 leiomyosarcoma	 (LMS)	 (median,	 23.5	 years).	 The	 most	 common	 histologic	 types	 of	 radiation-associated
sarcomas	were	pleomorphic	malignant	histiocytoma	(PMFH;	also	known	as	undifferentiated	pleomorphic	sarcoma
[UPS];	26%),	angiosarcoma	(21%),	fibrosarcoma	(12%),	LMS	(12%),	and	MPNST	(9%).

The	molecular	mechanisms	of	radiation-associated	sarcomas	are	poorly	understood.	Interestingly,	they	have	a
reputation	 for	 originating	 close	 to	 the	penumbra	of	 radiotherapy	 fields,	 perhaps	because	 incomplete	damage	 in
normal	 tissues	may	 result	 in	mutagenic	 responses	 and	 disorganized	 reparative	 proliferation	 that	 can	 eventually
trigger	tumor	induction.

Although	 rare,	 radiation-induced	 sarcomas	 usually	 have	 a	 poor	 prognosis.25	 A	multivariate	 analysis	 of	 five
common	 high-grade	 types	 of	 sarcoma	 showed	 that	 radiation-associated	 sarcoma	 had	 worse	 disease-specific
survival	 than	 sporadic	 cases	 (P	 =	 .007;	 hazard	 ratio	 [HR],	 1.7;	 95%	 confidence	 interval	 [CI],	 1.1	 to	 2.4),
independent	of	histologic	type	and	other	predictors.	For	PMFH—the	most	common	radiation-associated	sarcoma
—5-year	diseasespecific	survival	was	44%,	compared	to	66%	for	a	matched	cohort	of	sporadic	PMFH	patients	(P
=	.07).

Given	the	increased	use	of	radiation	therapy	as	a	primary	treatment	for	breast	cancer,	concern	has	arisen	that
the	incidence	of	sarcoma	might	increase.	In	a	retrospective	review	of	data	from	the	Surveillance,	Epidemiology,
and	End	Results	database,	Huang	and	Mackillop22	analyzed	the	data	on	194,798	women	treated	for	breast	cancer
between	 1973	 and	 1995.	 Although	 follow-up	 was	 somewhat	 short,	 they	 demonstrated	 a	 16-fold	 increase	 in
angiosarcoma	in	radiotherapy	patients	versus	controls	and	a	2-fold	increase	in	all	soft	tissue	sarcoma	in	radiated
patients.

Another	 study	 cohort	 followed	 295,712	 patients	 with	 primary	 cancers	 registered	 from	 1953	 to	 2000	 in	 the
Finnish	Cancer	Registry	to	determine	their	risk	of	developing	a	sarcoma.26	In	total,	147	sarcomas	were	observed
(86%	 of	 which	 were	 soft	 tissue	 sarcomas),	 whereas	 88.5	 were	 expected	 from	 the	 national	 incidence.	 Among
patients	with	prior	breast	cancer,	44	sarcomas	were	observed	versus	28.9	expected,	a	ratio	of	1.5	(95%	CI,	1.1	to
2.0).	After	10	years	of	follow-up,	sarcoma	risk	was	increased	(relative	to	national	incidence	rates)	among	patients
who	had	received	neither	radiotherapy	nor	chemotherapy	(observed-to-expected	ratio,	2.0;	95%	CI,	1.3	to	3.0)	but
was	higher	in	patients	who	had	received	chemotherapy	and/or	radiotherapy	(observed-to-expected	ratio,	4.2;	95%
CI,	 2.9	 to	 5.8),	 especially	 those	 treated	 before	 age	 55	 years.	 These	 results	 confirm	 that	 the	 risk	 of	 sarcoma	 is
increased	after	10	years	in	tumors	other	than	retinoblastoma	but	is	also	independently	related	to	younger	age	of
exposure	to	radiation,	although	the	risk	is	also	influenced	by	chemotherapy.26

Trauma
Whether	 trauma	 is	 a	 predisposing	 factor	 is	 controversial.	 Abdominal	 desmoid	 tumors	 commonly	 follow
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parturition	and	may	be	located	in	the	bed	of	a	prior	surgery.	Moreover,	desmoids	in	the	extremity,	both	localized
and	multifocal,	may	be	 associated	with	 earlier	 vigorous	 physical	 activity.27	 Some	 authors	 have	 speculated	 that
injuries	 during	 active	 sport	may	 predispose	 to	 sarcomas	 in	 general,	 and	 there	 has	 been	 concern	 that	 operative
trauma,	 including	 arthroplasty,	may	 increase	 soft	 tissue	 sarcoma	 risk.	However,	 Scandinavian	 studies	 on	more
than	100,000	patients	who	had	undergone	total	hip	or	knee	arthroplasty	showed	no	increased	risk	of	sarcoma,	and
there	were	no	cases	of	sarcoma	presenting	at	 the	site	of	operation.28	An	 injury	may	merely	draw	attention	 to	a
mass,	without	being	a	causative	factor.

Chemical	Agents
Several	 chemical	 carcinogens	have	 an	 established	 role	 in	 the	development	of	hepatic	 angiosarcomas,	 including
thorotrast,	 vinyl	 chloride,	 and	 arsenic	 (including	 Fowler’s	 1%	 arsenic	 solution).14	 The	 role	 of	 other	 chemical
agents	in	sarcomagenesis	remains	controversial.	Some	studies	have	suggested	a	link	between	phenoxy	herbicide
exposure	and	development	of	sarcoma,29	and	soft	tissue	sarcoma	was	associated	with	high	occupational	exposures
in	 a	 large	 industrial	 cohort.30,31	 However,	 other	 studies,	 including	 more	 recent	 case-control	 studies,	 have	 not
confirmed	this	relationship.32	Other	authors	have	pointed	to	the	inherent	problems	in	occupational	epidemiology
in	relation	to	soft	tissue	sarcoma,	among	which	are	possible	recall	bias	in	self-reported	exposure	data;	inconsistent
classification	of	 soft	 tissue	 sarcomas	 in	 the	 International	Classification	of	Diseases,	which	 is	organ-based;	 and,
because	of	 the	 rarity	of	 soft	 tissue	sarcomas,	difficulty	 in	assembling	a	 sufficient	number	of	 study	participants.
Exposure	to	dioxin	(contained	in	Agent	Orange)	has	been	suggested	as	a	risk	factor	for	sarcoma33;	however,	none
of	 the	 reported	 associations	 are	 statistically	 significant,	 and	 several	 studies	 found	 no	 association.34–36
Malignancies	are	actively	tracked	by	the	World	Trade	Center	Health	Program,	as	multiple	first	responders	have
presented	with	the	disease.37

ANATOMIC	AND	AGE	DISTRIBUTION	AND	PATHOLOGY
Anatomic	and	Age	Distribution
Soft	tissue	sarcomas	can	occur	in	any	part	of	the	body.	A	total	of	45%	are	located	in	the	extremities,	with	30%	of
all	lesions	occurring	in	the	lower	limb	(most	commonly	in	the	thigh);	38%	are	intra-abdominal,	divided	between
visceral	 (21%)	 and	 retroperitoneal	 (17%);	 10%	 are	 truncal;	 and	 5%	 are	 head	 and	 neck	 (Fig.	 88.1).	 Soft	 tissue
sarcomas	become	more	common	with	age,	and	the	median	age	at	diagnosis	is	65	years.	However,	the	median	age
varies	significantly	by	histologic	type	and	subtype.	In	general,	the	median	age	of	onset	tends	to	be	20	to	50	years
for	translocation-associated	sarcomas	and	50	to	70	years	for	complex	sarcoma	types	(Fig.	88.2).

Pathologic	Classification	and	Biological	Potential
Soft	tissue	tumors,	although	clinically	often	nondistinctive,	form	a	varied	group	that	may	show	a	wide	range	of
differentiation	(Table	88.1).38	Their	histogenesis	has	not	been	clearly	defined.	Except	for	subcutaneous	lipomas	or
benign	 smooth	 muscle	 tumors,	 there	 is	 very	 little	 evidence	 that	 these	 lesions	 arise	 from	 their	 mature
(differentiated)	 tissue	counterparts.	 In	 fact,	many	 liposarcomas	arise	at	 sites	devoid	of	adipose	 tissue,	and	most
rhabdomyosarcomas,	which	 have	molecular	markers	 suggesting	 a	myoid	 origin,	 develop	 in	 locations	 that	 lack
voluntary	muscle.

Soft	tissue	tumors	may	be	benign,	malignant,	or	borderline.	The	ratio	of	benign	to	malignant	tumors	is	more
than	100:1.	Soft	tissue	tumors	are	notorious	for	the	ease	with	which	benign	and	malignant	cases	may	be	confused,
particularly	in	small	biopsy	samples.	Sarcoma	histologic	type	is	generally	an	important	predictor	of	behavior	and
prognosis.	Although	many	published	series	have	combined	all	the	histologic	subtypes	of	sarcoma,	the	importance
of	 subtyping	 is	 exemplified	 by	 liposarcoma,	 in	 which	 the	 five	 histologic	 subtypes	 (well	 differentiated,
dedifferentiated,	 myxoid,	 round	 cell,	 and	 pleomorphic)	 have	 totally	 different	 biologies	 and	 patterns	 of
behavior.39–42	A	 further	 demonstration	 is	 the	 importance	 in	 pleomorphic	 sarcomas	of	myogenic	 differentiation,
which	is	associated	with	a	substantially	increased	risk	of	metastasis.43



Figure	88.1	Distribution	by	histologic	subtype	and	site	of	soft	tissue	sarcomas	in	11,743	patients
undergoing	surgical	resection	at	Memorial	Sloan	Kettering	Cancer	Center	from	1982	through	2017.
The	retroperitoneal/abdominal	category	excludes	visceral	sarcomas.	Visceral	category	includes

visceral-gynecologic,	visceral-genitourinary,	and	visceral-gastrointestinal	tumors.	PNET,	primitive
neuroectodermal	tumor;	MPNST,	malignant	peripheral	nerve	sheath	tumor;	MFH,	malignant
fibrous	histiocytoma;	GIST,	gastrointestinal	stromal	tumor;	WD/DD,	well-differentiated	and

dedifferentiated	liposarcoma.

Figure	88.2	Age	at	diagnosis	for	sarcoma	subtypes.	The	boxes	show	median	and	interquartile
range,	and	the	whiskers	show	range	(with	outliers	excluded)	for	8,005	patients	with	primary

presentation	undergoing	surgical	resection	at	Memorial	Sloan	Kettering	Cancer	Center	from	1982
through	2017.	Sarcoma	subtypes	with	simple	genotypes,	shown	in	green,	are	associated	with
younger	median	age	at	diagnosis	than	those	with	complex	genotypes,	shown	in	blue.	PNET,

primitive	neuroectodermal	tumor;	MPNST,	malignant	peripheral	nerve	sheath	tumor;	WD/DD,
well-differentiated	and	dedifferentiated	liposarcoma;	GIST,	gastrointestinal	stromal	tumor.
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The	 World	 Health	 Organization	 classification	 of	 soft	 tissue	 tumors	 now	 recommends	 dividing	 soft	 tissue
tumors	 into	 the	 following	 four	 categories:	 benign,	 intermediate	 (locally	 aggressive),	 intermediate	 (rarely
metastasizing),	and	malignant.38	Most	benign	tumors	do	not	recur	locally,	and	those	that	do	recur	usually	are	not
invasive	 and	 can	 be	 cured	with	 complete	 surgical	 excision.	 Intermediate,	 locally	 aggressive	 soft	 tissue	 tumors
often	recur	locally	and	are	associated	with	locally	infiltrative	growth.	Lesions	in	this	category,	such	as	desmoids,
do	 not	metastasize	 but	 typically	 require	wide	 excision	with	 a	margin	 of	 normal	 tissue	 for	 good	 local	 control.
Intermediate,	 rarely	 metastasizing	 tumors	 are	 also	 locally	 aggressive	 and	 occasionally	 give	 rise	 to	 distant
metastases.	The	risk	of	metastasis,	usually	to	lymph	nodes	or	lung,	is	typically	<2%	but	is	not	reliably	predictable
based	 on	 histology.	 Examples	 of	 intermediate,	 rarely	 metastasizing	 tumors	 include	 plexiform	 fibrohistiocytic
tumors	and	angiomatoid	fibrous	histiocytomas.	Malignant	tumors	(soft	 tissue	sarcomas),	 in	addition	to	potential
for	 local	 invasion	 and	 recurrence,	 have	 a	 significant	 risk	 of	 distant	 metastasis,	 ranging	 from	 10%	 to	 100%
depending	 on	 histologic	 type	 and	 grade.	 Some	 histologically	 low-grade	 sarcomas	 (myxofibrosarcoma,	 well-
differentiated	 liposarcoma	 [WDLS])	 have	 a	 metastatic	 risk	 of	 only	 2%	 to	 10%,	 but	 these	 tumor	 types	 may
progress	to	more	aggressive	tumors,	acquiring	a	higher	risk	of	distant	spread.

CLINICAL	AND	PATHOLOGIC	FEATURES	OF	SPECIFIC	SOFT	TISSUE
TUMOR	TYPES
Figure	88.1	shows	the	distribution	of	adult	soft	tissue	sarcomas	by	histologic	subtype	and	anatomic	site.	Overall,
the	three	most	common	histologic	subtypes	are	liposarcoma,	LMS,	and	UPS/PMFH.

Fibroblastic	and	Myofibroblastic	Tumors
Fibroblastic	and	myofibroblastic	tumors	represent	a	very	large	subset	of	mesenchymal	tumors.	These	lesions	are
generally	composed	of	fibroblasts	and	myofibroblasts	in	varying	proportions	and	may	be	confused	with	reactive
or	reparative	processes	or,	alternatively,	with	malignant	fibrosarcomas.	In	addition,	some	fibrous	proliferations	of
infancy	and	childhood	resemble	lesions	in	the	adult	but	have	a	better	prognosis.	With	improved	understanding	of
the	molecular	events	that	lead	to	formation	of	fibroblastic	and	myofibroblastic	tumors,	both	low-	and	high-grade
forms	of	the	lesions	have	been	reproducibly	characterized,	although	a	variety	of	names	are	still	used	to	designate
identical	or	overlapping	entities.38	Among	recent	changes	in	the	description	of	this	subset	of	soft	tissue	lesions	is
the	 inclusion	 of	 dermatofibrosarcoma	protuberans	 (DFSP)	 as	 a	 tumor	 of	 fibroblastic	 or	myofibroblastic	 origin.
The	following	sections	summarize	the	features	of	the	most	common	fibroblastic	and	myofibroblastic	lesions	with
focus	on	sarcomas	and	those	that	may	be	mistaken	for	sarcoma.

Elastofibroma
Elastofibromas	 are	 rare,	 slow-growing,	 benign	 tumors	 characteristically	 arising	 between	 the	 chest	wall	 and	 the
lower	part	 of	 the	 scapula.	They	may	occur	bilaterally,	 and	 they	may	grow	 to	 large	 size.	Rarely	 the	 tumors	 are
observed	at	the	infraolecranon	area	or	near	the	ischial	tuberosities.	Elastofibromas	have	been	considered	reactive
lesions,	and	they	are	thought	to	be	associated	with	repetitive	manual	tasks.	Up	to	a	third	of	cases	are	familial,	and
bilateral	subscapular	lesions	in	this	context	can	be	diagnosed	based	on	history	and	imaging	alone.	For	unilateral
spontaneous	 disease,	 biopsy	 is	 commonly	 employed;	 histologically,	 the	 lesions	 consist	 of	 swollen	 eosinophilic
collagen	and	elastic	fibers	with	associated	fibroblast-like	cells.	The	tumors	have	copy	number	alterations	in	both
clonal	and	nonclonal	patterns.44,45	If	the	diagnosis	of	elastofibroma	is	definitive,	surgical	resection	can	be	reserved
for	the	symptomatic	patient.46,47

TABLE	88.1
Histologic	Classification	of	Soft	Tissue	Tumors

Fibroblastic/Myofibroblastic	Tumors
Benign	Tumors

Angiomyofibroblastoma
Calcifying	aponeurotic	fibroma
Calcifying	fibrous	tumor



Cellular	angiofibroma
Desmoplastic	fibroblastoma
Elastofibroma
Fibroma	tendon	sheath,	nuchal	type
Fibromatosis	colli
Fibro-osseous	pseudotumor	of	digits
Fibrous	hamartoma	of	infancy
Gardner	fibroma
Inclusion	body	fibromatosis	(infantile	digital	fibromatosis)
Ischemic	fasciitis	(atypical	decubital	fibroplasia)
Juvenile	hyaline	fibromatosis
Mammary-type	myofibroblastoma
Myositis	ossificans
Nodular	fasciitis
Proliferative	fasciitis	and	myositis

Intermediate	(Locally	Aggressive)	Tumors
Desmoid-type	fibromatoses
Giant	cell	angiofibroma
Lipofibromatosis
Superficial	fibromatoses	(palmar	and	plantar)

Intermediate	(Rarely	Metastasizing)	Tumors
Dermatofibrosarcoma	protuberans	(including	fibrosarcomatous	and	pigmented	types)
Infantile	fibrosarcoma
Inflammatory	myofibroblastic	tumor
Low-grade	myofibroblastic	sarcoma
Myxoinflammatory	fibroblastic	sarcoma	(atypical	myxoinflammatory	fibroblastic	tumor)
Solitary	fibrous	tumor	(hemangiopericytoma)

Malignant	Tumors
Adult	fibrosarcoma
Low-grade	fibromyxoid	sarcoma	(hyalinizing	spindle	cell	tumor)
Myxofibrosarcoma
Sclerosing	epithelioid	fibrosarcoma

So-called	Fibrohistiocytic	Tumors
Benign	Tumors

Deep	benign	fibrous	histiocytoma
Tenosynovial	giant	cell	tumor	(including	localized	and	diffuse	types)
Xanthoma

Intermediate	(Rarely	Metastasizing)	Tumors
Giant	cell	tumor	of	soft	tissue
Plexiform	fibrohistiocytic	tumor

Malignant	Tumors
Tenosynovial	giant	cell	tumor	(malignant	type)

Adipocytic	Tumors
Benign	Tumors

Lipoma
Angiolipoma
Angiomyolipoma
Chondroid	lipoma
Hibernoma
Lipoblastoma	or	lipoblastomatosis
Lipomatosis
Lipomatosis	of	nerve
Myelolipoma
Myolipoma
Spindle	cell	or	pleomorphic	lipoma

Intermediate	(Locally	Aggressive)	Tumors
Atypical	lipomatous	tumor/well-differentiated	liposarcoma	(including	lipoma-like,	sclerosing,	and	inflammatory	types)

Malignant	Tumors
Liposarcoma,	not	otherwise	specified
Dedifferentiated	liposarcoma
Myxoid	liposarcoma	(including	round	cell	type)
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Pleomorphic	liposarcoma

Smooth	Muscle	Tumors
Benign	Tumors

Deep	leiomyoma

Malignant	Tumors
Leiomyosarcoma	(excluding	skin)

Skeletal	Muscle	Tumors
Benign	Tumors

Rhabdomyoma	(including	adult,	fetal,	and	genital	types)

Malignant	Tumors
Rhabdomyosarcoma
Alveolar	rhabdomyosarcoma	(including	solid,	anaplastic)
Embryonal	rhabdomyosarcoma	(including	botryoid,	anaplastic)
Pleomorphic	rhabdomyosarcoma
Spindle	cell/sclerosing	rhabdomyosarcoma

Vascular	Tumors
Benign	Tumors

Angiomatosis
Hemangioma	(including	intramuscular,	synovial,	arteriovenous,	and	venous	types)
Epithelioid	hemangioma
Lymphangioma

Intermediate	(Locally	Aggressive)	Tumors
Kaposiform	hemangioendothelioma

Intermediate	(Rarely	Metastasizing)	Tumors
Composite	hemangioendothelioma
Kaposi	sarcoma
Papillary	intralymphatic	angioendothelioma
Pseudomyogenic	(epithelioid	sarcoma-like)	hemangioendothelioma
Retiform	hemangioendothelioma

Malignant	Tumors
Angiosarcoma	of	soft	tissue
Epithelioid	hemangioendothelioma

Perivascular	Tumors
Benign	Tumors

Angioleiomyoma
Glomus	tumor
Myopericytoma	(including	myofibroma	and	myofibromatosis)

Malignant	Tumors
Malignant	glomus	tumor	(glomangiosarcoma)

Neural	Tumors
Benign	Tumors

Benign	triton	tumor	(neuromuscular	hamartoma)
Dermal	nerve	sheath	myxoma
Ectopic	meningioma
Granular	cell	tumor
Hybrid	nerve	sheath	tumor
Melanotic	schwannoma
Nasal	glial	heterotopia
Neurofibroma	(diffuse,	plexiform,	pacinian,	epithelioid)
Perineurioma
Schwannoma	(cellular,	plexiform,	degenerated)

Malignant	Tumors
Malignant	granular	cell	tumor
Malignant	peripheral	nerve	sheath	tumor	(MPNST)	(neurofibrosarcoma)

Epithelioid	MPNST
Malignant	triton	tumor	(MPNST	with	rhabdomyosarcoma)

Extraskeletal	Chondro-osseous	Tumors



Benign	Tumors
Soft	tissue	chondroma

Malignant	Tumors
Extraskeletal	mesenchymal	chondrosarcoma
Extraskeletal	osteosarcoma

Gastrointestinal	Stromal	Tumors

Benign	gastrointestinal	stromal	tumor
Gastrointestinal	stromal	tumor,	uncertain	malignant	potential
Gastrointestinal	stromal	tumors,	malignant

Tumors	of	Uncertain	Differentiation
Benign	Tumors

Acral	fibromyxoma
Deep	angiomyxoma
Ectopic	hamartomatous	thymoma
Intramuscular	myxoma
Juxta-articular	myxoma
Pleomorphic	hyalinizing	angiectatic	tumor	of	soft	parts

Intermediate	(Locally	Aggressive)
Hemosiderotic	fibrolipomatous	tumor

Intermediate	(Rarely	Metastasizing)	Tumors
Atypical	fibroxanthoma
Angiomatoid	fibrous	histiocytoma
Mixed	tumor,	not	otherwise	specified	(including	malignant	type)
Myoepithelioma
Myoepithelial	carcinoma
Ossifying	fibromyxoid	tumors	(including	malignant	type)
Phosphaturic	mesenchymal	tumor	(including	benign	and	malignant	types)

Malignant	Tumors
Alveolar	soft	part	sarcoma
Clear	cell	sarcoma	of	soft	tissue
Desmoplastic	small	round	cell	tumor
Epithelioid	sarcoma
Extrarenal	rhabdoid	tumor
Extraskeletal	Ewing	sarcoma
Extraskeletal	myxoid	chondrosarcoma
Intimal	sarcoma
Neoplasms	with	perivascular	epithelioid	cell	differentiation	(neoplasms	with	perivascular	epithelioid	cell	differentiation
[PEComas],	including	benign	and	malignant	types)
Synovial	sarcoma	(biphasic	and	spindle	cell)

Undifferentiated/Unclassified	Tumors
Malignant	Tumors

Undifferentiated	spindle	cell	sarcoma
Undifferentiated	pleomorphic	sarcoma
Undifferentiated	round	cell	sarcoma
Undifferentiated	epithelioid	sarcoma
Undifferentiated	sarcoma,	not	otherwise	specified

Modified	from	Fletcher	CDM,	Bridge	JA,	Hogendoorn	P,	et	al.,	eds.	WHO	Classification	of	Tumours	of	Soft	Tissue	and	Bone.	4th	ed.
Lyon,	France:	IARC	Press;	2013.

Fibroma
Fibroma	 is	 a	 nonspecific	 term	 usually	 applied	 to	 a	 group	 of	 poorly	 defined	 lesions	 in	 the	 skin	 or	 soft	 tissue.
Management	centers	on	complete	surgical	resection.	Although	they	can	recur	locally,	metastases	are	not	reported.
Fibromas	 are	 characterized	 by	 a	 collagenous	 stroma	 with	 fibroblastic	 and	 myofibroblastic	 cells	 rarely
demonstrating	signs	of	atypia.	Although	 they	can	occur	 in	unusual	 locations	such	as	cardiac	ventricle,	 they	are
more	 commonly	 observed	 in	 the	 skin,	 on	 the	 ovary,	 or	 associated	with	 tendon	 sheaths.	Nuchal-type	 fibromas,
most	commonly	found	in	the	posterior	neck,	are	associated	with	male	sex	and	diabetes	mellitus;	unlike	common
fibromas,	 nuchal-type	 fibromas	 can	 be	 infiltrative.	Histologically	 similar	 are	 fibromas	 associated	with	Gardner
syndrome,	caused	by	germline	APC	mutation.	These	fibromas,	which	can	be	found	on	any	area	of	the	body,	are
commonly	associated	with	metachronous	desmoid	tumors.
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Nodular	Fasciitis
Nodular	fasciitis	is	a	benign	lesion	usually	seen	in	adults	aged	20	to	40	years.	The	lesions	typically	grow	rapidly
over	several	weeks	and	reach	1	to	2	cm	but	rarely	≥5	cm.	Pain	and	tenderness	are	common.	The	upper	extremity	is
the	 most	 common	 site,	 especially	 the	 volar	 aspect	 of	 the	 forearm.	 Nodular	 fasciitis	 generally	 arises	 in	 the
subcutaneous	 fascia	 or	 the	 superficial	 portions	 of	 the	 deep	 fascia	 but	 sometimes	 appears	 intra-articularly.
Histologically	 the	 lesions	 are	 nodular	 and	 nonencapsulated,	 showing	 plump,	 mature	 fibroblasts	 arranged	 in
irregular	 or	 intersecting	 short	 bundles;	 some	 lesions	 show	 hyalinization.	 Over	 90%	 of	 these	 tumors	 have	 a
genomic	rearrangement	affecting	the	USP6	gene,	most	commonly	a	MYH9-	USP6	translocation.48,49	Because	of
their	 high	 cellular	 clarity,	 rapid	 growth,	 and	 high	 mitotic	 activity,	 these	 lesions	 are	 often	 confused	 with
fibrosarcoma.	However,	they	generally	regress	spontaneously,	and	recurrence	after	local	excision	is	uncommon.
Computed	 tomography	 (CT)	 and	 magnetic	 resonance	 imaging	 (MRI)	 characteristics	 are	 not	 pathognomonic,
although	they	may	show	either	a	solid	or	some	partially	cystic	changes,	usually	in	the	subcutaneous	tissues.

Myositis	Ossificans
Myositis	 ossificans	 is	 usually	 associated	 with	 trauma.	 The	 lesion	 is	 a	 benign	 disorder	 that	 histologically	 is
composed	 of	 fibrous	 tissue	 and	 bone.	 Fibro-osseous	 pseudotumor	 of	 the	 digits	 may	 reflect	 a	 similar
histopathologic	 entity.	 Despite	 its	 name,	 myositis	 ossificans	 is	 not	 necessarily	 confined	 to	 the	 muscle,	 and
inflammation	is	not	a	prominent	feature.	The	condition	usually	presents	in	athletic	young	adults	as	a	tender	soft
tissue	 mass.	 Over	 a	 period	 of	 weeks,	 the	 mass	 usually	 becomes	 firm	 to	 hard,	 with	 calcification	 visible	 on
radiography.	 Histologically,	 the	 mass	 consists	 of	 fibroblastic	 tissue,	 often	 with	 prominent	 mitotic	 activity.
Nonetheless,	this	process	is	benign	and	may	be	managed	conservatively.	In	general,	myositis	ossificans	displays	a
more	 ordered	 growth	 pattern	 than	 osteosarcoma,	 with	 cellular	 elements	 found	 in	 the	 center	 of	 the	 tumor	 and
calcified	regions	almost	exclusively	in	the	periphery.

Superficial	Fibromatosis
Superficial	fibromatoses	arise	from	the	fascia	or	aponeuroses	and	generally	are	small	and	slow	growing;	they	may
be	more	common	in	patients	with	diabetes	mellitus.	Palmar	fibromatosis	 is	associated	with	flexion	(Dupuytren)
contractures	and	is	by	far	the	most	common	form,	affecting	as	many	as	1	in	5	persons	aged	65	years	and	older.
This	condition	is	more	common	in	men	and	tends	to	be	familial.	Although	benign,	these	lesions	often	recur	after
simple	excision.	Plantar	fibromatosis	(Ledderhose	disease)	tends	to	affect	somewhat	younger	individuals	but	may
occur	 with	 greater	 frequency	 in	 patients	 with	 palmar	 fibromatosis.	 Much	 less	 common	 is	 penile	 fibromatosis
(Peyronie	disease),	which	causes	pain	and	curvature	of	the	penis	on	erection.	The	fibrous	mass	in	Peyronie	disease
primarily	involves	fascial	structures,	the	corpus	cavernosum,	and	rarely	the	corpus	spongiosum.	Peyronie	disease
is	 more	 common	 in	 men	 with	 palmar	 and	 plantar	 fibromatosis	 than	 in	 the	 general	 population.	 Any	 of	 the
superficial	 fibromatoses	 may	 be	 managed	 by	 excision,	 although	 more	 recently,	 injection	 with	 collagenase	 or
treatment	with	calcium	channel	blockers	has	been	shown	to	have	efficacy	and	may	reduce	the	need	for	surgery.

Desmoid	Tumor
Desmoid	tumors	(deep	or	aggressive	fibromatosis)	are	rare	lesions	estimated	to	affect	two	to	four	individuals	per
million.	Histologically,	desmoids	appear	as	a	uniform	mass	of	spindle	cells	in	a	densely	hyalinized	background.
Microscopically,	 they	 are	 observed	 to	 infiltrate	 into	 surrounding	 normal	 tissues.50	 Desmoids	 most	 commonly
occur	 in	 the	 abdominal	 wall	 (particularly	 after	 pregnancy),	 in	 the	 mesentery	 of	 the	 small	 bowel,	 and	 in	 the
extremity.	 Multifocal	 lesions	 occur	 in	 a	 subset	 of	 young	 patients	 (often	 diagnosed	 between	 ages	 10	 and	 25
years).27,51

Desmoids	 do	 not	 metastasize	 but	 can	 be	 locally	 aggressive,	 causing	 pain,	 joint	 contracture,	 or	 bowel
obstruction.	 Surgical	 resection	 has	 been	 the	 mainstay	 of	 therapy.	 However,	 compared	 to	 other	 soft	 tissue
sarcomas,	 desmoids,	 especially	 those	 in	 the	 extremities	 or	 chest	 wall,	 have	 high	 local	 recurrence	 rates
(approximately	15%	at	5	years).	Nevertheless,	individual	desmoids	exhibit	a	wide	range	of	behaviors;	some	recur
after	multiple	attempts	at	resection,	some	never	recur,	and	others	remain	stable	in	size	without	any	intervention.	In
rare	instances,	desmoid	tumors	can	cause	death,	resulting	from	local	compression	of	vital	structures	(particularly
in	the	head	and	neck),	bowel	fistulization	by	intra-abdominal	lesions,	or	injury	related	to	aggressive	attempts	at
resection.

Desmoids,	in	over	90%	of	cases,	have	a	mutation	in	exon	3	of	the	CTNNB1	gene	that	activates	β-catenin.52,53



In	 a	 small	 proportion	 of	 desmoids,	 β-catenin	 is	 activated	 because	 of	 germline	mutations	 in	 the	APC	gene	 that
cause	Gardner	 syndrome.54,55	Presence	and	site	of	CTNNB1	mutation	have	been	 reported	 to	be	associated	with
patient	outcome,52	but	this	has	not	been	uniformly	validated	and	its	use	in	prognostication	is	highly	controversial.

Dermatofibrosarcoma	Protuberans
DFSP	 is	 a	 generally	 indolent	 lesion	 characterized	 by	 translocation	 of	 the	COL1A1	 and	PDGFRB	 genes.56	 The
resultant	 fusion	 protein	 activates	 platelet-derived	 growth	 factor	 receptor	 (PDGFR)	 signaling,	 which	 likely
underlies	oncogenesis.	The	tumor,	composed	of	mononuclear	spindle	cells,	is	relatively	uniform	and	involves	both
dermis	and	subcutis.	DFSP	is	histologically	similar	to	benign	fibrous	histiocytoma	but	grows	in	a	more	infiltrative
pattern,	spreading	along	connective	tissue	septa	often	with	unpredictable	radial	extensions	and	multifocal	nodules.
The	 center	 of	 the	 tumor	 consists	 of	 distinctly	ordered,	 uniform	plump	 fibroblasts.	Unlike	 fibrous	histiocytoma,
DFSP	stains	positive	for	CD34.	Variants	with	melanin	pigmentation	(Bednar	tumor),	prominent	myxoid	stroma,
myoid	differentiation,	and	plaque-like	morphology	may	be	confused	with	other	types	of	soft	tissue	sarcomas.

DFSP	is	a	rare	sarcoma	but	one	of	the	most	common	cutaneous	forms.	This	lesion	typically	presents	in	early	or
mid-adult	 life,	 beginning	 as	 a	 nodular	 cutaneous	mass	 anywhere	 in	 the	 body.	 The	 gold	 standard	 of	 treatment
remains	surgery,	although	the	infiltrative	nature	and	multifocality	of	the	lesion	have	historically	led	to	high	rates
of	local	recurrence	(up	to	50%	after	simple	excision	in	some	series).	However,	when	gross	margins	of	≥2	cm	are
planned,	most	 tumors	can	be	completely	 resected,	and	 in	 the	context	of	complete	microscopic	 resection,	5-year
local	recurrence	rates	are	≤5%.57–59	Tumors	with	positive	or	close	surgical	margins	in	anatomically	complex	sites
(e.g.,	near	the	brachial	plexus)	have	an	elevated	risk	of	local	recurrence,	which	may	be	ameliorated	with	adjuvant
radiotherapy.60	 Postoperative	 radiotherapy	 may	 also	 be	 indicated	 in	 the	 rare	 patient	 who	 has	 unresectable
macroscopic	disease,	but	DFSP	is	sensitive	to	imatinib,	likely	because	of	constitutive	activation	of	the	PDGFR,	so
this	is	becoming	a	preferred	treatment.61–65	Metastasis	(to	lung	or	lymph	nodes)	occurs	infrequently	and	generally
only	in	the	context	of	fibrosarcomatous	degeneration,	a	high-grade	form	of	the	cancer.57,66

Inflammatory	Myofibroblastic	Tumor
Inflammatory	myofibroblastic	tumor	(IMT)	has	also	been	known	as	inflammatory	pseudotumor	and	plasma	cell
granuloma,	 among	other	 names.	 Its	 histology	 is	 heterogeneous,	with	 variable	 grouping	of	 spindle,	 fibroblastic-
myofibroblastic,	 and	 inflammatory-type	 cells.	 The	 variable	 appearance	 may	 result	 from	 the	 tumor’s	 genetic
heterogeneity.	ALK	rearrangements	occur	in	<70%	of	patients	(almost	exclusively	in	patients	under	40	years).67,68
ALK,	encoding	anaplastic	lymphoma	kinase	(ALK),	is	fused	to	a	range	of	N-terminal	partners,	including	RANBP2
and	TPM369	and,	rarely,	the	HMGA2	gene	on	chromosome	12.70	Inflammatory	components	of	the	tumor	do	not
have	ALK	fusions.71,72

IMTs	are	locally	aggressive,	often	occurring	in	the	thoracic	and	abdominal	cavities,	where	they	may	appear	as
infiltrative	 or	 lobulated	 lesions	 on	 imaging	 studies.73,74	 Size	 and	 location	 may	 cause	 symptoms	 related	 to
compression	 of	 adjacent	 organs	 (e.g.,	 bowel	 obstruction).	 Diagnosis	 of	 IMT	 is	 often	 difficult	 to	 confirm
preoperatively;	surgical	resection	may	be	both	diagnostic	and	therapeutic.	When	complete	resection	is	possible,	it
is	 curative	 in	 approximately	 75%	 of	 cases.	Metastasis	 is	 rare	 (<5%),	 but	 local	 recurrence	 is	more	 common.75
Treatment	of	patients	with	advanced	disease	has	been	guided	by	 the	ALK	fusions,76–78	 and	patients	with	ALK-
positive	advanced	IMT	have	had	Response	Evaluation	Criteria	in	Solid	Tumors	(RECIST)–defined	responses	to
crizotinib.79,80	In	patients	without	an	ALK	fusion,	treatment	for	locally	aggressive	disease	is	palliative,	recognizing
that	few	tumors	have	metastatic	potential	and	the	disease	is	rarely	fatal	(5-year	survival	of	87%).	Approximately
33%	of	 patients	with	 IMT	develop	 a	 paraneoplastic	 syndrome	 including	 fever,	 growth	 failure,	malaise,	weight
loss,	anemia,	and	thrombocytosis.

Solitary	Fibrous	Tumor/Hemangiopericytoma
Solitary	fibrous	tumors	(SFTs)	are	identified	by	a	prominent	hemangiopericytoma-like	branching	vascular	pattern.
SFT	 encompasses	 fat-forming	 SFTs	 and	 those	 lesions	 previously	 called	 hemangiopericytomas	 and	 giant	 cell
angiofibromas,	with	 the	 latter	 containing	 giant	multinucleated	 stromal	 cells	 and	 pseudo-vacuolar	 spaces.	 SFTs
generally	 appear	 as	 slow-growing,	 well-circumscribed,	 painless	 masses.	 Histologically,	 they	 consist	 of	 tightly
packed	cells	around	thin-walled	vascular	channels	of	varying	caliber.	SFT	cells	stain	for	CD34	but	not	for	factor
VIII–related	antigen.	The	lesions	likely	all	have	a	NAB2-STAT6	fusion	protein	that	results	in	aberrant	activation
of	EGR1	 target	genes,	 including	 IGF2,	 encoding	 insulin-like	growth	 factor	 2,	 and	FGFR1,	 encoding	 fibroblast
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growth	factor	receptor	1.81,82
SFTs	may	be	found	at	any	location	in	middle-aged	adults	(median	age,	50	years).	Occasional	cases	occur	 in

children	and	adolescents.	The	adult	form	is	most	common	in	the	thorax,	pelvis,	retroperitoneum,	orbit,	and	lower
extremity.	Many	SFTs	are	indolent	and	surgically	cured,	although	some	behave	like	other	high-grade	sarcomas.
Risk	factors	for	metastases	include	size	>10	cm	and	mitotic	rate	>4	per	10	high-power	fields.83	Retroperitoneal
SFT	has	a	surprisingly	high	(41%)	cumulative	incidence	of	distant	recurrence	at	10	years	and	a	34%	incidence	of
disease-specific	 death	 at	 10	years.84	 Rarely	 patients	 present	with	 a	 very	 large	 SFT	 and	 hypoglycemia	 (Doege-
Potter	syndrome),	which	is	associated	with	production	of	a	form	of	IGF2	by	these	tumors.85–88	SFTs	are	highly
resistant	to	standard	doxorubicin-based	chemotherapy,	but	sunitinib	and	sorafenib	have	activity.89,90

Fibrosarcoma
Adult	 fibrosarcoma	is	uncommon	(approximately	1%	of	adult	sarcomas).91	The	 tumor	 typically	has	many	copy
number	alterations,	although	these	do	not	appear	to	affect	a	single	driver	gene.92	Fibrosarcoma	is	a	malignant	or
intermediate	 (rarely	 metastasizing)	 tumor,	 composed	 of	 relatively	 homogenous	 spindle	 cells	 with	 variable
collagen	 production	 and	 rare	 pleomorphism.	 Classical	 fibrosarcomas	 have	 a	 herringbone	 pattern	 on	 light
microscopy.	 Like	most	 soft	 tissue	 sarcomas	with	 complex	 karyotypes,	 fibrosarcomas	 usually	 involve	 the	 deep
tissues	 of	 the	 extremities,	 trunk,	 head,	 and	 neck	 of	 middle-aged	 and	 older	 adults.	 Some	 arise	 in	 the	 field	 of
previous	radiotherapy.	Rarely	fibrosarcomas	arise	in	the	ovary	or	other	unusual	sites	such	as	the	trachea.

Infantile	fibrosarcomas	mimic	the	adult	form	histologically	but	are	characterized	by	ETV6-NTRK3	fusion	and
appear	 to	 be	more	 indolent	 than	 those	 in	 adults.93,94	The	 presence	 of	 the	NTRK3	 fusion	may	make	 this	 entity,
similar	 to	 other	 diseases	 associated	 with	 TRK	 fusions,	 very	 sensitive	 to	 selective	 NTRK	 inhibitors	 such	 as
larotrectinib.95

Myxofibrosarcoma
Myxofibrosarcoma,	formerly	known	as	a	myxoid	variant	of	malignant	fibrous	histiocytoma,	is	a	common	type	of
soft	tissue	sarcoma.	It	usually	occurs	as	a	painless	mass	in	the	limbs	and	trunk	of	elderly	adults.	Histology	shows	a
fibroblastic	 lesion	with	 pleomorphism,	 a	 characteristic	 curvilinear	 vascular	 pattern,	 and	 at	 least	 a	 10%	myxoid
component.43,96,97	Local	 recurrence	occurs	 in	up	 to	50%	of	cases	and	 is	associated	with	 tumors	having	a	≥75%
myxoid	component.98–101	However,	 a	more	 recent	 regression	 analysis	 of	 197	patients	with	primary,	 high-grade
extremity	and	truncal	myxofibrosarcoma	revealed	that	a	5%	or	greater	myxoid	component	is	a	better	criterion	for
classification.	For	myxofibrosarcoma	with	≥5%	myxoid	component,	the	5-year	disease-specific	survival	was	60%
versus	36%	for	those	that	were	<5%	myxoid.	Other	predictors	of	survival	included	tumor	size	and	age.	Tumor	site
was	 associated	 with	 local	 recurrence	 in	 the	 following	 order:	 lower	 extremity	 tumors	 had	 a	 5-year	 cumulative
incidence	of	local	recurrence	of	18%;	upper	extremity	tumors,	36%;	and	truncal	tumors,	49%	(P	=	.001).102

Low-grade	myxofibrosarcoma	may	progress	to	high	grade	in	subsequent	local	recurrences	and	thus	acquire	a
higher	probability	for	metastatic	spread.	The	most	common	sites	of	metastases	are	lung,	bone,	and	lymph	nodes.

So-called	Fibrohistiocytic	Tumors
The	so-called	fibrohistiocytic	 tumors,	originally	 thought	 to	arise	from	histiocytes	with	fibroblastic	potential,	are
almost	certainly	fibroblastic	in	origin.	Thus,	fibrohistiocytic	merely	describes	their	appearance;	virtually	none	of
these	lesions	show	true	histiocytic	differentiation.103

Tenosynovial	Giant	Cell	Tumor	of	Soft	Tissue
The	term	tenosynovial	giant	cell	tumors	(TGCTs)	of	soft	tissue	encompasses	entities	previously	called	giant	cell
tumors	 of	 the	 tendon	 sheath,	 nodular	 tenosynovitis,	 or	 pigmented	 villonodular	 synovitis.	These	 lesions	 contain
multinucleate	 giant	 cells,	 siderophages,	 foam	 cells,	 and	 inflammatory	 cells.	 They	 are	 characterized	 by	 a	 t(1;2)
translocation	 involving	 the	 colony-stimulating	 factor	 1	 gene	 (CSF1)	 and	 most	 frequently	COL6A3,	 encoding
collagen	 type	6	alpha	3	chain.	This	 translocation	 leads	 to	an	 increased	 level	of	CSF1,	 thought	 to	modulate	 the
inflammatory	infiltrate	noted	in	these	tumors.104–106	Three	forms	of	the	lesions	are	recognized—nodular,	diffuse,
and	malignant—each	with	distinct	biologic	behaviors.107	The	nodular	form,	which	has	the	greatest	abundance	of
giant	 cells,	 is	 typically	 a	 well-circumscribed	 nodule	 in	 the	 digits.	 In	 contrast,	 the	 diffuse	 form	 has	 infiltrative
borders,	most	 commonly	 occurs	 in	 the	 large	 joints	 (e.g.,	 knee,	wrist,	 foot)	 or	 the	 surrounding	 soft	 tissue	 (e.g.,
thigh),	 and	 can	 be	 intra-articular.	 The	 malignant	 form	 demonstrates	 increased	 mitotic	 count	 and	 nuclear



dysmorphism;	these	tumors	likely	have	additional	molecular	alterations	(other	than	COL6A3-CSF1	translocation)
that	drive	disease	progression.	Malignant	TGCTs	may	metastasize	to	lung	or	lymph	nodes.

Surgery	is	the	mainstay	of	treatment.	The	recurrence	rate	is	just	10%	to	20%	for	nodular	tumors	but	18%	to
50%	 for	 diffuse-type	 tumors.	 Although	 adjuvant	 radiation	 is	 effective,	 with	 rates	 of	 local	 recurrence	 under
10%,108,109	 it	 is	 rarely	 used	 because	 of	 risk	 of	 joint	 fibrosis	 and	 secondary	malignancies.	 Instead,	 recurrent	 or
unresectable	 disease	 can	 be	 treated	 with	 imatinib,	 an	 inhibitor	 of	 the	 CSF1	 receptor	 (CSF1R).110	 Imatinib
treatment	 results	 in	disease	stabilization	 in	approximately	75%	of	patients	but	appears	 less	effective	 in	 the	 rare
diffuse-type	TGCTs	 that	 have	 a	malignant	 component.111	 Recently,	 significant	 activity	 of	more	 potent	CSF1R
inhibitors	 has	 been	 demonstrated	 in	 diffuse-type	 TGCT,	 prompting	 further	 evaluation	 of	 these	 compounds	 in
clinical	trials.112,113	However,	between	the	two	studies,	only	one	patient	with	metastatic	disease	was	included,	so
the	relative	benefit	 in	 this	context,	as	 in	 the	case	of	 imatinib,	 remains	unclear.	Development	of	 these	drugs	has
also	 prompted	 the	 establishment	 of	 a	 novel	MRI-based	 tumor	 volume	 score113	 that	 can	measure	 the	 extent	 of
disease	 in	an	affected	 joint	 and	TGCT-specific	patient-reported	outcomes	 to	determine	how	systemic	 treatment
impacts	 a	 patient’s	 life.114	 Because	 of	 their	 metastatic	 potential,	 malignant	 TGCTs	 should	 be	 managed
aggressively	as	high-grade	sarcomas.	Multiple	recurrent	lesions	that	threaten	limb	integrity	can	be	controlled	with
radiotherapy	in	both	the	tendon	sheath	and	intra-articular	forms108	or,	potentially,	with	the	application	of	CSF1R
inhibitors.

Fibrous	Histiocytoma
Fibrous	histiocytomas	are	benign,	usually	presenting	as	solitary,	slow-growing	nodules,	although	up	to	one-third
are	multiple.	Histologically,	they	consist	of	fibroblasts	and	histiocytes	often	arranged	in	a	cartwheel	pattern.	When
such	 lesions	 occur	 in	 the	 skin,	 they	 are	 often	 called	 dermatofibromas	 or	 sclerosing	 hemangiomas.	 Superficial
lesions	 are	 usually	 cured	 by	 excision.	Deeper	 lesions	 should	 be	 resected	with	 a	wider	margin	 to	 prevent	 local
recurrence.

In	 rare	 cases,	 fibrous	 histiocytomas	 are	 aggressive	 (malignant	 dermatofibromas).	 These	 lesions	 have	 a
propensity	for	local	recurrence,	have	been	reported	to	metastasize,	and,	in	a	few	patients,	can	cause	death.	Copy
number	alterations	have	been	detected	in	these	tumors,	suggesting	an	underlying	molecular	aberrancy	resulting	in
an	invasive	phenotype.115	An	epithelioid	variant	of	the	disease	is	associated	with	rearrangement	and	expression	of
ALK.116

Xanthoma
Xanthoma	refers	to	a	collection	of	lipid-laden	histiocytes	and	is	seen	in	diseases	associated	with	hyperlipidemia.
These	lesions	are	generally	cutaneous	or	subcutaneous	but	may	involve	deep	soft	tissues.	Presumably,	xanthomas
are	reactive	lesions.

Adipocytic	Tumors

Lipoma
Lipomas	 are	 the	 most	 common	 benign	 soft	 tissue	 neoplasm.	 They	 usually	 arise	 in	 subcutaneous	 tissue,	 most
frequently	 in	 trunk	 and	 proximal	 limbs.	Although	 deep-seated	 benign	 lipomas	 do	 occur	 in	 the	mediastinum	or
retroperitoneum,	 most	 fatty	 neoplasms	 in	 the	 retroperitoneum	 should	 be	 approached	 surgically	 as	 atypical
lipomatous	 tumor	 (ALT)/well-differentiated	 (WD)	 liposarcoma.	Most	 lipomas	 are	 soft,	 painless,	 slow	growing,
and	solitary;	however,	2%	to	3%	of	patients	have	multiple	lesions	that	are	occasionally	seen	in	a	familial	pattern.
Lipomatosis	 is	 a	 term	applied	 to	 a	 poorly	 circumscribed	overgrowth	of	mature	 adipose	 tissue	 that	 grows	 in	 an
infiltrating	pattern.

Solitary	 lipomas	are	 lobulated	 lesions	composed	of	fat	cells.	They	are	well	circumscribed,	being	demarcated
from	 surrounding	 fat	 by	 a	 thin,	 fibrous	 capsule.	Most	 subcutaneous,	 solitary	 lipomas	 show	 consistent	 genetic
aberrations,	 including	 translocations	 involving	 12q13–15,	 rearrangements	 of	 13q,	 or	 rearrangements	 involving
6p21–33.117	In	spindle	cell	lipoma,	mature	fat	is	replaced	by	collagen-forming	spindle	cells;	this	lesion	typically
arises	in	the	posterior	neck	and	shoulder	in	men	between	the	ages	of	45	and	65	years.	Spindle	cell	lipomas	show
consistent	chromosomal	aberrations	of	13q	and	16q.118	Local	excision	of	 lipoma	and	these	variants	 is	generally
curative,	with	local	recurrence	after	simple	excision	in	no	more	than	1%	to	2%	of	cases.

Intramuscular	 lipomas	 differ	 from	 their	 more	 superficial	 counterparts	 by	 usually	 being	 both	 poorly
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circumscribed	 and	 infiltrative	 (in	 approximately	 90%	 of	 cases).	 Intramuscular	 lipomas	 typically	 present	 in
midadult	 life	as	 slow-growing,	deep-seated	masses	most	often	 located	 in	 the	 thigh	or	 trunk.	 In	a	patient	with	a
deep-seated	fatty	 tumor,	 it	 is	 important	 to	exclude	ALT	(see	“Liposarcoma”),	which	 tends	 to	be	more	common
than	intramuscular	lipoma.

Angiolipomas	 present	 as	 subcutaneous	 nodules,	 usually	 in	 young	 adults,	 and	 in	 >50%	 of	 cases,	 they	 are
multiple.	The	most	common	site	is	the	upper	extremity.	Angiolipomas	rarely	grow	larger	than	2	cm,	but	they	often
are	painful,	especially	during	their	initial	growth	period.	Microscopically,	these	tumors	consist	of	adipocytes	with
interspersed	vascular	structures.	Myxoid	and	fibroblastic	angiolipomas	are	recognized.

Hibernoma
Hibernoma	 is	 a	 rare,	 slow-growing,	 benign	 neoplasm	 that	 resembles	 the	 glandular	 brown	 fat	 of	 hibernating
animals.	The	literature	consists	primarily	of	case	reports.	Most	of	these	tumors	arise	within	the	thorax,	although
hibernomas	of	the	trunk,	retroperitoneum,	and	extremities	are	also	reported.	Excision	is	generally	curative.

Angiomyolipoma
The	term	angiomyolipoma	is	used	for	a	nonmetastasizing	renal	tumor	composed	of	fat,	smooth	muscle,	and	blood
vessels.	Angiomyolipomas	of	 the	 liver	have	also	been	described.	Angiomyolipoma	 is	more	common	 in	women
than	 in	men	and	 is	 seen	 in	patients	with	 tuberous	 sclerosis	caused	by	germline	mutations	 in	TSC1	or	TSC2.	In
addition,	sporadic	angiomyolipomas	sometimes	have	mutation	or	loss	of	TSC1	or	TSC2,	which	function	upstream
of	mammalian	target	of	rapamycin	(mTOR)	signaling.119–123	Thus,	some	angiomyolipomas	are	sensitive	to	mTOR
inhibitors,119,124–126	 as	confirmed	 in	a	double-blind,	placebo-controlled,	phase	 III	 trial	of	everolimus	 in	patients
with	these	tumors.127	Although	angiomyolipoma	is	usually	well	demarcated	from	normal	kidney,	 it	may	extend
into	the	surrounding	retroperitoneum.	Angiomyolipomas	may	be	solitary	or	multicentric,	and	they	may	produce
abdominal	 pain,	 retroperitoneal	 hemorrhage,	 or	 hematuria.	 Wide	 excision	 is	 curative,	 but	 tumors	 that	 are
asymptomatic	and	not	enlarging	may	be	observed.

Liposarcoma
Liposarcoma	is	primarily	a	tumor	of	adults,	with	a	peak	incidence	between	ages	50	and	65	years.	It	accounts	for
over	20%	of	all	soft	tissue	sarcoma	in	adults.	Liposarcoma	may	occur	anywhere	in	the	body,	although	the	most
common	 sites	 are	 thigh	 and	 retroperitoneum.	Liposarcoma	can	be	divided	 into	 three	main	biologic	groups:	 (1)
ALT/WDLS	 and	 dedifferentiated	 liposarcoma	 (DDLS),	 (2)	 myxoid–round	 cell,	 and	 (3)	 pleomorphic.	 Each	 of
these	groups	has	distinctive	morphology,	natural	history,	and	karyotypic	and	genetic	aberrations,	which	can	be	of
considerable	help	in	diagnosis.

ALT/WDLS	 is	 a	 locally	 aggressive,	 rarely	 metastasizing,	 malignant	 mesenchymal	 neoplasm	 composed	 of
proliferating	 mature	 adipocytes	 with	 significant	 variation	 in	 cell	 size	 and	 nuclear	 atypia,	 at	 least	 in	 foci.
ALT/WDLS	 usually	 presents	 as	 a	 deep-seated,	 painless	 mass	 that	 over	 many	 years	 can	 become	 very	 large.
ALT/WDLSs	 can	 be	 divided	 into	 the	 following	 four	 main	 morphologic	 subtypes:	 adipocytic	 (lipoma-like),
sclerosing,	 inflammatory,	 and	 spindle	 cell.	 The	 characteristic	 cytogenetic	 abnormality	 detected	 in	 most
ALT/WDLSs	is	supernumerary	ring	and	giant	marker	chromosomes	with	amplification	of	12q13–15.	This	region
contains	the	oncogenes	CDK4,	encoding	cyclin-dependent	kinase	4,	MDM2,	encoding	a	negative	regulator	of	p53,
and	HMGA2,	 encoding	 a	 transcriptional	 regulator,	 which	 were	 found	 amplified	 in	 95%,	 87%,	 and	 76%	 of
ALT/WDLSs,	respectively.128	Only	1	of	55	ALT/WD	liposarcoma	tumors	had	no	12q	amplification.	Location	is
an	 important	 predictor	 of	 outcome	 in	 patients	 with	 ALT/WD	 liposarcoma.	 Extremity	 lipoma-like	 ALT/WD
tumors	have	essentially	no	mortality.	In	a	series	at	Memorial	Sloan	Kettering	Cancer	Center	(MSKCC),	all	cases
that	 recurred	 locally	 (12%	 by	 10	 years)	 did	 so	 after	 5	 years	 and	 had	 a	 significant	 component	 of	 sclerosing
morphology	 (>25%	 fibrosis).129	 In	 contrast,	 retroperitoneal	 and	 mediastinal	 tumors	 may	 recur	 repeatedly	 and
eventually	 result	 in	 death	 from	 uncontrolled	 local	 effects;	 they	 may	 also	 dedifferentiate	 and	 metastasize.
Dedifferentiation	occurs	in	3%	of	extremity	ALT/WDLSs	and	up	to	20%	of	ALT/WDLSs	in	deep	locations	such
as	 the	 retroperitoneum.	 In	a	 series	of	99	patients	with	primary	 retroperitoneal	ALT/WDLS,	 the	5-year	disease-
specific	survival	was	83%	and	5-year	local	recurrence-free	survival	was	54%.42

DDLS	 is	 defined	 as	 an	 ALT/WDLS,	 either	 primary	 tumor	 or	 recurrence,	 that	 shows	 abrupt	 transition	 to	 a
region	 of	 nonlipogenic	 sarcoma	 at	 least	 several	 millimeters	 in	 diameter.	 Radiologic	 imaging	 typically	 shows
coexistence	 of	 fatty	 and	 nonfatty	 solid	 components,	 which	 in	 the	 retroperitoneum	 may	 be	 discontiguous.
Macroscopically,	 DDLS	 consists	 of	 large	 multinodular	 yellow	 masses	 containing	 distinct	 nonlipomatous



(dedifferentiated)	areas,	which	are	solid	and	often	tan	to	gray.	The	dedifferentiated	areas	may	contain	necrosis	and
hemorrhage.	 DDLS	 appears	 to	 have	 a	 lower	 risk	 of	 distant	 metastasis	 than	 other	 high-grade	 pleomorphic
sarcomas.	Nevertheless,	among	65	patients	with	primary	 retroperitoneal	DDLS,	5-year	disease-specific	survival
was	only	20%	and	3-year	 local	 and	distant	 recurrence-free	 survival	were	17%	and	70%,	 respectively.42	DDLS
shares	ALT/WDLSs’	12q13–15	amplification,	as	well	as	other	copy	number	alterations	including	losses	centered
at	 3p14–21,	 3q29,	 9p22–24,	 10p15,	 11q23–24,	 17q21,	 and	 19q13	 and	 gains	 at	 17p11	 and	 20q11.	 Of	 these
progression-associated	 copy	 number	 alterations,	 the	 most	 common,	 11q23–24,	 was	 noted	 in	 42%	 of	 DDLSs
compared	with	 4%	 of	ALT/WDLss.	 The	 11q23–24	 loss	was	 associated	with	 genomic	 complexity	 and	 distinct
morphology,	 whereas	 loss	 of	 19q13	 predicted	 poor	 prognosis.128	 A	 recent	 multiplatform	 genomic	 analysis	 of
DDLS	showed	that	JUN	and	TERT	amplification	was	associated	with	worse	disease-specific	survival	compared	to
6q-amplified	DDLS,	as	was	the	combination	of	hypermethylation	with	a	low	leukocyte	fraction	and	little	immune
cell	infiltration	into	the	tumor	microenvironment	(HR,	4.4;	P	=	.002).130	These	results	suggest	the	importance	of
copy	number	alterations	and	the	immune	microenvironment	in	driving	the	biologic	behavior	of	DDLS.

Myxoid	 or	 round	 cell	 liposarcoma	 accounts	 for	 approximately	 40%	of	 liposarcomas.	 The	 tumor	 consists	 of
small,	evenly	dispersed,	oval	or	plump	cells	with	little	cytoplasm	in	a	myxoid	matrix	containing	a	variable	number
of	fat	cells	and,	in	many	cases,	a	small	number	of	signet	ring	cells	and	multivacuolated	lipoblasts.	The	myxoid–
round	cell	 subtype	usually	occurs	 in	 the	deep	soft	 tissues	of	 the	extremities;	 in	>66%	of	cases,	 it	occurs	 in	 the
thigh	musculature.96	Rarely,	myxoid–round	cell	liposarcoma	may	arise	in	the	retroperitoneum	or	in	subcutaneous
tissue.	More	 than	 90%	 of	myxoid–round	 cell	 liposarcomas	 have	 a	 t(12;16)(q13–14;p11)	 translocation.131	High
histologic	grade,	defined	as	≥5%	round	cell	component,	is	a	predictor	of	worse	outcome	(5-year	survival,	50%)	in
localized	cases.39,132	In	general,	pure	myxoid	lesions	(0%	to	5%	round	cell	areas)	are	considered	low-grade	and
are	associated	with	a	90%	5-year	survival.	In	contrast	to	other	liposarcomas,	myxoid–round	cell	liposarcomas	tend
to	metastasize	to	unusual	sites	in	soft	tissue	or	bone,	with	multifocal	spread	to	fat	pad	areas	in	the	retroperitoneum
and	axilla	even	in	the	absence	of	pulmonary	metastasis.41,132,133	These	lesions	are	also	unusual	among	soft	tissue
sarcomas	 in	 their	 extraordinarily	 high	 response	 rate	 to	 radiotherapy134	 and	 their	 substantial	 sensitivity	 to
ifosfamide40	and	to	the	DNA	minor	groove–binding	drug	trabectedin.135–137	Myxoid–round	cell	liposarcomas	also
have	 high	 surface	 expression	 of	 New	 York	 esophageal	 squamous	 cell	 carcinoma-1	 (NY-ESO-1)	 antigen,
suggesting	that	adoptive	T	cell	therapies	or	dendritic	targeting	with	lentiviral	vectors	encoding	NY-ESO-1	may	be
effective.138

Pleomorphic	 liposarcoma,	 as	 the	 name	 implies,	 is	 a	 pleomorphic,	 high-grade,	 highly	 malignant	 sarcoma
containing	 variable	 numbers	 of	 pleomorphic	 lipoblasts.	Mitotic	 activity	 is	 high,	 and	 hemorrhage	 or	 necrosis	 is
common.	Pleomorphic	 liposarcoma	accounts	 for	<5%	of	 all	 liposarcomas.	Most	 arise	 in	 patients	 older	 than	50
years	 and	 occur	 in	 deep	 soft	 tissue	 of	 the	 extremities	 (lower	 more	 frequently	 than	 upper).	 Clinically,	 they
metastasize	 early	 to	 lung	 in	>50%	of	 patients,	 and	 these	 patients	 usually	 die	within	 a	 short	 time.	Pleomorphic
liposarcomas	typically	have	high	chromosome	counts,	complex	structural	rearrangements,	and	multiple	regions	of
significant	 copy	 number	 amplification	 and	 deletion.139	 They	 appear	 to	 be	 somewhat	 sensitive	 to	 gemcitabine-
based140	and	ifosfamide-based	chemotherapy.40

Smooth	Muscle	Tumors

Leiomyoma
Leiomyomas	are	benign	smooth	muscle	tumors	that	are	quite	common	in	the	uterus	and	the	gastrointestinal	(GI)
tract.	 Leiomyoma	 may	 also	 occur	 deep	 within	 the	 extremities,	 abdominal	 cavity,	 or	 retroperitoneum.	 Their
histologic	appearance	is	benign,	with	uniform,	spindle-shaped	nuclei	in	cells	that	appear	similar	to	those	of	normal
smooth	muscle.	Immunohistochemically,	the	cells	are	positive	for	smooth	muscle	markers	such	as	smooth	muscle
actin.	Angiomyoma	is	a	histologic	subtype	of	leiomyoma	that	tends	to	develop	on	the	extremity	at	ages	30	to	60
years.	Leiomyomas	 in	women	often	express	estrogen	and	progesterone	receptors,	which	appear	 to	activate	Wnt
signaling	 to	 promote	 proliferation	 of	 tumor	 stem	 cells.141	 These	 hormone-regulated	 tumors	 are	 usually
asymptomatic	and	may	regress	at	menopause.	For	both	hormone-regulated	tumors	and	hormone	receptor–negative
tumors,	surgery	is	the	treatment	of	choice.

In	 three	 rare	 clinical	 scenarios	 involving	 symptomatic	 leiomyomas,	 management	 may	 be	 difficult.	 First,
cutaneous	leiomyoma	arises	from	the	piloerector	muscles	of	the	skin,	most	often	on	the	extensor	surfaces	of	the
extremities,	sometimes	following	a	dermatomal	distribution.	Multiple	painful	tumors	may	be	observed.	Although
cutaneous	leiomyomas	are	histologically	benign,	they	frequently	recur	after	surgical	excision,	and	they	are	often
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so	 numerous	 that	 excision	 is	 not	 possible.	 Second,	 intravenous	 leiomyomatosis	 is	 a	 rare	 condition	 in	 which
nodules	of	benign	smooth	muscle	tissue	grow	within	the	veins	of	the	myometrium	and	may	extend	into	the	uterine
and	hypogastric	veins.	Rarely	these	tumors	extend	up	the	inferior	vena	cava	into	the	heart.	The	third	management
challenge	 is	with	diffuse	peritoneal	 leiomyomatosis,	which	often	occurs	 in	 association	with	pregnancy	 and	has
been	 reported	 after	 hysterectomy	 with	 uterine	 morcellation.	 Compression	 of	 adjacent	 organs	 may	 cause
obstruction,	as	in	other	instances	of	sarcomatosis.

Leiomyosarcoma
LMSs	 are	malignant	 lesions	 that	 develop	 from	 the	 smooth	muscle	 of	 blood	 vessels,	 visceral	 structures,	 or	 the
uterine	 corpus.	Soft	 tissue	LMS	usually	occurs	 in	middle-aged	or	older	 adults	 and	 is	 the	predominant	 sarcoma
arising	from	larger	blood	vessels.	LMSs	may	arise	anywhere,	but	more	than	half	are	located	in	retroperitoneal	or
intra-abdominal	 and	 pelvic	 sites,	 most	 commonly	 the	 uterus	 (see	 Chapter	 75).	 The	 tumors	 are	 composed	 of
spindle-shaped	 cells	 expressing	 smooth	 muscle	 markers	 such	 as	 smooth	 muscle	 actin	 or	 desmin.	 Unlike
leiomyoma,	 however,	 LMS	 has	many	mitotic	 spindles	 and	may	 have	 nuclear	 and	 cellular	 pleomorphism.	 The
LMS	genome	is	characterized	by	instability	and	numerous	copy	number	alterations,	often	including	loss	of	TP53
and	PTEN.	Recent	 reports	 have	 also	 revealed	 recurrent	mutations	 in	 the	MED12	 oncogene	 in	LMS	 (at	 least	 in
uterine	lesions)142,143	and	an	association	of	outcome	with	both	activation	of	Akt	signaling	pathways	and	immune
infiltrates.130,142,143

LMSs	can	arise	in	any	vessel	and	may	present	insidiously	with	signs	of	venous	obstruction	or	pain	related	to
encasement	 of	 nearby	 nerves.	 LMS	 of	 the	 inferior	 vena	 cava	 can	 present	 with	 the	 Budd-Chiari	 syndrome.144
Treatment	 of	 choice	 is	 surgical	 resection,	 sometimes	 accompanied	 by	 arterial	 bypass.	 Venous	 reconstruction,
however,	 is	 rarely	 successful,	 because	 vein	 grafts	 rarely	 remain	 patent.	 Moreover,	 patients	 generally	 develop
collateral	veins	during	 the	months	after	 resection.	Therefore,	venous	reconstruction	can	be	deferred	even	 in	 the
context	 of	 inferior	 vena	 cava	 resection.144	 Tumor	 grade	 and	 size	 predict	 risk	 of	 disease-related	 death;
retroperitoneal	 lesions	are	generally	 large	and	high	grade,	 resulting	 in	recurrence	risks	of	over	50%.145	Primary
retroperitoneal	LMS	patients	 have	 a	 60%	cumulative	 incidence	 of	 disease-specific	 death	 at	 10	 years,	 largely	 a
result	of	distant	recurrence	(58%	incidence	at	10	years)	with	only	a	24%	incidence	of	local	recurrence	at	8	years.84
Small	LMS-like	lesions	in	the	dermis	carry	no	discernible	risk	of	metastasis,	and	the	old	term	cutaneous	LMS	has
generally	been	replaced	by	atypical	intradermal	smooth	muscle	neoplasms.146

Skeletal	Muscle	Tumors

Rhabdomyoma
Nonmalignant	 tumors	 of	 striated	muscle—rhabdomyomas—are	 rare	 but	 clinically	 benign.	They	 are	 subdivided
into	 adult,	 fetal,	 and	 genital	 type	 lesions;	 cardiac	 rhabdomyomas	 are	 associated	 with	 the	 tuberous	 sclerosis
syndrome	and,	 in	 this	 context,	 have	been	 reported	 to	 respond	 to	everolimus.147	Adult	 and	 fetal	 rhabdomyomas
most	commonly	occur	in	the	head	and	neck.	Rhabdomyoma	can	be	distinguished	from	rhabdomyosarcoma	by	its
lack	 of	 nuclear	 atypia.	 Pathogenesis	 appears	 to	 be	 related	 to	 activation	 of	 the	 hedgehog	 pathway;	 fetal
rhabdomyoma	may	 occur	 in	 individuals	with	 a	 germline	mutation	 in	 the	 hedgehog	 inhibitor	PTCH1,	which	 is
associated	with	basal	cell	nevus	syndrome.	Rhabdomyomas,	if	symptomatic,	are	managed	with	surgical	resection.

Rhabdomyosarcomas
Rhabdomyosarcomas	 (malignant	 tumors	 showing	 skeletal	 differentiation)	 are	 aggressive	 malignancies	 and	 the
most	 common	 soft	 tissue	 sarcomas	 of	 infants	 and	 children.	 Treatment	 of	 rhabdomyosarcoma	 nearly	 always
requires	multimodal	 therapy,	 typically	 employing	 surgery,	 radiation,	 and	 chemotherapy	 based	 on	 a	 vincristine-
dactinomycin-cyclophosphamide	 backbone.148,149	 Common	 types	 are	 embryonal,	 alveolar,	 and	 pleomorphic.
Spindle	cell	and	sclerosing	rhabdomyosarcomas,	associated	with	MYOD	mutation	or	VGLL2-related	fusions,	both
of	which	affect	muscle	differentiation,	account	for	only	5%	of	rhabdomyosarcoma.150,151

Embryonal	Rhabdomyosarcoma.	 Embryonal	 rhabdomyosarcoma	 is	 a	 small-cell	 tumor	 showing	 features	 of
embryonic	skeletal	muscle.	It	usually	arises	in	the	orbit	or	genitourinary	tract	in	children,	although	rare	cases	arise
in	adolescents	and	adults.	The	botryoid	type,	which	frequently	originates	in	mucosa-lined	visceral	organs	such	as
the	 vagina	 and	 the	 urinary	 bladder,	 generally	 grows	 as	 a	 polypoid	 tumor.	Genomic	 analysis	 demonstrates	 that



these	tumors	have	various	copy	number	alterations	that	may	directly	or	indirectly	affect	activity	of	oncogenes	and
tumor	suppressors	such	as	RB1,	p53,	RAS,	hedgehog,	FGFR4,	Akt,	ALK,	Notch,	and	β-catenin.152–155	In	a	subset
of	embryonal	rhabdomyosarcoma	with	poor	outcome,	whole-exome	sequencing	uncovered	recurrent	mutations	of
MYOD1	 and	 mutations	 in	 the	 phosphoinositide	 3-kinase	 (PI3K)-Akt	 signaling	 pathway,	 which	 cause
proliferation.156	 These	 findings	 have	 not	 yet	 led	 to	 clinically	 useful	 targeted	 therapies,	 but	 chemotherapy	 and
radiation	 are	 very	 effective	 for	 pediatric	 embryonal	 rhabdomyosarcomas,	 even	 metastatic	 cases.	 Embryonal
rhabdomyosarcomas	in	adults	usually	regress	in	response	to	chemotherapy,	but	survival	is	worse	for	adults	than
for	children.157	Factors	associated	with	poor	prognosis	in	adults	are	metastasis	at	presentation	and	poor	response
to	chemotherapy.158

Alveolar	 Rhabdomyosarcoma.	 Unlike	 the	 embryonal	 type,	 alveolar	 rhabdomyosarcoma	 is	 observed	 more
commonly	in	adolescents	and	adults	than	in	younger	children.	For	younger	children,	alveolar	rhabdomyosarcoma
appears	to	have	a	worse	prognosis	than	embryonal	rhabdomyosarcoma.	Histologically,	the	lesion	is	composed	of
ill-defined	 aggregates	 of	 poorly	 differentiated	 round	 or	 oval	 cells	 that	 frequently	 show	 central	 loss	 of	 cellular
cohesion	and	irregular	“alveolar”	spaces.	They	cytologically	resemble	lymphoma	cells	and	show	partial	skeletal
differentiation.	 In	 most	 cases,	 specific	 translocations	 create	 a	 PAX3-FOXO1	 fusion	 gene	 (in	 the	 majority	 of
patients)	or	a	PAX7-FOXO1	fusion	(in	a	smaller	subset),	both	of	which	alter	transcriptional	programming.159,160
These	fusion	genes	have	prognostic	significance	(see	Chapter	87),	so	fusion	gene	status,	irrespective	of	histology,
is	a	critical	factor	in	risk	stratification.161,162	Some	tumors	have	amplification	of	the	PAX7-FOXO1	fusion,	which
is	associated	with	improved	outcome,	although	the	underlying	molecular	mechanisms	have	not	been	delineated.163
As	in	embryonal	rhabdomyosarcoma,	gene	amplifications	activate	a	range	of	oncogenes	including	FGFR4,	ALK,
CDK4,	and	MYCN.164

Pleomorphic	 Rhabdomyosarcoma.	 Pleomorphic	 rhabdomyosarcoma	 is	 the	 most	 common	 form	 of
rhabdomyosarcoma	 in	 adults	 and	 can	 be	 associated	 with	 prior	 radiation.	 Histologically,	 the	 tumors	 have
pleomorphic	 round	 cells	 and	 spindle	 cells	 with	 atypical	 nuclei	 and	markers	 of	 skeletal	 muscle	 differentiation.
They	are	characterized	by	complex	copy	number	alterations.	The	prognosis	is	poor,	and	in	one	series,	28	(74%)	of
38	patients	died	of	the	disease.165	Treatment	 is	surgical,	but	because	of	 the	poor	prognosis,	eligible	patients	are
given	 adjuvant	 radiation	 and	 chemotherapy.	 These	 tumors	 are	 less	 sensitive	 to	 systemic	 therapies	 than	 are
embryonal	 or	 alveolar	 rhabdomyosarcomas,	 but	 some	 respond	 to	 anthracyclines	 and	 ifosfamide;	 in	 addition,
anecdotes	indicate	some	sensitivity	to	gemcitabine-based	chemotherapy.140

Vascular	Tumors

Hemangioma
Hemangiomas	 are	 among	 the	 most	 common	 soft	 tissue	 tumors.	 Many	 are	 present	 at	 birth	 and	 regress
spontaneously;	others	are	noted	incidentally	on	imaging.	They	tend	to	be	asymptomatic,	but	some	grow	rapidly,
impinge	on	vital	 structures,	 or	 cause	 consumptive	 thrombocytopenias.	 Imaging	 studies	generally	demonstrate	 a
peripherally	 enhancing	 mass	 with	 lipomatous	 regions	 and	 spiculated	 calcium	 deposits.	 Management	 by
observation	 is	generally	 safe.	For	 symptomatic	disease,	 surgical	 resection	 is	usually	curative;	 sclerotherapy	has
recently	 been	 studied.	Diffuse	 hemangiomatosis	 in	 the	 bone	 or	 lungs	may	 be	 treated	 effectively	with	 systemic
interferon.

Epithelioid	Hemangioendothelioma
Epithelioid	hemangioendothelioma	is	a	low-grade	vascular	lesion	without	structured	vessels	but	with	tumor	cells
arranged	in	nests	and	cords.	Epithelioid	hemangioendotheliomas	occur	in	the	bone	and	associated	soft	tissues.	In
malignant	disease,	multifocal	lesions	are	often	observed,	generally	within	the	same	limb.	Metastases	may	occur	in
lung,	 lymph	nodes,	and	bone.166	A	fusion	between	 the	N-terminus	of	WWTR1	 and	 the	C-terminus	of	CAMTA1
occurs	almost	uniformly	in	these	lesions	but	not	other	vascular	tumors.167,168	Surgical	resection	is	the	treatment	of
choice;	however,	multifocal	disease	often	recurs.	Nevertheless,	<20%	of	patients	die	of	disease.	A	phase	II	trial
has	suggested	that	treatment	with	bevacizumab	may	slow	progression	or	induce	partial	response	in	the	majority	of
patients.169
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Angiosarcoma
Angiosarcoma	is	a	malignant	tumor	composed	of	malignant	cells	that	morphologically	resemble	endothelium	to
various	 extents.	 Angiosarcoma	 is	 currently	 considered	 to	 include	 those	 tumors	 previously	 termed
lymphangiosarcoma	because	of	their	similarities	in	histology	and	outcomes.38	Most	angiosarcomas	develop	in	the
skin	or	superficial	soft	tissue;	<25%	are	in	deep	soft	tissue.170	The	disease	occurs	most	commonly	in	the	context
of	 lymphedema	 (Stewart-Treves	 syndrome)	 or	 after	 prior	 radiation	 (particularly	 radiation	 for	 breast	 cancer).17
Lymphedema-associated	 angiosarcoma	 is	 difficult	 to	 treat	 surgically	 because	 poor	 wound	 healing	 may
compromise	 the	 ability	 to	 spare	 the	 limbs.	Another	 challenge	 is	 that	 lymphedema-associated	 angiosarcoma	has
high	rates	of	both	local	and	distant	recurrence.171	Multicentric	angiosarcomas	on	the	scalp	and	face	of	elderly	men
typically	show	unrelenting	progression,	which	can	cause	severe	ulceration	and	infection	and	eventually	metastasis.
Features	associated	with	poor	outcome	include	patient	age,	tumor	depth,	and	size,170,172,173	but	in	general,	survival
is	 low,	 with	 the	 median	 time	 to	 disease-specific	 death	 as	 short	 as	 3	 years	 in	 some	 patient	 subsets.	 Surgical
resection	 is	 rarely	 curative;	 however,	 angiosarcomas	 are	 relatively	 sensitive,	 at	 least	 initially,	 to	 anthracycline-
based	chemotherapy	and	taxanes.174–176

The	discovery	of	mutations	in	KDR,	which	encodes	a	vascular	endothelial	growth	factor	(VEGF)	receptor,	and
amplification	of	MYC	and	FLT4,	also	encoding	a	VEGF	receptor,	has	 led	 to	 the	 investigation	of	antiangiogenic
therapies	in	this	disease.177,178	A	recent	analysis	of	120	angiosarcoma	patients	revealed	that	17%	of	primary	and
secondary	 tumors,	 usually	 located	 in	 the	 breast	 and	 only	 occasionally	 in	 bone	 or	 viscera,	 harbor	 mutually
exclusive	mutations	 in	KDR	and	PLCG1,	which	encodes	phospholipase	C	gamma	1,	a	downstream	mediator	of
VEGF	signaling.179	MYC	and	FLT4	amplifications	occur	preferentially	in	angiosarcomas	secondary	to	radiation	or
lymphedema	in	the	absence	of	KDR/PLCG1	mutations.	FLT4	amplification,	identified	in	13%	of	MYC-amplified
angiosarcomas,	 is	 associated	 with	 poor	 outcome.	 CIC	 rearrangements	 or	 mutations,	 detected	 in	 9%	 of
angiosarcomas,	typically	in	younger,	primary	patients,	were	associated	with	inferior	disease-free	survival.

Perivascular	Tumors

Glomus	Tumor
Glomus	tumors	are	rare	soft	tissue	lesions	that	are	almost	always	benign.180	The	tumors	appear	to	develop	from
smooth	muscle	cells	associated	with	the	glomus	body,	a	modified	arteriovenous	anastomosis	in	the	skin	involved
in	thermal	regulation.	Unlike	most	soft	tissue	tumors,	glomus	tumors	can	cause	considerable	pain.	They	are	most
commonly	 found	 in	 the	 distal	 extremities	 (subungual	 region,	 hand,	 wrist,	 and	 foot)	 of	 young	 adults,	 although
extradigital	 lesions	 are	 reported.181	 The	 appropriate	 treatment	 is	 complete	 local	 excision.	 Most	 patients	 have
sporadic,	solitary	tumors,	for	which	the	underlying	genomic	alterations	are	unclear.	However,	approximately	10%
of	 patients	 have	multiple	 lesions,	 many	 of	 them	 familial.	 Some	 of	 these	 patients	 have	 heterozygous	 germline
mutations	in	the	glomulin	(GLMN)	or	neurofibromin	1	(NF1)	genes.182,183

Neural	Tumors

Neurofibroma
Solitary	neurofibromas	are	small,	slow-growing	cutaneous	or	subcutaneous	nodules	that	usually	arise	during	the
third	decade	of	 life.	Neurofibromas	may	occur	in	unidentifiable	cutaneous	nerves	or	 in	larger	 trunks.	Within	an
identifiable	larger	nerve,	they	expand	into	a	fusiform	mass	and	often	extend	into	soft	tissue;	they	are	well	defined
and	may	be	nodular.	Histologically,	they	appear	as	spindle-shaped	cells	in	a	myxoid	stroma	containing	collagen
fibers.	Multiple	 neurofibromas	may	 be	 associated	with	NF1	 (von	Recklinghausen	 disease),	 a	 common	 genetic
disorder	caused	by	a	dominant	mutation	at	the	17q11.2	locus	and	affecting	1	in	3,000	live	births.	Clinical	features
of	 NF1	 include	 café-au-lait	 spots,	 pigmented	 hamartomas	 of	 the	 iris,	 and	 neurofibromas	 of	 several	 types.
Cutaneous	neurofibromas	arise	in	all	patients	with	NF1,	with	sizes	varying	from	millimeters	to	centimeters,	and
some	 may	 be	 painful.	 Plexiform	 neurofibromas	 are	 larger	 lesions	 that	 affect	 the	 large	 segments	 of	 a	 nerve,
thickening	and	distorting	the	nerve	with	greater	dysesthetic	pain.	The	difficult	distinction	is	neurofibroma	versus
MPNST,	which	may	develop	in	patients	with	NF1.	MPNST	is	usually	distinguished	based	on	rapid	growth	and
increasing	symptoms	and	is	confirmed	by	biopsy.

Benign	Schwannoma



Benign	schwannoma,	also	called	neurilemmoma,	occurs	most	commonly	between	 the	ages	of	20	and	50	years.
Common	sites	include	the	head	and	neck,	the	flexor	surfaces	of	the	extremities,	and	the	paravertebral	area	of	the
retroperitoneum.	The	lesion	grows	slowly	and,	if	superficial,	is	usually	small	at	diagnosis,	but	it	can	reach	large
size	 in	 the	 retroperitoneum	without	 symptoms.	 The	 tumor	 is	 usually	 encapsulated	 and	 consists	 of	 an	 ordered
cellular	region	(Antoni	A	area)	and	a	loose,	myxoid	component	(Antoni	B	area).	Fortunately,	diagnosis	can	often
be	made	by	percutaneous	core	or	needle	biopsy	in	patients	with	lesions	in	the	retroperitoneum,	where	morbidity	of
operation	 is	 to	be	avoided.	The	cellular	variant	 is	 the	 lesion	most	often	 seen	 late	 in	 life	 as	 a	painless	vertebral
mass.184	Complete	resection	is	curative	in	most	patients.

Granular	Cell	Tumor
Granular	 cell	 tumor	 is	 rare	 and	 probably	 of	 neural	 origin.	 It	 typically	 presents	 in	 adults	 as	 a	 small,	 poorly
circumscribed	subcutaneous	mass,	commonly	seen	in	the	oral	cavity,	and	is	only	rarely	malignant.	Granular	cell
tumors	have	been	seen	 in	all	parts	of	 the	body,	 including	 the	pancreas	and	bile	duct,	and	can	occur	 in	multiple
sites.	Metastases	have	been	reported	in	approximately	2%	of	cases,	although	most	reports	are	single	cases.

Malignant	Peripheral	Nerve	Sheath	Tumor
MPNSTs	are	highly	aggressive	soft	tissue	sarcomas	that	rarely	occur	in	the	general	population.	However,	among
patients	with	NF1	(see	above	section	on	neurofibroma),	 the	 lifetime	incidence	 is	8%	to	13%.12	Most	MPNSTs,
which	arise	from	the	nerve	sheath,	are	associated	with	major	nerves	of	the	body	wall	and	extremities	and	affect
adults	between	ages	20	and	50	years.	The	lower	extremity	and	the	retroperitoneum	are	the	most	common	sites,	but
MPNSTs	 can	 arise	 anywhere.	There	 is	 also	 an	MPNST	with	 rhabdomyosarcomatous	 elements,	 termed	 a	 triton
tumor,	suggesting	that	the	Schwann	cell	may	be	the	source	of	a	variety	of	heterologous	elements	in	nerve	sheath
tumors.185

Tumor	cells	are	usually	elongated,	with	frequent	mitoses,	and	are	arranged	in	a	hypocellular	myxoid	stroma;
pronounced	atypia	and	epithelioid	 features	are	also	characteristic.	The	majority	of	MPNSTs	are	high-grade	and
stain	for	the	S-100	protein.	Weak	S-100	staining	in	an	MPNST	is	associated	with	a	lack	of	differentiation	and	a
fivefold	higher	risk	of	distant	metastasis.186	Loss	of	H3K27me3	expression,	observed	 in	69%	of	MPNSTs,	was
found	to	be	a	highly	sensitive	marker	for	sporadic	and	radiation-associated	MPNST,	occurring	in	95%	and	91%	of
cases,	respectively,	as	compared	to	60%	of	NF1-related	high-grade	MPNSTs.187	Tumor	size	and	p53	expression
remain	the	most	important	independent	predictors	of	disease-specific	survival.186,188

Two	 studies	 have	 suggested	 that	 patients	with	NF1-associated	MPNST	have	 a	worse	 outcome	 compared	 to
patients	with	sporadic	MPNST,189,190	and	in	one	study,	this	outcome	difference	was	independent	of	tumor	size.190
However,	 in	 a	 more	 recent	 study	 of	 patients	 with	 NF1-associated	 (n	 =	 42),	 sporadic	 (n	 =	 49),	 and	 radiation
therapy–associated	 (n	 =	 14)	MPNST,	 only	 tumor	 size	 and	margin	 status	were	 associated	with	 disease-specific
survival	 on	multivariate	 analysis.191	 The	 cumulative	 incidence	 of	 local	 recurrence	 was	 significantly	 greater	 in
radiation-induced	tumors,	compared	to	grouped	sporadic	and	NF1-associated	tumors	(44%	versus	18%	at	2	years;
P	=	.02).

Genomic	 investigations	have	shown	that	a	high	percentage	of	MPNSTs,	 including	NF1-associated,	sporadic,
and	radiation-associated	tumors,	has	somatic	loss-of-function	abnormalities	in	the	polycomb	repressive	complex	2
(PRC2)	components	EED	or	SUZ12,	which	 lead	 to	 loss	of	 trimethylation	of	H3K27me3,	also	a	marker	of	 this
tumor	type.187,192	 These	 characteristics	may	 both	 represent	 sensitive	 biomarkers	 to	 allow	 accurate	 diagnosis	 of
MPNSTs.

Complete	 surgical	 resection	with	or	without	adjuvant	 radiotherapy	 remains	 the	most	 important	 treatment	 for
patients	with	primary	disease.	The	use	of	neoadjuvant	chemotherapy	for	patients	with	large	primary	and	locally
recurrent	 MPNSTs	 remains	 controversial.	 Overall	 response	 rates	 to	 chemotherapy	 are	 21%,	 with	 improved
outcomes	noted	when	 ifosfamide	 is	added	 to	doxorubicin	regimens.193	With	an	 increasing	understanding	of	 the
signaling	pathways	activated	in	MPNSTs,	sorafenib,	which	targets	the	mitogen-activated	protein	kinase	(MAPK)
pathway,	has	been	tested	in	single	cases	and	in	a	histology-specific	clinical	trial.194,195	Patients	with	NF1	may	be
difficult	 to	 evaluate,	 independent	 of	 the	 features	 of	 the	 tumor	 itself.	 Staging	 and	 follow-up	 assessments	 are
confounded	 by	 the	 detection	 of	 other	 nodules	 and	 masses	 that,	 although	 generally	 representing	 benign
neurofibromas,	 need	 to	 be	 distinguished	 from	 recurrent	 local	 or	 metastatic	 disease	 or	 a	 second	 neurogenic
sarcoma.

Extraskeletal	Chondro-osseous	Tumors
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Extraskeletal	Osteosarcoma
Extraskeletal	osteosarcomas	are	rare,	high-grade	sarcomas	defined	by	production	of	malignant	osteoid	and	bone.
By	definition,	they	are	not	attached	to	the	skeleton.	Unlike	osteogenic	sarcoma	of	bone,	these	tumors	rarely	occur
before	age	20	years,	and	most	patients	are	older	than	age	50	years.	Most	extraskeletal	osteosarcomas	arise	in	the
extremities,	 although	 they	have	been	 reported	 in	other	 sites,	 including	breast,	 retroperitoneum,	urinary	bladder,
and	other	visceral	organs.	Frequent	genomic	alterations	include	loss	of	CDKN2A,	which	encodes	cyclin-dependent
kinase	inhibitor	2A,	TP53,	and	RB1	as	well	as	mutations	affecting	methylation,	chromatin	remodeling,	and	Wnt
signaling.196	 Surgical	 resection	 is	 the	 preferred	 treatment.	 Unlike	 osteogenic	 sarcoma	 arising	 from	 bone,
extraskeletal	 osteosarcoma	 is	 not	 generally	 treated	 with	 adjuvant	 chemotherapy,	 although	 at	 least	 one	 series
indicates	a	better	outcome	for	patients	treated	with	agents	usually	employed	for	classic	osteogenic	sarcomas.197

Tumors	of	Uncertain	Differentiation
This	category	 includes	 tumors	 for	which	 there	 is	no	clear	consensus	as	 to	 the	 line	of	differentiation,	as	well	as
some	tumors,	such	as	synovial	sarcoma	and	clear	cell	sarcoma,	that	are	derived	from	differentiated	cells	without
counterparts	in	normal	mesenchymal	tissues.

Myxoma
Intramuscular	 myxoma	 is	 a	 rare	 tumor	 that	 occurs	 in	 adults,	 usually	 in	 the	 large	 muscles	 of	 the	 extremities.
Myxomas	consist	of	spindle	cells	without	nuclear	atypia.	The	stroma	is	composed	of	abundant	myxoid	tissue.	The
tumors	are	not	highly	vascular	and	do	not	enhance	on	MRI.	 Increased	cellularity	has	been	noted	 in	a	subset	of
lesions,	 termed	 cellular	 myxomas.198	 Because	 of	 the	 high	 myxoid	 component	 and	 subset	 of	 cellular	 lesions,
myxomas	can	appear	similar	to	myxofibrosarcomas	on	biopsy.	An	aid	to	diagnosis	is	the	presence	of	mutations	in
the	GNAS1	 gene,	 which	 are	 more	 common	 in	 spontaneous	myxoma	 as	 compared	 to	 myxofibrosarcoma.199,200
Multiple	intramuscular	myxomas	occur	in	association	with	fibrous	dysplasia	(Mazabraud	syndrome).

Angiomyxoma
Aggressive	angiomyxoma	is	a	soft	tissue	tumor	generally	identified	in	the	pelvis	or	perineum	of	middle-aged	and
older	women.	The	tumors	have	a	highly	myxoid	stroma	with	significant	vasculature	and	small	spindle	or	stellate
cells	without	nuclear	atypia.	Aggressive	angiomyxomas	can	slowly	grow	to	large	size	and	generally	do	not	cause
obstructive	 symptoms.	 Local	 recurrence	 is	 common	 after	 surgical	 resection	 and	 can	 result	 in	 considerable
morbidity,	given	the	location	of	these	tumors,	but	distant	metastases	do	not	occur.	Tumors	express	high	levels	of
estrogen	and	progesterone	receptors,	and	advanced	disease	may	be	managed	with	gonadotropin-releasing	hormone
agonists	 such	 as	 leuprolide.	 The	 tumor-initiating	 cell	 for	 angiomyxoma	 has	 not	 been	 characterized,	 but
rearrangement	 of	 HMGA2	 has	 been	 observed	 and	 appears	 to	 be	 associated	 with	 high	 expression	 of	 this
oncogene.201

Neoplasms	with	Perivascular	Epithelioid	Cell	Differentiation
Neoplasms	 with	 perivascular	 epithelioid	 cell	 differentiation	 (PEComas),	 which	 include
lymphangioleiomyomatosis	 (LAM),	 angiomyolipomas,	 and	 clear	 cell	 “sugar”	 tumors	 of	 the	 lung,	 are
characterized	 by	 neoplastic	 cells	 within	 the	 walls	 of	 blood	 vessels	 in	 the	 tumors.	 LAM	 is	 characterized	 by
progressive	 interstitial	 infiltration	of	 the	 lungs	by	 smooth	muscle	 cells,	 resulting	 in	 cystic	 changes.	 It	 is	 a	 rare,
progressive	cystic	lung	disease	predominantly	affecting	younger	women	of	reproductive	age.	In	end	stages,	LAM
has	been	treated	by	lung	transplantation.202	Angiomyolipomas	are	benign	 lesions	 that	may	grow	quite	 large	but
can	 safely	 be	 observed	 in	most	 clinical	 scenarios	 (see	 “Adipocytic	 Tumors”).	Although	 angiomyolipomas	 and
LAM	do	not	metastasize,	malignant	 forms	of	PEComa	occur.	PEComas	such	as	angiomyolipomas	or	LAM	are
found	in	patients	with	tuberous	sclerosis,	and	thus,	it	is	not	surprising	that	TSC2	or	TSC1	mutations	or	deletions
are	also	found	in	sporadic	lesions.119,122,203,204	Surgical	resection	may	be	sufficient	to	manage	isolated	tumors,	but
for	metastatic	disease	or	unresectable	lesions,	inhibitors	of	mTOR	can	be	an	effective	treatment.124,205–207

Synovial	Sarcoma
Synovial	 sarcoma	 is	 a	 spindle	 cell	 tumor	 with	 varying	 extents	 of	 epithelial	 differentiation,	 including	 gland
formation,	and	carries	a	distinct	chromosomal	translocation.	Synovial	sarcomas	may	be	diagnosed	at	any	age,	but



the	majority	occur	between	15	 and	35	years	of	 age,	more	 commonly	 in	males.208	Over	80%	arise	 in	deep	 soft
tissue	of	the	extremities,	with	approximately	50%	in	the	lower	limbs	and	most	others	in	the	upper	limbs.	Synovial
sarcoma	generally	does	not	originate	 from	synovial	 tissue	and	may	be	encountered	 in	 regions	without	apparent
relationship	to	synovial	structures,	including	the	head	and	neck	(<10%),	thoracic	and	abdominal	wall	(<10%),	or
intrathoracic	 sites.	 Synovial	 sarcoma	 usually	 presents	 as	 a	 slow-growing	 mass	 with	 or	 without	 pain.
Histologically,	it	may	be	monophasic	or	biphasic:	biphasic	tumors	have	a	characteristic	pattern	of	epithelial	cells
surrounded	by	a	spindle	cell	or	fibrous	component,	and	monophasic	synovial	sarcomas	may	be	either	fibrous	or
epithelial,	although	the	latter	is	extremely	rare.	Calcification,	with	or	without	ossification,	is	seen	in	up	to	10%	of
tumors,	and	synovial	 sarcoma	may	be	confused	with	other	calcifying	 tumors	 (e.g.,	 thyroid	neoplasms).	Spindle
cells	 stain	 positive	 for	 keratin,	 epithelial	 membrane	 antigen,	 and	 vimentin.	 S-100	 staining	 may	 give	 positive
results.

Nearly	 all	 synovial	 sarcomas	 contain	 a	 chromosomal	 translocation,	 t(X;18)(p11.2;q11.2),209	 so	 this	genomic
signature	has	become	the	gold	standard	in	diagnosis.210	The	translocation	fuses	the	SWI/SNF	subunit	SS18	to	the
C-terminal	repression	domains	of	SSX1,	SSX2,	or	SSX4,	creating	aberrant	SWI/SNF-like	complexes	that	activate
Sox2	 expression	 and	 drive	 proliferation.211–213	 Increasing	 the	 level	 of	 wildtype	 SS18	 inhibits	 oncogenesis,
suggesting	 a	 potential	 therapeutic	 intervention.	 Some	 synovial	 sarcomas,	 including	 a	 poorly	 differentiated	 case
harboring	an	unusual	SS18L1-SSX1	fusion	variant,	also	overexpress	BCL-6	interacting	corepressor	(BCOR).214,215
BCOR	upregulation	 is	 emerging	 as	 a	 common	downstream	pathway	 for	 synovial	 sarcoma	 and	may	 serve	 as	 a
useful	diagnostic	feature.

Disease-specific	survival	for	primary	synovial	sarcoma	patients	is	72%	at	5	years	but	decreases	to	53%	at	15
years	because	of	late	distant	recurrence.216	Size	and	location	are	the	key	predictors	of	survival	and	are	included	in
a	 synovial	 sarcoma–specific	 nomogram.216	 Distant	 recurrence	 in	 both	 pediatric	 and	 adult	 synovial	 sarcoma	 is
strongly	associated	with	extensive	genomic	alterations	and	a	gene	expression	signature	related	to	mitotic	control
(CDCA2	and	KIF14).217

Like	myxoid–round	 cell	 liposarcomas,	 synovial	 sarcomas	 also	 have	 high	NY-ESO-1	 surface	 expression,	 so
they	may	also	be	susceptible	to	therapies	targeted	to	that	antigen.218

Extraskeletal	Myxoid	Chondrosarcoma
Extraskeletal	myxoid	 chondrosarcoma	 (EMC)	 is	 a	malignant	 tumor	 characterized	 by	multinodular	 growth	 and
chondroblast-	 like	 cells	 arranged	 in	 cords,	 clusters,	 or	 delicate	 networks	within	 an	 abundant	myxoid	matrix.	 It
occurs	most	commonly	in	the	deep	soft	tissues	of	the	proximal	extremities	and	limb	girdles	in	patients	older	than
35	years	 (median	age	at	diagnosis,	50	years);	 two-thirds	of	patients	 are	male.	 In	contrast	 to	 the	more	common
skeletal	 chondrosarcoma,	 there	 is	 no	 evidence	 of	 cartilaginous	 differentiation.	 Ultrastructurally,	 EMC	 is
characterized	by	densely	packed	intracisternal	microtubules	and	prominent	mitochondria,	which	are	not	apparent
in	 skeletal	 chondrosarcoma.	A	nonrandom	reciprocal	 translocation	 t(9;22)(q22;q12)	 is	present	 in	approximately
50%	of	EMCs;219–221	this	fuses	the	genes	for	EWSR1,	whose	function	is	unclear,	and	NR4A3,	a	nuclear	receptor
and	transcriptional	activator.	This	fusion	is	not	seen	in	skeletal	chondrosarcoma,	which	supports	the	idea	that	the
two	 diseases	 have	 different	 molecular	 lineages.	 A	 second	 subgroup	 of	 EMC	 is	 characterized	 by	 a	 t(9,17)
translocation	 joining	TAF15,	which	 encodes	 a	 subunit	 of	 the	 transcriptional	 initiation	 complex,	 and	NR4A3.222
EMCs	usually	grow	slowly,	allowing	long	survival,	even	in	patients	with	metastases,	which	usually	occur	in	the
lung.223	Nevertheless,	with	 prolonged	 follow-up,	 late	 local	 recurrence	 and	metastasis	 are	 common.	EMCs	with
variant	NR4A3	gene	fusions	more	frequently	display	rhabdoid	phenotypes	and	high-grade	morphology	and	have
more	aggressive	clinical	outcomes	compared	with	the	EWSR1-	NR4A3–positive	tumors.224

EMC	is	generally	resistant	to	standard	chemotherapy.225	Sunitinib	has	produced	significant	tumor	regressions
in	two	patients	with	advanced	EMC,226	and	a	more	recent	report	in	10	patients	has	confirmed	its	efficacy	(partial
response	 in	 six	 patients	 and	 stable	 disease	 in	 two	 patients).227	 The	EWSR1-	NR4A3	 fusion	was	 detected	 in	 all
responding	 tumors,	whereas	 the	 two	patients	with	progressive	disease	had	TAF15-	NR4A3	 fusions.	 Trabectedin
has	shown	efficacy	in	advanced	EMC,	with	median	progression-free	survival	(PFS)	and	overall	survival	times	of
12.5	and	26	months,	respectively.228

Alveolar	Soft	Part	Sarcoma
Alveolar	soft	part	sarcoma	(ASPS)	is	a	rare	tumor	composing	<1%	of	soft	tissue	sarcomas.	The	tumors	are	poorly
circumscribed	 lesions	 composed	 of	 large	 epithelioid	 cells	with	 abundant	 eosinophilic	 cytoplasm	 arranged	 in	 a
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pseudoalveolar	 pattern	 within	 a	 highly	 vascular	 stroma.	 ASPS	 harbors	 a	 t(X;17)(p11.2;q25)	 translocation,
resulting	 in	 the	highly	specific	ASPSCR1-TFE3	fusion	protein.229	Like	most	 translocation-associated	sarcomas,
ASPS	is	most	common	in	young	adults.	Females	outnumber	males,	especially	among	patients	younger	than	age	20
years.230,231

ASPS	often	presents	in	the	lower	extremities,	most	commonly	the	thigh,231,232	as	a	painless	mass.	The	tumor
grows	 slowly,	 and	 patients	 may	 remain	 asymptomatic	 over	 years,	 even	 with	 metastatic	 disease.233	 Local
recurrence	after	 surgery	 is	 rare,	 but	ultimate	prognosis	 is	poor	because	ASPS	 tends	 to	metastasize	 early	 and	 is
essentially	 impervious	 to	 standard	 chemotherapy.	 In	 a	 large	 study	 from	MSKCC,	 the	 survival	 rate	 of	 patients
without	metastases	at	diagnosis	was	60%	at	5	years,	38%	at	10	years,	and	15%	at	20	years.231	The	ASPSCR1-
TFE1	fusion	protein	activates	transcription	of	the	MET	oncogene,	which	drives	growth.234	Tivantinib,	a	selective
MET	inhibitor,	extended	PFS	in	 two	patients	with	ASPS.235	Ongoing	 trials	are	examining	 the	efficacy	of	MET
inhibitors	such	as	crizotinib	 in	 this	 tumor.236	The	tumors	also	overexpress	angiogenic	receptor	tyrosine	kinases,
and	indeed,	targeted	inhibitors	such	as	sunitinib,	bevacizumab,	and	apatinib	have	some	efficacy	for	ASPS.237–240

Epithelioid	Sarcoma
Epithelioid	sarcoma,	characterized	by	epithelioid	and	less	commonly	spindle-shaped	cells,	generally	arises	in	the
extremities.	It	occurs	in	two	forms—distal	type	(conventional),	occurring	most	commonly	on	the	volar	aspects	of
the	hands	and	feet,	and	proximal	type,	usually	affecting	the	perineum,	groin,	thigh,	buttock,	or	occasionally	axilla.
The	proximal-type	variant	consists	of	large	epithelioid	carcinoma-like	cells	with	pronounced	cytologic	atypia	and
prominent	nucleoli	frequently	exhibiting	rhabdoid	features.241	Both	proximal-	and	distal-type	epithelioid	sarcomas
often	have	central	regions	of	necrosis.	Tumors	located	in	deep	tissue	may	spread	along	fascial	planes,	and	thus,
epithelioid	sarcoma	requires	extensive	wide	excision	for	complete	tumor	removal.	Epithelioid	sarcoma	is	also	one
of	 the	 few	 sarcomas	 in	which	 lymph	node	metastases	 are	 fairly	 common,	 occurring	 in	 20%	of	 patients.	Gross
nodal	disease	should	be	biopsied,	and	 if	disease	 is	present	but	 the	patient	has	no	apparent	distant	metastases,	a
complete	lymph	node	dissection	should	be	considered.	Sentinel	node	biopsy	has	no	proven	effect	on	outcome.

Prognosis	for	patients	with	epithelioid	sarcoma	is	generally	poor.	In	a	recent	series	of	54	patients	with	localized
disease,242	 the	 5-year	 local	 recurrence–free	 survival	 was	 54%,	 distant	 recurrence–free	 survival	 was	 53%,	 and
overall	 survival	 was	 62%.	 Independent	 predictors	 of	 worse	 survival	 were	 higher	 grade	 and	 deep	 location.
Epithelioid	 sarcoma	 is	 moderately	 sensitive	 to	 chemotherapy,	 although	 responses	 are	 typically	 short	 lived.
Compared	 with	 the	 distal	 variant,	 the	 proximal	 variant	 is	 more	 aggressive,	 is	 resistant	 to	 radiation	 and
chemotherapy,	 and	 has	 worse	 disease-specific	 survival.241,243–246	 Genetic	 analysis	 of	 epithelioid	 sarcoma	 is
beginning	to	define	pathogenic	mechanisms,	including	loss	of	the	SMARCB1	tumor	suppressor	and	upregulation
of	the	epidermal	growth	factor	receptor	(EGFR)	and	mTOR	pathways.	Combined	inhibition	of	EGFR	and	mTOR
inhibited	 epithelioid	 sarcoma	 cell	 growth	 in	 vitro	 and	 in	 a	 xenograft	 model.247	 Given	 the	 loss	 of	 SMARCB1,
patients	with	this	disease	may	respond	to	EZH2	inhibitors.247,248

Clear	Cell	Sarcoma	(Melanoma	of	Soft	Parts)
Clear	cell	sarcoma,	initially	described	by	Enzinger,249	displays	melanocytic	differentiation	and	typically	involves
the	 tendons	 and	 aponeuroses	 of	 young	 adults.	 The	 lesions	 are	 composed	 of	 clusters	 of	 epithelioid	 cells,	 each
surrounded	by	collagenous	bands.	Clear	cell	sarcoma	presents	as	a	slowly	growing	soft	tissue	mass,	with	pain	or
tenderness	 in	 up	 to	 50%	 of	 patients.	 Because	 its	 cells	 contain	melanin	 and	 it	 tends	 to	metastasize	 to	 regional
nodes,	 clear	 cell	 sarcoma	 is	 considered	 to	 behave	more	 like	 a	melanoma	 than	 a	 soft	 tissue	 sarcoma.	Genomic
profiling	and	cluster	analysis	support	this	conclusion.250	However,	unlike	melanoma,	clear	cell	sarcoma	typically
has	 a	 chromosomal	 translocation.	 In	 >75%	 of	 cases,	 this	 is	 t(12;22)(q13;q12),	 fusing	 the	 EWSR1	 and	ATF1
genes.251	The	fusion	product	activates	the	kinase	MET,	giving	hope	that	MET	inhibitors	will	have	activity	against
this	group	of	tumors.252

The	treatment	of	choice	is	surgical	resection.	Gross	disease	in	the	lymph	node	basin	is	removed	in	tandem	with
wide	 resection	 of	 the	 primary	 tumor.	 Given	 the	 propensity	 of	 this	 subtype	 to	 nodal	 metastasis,	 sentinel	 node
biopsy	can	be	considered,	although	its	clinical	utility	is	debated.253	Size	is	a	prognostic	factor	in	outcome,	and	the
majority	 of	 tumors	 are	 <5	 cm	 at	 diagnosis.	 Metastasis	 is	 common,	 and	 5-year	 survival	 approaches	 50%.
Chemotherapy	 has	 limited	 efficacy,	 with	 platinum-containing	 regimens	 offering	 the	 most	 potential	 benefit,
although	 recent	 reports	 suggest	 that	 antiangiogenic	 treatment	 (e.g.,	 sorafenib	 and	 sunitinib)	 may	 have
activity.254,255



Desmoplastic	Small	Round	Cell	Tumor
Desmoplastic	 small	 round	 cell	 tumor	 is	 composed	 of	monotonous	 blue	 cells	 as	 stained	with	 hematoxylin	 and
eosin.	The	cells	have	little	cytoplasm	and	may	be	arranged	in	nests	or	in	an	infiltrative	pattern	within	a	prominent
desmoplastic	 stroma.256	 The	 tumors	 are	 characterized	 by	 a	 specific	 t(11;22)(p13;q12)	 translocation,	 fusing	 the
genes	 for	 EWSR1	 and	 WT1,	 which	 encodes	 a	 transcription	 factor	 involved	 in	 kidney	 and	 gonad
development.257,258	The	disease	usually	arises	in	children	and	young	adults,	in	whom	abdominal	sarcomatosis	is	a
common	presentation.	For	this	reason,	prognosis	is	generally	poor	and	management	can	be	difficult.	In	a	review	of
40	histologically	proven	cases,	3-year	overall	survival	was	only	30%.259	Surgical	resection	is	possible	for	isolated
tumors,	but	more	commonly,	patients	are	managed	with	chemotherapy	followed	by	debulking.	Factors	associated
with	improved	overall	survival	are	gross	total	resection	and	good	responses	to	chemotherapy,	such	as	that	used	for
Ewing	sarcoma.259,260

Undifferentiated	or	Unclassified	Tumors

High-Grade	Undifferentiated	Pleomorphic	Sarcoma/Pleomorphic	Malignant	Fibrous
Histiocytoma
Malignant	 fibrous	 histiocytoma	 was	 originally	 defined	 as	 a	 malignant	 pleomorphic	 spindle	 cell	 tumor	 with
fibroblastic	and	histiocytic	differentiation.	However,	pathologists	now	agree	that	this	morphology	may	be	shared
by	a	wide	range	of	malignancies.103	Careful	immunohistochemical	and	histopathologic	analysis	showed	that	many
sarcomas	 previously	 classified	 as	 pleomorphic	 malignant	 fibrous	 histiocytoma	 could	 be	 reclassified	 as
myxofibrosarcoma	 (30%),	 myogenic	 sarcoma	 (30%),	 myofibroblastic	 sarcoma	 (11%),	 liposarcoma	 (4%),	 soft
tissue	osteosarcoma	(3%),	or	MPNST	(2%),	whereas	only	16%	had	no	specific	line	of	differentiation.43	Thus,	the
term	 UPS	 is	 now	 reserved	 for	 pleomorphic	 sarcomas	 that	 by	 current	 technology	 show	 no	 definable	 line	 of
differentiation.43,97,103

UPS	characteristically	 is	 a	 tumor	of	 later	 adult	 life	with	peak	 incidence	 at	 age	60	 to	70	years.	UPS	usually
presents	 as	 a	 painless,	 deep-seated	mass;	 the	most	 common	 site	 is	 the	 lower	 extremity,	 followed	by	 the	upper
extremity.	 A	 subset	 of	 UPSs	 arises	 at	 the	 site	 of	 prior	 radiotherapy,25	 and	 very	 rare	 cases	 arise	 at	 the	 site	 of
chronic	 ulceration.	 Approximately	 5%	 of	 patients	 present	 with	 metastasis,	 typically	 to	 lung.	 Clinical	 and
pathologic	 studies	 have	 shown	 a	 remarkable	 degree	 of	 heterogeneity	 of	 morphologic	 and	 biologic	 features,
prognosis,	and	treatment	response.	UPS	typically	has	an	aggressive	clinical	course,	with	many	patients	developing
metastasis	 within	 3	 years	 of	 diagnosis	 and	 a	 5-year	 distant	 recurrence–free	 survival	 of	 only	 24%.	 The	 5-year
disease-specific	survival	was	36%	for	patients	presenting	to	MSKCC	with	primary	UPS	of	the	extremity	and	trunk
(UPS	defined	as	having	<5%	myxoid	component).102

Histologic	Grading
After	establishing	the	diagnosis	of	sarcoma,	the	most	critical	piece	of	information	the	pathologist	can	provide	is
histologic	grade.	Grading,	based	on	morphology	only,	evaluates	the	degree	of	malignancy	and	predicts	outcomes,
mainly	the	probability	of	distant	relapse.	The	features	that	define	grade	include	mitotic	index,	necrosis,	cellularity,
pleomorphism,	and	histologic	type	and	subtype	or	differentiation;	the	two	most	important	seem	to	be	mitotic	index
and	extent	of	necrosis.96,261	Unfortunately,	the	criteria	for	grading	are	neither	specific	nor	standardized,	and	there
is	no	general	consensus	on	morphologic	criteria.	Several	grading	systems	are	used,	including	a	four-grade	system
(Broders),262	 three-grade	systems	such	as	 the	National	Cancer	Institute	(NCI)	grading	system263	 and	 that	of	 the
Sarcoma	Group	of	the	French	Fédération	Nationale	des	Centres	de	Lutte	Contre	le	Cancer	(FNCLCC),264	 and	a
two-grade	system	as	is	used	at	MSKCC.265	All	of	these	grading	systems	have	proven	to	correlate	with	overall	and
disease-free	survival.

The	two	most	widely	used	grading	systems	are	the	NCI	system263	and	the	FNCLCC	system.266	A	comparative
study	showed	that	the	prediction	of	distant	metastasis	and	tumor	mortality	was	slightly	better	with	the	FNCLCC
system	 than	with	 the	NCI	 system.264	 However,	 two	 studies	 evaluating	 the	 interobserver	 reproducibility	 of	 the
FNCLCC	system	found	only	60%	to	75%	agreement	on	 tumor	grade	and	61%	to	75%	agreement	on	histologic
type.267,268	This	high	level	of	disagreement	even	among	expert	sarcoma	pathologists	emphasizes	the	importance	of
histologic	peer	review	and	the	need	for	more	objective	grading	and	classification	systems.267–269	In	fact,	neither
the	 FNCLCC	 nor	 the	 NCI	 system	 has	 been	 formally	 endorsed	 by	 the	 World	 Health	 Organization96	 or	 the



Dr. AVR @ TMH

Association	of	Directors	of	Anatomic	and	Surgical	Pathology.270
In	 the	MSKCC	 system,	 grade	 is	 classified	 as	 high	 or	 low	based	 on	 the	 degree	 of	mitotic	 activity,	 necrosis,

cellularity,	and	tumor	differentiation.265	Grade	 in	 this	 system	has	 excellent	 correlation	with	 clinical	outcome	 in
many	histologic	types	and	has	proven	to	be	one	of	the	most	important	independent	predictors	of	disease-specific
survival.271	 In	 addition,	 this	 system	 avoids	 the	 dilemma	of	 an	 “intermediate”	 grade,	which	 in	most	 institutions
would	 be	 lumped	 with	 and	 treated	 as	 high-grade	 sarcoma,	 potentially	 resulting	 in	 overtreatment.	 The	 authors
recognize	that	 in	certain	situations	(approximately	5%	to	10%	of	cases),	 the	distinction	between	low-	and	high-
grade	tumors	can	be	difficult,	and	an	intermediate	grade	would	seem	suitable.	These	difficult	cases	can	be	graded
most	appropriately	by	systematic	sampling	and	thorough	examination.

Although	 there	 is	 widespread	 use	 of	 some	 form	 of	 grading	 system	 in	 the	 diagnosis	 and	 management	 of
sarcomas,	 there	 is	also	agreement	 that	no	current	grading	system	performs	well	 for	every	 type	of	sarcoma.	For
multiple	 reasons,	 certain	 histologic	 types	 of	 sarcoma	 do	 not	 lend	 themselves	 well	 to	 grading.	 An	 example	 is
myxoid–round	cell	liposarcoma,	where	round	cell	histology	in	just	>5%	of	tumor	area	is	sufficient	to	predict	high-
grade	 behavior	with	 a	 >50%	 risk	 of	 distant	metastasis.132	 In	 addition,	 unequivocal	 characterization	 of	 grade	 is
difficult	in	large	lesions,	especially	in	tumors	that	can	reach	2	or	3	kg.

The	 lack	of	grading	 standardization	has	obvious	 clinical	 implications.	 In	 adjuvant	 chemotherapy	 trials,	 high
grade	is	defined	differently	at	different	centers,	which	makes	it	hazardous	to	compare	results	between	trials	or	to
combine	 results	 of	multiple	 trials.	 For	 example,	 a	 pathologist	 panel	 review	 of	 the	 tumors	 of	 240	 patients	who
participated	 in	 the	 Scandinavian	 Sarcoma	 Group	 adjuvant	 trial	 for	 high-grade	 extremity	 sarcoma,	 in	 which
eligibility	was	limited	to	grade	3	or	4	sarcomas	in	a	four-grade	system,	found	that	5%	of	the	patients	actually	had
low-grade	 tumors.267	 In	 addition,	 the	 original	 pathologists	 and	 the	 reference	 pathologists	 had	 considerable
discordance	 with	 regard	 to	 whether	 a	 lesion	 was	 grade	 3	 or	 4.	 Although	 the	 adjuvant	 regimen	 did	 not	 affect
survival,	a	difference	in	survival	was	noted	between	patients	with	tumors	of	these	two	grades	as	assigned	by	the
reference	pathologists.

Grading	needs	to	be	adapted	to	the	modern	methods	of	diagnosis,	often	based	on	a	limited	core	biopsy	rather
than	 an	 open	 incisional	 biopsy.	 Grading	 on	 such	 limited	material	 should	 be	 complemented	 with	 imaging	 and
molecular	data.	Extent	of	necrosis	may	best	be	evaluated	by	imaging	because	it	enables	examination	of	the	entire
tumor.	 Both	 MRI	 and	 magnetic	 resonance	 spectroscopy	 have	 been	 used	 to	 assess	 necrosis,	 chemotherapy
response,	 and	grade	 in	 sarcoma.	Mitotic	 index	 is	 difficult	 to	determine	 from	core	biopsies,	 and	MIB-1	 (Ki-67)
scores	 of	 proliferation	 may	 be	 more	 reproducible272	 and	 have	 better	 predictive	 value.273	 Other	 molecular
characteristics,	 such	 as	 mutation	 or	 nuclear	 overexpression	 of	 p53	 and	 high	 Ki-67	 proliferation	 index,	 are
associated	with	high	grade	and	poor	survival.274	A	gene	expression	signature	of	67	genes	related	to	mitosis	and
chromosomal	stability,	the	Complexity	Index	in	Sarcomas,	was	an	independent	predictor	of	metastasis	even	after
adjusting	 for	 histologic	 subtype	 and	 FNCLCC	 grade	 and	 is	 superior	 to	 the	 FNCLCC	 system	 in	 predicting
metastatic	outcome.275,276

DIAGNOSIS	AND	STAGING
Clinical	Features
The	presence	of	soft	 tissue	sarcoma	almost	 invariably	 is	suggested	by	the	development	of	a	mass.	This	mass	 is
usually	 large,	 is	often	painless,	and	may	be	associated	by	 the	patient	with	an	episode	of	 injury.	Approximately
one-third	present	with	a	size	<5	cm,	one-third	with	a	size	of	5	to	10	cm,	and	one-third	with	a	size	>10	cm.	The
focus	 of	 the	 clinical	 evaluation	 is	 to	 determine	 the	 likelihood	 of	 a	 benign	 or	malignant	 soft	 tissue	 tumor,	 the
involvement	of	muscular	or	neurovascular	structures,	and	the	ease	with	which	biopsy	or	subsequent	excision	can
be	performed.	Definitive	diagnosis	depends	on	biopsy	results	and	histologic	confirmation.

Differential	Diagnosis
The	differential	diagnosis	of	a	 soft	 tissue	mass	 includes,	 in	addition	 to	sarcoma,	a	variety	of	benign	 lesions,	as
well	as	primary	or	metastatic	carcinoma,	melanoma,	and	lymphoma.	The	major	concern	when	confronted	with	a
soft	tissue	mass	is	determining	whether	the	lesion	is	benign	or	malignant.	In	most	patients	with	small	lesions,	or
even	on	occasion	 large	 lesions,	 the	 important	distinction	 is	 lipoma,	 the	most	common	soft	 tissue	 tumor,	versus
other	 tumors.	 Most	 benign	 lesions	 are	 located	 in	 superficial	 (dermal	 or	 subcutaneous)	 soft	 tissue.	 This



differentiation	 may	 be	 simple,	 but	 it	 becomes	 more	 difficult	 as	 the	 more	 aggressive	 and	 underappreciated
inherently	 benign	 lesions	 are	 considered.	 Particularly	 difficult	 is	 myositis	 ossificans.	 The	 patient	 often	 has	 a
history	 of	 trauma	 and	 often	 presents	 with	 a	 large,	 firm-to-hard	 lesion	 that,	 on	 plain	 film,	 may	 have	 intrinsic
calcification.	However,	these	signs	do	not	preclude	the	possibility	of	malignancy.	With	myositis	ossificans,	Tru-
Cut	(CareFusion	Corporation,	San	Diego,	CA)	needle	biopsy	or	open	biopsy	is	often	accompanied	by	aggressive
hemorrhage,	which	suggests	a	vascular	neoplasm.	In	most	cases,	diagnosis	can	be	made	fairly	accurately	by	either
plain	film	or	MRI.	Certainly,	myositis	ossificans	should	be	suspected	when	there	is	a	significant	history	of	trauma
and	the	lesion	is	particularly	hard	and	has	inherent	calcification.

For	diagnosis	to	be	accurate,	the	biopsy	must	be	adequate	and	representative	of	the	tumor,	and	the	tissue	must
be	well	fixed	and	well	stained.	Antibodies	for	immunohistochemical	staining	are	available	commercially,	and	this
technique	is	readily	applicable	to	paraffin-embedded	tissues.	The	most	useful	immunohistochemical	markers	are
the	 intermediate	 filaments	 (e.g.,	vimentin,	keratin,	desmin),	 leukocyte	common	antigen,	and	S-100.	 In	addition,
the	 pathologist	 should	 be	 prepared	 to	 process	 tissue	 from	 selected	 cases	 for	 electron	microscopy,	 cytogenetic
studies,	or	molecular	analysis.	This	requires	that	the	clinician	and	pathologist	communicate	before	the	biopsy	is
performed	to	ensure	that	the	necessary	steps	are	taken	in	handling	the	tissue.

Cytogenetic	 analyses	 reveal	 specific	 clonal	 chromosomal	 aberrations,	 most	 commonly	 reciprocal
translocations,	 in	 the	majority	 of	 sarcomas.257,277–279	 Among	 these	 are	 11	 translocations	 involving	 the	EWSR1
gene	or	its	family	members	(FUS,	TAF15)	found	in	five	different	sarcomas.	In	a	significant	subset	of	sarcomas,
translocations	 can	 be	 diagnostically	 and	 sometimes	 prognostically	 useful.	 Because	 conventional	 cytogenetic
analysis	 is	 labor	 intensive	 and	 requires	 short-term	 culture	 of	 sarcoma	 cells,	molecular	 genetic	 techniques	 (e.g.,
reverse	 transcriptase	 polymerase	 chain	 reaction	 and	 fluorescence	 in	 situ	 hybridization	 [FISH])	 may	 be	 useful
diagnostic	 adjuncts,	 particularly	 for	 diagnosing	 and	 distinguishing	 among	 the	 small-cell	 sarcomas.	 RNA
sequencing	has	emerged	as	a	powerful	 tool	 for	 identifying	genetic	 abnormalities	 and	has	become	 the	preferred
method	 of	 discovering	 novel	 gene	 fusions.280	 FISH	 is	 now	 feasible	 for	 routine	 diagnostic	 testing	 for	 specific
chromosomal	 abnormalities.	 FISH	 is	 also	 useful	 to	 identify	 supernumerary	 ring	 chromosomes,	 seen	 in
mesenchymal	neoplasms	of	low	or	borderline	malignancy,	such	as	DFSP.	Table	87.1	in	Chapter	87	(“Molecular
Biology	of	Sarcomas”)	describes	some	of	the	genetic	changes	identified	in	soft	tissue	sarcomas.

As	might	be	expected,	 there	can	be	considerable	disagreement	among	pathologists	on	 the	specific	histologic
diagnosis	in	individual	cases.	When	a	panel	of	expert	pathologists	reviewed	tissue	samples	from	424	patients	who
entered	 into	 Eastern	 Cooperative	 Oncology	 Group	 sarcoma	 trials,	 10%	 of	 cases	 were	 rejected	 as	 not	 being
sarcoma,	and	16%	were	 the	subject	of	disagreement	on	 the	histologic	subtype.281	 In	 the	Scandinavian	Sarcoma
Group	 experience,	 the	 specific	 histologic	 diagnosis	 was	 disputed	 in	 20%	 of	 cases.267	 Of	 1,463	 histologic
specimens	obtained	from	patients	with	connective	tissue	tumors	in	France	and	Italy,	grade	and	histologic	subtype
were	 confirmed	 by	 an	 expert	 pathologist	 in	 only	 56%	 of	 cases.	 The	 discordance	 for	 35%	 of	 patients	 was	 a
different	 characterization	 of	 histologic	 subtype	 or	 grade,	 and	 in	 8%,	 there	 was	 complete	 discordance
(recharacterized	as	benign,	different	histology,	or	not	a	sarcoma).282	As	familiarity	with	immunohistochemical	and
genetic	techniques	increases	among	pathologists,	the	rate	of	this	discordance	may	decline.

Imaging
Imaging	studies	 for	soft	 tissue	sarcoma	vary,	depending	 to	some	extent	on	 the	site.	They	 involve	evaluation	of
both	the	primary	lesion	and	potential	sites	of	metastasis.	Evaluation	of	primary	lesions	in	the	extremity,	head,	and
neck	 is	 predominantly	 by	 either	 CT	 or	MRI.	 Although	MRI	 provides	 some	 increased	 definition,	 a	 Radiology
Diagnostic	Oncology	Group	 study	 comparing	 these	modalities	 showed	 no	 benefit	 of	MRI	 over	CT.283	 For	 the
primary	 sarcomas	 in	 the	 abdomen,	 chest,	 or	 retroperitoneum,	 a	 spiral	CT	 scan	 is	 preferable	 because	 air–tissue
interface	and	motion	artifacts	often	degrade	MRI	quality.	In	addition,	spiral	CT	allows	both	the	primary	tumor	and
potential	for	metastasis	to	be	assessed	simultaneously.	Especially	in	this	era	of	cost	containment,	imaging	of	the
same	entity	by	multiple	modalities	is	not	required.

Positron	Emission	Tomography
Positron	emission	tomography	(PET)	has	a	number	of	potential	uses	in	sarcoma	management,	although	it	has	yet
to	 gain	 universal	 acceptance.	 The	 standard	 uptake	 value	 in	 18F-fluorodeoxyglucose	 (FDG)	 PET	 has	 been
associated	with	histopathologic	grade,	cellularity,	mitotic	activity,	MIB-1	labeling	index,	and	p53	overexpression,
but	 it	 has	 never	 been	 proven	 to	 provide	 independent	 prognostic	 information	 and	 frequently	 fails	 to	 distinguish
benign	tumors	from	low-grade	sarcomas.284–286
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PET	may	also	become	useful	for	determining	early	responses	to	systemic	therapy	for	soft	tissue	sarcoma.	For
primary	extremity	sarcomas,	response	by	FDG-PET	was	superior	to	radiologic	tumor	size	changes	as	a	predictor
of	outcome	after	neoadjuvant	chemotherapy.287–290	Similar	results	have	been	found	for	pediatric	sarcomas.	FDG-
PET	has	been	used	 for	 early	prediction	of	 chemosensitivity	 in	patients	with	 soft	 tissue	 sarcomas	who	 received
neoadjuvant	chemotherapy;	 the	accuracy	was	83%,	and	positive	predictive	value	for	 responders	was	92%.291	A
prospective	 evaluation	 of	 FDG-PET	 in	 39	 soft	 tissue	 sarcoma	 patients	 treated	with	 neoadjuvant	 chemotherapy
found	 that	 an	 early	decrease	 in	peak	FDG	uptake	after	one	cycle	of	 chemotherapy	was	associated	with	overall
survival	and	may	serve	as	an	early	metabolic	biomarker	of	response	and	clinical	outcome.290	In	50	patients	with
Ewing	sarcoma,	the	median	standardized	uptake	value	after	neoadjuvant	chemotherapy	was	highly	associated	with
outcome	and	had	an	84%	positive	predictive	value	 for	 response	 to	 initial	 chemotherapy.292	 Further	 prospective
studies	 across	 all	 histologic	 types	 of	 sarcoma	 are	 needed	 to	 determine	 if	 FDG-PET	 is	 sufficiently	 specific	 and
accurate	in	determining	chemotherapy	response.

The	current	role	of	PET	seems	to	be	primarily	in	the	identification	of	unsuspected	sites	of	metastasis	in	patients
with	recurrent	high-grade	tumors.

Imaging	Sites	of	Metastasis
Evaluation	of	possible	 sites	of	metastasis	 is	as	 important	as	 imaging	studies	of	 the	primary	 lesion.	For	patients
with	 extremity	 lesions,	 most	 metastases	 (70%)	 go	 to	 the	 lung.293	 For	 patients	 with	 retroperitoneal	 or	 visceral
lesions,	a	much	more	common	site	for	metastases	is	the	liver,	with	lung	being	only	a	secondary	site.	Nevertheless,
no	site	is	immune	from	soft	tissue	sarcoma	metastasis,	and	other	patterns	can	be	identified	(e.g.,	intra-abdominal
soft	tissue	metastases	or	pelvic	or	spinal	bone	metastases	of	extremity	myxoid	or	round	cell	liposarcomas).133,294

Lymph	node	metastases	are	uncommon,	except	for	certain	histologic	types	that	mostly	affect	children.295	In	the
MSKCC	experience,295	 3.7%	 of	 1,066	 patients	with	 extremity	 soft	 tissue	 sarcoma	 had	 lymph	 node	metastasis.
Higher	prevalence	was	seen	in	epithelioid	sarcoma	(3	of	15),	rhabdomyosarcoma	(4	of	21),	clear	cell	sarcoma	(2
of	 18),	 and	 angiosarcoma	 (2	 of	 18).	 These	 findings	 were	 confirmed	 by	 a	 report	 from	 the	 Royal	 Marsden
Hospital,296	 in	 which	 3.4%	 of	 2,127	 patients	 were	 reported	 as	 having	 regional	 lymph	 node	 metastasis,	 with
prevalence	being	higher	among	 the	same	 tumor	 types.	Thus,	 for	 these	subtypes,	 the	draining	 lymph	node	basin
should	be	subjected	to	careful	clinical	examination	and	complete	imaging	if	indicated.

Patients	with	visceral	and	retroperitoneal	lesions	should	have	their	liver	imaged	as	part	of	the	initial	abdominal
CT	 or	MRI.	 For	 low-grade	 or	 small	 superficial	 high-grade	 extremity	 sarcomas,	 imaging	 for	metastasis	 is	 less
important,	 and	 simple	 chest	 radiography	 will	 suffice.	 Conversely,	 for	 patients	 with	 deep	 or	 large	 high-grade
extremity	lesions,	for	which	the	risk	of	metastatic	disease	is	significant,	more	extensive	evaluation	with	a	CT	scan
of	 the	 chest	 is	 often	 preferred.	 Although	 CT	 is	 the	 most	 commonly	 used	 modality	 to	 evaluate	 pulmonary
metastases,	 it	 is	more	expensive	 than	 radiographs,	delivers	a	higher	 radiation	dose,	and	may	give	 false-positive
results	because	of	small,	indeterminate	pulmonary	nodules.	One	study	correlated	thoracotomy	with	CT	and	found
that	only	60%	of	malignant	nodules	<6	mm	in	size	were	found	at	thoracotomy.297	It	is	unclear	if	there	is	a	better
imaging	 modality	 to	 evaluate	 metastases	 of	 <1	 cm.	 Newer	 techniques,	 such	 as	 FDG-PET,	 are	 being	 used	 to
evaluate	distant	metastases	and,	when	combined	with	CT	and	conventional	imaging,	may	improve	the	diagnostic
accuracy	of	preoperative	staging.	However,	overstaging	remains	a	problem	in	12%	of	patients,	and	the	utility	of
PET-CT	remains	limited	in	evaluating	pulmonary	metastases	of	<1	cm.298	FDG-PET	lacks	specificity	in	its	ability
to	distinguish	between	low-grade	malignancies	and	benign	entities.	An	additional	concern	is	that	many	low-grade
sarcoma	types	and	several	high-grade	types,	such	as	round	cell	liposarcoma,	do	not	reliably	show	uptake	for	FDG,
further	limiting	its	routine	use	for	staging	sarcoma	patients.

Biopsy
Biopsy	can	be	used	to	evaluate	malignancy,	histologic	grade,	and	sometimes	histologic	type.	Precise	knowledge
of	these	features	enables	the	treating	physician	to	tailor	treatment	to	the	tumor’s	predicted	pattern	of	local	growth,
risk	of	metastasis,	and	likely	sites	of	distant	spread.	Either	an	incisional	biopsy	or	several	Tru-Cut	core	biopsies
are	 required	 to	 obtain	 enough	 tissue	 for	 definitive	 diagnosis	 and	 accurate	 grading.	 The	 incision	 or	 core	 track
should	 be	 placed	 in	 a	 location	 that	 can	 be	 completely	 excised	 at	 the	 time	 of	 definitive	 resection	with	minimal
sacrifice	 of	 overlying	 skin.	 Excisional	 biopsy	 should	 be	 avoided,	 especially	 for	 lesions	 >3	 cm	 in	 size,	 as
contamination	of	surrounding	tissue	may	require	the	definitive	resection	to	be	more	extensive.

In	general,	 the	important	 issue	with	biopsy	is	 the	adequacy	of	 the	sample.	Conclusive	biopsy	requires	viable
tissue	 that	 is	 both	 representative	 of	 the	 lesion	 and	 sufficient	 for	 histopathologic	 evaluation,



immunohistochemistry,	 and,	 when	 necessary,	 cytogenetics	 and	 electron	 microscopy.	 As	 molecular	 markers
become	a	factor	in	diagnosis,	meticulous	attention	to	the	adequacy	of	biopsy,	tissue	preservation,	and	evaluation
will	be	paramount.

Tru-Cut	Biopsy
Several	 studies	have	examined	 the	value	of	Tru-Cut	biopsy.299	 Its	accuracy	 is	 lower	 than	 for	 incisional	biopsy,
although	substantially	higher	than	for	frozen	section,	and	Tru-Cut	biopsy	has	the	advantage	that	it	can	be	done	in
an	office	setting.

Fine-Needle	Aspiration	Cytology
Fine-needle	aspiration	(FNA)	cytology	has	been	examined	by	a	number	of	authors	but	is	usually	used	only	for	the
confirmation	of	recurrence.	Particular	problems	with	FNA	are	the	limited	sampling	and	lack	of	tissue	architecture,
which	reduce	diagnostic	accuracy.	In	addition,	the	amount	of	tissue	collected	usually	does	not	allow	for	ancillary
molecular	diagnostic	techniques.

Some	 authors	 have	 argued	 that	 biopsy	 itself	 is	 not	 justified	 if	 FNA	 is	 available.	Rydholm300	 suggested	 that
open	 biopsy	 is	 never	 indicated,	 arguing	 that	 open	 biopsy	 risks	 local	 tumor	 spread	 and	 increases	 both	 the
magnitude	 of	 the	 subsequent	 operation	 and	 the	 need	 for	 adjuvant	 radiation	 therapy.	 Using	 FNA,	 the	 surgeon
proceeds	 directly	 to	 open	 operation.	 However,	 this	 requires	 referral	 before	 antecedent	 biopsy,	 a	 relatively
uncontrollable	 event	 in	 the	United	States.	Other	 authors	 suggest	 that	 this	 approach	 results	 in	 the	 referral	 of	 10
patients	with	benign	lesions	for	every	sarcoma	patient,	certainly	an	untenable	situation	under	our	care	system.

The	no-biopsy	approach	presupposes	that	all	that	is	required	is	a	malignant	sarcoma	diagnosis	and	that	the	type
or	 grade	 of	 sarcoma	 does	 not	 determine	 therapy.	 The	 use	 of	 FNA	 in	 patients	 with	 large	 sarcomas	 who	 are
candidates	 for	neoadjuvant	 therapy	 is	 also	problematic	due	 to	difficulty	 in	grading	and	 subtyping	 these	 tumors
accurately	 from	 such	 small	 samples.	 However,	 proponents	 argue	 that	 immunohistochemistry,	 electron
microscopy,	DNA	cytology,	and	chromosomal	analysis,	all	of	which	can	be	performed	on	FNA	specimens,	will
ensure	 the	appropriateness	of	 this	approach.	Nonetheless,	 the	authors	 still	 favor	obtaining	adequate	 tissue	 from
several	 Tru-Cut	 cores	 or	 an	 incisional	 biopsy	 to	 determine	 a	 definitive	 histologic	 diagnosis	 and	 grade	 before
initiating	treatment.

Frozen	Section
In	some	institutions,	frozen	section	is	the	diagnostic	tool	of	choice.	For	diagnosis	of	malignancy,	frozen	section	is
accurate,	 but	 for	 histopathologic	 subtypes	 and	 grade,	 it	 is	 inferior	 to	 permanent	 sections	 of	 either	 Tru-Cut	 or
incisional	biopsy.299

Sarcoma	Staging
The	 intent	 of	 staging	 systems	 is	 to	 group	 patients	 according	 to	 their	 probability	 of	metastasis,	 disease-specific
survival,	 or	 overall	 survival.	 The	 major	 staging	 system	 used	 for	 soft	 tissue	 sarcoma	 was	 developed	 by	 the
American	 Joint	 Committee	 on	 Cancer	 (AJCC).	 This	 system	 has	 undergone	 significant	 changes	 since	 the	 first
edition	in	1992,	based	on	both	histologic	and	clinical	information.	The	current	(eighth	edition,	2017)	AJCC	TNM
(tumor-node-metastasis)	system	(Table	88.2)	accounts	 for	histologic	 type,	histologic	grade,	 tumor	size,	 regional
lymph	 node	 involvement,	 and	 distant	 metastasis.	 It	 incorporates	 five	 major	 changes	 compared	 with	 the	 2010
system.	First,	it	places	greater	emphasis	on	the	anatomic	primary	site,	distinguishing	sarcomas	of	head	and	neck,
extremity	 and	 trunk,	 visceral,	 and	 retroperitoneal	 locations.	 Second,	 for	 head	 and	 neck	 tumors,	 it	 uses	 smaller
primary	tumor	size	criteria	to	define	prognostic	stage	groups.	Third,	it	adds	a	new	size	category,	T4,	for	primary
tumors	>15	cm	for	sarcomas	in	the	extremity	and	trunk,	visceral,	and	retroperitoneal	location	and	eliminates	the
distinction	of	superficial	versus	deep.	Fourth,	it	reclassifies	N1	disease	from	stage	III	to	stage	IV.	Fifth,	it	provides
guidance	for	unique	histologic	types.301

TABLE	88.2
Prognostic	Stage	Groups	According	to	American	Joint	Committee	on	Cancer	Staging
System	(Eighth	Edition,	2017)
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Tumor	(T)	Category T	Criteria
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

T1 Tumor	<5	cm	in	greatest	dimension

T2 Tumor	5	to	10	cm	in	greatest	dimension

T3 Tumor	>10	to	15	cm	in	greatest	dimension

T4 Tumor	>15	cm	in	greatest	dimension

Stage Grade Tumor Nodes Metastasis
IA G1,	GX T1 N0 M0

IB G1,	GX T2,	T3,	T4 N0 M0

II G2,	G3 T1 N0 M0

IIIA G2,	G3 T2 N0 M0

IIIB G2,	G3 T3,	T4 N0 M0

IV G	any T	any N1 M0

IV G	any T	any N	any M1
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

The	current	AJCC	2017	 staging	 system	discriminates	 the	probability	of	 survival	 of	 sarcoma	patients,	where
stage	 I,	 II,	 and	 III	 lesions	 have	 progressively	 greater	 risk	 of	 recurrence	 and	 death	 (see	 Table	 88.2).	However,
AJCC	staging	still	has	limitations.	Unfortunately,	this	system	still	fails	to	adequately	account	for	the	influence	of
specific	histologic	types	on	overall	survival	and	the	timing	and	pattern	of	local	and	distant	recurrence.	There	is	as
yet	no	adequate	staging	system	for	retroperitoneal,	intra-abdominal,	and	visceral	lesions.

Nomograms
The	 accuracy	 of	 predicting	 patient	 outcomes	 can	 be	 increased	 by	 integrating	 multiple	 clinical	 and	 histologic
features	 in	a	predictive	model	such	as	a	nomogram.	To	predict	sarcoma-	specific	survival,	MSKCC	researchers
developed	nomograms	that	 integrate	 information	on	patient	age	and	tumor	size,	grade	(low	versus	high),	depth,
site,	 and	 histopathology.	Nomograms	 are	 available	 for	 both	 primary	 lesions302	 and	 locally	 recurrent303	 lesions.
These	nomograms	can	be	readily	downloaded	to	smartphones	for	instant	calculation	of	disease-specific	survival
probability.	Because	no	current	grading	system	performs	well	for	every	histologic	type	of	sarcoma,	the	authors’
groups	 have	 recently	 developed	 histology-specific	 nomograms	 in	 liposarcoma,39	 synovial	 sarcoma,216	 uterine
LMS,304,305	 and	GI	 stromal	 tumor	 (GIST).306	Site-specific	 retroperitoneal84,307–309	 and	 extremity310	 nomograms
have	 been	 developed,	 as	well	 as	 a	 local	 recurrence	 nomogram	 for	 patients	with	 primary	 extremity	 sarcoma	 to
improve	selection	for	adjuvant	radiation.311	As	new	molecular	and	genetic	biomarkers	are	discovered	and	shown
to	 have	 prognostic	 value,	 they	 can	 be	 incorporated	 into	 nomograms	 along	with	 conventional	 clinicopathologic
variables.	This	would	enable	the	treating	physician	to	design	a	treatment	strategy	tailored	to	an	individual	patient’s
risk	of	relapse	and	potential	for	an	aggressive	clinical	course.

Histologic	and	Prognostic	Factors	for	Primary	Extremity	and	Truncal	Sarcoma
Histopathology	is	related	to	anatomic	site	(see	Fig.	88.2),	and	the	common	histologic	types	in	the	extremities	and
trunk	are	liposarcoma,	myxofibrosarcoma,	UPS/PMFH,	and	synovial	sarcoma.	Clinical	and	pathologic	factors	that
influence	outcome	were	determined	from	analysis	of	prospectively	collected	data	from	1,041	patients	older	than
16	 years	 with	 localized	 soft	 tissue	 sarcoma	 of	 the	 extremity.271,312	 The	 5-year	 survival	 rate	 was	 76%,	 with	 a
median	 follow-up	 of	 4	 years.	 Factors	 that	 increased	 risk	 of	 local	 recurrence	 were	 age,	 recurrent	 disease	 at
presentation,	positive	margin,	and	fibrosarcoma	or	MPNST	histology.	Factors	that	increased	the	risk	of	disease-
specific	death	were	 tumor	size,	depth,	and	grade;	 recurrent	presentation;	positive	margin;	and	MPNST	or	LMS
histology.	A	database	including	information	on	recurrence	and	survival	in	10,000	patients	undergoing	resection	of
soft	tissues	sarcomas	may	also	prove	useful	in	identifying	prognostic	factors.312

Distant	 recurrence	was	associated	with	 tumor	size,	depth,	and	grade;	 recurrent	presentation;	LMS	histology;
and,	to	a	lesser	extent,	any	nonliposarcoma	histology.	High-grade	lesions	have	a	much	greater	risk	of	developing	a
distant	metastasis	in	the	first	30	months.	Even	low-grade	lesions,	however,	have	a	slow	but	inexorable	increase	in



risk	of	metastasis	over	the	long	term.271	Prognostic	factors	clearly	vary	with	time.	Grade	is	a	dominant	factor	in
early	metastasis,	but	in	late	recurrence,	initial	size	becomes	equally	important.313	Postmetastasis	survival	for	most
patients	 is	 independent	of	 factors	 involved	 in	 the	primary	presentation,	although	an	association	has	been	 found
with	tumor	size.

Bone	invasion	and	neurovascular	invasion	have	historically	been	considered	bad	prognostic	features.	However,
bone	invasion	is	relatively	uncommon	in	soft	tissue	sarcoma,	so	it	has	not	been	uniformly	included	in	any	staging
system.

Five-year	 survival	 does	 not	 guarantee	 cure.	An	 analysis	 of	 patients	who	were	 disease-free	 5	 years	 after	 the
treatment	 of	 extremity	 lesions	 showed	 that	 9%	 would	 go	 on	 to	 have	 a	 recurrence	 in	 the	 next	 5	 years.314
Unfortunately,	survival	has	not	measurably	improved	over	time	when	corrected	for	stage,	as	indicated	by	a	review
of	 1,261	 completely	 resected	 extremity	 lesions	 by	 5-year	 increments	 from	 1982	 to	 2001.315	 Disease-specific
actuarial	5-year	survival	remained	unchanged	(approximately	79%).	For	patients	with	high-grade,	deep	tumors	of
>10	cm,	disease-specific	survival	remains	at	around	50%.

Site	of	disease	is	a	clear	determinant	of	outcome	and	an	important	prognostic	factor.	Patients	with	extremity
and	 superficial	 trunk	 lesions	 certainly	 do	 better	 than	 patients	 with	 retroperitoneal	 and	 visceral	 sarcomas	 (Fig.
88.3).	Death	from	local	recurrence	is	uncommon	in	those	with	extremity	lesions	but	occurs	frequently	in	patients
with	retroperitoneal	liposarcoma.

Innumerable	molecular	markers	have	been	defined	for	soft	tissue	sarcoma—some	with	prognostic	implications.
Among	these	are	PI3	kinase	mutations	in	myxoid–round	cell	liposarcoma,142	copy	number	alterations	in	DDLS,142
ITGA10	 gene	 expression	 in	 myxofibrosarcoma,128	 and	 immune	 infiltrate	 markers	 in	 chromosomally	 complex
tumors.130	To	date,	such	events	have	not	been	included	in	staging	systems,	but	as	they	are	validated	in	robust	data
sets,	 they	 are	 likely	 to	 be	 increasingly	 integrated	 into	 therapeutic	 algorithms	 in	 a	manner	 similar	 to	 histologic
subtype.
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Figure	88.3	Disease-specific	survival	by	site	for	primary	soft	tissue	sarcoma.	The	data	are	for
8,005	patients	admitted	to	Memorial	Sloan	Kettering	Cancer	Center	from	1982	through	2017	with
primary	disease.	Patients	with	retroperitoneal	or	visceral	sarcomas	did	worse	than	patients	with

extremity	lesions.

Diagnostic	and	Prognostic	Factors	for	Primary	Retroperitoneal	or	Intra-
abdominal	Sarcoma
Most	patients	with	retroperitoneal	or	intra-abdominal	sarcoma	present	with	an	asymptomatic	abdominal	mass.	On
occasion,	 pain	 is	 present,	 and	 less	 common	 symptoms	 include	 GI	 bleeding,	 incomplete	 obstruction,	 and
neurologic	 symptoms	 related	 to	 retroperitoneal	 invasion	or	 pressure	 on	neurovascular	 structures.	 In	 one	 report,
only	27%	of	patients	with	retroperitoneal	sarcoma	had	neurologic	symptoms,	which	were	primarily	related	to	an
expanding	retroperitoneal	mass.316	Weight	loss	is	uncommon,	and	incidental	diagnosis	is	the	norm.	The	diagnosis
is	usually	suspected	on	finding	a	soft	tissue	mass	on	abdominal	CT	or	MRI.	Often	the	diagnosis	is	clear	without
biopsy,	and	many	proceed	directly	to	operative	resection.	FNA	biopsy	or	CT-guided	core	biopsy	has	a	limited	role
in	diagnostic	evaluation	of	these	patients.	CT-guided	core	biopsy	is	indicated	if	abdominal	lymphoma,	germ	cell
tumor,	 or	 carcinoma	 is	 suspected.	 Preoperative	 biopsy	 is	 also	 indicated	 for	 patients	 who	 present	 with	 distant
metastasis	 or	 advanced	 local	 disease	 that	 on	 imaging	 appears	 to	 be	 difficult	 to	 completely	 remove	 surgically
without	 substantial	morbidity.	 In	most	patients,	 exploratory	 laparotomy	 should	be	performed	and	 the	diagnosis
made	 at	 operation,	 unless	 (1)	 the	 patient’s	 tumor	 is	 clearly	 unresectable,	 (2)	 neoadjuvant	 chemotherapy	 or
radiotherapy	 is	 needed	 to	 attempt	 to	 make	 the	 tumor	 more	 resectable,	 or	 (3)	 the	 patient	 will	 be	 undergoing
preoperative	investigational	treatment.

CT	 remains	 the	primary	modality	 for	 evaluation	of	 retroperitoneal	 and	visceral	 sarcomas.	Because	 the	most
likely	 site	 of	 visceral	 metastasis	 is	 the	 liver	 followed	 by	 lung,	 a	 CT	 scan	 of	 the	 chest,	 abdomen,	 and	 pelvis
encompasses	the	primary	lesion	and	the	most	likely	sites	of	metastasis	in	a	single	examination.

Retroperitoneal	 or	 intra-abdominal	 sarcomas	 (excluding	 visceral	 sarcomas	 such	 as	 GIST)	 account	 for
approximately	 15%	 of	 all	 soft	 tissue	 sarcomas.	 The	most	 common	 histologic	 types	 in	 the	 retroperitoneum	 are
liposarcoma	 (60%),	 LMS	 (22%),	 SFT	 (5%),	 and	MPNST	 (2%).	 Among	 primary	 retroperitoneal	 liposarcomas
(excluding	pleomorphic	liposarcoma	and	liposarcoma	not	otherwise	specified),	approximately	50%	are	low	grade,
with	46%	and	3%	classified	as	well	differentiated	and	myxoid,	respectively,	and	50%	are	high	grade,	with	49%
and	2%	classified	as	dedifferentiated	and	round	cell	liposarcoma,	respectively.

An	analysis	of	278	patients	with	primary	 retroperitoneal	 sarcoma317	 showed	 that	grade	and	completeness	of
resection	 were	 the	 most	 important	 independent	 prognostic	 factors	 for	 disease-specific	 survival;	 survival	 was
similar	 between	 patients	 with	 incomplete	 resection	 and	 those	 with	 unresectable	 tumors.	 In	 this	 same	 study,
histology	and	grade	were	both	significantly	associated	with	local	recurrence,	with	liposarcoma	having	a	2.6-fold
greater	 risk	of	 local	 recurrence	compared	 to	other	histologic	 types.	 In	a	more	 recent	study	of	675	patients	with
primary	 retroperitoneal	 sarcomas,	 predictors	 of	 disease-specific	 survival	 included	 histologic	 type,	 incomplete
resection	leaving	macroscopic	residual	tumor,	and	resection	of	more	than	three	contiguous	organs.84	Patients	with
MPNST,	LMS,	and	high-grade	liposarcoma	had	significantly	worse	survival	(Fig.	88.4)	compared	to	patients	with
SFT	and	low-grade,	well-differentiated	or	myxoid	liposarcoma.	The	probability	of	disease-specific	death	after	>5
years	was	highest	 for	LMS	and	 low-grade	 liposarcoma,	emphasizing	 the	need	 for	 long-term	follow-up	 in	 these
patients.	Predictors	of	 local	 recurrence	 included	histologic	 type,	age,	 tumor	size,	and	whether	cancer	cells	were
present	at	resection	margins.	Local	recurrence	was	lowest	for	SFT	(8%;	all	occurring	within	3	years)	and	highest
for	high-grade,	dedifferentiated,	and	 round	cell	 liposarcomas	 (58%	by	5	years),	 followed	by	well-differentiated
and	myxoid	liposarcoma	(39%	by	5	years	and	60%	by	15	years)	and	MPNST	(35%;	also	all	occurring	within	3
years).



Figure	88.4	Disease-specific	survival	for	patients	with	primary	retroperitoneal/intra-abdominal
sarcoma,	according	to	histology.	The	data	are	for	893	patients	with	primary	retroperitoneal	or	intra-
abdominal	sarcoma	admitted	to	Memorial	Sloan	Kettering	Cancer	Center	from	1982	through	2017.

Low-grade	liposarcoma	consists	of	well-differentiated	and	myxoid	subtypes.	High-grade
liposarcoma	consists	of	dedifferentiated,	round	cell,	and	pleomorphic	subtypes.	The	most	common
histologic	types	vary	widely	in	disease-specific	survival	(P	<	.0001).	Disease-specific	survival	at	5
years	was	92%	for	patients	with	primary	low-grade	liposarcoma	compared	with	50%	for	patients
with	primary	high-grade	liposarcoma.	For	the	group	as	a	whole,	disease-specific	survival	was	68%

at	5	years	and	51%	at	10	years.	MPNST,	malignant	peripheral	nerve	sheath	tumor.

MANAGEMENT	BY	PRESENTATION	STATUS,	EXTENT	OF	DISEASE,	AND
ANATOMIC	LOCATION
Management	of	Extremity	and	Truncal	Sarcoma

Surgical	Management	of	Primary	Localized	Disease
Although	surgery	remains	the	principal	therapeutic	modality	in	soft	tissue	sarcoma,	the	extent	of	surgery	required,
along	with	 the	 optimum	combination	 of	 radiotherapy	 and	 chemotherapy,	 remains	 controversial.	The	 individual
patient’s	 clinical	 and	 pathologic	 characteristics—particularly	 the	 pattern	 of	 spread	 expected	 for	 the	 patient’s
histologic	subtype—should	be	used	 to	design	 the	most	effective	 treatment	plan.	Figure	88.5	 shows	a	 suggested
algorithm	for	management	of	patients	with	extremity	or	truncal	disease.
Extent	of	Surgical	Resection.	The	most	extensive	resection,	amputation,	should	be	only	rarely	indicated	for	soft
tissue	sarcoma.	At	MSKCC,	the	amputation	rate,	which	was	50%	in	the	late	1960s,	is	now	<5%.	A	prospective,
randomized	 trial	with	well	 over	 10	 years	 of	 follow-up	 found	 that	 although	 local	 recurrence	 is	 greater	 in	 those
undergoing	limb-sparing	operation	plus	irradiation	than	in	those	undergoing	amputation,	disease-free	survival	is
not	different.318	Moreover,	the	level	of	handicap	can	be	significantly	lower	in	patients	treated	with	limb-sparing
surgery.319	 Amputation	 should	 be	 reserved	 for	 tumors	 that	 cannot	 be	 resected	 by	 any	 other	means	 in	 patients
without	evidence	of	metastatic	disease	and	with	potential	for	good	long-term	functional	rehabilitation.
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For	 these	 reasons,	 surgery	 for	 extremity	 or	 truncal	 tumors	 most	 often	 consists	 of	 wide	 en	 bloc	 resection.
Historical	attempts	to	resect	all	muscle	bundles	from	origin	to	exertion	have	been	supplanted	by	an	encompassing
resection,	 aiming	 to	 obtain	 a	 1-cm	margin	 of	 uninvolved	 tissue	 in	 all	 directions.	 Two-centimeter	 margins	 are
employed	 for	 histologic	 subtypes	with	 infiltrative	 borders	 (e.g.,	DFSP	or	myxofibrosarcoma).	 For	 certain	 low-
grade	 histologic	 types,	 however,	 even	 1-cm	margins	 are	 not	 required	 for	 excellent	 local	 control.	 For	 example,
WDLSs	 of	 the	 extremities	 require	 only	 complete	 excision	 with	 a	 minimal	 surrounding	 margin	 because	 the
majority	of	these	tumors	will	not	recur,	even	after	a	limited	or	microscopically	positive	margin	excision,	as	long
as	the	excision	is	complete.	Skin	surrounding	the	biopsy	site,	tethered	to	the	tumor,	or	showing	neovascularization
in	 association	 with	 an	 underlying	 lesion	 should	 be	 removed	 with	 the	 specimen;	 myocutaneous	 flaps	 may	 be
considered	when	a	significant	defect	results	or	adjuvant	radiation	will	be	required.	The	limiting	factor	in	obtaining
wide	margins	is	usually	neurovascular	or,	occasionally,	bony	juxtaposition.	Because	very	few	soft	tissue	sarcomas
invade	bone	directly,	bone	rarely	needs	to	be	resected;	periosteum	can	be	removed	to	provide	an	adequate	margin
when	 soft	 tissue	 sarcoma	 abuts	 the	 bone.	 Similarly,	 perineurium	 can	 be	 removed	 with	 the	 tumor	 to	 provide
margins	when	the	tumor	is	directly	adjacent	to	a	major	motor	nerve.	In	rare	instances,	a	major	nerve	or	vascular
bundle	is	encased	by	a	soft	tissue	sarcoma,	sometimes	arising	from	the	nerve	itself	(MPNST	or	synovial	sarcoma).
Low-grade	lesions	may	be	bivalved	to	preserve	the	nerve;	however,	in	the	case	of	a	high-grade	tumor,	resection
may	 be	 required.	 Bracing	 can	 compensate	 for	 removal	 of	 femoral	 or	 sciatic	 nerves,	 and	 tendon	 transfers	 can
improve	 functional	 outcomes	 following	 removal	 of	 median,	 ulnar,	 and	 radial	 nerves.	 Vascular	 bypass	 can	 be
performed	for	arterial	resections.
Indications	 for	Adjuvant	 Therapy.	As	 detailed	 in	 the	 next	 section,	 radiation	 therapy	 should	 be	 added	 to	 limb-
sparing	surgery	for	some	high-risk	patients.	Neoadjuvant	chemotherapy	or	investigational	approaches	should	also
be	considered	for	patients	with	high-grade	 lesions	>10	cm	and	for	 those	with	synovial	sarcoma,	myxoid–round
cell	 liposarcoma,	 or	 pleomorphic	 liposarcoma	 >5	 cm	 (subtypes	 highly	 responsive	 to	 chemotherapy)	 (see
“Chemotherapy	 for	 Primary	 Localized	 Extremity	 or	 Truncal	 Sarcoma”).	 Systemic	 treatment	 may	 also	 be
beneficial	 in	 reducing	 the	 extent	 of	 surgery	 in	 particularly	 chemosensitive	 histologies	with	 high	 rates	 of	 local
recurrence,	mainly	angiosarcoma.

A	subset	of	subcutaneous	and	intramuscular	sarcomas	with	favorable	features,	such	as	small	size	(≤5-cm,	low-
grade	 lesions),	 can	 be	 treated	 by	 wide	 excision	 alone,	 with	 a	 local	 recurrence	 rate	 of	 only	 8%	 to	 20%	when
performed	 by	 expert	 surgeons.320–322	 If,	 however,	 the	 margin	 is	 positive,	 the	 authors’	 policy	 is	 to	 administer
radiotherapy	to	patients	with	high-grade	tumors	even	if	the	tumor	was	≤5	cm.	In	contrast,	patients	with	large	(>5-
cm)	low-grade	lesions	with	specific	histologies,	such	as	ALTs,	rarely	require	radiation	therapy,	as	local	recurrence
rates	are	low	(<10%)	in	patients	treated	with	surgery	alone.129

Another	factor	that	should	be	considered	is	whether	the	patient	has	had	a	prior	unplanned	excision	(i.e.,	without
adequate	preoperative	staging	or	consideration	of	 the	need	 to	 remove	normal	 tissue	around	 tumor).	At	Princess
Margaret	 Hospital,	 the	 rate	 of	 local	 recurrence	 was	 significantly	 higher	 in	 patients	 who	 were	 treated	 after
unplanned	excision	at	other	institutions	than	in	patients	who	received	all	of	their	treatment	there	(22%	versus	7%,
respectively;	P	 =	 .03).323	 Unplanned	 excision	 is	 very	 common	 in	 community	 settings	 when	 small	 soft	 tissue
lesions	are	excised	under	 the	presumption	 that	 they	are	benign.	 In	 these	cases,	microscopic	 sarcoma	 frequently
remains	 in	 the	 tumor	 bed	 and	 the	 authors	 attempt	 a	 reexcision	 if	 at	 all	 feasible.	 Patients	 are	 also	 strongly
considered	 for	adjuvant	 irradiation,	particularly	 if	 reexcision	does	not	 remove	all	 tissue	manipulated	during	 the
original	procedure	with	a	1-cm	negative	margin.
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Figure	88.5	Management	algorithm	for	extremity	and	superficial	truncal	soft	tissue	sarcoma.	A:
Low-grade	sarcomas.	B:	High-grade	sarcomas.	Note	that	although	postoperative	intensity-

modulated	radiation	therapy	(IMRT)	is	mentioned	in	the	algorithm,	preoperative	IMRT	could	be
used	in	the	same	types	of	patients.	CT,	computed	tomography;	MRI,	magnetic	resonance	imaging;

RC,	round	cell;	Pleo,	pleomorphic;	LS,	liposarcoma;	BRT,	brachytherapy.	(continued)

Radiation	Therapy	for	Primary	Localized	Extremity	or	Truncal	Sarcoma
The	 goals	 of	 adjuvant	 radiotherapy	 in	 the	 management	 of	 soft	 tissue	 sarcoma	 are	 to	 enhance	 local	 control,
preserve	function,	and	achieve	acceptable	cosmesis	by	preserving	tissue.	Adjuvant	radiation	should	be	added	to
resection	 for	most	 deep,	 large	 (>5	 cm),	 high-grade	 sarcomas	 if	 the	 excision	margin	 is	 close,	 particularly	with
extramuscular	 involvement,	 or	 if	 a	 local	 recurrence	 would	 necessitate	 amputation	 or	 the	 sacrifice	 of	 a	 major
neurovascular	bundle.324,325	Superficial	lesions	and	smaller	contained	lesions	confined	to	individual	muscles	may
be	 managed	 with	 surgery	 alone	 in	 expert	 hands.289,326	 For	 most	 other	 situations,	 however,	 evidence	 strongly
suggests	that	surgery	that	does	not	achieve	wide	clearance	through	normal	tissue	has	a	significantly	higher	rate	of
local	failure,	and	even	some	small	lesions	may	behave	adversely.

Two	 randomized	 clinical	 trials,	 one	 using	 external-beam	 radiation	 therapy	 (EBRT)	 and	 the	 other	 using
brachytherapy	 (BRT),	 have	 demonstrated	 that	 adjuvant	 radiotherapy	 enhances	 local	 control	 with	 conservative
surgical	resection	in	soft	tissue	sarcoma.324,325	However,	whether	the	addition	of	radiotherapy	confers	a	benefit	for
small	(<5	cm)	high-grade	lesions	is	controversial.327

The	 contemporary	 era	 has	 brought	 newer	 techniques	 for	 radiotherapy	 planning	 and	 delivery	 that	 permit
unprecedented	accuracy	in	the	use	of	both	BRT	and	EBRT.
External-Beam	Radiation	Therapy.	EBRT	is	the	most	popular	adjuvant	radiotherapy	approach,	perhaps	because	of
its	greater	technical	and	operational	feasibility	compared	with	BRT.	Nevertheless,	EBRT	requires	comprehensive
and	multidisciplinary	pretreatment	consultation	and	accurate	pathologic	and	radiologic	assessment.



Postoperative	 versus	Preoperative	External-Beam	Radiation	Therapy.	 Postoperative	EBRT	was	 the	 first	widely
adopted	 local	 adjuvant	 approach	 in	 part	 because	 it	 does	 not	 require	 that	 surgery	 be	 postponed	 and	 because	 it
allows	for	sterilization	of	microscopic	nests	of	residual	disease.	Its	use	is	supported	by	numerous	single-institution
studies	and	by	a	randomized	trial	of	141	patients	at	 the	NCI	that	showed	better	 local	control	from	conservative
surgery	followed	by	EBRT	(98.6%)	than	from	surgery	alone	(74.3%).325,328	Better	local	control	was	observed	for
both	 low-grade	 and	 high-grade	 sarcomas,	 which	 were	 all	 treated	 with	 adjuvant	 chemotherapy.	 Although
postoperative	EBRT	resulted	in	significantly	worse	limb	strength,	edema,	and	range	of	motion,	these	deficits	were
often	transient	and	had	few	measurable	effects	on	activities	of	daily	life	or	global	quality	of	life.325	However,	over
a	median	follow-up	of	17.9	years,	no	statistically	significant	improvement	in	overall	survival	was	observed.

Both	 preoperative	 and	 postoperative	 EBRT	 have	 their	 advantages	 and	 disadvantages.	 An	 advantage	 of
postoperative	EBRT	is	that	the	entire	pathology	specimen	and	final	margins	are	available	for	pathologic	analysis,
helping	to	determine	the	need	for	further	therapy.	A	major	limitation	is	that	the	target	is	less	precisely	defined,	and
therefore,	radiation	field	volume	is	larger	and	radiation	dose	is	higher,	resulting	in	greater	late	tissue	morbidity.
With	preoperative	EBRT,	on	the	other	hand,	not	only	is	the	treatment	volume	well	defined,	but	the	blood	supply	is
intact.	The	intact	vascular	supply	may	reduce	the	fraction	of	radioresistant	hypoxic	cells,	particularly	at	the	tumor
margins,	 and	 thus	 may	 decrease	 the	 dose	 needed	 compared	 to	 postoperative	 radiotherapy.	 To	 confirm	 this
principle,	an	ongoing	randomized	trial	is	comparing	the	same	intensity-modulated	radiotherapy	(IMRT)	dose	(50
Gy)	of	preoperative	and	postoperative	EBRT	with	a	16-Gy	boost	delivered	only	in	patients	with	a	positive	margin
(NCT02565498).	The	major	drawback	of	preoperative	 radiotherapy,	as	detailed	subsequently,	 is	 that	 irradiation
increases	the	risk	of	acute	wound	complications.	Which	approach	is	superior	remains	unclear,	but	sequencing	of
EBRT	can	be	tailored	to	individual	patients.	For	example,	an	elderly	patient	with	diabetes	and	heart	disease	may
have	much	more	morbidity	 from	an	acute	wound	complication	 following	preoperative	 radiotherapy	 for	a	 lower
extremity	 sarcoma	 than	would	 arise	 from	 tissue	 toxicity	 after	 postoperative	 radiotherapy.	 In	 contrast,	 a	 young,
otherwise	 healthy	 patient	 might	 experience	 more	 morbidity	 from	 postoperative	 radiotherapy	 for	 an	 upper
extremity	sarcoma.

In	a	 trial	 assessing	EBRT	sequencing	 in	190	patients,	 the	Canadian	Sarcoma	Group	 found	 that	preoperative
radiotherapy	doubled	the	risk	of	early	acute	wound	complications	(from	17%	to	35%),	which	was	observed	almost
exclusively	after	treatment	of	lower	limb	lesions.329	Therefore,	preoperative	radiotherapy	does	not	cause	wound
complications	 but	 instead	 increases	 the	 risk	 thereof;	 the	 lower	 extremities	 have	 a	 baseline	 risk	 of	 a	 wound
complication	of	 5%	 to	28%.329	 In	 the	5-year	 results	 from	 this	 trial,330	 the	 preoperative	 and	postoperative	 arms
were	nearly	identical	in	terms	of	local	control	(93%	versus	92%,	respectively)	and	metastatic	relapse-free	survival
(67%	versus	69%,	respectively)	and	did	not	differ	significantly	in	overall	survival	(73%	versus	67%,	respectively;
P	=	.5).	A	meta-analysis	of	preoperative	versus	postoperative	radiation	in	localized	resectable	soft	tissue	sarcoma
suggested	that	the	risk	of	local	recurrence	may	be	lower	after	preoperative	radiation	and	that	the	risk	of	metastatic
spread	is	not	increased	with	the	delay	in	surgical	resection	necessary	to	complete	preoperative	radiotherapy.331

In	 the	 Canadian	 randomized	 trial,	 functional	 outcomes	 were	 collected	 prospectively	 using	 two	 validated
instruments	in	addition	to	an	observer-based	instrument.332	Although	function	and	pain	were	initially	worse	in	the
preoperative	 group,	 by	 3	 to	 12	 months	 after	 surgery,	 the	 two	 groups	 showed	 no	 differences	 in	 these	 rating
scores.332	 Thus,	 for	most	 of	 the	 first	 posttreatment	 year,	 the	 timing	 of	 radiotherapy	 has	minimal	 effect	 on	 the
function	of	patients	with	soft	tissue	sarcoma.	The	2-year	function	and	morbidity	results333	show	deteriorating	late
tissue	sequelae	(fibrosis	and	edema,	associated	with	lower	function	scores)	 in	patients	 in	 the	postoperative	arm,
resulting	from	larger	 radiotherapy	doses	and	 treatment	 field	sizes.	 In	addition,	patients	who	received	 the	higher
doses—mostly	 in	 the	 postoperative	 group—may	 eventually	 have	 a	 higher	 rate	 of	 bone	 fractures.	 These
disadvantages	 of	 postoperative	 EBRT	may	 override	 the	 higher	 frequency	 of	 acute	 wound	 complications	 with
preoperative	 EBRT	 for	 some	 patients,	 although	 patients	 who	 do	 experience	 wound	 complications	 continue	 to
experience	some	impaired	function.334

Intensity-Modulated	Radiation	Therapy.	The	past	16	years	witnessed	an	unprecedented	improvement	in	delivery
of	EBRT	to	complex	volumes	and	shapes.	Leading	these	advances	is	IMRT,335	which	uses	computer	algorithms
for	inverse	planning	and	treatment	delivery.	IMRT	may	be	particularly	applicable	to	complex	anatomic	volumes
such	as	 retroperitoneal	 sarcoma	or	paraspinal	 lesions,	 for	which	conformal	avoidance	of	 liver	or	of	kidney	and
spinal	cord	is	necessary.336	Avoidance	of	bone	is	also	possible,337,338	and	the	risk	of	radiation-induced	fracture	of
a	 weight-bearing	 bone	 may	 be	 reduced	 by	 using	 specific	 IMRT	 dose	 avoidance	 objectives	 (see	 “Serious
Complications	of	Primary	Treatment”).

IMRT	in	 the	 treatment	of	soft	 tissue	sarcoma	appears	 to	enhance	normal	 tissue	protection	while	maintaining
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oncologic	control.	Notably,	a	recent	phase	II	trial	of	preoperative	IMRT	in	lower	extremity	sarcoma	conducted	at
the	 Princess	Margaret	Hospital	 indicated	 a	 5-year	 local	 recurrence–free	 survival	 of	 88%,	 similar	 to	 those	with
conventional	EBRT	in	both	arms	of	the	aforementioned	Canadian	trial,330	and	tolerable	doses	to	bone	(mean	dose,
26.2	±	8	Gy)	and	vulnerable	soft	tissues,	in	addition	to	absence	of	bone	fractures	and	a	reduction	in	the	number
and	severity	of	wound	complications.339	IMRT	was	associated	with	a	similar	5-year	local	recurrence–free	survival
(92%)	at	MSKCC.340	Taken	together,	these	results	indicate	that	the	superiority	of	IMRT	over	conventional	EBRT
lies	 in	 its	 lower	 risk	 for	 acute	 and	 late	 toxicity.	 This	 especially	 applies	 to	 serious	 problems	 such	 as	 bone
fracture.339,341	Wound	complications	may	also	be	influenced	by	reduction	in	the	volume	of	soft	tissue	irradiated,
especially	if	the	immediate	tissues	to	be	used	for	the	wound	closure	can	be	spared.339

Volume	Issues	in	External-Beam	Radiation	Therapy.	Given	the	generally	favorable	oncologic	results	after	EBRT,
a	 priority	 is	 ameliorating	 toxicity	 to	 normal	 tissue	 by	 reducing	 administered	 doses	 or	 volumes.	 Data	 from
prospective	 assessments	 of	 the	 efficacy	 of	 EBRT	 with	 smaller	 versus	 standard	 target	 volumes	 are	 emerging,
providing	new	guidelines.342,343

Targets	 are	defined	differently	 for	preoperative	versus	postoperative	 radiotherapy.	Preoperative	 radiotherapy
can	focus	on	the	extent	of	definable	disease	(determined	using	imaging),	and	the	target	is	based	on	the	anatomic
location,	 containment	 by	 barriers	 to	 spread	 (especially	 intact	 fascial	 planes),	 and	 allowance	 for	 geometric
uncertainty	related	to	potential	variation	in	patient	setup	and	physiologic	movement.	Special	situations	must	also
be	 considered,	 such	 as	 lesions	 arising	 in	 extracompartmental	 spaces	 such	 as	 the	 femoral	 triangle,	 antecubital
space,	and	popliteal	space,	because	these	lesions	have	the	ability	to	extend	considerable	distances	proximally	and
distally	with	less	anatomic	restraint.	In	addition,	specific	histologies	may	spread;	MPNSTs	can	extend	along	the
neurovascular	bundle,	and	myxofibrosarcoma	may	extend	several	centimeters	beyond	what	can	be	appreciated	on
imaging.	Because	radiotherapy	margins	should	reflect	anatomic	location	with	respect	to	undisturbed	tissue	planes,
barriers	 to	 tumor	 incursion,	 and	 patterns	 of	 spread	 for	 specific	 histologies,	 treatment	 planning	 should	 involve
radiation	oncologists	with	experience	treating	sarcomas	within	a	multidisciplinary	sarcoma	team.

To	 cover	 any	 microscopic	 disease,	 the	 clinical	 target	 volume	 (CTV)	 for	 preoperative	 radiotherapy	 has
historically	 included	 margins	 amounting	 to	 4	 cm	 longitudinally	 and	 1.5	 cm	 axially.	 This	 translates	 into	 field
coverage	 approximately	 5	 cm	 long,	 allowing	 for	 beam	 penumbra	 and	 treatment	 uncertainties	 such	 as	 patient
movement.	These	CTV	margin	recommendations	are	consistent	with	international	recommendations	provided	by
members	 of	 various	 cooperative	 clinical	 trials	 groups.344	 Moreover,	 histologic	 assessment	 of	 adjacent	 tissues
suggests	that	microscopic	sarcoma	cells	may	be	present	up	to	4	cm	away	from	the	gross	tumor	volume.329,345

However,	the	Radiation	Therapy	Oncology	Group	(RTOG)	consensus	panel’s	guidelines	for	radiation	therapy
for	soft	tissue	sarcomas	suggest	margins	of	3-cm	longitudinal	coverage	and	1.5-cm	radial	coverage.346	Recently,
these	 recommendations	 were	 supported	 by	 prospective	 data	 from	 the	 phase	 II	 RTOG	 0630	 clinical	 trial	 that
described	 the	 outcome	 of	 79	 sarcoma	 patients	 treated	 with	 preoperative	 daily	 image-guided	 radiation	 therapy
(IGRT)	using	the	recommended	margins,	plus	an	additional	0.5	cm	in	the	planning	target	volume	to	account	for
patient	 setup	 errors.342	 IGRT	 refers	 to	 imaging	 (by	 orthogonal	 x-rays	 or	 cone-beam	 CT	 scan)	 and	 patient
realignment	immediately	prior	to	radiation	treatment	delivery.

In	RTOG	0630,	over	a	median	follow-up	of	3.6	years,	there	were	5	local	recurrences	among	75	patients	(6.6%),
and	the	rate	of	grade	2	or	greater	late	toxicity	was	less	than	in	the	preoperative	arm	of	the	Canadian	trial	(10.5%
versus	37%,	respectively;	P	<	.001).	A	secondary	analysis	of	the	daily	shifts	in	RTOG	0630	required	for	patient
alignment	determined	that	an	additional	1-cm	margin	expansion	would	be	required	to	adequately	cover	the	target
volume	in	the	absence	of	IGRT.347	Thus,	daily	IGRT	enables	narrower	margins	than	were	historically	required,
providing	effective	treatment	with	fewer	clinically	meaningful	side	effects.

Postoperative	 radiotherapy	 volumes	 are	 significantly	 larger	 because	 they	 ideally	 encompass	 all	 surgically
manipulated	tissues,	although	this	is	impossible	in	some	anatomic	sites	due	to	the	proximity	of	critical	anatomy.	In
addition,	 because	 surgery	disrupts	 the	 anatomic	planes	 so	 that	 they	no	 longer	 impede	 tumor	growth,	 the	 entire
CTV	extending	4	cm	beyond	the	surgically	manipulated	tissue	must	be	considered	high	risk	and	thus	treated	for	at
least	the	first	phase	of	irradiation	(e.g.,	an	appropriate	dose	is	50	Gy).	Subsequently,	the	volume	is	reduced	to	the
immediate	 tumor	bed.	Alternatively,	with	single-phase	IMRT,	a	higher	dose	could	be	delivered	 to	 the	high-risk
volume	while	using	a	more	moderate	dose	to	peripheral	regions	of	the	CTV.

Whether	a	reduced	volume	of	postoperative	radiotherapy	(2-cm	longitudinal	margin	versus	the	standard	5	cm)
will	 increase	limb	function	without	compromising	local	control	was	investigated	in	a	randomized	phase	III	 trial
conducted	by	the	United	Kingdom	National	Cancer	Research	Network,	which	enrolled	216	patients.348	Patients	in
both	 arms	 received	 66	Gy	 over	 6.5	 weeks;	 patients	 in	 the	 standard	 arm,	 but	 not	 the	 experimental	 arm,	 had	 a



volume	reduction	after	25	fractions	(50	Gy).	A	conference	abstract	reported	that	after	a	median	follow-up	of	4.8
years,	 the	 5-year	 local	 recurrence-free	 survival	 rates	were	 similar	 (86%	versus	 84%)	 for	 the	 large	 and	 tailored
fields,	as	was	the	rate	of	grade	2	or	greater	late	radiation	toxicity.343	Until	the	data	have	been	peer-reviewed,	the
larger	radiation	field	should	remain	standard.

A	 final	 issue	concerning	 irradiation	 target	volume	 is	 the	definition	of	 the	areas	 that	may	harbor	disease	and
especially	whether	the	risk	area	should	include	any	peripheral	edema	that	surrounds	the	tumor.	A	study	from	the
Princess	Margaret	Hospital	correlating	MRI	characteristics	with	pathologic	features	suggests	 that	 in	some	cases
edema	revealed	by	T2-weighted	MRI	does	harbor	sarcoma	cells.345	Therefore,	this	region	should	be	included	in
the	target	volume	when	it	does	not	significantly	increase	the	radiation	field	size	as	described	in	RTOG	0630.
Dose	 Issues	 in	External-Beam	Radiation	Therapy.	Radiotherapy	dose	 represents	 an	 additional	unexplored	area.
The	preoperative	dose	used	in	most	institutions	is	approximately	50	Gy	in	daily	fractions	of	1.8	to	2.0	Gy	over
approximately	5	weeks.	Generally,	a	postoperative	boost	is	administered	if	the	surgical	margins	are	positive,	but
its	benefit	is	unclear.	For	example,	for	patients	who	had	positive	surgical	margins,	Delaney	et	al.349	reported	that
the	 factors	 associated	 with	 local	 control	 included	 total	 radiotherapy	 dose	 >64	 Gy,	 implying	 that	 a	 boost	 is
beneficial.

A	different	conclusion	was	drawn	from	a	retrospective	study	in	patients	with	extremity	soft	tissue	sarcoma	and
positive	 surgical	 margins.	 All	 patients	 were	 treated	 with	 preoperative	 radiotherapy	 (50	 Gy);	 41	 received	 a
postoperative	 boost	 (typically	 16	 Gy)	 and	 52	 received	 no	 other	 radiotherapy.	 Although	 the	 boost	 was	 often
omitted	because	of	wound	complications,	which	tend	to	occur	in	more	extensive	and	adverse	cases,	patients	who
received	 a	 postoperative	 boost	 had	 worse	 5-year	 estimated	 local	 recurrence–free	 survival	 (74%	 compared	 to
90%).350	 This	 is	 consistent	 with	 recent	 pooled	 results	 from	 two	Harvard	 groups,	 which	 showed	 no	 additional
benefit	 to	 the	 radiotherapy	 boost.351	 Therefore,	 the	 value	 of	 a	 postoperative	 boost	 for	 patients	 with
microscopically	positive	resection	margins	remains	uncertain.

Another	 relatively	 unexplored	 area	 is	 prescribing	 the	 radiation	 dose	 according	 to	 histology.	 For	 example,
myxoid	 liposarcomas	 are	 exquisitely	 radiosensitive,	with	 a	 5-year	 local	 recurrence–free	 survival	 rate	 of	 97.7%
after	standard-dose	radiotherapy	(50	Gy)	and	conservative	surgery.352	Therefore,	investigators	in	the	Netherlands
are	leading	a	prospective	trial	to	investigate	whether	36	Gy	of	preoperative	radiation	therapy	enables	local	control
in	the	Dose	Reduction	of	Preoperative	Radiotherapy	in	Myxoid	Liposarcomas	(DOREMY)	trial	(NCT02106312).
Adjuvant	Brachytherapy.	The	advantage	of	BRT	is	that	it	can	focus	the	dose	directly	on	the	tumor	bed,	potentially
improving	the	therapeutic	ratio.	Very	high	doses	in	the	vicinity	of	the	radioactive	sources	and	the	rapid	dose	fall-
off	 permit	 dose	 intensification	while	 protecting	 the	 surrounding	 normal	 tissue.	 Therefore,	 BRT	 usually	 spares
more	 normal	 tissue	 than	EBRT,	 except	when	precision	 techniques	 such	 as	 IMRT	are	 used.	Moreover,	 patients
usually	 complete	 treatment	 in	 about	 2	weeks	 compared	 to	 6	 to	 7	weeks	with	 EBRT,	 limiting	 repopulation	 of
residual	tumor	cells.	The	technical	aspects	of	BRT	differ	from	those	of	EBRT,	and	specific	guidelines	for	its	use
and	technical	delivery	have	been	published.	BRT,	unlike	EBRT,	requires	a	specific	collaboration	between	surgical
and	radiation	oncologists,	as	catheters	are	placed	in	the	tumor	bed	at	 the	time	of	sarcoma	resection.	With	BRT,
unlike	 in	 postoperative	 irradiation,	 no	 attempts	 are	made	 to	 treat	 large	margins	 or	 to	 include	 the	 scar	 and	 the
drainage	site,	although	this	approach	has	not	been	formally	compared	with	EBRT	in	similar	cases.

The	efficacy	of	BRT	was	compared	 to	 that	of	 IMRT	among	134	patients	with	primary	high-grade	extremity
sarcoma	in	retrospective	data	from	MSKCC.340	The	treatment	groups	were	similar	in	terms	of	prognostic	factors,
although	the	IMRT	group	had	a	significantly	greater	proportion	of	patients	with	positive	or	close	margins,	large
tumors,	and	bone	or	nerve	manipulation.	After	a	median	follow-up	of	about	4	years,	the	5-year	local	control	rate
was	92%	for	the	IMRT	group	compared	to	81%	for	the	BRT	group	(P	=	.04).	On	multivariate	analysis,	IMRT	was
the	only	predictor	of	improved	local	control	(P	=	.04).340	Earlier	evidence	from	MSKCC	suggests	that	BRT	may
not	provide	optimal	results	in	certain	sites,	such	as	in	more	proximal	regions	of	the	limb	where	a	single	plane	of
catheters	may	not	emit	radiation	covering	the	entire	volume	at	risk	for	residual	disease.327

In	patients	 treated	with	 low-dose-rate	 (LDR)	BRT	as	 the	sole	 radiotherapy,	 the	dose	 is	usually	45	Gy	given
continuously	over	4	to	6	days,	and	when	given	as	a	boost,	the	dose	is	usually	15	to	20	Gy	from	BRT	plus	45	to	50
Gy	from	EBRT.	Of	importance,	the	catheters	are	loaded	no	sooner	than	the	sixth	postoperative	day	to	allow	time
for	wound	healing.353	The	most	commonly	used	source	is	LDR	iridium-192	(192Ir);	however,	high-activity	iodine-
125	(125I)	 is	occasionally	used	 in	young	patients	or	 to	protect	 the	gonads.	High-dose-rate	 (HDR)	192Ir	has	been
advocated	to	take	advantage	of	the	radiation	safety	conferred	by	its	remote	afterloading	capabilities,	which	allow
dose	optimization.

The	BRT	CTV	may	be	difficult	to	define,	but	in	general,	it	 is	represented	by	the	volume	of	tissue	at	risk	for
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microscopic	extension	of	the	tumor	and	includes	the	tumor	bed	visualized	on	radiography	and	under	intraoperative
inspection.	Radiation	treatment	directed	to	the	tumor	bed	plus	a	2-cm	margin	appears	to	be	adequate.354	Although
there	is	no	consensus	on	the	exact	size	of	the	margin	beyond	the	tumor	bed,	generally	at	least	2	cm	longitudinally
and	1	cm	axially	are	recommended.344,355	These	volumes	approximate	those	for	preoperative	radiotherapy.

Adjuvant	 BRT	 has	 been	 evaluated	 in	 a	 randomized	 trial.	 Patients	who	 underwent	 complete	 gross	 resection
were	assigned	to	receive	adjuvant	LDR	BRT	(n	=	78)	or	no	further	therapy	(n	=	86).	The	10-year	actuarial	local
control	 rates	were	81%	 for	BRT	and	67%	 in	 the	no-BRT	group	 (P	=	 .03).	This	 improvement	 in	 local	 control,
however,	was	limited	to	patients	with	histologically	high-grade	tumors,	in	whom	adjuvant	BRT	resulted	in	89%
local	control,	versus	a	local	control	rate	of	64%	with	no	BRT	(P	=	.001).324,356	Rigorous	psychofunctional	testing
of	 38	 long-term	 survivors	 in	 this	 trial	 revealed	 no	 significant	 differences	 in	 functional	 outcome	 between	 the
groups,	although	the	BRT	group	had	higher	levels	of	anxiety,	depression,	and	appreciation	of	illness.357

BRT	is	often	used	in	combination	with	EBRT,	but	whether	all	patients	need	this	combination	is	unclear.358	An
MSKCC	study	evaluated	105	patients	with	primary	or	locally	recurrent	high-grade	soft	tissue	sarcomas	who	were
treated	with	wide	local	excision	and	radiotherapy,	either	BRT	(87	patients)	or	BRT	and	EBRT	(18	patients).	At	a
median	follow-up	of	22	months,	the	two	groups	had	no	statistically	significant	difference	in	2-year	actuarial	local
control	rate	(82%	for	BRT	group	and	90%	for	BRT	plus	EBRT	group;	P	=	.32).359	However,	the	two	groups	are
not	completely	comparable,	as	patients	were	selected	for	EBRT	if	they	had	a	positive	margin	(56%)	or	if	anatomic
considerations	led	to	concern	about	the	adequacy	of	dose	coverage	with	BRT.

BRT	is	particularly	useful	when	the	surgical	plan	involves	close	resection	margins.	In	this	situation,	if	surgical
and	pathologic	 findings	are	 satisfactory,	 the	unused	BRT	catheters	 can	be	 removed.	Alternatively,	BRT	allows
early	delivery	of	 radiation	 to	a	 reduced	volume	mapped	precisely	by	 the	 intraoperative	findings.	The	American
Brachytherapy	Society	has	recommended	against	BRT	as	a	sole	treatment	modality	in	the	following	situations:	(1)
the	CTV	 cannot	 be	 adequately	 encompassed	 in	 the	 implant	 geometry,	 (2)	 the	 proximity	 of	 critical	 anatomy	 is
expected	to	prevent	administration	of	a	meaningful	dose,	(3)	the	resection	margins	are	positive,	or	(4)	the	skin	is
involved	with	tumor.360	In	such	situations,	EBRT	may	be	used	alone	or	with	BRT.

HDR	 BRT	 has	 some	 potential	 advantages	 over	 LDR	 BRT,	 although	 the	 experience	 with	 HDR	 BRT	 for
sarcoma	is	still	limited.	A	typical	HDR	dose	is	approximately	36	Gy	in	10	fractions	using	a	6-hour	interfraction
interval,	although	some	authors	have	used	higher	doses.361	Guided	by	the	more	abundant	breast	cancer	experience,
a	dose	of	32	 to	34	Gy	 in	 twice-daily	 fractions	of	3.4	 to	4.0	Gy	over	4	 to	5	days362–364	 seems	useful	 and	 safe,
although	fat	necrosis	has	been	found	in	later	follow-up.364	In	sarcoma,	wound	healing	complications	have	arisen
with	HDR	BRT.365,366	 In	addition,	caution	should	probably	be	exercised	when	placing	catheters	 in	contact	with
neurovascular	 structures,	 and	when	 such	 contact	 cannot	 be	 avoided,	 the	 dose	 per	 fraction	 should	 probably	 be
curtailed.	As	yet,	 no	 large	 series	 evaluating	HDR	BRT	 for	 sarcoma	are	 available,	 and	no	 studies	have	directly
compared	 HDR	 to	 LDR	 BRT.	 Comparisons	 are	 difficult	 due	 to	 nonstandardization	 of	 target	 volumes,	 dose
prescription	points,	and	the	delivered	dose.	However,	continuous	LDR	BRT	treatment	exposes	the	staff	caring	for
patients	 to	 radiation,	whereas	 twice-a-day	HDR	BRT	with	 remote	 afterloading	does	 not.	 In	 addition,	 the	HDR
approach	offers	the	potential	for	outpatient	delivery.

Sarcomas	 involving	 neurovascular	 structures	 present	 a	 challenge	 in	 achieving	 control	 while	 maintaining
function.	 Intraoperative	 BRT,	 alone	 or	 combined	 with	 EBRT,	 has	 been	 used	 in	 this	 setting.	 A	 5-year	 69%
actuarial	 survival	 rate	 and	 90%	 local	 relapse–free	 rate	were	 reported	 for	 79	 patients	with	 primary	 disease.	No
amputation	was	required,	although	8	(10%)	of	the	79	patients	had	grade	3	or	4	peripheral	neuropathy	and	fibrosis,
and	2	patients	experienced	vascular	damage.	Despite	this,	the	authors	considered	that	intraoperative	BRT	offers	an
acceptable	conservative	option	for	this	particularly	adverse	presentation.367

Intraoperative	HDR,	a	 rarely	used	approach,	has	been	used	for	 the	 treatment	of	 retroperitoneal	sarcoma	(see
“Management	of	Primary	Localized	Retroperitoneal	Sarcoma”).
Technical	Enhancement	of	Radiotherapy	Delivery.	IMRT	can	now	be	administered	very	precisely	by	reference	to
the	position	of	external	surrogate	markers	or	implanted	and/or	anatomic	fiducials	to	permit	the	determination	of
tumor	 coordinates	 in	 all	 three	 planes.	 High-dose,	 single-fraction	 treatments	 are	 often	 termed	 stereotactic
radiosurgery	 (SRS),	 and	 high-dose,	 fractionated	 treatments	 are	 variously	 termed	 stereotactic	 radiotherapy	 or
stereotactic	body	radiotherapy	 (SBRT).	These	 approaches	 are	 used	 for	 very	 adverse	 presentations	 of	 sarcoma,
such	as	primary	spinal	sarcoma.	Levine	et	al.368	used	SRS	to	treat	14	patients	with	primary	spinal	sarcoma	or	for
ablation	of	lung	metastases	(see	“Palliative	Radiation”).	In	seven	patients,	the	treatment	was	definitive,	and	all	had
excellent	 pain	 relief	 and	 were	 alive	 with	 a	 mean	 follow-up	 of	 33	 months,	 although	 two	 patients	 had	 tumor
recurrence	and	were	 re-treated.	Surgery	and	adjuvant	SRS	were	used	 in	 the	other	seven	patients,	of	whom	five



remain	free	from	recurrence	at	a	mean	follow-up	of	43.5	months.	Notably,	even	though	the	SRS	doses	were	in	the
mean	range	of	30	Gy	in	three	fractions,	no	spinal	injuries	were	observed.

High-dose	 photon/proton	 radiotherapy	 has	 shown	 promising	 results.	 In	 a	 phase	 II	 study,	 this	 treatment	was
administered	with	or	without	resection	to	manage	primary,	nonmetastatic	spinal	and	paraspinal	sarcomas.	For	50
patients	with	a	median	follow-up	of	48	months,	the	5-year	actuarial	rates	of	local	control,	recurrence-free	survival,
and	overall	 survival	were	78%,	63%,	and	87%,	 respectively.	Three	 sacral	neuropathies	appeared	after	77.12	 to
77.4	Gy	equivalents.369

Other	forms	of	particle	beam	radiotherapy	are	discussed	in	“Definitive	Radiation.”
Definitive	Radiation.	Surgery	remains	 the	main	 treatment	for	patients	with	sarcoma	of	 the	extremity,	and	every
effort	 should	 be	 made	 to	 attempt	 resection.	 However,	 in	 some	 patients	 with	 unresectable	 disease	 or	 medical
contraindications	 to	 surgery,	 definitive	 radiation	 can	 be	 considered.	 In	 a	 study	 of	 112	 patients	 treated	 with
definitive	irradiation	to	a	median	total	dose	of	64	Gy,370,371	the	5-year	rates	of	local	control	and	overall	survival
were	45%	and	35%,	respectively.	Local	control	at	5	years	was	51%,	45%,	and	9%	for	tumors	<5,	5	to	10,	and	>10
cm,	 respectively.	 Five-year	 outcomes	 were	 worse	 for	 patients	 who	 received	 doses	 of	 <63	 Gy	 than	 for	 those
receiving	higher	doses;	local	control	was	22%	versus	60%	and	overall	survival	was	14%	versus	52%,	respectively.
Complications,	however,	were	more	frequent	at	doses	of	≥68	Gy.	Thus,	the	therapeutic	window	appears	to	be	63
to	68	Gy.370

Similar	findings	were	reported	for	57	patients	treated	with	definitive	photon	beam	irradiation	to	44	to	88	Gy.
The	5-year	local	control	rate	was	28%.372	An	additional	15	patients	were	treated	with	neutrons	without	obvious
benefit	over	photons.

Other	 investigators	 have	 considered	 neutron	 radiotherapy	 either	 alone	 or	 in	 combination	with	 photon	 beam
irradiation.	The	 attraction	 of	 neutrons	 is	 their	 high	 linear	 energy	 transfer	 and	 lower	 oxygen	 enhancement	 ratio
compared	 to	x-rays	and	 the	consequent	possibility	of	eliminating	hypoxic	cells.	 In	addition,	neutron	 irradiation
results	 in	 less	 repair	 of	 sublethal	 and	 potentially	 lethal	 damage	 and	 less	 variation	 in	 radiosensitivity	 over	 the
phases	of	the	cell	cycle.	Unfortunately,	all	of	these	features	also	pertain	to	normal	tissue,	leading	to	greater	late
toxicity,	given	the	absence	of	the	protection	afforded	by	fractionation	as	in	more	conventional	photon	treatment
schedules.	 Moreover,	 unlike	 proton	 radiotherapy	 where	 the	 range	 of	 the	 radiation	 in	 tissue	 can	 be	 precisely
controlled	 by	 varying	 the	 protons’	 energy,	with	 neutrons,	 there	 is	 no	 dosimetric	 advantage.	 In	 a	 review	of	 the
European	experience,	patients	with	inoperable	tumors	or	with	gross	disease	after	surgery	who	were	treated	with
neutron	radiotherapy	had	a	local	control	rate	of	50%,	but	the	rate	of	severe	complications	ranged	from	6.6%	when
neutron	 therapy	was	 used	 as	 a	 boost	 to	 50%	when	 used	 alone.373	 Schwartz	 et	 al.374	 reported	 that	 fast	 neutron
therapy	in	34	patients	with	heterogeneous,	unresectable	bone	and	soft	 tissue	sarcomas	resulted	in	local	relapse–
free	 survival	 at	 1	 year	 of	 62%.	 Within	 the	 entire	 series	 of	 66	 patients,	 serious	 chronic	 radiation-related
complications	occurred	in	10	patients	(15%),	all	of	whom	had	had	high	neutron	doses,	large	radiotherapy	fields,	or
both.

Another	 high	 linear	 energy	 transfer	 method	 used	 to	 treat	 unresectable	 soft	 tissue	 sarcoma	 is	 carbon	 ion
radiotherapy.375,376	Although	currently	available	only	in	Europe	and	Asia,	carbon	ion	radiotherapy	brings	together
neutrons’	 advantage	 of	 high	 linear	 energy	 transfer	with	 the	 capability	 of	modulating	 the	 range	 of	 radiation	 in
tissue	available	with	protons.	Because	carbon	ion	radiotherapy	releases	enormous	amounts	of	energy	at	the	end	of
its	range,	it	may	be	safer	than	neutrons.	In	addition	to	its	higher	relative	biologic	effectiveness,	it	offers	excellent
physical	dose	distribution.	Sugahara	et	al.375	described	promising	results	for	unresectable	sarcomas	of	both	bone
and	 soft	 tissue,	 with	 5-year	 local	 control	 rates	 of	 76%	 in	 a	 small	 study	 (n	 =	 17,	 9	 primary	 and	 8	 recurrent
sarcomas).	 Serizawa	 et	 al.377	 reported	 the	 results	 of	 carbon	 ion	 radiotherapy	 for	 24	 patients	with	 unresectable
high-grade	retroperitoneal	sarcomas,	16	with	primary	disease	and	8	with	recurrent	disease.	The	dose	ranged	from
52.8	to	73.6	Gy	equivalents	 in	16	fixed	fractions	over	4	weeks.	Overall	survival	rates	were	75%	at	2	years	and
50%	 at	 5	 years.	 Local	 control	 rates	 were	 favorable	 (77%	 and	 69%	 at	 2	 and	 5	 years,	 respectively).	 Notably,
toxicities	were	low,	with	no	GI	tract	complications	and	no	toxicity	greater	than	grade	2.	These	results	suggest	that
carbon	ions	may	be	an	alternative	to	surgery	with	acceptable	morbidity	for	unresectable	sarcomas.

Spot	scanning	proton	beam	therapy	has	been	used	in	the	curative	treatment	of	soft	tissue	sarcomas	located	in
the	vicinity	of	critical	 structures	such	as	 the	spinal	cord,	optic	apparatus,	bowel,	and	kidney,	with	 local	control
comparable	to	that	with	EBRT	and	with	acceptable	toxicity.378,379

A	recent	retrospective	study	of	91	patients	in	Japan	with	unresectable	or	incompletely	resected	bone	and	soft
tissue	sarcoma	compared	outcomes	with	 treatment	using	protons	(n	=	52)	or	carbon	 ions	(n	=	39).380	The	most
common	histologies	were	chordoma	(n	=	53),	chondrosarcoma	(n	=	14),	osteosarcoma	(n	=	10),	and	UPS	(n	=	5).
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A	dose	of	70.4	Gy	(relative	biologic	effectiveness)	was	delivered	in	32	or	16	fractions.	The	3-year	rates	of	PFS
and	local	control	were	83%	and	92%,	respectively.	Ion	type	(proton	versus	carbon)	did	not	affect	survival	or	local
control.	 However,	 the	 16-fraction	 protocol	 led	 to	 significantly	 more	 grade	 ≥3	 toxicities	 compared	 to	 the	 32-
fraction	regimen	(50%	versus	10%,	respectively;	P	<	.001).

Hyperfractionated	 photon	 beam	 radiation	 has	 been	 combined	 with	 intravenous	 iododeoxyuridine	 as	 a
radiosensitizer.	Among	36	patients	treated	in	this	fashion	and	with	a	median	follow-up	of	4	years,	the	local	control
rate	was	60%.381

Definitive	 radiation	 combined	 with	 chemotherapy	 is	 described	 later	 in	 this	 chapter,	 under	 “Combined
Chemoradiotherapy	for	Primary	Localized	Extremity	or	Truncal	Sarcoma.”

Chemotherapy	for	Primary	Localized	Extremity	or	Truncal	Sarcoma
Surgery	 and	 radiation	 therapy	 remain	 the	 mainstay	 for	 local	 control	 of	 soft	 tissue	 sarcoma.	 To	 overcome	 the
considerable	 frequency	 of	 distant	 metastasis	 among	 patients	 with	 primary	 non-GIST	 sarcomas	 who	 achieve
adequate	 local	 control	 of	 disease,	 adjuvant	 chemotherapy	 has	 been	 employed	 to	 increase	 overall	 survival.
Anthracyclines	 are	 the	 agents	 most	 active	 against	 metastatic	 sarcoma,	 so	 they	 have	 been	 universally	 used	 in
adjuvant	trials,	alone	or	in	combination.

More	than	15	studies	of	adjuvant	therapy	for	soft	tissue	sarcoma	have	been	performed	(Table	88.3),	but	most
were	too	small	to	detect	small	changes	in	overall	survival.	Among	the	larger	randomized	trials,	one	trial	with	104
patients	 has	 provided	 a	 rationale	 for	 the	 use	 of	 adjuvant	 ifosfamide	 plus	 an	 anthracycline	 (in	 this	 case
epirubicin).382	Overall	survival	at	5	years	was	better	in	the	chemotherapy	arm	(P	=	.04),	although	neither	overall
survival	as	a	whole	nor	disease-specific	survival	was	significantly	different	between	arms	(P	=	.05).	Interpretation
of	the	trial	was	complicated	by	subtle	imbalances	in	the	distribution	of	patients	on	the	control	and	treatment	arms.
Another	large,	randomized	trial	showed	some	benefit	to	adjuvant	cyclophosphamide,	vincristine,	doxorubicin,	and
dacarbazine	(CYVADIC)	for	patients	with	sarcoma	in	the	head,	neck,	or	trunk	but	not	for	patients	with	sarcoma	in
the	extremities.383

Other	randomized	trials	have	shown	no	benefit	to	anthracycline-based	chemotherapy	in	the	adjuvant384–386	or
neoadjuvant	(preoperative)387	setting.	This	includes	the	largest	trial	to	date	of	adjuvant	chemotherapy	for	patients
with	sarcoma,	which	examined	adjuvant	doxorubicin	plus	ifosfamide;	however,	the	ifosfamide	dose	was	low	and
tumor	 site,	 size,	 and	 grade	 were	 heterogeneous.386	 The	 trial	 reported	 nonsignificant	 improvements	 in	 survival
outcomes	in	patients	with	grade	3	tumors,	limb	lesions,	and	tumors	>10	cm;	these	characteristics	continue	to	be
indications	for	considering	adjuvant	or	neoadjuvant	therapy	in	some	specialty	centers.

The	 small	 size	 of	most	 adjuvant	 chemotherapy	 trials	 in	 sarcoma	makes	 interpretation	 difficult	 because	 they
lacked	statistical	power	to	detect	small	(e.g.,	10%	to	20%)	changes	in	overall	survival.	Therefore,	several	meta-
analyses	have	been	performed,388	 the	most	 rigorous	 of	which	was	 updated	 in	 2008	 and	 included	 18	 trials	 and
1,953	 patients.389	 Tumor	 histology	 for	 each	 patient	 was	 recorded,	 but	 pathology	 review	 was	 not	 centralized.
Chemotherapy	was	associated	with	significantly	 lower	 risk	of	 local	 recurrence	 (odds	 ratio	 [OR],	0.73;	95%	CI,
0.56	to	0.94;	P	=	.02).	Overall	survival	was	not	significantly	improved	with	single-agent	doxorubicin	(OR,	0.84;
95%	CI,	0.68	to	1.03;	P	=	.09),	but	it	was	improved	with	doxorubicin	combined	with	ifosfamide	(OR,	0.56;	95%
CI,	0.36	to	0.85;	P	=	.01).	Absolute	risk	reduction	for	death	was	5%	with	adjuvant	doxorubicin	alone	and	11%	for
doxorubicin	combined	with	ifosfamide.389

A	 recent	 trial	 specifically	 examined	 the	 role	 of	 neoadjuvant	 chemotherapy	 in	 287	 patients	 with	 high-risk
tumors	(>5	cm,	deep,	high-grade	lesions	including	round	cell	liposarcoma,	LMS,	synovial	sarcoma,	MPNST,	and
UPS).390	 Patients	 received	 three	 cycles	 of	 epirubicin	 and	 ifosfamide	 or	 histotype-specific	 treatments	 generally
used	in	second-line	management	of	advanced	disease	(e.g.,	trabectedin	in	round	cell	liposarcoma	and	gemcitabine
plus	dacarbazine	for	patients	with	LMS).	After	a	median	follow-up	of	12.5	months,	patients	receiving	epirubicin
and	 ifosfamide	 had	 better	 projected	 disease-free	 survival	 compared	 to	 those	 receiving	 histotype-tailored
treatments	 (62%	 versus	 38%,	 respectively,	 at	 46	 months).	 Assuming	 patients	 receiving	 histotype-tailored
treatments	did	no	worse	than	they	would	have	without	chemotherapy,	many	have	interpreted	this	trial	as	further
support	 for	 adjuvant	 doxorubicin-	 and	 ifosfamide-based	 treatment	 in	 the	 context	 of	 high-risk,	 chemosensitive
disease.	However,	 imbalances	 in	 histologic	 type	 and	 tumor	 location	 between	 the	 two	 treatment	 arms	may	 also
account	 for	 some	of	 the	 early	 outcome	differences.	 In	 addition,	 the	 follow-up	 in	 this	 early	 efficacy	 analysis	 is
short,	and	with	time,	the	observed	outcome	differences	between	these	arms	are	likely	to	diminish.

Note	 that	 the	 adjuvant	 chemotherapy	 trials	 have	 two	 possible	 sources	 of	 bias.	 First,	 in	 several	 of	 the	 older
studies,	 a	 significant	 proportion	of	 patients	were	 ineligible	 for	 analysis.	Second,	 patients	who	 enroll	 in	 clinical



trials	are	healthier	overall	and	survive	longer	than	nonrandomized	patients.391	In	addition,	some	of	the	older	trials
included	a	number	of	patients	with	low-grade	or	small	tumors.

Preoperative	chemotherapy	is	very	effective	in	predominantly	pediatric	sarcomas,	such	as	Ewing	sarcoma	and
osteosarcoma,	 and	 has	 been	 extended	 to	 treat	 adult	 soft	 tissue	 sarcomas.	 Preoperative	 chemotherapy	 can	make
surgery	easier	and	may	treat	micrometastatic	disease	before	acquisition	of	resistance.	In	addition,	before	surgery,
the	 primary	 vasculature	 is	 still	 intact,	 facilitating	 drug	 delivery.	 Preoperative	 chemotherapy	 can	 guide
postoperative	treatment	based	on	pathologic	review	of	the	tissue	response.	In	experimental	models,	preoperative
chemotherapy	eliminates	a	postoperative	surge	in	metastatic	growth	noted	after	resection	of	primary	tumors.334

If	 there	 is	an	overall	benefit	 to	adjuvant	or	neoadjuvant	chemotherapy	for	patients	with	soft	 tissue	sarcomas
other	than	Ewing	sarcoma	and	osteosarcoma,	it	is	small.	However,	there	is	some	evidence	of	benefit	for	synovial
sarcomas	 and	myxoid–round	 cell	 liposarcomas,	which	 are	 chemosensitive	 in	 the	metastatic	 setting.40	 The	 best
standard	 of	 care	 that	 can	 be	 offered	 is	 a	 thorough	 discussion	 with	 patients	 regarding	 possible	 options	 and
outcomes.

TABLE	88.3	Adjuvant	Chemotherapy	Studies	in	Soft	Tissue	Sarcoma

Study Regimen

Doxorubicin
Dose
(mg/m2)

No.	of
Evaluable
Patients

Extremity
Patients

Median
Follow-
up	(y)

Reported	DFS Reported	OS
Control
(%)

Treated
(%)

Control
(%)

Treated
(%)

NCI	extremity563–
565

CAM 50–70 65 65 7.1 54 75 60 83

NCI	head	and
neck,	trunk,
breast566

CAM 50–70 31 0 3.0 49 77 58 68

NCI
retroperitoneal567

CAM 50–70 15 0 2.4 84 50 100 47

GOG568 Dox 60 156 0 NA 47 59 52 60

MDA569,570 VACAR 60 47 43 >10 35 55 57 65

Mayo	Clinic391 VCAct/VAD 50 61 48 5.4 65 83 70 90

EORTC383 CYVADIC 50 317 216 6.7 43 56 55 63

Intergroup571,572 Dox 70–90 78 50 1.7 55 73 70 91

ECOG573 Dox 70 30 18 >4.9 55 66 52 65

Boston574,575 Dox 90 42 25 >3.8 62 67 72 71

SSG384 Dox 60 181 155 3.3 NA NA NA NA

Rizzoli576,577 Dox 75 77 77 NA 45a 73a 70a 91a

UCLA578 Dox 90 119 119 2.3 54a 58a 80a 85a

Fondation
Bergonié579

CYVADIC 50 59 36 4.4 32 81 54 87

RPMI580 Dox 60–75 19 0 5.0 46 75 36 63

ISSG382,581 I/Epi Epi	at	120 104 104 7.5 37 45 43 58

EORTC/NCIC387 Dox/I 50 134 123 1.3 52 56 64 65

Austria385,582 AI	with
DTIC
(every	2
wk)

50 58 47 8 56 61 59 61

Siena583 Epi	or	I/Epi Various 88 46 7.8 44 69 47 72

EORTC
62931386

Dox/I Dox	at	75 351 234 8 53 55 68 67

SARCGYN584 API 50 81 0 4.3 41 55 55 72

1997	Meta-
analysis571

Any Various 1,568 904 9.4 44 52 53 57

Note:	 Significant	 differences	 between	 chemotherapy	 and	 control	 are	 indicated	 by	 bold	 type.	 DFS	 and	 OS	 are	 not	 necessarily
indicated	at	the	median	follow-up	time.
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aSome	patients	on	the	control	arm	received	chemotherapy.
DFS,	 disease-free	 survival;	 OS,	 overall	 survival;	 NCI,	 National	 Cancer	 Institute;	 CAM,	 cyclophosphamide,	 doxorubicin,
methotrexate;	 GOG,	 Gynecologic	 Oncology	 Group;	 Dox,	 doxorubicin;	 NA,	 not	 available;	 MDA,	 MD	 Anderson	 Cancer	 Center;
VACAR,	 vincristine,	 doxorubicin,	 cyclophosphamide,	 dactinomycin;	 VCAct/VAD,	 vincristine,	 cyclophosphamide,	 dactinomycin
alternating	 with	 vincristine,	 doxorubicin,	 dacarbazine;	 EORTC,	 European	 Organisation	 for	 Research	 and	 Treatment	 of	 Cancer;
CYVADIC,	 cyclophosphamide,	 vincristine,	 doxorubicin,	 dacarbazine;	 ECOG,	 Eastern	 Cooperative	 Oncology	 Group;	 SSG,
Scandinavian	Sarcoma	Group;	UCLA,	University	of	California	at	Los	Angeles;	RPMI,	Roswell	Park	Memorial	Institute;	ISSG,	Italian
Sarcoma	Study	Group;	I,	ifosfamide;	Epi,	epirubicin;	NCIC,	National	Cancer	Institute	of	Canada;	AI,	doxorubicin,	ifosfamide;	DTIC,
dacarbazine;	API,	doxorubicin,	ifosfamide,	cisplatin.

Isolated	 Limb	 Perfusion.	 Perfusion	 of	 limbs	 allows	 delivery	 of	 chemotherapy	 to	 extremity	 tumors	 without
systemic	 exposure.	The	 procedure	 requires	 isolating	 the	 arterial	 and	 venous	 system	of	 the	 limb	by	means	 of	 a
tourniquet,	 obtaining	 access	 to	 the	 supplying	 arteries	 and	 veins,	 and	 connecting	 them	 to	 an	 extracorporeal
circulation	 system	 to	 reoxygenate	 and	 circulate	 the	blood.	To	 ensure	 that	 there	 is	 no	 leakage	 into	 the	 systemic
circulation,	 technetium-	 labeled	 albumin	 is	 injected	 into	 the	 circuit,	 and	 a	 probe	 over	 the	 heart	 checks	 for
radioactivity	 prior	 to	 introduction	 of	 chemotherapeutic	 agents.	 Because	 mild	 hyperthermia	 may	 make
chemotherapy	more	effective	in	some	settings,	the	blood	of	the	circuit	is	often	warmed	to	39°C	to	40°C.

Limb	 perfusion	 has	 involved	 a	 number	 of	 chemotherapeutic	 agents,	 such	 as	 melphalan,	 nitrogen	 mustard,
dactinomycin,	 and	doxorubicin.	The	most	effective	has	been	melphalan	when	given	with	 tumor	necrosis	 factor
(TNF).	The	largest	reported	series	using	this	technique	included	246	patients	with	primary	or	recurrent	sarcomas
that	would	otherwise	require	amputation	or	marked	loss	of	function.392	These	patients	were	treated	with	one	and
occasionally	two	isolated	limb	perfusion	sessions	of	melphalan	(10	to	13	mg/L	limb	volume)	with	a	dose	of	TNF
10	 times	 the	 lethal	 dose	 for	 humans	under	mild	hyperthermic	 conditions.	Omission	of	TNF	 lowered	 the	 tissue
dose	of	melphalan,	probably	because	TNF	affects	the	tumor	vasculature.	Residual	tumor	was	surgically	removed	2
to	 4	 months	 after	 limb	 perfusion.	With	 a	 median	 follow-up	 of	 3	 years,	 71%	 of	 patients	 had	 successful	 limb
salvage.	Later,	a	randomized	trial	showed	that	lowering	the	TNF	dose	to	0.5	mg	reduced	systemic	toxicity	without
reducing	the	objective	response	rate.393

Comparing	isolated	limb	perfusion	to	standard	chemotherapy	is	difficult,	given	the	heterogeneity	of	patients	in
the	two	types	of	studies.	In	aggregate,	the	response	rate	for	perfusion	appears	to	be	higher	than	that	for	infusion.
However,	isolated	limb	perfusion	requires	substantial	expertise	and	specialized	equipment.	Complications	include
shock	from	systemic	leak	of	TNF;	infection;	chronic	damage	to	skin,	muscles,	and	nerve;	persistent	edema;	and
arterial	or	venous	 thrombosis.	Experience	has	 led	 to	 a	decrease	 in	 the	 incidence	and	 severity	of	 complications.
Isolated	 limb	 perfusion	 appears	 to	 hold	 promise	 for	 at	 least	 a	 subset	 of	 patients	who	would	 otherwise	 require
amputation	for	local	control	and	has	been	approved	for	such	patients	in	Europe.

Combined	Chemoradiotherapy	for	Primary	Localized	Extremity	or	Truncal	Sarcoma
High-risk	soft	tissue	sarcomas	(i.e.,	those	of	large	size,	deep	location,	and	high	grade)	present	a	significant	dual
threat—locally	and	at	distant	sites.	For	this	reason,	researchers	at	the	Massachusetts	General	Hospital	explored	a
dose-intense	chemoradiation	strategy	in	48	patients	with	localized,	high-grade,	large	(>8	cm)	soft	tissue	sarcomas
of	an	extremity	treated	from	1989	to	1999.394	The	protocol	consisted	of	three	courses	of	doxorubicin,	ifosfamide,
mesna,	and	dacarbazine	(MAID)	interdigitated	with	two	22-Gy	courses	of	radiation	(11	fractions	each).	Patients
with	 microscopically	 positive	 surgical	 margins	 received	 a	 16-Gy	 boost	 dose	 (in	 eight	 fractions).	 Their	 7-year
actuarial	disease-specific	and	overall	survival	rates	were	81%	and	79%,	respectively395;	among	matched	historical
controls,	these	rates	were	significantly	lower	(50%	and	45%,	respectively;	P	<	.005).	As	expected,	toxicities	in	the
chemoradiation	group	included	significant	wound	complications	in	the	lower	limbs	(in	29%	of	patients).396	One
patient	 died	 from	 late	 marrow	 dysfunction	 attributed	 to	 chemotherapy.	 A	 multicenter	 study	 that	 included	 64
patients	 treated	 using	 the	 same	 protocol	 also	 showed	 significant	 toxicity;	 three	 patients	 (5%)	 experienced	 fatal
toxicities	(myelodysplasia	in	two	and	sepsis	in	one).	Moreover,	another	53	patients	(83%)	experienced	a	variety	of
grade	 4	 toxicities,	 and	 5	 patients	 required	 amputation.397	 At	 almost	 8	 years	 of	 follow-up,	 overall	 survival
approximated	 70%,	 comparing	 favorably	 to	 expected	 outcomes	 for	 high-risk	 patients.398	 Clearly,	 early
neoadjuvant	chemoradiotherapy	delivered	in	this	fashion	is	appealing	for	patients	at	very	highest	risk.	Although
interdigitated	MAID	chemotherapy	and	radiotherapy	resulted	in	a	high	rate	of	5-year	overall	survival	(86%)	in	a
retrospective	 review	 of	 patients	 treated	 from	 2000	 to	 2011,	 the	 results	 require	 confirmation	 in	 multicenter
prospective	trials,	especially	because	of	the	local	and	systemic	toxicity	associated	with	the	protocol.396

Multimodal	Management	of	Locally	Recurrent	Extremity	or	Truncal	Sarcoma



Local	recurrence	remains	a	significant	factor	in	long-term	morbidity	and	mortality.	Locally	recurrent	sarcomas	are
difficult	to	treat	and	are	more	likely	to	recur,	probably	as	a	result	of	prior	contamination	of	tissue	planes	as	well	as
intrinsically	 aggressive	 tumor	 biology.	 Follow-up	 data	 confirm	 that	 salvage	 is	 almost	 always	 possible,	 but
resection	of	recurrent	lesions	has	no	impact	on	long-term	survival.	Important	factors	in	outcome	are	the	size	and
timing	 of	 the	 recurrence.399	 Patients	 with	 a	 local	 recurrence	 that	 grew	 to	 >5	 cm	 in	 <16	months	 had	 a	 4-year
disease-specific	survival	of	18%,	compared	to	81%	for	patients	with	a	local	recurrence	of	≤5	cm	in	>16	months.
Surgery.	Repeat	resection	is	 the	treatment	of	choice	for	locally	recurrent	soft	 tissue	sarcoma	in	almost	any	site
that	is	amenable	to	low-morbidity	surgical	resection.	Repeat	resection	usually	encompasses	all	palpable	tumor	and
all	potential	microscopic	foci	present	in	adjacent	tissues	traversed	during	previous	surgical	procedures.	Assuming
the	 recurrent	 disease	 can	 be	 surgically	 resected,	 adjuvant	 radiation	 therapy	 should	 be	 considered	 for	 the	 vast
majority	of	patients.
Radiotherapy.	Radiotherapy	in	the	recurrent	setting	should	follow	the	same	principles	applicable	to	the	treatment
of	primary	tumors.	However,	the	issues	are	more	complex	and	often	dominated	by	two	confounding	issues.	First,
tissue	 planes	 will	 likely	 have	 been	 disrupted	 from	 prior	 interventions	 and	 the	 true	 anatomic	 areas	 at	 risk	 are
difficult	to	define,	so	choosing	target	volumes	often	requires	compromise.	Second	and	more	problematic	is	prior
radiotherapy,	 which	 raises	 serious	 concerns	 about	 long-term	 morbidity,	 especially	 affecting	 bone	 and
neurovascular	 tissues.	The	substantial	 rates	of	serious	complications	 for	salvage	reoperation	and	reirradiation400
indicate	that	salvage	therapy	should	be	performed	cautiously	with	careful	monitoring	of	side	effects.

Torres	et	al.401	retrospectively	reviewed	62	patients	who	had	previously	undergone	prior	resection	and	EBRT
being	 treated	 for	 an	 isolated	 first	 local	 recurrence	 of	 soft	 tissue	 sarcoma	 arising	within	 a	 previously	 irradiated
field.	Local	control	rates	were	similar	for	patients	who	underwent	reirradiation	compared	to	those	who	did	not,	but
complications	that	required	outpatient	or	surgical	management	were	more	common	in	reirradiated	patients	(80%
versus	17%,	respectively;	P	<	 .001).	Selection	for	 the	different	 treatments	may	confound	interpretation	of	 these
results.	A	study	at	the	Princess	Margaret	Hospital	examined	patients	with	recurrent	disease	treated	with	surgery
with	or	without	reirradiation	(predominantly	BRT).402	The	local	control	rate	among	10	reirradiated	patients	was
100%,	compared	to	only	36%	among	the	11	patients	treated	with	no	further	irradiation.	However,	follow-up	was
short	(median,	24	months).	As	a	general	principle,	if	radiotherapy	is	used	in	a	previously	irradiated	field,	BRT	is
often	 recommended.	However,	 the	possibility	of	complications	 is	 real,	and	 these	decisions	must	be	approached
cautiously.402–404

When	 EBRT	 is	 used,	 various	 strategies	 can	 be	 considered	 to	 ameliorate	 the	 risk	 from	 reirradiation.	 First,
precision	techniques	such	as	IMRT	should	generally	be	used	to	optimize	volume	and	exclude	uninvolved	tissues.
Second,	 preoperative,	 rather	 than	 postoperative,	 radiotherapy	 may	 be	 used	 to	 reduce	 dose	 and	 volume	 to	 the
lowest	level	possible.	Third,	fractionation	into	many	small	doses	helps	minimize	later	damage	to	normal	tissues;
these	approaches	normally	require	treatment	more	than	once	per	day.	Intraoperative	radiotherapy	(IORT)	has	also
been	considered	for	salvage	therapy,	and	careful	dose	limitation	to	major	nerves,	ureters,	and	kidneys	may	reduce
complications	 in	 complex	 anatomic	 regions.405,406	 Salvage	 IORT	 was	 analyzed	 in	 a	 multicenter	 study	 of	 103
patients	managed	 from	1986	 to	 2012;	 the	 5-year	 local	 control	was	 60%,	 and	16%	of	 patients	 had	 toxicities	 of
grade	3	or	greater.407

Management	of	Primary	Localized	Retroperitoneal	Sarcoma

Surgical	Management
For	 retroperitoneal	 sarcomas,	 as	 for	 extremity	 or	 truncal	 sarcomas,	 primary	 surgical	 resection	 is	 the	 dominant
therapeutic	modality.	A	treatment	algorithm	is	shown	in	Figure	88.6.	Preoperative	bowel	preparation	is	important,
not	 because	 of	 tumor	 invasion,	 but	 because	 resection	 without	 encompassing	 the	 intestine	 is	 often	 technically
difficult.	For	retroperitoneal	tumors	situated	near	a	kidney,	it	is	important	to	evaluate	renal	function,	in	particular
to	establish	adequate	contralateral	renal	function	to	allow	nephrectomy	when	appropriate.
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Figure	88.6	Algorithm	for	the	management	of	retroperitoneal	and	visceral	sarcoma.	CT,	computed
tomography;	GIST,	gastrointestinal	stromal	tumor;	MRI,	magnetic	resonance	imaging;	MPNST,

malignant	peripheral	nerve	sheath	tumor;	IMRT,	intensity-modulated	radiation	therapy.

The	major	 issue	 in	 resection	of	visceral	and	 retroperitoneal	 lesions	 is	adequate	exposure.	Thoracoabdominal
incisions,	 rectus-	 dividing	 incisions,	 and	 incisions	 extending	 through	 the	 inguinal	 ligament	 into	 the	 thigh	may
improve	exposure	and	enhance	the	ability	to	achieve	a	complete	resection.	The	availability	of	venovenous	bypass,
adequate	 and	 appropriate	 anesthetic,	 and	 blood	 replacement	 are	 all	 important	 issues	 for	 many	 of	 these	 large
lesions.

Although	resection	of	adjacent	organs	 is	common,316	 there	 is	 limited	evidence	 that	more	extensive	 resection
affects	long-term	survival.	Two	retrospective	studies	found	that	aggressive	surgery	with	wide	margins	(including
resection	of	uninvolved	adjacent	organs)	in	patients	with	primary	retroperitoneal	sarcoma	reduces	the	cumulative
incidence	 of	 local	 recurrence	 but	 does	 not	 improve	 overall	 survival,	 increases	 operative	 morbidity,	 and	 is
associated	with	a	high	(11%)	reoperation	rate.408,409	In	addition,	both	series	have	significant	patient	selection	bias,
unequal	follow-up	times,	and	differing	adjuvant	radiation	and	chemotherapy	strategies	between	treatment	groups,
making	interpretation	of	the	local	recurrence	results	difficult.	The	sacrifice	of	uninvolved	organs	beyond	what	is
required	 to	achieve	complete	 resection	should	not	be	 routinely	performed	unless	part	of	a	clinical	 trial	because
more	extended	resections	do	not	seem	to	improve	survival.	Further	insight	into	the	value	of	resection	of	adjacent



organs	comes	from	two	reviews316,410	in	which	nephrectomy	was	performed	in	46%	of	cases	but	the	kidney	itself
was	rarely	involved.	In	one	of	these	reviews,316	only	2	of	30	nephrectomy	specimens	showed	true	parenchymal
invasion.	Resection	 of	 a	 kidney	 is	 unnecessary	when	 the	 vena	 cava	 is	 the	 closest	margin	 but	 is	 often	 required
because	of	encompassment	of	the	kidney	or	involvement	of	the	hilar	renal	vasculature.

The	 overriding	 principle	 is	 not	 to	 be	 reluctant	 to	 resect	 adjacent	 organs	 should	 they	 be	 involved	 by	 tumor.
Conversely,	one	should	not	resect	uninvolved	organs	if	they	are	not	the	limiting	factor	for	the	tumor	margin.

Completeness	of	resection	has	been	found	in	at	least	one	study	to	be	only	a	secondary	predictor	of	survival	in
retroperitoneal	 sarcoma,	 following	 histologic	 type	 (see	 “Diagnostic	 and	 Prognostic	 Factors	 for	 Primary
Retroperitoneal	or	Intra-abdominal	Sarcoma”).84	Disease-specific	survival	for	those	who	had	incomplete	resection
(18%)	was	 substantially	worse	 than	 that	 of	 patients	who	 had	 complete	 resection	 (53%	 for	 those	with	 negative
margins	 and	 54%	 for	 those	 with	 positive	 margins).	 Incomplete	 resection	 has	 been	 found	 to	 enhance	 survival
relative	to	biopsy	or	exploratory	procedures	for	select	sarcoma	types.411

Resectability	 rates	 vary	 widely	 but	 seem	 independent	 of	 histologic	 type,	 grade,	 or	 size.316	 The	 basis	 for
unresectability	is	usually	the	presence	of	peritoneal	implants	or	extensive	vascular	involvement.	Operation	should
be	reserved	for	patients	for	whom	complete	resection	is	at	least	possible,	if	not	probable,	and	for	patients	in	whom
palliation	 can	 be	 achieved.	 However,	 it	 is	 often	 difficult	 to	 decide	 how	 much	 palliation	 can	 be	 achieved	 by
incomplete	removal	of	tumor.

Retroperitoneal	sarcomas	remain	a	major	clinical	challenge.	Most	of	these	tumors	are	large,	making	it	difficult
to	obtain	adequate	margins	of	resection.	Compounding	the	problem,	the	proximity	of	normal	organs	such	as	small
bowel,	large	bowel,	kidney,	and	liver	makes	delivery	of	therapeutic	doses	of	radiation	therapy	either	difficult	or
impossible.

Among	 114	 patients	 with	 primary	 sarcoma	 treated	 at	 MSKCC	 from	 1982	 to	 1987	 (half	 of	 whom	 had
liposarcoma	 and	 29%	 of	 whom	 had	 LMS),	 65%	 of	 patients	 underwent	 a	 complete	 resection.	 Of	 these,	 53%
required	 adjacent	 organ	 resection	 and	 40%	 required	 resection	 of	 more	 than	 one	 adjacent	 organ.316	 Despite
complete	resection,	local	recurrence	developed	in	40%	to	50%	of	cases,	demonstrating	a	clear	need	for	adjuvant
local	 therapy.	Local	 recurrence	rates	were	similar	between	high-grade	and	 low-grade	 lesions,	although	 times	 to
recurrence	 differed	 greatly	 (median	 of	 15	 months	 for	 high-grade	 sarcomas	 and	 42	 months	 for	 low-grade
sarcomas).

Radiation	Therapy	for	Primary	Localized	Retroperitoneal	Sarcoma
Retroperitoneal	 sarcoma	may	 be	 particularly	 suited	 to	 preoperative	 radiotherapy	 because	 (1)	 local	 failure	 is	 a
common	cause	of	death	for	patients	with	retroperitoneal	liposarcomas,	which	is	the	most	common	histology;	(2)
as	described	earlier,	radiation	therapy	increases	local	control	in	extremity	soft	tissue	sarcomas;	and	(3)	the	tumor
frequently	displaces	bowel	 from	the	 target	volume	so	 that	 radiation	can	safely	be	delivered.	Postoperatively,	 in
contrast,	 loops	 of	 bowel	 are	 often	 tethered	 or	 fixed	 within	 the	 target	 area.	 Postoperative	 radiation	 for
retroperitoneal	sarcoma	has	high	toxicity	and	unproven	efficacy	and	can	complicate	surgery	for	later	recurrences.
Therefore,	it	is	not	recommended.

Trials	 involving	 preoperative	 radiotherapy	 for	 retroperitoneal	 sarcoma	 conducted	 at	 MD	 Anderson	 Cancer
Center412	 and	 Princess	Margaret	 Hospital413,414	 are	 instructive	 because	 the	 acute	 toxicity	 of	 radiotherapy	 was
prospectively	 separated	 from	 overall	 toxicity,	 and	 the	 evidence	 supports	 excellent	 tolerance.	 In	 the	 Princess
Margaret	Hospital	study,	40	patients	received	median	preoperative	radiotherapy	doses	of	45	Gy	in	25	fractions;
median	radiation	volume	exceeded	7	L.	After	9	years	of	median	follow-up,	overall	survival	was	70%	at	5	years
and	64%	at	10	years,	which	compares	favorably	to	historical	controls.414	BRT,	used	postoperatively	 in	selected
cases,	was	 associated	with	 toxicity	 and	 did	 not	 appear	 to	 improve	 tumor	 outcome.	 The	MD	Anderson	Cancer
Center	trial	evaluated	35	patients	treated	with	doxorubicin	concurrent	with	escalating	doses	of	radiotherapy	(18	to
54	Gy)	at	1.8	Gy	per	fraction;	IORT	with	electron	beam	was	also	attempted	when	feasible.412	The	two	studies	had
qualitatively	similar	results.	Pooling	these	studies’	results,	of	the	72	patients	eligible	for	preoperative	radiotherapy,
only	2	 (3%)	did	not	 receive	 the	entire	planned	course	because	of	 radiation-related	 toxicity,	1	because	of	 tumor
approximating	the	liver	and	the	other	because	of	grade	3	anorexia.415

The	need	to	deliver	higher	doses	of	radiation	to	the	tumor	and	less	to	surrounding	tissue	has	drawn	interest	to
IORT.416	A	Mayo	Clinic	 study	 on	 87	 patients	 treated	with	 IORT,	 supplemented	 by	EBRT	 in	 92%	of	 patients,
found	a	5-year	 local	 control	 rate	of	58%	and	overall	 survival	 rate	of	50%	 (median	 follow-up,	3	years).417	 In	a
randomized	trial	at	the	NCI,418	35	patients	with	resected	retroperitoneal	sarcomas	were	assigned	to	receive	IORT
(20	Gy)	followed	by	low-dose	EBRT	(35	to	40	Gy)	or	higher	dose	EBRT	alone	(50	to	55	Gy).	Local	control	was
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significantly	better	 for	patients	who	 received	 IORT,	but	 there	was	no	 impact	on	survival.	Patients	 in	 the	 IORT
arm,	 who	 also	 received	 misonidazole,	 had	 a	 higher	 incidence	 of	 peripheral	 neuropathy,	 whereas	 those	 who
received	higher	dose	EBRT	alone	had	a	higher	incidence	of	radiation	enteritis.

At	MSKCC,	resection	was	combined	with	EBRT	and	HDR	intraoperative	BRT	at	12	to	15	Gy	in	an	attempt	to
optimize	efficacy	and	minimize	toxicity	to	critical	anatomy.419	This	phase	I	and	II	trial	included	32	patients	with
primary	and	recurrent	retroperitoneal	sarcoma.	Postoperative	EBRT	(45.0	to	50.4	Gy)	was	also	administered	to	25
patients.	 Median	 follow-up	 was	 33	 months,	 and	 5-year	 local	 recurrence–free	 survival	 was	 62%.	 Five-year
actuarial	 rates	 of	 local	 control	were	 74%	 for	 primary	 tumors	 and	 54%	 for	 recurrent	 tumors.	 Treatment-related
morbidity	was	observed	in	34%	of	patients,	most	commonly	GI	obstruction	(six	patients,	19%;	five	with	grade	3
and	 one	 with	 grade	 5),	 followed	 by	 GI	 fistula	 (three	 patients,	 9%;	 two	 with	 grade	 3	 and	 one	 with	 grade	 5).
Peripheral	 neuropathy,	 a	 common	 complication	 of	 IORT,	 developed	 in	 only	 two	 patients	 (6%,	 both	 grade	 2).
Treatment-related	mortality	was	 6%	 (n	 =	 2).	Given	 the	morbidity	 associated	with	 IORT	 and	 the	 challenges	 in
covering	 large	 tumor	 beds,	 potential	 risks	 need	 to	 be	 weighed	 carefully	 against	 the	 theoretical	 benefit	 of
administering	 additional	 radiation	 to	 high-risk	 areas	 of	 the	 tumor	 bed	 at	 the	 time	 of	 resection	 of	 primary
retroperitoneal	sarcomas.

The	 ideal	 radiation	 approach	 is	 one	 that	 could	 increase	 doses	 given	 preoperatively.	 With	 conventional
radiation,	 the	preoperative	dose	cannot	be	escalated	beyond	50.4	Gy	without	 incurring	excessive	 toxicity	 to	 the
bowel.	However,	dose-painting	IMRT	allows	targeted	dose	escalation	to	areas	at	highest	risk.	Posterior	structures,
where	there	are	no	intestines,	can	receive	60	Gy	or	more,	whereas	the	remaining	tumor	volume	receives	50.4	Gy,
respecting	the	tolerance	of	normal	tissues	such	as	the	spinal	cord	and	intestines.	A	study	in	14	patients	from	the
University	of	Alabama	showed	the	feasibility	of	such	an	approach.420	Preoperatively,	the	whole	target	volume	was
irradiated	to	45	Gy,	and	then	the	area	at	risk	for	positive	margin	was	separately	boosted	with	IMRT	to	bring	the
total	dose	to	57.5	Gy.	Only	one	patient	experienced	grade	3	nausea	and	vomiting.	Eleven	patients	had	complete
resection	with	 negative	margins.	With	 a	median	 follow-up	 of	 12	months,	 there	was	 no	 late	 toxicity	 related	 to
radiation.	Further	dosimetric	studies	showed	the	technical	feasibility	of	delivering	doses	as	high	as	75.2	to	82.8
Gy	using	this	technique.420

On	a	similar	theme,	Yoon	et	al.421	suggested	a	coordinated	strategy	to	optimize	radiotherapy	target	coverage
without	enhancing	toxicity	by	combining	advanced	radiotherapy	techniques,	including	proton-beam	radiotherapy,
with	aggressive	en	bloc	resection.

Another	 interesting	 IMRT	 strategy	 for	 retroperitoneal	 sarcoma	 is	 to	 focus	 entirely	 on	 the	 posterior	 tumor
attachment	without	attempting	to	include	the	remaining	tumor	mass	in	the	irradiated	target	volume.	This	approach
was	assessed	in	a	prospective	study	of	29	patients	with	liposarcoma	treated	with	radiation	to	the	posterior	tumor
area	followed	by	surgery;	matched	patients	treated	with	surgery	alone	served	as	controls.	Although	the	tolerance
profile	was	excellent,	neither	local	control	nor	disease-specific	survival	was	better	than	in	controls.422

The	 true	 benefit	 of	 IMRT—or	 any	 radiation	 therapy—for	 patients	 with	 retroperitoneal	 sarcoma	 is	 debated
among	physicians	who	treat	this	disease.	The	best	data	supporting	the	use	of	radiation	therapy	for	retroperitoneal
sarcomas	come	from	case-control	propensity	score–matched	analyses	of	nationwide	oncology	databases423	and	a
comparison	of	outcomes	in	patients	with	retroperitoneal	sarcomas	in	which	perioperative	radiotherapy	is	or	is	not
routinely	 used.424	 Although	 these	 studies	 suggest	 that	 radiation	 therapy	 may	 improve	 local	 control	 and	 even
overall	survival,	definitive	guidance	awaits	the	results	of	a	randomized,	phase	III	trial	(European	Organisation	for
Research	 and	Treatment	 of	Cancer	 [EORTC]	 62092-22092)	 comparing	 relapse-free	 survival	 in	 patients	 treated
with	neoadjuvant	 radiation	versus	 those	 treated	with	 surgery	alone,	which	 recently	met	 its	 accrual	goal.425	The
results	may	help	define	 the	potential	 for	any	benefit	 from	adding	 radiation	 therapy	 to	surgical	 resection,	which
remains	the	standard	of	care	for	patients	with	retroperitoneal	sarcoma.

Chemotherapy	for	Primary	Localized	Retroperitoneal	Sarcoma
The	most	common	histologic	types	in	the	retroperitoneum	(WDLS,	DDLS,	LMS,	and	MPNST)	are	typically	not
responsive	 to	 conventional	 chemotherapy.	 Thus,	 chemotherapy	 is	 rarely	 indicated	 in	 the	 adjuvant	 setting	 for
patients	with	 completely	 resected	 primary	 retroperitoneal	 sarcoma.	 For	 patients	with	 locally	 advanced	 primary
retroperitoneal	sarcoma	that	is	unresectable	or	marginally	resectable,	neoadjuvant	chemotherapy	may	be	indicated
based	on	histologic	 type	because	 it	enables	assessment	of	 response	 in	 individual	patients	and	occasionally	may
improve	resectability	(see	Fig.	88.6).

Combined	Chemoradiotherapy	for	Primary	Localized	Retroperitoneal	Sarcoma



One	of	 the	difficulties	 in	managing	 retroperitoneal	 sarcoma	 relates	 to	 the	variety	of	histologic	 subtypes.	Large,
low-grade	 liposarcomas,	 constituting	 approximately	 50%	of	 lesions,	 present	 a	 prodigious	 challenge	 because	 of
their	potential	 for	 late	 local	 recurrence,	often	 leading	 to	death.	The	 remaining	 tumors,	 frequently	LMSs,	 are	of
intermediate	and	high	grade	and	not	only	recur	locally	but	have	a	significant	tendency	for	peritoneal	seeding	as
well	as	metastasis	 to	liver	and	other	sites.	Retroperitoneal	sarcomas	of	all	histologies	often	present	as	relatively
large	 lesions	due	 to	asymptomatic	growth.	Because	of	 the	adverse	nature	of	 these	sarcomas,	chemotherapy	and
radiotherapy	may	 be	 combined	 as	 a	 neoadjuvant	 to	 surgery.	However,	 not	many	 groups	 have	 approached	 this
problem	 specifically,	 presumably	 due	 to	 the	 lack	 of	 evidence	 for	 a	 benefit	 of	 chemotherapy	 in	 these	 tumors.
Another	 reason	 is	 the	wish	 to	minimize	 toxicity	 in	patients	already	burdened	with	medical	 issues	 related	 to	 the
treatment	of	large	tumors.

The	feasibility	of	preoperative	combined	chemoradiotherapy	was	demonstrated	in	a	prospective	trial	from	MD
Anderson	Cancer	Center.412	Eligibility	was	limited	to	intermediate-	and	high-grade	tumors.	Low-dose	doxorubicin
(20	mg/m2	per	week	for	4	to	5	weeks)	was	infused	and	radiation	was	delivered	in	escalating	doses	ranging	from
18	to	50.4	Gy	total	radiation,	followed	by	a	15-Gy	electron-beam	IORT	boost	to	the	bed	of	the	resected	tumor.
The	radiation	was	well	tolerated,	with	only	2	(18%)	of	11	patients	having	grade	3	or	4	nausea.	These	promising
feasibility	results	remain	experimental	and	ideally	should	prompt	 the	design	of	randomized	trials	 to	address	 the
efficacies	of	the	different	elements	of	the	protocol.

Multimodal	Management	of	Locally	Recurrent	Retroperitoneal	Sarcoma

Surgery.	 Retroperitoneal	 recurrences	 are	 often	 detected	 on	 routine	 screening	 with	 imaging,	 or	 patients	 may
present	with	pain	or	nonspecific	symptoms.	After	workup	to	determine	the	extent	of	disease,	patients	with	isolated
local	 recurrence	 should	 be	 carefully	 evaluated	 to	 determine	 feasibility	 of	 re-resection.	 Because	 current
chemotherapy	is	ineffective	for	the	majority	of	patients	with	liposarcoma	and	toxicity	limits	adequate	dosing	by
radiation	 therapy,	 surgical	 resection	 remains	 the	 most	 effective	 treatment.	 When	 complete	 gross	 resection	 is
possible,	as	in	80%	of	patients	with	a	first	recurrence	and	in	60%	to	70%	of	patients	with	a	second	or	subsequent
recurrence,	operation	should	be	attempted.	Surgery	may	be	combined	with	neoadjuvant	systemic	therapy	or	IMRT
depending	on	the	histologic	type	or	subtype,	growth	rate,	and	extent	of	disease.

The	 most	 difficult	 decisions	 in	 retroperitoneal	 liposarcoma	 are	 whether	 a	 patient	 is	 likely	 to	 benefit	 from
reoperation	 and	 when	 to	 perform	 surgery;	 often	 a	 period	 of	 monitoring	 is	 appropriate.	 We	 have	 developed
recommendations	based	on	an	analysis	of	105	patients	who	had	a	first	local	recurrence	after	complete	resection	of
a	 primary	 retroperitoneal	 liposarcoma	 treated	 at	 MSKCC,	 61	 of	 whom	 underwent	 complete	 resection	 of	 the
recurrence.426	Despite	aggressive	surgery,	patients	with	a	local	recurrence	growth	rate	>1	cm	per	month	had	poor
outcomes,	 similar	 to	 those	of	patients	who	were	not	 treated	with	 resection.	Only	patients	with	 local	 recurrence
growth	rates	of	<0.9	cm	per	month	had	improved	survival	after	aggressive	resection.	Based	on	these	results,	we
recommend	 surgery	 for	 patients	 whose	 recurrence	 is	 growing	 slower	 than	 1	 cm	 per	 month	 and	 who	 are
symptomatic	or	whose	local	recurrence	impinges	on	critical	structures	(particularly	if	further	growth	may	result	in
the	need	to	sacrifice	critical	organs)	or	has	a	solid	appearance	on	CT	scan	(suspicious	for	dedifferentiation).	For
patients	 presenting	 with	 asymptomatic	 local	 recurrence	 and	 growth	 rates	 ≥1	 cm	 per	 month,	 we	 recommend
systemic	 chemotherapy	 or	 novel	 targeted	 therapy	 trials.	 Surgery	 is	 considered	 in	 this	 subgroup	 only	 if	 they
develop	symptoms,	such	as	obstruction	or	bleeding,	that	do	not	respond	to	medical	management.

Many	asymptomatic	patients	with	 a	differentiated-appearing	 local	 recurrence	 that	 is	well	 away	 from	critical
structures	may	 be	 safely	monitored	 for	 development	 of	 other	 sites	 of	 disease	 before	 recommending	 resection.
Such	an	approach	can	extend	the	interval	between	surgeries,	and	it	increases	the	chances	that	all	sites	of	disease
are	 encompassed	with	 the	 procedure.	Debulking,	 however,	 has	 limited	 value	 in	 terms	 of	 long-term	 survival	 of
patients	with	recurrent	lesions.
Radiotherapy.	Many	variables	must	be	considered	in	deciding	whether	to	use	radiotherapy	for	locally	recurrent
retroperitoneal	sarcoma.	If	diffuse	intra-abdominal	recurrence	is	present,	then	the	target	volume	likely	cannot	be
accurately	delineated.	With	each	successive	recurrence,	the	chances	of	significant	acute	and	chronic	complications
from	reirradiation	 increase	exponentially.	Reirradiation	 is	associated	with	 increased	morbidity	due	 to	adhesions
from	previous	procedures.	However,	when	complete	 resection	appears	 feasible	and	 the	patient	 is	asymptomatic
and	otherwise	well,	the	authors	favor	aggressive	treatment,	preferably	combined	with	preoperative	radiotherapy	to
a	conventional	volume	if	the	patient	has	had	no	prior	radiotherapy.	If	prior	radiotherapy	has	been	used,	subsequent
treatment	 is	 much	 more	 complicated,	 and	 alternative	 strategies	 may	 be	 considered.	 These	 cases	 need	 to	 be
considered	 individually,	 but	 possibilities	 include	 delivering	 IMRT	 to	 a	 limited	 region	 of	 the	 retroperitoneum
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preoperatively.	In	equipped	centers,	IORT	or	proton	beam	therapy	can	also	be	considered.	Although	the	value	of
radiotherapy	remains	unproven,	the	adverse	behavior	of	the	tumor	may	provide	sufficient	justification	for	its	use.
Most	 important,	 attempting	 to	 eradicate	 unresectable	 gross	 disease	 using	 radiotherapy	 is	 generally	 considered
futile,	 and	 the	 dose	 required	 to	 attempt	 this	 is	 likely	 to	 damage	 critical	 intra-abdominal	 structures.	 Therefore,
radiotherapy	without	surgery	to	treat	gross	disease	in	the	retroperitoneum	should	be	reserved	for	palliation.
Chemotherapy.	 Intraperitoneal	chemotherapy	after	debulking	of	peritoneal	metastases	has	been	advocated	but
remains	an	investigational	approach.

Serious	Complications	of	Primary	Treatment

Wound	Complications
Wound	 complications,	 including	 infection	 and	 dehiscence,	 are	 common	 after	 resection	 of	 extremity	 sarcomas.
Wound	complications	are	exacerbated	by	 radiation	and	possibly	by	chemotherapy,	which	 inhibit	healing.	Early
studies	 in	animal	models	 showed	 that	doxorubicin	and	x-rays	used	 just	before,	or	 in	close	 juxtaposition	 to,	 the
time	of	wounding	significantly	impaired	healing,	likely	due	to	inhibition	of	collagen	synthesis.427

Whether	preoperative	chemotherapy	affects	the	risk	of	wound	complications	is	debated.428	In	perhaps	the	most
comprehensive	study,	investigators	at	MD	Anderson	Cancer	Center	compared	morbidity	of	radical	surgery	for	soft
tissue	sarcoma	in	104	patients	who	received	induction	chemotherapy	before	surgery	to	that	in	204	patients	who
had	 surgery	 first.429	 The	 incidence	 of	 surgical	 complications,	 most	 commonly	 affecting	 the	 wound,	 was	 no
different	for	patients	undergoing	preoperative	chemotherapy	than	those	treated	with	surgery	alone,	both	for	those
with	sarcomas	of	the	limbs	(34%	versus	41%)	and	for	those	with	retroperitoneal	or	visceral	sarcomas	(29%	versus
34%).	 However,	 the	 data	 are	 sparse	 and	 retrospective,	 and	 the	 effects	 of	 preoperative	 chemotherapy	 are
confounded	by	concomitant	use	of	preoperative	radiotherapy	(as	in	the	two	concurrent	radiotherapy	plus	MAID
studies	 discussed	 earlier).397	 Preoperative	 chemotherapy	 is	 often	 delivered	 intra-arterially	 and	 combined	 with
simultaneous	radiotherapy,	with	apparently	greater	morbidity	than	with	radiotherapy	alone.430	Therefore,	the	risks
of	 intra-arterial	 preoperative	 chemotherapy	 cannot	 safely	 be	 inferred	 from	 results	with	 the	 “usual”	 intravenous
chemotherapy.

The	 effects	 of	 adjuvant	 BRT	 on	wound	 complications	 have	 been	 studied	 at	MSKCC.	 Scheduling	 radiation
delivery	via	afterloading	catheters	more	than	5	days	after	surgery	was	found	to	reduce	the	rate	of	major	wound
complications,	 approaching	 that	 with	 surgery	 alone.353	 In	 the	 randomized	 BRT	 trial,359	 the	 rate	 of	 wound
complications	 (wound	 infection	 or	 the	 need	 for	 further	 operative	 intervention)	 in	 the	BRT	 arm	 (24%)	 did	 not
differ	significantly	from	that	in	controls	(15%;	P	=	.18).	However,	reoperation	was	more	frequent	in	the	BRT	arm
than	the	control	arm	(9%	versus	1%;	P	=	.03).	The	other	covariable	that	contributed	to	reoperation	was	the	width
of	excised	skin	(reoperation	rate	of	9%	for	excisions	>4	cm	and	1%	for	those	≤4	cm,	P	=	.02).

These	types	of	complications	are	not	unique	to	BRT	but	have	been	observed	with	EBRT	as	well.325,431	In	the
Canadian	 trial	comparing	preoperative	and	postoperative	 irradiation	 in	190	patients,	wound	complication	was	a
primary	 endpoint.329	 Wound	 complications	 were	 defined	 as	 secondary	 wound	 surgery,	 hospital	 admission	 for
wound	care,	or	need	for	deep	packing	or	prolonged	dressings	within	120	days	after	tumor	resection.	Preoperative
radiation	 was	 associated	 with	 a	 significantly	 higher	 rate	 of	 wound	 complications	 than	 postoperative	 radiation
(35%	versus	17%,	respectively;	P	=	.01).329	The	rates	of	wound	complications	in	both	arms	were	higher	than	in
many	 other	 studies,	 most	 probably	 because	 the	 criteria	 for	 an	 acute	 wound	 complication	 were	 prospectively
applied	 and	 reported	 at	 frequent	 intervals	 for	 the	 initial	 4	months	 after	 surgery.	 In	 studies	 using	 retrospective
evaluation,	in	contrast,	complications	such	as	prolonged	dressings	or	packing	(often	administered	to	outpatients)
may	be	overlooked.

The	rate	of	wound	complications	may	be	reduced	by	implementing	IMRT	protocols	in	major	referral	centers.
Careful	planning	may	minimize	radiation	exposure	to	planned	skin	flaps;	however,	to	date,	outcomes	have	been
variable,	and	this	methodology	is	difficult	to	apply	reproducibly	across	different	centers.338	In	situations	in	which
wound	 complications	 are	 anticipated	 (e.g.,	 because	 of	 wound	magnitude,	 extent	 of	 resection,	 prior	 radiation),
surgeons	should	consider	using	fresh	vascularized	tissue	in	the	form	of	transpositional	or	free	grafts	to	cover	the
defect	before	delivering	radiation	therapy.	This	approach	appears	to	markedly	diminish	postoperative	morbidity,
although	the	point	is	difficult	to	prove	because	of	selection	bias;	nonprimary	closure	is	more	common	for	patients
expected	 to	 have	 larger	 tumors	 and	 more	 problematic	 resections.	 In	 the	 Canadian	 trial,	 the	 only	 variables
associated	with	wound	complication	in	multivariate	analysis	were	timing	of	radiotherapy	(i.e.,	preoperative	versus
postoperative),	 volume	 of	 tissue	 removed	 at	 surgery,	 and	 tumor	 location	 (upper	 versus	 lower	 extremity).	 The



manner	of	wound	closure,	comorbidity,	age,	smoking	history,	and	treatment	center	had	no	apparent	influence	on
the	risk.330	Similar	observations	were	made	in	the	MD	Anderson	Cancer	Center	study.432

The	risk	of	wound	complications	appears	 to	be	almost	entirely	confined	 to	 lower	extremity	 lesions,329,418,432
making	 them	a	 less	 important	consideration	when	choosing	 radiotherapy	 timing	 for	other	sites.	This	may	make
preoperative	radiotherapy	advantageous	in	sites	where	restricting	radiotherapy	dose	and	volumes	may	have	long-
term	benefit,	 such	as	 the	proximal	arm	 (to	protect	brachial	plexus	and	 lung)	and	 the	head	and	neck	 (to	protect
critical	 anatomy).	 In	 a	 prospective	 series	 of	 patients	 with	 head	 and	 neck	 sarcomas	 treated	 with	 preoperative
radiotherapy,	 wound	 complication	 rates	 were	 relatively	 low,	 even	 in	 patients	 with	 adverse	 anatomic
presentations.433

Bone	Fracture
Little	is	known	about	the	impact	of	adjuvant	radiation	and	chemotherapy	on	bone	fracture.	Among	145	patients
with	 soft	 tissue	 sarcoma	 who	 underwent	 limb-sparing	 surgery	 and	 postoperative	 radiation	 with	 or	 without
chemotherapy,	 the	 fracture	rate	was	6%.434	For	patients	 treated	with	adjuvant	BRT	 in	 the	MSKCC	randomized
trial,	 the	 rate	 of	 fracture	was	 4%,	 compared	 to	 0%	 in	 the	 control	 arm,	 but	 the	 difference	was	 not	 statistically
significant	(P	=	.2).435	A	similar	fracture	risk	(7%)	was	reported	for	285	patients	with	soft	tissue	tumors	treated	by
radiation	 and	 surgery,	which	was	 not	 related	 to	 the	 dose,	 timing,	 or	 fractionation	 of	 radiation	 therapy.436	 This
series	 had	 a	 high	 rate	 of	 complications,	 including	 fracture	 nonunion	 (45%)	 and	 deep	 infection	 (20%).	 These
authors	 suggested	 that	prophylactic	 intramedullary	 fixation	of	 the	 femur	 should	be	considered	 for	patients	who
undergo	resection	of	large	tumors	in	the	anterior	compartment	of	the	thigh	requiring	extensive	periosteal	stripping
and	adjuvant	radiation	therapy.

The	factors	associated	with	pathologic	fracture	of	the	femur	were	analyzed	in	a	study	of	205	patients	with	soft
tissue	sarcoma	of	 the	 thigh	treated	with	adjuvant	radiation	(115	patients	with	BRT	alone,	59	with	EBRT	alone,
and	31	with	both).437	The	5-year	actuarial	risk	was	8.6%.	On	multivariate	analysis,	the	only	variable	significantly
associated	 with	 fracture	 was	 periosteal	 stripping	 (P	 =	 .01).437	 Other	 factors	 were	 significant	 in	 a	 long-term
prospective	study	from	the	Princess	Margaret	Hospital	of	364	patients	with	lower	extremity	sarcomas	treated	with
adjuvant	 EBRT	 (without	 chemotherapy).	 The	 rate	 of	 pathologic	 fractures	was	 significantly	 higher	with	 higher
radiotherapy	doses	 (10%	for	60	or	66	Gy	versus	2%	for	50	Gy)	and	with	postoperative	 than	with	preoperative
radiation	therapy.438

The	 relationship	 of	 IMRT	 dosimetry	 factors	 to	 fracture	 risk	was	 investigated	 in	 a	 case-control	 study	 at	 the
Princess	Margaret	Hospital.439	The	factors	that	appeared	to	reduce	the	risk	of	radiation-induced	fracture	were	(1)
bone	volume	irradiated	to	≥40	Gy	kept	below	64%,	(2)	mean	dose	to	bone	<37	Gy,	(3)	maximum	dose	anywhere
along	 the	 length	 of	 bone	 <59	 Gy,	 and	 perhaps	 (4)	 lower	 mean	 radiotherapy	 volume.	 These	 insights	 should
facilitate	optimal	dose	constraints	for	the	femur	with	IMRT.	In	fact,	in	short-term	follow-up,	patients	treated	with
image-guided	IMRT	had	no	fractures	in	a	series	reported	from	the	Princess	Margaret	Hospital.339

Other	Complications
Another	 complication	 encountered	 with	 adjuvant	 radiation	 is	 peripheral	 nerve	 damage.	 In	 the	 MSKCC
randomized	trial	of	BRT,	the	rate	was	9%	in	the	BRT	arm	compared	to	5%	in	the	control	arm	(P	=	.5).359	 In	a
study	 of	 62	 patients	 treated	 with	 postoperative	 radiation,	 the	 rate	 of	 peripheral	 nerve	 damage	 was	 1.6%.440
Evolving	results	suggest	that	patients	treated	with	postoperative	radiotherapy	also	have	worse	rates	of	fibrosis	and
peripheral	edema	compared	to	those	receiving	preoperative	radiotherapy.333

A	 common	 concern	 is	 whether	 postoperative	 radiotherapy	 affects	 the	 bone	 and	 soft	 tissue	 grafts	 used	 for
reconstructions.	Evidence	suggests	that	postoperative	radiotherapy	can	be	administered	3	to	4	weeks	after	grafting
without	detriment	to	the	graft	union.441	Soft	tissue	reconstruction	(e.g.,	tissue	transfer	in	the	form	of	pedicle	flaps,
free	 flaps,	 or	 skin	 grafts)	 carries	 a	 theoretical	 risk	 of	 radiotherapy-related	wound	 breakdown	 that	may	 require
reoperation.	This	 risk	 is	very	 low	 (5%),	 and	most	 tissue	 transfers	 tolerate	 subsequent	 radiation	 therapy	well.442
The	 authors	 have	 observed	 a	 higher	 rate	 of	wound	 complications	 that	 necessitated	 reoperation	 in	 patients	who
received	 BRT.	 It	 is	 unclear	 whether	 flaps	 and	 grafts	 are	 inherently	 more	 susceptible	 to	 breakdown	 in	 the
immediate	postoperative	period	or	whether	this	is	a	direct	result	of	BRT.

Multimodal	Management	of	Advanced	Disease
Control	of	the	primary	tumor	can	be	achieved	in	the	vast	majority	of	patients	with	extremity	and	truncal	soft	tissue
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sarcoma,	but	approximately	30%	will	 eventually	 succumb	 to	metastatic	disease	 (see	Fig.	88.3).	Currently,	with
conventional	systemic	therapies,	median	survival	from	the	time	metastases	are	recognized	is	approximately	16	to
19	months,	and	35%	to	40%	of	patients	are	alive	at	2	years.443–445

Outcomes	 in	 patients	 receiving	 systemic	 therapy	 for	 metastatic	 sarcoma	 were	 quantified	 in	 the	 Sarcoma
Treatment	and	Burden	of	Illness	in	North	America	and	Europe	study	of	213	patients.	Patients	were	treated	with	an
average	of	2.7	lines	of	chemotherapy.	A	favorable	response	was	observed	in	83%	of	patients	after	treatment	with
first-line	 chemotherapy	 (most	 commonly	 doxorubicin-based)	 but	 only	 42%	 and	 38%	 of	 patients	 treated	 with
second-	and	third-line	therapies,	respectively.	Median	PFS	after	favorable	response	was	only	8.3	months.446

Patients	with	metastatic	 sarcoma	often	 feel	well	 at	 the	 time	 that	metastases	 are	 discovered	 and	may	 remain
asymptomatic	for	months	or	years.	Thus,	for	many	patients,	alleviating	symptoms	is	not	an	immediate	concern,
although	 progression	 is	 inevitable.	 Surgical	 resection	 can	 prolong	 freedom	 from	disease	 in	 select	 patients,	 and
radiation	 therapy	 provides	 palliation	 for	 those	 with	 localized	 symptomatic	 metastases.	 Optimal	 treatment	 of
patients	 with	 unresectable	 or	metastatic	 soft	 tissue	 sarcoma	 requires	 an	 understanding	 of	 the	 disease’s	 natural
history	and	the	benefits	and	limitations	of	available	therapies,	as	well	as	close	attention	to	the	individual	patient.

Surgical	Resection	of	Metastatic	Disease
Approximately	 30%	 of	 patients	 with	 a	 soft	 tissue	 sarcoma	 of	 an	 extremity	 or	 the	 trunk	 develop	 pulmonary
metastases,	and	in	the	majority,	the	lung	remains	the	only	clinically	evident	site	of	metastasis.	The	histopathology
of	1,643	pulmonary	metastases	has	been	described.447	Only	30%	of	all	pulmonary	metastases	are	detected	at	the
time	of	diagnosis	of	the	primary	tumor;	among	those	detected	in	follow-up,	80%	are	within	2	years	of	diagnosis.
In	retrospective	series,	20%	to	30%	of	patients	who	undergo	metastasectomy	are	alive	5	years	later.

In	 a	 series	 of	 716	 patients	with	 primary	 extremity	 sarcoma	 treated	 at	MSKCC,	 pulmonary-only	metastases
occurred	in	19%,	or	135	patients.	Of	these,	58%	underwent	thoracotomy,	and	83%	(n	=	65)	of	those	patients	had	a
complete	resection	of	their	tumors.	In	those	patients,	69%	had	recurrence	of	metastases	in	the	lung	only.	Median
survival	time	from	complete	resection	was	19	months,	and	3-year	survival	was	11%	among	all	patients	presenting
with	lung	metastasis	only,	23%	among	patients	undergoing	complete	resection,	and	0%	among	patients	who	did
not	undergo	thoracotomy.293	Incomplete	resection	was	no	better	than	no	operation.	Chemotherapy	had	no	obvious
effect	 on	 survival,	 whether	 or	 not	 patients	 underwent	 thoracotomy,	 consistent	 with	 observations	 at	 the	 MD
Anderson	Cancer	Center448	(in	contrast	to	the	experience	with	chemotherapy	for	primary	sarcoma).	In	an	updated
series	 from	MSKCC	 examining	 outcomes	 in	 539	 patients	 undergoing	metastasectomy,	 factors	 associated	 with
better	overall	survival	included	LMS	histology,	primary	tumor	size	≤10	cm,	longer	disease-free	interval,	solitary
metastasis,	and	minimally	invasive	resection.449

After	resection	of	pulmonary	metastases	with	curative	intent,	40%	to	80%	of	patients	will	have	recurrence	in
the	 lung.	 Repeat	 resection	 is	 often	 possible.450	 In	 a	 series	 of	 86	 patients	 who	 underwent	 repeat	 resection,
predictors	of	poor	survival	included	more	than	three	lesions,	a	lesion	>2	cm,	and	high-grade	histology.	If	two	or
three	 of	 these	 factors	 were	 present,	 disease-specific	 survival	 was	 10	 months.	 Nonetheless,	 surgery	 to	 remove
recurrent	 pulmonary	 metastases	 is	 associated	 with	 prolonged	 survival,	 even	 after	 controlling	 for	 prognostic
factors.451



Histology-Specific	Chemotherapy	for	Advanced	Disease

Single	Agents.	Doxorubicin	has	been	the	mainstay	of	chemotherapy	for	advanced	sarcoma.	In	recent	trials	that
evaluated	doxorubicin	(75	mg/m2)	as	a	front-line	treatment,	overall	response	rates	were	14%	for	advanced	disease
and	 18%	 to	 20%	 for	metastatic	 disease,	 and	median	 PFS	was	 5.2	 to	 6.3	months.443,445,452,453	A	 dose-response
relationship	 has	 been	 demonstrated.454,455	 Studies	 with	 liposomal	 doxorubicin	 showed	 fewer	 side	 effects	 and
similar	 response	 rates	 to	 those	 with	 regular	 formulation	 doxorubicin	 despite	 the	 fact	 that	 the	 liposomal
doxorubicin	 studies	 may	 have	 included	 a	 relatively	 high	 proportion	 of	 resistant	 sarcoma	 subtypes,	 such	 as
GIST.456

Ifosfamide	has	approximately	the	same	efficacy	as	doxorubicin.	In	the	past,	ifosfamide	dosing	was	limited	by
severe	urothelial	toxicity	(hemorrhagic	cystitis),	but	the	uroprotective	agent	mesna	has	facilitated	administration
of	both	ifosfamide	and	cyclophosphamide,	allowing	ifosfamide	doses	as	large	as	14	to	18	g/m2	or	more	over	1	to	2
weeks.457	 Some	 evidence	 suggests	 a	 dose-response	 relationship	 for	 ifosfamide,458	 borne	 out	 by	many	 phase	 II
trials	examining	high-dose	ifosfamide	in	metastatic	soft	tissue	sarcoma.	Higher	doses	of	ifosfamide	occasionally
produce	 responses	 in	 patients	 who	 do	 not	 respond	 to	 lower	 doses	 of	 this	 or	 other	 alkylating	 agents.	 Synovial
sarcoma	appears	to	be	particularly	responsive	to	ifosfamide.459

A	 third	 drug	 with	 modest	 activity	 in	 sarcoma	 is	 dacarbazine,460	 frequently	 used	 in	 combination	 with
doxorubicin	 (see	 “Combination	 Chemotherapy”).	 It	 is	 given	 in	 a	 variety	 of	 schedules,	 from	 intravenous
continuous	infusion	as	part	of	the	MAID	protocol	to	one	large	bolus.	Dacarbazine’s	major	side	effects	are	nausea
and	 vomiting,	 which	 have	 been	 greatly	 reduced	 with	 the	 use	 of	 serotonin-	 antagonist	 antiemetics,	 allowing
dacarbazine	administration	in	a	single	treatment	rather	than	in	divided	doses.	Temozolomide,	the	oral	equivalent
of	dacarbazine,	also	appears	to	have	some	activity	against	LMSs.

Pazopanib,	an	 inhibitor	of	multiple	 tyrosine	kinases	 (VEGF	receptors	1,	2,	and	3,	PDGFRA,	PDGFRB,	and
KIT),	has	been	evaluated	for	soft	tissue	sarcoma.	The	pazopanib	for	metastatic	soft	 tissue	sarcoma	(PALETTE)
phase	III	randomized	trial	tested	pazopanib	in	369	patients	with	metastatic	nonadipocytic	soft	tissue	sarcoma	who
had	been	treated	with	an	anthracycline-based	regimen.	PFS	was	4.6	months	in	patients	who	received	pazopanib
versus	 1.6	months	 for	 those	 on	 placebo	 (P	 <	 .0001).	 Thus,	 pazopanib	 is	 now	 a	 viable	 systemic	 treatment	 for
patients	with	advanced	disease.461	Ongoing	studies	are	evaluating	pazopanib	in	patients	with	adipocytic	sarcomas
and	chondrosarcoma.

Trabectedin	 (ecteinascidin,	ET-743)	 has	 notable	 response	 rates	 in	myxoid–round	 cell	 liposarcoma	and	 some
responses	in	LMS.462	Trabectedin	binds	the	minor	groove	of	DNA	and	bends	it,	interfering	with	transcription	and
blocking	 cell	 cycle	 progression.	 Its	 potency	 appears	 to	 depend	on	 the	 cell	 having	 an	 intact	 nucleotide	 excision
repair	system.	Its	toxicity	is	largely	hematologic	and	hepatic,	with	significant	posttreatment	increases	in	levels	of
transaminases	and	occasionally	alkaline	phosphatase	and	bilirubin;	these	resolve	spontaneously	and	appear	to	be
mitigated	 by	 glucocorticoids.	 Although	 response	 rates	 across	 multiple	 sarcoma	 subtypes	 are	 low	 (7%	 to
10%),462,463	 those	 against	myxoid–round	 cell	 liposarcoma	 are	 approximately	 50%	 to	 60%—as	 great	 as	 that	 of
imatinib	in	GIST.135–137,464	Based	on	these	data,	trabectedin	was	approved	for	use	in	Europe	in	2007.465–467

A	phase	II	 trial	of	 trabectedin	in	LMS	reported	response	or	stable	disease	in	60%	of	patients.468	Trabectedin
has	also	been	compared	 to	dacarbazine	 in	a	 randomized	phase	 III	 study	 in	patients	with	 liposarcoma	and	LMS
(NCT01343277).462	Although	trabectedin	did	not	appear	superior	in	terms	of	overall	survival,	it	did	lengthen	PFS
to	4.2	months	versus	1.5	months	for	dacarbazine.	This	 improvement	led	to	U.S.	Food	and	Drug	Administration
(FDA)	 approval	 of	 trabectedin	 for	 patients	 with	 LMS	 and	 liposarcoma.	 Subset	 analyses	 confirmed	 that	 most
benefit	is	seen	in	myxoid–round	cell	liposarcoma	and	LMS,	with	less	benefit	in	DDLSs.	In	addition,	trabectedin
has	 been	 reported	 to	 be	 effective	 in	 certain	 translocation-positive	 sarcomas469	 and	 in	 certain	 patients	 with
advanced	soft	tissue	sarcoma.470,471

Eribulin,	a	microtubule-dynamics	inhibitor,	has	also	been	shown	to	have	efficacy	in	liposarcoma	and	LMS	in	a
phase	II	trial.472	This	led	to	a	phase	III	randomized	trial	of	eribulin	versus	dacarbazine	in	patients	with	the	same
cancers,	which	found	a	significant	difference	in	overall	survival	(13.5	months	for	eribulin	versus	11.5	months	for
dacarbazine;	P	=	.0169;	HR,	0.77).473	Interestingly,	there	was	no	difference	in	PFS,	which	was	2.6	months	in	both
groups.	Subset	analysis	showed	that	eribulin	was	primarily	effective	in	liposarcoma,	leading	to	FDA	approval	of
eribulin	for	adipocytic	malignancies.	Nonetheless,	eribulin	is	used	in	LMS	as	well	because	it	performed	equally	to
dacarbazine,	the	prior	standard	in	this	disease.

As	 for	 other	 single	 agents,	 cisplatin	 and	 carboplatin	 have	 produced	 occasional	 responses	 in	 phase	 II	 trials.
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However,	single-agent	vincristine,	etoposide,	and	dactinomycin	appear	to	be	inactive	in	adult	sarcomas,	unlike	in
pediatric	sarcomas.	The	taxanes	also	show	little	activity	in	sarcomas	except	for	angiosarcoma.	More	recent	data
indicate	 that	 gemcitabine	 may	 have	 modest	 activity,	 depending	 on	 the	 administration	 schedule.474	 Few
investigational	drugs	have	demonstrated	meaningful	activity	in	soft	tissue	sarcoma,	except	for	epirubicin,	a	close
relative	of	doxorubicin,	now	approved	for	commercial	use.

Immunotherapy,	which	was	used	in	some	of	the	earliest	studies	in	sarcoma	adjuvant	chemotherapy,	is	seeing
renewed	interest.	Cytokines	alone	appear	to	be	ineffective	in	sarcoma,	as	does	nonspecific	immunotherapy	with
bacterial	cell	wall	components.	Clinical	studies	are	beginning	to	examine	vaccines	of	peptides	that	represent	the
fusion	 proteins	 observed	 in	 specific	 sarcoma	 subtypes.	 Lymphokine-activated	 killer	 cell	 and	 other	 T	 cell
immunotherapies	with	 cytokines	were	 investigated	 in	 a	 very	 small	 number	 of	 patients	 at	 the	NCI	without	 any
observed	 responses.	 Dendritic	 cell	 vaccines	 and	 other	 forms	 of	 tumor-specific	 immunotherapy	 are	 undergoing
investigation	 and	 may	 be	 relevant	 to	 patients	 with	 soft	 tissue	 sarcoma.	 The	 most	 important	 development	 is
response	 to	 a	 T-cell	 therapy	 directed	 against	NY-ESO-1,	 a	 cancer–germ	 cell	 antigen	 found	 in	 the	majority	 of
synovial	sarcomas.

Efficacy	 is	 also	being	 seen	 in	 specific	 sarcomas	with	 single-agent	and	combination	checkpoint	 inhibitors.	A
phase	II	trial	of	pembrolizumab	in	patients	with	advanced	soft	tissue	or	bone	sarcoma	found	an	objective	response
rate	of	18%	and	durable	responses	(median	response,	33	weeks).475	Median	PFS	was	4.1	months	in	the	soft	tissue
sarcoma	cohort	and	1.8	months	in	the	bone	sarcoma	cohort.	Overall,	these	data	are	encouraging,	especially	for	a
single	 checkpoint	 inhibitor	 in	 a	 heterogeneous	 group	 of	 sarcomas.	 Certain	 tumor	 types	 appear	 more	 likely	 to
respond,	including	UPS,	liposarcomas,	osteosarcomas,	and	dedifferentiated	chondrosarcomas.

A	multicenter	phase	II	study	of	nivolumab	plus	or	minus	ipilimumab	for	patients	with	metastatic	sarcoma	also
had	 encouraging	 results,	 especially	 in	 the	 combination	 arm.476	 The	 median	 PFS	 for	 the	 combination	 was	 4.4
months,	and	the	overall	response	rate	was	16%	(overall	survival	is	not	yet	evaluable).	Responses	were	noted	in	a
wider	 array	 of	 tumors	 than	 for	 single	 checkpoint	 inhibitors,	 including	 uterine	 and	 nonuterine	 LMS,
myxofibrosarcoma,	UPS,	and	angiosarcoma,	suggesting	that	combination	therapy	may	expand	the	applicability	of
checkpoint	inhibition.	Of	note,	duration	of	response	in	the	combination	arm	could	not	be	estimated	because	two
patients	with	myxofibrosarcoma	and	uterine	LMS	had	ongoing	complete	responses.

Ongoing	 studies	are	 trying	 to	determine	which	 sarcomas	may	be	 sensitive	 to	checkpoint	blockage	and	why.
Currently,	mutational	burden	and/or	programmed	death	ligand	1	(PD-L1)	staining	is	not	thought	to	be	predictive.
Rather,	 tumors	with	existing	and	innate	 immunity	seem	to	be	more	responsive	 than	those	without,	suggesting	a
possible	means	of	stratifying	patients	and	the	existence	of	avenues	to	overcome	tumor	immune	escape.
Combination	Chemotherapy.	A	variety	of	chemotherapy	combinations	have	been	developed	and	examined	in
phase	 II	 trials.	The	 typical	backbone	of	combination	 regimens	 is	doxorubicin	 (or	 its	analog	epirubicin)	with	an
alkylating	 agent,	 with	 or	 without	 other	 agents.	 One	 of	 the	 earliest	 combinations	 used	 was	 doxorubicin	 and
dacarbazine,	which	has	been	well	 studied	by	 the	Southwest	Oncology	Group.	Although	 initial	 analysis	noted	a
41%	major	response	rate,	a	subsequent	study	of	either	a	bolus	or	continuous	infusion	of	the	same	regimen	yielded
a	17%	response	rate.477

CYVADIC	has	been	widely	used	for	sarcoma	therapy	in	the	United	States	and	Europe.	Although	single-arm
studies	 showed	 response	 rates	 as	 high	 as	 71%,	 a	 randomized	 trial	 showed	 no	 significant	 difference	 in	 overall
survival	 between	 patients	 given	 CYVADIC	 and	 those	 given	 doxorubicin	 as	 a	 single	 agent.478	 The	 two-drug
combinations	 of	 ifosfamide	 with	 either	 doxorubicin478	 or	 epirubicin479	 have	 consistently	 given	 response	 rates
>25%.

MAID	was	proven	effective	in	metastatic	soft	tissue	sarcoma	in	a	large,	randomized	phase	II	trial	comparing
the	four-drug	combination	to	doxorubicin	with	dacarbazine.	The	study	found	a	greater	response	rate	in	the	MAID
arm	(32%	versus	17%;	P	<	.002).480	Underscoring	 the	 increased	 toxicity	of	aggressive	chemotherapy	regimens,
there	were	8	toxicity-related	deaths,	7	among	the	170	patients	treated	with	7.5	g/m2	of	ifosfamide	per	cycle.	This
dose	was	decreased	to	6	g/m2	during	the	course	of	the	study.	As	noted	later	in	this	chapter	under	“Dose	Intensity,”
with	the	introduction	of	growth	factors,	the	dose	intensity	of	this	regimen	has	become	better	tolerated.

The	combination	of	cisplatin	and	mitomycin	C	with	doxorubicin	(MAP)	yielded	a	43%	response	rate	in	a	study
at	the	Mayo	Clinic.481	The	activity	of	the	MAP	regimen	has	been	confirmed	in	a	randomized	Eastern	Cooperative
Oncology	Group	trial.482

The	response	rate	is	greater	for	ifosfamide	combinations	than	for	regimens	without	ifosfamide,	highlighted	in	a
2008	meta-analysis.483	However,	1-year	survival	was	no	different.

A	meta-analysis	 of	 data	 from	 seven	 large	 EORTC	 studies	 including	 2,185	 patients	 provided	 a	 very	 useful



assessment	 of	 predictors	 of	 outcome	 after	 doxorubicin-	 or	 epirubicin-containing	 combination	 chemotherapy.484
Significant	 predictors	 of	 overall	 survival	 included	 good	 performance	 status	 before	 chemotherapy,	 lack	 of	 liver
involvement,	low	histopathologic	grade,	long	time	since	initial	sarcoma	diagnosis,	and	young	age.	The	predictors
of	response	to	chemotherapy	were	lack	of	 liver	 involvement,	young	age,	high	grade,	and	liposarcoma	histology
(all	 P	 <	 .01	 in	 a	 multivariate	 analysis);	 LMS	 histology	 was	 not	 predictive	 independent	 of	 liver	 metastasis.
Although	lesions	were	not	stratified	by	site,	these	data	provide	some	of	the	best	evidence	that	response	rate	does
not	necessarily	correlate	with	overall	survival.	These	data	were	collected	before	GIST	was	recognized	as	a	distinct
sarcoma	subtype,	so	whether	liver	metastases	are	a	valid	negative	prognostic	indicator	remains	unclear.

Is	 combination	 chemotherapy	 better	 than	 single-agent	 doxorubicin	 for	 overall	 survival	 for	 patients	 with
metastatic	 soft	 tissue	 sarcomas?	Again,	 response	 rates	may	 be	 dissociated	 from	 overall	 survival	 rates.	 Several
phase	 II	 trials	 have	 compared	 combination	 chemotherapy	with	 doxorubicin	 in	 patients	with	metastatic	 disease
(Table	 88.4),	 including	 two	 focused	 on	 uterine	 sarcoma,	 often	 finding	 better	 response	 rates	 with	 combination
chemotherapy	but	no	survival	advantage.	Complete	 responses	during	 these	studies	were	very	rare	and	were	not
durable.	 These	 data	 argue	 that	 single	 agents	 are	 as	 effective	 as	 combination	 chemotherapy	 for	 patients	 with
metastatic	disease	in	terms	of	overall	survival.	However,	some	patients	may	be	eligible	for	palliative	resection	of
metastatic	disease.	For	 these	patients,	combination	chemotherapy,	which	gives	better	 response	 rates	 than	single
agents,	can	be	considered.

A	 2008	 meta-analysis	 confirmed	 that	 combining	 chemotherapies	 improves	 response	 rate	 but	 not	 1-year
survival.483	 Further	 confirmation	 comes	 from	 three	 large	 international,	 randomized	 studies	 that	 evaluated	 the
efficacy	 of	 single-agent	 doxorubicin	 versus	 doxorubicin	 plus	 ifosfamide	 (EORTC	 62012)452	 or	 its	 analogs,
palifosfamide	(a	less	toxic	metabolite	of	ifosfamide,485,486	 in	Palifosfamide	in	Combination	with	Doxorubicin	in
Patients	with	Frontline	Metastatic	Soft	Tissue	Sarcoma	[PICASSO	3])453	and	evofosfamide	(a	hypoxia-activated
prodrug	of	bromo-isophosphoramide	mustard,	in	a	third	trial).443	These	three	studies	were	all	run	in	the	first-line
setting	 in	patients	with	high-grade	metastatic	 soft	 tissue	 sarcoma.	None	 found	significant	differences	 in	overall
survival,	and	only	EORTC	62012	found	a	PFS	advantage	for	the	combination	(7.4	versus	4.6	months,	P	=	.002).
All	 trials	 observed	 greater	 response	 rates	 for	 the	 combination	 (26.5%	 versus	 13.6%	 in	 EORTC	 62012,	 28.3%
versus	19.9%	 in	PICASSO	3,	 and	28%	versus	18%	 in	 the	 evofosfamide	 trial),	 but	 at	 the	 cost	 of	 toxicity,	with
significantly	more	grade	3	or	greater	adverse	events,	most	of	which	were	hematologic,	 in	 the	combination	arm.
All	 found	 similar	 overall	 survival	 and	 PFS	 times	 for	 doxorubicin	 alone	 (16	 to	 19	months	 and	 5	 to	 6	months,
respectively),	which	remains	one	of	the	most	widely	used	agents	in	sarcoma.

A	 combination	 that	 does	 appear	 to	 confer	 a	 survival	 benefit	 over	 single-agent	 chemotherapy	 is	 gemcitabine
with	docetaxel.	Although	as	single	agents	gemcitabine	and	docetaxel	have	only	borderline	activity	in	sarcoma,	the
combination	yielded	a	53%	response	rate	in	a	phase	II	study	of	patients	with	LMS,	the	great	majority	of	whom
had	 a	 uterine	 primary	 tumor.487	 These	 data	 have	 been	 confirmed	 in	 two	 other	 phase	 II	 studies488,489	 and	 in	 a
randomized	phase	II	study	of	gemcitabine	versus	gemcitabine-docetaxel.	In	the	latter	study,	the	combination	gave
a	RECIST	response	rate	of	16%	versus	8%	for	the	single	agent.490	Moreover,	the	combination	was	associated	with
improved	PFS	and	overall	 survival.	Although	other	 subtypes	may	 respond	 to	 this	 combination,	LMS	and	UPS
were	 the	 two	subtypes	 that	 responded	most	 reproducibly,	highlighting	 that	even	cytotoxic	chemotherapy	agents
work	better	in	some	subtypes	than	others.

A	second	gemcitabine	combination	that	appears	beneficial	is	gemcitabine	plus	dacarbazine.	A	recent	phase	II
trial	randomized	pretreated	patients	to	dacarbazine	alone	versus	dacarbazine	combined	with	gemcitabine491;	stable
disease	or	response	was	observed	in	25%	versus	49%	of	patients,	respectively	(P	=	.009),	and	PFS	also	favored
the	combination	(P	=	.005).

The	 recent	GeDDiS	 (Gemcitabine	 and	Docetaxel	Versus	Doxorubicin	 as	First-Line	Treatment	 in	Previously
Untreated	Advanced	Unresectable	or	Metastatic	Soft	Tissue	Sarcomas)	study	compared	doxorubicin	at	75	mg/m2

to	the	combination	of	gemcitabine	(675	mg/m2	on	days	1	and	8)	and	docetaxel	(75	mg/m2	on	day	8)	as	a	first-line
treatment	for	patients	with	advanced	unresectable	or	metastatic	soft	 tissue	sarcoma.445	Neither	PFS	(23.3	weeks
for	doxorubicin	and	23.7	weeks	for	the	combination)	nor	overall	survival	(76.3	weeks	versus	67.3	weeks)	differed
between	the	two	groups,	and	the	objective	response	rate	was	also	similar	(19%	and	20%).	Interestingly,	there	was
no	grade	3	and	4	thrombocytopenia	noted	in	the	combination	group,	suggesting	that	gemcitabine	may	have	been
underdosed.	 The	 authors	 concluded	 that	 doxorubicin	 remains	 a	 gold	 standard	 for	 the	 first-line	 treatment	 of
advanced	 unresectable	 or	 metastatic	 soft	 tissue	 sarcoma.	 However,	 one	 could	 argue	 that	 the	 trial	 shows
equivalency,	allowing	the	treating	clinician	to	choose	based	on	histologic	subtype	and	the	clinical	presentation	and
comorbidities	of	the	patient.492
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GeDDiS	also	included	a	subset	analysis	comparing	outcomes	in	both	LMS	as	a	whole	and	uterine	LMS	to	all
other	sarcomas.	There	was	no	noted	difference	between	any	of	these	subgroups,	suggesting	that	both	agents	are
equally	efficacious	in	LMSs	and	all	other	subtypes	alike.

Finally,	a	recent	phase	II	study	compared	doxorubicin	to	doxorubicin	and	olaratumab	in	patients	with	advanced
soft	 tissue	 sarcoma.493	 Olaratumab	 is	 a	 monoclonal	 antibody	 against	 PDGFR-α.	 The	 results	 showed	 that
doxorubicin	plus	olaratumab	is	modestly	superior	 to	doxorubicin	alone	in	terms	of	PFS	(6.6	versus	4.1	months,
respectively),	but	more	importantly,	the	combination	was	much	more	effective	in	extending	overall	survival	(26.5
versus	14.7	months,	respectively;	HR,	0.46;	P	=	.0003).	Based	on	these	results,	the	FDA	granted	olaratumab	with
doxorubicin	accelerated	approval	for	the	treatment	of	advanced	or	metastatic	soft	tissue	sarcoma.	A	confirmatory
phase	III	trial	has	completed	enrollment,	and	the	results	are	pending.
Dose	 Intensity.	A	 central	 tenet	 of	 oncology	 is	 that	 response	 to	 chemotherapy	 is	 a	 function	 of	 dose	 intensity.
However,	 toxicity	 limits	 the	 amount	 of	 chemotherapy	 that	 can	 be	 given	 in	 any	 one	 cycle.	 If	 dose	 could	 be
increased,	responses	might	be	better.

TABLE	88.4
Selected	Randomized	Trials	in	Advanced	Disease

Group Regimen No.	of	Patients

Response	Rate,	%
(Complete	Response
Rate,	%) Median	Survival	(mo)

GOG585,a A
AD

80
66

16	(6)
24	(10)

7.7
7.3

GOG586,a A
ACy

50
54

19	(4)
19	(8)

11.6
10.9

COG587 A
ActL
ActLV
ActLCyclo

41
25
26
26

17	(2)
4
0
0

8.5
8.1
11.5
5.1

ECOG588 A
CyAV
CyActV

54
56
58

30	(7)
21	(5)
12	(2)

8.6
7.9
9.5

ECOG589 A	(70	mg/m2)	every	3
wk
A	(20	mg/m2)	every	wk
ADTIC

94
88
92

18	(5)
17	(3)
30	(6)

8.0
8.4
8.0

ECOG590 A
AVD

148
143

17	(4)
18	(6)

9.4
9.0

ECOG482 A
AI
MAP

90
88
84

20	(2)
34	(3)
32	(7)

<9
11
9

EORTC478 A
AI
CYVADIC

240
231
134

23	(4)
28	(5)
28	(8)

12.0
12.6
11.7

CALGB/SWOG480 AD
AID

170
170

17	(2)
32	(2)

13.3
11.9

EORTC591 A
Epi	150	mg/m2	1	day
Epi	50	mg/m2	3	days

112
111
111

14	(2)
15	(3)
14	(3)

10.4
10.8
10.4

Chawla	et	al.592 A
Aldoxorubicin

40
83

5	(5)b

23	(20)b
14.3
15.8

EORTC593 A
I	9	g/m2	continuous
I	3	g/m2	over	3	h

110
109
107

11.8	(NA)
5.5	(NA)
8.4	(NA)

12
10.9
10.9

SGRSS594 A
AI

64
62

23	(NA)
24	(NA)

NA
NA

GeDDiS445 A 129 19 17.6



Gem/Doce 128 20 15.5
EORTC	meta-
analysis484

Any	anthracycline-
based	regimen

2,185 26	(NA) 11.8

GOG595,c I
I/paclitaxel

91
88

29
45

8.4
13.5

SGRSS491 DTIC
DTIC/Gem

52
57

4	(NA)
12	(NA)

8.2
16.8

SARC140 Gem
Gem/Doce

49
73

8	(0)
16	(3)

11.5
17.9

GOG595,c I
I/paclitaxel

91
88

29
45

8.4
13.5

Demetri	et	al.462 D
Trabectedin

173
345

6.9
9.9

12.9
12.4

Schöffski	et	al.473 D
Eribulin

224
228

5
4

11.5
13.5

PALETTE461 Placebo
Pazopanib

123
246

0	(0)
6	(0)

10.7
12.5

Blay	et	al.596 P/placebo
P/ombrabulin

179
176

1	(1)
4	(4)

9.3
11.4

Tap	et	al.493 A
A/olaratumab

67
66

11.9
18.2

14.7
26.5

SUCCEED597 Placebo
Ridaforolimus

364
347

28.6d

40.6d
19.6
20.9

aUterine	sarcoma	only;	response	rates	are	only	for	subset	of	patients	with	measurable	disease.
bInvestigator-determined	response	rates.	Independently	assessed	response	rates	were	0%	for	A	and	25%	for	aldoxorubicin.
cUterine	carcinosarcoma	only.
dIncludes	stable	disease.
GOG,	Gynecologic	Oncology	Group;	A,	doxorubicin;	D,	dacarbazine;	Cy,	cyclophosphamide;	COG,	Central	Oncology	Group;	Act,
dactinomycin;	 L,	 L-PAM	 (L-phenylalanine	 mustard);	 V,	 vincristine;	 Cyclo,	 cycloleucine;	 ECOG,	 Eastern	 Cooperative	 Oncology
Group;	DTIC,	dacarbazine;	I,	ifosfamide;	VD,	vindesine;	M,	mitomycin	C;	P,	cisplatin;	EORTC,	European	Organisation	for	Research
and	Treatment	of	Cancer:	CYVADIC,	cyclophosphamide,	vincristine,	doxorubicin,	dacarbazine;	CALGB,	Cancer	and	Leukemia	and
Group	 B;	 SWOG,	 Southwest	 Oncology	 Group;	 Epi,	 epirubicin;	 NA,	 not	 available;	 SGRSS,	 Spanish	 Group	 for	 Research	 on
Sarcomas;	GeDDiS,	Gemcitabine	 and	Docetaxel	Versus	Doxorubicin	 as	First-Line	Treatment	 in	Previously	Untreated	Advanced
Unresectable	 or	Metastatic	 Soft	 Tissue	 Sarcomas;	Gem,	 gemcitabine;	 Doce,	 docetaxel;	 SARC,	 Sarcoma	 Alliance	 for	 Research
through	 Collaboration;	 PALETTE,	 Pazopanib	 for	 Metastatic	 Soft	 Tissue	 Sarcoma;	 SUCCEED,	 Sarcoma	 Multicenter	 Clinical
Evaluation	of	the	Efficacy	of	Ridaforolimus.

Increases	in	dose	intensity	can	be	facilitated	by	better	supportive	care,	such	as	the	use	of	hematopoietic	growth
factors.	 Some	 of	 the	 aggressive	 regimens	 for	 treatment	 of	metastatic	 sarcoma	 satisfy	 the	American	 Society	 of
Clinical	Oncology	guidelines	for	use	of	growth	factors,	given	their	high	rate	of	associated	febrile	neutropenia.494
Granulocyte	 macrophage	 colony-stimulating	 factor	 (GM-CSF,	 sargramostim)	 decreased	 the	 myelosuppression
seen	 with	 combinations	 such	 as	 CYVADIC	 or	 MAID494	 and	 high-dose	 ifosfamide.	 GM-CSF	 allowed	 for
escalation	of	the	dose	of	doxorubicin	when	given	in	combination	with	5	g/m2	of	ifosfamide,	with	improvement	in
response	 rate.495	 GM-CSF	 has	 also	 been	 shown	 to	 allow	 increased	 dose	 intensity	 of	 the	 MAP	 combination,
allowing	addition	of	ifosfamide.

Similarly,	granulocyte	 colony-stimulating	 factor	 (filgrastim)	has	been	widely	used	 to	 increase	dose	 intensity
and	 decrease	 myelotoxicity	 of	 aggressive	 chemotherapeutic	 regimens	 such	 as	 MAID496	 or	 dose-escalated
doxorubicin	 and	 ifosfamide.	However,	 escalated	 doses	 (25%	 increase)	 in	 the	MAID	 regimen	 do	 not	 appear	 to
significantly	 increase	 the	 response	 rate.	There	may	 be	 other	ways	 to	 achieve	 dose	 intensity.	 Ifosfamide	 at	 low
doses	over	a	long	term	(approximately	2	weeks)	led	to	responses	in	patients	who	did	not	respond	to	other	forms	of
chemotherapy.	However,	as	mentioned	previously,	responsiveness	to	a	particular	regimen	may	not	translate	into
increased	survival.

Unfortunately,	the	cardiac	toxicity	of	doxorubicin	and	the	nephrotoxicity	and	central	nervous	system	toxicity	of
ifosfamide	prevent	much	dose	escalation.	The	next	logical	step	is	high-dose	therapy	with	stem	cell	support,	which
remains	 investigational	 for	 pediatric	 sarcomas.	 Such	 treatment	 has	 been	 associated	with	 long-term	disease-free
survival	 for	 a	 few	 patients	 with	 Ewing	 sarcoma,	 osteosarcoma,	 or	 rhabdomyosarcoma.	 Most	 of	 the	 patients,
however,	relapsed	rapidly,	despite	the	relative	chemosensitivity	of	these	sarcoma	types.	High-dose	therapy	with
stem	cell	rescue	should	not	be	considered	for	patients	with	metastatic	sarcoma	outside	of	a	clinical	trial.	Given	the
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poor	 results	 of	 high-dose	 therapy,	 the	 pursuit	 of	 agents	 with	 better	 activity	 against	 specific	 sarcoma	 subtypes
remains	a	priority	for	treatment	of	relapsed	disease.

Protein-Targeted	Molecular	Therapy	for	Advanced	Disease
With	the	success	of	imatinib	in	GIST	and	chronic	myelogenous	leukemia,	investigators	are	examining	agents	that
block	 specific	 proteins.	 Angiogenesis	 inhibition	 has	 emerged	 as	 a	 new	 frontier	 for	 treatment	 of	 solid	 tumors,
including	sarcoma.	However,	 little	efficacy	has	been	seen	for	interferons,	TNP-470	(AGM-1470),	or	SU5416,	a
vascular	endothelial	growth	factor	pathway	inhibitor.497	Bevacizumab,	a	recombinant	humanized	antibody	against
vascular	 endothelial	 growth	 factor,	 was	 studied	 in	 patients	 with	 angiosarcoma	 and	 epithelioid
hemangioendothelioma.169	Among	30	evaluable	patients,	4	had	a	partial	response	and	15	had	stable	disease	with	a
median	 time	 to	progression	of	26	weeks.	This	 is	 encouraging	and	 suggests	 that	 inhibitors	of	 angiogenesis	may
have	activity	in	select	sarcoma	subtypes,	specifically	those	of	vascular	origin.	Ongoing	studies	are	evaluating	the
efficacy	of	angiogenesis	inhibitors	in	combination	with	chemotherapy.

First-	 and	 second-generation	 tyrosine	 kinase	 inhibitors	 have	 yielded	 rather	 disappointing	 results	 when
employed	 against	 non-GIST	 sarcomas.	 Imatinib	was	 associated	with	 a	very	 low	 response	 rate	 in	 a	 study	of	10
sarcoma	subtypes.498	 Sorafenib,	which	 targets	B-raf	 and	 vascular	 endothelial	 growth	 factor	 receptor	 2,	 showed
only	minor	activity	 in	patients	with	soft	 tissue	sarcomas,	 in	particular	angiosarcoma.195	Pazopanib,	on	the	other
hand,	 allowed	 3-month	 longer	 PFS	 than	 placebo,	 leading	 to	 its	 approval	 by	 the	 FDA	 for	 advanced	 soft	 tissue
sarcoma	(other	than	adipocytic	subtypes	or	GIST)	after	failure	of	standard	systemic	therapies.499

Newer	biologic	 agents	 are	beginning	 to	be	assessed	based	on	 the	 specific	biology	of	 sarcoma	subtypes.	For
example,	well-differentiated	liposarcomas	and	DDLSs	demonstrate	amplification	of	CDK4	and	MDM2	genes	on
chromosome	12q.	The	CDK4	inhibitor	flavopiridol	and	the	MDM2	inhibitor	nutlin-3	show	antitumor	activity	in
vitro.500	A	CDK4-directed	agent	that	appears	active	in	clinical	trials	is	the	specific	CDK4/6	inhibitor	palbociclib
(previously	PD0332991).501,502	Two	consecutive	phase	II	trials	tested	two	different	dose	schedules	of	palbociclib
in	patients	with	WDLS/DDLS	who	were	experiencing	disease	progression.501,503	The	initial	study,	which	tested	a
200-mg	dose	on	a	14	days	on/7	days	off	cycle,	was	restricted	to	patients	with	CDK4	amplification	(assessed	by
FISH);	the	second	tested	125	mg	on	a	21	days	on/7	days	off	cycle.	The	median	PFS	of	these	trials	was	18	weeks,
with	 66%	 and	 57%	 of	 patients	 having	 stable	 disease	 at	 12	 weeks,	 respectively.	 This	 greatly	 exceeded	 these
studies’	primary	end	point	and	suggests	activity	of	CDK4/6	inhibitors	in	patients	with	WDLSs	and	DDLSs.

Other	new	agents	are	under	investigation	in	specific	soft	tissue	sarcoma	subtypes;	some	of	these	are	discussed
subsequently.

Recommendations	for	Patients	with	Advanced	Disease
Low-grade	 tumors	 grow	 very	 slowly	 and	 may	 be	 less	 responsive	 to	 chemotherapy	 than	 higher	 grade	 lesions.
Accordingly,	 an	 asymptomatic	 patient	with	 stable	 or	 only	 slowly	 progressive	 disease	 can	 be	 simply	 observed.
Resection	of	metastatic	disease,	in	particular	lung	metastases,	provides	some	patients	with	long-term	survival	and
can	be	considered	if	the	lungs	are	the	only	site	of	remaining	disease.293	In	patients	who	present	with	completely
resectable	 lung	metastasis	 from	an	extremity	primary	 tumor,	perioperative	chemotherapy	does	not	appear	 to	be
associated	with	better	disease-specific	or	pulmonary	PFS.504	Histology	 is	of	 increasing	 importance	 in	designing
effective	 treatment	 regimens	 for	patients	who	present	with	advanced	disease	so	as	 to	optimize	 response	 for	 the
specific	soft	tissue	sarcoma	subtype.

Randomized	studies	have	shown	that	combination	chemotherapy	can	provide	a	better	probability	of	response
than	 single-agent	 doxorubicin.	 However,	 overall	 survival	 for	 any	 combination	 chemotherapy,	 other	 than
doxorubicin	with	olaratumab,	has	not	been	proven	superior	to	that	for	single-agent	doxorubicin.	When	a	clinical
response	 is	 needed—for	 example,	 before	 surgery	 for	 metastases—combinations	 such	 as	 doxorubicin	 and
ifosfamide	should	be	considered,	especially	for	patients	with	good	performance	status.	For	patients	with	poorer
status,	 single-agent	 doxorubicin	 remains	 standard,	 although	 the	 GeDDiS	 study	 indicates	 that	 gemcitabine	 and
docetaxel	may	be	equally	effective.	Pegylated	liposomal	doxorubicin	can	be	considered	in	patients	who	would	not
tolerate	the	toxicity	of	doxorubicin,	but	the	response	rate	may	be	lower.

If	 the	 first-line	 therapy	was	 doxorubicin	 alone,	 the	 second	 line	 can	 be	 the	 combination	 of	 gemcitabine	 and
docetaxel,	 single-agent	 ifosfamide,	 pazopanib,	 or	 dacarbazine.	 For	 LMS,	 trabectedin	 or	 eribulin	 may	 also	 be
considered,	and	eribulin	is	now	used	for	liposarcoma.	Ifosfamide	is	useful	against	synovial	sarcomas	and	myxoid–
round	cell	and	pleomorphic	liposarcomas	but	 less	useful	against	LMSs.	Dacarbazine	has	modest	activity	in	soft
tissue	 sarcoma	 and,	 with	 doxorubicin,	 constitutes	 a	 well-studied	 and	 well-tolerated	 combination	 in	 metastatic



disease.	Dacarbazine	 and	 its	 oral	 version	 temozolomide	 show	 activity	 against	LMS	 in	 particular.	 Patients	with
angiosarcoma	 may	 respond	 to	 taxanes,	 gemcitabine,	 vinorelbine,	 pegylated	 liposomal	 doxorubicin,	 and
multitargeted	 tyrosine-kinase	 inhibitors,	 as	 well	 as	 standard	 doxorubicin	 or	 ifosfamide	 chemotherapy.
Rhabdomyosarcoma	and	Ewing	sarcoma	of	soft	tissue	and	bone	both	respond	to	single	agents	and	combinations
involving	 topoisomerase	 I	 inhibitors.	 Case	 reports	 suggest	 that	 patients	with	 SFTs	 and	 EMCs	may	 respond	 to
sunitinib.226,505	Given	 the	 paucity	 of	 treatment	 options	 and	 the	wide	 variety	 of	 newly	 available	 kinase-specific
agents,	patients	with	advanced	sarcomas	are	candidates	for	enrollment	in	phase	I	and	II	studies	of	new	therapies.

Management	of	Specific	Histologic	Subtypes	and	Sites
Responses	 of	 soft	 tissue	 sarcoma	 to	 chemotherapy	 differ	 among	 the	 histologic	 subtypes.	 Pediatric	 sarcomas
(Ewing	sarcoma,	osteosarcoma,	and	rhabdomyosarcoma)	are	known	for	their	relative	sensitivity	to	chemotherapy.
Among	adult	sarcomas,	synovial	sarcoma	and	round	cell	liposarcoma	are	generally	responsive	to	chemotherapy.
GIST,	 ASPS,	 and	 low-	 to	 intermediate-grade	 chondrosarcoma	 are	 notorious	 for	 their	 resistance	 to	 standard
cytotoxic	 chemotherapy	 agents.	Therefore,	 an	 imbalance	 in	 the	 subtypes	of	 sarcoma	between	patient	 groups	 in
trials	can	markedly	affect	the	comparability	of	their	outcomes.

The	site	of	disease	is	also	an	important	factor	in	outcome.	Among	large,	low-grade	liposarcomas,	those	in	the
extremities	are	less	likely	to	recur	than	those	in	the	retroperitoneum.	Anatomy	of	metastatic	disease	can	also	affect
overall	response	rates.	For	example,	metastases	to	liver	are	less	likely	to	respond	to	chemotherapy	than	metastases
to	another	site;	however,	this	may	represent	the	tendency	of	GISTs,	which	are	relatively	chemotherapy-resistant,
to	metastasize	to	the	liver.	Variations	in	the	site	of	disease	or	metastasis	pattern	may	account	at	least	in	part	for	the
different	responses	noted	in	randomized	trials	of	chemotherapy	for	soft	tissue	sarcoma.

The	following	subsections	give	examples	of	specific	sites	or	subtypes	of	sarcoma	and	their	characteristics.

Leiomyosarcoma
Insight	 into	 the	differential	 response	of	LMS	versus	other	 subtypes	can	be	obtained	 from	subset	 analyses	 from
randomized	 studies.	 Subset	 analyses	 cannot	 substitute	 for	 primary	 trials,	 but	 they	 can	 generate	 hypotheses.
Doxorubicin	 appears	 to	 be	 active	 against	 LMSs,	 and	 gemcitabine	 and	 docetaxel	 may	 be	 equivalent,445	 but
ifosfamide	appears	to	add	little	to	the	response	rate.482	This	finding	has	been	observed	in	other	studies,	but	there
may	be	 contamination	 of	 the	LMS	group	with	what	would	 today	 be	 classified	 as	GISTs.	 For	 uterine	LMSs,	 a
modest	 response	 to	 ifosfamide	was	observed	 in	one	small	 study	but	not	 in	most	others.	Pazopanib,	 trabectedin,
and	eribulin	now	have	well-defined	activity	in	LMS.

Treatment	of	uterine	LMS	is	discussed	in	greater	detail	in	the	section	entitled	“Uterine	Sarcoma.”

Synovial	Sarcoma
Patients	with	synovial	sarcoma	have	relatively	high	rates	of	response	to	chemotherapy,	but	this	may	be	due	in	part
to	patient	factors.	Compared	to	patients	with	other	subtypes,	patients	with	synovial	sarcoma	tend	to	be	younger
and	 therefore	 tend	 to	 have	 a	 better	 performance	 status,	 a	 predictor	 of	 response	 to	 chemotherapy.	A	prognostic
nomogram	has	been	developed	for	primary	synovial	sarcoma,	enabling	identification	of	patients	likely	to	benefit
from	adjuvant	or	neoadjuvant	chemotherapy.216

Ifosfamide-based	 chemotherapy,	 in	 a	 retrospective	 study	 of	 adult	 patients	 with	 primary	 extremity	 synovial
sarcoma	of	≥5	cm,	was	independently	associated	with	improved	disease-specific	survival	(HR,	0.3	compared	to	no
chemotherapy;	 P	 =	 .007);	 the	 4-year	 disease-specific	 survival	 rates	 were	 88%	 with	 chemotherapy	 and	 67%
without.506	 Adjuvant	 or	 neoadjuvant	 ifosfamide-based	 chemotherapy	 should	 therefore	 be	 considered	 in	 the
treatment	of	adult	patients	with	high-risk	primary	synovial	sarcoma	of	the	extremities.

Ifosfamide	appears	to	be	active	in	patients	with	advanced	synovial	sarcomas	as	well.	In	a	study	of	13	patients,
ifosfamide	(at	a	high	dose	of	14	to	18	g/m2)	had	a	100%	response	rate.459

Newer	 protein-directed	 therapies	 have	 shown	 only	 modest	 activity	 in	 synovial	 sarcoma.	 Pazopanib	 was
associated	with	 an	 approximate	 15%	 response	 rate,507	whereas	 its	 cousin	 sorafenib	 had	 a	 0%	 response	 rate.195
Sunitinib,	mTOR	inhibitors,	and	other	kinase-specific	agents	are	not	well	examined	in	synovial	sarcoma.	In	the
authors’	 experience,	 trabectedin	has	 activity	 against	 this	 subtype.	As	previously	noted,	 immunotherapy	may	be
appropriate	for	a	subset	of	patients.218

Pediatric	Sarcomas	in	Adult	Populations
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Adults	 may	 develop	 a	 number	 of	 pediatric	 sarcomas,	 including	 Ewing	 sarcoma	 (in	 soft	 tissue	 or	 bone),
rhabdomyosarcoma,	 and	 osteosarcoma.	 These	 diseases	 differ	 from	 typical	 adult	 sarcomas	 in	 that	 they	 are
considered	 systemic	 even	 if	 they	 appear	 to	 be	 localized	 at	 initial	 presentation.	 Ewing	 sarcoma	 and
rhabdomyosarcoma	 are	 typically	 much	 more	 sensitive	 to	 chemotherapy	 than	 are	 other	 adult	 soft	 tissue
sarcomas.508	 For	 adults	 with	 rhabdomyosarcoma	 or	 Ewing	 sarcoma,	 the	 standard	 of	 care	 is	 adjuvant	 (or
neoadjuvant)	 chemotherapy.	 Although	 adult	 osteosarcoma	 is	 generally	 less	 responsive	 to	 chemotherapy	 than
pediatric	cases,	neoadjuvant	or	adjuvant	chemotherapy	is	still	advised	for	local	control	of	typical	osteosarcomas	of
bone.	 However,	 extraskeletal	 osteosarcoma	 is	 treated	 like	 other	 soft	 tissue	 sarcomas,	 largely	 due	 to	 the	 low
response	rates	to	chemotherapy	observed	in	patients	with	metastatic	disease.

Typical	 regimens	 for	 small-cell	 pediatric	 sarcomas,	 specifically	 rhabdomyosarcoma	 and	 Ewing	 sarcoma,
include	 the	 combination	 of	 vincristine,	 doxorubicin,	 and	 cyclophosphamide	 (dactinomycin,	 in	 particular,	 for
rhabdomyosarcoma)	and	the	combination	of	ifosfamide	and	etoposide.	The	MAID	regimen	also	shows	activity	in
pediatric	sarcomas.	There	is	debate	about	whether	adults	do	worse	than	pediatric	patients	with	the	same	stage	of
disease.	Adults	may	present	with	more	advanced-stage	disease	than	do	children	or	adolescents.	In	addition,	adults
are	 less	 likely	 than	 children	 to	 tolerate	 the	 aggressive	 regimens	 of	 chemotherapy	 used	 against	 these	 diseases.
However,	one	retrospective	study	showed	that	older	patients	with	rhabdomyosarcoma	tolerated	chemotherapy	as
well	as	the	pediatric	population	but	fared	worse	overall.157	Importantly,	pleomorphic	rhabdomyosarcoma	in	adult
patients	 typically	behaves	more	 like	UPS	 than	 small	 blue	 round	 cell	 rhabdomyosarcoma	and	 should	be	 treated
accordingly.	In	Ewing	sarcoma,	the	role	of	age	in	predicting	outcome	is	controversial.509	Adults	with	a	sarcoma
usually	seen	in	pediatric	populations	should	be	included	in	pediatric	protocols	whenever	feasible	to	help	determine
appropriate	care	for	patients	with	these	rare	diagnoses.

Uterine	Sarcoma
Uterine	sarcomas	are	very	rare,	accounting	for	3%	to	7%	of	all	uterine	malignancies.	The	uterus	is	unique	in	that
at	least	three	different	sarcomatous	entities	may	arise	from	this	organ:	(1)	LMS,	a	tumor	of	the	endometrium;	(2)
endometrial	stromal	sarcoma	(ESS),	the	least	common	type,	which	usually	has	very	aggressive	behavior;	and	(3)
carcinosarcoma	(also	known	as	malignant	mixed	müllerian	tumor	[MMMT]),	composed	of	elements	of	carcinoma
and	sarcoma.	Other	uterine	sarcomas	such	as	rhabdomyosarcoma	are	uncommon.

For	 localized	disease,	 surgery	 is	 the	main	 treatment.	The	use	of	 adjuvant	 radiation	 is	 controversial,	 as	most
studies	have	shown	improvement	in	local	control	but	not	in	survival.	The	efficacy	of	adjuvant	radiation	may	be	a
function	of	subtype	because	spread	beyond	the	uterus	(e.g.,	to	lymph	nodes)	is	common	in	patients	with	MMMT
but	 less	 so	 in	 patients	with	LMS.	The	 literature	 is	well	 represented	 by	EORTC	 study	 55874,	which	 compared
adjuvant	 pelvic	 radiation	 therapy	 in	 addition	 to	 surgery	 to	 surgery	 alone	 for	 224	 patients	 with	 International
Federation	 of	Gynecology	 and	Obstetrics	 stage	 I	 or	 II	 uterine	 sarcoma.510	 Patients	with	MMMT	who	 received
radiation	had	a	lower	risk	of	local	relapse,	but	no	benefit	was	observed	for	those	with	LMS.
Uterine	 Leiomyosarcoma.	 After	 resection	 of	 a	 uterine	 LMS,	 adjuvant	 radiation	 therapy	 is	 generally	 not
employed	unless	there	is	overt	pelvic	side	wall	 involvement.	This	guideline	is	supported	by	the	negative	results
for	LMS	in	the	phase	III	randomized	study	from	EORTC,	although	this	study	was	relatively	small.510

Metastatic	 uterine	 LMS	 is	 responsive	 to	 doxorubicin	 but	 less	 sensitive	 to	 ifosfamide	 and	 cisplatin.	 Uterine
LMS	is	particularly	responsive	to	the	combination	of	gemcitabine	and	docetaxel,487	and	the	combination’s	relative
equivalence	to	doxorubicin	in	patients	with	uterine	LMS	has	been	demonstrated	in	a	phase	III	randomized	trial.445
Another	approach	for	LMS	is	vinorelbine	and	gemcitabine,	a	combination	with	at	least	modest	activity,	although
it	has	not	yet	been	examined	in	a	randomized	fashion.	Trabectedin	has	also	been	approved	for	 the	 treatment	of
LMS	following	a	phase	II	trial	in	which	60%	of	patients	had	response	or	stable	disease	when	treated	with	the	drug
and	a	phase	 III	 study	demonstrating	 longer	PFS	 than	with	dacarbazine.462,468	A	French	phase	 II	 study	 reported
encouraging	response	rates	(55%	overall)	in	uterine	LMS	to	the	combination	of	trabectedin	plus	doxorubicin.511
The	activity	of	eribulin	in	LMS	has	also	been	confirmed	in	a	phase	III	randomized	study.473

Although	 uterine	 LMS	 often	 expresses	 estrogen	 receptor	 or	 progesterone	 receptor,	 its	 rate	 of	 response	 to
hormone	therapy	is	very	low.	In	a	prospective	trial	of	tamoxifen	in	treatment	of	uterine	sarcomas,	none	of	the	19
patients	with	LMS	 responded.512	However,	 in	 a	 second	 study,	 stable	 disease	was	 noted	with	 letrozole	 in	 some
patients	with	high	(>90%)	immunohistochemical	expression	of	either	the	progesterone	or	estrogen	receptors.513

Endometrial	Stromal	Sarcoma.	The	pathologic	entity	ESS	is	divided	into	low-grade	ESS	and	undifferentiated
uterine	 sarcoma	 (a	 high-grade	 lesion).	 Low-grade	 ESSs	 carry	 a	 t(7;17)(p15;q21)	 linking	 JAZF1	 and	 SUZ12



(JJAZ1),514	whereas	high-grade	ESSs	have	now	been	linked	to	an	essential	translocation	involving	YWHAE	and
FAM22A	(NUTM2A)	or	FAM22B	(NUTM2B).515

Low-grade	ESS	expresses	 estrogen	 and	progesterone	 receptors,	 and	 responses	 to	hormonal	 therapy	are	 seen
more	 in	 this	 subtype	 than	 in	 other	 forms	 of	 sarcoma.	 For	 adjuvant	 therapy	 in	 patients	 with	 low-grade	 ESS,
estrogen	 antagonists	may	be	 considered	based	on	 small	 trials516	 but	 are	 of	 unproven	benefit.	There	 is	 no	 clear
standard	 of	 care	 for	 undifferentiated	 endometrial	 sarcomas,	 although	 some	 investigators	 advocate	 for	 adjuvant
chemotherapy.

In	 the	 recurrent	 setting,	 estrogen	 deprivation	 is	 an	 appropriate	 first-line	 therapy	 for	 low-grade	 ESS,516	 and
surgical	debulking	can	be	considered	as	well	because	the	disease	tends	to	have	an	indolent	course.	For	metastatic
undifferentiated	uterine	sarcoma	(and	recurrent	low-grade	ESS),	ifosfamide	is	active,	as	may	be	doxorubicin.517

Desmoid	Tumor
Surgery	 has	 been	 considered	 the	 gold	 standard	 for	 treatment	 of	 desmoid	 tumors.	 However,	 any	 attempt	 at
complete	wide	excision	must	be	balanced	by	consideration	for	preserving	function	and	the	knowledge	that	local
recurrence	is	common,	because	there	are	alternatives	for	management.	Desmoids	can	be	controlled	with	systemic
therapy,518–524	and	they	often	either	remain	stable	in	size	or	occasionally	regress	spontaneously.	For	these	reasons,
in	asymptomatic	patients,	an	initial	period	of	observation	is	often	recommended.	In	a	series	of	142	patients	with
primary	and	locally	recurrent	desmoids,	83	patients	were	treated	with	such	a	“wait	and	see”	policy,	whereas	59
were	initially	offered	therapy,	mainly	hormonal	therapy	and	chemotherapy.	The	5-year	PFS	was	50%	for	the	“wait
and	 see”	 group	 and	 59%	 for	 the	 immediately	 treated	 patients,	 suggesting	 that	many	 patients	with	 primary	 and
locally	 recurrent	 desmoid	 tumors	 can	 be	 safely	managed	 by	 observation,	 avoiding	 the	morbidity	 of	 surgery	 or
radiotherapy.525	However,	 if	a	patient	is	symptomatic	or	progressing,	consideration	should	be	given	to	systemic
therapy,	surgery,	or	rarely	radiation	to	prevent	complications	from	disease	progression.

Decisions	on	which	of	these	modalities	to	employ	can	be	guided	by	recent	studies	that	have	identified	clinical
factors	 predicting	 postoperative	 recurrence.	 These	 factors	 include	 larger	 tumor	 size	 (>5	 cm),	 site	 (particularly
chest	wall	and	extremity).	and	younger	age	at	presentation	but	not	microscopically	positive	margins.	A	nomogram
to	predict	outcomes	after	 resection	has	been	developed	and	externally	validated	based	on	data	from	almost	500
patients.526,527	Large	extremity	desmoids	in	young	patients	recur	 in	>50%	of	cases,	whereas	patients	with	small
abdominal	wall	tumors	have	cure	rates	of	>90%.526	Surgery	may,	therefore,	be	employed	for	patients	with	small
abdominal	wall	 tumors	 if	 the	tumor	is	growing	or	painful,	whereas	systemic	therapy	may	be	a	better	option	for
patients	with	unresectable	disease	or	high	risk	of	recurrence.

A	range	of	systemic	 therapies	has	been	employed	 in	 the	management	of	desmoid	 tumors.	Nonsteroidal	anti-
inflammatory	drugs	or	hormonal	therapy	can	be	considered	in	most	patients.	Sulindac	and	other	nonsteroidal	anti-
inflammatory	 drugs	 have	 produced	 well-documented	 responses.	 There	 are	 anecdotal	 accounts	 of	 responses	 to
hormonal	 manipulation	 such	 as	 tamoxifen,	 gonadotropin-releasing	 hormone	 agonists,	 or	 aromatase	 inhibitors.
Responses	 have	 also	 been	 reported	 to	 single-agent	 doxorubicin	 and	 to	 less	 toxic	 liposomal	 pegylated
doxorubicin,520,528,529	 as	 well	 as	 to	 combination	 chemotherapy	 at	 either	 standard	 or	 relatively	 low	 doses.530
Responses	to	any	of	these	agents	can	be	slow,	with	patients	needing	several	months	or	even	1	to	2	years	of	therapy
to	achieve	maximum	benefit,	and	therefore,	therapy	should	not	be	abandoned	for	stable	disease,	although	changes
should	be	made	for	toxicity.	Complete	responses	to	any	of	these	agents	are	exceptionally	rare,	and	so	the	timing	of
discontinuation	of	therapy	in	a	patient	with	responding	disease	remains	a	difficult	question	and	requires	clinical
judgment.

Tyrosine	 kinase	 inhibitors	 have	 been	 examined	 for	 the	 management	 of	 desmoid	 tumors.	 The	 lesions	 may
occasionally	respond	to	imatinib,	although,	as	with	other	systemic	therapy,	it	remains	somewhat	unclear	whether
some	of	the	responses	are	truly	due	to	treatment.531,532	PDGF	receptors	have	been	identified	in	desmoid	tumors,
providing	a	possible	mechanism	of	action	of	 imatinib.	Sorafenib	administration	has	been	associated	with	stable
disease	in	70%	of	patients,	partial	response	in	25%,	and	significant	improvement	in	symptoms	in	70%.533	These
responses	may	occur	rapidly,	with	resolution	of	symptoms	occurring	in	<2	weeks.	In	a	few	instances,	patients	who
responded	to	sorafenib	have	stopped	the	drug	with	no	evidence	of	tumor	regrowth.	The	mechanism	of	response	to
sorafenib	is	unclear.

The	role	of	adjuvant	radiation	in	management	of	desmoid	tumors	is	controversial.	Specialists	are	reluctant	to
give	high	doses	of	 radiation	 to	young	patients	with	a	disease	 that	may	not	progress	and	will	never	metastasize.
Most	authors	recommend	against	postoperative	radiation	for	patients	with	negative	resection	margins,	whereas	its
use	 in	 patients	with	microscopically	 positive	margins	 is	 debated.	When	 such	 patients	 are	 treated	with	 surgery
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alone,	the	rates	of	local	control	are	approximately	56%.534	Therefore,	residual	microscopic	tumor	from	a	primary
lesion	does	not	invariably	lead	to	treatment	failure,	and	adjuvant	radiation	is	usually	omitted	given	the	potential
for	developing	a	potentially	 life-threatening	radiation-associated	sarcoma.	The	usual	dose	for	adjuvant	radiation
for	primary	and	most	recurrent	tumors	is	around	50	Gy.

Although	adjuvant	 radiation	 is	being	used	 less,	 definitive	 radiation	 is	 emerging	as	 an	 alternative	 to	 surgery,
particularly	when	surgery	would	compromise	function.	Ballo	et	al.535	reported	a	5-year	local	control	rate	of	69%
for	patients	 treated	with	definitive	radiation	(doses	usually	ranging	from	56	to	60	Gy)	for	gross	disease.	Others
have	 reported	 similar	 rates.534	Although	 radiation	 is	 effective,	 the	benefits	 of	 local	 control	 need	 to	be	weighed
against	the	very	small	long-term	risk	of	secondary	malignancy	and	joint	fibrosis	in	this	young	patient	population.

Soft	Tissue	Sarcomas	of	the	Hands	and	Feet
Wide	 local	 excision	 is	 the	exception	 rather	 than	 the	 rule	 for	 sarcomas	of	 the	hands	and	 feet	due	 to	 the	 lack	of
muscular	bulk	and	the	proximity	to	neurovascular	structures	and	bone.	The	overall	prognosis	is	worse	than	that	of
tumors	at	other	sites	in	the	extremity.	At	MSKCC,	patients	with	hand	tumors,	even	those	≤5	cm,	had	a	survival
rate	significantly	lower	than	that	of	patients	with	tumors	at	other	distal	extremity	sites	(P	=	.0008).536

Although	 the	 distal	 extremities	 have	 limited	 tolerance	 for	 radiotherapy,	 studies	 suggest	 that	 conservative
resections	with	adjuvant	radiotherapy	should	be	considered	for	patients	with	sarcoma	of	the	hand	or	foot.	A	study
of	115	patients	with	soft	tissue	sarcomas	of	the	hand	or	foot	treated	between	1980	and	1998	(the	majority	of	which
[95%]	 were	 referred	 after	 surgery	 elsewhere)	 found	 that	 definitive	 wide	 reexcision	 increased	 10-year	 local
recurrence–free	 survival	 from	58%	 (in	 patients	with	 no	 reexcision)	 to	 88%	 (P	 =	 .05).537	 Radiotherapy	 did	 not
benefit	the	small	number	of	patients	who	had	definitive	reexcision	with	negative	margins.	Immediate	amputation
did	 not	 confer	 a	 survival	 benefit.	 Thus,	 limb-sparing	 treatment	 is	 possible	 in	 many	 patients	 with	 soft	 tissue
sarcomas	of	the	hand	and	foot.	Amputation	should	be	reserved	for	cases	in	which	the	tumor	cannot	be	excised	(or
reexcised)	 with	 adequate	 margins	 without	 sacrifice	 of	 functionally	 significant	 neurovascular	 or	 osseous
structures.537

When	 administering	 adjuvant	 radiotherapy,	 special	 attention	 must	 be	 paid	 to	 minimize	 complications	 and
preserve	function.	Nevertheless,	Bray	et	al.538	reported	good	functional	outcomes	in	20	patients	with	tumors	of	the
hand	and	forearm	who	received	adjuvant	radiation.	At	a	mean	follow-up	of	37	months,	the	local	control	rate	was
88%.	Of	those	who	survived	and	did	not	require	amputation,	88%	returned	to	work	and	resumed	activities	of	daily
living	with	minimal	or	no	functional	limitation.538	Similarly,	a	study	at	MD	Anderson	Cancer	Center	found	that
limb-sparing	surgery	and	adjuvant	radiotherapy	led	to	good	5-year	local	control	(86%)	in	patients	with	sarcomas
of	the	hands	(n	=	38)	and	feet	(n	=	47)	(median	follow-up,	140	months).539	Only	five	patients	(5.8%)	developed
greater	than	grade	3	late	sequelae	from	radiation.

PALLIATIVE	CARE
Surgery
Surgeons	 have	 long	 used	 palliative	 procedures	 to	 relieve	 emergencies	 such	 as	 obstruction,	 bleeding,	 and
perforation.	More	 recently,	 attention	 has	 been	 focused	 on	 alleviating	 chronic	 complaints	 such	 as	 pain,	 nausea,
vomiting,	 inability	 to	 eat,	 and	 anemia.	 Attempts	 to	 improve	 survival	 should	 not	 overshadow	 the	 goals	 of
minimizing	morbidity	and	relieving	symptoms,	so	that	a	terminal	patient	may	die	with	dignity	and	without	undue
suffering	and	pain.

A	prospective	analysis	of	1,022	palliative	procedures	from	MSKCC540	demonstrated	initial	symptom	resolution
(within	30	days)	in	80%	of	patients,	although	25%	required	further	intervention	for	recurrent	symptoms	and	29%
for	new	symptoms.	For	patients	who	underwent	repair	of	a	pathologic	fracture,	87%	had	resolution	of	bone	pain
or	instability	symptoms;	for	patients	undergoing	palliative	tumor	excision,	83%	had	resolution	of	wound	or	tumor
hygiene	symptoms.	For	GI	symptoms,	upper	GI	obstruction	was	resolved	in	79%	of	cases,	whereas	mid	or	lower
GI	 obstruction	was	 resolved	 in	 90%	 of	 cases.	However,	 palliative	 procedures	were	 associated	with	 significant
morbidity	 (40%)	 and	 mortality	 (11%)	 and	 with	 limited	 overall	 survival	 (approximately	 6	 months).	 Factors
associated	 with	 poor	 palliative	 outcomes	 were	 poor	 performance	 status,	 poor	 nutrition,	 weight	 loss,	 and	 no
previous	cancer	therapy.

In	 a	 retrospective	 study	 of	 patients	with	 intra-abdominal	 sarcoma	who	 underwent	 a	 palliative	 procedure,541



71%	 of	 patients	 had	 improvement	 of	 symptoms	 at	 30	 days	 after	 surgery,	 but	 only	 54%	 of	 patients	 remained
symptom-free	after	100	days.	Patients	with	GI	obstructive	symptoms	fared	worse;	54%	had	symptomatic	relief	at
30	days,	but	only	23%	remained	symptom	free	at	100	days.	The	operative	morbidity	was	29%	overall	and	almost
50%	among	patients	seeking	to	palliate	GI	obstruction.	Postoperative	mortality	was	12%.541

In	 summary,	 decisions	 regarding	 palliative	 surgery	 for	 advanced	 sarcoma	 require	 precise	 surgical	 judgment
balancing	prognosis,	the	availability	and	success	of	nonsurgical	treatments,	and	the	individual	patient’s	quality	of
life	and	life	expectancy.	Palliative	decision	making	should	be	individualized	and	remain	flexible	as	the	sarcoma
progresses,	and	is	optimized	through	effective	and	frequent	communication	among	the	patient,	family	members,
and	the	surgeon.

Palliative	Radiation
Radiotherapy	has	a	limited	role	in	the	palliation	of	soft	tissue	sarcoma.	Notable	applications	are	for	relief	of	bone
pain	and	for	cessation	of	bleeding	in	fungating	tumors;	 in	both	cases,	response	requires	only	moderate	doses	of
radiation	 and	 can	 be	 rapid.	 However,	 radiotherapy	 is	 less	 effective	 for	 mass	 effects	 such	 as	 obstruction	 or
compression,	except	for	radiosensitive	histologies	such	as	rhabdomyosarcoma,	myxoid–round	cell	liposarcoma,	or
synovial	sarcoma.	Palliative	radiation	is	most	relevant	when	a	lesion	lies	in	direct	proximity	to	critical	anatomy
such	as	spine,	small	bowel,	or	base	of	skull	and	surgery	is	either	impossible	or	undesirable.

New	approaches	 to	palliation	 that	 are	 showing	promising	 results	 include	hypofractionated	dose	 schedules542
and	 the	 precision	 methods	 of	 SRS543	 and	 SBRT,	 which	 is	 being	 used	 in	 selected	 patients	 for	 pulmonary
metastases.544–546	For	example,	 treatment	with	50	Gy	in	four	to	five	fractions	in	30	patients	with	39	pulmonary
metastases	 led	 to	 86%	 local	 control	 at	 24	 months.547	 Most	 patients	 (70%)	 had	 at	 least	 one	 prior	 pulmonary
resection	to	establish	the	diagnosis	of	metastatic	sarcoma.	Median	lesion	size	was	2.4	cm	(range,	0.5	to	8.1	cm).
Grade	 2	 chest	 wall	 toxicities	 developed	 in	 three	 patients	 (10%),	 and	 no	more	 severe	 toxicities	 were	 reported.
Therefore,	SBRT	may	be	a	safe	and	effective	approach	to	manage	oligometastatic	disease	in	the	lung	from	soft
tissue	sarcomas.

Chemotherapy
The	vast	majority	of	the	systemic	therapy	delivered	to	patients	with	metastatic	sarcomas	is	given	with	palliative
intent.	Patients	with	poor	performance	status	are	poor	candidates	for	systemic	therapy	because	they	appear	to	have
more	 adverse	 events	 for	 a	 given	 agent	 or	 regimen	 than	more	 fit	 patients	 and	 appear	 to	 benefit	 less	 frequently,
again	 with	 newly	 diagnosed	 GIST	 being	 perhaps	 the	 exception.	 When	 standard	 chemotherapy	 agents	 are
exhausted,	 there	 are	 no	 data	 that	 indicate	 that	 continuing	 any	 sort	 of	 systemic	 therapy	 is	 beneficial,	 with	 the
exception	 of	 imatinib	 in	GIST.	The	means	 routinely	 used	 to	 try	 to	 relieve	 symptoms	 of	 terminally	 ill	 patients
include	the	use	of	pain	medications	orally,	transdermally,	intravenously,	or	intrathecally;	oxygen	as	needed;	and
occasionally	glucocorticoids.	 It	 is	also	worth	emphasizing	what	 is	perhaps	obvious	but	often	brushed	off	 in	 the
course	of	a	busy	day—that	even	for	very	ill	patients	late	in	the	course	of	their	disease,	communication	with	the
patient	and	family	will	provide	a	sense	of	comfort.

FUTURE	DIRECTIONS
Although	 the	best	combination	and	sequence	of	surgery,	 radiation,	and	chemotherapy	remains	controversial	 for
sarcoma,	 optimal	 treatment	 increasingly	 depends	 on	 careful	 stratification	 of	 patients	 by	 histologic	 type	 and
subtype	 and	 other	 prognostic	 features.	 New	methods	 for	 radiation	 delivery	 and	 tumor	 sensitization	 as	 well	 as
continued	advances	in	surgical	reconstructive	techniques	will	enable	continued	improvements	in	limb	preservation
and	 function	 as	 well	 as	 local	 control.	 However,	 despite	 these	 advances,	 almost	 50%	 of	 patients	 with	 newly
diagnosed	 sarcoma	 will	 eventually	 die	 from	 their	 disease.	 Metastatic	 sarcoma	 remains	 an	 extremely	 difficult
problem.	 The	 search	 for	 effective	 agents	 will	 be	 the	 focus	 of	 continuing	 research	 for	 patients	 with	 advanced
disease.	Outside	a	 few	 responsive	 subtypes,	 the	currently	available	chemotherapies	have	not	 improved	 survival
and	 are	 associated	with	 significant	 toxicity.	 Thus,	 there	 is	 a	 pressing	 need	 to	 develop	 new	 therapies	 based	 on
selectively	 targeting	 the	 proteins	 and	 signaling	 pathways	 that	 drive	 the	 survival	 of	 specific	 sarcoma	 types	 and
subtypes.

There	 is	already	a	broad	movement	 to	 identify	and	 test	antiangiogenic	agents,	specific	kinase	 inhibitors,	and
novel	 chemotherapeutic	 agents	 in	 an	 endeavor	 to	 match	 them	 to	 specific	 sarcoma	 subtypes.	 A	 long	 effort	 to
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understand	the	Wnt–β-catenin	signaling	pathway	may	pay	off	in	the	near	future	for	patients	with	synovial	sarcoma
and	desmoid	 tumors.548,549	Trials	 are	 currently	 under	way	 for	 agents	 targeting	 the	 cell	 cycle	 (CDK4-RB1)	 and
MDM2-p53	 signaling	pathways	 in	WDLS/DDLS;	 selective	 inhibitors	of	TORC1/TORC2	 in	myxofibrosarcoma
and	LMS;	 dendritic	 cell–targeting	 lentiviral	 vector-expressing	NY-ESO-1,	LV305,	 in	 synovial	 sarcoma550;	 and
PD-1	 inhibitor	 therapy	 in	 high-grade	 genetically	 complex	 sarcoma.551–553	 Biologic	 data	 and	 preclinical	 studies
support	 trials	 using	 inhibitors	 of	methylation	 and	histone	 deacetylase	 in	WDLS/DDLS554;	 inhibitors	of	histone
deacetylase	 in	synovial	sarcoma555	and	Ewing	sarcoma556;	 lysine-specific	demethylase	1	 inhibition	strategies	 in
rhabdomyosarcoma	and	synovial	and	Ewing	sarcoma557,558;	19S	proteasome	inhibitors	for	Ewing	sarcoma559;	and
inhibitors	of	hedgehog	and	Notch	signaling	in	several	sarcoma	types.560,561

In	 the	 longer	 term,	 some	 of	 the	 results	 of	 gene	 expression	 arrays,	 next-generation	 sequencing,	 proteomics,
tissue	 arrays,	 and	 patient-derived	 xenograft	 and	 transgenic	 mouse	 models	 of	 sarcoma	 may	 lead	 to	 a	 more
comprehensive	 and	 precise	 determination	 of	 key	 molecular	 genetic	 alterations	 that	 drive	 sarcomagenesis	 for
specific	 sarcoma	 types	 and	 subtypes.	 This	 knowledge	will	 improve	 our	 ability	 to	 design	 new	 therapeutics	 for
individual	patients	and	to	predict	response	to	such	therapy	based	not	only	on	histologic	type	and	subtype	but	also
on	pathway	activation	in	the	individual	patient.

Because	sarcoma	is	a	relatively	rare	disease,	it	will	be	particularly	important	to	conduct	clinical	trials	that	select
patients	based	on	the	upregulation	of	a	particular	protein	or	signaling	pathway,	as	this	will	increase	the	chance	that
the	trial	will	have	positive	results.

Some	 biologic	 interventions	may	 have	 promise,	 such	 as	 inhibitory	RNAs	 or	 immunotherapy	with	 vaccines,
monoclonal	antibodies,	dendritic	cells,	or	T	cells.	Vaccines	of	 the	characteristic	fusion	proteins	of	sarcomas	(or
peptides	 thereof)	 will	 be	 tested	 in	 the	 near	 future	 for	 their	 effectiveness	 in	 the	 appropriate	 sarcoma	 subtypes.
Vaccines	 incorporating	dendritic	cells	appear	 to	be	effective	 immunogens	 in	preclinical	studies.	Preparations	of
the	immunogenic	glycolipids	found	in	sarcoma	cell	membranes	may	also	provide	interesting	agents	for	therapy.

Another	 emerging	 class	 of	 therapeutics	 for	 cancer	 is	 nanoscale	 particles.	Advances	 in	 nanotechnology	 have
enabled	the	design	of	nanoparticles	(in	the	size	range	of	1	to	100	nm)	that	can	interact	with	biomolecules	on	both
the	 cell	 surface	 and	 within	 the	 cell.562	 Overexpressed	 cell	 surface	 markers	 in	 sarcomas	 could	 be	 targeted	 to
establish	the	presence	of	even	single-cell	metastases	and	to	deliver	high-potency	chemotherapeutic	or	molecular
agents	 to	 the	 cancer	 cell.	 Such	 selective	 nanoparticles	 could	 be	 used	 in	 the	 future	 to	 deliver	 antisense
oligonucleotides	or	small	interfering	RNAs	against	cellular	protein	targets	critical	for	sarcoma	cell	survival.

With	 an	 increasing	 number	 of	 molecular	 signaling	 pathways	 being	 actively	 investigated,	 the	 many	 new
systemic	 treatments	 on	 the	 horizon,	 and	 the	 advances	 in	 selective	 radiation,	 drug,	 and	 nanoparticle	 delivery	 to
sarcoma	cells,	outcomes	for	patients	with	sarcoma	are	likely	to	substantially	improve	in	the	coming	decade.
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INTRODUCTION
Sarcomas,	defined	as	 connective	 tissue	malignancies,	 can	be	 said	 to	 constitute	one	of	 the	 five	major	oncologic
subgroups,	 together	with	 disorders	 of	 the	 solid	 organs	 (carcinomas),	 the	 hematologic	 system,	 the	 skin,	 and	 the
neurologic	organs.	Of	all	cancer	types,	however,	sarcomas	are	the	rarest,	and	in	fact,	exceedingly	so.	Furthermore,
sarcomas	of	bone	occur	at	just	one-fourth	the	frequency	of	sarcomas	of	soft	tissue.	However,	whereas	soft	tissue
sarcomas	 have	 a	multitude	 of	 histologic	 subtypes	 subject	 to	 a	 variety	 of	 grading	 classification	 schemes,	 bone
sarcomas	 predominantly	 fall	 into	 three	 main	 distinct	 categories:	 chondrosarcoma,	 Ewing	 sarcoma,	 and
osteosarcoma.	Whereas	soft	tissue	sarcomas	are	rare	in	young	individuals	and	occur	with	increasing	frequency	as
the	middle	to	late	decades	progress,	bone	sarcomas,	for	the	most	part,	are	more	common	in	children	and	young
adults,	 with	 some	 exceptions	 in	 later	 years.	 Although	 the	 gold	 standard	 of	 treatment	 for	 soft	 tissue	 sarcomas
remains	 surgery	 and	 radiation	 therapy,	 with	 chemotherapy	 reserved	 for	 tumors	 that	 are	 deep,	 high	 grade,	 and
large,	the	management	of	bone	sarcomas	varies	considerably,	according	to	histology,	grade,	and	stage.	Finally,	all
high-grade	sarcomas,	whether	of	bone	or	soft	tissue,	share	an	overall	survival	rate	of	approximately	55%	to	70%.

In	light	of	their	extreme	rarity,	the	varied	and	complex	nature	of	the	care	programs	often	involving	national	or
international	protocols,	the	high	stakes	nature	of	limb	salvage	surgery,	and	the	potential	lethality	of	these	tumors,
the	National	Comprehensive	Cancer	Network	(NCCN)	has	promulgated	that	“primary	bone	tumors	and	selected
metastatic	 tumors	should	be	evaluated	and	 treated	by	a	multidisciplinary	 team	of	physicians	with	demonstrated
expertise	 in	 the	management	 of	 these	 tumors.”1	 The	 paramount	 and	 central	 nature	 of	 this	 statement	 cannot	 be
gainsaid	 because	 judgment	 regarding	management	 of	 these	 uncommon	 tumors	 must	 necessarily	 be	 left	 to	 the
experts.	Nonetheless,	even	the	most	general	reader	would	err	in	not	seeking	a	broader	fund	of	knowledge	and	a
higher	level	of	understanding	of	bone	sarcomas,	as	the	hopeful	and	instructive	paradigms	offered	herein	can	be	of
benefit	 to	 all	 oncologic	 patients,	 across	 practice	 strata.	 Therefore,	 this	 chapter	 seeks	 to	 be	 a	 primer	 on	 the
diagnosis,	 staging,	 treatment,	 and	 surveillance	 of	 sarcomas	 of	 bone,	 with	 information	 ranging	 from	 basic
principles	 to	 detailed	 descriptions	 of	 complex	 algorithms.	 After	 reviewing	 incidence,	 etiology,	 anatomy,
pathology,	screening,	diagnosis,	and	staging	of	bone	sarcomas,	management	is	discussed	by	treatment	modality,
with	attention	to	stage.	Ewing	sarcoma,	the	prototypical	high-grade	sarcoma	presumed	to	be	potentially	metastatic
at	 presentation,	 is	 explored	 first.	 Next,	 high-grade	 conventional	 osteosarcoma	 is	 discussed	 with	 regard	 to
universally	 accepted	chemotherapeutic	 concepts	 and	occasionally	useful	 radiotherapy	options.	Surgery	 for	 low-
grade	chondrosarcoma	and	osteosarcoma	lesions	is	then	discussed.	Limb	salvage	and	amputation	approaches	for
high-grade	 chondrosarcoma,	 osteosarcoma,	 and	 Ewing	 sarcoma	 are	 described	 together	 because	 the	 surgical
approach	for	these	three	categories	is	similar.	Finally,	continuing	care	in	terms	of	bone	sarcoma	surveillance	and
palliation	is	considered.

INCIDENCE	AND	ETIOLOGY
According	to	the	American	Cancer	Society,	there	are	estimated	to	be	just	16,490	new	cases	of	sarcoma	diagnosed
in	the	United	States	in	2018.2	Of	these	cases,	13,040	involve	the	soft	tissues,	and	just	3,450	involve	the	bones	and
joints.	 This	 represents	 an	 incidence	 of	 <1	 in	 100,000	 persons	 living	 in	 the	 United	 States	 per	 year.	 The	 true
incidence	of	some	bone	malignancies,	such	as	chondrosarcoma,	is	not	well	established	because	low-grade	lesions
are	 relatively	 common	 and	 no	 accurate	 registries	 exist.	 For	 high-grade	 osteosarcoma	 and	 Ewing	 sarcoma,	 the
incidence	is	thought	to	be	on	the	order	of	one	per	million.

Another	way	of	 illustrating	 the	 rarity	of	 these	 tumors	 is	 to	consider	 that	bone	sarcomas,	which	are	 the	 third
leading	cause	of	cancer	death	 in	young	 individuals,	were	estimated	 to	have	 resulted	 in	as	 few	as	197	deaths	 in
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those	younger	than	20	years	old	in	2015.2	In	part,	this	remarkable	statistic	is	attributable	to	the	gratifying	advances
in	multidisciplinary	management	of	bone	tumors,	with	5-year	relative	survival	rates	of	children	up	to	14	years	of
age	increasing	from	50%	in	1978	to	78%	in	2008.3

The	 etiology	 of	 bone	 sarcomas	 is	 not	 known	with	 certainty.4–6	Germline	mutation	 in	 the	TP53	 gene	 places
patients	with	Li-Fraumeni	syndrome	at	 risk	 for	 the	development	of	osteosarcoma.7–11	Germline	mutation	 in	 the
RB1	 gene	 is	 associated	 with	 an	 increased	 risk	 for	 osteosarcoma	 in	 patients	 with	 bilateral	 retinoblastoma.12–15
Rearrangements	at	the	EWSR1	locus,	most	commonly	fused	to	FLI1,	have	been	implicated	in	the	pathogenesis	of
Ewing	sarcoma.16–19	The	molecular	pathogenesis	of	chondrosarcomas	 is	 less	well	understood,	with	a	variety	of
genes	 and	 signaling	 pathways	 having	 been	 implicated	 to	 date,	 including	 TP53,	 hedgehog,	 insulin-like	 growth
factor,	 cyclin-dependent	 kinase	4,	 hypoxia-inducible	 factor,	matrix	metalloproteinases,	SRC,	 and	AKT.20	Other
primary	 bone	 malignancies	 associated	 with	 mutations,	 specific	 translocations,	 and	 genomic	 amplifications	 or
gains	include	mesenchymal	chondrosarcoma,	epithelioid	hemangioendothelioma,	chordoma,	low-grade	(parosteal
and	intramedullary)	osteosarcoma,	and	periosteal	chondrosarcoma.6

Environmental	factors	are	also	known	to	be	involved	in	the	genesis	of	bone	sarcomas.	For	example,	ionizing
radiation,	either	 therapeutic	or	 inadvertent,	 is	 thought	 to	be	 responsible	 for	approximately	3%	of	bone	sarcoma
cases.4,21,22	 Independent	 of	 radiation	 exposure,	 treatment	 with	 alkylating	 agents	 is	 known	 to	 increase
osteosarcoma	risk.4,23

Some	benign	bone	conditions	predispose	patients	 to	bone	sarcoma	development.	 It	 is	estimated	 that	0.3%	of
patients	with	Paget	disease	of	bone	will	develop	osteosarcoma,	most	often	at	an	advanced	age	and	with	a	5-year
survival	rate	of	≤4%.24–26	Fibrous	dysplasia,	 including	 its	polyostotic	variants,	McCune-Albright	syndrome	and
Mazabraud	 syndrome,	 can	 rarely	 be	 associated	 with	 sarcomatous	 degeneration,	 including	 in	 less	 commonly
encountered	 locations	 such	 as	 the	 ribs,	 spine,	 and	 craniofacial	 region.27–31	 Individuals	 with	 benign	 cartilage
lesions	are	also	subject	 to	chondrosarcoma	development.	Osteochondromas,	whether	solitary	or	 in	 the	multiple,
autosomal	 dominant	 form,	 are	 associated	 with	 chondrosarcomas	 that	 are	 predominantly	 low	 to	 intermediate
grade32;	 on	 a	 population	 level,	 the	 incidence	 of	malignant	 change	was	 estimated	 to	 be	 approximately	 0.9%.33
Similarly,	chondrosarcomas	have	been	described	in	patients	with	preexisting	solitary	enchondromas	or	polyostotic
enchondroma	variants	(Ollier	and	Maffucci	syndromes).34	Other	benign	tumors	that	can	be	premalignant	include
giant	cell	 tumor,	osteoblastoma,	and	synovial	chondromatosis.35	Even	nononcologic	 conditions	 such	as	 chronic
osteomyelitis36,37	and	bone	infarcts38	can	evolve	into	sarcomas	(Fig.	89.1).

ANATOMY	AND	PATHOLOGY
Bone	 sarcomas	 can	 occur	 through	 the	 musculoskeletal	 system.	 Osteosarcomas	 are	 more	 common	 in	 the
appendicular	 skeleton,	 with	 the	 most	 prevalent	 sites	 being	 in	 the	 distal	 femur	 (32%),	 proximal	 tibia	 (15%),
proximal	humerus	(8%),	and	proximal	femur	(5%).39	This	distribution	corresponds	to	the	relative	activity	of	the
physeal	plates	in	the	growing	skeleton.	By	contrast,	Ewing	sarcoma	favors	the	axial	skeleton,	with	the	pelvis	or
sacrum	(22%),	proximal	 femur	(10%),	shoulder	girdle	 (12%),	and	ribs	 (8%)	being	 the	most	common	locations,
followed	by	the	 long	bones	and	sacrum.39	Chondrosarcoma	similarly	occurs	most	 frequently	 in	central	 regions:
pelvis	or	sacrum	(26%),	shoulder	girdle	(14%),	proximal	femur	(12%),	and	ribs	(11%).39	When	found	in	the	long
bones,	 the	 epicenter	 of	 conventional	 osteosarcoma	 lesions	 tends	 to	 be	 in	 the	 metaphysis,	 with	 diaphyseal
extension,	 whereas	 Ewing	 sarcoma	 often	 arises	 in	 the	 diaphysis	 with	 metaphyseal	 extension.	 Juxtacortical
osteosarcoma	and	chondrosarcoma	variants	occur	on	the	bone	surface.

Some	primary	bone	malignancies	manifest	in	characteristic	anatomic	locations.	Clear	cell	chondrosarcoma,	for
instance,	 most	 often	 arises	 in	 the	 femoral	 head.40	 Parosteal	 osteosarcoma	 favors	 the	 posterior	 distal	 femur.41
Periosteal	osteosarcoma	is	 found	 in	 the	anterior	 tibial	shaft.42	Adamantinoma	is	most	frequently	encountered	 in
the	tibia	and/or	fibula.43	Chordoma	has	a	predilection	for	the	sacrum	and	the	clivus.1,44

Finally,	several	histologic	equivalents	of	bone	sarcomas	can	be	found	in	soft	 tissues	and	joints.	Extraskeletal
osteosarcoma	is	a	rare	neoplasm	that	has	a	median	survival	of	46	months	for	patients	with	localized	disease.45	By
contrast,	 extraosseous	 Ewing	 sarcoma	 has	 a	 prognosis	 similar	 to	 its	 primary	 bone	 counterpart.46	 Extraskeletal
myxoid	chondrosarcoma,	also	an	aggressive	soft	 tissue	 lesion	with	high	rates	of	 local	or	distant	 recurrence	and
delayed	disease-associated	death,	is	a	misnomer	insofar	as	the	tumor	is	really	of	uncertain	differentiation	with	no
convincing	evidence	of	cartilaginous	differentiation.47,48	As	a	rule,	it	is	exceedingly	rare	for	a	sarcoma	of	bone	or
soft	 tissue	 to	 occur	 in	 an	 intra-	 articular	 location,	 but	 chondrosarcomas	 of	 the	 synovium,	 arising	 de	 novo	 or



secondary	to	synovial	chondromatosis,	have	been	described.49
Gross	 anatomic	 pathology	 varies	 widely	 according	 to	 histologic	 subtype,	 grade,	 and	 anatomic	 location.

Although	the	soft	tissue	component	of	many	high-grade	sarcomas	of	bone	has	a	characteristic	whitish,	firm,	“fish
flesh”	 appearance,	 gross	 findings	 can	 run	 the	 gamut	 from	heavily	 ossified	 areas	 to	myxoid,	 friable,	 or	 frankly
necrotic	 regions,	 even	 within	 the	 same	 specimen.	 Because	 most	 high-grade	 bone	 sarcomas	 are	 >5	 cm	 and
associated	with	a	 soft	 tissue	mass	 that	 is	 extracompartmental	 to	bone,	 the	 tumor	classification	according	 to	 the
Enneking	system50,51	is	most	often	“T2b.”

Figure	89.1	A:	Anteroposterior	plain	radiograph	of	a	64-year-old	man	with	polyostotic	femoral
and	tibial	bone	infarcts	secondary	to	alcoholism	who	developed	a	destructive	distal	femoral	bone
and	soft	tissue	mass.	B:	Axial	T2-weighted	magnetic	resonance	sequence	demonstrating	a	13-cm
distal	femoral	bone	and	soft	tissue	mass	with	cortical	destruction	that	proved	to	be	a	high-grade
undifferentiated	spindle	cell	sarcoma.	Note	the	benign	bone	infarct	in	contralateral	femoral

diaphysis.

Microscopic	pathology	also	varies	considerably	among	the	bone	sarcomas.	The	prototypical	bone	sarcoma,	a
conventional	 high-grade	 osteosarcoma,	 consists,	 in	most	 basic	 terms,	 of	 a	 spindle	 cell	 neoplasm	 that	 produces
osteoid	(Fig.	89.2A).	A	high-grade	chondrosarcoma	will	have	a	spindle	cell	component	admixed	with	malignant
cartilaginous	matrix	(Fig.	89.2B).	By	contrast,	Ewing	sarcoma	is	a	small	round	blue	cell	neoplasm	for	which	the
definitive	diagnosis	is	suggested	by	strong	membranous	immunohistochemical	staining	with	CD99	and	confirmed
by	cytogenetic	or	molecular	tests	that	demonstrate	an	EWSR1	translocation	(Fig.	89.2C).

From	a	pathologic	standpoint,	the	World	Health	Organization	recognizes	>25	different	types	of	primary	bone
malignancies.48	 With	 the	 exception	 of	 plasma	 cell	 myeloma,	 primary	 non-Hodgkin	 lymphoma	 of	 bone,
chondrosarcoma,	 conventional	osteosarcoma,	 and	Ewing	 sarcoma,	 the	 remaining	entities	 are,	 for	 the	most	part,
very	rare	(Table	89.1).

SCREENING
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No	population-based	 screening	 tests	 applicable	 to	 the	detection	of	bone	 sarcomas	exist.	However,	 a	number	of
syndromic	conditions	that	predispose	to	the	development	of	primary	bone	malignancies	are	known	(Table	89.2).
Many	of	 the	 implicated	genetic	diseases,	 such	as	Rothmund-Thomson	and	Werner	 syndromes,	 are	 exceedingly
rare,	 and	no	 clear	 algorithms	 exist	 for	 cancer	 screening.	However,	 for	more	 commonly	 encountered	 conditions
that	predispose	 to	bone	cancer,	 such	as	Li-Fraumeni	 syndrome,	 sarcoma	screening	 recommendations,	 including
whole-body	magnetic	resonance	imaging	(MRI)	now	exist.11	For	patients	with	predisposition	diagnoses	that	are
relatively	commonly	encountered	in	orthopedic	oncology	offices,	such	as	hereditary	multiple	exostoses,	multiple
enchondromatoses,	polyostotic	fibrous	dysplasia,	and	Paget	disease,	several	practical,	generalized	guidelines	can
be	 offered.	 Plain	 radiographs	 of	 bones	 that	 are	 moderately	 to	 severely	 affected	 should	 be	 obtained	 yearly.	 A
limited	skeletal	survey	of	involved	areas	(including,	as	indicated,	anteroposterior	[AP]	and	lateral	[LAT]	views	of
the	humeri	and	femora;	AP	views	of	the	pelvis	and	distal	extremities)	should	be	considered	every	2	years.	MRI,
computed	tomography	(CT),	and	positron	emission	tomography	(PET)	screening	should	be	considered	based	on	a
patient’s	family	history	and	personal	clinical	history.	In	all	circumstances,	care	should	be	taken	to	limit	radiation
exposure	with	 screening	 tests.	However,	 as	 an	 individual	 ages,	 sarcoma	 risk	 increases,	 so	 routine	 surveillance
surveys	should	be	offered,	especially	for	deep-seated	locations	such	as	the	pelvis	and	shoulder	girdle,	where	most
sarcomas	 in	 these	 conditions	 will	 become	 manifest.33	 Because	 malignancies	 in	 these	 deep-seated	 areas	 can
become	relatively	large	before	symptoms	develop,	vigilance	of	occult	locations	is	especially	warranted.

DIAGNOSIS
It	is	nearly	universally	true	of	practice	patterns	within	the	United	States	that	patients	suspected	of	being	at	risk	for
having	a	bone	sarcoma	have	 first	had	a	plain	 radiographic	examination	ordered	by	 their	 initial	point	of	contact
within	the	health-care	system.	It	is	also	very	common	for	the	primary	care	provider	or	general	orthopedic	surgeon
to	 obtain	 an	MRI	 scan	 of	 the	 affected	 area	 (Table	89.3).	However,	 once	 concern	 for	 the	 possibility	 of	 a	 bone
sarcoma	has	been	raised,	further	diagnostic	tests,	many	of	which	are	of	a	specialized	nature	and	involve	radiation
exposure,	should	be	deferred,	and	the	patient	should	be	immediately	referred	to	a	multidisciplinary	center	skilled
in	sarcoma	management.1

Figure	89.2	High-power	hematoxylin	and	eosin	stains	of	the	most	common	sarcomas	of	bone.	A:



Conventional	osteosarcoma	is	defined	as	having	a	high-grade	spindle	component–producing
malignant	osteoid.	B:	Chondrosarcoma	is	composed	of	spindle	cells	and	atypical,	pleomorphic,

hyperchromatic,	multinucleated	cartilage	cells.	C:	Ewing	sarcoma	consists	of	small	round	blue	cells
with	immunohistochemical	and	cytogenetic	diagnostic	confirmation.	(Photomicrographs	courtesy	of

Andrew	E.	Horvai,	MD,	PhD.)

History
Good	medicine	starts	with	a	 thorough	history.	Aggressive	bone	 lesions	often	give	 rise	 to	pain	before	a	mass	 is
noted.	 The	 nature	 of	 the	 discomfort,	 in	 terms	 of	 its	 intensity,	 frequency,	 duration,	 pattern,	 localization,	 and
aggravating	 or	 alleviating	 factors,	 must	 be	 carefully	 assessed.	 The	 patient	 should	 be	 questioned	 regarding
associated	 symptoms	 such	 as	 numbness,	 tingling,	 weakness,	 stiffness,	 instability,	 and	 gait	 abnormalities.
Documentation	of	the	characteristics	of	a	mass,	if	present,	must	be	obtained	with	respect	to	time	course,	growth
pattern,	 and	 presence	 of	 localized	 erythema,	warmth,	 and	 tenderness.	 Systemic	 findings	 such	 as	 fever,	 sweats,
chills,	weight	loss,	and	fatigue	need	to	be	queried.	A	past	personal	and/or	family	medical	history	of	conditions	that
predispose	to	bone	malignancies	must	be	explored.	In	many	cases	of	even	high-grade	sarcomas,	the	history	is	that
of	an	enlarging	bone	and	soft	tissue	mass	that	is	less	painful	than	might	be	expected.	Knowledge	gained	regarding
history	can	direct	further	evaluation	away	from	or	toward	nonneoplastic,	pseudotumorous,	aggressive,	metabolic,
or	 secondary	 conditions	 that	 can	 mimic	 primary	 bone	 malignancies,	 such	 as	 osteomyelitis,	 eosinophilic
granuloma,	giant	cell	tumor	of	bone,	osteoblastoma,	metastatic	disease,	or	Paget	disease	(Fig.	89.3).

Physical	Examination
Although	 it	 may	 not	 narrow	 the	 differential	 list	 considerably,	 a	 thorough	 physical	 examination	 remains	 an
essential	part	of	the	diagnostic	pathway	for	sarcomas	of	bone.	Café-au-lait	spots	can	signal	the	presence	of	fibrous
dysplasia;	the	integrity	of	the	integumentary	system	should	be	assessed	for	erythema,	warmth,	and	drainage	over
the	 primary	 site.	 The	 size,	 location,	 mobility,	 and	 consistency	 of	 any	 mass,	 if	 present,	 should	 be	 carefully
described.	 The	 presence	 or	 absence	 of	 regional	 lymphadenopathy	 must	 be	 noted.	 Orthopedic	 parameters,
including	limb	length,	active	and	passive	ranges	of	motion,	joint	stability,	and	gait	pattern,	need	to	be	reviewed.
Finally,	a	pertinent	neurovascular	exam	must	be	completed.

Diagnostic	Studies
Although	 neither	 highly	 sensitive	 nor	 specific,	 laboratory	 testing	 should	 not	 be	 neglected	 in	 the	 evaluation	 of
patients	suspected	of	having	a	sarcoma	of	bone.	A	complete	blood	count,	erythrocyte	sedimentation	rate,	and	C-
reactive	protein	 level	can	be	helpful	 in	 ruling	out	 infection.	Alkaline	phosphatase	and	 lactic	dehydrogenase	are
sometimes	elevated	in	skeletal	sarcomas;	creatinine	and	calcium	levels	are	also	useful	chemistry	tests.	Serum	and
urine	 immunoelectrophoretic	 analyses	 can	 assist	 in	 excluding	myeloma,	 and	 a	 basic	 urinalysis	 can	 be	 used	 to
screen	for	genitourinary	health.

Radiologic	 imaging	 represents	 the	 bulk	 of	 diagnostic	 studies	 for	 aggressive	 bone	 conditions.	 Plain
roentgenograms	 include	 orthogonal	 views	 of	 the	 primary	 skeletal	 site	 and	 two	 views	 of	 chest	 as	 an	 initial
assessment	of	metastatic	pulmonary	disease.	Nuclear	medicine	tests	include	technetium-99m	total-body	bone	scan
(TBBS),	 indium-labeled	 white	 blood	 cell,	 and	 PET	 scans.	 A	 bone	 scan	 aids	 in	 determination	 of	 primary	 site
activity	 and	 the	 presence	 or	 absence	 of	 polyostotic	 or	 metastatic	 disease.	 An	 indium	 scan	 can	 examine	 the
possibility	of	osteomyelitis.	A	PET	or	PET/CT	scan	quantifies	metabolic	activity	in	the	primary	site	and	helps	to
exclude	occult	metastases.	Although	some	centers	and	protocols	rely	on	TBBS	for	osteosarcoma	evaluation	and
surveillance,	the	utility	of	[18F]-fluorodeoxyglucose	PET/CT	scanning	in	the	management	of	patients	with	Ewing
sarcoma	 is	well	 established	 and	 should	be	 considered	 to	 be	 a	 care	 standard.52–58	A	dedicated	chest	CT	 scan	 is
perhaps	 the	 most	 sensitive	 way	 to	 exclude	 distant	 disease	 in	 the	 lungs,	 which	 is	 the	 most	 common	 site	 of
metastatic	deposits	in	patients	with	sarcoma.	CT	scanning	also	has	proven	utility	in	studying	axial	primary	sites
and	 juxtacortical	 lesions	 as	 well	 as	 in	 predicting	 pathologic	 fracture	 risk.59	 Often,	 the	 best	 modality	 for
documenting	the	extent	of	a	primary	bone	and	soft	tissue	mass	is	an	MRI	scan,	which	should	include	the	entire
involved	 bone	 to	make	 sure	 that	 skip	metastases	 are	 not	 present.	 Specialized	 cross-sectional	 studies,	 including
magnetic	resonance	neurograms,	magnetic	resonance	angiograms,	and	CT	angiograms,	are	sometimes	important
to	assist	with	surgical	planning.
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TABLE	89.1
Primary	Bone	Malignancies	According	to	World	Health	Organization	Classification

Chondrogenic	tumors
Chondrosarcoma,	including	primary	and	secondary	variants

Grade	1
Grade	2
Grade	3
Periosteal

Dedifferentiated	chondrosarcoma
Mesenchymal	chondrosarcoma
Clear	cell	chondrosarcoma

Osteogenic	tumors
Low-grade	central	osteosarcoma
Conventional	osteosarcoma
Telangiectatic	osteosarcoma
Small-cell	osteosarcoma
Parosteal	osteosarcoma
Periosteal	osteosarcoma
High-grade	surface	osteosarcoma

Fibrogenic	tumors
Fibrosarcoma	of	bone

Ewing	sarcoma

Hematopoietic	neoplasms
Plasma	cell	myeloma
Solitary	plasmacytoma	of	bone
Primary	non-Hodgkin	lymphoma	of	bone

Notochordal	tumors
Chordoma

Vascular	tumors
Epithelioid	hemangioendothelioma
Angiosarcoma

Myogenic,	lipogenic,	and	epithelial	tumors
Leiomyosarcoma
Liposarcoma
Adamantinoma

Undifferentiated	high-grade	pleomorphic	sarcoma
From	Fletcher	CDM,	Bridge	JA,	Hogendoorn	P,	et	al.,	eds.	WHO	Classification	of	Tumours	of	Soft	Tissue	and	Bone.	4th	ed.	Lyon,
France:	IARC	Press;	2013.

In	Ewing	sarcoma,	many	protocols	and	centers	obtain	bilateral	bone	marrow	biopsies	at	initial	diagnosis	as	a
part	of	routine	staging	for	metastasis.	Based	on	emerging	data,	PET	imaging	has	started	to	replace	this	approach	at
some	centers.

TABLE	89.2
Syndromes	Predisposing	to	Primary	Bone	Malignancies

Chondrosarcoma
Enchondromatosis
Ollier	disease
Maffucci	syndrome

Osteochondromas
Multiple
Nonsyndromic

Trichorhinophalangeal	syndrome	type	2

Osteosarcoma
Baller-Gerold	syndrome
Bloom	syndrome
Li-Fraumeni	syndrome	1	and	2



McCune-Albright	syndrome
Mazabraud	syndrome
OSLAM	syndrome
Paget	disease	of	bone
Polyostotic	osteolytic	dysplasia,	hereditary	expansile
RAPADILINO	syndrome
Retinoblastoma
Rothmund-Thomson	syndrome
Werner	syndrome

Undifferentiated	pleomorphic	sarcoma	of	bone
Diaphyseal	medullary	sclerosis	with	undifferentiated	pleomorphic	sarcoma

OSLAM,	osteosarcoma,	 limb	anomalies,	 and	erythroid	macrocytosis	with	megaloblastic	marrow;	RAPADILINO,	 radial	 ray	defect;
patellar	aplasia,	arched	or	cleft	palate;	diarrhea,	dislocated	 joints;	 little	size	(short	stature),	 limb	malformation;	 long,	slender	nose
and	normal	intelligence.

From	Fletcher	CDM,	Bridge	JA,	Hogendoorn	P,	et	al.,	eds.	WHO	Classification	of	Tumours	of	Soft	Tissue	and	Bone.	4th	ed.	Lyon,
France:	IARC	Press;	2013.

TABLE	89.3
Diagnostic	Studies	for	Sarcomas	of	the	Bone

Laboratory	studies
Serum
Creatinine,	calcium,	alkaline	phosphatase,	lactate	dehydrogenase
Complete	blood	count,	erythrocyte	sedimentation	rate,	C-reactive	protein
Immunoelectrophoresis

Urine
Urinalysis
Immunoelectrophoresis

Radiologic	studies
Plain	radiographs
Orthogonal	views
Nuclear	medicine
						Technetium-99m	total	body	bone	scan
						Indium-111–labeled	white	blood	cell	scan

Cross-sectional	imaging
Primary	site
						Computed	tomography	with	reconstruction	images
						Magnetic	resonance	imaging

Whole	body
Fluorodeoxyglucose	positron	emission	tomography/computed	tomography

Pathologic	studies
Percutaneous
Fine-needle	aspirate
Core	needle
Image	guided
						Ultrasound
						Computed	tomography

Open	(incisional/excisional)
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Figure	89.3	A	36-year-old	woman	presented	with	lower	leg	pain	and	inability	to	bear	weight	that
developed	while	jogging.	A	and	B:	Plain	tibial-fibular	radiographs	show	a	transverse	distal	tibial
diaphyseal	fracture	through	a	very	aggressive	bone	lesion.	C:	A	total-body	bone	scan	revealed
intense	uptake	not	only	in	the	tibial	shaft	but	also	in	the	ipsilateral	sacroiliac	region,	indicating	a
polyostotic	or	metastatic	process.	D:	An	axial	magnetic	resonance	scan	image	documented	the

presence	of	a	large	tibial	bone	and	soft	tissue	mass.	E:	The	benign	diagnosis,	which	was	suggested
by	the	patient’s	history	of	familial	Paget	disease	in	her	grandmother,	mother,	aunt,	and	uncle,	was
confirmed	by	incisional	biopsy.	F	and	G:	Anteroposterior	and	lateral	radiographs	2	years	after

fracture	showed	complete	healing;	the	patient	was	successfully	nonoperatively	managed	with	a	long
leg	cast	and	subsequent	bisphosphonate	administration.

In	the	case	of	suspected	primary	bone	malignancy,	supreme	caution	must	be	taken	with	respect	to	the	manner
in	which	 the	 biopsy	 of	 the	 primary	 site	 is	 undertaken.	 Percutaneous	 fine-needle	 or	 core	 procedures,	 especially
when	guided	by	imaging	such	as	ultrasound,	CT,	or	MRI	scanning,	can	be	successful	in	establishing	a	diagnosis
even	 in	 deep	 anatomic	 locations,	 especially	 if	 a	 soft	 tissue	 mass	 is	 present;	 this	 method	 has	 the	 advantage
maximizing	sampling	throughout	the	mass	while	minimizing	contamination.60–67	Because	sufficient	material	must
be	obtained	to	perform	all	histologic,	immunohistochemical,	flow	cytometric,	cytogenetic,	and	molecular	studies,



thereby	 allowing	 an	 accurate	 diagnosis,	 open	 (incisional)	 biopsies	 are	 often	 warranted,	 especially	 in	 pediatric
cases	 where	 multi-institutional	 protocol	 studies	 request	 centralized	 pathologic	 review	 and	 other	 specialized
testing.	Excisional	(resection)	biopsy	can	be	considered	for	smaller	 lesions	 that	can	be	completely	excised	with
negative	margins	and	without	undue	functional	compromise;	an	atypical	or	low-grade	chondrosarcoma	arising	in
an	 osteochondroma	 is	 an	 example	 of	 this	 type	 of	 biopsy	 procedure.	 Whenever	 an	 open	 biopsy	 procedure	 is
chosen,	 careful	 attention	 must	 be	 paid	 to	 incisional	 length	 (short)	 and	 placement	 (in	 line	 with	 the	 definitive
resection	 procedure),	 dissection	 planes	 (through	 rather	 than	 between	 muscular	 planes),	 and	 avoidance	 of
neurovascular	exposure,	bleeding,	and	infection.68–71	A	skilled	musculoskeletal	pathologist	should	be	immediately
available	 to	 review	 the	 frozen	 section,	 confirm	 the	 receipt	 of	 sufficient	 biopsy	 material,	 and	 perform	 direct
handling	 of	 the	 specimen.71	 Improperly	 performed	 biopsies	 can	 delay	 the	 start	 of	 care,	 prompt	 inappropriate
treatment,	preclude	limb	salvage	by	causing	infection	or	contamination,	and	otherwise	result	in	local	recurrence
and	amputation.	The	risk	of	diagnostic	errors	and	complications	increases	by	as	much	as	12-fold	when	the	biopsy
is	 improperly	 done.69	 Because	 of	 these	 grave	 medical	 and	 medicolegal	 concerns,	 referral	 to	 a	 tertiary	 center
skilled	in	the	multidisciplinary	bone	sarcoma	management	prior	to	biopsy	is	strongly	advised.1

STAGING
Once	all	diagnostic	studies	are	complete,	formal	oncologic	staging	concludes	the	pretreatment	evaluation	process.
Staging	should	be	performed	according	to	tumor,	node,	metastasis	(TNM)	guidelines	with	principles	set	forth	by
the	American	Joint	Committee	on	Cancer.72	For	bone	sarcomas,	staging	correlates	directly	with	prognosis,	which
is	of	utmost	importance	when	discussing	expectations	regarding	outcomes	with	patients	and	families	(Table	89.4).

MANAGEMENT	BY	DIAGNOSIS	AND	STAGE
Systemic	Therapies	for	Ewing	Sarcoma

Chemotherapy	for	Patients	with	Newly	Diagnosed	Ewing	Sarcoma
Prior	 to	 the	 routine	 use	 of	 chemotherapy,	 nearly	 all	 patients	with	 newly	 diagnosed	 Ewing	 sarcoma	 developed
distant	metastatic	disease	and	ultimately	died.73–75	These	observations	underscored	the	nearly	universal	presence
of	 occult	 micrometastatic	 disease	 in	 patients	 with	 Ewing	 sarcoma.	 Although	 local	 control	 measures	 (surgery
and/or	 radiotherapy)	 are	 critical	 to	 the	 treatment	 of	 patients	 with	 Ewing	 sarcoma,	 systemic	 therapy	 is	 equally
critical	to	attaining	cure.

TABLE	89.4
American	Joint	Committee	on	Cancer	Prognostic	Stage	Groups	for	Sarcomas	of
Appendicular	Skeleton,	Truck,	Skull,	and	Facial	Bones

Stage Tumor Nodes Metastases Grade
IA T1 N0 M0 G1	or	GX

IB T2 N0 M0 G1	or	GX

T3 N0 M0 G1	or	GX

IIA T1 N0 M0 G2	or	G3

IIB T2 N0 M0 G2	or	G3

III T3 N0 M0 G2	or	G3

IVA Any	T N0 M1a Any	G

IVB Any	T N1 Any	M Any	G

Any	T Any	N M1b Any	G
From	Amin	MB,	Edge	S,	Greene	F,	et	al.,	eds.	AJCC	Cancer	Staging	Manual.	8th	ed.	New	York:	Springer	International	Publishing;
2017.
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Early	 single-institution	 studies	 suggested	 that	 the	 regimen	 of	 vincristine,	 doxorubicin,	 dactinomycin,	 and
cyclophosphamide	(VACA)	was	active	in	Ewing	sarcoma.74–76	Follow-up	cooperative	group	trials	established	the
efficacy	of	VACA	and	began	to	refine	 this	regimen	for	Ewing	sarcoma.	For	example,	 the	first	North	American
Intergroup	Ewing	Sarcoma	Study	 (IESS-I)	 investigated	 the	 role	of	doxorubicin	and	whole-lung	 radiation	 in	 the
context	of	vincristine,	dactinomycin,	and	cyclophosphamide	(VAC).77	Patients	with	newly	diagnosed	disease	were
randomized	 to	one	of	 the	 following	 three	arms:	VAC,	VACA,	or	VAC	with	whole-lung	 radiation.	Among	342
eligible	 patients,	 patients	 randomized	 to	 VACA	 had	 significantly	 superior	 relapse-free	 survival	 compared	 to
patients	 randomized	 to	 the	 other	 two	 arms.	 Patients	 randomized	 to	 receive	VAC	had	 the	worst	 outcomes,	 and
patients	randomized	to	receive	VAC	with	whole-lung	radiation	had	intermediate	outcomes.	These	results	not	only
established	 the	 importance	 of	 doxorubicin	 in	 the	 management	 of	 Ewing	 sarcoma	 but	 also	 demonstrated	 that
whole-lung	radiation	may	prevent	some	cases	of	relapse	even	in	the	absence	of	documented	lung	metastasis.

Other	national	groups	adopted	the	VACA	regimen,	with	largely	similar	results.	For	example,	the	Cooperative
Ewing	Sarcoma	Study	 (CESS)	 81	 trial	was	 a	 nonrandomized	 trial	 evaluating	VACA	 in	 patients	with	 localized
Ewing	sarcoma.78	This	group	reported	a	5-year	disease-free	survival	rate	of	54%.	In	addition,	they	identified	large
tumor	size	and	poor	histologic	necrosis	 to	neoadjuvant	chemotherapy	as	potential	adverse	prognostic	 factors	 in
this	 setting.	 The	 United	 Kingdom	 Children’s	 Cancer	 Study	 Group	 conducted	 a	 similar	 trial,	 although	 the
doxorubicin	dose	 intensity	was	 lower	 than	 in	other	 trials.79	They	 reported	a	5-year	 relapse-free	 survival	 rate	of
41%	and	suggested	that	this	inferior	outcome	may	be	due	to	lower	doxorubicin	dose	intensity.	The	French	Society
of	Pediatric	Oncology	also	treated	patients	with	VACA	and	reported	a	4-year	disease-free	survival	rate	of	52%.80

Subsequent	trials	have	built	on	the	success	obtained	with	VACA.	Strategies	have	included	changing	the	dosing
strategy	in	VACA	and	adding	ifosfamide	or	ifosfamide	and	etoposide	(IE).	The	French	EW88	trial	used	this	first
approach	to	study	a	more	protracted	VACA	treatment	schedule	in	which	cyclophosphamide	was	delivered	daily
for	7	days	each	cycle,	with	cycles	repeated	at	2-week	intervals.81	In	this	nonrandomized	trial,	outcomes	appeared
to	be	superior	compared	to	previous	trials,	although	more	intensive	local	control	measures	were	also	prescribed	in
this	trial.	Nevertheless,	these	results	suggested	that	more	frequent	chemotherapy	cycles	were	beneficial	and/or	that
more	protracted	cyclophosphamide	exposure	was	beneficial.

The	second	intergroup	study	(IESS-II)	also	sought	to	clarify	the	optimal	mode	of	administration	of	VACA.82
Patients	 with	 newly	 diagnosed	 localized	 nonpelvic	 disease	 were	 randomized	 to	 one	 of	 two	 different	 VACA
schedules.	In	the	intensive	schedule,	patients	received	higher	doses	of	doxorubicin	and	cyclophosphamide	given
in	cycles	administered	every	3	weeks.	In	the	protracted	schedule,	patients	received	lower	doses	of	 these	agents,
and	 exposure	 to	 the	 cyclophosphamide	 was	 distributed	 across	 6	 sequential	 weeks.	 This	 design	 resulted	 in
significantly	 greater	 early	 doxorubicin	 exposure	 in	 the	 intensive	 arm	 as	 well	 as	 a	 slightly	 higher	 cumulative
doxorubicin	exposure	in	that	arm.	Among	214	eligible	patients,	all	outcome	measures	(relapse-free,	disease-free,
and	overall	 survival)	were	 superior	 for	patients	 randomized	 to	 the	 intensive	 arm.	These	 results	 emphasized	 the
importance	 of	 early	 doxorubicin	 intensity	 and	 led	 to	 adoption	 of	VACA	 administration	 in	 3-week	 cycles	 as	 a
standard	approach	in	subsequent	studies.

Based	 on	 response	 rates	 of	 approximately	 30%	 in	 patients	 with	 recurrent	 Ewing	 sarcoma,	 several	 groups
investigated	the	role	of	ifosfamide	or	IE	in	patients	with	newly	diagnosed	disease.	The	French	cooperative	group
conducted	 a	 nonrandomized	 trial	 in	which	 ifosfamide	 replaced	 cyclophosphamide	 throughout	 neoadjuvant	 and
adjuvant	 chemotherapy	 that	 also	 contained	 vincristine,	 doxorubicin,	 and	 dactinomycin.83	 Outcomes	 of	 the	 65
localized	 patients	 treated	with	 this	 strategy	were	 compared	 to	 95	 patients	 treated	 on	 a	 previous	 French	 trial	 in
which	 all	 patients	 received	 cyclophosphamide.	Replacing	 cyclophosphamide	with	 ifosfamide	 did	 not	 appear	 to
improve	outcomes	compared	to	historic	controls,	suggesting	that	 ifosfamide	(without	etoposide)	 is	not	active	in
this	setting	or	that	eliminating	cyclophosphamide	exposure	altogether	was	deleterious.

A	nonrandomized	trial	from	the	United	Kingdom	Children’s	Cancer	Study	Group	used	a	similar	approach	to
study	ifosfamide	but	yielded	a	different	result.84	A	total	of	201	patients	with	localized	disease	were	nonrandomly
assigned	 to	 receive	 therapy	with	 ifosfamide	 replacing	cyclophosphamide.	Compared	 to	historic	controls	 treated
with	cyclophosphamide,	relapse-free	and	overall	survival	appeared	more	favorable	with	the	use	of	ifosfamide.

The	CESS	86	trial	used	a	similar	approach,	although	in	a	risk-stratified	manner.85	Patients	with	small,	localized
extremity	 tumors	 received	 VACA,	 whereas	 patients	 with	 either	 large	 tumors	 or	 axial	 tumors	 had	 ifosfamide
substituted	 for	 cyclophosphamide	 (vincristine,	 doxorubicin,	 ifosfamide,	 and	 dactinomycin	 [VAIA]).	 Although
patients	treated	with	VAIA	were	predicted	to	have	inferior	outcomes	as	a	result	of	adverse	baseline	risk	factors,
event-free	 survival	was	similar	compared	 to	patients	with	 lower	 risk	disease	 treated	with	VACA.	These	 results
suggested	that	the	use	of	ifosfamide	helped	to	mitigate	the	adverse	impact	of	large	tumor	size	and/or	axial	tumor
site.



An	 Italian	 Cooperative	 Group	 trial	 nonrandomly	 evaluated	 the	 addition	 of	 ifosfamide	 to	 VACA	 in	 the
neoadjuvant	setting	and	the	addition	of	IE	in	the	adjuvant	setting.86	The	trial	included	160	patients	with	localized
disease.	Event-free	and	overall	survival	estimates	were	among	 the	highest	 reported	at	 that	 time,	suggesting	 that
ifosfamide	and/or	IE	may	have	improved	outcomes	in	this	population.

The	most	 definitive	 trial	 on	 the	 role	 of	 IE	 was	 North	 American	 Intergroup	 trial	 INT-0091.87	 Patients	with
newly	 diagnosed	 Ewing	 sarcoma	 were	 randomized	 at	 study	 entry	 to	 receive	 either	 standard	 therapy	 with
vincristine,	 doxorubicin,	 and	 cyclophosphamide	 (VDC)	 administered	 every	3	weeks	or	VDC	cycles	 alternating
every	3	weeks	with	IE	cycles.	All	patients	received	the	same	duration	of	therapy	and	the	same	cumulative	dose	of
doxorubicin,	with	dactinomycin	 substituted	once	patients	 received	 that	cumulative	doxorubicin	dose.	A	 total	of
518	eligible	patients	were	randomized,	398	of	whom	had	localized	disease	at	study	entry.	Among	patients	with
localized	disease,	 there	was	 a	 statistically	 significant	 difference	 in	 5-year	 event-free	 survival	 (54%	 for	 patients
randomized	to	VDC	versus	69%	for	patients	randomized	to	VDC/IE).	The	addition	of	IE	to	VDC	did	not	improve
outcomes	for	patients	with	metastatic	disease	at	initial	presentation.87,88	This	result	established	VDC/IE	as	a	new
North	American	standard	of	care	for	patients	with	newly	diagnosed	localized	Ewing	sarcoma.

The	 next	 generation	 of	 clinical	 trials	 from	 the	 Children’s	 Oncology	 Group	 (COG)	 sought	 to	 intensify	 the
VDC/IE	regimen.	Intergroup	trial	INT-0154	was	a	randomized	trial	for	patients	with	newly	diagnosed	localized
Ewing	sarcoma.89	 Patients	were	 randomized	 at	 study	 entry	 to	 receive	 standard-dose	VDC/IE	 every	 3	weeks	 or
higher	dose	VDC/IE.	Patients	in	the	experimental	arm	received	higher	doses	of	ifosfamide	and	cyclophosphamide
during	cycles	of	chemotherapy.	All	patients	received	approximately	the	same	cumulative	doses	of	chemotherapy
such	that	patients	on	the	experimental	arm	completed	therapy	earlier	than	patients	on	the	standard	arm.	A	total	of
478	 eligible	 patients	 were	 randomized.	 There	 was	 no	 statistically	 significant	 difference	 in	 event-free	 survival
between	 the	 standard	 arm	 and	 the	 experimental	 arm,	 demonstrating	 that	 higher	 dose	 therapy	 did	 not	 improve
outcomes.

COG	 protocol	AEWS0031	was	 also	 a	 randomized	 trial	 for	 patients	with	 newly	 diagnosed	 localized	 Ewing
sarcoma.90	 This	 trial	 sought	 to	 intensify	 therapy	 not	 by	 dose	 escalation,	 but	 rather	 by	 decreasing	 the	 interval
between	chemotherapy	cycles	(interval	compression).	Patients	were	randomized	at	study	entry	to	receive	standard
therapy	with	VDC/IE	cycles	alternating	every	3	weeks	or	to	the	experimental	arm	with	VDC/IE	cycles	alternating
every	2	weeks.	A	total	of	568	eligible	patients	were	randomized.	Patients	randomized	to	the	interval-compressed
arm	 had	 a	 significantly	 greater	 5-year	 event-free	 survival	 (73%	 versus	 65%	 for	 patients	 randomized	 to	 the
standard	arm).	This	 trial	established	 interval	compressed	VDC/IE	as	a	new	standard	approach	 for	patients	with
localized	Ewing	sarcoma.	Of	note,	 the	role	of	 interval	compression	in	patients	with	newly	diagnosed	metastatic
Ewing	sarcoma	has	not	been	evaluated.

The	European	Intergroup	Cooperative	Ewing’s	Sarcoma	Study	(EICESS)-92	trial	sought	to	clarify	the	role	of
IE	based	on	a	risk	classification	strategy	in	which	patients	with	small,	localized	tumors	were	deemed	standard	risk
and	 patients	with	 large	 localized	 tumors	 or	 any	metastases	were	 deemed	high	 risk.91	All	 standard-risk	patients
received	 initial	 therapy	with	 VAIA.	 These	 patients	 were	 then	 randomized	 to	 receive	 this	 same	 therapy	 in	 the
adjuvant	setting	or	this	same	therapy	with	cyclophosphamide	substituting	for	ifosfamide.	Among	155	randomized
standard-risk	 patients,	 there	was	 no	 difference	 in	 event-free	 or	 overall	 survival	 between	 patients	who	 received
ifosfamide	or	cyclophosphamide	in	the	adjuvant	setting.	These	results	do	not	fully	clarify	the	role	of	ifosfamide	in
this	group	because	all	patients	received	ifosfamide	in	the	neoadjuvant	setting.

High-risk	 patients	 in	 the	 EICESS-92	 trial	 were	 randomized	 at	 enrollment	 to	 receive	 VAIA	 or	 VAIA	 plus
etoposide.91	Among	492	randomized	high-risk	patients,	 there	was	a	 trend	favoring	the	addition	of	etoposide.	 In
particular,	 patients	 deemed	 high	 risk	 due	 to	 large	 localized	 tumors	 appeared	 to	 benefit	 from	 the	 addition	 of
etoposide,	whereas	patients	with	metastatic	disease	did	not	appear	to	benefit	from	etoposide.	These	results	mirror
those	 obtained	 from	 INT-0091	 in	 which	 the	 addition	 of	 IE	 benefited	 patients	 with	 localized	 disease	 but	 not
patients	with	metastatic	disease.

Based	on	this	current	body	of	evidence,	a	standard	approach	for	newly	diagnosed	patients	with	localized	Ewing
sarcoma	in	North	America	is	to	use	interval	compressed	VDC/IE	according	to	AEWS0031.	Many	clinicians	use
this	same	regimen	for	patients	with	newly	diagnosed	metastatic	disease,	although	data	supporting	a	benefit	of	IE
or	of	 interval	compression	are	 lacking	 in	 this	population.	For	both	groups,	participation	 in	a	cooperative	group
clinical	trial	should	be	strongly	considered.

Chemotherapy	for	Patients	with	Recurrent	Ewing	Sarcoma
Historically,	patients	with	recurrent	Ewing	sarcoma	had	few	systemic	options.	Many	such	patients	were	re-treated
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with	 chemotherapy	 combinations	 used	 as	 part	 of	 initial	 therapy.	 One	 series	 reported	 responses	 and	 durable
remissions	in	patients	treated	with	this	strategy	at	relapse.92	Additional	data	suggest	that	higher	dose	ifosfamide
(15	 g/m2)	 may	 be	 active	 in	 patients	 with	 recurrent	 Ewing	 sarcoma	 who	 were	 treated	 with	 lower	 doses	 of
ifosfamide	as	part	of	initial	therapy.93	Given	greater	options,	many	clinicians	now	opt	to	treat	patients	with	new
agents	not	previously	used	as	part	of	initial	therapy.

Currently,	patients	with	recurrent	Ewing	sarcoma	are	candidates	for	clinical	 trials	of	novel	agents	or	may	be
treated	 with	 a	 number	 of	 salvage	 chemotherapy	 regimens	 with	 documented	 activity	 in	 this	 setting.	 The
combination	of	gemcitabine	with	docetaxel	has	shown	modest	activity	in	patients	with	recurrent	Ewing	sarcoma.
Two	single-institution	case	series	reported	no	responses	among	4	patients	with	recurrent	Ewing	sarcoma.94,95	A
formal	 phase	 II	 trial	 of	 standard	 doses	 of	 gemcitabine	 and	 docetaxel	 reported	 2	 patients	with	 partial	 responses
among	14	patients	with	recurrent	Ewing	sarcoma.96	In	contrast,	another	case	series	reported	4	of	6	patients	with
recurrent	 Ewing	 sarcoma	 with	 objective	 responses	 with	 the	 use	 of	 higher	 dose	 gemcitabine	 and	 docetaxel,
suggesting	that	higher	doses	of	this	regimen	may	have	greater	activity	in	this	disease.97	A	formal	phase	II	trial	of
higher	dose	gemcitabine	together	with	standard-dose	docetaxel	reported	one	patient	with	a	partial	response	among
seven	 patients	 with	 recurrent	 Ewing	 sarcoma.98	 Taken	 together,	 these	 findings	 suggest	 a	 limited	 role	 for	 this
regimen	in	the	management	of	patients	with	recurrent	Ewing	sarcoma.

Camptothecin-based	regimens	are	currently	the	most	active	available	chemotherapy	regimens	for	patients	with
relapsed	 Ewing	 sarcoma.	 The	 combination	 of	 topotecan	 with	 cyclophosphamide	 has	 shown	 activity	 in	 this
population.	 A	 Pediatric	 Oncology	 Group	 (POG)	 phase	 II	 trial	 of	 this	 combination	 included	 17	 patients	 with
relapsed	Ewing	sarcoma,	2	patients	with	complete	responses,	and	4	patients	with	partial	responses	for	an	objective
response	 rate	 of	 36%.99	 A	 retrospective	 analysis	 from	 a	 German	 cooperative	 group	 included	 49	 patients	 with
relapsed	Ewing	sarcoma	and	disease	evaluable	for	response.100	On	initial	response	assessment,	16	patients	(33%)
had	a	partial	response.	Based	on	these	findings	in	patients	with	recurrent	Ewing	sarcoma,	the	COG	conducted	a
trial	in	patients	with	newly	diagnosed	metastatic	Ewing	sarcoma	in	which	patients	received	an	initial	window	of
therapy	with	 either	 two	 courses	 of	 topotecan	monotherapy	 or	 topotecan	 plus	 cyclophosphamide.101	 Topotecan
monotherapy	had	only	modest	activity,	but	two	courses	of	the	combination	of	topotecan	plus	cyclophosphamide
resulted	in	a	response	rate	of	57%.	Based	on	these	promising	results	in	patients	with	relapsed	or	metastatic	Ewing
sarcoma,	 a	 recent	 COG	 trial	 for	 patients	 with	 newly	 diagnosed	 localized	 disease	 (AEWS1031)	 randomized
patients	 to	 interval	compressed	VDC/IE	 to	 interval	compressed	VDC/IE	with	 the	addition	alternating	blocks	of
topotecan	and	cyclophosphamide	(NCT01231906).	Results	are	pending	at	this	time.

The	 combination	 of	 irinotecan	 and	 temozolomide	 has	 also	 shown	 activity	 in	 patients	 with	 relapsed	 Ewing
sarcoma.	In	 the	 initial	pediatric	phase	I	 trial	of	 this	 regimen,	3	of	7	patients	with	Ewing	sarcoma	had	objective
responses.102	A	multicenter	retrospective	analysis	of	14	patients	treated	with	this	regimen	showed	a	response	rate
of	 29%.103	 Follow-up	 retrospective	 studies	 from	 other	 institutions	 reported	 response	 rates	 >60%	 in	 this	 same
population.104,105	This	combination	 is	 less	myelosuppressive	 than	 topotecan	and	cyclophosphamide	and	may	be
given	as	an	oral	regimen.	Given	these	properties,	this	combination	may	serve	as	a	backbone	for	the	development
of	new	regimens	that	combine	chemotherapy	with	novel	agents.

Role	of	High-Dose	Chemotherapy	for	Patients	with	Ewing	Sarcoma
Given	the	finding	that	Ewing	sarcoma	is	a	chemosensitive	tumor,	several	groups	have	evaluated	the	role	of	high-
dose	 chemotherapy	 with	 autologous	 stem	 cell	 rescue	 in	 selected	 patients	 with	 high-risk	 disease.	 A	 single-
institution	retrospective	study	reported	on	the	role	of	this	approach	in	patients	with	recurrent	Ewing	sarcoma.106
On	univariate	 analysis,	 patients	who	 received	 high-dose	 chemotherapy	 had	 superior	 overall	 survival.	To	 try	 to
control	 for	 selection	 bias	 that	 may	 have	 led	 to	 selection	 of	 the	 most	 favorable	 patients	 to	 receive	 high-dose
chemotherapy,	 this	 group	 performed	 a	multivariate	 survival	 analysis.	 Receipt	 of	 high-dose	 chemotherapy	 as	 a
component	of	relapse	therapy	was	associated	with	improved	survival,	even	after	controlling	for	variables	thought
to	be	prognostic	at	relapse,	such	as	response	to	salvage	therapy	and	time	from	diagnosis	to	relapse.

The	majority	 of	 studies	 evaluating	 this	modality	 have	 focused	 on	 patients	with	 newly	 diagnosed	metastatic
Ewing	 sarcoma.	 Given	 the	 radiosensitivity	 of	 Ewing	 sarcoma,	 the	 Children’s	 Cancer	 Group	 conducted	 a	 trial
evaluating	high-dose	therapy	using	melphalan,	etoposide,	and	total-body	radiation	as	conditioning.107	Thirty-two
patients	 with	 newly	 diagnosed	 disease	 with	 metastases	 to	 the	 bone	 and/or	 bone	 marrow	 were	 nonrandomly
assigned	to	high-dose	therapy	following	induction	chemotherapy.	Event-free	survival	was	20%	at	2	years	and	was
identical	to	a	historic	control	group	treated	with	standard-dose	chemotherapy,	indicating	that	this	regimen	did	not
improve	outcomes	in	this	very	high-risk	patient	population.



A	 series	 of	 multicenter	 trials	 treated	 patients	 with	 high-dose	 therapy	 with	 busulfan	 and	 melphalan
conditioning.108,109	 This	 approach	 appeared	 to	 be	 feasible	 following	 initial	 induction	 chemotherapy,	 although
whether	 outcomes	 were	 improved	 by	 this	 approach	 is	 not	 clear	 in	 these	 initial	 uncontrolled	 trials.	 The	 Euro-
Ewing	 group	 applied	 this	 approach	 to	 a	 larger	 group	 of	 patients	 with	metastatic	 disease	 beyond	 isolated	 lung
metastases.110	In	this	very	high-risk	patient	population,	3-year	event-free	survival	was	27%,	suggesting	that	any
improvement	in	outcome	from	high-dose	therapy	in	that	context	was	incremental.	Likewise,	a	randomized	trial	of
this	 approach	 versus	 continued	 chemotherapy	 in	 patients	 with	 isolated	 lung	 metastases	 has	 been	 reported	 in
preliminary	form	and	showed	no	advantage	to	high-dose	chemotherapy.111

One	 nonrandomized	 trial	 evaluated	 the	 role	 of	 high-dose	 chemotherapy	 in	 patients	with	 high-risk	 localized
Ewing	sarcoma.112	Patients	received	a	common	induction	chemotherapy	regimen	and	had	response	assessed	at	the
time	of	 local	control	 (by	histology	for	patients	who	underwent	surgical	 local	control	or	by	 imaging	for	patients
who	 received	 radiation	 for	 local	 control).	 Patients	 with	 a	 poor	 response	 to	 induction	 chemotherapy	 were
nonrandomly	 assigned	 to	 receive	 high-dose	 chemotherapy	 with	 busulfan	 and	 melphalan	 conditioning.	 Only	 a
subset	 of	 patients	 assigned	 to	 receive	 high-dose	 chemotherapy	 did	 so.	 This	 selected	 subset	 had	 an	 event-free
survival	rate	that	was	similar	to	patients	with	a	good	response	who	received	ongoing	standard-dose	chemotherapy.
Patients	 with	 a	 poor	 response	 to	 induction	 who	 did	 not	 go	 on	 to	 receive	 high-dose	 therapy	 had	 significantly
inferior	outcomes.	These	results	suggest	that	high-dose	therapy	may	have	abrogated	the	anticipated	poor	outcomes
for	patients	with	a	poor	response	to	induction	chemotherapy.

The	 role	 of	 high-dose	 chemotherapy	 in	 high-risk	 localized	 Ewing	 sarcoma	 has	 since	 been	 evaluated	 in	 a
randomized	trial.	Patients	with	newly	diagnosed	Ewing	sarcoma	and	either	a	large	tumor	volume	or	poor	response
to	initial	chemotherapy	were	eligible.	All	patients	received	induction	chemotherapy	with	vincristine,	ifosfamide,
doxorubicin,	 and	 etoposide.113	 Patients	 randomized	 to	 undergo	 high-dose	 chemotherapy	 received	 conditioning
with	busulfan	and	melphalan.	Patients	randomized	to	receive	ongoing	chemotherapy	received	the	combination	of
vincristine,	doxorubicin,	and	ifosfamide.	The	results	have	been	presented	in	preliminary	manner	and	demonstrate
a	 survival	 advantage	 for	 patients	 randomized	 to	 high-dose	 chemotherapy.	 Whether	 similar	 results	 would	 be
observed	in	the	context	of	intensive	North	American	chemotherapy	is	unknown.114

Novel	Agents	for	Patients	with	Ewing	Sarcoma
Despite	 understanding	 the	 critical	 role	 of	 EWSR1	 fusion	 oncogenes	 in	 the	 pathogenesis	 of	 Ewing	 sarcoma,
strategies	 to	 target	EWSR1	 fusion	oncogenes	 and	oncoproteins	 have	been	difficult	 to	 develop.	One	group	used
gene	 expression	 profiling	 to	 identify	 existing	 drugs	 that	 replicate	 the	 gene	 expression	 profile	 associated	 with
EWSR1/FLI1	knockdown.115	Cytarabine	was	one	of	the	most	effective	drugs	in	modulating	the	gene	expression
profile	to	emulate	that	of	Ewing	sarcoma	cells	subjected	to	EWSR1/FLI1	knockdown.	The	COG	then	conducted	a
phase	II	trial	of	cytarabine	in	patients	with	relapsed	Ewing	sarcoma,	with	no	responses	among	10	patients.116

Another	 novel	 agent,	 YK-4-279,	 was	 developed	 to	 interfere	with	 the	 interaction	 of	 EWS-FLI1	 protein	 and
RNA	helicase	A,	an	important	mediator	of	EWS-FLI1.117	This	agent	is	now	in	early-phase	clinical	trials.

A	high-throughput	 screening	 study	 sought	 to	 identify	existing	agents	 that	were	able	 to	 reduce	expression	of
EWS-FLI1	 target	 genes.118	 Mithramycin	 was	 the	 lead	 compound	 emerging	 from	 this	 screen.	 Follow-up
experiments	demonstrated	preclinical	activity	against	Ewing	sarcoma	models,	leading	to	a	clinical	trial	that	closed
early	due	to	toxicity	and	lack	of	activity.119

Other	novel	approaches	have	 tried	 to	exploit	additional	vulnerabilities	 identified	 in	 laboratory	studies	of	 this
disease.	 For	 example,	 a	 large	 body	 of	 literature	 has	 suggested	 that	 antiangiogenic	 strategies	 would	 be	 active
against	Ewing	sarcoma.120	Based	on	 these	 findings,	 several	 trials	 have	been	conducted.	The	COG	conducted	 a
trial	 using	 VDC/IE	 together	 with	 metronomic	 vinblastine	 and	 celecoxib	 in	 patients	 with	 newly	 diagnosed
metastatic	Ewing	sarcoma.121	This	 regimen	was	 tolerable,	but	outcomes	did	not	appear	different	 from	previous
outcomes	 reported	 for	 this	 population.	 A	 pilot	 study	 of	 bevacizumab	 added	 to	 vincristine,	 irinotecan,	 and
temozolomide	included	two	patients	with	Ewing	sarcoma,	both	with	objective	responses.122

The	insulin-like	growth	factor	1	receptor	(IGF1R)	has	also	been	the	subject	of	intense	study	in	preclinical	and
clinical	 studies	of	Ewing	sarcoma.	The	majority	of	Ewing	sarcoma	cells	and	 tumor	samples	express	 IGF1R.123
EWSR1/FLI1	 expression	 reduces	 the	 expression	 of	 IGF-binding	 protein	 3,	 an	 endogenous	 inhibitor	 of	 IGF1R
pathway	 activation.124	 Preclinical	 studies	 of	 IGF1R	 small-molecule	 inhibitors	 or	 inhibitory	 anti-IGF1R
monoclonal	 antibodies	 have	 demonstrated	 robust	 activity	 against	 Ewing	 sarcoma	models.125–128	 In	 early-phase
clinical	 trials	 of	 IGF1R	 monoclonal	 antibodies,	 several	 patients	 with	 recurrent	 Ewing	 sarcoma	 demonstrated
objective	 responses.129,130	 Several	 phase	 II	 trials	 specifically	 for	 patients	 with	 recurrent	 Ewing	 sarcoma	 were
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developed,	 and	 response	 rates	 of	 approximately	 10%	 were	 observed	 without	 significant	 single-agent
toxicity.129,131–133	Based	on	these	promising	results	 in	 the	recurrent	setting,	 the	COG	is	conducting	a	 trial	of	an
IGF1R	monoclonal	antibody	together	with	VDC/IE	for	patients	with	newly	diagnosed	metastatic	Ewing	sarcoma.

The	 mammalian	 target	 of	 rapamycin	 has	 also	 been	 implicated	 as	 a	 potential	 therapeutic	 target	 in	 Ewing
sarcoma.	 Preclinical	 studies	 indicate	 that	 rapamycin	 can	 reduce	 levels	 of	EWS/FLI	 protein	 and	 also	 induce	 an
EWSR1/FLI1-inactive	gene	expression	signature.115,134	In	vitro	and	in	vivo	studies	have	shown	antitumor	activity
of	 rapamycin	 as	 a	 single	 agent	 and	 in	 combination	 with	 cytotoxic	 chemotherapy.135,136	 To	 date,	 no	 trials	 of
mammalian	 target	 of	 rapamycin	 inhibition	 specifically	 for	 patients	with	 Ewing	 sarcoma	 have	 been	 conducted.
However,	 in	a	phase	I	 trial	of	ridaforolimus,	one	patient	with	advanced	Ewing	sarcoma	had	a	confirmed	partial
response.137	One	institution	conducted	a	trial	in	patients	with	high-risk	Ewing	sarcoma	in	which	patients	received
a	window	of	 irinotecan,	 temozolomide,	 and	 temsirolimus	prior	 to	 receiving	 interval-compressed	chemotherapy,
with	results	pending	at	this	time.

Most	recently,	laboratory	studies	suggest	that	Ewing	sarcoma	may	be	sensitive	to	inhibition	of	poly	(adenosine
diphosphate-	 ribose)	polymerase	 (PARP).	 In	a	 large-scale	drug	 screen	across	myriad	cancer	histologies,	Ewing
sarcoma	cell	lines	were	found	to	be	uniquely	sensitive	to	the	effects	of	a	PARP	inhibitor.138	Another	study	sought
to	investigate	the	mechanism	of	this	observation.139	They	noted	that	Ewing	sarcoma	cell	 lines	have	evidence	of
increased	DNA	damage,	 an	 effect	 that	 is	 potentiated	 in	 the	presence	of	 a	PARP	 inhibitor.	The	use	of	 a	PARP
inhibitor	together	with	temozolomide	resulted	in	dramatic	preclinical	responses	compared	to	temozolomide	alone
or	the	PARP	inhibitor	alone.	Based	on	these	observations,	a	phase	II	trial	of	olaparib	monotherapy	was	conducted,
without	 evidence	 of	 activity.140	 Other	 trials	 of	 PARP	 inhibitors	 in	 combination	 with	 DNA-damaging
chemotherapy	are	ongoing.

Radiation	Therapy	for	Patients	with	Newly	Diagnosed	Ewing	Sarcoma
Advances	 in	 radiation	 delivery	 and	 target	 definition	 together	with	 improvements	 in	 chemotherapy	 and	 surgery
approaches	 have	 improved	 local	 control	 for	 patients	with	 Ewing	 sarcoma.	However,	 the	 optimal	 local	 control
approach	 remains	 unclear,	 largely	 due	 to	 lack	 of	 prospective	 studies	 that	 compare	 surgery	with	 radiation	 in	 a
randomized	 fashion.	 Instead,	 clinical	 studies	 recommend	 local	 control	 approaches	 commonly	 based	 on	 factors
such	as	 tumor	 size,	 tumor	 location,	 and	 institutional	practices.	Unfortunately,	 these	 same	 factors	 also	 influence
clinical	outcomes,	and	therefore,	in	the	absence	of	adjustment	for	prognostic	factors,	analyses	generally	indicate
that	definitive	radiation	leads	to	higher	rates	of	local	recurrence	and	overall	survival	than	definitive	surgery.	As	a
result,	 controversy	 has	 plagued	 decisions	 regarding	 local	 control	measures	 particularly	 for	 pelvic	 primaries	 for
which	 retrospective	 studies	 have	 indicated	 trends	 toward	 better	 local	 control	 after	 surgery	 compared	 with
radiotherapy	 but	 failed	 to	 reach	 statistical	 significance.	 Such	 studies	 are	 fraught	 with	 selection	 bias	 because
patients	chosen	for	radiotherapy	rather	than	resection	tend	to	be	those	with	larger	tumors	and	less	robust	response
to	chemotherapy.141,142	Nonetheless,	when	feasible,	surgery	is	generally	the	preferred	local	therapy	modality,	and
radiation	 is	 reserved	 for	 patients	 in	 whom	 anticipated	 morbidity	 from	 surgery	 is	 prohibitive.	 This	 leaves
approximately	 20%	 of	 children	 on	 COG	 studies	 receiving	 definitive	 radiation	 and	 15%	 receiving	 adjuvant
radiation	for	primary	tumor	control.

Not	 only	 has	 a	 prospective	 randomized	 trial	 comparing	 surgery	 and	 radiotherapy	 as	 local	 control	 never
occurred,	such	a	study	will	never	take	place.	Thus,	we	are	left	with	interpretation	of	data	collected	for	cohorts	in
which	 local	 control	 decisions	 are	 made	 based	 on	 parameters	 including	 tumor	 location,	 size,	 response	 to
chemotherapy,	patient	age,	and	patient	preference	based	on	expected	morbidity	of	each	procedure.

A	 recent	 study	 undertook	 comparative	 evaluation	 of	 local	 control	 strategies	 in	 localized	 Ewing	 sarcoma	 of
bone	and	used	propensity	scores	to	control	for	differences	among	local	control	groups.	This	was	accomplished	by
constructing	 multivariate	 models	 to	 assess	 the	 impact	 of	 local	 control	 approaches	 on	 clinical	 end	 points,
independent	 of	 differences	 in	 their	 propensity	 to	 receive	 each	 local	 control	 approach.	 The	 cohort	 consisted	 of
patients	 treated	on	three	consecutive	clinical	 trials,	 the	experimental	arm	of	INT-0091	and	the	standard	arms	of
INT-0154	and	AEWS0031,	and	this	approach	allowed	the	investigators	to	analyze	a	cohort	that	not	only	consisted
of	one	of	the	largest	sample	sizes	assessed	to	date	for	local	control	but	also	included	patients	treated	with	similar
chemotherapy	 regimens.	Whereas	mode	 of	 local	 control	was	 not	 associated	with	 differences	 in	 overall	 disease
control	or	overall	survival,	definitive	radiation	was	associated	was	greater	risk	of	local	recurrence.	However,	the
contribution	of	local	failure	to	overall	disease	failure	was	rather	limited,	with	local	failure	as	a	component	of	first
event	 in	 only	 49	 of	 131	 disease	 failures	 and	 only	 25	 isolated	 local	 failures	 seen	 as	 a	 first	 episode	 of	 disease
failure.143



European	 studies	 have	 historically	 favored	 combined-modality	 approaches	 for	 local	 control,	 with	 63%	 of
patients	 treated	on	EICESS-92	 receiving	 combined	 surgery	 and	 radiation,	 19%	 treated	with	 surgery	 alone,	 and
18%	with	radiotherapy	alone.	Impressive	local	control	rates	were	reported,	with	a	local	control	rate	of	95%	when
surgery	was	a	component	of	local	control	compared	with	75%	when	only	radiotherapy	was	used.144	A	dearth	of
reports	describes	 the	durability	of	 local	control	and	 the	 functional	outcome	of	each	approach.	With	a	particular
focus	on	cure	rates,	contemporary	clinical	trials	have	emphasized	event-free	survival	and	overall	survival	as	end
points,	 but	 better	 information	 regarding	 functional	 outcomes	 is	 critical	 to	 informed	 decisions	 regarding	 local
therapy	modality	for	individual	patients.

Although	postoperative	radiation	has	gained	favor	for	patients	receiving	combined-modality	therapy	for	local
control,	consideration	should	be	given	to	preoperative	radiation	for	a	select	group	of	patients	with	Ewing	sarcoma.
For	these	patients,	the	goal	of	preoperative	radiotherapy	is	not	to	allow	an	inoperable	tumor	to	become	operable
because	 the	 data	 for	 this	 approach	 are	 lacking	 for	Ewing	 sarcoma.	Rather,	 in	 patients	 for	whom	 the	 choice	 of
combined-modality	therapy	is	made,	the	rationale	for	preoperative	radiation	lies	primarily	in	reducing	side	effects.
Preoperative	radiation	may	allow	for	smaller	fields,	less	normal	tissue	exposure,	and	perhaps	lower	doses,	as	has
been	reported	for	adults	in	a	prospective,	randomized	study	of	adults	with	soft	tissue	sarcomas.145

Appropriate	uses	of	radiotherapy	for	patients	with	newly	diagnosed	Ewing	sarcoma	include	definitive	radiation
therapy	 for	 unresectable	 tumors	 and	 adjuvant	 radiation	 for	 tumors	 with	 incomplete	 surgical	 resection	 or
intraoperative	spill,	chest	wall	tumors	with	 ipsilateral	pleural-based	secondary	 tumor	nodules	or	positive	pleural
fluid	cytology,	and	pathologically	involved	lymph	nodes.	Patients	with	complete	resections	(R0)	after	neoadjuvant
chemotherapy	with	a	clear	margin	(defined	as	no	viable	tumor	at	the	cut	surface)	should	not	receive	radiotherapy;
there	 are	 some	 subtle	 points	 to	 be	 highlighted.	 These	 guidelines	 incorporate	 not	 only	 the	 traditional	 factor	 of
extent	 of	 surgical	 resection	 but	 also	 the	 parameter	 of	 percentage	 of	 tumor	 necrosis	 more	 commonly	 used	 in
European	protocols.	Thus,	for	resected	tumors	that	have	>90%	necrosis,	if	the	tissue	at	the	margin	is	bland	scar	or
loose	 fibrous	 tissue,	 margin	 status	 should	 be	 considered	 negative	 and	 no	 postoperative	 radiation	 should	 be
administered.	 However,	 if	 inflammatory	 tissue	 or	 coagulative	 tumor	 necrosis	 is	 present	 at	 the	 margin	 (the
cytoarchitecture	of	the	tumor	cells	 is	preserved),	postoperative	radiotherapy	is	required.	In	contradistinction,	for
resected	tumors	with	<90%	necrosis,	the	cut	surface	of	the	resected	tumor	must	be	normal	nonreactive	tissue	in
order	to	be	considered	pathologically	negative	and	radiotherapy	avoided.

Standard	doses	for	postoperative	radiation	consist	of	50.4	Gy	for	microscopic	residual	disease	and	55.8	Gy	for
gross	residual	disease;	for	preoperative	radiation,	complete	surgical	excision	should	be	undertaken	within	2	weeks
of	36	Gy	of	radiation.

One	note	of	caution	is	in	order	for	the	administration	of	radiation	to	patients	with	Ewing	sarcoma.	High-dose
chemotherapy	with	busulfan	and	melphalan	is	now	often	used	for	patients	with	metastatic	disease.	In	late	2003,
the	 pediatric	 oncology	 community	 was	 alerted	 to	 possible	 severe	 complications	 after	 busulfan	 and	melphalan
high-dose	chemotherapy	and	 irradiation	of	 the	 spinal	 cord.146	A	 subsequent	 amendment	 restricted	 the	 radiation
dose	 to	 the	 spinal	cord	 to	30	Gy	after	busulfan	and	melphalan	high-dose	 therapy.	To	add	 to	 these	concerns,	 in
2005,	 reports	 from	 France	 described	 severe	 gastrointestinal	 toxicities	 after	 busulfan	 and	melphalan	 and	 pelvic
radiotherapy.	A	detailed	 analysis	 of	 the	European	Ewing	Tumor	Working	 Initiative	of	National	Groups	Ewing
Tumor	 Studies-99	 study	 showed	 further	 serious	 toxicities	 with	 paraplegias	 and	 bowel	 obstructions	 leading	 to
deaths.147	 However,	 in	 follow-up	 studies	 by	 the	 German	 Society	 for	 Paediatric	 Oncology	 and	 Haematology,
similar	severe	toxicities	were	not	observed.	Although	the	German	group	did	not	confirm	such	severe	toxicities,	it
must	 be	 noted	 that	whereas	 the	median	 follow-up	 for	 gastrointestinal	 side	 effects	was	 longer	 than	 the	 longest
period	 for	 development	 of	 radiation-associated	 bowel	 toxicities	 in	 France,	 the	 median	 follow-up	 for	 spine
toxicities	was	only	7	months,	and	therefore,	caution	must	be	exercised.	These	differing	findings	may	also	be	the
result	 of	 lower	 doses	 and	 smaller	 volumes	 in	 the	 German	 Society	 for	 Paediatric	 Oncology	 and	 Haematology
compared	to	those	used	in	France.	Given	the	critical	role	of	radiotherapy	for	local	control	in	many	patients	with
Ewing	 sarcoma,	 if	 radiation	 is	 anticipated	as	part	of	 a	multimodality	 approach	 to	 local	 control	 in	patients	with
axial	tumor	sites,	consideration	should	be	given	to	avoiding	busulfan	and	melphalan	high-dose	therapy.148

Bone	metastases	in	Ewing	sarcoma	receive	the	same	dose	of	55.8	Gy	as	does	gross	disease	at	the	primary	site.
However,	 these	metastatic	sites	are	often	 treated	at	 the	completion	of	chemotherapy,	months	after	 local	control
measures	because	protracted	external-beam	radiation	to	such	sites	might	include	significant	bone	marrow	volumes
and	ultimately	compromise	the	ability	to	administer	chemotherapy.	Thus,	a	role	has	emerged	for	hypofractionated
stereotactic	body	radiotherapy	(SBRT)	for	bone	metastases.	Safety	of	administration	of	such	large	doses	to	highly
targeted	 volumes	 has	 been	 aided	 by	 improvements	 in	 immobilization	 and	 image	 guidance	 techniques.	 Local
control	 rates	 of	 75%	 to	 90%	have	 been	 achieved	 by	SBRT	 to	 spine	metastases	 using	 18	 to	 30	Gy	 in	 a	 single
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fraction	or	24	to	60	Gy	in	five	fractions.149	In	the	setting	of	metastatic	bone	sarcomas	in	children,	the	advantages
of	SBRT	to	bone	metastases	are	particularly	appealing	because	completion	of	the	radiation	course	in	one	to	five
fractions	 with	 equivalent	 disease	 control	 rates	 as	 conventional	 fractionation	 offers	 the	 added	 advantages	 of
minimizing	interruptions	in	systemic	therapy	and	irradiation	of	smaller	volumes.150	A	recent	retrospective	study
has	 reported	on	 results	 of	SBRT	 for	metastatic	 or	 recurrent	Ewing	 sarcoma	and	osteosarcoma.	Brown	et	 al.151
identified	14	patients	with	27	lesions,	19	osteosarcomas	and	8	Ewing	sarcomas.	Of	these,	21	lesions	were	osseous
and	6	were	pulmonary.	Median	total	dose	was	40	Gy	in	five	fractions.	For	surviving	patients	treated	with	curative
intent,	with	median	follow-up	of	2.0	years	(range,	1.2	to	4.0	years),	estimated	2-year	local	control	was	85%.	Late
toxicities	 included	grade	2	myonecrosis,	grade	2	avascular	necrosis	with	pathologic	fracture,	and	grade	3	sacral
plexopathy.151	 This	 series	 helped	 propel	 a	more	 comprehensive	 approach	within	 a	COG	 trial	 that	 assesses	 the
feasibility	 and	 efficacy	of	 administering	SBRT	 to	patients	with	metastatic	Ewing	 sarcoma	using	40	Gy	 in	 five
fractions.

Systemic	Therapies	for	Osteosarcoma

Chemotherapy	for	Patients	with	Newly	Diagnosed	Osteosarcoma
Chemotherapy	 plays	 little	 role	 in	 the	 management	 of	 patients	 with	 low-grade	 or	 surface	 osteosarcoma.
Historically,	there	was	controversy	about	the	role	of	chemotherapy	in	the	management	of	patients	with	high-grade
osteosarcoma.	In	light	of	this	controversy,	the	Multi-Institutional	Osteosarcoma	Study	(MIOS)	was	conducted.152
Patients	 with	 newly	 diagnosed	 localized	 extremity	 high-grade	 osteosarcoma	 were	 randomized	 after	 complete
surgical	 resection	 to	 observation	 or	 to	 adjuvant	 chemotherapy.	 Chemotherapy	 consisted	 of	 45	 weeks	 of
combination	 therapy	 including	 bleomycin,	 cyclophosphamide,	 and	 dactinomycin	 (BCD)	 cycles;	 high-dose
methotrexate	cycles	targeted	to	achieve	1,000	μM	peak	concentration;	and	cisplatin-doxorubicin	cycles.	Thirty-six
eligible	 patients	 were	 randomized.	 Of	 the	 18	 patients	 randomized	 to	 adjuvant	 chemotherapy,	 6	 (33.3%)
experienced	recurrence.	Of	the	18	patients	randomized	to	observation,	15	(83.3%)	experienced	recurrence,	and	2
of	the	3	patients	in	this	group	who	did	not	experience	recurrence	did	not	accept	the	outcome	of	the	randomization
and	were	treated	with	adjuvant	chemotherapy.	At	2	years	from	randomization,	66%	of	the	patients	randomized	to
receive	 adjuvant	 chemotherapy	 were	 relapse	 free	 compared	 with	 only	 17%	 of	 the	 patients	 randomized	 to
observation.	 These	 results	 confirmed	 the	 significant	 impact	 of	 chemotherapy	 on	 outcomes	 of	 high-grade
osteosarcoma,	and	this	trial	established	a	new	standard	of	care	for	this	disease.

The	 positive	 findings	 from	 the	MIOS	 trial	 led	 to	 a	 number	 of	 subsequent	 trials	 designed	 to	 determine	 the
optimal	timing	and	type	of	chemotherapy.	One	trial	compared	adjuvant	to	neoadjuvant	chemotherapy.153	 In	 this
trial	(POG-8651),	patients	with	newly	diagnosed	localized	resectable	high-grade	osteosarcoma	were	randomized
at	 study	 entry	 to	 undergo	 immediate	 surgical	 resection	 followed	 by	 42	weeks	 of	 adjuvant	 chemotherapy	 or	 to
receive	 10	 weeks	 of	 neoadjuvant	 chemotherapy	 followed	 by	 surgery	 and	 then	 32	 weeks	 of	 adjuvant
chemotherapy.	Aside	from	the	difference	in	timing	of	surgical	resection,	all	patients	received	the	same	42	weeks
of	 chemotherapy	 using	 a	 similar	 regimen	 to	 that	 used	 in	 the	MIOS	 trial.	A	 total	 of	 100	 eligible	 patients	were
randomized.	Overall	survival,	event-free	survival,	and	rates	of	limb	salvage	surgery	were	similar	between	the	two
arms	of	the	trial,	demonstrating	that	timing	of	surgical	resection	did	not	impact	outcomes.	With	these	results,	the
use	of	neoadjuvant	chemotherapy	became	more	widespread	because	this	approach	allows	more	time	for	surgical
planning	and	also	allows	one	to	assess	the	extent	of	histologic	necrosis	in	response	to	neoadjuvant	chemotherapy.

Two	older	trials	sought	to	clarify	the	role	and	optimal	dosing	of	methotrexate	in	patients	with	newly	diagnosed
localized	osteosarcoma.	In	an	Italian	trial,	patients	were	randomized	to	receive	methotrexate	200	mg/m2	or	2	g/m2

as	a	component	of	multiagent	adjuvant	chemotherapy.154	Outcomes	were	equivalent	between	the	two	groups.	The
United	Kingdom	Children’s	Cancer	Study	Group	 conducted	 a	 similar	 trial,	 although	 the	doses	of	methotrexate
under	investigation	were	690	mg/m2	or	7.5	g/m2.155	Outcomes	were	again	similar	between	the	randomized	groups,
suggesting	 either	 that	 methotrexate	 does	 not	 contribute	 to	 disease	 control	 in	 osteosarcoma	 or	 that	 lower	 dose
methotrexate	is	adequate	for	efficacy	of	this	agent.

A	 series	 of	 trials	 from	 the	 German/Austrian/Swiss	 Cooperative	 Osteosarcoma	 Study	 Group	 (COSS)	 has
clarified	the	use	of	cisplatin	and	doxorubicin	in	osteosarcoma.	In	the	COSS-80	trial,	patients	were	randomized	to
chemotherapy	with	 doxorubicin	 and	methotrexate	 in	 all	 patients	 and	 either	 cisplatin	 or	 BCD.	 Outcomes	 were
similar	between	arms.156	 In	 the	COSS-82	 trial,	 patients	were	 randomized	 to	 receive	BCD	 and	methotrexate	 or
doxorubicin-cisplatin	and	methotrexate.157	Patients	with	good	histologic	response	at	the	time	of	surgery	continued
to	 receive	 that	 same	 chemotherapy,	 whereas	 patients	 with	 poor	 histologic	 response	 received	 different	 salvage



regimens.	 A	 total	 of	 125	 evaluable	 patients	 were	 randomized.	 Patients	 randomized	 to	 the	 BCD	 arm	 with	 no
doxorubicin	or	cisplatin	in	the	neoadjuvant	setting	had	significantly	inferior	metastasis-free	survival,	even	though
these	patients	with	poor	histologic	response	received	doxorubicin	and	cisplatin	in	the	adjuvant	setting.	Together
with	 the	 results	 of	 COSS-82,	 these	 findings	 highlighted	 the	 importance	 of	 early	 doxorubicin	 treatment	 in	 the
management	of	osteosarcoma.

The	 European	 Osteosarcoma	 Intergroup	 completed	 a	 randomized	 trial	 to	 assess	 the	 role	 of	 high-dose
methotrexate	in	patients	with	newly	diagnosed	localized	extremity	osteosarcoma.158	Patients	were	randomized	at
study	entry	to	chemotherapy	with	six	cycles	of	doxorubicin	and	cisplatin	or	to	that	same	regimen	plus	a	dose	of
high-dose	 methotrexate	 given	 10	 days	 before	 each	 cycle	 of	 doxorubicin	 and	 cisplatin.	 Surgical	 resection	 was
planned	at	the	same	time	in	both	arms	of	the	trial	such	that	patients	receiving	doxorubicin	and	cisplatin	had	time
to	 receive	 three	 cycles	 before	 surgery,	whereas	 patients	 receiving	methotrexate	 had	 time	 to	 receive	 two	 cycles
before	surgery.	Ninety-nine	patients	were	randomized	to	each	arm	of	the	trial.	Disease-free	survival	was	superior
for	patients	randomized	to	doxorubicin	and	cisplatin	(57%	at	5	years	compared	to	41%	for	patients	randomized	to
also	 receive	methotrexate).	Because	all	patients	 received	 the	same	planned	cumulative	dose	of	doxorubicin	and
cisplatin,	 these	 results	 highlighted	 the	 importance	 of	 dose	 intensity	 of	 these	 agents	 in	 the	 treatment	 of
osteosarcoma.	Moreover,	these	results	called	into	question	the	role	of	methotrexate,	although	the	dose	used	in	this
trial	was	lower	than	that	used	in	more	recent	trials	(8	versus	12	g/m2,	respectively).

The	 European	 Osteosarcoma	 Intergroup	 conducted	 another	 randomized	 trial	 comparing	 six	 cycles	 of
doxorubicin	and	cisplatin	to	a	chemotherapy	regimen	similar	to	that	used	in	the	MIOS	trial.159	Patients	with	newly
diagnosed	 localized	 resectable	 osteosarcoma	 were	 eligible,	 and	 391	 eligible	 patients	 were	 randomized.	 The
proportion	 of	 patients	 with	 a	 good	 histologic	 response	 to	 neoadjuvant	 chemotherapy	 was	 similar	 between
randomized	 groups.	 Progression-free	 and	 overall	 survival	 estimates	were	 nearly	 identical	 between	 randomized
groups.	Based	on	these	findings,	the	group	concluded	that	the	shorter	regimen	with	doxorubicin	and	cisplatin	is
preferable	to	the	more	complicated	and	longer	regimen	used	in	the	MIOS	trial.	These	results	called	into	question
the	role	of	the	BCD	regimen	used	in	the	MIOS	trial,	which	has	now	largely	been	abandoned.

This	 group	 conducted	 a	 subsequent	 trial	 evaluating	 interval	 compression	 to	 dose	 intensify	 the	 doxorubicin-
cisplatin	regimen.160	Patients	with	newly	diagnosed	localized	osteosarcoma	were	randomized	to	receive	six	cycles
of	doxorubicin-cisplatin	administered	either	every	3	weeks	or	every	2	weeks.	Surgical	resection	occurred	after	two
cycles	 in	 the	every-3-week	arm	and	after	 three	cycles	 in	 the	every-2-week	arm.	A	total	of	497	eligible	patients
were	 randomized.	 Patients	 in	 the	 every-2-week	 arm	 had	 a	 higher	 likelihood	 of	 achieving	 a	 good	 histologic
response,	although	they	had	also	received	an	additional	cycle	of	neoadjuvant	chemotherapy.	Overall	survival	and
progression-free	 survival	 were	 similar	 between	 groups,	 indicating	 that	 dose	 intensification	 by	 interval
compression	did	not	improve	outcomes	in	this	setting.

Based	on	promising	results	in	patients	with	recurrent	osteosarcoma	(see	the	following	text),	another	series	of
trials	has	evaluated	the	role	of	ifosfamide	or	IE	in	the	treatment	of	patients	with	osteosarcoma.	POG	conducted	a
trial	in	patients	with	newly	diagnosed	metastatic	osteosarcoma	in	which	all	patients	received	a	window	of	therapy
with	two	cycles	of	high-dose	ifosfamide	(12	g/m2	per	cycle)	before	surgical	resection.161	Patients	 then	 received
adjuvant	therapy	with	high-dose	methotrexate,	doxorubicin-cisplatin,	and	additional	high-dose	ifosfamide.	Of	27
patients	with	 response-evaluable	disease,	8	patients	 (30%)	had	an	objective	 radiographic	 response	after	 the	 two
cycles	 of	 window	 therapy.	 These	 results	 suggested	 that	 single-agent	 ifosfamide	 is	 an	 active	 regimen	 in	 this
disease.

The	Italian	Sarcoma	Group	conducted	a	randomized	trial	evaluating	the	role	of	ifosfamide	both	in	neoadjuvant
and	adjuvant	phases	of	therapy.162	Patients	with	localized	osteosarcoma	were	randomized	to	receive	methotrexate,
cisplatin,	and	doxorubicin	(MAP)	with	or	without	ifosfamide	preoperatively.	Patients	randomized	to	not	receive
ifosfamide	preoperatively	could	have	ifosfamide	added	postoperatively	if	they	had	a	poor	histologic	response	to
neoadjuvant	chemotherapy	without	ifosfamide.	Of	246	randomized	patients,	the	proportion	of	patients	with	a	good
histologic	 response	 and	 event-free	 survival	 were	 similar	 between	 randomized	 groups.	 Given	 increased
hematologic	toxicity	associated	with	the	ifosfamide	arm,	the	authors	concluded	that	ifosfamide	should	be	reserved
for	the	adjuvant	setting	in	patients	with	poor	histologic	response	to	neoadjuvant	therapy	without	ifosfamide.

North	American	 Intergroup	 study	 INT-0133	was	a	 randomized	phase	 III	 trial	 that	 included	a	comparison	of
patients	treated	with	high-dose	MAP	chemotherapy	or	MAP	plus	ifosfamide	(9	g/m2	per	course).163	A	total	of	677
patients	 with	 newly	 diagnosed	 localized	 osteosarcoma	 were	 randomized.	 Although	 the	 initial	 analysis	 of	 this
randomization	 was	 complicated	 by	 a	 statistical	 interaction	 in	 the	 factorial	 design	 (described	 subsequently),	 a
subsequent	analysis	with	longer	follow-up	determined	that	the	addition	of	ifosfamide	to	MAP	chemotherapy	did
not	impact	the	event-free	or	overall	survival.164
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The	POG	conducted	a	 trial	 for	patients	with	newly	diagnosed	metastatic	osteosarcoma	 in	which	all	 patients
received	two	courses	of	IE	before	surgical	resection	of	the	primary	tumor.165	The	overall	response	rate	after	two
courses	of	IE	was	59%.	This	study	design	allowed	histologic	response	of	the	primary	tumor	to	be	assessed,	with
65%	of	patients	having	at	least	90%	tumor	necrosis	after	two	cycles	of	IE.

The	 French	 Society	 of	 Pediatric	 Oncology	 OS94	 trial	 sought	 to	 determine	 whether	 doxorubicin	 could	 be
replaced	 by	 IE	 in	 the	management	 of	 patients	 with	 newly	 diagnosed	 localized	 osteosarcoma.166	 Patients	were
randomized	at	study	entry	to	receive	neoadjuvant	chemotherapy	with	high-dose	methotrexate	in	all	patients	and
either	doxorubicin	or	IE.	Adjuvant	therapy	was	determined	by	histologic	response	to	neoadjuvant	chemotherapy.
The	primary	end	point	was	histologic	necrosis	at	the	time	of	surgery.	Among	234	evaluable	patients,	there	was	a
significantly	higher	rate	of	good	histologic	necrosis	in	patients	randomized	to	IE	compared	to	doxorubicin.	These
results	demonstrate	the	activity	of	IE	in	this	setting,	although	they	must	be	viewed	in	light	of	the	fact	that	patients
in	the	comparator	arm	received	doxorubicin	without	cisplatin.

The	European-American	Osteosarcoma	Study	1	sought	to	clarify	further	the	role	of	IE	in	patients	with	newly
diagnosed	 resectable	 osteosarcoma.	 All	 patients	 received	 neoadjuvant	 chemotherapy	 with	 MAP,	 which	 has
become	 a	 consensus	 standard	 neoadjuvant	 chemotherapy	 regimen	 for	 patients	 with	 newly	 diagnosed
osteosarcoma.	 Patients	 with	 a	 good	 histologic	 response	 (<10%	 viable	 tumor)	 were	 eligible	 for	 randomization
evaluating	the	role	of	adjuvant	interferon	(see	the	following	text).	Patients	without	a	good	histologic	response	to
neoadjuvant	 chemotherapy	 (≥10%	 viable	 tumor)	 were	 eligible	 to	 be	 randomized	 to	 receive	 ongoing	 adjuvant
chemotherapy	with	MAP	or	 to	receive	ongoing	adjuvant	chemotherapy	with	MAP	with	 the	addition	of	 IE.	The
addition	of	IE	did	not	improve	outcomes	compared	to	ongoing	MAP	chemotherapy.167

Chemotherapy	for	Patients	with	Recurrent	Osteosarcoma
Surgical	 resection	of	sites	of	 recurrent	disease	 remains	a	cornerstone	of	curative	 therapy	at	 the	 time	of	 relapse.
Chemotherapy	options	are	limited	for	patients	with	recurrent	osteosarcoma.	The	combination	of	IE	appears	to	be
one	 of	 the	most	 active	 regimens	 for	 this	 population.	 For	 example,	 an	 initial	 phase	 II	 trial	 of	 this	 combination
included	 eight	 patients	with	 recurrent	 osteosarcoma,	 three	 of	whom	had	 an	 objective	 response.168	A	 follow-up
phase	II	trial	from	the	French	Society	of	Pediatric	Oncology	demonstrated	a	48%	response	rate	with	this	regimen
in	a	population	that	included	largely	patients	with	first	recurrent	disease.169

The	 combination	 of	 gemcitabine	 and	 docetaxel	 has	 also	 been	 investigated	 for	 patients	 with	 recurrent
osteosarcoma.	 Single-	 institution	 case	 series	 have	 suggested	 some	 activity	 in	 this	 setting,	mainly	with	 disease
stabilization,95,97	 although	 one	 group	 reported	 objective	 responses	 in	 3	 of	 10	 patients	 with	 recurrent
osteosarcoma.94	Based	 in	part	on	 these	 findings,	 two	phase	 II	 trials	have	been	conducted.96,170	Sixteen	patients
with	recurrent	osteosarcoma	were	enrolled	across	both	trials,	and	only	2	patients	had	objective	responses	(partial
response	in	both).	These	findings	indicate	that	this	regimen	has	only	modest	activity	in	this	setting.

Novel	Agents	for	Patients	with	Osteosarcoma
Multiple	 groups	 have	 attempted	 to	 improve	outcomes	 for	 patients	with	 advanced	osteosarcoma	by	using	novel
agents.	A	subgroup	of	trials	has	targeted	antigens	that	are	overexpressed	in	some	osteosarcomas.	Based	on	reports
of	overexpression	of	human	epidermal	growth	factor	receptor	2	(HER2)	in	a	subset	of	osteosarcomas,	the	COG
conducted	a	phase	II	trial	of	trastuzumab	together	with	intensive	chemotherapy	for	patients	with	newly	diagnosed
HER2-	 expressing	 metastatic	 osteosarcoma.171	 A	 total	 of	 41	 patients	 with	 HER2-expressing	 tumors	 were
nonrandomly	assigned	 to	 receive	 trastuzumab	plus	chemotherapy,	and	55	patients	with	HER2-	negative	 tumors
were	nonrandomly	assigned	to	receive	chemotherapy.	Event-free	survival	at	30	months	was	32%	in	both	cohorts,
suggesting	little	benefit	from	the	addition	of	trastuzumab.

Osteosarcomas	 commonly	 express	 cell	 surface	 disialoganglioside	 GD2.172	 As	 such,	 patients	 with	 advanced
osteosarcoma	have	 been	 included	 in	 clinical	 trials	 of	 therapeutic	monoclonal	 antibodies	 targeting	GD2.	 In	 one
phase	I	 trial	of	a	murine	monoclonal	antibody,	one	of	two	patients	with	osteosarcoma	had	a	mixed	response.173
Given	high	rates	of	human	antimouse	antibodies	after	receipt	of	the	murine	monoclonal	antibody,	a	chimeric	anti-
GD2	 antibody	 was	 generated	 and	 tested	 in	 a	 phase	 I	 trial.174	 One	 patient	 with	 osteosarcoma	 was	 treated	 and
showed	clinical	evidence	of	disease	stabilization,	although	the	patient	ultimately	experience	disease	progression.
Based	on	 these	 suggestions	of	 clinical	 activity	 in	 osteosarcoma,	 several	 trials	 of	 anti-GD2	antibody	 in	patients
with	advanced	osteosarcoma	are	ongoing.

Another	group	of	trials	has	attempted	to	increase	immune	clearance	of	microscopic	osteosarcoma	cells.	The	use
of	 muramyl	 tripeptide	 phosphatidylethanolamine	 (MTP-PE)	 to	 stimulate	 antitumor	 macrophages	 has	 been



intensely	 studied	 in	 osteosarcoma.	 In	 an	 initial	 phase	 II	 trial,	 patients	 with	 recurrent	 or	 persistent	 pulmonary
metastatic	 disease	 underwent	 surgical	 resection	 and	 then	 received	 adjuvant	MTP-PE.175	 Compared	 to	 historic
controls	treated	with	adjuvant	chemotherapy,	24	weeks	of	MTP-PE	prolonged	progression-free	survival	from	4.5
to	9	months.

These	 findings	 stimulated	 the	 development	 of	 a	 randomized	 phase	 III	 clinical	 trial	 of	 the	 role	 of	MTP-PE.
North	American	 Intergroup	Study	 INT-0133	 included	 677	 patients	with	 localized	 osteosarcoma	 randomized	 to
one	of	four	treatment	arms,	including	two	arms	that	included	36	weeks	of	adjuvant	MTP-PE	given	together	with
adjuvant	 chemotherapy.163	 Interpretation	 of	 this	 trial	 is	 complicated	 by	 the	 factorial	 trial	 design	 and	 by	 the
presence	 of	 an	 interaction	 between	 the	 ifosfamide	 randomization	 (described	 previously)	 and	 the	 MTP-PE
randomization.	 Specifically,	 MTP-PE	 appeared	 to	 prolong	 event-free	 survival	 only	 among	 patients	 also
randomized	to	receive	ifosfamide.	Post	hoc	analysis	of	the	trial	with	additional	follow-up	was	performed.	These
analyses	 showed	 a	 trend	 toward	 prolonged	 event-free	 survival	 as	 well	 as	 a	 statistically	 significant	 increase	 in
overall	survival	among	patients	randomized	to	receive	MTP-PE.164	This	result	was	independent	of	the	results	of
the	 ifosfamide	randomization.	 INT-0133	also	 included	a	much	smaller	cohort	of	patients	with	newly	diagnosed
metastatic	osteosarcoma.	Patients	 randomized	 to	 receive	MTP-PE	had	 improved	event-free	and	overall	 survival
rates,	although	this	portion	of	the	trial	was	not	powered	to	detect	statistically	significant	differences	in	outcomes
between	randomized	arms.176	Based	in	part	on	the	findings	from	INT-0133,	MTP-PE	obtained	regulatory	approval
in	Europe	for	patients	with	osteosarcoma,	although	it	is	not	used	in	North	America.

In	addition	to	MTP-PE,	interferon	has	been	studied	as	an	immune	strategy	to	reduce	the	risk	of	recurrence	due
to	microscopic	 residual	 disease.	 Early	 results	 from	 Sweden	 demonstrated	 favorable	 outcomes	 in	 patients	 who
received	 interferon	as	an	adjuvant	 therapy	following	surgical	 resection	of	osteosarcoma,	even	 in	 the	absence	of
chemotherapy.177	 The	 COSS-80	 study	 included	 a	 randomization	 in	which	 patients	 received	 or	 did	 not	 receive
interferon	 in	 combination	with	multiagent	 chemotherapy.156	 There	 was	 no	 difference	 in	 outcome	 according	 to
randomized	assignment.	Given	the	results	of	the	Swedish	experience	and	concerns	that	interferon	combined	with
chemotherapy	 may	 blunt	 the	 immunostimulatory	 effects	 of	 interferon,	 the	 European-American	 Osteosarcoma
Study	1	trial	included	another	randomized	assessment	of	the	role	of	interferon	in	patients	with	newly	diagnosed
resectable	osteosarcoma.	Patients	with	a	good	histologic	response	to	neoadjuvant	chemotherapy	were	randomized
to	 receive	 or	 not	 receive	 weekly	 pegylated	 interferon-α2b	 after	 the	 completion	 of	 all	 planned	 chemotherapy.
Event-free	 survival	was	 not	 statistically	 significantly	 different	 for	 patients	 randomized	 to	 interferon,	 indicating
that	 adjuvant	 interferon	 does	 not	 improve	 outcomes	 in	 patients	 with	 a	 good	 response	 to	 neoadjuvant
chemotherapy.178

A	 large	 body	 of	 preclinical	 data	 demonstrates	 that	 bisphosphonates	 have	 direct	 antitumor	 activity	 in
osteosarcoma.179	Two	studies	have	investigated	the	safety	of	adding	a	bisphosphonate	to	standard	chemotherapy
regimens	used	in	the	treatment	of	osteosarcoma.	In	one	study,	monthly	pamidronate	was	administered	along	with
methotrexate,	 doxorubicin,	 and	 cisplatin.180	 The	 toxicity	 profile	 was	 similar	 to	 the	 expected	 toxicity	 profile
associated	 with	 the	 chemotherapy	 backbone,	 and	 an	 increased	 incidence	 of	 complications	 associated	 with
endoprostheses	was	not	observed.	In	the	second	study,	zoledronic	acid	was	administered	every	4	to	6	weeks	along
with	a	chemotherapy	backbone	 that	 included	methotrexate,	doxorubicin,	cisplatin,	 ifosfamide,	and	etoposide.181
Zoledronic	acid	at	standard	doses	was	tolerable	together	with	this	intensive	backbone.	A	French	randomized	phase
III	 trial	 compared	 outcomes	 for	 patients	 randomized	 to	 treatment	 with	 chemotherapy	 and	 surgery	 to	 patients
randomized	to	treatment	with	chemotherapy,	surgery,	and	zoledronic	acid.	This	trial	was	stopped	early	for	futility,
indicating	that	the	addition	of	zoledronic	acid	does	not	improve	outcomes	in	this	context.182

The	Italian	Sarcoma	Group	conducted	a	phase	II	trial	of	the	multitargeted	tyrosine	kinase	inhibitor	sorafenib	in
patients	 with	 recurrent	 osteosarcoma.183	 Thirty-five	 patients	 older	 than	 14	 years	 old	 enrolled	 and	 received
sorafenib	 400	 mg	 orally	 twice	 daily.	 Three	 patients	 (8%)	 had	 confirmed	 partial	 responses.	 The	 4-month
progression-free	 survival	 rate	 was	 46%,	 suggesting	 a	 degree	 of	 clinical	 benefit	 even	 in	 patients	 without	 an
objective	radiographic	response.

The	lung	is	the	most	common	site	of	failure	in	patients	with	osteosarcoma.	Therefore,	strategies	to	reduce	the
risk	 of	 pulmonary	 relapse	 are	 a	 high	 priority	 in	 this	 disease.	At	 least	 two	 trials	 have	 investigated	 inhalational
therapies	specifically	to	target	pulmonary	disease	in	osteosarcoma.	The	COG	conducted	a	phase	II	trial	of	inhaled
granulocyte-macrophage	 colony-stimulating	 factor	 (GM-CSF).184	 Forty-three	 patients	 with	 first	 pulmonary
relapse	 of	 osteosarcoma	 were	 treated	 with	 inhaled	 GM-CSF	 twice	 daily	 on	 alternating	 weeks.	 In	 a	 subset	 of
patients	 who	 had	 not	 yet	 undergone	 resection	 of	 recurrent	 disease,	 staged	 bilateral	 thoracotomy	 allowed
assessment	of	the	biologic	effects	of	inhaled	GM-CSF.	Inhaled	GM-CSF	did	not	result	in	significant	recruitment
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of	dendritic	cells	to	lung	metastases	and	did	not	appear	to	improve	event-free	survival.	Another	trial	investigated
inhaled	 cisplatin	 for	 patients	 with	 relapsed	 osteosarcoma.185	 Nineteen	 patients	 with	 advanced	 osteosarcoma
involving	 the	 lung	 received	 inhaled	 cisplatin	 every	 2	 weeks.	 This	 therapy	 appeared	 tolerable,	 with	 limited
systemic	toxicities.	One	patient	had	a	confirmed	partial	response,	and	evaluation	of	inhaled	cisplatin	is	ongoing	as
adjuvant	 therapy	 in	 patients	 with	 recurrent	 pulmonary	 metastatic	 disease	 that	 has	 been	 completely	 resected
(NCT01650090).

Eight	patients	with	advanced	osteosarcoma	were	enrolled	 in	a	phase	 I	 trial	of	pediatric	patients	 treated	with
escalating	doses	of	the	immune	checkpoint	inhibitor	ipilimumab.186	Six	of	33	 total	patients	enrolled	on	the	 trial
were	observed	to	have	stable	disease	after	4	to	10	cycles;	among	these	6	patients	were	patients	with	osteosarcoma.
Survival	 in	 the	entire	 cohort	was	 improved	 in	patients	 experiencing	 immune-related	adverse	events.	Additional
experience	with	programmed	cell	death	protein	1	(PD-1)	inhibition	is	emerging,	although	early	evidence	suggests
only	modest	activity	in	osteosarcoma.187

Radiotherapy	for	Patients	with	Osteosarcoma
The	mainstay	of	therapy	for	osteosarcoma	has	historically	omitted	radiation	because	osteosarcomas	were	thought
to	 be	 radioresistant.188	 However,	 surgery	 and	 chemotherapy	 lead	 to	 suboptimal	 local	 control	 in	 challenging
disease	sites	such	as	the	spine	and	pelvis.	Relatively	low	doses	of	30	to	56	Gy	for	spine	osteosarcomas	and	56	to
68	Gy	 for	 pelvic	 disease	 yielded	very	 disappointing	 local	 control	 rates	 of	<20%	 in	 the	 few	patients	who	were
irradiated	in	the	Cooperative	Osteosarcoma	Study	Group.189,190	However,	when	higher	radiation	doses	are	used,
better	local	control	rates	are	achieved	for	unresectable	or	marginally	resectable	tumors.	Doses	of	60	Gy,	in	2.5-	to
3-Gy	once-daily	fractions	or	1.25-	to	1.5-Gy	twice-daily	fractions,	resulted	in	local	control	of	60%	in	patients	with
unresectable	osteosarcoma.191	The	role	of	particle	radiotherapy	for	the	treatment	of	unresectable	or	incompletely
resected	 disease	 is	 promising	 as	 well.	 Kamada	 et	 al.192	 reported	 local	 control	 rates	 of	 >70%	 in	 patients	 with
unresected	 osteosarcoma	 treated	 with	 carbon	 ions.	 Ciernik	 et	 al.193	 reported	 on	 the	 Massachusetts	 General
Hospital	experience	of	55	patients	 treated	with	a	mean	dose	of	68.4	Gy	(standard	deviation,	5.4	Gy)	for	whom
58.2%	(range,	11%	to	100%)	of	the	dose	was	delivered	using	protons.	Five-year	local	control	was	72%,	and	5-
year	overall	survival	was	67%.	Grade	3	to	4	late	toxicities	were	seen	in	30.1%	of	patients,	and	two	patients	died	of
treatment-related	 second	 malignancies.193	 Thus	 with	 careful	 planning	 and	 respect	 for	 radiation	 tolerance	 of
adjacent	 normal	 structures,	 radiation	 therapy	 can	 contribute	 to	 favorable	 clinical	 outcomes	 in	 patients	 with
unresectable	or	marginally	resectable	osteosarcoma.

Surgical	Therapies	for	Local	Control	of	Sarcomas	of	Bone
The	 aforementioned	 review	 of	 systemic	 chemotherapeutic	 and	 local	 radiotherapeutic	 management	 options	 for
bone	sarcomas	is	necessarily	directed	toward	the	pediatric	population	because	this	is	the	most	commonly	affected
population.	However,	the	same	principles	can	and	should	be	applied	to	adults	with	Ewing	sarcoma,	intermediate-
to	high-grade	osteosarcoma,	and	high-grade	and	dedifferentiated	chondrosarcomas.194,195	Especially	for	patients
younger	than	age	65	years	old	who	are	in	good	cardiac	health,	neoadjuvant	chemotherapy	offers	several	potential
advantages,	 including	 (1)	 immediate	 treatment	 not	 only	 of	 presumed	 “micrometastatic	 disease”	 but	 also	 of	 the
primary	tumor,	to	make	local	control	easier	and/or	safer;	(2)	time	for	the	patient	and	family	to	plan	and	consider
various	 limb	 salvage	 versus	 amputation	 options;	 and	 (3)	 the	 opportunity	 to	 assess	 histologic	 response	 to
chemotherapy,	 to	 guide	 adjuvant	 treatment.	 For	 patients	 with	 lower	 grade	 chondrosarcoma	 and	 osteosarcoma
lesions,	however,	treatment	usually	consists	of	surgery	only.

Surgery	for	Patients	with	Low-	to	Intermediate-Grade	Chondrosarcoma	and
Osteosarcoma
Enchondromas,	 sometimes	 referred	 to	 as	 low-grade	 cartilaginous	 neoplasms,	 are	 benign	 bone	 tumors	 that	 are
exceedingly	common,	occurring	 in	perhaps	as	much	as	1%	of	 the	population.	The	distal	 femoral	 and	proximal
humeral	metaphyseal	 regions	are	 commonly	affected,	 and	patients	with	periarticular	pain	are	often	 referred	 for
orthopedic	 oncologic	 evaluation.	 In	 the	 vast	 majority	 of	 cases,	 the	 cartilage	 lesions	 are	 not	 thought	 to	 be	 the
source	 of	 discomfort,	 and	 these	 lesions	 can	 be	 safely	 followed	 clinically	 and	 radiographically.196	 Subsequent
imaging	that	shows	increased	plain	radiographic	lucency,	especially	if	coupled	with	cortical	breakthrough	on	MRI
scan,	would	raise	concern	that	could	prompt	surgery.	The	histologic	distinctions	between	a	benign	enchondroma,
an	 atypical	 cartilaginous	 neoplasm,	 and	 a	 low-grade	 chondrosarcoma	 are	 notoriously	 difficult	 to	 establish,	 but



>20%	myxoid	material	and	bone	permeation	are	thought	to	be	in	keeping	with	a	diagnosis	of	chondrosarcoma.197
When	 this	 diagnosis	 is	 suspected,	 a	 PET/CT	 scan,	 a	 preoperative	 image-guided	 biopsy,	 and	 an	 intraoperative
frozen	section	can	be	of	assistance	in	guiding	treatment.	Localized	intraosseous	grade	1	chondrosarcoma	lesions
can	be	safely	and	effectively	treated	with	aggressive	curettage,	burring,	and	adjuvant	application	(e.g.,	hydrogen
peroxide	washing	and	argon	beam	coagulation)	prior	 to	cement	packing	 (Fig.	89.4).	By	 contrast,	most	 grade	 2
chondrosarcoma	lesions	are	treated,	where	possible,	with	resection	and	reconstruction	(Fig.	89.5).198

Low-grade	osteosarcoma	lesions	include	central	and	juxtacortical	(both	parosteal	and	periosteal)	forms.	Local
control	is	accomplished	with	wide	resection	with	negative	margins;	reconstruction	can	generally	be	accomplished
by	 allografts	 secured	 with	 internal	 fixation41	 or	 with	 endoprostheses.	 The	 treatment	 of	 grade	 2	 periosteal
chondroblastic	osteosarcomas,	which	often	involve	the	anterior	tibial	shaft,	is	controversial	as	far	as	chemotherapy
is	concerned.42,199,200	 Surgery	 consists	 of	wide	 resection	 and	 reconstruction	 if	 possible,	 although	 amputation	 is
sometimes	necessary	for	distal	lesions	(Fig.	89.6).

Surgery	for	Patients	with	High-Grade	Sarcomas	of	Bone
A	comparative	study	of	 local	control	strategies	 in	 localized	Ewing	sarcoma	of	bone	showed	 that	mode	of	 local
control	(surgery	versus	radiation	therapy)	was	not	related	significantly	to	event-free	survival,	overall	survival,	or
distant	failure;	however,	the	risk	of	local	failure	was	greater	for	radiation	compared	with	surgery.143	Thus,	many
patients	 with	 Ewing	 sarcoma,	 particularly	 extremity	 lesions,	 will	 undergo	 surgical	 resection;	 if	 margins	 are
negative,	adjuvant	radiation	can	be	avoided,	thus	minimizing	the	complications	of	growth	arrest,	deformity,	skin
and	 soft	 tissue	 induration,	 lymphedema,	 arthrofibrosis,	 osteonecrosis,	 fracture,	 and	 secondary	 malignancy.	 In
general,	 then,	 surgical	 local	 control	 measures	 for	 patients	 with	 high-grade	 sarcomas	 of	 bone,	 whether	 Ewing
sarcoma,	chondrosarcoma	(grade	3,	dedifferentiated,	mesenchymal,	and	clear	cell),	osteosarcoma	(conventional,
telangiectatic,	 small	 cell,	 and	 high-grade	 surface),	 or	 other	 subtypes	 (fibrosarcoma,	 angiosarcoma,
leiomyosarcoma,	and	undifferentiated	pleomorphic),	 can	be	considered	 together.	 In	many	 respects,	 the	ultimate
recommendation	of	a	particular	surgical	control	option	rests	less	on	histologic	subtype	of	high-grade	sarcoma	than
on	a	host	of	other	factors,	including	patient	age,	disease	stage,	anatomic	location,	expected	response	to	induction
therapy,	 and	 patient	 or	 family	 socioeconomic	 and	 cultural	 factors	 as	 well	 as	 capabilities	 and	 biases	 of	 the
treatment	 team.	 Thus,	 surgical	 local	 control	 planning	 for	 each	 high-grade	 bone	 sarcoma	 patient	 must	 be
individualized.
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Figure	89.4	A:	A	53-year-old	woman	presented	with	a	rather	subtle	plain	radiographic	finding	of	a
proximal	humeral	metaphyseal	lucency	after	an	area	of	uptake	was	noted	on	a	screening	bone	scan
obtained	for	her	history	of	breast	cancer.	B:	A	T2-weighted	axial	image	showed	near-perforation	of

the	lateral	proximal	humeral	cortex	by	a	multilobulated	cartilage	tumor.	Her	computed
tomography–guided	needle	and	final	pathology	were	consistent	with	the	diagnosis	of	an	atypical
cartilaginous	neoplasm/low-grade	chondrosarcoma,	and	she	underwent	aggressive	intralesional

treatment	consisting	of	curettage,	burring,	hydrogen	peroxide	application,	and	cement	packing.	C:
Three-year	postoperative	films	showed	no	sign	of	local	recurrence,	and	she	remained	asymptomatic.

Amputation	Versus	Limb	Salvage
Given	the	choice,	most,	but	not	all,	patients	and	families	would	select	limb	salvage	as	a	local	control	option	over
amputation.	 With	 advanced	 imaging	 and	 modern	 reconstructive	 techniques,	 there	 exist	 few	 absolute
contraindications	to	limb	salvage.	Relative	contraindications	to	a	limb	salvage	effort	include	major	neurovascular
involvement,	very	immature	skeletal	age,	infection,	lack	of	reconstructive	(e.g.,	very	distal	anatomic	location)	or
soft	tissue	coverage	options,	contamination	secondary	to	biopsy	technique	and	complications,	inability	to	obtain
oncologically	acceptable	margins,	and	pathologic	fracture.	The	most	common	reason	to	recommend	amputation	is
major	neurologic	involvement	by	the	tumor.

It	should	be	kept	in	mind	by	patients,	families,	and	treating	physicians	that	the	risk	of	local	recurrence	should



not	preclude	a	limb	salvage	effort.	Although	distant	metastasis	and	local	recurrence	after	limb	salvage	sometimes
are	 diagnosed	 at	 the	 same	 time,	 it	 is	 crucial	 to	 understand	 that	 there	 is	 no	 proof	 that	 local	 recurrence	 causes
metastasis.	 Instead,	 both	 phenomena	 are	 likely	 related	 only	 insofar	 as	 they	 independently	 confirm	 the	 very
aggressive	nature	of	a	particular	tumor.	Indeed,	studies	comparing	limb	salvage	versus	amputation	have	shown	no
statistically	significant	differences	not	only	in	terms	of	local	recurrence	and	overall	survival	but	also	with	regard
to	social,	psychological,	and	functional	outcomes.201–207	Economic	analyses	have	shown	that	external	prosthetic
fitting	 costs	 more	 than	 limb	 salvage	 over	 the	 long	 term,208	 and	 limb	 salvage	 is	 considered	 by	 many	 to	 be
cosmetically	superior,	but	patients	with	amputations	have	 the	advantage	of	needing	 fewer	operations	and	being
able	to	participate	more	readily	in	high-impact	and	endurance-type	recreational	activities.

Figure	89.5	A:	A	74-year-old	man	with	a	history	of	left	dorsal	foot	and	ankle	low-grade	myxoid
liposarcoma	presented	nearly	5	years	later	with	a	painful	right	acetabular	bone	lesion	noted	on	an
anteroposterior	pelvis	radiograph.	The	patient’s	tumor	was	evaluated	with	a	magnetic	resonance
scan	(B)	and	a	positron	emission	tomography/computed	tomography	scan	with	a	maximum

standardized	uptake	value	of	5.6.	C:	His	computed	tomography–guided	biopsy	demonstrated	an
atypical	chondrogenic	neoplasm,	but	his	final	pathology	after	resection	was	consistent	with	a	grade
2	chondrosarcoma.	D:	He	was	reconstructed	with	a	complex	cup-cage-cup	total	hip	arthroplasty,

and	he	was	without	evidence	of	disease	at	1-year	follow-up.
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Amputation:	Concepts	and	Specialized	Techniques
Whether	 involving	 the	upper	or	 lower	extremity,	amputations	should	be	performed	at	 the	most	distal	 level	 that
would	 assure	negative	 surgical	margins	while	optimizing	 functional	outcome.	 In	general,	 longer	 residual	 limbs
offer	better	biomechanical	advantage	and	more	options	for	prosthetic	fitting.	However,	a	through-knee	amputation
is	superior	to	a	very	short	below-knee	amputation	because	the	femoral	condyles	provide	an	“end-bearing”	residual
limb.	Major	ablative	amputations	such	as	hemipelvectomies	should	be	used	only	for	curative	intent	or,	rarely,	for
palliation	when	no	acceptable	alternative	exists.209

In	 cases	 of	 lower	 extremity	 amputation	 between	 the	 midfemoral	 and	 midtibial	 levels,	 the	 intraoperative
application	 of	 an	 immediate	 postoperative	 prosthetic	 device	 has	 proven	 to	 be	 effective	 for	 enhancing	 wound
healing,	decreasing	swelling,	and	allowing	immediate	25-lb	partial	weight	bearing	on	the	first	postoperative	day,
thereby	 minimizing	 the	 medical	 and	 psychological	 adverse	 effects	 of	 recumbency	 (Fig.	 89.7).	 Although	 the
immediate	postoperative	prosthetic	is	not	recommended	for	dysvascular	amputees,	the	technique	has	proven	to	be
safe	for	oncology	patients,	including	those	receiving	chemotherapy.210–213

Figure	89.6	A	17-year-old	boy	presented	with	a	history	of	multiple	exostoses	secondary	to



radiation	treatment	for	severe	combined	immunodeficiency	syndrome	as	an	infant.	A:	A	plain
radiograph	of	the	proximal	humerus	demonstrated	a	characteristically	benign	exostosis.	B–D:	At	an
outside	institution,	he	underwent	intralesional	excision	of	what	was	thought	to	be	another	exostosis
involving	the	anterior	distal	tibial	cortex,	as	demonstrated	in	postoperative	films	and	a	clinical
photo.	Histologic	review	confirmed	the	diagnosis	of	grade	2	juxtacortical	chondroblastic

osteosarcoma.	Given	the	distal	location	of	the	tumor,	the	patient	elected	to	undergo	a	below-knee
amputation	with	curative	intent.	However,	he	subsequently	developed	chest	metastases	and

succumbed	to	his	disease	more	than	4	years	later.

Pediatric	high-grade	osteosarcoma	and	Ewing	 sarcoma	commonly	occur	 in	 the	distal	 femur.	For	 children	of
very	 young	 skeletal	 age	 (roughly,	 girls	 younger	 than	 8	 years	 old	 and	 boys	 younger	 than	 10	 years	 old),	 use	 of
expandable	endoprostheses	 is	not	particularly	 feasible	because	of	 the	number	of	operations	necessary	 to	ensure
limb	length	equality	and	the	attendant	risks	of	infection,	arthrofibrosis,	and	nerve	palsy.214,215	Because	a	standard
through-femoral	 amputation	 in	 young	 individuals	 would	 result	 in	 a	 very	 short	 residual	 limb,	 specialized
reconstructive	 techniques	have	been	devised.	Rotationplasty	uses	 the	distal	portion	of	 the	 lower	 leg,	ankle,	and
foot,	with	osteosynthesis	of	 the	proximal	femoral	and	distal	 tibial	diaphyses	occurring	after	180-degree	rotation
around	the	longitudinal	axis.216–218	Although	providing	a	longer	residual	limb	that	is	functionally	equivalent	to	a
below-knee	 level,	 rotationplasty	 is	 not	 universally	 accepted	 in	 the	 United	 States	 for	 reasons	 of	 cosmesis	 and
prosthetic	fitting.	An	excellent	alternative	is	a	turn-up	plasty,	in	which	the	osteosynthesis	of	the	proximal	tibia	and
distal	femur	occurs	after	180-degree	rotation	in	the	coronal	plane.219,220	This	reconstruction	preserves	the	viability
of	the	proximal	tibial	physis	so	that	the	result	is	effectively	a	“growing”	end-bearing	through-knee	amputation	that
is	very	cosmetically	acceptable	and	easy	to	fit	with	an	external	prosthesis	(Fig.	89.8).

Figure	89.7	A:	An	18-year-old	woman	presented	with	a	massive	extracompartmental	proximal
fibular	osteosarcoma	that	compromised	lower	extremity	neurovascular	structures,	as	shown	in	her
T2-weighted	axial	magnetic	resonance	scan.	B:	After	receiving	neoadjuvant	chemotherapy,	she

underwent	a	supracondylar	above-knee	amputation	with	immediate	postoperative	prosthetic	fitting.
C:	Radiographic	appearance	of	the	immediate	postoperative	prosthetic,	which	is	ready	for	fitting

with	a	pylon	and	prosthetic	foot	to	allow	ambulation.
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Figure	89.8	A:	Anteroposterior	radiograph	of	a	3-year-old	boy	who	presented	with	a	large	distal
femoral	high-grade	conventional	osteosarcoma.	B:	After	receiving	neoadjuvant	chemotherapy,	the
patient	underwent	tibial	turn-up	plasty,	with	a	healed	osteosynthesis	site	and	preservation	of	the
proximal	tibial	physeal	plate	noted	on	a	14-month	postoperative	film.	The	result	was	functionally

equivalent	to	a	“growing”	through-knee	amputation.



Figure	89.9	Osseointegrated	transdermal	anchorage	system	in	a	high	transfemoral	amputee	allows
ease	of	external	prosthetic	application	and	enhanced	functional	outcome.

One	 final	 major	 advance	 for	 amputees	 is	 the	 development	 of	 percutaneous	 osseointegrated	 systems	 that
maximize	rehabilitation	and	function	in	transhumeral	and	high	transfemoral	amputees	by	eliminating	the	need	for
a	standard	prosthetic	socket.	These	techniques,	employed	for	more	than	25	years	by	Brånemark	and	colleagues	in
Sweden,	 are	 gaining	 increasing	 acceptance	 throughout	 the	 world.221,222	 By	 being	 able	 to	 directly	 secure	 an
external	 prosthetic	 device	 to	 the	 limb,	 patients	 enjoy	 a	 tremendous	 biomechanical	 advantage,	 without	 the
complications	 of	 socket	 wear	 (Fig.	 89.9).	 Prospective	 studies	 have	 demonstrated	 very	 good	 rates	 of	 implant
retention,	with	excellent	functional	outcome	in	terms	of	prosthetic	usage.223,224
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Limb	Salvage:	Options	and	Recent	Advances
As	mentioned	previously,	limb	salvage	can	sometimes	be	achieved	for	high-grade	bone	sarcomas	without	surgery.
This	 is	 quite	 commonly	 true	 for	 Ewing	 sarcoma,	 where	 radiation	 is	 used	 as	 monotherapy	 for	 local	 control.
Unresectable	 high-grade	 osteosarcoma	 and	 chondrosarcoma	 lesions	 involving	 the	 mobile	 spine,	 sacrum,	 and
pelvis	can	also	be	treated	with	radiation	therapy	alone	in	hopes	of	achieving	palliation,	 if	not	 local	control.	For
skeletal	sarcomas	 involving	“expendable”	bones	such	as	 the	scapula,	clavicle,	 radius,	ulna,	 ribs,	 iliac	wing,	and
fibula,	 resection	 alone	 (without	 reconstruction)	 often	 results	 in	 a	 successful	 limb	 preservation	 outcome	 (Fig.
89.10).

In	most	instances	of	limb	salvage	surgery,	however,	some	form	of	reconstruction	needs	to	be	undertaken,	and
there	are	myriad	methods.	Autogenous	bone	grafts	have	historically	been	used	for	small	defects,	and	in	the	present
day,	 vascularized	 fibular	 transfers	 are	 sometimes	 used,	 particularly	 for	 proximal	 humeral	 tumors	 (Fig.
89.11A).225–227	 Frozen	 cadaveric	 osteoarticular	 and	 intercalary	 allografts	 were	 in	 vogue	 for	 sarcoma
reconstruction	 in	 past	 decades,	 but	 complications	 of	 nonunion,	 infection,	 and	 fracture	 have	 limited	 their
utility.228–230	 Currently,	 allografts	 are	 most	 often	 used	 as	 part	 of	 alloprosthetic	 composites,	 principally	 in	 the
proximal	humerus,	proximal	femur,	and	proximal	tibia.231

Figure	89.10	Eight-year	postoperative	anteroposterior	radiograph	demonstrating	medial	clavicular
resection	for	metastatic	high-grade	osteosarcoma	in	a	22-year-old	woman	with	a	history	of	distal

femoral	osteosarcoma	treated	7	years	previously.

The	majority	of	extremity	limb	salvage	operations	performed	for	high-grade	sarcomas	in	the	Western	world	are
now	accomplished	with	massive	metallic	endoprosthetic	devices.	These	implants	can	be	fabricated	on	a	custom
basis,	 but	more	 frequently,	modular	 segmental	devices	 are	 assembled	 intraoperatively	 to	 conveniently	 replicate
resection	 length.	 Fixation	 of	 these	megaprostheses	 has	 traditionally	 been	 accomplished	with	 long	 cemented	 or
uncemented	stems.	A	recent	 retrospective	 review	of	2,174	patients	who	underwent	conventional	endoprosthetic
reconstruction	 showed	 a	 high	 aseptic	 complication	 rate	 across	 anatomic	 sites:	 soft	 tissue	 failure	 (12%),	 aseptic
loosening	(19.1%),	structural	 failure	(17.4%),	and	 tumor	progression	(17.4%).232	To	avoid	 the	complications	of
aseptic	 loosening	 secondary	 to	 stress	 shielding	 and	 particle-induced	 osteolysis,	 compressive	 osseointegration
technology	has	been	developed	to	allow	stable	fixation	of	endoprostheses	to	bone	by	way	of	an	innovative	spring-
loaded	system	 that	applies	up	 to	800	 lb	of	compression	 force	at	 the	bone-prosthetic	 interface,	 thereby	 inducing
bone	hypertrophy.233–237	The	device	also	enables	salvage	of	very	short	metadiaphyseal	segments	and	allows	ease
of	 revision	 in	 cases	 of	 infection,	mechanical	 failure,	 or	 infection.238–241	 Reports	 from	 several	 institutions	 have
shown	 that	 compressive	 osseointegration	 reconstructions	 are	 similar	 or	 superior	 to	 conventional	 devices	 at



intermediate-term	follow-up	(Fig.	89.11B–D).242–251

CONTINUING	CARE:	SURVEILLANCE	AND	PALLIATION
In	caring	for	patients	with	sarcomas	of	bone,	 it	 is	 important	 to	maintain	focus	on	the	overarching	priorities:	(1)
life,	(2)	limb,	(3)	limb	function,	(4)	limb	length	equalization,	and	(5)	cosmesis,	in	that	order.252	The	lion’s	share	of
responsibility	for	overall	survival	lies	with	the	medical	and	pediatric	oncology	team.	The	burdens	of	local	control
and	 functional	 outcome	 fall	 mostly	 to	 the	 radiation	 and	 orthopedic	 surgical	 oncologists.	 When	 the	 “end	 of
treatment”	 occurs,	 it	 is	 essential	 to	 remember	 that	 the	 caring	 continues.	 Primary	 physicians	 are	 ill	 equipped	 to
provide	specialized	surveillance	care	for	these	exceedingly	rare	tumors.	Although	increasing	conditional	survival
as	 the	 years	 progress	 is	 a	 cause	 for	 optimism,253	 clinical,	 laboratory,	 and	 radiologic	 parameters	 need	 to	 be
followed	 for	 a	 decade	 or	 more,	 given	 the	 long	 tail	 of	 these	 potentially	 lethal	 conditions.	 The	 NCCN	 has
recommended	that	“physical	examination,	imaging	(radiograph,	MR	[imaging]	with	or	without	CT)	of	the	surgical
site	as	clinically	indicated,	chest	imaging	(every	6	months	for	5	years	and	annually	thereafter),	and	annual	cross-
sectional	abdominal	imaging.”1	The	evolving	importance	of	PET/CT	scan	screening	for	accurate	monitoring	for
local,	regional,	and	distant	recurrence	has	also	been	pointed	out.254

Figure	89.11	Examples	of	extremity	limb	salvage	reconstruction.	A:	Five-year	postoperative
anteroposterior	(AP)	radiograph	of	a	30-year-old	woman	who	underwent	proximal	humeral

resection	and	reconstruction	with	a	double-barreled	vascularized	fibular	autograft	for	high-grade
osteosarcoma.	B:	Eleven-year	postoperative	AP	film	of	a	man	who	presented	at	age	70	years	with	a
proximal	femoral	grade	2	chondrosarcoma,	after	having	undergone	resection	and	compressive
osseointegration	reconstruction.	C:	Fourteen-year	postoperative	AP	radiograph	of	a	man	who

presented	at	age	53	years	with	a	distal	femoral	grade	2	chondrosarcoma;	note	the	bone	hypertrophy
at	shaft-prosthetic	interface.	D:	Immediate	postoperative	lateral	radiograph	of	a	12-year-old	young
girl	with	a	high-grade	proximal	tibial	osteosarcoma	who	underwent	resection	and	reconstruction
with	a	custom	expandable	compressive	osseointegration	hemiarthroplasty	implant	that	allowed

preservation	of	her	distal	femoral	physeal	plate.

When	 sarcomas	 of	 bone	 are	 incurable	 because	 of	 progressive	 metastatic	 and/or	 advanced	 unresectable
locoregional	 disease,	 selective	 surgery,	 standard	 or	 experimental	 chemotherapy,	 targeted	 radiation,	 and	 expert
symptom	management	must	 be	 offered	 to	 patients	 and	 their	 families.255,256	 Palliative	 care	 should	 be	 provided
according	to	NCCN	precepts.257	The	authors	echo	the	sentiment	of	colleagues	who	have	pointed	out	that	“we	must
always	remember	that	as	long	as	we	have	something	to	offer,	patients	hope	for	an	improvement	in	their	condition.
It	is	this	hope	that	keeps	them	alive.”255
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90 Cancer	of	the	Skin
Sean	R.	Christensen,	Lynn	D.	Wilson,	and	David	J.	Leffell

GENERAL	APPROACH	TO	NONMELANOMA	SKIN	CANCER
One	in	five	Americans	will	develop	nonmelanoma	skin	cancer	(NMSC)	during	his	or	her	lifetime.	NMSC	is	the
most	 common	 human	 cancer,	 with	 an	 estimated	 annual	 incidence	 of	 >5	million	 in	 2012	 in	 the	United	 States,
which	is	higher	than	the	incidence	of	lung	cancer,	breast	cancer,	prostate	cancer,	and	colon	cancer	combined.1–3
Despite	 growing	 public	 awareness	 of	 the	 harmful	 effects	 of	 sun	 and	 ultraviolet	 (UV)	 exposure,	 the	 incidence
continues	 to	 rise.	The	 increasing	 frequency	of	NMSC	results	 from	the	age	shift	 in	 the	population	 (incidence	of
NMSC	 increases	 with	 age),	 high	 ambient	 solar	 irradiance,	 and	 increasing	 leisure	 time	 spent	 with	 natural	 or
artificial	UV	exposure.	Prognosis	depends	on	the	biology	and	location	of	the	lesion,	as	well	as	host	characteristics.

Economic	 implications	of	NMSC	are	considerable.	 In	 the	United	States	alone,	over	$10	billion	each	year	 is
spent	on	skin	cancer	treatment.	Added	to	this	is	the	cost	of	treating	precancerous	lesions	such	as	actinic	keratoses
(AK),	which	are	increasingly	common.	Prevention	and	early	detection	of	these	often	curable	cancers	are	critical.
Programs	aimed	at	reduction	of	known	risk	factors,	patient	education	about	the	importance	of	early	detection	and
treatment,	and	the	search	for	more	effective	and	tissue-sparing	therapies	continue.

Diagnosis	of	Nonmelanoma	Skin	Cancer
Although	many	NMSCs	present	with	classic	clinical	findings	such	as	nodularity,	tissue	friability,	and	erythema,
definitive	diagnosis	can	be	established	only	by	tissue	biopsy.	Adequate	tissue	samples	obtained	in	an	atraumatic
fashion	are	 critical	 to	histopathologic	diagnosis.	Skin	biopsies	may	be	performed	by	 shave,	punch,	or	 fusiform
excision.	The	 type	of	biopsy	performed	 should	be	based	on	 the	morphology	of	 the	primary	 lesion	 and	 clinical
differential	diagnosis.	A	shave	biopsy	is	usually	adequate	for	raised	lesions	such	as	nodular	basal	cell	carcinoma
(BCC)	 and	 squamous	 cell	 carcinoma	 (SCC)	 or	 flat,	 superficial	 lesions	 such	 as	 SCC	 in	 situ	 (SCCIS).	A	 punch
biopsy	 is	 appropriate	 for	 lesions	with	a	deeper	dermal	or	 subcutaneous	extension	such	as	dermatofibrosarcoma
protuberans	(DFSP).	An	excisional	biopsy	may	be	required	for	diagnosis	of	a	dermal	nodule	when	morphologic
assessment	 of	 overall	 tumor	 architecture	 is	 crucial	 for	 proper	 diagnostic	 assessment,	 such	 as	 distinguishing
between	a	benign	dermatofibroma	and	 a	malignant	 fibrous	 tumor.	For	most	 skin	 cancers,	 additional	 diagnostic
procedures	 are	 not	 required.	 High-risk	 lesions	 with	 significant	 risk	 of	 deep	 invasion	 or	 regional	 and	 distant
metastasis	may	benefit	from	additional	imaging	tests	to	define	the	extent	of	disease.

Basic	skin	biopsy	techniques	are	demonstrated	in	Figure	90.1.	These	procedures	are	typically	performed	under
clean	 (nonsterile)	 conditions	 with	 local	 anesthesia,	 most	 often	 via	 local	 infiltration	 of	 lidocaine	 with	 dilute
epinephrine.	For	shave	biopsies,	the	use	of	a	sterilized	flexible	razor	blade,	which	can	be	precisely	manipulated	by
the	 operator	 to	 adjust	 the	 depth	 of	 the	 biopsy,	 is	 often	 superior	 to	 the	 use	 of	 a	 number	 15	 scalpel.	 After	 the
procedure,	adequate	hemostasis	is	achieved	with	topical	application	of	aqueous	aluminum	chloride	(20%),	ferric
subsulfate	(Monsel	solution),	or	electrocautery.	Note	that	ferric	subsulfate	may	lead	to	permanent	tattooing	of	the
skin,	 so	 it	 should	 not	 be	 used	 on	 the	 face	 unless	 there	 is	 a	 high	 likelihood	 of	 subsequent	 definitive	 surgical
treatment.	A	 punch	 biopsy	 is	 performed	 using	 a	 trephine	 or	 biopsy	 punch	 tool.	 The	 operator	makes	 a	 circular
incision	 to	 the	 level	of	 the	 superficial	 fat,	 using	a	 rotating	or	 twisting	motion	of	 the	 trephine.	Traction	 applied
perpendicularly	 to	 the	 relaxed	 skin	 tension	 lines	 minimizes	 redundancy	 at	 closure.	 Wound	 closure	 may	 be
achieved	by	placement	of	simple	sutures	that	can	be	removed	in	7	to	14	days	depending	on	anatomic	site.	If	the
punch	biopsy	is	small	and	not	in	a	cosmetically	crucial	area,	the	resulting	biopsy	wound	can	often	heal	very	well
by	second	intention.	For	deeper	 lesions	or	 in	cases	 in	which	the	pathologic	diagnosis	 is	complex,	full-thickness
excision	of	all	or	a	portion	of	the	lesion	may	be	required	for	diagnosis.	After	local	anesthesia	has	been	achieved
under	sterile	conditions,	a	scalpel	is	used	to	incise	an	ellipse	to	the	level	of	the	subcutis.	Hemostasis	is	obtained
with	cautery	as	needed,	and	the	wound	is	closed	in	a	layered	fashion	using	absorbable	and,	if	needed,	removable



epidermal	sutures.

Management	General	Principles	and	Modalities
The	management	of	skin	cancer	is	guided	by	the	histologic	and	biologic	nature	of	the	tumor,	the	anatomic	site,	the
underlying	medical	status	of	the	patient,	and	whether	the	tumor	is	primary	or	recurrent.	Accurate	interpretation	of
the	diagnostic	biopsy	is	essential	for	appropriate	clinical	management.	Depending	on	the	biologic	aggressiveness
of	the	tumor,	cancers	of	the	skin	may	be	excised	or,	in	some	cases	of	superficial	tumors	or	precancerous	lesions,
eliminated	 in	 a	 less	 invasive	 fashion.	 Surgical	 options	 include	 conventional	 excision	 and	Mohs	 micrographic
surgery	(MMS).	Destructive	modalities	 include	curettage	and	cautery	or	electrodessication	(C&D),	cryosurgery,
photodynamic	 therapy	 (PDT),	 and	 laser	 surgery.	 Other	 techniques	 are	 topical	 therapy	 (e.g.,	 imiquimod,	 5-
fluorouracil	 [5-FU]),	 intralesional	 interferon	 (IFN),	 chemotherapy,	 and	 radiation	 therapy	 (RT).	 Other	 than
conventional	excision	and	Mohs	surgery,	none	of	these	latter	techniques	provide	information	about	the	histologic
completeness	of	the	cancer	ablation.

Surgical	Excision
Excisional	 surgery	 involves	 the	 removal	of	 the	cancer	 and	a	margin	of	 clinically	uninvolved	 skin,	 followed	by
layered	closure	or	second	intention	healing.	Frozen	or	permanent	sections	interpreted	by	the	pathologist	determine
adequacy	of	margins.	Margins	 are	 assessed	 from	 representative	 sections	 of	 the	 specimen	 in	 a	 perpendicular	 or
“bread-loaf”	 fashion,	 allowing	 for	 pathologic	 determination	 of	 the	 surgical	 margin.	 Basic	 excision	 of	 primary
NMSC	without	infiltrative	or	high-risk	features,	especially	when	performed	in	a	physician’s	office	rather	than	in	a
hospital	operating	room,	is	generally	effective	and	cost	efficient.	Pathologic	assessment	of	perpendicular	sections
from	standard	excisions,	however,	is	by	definition	limited	to	a	small,	representative	portion	of	the	entire	surgical
margin.	 This	 may	 result	 in	 a	 false-negative	 assessment	 of	 clear	 margins,	 especially	 in	 cases	 of	 infiltrating	 or
aggressive	growth	cancers.	Such	cases	with	the	potential	for	irregular	subclinical	extension	may	benefit	from	the
complete	pathologic	margin	assessment	of	MMS.

Figure	90.1	Biopsy	techniques.	Local	anesthetic	(lidocaine	1%	with	epinephrine,	1:100,000,
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unless	contraindicated)	is	injected	with	a	30-gauge	needle.	A	30-gauge	needle	minimizes	pain	and
tissue	trauma.	Unless	otherwise	specified,	postbiopsy	care	involves	daily	cleansing	with	tap	water
followed	by	application	of	a	petrolatum-based	emollient	and	a	nonadherent	dressing.	In	most	cases,
there	is	no	proven	benefit	to	topical	antibiotic	preparations,	which	may	lead	to	contact	dermatitis.
A:	Shave	biopsy.	A	scalpel	blade	or	flexible	razor	blade	is	manipulated	by	the	operator	to	adjust	the
depth	of	the	biopsy.	Hemostasis	is	achieved	with	topical	application	of	aqueous	aluminum	chloride,
ferrous	subsulfate,	or	electrocautery.	B:	Punch	biopsy.	The	operator	makes	a	circular	incision	to	the
level	of	the	superficial	fat,	using	a	rotating	or	twisting	motion	of	the	trephine.	Traction	applied
perpendicularly	to	the	relaxed	skin	tension	lines	minimizes	redundancy	at	closure.	Hemostasis	is

commonly	achieved	by	placement	of	sutures.

Mohs	Micrographic	Surgery
MMS	 is	 a	 staged	 excision	with	 intraoperative	microscopic	 analysis	 that	 facilitates	 optimal	margin	 control	 and
conservation	 of	 normal	 tissue.	 MMS	 has	 become	 the	 standard	 of	 care	 in	 a	 variety	 of	 skin	 cancer	 subtypes.
Individuals	 trained	 in	 the	 technique	 perform	 MMS	 in	 the	 office	 setting	 under	 local	 anesthesia.	 After	 gentle
curettage	 to	 define	 the	 clinical	 gross	 margin	 of	 the	 cancer,	 a	 45-degree	 tangential	 specimen	 of	 tumor	 with	 a
minimal	margin	of	 clinically	normal-appearing	 tissue	 is	 excised,	precisely	mapped,	 and	 immediately	processed
with	 tangential,	 or	 en	 face,	 frozen	 sections	 for	microscopic	 examination	 (Fig.	90.2).	Optimal	margin	 control	 is
obtained	by	examination	of	the	entire	lateral	perimeter	of	the	specimen	and	contiguous	deep	margin.	Meticulous
mapping	 allows	 for	 directed	 extirpation	 of	 any	 remaining	 tumor,	 resulting	 in	 a	 cure	 rate	 of	 >97%	 to	 99%	 for
primary	BCC	and	SCC.4

A	 key	 defining	 feature	 of	 MMS	 is	 that	 the	 surgeon	 excises,	 maps,	 and	 reviews	 the	 specimen	 personally,
minimizing	 the	 chance	 of	 error	 in	 tissue	 interpretation	 and	 orientation.	 MMS	 has	 gained	 acceptance	 as	 the
treatment	of	choice	 for	high-risk	skin	cancers,	 including	 recurrent	cancers	and	primary	cancers	with	aggressive
pathologic	features	or	located	in	anatomic	sites	that	require	maximal	tissue	conservation.	Because	clear	surgical
margins	are	confirmed	intraoperatively,	reconstruction	with	tissue	rearrangement	may	be	performed	immediately
following	 tumor	 extirpation	 (Fig.	 90.3).	 Guidelines	 for	 the	 appropriate	 use	 of	MMS	 have	 been	 published	 that
reinforce	 the	 advantages	 of	 this	 technique	 for	 selected	high-risk	 tumors.5	 For	 tumors	with	 a	 significant	 risk	 of
recurrence,	 MMS	 is	 a	 cost-effective	 treatment	 compared	 with	 surgical	 excision	 when	 considering	 associated
ambulatory	surgery	center	facility	fee	and	a	subsequent	reexcision	procedure.	It	is	also	significantly	less	expensive
than	radiotherapy	and	frozen	section–guided	excisional	surgery.6

Surgical	Destruction
Common	methods	of	 treatment	of	uncomplicated	 skin	 cancers	on	 the	 trunk	and	extremities	 and	 low-risk	 facial
lesions	include	C&D	and	cryotherapy	using	liquid	nitrogen.	C&D	is	performed	under	clean	conditions	with	local
anesthesia.	The	visible	tumor	is	first	removed	by	curettage,	which	is	extended	for	a	margin	of	2	to	4	mm	beyond
the	 clinical	 borders	 of	 the	 cancer.	Cautery	or	 electrodesiccation	 is	 then	performed	 to	 destroy	 another	 1	mm	of
tissue	at	the	lateral	and	deep	margins.	C&D	can	yield	satisfactory	results	after	a	single	cycle	of	C&D	for	NMSC
tumors	 <1	 cm,	 especially	 if	 the	 tumor	 is	 of	 the	 superficial	 subtype.	 Salasche7	 recommended	 that	 C&D	 be
performed	for	three	cycles	to	avoid	recurrence.	The	authors	believe,	based	on	extensive	clinical	experience,	that	if
the	tumor	requires	three	cycles	of	C&D,	careful	consideration	should	be	given	to	more	definitive	approaches	such
as	excision	or	MMS.	One	potential	drawback	of	C&D	is	 that	 recurrent	 tumors	following	 this	 treatment	may	be
multifocal	and	develop	a	more	aggressive	biologic	behavior.	C&D	is	thus	generally	reserved	for	small	(<1	cm),
low-risk	NMSCs	located	on	the	trunk	or	extremities.

Cryosurgery	 exposes	 NMSCs	 or	 precancerous	 lesions	 to	 destructive	 subzero	 temperatures.	 Successful
cryosurgery	 requires	 temperatures	 reaching	−50°C	 to	−60°C	at	 the	deep	 and	 lateral	margins	 of	 the	 tumor.	The
open-spray	technique	is	used	most	often	and	requires	pressurized	liquid	nitrogen	spray	delivery	from	a	distance	of
1	to	3	cm.	With	the	confined-spray	technique,	liquid	nitrogen	is	delivered	through	a	cone	that	allows	more	precise
tissue	destruction.	With	 the	cryoprobe	 technique,	a	metal	probe	 is	applied	 to	 the	 tumor	 to	monitor	 temperature.
Immediately	following	cryosurgery,	local	erythema	and	edema	are	apparent.	An	exudative	phase	ensues	in	24	to
72	hours	and	may	be	followed	by	bulla	formation,	sloughing,	or	ulceration	several	days	later.	Complete	healing	is
usually	 seen	 at	 2	 to	 3	 weeks	 for	 facial	 lesions	 and	 up	 to	 6	 weeks	 for	 lesions	 on	 the	 trunk	 and	 extremities.
Complications	 of	 cryosurgery	 may	 include	 delayed	 wound	 healing,	 hypertrophic	 scarring,	 hypo-	 and
hyperpigmentation,	 paresthesia	 if	 superficial	 nerves	 are	 injured,	 headache,	 syncope,	 or	 febrile	 reaction.	 The



clinical	usefulness	of	cryosurgery	and	C&D	is	limited	by	the	inability	to	evaluate	treatment	margins	and	therefore
completeness	 of	 tumor	 eradication.	 The	 absence	 of	 margin	 control	 and	 the	 resultant	 scar	 that	 may	 obscure
recurrence	make	these	methods	valuable	primarily	in	the	care	of	histologically	superficial	NMSC.

Figure	90.2	Mohs	micrographic	surgery.	A–C:	After	gentle	curettage,	a	tangential	specimen	of
tumor	with	a	minimal	margin	of	clinically	normal-appearing	tissue	is	obtained,	precisely	mapped,
and	processed	immediately	by	frozen	section	for	microscopic	examination.	Superior	margin	control
is	obtained	through	examination	of	the	entire	perimeter	of	the	specimen.	White	asterisks	in	panel	B
track	the	3	o’clock	position	of	the	lateral	margin	as	the	specimen	is	transected,	inverted,	and	inked.
Precise	mapping	allows	for	directed	extirpation	of	any	remaining	tumor,	as	shown	in	panel	C.

(Courtesy	of	David	J.	Leffell,	MD,	and	People’s	Medical	Publishing	House.)
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Figure	90.3	Reconstruction	after	Mohs	micrographic	surgery	(MMS).	A:	Defect	resulting	from
extirpation	of	basal	cell	carcinoma	by	MMS.	B:	Defect	repaired	with	rhomboid	transposition	flap.

Radiation	Therapy
RT	is	a	 treatment	option	 for	 several	 types	of	NMSC,	 including	BCC	and	SCC,	Merkel	cell	 carcinoma	 (MCC),
angiosarcoma	(AS),	cutaneous	lymphomas,	some	adnexal	carcinomas,	and	other	primary	and	metastatic	cutaneous
neoplasms.	 RT,	 in	 properly	 fractionated	 doses,	 is	 indicated	 for	 patients	 whose	 overall	 health	 status	 precludes
surgery,	 for	 patients	who	are	unwilling	or	 unable	 to	undergo	 surgery,	 or	when	 the	 size	of	 the	 tumor	precludes
surgical	 extirpation.	 RT	 is	 also	 used	 as	 an	 adjuvant	 treatment	 for	 patients	 with	 positive	 surgical	 margins,
perineural	invasion	(PNI),	or	local	regional	nodal	metastasis.	The	effectiveness	of	RT,	however,	may	be	limited
by	the	inability	to	definitively	assess	and	control	the	tumor	margins.	In	addition,	treatment	of	an	excessively	large
area	 of	 normal	 skin	 surrounding	 the	 tumor	may	 enhance	 risk	 of	 both	 postradiation	 dermatitis	 and	 future	 skin
cancers.	 Two	modes	 of	 RT	 delivery	 are	 electrons	 and	 superficially	 penetrating	 photons	 (x-rays).8	Appropriate
radiation	 margins	 for	 clinically	 visible	 tumors	 and/or	 surgical	 scars	 should	 generally	 be	 <3	 cm.	 A	 protracted
fractionation	 scheme	 using	 2-	 to	 2.5-Gy	 fractions	 to	 a	 total	 of	 50	 to	 66	Gy	 for	NMSCs	 is	 commonly	 used	 to
achieve	 the	 best	 chance	 of	 durable	 local	 control	 and	 acceptable	 late	 effects.9	 More	 rapid	 regimens	 may	 be
incorporated	when	logistics	do	not	allow	longer	courses	or	cosmesis	is	less	of	an	issue.	Palliative	treatment	may
be	 offered	 via	 a	 variety	 of	 fractionation	 schemes	 including	 a	 single	 fraction	 of	 8	 Gy	 or	 higher.	 Accelerated
treatment	protocols	provide	excellent	local	control	but	have	an	increased	risk	of	fibrosis,	atrophy,	telangiectasias,
and	poor	cosmesis.	Although	a	course	of	RT	may	be	protracted	over	several	weeks,	daily	treatments	last	several
minutes.

Local	 control	 rates	 for	 typical,	 small	 (<2	 cm)	NMSCs	 are	 generally	 comparable	 to	 surgical	 destruction	 and
slightly	lower	than	surgical	excision	or	MMS	(BCC,	90%	to	95%	at	5	years;	SCC,	80%	to	95%	at	5	years).	The
consideration	 of	 acute	 and	 permanent	 tissue	 effects	 of	 RT,	 such	 as	 acute	 and	 chronic	 radiation	 dermatitis,
epidermal	 atrophy,	 telangiectasias,	 altered	 pigmentation,	 delayed	 radiation	 necrosis,	 alopecia,	 and	 secondary
cutaneous	malignancies,	must	be	anticipated	and	managed.10	Recurrent	SCC	after	RT	may	be	more	 resistant	 to
treatment	than	recurrence	after	surgery	alone.11	The	late	cosmetic	effects	are	more	pronounced	with	a	large	dose
per	fraction	(>3	to	4	Gy),	if	the	total	dose	is	>55	Gy,	after	treatment	to	large	fields	and/or	deeply	invasive	lesions,
and	 with	 continued	 unprotected	 sun	 exposure.	 RT	 is	 most	 commonly	 used	 in	 the	 head	 and	 neck	 region,	 and
treatment	of	distal	extremities	should	be	considered	cautiously	as	poor	vascularization	and	edema	increase	the	risk
of	posttreatment	complications.12

Topical	Therapy



Several	topical	agents	may	be	considered	in	the	treatment	of	NMSC,	although	such	treatment	is	less	effective	than
surgery	or	RT	and	is	generally	reserved	for	superficial	or	premalignant	lesions.	Imiquimod,	an	imidazoquinoline,
activates	 intracellular	 toll-like	 receptors	7	and	8	 to	 function	as	a	 topical	 immune-response	modifier.	 Imiquimod
promotes	a	cell-mediated	immune	response	through	induction	of	several	cytokines,	particularly	IFN-α	and	IFN-γ
and	interleukin	(IL)-6,	IL-8,	and	IL-12	by	keratinocytes	and	hematopoietic	cells	such	as	monocytes,	macrophages,
and	plasmacytoid	dendritic	cells.13–15	The	net	effect	is	a	T-helper	type	1–dominant	inflammatory	response	driven
by	CD4	T	cells.	In	addition,	IFN-γ	stimulates	cytotoxic	T	cells	to	kill	virus-infected	and	tumor	cells,	facilitating
tumor	 regression.	 The	 use	 of	 imiquimod	 is	 approved	 by	 the	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 for
treatment	of	superficial	BCC	on	the	trunk,	neck,	or	extremities	as	well	as	treatment	of	premalignant	AK.	Studies
with	 topical	 imiquimod	 for	 nodular	 BCC,	 SCCIS,	 and	 malignant	 melanoma	 in	 situ	 have	 shown	 inconsistent
results.16–18	 Imiquimod	 may	 be	 effective	 as	 monotherapy	 in	 carefully	 selected	 cases	 and	 may	 have	 a	 role
postoperatively	 to	decrease	 the	rate	of	 recurrence	of	certain	skin	cancers.	However,	 long-term	data	on	cure	and
recurrence	remain	to	be	determined.	Imiquimod-related	adverse	events	include	common	application	site	reactions
(erythema,	pain,	edema,	ulceration,	bleeding),	as	well	as	fatigue,	myalgias,	fever	and	chills	or	flu-like	symptoms,
headache,	diarrhea,	nausea,	and	tender	lymphadenopathy.

5-FU,	a	chemotherapeutic	agent	that	interferes	with	DNA	synthesis	by	inhibiting	thymidylate	synthetase,	has
been	used	topically	since	the	1960s	for	the	treatment	of	premalignant	and	malignant	skin	lesions.	Like	imiquimod,
5-FU	 is	currently	approved	by	 the	FDA	for	 the	 treatment	of	AK	and	superficial	BCC.	Treatment	 site	 reactions
after	 topical	 5-FU	administration	 include	 erythema,	 edema,	 and	pain.	 In	 severe	 cases,	 ulcerations	 and	bleeding
have	 been	 reported.	 Systemic	 effects	 are	 rare	 with	 topical	 application.	 Side	 effects	 of	 5-FU	 treatment	 are
exacerbated	in	patients	with	a	history	of	significant	cutaneous	UV	exposure.	Poor	treatment	compliance,	due	to
adverse	side	effects,	 is	associated	with	significant	failure	rates.15,19	Ingenol	mebutate	is	a	macrocyclic	diterpene
ester	found	in	the	sap	of	the	Euphorbia	peplus	plant	that	has	been	more	recently	approved	as	a	topical	treatment
for	AK.20	Superficial	BCC	and	SCC	may	also	be	responsive	to	topical	ingenol	treatment,	but	this	has	not	yet	been
documented	in	clinical	trials.

A	 variant	 of	 topical	 therapy	 for	NMSC	 and	 precursor	 lesions	 is	 PDT.	After	 topical	 application	 of	 either	 5-
aminolevulinic	 acid	 (ALA)	 or	 methyl-aminolevulinate	 (MAL),	 these	 porphyrin	 precursors	 preferentially
accumulate	 in	 malignant	 and	 premalignant	 cells	 and	 are	 metabolized	 in	 the	 intracellular	 heme	 biosynthesis
pathway	 to	 protoporphyrin	 IX.	 Protoporphyrin	 IX	 is	 a	 photoactive	 intermediate	 that,	 when	 exposed	 to	 visible
light,	facilitates	the	generation	of	free	radicals	and	reactive	oxygen	species	that	induce	protein	and	lipid	oxidation,
membrane	disruption,	and	eventual	cell	death.21,22	Both	lasers	and	noncoherent	light	sources	(blue	and	red	light)
with	wavelengths	in	a	range	corresponding	to	absorption	peaks	of	protoporphyrin	IX	(from	400	nm	to	infrared)
have	been	used	to	activate	topically	applied	ALA	and/or	MAL.	The	use	of	PDT	is	currently	approved	by	the	FDA
for	 the	 treatment	 of	AK.	 The	 use	 of	 PDT	 to	 treat	NMSC,	 photodamaged	 skin,	 human	 papillomavirus	 (HPV)-
associated	pathologies,	 lymphocytoma	cutis,	 follicular	disorders,	 and	other	dermatologic	conditions	 is	currently
under	investigation.23	Local	skin	reactions	after	PDT	are	generally	mild	and	transient;	scarring	and	postprocedural
dyspigmentation	 are	 minimal.24	 The	 efficacy	 of	 PDT	 for	 treatment	 of	 superficial	 BCC	 and	 SCCIS	 may	 be
comparable	 to	 topical	 imiquimod	or	5-FU,	and	 it	has	been	recommended	by	 the	European	Dermatology	Forum
but	remains	an	off-label	indication	in	the	United	States.25

BASAL	CELL	CARCINOMA
BCC	is	a	slow-growing	neoplasm	of	nonkeratinizing	cells	originating	from	the	basal	cell	layer	of	the	epidermis.
BCC	 is	 the	 most	 common	 human	 cancer,	 accounting	 for	 over	 half	 of	 all	 human	 cancers	 and	 75%	 of	 skin
malignancies	diagnosed	 in	 the	United	States.	Typically,	BCC	develops	on	sun-exposed	areas	of	 lighter	skinned
individuals,	 highlighting	 the	 primary	 role	 of	UV	 radiation	 (UVR)	 in	BCC	pathogenesis.	Although	BCC	 rarely
metastasizes,	 it	 is	 locally	 invasive	 and	 can	 result	 in	 extensive	 morbidity	 through	 local	 recurrence	 and	 tissue
destruction.	With	appropriate	local	treatment,	the	prognosis	for	primary	BCC	is	excellent.

Incidence	and	Etiology
BCC	is	not	recorded	in	national	epidemiologic	databases,	and	thus,	the	true	incidence	of	disease	must	be	estimated
from	surrogate	data.	Recent	estimates	from	national	survey	and	physician	claims	data	indicate	that	the	incidence
of	BCC	in	the	United	States	is	greater	than	3,000,000	per	year,	making	BCC	more	common	than	any	other	human
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cancer.2,3	 The	 incidence	 continues	 to	 increase,	with	 an	 approximate	 doubling	 of	 the	 number	 of	 cases	 every	 10
years.	BCC	is	more	common	in	older	individuals,	with	increasing	incidence	in	each	decade	of	life	that	peaks	after
age	 80	 years.	 Although	 once	 uncommon	 before	 the	 age	 of	 50	 years,	 BCCs	 are	 becoming	 more	 prevalent	 in
younger	individuals.1,4	Men	are	affected	more	often	than	women,	with	a	relative	risk	of	approximately	1.5.

The	primary	carcinogen	for	development	of	BCC	is	UVR,	whether	 from	environmental	or	artificial	 sources.
Intermittent	 recreational	 sun	 exposure	 and	 sun	 overexposure	 (i.e.,	 sunburns),	 especially	 in	 childhood	 and
adolescence,	are	significant	risk	factors	for	development	of	BCC.	Indoor	tanning	is	also	strongly	associated	with
BCC	 despite	 the	 false	 perception	 by	 some	 users	 that	 indoor	 tanning	 beds	 are	 “safer”	 than	 environmental	 sun
exposure.26	Persons	of	light	skin	complexion	or	with	a	tendency	to	sunburn	are	far	more	likely	to	develop	BCC
than	 darker	 pigmented	 individuals.	 Other	 factors	 involved	 in	 the	 pathogenesis	 include	 exposure	 to	 ionizing
radiation,	chemicals	(e.g.,	arsenic,	polyaromatic	hydrocarbons),	or	psoralen	plus	UVA	(PUVA)	therapy;	genetic
syndromes	with	 inherited	mutations	 in	 tumor	 suppressor	 genes	 (TSG);	 and	 alterations	 in	 immune	 surveillance
(i.e.,	 organ	 transplantation,	 underlying	 hematologic	 malignancy,	 immunosuppressive	 medications,	 or	 HIV
infection).1

BCC	 is	 substantially	 more	 common	 among	 survivors	 of	 childhood	 cancers,	 principally	 due	 to	 previous
treatment	with	ionizing	RT	alone	or	in	combination	with	chemotherapy.	In	affected	individuals	with	a	history	of
childhood	cancers,	BCC	developed	between	20	and	39	years	of	age,	with	an	increased	risk	of	approximately	40-
fold	in	cancer	survivors	who	had	received	≥35	Gy	versus	those	who	did	not	receive	RT.27

BCC	can	be	a	feature	of	inherited	conditions.	Included	among	these	are	the	nevoid	BCC	syndrome	(NBCCS,	or
Gorlin	 syndrome),	 Bazex	 syndrome	 (X-linked	 dominant;	 characterized	 clinically	 by	 follicular	 atrophoderma,
hypotrichosis,	 hypohidrosis,	 milia,	 epidermoid	 cysts,	 and	 facial	 BCCs),	 Rombo	 syndrome	 (features	 similar	 to
those	of	Bazex	 syndrome	with	peripheral	vasodilation	with	cyanosis),	 and	xeroderma	pigmentosum	(autosomal
recessive	 disorder	 in	 unscheduled	DNA	 repair,	 clinically	 characterized	 by	 numerous	NMSCs	 and	melanomas).
NBCCS	is	a	rare	autosomal	dominant	genetic	disorder	characterized	by	a	mutation	in	the	human	patched	(PTCH1)
gene	 and	 predisposition	 to	multiple	BCC	 and	 other	 tumors	 as	well	 as	 a	wide	 range	 of	 developmental	 defects.
Patients	with	this	syndrome	may	exhibit	a	broad	nasal	root,	low	intelligence,	odontogenic	keratocysts	of	the	jaw,
palmar	and	plantar	pits,	calcification	of	the	falx	cerebri,	medulloblastomas,	and	multiple	skeletal	abnormalities	in
addition	to	a	few	to	thousands	of	BCCs.28	Tumor	development	in	patients	with	NBCCS	is	related	to	sun	exposure,
as	BCCs	develop	most	frequently	in	sun-exposed	areas.	The	clinical	course	is	commonly	benign	prior	to	puberty;
nonetheless,	after	puberty,	individual	lesions	may	progressively	enlarge	and	ulcerate.	Individuals	with	NBCCS	are
exceedingly	 sensitive	 to	 ionizing	 radiation.	 Hundreds	 of	 BCCs	 were	 reported	 in	 children	 treated	 with	 RT	 for
medulloblastoma.

Genomic	analysis	of	patients	with	NBCCS	has	elucidated	the	molecular	pathogenesis	of	BCC.	The	behavior	of
neoplasms	 occurring	 in	 NBCCS	 confirms	 a	 classic	 two-hit	 model	 of	 carcinogenesis—tumors	 develop	 in	 cells
sustaining	two	genetic	alterations.29	The	first	alteration	or	hit	is	inheritance	of	a	mutation	in	a	TSG,	and	the	second
is	inactivation	of	the	normal	homolog	by	environmental	mutagenesis	or	random	genetic	rearrangement.	Sporadic
BCCs	would	arise	 in	cells	 that	underwent	 two	somatic	events,	 resulting	 in	 the	 inactivation	of	 the	NBCCS	TSG
PTCH1.	Studies	of	BCC	have	indicated	an	association	with	mutations	in	the	PTCH1	regulatory	gene,	which	maps
to	chromosome	9q22.3.30	Loss	of	 heterozygosity	 at	 this	 site	 is	 seen	 in	both	 sporadic	 and	hereditary	BCC.	The
PTCH1	protein	 is	part	of	a	 receptor	complex	 that	 regulates	 the	hedgehog	signaling	pathway,	a	key	regulator	of
embryonic	 development	 and	 cellular	 proliferation.	 At	 baseline,	 PTCH1	 binds	 to	 and	 inhibits	 signaling	 of	 the
transmembrane	receptor	Smoothened.	Upon	binding	of	the	hedgehog	ligand	to	the	PTCH1	receptor,	Smoothened
is	 released	 from	 the	 inhibitory	 effects	 of	 PTCH1	 and	 transduces	 an	 activating	 signal	 via	 GLI	 transcription
factors.31	 Loss-of-function	 mutations	 in	 PTCH1	 thus	 permit	 unopposed	 Smoothened	 activity	 and	 cellular
proliferation.	This	understanding	of	 the	molecular	pathogenesis	of	BCC	has	 led	 to	 the	development	of	 targeted
medical	therapy	for	BCC	with	small-molecule	inhibitors	of	Smoothened,	as	discussed	subsequently.	UV-induced
mutations	in	the	p53	gene,	such	as	signature	mutations	 induced	by	cyclobutane	pyrimidine	dimers	(CC	→	TT),
have	also	been	reported	in	up	to	60%	of	BCCs.32

Clinical	and	Pathologic	Features
BCC	typically	presents	as	a	slowly	growing	solitary	lesion	on	sun-exposed	skin,	although	multiple	primary	lesions
are	not	uncommon.	Lesions	are	typically	asymptomatic	but	may	be	noted	by	patients	for	intermittent	bleeding	or
ulceration.	 Patients	 often	 present	 to	medical	 care	 with	 a	 report	 of	 a	minor	 skin	 trauma	 that	 fails	 to	 heal	 over
several	 months.	 Over	 half	 of	 BCCs	 occur	 on	 the	 face	 and	 ears,	 and	 approximately	 30%	 occur	 on	 the	 nose.



Nonetheless,	 BCC	 can	 occur	 anywhere,	 including	 sun-protected	 areas,	 and	 has	 been	 reported	 to	 occur	 on	 the
vulva,	penis,	scrotum,	and	perianal	area.	BCC	can	be	divided	into	three	main	subtypes	with	distinct	clinical	and
pathologic	features:	nodular,	superficial,	and	infiltrative	(including	morpheaform	and	micronodular).33,34

Nodular	BCC	is	the	most	common	BCC	subtype,	accounting	for	>60%	of	all	tumors.	Clinically,	it	presents	as	a
raised,	 translucent,	 pearly,	 skin-toned	 to	 pink	 papule	 or	 nodule	with	 prominent	 telangiectasias	 (Fig.	 90.4A,B).
Occasionally,	the	center	of	the	tumor	appears	depressed	or	sunken,	leaving	a	rolled,	raised	border	with	the	classic
pearly	appearance	so-called	rodent	ulcer.	Not	 infrequently,	history	of	easy	bleeding	and/or	crusting	 is	obtained.
Nodular	BCC	has	a	propensity	for	involving	sun-exposed	areas	of	the	face	in	individuals	over	the	age	of	60	years.
In	patients	with	severe	actinic	damage,	nodular	BCCs	may	appear	in	the	third	decade.	Pigmented	BCC	is	a	variant
of	nodular	BCC	with	clinically	visible	pigment	and	may	be	difficult	to	differentiate	from	nodular	melanoma.	The
presence	of	pigment	may	be	of	value	in	determining	adequate	excision	margins.

Histologic	features	defining	BCC	are	aggregates	of	neoplastic	basaloid	cells	originating	from	the	epidermis	or
the	epithelium	of	adnexal	structures.33	Aggregates	are	organized	as	lobules,	 islands,	nests,	or	cords	of	cells	 that
display	an	orderly	arrangement	of	 the	basaloid	cell	nuclei	at	 the	periphery,	a	palisading	array.	In	nodular	BCC,
these	aggregates	are	arranged	as	well-demarcated	cellular	masses	of	varying	size	in	the	dermis	or	subcutis	(Fig.
90.5A,B).	Occasionally,	 central	 necrosis	 or	 cystic	 changes	 are	 seen	within	 the	 tumor	 lobules.	 Individual	 tumor
cells	 have	 uniform,	 hyperchromatic,	 round	 to	 oval	 nuclei.	Mitotic	 figures	 are	 uncommon,	 but	 the	 presence	 of
apoptotic	 cells	 and	 necrosis	 is	 frequently	 observed.	 A	 stromal	 retraction	 or	 clefting	 around	 the	 neoplastic
aggregates	is	commonly	seen	in	the	dermis.	An	accumulation	of	mucin	within	and	around	the	tumor	lobules	may
be	evident.	A	rare	pleomorphic	variant	of	BCC	shows	tremendous	variability	of	nuclear	size	and	chromatism	as
well	as	multiple	mitoses	and	multinucleated	giant	cells.

Superficial	BCC	is	the	second	most	common	subtype	of	BCC,	composing	up	to	15%	of	all	BCCs.	It	presents	in
younger	patients	at	a	mean	age	of	57	years.	Superficial	BCC	presents	as	a	well-defined,	pink	 to	erythematous,
scaly	or	eroded	macule	or	plaque	commonly	with	a	thin	pearly	border.	It	appears	predominately	on	the	trunk	and
may	 be	 difficult	 to	 differentiate	 clinically	 from	 AK,	 SCCIS,	 or	 an	 inflammatory	 lesion	 (Fig.	 90.4C).
Histologically,	 superficial	 BCC	 may	 be	 a	 broad	 lesion	 characterized	 by	 basophilic	 buds	 extending	 from	 an
atrophic	epidermis	 into	 the	papillary	dermis	(Fig.	90.5C).	There	 is	often	prominent	palisading	of	 the	peripheral
nuclei	of	the	tumor	as	well	as	clefting	of	the	adjacent	stroma.	In	a	two-dimensional	view,	tumor	buds	appear	to	be
multifocal,	but	on	three-dimensional	imaging	analysis,	they	form	a	netlike	pattern.	Retraction	artifact	is	present,	as
is	peripheral	palisading	within	the	buds.	By	definition,	superficial	BCC	is	limited	to	the	upper	dermis	and	thus	has
a	more	indolent	course	than	other	subtypes	of	BCC.	Nevertheless,	lateral	extension	of	the	cancer	within	the	dermis
may	be	prominent,	and	local	recurrence	can	be	observed	with	incomplete	treatment.	A	small	proportion	of	lesions
may	also	progress	to	more	invasive	subtypes	of	BCC.
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Figure	90.4	Basal	cell	carcinoma	(BCC)	clinical	presentation.	A:	Nodular	BCC,	a	friable	pearly
plaque	on	the	forehead	with	central	ulceration.	B:	Nodular	BCC	in	the	periocular	region,	an

erythematous	pearly	nodule	with	rolled	borders	and	focal	ulceration.	C:	Superficial	BCC	on	the
back,	a	thin	pink	and	scaly	plaque	that	may	be	misdiagnosed	as	dermatitis	or	reactive	change.	D:
Infiltrative	or	morpheaform	BCC,	a	subtle	atrophic	plaque	extending	broadly	over	the	cheek	with

focal	scale	and	crust.



Figure	90.5	Basal	cell	carcinoma	histologic	(BCC)	features.	A	and	B:	Nodular	BCC	is
characterized	by	the	presence	of	rounded	tumor	islands	extending	from	the	epidermis	into	the

dermis	or	subcutis.	Peripheral	palisading	of	nuclei	is	prominent,	and	surrounding	retraction	artifact
may	be	present.	Original	magnification	40×	(A)	and	100×	(B).	C:	Superficial	BCC	is	characterized
by	basophilic	buds	extending	from	an	atrophic	epidermis	into	the	papillary	dermis.	Retraction
artifact	is	present,	as	is	peripheral	palisading	within	the	buds.	Original	magnification	100×.	D:

Morpheaform	BCC	is	characterized	by	thin	strands	of	basophilic	cells	dissecting	through	thickened
collagen,	often	without	prominent	retraction	artifact.	Histologic	presentation	may	be	subtle.

Original	magnification	400×.	(Images	courtesy	of	Jennifer	McNiff,	MD,	Yale	Dermatopathology.)

Infiltrative	BCC	composes	approximately	5%	to	15%	of	all	BCCs	and	develops	predominately	in	the	head	and
neck	 region	 of	 older	 adults.	Morpheaform	 or	 sclerosing	 BCC	 is	 a	 variant	 of	 infiltrative	 BCC	with	 prominent
fibrosis	of	the	surrounding	dermis.	Any	of	these	subtypes	may	present	as	a	flat	or	indurated,	slightly	firm	lesion,
without	well-demarcated	borders,	with	a	white	to	yellowish	hue,	and	may	be	difficult	to	differentiate	from	a	scar
(Fig.	 90.4D).	 Traction	 on	 the	 skin	 often	 highlights	 the	 clinical	 extent	 of	 the	 lesion.	 Symptoms	 of	 bleeding,
crusting,	and	ulceration	are	often	not	present	in	this	tumor	subtype.	The	actual	size	of	the	cancer	is	usually	much
greater	than	the	clinical	appearance	of	the	tumor.

Infiltrative	variants	of	BCC	are	found	histologically	in	10%	to	20%	of	BCCs.	Individual	tumor	islands	manifest
small,	 irregular	outlines	that	invade	into	and	throughout	the	dermis	(Fig.	90.5D).	Palisading	is	characteristically
absent.	The	stroma	is	less	myxoid	than	in	the	nodular	form.	In	the	morpheaform	variant,	small	groups	or	cords	of
tumor	 cells,	 often	 only	 one	 to	 two	 cells	 in	 thickness,	 infiltrate	 and	 dissect	 a	 dense,	 collagenous	 stroma,	 often
parallel	 to	 the	 skin	 surface.	 The	 micronodular	 variant	 is	 composed	 of	 small	 islands	 of	 BCC	 (<0.15	 mm	 in
diameter)	widely	dispersed	in	an	otherwise	normal	stroma	without	prominent	palisading	or	clefting.	The	biologic
behavior	of	the	micronodular,	infiltrating,	and	morpheaform	(sclerosing)	subtypes	of	BCC	is	more	aggressive	than
that	of	 the	nodular	and	superficial	 forms.	The	 infiltrative	 types	are	more	 likely	 to	be	 incompletely	 removed	by
conventional	wide	 local	 excision	 (WLE).	 Rates	 of	 incomplete	 excision	 vary	 from	 5%	 to	 17%.35	 Incompletely
excised	infiltrative	and	micronodular	BCCs	recur	at	rates	of	33%	to	39%.	Recurrences	after	RT	show	a	tendency
toward	infiltrative	histology	and	squamous	transformation,	and	even	recurrent	BCC	after	excision	or	C&D	may
become	 metatypical.	 Although	 historical	 reports	 in	 the	 literature	 suggested	 that	 60%	 of	 incompletely	 excised
BCCs	 will	 not	 recur,	 none	 of	 these	 studies	 provided	 an	 appraisal	 of	 recurrence	 rates	 (RRs)	 as	 a	 function	 of
histologic	 subtype.36,37	 In	 general,	 incompletely	 excised	 BCCs	 should	 be	 removed	 completely,	 preferably	 by
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MMS,	especially	 if	 they	occur	 in	anatomically	critical	areas	such	as	 the	central	zone	of	 the	 face,	 retroauricular
sulcus,	or	periocular	area.

Fibroepithelioma	of	Pinkus	(FEP),	a	 rare	variant	of	BCC,	 typically	presents	on	 the	 torso	and	extremities	but
also	has	been	noted	on	the	genitalia,	groin,	and	sole	of	the	foot.	Clinically,	FEP	usually	presents	as	a	pink,	smooth,
dome-shaped,	 or	 pedunculated	 papule,	 plaque,	 or	 nodule.38	 FEP	 is	 characterized	 histologically	 by	 a	 polypoid
lesion	in	which	basaloid	cells	grow	downward	from	the	surface	in	a	network	of	anastomoses	of	cords	of	cells	in
loose	connective	tissue.	Compared	to	other	subtypes	of	BCC,	FEP	tends	to	have	an	indolent	prognosis	similar	to
superficial	BCC.

Mixed	histologic	features	may	be	apparent	in	BCCs.	Tumors	with	focal	areas	of	infiltrative	histology	exhibit
more	 aggressive	 behavior	 analogous	 to	 infiltrative	 BCC.	 Areas	 of	 follicular,	 sebaceous,	 eccrine,	 or	 apocrine
differentiation	 may	 also	 be	 seen	 in	 some	 BCCs.	 BCCs	 may	 contain	 focal	 areas	 of	 squamous	 differentiation,
ranging	 from	 individual	 dyskeratotic	 cells	 to	 keratin	 pearls.	 The	 term	 basosquamous	 (metatypical)	 carcinoma
denotes	BCC	with	a	predominance	of	mature,	atypical	keratinizing	squamous	component.	Biologic	characteristics
of	a	basosquamous	carcinoma	are	more	similar	to	those	of	SCC	with	a	possibility	for	metastasis.

Staging,	Prognosis,	and	Management
BCC	 in	 general	 is	 a	 locally	 invasive	 but	 indolent	 tumor,	 and	 the	 overall	 prognosis	 is	 excellent.	 The	 disease-
specific	mortality	for	BCC	is	far	less	than	1%,	with	less	than	1,000	deaths	per	year	in	the	United	States,	despite	an
estimated	annual	incidence	of	over	3,000,000	cases.	Distant	or	regional	metastasis	of	BCC	is	rare,	with	incidence
rates	 varying	 from	 0.0028%	 to	 0.1%.39	 Interestingly,	 BCC	 appears	 to	 be	 uniquely	 dependent	 on	 surrounding
stroma,	 as	 experimental	 transplants	 of	 tumors	 devoid	 of	 associated	 stroma	 are	 usually	 unsuccessful.40	 This
concept	 of	 stromal	 dependence	 may	 explain	 the	 low	 incidence	 of	 metastatic	 BCC.	 Nevertheless,	 in	 patients
without	 appropriate	 treatment,	 tumors	 can	 progress	 with	 significant	 morbidity.	 In	 addition,	 multiple	 primary
tumors	 are	 a	 frequent	 phenomenon	 in	 patients	 with	 BCC,	 leading	 to	 a	 substantial	 burden	 of	 disease	 even	 if
individual	lesions	are	effectively	treated.

Because	of	the	exceptionally	low	rate	of	distant	spread,	traditional	 tumor-node-metastasis	(TNM)	staging	for
BCC	is	rarely	used,	and	diagnostic	testing	beyond	a	skin	biopsy	is	generally	not	required.	It	is	instead	useful	to
classify	cutaneous	BCC	as	tumors	with	low	risk	of	recurrence	after	treatment,	tumors	with	high	risk	of	recurrence
after	 treatment,	 or	 locally	 advanced	BCC	 for	which	 standard	 treatment	 has	 failed	 or	 is	 inappropriate.	 Specific
clinical	 and	 pathologic	 features	 of	 BCC	 are	 associated	 with	 increased	 risk	 of	 recurrence	 due	 to	 subclinical
extension	 of	 the	 primary	 tumor	 that	may	 not	 be	 completely	 eradicated	with	 local	 therapy.	 Batra	 and	Kelley41
examined	 risk	 factors	 for	 extensive	 subclinical	 spread	of	more	 than	1,000	NMSCs	 treated	by	MMS.	The	most
significant	predictors	were	infiltrative	and	morpheaform	subtypes	of	BCC;	recurrent	BCC;	anatomic	location	on
the	nose,	ear,	eyelid,	or	 temple;	and	 increasing	preoperative	size.	Based	on	 this	and	additional	 supporting	data,
high-risk	BCCs	are	classified	as	tumors	of	any	size	located	in	high-risk	areas	(nose,	eyelids,	periocular	skin,	lips,
chin,	ears,	temples,	mandibular	and	periauricular	skin,	hands,	feet,	and	genitalia);	tumors	located	on	the	cheeks,
forehead,	scalp,	and	neck	greater	than	1	cm	in	diameter;	tumors	at	any	site	greater	than	2	cm	in	diameter;	tumors
with	poorly	defined	clinical	borders;	recurrent	tumors	after	prior	treatment;	tumors	arising	in	areas	of	prior	RT;
and	tumors	with	aggressive	histologic	features	including	infiltrative,	morpheaform,	and	micronodular	subtypes.42
BCCs	without	 any	 of	 these	 features	 are	 classified	 as	 low-risk	 tumors.	 High-risk	 BCCs	 can	migrate	 along	 the
perichondrium,	periosteum,	fascia,	or	tarsal	plate.36,37	This	type	of	spread	may	account	for	higher	RRs	in	tumors
involving	 the	nose,	eyelid,	ear,	and	scalp.	Embryonic	 fusion	planes	 likely	offer	 little	 resistance	and	can	 lead	 to
deep	 invasion	 and	 tumor	 spread,	 with	 high	 rates	 of	 recurrence.	 The	 most	 susceptible	 areas	 include	 the	 inner
canthus,	philtrum,	middle	to	lower	chin,	nasolabial	groove,	preauricular	area,	and	retroauricular	sulcus.

Basal	Cell	Carcinoma	Management
Treatment	 of	 BCC	 is	 dictated	 by	 the	 prognostic	 category	 of	 an	 individual	 lesion.	 Low-risk	 tumors	 can	 be
effectively	 treated	 by	 several	 modalities	 but	 are	 most	 often	 treated	 with	 excisional	 surgery	 or	 C&D.	 C&D	 is
frequently	 used	 by	 dermatologists	 in	 the	 treatment	 of	 primary	 BCC.	 For	 selected	 low-risk	 BCCs	 (<2	 cm	 in
diameter	 and	 not	 on	 the	 central	 face),	 cure	 rates	 as	 high	 as	 99%	 have	 been	 reported	 in	 uncontrolled	 series.43
Detailed	reviews	of	primary	BCC	treated	by	C&D	revealed	5-year	RRs	of	8.6%	for	lesions	located	on	the	neck,
trunk,	and	extremities	and	between	17.5%	and	22%	for	lesions	located	on	the	face.44	Kopf	et	al.,45	 in	an	earlier
study,	 cited	 a	 significant	 difference	 in	 the	 cure	 rates	 obtained	 between	 patients	 treated	 by	 private	 practitioners
(94.3%)	and	those	treated	by	trainees	in	the	New	York	University	Skin	and	Cancer	Unit	(81.2%).	This	supports



the	premise	that	C&D,	although	simple	and	cost	effective,	is	highly	dependent	on	operator	skill.	Traditionally,	it
was	 recommended	 that	 the	procedure	be	 repeated	 for	 three	 cycles,	 but	 histology,	 location,	 and	behavior	 of	 the
tumor	should	dictate	the	number	of	cycles.	C&D	should	be	reserved	for	small	or	superficial	BCCs,	not	located	on
the	midface,	in	patients	who	may	not	tolerate	more	extensive	surgery.

Surgical	excision	offers	a	unique	advantage	of	histologic	evaluation	of	the	excised	specimen	and	is	associated
with	 comparable	or	 slightly	higher	 cure	 rates	 than	C&D	 for	 typical	BCC.	 It	 has	been	demonstrated	 that	 4-mm
peripheral	margins	of	surrounding	normal	skin	(excised	to	a	depth	of	the	subcutaneous	adipose)	are	adequate	for
removal	of	BCC	in	98%	of	cases	of	nonmorpheaform	BCC	of	<2	cm	in	diameter.35	Infiltrative	or	micronodular
subtypes,	however,	may	 require	 surgical	margins	of	5	 to	10	mm	for	 complete	 clearance46,47	 and	 thus	 are	more
effectively	treated	with	MMS	if	available.

BCC	with	any	high-risk	features	is	optimally	treated	with	MMS.	MMS	permits	superior	histologic	verification
of	complete	 tumor	extirpation,	allows	maximum	conservation	of	 tissue,	and	remains	cost	effective	as	compared
with	traditional	excisional	surgery.4,6	In	a	large,	retrospective	study	of	treatment	of	primary	BCC	by	Rowe	et	al.,48
MMS	demonstrated	an	RR	of	1%	over	5	years.	This	was	superior	to	all	other	modalities,	including	excision	(RR,
10%),	 C&D	 (RR,	 7.7%),	 RT	 (RR,	 8.7%),	 and	 cryotherapy	 (RR,	 7.5%).	 In	 a	 similar	 study	 of	 recurrent	 BCC,
treatment	with	MMS	demonstrated	a	long-term	RR	of	5.6%.49	In	that	treatment	group,	MMS	was	superior	to	all
other	modalities,	 including	 excision	 (RR,	 17.4%),	 RT	 (RR,	 9.8%),	 and	C&D	 (RR,	 40%).	 In	 addition,	 10-year
follow-up	 data	 from	 a	 randomized	 clinical	 trial	 have	 provided	 high-level	 evidence	 that	 MMS	 is	 superior	 to
standard	excision	 for	high-risk	BCC.50	Both	primary	and	 recurrent	high-risk	BCCs	were	 found	 to	have	a	more
than	a	twofold	reduction	in	RR	after	MMS,	although	statistical	significance	was	only	reached	for	recurrent	BCC
due	to	the	small	size	of	the	trial.	MMS	is	the	preferred	treatment	for	morpheaform,	recurrent,	poorly	delineated,
high-risk,	 and	 incompletely	 removed	 BCCs	 and	 for	 those	 sites	 in	 which	 tissue	 conservation	 for	 function	 and
cosmesis	is	imperative.

When	the	surgical	approach	is	contraindicated,	RT	is	a	valid	option	for	management	of	primary	BCC.	While
avoiding	the	immediate	risk	of	a	surgical	procedure,	potential	disadvantages	of	RT	include	lack	of	margin	control,
possible	poor	cosmesis	over	time,	a	drawn	out	course	of	therapy,	and	increased	risk	of	future	skin	cancers.	The
RR	for	typical,	low-risk	BCC	treated	by	RT	ranges	from	5%	to	10%	over	5	years.	Wilder	et	al.51	compared	local
control	 rates	 for	 RT	 among	 85	 patients	 with	 115	 primary	 or	 recurrent	 biopsy-proven	 BCCs.	 At	 5	 years,	 95%
control	 rate	 was	 achieved	 for	 primary	 BCCs,	 and	 a	 56%	 control	 rate	 was	 obtained	 for	 recurrent	 BCCs.	 A
randomized	trial	comparing	RT	versus	excisional	surgery	for	small	(<4	cm)	facial	BCCs	found	that	RT	achieved	a
92.5%	cure	rate	at	4	years,	which	was	significantly	lower	than	the	99%	rate	after	surgical	excision.52	Considering
cosmesis,	the	trial	demonstrated	that	despite	minimal	RT	scarring	acutely,	chronic	radiation	changes	lead	to	scars
that	worsen	over	time.	The	4-year	cosmetic	result	was	significantly	better	with	surgery	than	RT.	RT	is	thus	best
suited	for	poor	surgical	candidates,	older	patients,	and	patients	with	extensive	lesions	not	amenable	to	surgery.53,54
RT	is	not	indicated	in	patients	with	NBCCS	because	it	leads	to	a	greatly	elevated	risk	of	secondary	skin	cancers.

For	locally	advanced	tumors	with	bone	or	cartilage	involvement,	 local	control	rates	decrease	to	50%	to	75%
with	RT	alone.	For	these	deeply	invasive	and	destructive	lesions	or	for	any	case	in	which	clear	surgical	margins
cannot	be	obtained,	combined	excision	and	adjuvant	RT	can	be	beneficial.	In	a	randomized	trial	of	patients	with
incompletely	excised	recurrent	BCCs,	adjuvant	RT	improved	the	5-year	local	control	rates	from	61%	to	91%.12
The	 10-year	 local	 control	 rates	 were	 similar	 for	 both	 adjuvant	 RT	 and	 repeat	 surgery	 (92%	 versus	 90%,
respectively).	For	selected	cases	of	small,	primarily	superficial	BCC,	treatment	with	superficial	x-ray	therapy	was
shown	in	one	series	to	have	a	favorable	RR	of	5.0%	at	5	years.55

The	 superficial	 subtype	of	BCC,	due	 to	 its	 limited	depth	of	dermal	penetration,	may	be	 treated	with	 topical
medical	 therapy,	 although	 the	 cure	 rates	 are	 significantly	 lower	 than	 with	 surgical	 treatment.	 Imiquimod	 is
approved	by	the	FDA	for	the	treatment	of	superficial	BCCs	<2	cm	in	diameter	on	the	neck,	trunk,	or	extremities.
The	FDA-recommended	regimen	is	once-daily	application	5	days	per	week	for	6	to	12	weeks.	Numerous	studies
evaluated	safety	and	efficacy	of	imiquimod	for	superficial	BCC.15,56	Application	schedules	varied	from	2	days	per
week	 to	 twice	 daily,	 and	 the	 treatment	 duration	 ranged	 from	5	 to	 15	weeks.	Clinical	 follow-up	 ranged	 from	6
months	to	5	years.	Reported	histologic	clearance	rates	ranged	from	52%	to	81%,	albeit	high-risk	tumors	(within	1
cm	of	the	hairline,	eyes,	nose,	mouth,	anogenital	region,	hands,	and	feet,	or	any	tumor	>2	cm	in	diameter)	were
excluded.	 Imiquimod	has	been	used	off-label	 for	 the	 treatment	of	nodular	 and	 infiltrative	BCCs	with	generally
poor	response	rates,	and	this	use	is	not	recommended.57,58

The	FDA-approved	protocol	for	treating	superficial	BCCs	with	topical	5-FU	is	twice-daily	application	for	3	to
6	weeks	irrespective	of	tumor	size	or	location.	Longer	treatment	protocols	with	an	average	11	weeks	are	reported
in	 the	peer-reviewed	 literature.	 In	a	 study	of	31	 tumors	 treated	 twice	daily	 for	 an	average	of	11	weeks,	 a	90%
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clearance	rate	was	observed	histologically	3	weeks	after	treatment.59	Topical	PDT	has	also	demonstrated	efficacy
in	 the	 treatment	 of	 BCC.	 Clearance	 rates	 for	 BCC	 using	 ALA	 or	 MAL	 PDT	 range	 from	 76%	 to	 97%	 for
superficial	BCC	to	64%	to	92%	for	nodular	BCC	after	one	to	 three	 treatments.21,23,60	Many	studies	of	PDT	for
nodular	BCC	involve	curettage	of	the	lesion	prior	to	treatment,	however,	and	it	 is	unclear	whether	the	response
rate	 would	 be	 as	 successful	 without	 initial	 curettage.	 In	 a	 well-designed	 comparative	 trial,	 601	 patients	 with
superficial	BCCs	were	randomized	to	treatment	with	MAL	PDT	(two	treatments	given	1	week	apart),	imiquimod,
or	5-FU	according	to	FDA-approved	protocols.	Complete	clinical	remission	at	1	year	was	found	to	be	72.8%	for
PDT,	 83.4%	 for	 imiquimod	 (superior	 to	 PDT),	 and	 80.1%	 for	 5-FU	 (not	 statistically	 different	 from	 the	 other
treatments).	However,	patients	treated	with	imiquimod	or	5-FU	were	more	likely	to	report	bothersome	local	side
effects	of	the	treatment.61

Locally	 advanced	 BCC	 is	 subjectively	 defined	 as	 lesions	 for	 which	 standard	 surgical	 treatment	 or	 RT	 is
contraindicated	or	not	feasible.	This	may	include	multiply	recurrent	tumors,	tumors	with	invasion	of	the	skull	or
cranial	nerve	roots,	 tumors	with	 involvement	of	critical	structures	such	as	 the	eye,	or	exceptionally	 large	BCCs
(>4	 to	 6	 cm	 in	 diameter).	 Such	 lesions,	while	 still	 exhibiting	 a	 very	 low	 rate	 of	 distant	metastasis,	may	 cause
significant	morbidity	(or	death)	from	local	invasion,	and	cure	rates	with	a	variety	of	treatments	have	traditionally
been	 poor.	 Elucidation	 of	 the	 critical	 role	 of	 abnormal	 hedgehog	 signaling	 in	 BCC,	 however,	 has	 led	 to
development	 of	 a	 novel	 class	 of	 molecularly	 targeted	 small-molecule	 inhibitors	 of	 Smoothened,	 most	 notably
vismodegib.62	Based	on	a	seminal	trial	of	63	patients	with	locally	advanced	BCC	and	33	patients	with	metastatic
BCC,	vismodegib	was	approved	in	2012	for	treatment	of	locally	advanced	or	metastatic	BCC.63	With	once-daily
oral	dosing	of	150	mg	of	vismodegib,	43%	of	patients	with	locally	advanced	BCC	had	an	objective	response	(at
least	 30%	 decrease	 in	 size	 of	 tumors),	 and	 21%	 of	 patients	with	 locally	 advanced	BCC	 had	 complete	 clinical
resolution	 of	 tumors.	 Adverse	 events	 in	 the	 trial	 were	 common,	 including	 serious	 adverse	 events	 in	 25%	 of
patients	and	fatal	adverse	events	in	7%	of	patients.	The	most	common	adverse	events	in	this	and	other	trials	were
muscle	spasms,	alopecia,	dysgeusia	leading	to	weight	loss,	fatigue,	diarrhea,	and	hyponatremia,	and	between	12%
and	54%	of	patients	discontinued	therapy	because	of	adverse	effects.62–64	Due	to	the	relatively	low	response	rate,
the	high	 incidence	of	 adverse	 events,	 the	potential	 for	 resistance	with	 a	 single	mutation,65	 and	 reports	of	 rapid
recurrence	 of	 BCC	 upon	 discontinuation	 of	 the	 medication,66	 Smoothened	 inhibitors	 remain	 a	 limited,	 albeit
important,	addition	to	our	treatment	options	for	BCC.	Vismodegib	may	also	be	an	effective	suppressive	therapy
for	select	patients	with	NBCCS,	where	it	was	shown	to	decrease	the	incidence	of	new	tumors	by	93%	during	an	8-
month	period.64

As	 noted	 previously,	 metastasis	 from	 BCC	 is	 very	 rare,	 and	 it	 is	 not	 yet	 clear	 which	 risk	 factors	 impact
metastatic	potential.	BCC	metastases	have	 involved	 the	 lung,	 lymph	nodes,	 esophagus,	 oral	 cavity,	 and	distant
skin	 sites.	Although	 long-term	 survival	 has	been	 reported,	 the	prognosis	 for	metastatic	BCC	 is	 generally	poor,
with	an	average	survival	of	8	 to	10	months	after	diagnosis.	Platinum-based	chemotherapy	has	historically	been
used,	 albeit	 with	 limited	 success.40	 With	 the	 addition	 of	 vismodegib	 and	 other	 small-molecule	 inhibitors	 of
Smoothened,	 new	 therapeutic	 options	 are	 now	 available	 and	 may	 portend	 a	 better	 prognosis.	 In	 the	 seminal
vismodegib	trial	discussed	earlier,	30%	of	patients	with	metastatic	BCC	had	an	objective	response,	although	no
complete	remissions	were	noted.63

After	 a	 first	 diagnosis	 of	 BCC,	 approximately	 40%	 of	 patients	will	 develop	 a	 second	 primary	 skin	 cancer.
Thus,	 it	 is	 imperative	 that	 patients	with	 a	 history	 of	BCC	 receive	 annual	 full-body	 skin	 examinations,	 both	 to
monitor	for	recurrence	of	 the	primary	lesion	and	to	screen	for	second	malignancies.	Although	most	recurrences
appear	within	1	to	5	years,	recurrences	decades	after	initial	treatment	are	reported	in	the	literature.	Rowe	et	al.48,67
found	that	30%	of	recurrences	developed	within	the	first	year	after	therapy,	50%	within	2	years,	and	66%	within	3
years.

SQUAMOUS	CELL	CARCINOMA	AND	ACTINIC	KERATOSIS
SCC	 is	 a	malignant	 neoplasm	 of	 keratinizing	 (squamous)	 cells	 of	 the	 epidermis.	 Like	BCC,	 SCC	 is	 primarily
found	in	elderly	patients,	is	associated	with	chronic	UV	exposure,	and	is	one	of	the	most	common	malignancies	in
human	beings.	Unlike	BCC,	SCC	has	the	potential	for	rapid	growth	and	a	low	but	significant	risk	of	metastasis
and	death.68	SCC	is	frequently	associated	with	precursor	lesions	of	benign	AK.	Because	of	the	clear	relationship
between	AK	and	SCC,	these	two	entities	will	be	discussed	together.



Incidence	and	Etiology
SCC	is	not	recorded	in	national	epidemiologic	databases,	and	thus,	the	true	incidence	of	disease	must	be	estimated
from	 surrogate	 data.	 Recent	 estimates	 suggest	 that	 the	 incidence	 of	 SCC	 in	 the	 United	 States	 is	 approaching
1,000,000	per	year	and	continues	to	increase	over	time.3,68	Despite	the	generally	favorable	prognosis	of	cutaneous
SCC,	the	high	incidence	translates	into	a	significant	burden	of	morbidity	and	mortality.	It	is	estimated	that	4,000
to	 9,000	 patients	 die	 of	 SCC	 in	 the	 United	 States	 annually,	 which	 is	 comparable	 to	 the	 loss	 of	 life	 from
melanoma.68	 AK,	 a	 benign	 precursor	 of	 SCC,	 is	 even	 more	 common	 than	 its	 corresponding	 malignancy	 and
affects	up	to	20%	of	people	older	than	age	60	years,	often	with	multiple	individual	lesions.69

SCC	is	strongly	associated	with	age	and	chronic	UVR.	The	incidence	is	nearly	10-fold	greater	in	people	aged
>70	 years	 than	 in	 those	 aged	 30	 to	 44	 years	 and	may	 be	 5-	 to	 10-fold	 greater	 in	 geographic	 regions	 of	 high
environmental	UVR	compared	to	low	UVR.70	People	of	Celtic	descent,	individuals	with	fair	skin	complexion	and
light-colored	hair	and	eyes,	and	those	with	poor	tanning	ability	or	predisposition	to	sunburn	are	at	increased	risk
for	developing	AK	and	SCC.	Persons	with	red	hair	due	to	mutation	in	the	MC1R	(melanocortin	1	receptor)	gene
are	at	particularly	elevated	risk	of	SCC.71	Men	are	affected	twofold	more	commonly	than	women.	Patients	treated
with	UV	light	therapy	or	undergoing	immunosuppressive	therapy	after	solid	organ	transplantation	are	at	increased
risk	of	SCC	(discussed	later	in	this	chapter).

The	major	contributing	factor	in	the	pathogenesis	of	AK	and	SCC	is	cumulative	exposure	to	UVR.	UVR	acts
as	both	a	tumor-initiating	and	a	tumor-promoting	factor.	Both	UVA	and	UVB	(UVB	more	than	UVA)	contribute
to	mutagenesis	of	DNA	by	inducing	UV	landmark	mutations	(two	tandem	CC:GG	to	TT:AA	and	two	C:G	to	T:A
transitions	 at	 dipyrimidic	 sites).	UV-induced	mutations	 in	TSG	 lead	 to	uncontrolled	 cell	 cycle	progression	 and
subsequent	 transformation	 of	 keratinocytes.72	 In	 addition	 to	 direct	 mutagenesis,	 exposure	 to	 UVB	 leads	 to
decreased	density	and	antigen-processing	capability	of	Langerhans	cells	and	may	suppress	production	of	 the	T-
helper	cell	type	1	cytokines	IL-2	and	IFN-γ.73

Studies	of	the	molecular	pathogenesis	of	AK	and	SCC	have	revealed	a	stepwise	progression	from	normal	skin
to	actinically	damaged	skin	 to	AK	to	SCC.	Global	gene	profiling	has	shown	similar	patterns	of	abnormal	gene
expression	in	AK	and	SCC,	and	the	identification	of	expanded	clones	of	p53-mutated	keratinocytes	in	precursor
AKs	confirms	that	AKs	indeed	represent	an	early	stage	in	the	molecular	carcinogenesis	of	NMSC.74,75	Alterations
in	the	TSG	p53	gene	are	the	most	common	genetic	abnormality	found	in	AK,	SCCIS,	and	invasive	SCC.	Under
normal	conditions,	UVR	induces	p53	gene	activity.	The	amount	of	p53	protein	rapidly	increases	in	keratinocytes
after	 UVR	 and	 drives	 the	 expression	 of	 downstream	 genes	 including	Mdm2,	GADD45,	 and	 p21	 CIP/WAF1,
leading	 to	cellular	arrest	 in	 the	G1	phase.	 In	cases	of	squamous	dysplasia	or	SCC,	one	allele	of	p53	 contains	a
missense	point	mutation	with	UV	signature,	whereas	the	remaining	p53	allele	is	often	deleted.	Based	on	whole-
exome	 sequencing	 and	 copy	 number	 variation	 data	 obtained	 from	 cutaneous	 SCC,	 it	 appears	 that	 loss	 of	 both
copies	of	p53	 is	an	early	event	 in	carcinogenesis,	 facilitating	subsequent	clonal	expansion	and	accumulation	of
many	additional	point	mutations.76	In	this	study	and	in	similar	studies	of	SCC	of	the	oropharyngeal	mucosa,	loss
of	p53	 was	 the	most	 common	mutation,	 but	 inactivating	mutations	 in	 other	 TSGs	 were	 also	 noted,	 including
CDKN2A	 and	NOTCH1,	 which	 encodes	 a	 membrane	 receptor	 critical	 for	 directing	 cell	 fate	 determination	 in
development.76–78	 Activating	mutations	 or	 gene	 amplifications	 of	 oncogenes	 have	 also	 been	 reported	 in	 SCC,
most	notably	 involving	the	epidermal	growth	factor	receptor	(EGFR)	and	its	downstream	signaling	components
such	as	ras.29,74,76–79	Although	these	genome-wide	studies	highlight	the	mutational	complexity	and	heterogeneity
of	SCC,	three	underlying	features	emerge.	First,	both	inactivating	mutations	in	TSGs	and	activating	mutations	in
oncogenes	 (often	multiple)	 are	 required	 for	malignant	 progression.	 Second,	 loss	 of	 functional	p53	 is	 a	 central
feature	of	AK	and	SCC	pathogenesis	that	is	observed	in	a	majority	of	tumors.	Third,	sequencing	of	sun-exposed
but	noncancerous	human	skin	has	revealed	that	many	of	these	same	mutations	are	present	in	normal	skin	at	low
frequency,	indicating	that	genetic	mutations	and	clonal	evolution	occur	even	in	the	absence	of	overt	malignancy.80

Other	 factors	 associated	with	 development	 of	 SCC	 include	 chemical	 carcinogens	 (e.g.,	 petroleum,	 coal	 tar,
soot,	arsenic);	exposure	to	ionizing	radiation;	exposure	to	PUVA	therapy	(calculated	adjusted	relative	risk	for	a
cumulative	 exposure	 of	 between	 100	 and	 337	 treatments	 is	 8.6);	 HPV,	 especially	 important	 for	 SCC	 in	 the
anogenital	and	periungual	regions,	in	the	setting	of	immunosuppression	with	HIV	and	solid	organ	transplantation,
and	in	patients	with	epidermodysplasia	verruciformis;	and,	to	a	lesser	extent,	smoking.	HPV-16	and	HPV-18	are
frequently	 identified	 in	SCC	 lesions	 of	 the	 anogenital	 skin	 and	nail	 unit.	 For	SCC	of	 nongenital	 skin,	 the	 link
between	 HPV	 infection	 and	 cancer	 remains	 circumstantial.	 However,	 one	meta-analysis	 reported	 a	 significant
association	between	seropositivity	for	a	variety	of	β-HPV	subtypes	and	SCC	in	immunocompetent	individuals.81
SCC	may	also	arise	 in	areas	of	chronic	 inflammation	or	nonhealing	wounds.	 In	 fact,	SCC	in	darkly	pigmented
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individuals	 arises	 most	 often	 on	 sites	 of	 preexisting	 inflammatory	 conditions	 such	 as	 burn	 injuries,	 scars,	 or
chronic	ulcers	due	 to	discoid	 lupus	or	osteomyelitis.82	Heritable	conditions	associated	with	higher	 incidence	of
SCC	 include	 xeroderma	 pigmentosum,	 dystrophic	 epidermolysis	 bullosa,	 and	 oculocutaneous	 albinism.
Immunosuppression,	 including	 endogenous	 (underlying	 lymphoproliferative	 disorder)	 and	 iatrogenic
immunosuppression,	 plays	 a	 role	 in	 pathogenesis	 of	 SCC	 (see	 the	 later	 discussion).	 In	 addition	 to
immunosuppressive	agents,	other	medications	may	also	enhance	the	risk	of	SCC.	Chronic	use	of	photosensitizing
drugs,	 such	 as	 the	 antifungal	 agent	 voriconazole,	 can	 facilitate	 actinic	 damage	 and	 has	 been	 implicated	 in
accelerated	 SCC	 development,	 particularly	 in	 immunosuppressed	 patients.83	 Vemurafenib,	 a	 tyrosine-kinase
inhibitor	 recently	 approved	 by	 the	FDA	 for	 the	 treatment	 of	metastatic	 and	 unresectable	melanomas	 harboring
V600E	mutations	in	the	BRAF	gene,	appears	to	increase	the	risk	of	keratoacanthoma	(KA)	and	SCC	development
by	directly	altering	signaling	through	the	Ras-Raf	mitogen-activated	protein	kinase	pathway	known	to	be	involved
in	SCC	pathogenesis.84

Clinical	and	Pathologic	Features	of	Squamous	Cell	Carcinoma	and	Actinic
Keratosis
AKs	are	clinically	and	pathologically	distinct	 lesions	 that	 are	benign	precursors	of	SCC.	AKs	are	 red,	pink,	or
brown	papules	with	a	scaly	(hyperkeratotic)	surface.	They	occur	on	sun-exposed	areas	and	are	especially	common
on	 the	balding	 scalp,	 forehead,	 face,	dorsal	 forearms,	 and	hands	 (Fig.	90.6).	Most	patients	with	AKs	will	 have
multiple	 lesions	and	may	have	dozens	within	a	heavily	UVR-exposed	 field.	Subclinical	AKs	 (detected	only	on
histologic	examination)	are	estimated	to	occur	up	to	10	times	more	often	than	clinically	visible	AKs,	particularly
on	sun-exposed	skin.85	Actinic	cheilitis	is	a	clinical	subtype	of	AK	on	the	lower	lip	marked	by	diffuse	scaling	and
erythema	 or	 hypopigmentation	 along	 the	 vermilion	 border.	More	 severe	 cases	may	 have	 recurrent	 erosions	 or
fissures.	Although	the	presentation	can	be	subtle,	the	elevated	risk	of	mucosal	SCC	development	demands	clinical
vigilance.

The	 histologic	 spectrum	 of	 AKs	 includes	 hyperplastic,	 atrophic,	 Bowenoid,	 acantholytic,	 and	 pigmented
subtypes.86	 Each	 subtype	 is	 characterized	 by	 disordered,	 atypical	 keratinocytes	 with	 nuclear	 atypia	 that	 is
restricted	 to	 the	 epidermis	 without	 breaching	 the	 basement	 membrane.	 In	 the	 hyperplastic	 variant,	 there	 is
pronounced	epidermal	acanthosis	(thickening	or	hyperplasia)	as	well	as	hyperkeratosis	and	parakeratosis.	The	lack
of	 dermal	 invasion	 is	 a	 defining	 feature	 of	 these	 benign	 lesions.	 A	 thin	 epidermis	 devoid	 of	 rete	 ridges	 is
characteristic	of	 the	atrophic	variant.	Atypical	 cells	predominate	 in	 the	basal	 layer.	The	Bowenoid	AK	may	be
virtually	 indistinguishable	 from	 SCCIS	 or	 Bowen	 disease	 without	 corresponding	 clinical	 information.	 In	 the
Bowenoid	variant,	considerable	epidermal	cell	disarray	and	clumping	of	nuclei	give	a	windblown	appearance.	The
presence	of	suprabasal	lacunae	is	characteristic	of	acantholytic	AK.	Excessive	melanin	may	be	present	within	the
basal	 layer	of	pigmented	AK;	although	 this	pathologic	presentation	may	be	 reminiscent	of	melanoma	 in	situ	at
first	glance,	it	has	no	prognostic	significance.



Figure	90.6	Multiple	actinic	keratoses.	Numerous	pink	thin	papules	with	gritty	scale	are	scattered
over	the	sun-exposed	scalp	in	an	elderly	man.	The	lesions	are	admixed	with	several	tan	solar

lentigines.

SCC	is	often	more	clinically	distinct	than	AK.	SCCIS	appears	as	a	discrete,	solitary,	sharply	demarcated,	scaly
pink	 to	 red	 papule	 or	 thin	 plaque	 (Fig.	 90.7).	 Erythroplasia	 of	 Queyrat	 (SCCIS	 on	 the	 glans	 of	 penis	 of
uncircumcised	male	related	to	HPV	infection)	presents	as	a	verrucous	or	polypoid	papule	or	plaque	that	is	often
eroded.	Invasive	SCC	may	present	as	a	slightly	raised	papule	plaque	or	nodule	that	is	skin-colored,	pink,	or	red
(Fig.	 90.8).	 The	 surface	 of	 the	 tumor	may	 be	 smooth,	 keratotic,	 or	 ulcerated.	More	 advanced	 lesions	may	 be
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nodular,	exophytic,	or	 indurated.	 In	some	cases,	 the	 tumor	 is	 symptomatic	with	pain	or	pruritus.	Bleeding	with
minimal	trauma	is	common.	It	can	be	clinically	difficult	to	distinguish	an	invasive	SCC	from	a	hypertrophic	AK,	a
benign	 seborrheic	 keratosis,	 or	 a	 benign	 inflammatory	 lesion.	 An	 appropriate	 biopsy	 is	 often	 required	 for
questionable	lesions.

KA	is	a	variant	of	SCC	defined	by	a	symmetric	crateriform	architecture	and	a	clinical	presentation	marked	by
rapid	growth	(up	to	several	centimeters)	over	a	period	of	several	weeks.	The	tumor	then	typically	stabilizes	in	size
and	often	spontaneously	regresses.	Although	certain	KAs	may	thus	behave	in	a	benign	fashion,	it	is	impossible	to
predict	which	lesions	will	regress	and	which	will	progress.	It	is	thus	recommended	to	treat	KAs	as	a	subtype	of
SCC	 with	 appropriate	 surgical	 therapy.	 Verrucous	 carcinoma,	 a	 variant	 of	 SCC,	 includes	 oral	 florid
papillomatosis,	giant	condyloma	of	Buschke-Lowenstein	(on	the	genitalia),	and	epithelioma	cuniculatum	(on	the
plantar	 foot).87	 Verrucous	 carcinoma	 is	 considered	 a	 low-grade	 carcinoma.	 It	 grows	 slowly	 and	 rarely
metastasizes	but	is	frequently	deeply	invasive	into	underlying	tissue	and	therefore	is	difficult	to	eradicate.	After
treatment	with	RT,	verrucous	carcinoma	may	become	aggressive	or	even	metastasize.

The	 histologic	 criteria	 defining	 SCCIS	 include	 involvement	 of	 the	 entire	 thickness	 of	 epidermis	 with
pleomorphic	keratinocytes	and	 involvement	of	 the	adnexal	epithelium.	SCCIS	 is	distinguished	from	AK	by	 the
presence	of	full-thickness	dysplasia	in	SCCIS	compared	with	only	partial-thickness	dysplasia	in	AK.	The	degree
of	keratinocyte	atypia	in	SCCIS	is	variable.	Marked	anaplasia,	nuclear	crowding,	loss	of	polarity,	dysmaturation
of	the	keratinocytes,	numerous	mitotic	figures,	including	atypical	and	bizarre	forms,	and	occasional	dyskeratotic
keratinocytes	are	seen,	giving	the	epidermis	a	“windblown”	appearance.	The	epidermis	may	also	be	hyperplastic
with	 psoriasiform	 appearance	 and	 broad	 rete	 ridges.	 A	 pigmented	 variant	 of	 SCCIS	 has	 abundant	 melanin
accumulated	 within	 keratinocytes	 and	 scattered	 superficial	 dermal	 macrophages.	 The	 histologic	 differential
diagnosis	of	SCCIS	includes	AK,	Bowenoid	papulosis,	Paget	disease,	extramammary	Paget	disease	(EMPD),	and
malignant	 melanoma	 in	 situ.	 Immunostaining	 may	 be	 required	 for	 proper	 diagnostic	 assessment.	 Bowenoid
papulosis,	 a	 specific	 clinical	 manifestation	 of	 genital	 HPV	 infection,	 is	 histologically	 indistinguishable	 from
SCCIS;	clinicopathologic	correlation	is	required	to	determine	the	malignant	potential	of	these	lesions.



Figure	90.7	Squamous	cell	carcinoma	(SCC)	in	situ	clinical	presentation.	SCC	in	situ	presents	as
an	erythematous	plaque	that	can	be	difficult	to	differentiate	from	a	benign	inflammatory	process.
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Figure	90.8	Squamous	cell	carcinoma	(SCC)	clinical	presentation.	A:	SCC	on	the	temple
presenting	as	a	cutaneous	horn	within	a	scaly	pink	plaque.	B:	SCC	on	the	chest	presenting	as	a	firm,
tender,	keratotic	nodule	with	central	ulceration	and	scale	crust.	SCC	may	exhibit	rapid	growth	with

the	potential	for	deep	invasion	and	regional	metastasis.

Invasive	SCC	is	characterized	histologically	by	its	relatively	large	cellular	size,	nuclear	hyperchromatism,	lack
of	maturation,	 nuclear	 atypia,	 and	 the	presence	of	mitotic	 figures	 (Fig.	90.9).	The	 presence	 of	 dermal	 invasion
differentiates	invasive	SCC	from	SCCIS.	In	well-differentiated	SCC,	cytoplasmic	keratinization	is	manifested	by
the	 presence	 of	 keratin	 pearls	 (horn	 cysts)	 and	 individual	 cell	 dyskeratosis.	 Invading	 keratinocytes	 frequently
demonstrate	minimal	cytologic	atypia.	In	contrast,	poorly	differentiated	or	undifferentiated	SCC	shows	decreased
evidence	 of	 keratinization,	 higher	 degree	 of	 cytologic	 atypia,	 and	 increased	 number	 of	 mitotic	 figures.	 Poor
differentiation	 is	 associated	 with	 worse	 prognosis.	 Poorly	 differentiated	 SCC	 may	 exhibit	 a	 spindle	 cell
morphology,	with	 single	cells	 infiltrating	deeply	 into	otherwise	normal	 tissue;	 this	 subtle	histologic	appearance
may	also	be	 associated	with	PNI	of	SCC,	 another	 poor	prognostic	 indicator.	Other	 histologic	 subtypes	 include
acantholytic,	 desmoplastic,	 and	 adenosquamous	 (mucin-producing)	 SCC,	 which	 have	 all	 been	 associated	 with
more	invasive	tumors	and	increased	risk	of	recurrence.

Figure	90.9	Squamous	cell	carcinoma	(SCC)	histologic	features.	A:	Well-differentiated	SCC	with
large,	well-defined	aggregates	of	squamous	cells	with	modest	cytologic	atypia	and	central	keratin



pearls.	B:	Poorly	differentiated	SCC,	with	subtle	histologic	presentation	of	spindle	cells	with
nuclear	atypia	infiltrating	through	dermal	collagen	(red	arrows).

Staging,	Prognosis,	and	Management
AKs	 are	 benign	 lesions	 that	 represent	 the	 initial	 intraepidermal	 manifestation	 of	 abnormal	 keratinocyte
proliferation	due	to	somatic	mutations	in	the	same	TSGs	(such	as	p53)	that	are	mutated	in	SCC.	As	such,	AKs	are
precursor	lesions	with	the	possibility	of	progression	to	SCCIS	and	invasive	SCC.85	Approximately	60%	to	65%	of
SCCs	arise	from	prior	AK.	Clinically,	AKs	demonstrate	one	of	three	behavior	patterns:	spontaneous	regression,
persistence,	or	progression	to	invasive	SCC.	Spontaneous	regression	has	been	reported	in	as	high	as	25%	to	50%
of	AKs	over	a	12-month	period,	although	a	15%	RR	was	noted	at	subsequent	follow-up.85	The	risk	of	progression
of	AK	 to	SCC	appears	 to	vary	widely	 (estimates	 range	 from	0.025%	to	16%),	although	 the	most	 rigorous	data
suggest	 a	 malignant	 transformation	 of	 less	 than	 1%	 per	 year.88	 Nevertheless,	 due	 to	 the	 frequent	 presence	 of
multiple	AKs	in	a	single	patient,	the	calculated	risk	of	malignant	transformation	for	a	typical	AK	patient	over	10
years	ranges	from	6.1%	to	10.2%.89

Cutaneous	SCCIS	 is	 a	 stage	0	 intraepidermal	 carcinoma.	Most	 lesions	 are	 indolent	 and	 enlarge	 slowly	over
years,	 seldom	 progressing	 to	 invasive	 carcinoma.	 Retrospective	 studies	 suggest	 that	 the	 risk	 of	 progression	 to
invasive	SCC	is	approximately	3%	to	5%.	The	risk	of	progression	to	invasive	disease	for	genital	erythroplasia	of
Queyrat	 is	 approximately	 10%.90	 Bowenoid	 papulosis	 is	 a	 distinct	 clinical	 presentation	 of	 reddish	 brown
verrucous	 papules	 on	 the	 genitalia	 that	 is	 associated	 with	 HPV-16	 and	 HPV-18.	 The	 malignant	 potential	 of
Bowenoid	papulosis	is	low,	but	progression	to	invasive	SCC	has	been	reported.

Although	overall	the	prognosis	of	invasive	SCC	is	good	to	excellent,	it	has	been	estimated	that	2%	to	4%	of
patients	will	develop	nodal	metastasis	and	1%	to	2%	of	patients	will	die	from	disease,	leading	to	4,000	to	9,000
deaths	per	year	in	the	United	States.68	Several	studies	have	attempted	to	elucidate	which	factors	define	patients	at
highest	 risk	 of	 disease	 progression.	 In	 a	 pivotal	 review	 of	 studies	 of	 SCCs	 from	 1940	 to	 1992,	 Rowe	 et	 al.67
correlated	 the	 risk	 for	 local	 recurrence	 and	metastasis	with	 treatment	modality,	 prior	 treatment,	 location,	 size,
depth,	histologic	differentiation,	 evidence	of	perineural	 involvement,	 precipitating	 factors	other	 than	UVR,	 and
immunosuppression.	Tumors	arising	in	areas	of	chronic	inflammation	and	at	mucocutaneous	junctions	had	a	10%
to	30%	rate	of	progression	to	metastatic	disease,	whereas	the	incidence	of	metastasis	from	SCC	arising	on	sun-
exposed	skin	in	the	absence	of	preexisting	inflammatory	or	degenerative	conditions	varied	widely	from	0.05%	to
16.0%.67	SCCs	with	perineural	 involvement	exhibited	a	 lower	10-year	survival	(23%	versus	88%)	and	a	higher
local	RR	(47%	versus	7.3%)	than	SCCs	without	perineural	disease.	For	tumors	>2	cm	in	diameter,	RRs	double
from	7.4%	to	15.2%,	and	for	tumors	>4	mm	in	depth,	metastasis	rates	dramatically	increase	from	6.7%	to	45.7%.
It	was	also	observed	that	locally	recurrent	SCCs	had	an	elevated	metastasis	rate	of	30%,	particularly	when	located
on	the	lip	and	ear	(metastasis	rates	of	31.5%	and	45%,	respectively).

There	 is	 currently	no	universally	 accepted	 staging	 system	 for	 cutaneous	SCC.	 In	general,	 cutaneous	SCC	 is
categorized	as	localized	disease	with	low	risk	of	progression	(synonymous	with	stage	I	disease),	localized	disease
with	increased	risk	of	progression	(equivalent	to	stage	II	or	III),	and	disease	with	regional	or	distant	dissemination
(equivalent	to	stage	III	or	IV).	In	2017,	the	American	Joint	Committee	on	Cancer	(AJCC)	released	updated	eighth
edition	staging	criteria	for	cutaneous	SCC	of	the	head	and	neck	only.91	Stage	I	disease	is	defined	as	localized	T1
tumors	<2	cm	in	diameter	without	any	defined	risk	factors,	and	stage	II	disease	is	defined	as	localized	T2	tumors	2
to	4	cm	in	diameter	without	any	defined	risk	factors.	Stage	III	disease	is	defined	as	localized	T3	tumors	>4	cm	in
diameter	 or	 tumors	 of	 any	 size	 with	 any	 of	 the	 following	 defined	 risk	 factors:	 deep	 invasion	 beyond	 the
subcutaneous	fat	or	>6	mm	in	depth,	PNI	of	nerves	>0.1	mm	diameter,	or	minor	bone	erosion.	Stage	III	disease
also	encompasses	early	regional	disease	by	including	T1	to	T3	tumors	with	a	single	ipsilateral	nodal	metastasis
without	extracapsular	extension	measuring	<3	cm	diameter.	Stage	IV	disease	includes	T4	tumors	with	gross	bone
invasion	 of	 the	 skull	 or	 cranial	 nerve	 foramina,	 advanced	 nodal	metastasis	 of	multiple	 nodes,	 nodes	 >3	 cm	 in
diameter	 or	 nodes	with	 extracapsular	 extension,	 and	 any	 distant	metastasis.	Although	 there	 are	 limited	 data	 to
validate	 the	 prognostic	 impact	 of	 this	 updated	 staging	 system,	 one	 study	 (examining	 tumor	 stage	 data	 only)
reported	that	the	10-year	risk	of	nodal	metastasis	increased	from	0.4%	to	12.2%	to	14.1%	to	42.6%	for	T1,	T2,
T3,	 and	T4	 tumors,	 respectively,	 and	 the	 risk	of	 disease	 specific	 death	 increased	 from	0%	 to	7.6%	 to	9.3%	 to
82.2%	for	T1,	T2,	T3,	and	T4	tumors,	respectively.92	This	suggests	that	the	updated	T	stage	categories	are	useful
prognostic	 indicators,	 but	 it	 remains	 unclear	 whether	 including	 both	 early	 nodal	 metastasis	 and	 localized	 T3
tumors	 with	 a	 single	 risk	 factor	 in	 the	 same	 stage	 III	 category	 is	 appropriate.	 In	 addition,	 because	 the	 eighth
edition	staging	criteria	only	apply	to	SCC	on	the	head	and	neck,	SCC	of	the	trunk	and	extremities	is	still	staged	by
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the	 AJCC	 seventh	 edition	 criteria	 released	 in	 2011.93	 The	 prior	 staging	 criteria	 are	 similarly	 based	 on	 tumor
diameter	 and	 the	 presence	 of	 risk	 factors	 including	 depth	 of	 invasion,	 PNI,	 and	 histologic	 differentiation.
Additional	studies	are	required	to	validate	and	consolidate	the	proposed	staging	criteria.

A	major	critique	of	the	AJCC	criteria	is	that	intermediate-stage	tumors	compose	a	heterogeneous	group	with
anywhere	from	moderate	to	high	risk	of	progression.	As	such,	Schmults	and	colleagues,	based	on	a	retrospective
multivariate	analysis	of	256	high-risk	SCCs,	proposed	an	alternative	staging	system	with	only	four	risk	factors:
tumor	 diameter	 ≥2	 cm,	 depth	 of	 invasion	 beyond	 subcutaneous	 fat,	 poor	 histologic	 differentiation,	 and	 PNI.94
When	tumors	with	one	risk	factor	were	classified	as	T2a,	tumors	with	two	to	three	risk	factors	were	classified	as
T2b,	and	tumors	with	four	risk	factors	or	bone	invasion	were	classified	as	T3,	the	authors	demonstrated	improved
prognostication	of	recurrence	or	nodal	metastasis	(<1%	for	T1,	4%	for	T2a,	37%	for	T2b,	and	>75%	for	T3	at	5
years).	Similarly,	 the	National	Comprehensive	Cancer	Network	divides	SCC	into	 low-risk	and	high-risk	groups
based	on	 the	presence	of	clinical	and	histologic	 risk	 factors	described	earlier.95	Although	 additional	 studies	 are
needed	to	define	the	optimal	tumor	staging	system,	the	presence	of	any	of	the	risk	factors	discussed	here	should
alert	clinicians	to	the	elevated	risk	of	disease	progression	and	the	need	for	appropriate	treatment	and	follow-up.

Extensive	diagnostic	evaluation	for	regional	or	distant	disease	is	generally	not	required	for	SCC.	In	most	cases,
regional	disease	can	be	ruled	out	with	a	clinical	examination	of	the	draining	lymph	node	basin.	For	tumors	with
the	clinical	suggestion	of	local	deep	invasion	(e.g.,	tumors	fixed	to	bone	or	patients	with	clinical	signs	of	cranial
nerve	 dysfunction),	 additional	 imaging	 with	 computed	 tomography	 or	 magnetic	 resonance	 imaging	 may	 be
helpful.	Localized	SCC	with	very	high	risk	of	regional	metastasis	(e.g.,	alternative	staging	system	T2b-T3	tumors)
may	benefit	 from	more	 advanced	 staging	of	nodal	 basins,	 but	 the	 clinical	 value	of	 advanced	nodal	 imaging	or
sentinel	lymph	node	biopsy	(SLNB)	for	SCC	remains	unproven	and	experimental.	Patients	who	do	present	with
disseminated	SCC	have	a	marked	decrease	in	disease-specific	survival.	Death	from	SCC	has	been	reported	in	25%
to	35%	of	patients	with	nodal	metastasis	and	up	to	89%	of	patients	with	distant	metastasis.96

Actinic	Keratosis	Management
AK	may	be	treated	with	either	lesion-directed	or	field-directed	therapy,	and	it	should	be	noted	that	prevention	of
these	lesions	may	be	superior	and	preferable	to	treatment	of	established	lesions.	Effective	preventative	measures
include	avoidance	of	excessive	sun	exposure	(use	of	broad-brimmed	hats,	sun-protective	clothing,	and	sunscreen),
patient	education,	and	regular	self-examinations	to	detect	the	earliest	signs	of	malignant	transformation.	Because
of	 their	 low	 but	 real	 potential	 to	 develop	 into	 invasive	 SCC,	 AK	 therapy	 is	 generally	 recommended.	 The
management	of	AK	should	be	based	on	whether	a	 lesion-directed	or	field-directed	therapy	is	preferred.	Lesion-
directed	therapy,	including	cryotherapy	or	minor	surgical	procedures,	is	reserved	for	selected	cases	when	only	a
few	clinically	visible	AKs	are	present.	Field-directed	therapy,	including	medical	and	procedural	treatments,	offers
the	 advantage	 of	 treating	 both	 clinically	 evident	 and	 subclinical	 lesions	 that	may	 progress	 to	 visible	AKs	 and,
potentially,	SCC.

Cryotherapy	is	the	most	commonly	used	lesion-directed	treatment	modality.	Clearance	rates	range	from	39%	to
98.8%.85,97	In	a	large,	multicenter	Australian	study	evaluating	the	efficacy	of	cryotherapy	for	the	treatment	of	AKs
on	 the	 face	and	scalp,	of	 the	89	patients	and	421	 lesions	 in	 the	 intent-to-treat	population,	 there	was	an	average
67.2%	 lesion	 response	 rate	 per	 patient.98	As	mentioned	 previously,	 cryotherapy	 results	 in	 local	 side	 effects	 of
pain,	erythema,	and	potentially	blistering	or	crusting,	which	are	generally	transient	and	well	tolerated.	Localized
hypopigmentation	 may	 be	 a	 permanent	 cosmetic	 complication	 of	 cryotherapy.	 Cryotherapy	 treatment	 was
associated	with	 “good”	 and	 “excellent”	 cosmetic	 outcomes	 in	 94%	 of	 the	 lesions.	 For	 recalcitrant	 lesions	 that
recur	 after	 cryotherapy,	 other	 lesion-directed	 treatment	 options	 include	 C&D	 and	 surgical	 excision.	 High	 cure
rates	have	been	reported,	but	this	treatment	is	not	commonly	used	for	AK	because	of	the	invasive	nature	of	these
treatments	and	the	benign	nature	of	AK.	AK	that	do	not	respond	to	cryotherapy	should	be	considered	for	biopsy	to
rule	out	the	presence	of	underlying	SCC.

FDA-approved,	field-directed	therapies	for	AK	include	topical	pharmacologic	therapy	with	5-FU,	imiquimod,
and	 ingenol	mebutate	and	 topical	PDT.	5-FU	is	 the	oldest	and	most	commonly	used	 topical	 field	 therapy,	with
various	 preparations	 available	 (0.5%	 to	 5%	 5-FU).	 Typical	 treatment	 regimens	 are	 once-	 or	 twice-daily
application	to	a	defined	region	of	skin	(e.g.,	face)	for	2	to	6	weeks.85	Local	skin	reaction	side	effects	are	nearly
universal	and	 include	erythema,	scaling,	pain,	pruritus,	and	occasionally	erosion	and	crusting.	Because	of	 these
reactions,	 low	 compliance	 is	 associated	 with	 significant	 treatment	 failure	 rates.	 In	 a	 phase	 III,	 double-blind,
randomized	 study	 of	 117	 patients	 with	 at	 least	 five	AKs	 treated	with	 0.5%	 5-FU	 cream	 once	 daily,	 complete
clearance	rates	at	1,	2,	and	4	weeks	were	26%,	20%,	and	48%,	respectively,	compared	to	only	3.4%	of	placebo-



treated	patients.99	In	a	systematic	review	of	5-FU	clinical	trials,	treatment	with	5-FU	for	at	least	2	weeks	resulted
in	a	 reduction	 in	AK	counts	of	83.6%	 to	91.7%,	compared	 to	21.6%	 to	28.8%	 for	placebo.24	 In	a	more	 recent
controlled	trial	in	over	900	veterans	with	AK,	a	single	treatment	course	with	5-FU	showed	a	sustained	benefit	in
decreased	AK	lesions	compared	to	placebo	that	persisted	for	over	2	years.	The	5-FU–treated	patients	also	showed
higher	complete	AK	clearance	(no	clinically	detectable	lesions)	at	6	months	(38%	versus	17%	with	placebo).100

Topical	imiquimod	is	another	AK	field	treatment	that	is	FDA	approved	for	either	twice-weekly	application	of
5%	cream	for	16	weeks	or	two	cycles	of	daily	application	of	3.75%	cream	for	2	weeks.85,101	Clearance	rates	with
imiquimod	are	comparable	to	5-FU	and	range	from	45%	to	85%.102	Reported	RRs	of	AK	in	treated	fields	are	10%
and	16%	within	1	year	 and	18	months	of	 treatment,	 respectively.	Common	 reported	 side	 effects	of	 imiquimod
therapy	 include	 local	 skin	 reactions	 (edema,	 erythema,	 vesicles,	 and	 erosions/ulcerations),	 fatigue,	 headache,
diarrhea,	 nausea,	 and	 leucopenia.103	 Few	 randomized	 trials	 have	 directly	 compared	 the	 efficacy	 of	 the	 leading
topical	treatments	for	AK,	5-FU	and	imiquimod.	One	study	compared	5-FU	5%	cream	applied	twice	daily	for	2	to
4	weeks	with	 imiquimod	5%	cream	applied	 twice	daily	 for	16	weeks	 in	36	patients	with	AKs	on	 the	 face	and
scalp.104	At	week	24,	the	total	AK	count	was	reduced	by	94%	and	66%	with	5-FU	and	imiquimod,	respectively.
Another	study	randomized	patients	to	cryotherapy,	5-FU	(twice	daily	for	4	weeks),	or	imiquimod	(three	times	per
week	 for	 4	 weeks,	 repeated	 if	 necessary)	 for	 multiple	 AKs.105	 Cryotherapy	 resulted	 in	 a	 68%	 initial	 clinical
clearance,	compared	with	96%	for	5-FU	and	85%	for	imiquimod.	Sustained	clearance	at	1	year	was	greatest	in	the
imiquimod	 group	 (73%),	 compared	 to	 54%	 for	 5-FU	 and	 only	 28%	 for	 cryotherapy.	 Overall,	 the	 two	 topical
treatments	appear	 to	have	similar	efficacy,	although	additional	 studies	are	needed	 to	assess	whether	 imiquimod
has	superior	long-term	clearance	rates.

Ingenol	mebutate	is	a	recently	approved	therapy	for	AK	with	a	simplified	dosing	regimen	of	daily	use	for	2	to
3	days,	 depending	on	 treatment	 site.	 Ingenol	mebutate	 is	 a	macrocyclic	diterpene	ester	 found	 in	 the	 sap	of	 the
Euphorbia	peplus	plant.	The	proposed	mechanism	of	action	is	induction	of	apoptosis	in	proliferating	keratinocytes
and	 activation	 of	 innate	 immune	 effector	 responses,	 including	 rapid	 release	 of	 neutrophil	 oxidative	mediators.
Treatment	regimens	shown	to	be	effective	for	reduction	of	AKs	include	once-daily	application	on	3	consecutive
days	 to	 the	 face	 or	 scalp	 (0.015%	gel)	 or	 on	 2	 consecutive	 days	 to	 the	 trunk	 or	 extremities	 (0.05%	 gel).	 In	 a
multicenter	trial	of	over	1,000	patients,	topical	ingenol	mebutate	was	shown	to	reduce	AK	counts	by	75%	to	83%
compared	to	0%	in	patients	treated	with	placebo.20	Similar	to	other	field	treatments,	ingenol	mebutate	appears	to
have	a	lasting	benefit	in	AK	clearance	for	at	least	1	year	following	treatment.106

As	described	previously,	PDT	is	a	procedural	field	treatment	based	on	the	principle	of	photo-activated	target
cell	cytotoxicity	after	topical	treatment	with	a	photosensitizer	such	as	ALA.	ALA-mediated	PDT	activated	by	blue
light	 has	 demonstrated	 overall	 clearance	 values	 for	 AKs	 between	 50%	 and	 90%.85	 Response	 rates	 vary	 with
duration	of	ALA	incubation	and	thickness	of	AK	lesions.	In	one	randomized,	blinded,	placebo-controlled	study,
243	patients	with	a	total	of	1,403	AKs	on	the	scalp	and	face	were	treated	with	ALA	(incubation	time,	14	to	18
hours)	and	exposure	to	visible	blue	light.107	At	8	weeks,	30%	of	patients	with	partial	response	were	retreated.	At
12	weeks,	91%	lesion	clearance	rate	was	reported.	Local	skin	reactions	and	discomfort	during	the	procedure	were
the	most	commonly	reported	adverse	events.

Management	of	Local	Squamous	Cell	Carcinoma
Many	of	the	treatments	for	BCC	are	also	appropriate	for	local	treatment	of	SCC	and	SCCIS.	The	type	of	therapy
should	be	selected	based	on	size	of	the	lesion,	anatomic	location,	depth	of	invasion,	pathologic	risk	factors,	history
of	previous	treatment,	and	immune	status	of	the	host.	There	are	three	general	approaches	to	management	of	early-
stage,	localized	SCC:	(1)	destruction	by	C&D,	(2)	removal	by	excisional	surgery	or	MMS,	and	(3)	RT.

C&D	 is	 a	 simple,	 cost-effective	 technique	 for	 treating	 selected,	 low-risk	 SCCs.	 Honeycutt	 and	 Jansen108
reported	 a	 99%	 cure	 rate	 for	 281	SCCs	 after	 a	 4-year	 follow-up.	 In	 this	 study,	 two	 recurrences	were	 noted	 in
lesions	<2	cm	in	diameter.	C&D	is	frequently	used	for	SCCIS;	however,	as	with	all	forms	of	destructive	therapy,
final	 pathologic	 review	 of	 the	 tumor	 is	 not	 obtained	 and	 clinically	 unrecognized	 foci	 of	 invasive	 tumor	 are	 a
concern.	Although	 extension	 of	 SCCIS	 down	 hair	 follicles	 has	 been	 reported,	 this	 does	 not	 account	 for	 deep-
seated	reservoirs	of	SCCIS;	one	study	identified	the	maximum	depth	of	hair	follicle	SCCIS	to	be	only	0.82	mm.109
Nevertheless,	C&D	is	generally	not	indicated	for	larger	or	thicker	SCC	and	SCCIS	or	for	tumors	on	the	central
face	and	dense	hair-bearing	areas.

SCCIS	 may	 be	 treated	 by	 cryotherapy	 destruction.	 As	 with	 BCC,	 two	 freeze–thaw	 cycles	 with	 a	 tissue
temperature	 of	 −50°C	 are	 required	 to	 destroy	 the	 tumor	 sufficiently.	 A	margin	 of	 normal	 skin	 also	 should	 be
frozen	 to	 ensure	 eradication	 of	 subclinical	 disease.	 Complications	 include	 hypertrophic	 scarring	 and
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postinflammatory	 pigmentary	 changes,	 both	 hypo-	 and	 hyperpigmentation.	 Concealment	 of	 recurrence	 within
dense	 scar	 tissue	 presents	 a	 danger.	 Imiquimod	has	 demonstrated	 efficacy	 in	 the	 treatment	 of	SCCIS,	 but	 it	 is
currently	not	approved	by	the	FDA	for	the	treatment	of	this	neoplasm.15	Similarly,	PDT	may	also	be	considered
for	SCCIS,	but	this	treatment	is	not	FDA	approved,	and	long-term	follow-up	studies	are	lacking.

Surgical	 excision,	 including	 margin-controlled	 excision	 with	 MMS,	 is	 the	 most	 common	 and	 effective
treatment	modality	for	SCC.	Brodland	and	Zitelli110	have	demonstrated	that	low-risk	lesions	of	<2	cm	in	diameter
can	be	safely	treated	by	standard	excision,	with	a	95%	pathologic	clearance	rate	using	clinical	surgical	margins	of
4	 mm.	 Higher	 risk	 lesions,	 defined	 in	 this	 study	 as	 diameter	 ≥2	 cm,	 histologic	 grade	 >2,	 invasion	 of	 the
subcutaneous	tissue,	and	location	in	high-risk	areas	(primarily	periorificial	central	face),	required	greater	surgical
margins	of	6	mm.

MMS	 is	 indicated	 for	 high-risk	 SCCs	 including	 recurrent	 lesions,	 large	 or	 deeply	 invasive	 lesions,	 poorly
differentiated	SCCs,	 and	 lesions	occurring	 in	high-risk	anatomic	 sites	or	 sites	 in	which	conservation	of	normal
tissue	is	essential	for	preservation	of	function	and/or	cosmesis.	RRs	with	MMS	are	superior	to	those	obtained	with
traditional	 excisional	 surgery	 in	 primary	 SCC	 of	 the	 ear	 (3.1%	 versus	 10.9%),	 primary	 SCC	 of	 the	 lip	 (5.8%
versus	18.7%),	recurrent	SCC	(10%	versus	23.3%),	SCC	with	PNI	(0%	versus	47%),	SCC	>2	cm	(25.2%	versus
41.7%),	and	poorly	differentiated	SCC	(32.6%	versus	53.6%).87	MMS	has	proven	useful	 in	SCC	 involving	 the
nail	unit	and	has	been	used	as	a	limb-sparing	procedure	in	cases	of	SCC	arising	in	osteomyelitis.	Carcinomas	of
the	 penis,	 vulva,	 and	 anus	 are	 usually	 treated	 by	 MMS	 when	 feasible	 under	 local	 anesthesia	 or	 with	 WLE.
Appropriate	use	criteria	have	been	proposed	to	define	localized	SCC	with	greatest	risk	of	recurrence	or	regional
spread	that	will	most	benefit	from	MMS	over	other	forms	of	treatment.5

Indications	for	RT	for	patients	with	SCC	are	similar	to	those	for	patients	with	BCC.	The	likelihood	of	cure	for
early-stage	lesions	is	similar	for	both	surgery	and	RT.	Therefore,	the	decision	on	which	modality	to	use	depends
on	other	factors,	including	a	patient’s	underlying	medical	status,	age,	expected	posttreatment	cosmesis,	cost,	and
treatment	 availability.	 In	 young	 patients,	 surgical	 treatment	 is	 preferable	 because	 the	 late	 effects	 of	 radiation
progress	gradually	with	time	and,	with	long-term	follow-up,	may	be	associated	with	a	suboptimal	cosmetic	result
compared	with	surgical	resection	and	reconstruction.	The	local	control	for	SCC	is	lower	by	10%	to	15%	compared
with	 equivalent-sized	 BCCs	 with	 RT.	 For	 selected	 cases	 of	 small,	 superficial	 BCC	 and	 SCC,	 treatment	 with
superficial	x-ray	therapy	was	shown	in	one	series	to	have	a	favorable	RR	of	5.8%	at	5	years.55	In	special	sites	such
as	 lower	 lip	with	 large	 (>30%	 to	 50%	of	 the	 lip	 involved)	 SCC,	RT	 allows	 for	 excellent	maintenance	 of	 oral
competency	with	cure	rates	similar	to	those	of	surgical	modalities.12

Locally	advanced	cutaneous	SCC	may	be	treated	with	surgery	and	adjuvant	RT.	Adjuvant	postoperative	RT	is
added	 in	situations	 in	which	 the	possibility	of	 residual	disease	 is	high.	 In	a	 retrospective	study	of	patients	with
SCC	of	 the	 lip,	Babington	et	al.111	 reported	a	53%	 local	RR	 in	patients	who	underwent	 surgery	alone	 (37%	of
whom	had	positive,	borderline,	or	unreported	surgical	margins)	compared	with	a	6%	local	RR	in	the	minority	of
patients	treated	with	surgery	and	adjuvant	RT.	In	the	setting	of	documented	clear	surgical	margins	(such	as	with
MMS),	 no	 studies	 to	 date	 have	 shown	 a	 benefit	 of	 adjuvant	 RT,112	 although	 it	 has	 been	 used	 anecdotally	 for
tumors	deemed	particularly	high	risk.	Indications	for	postsurgical	RT	include	positive	margins,	PNI	(especially	if
symptomatic),	multiple	recurrences,	and	underlying	tissue	invasion.	Advanced	unresectable	cancers,	such	as	those
with	 marked	 PNI	 or	 with	 gross	 disease	 in	 the	 cavernous	 sinus,	 may	 be	 treated	 with	 RT	 alone,	 albeit	 with
significantly	lower	complete	response	rates	than	typical	cutaneous	SCC.

Management	of	Regional,	Distant,	or	Inoperable	Squamous	Cell	Carcinoma
Treatment	of	SCC	with	nodal	metastasis	may	involve	local	RT,	lymph	node	dissection,	or	a	combination	of	both.
Skin	cancer	metastatic	to	the	parotid	nodes	is	commonly	managed	with	superficial	or	surgical	total	parotidectomy
followed	by	adjuvant	RT	(60	Gy	in	30	fractions).	Extreme	care	should	be	 taken	to	preserve	 the	function	of	 the
facial	nerve.	Nonetheless,	in	certain	cases,	resection	is	necessary	to	achieve	a	gross	total	resection.	With	surgery
and	adjuvant	RT,	5-year	disease-free	survival	ranges	from	70%	to	75%.	Although	the	risk	of	subclinical	disease	in
the	clinically	negative	nodes	is	≥20%,	the	ipsilateral	neck	may	be	electively	irradiated	when	the	parotid	is	treated
postoperatively.	 RT	 alone	 is	 used	 for	 patients	 with	 unresectable	 disease	 and	 for	 those	 who	 are	 medically
inoperable.	The	 likelihood	of	 cure	 is	 lower	with	RT-only	 treatment	 compared	with	RT	plus	 surgery,	 but	nodal
regression	and	palliation	of	disease	are	commonly	seen.	Definitive	and	palliative	doses	should	be	at	least	60	to	66
Gy	 and	 40	 Gy,	 respectively.12	 Lower	 doses	 may	 be	 considered	 for	 palliation	 depending	 on	 the	 goals	 of	 the
therapeutic	approach.	Cervical	node	metastases	may	be	managed	with	neck	dissection	in	patients	with	a	solitary
node	 with	 no	 extracapsular	 extension	 and	 with	 surgery	 plus	 adjuvant	 RT	 in	 patients	 with	 more	 advanced



disease.113	Similar	to	parotid	node	metastasis,	surgery	with	adjuvant	RT	has	shown	improved	5-year	disease-free
survival	compared	to	surgery	alone	(74%	versus	34%,	respectively).114	Depending	on	the	location	of	the	primary
tumor,	the	probability	of	subclinical	disease	in	the	clinically	negative	parotid	may	be	high,	and	the	parotid	nodes
should	be	considered	for	elective	treatment.

Apart	from	surgical	 therapy	or	RT,	treatment	options	for	SCC	are	limited.	Local,	 intralesional	chemotherapy
with	methotrexate	(one	to	three	injections	of	5	to	40	mg	each)	and	5-FU	(up	to	eight	injections	of	10	to	150	mg
each)	has	been	reported	to	be	up	to	100%	effective	for	treatment	of	KA-type	SCC	in	small	case	series,	although
these	studies	were	uncontrolled	and	this	is	not	a	commonly	used	therapy.115	Intralesional	treatment	with	IFN-α	has
been	found	to	be	an	effective	treatment	and	may	be	particularly	useful	as	salvage	therapy	for	advanced	or	multiply
recurrent	disease.116

The	 long-term	prognosis	 for	SCC	with	distant	metastasis	 is	extremely	poor.	Treatment	of	metastatic	disease
may	 include	 systemic	 chemotherapy,	 targeted	 treatment	 with	 biologic	 response	 modifiers,	 or,	 more	 recently,
immunotherapy	with	immune	checkpoint	blockade.	Cetuximab	is	a	chimeric	monoclonal	antibody	directed	against
the	EGFR	that	inhibits	EGFR	signaling.	Cetuximab	is	approved	for	treatment	of	head	and	neck	(mucosal)	SCC,
and	given	the	described	aberrations	in	EGFR	signaling	in	cutaneous	SCC,	cetuximab	has	been	used	off	label	for
advanced	SCC	of	cutaneous	origin.117	The	first	phase	II	study	of	monotherapy	with	weekly	cetuximab	infusions
for	unresectable	or	metastatic	cutaneous	SCC	showed	a	complete	response	rate	of	6%	and	a	partial	response	rate
(at	least	30%	decrease	in	tumor	size)	of	22%.118	Subsequent	case	reports	have	shown	improved	response	rates	(up
to	50%	complete	response)	when	cetuximab	was	combined	with	adjuvant	RT.117

With	 the	 success	 of	 immune	 checkpoint	 blockade	 in	 the	 treatment	 of	 various	 cancers	 including	 cutaneous
melanoma	 and	 lung	 carcinoma,	 these	 treatments	 have	 also	 been	 reported	 for	 advanced	 cutaneous	 SCC.
Immunotherapy	with	 nivolumab	 or	 pembrolizumab,	monoclonal	 antibodies	 to	 the	 immune	 checkpoint	 receptor
programmed	death	1	 (PD-1)	on	T	cells,	was	 reported	as	salvage	 therapy	 in	six	patients	with	stage	 IV	recurrent
SCC.119	In	this	uncontrolled	series,	one	of	six	patients	had	a	complete	response	to	anti–PD-1	therapy,	and	four	of
six	patients	had	partial	responses.	Although	the	efficacy	of	these	investigational	treatments	is	not	comparable	to
definitive	surgery	and	requires	additional	validation,	the	results	compare	favorably	to	the	historical	prognosis	of
advanced	SCC,	in	which	10-year	survival	rates	are	<20%	for	patients	with	regional	lymph	node	involvement	and
<10%	 for	 patients	 with	 distant	 metastases.120	 Although	 surgical	 therapy	 remains	 the	 cornerstone	 of	 SCC
treatment,	it	is	likely	that	additional	molecularly	targeted	therapeutics	will	be	incorporated	as	adjuvant	or	salvage
therapy	for	advanced	SCC.

Follow-up	and	Secondary	Prevention	of	Squamous	Cell	Carcinoma
Invasive	 SCC	 can	 be	 a	 potentially	 lethal	 neoplasm	 and	warrants	 close	 follow-up.	A	 critical	 review	 and	meta-
analysis	has	found	that	for	people	with	fewer	than	three	previous	NMSCs,	the	risk	of	developing	another	NMSC
within	the	following	3	years	is	38%.	In	people	with	three	to	nine	previous	NMSCs,	this	risk	rises	to	93%.121	In
another	 study,	 approximately	 30%	of	 patients	with	 SCC	developed	 a	 subsequent	 SCC,	with	more	 than	 half	 of
these	occurring	within	the	first	year	of	follow-up.122	Thus,	it	is	recommended	that	patients	with	SCC	be	examined
every	3	 to	6	months	during	 the	 first	 2	 years	 after	 treatment	 and	 at	 least	 annually	 thereafter.	Evaluation	 should
include	 total-body	 cutaneous	 examination	 and	 palpation	 of	 draining	 lymph	 nodes.	 Currently,	 radiography,
magnetic	 resonance	 imaging,	 and	 computed	 tomography	 play	 no	 role	 in	 the	 routine	workup	 of	 uncomplicated
cutaneous	SCC.

Patients	with	 a	 high	 risk	 of	 developing	 secondary	SCC	can	 benefit	 from	 field-directed	 therapy	of	 precursor
lesions.	As	noted	previously,	field-directed	treatment	of	AK	provides	long-term	benefit	in	the	prevention	of	new
lesions	within	treated	fields.	Recently,	a	prospective	randomized	trial	demonstrated	that	topical	therapy	with	5-FU
can	also	decrease	the	risk	of	subsequent	SCC	in	high-risk	patients.	Patients	randomized	to	a	single,	2-	to	4-week
treatment	with	5-FU	had	a	significant	decrease	in	new	SCCs	during	the	first	year	after	treatment	(1%	of	patients	in
the	5-FU	group	versus	5%	in	the	placebo	group).123	Systemic	chemoprevention	of	SCC	is	also	an	option	in	high-
risk	patients.	Systemic	retinoids	arrest	keratinocyte	growth,	induce	apoptosis	and	differentiation,	and	can	mediate
regression	of	keratinocyte	neoplasms	in	animal	models.124	Isotretinoin	at	0.25	to	0.5	mg/kg	per	day	and	acitretin	at
10	to	25	mg	daily	are	the	most	common	systemic	retinoids	used	for	skin	cancer	chemoprevention,	especially	in
immunocompromised	patients.125	Randomized	trials	of	acitretin	for	secondary	prevention	of	SCC	have	shown	a
significant	benefit	(up	to	88%	reduction	in	SCC)	in	renal	transplant	recipients	and	a	more	modest	benefit	that	did
not	 reach	 statistical	 significance	 in	 immunocompetent	 patients.126,127	 Routine	 clinical	 monitoring	 for	 signs	 of
retinoid	 toxicity	and	 laboratory	examinations	 (fasting	 lipid	profile,	 liver	 function	 tests)	during	systemic	 therapy
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are	 mandatory.	 Oral	 nicotinamide	 (also	 known	 as	 niacinamide,	 the	 amide	 form	 of	 vitamin	 B3)	 has	 also	 been
shown	to	have	modest	preventive	effects	on	UV-induced	skin	lesions,	without	the	significant	side	effects	of	oral
retinoid	 therapy.	 Chen	 et	 al.128	 performed	 a	 phase	 III,	 double-blind,	 randomized	 controlled	 trial	 in	 386	 study
participants	with	 a	 history	 of	 two	 or	more	NMSCs	who	 received	 500	mg	 of	 orally	 administered	 nicotinamide
twice	daily	versus	placebo	for	12	months.	The	rate	of	new	NMSCs	was	decreased	by	23%	in	 the	nicotinamide
group,	resulting	in	a	modest	but	significant	reduction	in	skin	cancer	burden.128

Screening	 and	 prevention	 of	 secondary	 SCC	 are	 particularly	 critical	 in	 patients	 with	 immune	 dysfunction.
Immunosuppressed	 patients	 with	 hematologic	 malignancies	 and	 patients	 with	 depressed	 cellular	 immunity
secondary	 to	 HIV	 infection	 develop	 SCC	 and	 other	 forms	 of	 NMSC	 more	 commonly	 and	 at	 a	 significantly
younger	age	 than	 the	general	population.129,130	 Incidence	of	clinically	aggressive	HPV-related	anal	SCC	is	also
significantly	increased	in	this	population,	requiring	serial	examinations	and	anal	cytologies	for	surveillance.131	At
even	higher	risk	are	solid	organ	transplant	recipients	(e.g.,	heart,	lung,	kidney),	who	experience	a	marked	increase
in	the	incidence	of	SCC	(40-	to	250-fold	increase),	BCC	(5-	to	10-fold	increase),	and	melanoma.125	Skin	cancers
in	 immunosuppressed	 patients	 appear	 primarily	 on	 sun-exposed	 sites.	 Incidence	 of	 NMSC	 in	 renal	 transplant
recipients	in	Australia	increases	exponentially	over	time:	3%	within	the	first	year,	25%	at	5	years,	and	44%	at	9	or
more	years	after	transplant.132	Similar	results	were	observed	in	heart	transplant	patients,	with	an	inverted	SCC-to-
BCC	ratio	of	3:1.133	Furthermore,	 the	SCCs	 in	organ	 transplant	patients	occur	at	 a	younger	age	and	 tend	 to	be
more	aggressive.	There	is	an	increased	risk	of	local	recurrence,	regional	and	distant	metastasis,	and	mortality.	In
case	series	of	renal	transplant	patients	from	the	United	States	and	heart	transplant	recipients	from	Australia,	SCC-
related	mortality	rates	were	5%	and	27%,	respectively.133	Although	organ	transplant	recipients	have	an	increased
incidence	 of	 viral	 warts,	 HPV	 infection	 does	 not	 appear	 to	 be	 the	 primary	 cause	 of	 skin	 cancer	 in	 this
population.134	 Patients	 who	 receive	 hematopoietic	 transplants	 appear	 to	 have	 a	 more	 modest	 increase	 in	 skin
cancer	incidence,	presumably	because	of	the	shorter	duration	of	immunosuppression.

Cumulative	UVR	 is	 the	 primary	 pathogenic	 factor	 for	 the	 development	 of	NMSC	 in	 solid	 organ	 transplant
recipients,	 but	 degree,	 type,	 duration	 of	 immunosuppression,	 and	 age	 at	 transplantation	 are	 also	 significant.133
Sirolimus	(rapamycin),	a	bacterial	macrolide	and	antitumor	agent,	is	a	newer	immunosuppressive	agent	that	shows
promise	in	decreasing	incidence	and	severity	of	posttransplant	NMSCs.135	Changing	immunosuppressive	therapy
to	sirolimus	from	a	standard	regimen	of	calcineurin	inhibitors	was	shown	to	be	effective	for	secondary	prevention
of	SCC	 in	 renal	 transplant	 recipients	 in	 a	 randomized	 trial,	 decreasing	 the	 risk	 of	 subsequent	SCC	by	44%.136
However,	 because	 23%	 of	 patients	 in	 the	 sirolimus	 group	 discontinued	 the	medication	 due	 to	 adverse	 effects
(including	edema,	aphthous	ulcers,	and	pneumonitis),	sirolimus	is	often	reserved	for	use	in	selected	patients	with
particularly	 elevated	 risk	 of	 SCC	 complications.	 As	 discussed	 previously,	 preventative	 therapy	 with	 systemic
retinoids	 is	 another	 viable	 option	 for	 minimizing	 morbidity	 from	 SCC	 in	 transplant	 recipients.126	 Prevention,
patient	education,	aggressive	sun	protection,	and	 timely	and	aggressive	management	of	skin	cancers,	as	well	as
altering	the	degree	or	type	of	immunosuppression	whenever	possible,	are	crucial	to	reduce	the	significant	risk	of
NMSC	complications	in	this	population.

MERKEL	CELL	CARCINOMA
Incidence	and	Etiology
MCC	is	a	rare	and	aggressive	tumor	of	neuroendocrine	cell	origin	that	is	associated	with	frequent	metastasis	and
poor	 overall	 prognosis.	 Incidence	 in	 the	 United	 States	 has	 increased	 over	 the	 past	 several	 decades,	 with	 an
estimated	 annual	 incidence	 of	 0.6	 per	 100,000	 in	 2006.137	 Incidence	 of	 MCC	 in	 men	 is	 estimated	 to	 be
approximately	twice	that	in	women,	and	whites	are	more	than	20	times	more	likely	to	develop	disease	than	blacks,
highlighting	 the	 role	 of	 chronic	 UV	 exposure	 in	 pathogenesis.	 The	 risk	 is	 higher	 among	 whites	 of	 European
ancestry;	incidence	is	inversely	related	to	latitude;	and	the	majority	of	tumors	present	on	sun-exposed	areas	of	the
face	 (36%),	 head,	 extremities,	 and	 trunk.138	 MCC	 is	 primarily	 a	 disease	 of	 elderly	 populations	 and	 may	 be
associated	with	senescence	of	the	immune	system.	The	average	age	at	diagnosis	is	76	years.

Merkel	 cells	 derive	 from	 the	 neural	 crest	 and	 differentiate	 as	 a	 part	 of	 the	 amine	 precursor	 uptake	 and
decarboxylation	system.	Merkel	cells	in	normal	skin	function	as	slowly	adapting	type	I	mechanoreceptors.138	The
transformation	of	 these	cells	 into	MCC	appears	 to	be	due	 to	 a	 combination	of	UV-mediated	 somatic	mutation,
oncogenic	 viral	 infection,	 and	 immunosuppression.	 The	 risk	 of	 MCC	 is	 particularly	 high	 with	 prior	 PUVA



treatment.	A	multicenter	 study	 of	 1,380	 patients	with	 psoriasis	who	were	 treated	with	 PUVA	 showed	 that	 the
incidence	of	MCC	was	100	times	higher	than	expected	in	the	general	population.139	Immunosuppression,	whether
through	 iatrogenic	means,	HIV	 infection,	 or	 neoplasia,	 is	 associated	with	 development	 of	MCC.	 Patients	with
MCC	 have	 increased	 incidence	 of	 multiple	 myeloma,	 non-Hodgkin	 lymphoma,	 and	 especially	 chronic
lymphocytic	leukemia.140,141	Organ	transplant	recipients	have	a	greater	than	10-fold	increased	risk	of	MCC,	and
rapid	progression	of	MCC	has	been	reported	in	these	patients.142

It	is	now	established	that	a	double-stranded	DNA	virus,	Merkel	cell	polyomavirus	(MCPyV),	is	critical	for	the
pathogenesis	of	a	large	fraction	of	MCCs.143,144	Viral	genome	was	detected	in	8	of	10	MCCs	and	at	low	levels	in
16%	 of	 unaffected	 skin	 and	 8%	 of	 tissues	 from	 other	 body	 sites	 of	 patients	 without	 MCC.	 Within	 MCC,
substantial	variation	in	the	relative	number	of	MCPyV	DNA	was	noted.	Virus-positive	MCCs	contain	between	1
viral	DNA	copy	per	10,000	tumor	cells	and	10	viral	DNA	copies	per	tumor	cell.	MCPyV	was	integrated	at	various
locations	in	the	MCC	tumor	genome	in	a	clonal	pattern,	suggesting	that	infection	of	the	cells	occurred	before	their
clonal	expansion.144	Although	increased	detection	techniques	reveal	that	virtually	all	MCCs	contain	MCPyV,145
approximately	20%	of	MCCs	appear	to	arise	from	UV-induced	mutations	independent	of	viral	infection.	Immune
response	to	the	virus	plays	a	role	in	cancer	progression,	as	CD4+	and	CD8+	antiviral	T	cells	are	detectable	within
tumors	and	the	blood	of	patients	with	MCC,	and	this	response	is	associated	with	a	favorable	prognosis.146

Clinical	and	Pathologic	Features
Clinically,	MCC	usually	presents	as	a	rapidly	growing,	firm,	flesh-colored	or	red-violaceous,	dome-shaped	papule
or	plaque	on	sun-exposed	skin.	Most	lesions	are	<2	cm	in	diameter	at	the	time	of	diagnosis.	Clinical	differential
diagnosis	often	includes	leukemia	cutis,	amelanotic	melanoma,	metastatic	carcinoma,	pyogenic	granuloma,	BCC,
and	SCC.	Regional	lymph	nodes	are	involved	at	initial	presentation	in	up	to	30%	of	patients,	and	approximately
50%	of	patients	will	 eventually	develop	 systemic	disease.	Secondary	 sites	of	MCC	spread	 include	 skin	 (28%),
lymph	nodes	(27%),	liver	(13%),	lung	(10%),	bone	(10%),	and	brain	(6%).147,165

Histologic	 examination	 of	 MCC	 reveals	 sheets	 and	 cords	 of	 atypical	 cells	 in	 the	 dermis	 extending	 to	 the
subcutaneous	layer	that	sometimes	form	an	interlacing	trabecular	or	pseudoglandular	pattern	(Fig.	90.10).	Three
histologic	 subtypes	 have	 been	 described:	 intermediate,	 trabecular,	 and	 small	 cell.	 No	 clinically	 significant
differences	 between	 subtypes	 have	 been	 described.	 A	 grenz	 zone	 separating	 tumor	 from	 epidermis	 is	 often
present.	Individual	cell	membranes	often	are	indistinct,	giving	a	syncytial	appearance.	Cells	are	round	to	oval	and
generally	noncohesive.	Cytoplasm	tends	to	be	scant,	with	round	to	oval	nuclei	containing	two	to	three	nucleoli.
Special	 stains	 may	 prove	 useful	 in	 the	 histologic	 evaluation	 of	 MCC.	 Cytokeratin-20	 staining	 gives	 a
characteristic	perinuclear	dot	pattern.	MCC	also	stains	positively	for	chromogranin	neuron–specific	enolase	and
synaptophysin	and	may	be	weakly	positive	for	S100	protein.148	Histologic	differential	diagnosis	of	MCC	includes
lymphoma,	BCC,	metastatic	small-cell	 lung	carcinoma,	cutaneous	melanoma,	and	noncutaneous	neuroendocrine
tumors.	 In	contrast	 to	MCC,	 lymphoma	cells	are	CD45	positive	and	cytokeratin-20	negative.	Melanoma	can	be
differentiated	from	MCC	by	strong	S100	positivity	of	melanocytes.

Staging,	Prognosis,	and	Management
MCC	warrants	aggressive	therapy	and	a	systemic	workup	for	disseminated	disease.	It	has	a	high	propensity	for
local	 recurrence	 (20%	 to	 75%),	 regional	 metastases	 (31%	 to	 80%),	 and	 distant	 metastases	 (26%	 to	 75%).
Approximately	one-third	of	patients	with	MCC	eventually	die	of	the	disease,	and	overall	10-year	survival	is	57%.
Age	 older	 than	 65	 years,	 male	 sex,	 size	 of	 primary	 lesion	 >2	 cm,	 truncal	 site,	 nodal	 or	 distant	 disease	 at
presentation,	and	duration	of	disease	before	presentation	(≤3	months)	appear	 to	be	poor	prognostic	factors.	The
most	 critical	 prognostic	 factor	 is	 the	 differentiation	 of	 local	 disease	 (no	 regional	 or	 distant	 metastasis)	 from
disseminated	 disease.	All	 patients	with	 histologically	 confirmed	MCC	 should	 undergo	 imaging	 and	 laboratory
examination	to	evaluate	the	full	extent	of	disease.	Evaluation	must	include	full-body	skin	examination	with	lymph
node	 evaluation,	 a	 complete	 blood	 cell	 count,	 and	 liver	 function	 tests.	 Computed	 tomography	 and	 positron
emission	 tomography	 are	 useful	 to	 assess	 regional	 and	 distant	 metastasis.149	 Octreotide	 scans	 may	 be	 more
sensitive	than	computed	tomography	scans	in	diagnosing	primary	and	metastatic	MCC.150	Metastases	have	been
noted	most	commonly	in	skin	and	lymph	nodes	but	also	in	the	lung,	liver,	brain,	intestine,	bladder,	stomach,	and
abdominal	wall.	If	clinical	and	imaging	evaluation	does	not	reveal	evidence	of	metastasis,	SLNB	is	recommended
to	 rule	 out	 occult	 nodal	metastasis.	 This	 recommendation	 is	 based	 on	 the	 fact	 that	 pathologically	 detected	 but
clinically	occult	nodal	disease	confers	a	significantly	worse	prognosis	than	pathologically	negative	sentinel	node
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status	(see	later	discussion).

Figure	90.10	Merkel	cell	carcinoma	histologic	features.	A	and	B:	Histologic	examination	of
Merkel	cell	carcinoma	reveals	sheets	and	cords	of	atypical	cells	in	the	dermis	extending	to	the
subcutaneous	layer	that	may	form	an	interlacing	trabecular	or	pseudoglandular	pattern.	Cells	are
round	to	oval	and	generally	noncohesive.	Cytoplasm	tends	to	be	scant,	with	round	to	oval	nuclei

containing	two	to	three	nucleoli.

The	eighth	edition	of	the	AJCC	staging	manual	provides	a	consensus	staging	system	for	MCC	that	is	based	on
analysis	of	9,387	patients	with	follow-up	data	diagnosed	between	1998	and	2012.91,151	The	AJCC	eighth	edition
staging	 system	 includes	 distinct	 clinical	 stage	 groups	 and	 pathologic	 stage	 groups,	 with	 the	 most	 accurate
prognostic	information	derived	from	pathologic	diagnosis	of	both	the	tumor	and	the	nodal	basin	(pTNM).	Patients
with	 primary	MCC	with	 no	 evidence	 of	 regional	 or	 distant	metastases	 (either	 clinically	 or	 pathologically)	 are
divided	into	two	stages:	stage	I	for	primary	tumors	≤2	cm	in	size	(T1)	and	stage	IIA	for	primary	tumors	>2	cm	in
size	(T2,	2	to	5	cm;	T3,	>5	cm).	Tumors	with	deep	invasion	of	muscle,	fascia,	cartilage,	or	bone	are	classified	as
T4	 tumors	and	are	stage	IIB.	The	presence	of	any	nodal	disease	qualifies	as	stage	III	and	 is	stratified	based	on
pathologic	 assessment	 of	 nodal	 status.	 Stage	 IIIA	 is	 pN1a	 disease	 that	 is	 pathologically	 detected	 but	 clinically
occult.	 Stage	 IIIB	 includes	 clinically	 or	 radiologically	 detected	 nodal	 metastasis	 with	 pathologic	 confirmation
(pN1b),	 in-transit	metastasis	without	 lymph	 node	metastasis	 (pN2),	 and	 in-transit	metastasis	with	 lymph	 node
metastasis	 (pN3).	 Distant	 metastases	 at	 any	 site	 are	 classified	 as	 stage	 IV.	 The	 5-year	 overall	 survival	 data
correspond	with	 pathologic	 staging,	 as	 follows:	 62.8%	 for	 stage	 I,	 54.6%	 for	 stage	 IIA,	 34.8%	 for	 stage	 IIB,
40.3%	for	stage	IIIA,	26.8%	for	stage	IIIB,	and	13.5%	for	stage	IV.

The	 significant	 difference	 in	 overall	 survival	 between	 stage	 IIA	 (with	 no	 nodal	 disease)	 and	 IIIA	 (with
pathologically	 detected	 nodal	 disease)	 highlights	 the	 value	 of	 SLNB	 in	 MCC.	 SLNB	 is	 the	 preferred	 initial
approach	 that	 is	 associated	with	 lower	morbidity	 than	 complete	 elective	 lymph	 node	 dissection	 for	 the	 proper
staging	of	MCC.	A	meta-analysis	of	12	retrospective	case	series	found	the	following:	(1)	SLNB	detected	MCC
spread	in	one-third	of	patients	whose	tumors	would	have	otherwise	been	clinically	and	radiologically	understaged;
(2)	recurrence	was	three	times	higher	in	patients	with	a	positive	SLNB	than	in	those	with	a	negative	SLNB;	and
(3)	the	relapse-free	survival	rate	in	patients	with	positive	SLNB	who	did	or	did	not	receive	additional	treatment	to
the	nodes	was	51%	and	0%	at	3	years,	respectively.156	Whether	complete	dissection	of	regional	nodes	following
positive	SLNB	definitively	improves	survival	remains	unresolved.

Management	of	Merkel	Cell	Carcinoma
Optimal	management	of	the	primary	tumor	in	MCC	is	achieved	with	complete	surgical	excision	when	possible.
WLE	with	1-	to	2-cm	margins	is	generally	recommended.	The	optimal	width	and	depth	of	normal	tissue	margin
that	 should	be	 excised	 around	 the	primary	 tumor	 are	not	well	 defined,	 but	 clear	 surgical	margins	 appear	 to	 be
associated	with	improved	local	control.147,152,153	RRs	after	primary	therapy	for	MCC	with	surgery	alone	are	highly
variable	 in	 published	 series,	 ranging	 from	0%	 to	 70%.	 In	 one	 single-institution	 case	 series	 of	 95	 patients	with
early-stage	MCC	treated	with	surgery	alone,	a	 total	of	45	patients	(47%)	relapsed,	with	80%	of	 the	recurrences
occurring	 within	 2	 years	 and	 96%	 within	 5	 years.154	 Local	 recurrence	 accounted	 for	 9%	 of	 relapses,	 nodal
metastasis	 for	 53%,	 and	 distant	 metastasis	 for	 38%.	 MMS	 has	 been	 proposed	 as	 being	 more	 successful	 in
controlling	local	disease	than	WLE,	especially	in	cosmetically	sensitive	anatomic	locations.	The	relapse	rate	has



been	reported	to	be	similar	to	or	better	than	that	of	wide	excision,	but	comparatively	few	cases	have	been	treated
in	this	manner	and	none	in	randomized	controlled	trials.152,155

Adjuvant	RT	 to	 the	 primary	 tumor	 site	 following	 effective	 surgical	 excision	 has	 been	 proposed	 to	 improve
local	 control.	 Several	 small	 series	 have	 shown	 that	 RT	 plus	 adequate	 surgery	 improves	 locoregional	 control
compared	 with	 surgery	 alone,147,156	 whereas	 other	 series	 did	 not	 show	 similar	 results.155	 Nevertheless,
accumulating	 evidence	 suggests	 that	 adjuvant	 RT	 offers	 a	 substantial	 benefit	 in	 both	 time	 to	 recurrence	 and
disease-free	 survival,	 and	several	 retrospective	 studies	 suggest	a	benefit	 in	overall	 survival.157–160	Adjuvant	RT
should	be	considered	for	primary	tumors	with	significant	risk	of	local	recurrence	(RT	dose	of	50	to	56	Gy)	and	for
tumors	with	positive	surgical	margins	(RT	dose	of	56	to	60	Gy).	For	patients	who	are	not	surgical	candidates,	RT
doses	of	60	to	66	Gy	can	be	considered	for	primary	RT.

Regional	 lymph	 node	metastases	 are	 likewise	managed	with	 a	 combination	 of	 surgery	 and	RT.	 If	 feasible,
complete	nodal	dissection	of	affected	nodal	basins	is	indicated.	Limited	data	suggest	that	surgical	management	of
regional	nodal	disease	improves	regional	control.154	MCC	is	a	radiosensitive	tumor.	Thus,	primary	RT	treatment
of	nodal	disease	in	patients	who	are	not	surgical	candidates	can	also	provide	at	 least	 temporary	disease	control.
One	 series	 of	 nine	 patients	 with	 clinically	 evident	 nodal	 disease	 treated	 with	 primary	 RT	 reported	 a	 regional
recurrence-free	survival	of	78%	at	2	years.161	Similarly,	adjuvant	RT	is	often	considered	after	surgery	for	patients
with	stage	III	disease.

Systemic	chemotherapy	is	used	for	nodal,	metastatic,	and	recurrent	MCC,	but	an	optimal	treatment	regimen	is
yet	 to	 be	 established.	 From	1997	 to	 2001,	 the	Trans-Tasman	Radiation	Oncology	Group	performed	 a	 phase	 II
evaluation	 of	 53	 patients	 with	 MCC	 with	 high-risk,	 locoregional	 disease.	 Given	 the	 heterogeneity	 of	 the
population	and	the	nonstandardized	surgery,	it	is	difficult	to	infer	a	clear	treatment	benefit	of	the	chemotherapy.162
Regimens	 used	 are	 similar	 to	 those	 used	 for	 small-cell	 lung	 carcinoma.	 The	most	 commonly	 used	 agents	 are
cyclophosphamide,	 anthracyclines,	 and	 cisplatin.	 In	 a	 study	 by	 Voog	 et	 al.,163	 overall	 response	 to	 first-line
chemotherapy	 for	MCC	was	 61%,	with	 a	 57%	 response	 rate	 in	metastatic	 disease	 and	 a	 69%	 response	 rate	 in
locally	 advanced	 disease.	 Reported	 3-year	 survival	 rate	 was	 17%	 in	 metastatic	 disease	 and	 35%	 in	 locally
advanced	disease.	Forty-two	different	chemotherapy	regimens	were	used	to	treat	these	107	reported	cases.

A	recent	major	advance	in	the	management	of	advanced	MCC	is	the	use	of	immunotherapy.	Because	MCC	is
causally	 associated	 with	MCPyV	 and	 anti–tumor	 T-cell	 infiltrates	 are	 associated	 with	 prognosis,	 there	 was	 a
strong	 rationale	 to	 pursue	 immune	 checkpoint	 blockade	 for	 this	 aggressive	 malignancy.	 Nghiem	 et	 al.164
performed	a	multicenter,	phase	II,	noncontrolled	study	of	pembrolizumab	(anti–PD-1)	2	mg/kg	every	3	weeks	in
26	treatment-naive	adults	with	advanced	MCC.	In	the	25	patients	evaluated,	the	objective	response	rate	was	56%,
and	4	patients	 (16%)	showed	a	complete	 response.	The	 response	 rate	was	higher	 for	 individuals	with	MCPyV-
positive	tumors	(62%)	than	for	patients	with	virus-negative	tumors	(44%).	The	response	duration	ranged	from	at
least	2.2	months	to	at	least	9.7	months,	and	the	rate	of	progression-free	survival	at	6	months	was	67%	(95%	CI,
49%	 to	86%).	Further	 studies	 are	necessary	 to	more	 fully	determine	 the	 role	of	 immune	checkpoint	 inhibitors,
such	as	 those	 targeting	PD-1,	 in	 the	management	of	advanced	MCC,	but	 these	 treatments	have	 the	potential	 to
revolutionize	treatment	strategies.

DERMATOFIBROSARCOMA	PROTUBERANS
Incidence	and	Etiology
DFSP	is	a	rare	soft	tissue	sarcoma	with	aggressive	local	but	low	metastatic	potential	with	an	annual	incidence	of
approximately	 4	 per	 million.	 DFSP	 constitutes	 approximately	 1%	 of	 all	 sarcomas	 and	 <0.1%	 of	 all
malignancies.165	 The	 vast	 majority,	 approximately	 90%	 of	 DFSPs,	 are	 low-grade	 sarcomas,	 whereas	 the
remainder	are	classified	as	intermediate	or	high	grade	because	of	the	presence	of	a	high-grade	fibrosarcomatous
component.166	DFSP	most	commonly	affects	patients	in	their	mid	to	late	30s;	however,	the	disease	can	occur	at
any	 age.	 Childhood	 and	 congenital	 cases	 of	DFSP	 have	 been	 reported.167	 Blacks	 have	 a	 1.5-	 to	 2-fold	 higher
incidence	than	whites.	Both	men	and	women	are	equally	affected.168

The	pathogenesis	of	DFSP	is	incompletely	understood	but	may	involve	factors	as	diverse	as	aberrant	TSG	or	a
history	of	local	trauma	or	scarring.169	More	than	90%	of	DFSPs	feature	a	translocation	between	chromosomes	17
and	 22,	 resulting	 in	 the	 fusion	 between	 the	 collagen	 type	 Iα1	 gene	 (COL1A1)	 and	 the	 platelet-derived	 growth
factor	(PDGF)	β-chain	gene	(PDGFB).	Thus,	the	growth	of	DFSP	is	a	result	of	the	deregulation	of	PDGF	β-chain
expression	and	activation	of	the	PDGF	receptor	(PDGFR)	protein	tyrosine	kinase.169,170
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Clinical	and	Pathologic	Features
DFSP	classically	presents	as	a	solitary,	frequently	asymptomatic,	multilobulated	plaque	with	a	pink	to	violaceous
hue	(Fig.	90.11).	Lesions	may	be	subtle	and	are	occasionally	mistaken	for	scars,	with	a	deep	induration	palpable
on	exam.	Clinically,	 it	may	be	difficult	 to	differentiate	 from	a	dermatofibroma	or	a	keloid.	The	 tumor	exhibits
slow	but	 continual	growth,	 and	 lesions	may	be	present	 for	years	prior	 to	definitive	diagnosis.	Most	 commonly
affected	sides	are	on	the	trunk	and,	less	frequently,	the	extremities,	head,	and	neck,	but	it	may	occur	anywhere.170
The	Bednar	tumor	is	a	rare	pigmented	variant	of	DFSP.171

Histologically,	DFSP	arises	in	the	dermis	and	is	composed	of	monomorphous,	dense	spindle	cells	arranged	in	a
storiform	pattern	and	embedded	in	a	sparse	to	moderately	dense	fibrous	stroma.172	Deep	invasion	into	the	subcutis
is	common,	and	involvement	of	muscle	and	fascia	may	also	be	present.	Irregular	projections	(tentacle-like)	of	the
tumor	 are	 common	 and	may	 account	 for	 the	 high	 incidence	 of	 local	 recurrence	 after	 excision.	 The	 distinction
between	deep	penetrating	dermatofibroma	(DPDF),	a	benign	tumor	that	involves	the	subcutis,	and	DFSP	may	be
challenging.	In	most	instances,	attention	to	the	cytologic	constituency	of	the	lesions	and	the	overall	architecture	is
sufficient	for	differentiation.	DPDF	is	typified	by	cellular	heterogeneity.	DPDF	includes	giant	cells	and	lipidized
histiocytes	and	extends	deeply,	using	the	interlobular	subcuticular	fibrous	septa	as	scaffolds,	or	is	in	the	form	of
broad	 fronts.	 In	 contrast,	 DFSP	 tends	 to	 be	monomorphous,	 surrounding	 adipocytes	 diffusely	 or	 extending	 in
stratified	horizontal	plates.	This	infiltration	is	characteristically	eccentric,	often	with	long,	thin	extensions	in	one
direction	 and	 not	 another.	 Immunostaining	 for	 factor	 XIIIa,	 CD34,	 and	 stromelysin	 3	 may	 be	 helpful	 in
distinguishing	DPDF	from	DFSP.	Characteristically,	DPDF	is	diffusely	factor	XIIIa	positive,	CD34	negative,	and
stromelysin	3	positive,	whereas	DFSP	is	factor	XIIIa	negative,	CD34	positive,	and	stromelysin	3	negative.173

Figure	90.11	Dermatofibrosarcoma	protuberans	clinical	presentation.	Pink	to	tan	multilobulated
plaque	present	for	many	years	on	the	abdomen	with	minimal	epidermal	change.	The	tumor	extended
to	the	umbilicus	(visible	as	tan	discoloration	and	subtle	induration)	and	penetrated	deeply	to	the

fascia	of	the	rectus	abdominis.

Staging,	Prognosis,	and	Management
DFSP	is	prone	to	local	recurrence,	but	distant	metastasis	is	rare,	as	is	mortality.	There	is	no	universally	accepted
staging	system	for	this	rare	tumor.	The	AJCC	eighth	edition	staging	system	groups	DFSP	with	other	soft	 tissue
sarcomas.91	Nearly	all	 localized	DFSPs	are	classified	as	stage	I	disease	with	 low-grade	histologic	 features.	The



fibrosarcomatous	variant	of	DFSP	 is	an	uncommon	but	well-recognized	variant	of	DFSP	 that	 tends	 to	 follow	a
more	aggressive	clinical	course,	and	these	lesions	with	higher	grade	histologic	features	are	classified	as	stage	II	or
III,	depending	on	size	of	the	primary	tumor.	Rare	cases	of	regional	or	distant	metastasis	are	classified	as	stage	IV.

Patients	 with	 DFSP	 should	 be	 followed	 closely	 for	 evidence	 of	 local	 or	 regional	 recurrence	 or	 metastatic
disease.	DFSP	has	been	reported	to	have	a	high	RR	(up	to	60%),	but	this	appears	to	be	dependent	upon	extent	of
local	resection.	The	average	time	for	recurrence	is	within	the	first	3	years.	DFSP	of	the	head	and	neck,	which	is
staged	separately	from	trunk	and	extremity	 tumors,	has	been	reported	 to	have	a	higher	 local	RR	(50%	to	75%)
than	 DFSP	 in	 other	 locations	 and	might	 be	 related	 to	 smaller	 surgical	 margins	 used	 in	 cosmetically	 sensitive
areas.174	Although	metastases	 are	 rare,	multiple	 local	 recurrences	appear	 to	predispose	 to	distant	metastases.175
Lymph	node	metastases	occur	in	approximately	1%	of	cases,	and	distant	metastases,	principally	to	lung,	occur	in
approximately	4%	of	DFSP	cases.	DFSP-associated	mortality	 is	 low.	In	a	series	of	218	patients,	 the	5-	and	10-
year	mortality	rates	were	1.5%	and	2.8%,	respectively.176	In	a	series	of	41	patients	with	fibrosarcomatous	features,
a	mean	follow-up	period	of	90	months	revealed	a	local	RR	of	58%	and	a	metastasis	rate	of	14.7%.177

First-line	treatment	of	DFSP	includes	WLE	or	MMS.	Most	authors	advocate	WLE	with	a	minimal	margin	of	at
least	3	cm	of	surrounding	skin,	 including	 the	underlying	fascia,	without	elective	 lymph	node	dissection.178	The
likelihood	of	local	recurrence	is	directly	proportional	to	the	adequacy	of	surgical	margins.	Conservative	resection
can	lead	to	RRs	of	33%	to	60%,	whereas	wider	excision	margins	(≥2.5	cm)	have	been	reported	to	reduce	the	RR
to	10%.179	For	well-defined	tumors	located	on	trunk	or	extremities,	WLE	is	likely	to	achieve	tumor	clearance	with
satisfactory	cosmetic	and	functional	results.	However,	extirpation	of	tumor	by	MMS,	using	frozen	sections	with	or
without	confirmation	by	examination	of	paraffin-embedded	sections,	may	be	beneficial	in	sites	where	maximum
conservation	of	normal	tissue	is	required.	Utility	of	MMS	versus	WLE	was	examined	in	a	retrospective	review	of
48	primary	DFSP	cases	treated	at	a	single	institution.180	Twenty-eight	patients	underwent	WLE,	and	20	patients
underwent	MMS.	Median	WLE	margin	width	was	2	cm.	For	MMS,	the	median	number	of	stages	required	to	clear
the	tumor	was	two.	Positive	margins	were	present	in	21.4%	of	WLEs	(6	of	28)	versus	0%	of	MMSs.	At	a	median
follow-up	 of	 49.9	 months	 for	 WLE	 and	 40.4	 months	 for	 MMS,	 local	 RRs	 were	 3.6%	 (1	 of	 28)	 and	 0%,
respectively.	The	authors	concluded	that	although	positive	margin	resection	was	more	common	with	WLE,	local
control	was	 ultimately	 similar	 for	 the	 two	 surgical	modalities.	 In	 a	 different	 study,	 Paradisi	 et	 al.181	 compared
literature-reported	 observational	 data	 on	 41	 patients	who	 underwent	MMS	 and	 38	who	 underwent	WLE.	 RRs
were	 13.2%	 and	 0%	 for	WLE	 and	MMS	 at	 4.8	 and	 5.4	 years	 of	 follow-up,	 respectively.	 The	 relative	 risk	 of
recurrence	for	WLE	versus	MMS	was	15.9.

Alternative	treatment	options	for	DFSP	include	RT	and	chemotherapy.	RT	was	used	selectively	in	a	number	of
cases	if	surgical	resection	was	not	possible	or	would	result	in	major	cosmetic	or	functional	deficit,	with	good	local
response.176	A	PDGF	receptor	inhibitor,	imatinib,	has	been	used	with	clinical	success	in	advanced	disease.182,183
In	a	case	series	of	10	patients	with	locally	advanced	or	metastatic	disease	treated	with	imatinib,	9	patients	showed
therapy	response.184	Limited	clinical	data	are	available	on	the	use	of	chemotherapeutic	agents	such	as	vinblastine
and	methotrexate.176

ANGIOSARCOMA
Incidence	and	Etiology
AS	 (also	 known	 as	 malignant	 hemangioendothelioma,	 hemangiosarcoma,	 and	 lymphangiosarcoma)	 is	 an
uncommon,	 aggressive,	 and	 usually	 fatal	 neoplasm	 of	 vascular	 endothelium	 origin	 accounting	 for	 <2%	 of	 all
sarcomas.185	The	overall	incidence	of	this	tumor	is	approximately	0.1	per	million	per	year,	and	it	strongly	favors
older	adults.	Approximately	70%	of	ASs	occur	in	patients	older	than	age	40	years,	and	the	highest	incidence	of
the	disease	is	reported	in	those	older	than	age	70	years.185	Men	are	more	commonly	affected	than	women,	with	a
1.6:1	to	3:1	ratio.	Four	variants	of	cutaneous	AS	currently	are	recognized	and	include	AS	of	the	head	and	neck
(also	known	as	idiopathic	AS),	which	accounts	for	50%	to	60%	of	all	cases;	AS	in	the	context	of	lymphedema;
radiation-induced	AS;	and	epithelioid	AS.	Most	cases	of	 lymphedema-associated	AS	(LAS)	occur	on	 the	upper
arm	 following	 mastectomy	 and	 lymph	 node	 dissection	 for	 breast	 cancer;	 this	 presentation	 is	 named	 Stewart-
Treves	syndrome.	Although	these	four	variants	differ	in	presentation,	 they	share	key	features,	 including	clinical
appearance	of	primary	lesions,	a	biologically	aggressive	nature,	and,	ultimately,	poor	outcome.

The	 pathogenesis	 of	 AS	 is	 poorly	 understood.	 Approximately	 50%	 of	 ASs	 express	 markers	 of	 lymphatic
differentiation	in	addition	to	vascular	endothelium-associated	antigens,	raising	questions	about	the	cell	of	origin	of
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these	vascular	 tumors.186	Human	herpesvirus-8,	 the	etiologic	agent	 in	Kaposi	 sarcoma,	has	not	been	associated
with	AS.	Cumulative	sun	exposure	has	not	been	shown	to	be	a	predisposing	factor.	Ionizing	radiation	exposure	is
clearly	associated	with	a	minority	of	cases	of	AS.

Clinical	and	Pathologic	Features
Clinically,	cutaneous	AS	presents	as	a	violaceous	to	red,	ill-defined	patch	that	may	resemble	simple	ecchymosis.
Most	 common	 sites	 include	 the	 central	 face,	 forehead,	 or	 scalp	 or	 sites	 of	 prior	 RT	 (e.g.,	 breast)	 or	 chronic
lymphedema	 of	 the	 extremity.185	 When	 located	 on	 the	 head,	 facial	 swelling	 and	 edema	 may	 be	 present.
Differential	diagnosis	at	initial	presentation	may	include	benign	vascular	tumor,	hematoma	secondary	to	trauma,
or	even	an	inflammatory	dermatosis.	More	advanced	lesions	are	violaceous	elevated	nodules	with	propensity	to
bleed	easily.	Ulceration	may	also	be	present.	Satellite	lesions	are	common.

LAS	accounts	for	approximately	10%	of	all	cutaneous	ASs	and	was	first	reported	by	Stewart	and	Treves187	in
six	patients	with	postmastectomy	 lymphedema.	 In	each	case,	AS	developed	 in	 the	 ipsilateral	 arm	and	occurred
several	years	after	mastectomy.	Subsequently,	LAS	was	reported	after	axillary	node	dissection	for	melanoma	and
in	the	context	of	congenital	lymphedema,	filarial	lymphedema,	and	chronic	idiopathic	lymphedema.	The	risk	for
developing	LAS	5	years	after	mastectomy	is	approximately	5%.	The	most	common	site	is	the	medial	aspect	of	the
upper	arm.	LAS	presents	as	a	firm,	coalescing,	violaceous	plaque	or	nodule	superimposed	on	brawny,	nonpitting
edema.	Ulceration	may	develop	rapidly.	The	duration	of	lymphedema	prior	to	appearance	of	AS	ranges	from	4	to
27	years.

Radiation-induced	AS	 has	 been	 reported	 to	 occur	 after	 RT	 for	 benign	 or	malignant	 conditions.185	AS	may
occur	 from	4	 to	40	years	after	RT	for	benign	conditions	 (acne	and	eczema)	or	 from	4	 to	25	years	after	RT	for
malignancies.	 Epithelioid	 AS	 is	 a	 rare,	 recently	 described	 variant	 of	 AS	 that	 tends	 to	 involve	 the	 lower
extremities.188	 The	 most	 common	 presentation	 is	 as	 a	 deep	 soft	 tissue	 mass	 on	 the	 leg	 in	 older	 adults.	 The
prognosis	 of	 epithelioid	 AS	 is	 particularly	 poor	 and	 may	 result	 in	 widespread	 metastases	 within	 1	 year	 of
presentation.

The	histology	of	AS,	although	highly	variable	in	the	degree	of	cellular	endothelial	differentiation	between	and
within	 individual	 tumors,	 does	 not	 vary	 between	 individual	 subtypes.185	 In	 well-differentiated	 lesions,	 an
anastomosing	 network	 of	 sinusoidal	 irregularly	 dilated	 vascular	 channels	 lined	 by	 a	 single	 layer	 of	 flattened
endothelial	 cells	 with	 mild	 to	 moderate	 nuclear	 atypia	 is	 commonly	 seen.	 These	 exhibit	 a	 highly	 infiltrative
pattern,	splitting	collagen	bundles	and	subcutaneous	adipose	tissue.	Less	differentiated	tumors	show	proliferation
of	 atypical,	 polygonal,	 or	 spindle-shaped,	 pleomorphic	 endothelial	 cells	 with	 increased	 mitotic	 activity	 and
anastomosing	vascular	channels.	In	poorly	differentiated	AS,	luminal	formation	may	be	no	longer	apparent,	and
mitotic	 activity	 is	 high.	 Poorly	 differentiated	 AS	 may	 mimic	 other	 high-grade	 sarcomas,	 carcinoma,	 or	 even
melanoma.	 The	 state	 of	 cellular	 differentiation,	 however,	 has	 not	 been	 shown	 to	 correlate	 with	 prognosis.189
Epithelioid	 AS	 may	 histologically	 mimic	 an	 epithelial	 neoplasm,	 with	 sheets	 of	 rounded,	 epithelioid	 cells
intermingled	 with	 more	 subtle,	 irregularly	 lined	 vascular	 channels.	 Immunohistochemical	 analysis	 may	 be	 of
value	in	diagnosis	of	AS,	as	cells	stain	positively	for	Ulex	europaeus	I	lectin	and	factor	VIII–related	antigen.	Ulex
I	 is	 considered	 to	 be	more	 sensitive	marker	 for	AS.	 In	 addition,	AS	 cells	 express	 stem	cell	 antigen	CD34	 and
endothelial	 cell	 surface	 antigen	 CD31.	 The	 majority	 of	 AS	 cases	 stain	 positively	 for	 vimentin,	 D2-40,	 and
VEGFR-3.

Staging,	Prognosis,	and	Management
The	prognosis	of	cutaneous	AS	is	poor,	with	a	mortality	rate	of	50%	at	15	months	after	diagnosis,	and	the	survival
rates	ranging	from	10%	to	30%	over	a	5-year	period,	with	median	survival	of	18	to	28	months.189,190	Metastatic
potential	 of	AS	 is	 high.	Metastases	 to	 lung,	 liver,	 lymph	 nodes,	 spleen,	 and	 brain	 are	 common.	 Prognosis	 for
metastatic	 disease	 is	 poor.	 Although	 prognosis	 does	 not	 correlate	with	 degree	 of	 cellular	 differentiation,	 there
appears	to	be	a	correlation	with	lesion	size	at	presentation;	increased	survival	has	been	demonstrated	in	lesions	<5
cm	 at	 time	 of	 diagnosis.	 In	 a	 clinical	 univariate	 analysis	 of	 69	 cases,	 older	 age,	 anatomic	 site,	 necrosis,	 and
epithelioid	 features	 directly	 correlated	 with	 increased	 mortality.191	 Other	 prognostic	 factors	 proposed	 in	 the
literature	 include	 depth	 of	 invasion	 >3	 mm,	 mitotic	 rate,	 Ki-67	 staining,	 positive	 surgical	 margins,	 and	 local
recurrence.192	There	is	no	universally	accepted	staging	system	for	AS.	Because	of	the	high	propensity	for	regional
and	distant	dissemination,	a	thorough	imaging	workup	for	occult	disease	is	indicated	in	all	patients	with	AS.

Because	 of	 the	 clinical	 aggressiveness,	 treatment	 options	 for	 AS	 are	 limited.	 Surgical	 excision	 with	 wide



margins	is	the	treatment	of	choice.	Complete	surgical	excision,	when	feasible,	may	be	associated	with	decreased
recurrence.	Nonetheless,	the	RRs	and	possibility	of	metastatic	disease	are	high	even	with	histologically	negative
margins	 and	 may	 reflect	 the	 tendency	 for	 multifocality.193	 Amputation	 with	 shoulder	 disarticulation	 or
hemipelvectomy	is	 recommended	for	 tumors	 involving	 the	extremities.	Because	AS	 tends	 to	extend	far	beyond
clinically	 appreciated	margins,	 complete	 surgical	 removal	may	 be	 challenging.	 Several	 cases	 of	AS	have	 been
treated	by	MMS	in	an	attempt	 to	control	margins;	however,	 the	difference	between	AS	and	normal	vasculature
may	be	difficult	to	interpret	on	frozen	sections,	even	with	the	use	of	immunohistochemical	stains.194	RT	should
always	 be	 considered	 postoperatively	 in	 an	 effort	 to	 enhance	 local	 control,	 and	 retrospective	 studies	 suggest
improved	 survival	 with	 adjuvant	 RT.195	 Patients	 with	 isolated	 lymphatic	 spread	 treated	 with	 paclitaxel-based
chemotherapeutic	regimens	have	a	favorable	outcome.	Both	chemotherapy	and	radical	RT	are	palliative	measures
for	metastatic	disease	and	have	not	been	shown	to	improve	overall	survival.

MICROCYSTIC	ADNEXAL	CARCINOMA
Incidence	and	Etiology
Microcystic	adnexal	carcinoma	(MAC)	is	a	rare	cutaneous	malignancy	first	described	as	a	distinct	entity	in	1982
by	 Goldstein	 et	 al.196	 Synonyms	 quoted	 in	 the	 literature	 to	 describe	 MAC	 include	 sclerosing	 sweat	 duct
carcinoma,	 malignant	 syringoma,	 sweat	 gland	 carcinoma	 with	 syringomatous	 features,	 aggressive
trichofolliculoma,	 and	 combined	 adnexal	 tumor	 of	 the	 skin.	 MAC	 originates	 from	 pluripotent	 adnexal
keratinocytes	capable	of	both	eccrine	and	follicular	differentiation.	The	pathogenesis	of	MAC	is	not	completely
understood	but	may	involve	exposure	to	ionizing	radiation	and	UVR	that	may	precede	development	of	MAC	by
as	 long	as	40	years.197	MAC	is	an	aggressive,	 locally	destructive	cutaneous	appendageal	neoplasm	with	a	high
rate	of	local	recurrence	but	low	rate	of	metastasis.	It	primarily	affects	white,	middle-aged	individuals,	although	it
has	 been	 reported	 in	 children	 and	 blacks.	 Unlike	 the	 other	 primary	 cutaneous	 malignancies,	 MAC	 has	 slight
female	predominance.

Clinical	and	Pathologic	Features
MAC	classically	presents	 as	 a	 smooth-surfaced,	nonulcerated,	 flesh-colored	 to	yellowish	asymptomatic	nodule,
papule,	or	plaque.	When	symptomatic,	common	findings	 include	numbness,	 tenderness,	anesthesia,	paresthesia,
burning,	discomfort,	and/or	 rarely	pruritus	of	 the	affected	site.	These	symptoms	may	relate	 to	 the	 frequent	PNI
observed	with	MAC.	MAC	is	locally	aggressive,	with	common	PNI	and	extension	to	muscle,	vascular	adventitia,
perichondrium,	periosteum,	and	even	bone	marrow.	MAC	has	a	clear	predilection	for	the	head	and	neck	(86%	to
88%),	 particularly	 the	 central	 face	 (73%).	 Other	 sites	 include	 eyelid,	 scalp,	 breast	 or	 chest,	 axillae,	 buttocks,
vulva,	extremities,	and	tongue.	This	tumor	is	often	misdiagnosed	clinically	and	histologically.197,198

Histologically,	MAC	 is	a	 tumor	of	pilar	and	eccrine	differentiation.	 It	 exhibits	 low-grade	histologic	 features
and	may	be	misdiagnosed	as	a	benign	adnexal	process.	The	tumor	frequently	exhibits	a	stratified	appearance	with
larger	keratin	horn	cysts	and	epithelial	nests,	strands,	or	cords	in	the	superficial	dermis	and	desmoplastic	features
in	the	deeper	dermis	with	smaller	cysts	and	more	pronounced	ductal	structures	(Fig.	90.12).	Ducts	may	be	well
differentiated,	with	two	rows	of	cuboidal	cells,	or	less	differentiated,	with	single	strands	without	lumina.	Mitotic
figures	 and	 cytologic	 atypia	 are	 rare.	 Histologic	 differential	 diagnosis	 of	 MAC	 includes	 desmoplastic
trichoepithelioma,	benign	syringoma,	papillary	eccrine	adenoma,	morpheaform	BCC,	SCC,	and	metastatic	breast
carcinoma.	Adequately	deep	biopsy	is	crucial	for	correct	diagnostic	assessment.
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Figure	90.12	Microcystic	adnexal	carcinoma	histologic	features.	The	tumor	frequently	exhibits	a
stratified	appearance	with	larger	keratin	horn	cysts	and	epithelial	nests,	strands,	or	cords	in	the

superficial	dermis	and	a	desmoplastic	deeper	dermis	with	smaller	cysts	and	more	pronounced	ductal
structures.	Horn	cysts	may	contain	laminated	keratin,	small	vellus	hairs,	or	calcification.	Ducts	may
be	well	differentiated,	with	two	rows	of	cuboidal	cells,	or	less	differentiated,	with	single	strands

without	lumina.

Prognosis	and	Management
Current	standard	of	care	for	MAC	is	to	surgically	remove	the	tumor	in	its	entirety	whenever	feasible.	This	task
can	be	challenging	 in	clinical	practice	because	 the	 tumor	often	extends	microscopically	centimeters	beyond	 the
clinically	 apparent	margins.	 In	 cases	with	 clinical	 suggestion	 of	 deep	 infiltration	 or	 cranial	 nerve	 dysfunction,
magnetic	resonance	imaging	may	help	define	tumor	extent	prior	to	surgery,	but	the	sensitivity	of	imaging	studies
for	microscopic	disease	is	low.	Margins	reported	in	the	literature	for	WLE	vary	from	a	few	millimeters	to	3	to	5
cm.	 Extirpation	 of	 tumor	 by	MMS	may	 prove	 beneficial	 in	 the	management	 of	MAC.	RRs	 vary	 significantly
between	 the	 two	 surgical	 techniques	 with	 rates	 after	WLE	 and	MMS	 ranging	 from	 40%	 to	 60%199	 and	 0	 to
12%,200	respectively.	Few	cases	of	metastatic	MAC	have	been	reported	in	the	literature,	and	a	systemic	workup
for	occult	disease	is	generally	not	required.	RT	has	been	used	as	monotherapy	or	adjuvant	therapy	for	MAC	with
reported	 success	 in	 a	 limited	 number	 of	 case	 reports	 and	 small	 series.	When	 RT	 is	 incorporated	 as	 adjuvant
therapy,	doses	of	at	least	50	Gy	with	wide	margins	should	be	offered.	Patients	with	MAC	should	have	ongoing
examination	 of	 the	 skin	 and	 lymph	 nodes	 for	 the	 remainder	 of	 their	 life	 span,	 given	 the	 potential	 for	 late
recurrence	decades	after	initial	presentation.

SEBACEOUS	CARCINOMA
Incidence	and	Etiology
Sebaceous	carcinoma	(SC)	 is	a	 rare	malignant	epithelial	 tumor	derived	 from	sebaceous	glands	 in	 the	skin.	The
overall	 incidence	 is	one	 to	 two	per	million	persons	per	year	 and	may	occur	 sporadically	or	 in	association	with



Muir-Torre	syndrome.	Worldwide,	SC	affects	all	races,	but	Asian	populations	appear	to	have	a	greater	incidence
than	 whites.	 Women	 are	 affected	 more	 commonly	 than	 men,	 at	 a	 ratio	 of	 approximately	 2:1.	 SC	 classically
presents	in	the	seventh	to	ninth	decades.201	SC	is	associated	with	advanced	age,	chronic	UV	exposure,	 ionizing
radiation	exposure,	 the	presence	of	multiple	sebaceous	adenomas,	and	 the	genetic	Muir-Torre	syndrome.	Muir-
Torre	is	a	variant	of	Lynch	syndrome	(hereditary	nonpolyposis	colorectal	cancer)	caused	by	mutations	in	the	DNA
mismatch	repair	genes	MSH1,	MSH2,	or	MSH6	and	is	inherited	in	an	autosomal	dominant	fashion.	In	addition	to
SC,	Muir-Torre	patients	have	a	high	predisposition	 to	other	cutaneous	neoplasms	 (sebaceous	adenoma	and	KA
variant	of	SCC),	colorectal	 cancer,	 and	urogenital	malignancies	as	well	 as	a	modestly	 increased	 risk	of	 several
other	cancers	including	breast	cancer.	Because	of	the	strong	association	of	SC	with	Muir-Torre	syndrome,	patients
presenting	with	SC	should	be	referred	for	colonoscopy	to	assess	for	occult	colon	cancer.	In	elderly	patients	with	a
single	SC,	routine	genetic	screening	for	Muir-Torre	in	the	absence	of	colon	lesions	is	not	currently	indicated.

Clinical	and	Pathologic	Features
The	most	frequent	clinical	presentation	of	SC	is	a	slowly	growing,	painless,	erythematous	papule	or	nodule.	Other
presentations	 include	 diffuse	 thickening	 of	 the	 skin,	 pedunculated	 papules,	 or	 an	 irregular	 subcutaneous	mass.
Approximately	75%	of	SCs	are	periocular	 in	 location.202	Periocular	SC	may	arise	from	Meibomian	glands	and,
less	frequently,	from	the	glands	of	Zeis.	The	upper	eyelids	are	most	frequently	involved.	On	the	eyelid,	SC	is	most
often	misdiagnosed	as	chalazion.	It	may	present	as	chronic	diffuse	blepharoconjunctivitis	or	keratoconjunctivitis,
particularly	with	pagetoid	or	intraepithelial	spread	of	tumor	onto	the	conjunctival	epithelium.203	SC	is	the	second
most	common	eyelid	malignancy	after	BCC	and	is	the	second	most	lethal	after	melanoma.	Approximately	25%	of
cases	 of	 SC	 involve	 extraocular	 sites,	 which	may	 include	 head	 and	 neck,	 trunk,	 salivary	 glands,	 and	 external
genitalia.204

Histologically,	SCs	are	classified	as	well,	moderately,	or	poorly	differentiated.	Most	commonly,	lesions	have
an	irregular	lobular	growth	pattern	with	sebaceous	and	undifferentiated	cells.	SC	cells	exhibit	varying	degrees	of
differentiation,	 nuclear	 pleomorphism,	 hyperchromatism,	 basaloid	 appearance,	 and	 high	mitotic	 activity.	 Local
infiltration	 of	 the	 surrounding	 tissues	 and	 neurovascular	 spaces	 can	 be	 seen.	 A	 known	 feature	 of	 the	 SC	 is
pagetoid	spread,	the	spread	of	tumor	cells	into	the	overlying	epithelium.	Special	stains,	including	lipid	stains	such
as	Oil	Red	O	or	Sudan	IV	for	fresh	tissue,	and	immunohistochemical	stains,	such	as	epithelial	membrane	antigen
or	LeuM1,	are	also	helpful.205

Prognosis	and	Management
Treatment	options	for	SC	include	WLE	with	5-	 to	6-mm	margins	and	extirpation	by	MMS.	The	 local	RR	after
WLE	has	been	reported	to	be	as	high	as	36%	at	5	years,	with	an	associated	5-year	mortality	rate	of	18%.206	In	one
study	of	14	cases	of	SC	excised	with	frozen	section	margin	control,	5	 recurrences	were	observed	 in	cases	with
surgical	margins	of	1	to	3	mm,	whereas	no	recurrences	were	seen	with	margins	of	5	mm.207	Potential	difficulties
arise	 because	 long-standing	 tumors	may	 be	multicentric	with	 discontinuous	 tumor	 foci,	 and	 pagetoid	 spread	 is
difficult	to	determine	even	on	high-quality,	paraffin-embedded	sections.	Extirpation	of	SC	by	MMS	has	compared
favorably	to	WLE,	with	local	RRs	of	≤12%	in	reported	series.208	A	series	of	poorly	differentiated	SC	successfully
treated	with	RT	has	also	been	reported.209

SCs	 have	 high	 rates	 of	 local	 recurrence	 and	metastasis,	 particularly	 when	 occurring	 on	 the	 eyelid.	 SC	 can
spread	by	lymphatic	or	hematogenous	routes	or	by	direct	extension.	Distant	metastases	are	reported	in	up	to	20%
of	cases	and	may	involve	the	lungs,	liver,	brain,	bones,	and	lymph	nodes.	Mortality	of	SC	ranges	from	9%	to	50%.
Extraocular	 SC	 has	 a	 reported	 local	 RR	 of	 29%	 and	 metastatic	 rate	 of	 21%,	 although	 there	 appears	 to	 be	 a
reporting	 bias	 in	 the	 literature	 for	more	 advanced	 disease.	 Small	 primary	 lesions	 <1	 cm	 in	 diameter	 appear	 to
exhibit	a	more	favorable	prognosis	analogous	to	early-stage	SCC.

EXTRAMAMMARY	PAGET	DISEASE
Incidence	and	Etiology
Extramammary	Paget	disease	(EMPD)	is	a	rare	cutaneous	malignancy	of	older	adults,	often	on	the	genitalia,	with
a	mean	 age	 of	 onset	 of	 approximately	 70	 years.	Although	 there	 is	 a	 slight	 female	 predominance	 in	Caucasian
patients,	there	is	a	strong	4:1	male	predominance	in	Asians.210	Although	histologically	similar	to	Paget	disease	of
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the	breast,	EMPD	is	a	separate	entity	with	a	distinct	prognosis	and	is	not	related	to	breast	cancer.	EMPD	is	most
often	a	primary	intraepidermal	malignancy	thought	to	derive	from	eccrine	or	apocrine	glands.	Etiologic	factors	are
not	well	defined,	as	neither	UVR	nor	viral	infection	appears	to	play	a	significant	role.	EMPD	has	been	associated
with	internal	malignancy	in	15%	to	30%	of	cases,	usually	colon,	bladder,	or	prostate	cancer.211	In	these	cases,	the
skin	lesions	may	be	a	direct	extension	of	the	internal	malignancy	(e.g.,	perianal	EMPD	associated	with	colorectal
cancer),	or	 the	skin	 lesions	may	be	separate	from	but	synchronous	with	the	 internal	cancer	(e.g.,	scrotal	EMPD
associated	with	carcinoma	of	the	bladder).	These	cases	of	secondary	EMPD	have	a	worse	prognosis	than	primary
EMPD.

Clinical	and	Pathologic	Features
EMPD	most	often	presents	as	a	pink	 to	bright	 red	plaque	of	 the	genitalia.	Scaling,	erosion,	and	maceration	are
common	 features.	 It	 is	 usually	 asymmetric	 and	 may	 extend	 to	 the	 perianal	 region,	 inguinal	 fold,	 suprapubic
region,	and	medial	thigh,	but	it	is	classically	seen	on	the	scrotum	of	men	or	the	labia	majora	of	women.	Rare	cases
of	primary	EMPD	have	also	been	described	in	the	axillae.212	Although	most	cases	present	as	large	flat	plaques,
more	 advanced	 lesions	 may	 have	 a	 nodular	 presentation	 that	 implies	 dermal	 or	 subcutaneous	 invasion	 and
portends	a	worse	prognosis.	Lymphadenopathy	may	also	be	present	in	regionally	disseminated	disease.	Because
of	 its	 innocuous	 appearance,	 early	 EMPD	 is	 often	 misdiagnosed	 as	 a	 benign	 inflammatory	 condition	 such	 as
psoriasis,	dermatitis,	or	superficial	fungal	infections.	Lesions	may	persist	for	years	before	accurate	diagnosis,	and
clinicians	 should	have	 a	 low	 threshold	 for	biopsy	of	 suspected	 inflammatory	 conditions	 that	 do	not	 respond	 to
routine	treatment.

Biopsy	of	EMPD	reveals	epidermal	acanthosis	with	an	intraepidermal	proliferation	of	large,	pale-staining	cells
with	prominent	vesicular	nuclei.	These	cells	are	spread	throughout	all	layers	of	the	epidermis,	often	forming	large
clusters	just	above	the	basal	layer.	Mitotic	figures	may	be	present.	A	minority	of	patients	may	have	extension	of
EMPD	into	the	superficial	or	deep	dermis,	which	is	associated	with	decreased	survival.212	Immunohistochemical
stains	may	be	helpful	in	the	diagnosis	of	EMPD.	Most	cases	of	primary	EMPD	stain	with	CK7	and	GCDFP-15,
whereas	CK20	staining	may	be	more	common	in	secondary	EMPD.213

Prognosis	and	Management
To	 rule	out	 internal	malignancy	and	 secondary	EMPD,	patients	 should	undergo	a	 colonoscopy	and	appropriate
screening	 for	 genitourinary	malignancy	prior	 to	 initiating	 treatment.	 In	 the	 absence	of	 internal	malignancy,	 the
overall	 prognosis	 for	 primary	 EMPD	 is	 good,	 with	 a	 reported	 85%	 overall	 survival	 at	 5	 years.212	 Although
metastasis	 and	 disease-specific	 death	 are	 uncommon,	 primary	 EMPD	 is	 prone	 to	 local	 recurrence	 due	 to	 the
challenges	in	obtaining	clear	surgical	margins.	Although	most	patients	present	with	in	situ	disease	and	a	favorable
prognosis,	approximately	14%	of	patients	present	with	deep	dermal	invasion	and	exhibit	a	20-fold	increased	risk
of	disease-specific	death.	Secondary	EMPD	has	a	significantly	worse	prognosis	that	is	associated	with	the	nature
of	the	internal	malignancy.	Mortality	rates	up	to	46%	have	been	reported	for	secondary	EMPD.214

Complete	surgical	excision	of	EMPD	has	classically	been	the	standard	of	care,	although	local	RRs	may	be	as
high	as	30%	to	40%	due	to	subclinical	spread	of	the	primary	tumor.	MMS	may	be	a	superior	option,	with	local
RRs	of	12%	to	18%	reported	 in	small	case	series.210,215	Because	of	 its	primarily	superficial	nature,	nonsurgical
treatment	 of	 primary	 EMPD	 has	 been	 proposed,	 with	 several	 case	 reports	 documenting	 success	 (and	 a	 few
reporting	 failure)	 with	 topical	 imiquimod	 therapy.216,217	 In	 the	 authors’	 experience,	 topical	 therapy	 with
imiquimod	at	a	variable	frequency	for	up	to	12	weeks,	titrated	to	the	local	inflammatory	response,	is	an	effective
first-line	therapy	for	primary	EMPD.	Surgical	treatment	may	be	used	for	recalcitrant	cases,	and	RT	has	also	been
reported	for	EMPD	with	some	success	and	has	provided	local	control	of	disease	in	retrospective	series.218

ATYPICAL	FIBROXANTHOMA
Historically,	atypical	 fibroxanthoma	(AFX)	and	malignant	 fibrous	histiocytoma	were	 thought	 to	be	 two	distinct
presentations	of	the	same	malignancy.	However,	following	reclassification	of	soft	tissue	sarcomas	by	the	World
Health	Organization	in	2002	that	mandated	identification	of	cell	line	origin	in	classification	of	tumors,	most	cases
of	malignant	fibrous	histiocytoma,	as	previously	considered,	were	found	to	be	merely	a	morphologic	pattern	rather
than	a	defined	pathologic	entity.219	In	a	majority	of	cases,	ultrastructural	and	immunohistochemical	examination



allowed	for	reclassification	into	defined	histologic	subtypes	of	sarcomas.	Under	the	new	classification,	 the	term
malignant	 fibrous	 histiocytoma	 is	 a	 synonym	 for	 undifferentiated	 pleomorphic	 sarcoma	 (UPS)	 not	 otherwise
specified.	UPS	is	a	deep-seated	subcutaneous	nodule	rarely	encountered	in	the	skin;	it	is	most	often	seen	on	the
limbs	 of	 elderly	 patients.	UPS	 is	 an	 aggressive	 tumor	with	 a	 poor	 prognosis;	 up	 to	 50%	of	 patients	may	have
distant	metastasis	at	the	time	of	initial	presentation.

Incidence	and	Etiology
AFX	 is	 a	 rare	 spindle	 cell	 tumor	 that	 occurs	 on	 chronically	 sun-exposed	 skin	 of	 older	 individuals.	The	 cell	 of
origin	of	AFX	remains	unclear,	although	histologic	 features	suggest	derivation	from	transformed	fibroblast-like
cells	in	the	superficial	dermis.	Tumors	of	the	head	and	neck	characteristically	present	during	the	eighth	decade,
whereas	 tumors	 involving	 the	 extremities	 often	 present	 during	 the	 fourth	 decade.	The	 ratio	 of	 affected	men	 to
women	appears	to	be	equal.	A	few	cases	have	been	reported	in	children	with	xeroderma	pigmentosum,	supporting
a	primary	role	for	UVR	in	tumorigenesis.	In	a	series	of	10	cases	of	AFX,	7	cases	showed	mutation	in	TSG	p53,
often	with	UVR	signature	mutations.220	 In	addition	to	chronic	UV	exposure,	 the	pathogenesis	of	AFX	has	been
associated	with	ionizing	radiation	and	immunosuppression.	Tumors	may	occur	10	to	15	years	after	local	ionizing
radiation.	An	 increased	 incidence	of	AFX	has	been	observed	 in	 immunosuppressed	organ	 transplant	 recipients,
and	metastatic	AFX	has	been	reported	in	a	patient	with	chronic	lymphocytic	leukemia.

Clinical	and	Pathologic	Features
AFX	usually	presents	as	an	asymptomatic,	often	rapidly	growing,	dome-shaped	papule	or	nodule	covered	by	thin
epidermis	on	actinically	damaged	skin	of	individuals	with	a	fair	complexion.	Average	size	at	presentation	is	1	to	2
cm.	Secondary	changes	such	as	serosanguineous	crust	or	ulceration	may	be	present.	The	clinical	appearance	is	not
distinctive,	 and	 the	 clinical	 differential	 diagnosis	 of	 the	 lesion	often	 includes	pyogenic	granuloma,	SCC,	BCC,
amelanotic	melanoma,	MCC,	and	cutaneous	metastasis.	AFX	may	be	found	in	the	setting	of	other	NMSCs.

On	microscopic	examination,	AFX	 is	 a	dermal	or	partially	exophytic	nodule	composed	of	 a	proliferation	of
atypical	 spindle-shaped	 cells	with	moderate	 amounts	 of	 cytoplasm	 and	 large	 histiocyte-like	 atypical	 cells	with
abundant	 pale-staining	 vacuolated	 cytoplasm	 arranged	 in	 haphazard	 fashion	 in	 a	 collagenous	 or	 occasionally
myxoid	stroma.221	 The	 neoplastic	 cells	 have	 large,	 pleomorphic,	 and	 heterochromatic	 “bizarre-looking”	 nuclei,
and	 some	are	multinucleated.	There	are	numerous	 typical	 and	atypical	mitotic	 figures.	Some	cells	may	contain
droplets	 of	 lipid.	 The	 epidermis	 overlying	 the	 dermal	 proliferation	 is	 commonly	 ulcerated.	 Both	 the	 spindle-
shaped	 and	 the	 histiocyte-like	 cells	 stain	 positively	 for	 vimentin,	 whereas	 CD68	 and	 CD10	 are	 often,	 but	 not
universally,	 positive	 in	 AFX.	 Stains	 for	 HMB-45	 and	 S100,	 as	 well	 as	 cytokeratin	 stains,	 are	 negative,
distinguishing	this	lesion	from	spindle	cell	melanoma	and	SCC,	respectively.221

Prognosis	and	Management
The	 majority	 of	 AFXs	 are	 locally	 invasive	 tumors	 with	 a	 favorable	 prognosis.	 Primary	 treatment	 of	 AFX	 is
surgical	 removal	 by	WLE	or	MMS.	 In	 a	 large	 retrospective	 series	 of	 45	patients	 comparing	WLE	with	MMS,
recurrences	were	observed	during	a	mean	follow-up	period	of	73.6	months	in	12%	of	25	cases	treated	by	WLE.222
Metastatic	 involvement	of	 the	parotid	gland	occurred	 in	one	of	 these	patients	 for	an	overall	 regional	metastatic
rate	of	4%.	In	contrast,	no	recurrences	or	metastases	were	observed	over	a	mean	follow-up	period	of	29.6	months
in	 patients	 treated	 by	 MMS.	 Others	 have	 reported	 similarly	 favorable	 outcomes	 after	 treatment	 of	 AFX	 by
MMS.223,224	The	authors	favor	the	use	of	MMS	for	AFX	because	of	the	superior	margin	control	and	conservation
of	normal	tissue.

Although	AFX	rarely	metastasizes,	it	is	a	locally	aggressive	tumor	with	metastatic	potential.	Metastases	to	the
parotid	 gland,	 lymph	 nodes,	 and	 lung	 have	 been	 reported.	 In	 a	 series	 of	 eight	 cases	 of	metastatic	 AFX,	 poor
prognostic	 indicators	 included	 vascular	 invasion,	 recurrence,	 deep-tissue	 penetration,	 necrosis,	 and
immunosuppression.224,225	Because	AFX	is	often	found	in	the	setting	of	diffuse	actinic	damage	and	other	NMSCs,
close	follow-up	after	complete	tumor	extirpation	is	critical.

REFERENCES

1.	 Madan	V,	Lear	JT,	Szeimies	RM.	Non-melanoma	skin	cancer.	Lancet	2010;375(9715):673–685.
2.	 Rogers	HW,	Weinstock	MA,	Harris	AR,	et	al.	Incidence	estimate	of	nonmelanoma	skin	cancer	in	the	United	States,



Dr. AVR @ TMH

2006.	Arch	Dermatol	2010;146:283–287.
3.	 Rogers	HW,	Weinstock	MA,	 Feldman	 SR,	 et	 al.	 Incidence	 estimate	 of	 nonmelanoma	 skin	 cancer	 (keratinocyte

carcinomas)	in	the	U.S.	population,	2012.	JAMA	Dermatol	2015;151(10):1081–1086.
4.	 Neville	 JA,	 Welch	 E,	 Leffell	 DJ.	 Management	 of	 nonmelanoma	 skin	 cancer	 in	 2007.	 Nat	 Clin	 Pract	 Oncol

2007;4(8):462–469.
5.	 Connolly	SM,	Baker	DR,	Coldiron	BM,	et	al.	AAD/ACMS/ASDSA/ASMS	2012	appropriate	use	criteria	for	Mohs

micrographic	 surgery:	 a	 report	of	 the	American	Academy	of	Dermatology,	American	College	of	Mohs	Surgery,
American	Society	for	Dermatologic	Surgery	Association,	and	the	American	Society	for	Mohs	Surgery.	J	Am	Acad
Dermatol	2012;67(4):531–550.

6.	 Tierney	 EP,	 Hanke	 CW.	 Cost	 effectiveness	 of	 Mohs	 micrographic	 surgery:	 review	 of	 the	 literature.	 J	 Drugs
Dermatol	2009;8(10):914–922.

7.	 Salasche	 SJ.	 Status	 of	 curettage	 and	 desiccation	 in	 the	 treatment	 of	 primary	 basal	 cell	 carcinoma.	 J	 Am	Acad
Dermatol	1984;10:285–287.

8.	 Wang	Y,	Wells	W,	Waldron	J.	Indications	and	outcomes	of	radiation	therapy	for	skin	cancer	of	the	head	and	neck.
Clin	Plast	Surg	2009;36(3):335–344.

9.	 Halpern	 JN.	Radiation	 therapy	 in	 skin	 cancer.	A	 historical	 perspective	 and	 current	 applications.	Dermatol	 Surg
1997;23(11):1089–1093.

10.	 Fitzgerald	TJ,	Jodoin	MB,	Tillman	G,	et	al.	Radiation	therapy	toxicity	to	the	skin.	Dermatol	Clin	2008;26(1):161–
172,	ix.

11.	 Kim	AJ,	Suh	JD,	Sercarz	JA,	et	al.	Salvage	surgery	with	free	flap	reconstruction:	factors	affecting	outcome	after
treatment	of	recurrent	head	and	neck	squamous	carcinoma.	Laryngoscope	2007;117(6):1019–1023.

12.	 Veness	MJ.	The	 important	 role	of	 radiotherapy	 in	patients	with	non-melanoma	 skin	 cancer	 and	other	 cutaneous
entities.	J	Med	Imaging	Radiat	Oncol	2008;52(3):278–286.

13.	 Celestin	 Schartz	 NE,	 Chevret	 S,	 Paz	 C,	 et	 al.	 Imiquimod	 5%	 cream	 for	 treatment	 of	 HIV-negative	 Kaposi’s
sarcoma	skin	lesions:	a	phase	I	to	II,	open-label	trial	in	17	patients.	J	Am	Acad	Dermatol	2008;58(4):585–591.

14.	 Czarnecki	 C,	 Czarnecki	 D,	 Carroll	 S.	 Imiquimod	 treatment	 associated	 with	 a	 reduction	 in	 new	 skin	 cancer
formation.	Clin	Exp	Dermatol	2009;34(1):92.

15.	 Love	WE,	 Bernhard	 JD,	 Bordeaux	 JS.	 Topical	 imiquimod	 or	 fluorouracil	 therapy	 for	 basal	 and	 squamous	 cell
carcinoma:	a	systematic	review.	Arch	Dermatol	2009;145(12):1431–1438.

16.	 Nouri	K,	O’Connell	C,	Rivas	MP.	 Imiquimod	 for	 the	 treatment	of	Bowen’s	disease	and	 invasive	 squamous	cell
carcinoma.	J	Drugs	Dermatol	2003;2(6):669–673.

17.	 Huber	A,	Huber	JD,	Skinner	RB	Jr,	et	al.	Topical	imiquimod	treatment	for	nodular	basal	cell	carcinomas:	an	open-
label	series.	Dermatol	Surg	2004;30:429–430.

18.	 Junkins-Hopkins	JM.	Imiquimod	use	 in	 the	 treatment	of	 lentigo	maligna.	J	Am	Acad	Dermatol	 2009;61(5):865–
867.

19.	 Stockfleth	 E.	 Topical	 management	 of	 actinic	 keratosis	 and	 field	 cancerisation.	 G	 Ital	 Dermatol	 Venereol
2009;144(4):459–462.

20.	 Lebwohl	 M,	 Swanson	 N,	 Anderson	 LL,	 et	 al.	 Ingenol	 mebutate	 gel	 for	 actinic	 keratosis.	 N	 Engl	 J	 Med
2012;366:1010–1019.

21.	 Tierney	E,	Barker	A,	Ahdout	J,	et	al.	Photodynamic	therapy	for	the	treatment	of	cutaneous	neoplasia,	inflammatory
disorders,	and	photoaging.	Dermatol	Surg	2009;35:725–746.

22.	 Lehmann	P.	Methyl	aminolaevulinate-photodynamic	therapy:	a	review	of	clinical	trials	in	the	treatment	of	actinic
keratoses	and	nonmelanoma	skin	cancer.	Br	J	Dermatol	2007;156:793–801.

23.	 Braathen	 LR,	 Szeimies	 RM,	 Basset-Seguin	 N,	 et	 al.	 Guidelines	 on	 the	 use	 of	 photodynamic	 therapy	 for
nonmelanoma	 skin	 cancer:	 an	 international	 consensus.	 International	 Society	 for	 Photodynamic	 Therapy	 in
Dermatology,	2005.	J	Am	Acad	Dermatol	2007;56(1):125–143.

24.	 Gupta	AK,	Paquet	M,	Villanueva	E,	et	al.	Interventions	for	actinic	keratoses.	Cochrane	Database	Syst	Rev	2012;
(12):CD004415.

25.	 Morton	C,	Szeimies	RM,	Sidoroff	A,	 et	 al.	European	Dermatology	Forum.	Guidelines	on	 topical	 photodynamic
therapy.	Eur	J	Dermatol	2015;25(4):296–311.

26.	 Ferrucci	LM,	Cartmel	B,	Molinaro	AM,	et	al.	 Indoor	 tanning	and	risk	of	early-onset	basal	cell	carcinoma.	J	Am
Acad	Dermatol	2012;67(4):552–562.

27.	 Watt	TC,	Inskip	PD,	Stratton	K,	et	al.	Radiation-related	risk	of	basal	cell	carcinoma:	a	report	from	the	Childhood
Cancer	Survivor	Study.	J	Natl	Cancer	Inst	2012;104:1240–1250.

28.	 Epstein	EH.	Basal	cell	carcinomas:	attack	of	the	hedgehog.	Nat	Rev	Cancer	2008;8(10):743–754.



29.	 Grossman	D,	Leffell	DJ.	The	molecular	 basis	 of	 nonmelanoma	 skin	 cancer:	 new	understanding.	Arch	Dermatol
1997;133(10):1263–1270.

30.	 Situm	M,	Buljan	M,	Bulat	V,	 et	 al.	The	 role	 of	UV	 radiation	 in	 the	 development	 of	 basal	 cell	 carcinoma.	Coll
Antropol	2008;32(suppl	2):167–170.

31.	 Lacour	 JP.	 Carcinogenesis	 of	 basal	 cell	 carcinomas:	 genetics	 and	 molecular	 mechanisms.	 Br	 J	 Dermatol
2002;146(suppl	61):17–19.

32.	 Ziegler	A,	Leffell	DJ,	Kunala	S,	 et	 al.	Mutation	hotspots	due	 to	 sunlight	 in	 the	p53	gene	of	nonmelanoma	skin
cancers.	Proc	Natl	Acad	Sci	U	S	A	1993;90(9):4216–4220.

33.	 Raasch	BA,	Buettner	PG,	Garbe	C.	Basal	cell	carcinoma:	histological	classification	and	body-site	distribution.	Br	J
Dermatol	2006;155(2):401–407.

34.	 Saldanha	G,	Fletcher	A,	Slater	DN.	Basal	cell	carcinoma:	a	dermatopathological	and	molecular	biological	update.
Br	J	Dermatol	2003;148(2):195–202.

35.	 Wolf	DJ,	Zitelli	JA.	Surgical	margins	for	basal	cell	carcinoma.	Arch	Dermatol	1987;123(3):340–344.
36.	 Miller	SJ.	Biology	of	basal	cell	carcinoma	(part	II).	J	Am	Acad	Dermatol	1991;24(2	Pt	1):161–175.
37.	 Miller	SJ.	Biology	of	basal	cell	carcinoma	(part	I).	J	Am	Acad	Dermatol1991;24:1–13.
38.	 Ackerman	 AB,	 Gottlieb	 GJ.	 Fibroepithelial	 tumor	 of	 pinkus	 is	 trichoblastic	 (basal-cell)	 carcinoma.	 Am	 J

Dermatopathol	2005;27(2):155–159.
39.	 Ionescu	 DN,	 Arida	M,	 Jukic	 DM.	Metastatic	 basal	 cell	 carcinoma:	 four	 case	 reports,	 review	 of	 literature,	 and

immunohistochemical	evaluation.	Arch	Pathol	Lab	Med	2006;130:45–51.
40.	 Jefford	M,	Kiffer	JD,	Somers	G,	et	al.	Metastatic	basal	cell	carcinoma:	rapid	symptomatic	response	to	cisplatin	and

paclitaxel.	ANZ	J	Surg	2004;74:704–705.
41.	 Batra	RS,	Kelley	LC.	Predictors	of	extensive	subclinical	 spread	 in	nonmelanoma	skin	cancer	 treated	with	Mohs

micrographic	surgery.	Arch	Dermatol	2002;138(8):1043–1051.
42.	 Work	G,	Baum	C,	Bordeaux	JS,	et	al.	Guidelines	of	care	for	the	management	of	basal	cell	carcinoma.	J	Am	Acad

Dermatol	2018;78(3):540–559.
43.	 Spiller	 WF,	 Spiller	 RF.	 Treatment	 of	 basal	 cell	 epithelioma	 by	 curettage	 and	 electrodesiccation.	 J	 Am	 Acad

Dermatol	1984;11(5	pt	1):808–814.
44.	 Rodriguez-Vigil	T,	Vázquez-López	F,	Perez-Oliva	N.	Recurrence	rates	of	primary	basal	cell	carcinoma	in	facial

risk	areas	treated	with	curettage	and	electrodesiccation.	J	Am	Acad	Dermatol	2007;56:91–95.
45.	 Kopf	 AW,	 Bart	 RS,	 Schrager	 D,	 et	 al.	 Curettage-electrodesiccation	 treatment	 of	 basal	 cell	 carcinomas.	 Arch

Dermatol	1977;113:439–443.
46.	 Hendrix	JD	Jr,	Parlette	HL.	Duplicitous	growth	of	infiltrative	basal	cell	carcinoma:	analysis	of	clinically	undetected

tumor	extent	in	a	paired	case-control	study.	Dermatol	Surg	1996;22(6):535–539.
47.	 Hendrix	 JD	 Jr,	 Parlette	 HL.	 Micronodular	 basal	 cell	 carcinoma.	 A	 deceptive	 histologic	 subtype	 with	 frequent

clinically	undetected	tumor	extension.	Arch	Dermatol	1996;132(3):295–298.
48.	 Rowe	 DE,	 Carroll	 RJ,	 Day	 CL	 Jr.	 Long-term	 recurrence	 rates	 in	 previously	 untreated	 (primary)	 basal	 cell

carcinoma:	implications	for	patient	follow-up.	J	Dermatol	Surg	Oncol	1989;15(3):315–328.
49.	 Rowe	DE,	Carroll	RJ,	Day	CL	Jr.	Mohs	surgery	is	the	treatment	of	choice	for	recurrent	(previously	treated)	basal

cell	carcinoma.	J	Dermatol	Surg	Oncol	1989;15(4):424–431.
50.	 van	 Loo	 E,	Mosterd	K,	Krekels	GA,	 et	 al.	 Surgical	 excision	 versus	Mohs’	micrographic	 surgery	 for	 basal	 cell

carcinoma	of	the	face:	a	randomised	clinical	trial	with	10	year	follow-up.	Eur	J	Cancer	2014;50(17):3011–3020.
51.	 Wilder	 RB,	 Kittelson	 JM,	 Shimm	 DS.	 Basal	 cell	 carcinoma	 treated	 with	 radiation	 therapy.	 Cancer

1991;68(10):2134–2137.
52.	 Avril	MF,	Auperin	A,	Margulis	A,	et	al.	Basal	cell	carcinoma	of	 the	face:	surgery	or	 radiotherapy?	Results	of	a

randomized	study.	Br	J	Cancer	1997;76(1):100–106.
53.	 Swanson	 EL,	Amdur	 RJ,	Mendenhall	WM,	 et	 al.	 Radiotherapy	 for	 basal	 cell	 carcinoma	 of	 the	medial	 canthus

region.	Laryngoscope	2009;119:2366–2368.
54.	 Mendenhall	WM,	Amdur	RJ,	Hinerman	RW,	et	al.	Radiotherapy	for	cutaneous	squamous	and	basal	cell	carcinomas

of	the	head	and	neck.	Laryngoscope	2009;119(10):1994–1999.
55.	 Cognetta	 AB,	 Howard	 BM,	 Heaton	 HP,	 et	 al.	 Superficial	 x-ray	 in	 the	 treatment	 of	 basal	 and	 squamous	 cell

carcinomas:	a	viable	option	in	select	patients.	J	Am	Acad	Dermatol	2012;67(6):1235–1241.
56.	 Marks	R,	Gebauer	K,	Shumack	S,	et	al.	Imiquimod	5%	cream	in	the	treatment	of	superficial	basal	cell	carcinoma:

results	of	a	multicenter	6-week	dose-response	trial.	J	Am	Acad	Dermatol	2001;44:807–813.
57.	 Shumack	S,	Robinson	J,	Kossard	S,	et	al.	Efficacy	of	 topical	5%	imiquimod	cream	for	 the	 treatment	of	nodular

basal	cell	carcinoma:	comparison	of	dosing	regimens.	Arch	Dermatol	2002;138(9):1165–1171.



Dr. AVR @ TMH

58.	 Vidal	D,	Matias-Guiu	X,	Alomar	A.	Open	study	of	the	efficacy	and	mechanism	of	action	of	topical	imiquimod	in
basal	cell	carcinoma.	Clin	Exp	Dermatol	2004;29(5):518–525.

59.	 Gross	 K,	 Kircik	 L,	 Kricorian	 G.	 5%	 5-Fluorouracil	 cream	 for	 the	 treatment	 of	 small	 superficial	 Basal	 cell
carcinoma:	efficacy,	tolerability,	cosmetic	outcome,	and	patient	satisfaction.	Dermatol	Surg	2007;33(4):433–439,
discussion	440.

60.	 Christensen	E,	Warloe	T,	Kroon	S,	et	al.	Guidelines	for	practical	use	of	MAL-PDT	in	non-melanoma	skin	cancer.	J
Eur	Acad	Dermatol	Venereol	2010;24(5):505–512.

61.	 Arits	AH,	Mosterd	K,	Essers	BA,	et	al.	Photodynamic	therapy	versus	topical	imiquimod	versus	topical	fluorouracil
for	treatment	of	superficial	basal-cell	carcinoma:	a	single	blind,	non-inferiority,	randomised	controlled	trial.	Lancet
Oncol	2013;14(7):647–654.

62.	 Von	Hoff	DD,	LoRusso	PM,	Rudin	C,	et	al.	Inhibition	of	the	hedgehog	pathway	in	advanced	basal	cell	carcinoma.
N	Engl	J	Med	2009;361:1164–1172.

63.	 Sekulic	A,	Migden	MR,	Oro	AE,	et	al.	Efficacy	and	safety	of	vismodegib	in	advanced	basal	cell	carcinoma.	N	Engl
J	Med	2012;366:2171–2179.

64.	 Tang	JY,	Mackay-Wiggan	JM,	Aszterbaum	M,	et	al.	Inhibiting	the	hedgehog	pathway	in	patients	with	the	basal-
cell	nevus	syndrome.	N	Engl	J	Med	2012;366(23):2180–2188.

65.	 Yauch	RL,	Dijkgraaf	GJ,	Alicke	B,	et	al.	Smoothened	mutation	confers	resistance	to	a	Hedgehog	pathway	inhibitor
in	medulloblastoma.	Science	2009;326(5952):572–574.

66.	 Wolfe	CM,	Green	WH,	Cognetta	AB	Jr,	 et	 al.	Basal	 cell	 carcinoma	 rebound	after	 cessation	of	vismodegib	 in	 a
nevoid	basal	cell	carcinoma	syndrome	patient.	Dermatol	Surg	2012;38(11):1863–1866.

67.	 Rowe	 DE,	 Carroll	 RJ,	 Day	 CL	 Jr.	 Prognostic	 factors	 for	 local	 recurrence,	 metastasis,	 and	 survival	 rates	 in
squamous	 cell	 carcinoma	 of	 the	 skin,	 ear,	 and	 lip.	 Implications	 for	 treatment	 modality	 selection.	 J	 Am	 Acad
Dermatol	1992;26:976–990.

68.	 Karia	 PS,	 Han	 J,	 Schmults	 CD.	 Cutaneous	 squamous	 cell	 carcinoma:	 estimated	 incidence	 of	 disease,	 nodal
metastasis,	and	deaths	from	disease	in	the	United	States,	2012.	J	Am	Acad	Dermatol	2013;68(6):957–966.

69.	 Rosen	 T,	 Lebwohl	MG.	 Prevalence	 and	 awareness	 of	 actinic	 keratosis:	 barriers	 and	 opportunities.	 J	 Am	Acad
Dermatol	2013;68(1	Suppl	1):S2–S9.

70.	 Xiang	F,	Lucas	R,	Hales	S,	et	al.	 Incidence	of	nonmelanoma	skin	cancer	 in	 relation	 to	ambient	UV	radiation	 in
white	populations,	1978-2012:	empirical	relationships.	JAMA	Dermatol	2014;150(10):1063–1071.

71.	 Box	NF,	Duffy	DL,	Irving	RE,	et	al.	Melanocortin-1	receptor	genotype	is	a	risk	factor	for	basal	and	squamous	cell
carcinoma.	J	Invest	Dermatol	2001;116(2):224–229.

72.	 McGuire	 JF,	 Ge	NN,	Dyson	 S.	 Nonmelanoma	 skin	 cancer	 of	 the	 head	 and	 neck	 I:	 histopathology	 and	 clinical
behavior.	Am	J	Otolaryngol	2009;30:121–133.

73.	 Dandie	GW,	Clydesdale	GJ,	 Jacobs	 I,	 et	 al.	 Effects	 of	UV	on	 the	migration	 and	 function	 of	 epidermal	 antigen
presenting	cells.	Mutat	Res	1998;422:147–154.

74.	 Brash	DE,	Ziegler	A,	Jonason	AS,	et	al.	Sunlight	and	sunburn	 in	human	skin	cancer:	p53,	apoptosis,	and	 tumor
promotion.	J	Investig	Dermatol	Symp	Proc	1996;1(2):136–142.

75.	 Padilla	 RS,	 Sebastian	 S,	 Jiang	 Z,	 et	 al.	 Gene	 expression	 patterns	 of	 normal	 human	 skin,	 actinic	 keratosis,	 and
squamous	cell	carcinoma:	a	spectrum	of	disease	progression.	Arch	Dermatol	2010;146(3):288–293.

76.	 Durinck	 S,	 Ho	 C,	 Wang	 NJ,	 et	 al.	 Temporal	 dissection	 of	 tumorigenesis	 in	 primary	 cancers.	 Cancer	 Discov
2011;1(2):137–143.

77.	 Agrawal	N,	 Frederick	MJ,	 Pickering	CR,	 et	 al.	 Exome	 sequencing	 of	 head	 and	 neck	 squamous	 cell	 carcinoma
reveals	inactivating	mutations	in	NOTCH1.	Science	2011;333:1154–1157.

78.	 Stransky	N,	Egloff	AM,	Tward	AD,	et	al.	The	mutational	landscape	of	head	and	neck	squamous	cell	carcinoma.
Science	2011;333(6046):1157–1160.

79.	 Leemans	CR,	Braakhuis	BJ,	Brakenhoff	RH.	The	molecular	 biology	 of	 head	 and	 neck	 cancer.	Nat	 Rev	 Cancer
2011;11(1):9–22.

80.	 Martincorena	I,	Roshan	A,	Gerstung	M,	et	al.	Tumor	evolution.	High	burden	and	pervasive	positive	selection	of
somatic	mutations	in	normal	human	skin.	Science	2015;348(6237):880–886.

81.	 Chahoud	J,	Semaan	A,	Chen	Y,	et	al.	Association	between	β-genus	human	papillomavirus	and	cutaneous	squamous
cell	carcinoma	in	immunocompetent	individuals:	a	meta-analysis.	JAMA	Dermatol	2016;152(12):1354–1364.

82.	 Gloster	HM	Jr,	Brodland	DG.	The	epidemiology	of	skin	cancer.	Dermatol	Surg	1996;22:217–226.
83.	 Cowen	EW,	Nguyen	JC,	Miller	DD,	et	al.	Chronic	phototoxicity	and	aggressive	squamous	cell	carcinoma	of	the

skin	in	children	and	adults	during	treatment	with	voriconazole.	J	Am	Acad	Dermatol	2010;62(1):31–37.
84.	 Chapman	PB,	Hauschild	A,	Robert	C,	et	al.	Improved	survival	with	vemurafenib	in	melanoma	with	BRAF	V600E



mutation.	N	Engl	J	Med	2011;364(26):2507–2516.
85.	 Berman	 B,	 Amini	 S,	 Valins	 W,	 et	 al.	 Pharmacotherapy	 of	 actinic	 keratosis.	 Expert	 Opin	 Pharmacother

2009;10:3015–3031.
86.	 Roewert-Huber	J,	Stockfleth	E,	Kerl	H.	Pathology	and	pathobiology	of	actinic	 (solar)	keratosis:	an	update.	Br	J

Dermatol	2007;157(suppl	2):18–20.
87.	 Cassarino	 DS,	 Derienzo	 DP,	 Barr	 RJ.	 Cutaneous	 squamous	 cell	 carcinoma:	 a	 comprehensive	 clinicopathologic

classification.	Part	one.	J	Cutan	Pathol	2006;33(3):191–206.
88.	 Criscione	 VD,	 Weinstock	 MA,	 Naylor	 MF,	 et	 al.	 Actinic	 keratoses:	 natural	 history	 and	 risk	 of	 malignant

transformation	in	the	Veterans	Affairs	Topical	Tretinoin	Chemoprevention	Trial.	Cancer	2009;115(11):2523–2530.
89.	 Salasche	SJ.	Epidemiology	of	actinic	keratoses	and	squamous	cell	carcinoma.	J	Am	Acad	Dermatol	2000;42(1	pt

2):4–7.
90.	 Kao	GF.	Carcinoma	arising	in	Bowen’s	disease.	Arch	Dermatol	1986;122(10):1124–1126.
91.	 Amin	M.	AJCC	Cancer	Staging	Manual.	8th	ed.	New	York,	NY:	Springer	Science+Business	Media;	2016.
92.	 Karia	 PS,	 Morgan	 FC,	 Califano	 JA,	 et	 al.	 Comparison	 of	 tumor	 classifications	 for	 cutaneous	 squamous	 cell

carcinoma	of	 the	head	and	neck	 in	 the	7th	vs	8th	edition	of	 the	AJCC	Cancer	Staging	Manual.	JAMA	Dermatol
2018;154:175–181.

93.	 Farasat	 S,	 Yu	 SS,	 Neel	 VA,	 et	 al.	 A	 new	American	 Joint	 Committee	 on	 Cancer	 staging	 system	 for	 cutaneous
squamous	cell	carcinoma:	creation	and	rationale	 for	 inclusion	of	 tumor	 (T)	characteristics.	J	Am	Acad	Dermatol
2011;64(6):1051–1059.

94.	 Jambusaria-Pahlajani	A,	Kanetsky	PA,	Karia	PS,	et	al.	Evaluation	of	AJCC	tumor	staging	for	cutaneous	squamous
cell	carcinoma	and	a	proposed	alternative	tumor	staging	system.	JAMA	Dermatol	2013;149(4):402–410.

95.	 Miller	 SJ.	 The	 National	 Comprehensive	 Cancer	 Network	 (NCCN)	 guidelines	 of	 care	 for	 nonmelanoma	 skin
cancers.	Dermatol	Surg	2000;26(3):289–292.

96.	 Brunner	M,	Veness	MJ,	Ch’ng	S,	et	al.	Distant	metastases	from	cutaneous	squamous	cell	carcinoma:	analysis	of
AJCC	stage	IV.	Head	Neck	2013;35(1):72–75.

97.	 Lubritz	RR,	Smolewski	SA.	Cryosurgery	cure	rate	of	actinic	keratoses.	J	Am	Acad	Dermatol	1982;7(5):631–632.
98.	 Thai	KE,	Fergin	P,	Freeman	M,	et	al.	A	prospective	study	of	 the	use	of	cryosurgery	for	 the	 treatment	of	actinic

keratoses.	Int	J	Dermatol	2004;43:687–692.
99.	 Weiss	J,	Menter	A,	Hevia	O,	et	al.	Effective	treatment	of	actinic	keratosis	with	0.5%	fluorouracil	cream	for	1,	2,	or

4	weeks.	Cutis	2002;70(2	suppl):22–29.
100.	 Pomerantz	H,	Hogan	D,	Eilers	D,	et	al.	Long-term	efficacy	of	topical	fluorouracil	cream,	5%,	for	treating	actinic

keratosis:	a	randomized	clinical	trial.	JAMA	Dermatol	2015;151(9):952–960.
101.	 Swanson	N,	Abramovits	W,	Berman	B,	et	al.	 Imiquimod	2.5%	and	3.75%	for	 the	treatment	of	actinic	keratoses:

results	of	two	placebo-controlled	studies	of	daily	application	to	the	face	and	balding	scalp	for	two	2-week	cycles.	J
Am	Acad	Dermatol	2010;62(4):582–590.

102.	 Stockfleth	E,	Meyer	T,	Benninghoff	B,	et	al.	A	randomized,	double-blind,	vehicle-controlled	study	to	assess	5%
imiquimod	cream	for	the	treatment	of	multiple	actinic	keratoses.	Arch	Dermatol	2002;138(11):1498–1502.

103.	 Ulrich	C,	Bichel	J,	Euvrard	S,	et	al.	Topical	immunomodulation	under	systemic	immunosuppression:	results	of	a
multicentre,	randomized,	placebo-controlled	safety	and	efficacy	study	of	imiquimod	5%	cream	for	the	treatment	of
actinic	keratoses	in	kidney,	heart,	and	liver	transplant	patients.	Br	J	Dermatol	2007;157:25–31.

104.	 Tanghetti	E,	Werschler	P.	Comparison	of	5%	5-fluorouracil	cream	and	5%	imiquimod	cream	in	the	management	of
actinic	keratoses	on	the	face	and	scalp.	J	Drugs	Dermatol	2007;6(2):144–147.

105.	 Krawtchenko	N,	Roewert-Huber	 J,	Ulrich	M,	et	 al.	A	 randomised	 study	of	 topical	5%	 imiquimod	vs.	 topical	5-
fluorouracil	 vs.	 cryosurgery	 in	 immunocompetent	 patients	 with	 actinic	 keratoses:	 a	 comparison	 of	 clinical	 and
histological	outcomes	including	1-year	follow-up.	Br	J	Dermatol	2007;157:34–40.

106.	 Lebwohl	M,	Shumack	S,	Stein	Gold	L,	et	al.	Long-term	follow-up	study	of	ingenol	mebutate	gel	for	the	treatment
of	actinic	keratoses.	JAMA	Dermatol	2013;149(6):666–670.

107.	 Piacquadio	DJ,	Chen	DM,	Farber	HF,	et	al.	Photodynamic	therapy	with	aminolevulinic	acid	topical	solution	and
visible	blue	light	in	the	treatment	of	multiple	actinic	keratoses	of	the	face	and	scalp:	investigator-blinded,	phase	3,
multicenter	trials.	Arch	Dermatol	2004;140(1):41–46.

108.	 Honeycutt	WM,	Jansen	GT.	Treatment	of	squamous	cell	carcinoma	of	the	skin.	Arch	Dermatol	1973;108(5):670–
672.

109.	 Christensen	SR,	McNiff	JM,	Cool	AJ,	et	al.	Histopathologic	assessment	of	depth	of	follicular	invasion	of	squamous
cell	carcinoma	(SCC)	in	situ	(SCCis):	implications	for	treatment	approach.	J	Am	Acad	Dermatol	2016;74(2):356–
362.



Dr. AVR @ TMH

110.	 Brodland	DG,	Zitelli	JA.	Surgical	margins	for	excision	of	primary	cutaneous	squamous	cell	carcinoma.	J	Am	Acad
Dermatol	1992;27(2	pt	1):241–248.

111.	 Babington	 S,	 Veness	 MJ,	 Cakir	 B,	 et	 al.	 Squamous	 cell	 carcinoma	 of	 the	 lip:	 is	 there	 a	 role	 for	 adjuvant
radiotherapy	 in	 improving	 local	control	 following	 incomplete	or	 inadequate	excision?	ANZ	J	Surg	2003;73:621–
625.

112.	 Jambusaria-Pahlajani	A,	Miller	CJ,	Quon	H,	et	al.	Surgical	monotherapy	versus	surgery	plus	adjuvant	radiotherapy
in	high-risk	cutaneous	squamous	cell	carcinoma:	a	systematic	review	of	outcomes.	Dermatol	Surg	2009;35(4):574–
585.

113.	 Chen	AM,	Grekin	RC,	Garcia	 J,	 et	 al.	Radiation	 therapy	 for	 cutaneous	 squamous	 cell	 carcinoma	 involving	 the
parotid	area	lymph	nodes:	dose	and	volume	considerations.	Int	J	Radiat	Oncol	Biol	Phys	2007;69(5):1377–1380.

114.	 Wang	JT,	Palme	CE,	Morgan	GJ,	et	al.	Predictors	of	outcome	in	patients	with	metastatic	cutaneous	head	and	neck
squamous	 cell	 carcinoma	 involving	 cervical	 lymph	 nodes:	 improved	 survival	 with	 the	 addition	 of	 adjuvant
radiotherapy.	Head	Neck	2012;34(11):1524–1528.

115.	 Kirby	 JS,	Miller	 CJ.	 Intralesional	 chemotherapy	 for	 nonmelanoma	 skin	 cancer:	 a	 practical	 review.	 J	 Am	Acad
Dermatol	2010;63(4):689–702.

116.	 Hanlon	A,	Kim	J,	Leffell	DJ.	Intralesional	interferon	alfa-2b	for	refractory,	recurrent	squamous	cell	carcinoma	of
the	face.	J	Am	Acad	Dermatol	2013;69(6):1070–1072.

117.	 Wollina	U.	Cetuximab	in	non-melanoma	skin	cancer.	Expert	Opin	Biol	Ther	2012;12(7):949–956.
118.	 Maubec	E,	 Petrow	P,	 Scheer-Senyarich	 I,	 et	 al.	 Phase	 II	 study	 of	 cetuximab	 as	 first-line	 single-drug	 therapy	 in

patients	with	unresectable	squamous	cell	carcinoma	of	the	skin.	J	Clin	Oncol	2011;29(25):3419–3426.
119.	 Tran	DC,	Colevas	AD,	Chang	AL.	Follow-up	on	programmed	cell	death	1	inhibitor	for	cutaneous	squamous	cell

carcinoma.	JAMA	Dermatol	2017;153(1):92–94.
120.	 Cherpelis	BS,	Marcusen	C,	Lang	PG.	Prognostic	 factors	 for	metastasis	 in	 squamous	 cell	 carcinoma	of	 the	 skin.

Dermatol	Surg	2002;28:268–273.
121.	 Marcil	 I,	 Stern	 RS.	 Risk	 of	 developing	 a	 subsequent	 nonmelanoma	 skin	 cancer	 in	 patients	 with	 a	 history	 of

nonmelanoma	skin	cancer:	a	critical	review	of	the	literature	and	meta-analysis.	Arch	Dermatol	2000;136(12):1524–
1530.

122.	 Frankel	DH,	Hanusa	BH,	Zitelli	JA.	New	primary	nonmelanoma	skin	cancer	in	patients	with	a	history	of	squamous
cell	carcinoma	of	 the	skin.	 Implications	and	recommendations	for	 follow-up.	J	Am	Acad	Dermatol	1992;26(5	pt
1):720–726.

123.	 Weinstock	MA,	Thwin	SS,	Siegel	JA,	et	al.	Chemoprevention	of	basal	and	squamous	cell	carcinoma	with	a	single
course	of	fluorouracil,	5%,	cream:	a	randomized	clinical	trial.	JAMA	Dermatol	2018;154(2):167–174.

124.	 Fisher	GJ,	Voorhees	JJ.	Molecular	mechanisms	of	retinoid	actions	in	skin.	FASEB	J	1996;10(9):1002–1013.
125.	 Bath-Hextall	F,	Leonardi-Bee	 J,	Somchand	N,	 et	 al.	 Interventions	 for	preventing	non-melanoma	skin	cancers	 in

high-risk	groups.	Cochrane	Database	Syst	Rev	2007;(4):CD005414.
126.	 Bavinck	JN,	Tieben	LM,	Van	Der	Woude	FJ,	et	al.	Prevention	of	skin	cancer	and	reduction	of	keratotic	skin	lesions

during	 acitretin	 therapy	 in	 renal	 transplant	 recipients:	 a	 double-blind,	 placebo-controlled	 study.	 J	 Clin
Oncol1995;13:1933–1938.

127.	 Kadakia	KC,	Barton	DL,	Loprinzi	CL,	et	al.	Randomized	controlled	trial	of	acitretin	versus	placebo	in	patients	at
high	risk	for	basal	cell	or	squamous	cell	carcinoma	of	the	skin.	Cancer	2012;118:2128–2137.

128.	 Chen	AC,	Martin	AJ,	Choy	B,	et	al.	A	phase	3	randomized	trial	of	nicotinamide	for	skin-cancer	chemoprevention.
N	Engl	J	Med	2015;373(17):1618–1626.

129.	 Demopoulos	BP,	Vamvakas	E,	Ehrlich	JE,	et	al.	Non-acquired	immunodeficiency	syndrome-defining	malignancies
in	patients	infected	with	human	immunodeficiency	virus.	Arch	Pathol	Lab	Med	2003;127(5):589–592.

130.	 Franceschi	 S,	 Dal	 Maso	 L,	 Arniani	 S,	 et	 al.	 Risk	 of	 cancer	 other	 than	 Kaposi’s	 sarcoma	 and	 non-Hodgkin’s
lymphoma	in	persons	with	AIDS	in	Italy.	Cancer	and	AIDS	Registry	Linkage	Study.	Br	J	Cancer	1998;78(7):966–
970.

131.	 Smith	KJ,	Skelton	HG,	Yeager	J,	et	al.	Cutaneous	neoplasms	in	a	military	population	of	HIV-1-positive	patients.
Military	Medical	Consortium	for	the	Advancement	of	Retroviral	Research.	J	Am	Acad	Dermatol	1993;29(3):400–
406.

132.	 Hardie	IR,	Strong	RW,	Hartley	LC,	et	al.	Skin	cancer	in	Caucasian	renal	allograft	recipients	living	in	a	subtropical
climate.	Surgery	1980;87(2):177–183.

133.	 Ong	CS,	Keogh	AM,	Kossard	S,	et	al.	Skin	cancer	in	Australian	heart	transplant	recipients.	J	Am	Acad	Dermatol
1999;40:27–34.

134.	 Arron	ST,	Ruby	 JG,	Dybbro	E,	 et	 al.	Transcriptome	 sequencing	demonstrates	 that	 human	papillomavirus	 is	 not



active	in	cutaneous	squamous	cell	carcinoma.	J	Invest	Dermatol	2011;131(8):1745–1753.
135.	 Kovach	BT,	Stasko	T.	Skin	cancer	after	transplantation.	Transplant	Rev	(Orlando)	2009;23:178–189.
136.	 Euvrard	S,	Morelon	E,	Rostaing	L,	et	al.	Sirolimus	and	secondary	skin-cancer	prevention	in	kidney	transplantation.

N	Engl	J	Med	2012;367:329–339.
137.	 Albores-Saavedra	 J,	Batich	K,	Chable-Montero	F,	 et	 al.	Merkel	 cell	 carcinoma	demographics,	morphology,	 and

survival	based	on	3870	cases:	a	population	based	study.	J	Cutan	Pathol	2010;37(1):20–27.
138.	 Rockville	Merkel	Cell	Carcinoma	Group.	Merkel	cell	carcinoma:	recent	progress	and	current	priorities	on	etiology,

pathogenesis,	and	clinical	management.	J	Clin	Oncol	2009;27(24):4021–4026.
139.	 Lunder	EJ,	Stern	RS.	Merkel-cell	carcinomas	in	patients	 treated	with	methoxsalen	and	ultraviolet	A	radiation.	N

Engl	J	Med	1998;339(17):1247–1248.
140.	 Koljonen	V,	Kukko	H,	Tukiainen	E,	 et	 al.	 Second	 cancers	 following	 the	 diagnosis	 of	Merkel	 cell	 carcinoma:	 a

nationwide	cohort	study.	Cancer	Epidemiol	2010;34(1):62–65.
141.	 Koljonen	V,	Kukko	H,	Pukkala	E,	et	al.	Chronic	lymphocytic	leukaemia	patients	have	a	high	risk	of	Merkel-cell

polyomavirus	DNA-positive	Merkel-cell	carcinoma.	Br	J	Cancer	2009;101(8):1444–1447.
142.	 Koljonen	 V,	 Kukko	 H,	 Tukiainen	 E,	 et	 al.	 Incidence	 of	 Merkel	 cell	 carcinoma	 in	 renal	 transplant	 recipients.

Nephrol	Dial	Transplant	2009;24(10):3231–3235.
143.	 Foulongne	V,	Dereure	O,	Kluger	N,	et	 al.	Merkel	cell	polyomavirus	DNA	detection	 in	 lesional	and	nonlesional

skin	from	patients	with	Merkel	cell	carcinoma	or	other	skin	diseases.	Br	J	Dermatol	2010;162(1):59–63.
144.	 Touzé	A,	Gaitan	 J,	Maruani	A,	 et	 al.	Merkel	 cell	 polyomavirus	 strains	 in	 patients	with	Merkel	 cell	 carcinoma.

Emerg	Infect	Dis	2009;15(6):960–962.
145.	 Rodig	 SJ,	 Cheng	 J,	Wardzala	 J,	 et	 al.	 Improved	 detection	 suggests	 all	 Merkel	 cell	 carcinomas	 harbor	 Merkel

polyomavirus.	J	Clin	Invest	2012;122(12):4645–4653.
146.	 Iyer	JG,	Afanasiev	OK,	McClurkan	C,	et	al.	Merkel	cell	polyomavirus-specific	CD8+	and	CD4+	T-cell	responses

identified	in	Merkel	cell	carcinomas	and	blood.	Clin	Cancer	Res	2011;17(21):6671–6680.
147.	 Goessling	W,	McKee	PH,	Mayer	RJ.	Merkel	cell	carcinoma.	J	Clin	Oncol	2002;20(2):588–598.
148.	 Pulitzer	MP,	Amin	BD,	Busam	KJ.	Merkel	cell	carcinoma:	review.	Adv	Anat	Pathol	2009;16(3):135–144.
149.	 Lin	O,	Thomas	A,	Singh	A,	et	al.	Complementary	role	of	positron	emission	tomography	in	Merkel	cell	carcinoma.

South	Med	J	2004;97(11):1110–1112.
150.	 Bustillo	A,	Telischi	F,	Weed	D,	et	al.	Octreotide	scintigraphy	in	the	head	and	neck.	Laryngoscope	2004;114:434–

440.
151.	 Harms	KL,	Healy	MA,	Nghiem	P,	 et	 al.	Analysis	of	prognostic	 factors	 from	9387	Merkel	 cell	 carcinoma	cases

forms	the	basis	for	the	new	8th	edition	AJCC	Staging	System.	Ann	Surg	Oncol	2016;23(11):3564–3571.
152.	 Senchenkov	A,	Barnes	SA,	Moran	SL.	Predictors	of	survival	and	recurrence	in	the	surgical	treatment	of	Merkel	cell

carcinoma	of	the	extremities.	J	Surg	Oncol	2007;95:229–234.
153.	 Miller	SJ,	Alam	M,	Andersen	J,	et	al.	Merkel	cell	carcinoma.	J	Natl	Compr	Canc	Netw	2006;4(7):704–712.
154.	 Bajetta	 E,	 Celio	 L,	 Platania	M,	 et	 al.	 Single-institution	 series	 of	 early-stage	Merkel	 cell	 carcinoma:	 long-term

outcomes	in	95	patients	managed	with	surgery	alone.	Ann	Surg	Oncol	2009;16:2985–2993.
155.	 Boyer	 JD,	 Zitelli	 JA,	Brodland	DG,	 et	 al.	 Local	 control	 of	 primary	Merkel	 cell	 carcinoma:	 review	 of	 45	 cases

treated	 with	 Mohs	 micrographic	 surgery	 with	 and	 without	 adjuvant	 radiation.	 J	 Am	 Acad	 Dermatol
2002;47(6):885–892.

156.	 Gupta	SG,	Wang	LC,	Peñas	PF,	et	al.	Sentinel	 lymph	node	biopsy	for	evaluation	and	 treatment	of	patients	with
Merkel	 cell	 carcinoma:	 the	 Dana-Farber	 experience	 and	 meta-analysis	 of	 the	 literature.	 Arch	 Dermatol
2006;142(6):685–690.

157.	 Wilson	LD,	Gruber	SB.	Merkel	 cell	 carcinoma	and	 the	 controversial	 role	of	 adjuvant	 radiation	 therapy:	 clinical
choices	in	the	absence	of	statistical	evidence.	J	Am	Acad	Dermatol	2004;50(3):435–438.

158.	 Mojica	P,	Smith	D,	Ellenhorn	JD.	Adjuvant	radiation	therapy	is	associated	with	improved	survival	in	Merkel	cell
carcinoma	of	the	skin.	J	Clin	Oncol	2007;25(9):1043–1047.

159.	 Kim	 JA,	 Choi	 AH.	 Effect	 of	 radiation	 therapy	 on	 survival	 in	 patients	 with	 resected	Merkel	 cell	 carcinoma:	 a
propensity	score	surveillance,	epidemiology,	and	end	results	database	analysis.	JAMA	Dermatol	2013;149(7):831–
838.

160.	 Bhatia	 S,	 Storer	 BE,	 Iyer	 JG,	 et	 al.	 Adjuvant	 radiation	 therapy	 and	 chemotherapy	 in	 Merkel	 cell	 carcinoma:
survival	analyses	of	6908	cases	from	the	National	Cancer	Data	Base.	J	Natl	Cancer	Inst	2016;108(9):pii:djw042.

161.	 Fang	LC,	Lemos	B,	Douglas	J,	et	al.	Radiation	monotherapy	as	regional	treatment	for	lymph	node-positive	Merkel
cell	carcinoma.	Cancer	2010;116(7):1783–1790.

162.	 Poulsen	MG,	Rischin	D,	Porter	I,	et	al.	Does	chemotherapy	improve	survival	in	high-risk	stage	I	and	II	Merkel	cell



Dr. AVR @ TMH

carcinoma	of	the	skin?	Int	J	Radiat	Oncol	Biol	Phys	2006;64(1):114–119.
163.	 Voog	 E,	 Biron	 P,	Martin	 JP,	 et	 al.	 Chemotherapy	 for	 patients	with	 locally	 advanced	 or	metastatic	Merkel	 cell

carcinoma.	Cancer	1999;85:2589–2595.
164.	 Nghiem	PT,	Bhatia	S,	Lipson	EJ,	et	al.	PD-1	blockade	with	pembrolizumab	in	advanced	Merkel-cell	carcinoma.	N

Engl	J	Med	2016;374(26):2542–2552.
165.	 Kampshoff	JL,	Cogbill	TH.	Unusual	skin	tumors:	Merkel	cell	carcinoma,	eccrine	carcinoma,	glomus	tumors,	and

dermatofibrosarcoma	protuberans.	Surg	Clin	North	Am	2009;89(3):727–738.
166.	 Abbott	 JJ,	 Oliveira	 AM,	 Nascimento	 AG.	 The	 prognostic	 significance	 of	 fibrosarcomatous	 transformation	 in

dermatofibrosarcoma	protuberans.	Am	J	Surg	Pathol	2006;30(4):436–443.
167.	 Gu	W,	Ogose	A,	Kawashima	H,	 et	 al.	 Congenital	 dermatofibrosarcoma	 protuberans	with	 fibrosarcomatous	 and

myxoid	change.	J	Clin	Pathol	2005;58(9):984–986.
168.	 Monnier	 D,	 Vidal	 C,	 Martin	 L,	 et	 al.	 Dermatofibrosarcoma	 protuberans:	 a	 population-based	 cancer	 registry

descriptive	 study	 of	 66	 consecutive	 cases	 diagnosed	 between	 1982	 and	 2002.	 J	 Eur	 Acad	 Dermatol	 Venereol
2006;20(10):1237–1242.

169.	 Patel	KU,	Szabo	SS,	Hernandez	VS,	et	al.	Dermatofibrosarcoma	protuberans	COL1A1-PDGFB	fusion	is	identified
in	virtually	 all	 dermatofibrosarcoma	protuberans	 cases	when	 investigated	by	newly	developed	multiplex	 reverse
transcription	polymerase	chain	reaction	and	fluorescence	in	situ	hybridization	assays.	Hum	Pathol	2008;39(2):184–
193.

170.	 Llombart	B,	Sanmartin	O,	Lopez-Guerrero	JA,	et	al.	Dermatofibrosarcoma	protuberans:	clinical,	pathological,	and
genetic	(COL1A1-PDGFB)	study	with	therapeutic	implications.	Histopathology	2009;54(7):860–872.

171.	 Suehara	Y,	Yazawa	Y,	Hitachi	K.	Metastatic	Bednar	 tumor	 (pigmented	 dermatofibrosarcoma	 protuberans)	with
fibrosarcomatous	change:	a	case	report.	J	Orthop	Sci	2004;9(6):662–665.

172.	 Sundram	 UN.	 Review:	 dermatofibrosarcoma	 protuberans:	 histologic	 approach	 and	 updated	 treatment
recommendations.	Clin	Adv	Hematol	Oncol	2009;7(6):406–408.

173.	 Cribier	 B,	 Noacco	 G,	 Peltre	 B,	 et	 al.	 Stromelysin	 3	 expression:	 a	 useful	 marker	 for	 the	 differential	 diagnosis
dermatofibroma	versus	dermatofibrosarcoma	protuberans.	J	Am	Acad	Dermatol	2002;46(3):408–413.

174.	 Barnes	L,	Coleman	JA	Jr,	Johnson	JT.	Dermatofibrosarcoma	protuberans	of	the	head	and	neck.	Arch	Otolaryngol
1984;110(6):398–404.

175.	 Gloster	HM	Jr.	Dermatofibrosarcoma	protuberans.	J	Am	Acad	Dermatol	1996;35(3	pt	1):355–376.
176.	 Fiore	M,	Miceli	 R,	Mussi	 C,	 et	 al.	 Dermatofibrosarcoma	 protuberans	 treated	 at	 a	 single	 institution:	 a	 surgical

disease	with	a	high	cure	rate.	J	Clin	Oncol	2005;23(30):7669–7675.
177.	 Mentzel	 T,	 Beham	A,	Katenkamp	D,	 et	 al.	 Fibrosarcomatous	 (“high-grade”)	 dermatofibrosarcoma	 protuberans:

clinicopathologic	and	immunohistochemical	study	of	a	series	of	41	cases	with	emphasis	on	prognostic	significance.
Am	J	Surg	Pathol	1998;22(5):576–587.

178.	 Lemm	D,	Mügge	LO,	Mentzel	T,	et	al.	Current	treatment	options	in	dermatofibrosarcoma	protuberans.	J	Cancer
Res	Clin	Oncol	2009;135(5):653–665.

179.	 Rutgers	EJ,	Kroon	BB,	Albus-Lutter	CE,	et	al.	Dermatofibrosarcoma	protuberans:	treatment	and	prognosis.	Eur	J
Surg	Oncol	1992;18(3):241–248.

180.	 Meguerditchian	AN,	Wang	 J,	Lema	B,	 et	 al.	Wide	 excision	or	Mohs	micrographic	 surgery	 for	 the	 treatment	 of
primary	dermatofibrosarcoma	protuberans.	Am	J	Clin	Oncol	2010;33(3):300–303.

181.	 Paradisi	 A,	 Abeni	 D,	 Rusciani	 A,	 et	 al.	 Dermatofibrosarcoma	 protuberans:	 wide	 local	 excision	 vs.	 Mohs
micrographic	surgery.	Cancer	Treat	Rev	2008;34:728–736.

182.	 Handolias	D,	McArthur	GA.	Imatinib	as	effective	therapy	for	dermatofibrosarcoma	protuberans:	proof	of	concept
of	the	autocrine	hypothesis	for	cancer.	Future	Oncol	2008;4(2):211–217.

183.	 Labropoulos	SV,	Fletcher	JA,	Oliveira	AM,	et	al.	Sustained	complete	remission	of	metastatic	dermatofibrosarcoma
protuberans	with	imatinib	mesylate.	Anticancer	Drugs	2005;16(4):461–466.

184.	 McArthur	GA.	Dermatofibrosarcoma	 protuberans:	 a	 surgical	 disease	with	 a	molecular	 savior.	Curr	Opin	Oncol
2006;18(4):341–346.

185.	 Requena	 L,	 Sangueza	 OP.	 Cutaneous	 vascular	 proliferations.	 Part	 III.	 Malignant	 neoplasms,	 other	 cutaneous
neoplasms	with	significant	vascular	component,	and	disorders	erroneously	considered	as	vascular	neoplasms.	J	Am
Acad	Dermatol	1998;38:143–175.

186.	 Weninger	W,	Partanen	TA,	Breiteneder-Geleff	S,	et	al.	Expression	of	vascular	endothelial	growth	factor	receptor-3
and	 podoplanin	 suggests	 a	 lymphatic	 endothelial	 cell	 origin	 of	 Kaposi’s	 sarcoma	 tumor	 cells.	 Lab	 Invest
1999;79(2):243–251.

187.	 Wysocki	WM,	Komorowski	A.	Stewart-Treves	syndrome.	J	Am	Coll	Surg	2007;205:194–195.



188.	 Mobini	N.	Cutaneous	 epithelioid	 angiosarcoma:	 a	 neoplasm	with	 potential	 pitfalls	 in	 diagnosis.	 J	Cutan	Pathol
2009;36(3):362–369.

189.	 Köhler	HF,	Neves	RI,	Brechtbühl	ER,	et	al.	Cutaneous	angiosarcoma	of	the	head	and	neck:	report	of	23	cases	from
a	single	institution.	Otolaryngol	Head	Neck	Surg	2008;139(4):519–524.

190.	 Mendenhall	 WM,	 Mendenhall	 CM,	 Werning	 JW,	 et	 al.	 Cutaneous	 angiosarcoma.	 Am	 J	 Clin	 Oncol
2006;29(5):524–528.

191.	 Deyrup	 AT,	 McKenney	 JK,	 Tighiouart	 M,	 et	 al.	 Sporadic	 cutaneous	 angiosarcomas:	 a	 proposal	 for	 risk
stratification	based	on	69	cases.	Am	J	Surg	Pathol	2008;32(1):72–77.

192.	 Morgan	MB,	Swann	M,	Somach	S,	et	al.	Cutaneous	angiosarcoma:	a	case	series	with	prognostic	correlation.	J	Am
Acad	Dermatol	2004;50(6):867–874.

193.	 Lahat	G,	Dhuka	AR,	Lahat	S,	et	al.	Outcome	of	 locally	recurrent	and	metastatic	angiosarcoma.	Ann	Surg	Oncol
2009;16(9):2502–2509.

194.	 Bullen	 R,	 Larson	 PO,	 Landeck	 AE,	 et	 al.	 Angiosarcoma	 of	 the	 head	 and	 neck	 managed	 by	 a	 combination	 of
multiple	 biopsies	 to	 determine	 tumor	 margin	 and	 radiation	 therapy.	 Report	 of	 three	 cases	 and	 review	 of	 the
literature.	Dermatol	Surg	1998;24(10):1105–1110.

195.	 Guadagnolo	BA,	Zagars	GK,	Araujo	D,	et	al.	Outcomes	after	definitive	treatment	for	cutaneous	angiosarcoma	of
the	face	and	scalp.	Head	Neck	2011;33(5):661–667.

196.	 Goldstein	DJ,	Barr	RJ,	Santa	Cruz	DJ.	Microcystic	adnexal	carcinoma:	a	distinct	clinicopathologic	entity.	Cancer
1982;50(3):566–572.

197.	 Leibovitch	 I,	 Huilgol	 SC,	 Selva	 D,	 et	 al.	 Microcystic	 adnexal	 carcinoma:	 treatment	 with	 Mohs	 micrographic
surgery.	J	Am	Acad	Dermatol	2005;52(2):295–300.

198.	 Yu	JB,	Blitzblau	RC,	Patel	SC,	et	al.	Surveillance,	Epidemiology,	and	End	Results	 (SEER)	database	analysis	of
microcystic	adnexal	carcinoma	(sclerosing	sweat	duct	carcinoma)	of	 the	skin.	Am	J	Clin	Oncol	2010;33(2):125–
127.

199.	 Bier-Laning	CM,	Hom	DB,	Gapany	M,	et	al.	Microcystic	adnexal	carcinoma:	management	options	based	on	long-
term	follow-up.	Laryngoscope	1995;105(11):1197–1201.

200.	 Leibovitch	I,	Huilgol	SC,	Richards	S,	et	al.	Periocular	microcystic	adnexal	carcinoma:	management	and	outcome
with	Mohs’	micrographic	surgery.	Ophthalmologica	2006;220(2):109–113.

201.	 Tan	 KC,	 Lee	 ST,	 Cheah	 ST.	 Surgical	 treatment	 of	 sebaceous	 carcinoma	 of	 eyelids	 with	 clinico-pathological
correlation.	Br	J	Plast	Surg	1991;44:117–121.

202.	 Eisen	 DB,	 Michael	 DJ.	 Sebaceous	 lesions	 and	 their	 associated	 syndromes:	 part	 I.	 J	 Am	 Acad	 Dermatol
2009;61(4):549–562.

203.	 Shields	 JA,	Demirci	H,	Marr	 BP,	 et	 al.	 Sebaceous	 carcinoma	 of	 the	 ocular	 region:	 a	 review.	 Surv	Ophthalmol
2005;50(2):103–122.

204.	 Dasgupta	 T,	 Wilson	 LD,	 Yu	 JB.	 A	 retrospective	 review	 of	 1349	 cases	 of	 sebaceous	 carcinoma.	 Cancer
2009;115(1):158–165.

205.	 Pusiol	T,	Zorzi	MG,	Piscioli	F.	Grading	of	skin	sebaceous	carcinoma.	Hum	Pathol	2010;41(3):459.
206.	 Rao	NA,	Hidayat	AA,	McLean	IW,	et	al.	Sebaceous	carcinomas	of	the	ocular	adnexa:	a	clinicopathologic	study	of

104	cases,	with	five-year	follow-up	data.	Hum	Pathol	1982;13(2):113–122.
207.	 Dogru	 M,	 Matsuo	 H,	 Inoue	 M,	 et	 al.	 Management	 of	 eyelid	 sebaceous	 carcinomas.	 Ophthalmologica

1997;211(1):40–43.
208.	 Snow	 SN,	 Larson	 PO,	 Lucarelli	MJ,	 et	 al.	 Sebaceous	 carcinoma	 of	 the	 eyelids	 treated	 by	Mohs	 micrographic

surgery:	report	of	nine	cases	with	review	of	the	literature.	Dermatol	Surg	2002;28(7):623–631.
209.	 Dowd	 MB,	 Kumar	 RJ,	 Sharma	 R,	 et	 al.	 Diagnosis	 and	 management	 of	 sebaceous	 carcinoma:	 an	 Australian

experience.	ANZ	J	Surg	2008;78:158–163.
210.	 Lee	 KY,	 Roh	 MR,	 Chung	 WG,	 et	 al.	 Comparison	 of	 Mohs	 micrographic	 surgery	 and	 wide	 excision	 for

extramammary	Paget’s	disease:	Korean	experience.	Dematol	Surg	2009;35(1):34–40.
211.	 Ito	Y,	Igawa	S,	Ohishi	Y,	et	al.	Prognostic	indicators	in	35	patients	with	extramammary	Paget’s	disease.	Dermatol

Surg	2012;38(12):1938–1944.
212.	 Hatta	N,	Yamada	M,	Hirano	T,	et	al.	Extramammary	Paget’s	disease:	treatment,	prognostic	factors	and	outcome	in

76	patients.	Br	J	Dermatol	2008;158:313–318.
213.	 Perrotto	 J,	 Abbott	 JJ,	 Ceilley	 RI,	 et	 al.	 The	 role	 of	 immunohistochemistry	 in	 discriminating	 primary	 from

secondary	extramammary	Paget	disease.	Am	J	Dermatopathol	2010;32(2):137–143.
214.	 Chanda	JJ.	Extramammary	Paget’s	disease:	prognosis	and	relationship	to	internal	malignancy.	J	Am	Acad	Dermatol

1985;13(6):1009–1014.



Dr. AVR @ TMH

215.	 Bae	JM,	Choi	YY,	Kim	H,	et	al.	Mohs	micrographic	surgery	for	extramammary	Paget	disease:	a	pooled	analysis	of
individual	patient	data.	J	Am	Acad	Dermatol	2013;68:632–637.

216.	 Sendagorta	E,	Herranz	P,	Feito	M,	 et	 al.	 Successful	 treatment	 of	 three	 cases	 of	 primary	 extramammary	Paget’s
disease	 of	 the	 vulva	 with	 Imiquimod:	 proposal	 of	 a	 therapeutic	 schedule.	 J	 Eur	 Acad	 Dermatol	 Venereol
2010;24(4):490–492.

217.	 Jim	On	 SC,	 Izumi	AK.	 Extramammary	 Paget	 disease:	 failure	 to	 respond	 to	 topical	 imiquimod	 5%.	 J	Am	Acad
Dermatol	2011;65(3):656–657.

218.	 Hata	M,	Koike	 I,	Wada	H,	 et	 al.	Radiation	 therapy	 for	 extramammary	Paget’s	 disease:	 treatment	 outcomes	 and
prognostic	factors.	Ann	Oncol	2014;25(1):291–297.

219.	 Fletcher	CD.	The	evolving	classification	of	soft	tissue	tumours:	an	update	based	on	the	new	WHO	classification.
Histopathology	2006;48(1):3–12.

220.	 Dei	 Tos	AP,	Maestro	R,	Doglioni	C,	 et	 al.	Ultraviolet-induced	 p53	mutations	 in	 atypical	 fibroxanthoma.	Am	 J
Pathol	1994;145:11–17.

221.	 Luzar	 B,	 Calonje	 E.	Morphological	 and	 immunohistochemical	 characteristics	 of	 atypical	 fibroxanthoma	with	 a
special	emphasis	on	potential	diagnostic	pitfalls:	a	review.	J	Cutan	Pathol	2010;37:301–309.

222.	 Davis	 JL,	Randle	HW,	Zalla	MJ,	 et	 al.	A	 comparison	of	Mohs	micrographic	 surgery	 and	wide	 excision	 for	 the
treatment	of	atypical	fibroxanthoma.	Dermatol	Surg	1997;23:105–110.

223.	 Huether	MJ,	Zitelli	JA,	Brodland	DG.	Mohs	micrographic	surgery	for	the	treatment	of	spindle	cell	tumors	of	the
skin.	J	Am	Acad	Dermatol	2001;44(4):656–659.

224.	 Zalla	MJ,	Randle	HW,	Brodland	DG,	et	al.	Mohs	surgery	vs	wide	excision	for	atypical	fibroxanthoma:	follow-up.
Dermatol	Surg	1997;23(12):1223–1224.

225.	 Sankar	 NM,	 Pang	 KS,	 Thiruchelvam	 T,	 et	 al.	 Metastasis	 from	 atypical	 fibroxanthoma	 of	 skin.	Med	 J	 Aust
1998;168(8):418–419.



91 Molecular	Biology	of	Cutaneous
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INTRODUCTION
The	 most	 common	 forms	 of	 skin	 cancer	 are	 basal	 cell	 carcinoma,	 squamous	 cell	 carcinoma,	 and	 melanoma.
Although	melanoma	represents	less	than	5%	of	skin	cancer	cases	diagnosed,	it	is	the	cause	of	>70%	of	the	deaths
attributable	to	skin	cancer	each	year.	In	2017,	an	estimated	87,110	new	cases	of	melanoma	would	be	diagnosed,
and	 9,730	 patients	would	 die	 from	 this	 disease.1	 Although	 the	 annual	 incidence	 and	mortality	 for	most	major
cancers	(i.e.,	lung,	colorectal,	breast,	prostate)	are	decreasing,	the	public	health	burden	of	melanoma	continues	to
rise.	The	annual	incidence	of	melanoma	has	risen	steadily	at	a	rate	of	approximately	3%	per	year	over	the	past	25
years.2	Because	melanoma	often	strikes	individuals	who	are	young	and	otherwise	healthy,	it	is	also	a	significant
financial	 burden,	with	 an	 annual	 estimated	 cost	 of	 $3.5	 billion	 in	 lost	 productivity	 in	 the	United	States	 due	 to
melanoma	mortality.3

Cutaneous	 melanoma	 arises	 from	 pigment-producing	 epidermal	 melanocytes.	 A	 number	 of	 epidemiologic
studies	have	 identified	a	 strong	 link	between	 the	 risk	of	cutaneous	melanoma	and	exposure	 to	ultraviolet	 (UV)
radiation.4,5	 Over	 the	 past	 two	 decades,	 the	 understanding	 of	 the	molecular	 features	 and	 heterogeneity	 of	 this
disease	has	expanded	greatly.	Most	notably,	broad,	high-throughput	sequencing	analyses	have	demonstrated	that
melanomas	have	one	of	 the	highest	rates	of	somatic	mutations	of	all	solid	 tumors.6–9	The	preponderance	of	 the
observed	mutations	consist	of	CT	or	GA	substitutions,	which	are	strongly	associated	with	UV	radiation	(UVR)–
induced	DNA	damage	and	thus	confirm	at	the	molecular	level	the	important	role	of	this	environmental	exposure
in	this	disease.	The	patterns	of	somatic	aberrations	have	also	identified	a	number	of	key	functional	pathways	that
likely	 contribute	 to	 the	 pathogenesis	 of	 this	 disease.	 Importantly,	 many	 of	 these	 findings	 are	 rapidly	 being
translated	into	molecular	tests	and	therapies	that	are	impacting	the	clinical	management	and	outcomes	of	patients
with	this	highly	aggressive	disease.

THE	CANCER	GENOME	ATLAS	EFFORT	IN	CUTANEOUS	MELANOMA
In	2015,	the	initial	results	of	the	cutaneous	melanoma	The	Cancer	Genome	Atlas	(TCGA)	effort	were	reported.9
This	study	included	a	multiplatform	analysis	of	333	cutaneous	melanomas.	This	study	was	the	first	TCGA	effort
to	largely	consist	of	metastatic	tumors,	which	was	necessitated	by	the	very	small	size	of	most	primary	melanomas
as	well	as	the	rarity	of	having	frozen	tissue	from	such	tumors.	Thus,	the	TCGA	cohort	included	266	metastases
(212	from	regional	sites,	35	from	distant	sites)	and	67	primary	tumors.	The	molecular	profiling	included	whole-
exome	 sequencing	 (WES),	 DNA	 copy	 number	 analysis,	 messenger	 RNA	 (mRNA)	 sequencing,	 microRNA
(miRNA)	 sequencing,	 DNA	 methylation	 profiling,	 and	 proteomic	 analysis	 by	 reverse	 phase	 protein	 arrays
(RRPA).	A	subset	of	samples	were	also	analyzed	by	whole-genome	sequencing	(WGS).

Similar	to	previous	studies,	the	results	demonstrated	the	high	prevalence	of	UVR-signature	somatic	mutations
that	occur	 in	 this	disease	(Fig.	91.1).	WES	also	confirmed	 that	oncogenic	mutations	 in	 the	RAS-RAF-mitogen-
activated	 protein	 kinase	 (MAPK)	 signaling	 pathway	 are	 present	 in	 the	 overwhelming	 majority	 of	 cutaneous
melanomas.	 Indeed,	 the	TCGA	proposed	 a	molecular	 characterization	 of	 this	 disease	 based	on	 the	 presence	 of
mutations	 in	 three	genes	 in	 this	 pathway:	BRAF,	RAS,	 and	NF1.	 The	 integration	 of	 the	 data	 from	 the	multiple
molecular	profiling	platforms	also	identified	other	key	pathways	that	are	aberrant	in	these	tumors.	Together,	this
study	provides	a	broad	framework	to	understand	the	key	molecular	events	that	occur	in	this	disease.
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Figure	91.1	Significantly	mutated	genes	(SMGs)	in	treatment-naïve	cutaneous	melanomas.	The
figure	shows	the	13	genes	identified	as	being	mutated	at	a	significant	rate	in	the	cutaneous
melanoma	The	Cancer	Genome	Atlas	study.	As	annotated	in	the	figure,	other	characteristics
identified	for	each	tumor	(from	top	to	bottom)	include	the	total	number	of	somatic	mutations,
patient	age	at	tumor	acquisition,	genetically	defined	cutaneous	melanoma	subtype,	presence	of

somatic	mutations	in	each	of	the	SMGs,	tumor	tissue	type,	and	the	nature	of	the	mutations	detected.
(Reprinted	from	The	Cancer	Genome	Atlas	Network.	Genomic	classification	of	cutaneous

melanoma.	Cell	2015;161[7]:1681–1696,	with	permission.)

THE	RAS-RAF-MAPK	PATHWAY
The	RAS-RAF-MAPK	signaling	pathway	is	a	cascade	of	molecules	that	is	activated	by	multiple	cellular	signals
and	 pathways	 (Fig.	 91.2).	 The	 cascade	 of	 RAS-RAF-MAPK	 pathway	 leads	 to	 activation	 of	 the	 extracellular
signal-regulated	 kinases	 1	 and	 2	 (ERK1/ERK2),	 which	 regulate	 a	 variety	 of	 proteins	 through	 serine-threonine
phosphorylation	events	and	ultimately	the	transcription	of	many	genes	governing	cell	proliferation,	survival,	and
other	 critical	 cellular	 processes.	Examples	of	 transcription	 factors	operant	 in	melanocytes	 that	 are	 regulated	by
ERK	signaling	include	the	microphthalmia-associated	transcription	factor	(MITF,	described	in	detail	later	in	this
chapter),	various	ETS	transcription	factors,	and	the	FOS	and	JUN	immediate	early	genes,	among	others.

Extensive	genetic	and	mechanistic	studies	have	unearthed	a	prevalence	of	activating	MAPK	pathway	mutations
across	many	 tumor	 types.	 In	 particular,	 activation	 of	 this	 pathway	 appears	 to	 be	 one	 of	 the	most	 frequent	 and
important	molecular	 events	 in	 cutaneous	melanoma.	 Toward	 this	 end,	 several	MAPK	 signaling	 proteins	 (e.g.,
RAS	and	RAF	 isoforms)	 are	 encoded	by	 “classic”	oncogenes,	 and	key	 transcriptional	 effectors	 downstream	of
MAPK	also	undergo	oncogenic	dysregulation	in	melanoma	and	other	cancers.

RAF	Kinases
The	RAF	proteins	(ARAF,	BRAF,	and	CRAF)	are	serine-threonine	kinases	that	are	critical	effectors	of	signaling
through	 the	 RAS-RAF-MAPK	 pathway.	 Although	 each	 of	 these	 proteins	 likely	 plays	 a	 role	 in	 physiologic
signaling,	BRAF	has	a	central	role	in	the	pathogenesis	of	melanoma.

Somatic	 hotspot	mutations	 in	BRAF	 are	 detected	 in	 40%	 to	45%	of	 cutaneous	melanoma,	making	 them	 the
most	 common	oncogenic	 aberration	detected	 in	 this	disease	 to	date.9,10	Approximately	95%	of	 these	mutations
result	in	substitutions	of	the	valine	at	the	600	position	in	the	protein.	The	most	common	mutation	(approximately



70%	of	BRAF	mutations)	 is	 a	 T	→	A	 transversion,	 resulting	 in	 a	 valine	 to	 glutamate	 amino	 acid	 substitution
(V600E).	Although	the	T	→	A	transversion	is	not	classically	associated	with	UV-induced	damage,	BRAF	V600E
mutations	 are	 more	 common	 in	 melanomas	 arising	 at	 sites	 with	 intermittent	 exposure	 to	 UVR.11	 Other
substitutions,	 particularly	 the	 V600K	 mutation,	 which	 represents	 approximately	 20%	 of	 BRAF	 mutations	 in
melanoma,	are	more	common	 in	melanomas	with	evidence	of	chronic	sun	damage	 (CSD),	although	 the	overall
rate	 of	 BRAF	 mutations	 in	 those	 melanomas	 is	 lower	 compared	 to	 tumors	 without	 CSD.11–14	 BRAF	 V600
mutations	are	an	early	event	in	melanomas	because	they	are	also	present	in	the	majority	(approximately	80%)	of
benign	and	dysplastic	nevi.15,16	In	addition	to	mutations	affecting	V600,	somatic	events	affecting	>20	other	sites
in	BRAF	have	been	detected	in	patients,	but	overall,	they	are	quite	rare	(approximately	5%	total	prevalence).17

BRAF	proteins	with	a	V600E	or	other	substitutions	at	the	V600	site	are	characterized	by	more	than	200-fold
induction	of	kinase	activity	in	vitro	compared	to	the	wild-type	BRAF.10	Mutations	affecting	other	sites	in	BRAF
can	have	high,	intermediate,	or	low	catalytic	activity.	However,	all	of	these	mutations	cause	increased	activation
of	 MEK	 and	 ERK	 signaling.	 This	 likely	 occurs	 in	 low-activity	 mutants	 due	 to	 conformational	 changes	 that
promote	heterodimer	 formation	with	other	RAF	 isoforms,	 such	as	CRAF,	 in	a	multiprotein	complex	with	RAS
proteins.17

Although	the	BRAF	V600	mutation	is	highly	active	and	prevalent	 in	cutaneous	melanomas,	multiple	lines	of
evidence	 support	 that	 this	 molecular	 event	 cannot	 fully	 explain	 the	 pathogenesis	 and	 aggressiveness	 of	 this
disease.	Transgenic	expression	of	BRAF	V600E	targeted	to	melanocytes	in	zebrafish	produced	benign	nevus-like
lesions,	 whereas	 invasive	 melanomas	 were	 only	 produced	 (after	 extended	 latency)	 when	 crossed	 into	 p53-
deficient	zebrafish.18	 Inducible	 expression	 of	BRAF	V600E	 alone	 in	murine	melanocytes	 resulted	 in	 excessive
skin	 pigmentation	 and	 the	 appearance	 of	 nevi	 containing	 hallmarks	 of	 senescence	 but	 no	 invasive	 lesions.19
Expression	of	BRAF	V600E	in	murine	melanocytes,	 in	 the	setting	of	 inactivation	of	INK4A,	caused	melanocyte
hyperplasia	 but	 no	 invasive	 lesions.20	 Human	 congenital	 nevi	with	 activating	BRAF	 mutations	 were	 shown	 to
express	 senescence-associated	 acidic	 β-galactosidase	 (SA-β-Gal),	 the	 classical	 senescence-associated	 marker.21
This	 implied	 that	 activated	BRAF	 alone	 is	 insufficient	 to	 induce	 tumor	 progression	 beyond	 the	 nevus	 stage	 in
patients.	This	conclusion	has	also	been	supported	by	analyses	of	invasive	melanomas	arising	directly	from	nevi,
which	 showed	 that	 activating	 mutations	 in	 the	 MAPK	 pathway	 were	 uniformly	 present	 in	 the	 premalignant
lesions.16	In	contrast,	mutations	in	p53	were	detected	only	in	invasive	lesions,	as	were	loss	of	function	alterations
in	 the	PTEN	 tumor	 suppressor	gene.	Notably,	 loss	of	PTEN	 complemented	BRAF	V600	mutations	 and	 loss	 of
INK4A	function	in	murine	melanocytes	to	generate	invasive,	metastatic	melanoma	lesions.20
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Figure	91.2	Molecular	signaling	pathways	in	melanoma.	(Reprinted	from	Sullivan	RJ,	Lorusso
PM,	Flaherty	KT.	The	intersection	of	immune-directed	and	molecularly	targeted	therapy	in

advanced	melanoma:	where	we	have	been,	are,	and	will	be.	Clin	Cancer	Res	2013;19[19]:5283–
5291,	with	permission.)

Despite	 their	 inability	 to	 transform	melanocytes	 as	 single	 genetic	 events,	 the	 clinical	 significance	 of	BRAF
V600	mutations	has	been	extensively	validated	by	its	therapeutic	targeting.	Early	experiments	demonstrated	that
RNA	 interference–mediated	 knockdown	 of	 BRAF	 in	 human	 melanoma	 cells	 with	 BRAF	 V600E	 mutations
inhibits	ERK	activation,	induces	cell	cycle	arrest	and/or	apoptosis,	and	blunts	cell	growth.22,23	These	initial	results
led	to	the	development	and	testing	of	potent	and	selective	inhibitors	of	the	BRAF	V600E	protein.	Consistent	with
these	results,	two	different	selective	inhibitors	(vemurafenib	and	dabrafenib)	of	V600-mutant	forms	of	the	BRAF
protein	 demonstrated	 remarkable	 antitumor	 activity	 in	 this	 disease.	 Both	 vemurafenib	 and	 dabrafenib	 achieve
clinical	 responses	 in	 approximately	 50%	 and	 disease	 control	 in	 approximately	 90%	 of	 metastatic	 melanoma
patients	who	have	a	BRAF	V600	mutation	present	in	their	tumor.24	 Importantly,	 these	agents	were	not	active	 in
patients	with	a	wild-type	BRAF;	indeed,	multiple	studies	support	that	these	agents	can	increase	the	growth	of	such
tumors.	This	 effect	 is	 caused	 by	 paradoxical	 activation	 of	 the	MAPK	pathway	 in	melanomas	with	 a	wild-type



BRAF,	 particularly	 in	 those	 tumors	 that	 have	 an	 activating	 NRAS	 mutation,	 by	 the	 mutant-specific	 BRAF
inhibitors.25,26	This	paradoxical	signaling	effect	also	appears	to	be	the	underlying	mechanism	of	the	proliferative
cutaneous	lesions	(keratoacanthomas	and	squamous	cell	carcinomas)	that	are	among	the	most	common	toxicities
of	 the	 selective	 BRAF	 inhibitors.24	 Notably,	 this	 side	 effect	 is	 largely	 ablated	 by	 combining	 mutant-selective
BRAF	 inhibitors	 with	MEK	 inhibitors	 in	 both	 preclinical	 models	 and	 patients.27	MEK	 inhibitors	 also	 help	 to
overcome	 many	 of	 the	 molecular	 changes	 that	 cause	 resistance	 to	 treatment	 with	 mutant-selective	 BRAF
inhibitors,	 further	 supporting	 the	 rationale	 for	 combining	 these	 agents.	 Multiple	 studies	 have	 subsequently
demonstrated	 that	 combined	 treatment	 with	 mutant-selective	 BRAF	 inhibitors	 and	 MEK	 inhibitors	 is	 more
effective	 and	 better	 tolerated	 than	 either	 agent	 alone	 in	 metastatic	 melanoma	 patients	 with	 a	 BRAF	 V600
mutation.28

Although	only	rarely	mutated	in	melanoma,	preclinical	studies	support	the	premise	that	CRAF	can	also	have
functional	 significance	 in	 this	 malignancy.	 Cells	 with	 activating	 NRAS	 mutations	 appear	 to	 use	 CRAF
predominantly	 to	 transmit	 signals	 to	MEK	 and	 ERK.29	 Although	 CRAF	 appears	 to	 be	 largely	 dispensable	 in
melanomas	with	BRAF	V600	mutations,	it	is	likely	critical	for	pathway	activation	through	heterodimer	formation
with	nonactivating	BRAF	mutations,	 and	 it	may	 be	 a	 therapeutic	 target	 in	 such	 tumors.30	 Increased	 expression
and/or	 signaling	 by	 CRAF	 has	 also	 been	 implicated	 as	 a	 mechanism	 of	 resistance	 to	 mutant-selective	 BRAF
inhibitors	in	melanomas	with	BRAF	V600	mutations.31–33

RAS	Family	GTPases
RAS	proteins	(HRAS,	KRAS,	and	NRAS)	are	small	GTPases	that	compose	an	initial	signaling	node	of	the	RAS-
RAF-MAPK	 cascade.	 The	 discovery	 of	 activating	 mutations	 in	 HRAS	 and	 KRAS	 led	 to	 investigations	 that
identified	mutations	in	this	gene	family	in	multiple	cancer	types	and,	thus,	the	significance	of	this	pathway	in	the
pathogenesis	of	cancer.	Activating	mutations	in	NRAS	are	detected	in	20%	to	25%	of	cutaneous	melanomas	(see
Fig.	91.1).	Approximately	80%	of	NRAS	mutations	affect	glutamine	at	amino	acid	61	(Q61)	in	exon	2,	with	most
remaining	mutations	affecting	glycine	at	position	12	(G12)	or	13	(G13)	in	exon	1.34	Similar	to	BRAF,	mutations	in
NRAS	are	also	frequently	detected	in	nevi.16,35	HRAS	mutations	are	uncommon	in	cutaneous	melanomas,	but	they
are	detected	 in	Spitz	nevi,	which	are	 rare,	benign	 lesions	most	often	diagnosed	 in	children	and	young	adults.36
Despite	their	high	incidence	in	other	cancer	types,	KRAS	mutations	are	extremely	rare	in	melanoma.	Importantly,
BRAF	V600	mutations	 and	NRAS	mutations	 are	mutually	 exclusive	 in	 newly	 diagnosed	melanomas.	However,
activating	NRAS	mutations	are	a	resistance	mechanism	to	mutant-selective	BRAF	inhibitors,	and	they	have	been
identified	in	approximately	20%	of	melanomas	with	a	BRAF	V600	mutation	at	the	time	of	disease	progression	on
such	 agents.24	 In	 contrast	 to	 BRAF	 V600	 mutations,	 melanomas	 with	 NRAS	 mutations	 frequently	 have	 co-
occurring	nonactivating	(non-V600)	BRAF	mutations.37

In	mouse	models,	 overexpression	 of	 activated	HRAS	 or	NRAS	 on	 an	 Ink4a/Arf-null	 background	 results	 in
spontaneous	melanoma	formation.38,39	However,	although	HRAS-induced	melanomas	rarely,	if	ever,	metastasize,
NRAS	tumors	frequently	metastasize	to	draining	lymph	nodes	and	distal	organs,	in	line	with	the	apparent	selection
for	NRAS	 over	HRAS	 mutations	 in	 human	 melanomas.	 Knockdown	 of	 NRAS	 in	 human	 melanoma	 cell	 lines
inhibits	 their	 viability,	 indicating	 dependency	 on	 this	 oncogene	 for	 tumorigenicity.40	 Furthermore,	 shutting	 off
transgene	expression	in	an	inducible	NRAS	model	caused	regression	of	melanomas	that	arose	following	transgene
induction,	thereby	confirming	the	RAS	oncogene	dependency	in	these	tumors.41

NF1
In	addition	to	hotspot	mutations	in	BRAF	and	NRAS,	the	MAPK	pathway	can	also	be	activated	by	loss-of-function
mutations	 in	NF1.	NF1	 encodes	neurofibromin,	 a	 so-called	RAS-GAP	whose	normal	physiologic	 role	 involves
negative	 regulation	 of	 RAS	 signaling	 effected	 through	 cleavage	 of	 the	 RAS-GTP.	 Consequently,	 loss	 of	 NF1
leads	 to	 dysregulated	RAS	 signaling.	Loss-of-function	mutations	 affecting	NF1	 are	 identified	 in	 approximately
15%	of	cutaneous	melanomas	and	are	largely	nonoverlapping	with	tumors	with	activating	mutations	in	BRAF	or
NRAS	(see	Fig.	91.1).	NF1	loss	is	sufficient	to	drive	melanomagenesis,	together	with	other	known	cancer	genes,	in
genetically	engineered	mouse	models	of	melanoma.42

ADDITIONAL	ONCOGENIC	PATHWAYS
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Although	the	RAS-RAF-MAPK	is	activated	nearly	universally	in	cutaneous	melanomas	and	has	been	validated	as
a	key	pathway	therapeutically,	multiple	other	pathways	are	also	aberrant	in	these	tumors	(Fig.	91.3).

Cell	Cycle	Regulators
The	RB	signaling	pathway	regulates	the	entry	in	and	progression	through	the	cell	cycle.	A	significant	role	for	this
pathway	in	melanoma	was	initially	implicated	by	the	finding	that	germline	mutations	in	this	pathway	(CDKN2A
and	CDK4)	 are	 the	 most	 frequently	 detected	 events	 in	 familial	 melanomas	 (more	 than	 three	 affected	 family
members).	As	shown	in	Figure	91.1,	somatic	alterations	in	genes	in	this	pathway	are	detected	in	the	majority	of
cutaneous	melanomas.

Germline	deletions	and	activating	mutations	in	the	CDKN2A	locus	on	chromosome	9p21	are	the	most	common
event	 (approximately	 40%)	 in	 familial	 melanoma.	 In	 addition,	 somatic	 mutations	 and	 deletions,	 or	 epigenetic
silencing,	of	genes	at	this	locus	are	detected	in	as	many	as	70%	of	cutaneous	melanomas.43,44	Thus,	disruption	of
CDKN2A	function	likely	plays	a	central	role	in	melanoma	pathogenesis.	The	CDKN2A	locus	contains	an	unusual
gene	organization,	which	allows	for	two	separate	transcripts	and	corresponding	tumor	suppressor	gene	products	to
be	produced:	p16INK4A	 and	 p19ARF.	 Loss	 of	 p16INK4A	 results	 in	 the	 suppression	 of	 retinoblastoma	 (RB)	 tumor
suppressor	 activity	 via	 increased	 activation	 of	 the	 cyclin-dependent	 kinases	 4	 and	 6	 (CDK4/6)–cyclin	 D1
complex,	whereas	 loss	 of	ARF	 (p14ARF	 in	 human	 and	 p19ARF	 in	mouse)	 downmodulates	 p53	 activity	 through
increased	 activation	 of	 mouse	 double	 minute	 2	 (MDM2)	 (see	 Fig.	 91.2).	 Thus,	 deletion	 of	 the	 entire	 locus
accomplishes	 the	inactivation	of	 two	critical	 tumor	suppressor	pathways:	RB	and	p53.	Homozygous	deletion	of
exons	2	and	3	of	the	mouse	Cdkn2a	homolog	predisposed	to	a	high	incidence	of	melanomas	when	combined	with
an	activated	HRAS	transgene	in	melanocytes.38	In	patients,	analysis	of	melanomas	arising	from	nevi	demonstrated
that	 alterations	 in	 cell	 cycle	 regulators,	particularly	 the	CDKN2A	 locus,	were	 the	most	 common	genetic	 events
detected	in	the	invasive	lesions	that	were	not	detected	in	the	precursors.16

Figure	91.3	Oncogenic	signaling	pathways	implicated	in	cutaneous	melanoma.	The	figure	shows
the	prevalence	of	aberrations	in	in	key	signaling	detected	in	BRAF,	NRAS,	NF1,	and	triple	wild-type
cutaneous	melanomas	in	the	The	Cancer	Genome	Atlas.	Colors	indicate	the	nature	of	the	events
affecting	the	genes,	including	both	genetic	(i.e.,	copy	number	variation,	mutation)	and	epigenetic
(hypermethylation)	events.	Percentages	indicate	the	overall	prevalence	of	alterations	in	the	shown
pathways	detected	in	the	tumors	included	in	the	study.	(Reprinted	from	The	Cancer	Genome	Atlas



Network.	Genomic	classification	of	cutaneous	melanoma.	Cell	2015;161[7]:1681–1696,	with
permission.)

CDK4	is	a	direct	target	of	inhibition	by	p16INK4A	(see	Fig.	91.2)	and	is	a	primary	regulator	of	RB	activation.
Germline	mutations	of	CDK4	 that	 render	 the	protein	 insensitive	 to	 inhibition	by	 INK4A	(e.g.,	Arg24Cys)	have
been	identified	in	melanoma-prone	kindreds.45	Analyses	of	cutaneous	melanomas	have	also	identified	this	event
as	a	somatic	mutation	(prevalence	of	approximately	2%),	along	with	CDK4	gene	amplifications	(approximately
4%).	CDK4	interacts	with	cyclin	D	proteins	(see	later	discussion)	to	drive	progression	through	the	G1/S	cell	cycle
checkpoint.	 Both	 tumor	 genetic	 data	 and	 recent	 results	 from	 genetically	 engineered	 mouse	 models	 provide	 a
rational	basis	for	combining	CDK	and	MAPK	pathway	inhibition	in	NRAS-mutant	melanoma.41
CCND1	encodes	 the	cyclin	D1	kinase,	which	forms	a	complex	with	CDK4	or	CDK6	to	 inactivate	RB1	(see

Fig.	91.2).	Amplification	of	CCND1	occurs	in	5%	to	10%	of	cutaneous	melanomas	and	appears	to	be	enriched	in
tumors	without	hotspot	BRAF	or	NRAS	mutations.11

Germline	 mutations	 in	 RB1	 confer	 predisposition	 to	 melanoma	 in	 patients	 who	 have	 survived	 bilateral
retinoblastoma.46	These	melanomas	exhibit	loss	of	heterozygosity	(LOH)	of	the	remaining	wild-type	RB1	allele.
In	such	patients,	estimates	of	increased	lifetime	risk	of	melanoma	range	from	4-	to	80-fold.	The	RB1	gene	locus
has	been	found	deleted	in	approximately	3%	of	cutaneous	melanomas.13

The	p53	Pathway
The	p53	pathway	is	critical	for	maintenance	of	 the	normal	genome	by	regulating	a	multiplicity	of	mechanisms,
including	 cell	 cycle	 checkpoints,	 DNA	 damage	 repair	 activation,	 and	 the	 appropriate	 induction	 of	 apoptosis.
Mutations	 in	 the	TP53	 gene	occur	 in	more	 than	50%	of	 all	 tumors.	Although	 initial	 studies	 suggested	 that	 the
TP53	 locus	 is	 rarely	mutated	 in	human	melanomas,	whole-exome	studies,	 including	 the	TCGA,	have	 identified
mutations	in	approximately	20%	of	tumors,	generally	in	tumors	without	mutations	or	deletions	affecting	CDKN2A
and	P14ARF.8,9	Amplification	of	MDM2,	which	inhibits	p53	function,	has	also	been	detected	in	melanomas	with
intact	CDKN2A.47	 Functionally,	 loss	 of	 p53	 cooperates	 with	 activated	 BRAF	 in	 zebrafish,	 and	 with	 activated
HRAS	 in	mice,	 to	 induce	melanomas.18,48	Thus,	 although	 inactivation	 of	TP53	 is	 relatively	 rare	 in	melanomas
compared	to	other	tumor	types,	this	event	can	contribute	to	melanomagenesis.

The	Phosphatidylinositol	3-Kinase	Pathway
The	 phosphatidylinositol	 3-kinase	 (PI3K)-AKT	 pathway	 is	 affected	 by	 activating	 oncogenic	 events	 more
frequently	 than	 any	 other	 pathway	 in	 cancer.49	 PI3K	 phosphorylates	 lipids	 in	 the	 cell	 membrane,	 causing	 the
recruitment	of	proteins	that	have	a	pleckstrin	homology	(PH)	domain.	One	of	the	key	proteins	regulated	by	PI3K
is	the	serine-threonine	kinase	AKT.	AKT	is	phosphorylated	at	two	key	residues	(Ser473	and	Thr308)	at	the	cell
membrane,	 activating	 its	 catalytic	 activity.	Activated	AKT	phosphorylates	multiple	 effector	 proteins,	 including
GSK3,	 P70S6K,	 PRAS40,	BAD,	 and	more,	which	 regulate	 cellular	 processes	 including	 proliferation,	 survival,
motility,	angiogenesis,	and	metabolism	(see	Fig.	91.2).	The	pathway	can	be	activated	genetically	in	cancer	both	by
activating	mutations	(i.e.,	in	PIK3CA,	AKT1)	and	loss-of-function	events	(i.e.,	PTEN,	TSC2)	in	components	of	the
pathway.	The	PI3K-AKT	pathway	is	also	a	critical	effector	pathway	of	RAS	proteins	and	many	growth	factors
and	 their	 receptors,	which	are	also	 frequently	aberrant	 in	cancer.	Multiple	 lines	of	evidence	support	 that	PI3K-
AKT	signaling	functionally	complements	RAS-RAF-MAPK	activation	in	at	least	a	subset	of	melanomas.

Loss	of	the	PTEN	tumor	suppressor	gene	is	the	most	frequent	genetic	event	in	the	PI3K-AKT	pathway	detected
in	 this	 disease.	 PTEN	 normally	 downregulates	 phosphorylated	AKT	 via	 suppression	 of	 the	 second	messenger
phosphatidylinositol-3,4,5-triphosphate	 (PIP3)	 (see	 Fig.	 91.2).	 Loss	 of	 PTEN	 has	 been	 shown	 to	 result	 in
increased	AKT	activity	in	multiple	cancer	types,	including	melanoma.	Loss	of	expression	of	PTEN	is	detected	in
up	to	30%	of	cutaneous	melanomas.50	In	multiple	studies,	loss	of	PTEN	has	been	shown	to	occur	in	melanomas
with	activating	BRAF	mutations	and	 in	melanomas	with	wild-type	BRAF	 and	NRAS,	 but	 it	 is	 extremely	 rare	 in
tumors	 with	NRAS	mutations.51	 This	 apparent	 complementation	 has	 been	 supported	 by	 preclinical	 studies,	 as
simultaneous	PTEN	loss	and	oncogenic	BRAF	induction	in	melanocytes	resulted	in	100%	penetrance	of	invasive,
metastatic	melanomas	in	genetically	engineered	mice.20	Notably,	loss	of	PTEN	alone	did	not	cause	a	melanocytic
phenotype.	 Functionally,	 ectopic	 expression	 of	PTEN	 in	PTEN-deficient	melanoma	 cells	 can	 abolish	 phospho-
AKT	 activity,	 induce	 apoptosis,	 and	 suppress	 growth,	 tumorigenicity,	 and	 metastasis.52	 Analyses	 of	 clinical
samples,	 along	 with	 functional	 preclinical	 studies,	 support	 that	 loss	 of	 PTEN	 can	 promote	 resistance	 to	 both
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targeted	therapy	and	immunotherapy	for	melanoma.53–55
Although	 less	 common	 than	 loss-of-function	 alterations	 in	 PTEN,	 activating	 mutations	 in	 the	 PI3K-AKT

pathway	are	also	detected	in	this	disease.	AKT1	can	be	activated	by	point	mutations	that	affect	the	PH	domain	of
the	proteins.56	Analysis	of	melanoma	tumors	and	cell	lines	not	only	identified	the	same	mutation	as	a	rare	event	in
melanoma	 (approximately	1%	prevalence)	but	 also	discovered	 the	analogous	mutation	 in	AKT3,	which	has	not
been	reported	in	other	cancers.57	Copy	number	gain	of	the	AKT3	locus	has	also	been	detected	in	melanomas,	and
functional	studies	support	that	metastatic	melanomas	specifically	demonstrate	phosphorylation	of	and	functional
dependence	 on	 that	 AKT	 isoform.52,58	 Somatic	 mutations	 affecting	 PIK3CA,	 which	 encodes	 the	 predominant
catalytic	subunit	of	PI3K,	have	also	been	detected	as	rare	(approximately	2%)	events	in	cutaneous	melanomas.59
Despite	 their	 rarity,	 preclinical	 studies	 have	 shown	 that	 the	 presence	 of	 simultaneous	 activating	PIK3CA	 and
BRAF	mutations	in	melanocytes	can	induce	melanomas	in	mouse	models.60

Receptor	Tyrosine	Kinases
Receptor	 tyrosine	 kinases	 (RTKs)	 are	 a	 diverse	 family	 of	 transmembrane	 kinases	 that	 have	 been	 implicated	 in
many	 neoplasms.	 Several	 RTKs	 map	 to	 known	 regions	 of	 recurrent	 melanoma	 DNA	 copy	 number	 gain	 or
amplification,	with	corresponding	alterations	in	their	expression	levels.

The	 RTK	KIT	 and	 its	 ligand	 (stem	 cell	 factor	 [SCF])	 were	 both	 initially	 shown	 to	 play	 essential	 roles	 in
melanocyte	 development.	Mutation	 of	 either	KIT	 or	SCF	 results	 in	 pigmentation	 deficiencies,	 and	 injection	 of
KIT-blocking	antibody	in	mice	was	used	to	identify	the	presence	of	melanocyte	stem	cells	within	hair	follicles.61
However,	numerous	 immunohistochemical	studies	 linked	progressive	 loss	of	KIT	expression	with	 the	 transition
from	benign	to	primary	and	metastatic	melanomas.62	Thus,	at	first	glance,	KIT	appeared	to	be	inactivated	during
melanoma	genesis	and	progression.	However,	activating	mutations	and	amplification	of	the	KIT	gene	have	been
identified	 in	 cutaneous	melanomas	with	 evidence	 of	CSD	or	 that	 arise	 on	 acral	 surfaces	 (palms,	 soles,	 or	 nail
beds).63	 The	 point	 mutations	 in	 the	KIT	 gene	 generally	 occur	 in	 the	 same	 regions	 affected	 in	 gastrointestinal
stromal	 tumors	 (GISTs),	 where	 the	 functional	 significance	 of	 these	mutations	 has	 been	 proven	 by	 the	 clinical
efficacy	of	KIT	inhibitors	for	that	disease.62	Functional	studies	support	that	KIT	mutations	can	activate	multiple
signaling	 pathways,	 particularly	 the	 PI3K-AKT	 pathway.64	 Inhibition	 of	 KIT	 in	 melanoma	 cell	 lines	 with
recurrent	point	mutations	 results	 in	growth	 inhibition	and/or	apoptosis.65	 In	patients,	 initial	clinical	 trials	of	 the
KIT	inhibitor	imatinib	in	populations	of	patients	with	KIT	mutations	and/or	amplifications	have	reported	clinical
response	rates	of	10%	to	30%.66,67	These	 response	rates	are	much	higher	 than	 those	observed	 in	 three	previous
clinical	trials	of	imatinib	in	unselected	melanoma	patients	(approximately	1%	response	rate)	but	are	much	lower
than	the	activity	observed	in	patients	with	GIST	(>70%	response).62	Thus,	although	many	of	the	clinical	responses
in	 patients	with	KIT	mutations	 have	 been	 dramatic	 and	 durable,	 research	 is	 ongoing	 to	 further	 understand	 the
significance	of	KIT	mutations	and	to	develop	more	effective	clinical	strategies	for	melanoma	patients	with	them.

Overexpression	 of	 the	 RTK	 c-MET	 and	 its	 ligand,	 hepatocyte	 growth	 factor	 (HGF),	 is	 correlated	 with
melanoma	 progression.	 Copy	 gains	 involving	 the	 c-MET	 locus	 at	 7q33-qter	 are	 associated	 with	 invasive	 and
metastatic	cancers	in	humans,68	and	elevated	MET/HGF	expression	is	correlated	with	metastatic	ability	in	murine
melanoma	explants.69	HGF/scatter	factor	(SF)	overexpression	in	a	transgenic	mouse	model	triggered	spontaneous
melanoma	formation	after	a	 long	latency	(up	 to	2	years);	however,	 time	to	 tumor	onset	was	greatly	reduced	by
exposure	to	UVB	or	INK4A/ARF	deficiency.70	Additional	investigations	have	demonstrated	that	c-MET	may	also
be	 activated	 in	 melanomas	 by	 HGF	 produced	 by	 supporting	 cells	 in	 the	 tumor	 microenvironment	 (TME)	 of
melanomas.71,72	 This	 paracrine	 effect	 resulted	 in	 activation	 of	 the	 PI3K-AKT	 pathway	 in	 the	 tumor	 cells	 and
caused	resistance	to	MAPK	pathway	inhibitors.

A	 sequencing-based	 study	 of	 the	 tyrosine	 kinome	 in	melanoma	 found	 that	ERBB4	mutations	may	 affect	 as
many	as	20%	of	melanomas.73	Unlike	other	well-known	oncogene	mutations,	the	ERBB4	mutations	identified	in
this	study	were	mostly	nonrecurrent	(e.g.,	the	same	amino	acid	or	conserved	region	was	rarely	affected).	However,
ERBB4	mutations	produced	increased	activation	of	the	receptor	itself	and	PI3K-AKT	pathway	signaling	as	well	as
dependence	 on	 the	 corresponding	 protein	 for	 viability.	 Despite	 these	 promising	 initial	 findings,	 the	 clinical
significance	of	ERBB4	mutations	in	melanoma	remains	unclear.

RAC1
Ras-related	C3	botulinum	toxin	substrate	1	(RAC1)	is	a	member	of	the	Rho	family	of	small	GTPases,	which	are
regulators	of	cytoskeletal	reorganization	and	cell	motility.	Two	WES	studies	of	>100	melanomas	each	identified



hotspot	mutations	in	RAC1	that	result	in	a	P29S	substitution.8,74	Overall,	the	mutation	was	detected	in	5%	to	10%
of	samples,	making	it	the	third	most	common	gene,	after	BRAF	and	NRAS,	to	be	affected	by	hotspot	mutations	in
the	coding	region.	Notably,	it	is	the	only	hotspot	mutation	in	cutaneous	melanoma	that	has	the	genetic	signature	of
UVR-induced	DNA	damage.	Initial	characterization	of	the	mutation	confirmed	that	it	conferred	increased	activity
to	the	RAC1	protein	and	promoted	cell	proliferation	and	motility	in	vitro.74

Telomerase
Telomere	stabilization	through	telomerase	dysregulation	has	long	been	recognized	as	a	hallmark	of	carcinogenesis
in	many	cancers.	However,	the	molecular	basis	for	altered	telomerase	regulation	in	cancer	has	remained	obscure.
Analysis	 of	WGS	 data	 from	 a	 collection	 of	melanoma	 tumors	 led	 to	 the	 unexpected	 discovery	 of	 two	 highly
recurrent	mutations	affecting	the	promoter	of	TERT,	which	encodes	a	key	catalytic	component	of	the	telomerase
enzyme	complex.75,76	Both	mutations	generate	consensus	ETS	transcription	factor	binding	motifs	in	the	setting	of
an	 identical	 11-nucleotide	 stretch,	 suggesting	 a	 gain-of-function	 effect.	 Since	 this	 index	 observation,	 multiple
studies	have	confirmed	the	high	frequency	of	TERT	promoter	mutations	in	melanoma	and	other	tumor	types	and
that	 the	 presence	 of	 these	 mutations	 is	 associated	 with	 enhanced	 TERT	 expression.	 Thus,	 melanoma	 genetic
studies	produced	the	first	example	of	a	highly	recurrent	functional	mutation	that	falls	within	the	regulatory	region
of	a	gene.

Triple	Wild-Type	Melanomas
As	described	earlier,	the	TCGA	demonstrated	that	most	cutaneous	melanomas	harbor	nonoverlapping	mutations
in	BRAF,	NRAS,	or	NF1.	A	fourth	set	of	cutaneous	melanomas	was	identified	that	was	characterized	by	a	lack	of
somatic	mutations	in	these	three	genes	and	was	termed	the	triple	wild-type	subtype	(see	Fig.	91.1).	Overall,	these
tumors	had	a	much	lower	frequency	of	somatic	mutations	in	genes	that	were	mutated	at	a	significant	rate	in	the
full	cohort.	 Interestingly,	 this	subgroup	of	melanomas	was	characterized	by	frequent	copy	number	variations	 in
potential	 oncogenes	 (Fig.	 91.4).	 Affected	 genes	 included	 components	 of	 many	 of	 the	 pathways	 affected	 by
somatic	mutations	 in	 the	other	cutaneous	melanoma	subtypes,	 including	RTKs	(i.e.,	KIT,	PDGFRA,	KDR),	 cell
cycle	regulators	(i.e.,	CDK4,	CCND1),	and	apoptosis	(i.e.,	MDM2),	as	well	at	TERT.

MELANIN	SYNTHESIS	PATHWAY
MITF
MITF	encodes	a	lineage	transcription	factor	whose	function	is	critical	to	the	survival	of	normal	melanocytes.	The
identification	 of	MITF	 amplification	 in	 melanoma	 defined	 this	 transcription	 factor	 as	 a	 central	 modifier	 of
melanoma.77	 In	 so	 doing,	 this	 discovery	 identified	 a	 novel	 class	 of	 oncogenes	 termed	 lineage	 survival
oncogenes.78	 That	 is,	 a	 tumor	 may	 “hijack”	 extant	 lineage	 survival	 mechanisms	 in	 the	 presence	 of	 selective
pressures	to	ensure	its	own	propagation.	The	elucidation	of	MITF	as	an	oncogene	 took	a	cross-tissue	approach,
wherein	the	NCI-60	cell	line	panel	representing	nine	tumor	types	was	subjected	to	both	gene	expression	and	high-
density	 single	 nucleotide	 polymorphism	 (SNP)	 array	 analyses.77	 A	 recurrent	 gain	 of	 3p13–14	 significantly
segregated	melanoma	 from	 other	 tumor	 classes,	 with	MITF	 as	 the	 only	 gene	 in	 the	 region	 showing	 maximal
amplification	and	overexpression.	MITF	 amplification	was	 subsequently	detected	 in	10%	of	primary	cutaneous
and	 15%	 to	 20%	 of	 metastatic	 melanomas	 by	 fluorescence	 in	 situ	 hybridization,	 correlating	 with	 decreased
survival	in	Kaplan-Meier	analyses	of	5-year	patient	survival.	Exogenous	MITF	showed	transforming	capabilities
in	immortalized	primary	human	melanocytes	in	combination	with	activated	BRAF.	In	addition,	inhibition	of	MITF
in	 cell	 lines	 showing	 3p13–14	 amplification	 reduced	 growth	 and	 survival	 and	 conferred	 sensitivity	 to	 certain
anticancer	drugs.	MITF	gene	disruption	leads	to	coat	color	defects	in	mice	and	pigmentation	defects	in	humans,
due	 to	diminished	viability	of	melanocytes.	This	 suggested	 that	MITF	was	 essential	 for	 the	 lineage	 survival	 of
melanocytes,	 supporting	 the	 contention	 that	 it	 is	 also	 critical	 for	 the	 survival	 of	melanomas.	More	 recently,	 a
germline	variant	(E318K)	of	MITF	has	been	identified	that	confers	an	increased	risk	of	developing	melanoma.79,80
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Figure	91.4	Copy	number	variations	in	different	cutaneous	melanoma	subtypes.	A:	The	genetic
locations	of	gene	amplifications	(red)	and	gene	deletions	(blue)	detected	in	BRAF,	NRAS,	NF1,	and
triple	wild-type	(WT)	cutaneous	melanomas	in	the	The	Cancer	Genome	Atlas	analysis.	B:	The
prevalence	of	focal	gene	amplifications	affecting	the	indicated	genes	in	each	subtype.	The	graph
shows	the	high	prevalence	of	gene	amplifications	in	many	genes	in	the	triple	WT	cutaneous

melanomas	compared	to	the	other	subtypes.	(Reprinted	from	The	Cancer	Genome	Atlas	Network.
Genomic	classification	of	cutaneous	melanoma.	Cell	2015;161[7]:1681–1696,	with	permission.)

The	downstream	elements	of	 the	MITF	pathway	 include	both	pigment	 enzyme	genes	and	genes	 involved	 in
proliferation,	survival,	and	metabolism.81,82	MITF	 intersects	with	a	number	of	established	melanoma	pathways,
including	the	transcriptional	activation	of	INK4A,	c-MET,	and	cyclin-dependent	kinase	2	(CDK2).83	Moreover,
MITF	is	regulated	by	both	MAPK	signaling	and	c-KIT.81,84	The	ETS	transcription	factor	ETV1	was	also	found	to
positively	regulate	MITF	expression	in	melanoma,	and	ETV1	may	function	as	an	amplified	melanoma	oncogene
in	its	own	right.85	Collectively,	these	observations	place	MITF	in	a	central	role	of	melanoma	signal	integration.

The	MC1R	Pathway
Pigmentation	exerts	a	major	influence	on	skin	tumor	susceptibility	because	it	is	well	documented	that	fair	skin	is
more	sensitive	to	UVR	and	melanomagenesis.	The	mechanism	underlying	this	observation	is	partially	explained
by	 the	 protective	 effects	 of	 melanin,	 which	 is	 produced	 by	 melanocytes	 and	 distributed	 to	 interfollicular
keratinocytes.	 Genetically,	 the	 red	 hair	 color/pale	 skin	 (RHC)	 phenotype	 is	 linked	 to	 variant	 alleles	 of	 the
melanocyte-specific	melanocortin	1	receptor	gene	(MC1R),	which	is	central	to	melanin	synthesis.86	The	ligand	for
the	 G-protein–coupled	 MC1R	 is	 the	 melanocyte-stimulating	 hormone	 (MSH)	 peptide,	 which	 activates
downstream	 signaling	 consisting	 of	 a	 cAMP-CREB/ATF1	 cascade,	 culminating	 in	 the	 induced	 expression	 of



MITF.	 Not	 all	 individuals	 carrying	 RHC	 alleles	 have	 identical	 melanin	 production;	 yet,	 increased	 risk	 for
melanomagenesis	remains	notable	regardless,87	implying	that	melanin-independent	mechanisms	might	impact	the
susceptibility	of	RHC	carriers.	One	possible	node	is	cAMP,	the	MC1R	as	second	messenger,	which	may	activate
pathways	incompletely	understood	at	present,	such	as	MAPK	and	PI3K.88

Experiments	have	implicated	the	MSH/MC1R	pathway	in	the	normal	UV	pigmentation	(tanning)	response	in
skin,	 a	 response	 that	 is	 linked	 to	 skin	 cancer	 (and	 melanoma)	 risk	 in	 humans.	 A	 “redhead”	 mouse	 model
(frameshift	mutation	 in	MC1R)	was	used	 to	 demonstrate	 that	 the	UV-tanning	 response	 is	 dependent	 on	MC1R
signaling	 because	 keratinocytes	 respond	 to	 UV	 by	 strongly	 upregulating	 expression	 of	MSH.	 The	 “fair	 skin”
phenotype	 was	 rescued	 by	 topical	 administration	 of	 a	 small-molecule	 cAMP	 agonist.89	 The	 resulting	 dark
pigmentation	 in	 genetically	 redhead	mice	 was	 protective	 against	 UV-induced	 skin	 carcinogenesis.	 Subsequent
analyses	 revealed	 that	 the	 p53	 tumor	 suppressor	 protein	 may	 function	 as	 a	 “UV	 sensor”	 in	 keratinocytes,
translating	UV	damage	into	direct	transcriptional	stimulation	of	MSH	expression.90

SUMMARY	AND	FUTURE	DIRECTIONS
The	genetic	and	molecular	understanding	of	melanoma	and	its	impact	on	therapy	is	currently	in	the	middle	of	a
transformative	 era.	 The	 past	 decade	 witnessed	 an	 almost	 exponential	 increase	 in	 our	 understanding	 of	 the
pathogenesis	of	this	disease.	Massively	parallel	sequencing	technology	has	made	it	possible	to	obtain	the	complete
sequence	of	entire	cancer	genomes	or	“exomes”	(protein	coding	region	of	the	genome)	at	ever-diminishing	costs.
Together	 with	 developments	 in	 computational	 biology,	 these	 advances	 are	 rapidly	 bringing	 forth	 new
understanding	of	cancer	genome	alterations	and	the	tumorigenic	mechanisms	that	result.	One	of	 the	first	cancer
genomes	to	be	sequenced	was	that	of	a	cell	line	(and	its	paired	normal	counterpart)	derived	from	a	patient	with
metastatic	melanoma.91	This	 effort	uncovered	more	 than	33,000	 somatic	base	 substitutions,	of	which	187	were
nonsynonymous	coding	mutations.	As	expected,	most	base	mutations	were	C	→	T	transitions	 indicative	of	UV
exposure.

This	initial	discovery	provided	a	glimpse	into	one	of	the	central	challenges	of	melanoma	research:	to	identify
which	 somatic	 changes	 are	meaningful.	The	high	UV-associated	base	mutation	 rate	 in	melanoma	 suggests	 that
nearly	2%	of	all	genes	may	harbor	nonsynonymous	coding	mutations	in	a	typical	cutaneous	melanoma,	most	of
which	are	 likely	 to	be	“passenger”	events	with	 little	biologic	consequence	 to	melanoma	genesis	or	progression.
Thus,	 cataloging	 all	 significant	 genomic	 alterations	 that	 might	 represent	 “driver”	 events	 will	 require	 not	 only
sequencing	 hundreds	 of	 tumor	 specimens	 but	 also	 the	 principled	 application	 of	 increasingly	 sophisticated
analytical	 methods	 for	 data	 deconvolution.	 Initial	 insights	 toward	 this	 end	 emerged	 from	 a	 WES	 study	 of
melanoma	 that	 used	 a	 computational	 algorithm	 designed	 to	model	 the	 effects	 of	 evolutionary	 selection	 on	 the
cancer	genome.8	 This	 approach	 facilitated	 the	 discovery	 of	 several	 new	melanoma	 genes	 that	might	 otherwise
have	been	obscured	by	the	high	UV-associated	mutation	rates	pervasive	in	melanoma	genomes.

Although	 sequencing	 of	 large	 numbers	 of	melanomas	will	 help	 to	 identify	which	mutations	 are	 statistically
significant,	 additional	 approaches	 are	 needed	 to	 distinguish	 the	 complete	 spectrum	 of	 functional	 “drivers”	 of
melanoma	genesis,	maintenance,	and	progression.	Such	genetic	events	may	confer	 transforming	activity,	dictate
prognosis,	or	correlate	with	responsiveness	(or	resistance)	to	emerging	therapeutics.	The	TCGA	provided	a	unique
opportunity	to	integrate	DNA	mutations	with	DNA	methylation	patterns,	mRNA	and	miRNA	expression,	protein
expression	 and	 activation,	 and	 clinical	 characteristics	 and	 outcomes.	 Over	 time,	 similar	 efforts	 have	 been
undertaken	 to	understand	 the	molecular	biology	and	heterogeneity	of	 resistance	 to	commonly	used	 therapies	 in
this	disease,	such	as	 targeted	and	 immune	 therapies.92–94	Notably,	 these	studies	demonstrate	how	the	molecular
features	of	 this	disease	can	change	under	 the	selective	pressure	of	effective	therapy.	Most	notably,	BRAF	V600
mutations	and	NRAS	mutations	are	nearly	mutually	exclusive	in	treatment-naïve	cutaneous	melanomas.	However,
NRAS	mutations	are	detected	 in	up	 to	25%	of	progressing	 lesions	after	BRAF	 inhibitor	 treatment	 in	metastatic
melanoma	patients	with	activating	BRAF	V600	mutations.92	The	characterization	of	progressing	lesions	has	also
confirmed	the	molecular	heterogeneity	of	melanoma.	Such	heterogeneity	has	been	demonstrated	by	the	finding	of
independent	resistance	mechanisms	within	different	progressing	tumors	of	individual	patients	and	within	different
regions	of	individual	tumors.94–96

In	 addition	 to	 the	 aforementioned	 advances	 in	 the	 field	 of	 targeted	 therapy,	 melanoma	 treatment	 is	 being
revolutionized	 by	 improved	 understanding	 and	 targeting	 of	 the	 antitumor	 immune	 response.28	 Monoclonal
antibodies	against	targets	expressed	on	the	surface	of	T	cells,	including	cytotoxic	T-lymphocyte	antigen	4	(CTLA-
4)	and	programmed	cell	death	protein	1	(PD-1),	can	overcome	the	inhibitory	effect	of	those	molecules,	thereby	de-
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repressing	the	antitumor	immune	response.	Antibodies	against	CTLA-4	(ipilimumab)	and	PD-1	(nivolumab	and
pembrolizumab)	have	been	approved	for	 the	 treatment	of	patients	with	metastatic	disease	based	on	randomized
trials	 that	 demonstrated	 significant	 improvements	 in	 patient	 survival.	 Interestingly,	 the	 molecular	 biology	 of
melanoma	can	have	significant	impact	on	the	efficacy	of	these	therapies.	Early	studies	showed	that	the	presence	of
a	 higher	 number	 of	 somatic	 mutations	 predicted	 increased	 likelihood	 of	 clinical	 benefit	 from	 ipilimumab
immunotherapy.97	 Conversely,	 activation	 of	 oncogenic	 signaling	 pathways	 has	 been	 shown	 to	 correlate	 with
suppression	 of	 the	 antitumor	 immune	 response	 and	 resistance	 to	 immunotherapy	 treatment.55,98	 Recent	 studies
have	also	identified	mutations	in	genes	that	correlate	with	the	development	of	secondary	or	acquired	resistance	to
immunotherapy,	 including	JAK1,	JAK2,	 and	B2M.99	Notably,	 none	of	 these	genes	were	 identified	 as	mutations
with	significant	prevalence	in	the	cutaneous	melanoma	TCGA	study.9	Thus,	although	the	TCGA	has	provided	a
broad	 atlas	 of	 the	 characteristics	 of	 treatment-naïve	 cutaneous	melanomas,	 there	 remains	 a	 continued	 need	 to
characterize	 the	 molecular	 biology	 and	 heterogeneity	 of	 this	 disease,	 particularly	 to	 help	 understand	 the
pathogenesis	of	disease	progression	and	therapeutic	resistance.

In	 the	 future,	 integration	 of	 melanoma	molecular	 biology	 with	 a	 growing	 knowledge	 of	 the	 TME	 and	 the
immune	system	will	likely	be	needed	to	propel	additional	discoveries.	Although	this	presently	stands	as	a	daunting
task,	the	remarkable	progress	of	the	past	decade	provides	a	proof	of	concept	that	advancing	our	understanding	of
the	molecular	basis	of	this	disease	will	have	a	tremendous	positive	impact	on	the	quality	of	life	and	survival	of
patients	with	this	highly	aggressive	disease.
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92 Cutaneous	Melanoma
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INTRODUCTION
Melanoma	arises	from	the	malignant	transformation	of	the	melanocyte,	the	cell	responsible	for	the	production	of
the	 pigment	 melanin.	 Precursor	 melanocytes	 arise	 in	 the	 neural	 crest	 and,	 as	 the	 fetus	 develops,	 migrate	 to
multiple	 areas	 in	 the	 body	 including	 the	 skin,	 meninges,	 mucous	 membranes,	 upper	 esophagus,	 and	 eyes.
Melanomas	 can	 arise	 from	 any	 of	 these	 locations	 through	 the	 malignant	 transformation	 of	 the	 resident
melanocytes.	By	far	 the	most	common	location	is	 the	hair	follicle–bearing	skin	arising	from	melanocytes	at	 the
dermal/epidermal	junction.	In	the	U.S.	National	Cancer	Database	from	1985	to	1994,	91.2%	of	melanomas	were
cutaneous,	 5.3%	 ocular,	 1.3%	 mucosal,	 and	 2.2%	 metastases	 from	 unknown	 primary	 site.1	 Data	 from	 the
Surveillance,	 Epidemiology,	 and	 End	 Results	 database	 from	 1973	 to	 2012	 show	 that	 2.9%	 of	 melanomas	 are
ocular,	of	which	92%	are	uveal	and	8%	are	conjunctival.2	The	rates	vary	based	on	skin	color	and	race.	In	Japan,
from	 2011	 to	 2013,	 80.5%	 were	 cutaneous,	 14.8%	 mucosal,	 2.9%	 uveal,	 and	 1.8%	 melanomas	 of	 unknown
primaries.3	Each	of	these	types	has	significant	differences	in	the	etiology	and	genetic	makeup,	in	particular	related
to	mutations	induced	by	the	degree	of	ultraviolet	(UV)	radiation	exposure	and	their	frequency	of	driver	oncogenic
mutations.	The	current	understanding	of	melanoma	biology	comes	from	studies	of	genetic	analyses	of	melanomas
correlated	 with	 clinicopathologic	 presentations,	 which	 have	 elucidated	 two	 key	 features	 of	 this	 cancer:	 (1)
Cutaneous	melanoma,	as	opposed	to	mucosal	or	uveal	melanoma,	is	usually	a	carcinogen-induced	cancer	with	a
high	mutational	load,	demonstrated	by	the	molecular	fingerprinting	of	UV	light	damage,	and	(2)	the	majority	of
melanomas	 are	 dependent	 on	 a	 particular	 oncogenic	 signaling	 pathway,	 the	 mitogen-activated	 protein	 kinase
(MAPK)	 pathway,	 through	 usually	 mutually	 exclusive	 driver	 mutations	 in	 cKit,	 NRAS,	 BRAF,	 GNAQ,	 or
GNA114–8	or	by	disabling	mutations	or	deletions	of	the	neurofibromin	1	(NF1)	gene,	a	negative	regulator	of	the
MAPK	pathway.9,10	 Cutaneous	 melanomas	 arising	 from	 the	 trunk	 and	 extremities,	 which	 are	 associated	 with
intermittent	 UV	 radiation	 exposure,	 have	 high	 rates	 of	 BRAF	 (40%	 to	 50%),	 NRAS	 (20%),	 or	 NF1	 (15%)
mutations.4,9–12	Mucosal	and	acrolentigenous	melanomas,	with	 low	rates	of	UV	radiation	exposure,	have	 lower
rates	of	BRAF	mutations	 (5%	 to	 20%)	 and	 a	 relatively	 higher	 rate	 of	KIT	mutations	 (5%	 to	 10%).4	 The	 great
majority	of	uveal	melanomas	have	mutually	exclusive	mutations	in	the	α	subunits	of	G	protein–coupled	receptors
GNAQ	and	GNA11.5,6

The	primary	 focus	of	 this	 chapter	 is	on	cutaneous	melanoma,	but	 summary	 information	 is	presented	 for	 the
other	forms	of	melanoma	as	well	as	on	the	subtypes	of	cutaneous	melanoma.

MOLECULAR	BIOLOGY	OF	MELANOMA
Mutational	Landscape	in	Melanoma
Studies	 of	 whole-exome	 sequencing	 (sequencing	 of	 the	 approximately	 1.6%	 of	 the	 genome	 that	 encodes	 for
expressed	proteins)	and	whole-genome	sequencing	of	melanomas	compared	to	matched	normal	DNA	of	the	same
patients	 are	 leading	 to	 a	 greatly	 improved	 understanding	 of	 the	 genomic	 alterations	 in	melanoma.9,10,13,14	 The
studies	of	the	mutational	load	of	cutaneous	melanomas	by	next-generation	sequencing	demonstrate	that	melanoma
has	significantly	more	sequence	variations	per	megabase	of	DNA	compared	to	most	other	cancers.	For	example,
melanomas	have	15	 times	more	mutations	per	megabase	of	DNA	than	colorectal	cancer	and	4	 times	more	 than
lung	cancer.15	Because	a	high	proportion	of	these	mutations	are	cytosine	to	thymine	(C	>	T)	substitutions,	typical
of	UV	radiation–induced	thymine	dimmers,	it	is	highly	likely	that	the	high	rate	of	sequence	variants	in	melanoma
is	due	to	the	role	of	UV	as	the	principal	carcinogen	in	the	disease.13,14,16

The	first	fully	sequenced	whole	genome	of	any	cancer	was	a	melanoma	cell	line	compared	to	a	lymphoblastoid



cell	line	generated	from	the	same	patient	to	provide	the	comparing	source	of	normal	DNA.16	This	study	provided
the	 first	 comprehensive	 catalogue	 of	 somatic	 mutations	 from	 an	 individual	 cancer.	 The	 dominant	 mutational
signature	 in	 this	melanoma	 reflected	prior	DNA	damage	due	 to	UV	 light	 exposure.	 It	 also	 revealed	 an	uneven
distribution	 of	mutations	 across	 the	 genome,	with	 a	 lower	 prevalence	 in	 gene	 footprints,	 which	 indicated	 that
DNA	repair	preferentially	functioned	in	areas	with	transcribed	regions.

The	 first	 full	 report	 from	 the	melanoma	group	of	 the	Cancer	Genome	Atlas9	 has	 provided	 the	 landscape	 of
genomic	alterations	 in	 cutaneous	melanomas	by	analyzing	333	primary	and/or	metastatic	melanomas	 from	331
patients	using	DNA,	RNA,	and	protein-based	analysis.	This	 study	has	 resulted	 in	 the	genomic	classification	of
cutaneous	melanoma	into	one	of	four	subtypes	based	on	the	pattern	of	 the	most	prevalent	significantly	mutated
genes:	mutant	BRAF,	mutant	RAS,	mutant	NF1,	 and	 triple	wild	 type.	This	 last	group	 included	melanomas	with
KIT	mutations	and	focal	amplifications	and	complex	structural	rearrangements.	However,	there	was	no	significant
outcome	 correlation	 with	 the	 DNA	 driver	 mutation	 classification.	 RNA	 transcriptomic	 analyses	 pointed	 to	 a
subgroup	of	melanomas	enriched	for	immune	gene	expression	associated	with	lymphocyte	infiltrate	on	pathology
review	and	high	LCK	protein	expression,	a	T-cell	marker,	that	were	associated	with	improved	patient	survival.

Studies	 of	 whole-genome	 sequencing	 will	 be	 important	 to	 understand	 melanoma	 genetic	 alterations	 in
nontranscribed	 genes	 because	 there	 can	 also	 be	 recurrent	 mutations	 in	 them.	 This	 is	 exemplified	 by	 the
demonstration	of	two	very	common	mutations	in	the	promoter	of	telomerase	reverse	transcriptase	(TERT)	by	two
independent	 research	 groups.	 TERT	 is	 the	 gene	 coding	 for	 the	 catalytic	 subunit	 of	 telomerase.	 In	 one	 of	 the
studies,17	 mutations	 in	 the	 TERT	 promoter	 were	 reported	 in	 71%	 of	 melanomas	 examined.	 The	 mutations
increased	 the	 transcriptional	activity	 from	 the	TERT	 promoter	by	 two-	 to	 fourfold.	This	 information	may	be	of
high	relevance	beyond	melanoma	because	examination	of	150	cancer	cell	lines	derived	from	diverse	tumor	types
revealed	the	same	mutations	in	24	cases	(16%).	The	other	group	reached	the	same	conclusion	by	investigating	a
melanoma-prone	 family	 through	 linkage	 analysis	 and	 high-throughput	 sequencing.18	 They	 identified	 the	 same
TERT	 promoter	mutations	 as	 disease-segregating	 germline	mutations.	When	 they	 screened	 for	TERT	 promoter
mutations	in	sporadic	melanoma,	they	found	them	in	74%	of	human	cell	lines	derived	from	metastatic	melanomas
and	in	33%	of	primary	melanomas.

A	whole-genome	sequencing	study	led	by	investigators	from	the	Melanoma	Institute	Australia10	has	reported
on	the	whole-genome	sequences	from	183	melanoma	samples	comprised	75	primary	tumors,	93	metastases,	and
15	cell	 lines	derived	 from	metastases,	arising	 from	cutaneous,	acral,	 and	mucosal	 subtypes	of	melanoma.	They
confirmed	the	heavily	mutated	landscape	of	coding	and	noncoding	mutations	in	cutaneous	melanoma	attributable
to	 UV	 exposure.	 On	 the	 contrary,	 acral	 and	 mucosal	 melanomas	 were	 dominated	 by	 structural	 changes	 and
mutation	signatures	of	unknown	etiology	different	from	UV	exposure.	The	number	of	genes	affected	by	recurrent
mutations	 disrupting	 noncoding	 sequences	 was	 similar	 to	 that	 affected	 by	 recurrent	 mutations	 to	 coding
sequences.	They	confirmed	that	the	most	common	significantly	mutated	genes	were	BRAF,	CDKN2A,	NRAS,	and
TP53	 in	 cutaneous	melanoma;	BRAF,	NRAS,	 and	NF1	 in	 acral	melanoma;	 and	 SF3B1	 in	 mucosal	 melanoma.
However,	mutations	affecting	the	TERT	promoter	were	the	most	frequent	of	all	and	would	not	be	detected	when
performing	whole-exome	sequencing	because	it	is	a	noncoding	region.	They	noted	that	neither	the	TERT	promoter
nor	ATRX	mutations,	which	correlate	with	alternative	telomere	lengthening,	were	associated	with	greater	telomere
length.	 This	 study	 highlights	 that	 the	 whole-genome	 mutation	 landscape	 of	 melanoma	 reveals	 diverse
carcinogenic	processes	across	its	subtypes.

Driver	Mutations	in	Melanoma
Melanoma	has	become	a	notable	example	of	a	cancer	histology	dependent	on	driver	oncogenic	mutations	in	the
MAPK	pathway,	with	 additional	 genetic	 alterations	 in	 other	 pathways	 leading	 to	 uncontrolled	 cell	 growth	 and
avoidance	of	apoptosis	(Fig.	92.1).	There	is	evidence	of	MAPK	activation	by	defined	point	mutations	in	at	least
70%	 of	melanomas,	 resulting	 in	 constitutive	 signaling	 leading	 to	 oncogenic	 cell	 proliferation	 and	 escape	 from
apoptosis.19	The	aberrations	 that	 lead	 to	MAPK	pathway	activation	 in	most	cutaneous	and	mucosal	melanomas
consist	of	usually	mutually	exclusive	activating	mutations	in	the	receptor	tyrosine	kinase	KIT	(2%	to	3%),	the	G-
protein	 neuroblastoma	 RAS	 viral	 oncogene	 homolog	 (NRAS)	 (15%	 to	 20%),	 and	 the	 serine-threonine	 kinase
BRAF	(40%	to	50%).5–8	Another	way	to	activate	the	MAPK	pathway	is	by	loss	of	NF1,	which	defines	one	of	the
subtypes	of	melanoma	according	 to	 the	Cancer	Genome	Atlas.9	Uveal	melanomas	have	 a	 distinct	 set	 of	 driver
mutations	in	GNAQ	and	GNA11,	which	are	the	α	subunits	of	G	protein–coupled	receptors.5,6

Mutations	 in	KIT	 are	 found	 in	 exons	 9,	 11,	 13,	 and	 17,	 and	 there	 is	 no	 one	 predominant	 point	 mutation.8
Because	 of	 this,	molecular	 testing	 for	KIT	 mutations	must	 evaluate	multiple	 regions	 of	 the	 gene	 by	 extended
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sequencing	or	multiplexed	polymerase	chain	 reaction	 (PCR)	 tests.	Emerging	evidence	suggests	 that	not	all	KIT
mutations	activate	 its	 function,	 resulting	 in	 some	mutations	being	 insensitive	 to	KIT	 inhibitors	used	 for	patient
treatment.20	The	great	majority	of	tumors	harboring	NF1	mutations	demonstrated	loss	of	heterozygosity	or	were
compound	heterozygotes	containing	two	NF1	mutations.	It	has	been	noted	that	among	NF1	mutants,	BRAF-NRAS
wild-type	 tumors	also	carried	mutations	 in	other	genes	associated	with	activation	of	 the	RAS	pathway.13	NRAS
mutations	cluster	in	the	RAS	hotspot	mutation	site	Q61,	usually	Q61L	and	less	frequently	Q61R	and	Q61H.	NRAS
mutations	are	more	frequent	in	older	individuals	and	are	equally	common	in	melanomas	arising	from	the	skin	with
chronic	or	intermittent	sun	damage.4,21	The	vast	majority	of	BRAF	mutations	in	melanoma	involve	a	substitution
for	valine	at	the	600th	amino	acid	position	to	glutamine	(V600E).7,22	The	frequency	of	the	BRAF	V600E	mutation
is	inversely	correlated	with	age	because	it	is	most	frequent	in	melanomas	that	appear	on	the	skin	without	chronic
sun	damage	in	young	adults.	BRAF	V600K	is	the	second	most	common	variant,	which	increases	in	incidence	with
age.	V600D	and	V600R	mutations	are	much	less	frequent.12	Overall,	up	to	90	different	point	mutations	have	been
described	in	BRAF	in	different	cancers,	some	of	which	are	activating	and	others	which	are	inhibiting	its	enzymatic
activity.22

Figure	92.1	Signaling	pathways	disrupted	by	genetic	alterations	and	their	relationship	to	the
hallmarks	of	melanoma.	Proteins	boxed	in	red	are	affected	by	gain-of-function	mutations;	those
boxed	in	blue	are	affected	by	loss-of-function	mutations.	(From	Bastian	BC.	The	molecular
pathology	of	melanoma:	an	integrated	taxonomy	of	melanocytic	neoplasia.	Annu	Rev	Pathol

2014;9:239–271.)

Aberrations	in	the	phosphoinositide	3-kinase	(PI3K)/protein	kinase	B	(AKT)/mammalian	target	of	rapamycin
pathway,	 including	 the	 phosphatase	 and	 tensin	 homolog	 (PTEN),	 are	 also	 noted	 in	 a	 significant	 number	 of
melanomas,	 but	 these	 do	 not	 seem	 to	 function	 as	 true	 drivers	 of	 the	 malignant	 phenotype.	 PTEN	 alterations
include	missense	mutations,	deletions,	and	insertions,	as	well	as	loss	of	heterozygosity	and	epigenetic	silencing,
making	 interrogation	 for	 mutations	 and	 genomic	 rearrangements	 in	PTEN	 necessary.23,24	 The	 pathogenesis	 of
melanoma,	like	most	other	cancers,	requires	the	presence	of	a	driver	oncogene	and	the	dysregulation	of	cell	cycle
control	 and	apoptosis	 to	provide	 the	 full	 oncogenic	 signaling	and	ability	 to	grow	autonomously.	These	happen
with	the	frequent	mutations	or	genetic	deletions	of	CDKN2A,	cyclin	D1,	or	the	amplification	of	cyclin-dependent
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Progression	of	Melanocytes	to	Cutaneous	Melanoma

Genetic	Events	in	Melanocyte	to	Melanoma	Progression	and	Oncogene-Induced
Senescence
BRAF	and	NRAS	are	founding	mutations	of	cutaneous	melanoma	that	are	frequently	present	in	benign	nevi.26–28
Despite	 the	 presence	 of	BRAF	 and	NRAS	 mutations,	 nevi	 have	 an	 exceedingly	 low	 proliferative	 activity	 and
infrequently	 progress	 to	 melanoma.	 This	 is	 explained	 because	 of	 the	 phenomenon	 of	 oncogene-induced
senescence	 preventing	 malignant	 progression	 to	 melanoma,	 where	 these	 mutations	 require	 functioning	 with
additional	 genetic	 events	 that	 lead	 to	 dysregulation	 of	 cell	 cycle	 control	 to	 result	 in	 the	 development	 of	 a
progressive	melanoma.19,29	The	model	for	oncogene-induced	senescence	in	melanoma	is	based	on	the	identity	of
the	 main	 driver	 mutations	 (BRAF	 and	RAS)	 in	 nevi,	 the	 initial	 phase	 of	 proliferative	 activity	 they	 spark,	 the
formation	of	a	benign	nevus	in	association	with	the	induction	of	senescence	markers	(cell	cycle	arrest,	induction
of	 the	 tumor	 suppressor	 p16INK4a,	 endoplastic	 reticulum	 stress	 markers	 and	 increased	 SA-βGal	 activity,	 and
possibly	 additional	 senescence	 biomarkers),	 and	 the	 subsequent	 cessation	 of	 expansion,	 which	 is	 typically
maintained	for	decades.30

Shain	 et	 al.28	 sequenced	 the	 DNA	 from	 37	 primary	 melanomas	 and	 their	 adjacent	 tissue,	 which	 included
precursor	 benign	 nevi	 and	 areas	 considered	 intermediate	 between	 benign	 and	 frankly	 malignant	 appearance.
Lesions	 classified	 histologically	 as	 being	 precursor	 premalignant	 lesions	 contained	mutations	 of	 genes	 that	 are
known	 to	 activate	 the	 MAPK	 pathway.	 Unequivocally	 benign	 lesions	 harbored	 BRAF	 V600E	 mutations
exclusively,	whereas	those	categorized	by	the	pathologists	as	intermediate	were	enriched	for	NRAS	mutations	and
additional	driver	mutations.	Mutations	in	the	TERT	promoter	were	found	commonly	in	the	intermediate	lesions,
indicating	a	mechanism	to	escape	from	senescence,	whereas	additional	mutations	were	required	for	full	malignant
transformation,	such	as	mutations	in	CDKN2A,	chromatin	remodeling	genes,	p53,	and	PTEN,	which	were	found
exclusively	in	 invasive	melanomas.	The	mutational	burden	increased	from	benign	to	malignant	 lesions	and	was
characteristic	 of	 UV-induced	 damage.	 The	 findings	 further	 support	 early	 detection	 and	 removal	 of	 suspected
melanoma	lesions	and	the	benefit	of	protection	from	UV	light	exposure.28

Cellular	Changes	in	Melanocyte	to	Melanoma	Progression
The	 transition	 from	 a	 benign	 melanocyte	 to	 metastatic	 melanoma	 involves	 several	 histologic	 intermediates,
including	melanocytic	atypia,	 atypical	melanocytic	hyperplasia,	 radial	growth	phase	melanoma,	vertical	growth
phase	melanoma,	and	metastatic	melanoma.	Atypical	melanocytes	arising	in	a	preexisting	nevus	or	de	novo	are
very	common	but	rarely	progress	to	melanoma.	However,	some	patients	develop	confluent	atypical	melanocytic
hyperplasia	 at	 the	 dermal/epidermal	 junction	 or	 nests	 of	 atypical	 melanocytes	 in	 the	 epidermis	 or	 at	 the
dermal/epidermal	 junction.	As	 this	 process	 progresses,	 it	 reaches	 a	 point	 at	which	 a	 diagnosis	 of	melanoma	 is
warranted.

Early	cutaneous	melanomas	usually	proceed	to	grow	radially,	and	this	is	called	the	radial	growth	phase	(RGP)
of	melanoma,	which	may	continue	for	years	before	progressing	 to	 the	vertical	growth	phase	 (VGP)	 (Figs.	 92.2
and	92.3).	The	RGP	of	a	cutaneous	melanoma	may	include	either	melanoma	in	situ	or	superficial	invasion	into	the
papillary	 dermis	 or	 both.	Melanomas	 in	RGP	present	 clinically	 as	 enlarging	macules	 or	 very	minimally	 raised
papular	 lesions,	 which	 are	 typically	 (but	 not	 always)	 pigmented.	 These	 lesions	 are	 rarely	 symptomatic.	 If	 not
recognized,	these	lesions	typically	progress	to	the	VGP	and	manifest	clinically	by	a	nodular	growth	of	the	lesion,
often	described	by	the	patient	as	a	lesion	that	began	to	“raise	up.”	This	vertical	growth	usually	arises	as	a	nodule
within	the	RGP	component	and	encompassing	only	part	of	the	RGP	(see	Fig.	92.3A,C).	Thus,	the	VGP	appears	to
represent	further	steps	in	the	process	of	malignant	transformation	due	to	clonal	changes	in	the	cells	of	the	RGP.

Some	melanomas	present	as	metastatic	melanoma	in	lymph	nodes,	skin,	subcutaneous	tissue,	or	visceral	sites
without	 an	 apparent	 primary	 cutaneous	 site.	 In	 some	 cases,	 these	 have	 been	 associated	 with	 a	 history	 of	 a
regressed	primary	melanocytic	lesion.	In	other	cases,	such	an	explanation	is	 less	clear.	In	all	of	these	cases,	 the
prospect	 of	 early	 diagnosis	 of	 melanoma	 is	 compromised,	 and	 the	 risk	 of	 melanoma-associated	 mortality	 is
increased.
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EPIDEMIOLOGY
Malignant	 melanoma	 is	 the	 fifth	 most	 common	 U.S.	 cancer	 diagnosis.	 The	 actual	 incidence	 of	 melanoma	 is
increasing	more	rapidly	than	that	of	any	other	malignancy.	It	was	estimated	that	87,110	men	and	women	(52,170
men	 and	 34,940	 women)	 will	 be	 diagnosed	 with	 melanoma	 and	 9,730	 men	 and	 women	 will	 die	 of	 invasive
melanoma	of	the	skin	in	2017.31	This	amounts	to	5.2%	of	new	cancer	diagnoses	and	1.6%	of	cancer	deaths.	In	the
early	part	of	the	20th	century,	the	lifetime	risk	of	a	white	person	developing	melanoma	was	approximately	1	in
1,500.	Currently,	 1	 in	 28	men	 and	 1	 in	 44	women	will	 be	 diagnosed	with	melanoma	 of	 the	 skin	 during	 their
lifetime.	Its	incidence	is	the	third	most	common	in	young	women	(birth	to	age	49	years;	similarly,	it	is	the	second
most	common	cancer	diagnosis	for	men	through	age	39	years,	slightly	less	common	than	leukemia.31	Overall	5-
year	survival	rates	for	melanoma	have	increased	from	82%	in	the	late	1970s	(1975	to	1977)	to	92%	in	the	more
recent	era	(2002	to	2006).31

Figure	92.2	Biologic	events	and	molecular	changes	in	the	progression	of	melanoma.	(From	Miller
AJ,	Mihm	MC	Jr.	Melanoma.	N	Engl	J	Med	2006;355[1]:51–65.)

This	 is	 a	 disease	 that	 disproportionately	 affects	 whites	 compared	 with	 African	 Americans,	 Asians,	 or
Hispanics.	 In	 the	 United	 States,	 whites	 account	 for	 98.2%	 of	 cutaneous	 melanomas	 reported	 in	 the	 National
Cancer	Database,	with	African	Americans	 accounting	 for	 0.7%	 and	Hispanics	 accounting	 for	 1.1%.1	 This	 has
been	 explained	 in	 the	 past	 as	 being	 due	 to	 intermittent	 UV	 sunlight	 exposure32;	 however,	 the	 more	 current
understanding	 is	 that	 melanoma	 has	 at	 least	 two	 different	 etiologic	 pathways	 that	 may	 explain	 the	 origins	 of
melanoma.	 In	 one	 pathway,	 nevi	 may	 be	 induced	 by	 early	 sun	 exposure	 in	 nevus-prone	 individuals,	 where
malignant	transformation	to	melanoma	may	occur	with	fairly	low	amounts	of	subsequent	UV	exposure.	In	these
individuals,	intermittent	sun	exposure	may	be	sufficient.	In	the	other	pathway,	individuals	with	skin	prone	to	sun



damage	 and	who	 burn	 easily,	may	 develop	melanoma	more	 by	 accumulated	 sun	 exposure	 in	 the	 skin	 areas	 at
risk.33	It	is	striking	that	the	highest	per	capita	incidence	of	melanoma	worldwide	is	in	Australia	and	that	this	high
incidence	afflicts	primarily	 the	Australians	of	Western	European	descent	who	have	fair	 skin	and	not	 the	darker
skinned	aboriginal	population.34	 It	 is	 also	 notable	 that	 these	 fair-skinned	European	 descendants	who	moved	 to
Australia	have	much	higher	 incidences	of	melanoma	than	 the	Western	European	populations	 that	 remain	 in	 the
higher	latitudes	of	Europe.35	In	migrant	populations,	individuals	who	move	during	childhood	to	areas	with	greater
sun	exposure	develop	melanoma	at	rates	higher	than	those	of	their	country	of	origin	and	similar	to	those	of	their
adopted	country.36

In	nonwhite	populations,	there	is	a	much	higher	proportion	of	melanomas	in	acral	(subungual,	palmar,	plantar)
and	mucosal	locations.37	However,	the	incidences	of	those	types	of	melanoma	are	more	similar	across	races.	Their
higher	relative	proportion	in	Asians	and	African	Americans	can	be	best	explained	by	the	disproportionate	increase
in	nonacral	cutaneous	melanomas	in	fair-skinned	whites	rather	than	by	an	absolute	increase	in	risk	of	acral	and
mucosal	melanomas	in	nonwhite	populations.

Ocular	 melanomas	 are	 up	 to	 20-fold	 more	 likely	 in	 white	 populations	 than	 in	 nonwhite	 populations,38	 but
melanomas	 in	 acral	 and	 mucosal	 sites	 are	 within	 twofold	 of	 each	 other	 across	 racial	 groups.	 Similarly,	 the
increased	incidence	of	melanoma	over	the	past	few	decades	can	be	explained	primarily	by	increased	incidence	in
white	populations,	not	in	nonwhite	populations.39	These	observations	support	the	hypothesis	that	most	cutaneous
melanomas	in	white	populations	are	etiologically	related	to	sun	exposure	but	that	there	may	be	a	baseline	risk	of
melanoma	in	other	locations	that	is	unrelated	to	sun	damage.	There	are	significant	molecular	differences	between
acral	melanomas	and	melanomas	arising	on	the	skin	associated	with	chronic	sun	damage,	with	BRAF	and	NRAS
mutations	in	approximately	80%	of	melanomas	on	chronically	sun-damaged	skin,	whereas	those	mutations	were
uncommon	in	melanomas	from	acral	or	mucosal	sites	or	from	skin	without	chronic	sun	damage.4

Figure	92.3	A:	A	nodule	of	vertical	growth	phase	melanoma	arising	from	a	radial	growth	phase
pigmented	macule	on	the	right	cheek.	B:	Superficial	spreading	melanoma,	2.9	mm	thick,	arising	on
the	temple	of	a	young	woman.	There	were	microscopic	satellites,	and	the	patient	died	of	disease
within	several	years.	C:	Superficial	spreading	melanoma	with	all	the	classic	features	of	the	ABCD

mnemonic	(asymmetry,	border	irregularity,	color	variation,	and	diameter	>6	mm).	D:	Large,
ulcerated,	2.5-mm,	superficial	spreading	melanoma	with	regression	in	elderly	man.
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CHANGES	IN	INCIDENCE
Data	from	the	Surveillance,	Epidemiology,	and	End	Results	Program	reveal	an	increase	in	age-adjusted	melanoma
incidence	 rates	 from	 8.2	 per	 100,000	 in	 the	 1970s	 (1974	 to	 1978)	 to	 18.7	 per	 100,000	 in	 1999	 to	 2003,	with
continued	 increases	 to	 2012.40,41	 From	 1990	 to	 2003,	 during	which	 there	was	 a	 16%	 decrease	 in	male	 cancer
deaths	 overall	 for	 all	 cancers,	 there	was	 a	 2%	 increase	 in	mortality	 rate	 from	melanoma.	 From	1991	 to	 2003,
during	which	 there	was	 an	8%	decrease	 in	 cancer	 deaths	overall	 for	women,	 there	was	only	 a	 4%	decrease	 in
mortality	rate	associated	with	melanoma.42

In	Australia,	and	to	a	lesser	extent	in	the	United	States,	there	has	been	a	substantial	increase	in	awareness	about
melanoma	and	the	value	of	screening	by	total-body	skin	examinations.	There	also	has	been	a	greater	proportion	of
patients	diagnosed	 at	 earlier	 and	noninvasive	 stages	of	disease.	Thus,	 part	 of	 the	 increase	 in	 incidence	may	be
explained	by	increased	early	diagnosis	of	lesions	with	low	metastatic	potential.	There	has	also	been	a	significant
increase	in	mortality	from	melanoma	over	the	past	few	decades40;	however,	the	increased	awareness	and	earlier
diagnosis	of	melanoma	in	Australia	may	explain	the	fact	that	Australia	ranks	highest	for	age-adjusted	incidence
rate	of	melanoma	but	24th	in	the	age-adjusted	death	rate.

SEX	AND	AGE	DISTRIBUTION
In	the	United	States	and	Australia,	the	male-to-female	ratio	of	melanoma	at	diagnosis	is	2:1,	but	it	depends	on	the
age	group.	In	some	northern	European	countries,	however,	the	male-to-female	incidence	rates	are	similar.43	This
may	 be	 explained	 in	 part	 by	 UV	 index	 in	 the	 regions.43,44	 Analysis	 of	 incidence	 data	 for	 invasive	melanoma
diagnosed	 from	1992	 to	2006	 from	12	cancer	 registries	 that	participate	 in	 the	Surveillance,	Epidemiology,	 and
End	Results	Program	of	the	National	Cancer	Institute	revealed	that,	by	age,	the	male-to-female	rate	ratio	ranged
from	1.3	(95%	confidence	interval	[CI],	1.2	to	1.3)	for	patients	aged	40	to	64	years	for	incidence	to	2.6	(95%	CI,
2.5	to	2.7)	for	patients	older	than	65	years	for	both	incidence	and	mortality.	However,	between	the	age	of	15	and
39	years	old,	melanoma	is	more	common	in	females	(rate	ratio,	0.6).45	The	median	age	of	melanoma	patients	has
increased	 from	51	years	 in	 the	1970s	 (1974	 to	1978)	 to	57	years	 in	a	more	 recent	 time	period	 (1999	 to	2003).
Nonetheless,	the	median	age	for	diagnosis	of	melanoma	is	approximately	10	years	lower	than	the	current	median
age	of	diagnosis	for	the	more	common	solid	tumors,	such	as	colon,	lung,	or	prostate	cancer.	The	large	majority
(approximately	80%)	of	patients	with	melanoma	are	diagnosed	in	the	productive	years	from	age	25	to	65	years	as
shown	for	a	representative	population	from	the	state	of	Virginia	(Fig.	92.4).	Melanoma	is	common	in	patients	in
their	20s	and	older,	but	it	also	is	observed	in	teenagers	and,	occasionally,	even	in	infants	and	neonates.	For	women
aged	25	to	35	years,	melanoma	is	the	leading	cause	of	cancer-related	death.

Figure	92.4	Age-related	incidence	of	melanoma	in	Virginia,	1970	to	1996	(total	of	9,018	cases).



MELANOMA	IN	CHILDREN,	INFANTS,	AND	NEONATES
Diagnosis	and	management	of	melanoma	in	children,	infants,	and	neonates	are	complicated	by	several	factors:	(1)
Excisional	biopsy	of	skin	lesions	often	is	not	feasible	under	local	anesthesia	in	young	children,	and	(2)	pigmented
skin	lesions	with	substantial	cellular	atypia	but	with	structural	symmetry	may	be	Spitz	nevi,	which	typically	have
benign	 behavior.	 Thus,	 some	 young	 patients	 with	 changing	 pigmented	 skin	 lesions	 are	 observed	 longer	 than
would	 be	 advisable	 because	 biopsy	 is	more	 problematic	 than	 in	most	 adults.	 In	 addition,	 young	 patients	may
undergo	incomplete	shave	biopsy	to	avoid	a	full-thickness	excision,	and	information	is	lost	about	the	architecture
of	the	lesion,	leaving	a	diagnostic	dilemma	between	melanoma	and	Spitz	nevus.	Recent	advances	in	cytogenetics
of	melanoma	have	aided	in	the	diagnosis	and	especially	in	differentiating	between	melanomas	and	Spitz	nevi.46
However,	some	melanocytic	tumors	are	difficult	to	diagnose	with	certainty.	This	has	led	to	formal	definitions	of
melanocytic	 tumors	 of	 uncertain	 malignant	 potential	 and	 Spitzoid	 melanocytic	 tumors	 of	 uncertain	 malignant
potential.47,48	 These	 melanocytic	 tumors	 of	 uncertain	 malignant	 potential	 and	 Spitzoid	 melanocytic	 tumors	 of
uncertain	malignant	potential	may	be	grouped	together	as	skin	melanocytomas,	and	they	tend	to	have	benign	or
indolent	courses	but	deserve	ongoing	attention	in	follow-up.48

Melanoma	 deaths	 in	 children	 and	 young	 adults	 have	 a	 large	 effect	 on	 total	 years	 of	 life	 lost	 because	 of
melanoma.	The	 low	 rates	of	melanomas	 in	 children	 (aged	0	 to	10	years)	have	made	 it	 difficult	 to	power	 large
studies,	and	most	have	grouped	them	with	adolescents	(aged	11	to	20	years).	However,	a	recent	National	Cancer
Database	review	highlights	more	favorable	survival	for	children	with	melanoma	compared	to	adolescents	(hazard
ratio	 [HR],	 0.5)	 and	 to	 adults	 (HR,	0.11).49	 Interestingly,	 there	was	no	differences	 in	overall	 survival	 (OS)	 for
pediatric	patients	 as	 function	of	node	positivity.49	Thus,	 although	current	 recommendations	 for	management	of
melanoma	in	children	and	infants	are	the	same	as	for	adults,	there	is	now	reason	to	focus	clinical	trials	on	these
younger	patients	and	to	consider	different	management	strategies	that	minimize	morbidity	of	therapy.

ANATOMIC	DISTRIBUTION
Cutaneous	melanoma	can	occur	at	any	skin	site	in	the	body.	The	most	common	sites	in	males	are	on	the	back	and
in	the	head	and	neck	regions.	In	women,	the	most	common	sites	are	in	the	lower	extremities,	commonly	below	the
knee	(Fig.	92.5).	Lentigo	maligna	melanoma	(LMM)	most	commonly	arises	on	sun-damaged	surfaces	of	the	head
and	neck	 in	older	patients.	Acral	 lentiginous	melanoma	 (ALM)	 is	most	 common	on	 subungual	 and	other	 acral
locations.
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Figure	92.5	Incidence	of	melanoma	in	Virginia,	1970	to	1996,	by	sex.

ETIOLOGY	AND	RISK	FACTORS
Ultraviolet	Light	Exposure
The	demographic	features	of	cutaneous	melanoma	have	implicated	UV	light	exposure	as	a	major	etiologic	factor
in	 the	 development	 of	 melanoma.	 Multiple	 studies	 continue	 to	 support	 an	 etiologic	 association	 between	 UV
irradiation	and	melanoma	and	suggest	that	it	mediates	its	effects	by	a	combination	of	DNA	damage,	inflammation,
immune	suppression,	and	induction	of	tissue	proteases.33,50,51	UVC	radiation	is	generally	absorbed	by	the	ozone
layer.	UVB	radiation	(290	 to	320	nm)	 is	associated	with	sunburn	and	 induction	of	 tanning	by	melanin	pigment
production.	There	are	substantial	data	 to	support	 its	etiologic	 role	 in	melanoma.50	Human	skin	grafted	on	mice
will	 develop	 nevi	 and	 melanomas	 in	 the	 presence	 of	 UVB	 irradiation,	 further	 supporting	 the	 role	 of	 UVB
irradiation	in	melanoma.52	UVA	radiation	(320	to	400	nm)	is	more	associated	with	chronic	sun	damage	changes
but	 is	 also	 implicated	 in	 melanoma	 induction.53	 UVA	 can	 induce	 matrix	 metalloproteinase	 expression	 in
melanoma	 cells,	 and	 it	 may	 also	 support	 invasiveness	 by	 inducing	 cathepsin	 K.54	 Both	 UVA	 and	 UVB	 have
immunosuppressive	effects	on	the	skin,	which	are	implicated	in	melanoma	induction.	Thus,	sun	protection	should
address	both	UVA	and	UVB	rays.54,55

Animal	 data	 suggest	 that	 sun	 exposure	 early	 in	 life	 increases	 the	 risk	 of	 melanoma.	 Similar	 to	 the	 animal
modeling,	sunburns	early	in	life	have	been	implicated	in	melanoma	incidence.56	The	role	of	sunlight	intensity	and
frequency	is	debated,	but	both	chronic	and	intermittent	exposure	may	be	relevant.50

Tanning	bed	use	has	been	implicated	in	the	etiology	of	melanoma,	in	particular	tanning	bed	use	in	adolescence
or	early	adulthood.57	Tanning	bed	use	has	been	formally	classified	as	a	carcinogen,	and	increased	awareness	of	the
harmful	effects	of	UV	exposure	promises	to	control	the	increase	in	melanoma	incidence.58	Studies	conducted	 in
melanocytes	demonstrated	that	they	continue	to	accumulate	the	cyclobutane	pyrimidine	dimers	in	DNA,	leading
to	the	characteristic	UV-induced	C	to	T	mutations,	for	greater	than	3	hours	after	cessation	of	UVA	light	exposure.
The	 DNA	 damage	 results	 from	 UVA-induced	 reactive	 oxygen	 and	 nitrogen	 species	 and	 is	 dependent	 on	 the
presence	 of	 melanin.	 The	 findings	 have	 important	 implications	 for	 strategies	 to	 prevent	 and	 reverse	 the
carcinogenic	effects	of	UVA	light	exposure	from	the	sun	and	tanning	bed	use.59



Physical	Traits
Several	physical	 traits	have	been	linked	to	 increased	incidence	of	cutaneous	melanoma.	These	 include	blond	or
red	hair,	green	or	blue	eyes,	presence	of	multiple	(>100)	melanocytic	nevi,	and	five	or	more	atypical	nevi.	A	prior
diagnosis	of	melanoma	is	associated	with	an	eightfold	increased	risk	of	developing	a	secondary	melanoma.

Familial	Predisposition
It	has	been	estimated	that	5%	of	melanomas	occur	in	high-risk	families	with	an	autosomal	dominant	inheritance
with	incomplete	penetrance,	but	the	overall	impact	of	these	susceptibility	genes	on	melanoma	risk	is	only	modest
(HR,	 1.1	 to	 2.5).60,61	 The	 most	 frequent	 and	 highest	 penetrance	 melanoma	 susceptibility	 gene	 is	 a	 germline
mutation	in	CDKN2A,	a	tumor	suppressor	gene	that	encodes	for	two	different	proteins,	p16INK4A	and	p14ARF.62
These	proteins	control	cell	cycle	progression	and	apoptosis	and	have	roles	in	correcting	DNA	damage	and	cellular
senescence.	CDKN2A	mutations	have	been	reported	in	approximately	25%	of	melanoma-prone	families,	but	this
frequency	varies	highly	on	 the	 selection	criteria	used	and	 the	 region	of	 the	world	where	 it	 is	 studied.	The	 rare
autosomal	dominant	inherited	familial	atypical	multiple	mole	melanoma-pancreatic	cancer	syndrome	is	associated
with	CDKN2A	 mutations	 and,	 less	 frequently,	 with	BRCA2	mutations.63	 Another	 germline	 mutation	 linked	 to
familial	melanoma	is	cyclin-dependent	kinase	4	(CDK4),	which	has	been	is	linked	to	the	function	of	p16INK4A
and	controls	the	retinoblastoma	pathway.	However,	mutations	in	CDK4	have	been	identified	in	only	17	melanoma
families.60	 A	 germline	 mutation	 in	 microphthalmia-associated	 transcription	 factor	 (MITF	 E318K)	 represents	 a
medium-penetrance	susceptibility	gene	predisposing	to	familial	melanoma	as	well	as	to	sporadic	melanoma	and
renal	cell	carcinoma.64,65	The	E318K	mutation	in	MITF	disrupts	sumoylation	and	enhances	transcription	of	MITF-
responsive	genes.	Other	common	risk	factors	include	dysplastic	nevus	syndrome,	xeroderma	pigmentosum,	and	a
family	 history	 of	 melanoma	 even	 without	 the	 known	 genetic	 traits.	 The	 association	 of	 melanoma	 with	 Li-
Fraumeni	syndrome,	with	germline	mutations	in	p53,	is	currently	unclear.66

Pregnancy	and	Estrogen	Use
Older	 literature	 suggested	anecdotally	 that	 the	 incidence	of	melanoma	was	higher	 in	pregnant	 females	and	 that
they	had	a	particularly	bad	outcome.	However,	multiple	systematic	and	larger	studies	have	shown	no	evidence	of
any	 negative	 (or	 positive)	 impact	 of	 prior,	 concurrent,	 or	 subsequent	 pregnancy	 on	 clinical	 outcome.67,68
Similarly,	 there	is	no	clear	prognostic	relevance	for	birth	control	pills	or	estrogen	replacement	therapy69	and	no
contraindication	 to	use	of	oral	contraceptive	pills	after	a	melanoma	diagnosis.70	The	prior	 sense	of	an	apparent
association	 of	 pregnancy	 and	 melanoma	 may	 be	 due	 to	 melanoma	 being	 the	 second	 most	 frequent	 cancer	 in
females	 of	 childbearing	 age.	 The	 general	 recommendation	 for	 treatment	 of	 women	with	melanoma	 diagnosed
during	pregnancy	is	to	manage	them	in	the	same	fashion	as	patients	who	are	not	pregnant.	Depending	on	the	time
during	pregnancy	at	which	a	melanoma	is	diagnosed,	there	can	be	circumstances	in	which	radiologic	imaging	may
be	limited	because	of	concern	for	the	fetus,	and	major	surgery	may	be	delayed	until	the	fetus	is	at	an	age	when	it
can	 survive	 independently.	However,	 the	excision	of	 a	primary	melanoma	certainly	can	be	done	 in	 almost	 any
circumstance,	under	local	anesthesia.

The	other	related	question	often	asked	by	patients	is	whether	it	is	advisable	to	become	pregnant	and	to	bear	a
child	 after	 treatment	 for	melanoma.	As	 just	 stated,	 there	 is	 no	 evidence	 that	 a	 subsequent	pregnancy	adversely
impacts	outcome.	However,	the	more	interesting	and	challenging	question	is	the	more	personal	or	social	issue	of
the	potential	for	premature	parental	death	due	to	melanoma.	Thus,	it	is	helpful	for	patients	to	understand	their	risk
of	future	recurrence	and	melanoma-related	mortality	because	that	translates	into	the	risk	that	the	child	will	grow
up	losing	a	parent.	Measures	of	the	risk	of	future	disease	progression	can	be	defined	based	on	the	initial	prognosis
and	 the	subsequent	elapsed	 time	without	 recurrence,	and	such	 information	may	help	 to	guide	patients	with	 this
challenging	dilemma.71–73

PREVENTION	AND	SCREENING
Melanomas	 diagnosed	 and	 treated	 during	 the	 RGP	 have	 an	 excellent	 prognosis.	 Thus,	 prevention	 and	 early
diagnosis	can	have	a	great	impact	on	decreasing	melanoma	morbidity	and	mortality.	The	apparent	leveling	off	of
melanoma-related	mortality	 rates	 in	Australia	 and	 the	United	States	 likely	 is	 the	 result	 of	 better	 screening	 and
prevention.
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Sun	Protection
UV	exposure	and	sunburns,	 in	particular,	appear	 to	be	etiologic	 in	most	melanomas.	Thus,	protection	from	UV
light,	especially	in	fair-skinned	individuals,	is	believed	to	have	substantial	benefit	in	preventing	melanoma.

A	 clinical	 trial	 has	 provided	 evidence	 that	 regular	 sunscreen	 use	 helps	 prevent	 melanoma.74	 This	 was	 a
randomized	 trial	 from	March	1992	 to	August	1996	of	1,621	randomly	selected	adult	 residents	of	a	Queensland
township	 in	Australia	with	 an	 initial	 primary	 end	 point	 testing	 the	 prevention	 of	 squamous	 cell	 and	 basal	 cell
carcinomas,	which	the	study	did	demonstrate.75	Prevention	of	the	development	of	melanoma	was	a	prespecified
secondary	end	point.	Participants	were	randomly	assigned	to	either	a	planned	sunscreen	intervention	group	or	a
control	group	using	sunscreen	at	their	discretion.	The	intervention	group	received	broad-spectrum,	sun	protection
factor	(SPF)	16	sunscreen	every	morning	and	was	instructed	to	reapply	the	sunscreen	after	a	long	sun	exposure,
heavy	 sweating,	 or	 bathing.	 After	 a	 10-year	 follow-up,	 regular	 sunscreen	 use	 decreased	 by	 half	 the	 rate	 of
developing	new	melanomas.	This	conclusion	was	based	on	11	participants	in	the	intervention	group	and	22	in	the
control	 group	 being	 newly	 diagnosed	 with	 either	 invasive	 or	 in	 situ	 melanoma	 (P	 =	 .051).	 The	 incidence	 of
invasive	melanoma	decreased	by	73%	 in	 the	 intervention	group	compared	with	 the	 control	 group	 (3	versus	11
patients,	respectively;	P	=	 .045).	Therefore,	 this	study	provides	evidence	that	use	of	sunscreen	can	decrease	the
incidence	of	melanoma	development.

There	are	limitations	inherent	in	sunscreen	use	as	the	primary	means	to	protecting	from	UV	light	damage.	One
is	 that	 certain	 body	 sites	 are	 not	 easily	 covered	 with	 sunscreen,	 such	 as	 the	 scalp.	 More	 important,	 even
“waterproof”	 sunscreens	 wash	 off	 or	 become	 less	 effective	 with	 time.	 Most	 people	 also	 forget	 to	 reapply
sunscreens	 frequently	 enough	 and	may	 still	 get	 burns.	 There	 are	 also	 sociologic	 issues,	 which	may	 differ	 for
different	 populations	 and	 are	 arguable.	 However,	 it	 is	 worth	 considering	 the	 provocative	 findings	 of	 a	 study
performed	 on	 young	 adults	 from	 Western	 Europe,	 who	 were	 randomized	 to	 receive	 either	 SPF10	 or	 SPF30
sunscreen.	 In	 a	 blinded	 fashion,	 they	 were	 asked	 to	 report	 sun	 exposure	 times	 and	 sunburns.	 The	 number	 of
sunburns	was	the	same	in	both	groups,	and	sun	exposure	was	greater	in	the	SPF30	group,	suggesting	that	some
populations	may	 stay	 in	 the	 sun	until	 they	 get	 a	 burn	 and	 that	 sunscreen	 simply	 helps	 them	 to	 stay	 in	 the	 sun
longer.76	The	sun-seeking	behavior	has	been	related	to	an	evolutionary	need	that	favored	UV	exposure	to	make
vitamin	 D	 in	 the	 skin	 in	 populations	 that	 migrated	 to	 areas	 of	 the	 world	 with	 lower	 sun	 exposure.	 In	 mouse
models,	the	exposure	to	UV	light	was	linked	to	increased	production	of	β-endorphins	and	recurrent	seeking	of	UV
exposure.77

It	is	safe	to	say	that	the	best	protection	from	the	sun	is	a	building,	the	next	best	is	protective	clothing,	and	the
third	best	is	sunscreen.	Patients	should	be	advised	to	use	all	three.	Avoiding	midday	sun	from	about	11	a.m.	to	3
p.m.	by	staying	indoors	is	advised	as	well	as	wearing	clothing	with	a	thick	enough	weave	that	it	blocks	sunlight	or
a	formal	SPF	rating,	when	possible.	Hats	are	particularly	helpful	for	 the	face	and	scalp,	which	often	are	highly
exposed	to	sunlight	and	not	so	readily	covered	fully	with	sunscreen.	Otherwise,	sunscreen	can	provide	protection
to	sun-exposed	areas	when	outside.

Screening	for	Early	Diagnosis

Self-examination
For	 many	 patients,	 they,	 their	 spouses,	 or	 other	 family	 members	 may	 be	 able	 to	 screen	 effectively	 for	 new
suspicious	skin	lesions,	and	this	should	be	encouraged.	It	is	more	common	for	women	to	detect	melanomas	than
for	men	to	do	so,	either	for	themselves	or	for	their	partners.	In	any	case,	there	is	value	in	educating	patients	about
how	to	detect	melanomas	if	they	are	at	high	risk.	As	many	as	half	of	melanomas	are	identified	by	the	patient	or
family,78	and	patient	self-examination	has	been	associated	with	diagnosis	of	thinner	melanomas.79	Teaching	aids
for	 patients	 on	 how	 to	 perform	 skin	 self-examination	 are	 available	 from	 the	American	Cancer	Society	 and	 the
American	 Academy	 of	 Dermatology.	 Patients	 with	 melanoma	 or	 at	 high	 risk	 should	 be	 seen	 regularly	 by	 a
dermatologist.	 It	 is	 reasonable	 to	 suggest	 that	 patients	 perform	 skin	 self-examinations	 more	 often	 than	 their
dermatology	visits,	although	there	are	no	proven	guidelines.	Doing	a	self-examination	once	a	month	may	be	the
easiest	for	the	patient	to	remember.

The	 role	 of	 skin	 cancer	 screening	 to	 decrease	 incidence	 and	mortality	 from	 cutaneous	melanoma	 has	 been
prospectively	studied	 in	 the	Schleswig-Holstein	project.80	This	was	an	observational	 study	comparing	 trends	 in
melanoma	mortality	in	a	population-based	skin	cancer	screening	project	conducted	in	the	northern	German	region
of	Schleswig-Holstein,	compared	to	neighboring	regions	in	Germany	and	Denmark	where	no	such	screening	was
conducted.	From	July	1,	2003,	to	June	30,	2004,	360,288	individuals	aged	20	years	were	screened	by	whole-body



examination.	They	reported	that	mortality	in	Schleswig-Holstein	melanoma	declined	by	48%	when	analyzed	using
log-linear	 regression	 to	 assess	mortality	 trends.	No	 such	 change	 in	melanoma	mortality	 rates	was	 noted	 in	 the
studied	 adjacent	 regions.	This	 study	provides	 strong	 evidence	 that	 skin	 cancer	 screening	programs	may	 reduce
melanoma	mortality.80

Management	of	the	Patient	with	Numerous	Atypical	Moles
Some	 patients	 have	 numerous	 atypical	 moles.	 This	 presentation	 is	 commonly	 described	 as	 atypical	 mole
syndrome,	 dysplastic	 nevus	 syndrome,	 or	 B-K	 mole	 syndrome.81	 These	 patients	 have	 a	 heightened	 risk	 of
melanoma,	and	this	is	commonly	a	familial	feature.	When	associated	with	a	family	history	of	melanoma,	patients
with	 dysplastic	 nevus	 syndrome	 have	 a	 risk	 of	 melanoma	 that	 may	 approach	 100%.	 These	 patients	 deserve
particular	 attention	 to	 melanoma	 prevention	 through	 sun	 protection	 and	 to	 early	 diagnosis	 through	 aggressive
screening.	However,	the	optimal	approach	for	screening	is	not	defined.	At	a	minimum,	routine	skin	examinations
by	a	dermatologist	are	usually	recommended,	as	often	as	every	3	months.	Visual	inspection	of	the	atypical	nevi
may	be	augmented	by	routine	digital	photography	to	facilitate	detection	of	subtle	changes	in	radial	growth	or	other
changes	over	 time.	Although	 these	approaches	commonly	permit	 identification	of	melanomas	when	 they	are	 in
situ	or	 thin,	 it	 is	not	known	whether	 they	 improve	survival.	 In	addition,	concern	 remains	 that	visual	 inspection
alone,	 even	 for	 very	 experienced	 dermatologists,	 is	 inadequate	 to	 diagnose	 all	 melanomas	 when	 they	 are	 still
curable.	Thus,	substantial	effort	is	in	progress	to	develop	more	sensitive	and	specific	diagnostic	tools	than	visual
inspection	 alone.	 One	 that	 is	 used	 routinely	 in	 many	 practices	 is	 dermoscopy,	 also	 known	 as	 epiluminescent
microscopy.	 This	 involves	 use	 of	 a	 handheld	 microscope	 at	 the	 bedside	 to	 examine	 skin	 lesions	 in	 an	 oil
immersion	setting.	This	appears	to	improve	diagnostic	accuracy	in	experienced	hands,	and	increasing	experience
has	made	its	use	more	feasible	in	general	practice,	especially	with	considerations	for	standardization.82,83	When
coupled	with	the	use	of	a	digital	camera,	 the	images	can	be	stored	and	compared	over	 time	as	well.	Computer-
assisted	digital	analysis	of	these	images	is	also	being	studied	but	remains	investigational.

Evaluation	and	management	of	patients	with	dysplastic	nevus	syndrome	are	complicated	by	the	fact	that	few
dysplastic	 nevi	 will	 develop	 into	 melanoma.	 Estimates	 range	 from	 a	 risk	 of	 1	 per	 1,000	 nevi	 examined	 in	 a
pigmented	 lesion	 clinic	 being	 melanoma	 to	 1	 per	 10,000	 nevi	 becoming	 melanoma	 per	 year.82,83
Recommendations	 for	management	of	dysplastic	nevi	 include	 those	 from	 the	Melanoma	Working	Group	 in	 the
Netherlands	and	those	from	the	National	Institutes	of	Health	Consensus	Conference.84

It	is	tempting	to	consider	excision	of	all	dysplastic	nevi.	Although	that	remains	an	option,	there	is	no	proof	that
this	will	decrease	risk.	Melanomas	may	arise	de	novo	in	30%	to	70%	of	cases,	and	so	it	is	not	clear	that	removal
of	all	suspicious	nevi	will	lead	to	a	meaningful	improvement	in	survival.	However,	it	is	certainly	appropriate	to
biopsy	any	nevus	that	is	suspicious,	especially	one	that	is	changing.

Testing	for	Genomic	Changes	in	Melanoma
Understanding	 the	 genetic	 makeup	 of	 melanoma	 has	 become	 one	 of	 the	 cornerstones	 of	 advances	 in	 the
management	of	advanced	disease	and	may	have	an	increasing	role	in	the	management	of	earlier	stage	melanoma.
Genetic	 analyses	 can	 be	 focused	 on	 driver	 oncogenic	 events	 or	 can	 provide	 a	 broader	 understanding	 of	 the
genomic	aberrations	in	the	cancer.	Their	study	has	become	a	standard-of-care	practice	in	melanoma.

Commercially	available	tests	identifying	the	BRAF	V600E/K	mutation	have	been	approved	by	the	U.S.	Food
and	Drug	Administration	(FDA)	and	other	regulatory	bodies	as	companion	diagnostics	for	the	use	of	novel	BRAF
and	MEK	inhibitors.	These	assays	are	frequently	based	on	specific	PCR	probes	labeled	with	fluorescent	tags	that
bind	 to	 wild-type	 and	 V600E	 or	 V600K	mutant	BRAF	 sequences.	 These	 assays	 are	 performed	 in	 sections	 of
formalin-fixed,	 paraffin-embedded	 tissue	 blocks	 routinely	 used	 for	 pathologic	 analyses.	As	with	 all	 techniques
used	to	detect	somatic	mutations,	they	are	limited	by	the	amount	of	mutant	sequence	in	the	initial	sample	as	well
as	DNA	integrity	in	the	sample	and	their	ability	to	detect	non-V600E	BRAF	mutations	because	the	primers	used
are	usually	restricted	to	this	particular	BRAF	mutation.

The	new	massively	parallel	sequencing	techniques	have	become	the	most	frequently	used	means	to	test	for	the
panel	of	significantly	mutated	genes	in	melanoma	or	to	generate	whole-exome	sequencing	data.	They	enable	the
sequencing	of	exomes	and	entire	genomes	of	tumor	samples	(compared	to	normal	DNA	from	the	same	patient),
with	the	simultaneous	sequencing	of	a	large	number	of	genes	and	determination	of	mutations,	genetic	alterations,
and	copy	number	changes.	The	price	and	complexity	of	 this	 type	of	analysis	have	 rapidly	 improved,	making	 it
feasible	to	use	beyond	research	studies.	Limited	panels	performing	next-generation	sequencing	in	what	have	been
called	“actionable”	genes	have	been	implemented	for	clinical	use.	These	provide	information	based	on	sequencing
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data	of	200	or	so	genes	for	which	the	available	literature	suggests	that	they	could	provide	information	that	may	be
interpretable	to	decide	on	treatment	options,	in	particular	in	terms	of	clinical	trial	participation	with	new	targeted
agents.85

A	clinically	applicable	approach	to	genetic	testing	of	melanomas	is	first	performing	a	targeted	testing	for	the
mutation	 status	 of	 BRAF,	 NRAS,	 and	 KIT	 in	 cutaneous	 and	 mucosal	 melanoma	 samples	 before	 pursuing
alternative	 mutation	 interrogation	 with	 higher	 throughput	 approaches.	 Next-generation	 sequencing	 may	 be
applicable	 in	 situations	 where	 known	 mutations	 are	 not	 identified	 and	 the	 identification	 of	 additional	 genetic
mutations	is	needed.

DIAGNOSIS	OF	PRIMARY	MELANOMA
Characteristics	of	Primary	Melanoma
The	classic	appearance	of	primary	cutaneous	melanoma	is	summarized	by	the	mnemonic	ABCD	for	asymmetry,
border	 irregularity,	 color	 variation,	 and	 diameter	 >6	 mm	 (see	 Fig.	 92.3).	 Because	 melanomas	 arise	 from
melanocytes,	 which	 contain	 the	 melanin-synthetic	 pathway,	 melanomas	 classically	 are	 distinguished	 by	 their
pigmentation.	Melanomas	may	have	shades	of	brown,	black,	blue,	red,	and	white.	However,	there	is	a	wide	range
in	 the	appearance	of	melanomas.	Some	melanomas	are	pitch	black.	Others	are	shades	of	brown.	Some	have	no
visible	 pigment	 and	 appear	 skin	 colored.	 Still	 others	 have	 a	 red	 color	 only.	When	melanomas	 have	 all	 of	 the
classic	ABCD	features,	 they	are	 typically	easy	to	diagnose.	However,	 those	melanomas	that	 lack	some	of	 these
features	can	be	difficult	to	diagnose.	In	addition,	in	patients	with	large	numbers	of	atypical	nevi,	which	may	also
have	ABCD	features,	 this	mnemonic	 is	often	 inadequate	 to	aid	 in	early	diagnosis.	The	other	 important	findings
that	may	aid	 in	early	diagnosis	are	a	change	 in	a	 lesion	over	 time	or	new	development	of	a	 skin	 lesion.	These
warrant	 evaluation,	 and	 in	 high-risk	 patients,	 there	 should	 be	 a	 low	 threshold	 for	 biopsy.	 In	 addition,	 some
dermatologists	 recommend	considering	 the	“ugly	duckling”	 sign:	A	 lesion	 that	 stands	out	 as	different	 from	 the
patient’s	other	nevi	should	be	evaluated	and	possibly	biopsied.86	This	can	be	particularly	helpful	in	a	patient	with
a	 large	 number	 of	 clinically	 atypical	 nevi.	 Both	 of	 these	 approaches	 may	 help	 to	 identify	 amelanotic
(nonpigmented)	melanomas,	which	 often	 do	 not	meet	 the	ABCD	 criteria.	 Some	melanomas	 are	 not	 diagnosed
until	 they	 become	 symptomatic,	 and	 although	 awareness	 of	 the	 symptoms	 of	 bleeding,	 itching,	 pain,	 and
ulceration	are	worth	noting,	these	usually	connote	deep	vertical	growth	and	are	hallmarks	of	a	late	diagnosis,	not
an	early	one.

Biopsy
Biopsy	of	a	suspicious	skin	lesion	is	necessary	for	an	accurate	diagnosis	and	for	optimal	staging.	The	best	way	to
perform	such	a	biopsy	is	to	make	a	full-thickness	biopsy	of	the	entire	lesion,	with	a	narrow	(1	to	2	mm)	margin	of
grossly	normal	skin.	The	depth	of	excision	should	include	the	full	thickness	of	dermis	and	thus	should	extend	into
the	subcutaneous	tissue,	but	it	does	not	need	to	include	all	of	the	subcutaneous	tissue	except	in	very	thin	patients
or	 patients	with	very	 thick	polypoid	 lesions	 that	may	go	deep	 into	 the	 subcutis.	This	 allows	 assessment	of	 the
architecture	of	 the	 lesion,	which	 is	 critical	 for	differentiation	of	melanoma	 from	Spitz	nevus,	 and	 it	permits	 an
accurate	 measure	 of	 tumor	 thickness,	 which	 is	 critical	 for	 prognosis	 and	 affects	 the	 surgical	 treatment
recommendations.	Of	 importance,	 desmoplastic	melanoma	often	 arises	 from	LMM	and	 is	 difficult	 to	 diagnose
both	clinically	and	histologically.	Thin	shave	biopsies	of	these	lesions	can	often	lead	to	failure	to	appreciate	the
desmoplastic	melanoma	in	the	dermis	and	may	substantially	delay	diagnosis.

Both	 the	 American	 Academy	 of	 Dermatology	 and	 the	 National	 Comprehensive	 Cancer	 Network	 (NCCN)
recommend	 narrow	 excision	 for	 biopsy	 of	 suspected	 melanomas;	 however,	 35%	 of	 U.S.	 dermatologists	 favor
shave	biopsy,	12%	favor	scoop	or	saucerization	biopsy,	and	11%	favor	punch	biopsy,	with	only	31%	favoring	the
recommended	excisional	biopsy.87	Outcomes	of	patients	who	received	shave	biopsy	have	been	compared	to	those
of	 patients	 with	 excisional	 biopsies.	 Tumor	 depth	 was	 upstaged	 in	 only	 3%,	 with	 altered	 treatment
recommendations	in	2%.88	However,	shave	biopsy	and	punch	biopsy	of	melanomas	of	the	head	and	neck	are	more
likely	to	lead	to	positive	margins	on	the	wide	excision	and	to	reoperation.89	Shave	biopsies	are	simpler	to	perform
and	are	often	used,	they	but	leave	unanswered	questions	about	tumor	depth	that	complicate	management	in	some
patients.

For	some	large	lesions	(e.g.,	>2	cm	diameter)	in	cosmetically	sensitive	locations	(e.g.,	face	or	genitalia),	there
may	be	 a	 rationale	 for	 an	 incisional	 biopsy,	 but	 that	 also	 should	 be	 performed	 as	 a	 full-thickness	 skin	 biopsy.



Ideally,	it	should	include	the	most	suspicious	area	of	the	lesion	and	also	should	include,	if	possible,	a	portion	of
the	 edge	 of	 the	 lesion	where	 it	 transitions	 to	 normal	 skin	 to	 enable	 assessment	 of	 the	 junctional	 change.	 The
incisional	 biopsy	may	be	 an	 elliptical	 incision,	 or	 it	may	be	 a	 full-thickness,	 4-	 to	6-mm	punch	biopsy.	Punch
biopsies	are	problematic	if	too	small,	if	they	do	not	include	full-thickness	skin,	if	they	are	crushed	during	removal,
if	they	are	oriented	inaccurately	in	the	paraffin	block,	or	if	they	are	too	small	to	include	both	the	edge	of	the	lesion
and	the	most	suspicious	or	most	raised	part	of	the	lesion.

Orientation	of	the	incision	used	for	an	excisional	biopsy	should	be	considered	in	the	context	of	the	prospect	for
the	 future	 need	 for	 a	wider	 reexcision.	On	 extremities,	 the	 incision	 and	 scar	 should	 be	 oriented	 longitudinally
rather	than	transversely,	although	some	exceptions	may	be	considered	near	joints	to	avoid	crossing	a	joint.	When
in	doubt	about	the	optimal	orientation,	it	is	very	reasonable	to	perform	the	excisional	biopsy	as	a	simple	circular
excision,	leaving	the	wound	open	for	secondary	or	delayed	primary	closure.

Biopsy	 of	 subungual	 lesions	 is	more	 challenging.	 The	 pigmentary	 changes	 seen	 in	 patients	with	 subungual
melanoma	usually	extend	along	the	length	of	the	nail,	but	the	lesions	usually	arise	at	the	proximal	end	of	the	nail
bed.	Access	to	that	location	often	requires	removal	of	all	or	a	large	part	of	the	nail.	One	or	more	punch	biopsies	of
the	base	of	 the	nail	bed	often	constitute	 the	most	realistic	method	for	obtaining	a	biopsy	of	such	lesions,	and	it
may	need	to	be	repeated	to	be	diagnostic.	A	punch	biopsy	tool	can	remove	a	circle	of	the	nail,	providing	access	to
the	nail	bed	for	punch	biopsy	of	the	suspicious	area.

Melanoma	Subtypes:	Histologic	Growth	Patterns
Classically,	 four	 main	 histologic	 growth	 patterns	 are	 described	 for	 melanomas,	 but	 two	 others	 are	 also	 worth
mentioning.

Superficial	Spreading	Melanoma
The	most	common	type	is	superficial	spreading	melanoma,	which	accounts	for	about	70%	of	primary	cutaneous
melanomas	(see	Fig.	92.3C).	It	is	typical	for	the	trunk	and	extremities,	except	on	acral	sites.	It	is	associated	with
pagetoid	 growth	 of	 atypical	 melanocytes	 in	 the	 epidermis.	 Superficial	 spreading	 melanoma	 is	 commonly
associated	with	sun	exposure.

Nodular	Melanoma
Nodular	melanomas	 lack	 an	RGP,	may	 be	 nonpigmented,	 and	 commonly	 are	 diagnosed	when	 relatively	 thick.
Thus,	 these	 carry	 the	 worst	 prognosis	 of	 the	 various	 subtypes	 of	 melanoma.	 They	 account	 for	 about	 20%	 of
cutaneous	melanomas.	By	definition,	nodular	melanomas	are	in	VGP	when	recognized.

Acral	Lentiginous	Melanoma
ALMs	account	for	<5%	of	melanomas.90	They	are	typically	found	on	acral	sites	(subungual,	palmar,	plantar)	and
on	mucosal	surfaces	(anorectal,	nasopharyngeal,	female	genital	tract).	ALM	occurs	across	all	races	and	ethnicities.
Its	etiology	 is	 likely	 independent	of	UV	light	exposure.	Because	other	cutaneous	melanomas	are	uncommon	 in
African,	 Asian,	 and	 Hispanic	 populations,	 ALMs	 on	 acral	 sites	 are	 proportionately	 more	 common	 in	 these
populations	 than	 in	 fair-skinned	 whites.	 ALM	 is	 typically	 associated	 with	 a	 prolonged	 RGP	 before	 vertical
growth;	however,	its	locations	make	it	harder	to	diagnose	than	other	forms	of	melanoma.	Subungual	lesions	can
be	detected	by	linear	pigment	streaks	arising	from	the	base	of	the	nail,	but	these	are	not	always	evident.	They	can
be	confused	with	subungual	hematomas,	which	can	lead	to	diagnostic	delay.	When	there	is	a	question	of	whether
a	pigmented	subungual	lesion	may	be	melanoma	or	a	hematoma,	the	location	of	the	pigment	can	be	marked	and
then	followed	over	a	short	interval	(e.g.,	3	weeks),	during	which	time	a	hematoma	should	move	toward	the	end	of
the	nail,	but	a	melanoma	should	not.

Subungual	melanomas	can	also	present	with	breakage	of	 the	nail	or	a	nonpigmented	 thickening	or	drainage,
and	these	are	often	confused	with	chronic	fungal	infections.	Any	concerning	pigmented	subungual	lesion	should
be	biopsied,	but	it	 is	sometimes	challenging	and	requires	splitting	or	removing	part	of	 the	nail.	A	punch	biopsy
near	 the	 nail	 bed	matrix	 is	 often	 appropriate.	 In	 addition,	 when	 there	 is	 spontaneous	 chronic	 inflammation	 or
breakage	of	the	nail,	biopsy	for	melanoma	should	be	considered,	even	in	the	absence	of	pigmentation.

Lentigo	Maligna	Melanoma
LMMs	 typically	occur	 in	older	 individuals,	 in	chronically	 sun-damaged	skin,	and	commonly	on	 the	 face.	They



Dr. AVR @ TMH

tend	to	have	shades	of	brown	or	black,	whereas	the	red	and	blue	colors	seen	in	other	melanomas	are	not	typical	of
LMM.	They	may	also	develop	areas	of	 regression	manifested	by	depigmentation	of	part	of	 the	 lesion.	Overall,
LMMs	 account	 for	 about	 10%	 to	 20%	 of	 melanomas	 in	 the	 National	 Cancer	 Database	 experience,1	 47%	 of
melanomas	of	the	head	and	neck,	and	only	2%	of	melanomas	of	other	regions.90	LMMs	usually	have	an	extensive
RGP	that	extends	for	many	years	before	developing	invasion.	When	melanoma	is	just	in	situ,	this	RGP	portion	is
called	lentigo	maligna	or	Hutchinson	freckle,	as	opposed	to	LMM.	These	are	not	to	be	confused	with	the	benign
pigmented	macule,	lentigo.	Lentigo	malignas	evolve	a	VGP	to	become	invasive	LMMs	at	a	rate	estimated	to	be
between	 5%	 and	 33%.91	 LMMs	 are	 commonly	 diagnosed	 as	 thin	 lesions.	 However,	 more	 substantial	 vertical
growth	can	occur,	as	seen	in	Figure	92.3A.

Lentiginous	Melanoma
Early	RGP	melanomas	sometimes	are	difficult	to	classify	into	the	typical	patterns	of	lentigo	maligna,	superficial
spreading	melanoma,	 or	ALM.	A	 report	 defined	 a	 distinct	 entity	 of	 lentiginous	melanoma.	 Its	 features	 include
diameter	≥1	cm,	elongated	and	irregular	rete	ridges,	confluent	melanocytic	nests	and	single	cells	over	a	broad	area
of	 the	 dermal/epidermal	 junction,	 focal	 pagetoid	 spread,	 cytologic	 atypia,	 and	 possible	 focal	 dermal	 fibrosis.92
Over	 time,	 this	 may	 represent	 a	 growing	 proportion	 of	 melanomas	 that	 have	 traditionally	 been	 grouped	 as
superficial	spreading	melanoma,	lentigo	maligna,	ALM,	or	unclassified	melanomas.

Desmoplastic	Melanoma
Desmoplastic	melanoma	is	an	uncommon	form	of	melanoma,	histologically	manifest	by	a	superficial	lentiginous
proliferation	of	melanocytes	at	the	base	of	the	epidermis,	spindled	melanocytes	in	dense	desmoplastic	stroma,	and
intratumoral	 aggregates	 of	 lymphocytes.	 These	 lesions	 are	 usually	 nonpigmented	 and	 usually	 have	 lost	 the
melanin	production	pathway.	They	usually	stain	negative	for	MART-1/MelanA,	gp100,	and	tyrosinase,	but	they
do	 stain	 for	 S100.	 The	 lack	 of	 pigmentation	 and	 the	 dense	 stromal	 response	 often	 interfere	 with	 clinical	 and
histologic	 diagnosis.	 It	 occurs	 most	 commonly	 in	 the	 head	 and	 neck,	 but	 it	 may	 occur	 in	 other	 body	 sites.93
Desmoplastic	melanoma	may	 appear	 de	 novo	 as	 a	 nonpigmented	 skin	 papule	 or	 as	 a	 dermal/VGP	 component
arising	 from	a	preexisting	 lentigo	maligna	or	 other	 pigmented	 junctional	 lesion.	Desmoplastic	melanomas	may
have	neurotropic	features	and	have	been	associated	with	a	high	rate	of	local	recurrence.94	However,	recent	reports
suggest	that	if	adequate	margins	are	taken,	the	risk	of	local	recurrence	is	low.

The	overall	mortality	risk	for	desmoplastic	melanomas	is	comparable	to	that	of	other	invasive	melanomas	of
similar	 depth	 of	 invasion.95	 Multiple	 studies	 support	 the	 contention	 that	 desmoplastic	 melanomas	 have	 a
significantly	lower	risk	of	nodal	metastases	than	other	melanomas,96–100	with	only	1.4%	sentinel	node	positivity
among	155	patients	with	pure	desmoplastic	melanoma,	compared	with	18.5%	in	those	with	mixed	desmoplastic
melanoma.95,96,99,100	 Another	 study	 found	 that	 the	 rate	 of	 sentinel	 node	 positivity	 was	 higher	 for	 mixed
desmoplastic	melanomas	(25%)	than	for	pure	desmoplastic	melanomas	(9%),	but	that	rates	were	high	enough	to
justify	sentinel	node	biopsy	(SNBx)	for	both	subtypes.100	Thus,	there	has	been	a	debate	about	whether	to	abandon
histologic	 staging	 of	 regional	 nodes	 in	 patients	 with	 desmoplastic	 melanoma.97	 Current	 guidelines	 do	 not
recommend	abandoning	SNBx	for	all	patients	with	pure	desmoplastic	melanomas	but	do	leave	the	decision	up	to
the	treating	surgeon.	It	may	be	appropriate	to	consider	a	higher	threshold	for	performing	SNBx	in	patients	with
pure	desmoplastic	melanoma,	but	consensus	has	not	been	reached	on	this	question.101

Metastatic	 desmoplastic	 melanomas	 may	 have	 a	 high	 response	 rate	 to	 programmed	 cell	 death	 1	 (PD-
1)/programmed	death	 ligand	1	 (PD-L1)	 antibody	 immune	 therapy.	A	 retrospective	 analysis	 of	 60	patients	with
locally	advanced	or	distant	metastatic	disease	from	a	primary	pure	or	mixed	desmoplastic	melanoma	revealed	an
overall	 objective	 response	 rate	 of	 70%	 (95%	CI,	 57%	 to	 81%),	 including	 19	 patients	 (32%)	 with	 a	 complete
response,	when	 treated	with	antibodies	 to	PD-1	(n	=	54),	PD-L1	(n	=	3),	or	PD-1	plus	cytotoxic	T-lymphocyte
antigen	4	(CTLA-4)	(n	=	3).	The	results	suggest	that	desmoplastic	melanoma	may	be	highly	sensitive	to	PD-1/PD-
L1	blockade	and	warrant	study	of	these	agents	as	surgical	adjuvant	therapy	for	high-risk	lesions	(e.g.,	those	with
neurotropic	features).102

Prognostic	Factors	for	Primary	Melanomas
The	 best	 predictor	 of	 metastatic	 risk	 is	 the	 depth	 of	 invasion,	 measured	 with	 an	 ocular	 micrometer,	 from	 the
granular	 layer	 of	 the	 skin	 to	 the	 base	 of	 the	 primary	 lesion.	 This	was	 originally	 described	 by	 Breslow103	 and
remains	an	important	factor	in	staging	and	prognostic	stratification.	However,	many	other	histologic	and	clinical



features	 have	 relevance	 for	 estimating	 the	 risk	 of	 future	 metastasis	 and	 mortality.	 These	 include	 age,
angiolymphatic	invasion,	mitotic	rate,	sex,	and	body	site.

Depth	of	Invasion
Breslow	thickness	is	the	depth	of	invasion	measured	from	the	granular	layer	of	the	epidermis	to	the	base	of	the
lesion.	Melanoma	cells	involving	adnexal	structures	are	considered	junctional	and	are	not	included	in	the	Breslow
depth.	The	current	melanoma	staging	system	of	the	American	Joint	Committee	on	Cancer	(AJCC)	identifies	tumor
(T)	stage	based	on	Breslow	thickness	such	that	T1	lesions	are	≤1	mm	thick,	T2	lesions	are	1.1	to	2	mm	thick,	T3
lesions	are	2.1	to	4	mm	thick,	and	T4	lesions	are	>4	mm	thick.104

Clark	 et	 al.105	 defined	 depth	 based	 on	 the	 layer	 of	 skin	 to	which	 the	melanoma	 has	 invaded.	 Clark	 level	 I
melanomas	 are	 melanomas	 in	 situ,	 limited	 to	 the	 epidermis	 or	 dermal/epidermal	 junction.	 Clark	 level	 II
melanomas	 invade	 into	 the	 superficial	 (papillary)	 dermis,	 and	 these	 are	 usually	 RGP	 lesions.	 Clark	 level	 III
melanomas	fill	the	papillary	dermis.	Clark	level	IV	melanomas	invade	into	the	deep	(reticular)	dermis	and	have
significant	metastatic	risk.	Clark	level	V	melanomas	are	uncommon	and	contain	invasion	into	the	subcutaneous
fat.

It	has	become	apparent	 that	Clark	 level	does	not	add	much	additional	prognostic	value	 to	Breslow	thickness
and	was	removed	from	the	seventh	and	eighth	versions	of	the	AJCC	staging	system.104	Breslow	thickness	has	an
effect	on	survival	and	local,	regional,	and	systemic	recurrence	rates,	and	the	association	is	continuous,	without	any
apparent	 breakpoints.	 Although	 the	 staging	 system	 requires	 categorization	 of	 thickness	 ranges,	 the	 continuous
nature	of	the	risk	association	should	be	kept	in	mind.	Thickness	is	considered	in	defining	the	margins	of	excision
for	primary	melanomas.106,107

Ulceration
Ulceration	 of	 the	 primary	 lesion	 has	 been	 identified	 as	 an	 important	 negative	 prognostic	 feature106	 and	 is
incorporated	 in	 the	 current	 staging	 system	such	 that	T1a,	T2a,	T3a,	 and	T4a	melanomas	 are	nonulcerated,	 and
T1b,	T2b,	T3b,	 and	T4b	melanomas	 are	 ulcerated.	 In	 an	 analysis	 of	 prognostic	 features	 in	 a	 large	multicenter
database,	the	prognosis	of	an	ulcerated	lesion	was	comparable	to	that	of	a	nonulcerated	lesion	one	T	level	higher.
Thus,	the	overall	stage	assignment	groups	ulcerated	lesions	with	nonulcerated	lesions	one	T	level	higher	(e.g.,	T2b
and	T3a	are	both	stage	IIA).	The	staging	system	is	summarized	in	Tables	92.1and	92.2	and	is	described	in	detail
elsewhere.104

Patient	Sex	and	Skin	Location	of	Primary	Melanoma
The	incidence	of	melanoma	is	higher	for	men	than	women	overall,	but	in	adolescents	and	young	adults,	it	is	more
common	in	women.45	Furthermore,	for	essentially	all	patient	subgroups,	 the	prognosis	 is	better	for	women	than
men.	Thus,	among	patients	with	stage	III	and	IV	melanoma,	men	outnumber	women	approximately	1.5:1.	Women
are	more	 likely	 to	have	melanomas	on	the	extremities,	whereas	men	are	more	 likely	 to	have	melanomas	on	 the
trunk	and	head	and	neck.	The	clinical	outcome	for	patients	with	melanomas	on	extremities	is	better	than	that	for
patients	with	 truncal	or	head	and	neck	melanomas;	 thus,	 the	prognostic	 impact	of	 sex	 is	difficult	 to	distinguish
from	the	impact	of	tumor	location.	There	may	still	be,	however,	a	prognostic	benefit	for	female	sex	independent	of
tumor	location.106,108	In	addition,	 location	of	tumors	has	prognostic	relevance	in	that	head	and	neck	melanomas
have	poorer	prognosis	 than	trunk	or	extremity	melanomas,	and	melanomas	on	acral	sites	have	poorer	prognosis
than	 other	 extremity	 melanomas.108,109	 A	 particular	 location	 associated	 with	 poor	 prognosis	 is	 the	 mucosal
melanoma.	Anorectal,	 female	genital,	and	head	and	neck	melanomas	of	mucosal	origin	have	a	mortality	risk	of
68%	to	89%	over	5	years.1,109,110

TABLE	92.1
Cutaneous	Melanoma	Tumor-Node-Metastasis	Classification

T
Classification Thickness

Ulceration	Status,	Thickness
Detail

TX Thickness	cannot	be	assessed

T0 No	evidence	of	primary	tumor	(e.g.,	unknown	or	regressed	primary)



Dr. AVR @ TMH

Tis Melanoma	in	situ 	

T1 ≤1.0	mm a:	<0.8	mma	without	ulceration

b:	ulcerated	or	0.8a–1.0	mm

T2 1.1–2.0	mm a:	Without	ulceration

b:	With	ulceration

T3 2.1–4.0	mm a:	Without	ulceration

b:	With	ulceration

T4 >4.0	mm a:	Without	ulceration

b:	With	ulceration

N
Classification No.	and	Size	of	Metastatic	Nodes In-Transit/Satellite	Metastases
NX Regional	nodes	not	assessed:	except	for	T1,	use	cN

N0 None None

N1 a 1	clinically	occult	node None

b 1	clinically	detected	node None

c None Yes

N2 a 2–3	clinically	occult	nodes None

b 2–3	nodes,	with	≥1	clinically	detected None

c 1	node	(clinically	occult	or	clinically	detected) Yes

N3 a 4	or	more	clinically	occult	nodes None

b 4	nodes,	with	≥1	clinically	detected;	or	any	matted	nodes None

c 2	or	more	nodes	(clinically	occult	or	clinically	detected)	and/or	matted
nodes

Yes

M
Classification Site Serum	Lactate	Dehydrogenase
M0 No	evidence	of	distant	metastasis

M1a Distant	skin,	subcutaneous,	soft	tissue	(including	muscle),	or	nodal
metastases

(0)	Not	elevated

(1)	Elevated

M1b Lung	metastases (0)	Not	elevated

(1)	Elevated

M1c Other	non-CNS	visceral	metastases (0)	Not	elevated

(1)	Elevated

M1d CNS	metastasis (0)	Not	elevated

(1)	Elevated
aBreslow	thickness	to	be	rounded	to	first	decimal	place:	0.75	to	0.79	is	rounded	to	0.8.
CNS,	central	nervous	system.
Modified	from	Gershenwald	JE,	Scolyer	RA,	Hess	KR,	et	al.	Melanoma	of	the	skin.	In:	Amin	MB,	Edge	SB,	Greene	FL,	et	al.,	eds.
AJCC	Cancer	Staging	Manual.	8th	ed.	New	York:	Springer	International	Publishing;	2017:563–585.

TABLE	92.2
Stage	Groupings	for	Cutaneous	Melanoma

Stage Clinical	Staginga Pathologic	Stagingb

	 T N M T N M
0 Tis N0 M0 Tis N0 M0

IA T1a N0 M0 T1a N0 M0

IB T1b N0 M0 T1b N0 M0

	 T2a N0 M0 T2a N0 M0

IIA T2b N0 M0 T2b N0 M0

	 T3a N0 M0 T3a N0 M0

IIB T3b N0 M0 T3b N0 M0



	 T4a N0 M0 T4a N0 M0

IIC T4b N0 M0 T4b N0 M0

IIIc Any	T N1–3 M0 	 	 	

IIIA 	 	 	 T1a/1b/2a N1a/2a M0

IIIB 	 	 	 T0 N1b/1c M0

T1a/1b/2a N1b/1c/2b M0

T2b/3a N1a/1b/2a/2b M0

IIIC 	 	 	 T0 N2b/2c/3b/3c M0

T1a/1b/2a/2b/3a N2c/N3 M0

T3b/4a N1–3 M0

T4b N1–2 M0

IIID 	 	 	 T4b N3 M0

IV Any	T Any	N Any	M1 Any	T Any	N M1
aClinical	staging	includes	microstaging	of	the	primary	melanoma	and	clinical/radiologic	evaluation	for	metastases.	By	convention,	it
should	be	used	after	complete	excision	of	the	primary	melanoma	with	clinical	assessment	for	regional	and	distant	metastases.
bPathologic	staging	includes	microstaging	of	the	primary	melanoma	and	pathologic	information	about	the	regional	lymph	nodes	after
partial	 or	 complete	 lymphadenectomy.	Pathology	stage	0	or	 stage	1A	patients	are	 the	exception;	 they	do	not	 require	pathologic
evaluation	of	their	lymph	nodes.
cThere	are	no	stage	III	subgroups	for	clinical	staging.
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Patient	Age
The	impact	of	age	on	prognosis	is	confusing.	There	is	a	greater	risk	of	lymph	node	metastasis	in	young	patients	at
the	time	of	SNBx,111	especially	for	patients	younger	than	age	35	years,	but	the	melanoma-associated	mortality	risk
increases	with	age	for	all	thickness	ranges.1,106	This	paradox	has	not	been	explained.	It	suggests	a	possible	age-
specific	curative	potential	 for	patients	with	micrometastatic	nodal	disease.	Alternatively,	 it	 is	worth	considering
that	the	attribution	of	mortality	to	melanoma	progression	is	not	always	straightforward.	Older	patients	have	other
competing	causes	for	death	that	could	lead	to	earlier	mortality	in	the	presence	of	metastatic	disease.	Nonetheless,
age	does	appear	to	have	independent	prognostic	significance	for	patients	with	melanoma.

Growth	Pattern
Overall,	nodular	melanomas	have	 the	worst	prognosis,	associated	with	 their	diagnosis	at	a	 thicker	stage.	Lesser
risk	 is	 associated	 with	 ALM,	 superficial	 spreading	 melanoma,	 and	 LMM,	 in	 that	 order,	 all	 associated	 with
decreasing	average	Breslow	thickness.	Generally,	the	histologic	growth	pattern	of	melanoma	has	little	prognostic
relevance	when	Breslow	 thickness	 is	 taken	 into	account.	The	VGP	component	appears	 to	be	 the	component	of
melanoma	 that	 determines	metastatic	 risk,	 and	 these	VGP	 components	 are	 similar,	 independent	 of	 the	 growth
phase	in	the	RGP	component.	LMMs	are	a	possible	exception,	in	that	they	appear	to	have	a	better	prognosis	than
other	histologic	types,	independent	of	thickness.	Desmoplastic	melanoma,	superficial	spreading	melanoma,	LMM,
and	ALM	have	comparable	prognosis,	for	distant	metastases	and	survival,	when	stratified	by	thickness.96,111

Mitotic	Rate
It	 is	 reasonable	 to	 expect	 that	 the	 growth	 rate	 of	 melanomas	 is	 linked	 to	 the	 rate	 of	 tumor	 cell	 division.
Accordingly,	mitotic	rate	in	the	dermal	component	has	been	identified	as	a	negative	prognostic	feature,	especially
with	six	or	more	mitoses	per	square	millimeter.111,112	Similarly,	dermal	expression	of	Ki-67,	a	molecular	marker
of	proliferation,	is	associated	with	greater	risk	of	metastasis.113	For	thin	melanomas,	the	presence	of	any	mitotic
figures	 has	 been	 associated	with	metastatic	 risk,	whereas	 the	 absence	 of	 dermal	mitoses	 is	 associated	with	 an
excellent	 prognosis.114	 The	 AJCC	 seventh	 edition	 staging	 system	 incorporated	 mitotic	 rate	 of	 ≥1	 per	 square
millimeter	in	differentiating	low-risk	thin	melanomas	(T1a)	from	higher	risk	thin	melanomas	(T1b),	and	data	used
to	 define	 the	 current	 staging	 system	 identify	 increasing	 risk	with	 increasing	mitotic	 rate	 for	 all	 thicknesses.115
However,	 mitotic	 rate	 was	 removed	 from	 the	 AJCC	 eighth	 edition	 staging	 because	 identifying	 T1b	 based	 on
thickness	 of	 0.8	mm	 or	 greater	was	more	 prognostically	 relevant.	Nonetheless,	 despite	 not	 being	 incorporated
formally	 in	 the	staging	system,	 increased	mitotic	 rate	 is	associated	with	a	poorer	prognosis	across	all	 thickness
ranges,	with	10-year	survivals	of	97%,	96%,	91%,	86%,	and	77%	for	0,	1,	2	to	3,	4	to	10,	and	≥11	mitoses	per
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square	millimeter,	respectively.104,115–118

Other	Prognostic	Factors
There	 is	 also	 evidence,	 and	 biologic	 rationale,	 that	 angiolymphatic	 invasion	 has	 negative	 prognostic
significance111	and	that	microscopic	satellites	are	associated	with	poorer	prognosis.	Satellitosis	is	incorporated	in
the	current	staging	system104	but	will	be	considered	separately	because	it	defines	the	patient	as	stage	III	and	thus
goes	beyond	assessment	of	risk	factors	of	the	primary	lesion	alone.

Unresolved	Issues	in	Melanoma	Staging
The	 AJCC	 staging	 system	 is	 evidence	 based	 and	 accounts	 for	 several	 important	 clinical	 and	 histopathologic
findings.	However,	 several	 clinical	 settings,	 discussed	 in	 the	 following	 sections,	 are	 not	 fully	 addressed	by	 the
AJCC	staging	system.

Positive	Deep	Margin	on	Biopsy
When	a	primary	melanoma	is	diagnosed	by	shave	biopsy	and	the	tumor	extends	to	the	deep	margin,	it	is	presumed
that	the	melanoma	was	deeper	than	the	original	measured	biopsy	depth.	Sometimes,	on	wide	local	excision,	there
is	residual	melanoma	with	a	greater	depth	than	on	the	original	biopsy.	In	that	setting,	it	is	appropriate	to	define	the
T	stage	based	on	the	latter	depth	of	invasion.	However,	in	many	cases,	the	wide	excision	does	not	reveal	any	more
melanoma	or	may	reveal	tumor	that	is	more	superficial.	It	is	generally	assumed	that	in	those	cases,	any	residual
melanoma	at	 the	deep	margin	may	have	been	destroyed	by	cauterizing	 the	base	of	 the	 shave	biopsy	 site	or	by
inflammatory	changes	after	the	biopsy.	One	approach	for	defining	T	stage	in	that	setting	is	to	call	it	TX.	The	other
is	 to	 use	 the	 T	 stage	 of	 the	 original	 depth,	 even	 though	 that	 is	 incomplete.	 The	 latter	 has	 the	 advantage	 of
distinguishing	thin	melanomas	(e.g.,	a	clinically	 thin	melanoma	with	 thickness	<1	mm)	from	a	 thick	melanoma
(e.g.,	a	5-mm	melanoma	on	shave	biopsy,	with	positive	deep	margin).	Thus,	use	of	TX	results	in	substantial	loss
of	information	for	patients	and	their	clinicians.	A	full-thickness	excisional	biopsy	is	preferred	over	a	shave	biopsy
with	a	positive	deep	margin;	however,	use	of	 the	measured	 thickness	 to	 the	base	of	 the	shave	biopsy	has	been
shown	to	be	accurate	in	approximately	97%	of	cases	and	thus	to	be	useful	for	microstaging	of	the	primary	lesion,
even	when	the	deep	margin	is	positive.88

Local	Recurrence	after	Original	Incomplete	Excision
Some	patients	 present	with	melanoma	after	 excisional	 biopsy	or	 destruction	 (e.g.,	 cryotherapy)	of	 a	 pigmented
skin	lesion	that	was	believed	to	be	benign	(clinically	or	histologically)	on	initial	review.	When	such	a	lesion	recurs
and	 is	 found	 to	 contain	melanoma,	 rereview	of	 the	original	 biopsy	 is	 appropriate,	 if	 available.	Staging	of	 such
recurrent	melanomas,	when	the	original	lesion	was	not	known	to	be	melanoma,	is	not	well	addressed.

Skin	or	Subcutaneous	Lesion	without	Junctional	Involvement	and	without	Known	Primary
Melanoma
This	is	addressed	later	in	this	chapter.	Cutaneous	or	subcutaneous	nodules	that	occur	in	the	absence	of	junctional
melanocytic	change,	and	in	the	absence	of	any	other	known	primary,	are	among	the	most	interesting	presentations
of	melanoma.	They	may	 be	 in-transit	metastases	 from	primary	melanomas	 that	 spontaneously	 regressed	 (stage
IIIB),	primary	melanomas	that	arose	from	dermal	nevi	or	that	persisted	in	the	dermis	after	arising	from	a	partially
regressed	primary	melanoma	(stage	IIB),	or	a	distant	metastasis	from	an	unknown	primary	melanoma	(stage	IV,
M1a).	A	review	of	experience	with	 these	 lesions	at	 the	University	of	Michigan	suggests	 that	 they	behave	more
like	 primary	 tumors	 arising	 in	 the	 dermis	 or	 subcutaneous	 tissue.106	 In	 the	 current	 staging	 system,	 these	 are
considered	stage	III.

GENERAL	CONSIDERATIONS	IN	CLINICAL	MANAGEMENT	OF	A	NEWLY
DIAGNOSED	CUTANEOUS	MELANOMA	(STAGES	I	AND	II)
Most	 melanomas	 present	 as	 clinically	 localized	 lesions	 without	 clinical	 or	 radiologic	 evidence	 of	 metastatic
disease.	 Nonetheless,	 some	 of	 these	 patients	 have	 occult	 metastases,	 and	 the	 definitive	 surgical	 management



includes	both	therapeutic	resection	and	pathologic	staging	evaluation	for	regional	metastases.	The	vast	majority	of
primary	melanomas	 are	 diagnosed	 on	 histologic	 assessment	 of	 skin	 biopsy	 performed	 by	 a	 dermatologist	 or	 a
primary	care	practitioner.	The	patient	then	presents	to	a	surgeon	or	other	physician	for	definitive	treatment.

Clinical	Evaluation	and	Radiologic	Studies	for	Patients	with	Clinical	Stage	I	or	II
Melanoma
In	 patients	 with	 clinically	 localized	 melanoma,	 there	 is	 a	 wide	 range	 of	 clinical	 practice	 in	 the	 appropriate
radiologic	staging	studies	to	be	performed.	Certainly	all	patients	with	such	disease	should	have	a	complete	history
and	 physical	 examination,	 with	 attention	 to	 symptoms	 that	 may	 represent	 metastatic	 melanoma,	 including
headaches,	 bone	 pain,	 weight	 loss,	 gastrointestinal	 symptoms,	 and	 any	 new	 physical	 complaints.	 Physical
examination	should	carefully	assess	the	site	of	the	primary	melanoma	for	clinical	evidence	of	persistent	disease
and	should	evaluate	the	skin	of	the	entire	region	(e.g.,	whole	extremity	or	quadrant	of	torso,	or	side	of	the	face)	for
dermal	or	subcutaneous	nodules	that	could	represent	satellite	or	in-transit	metastases.	Biopsy	should	be	done	for
any	suspicious	lesions	and	with	a	very	low	threshold	for	biopsy.	In	addition,	physical	examination	should	include
thorough	 evaluation	 of	 both	 the	 major	 regional	 nodal	 basins	 (e.g.,	 epitrochlear	 and	 axillary	 for	 a	 forearm
melanoma)	and	also	any	atypical	lymph	node	locations,	such	as	the	triangular	intermuscular	space	on	the	back	for
upper	back	primaries.

There	 is	 a	 debate	 about	 appropriate	 initial	 staging	 studies.	NCCN	Clinical	 Practice	Guidelines	 in	Oncology
(NCCN	Guidelines)	from	January	2018	recommend	no	staging	radiographs	or	blood	work	for	melanoma	in	situ	or
for	clinical	stage	IA	or	II	disease	and	only	recommend	imaging	“to	evaluate	specific	signs	or	symptoms.”119	For
stage	 III	melanoma,	 consideration	 of	 imaging	 is	 recommended,	 to	 include	 chest	 radiograph	 (CXR),	 computed
tomography	 (CT)	 scans,	 or	 positron	 emission	 tomography	 (PET)/CT	 scans,	 with	 consideration	 of	 magnetic
resonance	 imaging	 (MRI)	of	 the	brain;	other	 imaging	 is	 suggested	only	as	clinically	 indicated.	However,	 some
patients	with	very	high-risk	 stage	 IIB	or	 IIC	melanomas	will	have	clinically	occult	metastases	 found	on	cross-
sectional	 imaging.	 Clinical	 judgment	 may	 be	 considered	 in	 such	 patients.	 More	 complete	 staging	 studies	 are
suggested	for	stage	III	melanoma.120

CXR	 for	 asymptomatic	 patients	 with	 a	 new	 diagnosis	 of	 clinically	 localized	 melanoma	 yielded	 suspicious
findings	in	15%	of	patients,	of	whom	only	0.1%	had	a	true	unsuspected	lung	metastasis.121	In	a	similar	study,	the
yield	of	 true-positive	CXRs	was	0%	of	248	patients.122	 In	patients	with	stage	 IIB	melanoma,	 initial	 staging	CT
scans	identified	occult	metastasis	that	changed	management	in	0.7%	of	patients.123	Even	in	patients	with	positive
SNBx,	staging	PET	scan	identified	no	melanoma	metastases	in	30	patients,	even	though	there	were	lymph	node
metastases	in	16%	of	cases.124	In	patients	with	clinical	T1b-T3b	melanomas,	the	true-positive	rate	for	all	imaging
studies	was	0.3%,	and	false-positive	 rates	were	50%	to	100%	for	CXR	and	88%	for	CT	and	PET/CT	scans.125
Thus,	 there	is	a	 large	body	of	data	 that	argues	that	CXR,	CT,	and	PET/CT	are	all	of	 little	or	no	value	in	initial
staging	of	stage	0	to	IIIA	melanoma.

PET	with	fluorodeoxyglucose	(FDG)	has	a	role	in	staging	patients	with	advanced	melanoma,126	but	its	role	in
earlier	stage	disease	is	less	clear	both	because	it	is	expensive	and	because	it	is	associated	with	substantial	radiation
exposure.	In	one	study,	patients	with	clinically	localized	melanomas	>1	mm	thick,	with	local	recurrence,	or	with
solitary	 in-transit	 metastases,	 FDG-PET	 scanning	 was	 performed	 prior	 to	 SNBx.	 Sensitivity	 for	 detection	 of
sentinel	nodes	was	only	21%,	although	specificity	was	high	(97%).	In	addition,	21%	of	patients	had	PET	evidence
of	metastases,	 but	none	was	 confirmed	by	conventional	 imaging	at	 that	 time,	 and	 the	 sensitivity	 for	predicting
sites	of	future	disease	recurrence	was	only	11%.	Overall	sensitivity	for	detecting	occult	stage	IV	disease	was	only
4%,	and	this	is	not	recommended	for	initial	staging.127	These	findings	are	similar	to	other	experiences	with	PET
imaging	for	intermediate-thickness	melanomas.128,129

In	addition,	some	clinicians	send	blood	for	a	complete	blood	count;	serum	chemistries,	including	liver	function
tests;	 and	 a	 lactate	 dehydrogenase	 (LDH)	 level,	 especially	 because	 they	may	 be	 useful	 prior	 to	 surgery	 under
general	 anesthesia.	 These	 also	 are	 of	 low	 clinical	 yield	 in	 terms	 of	 the	 melanoma	 and	 are	 not	 routinely
recommended.	 However,	 if	 performed,	 they	 may	 detect	 unappreciated	 concurrent	 illness	 that	 may	 affect
therapeutic	decisions,	including	preoperative	assessment.	Specifically,	if	there	is	microcytic	anemia,	it	should	be
worked	 up,	 with	 the	 differential	 diagnosis	 to	 include	 gastrointestinal	 metastasis	 of	 melanoma.	 Elevated	 LDH
should	prompt	a	more	extensive	staging	workup,	and	elevated	liver	function	tests	should	prompt	a	hepatobiliary
ultrasound	or	CT	scan	unless	there	is	another	known	explanation.
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TABLE	92.3
Prospective	Randomized	Clinical	Trials	of	Melanoma	Excision	Margins

Clinical	Trial
No.	of
Patients

Thickness
Ranges
(mm)

Margins–
Study
Groups
(cm) Local	Recurrence DFS Overall	Survival

World	Health
Organization
Melanoma
Program	Trial
No.	10

612 0–2 1	vs.	3–5 None	for	0–1	mm	with	1	cm
margins;	for	1–2	mm,	more	local
recurrences	with	1	cm	margins	(NS)

— No	difference

French
Cooperative
Surgical	Trial

337 0–2 2	vs.	5 	 No	difference;	10-y
DFS,	85%	and
83%,	respectively

No	difference;	10-y
survival,	87%	and	86%,
respectively

Swedish
Cooperative
Surgical	Trial

989 0.8–2 2	vs.	5 <1%	overall No	difference;
relative	hazard	rate
for	2-cm	margin,
1.02	(95%	CI,	0.8
to	1.3)

No	difference;	relative
hazard	rate	for	2-cm
margin,	0.96	(95%	CI,
0.75	to	1.24)

Intergroup
Melanoma	Trial

740 1–4 2	vs.	4 0.4%	first	recurrence	for	2-cm
margins;	0.9%	first	recurrence	for	4-
cm	margins;	2.1%	ever	for	2-cm
margins;	2.6%	ever	for	4-cm
margins

— 10-y	disease-specific
survival,	70%	for	2-cm
margins;	77%	for	4-cm
margins,	(P	=	.074,	NS)

British
Cooperative
Group	Trial

900 ≥2 1	vs.	3 (Locoregional	=	local	+	in-transit	+
nodal)	Increase	with	1-cm	margin
(hazard	ratio,	1.26;	P	=	.05)

— Similar;	trend	to	better
survival	with	3-cm
margins,	P	>	0.1	(NS)

NS,	not	significant;	DFS,	disease-free	survival.

Wide	Local	Excision	for	Clinical	Stage	I	or	II	Melanoma:	General
Considerations
Wide	excision	of	the	primary	melanoma	is	performed	to	provide	local	control.	Multiple	randomized,	prospective
clinical	trials	support	current	recommendations	for	the	extent	of	the	margins	of	resection.	The	wide	excision	also
provides	an	opportunity	to	evaluate	the	tissue	adjacent	to	the	primary	lesion	for	microscopic	satellites,	which,	if
present,	have	clinical	and	prognostic	significance.

There	has	been	considerable	debate	about	the	appropriate	margins	of	excision	for	primary	melanomas,	and	it	is
helpful	to	understand	the	evolution	of	thought	and	data	about	this	topic.	In	the	early	1900s,	melanoma	was	a	rare
disease,	and	when	it	was	diagnosed,	it	was	often	locally	advanced.	Surgical	resection	was	often	associated	with
recurrent	disease,	and	there	were	no	guidelines	for	appropriate	and	successful	surgical	management	of	the	primary
lesion.	In	1907,	Handley	reported	a	study	that	involved	histologic	examination	of	tissue	sections	taken	at	varied
distances	 from	 the	primary	melanoma	 in	a	human	 tissue	 specimen	 that	he	obtained	 from	a	patient	with	a	 large
primary	melanoma.	 In	 that	 study,	 he	 found	microscopic	 evidence	 of	melanoma	 cells	 as	 far	 as	 5	 cm	 from	 the
primary	 tumor.	 He	 recommended	 wide	 reexcision	 of	 melanomas	 with	 a	 measured	 margin	 of	 5	 cm	 from	 the
primary	 lesion.	 This	 recommendation	 became	 standard	 management	 for	 melanoma	 for	 many	 decades,	 with
patients	typically	undergoing	radical	resections	requiring	skin	grafts	≥10	cm	in	diameter.

As	melanoma	became	 a	more	 frequent	 diagnosis,	 there	was	 greater	 awareness	 of	 it,	 and	 lesions	were	 often
diagnosed	 at	 an	 earlier	 (thinner)	 stage.	 In	 addition,	 these	 large	 reexcisions	 usually	 contained	 no	 detectable
melanoma	 cells	 separate	 from	 the	 primary	 lesion.	 These	 observations,	 and	 concern	 for	 the	morbidity	 of	 large
resections	and	skin	grafts,	led	to	a	questioning	of	the	need	for	5-cm	margins	of	resection.	It	is	ironic	that	the	origin
of	this	aggressive	resection	practice	was	based	on	data	from	a	single	patient	in	a	single	study;	however,	limiting
the	margins	of	excision	has	required	multiple	large,	randomized,	prospective	trials.	These	trials	are	summarized	in
Table	92.3	and	are	detailed	in	the	following	sections.

CLINICAL	TRIALS	TO	DEFINE	MARGINS	OF	EXCISION	FOR	PRIMARY
CUTANEOUS	MELANOMAS



The	 World	 Health	 Organization	 Melanoma	 Program	 Trial	 No.	 10	 randomized	 612	 melanoma	 patients	 with
melanomas	≤2	mm	in	thickness	to	excision	margins	of	1	cm	versus	3	to	5	cm.130,131	Patients	were	stratified	into
two	subgroups:	Breslow	depth	<1	mm	versus	1	to	2	mm.	There	were	no	differences	in	survival	rates	or	in	rates	of
distant	recurrences	with	1-cm	margins	versus	3-	to	5-cm	margins	with	follow-up	beyond	15	years.132	There	were
more	local	recurrences	for	the	group	with	1-cm	margin	(eight	versus	three	patients),	but	this	was	not	a	significant
difference.	There	were	no	local	recurrences	for	melanomas	<1	mm	thick	treated	with	1-cm	margins.	The	lack	of
local	 recurrences	 with	 thin	 melanomas	 (<1	 mm)	 after	 1-cm	 margins	 of	 excision	 supports	 this	 as	 a	 standard
excision	 margin	 for	 T1	 melanomas.	 The	 numerically	 slightly	 higher	 (but	 statistically	 insignificant)	 local
recurrence	risk	with	thinner	margins	for	T2	melanomas	has	left	questions	about	the	appropriate	margin	for	thicker
lesions.

French	and	Swedish	Cooperative	Surgical	Trials
The	French	Cooperative	Group	randomized	337	patients	with	melanomas	up	to	2	mm	in	thickness	to	2-	or	5-cm
margins.133	 Ten-year	 disease-free	 survival	 rates	were	 85%	and	 83%,	 respectively,	 and	 10-year	 overall	 survival
(OS)	 rates	were	87%	and	86%,	 respectively.133	The	Swedish	Melanoma	Study	Group	 randomized	989	patients
with	primary	melanoma	0.8	to	2	mm	thick	on	the	trunk	or	extremities	to	2-	or	5-cm	margins.	Local	recurrences
were	observed	in	only	eight	patients	overall	(<1%).	In	a	multivariate	Cox	analysis,	estimated	hazard	rates	for	OS
and	recurrence-free	survival	(RFS)	for	those	with	2-cm	margins	were	0.96	(95%	CI,	0.75	to	1.24)	and	1.02	(95%
CI,	0.8	to	1.3),	respectively,	compared	with	the	5-cm	margins.134	Both	of	these	studies	support	2-cm	margins	as
adequate	for	melanomas	up	to	2	mm	thick	and	find	no	added	benefit	to	5-cm	margins.

Intergroup	Melanoma	Trial
The	 Intergroup	 Melanoma	 Surgical	 Trial	 addressed	 the	 question	 of	 surgical	 margins	 in	 740	 patients	 with
intermediate-thickness	melanomas	 (1.0	 to	 4.0	mm	 thick)	 randomized	 to	 either	 2-	 or	 4-cm	margins.135	 Patients
were	 stratified	 by	 tumor	 thickness	 (1	 to	 2,	 2	 to	 3,	 or	 3	 to	 4	 mm),	 anatomic	 site	 (trunk,	 head	 and	 neck,	 or
extremity),	and	ulceration	(present	or	absent).	Patients	with	melanomas	on	the	head	and	neck	or	distal	extremity
were	not	randomized	for	margin	of	excision	because	4-cm	margins	are	not	readily	performed	in	such	locations.
Thus,	468	patients	(group	A)	were	actually	randomized	for	margin	of	excision.	All	patients	were	also	randomly
assigned	to	undergo	either	an	elective	lymph	node	dissection	(ELND)	or	observation	after	wide	local	excision,	and
this	component	of	that	study	is	discussed	separately.135

Among	 the	 468	 patients	 in	 group	A	 (randomly	 assigned	 to	 excision	with	 2-	 versus	 4-cm	margins),	 only	 3
(0.6%)	experienced	a	 local	 recurrence	as	 the	 first	 site	of	 failure,	and	11	 (2.3%)	had	 local	 recurrence	overall.135
Among	the	272	patients	in	group	B	(nonrandomly	assigned	to	excision	with	a	2-cm	margin),	a	higher	rate	of	local
recurrence	was	observed,	with	3.7%	having	a	local	recurrence	as	a	first	recurrence	and	6.2%	overall	experiencing
a	local	recurrence	during	the	course	of	their	disease.135	Among	these	468	patients	in	group	A,	the	incidences	of
local	recurrence	as	first	relapse	were	0.4%	versus	0.9%	for	2-	and	4-cm	margins,	respectively,	and	the	incidences
of	local	recurrence	at	any	time	were	2.1%	versus	2.6%,	respectively.	In	addition,	the	time	to	local	recurrence	and
the	median	survival	after	local	recurrence	were	unaffected	by	the	extent	of	the	margin.	Ten-year	disease-specific
survival	 rates	 for	 the	 two	 groups	 were	 70%	 and	 77%	 for	 2-	 and	 4-cm	 margins,	 respectively	 (P	 =	 .074,	 not
significant).	Thus,	 this	study	supports	a	2-cm	margin	as	adequate	 for	melanomas	1	 to	4	cm	thick,	and	 this	was
associated	with	 rates	of	 local	 recurrence	 (as	 first	 recurrence)	well	<1%.	Multivariate	 analysis	of	data	 from	 this
study	further	supported	the	lack	of	benefit	of	wider	margin	of	excision	for	local	control	and	identified	ulceration
of	the	tumor	and	head	and	neck	location	only	as	significant	negative	prognostic	features.

British	Cooperative	Group	Trial
The	 British	 randomized	 trial	 compared	 1-	 versus	 3-cm	 margins	 of	 excision	 in	 patients	 who	 had	 cutaneous
melanomas	≥2	mm	thick	(T3,	T4).136	Nine	hundred	patients	with	T3	and	T4	melanomas	were	accrued,	of	whom
25%	had	T4	melanomas.	It	is	the	only	randomized	trial	evaluating	margins	of	excision	that	included	patients	with
T4	melanomas.	Patients	with	melanoma	on	the	head	and	neck,	hands,	or	feet	were	excluded.	No	patients	had	any
surgical	procedure	to	stage	the	regional	nodal	basins	(SNBx	or	ELND)	or	systemic	adjuvant	therapy.	The	trial	was
stratified	 according	 to	 tumor	 thickness	 (2	 to	 4	 mm	 versus	 >4	 mm).	 There	 were	 few	 local	 recurrences;	 local
recurrences	and	in-transit	metastases	were	not	statistically	more	frequent	in	the	1-cm	margin	group.	Locoregional
recurrences	were	defined	broadly	to	include	local,	in-transit,	or	regional	nodal	recurrences.	Using	that	definition,	a
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1-cm	margin	of	excision	was	associated	with	a	significantly	increased	risk	of	locoregional	recurrence	(HR,	1.26;	P
=	.05).	Updated	data	were	reported	in	2016,	with	median	follow-up	of	8.8	years.	Here,	melanoma-specific	survival
was	significantly	enhanced	in	the	patients	with	a	3-cm	margin	(HR,	1.24;	P	=	.041).137	Findings	of	this	study	have
been	 questioned	 because	 surgical	 staging	 of	 the	 regional	 nodes	 were	 not	 required.	 However,	 the	 findings	 do
challenge	the	safety	of	1-cm	margins	for	melanomas	>2	mm	thick.136	These	 results	support	excision	>1	cm	for
thicker	melanomas.	The	data	from	the	Melanoma	Intergroup	study	support	2-cm	margins	for	melanomas	2	to	4
mm	thick.	No	data	have	formally	compared	2-cm	margins	with	3-cm	margins	for	T4	melanomas.

SURGICAL	STAGING	OF	REGIONAL	NODES
Thin	 and	 RGP	 melanomas	 are	 commonly	 cured	 by	 excision	 alone;	 however,	 thicker	 melanomas	 may	 have
metastatic	 potential.	 Initial	 management	 includes	 an	 assessment	 for	 metastases	 and	 consideration	 of	 treatment
options	that	may	be	beneficial	in	providing	regional	control	and	systemic	control.	Melanoma	may	metastasize	by
lymphatic	 or	 hematogenous	 routes.	 Usually,	 lymphatic	 dissemination	 presents	 earlier	 than	 hematogenous
dissemination.	Thus,	emphasis	is	placed	on	staging	the	regional	nodes	in	patients	with	melanoma.	The	finding	of
lymphatic	metastases	is	associated	with	a	higher	risk	of	systemic	disease.	Another	potential	benefit	of	staging	the
regional	nodes	is	to	select	patients	for	curative	resection.	There	are	substantial	data	on	this	issue	that	bear	on	the
current	recommendations	for	surgical	staging	of	nodes,	and	these	are	summarized	here.

Lymphatic	anatomy	is	variable	and	is	poorly	understood	in	comparison	to	venous	and	arterial	anatomy.	Classic
work	 by	 Sappey	 defined	 aspects	 of	 lymphatic	 drainage	 patterns	 from	 skin	 and	 defined	 the	 skin	 regions	 that
typically	 have	 lymphatic	 drainage	 to	 major	 nodal	 basins.	 More	 recently,	 lymphoscintigraphy	 has	 permitted
mapping	the	actual	lymphatic	drainage	patterns	from	the	skin	at	the	site	of	the	primary	melanoma.	This	sometimes
identifies	lymphatic	drainage	that	differs	from	Sappey’s	predictions.

In	the	past,	the	standard	recommendation	was	to	perform	ELNDs	for	melanomas	of	intermediate	thickness	(1
to	4	mm).	Despite	some	retrospective	data	supporting	this	approach,138	subsequent	retrospective	and	prospective
studies	have	 failed	 to	 show	a	 significant	 survival	 advantage	 to	 routine	ELND.139–141	 In	 the	 early	1990s,	 a	new
procedure	was	 developed	 and	 popularized	 for	 surgical	 staging	 of	 node-negative	 primary	melanomas,	 which	 is
called	intraoperative	lymphatic	mapping	and	sentinel	lymph	node	biopsy.	This	approach	is	now	routine	practice
for	melanoma	management.

The	 concept	 and	 method	 for	 SNBx	 were	 originally	 developed	 by	 Cabanas142	 for	 management	 of	 penile
carcinomas,	but	 it	was	not	pursued	extensively	at	 that	 time.	The	initial	experience	with	 lymphatic	mapping	and
SNBx	for	melanoma	was	the	work	of	Morton	et	al.143	at	the	University	of	California	Los	Angeles	and	the	John
Wayne	Cancer	Institute.	They	injected	a	vital	blue	dye	(isosulfan	blue)	intradermally	and	found	that	this	stained
the	 draining	 lymphatics	 and	 stained,	 in	 turn,	 the	 first	 node(s)	 into	 which	 these	 lymphatics	 empty.	 This	 was
validated	in	human	clinical	experience,	and	it	was	rapidly	adopted	as	an	effective	way	to	identify	the	first	lymph
node(s)	 to	which	 the	melanoma	drains.144	 The	 sentinel	 nodes	 serve	 as	 sentinels	 for	 the	 remainder	 of	 the	 node
basin.	Lymphatic	mapping	permits	identification	of	the	specific	nodes	that	drain	the	relevant	area	of	skin,	and	so
these	nodes	(typically	one	or	two	nodes)	can	be	excised	for	detailed	histopathologic	assessment	while	sparing	the
remaining	nodes	in	that	basin,	which	are	critical	for	drainage	of	other	skin	areas,	thus	minimizing	morbidity,	in
particular	lymphedema.

Lymphoscintigraphy	 has	 been	 coupled	 with	 the	 blue	 dye	 injection	 to	 support	 identification	 of	 the	 sentinel
node(s),	using	handheld	probes	for	detection	of	γ	radiation	emitted	by	technetium-99m	(99mTc),	the	radionuclide
commonly	 used	 in	 lymphoscintigraphy.	 Most	 surgical	 oncologists	 performing	 SNBx	 use	 a	 combination	 of
radionuclide	 injection	 several	 hours	 preoperatively	 (in	 the	 nuclear	medicine	 suite,	 up	 to	 1	mCi	 of	 99mTc)	 and
intraoperative	 intradermal	 injection	of	 isosulfan	blue	dye	(up	to	1	mL)	a	few	minutes	prior	 to	 the	 incision.	The
injection	of	radiocolloid	is	shown	in	Figure	92.6.	The	sentinel	nodes	should	be	both	blue	and	radioactive	(“hot”).
However,	 sometimes	 the	 blue	 dye	 may	 fail	 to	 enter	 the	 node	 in	 the	 short	 interval	 before	 the	 dissection.
Alternatively,	if	the	dissection	takes	longer	than	anticipated,	the	blue	dye	may	transit	through	the	node	by	the	time
the	node	is	 identified.	In	addition,	 technical	 issues	may	result	 in	the	blue	dye	and	radiocolloid	being	injected	in
slightly	different	areas,	such	that	they	identify	different	nodes.	The	gamma	probe	is	used	to	guide	the	dissection	to
the	sentinel	nodes,	as	suggested	in	Figure	92.7.



Figure	92.6	Injection	of	technetium-99	sulfur	colloid	intradermally	near	primary	melanoma.

Lymphatic	 mapping	 and	 SNBx	 using	 both	 blue	 dye	 and	 radiocolloid	 increase	 sentinel	 lymph	 node
identification	rates	to	99%	compared	with	87%	with	blue	dye	alone	(P	<	.0001).145	However,	radiocolloid	alone
has	not	been	formally	compared	with	radiocolloid	plus	blue	dye.	There	is	substantial	multicenter	and	single-center
experience	with	use	of	radiocolloid	alone,	which	is	associated	with	successful	identification	of	the	sentinel	node(s)
in	>99%	of	patients	and	with	a	mean	of	approximately	two	sentinel	nodes	per	patient.146,147	The	effectiveness	of
blue	dye	alone	 is	 limited	because	some	patients	have	drainage	 to	 lymph	node	basins	 that	may	not	be	predicted
(e.g.,	drainage	from	the	right	upper	back	to	the	left	axilla)	or	drainage	to	atypical	nodal	basins	(e.g.,	the	triangular
intermuscular	 space	 on	 the	 back,	 epitrochlear	 or	 popliteal	 nodes,	 or	 subcutaneous	 “in-transit”	 nodes	 that	 are
outside	 a	 traditional	 nodal	 basin).148,149	 Examples	 of	 unusual	 lymph	 node	 locations	 mapped	 by
lymphoscintigraphy	are	shown	in	Figure	92.8.	Thus,	in	the	large	majority	of	clinical	settings,	it	is	most	appropriate
to	perform	radiocolloid	lymphoscintigraphy	in	lymphatic	mapping	for	SNBx	of	melanoma.

In	 experienced	 hands,	 lymphatic	mapping	 should	 identify	 a	 sentinel	 node	 in	 98%	 to	 100%	of	 cases,	 and	 it
should	be	feasible	to	perform	the	SNBx	with	minimal	morbidity,	on	an	outpatient	basis,	and	in	many	cases	under
local	anesthesia	with	sedation.	The	early	reports	of	SNBx	stress	a	long	learning	curve,	but	as	the	technology	of
gamma	probes	has	improved,	the	technique	is	less	operator	dependent.	In	addition,	lymphatic	mapping	has	now
been	 performed	 long	 enough	 that	 surgical	 residents	 trained	 since	 the	mid-1990s	 typically	 have	 had	 experience
with	 it	 for	melanoma	 and	 for	 breast	 cancer.	 The	 standard	 evaluation	 of	 a	 sentinel	 node	 includes	 evaluation	 of
multiple	 sections	of	 the	node,	often	combined	with	 immunohistochemical	 staining	 for	melanoma	markers	 (e.g.,
S100,	HMB45,	tyrosinase,	and/or	MART-1/MelanA).

Typical	 results	 of	SNBx	 reveal	 that	 the	 rate	 of	 positive	nodes	 increases	with	 increasing	 tumor	 thickness,	 as
would	be	expected,	 from	<5%	for	 the	 thin	melanomas	 that	undergo	SNBx	 (e.g.,	T1b	 lesions)	 to	approximately
40%	for	thick	melanomas.	Current	experience	with	SNBx	in	most	series	supports	the	prognostic	value	of	SNBx	in
thick	 melanomas	 (>4	 mm)150	 as	 well	 as	 in	 thinner	 lesions.	 When	 ELND	 was	 performed,	 it	 was	 typically
recommended	only	for	melanomas	1.5	to	4	mm	thick.	However,	in	the	Duke	experience,	the	relative	risk	of	distant
versus	regional	metastases	is	not	dramatically	higher	for	thick	melanomas,	and	this	supports	a	clinical	approach
that	 includes	 the	 potential	 for	 curative	 resection	 of	 regional	metastases	 in	 these	 cases.139	 In	 addition,	 the	 low
morbidity	of	SNBx	supports	a	threshold	for	SNBx	in	thinner	melanomas	than	the	1.5-mm	criterion	that	was	used
for	performance	of	ELND.
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Figure	92.7	Schematic	of	a	way	to	identify	and	remove	the	sentinel	node	using	a	handheld	gamma
camera.

Figure	92.8	Lymphatic	mapping	from	near	the	elbow	along	two	separate	lymphatic	channels
toward	the	axilla.	An	early	image	(A)	shows	the	lymphatic	channels	clearly.	A	later	image	(B)

shows	the	sentinel	nodes	clearly,	but	the	channels	are	much	less	evident.	One	of	the	sentinel	nodes
is	in	subcutaneous	tissue	near	the	elbow	and	is	almost	missed	due	to	proximity	to	the	injection	site
(no.	4)	(C).	The	two	nodes	near	the	axilla	were	actually	just	distal	to	the	true	axillary	space.	One	of



them	was	a	true	sentinel	node	(no.	2)	and	contained	tumor	(designated	by	the	solid	black	node),
whereas	the	other	node	near	it	was	the	third	node	in	that	lymphatic	channel,	so	that	the	first	node	in
that	channel	was	truly	sentinel	(no.	4)	and	also	contained	tumor.	The	other	two	nodes	downstream

from	no.	4	were	both	negative	for	tumor.

The	overall	rate	of	positive	SNBx	in	most	series	(typically	for	melanomas	>1	mm)	is	in	the	range	of	15%	to
25%.	The	percentage	of	patients	with	false-negative	SNBx	in	experienced	hands	and	with	use	of	radiocolloid	and
the	 handheld	 gamma	 probe,	 with	 or	 without	 blue	 dye,	 is	 typically	 in	 the	 range	 of	 1.9%	 to	 4%.145	 The	 most
rigorous	definition	of	false-negative	rate	is	false	negative/(false	negative	+	true	positive),	and	3%	false	negative	in
the	setting	of	20%	true	positive	represents	a	13%	false-negative	rate.	False-negative	rates	have	been	estimated	by
seeking	nodes	containing	metastases	 in	 the	remaining	nodal	basin	after	a	negative	SNBx.	In	other	settings,	 it	 is
done	by	defining	patients	who	return	with	clinically	evident	nodal	metastases	after	a	prior	negative	SNBx	in	the
same	node	basin.	These	may	or	may	not	be	equivalent.	Nonetheless,	there	is	a	small	percentage	of	patients	who
have	negative	SNBx	who	later	return	with	nodal	metastases	in	the	same	nodal	basin.	Although	the	procedure	is
very	accurate	and	does	identify	the	large	majority	of	nodal	metastases,	it	 is	prudent	to	follow	patients	for	nodal
recurrence	even	after	a	negative	SNBx.

Lymphatic	mapping	and	SNBx	have	been	applied	generally	for	all	cutaneous	sites	and	may	also	be	useful	for
melanomas	 of	 mucous	 membranes.151	 A	 challenging	 area	 for	 SNBx	 is	 the	 head	 and	 neck.	 In	 particular,
melanomas	of	the	scalp	and	of	the	face	may	drain	to	parotid	nodes	or	periparotid	nodes,	for	which	SNBx	is	more
complex,	more	technically	challenging,	and	associated	with	greater	potential	morbidity.	In	addition,	false-negative
SNBx	are	more	common	than	in	trunk	and	extremity	melanomas,	occurring	in	approximately	10%	of	patients,	for
a	true	false-negative	rate	that	may	approach	30%.	However,	in	many	cases,	it	can	be	performed	reliably	and	still
has	a	place	in	management.

More	 recent	 technology	 that	 offers	 promise	 for	 improving	 sentinel	 node	 localization	 is	 the	 development	 of
mobile	gamma	cameras	that	can	replace	the	single	gamma	detector	of	the	gamma	probe	with	an	array	of	hundreds
of	 detectors	 that	 permit	 real-time	 imaging	 that	 rivals	 that	 of	 the	 fixed	 gamma	 camera.	 This	 approach	 has	 the
potential	 to	 improve	 identification	 of	 nodes	 in	 atypical	 locations	 and	 for	 ensuring	 adequate	 clearance	 of	 the
sentinel	 nodes.152	 Also	 promising	 is	 single-photon	 emission	 CT/CT	 imaging,	 which	 can	 provide	 very	 discrete
localization	 of	 sentinel	 nodes,	which	may	be	 helpful	 in	 selected	 challenging	 locations,	 especially	 the	 head	 and
neck.	Despite	 the	 high	 accuracy	 of	 SNBx	 for	 nodal	 staging,	 the	 false-negative	 rate	may	 be	 as	 high	 as	 10%	 to
20%,153	and	these	new	technologies	offer	a	possibility	to	reduce	that	false-negative	rate.

In	performing	SNBx,	melanoma	metastases	 are	 sometimes	clinically	 evident	 in	 the	operating	 room	as	 small
pigmented	spots	just	under	the	capsule	of	the	node.	When	these	are	present,	the	hottest	part	of	the	node	is	usually
precisely	 at	 that	 location	 (unpublished	 clinical	 observations).	 This	may	 be	 particularly	 relevant	 for	 some	 large
nodes,	 where	 the	 pathologist	 can	 be	 guided	 to	 the	 portion	 most	 at	 risk	 of	 metastasis	 for	 detailed	 histologic
assessment	(Fig.	92.9).	Morton	et	al.154	have	formalized	a	technique	that	may	identify	the	part	of	the	node	that	is
most	 likely	 to	contain	metastases	based	on	 injecting	carbon	black	dye	and	 isosulfan	blue	dye.	This	has	not	yet
become	standard,	but	this	or	other	refinements	may	further	increase	the	accuracy	of	staging	by	this	procedure.
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Figure	92.9	Immunohistochemical	detection	of	isolated	melanoma	cells	in	a	sentinel	node	when
stained	for	the	melanoma	marker	S100.

The	Multicenter	Sentinel	Lymphadenectomy	Trial	1	was	initially	reported	in	2006	and	updated	in	2014,	as	a
randomized,	prospective	trial	of	1,269	patients	with	melanomas	1	to	4	mm	thick	who	were	randomized	to	SNBx
or	observation	in	addition	to	wide	local	excision	of	the	primary	lesion.144,155,156	The	finding	was	that	there	was	no
difference	in	5-year	disease-specific	survival	(87.1%	versus	86.6%).155	Patients	who	developed	clinically	positive
nodes	during	 follow-up	after	 initial	observation	of	 the	node	basins	had	worse	 survival	 than	 those	with	positive
nodes	found	at	the	time	of	SNBx;	however,	this	post	hoc	analysis	has	inherent	limitations.155	In	this	trial,	patients
were	 randomized	 3:2	 to	wide	 excision	 plus	 SNBx	 or	wide	 excision	 only,	 respectively.	 In	 the	 group	 receiving
SNBx,	225	(27.6%)	of	814	patients	underwent	early	complete	lymph	node	dissection	(CLND),	compared	to	132
(24.7%)	of	533	patients	 in	 the	control	group	having	delayed	CLND.	Lymphedema	was	significantly	greater	for
those	in	the	observation	group	who	underwent	delayed	CLND	(20.4%	versus	12.4%	for	early	CLND;	P	=	 .04),
and	hospitalization	was	longer	for	delayed	CLND.157	The	follow-up	results	in	2014	supported	the	conclusion	that
biopsy-based	 staging	 of	 intermediate-thickness	 or	 thick	 primary	 melanomas	 provides	 important	 prognostic
information	and	identifies	patients	with	nodal	metastases	who	may	benefit	from	immediate	CLND.	In	this	series,
SNBx-based	 management	 prolonged	 disease-free	 survival	 for	 all	 patients	 and	 prolonged	 distant	 disease–free
survival	 and	 melanoma-specific	 survival	 for	 patients	 with	 nodal	 metastases	 from	 intermediate-thickness
melanomas.156

One	 important	 consideration	 should	be	kept	 in	mind,	which	 is	often	overlooked	 in	considering	 the	potential
value	 of	 SNBx	 and	 subsequent	 CLND.	 That	 consideration	 is	 the	 value	 to	 patients	 of	 regional	 control	 of	 their
tumor,	even	in	 the	absence	of	survival	benefit.	A	study	evaluating	patients’	perception	of	 their	own	utilities	for
health	states	suggested	 that	 the	development	of	 recurrent	disease	markedly	decreases	patient	perception	of	 their
health	state,	even	if	it	does	not	impact	survival.158	This	study	thus	suggests	that	regional	tumor	control	may	have
value	to	patients,	even	in	the	absence	of	a	survival	benefit.

The	 rationale	 for	 performing	 SNBx	 for	melanoma	 includes	 the	 following:	 (1)	 A	 negative	 SNBx	 is	 a	 good
prognostic	indicator	that	may	provide	comfort	to	low-risk	patients.	(2)	A	positive	SNBx	for	patients	with	T1-T3a
clinically	N0	melanomas	(clinical	stage	I	to	IIA)	may	render	them	candidates	for	adjuvant	therapy	with	high-dose
interferon	 (HDI),	 ipilimumab,	 or	 BRAF/MEK	 inhibition	 and	 may	 render	 some	 candidates	 for	 PD-1	 blockade
based	on	recent	published	findings.	(3)	Patients	with	microscopic	satellites	(N2c,	stage	IIIB)	are	further	upstaged
by	 the	 finding	 of	 a	 positive	 sentinel	 node,	which	 helps	 these	 patients	 in	 risk	 assessment	 and	may	make	 them



candidates	for	selected	clinical	trials.	(4)	Many	clinical	trials	require	surgical	staging	of	regional	nodes,	and	thus,
sentinel	node	mapping	makes	patients	candidates	for	 trials	 that	may	prove	to	be	of	benefit.	 (5)	Identification	of
melanoma	 in	 a	 sentinel	 node	 permits	 selection	 of	 patients	 for	CLND	 to	 increase	 the	 chance	 of	 regional	 tumor
control.	(6)	Excision	of	the	sentinel	node	may	be	curative	if	there	is	no	tumor	beyond	the	node,	even	if	CLND	is
not	feasible.	This	last	hypothesis	has	been	addressed	explicitly	in	the	Dermatologic	Cooperative	Oncology	Group
(DeCOG)	randomized	trial	of	CLND	versus	observation	and	the	Multicenter	Selective	Lymphadenectomy	Trial	2
(MSLT2).

SELECTION	OF	PATIENTS	FOR	SENTINEL	NODE	BIOPSY
SNBx	is	generally	recommended	for	patients	with	melanomas	at	least	1	mm	thick.	For	thinner	melanomas,	there	is
debate	 about	 the	 appropriate	 criteria	 for	 performing	 SNBx.111	 A	 common	 practice	 is	 to	 offer	 SNBx	 for	 thin
melanomas	with	adverse	prognostic	features,	including	ulceration.	The	AJCC	seventh	edition	staging	system	also
identified	a	mitotic	rate	of	≥1	as	an	adverse	prognostic	feature,	and	this	has	been	associated	with	higher	risk	of
sentinel	node	metastasis.	Earlier	data	also	support	the	relevance	of	mitotic	rate	as	a	prognostic	factor	in	primary
melanomas112	or	Clark	level	IV.108	There	is	debate	about	performing	SNBx	for	thin	melanomas	that	are	in	VGP,
that	 have	 dermal	mitoses,	 or	 that	 occur	 in	 young	 patients.111,114	Also,	 there	 is	 rationale	 for	 offering	 SNBx	 for
melanomas	<1	mm	thick	that	have	a	positive	deep	margin	on	biopsy	and	thus	are	not	fully	evaluable	for	depth.

Pure	desmoplastic	melanomas	have	a	similar	overall	metastatic	and	mortality	risk	as	other	melanomas,	but	their
risk	of	 regional	nodal	metastases	 appears	 to	be	 lower	 than	 that	 of	other	melanomas.95,159	Thus,	 some	 surgeons
may	have	a	higher	threshold	for	performing	SNBx	for	pure	desmoplastic	melanomas.	However,	 there	is	limited
experience	 with	 managing	 regional	 nodes	 in	 desmoplastic	 melanoma,	 and	 some	 desmoplastic	 melanomas	 can
metastasize	to	regional	nodes.93

Sentinel	Node	Biopsy	Subsequent	to	a	Prior	Wide	Local	Excision
SNBx	should	be	performed	at	the	same	procedure	as	wide	local	excision.	However,	there	are	some	circumstances
in	which	wide	local	excision	may	be	performed	without	SNBx.	Such	circumstances	include	a	thin	melanoma	on
original	biopsy	 that	 is	 found	 to	be	deeper	on	 reexcision	or	on	 second-opinion	pathology	 review.	A	multicenter
experience	with	76	patients	with	SNBx	performed	after	a	prior	wide	local	excision	revealed	a	99%	success	rate	in
SNBx;	a	mean	yield	of	two	sentinel	nodes	per	patient,	with	a	15%	overall	sentinel	node–positive	rate;	a	4%	rate	of
melanoma	recurrence	in	a	negative	mapped	basin;	and	only	a	1%	rate	of	isolated	first	recurrence	in	a	node.	These
and	other	data	support	performing	SNBx	after	prior	wide	local	excision,	although	performing	it	concurrently	with
the	original	wide	local	excision	is	preferred.160

MANAGEMENT
Clinically	Localized	Melanoma

Melanoma	In	Situ	(Clinical	TISN0M0,	Stage	0)
Melanomas	confined	to	the	epidermis	and	epidermal/dermal	junction	that	are	diagnosed	as	melanoma	in	situ	are
curable	in	the	vast	majority	of	cases	by	wide	excision	alone.	On	initial	evaluation,	the	regional	nodes	should	be
examined,	as	should	 the	skin	and	subcutaneous	 tissue	between	 the	primary	site	and	 these	 regional	node	basins.
Melanoma	in	situ	by	definition	is	not	invasive	or	metastatic;	however,	metastatic	melanoma	to	regional	nodes	has
been	observed	occasionally	from	melanoma	in	situ	with	histologic	evidence	of	regression.161	Thus,	it	is	prudent	to
examine	 the	 nodes	 clinically.	 However,	 in	 the	 absence	 of	 clinical	 evidence	 of	metastasis,	 there	 is	 no	 need	 to
perform	radiologic	staging	studies.	Definitive	management	involves	reexcision	with	a	margin	of	5	to	10	mm.	The
standard	 recommendation	 is	 to	 perform	 a	 full-thickness	 reexcision	 including	 underlying	 subcutaneous	 tissue,
although	 there	 are	 no	 formal	 data	 that	 a	 full-thickness	 skin	 excision	 is	 less	 adequate	 for	 melanoma	 in	 situ.
However,	 variation	 in	 thickness	 within	 the	 original	 biopsy	 specimen	 may	 lead	 to	 occult	 invasion	 that	 is	 not
observed	 on	 the	 evaluated	 sections.	 Thus,	 it	 is	 prudent	 to	 perform	 a	 full-thickness	 excision	 of	 skin	 and
subcutaneous	tissue	to	the	underlying	deep	fascia.	A	5-mm	margin	is	the	standard	recommendation,	but	melanoma
in	situ	can	extend	beyond	its	visible	extent.	Thus,	if	cosmetically	acceptable,	it	is	reasonable	to	obtain	a	margin	of
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as	much	as	1	cm,	especially	if	the	original	biopsy	was	incomplete.	If	the	margins	are	positive	or	close,	reexcision
to	a	widely	clear	margin	is	recommended.	SNBx	is	not	indicated.	No	adjuvant	therapy	is	needed	if	the	margins	are
widely	clear.

Clinical	Follow-up	after	Surgical	Treatment
In	 situ	melanomas	 are	 curable	 in	 the	 vast	majority	 of	 cases	with	 surgery	 alone.	However,	 they	 rarely	may	 be
associated	with	metastasis,	probably	attributable	either	to	an	invasive	component	that	was	not	detected	because	of
sampling	error	or	to	an	associated	regressed	invasive	component.161

Thus,	in	accord	with	the	NCCN	Guidelines,119,162	it	is	appropriate	to	follow	these	patients	for	local	recurrence,
in-transit	metastasis,	or	regional	node	metastasis	on	an	annual	basis.	The	risk	of	recurrence	is	not	high	enough	to
require	 specialty	 follow-up,	but	 a	 focused	physical	 examination	of	 the	patient	by	 the	primary	care	physician	 is
appropriate.	 More	 important,	 patients	 with	 melanoma	 in	 situ	 are	 at	 increased	 risk	 of	 subsequent	 primary
melanomas;	thus,	close	dermatologic	follow-up	with	full-body	skin	examinations	is	recommended.

Thin	Primary	Melanoma	(Clinical	T1A)
The	 classic	 definition	 of	 a	 thin	 melanoma	 was	 based	 on	 the	 original	 report	 of	 Breslow103	 of	 the	 association
between	depth	of	invasion	(Breslow	thickness)	and	subsequent	risk	of	metastasis	and	death.	In	that	report,	patients
with	melanomas	<0.76	mm	thick	had	no	subsequent	metastasis.	Thus,	the	definition	of	a	thin	melanoma	had	been
a	 melanoma	 <0.76	 mm	 thick.	 However,	 subsequent	 studies	 have	 shown	 a	 continuous	 risk	 association	 with
increasing	thickness,	without	an	absolute	“cutoff”	at	0.76	mm,103	and	melanomas	<0.76	mm	in	thickness	do	have
approximately	a	5%	risk	of	subsequent	metastasis.163	Additional	studies	have	defined	additional	histopathologic
features	 that	 affect	 the	prognosis	of	 thin	melanomas.	The	 eighth	 edition	of	 the	AJCC	staging	 system	 revisits	 a
cutoff	for	T1a	melanomas	that	closely	approximates	Breslow’s	original	report,	as	nonulcerated	melanomas	<0.8
mm	in	depth	are	defined	as	T1a.	This	staging	system	specifies	that	Breslow	depth	should	be	rounded	to	the	nearest
one	decimal	place,	so	melanomas	<0.75	mm	are	T1a,	and	those	≥0.76	mm	are	T1b.	Clinical	stage	IA	melanomas
have	5-	and	10-year	survival	rates	of	99%	and	98%,	respectively.108,115,118

In	most	centers,	the	surgical	management	of	patients	with	T1a	melanomas	includes	wide	excision	with	a	1-cm
margin	(including	skin	and	all	underlying	subcutaneous	tissue	to	the	deep	muscle	fascia).	The	margin	should	be
measured	from	the	visible	edge	of	the	pigmented	lesion	or	from	the	biopsy	scar,	whichever	is	larger.	Excisions	of
this	size	can	almost	always	be	closed	primarily,	with	exceptions	being	on	 the	face,	palms,	and	feet,	where	skin
grafts	or	rotation	flaps	may	be	needed.

Surgical	Methods	in	Wide	Local	Excision	(Applies	for	All	Primary	Melanoma	Thicknesses)
For	 melanomas	 of	 the	 trunk	 and	 proximal	 extremities,	 wide	 local	 excisions	 should	 involve	 measuring	 the
appropriate	margin	(usually	1	to	2	cm)	around	the	entire	scar	from	the	biopsy,	or	from	the	visible	edge	of	residual
melanoma,	and	extending	the	incision	to	make	an	ellipse	that	is	approximately	three	times	as	long	as	it	is	wide.
Ideally,	the	direction	of	the	scar	should	be	longitudinal	on	the	extremities,	occasionally	with	some	modification	at
joints,	and	should	be	along	skin	lines	on	the	trunk	and	neck.	On	the	upper	back,	it	is	usually	best	for	the	scar	to
run	transversely	to	minimize	tension	on	it.	When	the	initial	biopsy	scar	is	not	in	the	direction	that	is	desired	for	the
final	excision,	an	effective	approach	is	first	to	mark	out	the	oval	shape	that	is	required	for	the	appropriate	margins,
and	then	rather	than	extending	that	to	an	ellipse	that	is	in	the	same	direction,	the	ends	of	that	oval	can	be	extended
in	 the	desired	direction,	 resulting	 in	a	sigmoid-shaped	oval,	which	has	 two	advantages:	The	closure	results	 in	a
scar	 that	 is	 more	 in	 the	 desired	 direction,	 and	 the	 sigmoid	 shape	 allows	 the	 tension	 to	 be	 distributed	 in	 two
directions.	This	may	 represent	a	 formal	S-plasty	closure	 technique.164	The	excision	 should	 include	all	 skin	and
subcutaneous	tissue	to	the	deep	fascia	but	not	including	the	fascia.	When	a	major	cutaneous	nerve	runs	along	the
deep	fascia	 to	 innervate	distal	cutaneous	structures,	 it	 is	appropriate	 to	preserve	 that	nerve.	Wide	excisions	can
usually	 be	 performed	 under	 local	 anesthesia,	 with	 or	 without	 intravenous	 sedation,	 in	 the	 patient	 who	 is	 thus
motivated.

Clinical	Follow-up	for	Thin	Melanomas	(Stage	IA)
There	 are	 no	 definitive	 data	 showing	 a	 survival	 advantage	 for	 close	 follow-up	 after	 surgical	 management	 of
primary	 or	 metastatic	 melanoma;	 however,	 there	 is	 an	 expectation	 from	 patients	 for	 follow-up,	 and	 there	 are
treatable	 recurrences	 and	metastases	 that	 can	be	 identified	best	 by	physician	 follow-up.	The	NCCN	has	 issued



useful	 guidelines	 for	 treatment	 and	 follow-up	 of	melanoma,	 and	 they	 are	 largely	 concordant	 with	German	 S3
guidelines.119,162	The	risk	of	metastasis	for	thin	melanomas	is	in	the	5%	to	10%	range	and	less	for	RGP	lesions.	In
the	uncommon	case	of	recurrent	 thin	melanomas,	 the	recurrences	usually	occur	late,	often	beyond	5	years	from
diagnosis;	the	annual	risk	of	recurrence	is	fairly	constant	over	a	long	time,71	so	annual	follow-up	for	many	years	is
recommended	rather	than	frequent	follow-up	in	the	first	few	years.	Follow-up	suggestions	are	listed	in	Table	92.4.

Clinical	T1B	Melanomas
Melanomas	0.8	to	1	mm	thick,	with	or	without	ulceration,	and	ulcerated	melanomas	less	than	0.8	mm	should	be
managed	 with	 an	 initial	 history	 and	 physical	 examination	 to	 elucidate	 signs	 or	 symptoms	 that	 could	 suggest
metastatic	disease.	In	the	absence	of	such	findings,	there	is	very	low	yield	of	additional	staging	studies,	and	they
are	not	recommended.	In	patients	without	evidence	of	metastasis,	definitive	management	includes	wide	excision
with	a	1-cm	margin.

In	addition,	SNBx	may	be	considered	and	discussed	for	these	T1b	melanomas.	Ulceration	is	uncommon	among
melanomas	≤1	mm	thick,	but	when	it	is	observed,	SNBx	is	usually	recommended.	For	nonulcerated	melanomas
0.8	 to	 1.0	 mm	 thick	 or	 with	 a	 positive	 deep	 margin,	 SNBx	 may	 also	 be	 discussed	 and	 considered,	 but
recommendations	for	these	patients	are	not	firmly	established.

If	an	SNBx	is	performed	and	is	negative,	then	the	patient	is	considered	to	have	been	pathologically	staged	as
T1bN0M0	 (stage	 IB),	 and	 no	 additional	 surgical	management	 is	 required	 and	 no	 adjuvant	 systemic	 therapy	 is
indicated,	other	than	consideration	of	clinical	trials.

TABLE	92.4
Recommendations	for	Melanoma	Follow-up	Adapted	from	the	National	Comprehensive
Cancer	Network	(NCCN)	V1.2018119	and	German	S3	(G-S3)	Guidelines162

	 	 Year	1 Year	2 Year	3 Year	4 Year	5 Years	6–10
IA NCCN H&P	(q6–12)a H&P	(q6–12) H&P	(q6–12) H&P	(q6–12) H&P	(q6–12) H&P	(q12)

G-S3 H&P	(q6) H&P	(q6) H&P	(q6) H&P	(q12) H&P	(q12) H&P	(q12)

IB	to	IIIB NCCN H&P	(q6–12) H&P	(q6–12) H&P	(q6–12) H&P	(q6–12) H&P	(q6–12) H&P	(q12)

G-S3 H&P	(q3)
U/S	(q6)
S100B	(q3)

H&P	(q3)
U/S	(q6)
S100B	(q3)

H&P	(q3)
U/S	(q6)
S100B	(q3)

H&P	(q6) H&P	(q6) H&P	(q6–12)

IIB NCCNb H&P	(q3–6)
Imagec	(q3–12)
MRI	(q12)

H&P	(q3–6)
Image	(q3–12)
MRI	(q12)

H&P	(q3–12)
Image	(q3–12)
MRI	(q12)

H&P	(q3–12)
Image	(q3–12)
MRI	(q12)

H&P	(q3–12)
Image	(q3–12)
MRI	(q12)

H&P	(q12)

G-S3 H&P	(q3)
U/S	(q6)
S100B	(q3)

H&P	(q3)
U/S	(q6)
S100B	(q3)

H&P	(q3)
U/S	(q6)
S100B	(q3)

H&P	(q6) H&P	(q6) H&P	(q6–12)

IIIC	to	IV NCCN H&P	(q3–6)
Image	(q3–12)
MRI	(q12)

H&P	(q3–6)
Image	(q3–12)
MRI	(q12)

H&P	(q3–12)
Image	(q3–12)
MRI	(q12)

H&P	(q3–12)
Image	(q3–12)

H&P	(q3–12)
Image	(q3–12)

H&P	(q12)

G-S3 H&P	(q3)
U/S	(q3)
S100B	(q3)
CTs	(q6)

H&P	(q3)
U/S	(q3)
S100B	(q3)
CTs	(q6)

H&P	(q3)
U/S	(q3)
S100B	(q3)
CTs	(q6)

H&P	(q3)
U/S	(q6)
S100B	(q6)

H&P	(q3)
U/S	(q6)
S100B	(q6)

H&P	(q6)

aAll	numbers	in	parentheses	represent	months.
bIn	patients	who	have	had	a	positive	sentinel	node	biopsy	but	did	not	have	a	complete	lymph	node	dissection	(stage	IIIA	to	IIIC),	ultrasound	exam	of	that	node
basin	may	be	considered	every	3	to	12	months	for	2	to	3	years.
cImage	=	consider	chest	x-ray,	CT,	and	positron	emission	 tomography/CT.	MRI	of	 the	brain	may	be	considered	 for	asymptomatic	patients	with	stage	 IIIC	or
higher.	In	patients	who	have	developed	prior	metastases,	more	frequent	imaging	may	be	appropriate.
H&P,	history	and	physical	exam;	q,	every;	U/S,	ultrasound	exam	of	draining	node	basins;	S100B,	serum	S100B	level;	MRI,	magnetic	resonance	imaging;	CT,
computed	tomography.

Clinical	T2A,	T2B	Melanomas
Melanomas	1	to	2	mm	thick,	with	or	without	ulceration,	should	be	managed	with	an	initial	history	and	physical
examination	to	elucidate	signs	or	symptoms	that	could	suggest	metastatic	disease.	In	the	absence	of	such	findings,
there	is	very	low	yield	of	additional	staging	studies,	and	they	are	not	recommended.	In	patients	without	evidence
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of	 metastasis,	 definitive	 management	 includes	 wide	 excision	 with	 a	 1-	 to	 2-cm	margin	 and	 SNBx.	 There	 are
definitive	data	from	the	Melanoma	Intergroup	trial	that	a	2-cm	margin	is	adequate	for	these	patients,141	and	even	a
1-cm	margin	was	associated	with	the	same	survival	as	a	3-	to	5-cm	margin	in	long	follow-up	of	the	World	Health
Organization	Trial	No.	10	(see	Table	92.3).132	However,	 there	has	been	 a	 slight	 increase	 in	 local	 recurrence	 in
patients	with	 1-	 to	 2-mm	 lesions	who	 had	 1-cm	margins	 (versus	 3-	 to	 5-cm	margins).	 This	 is	 not	 statistically
significant	in	the	patients	studied,	but	it	may	signal	a	slight	increase	in	local	recurrence	risk.	When	it	is	feasible	to
take	a	2-cm	margin	without	a	skin	graft	(trunk	and	proximal	extremities	in	most	cases),	this	is	recommended	to
minimize	 the	chance	of	 local	 recurrence.	However,	when	 the	 lesion	 is	 located	on	 the	 face	or	distal	extremities,
where	such	a	margin	may	be	difficult	to	achieve	without	a	skin	graft,	a	1-	to	1.5-cm	margin	is	acceptable.	If	a	skin
graft	will	be	necessary	even	to	close	a	1-cm	margin	(rare),	it	is	recommended	that	a	2-cm	margin	be	taken	because
the	morbidity	and	cost	of	the	skin	graft	will	already	be	needed.	In	addition,	for	lesions	that	are	barely	above	1	mm
in	depth	(e.g.,	1.03	mm),	it	certainly	is	reasonable	to	use	a	1-cm	margin.

SNBx	is	routinely	recommended	for	patients	with	melanomas	1	to	2	mm	thick.165	If	the	SNBx	is	positive,	then
subsequent	management	should	follow	recommendations	given	later	for	stage	IIIA	melanoma	(T2a	with	positive
SNBx	 involving	 one	 to	 three	 nodes)	 or	 stage	 IIIB	melanoma	 (T2b	with	 positive	 SNBx	 involving	 one	 to	 three
nodes).	However,	 if	 the	SNBx	 is	negative,	 then	 the	patient	 is	considered	 to	have	been	pathologically	 staged	as
T2aN0M0	 (stage	 IB)	 or	 T2bN0M0	 (stage	 IIA),	 and	 no	 additional	 surgical	 management	 is	 required	 and	 no
adjuvant	systemic	therapy	is	indicated,	other	than	clinical	trials.

Clinical	T3A	Melanomas	(Clinical	Stage	IIA)
Melanomas	2	to	4	mm	thick,	without	ulceration,	represent	T3a	lesions,	and	in	the	absence	of	metastases,	these	are
clinical	stage	IIA	lesions.	They	should	be	managed	clinically	with	a	history	and	physical	examination	as	detailed
previously	and	may	be	considered	for	staging	studies	and	serum	LDH	level.	Definitive	management	includes	wide
excision	with	a	2-cm	margin	and	SNBx	for	histologic	staging	of	the	regional	nodes.	If	the	SNBx	is	negative,	then
no	additional	surgical	or	systemic	therapy	is	indicated	other	than	possible	clinical	trials.	If	the	SNBx	is	positive,
then	management	for	stage	IIIA	melanoma	should	be	followed.

Clinical	T3B	Melanomas	(Clinical	Stage	IIB)
Melanomas	 2	 to	 4	mm	 thick	with	 ulceration	 represent	 T3b	 lesions	 and	 thus	 are	 clinical	 stage	 IIB	melanomas.
These	 are	 high-risk	 localized	 melanomas.	 Initial	 management	 should	 include	 a	 careful	 history	 and	 physical
examination.	Staging	studies	are	generally	of	low	yield,	but	in	selected	high-risk	cases,	they	may	be	considered,
and	if	 there	are	symptoms	or	indeterminate	physical	findings	suspicious	for	metastatic	disease,	 there	is	value	in
performing	indicated	imaging	studies.166	Given	the	higher	risk	of	synchronous	metastases	that	may	be	detected	at
diagnosis,	systemic	staging	with	CT	scans	of	the	chest,	abdomen,	and	pelvis	(or	PET/CT	scan)	plus	MRI	scan	of
the	brain	may	be	indicated	if	there	are	symptoms	or	signs	suggestive	of	systemic	metastasis.

In	the	absence	of	clinical	evidence	of	metastasis,	definitive	management	is	wide	excision	with	a	2-cm	margin
and	 SNBx.	 If	 the	 nodes	 are	 negative,	 the	 summary	 stage	 is	 IIB	 (T3bN0M0).	 For	 these	 patients,	 no	 additional
surgical	therapy	is	needed.	However,	HDI	and	pegylated-interferon	(IFN)	therapies	have	been	approved	for	use	as
postsurgical	 adjuvant	 therapy	 for	 patients	with	 resected	 stage	 IIB	 or	 III	melanoma.	 It	 is	worth	 noting	 that	 the
randomized	clinical	trials	of	adjuvant	IFN	were	performed	before	the	recent	revision	of	the	AJCC	staging	system,
when	ulceration	was	not	incorporated	in	the	staging	system.	Thus,	the	patients	with	stage	IIB	in	whom	IFN	was
tested	did	not	include	the	current	patients	with	stage	T3bN0.	Nonetheless,	it	is	available	for	such	patients,	whose
risk	 is	 comparable	 to	 that	 of	 patients	 with	 nonulcerated	 thick	 melanomas	 (T4aN0).	 The	morbidity	 of	 HDI	 or
pegylated	 IFN	 therapy	can	be	significant,	and	 the	clinical	benefit	 is	 limited	mostly	 to	RFS,	so	 its	use	 for	 these
patients	 is	 often	 limited.	 Because	 2017	 data	 now	 support	 a	 survival	 advantage	 of	 BRAF/MEK	 inhibition	 (for
BRAF	 V600–mutant	 melanomas)	 or	 checkpoint	 blockade	 therapy	 for	 adjuvant	 therapy	 of	 stage	 III	 or	 IV
melanomas,	 clinical	 trials	 evaluating	 them	 in	 stage	 IIB	 or	 IIIC	 patients	 are	 being	 performed.	 These	 and	 other
clinical	trials	are	also	appropriate	for	these	patients	to	consider.

THICK	MELANOMAS	(T4A,	T4B,	>4	mm	Thick)
Thick	melanomas	have	been	commonly	associated	with	a	 risk	of	metastasis	 and	mortality	 in	 the	 range	of	50%
over	 5	 to	 10	 years.	 However,	 increased	 accuracy	 of	 staging	with	 SNBx	 and	 improved	 systemic	 therapy	 have



improved	 OS.	 Thus,	 current	 data,	 used	 in	 developing	 the	 eighth	 edition	 of	 the	 AJCC	 staging	 system,	 reveal
improved	 survival	 rates	 for	 these	 patients.	Melanoma-specific	 survival	 for	 node-negative	 patients	 at	 5	 and	 10
years	is	86%	and	81%	for	T3b	lesions	(stage	IIB),	90%	and	83%	for	T4a	lesions	(stage	IIB),	and	82%	and	75%	for
T4b	lesions	(stage	IIC),	respectively.118	Ulceration	increases	risk	for	 these	patients:	T4a	melanomas	are	clinical
stage	IIB,	and	T4b	melanomas	are	clinical	stage	IIC.

Initial	 workup	 should	 include	 a	 history	 and	 physical	 examination	 and	 serum	 LDH	 plus	 more	 aggressive
radiologic	 imaging	 as	 indicated	 by	 signs	 and	 symptoms.	 For	 these	 high-risk	 patients,	 consideration	 should	 be
given	to	more	complete	staging	with	CT	scans	of	the	chest,	abdomen,	and	pelvis	plus	MRI	of	the	head.	Definitive
management	includes	wide	excision	with	at	least	a	2-cm	margin	plus	SNBx.	There	are	no	definitive	prospective,
randomized	 data	 regarding	 margins	 for	 melanomas	 thicker	 than	 4	 mm,	 but	 margins	 of	 at	 least	 2	 cm	 are
recommended.	 The	 general	 experience	 is	 that	 2-cm	 margins	 provide	 adequate	 local	 control	 for	 these	 lesions,
suggesting	 that	 the	 strong	 data	 supporting	 the	 adequacy	 of	 2-cm	 margins	 in	 1-	 to	 4-mm	melanomas	 may	 be
extrapolated	to	thicker	lesions.167

Because	SNBx	has	been	used	routinely	since	the	early	1990s,	most	studies	show	that	sentinel	node	status	has
independent	 prognostic	 value	 for	 patients	with	 thick	melanomas.167	Because	 these	 patients	 have	 a	 high	 risk	 of
sentinel	 node	positivity	 (approximately	35%	 to	40%),	 there	 is	 a	 high	 chance	of	 regional	 nodal	 recurrence,	 and
SNBx,	 followed	 by	 CLND,	 offers	 the	 prospect	 of	 increasing	 the	 chance	 of	 regional	 control.	 In	 patients	 with
negative	sentinel	nodes,	adjuvant	IFN	may	be	considered	because	it	 is	approved	by	the	FDA	for	 these	patients.
This	should	be	discussed	in	detail	with	patients	in	the	context	of	newer	agents,	rapidly	evolving	standards	of	care,
and	ongoing	clinical	trial	opportunities.

SPECIAL	CONSIDERATIONS	IN	MANAGEMENT	OF	PRIMARY
MELANOMAS
Primary	Melanomas	of	the	Head	and	Neck
For	melanomas	 on	 the	 head	 and	 neck,	 there	 are	 important	 anatomic	 constraints,	 and	 there	 are	 times	when	 the
optimal	margins	are	not	feasible	(e.g.,	a	2-cm	margin	for	a	lesion	1	cm	below	the	eye),	but	to	the	extent	possible,
the	optimal	margins	should	be	obtained	and	closed	with	an	advancement	flap,	skin	graft,	or	limited	rotation	flap.
In	 the	 unusual	 circumstance	 of	 a	 large-diameter	 lentigo	 maligna	 on	 the	 face	 that	 is	 not	 amenable	 to	 surgical
resection	because	of	cosmetic	results	or	comorbid	patient	conditions,	it	may	be	treated	with	superficial	or	grenz	x-
rays	with	54	to	60	Gy	conventionally	fractionated	to	1-cm	margins	and	5-mm	depth	beyond	the	lesion,	resulting	in
local	control	rates	>90%.168

Anecdotal	 reports	 of	 off-label	 topical	 treatment	with	 imiquimod	 ointment	 have	 also	 reported	 effective	 local
control	 of	 superficial	 melanomas.169,170	 Imiquimod	 is	 increasingly	 being	 used,	 with	 good	 results	 in	 reported
experience,	but	recurrence	may	occur.171	Initial	experience	suggests	that	imiquimod	is	not	effective	at	eradicating
dysplastic	nevi.172	Desmoplastic	melanomas	commonly	occur	in	the	head	and	neck	region	and	may	have	reported
local	recurrence	rates	up	to	40%	to	60%	after	resection.173	Other	series	vary	substantially	in	local	recurrence	rates
of	desmoplastic	melanomas.	One	reports	local	recurrences	as	first	recurrences	in	14%	of	patients,	which	exceeds
that	 of	 other	 histologic	 types,97	 and	 another	 reports	 no	 difference	 in	 local	 recurrence	 rates	 compared	 to	 other
melanomas,	 although	 the	 presence	 of	 neurotropism	was	 associated	with	 higher	 risks	 of	 local	 recurrence.98	 An
explanation	for	the	high	local	recurrence	rates	in	some	series	of	desmoplastic	melanoma	may	include	inadequate
margins	 of	 excision	 because	 of	 anatomic	 constraints	 in	 the	 head	 and	 neck.	 In	 addition,	 because	 desmoplastic
melanomas	are	usually	amelanotic,	the	surgical	margins	may	be	underestimated,	and	the	histologic	appearance	of
desmoplastic	melanoma	can	 interfere	with	accurate	detection	of	microscopically	positive	margins,	especially	 in
fibrotic	 skin.	 Thus,	 in	 patients	 with	 desmoplastic	 melanoma,	 every	 effort	 should	 be	 made	 to	 obtain	 adequate
margins.173	 If	 that	 is	 not	 possible,	 postoperative	 adjuvant	 radiation	with	 30	Gy	 in	 five	 fractions	 prescribed	 to
maximum	dose	(dmax)	and	delivered	twice	weekly	or	60	Gy	in	30	fractions	delivered	daily	over	6	weeks	should
be	 considered	 with	 2-	 to	 4-cm	 margins	 around	 the	 resected	 lesion	 because	 postoperative	 radiation	 has	 been
reported	 in	 a	 large	 retrospective	 series	of	130	patients	 to	 reduce	 local	 recurrence	 to	7%	 from	24%	 for	patients
treated	with	surgery	alone.174	Strom	et	al.175	reported	that	postoperative	radiation	improved	local	control	for	most
patients	 with	 desmoplastic	 melanoma	 and	 should	 be	 considered	 for	 all	 patients	 with	 a	 positive	 margin	 (local
recurrence	of	14%	with	postoperative	radiation	versus	54%	without	postoperative	radiation)	or	high-risk	features
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including	perineural	invasion,	head	and	neck	primary	tumor	location,	a	Breslow	depth	>4	mm,	or	a	Clark	level	V
tumor.	Rule	 et	 al.176	 reported	 the	 only	 prospective	 clinical	 trial	 data	 for	 patients	with	 desmoplastic	melanoma
treated	with	postoperative	adjuvant	 radiation	with	30	Gy	 in	 five	 fractions	delivered	 twice	weekly	on	 the	North
Central	Cancer	Treatment	Group	(NCCTG)	N0275	clinical	trial	with	a	reported	2-year	recurrence	rate	of	10%	and
no	grade	3	or	greater	toxicities	for	the	20	patients	enrolled	in	this	study.

Neurotropic	melanomas	of	 the	head	and	neck	have	a	propensity	 to	 recur	at	 the	skull	base	by	 tracking	along
cranial	 nerves,	 and	 postoperative	 adjuvant	 radiation	 including	 the	 resection	 bed	 and	 the	 cranial	 nerve	 pathway
may	be	considered	in	this	setting	to	improve	local	control.	The	Trans-Tasman	Radiation	Oncology	Group	(TROG)
08.09	trial	is	currently	enrolling	patients	in	a	prospective	randomized	clinical	trial	with	an	expected	accrual	of	100
patients	to	postoperative	radiation	therapy	with	48	Gy	in	20	fractions	following	wide	local	excision	of	neurotropic
melanoma	versus	surgery	alone	with	primary	end	points	being	local	relapse	rate,	survival,	side	effects,	and	quality
of	 life	 between	 the	 two	 groups.	 The	 results	 of	 this	 clinical	 trial	will	 guide	 radiation	 recommendations	 for	 this
patient	population.

Primary	Melanomas	of	the	Mucous	Membranes
Mucosal	melanomas	of	the	head	and	neck,	anorectal	region,	and	female	genital	tract	are	usually	diagnosed	when
they	 are	 thick.	 They	 are	 associated	 with	 higher	 risks	 of	 distant	 metastases	 and	 death	 compared	 to	 cutaneous
melanoma.	They	are	also	associated	with	higher	risks	of	local	recurrence	and	regional	nodal	metastases.	Staging
of	mucosal	melanomas	of	the	anorectum	and	female	genital	tract	is	not	addressed	in	the	AJCC	staging	system,	but
there	is	a	staging	system	for	mucosal	melanomas	of	the	head	and	neck.177

The	depth	of	invasion	of	mucosal	melanomas	often	is	difficult	to	measure	because	they	are	often	biopsied	in	a
fragmented	way.	However,	 they	usually	are	deep	 lesions,	with	depths	often	of	≥1	cm.	They	should	be	 resected
with	wide	margins	if	possible.	Resection	of	melanomas	of	the	nasopharynx,	oropharynx,	and	sinuses	is	limited	by
the	bony	structures	of	 the	 skull	 and	 the	base	of	 the	brain.	Vulvovaginal	melanomas	may	be	widely	 resected	 in
many	 cases	 but	may	 also	be	 constrained	by	 efforts	 to	 preserve	 urinary	 and	 sexual	 function.	They	may	 also	be
associated	 with	 extensive	 radial	 growth	 in	 addition	 to	 the	 invasive	 lesion,	 which	 can	 lead	 to	 multifocal	 local
recurrences.	 Anorectal	 melanoma	 may	 usually	 be	 resected	 widely	 by	 an	 abdominoperineal	 resection,	 but	 this
morbid	operation	is	not	associated	with	higher	survival	rates	than	local	excision	only.178

Adjuvant	 local	 postoperative	 radiation	 therapy	 with	 approximately	 60,	 66,	 and	 70	 Gy	 conventionally
fractionated	for	R0,	R1,	and	R2	resections,	respectively,	may	improve	local	control	when	widely	clear	margins	are
not	feasible.179	However,	no	randomized,	prospective	trials	of	radiation	have	been	performed	in	this	setting.	SNBx
has	been	performed	for	vulvovaginal	melanomas,	but	its	impact	on	ultimate	clinical	outcome	is	not	known.180	It
may	also	be	performed	for	anorectal	melanomas,181	but	pelvic	and	systemic	metastases	are	more	concerning	for
ultimate	 outcome	 than	 the	 risk	 of	 groin	 metastases.	 SNBx	 is	 not	 generally	 feasible	 for	 mucous	 membrane
melanomas	of	the	head	and	neck	because	of	technical	considerations.

Mucosal	melanomas	have	not	specifically	been	tested	for	their	response	to	IFN	therapy,	but	they	are	considered
eligible	 for	 IFN,	which	 is	 reasonable	 to	 consider	 after	 resection	 of	 thick	mucosal	melanomas	with	 or	 without
lymph	node	involvement.	These	patients	may	also	be	eligible	for	clinical	trials	in	the	adjuvant	setting.	This	can	be
discussed	in	detail	with	patients	in	the	context	of	newer	agents,	rapidly	evolving	standards	of	care,	and	ongoing
clinical	trial	opportunities.

PRIMARY	MELANOMAS	OF	THE	FINGERS	AND	TOES
For	melanomas	of	the	plantar	aspect	of	the	foot,	especially	on	the	anterior	weight-bearing	surface	or	on	the	heel,
skin	grafts	are	 inadequate	for	bearing	 the	weight	of	walking.	Thus,	 it	 is	often	effective	 to	rotate	 the	skin	of	 the
instep	of	the	foot	to	cover	defects	in	those	areas,	with	skin	grafting	of	the	instep	area	if	needed.

For	 subungual	 melanomas	 of	 any	 finger	 or	 toe,	 the	 appropriate	 management	 is	 amputation	 at	 the
interphalangeal	joint	of	the	toe	or	just	proximal	to	the	distal	interphalangeal	joint	of	the	finger.	Even	for	subungual
melanomas	in	situ,	such	an	amputation	is	indicated.	These	lesions	often	are	found	to	contain	invasion	on	the	final
specimen	that	is	not	evident	on	original	biopsy,	and	it	is	not	feasible	to	resect	the	entire	nail	bed	with	any	margin
without	 taking	 the	 bone	 of	 the	 distal	 phalanx	 because	 the	 two	 are	 intimately	 associated.	 It	 is	 important	 for
amputations	 of	 the	 fingers,	 especially	 the	 thumb,	 to	 attach	 the	 severed	 deep	 flexor	 tendon	 to	 the	 remaining
proximal	phalangeal	bone	to	retain	adequate	flexor	strength	after	surgery.	This	can	be	done	by	passing	a	braided



multifilament	suture	through	the	phalangeal	bone	and	the	ligament	via	holes	drilled	in	the	bone	in	two	places.	The
skin	incision	for	 these	amputations	can	be	designed	by	measuring	1	to	2	cm	(depending	on	thickness)	from	the
nail	bed	and	including	at	least	that	amount	of	skin	with	the	amputation.	This	almost	always	leaves	some	skin	on
the	plantar	or	palmar	surface	(except	when	the	subungual	melanoma	has	extended	well	out	onto	the	plantar/palmar
surface)	that	can	be	used	to	close	the	surgical	defect	and	provides	a	sturdy	skin	surface.

For	melanomas	of	the	proximal	toe	or	finger,	the	considerations	are	similar	to	those	for	distal	and	subungual
digital	 melanomas.	 For	 melanoma	 of	 the	 toe,	 amputation	 of	 the	 toe	 is	 usually	 the	 best	 choice	 because	 the
functional	morbidity	of	 losing	a	 toe	 is	 small.	The	exception	 is	 the	great	 toe,	but	even	amputation	of	 that	 toe	 is
feasible,	although	retention	of	the	first	metatarsal	head	is	valuable	for	gait	and	balance.	For	small-diameter,	thin
melanomas	proximally	 located	on	the	fingers,	and	for	 toes	when	appropriate,	 it	occasionally	may	be	feasible	 to
perform	a	wide	excision	and	skin	grafting	(rarely	primary	closure)	with	preservation	of	the	digit.

SNBx	can	be	performed	accurately	from	these	lesions	and	should	usually	be	performed	for	melanomas	of	the
fingers	or	toes	if	they	are	at	least	T1b	lesions.

THE	ROLE	OF	RADIATION	THERAPY	IN	THE	MANAGEMENT	OF	PRIMARY
MELANOMA	LESIONS
The	general	management	of	primary	melanoma	lesions	is	surgical	resection.	However,	there	is	a	role	for	definitive
or	adjuvant	radiation	therapy	in	certain	histologic	variants	including	lentigo	maligna,	desmoplastic	melanoma,	or
neurotropic	 melanoma,	 and	 for	 palliation	 of	 bulky	 unresectable	 primary	 disease.	 Lentigo	 maligna	 commonly
occurs	as	a	large	lesion	in	the	head	and	neck	region	of	elderly	patients.	If	the	patient	is	medically	inoperable	or	if
the	proposed	resection	would	result	in	a	poor	cosmetic	outcome,	he	or	she	can	be	treated	with	superficial	or	grenz
x-rays	(superficial	x-rays)	with	54	to	60	Gy	conventionally	fractionated	to	1-cm	margins	and	5-mm	depth	beyond
the	tumor	margin	resulting	in	local	control	rates	>90%.168	Desmoplastic	melanomas	also	commonly	occur	in	the
head	and	neck	region	and	have	high	local	recurrence	rates.	Two	large	retrospective	series	reported	reduced	rates
of	local	recurrence	with	postoperative	adjuvant	radiation	delivered	with	2-	to	4-cm	margins	around	the	resected
lesion	compared	to	resection	alone	and	support	consideration	of	postoperative	radiation	for	patients	with	close	or
positive	margins,	perineural	invasion,	head	and	neck	primary	tumor	location,	a	Breslow	depth	>4	mm,	or	a	Clark
level	V	tumor.174,175	Neurotropic	melanomas	of	the	head	and	neck	have	a	propensity	to	recur	at	the	skull	base	by
tracking	 along	 cranial	 nerves,	 and	 postoperative	 adjuvant	 radiation	 including	 the	 resection	 bed	 and	 the	 cranial
nerve	 pathway	 may	 be	 considered	 for	 patients	 with	 perineural	 invasion.	 Surgery	 alone	 versus	 surgery	 and
postoperative	 radiation	 with	 48	 Gy	 in	 20	 fractions	 is	 currently	 being	 investigated	 prospectively	 in	 the	 TROG
08.09	clinical	 trial.	Large	unresectable	primary	lesions	should	be	considered	for	palliative	radiation	therapy	and
should	be	treated	aggressively	if	 this	is	 the	patient’s	only	site	of	disease,	or	these	patients	should	be	enrolled	in
clinical	trials.	Of	note,	the	concurrent	use	of	IFN-α-2b	with	radiation	or	its	use	1	month	after	radiation	has	been
reported	to	cause	increased	radiation	toxicity	and	should	be	used	cautiously.182

CLINICAL	FOLLOW-UP	FOR	INTERMEDIATE-THICKNESS	AND	THICK
MELANOMAS	(STAGE	IB	TO	IIC)
Suggestions	 for	 follow-up	are	 listed	 in	Table	92.4.	 For	 intermediate-thickness	melanomas,	 history	 and	 focused
physical	 examination	may	be	done	as	often	as	 every	3	months	 and	as	 infrequently	 as	 annually,	with	LDH	and
complete	blood	 count	 at	 least	 annually	 and	other	 scans	done	 as	 indicated	 for	 symptoms.	CT	or	PET/CT	 is	 not
likely	to	have	much	yield	if	the	other	studies	and	clinical	examination	are	all	unremarkable.	However,	there	are
circumstances	in	which	they	may	be	useful.	Especially	for	the	high-risk	primary	tumor	(e.g.,	T4b)	on	the	lower
extremity,	pelvic	CT	scan	or	PET/CT	may	be	helpful	 in	 identifying	 iliac	nodal	 recurrences	 that	 are	difficult	 to
detect	on	examination.	In	addition,	for	high-risk	melanomas,	brain	MRI	may	be	helpful	in	detecting	small	brain
metastases	when	they	are	asymptomatic	and	amenable	to	treatment	with	gamma	knife	radiation	therapy.

Most	first	recurrences	will	be	in	local	skin,	in-transit	skin,	or	lymph	nodes,	which	can	be	detected	on	physical
examination	 and	 can	 be	 treated	 surgically	with	 some	 chance	 of	 cure.	 The	most	 common	 first	 sites	 of	 visceral
metastasis	 are	 lung	 and	 liver.	 Other	 frequent	 sites	 of	metastasis	 include	 the	 gastrointestinal	 tract,	 brain,	 bone,
distant	skin	or	nodes,	and	adrenal	glands.	Clinical	follow-up	should	elicit	any	information	on	headaches,	weight
loss,	change	in	appetite,	bone	pain,	or	other	symptoms	that	could	be	associated	with	these	metastatic	sites.	There
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should	 be	 a	 low	 threshold	 for	 performing	 radiologic	 studies	 to	 work	 up	 such	 symptoms.	 However,	 routine
extensive	scans	have	not	been	shown	to	improve	clinical	outcome.	In	a	study	of	follow-up	for	patients	with	stage
II	 or	 III	 melanoma,	 melanoma	 recurrences	 were	 detected	 based	 on	 symptoms	 in	 68%,	 physical	 examination
findings	 in	 26%,	 and	CXR	 in	 6%.183	 In	 another	 study	 of	 patients	with	 stage	 I	 or	 II	melanoma	 followed	with
physical	examination,	blood	 tests,	 and	CXR,	 recurrences	were	detected	by	physical	examination	 (72%),	patient
symptoms	(17%),	and	CXR	(11%).184	The	diagnostic	yield	of	 laboratory	 tests	 is	 low,	but	elevations	of	LDH	or
other	liver	function	tests	may	signal	a	liver	metastasis	or	other	new	metastasis.	New	microcytic	anemia	can	be	a
first	sign	of	gastrointestinal	blood	loss	due	to	a	small	bowel	metastasis.

REGIONALLY	METASTATIC	MELANOMA	(STAGE	III):	LYMPH	NODE
METASTASIS,	SATELLITE	LESIONS,	AND	IN-TRANSIT	METASTASES
Melanoma	 has	 a	 high	 propensity	 to	 regional	 metastasis	 in	 any	 of	 several	 presentations,	 all	 presumably	 via
intralymphatic	dissemination.	These	are	the	most	common	first	metastases.	The	presence	of	regional	metastasis	is
a	 negative	 prognostic	 finding;	 however,	 there	 is	 some	 chance	 of	 long-term	 disease-free	 survival	 and	 cure	 for
patients	with	regional	metastases,	and	they	should	be	managed	with	curative	intent	whenever	feasible.

There	is	a	wide	range	of	outcomes	for	patients	who	develop	regional	(stage	III)	metastases.	Prognostic	features
of	the	primary	melanoma	have	been	associated	with	clinical	outcome	even	after	the	development	of	metastases.185
However,	 in	 the	 assessment	 of	 prognosis	 of	 patients	with	 stage	 III	melanoma	performed	 for	 the	 current	AJCC
staging	system,	only	ulceration	of	the	primary	lesion	had	independent	prognostic	impact,106,115	and	this	has	been
incorporated	in	the	staging	system.

Regional	metastases	are	defined	as	follows:
Local	recurrence	 is	best	defined	as	recurrence	of	melanoma	in	 the	scar	from	the	original	excision	or	at	 the
edge	of	the	skin	graft	if	that	was	used	for	closure.
Satellites	 metastases	 may	 occur	 either	 simultaneously	 with	 the	 original	 diagnosis	 or	 arise	 subsequent	 to
original	 excision.	 Typically,	 recurrences	 that	 are	 separate	 from	 the	 scar	 but	 within	 2	 to	 5	 cm	 of	 it	 are
considered	satellite	metastases	(Fig.	92.10).
Regional	 recurrences	 beyond	 5	 cm	 of	 the	 scar	 but	 proximal	 to	 regional	 nodes	 are	 considered	 in-transit
metastases	(Fig.	92.11).
Regional	node	metastases	are	typically	in	a	draining	nodal	basin	that	is	near	the	lesion.
Thus,	for	example,	melanomas	of	the	forearm	usually	drain	to	an	axillary	node.	However,	the	most	proximal

regional	node	may	be	an	epitrochlear	node	or	simply	a	subcutaneous	node	in	an	atypical	location.	With	the	use	of
lymphoscintigraphy	and	SNBx	routinely	in	melanoma,	such	atypical	nodal	locations	are	increasingly	defined.186	It
is	occasionally	difficult	to	distinguish	whether	an	in-transit	metastasis	is	a	regional	skin	metastasis	or	a	true	nodal
metastasis.



Figure	92.10	Local	and	satellite	metastases	after	wide	excision	of	melanoma	on	the	chest.

Management	of	Local	Recurrence
Local	 recurrence	 is	 common	 after	 a	 primary	 lesion	 is	 inadequately	 excised.	 This	 type	 of	 local	 recurrence	 thus
represents	a	failure	of	initial	surgical	management	and	may	not	represent	the	same	high	risk	of	distant	metastasis
and	 mortality	 that	 is	 associated	 with	 local	 recurrence	 after	 what	 is	 otherwise	 considered	 adequate	 surgical
resection.	However,	local	recurrences	after	adequate	wide	excision	are	associated	with	a	very	poor	prognosis.	In
the	Intergroup	Melanoma	trial,	local	recurrences	were	associated	with	a	9%	to	11%	overall	5-year	survival	rate,	as
compared	with	86%	for	those	without	local	recurrence.135

Despite	the	poor	prognosis	associated	with	local	recurrences,	some	patients	either	may	be	cured	or	may	have
extended	tumor	control	by	surgical	resection.	It	is	best	to	re-resect	the	entire	scar	down	to	the	level	of	fascia,	and
perhaps	including	fascia,	because	there	may	be	more	tumor	in	the	scar	than	is	clinically	evident,	and	this	type	of
resection	can	generally	be	performed	with	minimal	morbidity.	Excision	with	a	1-	to	2-cm	margin	is	reasonable	if
the	recurrences	are	limited	to	the	scar.	In	the	setting	of	associated	satellite	metastases,	more	extensive	resection
may	be	appropriate	with	a	skin	graft.	In	patients	with	concurrent	distant	disease,	a	less	aggressive	approach	to	the
local	 recurrence	may	 be	 justified,	 and	 simple	 excision	 to	 a	 clear	margin	may	 be	 acceptable.	 In	 addition,	 it	 is
appropriate	to	consider	SNBx	by	mapping	from	the	site	of	 the	local	recurrence.187,188	This	 is	usually	successful
even	 if	 there	 has	 been	 a	 prior	 SNBx	 or	 a	 prior	 CLND.188	 This	may	 enable	 regional	 control	 in	 such	 high-risk
patients	 in	whom	 the	 sentinel	 nodes	may	 be	 positive	 in	 40%	 to	 50%	 of	 patients.187,188	Unresectable	 recurrent
lesions	should	be	considered	for	radiation	therapy,	intralesional	therapy	with	talimogene	laherparepvec	(T-VEC),
systemic	therapy,	or	clinical	trials.
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Figure	92.11	Close-up	view	of	in-transit	metastases	involving	the	dermis,	along	the	skin	of	the
leg.

Management	of	Satellite	and	In-Transit	Metastases
The	presence	of	in-transit	or	satellite	metastases	is	a	negative	prognostic	feature,	with	clinical	outcomes	similar	to
those	observed	 for	patients	with	palpable	nodal	metastases.	Satellite	 and	 in-transit	metastases	have	 comparable
biologic	significance189	and	very	similar	prognostic	significance,	with	approximately	70%	5-year	and	61%	to	62%
10-year	melanoma-specific	 survival	 rates.118	When	 a	 patient	 presents	 with	 a	 solitary	 in-transit	 metastasis	 or	 a
localized	cluster	of	in-transit	metastases,	it	is	reasonable	to	perform	excision	of	these	metastases.	The	margin	of
excision	should	be	adequate	 to	obtain	 free	margins.	This	usually	 requires	a	5-	 to	10-mm	margin.	Repeat	SNBx
from	the	site	of	recurrence	may	also	be	considered.188	A	fairly	frequent	clinical	scenario	that	is	difficult	to	manage
is	the	patient	with	multiple	in-transit	metastases.	This	most	commonly	occurs	in	the	lower	extremity	from	primary
lesions	 below	 the	 knee,	 but	 it	 may	 occur	 in	 other	 locations.	 There	 is	 no	 ideal	 management	 for	 such	 patients
because	 the	 natural	 history	 almost	 always	 involves	 systemic	 dissemination	 of	 disease,	 which	 may	 occur
simultaneously,	within	 a	 few	months,	 or	many	years	 after	 the	 in-transit	metastases.	The	 large	majority	of	 such
patients	 will	 continue	 to	 develop	 new	 in-transit	 metastases	 over	 time,	 and	 so	 true	 control	 of	 this	 process	 is
uncommon.	Intralesional	therapy	with	T-VEC	can	induce	durable	clinical	regressions,	usually	with	low	systemic
toxicity.	 Other	 options	 include	 systemic	 checkpoint	 blockade	 antibody	 therapy	 or,	 for	 BRAF	 V600–mutant
tumors,	BRAF/MEK	inhibitor	therapy.	In	some	scenarios,	surgical	management	of	a	symptomatic	lesion	may	be
valuable	for	palliation	while	addressing	the	appropriate	management	of	other	in-transit	disease.

Radiation	 therapy	may	be	considered	after	 surgical	 resection	 in	 this	 setting	 to	 improve	 locoregional	control.
Other	regional	options	include	intralesional	therapy	with	IFN-α,	interleukin	(IL)-2,	bacillus	Calmette-Guérin,	dyes
like	rose	bengal,190	topical	application	of	diphencyprone191	or	 imiquimod,	or	clinical	 trials	of	other	 intratumoral
oncolytic	 viruses	 or	 Toll-like	 receptor	 agonists,	 all	 of	 which	 can	 induce	 responses	 in	 the	 treated	 lesions	 and
occasionally	in	untreated	lesions.

With	marked	improvements	in	systemic	treatments	for	advanced	melanoma,	the	indication	for	surgical	excision
of	satellite	lesions	and	in-transit	melanoma	decreases.	The	presence	of	these	lesions	is	a	hallmark	of	a	melanoma
that	has	ability	to	metastasize.	Therefore,	an	early	systemic	intervention	with	the	existing	locoregional	skin	lesions
being	used	as	indicators	for	the	effectiveness	of	the	treatment	has	the	potential	to	change	the	natural	course	of	that



melanoma	as	opposed	to	serving	as	a	temporary	local	therapy.	Surgical	resection	can	have	a	role	for	resection	of
limited	disease	that	remains	after	a	partial	or	mixed	response	to	systemic	therapy.

Local	 injectable	 therapies	could	 lead	 to	 long-term	control	of	 injected	and	noninjected	 lesions,	 such	as	when
using	 T-VEC	 (a	 herpes	 simplex	 virus	 type	 1	 designed	 to	 preferentially	 replicate	 in	 tumors	 and	 produce	 the
immune-stimulating	 cytokine	 granulocyte	 macrophage	 colony-stimulating	 factor	 [GM-CSF]).192	 Systemic
treatments	 that	 could	 be	 used	 in	 this	 setting	 are	 anti–CTLA-4,	 anti–PD-1,	 or	 anti–PD-L1	 antibodies	 and	 the
neoadjuvant	use	of	BRAF	and	MEK	inhibitors	and	other	targeted	inhibitors.193

Isolated	Limb	Perfusion	and	Infusion
An	option	for	management	of	some	patients	with	extensive	regional	recurrences	in	an	extremity	is	hyperthermic
isolated	limb	perfusion	(ILP)	with	melphalan	or	isolated	limb	infusion.	ILP	can	lead	to	responses	in	60%	to	90%
of	patients,	with	complete	responses	reported	in	25%	to	69%	of	patients,	a	subset	of	whom	have	durable	complete
responses	and	long-term	survival.194,195	There	also	is	some	morbidity	associated	with	ILP,	including	a	low	risk	of
limb	loss.	ILP	has	also	been	studied	in	the	adjuvant	setting	after	surgical	treatment	of	a	primary	melanoma	on	the
extremity,	but	no	benefit	was	seen	with	this	therapy	in	the	adjuvant	setting.196	Systemic	therapy	with	antibodies	to
PD-1	and/or	CTLA-4	or	with	targeted	therapies	is	recommended	initial	therapy,	but	in	patients	who	do	not	benefit
from	these	therapies,	regional	therapies	may	have	a	role	for	disease	limited	to	an	extremity.	Intratumoral	therapy
with	 T-VEC	 can	 be	 effective	 if	 the	 systemic	 therapies	 are	 not	 effective,	 but	 isolated	 limb	 infusion	 or	 ILP	 is
another	option	for	patients	who	fail	those	therapies.

Intratumoral	Therapies	with	Potential	Systemic	Effects
Intratumoral	 therapies	 have	 been	 studied	 to	 induce	 regression	 of	 injected	 lesions	 in	 patients	who	 are	 not	 good
candidates	for	aggressive	surgery	or	in	patients	with	many	cutaneous	in-transit	metastases.	Intralesional	bacillus
Calmette-Guérin	 has	 been	 used	 successfully	 and	 occasionally	 with	 regression	 of	 uninjected	 lesions	 as	 well	 as
injected	 lesions.197	 A	 randomized	 phase	 III	 trial	 reported	 clinical	 responses	 after	 intralesional	 injection	 of
melanoma	metastases	with	T-VEC,	with	improved	clinical	response	rates	compared	to	control	patients	receiving
GM-CSF	alone.198	In	that	study,	there	were	regressions	of	treated	and	untreated	lesions,	with	a	26%	response	rate
(11%	complete	response)	versus	6%	with	GM-CSF	control	(1%	complete	response),	with	durable	response	rates
of	16%	versus	2%	(P	<	.0001)	and	a	trend	to	better	survival	at	interim	analysis.198	Review	of	the	literature	reveals
a	 range	of	 outcomes	with	 intratumoral	 injection	 therapies	 or	 topical	 treatments	 of	 cutaneous	metastases	 (Table
92.5).	A	general	finding	is	that	noninjected	lesions	regress	in	some	patients	but	only	if	the	injected	lesions	regress.
T-VEC	 produced	 a	 ≥50%	 decrease	 in	 15%	 of	 uninjected	 measurable	 visceral	 lesions,	 confirming	 the	 modest
systemic	effect	of	treatment.	Similar	to	other	immune	therapy	agents	such	as	anti–CTLA-4,	approximately	50%	of
patients	responding	to	T-VEC	initially	experienced	disease	progression	before	achieving	a	response.	Median	OS
for	T-VEC	was	23.3	months	compared	to	18.9	months	for	GM-CSF	(P	=	.051).	An	exploratory	post	hoc	analysis
revealed	that	T-VEC	increased	the	durable	response	rate,	defined	as	lasting	at	least	6	months,	and	OS	in	patients
with	stage	IIIB/C	and	IV	M1a	disease	but	not	in	patients	with	stage	IV	M1b	or	M1c	disease.199	Studies	of	T-VEC
in	 combination	 with	 immune	 checkpoint	 inhibitors	 have	 been	 initiated.	 Twenty-one	 patients	 with	 advanced
melanoma	were	enrolled	 in	a	phase	 IB	clinical	 trial	 testing	 the	 impact	of	oncolytic	virotherapy	with	T-VEC	on
cytotoxic	 T-cell	 infiltration	 and	 therapeutic	 efficacy	 of	 the	 anti−PD-1	 antibody	 pembrolizumab.	 Therapy	 was
generally	well	tolerated,	with	fatigue,	fevers,	and	chills	as	the	most	common	adverse	events,	without	dose-limiting
toxicities.	Confirmed	objective	response	rate	was	62%	(95%	CI,	38.4%	to	81.9%),	with	a	complete	response	rate
of	33%	(95%	CI,	14.6%	to	57.0%)	per	immune-related	response	criteria.	Biopsies	of	metastatic	lesions	in	patients
who	responded	to	combination	therapy	showed	increased	CD8+	T	cells,	elevated	PD-L1	protein	expression,	and
IFN-γ	gene	expression	on	several	cell	subsets	in	tumors	after	T-VEC	treatment.	Response	to	combination	therapy
did	not	depend	on	the	baseline	CD8+	T-cell	 infiltration	or	baseline	IFN-γ	signature.	The	authors	concluded	that
these	findings	suggest	that	oncolytic	virotherapy	may	improve	the	efficacy	of	anti–PD-1	therapy	by	changing	the
tumor	microenvironment.200

Other	approaches	studied	for	direct	treatment	of	individual	metastases,	but	not	included	in	Table	92.5,	include
focused	radiation	therapy,	pulsed	dye	laser	therapy,	intralesional	GM-CSF,	electrochemotherapy	with	cisplatin,	or
any	 of	 several	 oncolytic	 viruses	 administered	 intralesionally.201	 The	 German	 S3	 guidelines	 for	 melanoma
management	 discuss	 intralesional	medical	 therapy	 of	 local	 and	 regional	 recurrences	 for	melanoma,	 based	 on	 a
summary	 of	 the	 literature,	 and	 specify	 that	 “patients	 with	 satellite	 and	 in-transit	 metastases	 should	 be	 treated
within	the	context	of	clinical	studies	if	possible”	and	that	the	highest	response	rates	to	intralesional	therapy	have
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included	intratumoral	IL-2,	 intratumoral	electrochemotherapy	with	bleomycin	or	cisplatin,	or	 local	 therapy	with
diphencyprone.	All	of	these	warrant	investigation	alone	or	in	combination	with	other	active	therapies.

TABLE	92.5
Brief	Review	of	Literature	on	Intratumoral	Therapies

Therapy Regimen
RR	of	Injection
Lesions

RR	of	Distant
Lesions Reference

IFN-α 10	million	IU	3≤	per	week	IFN-
α2b

45%	(31%	CR,
14%	PR)

18%	(6%	CR,
12%	PR)

von	Wussow	et	al.,340	1988

Rose	bengal	(PV-10) 10%	PV-10	weight/volume	in
saline,	0.5	mL/mL	lesion	volume

46% 27% Thompson	et	al.,190	2008

Interleukin-2 0.3–6	million	IU	per	lesion,
based	on	size	3≤/wk

79%	(79%	CR) 0% Weide	et	al.,341	2010

Electrochemical	with
bleomycin

Bleomycin	(intralesional	or	IV)
plus	electrical	pulse

96% New	lesions
arose	soon

Campana	et	al.,342	2009;
Campana	et	al.,343	2012

Imiquimod Topical	daily	or	BID Up	to	50% Low Berman	et	al.,344	2002

BCG Intralesional	injection 90% 17% Morton,197	1974

Talimogene
laherparepvec	(HSV-
1	encoding	GM-CSF)

Intralesional	injection 26% 26% Senzer	et	al.,345	2009;	Kaufman
and	Bines,346	2010;	Andtbacka
et	al.,198	2013

BCG	+	imiquimod BCG	then,	when	inflamed,	add
imiquimod	(n	=	9)

67%	(56%	CR,
11%	PR)

— Kidner	et	al.,347	2012

Diphencyprone Prepared	in	acetone;
administered	at	increasing	doses
to	cutaneous	lesions

100%	(57%	CR,
43%	PR),
based	on	7
patients

Not	reported Damian	et	al.,191	2009

2,4-
Dinitrochlorobenzene

Intralesional 60% Not	reported Goodnight	and	Morton,348	1979

RR,	response	rate;	IFN,	interferon;	CR,	complete	response;	PR,	partial	response;	IV,	intravenously;	BID,	twice	a	day;	BCG,	bacillus
Calmette-Guérin;	HSV-1,	herpes	simplex	virus	1;	GM-CSF,	granulocyte	macrophage	colony-stimulating	factor.

Management	of	Regional	Lymph	Node	Metastases
In	patients	with	metastases	to	regional	nodes,	prognosis	is	related	to	tumor	burden	in	the	nodes	and	the	number	of
nodes	involved	with	tumor.	In	numerous	studies,	the	number	of	metastatic	nodes	is	the	dominant	prognostic	factor
in	stage	III	melanoma.106,202	The	 extent	 of	 lymph	node	 involvement	has	been	 studied	 in	various	ways.	For	 the
current	 staging	 system,	 differentiation	 is	 made	 between	 clinically	 occult	 metastases	 (sentinel	 node	 positive,
clinically	negative)	and	clinically	positive	(palpable)	metastatic	nodes	as	well	as	based	on	 the	number	of	nodes
and	the	association	with	in-transit	metastases.	This	is	a	significant	prognostic	distinction	among	stage	III	patients,
considering	these	factors,	as	well	as	the	T	stage:	10-year	melanoma-specific	survival	ranges	from	88%	for	stage
IIIA	to	24%	for	stage	IIID.118

Management	of	Patients	after	a	Positive	Sentinel	Node	Biopsy	(Stage	IIIA	if
Nonulcerated	Primary	Lesion,	One	to	Three	Positive	Nodes)
The	 rationale	 for	performing	SNBx,	when	 first	developed,	was	 to	avoid	 the	morbidity	of	CLND	in	 the	80%	to
85%	of	patients	with	negative	regional	nodes,	but	simultaneously	to	stage	patients	accurately	and	to	select	patients
with	 regional	 nodal	metastasis	 for	CLND.	However,	 experience	with	 SNBx	 for	melanoma	 has	 been	 that	most
patients	with	positive	sentinel	nodes	have	only	one	positive	node,	and	only	approximately	15%	of	patients	have
melanoma	 metastases	 identified	 in	 CLND	 specimens.203	 This	 finding	 prompted	 consideration	 of	 abandoning
CLND	for	some	patients	after	positive	SNBx.	Review	of	data	from	the	National	Cancer	Database	in	2008	showed
that	only	approximately	50%	of	patients	with	positive	sentinel	nodes	 in	 the	United	States	underwent	CLND.204
Thus,	there	was	a	wide	range	of	practice	without	clear	consensus.	Several	studies	have	identified	features	of	the
positive	 sentinel	 node	 that	 predict	 a	 low	 risk	of	 a	positive	CLND,	with	 the	 suggestion	 that	CLND	may	not	be



necessary	 in	such	situations.	Features	such	as	 the	number	of	positive	sentinel	nodes,	 the	 tumor	burden,	and	 the
location	of	tumor	in	the	node	plus	features	of	the	primary	melanoma	all	are	associated	with	greater	risk	of	positive
nonsentinel	 nodes.205	 However,	 most	 clinical	 experience	 with	 SNBx	 and	 evaluation	 of	 nonsentinel	 nodes	 is
complicated	by	the	fact	that	sentinel	nodes	are	evaluated	by	a	much	more	rigorous	histopathologic	approach	than
nonsentinel	nodes,	and	thus,	 the	 incidence	of	positive	nonsentinel	nodes	may	be	greater	 than	the	reported	15%.
One	study	used	multiantigen	reverse	transcriptase	PCR	to	evaluate	nonsentinel	nodes	from	patients	whose	formal
pathology	report	was	negative	for	melanoma	and	found	molecular	evidence	of	melanoma	metastases	 in	54%	of
these	patients.206	This	PCR	approach	is	typically	more	sensitive	than	standard	histology	and	may	detect	positive
nodes	 that	 have	 such	 a	 low	 tumor	 burden	 as	 to	 be	 clinically	 insignificant.	 However,	 the	 current	 limited	 data
suggest	 that	 the	 true	rate	of	positive	nonsentinel	nodes	after	a	positive	SNBx	may	be	somewhere	between	15%
and	50%,	with	appreciation	that	some	melanoma	cells	that	survive	in	the	node	may	not	be	clinically	meaningful.

The	standard	 recommendation	has	been	 to	perform	CLND	of	any	 lymph	node	basin	with	a	positive	sentinel
node	for	melanoma.207	However,	some	patients	refuse	to	have	CLND	or	are	not	eligible	for	it	because	of	medical
contraindications.	The	combined	experience	from	16	institutions	in	134	patients	who	had	positive	SNBx	but	who
did	 not	 undergo	 CLND	 was	 compared	 to	 a	 cohort	 of	 patients	 with	 positive	 sentinel	 nodes	 who	 did	 undergo
CLND.208	At	 a	median	 follow-up	of	 20	months,	 15%	of	 patients	 had	developed	 recurrent	melanoma	 in	 lymph
nodes	as	a	component	of	a	first	recurrence.	This	was	not	significantly	different	from	the	outcome	in	patients	who
underwent	CLND.208

There	now	have	been	two	randomized	prospective	trials	to	define	the	best	surgical	management	after	positive
SNBx,	with	outcomes	published	in	2016209	and	2017.210	The	German	DeCOG	group	randomized	473	patients	to
CLND	versus	observation.	At	a	median	follow-up	of	35	months,	there	was	no	difference	in	RFS	(P	=	.75),	distant
metastasis–free	 survival	 (P	 =	 .87),	 or	 OS	 (P	 =	 .87).	 The	 only	 difference	 of	 note	 was	 an	 increase	 for	 the
observation	group	of	regional	node	recurrences	(15%)	compared	to	the	CLND	group	(8%).	Some	of	these	were
detected	with	 distant	 recurrences.	 The	 rates	 of	 regional	 recurrence	without	 distant	metastasis	were	 7%	 for	 the
observation	group	and	3%	for	the	CLND	group.209

The	MSLT2	trial	randomized	1,934	patients	to	CLND	or	observation	who	were	evaluable	at	a	median	follow-
up	of	43	months.	There	was	no	significant	difference	in	distant	metastasis–free	survival	or	in	melanoma-specific
survival.	There	was	a	higher	rate	of	tumor	control	in	the	regional	node	basins	(92%	±	1.0%	for	CLND	and	77%	±
1.5%	 for	observation;	P	<	 .001)	 at	 3	years,	with	no	 appreciable	difference	 in	 subsequent	 regional	 node	 failure
rates	after	3	to	4	years.	Overall,	during	follow-up,	there	were	regional	node	recurrences	in	25.4%	of	patients	on
observation	 versus	 9.3%	 of	 patients	 after	 CLND.	 However,	 nodal	 recurrences	 were	 associated	 with	 distant
metastases	in	14.5%	of	patients	with	observation	and	7.3%	of	patients	with	CLND	or	were	associated	with	local
recurrences	in	3.2%	of	patients	with	observation	and	0.5%	of	patients	with	CLND.	Thus,	recurrences	only	in	the
regional	node	basin,	which	may	have	been	prevented	by	CLND,	were	observed	in	only	7.7%	of	the	observation
patients	versus	1.3%	of	the	CLND	patients,	for	a	difference	impacting	6.4%	of	patients.210	CLND	was	associated
with	significantly	higher	rates	of	lymphedema	than	observation	(24%	versus	6%).210

Considering	 the	 findings	 from	 those	 two	 important	 trials,	 the	 joint	 guidelines	 from	 the	 Society	 of	 Surgical
Oncology	and	the	American	Society	of	Clinical	Oncology	were	updated	in	2017.211,212	The	2012	guidelines	had
recommended	CLND	for	all	patients	with	positive	sentinel	 lymph	nodes.165	The	revised	guidelines	now	specify
that	for	many	patients	with	positive	sentinel	nodes,	either	CLND	or	observation	is	acceptable,	and	that	for	patients
with	high	risk	of	nonsentinel	nodes	(e.g.,	extracapsular	extension	of	melanoma,	multiple	positive	sentinel	nodes,
large	tumor	burden	in	sentinel	nodes),	patients	should	be	counseled	in	detail	about	the	options	if	CLND	is	not	to
be	performed.211,212

Management	of	Palpable	Metastatic	Melanoma	in	Regional	Nodes:	Therapeutic
or	Completion	Lymphadenectomy
The	 other	 clinical	 settings	 for	 lymphadenectomy	 include	 various	 presentations	with	 clinically	 evident	 regional
nodes:	 after	 a	 negative	 SNBx,	 after	 observation	 of	 a	 nodal	 basin,	 or	 from	 an	 unknown	 primary	melanoma.	 If
lymph	node	recurrence	appears	after	a	prior	complete	dissection	in	the	same	basin,	the	surgical	management	may
include	a	 repeat	node	dissection,	but	 if	 there	 is	confidence	 that	 the	original	dissection	was	 thorough,	 the	 repeat
procedure	may	be	more	limited	to	the	site	of	evident	tumor	recurrence.

Metastasis	to	a	regional	node	represents	stage	III	(A,	B,	C,	or	D)	disease	and	is	associated	with	a	subsequent
risk	 of	 distant	 metastasis	 that	 depends	 on	 features	 of	 the	 regional	 metastases	 and	 on	 the	 primary	 lesion.
Nonetheless,	there	is	a	significant	chance	of	cure	after	complete	lymphadenectomy	for	stage	III	melanoma,139,202
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with	overall	25-year	survival	rates	of	35%	before	the	current	era	of	effective	systemic	therapies.213	Now,	10-year
survival	estimates	exceed	60%	for	 stages	 IIIA	 to	 IIIC	 (AJCC	eighth	edition)	and	are	 still	greater	 than	20%	for
stage	IIID.118	Thus,	lymphadenectomy	for	stage	III	melanoma	is	performed	with	curative	intent.	However,	even	if
the	patient	develops	distant	disease	in	the	future,	there	is	benefit	in	achieving	regional	control,	which	is	obtained
in	 about	 90%	 of	 patients.139	When	 regional	 nodal	 disease	 is	 left	 in	 place,	 it	 can	 become	 extensive,	 with	 skin
involvement,	 even	 ulceration,	 and	 with	 extension	 to	 involve	 major	 neurovascular	 structures.	 An	 example	 of
extensive	axillary	recurrence	with	skin	involvement	is	shown	in	Figure	92.12.	Aggressive	surgical	management	of
less	extensive	disease	can	avoid	these	changes	in	most	patients.

Figure	92.12	Extensive	axillary	adenopathy	before	resection.

There	are	some	specific	considerations	related	 to	 lymph	node	dissections	 in	different	node	basins.	These	are
summarized	as	follows.

Axillary	Dissection
Axillary	 dissection	 should	 include	 all	 node-bearing	 tissue	 in	 levels	 I,	 II,	 and	 III.	 The	 long	 thoracic	 nerve	 and
thoracodorsal	neurovascular	bundle	should	be	identified	and	preserved	unless	involved	with	tumor.	The	superior
border	of	dissection	should	be	 the	axillary	vein	anteriorly,	which	should	be	skeletonized.	However,	deep	 to	 the
axillary	vein	and	plexus,	 the	axillary	space	extends	superiorly	and	medially	substantially	above	 the	 level	of	 the
axillary	 vein,	 and	 that	 region	 should	 be	 cleared	 surgically,	 with	 careful	 attention	 to	 preservation	 of	 the	 long
thoracic	nerve,	which	runs	along	the	chest	wall	to	its	origin	from	spinal	nerves.	The	intercostobrachial	nerve	and
lower	 intercostal	nerves	 that	run	through	the	axillary	space	may	usually	be	sacrificed.	The	pectoralis	major	and
minor	muscles	are	usually	preserved	along	with	the	medial	pectoral	nerve	and	vessels,	but	in	reoperative	cases	or
cases	with	involvement	of	one	or	both	of	these	muscles,	part	of	all	of	them	may	be	sacrificed.	It	is	rare	for	the	long
thoracic	node	to	be	involved	with	tumor,	and	it	should	be	preserved	because	denervation	of	the	serratus	anterior
muscle	 leads	 to	 “winged	 scapula”	 and	 can	 be	 associated	 with	 chronic	 pain	 related	 to	 destabilization	 of	 the
shoulder.	When	 there	 is	 bulky	 axillary	 disease,	 though,	 it	 is	 not	 uncommon	 for	 the	 thoracodorsal	 nerve	 to	 be
involved,	 and	 patients	 usually	 tolerate	 sacrifice	 of	 that	 nerve	 when	 necessary.	 However,	 the	 possibility	 of
resection	 of	 it	 should	 be	 discussed	with	 patients	 preoperatively,	 especially	when	 there	 is	 bulky	 adenopathy.	 In



addition,	if	there	is	bulky	axillary	disease,	the	tumor	often	abuts	or	involves	the	axillary	vein.	The	axillary	vein
usually	consists	of	more	than	one	vessel	running	in	parallel;	thus,	sacrifice	of	the	lowest	limb	of	the	axillary	vein
often	is	accomplished	without	evident	morbidity.	Even	sacrifice	of	the	entire	axillary	vein	(one	or	several	trunks)
is	usually	tolerated	well	and	can	be	considered	in	cases	of	advanced	disease	when	necessary	to	enable	complete
resection	 of	 recurrent	 tumor.	 A	 troublesome	 finding	 is	 tumor	 involvement	 of	 the	 brachial	 plexus.	 Definitive
therapy	 of	 that	 may	 require	 forequarter	 amputation,	 which	 is	 usually	 an	 unappealing	 option	 when	 the	 risk	 of
systemic	recurrence	is	also	likely	to	be	high,	as	it	is	in	such	cases.	One	alternative	is	to	resect	as	much	as	possible
while	preserving	the	plexus,	followed	by	adjuvant	radiation	therapy	to	the	axilla.	Another	is	to	resect	part	of	the
brachial	plexus,	which	has	been	reported,	and	in	experienced	hands	can	be	done	with	reasonable	outcomes.

In	the	vast	majority	of	cases,	even	with	some	bulky	disease,	axillary	dissection	can	be	performed	with	minimal
morbidity,	 with	 full	 expectation	 of	 full	 range	 of	 motion	 and	 function	 after	 recovery	 from	 the	 surgery	 over
approximately	8	to	12	weeks.	Lymphedema	is	an	expected	long-term	complication,	but	it	is	usually	a	significant
clinical	 issue	 in	 only	 about	 10%	 of	 patients,	 and	 it	 can	 often	 be	 treated	 well	 with	 compression	 sleeve	 and/or
manual	lymphatic	drainage	therapy.

Inguinal	and	Iliac	Dissection
For	 patients	 with	 metastatic	 melanoma	 to	 inguinal	 nodes,	 complete	 groin	 dissection	 is	 indicated.	 The
nomenclature	and	clinical	practice	patterns	vary	for	this	procedure.	As	described	by	Spratt,214	the	inguinal	region
can	be	defined	as	including	the	superficial	inguinal	region,	which	is	superficial	to	the	fascia	that	lies	immediately
superficial	 to	 the	 femoral	 vessels,	 and	 the	 deep	 inguinal	 region,	which	 is	 deep	 to	 that	 fascia	 and	 includes	 the
femoral	vessels.	The	saphenous	vein	enters	the	femoral	vein	in	the	upper	third	of	the	inguinal	region	and	passes
through	a	foramen	in	the	deep	fascia.	Cloquet	node	is	the	deep	inguinal	node	that	is	classically	considered	to	be
the	 transitional	 node	 between	 the	 inguinal	 region	 and	 the	 iliac	 region.	 Although	 it	 is	 variable	 in	 its	 location,
presence,	and	size,	a	superficial	groin	dissection	should	include	removal	of	that	node	and	identification	of	it	for
histologic	 evaluation.	 If	 that	 node	 contains	 metastatic	 melanoma,	 an	 iliac	 and	 obturator	 dissection	 may	 be
indicated.	When	patients	have	extensive	nodal	disease	 in	 the	 inguinal	 region,	 a	 complete	 inguinal	dissection	 is
appropriate,	with	skeletonization	of	the	femoral	artery	and	vein,	often	with	a	sartorius	flap	to	cover	these	vessels.
However,	for	completion	node	dissection	after	a	positive	SNBx,	a	superficial	inguinal	dissection	with	excision	of
Cloquet	node	may	be	performed	and	provides	excellent	regional	control.215	Cloquet	node	is	accessible	through	the
foramen	in	which	the	saphenous	bulb	is	found	and	is	located	lateral	to	the	saphenous	bulb.

Some	surgeons	describe	the	iliac	region	as	the	deep	groin,	but	this	terminology	can	lead	to	ambiguity.	An	iliac
node	dissection	 involves	skeletonizing	 the	external	 iliac	vessels	and	 is	generally	combined	with	 removal	of	 the
iliac	node-bearing	 tissue	and	obturator	 fat	pad	 (obturator	dissection).	This	dissection	extends	 from	 the	 inguinal
ligament	to	the	takeoff	of	the	internal	iliac	vessels	and	can	be	performed	in	continuity	with	the	inguinal	dissection
or	through	a	separate	lower	quadrant	abdominal	wall	incision	and	a	retroperitoneal	approach.

Patients	 with	 known	 inguinal	 metastases	 should	 undergo	 CT	 scan	 of	 the	 pelvis	 or	 PET/CT	 scan.	 Clinical
evidence	of	iliac	adenopathy	or	a	positive	Cloquet	node	at	the	time	of	groin	dissection	is	an	indication	for	iliac	and
obturator	dissection.	There	 is	a	 range	of	clinical	practice;	 some	surgeons	perform	 iliac	dissections	 routinely	 for
patients	with	extensive	inguinal	adenopathy.

The	 risk	of	 lymphedema	with	 inguinal	or	 ilioinguinal	dissection	 is	greater	 than	 for	axillary	or	cervical	node
dissections.	Although	most	patients	recover	well,	some	degree	of	lymphedema	probably	occurs	in	most	patients
with	this	procedure.	It	may	require	a	fitted	compression	stocking	or	massage	therapy	approaches.

Cervical	Dissection
Metastatic	melanoma	to	a	cervical	node	is	appropriately	managed	by	complete	neck	dissection.	A	modified	radical
neck	dissection	should	be	performed,	with	preservation	of	the	internal	jugular	vein,	sternocleidomastoid	muscle,
and	spinal	accessory	nerve.	However,	if	these	structures	are	invaded	by	tumor	or	involved	with	tumor,	they	can	be
resected.	 Sacrifice	 of	 the	 spinal	 accessory	 nerve	 can	 cause	 significant	morbidity	 but	 is	 occasionally	 necessary.
Melanomas	of	the	face,	ear,	or	anterior	scalp	often	drain	to	parotid	or	periparotid	nodes.	In	such	cases,	superficial
parotidectomy	is	indicated	as	part	of	a	modified	radical	neck	dissection.	In	some	situations,	such	as	metastases	to
submental	 nodes	 near	 the	 midline	 or	 very	 low	 cervical	 nodes	 from	 a	 medial	 shoulder	 primary,	 there	 may	 be
rationale	for	a	neck	dissection	that	is	limited	based	on	lymphatic	anatomy.
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MANAGEMENT	OF	REGIONAL	METASTASES	IN	PATIENTS	WITH
VISCERAL	OR	OTHER	DISTANT	DISEASE
Regional	 metastases	 are	 common	 also	 in	 patients	 with	 advanced	 distant	 disease.	 Management	 of	 regional
metastases	can	be	important	for	clinical	management	even	in	the	setting	of	distant	disease,	especially	when	painful
or	presenting	with	skin	invasion	and	impending	ulceration.

Melanoma	Radiation	Therapy
Data	exist	 to	support	 the	use	of	adjuvant	radiation	to	reduce	primary	and	regional	nodal	recurrences	in	selected
patient	 populations	 and	 for	 its	 use	 for	 palliation	 of	 unresectable	 primary	 and	 nodal	 recurrences	 or	 distant
metastases.	There	is	no	current	consensus	regarding	the	optimal	dose	fractionation	schedule	for	melanoma	in	the
adjuvant	setting.	Controversy	surrounding	 the	 radiosensitivity	of	melanoma	began	 in	 the	early	1970s	when	cell
survival	 curves	 for	 several	 human	melanoma	 cell	 lines	were	 published	 showing	 a	 broad	 shoulder	 indicative	 of
high	 levels	 of	 potentially	 lethal	 damage	 repair.	 This	 fosters	 the	 hypothesis	 that	melanomas	were	 less	 likely	 to
respond	 to	 conventionally	 fractionated	 radiation	 at	 2	 to	 2.5	 Gy	 per	 fraction	 and	 that	 higher	 dose	 per	 fraction
schedules	might	result	 in	superior	clinical	outcomes.216	These	studies	caused	many	 investigators	 to	adopt	high-
dose	 (≥4	Gy	 per	 fraction)	 fractionation	 schedules	 for	melanoma,	 and	 several	 investigators	 published	 improved
clinical	 outcomes	 with	 these	 large	 fractional	 doses	 compared	 to	 conventional	 fractionation.217	 This	 led	 the
Radiation	Therapy	Oncology	Group	(RTOG)	to	initiate	RTOG	83-05,	which	was	a	prospective	randomized	trial
comparing	 the	effectiveness	of	high	dose	per	 fraction	 radiation	and	conventionally	 fractionated	 radiation	 in	 the
treatment	of	melanoma.	RTOG	83-05	randomized	126	patients	with	measurable	lesions	to	8.0	Gy	in	4	fractions
(32	Gy	total)	in	21	days	delivered	once	weekly	or	2.5	Gy	in	20	fractions	(50	Gy	total)	in	26	to	28	days	delivered	5
days	a	week.	The	study	was	closed	early	when	interim	statistical	analysis	suggested	that	further	accrual	would	not
reveal	a	statistical	difference	between	the	arms.	The	8.0	Gy	in	4	fractions	arm	had	a	complete	remission	of	24%
and	partial	remission	of	36%,	and	the	2.5	Gy	in	20	fractions	in	arm	had	a	complete	remission	of	23%	and	partial
remission	 of	 34%.217	 This	 randomized	 trial	 demonstrated	 that	 melanoma	 is	 a	 radioresponsive	 tumor	 and	 that
conventional	and	high	dose	per	fraction	schedules	are	equally	effective	clinically.

Despite	the	results	of	this	study,	many	investigators	still	report	that	melanoma	is	a	radioresistant	histology,	and
most	retrospective	clinical	reports	regarding	radiation	for	melanoma	have	used	a	high	dose	per	fraction	schedule.
Although	high	dose	per	 fraction	 treatments	can	 result	 in	 increased	 risk	of	 late	 radiation	 toxicity,	 there	are	 little
data	 to	suggest	 that	high	dose	per	fraction	schedules,	such	as	30	Gy	prescribed	 to	dmax	in	5	fractions	over	2.5
weeks,	 a	 regimen	 extensively	 reported	 by	 investigators	 from	 the	 MD	 Anderson	 Cancer	 Center,218	 result	 in
increased	late	toxicity	compared	to	conventionally	fractionated	regimens	of	48	Gy	in	20	fractions219	or	54	to	60
Gy	in	27	to	30	fractions.220	All	three	of	these	dose	fractionation	regimens	have	reported	reductions	in	locoregional
control	and	are	reasonable	adjuvant	treatment	regimens.

High-dose	 fractionation	 schedules	 are	more	 convenient	 for	 the	 patient,	 are	 less	 expensive,	 allow	 patients	 to
proceed	with	systemic	therapy	sooner,	and	should	be	considered	as	a	reasonable	option	unless	critical	structures
are	 in	 the	 irradiated	volume	 that	would	be	 treated	above	 their	 radiation	 tolerance	or	 the	volume	has	previously
been	irradiated.	They	are	particularly	appropriate	for	patients	with	widespread	disease	and	short	life	expectancies
because	they	can	provide	rapid	palliation,	and	late-radiation	toxicity	is	not	a	concern	for	this	patient	population.

The	Role	of	Radiation	Therapy	in	the	Management	of	Regional	Nodal	Disease
High-risk	patients	with	positive	SNBx	or	palpable	 regional	nodal	metastases	 (stage	III	disease)	who	are	 treated
with	cervical,	inguinal,	or	axillary	lymph	node	dissections	may	be	candidates	for	postoperative	adjuvant	radiation
to	 reduce	 regional	 nodal	 failure.	 Several	 large	 retrospective	 studies	 have	 identified	 lymph	 node	 extracapsular
extension,	large	lymph	nodes	(≥3	cm	in	diameter),	four	or	more	involved	lymph	nodes,	clinically	palpable	disease,
or	recurrent	disease	after	previous	lymph	node	dissection	as	adverse	risk	factors	that	 increase	the	risk	for	nodal
basin	recurrence	after	therapeutic	nodal	dissection	to	30%	to	50%.106,220–222

Given	 the	 potential	 morbidity	 of	 recurrent	 unresectable	 nodal	 disease	 with	 pain,	 ulceration,	 bleeding,	 and
lymphedema,	these	high-risk	patients	have	been	treated	with	high	dose	per	fraction	or	conventionally	fractionated
postoperative	 adjuvant	 radiation	delivered	 to	 nodal	 basins.	Retrospective	 reports	 from	 several	 centers	 report	 5-
year	 locoregional	 control	 rates	 after	 postoperative	 radiation	 ranging	 from	 80%	 to	 95%.218,220,222	 There	 are	 no
prospective	 randomized	 data	 comparing	 efficacy	 or	 toxicity	 between	 high	 dose	 per	 fraction	 schedules	 and



conventional	 fractionation	 schedules;	 however,	 locoregional	 control	 rates	 appear	 to	 be	 equivalent,	 with	 both
schedules	resulting	in	an	87%	5-year	locoregional	control	rate	in	at	least	one	report.222

Radiation	complication	 rates	 in	 these	 retrospective	 studies	vary	depending	on	 the	 site	 irradiated	and	 include
lymphedema,	 fibrosis,	 nerve	 plexopathies,	 and	 osteonecrosis,	 with	 lymphedema	 of	 the	 arm	 and	 leg	 being	 the
major	 toxicity	 reported	 in	most	series.218,222,223	Given	 the	 retrospective	nature	of	 these	studies,	 it	 is	not	clear	 if
some	of	these	toxicities	are	solely	attributable	to	radiation	or	are	related	to	surgical	morbidity	or	tumor	recurrence.

In	a	multi-institutional	report,	the	outcomes	of	615	patients	from	the	MD	Anderson	and	Roswell	Park	Cancer
Centers	 with	 advanced	 regional	 nodal	 metastatic	 disease	 who	 underwent	 lymphadenectomy	 with	 and	 without
adjuvant	radiation	were	reported	retrospectively.224	On	multivariate	analysis,	the	number	of	positive	lymph	nodes,
the	number	of	lymph	nodes	removed,	and	the	use	of	adjuvant	radiation	were	associated	with	improved	regional
control.	At	a	median	follow-up	of	60	months,	regional	failure	occurred	in	10%	of	patients	with	adjuvant	radiation
and	41%	without	adjuvant	radiation.	Distant	metastatic	disease	developed	in	55%	of	patients	treated	with	adjuvant
radiation	 and	 74%	 of	 patients	 treated	 without	 adjuvant	 radiation.	 On	 multivariate	 analysis,	 disease-specific
survival	 was	 reported	 to	 be	 significantly	 improved	 by	 the	 addition	 of	 adjuvant	 radiation.224	 In	 summary,
retrospective	 data	 suggest	 that	 postoperative	 adjuvant	 radiation	 for	 patients	 with	 stage	 III	 disease	 results	 in
improved	 locoregional	control	with	 reasonable	complication	 rates	but	with	no	obvious	 survival	benefit	 in	most
reports.

TROG	 study	 96.06	 is	 the	 first	 prospective,	 single-arm,	 phase	 II	 study	 of	 adjuvant	 postoperative	 radiation
therapy	 following	 lymphadenectomy	 in	 malignant	 melanoma	 with	 sufficient	 statistical	 power	 to	 answer	 its
primary	end	points	of	regional	in-field	relapse	and	late	toxicity	rates	and	secondary	end	points	of	adjacent	relapse,
distant	relapse,	OS,	progression-free	survival	(PFS),	and	time	to	in-field	recurrence.	A	total	of	234	patients	were
treated	with	CLND	followed	by	48	Gy	delivered	in	20	fractions	with	2.4	Gy	per	fraction	over	4	weeks	to	the	nodal
basin	using	specified	treatment	guidelines.	The	reported	overall	pattern	of	first	relapse	showed	a	regional	in-field
recurrence	rate	of	6.8%	and	a	distant	relapse	rate	of	63%.	The	5-year	OS	was	36%,	and	the	5-year	regional	control
rate	was	91%.	Grade	3	toxicity	rates	from	axillary	and	inguinal	lymphedema	were	9%	and	19%,	respectively.225
Henderson	 et	 al.219	 reported	 final	 results	 of	 the	 first	 multicenter	 prospective	 randomized	 trial	 (TROG
02.01/Australia	and	New	Zealand	Melanoma	Trials	Group	01.02)	comparing	postoperative	adjuvant	radiation	(48
Gy	in	20	fractions)	versus	observation	of	patients	with	high-risk	nodal	metastatic	melanoma	(one	or	more	parotid,
two	or	more	cervical	or	axillary,	or	three	or	more	groin	positive	nodes;	extracapsular	spread;	or	≥3-cm	diameter
cervical	 or	 axillary	 node	 or	 ≥4-cm	 groin	 node)	 following	 lymphadenectomy.	 A	 total	 of	 250	 patients	 were
randomized	1:1	 to	 postoperative	 radiation	or	 surgery	 alone,	 and	217	were	 eligible	 for	 analysis.	With	 a	median
follow-up	 of	 73	 months,	 the	 regional	 nodal	 failure	 rates	 were	 21%	 for	 the	 radiation	 group	 and	 36%	 for	 the
observation	group	(adjusted	HR,	0.52	[95%	CI,	0.31	to	0.88],	P	=	.023).	OS	(HR,	1.27	[95%	CI,	0.89	to	1.79],	P	=
.21)	and	relapse-free	survival	(HR,	0.89	[95%	CI,	0.65	to	1.22],	P	=	.51)	did	not	differ	between	the	two	groups.
Five-year	survival	was	not	statistically	different,	at	40%	for	the	radiation	group	and	45%	for	the	observation	group
(P	 =	 .21),	 with	 64%	 of	 the	 radiation	 group	 and	 62%	 of	 the	 observation	 group	 developing	 distant	 metastatic
disease.	On	multivariate	analysis,	the	extent	of	extracapsular	extension	(none,	limited,	or	extensive),	the	number
of	positive	lymph	nodes	(one,	two	to	three,	or	four	or	more),	and	male	sex	were	independently	predictive	of	worse
OS.	 Most	 radiation-related	 toxicities	 were	 related	 to	 skin	 and	 subcutaneous	 fibrosis,	 with	 20%	 of	 patients
developing	grade	3	toxicities	and	2%	developing	grade	4	toxicities.	Over	5	years,	there	was	a	significant	increase
in	lower	limb	volumes	noted	after	adjuvant	radiation	group,	with	a	mean	volume	ratio	of	15.0%	compared	to	7.7%
for	the	observation	group	(P	=	.014)	with	no	significant	differences	in	upper	limb	volumes	being	reported	between
groups.	Patients	in	the	observation	group	who	developed	an	isolated	lymph	node	field	relapse	treated	with	surgery
and/or	radiation	achieved	similar	outcomes	to	patients	randomly	assigned	to	radiation.	The	authors	conclude	that
adjuvant	radiation	could	be	useful	for	patients	for	whom	lymph	node	field	control	is	a	major	issue,	but	entry	to	an
adjuvant	systemic	therapy	trial	might	be	a	preferable	first	option.	Alternatively,	observation,	reserving	surgery	and
radiation	 for	 a	 further	 recurrence,	might	 be	 an	 acceptable	 strategy.	Of	 note,	 TROG	02.01	was	 not	 powered	 to
detect	an	OS	difference.	An	analysis	of	the	National	Cancer	Database	for	patients	with	stage	III	melanoma	with
pathologically	involved	nodes	compared	survival	outcomes	of	adjuvant	radiation	and	no-radiation	cohorts.226	The
authors	 used	 propensity	 score	 matching	 analysis	 to	 compare	 OS	 of	 912	 patients	 with	 similar	 baseline
demographic,	clinical,	and	pathologic	characteristics	who	 received	adjuvant	 radiation	and	no	adjuvant	 radiation
and	found	that	adjuvant	radiation	had	no	statistically	significant	impact	on	OS	(HR,	1.09	[95%	CI,	0.75	to	1.58],	P
=	.640).

In	summary,	data	from	large	retrospective	institutional	studies,	randomized	phase	II	and	III	prospective	clinical
trials,	and	national	database	analyses	support	the	conclusions	that	postoperative	nodal	adjuvant	radiation	with	30
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Gy	prescribed	to	dmax	in	5	fractions	delivered	twice	weekly,	48	Gy	in	20	fractions	delivered	over	4	weeks,	or	54
to	60	Gy	 in	27	 to	30	 fractions	over	5	 to	6	weeks	 reduces	 regional	nodal	 relapse	 rates	with	moderate	 increased
toxicity	 in	 the	 form	 of	 fibrosis	 and	 edema,	 but	 due	 to	 high	 distant	 recurrence	 rates,	 adjuvant	 radiation	 alone
without	effective	systemic	therapy	does	not	improve	OS.

ADJUVANT	SYSTEMIC	THERAPY	(STAGES	IIB,	IIC,	AND	III)
Adjuvant	Interferon	Therapy
Several	therapies	have	received	regulatory	approval	by	either	the	FDA	and/or	the	European	Medicines	Agency	for
the	treatment	of	resected	melanoma	at	high	risk	of	relapse.	These	include	HDI-α	for	1	month	followed	by	1	year
of	intermediate	dosing,	pegylated	IFN	administered	for	a	target	period	of	5	years,	and	high-dose	ipilimumab	at	10
mg/kg.	Two	randomized	trials	suggest	that	further	benefit	could	be	achieved	with	the	use	of	anti–PD-1	and	with
BRAF	and	MEK	inhibitors	for	patients	with	resected	BRAF-mutated	melanoma,	and	these	treatments	are	likely	to
be	approved	by	regulatory	bodies	soon	and	become	the	new	preferred	adjuvant	treatment	for	resected	melanomas
at	high	risk	of	relapse.

High-Dose	Interferon-α2B
Adjuvant	 HDI-α2b	 was	 approved	 by	 the	 FDA	 in	 1996	 for	 the	 treatment	 of	 resected	 stage	 IIB	 and	 stage	 III
melanoma	based	on	the	results	of	 the	Eastern	Cooperative	Oncology	Group	(ECOG)	trial	E1684.227	 IFN-α	was
administered	by	intravenous	infusion,	20	million	U/m2,	for	5	consecutive	days	every	7	days	for	4	weeks	during
the	induction	phase.	For	the	subsequent	48	weeks,	10	million	U/m2	were	administered	by	subcutaneous	injection
on	 alternate	 days	 for	 a	 total	 of	 three	 doses	 every	 7	 days	 in	 the	 maintenance	 phase.	 The	 control	 arm	 was
observation,	which	was	the	standard	at	the	time	that	the	trial	was	conducted.	A	total	of	287	patients	were	enrolled,
80%	of	whom	had	 stage	 III	melanoma;	 20%	had	 stage	 IIB	melanoma.	Pathologic	 staging	was	performed	with
regional	lymph	node	dissection	because	SNBx	had	not	yet	been	introduced.	OS	was	the	primary	end	point,	and	the
trial	was	designed	to	detect	a	33%	improvement.	A	protocol-specified	analysis	with	median	follow-up	of	6.9	years
revealed	a	statistically	significant	33%	improvement	by	HR	in	OS	compared	to	the	observation	arm	after	adjusting
for	 other	 prognostic	 factors	 in	 a	 multivariate	 model	 (P	 =	 .012).	 Relapse-free	 survival	 was	 also	 significantly
improved	 (39%	 improvement	 by	HR	compared	 to	 observation	 after	 adjusting	 for	 other	 prognostic	 factors;	P	 =
.001).	Approximately	 three-fourths	 of	 the	 IFN-treated	 patients	 experienced	 grade	 3	 or	 4	 toxicities	 by	National
Cancer	 Institute	 Common	 Toxicity	 Criteria.	 The	 most	 common	 were	 fatigue,	 asthenia,	 fever,	 depression,	 and
elevated	 liver	 transaminases.	 A	 subsequent	 quality-of-life	 analysis	 of	 this	 trial	 population	 suggested	 that	 the
toxicity	 associated	 with	 this	 regimen	 was	 largely	 compensated	 for	 by	 the	 psychological	 benefit	 derived	 from
prevention	of	disease	relapse.228

Since	the	reporting	of	E1684,	several	other	studies	of	HDI	have	been	conducted.	Overall,	nearly	2,000	patients
with	stage	IIB	and	III	melanoma	have	participated	in	four	multicenter,	randomized	trials	conducted	by	the	U.S.
Intergroup	investigating	adjuvant	HDI	therapy	(E1684,	E1690,	E1694,	and	E2696	clinical	trials).229	Analysis	of
treatment	effects	versus	observation	was	based	on	data	from	713	patients	 randomized	 to	HDI	or	observation	 in
trials	 E1684	 and	 E1690.	 Overall,	 the	 updated	 analysis	 confirmed	 the	 original	 conclusions	 with	 the	 extended
median	 follow-up	 intervals	of	2.1	 to	12.6	years.	Relapse-free	survival,	but	not	OS,	was	significantly	prolonged
(two-sided	 log-rank	P	 =	 .006)	 for	 patients	 treated	 who	 received	 HDI	 versus	 observation.	 Among	 all	 patients,
ulceration,	recurrent	disease	at	entry,	enrollment	 in	E1684,	and	age	>49	years	significantly	negatively	impacted
relapse-free	survival.

Recently,	 there	 has	 been	 an	 individual	 patient	 data	 meta-analysis	 based	 on	 15	 clinical	 trials	 administering
adjuvant	IFN-α	for	the	treatment	of	high-risk	melanoma.230	Event-free	survival	was	significantly	improved	with
IFN-α	 (HR,	0.86;	95%	CI,	0.81	 to	0.91;	P	<	 .00001),	with	absolute	differences	at	5	and	10	years	of	3.5%	and
2.7%,	 respectively.	 There	was	 also	 an	 improvement	 in	OS	 (HR,	 0.90;	 95%	CI,	 0.85	 to	 0.97;	P	 =	 .003),	with
absolute	differences	at	5	and	10	years	of	3.0%	and	2.8%,	respectively,	in	favor	of	IFN-α.	There	was	no	evidence
that	 the	 benefit	 of	 IFN-α	 differed	 depending	 on	 dose	 or	 duration	 of	 treatment,	 or	 by	 age,	 sex,	 site	 of	 primary
tumor,	disease	stage,	Breslow	thickness,	or	presence	of	clinical	nodes.	Only	for	ulceration	was	there	evidence	of
an	 interaction	 (test	 for	 heterogeneity:	 P	 =	 .04	 for	 event-free	 survival;	 P	 =	 .002	 for	 OS);	 only	 patients	 with
ulcerated	tumors	appeared	to	obtain	benefit	from	IFN-α.	The	authors	concluded	that	adjuvant	IFN-α	significantly
reduced	the	risk	of	relapse	and	improved	survival.	The	increased	benefit	in	patients	with	ulcerated	tumors	and	lack



of	benefit	in	patients	without	ulceration	need	further	investigation.

Pegylated	Interferon-α
Pegylated	IFN-α2b	was	approved	by	the	FDA	in	2011	for	the	adjuvant	treatment	of	melanoma	with	microscopic
or	 gross	 nodal	 involvement	 (stage	 III)	 within	 84	 days	 of	 definitive	 surgical	 resection	 including	 complete
lymphadenectomy	based	on	the	results	of	European	Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)
18991.231	This	was	a	randomized	clinical	trial	comparing	pegylated	IFN-α2b	with	observation.	Pegylation	results
in	substantially	slower	clearance	of	IFN	after	administration.	This	allows	for	more	stable	drug	exposure	than	can
be	achieved	with	the	shorter	lived	conventional	IFN-α	administered	on	alternating	days	by	subcutaneous	injection.
Pegylated	IFN	can	be	administered	less	frequently	and	at	a	lower	dose	per	injection	but	maintaining	drug	exposure
over	 the	course	of	several	days.	This	results	 in	a	 lower	peak	concentration	after	each	dose	while	 increasing	 the
interval	during	which	IFN	is	at	biologically	active	concentrations	in	blood.	Short-term	and	long-term	follow-up
data	have	been	provided	on	the	EORTC	18991	clinical	trial.231,232	In	this	study,	1,256	patients	with	resected	stage
III	melanoma	were	randomly	assigned	to	observation	(n	=	629)	or	pegylated	IFN	6	μg/kg	per	week	for	8	weeks	by
subcutaneous	 injection,	 followed	by	maintenance	 at	 3	μg/kg	per	week	 (n	=	627)	 for	 an	 intended	duration	of	 5
years.	 Patients	 were	 prospectively	 stratified	 according	 to	 microscopic	 (N1)	 versus	 macroscopic	 (N2)	 nodal
involvement,	number	of	positive	nodes,	ulceration	and	 tumor	 thickness,	sex,	and	center.	The	primary	end	point
was	RFS,	and	OS	was	a	secondary	end	point.	At	7.6	years	of	median	follow-up,	384	recurrences	or	deaths	had
occurred	with	pegylated	IFN	versus	406	in	the	observation	group	(HR,	0.87;	95%	CI,	0.76	to	1.00;	P	=	.055);	7-
year	RFS	rate	was	39%	versus	35%.	There	was	no	difference	in	OS	(P	=	.57).	In	stage	III	N1	ulcerated	melanoma,
RFS	(HR,	0.72;	99%	CI,	0.46	to	1.13;	P	=	.06)	and	OS	(HR,	0.59;	99%	CI,	0.35	to	0.97;	P	=	.006)	were	prolonged
with	pegylated	 IFN.	Despite	 the	anticipation	 that	pegylated	 IFN	would	be	better	 tolerated	 than	HDI,	pegylated
IFN	was	discontinued	for	toxicity	in	37%	of	patients.

Cytotoxic	T-Lymphocyte	Antigen	4	(CTLA-4)	Blockade	in	Adjuvant	Therapy
Ipilimumab	 is	 a	 fully	 human	 immunoglobulin	 G1	 monoclonal	 antibody	 that	 blocks	 CTLA-4	 and	 that	 had
demonstrated	improvement	in	OS	in	the	treatment	of	metastatic	melanoma	in	two	randomized	clinical	trials.233,234
EORTC	 18071	 enrolled	 patients	who	 had	 undergone	 complete	 resection	 of	 stage	 III	 cutaneous	melanoma	 and
randomly	 assigned	 them	 to	 receive	 ipilimumab	at	 a	 dose	of	 10	mg/kg	 (n	=	475)	or	 placebo	 (n	=	476)	 every	3
weeks	for	four	doses	and	then	every	3	months	for	up	to	3	years	or	until	disease	recurrence	or	an	unacceptable	level
of	toxic	effects	occurred.	Note	that	the	dose	of	ipilimumab	is	over	three	times	higher	than	the	dose	approved	for
metastatic	disease	(10	mg/kg	compared	to	3	mg/kg,	respectively),	and	it	was	planned	for	a	total	of	up	to	3	years	in
the	adjuvant	setting.	RFS	was	the	primary	end	point.	Secondary	end	points	included	OS,	distant	metastasis–free
survival,	and	safety.	At	a	median	follow-up	of	5.3	years,	the	5-year	RFS	rate	was	40.8%	in	the	ipilimumab	group,
compared	with	30.3%	in	the	placebo	group	(HR	for	recurrence	or	death,	0.76;	95%	CI,	0.64	to	0.89;	P	<	.001).
The	OS	rate	at	5	years	was	65.4%	in	the	ipilimumab	group	compared	with	54.4%	in	the	placebo	group	(HR	for
death,	0.72;	95.1%	CI,	0.58	to	0.88;	P	=	.001).	Grade	3	or	4	adverse	events	were	noted	in	54.1%	of	the	patients	in
the	ipilimumab	group	and	in	26.2%	of	patients	in	the	placebo	group.	In	the	ipilimumab	group,	five	patients	(1.1%)
died	 due	 to	 immune-related	 toxic	 events.	 The	 authors	 concluded	 that	 adjuvant	 therapy	with	 ipilimumab	 at	 10
mg/kg	significantly	improved	RFS	and	OS	compared	to	placebo	in	patients	with	high-risk	stage	III	melanoma.235

E1609	 is	a	completely	accrued	clinical	 trial	 randomizing	patients	 to	 ipilimumab	at	10	mg/kg	or	3	mg/kg	for
four	doses,	compared	to	a	control	arm	receiving	standard	high-dose	adjuvant	IFN	therapy.	Early	results	from	an
unplanned	analysis	of	outcomes	in	patients	treated	with	ipilimumab	at	10	or	3	mg/kg	suggest	no	major	differences
between	 these	 two	 dosing	 regimens.236	 S1404	 is	 an	 ongoing	 clinical	 trial	 that	 has	 also	 completed	 accrual	 and
randomized	patients	 to	either	experimental	pembrolizumab	at	2	mg/kg	every	3	weeks	 for	1	year	or	standard	of
care	adjuvant	 therapy	with	physician’s	 choice	of	 ipilimumab	at	10	mg/kg	 for	 four	doses	or	 standard	high-dose
adjuvant	IFN	therapy	for	1	year.	Results	are	not	anticipated	until	2019.

PD-1	Blockade	in	Adjuvant	Therapy
Checkmate-238	was	a	randomized,	double-blind,	phase	III	 trial	assigning	906	patients	(≥15	years	old)	who	had
completed	resection	of	stage	IIIB,	IIIC,	or	IV	melanoma	to	receive	either	nivolumab	at	a	dose	of	3	mg/kg	every	2
weeks	 (453	 patients)	 or	 ipilimumab	 at	 10	mg/kg	 every	 3	weeks	 for	 four	 doses	 and	 then	 every	 12	weeks	 (453
patients),	both	given	for	up	to	1	year.237	The	primary	end	point	was	RFS.	At	a	minimum	follow-up	of	18	months,
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the	12-month	RFS	rate	was	70.5%	(95%	CI,	66.1%	to	74.5%)	in	the	nivolumab	group	and	60.8%	(95%	CI,	56.0%
to	65.2%)	in	the	ipilimumab	group	(HR	for	disease	recurrence	or	death,	0.65;	97.56%	CI,	0.51	to	0.83;	P	<	.001).
Treatment-related	 grade	 3	 or	 4	 adverse	 event	 rates	 were	 14.4%	 in	 the	 nivolumab	 group	 and	 45.9%	 in	 the
ipilimumab	group.	Treatment	was	discontinued	because	of	any	adverse	event	in	9.7%	and	42.6%	of	the	patients	in
the	nivolumab	and	ipilimumab	groups,	respectively.	Two	deaths	(0.4%)	related	to	toxic	effects	were	reported	in
the	ipilimumab	group,	where	there	were	none	in	the	nivolumab	group.	The	authors	concluded	that	patients	with
stage	IIIB,	IIIC,	or	IV	melanoma	significantly	benefited	from	adjuvant	therapy	with	nivolumab	over	ipilimumab.
These	data	are	likely	to	lead	to	the	approval	by	multiple	regulatory	bodies	of	nivolumab	adjuvant	therapy	in	this
study	population.

S1404	is	a	large	(>1,300	patients)	completely	accrued	U.S.	Melanoma	Intergroup	trial	comparing	standard	of
care	adjuvant	immunotherapy	with	either	HDI	or	high-dose	ipilimumab	(10	mg/kg)	with	pembrolizumab	at	a	200-
mg	flat	dose	every	3	weeks,	both	administered	for	1	year.	The	primary	end	points	are	RFS	and	OS.	Keynote-054
is	 an	 EORTC	 cooperative	 group	 trial	 that	 has	 accrued	 over	 900	 patients	 to	 a	 study	 comparing	 adjuvant
pembrolizumab	(200-mg	flat	dose	every	3	weeks	for	1	year)	with	placebo.	Results	of	these	studies	will	continue	to
advance	the	adjuvant	treatment	options	for	patients	with	resected	melanoma.

BRAF	Inhibitor–Based	Adjuvant	Therapy
Two	randomized	clinical	trials	have	been	reported	using	targeted	therapy	for	patients	with	BRAF	V600–mutated
surgically	 resected	 high-risk	 melanoma,	 one	 comparing	 single-agent	 vemurafenib	 with	 placebo	 BRAFV600
mutation–positive	melanoma	trial	#8	(BRIM8)	and	another	comparing	combination	of	dabrafenib	and	trametinib
with	placebo	combination	adjuvant	trial	(COMBI-AD).

COMBI-AD	was	a	double-blind,	placebo-controlled,	phase	III	trial	that	enrolled	870	patients	with	completely
resected,	stage	III	melanoma	with	BRAF	V600E	or	V600K	mutations.	Patients	were	randomly	assigned	to	receive
oral	dabrafenib	at	150	mg	twice	daily	plus	trametinib	at	2	mg	once	daily	(combination	therapy,	438	patients)	or
two	matched	placebo	tablets	(432	patients)	for	12	months.	The	primary	end	point	was	RFS.	At	a	median	follow-up
of	2.8	years,	 the	estimated	3-year	RFS	rate	was	58%	in	the	combination-therapy	group	and	39%	in	the	placebo
group	 (HR	 for	 relapse	 or	 death,	 0.47;	 95%	 CI,	 0.39	 to	 0.58;	 P	 <	 .001).	 The	 3-year	 OS	 rate	 was	 86%	 with
combination	therapy	and	77%	with	placebo	(HR	for	death,	0.57;	95%	CI,	0.42	to	0.79;	P	=	.0006),	but	this	level	of
improvement	did	not	cross	the	prespecified	interim	analysis	boundary	of	P	=	.000019.	Rates	of	distant	metastasis–
free	 survival	 and	 freedom	 from	 relapse	were	 also	higher	 in	 the	 combination-therapy	group	 than	 in	 the	placebo
group.	The	safety	profile	of	dabrafenib	plus	trametinib	was	consistent	with	that	observed	with	the	combination	in
patients	 with	 metastatic	 melanoma.	 The	 authors	 concluded	 that	 adjuvant	 use	 of	 combination	 therapy	 with
dabrafenib	plus	trametinib	resulted	in	a	significantly	lower	risk	of	recurrence	in	patients	with	stage	III	melanoma
with	BRAF	V600E	or	V600K	mutations	than	the	adjuvant	use	of	placebo	and	was	not	associated	with	new	toxic
effects.237

BRIM8	 is	 a	 randomized	 trial	 of	vemurafenib	 compared	 to	placebo	 in	patients	with	 resected	melanoma.	The
trial	accrued	498	patients	to	two	independent	cohorts,	one	enrolling	patients	with	stage	IIIC	disease	(184	patients)
and	 the	 other	 for	 patients	 with	 stage	 IIC,	 IIIA,	 or	 IIIB	 disease	 (314	 patients).	 Neither	 of	 the	 cohorts	met	 the
prespecified	P	value	of	improvement	of	disease-free	survival.

Overall,	 the	 data	 of	 these	 two	 adjuvant	 targeted	 therapy	 clinical	 trials	 favor	 the	 use	 of	 the	 combination	 of
dabrafenib	and	trametinib	for	the	adjuvant	treatment	of	patients	with	stage	III	surgically	resected	BRAF-mutated
melanoma.	It	is	expected	that	this	therapy	will	be	approved	by	regulatory	bodies	in	the	near	future.

Neoadjuvant	Therapy	for	Resectable	Stage	III	or	IV	Melanoma
Neoadjuvant	therapy	for	resectable	stage	III	or	stage	IV	melanoma	remains	an	investigational	approach.	A	study
of	neoadjuvant	IFN	for	patients	with	palpable	regional	lymph	node	metastases	was	associated	with	an	objective
tumor	 response	 rate	 of	 55%.238	 Multiple	 additional	 clinical	 trials	 are	 testing	 the	 pathologic	 response	 rates	 of
administering	neoadjuvant	anti–CTLA-4,	anti–PD-1,	or	BRAF	plus	MEK	 inhibitors.	These	neoadjuvant	 studies
provide	 opportunities	 to	 investigate	 tumor	 biology	 in	 the	 tumor	 microenvironment	 and	 may	 lead	 to	 better
understanding	of	the	mechanism	of	antitumor	effects	of	novel	therapies.

Clinical	Follow-up	for	Patients	with	Regionally	Metastatic	Melanomas	(Stage	III)
There	 is	 no	 agreed	 follow-up	 plan	 for	 surgically	 resected	 melanoma.	 Most	 studies	 conducted	 to	 date	 were



retrospective	 analyses	 of	 patients	 diagnosed	 and	 relapsing	 in	 the	 era	when	 there	were	very	 limited	 truly	 active
treatment	 options.	 Therefore,	 diagnosing	 patients	 at	 an	 earlier	 time	 point	 had	 very	 little	 chance	 of	 improving
outcomes	other	than	resulting	in	a	lead	time	bias	in	the	assessment	of	survival.	This	situation	has	led	to	a	series	of
guidelines	 for	 follow-up	 of	 patients.	 Such	 guidelines	 have	 been	 proposed	 based	 on	 an	 analysis	 of	 the	 site	 and
timing	of	first	 relapse	 in	patients	with	surgically	excised	stage	III	melanoma	at	a	single	 institution.239	This	was
based	on	a	review	of	the	clinical	records	at	Memorial	Sloan	Kettering	Cancer	Center	between	1992	and	2004	of
patients	 who	 ultimately	 relapsed	 after	 surgical	 resection	 of	 stage	 III	 melanoma.	 In	 this	 group	 of	 patients,	 the
overall	5-year	relapse-free	survival	rates	for	patients	with	stage	IIIA,	IIIB,	and	IIIC	disease	were	63%,	32%,	and
11%,	respectively.	Site	of	first	relapse	was	local/in-transit	(28%),	regional	nodal	(21%),	or	systemic	(51%).	First
relapses	 were	 detected	 by	 the	 patient	 or	 family	 in	 47%	 of	 cases,	 by	 the	 physician	 in	 21%,	 and	 by	 screening
radiologic	tests	in	32%.	Based	on	these	observations,	the	authors	proposed	that	routine	physical	examinations	after
3	years	for	stage	IIIA,	2	years	for	stage	IIIB,	and	1	year	for	stage	IIIC	and	radiologic	imaging	after	3	years	for
stages	IIIA	and	IIIB	and	2	years	for	stage	IIIC	would	detect	few	first	systemic	relapses.

National	and	International	Guidelines	for	Follow-up
Recommendations	for	patient	follow-up	are	largely	based	on	the	time-dependent	risk	of	recurrence,	the	likely	sites
of	 metastasis,	 and	 historical	 experience	 with	 whether	 recurrences	 are	 commonly	 identified	 by	 the	 patient,	 the
physician,	 or	 imaging	 or	 laboratory	 studies.	 However,	 there	 is	 also	 evidence	 that	 follow-up	 is	 comforting	 to
patients	and	decreases	psychological	stress	associated	with	the	diagnosis.240	No	studies	have	shown	a	clear	benefit
in	terms	of	survival	with	closer	follow-up,	but	this	could	change	as	there	are	now	effective	therapies	for	advanced
melanoma,	so	that	diagnosis	of	patients	when	they	are	well	enough	to	tolerate	those	therapies	may	be	of	clinical
value.	Thus,	routine	clinical	follow-up	continues	to	be	a	part	of	management,	but	studies	of	follow-up	have	mostly
been	retrospective,	and	there	is	a	need	for	more	rigorous	studies	of	the	global	benefit,	risk,	and	cost	of	follow-up
visits,	imaging,	and	serum	markers.	Two	comprehensive	guidelines	on	melanoma	management	provide	guidance
on	follow-up	based	on	systematic	review	of	the	literature	and	expert	opinion.	The	NCCN	has	published	their	2018
guidelines,241	 summarized	 in	 Table	 92.4.	 In	 addition,	 evidence-based	 guidelines	 were	 published	 in	 2013	 from
Germany,	 from	 the	 German	 Dermatological	 Society	 and	 DeCOG.242	 These	 German	 S3	 guidelines	 are	 also
summarized	 in	 Table	 92.4.	 These	 two	 guidelines	 are	 very	 similar	 but	 differ	 in	 the	 extent	 of	 cross-sectional
imaging	recommended	and	the	use	of	ultrasound	for	evaluation	of	the	node	basins.	The	German	guidelines	also
recommend	serum	S100B	levels	 in	 follow-up,	whereas	 these	are	not	 recommended	by	 the	NCCN.	Other	minor
differences	are	also	evident.	The	NCCN	Guidelines	also	recommend	self-exam	by	patients	on	a	regular	basis	and
annual	 body	 skin	 exams	 for	 life	 for	 all	 patients	 with	 a	 history	 of	 stage	 0	 to	 IV	melanoma,	 in	 addition	 to	 the
recommendations	in	Table	92.4.

Follow-up	visits	should	include	history	and	physical	exam,	which	should	focus	on	skin	exam	of	the	primary
site,	regional	nodes,	and	in-transit	sites.	Self-examination	by	the	patient	is	also	recommended,	which	depends	on
education	of	the	patient	and/or	family	about	what	findings	may	signal	recurrence.	CXRs	were	not	recommended,
but	there	was	lower	consensus	(77%)	for	this	than	for	most	other	German	S3	recommendations.

MANAGEMENT	OF	DISTANT	METASTASES	OF	MELANOMA	(STAGE	IV)
Any	 patient	with	 distant	metastases	 is	 considered	 stage	 IV.	Distant	metastases	may	 include	 skin	 or	 soft	 tissue
metastases	distant	 from	a	known	primary	site	or	visceral,	bone,	or	brain	metastases.	The	prognosis	 is	better	 for
skin	 and	 subcutaneous	 tissue	metastases,	 which	 are	 considered	M1a,	 than	 for	 lung	metastases	 (M1b)	 or	 other
distant	metastases	 (M1c).	 In	 addition,	 an	elevated	 serum	LDH	 in	 the	 setting	of	distant	metastases	 is	 associated
with	a	poor	prognosis	and	also	is	considered	M1c	disease.115

Timing	of	Distant	Metastases
It	is	uncommon	for	patients	with	melanoma	to	present	initially	with	stage	IV	disease.	Most	patients	who	develop
distant	metastases	do	so	after	an	interval	from	their	original	management	for	clinically	localized	disease	or	after
management	for	regionally	metastatic	disease.	Often,	metastases	become	evident	within	2	to	3	years	of	diagnosis,
but	delayed	metastasis	 is	 also	common,	and	 for	melanoma,	 regional	 and	distant	metastases	have	occurred	after
disease-free	intervals	measured	in	decades.243	In	general,	the	interval	to	detection	of	distant	metastases	is	shorter
for	patients	who	 initially	present	with	high-stage	disease	 (e.g.,	 stage	 IIB	 to	 III)	 and	 is	 longest	 for	patients	who
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present	with	clinically	localized	thin	melanomas	(e.g.,	stage	IA).

Patterns	of	Metastases
Approximately	60%	to	80%	of	first	metastases	are	at	 local	or	regional	sites	including	regional	nodes.	The	most
common	first	sites	of	visceral	metastasis	are	lung	and	liver	(about	10%	each),	and	metastases	to	distant	skin	sites
are	also	common.	After	an	 initial	metastasis,	 subsequent	metastases	are	more	commonly	visceral	or	distant	and
increasingly	 become	multiple.	 Common	 visceral	 sites	 of	metastasis	 are	 lung,	 liver,	 brain,	 gastrointestinal	 tract
(especially	small	bowel),	bone,	and	adrenal	gland.

Prognostic	Factors	in	Distant	Metastatic	Melanoma	(Stage	IV)
The	new	active	systemic	therapies	for	advanced	melanoma	are	changing	the	prognosis	of	patients.	However,	no
long-term	follow-up	is	available	for	the	most	recent	trials.	Without	treatment,	or	with	mostly	ineffective	therapies,
patients	with	stage	IV	melanoma	were	reported	to	have	a	median	survival	of	12	months,	with	survivals	of	6	to	9
months	for	those	who	presented	with	visceral	metastatic	disease	(M1c)	and	as	long	as	15	months	for	those	who
presented	with	 skin	 and	 lymph	node	metastases	only	 (M1a);	patients	with	 lung	metastases	 as	 their	only	 site	of
visceral	 organ	 involvement	 (M1b)	 had	 an	 intermediate	 prognosis.106	 Negative	 prognostic	 factors	 in	 stage	 IV
melanoma	also	include	a	large	number	of	metastatic	sites,	elevated	LDH	level,	and	poor	performance	status.244

Clinical	Evaluation	of	Patients	with	Distant	Metastasis	(Stage	IV)
When	 a	 patient	 is	 found	 to	 have	 a	 distant	metastasis,	 the	 initial	 steps	 are	 to	 perform	 full	 staging	 studies.	 This
typically	 should	 include	MRI	 scan	 of	 the	 brain	 and	 either	 total-body	 PET/CT	 scan	 or	 CT	 scans	 of	 the	 chest,
abdomen,	and	pelvis.	Other	scans	or	imaging	studies	(bone	scan,	soft	tissue	MRI,	ultrasound,	or	plain	films)	may
be	 indicated	 to	 evaluate	 known	 areas	 of	 metastasis	 (e.g.,	 soft	 tissue	 masses	 in	 extremities)	 or	 to	 evaluate
symptoms	(e.g.,	plain	films	or	bone	scans	for	bony	symptoms).	Melanoma	is	usually	highly	avid	for	FDG	uptake
due	 to	 the	 strong	Warburg	effect	 (aerobic	glycolysis	 even	 in	 the	presence	of	 sufficient	glucose),	 and	 therefore,
metastatic	 lesions	 >5	 mm	 are	 efficiently	 imaged	 by	 PET	 scans.	 An	 exception	 is	 uveal	 melanoma,	 which	 has
variable	FDG	uptake	even	when	metastatic.	PET/CT	scans	are	helpful	in	distinguishing	tumor	from	scar	in	areas
of	 prior	 surgery,	 although	 surgical	 sites	 may	 remain	 FDG	 avid	 for	 up	 to	 3	 months	 after	 surgery.	 PET	 is
substantially	 more	 sensitive	 for	 detection	 of	 small	 bowel	 metastases	 and	 lymph	 node	 metastases	 that	 are
borderline	in	size.245	PET/CT	scan	may	also	be	helpful	in	assessing	patients	for	resectability	when	there	is	limited
disease	on	initial	assessment.

Histologic	or	Cytologic	Diagnosis
Patients	 being	 followed	 for	 a	 history	 of	 melanoma	may	 develop	 new	 evidence	 of	 metastatic	 disease.	 In	 such
patients,	 a	 new	 and	 growing	 mass	 in	 the	 chest	 or	 abdomen	 is	 likely	 to	 be	 metastatic	 melanoma,	 but	 tissue
confirmation	 of	 metastatic	 melanoma	 is	 usually	 recommended.	 New	 masses	 can	 represent	 new	 primary	 lung
cancers,	lymphoma,	sarcoid,	inflammatory	masses,	or	other	changes,	and	the	management	and	prognosis	of	these
lesions	usually	differ	dramatically	from	the	management	and	prognosis	of	stage	IV	melanoma.

If	 the	 lesion	 is	 in	 an	 accessible	 area	 of	 the	 lung	 and	 is	 about	 1	 cm	 in	 diameter	 or	 greater,	 a	 CT-guided
transthoracic	needle	biopsy	is	usually	feasible	and	appropriate	for	making	the	diagnosis.	If	there	is	a	solitary	lung
mass,	and	especially	if	the	mass	is	<1	cm	in	diameter,	then	thoracoscopic	resection	with	preoperative	localization
can	be	performed	with	great	success	and	with	low	morbidity.246	In	the	event	that	the	lesion	is	malignant,	then	the
biopsy	may	also	have	some	therapeutic	value.

Fine-needle	 aspiration	 biopsy	 of	 soft	 tissue	masses	 or	 lymph	 nodes	 can	 be	 a	 rapid	 and	 accurate	 diagnostic
approaches	either	at	 the	bedside	or	with	radiologic	localization.	Similarly,	biopsies	of	many	other	 tissue	lesions
can	be	accomplished	by	minimally	invasive	techniques.	A	fine-needle	aspirate	will	be	diagnostic	in	most	cases,
but	a	core	needle	biopsy,	when	feasible,	can	improve	diagnostic	accuracy	further.	Immunohistochemical	stains	for
S100,	HMB45,	tyrosinase,	and	MART-1/MelanA	can	all	be	helpful	in	confirming	a	diagnosis	of	melanoma.

Testing	for	BRAF	and	Other	Genetic	Analyses
A	major	decision	point	in	the	management	of	advanced	melanoma	is	the	determination	of	BRAF	mutational	status.
The	 clinical	 development	 and	 approval	 of	 BRAF	 and	MEK	 inhibitors	 have	 been	 based	 on	 the	 treatment	 of	 a



patient	population	selected	based	on	the	expression	of	mutant	BRAF	at	position	V600.	This	is	because	preclinical
studies	predict	that	BRAF	inhibitors	are	ineffective	when	BRAF	mutations	are	not	present,	and	there	are	even	data
that	they	may	be	detrimental	by	inducing	paradoxical	MAPK	activation	(see	the	following)	and	increased	cancer
progression.247–250	Therefore,	the	decision	to	use	BRAF	inhibitors	should	be	based	on	a	positive	test	for	a	BRAF
V600	mutation	(either	V600E	or	V600K,	with	currently	less	clear	benefits	in	other	BRAF	mutations).
BRAF	mutation	needs	to	be	tested	from	DNA	obtained	from	a	melanoma	biopsy	or	resection.	It	is	best	to	test	a

metastatic	lesion	than	an	archival	primary	lesion	because	it	cannot	be	assured	that	the	metastases	come	from	that
particular	 primary	 lesion.	 The	 tumor	 DNA	 is	 usually	 obtained	 from	 formalin-fixed,	 paraffin-embedded	 tissue
blocks,	 and	 the	 assay	 laboratories	 usually	 isolate	 the	 genomic	 DNA	 from	 this	 fixed	 tissue.	 The	 actual	BRAF
mutation	 test	 can	 be	 performed	 using	 mutation-specific	 PCR	 tests,	 such	 as	 the	 FDA-approved	 companion
diagnostic	assays	for	the	use	of	vemurafenib,	dabrafenib,	or	trametinib,	or	using	less	sensitive	Sanger	sequencing.
In	 addition,	 assay	 panels	 that	 provide	 results	 from	 multiple	 hotspot	 single	 nucleotide	 mutations	 have	 been
developed,	 as	 have	 assays	 based	 on	 next-generation	 sequencing	 of	 a	 panel	 of	 several	 hundred	 genes	 that	 are
commonly	associated	with	cancer.85

Surgery	for	Distant	Metastases	(Stage	IV)

Patient	Selection	and	Prognostic	Factors
Selected	 patients	 may	 benefit	 from	 surgery	 for	 distant	 metastatic	 (stage	 IV)	 melanoma.	 The	 benefit	 can	 be
palliative	 in	 some	 patients	 and	may	 be	 curative	 in	 rare	 cases.	 There	 are	 numerous	 clinical	 scenarios	 in	which
surgery	may	be	considered,	and	 it	 is	not	possible	 to	address	all	of	 them	here.	However,	 it	 is	useful	 to	consider
some	of	them.

Cases	in	Which	the	Benefit	of	Surgery	Is	Clear
Anemia	due	to	occult	bleeding	from	intestinal	metastasis
Bowel	obstruction	due	to	small	bowel	metastasis
Cutaneous	or	subcutaneous	metastasis	with	ulceration,	pain,	or	impending	ulceration
Lymph	node	metastasis	with	neurologic	symptoms
Symptomatic	brain	metastasis
Life-threatening	hemorrhage	from	metastasis

Melanoma	 frequently	metastasizes	 to	 the	 gastrointestinal	 tract.	 It	 usually	 originates	 as	 an	 intramural	 lesion	but
grows	into	the	lumen	and	through	the	serosa	with	time.	These	metastases	usually	present	as	anemia	due	to	occult
gastrointestinal	bleeding	or	as	intermittent	small	bowel	obstruction	due	to	intussusception	(Fig.	92.13).	They	are
difficult	to	diagnose	by	CT	scan	in	the	absence	of	symptoms.	PET/CT	is	probably	the	best	study	now	available.
However,	 it	 may	miss	 small	 lesions.	 Nonetheless,	 when	 a	 patient	 presents	 with	 gastrointestinal	 blood	 loss	 or
obstruction	associated	with	a	small	bowel	(or	other	gastrointestinal)	metastasis	of	melanoma,	operation	is	usually
indicated.	If	the	tumor	involves	the	mesenteric	nodes	and	is	matted,	then	it	may	not	be	feasible	or	appropriate	to
resect	 the	 entire	 tumor,	 but	 enteroenteric	 bypass	 of	 the	 obstruction	will	 be	 palliative.	Resection	 of	most	 or	 all
small	 bowel	 metastases	 can	 manage	 bleeding	 and	 obstruction	 effectively.	 If	 there	 is	 a	 single	 small	 bowel
metastasis,	then	a	simple	resection	and	reanastomosis	is	appropriate	(Fig.	92.14).	However,	if	there	are	numerous
small	bowel	metastases,	then	excision	of	large	lesions	with	reanastomosis	is	appropriate,	but	small	lesions	may	be
excised	by	partial-diameter	excision	and	stapled	(or	sewn)	close.	If	the	patient	can	be	rendered	surgically	free	of
disease,	 then	 there	may	 be	 long-term	 survival	 >5	 years	 in	 as	many	 as	 25%	 of	 patients	 and	mean	 survival	 >2
years.251	Even	 if	 all	 of	 the	metastases	 cannot	 be	 resected,	management	 of	 the	 bleeding	 lesions	may	 enable	 the
patient	to	tolerate	systemic	therapy,	which	may	control	remaining	disease.

Cutaneous,	 subcutaneous,	 and	nodal	metastases	are	not	usually	a	cause	of	death,	but	 they	can	be	a	cause	of
substantial	morbidity.	As	they	grow,	they	develop	substantial	inflammation	in	the	overlying	skin	(see	Fig.	92.12)
and	without	resection	may	often	ulcerate.	Because	such	lesions	usually	can	be	resected	under	local	anesthesia	with
minimal	morbidity,	it	is	reasonable	to	offer	resection.

Extensive	lymph	node	metastasis	with	neurologic	symptoms	is	commonly	an	issue	in	the	axilla,	where	tumor
growth	may	compress	or	invade	the	brachial	plexus	and	axillary	vein.	Patients	with	extensive	axillary	recurrence
with	neurologic	symptoms	and	patients	with	other	nodal	disease	and	neurologic	symptoms	should	be	considered
for	radical	resection	of	the	involved	nodal	basin.	The	morbidity	of	surgery	usually	is	much	less	than	the	morbidity
of	the	tumor	left	untreated.	Major	risks	of	tumor	growth	include	paralysis	or	major	neurologic	dysfunction	of	the
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extremity,	intractable	lymphedema,	disabling	pain,	and	unresectability.
Brain	metastasis	is	a	particularly	ominous	sign	in	terms	of	future	survival,	which	can	usually	be	measured	in

months.	However,	some	patients	with	isolated	brain	metastasis	can	have	long-term	control	after	surgical	resection
and/or	 stereotactic	 radiosurgery	 (SRS)	 or	 stereotactic	 fractionated	 radiation	 therapy.	 For	 patients	 with
symptomatic	 brain	 metastases,	 the	 presentation	 with	 acute	 cognitive	 deficits	 can	 be	 dramatic.	 Steroid	 therapy
should	be	 instituted	 immediately	 (4	mg	orally	 every	6	hours	 per	 day	 initially).	However,	 if	 this	 fails,	 or	 if	 the
presentation	is	particularly	acute	with	impending	herniation,	then	surgical	resection	of	the	brain	metastasis	can	be
therapeutic.	 Patients	 with	 extensive	 symptomatic	 multifocal	 intracranial	 disease	 following	 optimal	 systemic
therapies	can	be	considered	for	palliative	whole-brain	irradiation.

Melanoma	can	metastasize	to	nodes,	adrenal	glands,	or	other	sites	and	then	develop	spontaneous	hemorrhage.
Sometimes	such	bleeding	can	be	trivial,	but	in	some	cases,	there	can	be	massive	hemorrhage	into	the	tissues,	with
associated	hypovolemia.	In	such	cases,	resection	of	the	hemorrhagic	mass	may	diminish	future	risk	of	bleeding,
decrease	pain,	and	delay	death.

New	 effective	 systemic	 therapies,193	 including	 CTLA-4	 blockade,	 PD-1	 blockade,	 or	 mutant	 BRAF/MEK
inhibition,	 may	 be	 alternatives	 for	 managing	 patients	 with	 metastases	 that	 are	 too	 extensive	 to	 resect,	 but	 a
multidisciplinary	 team	 assessment	 is	 advised	 to	 weigh	 the	 short-term	 risks	 of	 delaying	 surgery	 against	 the
possibility	 of	 major	 systemic	 tumor	 regression	 with	 those	 therapies.	 In	 cases	 where	 systemic	 therapy	 induces
partial	 responses,	 surgical	 resection	 of	 residual	 disease	may	 be	 feasible	 to	 render	 the	 patient	 clinically	 free	 of
disease.

Figure	92.13	Patient	presenting	with	intussusception	due	to	a	small	bowel	metastasis	of



melanoma.	A:	The	loop	of	small	bowel	with	intussusception	is	shown	at	the	time	of	surgery,	prior
to	enterectomy	and	reanastomosis.	The	arrow	shows	the	point	of	intussusception.	B:	The

intraluminal	mass	is	shown	with	surrounding	bowel	mucosa.	C:	Hematoxylin-eosin–stained	tissue
section	of	the	intussuscepting	mass	shows	melanoma.	D:	Immunohistochemical	stain	for	a

melanoma	marker.

Figure	92.14	Small	bowel	metastasis	of	melanoma	with	extension	through	the	bowel	wall	and
with	extensive	neovascularity.

Cases	 in	Which	 the	Benefit	of	Surgery	 Is	Likely,	Especially	 if	Patients	Have	Progressed	on	Available
Systemic	Therapy

Solitary	asymptomatic	visceral	metastasis	resectable	with	minimal	morbidity
Bony	metastasis	with	pain	or	joint	involvement,	unresponsive	to	radiation
Solitary	brain	metastasis	without	symptoms
Large,	asymptomatic	nodal	metastasis	with	concurrent	low-volume	systemic	disease
Extensive	skin	and	soft	tissue	metastases	in	the	absence	of	visceral	metastases
Isolated	growing	metastasis	in	the	setting	of	stable	or	regressing	metastases	after	therapy

In	general,	in	a	patient	with	solitary	visceral	metastasis,	if	excision	can	be	accomplished	with	minimal	morbidity,
the	excision	can	be	both	 therapeutic	and	diagnostic.	The	OS	for	patients	with	one	or	several	distant	metastases
resected	coupled	with	experimental	melanoma	vaccine	therapy	has	been	associated	with	5-year	survival	rates	in
the	40%	to	60%	range.252	Another	reasonable	option	for	the	patient	with	a	single	(or	few)	resectable	distant	and/or
visceral	metastases	is	to	enroll	in	an	experimental	therapeutic	trial	or	to	take	an	approved	systemic	therapy	in	the
hope	of	clinical	response	but	with	the	additional	benefit	of	having	about	3	months	of	observation	time	to	be	sure
that	no	other	new	visceral	lesions	appear	prior	to	resection	of	the	lesion	in	question.

Bone	 metastases	 can	 cause	 pain	 and	 fracture.	 Radiation	 therapy	 is	 usually	 the	 first	 choice	 for	 therapeutic
intervention	if	significant	pain	exists.	Pain	can	be	treated	with	fractionated	radiation	therapy	or	stereotactic	body
radiation	 therapy	 if	 the	 spine	 is	 involved,	with	or	without	 surgical	 resection	and	stabilization	depending	on	 the
presence	 of	 cord	 compression	 and	 the	 patient’s	 disease	 burden	 and	 life	 expectancy.	 If	 patients	 are	 at	 risk	 of
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impending	fracture,	orthopedic	stabilization	should	be	considered	before	radiation.	However,	if	the	lesion	does	not
respond	 to	radiation	or	 is	solitary,	 resection	with	bone	grafting	or	 joint	 replacement	can	be	considered.	Current
success	rates	with	such	therapy	are	high,	but	the	period	of	postoperative	recovery	can	be	extended,	and	so	careful
patient	selection	is	indicated.

An	asymptomatic	solitary	brain	metastasis	that	is	amenable	to	resection	can	often	be	removed	surgically	with
minimal	morbidity	and	often	with	approximately	a	3-day	hospital	stay.	SRS	is	often	the	first	choice	for	treatment
of	such	lesions,	but	surgery	is	another	reasonable	option	and	probably	will	have	benefit,	especially	if	the	solitary
brain	lesion	is	>2	to	3	cm	in	diameter,	in	which	case	SRS	may	be	less	effective	and	surgery	may	be	a	preferred
option.

In	patients	with	multiple	metastases,	systemic	 therapy	may	be	associated	with	partial	clinical	 responses	with
progressive	growth	of	one	or	more	lesions	while	the	remainder	are	stable	or	shrinking	and	asymptomatic.	In	that
case,	patients	may	benefit	from	resecting	the	one	or	several	tumor	deposits	that	are	progressing.	This	will	not	be
curative,	but	it	may	lead	to	a	more	prolonged	period	of	good	quality	of	life,	with	minimal	perioperative	morbidity.

Cases	in	Which	Some	Patients	May	Benefit	from	Surgery	but	Risk	and	Benefit	Are	Closely	Balanced,	if
Effective	Systemic	Therapy	Is	Not	Available

More	than	one	visceral	metastasis,	without	symptoms
Multiple	lung	nodules
Bilateral	adrenal	metastases
Extensive	skin	and	soft	tissue	metastases	in	the	setting	of	visceral	disease

A	more	difficult	decision	is	whether	to	treat	patients	with	surgery	when	they	have	multiple	asymptomatic	visceral
metastases,	 such	 as	 multiple	 lung	 nodules,	 bilateral	 adrenal	 metastases,	 or	 extensive	 skin	 metastases	 in	 the
presence	of	visceral	disease.	These	are	generally	situations	in	which	surgery	is	not	recommended	as	the	treatment
of	choice,	but	there	are	anecdotes	of	such	patients	enjoying	prolonged	disease-free	survival	after	such	surgery,	and
so	it	is	worth	considering	in	very	select	patients.	Situations	that	may	push	the	patient	and	the	clinician	toward	such
an	aggressive	surgical	approach	include	prior	failure	of	systemic	therapy,	a	young	patient	for	whom	perioperative
morbidity	 is	 not	 a	 major	 concern,	 and	 disease	 sites	 that	 are	 particularly	 amenable	 to	 surgery	 through	 limited
surgery	(e.g.,	multiple	lung	nodules	amenable	to	thoracoscopic	lobectomy).

Adjuvant	Therapy	for	Resected	Stage	IV	Melanoma
Adjuvant	treatment	for	patients	with	stage	IV	disease	with	no	evidence	of	disease	(NED)	after	surgical	resection
of	metastases	has	not	been	well	represented	in	completed	large	randomized	trials,	but	recent	studies	have	included
these	patients.	One	hundred	sixty-nine	patients	with	stage	IV	NED	were	enrolled	in	Checkmate-238	and	randomly
allocated	 to	 adjuvant	 treatment	 with	 nivolumab	 or	 ipilimumab	 (Table	 92.6).	 The	 overall	 results	 of	 this	 study
demonstrated	that	 therapy	with	nivolumab	resulted	in	significantly	longer	RFS	and	a	lower	rate	of	grade	3	or	4
adverse	 events	 than	 adjuvant	 therapy	 with	 ipilimumab	 in	 patients	 after	 resection	 of	 stage	 IIIB,	 IIIC,	 or	 IV
melanoma.	Data	were	presented	independently	for	patients	with	resected	M1a	plus	M1b	disease,	with	a	positive
HR	of	0.63	 (95%	CI,	0.38	 to	1.05)	 favoring	nivolumab	among	a	 total	of	128	patients,	whereas	 the	subset	with
resected	M1c	disease	had	 a	nonsignificant	HR	of	1.00	 (95%	CI,	 0.37	 to	2.66)	 among	a	 total	 of	41	patients.237
Additional	 results	 using	 adjuvant	 therapy	 for	 patients	with	 stage	 IV	NED	 are	 expected	 in	 the	 future	 from	 the
Southwest	Oncology	Group	 S1404	 clinical	 trial	 comparing	 pembrolizumab	with	 standard	 of	 care	 therapy	with
HDI	 or	 high-dose	 ipilimumab.	 Studies	 with	 adjuvant	 therapy	 with	 BRAF	 plus	 MEK	 inhibitors	 for	 surgically
resected	BRAF-mutated	melanoma	have	not	 included	patients	with	 stage	 IV	NED.	The	emerging	data	establish
adjuvant	anti–PD-1	therapy	as	the	treatment	of	choice	for	the	adjuvant	therapy	in	this	population.

Treatment	of	Unresectable	Metastatic	(Stage	IV)	Melanoma

Progress	in	Treatment	for	Metastatic	Melanoma
Clinical	 translation	 of	 preclinical	 scientific	 knowledge	 has	 resulted	 in	 the	 rapid	 advancement	 of	 new	 therapies
active	in	patients	with	metastatic	melanoma.	This	contrasts	sharply	with	the	lack	of	significant	progress	for	many
years	when	 attempting	 to	 treat	melanoma	with	 nonspecific	 agents,	 in	 particular	 chemotherapy,	 and	 performing
combination	studies	with	low-active	drugs.	In	this	context,	the	OS	and	PFS	were	analyzed	in	70	U.S.	cooperative
group,	single-arm,	phase	II	clinical	trials	performed	between	1975	and	2005	(termed	the	Korn	meta-analysis)	that



had	been	deemed	to	not	be	promising	for	 further	development.253	From	this	meta-analysis,	 individual-level	and
trial-level	 data	 were	 obtained	 for	 patients	 enrolled	 onto	 42	 phase	 II	 trials,	 which	 provided	 the	 minimum
benchmarks	of	OS	and	PFS	at	defined	 time	points	 to	compare	 to	new	clinical	 trials	 in	patients	with	metastatic
melanoma.	 The	 recent	 clinical	 trials	 with	 immune	 checkpoint	 inhibitors	 and	 BRAF	 inhibitor–based	 targeted
therapies	have	remarkably	improved	this	grim	panorama	(Tables	92.7,	92.8,	and	92.9),	 and	 there	are	 reasons	 to
anticipate	 that	 treatment	 options	 for	 advanced	 melanoma	 will	 continue	 to	 improve.	 The	 ability	 to	 understand
mechanisms	of	response	and	resistance	to	BRAF	inhibitor–based	therapies	and	immune	checkpoint	blockade	at	a
molecular	 level	 and	 the	 rapid	 advancement	 of	 the	 knowledge	 brought	 by	 the	 scientific	 community’s	 renewed
interest	in	melanoma	predict	further	improvements	in	the	development	of	effective	therapies	for	this	disease.	The
current	 status	of	 the	 treatment	of	metastatic	melanoma	with	 systemic	 therapies	 includes	 the	 frontline	use	of	 an
anti–PD-1	 antibody	 (nivolumab	 or	 pembrolizumab)	 either	 alone	 or	 in	 combination	with	 anti–CTLA-4	 therapy
(nivolumab	 plus	 ipilimumab)	 and	 the	 option	 of	 BRAF	 plus	 MEK	 inhibitor	 combination	 (dabrafenib	 plus
trametinib	or	vemurafenib	plus	cobimetinib)	for	patients	with	BRAF	V600E/K–mutated	metastatic	melanoma.254
Either	of	these	therapies	may	be	used	upon	progression	of	a	prior	one,	with	no	data	on	the	superiority	of	targeted
therapy	or	immunotherapy	as	frontline	therapy	or	on	sequencing	them	in	patients	with	BRAF-mutated	metastatic
melanoma.

TABLE	92.6
Listing	of	Major	Adjuvant	Phase	III	Clinical	Trials

Reference Kirkwood	et	al.,227	1996
Eggermont	et	al.,235

2016 Weber	et	al.,237	2017 Long	et	al.,a	2017

Study	Arm
High-Dose
Interferon-α Control Ipilimumab Control Nivolumab Ipilimumab

Dabrafenib	+
Trametinib Control

Stage	eligibility T4N0M0,	or
TanyN+M0

Any	T
N1a	(>1	mm)	or	higher
M0

Any	T
N2a	or	higher
Or	M1	resected

Any	T
N1a	(>1	mm)	or	higher
M0

Number	of
patients

143 137 475 476 453 453 435 432

Median	RFS 1.72	y 0.98	y 27.6	mo 17.1	mo Not
reached

Not
reached

Not	reached 16.6	mo

HR	RFS 0.62 	 0.76 	 0.65 	 0.47 	

Median	OS 3.82	y 2.78	y 64.4	mo 54.4	mo Not
reached

Not
reached

Not	reached Not
reached

HR	OS 0.78 	 0.72 	 Not
available

	 0.57 	

aLong	GV,	Hauschild	A,	Santinami	M,	et	al.	Adjuvant	dabrafenib	plus	trametinib	in	stage	III	BRAF-mutated	melanoma.	N	Engl	J	Med	2017;377(19):1813–1823.
RFS,	recurrence-free	survival;	HR,	hazard	ratio;	PFS,	progression-free	survival;	OS,	overall	survival.

Blocking	Immune	Checkpoint	with	Therapeutic	Antibodies
Immune	 responses	 against	 cancer	 are	usually	kept	under	negative	 regulatory	 control	by	a	 series	of	physiologic
breaks	 (checkpoints;	 Fig.	 92.15).	 Negative	 immune-regulatory	 checkpoints	 are	 induced	 after	 T-cell	 activation.
These	include	CTLA-4,	which	when	engaged	by	the	costimulatory	molecules	B7.1	(CD80)	or	B7.2	(CD86)	results
in	a	dominant-negative	regulation	of	T	cells	by	competing	with	the	CD28-positive	costimulatory	receptor.	When
an	activated	T	cell	arrives	 to	 the	peripheral	 tissues,	 including	melanoma	metastases,	 it	can	be	 turned	off	by	 the
PD-1/PD-L1	 interaction.	 PD-1	 is	 a	 negative	 regulatory	 checkpoint	 receptor	 that	 is	 expressed	 by	 T	 cells	 upon
activation	and	chronic	antigen	exposure,	as	in	cancer.	Its	main	peripheral	ligand,	PD-L1,	is	expressed	by	cancer
and	stromal	cells	mainly	upon	exposure	to	T	cell–produced	IFNs.	Therefore,	it	represents	a	mechanism	of	reactive
immune	resistance	that	allows	melanoma	to	hide	from	activated	T	cells.255	Release	of	both	the	CTLA-4	and	PD-1
checkpoints	has	 resulted	 in	objective	and	durable	 immune-mediated	 tumor	 responses	 in	patients	with	advanced
melanoma,	and	it	is	an	area	of	active	clinical	research	and	drug	development.

TABLE	92.7
Summary	of	Best	Clinical	End	Points	with	Selected	Therapies	for	the	Treatment	of	Advanced
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Melanoma

Improved	overall	survival Ipilimumab	(vs.	gp100	peptide	vaccine)
Vemurafenib	(vs.	dacarbazine)
Trametinib	(vs.	dacarbazine)
Pembrolizumab	(vs.	ipilimumab)
Nivolumab	(vs.	ipilimumab)
Dabrafenib	+	trametinib	(vs.	dabrafenib)
Dabrafenib	+	trametinib	(vs.	vemurafenib)
Vemurafenib	+	cobimetinib	(vs.	vemurafenib)
Nivolumab	+	ipilimumab	(vs.	ipilimumab)

Improved	progression-free	survival Dabrafenib	(vs.	dacarbazine)
Trametinib	(vs.	dacarbazine)
Nab-paclitaxel	(vs.	dacarbazine)
Encorafenib	+	binimetinib	(vs.	encorafenib)
Encorafenib	+	binimetinib	(vs.	vemurafenib)

Improved	response	duration T-VEC	(vs.	granulocyte-macrophage	colony-stimulating	factor)

Validated	antitumor	activity High-dose	interleukin-2
TIL	ACT
Carboplatin-paclitaxel
Dacarbazine
Fotemustine

Agents	and	combinations	not
supported	by	data

Nitrosourea	combination	chemotherapy:	CVD,	biochemotherapy
Dartmouth	regimen	and	tamoxifen-chemotherapy	combinations
Thalidomide	and	thalidomide-chemotherapy	combinations
Sorafenib	and	sorafenib-chemotherapy	combinations
Elesclomol-chemotherapy	combinations
Peptide	vaccines

T-VEC,	talimogene	laherparepvec;	TIL	ACT,	tumor-infiltrating	lymphocyte	adoptive	cell	transfer	therapy;	CVD,	cisplatin-vinblastine-
dacarbazine.



Anti–CTLA-4–Blocking	Antibodies
Ipilimumab	 (Yervoy;	 Bristol-Myers	 Squibb,	 New	 York,	 NY)	 is	 a	 fully	 human	 monoclonal	 antibody
(immunoglobulin	G1)	that	blocks	CTLA-4.	The	FDA	approved	ipilimumab	at	a	dose	of	3	mg/kg	administered	at
3-week	intervals	for	four	doses	for	the	treatment	of	unresectable	or	metastatic	melanoma	in	2011.	This	approval
was	 based	 on	 a	 randomized	 clinical	 trial	 of	 ipilimumab	 versus	 a	 gp100	 peptide	 vaccine	 versus	 both	 agents
combined	 in	 patients	with	 previously	 treated	metastatic	melanoma.233	 Six	 hundred	 seventy-six	 HLA-A*0201–
positive	 patients	 with	 unresectable	 stage	 III	 or	 IV	 melanoma	 who	 had	 been	 previously	 treated	 with	 systemic
therapy	for	metastatic	disease	were	randomly	assigned,	in	a	3:1:1	ratio,	to	ipilimumab	plus	gp100	(403	patients),
ipilimumab	alone	(137	patients),	or	gp100	alone	(136	patients).	Ipilimumab	was	administered	at	a	dose	of	3	mg/kg
every	 3	 weeks	 for	 up	 to	 four	 treatments	 (induction).	 Eligible	 patients	 could	 receive	 reinduction	 therapy.	 The
primary	end	point	of	median	OS	with	 ipilimumab	alone	was	10.1	months	as	compared	with	6.4	months	among
patients	receiving	gp100	alone	(HR,	0.66;	P	=	.003).	No	difference	in	OS	was	detected	between	the	ipilimumab
groups	 (HR	with	 ipilimumab	plus	gp100,	1.04;	P	=	 .76),	 and	 the	median	OS	was	10.0	months	 among	patients
receiving	 ipilimumab	plus	gp100	 (HR	 for	death,	0.68;	P	 <	 .001).	Grade	3	 or	 4	 immune-related	 adverse	 events
occurred	 in	 10%	 to	 15%	 of	 patients	 treated	 with	 ipilimumab,	 the	 most	 common	 being	 colitis,	 skin	 rash,	 and
endocrinopathies	(Table	92.10).	There	were	14	deaths	related	to	ipilimumab	(2.1%),	and	7	were	associated	with
immune-related	adverse	events.	This	was	the	first	randomized	clinical	trial	demonstrating	an	improvement	in	OS
in	patients	with	metastatic	melanoma	(see	Tables	92.7and	92.8).

TABLE	92.8
Main	Efficacy	End	Points	from	Pivotal	Phase	III	Randomized	Trials	Leading	to	the	Approval
of	Ipilimumab,	Pembrolizumab,	Nivolumab,	and	the	Combination	of	Nivolumab	and
Ipilimumab

Reference

Hodi	et	al.,233	2010
Schachter	et	al.,a	2017

Keynote	006
Wolchok	et	al.,274	2017

CM067

Ipilimumab gp100
Pembrolizumab
Every	2	wk

Pembrolizumab
Every	3	wk Ipilimumab

Ipilimumab	plus
Nivolumab Nivolumab Ipilimumab

Response
rate

11% 1.5% 37% 36% 13% 58% 44% 19%

Median
PFS

2.9	mo 2.8
mo

5.6	mo 4.1	mo 2.8	mo 11.5	mo 6.9	mo 2.9	mo

HR	PFS 	 0.64 0.61 0.61 	 0.42 0.55 	

Median
OS

10.1	mo 6.4
mo

Not	reached Not	reached 16	mo Not	reached 37.6	mo 19.9	mo

HR	OS 	 0.66 0.68 NR 	 0.55 0.65 	

OS	at	2	y 21.3% 13.3% 55% 55% 43% 64%b 59%b 45%b

aSchachter	J,	Ribas	A,	Long	GV,	et	al.	Pembrolizumab	versus	 ipilimumab	for	advanced	melanoma:	 final	overall	survival	 results	of	a	multicentre,	 randomised,
open-label	phase	3	study	(KEYNOTE-006).	Lancet	2017;390(10105):1853–1862.
bFrom	Larkin	J,	Chiarion-Sileni	V,	Gonzalez	R,	et	al.	Overall	survival	(OS)	results	from	a	phase	III	trial	of	nivolumab	(NIVO)	combined	with	ipilimumab	(IPI)	 in
treatment-naïve	patients	with	advanced	melanoma	(CheckMate	067)	[abstract].	Cancer	Res	2017;77(13	suppl):CT075.
PFS,	progression-free	survival;	HR,	hazard	ratio;	OS,	overall	survival.

TABLE	92.9
Main	Efficacy	End	Points	Taken	from	Pivotal	Phase	III	Randomized	Trials	with	MAPK
Inhibitor	Combined	Targeted	Therapy	for	Patients	with	BRAF	V600–Mutated	Metastatic
Melanoma

Reference

COMBI-d COMBI-v Co-BRIM Columbus
Dabrafenib
+
Trametinib Dabrafenib

Dabrafenib
+
Trametinib Vemurafenib

Vemurafenib
+
Cobimetinib Vemurafenib

Encorafenib
+
Binimetinib Encorafenib Vemurafenib

Response 67% 51% 64% 51% 68% 45% 	 	 	
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ratea

Median
PFS

11	mo 8.8	mo 12.1	mo 7.3	mo 12.3	mo 7.2	mo 14.9	mo 9.6	mo 7.3	mo

HR	PFS 	 0.67 	 0.61 	 0.58 	 0.75 0.54

Median
OS

25.1	mo 18.7	mo 26.1	mo 17.7	mo 22.3	mo 17.4	mo NR NR NR

HR	OS 	 0.71 	 0.68 	 0.70 NR 	 	

OS	at	2	y 52.4% 43.2% 53.1% 39.7% 48.6% 38.5% NR NR NR
aResponse	rate	data	are	from	Robert	et	al.,270	Long	et	al.,301	Larkin	et	al.,271	and	Dummer	et	al.302

MAPK,	mitogen-activated	protein	kinase;	Co-BRIM,	cobimetinib	combined	with	vemurafenib	in	advanced	BRAF	V600–mutant	melanoma;	PFS,	progression-free
survival;	HR,	hazard	ratio;	OS,	overall	survival;	NR,	not	reached.
Data	from	Ugurel	S,	Röhmel	J,	Ascierto	PA,	et	al.	Survival	of	patients	with	advanced	metastatic	melanoma:	the	 impact	of	novel	 therapies-update	2017.	Eur	J
Cancer	2017;83:247–257.

Figure	92.15	Schematic	representation	of	the	mechanism	of	action	of	anti–cytotoxic	T
lymphocyte–associated	protein	4	(CTLA-4)	and	anti–programmed	cell	death	protein	(PD)-1

monoclonal	antibodies.	CTLA-4	is	a	negative	regulatory	signal	that	limits	activation	of	T	cells	upon
ligation	with	cluster	of	differentiation	80	or	cluster	of	differentiation	86	costimulatory	molecules
expressed	by	antigen-presenting	cells,	within	the	priming	phase	of	a	T-cell	response	in	lymph
nodes.	PD-1	is	expressed	by	T	cells	upon	chronic	antigen	exposure	and	results	in	negative

regulation	on	T	cells	upon	ligation	with	programmed	death	ligand	1	(PD-L1),	which	is	primarily
expressed	by	peripheral	tissues	including	in	the	tumor	microenvironment.	The	PD-1/PD-L1

interaction	happens	in	the	effector	phase	of	a	T-cell	response.	Its	blockade	with	antibodies	to	PD-1
or	PD-L1	results	in	the	preferential	activation	of	T	cells	with	specificity	for	the	cancer.	MHC,	major
histocompatibility	complex;	TCR,	T-cell	receptor.	(From	Ribas	A.	Tumor	immunotherapy	directed

at	PD-1.	N	Engl	J	Med	2012;366[26]:2517–2519.)

There	was	a	second	randomized	clinical	trial	with	OS	improvement	using	ipilimumab.234	This	was	a	frontline
trial	comparing	ipilimumab	at	a	dose	of	10	mg/kg	plus	dacarbazine	at	850	mg/m2	or	dacarbazine	plus	placebo	in



patients	with	previously	untreated	metastatic	melanoma.	A	total	of	502	patients	were	randomized	in	a	1:1	ratio,
with	the	study	drugs	given	at	weeks	1,	4,	7,	and	10.	Patients	with	stable	disease	or	an	objective	response	and	no
dose-limiting	toxic	effects	were	eligible	to	receive	ipilimumab	every	12	weeks	thereafter	as	maintenance	therapy.
The	 primary	 end	 point	 of	OS	was	 significantly	 improved	 in	 the	 group	 receiving	 ipilimumab	 plus	 dacarbazine
compared	to	dacarbazine	plus	placebo	(11.2	versus	9.1	months,	respectively),	and	survival	rates	at	1	year	(47.3%
versus	 36.3%),	 2	 years	 (28.5%	versus	 17.9%),	 and	3	 years	 (20.8%	versus	 12.2%)	were	 significantly	 improved
(HR	for	death,	0.72;	P	<	.001).	Grade	3	or	4	adverse	events	occurred	in	56.3%	of	patients	treated	with	ipilimumab
plus	dacarbazine,	as	compared	with	27.5%	treated	with	dacarbazine	and	placebo	(P	<	 .001).	The	most	 frequent
toxicities	 in	 the	 experimental	 combination	 group	 were	 increases	 in	 transaminases.	 No	 drug-related	 deaths	 or
gastrointestinal	perforations	occurred	in	the	ipilimumab-dacarbazine	group.

The	FDA	approval	of	ipilimumab	includes	a	black	box	warning	due	to	the	potential	for	severe	and	occasionally
fatal	 immune-mediated	 adverse	 reactions.	 The	 most	 common	 are	 enterocolitis,	 hepatitis,	 dermatitis	 (including
toxic	 epidermal	 necrolysis),	 neuropathy,	 and	 endocrinopathies	 such	 as	 hypophysitis	 and	 thyroiditis.	 The
recommendation	 is	 to	 permanently	 discontinue	 ipilimumab	 infusions	 and	 initiate	 systemic	 high-dose
corticosteroid	therapy	for	severe	immune-mediated	reactions.

Reinduction	with	ipilimumab	after	the	first	four	infusions	without	serious	side	effects	is	an	option	for	patients
with	stable	disease	sustained	for	at	least	3	months	or	a	prior	confirmed	partial	or	complete	response.	Among	31
patients	given	reinduction	with	ipilimumab,	a	complete	or	partial	response	or	stable	disease	was	achieved	in	13%,
37.5%,	and	65.2%,	respectively.256

Another	 anti–CTLA-4	 antibody,	 tremelimumab	 (Pfizer	 and	MedImmune-AstraZeneca,	New	York,	NY),	 has
been	 developed	 clinically	 in	 patients	 with	 metastatic	 melanoma.	 This	 fully	 human	 immunoglobulin	 G2
monoclonal	 antibody	 went	 through	 phase	 I,	 II,	 and	 III	 testing	 in	 melanoma257–259	 but	 failed	 to	 demonstrate
improvement	in	OS	compared	to	dacarbazine.258	Potential	contributing	factors	were	the	study	design,	the	treated
population,	the	dosing	regimen,	and	the	postrandomization	use	of	ipilimumab	in	the	control	arm.260

The	main	feature	of	therapy	with	anti–CTLA-4	antibodies	is	the	long	durability	of	tumor	responses	in	patients
with	an	objective	tumor	response,	as	exemplified	by	a	patient	with	metastasis	to	the	lung	and	liver	who	initially
received	 ipilimumab	and	 then	 tremelimumab	in	May	of	2001261	 and	continues	 in	 response	beyond	15	years.	 In
many	 instances,	 it	 is	 difficult	 to	 assess	 objective	 responses	 as	 these	may	 appear	 late	 after	 the	 therapy	 and	 go
through	a	process	of	apparent	clinical	progression	when	using	standard	response	evaluation	criteria.	This	has	led
to	the	proposal	of	alternate	response	evaluation	criteria	tailored	to	this	mechanism	of	action,	termed	the	immune-
related	response	criteria.262,263	In	a	pooled	analysis	of	1,861	patients	treated	with	ipilimumab	across	12	prior	trials,
which	included	965	treated	at	3	mg/kg	and	706	treated	at	10	mg/kg	doses,	the	3-year	survival	rate	was	22%.	The
survival	curves	remained	almost	flat	from	the	3-year	mark	to	at	least	8	years,	providing	strong	evidence	for	the
durability	of	the	ipilimumab	treatment	effect	in	a	subset	of	patients.264	Similar	data,	with	a	lot	fewer	patients,	have
been	reported	with	the	long-term	(up	to	12	years)	follow-up	of	patients	treated	with	tremelimumab.265	Therefore,
patients	with	a	long-term	response	to	anti–CTLA-4	therapy	are	likely	to	be	cured	of	their	disease.

TABLE	92.10
Comparison	of	Selected	Toxicities	of	Single-Agent	Immunotherapy	Agents	Ipilimumab,
Pembrolizumab,	and	Nivolumab	and	of	the	Combination	of	Nivolumab	plus	Ipilimumab	in
Phase	III	Clinical	Trials	(Merck	006	and	CM067)

Reference

Schachter	et	al.,a	2017
Keynote	006

Wolchok	et	al.,274	2017
CM067

Pembrolizumabb Ipilimumab Nivolumab Nivolumab	plus	Ipilimumab
Toxicity	Grades All	Grades Grade	3–4 All	Grades Grade	3–4 All	Grades Grade	3–4 All	Grades Grade	3–4
Fatigue 23 1 29 1 36 1 38 4

Pyrexia 	 	 7 <1 7 0 19 1

Skin	rash 17 0 22 2 23 <1 30 3

Photosensitivity 	 	 	 	 	 	 	 	

Pruritus 20 0 36 <1 21 <1 35 2

Nausea 13 0 16 1 13 0 28 2
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Diarrhea 17 1 34 6 21 3 45 9

Colitis 	 	 11 8 2 1 13 8

Hypothyroidism 8 0 5 0 11 0 14 1

Hepatic 	 	 	 	 	 	 	 	

Arthralgia 14 6 7 0 10 <1 14 1
aSchachter	J,	Ribas	A,	Long	GV,	et	al.	Pembrolizumab	versus	ipilimumab	for	advanced	melanoma:	final	overall	survival	results	of	a
multicentre,	randomised,	open-label	phase	3	study	(KEYNOTE-006).	Lancet	2017;390(10105):1853–1862.
bEvery-3-week	dosing	schedule.

Anti–PD-1	and	Anti–PD-L1
Early	 clinical	 testing	 of	 antibodies	 blocking	 PD-1,	 an	 inhibitory	 T-cell	 receptor	 belonging	 to	 the	 CD28
superfamily	 of	 immune-regulatory	 receptors,	 or	 blocking	 its	 main	 ligand	 PD-L1	 (also	 known	 as	 B7-H1	 or
CD274),	 demonstrates	 a	 high	 rate	 of	 durable	 tumor	 responses.266–268	 PD-1	 downregulates	 T-cell	 function	 by
blocking	 T-cell	 receptor	 signaling	 upon	 binding	 to	 its	 ligands,	 PD-L1	 or	 PD-L2	 (also	 known	 as	 B7-DC	 or
CD273).	PD-L1	is	expressed	by	cells	within	a	cancer	mainly	in	response	to	IFN-γ	and	confers	peripheral	tolerance
from	endogenous	 antigens.	PD-L2	 is	 expressed	primarily	by	antigen-presenting	cells.255	To	 address	 the	 role	 of
anti–PD-1	in	metastatic	melanoma,	several	randomized	trials	were	conducted	leading	to	the	regulatory	approval	of
pembrolizumab	 and	 nivolumab	 as	 single	 agents	 and	 nivolumab	 plus	 ipilimumab	 as	 combination	 therapy	 (see
Table	92.8).

The	first	anti–PD-1	agent	approved	for	the	treatment	of	metastatic	melanoma	was	pembrolizumab,	which	was
approved	 in	 September	 of	 2015	 initially	 for	 patients	 who	 had	 previously	 progressed	 on	 ipilimumab	 and	 later
expanded	to	any	patient	with	metastatic	disease	regardless	of	prior	therapy.	The	initial	approval	was	based	on	the
large	Keynote	001	trial,	the	largest	conducted	phase	I	trial	in	oncology.	This	was	an	open-label,	multicohort,	phase
IB	 clinical	 trial	 (enrollment	 from	December	 2011	 to	 September	 2013).	Median	 duration	 of	 follow-up	 was	 21
months.	 Data	 were	 pooled	 from	 655	 enrolled	 patients	 (135	 patients	 from	 a	 nonrandomized	 cohort	 [n	 =	 87
ipilimumab	naive;	n	=	48	 ipilimumab	 treated]	 and	520	patients	 from	 randomized	cohorts	 [n	=	226	 ipilimumab
naive;	 n	 =	 294	 ipilimumab	 treated]).	 Pembrolizumab	was	 administered	 at	 10	mg/kg	 every	 2	weeks,	 10	mg/kg
every	3	weeks,	or	2	mg/kg	every	3	weeks.	An	objective	response	was	reported	in	194	of	581	patients	(33%;	95%
CI,	 30%	 to	 37%)	 and	 in	 60	 of	 133	 treatment-naive	 patients	 (45%;	 95%	 CI,	 36%	 to	 54%).	 Overall,	 74%	 of
responses	(152	of	205	patients)	were	ongoing	at	the	time	of	data	cutoff;	44%	of	patients	(90	of	205	patients)	had
response	duration	for	at	least	1	year,	and	79%	(162	of	205	patients)	had	response	duration	for	at	least	6	months.
Twelve-month	PFS	 rates	were	35%	 (95%	CI,	 31%	 to	39%)	 in	 the	 total	 population	 and	52%	 (95%	CI,	 43%	 to
60%)	 among	 treatment-naive	 patients.	 Median	 OS	 in	 the	 total	 population	 was	 23	 months	 (95%	 CI,	 20	 to	 29
months),	with	a	12-month	survival	rate	of	66%	(95%	CI,	62%	to	69%)	and	a	24-month	survival	rate	of	49%	(95%
CI,	 44%	 to	 53%).	 In	 patients	 naive	 to	 prior	 treatment,	median	OS	was	 31	months	 (95%	CI,	 24	months	 to	 not
reached),	with	a	12-month	survival	rate	of	73%	(95%	CI,	65%	to	79%)	and	a	24-month	survival	rate	of	60%	(95%
CI,	 51%	 to	 68%).	 Ninety-two	 (14%)	 of	 655	 patients	 experienced	 at	 least	 one	 treatment-related	 grade	 3	 or	 4
adverse	 event,	 and	 27	 patients	 (4%)	 discontinued	 treatment	 because	 of	 a	 treatment-related	 adverse	 events.
Treatment-related	serious	adverse	events	were	reported	 in	59	patients	 (9%).	There	were	no	drug-related	deaths.
The	 authors	 concluded	 that	 among	 patients	 with	 advanced	 melanoma,	 pembrolizumab	 administration	 was
associated	with	 an	 overall	 objective	 response	 rate	 of	 33%,	 12-month	 PFS	 rate	 of	 35%,	 and	median	OS	 of	 23
months;	grade	3	or	4	treatment-related	adverse	events	occurred	in	14%	of	patients.269

Definitive	 confirmation	 of	 the	 benefit	 of	 treatment	with	 pembrolizumab	 over	 prior	 standard	 of	 care	 therapy
comes	from	Keynote	006.	In	this	study,	834	patients	were	randomized	1:1:1	to	pembrolizumab	at	10	mg/kg	every
2	weeks	or	every	3	weeks	or	standard	 ipilimumab	at	3	mg/kg	every	3	weeks	for	 four	doses.	Both	schedules	of
pembrolizumab	were	 statistically	 superior	 for	 response	 rate,	PFS,	and	OS	compared	with	 ipilimumab,	although
they	were	not	statistically	different	from	each	other	(HR	for	death	for	pembrolizumab	every	2	weeks,	0.63;	P	=
.0005;	HR	for	pembrolizumab	every	3	weeks,	0.69;	P	=	.0036).	Adverse	events	were	similar	to	those	seen	in	other
anti–PD-1	 and	 anti–CTLA-4	 clinical	 trials,	with	 grade	3	 or	 4	 adverse	 events	 observed	 in	 13.3%	and	10.1%	of
patients	treated	with	pembrolizumab	and	19.9%	of	patients	treated	with	ipilimumab	(see	Tables	92.8and	92.10).

Nivolumab	 monotherapy	 was	 first	 approved	 for	 the	 treatment	 of	 patients	 with	 metastatic	 melanoma	 in
December	of	2015.	Definitive	data	were	provided	with	the	analysis	of	Checkmate-066,	and	by	two	of	the	study
arms	in	 the	phase	III	clinical	 trial	Checkmate-067.	Checkmate-066	randomly	assigned	418	previously	untreated
patients	who	had	metastatic	melanoma	without	a	BRAF	mutation	 to	 receive	 either	nivolumab	3	mg/kg	every	2
weeks	or	dacarbazine	therapy,	which	was	the	standard	of	care	at	the	time.	At	1	year,	the	OS	rate	was	72.9%	(95%



CI,	65.5%	to	78.9%)	with	nivolumab	compared	with	42.1%	(95%	CI,	33.0%	to	50.9%)	with	dacarbazine	(HR	for
death,	0.42;	99.79%	CI,	0.25	to	0.73;	P	<	.001).	The	median	PFS	was	5.1	months	in	the	nivolumab	group	versus
2.2	months	 in	 the	dacarbazine	group	 (HR	for	death	or	progression	of	disease,	0.43;	95%	CI,	0.34	 to	0.56;	P	 <
.001).270	Checkmate-067	enrolled	316	patients	randomized	to	nivolumab	at	3	mg/kg	intravenously	every	2	weeks
and	 315	 patients	 randomized	 to	 standard	 ipilimumab.	 In	 patients	 treated	 with	 nivolumab	 compared	 with
ipilimumab,	the	response	rate	was	43.7%	versus	19.0%,	respectively,	and	median	PFS	was	6.9	months	versus	2.9
months	 (HR,	 0.57;	 P	 <	 .001),	 respectively.	 Grade	 3	 or	 4	 adverse	 events	 occurred	 in	 16.3%	 of	 patients	 on
nivolumab	compared	with	27.3%	on	ipilimumab271	(see	Tables	92.8and	92.10).

Based	on	supportive	preclinical	data	and	early	clinical	testing,272,273	the	same	Checkmate-067	trial	included	an
additional	study	arm	that	tested	the	benefit	of	combining	nivolumab	and	ipilimumab	compared	to	ipilimumab.	The
overall	 study	 design	 included	 945	 previously	 untreated	 patients	 with	 unresectable	 stage	 III	 or	 IV	 melanoma
randomized	1:1:1	 to	nivolumab	alone,	 nivolumab	plus	 ipilimumab,	or	 ipilimumab	alone.	The	median	PFS	was
11.5	months	(95%	CI,	8.9	to	16.7	months)	with	nivolumab	plus	ipilimumab	compared	with	2.9	months	(95%	CI,
2.8	to	3.4	months)	with	ipilimumab	(HR	for	death	or	disease	progression,	0.42;	99.5%	CI,	0.31	to	0.57;	P	<	.001)
and	 6.9	months	 (95%	CI,	 4.3	 to	 9.5	months)	with	 nivolumab	 (HR	 for	 the	 comparison	with	 ipilimumab,	 0.57;
99.5%	CI,	0.43	to	0.76;	P	<	.001).	In	patients	with	tumors	positive	for	PD-L1,	the	median	PFS	was	14.0	months	in
the	 nivolumab	 plus	 ipilimumab	group	 and	 in	 the	 nivolumab	 alone	 group,	 but	 in	 patients	with	 PD-L1–negative
tumors,	 PFS	was	 longer	with	 the	 combination	 therapy	 than	with	 nivolumab	 alone	 (11.2	months	 [95%	CI,	 8.0
months	to	not	reached]	versus	5.3	months	[95%	CI,	2.8	to	7.1	months],	respectively).	Treatment-related	adverse
events	of	grade	3	or	4	occurred	in	16.3%	of	the	patients	in	the	nivolumab	group,	55.0%	of	those	in	the	nivolumab
plus	ipilimumab	group,	and	27.3%	of	those	in	the	ipilimumab	group271	(see	Tables	92.8and	92.10).	In	an	update
of	Checkmate-067	at	a	minimum	follow-up	of	36	months,	the	median	OS	had	not	been	reached	in	the	nivolumab
plus	 ipilimumab	group	and	was	37.6	months	 in	 the	nivolumab	group	and	19.9	months	 in	 the	 ipilimumab	group
(HR	for	death	with	nivolumab	plus	ipilimumab	versus	ipilimumab,	0.55;	P	<	.001];	HR	for	death	with	nivolumab
versus	ipilimumab,	0.65;	P	<	 .001]).	The	OS	rate	at	3	years	was	58%	in	the	nivolumab	plus	ipilimumab	group,
which	was	numerically	higher	than	the	52%	rate	in	the	nivolumab	group	(but	not	statistically	significant),	whereas
the	combination	was	statistically	superior	compared	with	the	OS	rate	of	34%	in	the	ipilimumab	group.	The	safety
profile	 was	 unchanged	 from	 the	 initial	 report.	 The	 authors	 concluded	 that	 among	 patients	 with	 advanced
melanoma,	significantly	longer	OS	occurred	with	combination	therapy	with	nivolumab	plus	ipilimumab	or	with
nivolumab	 alone	 than	with	 ipilimumab	 alone274	 (see	Tables	92.8and	 92.10).	Overall,	 the	 randomized	 trial	 data
established	 anti–PD-1	 as	 the	 standard	 of	 care	 for	 the	 first-line	 treatment	 of	 metastatic	 melanoma	 in	 patients
without	a	BRAF	mutation	and	as	an	option	for	first-line	treatment	in	patients	with	BRAF	V600	mutations.

Interleukin-2
The	 intravenous	administration	of	high-dose	 IL-2	(aldesleukin)	was	approved	for	 the	 treatment	of	patients	with
metastatic	melanoma	in	1998	mainly	thanks	to	its	ability	to	mediate	durable	complete	responses	in	patients	with
widespread	 metastatic	 disease.	 The	 administration	 of	 IL-2	 represented	 the	 first	 demonstration	 that	 purely
immunotherapeutic	maneuvers	could	mediate	the	regression	of	metastatic	cancer.275,276	IL-2	has	no	direct	effect
on	cancer	cells,	and	all	of	its	antitumor	activity	is	a	function	of	its	ability	to	modulate	immunologic	responses	in
the	host.

The	FDA-approved	regimen	for	the	treatment	of	patients	with	metastatic	melanoma	using	IL-2	involves	the	use
of	 an	 intravenous	 bolus	 infusion	 of	 600,000	 to	 720,000	 IU/kg	 every	 8	 hours	 to	 tolerance	 using	 two	 cycles
separated	by	approximately	10	days	(maximum	of	15	doses	per	cycle).	Results	of	this	treatment	are	evaluated	at	2
months	after	the	first	dose,	and	if	tumor	is	regressing	or	stable,	a	second	course	is	then	administered.

In	the	report	of	the	original	270	patients	treated	at	22	different	institutions	that	was	the	basis	of	the	approval	of
IL-2	by	the	FDA,	a	16%	objective	response	rate	was	obtained,	with	17	complete	responses	(6%)	and	26	partial
responses	(10%).277	At	the	last	full	analysis	of	these	270	patients,	the	median	duration	of	response	for	complete
responders	had	not	been	reached	but	exceeded	59	months,	and	disease	progression	was	not	observed	in	any	patient
who	responded	for	more	than	30	months.	An	analysis	of	patients	treated	from	1988	to	2006	in	the	Surgery	Branch
of	 the	National	Cancer	 Institute	 reported	13	 complete	 responders,	 only	2	of	whom	had	 experienced	 recurrence
with	 the	 remainder	having	ongoing	 response	 at	 1	 to	21	years.278	Thus,	 IL-2	 appears	 to	be	one	of	 a	very	 small
group	of	systemic	treatments	capable	of	curing	patients	with	a	metastatic	solid	cancer.

Because	 of	 the	 side	 effects	 associated	with	 high-dose	 bolus	 IL-2	 administration,	 this	 treatment	 is	 generally
restricted	to	patients	younger	than	the	age	of	70	years	with	an	ECOG	performance	status	of	≤2	and	in	patients	who
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do	not	have	active	systemic	infections	or	other	major	medical	illness	of	the	cardiovascular,	respiratory,	or	immune
system.	Because	IL-2	often	causes	transient	renal	and	hepatic	toxicity,	eligibility	criteria	generally	require	normal
serum	 creatinine	 and	 serum	 bilirubin	 levels.	 Patients	 with	 any	 history	 of	 systemic	 ischemic	 heart	 disease	 or
pulmonary	dysfunction	should	undergo	stress	testing	and	pulmonary	function	tests	before	initiating	therapy,	and
patients	with	significant	abnormalities	should	not	be	included.

The	administration	of	high-dose	bolus	IL-2	is	different	than	the	administration	of	most	cancer	therapeutics	in
that	dosing	 is	continued	every	8	hours	until	patients	 reach	grade	3	or	4	 toxicity	 that	 is	not	easily	 reversible	by
supportive	measures.	The	 toxicities	 of	 IL-2	 administration	 are	 transient,	with	 virtually	 all	 returning	 to	 baseline
after	IL-2	administration	is	stopped.	Thus,	patients	are	often	treated	despite	creatinine	levels	that	increase	to	the	2-
to	 3-mg/dL	 range	 because	 of	 confidence	 that	 renal	 function	 will	 return	 to	 normal	 after	 cessation	 of	 IL-2
administration.	Thus,	there	are	no	set	doses	that	patients	receive,	and	there	is	no	correlation	between	the	number
of	doses	seen	and	the	likelihood	of	achieving	a	response	as	long	as	patients	receive	dosing	to	tolerance	based	on
physical	findings	and	laboratory	measurements.

Administration	of	Interleukin-2	Plus	Vaccine
In	1998,	Rosenberg	et	al.279	reported	an	increase	in	objective	response	to	IL-2	when	administered	in	conjunction
with	a	heteroclitic	gp100:209–217(210M)	melanoma	peptide	vaccine.	An	updated	analysis	showed	a	response	rate
of	12.8%	to	IL-2	alone	compared	to	a	25.0%	response	rate	to	IL-2	plus	immunization	with	this	peptide	(P	=	.01).
A	prospective	 randomized	 trial	 in	 patients	with	metastatic	melanoma	of	 IL-2	 alone	or	 in	 conjunction	with	 this
peptide	in	185	patients280	reported	centrally	reviewed	response	rates	of	6%	and	16%,	respectively	(P	=	.02),	with
an	increase	in	PFS	in	the	vaccine	arm	(P	=	.008)	and	a	strong	trend	toward	an	increase	in	survival	with	the	vaccine
(17.8	versus	11.1	months	with	IL-2	alone;	P	=	.06).

BRAF	Inhibitors
Vemurafenib	 (Zelboraf;	 Roche,	 Basel,	 Switzerland)	 and	 dabrafenib	 (Tafinlar;	 GlaxoSmithKline,	 Brentford,
United	 Kingdom)	 are	 two	 BRAF	 inhibitors	 approved	 by	 the	 FDA,	 European	 Medicines	 Agency,	 and	 other
regulatory	bodies	with	high	antitumor	activity	in	patients	with	BRAF	V600–mutant	metastatic	melanoma	mediated
by	the	inhibition	of	oncogenic	MAPK	signaling.193,281	They	are	both	classified	as	type	I	BRAF	kinase	inhibitors
because	they	block	the	enzymatic	activity	of	BRAF	in	the	activated,	mutated	conformation,	as	opposed	to	type	II
RAF	 inhibitors	 that	 work	 only	 in	 the	 inactive	 conformation,	 such	 as	 sorafenib.281	 As	 the	 field	 has	 advanced,
BRAF	inhibitors	are	used	 in	combination	with	MEK	inhibitors	given	 the	evidence	from	a	series	of	 randomized
trials	demonstrating	the	superiority	of	the	combination	over	single-agent	BRAF	inhibitor	therapy	(see	Table	92.9).

In	a	phase	III	 trial	 in	which	patients	with	BRAF	V600E	metastatic	melanoma	were	treated	with	vemurafenib
versus	dacarbazine,	there	was	a	large	early	improvement	in	OS,	leading	to	an	early	closure	of	the	clinical	trial.282
This	 was	 a	 phase	 III	 randomized	 clinical	 trial	 comparing	 vemurafenib	 (960	 mg	 orally	 twice	 daily)	 with
dacarbazine	 (1,000	mg/m2	 of	 body	 surface	 area	 intravenously	 every	 3	weeks)	 in	 675	 patients	with	 previously
untreated,	metastatic	melanoma	with	the	BRAF	V600E	mutation.	A	planned	interim	analysis	after	98	deaths	led	to
the	closing	of	this	trial.	In	this	interim	analysis,	vemurafenib	was	associated	with	a	relative	reduction	of	63%	in
the	risk	of	death	and	74%	in	the	risk	of	either	death	or	disease	progression,	as	compared	with	dacarbazine	(P	<
.001	 for	 both	 comparisons).	 The	 independent	 data	 and	 safety	monitoring	 board	 recommended	 crossover	 from
dacarbazine	 to	 vemurafenib	 for	 patients	 under	 study.	 Response	 rates	 were	 48%	 for	 vemurafenib	 and	 5%	 for
dacarbazine.	At	6	months,	OS	was	84%	(95%	CI,	78%	to	89%)	in	the	vemurafenib	group	and	64%	(95%	CI,	56%
to	 73%)	 in	 the	 dacarbazine	 group.	Common	 adverse	 events	 associated	with	 vemurafenib	were	 arthralgia,	 rash,
fatigue,	 alopecia,	 keratoacanthoma	 or	 squamous	 cell	 carcinoma,	 photosensitivity,	 nausea,	 and	 diarrhea	 (Table
92.11);	38%	of	patients	required	dose	modification	because	of	toxic	effects.	Secondary	cutaneous	squamous	cell
carcinomas	and	keratoacanthomas	are	the	most	common	grade	3	or	4	toxicities	with	vemurafenib,	which	occur	in
20%	of	 the	patients	 treated,	often	 in	patients	with	RAS	mutations	 and	usually	during	 the	 first	2	 to	3	months	of
therapy.283	The	pathogenesis	of	 their	development	 is	due	 to	 the	 inhibition	of	wild-type	BRAF	within	 a	dimmer
with	CRAF,	which	results	in	increased	MAPK	signaling	through	the	paradoxical	transactivation	of	CRAF	in	the
setting	of	strong	RAS-GTP	signaling	in	that	cell.250,284	This	is	the	so-called	paradoxical	activation	of	the	MAPK
pathway	with	BRAF	 inhibitors.	These	 skin	 squamoepithelial	 proliferative	 lesions	 are	 usually	 treated	with	 local
excision	and	do	not	require	changing	the	doses	of	the	BRAF	inhibitor.

Dabrafenib	was	tested	in	a	phase	III	trial	in	patients	with	previously	untreated	stage	IV	or	unresectable	stage	III
BRAF	 V600E	 mutation–positive	 metastatic	 melanoma.285	 Patients	 were	 randomly	 assigned	 (3:1)	 to	 receive



dabrafenib	(150	mg	twice	daily	orally)	or	dacarbazine	(1,000	mg/m2	intravenously	every	3	weeks).	A	total	of	250
patients	were	 randomized,	187	patients	 to	dabrafenib	and	63	patients	 to	dacarbazine.	The	primary	end	point	of
median	PFS	was	5.1	months	for	dabrafenib	and	2.7	months	for	dacarbazine	(HR,	0.30;	95%	CI,	0.18	to	0,51;	P	<
.0001)	(see	Table	92.9).	Treatment-related	adverse	events	(grade	≥2)	occurred	in	100	(53%)	of	187	patients	who
received	dabrafenib	 and	26	 (44%)	of	 59	patients	who	 received	dacarbazine.	The	most	 common	adverse	 events
with	 dabrafenib	 were	 skin-related	 toxic	 effects,	 fever,	 fatigue,	 arthralgia,	 and	 headache	 (see	 Table	 92.11).	An
updated	report	of	this	phase	III	trial	with	a	longer	follow-up	showed	a	median	OS	time	in	the	dabrafenib	arm	of	18
months	compared	to	15	months	with	dacarbazine.286

TABLE	92.11
Comparison	of	Selected	Toxicities	of	the	Single-Agent	MAPK	Inhibitor	Targeted	Agents
Vemurafenib,	Dabrafenib,	and	Trametinib	in	Phase	III	Combination	Trials	(COMBI-d	and	Co-
BRIM)

Reference

Long	et	al.,301	2014
COMBI-d

Larkin	et	al.,271	2014
Co-BRIM

Dabrafenib
Dabrafenib	+
Trametinib Vemurafenib

Vemurafenib	+
Cobimetinib

Toxicity	Grades
All

Grades
Grade	3–

4
All

Grades
Grade	3–

4
All

Grades
Grade	3–

4 All	Grades Grade	3–4
Fatigue 35 1 35 2 28 3 28 4

Pyrexia 28 2 51 6 22 0 24 2

Skin	rash 22 1 23 0 30 5 33 6

Photosensitivity 	 	 	 	 15 0 26 0

Palmoplantar
dysesthesia

27 <1 5 0 	 	 	 	

Hyperkeratosis 32 <1 3 0 27 2 10 0

Alopecia 26 0 7 0 29 <1 14 <1

cuSCC/KA 21 0 1 0 1 11 1 3

Nausea 26 1 30 0 23 1 39 1

Vomiting 14 <1 20 1 12 1 20 1

Diarrhea/colitis 14 1 24 1 28 0 50 6

Arthralgia 27 0 24 <1 35 5 30 2

Peripheral	edema 5 <1 14 <1 	 	 	 	

Hypertension 14 5 22 4 	 	 	 	

Increased	AST 5 <1 11 2 10 2 14 8

Increased	ALT 5 <1 11 3 12 6 12 11
MAPK,	 mitogen-activated	 protein	 kinase;	 Co-BRIM,	 cobimetinib	 combined	 with	 vemurafenib	 in	 advanced	 BRAF	 V600–mutant
melanoma;	 cuSCC/KA,	 cutaneous	 squamous	 cell	 carcinoma/keratoacanthoma;	 AST,	 aspartate	 aminotransferase;	 ALT,	 alanine
aminotransferase.

Overall,	both	vemurafenib	and	dabrafenib	used	as	single	agents	showed	similar	effects	 in	 terms	of	objective
response	 rate	 and	 PFS.	 The	 incidence	 of	 clinically	 significant	 photosensitivity	 is	 higher	 with	 vemurafenib
compared	to	dabrafenib,	and	the	incidence	of	clinically	significant	pyrexia	is	higher	with	dabrafenib	compared	to
vemurafenib	(see	Table	92.9).

MEK	Inhibitors
MEK	inhibitors	block	signaling	in	the	MAPK	pathway	downstream	from	BRAF.	These	agents	effectively	inhibit
cellular	proliferation	and	tumor	growth	in	BRAF-mutant	melanoma,	although	they	may	also	have	some	activity	in
NRAS-mutant	disease.287,288	Trametinib	(Mekinist;	GlaxoSmithKline,	Brentford,	United	Kingdom)	was	approved
by	 the	 FDA	 and	 other	 regulatory	 bodies	 in	 2013	 based	 on	 the	 results	 of	 a	 phase	 III	 trial	 in	 patients	who	 had
metastatic	melanoma	with	a	V600E	or	V600K	BRAF	mutation.289	A	total	of	322	patients	were	randomly	assigned
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to	either	 trametinib	(2	mg	orally	once	daily)	or	 intravenous	dacarbazine	 (1,000	mg/m2	of	body	surface	area)	or
paclitaxel	(175	mg/m2)	every	3	weeks.	The	primary	end	point	of	median	PFS	was	4.8	months	 in	 the	 trametinib
group	and	1.5	months	in	the	chemotherapy	group	(HR,	0.45;	95%	CI,	0.33	to	0.63;	P	<	.001)	(see	Table	92.9).	At
6	months,	OS	was	81%	in	the	trametinib	group	and	67%	in	the	chemotherapy	group	despite	crossover	(HR,	0.54;
95%	CI,	0.32	to	0.92;	P	=	.01).	Rash,	diarrhea,	and	peripheral	edema	were	the	most	common	toxic	effects	in	the
trametinib	group	(see	Table	92.11)	and	were	managed	with	dose	interruption	and	dose	reduction;	asymptomatic
and	reversible	reduction	in	the	cardiac	ejection	fraction	and	ocular	toxic	effects	occurred	infrequently.	Due	to	the
higher	 incidence	 of	 side	 effects	 and	 lower	 efficacy	 (see	Tables	 92.9and	 92.11),	 the	 use	 of	BRAF	 inhibitors	 is
usually	 preferred	 over	 the	 use	 of	 MEK	 inhibitors	 for	 the	 treatment	 of	 patients	 with	 BRAF-mutant	 advanced
melanoma.

Mechanisms	of	Resistance	to	BRAF	Inhibitors
Progression	on	therapy	with	no	evidence	of	tumor	response	(innate	resistance)	to	BRAF	inhibitors	is	rare	(present
in	 approximately	 15%	 of	 patients).	 However,	 progressive	 growth	 after	 a	 period	 of	 tumor	 response	 (acquired
resistance)	is	common,	with	a	median	PFS	of	6	to	7	months.	Mechanisms	of	acquired	resistance	are	diverse	and
can	 be	 categorized	 as	 the	mechanisms	 that	 reactivate	 the	MAPK	 pathway	 and	 the	mechanisms	 that	 lead	 to	 a
MAPK	 pathway–independent	 signaling	 that	 substitutes	 for	 the	 blocked	 driver	 oncogenic	 signal.	 MAPK
reactivating	 mechanisms	 are	 more	 common	 and	 have	 the	 common	 theme	 of	 reactivating	 oncogenic	 signaling
through	MEK	and	ERK.	Specific	mechanisms	reported	to	date	in	patient-derived	samples	include	truncations	in
the	BRAF	protein	resulting	in	increased	kinase	activity,290	amplifications	of	the	mutant	BRAF	gene,291	secondary
mutations	in	NRAS	or	MEK,292–294	and	overexpression	of	COT.295	The	mechanisms	leading	to	MAPK-redundant
pathway	 activation	 are	 less	 well	 characterized,	 and	most	 may	 represent	 mechanisms	 of	 adaptive	 resistance	 to
provide	an	alternative	survival	pathway.	These	include	the	overexpression	or	overactivation	of	receptor	tyrosine
kinases	 like	 the	 platelet-derived	 growth	 factor	 receptor-β292,296	 or	 the	 insulin-like	 growth	 factor	 receptor	 1,297
leading	oncogenic	signaling	through	the	PI3K-AKT	pathway.

In	 a	 study	 of	 100	 biopsies	 taken	 from	 patients	 receiving	 BRAF	 inhibitors,298,299	 MAPK	 reactivation
mechanisms	were	detected	among	disease	progression	 tissues	 in	64%	of	 samples;	among	 these,	RAS	mutations
(37%),	mutant	BRAF	 amplification	 (30%),	 and	 alternative	 splicing	 (20%)	were	most	 common.	This	 study	 also
detected	 genetic	 alterations	 in	 the	 PI3K-AKT	 pathway	 among	 progressive	 tissues	 in	 26%	 of	 samples.
Furthermore,	 increasing	 evidence	 suggests	 that	 multiple	 mechanisms	 of	 resistance	 may	 develop	 in	 the	 same
patient	when	melanoma	relapses	after	therapy	with	BRAF	inhibitors.	In	20%	of	patients,	at	least	two	mechanisms
of	resistance	were	detected	in	the	same	melanoma	in	the	same	or	different	progressive	tumor	sites.	When	studying
the	genetic	features	of	multiple	temporally	and	geographically	distinct	baseline	and	progressive	metastatic	lesions
from	 an	 individual	 patient,	 results	 revealed	 distinct	 drivers	 of	 resistance	 via	 both	 divergent	 and	 convergent
evolution	 and	 evidence	 of	 genomic	 diversification	 associated	 with	 an	 altered	 mutational	 spectra.	 Therefore,
BRAF-mutant	 melanomas	 acquire	 BRAF	 inhibitor	 resistance	 via	 diverse	 molecular	 alterations,	 which	 indicate
MAPK	and	PI3K-AKT	pathway	addiction.299	The	finding	of	multiple	genetic	mechanisms	of	escape	in	the	same
patient	implies	that	the	use	of	upfront,	cotargeting	of	the	escape	pathways	may	be	an	essential	strategy	for	durable
responses.

Combination	of	Targeted	Therapies	for	BRAF-Mutant	Melanoma
Because	 the	 most	 common	 core	 pathway	 mechanism	 of	 resistance	 to	 single-agent	 BRAF	 inhibitor	 therapy	 is
mediated	by	the	reactivation	of	the	MAPK	pathway	through	MEK,299,300	combined	therapy	with	a	BRAF	and	a
MEK	 inhibitor	 may	 result	 in	 a	 greater	 initial	 tumor	 response	 and	 prevent	 MAPK-driven	 acquired	 resistance
mechanisms.	Results	from	a	series	of	randomized	clinical	trials	(see	Table	92.9)	demonstrate	that	the	combination
of	a	BRAF	and	MEK	 inhibitor	 improves	objective	 responses,	PFS,	 and	OS	compared	with	 single-agent	BRAF
inhibitor	therapy	and	decreases	some	of	the	toxicities	by	inhibiting	paradoxical	MAPK	activation.

Four	randomized	trials	have	been	reported	comparing	a	BRAF	and	MEK	inhibitor	combination	to	single-agent
treatment	with	a	BRAF	inhibitor	in	previously	untreated	patients	with	BRAF-mutated	metastatic	melanoma.	The
dabrafenib	and	trametinib	combination	was	compared	to	dabrafenib	in	COMBI-d	and	to	vemurafenib	in	COMBI-
v.	The	vemurafenib	and	cobimetinib	combination	was	compared	 to	vemurafenib	alone	 (Co-BRIM	[cobimetinib
combined	with	vemurafenib	 in	advanced	BRAF	V600–mutant	melanoma]	 trial).	The	 three	 trials	showed	similar
efficacy	results,	as	demonstrated	in	Table	92.9.	In	each	trial,	the	combination	increased	objective	response	rates,
PFS,	and	OS.	Both	combinations	decreased	the	 incidence	of	secondary	cutaneous	cancers,	although	overall,	 the



incidence	of	grade	3	or	4	adverse	events	was	similar	between	the	combination	and	single-agent	therapy	arms	in	all
three	 trials.	 Differences	 in	 the	 toxicity	 profiles	 of	 the	 two	 combinations	 were	 observed,	 but	 overall,	 both
combinations	were	relatively	well	tolerated,	and	toxicities	were	manageable.	Based	on	the	data	from	the	phase	III
trials,	the	BRAF/MEK	inhibitor	combinations	of	dabrafenib	plus	trametinib	and	of	vemurafenib	plus	cobimetinib
are	approved	for	the	treatment	of	patients	with	BRAF	mutations.

Long-term	follow-up	of	patients	treated	with	dabrafenib	combined	with	trametinib	in	COMBI-v	and	COMBI-d
showed	an	estimated	3-year	survival	in	the	range	of	40%	to	45%,	although	the	PFS	rate	was	approximately	half	of
the	survival	rate	at	the	same	time	point.	In	an	analysis	of	617	patients	treated	with	dabrafenib	and	trametinib,	Long
et	al.301	identified	the	following	three	baseline	variables	that	impact	OS:	number	of	disease	sites	(<	versus	≥	three
sites),	ECOG	performance	status,	and	serum	LDH.	Patients	initiating	treatment	with	a	normal	LDH	and	less	than
three	organ	sites	of	metastatic	disease	achieved	a	3-year	survival	rate	of	70%;	in	contrast,	survival	at	3	years	was
less	than	10%	in	patients	with	baseline	LDH	above	the	upper	limit	of	normal.301

A	third	combination	of	BRAF/MEK	inhibitors	has	been	successfully	tested	in	a	randomized	clinical	trial.	The
Columbus	 study	 compared	 the	 BRAF	 inhibitor	 encorafenib	 alone	 or	 in	 combination	 with	 the	 MEK	 inhibitor
binimetinib	with	the	standard	of	care	BRAF	inhibitor	vemurafenib.	This	study	met	its	primary	end	point	showing
superiority	of	vemurafenib	at	450	mg	once	daily	plus	binimetinib	45	mg	twice	daily	with	regard	to	PFS	compared
to	vemurafenib	alone	and	encorafenib	300	mg	alone	 in	patients	with	advanced	BRAF	V600–mutant	melanoma.
The	tolerability	of	the	combination	was	favorable	compared	with	either	single-agent	BRAF	inhibitor.	In	part	2,	the
contribution	of	binimetinib	to	the	combination	was	further	evaluated	by	maintaining	the	same	dose	of	encorafenib
in	 the	 combination	 (encorafenib	 300	 mg	 once	 a	 day	 plus	 binimetinib	 45	 mg	 twice	 a	 day	 [Combo300])	 and
comparator	arms	(encorafenib	300	mg	alone).	Median	PFS	for	Combo300	was	12.9	months	(95%	CI,	10.1	to	14.0
months)	compared	with	9.2	months	(95%	CI,	7.4	to	11.0	months)	for	encorafenib	in	parts	1	and	2	and	7.4	months
(95%	CI,	5.6	 to	9.2	months)	 for	encorafenib	 in	part	2	only.	The	HR	for	Combo300	was	0.77	(95%	CI,	0.61	 to
0.97;	P	=	.029,	two-sided)	compared	to	encorafenib	in	parts	1	and	2	and	0.57	(95%	CI,	0.41	to	0.78)	compared
with	 encorafenib	 in	 part	 2	 only.	 The	 authors	 concluded	 that	 the	 combination	 of	 encorafenib	 and	 binimetinib
meaningfully	improved	PFS,	overall	response	rate,	and	tolerability	versus	encorafenib	or	vemurafenib,	confirming
the	contribution	of	binimetinib	to	both	efficacy	and	safety.302

When	acquired	resistance	to	a	BRAF	inhibitor	has	been	established,	the	sequential	use	of	a	MEK	inhibitor	after
stopping	 therapy	 with	 the	 BRAF	 inhibitor	 does	 not	 result	 in	 secondary	 tumor	 responses.303	 There	 may	 be
secondary	 responses	 when	 adding	 a	 MEK	 inhibitor	 to	 continued	 therapy	 with	 a	 BRAF	 inhibitor	 in	 patients
progressing	on	 single-agent	BRAF	 inhibitors,	 but	 these	 are	usually	 short	 lived.	 In	 some	 instances,	 a	 secondary
response	can	be	achieved	with	 the	 reintroduction	of	 therapy	with	a	BRAF	 inhibitor	 in	patients	who	previously
progressed	on	this	therapy	and	have	been	off	therapy	for	a	period	of	time.304

KIT	Inhibitors
Mutations	in	the	KIT	receptor	occur	infrequently	(2%	to	3%	of	unselected	cases	of	metastatic	melanoma)	and	are
more	prevalent	in	mucosal	and	acral	melanomas.74	Expression	of	Kit	protein	by	immunohistochemical	staining	for
CD117	 is	 not	 sufficient	 to	 select	 for	 sensitivity	 to	 Kit	 inhibitors,	 and	 testing	 for	KIT	 alterations	 needs	 to	 be
performed	by	DNA	sequencing.	Imatinib	(Gleevec;	Novartis,	Basel,	Switzerland)	has	modest	activity	in	patients
with	metastatic	melanoma,	and	KIT	mutations	in	the	juxtamembrane	domain	(L596,	V559),	as	well	as	K642E,	are
present.76,77	 The	 overall	 durable	 response	 rate	 was	 16%	 (95%	 CI,	 2%	 to	 30%)	 among	 51	 patients	 with	KIT
mutations	 or	 genetic	 amplification,	 with	 a	 median	 time	 to	 progression	 of	 12	 weeks.20	 Other	 drugs	 such	 as
dasatinib	 (Sprycel;	 Bristol-Myers	 Squibb,	New	York,	NY)	 and	 sunitinib	 (Sutent;	 Pfizer,	New	York,	NY)	 also
appear	to	have	activity	in	KIT-mutant	melanoma.78–80	Therefore,	KIT	inhibitors	have	modest	activity	in	patients
with	KIT-mutant	metastatic	melanoma.

Single-Agent	Chemotherapy
Melanoma	 is	 regarded	 as	 a	 relatively	 chemotherapy-refractory	 tumor.	 The	 specific	 mechanisms	 underlying
resistance	 are	 not	well	 known	 but	 likely	 derive	 from	 the	 inherent	 resilience	 of	melanocytes,	which	 have	 to	 be
naturally	 resistant	 to	 apoptotic	 death	 when	 exposed	 to	 UV	 radiation	 from	 the	 sun.	 In	 particular,	 DNA	 repair
enzymes	and	the	expression	of	efflux	pumps	for	xenobiotics	are	more	highly	expressed	in	melanoma	compared
with	many	other	cancers.

Dacarbazine,	 an	 imidazole	 carboxamide	 [5-(3,3-dimethyl-l-triazeno)-imidazole-4-carboxamide],	 is	 a	 classic
alkylating	agent.	It	was	first	evaluated	in	clinical	trials	in	melanoma	in	the	late	1960s	and	approved	by	the	FDA
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for	the	treatment	of	metastatic	melanoma	in	1974	on	the	basis	of	a	response	rate	of	approximately	20%,305	but	this
response	assessment	predates	modern	stringent	response	evaluation	criteria.	In	the	majority	of	trials,	dacarbazine
was	administered	intravenously	at	daily	doses	of	200	mg/m2	for	5	days	every	3	or	4	weeks;	however,	1,000	mg/m2

given	once	every	3	or	4	weeks	has	been	 the	standard	 regimen	 in	 recent	 trials.	The	most	common	 toxicities	are
myelosuppression	and	nausea.	The	severity	of	myelosuppression	rarely	requires	the	use	of	growth	factor	support,
and	 the	 advent	 of	 potent	 antiemetics	 has	 significantly	 improved	 the	 tolerability	 of	 this	 agent.	 Of	 note,	 an
adequately	powered	randomized	trial	of	dacarbazine	or	any	other	systemic	therapy	compared	with	best	supportive
care	has	never	been	undertaken	in	advanced	melanoma.

Temozolomide	 is	 an	 orally	 available	 prodrug	 that	 is	 metabolized	 into	 the	 active	 form	 MTIC	 (5-(3-
methyltriazen-1-yl)	 imidazole-4-carboxamide),	which	 is	 closely	 related	 to	dacarbazine.306	MTIC	penetrates	 into
the	cerebrospinal	fluid.307	Because	it	is	an	oral	therapy,	temozolomide	is	also	more	amenable	to	protracted	dosing
schedules	than	dacarbazine,	particularly	an	advantage	when	combined	with	fractionated	radiation	therapy.	Single-
arm	 phase	 II	 trials	 demonstrated	 activity	 in	 patients	 with	metastatic	melanoma,	 but	more	modest	 activity	was
noted	 for	 patients	with	 brain	metastases	 treated	with	 this	 agent.308	 EORTC	18032	was	 a	 phase	 III	 randomized
clinical	trial	in	which	a	dose-intense	schedule	of	temozolomide	was	administered	(150	mg/m2	daily	for	7	of	every
14	 days)	 compared	 with	 dacarbazine	 (1,000	 mg/m2	 intravenously	 every	 28	 days).	 This	 trial	 randomized	 859
patients	 and	 sought	 a	 23%	 improvement	 in	 OS	 as	 the	 primary	 end	 point.	 However,	 OS	was	 not	 significantly
different	 between	 the	 two	 arms	 (HR,	 1.0;	 P	 =	 1.0).	 Response	 rate	 was	 superior	 in	 the	 temozolomide	 group
compared	with	the	dacarbazine	group	(14.4%	versus	9.8%,	respectively;	P	=	.05),	but	PFS	was	not	(HR,	0.92	in
favor	of	temozolomide;	P	=	.092).309	Therefore,	there	is	little	evidence	for	the	use	of	temozolomide	compared	to
using	dacarbazine	in	patients	with	metastatic	melanoma.

Fotemustine	is	a	nitrosourea	approved	by	European	regulatory	bodies	for	the	treatment	of	advanced	melanoma.
It	is	administered	by	intravenous	infusion	(100	mg/m2)	weekly	for	3	weeks	followed	by	a	4-	to	5-week	break,	with
continued	 administration	 every	 3	 weeks	 for	 stable	 or	 responding	 patients.310	 A	 total	 of	 229	 patients	 were
randomized	to	fotemustine	or	dacarbazine,	seeking	to	demonstrate	a	17%	absolute	difference	in	objective	response
rate.	 The	 observed	 difference	 in	 response	 rate	 (13%	 for	 fotemustine	 versus	 6%	 for	 dacarbazine)	 was	 not
statistically	significant.	Median	time	to	progression	was	similar	for	the	two	arms.	OS,	a	secondary	end	point,	was
not	 significantly	 improved	 with	 fotemustine	 compared	 to	 dacarbazine	 (median	 OS,	 7.3	 versus	 5.6	 months,
respectively).

Nab-paclitaxel	 is	 a	 nanoparticle	 albumin-bound	 paclitaxel	 that	was	 demonstrated	 to	 have	 an	 improved	 PFS
over	 dacarbazine	 in	 a	 phase	 III,	 randomized,	 open-label	 trial	 in	 chemotherapy-naive	 patients	 with	 stage	 IV
metastatic	melanoma	with	no	brain	metastasis	and	LDH	≤2≤	the	upper	 limit	of	normal.	Patients	received	either
nab-paclitaxel,	150	mg/m2	on	days	1,	8,	and	15	every	4	weeks,	or	dacarbazine,	1,000	mg/m2	 every	3	weeks.	A
total	of	529	patients	were	randomized	to	nab-paclitaxel	(n	=	264)	or	dacarbazine	(n	=	265)	between	April	2009
and	June	2011.	In	the	intent-to-treat	population,	the	primary	end	point	of	PFS	was	improved	in	favor	of	the	nab-
paclitaxel	group	(median	PFS,	4.8	and	2.5	months	in	the	nab-paclitaxel	and	dacarbazine	arms,	respectively;	HR,
0.792;	95.1%	CI,	0.631	to	0.992;	P	=	 .044).	 Interim	OS	was	12.8	months	with	nab-paclitaxel	and	10.7	months
with	dacarbazine	(HR,	0.831;	99.9%	CI,	0.578	to	1.196;	P	=	.094).	The	most	common	grade	≥3	treatment-related
adverse	 events	 were	 neuropathy	 with	 nab-paclitaxel	 and	 neutropenia	 with	 dacarbazine.	 The	 median	 time	 to
neuropathy	 improvement	 was	 28	 days.	 Further	 follow-up	 to	 assess	 potential	 effects	 in	 OS	 will	 be	 needed	 to
determine	the	role	of	nab-paclitaxel	in	patients	with	advanced	melanoma.311

Combination	Chemotherapy
Over	 the	past	20	years,	 several	uncontrolled	clinical	 trials	 suggested	 the	benefits	of	combination	chemotherapy
regimens,	such	as	cisplatin,	vinblastine,	and	dacarbazine	(CVD)	and	the	so-called	Dartmouth	regimen	(cisplatin,
carmustine,	 dacarbazine,	 and	 tamoxifen).	 A	 phase	 III	 trial	 was	 conducted	 among	 240	 patients	 comparing	 the
Dartmouth	regimen	with	single-agent	dacarbazine	with	the	goal	of	detecting	a	50%	improvement	in	OS.312	The
median	OS	was	similar	between	the	two	arms	(7.7	months	for	Dartmouth	versus	6.3	months	for	dacarbazine;	P	=
.52),	and	1-year	survival	rates	were	also	very	similar	(23%	for	Dartmouth	versus	28%	for	dacarbazine;	P	=	.38).
The	response	rate	was	not	significantly	higher	for	the	combination	regimen	(17%	for	Dartmouth	versus	10%	for
dacarbazine;	P	=	.09)	and	was	substantially	lower	than	the	reported	response	rate	in	the	smaller,	single-institution
studies.	The	Dartmouth	regimen	was	associated	with	significantly	more	severe	neutropenia,	anemia,	nausea,	and
vomiting.	 In	 addition,	 several	 randomized	 trials	 refuted	 the	 concept	 that	 tamoxifen	 substantially	modulates	 the
efficacy	of	chemotherapy	in	metastatic	melanoma.	CVD	was	tested	in	the	context	of	ECOG	3695,	in	which	CVD



was	the	control	arm	therapy	for	201	patients	with	metastatic	melanoma.	The	response	rate	was	12%,	and	median
PFS	 was	 3.1	 months,	 suggesting	 a	 very	 low	 activity.313	 Overall,	 there	 is	 little	 evidence	 of	 benefit	 with	 these
combination	chemotherapy	regimens	for	the	treatment	of	patients	with	metastatic	melanoma.

The	 combination	 of	 carboplatin	 and	 paclitaxel	 has	 been	 tested	 in	 melanoma,	 initially	 as	 a	 combination
chemotherapy	 with	 sorafenib	 that	 was	 then	 shown	 to	 have	 benefits	 as	 a	 chemotherapy	 combination	 without
sorafenib.	This	was	based	on	the	results	of	two	randomized	clinical	trials.	E2603	was	a	U.S.	intergroup	double-
blind,	randomized,	placebo-controlled,	phase	III	study	that	enrolled	823	patients	 to	carboplatin-paclitaxel	or	 the
same	combination	with	the	addition	of	sorafenib.314	At	final	analysis,	the	median	OS	was	11.3	months	(95%	CI,
9.8	 to	12.2	months)	 for	carboplatin-paclitaxel	and	11.1	months	 (95%	CI,	10.3	 to	12.3	months)	 for	carboplatin-
paclitaxel-sorafenib.	 Median	 PFS	 was	 4.9	 months	 for	 carboplatin-paclitaxel-sorafenib	 and	 4.2	 months	 for
carboplatin-paclitaxel.	 Response	 rate	 was	 20%	 for	 carboplatin-paclitaxel-sorafenib	 and	 18%	 for	 carboplatin-
paclitaxel.	 This	 study	 established	 a	 benchmark	 for	 the	 carboplatin-paclitaxel	 regimen	 in	 first-line	 therapy	 of
metastatic	melanoma.

The	 PRISM	 study	 randomized	 270	 patients	 with	 previously	 treated	 metastatic	 melanoma	 to	 the	 same	 two
regimens.315	 The	 median	 PFS	 was	 17.9	 weeks	 for	 carboplatin-paclitaxel	 and	 17.4	 weeks	 for	 sorafenib	 plus
carboplatin-paclitaxel.	 Response	 rate	 was	 11%	 with	 carboplatin-paclitaxel	 versus	 12%	 with	 the	 addition	 of
sorafenib.	Together,	these	studies	demonstrate	that	sorafenib	has	no	role	in	this	combination	and	that	carboplatin-
paclitaxel	has	activity	in	patients	with	metastatic	melanoma.

Biochemotherapy
For	most	of	the	1990s	and	2000s,	biochemotherapy	was	considered	by	many	melanoma	clinicians	as	a	treatment
option	due	 to	 the	 lack	of	other	alternatives	and	 the	 reported	high	 response	 rates	 in	uncontrolled,	mostly	single-
institution	clinical	trials.	However,	over	20	randomized	clinical	trials	have	failed	to	demonstrate	an	improvement
in	OS	when	 administering	 biochemotherapy	 compared	 to	 a	 control	 arm,	 although	many	 have	 suggested	 some
benefit	in	terms	of	PFS	or	response	rate.	A	meta-analysis	of	18	trials	involving	2,621	patients	provided	evidence
that	biochemotherapy	improves	response	rates	over	single-agent	chemotherapy	or	cytokine	therapy,	but	this	does
not	appear	 to	 translate	 into	a	survival	benefit.316	The	definitive	 testing	of	biochemotherapy	has	come	from	two
large	cooperative	group	trials.

In	E3695,	the	combination	of	CVD	with	IFN	and	IL-2	administered	concurrently	was	compared	with	CVD	in
patients	 with	 metastatic	 melanoma.313	 Accrual	 was	 stopped	 after	 416	 patients	 were	 enrolled	 because	 of	 a
preplanned	 futility	 analysis.	 OS	 was	 not	 improved	 (median	 OS,	 8.4	 months	 for	 biochemotherapy	 versus	 9.1
months	for	CVD).	PFS	was	superior	(median	PFS,	5	months	for	biochemotherapy	versus	3.1	months	for	CVD)
but	not	significantly	so.	Response	rate	was	not	significantly	higher	in	the	biochemotherapy	arm	(17%	versus	12%
for	CVD).

In	EORTC	18951,	cisplatin,	dacarbazine,	and	IFN-α	were	administered	to	all	patients,	with	“decrescendo”	IL-2
administered	 only	 to	 one	 cohort.317	 A	 total	 of	 363	 patients	 were	 accrued,	 with	 all	 receiving	 dacarbazine	 250
mg/m2	 daily	 for	 3	 days,	 cisplatin	 30	mg/m2	 daily	 for	 3	 days,	 and	 IFN-α2b	 10	MU/m2	 daily	 for	 5	 days.	 The
experimental	arm	also	received	IL-2	for	4	days	after	completion	of	the	chemotherapy.	The	dose	per	day	was	fixed,
but	the	duration	of	the	infusion	was	lengthened	each	day.	Survival	rate	at	2	years	was	the	primary	end	point,	and
an	 improvement	 from	10%	to	20%	was	sought.	The	observed	difference	 in	2-year	 survival	 (18%	for	 the	 IL-2–
containing	arm	versus	13%	for	the	arm	without	IL-2)	was	not	statistically	significant.	PFS	and	response	rates	were
not	significantly	different	between	the	two	treatments.	In	conclusion,	there	is	little	supportive	evidence	to	justify
the	use	of	biochemotherapy	in	the	management	of	patients	with	metastatic	melanoma.

Adoptive	Cell	Transfer	Therapy
Adoptive	 cell	 transfer	 (ACT)	 therapy	 refers	 to	 an	 immunotherapy	 approach	 for	 the	 treatment	 of	 cancer	 that
involves	the	infusion	to	the	tumor-bearing	host	of	cells	with	antitumor	activity	that	can	recognize	cancer	antigens
and	result	in	the	destruction	of	cancer	cells.	Although	it	is	still	experimental,	ACT	has	emerged	to	be	one	of	the
most	 effective	 treatments	 for	 patients	 with	 metastatic	 melanoma;	 50%	 to	 70%	 of	 patients	 with	 metastatic
melanoma	experience	objective	cancer	regressions	by	Response	Evaluation	Criteria	in	Solid	Tumors	when	treated
with	ACT.318,319

ACT	has	a	variety	of	advantages	compared	with	other	forms	of	cancer	immunotherapy.320,321	T	lymphocytes,
once	identified	as	cancer	reactive,	can	be	expanded	to	large	numbers	in	vitro	using	cytokine	growth	factors.	Thus,
patients	 can	be	 administered	very	 large	numbers	of	 cells,	 often	much	 larger	 than	can	be	naturally	generated	 in



Dr. AVR @ TMH

vivo.	These	antitumor	lymphocytes	can	be	activated	in	vitro	to	express	appropriate	effector	functions	such	as	the
ability	 to	 lyse	 tumor	cells	 and	 secrete	 cytokines.	Secreted	cytokines	can	have	a	variety	of	 secondary	antitumor
effects	at	the	cancer	site	such	as	the	destruction	of	surrounding	blood	vessels,	the	direct	lysis	of	tumor	cells,	and
providing	chemokine	signals	to	attract	additional	effector	cell	types,	such	as	activated	macrophages,	to	the	tumor
site.	 Perhaps	most	 important,	when	 using	ACT,	 it	 is	 possible	 to	modify	 the	 host	 to	 enhance	 the	 ability	 of	 the
infused	cells	to	establish,	grow,	and	function	in	vivo.	The	ability	to	immunosuppress	the	host	prior	to	cell	infusion
is	unique	to	ACT.	Immunosuppression	can	counteract	the	impact	of	T-regulatory	cells	that	can	suppress	cellular
immune	 reactions	 as	 well	 as	 remove	 other	 endogenous	 lymphocytes	 that	 compete	 with	 the	 infused	 cells	 for
homeostatic	cytokines	such	as	IL-7	and	IL-15,	which	are	necessary	for	antitumor	T-cell	expansion	in	vivo.320

A	 critical	 step	 in	 the	 development	 of	 effective	ACT	 for	 human	 cancer	was	 the	 demonstration	 in	 1987	 that
lymphocytes	infiltrating	into	deposits	of	human	metastatic	melanoma	could	be	grown	in	IL-2.	Tumor-infiltrating
lymphocytes	 (TILs)	 with	 antitumor	 activity	 could	 be	 generated	 from	 approximately	 70%	 of	 patients	 with
metastatic	 melanoma.	 Using	 these	 human	 TILs,	 over	 50	 different	 antigenic	 epitopes	 have	 been	 identified	 in
patients	with	melanoma,	including	antigens	such	as	MART1	and	gp100	that	are	widely	shared	among	melanomas
from	different	individuals.

The	first	 report	of	ACT	in	humans	 in	1988321	 and	extended	 in	1994322	used	 the	 transfer	of	autologous	TILs
followed	 by	 the	 administration	 of	 high-dose	 IL-2.	 A	 major	 improvement	 in	 human	 ACT	 occurred	 when
immunosuppressive	regimens	were	administered	prior	to	cell	infusions,	and	this	change	led	to	a	new	generation	of
ACT	clinical	protocols.319,323	A	schematic	of	ACT	treatment	in	humans	with	metastatic	melanoma	developed	in
the	Surgery	Branch	of	the	National	Cancer	Institute	is	shown	in	Figure	92.16,	and	the	preparative	regimen	prior	to
cell	 transfer	is	shown	in	Figure	92.17.	 In	 this	 treatment,	metastatic	melanoma	deposits	are	 resected	and	used	 to
generate	cultures	of	TILs	with	antitumor	activity.	When	cultures	reach	from	5	to	10	≤	1010	cells,	they	are	infused
into	 patients	 after	 an	 immunosuppressive	 preparative	 regimen.	 The	 first	 trial	 of	 this	 approach	 used	 a
nonmyeloablative	preparative	regimen	consisting	of	60	mg/kg	of	cyclophosphamide	for	2	days	followed	by	5	days
of	 fludarabine	 at	 25	 mg/m2.	 On	 the	 day	 following	 the	 last	 dose	 of	 fludarabine,	 the	 TILs	 were	 administered
intravenously,	and	IL-2	was	then	administered	for	2	to	3	days	at	720,000	IU/kg	intravenously	every	8	hours.	An
objective	 response	 rate	by	 standard	Response	Evaluation	Criteria	 in	Solid	Tumors	was	 seen	 in	21	 (49%)	of	43
patients318	(Fig.	92.18).



Figure	92.16	A	schematic	representation	of	the	adoptive	transfer	of	tumor-infiltrating
lymphocytes	into	patients	after	a	lymphodepleting	preparative	regimen.

Figure	92.17	The	preparative	regimen	administered	prior	to	the	administration	of	T-cell	transfer
with	typical	recovery	of	neutrophils	(ANC),	lymphocytes	(ALC),	and	white	blood	cells	(WBC).	IL-

2,	interleukin-2.

Because	 animal	 models	 demonstrated	 that	 more	 profound	 lymphodepletion	 was	 associated	 with	 higher
antitumor	 effects,	 two	 additional	 clinical	 trials	 were	 performed	 in	 25	 patients	 each,	 who	 received	 this
cyclophosphamide-fludarabine	 chemotherapy	 plus	 2	 Gy	 or	 12	 Gy	 of	 whole-body	 irradiation.	 Objective	 tumor
regressions	 were	 seen	 in	 13	 (52%)	 of	 25	 patients	 and	 in	 18	 (72%)	 of	 25	 patients,	 respectively,	 including	 10
complete	regressions	(40%)	in	the	latter	trial.318	In	these	trials,	only	1	of	20	complete	responders	has	experienced
recurrence,	with	 the	 other	 responses	 ongoing	 at	 63	 to	 108	months319	(Fig.	 92.19).	 These	 results,	 although	 still
experimental	 and	 available	 in	 only	 a	 few	 centers,	 represent	 the	 most	 effective	 treatments	 for	 patients	 with
metastatic	melanoma.318,319	Factors	associated	with	clinical	response	included	higher	telomere	lengths,	increased
numbers	of	CD271CD281	T	cells,	and	increased	in	vivo	persistence	at	1	month	of	the	transferred	TILs.	Among	a
small	 subset	 of	 11	 patients	 who	 had	 previously	 been	 treated	 with	 anti–CTLA-4,	 survival	 and	 response	 rate
appeared	to	be	higher.

Recent	 studies	 using	 the	 adoptive	 transfer	 of	 autologous	 peripheral	 lymphocytes	 transduced	 with	 genes
encoding	antitumor	T-cell	receptors	directed	against	the	melanoma/melanocyte	antigens	MART-1	and	gp100	have
also	 shown	objective	 responses	 in	patients	with	metastatic	melanoma,324,325	 although	 toxicities	 directed	 against
melanocytes	 in	 the	 eyes	 and	 ears	 limit	 the	 application	 of	 this	 gene	 therapy	 approach.	Analysis	 of	 the	 antigens
recognized	 by	 TILs	 associated	 with	 complete	 cancer	 regression	 indicate	 that	 these	 transferred	 cells	 recognize
unique	mutations	present	in	each	patient’s	melanoma.326

Recently,	adoptive	transfer	of	autologous	lymphocytes	transduced	with	genes	encoding	T-cell	receptors	against
the	NY-ESO-1	cancer-testis	antigen	have	also	mediated	regressions	in	patients	with	metastatic	melanoma.327

RADIATION	THERAPY	FOR	METASTATIC	MELANOMA	(STAGE	IV)
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The	Role	of	Radiation	Therapy	in	the	Management	of	Distant	Metastatic
Disease
In	general,	patients	with	one	to	two	sites	of	metastatic	melanoma,	good	performance	status,	and	long	interval	from
diagnosis	of	 the	primary	lesion	should	be	considered	for	surgical	resection.	Patients	with	widespread	metastatic
disease	 may	 be	 managed	 with	 systemic	 immunotherapy,	 targeted	 therapy,	 or	 chemotherapy,	 with	 targeted
radiation	 to	 areas	 of	 oligo-progressive	 disease,	 especially	 if	 the	 lesions	 are	 symptomatic.	 From	 a	 radiotherapy
perspective,	patients	with	distant	metastasis	of	melanoma	are	generally	managed	similar	 to	patients	with	distant
metastases	of	other	solid	tumors,	with	the	main	area	of	controversy	being	the	role	of	whole-brain	radiation	therapy
(WBRT)	for	patients	with	melanoma	brain	metastases.

Figure	92.18	The	objective	response	by	Response	Evaluation	Criteria	in	Solid	Tumors	of	patients
receiving	cell	transfer	therapy	using	either	the	nonmyeloablative	preparative	regimen	with	no	total-
body	irradiation	(TBI)	or	with	addition	of	2	or	12	Gy	of	TBI.	PR,	partial	response;	CR,	complete

response;	OR,	overall	response.



Figure	92.19	Survival	curves	of	the	93	patients	receiving	autologous	tumor-infiltrating
lymphocytes	and	interleukin-2	following	lymphodepleting	preparative	regimens.	Twenty	of	the	93

patients	achieved	a	complete	response	(CR),	and	only	1	has	experienced	recurrence,	with	the
remaining	complete	responders	continually	disease	free	beyond	60	months.	PR,	partial	response;

NR,	no	response.

Radiation	Therapy	for	Brain	Metastases:	Special	Considerations
Several	prospective	clinical	trials	with	objective	imaging	criteria	have	been	conducted	to	assess	tumor	response	to
WBRT	 alone	 or	 with	 concurrent	 chemotherapy	 (temozolomide,	 fotemustine)	 in	 patients	 with	melanoma	 brain
metastases.308,313,328	 These	 studies	 suggest	 that	 WBRT	 has	 limited	 activity	 in	 the	 treatment	 of	 malignant
melanoma	metastatic	 to	 the	 brain	 and	 should	 be	 reserved	 for	 patients	with	widespread	 systemic	metastases	 or
diffuse	brain	metastases	that	are	not	amenable	to	surgical	resection	or	SRS.	SRS	delivers	high	doses	of	radiation
in	a	single	fraction	to	cerebral	lesions	that	are	generally	<3	cm	in	diameter	and	do	not	involve	the	brain	stem.	Yu
et	al.329	 reported	one	of	 the	 largest	 initial	 retrospective	 studies	 from	 the	University	of	California,	Los	Angeles,
consisting	of	122	consecutive	patients	with	332	intracranial	melanoma	metastases	who	underwent	gamma	knife
radiosurgery	with	a	median	prescribed	dose	of	20	Gy	(range,	14	to	24	Gy).	One-third	of	the	patients	also	received
WBRT.	The	overall	median	 survival	was	7	months	 from	 radiosurgery	 and	9.1	months	 from	 the	onset	 of	 brain
metastasis.	 In	 multivariate	 analysis,	 WBRT	 did	 not	 improve	 survival,	 and	 freedom	 from	 subsequent	 brain
metastasis	depended	on	intracranial	tumor	volume.

Several	 retrospective	 studies	 have	 been	 reported	 regarding	 the	 safety	 and	 efficacy	 of	 immune	 checkpoint
inhibitors	 in	 combination	 with	 SRS	 or	 WBRT	 for	 patients	 with	 melanoma	 brain	 metastases	 with	 reports	 of
improved	 lesion	 response	 when	 patients	 are	 treated	 concurrently	 with	 radiation	 and	 checkpoint	 inhibitors
compared	to	sequential	treatment	and	with	no	significant	increased	toxicity	as	defined	by	intracranial	hemorrhage
or	 brain	 necrosis	 with	 combined-modality	 therapy	 compared	 to	 radiation	 alone.330,331	 BRAF	 inhibitors	 can
function	as	radiation	sensitizers,	resulting	in	increased	response	of	irradiated	tumors	as	well	as	increased	toxicity,
especially	dermatologic	 radiation-induced	 toxicity.	The	outcomes	of	patients	with	brain	metastases	 treated	with
SRS	with	and	without	BRAF	mutations	and	with	and	without	BRAF	inhibitor	therapy	have	recently	been	reported.
Xu	et	al.332	reported	the	outcomes	of	65	patients	treated	with	SRS	stratified	into	the	following	three	groups:	group
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A,	BRAF	mutated	and	not	on	a	BRAF	inhibitor	(n	=	13);	group	B,	BRAF	muted	on	a	BRAF	inhibitor	(n	=	17);	and
group	C,	wild-type	BRAF	(n	=	35).	At	1	year,	the	local	control	rates	in	groups	A,	B,	and	C	were	82.4%,	92%,	and
69.2%	respectively	(P	=	 .022).	There	was	no	difference	 in	 radionecrosis	 in	 the	 three	groups.	However,	Patel	et
al.333	 reported	 a	 statistically	 significant	 difference	 in	 symptomatic	 brain	 radionecrosis	 between	 patients	 treated
with	SRS	and	BRAF	inhibitors	compared	to	SRS	alone	(28.2%	versus	11.1%,	respectively;	P	<	.001).	An	ECOG
consensus	panel	reported	recommendations	for	combined	BRAF	inhibitor	and	radiation	treatment	after	review	of
existing	published	data.334	This	panel	concluded	that	the	rates	of	radionecrosis	and	intracranial	hemorrhage	from
SRS	 and	 WBRT	 do	 not	 appear	 increased	 with	 concurrent	 or	 sequential	 administration	 of	 BRAF	 inhibitors.
However,	due	to	concerns	that	patients	treated	with	concurrent	BRAF	inhibitors	and	radiation	can	develop	grade	3
radiation	dermatitis,	the	authors	recommend	holding	BRAF	inhibitors	and	MEK	inhibitors	for	≥3	days	before	and
after	fractionated	radiation	therapy	(consider	radiation	fraction	sizes	<4	Gy)	and	for	≥1	day	before	and	after	SRS.
In	 summary,	 current	 data	 would	 support	 the	 following	 treatment	 recommendations	 for	 patients	 with	 brain
metastases	from	melanoma.	All	patients	with	symptomatic	cerebral	edema	should	be	administered	corticosteroids
initially.	Patients	with	good	performance	status	and	no	or	minimal	systemic	disease	and	a	solitary	resectable	brain
lesion	should	undergo	resection	and/or	SRS.	Similar	patients	with	an	unresectable	brain	lesion	or	up	to	five	small
metastatic	lesions	should	be	treated	with	SRS,	and	WBRT	can	be	considered,	or	to	avoid	neurocognitive	decline
from	WBRT,	close	observation	without	whole-brain	irradiation	with	serial	brain	MRI	every	2	to	3	months	can	be
performed.	If	patients	are	currently	on	immune	checkpoint	inhibitors	when	diagnosed	with	brain	metastases,	these
should	 be	 continued	 during	 radiation	 if	 the	 patient	 is	 otherwise	 responding	 to	 these	 agents	 extracranially.	 If
patients	 are	 on	BRAF	 or	MEK	 inhibitors,	 they	 should	 be	withheld	 prior	 to	 and	 after	 radiation	 per	 the	 ECOG
guidelines.	Patients	with	greater	 than	 five	brain	 lesions	with	a	good	performance	 status	 and	who	are	otherwise
responding	or	starting	systemic	 therapies	can	be	 treated	 to	 the	 largest	and	most	symptomatic	brain	 lesions	with
SRS	 with	 close	 serial	 brain	 MRI	 and	 treatment	 of	 new	 lesions	 as	 clinically	 indicated.	 Patients	 with	 poor
performance	status,	diffuse	systemic	disease,	and	more	 than	 five	brain	 lesions,	especially	 if	 they	are	bulky	and
have	 progressed	 after	 optimal	 systemic	 therapy,	 have	 a	 poor	 overall	 prognosis	 and	 should	 be	 considered	 for
palliative	WBRT	and/or	hospice	as	clinically	indicated.

Current	Radiation	Research	for	Melanoma:	Interactions	with	Immune	Therapy
Radiation	 has	 been	 reported	 to	 have	 immunomodulatory	 effects	 in	 melanoma	 animal	 models	 thought	 to	 be
secondary	to	cell	death	and	inflammation	leading	to	enhanced	antigen	presentation	and	antigen-specific	cellular
immunity,	which	has	been	termed	the	abscopal	effect.335	The	two	main	strategies	of	integration	of	radiation	into
immune-based	 treatment	 strategies	 include	 local	 tumor	 irradiation	 resulting	 in	 enhanced	 tumor-antigen
presentation	 and	 antigen-specific	 cellular	 immunity335,336	 and	 total-body	 irradiation–induced	 host
lymphodepletion	resulting	in	enhanced	efficacy	of	adoptive	T-cell	transfer–based	immunotherapy.337	Recent	case
reports	have	documented	systemic	responses	 triggered	after	 localized	radiation	 therapy	 in	patients	 receiving	 the
anti–CTLA-4	antibody	ipilimumab.338,339	These	cases	have	triggered	a	renewed	interest	in	the	prospective	testing
of	radiation	therapy	combined	with	immunotherapy	in	prospective	clinical	trials.
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93 Molecular	Biology	of	Central
Nervous	System	Tumors
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INTRODUCTION
The	 diagnosis	 and	 treatment	 of	 central	 nervous	 system	 (CNS)	 tumors	 has	 been	 dramatically	 altered	 by	 our
understanding	of	 their	underlying	molecular	biology.	Recent	advancements	 in	high-throughput	sequencing	have
allowed	for	identification	of	the	common	genomic	driver	events	that	underlie	most	malignancies.	In	many	CNS
tumors,	 large-cohort	 integrated	 studies	 have	 established	 discrete	 molecular	 subgroups	 that	 often	 carry	 higher
prognostic	and	therapeutic	value	than	traditional	histologic	grading.	These	results	are	reflected	in	recent	changes
to	the	World	Health	Organization	(WHO)	criteria	for	brain	tumors,	which	increasingly	rely	on	genomic	features
for	classification	of	disease.	In	this	chapter,	we	discuss	the	molecular	features	of	common	brain	tumors,	focusing
on	comprehensive	studies	with	potential	to	impact	clinical	management.

PEDIATRIC	BRAIN	TUMORS
Medulloblastoma
Perhaps	 no	 cancer	 has	 benefited	more	 from	 genomic	 approaches	 than	medulloblastoma,	 a	malignant	 pediatric
brain	tumor	of	the	cerebellum.	Among	the	first	to	undergo	comprehensive	characterization,	numerous	large-cohort
studies	 have	 investigated	 genomic,	 transcriptional,	 proteomic,	methylomic,	 and	 epigenomic	 changes	 associated
with	 these	 lesions.	The	result	of	 this	work	has	been	establishment	of	 four	consensus	molecular	subgroups	(Fig.
93.1A),	 each	carrying	differences	 in	prognosis,	 patient	demographics,	 pathogenesis,	 and	 response	 to	 therapy.1,2
Indeed,	in	many	ways,	these	subgroups	represent	distinct	disease	entities,	arising	from	independent	cells	of	origin
and	requiring	divergent	clinical	approaches	and	treatment	options.	As	a	result,	recent	changes	in	the	WHO	criteria
now	integrate	molecular	findings	rather	than	relying	solely	on	traditional	classification	according	to	histology.3

The	first	subgroup	is	associated	with	activation	of	the	sonic	hedgehog	(SHH)	signaling	pathway,	often	due	to
damaging	mutations	in	the	hedgehog	suppressor	patched	1	(PTCH1).1,2	Up	to	95%	of	SHH	medulloblastomas	can
be	confidently	assigned	a	driver	event,	including	somatic	or	germline	mutations	(PTCH1,	SUFU,	SMO),	or	copy
number	 alterations	 (amplification	 of	MYCN	 and	GLI2;	 deletion	 of	PTCH1).1,4–8	 Tumors	 in	 this	 subgroup	 are
thought	to	arise	from	neuron	precursors	found	in	the	external	granule	layer	of	the	developing	cerebellum9,10	and
exhibit	an	intermediate	prognosis,	with	a	5-year	survival	of	approximately	70%.11,12	Notably,	a	subset	of	patients
harbor	 comutations	 in	 tumor	 protein	 P53	 (TP53),	which	 has	 been	 granted	 a	 distinct	 classification	 in	 the	 latest
WHO	criteria.	These	patients	are	commonly	of	 intermediate	age	(4	 to	17	years	old)	and	carry	a	reduced	5-year
survival	 rate	 of	 40%.3,13	 Among	 patients	 with	 SHH-activated	medulloblastoma,	 pathway	 inhibitors	 may	 show
efficacy	in	alterations	upstream	of	SMO,	however,	patients	with	downstream	alterations	are	not	yet	targetable.

The	Wingless	 (WNT)-activated	 subgroup	 is	 the	 least	 common	 in	medulloblastoma,	 found	 in	 approximately
10%	of	cases	and	enriched	in	children	over	the	age	of	3	years.	The	defining	feature	of	these	tumors	is	activation
and	nuclear	localization	of	catenin	beta	1	(CTTNB1),	resulting	in	downstream	transcription	of	WNT-	responsive
genes.	Indeed,	nearly	all	members	of	this	subgroup	harbor	somatic	mutations	in	CTNNB1,	often	with	comutations
in	 DEAD-box	 RNA	 helicase	 (DDX3X),	 SWI/SNF	 Related,	 matrix	 associated,	 actin	 dependent	 regulator	 of
chromatin,	subfamily	A,	member	4	(SMARCA4),	lysine	methyltransferase	2D	(KMT2D),	or	TP53.5–7	Monosomy
of	 chromosome	6	 is	 also	 a	 common	 event	 (83%	of	 cases)	 and	 is	 specific	 to	 this	 subgroup.8,14	 Transcriptional,
radiographic,	 and	 animal	 studies	 suggest	 WNT	 tumors	 arise	 from	 the	 developing	 lower	 rhombic	 lip	 and
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embryonic	 dorsal	 brain	 stem,15	 a	 distinct	 site	 from	 other	 medulloblastomas.	 This	 subgroup	 carries	 the	 most
favorable	 prognosis,	 with	 average	 5-year	 survival	 greater	 than	 95%.16	 Interestingly,	 this	 may	 be	 related	 to
fenestrations	in	the	blood–brain	barrier,	which	arise	due	to	tumor	secretion	of	WNT	antagonists	and	result	in	local
accumulation	of	chemotherapeutics.17

In	 contrast	 to	 WNT-	 and	 SHH-driven	 medulloblastomas,	 the	 generically	 named	 group	 3	 and	 group	 4
medulloblastomas	do	not	 exhibit	 prevalent	driver	mutations	 in	protein	 coding	genes.	Group	3	 tumors	 carry	 the
worst	prognosis	(50%	overall	survival	rate)	and	are	often	metastatic	at	the	time	of	presentation.11,14	These	lesions
are	associated	with	high-level	amplification	of	MYC	 (found	 in	17%	of	cases)	as	well	as	genome	 instability	and
isochromosome	 17q.4	 Isochromosome	 17q	 is	 a	 prognostic	 biomarker	 for	 patients	 with	 group	 3	 disease	 and	 is
associated	 with	 poor	 outcome.18	 Among	 samples	 with	MYC	 amplification,	 gene	 fusions	 involving	 the	 non–
protein-coding	plasmacytoma	variant	translocation	1	(PVT1)	are	common	(60%)	and	often	associated	with	focal
chromothripsis.	This	gene	harbors	 several	microRNAs	within	 its	genomic	boundaries,	 and	samples	with	PVT1-
MYC	 fusions	 show	 reduced	 proliferation	 in	 response	 to	 miR-1204	 knockdown.4	 Genomic	 studies	 have	 also
suggested	 a	 role	 for	 transforming	 growth	 factor-β	 (TGF-β)	 signaling	 in	 group	 3	 tumors,	which	may	 provide	 a
rational	 therapeutic	 target.	 TGF-β	 dysregulation	 is	 implicated	 in	 up	 to	 20%	 of	 this	 subgroup	 and	 includes
enrichment	of	somatic	copy	number	events,	such	as	amplification	of	the	TGF-β	target	orthodenticle	homeobox	2
(OTX2).4,19

Group	 4	 tumors	 are	 the	 most	 common	 subgroup	 of	 medulloblastomas,	 found	 in	 40%	 of	 all	 patients	 and
associated	with	intermediate	prognosis.20,21	The	cell	of	origin	for	this	subgroup	remains	under	debate;	however,
transcriptional	 studies	 are	 consistent	 with	 glutamatergic	 progenitors	 of	 the	 nuclear	 transitory	 zone.11,21	 These
lesions	 exhibit	 an	 elevated	 rate	of	 somatic	 copy	number	 events,	 including	 amplifications	of	MYCN	 and	 cyclin-
dependent	 kinase	 6	 (CDK6),	 as	 well	 as	 isochromosome	 17q.4	 Approximately	 13%	 of	 patients	 harbor	 somatic
damaging	mutations	in	lysine	demethylase	6A	(KDM6A),6,7	which	is	specific	to	this	subgroup.	KDM6A	works	in
tandem	with	KMT2D	(found	mutant	in	SHH,	WNT,	and	group	3	medulloblastomas)	to	enhance	gene	expression,
via	demethylation	of	H3K27me3	and	methylation	of	H3K4.	Tandem	duplications	in	synuclein	alpha	 interacting
protein	(SNCAIP)	are	also	specific	to	this	subgroup	and	drive	ectopic	expression	of	PR/SET	domain	6	(PRDM6)
by	disrupting	a	topology-associated	domain	boundary	and	providing	access	to	a	nearby	super-enhancer	(see	Fig.
93.1B).	 Indeed,	 super-enhancer	 hijacking	 has	 been	 associated	 with	 several	 important	 driver	 events	 in
medulloblastoma	 oncogenesis	 (see	 Fig.	 93.1B,C).	 Recent	work	 has	 implicated	 involvement	 of	 this	mechanism
with	the	GFI1	family	oncogenes	in	both	group	3	(approximately	33%)	and	group	4	(5%	to	10%)	tumors,	including
growth	factor	independent	1	transcriptional	repressor	(GFI1)	and	growth	 factor	 independent	1b	 transcriptional
repressor	(GFI1B).22	 These	 genes	 are	 activated	 in	 a	mutually	 exclusive	manner	 via	 diverse	 genomic	 structural
events,	including	tandem	duplication,	deletions,	and	inversions.

Figure	93.1	Genomic	drivers	of	medulloblastoma.	A:	Molecular	studies	have	distinguished	four
medulloblastoma	subgroups	associated	with	unique	driver	events,	cellular	origins,	prognoses,	and
therapeutic	responses.	B:	Super-enhancer	hijacking	has	emerged	as	an	important	driver	in	group	3
and	group	4	tumors,	mediated	by	genomic	rearrangements	that	juxtapose	enhancer	elements	near
normally	quiescent	genes.	C:	These	events	include	ectopic	expression	of	PRDM6	due	to	tandem



duplications	(top,	orange),	and	the	GFI1	family	of	oncogenes	due	to	translocations	and	other
rearrangements	(bottom,	blue).	TAD,	topologically	associating	domain;	TGF-β,	tumor	growth

factor-β.

Although	overall	5-year	survival	for	medulloblastoma	has	reached	as	high	as	70%	to	85%,	the	toxic	effects	of
current	 treatment	approaches	 (e.g.,	 radiation,	 surgery)	can	have	 long-term	consequences	on	pediatric	patients.20
Accordingly,	 ongoing	 efforts	 have	 focused	 on	 leveraging	 genomic	 insights	 to	 deliver	 low-morbidity	 precision
treatments.

Low-Grade	Glioma
Gliomas	account	for	approximately	half	of	all	pediatric	brain	tumors	and	arise	from	astrocytes	and	other	glial	cells
of	the	CNS.	Low-grade	(benign)	tumors	compose	the	majority	of	these	cases	and	include	pilocytic	astrocytoma,
hemispheric	low-grade	gliomas	(LGGs;	e.g.,	gangliogliomas),	and	other	forms	of	diffuse	astrocytomas.	Notably,
pediatric	cases	 lack	several	of	 the	common	genomic	events	associated	with	adult	LGGs	 (discussed	 later;	Table
93.1),	including	deletions	in	chromosome	1p/19q	or	mutations	in	isocitrate	dehydrogenase	1	(IDH1)	and	TP53.23

The	most	 common	pediatric	 glioma	 is	 pilocytic	 astrocytoma	 (WHO	grade	 I),	 and	 the	genomic	 landscape	of
these	 lesions	 has	 been	 well	 characterized.	 These	 tumors	 are	 frequently	 located	 in	 the	 cerebellar	 hemispheres,
include	 distinctive	 cystic	 structures,	 and	 are	 associated	 with	 excellent	 prognosis.24	 Involvement	 of	 the
MAPK/ERK	 pathway	 has	 been	 implicated	 in	 almost	 all	 cases	 of	 pilocytic	 astrocytoma	 (80%	 to	 90%),	 often
mediated	by	genomic	rearrangements	(e.g.,	tandem	duplication	or	translocations)	that	fuse	BRAF	(chr17q34)	with
KIAA1549	or	other	genes.25–27	These	fusion	events	are	observed	in	more	than	70%	of	cases	and	result	in	loss	of
the	BRAF	regulatory	domain	with	constitutive	kinase	function	that	activates	the	MAPK	pathway.	In	some	cases,
MAPK	signaling	can	be	activated	through	other	molecular	mechanisms,	such	as	BRAF	V600E	variants	or	events
involving	 other	 pathway	 members,	 including	 fibroblast	 growth	 factor	 receptor	 1	 (FGFR1),	 protein	 tyrosine
phosphatase,	non-receptor	type	11	(PTPN11),	and	neurotrophic	receptor	tyrosine	kinase	2	(NTRK2).26	Notably,
the	 molecular	 mechanisms	 underlying	MAPK	 activation	 are	 associated	 with	 tumor	 location,	 such	 that	BRAF-
KIAA1549	fusions	are	observed	in	over	90%	of	cerebellar	pilocytic	astrocytomas,	whereas	FGFR1,	BRAF	V600E,
and	NTRK2	events	are	more	common	in	supratentorial	lesions.	Germline	mutations	in	neurofibromin	1	(NF1),	 a
negative	 regulator	 of	 the	 MAPK	 pathway,	 are	 found	 in	 approximately	 15%	 of	 patients	 and	 are	 particularly
enriched	in	hypothalamus	and	optic	pathway	lesions.28

As	with	pilocytic	astrocytoma,	hemispheric	LGGs	also	exhibit	excellent	prognosis.	The	most	common	tumors
in	 this	 group	 include	 well-differentiated	 gangliogliomas	 (23%)	 and	 dysembryoplastic	 neuroepithelial	 tumors
(18%),	 and	 these	 lesions	 exhibit	 similar	 but	 distinct	 genomic	 landscapes	 from	 pilocytic	 astrocytoma	 and	 other
midline	gliomas.	Approximately	one-quarter	of	hemispheric	LGGs	are	associated	with	BRAF	V600E	mutations,
whereas	 reported	 rates	 of	 BRAF-KIAA1549	 fusions	 are	 variable,	 ranging	 from	 10%	 to	 40%.29,30	 FGFR1
alterations,	which	are	also	associated	with	MAPK	activation,	may	be	particularly	prevalent	 in	dysembryoplastic
neuroepithelial	tumors,	and	were	previously	observed	in	more	than	one-half	of	samples.31

Indeed,	the	majority	of	diffuse	LGGs	demonstrate	MAPK/ERK	activation,	commonly	via	FGFR1/3	or	BRAF
alterations	or	 an	 activating	KRAS	Q61H	mutation.27	 Increased	 expression	 of	 the	MYB	 transcription	 factor	 and
MYB	proto-oncogene	like	1	(MYBL1)	is	also	observed	in	diffuse	astrocytomas,	and	amplification	of	MYBL1	has
been	reported	in	almost	30%	of	cases.27,32	These	samples	can	harbor	genomic	structural	events	such	as	fusion	with
protocadherin	gamma	subfamily	A,	1	(PCDHGA1)	or	episome	formation.

TABLE	93.1
Summary	of	Driver	Events	in	Pediatric	and	Adult	Gliomas

WHO	Grade Population Diagnosis Signaling	Pathway Hallmark	Alterations

I Pediatric Pilocytic	astrocytoma MAPK/ERK

BRAF	events	(KIAA1549	fusion,
V600E	mutation)

NTRK2	events
PTPN11	events
FGFR1	events



Dr. AVR @ TMH

NF1	loss	of	function	(optic	pathway)

I,	II Pediatric Hemispheric	low-grade
glioma

MAPK/ERK

FGFR1/3	alterations
BRAF	events	(KIAA1549	fusion,
V600E	mutation)

KRAS	activating	mutation	(Q61H)
MYB Fusions	or	episome	formation

III,	IV Pediatric Diffuse	intrinsic	pontine
gliomas,	glioblastoma Epigenetic	machinery

H3F3A	recurrent	mutations
ATRX	mutations
Recurrent	IDH1	mutations
TP53	mutations

II Adult
Diffuse	astrocytoma,
diffuse
oligodendroglioma

Epigenetic	machinery

Recurrent	IDH1/2	mutations
ATRX	mutations
TERT	promotor	mutations

Unknown

Codeletions	of	1p/19q

CIC	mutations
FUBP1	mutations

TP53 TP53	alterations

III,	IV Adult Anaplastic	astrocytoma,
glioblastoma

MAPK/ERK
Alterations	in	NF1
BRAF	alterations

Receptor	tyrosine
kinase

Alterations	in	EGFR	(e.g.,
amplification,	translocations)

Alterations	in	PDGFRA
Alterations	in	FGFR3

PI3K

Mutations	in	PIK3CA
Mutations	in	PIK3R1
Mutations	in	PTEN
Mutations	in	PIK3C2G

Epigenetic	machinery

ATRX	mutations
Recurrent	IDH1	mutations
MGMT	promoter	methylation

WHO,	World	Health	Organization.

High-Grade	Glioma
High-grade	gliomas	 (HGGs;	WHO	grades	 III	and	 IV)	are	 the	most	prevalent	 form	of	malignant	brain	 tumor	 in
children	and	carry	a	particularly	poor	prognosis.33	This	group	includes	both	glioblastoma	multiforme	(GBM)	and
diffuse	intrinsic	pontine	gliomas,	and	5-year	survival	is	less	than	10%.33	Unlike	adult	disease,	pediatric	GBMs	are
almost	 always	 de	 novo,	 as	 stepwise	 progression	 of	 pediatric	 gliomas	 into	 HGGs	 is	 rare.	 Despite	 progress	 in
genomic	characterization,	intensive	radiotherapy	remains	the	only	efficacious	treatment,	with	a	modest	increase	in
survival.

Pediatric	HGGs	are	distinguish	 from	adult	 lesions	by	 enriched	disruption	of	 epigenetic	machinery,	which	 is
observed	in	up	to	40%	of	cases.34	Approximately	one-third	of	these	tumors	harbor	somatic	recurrent	mutations	in
H3	histone	family	member	3A	(H3F3A),	 including	H3F3A	K27M	or	H3F3A	G34R/G34V.35	 Interestingly,	 these
recurrently	mutated	sites	exhibit	distinct	molecular	and	clinical	features.	Tumors	with	G34R/V	mutations	are	more
common	 in	 adolescent	 patients,	 are	 frequently	 found	 in	 hemispheric	 locations,	 and	 harbor	widespread	 genome
hypomethylation.34,36,37	These	lesions	often	carry	mutations	in	alpha-thalassemia/mental	retardation	syndrome	X-
linked	(ATRX),	which	plays	a	role	 in	 integration	of	H3F3A	into	 telomeres.	Consequently,	 they	 typically	exhibit
lengthening	of	telomeres.34,35	By	contrast,	tumors	with	K27M	variants	are	frequently	midline	(including	thalamic
and	spinal)	and	present	in	younger	patients.34,36,37	The	K27M	variant	is	particularly	prevalent	in	diffuse	intrinsic
pontine	gliomas	and	is	found	in	78%	of	cases.37

Alterations	 in	 IDH1	 compose	 a	 mutually	 exclusive	 set	 of	 HGGs	 that	 are	 associated	 with	 favorable
prognosis.34,38	These	lesions	exhibit	global	hypermethylation	(glial	CpG	island	methylator	phenotype	[G-CIMP])



as	well	as	 transcriptional	patterns	consistent	with	 the	“proneural”	subgroup	of	adult	GBM	(discussed	 later).34,39
IDH1-mutant	HGGs	almost	always	harbor	mutations	 in	TP53,	which	are	also	commonly	present	 in	 the	H3F3A
K27M	and	H3F3A	G34R/G34V	subgroups.

Ependymal	Tumors
Ependymomas	are	found	in	both	pediatric	and	adult	populations,	where	they	are	enriched	in	intracranial	and	spinal
locations,	respectively	(Fig.	93.2).	These	lesions	are	thought	to	arise	from	progenitor	radial	glial	cells	that	line	the
ventricular	system	and	consequently	can	be	observed	almost	anywhere	along	the	neuraxis.	The	anatomic	location
carries	 important	molecular	 and	 prognostic	 correlates,	 and	 accordingly,	 intracranial	 tumors	 are	 segregated	 into
posterior	fossa	and	supratentorial	regions.40	Posterior	fossa	ependymomas	have	been	further	classified	based	on
transcriptional	profiling	into	subgroups	with	divergent	clinical	features.40,41	Group	A	tumors	are	associated	with
poor	 prognosis	 and	 are	more	 likely	 to	 undergo	 recurrence	 and	metastasis	 and	 lead	 to	 patient	 death.42	 Previous
studies	 have	 failed	 to	 identify	 recurrent	 somatic	 mutations	 in	 this	 group;	 however,	 transcriptional	 evidence
suggests	methylation	of	polycomb	repressive	complex	2	(PRC2)	targets	may	play	a	role.42,43	By	contrast,	group	B
tumors	exhibit	genomic	instability	and	are	present	in	older	patients.

Figure	93.2	Molecular	features	of	ependymoma.	Intracranial	ependymomas	are	divided	into
supratentorial	and	posterior	fossa	regions,	each	associated	with	distinct	molecular	drivers	and
clinical	correlates.	Spinal	tumors	are	often	driven	by	NF2	loss.	CIMP,	CpG	island	methylator

phenotype;	WHO,	World	Health	Organization.

The	 genomic	 drivers	 of	 supratentorial	 ependymomas	 have	 been	 well	 described.	 Approximately	 70%	 of
supratentorial	 ependymomas	 are	 associated	with	 fusions	 involving	 the	RELA	 proto-oncogene,	 a	 subunit	 of	 the
nuclear	 factor-κB	 transcription	 factor,	and	 the	uncharacterized	gene	C11orf95.43	This	 results	 in	 translocation	of
nuclear	 factor-κB	 to	 the	 nucleus	 and	 activation	 of	 downstream	 transcriptional	 targets.	 Ependymomas	 lacking
RELA	 fusions	occasionally	 carry	 fusions	 involving	yes	associated	protein	1	(YAP1),	which	 represent	 a	 distinct
subgroup.40	Unlike	RELA-driven	cases,	these	tumors	do	not	exhibit	widespread	chromosomal	rearrangements	and
frequently	harbor	fusions	with	mastermind	like	domain	containing	1	(MAMLD1),	a	transcriptional	coactivator	that
is	 part	 of	 the	Hippo	 signaling	 pathway.	 Spinal	 ependymomas,	which	 are	most	 commonly	 found	 in	 adults,	 are
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highly	associated	with	events	involving	neurofibromin	2	(NF2).44

ADULT	BRAIN	TUMORS
Low-Grade	Glioma
In	 adults,	LGGs	 are	 largely	 composed	 of	WHO	grade	 II	 tumors	 and	 historically	 classified	 based	 on	 histologic
resemblance	 to	 astrocytes,	oligodendrocytes,	or	 a	mixture	of	both.24	However	 genomic	 findings	 are	 playing	 an
increasingly	 important	 role	 in	 the	 classification	 and	 clinical	 approach	 to	 glial	 neoplasms,	 and	 recent	 studies
indicate	 that	molecular	 features	may	 be	more	 predictive	 of	 underlying	 behavior.3,45	Accordingly,	 LGG	 can	 be
subclassified	based	on	the	presence	of	mutations	in	isocitrate	dehydrogenase	1/2	(IDH1/2)	as	well	as	codeletions
in	1p19q	or	alterations	in	TP53.	Indeed,	the	biologic	importance	of	these	events	is	underscored	by	distinct	patterns
of	genome-wide	DNA	methylation,	which	are	associated	with	prognosis	and	likelihood	of	recurrence.46
IDH1	 and	 IDH2	 encode	 metabolic	 enzymes	 that	 catalyze	 the	 oxidative	 decarboxylation	 of	 isocitrate	 to	 α-

ketoglutarate.	Recurrent	IDH1	mutations	affecting	residue	132	(or	172	 in	IDH2)	reduce	the	catalytic	activity	of
these	 enzymes,	 resulting	 in	 buildup	 of	 the	 oncometabolite	 2-hydroxyglutarate	 (2HG).47	 Tumors	 with	 somatic
mutations	 in	 IDH1	 exhibit	 a	 G-CIMP,	 which	 is	 associated	 with	 distinct	 transcriptional	 changes	 and	 improved
outcome.38	 In	 addition,	 increases	 in	 histone	methylation	 are	 also	 observed,	 resulting	 in	 repression	 of	 lineage-
specifying	genes	and	differentiation.34,39	Recurrent	mutations	 in	 these	genes	occur	 in	more	 than	half	of	diffuse
astrocytomas	and	oligodendrogliomas	and	are	often	encountered	in	secondary	GBMs.

Tumors	with	 IDH	mutations	 frequently	 exhibit	 1p/19q	deletions	or	TP53	mutations	 in	 a	mutually	 exclusive
fashion.	These	lesions	commonly	harbor	comutations	in	ATRX,	telomerase	reverse	transcriptase	(TERT),	Capicua
transcriptional	 repressor	 (CIC),	 and/or	 far	 upstream	 element	 binding	 protein	 1	 (FUBP1);	 however,	 studies
suggest	 that	 alterations	 in	 IDH1	 precede	 these	 genetic	 changes.48,49	 Patients	 with	 gliomas	with	 IDH1	 or	CIC/
FUBP1	mutations	and	deletions	of	1p/19q	have	a	median	survival	of	8	years.50	 Interestingly,	variants	 in	ATRX,
but	not	the	TERT	promotor,	are	associated	with	lengthening	of	telomeres	in	glioma.46	LGG	with	variants	in	IDH
along	with	1p/19q	deletions	harbor	the	most	favorable	outcome	and	are	typically	oligodendrogliomas.51	In	these
gliomas,	 loss	 of	 heterozygosity	 on	 chromosomes	 1p	 and	 19q	 is	 usually	 the	 result	 of	 a	 single	 pericentromeric
translocation	event.52	By	contrast,	mutations	in	TP53	and	ATRX,	as	well	as	loss	of	heterozygosity	on	chr17	(where
TP53	is	found),	are	common	in	astrocytoma.53
IDH	wild-type	tumors	more	closely	resemble	primary	GBM	(discussed	later)	and	may	be	direct	precursors	of

this	disease.45	Accordingly,	increased	clinical	vigilance	is	merited	for	these	cases,	which	are	associated	with	poor
survival.	A	 small	 subset	 of	 these	gliomas	 (6%)	 exhibit	molecular	 features	 similar	 to	 pilocytic	 astrocytoma	and
have	favorable	outcome.46

High-Grade	Glioma
High-grade	lesions	include	anaplastic	(WHO	grade	III)	gliomas	and	GBM	(WHO	grade	IV),	both	of	which	carry
poor	 prognosis.24	 Even	 with	 aggressive	 chemotherapy	 and	 seemingly	 complete	 surgical	 resection,	 survival	 is
typically	 less	 than	 2	 years.54,55	 GBM	 is	 classified	 into	 primary	 tumors,	 which	 arise	 de	 novo	 in	 patients,	 and
secondary	tumors,	which	progress	from	lower	grade	lesions.	Primary	GBM	composes	approximately	95%	of	these
tumors,	 and	 they	 are	 commonly	 found	 in	 older	 individuals.	 Although	 these	 subgroups	 are	 indistinguishable
according	 to	 histology,	 their	 genomic	 underpinnings	 are	 unique,	 resulting	 in	 distinct	 transcriptional	 profiles,
prognostic	implications,	and	treatment	approaches.56,57

Large-cohort	 transcriptional	 studies	 of	 GBM	 have	 identified	 four	 robust	 molecular	 signatures,	 including
proneural,	neural,	classical,	and	mesenchymal.58	Proneural	tumors	often	include	amplifications	of	platelet-derived
growth	 factor	 receptor-α	 (PDGFRA)	 or	 recurrent	 mutations	 in	 IDH1.	 Similar	 to	 LGG,	 IDH1	 variants	 are
associated	 with	 the	 G-CIMP,	 which	 distinguishes	 an	 independent	 prognostic	 class	 of	 tumors	 with	 increased
survival	time.38	 In	 the	classical	subgroup,	amplifications	on	chromosome	7	and	 losses	on	chromosome	10	have
been	 observed	 in	 100%	of	 samples.59	Alterations	 in	EGFR	 play	 a	 particularly	 important	 role	 in	 these	 tumors,
considering	 the	 high	 prevalence	 of	 point	 mutations	 or	 structural	 events	 that	 result	 in	 loss	 of	 the	 extracellular
domain	 (termed	 EGFRvIII).	 Overall,	 amplifications	 of	 EGFR	 are	 found	 in	 up	 to	 43%	 of	 GBMs	 and	 are
occasionally	 a	 result	 of	 double	minute	 chromosomes	or	 recurrent	 translocations.59–61	The	neural	 subgroup	 also
harbors	focal	amplifications	of	EGFR,	as	well	as	expression	of	neural	markers	such	as	gamma-aminobutyric	acid



type	A	receptor	alpha	1	subunit	(GABAA1)	and	synaptotagmin	1	(SYT1).	Finally,	 the	mesenchymal	 subgroup	 is
marked	by	somatic	alterations	in	NF1	and	is	associated	with	particularly	poor	outcome.58,59	These	tumors	express
mesenchymal	markers	such	as	chitinase	3	like	1	(CHI3L1)	and	MET.62

The	landscape	of	somatic	mutations	in	GBM	is	marked	by	recurrent	involvement	of	key	signaling	pathways,
including	receptor	tyrosine	kinase	(altered	in	67.3%	of	cases;	including	EGFR,	PDGFRA,	FGFR3),	PI3K	(altered
in	25.1%	of	cases;	including	PIK3CA,	PIK3R1,	PTEN,	PIK3C2G),	and	MAPK	(NF1,	BRAF).	Disruptions	in	the
TP53	(85.3%)	and	RB1	(78.9%)	pathways	are	also	common,	and	tumors	with	recurrent	mutations	in	IDH1	often
harbor	 comutations	 in	 TP53	 and/or	 ATRX.	 Over	 40%	 of	 GBMs	 harbor	 nonsynonymous	 alterations	 in	 genes
associated	with	 chromatin	modeling,	most	 commonly	 including	ATRX	 or	 IDH1.	 Indeed,	 previous	 studies	 have
identified	an	 important	 role	for	epigenetic	regulation	 in	oncogenesis,	progression,	and	 the	ultimate	prognosis	of
these	 tumors.	 Methylation	 of	 the	 O6-methylguanine	 methyltransferase	 (MGMT)	 promoter	 is	 observed	 in
approximately	 one-half	 of	 GBMs	 and	 is	 associated	 with	 increased	 response	 to	 alkylating	 agents.59,63	 After
treatment	with	temozolomide	and	radiotherapy,	patients	exhibiting	this	alteration	have	a	median	survival	of	21.7
months,	compared	to	15.3	months	in	wild-type	patients.64	Progression	is	also	associated	with	elevated	activation
of	oncogenic	pathways,	including	MYC	and	PI3K.65	Further	subclassification	of	glioma	may	improve	prognostic
and	therapeutic	precision	because	additional	molecular	events	have	been	associated	with	distinct	clinical	courses
and	response	to	therapy.66,67

Meningioma
Meningiomas	 are	 primary	 neoplasms	 that	 arise	 from	 the	 fibrous	 covering	 of	 the	 brain	 and	 spinal	 cord.
Epidemiologic	studies	suggest	that	these	slow-growing	lesions	are	the	most	common	among	all	brain	tumors,	with
a	particular	preponderance	late	in	life.	Although	meningiomas	are	typically	benign	(approximately	80%),	a	subset
exhibits	aggressive	features	and	 is	associated	with	morbidity	or	recurrence.	Similar	 to	other	brain	 tumors,	next-
generation	 sequencing	 has	 revolutionized	 our	 understanding	 of	meningioma	pathogenesis	 and	 led	 to	molecular
classification	based	on	genomic	 features.	Based	on	 this	work,	meningiomas	can	be	organized	 into	six	mutually
exclusive	molecular	 subgroups	 that	 account	 for	 approximately	 80%	of	 all	 cases68–70	(Fig.	 93.3A).	 Importantly,
these	 drivers	 are	 associated	 with	 the	 behavior	 and	 prognostic	 features	 of	 each	 tumor	 and	may	 therefore	 offer
important	insights	during	clinical	planning.

More	 than	 one-half	 of	meningiomas	 are	 associated	with	 biallelic	 loss	 of	 the	 tumor	 suppressor	NF2,	which
codes	for	 the	protein	Merlin.71	These	tumors	typically	harbor	damaging	variants	 in	coding	regions	of	 this	gene,
along	with	partial	or	complete	loss	of	chromosome	22.	Indeed,	germline	alterations	in	NF2	underlie	the	inherited
condition	neurofibromatosis	2,	which	commonly	presents	with	meningiomas,	vestibular	schwannomas,	and	other
tumors.	NF2-associated	meningiomas	 are	 enriched	 in	 the	 cerebral	 convexities,	 spinal	 cord,	 and	 posterior	 skull
base	 and	 are	 rarely	 found	 in	 anterior	 skull	 base	 regions	 (Fig.	 93.3B).	 Furthermore,	 NF2	 loss	 (along	 with
chromosomal	instability)	is	enriched	in	higher	grade	lesions	and	is	associated	with	up	to	75%	of	atypical	(WHO
grade	II)	cases.72,73	In	a	subset	of	samples,	recurrent	R286H	variants	in	the	SWI/SNF	related,	matrix	associated,
actin	dependent	regulator	of	chromatin,	subfamily	B,	member	1	(SMARCB1	R286H)	are	also	observed,	and	these
NF2/SMARCB1	R286H	lesions	are	often	located	in	the	midline	falx.

By	contrast	with	NF2	meningiomas,	tumors	from	other	molecular	subgroups	are	typically	found	in	the	anterior
and	 middle	 skull	 base.	 The	 largest	 group	 of	 these	 are	 associated	 with	 missense	 mutations	 in	 TNF	 receptor
associated	factor	7	(TRAF7),	a	proapoptotic	N-terminal	RING	and	zinc	finger	domain	protein	with	E3	ubiquitin
ligase	activity.69	These	meningiomas	almost	always	co-occur	with	activating	mutations	in	PI3K	signaling	(most
often	 AKT	 E17K)	 or	 recurrent	 K409Q	 mutations	 in	 Kruppel	 like	 factor	 4	 (KLF4).69	 KLF4	 is	 one	 of	 four
Yamanaka	 factors	 capable	 of	 inducing	 stem	 cell	 pluripotency,	 and	 recent	 work	 has	 demonstrated	 that	 KLF4
K409Q	 mutations	 affect	 the	 consensus	 binding	 sequence	 of	 this	 transcription	 factor,	 leading	 to	 changes	 in
genome-wide	activity.70	Interestingly,	secretory	meningiomas	are	exclusively	TRAF7/KLF4	K409Q	mutant.

Additional	 drivers	 include	 activating	 mutations	 in	 hedgehog	 signaling	 (most	 often	 SMO	 W535L/L412F),
damaging	alterations	in	SWI/SNF	related,	matrix	associated,	actin	dependent	regulator	of	chromatin,	subfamily	E,
member	1	(SMARCE1),	and	recurrent	dock	domain	variants	in	POLR2A.69,70,74	Hedgehog-activated	meningiomas
are	 highly	 enriched	 in	 midline	 locations,69,75	 reminiscent	 of	 the	 role	 of	 this	 pathway	 in	 midline	 cranial
development.	By	contrast,	meningiomas	with	recurrent	variants	 in	RNA	polymerase	 II	 subunit	A	(POLR2A)	 are
located	in	the	tuberculum	sellae	region.	This	gene	has	not	previously	been	implicated	in	neoplasia	and	codes	for
an	essential	enzyme	that	functions	as	the	catalytic	component	of	RNA	polymerase	II.	Collectively,	these	drivers
account	for	approximately	30%	of	all	meningiomas	and	are	highly	enriched	for	benign	(WHO	grade	I)	cases.
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High-grade	meningiomas	(WHO	grade	II	or	III)	often	harbor	damaging	events	in	NF2	but	are	also	associated
with	recurrent	alterations	in	SMARCB1,	chromosomal	instability,	or	loss	of	cyclin-	dependent	kinase	inhibitor	2A
(CDKN2A).72,73,76	Mutations	in	the	promotor	of	TERT	are	enriched	in	high-grade	cases	and	may	be	markers	for
meningiomas	at	risk	for	progression	or	recurrence.77	These	variants	are	rarely	observed	in	low-grade	samples.	In
malignant	(WHO	grade	III)	rhabdoid	meningiomas,	inactivating	mutations	in	BRCA1	associated	protein	1	(BAP1)
have	been	described	that	are	associated	with	poor	prognosis.78,79	These	alterations	can	be	found	somatically	or	in
the	germline	as	a	part	of	 the	BAP1	cancer	predisposition	syndrome.	Aside	from	these	genes,	additional	somatic
coding	events	have	been	difficult	to	identify	in	higher	grade	cases.	Consequently,	recent	work	has	focused	on	the
epigenetic	landscape	of	these	tumors.	Genome-wide	DNA	methylation	patterns	have	been	investigated	for	disease
stratification	and	could	offer	 a	 superior	prediction	of	high-risk	cases	compared	 to	WHO	classification.80	 These
results	 are	 consistent	 with	 the	 hypermethylated	 phenotype	 observed	 in	 some	 high-grade	 cases,	 particularly	 in
PRC2	binding	sites.73

Figure	93.3	Meningioma	genomic	subgroups.	A:	Large-cohort	sequencing	studies	have	identified
six	mutually	exclusive	subgroups	of	meningioma,	each	associated	with	distinct	clinical	and

molecular	features.	B:	Meningiomas	with	biallelic	loss	of	NF2	are	enriched	in	convexity	and	spinal
locations,	whereas	non-NF2	tumors	are	often	found	in	the	skull	base.

SUMMARY
Genomic	approaches	have	had	a	profound	effect	on	our	understanding	and	classification	of	brain	 tumors.	After
completion	 of	 numerous	 large-cohort	 sequencing	 studies,	 a	 consensus	 list	 of	 mutant	 oncogenes	 and	 tumor
suppressors	has	been	 formed	 for	most	 disease	 entities.	Although	many	drivers	 are	 found	 commonly	 across	 the
entire	 landscape	 of	 neoplasia,	 a	 significant	 fraction	 are	 specific	 to	 individual	 tumor	 types,	 underscoring	 the
importance	of	molecular	context	in	determining	susceptibility	to	oncogenesis.	An	important	consequence	of	these
studies	has	been	the	subclassification	and	stratification	of	individual	tumor	types,	identifying	important	prognostic
and	therapeutic	correlates	that	will	ultimately	associate	a	patient’s	driver	mutation	with	clinical	decision	making.
Indeed,	recent	changes	to	the	WHO	classification	system	reflect	the	growing	importance	of	genomic	features	in
the	diagnosis	and	treatment	of	cancer.	With	the	continued	decline	in	sequencing	costs	and	growth	of	personalized
medicine,	these	studies	will	provide	an	important	foundation	for	the	future	treatment	of	patients	with	brain	tumors.
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EPIDEMIOLOGY	OF	BRAIN	TUMORS
Incidence	and	Prevalence
The	 incidence	 and	 prevalence	 of	 brain	 and	 central	 nervous	 system	 (CNS)	 tumors	 is	 imprecisely	 documented
because	benign	tumors	were	not	required	to	be	reported	prior	to	2003	and	metastatic	disease	to	the	brain	remains
unreported.	The	major	data	sources	for	the	United	States	include	the	Surveillance,	Epidemiology,	and	End	Results
(SEER)	program	and	the	Central	Brain	Tumor	Registry	of	the	United	States.1	The	Central	Brain	Tumor	Registry
of	the	United	States	database	from	2010	to	2014	reported	counts	and	rates	from	379,848	incident	brain	and	other
CNS	 tumors	 (119,674	 malignant	 and	 260,174	 nonmalignant)	 with	 an	 overall	 average	 annual	 age-adjusted
incidence	 of	 22.64	 per	 100,000	 population.	 The	 overall	 incidence	 rates	 were	 5.81	 per	 100,000	 children	 and
adolescents	aged	0	to	19	years,	5.54	per	100,000	children	aged	0	to	14	years,	and	29.41	per	100,000	adults	aged
20	years	or	older.1	The	median	age	at	diagnosis	 is	59	years.	The	distribution	patterns	of	histologies	within	age
groups	 differ	 substantially.	 The	 most	 frequently	 reported	 histology,	 meningioma,	 accounts	 for	 approximately
36.8%	 of	 all	 tumors,	 and	 the	 most	 common	 type	 of	 all	 malignant	 CNS	 tumors	 is	 glioblastoma	 (GBM).	 The
estimated	total	number	of	new	cases	for	2014	was	66,240	(22,810	malignant	and	43,430	nonmalignant	cases).	Of
all	primary	brain	and	CNS	tumors,	42%	occurred	in	males,	implying	a	slight	female	predominance,	attributable	to
the	higher	incidence	of	meningioma	in	women.

The	increased	utilization	of	cranial	imaging	for	headaches,	seizures,	and	trauma	has	led	to	an	increase	in	the
diagnosis	of	benign	tumors.	SEER	suggests	that	between	1975	and	1987,	there	was	a	significant	increase	in	the
incidence	of	CNS	tumors,	which	 leveled	off	between	1991	and	2006.	Because	many	patients	with	CNS	tumors
survive	for	several	years,	the	prevalence	exceeds	the	incidence.	Overall	prevalence	rate	of	individuals	with	a	brain
tumor	was	estimated	to	be	209	per	100,000	in	2004	and	221.8	per	100,000	in	2010.	The	female	prevalence	rate
(264.8	per	100,000)	was	higher	than	that	of	males	(158.7	per	100,000).	The	average	prevalence	rate	for	malignant
tumors	(42.5	per	100,000)	was	lower	than	the	prevalence	for	nonmalignant	tumors	(166.5	per	100,000).	Estimates
of	the	expected	number	of	individuals	living	with	primary	brain	tumor	diagnoses	in	the	United	States	was	612,770
in	2004	and	688,096	in	2010	(Fig.	94.1).2

Etiologic	Factors
No	agent,	other	than	radiation	exposure,	has	been	definitively	implicated	in	the	causation	of	CNS	tumors,	and	risk
factors	can	be	identified	only	in	a	minority.	Commonly	implicated	associations	described	with	other	malignancies,
such	 as	 diet,	 exercise,	 alcohol,	 tobacco,	 and	 viruses,	 are	 generally	 not	 considered	 to	 be	 significant	 for	 CNS
tumors.3

Environmental	Factors
Farmers	 and	 petrochemical	 workers	 have	 been	 shown	 to	 have	 a	 higher	 incidence	 of	 primary	 brain	 tumors.	 A
variety	of	chemical	exposures	have	been	linked.4	Ionizing	and	nonionizing	radiation	have	been	implicated,	with
the	clearest	association	coming	from	the	occurrence	of	superficial	meningiomas	in	individuals	receiving	cranial	or
scalp	 irradiation,	with	 the	 association	 being	 stronger	 for	 young	 children	 receiving	 low	 doses	 of	 irradiation	 for
benign	conditions.5	Exposure	to	ionizing	radiation	is	a	known	risk	factor	for	a	small	percentage	of	astrocytomas,



sarcomas,	 and	other	 tumors.	There	 is	 a	 2.3%	 incidence	of	 primary	brain	 tumors	 in	 long-term	 survivors	 among
children	given	prophylactic	cranial	irradiation	for	acute	leukemia,	a	fourfold	increase	over	the	expected	rate.

In	addition,	a	 retrospective	study	suggested	an	 increased	 risk	 for	developing	gliomas	 in	children	undergoing
computed	tomography	(CT)	scans.6	Exposure	to	dental	x-rays	performed	at	a	time	when	radiation	exposure	was
greater	than	currently	used	appears	to	be	associated	with	an	increased	risk	of	intracranial	meningioma.7

There	 are	 conflicting	 reports	 regarding	 nonionizing	 radiation	 emitted	 by	 cellular	 telephones.8–10	 Several
investigators	have	reported	meta-analyses	of	case-control	studies	evaluating	cell	phone	use	and	the	development
of	brain	tumors.	Kan	et	al.11	reviewed	nine	studies	(5,259	cases	and	12,074	controls)	and	showed	an	overall	odds
ratio	(OR)	of	0.90	for	cellular	phone	use	and	brain	tumor	development;	the	OR	was	1.25	for	long-term	users.	An
OR	of	0.98	for	developing	malignant	and	benign	tumors	of	the	brain	as	well	as	the	head	and	neck	was	reported	by
Myung	 et	 al.9	 when	 collating	 23	 case-control	 studies	 (12,544	 cases	 and	 25,572	 controls).	 The	 International
Commission	 for	 Non-Ionizing	 Radiation	 Protection	 Standing	 Committee	 on	 Epidemiology	 reviewed	 the
epidemiologic	evidence,	and	they	concluded	that	there	was	not	a	causal	association	between	mobile	phone	use	and
malignant	gliomas,	but	for	slow-growing	tumors,	the	observation	period	was	too	short	for	conclusive	statements.12
A	recent	report	of	the	Interphone	study,	an	international,	population-based	case-control	study,	also	did	not	find	an
increased	risk	of	gliomas	or	meningiomas.10	Glioma	incidence	has	not	followed	the	increase	in	cell	phone	use,	but
because	of	the	potential	for	a	lag	in	trends,	continued	surveillance	in	children	who	are	exposed	from	an	early	age
is	warranted.8

Viral	Associations
Although	certain	canine	and	feline	CNS	tumors	may	have	a	viral	association,	the	human	evidence	remains	weak.
Specifically,	 no	 increase	 in	 the	 risk	 of	 developing	 a	 brain	 tumor	 has	 been	 associated	 with	 previous	 polio
vaccination,	which	discredits	claims	 that	simian	virus	40,	which	contaminated	older	polio	vaccine	preparations,
caused	brain	tumors.13	The	exception	to	this	is	primary	CNS	lymphoma,	which	has	been	shown	to	be	associated
with	Epstein-Barr	virus.14	An	increase	in	incidence	of	primary	CNS	lymphoma	is	most	likely	due	to	the	increasing
numbers	of	immunosuppressed	patients	in	the	setting	of	HIV	and	posttransplant	use	of	immunosuppressants.14,15

The	association	between	human	cytomegalovirus	(HCMV)	infection	and	GBM	was	first	described	by	Cobbs	et
al.16	 in	2002.	The	presence	of	HCMV	was	also	demonstrated	 in	GBM	and	 in	other	gliomas.	HCMV	may	have
tropism	for	microglia	and	CD133+	glioma	cancer	stem	cells,	and	further	work	is	needed	to	evaluate	the	role	of	this
virus.17
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Figure	94.1	Proportionate	distribution	of	the	incidence	of	central	nervous	system	neoplasms	by
histopathologic	type,	based	on	the	Central	Brain	Tumor	Registry	of	the	United	States	database.

Hereditary	Syndromes
Neurofibromatosis	 type	 1	 (NF1)	 is	 an	 autosomal	 dominant	 disorder	 associated	 with	 intra-	 and	 extracranial
Schwann	 cell	 tumors.	 Optic	 gliomas,	 astrocytomas,	 and	meningiomas	 also	 occur	 at	 higher	 frequency	 in	 NF1.
Neurofibromatosis	type	2	(NF2)	is	characterized	by	bilateral	vestibular	schwannomas	and	meningiomas.	Systemic
schwannomas	 also	 occur	 in	 NF2.	 Subependymal	 giant	 cell	 astrocytoma	 commonly	 occurs	 in	 children	 with
tuberous	 sclerosis,	 an	 autosomal	 dominant	 disorder	 caused	 by	 mutation	 in	 the	 TSC1	 and	 TSC2	 genes.	 Other
hereditary	 tumor	 syndromes	 affecting	 the	 CNS	 include	 Li-Fraumeni	 syndrome	 (germline	mutation	 in	 one	 p53
allele;	 malignant	 gliomas),	 von	 Hippel-Lindau	 syndrome	 (germline	 mutation	 of	 the	 VHL	 gene;
hemangioblastomas),	 and	 Turcot	 syndrome	 (germline	 mutations	 of	 the	 adenomatous	 polyposis	 gene;
medulloblastoma).18	 The	 nevoid	 basal	 cell	 carcinoma	 syndrome	 (Gorlin	 syndrome)	 is	 associated	 with
medulloblastomas	 (and	possibly	meningiomas)	and	 represents	mutations	 in	 the	PTCH	 suppressor	gene	or	other
members	of	the	sonic	hedgehog	pathway.	Meningiomas	and	schwannomas	are	more	common	in	females;	gliomas,
medulloblastomas,	and	most	other	CNS	tumors	are	more	common	in	males.	Meningiomas	are	more	common	in
African	 Americans;	 gliomas	 and	medulloblastomas	 are	more	 common	 in	 Caucasians;	 primary	 CNS	 germ	 cell
tumors	 are	 more	 common	 in	 Japanese	 Asians.	 It	 has	 been	 suggested	 that	 there	 is	 a	 lower	 incidence	 of
meningiomas	and	a	higher	incidence	of	gliomas	and	vestibular	schwannomas	in	higher	socioeconomic	groups.	In
the	past	decade,	 there	have	been	major	advances	 in	efforts	 to	 identify	common	inherited	genetic	variations	 that
increase	 risk	of	primary	adult	glioma,	and	 the	genome-wide	association	 studies	 (GWAS)	have	 transformed	our
understanding	of	glioma	susceptibility.19	Ten	independent	inherited	variants	in	eight	chromosomal	regions	were
associated	with	increased	risk	for	adult	glioma.20	There	is	a	20%	to	40%	increase	in	relative	risk	of	primary	adult



glioma	with	these	variants;	however,	the	TP53	variant	rs78378222	is	associated	with	a	twofold	relative	risk	(i.e.,
200%),	and	rs557505857	on	chromosome	8	is	associated	with	a	sixfold	relative	risk	of	IDH-mutated	astrocytomas
and	oligodendroglial	tumors	(i.e.,	600%).	However,	even	a	sixfold	relative	risk	is	too	low	to	recommend	screening
for	the	high-risk	variant	on	chromosome	8.	The	largest	GWAS	was	reported	by	Melin	et	al.19	and	included	a	meta-
analysis	of	six	existing	GWASs	and	two	new	GWASs	consisting	of	12,496	cases	and	18,190	controls.	The	study
identified	 13	 new	 glioma	 risk	 loci,	 5	 for	 GBM	 at	 1p31.3	 (JAK1),	 11q14.1,	 16p13.3	 (near	 MPG),	 16q12.1
(HEATR3),	and	22q13.1	(SLC16A8)	and	8	for	non-GBM	glioma	at	1q32.1	(MDM4),	1q44	(AKT3),	2q33.3	(near
IDH1),	3p14.1	(LRIG1),	10q24.33	(OBFC1),	11q21	(MAML2),	14q12	(AKAP6),	and	16p13.3	(LMF1).

Ongoing	studies	will	help	address	 the	 types	of	 inherited	adult	glioma	 risk	variants	and	associated	 the	 tumor
subtypes	as	defined	by	histologic	or	molecular	features.

CLASSIFICATION
Primary	 CNS	 tumors	 are	 of	 ecto-	 and	mesodermal	 origin	 and	 arise	 from	 the	 brain,	 cranial	 nerves,	 meninges,
pituitary,	pineal,	and	vascular	elements.	In	2016,	the	World	Health	Organization	(WHO)	issued	its	latest	revision
of	 the	CNS	 tumor	 classification.	 The	 new	 2016	WHO	 classification	 lists	 approximately	 100	 subtypes	 of	CNS
malignancies	(Table	94.1).21	The	new	criteria	combine	the	morphologic	findings	with	molecular	criteria	(somatic
mutations	such	as	mutation	of	IDH1	and	1p/19q	translocation)	to	establish	different	types	of	CNS	tumors.21	This
effort	 represents	 a	major	 restructuring	 of	 the	 embryonal	 tumors,	medulloblastomas,	 diffuse	 gliomas,	 and	 other
tumors.	The	2016	edition	has	added	newly	recognized	entities	(e.g.,	IDH–wild-type	and	IDH-mutant	GBM,	WNT-
activated	 and	 SHH-activated	 medulloblastoma,	 RELA	 fusion–positive	 ependymoma,	 and	 H3	 K27M–mutant
diffuse	midline	glioma)	that	are	defined	by	both	histology	and	molecular	features.	Other	notable	changes	include
the	 addition	of	 brain	 invasion	 as	 a	 criterion	 for	 atypical	meningioma.	Approximately	15%	of	 all	 primary	CNS
tumors	 arise	 in	 the	 spinal	 cord,	where	 the	distribution	of	 tumor	 types	 is	 significantly	different	 from	 that	 in	 the
brain.	Tumors	of	 the	 lining	of	 the	spinal	cord	and	nerve	 roots	predominate	 (50%	 to	80%	of	all	 spinal	 tumors);
schwannomas	 and	meningiomas	 are	most	 common,	 followed	 by	 ependymomas.	 Primary	 gliomas	 of	 the	 spinal
cord	are	uncommon.	In	children,	three-quarters	of	tumors	are	composed	of	ependymomas,	pilocytic	astrocytomas,
and	other	neuroepithelial	neoplasms.

TABLE	94.1
Classification	of	Tumors	of	the	Central	Nervous	System:	Selected	from	the	2016	World
Health	Organization	Classification

Diffuse	astrocytic	and	oligodendroglia	tumors
Diffuse	astrocytoma,	IDH	mutant
Gemistocytic	astrocytoma,	IDH	mutant
Diffuse	astrocytoma,	IDH	wild	type
Diffuse	astrocytoma,	not	otherwise	specified	(NOS)
Anaplastic	astrocytoma,	IDH	mutant
Anaplastic	astrocytoma,	IDH	wild	type
Anaplastic	astrocytoma,	NOS
Glioblastoma,	IDH	wild	type
Giant	cell	glioblastoma
Gliosarcoma
Epithelioid	glioblastoma
Glioblastoma,	IDH	mutant
Glioblastoma,	NOS
Diffuse	midline	glioma,	H3	K27M	mutant
Oligodendroglioma,	IDH	mutant	and	1p/19q	codeleted
Oligodendroglioma,	NOS
Anaplastic	oligodendroglioma,	IDH	mutant	and	1p/19q	codeleted
Anaplastic	oligodendroglioma,	NOS
Oligoastrocytoma,	NOS
Anaplastic	oligodendroglioma,	NOS
Other	astrocytic	tumors
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Pilocytic	astrocytoma
Pilomyxoid	astrocytoma
Subependymal	giant	cell	astrocytoma
Pleomorphic	xanthoastrocytoma
Anaplastic	pleomorphic	xanthoastrocytoma

Ependymal	tumors
Subependymoma
Myxopapillary	ependymoma
Ependymoma
Papillary	ependymoma
Clear	cell	ependymoma
Tanycytic	ependymoma
Ependymoma,	RELA	fusion	positive
Anaplastic	ependymoma

Other	gliomas
Chordoid	glioma	of	the	third	ventricle
Angiocentric	glioma
Astroblastoma

Choroid	plexus	tumors
Choroid	plexus	papilloma
Atypical	choroid	plexus	papilloma
Choroid	plexus	carcinoma

Neuronal	and	mixed	neuronal-glial	tumors
Dysembryoplastic	neuroepithelial	tumor
Gangliocytoma
Anaplastic	ganglioglioma
Dysplastic	cerebellar	gangliocytoma	(Lhermitte-Duclos	disease)
Desmoplastic	infantile	astrocytoma	and	ganglioglioma
Papillary	glioneuronal	tumor
Rosette-forming	glioneuronal	tumor
Diffuse	leptomeningeal	glioneuronal	tumor
Central	neurocytoma
Extraventricular	neurocytoma
Cerebellar	liponeurocytoma
Paraganglioma

Tumors	of	the	pineal	region
Pineocytoma
Pineal	parenchymal	tumor	of	intermediate	differentiation
Pineoblastoma
Papillary	tumor	of	the	pineal	region

Embryonal	tumors
Medulloblastoma,	genetically	defined
Medulloblastoma	WNT	activated
Medulloblastoma,	SHH	activated	and	TP53	mutant
Medulloblastoma,	SHH	activated	and	TP53	wild	type
Medulloblastoma,	non-WNT/non-SHH
Medulloblastoma,	group	3
Medulloblastoma,	group	4
Medulloblastomas,	histologically	defined
Medulloblastoma,	classic
Medulloblastoma,	desmoplastic/nodular
Medulloblastoma	with	extensive	nodularity
Medulloblastoma,	large	cell/anaplastic
Medulloblastoma,	NOS
Embryonal	tumor	with	multilayered	rosettes,	C19MC	altered
Embryonal	tumor	with	multilayered	rosettes,	NOS
Medulloepithelioma
CNS	neuroblastoma
CNS	ganglioneuroblastoma
CNS	embryonal	tumor,	NOS
Atypical	teratoid/rhabdoid	tumor
CNS	embryonal	tumor	with	rhabdoid	features

Tumors	of	the	cranial	and	paraspinal	nerves
Schwannoma
Cellular	schwannoma



Plexiform	schwannoma
Melanotic	schwannoma
Neurofibroma
Atypical	neurofibroma
Plexiform	neurofibroma
Perineuroma
Hybrid	nerve	sheath	tumors
Malignant	peripheral	nerve	sheath	tumor	(MPNST)
Epithelioid	MPNST
MPNST	with	perineurial	differentiation

Meningiomas
Meningioma
Meningothelial	meningioma
Fibrous	meningioma
Transitional	meningioma
Psammomatous	meningioma
Angiomatous	meningioma
Microcystic	meningioma
Secretory	meningioma
Lymphoplasmacyte-rich	meningioma
Metaplastic	meningioma
Chordoid	meningioma
Clear	cell	meningioma
Atypical	meningioma
Papillary	meningioma
Rhabdoid	meningioma
Anaplastic	(malignant)	meningioma

Mesenchymal,	nonmeningothelial	tumors
Solitary	fibrous	tumor/hemangiopericytoma
Grade	I
Grade	II
Grade	III

Hemangioblastoma
Hemangioma
Epithelioid	hemangioendothelioma
Angiosarcoma
Kaposi	sarcoma
Ewing	sarcoma/primitive	neuroectodermal	tumor
Lipoma
Angiolipoma
Hibernoma
Liposarcoma
Desmoid-type	fibromatosis
Myofibroblastoma
Inflammatory	myofibroblastic	tumor
Benign	fibrous	histiocytoma
Fibrosarcoma
Undifferentiated	pleomorphic	sarcoma
Malignant	fibrous	histiocytoma
Leiomyoma
Leiomyosarcoma
Rhabdomyoma
Rhabdomyosarcoma
Chondroma
Chondrosarcoma
Osteoma
Osteochondroma
Osteosarcoma

Melanocytic	tumors
Meningeal	melanocytosis
Meningeal	melanocytoma
Meningeal	melanoma
Meningeal	melanomatosis

Lymphomas
Diffuse	large	B-cell	lymphoma	of	the	central	nervous	system	(CNS)
Immunodeficiency-associated	CNS	lymphomas
AIDS-related	diffuse	large	B-cell	lymphoma
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Epstein-Barr	virus–positive	diffuse	large	B-cell	lymphoma,	NOS
Lymphomatosis	granulomatosis
Intravascular	large	B-cell	lymphoma
Low-grade	B-cell	lymphomas	of	the	CNS
T-cell	and	natural	killer/T-cell	lymphomas	of	the	CNS
Anaplastic	large-cell	lymphoma,	ALK	positive
Anaplastic	large-cell	lymphoma,	ALK	negative
Mucosa-associated	lymphoid	tissue	(MALT)	lymphoma	of	the	dura

Histiocytic	tumors
Langerhans	cell	histiocytosis
Erdheim-Chester	disease
Rosai-Dorfman	disease
Juvenile	xanthogranuloma
Histiocytic	sarcoma

Germ	cell	tumors
Germinoma
Embryonal	carcinoma
Yolk	sac	tumor
Choriocarcinoma
Teratoma
Mature	teratoma
Immature	teratoma
Teratoma	with	malignant	transformation
Mixed	germ	cell	tumor

Tumors	of	the	sellar	region
Craniopharyngioma
Adamantinomatous	craniopharyngioma
Papillary	craniopharyngioma
Granular	cell	tumor	of	the	sellar	region
Pituicytoma
Spindle	cell	oncocytoma

Metastatic	tumors

ANATOMIC	LOCATION	AND	CLINICAL	CONSIDERATIONS
Intracranial	Tumors
Intracranial	tumors	produce	five	categories	of	symptoms:	those	arising	from	increased	intracranial	pressure	(ICP),
seizures,	 physiologic	 deficits	 specific	 to	 location,	 higher	 order	 neurocognitive	 deficits,	 and	 endocrinologic
dysfunction.	A	headache	arises	 from	 irritation	of	 the	dura	or	 intracranial	 vessels	or	 as	 a	 result	 of	 elevated	 ICP
from	tumor	bulk,	edema,	or	obstruction	of	a	cerebrospinal	fluid	(CSF)	pathway.	Slow-growing	tumors	may	grow
to	a	 remarkably	 large	 size	without	producing	headaches,	whereas	 rapidly	growing	 tumors	 can	cause	headaches
early	in	their	course.	Small	tumors	can	cause	headaches	by	growing	in	an	enclosed	space	that	is	richly	innervated
with	pain	fibers,	such	as	the	cavernous	sinus,	or	by	causing	obstructive	hydrocephalus.	Nausea	and	vomiting,	gait
and	balance	alterations,	personality	changes,	and	slowing	of	psychomotor	function	or	even	somnolence	may	be
present	 with	 increased	 ICP.	 Because	 ICP	 increases	 with	 recumbency	 and	 hypoventilation	 during	 sleep,	 early-
morning	headaches	that	awaken	the	patient	are	typical.	Sometimes,	the	only	presenting	symptoms	are	changes	in
personality,	mood,	or	mental	capacity	or	slowing	of	psychomotor	activity.	Such	changes	may	be	confused	with
depression,	especially	in	older	patients.	Although	fewer	than	6%	of	first	seizures	result	from	brain	tumors,	almost
one-half	of	patients	with	supratentorial	brain	tumors	present	with	seizures.	An	adult	with	a	first	seizure	that	occurs
without	an	obvious	precipitating	event	should	undergo	magnetic	resonance	imaging	(MRI).

Tumors	 are	 sometimes	 associated	 with	 location-specific	 symptoms.	 Frontal	 tumors	 cause	 changes	 in
personality,	loss	of	initiative,	and	abulia	(loss	of	ability	to	make	independent	decisions).	Posterior	frontal	tumors
can	 produce	 contralateral	 weakness	 by	 affecting	 the	 motor	 cortex	 and	 expressive	 aphasia	 if	 they	 involve	 the
dominant	 (usually	 the	 left)	 frontal	 lobe.	Bifrontal	 disease,	 seen	with	 “butterfly”	 gliomas	 and	 lymphomas,	may
cause	 memory	 impairment,	 labile	 mood,	 gait	 imbalance,	 and	 urinary	 incontinence.	 These	 symptoms	 may	 be
related	to	alteration	of	normal	cortex	and	white	matter	by	the	tumor	itself	or	by	surrounding	tumor-related	edema.
Improvement	of	symptoms	after	a	short	course	of	high-dose	glucocorticoids	is	often	an	indicator	of	whether	the



findings	 are	 related	 to	 tumor-associated	 edema.	 In	 the	 case	 of	 CNS	 lymphoma,	 corticosteroids	 can	 have	 a
cytotoxic	effect	also	with	a	reduction	in	the	tumor	mass.

Temporal	tumors	might	not	only	cause	symptoms	detectable	only	on	careful	testing	of	perception	and	spatial
judgment	 but	might	 also	 impair	memory.	Homonymous	 superior	 quadrantanopsia,	 auditory	 hallucinations,	 and
abnormal	behavior	can	occur	with	tumors	in	either	temporal	lobe.	Nondominant	temporal	tumors	can	cause	minor
perceptual	 problems	 and	 spatial	 disorientation.	 Dominant	 temporal	 lobe	 tumors	 can	 present	 with	 dysnomia,
impaired	 perception	 of	 verbal	 commands,	 and	 ultimately	 fluent	 (Wernicke-like)	 aphasia.	 Seizures	 are	 more
common	from	tumors	in	this	location.

Parietal	tumors	affect	sensory	and	perceptual	functions.	Sensory	disorders	range	from	mild	sensory	extinction
or	stereognosis,	which	are	observable	only	by	testing,	to	a	more	severe	sensory	loss	such	as	hemianesthesia.	Poor
proprioception	 in	 the	affected	 limb	 is	 common	and	 is	 sometimes	associated	with	gait	 instability.	Homonymous
inferior	quadrantanopsia,	incongruent	hemianopsia,	or	visual	inattention	may	occur.	Nondominant	parietal	tumors
may	cause	contralateral	neglect	and,	in	severe	cases,	anosognosia	and	apraxia.	Dominant	parietal	tumors	lead	to
alexia,	 dysgraphia,	 and	 certain	 types	 of	 apraxia.	 Occipital	 tumors	 can	 produce	 contralateral	 homonymous
hemianopsia	 or	 complex	 visual	 aberrations,	 affecting	 perception	 of	 color,	 size,	 or	 location.	 Bilateral	 occipital
tumors	can	produce	cortical	blindness.

Classic	 corpus	 callosum	 disconnection	 syndromes	 are	 rare	 in	 brain	 tumor	 patients,	 even	 though	 infiltrative
gliomas	often	 cross	 the	 corpus	 callosum	 in	 the	 region	of	 the	genu	or	 the	 splenium.	 Interruption	of	 the	 anterior
corpus	callosum	can	cause	a	failure	of	the	left	hand	to	carry	out	spoken	commands.	Lesions	in	the	posterior	corpus
callosum	interrupt	visual	fibers	that	connect	the	right	occipital	lobe	to	the	left	angular	gyrus,	causing	an	inability
to	read	or	name	colors.

Thalamic	 tumors	 can	 cause	 local	 effects	 and	 also	 obstructive	 hydrocephalus.	 Either	 sensory	 or	 motor
syndromes	or,	on	the	dominant	side,	aphasia	is	possible.	Thalamic	pain	disorders	or	motor	syndromes	from	basal
ganglia	involvement	may	also	occur.	The	most	common	brain	stem	tumor	is	the	pontine	glioma,	which	presents
most	frequently	with	cranial	nerve	VI	and	VII	palsies.	Long	tract	signs	usually	follow,	with	hemiplegia,	unilateral
limb	 ataxia,	 gait	 ataxia,	 paraplegia,	 hemisensory	 syndromes,	 gaze	 disorders,	 and	 occasionally	 hiccups.	 Tectal
involvement	causes	Parinaud	syndrome,	peduncular	lesions	cause	contralateral	motor	impairment,	and	obstruction
of	the	aqueduct	causes	hydrocephalus.

Tumors	 in	 the	medulla	 can	have	 a	 fulminant	 course,	 including	dysphagia;	 dysarthria;	 and	deficits	 in	 cranial
nerves	IX,	X,	and	XII.	Involvement	of	the	medullary	cardiac	and	respiratory	centers	can	result	in	a	rapidly	fatal
course.	 Fourth	 ventricular	 tumors	 because	 of	 their	 location,	 cause	 symptomatic	 obstructive	 hydrocephalus	 at	 a
relatively	small	 size,	with	associated	disturbances	of	gait	and	balance.	 In	addition,	nausea	and	vomiting	can	be
symptoms	of	a	fourth	ventricular	mass.	Rapidly	enlarging	lesions	may	end	in	cerebellar	herniation.

Cerebellar	 tumors	 have	 variable	 localizing	 presentations.	 Midline	 lesions	 in	 and	 around	 the	 vermis	 cause
truncal	 and	gait	 ataxia,	whereas	more	 lateral	hemispheric	 lesions	 lead	 to	unilateral	 appendicular	 ataxia,	 usually
worst	in	the	arm.	Abnormal	head	position,	with	the	head	tilting	back	and	away	from	the	side	of	the	tumor,	is	seen
often	 in	 children	 but	 rarely	 in	 adults.	 Mass	 lesions	 within	 or	 abutting	 the	 brain	 or	 spinal	 cord	 can	 cause
displacement	of	vital	neurologic	structures.	This	can	lead,	in	the	brain,	to	herniation	syndromes	with	respiratory
arrest	and	death	and,	in	the	spine,	to	paraplegia	or	quadriplegia.	A	hemorrhage	into	a	tumor	can	also	cause	acute
neurologic	deterioration.	This	is	often	associated	with	iatrogenic	coagulopathies	such	as	thrombocytopenia	due	to
chemotherapy	or	anticoagulation	 therapy	 for	deep	venous	 thrombosis.	Primary	 tumors	 that	most	often	bleed	de
novo	 are	 GBM	 and	 oligodendrogliomas;	 of	 the	 metastatic	 tumors,	 lung	 cancer,	 melanoma,	 renal	 cell	 cancer,
thyroid	cancer,	and	choriocarcinoma	most	often	show	hemorrhage.

Lumbar	 puncture	 should	 not	 be	 performed	 in	 any	 of	 the	 acute	 herniation	 syndromes	 or	when	 herniation	 is
imminent.	In	fact,	a	lumbar	puncture	should	be	avoided	in	the	setting	of	significantly	elevated	ICP	that	is	directly
related	to	a	tumor’s	mass	effect	or	to	obstructive	hydrocephalus.

Spinal	Axis	Tumors
For	the	clinical	presentation	of	tumors	of	the	spinal	axis	to	be	understood,	the	local	anatomy	must	be	appreciated.
A	spinal	tumor	can	produce	local	(focal)	and	distal	(remote)	symptoms	or	both.	Local	effects	indicate	the	tumor’s
location	along	the	spinal	axis,	and	distal	effects	reflect	involvement	of	motor	and	sensory	long	tracts	within	the
cord.

Distal	 symptoms	 and	 signs	 are	 confined	 to	 structures	 innervated	 below	 the	 level	 of	 the	 tumor.	 Neurologic
manifestations	often	begin	unilaterally,	with	weakness	and	spasticity	if	the	tumor	lies	above	the	conus	medullaris
or	weakness	 and	 flaccidity	 if	 the	 tumor	 is	 at	 or	 below	 the	 conus.	 Impairment	 of	 sphincter	 and	 sexual	 function
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occurs	 later	unless	 the	 tumor	 is	 in	 the	conus.	The	upper	 level	of	 impaired	 long-tract	 function	usually	 is	 several
segments	below	the	tumor’s	actual	site.	Local	manifestations	may	reflect	involvement	of	bone	(with	axial	pain)	or
spinal	roots,	with	radicular	pain	and	loss	of	motor	and	sensory	functions	of	the	root	or	roots.

NEURODIAGNOSTIC	TESTS
Magnetic	Resonance	Imaging
The	 imaging	modality	of	choice	for	most	CNS	tumors	 is	MRI,	which	can	demonstrate	anatomy	and	pathologic
processes	in	detail.22	CT	is	generally	reserved	for	those	unable	(e.g.,	because	of	an	implanted	pacemaker,	metal
fragment,	or	paramagnetic	surgical	clips)	or	unwilling	(e.g.,	because	of	claustrophobia)	to	undergo	MRI.	Because
of	the	link	of	nephrogenic	systemic	fibrosis	with	the	infusion	of	gadolinium-based	contrast	agents,	there	are	new
preventative	guidelines	regarding	the	administration	of	gadolinium	in	patients	who	may	be	at	high	risk.23

The	most	useful	 imaging	 studies	are	T1-weighted	 sagittal	 images,	gadolinium-enhanced	and	unenhanced	T1
axial	images,	and	T2-weighted	axial	images	(Fig.	94.2).	Contrast-enhanced	MRI	provides	an	improved	ability	to
discern	 tumors	 from	 other	 pathologic	 entities,	 one	 tumor	 type	 from	 another,	 and	 putatively	 higher	 from	 lower
grade	malignancies.	There	are,	however,	limitations	in	anatomic	MRI	to	definitively	diagnose	a	mass	lesion	as	a
tumor.24	 Other	 confounding	 diagnoses	 include	 bacterial	 abscesses,	 inflammatory	 disease	 such	 as	 sarcoidosis,
tumefactive	demyelination,	and	acute	ischemic	disease.	It	is	conventionally	believed	that	most	low-grade	gliomas
(except	 pilocytic	 astrocytomas	 and	 pleomorphic	 xanthoastrocytoma)	 do	 not	 enhance,	 but	 in	 reviewing	 imaging
studies	of	patients	enrolled	in	several	clinical	trials,	it	is	apparent	that	this	may	not	be	so	categorical,	in	that	even
low-grade	 gliomas	 may	 frequently	 contain	 areas	 of	 enhancement,	 raising	 the	 concern	 that	 these	 areas	 might
represent	high-grade	or	malignant	transformation	(Fig.	94.3).25	In	addition,	some	high-grade	lesions	may	not	have
contrast	 enhancement	 on	 MRI.	 Imaging	 is	 also	 unable	 to	 discern	 different	 histologic	 subtypes;	 however,	 the
presence	of	calcifications	is	typical	of	oligodendroglioma.

Figure	94.2	Magnetic	resonance	imaging	of	a	patient	with	a	malignant	glioma	demonstrates	a
large	mass	with	heterogenous	enhancement	(A)	and	significant	edema	(B)	on	the	T2-weighted

sequences.

Neuraxis	or	Spinal	Imaging
In	the	evaluation	of	spinal	cord	tumors,	MRI	is	also	the	preferred	modality,	providing	superb	visualization	of	the
spinal	cord	contour	and	 (with	gadolinium	contrast)	of	most	 intrinsic	 tumors	 (e.g.,	ependymomas,	astrocytomas,
meningiomas,	 and	 schwannomas)	 as	well	 as	 facilitating	 the	 diagnosis	 of	 leptomeningeal	 dissemination.	Tumor
cysts	 are	 readily	 identified	 on	 MRI,	 and	 spinal	 cord	 tumors	 can	 often	 be	 distinguished	 from	 syringomyelia.



Ideally,	neuraxis	imaging	should	be	performed	before	surgery.	In	the	immediate	postoperative	period,	spinal	MRI
scans	may	be	difficult	to	interpret	because	arachnoiditis	and	blood	products	can	mimic	leptomeningeal	metastasis.
Delayed	 spinal	 MRI	 (>3	 weeks	 after	 surgery)	 combined	 with	 an	 increased	 dose	 of	 gadolinium	 is	 a	 sensitive
imaging	study	for	leptomeningeal	disease.

Supplementary	Imaging	Modalities
Supplementary	 MRI	 techniques	 include	 magnetic	 resonance	 spectroscopy,	 dynamic	 contrast-enhanced	 MRI,
diffusion-perfusion	MRI,	and	functional	MRI.26	These	have	been	used	in	neurooncology	for	over	a	decade	and,	on
a	case-by-case	basis,	 sometimes	provide	clinically	actionable	data	and	 information,	but	 for	 the	most	part,	 these
techniques	have	not	yielded	definitive	distinction	between,	for	example,	benign	and	malignant	tumors,	progressive
tumors	 and	 pseudoprogression,	 tumor	 growth	 and	 necrosis,	 treatment	 response,	 and	 treatment-induced
inflammatory	changes.	In	addition,	metabolic	imaging	using	positron	emission	tomography	and	various	tracers	is
being	 explored,	 and	 in	 Europe,	 somatostatin	 analog–based	 positron	 emission	 tomography	 imaging	 is	 being
increasingly	used,	even	outside	the	context	of	a	clinical	trial.27	Most	of	these	techniques	remain	to	be	validated	as
biomarkers	of	biologic	behavior	or	clinical	outcome	because	 their	accuracy	 remains	 low	 in	unselected	patients.
Posttreatment	metabolic	 scans	may	 help	 distinguish	 recurrence	 from	 treatment-related	 changes,	 although	most
modalities	 have	 a	 relatively	 high	 false-negative	 rate.	A	modification	 of	 the	 standard	MRI	 is	 quick	 brain	MRI,
which	uses	single-shot,	 fast-spin	echo	 imaging	 to	allow	for	adequate	demonstration	of	ventricular	anatomy	and
appropriate	evaluation	of	shunt	function.

Figure	94.3	A:	Low-grade	astrocytomas	often	do	not	enhance,	and	contrast-enhanced	T1-
weighted	magnetic	resonance	sequences	considerably	underestimate	the	true	infiltrative	extent	of
these	neoplasms.	B:	The	fluid-attenuated	inversion	recovery	(FLAIR)	sequence	is	considerably

more	useful	in	appreciating	the	true	extent	of	such	neoplasms.

Pseudoresponse	and	Pseudoprogression
In	malignant	gliomas	treated	with	combined-modality	therapy,	it	is	speculated	that	25%	to	40%	or	even	more	may
experience	imaging	changes	relatively	early	in	the	course	of	therapy,	usually	within	a	few	months,	which	appear
consistent	with	radiographic	“progression.”	However,	with	time	and	without	any	therapy,	many	of	these	changes
actually	improve	or	even	resolve	(pseudoprogression),	and	in	patients	operated	on	with	a	presumptive	diagnosis	of
tumor,	the	histopathology	often	reveals	large	areas	of	tumor	necrosis.28	This	phenomenon	was	initially	described
when	 temozolomide	 was	 combined	 with	 radiotherapy,	 but	 it	 remains	 an	 issue	 for	 many	 therapies,	 including
vaccine-based	therapies,	convection-enhanced	drug	delivery	approaches,	and	immune	checkpoint	inhibitors.	With
the	advent	of	antiangiogenic	therapies	for	malignant	gliomas,	rapid	resolution	of	tumor	enhancement	is	visualized
on	MRI,	 sometimes	 within	 days.	 This	 is	 consistent	 with	 the	 traditional	 definition	 of	 response,	 but	 in	 several
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instances,	 especially	 with	 time,	 even	 in	 the	 absence	 of	 contrast	 enhancement,	 tumor	 progression	 and	 clinical
deterioration	 occur,	 which	 are	 sometimes	 appreciated	 as	 T2	 or	 fluid-attenuated	 inversion	 recovery	 (FLAIR)
changes;	this	phenomenon	is	labeled	as	pseudoresponse.29

Cerebrospinal	Fluid	Examination
Typically,	 medulloblastoma,	 ependymoma,	 choroid	 plexus	 carcinoma,	 lymphoma,	 and	 some	 embryonal	 pineal
and	suprasellar	region	tumors	have	a	high	enough	likelihood	of	spreading	to	justify	CSF	examinations	to	evaluate
for	malignant	cells	(cytology)	and	specific	markers,	such	as	human	chorionic	gonadotropin-β	and	α-fetoprotein.

CSF	spread	of	a	 tumor	may	be	associated	with	several	possible	 findings,	 including	CSF	pressure	above	150
mm	H2O	at	 the	lumbar	level	 in	a	 laterally	positioned	patient;	elevated	protein,	 typically	greater	 than	40	mg/dL;
reduced	 glucose	 (<50	 mg/mL);	 and	 tumor	 cells	 by	 cytologic	 examination.	 A	 high	 protein	 concentration	 with
normal	glucose	levels	and	normal	cytology	is	also	seen	with	base	of	skull	tumors,	such	as	vestibular	schwannoma,
and	with	 spinal	 cord	 tumors	 that	 obstruct	 the	 subarachnoid	 space	 and	 produce	 stasis	 of	 the	CSF	 in	 the	 caudal
lumbar	 sac.	 Sampling	 of	 the	 CSF	 in	 the	 immediate	 postoperative	 period	 may	 lead	 to	 false-positive	 results,
however,	and	is	best	done	before	surgery	or	more	than	3	weeks	after	surgery,	as	long	as	there	is	no	uncontrolled
raised	ICP.

SURGERY
Preoperative	Considerations
The	major	objectives	of	surgery	are	 to	maximally	remove	bulk	 tumor,	 reduce	 tumor-associated	mass	effect	and
elevated	ICP,	and	provide	tissue	for	pathologic	analysis	in	a	manner	that	minimizes	risk	to	neurologic	functioning.
For	some	tumors,	a	complete	resection	can	be	curative.	However,	most	brain	tumors	are	diffusely	infiltrative;	for
these,	surgical	cure	is	rarely	possible.	Nonetheless,	surgery	can	rapidly	reduce	tumor	bulk	with	potential	benefits
in	terms	of	mass	effect,	edema,	and	hydrocephalus.	Furthermore,	there	is	mostly	retrospective	evidence	for	both
high-	and	low-grade	infiltrative	gliomas	for	which	maximizing	the	extent	of	bulk	tumor	removal	is	associated	with
a	 better	 outcome,	 albeit	 so	 long	 as	 new,	 permanent	 neurologic	 deficits	 are	 avoided.30,31	 The	 requirement	 for
histopathologic	confirmation	of	diagnosis	is	not	necessary	in	certain	well-defined	situations,	but	a	tissue	diagnosis
is	 still	 required	 to	 determine	 the	 appropriate	 treatment	 course	 in	most	 circumstances.	 As	molecularly	 targeted
therapies	 become	 useful,	 tissue	 removal	 for	molecular	 analysis	will	 become	more	 necessary	 to	 guide	 therapy.
Pseudoprogression	 may	 make	 tissue-based	 confirmation	 necessary	 before	 changes	 in	 therapy	 are	 instituted.29
Technologic	 advances	 in	 surgical	 approaches,	 techniques,	 and	 instrumentation	 have	 rendered	 most	 tumors
amenable	to	resection;	however,	for	some	tumor	types	or	locations,	the	risk	of	open	operation	supports	the	choice
of	 biopsy	 for	 obtaining	 diagnostic	 tissue.	 Biopsy	 techniques	 include	 stereotactic	 biopsy	 (with	 or	 without	 a
stereotactic	 frame)	 using	 CT,	 MRI,	 or	 both	 to	 choose	 the	 target.	 Metabolic	 or	 spectroscopic	 imaging	 can	 be
coregistered	with	anatomic	images	to	choose	targets	that	may	be	of	higher	biologic	aggressiveness	within	a	tumor
that	 appears	 homogeneous	 on	 standard	 imaging.	 Additional	 imaging	 adjuncts,	 including	 functional	 MRI	 and
intraoperative	MRI,	can	help	to	define	surgical	risk	to	neurologic	functions	and	ensure	more	complete	resections
when	feasible	from	a	risk	standpoint.32	A	more	recently	used	surgical	technique	involves	the	application	of	MRI-
guided	thermal	therapy	delivered	via	a	cooled,	stereotactic	laser	probe.33	Although	this	technique	has	been	shown
to	be	safe	and	of	particular	utility	 for	 tumors	 that	are	 typically	viewed	as	 inaccessible	 to	surgical	 resection,	 the
question	 of	whether	 this	 form	 of	 thermal	 therapy	 provides	 an	 equivalent	 benefit	 as	 surgical	 resection	 remains
under	investigation.

Unless	 a	 lymphoma	 is	 being	 considered,	 patients	 are	 given	 corticosteroids,	 usually	 dexamethasone,
immediately	preoperatively	and	often	for	several	days	before	surgery	to	reduce	cerebral	edema	and	thus	minimize
secondary	 brain	 injury	 from	 cerebral	 retraction.	 Steroid	 administration	 is	 then	 continued	 in	 the	 immediate
postoperative	period	and	tapered	off	as	quickly	as	possible.	Antibiotics	are	given	just	before	making	the	incision
to	decrease	the	risk	of	wound	infection.

Anesthesia	and	Positioning
The	 routine	 use	 of	 prophylactic	 anticonvulsants	 in	 the	 perioperative	 period	 is	 a	 common	 practice	 despite
recommendations	 that	would	 seem	 to	discourage	 that	 practice.	Patients	with	 a	history	of	 seizures	need	 to	have



their	 anticonvulsants	 maintained	 at	 therapeutic	 dose	 levels.	 Under	 certain	 circumstances,	 such	 as	 for	 awake
craniotomies	with	electrocorticography,	the	use	of	anticonvulsants	for	a	short	time	might	be	warranted.

General	Surgical	Principles
Image-guided	 navigation	 systems	 routinely	 are	 used	 to	 localize	 tumor	 margins	 as	 they	 project	 to	 the	 cranial
surface	and	thus	allow	for	smaller,	precisely	positioned	craniotomies	as	opposed	to	the	prior	practice	that	involved
only	the	neurosurgeon’s	interpretation	of	preoperative	imaging.	For	tumors	not	resectable	because	of	their	location
or	diffuseness,	a	biopsy	can	be	performed	stereotactically	using	frameless	or	frame-based	techniques.	Tumors	that
are	limited	to	the	cortical	surface	may	be	best	sampled	with	an	open	biopsy,	under	direct	vision,	due	to	the	risk	of
inadvertent	injury	to	a	cortical	vessel	with	a	more	limited,	needle-based	approach.

Specialized	 technology	 can	 be	 used	 to	 help	 define	 the	 completeness	 of	 a	 resection.	 Often,	 preoperative
mapping	of	functional	areas	and	their	connections	with	MRI-based	techniques	are	used	to	delineate	both	cortical
areas	 and	 important	 subcortical	 white	 matter	 tracts	 that	 subserve	 speech	 and	 motor	 function.	 Image-guided
navigation	systems	may	lose	accuracy	over	the	course	of	an	operation	due	to	brain	shift	or	cyst	decompression.
Intraoperative	imaging	with	ultrasound,	CT,	or	MRI	may	be	used	to	determine	the	extent	of	residual	tumor	and	to
further	 localize	 areas	 where	 additional	 tumor	 may	 be	 removed	 safely.34	 There	 has	 been	 growing	 use	 of	 5-
aminolevulinic	acid,	a	prodrug	that	is	converted	by	glioma	cells	into	fluorescent	porphyrins	that	can	be	visualized
with	 an	 operating	 microscope	 equipped	 with	 a	 fluorescent	 imaging	 system.	 The	 impact	 of	 the	 use	 of	 5-
aminolevulinic	 acid	 to	 guide	 resection	 of	 GBM	 on	 completeness	 of	 surgical	 resection	 and	 progression-free
survival	(PFS)	has	been	demonstrated	in	a	phase	III	trial.35	Its	use	is	limited	to	tumors	that	enhance	with	contrast
on	MRI	(or	CT)	because	the	conversion	of	prodrug	in	low-grade	tumors	does	not	produce	a	sufficient	amount	of
fluorescent	porphyrin	to	be	visualized	intraoperatively.

Intraoperative	 cortical	 stimulation	mapping	 facilitates	 the	 resection	 of	 tumors	 in	 or	 adjacent	 to	 functionally
critical	 areas.	Motor	 functions	 can	 be	mapped	 even	 under	 general	 anesthesia;	 however,	 anesthetic	 agents	may
increase	 the	 threshold	 to	 response	 and	 hence	 decrease	 the	 sensitivity	 of	mapping.	 Sensory	 cortex	 and	 speech-
associated	cortex	are	typically	mapped	during	an	awake	craniotomy.	Patients	are	monitored	in	a	specialized	care
unit	overnight	after	surgery,	and	an	MRI	is	done	within	24	to	48	hours	 to	evaluate	 the	extent	of	any	remaining
tumor.	It	 is	important	that	this	MRI	is	done	before	72	hours	to	minimize	the	appearance	of	nonspecific	contrast
enhancement	that	is	related	to	surgery	and	might	be	mistaken	for	residual	tumor.36

Reresection	of	 recurrent	cerebral	astrocytomas	can	be	modestly	efficacious.	When	 the	 initial	 tumor	was	 low
grade,	 histologic	 resampling	 may	 be	 necessary	 to	 guide	 further	 treatment	 at	 recurrence.	 Reoperation	 offers	 a
chance	 to	 implant	 polymer	 wafers	 containing	 carmustine	 (bis-chloroethylnitrosourea)	 or	 to	 administer
experimental	agents,	such	as	gene	therapy	agents	or	immunotoxins.	An	increasingly	important	aspect	of	resection
is	the	need	for	tumor	sampling	to	allow	for	a	molecular	marker	analysis,	which	might	provide	and	aid	in	assessing
the	prognosis	as	well	as	the	probability	of	benefit	from	both	chemotherapeutic	and	targeted	therapies.

RADIATION	THERAPY
General	Concepts
Radiation	therapy	plays	an	integral	role	in	the	treatment	of	most	malignant	and	many	benign	primary	CNS	tumors.
It	is	often	used	postoperatively	as	adjuvant	treatment	to	decrease	local	failure,	to	delay	recurrence,	and	to	prolong
survival	 in	 gliomas;	 as	 definitive	 treatment	 in	more	 radiosensitive	 diseases	 such	 as	 primitive	 neuroectodermal
tumor	 (PNET)	 and	 germ	 cell	 tumors;	 as	 therapy	 to	 halt	 further	 tumor	 growth	 in	 schwannomas,	meningiomas,
pituitary	 tumors,	 and	 craniopharyngiomas;	 or	 as	 ablative	 therapy	 to	 abrogate	 hormonal	 overproduction	 in
secretory	pituitary	adenomas.

Radiobiologic	and	Toxicity	Considerations
Most	neoplasms	can	potentially	be	cured	if	the	correct	radiation	dose	can	be	delivered	to	the	entire	tumor	and	its
microscopic	extensions.	This	is	not	always	feasible	because	the	maximum	radiation	dose	deliverable	is	limited	by
the	tolerance	of	the	surrounding	normal	tissues,	and	the	identification	of	regions	of	microscopic	extension	remains
vague.	 Radiation	 tolerance	 of	 the	 CNS	 depends	 on	 several	 factors,	 including	 total	 dose,	 fraction	 size,	 volume
irradiated,	 underlying	 comorbidities	 (particularly	 hypertension	 and	 diabetes),	 concomitant	 therapies,	 and	 innate
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sensitivity.	Adverse	 reactions	 to	cranial	 irradiation	differ	 in	pathogenesis	and	 temporal	presentation	and	are	not
discussed	in	detail	here.

A	major	radiobiologic	consideration	revolves	around	the	selection	of	total	dose	and	the	fractionation	schedule.
Late	or	long-term	toxicities	are	generally	a	function	of	fraction	size	(i.e.,	dose	per	daily	fraction	of	treatment),	and
therefore,	as	the	fraction	size	is	increased,	such	as	with	radiosurgery,	higher	late	toxicity	rates	must	be	anticipated,
assuming	that	normal	tissue	is	encompassed	within	the	high-dose	field.	These	late	toxicities	from	larger	fraction
sizes	 can	 be	minimized	 by	minimizing	 the	 volume	 irradiated,	 as	 is	 done	with	 radiosurgery,	 thereby	 drastically
reducing	the	volume	of	normal	tissues	exposed	to	high	doses.	Proton	and	charged-particle	therapy,	such	as	carbon,
is	 characterized	 by	minimal	 to	 no	 exit	 dose	 beyond	 the	 target	 (where	 the	 so-called	Bragg	 peak	 [i.e.,	 the	 peak
region	of	dose	deposition]	is	placed),	thereby	sharply	targeting	the	dose	and	advantageously	sparing	tissue	distal
to	 the	 target.	 For	 radiosurgery,	 doses	 of	 approximately	 12	 to	 24	 Gy	 in	 a	 single	 fraction	 are	 often	 used.
Increasingly,	 with	 the	 recognition	 that	 fractionation	 has	 multiple	 inherent	 advantages	 and	 that	 single-fraction
radiosurgery	is	effective	only	for	small	intracranial	targets,	the	treatment	of	larger	tumors	is	being	performed	with
three	to	five	fractions	of	stereotactically	guided	radiotherapy,	the	so-called	fractionated	stereotactic	radiotherapy
(FSRT)	approach.	 In	conventional	 radiotherapy,	 fraction	sizes	of	2	Gy	are	 routinely	used;	 fraction	size	may	be
lowered	to	1.8	Gy	per	fraction	in	proximity	to	the	visual	apparatus	or	when	treating	patients	with	the	expectation
of	very	long	survivorship,	or	the	fraction	size	may	be	increased	to	3	Gy	or	more	in	patients	with	shorter	palliative
schedules	 and	 lesser	 concern	 regarding	 long-term	 morbidities.	 In	 general,	 the	 entire	 target	 is	 treated	 with	 a
relatively	uniform	dose,	but	with	the	advent	of	newer	delivery	methods,	it	is	possible	to	create	dose	gradients	or
dose	 inhomogeneities	 within	 the	 tumor	 to	 match	 differential	 radiosensitivity.	 However,	 this	 concept	 of	 dose
painting	remains	investigational.

Treatment	Planning	and	Delivery	Methods
High-resolution	magnetic	resonance	fusion	with	CT	planning	images	has	allowed	for	more	precise	delineation	of
targets,	although	a	significant	margin,	particularly	with	gliomas,	is	still	necessary	to	cover	microscopic	extension.
Patient	 immobilization	 devices	 limit	 intrafraction	 motion	 and	 provide	 precision	 in	 positioning,	 decreasing	 the
margin	 required	 for	 setup	 variability.	 Image-guided	 radiotherapy,	 using	 biplanar	 orthogonal	 x-ray	 imaging
systems,	 cone-beam	 CT,	 megavoltage	 CT,	 surface	 tracking,	 and	 fiducial	 monitoring,	 further	 improves	 setup
reproducibility	and	allows	for	decreased	margins.

Image-guided	radiotherapy	can	be	 incorporated	with	any	radiotherapy	method,	such	as	fractionated	external-
beam	radiotherapy	and	stereotactic	radiosurgery	(SRS),	and	is	practically	mandatory	for	charged-particle	therapy,
frameless	 radiosurgery,	 FSRT,	 and	 intensity-modulated	 radiotherapy	 (IMRT).	 CT-based	 three-dimensional
conformal	 radiation	 (3D-CRT)	 in	 which	 noncoplanar	 fields	 with	 unique	 entrance	 and	 exit	 pathways	 can	 be
mapped	on	the	target	has	improved	normal	tissue	sparing.	This	allows	for	avoidance	of	critical	structures,	such	as
the	brain	 stem,	optic	apparatus,	 and	 spinal	 cord.	 In	 IMRT,	 the	photon	 flux	of	a	beam	 is	modulated	 in	multiple
directions	 during	 treatment,	 aimed	 at	 mimicking	 the	 shape	 of	 the	 target	 from	 various	 viewpoints,	 thereby
producing	improved	conformality	and	nonuniform	dose	distribution	from	each	field,	but	the	composite	summates
to	a	uniform	dose	distribution	within	the	tumor.	This	technique	does	permit	the	creation	of	nonuniform	dose	levels
within	a	tumor,	which	could	be	biologically	advantageous	because	more	resistant	subvolumes	could	be	boosted	to
higher	doses	while	maintaining	a	 lower	dose	 for	 the	 sensitive	 subregions.	 IMRT	 is	 increasingly	being	used	 for
CNS	tumors,	based	primarily	on	dosimetric	studies,	which	suggest	superior	tumor	coverage	and	reduction	in	the
dose	to	critical	structures	(Fig.	94.4).37	This	can	be	beneficial	in	specific	instances,	such	as	to	preserve	cochlear
function,	vision,	or	pituitary	activity.



Figure	94.4	Intensity-modulated	radiotherapy	allows	dose	shaping	to	avoid	critical	structures.	In
this	treatment	plan	of	a	right	frontal	oligodendroglioma	(orange),	tight	target	coverage	and	excellent
conformal	avoidance	of	the	optic	chiasm	(red)	and	pituitary	(purple)	are	achieved,	as	evidenced	by

the	dose-volume	histogram	(DVH).

In	 FSRT,	 the	 concepts	 of	 3D-CRT	 or	 IMRT	 are	 merged	 with	 the	 accuracy	 and	 precision	 in	 delivery	 that
characterizes	SRS,	and	 typically,	 the	 radiation	 fraction	size	 is	considerably	 increased	so	 that	 the	 total	course	of
therapy	is	reduced	from	the	typical	20	to	30	or	more	fractions	to	5	or	fewer	fractions.	Various	FSRT	systems	have
been	developed,	with	reported	precision	between	1	and	3	mm.38	FSRT	is	often	used	for	 larger	 lesions	(e.g.,	≥4
cm)	and	for	lesions	located	in	critical	regions	where	single-fraction	SRS	is	disadvantageous	because	of	a	higher
risk	of	toxicity,	such	as	larger	vestibular	schwannomas	or	meningiomas.

SRS	 is	 used	 to	 treat	 a	 diverse	 group	 of	 lesions.	 Treatment	 can	 be	 carried	 out	 using	 either	 a	 modified	 or
dedicated	 linear	accelerator,	cobalt-60	units,	or	charged-particle	devices.	Several	commercial	devices	have	now
been	developed,	each	with	slightly	unique	features,	including	robots	that	position	the	linear	accelerator	at	various
angles,	collimation	systems	that	provide	prefixed	circular	collimators	of	various	sizes	or	shaped	collimated	beams,
and	 even	 intensity-modulated	 delivery	 from	 one	 or	 multiple	 directions,	 delivered	 serially,	 helically,	 or
volumetrically.	Radiosurgery	plays	a	dominant	role	in	the	treatment	of	oligometastases	to	the	brain,	arteriovenous
malformations,	 schwannomas,	 and	 meningiomas	 and	 is	 occasionally	 used	 to	 treat	 malignant	 recurrences	 (Fig.
94.5).	There	is	a	chapter	dedicated	to	brain	metastases	(Chapter	116).

Intuitively,	 it	 is	 obvious	 to	 most	 that	 reducing	 the	 volume	 of	 brain	 parenchyma	 that	 does	 not	 need	 to	 be
irradiated	is	of	inherent	benefit	to	the	patient;	however,	this	concept	has	rarely	been	tested	in	randomized	trials,
primarily	because	of	considerable	patient	reluctance	to	“volunteer”	for	a	study	arm	that	by	design	would	expose	a
greater	 volume	 of	 brain	 parenchyma	 to	 unnecessary	 radiation.	 However,	 as	 challenging	 and	 complex	 as	 this
randomization	is,	Jalali	et	al.39	have	recently	completed	exactly	such	a	study	and	reported	remarkable	cognitive
and	 other	 benefits	 emanating	 from	 the	 use	 of	 the	 previously	 described	 advanced	 conformal	 techniques.
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Neurocognitive	and	endocrine	functional	outcomes	and	survival	at	5	years	in	young	patients	with	residual	and/or
progressive	benign	or	low-grade	brain	tumors	treated	with	advanced	versus	conventional	radiotherapy	techniques
were	assessed	in	a	phase	III	randomized	clinical	trial	that	enrolled	200	young	patients	(ages	3	to	25	years).	Mean
full-scale	or	global	IQ	and	performance	IQ	scores	over	a	period	of	5	years	were	significantly	superior	in	patients
treated	with	advanced	radiotherapy	compared	with	those	treated	with	conventional	radiotherapy.	The	cumulative
incidence	 of	 developing	 new	neuroendocrine	 dysfunction	 at	 5	 years	was	 significantly	 lower	 in	 patients	 treated
with	advanced	radiotherapy	techniques	compared	with	conventional	radiotherapy	(31%	versus	51%,	respectively;
P	=	.01).

Figure	94.5	Example	of	radiosurgery	dose	distribution.	This	schwannoma	is	being	treated	with
radiosurgery;	the	12.5-Gy	prescription	isodose	line	conforms	to	the	lesion.

Charged-particle	 beams,	 including	 protons	 (but	 not	 electrons),	 deposit	 the	majority	 of	 their	 dose	 at	 a	 depth
dependent	on	 the	 initial	 energy,	 avoiding	 the	 exit	 dose	of	photon	 therapy.	This	 localized	dose	 is	known	as	 the
Bragg	peak.	Historically,	 in	order	 to	cover	 larger	volumes,	proton	beams	have	been	modified	by	passive	 range
modulators	that	disperse	the	Bragg	peak	and	broaden	the	dose	deposition,	resulting	in	decreased	proximal	sparing,
while	still	maintaining	distal	sparing.	Newer	techniques,	using	“pencil	beams”	that	can	be	scanned	across	a	tumor
at	varying	depths,	 substantially	 improve	brain	sparing	by	not	only	almost	completely	eliminating	 the	unwanted
distal	 or	 exit	 dose	 but	 also	 significantly	 reducing	 the	 unwanted	 proximal	 or	 entry	 dose	 characteristic	 of	 older
techniques.	Charged-particle	 radiotherapy	 has	 been	 particularly	 used	 to	 treat	 tumors	 of	 the	 skull	 base	 to	 doses
higher	 than	can	be	achieved	conventionally	 and	 in	 reirradiation	 settings	where	conventional	 techniques	 are	 too
unsafe.	In	particular,	chordomas	and	chondrosarcomas	require	high	radiation	doses	for	local	control.	Proton	beams
have	 also	 been	 advocated	 for	 childhood	 tumors	 and	 tumors	 in	 young	 adults	 because	 they	 decrease	 integral
radiation	 dose,	 thereby	 decreasing	 the	 risk	 of	 second	malignancies,	 although	 concern	 about	 incidental	 neutron
production	exists.40	The	neutron	contamination	issue	is	almost	nonexistent	with	approaches	similar	to	the	photon
technique	of	intensity	modulation,	often	also	referred	to	as	intensity-modulated	proton	therapy,	which	allows	for
significantly	 superior	 dose	 sculpting.	 Increasingly,	 this	 approach	 is	 being	 used	 in	 patients	 with	 lower	 grade
neoplasms	of	 the	CNS,	 in	whom	survival	 is	anticipated	 to	be	 in	years	and	 in	whom	reduction	 in	 the	volume	of
normal	 brain	 irradiated	 is	 likely	 to	 produce	 benefits	 in	 cognitive,	 functional,	 and	 endocrine	 domains.41	 A
randomized	 trial	 comparing	proton	versus	 photon	 irradiation	 in	 patients	with	 lower	 grade	gliomas	has	 recently
been	initiated	by	NRG	Oncology.

With	the	advent	of	immune	checkpoint	inhibitors	in	oncology,	considerable	attention	has	been	focused	on	the
role	 and	 integrity	 of	 effector	 T	 cells	 in	 eradicating	 or	 controlling	 several	malignancies.	Although	 their	 role	 in
tumors	 of	 the	CNS	 is	 still	 being	 defined,	 increasing	 data	 demonstrate	 that	 lymphocytopenia	 is	 associated	with
inferior	 survival	 in	 malignant	 glioma.	 In	 a	 prospective,	 multicenter,	 observational	 trial	 of	 high-grade	 glioma
patients	 treated	with	 standard	chemoradiotherapy,	40%	of	patients	had	CD4	counts	<200	cells/μL	by	2	months
after	initiating	therapy.	Importantly,	after	adjusting	for	known	prognostic	factors,	patients	with	CD4	counts	<200
cells/μL	had	significantly	inferior	median	survival	as	compared	to	those	with	higher	CD4	counts	(13.1	versus	19.7
months,	respectively;	P	=	.002).	Interestingly,	the	cause	of	death	was	attributable	to	early	tumor	progression	and
not	 to	 opportunistic	 infections,	 as	 was	 the	 original	 hypothesis.	 Thus,	 these	 findings	 highlight	 the	 putative
importance	 of	 radiosensitive	 circulating	 CD4	 lymphocytes	 on	 tumor	 control	 and	 survival,	 implicating	 an
immunologic	mechanism.42	Because	 the	 irradiated	volume	of	brain	parenchyma	is	categorically	associated	with
lymphocytopenia,43	one	can	hypothesize	that	reducing	the	volume	of	irradiated	normal	brain	parenchyma	would
result	 in	 improved	 survival	 by	 maintaining	 T-cell	 integrity,	 and	 this	 concept	 is	 being	 tested	 in	 the	 ongoing



randomized	NRG	Oncology	BN001	 trial,	which	compares	proton	versus	photon	 therapy	 in	GBM	patients,	with
the	hypothesis	 that	 the	 reduction	 in	 the	 low-dose	volume	associated	with	protons	will	decrease	exposure	of	 the
circulating	 T-cell	 compartment	 within	 the	 brain,	 thereby	 resulting	 in	 less	 severe	 lymphocytopenia	 and	 thus
improvement	 in	 survival.	 Preliminary	 supportive	 evidence	 for	 this	 comes	 from	a	 small,	 50-patient	 unpublished
2012	 trial	 reported	by	Kumar	and	colleagues44	who	 randomized	GBM	patients	 to	 two	 treatment	arms,	with	 the
goal	 to	 address	 the	 question	 of	 treating	GBM	with	 limited	margins.	Arm	A	was	 treated	with	 a	 larger	margin,
whereas	arm	B	was	treated	with	a	smaller	margin.	The	treatment	volume	was	significantly	smaller	in	arm	B	(436
cm3	in	arm	A	versus	246	cm3	in	arm	B,	P	=	.001).	Recurrence	patterns	were	not	significantly	different	between
the	 groups.	However,	mean	 overall	 survival	 (OS)	was	 better	 in	 arm	B	 than	 arm	A	 (18.4	 versus	 14.8	months,
respectively;	P	=	.021).	Quality	of	life	was	assessed	(using	European	Organisation	for	Research	and	Treatment	of
Cancer	[EORTC]	Quality	of	Life	Questionnaires	BN20	and	C30)	and	was	significantly	better	in	arm	B	(P	=	.005),
providing	supportive	evidence	for	the	aforementioned	hypothesis.44

Brachytherapy	has	historically	been	widely	used	but	currently	has	a	 limited	role	 in	 the	CNS,	although	it	has
enjoyed	 some	 resurgence	and	 is	occasionally	used	 for	 recurrent	gliomas.	A	 liquid	colloid	of	organically	bound
iodine-125	(125I)	in	a	spherical	balloon	continues	to	be	used	to	treat	both	recurrent	and	newly	diagnosed	malignant
gliomas	and	brain	metastases	in	the	postoperative	context.	At	least	two	randomized	trials	using	seed	implants	have
failed	to	demonstrate	a	survival	advantage	in	malignant	gliomas.	The	injection	of	radioisotopes	within	the	cystic
portion	 of	 craniopharyngiomas	 allows	 ablation	 of	 the	 secretory	 lining.	 A	 select	 group	 of	 patients	 with	 cystic
tumors	may	benefit	 from	 the	 direct	 instillation	 of	 colloidal	 phosphorus-32	 (32P),	 yttrium-90	 (90Y),	 or	 gold-198
(198Au).45	This	technique	will	deliver	between	200	and	400	Gy	to	the	cyst	wall.

Radiolabeled	therapy	has	never	truly	materialized	as	a	substantive	option.	The	most	commonly	used	antigenic
targets	 for	CNS	malignancies	are	 the	epidermal	growth	 factor	 receptor	 (EGFR),	neural	 cell	 adhesion	molecule,
tenascin,	 placental	 alkaline	 phosphatase,	 and	 phosphatidylinositide.	 Institutions	 using	 this	 technique	 have	 used
murine,	chimeric,	or	humanized	monoclonal	antibodies	attached	to	131I,	90Y,	 rhenium-188	 (188Re),	and	astatine-
211	 (211At).	 The	 evolution	 of	 these	 trials	 has	 seen	 the	 delivery	 route	 move	 from	 systemic	 (intra-arterial	 or
intravenous)	 to	 local	 instillation	of	 the	agent	 into	a	 surgically	created	 resection	cavity.	Even	 though	 the	blood–
brain	barrier	(BBB)	is	often	disrupted	by	a	rapidly	growing	CNS	malignancy,	150-kDa	antibodies	would	still	not
likely	cross	to	a	significant	degree.	Most	of	the	trials	to	date	are	of	dose	searching	pilot	or	phase	I	design.	Using
131I-81C6	 (antitenascin	monoclonal	 antibody),	 a	 trend	 toward	 significant	 improvement	 in	median	 survival	was
shown	for	patients	receiving	40	to	48	Gy	versus	less	than	40	Gy.46	Unlike	seed	brachytherapy,	there	appears	to	be
a	very	low	rate	of	CNS	toxicity	with	targeted	isotope	therapy,	and	a	minimal	need	for	surgical	intervention	for	the
removal	of	necrotic	regions.	However,	there	are	few	promising	efficacy	results,	hampering	further	development	of
this	approach.

CHEMOTHERAPY	AND	TARGETED	AGENTS
Drug	 therapies	alone	are	effective	 for	only	a	 few	 types	of	CNS	 tumors	 (e.g.,	primary	CNS	 lymphoma)	but	are
useful	as	adjunctive	therapy	for	many	CNS	tumors.	Among	the	reasons	for	the	poor	efficacy	of	chemotherapeutic
and	targeted	agents	is	the	low	concentration	of	drug	penetration	to	the	tumor	because	of	the	difficulty	of	agents	in
crossing	the	BBB,	active	transport	mechanisms	of	drug	efflux,	and	high	plasma	protein	binding	of	agents,	thereby
lowering	the	volume	of	distribution	of	agents	in	the	brain	parenchyma.47	Intrinsic	and	acquired	resistance	remains
an	 important	 reason	 for	 the	 lowered	 efficacy	 of	 chemotherapy.	 Although	 targeted	 agents	 are	 in	 early	 testing,
multiplicity	and	alternate	signaling	pathways	limit	their	efficacy.

The	Blood–Brain	Barrier
Central	to	treating	CNS	tumors	is	the	issue	of	drug	delivery,	due	to	the	BBB,	a	physiologic	and	functional	barrier.
The	 CNS	 microvasculature	 has	 several	 unique	 features,	 including	 the	 lack	 of	 fenestrations	 between	 adjacent
endothelial	cells	and	relatively	fewer	pinocytotic	and	endocytotic	endothelial	vesicles.	In	addition,	adjacent	BBB
endothelial	cells	are	connected	by	a	continuous	extension	of	tight	junctions,	which	limit	passive	diffusion	between
endothelial	cells	and	through	capillary	structures.	Tight	junctions	within	the	BBB	are	also	enveloped	by	astrocytic
foot	processes,	which	increase	the	barrier	to	passive	diffusion	across	the	BBB.

Brain	microvasculature	selectively	transports	nutrients	through	20	or	more	active	or	facilitated	carrier	transport
systems	expressed	on	the	endothelial	surface.	The	endothelium	is	rich	with	efflux	pumps,	including	the	multidrug
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resistance	gene–encoded	P-glycoprotein,	which	actively	 removes	 substrate	molecules	 that	may	have	passed	 the
BBB.	There	are	several	methods	to	disrupt	or	circumvent	the	BBB,	including	the	intra-arterial	administration	of
mannitol,	 which	 has	 resulted	 in	 significant	 toxicities	 that	 have	 limited	 its	 universal	 use.	 Noninvasive	 delivery
systems	using	 specialized	 carriers	 such	 as	 nanosystems	 (colloidal	 carriers)	with	 favorable	 pharmacokinetic	 and
pharmacodynamic	 properties	 are	 being	 explored.48	 Other	 methods	 include	 local	 administration	 (Gliadel
[carmustine]	 wafer)	 or	 local	 drug	 delivery	 such	 as	 convection-enhanced	 delivery	 (CED).	 CED	 requires	 the
implantation	 of	 catheters	 directly	 into	 the	 brain,	 followed	 by	 continuous	 infusion	 of	 the	 drug	 under	 a	 constant
pressure	gradient.	Proof	of	principle	for	CED	has	been	demonstrated	in	several	studies,	but,	unfortunately,	phase
III	 results	 have	been	disappointing.49	Another	 approach	 is	 the	 direct	 administration	 of	 the	 agent	 into	 the	CSF.
With	a	few	exceptions	(e.g.,	methotrexate,	cytarabine,	thiotepa),	most	compounds	cause	unacceptable	neurologic
toxicity,	including	death,	when	given	into	the	CSF.	Because	of	this,	intrathecal	chemotherapy	is	principally	used
to	treat	leptomeningeal	metastases	and	as	CNS	prophylaxis	for	high-risk	leukemia.

Challenges	Specific	for	Targeted	Agents
Despite	 the	 availability	 of	 targeted	 agents	 specific	 to	 aberrant	 signaling	 pathways	 in	 high-grade	 gliomas,	 the
results	 of	 phase	 II	 studies	 of	many	 agents	 have	 been	 disappointing.	 In	 addition	 to	 the	 difficulty	 of	 delivery	 of
agents	across	the	BBB,	there	are	other	challenges	that	limit	the	efficacy	of	these	agents.	These	include	accounting
for	 the	 heterogeneity	 of	 tumors,	 redundancy	 of	 pathway	 interactions,	 a	 lack	 of	 accurate	 and	 reproducible
biomarkers	 to	 select	 patients	 for	 specific	 therapies,	 and	 difficulty	 in	 assessing	 target	 modulation.50	 Bayesian
adaptive	randomized	designs	in	clinical	trials	may	allow	for	more	efficient	trials	compared	to	those	with	balanced
randomization.51

Other	Systemic	Therapy	Considerations
Many	antiepileptic	agents,	including	phenytoin,	carbamazepine,	and	phenobarbital,	induce	the	hepatic	cytochrome
P450	isoenzyme	and	glucuronidation	drug	elimination	systems.	The	specific	isoenzymes	induced	by	these	drugs
are	 often	 capable	 of	 metabolizing	 many	 agents.	 For	 example,	 standard	 paclitaxel	 doses	 commonly	 result	 in
subtherapeutic	serum	levels	 in	patients	also	using	phenytoin.	 In	 fact,	 the	maximally	 tolerated	paclitaxel	dose	 in
patients	 using	 enzyme-inducing	 P450	 antiepileptics	 is	 nearly	 threefold	 higher	 than	 in	 patients	 not	 using	 such
agents.	 Similar	 observations	 have	 been	 made	 with	 regard	 to	 9-aminocampothecin,	 vincristine,	 teniposide,
irinotecan,	and	targeted	agents.52	 In	addition	 to	different	maximum-tolerated	doses	being	established	depending
on	 the	use	of	enzyme-inducing	antiepileptics,	 the	side	effect	profile	and	dose-limiting	 toxicities	can	also	differ.
Most	phase	I	clinical	trials	in	brain	tumor	patients	now	use	separate	arms	for	patients	who	are	or	are	not	taking
enzyme-inducing	 antiepileptic	 drugs	 or	 limit	 enrollment	 to	 patients	 not	 taking	 enzyme-inducing	 antiepileptic
drugs.	It	may	be	preferable	to	change	to	a	non–enzyme-inducing	antiepileptic	agent	(e.g.,	levetiracetam	[Keppra]),
although	it	may	take	days	to	make	the	switch	and	some	time	for	the	P450	enzyme	induction	to	resolve.

SPECIFIC	CENTRAL	NERVOUS	SYSTEM	NEOPLASMS
Cerebral	Glioma

Pathologic	Classification
The	histologic	subtypes	of	gliomas	include	tumors	of	astrocytic,	oligodendroglial,	ependymal,	and	neuroepithelial
origin	(see	Table	94.1).	Based	on	the	WHO	classification,21	noninfiltrative	gliomas	are	classified	as	grade	I,	and
infiltrating	gliomas	are	subsequently	categorized	as	grades	II	to	IV.	Infiltrative	astrocytic	tumors	are	divided	into
three	 categories:	 astrocytoma	 (including	 grade	 II	 fibrillary,	 gemistocytic,	 and	 protoplasmic),	 anaplastic
astrocytoma	 (grade	 III),	 and	GBM	 (including	grade	 IV	giant	 cell	GBM	and	gliosarcoma).	Oligodendrogliomas
and	ependymomas	are	either	grade	II	or	anaplastic	(grade	III).

World	Health	Organization	Grade	I:	Astrocytoma
Low-grade	 astrocytomas	 (WHO	 grade	 I)	 such	 as	 pilocytic	 astrocytoma,	 pleomorphic	 xanthoastrocytoma,	 and
subependymal	giant	cell	astrocytoma	are	typically	circumscribed	and	indolent	tumors.	Missense	mutations	of	the



V600E	 type	 in	 the	 v-RAF	murine	 sarcoma	 viral	 oncogene	 homolog	B1	 (BRAF)	 gene	were	 identified	 in	 these
noninfiltrative	neoplasms.53	The	highest	frequencies	were	found	in	pleomorphic	xanthoastrocytomas	(66%;	65%
in	 its	 anaplastic	 variant),	 gangliogliomas	 (18%),	 and	 pilocytic	 astrocytomas	 (9%,	 especially	 in	 tumors	 with
extracerebellar	location).53

Complete	 surgical	 resection,	 whenever	 feasible,	 is	 the	 curative	 mainstay	 therapy	 for	 such	 tumors.	 Despite
aggressive	 near-total	 resection,	 delayed	 recurrence	 and	 eventual	 malignant	 transformation	 are,	 unfortunately,
common.	 The	 resection	 of	 a	 low-grade	 glioma	 can	 be	 difficult	 in	 locations	 such	 as	 the	 optic	 pathway	 and
hypothalamus	and	 in	 those	 involving	deep	midline	 structures.	 In	 these	 instances,	 asymptomatic	patients	 can	be
observed	carefully	for	an	appropriate	period	of	time	and	undergo	a	maximally	safe	resection	only	at	the	time	of
progression.

In	patients	who	have	recurrent	tumors	that	are	not	amenable	to	further	resection	or	who	have	residual	tumors
causing	 significant	 morbidity,	 adjuvant	 radiotherapy	 can	 improve	 recurrence-free	 survival,	 and	 although
chemotherapy	has	been	used	in	pediatric	patients,	its	role	in	adults	remains	controversial.	Immediate	postoperative
adjuvant	therapies	may	be	appropriate	in	some	cases	depending	on	the	location	of	the	tumor,	the	extent	of	residual
disease,	the	impracticability	of	repeated	surgical	excision,	the	clinical	likelihood	of	major	morbidity	at	recurrence,
and	the	availability	for	follow-up.	Generally,	radiotherapy	is	the	primary	adjuvant	treatment	used	in	older	children
and	adults	with	low-grade	gliomas.	In	young	children	with	unresectable,	progressive,	low-grade	gliomas,	there	is	a
desire	to	avoid	or	delay	radiotherapy	due	to	the	long-term	radiation-related	sequelae;	chemotherapy	is	often	used
here	as	the	initial	therapeutic	option.54	Some	responses	(usually	stable	disease	or	minor	response	but	occasionally
genuine	 partial	 responses)	 from	 chemotherapy	 can	 last	 for	 years;	 nearly	 half	 of	 all	 children	 treated	 with
chemotherapy	ultimately	require	radiotherapy	for	tumor	progression.

In	terms	of	radiotherapy	used	with	a	curative	intent,	in	children,	the	most	common	situation	is	with	cerebellar
and	 optic	 pathway	 pilocytic	 astrocytoma,	 typically	 after	 progression	 on	 chemotherapy,	 whereas	 in	 adults,	 this
tends	to	occur	most	commonly	with	hypothalamic	pilocytic	astrocytoma.	The	typical	radiation	dose	used	in	this
setting	is	50.4	 to	54.0	Gy	in	1.8-Gy	fractions.	There	 is	evidence	of	 improved	PFS	in	 this	situation.55	Given	 the
young	age	and	long	expected	survival	of	these	patients,	proton	beam	therapy	is	often	considered	for	these	patients,
with	 the	desire	 to	decrease	 the	 risk	of	 a	 second	neoplasm	and	 endocrinopathies,	 and	 to	 treat	 less	 normal	 brain
tissue	with	radiation,	with	an	anticipated	lower	risk	of	cognitive	deficits.55

Subependymal	giant	cell	astrocytomas	can	be	effectively	treated	with	everolimus.	In	a	prospective	randomized
study,	35%	of	patients	in	the	everolimus	group	had	at	least	a	50%	reduction	in	the	volume	of	their	tumor	versus
none	 in	 the	placebo	group,	although	complete	 responses	are	still	uncommon,	even	with	 this	 therapy.56	No	 firm
guidelines	 regarding	 optimal	 duration	 of	 therapy	 are	 available.	 Long-term	 use	 of	 everolimus	 is	 possible,	 but
benefits	have	to	be	carefully	weighed	against	adverse	reactions	(grade	3	or	4	stomatitis	and	pneumonia	in	8%	of
patients).57

World	Health	Organization	Grade	II:	Low-Grade	Glioma
Nonpilocytic	or	diffusely	infiltrating	low-grade	gliomas	are	classified	as	WHO	grade	II	tumors.	They	may	arise
from	 astrocytic	 or	 oligodendrocytic	 lineage.	Like	 astrocytomas,	 oligodendrogliomas	 display	 various	 degrees	 of
clinical	 aggressiveness.	 Three	 common	 genetic	 alterations—inactivation	 of	 the	 TP53	 tumor	 suppressor	 gene,
heterozygous	point	mutations	of	isocitrate	dehydrogenase	1	(IDH1),	and	loss	of	chromosome	22q—are	involved
in	 the	 formation	 of	WHO	 grade	 II	 astrocytoma.	TP53,	 located	 on	 chromosome	 17p,	 encodes	 the	 p53	 protein,
which	has	an	important	role	in	a	number	of	cellular	processes,	including	cell	cycle	arrest,	apoptosis,	and	response
to	DNA	damage.58	Somatic	mutations	at	codon	132	in	IDH1	are	present	in	50%	to	80%	of	WHO	grade	II	and	III
astrocytic	 tumors	 and	 oligodendroglial	 tumors	 as	well	 as	 in	 secondary	 grade	 IV	GBMs.	These	 IDH	mutations
promote	 the	 conversion	 of	 α-ketoglutarate	 into	 D-2-hydroxyglutarate,	 an	 oncometabolite	 that	 mediates	 the
oncogenic	activity	of	IDH	mutations	and	can	be	 imaged	by	magnetic	 spectroscopy.59,60	Tumors	 that	 have	 IDH
mutations	 carry	 a	 better	 prognosis	 than	 IDH	 wild-type	 gliomas	 of	 the	 same	 histologic	 grade.61,62	 The	 most
common	IDH1	mutation	 (R132H)	 contains	 an	 immunogenic	 epitope	 suitable	 for	mutation-specific	 vaccination,
which	may	represent	a	novel	therapeutic	strategy.

An	unbalanced	 t(1;19)(q10;p10)	 translocation	 results	 in	 a	 combined	 loss	 of	 chromosomal	 arms	1p	 and	19q,
which	leads	to	the	loss	of	one	hybrid	chromosome	and,	thus,	a	loss	of	heterozygosity.63	This	cytogenetic	alteration
is	usually	associated	with	oligodendroglial	histology	and	 is	 rarely	 found	 in	other	 tumors.	Patients	with	1p-	and
19q-codeleted	tumors	have	a	better	prognosis	than	do	histologically	similar	tumors	of	the	same	grade	without	this
codeletion.64
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Genome-wide	 analyses	 of	 293	 lower	 grade	 gliomas	 from	 adults	 allowed	 for	 classification	 of	 three
prognostically	significant	subtypes	based	on	IDH1/2	mutation	status,	1p/19q	deletion,	and	TP53	mutation	status
superior	to	histologic	characterization.65	Patients	who	had	lower	grade	gliomas	with	an	IDH	mutation	and	1p/19q
codeletion	had	the	most	favorable	clinical	outcomes.	Their	tumors	harbored	mutations	in	CIC,	FUBP1,	NOTCH1,
and	 the	 TERT	 promoter.	 Nearly	 all	 lower	 grade	 gliomas	 with	 IDH	 mutations	 and	 no	 1p/19q	 codeletion	 had
mutations	in	TP53	and	ATRX	 inactivation.	The	large	majority	of	 lower	grade	gliomas	without	an	IDH	mutation
had	genomic	aberrations	and	clinical	behavior	similar	to	those	found	in	primary	GBM	multiforme.65,66

In	addition	 to	histology	and	molecular	characteristics,	 several	variables	have	been	 found	 to	be	of	prognostic
importance	 in	 low-grade	 gliomas.	 Pignatti	 et	 al.67	 performed	 the	 most	 comprehensive	 of	 these	 analyses	 and
developed	 a	 scoring	 system	 to	 identify	 patients	 at	 varying	 level	 of	 risk	 for	 mortality.	 A	multivariate	 analysis
showed	 that	 age	 40	 years	 or	 older,	 astrocytoma	 histology,	 maximum	 diameter	 of	 ≥6	 cm,	 tumor	 crossing	 the
midline,	and	presence	of	neurologic	deficits	negatively	 impacted	survival.	Patients	with	up	 to	 two	 factors	were
considered	 low	 risk	 (median	 survival,	 7.7	 years),	 and	 patients	 with	 three	 or	 more	 were	 considered	 high	 risk
(median	survival,	3.2	years).	Three	hundred	thirty-nine	EORTC	patients	with	central	pathology–confirmed	low-
grade	 gliomas	were	 used	 to	 develop	 a	 new	 prognostic	model	 for	 PFS	 and	OS.68	 Data	 from	 450	 patients	 with
centrally	diagnosed	low-grade	gliomas	recruited	into	two	large	studies	conducted	by	North	American	cooperative
groups	were	used	to	validate	the	models.	Both	PFS	and	OS	were	negatively	influenced	by	the	presence	of	baseline
neurologic	deficits,	a	shorter	time	since	first	symptoms,	an	astrocytic	tumor	type,	and	tumors	larger	than	5	cm	in
diameter.68

Surgery	for	Low-Grade	Glioma
Retrospective	 analyses	 have	 suggested	 that	 the	 extent	 of	 resection	 is	 a	 significant	 prognostic	 variable.	 The
Radiation	 Therapy	 Oncology	 Group	 (RTOG)	 performed	 a	 prospective	 evaluation	 of	 the	 natural	 history	 of
completely	resected	low-grade	gliomas	(RTOG	9802),	evaluating	the	recurrence	risk	in	111	patients	with	surgeon-
defined	gross	total	resections	(GTRs),	and	found	that	the	extent	of	postoperative	residual	disease	was	an	important
variable	for	time	to	first	relapse.69	Five-year	recurrence	rates	were	26%	versus	68%	for	patients	with	less	than	1-
cm	residual	tumors	versus	1-	to	2-cm	residual	tumors.

Radiation	Therapy
With	 completion	 of	 several	 recent	 randomized	 trials,	 the	 role	 of	 radiotherapy	 has	 become	 significantly	 well
defined.	Early	 intervention	 is	 indicated	 for	patients	with	 increasing	 symptoms	and	 radiographic	progression.	 In
younger	patients	(younger	than	40	years	old)	who	have	undergone	complete	resection,	observation	with	imaging
is	an	option.	In	RTOG	9802,	median	time	to	progression	in	111	good-risk	patients,	defined	as	younger	than	age	40
years	and	with	a	GTR,	was	5	years.69	 In	patients	who	have	undergone	a	subtotal	resection	(even	when	younger
than	age	40	years)	or	those	with	high-risk	features,	postoperative	radiotherapy	is	recommended,	typically	50.4	Gy
in	1.8-Gy	fractions.

Three	phase	III	trials	provide	the	best	evidence	with	respect	to	the	indications	for	radiotherapy	as	well	as	the
dose.	In	a	study	by	the	EORTC	(EORTC-22845),	314	patients	were	randomized	to	postoperative	radiotherapy	to
54	Gy	(n	=	157)	or	radiotherapy	at	progression	(n	=	157).70	A	statistically	significant	 improvement	 in	PFS	was
associated	with	early	radiotherapy	(5.3	versus	3.4	years,	P	<	.0001),	without	a	difference	in	median	survival	(7.4
versus	7.2	years).

Two	other	 trials	 investigated	 the	 dose	 question.	 In	EORTC-22844,	 379	 patients	were	 randomized	 to	 45	Gy
versus	59.4	Gy71;	with	a	median	follow-up	of	74	months,	OS	(58%	versus	59%)	and	PFS	(47%	versus	50%)	were
similar.	In	an	Intergroup	study,	203	patients	were	randomized	to	50.4	Gy	(n	=	101)	or	64.8	Gy.72	There	was	no
significant	difference	in	PFS	or	OS.

To	 assess	 the	 OS	 and	 cause-specific	 survival	 impact	 of	 early	 adjuvant	 radiotherapy	 after	 the	 resection	 of
supratentorial	low-grade	glioma	in	adults	(age	16	to	65	years),	2,021	patients	in	the	SEER	database	from	1988	to
2007	were	evaluated.73	Of	the	2,021	patients,	871	(43%)	received	early	adjuvant	radiotherapy,	and	1,150	(57%)
did	 not.	 In	 the	 multivariate	 Cox	 proportional	 hazards	 model,	 early	 adjuvant	 radiotherapy	 was	 associated	 with
worse	OS	and	cause-specific	survival.	Propensity	score	and	instrumental	variable	analyses	to	account	for	known
and	unknown	prognostic	factors	demonstrated	unmeasured	confounding	variables	that	may	affect	this	finding.

Consequently,	 low-dose	radiotherapy	(50.4	 to	54.0	Gy	in	1.8-Gy	fractions)	became	an	accepted	standard	for
selected	 patients	with	 low-grade	 gliomas.	 The	 target	 volume	 is	 local,	with	 the	 goal	 being	 the	 treatment	 of	 the
FLAIR	abnormality,	with	a	margin.



Posttreatment	cognition	remains	an	important	consideration.	Brown	et	al.74	 reviewed	the	results	of	 the	Mini-
Mental	 Status	 Examination	 for	 203	 adults	 irradiated	 for	 low-grade	 gliomas.	 Most	 patients	 maintained	 stable
neurocognitive	 status	 after	 radiotherapy,	 and	 patients	with	 abnormal	 baseline	 results	were	more	 likely	 to	 have
improvement	 in	cognitive	abilities	 than	 to	deteriorate	after	 therapy;	 few	patients	 showed	cognitive	decline.74	A
more	 in-depth	 analysis	 of	 formal	 neurocognitive	 testing	 suggests	 that	 the	 tumor	 itself	 may	 have	 the	 most
deleterious	effect	on	cognitive	function.75

Because	 of	 these	 concerns	 regarding	 cognitive	 decline,	 in	 one	 randomized	 trial,	 an	 attempt	 was	 made	 to
identify	whether	temozolomide	alone	could	substitute	for	radiotherapy.	In	this	randomized,	open-label,	phase	III
intergroup	 study	 using	 temozolomide	 versus	 radiation	 for	 patients	 with	 high-risk	 low-grade	 glioma	 (EORTC
22033-26033),	 no	 difference	 was	 found	 between	 the	 two	 treatment	 groups	 in	 health-related	 quality	 of	 life	 or
global	cognitive	functioning	as	measured	by	the	Mini-Mental	Status	Examination	during	the	36	months	of	follow-
up.	The	implication	here	is	that	radiotherapy	does	not	produce	inferior	cognition	compared	with	temozolomide,	at
least	for	up	to	3	years	of	follow-up.76	More	importantly,	this	trial	used	PFS	as	the	primary	end	point.	Initial	results
suggest	that	in	the	molecular	group	of	mutant	IDH,	1p19q	non-codeleted	tumors,	radiotherapy	actually	confers	an
improved	5-year	PFS	(P	=	.004),	whereas	in	the	other	molecular	groups,	temozolomide	appears	to	be	equivalent	to
radiotherapy	with	regard	to	PFS.	Even	more	significantly,	overall,	grade	3	or	4	hematologic	toxicity	was	noted	in
9%	of	patients	on	the	temozolomide	arm	and	<1%	of	patients	in	the	radiotherapy	arm.	Moderate	to	severe	fatigue
was	recorded	in	4%	of	patients	in	the	radiotherapy	group	and	7%	in	the	temozolomide	group.	OS	data	were	still
immature,	and	further	follow-up	is	needed.	This	trial	was	conducted	in	an	era	when	unimodality	therapy	for	low-
grade	 glioma	 (i.e.,	 radiotherapy	 or	 chemotherapy)	was	 still	 considered	 to	 be	 a	 question	 of	 significant	 interest.
Given	the	dramatic	survival	benefit	from	combination	chemoradiotherapy	compared	with	radiotherapy	alone	seen
in	 RTOG	 9802	 for	 low-grade	 gliomas	 (addressed	 in	 the	 “Chemotherapy”	 section	 in	 the	 following	 text),	 the
relevance	 of	 this	 line	 of	 research	 has	 diminished	 considerably.	 The	more	 relevant	 question	would	 be	whether
temozolomide	alone	could	produce	survival	equivalent	to	chemoradiotherapy,	and	recent	nonrandomized	single-
institution	data	suggest	that	this	approach	results	in	an	overall	response	rate	of	6%,	median	PFS	of	4.2	years,	and
median	OS	of	9.7	years.77

It	has	been	 increasing	recognized	that	 long-term	neurocognitive	functional	 impairment	after	radiotherapy	for
benign	or	low-grade	adult	brain	tumors	could	be	associated	with	hippocampal	dose.	A	dose	to	40%	of	the	bilateral
hippocampi	greater	than	7.3	Gy	was	recently	shown	to	be	associated	with	long-term	impairment	in	list-learning
delayed	recall.78	Based	on	such	data,	the	role	of	proton	therapy	as	a	potential	approach	to	reduce	cognitive	deficits
and	other	side	effects	is	being	explored.	Proton	therapy	spares	uninvolved	brain	tissues	from	exposure	to	low-dose
radiation	to	a	substantially	greater	degree	compared	to	traditional	photon	radiation.	Proton	therapy	has	been	safely
used	 in	 the	 treatment	 of	 brain	 tumors,	 including	WHO	 grade	 II	 and	 III	 gliomas,	 with	 low	 toxicity	 rates	 and
excellent	disease	control.	However,	it	is	not	categorically	known	if	the	improved	sparing	of	normal	brain	tissues,
relative	 to	 photon	 therapy,	 is	 associated	 with	 improved	 cognitive	 function	 or	 reduction	 in	 overall	 symptom
burden.	Initial	clinical	studies	of	proton	therapy	have	established	preliminary	evidence	for	efficacy.	Investigators
from	the	University	of	Heidelberg,	using	scanning	beam	proton	delivery	technology,	have	reported	on	19	patients
treated	 for	 low-grade	 gliomas.	 Their	 initial	 results	 suggest	 high	 rates	 of	 tumor	 control	 and	 acceptable	 toxicity
rates.79	In	a	more	recent	study,	Shih	et	al.80	reported	results	of	a	prospective	trial	that	enrolled	patients	with	grade
II	gliomas.	In	addition	to	reporting	excellent	disease	control	rates,	they	assessed	cognitive	function	and	quality	of
life	after	proton	therapy.	Twenty	patients,	all	with	supratentorial	tumors,	were	enrolled.	With	a	median	follow-up
of	5.1	years,	cognitive	function	remained	stable	or	improved,	with	no	patients	experiencing	cognitive	failure.80	To
evaluate	this	issue	further,	the	NRG	Oncology	Group	has	recently	initiated	a	randomized	trial	comparing	proton
versus	photon	therapy	for	IDH-mutated	grade	II	and	III	gliomas.

Chemotherapy
Low-grade	gliomas	have	historically	been	considered	chemotherapy	resistant.	The	role	of	adjuvant	procarbazine,
lomustine,	and	vincristine	(PCV)	for	high-risk	patients	(e.g.,	less	than	total	resection,	age	older	than	40	years)	with
low-grade	gliomas	was	evaluated	 in	RTOG	9802.	From	1998	 to	2002,	251	patients	were	 randomly	assigned	 to
radiotherapy	alone	or	radiotherapy	followed	by	six	cycles	of	PCV.	An	initial	report	of	this	study	showed	that	the
5-year	OS	 rates	 for	 radiotherapy	versus	 radiotherapy	plus	PCV	were	7.5	years	versus	not	 reached,	 respectively
(hazard	 ratio	 [HR],	 0.72;	 95%	 confidence	 interval	 [CI],	 0.47	 to	 1.10;	P	 =	 .33).81	 At	 the	 time	 of	 that	 report,
however,	65%	of	the	patients	were	still	alive.

The	long-term	results	with	a	median	follow-up	of	12	years	showed	OS	benefit	in	the	combination	group	versus
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radiotherapy	 alone	 (13.3	 versus	 7.8	 years,	 respectively;	 HR,	 0.59).	 The	 10-year	 PFS	 rate	 was	 51%	 with
combination	therapy	versus	21%	with	radiation	alone.82

For	patients	with	IDH1	R132H	mutation	treated	with	radiotherapy	plus	PCV,	median	OS	has	not	been	reached
yet.	For	patients	treated	with	radiotherapy	alone,	median	OS	was	approximately	10	years.82

Previous	 prognostic	 biomarker	 studies	 of	 low-grade	 gliomas	 have	 had	multiple	 limitations	 due	 to	 treatment
heterogeneity,	 lack	 of	 long-term	 follow-up,	 and	 lack	 of	 well-annotated	 clinical	 data	 precluding	 rigorous
multivariable	analysis	(MVA)	to	determine	independent	significance.	A	recent	study	became	the	first	to	report	on
the	 independent	 prognostic	 significance	 of	 1p/19q	 codeletions	 and	mutations	 in	 IDH1/2,	ATRX,	CIC,	FUBP1,
TP53,	and	the	TERT	promoter	in	a	prospective	phase	III	study	(RTOG	9802)	of	high-risk	low-grade	gliomas	using
rigorous	MVAs	and	long-term	survival	data.	Of	the	specimens	profiled	(n	=	114),	75%	had	mutations	in	IDH1/2,
40%	in	TERT	 promoter,	 28%	 in	TP53,	 24%	 in	ATRX,	 22%	 in	CIC,	 and	 7%	 in	FUBP1,	 and	 37%	 had	 1p/19q
codeletions.	Upon	MVAs	 for	 individual	 biomarkers,	 IDH1/2	mutations	 (HR,	 0.42;	 95%	CI,	 0.23	 to	 0.77;	P	 =
.005),	CIC	mutations	(HR,	0.24;	95%	CI,	0.08	to	0.76;	P	=	.01),	and	1p/19q	codeletions	(HR,	0.21;	95%	CI,	0.09
to	 0.46;	 P	 <	 .001)	 were	 significantly	 associated	 with	 longer	 OS,	 whereas	 IDH1/2	 mutations	 and	 1p/19q
codeletions	were	also	significantly	associated	with	improved	PFS.	Moreover,	patients	in	the	molecular	subgroups
(IDH	 mutant/1p/19q	 codeleted,	 IDH	 mutant/1p/19q	 non-codeleted,	 and	 IDH	 nonmutant)	 showed	 significant
differences	 in	 both	 PFS	 and	 OS.	 There	 was	 no	 significant	 difference	 between	 treatment	 arms	 in	 the	 IDH
nonmutated	subgroup	for	either	OS	or	PFS.	This	study	 is	 the	very	first	 to	report	on	 the	 independent	prognostic
value	 of	 IDH1/2	 mutations	 and	 1p/19q	 codeletions.	 Most	 importantly,	 this	 is	 the	 first	 study	 to	 examine	 the
prognostic	effects	of	these	mutations	using	rigorous	MVA	with	OS	as	an	end	point	in	a	grade	II	glioma	clinical
trial.83	 Further	 recent	 work	 by	 the	 same	 investigators	 focused	 on	 the	 predictive	 value	 of	 these	 molecular
signatures.	 The	 most	 recent	 study	 sought	 to	 investigate	 the	 predictive	 significance	 of	 IDH1/2	 mutations	 and
1p/19q	 codeletion	 in	 the	 high-risk	 arms	 (age	 40	 years	 and	 older	 or	 subtotal	 resection	 or	 biopsy)	 of	 NRG
Oncology/RTOG	 9802,	 in	 which	 patients	 with	 high-risk	 low-grade	 gliomas	 were	 randomized	 to	 receive
radiotherapy	with	 or	without	 PCV.	Of	 all	 the	 randomized	 eligible	 patients	 in	NRG	Oncology/RTOG	9802,	 97
(39%)	had	tissues	available	and	sufficient	DNA	for	profiling.	Of	these	patients,	36	(37%)	were	IDH	mutated/non-
codeleted,	33	(34%)	were	IDH	mutated/codeleted,	and	28	(29%)	were	IDH	nonmutated.	Upon	univariate	analyses,
the	IDH	mutated/non-codeleted	subgroup	had	significantly	better	PFS	(HR,	0.31;	P	=	.005)	and	OS	(HR,	0.36;	P
=	.02)	with	the	addition	of	PCV.	The	IDH	mutated/codeleted	subgroup	had	significantly	better	PFS	(HR,	0.16;	P
=	.002),	but	not	OS	(HR,	0.31;	P	=	.13),	with	the	addition	of	PCV.	These	results	suggest	putative	predictive	value
of	 1p/19q	 codeletion	 in	 combination	 with	 IDH1/2	 mutations	 for	 high-risk	 low-grade	 gliomas	 based	 on	 the
observed	differences	in	the	treatment	effect	by	marker	status.84

TABLE	94.2
Procarbazine	as	Chemotherapy	for	Naive	Low-Grade	Glioma

Author	(Ref.) Disease No.	of	Patients Pathology Enhancing	(%) Prior	RT RR	(%) 1-y	PFS	(%)

Stege	et	al.88 Recurrent 5 O,	OA 0 Y 60 N/A

Newly	diagnosed 16 — 0 N 81 N/A

Buckner	et	al.397 Newly	diagnosed 28 O,	OA 46 N 52 91

Soffieti	et	al.398 Recurrent 26 O,	OA 73 Y 62 80

Lebrun	et	al.89 Newly	diagnosed 33 O,	OA 18 N 27 N/A
RT,	radiotherapy;	RR,	response	rate;	PFS,	progression-free	survival;	O,	oligodendroglioma;	OA,	oligoastrocytoma;	Y,	yes;	N/A,	not
available;	N,	no.

Several	studies	have	evaluated	PCV	in	 the	recurrent	setting,	and	more	recently,	 temozolomide	has	also	been
evaluated	 (Tables	 94.2and	 94.3).85–92	 In	 general,	 approximately	 half	 of	 the	 patients	 treated	 with	 either
temozolomide	or	PCV	experienced	imaging	stability	or	improvement	of	neurologic	symptoms.	Although	results
are	encouraging,	the	number	of	patients	treated	in	these	studies	was	small,	and	there	are	questions	regarding	the
criteria	used	for	radiographic	response.	In	the	first	report	of	RTOG	0424,	the	primary	end	point	was	to	compare
the	3-year	OS	of	a	regimen	of	concurrent	and	adjuvant	temozolomide	and	radiotherapy	in	a	high-risk	low-grade
glioma	population	to	the	3-year	OS	rate	of	the	high-risk	EORTC	low-grade	glioma	patients	reported	by	Pignatti	et
al.67	With	a	median	follow-up	time	of	4.1	years	and	a	minimum	follow-up	time	of	3	years,	median	OS	has	not	yet
been	 reached.	 The	 3-year	 OS	 rate	 was	 73.1%	 (95%	 CI,	 65.3%	 to	 80.8%),	 which	 is	 significantly	 improved



compared	 with	 the	 prespecified	 historical	 control	 (P	 <	 .0001).93	 An	 ongoing	 intergroup	 phase	 III	 trial	 is
attempting	to	answer	this	issue	more	definitively.94

Patients	with	 low-grade	oligodendroglial	 tumors	with	1p/19q	deletion	or	 t(1p;19q)	have	 longer	PFS	and	OS
than	those	without.63	Consequently,	1p/19q	determination	is	important	in	patient	counseling	and	in	assessing	the
results	of	outcomes	in	future	clinical	trials.	A	randomized	phase	III	EORTC	trial	stratified	patients	with	low-grade
glioma	by	1p	status	prior	to	randomization	to	radiotherapy	versus	temozolomide.95	In	the	initial	results	of	the	trial
presented,	 PFS	 was	 not	 significantly	 different,	 and	 median	 OS	 was	 not	 reached.	 1p	 deletion	 was	 a	 positive
prognostic	factor	irrespective	of	treatment	(PFS,	P	=	.0003;	HR,	0.59;	95%	CI,	0.45	to	0.78;	OS:	P	=	.002;	HR,
0.49;	95%	CI,	0.32	to	0.77).

The	 results	 of	 this	 randomized,	 open-label,	 phase	 III	 intergroup	 study	 (EORTC	 22033-26033)	 have	 been
published	after	a	median	follow-up	of	48	months.	Patients	with	high-risk,	progressive,	or	symptomatic	gliomas
received	either	conformal	radiotherapy	(up	to	50.4	Gy)	or	dose-dense	oral	temozolomide	(75	mg/m2	once	daily	for
21	of	28	days	[one	cycle]	for	a	maximum	of	12	cycles).	Median	PFS	was	39	months	in	the	temozolomide	group
and	46	months	in	the	radiotherapy	group	(HR	=	1.16,	P	=	.22).	Patients	with	IDH1	mutant/1p/19q	intact	tumors
treated	with	radiotherapy	had	a	longer	PFS	than	those	treated	with	temozolomide	(HR,	1.86;	log-rank	P	=	.0043).
There	were	no	significant	treatment-dependent	differences	in	PFS	for	patients	with	IDH1	mutant/1p/19q	codeleted
and	IDH1	wild-type	tumors.95

TABLE	94.3
Temozolomide	in	Low-Grade	Glioma

Author	(Ref.) No.	of	Patients Pathology Enhancing	(%) Prior	RT/Chemotherapy RR	(%) 1-y	PFS	(%)

Quinn	et	al.86 46 A,	O,	AA 70 Y/Y 61 76

Pace	et	al.399 43 A,	O,	AA 60 Y/Y 47 39

Brada	et	al.400 30 A,	O,	AA 0 N/N 10 90

Hoang-Xuan	et	al.85 60 O,	OA 11 N/N 31 73

van	den	Bent	et	al.90 28 O,	OA 100 Y/Y 25 11

Pouratian	et	al.92 28 O,	OA 24 N/N 52 72

Murphy	et	al.91 13 O,	OA 0 N/N 100 N/A

van	den	Bent	et	al.87 39 O,	OA 100 Y/N 53 40
RT,	 radiotherapy;	 RR,	 recurrence	 rate;	 PFS,	 progression-free	 survival;	 A,	 astrocytoma;	 O,	 oligodendroglioma;	 AA,	 anaplastic
astrocytoma;	Y,	yes;	N,	no;	N/A,	not	available.

A	 molecular	 and	 genetic	 analysis	 of	 low-grade	 glioma	 has	 revealed	 aberrant	 signaling	 in	 the
phosphatidylinositol	3-kinase	(PI3K)/AKT/mammalian	target	of	rapamycin	(mTOR)	network;	however,	a	defined
role	 for	 the	 inhibition	 of	 this	 pathway	 in	 the	 treatment	 of	 low-grade	 glioma	 remains	 to	 be	 established.96,97
Targeting	this	pathway	is	a	therapeutic	approach	that	is	being	investigated	in	clinical	trials	in	recurrent	low-grade
glioma	patients.

World	Health	Organization	Grade	III:	Anaplastic	Astrocytoma
Prospective	and/or	randomized	evidence	indicating	that	complete	resection	of	an	enhancing	or	MRI-visible	tumor
improves	 survival	 is	 lacking,	 but	 retrospective	 analyses	 reaffirm	 that	 this	 relationship	 is	 likely	 to	 be	 present.
Nonetheless,	 almost	 all	 of	 these	 tumors	 are	 characterized	 by	 postoperative	 residual	 microscopic	 disease,	 and
radiotherapy	is	used	adjunctively,	resulting	in	a	3-year	survival	of	approximately	55%.98

Radiation	Therapy
Partial	brain	fields	are	used	for	the	treatment	of	anaplastic	astrocytoma;	the	initial	gross	tumor	volume	(GTV)	is
defined	 as	 the	 T2	 or	 FLAIR	 abnormality;	 the	 boost	 GTV	 is	 defined	 as	 the	 contrast-enhancing	 volume	 or	 the
surgical	bed;	for	smaller,	nonenhancing	tumors,	the	initial	and	the	boost	GTV	are	often	equivalent.99	The	clinical
tumor	volume	is	defined	by	a	margin	surrounding	the	GTV	but	not	expanding	across	natural	barriers.	The	initial
volume	 is	 typically	 treated	 to	 46	 Gy,	 with	 the	 boost	 volume	 to	 60	 Gy.	 No	 survival	 advantage	 for	 the	 use	 of
bromodeoxyuridine	as	a	radiosensitizer	was	demonstrated.	Early	versus	delayed	radiotherapy,	using	chemotherapy



Dr. AVR @ TMH

as	part	of	the	regimen,	was	evaluated	in	a	German	phase	III	trial	(NOA-04),	which	is	described	in	the	section	that
follows.

Chemotherapy
The	 CATNON	 (Concurrent	 and	 Adjuvant	 Temozolomide	 Chemotherapy	 in	 Non-1p/19q	 Deleted	 Anaplastic
Glioma)	 trial	 was	 a	 phase	 III,	 randomized,	 open-label	 intergroup	 study	 of	 radiotherapy	 with	 concurrent	 and
adjuvant	temozolomide	for	1p/19q	non-codeleted	anaplastic	glioma.100	The	trial	had	a	2	≤	2	factorial	design	where
patients	were	treated	in	four	cohorts;	patients	received	radiotherapy	(59.4	Gy	in	33	fractions)	either	alone	or	with
12	 cycles	 of	 adjuvant	 temozolomide	 or	 received	 radiotherapy	 with	 concurrent	 temozolomide	 with	 or	 without
adjuvant	 temozolomide.	 The	 interim	 results	 of	 745	 patients	 revealed	 that	 the	HR	 for	OS	with	 use	 of	 adjuvant
temozolomide	was	0.65	(99.145%	CI,	0.45	 to	0.93).	OS	at	5	years	was	55.9%	(95%	CI,	47.2%	to	63.8%)	with
adjuvant	temozolomide	and	44.1%	(95%	CI,	36.3%	to	51.6%)	without	adjuvant	temozolomide.	Hence,	adjuvant
temozolomide	chemotherapy	is	recommended	in	patients	with	newly	diagnosed	non-codeleted	anaplastic	glioma.
The	role	of	concurrent	temozolomide	treatment	and	molecular	factors	is	awaited.

A	 comparison	 of	 the	 efficacy	 and	 safety	 of	 radiotherapy	 versus	 chemotherapy	 with	 either	 PCV	 or
temozolomide	as	initial	therapy	in	patients	with	newly	diagnosed	anaplastic	glioma	showed	comparable	results	in
terms	of	time	to	treatment	failure.101	Because	of	the	potential	prognostic	and	predictive	value	of	hypermethylation
of	 the	 O6-methylguanine-DNA	 methyltransferase	 (MGMT)	 promoter	 and	 mutations	 of	 the	 IDH1	 gene	 in
malignant	 gliomas,	 analyses	 of	 these	 was	 a	 correlative	 part	 of	 the	 study.102,103	 Hypermethylation	 of	 MGMT
promoter,	 mutations	 of	 the	 IDH1	 gene,	 and	 oligodendroglioma	 histology	 reduced	 the	 risk	 of	 progression.
Hypermethylation	of	MGMT	promoter	was	associated	with	prolonged	PFS	in	the	chemotherapy	and	radiotherapy
arms.

Difluoromethylornithine,	an	inhibitor	of	ornithine	decarboxylase,	was	evaluated	in	a	phase	III	trial.104	Of	228
patients,	the	majority	had	anaplastic	astrocytoma.	After	radiotherapy,	patients	were	randomized	to	PCV	or	PCV
plus	difluoromethylornithine.	There	was	a	difference	in	survival	during	the	first	2	years,	but	this	did	not	continue
after	2	years.

A	 phase	 III	 trial	 of	 patients	 with	 anaplastic	 astrocytoma	 compared	 treatment	 with	 radiotherapy	 plus	 either
temozolomide	or	 a	nitrosourea.105	 The	 study	 closed	 early	 because	 the	 target	 accrual	 rate	was	 not	met.	Median
survival	 time	was	 3.9	 years	 in	 the	 radiotherapy	 plus	 temozolomide	 arm	 and	 3.8	 years	 in	 the	 radiotherapy	plus
nitrosourea	 arm.	The	 use	 of	 nitrosourea	was	 associated	with	 greater	myelosuppression.	 IDH1	 R132H	mutation
was	associated	with	longer	survival	(7.9	years	in	IDH-mutant	patients	versus	2.8	years	in	IDH	wild-type	patients).

Chemotherapy	for	Recurrent	Anaplastic	Astrocytomas
Chemotherapy	for	anaplastic	astrocytomas	that	recur	following	radiation	is	of	benefit,	and	both	nitrosourea-based
regimens	and	 temozolomide	have	efficacy.	The	U.S.	Food	and	Drug	Administration	 (FDA)	granted	accelerated
approval	for	 temozolomide	based	on	its	activity	in	recurrent	anaplastic	astrocytoma;	the	response	rate	was	35%
for	 patients	 who	 had	 not	 received	 chemotherapy	 and	 20%	 for	 patients	 who	 had	 received	 nitrosourea-based
therapy.106	Many	patients	are	being	treated	with	temozolomide	early	in	the	course	of	their	illnesses;	therefore,	for
recurrent	 anaplastic	 astrocytoma,	 nontemozolomide	 regimens	 used	 in	 GBM	 are	 often	 considered.107	 Several
clinical	trials	to	evaluate	targeted	agents	in	recurrent	malignant	glioma	often	include	recurrent	grade	III	histology.
Based	on	documented	activity	of	the	anti–vascular	endothelial	growth	factor	(VEGF)	antibody	in	recurrent	GBM,
this	agent	has	also	been	used	in	patients	with	recurrent	anaplastic	astrocytoma.108	A	retrospective	study	reported	a
64%	radiographic	response	and	a	6-month	PFS	rate	of	60%	in	25	patients.109	Prospective	studies	are	pending.

The	 NOA-04	 phase	 III	 trial	 compared	 efficacy	 and	 safety	 of	 radiotherapy	 followed	 by	 chemotherapy	 at
progression	with	the	reverse	sequence	in	patients	with	newly	diagnosed	anaplastic	gliomas.101	Patients	 received
conventional	radiotherapy,	PCV,	or	temozolomide	at	diagnosis.	At	occurrence	of	unacceptable	toxicity	or	disease
progression,	 patients	 in	 the	 radiotherapy	 arm	 were	 treated	 with	 PCV	 or	 temozolomide,	 whereas	 patients	 in
chemotherapy	 arms	 received	 radiotherapy.	 Median	 time	 to	 failure,	 PFS,	 and	 OS	 were	 similar	 for	 all	 arms.
Hypermethylation	 of	 the	 MGMT	 promoter	 was	 associated	 with	 prolonged	 PFS	 in	 the	 chemotherapy	 and
radiotherapy	arms.	This	study	showed	that	IDH1	mutations	are	a	positive	prognostic	factor	in	anaplastic	gliomas,
with	a	favorable	impact	stronger	than	that	of	1p/19q	codeletion	or	MGMT	promoter	methylation.110

The	long-term	results	of	this	study	have	been	published	after	a	median	follow-up	of	9.5	years.	No	significant
differences	between	the	treatment	arms	(radiotherapy	first	versus	PCV	or	temozolomide)	were	found	for	the	entire
cohort	 or	 for	 molecularly	 defined	 subgroups	 (IDH1	 mutant/1p/19q	 codeleted,	 IDH1	 mutant/1p/19q	 intact,	 or



IDH1	wild	type)	in	any	of	the	end	points	(median	time	to	treatment	failure,	PFS,	or	OS).	PFS	was	better	for	PCV-
treated	patients	than	for	temozolomide-treated	patients	with	IDH1	mutant/1p/19q	codeleted	tumors	(HR	for	PCV
versus	temozolomide,	0.39;	95%	CI,	0.17	to	0.92;	P	=	.031).110

World	Health	Organization	Grade	III:	Anaplastic	Oligodendroglioma

Surgery
Surgery	retains	its	role	as	the	principal	modality	of	treatment,	as	with	other	glial	neoplasms,	and	maximum	safe
resection	is	considered	the	standard	of	care.	However,	the	consideration	of	risks	versus	benefits	of	an	aggressive
resection	should	take	into	account	the	1p/19q	deletional	status	of	the	tumor	and	the	potential	for	a	more	favorable
natural	history	and	response	to	medical	therapy.

Radiation	Therapy
No	 randomized	 trials	 that	 focus	 only	 on	 these	 tumors	 comparing	 radiation	 versus	 no	 radiotherapy	 have	 been
completed,	 primarily	 because	 in	 the	 older	 trials	 that	 entertained	 this	 question,	 grade	 III	 and	 IV	 tumors	 were
typically	lumped	together	and	grade	III	anaplastic	oligodendrogliomas	are	known	to	be	radiosensitive.	In	general,
patients	 with	 pure	 and	 mixed	 anaplastic	 oligodendrogliomas	 receive	 postoperative	 irradiation	 to	 60	 Gy	 in
conventional	daily	fractions	of	1.8	to	2.0	Gy	using	an	approach	similar	to	that	used	for	other	malignant	gliomas.
Recent	 data	 show	 a	 categorical	 and	 large	 survival	 benefit	 for	 both	 the	 1p/19q	 codeleted	 and	 the	 IDH-mutated
anaplastic	oligodendrogliomas	treated	with	combination	chemoradiotherapy,	in	comparison	to	radiotherapy	alone.
Therefore,	 upfront	 radiotherapy	 alone	 should	 not	 be	 the	 preferred	 treatment	 for	 these	 good-prognosis	 patients.
Conversely,	no	level	1	data	exist	to	support	treating	these	patients	with	upfront	chemotherapy	alone,	and	although
this	approach	is	sometimes	adopted	in	practice,	it	should	be	subjected	to	rigorous	clinical	evaluation	because	of
the	potential	 for	 the	 loss	of	 long-term	survivorship	 in	 these	favorable	patients	 if	either	 therapy	is	compromised.
These	results	are	described	in	greater	detail	in	the	section	that	follows.

Chemotherapy
Retrospective	series	and	phase	II	trials	first	suggested	that	oligodendrogliomas	are	chemosensitive.87	In	two	phase
III	 trials,	 radiotherapy	 alone	 was	 compared	with	 radiotherapy	 plus	 PCV.	 In	 the	 North	 American	 trial	 (RTOG
9402),	patients	received	PCV	for	four	cycles	prior	to	radiation	or	no	upfront	PCV.	Survival	in	the	two	groups	was
the	same.	Patients	with	1p	and	19q	deletions	had	significantly	better	outcomes,	regardless	of	treatment.111	An	un-
prespecified	analysis	of	PFS	demonstrated	 that	 the	benefit	 from	PCV	was	most	notable	 in	patients	with	1p	and
19q	deletions.	Long-term	results	of	this	study	demonstrated	that	patients	with	codeleted	tumors	lived	longer	than
those	with	non-codeleted	tumors	irrespective	of	therapy,	and	the	median	survival	of	those	with	codeleted	tumors
treated	with	PCV	plus	radiotherapy	was	twice	that	of	patients	receiving	radiotherapy	alone	(14.7	versus	7.3	years,
respectively).111	There	was	no	difference	in	median	survival	for	patients	with	tumors	lacking	1p	and	19q	deletion.

In	the	European	trial,	patients	received	PCV	or	no	immediate	chemotherapy	after	radiation.112	PFS	was	better
in	the	PCV	group,	but	OS	was	not	different.	Patients	with	1p	and	19q	deletion	had	superior	survival,	regardless	of
treatment.	A	 further	molecular	 analysis	 of	 this	 cohort	 demonstrated	 that	MGMT	promoter	methylation	was	 of
prognostic	value.113	Long-term	follow-up	showed	that	PFS	and	OS	were	better	in	the	PCV	group,	but	OS	was	not
different	between	the	two	groups	(OS,	42.3	months	in	the	radiotherapy	plus	PCV	arm	versus	30.6	months	in	the
radiotherapy	arm).	In	patients	with	a	1p/19q	codeletion,	there	was	a	trend	toward	more	benefit	from	adjuvant	PCV
(OS,	not	 reached	 in	 the	 radiotherapy	plus	PCV	arm	versus	112	months	 in	 the	 radiotherapy	arm).114	Both	 trials
confirmed	the	prognostic	value	of	1p	and	19q.

Temozolomide	has	produced	high	 response	 rates	 in	patients	with	anaplastic	oligodendroglioma.	 In	27	newly
diagnosed	patients	treated	with	temozolomide	prior	to	radiotherapy,	the	objective	response	rate	was	33%	and	the
6-month	progression	rate	was	10%.115

Chemotherapy	for	Recurrent	Anaplastic	Oligodendroglioma
Prospective	 trials	 have	 demonstrated	 that	 approximately	 50%	 to	 70%	 of	 patients	 with	 anaplastic
oligodendrogliomas	 that	 recur	 after	 radiotherapy	 respond	 to	 chemotherapy.90	 In	 a	 study	 of	 48	 patients	 with
anaplastic	 oligodendroglioma	 or	 oligoastrocytoma	 who	 progressed	 on	 PCV,	 the	 objective	 response	 rate	 to
temozolomide	was	44%.116	Although	there	is	no	evidence	that	the	sequence	of	temozolomide	and	PCV	is	superior
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in	terms	of	efficacy,	the	absence	of	cumulative	myelosuppression	with	temozolomide	argues	for	its	use	initially	in
the	setting	of	recurrent	disease.

World	Health	Organization	Grade	IV:	Glioblastoma

Surgery
Gliomas	are	heterogeneous,	and	therapy	is	guided	by	the	most	aggressive	grade	in	the	specimen.	Two	randomized
trials	of	resection	of	malignant	gliomas	have	been	published.	In	a	study	by	Vuorinen	et	al.,117	survival	was	twice
as	long	with	resection	compared	to	biopsy	alone.	Stummer	et	al.35	reported	that	patients	without	residual	contrast-
enhancing	 tumor	had	a	higher	median	OS	time	 than	did	 those	with	 residual	enhancing	 tumor	(17.9	versus	12.9
months,	 respectively;	 P	 <	 .001).	 Complete	 resection	 of	 an	 enhancing	 tumor	 enhances	 certain	 approved	 or
investigational	 adjuvant	 therapies	 (e.g.,	 carmustine	 wafers,	 immunotherapy).	 Resection	 also	 is	 superior	 to
stereotactic	 biopsy	 alone	 for	 the	 provision	 of	 adequate	 tissue	 for	 the	 evaluation	 of	 molecular	 and	 cytogenetic
classifications	 and	 certain	prognostic	markers	 (e.g.,	MGMT),	which	may	be	 a	 requirement	 for	 entry	 into	 some
clinical	trials.

There	has	been	extensive	work	in	molecular	subtypes	of	GBM	in	recent	years,	including	a	report	of	The	Cancer
Genome	Atlas	Research	Network	and	follow-up	transcriptome	work	of	GBM,	that	has	provided	insights	into	the
major	 structural	 and	 expression	 alterations	 that	 may	 drive	 disease	 pathogenesis	 and	 biology	 in	 GBM.118,119
Verhaak	 et	 al.119	 proposed	 a	 gene	 expression–based	 molecular	 classification	 of	 GBM	 into	 proneural,	 neural,
classical,	 and	 mesenchymal	 subtypes.	 Aberrations	 and	 gene	 expression	 of	 EGFR,	 NF1,	 and	 platelet-derived
growth	 factor	 receptor-α	 (PDGFRA)/IDH1	 were	 used	 to	 define	 the	 classical,	 mesenchymal,	 and	 proneural
subtypes,	respectively.119	These	investigations	into	the	genome	and	transcriptome	reveal	GBM	as	a	heterogeneous
collection	 of	 distinct	 diseases	 with	 multiple	 dependencies	 both	 within	 and	 across	 each	 particular	 subtype.120
Despite	 these	 impressive	gains	 in	 the	molecular	understanding	of	GBM,	few	 if	any	of	 these	molecular	markers
have	actually	resulted	in	actionable	predictive	data	that	could	drive	meaningfully	effective	therapies.

Radiotherapy
Randomized	 trials	 have	 demonstrated	 a	 survival	 benefit	 with	 radiotherapy.121	 Localized	 radiation	 volumes	 are
recommended	 based	 on	 evidence	 from	 several	 sources	 that	GBMs	 typically	 recur	 locally,	 and	 the	 bulk	 of	 the
infiltrative	 disease	 is	 within	 a	 few	 centimeters	 of	 the	 enhancing	 rim.	 However,	 the	 wide	 and	 somewhat
unpredictable	 degree	 and	 direction	 of	 dissemination,	which	 is	 not	 visualized	well	with	 any	 imaging	 technique,
renders	the	definition	of	the	precise	radiotherapy	field	difficult.	Outside	of	clinical	trials,	consensus	regarding	the
exact	field	design	remains	difficult	to	obtain.	In	the	large	randomized	RTOG	0525	trial	in	newly	diagnosed	GBM,
which	 allowed	 both	 a	 single	 field	 treatment	 or	 a	 separate	 boost	 field	 to	 be	 used,	 no	 survival	 differences	were
identified,	although	the	number	of	patients	treated	with	the	single	field	was	rather	small	compared	with	patients
treated	with	a	separate	boost	field	(<20%	versus	>80%,	respectively).122	In	a	recent	study,	the	authors	reviewed
studies	exploring	recurrence	patterns	and	outcomes	in	patients	treated	using	both	conventional	and	more	limited
margins	 and	 concluded	 that	 treating	 to	 “smaller”	margins	 did	 not	 alter	 recurrence	 patterns	 or	 result	 in	 inferior
survival,	but	whether	this	was	because	of	the	inherently	limited	benefit	of	radiotherapy	in	the	first	place	or	truly
because	microscopic	tumor	control	at	larger	distances	is	not	a	real	issue	remains	unestablished.123

Standard	 therapy	uses	a	 total	dose	of	60	Gy	 in	30	 to	33	fractions	based	on	dose-response	studies	showing	a
survival	improvement	for	60	Gy	compared	to	lower	doses	and	no	benefit	for	higher	doses.124–133	For	patients	with
poor	prognostic	 factors	and	for	 those	who	are	not	able	 to	 tolerate	conventional	 treatment,	a	shorter	course	may
provide	palliation.	Older	patients	(older	 than	65	years	old),	especially	those	with	poor	performance	status,	have
been	 shown	 to	 have	 limited	 posttreatment	 improvement	 after	 conventional	 radiotherapy,124	 and	 several	 studies
have	 not	 shown	 a	 significant	 survival	 difference	 using	 shorter	 courses.	 The	 most	 recent	 randomized	 trial	 to
evaluate	 this	 question	 used	 an	 extremely	 shortened	 schedule	 of	 only	 five	 fractions	 as	 the	 experimental	 arm,
without	showing	any	survival	decrement.134	The	significance	of	this	observation	lies	in	the	preclinical	data	from
Zeng	 et	 al.135	 that	 indicate	 that	 short-course	 radiotherapy	 combined	 with	 immune	 checkpoint	 blockade	 could
represent	 a	 potentially	 curative	 approach	 for	 GBM	 in	 rodent	 models.	 Iuchi	 et	 al.136	 recently	 reported	 a
hypofractionated	trial	using	48	Gy	for	MGMT	methylated	tumors	(n	=	20)	and	68	Gy	for	unmethylated	tumors	(n
=	53)	(all	doses	delivered	in	eight	fractions	over	10	treatment	days	and	all	IDH	wild-type	tumors),	with	concurrent
and	adjuvant	temozolomide.	There	was	no	significant	difference	between	methylated	and	unmethylated	patients	in



terms	of	age,	sex,	tumor	volume,	extent	of	resection,	and	Karnofsky	performance	status.	The	median	OS	was	22.4
months	 (39.9	months	 for	methylated	 tumors	 and	 19.8	months	 for	 unmethylated	 tumors;	 HR,	 0.43;	P	 =	 .007).
These	 results	 suggest	 that	 there	 could	 be	 value	 in	 investigating	 personalized	 radiotherapy	 doses	 based	 on	 the
methylation	status	of	MGMT.	The	value	of	pursuing	hypofractionated	radiotherapy	schedules	lies	in	exploiting	the
possible	 combination	 with	 immune	 checkpoint	 inhibitors.	 Encouraging	 evidence	 has	 been	 reported	 that	 anti–
programmed	cell	death	protein	1	 (PD-1)	 therapy	combined	with	hypofractionated	stereotactic	 radiotherapy	may
improve	clinical	outcomes	in	high-grade	glioma.	This	outcome	of	a	retrospective	single-center	study	was	reported
at	 the	 2017	ASTRO	annual	meeting.	Grass	 et	 al.137	 reported	 on	 50	 patients	with	 recurrent	GBM	or	 anaplastic
astrocytoma	 treated	 with	 hypofractionated	 stereotactic	 radiation	 therapy	 from	 2010	 to	 2016.	 The	 cohort	 was
stratified	 by	 receipt	 of	 anti–PD-1	 (pembrolizumab	 or	 nivolumab)	 antibodies.	 Sixty-four	 percent	 (n	 =	 32)	 of
patients	 received	anti–PD-1	 therapy.	Median	dose	of	hypofractionated	stereotactic	 radiation	 therapy	was	30	Gy
(range,	27.5	to	35	Gy)	given	in	five	fractions.	Improved	PFS	was	observed	in	the	anti–PD-1	group	(median	PFS,
8.3	months	[range,	5.8	to	17.9	months]	versus	6.1	months	[range,	2.9	to	10.Znths]	in	group	that	did	not	receive
anti–PD-1	therapy;	P	=	 .05).	Median	OS	was	not	reached	(range,	8.8	months	to	not	reached)	in	patients	 treated
with	anti–PD-1	versus	8.9	months	(range,	7.8	to	19.4	months)	in	the	group	that	did	not	receive	anti–PD-1	therapy
(difference	not	significant).137

A	number	of	trials	have	evaluated	the	role	of	temozolomide	versus	radiotherapy	in	elderly	patients	with	GBM.
A	German	phase	 III	 trial	 (NOA-08)	 randomized	patients	aged	65	years	or	older	with	anaplastic	astrocytoma	or
GBM	with	 a	minimum	Karnofsky	performance	 status	of	60	 to	 either	 temozolomide	or	 radiotherapy.125	Of	412
patients	who	were	randomized,	373	received	at	least	one	dose	of	treatment	and	were	included	in	efficacy	analyses.
Median	 survival	 was	 8.6	months	 in	 the	 temozolomide	 arm	 compared	 to	 9.6	months	 with	 radiotherapy.	 These
results	met	the	criteria	of	noninferiority	of	temozolomide.125	In	an	unplanned	post	hoc	analysis,	MGMT	promoter
methylation	 status	 was	 evaluated	 in	 209	 patients;	 promoter	 methylation	 was	 associated	 with	 longer	 OS	 (11.9
versus	 8.2	 months	 in	 unmethylated	 patients).	 Event-free	 survival	 (EFS)	 was	 longer	 in	 patients	 with	 MGMT
methylation	who	 received	 temozolomide	 alone	 versus	 radiotherapy,	whereas	 the	 opposite	was	 true	 for	 patients
without	MGMT	promoter	methylation.	Therefore,	MGMT	methylation	seems	to	be	a	useful	predictive	biomarker
and	could	aid	decision	making	in	elderly	patients	not	fit	to	receive	concurrent	chemoradiation.

The	Nordic	three-arm	phase	III	trial	randomized	elderly	(age	older	than	60	years)	patients	with	GBM	to	two
different	radiotherapy	schedules	of	60	Gy	in	2-Gy	fractions	over	6	weeks	or	a	hypofractionated	schedule	of	34	Gy
in	3.4-Gy	fractions	over	2	weeks	versus	 temozolomide	alone.126	Median	 survival	was	 significantly	 longer	with
temozolomide	versus	conventional	radiotherapy	(8.3	versus	6.0	months,	respectively;	HR,	0.70;	P	=	.01)	but	not
hypofractionated	radiotherapy	(7.5	months;	HR,	0.85;	P	=	.24).	This	trial	suggests	that	both	temozolomide	alone
and	hypofractionated	radiotherapy	alone	produce	equivalent	survival	in	elderly	patients	with	GBM,	and	both	are
superior	to	standard	radiotherapy.

These	 trials	 did	 not	 address	 the	 issue	 of	 concomitant	 chemoradiotherapy	 for	 the	 elderly.	 A	 phase	 III	 trial
(EORTC	26062-22061/National	Cancer	 Institute	of	Canada	Clinical	Trials	Group	CE6)	compared	 the	OS	 rates
between	 short-course	 radiotherapy	 alone	 and	 short-course	 radiotherapy	 given	 together	 with	 temozolomide	 in
newly	 diagnosed	 patients	 with	 GBM	 who	 wer	 older	 than	 age	 65	 years	 and	 who	 were	 not	 fit	 for	 standard
treatment.138	The	use	of	combination	radiotherapy	and	temozolomide,	compared	with	radiotherapy	alone,	resulted
in	 improved	 PFS	 (5.3	 versus	 3.9	 months;	 HR,	 0.50)	 and	 OS	 (9.3	 versus	 7.6	 months;	 HR,	 0.67).	 Among	 the
patients	with	methylated	MGMT	status,	 the	benefit	was	more	pronounced;	 the	median	OS	was	13.5	months	for
combination	therapy	versus	7.7	months	with	radiotherapy	alone	(HR,	0.53).	In	a	phase	III	study	conducted	by	the
International	Atomic	Energy	Agency,	98	 frail	or	elderly	patients	were	 randomly	assigned	 to	either	short-course
radiotherapy	 (25	 Gy	 in	 five	 daily	 fractions	 over	 1	 week)	 or	 a	 longer	 radiotherapy	 course	 (40	 Gy	 in	 15	 daily
fractions	 over	 3	weeks).	 The	median	OS	 time	was	 7.9	months	 (95%	CI,	 6.3	 to	 9.6	months)	 after	 short-course
therapy	and	6.4	months	(95%	CI,	5.1	to	7.6	months)	in	the	control	arm.	The	authors	concluded	that	short-course
radiotherapy	was	noninferior	to	a	commonly	used	abbreviated	radiotherapy	protocol.

Dose	Escalation
In	the	pretemozolomide	era,	studies	evaluating	radiosurgery	or	brachytherapy	boosts	to	conventional	radiotherapy
have	not	demonstrated	a	survival	advantage.127,139

Recently,	 the	 University	 of	Michigan	 published	 results	 of	 a	 clinical	 trial	 that	 escalated	 dose	 and	 dose	 per
fraction	 from	 66	Gy	 to	 81	Gy	 in	 30	 fractions	 during	 chemoradiotherapy	with	 temozolomide	 for	 patients	with
GBM.128	 The	maximum-tolerated	 dose	with	 concurrent	 temozolomide	was	 75	Gy	 in	 30	 fractions	 (2.5	Gy	 per
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fraction).	Median	 survival	 was	 20.1	months,	 suggesting	 improved	 efficacy	 comparable	 to	 other	 contemporary
studies.	Interestingly,	the	probability	of	in-field	failure	decreased	with	increasing	dose	escalation,	setting	the	stage
for	more	definitive	investigations	of	this	approach.	Small	phase	II	studies	of	dose	escalation	using	mixed	photon
and	 proton	 irradiation	 demonstrated	median	 survival	 times	 of	 20	 to	 22	months,	 and	more	 formal	 comparative
studies	 need	 to	 be	 performed.	 Alternate	 particle	 radiation	modalities	 used	 in	 the	 treatment	 of	 gliomas	 include
neutrons,	helium	ions,	other	heavy	nuclei	such	as	carbon,	negative	pi-mesons,	and	thermal	neutrons	in	conjunction
with	 boronated	 compounds	 (boron	 neutron	 capture	 therapy).	 To	 date,	 most	 studies	 have	 been	 designed	 to
determine	optimal	dose	scheduling,	efficacy,	and	safety.	The	ongoing	randomized	NRG	Oncology	BN001	trial	is
testing	dose	 intensification	 (to	75	Gy)	with	concomitant	 temozolomide	and	allows	 for	 enrollment	onto	either	 a
proton	or	a	photon	dose-escalation	arm;	 the	photon	arm	has	completed	accrual	 (60	versus	75	Gy),	whereas	 the
proton	arm	is	still	accruing.140

Radiosensitizers	and	Radioimmunotherapy
Studies	using	various	radiation	modifiers	such	as	hyperbaric	oxygen,	nitroimidazoles	and	tirapazamine,	RSR-13,
or	 carbogen	 and	 nicotinamide	 to	 overcome	 the	 hypoxia	 present	 in	 malignant	 gliomas	 have	 generally	 yielded
disappointing	results	with	no	survival	advantage.141,142	Halogenated	pyrimidines	are	incorporated	into	the	DNA	of
dividing	 cells	 due	 to	 their	 biochemical	 similarity	 to	 thymidine.	After	 being	 incorporated,	 cells	 are	much	more
susceptible	to	single-strand	breaks	from	radiation-induced	free	radicals	and	have	impaired	ability	to	repair	DNA.
Prospective	 clinical	 studies,	 however,	 have	 not	 demonstrated	 a	 survival	 advantage.	Motexafin	 gadolinium	 is	 a
redox-active	 drug	 that	 selectively	 accumulates	 in	 tumor	 cells.	 It	 is	 thought	 to	 sensitize	 tumors	 through	 the
production	 of	 reactive	 oxygen	 species	 that	 destabilize	 cellular	 metabolism.	 A	 phase	 II	 RTOG	 trial	 did	 not
demonstrate	 superiority	 in	 survival.129	 Studies	 of	 radiation	 synergistic	 cytotoxics	 such	 as	 the	 camptothecins	 or
platinum	 agents	 also	 did	 not	 demonstrate	 a	 survival	 benefit.	 Radioimmunotherapy,	 using	 various	 monoclonal
antibodies	 against	 EGFR	 or	 tenascin	 tagged	 with	 125I,	 has	 been	 evaluated.	 These	 were	 small	 studies	 and
demonstrated	feasibility;	however,	randomized	controlled	studies	have	not	been	performed.

Chemotherapy
In	 a	 landmark	 international	 trial,	 patients	 were	 randomized	 to	 radiotherapy	 with	 or	 without	 concurrent	 and
adjuvant	 temozolomide.	Median	and	2-year	 survival	were	 increased	by	2.5	months	 and	16.1%,	 respectively,	 in
patients	receiving	temozolomide,	and	long-term	follow-up	showed	a	persistent	survival	benefit.130	A	companion
correlative	 study	 demonstrated	 that	 methylation	 of	 the	 promoter	 region	 of	 the	MGMT	 gene	 in	 the	 tumor	 was
associated	with	superior	 survival,	 regardless	of	 treatment	 received,	but	 the	benefit	was	maximal	 for	methylated
patients.102	MGMT	removes	the	methyl	group	from	the	O6	position	of	guanine,	reversing	the	cytotoxic	effects	of
methylating	agents	(such	as	temozolomide),	making	the	tumor	resistant	to	treatment,	whereas	methylation	of	the
promoter	region	of	MGMT	results	in	inactivation	of	MGMT.	MGMT	status	was	strongly	associated	with	survival
(Fig.	94.6).	Recognizing	that	a	different	schedule	of	temozolomide	may	overcome	chemotherapy	resistance,	there
have	been	several	studies	of	alternative	dosing	of	temozolomide	both	at	the	time	of	recurrence	and	in	the	newly
diagnosed	 setting.131,132	 A	 large,	 phase	 III,	 randomized	 international	 study	 led	 by	 the	 RTOG	 compared	 the
standard	treatment	versus	a	21-	or	28-day	adjuvant	temozolomide	schedule.122

Dose-dense	temozolomide	failed	to	result	in	improved	efficacy	regardless	of	tumor	methylation	status	but	was
associated	with	more	profound	 lymphopenia	and	 fatigue.	Strategies	 to	 increase	 the	 therapeutic	 ratio	of	existing
chemotherapies,	such	as	the	inhibition	of	DNA	repair	enzymes	(i.e.,	poly	[ADP-ribose]	polymerase	[PARP]),	are
being	evaluated.	These	agents	are	being	combined	with	radiation	and	chemotherapy	to	increase	the	cytotoxicity	of
the	combination	approach.133	Although	 nitrosourea-based	 chemotherapy	 is	modestly	 effective	 for	 patients	with
GBM,	 its	 use	 has	 been	 supplanted	 by	 temozolomide.	 There	 is	 evidence	 that	 carmustine-impregnated	 wafers
implanted	 into	 the	brain	at	 the	 time	of	 resection	provide	modest	 improvement	 in	outcomes	 in	 selected	patients
compared	with	patients	who	received	placebo	wafers.

Addition	of	lomustine	to	chemoradiotherapy	improves	survival	in	children	with	malignant	gliomas.	In	a	phase
II	clinical	trial	of	lomustine	and	temozolomide	following	radiotherapy	and	concurrent	temozolomide	in	children
with	 anaplastic	 astrocytoma	 or	 GBM	 (ACNS0423),	 EFS	 was	 similar	 to	 that	 in	 the	 Children’s	 Cancer	 Group
(CCG)	945	trial,	but	EFS	and	OS	were	significantly	improved	compared	to	the	ACNS0126	study.	The	difference
was	most	pronounced	for	participants	with	GBM	and	those	with	MGMT	overexpression.143

Tumor	Treating	Fields



A	device	generating	an	electrical	field	has	been	approved	by	the	FDA	for	use	in	newly	diagnosed	and	relapsed
GBM.	 For	 patients	 with	 newly	 diagnosed	 disease,	 the	 device	 is	 used	 after	 chemoradiotherapy	 during
temozolomide	consolidation.	Locoregional	electrical	fields	interfere	with	cell	division	and	organelle	assembly	in
experimental	assays.	In	a	randomized	prospective	study,	median	PFS	in	the	intent-to-treat	population	(primary	end
point)	was	7.1	months	(95%	CI,	5.9	to	8.2	months)	in	the	tumor-treating	fields	plus	temozolomide	group	and	4.0
months	 (95%	CI,	3.3	 to	5.2	months)	 in	 the	 temozolomide	alone	group	 (HR,	0.62;	98.7%	CI,	0.43	 to	0.89;	P	=
.001).144	 The	 final	 results	 of	 this	 randomized,	 open-label	 trial,	 in	 which	 695	 patients	 were	 randomized	 2:1	 to
tumor-treating	fields	with	temozolomide	chemotherapy	or	temozolomide	alone,	show	that	the	addition	of	tumor-
treating	fields,	compared	with	 temozolomide	alone,	was	associated	with	 improved	PFS	(6.7	versus	4.0	months)
and	OS	(20.9	versus	16.0	months;	HR,	0.63).145	Mild	to	moderate	skin	toxicity	was	seen	in	half	of	 the	patients
who	received	tumor-treating	fields;	otherwise,	the	toxicity	profile	was	similar	in	both	the	groups	and	comparable
to	that	reported	with	temozolomide	in	the	past.119

Figure	94.6	Kaplan-Meir	survival	curves	for	the	two	arms	of	the	international	glioblastoma	trial,
demonstrating	a	significant	survival	benefit	from	chemoradiotherapy	compared	with	radiotherapy.
The	patients	are	evaluated	by	methylguanine-DNA	methyltransferase	(MGMT)	gene	promoter

methylation	status,	and	the	maximum	survival	benefit	is	seen	in	the	combination	arm	when	the	gene
promoter	is	silenced.	(Redrawn	from	Hegi	ME,	Diserens	AC,	Gorlia	T,	et	al.	MGMT	gene	silencing

and	benefit	from	temozolomide	in	glioblastoma.	N	Engl	J	Med	2005;352:997.)

Chemotherapy	for	Recurrent	Glioblastoma
Treatment	 options	 for	 recurrent	 GBM	must	 be	 tailored	 to	 the	 individual.	 Few	 agents	 have	 proven	 activity.	 A
randomized	 phase	 II	 trial	 of	 temozolomide	 versus	 procarbazine	 in	 225	 patients	 with	 GBM	 at	 first	 relapse
demonstrated	 that	 treatment	 with	 temozolomide	 improved	 median	 PFS	 (12.4	 versus	 8.3	 weeks,	 P	 <	 .006).
Radiographic	 responses	 were	 disappointing	 (5.4%	 for	 temozolomide	 versus	 5.3%	 for	 procarbazine).	 Several
agents	such	as	 the	platinoids,	 taxanes,	5-fluorouracil,	and	 irinotecan	have	been	 tested,	with	most	demonstrating
little	activity.	In	a	review	of	eight	clinical	trials	with	225	recurrent	malignant	gliomas,	the	6-month	survival	rate
was	15%	versus	31%	for	GBM	versus	anaplastic	astrocytoma.146

Targeted	Therapies
As	the	genetic	and	molecular	pathogenesis	of	gliomas	is	better	understood,	new	targets	are	being	identified	and
inhibitors	 of	 associated	 signaling	 pathways	 are	 being	 developed.	 One	 example	 is	 EGFR	 as	 a	 frequently
deregulated	 signaling	molecule	 in	GBM,	prompting	phase	 I	 and	 II	 trials	of	 erlotinib	and	gefitinib	 for	 recurrent
high-grade	 gliomas.	Both	 have	 shown	 limited	 activity.147–149	 Patients	whose	 tumors	 demonstrate	 the	 variant	 3
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mutant	 (EGFRvIII),	 with	 resulting	 constitutive	 activation	 of	 EGFR	 tyrosine	 kinase	 activity,	 along	 with	 intact
phosphatase	and	tensin	analog	(PTEN),	appear	to	be	more	responsive	to	EGFR	inhibitors.149	There	are	two	reports
of	 the	 combination	 of	 erlotinib	 with	 radiation	 and	 chemotherapy	 for	 newly	 diagnosed	 GBM	 showing	 modest
additional	benefit	 to	standard	chemoradiotherapy	but	no	convincing	survival	 improvement.150	Similarly,	RTOG
0211,	which	evaluated	 the	benefit	of	 radiotherapy	with	concurrent	gefitinib,	 showed	median	survival	 similar	 to
that	in	a	historical	control	cohort	treated	with	radiation	alone.151	Irreversible	EGFR	inhibitors	such	as	afatinib	did
not	 show	 efficacy	 when	 used	 alone	 or	 in	 combination	 with	 temozolomide	 in	 recurrent	 GBM.152	 There	 is	 an
ongoing	phase	II	study	with	the	second-generation	EGFR	inhibitor	dacomitinib.

Preliminary	 reports	using	other	 targeted	agents,	 including	 the	mTOR	inhibitor	 temsirolimus	and	 the	 farnesyl
transferase	inhibitor	tipifarnib,	have	shown	objective	responses	in	a	few	high-grade	gliomas.153–155

The	 most	 promising	 results	 have	 been	 seen	 for	 angiogenic	 inhibitors.	 The	 most	 important	 mediator	 of
angiogenesis	 in	 GBM	 is	 VEGF.	 Antiangiogenic	 therapies	 such	 as	 the	 anti-VEGF	 monoclonal	 antibody
bevacizumab	have	produced	dramatic	radiologic	responses	and	prolonged	PFS	relative	to	historical	controls.156,157
Based	on	the	results	of	a	randomized	phase	II	study	of	167	patients	who	received	bevacizumab	with	or	without
irinotecan,	 the	FDA	granted	accelerated	approval	 to	bevacizumab	for	 recurrent	GBM	in	2009.108	The	PFS	at	 6
months	was	43%	for	single-agent	bevacizumab	and	50%	for	 the	combination	arm.	The	objective	response	rates
were	28%	and	38%	for	the	two	arms,	and	median	survival	times	were	9.2	and	8.7	months,	respectively.	The	most
common	side	effects	associated	with	bevacizumab	 include	 fatigue,	headache,	and	hypertension;	proteinuria	and
poor	wound	healing	are	also	seen.	The	addition	of	chemotherapy	or	targeted	therapy	to	bevacizumab	has	failed	to
show	 any	 added	 benefit	 in	 recurrent	 GBM	 trials,	 with	 the	 exception	 of	 the	 BELOB	 (Bevacizumab	 Versus
Bevacizumab	plus	Lomustine	in	Patients	with	Recurrent	Glioblastoma)	study,	a	three-arm	multicenter	randomized
phase	II	study	in	which	148	patients	with	recurrent	GBM	were	treated	with	bevacizumab	alone,	lomustine	alone,
or	 the	 combination	 of	 the	 two.	Survival	 at	 9	months	was	 38%,	 43%,	 and	59%,	 respectively,	 and	 the	PFS	 at	 6
months	was	16%,	13%,	and	41%,	respectively,	 in	 the	 three	arms.158	Nine-month	OS	was	43%	in	 the	 lomustine
group,	 38%	 in	 the	 bevacizumab	 group,	 and	 63%	 for	 the	 bevacizumab	 and	 lomustine	 group	 (59%	 for	 patients
treated	with	bevacizumab	and	lomustine	90	mg/m2;	87%	for	those	treated	with	bevacizumab	and	lomustine	110
mg/m2).158

In	 a	 phase	 III	 EORTC	 study,	 the	 patients	 were	 randomized	 2:1	 to	 receive	 bevacizumab	 and	 lomustine	 or
lomustine	alone.	The	combination	therapy	was	associated	with	prolonged	PFS	(4.2	versus	1.5	months);	however,
there	was	 no	 difference	 in	OS	 in	 the	 two	 groups.	MGMT	 status	was	 prognostic,	 and	 patients	with	methylated
MGMT	status	had	a	longer	median	OS	of	13.5	months	versus	8.0	months	in	the	unmethylated	group.159	There	are
several	 reports	 of	 small,	 single-arm,	 phase	 II	 studies	 of	 the	 combination	 of	 bevacizumab	 with	 radiation	 and
temozolomide	 in	 the	 newly	 diagnosed	 setting.160	 Two	 large	 randomized	 trials	 evaluated	 the	 addition	 of
bevacizumab	 to	 the	 initial	 combined-modality	 therapy	 of	 radiotherapy	 and	 temozolomide.	 In	 RTOG	 0825,	 a
randomized,	double-blinded,	placebo-controlled	trial,	the	addition	of	bevacizumab	to	temozolomide	and	radiation
resulted	 in	a	 longer	PFS	 that	did	not	 reach	 the	preset	 level	of	 significance	 (10.7	versus	7.3	months;	HR,	0.79).
There	was	no	difference	in	OS	between	the	two	arms	(16.1	versus	15.7	months;	HR,	1.13).161	Another	phase	III,
placebo-controlled	 randomized	 trial	 (Avastin	 in	 Glioblastoma	 [AVAglio]	 study)	 in	 newly	 diagnosed	 GBM
showed	 that	 the	 addition	 of	 bevacizumab	 to	 radiation	 and	 temozolomide	 (experimental	 arm)	 significantly
prolonged	PFS	compared	to	the	control	arm	of	radiation	and	temozolomide	(HR,	0.64;	P	<	 .0001;	median,	10.6
versus	6.2	months).162	However,	the	median	OS	was	not	significantly	different	in	both	arms.	In	the	experimental
and	 control	 arms,	 1-year	 OS	was	 72%	 and	 66%,	 respectively	 (P	 =	 .049),	 and	 2-year	 OS	was	 34%	 and	 30%,
respectively	(P	=	.24).	Safety	was	consistent	with	known	bevacizumab	side	effects;	serious	adverse	event	(grade
≥3)	rates	were	28.7%	and	15.2%	in	the	experimental	and	control	arms,	respectively.

Retrospective	analysis	of	 the	AVAglio	data	revealed	 that	bevacizumab	conferred	a	significant	OS	advantage
versus	placebo	 for	patients	with	proneural	 IDH1	wild-type	 tumors	 (17.1	versus	12.8	months,	 respectively;	HR,
0.43;	95%	CI,	0.26	to	0.73;	P	=	.002).134,163

As	 previously	 discussed,	 patients	with	MGMT-nonmethylated	GBM	have	 inferior	 outcomes	 compared	with
patients	 with	 MGMT-methylated	 GBM,	 and	 temozolomide	 is	 less	 effective	 in	 these	 patients.	 The	 open-label
GLARIUS	 trial	 was	 a	 randomized,	 multicenter	 study	 of	 170	 patients	 in	 which	 MGMT-nonmethylated	 GBM
patients	were	randomized	(2:1)	either	to	radiation	with	bevacizumab	during	radiotherapy	followed	by	maintenance
bevacizumab	and	irinotecan	(experimental	arm)	or	to	standard	therapy	with	daily	temozolomide	during	radiation
followed	by	six	cycles	of	temozolomide	(control	arm).164	The	6-month	PFS	rate	of	71.1%	was	significantly	higher
in	the	experimental	arm	compared	to	26.2%	in	the	control	arm	(P	<	.0001,	log-rank	test).	In	the	modified	intent-



to-treat	population,	PFS	at	6	months	was	increased	from	42.6%	with	temozolomide	(95%	CI,	29.4%	to	55.8%)	to
79.3%	with	bevacizumab	and	irinotecan	(95%	CI,	71.9%	to	86.7%;	P	<	 .001).	OS	was	not	different	 in	 the	 two
arms,	possibly	at	least	in	part	because,	at	progression,	crossover	bevacizumab	therapy	was	given	to	81.8%	of	all
patients	who	received	any	second-line	therapy	in	the	temozolomide	arm.164

Recognizing	 that	 tumors	 ultimately	 evade	 the	 effect	 of	 antiangiogenic	 agents	 through	 various	mechanisms,
other	 strategies	 include	 the	 evaluation	 of	 the	 combination	 of	 bevacizumab	with	 chemotherapeutic	 and	 targeted
agents	and	 the	 investigation	of	other	VEGF-targeted	agents.	Batchelor	et	 al.165	 reported	a	 reduction	 in	contrast
enhancement	and	edema	 in	12	of	16	GBM	patients	who	received	cediranib	 (AZD2171),	an	orally	administered
pan-VEGF	 receptor	 inhibitor,	 with	 a	 median	 PFS	 of	 3.7	 months.165	 However,	 a	 phase	 III	 randomized	 trial
comparing	the	efficacy	of	cediranib	failed	to	show	any	improvement	in	PFS	with	cediranib	either	as	monotherapy
or	in	combination	with	lomustine	compared	to	lomustine	alone	in	recurrent	GBM.166

VEGF-Trap	(aflibercept),	a	recombinantly	produced	fusion	protein	that	captures	circulating	VEGF	and	CT-322
(Angiocept;	 Adnexus	 Therapeutics,	Waltham,	MA),	 a	 pegylated	 recombinant	 peptide	 with	 a	 high	 affinity	 for
VEGF,	was	tested	in	both	the	recurrent	and	newly	diagnosed	setting.	A	phase	II	study	showed	that	aflibercept	had
minimal	 evidence	 of	 single-agent	 activity	 in	 unselected	 patients	 with	 recurrent	 malignant	 GBM.	 Cilengitide
(EMD121974),	an	integrin	inhibitor	that	showed	promise	in	recurrent	GBM,	was	evaluated	in	two	large	studies	of
patients	with	newly	diagnosed	GBM.167,168	The	first	study,	CENTRIC	(Cilengitide,	Temozolomide,	and	Radiation
Therapy	in	Treating	Patients	with	Newly	Diagnosed	Glioblastoma	and	Methylated	Gene	Promoter	Status),	a	phase
III	 trial,	 investigated	 the	 role	 of	 cilengitide	 combined	 with	 the	 standard	 treatment	 for	 patients	 with	 newly
diagnosed	 GBM	with	MGMT	 promoter	 methylation.167	 The	 study	 failed	 to	 show	 any	 additional	 benefit	 with
cilengitide	in	this	patient	population.

The	 other	 study,	 CORE	 (Cilengitide	 in	 Patients	 with	 Newly	 Diagnosed	 Glioblastoma	 Multiforme	 and
Unmethylated	MGMT	Gene	Promoter),	investigated	the	benefit	of	cilengitide	in	the	unmethylated	MGMT	gene
promoter	in	a	multicenter,	open-label,	randomized	phase	II	trial.	There	was	suggestion	of	benefit	with	cilengitide,
with	a	median	OS	of	16.3	months	in	one	of	the	cilengitide	arms	compared	to	the	median	OS	of	13.4	months	in	the
control	group	(HR,	0.69;	P	=	.033).168	However,	this	drug	is	not	being	further	developed.

The	 other	 antiangiogenic	 agents	 that	 have	 undergone	 investigation	 in	 recurrent	 GBM	 include	 XL184,	 a
multitargeted	tyrosine	kinase	inhibitor	that	acts	on	the	VEGF	receptor,	hepatocyte	growth	factor	receptor	(MET),
and	c-KIT;	and	enzastaurin,	an	inhibitor	of	protein	kinase	C-β	that	targets	VEGF	as	well	as	the	mTOR	pathway.169
The	 initial	 results	 of	 these	 studies	 have	 shown	 similar	 or	 inferior	 outcomes	 to	 those	 reported	 with	 other
agents.169–171

Other	 mechanisms	 of	 cell	 growth	 that	 are	 being	 targeted	 include	 epigenetic	 modulation	 through	 histone
deacetylase	inhibitors,	the	proteasome	inhibitor	bortezomib,	and	the	glutamate	receptor	inhibitor	talampanel.141,172

Gene	Therapy	Strategies
The	efficacy	and	safety	of	a	locally	applied	adenovirus-mediated	gene	therapy	with	a	prodrug-converting	enzyme
(herpes	 simplex	 virus	 thymidine	 kinase;	 sitimagene	 ceradenovec)	 followed	 by	 intravenous	 ganciclovir	 was
evaluated	 in	250	patients	with	newly	diagnosed	 resectable	GBM.	Temozolomide	was	not	 given	 in	 all	 patients.
There	 was	 no	 evidence	 of	 a	 survival	 advantage	 to	 this	 approach.173	 Previous	 strategies	 have	 similarly	 been
negative,	 and	 the	 challenges	 of	 adequate	 delivery	 of	 the	 virus	 and	 gene	 transduction	 into	 the	 tumor	 remain
paramount.

Immunotherapies
Immunotherapeutic	 strategies	 targeting	 GBMs	 include	 recombinant	 immunotoxins,	 restoration	 of	 local	 and
systemic	 immunosuppression,	 one-size-fits-all,	 and	 individualized	 autologous	 dendritic	 cell	 vaccines.	 Immune
checkpoint	 inhibitors	 should	 also	 be	 included	 in	 immunotherapeutic	 strategies.	 Treatment	 with	 the	 immune
checkpoint	 inhibitor	 nivolumab	 resulted	 in	 clinical	 and	 radiographic	 responses	 in	 two	 siblings	who	 developed
GBM	 in	 the	 setting	 of	 biallelic	 mismatch	 repair	 deficiency,	 providing	 further	 evidence	 that	 tumors	 with	 high
mutation	and	neoantigen	loads	are	associated	with	response	to	immune	checkpoint	inhibition	and	raising	hope	that
anti–PD-1	 therapy	may	be	a	successful	 treatment	strategy	 in	a	subset	of	GBM	patients.174	A	patient	with	a	 left
frontal	GBM	with	primitive	neuroectodermal	tumor	features	and	hypermutated	genotype	in	the	setting	of	a	POLE
germline	alteration	was	 treated	with	pembrolizumab	after	he	developed	metastases	along	CSF	pathways	during
standard-of-care	chemoradiation.	Brisk	lymphocyte	infiltration	was	observed	in	a	subsequently	resected	metastatic
spinal	lesion,	and	an	objective	radiographic	response	was	noted	in	a	progressive	intracranial	lesion.	However,	the
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phase	III	trial	of	nivolumab	versus	bevacizumab	failed	to	show	any	survival	difference	between	the	two	arms.

TABLE	94.4
Radiation	Therapy	Oncology	Group	Recursive	Partitioning	Analysis	(RPA)	Classification:
Survival	by	Class

RPA	Class No.	of	Patients Median	Survival	(mo) 2-y	Survival	(%)
I 139 58.6 76

II 34 37.4 68

III 175 17.9 35

IV 457 11.1 15

V 395 8.9 6

VI 263 4.6 4

Issues	in	Study	Designs	for	Novel	Agents
Several	 key	 issues	 confront	 the	 incorporation	 of	 new	agents	 in	 the	 upfront	management	 of	malignant	 gliomas.
First,	 there	 is	 the	 issue	of	defining	 the	appropriate	end	point.	 In	recurrent	malignant	gliomas,	PFS	is	 frequently
used,	but	because	of	insufficient	evidence	linking	PFS	to	survival	in	newly	diagnosed	malignant	gliomas,	survival
remains	 the	gold	standard.	However,	 there	 is	considerable	heterogeneity	 in	survival	outcomes	based	on	clinical
and	possibly	molecular	prognostic	variables.	An	adequate	staging	system	has	never	been	developed.	The	RTOG
has	 analyzed	 an	 extensive	 database	 of	 prospectively	 treated	 patients	 (primarily	with	 surgery,	 radiotherapy,	 and
alkylating	chemotherapy)	and,	using	a	statistical	method	known	as	recursive	portioning	analysis,	has	developed
six	 prognostic	 groups,	 referred	 to	 as	 RTOG	 recursive	 portioning	 analysis	 classes	 I	 to	 VI.	 Patients	 can	 be
segmented	 into	 classes	 using	 eight	 variables:	 age,	 histology,	 Karnofsky	 performance	 score,	 mental	 status,
neurologic	function,	symptom	duration,	extent	of	resection,	and	radiotherapy	dose.	GBM	patients	fall	in	classes	III
to	VI,	and	their	median	survival	ranges	from	4.6	to	17.9	months	(Table	94.4).175

GLIOMATOSIS	CEREBRI
Gliomatosis	cerebri	 is	a	rare	condition	with	diffuse	involvement	of	multiple	parts	of	 the	brain	(greater	 than	two
lobes).	On	MRI,	there	is	typically	diffuse	increased	signal	on	T2-weighted	and	FLAIR	images	and	a	low	or	absent
signal	 in	 the	affected	areas	on	T1-weighted	 images	 (Fig.	94.7).	Prognostic	 factors	 include	age	and	histology	as
well	as	Karnofsky	performance	score.	Treatment	remains	undefined	and	includes	radiation	and	chemotherapy.

OPTIC,	CHIASMAL,	AND	HYPOTHALAMIC	GLIOMAS
Clinical	Considerations
Nearly	all	gliomas	of	the	optic	nerve	and	chiasm	are	discovered	in	patients	younger	than	age	20	years,	and	most
occur	in	patients	younger	than	10	years	old.	Of	patients	with	optic	pathway	glioma,	20%	to	50%	are	affected	by
NF1.176	Patients	with	NF1	are	more	likely	to	have	lesions	involving	one	or	both	optic	nerves	(anterior),	whereas
chiasmatic	or	hypothalamic	(posterior)	involvement	is	commonly	seen	among	non-NF1	patients	(sporadic).	Lewis
et	 al.176	 found	 that	 gliomas	 along	 the	 anterior	 visual	 pathway	 occurred	 in	 15%	 of	 NF1	 patients	 and	 were
occasionally	bilateral;	67%	of	these	were	neither	suspected	clinically	nor	obvious	on	ophthalmologic	examination.
In	one	series,	25%	of	gliomas	involved	the	chiasm	alone,	33%	the	chiasm	and	hypothalamus,	and	42%	the	chiasm
and	optic	nerves	or	 tracts.	Clinically,	 they	cause	 loss	of	visual	acuity	 (70%),	 strabismus	and	nystagmus	 (33%),
visual	field	impairment	(bitemporal	hemianopsia,	8%),	developmental	delay,	macrocephaly,	ataxia,	hemiparesis,
proptosis,	 and	precocious	puberty.	Funduscopic	evaluation	demonstrates	 a	 range	of	 findings	 from	normal	optic
discs,	 to	 venous	 engorgement,	 to	 disc	 pallor	 because	 of	 atrophy.	 Chiasmal	 tumors	 often	 grow	 to	 involve	 the
hypothalamus,	 causing	 a	 diencephalic	 syndrome	 characterized	 by	 emaciation	 (especially	 in	 children	 between	 3
months	 and	 2	 years	 of	 age),	 motor	 overactivity,	 and	 euphoria.	 In	 general,	 optic	 nerve	 gliomas	 have	 a	 better



prognosis	than	those	involving	the	chiasm,	and	tumors	confined	to	the	anterior	chiasm	have	a	better	outcome	than
posterior	chiasmal	tumors.

The	natural	history	of	these	tumors	ranges	from	indolent	growth	or	spontaneous	regression	(with	NF1)	to	rapid
progression	or	dissemination	(with	hypothalamic	lesions).177,178	Generally,	the	prognosis	of	optic	pathway	glioma
is	good,	with	5-year	OS	rates	ranging	between	70%	and	90%;	however,	the	long-term	morbidity	is	high.178	NF1
and	age	younger	than	5	years	at	diagnosis	are	associated	with	better	PFS.

Figure	94.7	Two	case	examples	of	gliomatosis	cerebri.	Note	the	extensive	changes	visualized	on
fluid-attenuated	inversion	recovery	(FLAIR)	imaging	involving	multiple	lobes	of	the	brain	and	even

an	entire	hemisphere.

Pathologic	Considerations
Histopathologically,	 a	 majority	 of	 these	 tumors	 are	 low-grade	 gliomas,	 typically	 pilocytic	 or	 fibrillary
astrocytomas.	 They	 range	 from	 primarily	 piloid	 and	 stellate	 astrocytes	 (most	 common),	 with	 or	 without
oligodendroglia,	through	the	gamut	of	malignant	astrocytomas	to	GBM	(rarely).	Typically,	optic	gliomas	appear
as	 fusiform	 expansions	 of	 any	 part	 of	 the	 nerve.	 They	 may	 bridge	 through	 the	 optic	 foramen	 and	 expand	 as
dumbbell	tumors.	The	nerve	can	be	infiltrated	by	tumor	originating	in	the	chiasm,	the	walls	of	the	third	ventricle,
or	 the	 hypothalamus.	 A	 subset	 of	 optic	 pathway	 tumors	 can	 show	 the	 more	 aggressive	 pathologic	 variant	 of
pilomyxoid	astrocytoma	as	compared	to	the	better	known	pilocytic	astrocytoma.

Imaging	Findings
Diagnosis	 is	 best	 made	 by	 MRI,	 which	 demonstrates	 enlargement	 of	 the	 affected	 optic	 pathway,	 often	 with
enhancement.	The	T2	signal	may	extend	posteriorly	along	the	optic	tracts	as	far	as	the	visual	cortex,	which	may
represent	tumor	infiltration	or	edema.	Cysts	and	calcification	are	uncommon,	but	the	hypothalamic	component	can
be	cystic.

Treatment	Decision	Making
In	general,	children	with	asymptomatic	lesions	of	the	optic	pathways	found	by	MRI	are	not	treated	unless	clinical
or	radiographic	progression	is	documented.	Tumors	in	children	with	NF1	tend	to	be	more	indolent	than	sporadic
tumors.	 Only	 one-third	 to	 one-half	 of	 children	 with	 NF1	 with	 asymptomatic	 optic	 pathway	 tumors	 found	 on
screening	MRIs	 require	 treatment	 for	 increasing	visual	symptoms.	Most	children	with	sporadic	 tumors	undergo
imaging	because	of	symptoms	and	should	be	treated.	Sporadic	tumors	often	present	with	advanced	findings	such
as	hydrocephalus,	decreased	visual	acuity,	and	endocrinopathies.	Rarely,	both	sporadic	and	NF-associated	optic
pathway	gliomas	can	regress	spontaneously.
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Surgery
Surgery	 is	 only	 rarely	 indicated	 for	 optic	 pathway	 gliomas.	 In	 appropriate	 patients,	 surgery	may	 decrease	 the
recurrence	 rate	 and	 increase	 the	 time	 to	 recurrence.	 Patients	 treated	 with	 surgery,	 followed	 by	 radiation	 and
chemotherapy,	 appear	 to	 have	 the	 highest	 long-term	 control.179	 In	 patients	 with	 progressive	 symptoms	 (e.g.,
severe	visual	loss	and	proptosis),	unilateral	anterior	tumors	that	do	not	involve	the	optic	chiasm	may	be	resected.
Biopsy	or	subtotal	resection	can	be	performed	for	posterior	optic	pathway	gliomas	that	involve	the	hypothalamus
and	optic	tract,	particularly	if	 they	are	symptomatic	because	of	local	compression	and	mass	effect.	Resection	of
the	chiasm	is	not	indicated	due	to	resultant	bilateral	blindness.

If	the	tumor	involves	the	chiasm	and	the	MRI	raises	suspicion	of	another	tumor	type,	such	as	an	optic	nerve
sheath	meningioma	or	another	parasellar	mass,	a	confirmatory	biopsy	can	be	performed.	This	is	rarely	needed	in
patients	with	NF1,	in	whom	there	is	a	high	index	of	suspicion	for	an	optic	nerve	glioma.	A	subtotal	resection	is
indicated	if	mass	effect	produces	dysfunction	of	adjacent	structures	such	as	the	hypothalamus	or	the	nerve	itself.
Hydrocephalus	 can	 be	 produced	 by	 more	 posteriorly	 situated	 tumors	 and	 may	 be	 alleviated	 by	 debulking.	 If
hydrocephalus	persists	after	debulking,	CSF	shunting	(which	may	need	to	be	biventricular	or	require	fenestration
of	 the	 septum)	 becomes	 necessary.	 For	 unknown	 reasons,	 hydrocephalus	 is	 often	 persistent	 after	 the	 CSF
pathways	have	been	cleared,	requiring	the	insertion	of	a	CSF	diversion	device	even	after	tumor	removal.

Radiation	Therapy
Untreated	optic	gliomas,	especially	those	involving	the	chiasm	or	extending	into	the	hypothalamus	or	optic	tracts,
progress	locally	or	are	fatal	in	approximately	75%	of	patients.	Tenny	et	al.	found	that	only	21%	of	patients	who
were	followed	after	biopsy	or	exploration	survived,	compared	with	64%	of	those	who	received	radiotherapy.180

Routine	 postoperative	 irradiation	 is	 not	 indicated	 for	 gliomas	 confined	 to	 the	 optic	 nerve,	 which	 can	 be
completely	resected.181	Radiotherapy	can	prevent	tumor	progression,	improve	disease-free	survival,	and	stabilize
or	 improve	vision	 in	patients	with	chiasmal	 lesions,	 for	whom	postoperative	residual	 is	 the	rule.	Wong	et	al.182
reported	that	86%	of	chiasmal	gliomas	not	treated	with	radiotherapy	progressed	locally,	whereas	treatment	failure
occurred	 in	 45%	 of	 patients	 who	 underwent	 radiotherapy.	 Furthermore,	 control	 was	 achieved	 in	 87%	 of	 the
irradiated	patients	who	received	a	dose	of	50	to	55	Gy	compared	to	55%	of	those	who	received	46	Gy	or	less.182

The	prognosis	for	patients	with	optic	nerve	tumors	may	be	better	 than	for	 those	with	chiasmal-hypothalamic
lesions.	 In	a	 literature	 review,	 local	 control	was	 found	 to	be	achieved	 for	154	of	189	 (81%)	 irradiated	anterior
chiasmal	tumors,	whereas	92	of	142	(65%)	posterior	tumors	were	controlled.	Vision	improved	in	61	of	210	(29%)
evaluable	 patients	 and	 remained	 stable	 in	 118	 of	 210	 (56%)	 patients.183	 For	 chiasmal-hypothalamic	 tumors,
radiotherapy	 produced	 radiographic	 shrinkage	 in	 11	 of	 24	 (46%)	 tumors,	 with	 a	 median	 PFS	 of	 70	 months
compared	 with	 30	 months	 for	 patients	 who	 did	 not	 receive	 radiotherapy.184	 Age	 and	 tumor	 location	 were
important	prognostic	factors,	with	younger	children	(age	younger	than	3	years)	and	children	with	lesions	posterior
to	the	chiasm	faring	less	well	after	radiotherapy.

Three-dimensional	conformal	radiotherapy,	IMRT,	and	stereotactic	techniques	are	used	to	minimize	the	dose	to
adjacent	structures.	A	report	by	Debus	et	al.185	summarized	results	in	patients	treated	with	FSRT	(52.2	Gy	median
dose	at	1.8	Gy	per	day).	All	patients	remained	disease	free,	and	no	significant	complications	or	marginal	failures
were	 seen	 despite	 highly	 conformal	 radiation	 fields.	 Because	 these	 tumors	 are	 often	 focal,	 techniques	 such	 as
FSRT	can	offer	both	excellent	 local	control	and	decreased	 late	effects.	 In	a	 recent	 randomized	 trial	by	Jalali	et
al.,39	 described	 earlier,	 neuroendocrine	 function	 was	 better	 preserved	 with	 more	 conformal	 radiotherapy
techniques,	 and	 extrapolating	 from	 this	 proof-of-principle	 (the	 principle	 that	 treating	 less	 normal	 brain	 tissue
reduces	 harm	 to	 the	 patient)	 randomized	 trial,	 proton	 therapy	 should	 be	 considered,	 when	 possible,	 for	 these
patients.

Chemotherapy
In	 recent	 years,	 chemotherapy	has	 played	 a	 pivotal	 role	 in	 the	management	 of	 optic	 pathway	glioma	 in	 young
children	 to	spare	 the	developing	brain	 from	the	adverse	effects	of	 irradiation.186	This	 is	especially	 important	 in
patients	 with	 NF1	 who	 are	 at	 significant	 risk	 of	 developing	 vasculopathy	 such	 as	 moyamoya	 syndrome	 and
secondary	 malignancy	 after	 receiving	 radiotherapy.186	 Retrospective	 series	 suggest	 that	 cognitive	 function	 is
preserved	 better	 in	 children	 who	 receive	 initial	 chemotherapy	 compared	 with	 radiotherapy.187	 Although	 the
appropriate	 agents	 are	 still	 evolving,	 vincristine	 plus	 carboplatin	 remains	 the	most	 common	 first-line	 regimen.
Gnekow	et	al.188	reported	a	5-year	PFS	of	73%	in	55	patients	who	were	treated	with	this	regimen.	The	randomized



Children’s	Oncology	Group	(COG)	A9952	study	showed	a	5-year	PFS	of	35%	using	carboplatin	with	vincristine
and	48%	using	thioguanine,	procarbazine,	lomustine,	and	vincristine	in	children	with	newly	diagnosed	progressive
low-grade	glioma.189	Cisplatin-based	regimens	have	shown	responses	between	50%	and	60%	and	5-year	PFS	of
50%.190,191	Other	studies	have	shown	temozolomide	to	be	effective.192	Vinblastine	has	also	been	active	in	these
tumors	and	 is	generally	a	 second-line	agent.193	Collectively,	 these	data	 suggest	 that	 chemotherapy	 is	helpful	 in
delaying	tumor	progression	in	a	significant	portion	of	children.

Whether	chemotherapy	alone	can	improve	vision	is	controversial.	Most	studies	in	the	literature	lack	objective
data	on	visual	outcome	prior	to	and	after	chemotherapy.	Moreno	et	al.194	conducted	a	systematic	review	of	eight
reports	 and	 found	 that	only	14.4%	of	 the	children	 treated	with	chemotherapy	had	 improvement	 in	 their	vision.
Due	to	the	risk	of	second	malignancy,	alkylator-based	chemotherapies	are	generally	avoided	in	patients	with	NF1.

BRAIN	STEM	GLIOMAS
Clinical	and	Pathologic	Considerations
Brain	stem	gliomas	account	for	15%	of	all	pediatric	brain	tumors	but	are	rare	in	adults.	They	can	be	divided	into
several	distinct	types.	The	diffuse	intrinsic	pontine	glioma	(DIPG)	tumors	are	generally	high-grade	astrocytomas,
either	 anaplastic	 astrocytomas	 or	 GBM.	 Completely	 separate	 and	 clinically	 distinct	 are	 the	 focal,	 dorsally
exophytic,	 or	 cervicomedullary	 lesions	 that	 are	 usually	 low	 grade	 with	 a	 better	 prognosis.	 Although	 rare,
ependymomas,	 PNETs,	 and	 atypical	 teratoid-rhabdoid	 tumors	 also	 occur	 in	 the	 brain	 stem.	 Nonneoplastic
processes	 that	 may	 be	 confused	 with	 a	 brain	 stem	 tumor	 include	 neurofibromatosis,	 demyelinating	 diseases,
arteriovenous	malformations,	abscess,	and	encephalitis.

The	 diagnosis	 of	 a	 DIPG	 is	 usually	 based	 on	 a	 short	 history	 of	 rapidly	 developing	 neurologic	 findings	 of
multiple	cranial	nerve	palsies	 (most	commonly,	cranial	nerves	VI	and	VII),	hemiparesis,	and	ataxia.	The	 initial
manifestations	of	a	brain	stem	glioma	are	unilateral	palsies	of	cranial	nerves	VI	and	VII	in	approximately	90%	of
patients.	The	classic	MRI	finding	is	diffuse	enlargement	of	the	pons	with	poorly	marginated	T2	signal	involving
≥50%	of	the	pons	(Fig.	94.8).	Most	are	nonenhancing;	in	children,	enhancing	lesions	could	have	either	a	pilocytic
or	 malignant	 component;	 in	 adults,	 enhancement	 is	 worrisome	 for	 a	 malignant	 glioma.195	 Cervicomedullary
tumors	 are	 nonenhancing,	 well-circumscribed	 lesions	 with	 an	 exophytic	 component.	 Tectal	 gliomas	 are
nonenhancing	 and	 enlarge	 the	 tectal	 plate,	 often	 expanding	 it	 into	 the	 supracerebellar	 cistern	 with	 associated
hydrocephalus.	Overall,	 the	prognosis	is	poor	for	patients	with	DIPG,	with	few	patients	surviving	longer	than	1
year.196

Surgery
Complete	resection	is	almost	never	possible	for	the	majority	of	brain	stem	tumors,	and	even	a	biopsy	is	restricted
because	 of	 substantial	morbidity	 and	mortality.197	 In	 the	 past,	 most	 centers	 did	 not	 perform	 biopsy	 of	 DIPG.
However,	 recent	 studies	have	 shown	 these	biopsies	 to	be	 reasonably	 safe	and	 that	 analysis	of	 tumor	 tissue	can
provide	important	prognostic	and	therapeutic	information.198	GTR	has	no	place	in	the	treatment	of	diffuse	pontine
gliomas	in	children	or	adults.	For	the	rare	focal	astrocytic	lesions	of	the	adult	or	pediatric	brain	stem,	surgery	may
play	a	 larger	 role.	Tectal	gliomas	have	a	 typical	 imaging	appearance,	 and	biopsy	 is	neither	necessary	nor	 safe.
However,	 the	 accompanying	 noncommunicating	 hydrocephalus	 (from	 compression	 of	 the	 aqueduct	 of	Sylvius)
can	be	treated	with	CSF	diversion,	either	by	third	ventriculocisternostomy	or	by	ventriculoperitoneal	shunting.199
Dorsally	exophytic	astrocytomas	within	the	fourth	ventricle	or	at	the	cervicomedullary	junction	are	often	partially
resectable	with	low	morbidity	and	excellent	long-term	results.200	These	dorsally	exophytic	brain	stem	tumors	arise
from	the	substance	of	 the	pons	and	are	very	dangerous	 to	resect	 in	 totality.	Because	many	of	 them	will	 remain
indolent	after	partial	resection,	complete	removal	at	the	first	surgery	is	likely	not	warranted	and	is	associated	with
severe	neurologic	deficits.	Intrinsic	astrocytomas	or	ependymomas	at	the	cervicomedullary	junction	can	often	be
completely	 removed	 through	 a	 posterior	 midline	 approach.201	 In	 a	 retrospective	 review	 of	 28	 patients	 with
juvenile	pilocytic	astrocytoma	of	the	brain	stem	treated	with	resection	in	25	cases	and	biopsy	in	3	cases,	the	5-	and
10-year	PFS	rates	were	74%	and	62%,	respectively,	after	GTR	or	resection	with	linear	enhancement	and	19%	and
19%,	 respectively,	when	 solid	 residual	 tumor	was	present,	 suggesting	 that	 long-term	survival	 after	 resection	of
these	tumors	may	relate	to	the	extent	of	initial	excision.202
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Figure	94.8	Typical	magnetic	resonance	appearance	of	a	diffuse	pontine	glioma.	Diffuse
enlargement	of	the	pons	is	visualized	on	the	T2-weighted	image	(A);	a	small	amount	of	hemorrhage

is	visualized	on	the	noncontrast	T1-weighted	image	(B).

Radiation	Therapy
Radiotherapy,	 the	 primary	 treatment	 for	 brain	 stem	 tumors,	 improves	 survival	 and	 can	 stabilize	 or	 reverse
neurologic	dysfunction	in	75%	to	90%	of	patients.	The	GTV	is	usually	best	defined	using	T2-weighted	or	FLAIR
MRI.	A	margin	of	1.0	to	1.5	cm	is	added	to	create	a	clinical	tumor	volume.	These	lesions	should	be	treated	to	54
to	60	Gy	using	daily	fractions	of	1.8	to	2.0	Gy.	In	a	multi-institutional	survey	by	Freeman	et	al.,203	the	1-,	2-,	and
5-year	 survival	 rates	 of	 children	 treated	with	 conventional	 radiotherapy	 techniques	were	 50%,	 29%,	 and	 23%,
respectively.	Hyperfractionation,	designed	to	deliver	higher	tumor	doses,	has	been	evaluated,	without	a	significant
survival	advantage	(median	survival,	8.5	versus	8.0	months	for	conventional	versus	hyperfractionated	regimens,
respectively).203	 Several	 drugs,	 such	 as	 topotecan	 and	 motexafin	 gadolinium,	 have	 been	 investigated	 as
radiosensitizers,	without	clear	evidence	of	benefit,	and	therefore,	the	role	of	sensitizers	remains	investigational.

Fewer	data	exist	with	respect	to	brain	stem	glioma	in	adults,	but	there	is	some	evidence	that	these	tumors	may
be	less	aggressive	in	adults,	with	OS	that	ranges	from	45%	to	66%	at	2	to	5	years,	perhaps	because	of	a	greater
frequency	of	more	favorable	 tumor	 types.204	 In	 the	series	 from	Association	des	Neuro-Oncologue	d’Expression
Française	(ANOCEF),	48	adult	patients	with	brain	stem	gliomas	were	grouped	based	on	their	clinical,	radiologic,
and	histologic	features.195,205	Nearly	half	had	nonenhancing,	diffusely	infiltrative	tumors	and	had	symptoms	that
were	 present	 for	 longer	 than	 3	 months.	 Eleven	 of	 these	 22	 patients	 underwent	 biopsy,	 and	 9	 had	 low-grade
histology.	 Nearly	 all	 underwent	 radiotherapy	 and	 had	 a	 median	 survival	 of	 7.3	 years.	 A	 second	 group	 of	 15
patients	 who	 had	 presented	 with	 rapid	 progression	 of	 symptoms	 and	 had	 contrast	 enhancement	 on	MRI	were
described.	Fourteen	of	these	patients	underwent	biopsy,	and	anaplasia	was	identified	in	all	14	specimens.	Despite
radiotherapy,	 the	median	 survival	 in	 this	group	was	11.2	months,	which	approximates	 the	 survival	 in	pediatric
series.

Chemotherapy
Despite	numerous	clinical	trials,	there	is	no	clear	evidence	to	show	increased	survival	for	patients	with	DIPG	who
receive	 radiation	 and	 chemotherapy	 as	 compared	 to	 radiation	 alone.	 The	 recent	 discovery	 that	 the	majority	 of
DIPGs	harbor	mutations	of	lysine	27	(K27)	in	the	histone	3.3	gene	(so-called	K27M	mutations)	may	allow	for	the
development	 of	 targeted	 therapies.206,207	 The	 multi–histone	 deacetylase	 inhibitor	 panobinostat	 demonstrated
therapeutic	efficacy	both	in	vitro	and	in	DIPG	orthotopic	xenograft	models	and	showed	a	synergistic	effect	with



the	histone	demethylase	inhibitor	GSK-J4.208	At	the	Society	for	Neuro-Oncology	(SNO)	2017	annual	meeting,	a
first-in-class	agent,	ONC201,	which	functionally	appears	to	target	 the	H3K27M	mutation	was	described,	and	as
anecdotal	responses	are	now	being	described	in	the	literature	with	this	agent,	clinical	trials	testing	it	in	DIPG	have
just	been	initiated.209

Similarly,	a	subset	of	DIPGs	have	amplifications	of	receptor	tyrosine	kinase	family	members	(i.e.,	PDGFR-α),
suggesting	other	avenues	to	targeted	therapy.210	Clinical	trials	using	temozolomide	during	and	after	radiotherapy
have	not	shown	improvement	in	the	outcome.211	Thus,	no	agent	used	either	during	or	after	radiation	treatment	has
been	shown	to	have	benefit	over	radiation	alone.

CEREBELLAR	ASTROCYTOMAS
Clinical	and	Pathologic	Considerations
Cerebellar	astrocytomas,	which	occur	most	often	during	the	first	two	decades	of	life,	arise	in	the	vermis	or	more
laterally	 in	 a	 cerebellar	 hemisphere.	 They	 are	 usually	 well	 circumscribed	 and	 can	 be	 cystic,	 solid,	 or	 some
combination	 of	 both.	 It	 is	 not	 uncommon	 to	 have	 a	 small	 tumor	 (mural	 nodule)	 associated	with	 a	 large	 cystic
cavity.

Histologically,	 most	 are	 low-grade	 pilocytic	 astrocytomas	 that	 lack	 anaplastic	 features.	 In	 a	 series	 of	 451
children,	cerebellar	astrocytomas	accounted	for	25%	of	all	posterior	fossa	tumors,	and	89%	of	the	111	cerebellar
astrocytomas	were	low	grade.212	Approximately	75%	of	these	tumors	are	located	only	in	the	cerebellum,	with	the
remainder	involving	the	brain	stem	as	well.	Because	these	tumors	usually	arise	in	the	vermis	or	median	cerebellar
hemisphere,	the	clinical	presentation	is	similar	to	that	of	medulloblastoma,	with	truncal	ataxia,	headache,	nausea,
and	 vomiting.	 In	 infants,	 head	 enlargement	 from	 hydrocephalus	 is	 seen.	 The	 majority	 of	 cerebellar	 pilocytic
astrocytomas	 have	 an	 oncogenic	 fusion	 gene	 (KIAA1549-BRAF)	 that	 results	 in	 the	 activation	 of	 the	 BRAF
oncogene	and	that	might	be	a	rational	target	for	future	therapy.213,214

Surgery
GTR	is	tantamount	to	a	cure	for	cerebellar	pilocytic	astrocytomas.215	In	most	cases,	incomplete	removal	should	be
managed	by	conservative	monitoring	because	the	majority	of	remnants	will	not	grow,	will	remain	low	grade,	and
will	be	easy	to	remove	if	they	progress	in	the	future.

Radiation	Therapy
Nearly	 all	 completely	 resected	 cerebellar	 astrocytomas	 do	 not	 require	 radiotherapy.	 Even	when	 they	 progress,
repeat	resection	is	reasonable	if	a	majority	of	the	tumor	can	be	removed.	Radiotherapy	becomes	necessary	for	the
treatment	 of	 children	 with	 cerebellar	 pilocytic	 astrocytoma	 that	 demonstrates	 multiple	 recurrences	 or,	 if	 after
initial	therapeutic	efforts,	the	residual	disease	is	in	a	location	where	disease	progression	would	likely	have	severe
consequences.	In	those	cases,	doses	between	50.4	and	54	Gy	are	commonly	used,	and	proton	therapy	would	be
very	reasonable.

Chemotherapy
In	general,	chemotherapy	is	not	indicated.	Based	on	the	experience	with	optic	pathway	gliomas,	several	of	which
have	pilocytic	features,	carboplatin	has	been	used	for	recurrent	tumors.192	There	is	limited	experience	with	the	use
of	 temozolomide	 in	 this	 setting.	 High-grade	 gliomas	 that	 arise	 in	 the	 cerebellum	 are	 treated	 with	 regimens
identical	to	their	supratentorial	counterparts.

GANGLIOGLIOMAS
Clinical	and	Pathologic	Considerations
Gangliogliomas,	 along	with	 pilocytic	 astrocytomas,	 pleomorphic	 xanthoastrocytomas,	 and	 subependymal	 giant
cell	astrocytomas,	are	considered	astroglial	variant	forms	of	low-grade	gliomas.216	They	are	more	circumscribed
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than	 diffuse	 low-grade	 gliomas,	 are	 classified	 as	 grade	 I	 or	 II,	 and	 do	 not	 typically	 invade	 the	 normal	 brain.
Because	they	less	frequently	progress	to	higher	grade	lesions,	surgery	alone	is	often	curative.	Gangliogliomas	are
more	 common	 in	 children	 than	 adults.	 They	 are	 the	most	 common	 neoplasms	 to	 cause	 chronic	 focal	 epileptic
disorders,	 and	 they	 typically	 arise	 in	 the	 temporal	 lobe	 but	may	 also	 occur	 in	 the	 brain	 stem,	 spinal	 cord,	 and
diencephalon.217	They	may	include	a	cystic	component,	and	the	solid	portion	is	free	of	normal	brain	parenchyma.
Unlike	diffuse	low-grade	gliomas,	gangliogliomas	enhance	on	MRI	scans.	They	contain	both	glial	and	neuronal
elements.	The	glial	elements,	which	stain	for	glial	fibrillary	acidic	protein,	are	almost	always	astrocytic	and	often
pilocytic,	but	fibrillary	astrocytes	are	also	common.	The	glial	elements	dictate	whether	the	lesion	is	grade	I	or	II.
The	neurons	 in	 the	 tumor	are	neoplastic	and	are	characteristically	 large	and	relatively	mature	(i.e.,	 they	contain
ganglion	 cells).	 The	 presence	 of	 neoplastic	 neurons	may	 be	 confirmed	 by	 immunostaining	 for	 neuron-specific
enolase	and	synaptophysin.	Grade	II	lesions	have	rarely	been	observed	to	progress	to	a	higher	grade.218,219

Surgery
Surgical	 resection	 is	directed	at	 removal	of	 the	contrast-enhancing	portion	of	 the	 tumor.	Nevertheless,	although
lesions	 located	 within	 eloquent	 brain	 regions	 are	 resectable,	 they	 may	 present	 significant	 surgical	 challenges
because	the	boundary	between	tumor	and	functional	brain	may	be	difficult	to	define,	even	with	the	aid	of	modern
surgical	adjuncts	(e.g.,	operating	microscope,	computer-assisted	navigation,	functional	brain	mapping).	Although
no	 phase	 III	 prospective	 studies	 have	 documented	 the	 superiority	 of	 surgery	 over	 other	 approaches	 (e.g.,
radiotherapy),	 retrospective	 studies	 have	 indicated	 that	 complete	 resection	 is	 associated	 with	 a	 very	 favorable
long-term	 survival.218–220	 Resection	 of	 gangliogliomas	 also	 can	 result	 in	 seizure	 control.221	 Grade	 II
gangliogliomas	may	recur,	and	some	patients	do	poorly.	The	degree	of	anaplasia	determines	the	prognosis.

Radiation	Therapy
Because	resection	has	the	potential	to	cure	most	of	these	lesions,	radiotherapy	is	generally	reserved	for	subtotally
resected	 cases	 or	 for	 recurrences.	 It	 is	 also	 used	 for	 lesions	 in	 complex	 locations	where	 further	 resection	may
result	in	significant	morbidity.	To	determine	the	optimal	strategy	for	gangliogliomas,	Rades	et	al.222	conducted	a
literature-based	 retrospective	 study	 of	 more	 than	 400	 patients	 treated	 for	 ganglioglioma.	 They	 examined	 four
different	 treatment	 strategies	 (GTR	 or	 subtotal	 resection	 [STR]	 with	 or	 without	 radiotherapy)	 in	 402	 patients
identified	from	reports	published	between	1978	and	2007.	Surgery	was	found	to	be	the	mainstay	of	therapy,	with
209	patients	undergoing	GTR	and	193	undergoing	STR.	Adjuvant	radiotherapy	was	used	in	101	patients	(20	after
GTR	 and	 81	 after	 STR).	 Patients	who	 underwent	GTR	 had	 higher	 rates	 of	OS	 and	 PFS	 than	 individuals	who
underwent	STR.	For	 patients	 undergoing	GTR,	 the	 10-year	 rates	 of	 local	 control	 and	OS	were	 89%	and	 95%,
respectively,	which	were	better	 than	 the	 rates	 of	 52%	and	62%,	 respectively,	 observed	 for	 patients	 undergoing
STR.	This	indirectly	indicates	that	GTR	is	the	most	effective	treatment	strategy	for	gangliogliomas.	For	patients
undergoing	STR	followed	by	postoperative	radiotherapy,	the	10-year	local	control	rate	was	62%,	which	was	better
than	 the	 rate	 of	 52%	 for	 patients	 undergoing	 STR	 without	 postoperative	 radiotherapy;	 although	 the	 10-year
survival	also	 improved	from	65%	to	74%	with	 the	use	of	postoperative	radiotherapy	 in	patients	with	subtotally
resected	 tumors,	 this	 did	 not	 reach	 statistical	 significance.	 For	 the	 40	 patients	 undergoing	 STR	 for	 whom
radiotherapy	 details	 were	 known,	 local	 recurrence	 was	 observed	 in	 6	 of	 22	 (27%)	 patients	 receiving	 54	 Gy
compared	to	7	of	18	(39%)	patients	receiving	greater	than	54	Gy,	implying	no	specific	dose–response	relationship.

Chemotherapy
Chemotherapy	 for	gangliogliomas	 is	generally	 reserved	 for	young	children	who	have	undergone	STR	and	who
demonstrate	disease	progression.	In	older	patients,	it	is	typically	used	as	salvage	therapy	to	treat	recurrent	tumors
after	the	failure	of	surgery	and	radiotherapy.	In	general,	for	astroglial	variants	such	as	gangliogliomas,	no	optimal
chemotherapeutic	regimens	have	been	defined,	and	most	researchers	consider	disease	stabilization	(rather	than	a
complete	tumor	response)	to	be	a	successful	outcome.

EPENDYMOMA
Clinical	and	Pathologic	Features



Ependymomas	were	 originally	 thought	 to	 arise	 from	 the	 ependymal	 cells	 lining	 the	 cerebral	 ventricles	 and	 the
vestigial	 central	 canal	 of	 the	 spinal	 cord	 as	 they	 resemble	 this	 tissue	 under	 the	 microscope,	 although	 more
recently,	it	has	been	accepted	that	they	arise	from	radial	glial	cells,	a	type	of	CNS	stem	cell.223	Ependymomas	can
arise	 throughout	 the	 nervous	 system	 and	 are	 usually	 divided	 into	 those	 from	 the	 supratentorial,	 infratentorial
(posterior	fossa),	and	spinal	regions.	Those	in	the	spinal	region	are	broken	down	into	the	intramedullary	lesions
and	the	myxopapillary	ependymomas	of	the	conus	medullaris	and	cauda	equine.	Although	these	tumors	look	very
similar	under	 the	microscope	(histology),	 they	are	demographically,	clinically,	 transcriptionally,	and	genetically
distinct	and	should	not	be	regarded	as	the	same	entity.223,224	More	recently,	it	has	been	shown	that	there	are	two
clear	groups	of	posterior	 fossa	 ependymomas,	 the	posterior	 fossa	 type	A	 (PFA)	 tumors	 and	 the	posterior	 fossa
type	 B	 (PFB)	 tumors.225	 PFA	 tumors	 occur	 in	 young	 children	 (infants)	 and	 are	 more	 likely	 to	 be	 lateral
(cerebellopontine	angle).	PFB	tumors	are	diagnosed	in	older	children,	are	found	in	the	midline,	and	have	a	much
better	 prognosis	 than	PFA	 tumors.	 Figure	 94.9	 shows	 the	 typical	magnetic	 resonance	 appearance	 of	 a	midline
posterior	fossa	ependymoma.	In	the	past,	much	was	made	of	the	pattern	of	anaplasia	in	ependymoma	histology,
with	 the	diagnosis	 of	 anaplasia	 taking	 an	 ependymoma	 from	WHO	grade	 II	 to	WHO	grade	 III.	The	 intra-	 and
interobserver	reliability	in	the	diagnosis	of	anaplasia	in	ependymoma	is	very	high,	and	therefore,	its	clinical	utility
is	 limited.226	 A	 comprehensive	 molecular	 classification	 of	 ependymal	 tumors	 across	 all	 CNS	 compartments,
histopathologic	grades,	and	age	groups	has	been	proposed.227

Clinical	presentation	depends	on	location.	Tumors	with	ventricular	involvement	often	cause	increased	ICP	and
hydrocephalus	by	obstruction	of	CSF	pathways.	Headaches,	nausea	and	vomiting,	papilledema,	ataxia,	and	vertigo
are	 frequent.	Focal	 neurologic	 signs	 and	 symptoms	are	 seen	with	 supratentorial	 ependymomas	 that	 involve	 the
parenchyma.	 The	 presence	 of	 calcification	 in	 a	 fourth	 ventricular	 tumor	 on	 CT	 is	 very	 suggestive	 of	 an
ependymoma.	Supratentorial	parenchymal	tumors	cannot	be	readily	distinguished	from	other	gliomas	by	imaging.
Posterior	fossa	tumors	in	infants	that	protrude	below	the	foramen	magnum	are	more	likely	to	be	ependymomas,	as
are	posterior	fossa	tumors	that	cause	a	head	tilt	(due	to	compression	of	cranial	nerve	XI	as	it	crosses	the	foramen
magnum).
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Figure	94.9	Typical	magnetic	resonance	appearance	of	a	posterior	fossa	ependymoma.	The	tumor
arises	from	the	floor	of	the	fourth	ventricle	and	rapidly	expands	to	occupy	it,	and	the	tumor
compresses	the	pons	and	medulla	ventrally	and	the	vermis	of	the	cerebellum	dorsally.	The

enhancement	is	typically	heterogenous.

Metastatic	dissemination	of	ependymomas	occurs	in	the	leptomeningeal	space	in	a	similar	pattern	to	that	seen
in	medulloblastomas,	albeit	at	a	much	lower	rate	(<5%	of	patients	at	presentation).	This	 low	rate	of	observable
dissemination	at	diagnosis	has	 led	 to	 the	almost	universal	use	of	 local,	 rather	 than	craniospinal,	 radiotherapy	at
diagnosis	for	patients	with	ependymoma.

Subependymomas	 are	 benign	 tumors	 with	 an	 admixture	 of	 fibrillary	 subependymal	 astrocytes.	 They	 are
distinct	 from	 subependymal	 giant	 cell	 astrocytomas,	which	 occur	 in	 the	 lateral	 ventricles	 in	 tuberous	 sclerosis.
Subependymomas	 occur	 most	 often	 in	 the	 floor	 or	 walls	 of	 the	 fourth	 ventricle	 in	 older	 men.	 Most	 are
asymptomatic	 and	 slow	 growing,	 and	 treatment	 is	 rarely	 needed	 except	 for	 hydrocephalus	 or	 demonstrated
growth.	They	are	often	incidentally	found	at	autopsy.

Surgery
Several	 retrospective	 studies	 support	 the	 relationship	 between	 postsurgical	 residual	 ependymoma	 and	 a	 poorer



outcome,	and	therefore,	maximal	safe	resection	is	the	goal.	In	a	retrospective	analysis	of	282	adult	ependymoma
patients,	tumor	recurrence	occurred	in	26%	with	a	median	time	to	progression	of	14	years.	Supratentorial	location,
anaplastic	histology,	and	STR	were	identified	as	risk	factors	by	multivariate	analysis.228

These	 tumors	may	 also	 extend	 through	 the	 foramen	 of	 Luschka,	 entangling	 the	 cranial	 nerves	 in	 the	 basal
cisterns,	which	also	precludes	a	complete	resection.	The	less	common	supratentorial	tumors	are	removed	as	with
any	 glioma.	 Avoidance	 of	 bleeding	 into	 the	 ventricular	 system	 is	 important	 to	 prevent	 postoperative
hydrocephalus.

Radiation	Therapy
Postoperative	irradiation	improves	the	recurrence-free	survival	of	patients	with	intracranial	ependymomas,	and	5-
year	 survival	 rates	 with	 doses	 of	 45	 to	 54	 Gy	 or	 more	 range	 from	 40%	 to	 87%.	 Therapeutic	 utility	 of	 local
radiation	is	established	for	ependymoma	patients,	even	in	infants.229	Because	local	failure	usually	dominates	the
recurrence	patterns,	low-grade	supratentorial	ependymomas	are	typically	treated	using	partial	brain	fields	with	a
dose	of	approximately	54	Gy.	Low-grade	 infratentorial	ependymomas	are	also	 treated	using	 limited	 fields.	The
best	 survival	 results	 in	 retrospective	 series	 have	 been	 shown	 for	 patients	 who	 undergo	 GTR	 followed	 by
radiotherapy.230	For	most	patients,	a	more	usual	volume	consists	of	the	tumor	bed	and	any	residual	disease	plus	an
anatomically	defined	margin	of	1	to	1.5	cm	to	create	a	clinical	tumor	volume.	Larger	margins	may	be	required	in
areas	of	infiltration,	and	special	attention	must	be	paid	to	areas	of	spread	along	the	cervical	spine	because	10%	to
30%	of	fourth	ventricular	tumors	extend	down	through	the	foramen	magnum	to	the	upper	cervical	spine.	Patients
with	neuraxis	 spread	 (positive	MRI	or	positive	CSF	cytology)	 should	 receive	craniospinal	 irradiation	 (40	 to	45
Gy)	with	boosts	to	the	areas	of	gross	disease	and	to	the	primary	tumor	to	total	doses	of	50	to	54	Gy.

Recent	 integrated	 genomic	 studies	 have	 shown	 that	 posterior	 fossa	 ependymoma	 comprises	 two	 distinct
molecular	subgroups,	termed	PFA	and	PFB.	In	a	large	multinational	retrospective	study	of	patients	with	posterior
fossa	 ependymomas,	molecular	 subtyping	was	 found	 to	 be	 an	 independent	 predictor	 of	 outcome.	 Incompletely
resected	PFA	ependymomas	were	found	to	have	a	poor	5-year	PFS	(26.1%	to	56.8%	across	the	four	cohorts	of	the
study)	 even	 if	 adjuvant	 radiotherapy	 was	 administered.	 A	 substantial	 proportion	 of	 patients	 with	 PFB
ependymomas	can	be	cured	with	surgery	alone,	and	those	who	relapse	can	be	treated	successfully	with	delayed
external-beam	irradiation.231

Chemotherapy
There	 is	no	evidence	 that	 any	 type	of	 chemotherapy	 improves	 survival	 in	children	with	ependymomas.	Single-
agent	 carboplatin,	 cisplatin,	 and	 etoposide,	 as	well	 as	multiagent	 chemotherapy,	 have	 been	 evaluated	 in	 small
series,	and,	to	date,	few,	if	any,	drugs	have	shown	even	modest	consistent	activity	in	ependymomas.

Although	a	complete	removal	of	the	ependymoma	has	a	positive	impact	on	the	outcome,	a	complete	resection
is	 achieved	 in	 only	 40%	 to	 60%	 of	 cases.	 Therefore,	 responsiveness	 to	 preirradiation	 chemotherapy	 was
investigated	in	a	COG	study	where	an	objective	response	rate	of	58%	to	preirradiation	chemotherapy,	consisting
of	cisplatin,	 etoposide,	cyclophosphamide,	and	vincristine,	 in	children	with	 incompletely	 resected	ependymoma
was	seen.232	The	3-year	EFS	in	patients	assigned	to	preirradiation	chemotherapy	because	of	incomplete	resection
was	58%	and	was	comparable	to	that	in	patients	who	had	a	complete	resection	and	were	assigned	to	irradiation
alone.	However,	15%	of	the	children	who	received	preirradiation	chemotherapy	experienced	progression	prior	to
radiotherapy.	Therefore,	a	subsequent	COG	study	was	carried	out	that	aimed	to	decrease	the	progression	rate	prior
to	radiotherapy	by	using	a	strategy	of	second-look	surgery	after	the	preirradiation	chemotherapy	in	children	with
residual	 disease.	 In	 this	 study,	 patients	 who	 had	 a	 complete	 resection	 of	 a	 differentiated	 supratentorial
ependymoma	 were	 observed	 without	 any	 further	 therapy.	 The	 results	 of	 this	 study	 are	 pending.	 The	 recently
opened	randomized	COG	study	is	exploring	whether	maintenance	chemotherapy	following	radiation	will	improve
EFS	and	OS.

The	 primary	 application	 of	 chemotherapy,	 therefore,	 is	 investigational,	 and	 it	 is	 within	 the	 realm	 of
neoadjuvant	therapy	to	improve	resectability,	as	primary	adjuvant	therapy	in	young	children	to	delay	radiotherapy
and	as	possible	salvage	therapy.	In	the	Baby	Pediatric	Oncology	Group	study,	a	48%	response	rate	was	reported	to
two	 cycles	 of	 vincristine	 and	 cyclophosphamide	 in	 25	 children	 younger	 than	 3	 years	 old	 with	 ependymoma,
allowing	a	delay	in	radiotherapy	by	1	year	without	impacting	the	outcome.233	However,	the	use	of	chemotherapy
to	delay	radiotherapy	has	to	be	approached	cautiously.	In	a	trial	of	34	patients	with	anaplastic	ependymoma,	25
patients	relapsed	relatively	rapidly	and	only	3	patients	who	did	not	receive	radiotherapy	survived.234

Despite	multimodal	therapy,	50%	of	the	patients	with	ependymoma	will	experience	a	relapse.	The	majority	of
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the	recurrences	are	local,	and	prognosis	is	poor	after	relapse.	Resection,	reirradiation,	and	chemotherapy	are	the
common	 treatment	 modalities	 for	 relapsed	 ependymoma.	 Various	 antineoplastic	 agents	 such	 as	 etoposide,
cyclophosphamide,	temozolomide,	cisplatin,	and	irinotecan	have	failed	to	improve	survival	in	these	patients.235,236
Novel	 therapies	 to	 target	molecular	pathways	are	currently	under	 investigation.	 In	a	 small	phase	 II	 study	of	18
adult	patients	with	relapsed	ependymoma,	complete	remission	was	achieved	in	1,	partial	remission	in	3,	and	stable
disease	in	7.	Median	PFS	was	9.7	months,	and	median	OS	was	30.6	months.	MGMT	promoter	methylation	was
not	correlated	with	outcome.	The	authors	concluded	that	temozolomide	should	be	considered	in	patients	who	fail
local	therapy.237

MENINGIOMAS
Clinical	and	Pathologic	Considerations
Meningiomas	are	believed	to	arise	from	epithelioid	cells	on	the	outer	surface	of	arachnoid	villi	in	the	meninges,
also	known	as	arachnoidal	cap	cells.	The	most	frequent	locations	are	along	the	sagittal	sinus	and	over	the	cerebral
convexity	(Fig.	94.10).	Meningiomas	are	extra-axial,	intracranial,	and	sometimes	intradural–extramedullary	spinal
tumors	 that	 produce	 symptoms	 and	 signs	 through	 the	 compression	 of	 adjacent	 brain	 tissue	 and	 cranial	 nerves.
They	often	also	produce	hyperostosis;	bony	invasion	does	not	indicate	malignancy.	They	rarely	metastasize	except
after	multiple	resections	when	they	may	spread	to	the	lungs,	where	growth	is	typically	slow.

The	 WHO	 categorizes	 this	 tumor	 into	 three	 grades.	 Benign	 (WHO	 grade	 I)	 meningiomas	 compose
approximately	70%	 to	85%	of	 intracranial	 primaries.	With	 appropriate	 treatment,	 approximately	80%	of	WHO
grade	I	meningiomas	remain	progression	free	at	10	or	more	years.	Atypical	(WHO	grade	II)	meningiomas	account
for	 15%	 to	 25%	 of	 patients.	 These	 have	 greater	 proliferative	 capacity,	 and	 a	 seven-	 to	 eightfold	 increased
recurrence	risk	within	5	years.	Only	approximately	35%	patients	with	WHO	grade	II	meningiomas	remain	disease
free	at	10	years.	Approximately	1%	 to	3%	of	 intracranial	meningiomas	are	 anaplastic	 (WHO	grade	 III).	These
aggressive	malignant	tumors	have	a	median	OS	of	less	than	2	years.

Surgery
The	goal	is	total	resection,	including	a	dural	margin,	because	this	is	often	curative	for	WHO	grade	I	tumors.	The
risks	of	 resection	must	be	balanced	against	 the	advantages	of	 less	aggressive	removal	because	 these	 tumors	are
typically	slow	growing,	and	 the	patients	are	sometimes	elderly.	Observation	 is	appropriate	 for	 some,	especially
small	tumors	that	are	incidentally	discovered.	In	a	series	of	603	patients	who	had	asymptomatic	meningiomas	that
were	treated	conservatively,	Yano	and	Kuratsu238	 found	that	approximately	63%	exhibited	no	growth,	and	only
6%	 ultimately	 experienced	 symptoms.	 However,	 a	 subsequent	 study	 of	 244	 patients	 with	 273	 meningiomas
indicated	that	T2	hyperintensity,	lack	of	calcification,	size	greater	than	25	mm,	and	edema	are	associated	with	a
shorter	time	to	progression,	and	those	tumors	should	be	followed	more	closely.239

Preoperative	Planning
Meningioma	 surgery	 requires	 a	 detailed	 knowledge	 of	 surgical	 anatomy.	 A	 preoperative	 angiogram	 to	 assess
vascularity	and	to	identify	or	embolize	surgically	inaccessible	feeding	arteries	is	sometimes	indicated.	Typically,
embolization	 is	 done	within	24	 to	96	hours	of	 surgery	 so	 that	 collateral	 vascular	 supply	 to	 the	 tumor	does	not
develop.	 Normally,	 only	 the	 vascular	 supply	 from	 the	 external	 carotid	 artery	 can	 be	 embolized	 safely.	 For
convexity	 and	 parafalcine	 tumors,	 preoperative	 imaging	 may	 be	 performed	 to	 allow	 for	 the	 use	 of	 a
neuronavigation	system	to	aid	in	planning	the	scalp	incision	and	bony	opening.

Simpson	Grades	of	Resection
The	completeness	of	surgical	removal	is	a	crucial	prognostic	factor,	and	historically,	the	definitions	provided	by
Donald	 Simpson	 have	 served	 as	 a	 useful	 guideline.240	 By	 following	 470	 patients	 during	 a	 26-year	 span,	 he
described	 five	 grades	 of	 resection	 based	 on	 recurrence.	 A	 grade	 5	 resection	 refers	 to	 a	 biopsy	 only	 and	 is
associated	with	near-universal	progression.	A	partial	tumor	resection	is	labeled	Simpson	grade	4	and	is	associated
with	 a	 recurrence	 rate	 of	 44%.	A	 Simpson	 grade	 3	 resection	 refers	 to	 GTR	 of	 the	 tumor,	 without	 addressing
hyperostotic	bone	or	dural	attachments,	and	is	associated	with	a	29%	rate	of	relapse.	A	Simpson	grade	2	resection
includes	 gross	 tumor	 removal,	 and	 the	 dural	 attachments	 are	 either	 removed	 or	 coagulated;	 the	 relapse	 rate



decreases	 to	 19%;	 and	 finally,	 when	 hyperostotic	 bone	 is	 also	 removed	 for	 a	 Simpson	 grade	 1	 resection,	 the
relapse	rate	is	9%.

This	definition	has	subsequently	been	expanded	to	include	a	category	referred	to	as	grade	0	resection.	Kinjo	et
al.241	 reported	on	37	convexity	meningioma	patients	who	underwent	GTR	of	 the	 tumor,	any	hyperostotic	bone,
and	all	involved	dura	with	a	2-cm	dural	margin	and	observed	no	local	recurrences,	with	over	half	of	the	patients
followed	 beyond	 5	 years;	 this	 is	 now	 widely	 termed	 the	 grade	 0	 resection.	 However,	 apart	 from	 convexity
primaries,	resection	to	this	extent	is	usually	not	feasible	in	other	locations.

Figure	94.10	These	five	images	show	various	appearances	of	meningioma.	The	most	common
location	is	parasagittal	(A).	Some	meningiomas	remain	small	(B),	whereas	others	achieve	a	massive
size	with	midline	shift	(C).	An	optic	nerve	meningioma	(arrow)	is	illustrated	in	(D),	whereas	spinal

locations	are	also	possible	(E).

The	 likelihood	 of	 GTR	 varies	 considerably	 among	 primary	 sites,	 with	 convexity	 lesions	most	 amenable	 to
complete	resection	and	skull	base	lesions	least	likely	to	be	completely	resected.	In	most	surgical	series,	at	least	a
third	of	meningiomas	reported	are	not	fully	resectable.

Recurrence	Following	Resection
GTR	for	benign	meningiomas	remains	the	preferred	treatment	and	is	generally	considered	definitive.	Three	large
series	 with	 extended	 follow-up	 are	 available	 (Table	 94.5).	 These	 showed	 remarkably	 similar	 rates	 of	 local
recurrence	 after	 GTR:	 7%	 to	 12%	 at	 5	 years,	 20%	 to	 25%	 at	 10	 years,	 and	 24%	 to	 32%	 at	 15	 years.242	 As
expected,	 recurrence	 following	STR	 is	more	 frequent.	Outcomes	 after	STR	alone,	 from	 four	 single	 institutions
with	up	to	20	years	of	follow-up,	are	available.	Collectively,	the	rates	of	progression	after	STR	at	5,	10,	and	15
years	are	37%	to	47%,	55%	to	63%,	and	74%,	respectively.243

Radiation	Therapy
Given	 the	 long	 natural	 history	 of	 meningiomas	 and	 the	 relatively	 late	 recurrences,	 radiotherapy	 has	 not	 been
routinely	 adopted	 in	 the	 adjuvant	 context,	 especially	 for	 low-grade,	 totally	 resected	 tumors.	 Further,	 there	 is	 a
paucity	of	clinical	trials	on	which	to	base	recommendations.	However,	in	almost	every	retrospective	series,	cohort
comparisons	 suggest	 that	 radiotherapy	 leads	 to	 a	 decrease	 in	 recurrence,	 and	 some	 suggest	 possible	 survival
improvement,	especially	with	residual	disease.
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The	need	for	adjunctive	 radiotherapy	 is	determined	by	 the	extent	of	 resection,	 tumor	grade,	patient	age,	and
performance	 status.	 The	 risk	 of	 recurrence	 following	 resection	 has	 been	 outlined	 previously.	 In	 general,	 it	 is
common	practice	 to	not	use	adjunctive	radiotherapy	after	Simpson	grade	0,	1,	2,	and	sometimes	3	resection	for
grade	I	meningioma.

The	risk	of	relapse	after	STR	is	high.242,243	Several	reports,	now	numbering	over	60,	suggest	that	postoperative
irradiation	prolongs	the	time	to	recurrence.	As	an	illustrative	series,	Goldsmith	et	al.244	reported	the	results	for	140
patients	(117	with	benign	tumors	and	23	with	malignant	tumors)	treated	with	STR	and	postoperative	irradiation.
For	patients	with	benign	meningiomas,	 the	5-	and	10-year	PFS	rates	were	89%	and	77%,	respectively.	Patients
who	received	at	least	52	Gy	had	a	20-year	PFS	rate	of	greater	than	90%.	The	5-year	PFS	of	patients	treated	after
1980	 was	 98%,	 compared	 with	 77%	 for	 those	 treated	 prior	 to	 1980.	 This	 improvement	 was	 attributed	 to	 the
availability	of	cross-sectional	imaging	for	tumor	localization	and	three-dimensional	treatment	planning.	The	size
of	the	residual	tumor	and	tumor	grade	can	affect	the	outcome	after	radiotherapy.	Connell	et	al.245	showed	that	for
tumors	≥5	cm,	the	5-year	PFS	rate	was	40%,	significantly	lower	than	the	93%	rate	observed	for	smaller	tumors.
Among	patients	irradiated	for	unresectable	tumors	and	in	those	with	residual	disease,	the	volume	of	visible	tumor
on	imaging	studies	rarely	decreases	by	more	than	15%	and	often	only	after	many	years.

TABLE	94.5
Recurrence	after	Gross	Total	Resection	Alone	of	Meningioma

	 Local	Recurrence	Rate	(%)
Study	(Ref.) No.	of	Patients 5	y 10	y 15	y

Mirimanoff	et	al.401 145 7 20 32

Stafford	et	al.243 465 12 25 —

Condra	et	al.402 175 7 20 24

Total 785 7–12 20–25 24–32

Radiation	Therapy	for	Anaplastic	and	Malignant	Meningioma
Atypical	and	malignant	meningiomas	behave	more	aggressively.	Goldsmith	et	al.244	reported	a	5-year	PFS	of	48%
for	 23	 patients	 treated	 by	 STR	 and	 irradiation.	 The	 recurrence	 rate	 among	 53	 patients	 with	 malignant
meningiomas	collected	from	six	series	in	the	literature	was	49%.244	The	recurrence	rates	were	33%	for	patients
treated	with	complete	 resection	alone,	12%	for	 those	undergoing	complete	 resection	and	 radiotherapy,	55%	for
patients	treated	by	STR	and	irradiation,	and	100%	for	those	treated	by	STR	alone.246	However,	other	studies	in	the
literature	do	not	categorically	support	a	reduction	in	local	failure	with	the	use	of	adjuvant	radiotherapy	for	gross
totally	 resected	 grade	 II	 meningioma,	 and	 given	 that	 the	 patients	 referred	 for	 this	 therapy	 are	 often	 selected
because	 of	 a	 variety	 of	 one	 or	 more	 negative	 prognostic	 factors,	 compared	 to	 the	 cohort	 of	 patients	 that	 is
observed,	 conclusions	 regarding	 the	 precise	 value	 of	 postoperative	 radiotherapy	 for	 grade	 II	 totally	 resected
meningioma	 remain	 nonuniform.	 However,	 most	 data	 suggest	 that	 all	 patients	 with	 malignant	 grade	 III
meningiomas,	regardless	of	the	extent	of	resection,	and	those	with	subtotally	resected	grade	II	meningioma	should
be	offered	postoperative	irradiation.	Two	randomized	trials,	the	European	ROAM	(Radiation	Versus	Observation
Following	Surgical	Resection	of	Atypical	Meningioma)	 trial	and	 the	NRG	Oncology	BN003	trial,	are	currently
evaluating	the	role	of	adjuvant	radiotherapy	after	GTR	of	high-risk	meningioma.

Primary	Radiotherapy
Radiotherapy	has	been	used	as	primary	treatment	following	biopsy	or	based	on	imaging	findings	alone	in	several
small	series.	An	early	report	from	the	Royal	Marsden	Hospital	found	a	47%	disease-free	survival	rate	at	15	years
in	32	patients.247	In	a	recent	series,	Puls248	noted	no	recurrences	in	patients	treated	by	radiotherapy	alone	(n	=	59).

Optic	nerve	sheath	meningiomas	are	rare	tumors	that	are	generally	not	resected	but	treated	with	radiotherapy	as
primary	 management.	 Narayan	 et	 al.249	 found	 no	 radiographic	 progression	 in	 any	 of	 14	 optic	 nerve	 sheath
meningioma	patients	treated	with	conformal	radiotherapy,	with	more	than	5	years	of	median	follow-up.	In	a	study
by	Turbin	et	al.,250	radiotherapy	alone	provided	more	favorable	outcome	than	observation	or	surgery	alone.

Radiation	Dose	and	Volume	Considerations



For	 benign	meningiomas,	 the	 planning	 target	 volume	 consists	 of	 the	 residual	 tumor	 with	 a	modest	margin	 of
normal	 tissue,	 defined	 by	MRI	 and	modified	 by	 the	 neurosurgeon’s	 description	 of	 the	 site	 of	 residual	 disease.
Extensive	tumors	of	the	base	of	the	skull	and	malignant	meningiomas	require	more	generous	margins,	with	special
attention	to	dural	extensions	toward	and	through	the	skull	foramina.	The	preoperative	tumor	volume	is	used	for
planning	for	completely	resected	malignant	lesions.	A	dose	of	54	Gy	in	daily	fractions	of	1.8	Gy	is	recommended
for	benign	meningiomas,	and	a	dose	of	≥60	Gy	is	recommended	for	atypical	and	malignant	tumors.	Complex	3D-
CRT	treatment	planning	and	delivery	techniques	and	IMRT	are	used	to	restrict	the	dose	to	normal	tissues.

Radiosurgery
Numerous	 retrospective	 reports	 describe	 the	 use	 of	 radiosurgery	 for	 small	 meningiomas,	 either	 residual	 or
progressive	after	resection,	or	untreated	skull	base	lesions.	Local	control	rates	range	from	75%	to	100%	at	5	to	10
years.	Complications	such	as	cranial	neuropathies,	transient	neurologic	deficits,	radiation	necrosis,	and	significant
edema	have	been	reported	in	6%	to	42%	of	patients	treated	with	radiosurgery.	Complications	are	more	frequent	in
patients	with	large	or	deep-seated	tumors	and	in	those	treated	with	high	single	doses.	Fractionated	radiotherapy
may	be	preferable	for	larger	tumors.

Chemotherapy
There	 is	 currently	 no	 defined	 role	 for	 chemotherapy	 for	 newly	 diagnosed	 or	 nonirradiated	 meningiomas.
Chemotherapy	 is	generally	 reserved	 for	 recurrent	meningioma	not	amenable	 to	 further	 surgery	or	 radiotherapy.
Responses	are	anecdotal,	with	no	drug	or	combination	yielding	consistent	responses.	Because	many	meningiomas
express	 estrogen	 and	 progesterone	 receptors,	 there	 have	 been	 unsuccessful	 attempts	 to	 use	 agents	 such	 as
tamoxifen	 or	 antiprogesterones.	 Preliminary	 data	 suggest	 that	 hydroxyurea251	 or	 interferon-α2B252	 may	 have
activity;	however,	assessment	of	efficacy	is	limited	by	small	numbers	of	patients	treated.	Targeted	agents	such	as
imatinib,	 angiogenesis	 inhibitors	 such	 as	 sunitinib	 and	 vatalanib,	 and	 EGFR	 inhibitors	 have	 been	 evaluated,
without	clear	efficacy.253–255

In	a	phase	II	trial	of	sunitinib	for	recurrent	and	progressive	atypical	and	anaplastic	meningioma,	PFS	rate	at	6
months	was	42%.	Median	PFS	was	5.2	months,	and	median	OS	was	24.6	months.	The	investigators	found	these
results	sufficiently	promising	to	warrant	evaluation	in	a	phase	III	study.253

In	 a	 randomized,	 double-blind,	 phase	 III	 trial	 (Southwest	 Oncology	 Group	 S9005),	 mifepristone	 failed	 to
provide	a	benefit	in	time	to	treatment	failure	and	OS	in	patients	with	unresectable	meningiomas.256,257
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PRIMITIVE	NEUROECTODERMAL	OR	EMBRYONAL	CENTRAL	NERVOUS
SYSTEM	NEOPLASMS
These	 tumors	 of	 putative	 embryonal	 origin	 predominantly	 arise	 in	 children	 and	 include	 supratentorial	 PNETs,
pineoblastomas,	 medulloblastomas,	 ependymoblastomas,	 and	 atypical	 teratoid	 or	 rhabdoid	 tumors.	 They	 are
characterized	 by	 sheets	 of	 small,	 round,	 blue	 cells	with	 scant	 cytoplasm.	Historically,	 small	 round	 cell	 tumors
arising	 in	 the	 posterior	 fossa	 were	 called	medulloblastomas.	 Given	 the	 cytologic	 similarity	 between	 all	 these
tumors	regardless	of	location,	it	was	suggested	in	the	1980s	that	they	all	be	designated	as	PNETs.	Although	still
controversial,	the	current	WHO	classification	retains	medulloblastoma	as	a	distinct	type	of	embryonal	tumor	but
has	 now	 removed	 the	 controversial	 entity	 of	 PNET.	 Pineoblastomas	 also	 retain	 a	 separate	 position	within	 the
category	 of	 pineal	 parenchymal	 tumors.	 Regardless	 of	 formal	 classification,	 these	 tumors	 are	 viewed	 as
developmentally	aberrant	early	neural	(glial	or	neuronal	or	both)	progenitor	or	stem	cell	neoplasms.	A	number	of
discrete	entities	that	would	have	been	previously	classified	as	supratentorial	PNETs	have	now	been	identified	as
discrete	 entities,	 each	with	 its	 own	characteristic	 fusion.258	Embryonal	 tumors	with	 abundant	 neuropil	 and	 true
rosettes	 (ETANTRs)	 are	 a	 recently	 identified	 variant	 of	 PNET	 and,	 histologically,	 have	 features	 of
ependymoblastomas	 and	 neuroblastomas,	 demonstrating	 areas	 of	 fine	 fibrillary	 neuropils	 intermingled	 with
ependymoblastic	 rosettes	 and	 zones	 of	 undifferentiated	 neuroepithelial	 cells.	 ETANTRs	 are	 distinguished
pathologically	from	other	embryonal	tumors	by	the	striking	abundance	of	neuropils.259

Recent	data	have	shown	quite	clearly	that	medulloblastomas,	supratentorial	PNETs,	atypical	teratoid	rhabdoid
tumor,	ETANTRs,	and	pineoblastomas	probably	all	represent	very	distinct	entities,	each	with	their	own	biologies
and	indeed,	in	many	cases,	their	own	biologically	important	subgroups.

Medulloblastoma

Epidemiology
Medulloblastomas	 compose	 15%	 to	 30%	 of	 CNS	 tumors	 in	 children,	 and	 an	 estimated	 350	 to	 400	 cases	 are
diagnosed	in	the	United	States	annually.	There	is	a	1.5:1	male-to-female	ratio,	and	70%	of	medulloblastomas	are
diagnosed	 by	 age	 20	 years.	Medulloblastomas	 become	progressively	 rarer	with	 increasing	 age,	with	 few	 cases
found	in	those	older	than	50	years.260	Gorlin	and	Turcot	syndromes	have	increased	rates	of	medulloblastoma	but
account	for	only	1%	to	2%	of	medulloblastomas.261

Pathology
Classically,	medulloblastomas	have	Homer-Wright	(neuroblastic)	rosettes,	although	these	are	found	in	 less	 than
40%	of	the	cases.	Mitoses	are	frequent,	representing	a	high	proliferative	index.	Immunohistochemical	analyses	are
positive	 for	 synaptophysin,	 which	 is	 most	 prominent	 in	 nodules	 and	 within	 the	 centers	 of	 the	 Homer-Wright
rosettes,	 correlating	 with	 a	 presumed	 neuronal	 progenitor	 origin.	 According	 to	 the	 last	 round	 of	 WHO
classification,	 medulloblastomas	 are	 histologically	 grade	 IV	 and	 classified	 into	 the	 following	 five	 variants:
classical,	 desmoplastic/nodular,	medulloblastoma	with	 extensive	nodularity,	 anaplastic,	 and	 large	 cell.21,262	 The
desmoplastic	 subtype	 has	 collagen	 bundles	 interspersed	 with	 the	 densely	 packed	 undifferentiated	 cells	 of	 the
classic	subtype	as	well	as	nodular,	reticulin-free	“pale	islands,”	or	follicles.263	Medulloblastomas	with	extensive
nodularity	are	similar	to	the	desmoplastic	variant	except	that	the	reticulin-free	zones	are	large	and	rich	in	neuropil-
like	tissue.	Anaplastic	medulloblastomas	are	relatively	rare,	accounting	for	approximately	4%	of	cases,	and	have
marked	nuclear	pleomorphism,	nuclear	moulding,	cell–cell	wrapping,	and	high	mitotic	activity,	with	a	high	degree
of	atypia.

More	recently,	it	has	become	agreed	on	and	apparent	that,	in	fact,	medulloblastomas	are	composed	of	at	least
four	different	molecular	subgroups	(Wnt,	Shh,	group	3,	and	group	4),	each	with	their	own	demographic,	clinical,
epidemiologic,	transcriptional,	genetic,	and	epigenetic	features.264	Because	targeted	therapies	are	likely	to	only	be
effective	within	a	single	subgroup,	the	next	group	of	clinical	trials	will	likely	be	subgroup	specific.

Radiographic	and	Clinical	Features
Childhood	 medulloblastomas	 typically	 arise	 within	 the	 vermis,	 expanding	 into	 the	 fourth	 ventricle.	 In	 older



patients,	tumors	in	the	lateral	cerebellar	hemispheres	are	more	common	(>50%	in	adults	compared	with	10%	in
children).265

Clinical	signs	and	symptoms	depend	on	both	age,	with	infants	having	less	specific	symptoms,	and	the	anatomic
location	within	 the	posterior	 fossa.	Midline	 tumors	usually	present	with	 symptoms	of	 increased	 ICP,	 including
nocturnal	 or	morning	 headaches,	 nausea	 and	 vomiting,	 irritability,	 and	 lethargy—manifestations	 of	 progressive
hydrocephalus	from	fourth	ventricle	compression.	Truncal	ataxia	may	be	present	because	of	involvement	of	the
vermis,	 and	 sixth	 nerve	 palsies	 are	 the	 most	 common	 nerve	 deficit.	 In	 younger	 children,	 a	 bulging	 of	 open
fontanelles	may	occur.	Tumors	of	a	 lateral	origin	more	frequently	have	ataxia	and	unilateral	dysmetria.	On	CT,
medulloblastomas	 are	 classically	 discrete	 vermian	masses	 that	 are	 hyperattenuated	 compared	with	 the	 adjacent
brain	and	enhance	avidly.	Imaging	variance	is	common,	with	frequent	cyst	formation	and	calcification	(59%	and
22%	of	cases,	respectively).266	MRI	is	the	gold	standard.	Medulloblastomas	are	typically	iso-	to	hypointense	on
T1-weighted	 images	 and	 of	 variable	 signal	 intensity	 on	 T2-weighted	 images	 and	 enhance	 heterogeneously.267
MRI	provides	 improved	evaluation	of	 foraminal	extent	beyond	 the	 fourth	ventricle,	 invasion	of	 the	brain	 stem,
and	subarachnoid	metastases.	Diffusion-weighted	images	exhibit	restriction,	allowing	PNETs	to	be	distinguished
from	ependymomas.230

Staging	and	Risk	Groups
A	modified	version	of	the	Chang	staging	system	is	currently	used.268	T	stage	has	been	made	less	relevant	than	the
extent	of	residual	disease	due	to	advances	in	neurosurgical	techniques.	M	stage	remains	crucial.	M0	represents	no
tumor	 dissemination,	 whereas	M1	 represents	 tumor	 cells	 in	 the	 CSF.	M2	 represents	 presence	 of	 gross	 tumor
nodules	 in	 the	 intracranial,	 subarachnoid,	 or	 ventricular	 space,	 and	M3	 represents	 gross	 tumor	 nodules	 in	 the
spinal	subarachnoid	space.	M4	represents	systemic	metastasis.

Clinical	staging	requires	the	assessment	of	tumor	dissemination	and	includes	CSF	cytologic	examination.	This
is	frequently	not	performed	prior	to	surgery	because	of	concern	for	cerebellar	herniation	from	increased	pressure
within	the	posterior	fossa.	Ventricular	fluid	is	not	as	sensitive	as	lumbar	fluid	in	detecting	dissemination	within
the	 neuraxis.269	 Negative	 CSF	 cytology	 does	 not	 preclude	 more	 advanced	 leptomeningeal	 disease.	 An	 MRI
examination	of	the	spine	has	supplanted	conventional	myelography.	CSF	dissemination	is	identified	on	MRI	scans
as	diffuse	enhancement	of	 the	 thecal	 sac,	nodular	enhancement	of	 the	 spinal	cord	or	nerve	 roots,	or	nerve	 root
clumping,	 predominantly	 seen	 along	 the	 posterior	 aspect	 of	 the	 spinal	 cord	 based	on	CSF	 circulatory	 patterns.
Spine	MRI	 is	 ideally	 performed	 prior	 to	 surgery	 if	 a	 medulloblastoma	 is	 suspected	 and	 the	 patient	 is	 stable;
otherwise,	10	to	14	days	should	elapse	after	surgery	to	avoid	a	potential	false-positive	interpretation	from	surgical
cellular	debris	and	blood	products.	Metastases	outside	 the	CNS	are	 less	common	and	occur	 in	 less	 than	5%	of
patients	 and	 correlate	 with	 advanced	 disease	 within	 the	 neuraxis.	 Eighty	 percent	 of	 systemic	 metastases	 are
osseous.	A	bone	scan,	chest	x-ray,	and	bilateral	marrow	biopsies	should	be	routinely	performed	for	M2	and	M3
stages.

Patients	with	medulloblastomas	are	currently	classified	as	average	or	high	risk	based	on	age,	M	stage,	extent	of
residual	disease,	and	pathology.	Average-risk	patients	have	M0	stage	arising	within	the	posterior	fossa,	are	older
than	3	years,	 and	have	 less	 than	1.5-cm	 tumor	 residual.	Due	 to	 the	poor	prognosis,	 all	patients	with	anaplastic
medulloblastoma	are	classified	as	high	risk.	Patients	less	than	3	years	old	have	particularly	poor	prognoses.	This
may	 not	 only	 represent	 the	 presence	 of	more	 primitive,	 aggressive	 tumors	 but	may	 also	 be	 due	 to	 the	 higher
likelihood	of	metastatic	disease,	STR,	and	reduced	dose	or	withholding	of	radiotherapy.	Between	20%	and	30%	of
patients	present	with	neuraxial	dissemination,	most	commonly	along	the	spinal	cord.	The	presence	of	metastatic
disease	is	prognostically	significant,	with	5-year	PFS	rates	of	70%	for	M0	disease,	57%	for	M1,	and	40%	for	M2
or	higher	in	CCG-921.270	The	disease-free	survival	of	high-risk	patients	treated	with	craniospinal	irradiation	(CSI)
with	or	without	chemotherapy	is	25%	to	30%.271	Historically,	average-risk	patients	have	had	a	5-year	disease-free
survival	of	66%	to	70%,	which	has	increased	to	70%	to	80%	in	recent	reports.

Surgery
In	one	study,	3-year	survival	was	reduced	by	60%	in	patients	who	had	an	incomplete	resection	of	their	primary
tumor.272	 Although	 hydrocephalus	 associated	 with	 medulloblastoma	 obstructing	 the	 fourth	 ventricle	 can	 be
relieved	with	 a	 ventriculostomy,	 ICP	may	 be	 controlled	with	 corticosteroids,	 and	 in	most	 patients,	 aggressive
tumor	resection	is	sufficient	to	relieve	hydrocephalus.	Following	surgery,	gradual	weaning	of	the	ventriculostomy
is	attempted,	with	internalization	7	or	more	days	after	surgery	if	clamping	is	untenable.	Postoperative	shunting	for
hydrocephalus	is	necessary	in	approximately	35%	to	40%	of	patients	because	of	scarring	and	decreased	capacity
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to	 resorb	 CSF.	 Patients	 who	 require	 long-term	 shunting	 are	 younger	 and	 have	 larger	 ventricles	 and	 a	 more
extensive	 tumor	 at	 presentation.	 Concern	 has	 existed	 that	 a	 ventriculoperitoneal	 shunt	 may	 cause	 peritoneal
seeding,	but	this	has	not	been	upheld.

With	advances	in	neurosurgical	technique,	the	number	of	patients	not	undergoing	a	GTR	or	near-total	resection
is	dwindling.	MRI	should	be	performed	to	evaluate	the	extent	of	residual	disease	within	48	to	72	hours	following
surgery	 to	prevent	postsurgical	 changes	 from	 influencing	 interpretation.	Patients	with	 either	GTR	or	STR	have
better	 5-year	 OS	 and	 posterior	 fossa	 local	 control	 rates	 than	 patients	 who	 undergo	 biopsy	 alone.	 Although
retrospective	 data	 infer	 that	 a	 total	 resection	 is	 prognostically	 favorable,	 the	majority	 of	 trials	 have	 found	 that
patients	who	undergo	substantial	STR	with	minimal	residual	disease	treated	with	both	chemotherapy	and	radiation
do	just	as	well	as	 those	who	undergo	total	 resection.	This	 justifies	opting	for	a	near-total	 resection,	particularly
when	there	is	invasion	of	the	floor	of	the	fourth	ventricle	or	envelopment	of	cranial	nerves	or	the	posterior	inferior
cerebellar	 artery.	 It	 is	 clear,	 however,	 that	 the	 extent	 of	 resection	 does	 not	 impact	 survival	 in	 patients	 with
disseminated	disease.

The	value	of	an	aggressive	resection	must	be	balanced	against	surgical	complications,	interchangeably	referred
to	as	posterior	fossa	syndrome	or	cerebellar	mutism	syndrome.	These	conditions	consist	of	diminished	speech	and
can	include	emotional	lability,	hypotonia,	long-tract	signs,	bulbar	dysfunction,	decreased	respiratory	drive,	urinary
retention,	and	ataxia.	These	changes	can	be	seen	in	up	to	25%	of	patients	who	have	undergone	a	resection	of	a
midline	 posterior	 fossa	 tumor.273	 Although	 thought	 to	 be	 temporary,	 a	 significant	 number	 of	 patients	 have
persistent	deficits.

Radiation	Therapy
The	aims	of	radiotherapy	are	to	treat	residual	posterior	fossa	disease	(or	gross	deposits	of	disease	anywhere	in	the
craniospinal	 axis)	 and	 also	 to	 treat	 microscopic	 disease	 in	 the	 craniospinal	 axis.	 Historically,	 CSI	 has	 been
delivered	to	36	Gy	with	a	posterior	fossa	boost	of	54	Gy	using	conventional	fractionation	of	1.8	Gy	per	day.274
Radiation	 is	 typically	 initially	 withheld	 in	 patients	 younger	 than	 3	 years	 of	 age	 because	 of	 the	 higher	 risk	 of
neurocognitive	damage.	Supratentorial	PNETs	and	other	embryonal	tumors	have	been	treated	with	the	same	CSI
regimen,	with	a	boost	 to	 the	 tumor	bed	and	 residual	disease.	Supratentorial	PNETs	 treated	with	an	appropriate
dose	 and	 volume	 of	 radiotherapy	 were	 found	 to	 have	 a	 49%	 PFS	 at	 3	 years	 compared	 with	 7%	 with	 major
violations	of	radiotherapy.275

Various	 alterations	 to	 the	 radiotherapy	 regimen	 have	 been	 made	 endeavoring	 to	 limit	 late	 toxicities.
Hyperfractionation	 has	 been	 examined,	with	 one	 study	 showing	 no	 improvement	 in	 survival	 and	 an	 excess	 of
failures	outside	the	primary	site,	although	this	was	likely	attributable	to	a	reduced	craniospinal	dose	of	30	Gy.	A
recent	 trial	 showed	 that	 with	 a	 reduction	 in	 craniospinal	 dose,	 adequate	 disease-free	 survival	 with	 possible
preservation	of	intellectual	function	is	possible.276	IMRT	has	been	used	to	provide	radiation	to	the	posterior	fossa,
with	a	32%	reduction	in	dose	to	the	cochlear	apparatus,	reducing	the	risk	of	grade	3	or	4	hearing	loss	from	64%	to
13%.167,277	A	recent	trial	showed	that	with	a	reduction	in	craniospinal	dose,	adequate	disease-free	survival	with
possible	 preservation	 of	 intellectual	 function	 is	 possible.	 Improved	 imaging	 methods	 have	 allowed	 for	 more
precise	delineation	of	the	tumor	within	the	posterior	fossa,	providing	the	possibility	of	avoiding	treatment	to	the
entire	posterior	fossa	with	the	boost	dose.	Although	standard	practice	has	been	to	boost	the	entire	posterior	fossa,
retrospective	data	have	shown	isolated	recurrences	outside	the	tumor	bed	to	be	rare.278	Encompassing	the	tumor
bed	and	a	2-cm	margin	only	for	the	boost	led	to	less	than	5%	isolated	posterior	fossa	recurrences.279

A	combined	CCG/Pediatric	Oncology	Group	 trial	compared	standard	and	 reduced-dose	CSI	 (36	versus	23.4
Gy)	with	 a	 posterior	 fossa	boost	 to	 54	Gy	 in	 average-risk	patients.	All	 patients	 received	 concurrent	 vincristine
during	radiation	with	no	adjuvant	chemotherapy.	Patients	who	received	the	lower	dose	had	a	higher	rate	of	early
relapse,	lower	5-year	EFS	(52%	versus	67%),	and	lower	OS.280	A	comparison	of	CSI	doses	of	35	versus	25	Gy	in
the	International	Society	of	Paediatric	Oncology	(SIOP)	II	trial	yielded	similar	results.281	Further	dose	reduction	is
being	evaluated	in	ongoing	prospective	trials.

Strong	advocates	for	proton	therapy	have	emerged	as	a	result	of	the	sharply	diminished	exit	dose	from	spinal
irradiation	and	the	more	conformal	treatment	of	the	posterior	fossa.	A	dosimetric	analysis	that	compared	photons
to	protons	has	demonstrated	a	decrease	in	the	dose	to	50%	of	the	heart	volume	from	72.2%	to	0.5%,	and	the	dose
to	 the	cochlea	was	 reduced	 from	101.2%	of	 the	prescribed	posterior	 fossa	boost	dose	 to	2.4%.282	 Proton-based
radiotherapy	 also	 demonstrated	 a	 decreased	 radiation	 dose	 to	 normal	 tissues	 compared	with	 IMRT.	Overall,	 a
reduction	 in	 second	 malignancies	 is	 also	 anticipated	 and	 modeled	 based	 on	 available	 data,	 although	 one
controversial	 report	 contends	 that	 the	 older	 generation	 of	 proton	 beam	machines	might	 pose	 a	 greater	 risk	 of



second	 malignancies	 because	 of	 a	 higher	 rate	 of	 neutron	 production	 and	 contamination,	 which	 is	 more
carcinogenic;	SEER	database	comparisons	in	fact	do	show	a	reduction	in	second	neoplasms	with	the	use	of	proton
therapy.283,284	An	additional	benefit	of	proton	therapy	is	reduced	myelotoxicity,	allowing	full-dose	chemotherapy
to	be	more	readily	completed.

Chemotherapy
Chemotherapy	 has	 been	 used	 in	 medulloblastomas	 with	 the	 dual	 goals	 of	 reducing	 the	 radiation	 dose	 while
maintaining	 optimal	 disease-free	 survival	 rates	 in	 average-risk	 patients	 and	 improving	 disease-free	 survival	 in
high-risk	 patients.	 Tait	 et	 al.285	 in	 SIOP	 I	 compared	 radiotherapy	 alone	 versus	 radiotherapy	 with	 concurrent
vincristine	 followed	 by	 maintenance	 vincristine	 and	 lomustine.	 Overall,	 there	 was	 no	 survival	 benefit	 from
chemotherapy,	 but	 an	 unprespecified	 post	 hoc	 subgroup	 analysis	 identified	 subgroups	 that	 appeared	 to	 benefit
from	 chemotherapy,	 including	 patients	 with	 T3	 or	 T4	 disease,	 and	 STR.	 Similar	 results	 were	 seen	 in	 a	 CCG
study.286	The	5-year	disease-free	survival	rates	in	the	CCG	and	SIOP	studies	were	59%	and	55%,	respectively,	for
radiotherapy	plus	chemotherapy,	and	50%	and	43%,	respectively,	for	radiotherapy	alone.	Based	on	these	results,
the	routine	use	of	chemotherapy	for	high-risk	medulloblastomas	has	become	standard.

For	standard-risk	patients,	chemotherapy	has	been	postulated	to	lead	to	a	reduction	in	the	CSI	dose	necessary
to	control	microscopic	disease.	A	phase	II	trial	of	lomustine,	vincristine,	and	cisplatin	for	eight	cycles	following
the	reduced	CSI	prescription	of	23.4	Gy	demonstrated	PFS	rates	of	86%	and	79%	at	3	and	5	years,	respectively.280
This	was	superior	to	historical	controls,	and	CSI	to	23.4	Gy	with	chemotherapy	was	adopted	as	the	standard	of
care	and	reference	dose	for	further	trials.

The	most	recent	COG	trial	for	average-risk	patients	compared	cisplatin	and	vincristine	with	either	lomustine	or
cyclophosphamide	and	23.4	Gy	of	CSI.	No	differences	in	outcome	were	noted,	with	5-year	EFS	and	OS	rates	of
81%	and	86%,	respectively.	The	overall	outcomes	indirectly	validated	the	use	of	reduced-dose	CSI	in	conjunction
with	 chemotherapy.	 The	 ongoing	 COG	 trial	 for	 average-risk	 patients	 is	 investigating	 a	 CSI	 dose	 of	 18	Gy	 in
patients	between	3	and	7	years	old.	The	2	≤	2	 randomization	also	compares	boosting	 the	entire	posterior	 fossa
versus	a	local	boost.

Current	 approaches	 for	high-risk	medulloblastomas	 focus	on	 chemotherapy	dose	 intensification.	Vincristine,
lomustine,	and	prednisone	resulted	in	a	63%	5-year	PFS	rate,	which	was	better	than	an	eight-in-one	chemotherapy
regimen.	High-dose	cyclophosphamide	with	autologous	stem	cell	rescue	is	feasible	and	provided	a	5-year	EFS	of
70%	in	patients	with	high-risk	disease.287	In	a	pilot	study	involving	57	children,	the	COG	incorporated	carboplatin
as	 a	 radiosensitizer	 with	 CSI	 to	 36	 Gy	 and	 a	 posterior	 fossa	 boost	 followed	 by	 six	 cycles	 of	 maintenance
cyclophosphamide,	vincristine,	and	cisplatin.	Four-year	OS	and	PFS	rates	were	81%	and	66%,	respectively,	with
an	inferior	outcome	in	patients	with	anaplastic	medulloblastoma.

Because	the	risk	of	cognitive	deficits	increases	with	decreasing	patient	age,	extensive	effort	has	been	made	to
develop	regimens	that	can	delay	or	potentially	eliminate	the	need	for	radiation	in	patients	younger	than	3	years	of
age.	The	avoidance	of	radiation	has	proved	to	be	more	feasible	for	patients	with	M0	disease.271	The	addition	of
intraventricular	methotrexate	 after	 surgery	 in	 a	 five-drug	 chemotherapy	 regimen	 provided	 5-year	 PFS	 and	OS
rates	 of	 58%	 and	 66%,	 respectively.	 Although	 asymptomatic	 leukoencephalopathy	 was	 detected	 by	MRI	 and
mean	IQ	scores	were	lower	than	in	healthy	controls,	the	mean	IQ	scores	were	significantly	higher	than	previous
cohorts	who	had	received	radiation.	A	prospective	randomized	trial	of	supratentorial	PNETs	in	children	younger
than	3	years	old	treated	with	chemotherapy	and	omitted	or	delayed	radiation	yielded	less	promising	results,	with
PFS	and	OS	rates	at	3	years	of	15%	and	17%,	respectively.	The	administration	of	radiation	was	the	only	positive
prognostic	variable	for	PFS	and	OS.288	The	Head	Start	I	trial	for	young	children	with	localized	medulloblastoma
consisted	of	five	cycles	of	cisplatin,	vincristine,	etoposide,	and	cyclophosphamide	followed	by	a	single	high-dose
myeloablative	 chemotherapy	 regimen	 of	 thiotepa,	 carboplatin,	 and	 etoposide.289	 The	 5-year	 survival	was	 79%.
With	 the	 addition	of	methotrexate,	 children	with	disseminated	disease	had	a	5-year	PFS	of	45%	and	an	OS	of
54%.290

The	 addition	 of	 conformal	 radiotherapy	 limited	 to	 the	 posterior	 fossa	 and	 primary	 site	 to	 chemotherapy
(cyclophosphamide,	vincristine,	cisplatin,	and	etoposide)	 in	children	between	8	months	and	3	years	of	age	with
nonmetastatic	medulloblastoma	increased	EFS	compared	with	the	use	of	postoperative	chemotherapy	alone	(COG
Study	P9934).	Neurodevelopmental	assessments	did	not	show	a	decline	in	cognitive	or	motor	function.291

Recurrent	 medulloblastomas	 are	 essentially	 an	 incurable	 and	 lethal	 disease.	 Although	 recurrent
medulloblastoma	is	responsive	to	a	variety	of	neoplastic	agents,	including	vincristine,	nitrosoureas,	procarbazine,
cyclophosphamide,	 etoposide,	 and	 cisplatin,	 with	 several	 regimens	 yielding	 relatively	 high	 response	 rates,
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durability	is	limited.	A	CCG	trial	to	evaluate	carboplatin,	thiotepa,	and	etoposide	with	peripheral	stem	cell	rescue
showed	3-year	EFS	and	OS	rates	of	34%	and	46%,	respectively.

Long-term	effects	from	treatment	can	be	categorized	as	neurocognitive,	neuropsychiatric,	neuroendocrine,	and
growth	retardation.	Hypothalamic	and	pituitary	endocrinopathies	such	as	delayed	hypothyroidism	and	decreased
growth	 hormone	 secretion	 may	 occur.	 Growth	 retardation	 can	 also	 be	 secondary	 to	 delayed	 or	 reduced	 bone
growth,	leading	to	a	reduction	in	sitting	height.	Neurocognitive	deficits	have	long	been	recognized	secondary	to
surgery,	 radiotherapy,	 and	 chemotherapy.	 In	 one	 study,	 58%	 of	 children	 showed	 an	 IQ	 >80	 at	 5	 years	 after
treatment,	but	by	10	years	after	treatment,	only	15%	of	the	patients	had	an	IQ	that	remained	>80.	A	prospective
study	of	cognitive	 function	showed	an	average	decline	of	14	points	 in	mean	 IQ,	with	an	average	decline	of	25
points	in	patients	younger	than	7	years	of	age.292	Even	with	risk-adapted	radiotherapy,	patients	had	a	significant
yearly	decrease	in	mean	IQ	and	reading,	spelling,	and	math	scores.	Psychological	secondary	effects	are	partially
attributable	 to	 the	 diminished	 cognitive	 function	 as	 well	 as	 the	 social	 challenges	 caused	 by	 the	 physical
manifestations	 of	 CSI	 (e.g.,	 hearing	 loss,	 decreased	 truncal	 stature,	 and	 thin	 hair)	 and	 potential	 ataxia	 and
abnormal	speech	patterns.	The	risk	for	secondary	malignancies	also	exists.	A	population-based	study	tabulated	a
5.4-fold	increased	rate	of	malignancy	when	compared	with	the	general	population,	although	this	only	affected	20
of	1,262	patients	at	risk.293

PINEAL	REGION	TUMORS	AND	GERM	CELL	TUMORS
Clinical	and	Pathologic	Considerations
Pineal	 and	 germ	 cell	 tumors	 account	 for	 less	 than	 1%	of	 intracranial	 tumors	 in	 adults	 and	 3%	 to	 8%	of	 brain
tumors	 in	children.	Germinomas	are	 the	most	common	type,	accounting	for	33%	to	50%	of	pineal	 tumors.	The
peak	incidence	of	germ	cell	tumors	is	in	the	second	decade,	and	few	present	after	the	third	decade.	Gliomas	are
the	 next	 most	 common	 pineal	 region	 tumor	 (approximately	 25%).	 Pineal	 parenchymal	 tumors	 are	 nearly	 as
common	 as	 glial	 tumors	 and	 are	 called	 pineocytomas	 if	 benign	 and	 pineoblastomas	 (a	 variant	 of	 PNET)	 if
malignant;	a	rare	intermediate	form	also	exists.

Germ	cell	tumors	commonly	involve	the	two	midline	sites,	suprasellar	and	pineal	regions,	and	occasionally	are
found	in	other	areas	such	as	the	basal	ganglia,	ventricles,	cerebral	hemispheres,	and	spinal	cord.	Germinomas	can
occur	bifocally	or,	rarely,	even	multifocally;	the	most	common	bifocal	presentation	is	synchronous	involvement	of
the	suprasellar	region	and	the	pineal	gland.294	Based	on	histology	and	the	presence	of	tumor	markers	in	the	serum
or	 CSF,	 the	 WHO	 classification	 system	 divides	 intracranial	 germ	 cell	 tumors	 into	 germinomas	 and
nongerminomatous	germ	cell	tumors.21	Nongerminomatous	germ	cell	tumors	are	further	divided	into	embryonal
carcinomas,	 yolk	 sac	 tumors,	 choriocarcinomas,	 and	 teratomas	 (mature,	 immature,	 or	 teratoma	with	malignant
transformation).	A	quarter	of	the	intracranial	germ	cell	tumors	have	more	than	one	histologic	component	and	are
known	 as	 mixed	 germ	 cell	 tumors.	 α-Fetoprotein	 (elevated	 in	 yolk	 sac	 tumors)	 and	 human	 chorionic
gonadotropin-β	 (elevated	 in	 choriocarcinoma	and,	 to	 a	modest	 extent,	 in	germinoma)	are	generally	 secreted	by
these	tumors.	Mature	teratomas	do	not	have	elevated	tumor	markers.

Neurologic	signs	and	symptoms	are	caused	by	obstructive	hydrocephalus	and	involvement	of	ocular	pathways.
Major	symptoms	are	headache,	nausea	and	vomiting,	 lethargy,	and	diplopia.	Signs	are	primarily	ocular	but	can
include	ataxia	and	hemiparesis.	The	major	ocular	manifestation	is	paralysis	of	conjugate	upward	gaze	(Parinaud
syndrome),	but	pupillary	and	convergence	abnormalities	are	seen,	as	are	skew	deviation	and	papilledema.	Some
patients	 with	 a	 pineal	 germ	 cell	 tumor	 can	 present	 with	 symptoms	 of	 diabetes	 insipidus	 (DI)	 without	 any
radiologic	evidence	of	overt	suprasellar	disease.295

On	CT,	these	lesions	are	hyperdense.	On	MRI,	the	mass	is	hypointense	on	T2-weighted	sequences	(due	to	the
high	 cellularity	 of	 the	 mass)	 and	 shows	 enhancement	 with	 gadolinium.	 Calcification	 and	 fat	 may	 be	 seen	 in
teratomas	or	mixed	malignant	germ	cell	tumors.	Germinomas	tend	to	surround	a	calcified	pineal	gland,	whereas
pineal	 parenchymal	 tumors	 tend	 to	 disperse	 the	 calcification	 into	 multiple	 small	 foci.	 The	 potential	 for
leptomeningeal	dissemination	requires	imaging	of	the	neuraxis	before	surgery.	Determination	of	histology,	tumor
markers,	 and	 extent	 of	 disease	 is	 critical	 for	 the	 optimal	management	 of	 pineal	 region	 tumors.	 The	 prognosis
varies	depending	on	the	histologic	type,	the	size	of	the	tumor,	and	the	extent	of	disease	at	presentation.

Surgery
Because	pineal	 tumors	are	often	near	 the	center	of	 the	brain,	 they	are	among	the	most	difficult	brain	 tumors	 to



remove.	Having	said	that,	there	is	no	role	for	cytoreductive	surgery	in	the	treatment	of	germinoma,	which	requires
only	 a	 biopsy	 from	 the	 neurosurgeon	 followed	 by	 radiation,	 chemotherapy,	 or	 both.	 For	 tumors	 requiring
resection,	neurosurgeons	can	choose	from	several	approaches	depending	on	preference	and	the	tumor’s	position
and	extent.	The	current	recommendation	is	to	obtain	tissue	when	a	diagnosis	cannot	be	made	from	serum	tumor
markers,	 CSF	 tumor	markers,	 or	 cytologic	 examination.	Whenever	 possible,	 the	 tumor	 is	 completely	 excised,
except	 when	 a	 germinoma	 is	 found	 at	 open	 surgery;	 a	 biopsy	 suffices	 in	 this	 situation	 because	 germinomas
respond	well	to	radiation.296	Resection	is	 important	when	tumors	are	radioresistant	or	when	an	excision	may	be
curative	(e.g.,	as	in	teratomas	and	pineal	parenchymal	tumors).

The	place	of	 stereotactic	biopsy	 in	 the	diagnosis	of	pineal	 region	 tumors	 is	unclear.	Although	biopsies	have
been	described	as	safe,	particularly	for	large	tumors,	some	avoid	them	because	of	the	risk	of	damaging	large	veins
that	flank	the	pineal	gland.297	In	addition,	there	is	a	risk	that	tissue	sampling	of	these	heterogeneous	tumors	may
not	depict	the	correct	histologic	nature	of	all	parts	of	the	tumor.	Without	an	accurate	diagnosis,	treatment	planning
may	be	erroneous	or	inadequate.	In	favor	of	biopsy	are	the	advantages	of	a	rapid	tissue	diagnosis	and	shortened
hospital	stay.	A	transventricular	endoscopic	biopsy	may	be	an	attractive	option	because	it	can	be	performed	under
direct	vision	with	 little	 risk	of	damaging	deep	venous	 structures.	The	downside	of	 an	endoscopic	biopsy	 is	 the
small	size	of	the	biopsy,	which	can	be	problematic	in	the	face	of	a	polyphenotypic	germ	cell	tumor.

An	 added	 advantage	 to	 endoscopic	 biopsy	 may	 arise	 in	 patients	 with	 a	 pineal	 mass	 and	 obstructive
hydrocephalus	from	blockage	of	the	aqueduct	of	Sylvius.	An	endoscopic	third	ventriculostomy	may	be	performed
during	 the	 same	 procedure	 by	 making	 a	 fenestration	 in	 the	 floor	 of	 the	 third	 ventricle,	 which	 relieves
hydrocephalus.	CSF	for	cytology	and	marker	studies	can	also	be	obtained,	and	the	walls	of	the	third	ventricle	can
be	inspected	for	tumor	studding.	There	is	a	small	risk	of	intraventricular	hemorrhage.298

Radiation	Therapy
With	certain	exceptions,	such	as	benign	teratomas,	radiotherapy	has	an	established	role	in	the	curative	treatment
of	 pineal	 germ	 cell	 and	 parenchymal	 tumors.	The	 location	 and	 infiltrative	 nature	 of	 these	 lesions	 often	 do	 not
allow	 for	 a	 complete	 resection.	 In	 the	 past,	 the	 risk	 of	 biopsy	 or	 attempted	 resection	 often	 led	 to	 the	 use	 of
radiotherapy	 without	 histologic	 confirmation.	 In	 such	 instances,	 response	 to	 low-dose	 radiotherapy,	 the
measurement	 of	 α-fetoprotein	 and	 human	 chorionic	 gonadotropin-β,	 and	 CSF	 cytology	 were	 used	 to	 provide
diagnostic	 information.	There	 is	 a	 tendency	 to	 increase	 the	 use	 of	 biopsy	 and	 resection,	 and	 treatment	without
histology	is	less	common.

Five-year	survival	rates	with	radiotherapy	range	from	44%	to	78%	and	vary	with	histology,	extent	of	disease,
age,	 radiation	 volume,	 and	 dose	 to	 the	 primary	 tumor.152	 In	 a	multi-institutional	 survey	 by	Wara	 et	 al.,299	 the
survival	 of	 patients	 with	 pineal	 parenchymal	 cell	 tumors	 or	 malignant	 teratomas	 was	 21%	 (3	 of	 14	 patients)
compared	with	72%	(26	of	36	patients)	for	patients	with	germinomas.	Wolden	et	al.300	 reported	5-year	disease-
free	survival	rates	of	91%	for	germinomas,	63%	for	unbiopsied	tumors,	and	60%	for	nongerminomatous	germ	cell
tumors	 irradiated	 to	 50	 to	 54	Gy	 to	 the	 local	 site	with	 or	without	 treatment	 to	 the	whole	 brain	 or	 ventricular
system.	Patients	younger	than	25	to	30	years	old	had	survival	rates	of	65%	to	80%	compared	with	35%	to	40%	for
older	patients.300	This	may	reflect	the	increased	incidence	of	germinomas	in	younger	patients.

Germinomas	 are	 infiltrative	 tumors	 that	 tend	 to	 spread	 along	 the	 ventricular	 walls	 or	 throughout	 the
leptomeninges.	The	incidence	of	CSF	seeding	ranges	from	7%	to	12%.	For	this	reason,	fields	encompassing	the
entire	 ventricular	 system,	 the	whole	 brain,	 and	 even	 the	 entire	 craniospinal	 axis	 have	 been	 recommended.	The
appropriate	treatment	volume	for	pineal	germinomas	was	evaluated	by	Haas-Kogan	et	al.301	in	93	patients	treated
at	the	University	of	California,	San	Francisco	(UCSF),	or	at	Stanford.	The	UCSF	group	favored	whole	ventricular
irradiation;	 the	 Stanford	 group	 included	 CSI.	 Five-year	 survival	 for	 the	 combined	 cohort	 was	 93%,	 with	 no
difference	 in	 survival	 or	 distant	 failure	 regardless	 of	whether	CSI	or	whole	ventricular	 radiation	was	given.	 In
some	institutions,	25.5	Gy	(1.5	Gy	per	day)	of	whole-brain	or	whole	ventricular	radiation	is	followed	by	a	boost	to
the	primary	site	to	45	to	50	Gy.	CSI	is	reserved	for	patients	with	disseminated	disease	at	presentation.

Neoadjuvant	chemotherapy	and	low-dose	(30	to	40	Gy)	focal	irradiation	are	used	by	some.302	Chemotherapy
might	 be	 useful	 in	 the	 young	 child	 to	 defer	 irradiation.	 For	 disseminated	 or	 multiple	 midline	 germinomas,
systemic	chemotherapy	or	CSI	is	given.	CSI	doses	of	20	to	35	Gy	have	been	used	when	CSF	cytology	results	are
positive.	When	response	to	primary	chemotherapy	is	incomplete	or	the	tumor	recurs,	salvage	radiotherapy	yields
good	results.

Nongerminomatous	 malignant	 germ	 cell	 tumors,	 whether	 localized	 or	 disseminated,	 are	 treated	 with
chemotherapy	followed	by	restaging.	After	restaging,	localized	tumors	receive	focal	radiotherapy	to	54	to	60	Gy,
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and	disseminated	tumors	receive	CSI	(54	to	60	Gy	to	the	primary,	45	Gy	to	the	ventricular	system	[controversial],
35	Gy	 to	 the	spinal	cord,	and	45	Gy	 to	 localized	cord	 lesions).300	 In	a	German	study,	63	supratentorial	PNETs
were	treated	with	chemotherapy	before	or	after	radiation	(35	Gy	of	CSI	with	a	boost	to	the	primary	tumor	of	54
Gy).275	The	3-year	survival	was	49.3%	in	patients	in	whom	treatment	was	delivered	as	prescribed	but	only	6.7%
in	patients	with	major	protocol	violations.	This	indicates	the	importance	of	CSI	in	pineoblastoma,	analogous	to	the
situation	with	medulloblastoma.

Tumors	that	tend	not	to	metastasize	to	the	cord,	such	as	teratomas,	pineocytomas,	and	low-grade	gliomas,	are
treated	 by	 resection,	 with	 localized	 radiotherapy	 reserved	 for	 patients	 with	 residual	 disease.303	 For	 selected
patients	with	small	residual	disease,	radiosurgery	has	been	shown	to	be	effective	in	terms	of	local	control.

Chemotherapy
Chemotherapy	for	pineal	glial	neoplasms	is	similar	to	that	for	gliomas	elsewhere.	Germinomas	are	chemosensitive
and	 responsive	 to	 cisplatin,	 carboplatin,	 ifosfamide,	 cyclophosphamide,	 bleomycin,	 and	 etoposide.	 Adjuvant
multidrug	 therapy	with	 radiotherapy	has	produced	encouraging	disease-free	 survival	 and	OS.	Newly	diagnosed
germinomas	treated	with	two	courses	of	high-dose	cyclophosphamide	showed	a	complete	response	rate	of	91%.304

Given	 the	 poor	 outcome	 of	 CNS	 nongerminomatous	 germ	 cell	 tumors	 after	 radiotherapy	 alone,	 there	 is
significant	interest	in	the	use	of	chemotherapy.	Balmaceda	et	al.305	reported	the	results	from	using	four	cycles	of
carboplatin,	etoposide,	and	bleomycin	without	radiation.	Of	71	patients	(45	germinoma	and	26	nongerminomatous
tumors),	68	were	assessable	for	response;	after	four	cycles,	the	complete	response	rate	was	57%.	The	29	patients
with	less	than	a	complete	response	received	dose-intensified	chemotherapy	or	surgery,	and	a	further	16	patients
achieved	a	complete	response,	for	an	overall	complete	response	rate	of	78%.	Despite	 these	high	response	rates,
only	28	of	71	 (39%)	patients	were	alive	 and	progression	 free	within	31	months.	Subsequently,	 they	 treated	20
patients	with	two	cycles	of	cisplatin,	etoposide,	cyclophosphamide,	and	bleomycin,	and	the	16	patients	achieving
a	complete	response	received	 two	additional	cycles	of	carboplatin,	etoposide,	and	bleomycin.306	Nine	of	 the	14
survivors	 received	 radiotherapy.	 The	 chemotherapy	 response	 rate	was	 94%,	 5-year	OS	was	 75%,	 and	 36%	 of
patients	 were	 event	 free.	 Although	 the	 complete	 response	 rate	 was	 high,	 approximately	 half	 of	 the	 patients
developed	 recurrent	 disease,	 suggesting	 that	 a	multimodal	 therapeutic	 approach	 of	 surgery,	 chemotherapy,	 and
radiotherapy	is	necessary	to	improve	the	overall	outcome	of	these	tumors.	Matsutani	et	al.307	analyzed	153	germ
cell	 tumors	 treated	with	surgery	and	radiotherapy	with	or	without	chemotherapy.	The	10-year	survival	rates	for
mature	 and	malignant	 teratomas	were	 92.9%	 and	 70.7%,	 respectively.	 Patients	with	 pure	malignant	 germ	 cell
tumors	 (embryonal	 carcinoma,	 yolk	 sac	 tumor,	 or	 choriocarcinoma)	 had	 a	 3-year	 survival	 rate	 of	 27.3%.	 The
mixed	 tumors	were	divided	 into	 three	subgroups:	 (1)	mixed	germinoma	and	 teratoma,	 (2)	mixed	 tumors	whose
predominant	characteristics	were	germinoma	or	teratoma	combined	with	some	elements	of	pure	malignant	tumors,
and	(3)	mixed	tumors	with	predominantly	pure	malignant	elements.	The	3-year	survival	rates	were	94.1%,	70.0%,
and	9.3%,	respectively,	for	the	three	groups.

High-dose	chemotherapy	with	autologous	stem	cell	rescue	has	been	used	for	pineoblastoma.	Twelve	patients
were	 treated	 with	 induction	 chemotherapy	 followed	 by	 CSI	 with	 a	 pineal	 boost	 (36	 Gy	 of	 CSI,	 59.4	 Gy	 to
primary),	then	with	high-dose	chemotherapy	with	stem	cell	support.	Nine	of	the	12	patients	remained	disease	free,
including	 two	 infants	who	never	 received	radiation.	The	actuarial	4-year	PFS	and	OS	rate	were	69%	and	71%,
respectively.	Although	still	considered	 investigational,	 the	survival	 results	are	 impressive.	The	use	of	high-dose
chemotherapy	and	autologous	bone	marrow	support	has	not	been	as	promising	for	patients	with	recurrent	tumors,
although	reported	data	are	few.308	Recently	published	results	of	a	detailed	molecular	analysis	of	a	small	cohort	of
intracranial	germ	cell	 tumors	have	raised	hope	 that	 improved	outcome	for	nongerminomatous	germ	cell	 tumors
and	reduction	of	treatment-related	toxicity	through	targeted	therapy	for	all	intracranial	germ	cell	tumors	may	be
within	reach.309

PITUITARY	ADENOMAS
Clinical	and	Pathologic	Considerations
Pituitary	 tumors	 are	 identified	 incidentally	 or	 present	 through	 symptoms	 of	 local	mass	 effect	 or	 as	 a	 result	 of
endocrine	effects.	Pituitary	adenomas	almost	always	arise	from	the	anterior	pituitary,	 the	adenohypophysis.	The
tumor	initially	compresses	the	gland	and,	subsequently,	the	optic	chiasm	and	nerves.	Tumors	less	than	10	mm—



microadenomas—rarely	 compress	 the	 optic	 apparatus.	 Larger	macroadenomas	 can	 involve	 the	 cavernous	 sinus
bilaterally,	the	third	ventricle	(sometimes	producing	hydrocephalus),	and,	less	commonly,	the	middle,	anterior,	or
even	 posterior	 fossae.	 The	 classic	 ophthalmologic	 finding	 is	 visual	 loss,	 typically	 starting	 with	 bitemporal
hemianopsia	 and	 loss	 of	 color	 discrimination.	 Automated	 visual	 field	 testing	 is	 more	 sensitive	 than	 simple
confrontation.	Occasionally,	extraocular	palsies	can	result	from	the	compression	or	invasion	of	the	nerves	in	the
cavernous	 sinus.	 Tumors	 that	 present	with	mass	 effect	 are	 often	 nonsecreting,	 but	 prolactin,	 growth	 hormone,
thyrotropin,	and	gonadotropin-producing	tumors	may	also	present	in	this	way.

Neuroendocrine	 abnormalities	 usually	 result	 not	 only	 from	 tumors	 that	 oversecrete	 hormones	 but	 also	 from
compression	 of	 the	 pituitary	 gland	 and	 the	 stalk.	 The	 most	 commonly	 secreted	 hormones	 are	 prolactin,
adrenocorticotropic	hormone,	and	growth	hormone.	The	incidence	of	the	various	types	of	adenoma	is	variable.	In
800	patients	operated	on	at	UCSF	between	1970	and	1981,	79%	were	endocrinologically	active.	Of	these,	52%
were	prolactin	secreting,	27%	were	growth	hormone	secreting,	20%	were	corticotropin	secreting,	and	only	0.3%
were	 thyroid-stimulating	 hormone	 secreting.310	 Sexual	 impotence	 in	 men	 and	 amenorrhea	 and	 galactorrhea	 in
women	 are	 hallmarks	 of	 a	 prolactin-secreting	 tumor.	 Hypogonadism,	 infertility,	 and	 osteopenia	 are	 also
common.311	Growth	 hormone	 hypersecretion	 causes	 acromegaly	 or,	 in	 the	 rare	 patient	with	 a	 tumor	 occurring
before	epiphyseal	closure,	gigantism.	The	secondary	production	of	insulin-like	growth	factor	1	(IGF1;	primarily
from	 the	 liver)	 or	 somatomedin	 C	 produces	 skeletal	 overgrowth	 changes	 (e.g.,	 increased	 hand	 and	 foot	 size,
macroglossia,	 frontal	 bossing).	 Soft	 tissue	 swelling,	 peripheral	 nerve	 entrapment	 syndromes,	 and	 arthropathies
may	 occur.	 Hypertension,	 cardiomyopathy,	 diabetes,	 and	 an	 increased	 risk	 of	 colon	 cancer	 are	 prevalent	 with
acromegaly.	Adrenocorticotropic	 hormone	 hypersecretion	 by	 a	 pituitary	 tumor	 results	 in	Cushing	 disease,	with
weight	 gain,	 hypertension,	 striae,	 hyperglycemia,	 infertility,	 osteoporosis,	 increased	 skin	 pigmentation,	 and
psychiatric	symptoms.	Rarely,	pituitary	adenomas	can	present	acutely	with	headaches,	visual	loss,	and	confusion,
which	can	progress	 to	obtundation.	This	potentially	 life-threatening	condition	 is	 termed	pituitary	apoplexy.	 The
etiology	of	apoplexy	is	thought	to	involve	tumor	infarction	due	to	interruption	of	its	blood	supply,	but	the	exact
mechanism	 is	 not	 known.	 Symptomatic	 pituitary	 apoplexy	 is	 a	 surgical	 emergency,	 and	 patients	 need	 to	 be
carefully	 medically	 managed	 with	 judicious	 fluid	 and	 salt	 replacement	 and	 administration	 of	 high-dose
corticosteroids.	A	need	for	prolonged	hormone	replacement	therapy	is	often	a	consequence	of	apoplexy.
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Figure	94.11	Pituitary	adenomas	are	usually	isointense	to	the	gland	on	noncontrast	T1-weighted
magnetic	resonance	images;	on	contrast	administration,	the	normal	gland	enhances	early,	as

visualized	on	this	sagittal	image,	whereas	the	adenoma	(arrow)	continues	to	remain	unenhanced.
With	late	imaging,	the	adenoma	enhances.

On	MRI,	pituitary	microadenomas	are	generally	seen	within	the	gland	according	to	the	distribution	of	normal
cells.	 For	 example,	 prolactinomas	 tend	 to	 be	 located	 laterally	 within	 the	 sella.	 Microadenomas	 show	 subtle
hypointensity	 to	 the	 normal	 gland	 on	 T1-weighted	 sequences	 and	 are	 often	 more	 difficult	 to	 detect	 on	 T2
sequences.	 Immediately	 after	 the	 administration	 of	 contrast,	 adenomas	 show	 less	 enhancement	 than	 adjacent
normal	glands	(Fig.	94.11).	On	delayed	views,	the	tumor	enhances	more	than	the	normal	gland.	Indentation	of	the
sellar	floor,	stalk	deviation,	and	mass	effect	on	adjacent	structures	also	provide	evidence	of	the	presence	of	tumor.

Surgery
There	are	two	primary	goals	of	surgery	for	macroadenomas:	to	decompress	the	visual	pathways	by	reducing	tumor
bulk	and,	for	secreting	tumors,	to	normalize	hypersecretion,	with	the	preservation	of	remaining	normal	pituitary
function.

The	standard	surgical	approach	for	the	majority	of	pituitary	tumors	is	transsphenoidal,	which	is	safer	and	better
tolerated	than	the	transcranial	(frontotemporal	craniotomy)	approach.312,313	The	transsphenoidal	approach	is	used
for	microadenomas	 that	 occupy	 the	 sella	 turcica	 and	 for	many	macroadenomas.	 Image-guided	 neuronavigation
and	 intraoperative	 fluoroscopy	 are	 essential	 to	 reduce	 the	 risk	 of	 injury	 to	 the	 carotid	 arteries.	 Even	when	 the
majority	 of	 tumor	 is	 actually	 suprasellar,	 a	 transsphenoidal	 resection	 can	 be	 safely	 accomplished	 if	 the	 tumor



consistency	is	soft	(and	tumor	aspiration	and	curettage	can	thus	easily	be	performed)	and	if	the	tumor	is	situated
so	 that	 it	 can	 drop	 into	 the	 sella	 with	 progressive	 resection.	 Tough,	 fibrous	 suprasellar	 tumors	 and	 those	 that
extend	laterally	into	the	middle	fossa,	anteriorly	beneath	the	frontal	lobes,	or	into	the	posterior	fossa	may	require	a
craniotomy	 for	 resection.	 A	 tumor	 that	 invades	 the	 cavernous	 sinus	 is	 generally	 not	 removed.	 The	 role	 of
endoscopic	 transsphenoidal	 surgery	 for	 pituitary	 adenomas	 is	 currently	 being	 expanded.	 Potential	 advantages
include	 a	 less	 invasive	 surgical	 approach	 with	 a	 wider	 field	 of	 view	 and	 quicker	 postoperative	 recovery.
Moreover,	Cappabianca	et	al.314	observed	a	decreased	incidence	of	complications	in	a	series	of	146	consecutively
treated	 patients	 who	 underwent	 an	 endoscopic	 endonasal	 transsphenoidal	 approach	 to	 the	 sellar	 region	 for
resection	 of	 these	 tumors,	 compared	 with	 large	 historical	 series	 that	 used	 the	 traditional	 microsurgical
transsphenoidal	approach.

Current	surgical	cure	rates	for	hormonally	active	adenomas	are	80%	to	90%	if	there	is	no	involvement	of	the
cavernous	sinus,	suprasellar	region,	or	clivus.	Patients	with	microadenomas	have	a	higher	surgical	cure	rate	than
patients	with	macroadenomas.315	Patients	cured	of	their	endocrine	disease	can	expect	to	have	a	normal	life	span;
however,	those	with	persistent	endocrinopathies,	and	particularly	those	with	acromegaly,	may	not	enjoy	a	normal
life	span	due	to	the	impact	of	the	high	hormone	levels	on	multiple	organ	systems.	In	patients	not	biochemically
cured	with	 initial	 surgery,	 the	 tumor	 is	often	 found	at	 the	 time	of	 second	 surgery	 just	next	 to	 the	original	 site.
Patients	with	persistent	acromegaly,	however,	may	not	be	amenable	 to	biochemical	cure	with	a	second	surgery
because	the	residual	growth	hormone–secreting	cells	can	be	difficult	 to	visualize.	Growth	through	the	dura	into
the	adjacent	cavernous	sinus	is	often	found	at	repeat	surgery	even	when	no	tumor	is	seen	preoperatively	on	MRI.
Benveniste	et	al.316	 found	 that,	 although	 repeated	 transsphenoidal	 surgery	 to	 treat	a	 recurrent	or	 residual	 tumor
mass	 was	 associated	 with	 a	 93%	 rate	 of	 clinical	 remission,	 its	 use	 to	 treat	 recurrent	 or	 persistent	 hormone
hypersecretion	produced	only	a	57%	rate	of	initial	endocrinologic	remission,	with	a	37%	likelihood	of	sustaining
such	 remission	 at	 a	 mean	 of	 31	 months.	 Thus,	 they	 suggested	 that	 for	 the	 treatment	 of	 residual	 or	 recurrent
adenomas	that	cause	persistent	or	recurrent	hormone	hypersecretion,	radiosurgery	may	be	a	better	option.

Radiation	Therapy
Radiotherapy	may	be	indicated	for	hormone-secreting	adenomas	that	are	not	surgically	cured	and	are	refractory	to
pharmacologic	management	 or	 for	 patients	 who	wish	 to	 discontinue	 pharmacologic	management	 secondary	 to
toxicities.	 After	 STR	 of	 a	 macroadenoma,	 more	 than	 50%	 of	 patients	 demonstrate	 radiographic	 evidence	 of
progression	within	 5	 years.317	 Younger	 patients	 (younger	 than	 50	 years	 old)	 with	 residual	 disease	 have	 faster
tumor	regrowth.	Ki-67	antigen	labeling	of	more	than	1.5%	predicts	more	rapid	growth.	For	these	patients,	earlier
postoperative	radiotherapy	should	be	considered.

Radiotherapy	 decreases	 serum	 growth	 hormone	 concentrations	 to	 “normal”	 levels	 in	 80%	 to	 85%	 of
acromegalic	patients,	but	the	definition	of	normalization	has	varied	over	time.318	Growth	hormone	levels	decrease
at	a	rate	of	10%	to	30%	per	year,	so	several	years	may	be	required	for	the	levels	to	normalize.	The	probability	of
endocrine	 cure	 is	 highest	 for	 tumors	with	 relatively	 low	preradiotherapy	 growth	 hormone	 elevations	 (30	 to	 50
ng/mL);	response	is	less	reliable	for	tumors	that	produce	higher	growth	hormone	levels.	In	contrast,	serum	IGF1
levels	 remain	 elevated	 after	 radiotherapy,	 and	 long-term	 treatment	 with	 somatostatin	 or	 its	 analogs	 may	 be
required.319	Radiotherapy	controls	hypercortisolism	in	50%	to	75%	of	adults	and	80%	of	children	with	Cushing
disease.	 Response	 occurs	within	 6	 to	 9	months	 of	 treatment.	 Pituitary	 adenomas	may	 be	 treated	 using	 several
different	techniques.	The	most	commonly	used	techniques	include	3D-CRT,	IMRT,	and	stereotactic	radiotherapy
or	radiosurgery.	Treatment	with	charged-particle	beams	has	been	used	at	select	centers.320	The	total	dose	used	for
nonfunctioning	lesions	is	45	to	50	Gy	in	25	to	28	fractions	of	1.8	Gy.	Slightly	higher	total	doses	are	recommended
for	secretory	lesions.	This	controls	tumor	growth	in	90%	of	cases	at	10	years.321	Radiation-induced	injury	to	the
optic	apparatus	or	adjacent	brain	with	 this	dose-fractionation	scheme	is	rare,	whereas	 larger	fractions	or	greater
total	 doses	 lead	 to	 a	 higher	 incidence	 of	 injury.	 Hypopituitarism	 may	 develop,	 often	 years	 after	 radiation
treatment.	It	is	more	common	in	patients	who	have	had	both	surgery	and	radiotherapy	than	in	those	treated	with
either	modality	alone.	Hypopituitarism	 is	 largely	correctable	by	hormone	 replacement	 therapy.	One	publication
suggests	that	patients	treated	with	surgery	and	radiation	have	an	elevated	risk	for	late	cerebrovascular	mortality.322
Possible	 contributing	 factors	 include	 hypopituitarism,	 radiotherapy,	 and	 extent	 of	 initial	 surgery.	 The	 risk	 of
developing	a	radiation-induced	brain	tumor	after	treatment	is	1.3%	to	2.7%	at	10	years	and	beyond.323

Radiosurgery	 is	 increasingly	 being	 used	 for	 treating	 small	 residual	 adenomas.324	 In	 general,	 patients	 are
eligible	for	radiosurgery	only	if	the	superior	extent	of	the	lesions	is	more	than	3	to	5	mm	from	the	optic	chiasm.
Doses	of	more	than	10	Gy	in	a	single	fraction	to	the	optic	pathways	can	cause	visual	loss.325	Radiosurgery	results
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in	 excellent	 tumor	 control	 and	 appears	 to	 cause	 more	 rapid	 biochemical	 normalization	 than	 is	 seen	 with
conventional	 radiotherapy,	with	 the	 caveat	 that	 it	 is	 used	 primarily	 for	 smaller	 tumors.326	 Side	 effects	 such	 as
hypopituitarism	and	cranial	nerve	injury	are	also	lower	with	radiosurgery.327

Reirradiation	 can	 be	 considered	 for	 patients	with	 recurrent	 pituitary	 adenomas	when	 there	 has	 been	 a	 long
interval	after	the	first	course	of	radiotherapy	and	other	therapeutic	methods	have	been	unsuccessful.

Medical	Therapy
Medical	therapy	is	very	important	and	effective	for	patients	with	secreting	pituitary	tumors.328	Dopamine	agonists
(e.g.,	bromocriptine	or	cabergoline)	are	the	most	effective	therapy	for	prolactinomas	and	are	often	used	as	primary
treatment,	 with	 definitive	 treatment	 reserved	 for	 patients	 who	 either	 cannot	 tolerate	 or	 do	 not	 respond	 to	 a
dopamine	agonist.	Somatostatin	analogs	(e.g.,	octreotide	and	lanreotide)	are	effective	for	patients	with	acromegaly
and	 are	 usually	 reserved	when	 there	 is	 persistent	 growth	 hormone	 hypersecretion	 after	 resection.	Control	 rates
with	 octreotide	 are	 approximately	 50%;	 dopamine	 agonists	 can	 control	 growth	 hormone	 production	 in	 10%	 to
34%.329	A	recently	approved	growth	hormone	receptor	antagonist	(pegvisomant)	can	be	used	for	patients	in	whom
somatostatin	analogs	fail.	Rates	of	IGF1	level	normalization	as	high	as	97%	have	been	reported	with	this	agent,
but	 concerns	 persist	 that	 because	 it	 acts	 at	 the	 end-organ	 receptor	 level,	 tumor	 growth	may	 continue	 in	 some
patients,	and	the	lifetime	cost	of	the	agent	is	prohibitive.330	Medical	therapy	for	patients	with	Cushing	disease	is
directed	 at	 the	 adrenal	 glands	 to	 reduce	 cortisol	 hypersecretion	 (ketoconazole).	 Unfortunately,	 no	 known	 drug
effectively	reduces	pituitary	corticotropin	production.

CRANIOPHARYNGIOMAS
Clinical	and	Pathologic	Considerations
Craniopharyngiomas	are	 the	most	common	benign	nonglial	brain	 tumors	 in	children,	occurring	primarily	 in	 the
late	first	and	second	decades,	although	they	can	present	at	any	age.331	Craniopharyngiomas	are	 thought	 to	arise
from	epithelial	cell	rests	 that	are	remnants	of	 the	Rathke	pouch	at	 the	juncture	of	 the	infundibular	stalk	and	the
pituitary	 gland.	Most	 have	 a	 significant	 associated	 cystic	 component,	with	 only	 10%	being	 purely	 solid.	Most
craniopharyngiomas	 become	 symptomatic	 because	 of	 effects	 of	 the	 combined	 tumor	 and	 cyst	 on	 the	 optic
apparatus	or	hypothalamus	or	both.	They	may	also	compress	the	pituitary	gland	or	extend	superiorly	into	the	third
ventricle.	Cyst	fluid	is	proteinaceous,	and	this	can	be	seen	on	MRI.	A	CT	shows	calcification	in	30%	to	50%	of
cases.

Common	 presenting	 symptoms	 include	 headache,	 visual	 complaints,	 nausea,	 vomiting,	 and	 intellectual
dysfunction	 (especially	 memory	 loss).	 Specific	 visual	 signs	 include	 optic	 atrophy,	 papilledema,	 hemianopsia,
unilateral	 or	 total	 blindness,	 and	 diplopia	 with	 associated	 cranial	 nerve	 palsies.	 Endocrine	 abnormalities	 at
presentation	 can	 include	 growth	 retardation,	 menstrual	 abnormalities,	 and	 disorders	 of	 sexual	 development	 or
regression	of	secondary	sexual	characteristics	(or	both).	DI	is	uncommon	at	presentation.

The	optimal	 treatment	 of	 any	 specific	 patient	with	 a	 craniopharyngioma	 is	 complicated	 and	open	 to	debate.
Variables	such	as	patient	age,	endocrine	status,	visual	status,	aeration	of	the	sinuses,	extent	of	solid	disease,	extent
of	cystic	disease,	and	involvement	of	the	hypothalamus	either	unilaterally	or	bilaterally	can	all	contribute	to	the
decision	of	optimal	 therapy.	In	general,	 the	number	of	options	for	 therapy	for	a	given	patient	will	vary	directly
with	the	number	of	opinions	sought	because	there	are	many	different	approaches	and	schools	of	thought	as	to	how
to	best	treat	this	highly	variable	disease.

Surgery
Craniopharyngiomas	are	generally	resected	using	a	microsurgical	subfrontal	or	pterional	approach.	More	recently,
some	surgeons	have	been	approaching	some	lesions	using	an	endoscopic	skull	base	approach	from	the	sphenoid
sinus.	 Larger	 tumors	 may	 require	 bifrontal	 or	 skull	 base	 approaches,	 including	 a	 supraorbital	 craniotomy.
Endoscopically	 assisted	 surgery	 is	 sometimes	 used,	 although	 outcome	 advantages	 have	 not	 yet	 been	 clearly
shown.	Although	complete	resection	remains	the	optimal	surgical	goal,	the	risk	of	devastating	long-term	effects
on	hypothalamic	function	and	quality	of	life	cannot	be	ignored.	In	some	cases,	there	is	no	clearly	defined	plane
between	tumor	and	surrounding	hypothalamus,	which	makes	aggressive	resection	dangerous.	Aggressive	removal
is	frequently	associated	with	some	injury	to	the	pituitary	stalk,	with	subsequent	temporary	or	permanent	DI	and



elements	 of	 hypopituitarism.	 These	 patients	 require	 lifelong	 replacement	 hormones	 and	 inhaled	 desmopressin
acetate	 spray	 for	 the	 control	 of	 DI.	 Most	 patients	 with	 preoperative	 visual	 loss	 can	 expect	 at	 least	 some
improvement	after	surgery.	The	reported	mortality	rates	for	craniopharyngioma	resection	range	from	2%	to	43%,
with	 severe	morbidity	 in	 12%	 to	 61%.332	Complications	 are	 less	 likely	with	 experienced	 surgeons.	Alternative
approaches	 include	placement	 of	 an	Ommaya	 reservoir	 for	 largely	 cystic	 tumors	 through	which	one	 can	 instill
sclerosing	agents	(e.g.,	bleomycin,	interferons,	or	radioisotopes).

Radiation	Therapy

Radioisotope	Therapy
Predominantly	cystic	craniopharyngiomas	can	be	 treated	with	stereotactic	or	endoscopic	 instillation	of	colloidal
therapeutic	radioisotopes,	particularly	90Y	or	32P.333,334	The	 short	penetrance	of	 the	β-particles	emitted	by	 these
isotopes	allows	the	epithelial	cells	lining	the	cyst	to	be	treated	without	significant	dose	to	neighboring	structures.
Intracystic	therapy	may	have	a	role	in	treating	cysts	that	recur	after	conventional	external-beam	irradiation	or	even
as	 a	 primary	 cyst	 treatment.	Although	most	 cysts	 shrink	with	 intracystic	 therapy,	 one-third	 of	 patients	 require
further	surgery	later.

External-Beam	Radiation	Therapy	and	Proton	Therapy
Numerous	reports	demonstrate	that	subtotal	removal	and	irradiation	produce	local	tumor	control	and	survival	rates
comparable	to	those	after	radical	excision.	The	local	control	rates	after	complete	resection,	STR	alone,	and	STR
with	postoperative	irradiation	are	70%,	26%,	and	75%,	respectively.	A	study	from	Children’s	Memorial	Hospital
in	 Chicago	 found	 rates	 of	 recurrence	 of	 32%	 after	 complete	 resection	 and	 0%	 after	 STR	 and	 adjuvant
radiotherapy.335	Ten-year	survival	rates	range	from	24%	to	100%	for	complete	resection,	31%	to	52%	for	STR,
62%	to	86%	for	incomplete	resection	and	irradiation,	and	100%	after	radiotherapy	alone.335	Patients	who	undergo
conservative	treatment,	including	biopsy	and	cyst	drainage	and	irradiation,	appear	to	enjoy	a	better	quality	of	life
and	 demonstrate	 less	 psychosocial	 impairment	 than	 those	 initially	 treated	 with	 more	 extensive	 resections.
Furthermore,	 conservative	 therapy	 is	 associated	with	 less	 hypothalamic	 and	 pituitary	 dysfunction	 and	 a	 lower
incidence	of	persistent	DI	than	when	a	total	or	near-total	excision	is	attempted.	More	extensive	resections,	using	a
subfrontal	approach,	may	be	associated	with	frontal	lobe	and	visual	perceptual	dysfunction.	The	negative	impact
on	IQ	is	greater	in	patients	treated	with	aggressive	resection	than	in	those	treated	with	conservative	surgery	and
postoperative	irradiation.336

The	radiation	treatment	volume	is	based	on	CT	and	MRI	scans,	with	relatively	small	margins.	Generally,	more
sophisticated	3D-CRT	and	IMRT	approaches	and	stereotactic	radiotherapy	techniques	are	increasingly	being	used
to	spare	surrounding	normal	tissues.	One	report	showed	excellent	tumor	control	(100%)	with	minimal	late	toxicity
when	FSRT	(mean	dose,	52.2	Gy	in	29	fractions)	was	used.337	No	significant	effect	on	cognition	or	visual	injury
was	reported.	The	total	dose	is	50	to	55	Gy,	given	in	daily	1.8-Gy	increments.	One	review	suggested	better	local
control	when	doses	of	55	Gy	or	more	are	delivered.338

Increasingly,	more	 patients	 are	 being	 treated	with	 proton	 therapy	 because	 this	modality	 offers	 an	 excellent
opportunity	to	decrease	radiotherapy	dose	to	the	hippocampus	and/or	temporal	lobes.

Radiosurgery
The	use	 of	 radiosurgery	 is	 limited	by	 the	 proximity	 of	most	 lesions	 to	 the	 optic	 chiasm	and	brain	 stem339	and
should	 be	 reserved	 for	 uncommon	 tumors	 confined	 to	 the	 pituitary	 fossa	 and	 away	 from	 the	 chiasm	 and
hypothalamus.	 Kobayashi	 et	 al.326	 reviewed	 long-term	 results	 (follow-up	 of	 65.5	 months)	 of	 radiosurgical
treatment	 for	 residual	or	 recurrent	craniopharyngiomas	after	microsurgery	 in	98	consecutive	patients	and	 found
only	a	20.4%	tumor	progression	rate.	They	used	a	tumor	margin	dose	of	11.5	Gy	at	the	retrochiasm	and	ventral
stalk	area,	which	decreased	the	rate	of	visual	and	pituitary	function	loss	so	that	deterioration	both	in	vision	and
endocrinologic	functions	occurred	in	only	six	patients	(6.1%).	Similarly,	Albright	et	al.334	used	radiosurgery	as	the
initial	 treatment	 for	 the	 solid	component	of	craniopharyngiomas	 in	 five	children,	 limiting	 radiation	 to	 the	optic
chiasm	 to	 8	 Gy,	 and	 reported	 no	 operative	 morbidity	 or	 mortality,	 whereas	 5	 of	 27	 children	 who	 underwent
microsurgical	tumor	resection	suffered	worsened	vision	postoperatively.



Dr. AVR @ TMH

VESTIBULAR	SCHWANNOMAS
Clinical	and	Pathologic	Considerations
Schwannomas,	also	known	as	neurilemmomas	or	neurinomas,	are	benign	neoplasms	derived	from	Schwann	cells
that	 show	 a	 predilection	 for	 sensory	 nerves.	 Most	 intracranial	 schwannomas	 arise	 from	 the	 vestibulocochlear
nerve,	with	 trigeminal	 nerves	 being	 a	 distant	 second	 in	 frequency.	 Previously	 called	acoustic	 neuromas,	 these
neoplasms	 are	 more	 correctly	 termed	 vestibular	 schwannomas	 because	 they	 arise	 from	 both	 the	 superior	 and
inferior	 portions	 of	 the	 vestibular	 nerve	 rather	 than	 the	 cochlear	 nerve.	 Vestibular	 schwannomas	 are	 equally
common	 between	 genders,	 and	 median	 age	 at	 diagnosis	 is	 approximately	 50	 years,	 with	 an	 overall	 increased
incidence	 between	 45	 and	 64	 years	 of	 age.	 Vestibular	 schwannomas	 account	 for	 approximately	 6%	 to	 8%	 of
intracranial	 neoplasms.	The	 incidence	of	 vestibular	 schwannomas	 is	 between	0.8	 and	1.7	per	 100,000,	with	 an
increasing	 incidence	 since	 the	 early	 1980s.340,341	 This	 increased	 incidence	 may	 represent	 the	 discovery	 of
asymptomatic	 lesions	 by	 an	 increasing	 number	 of	 cranial	 imaging	 studies,	 predominantly	 MRI.	 The	 rate	 of
incidental	vestibular	schwannomas	detected	on	MRI	ranges	from	0.02%	to	0.07%.248	More	than	90%	of	vestibular
schwannomas	are	 sporadic	and	unilateral.	Bilateral	vestibular	 schwannoma	 is	virtually	pathognomonic	 for	NF2
and	is	one	of	the	key	components	of	the	Manchester	criteria	for	the	diagnosis	of	NF2.342	When	associated	with
NF2,	vestibular	schwannomas	have	a	significantly	earlier	disease	manifestation	and	tend	to	occur	in	the	second	or
third	decade	of	life.

Vestibular	schwannomas	arise	along	the	zone	of	transition	between	the	central	and	peripheral	myelin	located
near	 the	medial	 aperture	 of	 the	 internal	 auditory	 canal.	Macroscopically,	 they	 are	 typically	 lobulated,	with	 the
eighth	cranial	nerve	 located	eccentrically	along	 the	 surface	because	 these	 tumors	grow	 in	an	expansile	 fashion,
displacing	 rather	 than	 invading	nerves.	Vestibular	 schwannomas	 in	NF2	 tend	 to	 embed	within	 the	 seventh	 and
eighth	cranial	nerve	bundles	more	frequently.	As	with	peripheral	schwannomas,	a	microscopic	examination	yields
Antoni	 A	 and	 B	 tissue	 patterns.	 Vestibular	 schwannomas	 are	 benign,	 with	 few	 case	 reports	 of	 malignant
dedifferentiation.

Although	vestibular	schwannomas	arise	from	the	vestibular	portion	of	cranial	nerve	VIII,	cochlear	symptoms
predominate,	 with	 the	 two	most	 common	 being	 hearing	 loss	 and	 tinnitus.	 Progressive	 unilateral	 sensorineural
hearing	 loss	 is	 characteristic.	An	 evaluation	 is	 typically	 delayed,	with	 the	 duration	 of	 hypacusis	 averaging	 3.7
years	prior	to	diagnosis.	Vertigo	and	unsteadiness	are	the	most	common	vestibular	symptoms.	Facial	nerve	paresis
or	 spasm	 may	 be	 seen.	 Large	 tumors	 can	 compress	 the	 trigeminal	 nerve,	 with	 paresthesias	 or	 neuralgia.
Impingement	of	the	brain	stem	or	cerebellum	may	lead	to	ataxia	and	long-tract	signs	as	well	as	involvement	of	the
lower	 cranial	 nerves.	 Most	 ominous	 is	 the	 rare	 patient	 with	 nausea	 and	 vomiting	 from	 fourth	 ventricular
compression	and	obstructive	hydrocephalus.

MRI	 with	 thin-section,	 high-resolution,	 gadolinium-enhanced,	 T1-	 and	 T2-weighted	 images	 of	 the
cerebellopontine	angle	is	the	study	of	choice.	Vestibular	schwannomas	typically	enhance	along	the	course	of	the
eighth	cranial	nerve	with	variable	intra-	and	extracanalicular	components.	Cystic	changes	are	frequently	identified
in	larger	lesions.	An	MRI	allows	for	the	identification	of	the	lesion	and	potential	differentiation	from	other	masses
of	 the	 cerebellopontine	 angle	 such	 as	 meningiomas,	 epidermoid	 cysts,	 arachnoid	 cysts,	 and,	 rarely,	 lipomas.
Auditory	brain	stem	response	audiometry	is	less	sensitive	than	MRI.343	Pure	tone	and	speech	audiometry	continue
to	be	performed	to	document	hearing	loss.	Hearing	loss	is	more	pronounced	at	higher	frequencies,	and	the	degree
of	speech	discrimination	loss	is	disproportionately	worse	than	the	pure	tone	hearing	loss.

Treatment
Treatment	 revolves	 around	 the	dual	 goals	 of	 local	 control	 and	 cranial	 nerve	 function	preservation.	Factors	 that
influence	treatment	choice	include	tumor	size,	location,	patient	age,	the	presence	and	degree	of	symptoms	such	as
tinnitus	 and	 vertigo,	 whether	 a	 patient	 has	 NF2,	 the	 status	 of	 contralateral	 hearing,	 and	 patient	 preference.
Consultation	with	a	multidisciplinary	team	is	essential.

Observation
Vestibular	schwannomas	are	typically	slow	growing,	and	various	studies	have	shown	an	increase	in	size	ranging
from	0.35	to	2.2	mm	per	year	(mean,	1.42	mm	per	year).344	Charabi	et	al.345	reported	that	with	mean	follow-up	of
4.2	years,	85%	of	observed	vestibular	schwannoma	were	noted	to	have	exhibited	measurable	growth.	Given	the
slow	growth	pattern	and	the	recognition	that	neither	surgery	nor	radiotherapy	restores	hearing	lost	to	a	vestibular



schwannoma	and	both	pose	risks	to	cranial	nerve	function,	observation	is	a	reasonable	choice	for	some	patients.
Such	an	approach	requires	that	the	patient	be	willing	to	undergo	regular	annual	or	semiannual	clinical	and	imaging
follow-up.	This	course	may	be	selected	by	many	patients	with	small	acoustic	neuromas,	particularly	older	patients
and	patients	with	multiple	medical	 comorbidities.	Patients	with	 functional	hearing	must	understand	 that	 further
hearing	loss,	including	sudden	hearing	loss,	can	occur	while	under	observation.

Surgery
Surgery	 has	 the	 unique	 advantage	 of	 removal	 of	 the	 schwannoma,	 with	 a	 low	 risk	 of	 recurrence	 following
complete	resection.	Microsurgical	resection	has	been	the	mainstay	of	treatment	for	many	years	and	was	previously
recommended	as	the	standard	of	care	in	a	1991	consensus	statement.346	However,	SRS	has	also	become	accepted
as	 a	 standard	 treatment	 for	 these	 tumors.347	 Surgical	 risks	 include	 the	 inherent	 risk	 of	 general	 anesthesia,	CSF
leak,	 meningitis,	 headache,	 hearing	 loss,	 and	 facial	 nerve	 paralysis.	 Hearing	 preservation	 is	 influenced	 by
preoperative	hearing	acuity,	location	of	the	tumor,	and	size.	Loss	of	facial	nerve	function	is	the	most	significant
surgical	concern	as	well	as	morbidity.	Again,	tumor	size	is	a	factor,	as	is	the	relationship	between	the	facial	nerve
and	tumor.	Surgery	is	made	particularly	challenging	by	the	increased	adherence	and	infiltration	in	NF2.	The	risk
of	 facial	 nerve	 injury	 has	 decreased	 since	 the	 advent	 of	 facial	 nerve	 electromyography	 for	 intraoperative
monitoring.	The	auditory	brain	stem	response	may	also	be	used	to	evaluate	the	integrity	of	the	cochlear	portion	of
the	eighth	cranial	nerve	intraoperatively,	improving	the	odds	of	potential	avoidance	and	preservation.

Most	modern	 surgical	 series	 achieve	 complete	 resection	 in	more	 than	90%	of	patients,	with	 some	 reporting
significantly	higher	rates.348	STRs	are	frequently	deliberate	to	preserve	hearing	or	provide	emergent,	 life-saving
decompression	of	the	brain	stem	and	fourth	ventricle.	Results	appear	to	be	both	surgeon	and	volume	dependent,
leading	 to	 questions	 of	 the	 widespread	 applicability	 of	 results	 obtained	 by	 subspecialty	 surgeons	 in	 academic
institutions.349	 There	 also	 appears	 to	 be	 a	 significant	 learning	 curve	 of	 20	 to	 60	 patients	 with	 new	 surgical
teams.350	An	 extensive	 surgical	 series	 of	 962	patients	 undergoing	1,000	vestibular	 schwannoma	operations	 has
been	compiled	by	Samii	and	Matthies,348	who	reported	a	98%	complete	resection	rate,	with	fewer	than	1%	of	non-
NF2	patients	having	a	 recurrence.	The	 facial	 and	cochlear	nerves	were	preserved	 in	93%	and	68%	of	patients,
respectively,	and	functional	preservation	was	39%	for	patients	with	intact	hearing	preoperatively.	Mortality	was
1.1%,	 although	 this	 included	 several	 individuals	who	were	 disabled	with	 advanced	 disease	 prior	 to	 surgery.	 If
hearing	 is	 to	be	preserved,	 the	 auditory	nerve	 is	 also	 identified	 and	preserved;	preservation	of	hearing	 is	more
likely	 in	 patients	 lacking	 severe	 adhesion	 in	 the	 interface	 between	 the	 cochlear	 nerve	 and	 the	 tumor.	 Life-
threatening	 complications	 of	 acoustic	 neuroma	 resections	 are	 rare	 except	 in	 patients	 with	 extremely	 large
tumors.351	The	 tendency	of	postoperative	CSF	 leaks	 to	develop	 in	patients	 (10%	to	13%)	 is	 independent	of	 the
surgical	approach	used	and	tumor	size	and	may	stem	from	factors	such	as	transient	postoperative	increases	in	CSF
pressure.	 Postoperative	 headaches	 were	 a	 significant	 morbidity	 in	 a	 cohort	 of	 1,657	 patients	 who	 underwent
surgery	for	acoustic	neuroma.352	Patients	who	underwent	tumor	resection	by	the	retrosigmoid	approach	(82.3%)
were	significantly	more	likely	to	report	their	worst	postoperative	headache	as	“severe”	than	those	resected	using
the	 translabyrinthine	(75.2%)	or	middle	fossa	approaches	(63.3%).	 In	another	quality-of-life	study,	hearing	 loss
was	perceived	as	the	most	disabling	symptom	among	386	patients	who	underwent	acoustic	neuroma	surgery.353

Radiosurgery
The	most	substantial	experience	in	radiation-based	treatment	is	with	SRS.	Both	Gamma	Knife	(Elekta,	Stockholm,
Sweden)	units	and	SRS-compatible	linear	accelerators	may	be	used	to	perform	SRS.	The	University	of	Pittsburgh
published	a	review	of	162	consecutive	patients	treated	with	SRS	to	a	mean	dose	of	16	Gy	with	a	tumor	control
rate	of	98%.354	Subsequent	surgical	resection	was	required	in	four	patients.	Normal	facial	function	was	preserved
in	79%	of	patients,	and	normal	trigeminal	function	was	preserved	in	73%	of	patients.	Because	of	the	unacceptable
cranial	nerve	morbidity	in	this	and	other	series,	the	prescription	dose	for	radiosurgery	was	lowered	to	12	to	13	Gy.
Results	from	the	decreased	prescription	dose	have	a	similarly	low	rate	of	recurrence,	with	97%	tumor	control	at	a
mean	dose	of	13	Gy.355	The	risk	of	facial	nerve	weakness	decreased	to	1%,	and	hearing	preservation	improved	to
71%.	These	results	were	confirmed	with	longer	follow-up.356	Recently,	a	prospective	cohort	study	of	82	patients
with	 unilateral	 vestibular	 schwannomas	 smaller	 than	 3	 cm	 compared	 surgery	 and	 SRS	 and	 provided	 level	 2
evidence	favoring	SRS	over	microscopic	surgical	resection.	Tumor	control	was	not	statistically	different	(100%
for	 surgery	 versus	 96%	 for	 SRS).	Normal	 facial	movement	 and	 preservation	 of	 serviceable	 hearing	was	more
frequent	 in	 the	SRS	group	at	all	 time	points,	and	no	quality-of-life	decline	was	seen	 in	 the	SRS	group.357	New
incomplete	trigeminal	and	facial	cranial	neuropathies	typically	develop	at	approximately	6	or	more	months	after
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radiosurgery.	These	tend	to	be	mild	and	usually	improve	within	a	year	after	onset.	Approximately	half	of	patients
with	 useful	 hearing	 before	 radiosurgery	 maintain	 their	 pretreatment	 hearing	 level,	 and	 hearing	 lost	 before
treatment	is	not	regained.	The	risk	of	treatment-induced	cranial	neuropathy	is	directly	related	to	the	volume	of	the
lesion,	the	dose	given,	and	the	length	of	nerve	irradiated.

Fractionated	Radiation	Therapy
Different	fractionation	regimens	have	been	tried	to	capitalize	on	theoretical	radiobiologic	differences	between	the
neoplastic	 vestibular	 schwannoma	 and	 the	 surrounding	 normal	 tissue.	 Multiple	 fractions	 also	 allow	 for	 the
treatment	 of	 lesions	 that	 would	 otherwise	 not	 be	 amenable	 to	 treatment	 with	 SRS	 based	 on	 size	 (>3	 cm)	 or
location	(direct	compression	of	the	brain	stem).	Hypofractionation	was	examined	in	a	series	that	compared	25	Gy
in	5	fractions	and	30	Gy	in	10	fractions.	Actuarial	hearing	preservation	rate	was	90%	at	2	years,	and	no	recurrence
or	 facial	 nerve	 weakness	 occurred.358	 A	 nonrandomized	 prospective	 trial	 from	 the	 Netherlands,	 however,
demonstrated	 a	 nonstatistically	 inferior	 outcome	 in	 hearing	 preservation	when	 comparing	 hypofractionation	 to
SRS	 at	 10	 to	 12	Gy.359	A	 comparison	 of	 FSRT	 (50	Gy	 in	 25	 fractions)	 to	 SRS	 in	 a	 prospective	 trial	 showed
comparable	high	control	rates	and	minimal	cranial	nerve	injury,	with	the	exception	of	retention	of	useful	hearing,
which	was	81%	versus	33%	at	1	year	(in	favor	of	FSRT)	when	followed	by	serial	audiometry.360	Similar	rates	of
tumor	control	and	hearing	preservation	have	been	reported	by	single-institution	experiences	elsewhere.361

Several	issues	confound	radiation	outcomes	assessments	for	vestibular	schwannomas.	First,	documentation	of
recurrences	can	be	confounded	by	inherently	slow	growth	rates	and	transient	postprocedure	lesion	enlargement.361
Second,	 ionizing	 radiation	 does	 carry	 a	 small	 inherent	 risk	 of	 inducing	 secondary	 neoplasms	 or	 malignant
transformation	of	the	vestibular	schwannoma.362	The	risk	of	a	secondary	neoplasm	can	be	particularly	concerning
in	 tumor-prone	genetic	conditions	 such	as	NF2.	However,	given	 the	 immense	number	of	 individuals	who	have
undergone	 SRS	 worldwide,	 the	 number	 of	 presumed	 radiation-induced	 malignancies	 is	 only	 a	 handful	 and
represents,	 at	most,	 1	 per	 1,000	 patients.	 This	 is	 substantially	 lower	 than	 the	 rate	 of	 surgery-related	mortality.
Malignant	 transformations	 can	 also	 be	 seen	 in	 resected	 vestibular	 schwannoma	 patients	 who	 did	 not	 receive
radiation.363	Finally,	because	of	 increased	adherence	of	 the	 facial	nerve	 to	 the	 tumor,	eighth	nerve	preservation
rates	 are	 lower	when	 the	 excision	 is	 performed	 for	 regrowth	 after	 radiation	when	 compared	 to	 a	 nonirradiated
control	group.

Targeted	Therapy	for	Vestibular	Schwannoma
There	 is	 significant	 interest	 in	 the	 development	 of	 medical	 therapy	 for	 patients	 with	 refractory	 vestibular
schwannoma.	 Aberrant	 signaling	 pathways	 are	 known	 to	 be	 present,	 and	 there	 are	 now	 reports	 of	 the	 use	 of
targeted	agents	 in	 this	disease.	 In	a	single	patient	case	 report,	 the	EGFR	inhibitor	erlotinib	was	associated	with
radiographic	response	of	the	tumor	and	improved	audiologic	function.364	There	are	also	two	reports	of	the	use	of
bevacizumab	 in	 the	 treatment	of	vestibular	 schwannoma	 in	 the	setting	of	NF1	 in	patients	with	a	single	hearing
ear.365	 These	 studies	 consisted	 of	 a	 small	 number	 of	 patients,	 but	 the	 demonstration	 of	 objective	 regression	 of
tumors	 and	 improvement	 in	 hearing	 was	 impressive,	 highlighting	 the	 need	 for	 larger	 prospective	 trials	 of
antiangiogenic	 agents	 for	 this	 disease.	 There	 is	 also	 a	 report	 of	 using	 bevacizumab	 in	 treating	 vestibular
schwannoma	in	patients	who	have	NF2.365

GLOMUS	JUGULARE	TUMORS
Clinical	and	Pathologic	Considerations
Glomus	jugulare	tumors	(paragangliomas)	arise	from	glomus	tissue	in	the	adventitia	of	the	jugular	bulb	(glomus
jugulare)	 or	 along	 the	 Jacobson	 nerve	 in	 the	 temporal	 bone,	 sometimes	 multifocally.	 The	 tumor	 invades	 the
temporal	bone	diffusely,	but	growth	is	characteristically	slow.	Sometimes,	these	tumors	are	endocrine	active,	with
a	carcinoid-	or	pheochromocytoma-like	syndrome.	Because	glomus	jugulare	tumors	occur	in	the	jugular	foramen,
they	commonly	cause	 lower	cranial	nerve	palsies	and	early	symptoms	of	hoarseness	and	difficulty	swallowing.
Facial	weakness,	hearing	 loss,	 and	atrophy	of	 the	 tongue	 from	hypoglossal	palsy	can	 follow.	Pulsating	 tinnitus
also	may	be	a	presenting	symptom,	and	a	red	pulsating	mass	is	often	visible	behind	the	eardrum.	A	presumptive
diagnosis	 of	 glomus	 tumor	 can	 be	made	 by	CT	 or	MRI	 scanning,	with	 jugular	 schwannoma	 and	meningioma
being	 the	 main	 differential	 diagnoses.	 On	 CT	 scans,	 glomus	 tumors	 show	 a	 characteristic	 salt-and-pepper



appearance	 in	 involved	 bone;	 MRI	 often	 discloses	 large	 blood	 vessels	 within	 the	 mass.	 Glomus	 tumors	 give
positive	results	on	octreotide	scintigraphy.	These	tumors	incite	a	tremendous	blood	supply,	particularly	by	way	of
the	ascending	pharyngeal	artery.	An	angiography	provides	 the	definitive	diagnosis.	Because	preoperative	 tumor
embolization	 is	 essential	 to	 the	 surgical	 removal	 of	 glomus	 tumors,	 the	 diagnostic	 angiogram	 should	 be	 taken
before	surgery.	Histopathologically,	numerous	vascular	channels	are	distinctive.	The	background	is	composed	of
clear	cells	clumped	in	a	fibrous	matrix.	A	small	percentage	of	glomus	tumors	are	malignant.	There	is	a	familial
form	in	which	the	tumors	are	multiple.

Surgery
The	treatment	of	glomus	jugulare	tumors	is	controversial,	with	advocates	for	surgery,	radiotherapy,	radiosurgery,
and	combined	approaches.	Although	surgery	can	often	provide	a	cure	for	these	benign	tumors,	especially	for	small
lesions,	radiotherapy	and	radiosurgery	avoid	the	morbidities	that	may	follow	surgical	removal	(e.g.,	lower	cranial
nerve	and	facial	palsies).	Surgery	for	glomus	 tumors	 is	most	often	 jointly	performed	by	a	neurosurgeon	and	an
otorhinolaryngologist	 after	 preoperative	 embolization,	which	may	decrease	 intraoperative	blood	 loss	 during	 the
resection	 of	 these	 extremely	 vascular	 tumors.	 Complications	 of	 this	 procedure	 can	 include	 swallowing	 and
aspiration	problems,	CSF	leak,	and	facial	palsy.

Radiation	Therapy
Even	 though	glomus	 tumors	are	histologically	benign,	 radiotherapy	 is	effective	and	has	been	recommended	for
symptomatic	lesions	that	cannot	be	totally	resected,	even	as	primary	treatment.	These	tumors	regress	slowly	after
irradiation,	 and	 the	 success	 of	 radiotherapy	 is	measured	 by	 the	 amelioration	 of	 symptoms	 and	 the	 absence	 of
disease	progression.	A	review	of	 the	 literature	demonstrated	local	control	rates	with	radiation	in	excess	of	90%
with	or	without	surgery.366	A	dose	of	45	to	50	Gy	over	the	course	of	5	weeks	is	recommended.

Radiosurgery
A	literature	review	by	Gottfried	et	al.367	showed	that	the	use	of	SRS	to	treat	glomus	jugulare	tumors	has	increased.
Compared	 with	 conventional	 radiotherapy,	 radiosurgery	 involves	 a	 shorter	 treatment	 time,	 precise	 stereotactic
localization,	 and	 irradiation	 of	 a	 small	 volume	 of	 normal	 tissue,	 which	 results	 in	 a	 reduced	 incidence	 of
complications.	Among	142	patients	treated	radiosurgically	in	eight	series	reviewed	by	Gottfried	et	al.,367	tumors
diminished	in	36.5%,	tumor	size	was	unchanged	in	61.3%,	and	subjective	or	objective	improvements	occurred	in
39%.	 Although	 a	 residual	 tumor	 was	 present	 in	 all	 of	 these	 patients,	 only	 2.1%	 experienced	 progression,	 the
morbidity	 rate	 was	 8.5%,	 and	 no	 deaths	 occurred;	 however,	 the	 incidence	 of	 late	 recurrence	 is	 unknown.	 In
another	study	of	8	patients	who	underwent	radiosurgery	(median	dose	of	15	Gy	to	the	tumor	margin)	for	recurrent,
residual,	 or	unresectable	glomus	 jugulare	 tumors,	 all	 remained	 stable	without	 cranial	 nerve	palsies	 at	 a	median
follow-up	 of	 28	 months.368	 The	 authors	 suggested	 treating	 small	 glomus	 tumors	 (3	 cm	 or	 less	 in	 average
dimension)	with	radiosurgery	and	treating	young	patients	with	large	tumors	(3	cm	or	more	in	average	dimension)
and	patients	with	symptomatic	tumors	with	surgical	resection.

A	recent	meta-analysis	based	on	data	from	19	studies	revealed	radiosurgical	tumor	control	in	97%	of	patients.
In	3	studies	with	a	median	follow-up	time	exceeding	36	months,	96%	of	patients	achieved	tumor	control.

HEMANGIOBLASTOMAS
Clinical	and	Pathologic	Considerations
Hemangioblastomas	account	for	1%	to	2%	of	intracranial	tumors,	arising	most	often	in	the	cerebellar	hemispheres
and	vermis.	Although	usually	solitary,	these	tumors	can	be	multiple	and	may	also	occur	in	the	brain	stem,	spinal
cord,	 and	 less	 often	 the	 cerebrum.	 Cerebellar	 hemangioblastomas	 can	 be	 sporadic	 or	 occur	 as	 part	 of	 the
autosomal	 dominant	 von	Hippel-Lindau	 complex,	which	 is	 transmitted	with	more	 than	 90%	penetrance.	Other
entities	associated	with	von	Hippel-Lindau	disease	are	retinal	angiomatosis,	polycystic	kidneys,	pancreatic	cysts,
pheochromocytoma,	 and	 renal	 cell	 carcinoma.	 Identification	 of	 the	VHL	 gene	 on	 chromosome	 band	 3p25–26
allows	individuals	who	are	at	risk	for	the	syndrome	or	who	have	some	of	its	components	as	an	apparent	sporadic
case	to	undergo	genetic	testing	with	a	high	degree	of	accuracy.
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Cerebellar	hemangioblastomas	usually	are	recognized	in	the	third	decade	in	patients	with	von	Hippel-Lindau
disease	and	in	the	fourth	decade	or	later	in	patients	with	sporadic	tumors.	These	tumors	can	cause	symptoms	and
signs	of	cerebellar	dysfunction,	especially	gait	disturbance	and	ataxia,	and	hydrocephalus	from	obstruction	of	CSF
pathways.	These	tumors	tend	to	enlarge	slowly,	but	patients	may	become	symptomatic	from	tumor	cysts,	which
can	 grow	 quickly.369	 Hemangioblastomas	 are	 composed	 of	 capillary	 and	 sinusoidal	 channels	 lined	 with
endothelial	 cells.	 Interspersed	 are	 groups	 of	 polygonal	 stromal	 cells	 with	 lipid-laden	 cytoplasm	 and
hyperchromatic	 nuclei.	 An	 immunohistochemical	 study	 of	 these	 cells	 shows	 expression	 of	 neuron-specific
enolase,	 vimentin,	 and	 S100	 protein,	 but	 not	 epithelial	 membrane	 antigen	 or	 glial	 fibrillary	 acidic	 protein.369
Grossly,	 the	 tumor	 is	 often	 cystic,	 containing	 proteinaceous,	 xanthochromic	 fluid	 and	 with	 an	 orange-red,
vascular,	and	firm	mural	nodule.	The	cyst	wall	 is	a	glial	nonneoplastic	reaction	to	fluid	secreted	by	the	nodule.
Some	hemangioblastomas	lack	cysts,	especially	in	the	brain	stem	and	spinal	cord,	but	cystic	lesions	are	more	often
symptomatic,	at	least	in	patients	with	von	Hippel-Lindau	disease.370

The	 natural	 history	 of	 spinal	 hemangioblastomas	 has	 been	 described.370	 The	 authors	 reviewed	 the	 clinical
records	and	MRIs	of	160	consecutively	 treated	patients	with	331	spinal	hemangioblastomas.	Most	 lesions	were
located	in	the	posterior	cord.	Cysts	were	commonly	associated	with	the	lesions,	often	showing	faster	growth	than
the	solid	portion	of	the	tumor.	When	symptoms	appeared,	the	mass	effect	derived	more	from	the	cyst	than	from
the	tumor.	These	tumors	often	have	alternating	periods	of	tumor	growth	and	stability,	and	some	remain	stable	in
size	for	many	years.	These	factors	have	to	be	considered	in	the	timing	and	choice	of	treatment.

Surgery
A	complete	resection	of	a	hemangioblastoma	is	often	curative.	Patients	with	preoperative	hypertension	should	be
evaluated	 for	 the	 presence	 of	 a	 pheochromocytoma,	which	 can	 be	 associated	with	 von	Hippel-Lindau	 disease.
Hemangioblastomas	are	very	vascular	lesions,	and	a	biopsy	of	a	suspected	hemangioblastoma,	either	through	an
open	approach	or	stereotactically,	is	usually	ill	advised	because	of	the	high	risk	of	hemorrhage.	Surgical	resection
should	 be	 carried	 out	 en	 bloc	 with	 avoidance	 of	 entry	 into	 the	 lesion,	 which	 can	 result	 in	 fierce	 bleeding
reminiscent	of	an	arteriovenous	malformation.	Preoperative,	transarterial	embolization	is	rarely	safe	because	these
tumors	 often	 receive	 supply	 from	 distal	 segments	 of	 the	 intra-axial	 circulation.	 Fortunately,	 these
hemangioblastomas	can	be	resected	with	minimal	bleeding	if	resection	is	carried	out	entirely	in	the	gliottic	plane
that	surrounds	the	mass.	This	 is	straightforward	in	most	cerebellar	 tumors,	for	which	a	margin	of	gliottic	 tissue
can	 be	 resected	 with	 the	 lesion	 with	 little	 neurologic	 risk.	 In	 contrast,	 brain	 stem	 hemangioblastomas	 are
immediately	 adjacent	 to	 critical	 structures.	Sometimes,	 dissection	 immediately	 adjacent	 to	 the	 tumor	 can	 cause
significant	bleeding,	with	a	high	risk	of	inducing	neurologic	deficits.

These	tumors	are	often	associated	with	significant	cysts.	Surgery	is	the	optimal	treatment	for	the	rapid	relief	of
mass	effect.	The	cyst	wall	 is	not	 lined	with	 tumor	cells,	and	drainage,	rather	 than	excision,	of	 the	cyst	 lining	is
required.	The	mural	tumor	nodule	must	be	entirely	resected	to	avoid	cyst	recurrence.	Cysts	can	be	drained	before
opening	 the	dura	 completely	 to	provide	brain	 relaxation,	but	great	 care	must	be	 taken	not	 to	disturb	 the	 tumor
nodule	during	this	maneuver	to	avoid	inducing	significant	bleeding.	The	risk	of	hemorrhage	during	the	resection
is	minimized	by	coagulating	and	dividing	arterial	feeders,	if	they	can	be	visualized,	before	tumor	removal.	Finally,
hemangioblastomas	that	occur	in	patients	known	to	have	von	Hippel-Lindau	disease	may	not	need	to	be	resected
or	 otherwise	 treated	 unless	 they	 have	 demonstrated	 active	 growth	 or	 are	 symptomatic	 from	 mass	 effect	 or
hydrocephalus.	Because	many	of	these	patients	harbor	multiple	tumors,	other	approaches,	including	radiosurgery,
should	also	be	considered,	although	surgery	remains	the	only	option	that	has	a	proven	benefit.

Radiation	Therapy
Radiotherapy	 is	 recommended	 for	 patients	 with	 unresectable,	 incompletely	 excised,	 and	 recurrent
hemangioblastomas	and	for	those	who	are	medically	inoperable.	Doses	of	at	least	50	to	55	Gy	over	the	course	of
5.5	 to	 6	 weeks	 appear	 to	 be	 warranted.371	 Because	 of	 the	 noninvasive	 nature	 of	 these	 lesions,	 conformal
radiotherapy	or	radiosurgery	is	indicated.

Radiosurgery	should	be	considered	for	surgically	unresectable	hemangioblastomas,	as	adjuvant	 treatment	 for
incompletely	 excised	 tumors,	 as	definitive	 treatment	 for	multifocal	 disease,	 and	 as	 salvage	 therapy	 for	 discrete
recurrences	after	surgery.372	Although	SRS	treatment	of	hemangioblastomas	in	von	Hippel-Lindau	disease	has	a
low	risk	for	adverse	radiation	effects,	 it	 is	associated	with	diminishing	control	over	long-term	follow-up,369	and
SRS	should	not	be	used	to	prophylactically	treat	asymptomatic	tumors	and	should	be	reserved	for	the	treatment	of
tumors	that	are	not	surgically	resectable.



Chemotherapy
Because	stromal	cells	 in	hemangioblastomas	secrete	VEGF,	there	is	much	interest	 in	evaluating	small-molecule
inhibitors	of	the	VEGF	receptor	2	(KDR,	FLK1)	as	medical	management	for	these	tumors,	especially	for	patients
with	von	Hippel-Lindau	disease,	who	routinely	harbor	multiple	hemangioblastomas.	Unfortunately,	 the	extreme
heterogeneity	 of	 tumor	 growth,	with	 periods	 of	 spontaneous	 stability	 and	 a	 slow	overall	 growth	 rate,	makes	 it
extremely	 difficult	 to	 design	 trials	 to	 rigorously	 test	 the	 efficacy	 of	 any	 systemic	 therapy.	 In	 a	 small	 study	 of
sunitinib	therapy	in	15	patients	with	von	Hippel-Lindau	disease–associated	tumors,	one-third	of	individuals	with
renal	cell	carcinoma	achieved	a	partial	response	but	none	with	hemangioblastomas.373

CHORDOMAS	AND	CHONDROSARCOMAS
Chordomas	and	chondrosarcomas	are	 rare,	 locally	destructive,	 slow-growing,	malignant	bone	 tumors.	Although
skull	base	chordomas	and	chondrosarcomas	are	sometimes	pooled	together,	recent	studies	have	shown	important
differences	between	these	entities.

Clinical	and	Pathologic	Considerations
Chordomas	arise	within	aberrant	chordal	vestiges	along	the	pathway	of	the	primitive	notochord	that	extends	from
the	 tip	 of	 the	 dorsum	 sellae	 to	 the	 coccyx.	 One-third	 of	 chordomas	 arise	 cranially,	 with	 this	 location	 more
common	 in	women	 and	 younger	 individuals.374	 Chordomas	 are	 extradural,	 pseudoencapsulated,	multilobulated
tumors,	with	a	gelatinous	consistency	centered	in	the	bone,	classically	with	soft	tissue	extension.	Microscopically,
the	 typical	 chordoma	 is	 characterized	 by	 cordlike	 rows	 of	 physaliferous	 cells	 with	 multiple	 round,	 clear
cytoplasmic	 vacuoles	 that	 impart	 a	 bubbly	 appearance	 to	 the	 cytoplasm.	 Two	 pathologic	 variants	 have	 been
described.	 The	 chondroid	 chordoma	 has	 areas	 with	 cartilaginous	 features	 but	 a	 genetic	 profile	 distinct	 from
chondrosarcomas.	The	dedifferentiated	chordoma	contains	areas	of	 typical	chordoma	admixed	with	components
that	resemble	high-grade	or	poorly	differentiated	spindle	cell	sarcoma.	In	typical	chordomas,	mitotic	figures	and
atypia	are	rare;	a	higher	mitotic	rate	and	Ki-67	greater	than	6%	are	associated	with	a	shorter	doubling	time.

Chondrosarcomas	are	cartilage-producing	neoplasms	that	arise	within	any	of	the	complex	synchondroses	in	the
skull	base,	with	the	most	common	sites	of	origin	being	the	temporo-occipital	synchondrosis	(66%),	the	spheno-
occiput	 synchondrosis	 (28%),	 and	 the	 sphenoethmoid	 complex	 (6%).	 Thus,	 chondrosarcomas	 predominantly
originate	 in	 more	 lateral	 skull	 base	 structures,	 unlike	 most	 chordomas,	 which	 originate	 in	 the	 midline.
Chondrosarcomas	 can	 be	 difficult	 to	 differentiate	 from	 chordomas	 on	 a	 pathologic	 examination.
Immunohistochemical	advances	have	improved	differentiation	between	chordomas	and	chondrosarcomas.	In	one
series	 of	 200	 chondrosarcomas,	 99%	 stained	 positive	 for	 S100,	 0%	 stained	 positive	 for	 keratin,	 and	 epithelial
membrane	 antigen	 was	 expressed	 in	 8%.	 These	 immunohistochemical	 studies	 allow	 a	 chondrosarcoma	 to	 be
differentiated	from	a	chordoma,	which	is	reactive	for	keratin	and	epithelial	membrane	antigen.	The	same	series
confirmed	the	low-grade	nature	of	base	of	skull	chondrosarcomas	because	a	majority	were	grade	I,	with	no	grade
III	tumors	identified.	Mesenchymal	chondrosarcomas	may	have	a	separate,	more	aggressive	natural	history.

Symptoms	that	prompt	evaluation	are	typically	cranial	nerve	deficits,	with	the	precise	deficit	dependent	on	the
location	and	extent	of	 the	 tumor.	 In	one	series,	 the	most	common	presentation	was	headaches	with	 intermittent
abducens	nerve	palsy.375	Additional	symptoms	can	be	caused	by	 intracranial	extension	with	compression	of	 the
brain	stem,	pituitary	gland,	or	optic	apparatus.	Neck	pain	may	develop	in	lower	clival	tumors,	possibly	the	result
of	pathologic	fracture	or	periosteal	expansion.

The	differential	diagnosis	of	cranial	chordoma	and	chondrosarcoma	includes	basal	meningioma,	schwannoma
(neurilemoma),	 nasopharyngeal	 carcinoma,	 pituitary	 adenoma,	 and	 craniopharyngioma.	 Chondrosarcomas	 and
chordomas	cannot	be	reliably	distinguished	from	each	other	based	on	imaging	features	or	 location	alone.	High-
resolution	 CT	 images	 with	 bone	 and	 soft	 tissue	 algorithms	 show	 a	 discrete,	 expansile	 soft	 tissue	 mass	 with
extensive	bony	destruction.376	On	MRI	scanning,	both	chordomas	and	chondrosarcomas	are	hyperintense	on	T2-
weighted	 sequences,	 with	 variegated	 enhancement.	 The	 location	 may	 be	 useful	 in	 distinguishing	 chordomas
(midline	clivus)	from	chondrosarcomas	(petrous	apex),	although	there	is	considerable	overlap.	Given	the	low	risk
of	nodal	or	hematogenous	dissemination,	imaging	beyond	the	primary	site	other	than	a	chest	x-ray	is	typically	not
indicated	 unless	 metastatic	 disease	 is	 suspected	 clinically.	 A	 baseline	 endocrine	 evaluation	 and	 neuro-
ophthalmologic	examination	are	both	recommended	if	diagnostic	imaging	or	symptoms	suggest	involvement.
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Surgery
Surgery	 for	 cranial	 chordomas	 and	 chondrosarcomas	 provides	 the	 backbone	 of	 treatment	 and	 is	 obligatory	 to
obtain	 diagnostic	 tissue,	 to	 enhance	 the	 effectiveness	 of	 subsequent	 radiotherapy,	 and	 to	 improve	 the	 patient’s
clinical	condition.	An	aggressive	initial	approach	may	improve	overall	outcome.	Intracranial	chordomas	occur	at
the	base	of	 the	skull,	a	 region	 relatively	 remote	 from	surgical	access.	Approaches	 to	skull	base	chordomas	and
chondrosarcomas	often	involve	teams	that	include	both	neurosurgeons	and	otolaryngologists.	There	is	developing
interest	in	the	use	of	endoscopy	for	the	primary	removal	of	chordomas	or	to	assist	in	the	removal	of	these	tumors
via	 traditional	 open	 approaches.	 Although	 most	 series	 remain	 small,	 excellent	 results	 have	 been	 reported	 in
appropriately	selected	patients	not	having	extension	lateral	to	the	carotid	arteries.377	A	combination	of	exposures
and	procedures	can	be	used	for	extremely	large	tumors.	One	goal	of	surgery	is	to	remove	as	much	tumor	from	the
optic	 system	 and	 brain	 stem	 as	 possible	 so	 that	 very	 high	 doses	 of	 radiation	 can	 be	 delivered	 safely.	Optimal
treatment	of	these	lesions	is	complete	resection,	if	possible.

A	 potentially	 serious	 complication	 of	 the	 transsphenoidal,	 transsphenoethmoid,	 and	 transoral	 approaches	 is
CSF	leakage	into	the	nose	or	oropharynx	and	consequent	meningitis.	Therefore,	every	attempt	is	made	to	keep	the
dura	 intact	during	 these	procedures.	Because	dural	 invasion	by	cranial	 chordomas	may	occur	50%	of	 the	 time,
dural	entry	during	tumor	resection	is	sometimes	unavoidable.	Careful	intraoperative	patching	of	the	leak	with	fat
and	muscle	grafts	 followed	by	postoperative	 spinal	CSF	drainage	 should	be	undertaken	 to	decrease	 the	 risk	of
infection	 in	 these	 cases.	 This	 may	 be	 more	 challenging	 in	 the	 setting	 of	 a	 total	 endoscopic	 tumor	 removal,
although	 some	 techniques	 appear	 to	 be	 associated	with	 reasonably	 low	 rates	 of	CSF	 leak.	Surgical	 series	 have
reported	 GTR	 rates	 of	 43%	 to	 72%,	 with	 the	 most	 recent	 series	 using	 modern	 imaging	 and	 microsurgical
techniques	reporting	the	highest	GTR	rate.	In	this	series,	the	10-year	recurrence-free	survival	rate	was	31%,	which
was	improved	for	those	without	previous	intervention,	and	the	recurrence	rate	after	GTR	was	35%.378	The	extent
of	resection	correlated	with	both	recurrence	rates	and	survival.	Surgical	morbidity	can	be	significant,	with	Gay	et
al.379	reporting	a	significant	transient	(53%)	and	permanent	(43%)	worsening	of	the	Karnofsky	performance	score
after	surgery.

Approaches	 for	 chondrosarcomas	 are	 different	 because	 of	 the	 paramedian	 location	 of	 the	 tumors.	 Like
chordomas,	chondrosarcomas	begin	as	extradural	tumors,	and	maintaining	the	intact	dural	barrier	is	paramount.	A
complete	tumor	excision,	which	is	paramount	in	chordoma	surgery,	is	less	critical	for	chondrosarcomas	because
tumor	control	rates	with	adjuvant	high-dose	radiation	are	high.	Surgery	is	often	tailored	to	emphasize	the	removal
of	 tumor	 portions	 abutting	 critical	 structures	 such	 as	 the	 chiasm	 or	 brain	 stem	 to	 allow	 adequate	 radiation
treatment.	 Cranial	 chordomas	 often	 recur	 after	 surgery	 and	 radiotherapy.	 In	 this	 situation,	 reoperation	 directed
toward	symptomatic	improvement	is	the	only	treatment	option.	Reoperations	are	complicated	by	surgical	scarring
and	tissue	compromise	from	irradiation,	and	CSF	leaks	and	other	complications	are	more	frequent.

Radiation	Therapy
A	radical	excision	with	negative	margins	is	often	not	feasible,	and	even	gross	excision	is	often	obtained	piecemeal
with	 the	 risk	 of	 persistent	 microscopic	 disease.	 Because	 relentless	 extension	 is	 typical	 of	 chordomas	 and
chondrosarcomas	and	recurrence	is	a	strong	predictor	of	OS,	adequate	local	control	is	paramount	in	determining
outcome.	Radiotherapy	is	a	mainstay	of	treatment	in	preventing	recurrence	or	progression	of	tumor.

Local	control	of	chordomas	appears	to	be	dose	dependent.	Conventional	radiation	at	doses	of	50	to	55	Gy	does
not	offer	satisfactory	local	control.	A	median	dose	of	50	Gy	to	chordomas	of	the	skull,	sacrum,	and	mobile	spine
provided	only	a	27%	local	control	rate	with	a	median	time	to	progression	of	35	months.380	Durable	control	was
worse	in	base	of	skull	disease,	with	only	1	of	13	patients	with	clival	chordomas	remaining	disease	free.	FSRT	to
37	spheno-occipital	chordomas	to	a	mean	dose	of	66.6	Gy	provided	local	control	rates	of	82%	at	2	years	and	50%
at	5	years.	Despite	a	median	tumor	volume	of	55.6	mL,	complications	were	limited,	with	one	patient	developing	a
pontine	 infarct	 25	months	 after	 treatment.	No	 instances	 of	 optic	 neuropathy	were	 identified.	Chondrosarcomas
treated	with	the	same	fractionation	scheme	had	100%	5-year	local	control.381

Radiosurgery
SRS	has	been	used	to	treat	chordomas	and	chondrosarcomas	of	the	skull	base,	although	its	application	is	limited
because	of	size	constraints	and	proximity	to	critical	structures.	In	one	series,	candidates	were	limited	to	less	than	3
cm	 in	 greatest	 diameter	 and	 5	 mm	 from	 the	 optic	 chiasm,	 with	 a	 mean	 treatment	 volume	 of	 4.6	 mL	 and	 a
maximum	volume	of	10.3	mL.382	With	a	mean	margin	dose	of	18	Gy,	more	than	50%	of	patients	in	this	mixed



series	of	chondrosarcomas	and	chordomas	had	symptomatic	improvement	and,	at	a	mean	follow-up	of	40	months,
20%	had	 recurred	 locally	 outside	 of	 the	 treatment	 field.	Krishnan	 et	 al.383	 reported	 a	 similar	 local	 control	 rate
(24%)	with	both	in-field	and	out-of-field	recurrences,	although	no	recurrences	occurred	in	patients	with	chondroid
chordomas	or	chondrosarcomas.	The	risk	of	significant	radiation-related	complications	was	high	at	34%,	although
complications	were	seen	only	in	patients	who	had	received	prior	fractionated	radiotherapy.

Particle	Beam	Therapy
Charged-particle	 therapy,	 because	 of	 its	 innate	 dose	 distribution	 advantages,	 has	 been	 used	 for	many	 years	 to
escalate	 dose	 to	 chordomas	 and	 chondrosarcomas	 while	 minimizing	 radiation-related	 side	 effects.	 The	 most
extensive	experience	in	treating	base	of	skull	chordomas	and	chondrosarcomas	with	proton	therapy	arises	from	the
experience	at	 the	Harvard	Cyclotron	Laboratory.	Chordoma	relapse-free	survival	rates	were	59%	at	4	years	and
44%	 at	 10	 years,	 with	 similar	 rates	 seen	 in	 other	 series.384	 Mean	 dose	 ranged	 from	 67	 to	 70.7	 cobalt	 gray
equivalents.	 Female	 sex,	 dose	 heterogeneity,	 large	 tumor	 size	 (>25	 to	 75	mL),	 brain	 stem	 invasion,	 and	 dose
constrained	by	proximity	 to	critical	 structures	were	all	associated	with	higher	 rates	of	 recurrence.	 In	a	study	of
skull	base	chordomas	in	73	children	and	adolescents	(mean	age,	9.7	years),	patients	were	treated	with	partial	or
gross	surgical	excision	and	postoperative	proton	beam	irradiation.385	The	mean	follow-up	period	was	7.25	years,
and	the	overall	patient	survival	rate	was	81%	among	42	patients	with	conventional	chordomas,	17	patients	with
chondroid	chordomas,	and	14	patients	with	cellular	chordomas,	6	of	which	were	poorly	differentiated	and	highly
aggressive.	The	most	recent	relatively	large	proton	experience	for	managing	skull	base	chordomas	comes	from	the
Paul	Scherrer	Institute	in	Switzerland.	They	reported	an	81%	5-year	local	control	rate	with	surgery	plus	scanning
proton	beam	therapy	in	42	patients,	possibly	the	best	data	reported	in	this	disease	to	date.	Median	total	dose	for
chordomas	was	 73.5	Gy	 at	 1.8	 to	 2.0	Gy	 per	 fraction.	Actuarial	 5-year	 freedom	 from	high-grade	 toxicity	was
94%.386	Chondrosarcomas	of	the	skull	base	had	remarkably	high	local	control	rates	of	99%	and	98%	at	5	and	10
years,	 respectively.	Pituitary	dysfunction	and	hearing	 loss	were	 the	most	common	side	effects,	with	depression,
memory	 loss,	 temporal	 necrosis,	 hearing	 loss,	 and	 blindness	 being	 less	 common.	 Given	 the	 relative	 lack	 of
morbidity	 and	 the	 suboptimal	 local	 control	 for	 chordomas,	 dose	 escalation	 has	 been	 proposed.	 Recent
radiotherapeutic	 advances	 include	 spot-scanning	 proton	 radiation.	 Carbon	 ion	 radiotherapy—charged-particle
therapy	using	a	heavier	 ion—has	also	been	used	with	good	local	control	with	a	short	 follow-up	and	better	 than
expected	 radiographic	 responses.	 Amichetti	 et	 al.387	 recently	 conducted	 a	 systematic	 review	 of	 the	 scientific
literature	 published	between	1980	 and	2008	on	data	 regarding	 irradiation	 of	 chondrosarcoma	of	 the	 skull	 base
with	 proton	 therapy.	From	49	 reports	 retrieved,	 there	were	 no	 prospective	 trials	 and	9	 uncontrolled	 single-arm
studies	 mainly	 related	 to	 advanced	 and	 frequently	 incompletely	 resected	 tumors.	 According	 to	 the	 inclusion
criteria,	only	four	articles,	reporting	the	most	recent	updated	results	of	the	publishing	institution,	were	included	in
the	analysis,	providing	clinical	outcomes	for	254	patients.	The	major	findings	corroborated	the	high	control	rates
with	low	morbidity	described	previously.

Chemotherapy
In	a	prospective,	phase	II	clinical	study	trial,	56	patients	with	advanced	disease	were	treated	with	imatinib.388	In
50	evaluable	patients,	1	patient	had	a	partial	response	and	35	patients	had	stable	disease	(70%),	and	the	clinical
benefit	rate	was	64%	(i.e.,	Response	Evaluation	Criteria	in	Solid	Tumors	complete	response	+	partial	response	+
stable	disease	for	≥6	months).388	Patients	who	have	disease	progression	after	an	initial	response	to	imatinib	can
respond	to	combinations	of	imatinib	and	sirolimus.

CHOROID	PLEXUS	TUMORS
Clinical	and	Pathologic	Considerations
Primary	 tumors	of	 the	 choroid	plexus	 are	 classified	 according	 to	 the	WHO	as	 choroid	plexus	papilloma	 (CPP;
WHO	grade	I),	atypical	CPP	(grade	II),	and	choroid	plexus	carcinoma	(CPC;	grade	III).	These	are	rare	tumors	that
occur	most	often	in	children	younger	than	12	years	of	age.	Although	the	grade	might	imply	a	clinical	progression,
typical	CPPs	are	a	distinct	entity	and	almost	never	progress	to	CPC.	Choroid	plexus	tumors	appear	irregular	and
lobulated	and	are	often	very	red	because	of	underlying	vasculature.	Histopathologic	examinations	of	papillomas
often	 show	an	apparently	normal	 choroid	plexus,	with	 increased	cellular	 crowding	and	elongation.	CPCs	 show
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malignant	 features	 such	 as	 increased	 cellularity,	 high	mitotic	 activity,	 loss	 of	 typical	 cellular	 architecture,	 and
invasion	of	 the	brain	parenchyma.	Bridging	 the	CPP	and	CPC	 is	 the	entity	called	atypical	CPP.	Histologically,
atypical	CPP	 retains	 the	 architecture	 of	 the	CPP	but	 has	 high	mitotic	 activity	 and	 an	 increased	 probability	 for
recurrence	 after	 surgical	 resection.	CPCs	are	 commonly	 seen	 in	 families	who	carry	 a	germline	mutation	 in	 the
TP53	gene	(Li-Fraumeni	syndrome).389	However,	most	patients	with	CPPs	and	 sporadic	CPCs	do	not	harbor	 a
germline	TP53	mutation.

In	children,	CPCs	most	often	occur	in	the	lateral	ventricles.	In	adults,	the	fourth	ventricular	papilloma	is	most
common.	Third	ventricle	tumors	are	exceedingly	rare.	Because	papillomas	tend	to	grow	slowly	within	ventricles,
they	expand	to	fill	the	ventricle	and	block	CSF	flow.	In	addition,	papillomas	can	secrete	CSF.	CPPs	and	CPCs	can
produce	hydrocephalus	secondary	to	obstruction	of	the	CSF,	CSF	overproduction	by	the	tumor,	or	damage	to	the
CSF	 resorptive	 bed	 from	 recurrent	 hemorrhages.	As	 a	 result,	 increased	 ICP	without	 focal	 findings	 is	 the	most
common	 presentation.	 Fourth	 ventricular	 tumors	 can	 also	 be	 associated	 with	 focal	 findings	 of	 ataxia	 and
nystagmus.	Although	CPPs	rarely	seed	throughout	the	CSF	spaces,	seeding	from	carcinomas	is	frequent	and	often
symptomatic.	CPCs	will	show	invasion	of	the	surrounding	brain	with	resultant	increased	signal	on	T2-weighted
MRI	and	signs	of	rich	vascularity	(flow	voids),	often	arising	medially	from	the	choroidal	vessels.

Choroid	 plexus	 tumors	 are	 seen	 easily	 by	 MRI.	 Imaging	 demonstrates	 a	 lobulated,	 well-circumscribed,
enhancing,	 intraventricular	 lesion,	 often	 with	 associated	 hydrocephalus.	 Calcification	 is	 not	 common.	 Choroid
carcinomas	may	show	areas	consistent	with	necrosis	and	brain	invasion.

Surgery
The	complete	treatment	of	CPPs	is	total	excision.	Hydrocephalus	is	the	rule	and	simplifies	the	exposure	once	the
ventricle	is	opened.	Tumor-associated	branches	of	the	choroidal	vessels	are	coagulated	and	divided	as	early	as	is
feasible	 in	 the	 procedure	 because	 this	 greatly	 reduces	 hemorrhaging.	 Smaller	 tumors	 are	 removed	 intact,	 and
larger	tumors	are	removed	piecemeal.	Perioperative	CSF	drainage	is	used	to	prevent	subdural	hygromas.	In	half	of
patients,	hydrocephalus	is	relieved	by	tumor	resection,	but	persistent	hydrocephalus	requires	shunting.	The	ability
to	 perform	 a	 complete	 resection	 depends	 on	 histologic	 type,	 with	 nearly	 a	 100%	 complete	 resection	 rate	 for
papillomas	versus	as	low	as	a	33%	complete	resection	rate	for	CPCs.	A	meta-analysis	of	all	 individual	cases	of
CPC	reported	as	of	2004	(347	patients)	showed	that	in	the	subgroup	of	incompletely	resected	carcinomas,	22.6%
of	 patients	 required	 a	 second	 surgery.390	 The	 prognosis	 for	 these	 patients	 appeared	 better	 than	 for	 those	 with
incomplete	resections	who	did	not	undergo	a	second	surgery	(2-year	OS	times	were	69%	and	30%,	respectively).

In	the	pediatric	age	group,	when	the	diagnosis	of	CPC	is	suspected,	the	primary	tumor	resection	should	not	be
attempted	 because	 these	 tumors	 are	 extremely	 vascular,	 leading	 to	 the	 loss	 of	multiple	 blood	volumes	 and	 not
infrequent	 intraoperative	 deaths.	 Cases	 of	 suspected	CPC	 should	 be	 treated	with	 an	 open	 biopsy,	 followed	 by
ifosfamide,	 carboplatin,	 and	etoposide	chemotherapy	 to	devascularize	 the	 tumor.	Subsequent	postchemotherapy
surgery	is	much	safer	and	results	in	a	greatly	reduced	blood	loss.

Radiation	Therapy
Because	CPPs	are	often	cured	by	a	complete	resection,	radiotherapy	is	infrequently	used.	Further,	in	a	study	of	41
patients,	Krishnan	et	al.391	noted	 that	 reoperation	for	 recurrence	was	required	only	half	 the	 time	after	 the	 initial
STR,	 suggesting	 that	 adjuvant	 radiotherapy	may	not	 be	necessary	 after	 the	 initial	STR	 in	 all	 patients.	Because
local	control	outcome	at	 first	 relapse	was	poor	after	 the	STR,	 they	concluded	 that	 the	most	 reasonable	 role	 for
radiotherapy	is	after	STR	of	a	recurrence.

Chemotherapy
Chemotherapy	is	not	used	for	CPPs,	although	it	has	been	attempted	for	CPCs.	As	with	many	of	the	less	common
CNS	 tumors,	 there	 are	 no	 firm	 guidelines.	 Anecdotal	 reports	 have	 cited	 moderate	 responses	 to	 the	 platinum
compounds	 as	 well	 as	 to	 alkylating	 agents,	 etoposide,	 methotrexate,	 and	 possibly	 anthracyclines.	 A	 Pediatric
Oncology	Group	study	of	eight	infants	with	CPC	suggests	that	radiation	can	be	forestalled	by	using	chemotherapy
in	 some	 infants	with	 these	 tumors.	 In	 a	meta-analysis	 conducted	 by	Wrede	 et	 al.392	 CPCs	were	 analyzed;	 104
cases	with	CPC	received	chemotherapy	and	had	a	statistically	better	survival	than	those	without	chemotherapy.

SPINAL	AXIS	TUMORS



Clinical	and	Pathologic	Considerations
Most	 primary	 spinal	 axis	 tumors	 produce	 symptoms	 and	 signs	 as	 a	 result	 of	 cord	 and	 nerve	 root	 compression
rather	than	parenchymal	invasion.	The	frequency	of	primary	spinal	cord	tumors	is	between	10%	and	19%	of	all
primary	CNS	tumors.	Parenthetically,	 the	majority	of	neoplasms	 that	affect	 the	spine	are	extradural	metastases,
whereas	 most	 primary	 tumors	 are	 intradural.	 Of	 the	 intradural	 neoplasms,	 extramedullary	 schwannomas	 and
meningiomas	are	the	most	common.	Schwannomas	and	meningiomas	are	normally	intradural,	but,	occasionally,
they	 may	 present	 as	 extradural	 tumors.	 Other	 intradural,	 extramedullary	 neoplasms	 include	 vascular	 tumors,
chordomas,	 and	 epidermoids.	 Intramedullary	 tumors	 include	 ependymomas,	 composing	 approximately	 40%	 of
intramedullary	tumors;	 the	remainder	are	astrocytomas,	oligodendrogliomas,	gangliogliomas,	medulloblastomas,
and	hemangioblastomas.	Approximately	half	of	spinal	tumors	involve	the	thoracic	spinal	canal	(the	longest	spinal
segment),	30%	involve	the	lumbosacral	spine,	and	the	remainder	involve	the	cervical	spine,	including	the	foramen
magnum.	Schwannomas	occur	with	greatest	frequency	in	the	thoracic	spine,	although	they	can	be	found	at	other
levels.	They	often	extend	through	an	intervertebral	foramen	in	a	dumbbell	configuration.	Meningiomas	are	dural
based	 and	 arise	 preferentially	 at	 the	 foramen	 magnum	 and	 in	 the	 thoracic	 spine.	 Most	 patients	 are	 women.
Astrocytomas	 are	distributed	 throughout	 the	 spinal	 cord,	 and	most	 ependymomas	 involve	 the	 conus	medullaris
and	the	cauda	equina.	Spinal	chordomas	are	characteristically	sacral	and	only	rarely	affect	the	cervical	region	or
the	rest	of	the	mobile	spine.

Patients	may	present	with	a	sensorimotor	spinal	tract	syndrome,	a	painful	radicular	spinal	cord	syndrome,	or	a
central	syringomyelic	syndrome.	In	the	sensorimotor	presentation,	symptoms	and	signs	reflect	compression	of	the
cord.	 The	 onset	 is	 gradual	 during	 weeks	 to	 months,	 initial	 presentation	 is	 asymmetric,	 and	 motor	 weakness
predominates.	The	level	of	impairment	determines	the	muscle	groups	involved.	Because	of	external	compression,
dorsal	 column	 involvement	 results	 in	 paresthesia	 and	 abnormalities	 of	 pain	 and	 temperature	 on	 the	 side
contralateral	to	the	motor	weakness.

Radicular	 spinal	cord	syndromes	occur	because	of	external	compression	and	 infiltration	of	 spinal	 roots.	The
main	symptom	is	sharp,	radicular	pain	in	the	distribution	of	a	sensory	nerve	root.	The	intense	pain	is	often	of	short
duration,	 with	 pain	 that	 is	 more	 aching	 in	 nature	 persisting	 for	 longer	 periods.	 Pain	 may	 be	 exacerbated	 by
coughing	and	sneezing	or	other	maneuvers	that	increase	ICP.	Local	paresthesia	and	numbness	are	common,	as	are
weakness	 and	 muscle	 wasting.	 These	 findings	 often	 precede	 cord	 compression	 by	 months.	 Often,	 the	 pain	 is
difficult	for	the	clinician	to	differentiate	from	ordinary	musculoskeletal	symptoms,	which	causes	diagnostic	delay.

Intramedullary	tumors,	in	particular,	can	give	rise	to	syringomyelic	dysfunction	by	destruction	and	cavitation
within	 the	 central	 gray	 matter	 of	 the	 cord.	 This	 produces	 lower	 motor	 neuron	 destruction	 with	 associated
segmental	 muscle	 weakness,	 atrophy,	 and	 hyporeflexia.	 There	 is	 also	 a	 dissociated	 sensory	 loss	 of	 pain	 and
temperature	sensation	with	 the	preservation	of	 touch.	As	 the	syrinx	 increases	 in	size,	all	 sensory	modalities	are
affected.

Surgery
The	operating	microscope	is	essential	for	spinal	cord	tumor	surgery.	Ultrasonography	can	be	used	to	examine	the
spinal	cord	through	either	intact	or	open	dura	to	find	the	level	of	maximum	tumor	involvement	or	to	differentiate
tumor	cysts	from	solid	tumors.	Intraoperative	monitoring	of	somatosensory-evoked	potentials	is	commonly	used,
although	some	surgeons	think	that	changes	in	somatosensory-evoked	potentials	may	occur	only	after	irretrievable
damage	has	occurred,	and	this	remains	a	topic	of	controversy.	Motor-evoked	potentials	are	used	in	some	centers	to
guide	resection	and	have	retrospectively	been	shown	by	some	to	decrease	long-term	motor	deficits.

MRI	is	invaluable	for	the	diagnosis,	localization,	and	characterization	of	spinal	tumors.	For	extremely	vascular
tumors—notably,	hemangioblastoma—angiography	may	provide	important	preoperative	delineation	of	the	tumor
blood	supply.	CT	scanning	is	useful	for	tumors	of	the	bony	axis.	Determination	of	the	spinal	level	of	the	tumor
and	its	exact	relation	to	the	cord	is	important.	Corticosteroids	are	given	before,	during,	and	after	spinal	cord	tumor
surgery	to	help	control	spinal	cord	edema.

Meningiomas	 and	 schwannomas	 occur	 in	 the	 intradural,	 extramedullary	 spinal	 compartment.	Most	 of	 these
tumors	 can	 be	 completely	 resected	 through	 a	 laminectomy.	They	 can	 be	 easily	 separated	 away	 from	 the	 cord,
which	is	displaced	but	not	invaded	by	tumor.	Schwannomas	arise	most	often	in	the	dorsal	spinal	rootlets,	and	their
removal	includes	the	rootlets	involved.	They	can	grow	along	the	nerve	root	in	a	dumbbell	fashion	through	a	neural
foramen.	Some	of	these	can	be	removed	by	extending	the	initial	laminectomy	exposure	laterally,	whereas	others
require	 a	 separate	 operation	 (e.g.,	 a	 thoracotomy,	 costotransversectomy,	 or	 a	 retroperitoneal	 approach).	Strictly
anteriorly	situated	cervical	 tumors	can	successfully	be	removed	via	an	anterior	approach	using	a	corpectomy	of
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the	appropriate	vertebral	levels,	followed	by	strut	grafting	after	the	tumor	resection.
The	 most	 common	 intramedullary	 tumors	 are	 ependymomas	 and	 astrocytomas.	 Except	 for	 malignant

astrocytomas,	resection	is	the	principal	treatment	for	these	tumors.	Intramedullary	tumors	are	approached	through
a	laminectomy.	After	dural	opening,	a	longitudinal	myelotomy	is	made,	usually	in	the	midline	or	dorsal	root	entry
zone.	The	incision	is	deepened	several	millimeters	to	the	tumor	surface.	Dissection	planes	around	the	tumor	are
sought	microsurgically	and,	 in	 the	case	of	ependymomas,	are	usually	 found	and	extended	gradually	around	 the
tumor’s	surface,	whereas	removal	of	the	central	tumor	bulk	(by	carbon	dioxide	laser	or	ultrasonic	aspirator)	causes
the	 tumor	 to	 collapse.	 Such	 tumors	 are	 usually	 completely	 removed,	 with	 good	 long-term	 outcomes.	 Some
patients	 later	 develop	 a	 spinal	 deformity,	 requiring	 stabilization	 procedures.	 Tumors	 without	 clear	 dissection
planes	(usually	astrocytomas)	cannot	be	removed	completely,	but	bulk	reduction	can	cause	long-term	palliation.	If
a	frozen	section	analysis	shows	a	tumor	to	be	a	malignant	glioma,	a	less	aggressive	surgery	is	typically	performed
due	to	the	increased	risk	of	morbidity	with	little	benefit	achieved	from	an	extensive	debulking	procedure.

Radiation	Therapy
Radiotherapy	is	recommended	for	unresectable	and	incompletely	resected	neoplasms	of	the	spinal	axis.	In	general,
doses	of	50	to	54	Gy	(1.8	Gy	per	day)	are	used	so	that	the	risk	of	injury	to	the	cord	from	radiation	is	minimized.
When	 lesions	 involve	 only	 the	 cauda	 equina	 or	when	 complete,	 irreversible	myelopathy	 already	 has	 occurred,
higher	doses	are	used.

Ependymomas	have	a	longer	natural	history	than	astrocytomas.	Recurrence	of	ependymomas	may	be	delayed
for	as	long	as	12	years.	Radiotherapy	is	not	necessary	when	ependymomas	are	removed	completely	in	an	en	bloc
fashion.	 All	 nonirradiated	 patients	 with	 incompletely	 excised	 lesions	 reported	 by	 Barone	 and	 Elvidge393	 and
Shuman	 et	 al.394	 experienced	 recurrence.	 Postoperative	 irradiation	 appears	 to	 improve	 tumor	 control	 for
incompletely	 resected	 ependymomas.	 Five-	 and	 10-year	 survival	 rates	 in	 irradiated	 patients	 with	 localized
ependymomas	 range	 from	 60%	 to	 100%	 and	 68%	 to	 95%,	 respectively,	whereas	 10-year	 relapse-free	 survival
rates	vary	from	43%	to	61%.395	The	tumor	grade	has	a	significant	effect	on	outcome.	Waldron	et	al.396	found	that
for	patients	with	well-differentiated	tumors,	the	5-year	cause-specific	survival	was	97%,	compared	with	71%	for
patients	with	intermediate	or	poorly	differentiated	tumors	(P	=	.005).	Myxopapillary	ependymomas	that	arise	in
the	conus	medullaris	and	filum	terminale	have	a	better	prognosis	than	the	cellular	ependymomas	that	arise	in	the
cord.	Local	recurrence	is	the	predominant	pattern	of	treatment	failure,	occurring	in	25%	of	irradiated	patients.396

The	5-	and	10-year	survival	rates	for	 irradiated	patients	with	low-grade	astrocytomas	of	 the	spinal	cord	vary
from	60%	to	90%	and	40%	to	90%,	respectively;	5-	and	10-year	 relapse-free	survival	 rates	 range	from	66%	to
83%	and	 from	53%	to	83%,	 respectively.396	Fifty	percent	 to	65%	of	astrocytomas	are	controlled	 locally.	Good
neurologic	 condition	 at	 the	 time	 of	 irradiation,	 lower	 histologic	 grade,	 and	 younger	 age	 are	 favorable	 factors.
Patterns	of	recurrence	for	malignant	astrocytomas	of	the	spine	have	been	analyzed	by	MRI.	Despite	surgery	and
full-dose	radiation,	spinal	or	brain	dissemination	is	the	predominant	mode	of	failure.

Chemotherapy
There	are	no	significant	controlled	clinical	 trials	of	chemotherapy	 for	primary	spinal	axis	 tumors.	Drugs	active
against	 intracranial	 tumors	 logically	may	 be	 assumed	 to	 be	 equally	 efficacious	 against	 histologically	 identical
tumors	in	the	spinal	cord.	Temozolomide	is	being	increasingly	used	in	this	setting.
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EPIDEMIOLOGY
Although	the	epidemiology	of	cancer	has	been	studied	in	children	and	older	adults	for	more	than	a	half	century,
much	less	attention	had	been	paid	to	the	cancers	in	the	intervening	age	group,	that	of	the	adolescent	and	young
adult	(AYA)	age	range.	This	chapter	considers	AYA	range	to	be	15	to	39	years,	based	on	the	rationale	that	this
age	category	has	had	the	least	improvement	in	survival1	and	has	an	array	of	cancer	types	that	are	biologically	and
clinically	 distinct	 to	 the	 age	 group.2	 The	major	 concern	 for	AYAs	with	 cancer,	 as	 articulated	 by	 the	National
Cancer	Institute	(NCI)	Progress	Review	Group,1	is	that	they	do	not	have	a	“home”	in	research	and	health	care.3

In	2016,	more	 than	1.1	million	new	cases	of	 invasive	cancer	were	diagnosed	 in	AYAs	aged	15	 to	39	years
annually	worldwide,	which	was	6.6%	of	 all	 new	cancer	 cases	 of	 all	 ages	 (Table	95.1).4	The	mix	of	malignant
tumors	 in	AYAs	differs	 from	 that	 in	both	younger	and	older	persons.	For	all	 ages	and	both	 sexes,	 the	 top	 five
cancers	 in	AYAs	worldwide	 in	2016,	 in	 order	 of	 incidence,	were	breast	 cancer	 (13%	of	 all	 cancers	 in	 the	 age
group),	cervix	uteri	cancer	(10%),	central	nervous	system	(CNS)	 tumors	(6%),	 leukemia	(6%),	and	liver	cancer
(5%)	 (Table	 95.2).4	 In	 the	United	 States,	 the	 predominant	 cancers	 in	AYA	males	 and	 females	 differ	 from	 the
worldwide	sequence	in	that,	for	the	year	2014,	the	order	was	thyroid	carcinoma	(16%),	breast	carcinoma	(14%	of
cancers	 overall,	 23%	 in	 females),	 malignant	 melanoma	 (10%),	 testis	 cancer	 (8%	 of	 cancers	 overall,	 21%	 in
males),	and	colorectal	carcinoma	(5%)	(Table	95.2).4	The	prominence	of	thyroid	cancer	is	related	in	large	measure
to	overdiagnosis,5	 such	 that,	 in	 the	United	States,	 the	 rise	 in	 incidence	of	 cancer	 in	AYAs	 is	 explained	 almost
entirely	by	the	increase	in	thyroid	cancer.6	Melanoma	is	also	much	more	common	in	AYAs	in	the	United	States,
especially	in	males.	Liver	cancer	is	the	most	common	cancer	worldwide	in	AYA	males,	whereas	liver	cancer	is
much	 less	common	 in	 the	United	States	 (Table	95.2);	 this	 difference	 is	 primarily	due	 to	 a	 lower	prevalence	of
chronic	hepatitis	B	and	C	virus	infection	in	AYAs	in	the	United	States.7

Figure	95.1	shows	the	incidence	of	invasive	cancer	in	the	United	States	by	single	year	of	age	and	by	sex	during
the	most	recent	5-calendar-year	interval.8	From	age	10	to	25	years,	the	incidence	of	cancer	is	logarithmic	in	both
males	and	 females.	At	age	25	years,	 the	 incidence	by	sex	diverges,	with	women	having	a	more	 rapid	 increase,
primarily	 due	 to	 breast,	 ovarian,	 and	 thyroid	 cancer,	 and	 men	 having	 a	 slower	 increase,	 primarily	 due	 to	 the
decline	in	incidence	of	testicular	cancer.	If	the	cancers	that	account	for	the	childhood	peak	are	considered	to	be
pre-	and	postnatal	growth	cancers	and	those	that	occur	late	in	life	as	the	cancers	of	aging,	the	AYA	peak	may	be
considered	as	due	to	cancers	of	intermediate	growth	and	maturation.	This	distinction	suggests	a	basic	difference	in
pathogenesis	and	biology.

Figure	 95.2	 depicts	 the	 proportion,	 at	 each	 year	 of	 age,	 of	 those	 cancers	 common	 in	 AYAs.	 An	 AYA
oncologist	has	to	be	familiar	with	not	only	cancers	that	overlap	pediatric	and	medical	oncology	but	also	several
that	predominate	 in	AYAs,	such	as	Hodgkin	 lymphoma,	 testicular	carcinoma,	 thyroid	cancer,	melanoma,	ovary
cancer,	 fibrosarcoma	and	other	 fibromatous	sarcomas,	and	Kaposi	sarcoma	(see	Fig.	95.2,	upper	panel).	Others
that	 predominate	 in	 adolescence	 are	 non-Hodgkin	 lymphoma	 (NHL),	 acute	 myeloid	 leukemia	 (AML),
osteosarcoma,	Ewing	tumor,	and	chondrosarcoma	(see	Fig.	95.2,	lower	panel).	This	array	of	cancers	diagnosed	in
AYAs	 is	 unique,	 occurring	 at	 no	 other	 age	 interval,	 and	 also	 suggests	 that	 these	 diseases	may	 be	 biologically
distinct	from	the	same	cancer	types	when	they	present	in	younger	and	older	persons.

Figure	95.3	shows	that,	for	most	cancers	in	AYAs,	the	incidence	has	been	steadily	increasing	at	a	statistically-
significant	rate	since	at	least	1975	(left	panel)	and	continuing	after	2000	(right	panel).	The	rate	of	increase	overall
has	slowed	since	2000,	and	fewer	cancers	are	increasing	in	incidence,	although	the	majority	of	those	in	females
are	continuing	to	increase	(right	upper	panel).	The	cancers	with	the	greatest	increase,	thyroid	and	kidney	cancer,



are	increasing	primarily	because	of	overdiagnosis.	If	these	are	excluded,	the	overall	cancer	rate	has	not	changed
since	2000,	with	nonstatistically	significant	annual	percent	changes	(APCs)	of	−0.07	for	male	AYAs	and	0.11	for
female	AYAs.	The	 two	 cancers	 of	most	 concern	 in	 both	male	 and	 female	AYAs	 are	 colorectal	 and	pancreatic
carcinomas.	The	increasing	incidence	of	colorectal	cancer	has	been	inversely	proportional	to	age,	with	the	highest
APC	 (2.4)	 since	1983	 in	20-	 to	29-year-olds.9	 The	 increase	 has	 been	 primarily	 in	 the	 distal	 colon	 and	 rectum,
another	indication	of	a	different	biology	in	AYAs.10

ETIOLOGY	AND	BIOLOGY
Little	is	known	about	the	cause	of	cancers	in	AYAs	and	about	the	increase	in	incidence	over	the	past	four	decades.
Whereas	cancer	in	infants	and	young	children	is	likely	to	be	strongly	influenced	by	congenital	and	prenatal	factors
and	 cancers	 in	 the	 elderly	 are	 most	 strongly	 linked	 with	 environmental	 causes,	 cancer	 in	 AYAs	 may	 be	 a
combination	of	both	or	have	its	own	etiologies,	as	suggested	in	Figures	95.1	and	95.2.	Very	few	cancers	in	AYAs
have	 been	 attributed	 to	 environmental	 or	 inherited	 factors.	 An	 exception	 is	 clear	 cell	 adenocarcinoma	 of	 the
vagina	or	cervix	in	females,	with	most	cases	caused	by	diethylstilbestrol	taken	prenatally	by	mothers	in	an	attempt
to	prevent	spontaneous	abortion.11

Skin	 cancer,	 lymphoma,	 sarcoma,	 and	 liver	 cancer	 occur	 at	 higher	 frequency	 in	 patients	 with	 inherited
conditions	 such	 as	 neurofibromatosis,	 ataxia	 telangiectasia,	 Li-Fraumeni	 syndrome,	 xeroderma	 pigmentosa,
Fanconi	 pancytopenia,	 hereditary	 dysplastic	 nevus	 syndrome,	 nevoid	 basal	 cell	 carcinoma	 syndrome,	 multiple
endocrine	neoplasia	syndromes,	and	Turner	syndrome.	Women	with	BRCA1	and	BRCA2	deletions	have	a	higher
risk	of	developing	breast	cancer	at	a	young	age.	Collectively,	however,	these	cancers	appear	to	account	for	only	a
small	proportion	of	the	cancers	that	occur	during	the	AYA	years.

Given	 that	 the	 duration	 of	 exposure	 to	 potential	 environmental	 carcinogens	 is	 proportional	 to	 age,	 it	 is	 not
surprising	that	tobacco-,	sunlight-,	alcohol-,	or	diet-related	cancers	are	more	likely	to	occur	in	older	AYAs	than	in
younger	persons.	Nonetheless,	these	environmental	agents	known	to	be	carcinogenic	in	older	adults	have	not	been
demonstrated	 to	 cause	 cancer	 with	 any	 significant	 frequency	 in	 AYAs.	 In	 most	 people,	 it	 appears	 to	 take
considerably	 longer	 than	 one	 or	 two	 decades	 for	 these	 environmentally	 related	 cancers	 to	 become	 clinically
manifest.	 The	 logical	 hypothesis	 is	 that	 AYAs	 who	 develop	 cancer	 after	 a	 carcinogenic	 exposure	 have	 a
predisposing	genotype.

TABLE	95.1
New	Cases	of	and	Deaths	from	Neoplasms,	Worldwide,	2016

Age	(y)
New	Cases	of	Neoplasm Deaths	Due	to	Neoplasm Deaths:	New	Cases

Females Males Total Females Males Total
15–19 30,970 40,392 71,361 13,995 23,383 30,970 0.43

20–24 55,452 62,223 117,676 18,449 27,941 55,452 0.47

25–29 116,072 99,453 215,525 29,878 36,443 116,072 0.54

30–34 185,191 130,054 315,246 49,650 52,335 185,191 0.59

35–39 266,103 162,598 428,701 79,177 74,462 266,103 0.62

15–39 653,789 494,720 1,148,509 191,149 214,563 653,789 0.57

All	ages 7,800,412 9,427,220 17,227,632 3,755,209 5,172,192 8,927,401 0.52
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From	 the	 Institute	 for	 Health	 Metrics	 and	 Evaluation.	 GBDResultsTool	 I	 GHDx.	 Seattle,	 WA:	 Institute	 for	 Health	 Metrics	 and
Evaluation,	University	of	Washington;	2016.	http://ghdx.healthdata.org/gbd-results-tool.	Accessed	December	6,	2017.

TABLE	95.2
Number	of	New	Cases	of	Cancer	by	Sex	of	Cancers	Worldwide	and	in	the	United	States	in
Adolescents	and	Young	Adults	(Ages	15	to	39	y),	2016	and	2014

	

Worldwide,	2016a United	States,	2014b
All Females Males All Females

1 Breast 144,423 Breast 143,326 Liver 45,546 Thyroid 12,105 Breast 10,354 Testis

2 Cervix 110,201 Cervix 110,201 Testis 45,402 Breast 10,414 Thyroid 9,926 Melanoma

3 CNS 65,149 Thyroid 33,243 Leukemia 38,547 Melanoma 6,835 Melanoma 4,326 NHL

4 Leukemia 64,120 Ovarian 31,845 CNS 34,736 Testis 6,326 Cervix 3,032 Colorectum

5 Liver 58,477 CNS 30,413 Colorectum 32,670 Colorectum 4,575 Colorectum 2,214 Leukemia

6 Colorectum 56,643 Leukemia 25,573 NHL 27,171 NHL 4,053 Uterus 1,828 Thyroid

7 Thyroid 45,893 Colorectum 23,973 Stomach 21,433 Leukemia 3,761 Hodgkin	L 1,765 Sarcoma

8 Testis 45,402 Melanoma 21,621 Lip/oral	cav 21,069 Hodgkin	L 3,660 NHL 1,663 Hodgkin	L

9 NHL 44,849 Stomach 19,028 Pharynx 20,120 Sarcoma 3,147 Leukemia 1,558 CNS

10 Stomach 40,462 NHL 17,678 Hodgkin	L 17,285 CNS 3,091 Ovary 1,418 Kidney

11 Melanoma 38,570 Lip/oral	cav 16,808 Melanoma 16,949 Cervix 3,032 CNS 1,249 Lip/oral	cav

12 Lip/oral	cav 37,877 Hodgkin	L 13,474 Thyroid 12,650 Lip/oral	cav 2,284 Sarcoma 1,175 Lung

13 Ovary 31,845 Liver 12,931 Lung 11,635 Kidney 2,242 Lip/oral	cav 1,130 Stomach

14 Hodgkin	L 30,759 Uterine 10,240 Kidney 10,903 Uterine 1,828 Kidney 923 Bladder

15 Pharynx 28,850 Kidney 9,390 Bladder 8,619 Ovary 1,418 Lung 498 Pancreas

16 Kidney 20,294 Pharynx 8,730 Esophageal 6,231 Lung 1,147 Stomach 414 Pharynx

17 Lung 19,063 Lung 7,428 Prostate 5,668 Stomach 856 Pancreas 340 Liver

18 Bladder 12,220 Bladder 3,602 Pancreas 5,118 Pancreas 582 Bladder 179 Myeloma

19 Uterine 10,239 Esophageal 3,527 Larynx 3,394 Bladder 537 Liver 147 Esophagus

20 Esophageal 9,758 Pancreas 3,024 Myeloma 2,912 Liver 379 Eye/orbit 116 Eye/orbit

21 Pancreas 8,143 Biliary	tract 2,790 Biliary	tract 2,086 Pharynx 354 Pharynx 112 Larynx

22 Prostate 5,668 Myeloma 1,858 Breast 1,097 Myeloma 260 Myeloma 98 Biliary	tract



23 Biliary	tract 4,876 Larynx 1,284 	 	 Eye/orbit 218 Biliary	tract 70 Breast

24 Myeloma 4,770 	 	 	 	 Esophagus 175 Esophagus 32 	

25 Larynx 4,678 	 	 	 	 Biliary	tract 133 Larynx 18 	

26 	 	 	 	 	 	 Larynx 84 	 	 	
aSource:	Institute	for	Health	Metrics	and	Evaluation	(IHME)4;	sarcoma	not	included.
bSource:	Estimated	from	Surveillance,	Epidemiology,	and	End	Results,8	which	represents	28.5%	of	the	adolescent	and	young	adult
population	in	the	United	States,	and	using	IHME	categories.
CNS,	central	nervous	system;	NHL,	non-Hodgkin	lymphoma;	L,	lymphoma;	cav,	cavity.

Figure	95.1	Incidence	of	cancer	by	single	year	of	age,	0	to	84	years,	2010	to	2014,	Surveillance,
Epidemiology,	and	End	Results	(SEER)	18,	overall	and	by	sex.	AYA,	adolescent	and	young	adult.
(From	Surveillance,	Epidemiology,	and	End	Results	Program.	SEER*Stat	Database:	Incidence—
SEER	18	Regs	research	data	+	Hurricane	Katrina	impacted	Louisiana	cases,	Nov	2016	sub	[2000–

2014]	<Katrina/Rita	population	adjustment>.	http://www.seer.cancer.gov/data-
software/documentation/seerstat/nov2016/.	Accessed	November	2016.)



Dr. AVR @ TMH

Figure	 95.4	 shows	 two	 established	 causes	 of	 cancer	 resulting	 from	 exposures	 during	 childhood	 and
adolescence:	melanoma	after	ultraviolet	radiation	and	breast	cancer	after	chest	radiation.	The	type	of	melanoma
(face,	 lips,	ears)	caused	by	ultraviolet	 rays	 is	 rarely	diagnosed	before	 the	age	of	35	years	(see	Fig.	95.4,	 brown
curve),	and	breast	cancer	caused	by	chest	radiation	for	cancer	has	a	median	latency	of	14	years12	and	rarely	occurs
before	 30	 years	 of	 age	 (see	 Fig.	 95.4,	 purple	 curve).	When	melanoma	 occurs	 in	 younger	 persons,	 it	 is	 nearly
always	 in	 truncal	 and	 other	 nonexposed	 areas	 of	 skin—the	melanoma	peak	 in	Figure	95.2—and	 not	 related	 to
external	exposure.13	A	specific	type	of	precancer	or	neoplasm,	myelodysplastic	syndrome/AML,	can	occur	with	a
shorter	latency	after	cancer	chemotherapy,14	but	this	cancer	is	rare	in	AYAs.

In	 the	 aggregate,	 both	 cancers	 that	 are	 due	 to	 environmental	 factors	 and	 those	 transmitted	 vertically	 via
inheritance	 account	 for	 a	 small	 proportion	 of	 the	 cancers	 in	 AYAs.	 The	 vast	 majority	 are	 likely	 due	 to
spontaneous,	 random	mutations	 resulting	 in	a	malignant	phenotype.	Evidence	 for	 this	hypothesis	 is	 apparent	 in
Figure	95.2	in	that	the	organs	and	tissues	in	which	cancer	occurs	during	the	AYA	years	are	those	undergoing	the
most	rapid	cell	proliferation	during	growth	and	maturation.	Lymphoma,	soft	tissue	and	bone	sarcomas,	and	cancer
of	the	testis	and	ovary	occur	during	or	within	a	decade	of	lifetime	peak	of	cell	proliferation	of	the	corresponding
organ	or	tissue.	The	only	exceptions	are	melanoma	and	thyroid	cancer.

We	know	less	about	the	biology	of	cancer	in	AYAs	than	in	younger	and	older	individuals,	in	part	because	the
array	of	cancer	types	in	AYAs	is	unique	(see	Fig.	95.2).	When	a	cancer	in	this	age	group	appears	to	be	the	same	as
in	younger	or	older	individuals,	it	is	often	biologically	distinguishable,	as	has	been	discovered	for	breast	cancer,
colorectal	carcinoma,	NHL,	Ewing	sarcoma,	gastrointestinal	stromal	tumor,	liposarcoma,	melanoma,	transitional
liver	 tumors,	 nasopharyngeal	 carcinomas,	 and	 carcinoma	 of	 the	 tongue.2,15	 Recently	 Philadelphia	 chromosome
(Ph)-like	acute	lymphoblastic	leukemia	(ALL),16	distinct	from	the	classic	Ph-positive	type	that	has	an	incidence
directly	proportional	to	age,	has	been	identified	as	having	a	peak	incidence	in	AYAs,17	as	illustrated	conceptually
in	Figure	95.5.	Colon	cancer	in	AYAs	has	a	much	higher	proportion	of	the	microsatellite	instability	(MSI)	type,
approximately	 25%,	 compared	 with	 <10%	 in	 older	 patients,18	 and	 few	 of	 these	 are	 hereditary	 (e.g.,	 Lynch
syndrome)19	(see	Fig.	95.5).	 In	general,	childhood	cancers	often	occur	with	 just	 two	mutations,20	AYA	cancers
with	more	mutations,	and	 later	 life	cancers	with	multiple	mutations	 that	accumulate	with	years	of	 life	 (see	Fig.
95.5,	lower	panel).	The	clinical	importance	of	these	finding	is	that	Ph-like	ALL	is	treatable	with	tyrosine	kinase
inhibitors,21	such	as	those	used	for	the	Ph-positive	diseases,	and	the	recently	U.S.	Food	and	Drug	Administration
(FDA)-approved	agent	for	MSI-high	tumors,	pembrolizumab,21	 is	 likely	to	help	more	AYAs	than	older	patients
with	colon	cancer.	Without	knowing	this	biologic	difference,	the	effective	and	available	agents	would	not	be	used
to	treat	these	types	of	cancer	in	AYAs.

Tumors	in	the	AYA	population	often	display	clinical	differences,	being	more	aggressive	and	more	refractory	to
various	 forms	 of	 treatment	 than	 the	 adult	 form	 of	 the	 same	 cancer.22	 Soft	 tissue	 sarcomas,	 for	 example,	 are
associated	with	 a	worse	 survival	 than	 those	 of	 the	 same	histologic	 entities	 diagnosed	 in	 children	 and,	 in	 some
cases,	 older	 adults.23–26	 Synovial	 sarcoma,	 a	 tumor	 type	 typical	 of	 the	 AYA	 age	 range,	 is	 associated	 with	 a
prognosis	 that,	 stage	 for	 stage,	 is	 inversely	 proportional	 with	 age	 (Fig.	 95.6,	 upper	 panels).8	 Surveillance,
Epidemiology,	 and	 End	 Results	 (SEER)	 data	 indicate	 that	 the	 5-year	 cancer-specific	 survival	 decreases	 to
statistically	significant	lower	levels	between	the	ages	of	15	and	25	years	for	locoregional	disease	and	is	20%	to
25%	 lower	 in	AYAs	 than	 in	 children	 (see	 Fig.	 95.6,	 left	 upper	 panel).8	 In	 patients	 with	 distant	 metastases	 at
diagnosis,	the	mean	5-year	cancer-specific	survival	is	also	20%	to	25%	lower	in	AYAs	than	in	children	(see	Fig.
95.6,	 right	 upper	 panel).	 An	 epidemiologic	 analysis	 (from	 the	 Netherlands	 Cancer	 Registry	 on	 613	 patients)
showed	5-year	overall	survival	(OS)	of	89%	in	patients	younger	than	18	years,	73%	in	18-	to	34-year-old	patients,
54%	in	35-	to	65-year-old	patients,	and	43%	in	patients	older	than	age	65	years.27	A	study	from	Milan	described
5-year	OS	rates	of	100%,	70%,	and	30%	in	patients	aged	0	to	16	years,	17	to	30	years,	and	older	than	30	years,
respectively.28	 Age-related	 biologic	 factors	 have	 been	 described	 recently	 in	 synovial	 sarcoma,	 suggesting	 that
differences	 in	 the	 genome	 instability	 might	 offer	 a	 biologic	 explanation	 for	 these	 outcome	 differences	 (i.e.,
instability	is	associated	with	development	of	metastases	and	is	reported	to	be	frequent	in	adult	but	not	in	pediatric
synovial	sarcomas).29



Figure	95.2	Incidence	of	adolescent	and	young	adult	(AYA)	cancer	(upper	panel)	and	early
adolescent	cancer	(lower	panel)	as	a	proportion	of	all	cancer,	by	single	year	of	age,	2000	to	2014,
Surveillance,	Epidemiology,	and	End	Results	(SEER)	18.	AYA,	adolescent	and	young	adult;	NHL,
non-Hodgkin	lymphoma;	AML,	acute	myeloid	leukemia.	(From	Surveillance,	Epidemiology,	and
End	Results	Program.	SEER*Stat	Database:	Incidence	-	SEER	18	Regs	Research	Data	+	Hurricane

Katrina	Impacted	Louisiana	Cases,	Nov	2016	Sub	(2000-2014)	<Katrina/Rita	Population
Adjustment>	-	Linked	to	County	Attributes	-	Total	U.S.,	1969-2015	Counties,	National	Cancer
Institute,	DCCPS,	Surveillance	Research	Program,	released	April	2017,	based	on	the	November
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2016	submission.	http://www.seer.cancer.gov.	Accessed	April	1,	2017.)

Rhabdomyosarcoma	(RMS)	has	two	primary	histologic	types,	embryonal	for	which	the	incidence	is	inversely
proportion	 to	 age,	 and	 alveolar,	 a	PAX-FOXO1	 fusion–positive	 subtype30	 that	 has	 a	 peak	 incidence	 in	 young
AYAs	(see	Fig.	95.6,	middle	panel).	Alveolar	RMS	has	a	lower	survival,	stage	for	stage,	in	AYAs	than	in	either
younger	 or	 older	 patients	 (see	 Fig.	 95.6,	 lower	 panels).	 There	 is	 a	more	 pronounced	 expression	 of	multidrug-
resistant	proteins	in	adult	RMS	than	in	pediatric	counterparts.31

The	prognosis	of	AYA	cancer	may	also	be	better	than	in	older	patients.	In	AYA	colon	cancer,	the	MSI	form	of
the	 disease	 actually	 has	 a	 better	 prognosis	 than	 the	 microsatellite-stable	 (MSS)	 form,	 and,	 stage	 for	 stage,
prognosis	in	general	is	about	the	same	for	AYA	patients	as	for	older	adults.32	In	this	case,	the	biologic	difference
explains	 the	 better	 prognosis	 and	 suggests	 that,	 in	 AYAs	 with	 colon	 cancer,	 the	 recently	 FDA-approved
programmed	 cell	 death	 protein	 1	 (PD-1)	 inhibitor22	 for	MSI-high	 cancers	would	 have	 greater	 efficacy	 than	 in
older	adults	with	colon	cancer.33

SIGNS,	SYMPTOMS,	AND	DELAYS	IN	DIAGNOSIS
Although	the	symptoms	and	signs	of	individual	types	of	cancer	in	AYAs	are	similar	to	those	of	the	same	cancer	in
younger	 and	 older	 patients,	 the	 unique	 array	 of	 cancer	 types	 in	 AYAs	 renders	 their	 symptoms	 and	 signs	 in
aggregate	 distinctly	 different.	 Of	 potential	 value	 in	 recognizing	 manifestations	 of	 cancer	 in	 young	 adults	 is	 a
mnemonic-friendly	 list	of	seven	symptoms,	each	represented	by	a	 letter	 in	CAUTION,	and	seven	sites	of	signs
starting	with	the	letter	B	(Fig.	95.7).34	These	aids	should	be	considered	by	all	practitioners	who	encounter	young
adults	 for	 medical	 evaluation,	 whether	 physicians,	 nurses,	 psychologists,	 chiropractors,	 or	 allied	 health
professionals.	They	have	the	potential	of	assisting	in	early	detection,	longer	survival,	lesser	therapy,	and	reduced
risks	of	adverse	effects.



Figure	95.3	Statistically	significant	(P	<	.05)	annual	percent	changes	(APC)	in	cancer	incidence	in
adolescents	and	young	adults	during	1975	to	2014	(left	panel)	and	2000	to	2014	(right	panel),
Surveillance,	Epidemiology,	and	End	Results	(SEER)	18,	by	site	and	sex.	Lung	includes	trachea

and	mediastinum.	Gr,	grade;	CML,	chronic	myeloid	leukemia;	AML,	acute	myeloid	leukemia;	IBD,
intrahepatic	bile	duct;	NHL,	non-Hodgkin	lymphoma;	PNET,	primitive	neuroectodermal	tumor;

ALL,	acute	lymphoblastic	leukemia;	GCT,	germ	cell	tumor.	(From	Surveillance,	Epidemiology,	and
End	Results	Program.	SEER*Stat	Database:	Incidence—SEER	18	Regs	research	data	+	Hurricane

Katrina	impacted	Louisiana	cases,	Nov	2016	sub	[2000–2014]	<Katrina/Rita	population



Dr. AVR @ TMH

adjustment>.	http://www.seer.cancer.gov/data-software/documentation/seerstat/nov2016/.	Accessed
November	2016.)

Figure	95.4	Incidence	of	melanoma	in	sun-exposed	areas	of	skin	(face,	lips,	ears)	and,	in	females,
breast	cancer	after	chest	radiation	during	childhood	or	adolescence,	and	latency	to	clinical

manifestation.	The	melanoma	data	are	from	the	Surveillance,	Epidemiology,	and	End	Results
Program8	and	the	breast	cancer	data	are	from	Moskowitz	et	al.12	(Modified	from	Bleyer	A.

Synthetic	turf	fields,	crumb	rubber,	and	alleged	cancer	risk.	Sports	Med	2017;47[12]:2437–2441.)

For	multiple	reasons,	AYAs	have	greater	intervals	(lag	times)	to	diagnosis	of	cancer	after	the	onset	of	the	first
symptom	or	sign	of	cancer	than	either	younger	or	older	persons.

Young	adults	have	a	strong	sense	of	invincibility	and	invulnerability.	Out	of	denial,	they	may	delay	seeing	a
physician	for	symptoms.	And	when	a	symptom	is	admitted,	it	is	more	often	regarded	as	psychosomatic	at	this
age	than	at	any	other,	as	interpreted	by	the	person	(“It	must	be	in	my	head”)	or	expressed	by	friends	(“Get
over	it”).	Even	when	seen,	the	young	adult	may	give	poor	historical	information,	especially	to	a	physician
untrained	to	“read	between	the	lines”	of	a	young	adult’s	history.	Some	of	the	most	advanced	disease
presentations	occur	in	patients	in	their	early	20s.	Masses	of	the	breast,	testis,	abdomen,	pelvis,	and	extremity
may	be	harbored	for	months	because	of	embarrassment	or	uncertainty	as	to	whether	to	bring	the	problem	to
anyone’s	attention.
Young	adults	are	not	“supposed	to”	have	cancer.	Clinical	suspicion	is	low,	and	symptoms	are	often	attributed
to	physical	exertion,	fatigue,	stress,	or	other	psychosomatic	explanations,	as	described	earlier.
Too	many	young	adults	do	not	receive	routine	medical	care.	Regardless	of	health	insurance	status,	young
adults	are	more	likely	than	younger	or	older	patients	to	lack	a	usual	source	of	care.	Without	a	primary
physician	who	knows	the	patient’s	baseline	heath	status,	the	symptoms	of	cancer	can	be	missed.
Young	adults	are	the	most	underinsured	age	group,	at	least	in	the	United	States,	falling	in	the	gap	between
parental	coverage	(extended	by	law	to	age	24	years,	inclusive,	in	2010)	and	the	coverage	supplied	by	a	full-



time	secure	job	with	an	employer	who	provides	health	insurance.	Half	of	young	adult	Americans	are
underinsured	(insured	for	part	of	a	year	or	insured	with	plans	that	provide	minimal	coverage),	and	>20%	of
25-	to	34-year-olds	have	no	medical	insurance	at	all.35
The	evaluating	medical	professional	may	be	undertrained	or	uncomfortable	in	caring	for	AYAs.

Given	 the	 lack	 of	 routine	 care,	 empowering	 young	 adults	 for	 self-care	 and	 early	 detection	 of	 disease	 is
important.	Certainly,	self-examination	of	the	skin	should	be	encouraged.	Breast	and	testicular	self-examinations,
which	historically	had	been	recommended,	are	no	longer	considered	to	be	of	sufficient	value,	relative	to	rates	of
excessive	diagnostic	evaluations	and	anxiety	on	the	part	of	the	person,	family,	and	even	the	health-care	providers,
to	 recommend	 their	 routine	 application.36,37	 In	 addition,	 it	 may	 be	 difficult	 to	 teach	 the	 importance	 of	 early
detection	of	cancer	to	young	adults	because	at	no	other	time	in	life	is	the	sense	of	invincibility	more	pervasive.
And	for	breasts	and	testes,	education	of	young	adults	may	be	somewhat	difficult	to	bring	up	and	teach	at	this	age.
However,	 teaching	 testicular	cancer	awareness	 to	high	school	and	college	students	may	not	be	as	difficult	as	 it
may	seem.	A	preliminary	assessment	of	teaching	testicular	self-examinations	showed	that	anxiety	was	no	greater
in	students	who	were	exposed	to	presentations	on	testicular	cancer	and	testicular	self-examination	than	in	those
who	did	not	receive	this	training.38	In	addition,	efforts	should	be	made	to	educate	young	adults	about	the	treatment
and	high	cure	rates	of	early	cancer	 in	 this	age	group	 in	order	 to	dispel	 the	 fatalistic	perception	 that	arises	 from
knowing	 older	 individuals	 (grandparents,	 parents,	 uncles,	 aunts,	 others)	 who	 have	 died	 from	 cancer.	 Because
AYAs	 frequently	 have	 longer	 delays	 in	 diagnosis	 of	 their	 cancers	 than	 younger	 or	 older	 persons,	 health-care
providers	who	encounter	 this	age	group	should	become	more	aware	of	diagnostic	clues	for	early	detection	(see
Fig.	95.7).	However,	if	experience	in	children	is	a	guide,39	the	interval	from	symptom	onset	to	diagnosis	may	be
determined	most	by	the	biology	of	the	disease	and	the	relationship	to	prognosis	may	be	complex.

PREVENTION	AND	SCREENING
Although	considerations	of	prevention	and	screening	are	absent	from	treatises	on	cancer	in	childhood,	this	should
not	 be	 so	with	 respect	 to	AYAs.	The	 impact	 of	 human	papillomavirus	 vaccination,	 commonly	 administered	 in
early	 adolescence,	 on	 the	 burden	 of	 cervical	 (and	 other)	 cancers	 is	 well	 accepted.40	 Likewise,	 reduction	 in
malignant	melanoma	of	the	skin	is	afforded	by	limiting	exposure	to	direct	sunlight,	increased	sunscreen	use,	and
avoidance	of	tanning	salons.41	Moreover,	it	is	not	too	early	in	this	population	to	enhance	awareness	of	the	roles	of
tobacco,	alcohol,	and	nutrition	in	the	pathogenesis	of	tumors	that	are	more	prevalent	among	older	adults.
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Figure	95.5	Conceptual	difference	between	adolescent	and	young	adult	(AYA)	cancer	and	older
adult	cancer	that	histopathologically	appears	the	same,	as	exemplified	by	acute	lymphoblastic
leukemia	(ALL)	and	colon	cancer.	Ph,	Philadelphia	chromosome;	FAP,	familial	adenomatous

polyposis;	HNPCC,	hereditary	nonpolyposis	colorectal	cancer.

The	benefit	of	population	cancer	screening	is	best	illustrated	by	the	case	of	cervical	cancer,	which	has	primarily
benefited	AYAs.	The	value	of	screening	for	other	cancers	is,	however	debatable.	Screening	for	skin	(melanoma)
and	thyroid	cancer	in	male	and	female	AYAs	and	breast	cancer	in	female	AYAs	would	seem	beneficial	because
these	 are	 among	 the	 most	 common	 cancers	 in	 the	 age	 group,	 but	 objective	 evidence	 for	 benefit	 is	 generally
lacking.	Breast	and	thyroid	cancer	screening	with	current	techniques	may	be	contraindicated	because	the	risk	of



overdiagnosis,	unnecessary	procedures	and	treatments,	and	psychological	harms	appear	to	outweigh	the	benefit	in
those	who	are	not	at	increased	risk	of	these	cancers.	With	the	recent	distinct	increase	in	colorectal	cancer	in	AYAs
and	the	demonstrated	favorable	benefit-to-risk	ratio	in	older	persons,	colorectal	cancer	screening	may	be	justified
in	AYAs.	In	general,	more	awareness	among	AYAs	and	their	families	and	medical	care	providers	of	cancer	and
its	symptoms	and	signs	during	the	AYA	years	is	likely	to	be	of	greater	benefit	than	population	screening.

DIAGNOSIS
In	 theory,	 the	 diagnostic	 methodologies	 applied	 to	 older	 adults	 can	 be	 used	 comparably	 in	 AYAs.	 In	 effect,
however,	 they	 are	 more	 difficult	 to	 implement	 owing	 to	 lack	 of	 insurance	 and	 other	 economic	 constraints,
difficulty	taking	time	off	work,	transportation	limitations,	and	lack	of	understanding	on	the	part	of	the	professional
staff	 as	 to	 what	 diagnostic	 and	 staging	 procedures	 are	 appropriate.	 From	 a	 pathologist’s	 standpoint,	 the
histopathologic	findings	may	seem	identical	to	a	cancer	known	to	occur	in	younger	or	older	patients.	Nonetheless,
the	 molecular	 and	 cellular	 biology	 of	 the	 tumor	 may	 be	 different	 because	 there	 is	 increasing	 evidence	 that
neoplasms	in	AYAs	have	different	molecular	profiles,	mutations,	and	biochemical	pathways,	as	described	earlier.

MANAGEMENT
At	 any	 age,	 treatment	 depends	 on	 the	 type	 and	 stage	 of	 the	 tumor.	 In	 general,	 however,	 the	 therapeutic
management	of	cancer	in	AYAs	differs	somewhat	from	that	in	younger	and	older	patients	because	of	physiologic,
psychological,	financial,	and	social	differences.	Although	there	is	a	general	lack	of	publications	that	address	these
issues,	several	provide	advice	on	how	to	manage	cancer	in	this	age	group,42–45	and	a	recent	edition	of	a	textbook
on	cancer	in	AYAs	reviews	treatment	recommendations	for	28	of	the	cancers	that	occur	in	this	population.46
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Figure	95.6	Five-year	cancer-specific	survival	of	synovial	cell	sarcoma	and	alveolar
rhabdomyosarcoma	(RMS),	2000	to	2014,	Surveillance,	Epidemiology,	and	End	Results	(SEER)
18,	by	age	and	extent	of	disease	at	diagnosis	(SEER	historic	stage	A).	The	middle	panel	also	shows
the	proportion	of	all	rhabdomyosarcoma	that	is	alveolar.	AYA,	adolescent	and	young	adult.	(From
Surveillance,	Epidemiology,	and	End	Results	Program.	SEER*Stat	Database:	Incidence	-	SEER	18
Regs	Custom	Data	(with	additional	treatment	fields),	Nov	2016	Sub	(2000-2014)	<Katrina/Rita



Population	Adjustment>	-	Linked	to	County	Attributes	-	Total	U.S.,	1969-2015	Counties,	National
Cancer	Institute,	DCCPS,	Surveillance	Research	Program,	released	April	2017,	based	on	the

November	2016	submission.	http://www.seer.cancer.gov.	Accessed	April	1,	2017.)

Surgery
In	general,	surgery	may	be	performed	more	readily	in	AYAs	than	in	older	adults	with	coexisting	morbidities	or	in
children	who	are	smaller	and	more	difficult	to	anesthetize.	A	disadvantage	compared	to	children	is	that	the	fully
grown	patient	has	fewer	compensatory	mechanisms	to	overcome	deficits	and	disabilities	resulting	from	surgical
resection	 of	 large	 tumors.	 Also,	 surgery	 may	 cause	 functional	 and	 cosmetic	 morbidity	 during	 a	 particularly
vulnerable	 period	 of	 social	 development.	Decisions	 to	 use	 sedation	 and	 anesthesia	 commonly	 used	 in	 younger
patients	(e.g.,	topical	anesthetic	for	venipunctures)	should	be	individualized	to	the	AYA	patient	but	not	dismissed
as	unnecessary	just	because	of	the	patient’s	“maturity.”

Radiation	Therapy
Compared	 to	 younger	 patients,	 AYAs	 are	 less	 vulnerable	 to	 the	 adverse	 effects	 of	 ionizing	 radiation.	 This	 is
particularly	true	for	the	CNS,	the	cardiovascular	system,	connective	tissue,	and	the	musculoskeletal	system,	each
of	which	may	be	irradiated	to	higher	doses	and/or	larger	volumes	with	less	long-term	morbidity	than	in	younger
patients.	By	analogy,	younger	AYAs	who	are	 still	maturing	maybe	more	vulnerable	 to	 radiation	 toxicities	 than
older	persons	at	those	sites	and	tissues	that	are	still	undergoing	development,	such	as	the	breast	and	gonads.	Breast
cancer,	for	example,	is	more	likely	in	women	who	received	radiation	for	Hodgkin	lymphoma	if	the	radiation	was
administered	between	the	onset	of	puberty	and	the	age	of	30	years.47	Remarkably	little	is	actually	known	about	the
differential	 normal-tissue	 effects	 of	 radiotherapy	 in	 patients	 between	 15	 and	 40	 years	 of	 age.	 Such	 research	 is
complicated	by	 the	 late-onset	nature	of	many	somatic	 radiation	effects	combined	with	 the	unique	challenges	of
long-term	follow-up	among	AYA	patients.
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Figure	95.7	Seven	signs	and	symptoms	of	cancer	in	adolescents	and	young	adults:	CAUTION!
Consider	Cancer.	(Modified	from	Bleyer	A.	CAUTION!	Consider	cancer:	common	symptoms	and

signs	for	early	detection	of	cancer	in	young	adults.	Semin	Oncol	2009;36[3]:207–212.)

Practically	speaking,	 the	 typical	daily	course	of	 radiation	 for	cancers	 in	AYAs	 lasts	4	 to	6	weeks.	This	may
interrupt	education	and	career	pursuits.	Daily	transportation	to	and	from	treatment	may	be	problematic	for	AYA
patients	 and	 impact	 compliance.	 Similar	 to	 surgery,	 radiation	 may	 induce	 functional	 and	 cosmetic	 morbidity
during	a	particularly	vulnerable	period	of	social	development.	The	testes	and	ovaries	are	exquisitely	sensitive	to



the	ionizing	effects	of	radiation	such	that	AYAs	undergoing	pelvic	and	total-body	radiation	face	the	prospect	of
infertility.

Chemotherapy
The	acute	and	chronic	toxicities	of	chemotherapeutic	agents	are	generally	qualitatively	similar	in	children,	AYAs,
and	older	adults.	A	quantitative	difference	is	 that	AYAs	can	tolerate	more	intensive	chemotherapeutic	regimens
than	 older	 adults	 primarily	 because	 of	 better	 organ	 function,	 especially	 renal	 and	 hepatic	 function,	 and	 fewer
comorbidities.	 In	 general,	 medical	 oncologists	 usually	 treat	 AYAs	with	 the	 same	 dosage	 of	 chemotherapeutic
agents	that	 they	use	in	older	adults.	Yet,	AYAs	are	ordinarily	able	to	tolerate	higher	doses	and	potentially	have
better	 antineoplastic	 effects.	 Most	 chemotherapeutic	 regimens	 for	 adult	 patients	 do	 not	 take	 this	 into
consideration.	Usually,	the	dose	is	lowered	if	the	patient	has	diminished	renal	or	hepatic	function.	Increasing	the
dose	in	AYA	patients	because	of	their	age	is	rarely	done.

Compared	with	children,	however,	AYAs	may	have	a	greater	degree	of	anticipatory	vomiting,	slower	recovery
from	myeloablative	agents,	 and	 fewer	 stem	cells	 available	 for	autologous	 rescue.	AYA	patients	usually	 require
more	 stem	 cells	 than	 younger	 patients	 such	 that	 they	 are	 at	 a	 disadvantage	 for	 umbilical	 cord	 stem	 cell
transplantation.	 In	 general,	AYAs	 require	multiple	 umbilical	 cord	 donors,	whereas	 the	 child	 usually	 fares	well
with	one.

Psychosocial	and	Supportive	Care
The	greatest	difference	 in	 the	management	of	AYA	patients	 is	 in	 the	 supportive	care,	particularly	psychosocial
care,	 that	 they	 require.	 These	 patients	 have	 special	 needs	 that	 are	 not	 only	 unique	 to	 their	 age	 group	 but	 also
broader	 in	 scope	 and	 more	 intense	 than	 at	 any	 other	 time	 in	 life.	 The	 challenges	 include	 autonomy	 and
independence,	 peer	pressure,	 education,	 graduation,	 social	 development,	 sexual	maturation,	 intimacy,	marriage,
reproduction,	fertility,	employment,	parenting,	and	insurability.48	AYAs	are	on	the	cusp	of	autonomy,	starting	to
gain	 success	 at	 independent	 decision	making,	when	 the	 diagnosis	 of	 cancer	 renders	 them	 “out	 of	 control”	 and
often	 throws	 them	 back	 to	 dependency	 on	 parents	 and	 authority	 figures	 (by	 circumstance	 and/or	 by	 choice).
Sometimes,	the	patient	has	become	distant	from	his	or	her	nuclear	family	and	has	not	yet	developed	a	network	of
adult	 social	 relationships.	AYAs	usually	have	many	new	 roles	 they	are	 just	 starting	 to	master	when	 the	cancer
diagnosis	hits:	high	school	student,	college	student,	recent	graduate,	newlywed,	new	employee,	and	new	parent.
Some	of	the	adverse	effects	of	therapy	can	be	devastating	to	an	AYA’s	self-image,	which	is	often	tenuous	under
the	best	of	circumstances.48	Mutilating	surgery	to	the	face	and	extremities,	weight	gain,	alopecia,	acne,	weakness,
“chemobrain,”	and	other	cognitive	impairments	are	examples	of	the	challenges	they	face.	Special	considerations
between	 the	 patient,	 the	 medical	 staff,	 and	 the	 family	 are	 necessary	 to	 cope	 with	 the	 extra	 dynamic	 of
psychosocial	complexity	and	to	negotiate	cancer	treatment	in	AYAs.

Oncofertility
Decline	in	fertility	potential	brought	about	by	a	cancer	diagnosis	or	cancer	treatment	is	one	of	the	biggest	impacts
to	AYA	cancer	patients’	long-term	quality	of	life.	Although	many	clinicians	are	broadly	informed	about	the	risk	to
their	patients’	fertility	brought	about	by	cancer	treatment,	many	factors	hinder	the	appropriate	discussion,	referral,
or	 service	 utilization	 needed	 to	 provide	 adequate	 oncofertility	 support	 to	 patients	 of	 reproductive	 age.49
Unfortunately,	more	often	 than	not,	 oncofertility	 support	 is	 not	 delivered	 to	 the	 standard	of	 current	 guidelines,
which	include	discussion	of	both	fertility	preservation	and	sexual	health	and	function	with	any	patient	at	risk	of
infertility	due	to	cancer	treatment	and	referral	to	preservation	clinics	within	24	hours	for	all	patients	who	choose
the	option	of	preservation.50

Models	of	Care
Today,	 the	scientific	community	 is	dedicating	 increasing	attention	 to	AYAs,	and	 in	different	parts	of	 the	world
AYA-specific	 programs	 have	 been	 founded	 and	 implemented,	 at	 single	 institutions	 or	 nationally,	 variously
involving	 health-care	 providers,	 national	 societies,	 governments,	 and	 charitable	 institutions.51	 Many	 of	 these
experiences	have	been	 in	 pediatric	 settings,	whereas	 others	 are	 a	 spin-off	 of	 adult	 services.	However,	 both	 the
traditional	pediatric	and	adult	health-care	models	have	been	shown	to	be	inadequate	to	deal	with	AYA	patients’
needs.	It	remains	to	be	seen	whether	a	single,	ideal	“new”	model	of	delivery	of	care	should	exist	for	AYA	patients
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or	whether	and	how	the	existing	models	could	be	adjusted	to	reach	this	goal.
Ideally,	AYA	care	should	be	patient	centered	(with	a	view	to	acknowledging	each	patient’s	level	of	autonomy

and	maturity),	 should	 promote	 patients’	 normalcy52	with	 adequate	 spaces	 and	 age-specific	 programs	 (allowing
them	 to	 continue	 living	 as	 normally	 as	 possible),	 and	 should	 take	 the	 experiences	 and	 views	 of	 patients	 into
account	 (give	 young	 people	 voice	 and	 choice).53,54	 The	 AYA	 model	 of	 care	 should	 be	 necessarily
multidisciplinary	and,	given	the	distinctive	tumor	epidemiology	in	this	age	group,	should	include	in	principle	both
pediatric	 and	 adult	medical	 oncologists—or	 eventually	 a	 new	 figure,	 an	 expert	AYA	oncologist—all	 of	whom
have	 specific	 training	 and	 particular	 interpersonal	 skills.55	 Similarly,	 an	 AYA	 program	 should	 include	 the
availability	of	clinical	trials	for	all	the	common	malignancies	in	this	age	group.	In	addition,	careful	consideration
should	be	given	to	economic	issues	and	the	need	to	receive	institutional	support	(the	acceptance	of	a	standard	of
care	 is	 fundamental	 to	establishing	structured	programs).	A	key	 requisite,	 finally,	 should	be	 to	demonstrate	 the
benefit	of	the	program,	its	affordability,	and	(eventually)	its	revenue	growth.	Measuring	the	cost-effectiveness	of
projects	 is	 challenging,	 and	 metrics,	 including	 indirect	 benefits	 or	 collateral	 services	 in	 different	 fields	 (e.g.,
psychosocial	appraisal	or	fertility	preservation	programs),	should	be	considered.56	However,	planning	a	specific
model	of	care	and	developing	an	AYA-dedicated	program	should	not	only	reflect	an	ideal	but	also	acknowledge
local	 issues	 and	 variations	 in	 medical	 culture	 and	 resources,	 a	 reality	 that	 has	 generated	 an	 interesting
heterogeneity	of	solutions.

Choice	of	Treatment	Setting	and	Specialist
A	central	issue	is	the	most	appropriate	specialist	to	manage	the	treatment	of	the	AYA	patient:	medical	oncologist
(medical,	 radiation,	 surgical,	 or	 gynecologic	oncologist),	 pediatric	 oncologist,	 or	 in	 the	 rare	 instance	 and	when
available	AYA	oncologist.	For	AYAs	with	a	pediatric	 type	of	malignancy,	medical	oncologists	unfamiliar	with
current	workup	and	treatment	face	a	difficult	challenge.	A	consensus	panel	that	included	medical	oncologists,	the
American	 Federation	 of	 Clinical	 Oncologic	 Societies,	 concluded	 that	 “payers	 must	 provide	 ready	 access	 to
pediatric	oncologists,	 recognizing	 that	childhood	cancers	are	biologically	distinct”	and	 that	 the	“likelihood	of	a
successful	outcome	in	children	is	enhanced	when	treatment	is	provided	by	a	pediatric	cancer	specialist.”57	Ideally,
such	 a	 patient	 should	 be	 comanaged	 by	 the	 pediatric	 and	 adult	 services	 and,	 in	 certain	 circumstances,	 be
transferred	 to	 a	 pediatric	 or	 AYA	 oncology	 service.	 Ultimately,	 an	 AYA	 oncology	 discipline	 with	 specific
training,	 including	 fellowship	 programs,	 may	 provide	 a	 sufficient	 number	 of	 AYA	 oncologists	 to	 optimize
management.

An	even	more	basic	challenge	is	referral	of	AYA	patients	to	specialized	cancer	centers.	In	the	United	States,
with	 less	 than	 20%	 of	 20-	 to	 30-year-old	 cancer	 patients	 referred	 to	 an	 NCI-designated	 cancer,	 an	 academic
medical	 center,	 or	 a	member	 of	 an	NCI-sponsored	 cooperative	 group,	 no	 other	 age	 group	 has	 a	 lower	 referral
proportion.58	 In	 California,	 the	 percentage	 of	 AYA	 cancer	 patients	 receiving	 care	 at	 an	 NCI-designated	 or
Children’s	Oncology	Group–designated	center	 increased	 from	7%	 in	1991	 to	43%	 in	2014,	but	more	 than	half
remained	 in	 their	 communities.	 AYA	 patients	 were	 less	 likely	 to	 be	 referred	 to	 the	 center	 if	 they	 had	 public
insurance,	were	uninsured,	were	Hispanic,	 lived	more	than	5	miles	from	a	center,	or	had	a	diagnosis	other	than
leukemia	 and	CNS	 tumors.59	 Although	 not	 studied,	 the	 psychosocial	 challenges	 AYA	 patients	 face,	 including
parental	responsibilities,	employee	and	student	activities	and	restrictions,	and	separation	from	family	and	friends,
pose	special	referral	problems	for	AYAs.

The	British	and	Australians	have	pioneered	 the	solution	of	 treating	AYA	patients	at	 specifically	constructed
AYA	units.	These	settings	provide	AYAs	with	physically	discrete	environments	that	provide	age-specific	nursing
care,	 peer	 companionship,	 age-	 specific	 and	 continuing	 education,	 and	 recreation.	 Several	 such	 centers	 have
opened	in	the	United	States,60	and	others	are	under	development,	but	the	initiative	requires	construction,	staffing,
and	financial	support	not	yet	widely	available,	leading	to	frustration	and	disappointment.61

Lack	of	Participation	in	Clinical	Trials
In	the	United	States,	AYAs	with	cancer	have	a	lower	rate	of	participation	(1%	to	2%)	on	clinical	trials	than	either
younger	 or	 older	 patients,62	 and	 there	 has	 been	 little	 to	 no	 progress	 in	 improving	 their	 participation.63	 The
participation	gap	spares	no	geographic	region	or	ethnic	group,64	and	reasons	are	multifactorial.62,65,66	The	low	rate
of	 clinical	 trial	 participation	may	 help	 explain	 a	 lower	 than	 expected	 level	 of	 progress	 in	AYAs.	 For	 both	 the
national	U.S.	 cancer	 survival	 and	mortality	 trends,	 progress	 since	 2000	 is	 correlated	 directly	with	 clinical	 trial
participation	as	a	 function	of	5-year	age	 intervals,	not	only	 throughout	 the	pediatric	 to	adult	age	range	but	also



within	 the	AYA	age	 range.62	 Potential	measures	 to	 improve	 clinical	 trial	 participation	by	AYAs	could	 include
steps	to	enhance	physician	awareness	of	low	AYA	clinical	trial	accrual,	collaboration	between	the	pediatric	and
medical	 oncology	components	 for	 coordinated	 recruitment	 and	patient	 care,	 community	outreach	 to	AYAs	and
primary	care	providers,	 and	adaptation	of	other	proven	comprehensive	 strategies	 to	make	 trials	more	available,
accessible,	acceptable,	and	appropriate	to	AYAs.63,67

PROGRESS
Worldwide,	more	 than	650,000	AYAs	died	of	cancer	during	2016,	which	may	be	compared	with	 the	estimated
number	of	new	cases	of	cancer	during	the	year	as	1	death	for	every	2	new	cases	(see	Table	95.1).	The	worldwide
death-to-new	case	ratio	increases	with	age	within	the	AYA	age	range,	from	1	death	for	every	2	new	cases	in	20-	to
24-year-olds	 to	 nearly	 2	 in	 every	 3	 by	 ages	 35	 to	 39	 years	 (see	 Table	 95.1).	 This	 ratio	 is	 obviously	 lower	 in
socioeconomically	 advantaged	 countries	 but	 signifies	 the	 global	 need	 to	 address	 the	AYA	 cancer	 problem.	 In
Europe,	the	United	States,	and	Japan,	the	5-year	relative	survival	during	2000	to	2007	was	comparable	for	all	but
a	few	of	38	cancers	common	in	AYAs.68	The	exceptions	include	RMS,	CNS	tumors,	and	ALL,	which	had	lower
survival	rates	in	Japan;	prostate	cancer,	which	had	a	lower	survival	rate	in	Europe;	and	melanoma,	which	had	a
higher	 survival	 rate	 in	 the	United	States.68	RMS	survival	 in	AYAs	was	 low	 in	 all	 three	 regions	 evaluated,	 and
RMS	had	one	of	the	lowest	survival	rates	of	all	cancer	in	AYAs,	especially	in	comparison	to	the	much	better	rates
in	 children.	ALL	 is	 of	 special	 interest	 because	 it	 is	 one	of	 the	 cancers	 in	AYAs	with	 the	poorest	 survival	 rate
(fourth	worst	of	38	cancers),68	because	it	has	had	the	most	research	compared	with	pediatric	and	adult	treatment
regimens,	and	because	of	what	appears	to	be	a	different	biologic	mix	of	ALLs	in	AYAs	than	in	either	younger	or
older	 patients.	The	5-year	 survival	 rate	 appears	 to	 be	better	 for	AYAs	with	ALL	 in	general	 in	Europe	 and	 the
United	States	than	in	Japan.68

Survival	for	Adolescents	and	Young	Adults	Compared	to	Children	(Age
Younger	Than	15	Years)
In	Europe,	the	United	States,	and	Japan,	AYAs	have	a	worse	survival	than	children	for	most	cancers	that	occur	in
both	age	groups.68	In	Europe,	this	is	true	for	ALL,	AML,	Hodgkin	lymphoma,	NHL,	astrocytoma,	Ewing	sarcoma
of	the	bone,	osteosarcoma,	and	RMS	(P	<	.001	for	each).

Survival	for	Adolescents	and	Young	Adults	Compared	to	Older	Adults	(Ages	40
to	69	Years)
With	 few	 exceptions,	 AYAs	 in	 Europe,	 the	 United	 States,	 and	 Japan	 had	 better	 survival	 than	 adults	 for	 the
overlapping	cancers.68	AYAs	had	lower	survival	compared	to	adults	for	breast	and	prostate	carcinomas	in	Europe
and	in	the	United	States	and	similar	survival	for	breast	cancer	in	Japan.	Colorectal	cancer	survival	was	lower	in
the	United	States	in	AYAs	than	in	older	persons,	whereas	neither	Europe	nor	Japan	had	a	difference.

Survival	Trends
To	assess	survival	trends	in	AYAs	with	cancer,	Figure	95.8	shows	the	Joinpoint	analysis	of	their	5-year	relative
survival	rates	in	the	United	States	during	1975	to	2008.69,70	It	excludes	nonmelanoma	skin	cancer	and,	in	females,
thyroid	 cancer	 (to	 avoid	 the	 inflated	 trend	due	 to	overdiagnosis)	 and,	 in	males,	HIV/AIDS-related	 cancers	 that
peaked	during	the	1980s	and	1990s.	Survival	has	improved	steadily	in	American	AYAs	since	1975	(red	lines)	but
not	 at	 a	 lower	 rate	 than	 in	younger	 and	older	patients.	Both	male	and	 female	AYAs	 lost	 their	distinct	 survival
advantage	over	younger	patients	 two	decades	 ago	 (left	 panels)	 and	have	had	 their	 advantage	over	middle-aged
adults	diminished	(right	panels).	In	terms	of	average	APC,	the	most	recent	APC	for	children	was	higher	in	both
girls	 and	 boys	 than	 in	AYA	 females	 and	males	 (see	 Fig.	95.8).	 In	males,	 a	 25%	 5-year	 survival	 advantage	 of
AYAs	compared	with	40-	to	60-year-old	patients	in	the	1980s	was	reduced	by	half	to	13%,	with	the	most	recent
APC	for	older	adults	nearly	twice	that	of	AYAs	(right	panels).	The	most	recent	measurable	5-year	death	rate,	in
2009,	 is	 20%	 in	 both	 AYAs	 and	 younger	 patients,	 indicative	 of	 a	 significant	 amount	 of	 progress	 yet	 to	 be
achieved.

When	the	potential	patient	years	of	 life	saved	(PYLS)	are	considered,	AYAs	with	cancer	are	second	only	 to
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women	with	breast	cancer.	AYAs	diagnosed	with	cancer	in	the	United	States	in	2013	had	a	projected	total	of	2.8
million	PYLS.	This	total	is	more	than	four	times	that	in	children	with	cancer.

In	 terms	 of	 quality	 of	 survival,	 there	 has	 been	 a	marked	 increase	 since	 2000	 in	 publications	 addressing	 the
overall	quality	of	life	in	AYAs	with	cancer	both	during	and	after	treatment.71	Instruments	designed	specifically	for
this	 purpose	 have	 been	 developed.	 Given	 that	 AYAs	 should	 be	 able	 to	 tolerate	 chemotherapy	 and	 radiation
therapy	better	than	the	growing	and	less	mature	child	and	young	adolescent	and	also	better	than	older	adults	with
coexisting	 morbidities,	 AYAs	 in	 general	 may	 have	 a	 more	 favorable	 quality	 of	 life	 than	 those	 treated	 with
cytotoxic	therapy	at	younger	and	older	ages.

Cancer	Mortality	Worldwide
Cancer	deaths	in	AYAs	were	estimated	by	GLOBOCAN	2012	at	nearly	400,000.68	Nearly	5%	of	cancer	deaths
worldwide	were	among	those	aged	15	to	39	years.68	The	five	cancer	types	most	often	causing	death	were	breast,
leukemia,	liver,	cervix	uteri,	and	brain/other	CNS.68	Deaths	in	males	were	more	common	in	several	cancer	sites
compared	 with	 deaths	 in	 females,	 including	 the	 bladder,	 larynx,	 lip/oral	 cavity,	 liver,	 multiple	 myeloma,	 and
pharynx	other	 than	nasopharynx.	Because	 the	 survival	 rates	 for	 thyroid	cancer	 are	high,	 there	were	 few	deaths
estimated	in	comparison	to	the	large	number	of	cases.

Death	Rates	and	Trends	by	Site
In	 the	 United	 States,	 cancer	 mortality	 among	 AYAs	 has	 declined	 steadily,	 such	 that	 it	 has	 dropped	 from	 the
second	 to	 the	 fifth	most	 common	 cause	 of	 death	 among	AYAs	 (Fig.	 95.9).72	Among	 the	 seven	most	 common
causes	of	death	in	AYAs,	cancer	is	one	of	only	two	causes	(the	other	is	motor	vehicle	deaths)	that	have	decreased
since	1999.

Figure	95.8	Joinpoint	analysis	and	average	annual	percent	change	(APC)	of	annual	5-year	relative
survival	in	adolescents	and	young	adults	compared	with	children	<15	years	of	age	(left	panels)	and
with	middle-age	adults	aged	40	to	54	years	(left	panels),	1975	to	2009,	Surveillance,	Epidemiology,
and	End	Results	(SEER)	9,	by	sex.	Thyroid	cancer	is	excluded	in	females	to	mask	the	increasing



incidence	due	to	overdiagnosis.	Kaposi	sarcoma	and	HIV-affected	non-Hodgkin	lymphomas
(NHLs)	are	excluded	in	males	due	to	their	transient	increase	during	the	HIV/AIDS	epidemic	during
the	1980s	and	1990s.	NHLs	excluded	include	Burkitt	lymphoma	[ICD-O-3	2(a)2.4],	B-cell	NHL
not	otherwise	specified	[2(a)3],	plasma	cell	neoplasm	[2(a)2.8],	precursor	T-cell	NHL	[2(b)1],	and
mature	T-cell	NHL	[2(b)2].	(From	National	Cancer	Institute,	Division	of	Cancer	Control	and

Population	Sciences.	Joinpoint	trend	analysis	software.	https://surveillance.cancer.gov/joinpoint/.
Accessed	July	20,	2018.	Surveillance,	Epidemiology,	and	End	Results	Program.	SEER*Stat
Database:	Incidence—SEER	9	Regs	research	data,	Nov	2016	sub	[1973–2014]	<Katrina/Rita

population	adjustment>.	http://www.seer.cancer.gov/data-
software/documentation/seerstat/nov2016/.	Accessed	July	20,	2018.)

Figure	95.9	Annual	death	rate	of	the	seven	most	common	causes	of	death	in	male	and	female
adolescents	and	young	adults,	1999	to	2014,	United	States.71	*Includes	homicides,	suicides,	and
accidental	deaths.	^International	Classification	of	Diseases	(ICD)-10	codes	V01.0	to	V79.9	and

V81.0	to	V87.8.	^^Nonintentional	(nonsuicide).	ICD-10	code	X42	for	opioid	and	codes	X40,	X41,
X43,	and	X44	for	other	drugs.	(From	Surveillance,	Epidemiology,	and	End	Results	Program.
SEER*Stat	Database:	Incidence—SEER	9	Regs	research	data,	Nov	2016	sub	[1973–2014]

<Katrina/Rita	population	adjustment>.	http://www.seer.cancer.gov/data-
software/documentation/seerstat/nov2016/.	Accessed	July	20,	2018.)
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Figure	95.10	Cancer	death	rates	(upper	panel)	and	their	annual	percent	change	(APC)	(lower
panel),	2000	to	2015,	adolescents	and	young	adults	(ages	15	to	39	years),	Surveillance,

Epidemiology,	and	End	Results	18,	by	site	and	sex.8	CNS,	central	nervous	system;	AML,	acute
myeloid	leukemia;	STS,	soft	tissue	sarcoma;	NHL,	non-Hodgkin	lymphoma;	ALL,	acute
lymphoblastic	leukemia;	IBD,	intrahepatic	bile	duct;	CML,	chronic	myeloid	leukemia.



Figure	95.10	shows	the	death	rate	in	2015	and	death	rate	trend	during	2000	to	2015	among	AYAs	in	the	United
States	for	individual	types	of	cancer.	The	highest	rate	is	that	for	female	breast	cancer	at	2.2	per	100,000	females,
and	 death	 rates	 for	 the	 remaining	 sites	 are	 less	 than	 half	 that	 for	 breast	 cancer,	with	 cervical	 carcinoma,	CNS
tumors,	 and	 colorectal	 cancer	 the	 next	 most	 common.	 For	 males,	 CNS	 tumors	 and	 colorectal	 cancer	 are	 the
leading	causes	of	cancer	deaths,	at	1.2	and	1.0	per	100,000,	respectively,	and	all	other	cancers	in	males	have	rates
less	than	half	of	these	cancers.	The	overall	cancer	death	rate	among	AYAs	declined	during	2000	to	2015	in	the
United	States,	with	only	a	 few	cancers	not	 showing	progress,	especially	cervical	cancer	 (despite	 the	success	of
screening)	and,	in	males,	colorectal	and	thyroid	cancer.	Chronic	myeloid	leukemia	(CML),	lymphoma,	and	lung
cancer	have	had	dramatic	declines.	The	most	obvious	challenges	in	reducing	the	mortality	rate	are	CNS	tumors
and	colorectal	cancer	in	both	males	and	females	and	cervical	carcinoma	in	females.

FUTURE	CHALLENGES
Some	of	the	areas	of	progress	relevant	to	AYA	oncology	include	identification	of	the	challenge	of	overdiagnosis
of	 cancer	 in	 high-	 income	 countries,	 exemplified	 by	 thyroid	 carcinoma5;	 development	 of	 tools	 to	 measure
psychological	distress,73	 a	prevalent	problem	 in	 this	population74;	 overcoming	barriers	 to	 accrual	 in	 therapeutic
clinical	trials,68,75,76	a	major	step	to	establishing	recruitment	as	a	standard	of	care;	and	the	use	of	next-generation
sequencing,	 as	 in	 acute	 lymphoblastic	 leukemia,	 demanding	 that	more	 emphasis	 be	 paid	 to	 biorepositories	 and
contributing	to	the	need	to	revise	the	current	classification	of	cancer	in	the	AYA	age	group.77
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INTRODUCTION
The	 term	 lymphoma	 identifies	 a	 heterogeneous	 group	 of	 biologically	 and	 clinically	 distinct	 neoplasms	 that
originate	from	cells	in	the	lymphoid	organs	and	have	been	historically	divided	into	two	categories:	non-Hodgkin
lymphoma	(NHL)	and	Hodgkin	lymphoma	(HL).1	During	the	past	decades,	significant	progress	has	been	made	in
elucidating	the	molecular	pathogenesis	of	lymphoid	malignancies	as	a	clonal	expansion	of	B	cells	(in	the	majority
of	 cases)	 or	T	 cells.	The	molecular	 characterization	of	 the	most	 frequent	 genetic	 abnormalities	 associated	with
distinct	 lymphoma	 types	 has	 led	 to	 the	 identification	 of	multiple	 proto-oncogenes	 and	 tumor	 suppressor	 genes
whose	 abnormal	 functioning	 contributes	 to	 neoplastic	 transformation.	 This	 chapter	 focuses	 on	 the	 molecular
pathogenesis	 of	 the	 most	 common	 and	 well-characterized	 types	 of	 lymphoma	 observed	 in	 immunocompetent
individuals,	 including	 B-cell	 NHL	 (B-NHL),	 T-cell	 NHL	 (T-NHL),	 HL,	 and	 chronic	 lymphocytic	 leukemia
(CLL),	which	also	derives	from	mature	B	cells.	Emphasis	will	be	given	to	the	mechanisms	of	genetic	lesion	and
the	nature	of	the	involved	genes	in	relationship	to	the	normal	biology	of	lymphocytes.

THE	CELL	OF	ORIGIN	OF	LYMPHOMA
B-Cell	Development	and	the	Dynamics	of	the	Germinal	Center	Reaction
B	lymphocytes	are	generated	from	a	common	pluripotent	stem	cell	in	the	bone	marrow,	where	precursor	B	cells
first	 assemble	 their	 immunoglobulin	heavy	chain	 locus	 (IGH)	 followed	by	 the	 light	 chain	 loci	 (IGL)	 through	a
site-specific	 process	 of	 cleavage	 and	 rejoining,	 known	 as	 V(D)J	 recombination.2	 Cells	 that	 fail	 to	 express	 a
functional	 (and	 nonautoreactive)	 antigen	 receptor	 are	 eliminated	 within	 the	 bone	 marrow,	 whereas	 B-cell
precursors	that	have	successfully	rearranged	their	antibody	genes	are	positively	selected	to	migrate	into	peripheral
lymphoid	 organs	 as	 mature,	 naive	 B	 cells.	 In	 most	 cells,	 the	 subsequent	 maturation	 steps	 are	 linked	 to	 the
histologic	 structure	 of	 the	 germinal	 center	 (GC),	 a	 specialized	microenvironment	 that	 forms	 after	 encounter	 of
naive	B	cells	with	a	foreign	antigen,	in	the	context	of	signals	delivered	by	CD4+	T	cells	and	antigen-presenting
cells	(Fig.	96.1).3,4

GCs	 are	 highly	 dynamic	 structures	 in	 which	 B	 cells	 transit	 back	 and	 forth	 between	 two	 zones	 that	 are
conserved	across	several	species:	 the	dark	zone	(DZ),	which	consists	of	rapidly	proliferating	centroblasts	(CBs)
(doubling	time,	6	to	12	hours),	and	the	light	zone	(LZ),	which	consists	of	more	quiescent	cells	termed	centrocytes,
amid	 a	 network	 of	 resident	 accessory	 cells	 (follicular	 dendritic	 cells	 [FDCs]	 and	 Tfh	 cells).5–7	 According	 to
currently	accepted	models,	the	DZ	is	the	site	where	GC	B	cells	modify	the	variable	region	of	their	IG	genes	by	the
process	 of	 somatic	 hypermutation	 (SHM),	 which	 introduces	 mostly	 single	 nucleotide	 substitutions,	 with	 few
deletions	and	duplications,	to	change	the	affinity	of	the	antibody	for	the	antigen.4,8	CBs	are	then	believed	to	cease
proliferation	and	shuttle	to	the	LZ,	where	they	are	rechallenged	by	the	antigen	through	the	interaction	with	CD4+
T	cells	and	FDCs.3,5,6	LZ	B	cells	expressing	a	B-cell	receptor	(BCR)	with	reduced	affinity	for	the	antigen	will	be
eliminated	by	apoptosis,	whereas	a	few	cells	with	greater	affinity	will	be	selected	for	survival	and	differentiation
into	memory	 cells	 and	 plasma	 cells	 or	 reenter	 the	 DZ	 following	 stimulation	 by	 a	 variety	 of	 signals.	 Iterative
rounds	of	mutations	and	selection	lead	to	affinity	maturation	at	the	population	level.	The	LZ	is	also	the	site	where
B	 cells	 undergo	 class-switch	 recombination	 (CSR),	 a	 DNA	 remodeling	 event	 that	 confers	 distinct	 effector
functions	to	antibodies	with	identical	specificities.9	SHM	and	CSR	represent	B-cell–specific	functions	that	modify
the	genome	of	B	cells	via	mechanisms	involving	single-	or	double-strand	breaks	and	depend	on	the	activity	of	the
activation-induced	 cytidine	 deaminase	 (AID)	 enzyme,10,11	 a	 notion	 important	 in	 the	 understanding	 of	 the
mechanisms	generating	genetic	alterations	in	B-NHL.
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A	 critical	 regulator	 of	 the	 GC	 reaction	 is	 BCL6,	 a	 transcriptional	 repressor	 that	 negatively	 modulates	 the
expression	of	a	broad	set	of	genes,	including	those	involved	in	BCR	and	CD40	signaling,	T-cell–mediated	B-cell
activation,	induction	of	apoptosis,	response	to	DNA	damage,	various	cytokine	and	chemokine	signaling	pathways,
and	plasma	cell	differentiation,	via	suppression	of	BLIMP1.12–16	This	transcriptional	program	suggests	that	BCL6
is	 critical	 to	 establish	 the	 proliferative	 status	 of	 CBs	 and	 to	 allow	 the	 execution	 of	 antigen-specific	 DNA
modification	processes	(SHM	and	CSR)	without	eliciting	responses	to	DNA	damage;	furthermore,	BCL6	keeps	in
check	 a	 variety	 of	 signaling	 pathways	 that	 could	 lead	 to	 premature	 activation	 and	 differentiation	 prior	 to	 the
selection	 for	 the	 survival	 of	 cells	 producing	 high-affinity	 antibodies.	Once	 these	 processes	 are	 completed,	 two
critical	signals	for	licensing	GC	exit	are	represented	by	engagement	of	the	BCR	by	the	antigen	and	activation	of
the	CD40	receptor	by	the	CD40	ligand	present	on	CD4+	T	cells.15	These	signals	induce	downregulation	of	BCL6
at	 the	 translational	 and	 transcriptional	 level,	 respectively,	 thus	 restoring	 DNA	 damage	 responses,	 as	 well	 as
activation	and	differentiation	capabilities.

Although	 oversimplified,	 this	 schematic	 description	 of	 the	 GC	 reaction	 is	 useful	 to	 introduce	 two	 basic
concepts	for	the	understanding	of	B-NHL	pathogenesis.	First,	the	majority	of	B-NHLs,	with	the	exception	of	most
mantle	cell	lymphomas	(MCL),	derive	from	GC-experienced	B	cells,	as	documented	by	the	fact	that	the	malignant
clones	 harbor	 hypermutated	 IgV	 sequences,	 an	 irreversible	 marker	 of	 SHM	 activity.17	 Second,	 two	 common
mechanisms	of	oncogenic	 lesions	 in	B-NHL,	namely,	chromosomal	 translocations	and	aberrant	SHM	(ASHM),
result	from	mistakes	in	the	machinery	that	normally	diversifies	the	IG	genes	during	B-lymphocyte	differentiation,
further	supporting	the	GC	origin	of	these	tumors	(Fig.	96.2).18	Finally,	the	definition	of	two	distinct	phases	during
GC	 development	 reflects	 different	 transient	 states	 within	 the	 same	 B-cell	 developmental	 step,	 which	 can	 be
recognized	to	some	extent	in	various	B-NHL	subtypes.

Figure	96.1	Normal	B-cell	development	and	lymphomagenesis.	Schematic	representation	of	a
lymphoid	follicle,	constituted	by	the	germinal	center	(GC),	the	mantle	zone,	and	the	surrounding

marginal	zone.	B	cells	that	have	successfully	rearranged	their	IG	genes	in	the	bone	marrow	move	to
peripheral	lymphoid	organs	as	naive	B	cells.	Upon	encounter	with	a	T-cell–dependent	antigen,	B
cells	become	proliferating	centroblasts	in	the	GC	and	eventually	transition	into	centrocytes,	which
shuttle	back	and	forth	between	the	dark	and	light	zone	while	undergoing	iterative	rounds	of	somatic
hypermutation	(SHM)	and	selection.	Only	GC	B	cells	with	high	affinity	for	the	antigen	will	be
positively	selected	to	exit	the	GC	and	further	differentiate	into	plasma	cells	or	memory	B	cells,



whereas	low-affinity	clones	are	eliminated	by	apoptosis.	Dotted	arrows	link	various	lymphoma
types	to	their	putative	normal	counterpart,	identified	based	on	the	presence	of	somatically	mutated
IGV	genes	as	well	as	on	distinctive	phenotypic	features.	MZL,	marginal	zone	lymphoma;	CLL,

chronic	lymphocytic	leukemia;	HCL,	hairy	cell	leukemia;	Ag,	antigen;	Tfh,	T	follicular	helper	cell;
CSR,	class-switch	recombination;	MCL,	mantle	cell	lymphoma;	BL,	Burkitt	lymphoma;	NLPHL,
nodular	lymphocyte-predominance	Hodgkin	lymphoma;	FL,	follicular	lymphoma;	GCB-DLBCL,
germinal	center	B-cell–like	diffuse	large	B-cell	lymphoma;	cHL,	classical	Hodgkin	lymphoma;
ABC-DLBCL,	activated	B-cell–like	diffuse	large	B-cell	lymphoma;	PEL,	primary	effusion
lymphoma;	LPL,	lymphoplasmacytic	lymphoma	(or	Waldenstrom	Macroglobulinemia);	MM,

multiple	myeloma.

T-Cell	Development
The	process	of	T-cell	development	proceeds	through	sequential	stages	defined	according	to	the	expression	of	the
molecules	CD4	and	CD8.	Committed	lymphoid	progenitors	exit	 the	bone	marrow	and	migrate	to	the	thymus	as
early	 T-cell	 progenitors	 or	 double-negative	 1	 (DN1)	 cells,	 which	 lack	 expression	 of	 both	 CD4	 and	 CD8	 and
harbor	 unrearranged	T-cell	 receptor	 (TCR)	 genes.19	 In	 the	 thymic	 cortex,	T	 cells	 advance	 through	 the	 double-
negative	 stages	DN2,	DN3,	 and	DN4	while	 undergoing	 specific	 rearrangements	 at	 the	TCRβ	 locus	 in	 order	 to
acquire	expression	of	 the	pre-TCR.19	Those	thymocytes	 that	have	successfully	recombined	the	pre-TCR	will	be
selected	 to	 further	differentiate	 into	double-positive	cells	 (CD4+CD8+),	which	express	 a	 complete	 surface	TCR
and	can	then	enter	a	process	of	positive	and	negative	selection	in	the	medulla	before	exiting	the	thymus	as	single-
positive	T	cells.19	The	 end	 result	 of	 this	 process	 is	 a	 pool	 of	mature	T	 cells	 that	 exhibit	 coordinated	TCR	and
coreceptor	 specificities,	 as	 required	 for	 effective	 immune	 responses	 to	 foreign	 antigens.	Most	mature	 T-NHLs
arise	from	post-thymic	T	cells	in	the	lymphoid	organs.

Figure	96.2	Model	for	the	generation	of	genetic	lesions	in	lymphoma.	Model	for	the	initiation	of
chromosomal	translocations	and	aberrant	somatic	hypermutation	(SHM)	during	lymphomagenesis.
B-cell	non-Hodgkin	lymphoma–associated	genetic	lesions	are	favored	by	mistakes	occurring	during
the	physiologic	processes	of	SHM	and	class-switch	recombination	(CSR)	in	the	highly	proliferative
environment	of	the	germinal	center	(top).	These	events	lead	to	chromosomal	translocations,	which
in	most	cases	juxtapose	the	IG	genes	to	one	of	several	proto-oncogenes	(e.g.,	BCL2	or	MYC),	and

aberrant	SHM	of	multiple	target	genes,	thus	contributing	to	the	pathogenesis	of	lymphoma.
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DLBCL,	diffuse	large	B-cell	lymphoma;	BL,	Burkitt	lymphoma.

GENERAL	MECHANISMS	OF	GENETIC	ALTERATIONS	IN	LYMPHOMA
Chromosomal	Translocations
Although	 also	 found	 in	 nonlymphoid	 tumors,	 chromosomal	 translocations	 represent	 the	 genetic	 hallmark	 of
malignancies	 derived	 from	 the	 hematopoietic	 system.	 These	 events	 are	 generated	 through	 the	 reciprocal	 and
balanced	recombination	of	two	chromosomes	and	are	often	recurrently	associated	with	a	given	tumor	type,	where
they	are	clonally	represented	in	each	tumor	case.

The	 precise	 molecular	 mechanisms	 underlying	 the	 generation	 of	 translocations	 remain	 partially	 unclear;
however,	 significant	 advances	 have	 been	 made	 in	 our	 understanding	 of	 the	 events	 that	 are	 required	 for	 their
initiation.	 It	 has	 been	 documented	 that	 chromosomal	 translocations	 occur	 at	 least	 in	 part	 as	 a	 consequence	 of
mistakes	during	IG	and	TCR	gene	rearrangements	in	B	and	T	cells,	respectively,	and,	based	on	the	characteristics
of	the	chromosomal	breakpoint,	can	be	broadly	divided	into	the	following	three	groups:	(1)	translocations	derived
from	mistakes	of	the	RAG-mediated	V(D)J	recombination	process,	as	is	the	case	for	translocations	involving	IGH
and	CCND1	in	MCL	or	IGH	and	BCL2	in	follicular	lymphoma	(FL);	(2)	translocations	mediated	by	errors	in	the
AID-dependent	CSR	process,	such	as	those	involving	the	IG	genes	and	MYC	in	sporadic	Burkitt	lymphoma	(BL);
and	 (3)	 translocations	 occurring	 as	 by-products	 of	 the	 AID-mediated	 SHM	mechanism,	 which	 also	 generates
DNA	 breaks,	 such	 as	 those	 joining	 the	 IG	 and	MYC	 loci	 in	 endemic	 BL	 (eBL).18	 Conclusive	 experimental
evidence	 for	 the	 involvement	 of	 antibody-associated	 remodeling	 events	 has	 been	 provided	 in	 vivo	 using
lymphoma-prone	mouse	models,	where	the	removal	of	the	AID	enzyme	was	sufficient	to	abrogate	the	generation
of	MYC-IGH	translocations	in	normal	B	cells	undergoing	CSR20	and	to	prevent	the	development	of	GC-derived
lymphomas.21

The	common	feature	of	all	NHL-associated	chromosomal	translocations	is	the	presence	of	a	proto-oncogene	in
the	 proximity	 of	 the	 chromosomal	 recombination	 sites.	 In	 most	 lymphoma	 types,	 and	 in	 contrast	 with	 acute
leukemias,	the	coding	domain	of	the	oncogene	is	not	affected	by	the	translocation,	but	its	pattern	of	expression	is
altered	 as	 a	 consequence	 of	 the	 juxtaposition	 of	 heterologous	 regulatory	 sequences	 derived	 from	 the	 partner
chromosome	(proto-oncogene	deregulation)	(Fig.	96.3).	This	process	of	proto-oncogene	deregulation	is	defined	as
homotopic	 if	 a	 proto-oncogene	 whose	 expression	 is	 tightly	 regulated	 in	 the	 normal	 lymphoid	 cell	 counterpart
becomes	 constitutively	 expressed	 in	 the	 lymphoma	 cell,	 and	 as	 heterotopic	 when	 the	 proto-oncogene	 is	 not
expressed	in	the	putative	normal	counterpart	of	the	tumor	cell	but	undergoes	ectopic	expression	in	the	lymphoma.
In	 most	 types	 of	 NHL-associated	 translocations,	 the	 heterologous	 regulatory	 sequences	 responsible	 for	 proto-
oncogene	 deregulation	 are	 derived	 from	 antigen	 receptor	 loci,	which	 are	 expressed	 at	 high	 levels	 in	 the	 target
tissue.18	However,	 in	certain	translocations,	such	as	 the	ones	involving	BCL6	in	diffuse	large	B-cell	 lymphoma
(DLBCL),	 different	 promoter	 regions	 from	 distinct	 chromosomal	 sites	 can	 be	 found	 juxtaposed	 to	 the	 proto-
oncogene,	a	concept	known	as	“promiscuous”	translocations.	Less	commonly,	B-NHL–associated	chromosomal
translocations	juxtapose	the	coding	regions	of	the	two	involved	genes	to	form	a	chimeric	unit	that	encodes	for	a
novel	fusion	protein,	an	outcome	typically	observed	in	chromosomal	translocation	associated	with	acute	leukemia
(see	 Fig.	 96.3).	 Examples	 are	 the	 t(11;18)	 of	 mucosa-associated	 lymphoid	 tissue	 (MALT)	 lymphoma	 and	 the
t(2;5)	 of	 anaplastic	 large-cell	 lymphoma	 (ALCL).	 The	molecular	 cloning	 of	 the	 genetic	 loci	 involved	 in	most
recurrent	 translocations	 has	 led	 to	 the	 identification	 of	 a	 number	 of	 proto-oncogenes	 involved	 in
lymphomagenesis.

Aberrant	Somatic	Hypermutation
The	term	aberrant	somatic	hypermutation	(ASHM)	defines	a	mechanism	of	genetic	lesion	that	appears	to	derive
from	a	malfunction	 in	 the	physiologic	SHM	process,	 leading	 to	 the	mutation	of	multiple	non-IG	 genes.22	 This
phenomenon	is	uniquely	associated	with	B-NHL	and	particularly	with	DLBCL,	where	more	than	10%	of	actively
transcribed	genes	have	been	found	mutated	as	a	consequence	of	ASHM.

In	 GC	 B	 cells,	 SHM	 is	 tightly	 regulated	 both	 spatially	 and	 temporally	 to	 introduce	 mutations	 only	 in	 the
rearranged	 IGV	 genes,23	 as	 well	 as	 in	 the	 5′	 region	 of	 a	 few	 other	 genes,	 including	 BCL6,24,25	 although	 the
functional	 role	 of	mutations	 found	 in	 these	 other	 genes	 remains	 obscure.	On	 the	 contrary,	multiple	mutational
events	can	be	found	to	affect	numerous	loci	in	over	half	of	DLBCL	cases	and,	at	lower	frequencies,	in	few	other



lymphoma	types.22	The	identified	target	loci	include	several	well-known	proto-oncogenes	such	as	PIM1,	 PAX5,
and	MYC,	which	is	one	of	the	most	frequently	altered	human	oncogenes.	These	mutations	are	typically	distributed
within	approximately	2	kb	from	the	transcription	initiation	site	(i.e.,	the	hypermutable	domain	in	the	rearranged	IG
loci)	and,	depending	on	the	genomic	configuration	of	the	target	gene,	may	affect	nontranslated	as	well	as	coding
regions,	 thus	holding	 the	potential	of	 altering	 the	 response	 to	 factors	 that	normally	 regulate	 their	 expression	or
changing	 key	 structural	 and	 functional	 properties.22	 This	 is	 the	 case	 of	MYC,	 where	 a	 number	 of	 amino	 acid
substitutions	were	proven	 to	have	 functional	 consequences	 in	 activating	 its	oncogenic	potential.	Nonetheless,	 a
comprehensive	characterization	of	the	potentially	extensive	genetic	damage	caused	by	ASHM	is	still	lacking,	and
the	mechanism	involved	in	this	malfunction	has	not	been	elucidated.

Figure	96.3	Molecular	consequences	of	chromosomal	translocations	in	lymphoma.	Top	panel:
The	two	genes	involved	in	prototypic	chromosomal	translocations	are	graphically	represented,	with

their	regulatory	(REG)	and	coding	sequences.	Only	one	side	of	the	balanced,	reciprocal
translocations	is	indicated	in	the	figure.	Bottom	panel:	Distinct	outcomes	of	chromosomal

translocations.	In	the	case	of	transcriptional	deregulation	(left	scheme),	the	normal	regulatory
sequences	of	the	proto-oncogene	are	substituted	with	regulatory	sequences	derived	from	the	partner
chromosome,	leading	to	deregulated	expression	of	the	proto-oncogene.	In	most	B-cell	non-Hodgkin

lymphomas,	the	heterologous	regulatory	regions	derive	from	the	IG	loci.	In	the	case	of	fusion
proteins	(right	scheme),	the	coding	sequences	of	the	two	involved	genes	are	joined	in	frame	into	a

chimeric	transcriptional	unit	that	encodes	for	a	novel	fusion	protein,	characterized	by	novel
biochemical	and	functional	properties.

Copy	Number	Gains	and	Amplifications
In	 addition	 to	 chromosomal	 translocations	 and	 ASHM,	 the	 structure	 of	 proto-oncogenes	 and	 their	 pattern	 of
expression	can	be	altered	by	copy	number	(CN)	gains	and	amplifications,	leading	to	overexpression	of	an	intact
protein.	 Compared	 to	 epithelial	 cancer,	 only	 a	 few	 genes	 have	 been	 identified	 so	 far	 as	 specific	 targets	 of
amplification	 in	 B-NHL,	 as	 exemplified	 by	 REL	 and	 BCL2	 in	 DLBCL26,27	 and	 by	 the	 genes	 encoding	 for
programmed	cell	death	1	(PD-1)	ligands	in	primary	mediastinal	B-cell	lymphoma.28,29

Activating	Point	Mutations
Somatic	point	mutations	in	the	coding	sequence	of	a	target	proto-oncogene	may	alter	the	biologic	properties	of	its
protein	product,	leading	to	its	stabilization	or	constitutive	activation.	Over	the	past	few	years,	the	use	of	genome-
wide,	 high-throughput	 sequencing	 technologies	 has	 allowed	 the	 identification	 of	 numerous	 previously
unsuspected	 targets	 of	 somatic	 mutations	 in	 cancer,	 including	 lymphoid	 malignancies.	 These	 genes	 will	 be
discussed	 in	 individual	 disease	 sections.	Of	 note,	mutations	 of	 the	RAS	 genes,	 a	 very	 frequent	 proto-oncogene
alteration	in	human	neoplasia,	are	rare	in	lymphoma.30

Inactivating	Mutations	and	Deletions
The	TP53	gene,	possibly	the	most	common	target	of	genetic	alterations	in	human	cancer,	is	involved	at	generally
low	 frequencies,	 with	 the	 exception	 of	 specific	 disease	 subtypes,	 such	 as	 BL	 and	 DLBCL	 derived	 from	 the
transformation	of	FL	and	CLL.31,32	Analogous	to	other	neoplasms,	the	mechanism	of	TP53	inactivation	in	NHL
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entails	point	mutation	of	one	allele	and	chromosomal	deletion	or	mutation	of	the	second	allele.	However,	recent
efforts	 taking	 advantage	 of	 genome-wide	 technologies	 revealed	 several	 additional	 candidate	 tumor	 suppressor
genes	that	are	lost	through	chromosomal	deletions	and/or	deleterious	mutations,	including	genes	that	function	as
haploinsufficient	tumor	suppressors	(e.g.,	the	histone	modifiers	CREBBP	and	KMT2D).

Infectious	Agents
Viral	and	bacterial	infections	have	both	been	implicated	in	the	pathogenesis	of	lymphoma.	At	least	three	viruses
are	 associated	 with	 specific	 NHL	 subtypes:	 the	 Epstein-Barr	 virus	 (EBV),	 the	 human	 herpesvirus-8	 (HHV-
8/KSHV),	 and	 the	 human	 T-lymphotropic	 virus	 type	 1	 (HTLV-1).	 Other	 infectious	 agents,	 including	 Human
Immune-deficiency	Virus	HIV,	 hepatitis	 C	 virus	 (HCV),	Helicobacter	 pylori,	 and	Chlamydia	 psittaci	 have	 an
indirect	 role	 in	 NHL	 pathogenesis	 by	 either	 impairing	 the	 immune	 system	 and/or	 providing	 chronic	 antigenic
stimulation.

EBV	was	 initially	 identified	 in	 cases	of	 endemic	African	BL33,34	 and	 subsequently	detected	 in	 a	 fraction	of
sporadic	 BLs	 (sBLs),	 HIV-related	 lymphomas,	 and	 primary	 effusion	 lymphomas.35	 Upon	 infection,	 the	 EBV
genome	 is	 transported	 into	 the	 nucleus	 of	 the	 B	 lymphocyte,	 where	 it	 exists	 predominantly	 as	 an
extrachromosomal	circular	molecule	(episome).36	The	formation	of	circular	episomes	is	mediated	by	the	cohesive
terminal	 repeats,	 which	 are	 represented	 by	 a	 variable	 number	 of	 tandem	 repeats	 sequence.37	 Because	 of	 this
termini	 heterogeneity,	 the	 number	 of	 variable	 number	 of	 tandem	 repeats	 sequences	 enclosed	 in	 newly	 formed
episomes	may	differ	 considerably,	 thus	 representing	a	clonal	marker	of	 a	 single	 infected	cell.37	 Evidence	 for	 a
pathogenetic	role	of	the	virus	in	NHL	infected	by	EBV	is	at	least	twofold.	First,	it	is	well	recognized	that	EBV	is
able	to	significantly	alter	the	growth	of	B	cells.36	Second,	EBV-infected	lymphomas	usually	display	a	single	form
of	fused	EBV	termini,	suggesting	that	the	lymphoma	cell	population	represents	the	clonally	expanded	progeny	of
a	single	infected	cell.35	Nonetheless,	the	role	of	EBV	in	lymphomagenesis	is	still	unclear	because	the	virus	infects
virtually	all	humans	during	lifetime	and	its	transforming	genes	are	commonly	not	expressed	in	the	tumor	cells	of
BL.

HHV-8	 is	 a	 γ-herpesvirus	 initially	 identified	 in	 tissues	 of	 HIV-related	 Kaposi	 sarcoma38	 and	 subsequently
found	 to	 infect	 primary	 effusion	 lymphoma	 cells	 as	 well	 as	 a	 substantial	 fraction	 of	 multicentric	 Castleman
disease.39,40	Like	other	γ-herpesviruses,	HHV-8	is	also	lymphotropic	and	infects	lymphocytes	both	in	vitro	and	in
vivo.38,40	Lymphoma	cells	naturally	infected	by	HHV-8	harbor	the	viral	genome	in	its	episomal	configuration	and
display	a	marked	restriction	of	viral	gene	expression,	suggesting	a	pattern	of	latent	infection.

The	 HTLV-1	 RNA	 retrovirus	 was	 first	 isolated	 from	 a	 cell	 line	 established	 from	 an	 adult	 T-cell
leukemia/lymphoma	(ATLL)	patient.41	Unlike	acutely	 transforming	 retroviruses,	 the	HTLV-1	genome	does	not
encode	a	viral	oncogene,	nor	does	 it	 transform	T	cells	by	cis-activation	of	an	adjacent	cellular	proto-oncogene,
because	 the	 provirus	 integrates	 randomly	 within	 the	 host	 genome.42	 The	 pathogenetic	 effect	 of	 HTLV-1	 was
initially	 attributed	 to	 the	 viral	 production	 of	 a	 transregulatory	 protein	 (HTLV-1	 tax)	 that	 can	 activate	 the
transcription	of	several	host	genes.	However,	tax	expression	is	suppressed	in	vivo,	most	likely	to	allow	immune
escape	of	the	infected	cells,	questioning	its	role	in	transformation.	More	recently,	a	viral	factor	has	been	identified
that	 is	 thought	 to	 be	 involved	 in	 cell	 proliferation	 and	 viral	 replication	 and	may	 be	 responsible	 for	HTLV-1–
mediated	lymphomagenesis.

An	association	between	B-NHL	and	infection	by	HCV,	a	single-stranded	RNA	virus	of	the	Flaviviridae	family,
has	been	proposed	based	on	the	increased	risk	of	developing	lymphoproliferative	disorders	among	HCV-positive
patients43	 and	 on	 the	 results	 of	 interventional	 studies	 demonstrating	 that	 eradication	 of	 HCV	 with	 antiviral
treatment	 could	 directly	 induce	 lymphoma	 regression	 in	 seropositive	 patients	 affected	 by	 indolent	 NHL.44
Although	the	underlying	mechanisms	remain	unclear,	current	models	suggest	 that	chronic	B-cell	stimulation	by
antigens	associated	with	HCV	infection	may	induce	nonmalignant	B-cell	expansion,	which	subsequently	evolves
into	B-NHL	 through	 the	 accumulation	 of	 additional	 genetic	 lesions.	More	 recently,	 a	 few	 large	 epidemiologic
studies	also	revealed	a	higher	risk	of	developing	NHL	in	patients	with	chronic	HBV	infection.45

The	causative	link	between	antigen	stimulation	by	H.	pylori	and	MALT	lymphoma	originating	in	the	stomach
is	documented	by	 the	observation	 that	H.	pylori	 can	 be	 found	 in	 the	 vast	majority	 of	 these	 specimens46,47	 and
eradication	 of	 infection	 with	 antibiotics	 leads	 to	 long-term	 complete	 regression	 in	 70%	 of	 cases.48	 However,
patients	with	t(11;18)(q21;21)	respond	poorly	to	antibiotic	eradication,49	suggesting	additional	players.
C.	 psittaci,	 an	 obligate	 intracellular	 bacterium,	 was	 recently	 linked	 to	 the	 development	 of	 ocular	 adnexal

marginal	 zone	B-cell	 lymphoma	 (MZL),	 although	 variations	 in	 prevalence	 among	 different	 geographical	 areas



remain	 a	major	 investigational	 issue.50	 In	 this	 indolent	 lymphoma,	C.	 psittaci	 causes	 both	 local	 and	 systemic
persistent	infection,	presumably	contributing	to	lymphomagenesis	through	its	mitogenic	activity	and	its	ability	to
promote	polyclonal	cell	proliferation	and	resistance	 to	apoptosis	 in	 the	 infected	cells	 in	vivo.	Notably,	bacterial
eradication	with	antibiotic	therapy	is	often	followed	by	lymphoma	regression.50

MOLECULAR	PATHOGENESIS	OF	B-CELL	NON-HODGKIN	LYMPHOMA
The	 following	 section	 focuses	 on	well-characterized	genetic	 lesions	 that	 are	 associated	with	 the	most	 common
types	 of	 B-NHL,	 classified	 according	 to	 the	 World	 Health	 Organization	 (WHO)	 classification	 of	 lymphoid
neoplasia.1

Mantle	Cell	Lymphoma

Cell	of	Origin
MCL	 is	 an	 aggressive	disease	 representing	 approximately	5%	of	 all	NHL	diagnoses	 and	generally	 regarded	 as
incurable.1	Based	on	immunophenotype,	gene	expression	profile,	and	molecular	features,	two	variants	of	MCL	are
now	 recognized:	 classical	MCL,	 characterized	 by	 unmutated	 or	minimally	mutated	 IGV	 genes	 and	 thought	 to
derive	from	naive,	pre-GC	peripheral	B	cells	located	in	the	inner	mantle	zone	of	secondary	follicles;	and	leukemic
non-nodal	MCL,	characterized	by	IGV-mutated	cells	 thought	to	derive	from	antigen-experienced	B	cells.51	This
second	 form	 is	characterized	by	an	 indolent	behavior,	although	 it	can	 transform	 into	a	more	aggressive	disease
through	the	acquisition	of	additional	genetic	lesions.51

Genetic	Lesions
MCL	is	typically	associated	with	the	t(11;14)(q13;q32)	translocation,	which	juxtaposes	the	IGH	gene	at	14q32	to
a	 region	 containing	 the	 CCND1	 gene	 on	 chromosome	 11q13.52	 The	 translocation	 consistently	 leads	 to
deregulation	and	overexpression	of	cyclin	D1,	a	member	of	the	D-type	G1	cyclins	that	regulates	the	early	phases
of	the	cell	cycle,	and	is	normally	not	expressed	in	resting	B	cells.53	By	deregulating	cyclin	D1,	t(11;14)	is	thought
to	perturb	the	G1-S	phase	transition	of	the	cell	cycle.	The	frequency	and	specificity	of	this	genetic	lesion,	together
with	the	expression	of	cyclin	D1	in	the	tumor	cells,	provide	an	excellent	marker	for	MCL	diagnosis.1

In	 addition	 to	 t(11;14),	 up	 to	 10%	 of	 MCLs	 express	 aberrant	 cyclin	 D1	 transcripts	 as	 a	 consequence	 of
secondary	 rearrangements,	 microdeletions,	 or	 point	 mutations	 in	 the	 gene	 3′	 untranslated	 region.51,54	 These
alterations	lead	to	cyclin	D1	overexpression	through	the	removal	of	destabilizing	sequences	and	the	consequent
increase	 in	 the	mRNA	 half-life	 and	 are	more	 commonly	 observed	 in	 cases	 characterized	 by	 high	 proliferative
activity	and	a	more	aggressive	clinical	course.	The	pathogenic	role	of	cyclin	D1	deregulation	in	human	neoplasia
is	 suggested	 by	 the	 ability	 of	 the	 overexpressed	 protein	 to	 transform	 cells	 in	 vitro	 and	 to	 promote	 B-cell
lymphomas	in	transgenic	mice,	although	only	when	combined	to	other	oncogenic	events.55,56	However,	an	animal
model	 that	 faithfully	 recapitulates	 the	 features	 of	 the	 human	 MCL	 is	 still	 lacking.	 In	 cases	 resembling
conventional	 MCL	 both	 morphologically	 and	 phenotypically	 but	 lacking	 the	 t(11;14)	 (10%	 of	 diagnoses),
overexpression	of	CCND2	and	CCND3	is	often	detected,	and	chromosomal	rearrangements	involving	CCND2	are
present	in	more	than	50%	of	the	cases.57

Other	genetic	alterations	involved	in	MCL	include	biallelic	inactivation	of	the	ATM	gene	by	genomic	deletions
and	mutations;	loss	of	TP53	(20%	of	patients,	where	it	represents	a	marker	of	poor	prognosis);	and	inactivation	of
the	CDKN2A	gene	by	deletions,	point	mutations,	or	promoter	hypermethylation	(approximately	half	of	the	cases
belonging	 to	 the	MCL	variant	 characterized	 by	 a	 blastoid	 cell	morphology).51	Also	 associated	with	 aggressive
tumors	are	mutations	activating	the	Notch	signaling	pathway,	including	NOTCH1	(12%	of	samples)	and	NOTCH2
(5%	of	samples)58,59;	these	lesions	are	mutually	exclusive	and	mostly	consist	of	truncating	events	that	remove	the
PEST	sequences	required	for	protein	degradation,	leading	to	protein	stabilization.

A	recent	work	evaluating	the	immunogenic	potential	of	neoantigens	generated	by	genomic	alterations	in	MCL
cells	 showed	 that	most	 neoantigens	presented	on	 their	 surface	MHC-I	 and	MHC-II	 complexes	derive	 from	 the
IGV	 genes	 and	 were	 created	 by	 SHM.60	 Interestingly,	 these	 neoantigens	 were	 able	 to	 elicit	 specific	 T-cell
responses,	suggesting	a	potential	therapeutic	strategy	in	MCL	and	possibly	other	NHLs.60
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Burkitt	Lymphoma

Cell	of	Origin
BL	 is	 an	 aggressive	 lymphoma	 comprising	 three	 clinical	 variants,	 namely,	 sBL,	 eBL,	 and	 immunodeficiency-
associated	BL,	often	diagnosed	as	 the	 initial	manifestation	of	AIDS.1	 sBL	and	eBL	differ	 in	 their	geographical
distribution,	with	eBL	being	present	 in	equatorial	 areas	endemic	 for	malaria	and	 sBL	occurring	 throughout	 the
world.	These	two	subtypes	also	differ	in	their	association	with	EBV,	which	is	present	in	the	tumor	cells	of	all	eBL
cases	but	only	in	10%	to	20%	of	sBL	cases.	In	all	variants,	the	presence	of	highly	mutated	IGV	sequences61,62	and
the	expression	of	a	distinct	transcriptional	signature63,64	confirm	the	derivation	from	DZ	GC	B	cells.

Genetic	Lesions
All	 BL	 cases,	 including	 the	 leukemic	 variants,	 share	 a	 virtually	 obligatory	 genetic	 lesion	 (i.e.,	 chromosomal
translocations	involving	the	MYC	gene	on	region	8q24	and	one	of	the	IG	loci	on	the	partner	chromosome).65,66	In
approximately	 80%	of	 cases,	 this	 is	 represented	by	 the	 IGH	 locus,	 leading	 to	 t(8;14)(q24;q32),	whereas	 in	 the
remaining	20%	of	cases,	either	IGk	(2p12)	or	IGλ	(22q11)	is	involved.65–67	Occasionally,	other	translocation	loci
might	 be	 present.	 Although	 fairly	 homogeneous	 at	 the	 microscopic	 level,	 these	 translocations	 display	 a	 high
degree	 of	 molecular	 heterogeneity,	 the	 breakpoints	 being	 located	 5′	 and	 centromeric	 to	MYC	 in	 t(8;14)	 but
mapping	3′	to	MYC	in	t(2;8)	and	t(8;22).65–68	Further	molecular	heterogeneity	derives	from	the	exact	breakpoint
sites	 observed	 on	 chromosomes	 8	 and	 14,	 as	 translocations	 of	 eBL	 tend	 to	 involve	 sequences	 at	 an	 undefined
distance	(>1,000	kb)	5′	 to	MYC	on	chromosome	8	and	sequences	within	or	 in	proximity	to	the	IG	JH	 region	on
chromosome	14,18,69	whereas	t(8;14)	in	sBL	preferentially	involves	sequences	within	or	immediately	5′	to	MYC
(<3	kb)	and	the	IG	switch	regions	on	chromosome	14.18,69

The	common	consequence	of	t(8;14),	 t(2;8),	and	t(8;22)	is	the	ectopic	and	constitutive	overexpression	of	the
MYC	proto-oncogene,70–72	which	is	normally	absent	in	the	majority	of	proliferating	GC	B	cells,73	 in	part	due	to
BCL6-mediated	 transcriptional	 repression.74	Oncogenic	 activation	 of	MYC	 in	BL	 is	mediated	 by	 at	 least	 three
distinct	mechanisms:	(1)	juxtaposition	of	the	MYC	coding	sequences	to	heterologous	enhancers	derived	from	the
IG	loci	or,	more	rarely,	from	other	loci70–72;	(2)	structural	alterations	of	the	gene	5′	regulatory	sequences,	which
alter	 the	 responsiveness	 to	 cellular	 factors	 controlling	 its	 expression75	 (in	 particular,	 the	MYC	 exon	 1/intron	 1
junction	encompasses	critical	regulatory	elements	that	are	either	decapitated	by	the	translocation	or	mutated	in	the
translocated	 alleles);	 and	 (3)	 amino	 acid	 substitutions	 within	 the	 gene	 exon	 2,	 encoding	 for	 the	 protein
transactivation	 domain76	 (these	mutations	 can	 abolish	 the	 ability	 of	 p107,	 a	 nuclear	 protein	 related	 to	RB1,	 to
suppress	MYC	activity77	or	can	increase	protein	stability).78,79

MYC	is	a	nuclear	phosphoprotein	that	functions	as	a	sequence-specific	DNA-binding	transcriptional	regulator
controlling	 proliferation,	 cell	 growth,	 differentiation,	 and	 apoptosis,	 all	 of	 which	 are	 implicated	 in
carcinogenesis.80	 In	 addition,	 MYC	 controls	 DNA	 replication	 independent	 of	 its	 transcriptional	 activity,	 a
property	that	may	promote	genomic	instability	by	inducing	replication	stress.81	Consistent	with	its	involvement	in
multiple	 cellular	 processes,	 the	 MYC	 target	 gene	 network	 is	 estimated	 to	 include	 approximately	 15%	 of	 all
protein-coding	genes	as	well	as	noncoding	RNAs.80	In	NHL	carrying	MYC	translocations,	constitutive	expression
of	MYC	 induces	 transcription	 of	 target	 genes	 with	 diverse	 roles	 in	 regulating	 cell	 growth	 by	 affecting	 DNA
replication,	 energy	 metabolism,	 protein	 synthesis,	 and	 telomere	 elongation.	 Furthermore,	 deregulated	 MYC
expression	 is	 thought	 to	 cause	 genomic	 instability	 and	 thus	 contribute	 to	 tumor	 progression	 by	 facilitating	 the
occurrence	of	additional	genetic	 lesions.82	Dysregulation	of	MYC	expression	 in	 a	number	of	 transgenic	mouse
models	leads	to	the	development	of	aggressive	B-cell	lymphomas	with	high	penetrance	and	short	latency.83,84

The	application	of	new	genomics	technologies	revealed	additional	oncogenic	mechanisms	that	cooperate	with
MYC	in	the	development	of	this	aggressive	lymphoma.	Mutations	of	the	transcription	factor	TCF3	(10%	to	25%)
and	its	negative	regulator	ID3	(35%	to	58%)	are	highly	recurrent	in	all	three	subtypes	of	BL,	where	they	promote
tonic	 (antigen-independent)	 BCR	 signaling	 and	 sustain	 survival	 of	 the	 tumor	 cell	 by	 engaging	 the	 PI3	 kinase
pathway	(Fig.	96.4).85	In	addition,	TCF3	can	promote	cell	cycle	progression	by	transactivating	CCND3.	Notably,
the	CCND3	gene	is	itself	a	target	of	gain-of-function	mutations	in	38%	of	sBLs,	which	affect	conserved	residues
in	 the	 carboxyl	 terminus	 of	 this	 D-type	 cyclin	 implicated	 in	 the	 control	 of	 protein	 stability,	 leading	 to	 higher
expression	levels.	CCND3	mutations	occur	in	only	2.6%	of	eBLs,	suggesting	alternative	oncogenic	mechanisms
in	this	subtype.85	Other	common	genetic	lesions	include	loss	of	TP53	by	mutation	and/or	deletion	(35%	of	both
sBL	 and	 eBL	 cases),31	 inactivation	 of	 CDKN2B	 by	 deletion	 or	 hypermethylation	 (17%	 of	 samples),86	 and



deletions	 of	 6q	 (detected	 in	 approximately	 30%	 of	 cases	 independent	 of	 the	 clinical	 variant).87	 Finally,	 one
contributing	factor	to	the	development	of	BL	is	monoclonal	EBV	infection,	which	is	present	in	virtually	all	cases
of	 eBL	 and	 in	 approximately	 30%	 of	 sBLs.33,35,88	 The	 consistent	 expression	 of	 EBER,	 a	 class	 of	 small	 RNA
molecules,	has	been	proposed	to	mediate	the	transforming	potential	of	EBV	in	BL.89	However,	EBV	infection	in
BL	displays	a	peculiar	latent	infection	phenotype	characterized	by	negativity	of	both	EBV	transforming	antigens
LMP1	and	EBNA2;	thus,	the	precise	pathogenetic	role	of	this	virus	has	remained	elusive.90	Despite	 the	striking
association	between	eBL	and	malaria	infection,	little	is	known	about	the	role	of	this	pathogen	in	BL	pathogenesis;
however,	 a	 recent	 study	 showed	 that	 induction	 of	 chronic	malaria	 infection	 by	Plasmodium	 chabaudi	 sustains
protracted	AID	expression,	favoring	the	onset	of	chromosomal	translocations	and	lymphoid	tumors	in	mice.91

Figure	96.4	Oncogenic	lesions	in	Burkitt	lymphoma	(BL).	Most	common	genetic	lesions
identified	in	BL.	Lightning	bolts	indicate	activating	mutations,	and	crosses	denote	inactivating

events.	mTOR,	mammalian	target	of	rapamycin.

Follicular	Lymphoma
FL	represents	the	second	most	common	type	of	B-NHL	(approximately	20%	of	diagnoses)	and	the	most	common
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low-grade	 B-NHL.1	 It	 is	 an	 indolent	 but	 largely	 incurable	 disease,	 characterized	 by	 a	 continuous	 pattern	 of
progression	and	relapses	that	often	culminates	in	its	histologic	transformation	to	an	aggressive	lymphoma	with	a
diffuse	large-cell	architecture	and	dismal	prognosis	(20%	to	30%	of	cases).92

Cell	of	Origin
The	ontogeny	of	FL	from	a	GC	B	cell	is	supported	by	the	expression	of	specific	GC	B-cell	markers	such	as	BCL6
and	 CD10,	 together	 with	 the	 presence	 of	 somatically	 mutated	 IG	 variable	 region	 genes	 showing	 evidence	 of
ongoing	SHM	activity.1

Genetic	Lesions
The	genetic	hallmark	of	FL	is	represented	by	chromosomal	translocations	of	the	BCL2	gene	on	chromosome	band
18q21,	which	are	detected	in	80%	to	90%	of	cases	independent	of	cytologic	subtype.93	These	rearrangements	join
the	3′	untranslated	region	of	BCL2	 to	an	IG	JH	 segment,	 resulting	 in	 the	 ectopic	 expression	of	BCL2	 in	GC	B
cells,94–96	where	its	transcription	is	normally	repressed	by	BCL6.12,13	Approximately	70%	of	the	breakpoints	on
chromosome	18	cluster	within	 the	major	breakpoint	 region,	whereas	 the	 remaining	5%	 to	25%	map	 to	a	more
distant	minor	cluster	 region,	 located	 approximately	 20	 kb	 downstream	of	 the	BCL2	 gene.94–98	 Rearrangements
involving	the	5′	flanking	region	of	BCL2	have	been	described	in	a	minority	of	cases.99	The	BCL2	gene	encodes	a
26-kD	integral	membrane	protein	that	controls	the	cell	apoptotic	threshold	by	preventing	programmed	cell	death
and	thus	contributes	to	lymphomagenesis	by	sustaining	apoptosis	resistance	in	tumor	cells	independent	of	antigen
selection.

Nevertheless,	 additional	 genetic	 aberrations	 are	 required	 for	 malignant	 transformation,	 as	 shown	 by	 recent
genomic	sequencing	efforts.100–104	Most	prominent	among	 them	are	mutations	 in	multiple	epigenetic	modifiers,
including	the	methyltransferase	KMT2D	(70%	to	80%	of	cases),104	the	Polycomb	group	oncogene	EZH2	(20%	of
patients),105	 the	 acetyltransferases	CREBBP	 and	EP300	 (55%	 and	 10%	 of	 cases,	 respectively),106	 and	multiple
linker	histone	family	members	(44%	of	patients	carrying	coding	mutations	 in	at	 least	one	gene),	which	may	all
contribute	to	transformation	by	remodeling	the	epigenetic	landscape	of	the	precursor	tumor	cell.102	A	major	role	is
also	played	by	chronic	antigen	stimulation.107	Moreover,	as	many	as	45%	of	patients	harbor	mutations	affecting
the	BCR	 signaling	 pathway,101	 and	 its	 blockade	 by	 selective	 PI3K	 α/δ	 inhibitors	 showed	 promising	 results	 in
clinical	trials.108

Whole-exome	sequencing	(WES)	and	CN	analysis	of	sequential,	clonally	related	FL	and	transformed	FL	(tFL)
biopsies	 has	 recently	 allowed	 the	 characterization	of	 the	molecular	 events	 that	 are	 specifically	 acquired	during
histologic	progression	to	DLBCL	and	that,	thus,	presumably	play	a	major	role	in	conferring	this	more	aggressive
phenotype.	 tFL-specific	 lesions	 include	 inactivation	of	CDKN2A/B	by	deletion,	mutation,	and	hypermethylation
(one-third	of	patients)109,110;	rearrangements	and	amplifications	of	MYC111;	TP53	mutations	or	deletions	(25%	to
30%	of	cases)32,112,113;	loss	of	chromosome	6	(20%)87;	ASHM;	and,	although	larger	cohorts	of	patients	will	need
to	 be	 studied,	 biallelic	 loss	 of	 the	 immune	 regulator	 B2M.111	 Finally,	 chromosomal	 translocations	 of	 BCL6,
detected	 in	 5%	 to	 14%	 of	 all	 FL	 cases,	 are	 also	 significantly	 more	 prevalent	 in	 patients	 who	 undergo
transformation.114

Diffuse	Large	B-Cell	Lymphoma
DLBCL	 is	 the	 most	 common	 form	 of	 B-NHL,	 accounting	 for	 approximately	 40%	 of	 all	 new	 diagnoses	 in
adulthood,	 including	 cases	 that	 arise	 de	 novo	 and	 cases	 that	 derive	 from	 the	 clinical	 evolution	 of	 various,	 less
aggressive	B-NHL	types	(i.e.,	FL	and	CLL).1	This	section	focuses	on	the	larger	entity	of	DLBCL	not	otherwise
specified	(NOS),	which	composes	the	majority	of	cases	and	has	been	molecularly	well	characterized.

Cell	of	Origin
DLBCL-NOS	 represents	 a	 molecularly,	 phenotypically,	 and	 clinically	 heterogeneous	 malignancy	 that	 can	 be
classified,	based	on	gene	expression	profile	analysis,	into	at	least	two	molecular	subtypes,	reflecting	the	derivation
from	B	cells	at	various	developmental	stages:	the	so-called	germinal	center	B-cell–like	(GCB)	DLBCL,	and	the
less	curable	activated	B-cell–like	(ABC)	DLBCL.	Although	both	categories	appear	more	closely	related	to	LZ	GC
B	cells,115	GCB-DLBCL	presumably	derives	from	cells	recirculating	toward	the	DZ,	whereas	the	transcriptional
signature	of	ABC-DLBCL	 resembles	 the	 signature	of	 a	 small	 subset	of	LZ	B	cells	 committed	 to	plasmablastic



differentiation	or	of	 in	vitro	BCR-activated	B	cells;	 the	remaining	10%	to	15%	of	cases	remain	unclassified.116
Stratification	according	to	gene	expression	profiles	has	prognostic	value	because	patients	diagnosed	with	GCB-
DLBCL	display	better	overall	survival	compared	to	patients	with	ABC-DLBCL.27	Consistently,	GCB-	and	ABC-
DLBCL	have	been	officially	incorporated	as	molecular	subtypes	of	DLBCL-NOS	in	the	most	recent	revision	of
the	WHO	classification	of	hematopoietic	malignancies.	A	separate	classification	schema	identified	three	discrete
subsets	 defined	 by	 the	 expression	 of	 genes	 involved	 in	 oxidative	 phosphorylation,	BCR	 and	 proliferation,	 and
tumor	microenvironment	and	host	inflammatory	response.117

Genetic	Lesions

GCB-	and	ABC-DLBCL	Shared	Lesions.	The	most	prominent	program	disrupted	in	DLBCL,	independent	of
molecular	subtype,	 is	represented	by	epigenetic	remodeling.	This	 is	 largely	due	to	 loss-of-function	mutations	in
the	 genes	 encoding	 for	 the	 CREBBP/EP300	 acetyltransferases	 (30%	 of	 cases)	 and	 the	 KMT2D	 H3K4
methyltransferase	(approximately	35%	of	cases).104,106	Mutations	in	these	two	epigenetic	modifiers	represent	early
events	 during	 the	 history	 of	 tumor	 clonal	 evolution100,111	 and	 were	 shown	 to	 impact	 the	 histone	 modification
pattern	 of	 selected	 enhancer	 or	 superenhancer	 regions,	 dysregulating	 the	 expression	 of	 genes	 with	 relevant
functions	in	the	biology	of	the	normal	GC	and	particularly	of	the	GC	LZ.118–121	Consistently,	deletion	of	KMT2D
before	GC	formation	in	vivo	leads	to	a	significant	increase	in	the	percentage	of	GC	B	cells	(i.e.,	the	target	cell	of
lymphoma	 transformation).118	 Thus,	 loss	 of	 CREBBP	 and/or	 KMT2D	 has	 been	 suggested	 to	 contribute	 to
lymphomagenesis	 by	 reprogramming	 the	 cancer	precursor	 cell.	 In	 addition,	CREBBP/EP300	 inactivation	 alters
the	 balance	 between	 the	 transrepressive	 function	 of	 the	 BCL6	 oncogene,	 which	 is	 normally	 inactivated	 by
acetylation,	 and	 the	 tumor	 suppressor	 p53,	 which	 instead	 requires	 acetylation	 at	 specific	 residues	 for	 its
function.106	Finally,	CREBBP	modulates	 the	expression	of	MHC-II,	 suggesting	a	 link	between	epigenetics	 and
immune	surveillance.100,119,120	The	(haploinsufficient)	tumor	suppressor	role	of	CREBBP	and	KMT2D	has	been
established	in	vivo,	as	conditional	genetic	ablation	of	either	gene	increases	the	incidence	of	GC-derived	tumors	in
mice	carrying	a	deregulated	BCL2	allele.118–121

Dysregulated	activity	of	the	BCL6	oncoprotein,	due	to	multiple	genetic	lesions,	is	also	a	major	contributor	to
DLBCL	pathogenesis.	Chromosomal	 rearrangements	of	 the	BCL6	 gene	 are	 observed	 in	 up	 to	 35%	of	 cases,122
although	with	 a	 twofold	 higher	 frequency	 in	ABC-DLBCL123	 (Fig.	 96.5).	 These	 rearrangements	 juxtapose	 the
intact	coding	domain	of	BCL6	downstream	and	in	the	same	transcriptional	orientation	to	heterologous	sequences
derived	 from	 the	partner	 chromosome,	 including	 IGH	 (14q23),	 IGk	 (2p12),	 IGλ	 (22q11),	 and	 at	 least	 20	 other
chromosomal	sites	unrelated	to	the	IG	loci.124–126	The	majority	of	these	translocations	result	in	a	fusion	transcript
in	which	the	promoter	region	and	the	first	noncoding	exon	of	BCL6	are	replaced	by	sequences	derived	from	the
partner	gene.127	Because	the	common	denominator	of	these	promoters	is	a	broader	spectrum	of	activity	throughout
B-cell	 development,	 including	 expression	 in	 the	 post-GC	 differentiation	 stage,	 the	 translocation	 prevents	 the
downregulation	 of	 BCL6	 expression	 that	 is	 normally	 associated	 with	 differentiation	 into	 post-GC	 cells.
Deregulated	 expression	 of	 an	 intact	BCL6	 gene	 product	 is	 also	 sustained	 by	 a	 variety	 of	 indirect	mechanisms,
including	 gain-of-function	 mutations	 in	 its	 positive	 regulator	 MEF2B	 (approximately	 11%	 of	 cases),128
inactivating	mutations	or	deletions	of	CREBBP/EP300,106	and	mutations	or	deletions	of	FBXO11	(approximately
5%),129	which	encodes	a	ubiquitin	ligase	involved	in	the	control	of	BCL6	protein	degradation.	These	lesions	play
a	critical	role	in	lymphomagenesis	by	enforcing	the	proliferative	phenotype	typical	of	GC	cells	while	suppressing
proper	DNA	damage	responses	and	blocking	terminal	differentiation,	as	confirmed	by	a	mouse	model	 in	which
deregulated	BCL6	expression	causes	DLBCL.130
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Figure	96.5	Most	common	genetic	lesions	identified	in	primary	mediastinal	B-cell	lymphoma
(PMBCL)	and	in	the	two	major	diffuse	large	B-cell	lymphoma	(DLBCL)	subtypes,	including

lesions	that	are	shared	between	germinal	center	B-cell–like	(GCB)	DLBCL	and	activated	B-cell–
like	(ABC)	DLBCL	and	lesions	that	are	preferentially	segregating	with	individual	molecular

subtypes.	Loss-of-function	alterations	are	in	black,	and	gain-of-function	events	are	in	red.	Color-
coded	squares	denote	the	biologic	function	or	signaling	pathway	affected	by	the	alteration.	BSE1,

binding	site	in	exon	1;	M,	mutation;	D,	deletion;	Amp,	amplification;	Tx,	translocation.

DLBCL	cells	have	also	acquired	the	ability	to	escape	both	arms	of	immune	surveillance,	including	cytotoxic	T-
lymphocyte–mediated	 cytotoxicity	 (through	 genetic	 or	 epigenetic	 loss	 of	 the	B2M/HLA-I	 genes;	 approximately
60%	of	cases)	and	natural	killer	cell–mediated	death	(through	genetic	loss	of	the	CD58	molecule).131	Defects	of
immune	 surveillance	 mechanisms	 in	 DLBCL	 can	 also	 derive	 from	 disruption	 of	 the	 MHC-II	 transactivator
CIITA132	 (a	 known	 target	 of	ASHM	 that	 is	 also	 controlled	 by	CREBBP119,120)	 and	 amplification	 of	 the	 genes
encoding	for	the	immunomodulatory	proteins	PDL1/PDL2.

Finally,	 half	 of	 all	 DLBCLs	 are	 associated	 with	 ASHM.22	 The	 number	 and	 identity	 of	 the	 genes	 that
accumulate	mutations	in	their	coding	and	noncoding	regions	due	to	this	mechanism	vary	in	different	cases	and	are
still	largely	undefined.	However,	preferential	targeting	of	individual	genes	has	been	observed	in	distinct	DLBCL
subtypes,	with	mutations	of	MYC	and	BCL2	being	found	at	significantly	higher	frequencies	in	GCB-DLBCL	and
mutations	of	PIM1	almost	exclusively	observed	in	ABC-DLBCL.	ASHM	may	thus	contribute	to	the	heterogeneity
of	DLBCL	via	the	alteration	of	different	cellular	pathways	in	different	cases.	Mutations	and	deletions	of	TP53	are
detectable	 in	 approximately	 20%	 of	 cases	 and	 are	 more	 often	 associated	 with	 chromosomal	 translocations
involving	BCL2.32

GCB-DLBCL.	Genetic	 lesions	 specific	 to	GCB-DLBCL	 include	 the	 t(14;18)	 and	 t(8;14)	 translocations,	which
deregulate	 the	 BCL2	 and	MYC	 oncogenes	 in	 34%	 and	 10%	 of	 cases,	 respectively.13,133,134	 Also	 exquisitely
restricted	 to	 this	 subtype	 are	 mutations	 of	 the	 EZH2	 gene	 (22%	 of	 cases),	 which	 encodes	 a	 histone
methyltransferase	 responsible	 for	 trimethylating	 Lys27	 of	 histone	H3	 (H3K27).105	EZH2	mutations	 commonly
replace	a	conserved	residue	(Y641)	within	the	SET	catalytic	domain,	leading	to	increased	H3K27	trimethylation.
In	 vivo,	 GC-specific	 expression	 of	 EZH2Y641N	 induced	 GC	 hyperplasia	 and	 accelerated	 lymphomagenesis	 in
combination	with	BCL2	deregulation.135,136	Mutations	of	genes	 involved	 in	 the	positioning	and	confinement	of



GC	B	 cells	within	 the	B-cell	 follicle	 are	 detected	 in	 approximately	 30%	of	GCB-DLBCL	 cases.	 In	 particular,
S1PR2	 and	GNA13,	 two	 key	 components	 of	 a	 signaling	 pathway	 that	 suppresses	 pAKT	 activation	 and	 cell
migration	 in	 response	 to	 lipid	 ligands,	 are	 inactivated	by	mutations	 in	3%	 to	5%	and	20%	 to	25%	of	 samples,
respectively.137	 The	 importance	 of	 these	 lesions	 in	 lymphomagenesis	 was	 demonstrated	 in	 mouse	 models,	 in
which	the	deletion	of	these	genes	was	associated	with	increased	B-cell	survival,	dissemination	of	GC	B	cells	to
the	 bone	marrow,	 and	 lymphoma	 development.137,138	TNFRSF14,	 encoding	 for	 a	 tumor	 necrosis	 factor	 (TNF)
receptor	superfamily	member,	is	another	commonly	mutated	and	deleted	gene	in	GCB-DLBCL.	The	vast	majority
of	 these	events	are	nonsense	mutations	or	frameshift	deletions	 in	 the	extracellular	domain	of	 the	protein,	which
abrogate	its	function	by	impairing	its	anchoring	to	the	cell	membrane	or	the	affinity	to	its	ligands139;	moreover,
TNFRSF14	 is	 a	 frequent	 target	 of	 CN	 losses	 affecting	 chromosome	 1p36.	 The	 role	 of	 these	 lesions	 in
lymphomagenesis	 has	 been	 elucidated	 in	 a	 recent	 work,	 where	 loss	 of	 TNFRSF14	 led	 to	 cell-autonomous
activation	of	B-cell	proliferation	and	to	the	development	of	GC	lymphomas	in	vivo.140

Somatic	mutations	of	 the	BCL6	5′	 regulatory	sequences	are	detected	 in	up	 to	75%	of	DLBCL	cases.24,141,142
Although	these	events	largely	reflect	the	activity	of	the	physiologic	SHM	mechanism	operating	in	normal	GC	B
cells,24,143	 a	 subset	 of	mutations	 specifically	 found	 in	GCB-DLBCL	causes	 deregulated	BCL6	 transcription	 by
either	disrupting	an	autoregulatory	circuit	 through	which	the	BCL6	protein	controls	 its	own	expression144,145	 or
preventing	 CD40-induced	 IRF4-mediated	 BCL6	 downregulation.146	 Because	 the	 full	 extent	 of	 mutations
deregulating	BCL6	expression	has	not	been	characterized,	the	fraction	of	DLBCL	cases	carrying	abnormalities	in
BCL6	cannot	be	determined.

ABC-DLBCL.	A	predominant	 feature	of	ABC-DLBCL	 is	 the	presence	of	multiple	genetic	 alterations	affecting
positive	and	negative	regulators	of	nuclear	factor-κB	(NF-κB),	as	well	as	other	adaptor	molecules	downstream	of
the	 BCR	 and	 TLR,	 which	 ultimately	 lead	 to	 constitutive	 activation	 of	 the	 NF-κB	 transcription	 complex.	 In
addition,	amplifications	of	the	BCL2	locus,147	inactivating	mutations	or	deletions	of	BLIMP1,148–150	and	deletion
or	lack	of	expression	of	the	CDKN2A/B	tumor	suppressor	are	almost	exclusively	seen	in	this	tumor	subtype.

Evidence	 for	 the	 constitutive	 activation	 of	 the	 NF-κB	 signaling	 pathway	 in	 ABC-DLBCL	 came	 from	 the
observation	of	a	transcriptional	signature	specifically	enriched	in	NF-κB	target	genes	and	the	requirement	of	NF-
κB	for	proliferation	and	survival	in	ABC-DLBCL	cell	lines.151	In	a	significant	fraction	of	cases,	this	is	associated
with	 the	 presence	 of	 a	 “chronic	 active”	BCR	 signaling	 that	 is	 sustained	by	 somatic	 gain-of-function	mutations
affecting	proximal	members	of	 the	pathway.	 In	particular,	amino	acid	changes	 in	 the	 immunoreceptor	 tyrosine-
based	 activation	 motif	 signaling	 modules	 of	 CD79B	 and	 CD79A	 (20%	 of	 cases)	 maintain	 BCR	 signaling	 by
attenuating	 a	 negative	 feedback	 involving	 the	 phosphorylation-mediated	 activation	 of	 the	 Lyn	 kinase.151	 In
approximately	9%	of	cases,	mutations	 involve	 the	gene	encoding	CARD11,	a	component	of	 the	“signalosome”
complex	 that	 is	 assembled	 after	 BCR	 engagement	 to	 transduce	 signals	 emanating	 from	 this	 receptor.152	 Both
lesions	enhance	 the	amplitude	but	do	not	 initiate	BCR	signaling;	moreover,	 silencing	of	several	BCR	proximal
and	distal	subunits	is	toxic	to	ABC-DLBCL,	even	in	the	absence	of	genetic	lesions.	These	observations	led	to	the
search	 for	 additional	 biologic	 cues	 to	 explain	 the	 dependency	 of	 ABC-DLBCL	 on	 chronic	 BCR	 signaling,
culminating	in	multiple	evidences	for	a	role	of	self-antigens	in	the	engagement	of	 this	signaling	cascade.	These
include	the	expression	of	a	restricted	IGHV	repertoire	and	the	demonstration	that	ABC-DLBCL	cell	lines	rely	on
the	ability	of	 their	BCR	 to	 interact	with	autoantigens.153	Together,	 these	 findings	provided	genetic	 evidence	 in
support	of	the	development	of	therapies	targeting	BCR	signaling,	and	indeed,	kinase	inhibitors	that	interfere	with
the	Bruton	tyrosine	kinase	(BTK),	a	molecule	linking	BCR	to	NF-κB,	are	emerging	as	a	new	treatment	paradigm
for	ABC-DLBCL.154

Approximately	30%	of	ABC-DLBCL	patients	harbor	a	recurrent	change	in	the	intracellular	Toll/interleukin-1
receptor	 domain	 of	 the	 MYD88	 adaptor	 molecule,	 which	 has	 the	 potential	 to	 activate	 NF-κB	 as	 well	 as
JAK/STAT3	transcriptional	responses.155	MYD88	 is	 required	 for	 the	survival	of	ABC-DLBCLs,	and	mice	with
conditional	 B-cell–specific	 expression	 of	 the	 hotspot	 MYD88	 L265P	 mutation	 develop	 lymphoproliferative
diseases,	including	a	fraction	of	clonal	lymphomas,156	indicating	a	pathogenic	role	for	TLR	in	this	disease	type.
Interestingly,	ABC-DLBCLs	harboring	the	MYD88	mutant	isoform	did	not	respond	to	BTK	inhibition	in	a	recent
clinical	 trial,	 but	 tumors	 with	 concurrent	 MYD88	 and	 CD79A/B	 mutations	 showed	 exceptional	 responses,
suggesting	a	functional	interaction	between	these	pathways.154

Finally,	up	to	30%	of	ABC-DLBCL	samples	carry	biallelic	mutations	and/or	deletions	inactivating	TNFAIP3,
which	 encodes	 for	 a	 negative	 regulator	 of	 NF-κB.157,158	 Reconstitution	 of	 knockout	 cell	 lines	 with	 wild-type
TNFAIP3	alleles	blocks	proliferation	and	causes	apoptosis,	supporting	its	tumor	suppressor	role.157,158	Consistent
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with	 its	 activity	 downstream	 of	 the	 BCR,	 patients	 with	 TNFAIP3-mutated	 DLBCL	 do	 not	 respond	 to	 BTK
inhibitors.154	Less	commonly,	mutations	can	be	found	in	other	genes	encoding	for	NF-κB	components.157

A	 second	 important	 program	 disrupted	 by	 genetic	 lesions	 in	 ABC-DLBCL	 includes	 terminal	 B-cell
differentiation.	In	up	to	25%	of	ABC-DLBCL,	the	PRDM1/BLIMP1	gene	is	inactivated	by	biallelic	truncating	or
missense	 mutations	 and/or	 genomic	 deletions,	 as	 well	 as	 by	 transcriptional	 repression	 through	 constitutively
active,	 translocated	 BCL6	 alleles.148–150	 PRDM1	 encodes	 for	 a	 zinc	 finger	 transcriptional	 repressor	 that	 is
expressed	 in	 a	 subset	 of	 GC	 B	 cells	 undergoing	 plasma	 cell	 differentiation	 and	 in	 all	 plasma	 cells	 and	 is	 an
essential	 requirement	 for	 terminal	 B-cell	 differentiation.159	 Thus,	 PRDM1	 inactivation	 contributes	 to
lymphomagenesis	by	blocking	post-GC	B-cell	differentiation.	Consistently,	translocations	deregulating	the	BCL6
gene	 are	 exceedingly	 rare	 in	 PRDM1-mutated	 DLBCLs,	 suggesting	 that	 BCL6	 deregulation	 and	 PRDM1
inactivation	represent	alternative	oncogenic	mechanisms	converging	on	the	same	pathway	(Fig.	96.6).

DLBCL	Derived	from	CLL	and	FL	Transformation.	Recently,	exome	sequencing	studies	examining	sequential
biopsies	of	CLL/Richter	syndrome	(RS)	and	FL/tFL	have	provided	insights	onto	the	molecular	mechanisms	that
drive	the	transformation	process.	These	analyses	extended	the	set	of	genetic	lesions	that	are	specifically	acquired
during	transformation	and	include	CDKN2A/B	loss,	TP53	loss,	and	MYC	translocations	(in	both	conditions),	along
with	 ASHM	 and	 B2M	 inactivation	 in	 tFL	 or	 NOTCH1	 mutations	 in	 RS.111,160	 They	 also	 allowed	 the
reconstruction	of	the	evolutionary	history	of	the	dominant	tumor	clone	during	transformation,	revealing	that	FL
and	 tFL	derive	 from	a	 common	mutated	 ancestor	 clone	 through	divergent	 evolution,	 as	 opposed	 to	RS,	which
arises	from	the	dominant	CLL	clone	through	a	linear	pattern,	analogous	to	CLL	progression.160,161	In	this	context,
and	 as	 discussed	 earlier,	 mutations	 of	 epigenetic	 modifiers	 are	 acquired	 early	 during	 tumor	 clonal	 evolution,
suggesting	a	facilitator	role	in	the	initial	phases	of	malignant	transformation.	Comparison	with	de	novo	DLBCL
showed	that,	despite	their	morphologic	resemblance,	the	genomic	landscapes	of	RS	and	tFL	are	largely	unique,	in
that	they	are	characterized	by	distinct	combinations	of	alterations	otherwise	not	commonly	observed	in	de	novo
DLBCL-NOS.111,160

Figure	96.6	Pathway	lesions	in	activated	B-cell–like	(ABC)	diffuse	large	B-cell	lymphoma
(DLBCL).	Schematic	representation	of	a	germinal	center	centrocyte,	expressing	a	functional	surface

B-cell	receptor	(BCR),	a	CD40	receptor,	and	a	Toll-like	receptor	(TLR).	In	normal	B	cells,
engagement	of	the	BCR	by	the	antigen	(spheres),	interaction	of	the	CD40	receptor	with	the	CD40L
presented	by	T	cells,	and	activation	of	the	TLR	converge	on	activation	of	the	nuclear	factor-κB

(NF-κB)	pathway,	including	its	targets	IRF4	and	A20,	among	others.	IRF4,	in	turn,	downregulates
BCL6	expression,	allowing	the	release	of	BLIMP1	expression,	a	master	plasma	cell	regulator

required	for	terminal	differentiation.	In	ABC-DLBCL,	multiple	genetic	lesions	disrupt	this	pathway



at	multiple	levels	in	different	cases	(percentages	as	indicated);	these	lesions	contribute	to
lymphomagenesis	by	favoring	the	antiapoptotic	and	pro-proliferative	function	of	NF-κB,	as	well	as
chronic	active	BCR	and	JAK/STAT3	signaling,	while	blocking	terminal	B-cell	differentiation

through	mutually	exclusive	deregulation	of	BCL6	and	inactivation	of	BLIMP1.

Primary	Mediastinal	B-Cell	Lymphoma

Cell	of	Origin
Primary	mediastinal	B-cell	 lymphoma	(PMBCL)	is	an	aggressive	B-cell	neoplasia,	accounting	for	2%	to	4%	of
NHL,	and	most	commonly	observed	 in	young	female	adults.	PMBCL	involves	 the	mediastinum	and	displays	a
distinct	gene	expression	profile,	largely	similar	to	HL.162,163	It	is	postulated	to	arise	from	post-GC	thymic	B	cells.

Genetic	Lesions
A	genetic	hallmark	of	both	PMBCL	and	HL	is	the	amplification	of	chromosomal	region	9q24,	detected	in	nearly
50%	 of	 patients.28,164	 This	 relatively	 large	 interval	 encompasses	 multiple	 genes	 of	 possible	 pathogenetic
significance,	including	the	gene	encoding	for	the	JAK2	tyrosine	kinase	and	the	PDL1/PDL2	genes,	which	encode
for	inhibitors	of	T-cell	responses28,164	and	have	been	linked	to	 impaired	antitumor	 immune	responses	 in	several
cancers	 (see	 also	 HL).	 Other	 lesions	 affecting	 regulators	 of	 immune	 responses	 in	 PMBCL	 include	 genomic
breakpoints	 and	 mutations	 of	 the	 MHC	 class	 II	 transactivator	 gene	 CIITA,	 which	 may	 reduce	 tumor	 cell
immunogenicity	by	downregulating	surface	human	leukocyte	antigen	(HLA)	class	II	expression.165	The	ability	of
these	lesions	to	interfere	with	the	interaction	between	the	lymphoma	cells	and	the	microenvironment	suggests	a
central	role	for	escape	from	immunosurveillance	mechanisms.	Besides	contributing	to	lymphomagenesis,	elevated
expression	 levels	 of	 these	 genes	may	 in	 part	 explain	 the	 unique	 features	 of	 these	 lymphoma	 types,	which	 are
characterized	by	a	significant	inflammatory	infiltrate.	PMBCL	also	shares	with	HL	the	presence	of	genetic	lesions
affecting	 the	 NF-κB	 pathway	 and	 the	 deregulated	 expression	 of	 receptor	 tyrosine	 kinases.166,167	 In	 particular,
mutations	of	 the	 transcription	 factor	STAT6,	 amplifications	or	overexpression	of	JAK2	 (which	promote	STAT6
activation	via	interleukin	[IL]-3/IL-4),	and	inactivating	mutations	of	its	negative	regulators	SOCS1	and	PTPN1168
are	highly	recurrent	in	PMBCL,	pointing	to	the	JAK-STAT	signaling	pathway	as	a	major	disease	contributor.

Marginal	Zone	Lymphoma

Cell	of	Origin
MZL	 is	 a	 group	of	 indolent	 lymphomas	 that	 are	 thought	 to	derive	 from	marginal	 zone	memory	B	cells.	Three
groups	 are	 currently	 recognized	 in	 the	WHO	classification	of	 hematopoietic	 tumors,	 according	 to	 the	 involved
sites	and	to	the	underlying	molecular	pathogenesis:	extranodal	MZL	or	MALT	lymphoma,	splenic	MZL	(SMZL),
and	nodal	MZL	(NMZL).	MALT	lymphoma	is	the	most	common	type	(70%	of	diagnoses)	and	represents	the	third
most	 common	 form	of	NHL.1	 The	 post-GC	 origin	 of	 these	 tumors	 is	 indicated	 by	 presence	 of	 rearranged	 and
somatically	 mutated	 IGV	 genes,	 together	 with	 the	 architectural	 relationship	 with	 MALT1	 (see	 Fig.	 96.1).	 A
number	of	observations	support	a	critical	role	for	antigen	stimulation	in	MZL,	particularly	in	the	pathogenesis	of
gastric	MALT	lymphoma:	(1)	this	disease	is	associated	with	chronic	infection	of	the	gastric	mucosa	by	H.	pylori
in	 virtually	 all	 cases46,47;	 (2)	 eradication	 of	H.	 pylori	 by	 antibiotic	 treatment	 can	 lead	 to	 tumor	 regression	 in
approximately	 70%	 of	 cases48,169;	 and	 (3)	 MALT	 lymphoma	 cells	 express	 autoreactive	 BCR,	 in	 particular	 to
rheumatoid	factors.170	Whether	the	development	of	MALT	lymphoma	arising	in	body	sites	other	than	the	stomach
also	depends	on	antigen	stimulation	remains	an	open	question.	In	this	respect,	it	is	remarkable	that	salivary	gland
and	thyroid	MALT	lymphoma	are	generally	a	sequela	of	autoimmune	processes,	namely,	Sjögren	syndrome	and
Hashimoto	 thyroiditis,	 respectively.	The	 finding	of	 a	 highly	 restricted	 IG	 gene	 repertoire	 (stereotyped	BCR)171
suggests	a	role	for	antigen	stimulation	also	in	SMZL	and	NMZL.

Genetic	Lesions
Most	 of	 the	 structural	 aberrations	 that	 are	 selectively	 and	 recurrently	 associated	 with	MZL	 target	 the	 NF-κB
signaling	pathway,	suggesting	a	critical	role	in	the	disease	pathogenesis.	In	MALT	lymphomas,	the	most	common
among	these	lesions	is	the	t(11;18)(2;33)	translocation,	which	involves	the	BIRC3	gene	on	11q21	and	the	MALT1
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gene	on	18q21	and	is	observed	in	25%	to	40%	of	gastric	and	pulmonary	MALT	lymphomas.172	BIRC3	plays	an
evolutionary	conserved	 role	 in	 regulating	programmed	cell	death	 in	diverse	 species,	whereas	MALT1,	 together
with	BCL10	and	CARD11,	is	a	component	of	the	CBM	ternary	complex	and	plays	a	central	role	in	BCR	and	NF-
κB	signaling	activation.173	Notably,	the	wild-type	proteins	encoded	by	these	two	genes	are	incapable	of	activating
NF-κB,	 in	 contrast	 to	 the	 BIRC3/MALT1	 fusion	 protein,	 suggesting	 that	 the	 translocation	 confers	 a	 survival
advantage	to	the	tumor	by	leading	to	inhibition	of	apoptosis	and	constitutive	NF-κB	activation	without	the	need
for	upstream	signaling.172	 In	an	additional	15%	 to	20%	of	cases,	MALT1	 is	 translocated	 to	 the	 IGH	 locus	 as	 a
consequence	of	 t(14;18)(q32;q21),	whereas	approximately	5%	of	patients	harbor	abnormalities	of	chromosomal
band	1p22,	generally	represented	by	t(1;14)(p22;q32)172;	the	latter	deregulates	the	expression	of	BCL10,	a	positive
regulator	 of	 antigen-induced	NF-κB	 activation.173	 Thus,	 the	 translocation	 may	 provide	 both	 antiapoptotic	 and
proliferative	 signals	mediated	via	NF-κB	 transcriptional	 targets.	Homozygous	or	 hemizygous	 loss	 of	TNFAIP3
due	to	mutations	and/or	deletions	has	been	reported	in	20%	of	MALT	lymphoma	patients,	typically	in	a	mutually
exclusive	 pattern	 with	 other	 alterations	 leading	 to	 NF-κB	 activation.174	 Other	 recurrent	 genetic	 lesions	 in	 this
disease	include	trisomy	3,	BCL6	alterations,	and	TP53	mutations.172

Similarly	 to	 MALT	 lymphoma,	 the	 genetic	 landscape	 of	 SMZL	 and	 NMZL	 is	 dominated	 by	 mutations
converging	into	NF-κB	activation	(30%	to	50%	of	patients),	with	the	activator	IKBKB	and	the	inhibitor	TNFAIP3
being	 the	 most	 commonly	 affected	 genes.175,176	 Other	 recurrently	 mutated	 genes	 are	 involved	 in	 signaling
pathways	that	are	necessary	for	the	differentiation	of	naive	B	cells	to	marginal	zone	B	cells,	including	the	NOTCH
pathway.	In	particular,	mutations	in	the	NOTCH2	receptor	are	observed	in	10%	to	25%	of	patients	and	generate	a
truncated	protein	lacking	the	domain	critical	for	its	proteasomal	degradation.176,177

Chronic	Lymphocytic	Leukemia

Cell	of	Origin
CLL	 is	 a	malignancy	of	mature,	 resting	B	 lymphocytes	 that	 accumulate	 in	 the	 blood,	 bone	marrow,	 and	 other
lymphoid	tissues.	It	includes	two	main	disease	subtypes,	defined	by	the	presence	or	absence	of	mutations	affecting
the	IGV	genes.	Based	on	the	expression	of	specific	surface	markers	and	a	similar	transcriptomic	profile,	both	IGV-
mutated	CLL	and	unmutated	CLL	were	 thought	 to	 originate	 from	 the	 oncogenic	 transformation	 of	 an	 antigen-
experienced	B	cell,178,179	identified	as	a	CD27+	memory	B	cell.180,181	This	model	has	been	recently	questioned	by
a	gene	expression	profile	study	showing	significant	similarities	between	CLL	cells	and	two	new	subpopulations	of
CD5+	B	lymphocytes,	suggesting	the	derivation	of	IGV-mutated	CLL	from	CD5+CD27+	memory	B	cells	and	IGV-
unmutated	CLL	from	pre-GC	CD5+	naive	B	cells.182	Thus,	the	precise	cell	of	origin	of	CLL	is	still	under	debate.
Interestingly,	 analysis	 of	 the	 IG	 gene	 repertoire	 in	 these	 patients	 indicates	 very	 similar	 and	 at	 times	 almost
identical	 antigen	 receptors	 among	 different	 individuals.183–186	 This	 finding,	 known	 as	 stereotypy,	 strongly
supports	 a	 role	 for	 the	 antigen	 in	 CLL	 pathogenesis.	 The	 histogenetic	 heterogeneity	 of	 CLL	 bears	 prognostic
relevance,	 because	 cases	with	mutated	 IG	 genes	 show	 significantly	 longer	 survival.187	 Intriguingly,	 6%	 of	 the
normal	elderly	population	develops	a	monoclonal	B-cell	lymphocytosis	(MBL),	which	is	considered	the	precursor
to	CLL	in	1%	to	2%	of	cases.188

Genetic	Lesions
Different	 from	 most	 mature	 B-NHLs,	 CLLs	 are	 largely	 devoid	 of	 balanced,	 reciprocal	 chromosomal
translocations.	 On	 the	 contrary,	 CLL	 is	 associated	 with	 several	 recurrent	 numerical	 abnormalities,	 including
trisomy	 12	 and	 monoallelic	 or	 biallelic	 deletion	 of	 chromosomal	 regions	 17p,	 11q,	 and	 13q14.189	 Of	 these,
deletion	of	13q14	represents	the	most	frequent	chromosomal	aberration,	being	observed	in	up	to	76%	of	cases	as	a
monoallelic	 event	 and	 in	24%	of	cases	as	 a	biallelic	 event.187	 Interestingly,	 this	 same	deletion	 is	 also	 found	 in
patients	with	MBL.188	 In	all	 affected	cases,	 the	minimal	deleted	 region	 (MDR)	encompasses	a	 long	noncoding
RNA	(DLEU2)	 and	 two	microRNAs	 expressed	 as	 a	 cluster,	 namely,	miR-15a	 and	miR-16-1.190,191	 The	 causal
involvement	of	13q14-MDR–encoded	tumor	suppressor	genes	in	CLL	pathogenesis	was	demonstrated	in	vivo	in
two	animal	models	that	developed	clonal	lymphoproliferative	diseases	with	features	of	MBL,	CLL,	and	DLBCL
at	 25%	 to	 40%	 penetrance.192	 Trisomy	 12	 is	 found	 in	 approximately	 16%	 of	 patients	 evaluated	 by	 interphase
fluorescent	 in	 situ	 hybridization	 and	 correlates	with	 poor	 survival,	 but	 no	 specific	 genes	 have	 been	 identified.
Deletions	of	chromosomal	region	11q22-23	(18%	of	cases)	almost	invariably	encompass	the	ATM	gene	and	may
thus	promote	genomic	instability.193	These	lesions	can	be	observed	in	the	patient	germline	and	may	thus	account,



at	least	in	part,	for	the	familial	form	of	the	disease.	Another	important	target	within	the	11q22-23	deleted	region	is
the	BIRC3	 gene,	 encoding	 for	 a	 negative	 regulator	 of	NF-κB.187	Gain-of-function	mutations	of	NOTCH1	 have
been	 reported	 in	 approximately	 10%	 of	 CLL	 samples	 at	 diagnosis	 and	 include,	 in	 the	 vast	majority	 of	 cases,
truncating	 events	 in	 the	 C-terminal	 part	 of	 the	 protein,	 which	 are	 predicted	 to	 generate	 a	 truncated	 form	 of
NOTCH1	 lacking	 the	 PEST	 domain	 required	 for	 its	 ubiquitination	 by	 FBXW7.194,195	 Although	 rare,	 FBXW7
mutations	were	 also	described	 in	CLL	samples	devoid	of	NOTCH1	mutations.194,195	 In	 addition,	 up	 to	 50%	of
cases	show	evidence	of	active	NOTCH1	signaling	in	the	absence	of	underlying	genetic	events,	suggesting	that	a
large	 fraction	 of	 CLL	 cases	 may	 be	 dependent	 on	 constitutive	 NOTCH	 signaling	 through	 alternative
mechanisms.196	Mutations	in	components	of	the	spliceosome	machinery	are	recurrent	in	CLL	at	diagnosis,	with
splicing	 factor	 3b	 subunit	 1	 (SF3B1)	 being	 most	 commonly	 targeted	 (5%	 to	 10%).195,197,198	 These	 mutations
cluster	on	the	highly	conserved	C-terminal	portion	of	the	protein	and	are	suggested	to	impair	its	interaction	with
RNA.	The	effects	of	these	mutations	on	the	splicing	process	are	still	incompletely	characterized.	Both	NOTCH1
and	SF3B1	mutations	 seem	 to	predict	an	adverse	outcome,	as	 supported	by	 their	preferential	enrichment	 in	RS
(30%	of	cases)	and	fludarabine-refractory	cases	 (25%),	 respectively.160,194,195,197–199	Moreover,	 a	heterogeneous
set	of	genetic	lesions	targets	genes	involved	in	the	NF-κB	pathway,	leading	to	its	chronic	activation,	such	as	gain-
of-function	mutations	of	MYD88	and	 truncating	mutations	of	NFKBIE.	 Interestingly,	NF-κB	is	one	of	 the	main
pathways	activated	after	BCR	activation,	and	pharmacologic	inhibition	of	BCR	signaling	through	BTK	or	PI3K
inhibition	 is	 effective	 in	CLL	patients.200,201	Deletions	 of	 the	TP53	 tumor	 suppressor,	 frequently	 coupled	with
point	mutations	of	the	second	allele,31,187	are	observed	in	approximately	7%	of	cases	at	diagnosis	but	are	enriched
in	RS,	a	highly	aggressive	lymphoma	with	poor	clinical	outcome.160

MOLECULAR	PATHOGENESIS	OF	T-CELL	NON-HODGKIN	LYMPHOMA
Adult	T-Cell	Leukemia/Lymphoma	(HTLV-1	Positive)

Cell	of	Origin
The	 term	ATLL	 identifies	 a	 spectrum	 of	 lymphoproliferative	 diseases	 associated	 with	 HTLV-1	 infection	 and
mainly	restricted	to	Southwestern	Japan	and	the	Caribbean	basin.202.	The	United	States	and	Europe	are	considered
low-risk	areas	because	 less	 than	1%	of	 the	population	are	HTLV-1	carriers	and	only	2%	to	4%	of	seropositive
individuals	eventually	develop	ATLL.1,42,203	Clonal	rearrangement	of	the	TCR	is	evident	in	all	cases,	and	clonal
integration	of	the	virus	has	been	observed.204

Genetic	Lesions
Compared	 to	 other	mature	T-cell	 tumors,	 the	molecular	 pathogenesis	 of	ATLL	has	been	 elucidated	 to	 a	 larger
extent.	Particularly,	the	role	of	HTLV-1	has	been	linked	to	the	production	of	a	transregulatory	protein	(HTLV-1
tax)	that	markedly	increases	expression	of	all	viral	gene	products	and	transcriptionally	activates	the	expression	of
certain	host	genes,	 including	 IL-2,	CD25,	c-sis,	 c-fos,	 and	granulocyte-macrophage	colony-stimulating	 factor.42
The	central	role	of	these	genes	in	normal	T-cell	activation	and	growth	and	the	results	of	in	vitro	studies	support
the	notion	that	tax-mediated	activation	of	these	host	genes	represents	an	important	mechanism	by	which	HTLV-1
initiates	T-cell	transformation.205	In	addition,	tax	interferes	with	DNA	damage	repair	functions	and	with	mitotic
checkpoints,	consistent	with	the	high	frequency	of	karyotypic	abnormalities	in	ATLL	cells.

The	long	period	of	clinical	latency	that	precedes	the	development	of	ATLL	(usually	10	to	30	years),	the	small
percentage	of	infected	patients	who	develop	this	malignancy,	and	the	observation	that	leukemic	cells	from	ATLL
are	monoclonal	 suggest	 that	HTLV-1	 is	not	 sufficient	 to	cause	 the	 full	malignant	phenotype.42,203	A	model	 for
ATLL	therefore	implies	an	early	period	of	tax-induced	polyclonal	T-cell	proliferation	that,	in	turn,	would	facilitate
the	occurrence	of	additional	genetic	events	leading	to	the	monoclonal	outgrowth	of	a	fully	transformed	cell.	In	this
respect,	a	recurrent	genetic	lesion	in	ATLL	is	represented	by	mutations	of	the	TP53	tumor	suppressor	gene,	which
is	inactivated	in	40%	of	cases.206

A	recent	advance	in	our	understanding	of	ATLL	pathogenesis	came	from	the	genomic	analysis	of	a	large	set	of
samples,	which	revealed	multiple	alterations	leading	to	the	activation	of	the	TCR	and	NF-κB	signaling	pathways
(most	commonly,	PLCG1,	PRKCB,	CARD11,	and	STAT3,	all	mutated	in	20%	to	30%	of	samples).206	Moreover,
>50%	of	 cases	harbor	mutations	 and	CN	aberrations	 in	genes	 responsible	 for	 immune	 recognition	 (HLA-A	and
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HLA-B,	 B2M,	 CD58,	 FAS).	 These	 mutations	 could	 provide	 a	 mechanism	 to	 escape	 immune	 surveillance,
considering	the	high	immunogenicity	of	HLTV-1–derived	proteins.207

Angioimmunoblastic	T-Cell	Lymphoma

Cell	of	Origin
Angioimmunoblastic	T-cell	lymphoma	(AITL)	is	an	aggressive	disease	of	the	elderly	and	accounts	for	about	one-
third	 of	 all	 PTCLs	 in	Western	 countries.	 The	 tumor	 cells	 display	 a	mature	CD4+CD8-	 T-cell	 phenotype,	 with
frequent	aberrant	loss	of	one	or	several	T-cell	markers	and	coexpression	of	BCL6	and	CD10	in	at	least	a	fraction
of	cells.	Gene	expression	profile	studies	conclusively	established	the	cellular	derivation	of	AITL	from	follicular
helper	T	cells,208	as	initially	suspected	based	on	the	expression	of	single	markers.

Genetic	Lesions
Two	WES	studies	have	recently	identified	highly	recurrent	mutations	in	the	small	GTPase	protein	RHOA	(67%	of
AITL	samples).209,210	 In	most	 of	 these	 cases,	 a	 recurrent	 amino	 acid	 substitution	 (Gly17Val)	 impairs	 the	RHO
signaling	pathway	most	likely	by	sequestering	activated	guanine-exchange	factor	(GEF)	proteins.209,210	Activating
mutations	 or	 gene	 fusions	 involving	 the	 VAV1	 gene	 have	 also	 been	 detected	 in	 a	 small	 percentage	 of
samples.211,212	VAV1	encodes	for	a	GEF	that	mediates	multiple	signaling	cascades	triggered	by	the	TCR,	and	its
mutations	 result	 in	 the	 increased	activation	of	VAV1	effector	pathways	 (NFAT,	MAPK,	JNK).	Finally,	half	of
AITL	 samples	 display	 mutually	 exclusive	 mutations	 in	 other	 TCR	 signaling	 genes.213	 Additional	 clonal
aberrations	include	chromosomal	imbalances	and	mutations	in	TET2,	IDH2,	and	DNMT3A,	whereas	chromosomal
translocations	of	the	TCR	loci	are	extremely	rare.209,210,214

Peripheral	T-Cell	Lymphoma	Not	Otherwise	Specified
This	category	represents	the	largest	and	most	heterogeneous	group	of	PTCLs,	including	all	cases	that	lack	specific
features	allowing	classification	within	other	entities.	The	majority	of	 these	cases	derive	from	CD4+	T	 cells	 and
show	aberrant	defective	expression	of	one	or	more	T-cell–associated	antigens.215	Based	on	expression	profiling,
PTCL-NOS	appears	to	be	most	closely	related	to	activated	T	cells	and	can	be	segregated	according	to	similarities
with	the	transcriptional	signature	of	CD4+	and	CD8+	T	cells.

Genetic	Lesions
Clonal	numerical	and	structural	aberrations	are	found	in	most	PTCL-NOS	by	conventional	cytogenetics	and,	in	all
cases,	by	more	sensitive	approaches	such	as	array-based	methods.	For	a	few	loci,	correlation	between	gene	CN
and	expression	has	been	confirmed,	suggesting	a	pathogenetic	role.	Candidate	genes	include	CDK6,	MYC,	and	the
NF-κB	 regulator	CARD11,	 whereas	 losses	 of	 9p21	 are	 associated	 with	 reduced	 expression	 of	CDKN2A/B.214
Chromosomal	 translocations	 involving	 the	 TCR	 loci	 have	 been	 reported	 in	 rare	 cases	 and	 remain	 poorly
understood	because	the	identity	of	the	translocation	partner	has	not	been	identified,	with	few	exceptions	(e.g.,	the
BCL3	gene	and	the	IRF4	gene).216	More	recently,	WES	studies	revealed	the	presence	of	recurrent	heterozygous
mutations	in	RHOA	(18%	of	patients),	including	the	hotspot	Gly17Val	identified	in	AITL.	These	mutations	appear
to	segregate	with	a	subset	of	Tfh-like	PTCL-NOS	characterized	by	expression	of	CD10	and	PD-1,	proliferation	of
CD21+	FDCs,	and	EBER	positivity.

Cutaneous	T-Cell	Lymphoma
Mycosis	 fungoides	and	Sézary	 syndrome	are	primary	cutaneous	T-cell	malignancies	derived	 from	skin-homing
CD4+	T	cells.	Several	studies	in	the	past	described	the	presence	of	recurrent	and	focal	CN	losses	affecting	tumor
suppressor	 genes	 (e.g.,	 TP53,	 RB1,	 CDKN1A,	 PTEN)	 and	 oncogenes	 (e.g.,	 MYC)	 in	 these	 malignancies,
particularly	in	Sézary	syndrome.	More	recently,	next-generation	sequencing	studies	revealed	an	important	role	for
epigenetic	modifiers	in	the	pathogenesis	of	these	tumors,	which	commonly	harbor	inactivating	point	mutations	of
TET2,	 CREBBP,	 KMT2D,	 and	KMT2C	 (15%	 to	 20%	 of	 samples).217,218	 Furthermore,	 a	 heterogeneous	 set	 of
genetic	lesions	affects	multiple	components	of	the	NF-κB	signaling	pathway	in	20%	to	25%	of	cases,	including
TNFR2,219	NFKB2,217	and	CARD11,218	leading	to	its	constitutive	activation.218,219



Anaplastic	Large-Cell	Lymphoma

Cell	of	Origin
ALCL	is	a	distinct	subset	of	T-NHL	(approximately	12%	of	cases)	whose	normal	cellular	counterpart	has	not	yet
been	 established.1,202	 The	 tumor	 is	 composed	 of	 large	 pleomorphic	 cells	 that	 exhibit	 a	 unique	 phenotype
characterized	by	positivity	for	the	CD30	antigen	and	loss	of	most	T-cell	markers.1	Based	on	the	expression	of	a
chimeric	protein	containing	the	cytoplasmic	portion	of	anaplastic	lymphoma	kinase	(ALK)	(see	later	discussion),
ALCL	may	be	subdivided	into	two	groups	displaying	distinct	transcriptional	signatures220:	the	most	common	and
curable	ALK-positive	ALCL	and	the	more	aggressive	ALK-negative	ALCL.221	However,	 the	 identification	of	a
common	30-gene	predictor	that	can	discriminate	ALCL	from	other	T-NHLs,	independent	of	ALK	status,	suggests
that	these	two	subgroups	are	closely	related	and	may	derive	from	a	common	precursor.222

Genetic	Lesions
The	genetic	hallmark	of	ALK-positive	ALCL	is	a	chromosomal	translocation	involving	band	2p23	and	a	variety
of	 chromosomal	 partners,	 with	 t(2;5)(p23;q35)	 accounting	 for	 70%	 to	 80%	 of	 the	 cases.223	 Cloning	 of	 the
translocation	breakpoint	in	t(2;5)	demonstrated	the	involvement	of	the	ALK	gene	on	2p23	and	the	nucleophosmin
(NPM)	 gene	 (NPM1)	 on	 5q35.224	 As	 a	 consequence,	 the	 amino-terminus	 of	 NPM	 is	 linked	 in	 frame	 to	 the
catalytic	domain	of	ALK,	driving	 transformation	 through	multiple	molecular	mechanisms:	First,	 the	ALK	gene,
which	 is	 not	 expressed	 in	 normal	 T	 lymphocytes,	 becomes	 inappropriately	 expressed	 in	 lymphoma	 cells,	 and
second,	the	fusion	protein	has	constitutive	tyrosine	activity	due	in	most	cases	to	spontaneous	dimerization	induced
by	 the	 various	 fusion	 partners.223	 Constitutive	 ALK	 activity,	 in	 turn,	 activates	 several	 downstream	 signaling
cascades,	 among	 which	 JAK-STAT	 and	 PI3K-AKT	 play	 central	 roles.225,226	 The	 transforming	 ability	 of	 the
chimeric	NPM/ALK	protein	 has	 been	 proven	 in	 vitro	 and	 in	 vivo	 in	 transgenic	mouse	models.227	 Constitutive
JAK-STAT	 activation	 has	 also	 been	 shown	 in	ALK-negative	ALCL	 due	 to	multiple	 genetic	 lesions	 including
activating	mutations	 in	JAK1	 and/or	STAT3.228	 In	 a	minority	of	 cases,	 fusions	other	 than	NPM-ALK	cause	 the
abnormal	subcellular	 localization	of	the	corresponding	chimeric	ALK	proteins	and	the	constitutive	activation	of
ALK.223	ALK-negative	ALCL	is	a	heterogeneous	entity.	Besides	genetic	events	leading	to	JAK-STAT	pathway
activation	(overall,	20%	of	cases),	chromosomal	rearrangements	of	DUSP22	and	TP63	were	described	in	30%	and
8%	of	cases,	respectively,	and	were	shown	to	have	prognostic	value.229

Hepatosplenic	T-Cell	Lymphoma
Hepatosplenic	T-cell	lymphoma	(HTCL)	is	a	rare	type	of	PTCL,	characterized	by	an	early	age	at	onset	and	dismal
prognosis.	 HTCL	 has	 been	 associated	with	 chronic	 immunosuppressive	 treatments	 and	 immune	 dysregulation.
Differently	 from	 the	majority	 of	 PTCLs,	 it	 derives	 from	 the	malignant	 transformation	 of	 γδ	T	 cells	 in	 80%	of
cases.

Recent	studies	investigating	the	genomic	landscape	of	HTCL	confirmed	the	presence	of	common	chromosomal
abnormalities,	including	isochromosome	7	(47%	of	samples)	and	trisomy	8	or	amplification	of	8q	(31%),	but	also
identified	 previously	 unappreciated	 genetic	 aberrations	 such	 as	 chromosome	 10	 losses	 (19%)	 and	 gains	 in
chromosome	 1	 (13%).230	Moreover,	 almost	 one-third	 of	 HTCL	 cases	 carry	mutations	 in	 the	 histone-lysine	N-
methyltransferase	SETD2,	whereas	other	chromatin	modifiers	(e.g.,	ARID1B)	were	affected	in	a	smaller	fraction
of	 samples.230	 The	 nature	 of	 the	 SETD2	 mutations,	 which	 mostly	 include	 nonsense	 mutations	 and	 frameshift
deletions	in	the	protein	functional	domains,	suggests	a	role	for	this	protein	as	a	tumor	suppressor	in	HTCL.	Other
recurrently	mutated	 genes	 are	 STAT5B	 (31%),	 STAT3	 (9%),	 and	PIK3CD	 (9%).	 These	 genomic	 lesions	 were
mostly	mutually	exclusive,	suggesting	a	common	downstream	mechanism.

MOLECULAR	PATHOGENESIS	OF	HODGKIN	LYMPHOMA
HL	 is	 a	 B	 lymphoid	 malignancy	 characterized	 by	 the	 presence	 of	 scattered	 large	 atypical	 cells—the
mononucleated	 Hodgkin	 cells	 and	 the	 multinucleated	 Reed-Sternberg	 cells	 (HRS)—residing	 in	 a	 complex
admixture	of	inflammatory	cells.1,231	Based	on	the	morphology	and	phenotype	of	the	neoplastic	cells,	as	well	as
on	the	composition	of	the	infiltrate,	HL	is	classified	into	two	major	subgroups:	nodular	lymphocyte-predominant
HL	 (NLPHL)	 (~5%	 of	 cases)	 and	 classical	 HL	 (cHL).	 Molecular	 studies	 of	 HL	 have	 been	 hampered	 by	 the
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paucity	of	the	tumor	cells	in	the	biopsy	(typically	<1%,	although	occasional	cases	can	present	>10%	HRS	cells).
However,	the	introduction	of	sophisticated	laboratory	techniques	allowing	the	enrichment	of	neoplastic	cells	has
markedly	improved	our	understanding	of	HL	histopathogenesis.

Cell	of	Origin
Despite	 the	 HRS	 cells	 of	 cHL	 cells	 have	 lost	 expression	 of	 nearly	 all	 B-cell–specific	 genes,	 both	 HL	 types
represent	clonal	populations	of	B	cells,	as	revealed	by	the	presence	of	clonally	rearranged	and	somatically	mutated
IG	 genes.231	 In	 approximately	 25%	 of	 cHL	 cases,	 nonsense	 mutations	 disrupt	 originally	 in-frame	 VH	 gene
rearrangements	 (crippling	mutations),	 thereby	 preventing	 antigen	 selection	 and	 suggesting	 that	HRS	 cells	 have
escaped	apoptosis	through	a	mechanism	not	linked	to	antigen	stimulation.231

Genetic	Lesions
A	number	of	structural	alterations	in	cHL	lead	to	the	constitutive	activation	of	NF-κB.	Nearly	half	of	cases	display
amplification	of	REL,	coupled	with	increased	protein	expression	levels,	and	inactivating	mutations	were	found	in
a	number	of	genes	coding	for	negative	NF-κB	regulators,	including	NFKBIA	(20%	of	cases),	NFKBIE	(15%),	and
TNFAIP3	(40%),	among	others.167,231	Notably,	TNFAIP3-mutated	cases	are	invariably	EBV	negative,	suggesting
that	 EBV	 infection	 may	 substitute	 in	 part	 for	 the	 pathogenic	 function	 of	 its	 protein	 product	 A20	 in	 causing
constitutive	 NF-κB	 activation.167	 More	 recently,	 several	 genetic	 aberrations	 that	 modulate	 the	 tumor
microenvironment	and	 favor	evasion	 from	 immune	surveillance	were	uncovered	using	massively	parallel	DNA
sequencing,	 including	 genomic	 gains	 of	 chromosome	 9p24	 that	 increase	 the	 abundance	 of	 PDL1/PDL2,	 and
translocations	 or	 mutations	 of	 CIITA.28,29,165	 Amplification	 of	 JAK2,	 mutations	 of	 STAT6,	 and	 inactivating
mutations	of	SOCS1	and	PTPN1	are	frequent	in	NLPHL168,231;	in	an	additional	large	fraction	of	cases,	constitutive
JAK-STAT	activity	is	sustained	by	autocrine	and	paracrine	signals.231	BCL6	translocations	have	been	reported	in
the	lymphocytic	and	histiocytic	cells	of	NLPHL,	but	only	rarely	in	cHL,	and	translocations	of	BCL2	or	mutations
in	positive	and	negative	regulators	of	apoptosis	are	virtually	absent.231	An	important	pathogenic	cofactor	in	cHL,
but	not	NLPHL,	is	infection	by	EBV,	observed	in	approximately	40%	of	cases.231
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97 Hodgkin	Lymphoma
Anas	Younes,	Ahmet	Dogan,	Peter	Johnson,	Joachim	Yahalom,	John	Kuruvilla,
and	Stephen	Ansell

INTRODUCTION
Although	 a	 relatively	 rare	 type	 of	 cancer,	 with	 an	 estimated	 8,000	 new	 cases	 per	 year	 in	 the	 United	 States,1
Hodgkin	lymphoma	(HL)	has	fascinated	scientists	and	clinicians	for	more	than	a	century.	Remarkably,	before	the
cell	of	origin	and	the	biology	of	HL	were	elucidated,	it	became	one	of	the	earliest	human	cancers	to	be	cured	with
multiagent	chemotherapy.2–4	Over	the	past	50	years,	significant	progress	has	been	made	toward	our	understanding
of	HL	biology,	cell	of	origin,	pathology,	and	treatment	options.	Therefore,	many	seminal	observations	that	were
made	 during	 the	 past	 few	 decades	 are	 now	 considered	 of	 historical	 value.	 For	 example,	 HL	 histologic
classification	evolved	through	multiple	systems,	starting	from	the	initial	histologic	classification	by	Jackson	and
Parker5	 in	1944,	 to	 the	current	 system	 that	 is	based	on	 the	World	Health	Organization	 (WHO)	classification.6,7
The	 2017	WHO	 classification	 of	 lymphoid	 tumors	 recognizes	 two	 distinct	 clinicopathologic	 entities	 under	 the
umbrella	of	HL:	(1)	classical	HL	(CHL)	and	(2)	nodular	lymphocyte-predominant	HL	(NLPHL).	These	two	broad
types	are	further	divided	into	histologic	subtypes	(Table	97.1).

PATHOLOGY	OF	HODGKIN	LYMPHOMA
Cell	of	Origin
Both	 CHL	 and	 NLPHL	 originate	 from	 mature	 B	 cells.	 The	 neoplastic	 cells	 of	 CHL,	 often	 referred	 as
Hodgkin/Reed-Sternberg	(HRS)	cells,	lack	many	of	the	mature	B-cell	markers	such	as	CD19	and	CD20	surface
proteins,	but	they	almost	always	express	the	B-cell	specific	transcription	factor	PAX5,	albeit	weakly.7,8	Although
HRS	cells	carry	rearranged	immunoglobulin	genes	with	evidence	of	somatic	hypermutation,9	they	do	not	express
cell	surface	or	cytoplasmic	immunoglobulins.10,11	This	is	partly	a	consequence	of	so-called	“crippling”	mutations
acquired	during	somatic	hypermutation.	In	contrast,	the	neoplastic	cells	of	NLPHL,	now	referred	as	lymphocyte-
predominant	(LP)	cells,	show	a	comprehensive	B-cell	phenotype	expressing	mature	B-cell	markers	such	as	CD19,
CD20,	CD79a,	and	PAX5	and	frequently	express	 immunoglobulins.12–14	The	comparative	 features	of	CHL	and
NLPHL	are	shown	in	Table	97.2.

Classical	Hodgkin	Lymphoma

Histopathology
CHL	 is	 a	 neoplasm	 of	 B-cell	 origin	 with	 unique	 morphologic,	 immunophenotypic,	 and	 clinical	 features	 that
distinguish	it	from	other	B-cell	lineage	non-Hodgkin	lymphomas	(NHLs).13	The	pathognomonic	neoplastic	HRS
cells	 of	 CHL	 are	 large	 cells	 with	 multiple	 nuclei,	 prominent	 dense	 eosinophilic	 nucleus,	 and	 abundant	 pale
cytoplasm.	Although	such	cells	are	almost	invariably	present	in	CHL,	the	cytologic	appearances	of	the	neoplastic
cells	vary	and	include	so-called	mononuclear	Hodgkin	cells,	lacunar	cells,	and	mummified	cells	(Figs.	97.1	and
97.2).	 In	many	 cases,	HRS	 cells	 account	 for	 less	 than	 2%	of	 the	 tumor	mass.	They	 are	 often	 embedded	 in	 an
inflammatory	 background	 composed	 of	 small	 lymphocytes,	 histiocytes,	 plasma	 cells,	 and	 eosinophils.	Varying
degrees	of	fibrosis,	often	with	a	nodular	architecture,	are	seen,	and	areas	of	necrosis	may	be	present.

Based	 on	 the	 characteristics	 of	 the	 reactive	 infiltrate	 and	 architecture,	 four	 histologic	 subtypes	 have	 been
distinguished:	 lymphocyte-rich	 CHL	 (LRCHL),	 nodular	 sclerosis	 CHL	 (NSCHL),	 mixed	 cellularity	 CHL
(MCCHL),	and	lymphocyte-depleted	CHL	(LDCHL).	LRCHL	accounts	for	only	a	small	fraction	(3%	to	5%)	of
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all	HLs	and	histologically	mimics	NLPHL.15	The	lymph	node	architecture	is	altered	by	nodular	infiltrate	of	small
lymphocytes	representing	expanded	mantle	zones.	There	are	reactive	germinal	centers	(GCs),	and	HRS	cells	are
often	seen	in	expanded	mantle	zones.	Similar	to	NLPHL,	the	disease	typically	presents	in	peripheral	lymph	nodes
without	mediastinal	 involvement	and	as	early-stage	disease.	NSCHL	is	 the	most	common	histologic	subtype	of
CHL,	 accounting	 for	 70%	 of	 all	 cases	 in	 the	 Western	 world.	 In	 NSCHL,	 HRS	 cells	 often	 have	 “lacunar”
morphology,	surrounded	by	inflammatory	cellular	infiltrate	arranged	into	well-defined	nodules	that	are	separated
by	 thick	 sclerotic	 bands.	 In	 contrast,	 the	 surrounding	 inflammatory	 infiltrate	 in	 MCCHL	 is	 diffuse	 without
sclerosis.	MCCHLs	frequently	 involve	peripheral	 lymph	nodes	while	sparing	central	and	mediastinal	nodes,	are
more	common	in	elderly	patients,	and,	in	80%	of	cases,	are	associated	with	Epstein-Barr	virus	(EBV)	infection	in
HRS	cells	(see	Fig.	97.1).	LDCHL	is	rare	variant	of	CHL.	In	most	cases,	it	represents	progression	of	NSCHL	after
therapy.	Sheets	of	HRS	cells	without	the	background	inflammatory	milieu	are	the	characteristic	feature.	Varying
degrees	of	necrosis	can	be	seen,	particularly	in	NSCHL	and	after	therapy.

TABLE	97.1
2017	World	Health	Organization	Classification	of	Hodgkin	Lymphoma	and	Histologic
Subtypes

Classical	Hodgkin	Lymphoma
Nodular	sclerosis

Mixed	cellularity

Lymphocyte	rich

Lymphocyte	depleted

Nodular	Lymphocyte-Predominant	Hodgkin	Lymphoma
Pattern	A:	typical,	B-cell	rich,	nodular

Pattern	B:	serpiginous	nodular

Pattern	C:	nodular	with	prominent	extranodular	LP	cells

Pattern	D:	T-cell	rich	nodular

Pattern	E:	THRLBCL-like

Pattern	F:	diffuse	B-cell	rich
LP,	lymphocyte-predominant;	THRLBCL,	T-cell/histiocyte-rich	large	B-cell	lymphoma.

Immunophenotype
The	 comparative	 immunophenotype	 of	 HRS	 cells	 and	 LP	 cells	 is	 shown	 in	 Table	 97.3.	 HRS	 cells	 almost
invariably	 express	CD3016,17	 and	 transcription	 factors	 PAX58	 and	 interferon	 regulatory	 factor	 4	 (IRF4)	 (often
referred	 as	multiple	myeloma	 oncogene	 1	 [MUM1]	 after	 the	monoclonal	 antibody	 clone	 recognizing	 IRF4).18
Approximately	half	of	the	cases	also	express	CD15,19	but	other	B-cell	markers	such	as	CD20,	CD79a,	and	CD19
are	either	not	expressed	or	expressed	weakly	by	a	subset	of	HRS	cells	(see	Fig.	97.1).7	HRS	cells	do	not	express
immunoglobulins	or	transcription	factors	that	are	required	for	immunoglobulin	gene	transcription	such	as	OCT2
or	BOB1.20	Another	 important	 immunophenotypic	 feature	 of	HRS	 cells	 is	 the	 loss	 of	major	 histocompatibility
complex	(MHC)	class	I	and	II	expression	and	upregulation	of	immune	escape	molecules	such	as	programmed	cell
death	protein	ligand	1	(PD-L1)	in	the	majority	of	the	cases	(see	Figs.	97.1	and	97.2).21–23	In	rare	cases,	expression
of	T-cell	markers	such	as	CD3	has	been	reported	in	HRS	cells.24



Figure	97.1	A	case	of	typical	mixed	cellularity	classical	Hodgkin	lymphoma	showing	scattered
Hodgkin/Reed-Sternberg	(HRS)	cells	in	an	inflammatory	background.	The	HRS	cells	express

CD30,	CD15,	and	Epstein-Barr	virus	latent	membrane	protein	1	(EBV-LMP1).	Both	the	HRS	cells
and	histiocytes	within	the	microenvironment	are	strongly	positive	for	programmed	cell	death

protein	ligand	1	(PD-L1).	The	HRS	cells	retain	major	histocompatibility	complex	class	I	(MHC	I)
expression	and	thus	the	ability	to	present.

TABLE	97.2
Comparison	of	Cell	of	Origin	in	Classical	Hodgkin	Lymphoma	and	Nodular	Lymphocyte-
Predominant	Hodgkin	Lymphoma

Feature HRS	Cells	in	CHL LP	Cells	in	NLPHL
Proposed	cellular	origin Preapoptotic	GC	B	cell Ag-selected,	mutating	GC	B	cell

Ig	genes
Rearranged,	clonal,	mutated,
“crippled”

Rearranged,	clonal,	mutated
ongoing

Somatically	mutated	IGHV	genes Yes Yes

Presence	of	destructive	IGHV	somatic	mutation Yes	(25%) No

BCR	expression No Yes

B-cell	specific	transcription	factors	(OCT-2,	BOB1,
PU1) Rare Yes

B-lineage	commitment	and	maintenance	factor:
PAX5 Yes	(low	level) Yes
HRS,	Hodgkin/Reed-Sternberg;	CHL,	classical	Hodgkin	 lymphoma;	NLPHL,	nodular	 lymphocyte-predominant	Hodgkin	 lymphoma;
LP,	lymphocyte-predominant;	GC,	germinal	center;	Ig,	immunoglobulin;	VAR,	variable;	BCR,	B-cell	receptor.
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Figure	97.2	A	case	of	nodular	sclerosis	classical	Hodgkin	lymphoma	(CHL)	demonstrating	two
fundamental	mechanism	in	development	of	CHL.	The	CD30-positive	Hodgkin/Reed-Sternberg

(HRS)	cells	highlighted	by	yellow	arrows	show	activation	of	the	JAK/STAT	pathway	indicated	by
positive	phospho-STAT3	(pSTAT3)	staining.	The	HRS	cells	lack	expression	of	β2-microglobulin
(B2M)	secondary	to	deleterious	mutations	of	B2M	gene	and	therefore	are	unable	to	present	tumor
antigens	through	the	major	histocompatibility	complex	class	I	mechanism.	In	this	way,	HRS	cells

evade	tumor	immune	surveillance.

TABLE	97.3
Morphologic	and	Phenotypic	Features	of	HRS	Cells	of	CHL	and	LP	Cells	of	NLPHL

Features/Expression CHL NLPHL
Tumor	cells HRS	cells LP	or	“popcorn”	cells

Pattern Diffuse,	interfollicular,	nodular Nodular

Background
Lymphocytes	(T	cells	>	B	cells),	histiocytes,	eosinophils,
plasma	cells

Lymphocytes	(B	cells	>	T	cells),
histiocytes

Fibrosis Common Rare

CD15 + −

CD19 −/+	(20%–30%) +

CD20 −/+	(20%–30%) +

CD22 −/+	(20%–30%) −

CD30 + −

CD40 + +

CD45 − +

EMA − +

IRF4/MUM1 + +

BCL6 −/+	(30%) +

EBV	infection +	(20%–50%) −
HRS,	 Hodgkin/Reed-Sternberg;	 CHL,	 classical	 Hodgkin	 lymphoma;	 LP,	 lymphocyte-predominant;	 NLPHL,	 nodular	 lymphocyte-
predominant	Hodgkin	lymphoma;	EMA,	epithelial	membrane	antigen;	IRF4,	interferon	regulatory	factor	4;	MUM1,	multiple	myeloma
oncogene	1.	EBV,	Epstein-Barr	virus.

Genetics



The	study	of	genetic	changes	underpinning	the	pathogenesis	of	CHL	has	been	challenging	due	to	low	numbers	of
tumor	cells	in	the	biopsy	samples.	Our	limited	understanding	of	the	genetic	alterations	in	CHL	comes	from	cell
lines,	a	small	number	of	cases	analyzed	by	whole-exome	sequencing	following	enrichment	of	HRS	cells	by	flow
cytometry-based	 cell	 sorting,	 and	 cell-free	 DNA	 studies.25–28	 The	 most	 frequent	 genetic	 alterations	 so	 far
identified	 are	 listed	 in	 Table	 97.4.	 The	 genetic	 changes	 affect	 two	 broad	 biologic	 mechanisms	 important	 for
oncogenesis.29,30	 The	 first	 of	 these	 is	 immune	 escape	 either	 by	 loss	 of	MHC	 class	 I	 expression	 secondary	 to
deleterious	mutations	affecting	the	B2M	gene	coding	for	the	β2-microglobulin	protein27	or	loss	of	MHC	class	II
expression	by	rearrangements	of	the	CIITA	gene,	which	controls	MHC	class	II	expression,31	or	by	amplification
or	rearrangements	of	PD-L1/PD-L2	loci,22,32	which	lead	to	PD-L1	and	sometimes	PD-L2	expression	(Fig.	97.3).
The	second	broad	biologic	mechanism	is	the	enhancement	of	cell	survival	signals.	The	most	significant	changes
affect	 the	JAK/STAT	pathway	by	amplification	of	JAK2	locus32,33	and	deleterious	mutations	affecting	negative
regulators	such	as	SOCS1	and	PTPN1	(see	Fig.	97.2).25,34	The	other	mutations	deregulate	the	nuclear	factor	kappa
B	 (NF-κB)	pathway.	These	 include	mutations	 affecting	positive	 signaling	 such	 as	 amplifications	 of	REL35	 and
loss-of-function	 mutations	 affecting	 tumor	 suppressors	 such	 as	 TNFAIP3,	 NFKBIA,	 NFKBIE,	 TRAF3,	 and
CYLD.36,37	As	a	consequence,	HRS	cells	 in	CHL-derived	cell	 lines	show	evidence	of	activation	of	a	variety	of
oncogenic	pathways,	 including	NF-κB,	JAK/STAT,	phosphoinositide	3-kinase	(PI3K)–Akt,	extracellular	signal-
regulated	kinase	(ERK),	activating	protein-1	(AP-1),	Notch	1,	and	receptor	tyrosine	kinases.38–41	In	addition,	HRS
cells	express	a	number	of	tumor	necrosis	factor	receptor	family	proteins,	including	CD30,	CD40,	and	CD95,	all	of
which	are	believed	to	provide	critical	survival	signals	form	the	microenvironment	(Fig.	97.4).

TABLE	97.4
Most	Common	Genetic	Alteration	in	Classical	Hodgkin	Lymphoma

Gene Type	of	Genetic	Change Biologic	Mechanisms
B2M Loss-of-function	mutations Immune	escape

PDL1/2 Amplification,	translocation Immune	escape

CIITA Translocation Immune	escape

CD58 Loss-of-function	mutations Immune	escape

JAK2 Amplification JAK/STAT	pathway	activation

STAT3 Activating	mutations JAK/STAT	pathway	activation

STAT6 Activating	mutations JAK/STAT	pathway	activation

SOCS1 Loss-of-function	mutations JAK/STAT	pathway	activation

PTPN1 Loss-of-function	mutations JAK/STAT	pathway	activation

TNFAIP3 Loss-of-function	mutations NF-κB	pathway	activation

NFKBIA Loss-of-function	mutations NF-κB	pathway	activation

NFKBIE Loss-of-function	mutations NF-κB	pathway	activation

TRAF3 Loss-of-function	mutations NF-κB	pathway	activation

CYLD Loss-of-function	mutations NF-κB	pathway	activation

XPO1 Nonsynonymous	mutation Not	known
NF-κB,	nuclear	factor	kappa	B.

Mechanisms	of	Immune	Escape
Under	physiologic	conditions,	programmed	cell	death	protein	1	(PD-1)	expressed	on	activated	T	cells	and	PD-L1
and	PD-L2	expressed	on	antigen-presenting	cells	such	as	dendritic	cells	and	macrophages	play	an	important	role
in	 suppressing	 T-cell–mediated	 immunity,	 thus	 controlling	 immune-mediated	 collateral	 tissue	 damage	 and
autoimmunity.30,42	It	is	now	recognized	that	many	tumors	including	CHL	have	hijacked	this	mechanism	to	escape
antitumor	 immunity.	 In	CHL,	most	 of	 the	 lymphoid	 cells	 express	 PD-1,	 and	 the	 PD-L1	 expression	 is	 directly
upregulated	in	the	neoplastic	HRS	cells	not	only	by	the	genetic	mechanism	described	earlier	but	also	secondarily
by	 the	 activation	 of	 JAK/STAT	pathway.30	 This	 provides	 an	 immunologic	 shield	 that	 isolates	HRS	 cells	 from
tumor-infiltrating	 T	 lymphocytes	 (TILs).23	 Furthermore,	 HRS	 cells	 lack	 expression	 of	 MHC	 class	 I	 and	 II
molecules	and,	therefore,	are	unable	to	present	tumor	neoantigens	to	the	TILs.
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The	Role	Epstein-Barr	Virus	in	Pathogenesis
EBV	 infection	 can	 be	 detected	 in	HRS	 cells	 in	 20%	 to	 50%	 of	 CHLs	 in	 the	 developed	world,	 with	 a	 higher
incidence	in	developing	countries.43	In	the	Western	world,	EBV	infection	is	mostly	detected	in	cases	of	MCCHL
and	LDCHL	and	is	less	frequently	detected	in	NSCHL	and	LRCHL.	Conversely,	EBV	is	found	in	HRS	cells	in
nearly	all	cases	of	CHL	occurring	in	patients	infected	with	HIV.35,44–46	Similar	to	the	genetic	alteration	described
earlier,	EBV	uses	both	activation	of	oncogenic	pathways	and	 immune	escape	mechanisms.	EBV	can	 transform
antigen	receptor–deficient	GC	B	cells,	which	enables	their	escape	from	apoptosis.	The	continued	survival	of	the
rescued	preapoptotic	B	cells	allows	their	proliferation.	The	EBV-encoded	latent	membrane	protein	2A	(LMP2A)
is	 likely	 to	 function	 as	 the	 surrogate	 receptor	 through	which	B-cell	 signaling	 is	 triggered.	 This	mechanism	 of
EBV/LMP2A-induced	escape	of	antigen	receptor–deficient	GC	B	cells	from	apoptosis	offers	an	intriguing	model
of	lymphomagenesis.	EBV	infection	also	affects	the	microenvironment	composition	by	increasing	the	production
of	molecules	involved	in	immune	escape	such	as	marked	upregulation	of	PD-L147	and	T-cell	recruitment,	such	as
interleukin-10	(IL-10),	C-C	motif	chemokine	ligand	5	(CCL5),	C-C	motif	chemokine	ligand	20	(CCL20),	and	C-
X-C	motif	chemokine	ligand	10	(CXCL10).46

Figure	97.3	A	case	of	nodular	sclerosis	classical	Hodgkin	lymphoma	showing	sheets	of
Hodgkin/Reed-Sternberg	(HRS)	cells	highlighted	in	the	inset.	The	HRS	cells	strongly	and	diffusely
express	programmed	cell	death	protein	ligand	1	(PD-L1)	by	immunohistochemistry.	Break	apart
(BAP)	fluorescence	in	situ	hybridization	(FISH)	probe	for	PD-L1/programmed	cell	death	protein

ligand	2	(PD-L2)	locus	shows	split	of	red	and	green	signals	(yellow	arrows),	indicating	a
rearrangement	affecting	this	locus.	Blue	probe	represents	the	centromere	of	chromosome	9.	The
remaining	intact	PD-L1/PD-L2	loci	show	overlapping	green	and	red	signals	that	result	in	partial

yellow	color	change.

Figure	97.4	By	flow	cytometric	immunophenotyping,	Hodgkin/Reed-Sternberg	cells	shown	by
red	dots	express	bright	CD30,	CD15,	CD40,	CD95,	and	CD64	but	not	CD20.	For	comparison,

mature	B	cells	are	shown	with	blue	dots	and	T	cells	with	green	dots.

Differential	Diagnosis



Although	 histologic	 diagnosis	 of	 CHL	 is	 relatively	 straightforward	 in	 the	 right	 clinical	 context,	 a	 number	 of
challenges	remain.	Most	important	and	challenging	of	these	is	the	differentiation	of	CHL	from	so-called	gray	zone
lymphomas	(GZLs)	showing	intermediate	features	between	CHL	and	diffuse	large	B-cell	lymphoma	(DLBCL).48
Emerging	clinical	evidence	suggests	that	such	tumors	do	not	benefit	from	chemotherapy	regimens	for	CHL	and
may	require	different	management	strategies.49	The	histologic	features	that	can	distinguish	GZL	from	CHL	have
been	 extensively	 discussed	 in	 the	 literature	 and	 are	 based	 on	 cytologic	 and	 immunophenotypic	 features	 of	 the
neoplastic	 cells.50,51	 Histologically,	 CHL	 and	 NLPHL	 can	 have	 similar	 appearances,	 but	 they	 show	 distinct
immunophenotypic	 features,	 which	 are	 summarized	 in	 Table	 97.3.	 Primary	 EBV	 infection	 (infectious
mononucleosis)	 and	 EBV	 reactivation	 syndromes	 emerging	 in	 the	 context	 of	 age-related	 or	 iatrogenic
immunosuppression	may	mimic	CHL.	 In	 these	cases,	 the	polymorphic	nature	of	 the	B-cell	proliferation,	which
includes	not	only	HRS-like	cells	but	also	lymphocytes,	 immunoblasts,	and	plasma	cells,	and	EBV	serology	and
latency	studies	aid	accurate	classification.	Occasionally,	HRS-like	cells	can	be	seen	in	other	NHLs.	In	many	of
these	cases,	the	absence	of	background	inflammatory	infiltrate	typical	of	CHL	supports	the	correct	diagnosis	(Fig.
97.5).

Nodular	Lymphocyte-Predominant	Hodgkin	Lymphoma

Histopathology
NLPHL	is	characterized	by	a	nodular	or	a	nodular	and	diffuse	proliferation	of	so-called	LP	cells	that	are	large	and
usually	have	one	large	multilobated	nucleus	and	scant	cytoplasm.52	The	nucleoli	are	usually	multiple,	basophilic,
and	smaller	than	those	seen	in	HRS	cells.	These	cells	are	scattered	in	a	background	of	small	to	intermediate-size
lymphoid	 cells	 arranged	 into	 large	 nodules	 mimicking	 primary	 follicles	 (Fig.	 97.6).	 Although	 the	 typical
architecture	 of	 NLPHL	 is	 nodular,	 different	 patterns	 with	 unique	 features	 have	 been	 reported.	 Fan	 et	 al.53
identified	six	distinct	immunoarchitectural	patterns	(classical	nodular,	serpiginous/interconnected	nodular,	nodular
with	prominent	extranodular	LP	cells,	T-cell–rich	nodular,	diffuse	with	a	T-cell–rich	background,	and	diffuse,	B-
cell–rich	pattern).	In	the	nodular	pattern	originally	described	by	Fan	et	al.53	as	pattern	A,	rare	LP	cells	are	seen
outside	of	the	nodule.	In	other	patterns,	however,	increasing	numbers	of	LP	cells	extend	outside	of	the	neoplastic
nodules	 and	 infiltrate	 the	perinodular	 space.	Regarding	 the	 relationship	of	 these	histopathologic	patterns	 to	 the
clinical	course	of	the	disease,	pattern	A	was	usually	seen	in	patients	presenting	with	earlier	clinical	stage	NLPHL.
In	general,	the	clinical	impact	of	the	different	histopathologic	patterns	is	still	uncertain.53–55

Immunophenotype
LP	cells,	in	contrast	to	HRS	cells,	show	consistent	expression	of	numerous	mature	B-cell	markers	such	as	CD20,
PAX5,	CD19,	CD79a,	CD75,	BCL6,	and	CD45	in	nearly	all	cases	and	aberrant	expression	of	epithelial	membrane
antigen	(see	Table	97.3).14	In	addition,	they	show	intact	immunoglobulin	production	machinery	including	strong
expression	of	immunoglobulin	transcription	regulators	OCT2,	BOB1,	and	PU.1	as	well	as	immunoglobulin	heavy,
light,	and	J	chains.	The	LP	cells	reside	within	nodules	consisting	of	spherical	meshworks	of	follicular	dendritic
cells	 (FDCs)	 that	 are	 filled	 with	 nonneoplastic	 lymphoid	 cells.	 Inflammatory	 cells	 include	 small	 B	 cells	 with
mantle	zone–naïve	B-cell	phenotype	and	T	cells	expressing	CD3,	CD4,	and	T-follicular	helper	cell	(TFH)	markers
such	as	PD-1,	C-X-C	motif	chemokine	ligand	13	(CXCL13),	and	CD57.	The	TFHs	can	be	seen	rimming	the	LP
cells	 in	 most	 cases.	 A	 subset	 of	 cases	 shows	 a	 prominent	 component	 of	 epithelioid	 histiocytes,	 sometimes
mimicking	 a	 granulomatous	 lymphadenitis.	 Although	 the	 natural	 history	 of	 NLPHL	 has	 been	 extensively
documented,	it	appears	that	as	the	disease	progresses,	the	infiltrate	becomes	more	diffuse	and	T-cell	rich.	In	some
cases,	 the	appearance	may	mimic	T-cell/histiocyte-rich	large	B-cell	 lymphoma	(THRLBCL),	and	differentiation
from	de	novo	THRLBCL	may	be	impossible	without	previous	history	of	NLPHL.56	The	2017	WHO	classification
recommends	 that	 such	 progression	 be	 described	 as	 THRLBCL-like	 transformation	 of	 NLPHL,	 rather	 than
THRLBCL	because	the	two	entities	appear	to	have	distinct	genetic	makeup	and	clinical	course.6	Rarely,	NLPHL
may	 progress	 to	 typical	 DLBCL	 that	 is	 indistinguishable	 from	 other	 systemic	 de	 novo	 DLBCL	 cases.	 In
conclusion,	 LP	 cells	 of	 NLPHL	 clearly	 resemble	 GC	 B	 cells	 in	 many	 phenotypic	 and	 genetic	 aspects	 and
proliferate	in	association	with	a	cellular	microenvironment	that	retains	key	features	of	a	normal	GC	environment.



Dr. AVR @ TMH

Figure	97.5	Main	differential	diagnostic	considerations	in	Hodgkin	lymphoma.	NLPHL,	nodular
lymphocyte-predominant	Hodgkin	lymphoma;	CHL,	classical	Hodgkin	lymphoma;	PMBL,	primary
mediastinal	B-cell	lymphoma;	GZL,	gray	zone	lymphoma;	T/HRBCL,	T-cell/histiocyte-rich	B-cell
lymphoma;	EBVLPD,	Epstein-Barr	virus–associated	lymphoproliferative	disease;	NHLwHRS,	non-

Hodgkin	lymphoma	with	Hodgkin/Reed-Sternberg	cells.

Figure	97.6	Histology	of	nodular	lymphocyte-predominant	(LP)	Hodgkin	lymphoma.	In	low-
power	view	(upper	left	panel),	there	is	nodular	lymphoid	proliferation	effacing	the	normal



architecture.	In	high-power	view,	the	nodules	contain	large	atypical	LP	cells	with	polylobated
nuclei	(yellow	arrows)	in	a	background	of	small	lymphocytes	and	histiocytes.	The	LP	cells	are
positive	for	OCT2	and	are	surrounded	by	programmed	cell	death	protein	1	(PD-1)–positive	T-

follicular	helper	cells.

Pathogenesis
Molecular	 pathogenesis	 of	 NLPHL	 remains	 poorly	 understood.	 The	 most	 important	 recurrent	 genetic	 feature
remains	 the	BCL6	 gene	 rearrangements	with	 a	 variety	 of	 partners	 reported	 in	 a	 subset	 of	 cases.29	A	 variety	 of
additional	 somatic	 mutations	 have	 been	 identified,	 but	 a	 cohesive	 hypothesis	 for	 underlying	 oncogenic
mechanisms	has	not	emerged.57,58	EBV	infection	has	only	been	demonstrated	in	rare	cases.

Differential	Diagnosis
Although	LP	cells	 immunophenotypically	are	similar	 to	DLBCL	(including	THRLBCL)	in	 terms	of	phenotypic
and	gene	expression	aspects,	the	environmental	characteristics	discriminate	these	lymphomas.	According	to	WHO
criteria,	the	detection	of	one	nodule	showing	the	typical	features	of	NLPHL	in	an	otherwise	diffuse	growth	pattern
is	sufficient	to	exclude	the	diagnosis	of	primary	THRLBCL.	As	discussed	earlier,	NLPHL	may	mimic	THRLBCL
in	a	subset	of	cases	in	which	T	cells,	rather	than	B	cells,	are	predominant.	In	such	cases,	the	presence	of	small	B
cells	and/or	TFH	phenotype	of	the	T-cell	component	favors	a	diagnosis	of	NLPHL,	whereas	the	absence	of	small
B	cells	and	the	presence	of	CD8+	cells	and	TIA1+	T	cells	points	to	primary	de	novo	THRLBCL.	LRCHL	is	the
most	 difficult	 CHL	 subtype	 to	 differentiate	 from	 NLPHL,	 and	 misclassification	 has	 frequently	 been	 found	 in
retrospective	 studies.15	 HRS	 cells	 in	 LRCHL	 can	 resemble	 LP	 cells	 morphologically.	 Immunophenotypically,
HRS	 cells	 in	LRCHL	are	 positive	 for	CD30	 and	 often	 express	CD15.	CD20	 can	 be	 expressed	 but	 is	 typically
weaker	 and	 less	uniform	 than	CD30	expression.	NLPHL	 is	PAX5	positive,	OCT2	positive,	 and	PU.1	positive,
whereas	 CHL,	 including	 LRCHL,	 is	 PAX5	 positive	 or	 negative,	 OCT2	 negative,	 and	 PU.1	 negative.	 The
distinction	between	NLPHL	and	LRCHL	is	essential	because	of	therapeutic	and	prognostic	differences.

EARLY-STAGE	HODGKIN	LYMPHOMA
The	 management	 of	 early-stage	 HL	 exemplifies	 several	 important	 principles	 of	 oncology.	 These	 include	 the
progressive	improvement	of	cure	rates	through	careful	clinical	research,	identification	of	prognostic	features	and
new	markers	of	optimal	 response,	 the	 refinement	of	 treatment	by	exploration	of	multimodality	 approaches,	 the
vital	importance	of	long	term	follow-up,	and	a	holistic	analysis	of	the	outcomes	of	treatment.	Overall,	HL	is	one
of	the	success	stories	of	oncology,	with	modern	treatment	achieving	high	initial	cure	rates,	up	to	95%	with	the	first
line	 of	 therapy,	 and	 good	 overall	 survival	 at	 >95%	 after	 5	 years	 or	 more.	 The	 fact	 that	 it	 most	 often	 affects
younger	people	in	the	second	to	fourth	decades	of	life	has	important	implications	for	the	goals	of	treatment,	which
must	include	not	only	the	maximization	of	initial	tumor	control	but	also	the	avoidance	of	preventable	long-term
side	effects.

Prognostic	Features
The	relatively	orderly	progression	of	CHL	has	long	been	recognized.59	It	generally	develops	through	involvement
of	 adjacent	 nodes	 in	 the	 same	 anatomic	 site	 and	 then	 in	 adjacent	 nodal	 areas,	 and	 it	 is	 extremely	 rare	 to	 find
isolated	deposits	in	two	distant	nodes.	The	same	is	not	true	for	nodular	lymphocyte-predominant	disease,	which	in
this	respect	more	closely	resembles	a	low-grade	NHL.	NLPHL	often	presents	with	a	single	isolated	node	in	the
neck,	but	if	it	does	progress,	the	dissemination	is	often	to	distant	sites	without	intervening	nodal	involvement.

The	predictable	spread	of	CHL	has	allowed	the	construction	of	a	staging	system	based	on	anatomic	extent	so
that	 early-stage	 disease	 is	 defined	 by	 involvement	 of	 nodal	 groups	 on	 one	 side	 of	 the	 diaphragm	 only,	 more
usually	 the	 thorax.	Stage	 I	disease	 is	confined	 to	a	 single	anatomic	nodal	group	 (e.g.,	cervical,	 supraclavicular,
axillary,	 anterior	 mediastinal),	 whereas	 disease	 affecting	 more	 than	 one	 such	 group	 is	 stage	 II.	 Beyond	 this
division	 based	 on	 nodal	 involvement,	 many	 studies	 have	 identified	 further	 prognostic	 features	 through
retrospective	analyses	of	large	series	of	patients	in	clinical	trials,	mostly	treated	with	extended-field	radiotherapy.
This	has	allowed	the	subdivision	of	early-stage	disease	into	favorable	and	unfavorable	categories.	These	do	not
represent	biologically	distinct	processes	but	act	as	a	useful	indicator	of	the	severity	of	the	illness	and	its	optimum
management,	even	though	the	current	approaches	to	treatment	are	different	to	those	in	use	when	the	factors	were
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identified.	Although	a	variety	of	stratification	systems	have	been	devised,	common	features	include	the	presence
of	 bulky	 disease	 (usually	 in	 the	mediastinum),	more	 advanced	 age	 (with	 a	 cutoff	 of	 40	 or	 50	 years),	 elevated
erythrocyte	sedimentation	rate,	systemic	symptoms,	and	multiple	or	extranodal	sites	of	involvement	(Table	97.5).

Treatment

Radiation	Therapy
The	 dramatic	 therapeutic	 effect	 of	 radiation	 on	 HL	 was	 reported	 shortly	 after	 the	 discovery	 of	 x-rays.
Unfortunately,	 limited	 radiation	 technology	 and	 erroneous	 treatment	 concepts	 resulted	 in	 early	 relapse	 or
incomplete	control	and	thus	limited	radiotherapy	use	to	palliation	only	for	several	decades.	In	1950,	Vera	Peters	at
the	Princess	Margaret	Hospital	in	Toronto	used	better	penetrating	energies	and	a	more	extensive	field	concept	to
be	able,	 for	 the	 first	 time	and	 to	 the	disbelief	of	many,	 to	demonstrate	 cure	of	 limited-stage	HL	with	 radiation
alone.	She	reported	5-	and	10-year	survival	rates	of	88%	and	79%,	respectively,	for	patients	with	stage	I	disease.
Shortly	thereafter,	Henry	Kaplan	at	Stanford	University	used	the	first	medical	linear	accelerator	producing	even
more	 penetrating	 higher	 doses	 to	 extensive	 fields	 and	 propagated	 the	 curability	 of	 patients	with	 stage	 II	 or	 III
disease	with	“radical	radiotherapy”	alone.	Indeed,	radiation	was	(and	still	is)	considered	to	be	the	most	effective
single	agent	in	the	treatment	of	HL.

During	the	two	decades	to	follow,	in	the	absence	of	effective	nontoxic	chemotherapy,	radical	radiotherapy	was
the	 mainstay	 of	 treatment	 for	 early-stage	 HL,	 and	 radiation	 fields	 were	 designed	 to	 encompass	 the	 entire
lymphatic	system.	The	classical	radiation	fields	were	called	mantle	(for	the	upper	body)	and	inverted	Y	(for	the
lower	body),	and	the	combination,	most	often	including	the	spleen	as	well	(if	not	surgically	removed	as	part	of
staging),	was	called	 total	 lymphoid	 irradiation	 (TLI).	The	 radiation	dose	exceeded	40	Gy	and,	 for	many	years,
followed	 a	 staging	 laparotomy	 to	 also	 help	 with	 the	 extent	 of	 perfect	 staging	 and	 treatment	 allocation.	 To
maximize	 response	 in	 unfavorable	 patients	 (bulky	mediastinum,	 stage	 III	 disease,	 B	 symptoms),	 the	 intensive
radiation	curative	approach	was	even	used	together	with	chemotherapy.	It	was	relatively	well	tolerated	and	cured
over	70%	of	patients	with	 stage	 I	 or	 II	 disease	but	was	 later	 found	 to	be	 associated	with	 significant	 long-term
toxicities,	especially	the	induction	of	second	malignancies	and	accelerated	cardiovascular	disease.	Comprehensive
radiotherapy	remained	the	dominant	approach	to	treatment	of	early	disease	until	clinical	trials	demonstrated	that	a
combination	strategy	with	chemotherapy	could	produce	superior	cure	rates	with	much	less	irradiation,	leading	to	a
reduction	of	the	irradiated	field	size	to	only	the	involved	anatomic	area,	or	the	involved	fields	(IFs)	(e.g.,	left	neck,
mediastinum,	pelvis,	or	a	combination	of	IFs)	(Fig.	97.7A	and	B).	The	radiation	field	reduction	was	based	on	a
series	of	 studies	aimed	at	minimizing	 the	 toxicity	of	 radiation	 therapy	 treatment	while	maintaining	 its	efficacy.
The	 German	 Hodgkin	 Lymphoma	 Study	 Group	 (GHSG)	 HD8	 randomized	 trial	 showed	 that	 reducing	 the
treatment	volume	from	extended-field	radiation	therapy	(EFRT)	to	involved-field	radiation	therapy	(IFRT),	when
combined	with	 chemotherapy,	 is	 equally	 effective.	 The	European	Organisation	 for	Research	 and	Treatment	 of
Cancer	 (EORTC)	 H7	 trial	 showed	 a	 similar	 outcome	 comparing	 IFRT	 to	 subtotal	 lymphoid	 irradiation
(STLI).60–62

TABLE	97.5
Criteria	Used	to	Stratify	Early-Stage	Hodgkin	Lymphoma

	 EORTC GHSG NCIC/ECOG NCCN	2010
Risk	factors

1.	Large	mediastinal	mass
(>1/3)

2.	Age	50	y	and	older
3.	ESR	≥50	mm/h	without

B	symptoms	or	≥30
mm/h	with	B	symptoms

4.≥4	nodal	areas

1.	Large	mediastinal	mass
2.	Extranodal	disease
3.	ESR	≥50	mm/h	without

B	symptoms	or	≥30
mm/h	with	B	symptoms

4.≥3	nodal	areas

1.	Histology
other
than
LP/NS

2.	Age	40	y
and	older

3.	ESR	≥50
mm/h

4.	≥4	nodal
areas

1.	Large	mediastinal	mass	(>1/3)	or	>10
cm

2.	ESR	≥50	mm/h	or	any	B	symptoms
3.≥3	nodal	areas
4.>1	extranodal	lesion

Favorable CS	I–II
(supradiaphragmatic)
without	risk	factors CS	I–II	without	risk	factors

CS	I–II
without	risk
factors CS	I–II	without	risk	factors



Unfavorable

CS	I–II
(supradiaphragmatic)	with
≥1	risk	factors

CS	I	or	CS	IIA	with	≥1	risk
factor
CS	IIB	with	risk	factor	3	or
4	but	without	risk	factors	1
and	2

CS	I–II	with
≥1	risk	factor

CS	I–II	with	≥1	risk	factor	(differentiating
between	bulky	disease	and	other	risk
factors	for	treatment	guidelines)

EORTC,	European	Organisation	for	Research	and	Treatment	of	Cancer;	GHSG,	German	Hodgkin	Lymphoma	Study	Group;	NCIC,
National	 Cancer	 Institute	 of	 Canada;	 ECOG,	 Eastern	 Cooperative	 Oncology	 Group;	 NCCN,	 National	 Comprehensive	 Cancer
Network;	ESR,	erythrocyte	sedimentation	rate;	LP,	lymphocyte	predominant;	NS,	nodular	sclerosis;	CS,	clinical	stage.

Figure	97.7	Involved-site	radiation	therapy	(ISRT)	(C)	represents	a	significant	decrease	in
radiation	therapy	fields	as	compared	to	mantle	field	(A)	and	involved-field	radiation	therapy	(IFRT)
(B).	The	yellow	outline	represents	the	prechemotherapy	gross	tumor	volume	(GTV),	and	the	orange

represents	the	postchemotherapy	GTV.	IFRT	fields	are	based	on	bony	landmarks	in	the	two-
dimensional	era	and	are	designed	to	treat	the	site	of	the	clinically	involved	lymph	node	group.	In
contrast,	ISRT	fields	take	advantage	of	computed	tomography–based	simulation	and	target	the	site

of	the	originally	involved	lymph	node(s).	ISRT	is	now	recommended	by	the	International
Lymphoma	Radiation	Oncology	Group.

The	 developments	 in	 functional	 imaging,	 treatment	 planning,	 and	 intensity-modulated	 and	 image-guided
radiation	 therapy	 have	made	 it	 possible	 to	 better	 define	 and	 further	 decrease	 the	 radiation	 fields.	 Thus,	 IFRT,
which	 was	 based	 on	 arbitrary	 anatomic	 landmarks	 and	 encompassed	 adjacent	 uninvolved	 nodal	 stations,	 was
further	 minimized.	 Based	 on	 the	 fact	 that	 most	 recurrences	 occur	 in	 the	 original	 nodal	 sites,	 involved-node
radiation	therapy	(INRT)	was	suggested;	the	field,	in	this	case,	is	confined	to	the	macroscopically	involved	nodes
on	imaging	studies	at	diagnosis.	It	requires	accurate	information	on	the	prechemotherapy	or	prebiopsy	extent	of
the	node	and	often	necessitates	some	margins	for	uncertainties.	Yet,	even	with	the	same	clinical	presentation,	the
field	 is	 still	markedly	 smaller	 than	 in	 IFRT	and	 thus	 results	 in	 significantly	 lower	 exposure	 to	 adjacent	 critical
structures.63	No	formal	comparison	has	been	made	to	the	results	with	IFRT,	but	multiple	studies	have	shown	no
loss	of	efficacy	with	INRT.64,65

Using	 INRT	 requires	 acquiring	 images	 at	 diagnosis	 in	 treatment	 positions	 and	 prior	 to	 the	 start	 of
chemotherapy	 to	 minimize	 anatomic	 position	 variations	 between	 diagnostic	 and	 radiation	 treatment	 planning
imaging.	 Because	 this	 information	 is	 often	 unavailable	 in	 many	 cases,	 new	 guidelines	 defining	 involved-site
radiation	 therapy	 (ISRT)	 have	 been	 introduced	 by	 the	 International	 Lymphoma	 Radiation	 Oncology	 Group
(ILROG)	(Fig.	97.7C).	The	 new	 ISRT	 approach	 allows	 clinical	 judgment	 based	 on	 the	 quality	 of	 imaging	 and
response	to	modify	the	field	based	on	INRT	principles.	It	results	in	a	significant	reduction	in	the	volume	included
in	the	previously	used	IFRT	but	may	not	be	as	strict	as	the	original	INRT	definition	yet	still	markedly	limits	the
amount	of	normal	tissue	being	irradiated.	A	radiation	technique	of	discharging	radiation	only	during	a	monitored
deep	inspiration	phase	called	deep	inspiration	breath	hold	(DIBH)	has	recently	been	introduced	to	the	treatment	of
patients	 with	 mediastinal	 involvement.	 DIBH	 markedly	 reduces	 the	 exposure	 of	 heart	 and	 lungs	 by	 better
separating	them	from	the	treated	mediastinal	nodes	and	reducing	motion	uncertainties	(Fig.	97.8).

Combined-Modality	Therapy
The	recognition	that	HL	is	highly	sensitive	to	cytotoxic	chemotherapy	led	to	the	testing	of	systemic	treatment	in
early-stage	disease.	By	administering	limited	doses	of	chemotherapy,	it	has	been	shown	to	be	possible	to	reduce
both	the	extent	and	dose	of	radiotherapy,	while	still	maintaining	high	cure	rates.60–62	The	success	of	this	approach
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has	depended	on	 the	different	 treatment	 of	 favorable	 and	unfavorable	disease,	with	 results	 in	 favorable	groups
excellent	 even	 after	 relatively	 low-impact	 chemotherapy,	 such	 as	 two	 cycles	 of	 doxorubicin,	 bleomycin,
vinblastine,	 and	 dacarbazine	 (ABVD)	 or	 the	 attenuated	 epirubicin,	 bleomycin,	 vinblastine,	 and	 prednisone
(EBVP)	regimen.	The	EORTC	H7-F	study	compared	STLI	 to	six	cycles	of	EBVP	followed	by	IFRT	(36	 to	40
Gy),	with	better	results	from	the	combined-modality	treatment	(10-year	event-free	survival	rate,	78%	versus	88%,
respectively;	 overall	 survival,	 92%	 in	 both	 arms).63	 The	 GHSG	 HD10	 study	 in	 favorable	 early-stage	 disease
compared	results	in	a	2	×	2	randomization	between	two	or	four	cycles	of	ABVD	and	20	or	30	Gy	of	IFRT.	All
four	 groups	 had	 very	 high	 cure	 rates,	with	 progression-free	 survival	 of	 92%	 and	 overall	 survival	 of	 97%	 at	 5
years.64	 However,	 an	 attempt	 to	 further	 reduce	 the	 chemotherapy	 exposure	 in	 this	 group	 by	 the	 omission	 of
dacarbazine,	bleomycin,	or	both	drugs	was	not	successful.	The	GHSG	HD13	study	randomized	patients	between
two	cycles	of	ABVD;	doxorubicin,	bleomycin,	and	vinblastine	(ABV);	doxorubicin,	vinblastine,	and	dacarbazine
(AVD);	and	doxorubicin	and	vinblastine	(AV)	before	IFRT	and	found	that	disease	control	was	reduced	after	the
two-	 to	 three-drug	 regimens,	 with	 5-year	 freedom	 from	 treatment	 failure	 rates	 of	 93.1%,	 81.4%,	 89.2%,	 and
77.1%,	respectively.65	 The	 conclusion	 is	 that	 the	minimum	 requirement	 is	 two	 cycles	 of	ABVD	and	20	Gy	of
IFRT	for	carefully	selected	favorable	disease.

The	minimum	threshold	of	treatment	intensity	appears	to	be	higher	for	unfavorable	early	disease,	where	many
patients	present	with	bulky	mediastinal	nodes.	Attenuated	use	of	either	modality	can	be	compensated	by	the	other,
but	if	both	elements	are	reduced	too	far,	the	freedom	from	treatment	failure	is	lowered	due	to	an	excess	of	early
recurrences.	 The	 EORTC	H8-U	 trial	 showed	 the	 equivalence	 of	 either	 six	 or	 four	 cycles	 of	mechlorethamine,
vincristine,	 procarbazine,	 and	 prednisone	 (MOPP)	 plus	ABV	when	 given	 before	 IFRT	 (36-	 to	 40	Gy)	 or	 four
cycles	 of	 MOPP-ABV	 given	 before	 STLI,	 with	 5-year	 event-free	 survival	 rates	 of	 84%,	 88%,	 and	 87%,
respectively,	 and	 10-year	 overall	 survival	 rates	 of	 88%,	 85%,	 and	 84%,	 respectively,	 indicating	 that	 treatment
more	intensive	than	four	cycles	of	MOPP-ABV	and	IFRT	was	unnecessary	and	that	less	toxic	treatment	might	be
possible.66	 The	 European	 intergroup	H9-U	 study	 examined	 the	 extent	 and	 intensity	 of	 chemotherapy	 required
prior	to	IFRT	in	the	same	patient	group,	comparing	four	cycles	of	ABVD	to	six	cycles	of	ABVD	or	four	cycles	of
baseline	 bleomycin,	 etoposide,	 doxorubicin,	 cyclophosphamide,	 vincristine,	 procarbazine,	 and	 prednisone
(BEACOPP).67	The	results	confirmed	noninferiority,	with	5-year	event-free	survival	rates	of	85.9%,	88.8%,	and
89.9%,	respectively,	and	no	difference	in	5-year	overall	survival	(94%,	93%,	and	93%,	respectively).	The	GHSG
HD11	 study	 tested	 a	 2	 ×	 2	 randomization	 between	 four	 cycles	 of	 ABVD	 and	 four	 cycles	 of	 the	 baseline
BEACOPP	regimen	before	either	20	or	30	Gy	of	 IFRT.	The	 least	 intensive	arm	 (cycles	of	ABVD	and	20	Gy)
showed	 an	 inferior	 5-year	 progression-free	 survival	 rate	 of	 82%,	 compared	 to	 87%	 for	 the	 higher	 dose
radiotherapy	or	more	 intensive	 chemotherapy	 arms,	 although	overall	 survival	was	unaffected,	 at	 94.5%.64	 This
suggests	that	for	the	unfavorable	early-stage	group,	intensification	or	prolongation	of	chemotherapy	beyond	four
cycles	of	ABVD	is	unnecessary	before	 IFRT,	but	conversely,	 it	may	be	hazardous	 to	 reduce	 treatment	below	a
threshold	of	 four	 cycles	of	ABVD	and	30	Gy	of	 IFRT,	unless	 some	means	 can	be	 found	 to	 select	 patients	 for
whom	further	deintensification	can	be	attempted,	such	as	the	use	of	functional	imaging.



Figure	97.8	A	and	B:	Deep	inspiration	breath	hold	(DIBH)	is	used	to	make	the	internal	anatomy
more	favorable	and	decrease	radiation	dose	to	the	heart	and	lungs.	It	is	also	used	to	immobilize	the
disease	within	the	mediastinum.	The	blue	outline	represents	the	planning	target	volume	(PTV).	Note

that	the	PTV	with	DIBH	is	elongated.	This	patient	was	treated	using	DIBH,	and	a	superficial
radiation	field	using	electrons	was	used	for	the	pericardial	lymph	node	to	minimize	radiation

exposure	to	the	heart.	C:	DIBH	decreases	dose	to	organs	at	risk	such	as	heart,	lungs,	and	breasts.
The	triangular	dotted	lines	represent	the	dose	with	DIBH,	whereas	the	square	dotted	lines	represent
the	dose	with	free	breathing.	The	blue	line	represents	heart,	the	yellow	line	represents	lungs,	and	the

magenta	and	green	lines	represent	left	and	right	breast,	respectively.

Chemotherapy	Alone
Recognition	of	the	long-term	toxicity	of	extended-field	irradiation	has	led	many	investigators	to	test	approaches
by	which	radiotherapy	may	be	omitted	altogether	from	the	treatment	of	early	HL.68,69	Two	large	randomized	trials
have	been	performed,	one	in	pediatric	patients	and	one	in	adult	patients,	and	both	demonstrated	that	the	omission
of	 radiotherapy	 slightly	 reduced	 control	 of	 disease,	 reflected	 in	 lower	 progression-free	 survival,	 but	 had	 no
adverse	impact	on	overall	survival.

The	North	American	Children’s	Oncology	Group	study	CCG	5942	tested	the	omission	of	low-dose	IFRT	(21
Gy)	 for	 those	 in	 complete	 remission	 after	 four	 cycles	 of	 cyclophosphamide,	 vincristine,	 procarbazine,	 and
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prednisone	(COPP)	and	ABV	chemotherapy.	The	study	was	closed	prematurely	when	an	interim	analysis	showed
a	difference	in	the	progression	rates	between	the	two	arms.	With	a	median	of	7.7	years	of	follow-up,	the	event-
free	survival	 favored	 the	 radiotherapy	group	 (93%	versus	83%	with	chemotherapy	alone;	P	 =	 .004),	with	most
recurrences	 in	 the	 chemotherapy-alone	 group	 seen	 at	 the	 sites	 of	 original	 disease.	 There	 was,	 however,	 no
difference	in	overall	survival,	estimated	at	97%	at	10	years.70

In	 adults	 with	 early-stage	 nonbulky	 disease,	 the	 intergroup	 Eastern	 Cooperative	 Oncology	 Group
(ECOG)/National	Cancer	Institute	of	Canada	(NCIC)	study	tested	treatment	with	ABVD	alone	to	either	35	Gy	of
STLI	in	favorable	disease	or	two	cycles	of	ABVD	followed	by	STLI	in	unfavorable	disease.	The	first	report	of
this	study,	with	a	median	follow-up	of	4.2	years,	showed	inferior	freedom	from	progression	in	the	chemotherapy-
alone	 arm	 (87%	 versus	 93%),	 with	 the	 unfavorable	 group	 particularly	 disadvantaged	 by	 omission	 of
radiotherapy.71	The	initial	analysis	showed	no	difference	in	overall	survival,	but	with	longer	follow-up,	a	different
picture	 emerged,	 with	 inferior	 10-year	 survival	 among	 patients	 who	 had	 received	 radiotherapy	 versus
chemotherapy	alone	(87%	versus	94%,	respectively;	P	=	.04).	The	risk	of	death	from	lymphoma	was	not	different
between	the	arms,	but	the	risk	of	death	from	other	causes	was	more	than	threefold	higher	among	patients	treated
with	radiotherapy,	and	much	of	the	excess	was	due	to	second	cancers.72	It	is	important	to	note,	however,	that	this
protocol	 involved	much	more	extensive	 irradiation	 than	 is	 currently	 in	use,	making	extrapolation	of	 the	 results
difficult.

In	 the	 absence	 of	 direct	 comparative	 trials	 between	 modern	 combined-modality	 therapy	 and	 chemotherapy
alone,	a	meta-analysis	was	performed	using	the	intergroup	study	ABVD-alone	group	and	the	comparable	patients
from	the	GHSG	HD10	and	HD11	studies	who	received	ABVD	and	IFRT.	This	showed	 that	short-term	disease
control	was	inferior	with	ABVD	alone,	reflected	in	worse	8-year	progression-free	survival	(93%	with	ABVD	and
IFRT	versus	87%	with	ABVD	(hazard	ratio,	0.44;	95%	confidence	interval,	0.24	to	0.78),	but	that	overall	survival
was	not	adversely	affected	 in	 these	groups,	with	95%	alive	 in	 long-term	follow-up.73	The	 impact	of	combined-
modality	 treatment	 was	 particularly	 apparent	 among	 patients	 who	 showed	 less	 than	 complete	 remission	 after
chemotherapy,	 suggesting	 that	 some	means	 of	 selecting	 those	with	 chemosensitive	 disease	 for	 deescalation	 of
therapy	would	be	attractive	and	might	allow	radiotherapy	to	be	omitted	without	loss	of	disease	control.

Response-Adapted	Treatment
Much	 interest	 has	 been	 generated	 in	 the	 possible	 use	 of	 functional	 imaging	 to	 give	 an	 early	 indication	 of
chemosensitivity	in	HL.	The	technique	most	widely	tested	is	2-(18F)fluoro-2-deoxy-D-glucose	positron	emission
tomography	 (FDG-PET),	 the	application	of	which	as	an	 interim	read	out	of	efficacy	has	been	enhanced	by	 the
development	 of	 a	 highly	 reproducible	 5-point	 scale	 for	 reporting	 of	 the	 results	 (Table	 97.6).74	 This	 approach
appears	 to	 improve	 the	 sensitivity	 for	 detection	 of	 residual	 active	 lymphoma	 when	 compared	 to	 conventional
computed	tomography	(CT).75	This	concept	has	been	tested	in	prospective	randomized	studies,	using	it	as	a	guide
to	 therapy	 (Table	 97.7).	 The	 United	 Kingdom	 National	 Cancer	 Research	 Institute	 RAPID	 study	 randomized
patients	with	nonbulky	early-stage	disease	who	had	an	interim	PET	score	of	1	or	2	after	three	cycles	of	ABVD	to
either	30	Gy	of	IFRT	or	no	further	therapy.76	Among	the	75%	of	patients	who	had	a	negative	interim	PET/CT,	the
3-year	progression-free	 survival	was	94.6%	 in	 the	 radiotherapy	group	and	90.8%	 in	 the	group	 that	 received	no
further	therapy,	a	trend	toward	inferior	disease	control	that	became	significant	when	patients	who	did	not	receive
radiotherapy	as	allocated	were	excluded	(97.1%	versus	90.7%,	respectively;	hazard	ratio,	2.36;	P	=	.02).	Despite
this,	the	3-year	overall	survival	rates	in	both	groups	were	good	(99%	for	those	randomized	to	ABVD	alone	versus
97.1%	for	those	randomized	to	additional	IFRT).

TABLE	97.6
Five-Point	Scale	for	the	Interpretation	of	Interim	Fluorodeoxyglucose	Positron	Emission
Tomography	Scanning

Score PET/CT	Result
1 No	uptake	above	background

2 Uptake	≤	mediastinum

3 Uptake	>	mediastinum	but	≤	liver

4 Uptake	moderately	increased	compared	to	the	liver	at	any	site

5 Uptake	markedly	increased	compared	to	the	liver	at	any	site



X New	areas	of	uptake	unlikely	to	be	related	to	lymphoma
PET,	positron	emission	tomography;	CT,	computed	tomography.

The	 EORTC	 H10	 study	 compared	 two	 strategies	 of	 therapy:	 standard	 treatment	 with	 ABVD	 and	 INRT,
stratified	 according	 to	 baseline	 prognostic	 factors,	 versus	 a	 nonradiotherapy	 approach,	 but	 using	 further
chemotherapy,	for	those	with	negative	FDG-PET	scans	after	two	cycles	of	ABVD.77	Patients	with	positive	interim
FDG-PET	scans	in	the	experimental	arm	received	intensified	chemotherapy	with	escalated	BEACOPP.78	Among
the	81%	of	patients	with	a	negative	interim	PET	scan,	the	results	were	similar	to	those	of	the	RAPID	trial,	with
slightly	 inferior	 disease	 control	 in	 the	 groups	 not	 receiving	 radiotherapy.	 In	 the	 combined-modality	 and
chemotherapy-alone	arms,	the	5-year	progression-free	survival	rates	were	99.0%	and	87.1%,	respectively,	among
early-stage	 favorable	patients	 and	92.1%	and	89.6%,	 respectively,	 among	patients	 in	 the	unfavorable	group.	 In
both	 groups,	 5-year	 overall	 survival	 was	 very	 good	 (100%	 and	 99.6%	 in	 the	 favorable	 group	 and	 96.7%	 and
98.3%	 in	 the	unfavorable	group	 for	 the	combined-modality	or	 chemotherapy-alone	arms,	 respectively).	Among
the	patients	with	positive	interim	PET	scans,	the	trial	showed	a	significant	advantage	to	treatment	escalation,	with
5-year	 progression-free	 survival	 rates	 of	 77.4%	 among	 patients	 continuing	 ABVD	 versus	 90.6%	 for	 those
escalated	to	BEACOPP	(P	=	.002),	with	overall	survival	rates	of	89.3%	and	96%,	respectively	(P	=	.062).

Taken	overall,	the	evidence	suggests	that	for	early-stage	HL,	the	use	of	combined-modality	treatment	produces
optimum	 results	 in	 terms	 of	 disease	 control,	 with	 a	 very	 high	 expectation	 of	 cure	 from	 the	 initial	 therapy.
However,	there	is	a	large	proportion	of	patients,	around	90%,	who	will	be	curable	with	chemotherapy	alone,	and
the	 number	 needed	 to	 treat	 with	 radiation	 in	 order	 to	 achieve	 one	 extra	 cure	 is	 between	 15	 and	 30	 patients
according	to	these	trials.	Given	these	figures	and	the	perceived	risks	of	late	toxicity	from	radiotherapy,	a	choice	of
chemotherapy	alone	may	be	offered	to	patients,	taking	into	account	patient	preferences	and	other	variables	such	as
age,	the	sites	of	involvement	(and	thus	the	radiotherapy	fields),	and	baseline	risk	category.	In	general,	the	results
of	 treatment	 from	 either	 approach	 are	 very	 good,	 and	 it	 is	 reassuring	 that	 in	 almost	 all	 of	 the	 trials,	 a	 small
reduction	in	disease	control	did	not	have	any	detrimental	effect	on	overall	survival,	thanks	to	the	excellent	results
of	second-line	therapy,	when	it	is	required.

ADVANCED-STAGE	HODGKIN	LYMPHOMA
In	patients	with	advanced-stage	HL	(stages	IIB	to	IV),	the	introduction	of	more	effective	and	less	toxic	frontline
treatment	regimens	over	the	past	few	decades	has	steadily	improved	the	prognosis.	However,	complete	remissions
after	 initial	 therapy	 are	 not	 achieved	 in	 approximately	 20%	of	 patients	with	 stage	 III	 to	 IV	disease,	 eventually
leading	to	disease	progression.	The	current	clinical	challenge	in	patients	with	advanced-stage	disease	is	to	increase
the	number	of	patients	with	durable	remissions	and	a	favorable	outcome	after	initial	treatment,	while	decreasing
the	incidence	of	long-term	toxicities.	The	identification	of	poor	prognostic	features	may	allow	for	a	risk-adapted
approach	to	therapy	to	potentially	increase	the	likelihood	of	cure	and	also	to	minimize	side	effects.

TABLE	97.7
Response-Adapted	Trials	for	Early-Stage	Hodgkin	Lymphoma

Trial Eligibility Treatment	Regimens
No.	of	Patients
Treated Outcome

RAPID28 Nonbulky
Stage	I/II
Favorable	and
unfavorable

ABVD	×	3	cycles
PET	positive:
A:	ABVD	+	IFRT	30	Gy
PET	negative:
B:	IFRT	30	Gy
C:	observation

A:	145
B:	209
C:	211

A:
3-year	OS
93.9%
3-year	PFS
87.6%
B:
3-year	OS
97.1%
3-year	PFS
92.3%
C:
3-year	OS
99%
3-year	PFS
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88.6%

EORTC	H10	Interim	PET
negative29

Favorable	stage	I/II
Unfavorable	stage	I/II

Standard	arm:
Favorable	A:
ABVD	×	3	+	INRT	20	Gy
Unfavorable	B:
ABVD	×	4	+	INRT	30	Gy
Experimental	arm:
ABVD	×	2	then:
Favorable	C:
ABVD	×	2
Unfavorable	D:
ABVD	×	4

227
292
238
302

A:
5-year	OS
100%
5-year	PFS
99%
B:
5-year	OS
96.7%
5-year	PFS
92.1%
C:
5-year	OS
99.6	%
5-year	PFS
87.1%
D:
5-year	OS
98.3%
5-year	PFS
89.6%

EORTC	H10	Interim	PET
positive30

Favorable	stage	I/II
(n	=	97)
Unfavorable	stage	I/II
(n	=	264)

Standard	arm	A:
Favorable:
ABVD	×	3	+	INRT	20	Gy
Unfavorable:
ABVD	×	4	+	INRT	30	Gy
Experimental	arm	B:
ABVD	×	2	then	escalated	BEACOPP	×
2	+	INRT	30	Gy

192
169

A:
5-year	OS
89.3%
5-year	PFS
77.4%
B:
5-year	OS
96.0%
5-year	PFS
90.6%

ABVD,	 doxorubicin,	 bleomycin,	 vinblastine,	 and	 dacarbazine;	 PET,	 positron	 emission	 tomography;	 IFRT,	 involved-field	 radiation
therapy;	 OS,	 overall	 survival;	 PFS,	 progression-free	 survival;	 EORTC,	 European	 Organisation	 for	 Research	 and	 Treatment	 of
Cancer;	 INRT,	 involved-node	 radiation	 therapy;	 BEACOPP,	 bleomycin,	 etoposide,	 doxorubicin,	 cyclophosphamide,	 vincristine,
procarbazine,	and	prednisone.

In	general,	ABVD	chemotherapy	remains	 the	most	widely	used	 treatment	 for	newly	diagnosed	patients	with
advanced-stage	HL	in	the	United	States.	Dose-intense	regimens	such	as	escalated	BEACOPP	are	not	only	more
commonly	used	in	Europe	are	also	considered	in	North	America	in	patients	with	multiple	poor	prognostic	factors.
The	future	management	of	advanced-stage	HL	patients,	however,	is	being	shaped	by	PET-directed	approaches	and
the	incorporation	of	novel	agents	into	standard	treatment	combinations.

Prognostic	Factors
The	presence	of	adverse	prognostic	factors	at	diagnosis	is	one	of	the	methods	used	to	select	therapy	in	HL,	and	the
international	prognostic	score	(IPS)	is	an	established	risk	stratification	system	for	patients	with	advanced	disease
(Table	97.8).79	This	prognostic	model	was	constructed	using	seven	factors	associated	with	a	poor	outcome	(serum
albumin	 <4	 g/dL,	 hemoglobin	 <10.5	 g/dL,	male	 sex,	 age	 ≥45	 years,	 stage	 IV	 disease,	 leukocytosis	 of	 at	 least
15,000/μL,	and	lymphocytopenia	of	<600/μL	or	less	than	8%	of	the	white	blood	cell	count).	Although	the	IPS	is
highly	 predictive	 of	 freedom	 from	 disease	 progression,	 it	 does	 have	 limitations.	 The	 IPS	 does	 not	 adequately
define	the	truly	high-risk	patients	because	only	7%	of	the	patients	in	the	original	study	were	in	the	high-risk	group
and	their	failure-free	survival	at	5	years	was	still	quite	reasonable	at	42%.79	Furthermore,	treatment	strategies	and
supportive	care	have	changed	since	the	development	of	this	prognostic	model,	and	although	the	IPS	is	still	clearly
predictive	of	outcome,	its	performance	may	not	be	as	good	as	originally	described.80–82

TABLE	97.8
International	Prognostic	Score

45	y	and	older
Stage	IV
Male



WBC	≥15,000	cells/μL
Lymphocytes	<600	cells/μL	or	<8%	of	WBC	count,	or	both
Albumin	<4.0	g/dL
Hemoglobin	<10.5	g/dL
WBC,	white	blood	cell	count.

Efforts	have	been	made	to	 improve	the	prognostication	of	 the	IPS	by	the	 incorporation	of	additional	clinical
prognostic	 factors,83,84	 the	 inclusion	 of	 biologic	 parameters,85–96	 and	 the	 addition	 of	 early	 disease	 response
assessment.75,97	Biologic	 factors	 that	have	been	studied	 include	molecular	profiling	of	 the	 tumor	and	 the	Reed-
Sternberg	 cells85,90–92;	 measurement	 of	 circulating	 cytokines	 or	 receptors	 including	 IL-10,	 CCL17,	 or	 soluble
CD3086–89,95;	 and	 enumeration	 of	 immune	 cells	 such	 as	 macrophages	 in	 the	 tumor	 microenvironment.93,94,96
Although	many	of	the	biologic	factors	have	prognostic	significance	independent	of	 the	IPS,	 they	have	not	been
adopted	in	everyday	practice	due	to	issues	of	reproducibility	and	lack	of	prospective	validation.	However,	early
response	assessment	as	measured	by	interim	PET/CT	scan	has	been	shown	to	be	a	very	powerful	prognostic	tool
that	is	independent	of	clinical	and	biologic	prognostic	factors	including	the	IPS.75,97,98

Treatment
Combination	chemotherapy	forms	the	basis	of	treatment	for	patients	with	advanced-stage	HL.	Initially,	the	MOPP
regimen	was	developed	for	patients	who	progressed	after	radiation	therapy,	and	long-term	follow-up	of	patients
treated	 with	 the	 MOPP	 regimen	 has	 confirmed	 that	 this	 combination	 is	 effective	 therapy	 for	 advanced-stage
patients.	MOPP	 resulted	 in	 a	 freedom	 from	progression	 rate	of	54%	and	an	overall	 survival	 rate	of	48%	at	20
years.99	Although	 the	MOPP	 regimen	had	a	 significant	 impact	on	 the	 survival	of	patients	who	may	previously
have	died	of	progressive	disease,	at	least	one-third	of	patients	relapsed	after	MOPP	chemotherapy,	and	long-term
complications	were	frequently	seen	in	patients	who	received	the	combination.

To	 improve	patient	 outcomes	 and	decrease	 toxicity,	 other	 chemotherapy	 combinations	 such	 as	ABVD	were
developed.	An	initial	randomized	trial	compared	alternating	cycles	of	ABVD	and	MOPP	chemotherapy	to	MOPP
chemotherapy	alone,	and	the	alternating	regimen	was	found	to	be	superior	 in	respect	 to	 the	complete	remission
rate,	 freedom	 from	 progression,	 and	 overall	 survival.100	 Subsequently,	 a	 number	 of	 randomized	 trials	 were
performed	using	ABVD	in	combination	with	MOPP	chemotherapy	or	using	ABVD	alone.	MOPP,	ABVD,	and
MOPP	 alternating	 with	 ABVD	 were	 compared,	 and	 the	 complete	 response	 (CR)	 rate	 and	 freedom	 from
progression	were	 found	 to	 be	 superior	 in	 patients	 receiving	ABVD	 or	 the	 alternating	 regimen.101	 Two	 further
studies	 compared	 the	MOPP/ABVD	hybrid	 regimen	 to	MOPP	alternating	with	ABVD,	 and	 the	 regimens	were
found	 to	 be	 equivalent.102,103	 When	 the	 MOPP/ABV	 hybrid	 regimen	 was	 compared	 to	 ABVD,	 ABVD
chemotherapy	was	found	to	be	superior	with	less	toxicity.80	The	results	of	these	trials	led	to	ABVD	chemotherapy
being	 regarded	 as	 a	 standard	 of	 care	 for	 patients	 with	 advanced	 HL	 based	 on	 the	 clinical	 efficacy	 of	 the
combination,	the	ease	of	administration,	and	the	acceptable	toxicity	profile.

As	an	alternative	to	ABVD,	the	Stanford	V	regimen	was	developed	as	a	short-duration	regimen	combined	with
radiation	therapy.104	The	initial	single-institution	results	with	the	regimen	showed	excellent	results	with	a	5-year
freedom	from	progression	of	89%	and	an	overall	survival	of	96%.	These	promising	results	were	confirmed	in	a
multi-institutional	study.105	The	Stanford	V	regimen	has	subsequently	been	compared	to	ABVD	in	a	number	of
randomized	trials.	 Initial	studies	suggested	that	ABVD	might	be	superior	 to	Stanford	V,	with	a	10-year	failure-
free	survival	that	was	superior	in	ABVD-treated	patients;	however,	the	differences	in	outcome	may	be	due	to	the
fact	that	radiotherapy	in	the	Stanford	V	arm	was	administered	differently	from	what	was	originally	described.106
Two	subsequent	 randomized	 trials	 comparing	ABVD	 to	Stanford	V	have	 found	no	difference	 in	 response	 rate,
failure-free	survival,	or	overall	survival	between	the	regimens.107,108

The	GHSG	also	developed	new	regimens	for	patients	with	advanced	HL,	particularly	standard-dose	and	dose-
escalated	BEACOPP.109	A	 randomized	 trial	 comparing	COPP	 alternating	with	ABVD	 to	 escalated	 or	 standard
BEACOPP	 showed	 that	 patients	 receiving	 escalated	 BEACOPP	 had	 improved	 disease	 control	 and	 overall
survival.110	The	improvement	in	outcome	for	patients	treated	with	escalated	BEACOPP	was	sustained	with	long-
term	follow-up.111	Although	 these	 results	were	 encouraging,	 long-term	 complications,	 including	 acute	myeloid
leukemia	 or	 myelodysplastic	 syndrome	 appeared	 to	 be	 more	 frequent	 in	 patients	 treated	 with	 escalated
BEACOPP.	A	similar	Italian	study	compared	six	cycles	of	ABVD	to	four	cycles	of	escalated	BEACOPP	followed
by	two	cycles	of	standard	BEACOPP	and	to	six	cycles	of	a	multidrug-intensive	regimen.	When	the	results	from
the	ABVD	arm	were	compared	with	those	of	the	BEACOPP	arm,	there	was	an	improved	progression-free	survival
with	BEACOPP,	but	the	overall	survival	was	not	different.	Although	more	toxicity	was	seen	in	the	BEACOPP-
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treated	patients,	poor-risk	patients	tended	to	benefit	most	when	treated	with	BEACOPP.112
Since	 these	 initial	 studies,	 a	 number	 of	 randomized	 studies	 have	 been	 performed	 to	 determine	 the	 optimal

number	of	cycles	of	BEACOPP	needed	to	maintain	the	clinical	benefit	but	potentially	decrease	toxicity	and	also	to
define	 the	 subgroup	 of	 patients	 most	 likely	 to	 benefit	 from	 a	 more	 intensive	 treatment	 approach.	 In	 a	 study
restricted	to	patients	younger	than	60	years,	the	GHSG	found	that	a	regimen	of	six	cycles	of	escalated	BEACOPP
followed	by	radiotherapy	to	PET-positive	masses	was	more	effective	in	terms	of	freedom	from	treatment	failure
and	less	toxic	than	eight	cycles	of	the	same	regimen.113	This	led	the	GHSG	to	conclude	that	six	cycles	of	escalated
BEACOPP	is	their	standard	for	advanced	HL.	To	determine	whether	the	high-risk	group	of	patients	are	those	who
benefit	most	from	escalated	BEACOPP,	the	EORTC	20012	trial	randomized	advanced-stage	HL	patients	with	an
IPS	≥3	to	either	eight	cycles	of	ABVD	or	four	cycles	of	escalated	BEACOPP	followed	by	four	cycles	of	standard
or	baseline	BEACOPP.114	At	a	median	 follow-up	of	3.9	years,	 event-free	 survival,	which	was	 the	primary	end
point,	was	similar	between	treatment	arms.	Although	more	relapses	were	observed	with	ABVD	treatment,	early
discontinuations	were	more	common	in	BEACOPP-treated	patients.	In	this	high-risk	group	of	patients,	however,
overall	survival	was	not	significantly	improved	with	the	use	of	BEACOPP.

Treating	 physicians	 who	 favor	 using	 escalated	 BEACOPP	 as	 initial	 therapy	 for	 advanced-stage	 HL	 have
pointed	 to	 the	 high	 response	 rate	 and	 improved	 event-free	 survival	 as	 the	 reasons	 to	 use	 this	 combination.	 In
contrast,	 those	 who	 favor	 using	 ABVD	 as	 initial	 therapy	 have	 cited	 the	 complication	 rate	 with	 escalated
BEACOPP	 and	 the	 ability	 to	 salvage	 relapsing	 patients	with	 stem	 cell	 transplantation	 as	 reasons	 to	 use	 a	 less
intensive	 treatment	 first.	 To	 compare	 these	 approaches,	 a	 randomized	 comparison	 of	 ABVD	 and	 escalated
BEACOPP	was	reported,	but	the	analysis	included	second-line	therapy	if	administered.115	Patients	with	residual
or	 progressive	 disease	 after	 initial	ABVD	or	 escalated	BEACOPP	were	 treated	with	 salvage	 therapy	 including
stem	cell	 transplantation.	The	authors	not	only	analyzed	 the	outcome	after	 initial	 therapy	but	also	analyzed	 the
outcome	 after	 salvage	 therapy.	 The	 freedom	 from	 first	 progression	 significantly	 favored	 patients	 receiving
escalated	BEACOPP	when	compared	to	patients	treated	with	ABVD	(85%	versus	73%,	respectively;	P	=	 .004).
However,	after	completion	of	all	planned	therapy	including	salvage	therapy	for	those	with	residual	or	progressive
disease,	the	7-year	rate	of	freedom	from	second	progression	was	not	significantly	different	(88%	in	the	escalated
BEACOPP	group	and	82%	 in	 the	ABVD	group,	P	=	 .12),	 and	 the	7-year	overall	 survival	 rates	were	89%	and
84%,	 respectively	 (P	 =	 .39).	 Severe	 adverse	 events	were	more	 commonly	 seen	 in	 patients	 receiving	 escalated
BEACOPP.	These	results	have	led	some	to	suggest	that	initial	therapy	may	not	need	to	be	highly	aggressive	in	all
patients	due	to	the	fact	that	relapsing	patients	may	be	salvaged	with	subsequent	intensive	therapy.116	Others	have
pointed	out	that	overall	survival	was	a	secondary	end	point	in	this	study	and	that	the	study	was	small	compared	to
other	similar	trials.117	In	an	attempt	to	clarify	whether	a	survival	difference	exists,	a	meta-analysis	was	performed
that	suggested	that	six	cycles	of	escalated	BEACOPP	may	improve	overall	survival	when	compared	to	ABVD.118

Overall,	 it	 is	clear	 that	escalated	BEACOPP	has	greater	efficacy	 than	ABVD	in	patients	up	 to	60	years	old,
although	 escalated	 BEACOPP–treated	 patients	 experience	 more	 toxicity,	 particularly	 if	 they	 are	 in	 the	 upper
segment	of	this	age	range.	However,	acute	and	long-term	toxicity	may	be	improved	by	the	use	of	six	rather	than
eight	cycles	of	escalated	BEACOPP.	It	is	also	clear	that	approximately	two-thirds	of	patients	with	advanced	HL
may	not	need	intensive	therapy	such	as	escalated	BEACOPP	because	they	will	be	cured	with	ABVD.	Clinical	risk
factors,	 treatment	burden	and	cost,	 fertility	 issues,	 the	 risk	of	 long-term	relapses,	and	potential	 short-	and	 long-
term	 complications	 should	 be	 considered	 as	 physicians	 and	 patients	 decide	 which	 regimen	 to	 use	 as	 initial
treatment	for	advanced-stage	HL.

Positron	Emission	Tomography–Directed	Approaches
A	strategy	to	potentially	optimize	therapy	for	HL,	by	possibly	increasing	efficacy	and	decreasing	toxicity,	is	to	use
PET	scans	during	 treatment.	Because	changes	 in	glucose	metabolism	precede	changes	 in	 tumor	 size,	 responses
can	 be	 assessed	 earlier	 during	 treatment	with	 PET	 scans	 than	with	CT.	 Early	 interim	 PET	 scan	 imaging	 after
chemotherapy	for	HL	has	been	shown	to	be	a	sensitive	prognostic	indicator	of	outcome	in	patients	with	advanced
disease.119	In	prospective	studies,	interim	PET	scans	after	two	cycles	of	ABVD	chemotherapy	were	a	significant
predictor	of	progression-free	or	event-free	survival	in	patients	with	advanced-stage	disease.97,98	Similar	 findings
were	 reported	 for	patients	 treated	with	Stanford	V	or	escalated	BEACOPP.120,121	Therefore,	 clinical	 trials	 have
tested	whether	patient	outcomes	can	be	improved	by	modifying	treatment	based	on	the	interim	PET	scan	results.
In	 patients	who	 have	 an	 inadequate	 response	 based	 on	 the	 interim	PET	 scan,	 either	 treatment	 is	 intensified	 or
salvage	therapy	is	contemplated.

Initial	studies	testing	whether	deescalation	to	less	intense	or	abbreviated	therapy	maintains	efficacy	in	patients



who	have	a	CR	by	the	interim	PET	scan	suggest	that	this	approach	is	feasible.	Avigdor	et	al.122	treated	advanced-
stage	HL	patients	with	two	cycles	of	escalated	BEACOPP	and	deescalated	patients	to	ABVD	chemotherapy	for
four	cycles	if	the	PET	scan	after	the	initial	two	cycles	was	negative.	Patients	who	did	not	achieve	a	negative	scan
were	 removed	 from	 the	 study	 and	 considered	 for	 salvage	 therapy	 followed	 by	 high-dose	 chemotherapy	 and
autologous	 stem	 cell	 transplantation.	 Seventy-two	 percent	 of	 patients	 had	 a	 negative	 scan,	 and	 deescalation	 to
ABVD	resulted	in	a	4-year	progression-free	survival	of	87%.122	In	a	similar	fashion,	the	GHSG	HD18	trial	tested
whether	the	number	of	cycles	of	escalated	BEACOPP	can	be	reduced	from	six	to	four	in	patients	with	a	negative
interim	PET	scan.123	 In	 this	 study,	 patients	with	 a	 negative	PET	 scan	 after	 two	 cycles	 of	 escalated	BEACOPP
were	randomly	assigned	to	either	six	or	eight	cycles	of	escalated	BEACOPP	(control	arm,	n	=	504)	or	only	two
additional	cycles	for	a	total	of	four	cycles	of	escalated	BEACOPP	(experimental	arm,	n	=	501).	They	found	that
patients	in	the	control	arm	had	a	5-year	progression-free	survival	of	90.8%,	whereas	those	in	the	experimental	arm
had	a	5-year	progression-free	 survival	of	92.2%,	 and	 four	 cycles	of	 escalated	BEACOPP	were	 associated	with
fewer	severe	 infections	and	 less	organ	 toxicity.	Their	conclusion	was	 that	an	 interim	PET-directed	deescalation
strategy	should	be	adopted	for	patients	with	advanced-stage	HL.

A	similar	PET-directed	approach	has	been	tested	using	ABVD	as	the	initial	therapy	with	the	goal	to	intensify
therapy	 in	patients	who	do	not	have	a	negative	 interim	PET	scan	and	decrease	 therapy	 in	 those	who	do.	These
studies	explored	whether	patients	could	start	treatment	with	two	cycles	of	ABVD	and	escalate	to	BEACOPP	if	the
interim	scan	was	positive.124,125	 Initial	 reports	suggest	 that	 this	strategy,	with	BEACOPP	intensification	only	 in
interim	PET-positive	patients,	showed	better	results	than	ABVD-treated	historic	controls	and	spared	BEACOPP
toxicity	in	the	majority	of	patients.124

A	 PET-directed	 strategy	 was	 also	 prospectively	 tested	 in	 the	 United	 Kingdom	 National	 Cancer	 Research
Institute	 Response	 Adapted	 Therapy	 Using	 FDG-PET	 Imaging	 in	 Advanced	 Hodgkin	 Lymphoma	 (RATHL)
trial.126	In	this	study,	all	patients	received	two	courses	of	ABVD	chemotherapy,	and	PET-negative	patients	were
randomized	between	ABVD	and	AVD,	 to	 test	whether	 the	omission	of	 bleomycin	 reduced	 lung	 toxicity	while
achieving	 an	 equivalent	 outcome.	 Patients	 who	 remained	 PET	 positive	 underwent	 treatment	 escalation	 with
BEACOPP,	thereby	attempting	to	improve	remission	rates.	In	patients	with	a	negative	interim	PET	scan,	 the	3-
year	progression-free	survival	and	overall	survival	rates	in	the	ABVD	group	were	85.7%	and	97.2%,	respectively,
whereas	 the	 corresponding	 rates	 in	 the	AVD	 group	were	 84.4%	 and	 97.6%,	 respectively.	 Respiratory	 adverse
events	were	more	severe	 in	 the	ABVD	group	 than	 in	 the	AVD	group.	BEACOPP	was	given	 to	patients	with	a
positive	interim	scan,	and	74.4%	of	patients	had	negative	findings	on	an	end-of-therapy	PET	scan.	In	this	group,
the	3-year	progression-free	survival	rate	was	67.5%	and	the	overall	survival	rate	was	87.8%,	suggesting	that	an
intensification	approach	may	improve	results.	The	conclusion	from	the	study	was	that	the	omission	of	bleomycin
from	the	ABVD	regimen	after	a	negative	interim	PET	scan	resulted	in	a	lower	incidence	of	pulmonary	toxicity
than	seen	with	continued	ABVD	but	not	significantly	lower	efficacy.

Consolidation	Radiotherapy
An	alternative	strategy	to	modifying	the	initial	 treatment	for	advanced-stage	HL	is	to	attempt	to	consolidate	the
response	after	initial	chemotherapy.	Radiotherapy	is	commonly	used	as	consolidation	after	primary	chemotherapy,
with	 the	 goal	 of	 improving	 responses	 or	 preventing	 progression	 in	 patients	 with	 residual	masses.	 The	 precise
subgroup	of	patients	with	advanced-stage	HL	who	benefit	from	consolidative	radiotherapy	has	changed	over	time
with	the	use	of	different	chemotherapy	regimens	and	the	routine	use	of	PET	scans	in	clinical	practice.	For	patients
treated	 with	 standard	 anthracycline-based	 chemotherapy,	 those	 with	 only	 a	 partial	 response	 to	 treatment	 as
determined	 by	 conventional	 restaging	 may	 convert	 to	 complete	 remissions	 after	 consolidation	 radiotherapy.
Patients	with	a	CR	to	initial	treatment,	however,	do	not	appear	to	benefit	from	consolidation	radiotherapy.127

As	more	intensive	regimens	have	been	used,	resulting	in	more	CRs,	the	need	for	consolidation	radiotherapy	has
decreased.	This	may	particularly	be	 true	when	 intensive	 approaches	 are	 coupled	with	PET-based	 evaluation	of
residual	masses	to	confirm	a	CR.	In	three	successive	GHSG	trials	for	advanced	HL,	the	use	of	radiotherapy	was
reduced	 in	each	study	as	 treatment	was	 intensified	and	PET	scan	analysis	was	 included.	 In	 the	HD9	trial,	 two-
thirds	of	patients	 treated	with	COPP/ABVD	or	BEACOPP	received	radiotherapy.	In	contrast,	 in	 the	HD15	trial
where	 PET	 scans	 guided	 the	 decision,	 only	 11%	 of	 patients	 were	 treated	 with	 radiotherapy	 after	 escalated
BEACOPP	 without	 compromising	 patient	 outcome.113	 These	 studies	 suggest	 that	 the	 use	 of	 radiotherapy	 can
possibly	 be	 restricted	 to	 patients	 with	 PET-positive	 residual	 masses	 after	 escalated	 BEACOPP	 treatment;
however,	the	exact	role	of	radiotherapy	in	ABVD-treated	patients	in	the	era	of	PET	scans	is	not	well	defined.



Dr. AVR @ TMH

Incorporating	Novel	Agents	into	Frontline	Therapy
Previous	 strategies	 to	 improve	 the	 outcome	 of	 patients	 with	 advanced-stage	 HL	 have	 largely	 focused	 on
intensification	of	therapy.	This	has	resulted	in	trials	becoming	focused	on	younger	patients	who	are	in	good	health
and	has	 also	 resulted	 in	 increased	 toxicity	 of	 therapy.	However,	 not	 all	 newly	 diagnosed	 patients	with	HL	 are
young	with	a	good	performance	score.	In	addition,	patients	and	physicians	are	concerned	about	toxicity	associated
with	treatment	and	want	to	minimize	complications.	New	treatment	approaches	that	benefit	a	greater	proportion	of
patients	and	are	associated	with	 less	 toxicity	are	 therefore	needed.	The	most	promising	strategy	 to	achieve	 this
may	 be	 to	 add	 novel	 agents	 to	 less	 intense	 chemotherapy	 regimens.	 Novel	 agents	 currently	 being	 used	 in
combination	with	chemotherapy	in	the	frontline	setting	include	brentuximab	vedotin,	rituximab,	lenalidomide,	and
anti–PD-1	monoclonal	antibodies.

The	use	of	brentuximab	vedotin	 is	 currently	attracting	 substantial	 interest,	 and	 this	 agent	 is	being	combined
with	modified	forms	of	 the	ABVD	and	BEACOPP	regimens.	Brentuximab	vedotin	was	initially	combined	with
ABVD	and	then	substituted	for	bleomycin	in	a	phase	I	study.128	In	this	study,	CRs	after	the	conclusion	of	frontline
therapy	were	achieved	in	95%	of	the	22	patients	receiving	ABVD	plus	brentuximab	and	in	96%	of	the	25	patients
receiving	 AVD	 plus	 brentuximab.	 With	 long-term	 follow-up,	 these	 responses	 appear	 durable.129	 However,
significant	 pulmonary	 toxicity	 was	 seen	 when	 brentuximab	 vedotin	 was	 given	 with	 the	 bleomycin-containing
regimen,	resulting	in	the	concurrent	use	of	bleomycin	and	brentuximab	vedotin	being	contraindicated.

Based	on	the	very	high	response	rate	and	the	fact	 that	brentuximab	vedotin	when	given	with	AVD	was	well
tolerated,	a	randomized	phase	III	trial	comparing	ABVD	and	AVD	plus	brentuximab	vedotin	(ECHELON-1	trial)
was	done.130	The	primary	end	point	of	this	study	was	an	improvement	in	the	modified	progression-free	survival
(defined	 as	 time	 to	 progression,	 death,	 or	 evidence	 of	 incomplete	 response	 followed	 by	 subsequent	 anticancer
therapy),	and	this	end	point	was	met	(P	=	.035).	The	2-year	modified	progression-free	survival	was	82.1%	with
brentuximab	vedotin	plus	AVD	compared	to	77.2%	with	ABVD.	Other	secondary	end	points	including	CR	rate,
overall	 response	 rate	 at	 the	 end	 of	 randomized	 regimen,	 and	 event-free	 survival	 also	 trended	 in	 favor	 of
brentuximab	vedotin	plus	AVD.	However,	neutropenia,	grade	≥3	infections,	and	peripheral	neuropathy	were	more
common	in	the	brentuximab	vedotin	plus	AVD	arm.	Pulmonary	toxicity	was	more	frequent	and	more	severe	with
ABVD.	The	investigators	concluded	that	the	results	establish	brentuximab	vedotin	plus	AVD	as	a	new	frontline
option	for	patients	with	advanced-stage	HL.	In	a	similar	fashion,	the	GHSG	explored	the	use	of	brentuximab	in
combination	 with	 BEACOPP	 variants,	 namely	 a	 more	 conservative	 variant	 BrECAPP	 (brentuximab	 vedotin,
etoposide,	 cyclophosphamide,	 doxorubicin,	 procarbazine,	 and	 prednisone)	 and	 a	 more	 aggressive	 variant
BrECADD	(brentuximab	vedotin,	etoposide,	cyclophosphamide,	doxorubicin,	dacarbazine,	and	dexamethasone).
The	interim	results	of	a	randomized	phase	II	trial	suggest	that	use	of	these	anti-CD30	targeted	BEACOPP	variants
is	feasible	without	compromising	the	efficacy	associated	with	escalated	BEACOPP.131

Two	clinical	trials	have	added	rituximab	to	ABVD	chemotherapy	to	deplete	intratumoral	B	cells	that	express
CD20	and	that	may	support	 the	growth	and	survival	of	 the	malignant	cells.	Both	studies	demonstrated	high	CR
rates,	and	 the	event-free	survival	 in	both	studies	suggested	promising	activity	of	 the	combination.	Furthermore,
the	combination	was	also	effective	in	patients	with	high	IPS	scores.132,133	However,	when	the	benefit	of	adding
rituximab	to	chemotherapy	(which	in	this	case	was	escalated	BEACOPP)	was	tested	in	a	randomized	trial,	there
was	no	benefit	when	compared	to	chemotherapy	alone.123

Complications	of	Treatment
Initial	treatment	of	HL	patients	with	chemotherapy,	often	in	combination	with	radiotherapy,	results	in	a	significant
proportion	of	patients	who	are	cured	of	their	disease.	The	toxicity	of	treatment,	however,	is	a	significant	limitation
to	its	use.	Although	early	toxicities	of	therapy	are	commonly	manageable	and	of	short	duration,	late	toxicities	are
often	 irreversible	 and	may	 result	 in	 life-threatening	 complications.	 The	 late	 effects	 of	 treatment	 determine	 the
long-term	morbidity,	mortality,	and	quality	of	life	of	HL	patients.	In	the	first	10	years	after	treatment,	most	deaths
are	due	to	disease	progression	or	relapse,	but	beyond	this	time	point,	deaths	due	to	late	effects	predominate.134

Acute	 hematologic	 toxicity,	 with	 possible	 infectious	 complications	 and	 treatment-related	 mortality,	 is
associated	 with	 the	 intensity	 of	 the	 treatment	 combination,	 the	 age	 of	 the	 patient,	 and	 their	 comorbid
conditions.135,136	These	toxicities	are	commonly	managed	by	dose	modifications	and	growth	factor	support.	For
patients	 receiving	 bleomycin,	 pulmonary	 toxicity	 is	 a	 concern.	 Bleomycin	 lung	 toxicity	 is	 a	 potentially	 life-
threatening	complication	and	may	be	more	prevalent	in	patients	receiving	ABVD	chemotherapy.137

Second	malignancies	can	involve	solid	organs	(most	commonly	lung,	skin,	breast,	or	gastrointestinal	system)
or	be	hematologic	 (leukemia,	myelodysplasia,	or	secondary	 lymphomas).138	The	 risk	of	 second	malignancies	 is



highest	after	treatment	for	childhood	HL.139,140	In	patients	treated	for	HL	before	adulthood,	the	risk	of	developing
a	second	malignant	disease	has	been	estimated	to	be	almost	20	times	greater	than	the	general	population,	with	a
30-year	 cumulative	 risk	 of	 18%	 for	male	 patients	 and	 26%	 for	 female	 patients.140	 The	 most	 common	 second
malignancy	in	female	patients	is	breast	cancer.	Important	risk	factors	for	therapy-associated	breast	cancer	are	age
younger	 than	 20	 years	 at	 time	 of	 treatment	 and	 treatment	 with	 extended-field	 radiotherapy	 that	 includes	 the
mediastinum.141,142	The	risk	of	breast	cancer	is	estimated	to	be	approximately	30%	in	patients	who	received	40
Gy	to	 the	mediastinum	before	25	years	of	age.143	However,	modern	 radiation	 therapy	 techniques,	coupled	with
reduction	 in	 radiation	 doses	 and	 radiation	 fields,	 are	 likely	 to	 lead	 to	 a	 reduced	 incidence	 of	 some	 of	 these
complications.

Chemotherapy	 drugs,	 especially	 alkylating	 agents,	 contribute	 to	 the	 risk	 of	 hematologic	 malignancies,
particularly	 acute	 myeloid	 leukemia	 (AML)	 and	 myelodysplasia.	 The	 cumulative	 risk	 of	 developing	 AML	 is
approximately	1.5%	for	patients	treated	for	advanced-stage	HL	with	chemotherapy	regimens	such	as	ABVD.144
There	may	be	an	 increase	 in	 the	 incidence	of	myelodysplasia	and	AML	when	more	 intensive	 regimens	such	as
escalated	 BEACOPP	 are	 used.	 The	 overall	 rate	 of	 other	 second	malignancies,	 however,	 appears	 similar	 when
more	intensive	and	less	intensive	chemotherapy	regimens	are	compared.111

Other	 late	 effects	 include	 infertility,	 cardiac	 effects,	 endocrine	dysfunction,	peripheral	neuropathy,	 and	 local
effects	from	radiotherapy.	Alkylating	agents	may	induce	male	and	female	sterility,	but	this	is	far	less	frequent	in
patients	 treated	 with	 ABVD-like	 regimens	 than	 alkylating-containing	 regimens	 such	 as	 BEACOPP.145–148
Increases	 in	 myocardial	 infarction,	 congestive	 cardiac	 failure,	 asymptomatic	 coronary	 disease,	 valvular
dysfunction,	and	stroke	have	been	recorded	after	treatment	for	HL,	and	the	risk	of	cardiac	mortality	may	persist
for	many	years	after	completing	therapy.149

SPECIAL	CIRCUMSTANCES
Elderly	Patients
Elderly	patients	with	HL	are	a	heterogeneous	population,	particularly	when	 life	expectancy,	comorbidities,	 and
functional	status	are	considered.	Patients	older	than	65	years	constitute	approximately	20%	of	the	HL	population,
but	 <10%	 of	 patients	 included	 in	 clinical	 trials	 are	 older	 than	 60	 years	 old.	 The	 results	 of	 clinical	 trials	 are
therefore	 not	 broadly	 applicable	 to	 the	 elderly	 who	 often	 have	 difficultly	 tolerating	 aggressive	 treatment
approaches.	 Elderly	 patients	 may	 even	 have	 difficulty	 tolerating	 ABVD	 chemotherapy,	 and	 response	 rates	 to
ABVD	 in	 elderly	 patients	 are	 typically	 lower	 than	 those	 seen	 in	 younger	 patients.	Older	 patients	 often	 have	 a
poorer	 event-free	 survival	 after	 ABVD	 treatment	 when	 compared	 to	 younger	 patients.150	 One	 reason	 for	 the
relatively	poor	outcome	in	elderly	patients	is	their	susceptibility	to	the	toxic	effects	of	intensive	therapy,	and	many
have	coexisting	conditions	that	affect	their	ability	to	tolerate	standard	treatments.	Although	fit	elderly	patients	can
be	 treated	with	 curative	 intent	 using	 the	 same	 therapeutic	 regimens	 as	 used	 in	 younger	 patients,	 toxicities	 and
complications	 are	 more	 frequent.150,151	 For	 frailer	 elderly	 patients	 or	 those	 with	 significant	 comorbidities,
alternative	regimens	such	as	vinblastine,	cyclophosphamide,	procarbazine,	prednisolone,	etoposide,	mitoxantrone,
and	bleomycin	(VEPEMB)	or	vinblastine,	bleomycin,	and	methotrexate	(VBM)	could	be	considered.152–154

New	targeted	agents	such	as	brentuximab	vedotin,	alone	or	in	combination	with	less	toxic	agents,	have	been
studied	as	 initial	 treatment	 in	elderly	patients	with	HL.	Brentuximab	vedotin	as	a	single	agent	 in	patients	older
than	60	years	 had	 an	 overall	 response	 rate	 of	 92%,	with	 a	CR	 rate	 of	 73%.	The	median	 duration	 of	 response,
however,	was	only	9.1	months	(range,	2.8	to	20.9+	months),	with	a	median	progression-free	survival	time	of	10.5
months.155	 Brentuximab	 vedotin	 was	 subsequently	 combined	 with	 dacarbazine	 and	 bendamustine	 in	 elderly
patients.156	 For	brentuximab	vedotin	plus	dacarbazine,	 the	objective	 response	 rate	was	100%	and	 the	 complete
remission	 rate	was	 62%.	The	median	 progression-free	 survival	 time	was	 17.9	months,	 and	 the	median	 overall
survival	time	was	not	reached.	For	brentuximab	vedotin	plus	bendamustine,	the	overall	response	rate	was	100%,
and	the	CR	rate	was	88%.	Neither	the	median	progression-free	survival	time	nor	the	median	overall	survival	time
was	reached.	For	elderly	patients	with	HL,	brentuximab	vedotin	plus	dacarbazine	may	be	a	frontline	option	based
on	 tolerability	 and	 response	 duration.	 However,	 despite	 promising	 clinical	 activity,	 brentuximab	 vedotin	 plus
bendamustine	has	significant	toxicity	and	was	not	a	tolerable	regimen	in	these	patients.	Currently,	frontline	studies
in	elderly	patients	are	testing	brentuximab	vedotin	in	combination	with	anti–PD-1	antibodies,	and	these	trials	are
ongoing.
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Pregnancy
HL	is	one	of	the	most	common	cancers	in	pregnant	patients,	with	concurrent	pregnancy	reported	in	approximately
3%	of	all	patients.157,158	Overall,	the	prognosis	and	clinical	course	of	HL	diagnosed	in	pregnant	women	are	similar
to	other	patients.159	If	possible,	treatment	of	asymptomatic,	early-stage,	pregnant	patients	should	be	delayed	until
after	 the	second	trimester	or	until	 they	complete	 their	pregnancy.	If	 treatment	 is	 required,	 it	may	be	possible	 to
control	 the	 disease	 with	 single-agent	 vinblastine	 to	 allow	 the	 pregnancy	 to	 go	 to	 term.157,159,160	 Patients	 who
progress	 while	 receiving	 vinblastine	 can	 be	 treated	 with	 ABVD	 chemotherapy	 during	 the	 second	 or	 third
trimester.	 Although	 radiotherapy	 should	 generally	 be	 avoided	 during	 pregnancy,	 advances	 in	 radiotherapy
techniques	have	significantly	reduced	the	risk	of	fetal	complications,	and	radiotherapy	could	be	used	if	needed.161
Treatment	should	not	be	delayed	if	the	patient	has	symptomatic,	advanced-stage,	or	progressive	HL.	If	treatment
is	required	and	the	patient	does	not	want	a	therapeutic	abortion,	successful	completion	of	pregnancy	without	fetal
malformation	is	possible	with	the	use	of	ABVD	or	similar	regimens.162

Relapsed	and	Refractory	Hodgkin	Lymphoma
Salvage	 chemotherapy	 followed	 by	 autologous	 stem	 cell	 transplantation	 (ASCT)	 is	 the	 treatment	 of	 choice	 in
patients	with	relapsed	HL	or	if	the	disease	is	refractory	to	initial	chemotherapy.163,164	Two	randomized	phase	III
clinical	trials	showed	improved	progression-free	survival	in	patients	receiving	high-dose	chemotherapy	(HDCT)
compared	to	those	treated	with	standard-dose	salvage	chemotherapy,	although	there	was	no	statistically	significant
difference	in	overall	survival.165,166

Although	 these	 randomized	 controlled	 trials	 (RCTs)	 form	 the	 basis	 for	 the	 management	 of	 patients	 with
relapsed	or	refractory	HL	(RR-HL),	the	challenge	to	clinicians	remains	how	best	to	apply	these	data	to	patients	as
primary	treatment	strategies	evolve	and	as	novel	therapeutics	become	available.	Improvements	in	the	management
of	patients	undergoing	ASCT	(the	use	of	peripheral	blood	stem	cells	[PBSCs]	and	modern	supportive	care)	and
allogeneic	 stem	 cell	 transplantation	 (allo-SCT;	 the	 use	 of	 nonmyeloablative	 or	 reduced-intensity	 conditioning
techniques	and	increased	experience	with	matched	unrelated	and	alternative	donor	stem	cell	sources)	have	led	to
improved	 safety,	 increasing	age	and	comorbidity	 cutoffs	 for	 transplant	patients.	These	 technical	 advances	have
granted	further	accessibility	to	stem	cell	transplant	therapies.	With	the	advent	of	active	novel	agents,	studies	have
evaluated	the	addition	of	these	therapeutics	to	established	stem	cell	transplant	strategies	in	HL.

Prognostic	Factors
Multiple	 studies	have	 identified	prognostic	 factors	 in	patients	with	RR-HL	who	undergo	salvage	chemotherapy
and	ASCT.	 The	 largest	 studies	 of	 prognostic	 factors	 in	 patients	 not	 specifically	 selected	 for	ASCT	 have	 been
performed	by	the	GHSG.	Separate	studies	have	examined	prognostic	factors	in	primary	refractory	HL	(defined	as
progressing	while	on	primary	treatment	or	within	3	months	of	completion),	and	another	study	examined	patients
who	relapsed	beyond	3	months	after	completion	of	primary	therapy.	In	the	primary	treatment	setting,	206	patients
were	 identified,	with	 the	 significant	 adverse	prognostic	 factors	 identified	 from	multivariate	 analysis	being	poor
performance	 status	 (ECOG	performance	 status	>0),	 age	 older	 than	 50	 years,	 and	 failure	 to	 obtain	 a	 temporary
remission	 to	 initial	 therapy.167	 In	 the	 relapse	 setting,	 422	 patients	 were	 studied,	 and	 the	 significant	 adverse
prognostic	 factors	 for	overall	 survival	 identified	 in	multivariate	analysis	were	anemia	(hemoglobin	<12	g/dL	 in
males	 and	 <10.5	 g/dL	 in	 females),	 advanced	 clinical	 stage	 (III	 or	 IV),	 and	 time	 to	 treatment	 failure	 of	 <12
months.168

A	recent	study	from	the	British	Columbia	Cancer	Agency	reported	the	development	of	the	RHL30	prognostic
assay,	 a	 gene	 expression	 signature	 using	 relapse	 biopsy	 samples	 that	 is	 prognostic	 of	 outcome	 after	 ASCT
independent	of	known	immunohistochemical	prognostic	markers	evaluated	in	diagnostic	and	relapse	samples.169
Gene	expression	was	evaluated	using	a	NanoString	platform	on	a	relapse	training	cohort	of	65	samples	and	was
subsequently	 validated	 in	 two	 small	 independent	 cohorts	 (n	 =	 31	 and	 n	=	 27).	 The	 gene	 signatures	 in	RHL30
represent	cellular	components	in	the	biopsy	(B	cell,	macrophage,	HRS	cell,	neutrophil,	and	natural	killer	cell)	as
well	as	drug	resistance	components.	High-risk	patients	constituted	20%	of	the	patient	population	and,	compared
with	low-risk	patients,	had	inferior	5-year	failure-free	survival	(23.8%	versus	77.5%)	and	overall	survival	(28.7%
versus	85.4%)	after	ASCT.

In	 summary,	 other	 series	 and	 institutional	 reviews	 generally	 confirm	 that	 that	 time	 to	 relapse	 after	 initial
therapy	 along	 with	 advanced	 stage	 and	 poor	 performance	 status	 at	 relapse	 are	 consistent	 predictors	 of	 poor
outcome.	Time	to	relapse	is	of	clinical	significance	as	 the	GHSG	primary	refractory	series	had	a	5-year	overall



survival	rate	of	46%	for	early	relapsers	after	chemotherapy	(3	to	12	months)	and	71%	for	late	relapsers	(after	12
months)	in	their	series	studying	relapsers.167,168	Prospective	validation	of	the	predictors	of	outcome	identified	by
Josting	et	al.167,168	have	yet	to	be	performed.	RHL30	represents	a	novel	gene	expression	biomarker	using	relapse
samples	that	is	predictive	of	outcome	after	ASCT	that	appears	promising	and	requires	further	validation.

Treatment

Salvage	 Chemotherapy	 Prior	 to	 Autologous	 Stem	 Cell	 Transplant	 and	 Peripheral	 Blood	 Stem	 Cell
Mobilization.	Despite	 a	multitude	 of	 published	 phase	 II	 studies	 reporting	 results	 of	 salvage	 regimens	 for	 RR-
HL,170–180	RCTs	of	second-line	regimens	have	not	been	performed,	and,	thus,	there	is	no	obvious	standard	of	care
regimen.	The	published	RCTs	of	ASCT	for	RR-HL	used	carmustine,	etoposide,	cytarabine,	and	melphalan	(mini-
BEAM)	or	dexamethasone,	carmustine,	etoposide,	cytarabine,	and	melphalan	(dexa-BEAM),	and	the	control	arm
of	the	most	recent	GHSG	trial	used	dexamethasone,	cisplatin,	and	cytarabine	(DHAP),	so	these	regimens	can	be
considered	as	standard	regimens	in	this	setting.165,166,181	Because	 the	goal	of	salvage	chemotherapy	is	 to	enable
patients	to	proceed	to	ASCT,	the	ideal	regimen	should	have	a	high	response	rate	with	minimal	toxicity	and	should
not	 impair	 the	 collection	 of	 PBSCs	 for	 ASCT.	 Although	 the	 RCTs	 of	 ASCT	 support	 the	 use	 of	 multidrug
regimens	 including	 mini-BEAM,	 these	 regimens	 have	 significant	 hematologic	 toxicity,	 requiring	 frequent
hospitalization	for	febrile	neutropenia	and	a	high	incidence	of	transfusion	support.	Stem	cell	mobilization	appears
to	be	compromised	following	treatment	with	mini-BEAM.182

Given	the	multicenter	experience	with	DHAP	reported	by	the	GHSG,	a	platinum-based	regimen	such	as	DHAP
is	a	reasonable	choice	given	comparable	response	rates	and	less	toxicity.181	When	given	prior	to	randomization	in
the	HD-R2	study,	DHAP	led	to	CR	or	unconfirmed	CR	in	24%	of	patients,	partial	response	in	46%	of	patients,
and	stable	disease	in	20%	of	patients.	Because	the	trial	allowed	patients	to	proceed	to	randomization	as	long	as
they	did	not	have	progressive	disease,	90%	of	patients	proceeded	to	transplant.	Several	published	and	widely	used
salvage	 chemotherapy	 regimens	 are	 summarized	 in	 Table	 97.9.	 These	 trials	 report	 similar	 response	 rates	 to
DHAP,	 and	 there	 is	 no	 evidence	 to	 demonstrate	 that	 one	 is	 superior	 over	 others.	 Although	 the	 dexa-BEAM
regimen	 had	 an	 overall	 response	 rate	 of	 81%	 in	 the	 GHSG/European	 Group	 for	 Blood	 and	 Marrow
Transplantation	(EBMT)	phase	III	ASCT	trial,	treatment-related	mortality	(TRM)	from	salvage	chemotherapy	in
that	study	was	5%.	Other	trials	have	reported	a	lower	TRM	between	0%	and	2%,	which	is	a	more	acceptable	level
given	the	typically	young	age	and	lack	of	comorbidities	of	patients	in	this	setting.	Although	the	optimal	number	of
cycles	of	salvage	chemotherapy	is	unknown;	two	to	three	cycles	of	treatment	are	usually	given	by	convention	with
a	need	to	balance	optimizing	response	and	the	risk	of	further	toxicity.

The	available	institutional	series	reporting	response	rates	to	salvage	chemotherapy	often	include	a	mixture	of
patients	with	primary	refractory	and	relapsed	disease,	with	most	series	 likely	unable	 to	demonstrate	differences
due	to	a	lack	of	statistical	power.	Patients	with	primary	refractory	HL	have	an	inferior	response	rate	to	second	line
chemotherapy	 compared	 with	 those	 with	 relapsed	 disease	 (51%	 versus	 83%,	 P	 <	 .0001),183	 highlighting	 the
unique	 and	 inferior	biology	 in	 this	group	of	patients.	The	proportion	of	primary	 refractory	patients	 in	 reported
series	 along	with	other	 imbalances	of	 prognostic	 factors	 and	 typically	 small	 sample	 sizes	 in	 these	 series	 likely
explain	 any	 potential	 variation	 in	 reported	 response	 rates.164,167,178,184–186	 Despite	 aggressive	 combination
chemotherapy,	between	10%	and	40%	of	patients	do	not	achieve	a	response	to	salvage	chemotherapy,	and	there
are	 no	RCT	 data	 supporting	ASCT	 in	 nonresponders.	 Courses	 of	 alternative	 salvage	 chemotherapy	 have	 been
given	 in	 an	 attempt	 to	 demonstrate	 chemosensitive	 disease	 prior	 to	 transplant.	 Studies	 have	 largely	 assessed
response	 using	CT	 scan–based	 criteria.	These	 series	 have	 largely	 reported	 selected	 patient	 populations	 and	 are
characterized	by	 small	 numbers,	 although	 the	goal	of	 achieving	 a	 response	 and	proceeding	 to	ASCT	occurs	 in
approximately	 half	 of	 the	 patients.187–190	 A	more	 recently	 reported	 Italian	 regimen	 incorporated	 bendamustine
with	gemcitabine	and	vinorelbine	with	favorable	results.191

Attempts	 to	 improve	 salvage	 therapy	 strategies	 have	 sought	 to	 incorporate	 novel	 agents	 into	 established
regimens	 or	 to	 substitute	 novel	 agents	 for	 traditional	 regimens.	 The	 anti-CD30	 antibody–drug	 conjugate
brentuximab	vedotin	has	been	evaluated	in	combination	with	established	salvage	therapy	regimens	(with	DHAP;
ifosfamide,	 carboplatin,	 etoposide	 [ICE];	or	etoposide,	 solumedrol,	 cytarabine,	 and	cisplatin	 [ESHAP]	 in	early-
phase	 studies)192–194	 or	 as	 a	 component	 in	 novel	 regimens	 (with	 bendamustine	 or	 the	 anti–PD-1	 antibody
nivolumab).195,196	 An	 alternate	 brentuximab-based	 strategy	 involves	 using	 brentuximab	monotherapy	 and	 then
proceeding	 directly	 to	 ASCT	 in	 responding	 patients,	 avoiding	 the	 need	 for	 chemotherapy	 in	 28%	 to	 35%	 of
patients.197,198	With	sequential	chemotherapy,	an	additional	35%	to	40%	of	patients	achieve	PET-negative	CR	in
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these	series	and	could	proceed	to	transplant.
An	important	issue	related	to	salvage	chemotherapy	is	the	potential	for	second-line	therapy	to	impair	the	ability

to	mobilize	PBSCs	to	support	potentially	curative	HDCT.	The	efficacy	of	salvage	chemotherapy	for	HL	must	be
balanced	by	toxicity	and	the	impact	on	subsequent	PBSC	mobilization.	Success	rates	for	PBSC	mobilization	have
not	been	consistently	reported	in	the	RCTs	or	trials	assessing	the	efficacy	of	salvage	therapy.	Some	studies	report
that	 regimens	 containing	 melphalan	 such	 as	 dexa-BEAM	 or	 mini-BEAM	 may	 result	 in	 reduced	 stem	 cell
mobilization.199–201	 Available	 results	 for	 commonly	 used	 regimens	 demonstrate	 that	 at	 least	 80%	 of	 patients
undergoing	PBSC	mobilization	reach	a	minimum	threshold	of	2.0	×	106	CD34	cells/kg,182,202	 even	when	novel
agents	are	used	in	combination	with	chemotherapy.192–196	Modern	regimens	incorporating	novel	agents	have	high
complete	remission	rates	and	appear	 to	be	highly	active	when	compared	to	historic	chemotherapy.	Randomized
trials	are	required	to	demonstrate	clear	benefit	for	patients	in	the	curative	setting.

TABLE	97.9
Salvage	Chemotherapy	Regimens	in	Relapsed	or	Refractory	Hodgkin	Lymphoma

Regimen
No.	of
Patients

CR
(%)

PR
(%)

ORR
(%)

Grade	3/4	Neutropenia
(%)

Grade	3/4	TCP
(%)

Toxic	Death
(%)

Dexa-
BEAM166 144 27 54 81 NS NS 5

Mini-BEAM172 55 49 33 82 86 60 2

ICE202 65 26 59 85 NS NS 0

DHAP175
q2wk 102 21 68 89 88 69 0

GDP176 23 17 52 69 9 13 0

IEV179 51 61 23 84 100a NS 0

MINE178 157 NS NS 75 NS NS 5b

IV180 47 45 38 83 65 0 NS

BeGEV191 59 73 10 83 14 14 0

Benda-BV195 54 76 17 93 NS NS 0

BV-ESHAP193 66 83 13 96 50 47 0

BV-Nivo196 59 63 22 85 NS NS 0
aAll	patients	experience	grade	IV	neutropenia.
bFive	percent	toxic	death	rate	included	patients	undergoing	autologous	stem	cell	transplantation.
CR,	complete	response;	PR,	partial	response;	ORR,	overall	response	rate;	TCP,	thrombocytopenia;	Dexa-BEAM,	dexamethasone,
carmustine,	etoposide,	cytarabine,	and	melphalan;	NS,	not	stated;	Mini-BEAM,	carmustine,	etoposide,	cytarabine,	and	melphalan;
ICE,	ifosfamide,	carboplatin,	and	etoposide;	DHAP,	dexamethasone,	cytarabine,	and	cisplatin;	GDP,	gemcitabine,	dexamethasone,
and	cisplatin;	IEV,	ifosfamide,	etoposide,	and	vinorelbine;	MINE,	mitoguazone,	ifosfamide,	vinorelbine,	and	etoposide;	IV,	ifosfamide
and	 vinorelbine;	 BeGEV,	 bendamustine,	 gemcitabine,	 and	 vinorelbine;	 Benda-BV,	 bendamustine	 and	 brentuximab	 vedotin;	 BV-
ESHAP,	brentuximab	vedotin,	etoposide,	solumedrol,	cytarabine,	and	cisplatin;	BV-Nivo,	brentuximab	vedotin	and	nivolumab.
Adapted	from	Kuruvilla	J,	Keating	A,	Crump	M.	How	I	treat	relapsed	and	refractory	Hodgkin	lymphoma.	Blood	2011;117(16):4208–
4217.

The	Role	of	Functional	Imaging	in	Response	Assessment	Prior	to	Autologous	Stem	Cell
Transplant
The	use	of	FDG-PET	in	response	assessment	after	salvage	chemotherapy	and	prior	to	ASCT	is	increasing	despite
a	 lack	 of	 large	 prospective	 data.	Outside	 of	 response	 assessment,	 FDG-PET	 scanning	 can	 also	 be	 viewed	 as	 a
biomarker,	with	a	positive	test	after	salvage	therapy	suggesting	a	higher	rate	of	relapse	after	ASCT	(whether	this
is	 due	 to	 tumor-related	 or	 other	 factors	 in	 the	 FDG-PET–avid	 lesion	 remains	 to	 be	 elucidated).	 A	 recently
published	meta-analysis	 including	 745	RR-HL	 patients	 before	ASCT	 found	 that	 progression-free	 survival	was
55%	to	85%	in	PET-negative	patients,	whereas	it	was	only	0%	to	52%	in	PET-positive	patients.	Overall	survival
was	noted	to	be	78%	to	100%	in	PET-negative	patients	and	17%	to	77%	in	PET-positive	patients.	Variation	in
results	could	be	explained	by	the	use	of	multiple	criteria	for	determining	PET	status	in	the	aggregated	studies	as
well	as	the	heterogeneity	of	the	treated	patient	population.203

The	group	at	Memorial	Sloan	Kettering	Cancer	Center	(MSKCC)	has	reported	results	of	a	prospective	study



that	tested	the	strategy	of	attempting	to	achieve	a	negative	FDG-PET	scan	prior	to	ASCT.204	In	patients	who	had	a
positive	 FDG-PET	 scan	 after	 ICE	 salvage	 chemotherapy,	 a	 non–cross-resistant	 chemotherapy	 regimen	 to	 ICE
(gemcitabine,	vinorelbine,	and	liposomal	doxorubicin	[GVD])	was	given	as	a	second-line	salvage	chemotherapy
regimen.	A	positive	FDG-PET	scan	was	seen	in	38%	of	patients	after	ICE;	26	of	33	patients	who	received	GVD
achieved	a	response	(CR,	partial	response,	or	minor	response)	and	went	on	to	transplant.	Of	these	33	patients,	a
negative	FDG-PET	scan	was	achieved	in	52%,	and	their	outcome	appeared	similar	to	the	patients	who	were	FDG-
PET	negative	after	ICE.	These	data	demonstrate	that	the	goal	of	FDG-PET	negativity	prior	to	autograft	is	likely	of
value	 and	 that	 the	 use	 of	 a	 non–cross-resistant	 regimen	 can	 be	 successful	 in	 approximately	 half	 of	 patients.
Unfortunately,	 the	outcome	of	FDG-PET–avid	patients	who	were	 transplanted	remains	poor,	with	an	event-free
survival	of	25%	at	 a	median	 follow-up	beyond	4	years.	Validation	of	 this	observation	 in	other	 series	 and	with
other	commonly	used	regimens	would	help	to	confirm	this	treatment	approach.

Autologous	Stem	Cell	Transplant	High-Dose	Therapy	Conditioning	Regimens	and
Strategies
The	role	of	ASCT	in	HL	has	been	defined	by	two	published	phase	III	RCTs.165,166	The	GHSG/EBMT	assigned
161	patients	with	 relapsed	HL	to	 receive	 two	cycles	of	dexa-BEAM	chemotherapy	and	randomized	responding
patients	to	either	two	additional	cycles	of	dexa-BEAM	or	high-dose	therapy	and	ASCT.	Freedom	from	treatment
failure	at	3	years	was	significantly	improved	in	the	ASCT	group	(55%	versus	34%;	P	=	.02),	although	there	was
no	difference	in	overall	survival.166	These	trials	of	ASCT	did	not	include	chemotherapy-refractory	patients;	only
cohort	and	registry	data	address	the	benefit	of	ASCT	in	these	patients.163,164,167

The	role	of	ASCT	in	lymphoma	overtly	refractory	to	chemotherapy	has	not	been	well	defined	in	the	modern
literature.	 The	 Seattle	 group	 reported	 the	 outcome	 of	 64	 chemotherapy-resistant	 (defined	 as	 less	 than	 a	 partial
remission)	 HL	 patients	 who	 underwent	 transplantation	 on	 protocols	 conducted	 between	 1986	 and	 2005.	 At	 a
median	follow-up	of	4.2	years	after	ASCT,	5-year	progression-free	and	overall	survival	rates	were	17%	and	31%,
respectively,	suggesting	inferior	outcomes	when	compared	to	ASCT	in	chemotherapy-sensitive	patients.	The	two
randomized	trials	of	ASCT	for	RR-HL	used	BEAM	HDCT.	Other	single-institution	studies	report	outcomes	with
diverse	regimens.50,205–209	The	lack	of	randomized	comparisons	of	HDCT	regimens	makes	it	difficult	to	conclude
that	 there	 is	 an	 optimum	 regimen	 in	 terms	 of	 toxicity	 and	 efficacy.	 Late	 effects,	 including	 second	 primary
malignancies,	 cognitive	deficits,	 and	chronic	 fatigue,	 are	 important	considerations,	but	 the	 impact	of	HDCT	on
these	outcomes	and	whether	they	vary	between	regimens	remain	unclear.	The	Center	for	International	Blood	and
Marrow	Transplant	Research	(CIBMTR)	completed	a	registry	analysis	examining	HDCT	regimens	and	reported
the	 frequent	 use	 of	 cyclophosphamide,	 carmustine,	 and	 etoposide	 (CBV)	 in	 HL,	 although	 BEAM	 is	 being
increasingly	 used.210	 Higher	 mortality	 was	 seen	 with	 non-BEAM	 regimens	 versus	 BEAM	 along	 with	 higher
relapse	rates	for	non-BEAM	or	CBV	regimens.

Further	 intensification	of	high-dose	 regimens	has	not	been	a	successful	 strategy	 in	RR-HL,50	but	 single-arm
studies	of	augmented-dose	mobilization	regimens47	or	additional	therapy	after	stem	cell	collection52	have	reported
improved	outcomes.	The	Cologne	high-dose	 sequential	 (HDS)	 protocol	 begins	with	 an	 induction	phase	 of	 two
cycles	of	DHAP	chemotherapy	followed	by	response	assessment.	Responders	proceed	to	HDS,	which	consists	of
4	g/m2	of	cyclophosphamide	followed	by	granulocyte	colony-stimulating	factor	and	subsequent	PBSC	collection,
methotrexate	8	g/m2	with	vincristine	1.4	mg/m2,	etoposide	2	g/m2	with	granulocyte	colony-stimulating	factor	and
an	optional	second	PBSC	collection,	and	finally	BEAM	HDCT	and	ASCT.	Based	on	a	multicenter	phase	II	pilot
trial	 showing	HDS	to	be	 feasible	with	acceptable	 toxicity,	 the	GHSG	subsequently	 led	an	RCT.211	The	HD-R2
trial,	a	randomized	comparison	of	HDS	followed	by	ASCT	versus	standard	DHAP	and	ASCT,	failed	to	show	any
benefit	 for	 the	 experimental	 HDS	 arm	 over	 the	 standard	 arm	with	 no	 significant	 differences	 in	 freedom	 from
treatment	failure,	progression-free	survival,	or	overall	survival	observed.181

An	alternative	intensification	strategy	that	has	been	tested	is	the	use	of	tandem	autologous	transplants.212	This
approach	was	prospectively	tested	in	a	large	Groupe	d’Étude	des	Lymphomes	de	l’Adulte	(GELA)	cohort	study.
The	multicenter	GELA-led	H96	trial	tested	a	risk-adapted	approach	in	which	patients	were	assigned	to	a	single	or
tandem	 autograft	 based	 on	 the	 presence	 of	 risk	 factors	 at	 initiation	 of	 savage	 therapy.	 Patients	 with	 primary
refractory	disease	or	at	least	two	poor	risk	factors	(time	to	relapse	<12	months,	relapse	in	a	prior	radiation	field,	or
stage	III	or	IV	disease	at	 the	time	of	relapse)	were	considered	high	risk	and	assigned	to	receive	tandem	ASCT,
whereas	 patients	with	 standard	 risk	 received	 a	 single	 autograft.213	With	 an	 acceptable	TRM	of	 6%	 and	 5-year
overall	survival	of	46%	in	the	poor-risk	group,	this	trial	demonstrated	feasibility	but	did	not	address	the	benefit	of
this	strategy	in	a	controlled	trial.
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Many	 transplant	 centers	 use	 radiation	 therapy	 during	 and	 after	 ASCT	 to	 maximize	 treatment	 as	 autograft
remains	the	last	standard	curative	treatment	option	in	RR-HL.	Unfortunately,	the	role	of	radiation	around	ASCT
has	not	been	evaluated	in	prospective	randomized	trials.	In	the	GHSG	randomized	study	of	ASCT	versus	dexa-
BEAM,	11	of	 the	 randomized	patients	 (approximately	10%	of	 the	patients	on	 trial)	 received	 radiation	 (6	 in	 the
ASCT	arm)	for	what	was	 felt	 to	be	 residual	disease.166	 In	 the	HD-R2	study,	 consolidative	 IFRT	of	30	Gy	was
given	per	protocol	in	patients	who	had	a	>1.5-cm	lesion	on	CT	scan	at	day	100	after	BEAM	HDCT	and	ASCT.181
In	total,	25	of	241	(10%)	patients	randomized	received	radiation	for	residual	CT	findings.

Outside	 of	 the	 RCT	 setting,	 institutional	 practice	 incorporating	 RT	 varies	 substantially.	 The	 transplant
regimens	used	at	MSKCC	employ	either	STLI	or	TLI	to	18	Gy,	accelerated	IFRT	(IFRT	to	18	Gy	total	given	as
two	fractions	per	day	for	5	days)	or	IFRT	with	a	 total	dose	of	18	to	36	Gy	in	patients	who	have	received	prior
radiation	or	had	a	contraindication	 to	TLI.	Thus,	effectively,	all	patients	 receive	some	radiation	as	part	of	 their
salvage	 therapy.204	 In	 contrast,	 patients	 at	 Princess	 Margaret	 would	 receive	 IFRT	 if	 they	 had	 a	 localized
recurrence	prior	to	salvage	therapy	or	the	presence	of	a	lesion	>5	cm	if	technically	feasible.	This	policy	led	to	the
use	of	posttransplant	radiation	in	26%	of	patients.183

In	contrast,	maintenance	therapy	has	been	tested	in	two	RCTs.	The	histone	deacetylase	inhibitor	panobinostat
was	tested	in	patients	after	ASCT	with	the	trial	terminated	early	and	without	meaningful	numbers	to	report.214	The
AETHERA	 study	 tested	 brentuximab	 vedotin	 against	 placebo	 in	 a	 large	RCT	 enrolling	 patients	with	 high-risk
features	including	primary	refractory	disease,	relapse	within	1	year	of	initial	therapy,	and	extranodal	disease	prior
to	the	initiation	of	salvage	therapy.215	Brentuximab	was	given	at	1.8	mg/kg	intravenously	every	3	weeks	for	up	to
16	 planned	 cycles	 of	 treatment.	 This	 trial	 met	 its	 primary	 end	 point	 of	 progression-free	 survival	 after
randomization	(30	to	45	days	after	ASCT),	with	a	hazard	ratio	of	0.57	(95%	confidence	interval,	0.40	to	0.81;	P	=
.0013;	median	 progression-free	 survival	 by	 independent	 review	was	 42.9	months	 for	 the	 brentuximab	 vedotin
group	 compared	 with	 24.1	 months	 for	 the	 placebo	 group),	 although	 this	 did	 not	 result	 in	 an	 overall	 survival
advantage.

Post-ASCT	consolidation	with	radiation	 is	an	established	standard	but	has	not	been	evaluated	 in	prospective
RCTs.	Brentuximab	vedotin	maintenance	has	produced	an	impressive	improvement	in	progression-free	survival,
although	not	 in	overall	survival,	and	should	be	considered	 in	patients	with	high-risk	features,	particularly	 those
who	do	not	achieve	CR	prior	to	ASCT.

A	second	autograft	has	been	considered	an	option	for	patients	who	relapse	after	a	prior	ASCT.	In	these	cases,
stem	cells	must	be	available	from	the	initial	procedure	or	need	to	be	collected	a	second	time.	There	are	limited
institutional	 and	 registry	 data	 to	 support	 such	 a	 strategy,	 and	 such	 cases	 are	 obviously	 highly	 selected.	 The
CIBMTR	reported	a	series	that	included	21	HL	patients	who	underwent	a	second	autograft.216	With	day	100	TRM
of	11%,	5-year	progression-free	and	overall	survival	rates	were	30%	for	the	entire	cohort,	with	no	difference	in
outcome	between	NHL	and	HL	cases.	Outcomes	were	inferior	in	patients	who	were	retransplanted	within	1	year
of	the	initial	autograft	versus	those	who	were	retransplanted	beyond	1	year	(5-year	progression-free	survival,	0%
versus	32%,	 respectively;	P	 =	 .001).	 The	 role	 of	 a	 second	 autograft	 remains	 unclear	 but	 can	 be	 considered	 in
patients	with	 a	 time	 to	 relapse	 of	 greater	 than	 1	 year	 after	 the	 initial	 transplant.	 Integrating	 the	 data	 regarding
second	 autografts,	 allografts	 along	 with	 the	 increasing	 number	 of	 targeted	 therapies,	 conventional	 palliative
systemic	approaches,	and	radiation	becomes	more	challenging	as	options	continue	to	increase.

Allogeneic	Stem	Cell	Transplantations
Allo-SCT	continues	 to	be	emphasized	as	a	 treatment	option	 in	advanced	HL	due	 to	 the	young	age	and	 lack	of
comorbidity	 in	 many	 patients.	 Historically,	 myeloablative	 allo-SCT	 has	 been	 used	 in	 advanced	 phases	 of	 the
disease	 but	 with	 poor	 results	 as	 nonrelapse	 mortality	 (NRM)	 often	 exceeded	 50%	 and	 relapses	 were	 not
uncommon.217–220	 The	 role	 of	myeloablative	 allo-SCT	 in	HL	 appeared	 limited;	whereas	 dose	 intensity	 can	 be
delivered	in	the	context	of	a	myeloablative	allograft	and	donor	stem	cells	are	free	of	tumor	cell	contamination,	the
presence	 of	 a	 clinically	 significant	 graft-versus-HL	 (GVHL)	 effect	 has	 not	 been	 clearly	 demonstrated.	 More
recently,	 reports	 have	 demonstrated	 signs	 of	GVHL	 after	 donor	 lymphocyte	 infusion.221–224	 In	 addition	 to	 this
antitumor	effect,	the	safety	of	allogeneic	transplantation	has	improved	with	the	use	of	reduced-intensity	allo-SCT
(RIC-allo).	 These	 approaches	 have	 become	 increasingly	 popular	 due	 to	 decreased	 rates	 of	 early	 TRM.225–228
Despite	early	favorable	outcomes,	mature	results	of	RIC-allo	available	in	the	literature	consistently	demonstrate	a
lack	 of	 long-term	 disease	 control,	 with	 progression-free	 survival	 estimates	 of	 approximately	 25%	 to	 30%	 and
overall	survival	estimates	of	35%	to	60%	at	least	2	years	after	allo-SCT.223,225–228

The	 Grupo	 Español	 de	 Linfomas/Trasplante	 de	Médula	 Osea	 (GEL/TAMO)	 and	 EBMT	 have	 reported	 the



results	of	a	large	prospective	study	of	RIC-allo	in	RR-HL.229	Although	the	trial	was	incompletely	accrued	over	7
years,	78	patients	ultimately	proceeded	 through	an	RIC-allo	 transplant	with	a	preparative	regimen	consisting	of
fludarabine	 150	 mg/m2,	 melphalan	 140	 mg/m2,	 and	 graft-versus-host	 disease	 (GVHD)	 prophylaxis	 of
cyclosporine	and	short-course	methotrexate.	With	a	median	follow-up	of	38	months,	3-year	outcomes	included	a
relapse	rate	of	59%,	progression-free	survival	rate	of	25%,	and	overall	survival	rate	of	43%.	Although	post–stem
cell	transplantation	outcomes	were	similar	in	matched	sibling	and	unrelated	donors,	patients	with	chemotherapy-
refractory	 disease	 had	 an	 inferior	 progression-free	 survival	 (25%	 versus	 64%	 at	 1	 year).	 Chronic	GVHD	was
associated	 with	 a	 reduced	 rate	 of	 relapse	 after	 transplant.	 In	 patients	 with	 relapse	 after	 allo-SCT,	 donor
lymphocyte	 infusion	 alone	 generated	 an	 overall	 response	 rate	 of	 40%.	These	 results	 suggest	 the	 presence	 of	 a
GVHL	effect	 in	 a	prospective	multicenter	 trial	but	highlight	 the	high	 relapse	 rate	 and	not	 insignificant	 toxicity
even	with	RIC-allo	approaches.

Given	 the	 increasing	 use	 of	 unrelated	 and	 alternative	 donors	 for	 allografts,	 it	 becomes	 critical	 to	 review
disease-specific	 results	 in	 homogeneous	 patient	 populations	 because	 there	 are	 few	 prospective	 or	 multicenter
trials.	 MD	 Anderson	 Cancer	 Center	 has	 reported	 a	 prospective	 trial	 of	 RIC-allo	 in	 both	 sibling	 and	 matched
unrelated	 donors	 (MUDs)	 using	 fludarabine-based	 regimens,	 with	 the	 majority	 accrued	 onto	 the	 fludarabine-
melphalan	 140	mg/m2	 arm.225	 Two-year	 overall	 and	 progression-free	 survival	 rates	were	 reported	 at	 64%	 and
32%,	 respectively,	with	no	differences	 in	overall	 survival,	progression-free	 survival,	or	 relapse	between	 related
and	MUD	transplants.	The	study	is	limited	by	sample	size,	with	58	patients	in	total,	although	the	majority	(n	=	33)
received	MUD	allografts.	In	a	series	from	the	United	Kingdom,	investigators	reported	the	outcome	of	RIC-allo	in
49	 patients	 (31	 related	 donors,	 18	 MUD)	 who	 underwent	 transplantation	 using	 a	 regimen	 consisting	 of
fludarabine-melphalan	140	mg/m2	and	alemtuzumab.222	Although	overall	and	progression-free	survival	were	not
statistically	 significantly	 different,	 NRM	 was	 significantly	 higher	 in	 patients	 who	 received	 MUD	 transplants
(34.1%	versus	 7.2%	 for	 related	 donors).	 Four-year	 overall	 and	progression-free	 survival	 rates	were	 55.7%	and
39%,	respectively.

Retrospective	institutional	and	registry	series	have	also	been	published.	The	CIBMTR	reviewed	143	allografts
from	MUD	using	reduced-intensity	or	nonmyeloablative	regimens	reported	between	1999	and	2004.227	The	results
demonstrate	feasibility,	with	a	2-year	TRM	of	33%	and	2-year	overall	and	progression-free	survival	rates	of	37%
and	 20%,	 respectively.	 Reduced-intensity	 and	 nonmyeloablative	 transplants	 did	 not	 differ	 significantly	 in
outcome.	The	most	recent	large	registry	review	is	from	the	EBMT	and	reports	outcomes	in	matched	sibling	(n	=
338),	MUD	 (n	 =	 273),	 and	 haploidentical	 (n	 =	 98)	 transplants	 using	 posttransplant	 cyclophosphamide	 (PTCy-
Haplo)	performed	between	2010	and	2013.230	There	were	no	differences	in	overall	and	progression-free	survival
between	 the	 three	 transplant	 procedures.	 PTCy-Haplo	 patients	 had	 a	 lower	 risk	 of	 chronic	GVHD	 than	MUD
transplants,	 and	 relapse	 rates	 were	 lower	 in	 PTCy-Haplo	 and	 MUD	 recipients	 than	 in	 patients	 after	 sibling
transplant.

Finally,	 the	 outcome	 of	 umbilical	 cord	 blood	 transplants	 (UCBTs)	 has	 also	 been	 reported	 in	 RR-HL.	 The
Minnesota	group	reported	their	results	in	lymphoma	in	which	23	patients	received	UCBTs	for	HL;	the	TRM	was
13%,	the	cumulative	relapse	rate	was	43%,	progression-free	survival	was	33%,	and	overall	survival	at	3	years	was
43%.	The	age	range	for	the	entire	lymphoma	cohort	was	6	to	68	years	(median	age,	46	years),	and	86%	of	patients
received	double	cord	transplants.231	A	slightly	larger	series	of	29	UCBT	patients	older	than	15	years	was	reported
by	Eurocord-Netcord	with	the	Lymphoma	Working	Party	of	the	EBMT.	At	1	year	after	transplant,	progression-
free	survival	was	30%;	overall	survival,	NRM,	and	relapse	rates	were	not	reported	for	the	HL	subgroup.232

In	summary,	the	available	data	regarding	allo-SCT	in	HL	only	confirm	the	feasibility	of	the	procedure.	In	the
data	 sets	 that	 present	 homogeneous	 patient	 populations,	 it	 appears	 that	 there	 are	 signs	 of	 reasonable	 efficacy,
although	the	relapse	rates	remain	troubling	and	few	studies	are	being	performed	to	address	this	issue.	The	recent
use	of	checkpoint	inhibitors	such	as	nivolumab	and	pembrolizumab	clearly	influences	decisions	around	the	timing
of	allograft	because	 they	appear	 to	 influence	both	 toxicity	and	potential	efficacy	(given	the	potential	 to	achieve
disease	control	in	refractory	patients).	Given	the	evidence	and	lack	of	toxicity	with	ASCT,	it	becomes	difficult	to
justify	 the	 toxicity	 and	mortality	 of	 an	 allograft	 from	any	donor	 source	 prior	 to	 an	 autograft,	 regardless	 of	 the
perceived	risk	of	the	disease,	without	high-quality	data.

Treatment	After	Stem	Cell	Transplant
Approximately	20%	to	25%	of	patients	with	HL	will	not	be	cured	with	currently	available	first-line	and	second-
line	stem	cell	transplant–based	regimens	and	will	require	additional	therapy.	Patients	with	RR-HL	after	receiving
ASCT	 have	 unmet	 medical	 needs	 and	 are	 considered	 candidates	 for	 drug	 development.	 Brentuximab	 vedotin
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became	the	first	drug	to	be	approved	by	regulatory	agencies	for	the	treatment	of	patients	with	relapsed	HL.	Most
recently,	two	anti–PD-1	monoclonal	antibodies	(nivolumab	and	pembrolizumab)	were	approved	for	patients	with
RR-HL.

Brentuximab	Vedotin
The	antibody–drug	conjugate	brentuximab	vedotin	was	developed	to	deliver	a	payload	of	monomethyl	auristatin	E
to	CD30-expressing	cells.	A	first-in-man	phase	I	study	of	brentuximab	vedotin	was	conducted	in	45	patients	with
relapsed	or	refractory	CD30-positive	HL	(93%)	and	anaplastic	large-cell	lymphoma,	of	whom	73%	received	prior
ASCT.224	The	recommended	phase	II	dose	was	established	as	1.8	mg/kg	every	3	weeks.	Remarkably,	86%	of	the
patients	had	tumor	reductions,	and	17	patients	achieved	complete	or	partial	 remissions.	This	was	followed	by	a
pivotal	 phase	 II	 clinical	 trial	 that	 enrolled	 102	patients	with	 relapsed	HL	after	 receiving	ASCT.226	The	overall
response	rate	was	75%,	of	whom	34%	achieved	CRs.	The	median	duration	of	response	in	patients	who	achieved
CRs	was	 approximately	 5	 years.	 The	most	 common	 treatment-related	 side	 effects	 were	 peripheral	 neuropathy
(42%),	nausea	(35%),	and	fatigue	(34%).	Grade	3	or	higher	neuropathy	was	seen	in	8%	of	patients	and	was	the
most	common	reason	for	the	discontinuation	of	brentuximab	vedotin.

TABLE	97.10
Activity	of	Immune	Checkpoint	Inhibitors	in	Patients	with	Relapsed	Classical	Hodgkin
Lymphoma	After	Autologous	Stem	Cell	Transplantation	and	Brentuximab	Vedotin

Drug Dose/Schedule No.	of	Patients %	ORR %	CR
Pembrolizumab	(humanized	IgG4) 200	mg	IV	every	3	wk 69 72% 21%

Nivolumab	(fully	human	IgG4) 3	mg/kg	IV	every	2	wk 80 66% 9%
ORR,	overall	response	rate;	CR,	complete	response;	IgG4,	immunoglobulin	G4;	IV,	intravenous.

Immune	Checkpoint	Inhibitors
Immune	 checkpoints	 regulate	T-cell	 activation	 to	maintain	 self-tolerance	 and	 to	 prevent	 autoimmunity.233	 This
physiologic	function	is	frequently	hijacked	by	tumor	cells	to	evade	T-cell–mediated	antitumor	response.234	HRS
cells	 highly	 express	 PD-L1	 and	 PD-L2,	 which	 are	 encoded	 by	 genes	 in	 chromosomal	 region	 9p24.1.22	 The
efficacy	of	the	anti–PD-1	antibodies	nivolumab	and	pembrolizumab	was	evaluated	in	patients	with	relapsed	CHL
in	two	pivotal	phase	II	studies.	Both	antibodies	produced	high	response	rates	in	patients	relapsing	after	stem	cell
transplant	and	brentuximab	vedotin	therapy	(Table	97.10).235,236	Similarly,	both	agents	produced	similar	results	in
brentuximab-naïve	patients	after	 failing	 therapy	with	stem	cell	 transplant.	The	median	progression-free	survival
achieved	with	either	antibody	exceeded	1	year,	even	in	patients	who	achieved	a	partial	or	minor	remission.	These
studies	led	to	the	regulatory	approval	of	these	antibodies	for	the	treatment	of	patients	with	relapsed	and	refractory
CHL.	Several	antibodies	targeting	PD-L1	have	also	been	developed	for	clinical	use.	Avelumab	is	a	fully	human
immunoglobulin	G1	(IgG1)	monoclonal	antibody	that	selectively	binds	to	PD-L1.47	Early	results	from	a	phase	I
study	of	avelumab	in	patients	with	relapsed	or	refractory	CHL	demonstrated	a	54.8%	overall	response	rate	among
31	patients.48	Thus,	anti–PD-L1	therapy	is	also	a	promising	strategy	in	CHL.
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98 Non-Hodgkin	Lymphoma
Arnold	S.	Freedman,	Caron	A.	Jacobson,	Andrea	Ng,	and	Jon	C.	Aster

INTRODUCTION
Non-Hodgkin	lymphomas	(NHLs)	are	neoplastic	transformations	of	B,	T,	and	natural	killer	(NK)	cells.1	Although
NHLs	 and	 Hodgkin	 lymphoma	 (HL)	 both	 frequently	 involve	 lymphohematopoietic	 tissues,	 their	 biologic	 and
clinical	behaviors	are	distinct;	furthermore,	although	both	are	among	the	most	sensitive	malignancies	to	radiation
and	 cytotoxic	 therapy,	 their	 cure	 rates	 also	 differ.	 About	 80%	 of	 patients	 with	 HLs	 are	 cured	 by	 regimens
employing	conventional	and	salvage	strategies,	whereas	<50%	of	patients	with	NHLs	are	cured.

INCIDENCE	AND	ETIOLOGY
In	2017,	there	were	an	estimated	72,240	new	cases	of	NHL	in	the	United	States,	which	constituted	4%	of	all	new
cancers	 in	 both	 males	 and	 females.2	 This	 is	 more	 than	 eight	 times	 the	 incidence	 of	 HL.	 There	 is	 a	 male
predominance	and	a	higher	 incidence	 for	Caucasians	 than	 for	African	Americans.	Although	 the	 incidence	 rises
steadily	with	 age,	 especially	 after	 age	40	years,	 lymphomas	 are	 among	 the	most	 common	cause	of	death	 from
malignancies	in	patients	between	the	ages	of	20	and	40	years.	Although	the	rate	of	increase	has	slowed	since	the
mid-1990s	the	incidence	has	continued	to	rise	by	1.5%	to	2%	each	year.	NHL	ranks	as	the	ninth	most	common
cause	of	cancer-related	death	 in	men	and	women	 in	 the	United	States.	 In	2017,	20,140	deaths	 from	NHL	were
predicted.

There	 are	 striking	 differences	 in	 the	 age-dependent	 incidence	 of	 NHL	 by	 histologic	 subtype.	 In	 children,
diffuse	 large	 B-cell	 lymphoma	 (DLBCL),	 Burkitt	 lymphoma	 (BL),	 and	 lymphoblastic	 lymphoma	 (the	 tissue
equivalent	 of	 acute	 lymphoblastic	 leukemia)	 are	 most	 common.	 Although	 DLBCL	 is	 also	 the	 most	 common
histologic	 subtype	 in	 adults,	 the	 indolent	 lymphomas	 (small	 lymphocytic	 lymphomas	 [SLLs]	 and	 follicular
lymphomas	[FLs])	are	extremely	rare	in	children.

Exposures	and	Diseases	Associated	with	Non-Hodgkin	Lymphoma
Infectious	agents	are	involved	in	the	pathogenesis	of	some	NHLs.	Epstein-Barr	virus	(EBV)	is	most	commonly
associated	with	a	variety	of	B-cell	NHLs,	including	endemic,	sporadic,	and	AIDS-associated	BL;	lymphomas	that
arise	 in	 the	 setting	 of	 immunosuppression,	 including	 after	 organ	 transplantation	 and	 treatment	 of	 autoimmune
diseases;	 in	 the	 setting	 of	 HIV	 infection;	 and	 a	 subset	 of	 lymphomas	 that	 arise	 in	 otherwise	 normal	 elderly
individuals	 (Table	 98.1).3	 EBV	 infection	 is	 also	 implicated	 in	 extranodal	 NK	 cell	 and	 T-cell	 lymphomas	 that
involve	the	upper	aerodigestive	tract	as	well	as	other	extranodal	sites,	as	well	as	a	small	number	of	other	unusual
and	 uncommon	 T-cell	 malignancies.4	 Infection	 with	 human	 T-cell	 lymphotropic	 virus	 type	 1	 (HTLV-1)	 is
causative	 in	adult	T-cell	 leukemia-lymphoma	(ATLL)	seen	 in	 the	Caribbean	and	Japan.5	Human	herpes	virus	8
(HHV-8)	infection	is	associated	with	primary	effusion	lymphoma	(PEL),	where	the	viral	genome	is	found	within
tumor	cells	in	virtually	100%	of	cases.6	Chronic	hepatitis	B	infection	has	also	been	associated	with	an	increased
risk	of	NHL.7	The	marginal	zone	 lymphomas	 (MZLs)	have	been	 linked	 to	many	 infectious	agents.	The	gastric
extranodal	 MZLs	 are	 associated	 with	Helicobacter	 pylori	 infection.8	 Splenic	 MZL	 has	 been	 associated	 with
hepatitis	 C	 infections.9	 The	 ocular	 adnexal	 MZL	 has	 been	 linked	 with	 Chlamydia	 psittaci	 infections,10	 and
immunoproliferative	 small	 intestinal	 disease	 (Mediterranean	 lymphoma,	 alpha	 heavy	 chain	 disease)	 has	 been
associated	with	Campylobacter	jejuni.11	Borrelia	burgdorferi	infection	has	been	associated	with	extranodal	MZLs
of	the	skin	in	cases	from	Europe.12



TABLE	98.1
Conditions	Associated	with	the	Development	of	Lymphoma

Inherited
Immunodeficiency
States

Acquired
Immunodeficiency
States

Autoimmune	and
Inflammatory	Disorders

Chemicals	and
Drugs

Infectious	Agents
(Other	than	HIV)

Klinefelter	syndrome
Acquired
agammaglobulinemia Rheumatoid	arthritis Phenytoin Epstein-Barr	virus

Chédiak-Higashi
syndrome HIV-1	infection

Autoimmune	hemolytic
anemia

Dioxin,	agent
orange,	pesticides HTLV-1

Ataxia	telangiectasia Iatrogenic
Systemic	lupus
erythematosus Ionizing	radiation HHV-8

Wiskott-Aldrich
syndrome

Multicentric	Castleman
disease Sjögren	syndrome

Chemotherapy,
radiation	therapy Helicobacter	pylori

Common	variable
immunodeficiency 	 Hashimoto	thyroiditis

Tumor	necrosis
factor	agonists Campylobacter	jejuni

X-linked
lymphoproliferative
disease 	 Acquired	angioedema Hair	dyes Chlamydia	psittaci
Autoimmune
lymphoproliferative
disease 	

Inflammatory	bowel
disease 	 Borrelia	afzelii

Bloom	syndrome 	 Celiac	disease 	

HCV

MTB
HIV-1,	human	immunodeficiency	virus	type	1;	HTLV-1,	human	T-cell	lymphotropic	virus	type	1;	HHV-8,	human	herpes	virus	8;	HCV,
hepatitis	C	virus;	MTB,	Mycobacterium	tuberculosis.

An	increased	risk	of	NHL	has	been	associated	with	a	number	of	environmental	exposures	and/or	disease	states
(see	 Table	 98.1).13	 There	 is	 controversial	 evidence	 that	 certain	 chemical	 exposures,	 specifically	 the	 herbicide
phenoxyacetic	acid,	 increase	 the	 risk	of	NHL.14	Other	potential	environmental	associations	 include	exposure	 to
arsenic,	 pesticides,	 fungicides,	 chlorophenols,	 organic	 solvents,	 halomethane,	 lead,	 vinyl	 chloride,	 and
asbestos.15,16	Occupational	 exposures	 associated	with	 an	 increased	 risk	 include	 agricultural	work,	welding,	 and
work	 in	 the	 lumber	 industry.17	 NHL	 has	 been	 observed	 as	 a	 late	 complication	 of	 prior	 chemotherapy	 and/or
radiation	 therapy.	 Specifically,	 patients	 with	 HL	 treated	 with	 radiation	 therapy	 and	 chemotherapy	 exhibit	 an
increased	risk	of	developing	secondary	DLBCL.18

Diseases	of	inherited	and	acquired	immunodeficiency	as	well	as	autoimmune	diseases	are	associated	with	an
increased	incidence	of	lymphoma	(see	Table	98.1).	The	association	between	immunosuppression	and	induction	of
NHLs	is	compelling	because,	if	the	immunosuppression	can	be	reversed,	a	percentage	of	these	lymphomas	regress
spontaneously.19	The	incidence	of	NHL	is	nearly	100-fold	increased	for	patients	undergoing	organ	transplantation
necessitating	chronic	immunosuppression	and	is	greatest	in	the	first	year	posttransplant.	About	30%	of	these	arise
as	 a	 polyclonal	 B-cell	 proliferation	 that	 evolves	 into	 a	 clonal	 B-cell	malignancy.	 The	NHLs	 that	 occur	 in	 the
context	of	 immunosuppression	or	 immunodeficiency,	 including	HIV-1	 infection,	 are	 frequently	 associated	with
EBV.20	 Histologically,	 DLBCLs	 are	 most	 frequently	 associated	 with	 immunosuppression	 and	 autoimmune
diseases,	 although	 almost	 all	 histologies	 can	 be	 seen.	 The	 rare	 inherited	 immunodeficiency	 diseases	 (X-linked
lymphoproliferative	syndrome,	Wiskott-Aldrich	syndrome,	Chédiak-Higashi	syndrome,	ataxia	telangiectasia,	and
common	variable	immunodeficiency	syndrome)	are	complicated	by	highly	aggressive	lymphomas.	The	elevated
incidence	 of	 lymphoma	 in	 iatrogenic	 immunosuppression,	 AIDS,	 and	 autoimmune	 disease	 argues	 strongly	 for
immune	dysregulation	contributing	to	the	pathogenesis	of	some	lymphoma.9,21	An	increased	risk	of	NHL	has	been
observed	 in	 first-degree	 relatives	 with	 NHL,	 HL,	 or	 chronic	 lymphocytic	 leukemia	 (CLL).	 In	 large	 database
studies,	 about	 9%	 of	 patients	 with	 lymphoma	 or	 CLL	 have	 a	 first-degree	 relative	 with	 a	 lymphoproliferative
disorder.22

BIOLOGY	AND	PATHOLOGY



Dr. AVR @ TMH

Biologic	Background	for	Classification	of	Lymphoid	Neoplasms
Current	 lymphoma	 classification	 systems	 divide	 the	 lymphomas	 into	 different	 entities	 based,	 in	 part,	 on	 their
perceived	cell	of	origin	(Fig.	98.1	and	Table	98.2).	During	embryogenesis,	hematopoietic	stem	cells	from	the	liver
and	the	placenta	give	rise	to	progenitor	cells	that	migrate	to	the	bone	marrow	and	the	thymus	where	they	undergo
a	 program	 of	 antigen-independent	 differentiation	 into	 B-	 and	 T-cell	 lineage	 precursor	 cells,	 respectively,	 as
directed	 by	 the	 microenvironmental	 cues.23	 Postnatally,	 all	 lymphoid	 cells	 are	 derived	 from	 bone	 marrow
hematopoietic	 stem	cells,	which	give	 rise	 to	very	early	 lymphoid	progenitors	with	B-,	T-,	 and	NK	 lymphocyte
potential.	 These	 cells,	 in	 turn,	 yield	 B-cell	 progenitors	 in	 the	 marrow,	 the	 site	 of	 early	 stages	 of	 B-cell
differentiation,	as	well	as	other	progenitors	that	migrate	to	the	thymus	and	undergo	T-cell	differentiation.

B-cell	Development
The	 initial	 commitment	 to	 B-cell	 differentiation	 by	 lymphoid	 progenitors	 in	 the	 bone	 marrow	 requires	 the
expression	of	the	master	B	lineage	transcription	factor	PAX5,	which	directly	upregulates	the	expression	of	early	B
lineage	markers	such	as	CD19.24	Subsequent	precursor	B-cell	development	depends	on	a	transcriptional	program
that	 is	 driven	 by	 PAX5	 and	 downstream	 transcription	 factors	 and	 prosurvival	 signals	 produced	 by	 stepwise
rearrangement	of	immunoglobulin	(Ig)	genes,	which	requires	the	lymphoid-specific	recombination	factors	RAG1
and	 RAG2	 and	 also	 involves	 the	 specialized	 DNA	 polymerase	 terminal	 deoxynucleotidyl	 transferase	 (TdT).25
During	development,	pre-B	cells	pass	through	checkpoints	that	correspond	to	specific	stages	of	Ig	gene	assembly,
beginning	with	 rearrangement	of	 the	 Ig	heavy	chain	 locus	 (IgH).26	Productive	 (in-frame)	 rearrangement	of	 IgH
leads	 to	 the	 expression	 of	 IgM	 heavy	 chain,	 which	 combines	 with	 a	 lambda-like	 polypeptide	 to	 enable	 the
assembly	 of	 pre–B-cell	 receptors.	 The	 pre–B-cell	 receptor	 generates	 signals	 that	 prevent	 apoptosis,	 turns	 off
further	IgH	gene	rearrangement	(contributing	to	allelic	exclusion,	the	expression	of	only	a	single	IgH	in	each	B-
cell	clone),	and	turns	on	rearrangements	of	the	Ig	light	chain	loci,	first	the	kappa	loci	and,	if	these	rearrangements
are	nonproductive,	then	the	lambda	light	chain	loci.	During	the	period	of	Ig	gene	rearrangement,	pre-B	cells	lack
complete	 surface	 Ig	 and	 express	 CD19	 and	 CD10,	 previously	 referred	 to	 as	 the	 common	 acute	 lymphoblastic
leukemia	 antigen.	 Precursor	 B	 cells	 that	 productively	 rearrange	 one	 or	 another	 light	 chain	 locus	 express	 the
surface	Ig	receptor	(sometimes	referred	to	as	the	B-cell	receptor),	which	also	transmits	key	survival	signals	that
prevent	apoptosis.	Cells	that	express	surface	Ig	upregulate	additional	B-cell	markers	such	as	CD79a,	cytoplasmic
and	 surface	CD22,	 and	CD20,	 as	well	 as	prosurvival	 factors	 such	 as	BCL2,	 and	downregulate	CD10	and	TdT
emerging	from	the	process	as	mature,	immunologically	naïve	B	cells.



Figure	98.1	B-	and	T-cell	development	and	cell	of	origin	of	lymphomas.

TABLE	98.2
Cluster	Designations	(CD)	of	Antigens	Useful	in	Non-Hodgkin	Lymphoma	Classification

CD Normal	Lymphocyte	Expression Neoplastic	Lymphocyte	Expression

1a
Cortical	thymocytes;	Langerhans
cells Precursor	T-lymphoblastic	lymphoma/leukemia;	Langerhans	cell	neoplasms

2 T	and	NK	cells T-	and	NK	cell	lymphomas

3
T	(cytoplasmic	and	surface)	and	NK
(cytoplasmic	only)	cells T-	and	NK	cell	lymphomas

4 T	helper	cells,	Tregs T-cell	lymphomas

5 T	cells,	naïve	B	cells CLL/SLL;	mantle	cell	lymphoma;	T-cell	neoplasms

7 T	and	NK	cells T-	and	NK	cell	lymphomas

8 Cytotoxic	T	cells T-cell	lymphomas

10
Precursor	and	germinal	center	B
cells

Precursor	B	and	T	lymphoblastic	lymphoma/leukemia;	follicular	lymphoma;	Burkitt
lymphoma;	DLBCL;	angioimmunoblastic	lymphoma

11c B-cell	subset;	CD8	T	cells;	NK	cells Hairy	cell	leukemia;	splenic	marginal	zone	lymphoma;	CLL/SLL

16 NK	cells NK	cell	and	some	T-cell	lymphomas

19 B	cells B-cell	lymphomas

20 Mature	B	cells	(except	plasma	cells) Mature	B-cell	lymphomas

Activated	B	cells,	follicular	dendritic
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23 cells CLL/SLL
25 Activated	T	and	B	cells Hairy	cell	leukemia;	adult	T-cell	leukemia/lymphoma

30
Activated	lymphocytes	(B,	T,	and	NK
cells) ALCL

56 NK	and	activated	T	cells NK	and	T-cell	lymphomas;	plasma	cell	neoplasms

57 NK	and	T-cell	subsets NK	and	T-cell	lymphomas

103 Mucosal	intraepithelial	lymphocytes Hairy	cell	leukemia;	enteropathy-type	T-cell	lymphoma

138 Plasma	cells Plasma	cell	neoplasms;	plasmablastic	lymphoma
NK,	natural	killer;	Tregs,	regulatory	T	cells;	CLL,	chronic	lymphocytic	leukemia;	SLL,	small	lymphocytic	lymphoma;	DLBCL,	diffuse
large	B-cell	lymphoma;	ALCL,	anaplastic	large	cell	lymphoma.

In	mice,	two	major	types	of	naïve	B	cells	have	been	defined.	Roughly	90%	of	circulating	and	tissue-based	B
cells	fall	into	the	B2	class.	B2	cells	are	widely	distributed	and	largely	respond	to	antigens	in	a	T-cell–dependent
fashion,	 a	 process	 that	 yields	 class-switched	 plasma	 cells	 expressing	 high	 affinity	 Ig.	 B1	 cells	 can	 be	 further
subdivided	 into	 those	 that	 do	 or	 do	 not	 express	 the	 antigen	 CD5.27	 CD5+	 B1a	 cells	 produce	 broadly	 reactive
natural	 IgM,	whereas	CD5-	B1b	cells	 can	generate	T-independent,	 long-lasting	memory-type	 IgM	 responses	 to
some	infectious	pathogens.	Whether	B1	cells	exist	as	a	distinct	B-cell	lineage	in	humans	has	been	(and	remains)
controversial,	but	 it	 is	notable	 that	some	human	B-cell	 tumors,	particularly	CLL,	are	composed	of	cells	bearing
some	similarity	to	murine	B1	cells.

From	the	marrow,	naïve	B	cells	migrate	 through	 the	blood	and	extravasate	 into	secondary	 lymphoid	 tissues,
such	as	the	spleen,	the	lymph	nodes,	and	mucosa-associated	lymphoid	tissues	(MALTs)	in	the	gut.	Homing	of	B
cells	 to	 specific	 tissues	 appears	 to	 be	 controlled	 largely	 by	 chemokines	 that	 activate	 chemokine	 receptors
expressed	 on	B	 cells.28	 Upon	 encountering	 an	 antigen	 in	 peripheral	 tissues,	 B	 cells	 may	 either	 be	 induced	 to
differentiate	 directly	 into	 short-lived	 IgM-secreting	 plasma	 cells	 or	 may	 migrate	 to	 B-cell	 follicles.	 Antigen-
mediated	B-cell	activation	requires	the	transcription	factor	MYC	and	is	accompanied	by	an	increase	in	cell	size
and	 entry	 into	 cell	 cycle.29,30	 Once	 in	 follicles,	 the	 B	 cells	 downregulate	MYC	 and	BCL2	 and	 upregulate	 the
transcriptional	 repressor	 BCL6,	 which,	 like	 MYC,	 is	 essential	 for	 the	 formation	 of	 secondary	 B-cell	 follicle
formation;	secondary	follicles	are	also	known	as	germinal	centers	(GCs).31	Downregulation	of	BCL2	may	permit
the	elimination	of	B	cells	making	low	affinity	antibodies,	and	in	fact,	most	B	cells	entering	into	the	GCs	undergo
apoptosis	and	are	phagocytosed	by	resident	macrophages	(referred	to	as	tingible	body	macrophages	because	they
contain	readily	visible	nuclear	fragments	derived	from	defunct	B	cells).	The	key	roles	of	MYC,	BCL2,	and	BCL6
in	 this	 process	 explain	 why	 the	 genes	 encoding	 these	 factors	 are	 commonly	 mutated	 in	 B-cell	 lymphomas.
Follicular	 B	 cells	 also	 upregulate	 the	 expression	 of	 activation-induced	 cytosine	 deaminase,	 a	 gene	 product
required	 for	 both	 somatic	 hypermutation	 and	 Ig	 class	 switching.	 Cells	 that	 by	 chance	 acquire	 mutations	 that
increase	 Ig	 affinity	 for	 an	 antigen	 survive	 thanks	 to	 signals	 transmitted	 through	 the	 Ig	 receptor	 and	 go	 on	 to
undergo	 class-switching,	 a	 process	 that	 is	 regulated	 by	 cytokines.32	 The	 GC	 reaction	 also	 requires	 follicular
dendritic	cells	and	a	special	class	of	CD4+	follicular	T	cells	that	express	the	CD40	ligand.33	B	cells	that	survive
this	process	may	leave	the	GCs	to	take	up	residence	in	surrounding	marginal	zones	to	become	long-lived	memory
B	cells	or	may	terminally	differentiate	into	plasma	cells,	which	may	take	up	residence	in	the	medulla	of	the	lymph
nodes	or	the	red	pulp	of	the	spleen,	or	home	back	to	the	bone	marrow.

It	 is	 notable	 that	 the	 most	 common	 human	 lymphomas	 are	 B-cell	 tumors	 composed	 of	 lymphocytes	 with
somatically	 mutated	 Ig	 genes,	 an	 alteration	 that	 marks	 these	 tumors	 as	 having	 arisen	 from	 cells	 that	 have
experienced	a	GC	reaction.	Many	of	these	same	tumors	also	have	mutations	that	bear	the	molecular	hallmarks	of
mistakes	 that	 occurred	 during	 attempted	 somatic	 hypermutation	 or	 class-switching	 in	 GCs;	 indeed,	 mutations
involving	MYC,	BCL2,	 and	BCL6	 identical	 to	 those	 found	 in	 lymphomas	 are	 also	 found	 at	 a	 low	 frequency	 in
normal	GC	B	cells	(GCBs)	obtained	from	both	children	and	adults.	Thus,	the	relatively	high	frequency	of	tumors
derived	 from	 GCBs	 likely	 reflects	 the	 error-prone	 nature	 of	 the	 molecular	 events	 that	 permit	 antibody	 class-
switching	and	affinity	maturation.

T-cell	Development
Progenitors	 from	 the	 bone	 marrow	 that	 travel	 to	 the	 thymus	 become	 committed	 to	 T-cell	 differentiation	 via
interactions	with	thymic	epithelial	cells	(see	Fig.	98.1).	Thymic	epithelial	cells	express	ligands	for	Notch	receptors
such	as	DLL4,	a	 ligand	 for	NOTCH1,	a	 surface	 receptor	 found	on	T-cell	progenitors	 that	 is	 cleaved	 following
DLL4	 engagement	 and	 translocates	 to	 the	 nucleus,	where	 it	 forms	 a	 transcription	 complex	 that	 is	 essential	 for



multiple	 stages	 of	 early	 T-cell	 development.34	 Like	 early	 B-cell	 development,	 early	 T-cell	 development	 is
controlled	 by	 a	 lineage-specific	 master	 transcription	 factor	 (NOTCH1)	 and	 survival	 signals	 generated	 by
productive	T-cell	receptor	(TCR)	rearrangements.35	In	most	developing	T	cells,	this	begins	with	rearrangement	of
the	 TCRβ	 genes,	 which	 (as	 in	 B	 cells)	 requires	 RAG1	 and	 RAG2	 and	 involves	 the	 participation	 of	 TdT.
Productive,	in-frame	rearrangement	of	the	TCRβ	gene	permits	expression	of	the	TCRβ	polypeptide,	which	pairs
with	pre-Tα	polypeptides	and	assembles	into	the	pre-TCR.	Prosurvival	signals	transmitted	by	the	pre-Tα	receptor
allow	cells	to	go	on	to	rearrange	the	TCRα	genes,	and	cells	with	productive	TCRα	rearrangements	express	TCRαβ
receptors	on	their	cell	surfaces	in	complex	with	CD3	polypeptides.	Surviving	cells	also	upregulate	the	CD4	and
CD8	 coreceptors	 and	 proceed	 through	 both	 negative	 and	 positive	 antigenic	 selection,	 during	 which	 cells
expressing	autoreactive	TCRs	or	TCRs	 that	 fail	 to	 recognize	antigen	 in	 the	context	of	major	histocompatibility
complex	(MHC)	antigens	are	eliminated	by	apoptosis.36	Cells	emerging	from	the	thymus	as	naïve	T	cells	express
either	CD4,	 a	 coreceptor	 for	MHC	class	 II	 antigens,	 or	CD8,	 a	 coreceptor	 for	MHC	class	 I	 antigens.	A	much
smaller	subset	of	thymic	T-cell	progenitors	productively	rearrange	their	δ	and	γ	TCR	genes,	and	emerge	from	the
thymus	as	naïve	γδ-TCR–expressing	T	cells.

Like	naïve	B	cells,	naïve	T	cells	home	to	peripheral	tissues	under	the	influence	of	chemokines,	with	most	γδ	T
cells	homing	to	gut	and	skin,	and	αβ	T	cells	homing	much	more	widely	to	secondary	lymphoid	tissues	and	other
sites.	γδ	T	cells	are	considered	 to	be	 relative	primitive	cells	 that	contribute	 to	natural	 immunity,	whereas	αβ	T
cells	can	differentiate	further	into	a	number	of	different	types	of	effector	cells,	depending	on	the	dose,	timing,	and
context	of	subsequent	antigenic	exposures.	αβ	T	cells	recognize	antigen	when	it	is	presented	in	the	context	of	an
MHC	molecule.	 CD4+	 T	 cells,	 or	 T-helper	 cells,	 bind	 to	 and	 recognize	 antigens	 presented	 by	MHC	 class	 II
molecules,	whereas	CD8+	T	cells	or	cytotoxic	T	cells	bind	to	and	recognize	antigens	presented	by	MHC	class	I
molecules.	Activation	 also	 requires	CD40	and	CD40L	 interaction	 and	CD28/cytotoxic	T-lymphocyte	 antigen	4
(CTLA-4)	and	B7	interaction	between	the	T	cell	and	the	antigen-presenting	cell.37	Antigen	stimulation	of	CD8+	T
cells	may	give	 rise	 to	CD8+	 effector	 cytotoxic	 cells	 or	 to	 long-lived	CD8+	memory	 cells.	By	 contrast,	 antigen
stimulation	of	CD4+	 cells	 can	produce	a	number	of	CD4+	 effector	cell	 types,	 including	T	helper	1	 (Th1)	cells,
which	activate	macrophages	and	cytotoxic	T	cells	 through	 their	production	of	 interleukin	 (IL)-2	and	 interferon
gamma;	T	helper	2	(Th2)	cells,	which	activate	B	cells	through	their	production	of	IL-4,	IL-5,	IL-6,	and	IL-1338,39;
T	helper	17	(Th17)	cells,	which	stimulate	neutrophils	 through	production	of	 IL-17	and	IL-22;	and	regulatory	T
cells,	which	produce	immunosuppressive	cytokines	such	as	IL-10.	Finally,	follicular	helper	T	cells	(Tfh)	are	CD4+
T	cells	that	home	to	the	GC	via	C-X-C	motif	chemokine	receptor	5	(CXCR5)	and	C-X-C	motif	chemokine	ligand
13	(CXCL13)	interactions	and	play	a	role	in	B-cell	Ig	class	switching	and	Ig	production.40

Natural	Killer	Cells
There	is	a	third	class	of	lymphocytes	that	can	kill	targets	without	MHC	restriction,	namely	NK	cells,	a	component
of	the	innate	host	immune	system.	NK	cells	recognize	and	kill	cells	that	lack	MHC	class	I	molecules	(including
virally	infected	cells	and	malignant	cells)	as	well	as	antibody-coated	targets	through	interactions	with	Fc	receptors
on	the	NK	cell	surface.	NK	cells	lack	surface	CD3	and	do	not	have	rearranged	TCR	genes.	Morphologically,	these
cells	are	slightly	larger	than	resting	T	and	B	cells	and	have	paler	cytoplasm	that	contains	azurophilic	granules,	an
appearance	similar	to	that	of	activated	cytotoxic	T	cells.

Immunophenotyping	of	Lymphoid	Cells
As	has	been	alluded	to,	lymphocytes	at	various	stages	in	ontologic	development	can	be	defined	and	differentiated
by	the	detection	of	certain	antigens	on	the	cell	surface	(see	Table	98.2).	This	antigen	fingerprint	is	referred	to	as
the	 immunophenotype	 of	 the	 cell.	 It	 can	 be	 detected	 by	 flow	 cytometric	 analysis	 of	 single	 cell	 suspensions	 of
whole	 blood,	 bone	marrow,	 body	 fluids,	 or	 disaggregated	 tissue	 using	 fluorescently	 labeled	 antibodies	 against
these	antigens	or	by	immunohistochemistry,	which	involves	the	incubation	of	paraffin-embedded	tissue	sections
with	enzyme-linked	antibodies	against	 these	antigens	 followed	by	a	colorimetric	 reaction.	These	 techniques	are
vital	 in	 diagnosing	 and	 monitoring	 lymphomas	 and	 have	 provided	 insight	 into	 the	 normal	 counterparts	 of
lymphoid	malignancies.

Chromosomal	Translocations	and	Oncogene	Rearrangements
Given	 the	mechanism	of	 Ig	 and	TCR	gene	 rearrangements	 in	 lymphoid	 cells—namely,	 the	 formation	 of	DNA
breaks	with	the	joining	of	new	pieces	of	DNA—it	is	not	surprising	that	lymphomas	frequently	have	chromosomal
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rearrangements	 that	 join	 these	 sites	 of	 DNA	 breakage	 to	 a	 protooncogene	 (Table	 98.3),	 converting	 it	 to	 an
oncogene	under	 the	control	of	 Ig	or	TCR	gene	enhancer/promoter	elements	 that	are	highly	active	 in	 lymphoid.
The	 resulting	 overexpression	 or	 dysregulation	 of	 the	 encoded	 oncoprotein	 is	 responsible	 for	 induction	 and/or
maintenance	 of	 some	 aspect	 of	 the	 transformed	 phenotype.	 Examples	 of	 this	 type	 of	 event	 include	 the	 (8;14)
(q24;q32)	 translocation	 in	 BL,	 involving	 the	 MYC	 protooncogene	 and	 the	 IgH	 gene;	 the	 (14;18)(q32;q32)
translocation	in	FL,	involving	the	BCL2	protooncogene	and	the	IgH	gene;	and	the	(11;14)(q13;q32)	translocation
in	 mantle	 cell	 lymphoma	 (MCL),	 involving	 the	 cyclin	 D1	 (CCDN1)	 protooncogene	 and	 the	 IgH	 gene.	 Less
commonly,	particularly	in	tumors	derived	from	mature	T	cells,	the	chromosomal	rearrangements	do	not	involve
antigen	receptor	genes	and	may	produce	fusion	genes	that	encode	chimeric	oncogenic	proteins.	Examples	of	this
include	 the	(2;5)(p23;q35)	 translocation	 involving	the	ALK	 and	NPM1	genes	 in	anaplastic	 large	cell	 lymphoma
(ALCL)	and	the	t(11;18)(q21;q21)	translocation	involving	the	API2	and	MLT	genes	in	MALT	lymphoma.	These
translocations	and	rearrangements	can	be	detected	by	polymerase	chain	reaction	(PCR)	using	probes	that	span	the
chromosomal	 breakpoints,	 reverse	 transcriptase-PCR	 to	 detect	 the	 RNA	 product	 of	 the	 fusion	 gene,	 or
fluorescence	 in	 situ	 hybridization	 (FISH)	 using	 probes	 to	 specific	 chromosomal	 segments.	 New	methods	 that
involve	anchored	reverse	transcriptase-PCR	coupled	to	next-generation	sequencing	also	are	beginning	to	be	used.
In	 cases	 where	 the	 translocation	 results	 in	 the	 expression	 of	 a	 protein	 or	 portion	 of	 a	 protein	 that	 is	 never
expressed	in	normal	lymphocytes	(e.g.,	anaplastic	lymphoma	kinase	[ALK]),	immunohistochemistry	can	be	used
to	detect	the	protein	and	infer	the	presence	of	a	rearrangement	involving	the	gene	that	encodes	that	protein.

TABLE	98.3
Genetic	Features	of	B-	and	T-cell	Lymphomas

Genetic	Feature Genes Lymphoma
t(8;14)
t(2;8)
t(8;22)

MYC/IgH
MYC/Igκ
MYC/Igλ Burkitt	lymphoma

t(11;14)
BCL1
(CCND1)/IgH Mantle	cell	lymphoma;	multiple	myeloma

t(14;18)
t(3;14)

BCL2/IgH
BCL6/IgH Follicular	lymphoma;	diffuse	large	B-cell	lymphoma

t(11;18)
t(1;14)
t(14;18)
t(3;14)

API2/MALT1
BCL10/IgH
MALT1/IgH
FOXP1/IgH MALT	lymphoma

Trisomy	3
7q21	deletion

Unknown
CDK6 Splenic	marginal	zone	lymphoma

11q23	deletion
13q14	deletion
17p13	deletion
Trisomy	12

ATM
Unknown
TP53
Unknown

Chronic	lymphocytic	leukemia/small	lymphocytic	lymphoma;	del(17p)	and	del(13q)	also	in
multiple	myeloma;	del(11q)	also	in	T-PLL

6q21	deletion Unknown Lymphoplasmacytic	lymphoma

9p	gain
JAK2,	PD-L1,
PD-L2 Mediastinal	large	B-cell	lymphoma

inv(14)
t(14;14) TCRα/TCL1 T-PLL

t(2;5)
t(1;2)
t(2;3)
t(2;17)
inv(2)

NPM1/ALK
TPM3/ALK
TFG/ALK
CTLC/ALK
ATIC/ALK ALCL-ALK-positive

inv(3) TBL1XR1/TP63 ALCL-ALK-negative

t(6;7) DUSP22/FRA7H 	

DUSP22-IRF4 ALCL,	cutaneous

Trisomy	3
Trisomy	5

Unknown
Unknown Angioimmunoblastic	T-cell	lymphoma

Isochromosome



7q Unknown Hepatosplenic	T-cell	lymphoma
MALT,	mucosa-associated	 lymphoid	 tissue;	 T-PLL,	 T-cell	 prolymphocytic	 leukemia;	ALCL,	 anaplastic	 large	 cell	 lymphoma;	ALK,
anaplastic	lymphoma	kinase.

LYMPHOMA	CLASSIFICATION:	THE	PRINCIPLES	OF	THE	WORLD
HEALTH	ORGANIZATION	CLASSIFICATION	OF	LYMPHOID	NEOPLASMS
The	 principle	 behind	 the	 currently	 accepted	 World	 Health	 Organization	 (WHO)	 classification	 of	 lymphoid
neoplasms	 is	 to	 use	 and	 integrate	 all	 of	 the	 relevant	 information,	 including	 morphology,	 immunophenotype,
genetics,	and	clinical	features,	to	define	disease	entities	with	the	relative	importance	of	each	type	of	information
varying	 from	 disease	 to	 disease.	 The	 WHO	 classification	 system	 was	 recently	 updated,	 and	 diseases	 were
reclassified	 in	 20161	 based	 on	 new	 and	 evolving	 information	 with	 regard	 to	 disease	 characteristics,	 including
molecular	features	(Table	98.4).

Categories	of	Lymphoid	Neoplasms
There	are	five	main	categories	of	lymphoid	neoplasms	defined	by	the	WHO:	precursor	B-	and	T-cell	neoplasms,
mature	 B-cell	 neoplasms,	 mature	 T-/NK	 cell	 neoplasms,	 HL,	 and	 immunodeficiency-associated
lymphoproliferative	disorders	(see	Table	98.4).	Each	category	includes	what	are	considered	to	be	unique	biologic
entities;	unlike	solid	tumors,	they	are	not	further	classified	or	grouped	by	grade,	prognosis,	or	clinical	behavior.	It
is	anticipated	that	as	lymphoid	neoplasms	are	further	characterized,	additional	molecular	criteria	will	be	applied	to
refine	and	subclassify	these	disorders,	For	example,	within	DLBCL,	gene	expression	profiling	(GEP)	can	be	used
to	define	 two	molecular	categories	of	disease,	namely	 the	GCB	type	and	 the	activated	B-cell	 type	(ABC),	with
different	underlying	genetics	and	prognoses.41	These	categories	have	not	yet	been	adopted	by	the	WHO	because
they	are	not	yet	relevant	to	differential	treatment	strategies,	but	this	is	expected	to	change,	as	new	treatments	are
being	developed	and	outcomes	are	being	stratified	by	GEP	in	ongoing	DLBCL	clinical	trials.	Thus,	these	subtypes
may	become	clinically	relevant	in	the	near	future.	Furthermore,	disease	location	is	being	recognized	as	important
in	 distinguishing	 one	DLBCL	 from	 another,	with	DLBCL	 of	 certain	 locations	 like	 the	 central	 nervous	 system
(CNS)	 or	 primary	 cutaneous	 DLBCL,	 leg	 type,	 having	 unique	 clinical	 presentations,	 clinical	 behavior,	 and
molecular	characteristics	compared	with	nodal	DLBCL;	these	are	recognized	as	distinct	entities	to	the	WHO	2016
classification.1	The	microenvironment	is	another	important	defining	feature	of	some	lymphomas	and,	as	such,	T-
cell/histiocyte–rich	large	B-cell	lymphoma	was	added	to	the	updated	classification.	Finally,	categories	created	to
recognize	 lymphomas	 that	 have	 features	 intermediate	 between	 two	 types	 of	 lymphoma	 have	 been	 refined.	 So-
called	 gray	 zone	 lymphomas	 with	 features	 intermediate	 between	 BL	 and	 DLBCL	 (B-cell	 lymphoma
unclassifiable–BL/DLBCL)	 are	 now	 classified	 as	 high-grade	 B-cell	 lymphoma	 (HGBCL)	 and	 are	 further
subclassified	based	on	whether	they	have	rearrangements	of	MYC	and/or	BCL2	 and	BCL6	 (so-called	double-hit
lymphoma).	The	second	gray	zone	category,	B-cell	lymphoma	unclassifiable	with	features	intermediate	between
HL	and	DLBCL	(B-cell	lymphoma	unclassifiable–HL/DLBCL)	remains	in	the	2016	classification.	This	category
was	 created	 recognizing	 that	 it	 is	 likely	 a	 heterogenous	disease,	with	 some	most	 closely	 resembling	HL,	 some
most	 closely	 resembling	DLBCL,	 and	 some	 belonging	 to	 distinct	 entities,	 helping	 to	 create	 a	more	 systematic
approach	to	their	study	and	classification.

TABLE	98.4
World	Health	Organization	Classification	of	Lymphoid	Neoplasms	2016

Precursor	B-	and	T-cell	neoplasms
Precursor	B-lymphoblastic	leukemia/lymphoma
Precursor	T-lymphoblastic	leukemia/lymphoma

Mature	B-cell	neoplasms
Chronic	lymphocytic	leukemia/small	lymphocytic	lymphoma
Monoclonal	B-cell	lymphocytosis
B-cell	prolymphocytic	leukemia
Splenic	marginal	zone	lymphoma
Hairy	cell	leukemia
Splenic	B-cell	lymphoma,	unclassifiable
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Splenic	diffuse	red	pulp	small	B-cell	lymphoma
Hairy	cell	leukemia—variant

Lymphoplasmacytic	lymphoma
Waldenstrom	macroglobulinemia

Monoclonal	gammopathy	of	undetermined	significance
Plasma	cell	myeloma
Solitary	plasmacytoma	of	bone
Extraosseous	plasmacytoma
Monoclonal	immunoglobulin	deposition	disease
Extranodal	marginal	zone	lymphoma
Nodal	marginal	zone	lymphoma
Follicular	lymphoma
Pediatric-type	follicular	lymphoma
Primary	cutaneous	follicle	center	lymphoma
Mantle	cell	lymphoma
DLBCL
Germinal	center	B-cell	type
Activated	B-cell	type

T-cell/histiocyte-rich	large	B-cell	lymphoma
Primary	DLBCL	of	the	central	nervous	system
Primary	cutaneous	DLBCL,	leg	type
EBV-positive	DLBCL	of	the	elderly
EBV-positive	mucocutaneous	ulcer
DLBCL	associated	with	chronic	inflammation
Lymphomatoid	granulomatosis
Primary	mediastinal	large	B-cell	lymphoma
Intravascular	large	B-cell	lymphoma
ALK-positive	large	B-cell	lymphoma
Plasmablastic	lymphoma
Primary	effusion	lymphoma
HHV-8–positive	DLBCL,	NOS
Burkitt	lymphoma
High-grade	B-cell	lymphoma,	with	MYC	and	BCL2	and/or	BCL6	rearrangements
High-grade	B-cell	lymphoma,	NOS
B-cell	lymphoma,	unclassifiable,	with	features	intermediate	between	DLBCL	and	HL

Mature	T-	and	NK	cell	neoplasms
T-cell	prolymphocytic	leukemia
T-cell	large	granular	lymphocytic	leukemia
Chronic	lymphoproliferative	disorder	of	NK	cells
Aggressive	NK	cell	leukemia
Systemic	EBV-positive	T-cell	lymphoproliferative	disease	of	childhood
Hydroa	vacciniforme–like	lymphoma
Adult	T-cell	leukemia/lymphoma
Extranodal	NK/T-cell	lymphoma,	nasal	type
Enteropathy-type	T-cell	lymphoma
Monomorphic	epitheliotropic	intestinal	T-cell	lymphoma
Indolent	T-cell	lymphoproliferative	disorder	of	the	gastrointestinal	tract
Hepatosplenic	T-cell	lymphoma
Subcutaneous	panniculitis–like	T-cell	lymphoma
Mycosis	fungoides
Sézary	syndrome
Primary	cutaneous	CD30+	T-cell	lymphoproliferative	disorders
Primary	cutaneous	anaplastic	large	cell	lymphoma
Lymphomatoid	papulosis

Primary	cutaneous	γ-δ	T-cell	lymphoma
Primary	cutaneous	CD8+	aggressive	epidermotropic	cytotoxic	T-cell	lymphoma
Primary	cutaneous	acral	CD8+	T-cell	lymphoma
Primary	cutaneous	CD4+	small/medium	T-cell	lymphoproliferative	disorder
Peripheral	T-cell	lymphoma,	NOS
Angioimmunoblastic	T-cell	lymphoma
Follicular	T-cell	lymphoma
Nodal	peripheral	T-cell	lymphoma	with	Tfh	phenotype
Anaplastic	large	cell	lymphoma,	ALK	positive
Anaplastic	large	cell	lymphoma,	ALK	negative
Breast	implant–associated	anaplastic	large-cell	lymphoma

Posttransplant	lymphoproliferative	disorder
Plasmacytic	hyperplasia	PTLD



Infectious	mononucleosis	PTLD
Florid	follicular	hyperplasia	PTLD
Polymorphic	PTLD
Monomorphic	PTLD	(B-	and	T-/NK	cell	types)
Classical	Hodgkin	lymphoma–type	PTLD

DLBCL,	diffuse	large	B-cell	lymphoma;	EBV,	Epstein-Barr	virus;	ALK,	anaplastic	lymphoma	kinase;	HHV-8,	human	herpes	virus	8;
NOS,	 not	 otherwise	 specified;	 HL,	 Hodgkin	 lymphoma;	 NK,	 natural	 killer;	 CD,	 cluster	 designation;	 Tfh,	 follicular	 helper	 T	 cells;
PTLD,	posttransplant	lymphoproliferative	disorder.

DIAGNOSIS,	STAGING,	AND	MANAGEMENT
Differential	Diagnosis	and	Sites	of	Disease	at	Presentation
More	than	two-thirds	of	patients	with	NHL	present	with	persistent	painless	peripheral	 lymphadenopathy.	At	the
time	 of	 presentation,	 a	 differential	 diagnosis	 of	 generalized	 lymphadenopathy	 necessitates	 the	 exclusion	 of
infectious	 etiologies	 such	 as	 bacteria	 (including	 mycobacteria),	 viruses	 (e.g.,	 infectious	 mononucleosis,
cytomegalovirus,	hepatitis	B,	HIV),	and	parasites	(toxoplasmosis);	 inflammatory	and	autoimmune	diseases;	and
metastatic	malignancies.	It	 is	generally	agreed	that	a	lymph	node	larger	than	1.5	×	1.5	cm	that	is	not	associated
with	a	documented	infection	and	that	persists	longer	than	4	weeks	should	be	considered	for	a	biopsy.42	A	biopsy
should	 be	 performed	 immediately	 for	 patients	 with	 other	 findings	 suggesting	 malignancy	 (e.g.,	 systemic
complaints	 or	 B	 symptoms,	 such	 as	 fever,	 night	 sweats,	 weight	 loss).	 However,	 lymph	 nodes	 in	 several
histopathologic	 subtypes	 of	 NHL	 frequently	 wax	 and	 wane.	 In	 teenagers	 and	 young	 adults,	 infectious
mononucleosis	 and	 HL	 should	 be	 placed	 high	 in	 the	 differential	 diagnosis.	 Involvement	 of	 Waldeyer	 ring,
epitrochlear,	and	mesenteric	nodes	are	more	frequently	observed	in	patients	with	NHL	than	in	patients	with	HL.
About	40%	of	all	patients	with	NHL	present	with	systemic	complaints.	B	symptoms	are	more	common	in	patients
with	aggressive	histologies,	with	frequencies	approaching	50%.	Less	common	presenting	symptoms,	occurring	in
<20%	of	patients,	include	fatigue,	malaise,	and	pruritus.

NHLs	also	may	present	with	thoracic,	abdominal,	and/or	extranodal	symptoms.	Approximately	20%	of	patients
with	 NHL	 have	 mediastinal	 adenopathy.	 These	 patients	 most	 frequently	 present	 with	 persistent	 cough,	 chest
discomfort,	 or	 without	 symptoms	 but	 with	 an	 abnormal	 chest	 radiograph.	 Occasionally,	 superior	 vena	 cava
syndrome	 accompanies	 presentation.	The	 differential	 diagnosis	 of	mediastinal	 presentations	 includes	 infections
(e.g.,	 histoplasmosis,	 tuberculosis,	 infectious	 mononucleosis),	 sarcoidosis,	 HL,	 and	 other	 malignancies.
Involvement	 of	 retroperitoneal,	mesenteric,	 and	 pelvic	 nodes	 is	 common	 in	most	 histologic	 subtypes	 of	NHL.
Unless	massive	or	leading	to	obstruction,	nodal	enlargement	in	these	sites	often	does	not	produce	local	symptoms.
Those	with	 large	abdominal	masses,	massive	 splenomegaly,	or	primary	gastrointestinal	 (GI)	 lymphoma	present
with	complaints	similar	to	those	caused	by	other	space-occupying	lesions.	These	include	chronic	pain,	abdominal
fullness,	 and	 early	 satiety,	 symptoms	 associated	 with	 visceral	 obstruction	 or	 acute	 bowel	 perforation,	 or	 GI
hemorrhage.	Rarely,	patients	present	with	unexplained	anemia	and	associated	symptoms.	Those	with	aggressive
NHLs	can	present	with	primary	cutaneous	lesions,	testicular	masses,	acute	spinal	cord	compression,	solitary	bone
lesions,	and	rarely,	lymphomatous	meningitis.	Symptoms	of	primary	CNS	NHL	include	headache,	lethargy,	focal
neurologic	symptoms,	seizures,	and	paralysis.

When	NHL	involves	an	extranodal	site,	the	differential	diagnosis	is	broader,	and	making	a	diagnosis	often	is
more	difficult.	NHL	uncommonly	presents	in	the	lungs	with	bronchovascular,	lymphangitic,	nodular,	or	alveolar
patterns	of	involvement.43	Between	25%	and	50%	of	patients	with	NHL	present	with	hepatic	infiltration,	although
relatively	few	have	large	hepatic	masses.	Of	the	advanced-stage	indolent	lymphomas,	nearly	75%	of	patients	have
microscopic	hepatic	infiltration	at	presentation.	In	contrast,	primary	hepatic	lymphoma	is	rare	and	is	nearly	always
an	aggressive	histology.	Primary	lymphoma	of	bone	is	another	uncommon	extranodal	site,	occurring	in	<5%	of
patients	and	often	presenting	as	bone	pain.	Most	frequently,	 lytic	 lesions	are	observed	on	standard	radiographs.
The	 most	 common	 sites	 of	 primary	 lymphoma	 of	 bone	 include	 the	 femur,	 the	 pelvis,	 and	 the	 vertebrae.
Approximately	 5%	 of	NHLs	 are	 primary	GI	 lymphomas.	 These	 tumors	 are	 often	 associated	with	 hemorrhage,
pain,	 or	 obstruction.	 The	 stomach	 is	most	 frequently	 involved,	 followed	 by	 the	 small	 intestine,	 and	 the	 colon.
Most	 lymphomas	 involving	 the	 GI	 tract	 are	 aggressive,	 specifically	 BL,	 DLBCL,	MCL,	 and	 intestinal	 T-cell
lymphoma.	The	most	common	site	 for	extranodal	MZLs	 is	 the	stomach.	A	subset	of	MCL	presents	as	multiple
intestinal	 polyposis,	 which	may	 arise	 at	 any	 site	 in	 the	 GI	 tract,	 and	 an	 unusual	 subset	 of	 FL	 have	 a	 similar
presentation.	An	 uncommon	 presentation	 (2%	 to	 14%)	 of	NHL	 is	 renal	 infiltration,	 and	 even	 less	 common	 is
primary	presentation	 in	 the	prostate,	 testis,	or	ovary.	The	 typical	histologic	subtypes	of	 these	sites	are	DLBCL,
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BL,	and	HGBCLs,	both	not	otherwise	specified	(NOS)	as	well	as	with	double-	and	triple-hit	cytogenetics.	Other
rare	sites	of	primary	lymphoma	include	the	orbit,	heart,	breast,	salivary	glands,	thyroid,	and	adrenal	gland.

Initial	Management
After	the	initial	biopsy,	a	careful	history	and	physical	exam	should	be	done	to	help	assess	the	extent	and	pace	of
disease.	 Attention	 should	 be	 paid	 to	 the	 duration	 of	 symptoms	 and	 rate	 of	 symptomatic	 progression,	 whether
symptoms	 associated	 with	 a	 poorer	 prognosis	 (such	 as	 fevers,	 night	 sweats,	 or	 unexplained	 weight	 loss)	 are
present,	and	to	localizing	symptoms	that	may	point	toward	lymphomatous	involvement	of	specific	sites,	such	as
the	 chest,	 abdomen,	 or	 CNS.	 Concurrent	 illness	 that	may	 impact	 therapy	 or	monitoring	 on	 therapy	 should	 be
ascertained,	 including	 a	 history	 of	 diabetes	 or	 congestive	 heart	 failure.	 The	 physical	 exam	 should	 pay	 close
attention	to	all	peripherally	accessible	lymph	node	sites;	the	liver	and	spleen	size;	Waldeyer	ring;	whether	there	is
a	pleural	or	pericardial	effusion	or	abdominal	ascites;	whether	 there	 is	an	abdominal,	 testicular,	or	breast	mass;
and	whether	there	is	cutaneous	involvement,	as	involvement	in	any	of	these	sites	may	influence	further	evaluation
and	disease	management.

Laboratory	 studies	 should	 be	 obtained,	 including	 complete	 blood	 count,	 routine	 chemistries,	 liver	 function
tests,	 and	 serum	 protein	 electrophoresis	 to	 assess	 the	 presence	 of	 monoclonal	 paraproteins.	 The	 serum	 β2-
microglobulin	level	and	serum	lactate	dehydrogenase	(LDH)	are	independent	prognostic	factors	in	NHL.	A	bone
marrow	biopsy	should	be	considered	for	staging	and	prognostic	purposes	depending	on	the	disease	histology	and
the	 results	 of	 other	 laboratory	 and	 staging	 studies.	An	 evaluation	 of	 the	 cerebrospinal	 fluid	 for	 lymphomatous
involvement	may	be	indicated	in	the	setting	of	concerning	neurologic	signs	or	symptoms	or	a	form	of	NHL	with	a
high	 propensity	 to	 spread	 to	 the	CNS.	The	 latter	 includes	 an	NHL	 involving	 the	 paranasal	 sinuses,	 testes,	 and
epidural	space,	and	highly	aggressive	histologies	like	BL.

Imaging	 studies	 depend	 on	 the	 NHL	 subtype	 and	 the	 clinical	 presentation.	 Chest,	 abdominal,	 and	 pelvic
computed	 tomography	 (CT)	 scans	 are	 essential	 for	 accurate	 staging	 to	 assess	 lymphadenopathy	 for	 indolent
lymphomas.	 Radionuclide	 scans	 have	 clinical	 utility	 as	 diagnostic	 and	 monitoring	 studies.	 Positron	 emission
tomography	 (PET)	 using	 18F-fluorodeoxyglucose	 (FDG).	 FDG-PET	 scanning	 is	 highly	 sensitive	 for	 detecting
both	nodal	and	extranodal	sites	involved	by	NHL.	PET	scanning	is	particularly	useful	for	aggressive	lymphomas,
including	BL,	DLBCL,	 plasmablastic	 lymphoma,	 and	 the	 aggressive	 T-cell	 lymphomas,	 but	 is	 less	 reliable	 in
lower	grade	histologies	like	MZLs.44	The	intensity	of	FDG	avidity,	or	standardized	uptake	value,	correlates	with
histologic	aggressiveness.45	PET	scanning	detects	an	actively	metabolizing	tumor	in	residual	masses	following	or
during	chemotherapy,	and	persistent	abnormal	uptake	predicts	early	relapse	and/or	reduced	survival.46	It	is	more
accurate	 than	 the	 detection	 of	 a	 residual	 mass	 on	 CT	 scans,	 which	 can	 often	 be	 a	 false	 positive.	 Consensus
recommendations	regarding	PET	scanning	were	published	as	a	result	of	an	International	Harmonization	Project.
Among	the	recommendations	are	that	PET	only	be	used	for	DLBCL	and	HL,	scanning	during	therapy	be	only	part
of	clinical	trials,	and	the	scan	after	all	therapy	is	completed	should	be	done	at	least	3	but	preferably	6	to	8	weeks
after	 chemotherapy	 and	 8	 to	 12	 weeks	 after	 radiation	 or	 chemoradiotherapy.	 PET	 response	 to	 therapy	 in
aggressive	NHL	and	HL	has	been	standardized	using	the	Deauville	response	scale,	ranging	from	1	to	5,	and	using
mediastinal	blood	pool	and	liver	uptake	as	reference	markers.	Deauville	1	to	3	(no	abnormal	uptake	[1],	uptake
less	 than	 mediastinal	 blood	 pool	 [2],	 uptake	 more	 than	 mediastinal	 blood	 pool	 but	 less	 than	 liver	 [3])	 are
considered	metabolically	negative,	whereas	Deauville	4	 (uptake	 slightly	 to	moderately	higher	 than	 liver)	 and	5
(markedly	 increased	uptake	or	 any	new	 lesion)	are	consistent	with	metabolically	active	 lymphoma.47	 Response
criteria	 in	 lymphoma	 that	 incorporate	 the	 Deauville	 response	 scale	 as	 well	 as	 CT	 response	 criteria	 were
standardized	in	2014	and	are	collectively	referred	to	as	the	Lugano	Classification	of	lymphoma	response.47	This
classification	was	 updated	 in	 2016	 to	 recognize	 instances	 of	 pseudoprogression	 due	 to	 inflammation	 following
immunotherapy,	which	was	given	the	designation	“indeterminant	response.”48	There	is	no	evidence	that	a	 long-
term	follow-up	should	include	PET	scanning.49	Finally,	magnetic	resonance	imaging	(MRI)	is	useful	in	detecting
bone,	bone	marrow,	and	CNS	disease	in	the	brain	and	spinal	cord.

Staging	and	Prognostic	Systems
The	Ann	Arbor	 staging	 system	developed	 in	 1971	 for	HL	was	 adapted	 for	 staging	NHLs	 (Table	 98.5).50	 This
staging	system	focuses	on	the	number	of	 tumor	sites	(nodal	and	extranodal),	 their	 location,	and	the	presence	or
absence	of	systemic,	or	B,	symptoms.	Table	98.5	summarizes	the	essential	features	of	the	Ann	Arbor	system.	The
concept	of	staging	has	less	impact	in	NHL	than	in	HL.	Only	a	minority	of	patients	with	indolent	and	aggressive



NHL	has	localized	disease	at	diagnosis,	and	there	is	little	therapeutic	benefit	to	distinguishing	between	stage	III
and	stage	IV	disease	because	the	treatment	options	are	identical.	Prognosis	depends	more	on	histology	and	clinical
parameters	than	the	stage	at	presentation.	Staging	in	NHLs,	therefore,	is	done	to	identify	the	minority	of	patients
who	can	be	treated	with	local	therapy	or	combined	modality	treatment	and	to	stratify	within	histologic	subtypes	to
determine	the	prognosis	and	assess	the	impact	of	treatment.	Given	the	similarities	in	treatment	and	outcome,	stage
I	 and	 II	 disease	 have	 been	 combined	 under	 the	 title	 “limited”	 stage	 disease	 and	 stage	 III	 and	 IV	 have	 been
combined	under	the	title	of	“advanced”	disease	in	the	Lugano	Classification.47,48

TABLE	98.5
Ann	Arbor	Staging	for	Lymphoma

Stage Description
I Involvement	of	a	single	lymph	node	region	(I)	or	single	extranodal	site	(IE)

II
Involvement	of	two	or	more	lymph	node	regions	or	lymphatic	structures	on	the	same	side	of	the	diaphragm	alone	(II)	or
with	involvement	of	limited,	contiguous,	extralymphatic	organ	or	tissue	(IIE)

III
Involvement	of	lymph	node	regions	on	both	sides	of	the	diaphragm	(III),	which	may	include	the	spleen	(IIIS),	or	limited,
contiguous,	extralymphatic	organ	or	tissue	(IIIE),	or	both	(IIIES)

IV
Diffuse	or	disseminated	foci	of	involvement	of	one	or	more	extralymphatic	organs	or	tissues,	with	or	without	associated
lymphatic	involvement

Note:	All	stages	are	further	subdivided	according	to	the	absence	(A)	or	presence	(B)	of	systemic	B	symptoms	including	fevers,	night
sweats,	and/or	weight	loss	(>10%	of	body	weight	over	6	months	prior	to	diagnosis).

Probably	 more	 important	 than	 staging	 is	 the	 International	 Prognostic	 Index	 (IPI),	 which	 provides	 risk
stratification	 (Table	 98.6).51	 The	 IPI	 was	 developed	 based	 on	 an	 analysis	 of	 over	 2,000	 patients	 with	 diffuse
aggressive	NHLs	 treated	with	 an	 anthracycline-containing	 regimen.	 This	 analysis	 identified	 age	 (60	 years	 and
younger	versus	older	than	60	years),	serum	LDH	(≤	normal	versus	>	normal),	performance	status	(0	or	1	versus	2
to	4),	stage	(I	or	II	versus	III	or	IV);	and	extranodal	involvement	(≤	one	site	versus	>	one	site)	to	be	independently
prognostic	for	overall	survival	(OS).	Four	risk	groups	were	identified	based	on	the	number	of	risk	factors:	low	risk
(0	or	1),	low	intermediate	(2),	high	intermediate	(3),	and	high	(4	to	5).	The	5-year	OS	rates	for	patients	with	scores
of	0	to	1,	2,	3,	and	4	to	5	were	73%,	51%,	43%,	and	26%,	respectively.	For	the	patients	aged	60	years	or	less,	only
stage,	LDH,	and	performance	status	were	of	prognostic	significance.	Patients	60	years	and	younger	of	age	with
zero,	one,	two,	or	three	risk	factors	had	5-year	survival	rates	of	83%,	69%,	46%,	and	32%,	respectively.	Survival
rates	for	those	of	aged	older	than	60	years	with	the	same	scores	were	56%,	44%,	37%,	and	21%,	respectively.	The
IPI	has	been	adapted	 following	 treatment	with	 cyclophosphamide,	 adriamycin,	vincristine,	 and	prednisone	plus
rituximab	(RCHOP)	therapy	for	DLBCL.	Within	that	model,	the	4-year	progression-free	survival	(PFS)	is	94%,
80%,	and	53%	for	zero	and	one,	two,	or	three	or	more	risk	factors,	respectively	(see	Table	98.6).52	An	update	to
the	 IPI	 was	 published	 by	 the	 National	 Comprehensive	 Cancer	 Network	 (NCCN).53	 The	 NCCN-IPI	 assigns
weighted	 points	 to	 five	 different	 predictive	 markers	 (age,	 LDH,	 sites	 of	 involvement,	 Ann	 Arbor	 stage,	 and
Eastern	Cooperative	Oncology	Group	[ECOG]	performance	status)	for	a	maximum	total	of	8	points.	It	identifies
four	different	risk	groups,	and	compared	with	the	IPI,	better	discriminates	between	low-	and	high-risk	subgroups.

TABLE	98.6
International	Prognostic	Index

Age	older	than	60	y

LDH	>	upper	limit	normal

ECOG	performance	status	≥2

Ann	Arbor	stage	III	or	IV

Number	of	extranodal	disease	sites	greater	than	one

No.	of	Factors Risk	Group 3-y	EFS	(%) 3-y	PFS	(%) 3-y	OS	(%)
0–1 Low 81 87 91

2 Low	Intermediate 69 75 81

3 High	Intermediate 53 59 65
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4–5 High 50 50 59
LDH,	 lactate	 dehydrogenase;	 ECOG,	 Eastern	 Cooperative	 Oncology	 Group;	 EFS,	 event-free	 survival;	 PFS,	 progression-free
survival;	OS,	overall	survival.
Adapted	 from	 Ziepert	 M,	 Hasenclever	 D,	 Kuhnt	 E,	 et	 al.	 Standard	 International	 Prognostic	 Index	 remains	 a	 valid	 predictor	 of
outcome	for	patients	with	aggressive	CD20+	B-cell	lymphoma	in	the	rituximab	era.	J	Clin	Oncol	2010;28(14):2373–2380.

A	 similar	 predictive	 model	 has	 been	 developed	 for	 FL	 based	 on	 the	 analysis	 of	 over	 4,000	 patients	 with
follicular	NHL,	known	as	the	Follicular	Lymphoma	International	Prognostic	Index	or	FLIPI	(Table	98.7).54	This
study	identified	the	following	prognostic	factors:	age	older	than	60	years,	stage	III/IV,	more	than	four	nodal	sites,
elevated	serum	LDH	concentration,	and	hemoglobin	<12.	The	10-year	survival	rates	for	patients	with	zero	to	one
(low	risk),	two	(intermediate	risk),	or	three	or	more	(high	risk)	of	these	adverse	factors	averaged	71%,	51%,	and
36%,	respectively.

With	the	increasing	availability	of	molecular	testing,	GEP	and	gene	mutation	data	may	enhance	the	predictive
ability	of	current	systems.	The	M7-FLIPI	for	FL	combines	known	independent	clinical	prognostic	factors	from	the
FLIPI	with	performance	status	and	the	mutation	status	of	the	EZH2,	ARID1A,	EP300,	FOXO1,	MEF2B,	CREBBP,
and	CARD11	 genes	 in	FL	 tumor	biopsies	obtained	prior	 to	 first-line	 chemoimmunotherapy.	Compared	 to	prior
systems,	the	M7-FLIPI	has	been	reported	to	better	discriminate	risk	groups.55

Similar	disease-specific	 IPIs	have	been	developed	 for	MCL	and	peripheral	T-cell	 lymphoma	(PTCL).	These
prognostic	indices	take	into	account	the	proliferative	index	and	cell	surface	markers,	respectively.56,57

More	 recently,	 as	 referenced	 in	 the	 2016	WHO	 classification,	 GEP	 has	 been	 used	 to	 examine	 DLBCL	 to
identify	patients	with	different	prognoses.	Based	on	gene	expression,	DLBCLs	have	been	subclassified	into	GCB
or	ABC	types.	Patients	with	GCB-like	DLBCL	have	significantly	better	OS	than	those	with	the	ABC-like	variant.
Based	on	findings	from	GEP,	immunohistochemical	staining	of	a	limited	number	of	proteins	has	been	proposed	as
an	 alternative	 method	 for	 subtyping	 of	 DLBCL	 and	 prognostication.58	 GC	 and	 non-GCB	 derivation	 can	 be
determined	by	the	expression	of	markers	such	as	CD10,	B-cell	lymphoma	6	protein,	and	interferon	response	factor
4,	also	known	as	multiple	myeloma	oncogene	1	(MUM1).	Based	on	immunohistochemistry,	 it	 is	estimated	 that
approximately	40%	of	DLBCLs	are	of	the	GCB	subtype,	with	the	remainder	falling	into	the	non-GCB	group.

TABLE	98.7
Follicular	Lymphoma	International	Prognostic	Index

Age	older	than	60	y

LDH	>	upper	limit	normal

Hgb	<12	g/dL

Ann	Arbor	stage	III	or	IV

Number	of	involved	nodal	areas	greater	than	four

No.	of	Factors Risk	Group 5-y	OS	(%) 10-y	OS	(%)
0–1 Low 91 71

2 Intermediate 78 51

3–5 High 52 59
LDH,	lactate	dehydrogenase;	Hgb,	hemoglobin;	OS,	overall	survival.
Adapted	 from	 Solal-Céligny	 P,	 Roy	 P,	 Colombat	 P,	 et	 al.	 Follicular	 Lymphoma	 International	 Prognostic	 Index.	 Blood
2004;104(5):1258–1265.

Restaging	 after	 treatment	 is	 typically	 done	 6	 to	 8	 weeks	 following	 the	 completion	 of	 chemotherapy	 (or
chemoimmunotherapy),	or	8	to	12	weeks	after	the	completion	of	radiotherapy	(RT)	or	combination	chemotherapy
and	 RT,	 to	 assess	 disease	 response	 to	 treatment.	 The	 most	 important	 prognostic	 factor	 is	 achievement	 of	 a
complete	response	(CR).	Restaging	at	the	completion	of	treatment	often	consists	of	repetition	of	studies	that	were
abnormal	 at	 diagnosis.	 It	 should	 be	 noted	 that	masses	 caused	 by	 lymphomas	 associated	with	 fibrosis	 or	 bulky
disease	may	not	complete	regress,	despite	 the	absence	of	any	remaining	active	lymphoma.	Nuclear	studies,	 like
PET/CT	scans,	and/or	rebiopsy	can	be	helpful	in	differentiating	residual	fibrotic	tissue	from	active	lymphoma.

SPECIFIC	DISEASE	ENTITIES



Precursor	B-	and	T-cell	Leukemia/Lymphoma
Lymphoblastic	 lymphoma	 and	 acute	 lymphoblastic	 leukemia	 appear	 to	 be	 different	manifestations	 of	 the	 same
disease	entity	(see	Chapter	105).	Cytologically,	both	are	composed	of	blasts	with	a	high	nuclear-to-cytoplasmic
ratio,	scant	cytoplasm,	and	nuclei	with	slightly	coarse	chromatin	with	several	small	nucleoli.	The	nuclei	may	be
oval	but	more	often	are	folded	or	convoluted.	The	blasts	are	usually	intermediate	in	size,	but	they	may	be	large	or,
in	 unusual	 cases,	 so	 small	 that	 there	 may	 be	 confusion	 morphologically	 with	 CLL.	 When	 lymph	 nodes	 are
involved,	 they	 are	 diffusely	 effaced	by	blasts.	Mitotic	 figures	 are	 usually	 frequent,	 and	 (as	with	 all	 high-grade
lymphomas)	 some	 cases	 contain	 frequent	 tingible	 body	 macrophages,	 producing	 a	 starry-sky	 appearance	 that
mimics	BL.

Approximately	85%	to	90%	of	lymphoblastic	lymphomas	are	of	the	T-cell	lineage,	with	the	remainder	being	of
the	B-cell	 type.	Both	are	composed	of	 tumor	cells	with	 immunophenotypes	 that	correspond	 to	stages	of	pre–T-
and	pre–B-cell	development,	respectively.	T-lymphoblastic	tumors	usually	express	cytoplasmic	CD3	but	may	be
surface	CD3-	and	show	variable	expression	of	other	T-cell	markers.	B-lymphoblastic	 tumors	express	CD19	and
are	variably	positive	for	other	B	lineage	markers	and	negative	in	most	cases	for	surface	Ig.	Most	lymphoblastic
tumors	 are	 positive	 for	 TdT,	 a	marker	 of	 immature	 lymphoid	 cells	 that	 can	 be	 detected	 by	 flow	 cytometry	 or
immunohistochemistry.

Although	lymphoblastic	lymphomas	represent	a	major	subgroup	of	childhood	NHLs,	they	are	unusual	in	adults
(2%	of	adult	NHLs).	Patients	with	T-lymphoblastic	lymphoma	are	usually	adolescent	or	young	adult	males	who
present	with	a	mediastinal	mass	(50%	to	75%)	or	with	lymphadenopathy	in	cervical,	supraclavicular,	and	axillary
regions	(50%).	Mediastinal	masses	can	be	associated	with	superior	vena	cava	syndrome,	tracheal	obstruction,	and
pericardial	 effusions.	 Less	 commonly,	 patients	 present	 with	 extranodal	 disease	 (skin,	 testicular,	 or	 bony
involvement).	More	than	80%	of	patients	present	with	stage	III	or	IV	disease,	almost	50%	have	B	symptoms,	and
the	majority	has	 an	elevated	LDH.	Although	 the	bone	marrow	may	be	uninvolved	at	presentation,	virtually	 all
patients	 develop	 bone	 marrow	 infiltration	 and	 a	 subsequent	 leukemic	 phase	 indistinguishable	 from	 acute
lymphoblastic	leukemia.	Patients	with	bone	marrow	involvement	have	a	very	high	incidence	of	CNS	infiltration.
B-cell	 lymphoblastic	 lymphoma	 is	 a	 rare	 entity,	 with	 patients	 having	 a	 median	 age	 of	 39	 years.59	 B-cell
lymphoblastic	 lymphomas	present	without	 a	mediastinal	mass	 but	 instead	 involve	 lymph	nodes	 and	 extranodal
sites.

The	treatment	of	precursor	B-	and	T-cell	lymphoblastic	leukemia/lymphoma	is	detailed	in	Chapter	105.

Follicular	Lymphoma

Introduction
FL	 is	 the	 second	 most	 common	 lymphoma	 diagnosed	 in	 the	 United	 States	 and	 Western	 Europe,	 making	 up
approximately	20%	of	all	NHLs	and	70%	of	indolent	lymphomas.	The	median	age	at	diagnosis	is	64	years,	and
there	is	a	slight	female	predominance.60,61	The	incidence	is	increased	among	relatives	of	persons	with	FL.

Pathology
FLs	are	malignant	counterparts	of	normal	GCBs.1	FL	recapitulates	the	architecture	of	normal	GCs	of	secondary
lymphoid	 follicles.	 The	 neoplastic	 cells	 consist	 of	 a	mixture	 of	 centrocytes	 (small	 to	medium	 sized	 cells	with
irregular	or	cleaved	nuclei	and	scant	cytoplasm)	and	centroblasts	 (large	cells	with	oval	nuclei,	 several	nucleoli,
and	moderate	 amounts	 of	 cytoplasm).	 The	 clinical	 aggressiveness	 of	 the	 tumor	 correlates	 with	 the	 number	 of
centroblasts	that	are	present.	The	WHO	classification	grades	FL	from	I	to	III	based	on	the	number	of	centroblasts
counted	per	high	power	field	(hpf):	grade	I,	0	to	5	centroblasts	per	hpf;	grade	II,	6	to	15	centroblasts	per	hpf;	grade
III,	>15	centroblasts	per	hpf.	Grade	III	has	been	subdivided	into	grade	IIIa,	in	which	centrocytes	predominate,	and
grade	IIIb,	in	which	there	are	sheets	of	centroblasts.62	Although	the	grading	system	remains	in	place,	clinically,
grade	I	and	II	and	many	cases	of	grade	IIIa	FLs	are	approached	similarly.	Akin	to	normal	GCs,	small	numbers	of
T	cells	and	follicular	dendritic	cells	are	present	in	the	malignant	follicles;	however,	 tingible	body	macrophages,
cells	that	have	ingested	apoptotic	cells	that	are	common	in	reactive	GCs,	are	usually	absent.	Involvement	of	the
peripheral	blood	with	malignant	cells	is	commonly	seen,	and	morphologically,	these	cells	have	notches	and	have
been	 referred	 to	 as	buttock	 cells.	 FL	 grade	 IIIb	 is	 an	 aggressive	 disease	 grouped	with	DLBCL.	Bone	marrow
involvement	 is	 exceedingly	 common	 in	 FL	 patients,	 usually	 taking	 the	 form	 of	 paratrabecular	 lymphoid
aggregates.
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Immunophenotype	and	Genetics
FL	cells	express	monoclonal	Ig	light	chain,	CD19,	CD20,	CD10,	and	BCL6	and	are	negative	for	CD5	and	CD23.
In	virtually	all	cases,	FL	cells	overexpress	BCL2.	Clonal	Ig	gene	rearrangements	are	present,	and,	in	most	cases,
the	Ig	loci	have	extensive	somatic	mutations,	further	supporting	a	GC	origin.	Approximately	85%	of	FLs	have	the
t(14;18),	which	drives	overexpression	of	BCL2,	a	member	of	a	family	of	proteins	that	blocks	apoptosis.	However,
multiple	genetic	events	are	required	for	the	development	of	FL	because	the	t(14;18)	can	be	identified	in	a	small
fraction	of	normal	B	cells	in	most	normal	children	and	adults.	Deep	sequencing	studies	have	established	that	the
most	common	mutations	in	FL	(90%	of	tumors)	involve	the	KMT2D	gene	(previously	known	as	MLL2),	a	gene
encoding	 a	 histone	H3	methylase.63,64	 Less	 common	 recurrent	 mutations	 involve	 other	 genes,	 such	 as	EZH2,
CREBBP,	 and	EP300,	 that	 also	 encode	 epigenetic	 modifying	 proteins,	 indicating	 that	 genetically	 determined
alterations	in	the	epigenome	contribute	to	FL	in	important	ways	that	remain	to	be	defined.	Other	studies	suggest
that	 reactive	 cells	 within	 the	 tumor	 microenvironment	 also	 contribute	 to	 the	 pathobiology	 of	 FL,	 based	 on
evidence	 that	 immune	 signatures	 of	 T-cell	 and	 macrophage	 infiltration	 defined	 by	 GEP	 are	 predictive	 of
outcome.65

Clinical	Features
Patients	 with	 FL	 generally	 present	 with	 asymptomatic	 lymphadenopathy,	 which	 often	 waxes	 and	 wanes	 over
years.	Bone	marrow	involvement	is	present	in	70%	of	patients,	whereas	involvement	of	other	nonlymphoid	organs
is	uncommon.	Less	than	20%	of	patients	present	with	B	symptoms	or	an	increased	serum	LDH.	In	a	small	subset
of	 patients,	 the	 disease	 presents	 in	 the	 intestine;	 such	 patients	 usually	 have	 an	 early	 stage	 and	 a	 favorable
prognosis.66	Histologic	transformation	(HT)	of	FL	to	DLBCL	occurs	in	10%	to	70%	of	patients	over	time,	with	a
risk	of	about	1%	to	3%	per	year67	and	is	associated	with	 the	rapid	progression	of	 lymphadenopathy,	extranodal
disease	(besides	the	marrow),	B	symptoms,	elevated	serum	LDH,	and	hypercalcemia.

Prognosis
A	prognostic	model	based	on	clinical	features	is	the	FLIPI	(see	Table	98.7).68	A	modified	version	of	this	score,
the	FLIPI2,	evaluated	five	parameters,	with	some	overlap	of	the	FLIPI.69	The	utility	of	the	FLIPI2	model	remains
uncertain,	and	it	is	not	used	in	routine	practice.	Since	the	incorporation	of	rituximab	into	the	mainstream	therapy
of	FL,	the	FLIPI	has	continued	to	be	a	useful	prognostic	model.70	FL	tumors	are	graded	from	I	to	III,	but	grade
has	 limited	prognostic	utility.	There	has	generally	been	suboptimal	FL	grading	consensus	between	pathologists,
and	 there	 is	 no	 evidence	 to	 support	 a	 different	 treatment	 approach	 between	 grades	 I	 and	 II	 FL.	Differences	 in
molecular	genetics	as	well	as	clinical	behavior	suggest	that	FL	grade	IIIa	is	more	commonly	an	indolent	disease,
whereas	grade	IIIb	is	an	aggressive	disease.71

Combining	the	FLIPI	with	mutational	analysis	(known	as	the	M7-FLIPI)	has	been	examined	in	a	large	cohort
of	 FL	 patients.	 The	mutation	 status	 of	 seven	 genes—EZH2,	ARID1A,	MEF2,	EP300,	 FOXO1,	 CREBBP,	 and
CARD11—when	combined	with	FLIP	score,	 identifies	high-	and	low-risk	groups	in	terms	of	5-year	failure-free
survival.	 The	 failure-free	 survival	 for	 the	 low-risk	 patients	 is	 78%	 at	 5	 years	 versus	 22%	 for	 the	 higher	 risk
patients.55	The	M7-FLIPI	was	also	able	to	identify	patients	at	risk	for	early	progression.72

The	investigation	of	the	cellular	microenvironment	of	FL	has	provided	interesting	insights	into	prognosis.73	It
has	been	suggested	that	FL	is	an	immunologically	functional	disease	in	which	an	interaction	between	the	tumor
cells	 and	 the	 microenvironment	 modulates	 clinical	 behavior.	 These	 studies,	 which	 suggest	 that	 reactive
macrophages	 and	 T	 cells	 have	 an	 impact	 on	 the	 prognosis,	 need	 additional	 study	 in	 larger	 data	 sets	 and	 a
prospective	design	with	uniformly	treated	patient	populations.74

Although	many	prognostic	factors	have	been	identified,	 their	use	in	predicting	outcome	and	identifying	poor
responders	at	diagnosis	is	limited.	At	the	current	time,	the	most	accurate	way	to	identify	high-risk	FL	is	based	on
the	tumor’s	response	to	initial	 therapy.	Despite	therapeutic	advances	leading	to	an	improved	survival	in	FL,	the
subset	of	tumors	that	respond	incompletely	to	chemoimmunotherapy	or	relapse	in	<2	years	appear	to	have	inferior
outcomes.	After	initial	chemoimmunotherapy,	17%	to	26%	of	patients	will	have	a	PET-CT	that	remains	positive
(Deauville	score	of	4	or	5),	which	predicts	an	inferior	survival.75

Specifically	for	patients	with	a	positive	PET,	23%	of	patients	were	progression	free	at	4	years	compared	with
64%	 of	 those	 with	 a	 negative	 PET	 (P	 <	 .0001);	 4-year	 OS	 was	 87%	 versus	 97%,	 respectively	 (P	 <	 .0001).
Additionally,	of	 tumors	 that	objectively	 respond	 to	 first-line	chemotherapy,	multiple	 studies	have	demonstrated
that	20%	will	 relapse	within	2	years.	These	 tumors	also	are	associated	with	a	poor	 survival	compared	 to	 those



remit	for	prolonged	periods	(5-year	OS	of	50%	compared	to	90%,	respectively).75,76

Treatment	of	Early-Stage	Disease
Less	 than	 10%	 of	 patients	 with	 FL	 have	 stage	 I/II	 disease.77	 Radiation	 therapy	 is	 the	 treatment	 of	 choice	 for
limited-stage	FL	and	results	in	a	5-,	10-,	and	15-year	freedom	from	treatment	failure	of	72%,	46%,	and	39%	and	a
5-,	10-,	and	15-year	OS	rates	of	93%,	75%,	and	62%,	respectively,	with	a	median	survival	of	approximately	19
years.78	A	dose	of	 24	 to	 30	Gy	 appears	 to	 be	highly	 effective,	with	no	 evidence	of	 benefit	 for	 higher	 doses.79
However,	most	patients	with	stage	I	disease	treated	in	the	United	States	do	not	receive	radiation	therapy.	This	is
surprising	given	large	database	analyses	showing	higher	10-year	disease-specific	survival	(79%	versus	66%)91	and
OS	(68%	versus	54%)	in	patients	who	were	treated	with	RT	compared	to	those	who	did	not	receive	RT.80

In	prerituximab	era	studies,	adjuvant	chemotherapy	probably	does	not	add	additional	benefit	after	local	RT.81
A	retrospective	analysis	suggested	an	improved	PFS	with	chemoimmunotherapy	or	systemic	therapy	plus	RT	as
compared	to	RT	alone,	with	no	impact	on	OS.77	A	multicenter	observational	study	also	showed	an	improved	PFS
with	addition	of	rituximab	to	RT	but	again	with	no	OS	differences.82	If	significant	morbidity	is	possible	from	RT
based	 on	 the	 location	 of	 the	 disease	 area	 or	 if	 the	 patient	 chooses	 to	 not	 receive	 RT,	 observation	 may	 be	 a
reasonable	 alternative,	 especially	 for	 stage	 II	 patients.83	 In	 this	 report,	 the	 median	 OS	 of	 selected	 untreated
patients	was	19	years.	At	a	median	follow-up	of	7	years,	63%	of	patients	had	not	required	treatment.

Treatment	of	Advanced-Stage	Disease
The	overwhelming	majority	of	patients	have	advanced-stage	disease	at	diagnosis.	Patients	with	FL	do	not	require
immediate	treatment	unless	they	have	symptomatic	nodal	disease,	compromised	end	organ	function,	B	symptoms,
symptomatic	 extranodal	disease,	or	 cytopenias.	This	 approach	 is	 supported	by	 randomized	prospective	 trials	of
observation	 versus	 immediate	 treatment.	 One	 of	 the	 largest	 trials	 compared	 immediate	 treatment	 with
chlorambucil	to	observation.84	At	a	median	follow-up	of	16	years,	no	difference	in	OS	and	cause-specific	survival
was	seen	between	the	two	approaches.

A	major	question	is	whether	rituximab	might	change	this	approach	in	newly	diagnosed	asymptomatic	patients.
A	 retrospective	 analysis	 of	 good-risk	 patients	 who	 were	 either	 observed	 or	 received	 single-agent	 rituximab85
found	no	negative	impact	of	watchful	waiting.	A	prospective	study	compared	observation	to	rituximab	alone	or
rituximab	followed	by	maintenance	in	previously	untreated	FL.	The	median	time	to	next	treatment	was	34	months
in	the	watch	and	wait	patient	but	was	not	been	reached	in	the	rituximab-treatment	arm.	The	3-year	PFS	was	33%,
80%,	and	90%	of	the	observed,	rituximab,	or	rituximab	followed	by	maintenance	patients,	respectively,	with	95%
OS	 in	 all	 three	 groups.	 The	 important	 issues	 of	 time	 to	 second	 therapy,	 quality	 of	 life,	 impact	 on	 HT,	 cost,
toxicity,	and	future	responses	to	rituximab	are	not	yet	addressed.86

Rituximab	 has	 changed	 the	 paradigm	 of	 treating	 FL	 when	 treatment	 is	 needed.	 The	 most	 significant
improvement	in	survival	of	patients	with	FL	is	largely	due	to	the	use	of	anti-CD20	monoclonal	antibody–based
therapy.87	 The	 benefit	 of	 adding	 rituximab	 to	 combination	 chemotherapy	 for	 the	 initial	 treatment	 has	 been
demonstrated	in	multiple	randomized	trials	of	chemotherapy	with	or	without	rituximab	(see	Table	98.2).88–91	All
of	 these	 trials	have	demonstrated	 improved	 response	 rates	 (RRs)	 and	 time	 to	progression	 in	 the	 rituximab	plus
chemotherapy	arms	as	well	as	improvement	in	OS.	FDG-PET	scanning	has	been	employed	to	evaluate	responses
to	RCHOP	in	previously	untreated	patients.	PET	scanning	was	predictive	when	performed	after	four	cycles	and	at
the	end	of	 therapy.	The	2-year	PFS	was	significantly	higher	 for	PET-negative	 than	PET-positive	patients	when
employed	as	an	interim	or	end	of	therapy	scan.	The	2-year	OS	was	also	significantly	higher	for	PET-negative	than
PET-positive	patients.	This	will	require	further	study	but	may	change	management	in	the	future.92

Several	chemotherapy	drugs,	used	in	combination	with	rituximab,	have	also	been	used	for	the	initial	therapy	of
FL.	Bendamustine	plus	rituximab	(BR)	has	been	compared	to	RCHOP	in	a	randomized	phase	III	trial	(known	as
the	StiL	trial)	with	bendamustine	(90	mg/m2	days	1	and	2)	plus	rituximab	(375	mg/m2	day	1)	in	513	patients	with
advanced	FL,	MZL,	lymphoplasmacytic	 lymphoma	(LPL),	and	MCL.93	 In	this	study,	a	superior	median	PFS	in
favor	 of	 BR	 versus	 RCHOP	was	 seen	 (69.5	 versus	 31.2	months)	 at	 45	months.	Moreover,	 BR	 produced	 less
toxicity,	including	lower	rates	of	grade	3	and	4	neutropenia	and	leukopenia.	There	was	no	difference	in	OS	at	a
median	 follow-up	 of	 45	 months.	 In	 a	 confirmatory,	 randomized	 phase	 III	 trial,	 statistically	 similar	 CR	 rates
(CRRs)	 and	 PFS	 were	 noted	 between	 the	 BR	 and	 RCHOP/cyclophosphamide,	 vincristine,	 prednisone,	 and
rituximab	(RCVP)	arms.	The	toxicity	profile	revealed	a	somewhat	different	picture	as	compared	with	what	was
observed	 in	 the	 StiL	 trial	 as	 well.	 More	 neutropenia,	 constipation,	 and	 alopecia	 were	 observed	 with
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RCHOP/RCVP,	 whereas	 patients	 receiving	 BR	 had	 more	 nausea,	 fatigue,	 and	 rashes.94	 Fludarabine	 based
regimens	 showed	 RRs	 of	 over	 90%	 in	 previously	 untreated	 patients.95	 However,	 significant	 neutropenia	 and
opportunistic	 infections	 were	 observed	 with	 these	 regimens.	 A	 randomized	 phase	 III	 trial	 compared	 three
regimens	 in	 previously	 untreated	 stage	 II	 to	 IV	 FL	 patients:	 RCHOP;	 RCVP;	 or	 rituximab,	 fludarabine,	 and
mitoxantrone.	Both	rituximab,	fludarabine,	and	mitoxantrone	and	RCHOP	were	superior	to	RCVP	in	3-year	PFS
and	time	to	treatment	failure,	but	there	was	no	difference	in	OS.96	The	current	impact	of	this	study	is	uncertain,
given	the	favorable	results	and	lower	toxicity	seen	with	BR.

Further	advances	in	treating	advanced-stage	disease	have	entailed	the	use	of	the	combination	of	the	type	II	anti-
CD20	monoclonal	antibody	obinutuzumab	with	chemotherapy.	A	phase	III	study	of	patients	with	FL	compared
chemoimmunotherapy	with	either	obinutuzumab	or	rituximab.97	These	were	followed	by	2	years	of	maintenance
with	 either	 rituximab	 or	 obinutuzumab.	 An	 improvement	 in	 PFS	 was	 seen	 with	 obinutuzumab
chemoimmunotherapy,	 but	 there	 also	 were	 more	 significant	 adverse	 events	 associated	 with	 obinutuzumab
maintenance.

Rituximab	alone	has	been	used	as	the	first	therapy	in	patients	with	FL,	with	overall	RRs	of	around	70%	and
CRRs	of	over	30%	reported.98–100	The	most	favorable	data	of	single-agent	rituximab	is	 the	update	of	 the	Swiss
Group	for	Clinical	Cancer	Research	(SAKK)	trial.101	Patients	received	four	weekly	doses,	and	patients	with	stable
disease	or	better	were	 then	 randomized	 to	observation	or	 four	doses	of	maintenance	 therapy,	one	dose	every	2
months.	In	this	study,	202	patients	with	previously	untreated	or	relapsed/refractory	FL	received	four	weekly	doses
of	single-agent	rituximab.	The	151	patients	with	responding	or	stable	disease	at	week	12	were	randomized	to	no
further	treatment	or	prolonged	rituximab	maintenance	every	2	months	for	four	doses.	At	a	median	follow-up	of	35
months,	patients	who	received	the	prolonged	rituximab	maintenance	had	a	twofold	increase	in	event-free	survival
(EFS;	 23	 versus	 12	months).	With	 a	 longer	 follow-up,	 45%	of	 newly	 diagnosed	 patients	 in	 this	 study	were	 in
remission	at	8	years	with	the	addition	of	maintenance	rituximab.	A	follow-up	study	compared	one	dose	every	2
months	 for	 four	 doses	 to	 5	 years	 of	 maintenance.	 There	 was	 no	 improvement	 in	 EFS	 or	 OS	 with	 prolonged
maintenance,	which	also	was	associated	with	more	adverse	events.102

The	use	of	maintenance	rituximab	has	been	questioned	given	the	demonstration	of	equivalent	outcomes	using	a
retreatment	 strategy	 at	 the	 time	 of	 progression.	 The	ECOG	 e4402	 study	 enrolled	 previously	 untreated	 patients
with	 asymptomatic,	 low	 tumor	 burden	 indolent	 lymphoma.	 Patients	 who	 responded	 to	 a	 4-week	 rituximab
induction	were	 randomly	 assigned	 to	maintenance	 rituximab	 until	 treatment	 failure	 or	 four	 doses	 of	 rituximab
retreatment	at	the	time	of	disease	progression	until	treatment	failure.	FL	patients	who	initially	responded	(n	=	289)
were	subsequently	randomized.	With	a	median	follow-up	of	4.5	years,	there	was	no	difference	in	the	median	time
to	treatment	failure	between	the	rituximab	retreatment	and	rituximab	maintenance	strategies.	Similar	to	the	study
by	Ardeshna	 and	 colleagues,86	 an	 excellent	OS	was	 achieved—approximately	 94%	 at	 5	 years	 in	 both	 groups.
These	 results	 suggest	 that	 rituximab	 maintenance	 and	 rituximab	 retreatment	 appear	 equally	 beneficial	 in	 the
asymptomatic	population	with	regard	to	time	to	treatment	failure.	Because	retreatment	uses	three	to	four	times	less
rituximab,	this	strategy	may	be	the	most	advantageous	in	this	population.103

Maintenance	rituximab	has	also	been	shown	to	benefit	patients	who	received	chemotherapy	without	rituximab
as	 part	 of	 the	 initial	 treatment.	 A	 randomized	 trial	 of	 maintenance	 rituximab	 versus	 observation	 after
cyclophosphamide,	vincristine,	and	prednisone	(CVP)	in	a	patient	cohort	in	which	a	majority	had	FL	reported	that
patients	who	received	maintenance	rituximab	had	improved	rates	of	3-year	PFS	(68%	versus	33%).	Survival	rates
were	 similar	 between	 the	 two	 groups.104	 With	 the	 current	 paradigm	 of	 treating	 patients	 with	 concurrent
chemotherapy	plus	rituximab,	this	study	has	less	applicability.

The	use	of	maintenance	rituximab	after	rituximab-containing	chemoimmunotherapy	regimens	in	patients	with
FL	has	been	examined	in	a	large	randomized	trial.105	Although	maintenance	 rituximab	appears	 to	 improve	PFS
rates,	toxicities	(albeit	tolerable)	are	increased	and	the	effect	on	OS	is,	 to	date,	unclear.	The	Primary	Rituximab
and	Maintenance	(PRIMA)	phase	III	intergroup	trial	randomly	assigned	1,018	patients	with	previously	untreated
FL	that	 responded	 to	chemoimmunotherapy	(RCVP;	RCHOP;	or	 fludarabine,	cyclophosphamide,	mitoxantrone,
and	rituximab)	maintenance	with	rituximab	(375	mg/m2	every	8	weeks	for	24	months)	or	placebo.	At	a	median
follow-up	of	36	months	from	randomization,	patients	assigned	to	rituximab	maintenance	had	a	higher	rate	of	PFS
(75%	versus	58%).	A	higher	percentage	of	patients	 in	CR	or	CR-unconfirmed	at	24	months	(72%	versus	52%)
was	 also	 seen	 2	 years	 postrandomization	 in	 patients	 receiving	 maintenance	 rituximab.	 There	 also	 was	 a
significantly	 higher	 percentage	 of	 patients	 with	 grade	 III/IV	 adverse	 events	 and	 infections	 in	 the	 rituximab
maintenance	group.	At	this	time,	OS	is	the	same	in	both	groups.	This	trial	was	updated	after	a	median	follow-up
of	10	years;	10-year	PFS	(51%	versus	35%),	median	time	to	treatment	failure	(10.5	versus	4.1	years),	and	median
time	to	next	treatment	(not	reached	versus	6.6	years)	continued	to	favor	the	maintenance	rituximab	cohort,	but	OS



continues	to	remain	the	same	in	both	groups.
Radioimmunotherapy	 alone	 has	 been	 used	 as	 the	 initial	 treatment	 in	 a	 limited	 number	 of	 patients	with	 FL.

However,	 iodine-131	 (131I)	 tositumomab	 is	 no	 longer	 commercially	 available.	 The	 U.S.	 Food	 and	 Drug
Administration	(FDA)	approval	for	yttrium-90	(90Yi)-ibritumomab	tiuxetan	is	as	consolidation	therapy	following
conventional	chemotherapy	induction	in	patients	with	FL.	This	approach	has	been	associated	with	very	high	RRs,
conversions	of	partial	response	(PR)	to	CR,	and	well-maintained	responses.106,107	A	phase	III	trial	compared	90Yi-
ibritumomab	tiuxetan	to	observation	following	a	CR	or	PR	to	induction	chemotherapy	for	treatment-naïve	patients
with	FL.108	Of	note,	the	majority	of	patients	did	not	receive	rituximab	along	with	the	induction	chemotherapy.	At
8	years,	both	the	PR	and	CR	patients	who	received	90Yi-ibritumomab	tiuxetan	had	a	significantly	longer	median
PFS,	with	an	improvement	of	about	36	months.

High-dose	 therapy	 and	 autologous	 stem	 cell	 transplantation	 (ASCT)	 has	 been	 used	 to	 consolidate	 first
remission	for	patients	with	FL.	These	studies	generally	preceded	the	widespread	use	of	rituximab.	With	ASCT	in
first	 remission,	 about	 50%	 of	 patients	 are	 disease	 free	 at	 10	 years	 and	 beyond	 following	ASCT,	 but	ASCT	 is
associated	with	 an	 increased	 risk	 of	 second	malignancies,	 including	myelodysplastic	 syndrome,	 acute	myeloid
leukemia,	and	solid	 tumors.	Several	 randomized	 trials	have	examined	the	role	of	ASCT	in	previously	untreated
patients	 with	 FL	 following	 an	 induction	 therapy.109–113	 The	 majority	 of	 these	 studies	 have	 demonstrated	 a
significant	 improvement	 in	 PFS,	 but	 no	 impact	 on	 OS,114	 in	 part	 because	 of	 the	 excess	 number	 of	 second
malignancies.

Although	allogeneic	stem	cell	transplantation	(alloSCT)	can	potentially	lead	to	a	cure	for	patients	with	FL,	due
to	 the	significant	 treatment	 related	mortality,	 it	 is	 largely	 reserved	for	patients	with	 relapsed	or	more	 refractory
disease.

Treatment	of	Relapsed	Follicular	Lymphoma
When	 patients	 with	 relapsed	 FL	 require	 treatment,	 there	 are	 many	 options,	 ranging	 from	 rituximab	 alone	 to
combination	 chemotherapy	 plus	 rituximab,	 radioimmunotherapy,	 oral	 kinase	 inhibitors,	 lenalidomide,	 and	 for
selected	patients,	stem	cell	transplantation.

Retreatment	with	rituximab	in	patients	with	relapsed,	largely	FL,	who	had	previously	responded	to	rituximab
has	 a	 reported	 RR	 of	 40%	 and	 a	 median	 time	 to	 progression	 of	 18	 months	 following	 retreatment.115	 The
combination	of	chemotherapy	and	rituximab	has	enhanced	the	efficacy	of	treatment	of	relapsed	FL.	Probably	the
largest	study	treated	selected	patients	with	relapsed	FL	who	were	previously	not	treated	with	an	anthracycline-	or
rituximab-containing	regimen.116	 Patients	were	 randomized	 to	CHOP	or	RCHOP	and	 responding	patients	were
randomized	to	2	years	of	maintenance	rituximab	or	observation.	For	this	reason,	the	application	of	this	strategy	to
relapsed	patients	with	FL	is	uncertain.	The	overall	response	and	CRRs	were	significantly	improved	in	the	RCHOP
group,	and	the	median	PFS	was	improved	by	approximately	12	months.	An	update	of	 this	study	with	a	median
follow-up	of	6	years	reported	that	maintenance	rituximab	also	improved	median	PFS	by	2.4	years.	The	OS	at	5
years	 following	 maintenance	 was	 74%	 versus	 64%	 with	 observation	 alone.	 Given	 the	 current	 paradigm	 of
chemoimmunotherapy	and	maintenance,	the	applicability	of	these	data	to	presently	treated	patients	is	uncertain.

A	number	of	phase	II	trials	of	other	agents	plus	rituximab	associated	with	quite	high	RRs	included	BR,	with	a
90%	RR	and	a	median	PFS	of	2	years.117,118	Single-agent	bendamustine	has	an	overall	RR	of	77%	with	a	median
response	duration	of	6.7	months.119	With	more	widespread	use	of	BR	as	initial	therapy,	BR	will	be	employed	less
for	recurrent	disease.	The	regimen	fludarabine,	cyclophosphamide,	and	rituximab	has	a	similarly	high	RR	but	with
significant	myelosuppression.	BR	has	been	compared	to	fludarabine	plus	rituximab	in	patients	with	relapsed	FL.
BR	was	superior	in	PFS	(34	versus	12	months),	with	no	difference	in	toxicity.120

Several	humanized	anti-CD20	monoclonal	 antibodies	have	been	 studied	 in	patients	with	 relapsed	FL.	These
were	designed	to	have	less	infusion	toxicity	and	better	ADCC	effector	function.121,122	Obinutuzumab,	is	the	first
type	 II,	 glycoengineered	 and	humanized	monoclonal	 anti-CD20	antibody.123	 In	 rituximab-refractory	patients	 in
the	 high-dose	 cohort,	 the	 RR	 was	 55%	 and	 the	 median	 PFS	 was	 11.9	 months.	 Studies	 of	 obinutuzumab	 in
combination	with	chemotherapy	have	shown	93%	to	98%	RRs	in	relapsed	and	refractory	FL	patients.124

Anti-CD20	radioimmunotherapy	has	been	studied	in	patients	with	relapsed	FL.	A	randomized	trial	compared
single-agent	 rituximab	 to	 90Yi-ibritumomab	 in	 patients	 with	 relapsed	 indolent,	 predominantly	 FL	 B-cell
lymphoma.125	The	overall	RRs	and	CRRs	were	significantly	higher	with	radioimmunotherapy,	but	no	difference
in	time	to	progression	or	OS	was	observed.

FL	is	extremely	responsive	to	RT.	Low-dose	RT	(e.g.,	total	dose	of	4	Gy,	given	as	two	consecutive	daily	2-Gy
fractions)	can	be	used	for	the	palliation	of	patients	who	have	symptoms	related	to	a	single	disease	site,	with	CRRs
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of	57%	and	overall	RRs	of	82%.126	Patients	who	go	into	CR	have	long,	durable	local	control	rates.	There	are	no
significant	side	effects	of	treatment,	even	in	the	head	and	neck	region	where	higher	doses	would	cause	xerostomia
and	mucositis.

So-called	immunomodulators	also	have	been	examined	in	combination	with	rituximab.	The	most	impressive	of
these	is	the	combination	of	lenalidomide	plus	rituximab.	Tuscano	and	colleagues127	demonstrated	an	overall	RR
with	 lenalidomide/rituximab	 of	 74%,	 including	 44%	CRs	 in	 heavily	 pretreated	 FL	 patients.	 The	 overall	 RR	 is
higher	with	the	combination	of	lenalidomide	and	rituximab	compared	with	lenalidomide	alone	(70%	versus	53%),
and	the	time	to	progression	was	1	year	longer	for	the	combination.128	In	previously	untreated	patients,	a	single-
center	phase	II	trial	demonstrated	an	overall	RR	with	lenalidomide	rituximab	of	98%,	including	87%	CRs.	Based
on	these	results,	a	randomized	phase	III	trial	(NCT01476787)	was	done	comparing	lenalidomide/rituximab	with
standard	 chemoimmunotherapy	 in	 an	 attempt	 to	 validate	 the	 promising	 results	 observed	 to	 date.129	 This	 study
failed	to	meet	its	primary	end	point	with	R-lenalidomide	being	inferior	to	R-chemotherapy	with	respect	to	PFS.

B-cell	kinases	are	 logical	 targets	 for	 therapy	 in	FL.	To	date,	 three	kinase	 inhibitors,	 idelalisib,	 ibrutinib,	and
copanlisib,	 which	 target	 phosphoinositide	 3-kinase	 (PI3K)	 δ,	 Bruton	 tyrosine	 kinase	 (BTK),	 and	 PI3K	 α/δ,
respectively,	have	been	 tested.	 In	 relapsed	and	refractory	FL	patients,	 idelalisib	has	an	overall	RR	of	57%,	and
median	duration	of	response	of	12.5	months.130,131	Copanlisib	has	similar	responses	to	idelalisib.132	These	agents
are	 undergoing	 additional	 study,	 in	 combination	 with	 chemotherapy	 and	 as	 consolidation	 following	 remission
induction	to	better	define	their	role.

The	use	of	either	ASCT	or	alloSCT	in	FL	is	controversial	and	the	subject	of	numerous	clinical	trials.133	A	large
number	 of	 phase	 II	 studies	 conducted	 prior	 to	 the	 availability	 of	 rituximab,	 involving	 high-dose	 therapy	 and
autologous	 hematopoietic	 stem	 cell	 transplantation,	 have	 shown	 that	 approximately	 40%	of	 patients	with	 good
performance	 status	 and	 chemosensitive	 relapsed	 disease	 experience	 prolonged	 PFS	 and	OS.134–137	 Prior	 to	 the
widespread	use	of	rituximab	for	 in	vivo	purging,	many	strategies	were	 taken	to	render	 the	autologous	stem	cell
collections	 free	 of	 lymphoma	 cells.	Although	 single	 institution	 studies	 suggested	 that	 reinfusion	 of	 tumor-free
stem	cells	led	to	a	decreased	relapse	rate,	it	remains	controversial	as	to	whether	there	is	a	benefit,	particularly	in
the	 era	 of	 rituximab	 treatment.	 The	 only	 phase	 III	 randomized	 trial	 (the	 chemotherapy,	 unpurged	 stem	 cell
transplantation,	purged	stem	cell	transplantation	[CUP]	trial)	comparing	ASCT	to	conventional	chemotherapy	in
relapsed	 FL	 patients	 demonstrated	 a	 higher	 PFS	 and	OS	 for	 ASCT,	 and	 no	 benefit	 for	 purging	 the	 stem	 cell
graft.138	 Unfortunately,	 as	 has	 been	 seen	 in	 ASCT	 in	 first	 remission,	 second	 malignancies—solid	 tumors,
myelodysplastic	syndrome,	and	acute	myeloid	leukemia—are	reported	following	ASCT	as	salvage	therapy.

A	phase	III	trial	in	patients	with	relapsed	FL	investigated	the	inclusion	of	rituximab	for	in	vivo	purging	pre-
ASCT	 and	 2	 years	 of	 maintenance	 post-ASCT.139	 There	 was	 an	 improvement	 in	 PFS	 for	 patients	 receiving
rituximab	for	in	vivo	purging,	maintenance,	and	the	combination	of	both	as	compared	to	no	rituximab,	but	no	OS
benefit.

alloSCT	 has	 been	 investigated	 in	 patients	 with	 relapsed	 FL.	 Both	 myeloablative	 and	 reduced-intensity
conditioning	(RIC)	approaches	have	been	employed.	Unfortunately,	myeloablative	conditioning	has	a	treatment-
related	 mortality	 of	 up	 to	 40%;	 however,	 the	 relapse	 rate	 is	 <20%.140	 There	 is	 enthusiasm	 for	 RIC	 alloSCT
because	it	has	lower	treatment-related	mortality,	but	some	reports	suggest	that	the	relapse	rate	may	be	higher	than
conventional	myeloablative	conditioning.141	The	role	of	alloSCT	versus	ASCT	for	FL	remains	uncertain.	A	recent
NCCN	 database	 retrospective	 analysis	 found	 significantly	 higher	 3-year	 OS	 for	 ASCT	 versus	 alloSCT	 (87%
versus	61%).142	However,	for	younger	patients	with	more	resistant	disease,	alloSCT	remains	a	potentially	curative
option	for	relapsed	FL.

Histologic	Transformation
Part	of	 the	natural	history	of	any	 indolent	B-cell	NHLs	 is	progression	 to	a	more	aggressive	histologic	 subtype,
most	 commonly	 or	 “double-hit	 lymphoma”	 associated	 with	 acquisition	 of	 the	 t(8;14)	 on	 top	 of	 a	 preexistent
t(14;18)	and	aggressive	“high-grade”	histologic	features;	much	less	commonly,	 the	transformation	may	take	the
form	of	classic	HL.143	HT	is	not	only	most	commonly	seen	in	FL	but	is	also	seen	in	patients	with	MZL,	LPL,	and
SLL/CLL	 (where	 it	 is	 referred	 to	 as	 a	 Richter	 transformation).	 A	 biopsy	 is	 critical	 in	 order	 to	 demonstrate
transformation	 and	 determine	 the	 type.	HT	occurs	 at	 a	 rate	 of	 approximately	 2%	 to	 3%	per	 year.	 The	 clinical
presentation	of	HT	includes	rapid	growing	masses,	extranodal	disease,	B	symptoms,	hypercalcemia,	and	elevated
serum	 LDH.	 TP53	 mutations	 and	 translocations	 or	 amplifications	 of	 MYC	 are	 the	 most	 common	 genetic
abnormalities	 seen	 in	HT.	Abnormal	 performance	 status,	 anemia,	 elevated	LDH	 level,	B	 symptoms,	 histologic
grade	3a,	and	high	FLIPI	scores	at	diagnosis	are	risk	factors	for	developing	HT.144	Historically,	HT	to	DLBCL



has	 been	 associated	 with	 a	 very	 poor	 prognosis.	 In	 a	 series	 from	 Stanford,	 previously	 untreated	 patients	 and
patients	 with	 limited	 disease	 and	 no	 prior	 therapy	 at	 transformation	 had	 improved	 prognosis.145	 Although	 the
median	survival	for	all	patients	with	transformation	was	only	22	months,	those	who	achieved	a	CR	to	combination
chemotherapy	had	an	actuarial	survival	of	75%	at	5	years.	More	recent	studies	suggest	that	RCHOP	may	improve
OS	for	patients	with	transformed	disease.	Patients	who	have	not	previously	received	an	anthracycline-containing
regimen	 should	 be	 treated	 with	 RCHOP	 and,	 assuming	 a	 CR	 is	 obtained,	 monitored.	 For	 previously	 treated
patients,	 high-dose	 therapy	 and	ASCT	 should	 be	 considered,	 assuming	 the	 patient	 has	 chemosensitive	 disease.
Patients	with	HT	can	have	later	relapses	with	indolent	lymphoma.	Patients	with	chemorefractory	transformed	FL
were	included	in	the	pivotal	studies	of	axicabtagene	ciloleucil,	an	anti-CD19–directed	chimeric	antigen	receptor
(CAR)	 T-cell	 therapy,	 with	 high	 overall	 and	 CRRs	 (83%	 and	 71%,	 respectively)	 that	 were	 durable.146
Axicabtagene	ciloleucil	is	now	an	approved	therapy	for	this	indication.

Newer	Agents
There	are	a	multitude	of	new	approaches	 that	have	been	studied	 in	patients	with	FL.	This	 includes	monoclonal
antibodies,	idiotype	vaccines,	immunomodulatory	agents,	CAR	T	cells,	and	novel	drugs	like	EZH2	inhibitors.

Monoclonal	antibodies	directed	against	other	B-cell–associated	antigens	(mAb)	have	been	investigated	in	FL.
These	have	included	anti-CD80,	anti-CD22	mAbs,	and	anti-CD40.	To	date	none	have	shown	enough	activity	and
hence	 not	 been	 approved	 for	 clinical	 practice.	 Conjugated	 antibodies	 against	 CD79b	 have	 demonstrated	 early
progress	and	are	being	evaluated	in	larger	clinical	trials.

A	number	of	immunostimulatory	agents	have	been	studied	to	enhance	the	activity	of	rituximab.	These	include
cytokines	such	as	IL-2	and	immunostimulatory	DNA	sequences	known	as	CpGs	that	activate	Toll	receptors.147	To
date,	although	having	immunomodulatory	effects,	the	impact	on	enhancing	the	therapeutic	effect	of	rituximab	has
been	 limited.	 Similarly,	 immune	 checkpoint	 blockade	 with	 the	 anti–programmed	 cell	 death	 protein	 1	 (PD-1)
antibody	nivolumab	for	FL	has	been	investigated;	as	a	single	agent,	nivolumab	yields	responses	in	40%	of	patients
and	with	2-year	follow-up	the	median	response	duration	has	not	been	reached.148	Other	immunotherapy	drugs	and
immunotherapy	combinations	are	currently	being	investigated	in	relapsed/refractory	FL.

Another	area	of	interest	is	active	immunization,	focusing	largely	on	the	Ig	idiotype	of	the	FL	as	the	antigen.	To
date,	there	have	been	three	randomized	studies	employing	idiotype	polypeptides	coupled	to	the	adjuvant	protein
keyhole	 limpet	 hemocyanin	 (KLH)	 following	 the	 induction	of	 remission	 in	patients	with	FL.	The	Favrille	 trial
used	 rituximab	 for	 induction	 therapy.	The	median	 time	 to	progression	was	9	months	 for	 the	 idiotype-KLH	(Id-
KLH)	 vaccinated	 patients	 and	 12.6	 months	 in	 the	 control	 group	 (P	 =	 .019).149	 However,	 this	 difference	 was
attributed	to	more	patients	with	high-risk	FLIPI	scores	in	the	Id-KLH	arm.	The	Biovax	study	reported	a	14-month
improvement	 in	 PFS	 for	 the	 Id-KLH	 vaccinated	 patients	 as	 compared	 to	 control;	 however,	 the	 induction
chemotherapy	 was	 intense	 and	 remissions	 had	 to	 be	 sustained	 for	 12	 months	 prior	 to	 the	 initiation	 of
vaccination.150	The	 trial	using	 the	MyVax	 Id-KLH	conjugate	 following	CVP	chemotherapy	 failed	 to	 show	any
PFS	 advantage.151	 Based	 on	 these	 studies,	 it	 is	 unlikely	 at	 the	 present	 time	 that	 idiotype	 vaccinations	will	 be
pursued	 in	 FL.	 An	 alternative	 approach	 to	 cellular	 immune	 therapy	 against	 FL	 with	 anti-CD19	 CAR	 T-cell
therapy	has	demonstrated	some	early	promise	in	this	disease	and	is	currently	being	investigated	in	larger	clinical
trials.152

Follicular	Lymphoma	Grade	III
FL	grade	III	has	been	historically	referred	to	as	follicular	large	cell	lymphoma.	It	is	histologically	defined	by	the
presence	of	>15	centroblasts	per	hpf.	It	is	further	subdivided	into	grade	IIIa,	where	centrocytes	are	present,	and
grade	 IIIb,	 where	 there	 are	 sheets	 of	 centroblasts.	 These	 are	 further	 differentiated	 by	 the	 presence	 of	 BCL6
rearrangements	and	absence	of	BCL2	rearrangements	in	a	high	fraction	of	grade	IIIb	cases.	Because	many	studies
likely	include	both	grade	IIIa	and	IIIB,	this	heterogeneity	may	affect	an	interpretation	of	the	outcomes.	Although
the	 follicular	 architecture	 is	 intact,	 the	 clinical	 presentation,	 behavior,	 and	 outcome	 with	 treatment	 in	 many
patients	with	 FL	 grade	 IIIb	more	 closely	 approximates	 that	 of	DLBCL.153,154	 An	 additional	 potential	 point	 of
confusion	 is	between	FL	grade	 IIIb	and	 so-called	pediatric-type	FL,	which	may	occur	 in	young	adults	 and	has
“aggressive”	histologic	features,	but	is	genetically	distinct	from	FL	grade	IIIb,	pursues	an	indolent	course,	and	is
associated	with	an	excellent	prognosis.

Small	Lymphocytic	Lymphoma/B-cell	Chronic	Lymphocytic	Leukemia
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Introduction
SLL	is	a	mature	(peripheral)	B-cell	malignancy.	It	is	synonymous	with	CLL.	The	malignant	cells	in	SLL	and	CLL
are	 morphologically,	 immunophenotypically,	 and	 genetically	 identical.	 The	 difference	 between	 these	 two
diagnoses	 is	 the	 clinical	 presentation,	 with	 a	 nonleukemic	 presentation	 in	 SLL.	 The	 diagnosis	 is	 made	 by	 an
examination	 of	 involved	 tissue,	 such	 as	 the	 lymph	 node	 or	 bone	 marrow.	 SLL	 represents	 <5%	 of	 all	 NHLs.
CLL/SLL	 comprises	 90%	 of	 CLLs	 in	Western	 countries.	 Less	 than	 10%	 of	 patients	 present	 with	 only	 nodal
involvement	(i.e.,	SLL).	However,	most	patients	with	SLL	at	presentation	ultimately	develop	bone	marrow	and
blood	 infiltration.	 The	median	 age	 at	 diagnosis	 is	 65	 years.	 At	 least	 80%	 have	 stage	 IV	 disease	 due	 to	 bone
marrow	involvement	at	diagnosis.

Pathology
The	cells	within	 lymphoid	 tissues	 in	CLL/SLL	are	small	 lymphocytes	with	condensed	chromatin,	 round	nuclei,
and	occasionally,	a	small	nucleolus.1	Larger	lymphoid	cells	with	prominent	nucleoli	and	dispersed	chromatin	are
also	seen.	These	larger	lymphoid	cells	are	usually	clustered	together	in	so-called	proliferation	centers,	which	are
pathognomonic.	Roughly	60%	of	SLL/CLLs	have	Ig	genes	 that	show	evidence	of	significant	somatic	mutation,
defined	as	a	rearranged	Ig	heavy	chain	gene	with	a	sequence	that	differs	from	germline	position	at	2%	or	more	of
the	Ig	V	region	nucleotides.	When	present,	this	is	taken	as	evidence	of	origin	from	an	antigen-stimulated	B	cell.155

Immunophenotype	and	Genetics
SLL/CLL	cells	express	low-level	monoclonal	surface	Ig,	usually	IgM	or	IgM	and	IgD.	They	also	express	human
leukocyte	 antigen-DR	and	 the	B-cell	 antigens	CD19,	CD20,	 and	CD23	and	are	 characteristically	CD5+.	About
40%	of	cases	express	CD38.	Expression	of	the	tyrosine	kinase	ZAP70	is	also	observed	in	a	subset	of	cases	and
correlates	with	a	more	aggressive	clinical	course.156,184

Ig	 genes	 are	 clonally	 rearranged,	with	 IgV	 region	 somatic	mutations	 in	 up	 to	 60%	of	 patients.	Cytogenetic
abnormalities	include	trisomy	12,	which	is	present	in	about	40%	of	cases,	as	well	as	13q	deletions	(45%	to	55%	of
cases),	11q	deletions	(17%	to	20%	of	cases),	and	17p	deletions	(7%	to	10%	of	cases).	Cases	with	13q	deletions
have	the	most	favorable	prognosis,	whereas	those	with	del(11q)	or	del(17p)	have	an	unfavorable	prognosis.157,185
The	t(11;14)	involving	the	cyclin	D1	(CCDN1)	gene	has	been	described	in	cases	diagnosed	as	CLL/SLL,	but	such
tumors	are	better	considered	unusual	leukemic	variants	of	MCL.	Deep	sequencing	studies	of	CLL	have	revealed	a
number	of	recurrent	mutations,	some	of	the	most	common	of	which	involve	the	NOTCH1,	SF3B1,	TP53,	ATM,
and	MYD88	genes.158,159

Clinical	Presentation
Most	 patients	 with	 SLL	 have	 painless	 generalized	 lymphadenopathy,	 which	 has	 frequently	 been	 present	 for
several	 years.	B	 symptoms	 are	 rare.	Hepatosplenomegaly	 is	 present	 in	<50%	of	patients.	The	peripheral	 blood
may	be	normal	 or	 reveal	 a	mild	 lymphocytosis;	 by	definition,	 patients	with	SLL	have	 an	 absolute	 lymphocyte
count	 of	 <5,000/μL	 at	 the	 time	 of	 diagnosis.	 A	 serum	 paraprotein	 is	 found	 in	 about	 20%	 of	 cases,	 and
hypogammaglobulinemia	 is	 present	 in	 about	 40%.	 Both	 CLL	 and	 SLL	 patients	 may	 develop	 autoimmune
hemolytic	anemia,	pure	red	cell	aplasia,	and	autoimmune	thrombocytopenia.	Elevated	serum	LDH	is	uncommon,
whereas	increased	levels	of	serum	β2-	microglobulin	are	more	frequently	seen	and	can	be	a	marker	disease	burden.
SLL/CLL	can	transform	to	DLBCL	(Richter	syndrome),	an	event	that	is	associated	with	a	short	survival,	or	to	HL.
Patients	with	Richter	syndrome	present	with	rapidly	growing	masses,	elevated	serum	LDH,	and	B	symptoms.

Treatment	of	Small	Lymphocytic	Lymphoma
Patients	with	stage	I	SLL	should	be	treated	with	involved	field	radiation	and	not	combined	modality	therapy	or
chemotherapy	alone.	In	one	limited	series	of	14	patients	with	stage	I	or	II	disease	treated	with	40	to	44	Gy,	the	10-
year	 freedom	 from	 relapse	 rates	 were	 80%	 and	 62%	 for	 stage	 I	 and	 stage	 II	 disease,	 respectively.	 Generally,
patients	with	stage	II	or	more	advanced	SLL	are	treated	with	chemotherapy	regimens	used	for	CLL	(see	Chapter
105).	 For	 patients	 with	 advanced-stage	 disease	 who	 do	 not	 need	 systemic	 therapy	 but	 have	 one	 site	 causing
symptoms,	low-dose	radiation	(200	cGy	for	two	fractions)	can	provide	palliation,	although	the	local	control	rates
are	not	as	high	as	seen	with	FL.126



Lymphoplasmacytic	Lymphoma
LPL	 represents	 about	 1%	of	 all	NHLs.	 In	 some	 cases,	 patients	 present	with	mixed	 cryoglobulinemia,	 possibly
related	 to	 concurrent	 hepatitis	C	virus	 (HCV)	 infection.160,161	A	 genetic	 predisposition	 has	 been	 reported	 for	 a
small	subgroup	of	patients.158

Pathology
LPL	is	an	indolent	disorder	in	which	involved	tissues	show	a	diffuse	proliferation	composed	of	a	mixture	of	small
lymphocytes,	 lymphoplasmacytic	 cells,	 and	 plasma	 cells.162	 Ig	 inclusions	 in	 the	 cytoplasm	 (Russell	 bodies)	 or
invaginating	into	the	nucleus	(Dutcher	bodies)	are	commonly	seen.	Unlike	multiple	myeloma,	amyloidosis	is	rare.
Occasional	cases	may	also	contain	frequent	larger	immunoblast-like	cells.

Immunophenotype	and	Genetics
Monoclonal	cytoplasmic	Ig	is	seen	within	the	plasmacytoid	cells	and	plasma	cells	by	immunohistochemistry.	The
admixed	 lymphoid	cells	express	B-cell	antigens	CD19,	CD20,	and	surface	 IgM,	and	 in	general,	do	not	express
CD10	or	CD23.	A	minor	subset	of	cases	is	positive	for	CD5.	Waldenström	macroglobulinemia	is	an	entity	caused
by	high	levels	of	monoclonal	IgM	that	is	generally	associated	with	LPL.	Deletions	of	6q21	have	been	identified	in
40%	 to	 60%	 of	 patients	 with	 Waldenström	 macroglobulinemia.	 Activating	 mutations	 in	MYD88,	 an	 adaptor
protein	that	appears	to	function	in	signaling	pathways	downstream	of	the	Ig	receptor	that	lead	to	activation	of	the
transcription	factor	nuclear	factor	kappa	B	(NF-κB)	activation,	are	highly	associated	with	LPL,	being	present	in
close	to	100%	of	cases.	However,	mutations	of	MYD88	are	not	specific	for	LPL	because	they	are	also	seen	less
commonly	in	DLBCL	and	other	low-grade	B-cell	NHLs.	Also	common	are	mutations	of	C-X-C	motif	chemokine
receptor	4	(CXCR4);	these	appear	to	be	associated	with	worse	outcomes.

Clinical	Presentation
Clinically,	 this	disease	 is	 similar	 to	SLL.163	The	median	age	 is	early	60s,	and	nearly	all	patients	have	stage	 IV
disease	by	virtue	of	bone	marrow	 involvement.	B	 symptoms	 and	 elevated	 serum	LDH	are	 uncommon.	Lymph
node	and	splenic	involvement	are	common.	In	the	WHO	clinical	study,	5-year	OS	(58%)	and	failure-free	survival
(25%)	 were	 similar	 to	 SLL.	 Similar	 to	 other	 indolent	 B-cell	 malignancies,	 patients	 with	 Waldenström
macroglobulinemia	may	transform	to	a	more	aggressive	NHL.164

Treatment
At	 least	 25%	 of	 patients	 with	 LPL/Waldenström	macroglobulinemia	 have	 no	 indications	 for	 therapy	 at	 initial
presentation.	 The	 indications	 for	 treatment	 include	 constitutional	 symptoms,	 cytopenias,	 or	 less	 commonly,
symptomatic	 lymphadenopathy	 or	 splenomegaly.	 Other	 reasons	 for	 treatment	 are	 hyperviscosity	 related	 to	 the
elevated	serum	IgM	and	paraneoplastic	neuropathy.

Analogous	 to	 other	 indolent	 B-cell	 NHLs,	 rituximab	 plays	 an	 important	 role	 in	 the	 therapy	 of	 LPL.165,166
Single-agent	rituximab	is	indicated	for	minimally	symptomatic	patients.	Approximately	half	of	patients	will	have
a	PR	to	single-agent	rituximab.	One	can	see	transient	increases	in	serum	IgM	levels	after	rituximab	that	can	cause
or	exacerbate	hyperviscosity.

Chemoimmunotherapy	 has	 largely	 replaced	 single	 agents	 for	 the	 treatment	 of	 LPL.167	 Commonly	 used
regimens	include	dexamethasone,	rituximab,	and	cyclophosphamide;	bortezomib	plus	rituximab	with	or	without
dexamethasone;	 or	 thalidomide	 plus	 rituximab.168	 The	 latter	 two	 have	 limitations	 due	 to	 neuropathy.	 For
dexamethasone,	 rituximab,	and	cyclophosphamide,	 the	overall	RRs	and	CRRs	were	83%	and	7%,	 respectively,
and	 2-year	 OS	 and	 PFS	 rates	 were	 81%	 and	 67%,	 respectively.	 Bortezomib	 and	 rituximab	 and	 thalidomide-
rituximab	have	similar	RRs.	Alkylating	agents,	including	chlorambucil	and	bendamustine,	have	RRs	in	excess	of
80%.	Purine	analogs	are	active	agents;	however,	stem	cell	toxicity	can	be	an	issue	with	purine	analogs	as	well	as
chlorambucil.169	 The	 combination	 of	 bortezomib,	 dexamethasone,	 and	 rituximab	 has	 an	 85%	 overall	 RR,	 the
majority	PRs.	The	median	PFS	is	43%.163	For	recurrent	disease,	one	can	often	utilize	agents	that	were	previously
used.	 The	 oral	 BTK	 inhibitor,	 ibrutinib,	 is	 very	 active.	A	 prospective	 phase	 II	 study	 in	 patients	with	 relapsed
Waldenström	macroglobulinemia	demonstrated	an	overall	RR	of	91%	with	71%	major	responses,	the	PFS	at	18
months	was	86%.166,170	The	highest	frequency	of	responses	was	observed	in	tumors	with	MYD88	mutations	and
lacking	CXCR4	mutations.	Treatment	was	well	tolerated,	similar	to	previous	ibrutinib	investigations,	with	grade	3
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or	4	 events	 occurring	 rarely.	Selected	patients	with	 relapsed	disease	 are	 considered	 for	 high-dose	 therapy	with
ASCT	or	alloSCT.	The	results	seen	are	similar	to	that	of	other	indolent	lymphomas.

Marginal	Zone	Lymphomas
MZLs	are	indolent	NHLs	that	include	three	diseases	arising	from	post-GC	marginal	zone	B	cells:	splenic	marginal
zone	 B-cell	 lymphoma	 (±	 villous	 lymphocytes),	 extranodal	 marginal	 zone	 B-cell	 lymphoma	 of	 MALT	 type
(MALT-type	lymphoma,	or	MALT	lymphoma),	and	nodal	marginal	zone	B-cell	lymphoma.171,172

Nodal	Marginal	Zone	Lymphomas
Nodal	MZLs	constitute	<1%	of	all	NHLs.	By	definition,	 these	lymphomas	are	primarily	nodal	diseases	without
evidence	of	extranodal	involvement.

Pathology
Within	 lymph	 nodes,	 there	 are	 collections	 of	 B	 cells	 in	 a	 parafollicular,	 perivascular,	 and	 perisinusoidal
distribution	that	often	bear	a	monocytoid	appearance,	having	folded	nuclear	contours	and	moderate	abundant	pale
cytoplasm.	 These	 cells	 may	 surround	 reactive-appearing	 GCs	 and	 mantle	 zones.	 A	 subset	 of	 cases	 is	 also
associated	with	variable	degrees	of	plasmacytoid	differentiation.

Immunophenotype	and	Genetics
Cells	express	monoclonal	surface	Ig	(IgM	>	IgG	>	IgA)	as	well	as	CD19,	CD20,	and	CD79a	and	are	negative	for
CD10	 and	 CD23.	 A	 minor	 subset	 of	 cases	 is	 CD5+.	 Cases	 with	 plasmacytoid	 differentiation	 may	 show
monoclonal	expression	of	cytoplasmic	kappa	or	lambda	light	chain	by	immunohistochemistry.	Such	cases	may	be
associated	 with	 small	 monoclonal	 Ig	 spikes,	 but	 these	 are	 generally	 under	 0.5	 g/dL	 and	 do	 not	 lead	 to
hyperviscosity.	A	subset	of	cases	expresses	surface	IgD,	analogous	to	splenic	MZL.	Ig	genes	are	rearranged	with
evidence	 of	 somatic	 mutation,	 implying	 a	 post-GC	 origin.	 There	 are	 no	 known	 chromosomal	 abnormalities
specific	to	nodal	MZL.	The	genetic	profile	of	nodal	MZL	has	been	reported,	with	mutations	of	PTPRD	being	one
of	the	most	common	abnormalities.173

Clinical	Features
Over	 70%	 of	 patients	 present	 with	 stage	 III/IV	 disease,	 and	 the	 majority	 are	 asymptomatic.	 Bone	 marrow
involvement	is	less	common	(45%)	than	in	most	indolent	lymphomas.	The	5-year	survival	for	patients	with	nodal
MZL	is	55%	to	79%.	Similar	to	other	indolent	lymphomas,	HT	can	occur	with	nodal	MZL.

Treatment
The	 optimal	 therapy	 for	 patients	 with	 nodal	 MZL	 is	 not	 known.	 Patients	 are	 frequently	 treated	 with
chemoimmunotherapy,	typically	either	alkylating	agents	or	purine	analogs	plus	rituximab,	which	produce	RRs	in
excess	of	80%.	A	recent	phase	III	study	comparing	RCHOP	to	BR	included	67	patients	with	MZL	NOS.93	There
was	no	difference	(P	<	.32)	in	median	PFS	between	RCHOP	(47	months)	and	BR	(57	months).	For	now,	patients
should	be	offered	either	clinical	trials	or	treated	with	regimens	used	for	FL.	Ibrutinib	has	been	tested	in	relapsed
MZL	and	 is	 associated	with	 a	 48%	overall	RR	and	 a	 14-month	PFS.174	Based	 on	 this	 study,	 ibrutinib	 is	 FDA
approved	for	patients	with	relapsed	MZL.

Splenic	Marginal	Zone	Lymphoma
Splenic	MZL	constitutes	<1%	of	all	NHLs,	with	a	median	age	of	65	to	70	years;	it	is	uncommon	before	the	age	of
50	years.	It	 is	more	frequent	in	Caucasians	and	has	no	gender	predominance.	Splenic	MZL	has	been	associated
with	viral	infections,	specifically	hepatitis	C	and	Kaposi	sarcoma–associated	herpesvirus.	In	one	study,	treatment
of	hepatitis	C	induced	regression	of	the	lymphoma.

Pathology
In	splenic	MZL,	there	is	an	expansion	of	marginal	zones	in	the	spleen.	Plasma	cell	differentiation	may	be	seen	in	a
subset	of	cases,	but	as	in	nodal	MZL,	monoclonal	spikes,	if	present,	are	usually	<0.5	mg/dL.	Bone	marrow,	lymph



nodes,	 and	 peripheral	 blood	 involvement	 can	 also	 be	 present.	 Generally,	 cells	 have	 small	 nuclei	 and	 modest
amounts	of	cytoplasm,	but	 in	the	peripheral	blood,	 the	cytoplasm	may	appear	more	abundant	and	the	cells	may
have	“shaggy”	or	villous	projections	(hence	an	older	name,	splenic	MZL	with	villous	lymphocytes).

Immunophenotype	and	Genetics
Splenic	MZL	cells	express	monoclonal	surface	IgM,	IgD,	CD19,	and	CD20.	The	tumor	cells	generally	lack	CD5
and	CD10,	helping	to	distinguish	this	tumor	from	SLL/CLL,	MCL,	and	FL,	but	CD5	positivity	is	sometimes	seen.
They	also	typically	are	negative	for	CD25,	CD103,	and	annexin	A1,	findings	that	help	to	distinguish	splenic	MZL
from	hairy	cell	leukemia.	Ig	genes	show	evidence	of	somatic	hypermutation	in	about	half	the	cases.	Trisomy	3	is
present	in	about	40%	of	cases,	an	abnormality	that	also	is	found	in	other	MZLs.	Abnormalities	of	chromosome	7q
are	 also	 frequently	 seen.	Deep	 sequencing	 has	 identified	 recurrent	 somatic	mutations	 in	 genes	 involved	 in	 the
NOTCH,	NF-κB,	and	B-cell	receptor	pathways,	as	well	as	mutations	in	TP53.175	NOTCH2	mutations	have	been
reported	in	21%	to	25%	of	cases	and	were	associated	with	a	poor	prognosis.

Clinical	Features
Patients	 typically	 present	 with	 splenomegaly,	 lymphocytosis,	 and	 cytopenias,	 with	 lymphadenopathy	 being	 a
much	 less	common	feature.	B	symptoms	and	elevated	LDH	are	uncommon.	Because	of	marrow	and	peripheral
blood	involvement,	>90%	of	cases	have	stage	IV	disease	at	diagnosis.	IgM	monoclonal	gammopathies	and	mixed
cryoglobulinemia	can	be	seen,	especially	with	a	hepatitis	C	 infection.	Acquired	C1	esterase	deficiency,	 seen	 in
many	B-cell	lymphoproliferative	disorders,	can	be	a	feature	of	splenic	MZL.176	The	survival	of	patients	is	>70%
at	 10	 years.	 A	 prognostic	 model	 based	 on	 three	 risk	 factors—hemoglobin	 <12	 g/dL,	 LDH	 level	 greater	 than
normal,	 and	 albumin	 level	 <3.5	 g/dL—could	 identify	 patients	with	 5-year	 cause-specific	 survivals	 of	 88%	 for
patients	with	zero	risk	factors,	73%	for	patients	with	one	factor,	and	50%	for	patients	with	two	or	three	factors.177

Therapy
Similar	 to	 other	 indolent	 NHLs,	 many	 patients	 with	 splenic	 MZL	 do	 not	 require	 immediate	 therapy.
Asymptomatic	 patients	 without	 splenomegaly	 or	 cytopenias	 can	 be	 observed.	 Patients	 with	 symptomatic
splenomegaly	and	or	significant	cytopenias	merit	treatment.	Those	uncommon	patients	who	also	have	hepatitis	C
may	benefit	from	treatment	of	the	infection,	suggesting	that	tumor	growth	and	survival	is	promoted	by	factors	or
signals	 elaborated	 in	 response	 to	 hepatitis	C	 antigens.	 Splenectomy	 is	 reasonable	 for	 selected	 patients	 and	 can
provide	excellent	relief	of	symptoms	and	cytopenias.	Splenectomy	was	associated	with	an	overall	RR	of	85%	and
an	estimated	PFS	and	OS	at	5	years	of	58%	and	77%,	respectively.	For	patients	who	are	not	surgical	candidates,
splenic	radiation	has	some	utility.	In	general,	150	cGy	is	given	to	the	entire	spleen	three	times	per	week.	The	total
dose	 must	 remain	 under	 renal	 tolerance	 because	 the	 left	 kidney	 is	 almost	 always	 in	 the	 field.	 Single-agent
rituximab	can	 improve	 splenomegaly	 and	cytopenias	 in	>90%	of	patients.	 In	 a	 study	of	 induction	with	weekly
rituximab	 followed	 by	 maintenance,	 the	 RR	 was	 95%,	 with	 OS	 and	 PFS	 at	 5	 years	 of	 92%	 and	 73%,
respectively.178	Other	options	for	therapy	at	relapse	are	similar	to	those	used	for	FL,	and	include	retreatment	with
rituximab,	alkylating	agents,	purine	analogs	in	combination	with	rituximab,	and	ibrutinib.

Extranodal	Marginal	Zone	Lymphoma
MALT	lymphoma	is	a	subtype	of	MZL	involving	extranodal	tissues.179	The	most	common	site	is	the	stomach,	but
MALT	 lymphoma	has	 been	 described	 in	many	 organs	 and	 tissues,	 including	 skin,	 salivary	 glands,	 lung,	 small
bowel,	 ocular	 adnexa,	 breasts,	 bladder,	 thyroid,	 dura,	 and	 synovium.	 It	 has	 been	 associated	 with	 a	 variety	 of
chronic	 inflammatory	 and	 infectious	 conditions,	 including	autoimmune	diseases	 such	as	Sjögren	 syndrome	and
Hashimoto	 thyroiditis,	 and	 infections	 with	H.	 pylori,	 B.	 burgdorferi,	 Chlamydophila	 psittaci,	 Campylobacter
jejuni,	 and	HCV.	MALT	 lymphoma	 behaves	 indolently	 and	 is	 principally	 observed	 until	 symptoms	 related	 to
organ	impairment	become	evident;	however,	in	many	cases,	early-stage	disease	treatment	with	radiation	therapy
or	antibiotic	therapy	appears	to	be	curative.	There	are	few	dedicated	studies	of	MALT	lymphoma	outside	of	early-
stage	 disease,	 and	much	 of	 the	management	 of	 advanced-stage	 disease	 is	 extrapolated	 from	 the	 FL	 literature,
which	often	includes	a	small	number	of	MZL	patients.

Epidemiology
MALT	lymphomas	account	for	approximately	5%	to	8%	of	all	NHLs,	but	represent	50%	to	70%	of	all	MZLs.60	It



Dr. AVR @ TMH

is	the	third	most	common	subtype	of	NHL	after	DLBCL	and	FL.	The	median	age	at	diagnosis	is	60	years,	with
incidence	nearly	equal	in	men	and	women.	Two-thirds	of	patients	present	with	stage	I/II	disease.	B	symptoms	and
bone	marrow	involvement	are	rare.	MALT	lymphomas	can	transform	into	a	more	aggressive	lymphoma,	but	this
occurs	 rarely.	 The	 most	 common	 transformation	 is	 into	 an	 ABC-like	 DLBCL.	 Nearly	 half	 of	 all	 MALT
lymphomas	involve	the	gastric	mucosa,	where	over	60%	are	associated	with	an	H.	pylori	infection.

Pathology
MALT	lymphomas	are	malignancies	of	antigen-stimulated	B	cells,	which	normally	reside	in	lymph	nodes	within
the	marginal	zone	that	is	found	outside	the	mantle	zones	of	B-cell	follicles.	Histologically,	they	are	characterized
by	 a	 monoclonal	 infiltrate	 of	 small-	 to	 medium-sized	 cells	 with	 abundant	 cytoplasm	 and	 irregular	 nuclear
contours.	 Variable	 numbers	 of	 larger	 centroblast-like	 cells	may	 also	 be	 present,	 and	 a	 subset	 of	 cases	 exhibit
plasmacytic	 differentiation.	When	 these	 tumors	 involve	 epithelial	 tissues,	 a	 highly	 characteristic	 feature	 is	 the
presence	of	 lymphoepithelial	 lesions	created	by	the	 invasion	of	glands	by	aggregates	of	 lymphoma	cells.	 In	 the
gut,	this	produces	an	appearance	that	resembles	the	lymphocyte	M-cell	structures	found	in	normal	Peyer	patches.

Immunophenotype	and	Genetics
MALT	 lymphomas	are	 surface	 Ig	positive	and	are	 also	positive	 for	B-cell	markers	 (CD19,	CD20,	CD79a,	 and
CD22)	and	negative	for	CD5,	CD10,	CD23,	and	cyclin	D1.	These	lymphomas	may	have	cytogenetic	changes	such
as	trisomy	3	and	del7q.180	Distinguishing	MALT	lymphomas	 from	benign	 reactive	 lymphoid	 infiltrates	may	be
difficult;	 in	 this	 circumstance,	 light	 chain	 restriction	 by	 flow	 cytometry	 or	 Ig	 heavy	 chain	 gene	 rearrangement
studies	by	PCR	can	be	helpful.

Other	 cytogenetic	 abnormalities	 that	 have	 been	 reported	 in	 MALT	 lymphomas	 include	 t(11;18),	 t(14;18),
t(1;14),	 t(3;14),	 and	 trisomy	 8.181	 The	 t(11;18)	 is	 the	 most	 common;	 it	 occurs	 in	 18%	 to	 53%	 of	 MALT
lymphomas	 of	 any	 site	 and	 is	 associated	 with	 a	 low-grade	 histology.	 It	 produces	 the	 fusion	 of	 the	 apoptosis
inhibitor	2	(API2)	gene	and	the	MALT1	gene.	The	resulting	fusion	gene	encodes	a	chimeric	protein	that	stimulates
the	 activation	 of	NF-κB,	 a	 transcription	 factor	 that	 turns	 on	 a	 number	 of	 genes	 that	 promote	 proliferation	 and
inhibit	 apoptosis.182	 The	 t(11;18)	 translocation	 predicts	 for	 a	 poor	 response	 to	H.	 pylori–directed	 therapies	 in
gastric	MALT	lymphoma.183	A	substantial	proportion	of	malignant	B	cells	in	MALT	lymphomas	express	B-cell
receptors	with	strong	homology	to	rheumatoid	factors,	and	this	appears	to	be	mutually	exclusive	with	the	presence
of	 the	 t(11;18)	 translocation.184	 This	 suggests	 that	 t(11;18)-negative	 MALT	 lymphomas	 are	 driven	 by	 the
stimulation	 of	 high	 affinity	 B-cell	 receptors	 by	 antibody–antigen	 immune	 complexes	 and	 activated	 T	 cells,
whereas	 t(11;18)-positive	 MALT	 lymphomas	 are	 not	 dependent	 on	 B-cell	 receptor	 signaling,	 but	 instead	 are
driven	by	 constitutive	 activation	of	NF-κB.	The	 t(14;18),	which	pairs	 the	MALT1	 gene	with	 the	 IgH	gene	 and
drives	overexpression	of	MALT1	protein,	is	more	common	in	nongastric	MALT	lymphomas.	The	t(1;14),	which
results	 in	 the	 overexpression	 of	 BCL10,	 is	 rarer	 overall	 but	 more	 frequent	 in	 gastric	 and	 pulmonary	 MALT
lymphomas.	Normal	BCL10	forms	a	complex	with	MALT1	and	augments	its	function.	The	t(3;14)	translocation
is	present	in	10%	of	thyroid,	ocular	adnexal,	and	cutaneous	MALT	lymphomas.185	This	translocation	involves	the
IgH	and	FOXP1	genes	and	drives	overexpression	of	the	FOXP1	transcription	factor.	Of	note,	overexpression	of
MALT1,	BCL10,	and	FOXP1	are	all	believed	to	result	in	NF-κB	hyperactivation,	making	this	a	common	feature
of	 genetically	 diverse	 MALT	 lymphomas.	 MALT	 lymphomas	 are	 also	 more	 often	 associated	 with	 gains	 at
chromosomes	3p,	6p,	and	18p,	and	del(6q23)	than	the	other	subtypes	of	MZL.186

Clinical	Presentation
The	clinical	presentation	of	MALT	lymphoma	depends	in	large	part	on	the	site	of	disease.	Gastric	and	intestinal
MALT	 lymphomas	 may	 present	 with	 symptoms	 of	 dyspepsia	 and	 abdominal	 pain,	 sometimes	 with	 signs	 and
symptoms	of	bowel	obstruction,	or	rarely	with	bleeding.	These	lymphomas	are	diagnosed	by	endoscopic	biopsy	of
multiple	 areas	 of	 abnormal	 tissue	 as	 well	 as	 random	 sampling	 of	 macroscopically	 uninvolved	 mucosa.
Involvement	of	the	salivary	and	lacrimal	glands,	on	the	other	hand,	can	result	in	a	Sjögren-like	syndrome	of	dry
eyes	 and	 mouth.	 MALT	 lymphomas	 involving	 the	 ocular	 adnexa	 typically	 present	 with	 painless	 conjunctival
injection	and	photophobia,	resembling	allergic	conjunctivitis.	Patients	with	bronchus-associated	lymphoid	tissue
lymphomas	typically	are	older	men	and	can	have	symptoms	including	cough,	fever,	and/or	weight	loss.	At	other
sites	the	disease	often	presents	as	an	obstructing	mass.	Some	patients	are	diagnosed	incidentally,	either	because	of
imaging	 studies	 or	 an	 exam	 of	 the	 eye	 or	 GI	 tract	 done	 for	 another	 reason	 or	 as	 part	 of	 an	 evaluation	 for	 a
monoclonal	 gammopathy,	 which	 is	 present	 in	 approximately	 25%	 to	 35%	 of	MALT	 lymphoma	 patients;	 this



feature	 is	 generally	 associated	with	 plasmacytoid	 differentiation.187	 B	 symptoms	 are	 rare	 in	 this	 disease.	Bone
marrow	 involvement	 is	 present	 in	 a	 minority	 of	 patients;	 therefore,	 cytopenias	 are	 rare,	 as	 is	 disease	 in	 the
peripheral	blood.

In	 addition	 to	 the	 blood	 tests	 that	 are	 standard	 for	 patients	 with	 NHL	 at	 diagnosis,	 patients	 with	 MALT
lymphomas	 should	 have	 a	 few	 additional	 tests.	 HCV	 testing	 should	 be	 performed,	 given	 its	 association	 with
MALT	lymphoma;	an	HIV	test	is	advised.	Additional	laboratory	studies	to	consider	include	a	β2-microglobulin,
serum	protein	electrophoresis	and	immunofixation,	and	serum	light	chains.	Staging	is	done	with	CT	scans	of	the
chest,	abdomen,	and	pelvis,	as	well	as	imaging	of	the	neck,	including	the	parotids	and	salivary	glands,	and	orbits
with	 CT	 or	 MRI.	 A	 bone	 marrow	 biopsy	 should	 be	 considered	 for	 patients	 with	 multifocal	 disease,	 and	 an
evaluation	 of	 the	 gastric	 mucosa	 is	 reasonable	 for	 all	 patients	 with	 nongastric	 MALT	 lymphoma,	 given	 the
documented	high	 rate	of	gastric	 involvement	 in	 these	patients.188	A	prognostic	model	 including	all	 subtypes	of
extranodal	MZL	identified	three	factors	of	prognostic	significance:	age	70	years	and	older,	stage	III	or	IV	disease,
and	elevated	LDH.189	Patients	with	0,	1,	or	2	or	greater	had	5-year	EFS	rates	of	70%,	56%,	and	29%,	respectively.

Treatment
Management	of	MALT	lymphoma	depends	on	both	the	stage	and	site	of	disease.	As	an	indolent	lymphoma	with	a
long	OS,	close	observation	at	diagnosis	until	the	development	of	signs,	symptoms,	or	organ	function	impairment
as	a	 result	of	 the	disease	 is	 appropriate	 for	patients	with	advanced-stage	disease.	An	exception	 is	patients	with
advanced-stage	MALT	lymphoma	and	concomitant	HCV	infection;	a	trial	of	anti-HCV	antiviral	therapy	in	these
patients	may	result	in	regression	of	their	lymphoma.	For	patients	with	early-stage	and	localized	disease,	however,
treatment	 with	 radiation	 therapy	 or	 treatment	 with	 antibiotics,	 such	 as	 for	 H.	 pylori–positive	 gastric	 MALT
lymphoma,	has	been	associated	with	high	RRs	and	durable	responses,	some	of	which	may	represent	cures.	Long-
term	outcome	 is	 excellent	 in	 localized	disease,	with	5-year	OS	of	89%.190	Treatment	 of	 symptomatic	 or	 organ
impairing	 relapsed,	 refractory,	 or	 advanced-stage	 disease	 is	 similar	 to	 approaches	 used	 in	 FL	 and	 consist	 of
chemotherapy,	immunotherapy,	or	chemoimmunotherapy.

Gastric	MALT	 lymphoma	 represents	 a	 paradigm	 for	 treating	 early-stage,	 localized	MALT	 lymphomas.	 For
those	associated	with	an	H.	pylori	infection	that	do	not	harbor	a	t(11;18)	translocation,	eradication	of	H.	pylori	is
effective	treatment	and	results	in	good	long-term	disease	control	and	OS.191	 In	patients	with	H.	 pylori–negative
lymphomas,	MALT	 lymphomas	 with	 a	 t(11;18)	 translocation,	 or	 lymphomas	 that	 fail	 to	 respond	 to	H.	 pylori
therapy,	RT	 is	 the	preferred	 treatment	modality.192	Chemotherapy,	 immunotherapy,	or	chemoimmunotherapy	 is
active	in	this	disease	but	is	generally	reserved	for	patients	with	disease	that	is	relapsed	or	refractory	to	antibiotic
therapy	or	RT	or	patients	with	more	advanced-stage	or	aggressive	disease.193	Similarly,	MALT	lymphoma	of	the
ocular	adnexa	is	primarily	treated	with	RT.194	However,	given	the	association	described	by	some	groups	between
C.	psittaci	infection	and	MALT	lymphoma	in	this	area,	antibiotic	therapy	with	doxycycline	has	been	studied.195
The	RR	 of	 single-agent	 doxycycline	 for	MALT	 lymphoma	 of	 the	 ocular	 adnexa	was	 83%,	with	 two-thirds	 of
patients	having	PRs.	The	2-year	PFS	was	55%.

For	relapsed	or	refractory	disease	or	disease	that	is	more	extensive	at	presentation,	agents	that	have	been	used
and	 reported	 include	 single-agent	 therapy	 with	 alkylating	 agents	 such	 as	 chlorambucil	 or	 cyclophosphamide;
purine	analogs	 such	as	cladribine,	bortezomib,	and	 rituximab;	and	occasionally,	multiagent	anthracycline-based
chemotherapy	for	younger	patients	with	more	aggressive	disease.	The	use	of	single-agent,	continuous,	low-dose
oral	chlorambucil	or	cyclophosphamide	 in	patients	with	early-	or	advanced-stage	disease	yielded	CRRs	of	75%
and	a	relapse	rate	of	21%	during	the	8-year	follow-up.196,229	Single-agent	rituximab	in	patients	with	stage	I	to	IV
MALT	 lymphoma	 (15	 gastric,	 10	 nongastric)	 who	 were	 either	 chemotherapy	 naïve	 or	 who	 had	 progressed
following	chemotherapy	resulted	in	an	overall	RR	of	73%	and	was	better	for	chemotherapy-naïve	patients	than	for
previously	treated	patients	(87%	versus	45%).	Duration	of	response	was	short,	however,	with	36%	of	responders
progressing	 at	 a	 median	 of	 10.5	 months.	 Combination	 chemoimmunotherapy	 with	 rituximab	 and	 fludarabine
results	in	RRs	of	85%	to	100%	and	2-	to	3-year	PFS	of	80%	to	100%	at	the	expense,	however,	of	significantly
greater	toxicity.197	MALT	lymphoma	is	extremely	sensitive	to	radiation	therapy,	and	this	modality	has	a	role	in
the	palliation	of	patients	with	advanced	disease.

Mantle	Cell	Lymphoma
MCL	is	a	malignancy	of	monomorphous	small-	to	medium-sized	B	cells	with	the	characteristic	t(11;14)	leading	to
overexpression	of	the	cyclin	D1	cell	cycle	regulator	in	the	majority	of	cases.
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Pathology
MCLs	are	neoplastic	counterparts	of	naïve	“mantle	zone”	B	cells.	Morphologically,	MCL	can	have	either	diffuse
architecture	 or	 a	 vaguely	 nodular	 appearance,	 occasionally	 growing	 predominantly	 in	 expanded	 mantle	 zones
around	 reactive	 GCs.	 Cytologically,	 in	 most	 cases,	 the	 neoplastic	 cells	 are	 small-	 to	 medium-sized	 and	 have
irregular	nuclei	and	scant	cytoplasm.	Some	cases	of	MCL	have	a	predominance	of	 intermediate-size	cells	with
more	 open	 “blastic”	 chromatin;	 such	 blastic	 variants	 are	 associated	 with	 a	 high	 mitotic	 rate.	 Other	 cases	 are
composed	of	a	spectrum	of	cells,	including	large	cells	(pleomorphic	variant).

Immunophenotype	and	Genetics
MCLs	express	B-cell	antigens,	surface	IgM	(usually	together	with	surface	IgD),	CD5,	and	CD43	and	usually	lack
CD10	and	CD23.	Overexpression	of	cyclin	D1	further	distinguishes	 these	 tumors	from	most	other	entities.	 IgH
variable	gene	segments	lack	a	somatic	mutation	in	84%	of	cases	(pre-GC),	with	the	remainder	being	mutated.	By
FISH,	>90%	of	MCLs	have	the	t(11;14)	associated	with	the	rearrangement	of	the	cyclin	D1	gene	(CCDN1).	The
remaining	cases	do	not	overexpress	cyclin	D1,	but	instead	usually	overexpress	cyclin	D2,	cyclin	D3,	or	cyclin	E
due	 to	 the	 presence	 of	 translocations	 involving	 these	 genes	 and	 the	 IgH	 locus.	 Cyclin	 D1–negative	 cases	 are
similar	clinically	to	cyclin	D1–positive	cases	and	have	a	similar	gene	expression	profile.198	Deep	sequencing	has
identified	NOTCH1	mutations	in	a	minority	of	cases,	which	may	be	associated	with	a	poor	prognosis.199	SOX11
overexpression	can	be	diagnostically	helpful	 in	 rare	 cases	 that	 lack	 cyclin	D1	overexpression.200	Rare	SOX11-
negative	 cyclin	D1–positive	 tumors	 are	more	 likely	 to	 involve	 the	peripheral	 blood,	 yet	 also	 tend	 to	pursue	 an
indolent	course.

Clinical	Features
MCL	 constitutes	 about	 7%	 of	 all	 NHLs.	 About	 75%	 of	 patients	 are	 males,	 with	 a	 median	 age	 of	 63	 years.
Approximately	70%	of	patients	have	stage	IV	disease,	and	B	symptoms	are	observed	in	approximately	one-third
of	 patients.	 Typical	 sites	 of	 involvement	 are	 the	 lymph	 nodes,	 the	 spleen,	 the	 liver,	Waldeyer	 ring,	 and	 bone
marrow.	Peripheral	blood	involvement	is	present	in	25%	to	50%	of	patients	at	presentation.	MCL	can	involve	any
region	 of	 the	GI	 tract	 (88%	 lower	 tract,	 43%	upper	 tract	 by	 endoscopy)	 and	 occasionally	 presents	 as	multiple
intestinal	polyposis.201	CNS	involvement	is	rare	and	is	usually	associated	with	a	leukemic	phase.

The	median	 survival	 of	 patients	 with	MCL	 is	 4	 to	 5	 years	 and	 improving.	 Approximately	 10%	 to	 15%	 of
patients	have	a	disease	with	a	more	indolent	disease,	with	minimal	lymphadenopathy,	mild	splenomegaly,	and	a
proliferation	index	measured	by	Ki-67	staining	of	around	10%.202	These	patients	have	a	disease	that	behaves	more
like	an	indolent	NHL,	where	a	watchful	waiting	approach	does	not	compromise	response	to	therapy	or	survival.	In
contrast,	patients	with	the	blastic	variant	at	diagnosis	have	a	median	survival	of	18	months.	Blastic	transformation
occurs	in	35%	of	patients,	with	a	risk	of	42%	at	4	years;	once	this	occurs,	the	median	survival	is	3.8	months.

Prognostic	models	have	been	employed	for	patients	with	MCL.	The	IPI	developed	for	diffuse	aggressive	NHLs
stratifies	patients.	Attempts	to	improve	on	the	IPI	include	the	MCL	IPI	(MIPI),	which	includes	age,	performance
status,	LDH,	and	white	blood	cell	count	as	prognostic	factors,	and	several	reports	show	that	the	MIPI	is	better	than
the	 IPI	 at	 stratifying	 patients.203	 The	 proliferation	 index,	 alone	 or	 when	 incorporated	 into	 the	MIPI,	 provides
additional	predictive	power.204	Combining	proliferation	index	(Ki-67)	with	MIPI	may	refine	the	stratification	of
patients	who	undergo	ASCT.205	GEP	has	been	performed	on	MCL.	 In	 those	studies,	 the	proliferation	signature
and	high	expression	of	cyclin	D1	were	associated	with	an	unfavorable	prognosis.206	Mutations	and	deletions	of
p53	are	also	associated	with	a	worse	prognosis	and	poor	response	to	conventional	chemoimmunotherapy.207,208

Treatment
The	majority	of	patients	with	MCL	have	a	disseminated	disease	requiring	treatment.	 Indolent	disease	 is	seen	in
10%	to	15%	of	patients,	 in	whom	a	delay	in	 initiation	of	 treatment	was	not	deleterious.	The	treatment	of	MCL
historically	involved	single	alkylating	agents	or	combination	chemotherapy	(CVP,	CHOP),	to	which	30%	to	50%
of	patients	had	a	CR,	with	a	median	duration	of	1	to	3	years.	In	a	meta-analysis,	single	alkylating	agents	offered
results	similar	to	combination	chemotherapy.209,244	A	small	number	of	patients	with	MCL	present	with	stage	I	to
II	disease.	These	patients	are	potentially	curable	with	combined	chemotherapy	and	 involved	 field	 radiation	 (30
Gy).	Chemoimmunotherapy	has	had	significant	impact	in	the	treatment	of	MCL.	A	meta-analysis	of	638	patients
with	 MCL	 showed	 that	 rituximab-containing	 regimens	 significantly	 increased	 median	 survival	 (37	 versus	 27
months)210	 as	 compared	 to	 chemotherapy	 alone.	One	 of	 the	mainstays	 of	 chemoimmunotherapy	 for	 the	 initial



treatment	of	MCL	is	RCHOP.	However,	results	of	a	randomized	trial	comparing	RCHOP	to	BR	reported	superior
PFS	with	BR	and	less	toxicity.	In	patients	with	a	median	age	of	70	years,	the	median	PFS	for	BR	was	35	months,
compared	 to	 22	 months	 with	 RCHOP.	 One	 other	 randomized	 study	 compared	 RCHOP	 to	 fludarabine,
cyclophosphamide,	 and	 rituximab.	 In	 that	 study,	 for	 patients	 older	 than	 60	 years,	 RCHOP	 and	 fludarabine,
cyclophosphamide,	 and	 rituximab	had	 similar	CRRs,	but	RCHOP	had	 less	 toxicity,	 and	 the	OS	at	4	years	was
62%	 versus	 47%	 in	 favor	 of	 RCHOP.93	 This	 study	 included	 a	 second	 randomization	 of	 maintenance	 with
interferon-α	or	rituximab	until	progression.	For	the	patients	who	received	RCHOP,	a	significant	survival	benefit
from	maintenance	 rituximab	was	 observed,	 with	 an	 estimated	 4-year	 OS	 rate	 of	 87%	 versus	 63%.	 It	 remains
unknown	if	maintenance	rituximab	is	beneficial	following	bendamustine	and	rituximab	chemoimmunotherapy.	A
phase	III	trial	awaits	final	results,	although	preliminary	results	with	short	follow-up	did	not	show	a	PFS	benefit	of
maintenance	rituximab	in	this	setting.

Bortezomib-containing	therapy	has	demonstrated	improved	outcomes	compared	to	RCHOP.	In	a	randomized
phase	III	trial,	RCHOP	was	compared	to	VR-CAP	(similar	to	RCHOP	but	replacing	vincristine	with	bortezomib
dosed	at	1.3	mg/m2	on	days	1,	4,	8,	and	11).	VR-CAP	demonstrated	a	median	PFS	of	25	months	compared	to	14
months	with	RCHOP	as	well	as	improvements	in	CRRs	and	OS	at	4	years.	These	results	led	to	FDA	approval	of
bortezomib	 in	 combination	 with	 rituximab,	 cyclophosphamide,	 doxorubicin,	 and	 prednisone	 as	 front-line
treatment	in	MCL.211

The	 nonchemotherapy	 regimen	 lenalidomide/rituximab	 has	 demonstrated	 promising	 results	 in	 the	 upfront
setting.	 In	 38	 patients,	 92%	 achieved	 an	 objective	 response,	 with	 64%	 achieving	 CRs.	 The	 2-year	 PFS	 was
estimated	 to	be	85%.	This	 combination	 appears	more	 active	 than	 some	chemotherapy-containing	 regimens	 and
merits	future	study.212

More	 aggressive	 approaches	 for	 the	 initial	 treatment	 of	 MCL	 have	 been	 the	 rituximab,	 hyperfractionated
cyclophosphamide,	 vincristine,	 doxorubicin,	 dexamethasone	 (R-HyperCVAD)	 regimen	 or	 the	 consolidation	 of
first	remission	following	chemoimmunotherapy	with	high-dose	therapy	and	ASCT.	The	most	recent	update	from
the	MD	Anderson	Cancer	Center	of	R-HyperCVAD	reported	a	median	OS	not	reached	at	8	years	and	a	median
time	 to	 failure	 of	 4.6	 years.213	 A	 multi-institution	 Southwest	 Oncology	 Group	 (SWOG)	 phase	 II	 trial	 of	 R-
HyperCVAD	 reported	median	PFS	and	OS	of	 4.8	 and	6.8	years,	 respectively.	However,	 39%	of	 patients	were
unable	to	complete	the	planned	treatment.214	A	similar	issue	was	found	in	a	report	from	academic	centers	in	Italy,
where,	despite	excellent	disease	control	with	R-HyperCVAD,	with	OS	and	failure-free	survival	of	86%	and	61%,
respectively,	 63%	 of	 patients	 were	 unable	 to	 complete	 the	 planned	 treatment	 course,	 with	 the	 most	 common
reason	being	treatment-related	toxicity.215

There	 has	 been	 only	 one	 randomized	 trial	 comparing	 ASCT	 to	 conventional	 therapy,	 and	 this	 was	 in	 the
prerituximab	era.216	Autologous	 transplant	 for	patients	younger	 than	65	years,	 in	 first	CR	or	PR,	demonstrated
improvements	 in	 PFS	 as	 compared	 to	 interferon-α	 maintenance,	 but	 improvement	 in	 OS	 was	 not	 statistically
significant.	Many	phase	II	studies	have	intensified	the	induction	therapy	prior	to	ASCT	in	an	attempt	to	improve
outcomes.	The	Nordic	 regimen	 (RCHOP	+	high-dose	 cytarabine	 and	ASCT	 for	MCL)217	 has	yielded	excellent
results,	with	median	OS	and	response	duration	longer	than	10	years,	and	a	median	EFS	of	7.4	years.	An	analysis
of	outcome	by	MIPI	score	found	that	at	10	years,	70%	of	patients	with	low	to	intermediate	MIPI-B	were	alive,	but
only	 23%	 of	 the	 patients	with	 high	MIPI-B	were	 still	 alive.	 Recently	 published	 results	 support	 the	 benefit	 of
including	cytarabine	as	part	of	pretransplant	therapy	for	younger	patients.	A	randomized	phase	III	study	enrolled
497	 patients	 who	 were	 randomized	 to	 RCHOP	 or	 alternating	 RCHOP	 with	 R-DHAP	 followed	 by	 high-dose
cytarabine.	Both	groups	went	on	to	ASCT.	At	5	years,	65%	of	patients	who	received	cytarabine	pre-ASCT	were
in	 remission	 versus	 40%	 for	 those	 patients	 who	 did	 not	 receive	 cytarabine.	 However,	 increased	 toxicity	 was
observed	in	the	cytarabine-containing	group,	and	no	benefit	in	OS	was	demonstrated.218

Maintenance	 rituximab	 improves	 both	 PFS	 and	OS	 following	 consolidation	ASCT	 for	 previously	 untreated
patients	with	MCL.219	The	LYSA	group	treated	previously	untreated	MCL	patients	with	R-DHAP	×	4	±	RCHOP
×	4.	All	patients	who	achieved	a	PR	or	CR	went	on	to	a	BEAM	ASCT,	after	which	they	were	randomized	to	3
years	of	maintenance	rituximab	or	observation.	After	a	median	follow-up	of	54.4	months	maintenance	rituximab
was	associated	with	an	improvement	in	4-year	PFS	(83%	versus	64%)	and	4-year	OS	(89%	versus	80%).

The	majority	of	patients	with	MCL	relapse	after	primary	therapy.	Four	agents	are	FDA	approved	for	relapsed
MCL:	 bortezomib,	 lenalidomide,	 ibrutinib,	 and	 acalabrutinib.	 Bortezomib	 has	 a	 29%	 overall	 RR,	 and	 a	 5%
CR/CR-unconfirmed	 with	 a	 median	 duration	 of	 7	 months.220	 Lenalidomide	 is	 FDA	 approved	 for	 bortezomib
failures,	with	a	26%	RR	(CR,	7%),	and	a	median	duration	of	response	of	17	months.221	Ibrutinib	has	a	68%	RR,
with	 a	 21%	 CR,	 and	 a	 median	 duration	 of	 17.5	 months.222	 Progression	 on	 ibrutinib	 is	 associated	 with	 poor
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survival.223	 The	 more	 selective	 BTK	 inhibitor	 acalabrutinib	 yields	 responses	 in	 80%	 of	 patients	 with
relapsed/refractory	MCL	and	CRs	in	40%.224	The	1-year	duration	of	response	was	72%,	and	the	median	duration
of	response	has	not	yet	been	reached.	One-year	PFS	and	OS	are	67%	and	87%,	respectively.	On	this	study,	no
atrial	fibrillation,	a	known	side	effect	of	ibrutinib	therapy,	was	observed	and	the	incidence	of	grade	3	or	higher
hemorrhage	was	 only	 1%.	 The	 BCL2	 antagonist	 venetoclax	 had	 a	 75%	RR,	 all	 PRs,	 with	median	 PFS	 of	 14
months.225	Conventional	chemotherapy	agents,	including	purine	analogs	and	bendamustine,	are	active	in	relapsed
patients.	 For	 patients	 with	 localized	 progression,	 local	 RT	 can	 provide	 palliation.226	MCL	 is	 one	 of	 the	 most
sensitive	tumors	to	RT,	and	modest	doses	of	radiation	(20	Gy)	can	shrink	even	large	masses	and,	therefore,	should
be	considered	in	chemorefractory	patients.227

ASCT	for	relapsed	MCL	patients	has	been	of	limited	benefit.	With	long	follow-ups,	patients	undergoing	ASCT
have	a	high	relapse	rate.228	There	is	interest	in	nonmyeloablative	alloSCT	for	select	patients	with	relapsed	disease.
The	 3-year	 PFS	 and	 OS	 are	 30%	 and	 40%,	 respectively.229	 Anti-CD19	 directed	 CAR	 T	 cells	 for
relapsed/refractory	MCL	 are	 being	 tested	 in	 clinical	 trials;	 early-phase	 trials	 treated	 a	 small	 number	 of	MCL
patients	with	promising	results.152	Given	the	poor	prognosis	for	patients	with	relapsed	MCL,	clinical	trials	should
be	explored	for	these	patients.

Diffuse	Large	B-cell	Lymphoma
DLBCL	constitutes	31%	of	all	NHLs	and	is	the	most	common	histologic	subtype.	Although	in	the	past	DLBCL
was	considered	one	disease,	in	the	2016	WHO	classification,	DLBCL	is	recognized	to	encompass	many	entities
(see	 Table	 98.4).	 Caucasian	 Americans	 have	 a	 higher	 incidence	 of	 DLBCL	 than	 African	 Americans,	 Asian
Americans,	and	Native	or	Alaskan	Native	Americans.	There	is	a	slight	male	predominance,	and	the	median	age	is
64	 years.	 There	 is	 a	 familial	 component	 in	 some	 cases,	 with	 about	 a	 3.5-fold	 increased	 risk	 in	 relatives	 of
probands	with	DLBCL.	Patients	with	congenital	or	acquired	immunodeficiency,	patients	on	immunosuppression,
and	patients	with	autoimmune	disorders	have	a	higher	 risk	of	developing	DLBCL,	often	EBV	related.	DLBCL
also	can	arise	as	an	HT	from	any	indolent	B-cell	NHL	or	CLL.

Pathology
DLBCLs	consist	of	a	diffuse	proliferation	of	large	cells	that	have	a	high	mitotic	rate.	The	only	unifying	feature	is
the	 relatively	 large	 size	of	 the	 tumor	cells	 (at	 least	 three	 to	 four	 times	wider	 in	diameter	 than	a	normal	 resting
lymphocyte),	 which	 may	 have	 centroblastic,	 immunoblastic,	 plasmablastic,	 or	 anaplastic	 morphologies.	 In	 a
subset	of	cases,	classified	as	T-cell–/histiocyte-rich	large	B-cell	 lymphoma,	there	are	only	scattered	large	tumor
cells	in	a	background	of	abundant	small	T	cells	and	epithelioid	histiocytes.

Immunophenotype	and	Genetics
The	normal	cellular	counterparts	 for	DLBCL	are	GC	and	post-GC	ABCs.	Tumor	cells	generally	express	B-cell
antigens	(CD19,	CD20,	CD79a),	monoclonal	sIgM,	and	occasionally,	other	heavy	chain	isotypes.	CD5+	cases	are
uncommon	and	may	have	a	worse	prognosis.261	CD10	and	BCL6	expression	typifies	tumors	of	GC	origin	(GCB),
whereas	expression	of	interferon	response	factor	4/MUM1	favors	a	non-GC,	ABC-type	origin.	Of	DLBCLs,	25%
to	80%	are	reported	to	express	BCL2,	whereas	approximately	70%	express	BCL6.	CD30	positivity	(14%	of	cases)
is	associated	with	better	survival.230

Several	chromosomal	abnormalities	have	been	observed	in	DLBCL.1	Rearrangements	of	BCL6	are	found	in	a
small	proportion	of	FLs	(6%	to	13%),	but	occur	in	about	30%	of	DLBCLs.	Many	different	BCL6	translocations
have	been	described,	all	of	which	 replace	 the	BCL6	 promoter	with	 the	promoter	of	 another	gene	 that	 is	highly
expressed	 in	GC	B	 cells,	 thus	 driving	 the	 overexpression	 of	BCL6.	Other	 tumors	 have	 point	mutations	 in	 the
BCL6	promoter	 that	 prevent	BCL6	 (a	 transcriptional	 repressor)	 from	negatively	 regulating	 its	 own	 expression.
BCL6	overexpression	leads	to	increased	proliferation	and	survival	of	GC	B	cells,	and	also	blocks	differentiation
into	plasma	cells	by	interfering	with	the	activity	of	the	transcription	factor	PRDM1	(also	known	as	BLIMP1).231
Another	 20%	 to	 30%	 of	 DLBCLs	 are	 associated	 with	 the	 t(14;18).	 Surprisingly,	 the	 t(14;18)	 is	 not	 always
associated	 with	 BCL2	 protein	 overexpression	 by	 immunohistochemistry.	 Ig	 genes	 consistently	 show	 somatic
mutations	in	the	Ig	variable	region	genes.	The	GCB	type	is	often	associated	with	the	t(14;18)	and	amplifications
of	the	REL	oncogene	on	chromosome	2.	In	contrast,	the	ABC	type	is	associated	with	a	loss	of	6q21	and	trisomy	3,
gains	 of	 3q	 and	 18q21-22,	 and	mutations	 of	EZH2.232	 The	 involved	 area	 on	 6q	 includes	 PRDM1	 (BLIMP1),
reinforcing	the	idea	that	PRDM1,	a	master	regulator	of	plasma	cell	differentiation,	functions	as	a	tumor	suppressor



in	B	cells.271	ABC	cases	also	have	a	high-level	activation	of	NF-κB,	a	transcription	factor	implicated	in	the	B-cell
receptor	 signaling	pathway	 that	 supports	B-cell	 proliferation	 and	 survival.233	 There	 also	 is	 great	 interest	 in	 the
clinical	 implications	 of	MYC	 rearrangements	 and	 overexpression	 in	 DLBCL.	MYC	 is	 rearranged	 in	 10%	 of
DLBCLs,	with	the	partner	gene	being	one	of	the	Ig	genes	in	60%	of	cases	and	some	other	gene	in	40%	of	cases.
Approximately	 20%	 of	MYC-rearranged	 cases	 have	 concurrent	BCL2	 or	BCL6	 rearrangements,	 a	 combination
referred	 to	 as	 double-hit	 lymphoma.234	 In	 the	 2016	 WHO	 classification	 of	 lymphoid	 neoplasms,	 double-hit
lymphomas	are	placed	 in	a	new	category,	high-grade	B-cell	 lymphoma	with	 rearrangement	of	MYC	and	BCL2
and/or	 BCL6.	 Some	 double-hit	 lymphomas	 have	 morphologies	 identical	 to	 DLBCL,	 whereas	 others	 have
morphologies	similar	to	BL	or	lymphoblastic	lymphoma.	These	lymphomas	are	discussed	in	the	“High-Grade	B-
cell	 Lymphoma”	 section	 that	 follows.	 Amplification	 or	 overexpression	 of	 MYC	 in	 DLBCL	 independent	 of
rearrangements	 or	 amplification	 has	 also	 been	 described	 and	 is	 also	 associated	 with	 a	 poor	 prognosis,235
particularly	 in	 combination	 with	 overexpression	 of	 BCL2.	 Deep	 sequencing	 of	 DLBCL	 samples	 have	 found
extensive	 mutations,	 especially	 in	 the	 same	 histone-modifying	 genes	 implicated	 in	 FL—the	 histone
acetyltransferases	EP300	and	CREBP	and	the	histone	methyltransferase	MLL2.	Thus,	like	FL,	epigenetic	changes
are	likely	to	have	a	central	pathogenic	role	in	DLBCL.236

Clinical	Features
Patients	 have	 a	median	 of	 age	 64	 years	 at	 diagnosis,	 although	 the	 disease	 tends	 to	 appear	 at	 younger	 ages	 in
African	Americans	 than	Caucasians.237	 Patients	 present	with	 rapidly	 enlarging	masses,	which	may	be	 nodal	 or
extranodal.	DLBCL	presents	as	stage	I	or	IE	disease	approximately	20%	of	the	time.	The	disease	is	confined	to
one	side	of	 the	diaphragm	(stage	I	or	 II)	 in	approximately	30%	to	40%	of	patients.	Stage	IV	disease	 is	seen	 in
approximately	40%	of	patients.	B	symptoms	occur	in	30%	of	patients,	and	serum	LDH	is	elevated	in	over	half	the
patients.	Extranodal	disease	occurs	 in	40%	of	cases	and	may	 involve	 the	GI	 tract,	 testis,238	bone,	 thyroid,	skin,
CNS,	 and/or	 bone	 marrow.	 DLBCL	 is	 highly	 invasive,	 with	 local	 compression	 of	 blood	 vessels,	 airways,
involvement	of	peripheral	nerves,	and	destruction	of	bone.	Bone	marrow	involvement	 initially	 is	 found	 in	only
10%	 to	 20%	 of	 patients	 and	 has	 a	 strong	 correlation	 with	 the	 risk	 of	 spread	 to	 the	 CNS.239	 Other	 sites	 of
extranodal	disease,	specifically	testicular,	paranasal	sinus,	epidural,	and	the	presence	of	multiple	extranodal	sites,
also	are	associated	with	a	high	risk	of	CNS	dissemination.

Therapy	of	Early-Stage	Diffuse	Large	B-cell	Lymphoma
Less	than	20%	of	patients	with	DLBCL	have	localized	disease.	The	recommended	treatment	for	localized	disease
outside	 of	 clinical	 trials	 is	 abbreviated,	 combination	 chemoimmunotherapy	 plus	 involved-site	 radiotherapy,	 or
combination	chemoimmunotherapy	alone.	Four	historical	 randomized	 trials	have	compared	chemotherapy	alone
versus	 combined	 chemotherapy	 and	 radiation	 therapy	 for	 early-stage	 aggressive	 NHL240–243	 with	 conflicting
findings.	Two	of	the	trials	were	limited	by	the	use	of	different	chemotherapy	in	the	two	comparison	arms240,242	but
more	 importantly	 all	 were	 from	 the	 prerituximab,	 pre-PET	 era.	 In	 a	 recent	 randomized	 trial	 for	 limited-stage
nonbulky	 (<7	 cm)	DLBCL,	 comparing	 four	 to	 six	 cycles	 of	 RCHOP	 14	with	 or	without	 radiation	 therapy,	 in
patients	with	complete	PET	response	to	chemotherapy,	there	were	no	differences	in	5-year	EFS	(92%	versus	89%)
and	OS	(96%	versus	92%)	between	the	RT	and	no	RT	arms.244

This	supports	the	notion	that	chemoimmunotherapy	alone	is	a	reasonable	option	for	early-stage,	nonbulky	(<7
cm)	 disease	 if	 a	 complete	metabolic	 response	 is	 achieved.	 However,	 in	 patients	 with	 bulk	 disease,	 defined	 as
masses	>7.5	cm,245	 and	 in	patients	with	 skeletal	 involvement,246	 the	 outcome	 is	worse	 in	 patients	who	did	 not
receive	 RT	 compared	 to	 those	 treated	 with	 RT,	 regardless	 of	 disease	 stage.	 A	 randomized	 trial	 is	 examining
whether	radiation	therapy	impacts	outcomes	for	patients	with	bulk	disease	or	extranodal	disease	(the	UNFOLDER
trial).	 Early	 data	 in	 this	 trial	 suggests	 a	 benefit	 for	 RT	 after	 chemotherapy.	 Presently,	 the	 most	 appropriate
management	of	patients	with	early-stage	DLBCL	with	bulk	disease	remains	controversial.

Extended	 follow-up	of	early-stage	DLBCL	clinical	 trials	demonstrates	 that	 the	natural	history	of	 the	disease
may	 be	 distinct	 from	 that	 of	 advanced-stage	 disease.	 Eighteen-year	 follow-up	 of	 SWOG8736	 demonstrated	 a
median	PFS	of	11	and	12	years	for	CHOP	×3	cycles	followed	by	radiation	and	CHOP	×8	cycles,	respectively.	A
similar	10-year	PFS	of	67%	was	reported	for	RCHOP	×3	cycles	followed	by	radiation	from	SWOG0014.	Both
studies	 demonstrated	 a	 continued	 risk	 of	 relapse	without	 an	 obvious	 survival	 plateau,	 suggesting	 the	 need	 for
long-term	follow-up	in	this	patient	population.247

Therapy	of	Advanced-Stage	Diffuse	Large	B-cell	Lymphoma
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If	 a	 clinical	 trial	 is	 not	 available,	 the	 current	 recommendation	 for	 the	 treatment	 of	 advanced-stage	DLBCL	 is
combination	 chemotherapy	 with	 RCHOP	 for	 patients	 both	 younger	 than	 60	 years	 and	 older	 than	 60	 years.
Variables	 that	 have	 been	 addressed	 in	 trials	 include	 the	 number	 of	 cycles,	 the	 interval	 for	 those	 cycles,	 and
whether	more	 intensive	 therapy	 (such	 as	 high-dose	 therapy	 and	 stem	 cell	 support)	 has	 a	 significant	 impact	 on
outcome.

In	patients	with	DLBCL	of	60	to	80	years	of	age,	 the	Groupe	d’Etude	des	Lymphomes	de	l’Adulte	(GELA)
group	reported	that	eight	cycles	of	RCHOP	was	superior	 to	CHOP	alone	in	 terms	of	PFS,	disease-free	survival
(DFS),	and	OS,	with	no	added	toxicity.248,249	A	U.S.	Intergroup	study	compared	administering	CHOP	or	RCHOP
given	on	a	different	schedule	in	a	similar	population.250	Responding	patients	were	randomly	assigned	to	receive
either	 rituximab	 maintenance	 therapy	 or	 no	 maintenance.	 A	 beneficial	 impact	 of	 rituximab	 added	 to	 CHOP
chemotherapy	on	EFS	and	OS	was	observed;	however,	no	benefit	was	seen	for	maintenance	rituximab	following
RCHOP	 induction.	Similarly,	 in	patients	younger	 than	60	years	of	 age,	with	an	 IPI	of	0	and	1,	 the	addition	of
rituximab	to	CHOP	improved	time	to	treatment	failure	and	OS	compared	to	CHOP	alone.251

The	 number	 of	 cycles	 of	 therapy	 has	 been	 examined	 in	 the	 “rituximab	 with	 CHOP	 over	 age	 60	 years”
(RICOVER-60)	trial.252	This	study	compared	six	to	eight	cycles	of	CHOP	or	RCHOP	administered	every	14	days
(RCHOP-14).	RCHOP	was	superior	to	CHOP	given	for	six	or	eight	cycles	(70%	versus	57%),	and	there	was	no
benefit	 of	 eight	 cycles	 of	RCHOP	 over	 six	 cycles	 (with	 two	 additional	 doses	 of	 rituximab).	 In	 another	 study,
RCHOP	given	every	21	days	(RCHOP-21)	for	eight	cycles	was	compared	to	six	cycles	of	RCHOP-14.253	More
grade	III/IV	neutropenia	was	seen	in	the	RCHOP-21	(57%/31%)	treated	patients,	whereas	more	thrombocytopenia
occurred	 in	 the	RCHOP-14	treated	patients.	With	a	median	follow-up	of	40	months,	 there	was	no	difference	 in
PFS	or	OS.	Another	study	from	the	GELA	trial	did	not	find	an	improvement	in	outcome	with	RCHOP-14.	This
supports	the	notion	that	RCHOP-21	for	six	to	eight	cycles	is	the	standard	of	care.

With	 the	 recognition	 of	 DLBCL	 heterogeneity,	 ongoing	 clinical	 trials	 are	 incorporating	 novel	 agents	 in	 an
attempt	 to	personalize	 therapy	based	on	cell	of	origin.	The	addition	of	bortezomib	 to	RCHOP-like	 therapy	has
been	tested	in	two	separate	studies,	based	on	the	hypothesis	that	NF-κB	signaling	can	be	inhibited	by	proteasome
inhibition,	 targeting	 the	ABC	subtype	of	DLBCL.	However,	both	 randomized	studies	demonstrated	no	obvious
efficacy	 advantage	 to	 adding	 bortezomib.	 Ongoing	 trials	 are	 investigating	 the	 addition	 of	 lenalidomide	 and
ibrutinib	to	RCHOP	in	attempt	to	test	this	hypothesis	further.254

Attempts	to	intensify	therapy	have	included	alternative	regimens	and	ASCT.	The	GELA	group	treated	patients
younger	than	60	years	with	IPI	of	1	with	the	more	aggressive	regimen	R-ACVBP	followed	by	consolidation	with
methotrexate	 and	 leucovorin.255	 When	 compared	 to	 RCHOP	 plus	 intrathecal	 methotrexate,	 R-ACVBP	 plus
methotrexate	 and	 leucovorin	 led	 to	 higher	 PFS	 and	 OS.	 Several	 studies	 have	 examined	 the	 role	 of	 high-dose
therapy	 and	 ASCT	 in	 first	 CR/PR	 for	 patients	 with	 aggressive	 NHL	 prior	 to	 the	 addition	 of	 rituximab	 to
combination	 chemotherapy.	 A	 meta-analysis	 of	 3,079	 patients	 treated	 on	 15	 randomized	 trials	 with	 either
conventional	 therapy	or	ASCT	 in	 first	CR	showed	no	difference	 in	EFS,	OS,	or	 treatment-related	mortality.256
Two	recent	studies	in	the	rituximab	era	have	not	resolved	this	issue	of	ASCT	in	first	CR.	RCHOEP	(rituximab,
cyclophosphamide,	 adriamycin,	 vincristine,	 etoposide,	 and	 prednisone)	 was	 compared	 to	 R-MegaCHOEP,
sequential	 high-dose	 therapy	 with	 stem	 cell	 support	 for	 high	 intermediate	 or	 high-risk	 age-adjusted	 IPI	 score
patients.	There	was	more	hematologic	toxicity	with	R-MegaCHOEP.	With	a	median	follow-up	of	42	months,	no
statistical	difference	was	seen	in	3-year	EFS	(70%	versus	61%)	or	OS	(74%	versus	70%).257	More	recently,	a	U.S.
intergroup	 trial	 treated	patients	with	age-adjusted	high	 intermediate	 and	high-risk	 IPI	 scores	with	at	 least	 a	PR
after	 five	 cycles	 of	 CHOP-based	 therapy	 (CHOP	 or	RCHOP)	 to	 a	 total	 of	 six	 cycles	 of	 CHOP-based	 therapy
followed	by	ASCT	versus	 a	 total	 of	 eight	 cycles	 of	CHOP-based	 therapy	 alone.258	 Patients	who	 relapsed	 after
chemotherapy	alone	could	undergo	ASCT	as	salvage	therapy.	After	a	median	follow-up	of	6.3	years,	ASCT	was
associated	with	a	higher	PFS	at	2	years	(69%	versus	55%;	hazard	ratio	[HR],	1.72;	95%	confidence	interval	[CI],
0.82	to	1.94)	but	no	difference	in	OS	(74%	versus	71%;	HR,	1.26;	95%	CI,	0.82	to	1.94).	The	results	to	date	do
not	support	ASCT	as	a	consolidation	for	first	remission.

Other	 strategies	 to	 consolidate	 good	 responses	 to	 upfront	 RCHOP-like	 chemotherapy	 have	 included
maintenance	 therapy	 with	 drugs	 like	 lenalidomide	 (in	 elderly	 patients),	 enzastaurin,	 or	 everolimus.259–261
Enzastaurin	and	everolimus	resulted	in	no	benefit,	whereas	maintenance	lenalidomide	had	a	PFS	benefit	but	no
OS	 benefit.	 Finally,	 a	 randomized	 clinical	 trial	 conducted	 by	 the	 Cancer	 and	 Leukemia	 Group	 B
(CALGB)/Alliance	 comparing	 RCHOP-21	 to	 the	 National	 Cancer	 Institute	 (NCI)–developed	 regimen	 dose-
adjusted	REPOCH	showed	no	benefit	of	dose-adjusted	REPOCH	over	RCHOP-21	 for	 the	upfront	 treatment	of
any	subset	of	this	disease.

Given	 activity	 of	 single-agent	 lenalidomide	 and	 ibrutinib	 in	 relapsed/refractory	 ABC-like	 DLBCL	 (see	 the



subsequent	 section),	 ongoing	 investigations	 are	 testing	 the	 addition	 of	 these	 novel	 therapies	 to	 standard
chemoimmunotherapy	in	the	upfront	setting.	Phase	II	data	suggests	the	lenalidomide	in	combination	with	RCHOP
can	overcome	the	inferior	outcomes	associated	with	non-GCB	cell	of	origin.	Additionally,	phase	I	data	suggests
the	 addition	 of	 ibrutinib	 to	 RCHOP	 is	 well	 tolerated.	 Phase	 III	 studies	 will	 determine	 whether	 these	 agents
improve	the	survival	of	advanced	DLBCL,	potentially	changing	the	standard	of	care.262,263

Treatment	of	Relapsed	or	Refractory	Diffuse	Large	B-cell	Lymphoma
The	majority	of	relapses	from	RCHOP	therapy	are	seen	within	the	first	2	years	after	the	completion	of	treatment.
However,	18%	of	relapses	occur	more	than	5	years	after	the	initial	treatment.264	The	failure	of	primary	therapy	to
induce	a	CR	or	early	relapse	within	the	first	few	months	of	completing	treatment	is	associated	with	a	particularly
poor	prognosis.	We	generally	recommend	that	patients	who	relapse	after	a	CR	be	rebiopsied	because	a	subset	will
have	FL.

Once	relapse	or	refractory	disease	has	been	determined,	the	next	issue	to	resolve	is	whether	the	goal	is	potential
curative	therapy	or	palliation.	For	patients	with	poor	performance	status,	particularly	elderly	patients,	the	goal	is
often	 palliation.	 Local	 radiation	 can	 provide	 transient	 palliation.	 Other	 chemotherapy	 agents,	 including	 single
agents	such	as	bendamustine,265	are	associated	with	overall	RRs	of	50%	to	63%,	a	CRR	of	37%,	and	a	median
PFS	of	approximately	6	months.	The	all	oral-agent	regimen	PEPC	(prednisone,	etoposide,	cyclophosphamide,	and
procarbazine)	can	induce	remission	in	over	50%	of	patients.266	Clinical	trials	may	be	an	option	for	some	of	these
patients	depending	on	eligibility	criteria.

The	majority	of	patients	with	relapsed	and	refractory	DLBCL	receive	combination	chemotherapy,	often	with
rituximab.	Various	combinations	of	drugs,	including	ifosfamide,	carboplatin,	etoposide,	cytarabine,	gemcitabine,
and	cisplatin,	have	been	utilized	for	relapsed	disease.	The	goal	is	to	identify	patients	with	chemosensitive	disease
who	have	the	greatest	likelihood	of	benefiting	from	high-dose	therapy	and	ASCT,	which	leads	to	a	higher	long-
term	DFS	and	OS	for	relapsed	DLBCL.	A	major	question	has	been	whether	one	second-line	regimen	is	superior.
The	collaborative	trial	in	relapsed	aggressive	lymphoma	(CORAL)	study	compared	R-ICE	(rituximab,	ifosfamide,
carboplatin,	and	etoposide)	to	R-DHAP	(rituximab,	dexamethasone,	high-dose	cytarabine,	and	cisplatin),	followed
by	ASCT.267,268	No	difference	in	overall	RR,	EFS,	or	OS	was	seen	between	the	two	regimens,	with	approximately
60%	of	patients	responding.	A	subset	analysis	suggested	that	patients	with	a	GCB	DLBCL	have	a	better	treatment
outcome	 with	 R-DHAP	 versus	 R-ICE.	 The	 ultimate	 goal	 of	 salvage	 therapy	 is	 to	 achieve	 disease	 control	 to
proceed	to	ASCT.	It	has	been	known	since	1987	that	disease	sensitivity	is	the	best	determinant	of	outcome	with
high-dose	 therapy	 and	 ASCT.	 Three	 patient	 groups	 were	 identified	 based	 on	 the	 response	 to	 most	 recent
treatment.	 Patients	with	 chemosensitive	 disease	 have	 30%	 to	 50%	 long-term	DFS,	 those	with	 chemorefractory
disease	have	10%	to	15%	long-term	DFS,	and	those	with	primary	refractory	disease	have	essentially	no	benefit
from	ASCT.269	A	major	question	was	whether	patients	with	chemosensitive	disease	benefit	from	ASCT	or	simply
continuing	salvage	chemotherapy.	The	Parma	study	addressed	this	question	by	randomizing	109	patients	who	had
relapsed	after	having	achieved	a	CR	and	then	responded	to	two	cycles	of	DHAP	to	high-dose	therapy	and	ASCT
or	four	additional	cycles	of	DHAP.	ASCT	was	associated	with	a	superior	failure-free	survival	(51%	versus	12%	at
5	years)	 and	OS	 (53%	versus	32%	at	5	years).270	 In	 the	 rituximab	era,	 the	 long-term	 results	of	ASCT	are	 less
favorable	than	reported	in	the	Parma	trial,	with	about	30%	long-term	survivors	in	remission.

Investigators	 have,	 to	 date,	 failed	 to	 improve	 on	 these	 results	 with	 the	 addition	 of	 maintenance	 therapy
posttransplant	consisting	of	rituximab,271	an	anti-CD19	immunotoxin,	or	the	oral	kinase	inhibitor	enzastaurin,	or
by	 adding	 radioimmunotherapy	 to	 the	 conditioning	 regimen.	 For	 patients	with	 relapsed	 or	 refractory	DLBCL,
high-dose	 therapy	 and	ASCT	 remain	 the	 treatments	 of	 choice	 for	 patients	 with	 chemosensitive	 disease.	 If	 the
recurrence	 is	 localized,	adjuvant	RT	either	before	or	after	high-dose	 therapy	and	ASCT	may	be	beneficial.	For
patients	with	chemorefractory	disease,	or	disease	that	relapses	following	ASCT,	anti-CD19–directed	CAR	T-cell
therapy	with	axicabtagene	ciloleucel	 is	 an	FDA-approved	 therapy	 that	yields	durable	 responses	 in	a	 substantial
number	of	patients.	This	strategy	uses	T	cells	collected	from	a	patient	that	are	genetically	modified	to	express	a
receptor	 that	 will	 bind	 to	 a	 surface	 antigen	 expressed	 on	 the	 patient’s	 own	 tumor	 cells.	 In	 the	 case	 of	 B-cell
malignancies,	this	antigen	has	been	CD19.	After	infusion,	autologous	CAR	T	cells	home	to	sites	of	disease	and
also	persist	over	time.	The	CARs	consist	of	an	extracellular	antigen	recognition	domain	(typically	a	single-chain
Fv	 variable	 fragment	 from	 a	 monoclonal	 antibody)	 linked	 via	 a	 transmembrane	 domain	 to	 an	 intracellular
signaling	domain	(usually	the	CD3ζ	endodomain),	resulting	in	the	redirection	of	T-cell	specificity	toward	target
antigen-positive	 cells,	 and	 one	 or	 more	 costimulatory	 domains	 including	 CD28,	 4-1BB,	 or	 OX40	 to	 enhance
cytokine	secretion	and	effector	cell	expansion	and	prevent	activation-induced	apoptosis	and	immune	suppression
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by	 tumor-related	metabolites.	On	 the	ZUMA-1	clinical	 trial,	 the	overall	RR	 in	DLBCL	was	82%,	with	54%	of
patients	 achieving	 a	CR.146	 After	 a	median	 follow-up	 of	 15.4	months,	 40%	 of	 patients	 remain	 in	 CR;	 among
responding	 patients,	 70%	 are	 still	 in	 remission.	 Other	 CAR	 T-cell	 therapies,	 including	 tisagenlecleucel	 and
lisocabtagene	maraleucel,	and	combination	strategies	of	CAR	T	cells	with	immune	checkpoint	blockade	inhibitors
are	ongoing.

For	patients	who	are	not	candidates	for	CAR	T-cell	therapy	or	who	relapse	after	CAR	T	cells,	clinical	trials	or
palliative	therapy	should	be	considered.	Several	new	agents	have	shown	some	promise	in	patients	with	relapsed
DLBCL,	 including	 ibrutinib,	 particularly	 in	 the	 ABC	 cell	 of	 origin	 subtype	 and	 lenalidomide.221	 Given	 these
single-agent	 results,	 ongoing	 investigations	 are	 testing	 the	 addition	 of	 these	 novel	 therapies	 to	 standard
chemoimmunotherapy.	 Phase	 II	 data	 suggest	 the	 lenalidomide	 in	 combination	with	RCHOP	 can	 overcome	 the
inferior	 outcomes	 associated	 with	 non-GCB	 cell	 of	 origin	 Additionally,	 phase	 I	 data	 suggest	 the	 addition	 of
ibrutinib	to	RCHOP	is	well	tolerated.	Phase	III	studies	will	determine	whether	these	agents	improve	the	survival
of	advanced	DLBCL,	potentially	changing	the	standard	of	care.262,263

Allogeneic	bone	marrow	transplantation	 is	generally	not	 the	favored	approach	for	 relapsed	DLBCL	patients.
Although	highly	selected	patients	can	have	prolonged	remission,	this	is	at	the	expense	of	a	high	treatment-related
mortality.	Overall,	there	is	no	advantage	for	alloSCT.	Patients	with	recurrent	disease	following	ASCT	who	have
good	 performance	 status	 and	 chemosensitive	 disease	 are	 now	 considered	 for	RIC	 alloSCT	 rather	 than	 ablative
alloSCT,	where	morbidity	and	mortality	are	exceedingly	high.	Studies	have	reported	a	40%	to	60%	2	year	PFS
with	 this	 approach,	 but	 with	 a	 treatment-related	 mortality	 of	 20%	 for	 RIC	 alloSCT	 and	 up	 to	 40%	 for
myeloablative	transplants.272,273

Other	Large	B-cell	Lymphomas

Intravascular	Large	B-cell	Lymphoma
Intravascular	 large	B-cell	 lymphoma	 is	 a	 rare	 subtype	 in	which	 lymphoma	 cells	 proliferate	within	 small	 blood
vessels	without	 producing	 a	 tumor	mass	 or	 detectable	 circulating	 tumor	 cells.274–276	 The	 tumor	 cells	 resemble
centroblasts	 or	 immunoblasts,	 express	B-cell–associated	 antigens,	 and	 are	 usually	CD10-	 and	MUM1	 positive.
Patients	present	with	a	variety	of	 symptoms	caused	by	occlusion	of	 small	vessels.	These	 include	B	 symptoms,
rapidly	 progressive	 neurologic	 signs	 (dementia,	 cerebral	 vascular	 accident,	 and/or	 peripheral	 neuropathy),	 and
skin	lesions	imitating	an	inflammatory	rash.	Western	and	Asian	subtypes	have	been	identified,	with	less	frequent
CNS	 and	 skin	 involvement	 in	 the	 former.	 However,	 a	 retrospective	 case	 report	 found	 that	 French	 Canadians
present	more	with	neurologic	rather	than	cutaneous	disease.277	Laboratory	abnormalities	include	elevated	serum
LDH	and	anemia.	The	diagnosis	is	made	by	demonstrating	large	lymphoma	cells	within	small-	to	medium-sized
blood	vessels.	The	diagnosis	can	be	difficult,	but	if	the	disease	is	suspected,	a	blind	biopsy	of	normal-appearing
skin	 can	 be	 diagnostic.	 If	 this	 is	 not	 informative,	 a	 biopsy	 of	 other	 sites	 of	 suspected	 involvement	 may	 be
necessary.	 The	 treatment	 of	 patients	 with	 intravascular	 large	 B-cell	 lymphoma	 includes	 both	 systemic
chemoimmunotherapy	and	therapy	for	the	CNS.	Prior	to	rituximab,	the	prognosis	for	these	patients	was	poor,	with
<10%	long-term	survivors.	With	an	earlier	diagnosis	and	therapy	with	RCHOP,	the	2-year	PFS	and	OS	have	been
reported	 to	 be	 56%	 and	 66%,	 respectively.	 CNS	 prophylaxis	 with	 either	 intrathecal	 or	 high-dose	 systemic
methotrexate	 is	 recommended.	 Patients	 with	 secondary	 involvement	 of	 the	 brain	 or	 spinal	 cord	 at	 diagnosis,
depending	on	the	clinical	situation,	may	need	intrathecal	chemotherapy,	systemic	high-dose	methotrexate,	and/or
radiation	to	the	sites	of	involvement.

T-cell	Histiocyte-Rich	Large	B-cell	Lymphoma
In	this	uncommon	subtype	of	DLBCL,	the	majority	of	the	tumor	cell	mass	is	composed	of	nonneoplastic	T	cells
and/or	histiocytes,	with	malignant	B	cells	making	up	<10%	of	the	cellularity.278,316	The	lymphoma	cells	express
CD20	but	usually	lack	CD5,	CD10,	and	CD138.	An	IPI	of	2	or	greater	was	reported	in	one	series	in	a	majority
(77%)	of	patients,	often	with	spleen,	liver,	and	marrow	involvement.	The	outcome	of	treatment	is	controversial,
with	one	large	series	showing	a	less	favorable	prognosis	and	a	second	suggesting	a	similar	outcome	to	other	forms
of	DLBCL	when	matched	for	risk	factors.

Epstein-Barr	Virus–Positive	Diffuse	Large	B-cell	Lymphoma,	Not	Otherwise	Specified
EBV-positive	DLBCL,	NOS,	is	a	new	addition	to	the	2016	WHO	classification.	Originally	described	in	patients



aged	older	than	50	years,	without	known	immunodeficiency	or	prior	lymphoma,	this	disease	appears	in	any	age
group.	 In	 Asian	 countries,	 this	 accounts	 for	 8%	 to	 10%	 of	 DLBCL	 in	 patients	 without	 a	 known
immunodeficiency.279	 It	 is	 less	common	 in	Western	countries.	Patients	often	present	with	extranodal	disease	 in
addition	to	lymph	nodes.	In	younger	patients	the	prognosis	is	favorable.280

Anaplastic	Lymphoma	Kinase–Positive	Large	B-cell	Lymphoma
These	are	rare	variants	of	large	B-cell	lymphomas	that	express	CD30	and	ALK,	usually	due	to	a	t(2;17)	that	fuses
ALK	 to	 the	clathrin	heavy	chain	1	(CTLC)	gene.	These	tumors	often	have	a	plasmablastic	appearance	and	have
been	reported	to	have	a	poor	prognosis.281

Special	Situations

Testicular	Diffuse	Large	B-cell	Lymphoma
DLBCL	presenting	in	the	testis	is	the	most	common	malignant	testicular	tumor	in	men	older	than	60	years	of	age
and	constitutes	1%	of	all	lymphomas.238,282	Other	less	common	histologies	include	BL	in	children	and,	rarely,	FL.
Historically,	 the	 long-term	 results	 of	 treatment	 are	worse	 for	 these	 patients	 than	 predicted	 by	 the	 IPI.	Despite
therapy,	 patients	 are	 at	 risk	 for	 relapse	 systemically,	 in	 the	 CNS	 and	 in	 the	 contralateral	 testis.	 Therefore,
following	 orchiectomy,	 patients	 require	 systemic	 therapy,	 and	 strong	 consideration	 should	 be	 given	 to	 CNS
prophylaxis	with	either	systemic	or	intrathecal	methotrexate	as	well	as	prophylactic	radiation	to	the	contralateral
testis.	 Much	 of	 the	 data	 for	 treating	 this	 condition	 is	 from	 small	 series	 without	 randomized	 trials	 to	 address
management	 issues.	A	 recent	 international	 prospective	 trial	 of	 53	 patients	with	 untreated	 stage	 I	 or	 II	 primary
testicular	lymphoma	treated	with	six	to	eight	cycles	of	RCHOP-21,	four	weekly	doses	of	intrathecal	methotrexate
(12	mg),	and	RT	to	the	contralateral	testis	(30	Gy)	for	all	patients	and	(30	to	36	Gy)	to	regional	nodes	for	patients
with	stage	II	disease.238	With	a	median	follow-up	of	65	months,	the	OS	and	PFS	at	5	years	was	85%	and	74%,
respectively.	 Only	 three	 relapses	 were	 seen	 in	 the	 CNS.	 This	 study	 defines	 the	 current	 standard	 of	 care	 with
chemoimmunotherapy,	CNS	prophylaxis,	and	radiation	to	the	contralateral	testis.

Primary	testicular	 lymphoma	has	been	found	to	have	recurrent	genetic	alterations	 involving	the	programmed
cell	death	protein	ligands	1	and	2	(PD-L1	and	PD-L2)	locus	on	chromosome	9	and	in	components	of	the	Toll-like
receptor	signaling	pathway.283	 Immune	checkpoint	blockade	has	demonstrated	early	preliminary	efficacy	in	 this
disease	in	the	relapsed/refractory	setting,	and	nivolumab	is	currently	being	tested	in	a	larger,	multicenter	clinical
trial.284

Treatment	of	Aggressive	Non-Hodgkin	Lymphoma	in	the	Elderly
Lymphoma	occurs	at	a	higher	incidence	with	increasing	age.285–287	Patients	older	than	60	years	(as	reflected	in	the
IPI)	 have	 a	 lower	 CRR,	 PFS,	 and	 OS	 than	 patients	 60	 years	 of	 age	 or	 younger.	 The	 reasons	 are	 probably	 a
combination	 of	 increased	 treatment-related	mortality	 and	 comorbidities.	 Biologically,	 the	 disease	may	 also	 be
different	 in	older	 individuals,	which	may	account,	 in	part,	 for	 the	higher	 IPI	 scores	 that	 have	been	 reported	 in
elderly	 patients.	 Dose	 reductions	 in	 these	 patients	 may	 also	 explain	 the	 less	 favorable	 outcome.	 The	 SWOG
reported	 a	 CRR	 of	 37%	 in	 patients	 65	 years	 of	 age	 and	 older	 who	 received	 initial	 50%	 dose	 reductions	 of
cyclophosphamide	 and	 doxorubicin.	 Complete	 remission	 rates	 were	 52%,	 a	 rate	 similar	 to	 those	 of	 younger
patients,	when	full-dose	chemotherapy	was	used.

Randomized	 trials	 have	 clearly	 demonstrated	 a	 significant	 survival	 benefit	 for	 the	 addition	 of	 rituximab	 to
combination	 chemotherapy	 for	 DLBCL	 in	 patients	 older	 than	 60	 years.	 In	 light	 of	 the	 concerns	 of	 increased
toxicity	of	treatment	in	elderly	patients,	several	modified	regimens	have	been	reported.	A	report	of	149	patients
age	80	years	or	older	employed	doses	of	cyclophosphamide,	adriamycin,	and	vincristine	that	were	about	50%	of
standard	dosing	of	RCHOP	(R-mini	CHOP).288	Grade	3	or	4	neutropenia	and	thrombocytopenia	was	seen	in	39%
and	 7%	 of	 patients,	 respectively,	 and	 12	 toxic	 deaths	 occurred.	 The	 2-year	OS	 and	 PFS	were	 59%	 and	 47%,
respectively.	 For	 elderly	 patients	 who	 are	 not	 considered	 candidates	 for	 standard	 dose	 or	 reduced	 dose
chemoimmunotherapy,	regimens	such	as	PEPC	or	BR	can	be	useful	for	palliation,	with	>50%	RRs	and	a	median
PFS	of	over	6	months.117

The	approach	toward	elderly	patients	with	aggressive	lymphoma	should	be	similar	to	patients	age	60	years	or
younger,	 with	 curative	 intent.	 Supportive	 care	measures	 with	 hematopoietic	 growth	 factors	 can	 be	 considered
(albeit	not	without	controversy)	as	well	as	prophylactic	antibiotics.	Analogous	to	younger	patients,	elderly	patients
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should	be	considered	for	clinical	trials	if	eligible	and	feasible.

Primary	Mediastinal	Large	B-cell	Lymphoma
Within	 the	 category	 of	 DLBCL	 is	 a	 distinct	 clinical	 entity	 known	 as	 primary	 mediastinal	 B-cell	 lymphoma
(PMBL),	representing	2.4%	of	all	NHLs	and	7%	of	all	cases	of	DLBCL.289

Pathology
Histologically,	the	large	tumor	cells	often	have	finer	nuclear	membranes	and	smaller	nucleoli	than	other	subtypes
of	 DLBCL,	 sometimes	 making	 it	 difficult	 to	 distinguish	 the	 tumor	 cells	 from	 reactive	 macrophages	 in	 small
biopsies.	Not	 infrequently,	 a	 few	multinucleated	 cells	 reminiscent	 of	Reed-Sternberg	 variants	may	 be	 admixed
with	more	typical	tumor	cells.	The	tumor	cells	diffusely	infiltrate	the	mediastinum	and	often	elicit	dense	fibrosis,
another	feature	that	may	render	biopsies	difficult	to	interpret.

Immunophenotype	and	Genetics
PMBLs	express	B-cell	antigens	CD19,	CD20,	and	CD22	but	lack	sIg	and	CD5.	Unlike	other	DLBCLs,	low-level
expression	of	CD30	is	seen	in	most	cases,	and	a	high	fraction	of	tumors	expresses	TRAF1,	CD200,	and	MAL,	and
have	 nuclear	 c-REL.	BCL2	 and	BCL6	 rearrangements	 are	 absent.	 Translocations	 of	 the	CIITA	 (MHC	 class	 II
transactivator)	 gene	 are	 noted	 in	 about	 40%	 of	 cases.	 Copy	 number	 gains	 in	 the	 region	 on	 chromosome	 9p
containing	the	genes	for	janus	kinase	2	(JAK2)	and	PD-L1	and	PD-L2	are	common.	PD-L1	and	PD-L2	are	ligands
for	the	PD-1,	which	has	a	role	in	suppressing	T-cell	function.	PMBL	resembles	classical	Hodgkin	disease	by	GEP
because	one-third	of	the	most	highly	expressed	genes	in	PMBLs	are	also	expressed	in	the	Reed-Sternberg	cells	of
HL.290

Clinical	Features
PMBLs	have	a	female	predominance,	with	median	age	of	40	years.	Over	70%	of	these	patients	present	with	stage
I/II	 bulky	 disease	 involving	 the	 mediastinum.	 Pleural	 and	 pericardial	 effusions	 are	 seen	 in	 about	 50%	 of	 the
patients.	 Superior	 vena	 cava	 syndrome	 is	 a	 frequent	 complication.	 An	 elevated	 LDH	 (77%)	 and	 B	 symptoms
(47%)	are	common.	Relapses	occur	locally	or	in	extranodal	sites,	including	the	liver,	the	GI	tract,	the	kidneys,	the
ovaries,	and	the	CNS.

Treatment
The	general	approach	toward	patients	with	PMBL	has	been	similar	 to	patients	with	 localized	DLBCL,	with	 the
majority	 of	 patients	 receiving	 combined	modality	 therapy.	 The	most	 recent	 results	with	 chemoimmunotherapy
demonstrate	 a	 3-year	 OS	 of	 89%	with	 RCHOP	 therapy.	 In	 the	MabThera	 International	 Trial	 (MInT)	 trial,	 87
patients	with	PMBL291	received	six	cycles	of	RCHOP,	75%	of	whom	also	received	RT;	only	7%	of	patients	who
received	radiation	subsequently	progressed	or	relapsed.	A	recent	study	of	51	patients	treated	with	dose-adjusted
etoposide,	 prednisone,	 vincristine,	 cyclophosphamide,	 doxorubicin	 (EPOCH)	 plus	 rituximab	 (DA-EPOCH-R),
and	no	RT,	 reported	 an	outstanding	PFS	 (93%)	 and	OS	 (100%).	The	 two	 failures	 received	 radiation	 and	were
rendered	disease	free.292	These	studies	suggest	that	six	cycles	of	RCHOP	followed	by	RT,	or	six	to	eight	cycles	of
DA-EPOCH-R	and	no	RT,	give	excellent	results	in	PMBCL.

Chemotherapy-refractory	or	relapsed	PMBL	generally	has	a	poor	prognosis.	Radiation	can	salvage	incomplete
responses	or	localized	relapses,	but	second-line	chemotherapy	often	fails	to	get	patients	to	an	ASCT,	and	relapse
rates	are	high	even	 in	 those	patients	who	do	get	 to	 transplant.	These	patients	were	 included	on	 the	CAR	T-cell
trials	of	axicabtagene	ciloleucel,	and	 the	response	was	favorable	 in	 this	cohort;	as	a	 result,	 this	 therapy	 is	FDA
approved	 for	 relapsed/refractory	PMBL.146	 The	 anti-CD30	 antibody–drug	 conjugate	 brentuximab	 and	 the	 anti–
PD-1	antibody	pembrolizumab	have	both	been	tested	in	this	disease.293	Brentuximab	yielded	a	RR	of	only	13.3%
in	15	patients,	and	due	 to	 this	 lack	of	efficacy,	 the	study	was	closed	prematurely.	Pembrolizumab,	on	 the	other
hand,	 is	 associated	 with	 a	 41%	 overall	 RR	 but	 with	 very	 few	 CRs;	 with	 11.3-month	 follow-up,	 the	 median
duration	of	response	had	not	been	reached.

Grey	Zone	Lymphoma	and	High-Grade	B-cell	Lymphoma
In	 2008,	 the	 WHO	 created	 provisional	 diagnoses	 to	 capture	 B-cell	 lymphomas	 with	 features	 between	 two



established	 diagnoses:	 BL	 and	 DLBCL	 and	 classical	 Hodgkin	 lymphoma	 (cHL)	 and	 DLBCL.294	 These
lymphomas	 constituted	 the	 grey	 zone	 lymphomas.	 Grey	 zone	 B-cell	 lymphoma	 with	 features	 intermediate
between	DLBCL	and	 cHL	 is	 retained	 in	 the	 2016	WHO	classification,	 but	 grey	 zone	 lymphoma	with	 features
intermediate	 between	 BL	 and	 DLBCL	 has	 been	 eliminated.	 Tumors	 that	 have	MYC	 rearrangements	 and	 are
immunophenotypically	consistent	with	BL,	but	have	some	morphologic	features	atypical	for	that	entity,	are	now
classified	as	BL.	Tumors	that	have	high-grade	histologic	features,	but	have	morphologic	or	genetic	features	that
are	 inconsistent	with	DLBCL	or	BL,	are	now	classified	as	HGBCL.	All	high-grade	 lymphomas	with	MYC	 and
BCL2	 and/or	BCL6	 rearrangements,	 including	 those	 that	 are	morphologically	 consistent	with	DLBCL,	are	now
classified	as	HGBCL	with	MYC	and	BCL2	and/or	BCL6	rearrangements.

High-Grade	B-cell	Lymphoma
These	 lymphomas	 show	 variable	 morphology,	 ranging	 from	 lymphoblastoid,	 to	 BL-like,	 to	 DLBCL-like,	 or
harbor	rearrangements	 involving	MYC	and	BCL2	 and/or	BCL6.	There	are	 two	HGBCL	subtypes.	HGBCL	with
MYC	 and	BCL2	 and/or	BCL6	 rearrangements	 are	 synonymous	 with	 “double-hit”	 lymphomas	 and	 are	 defined
genetically	 rather	 than	 by	morphology.	HGBCL,	NOS,	 include	 blastoid-appearing	 tumors	 that	 do	 not	 fall	 into
other	categories	and	that	lack	“double-hit”	rearrangements;	these	tumors	would	have	previously	been	called	“gray
zone”	lymphomas,	or	B-cell	lymphoma	unclassifiable	with	features	intermediate	between	BL	and	DLBCL.

Although	 heterogeneous,	 these	 lymphomas	 carry	 a	 poor	 prognosis	 and	 are	 associated	 with	 high	 IPIs	 and
frequent	extranodal	disease;	this	trend	may	be	driven	by	inclusion	of	a	subset	of	tumors	with	a	particularly	poor
prognosis.295,296	 For	 instance,	 double-	 and	 triple-hit	 lymphomas	 have	 an	 extraordinarily	 poor	 prognosis	 with
median	survivals	of	only	12	to	18	months	and	long-term	DFS	in	only	20%	to	30%	of	patients	following	RCHOP
chemotherapy.234,297

Although	 the	 prognosis	 for	 HGBCL	 as	 a	 whole	 is	 poor,	 there	 has	 been	 no	 systematic	 investigation	 of	 the
treatment	 and	 thus	 no	 prospective	 evidence	 supporting	 the	 intensification	 of	 therapy	 over	 RCHOP.	 However,
groups	have	retrospectively	looked	at	the	impact	of	intensified	chemotherapy	on	outcomes	for	HGBCL	NOS	and
double-/triple-hit	 lymphomas.298,299	 These	 analyses	 are	 limited	 in	 that	 they	 are	 retrospective,	 small,	 and	 likely
included	 patients	 with	 other	 aggressive	 subtypes.	 However,	 each	 showed	 that	 intensive	 regimens	 such	 as	 a
modified	Magrath	regimen	with	cyclophosphamide,	vincristine,	doxorubicin,	methotrexate/ifosfamide,	etoposide,
cytarabine	(CODox-M/IVAC),	HyperCVAD,	and	DA-EPOCH-R	had	better	outcomes	over	RCHOP	(overall	RR,
86%	 versus	 57%;	 4-year	 PFS,	 approximately	 50%	 to	 65%	 versus	 0%	 to	 30%).	Another	 group	 retrospectively
examined	the	outcomes	following	intensive	therapy	compared	with	RCHOP	in	53	patients	with	aggressive	B-cell
lymphoma	with	high-grade	features	with	or	without	an	MYC	translocation.296	Notably,	patients	in	this	study	had	a
lower	 risk	 than	 is	 typical	 for	 HGBCL.	 Among	 all	 patients,	 there	 was	 no	 improvement	 in	 OS	 with	 intensive
regimens	(4-year	OS,	50%	to	60%);	this	relatively	good	OS	is	widely	different	from	previous	reports	and	perhaps
reflects	 the	 good-risk	 profile	 of	 this	 cohort.	 However,	 among	 patients	 with	 an	MYC	 translocation,	 intensive
regimens	resulted	in	a	significantly	longer	PFS	and	a	trend	toward	longer	OS	over	RCHOP,	and,	for	double-hit
lymphomas	in	this	category,	there	was	a	nonsignificant	trend	toward	a	shorter	PFS	and	OS	compared	with	patients
with	an	isolated	MYC	translocation.	This	suggests	that	perhaps	it	is	the	double-hit	lymphomas	within	the	category
of	HGBCL	that	drives	their	poor	prognosis,	and	these	are	patients	that	might	benefit	from	intensive	chemotherapy
like	modified	Magrath	(CODox-M/IVAC)	or	DA-EPOCH-R.	Data	from	patients	with	MYC	translocation-positive
DLBCL	 treated	with	DA-EPOCH-R	by	 the	NCI	phase	 II	 studies	 are	 promising;	 nine	patients	 (8%)	harbored	 a
MYC	translocation	and	had	a	4-year	EFS	of	83%.300	Similarly,	two	retrospective	studies	support	the	use	of	DA-
EPOCH-R	 in	 double-hit	 lymphomas;	 neither	 of	 these	 studies,	 however,	 showed	 a	 benefit	 following	 upfront
consolidation	with	an	ASCT	for	 these	high-risk	 lymphomas.301,302	As	a	 result,	DA-EPOCH-R	has	become	a	de
facto	standard	of	care	for	patients	with	double-	and	triple-hit	lymphomas.

At	the	present	 time,	however,	 there	is	not	sufficient	evidence	to	suggest	 that	all	patients	with	HGBCL,	NOS
(without	double-/triple-hit	 cytogenetics),	 should	be	 treated	with	 regimens	more	 intense	 than	RCHOP.	This	 is	 a
heterogenous	 group	 of	 patients	with	 varied	 prognoses	 and	 natural	 histories,	 some	 of	whom	may	 do	well	with
standard	RCHOP.	These	patients	should	be	considered	for	clinical	trials	when	available.

High-Grade	B-cell	Lymphoma,	with	Features	Intermediate	between	Diffuse	Large	B-cell
Lymphoma	and	Classical	Hodgkin	Lymphoma
An	overlap	between	the	clinical	and	pathologic	features	of	PMBL	and	cHL	has	been	recognized	for	some	time.
Both	typically	occur	in	younger	female	patients,	involve	contiguous	nodal	stations,	and	on	biopsy,	demonstrate	a
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variable	number	of	malignant	B	cells	within	a	fibrotic	inflammatory	infiltrate.	In	2003,	two	groups	explored	GEPs
of	newly	diagnosed	PMBL,	DLBCL,	and	cHL	and	 found	 that	 the	GEP	of	PMBL	more	closely	 resembled	cHL
than	DLBCL.303	Specifically,	PMBL	had	a	low	expression	of	genes	involved	in	B-cell	receptor	signaling	and	high
expression	of	genes	involved	in	IL-13	receptor	signaling	as	well	as	immunomodulatory	genes	such	as	PD-L1	and
PD-L2.	In	addition,	both	cHL	and	PMBL	are	associated	with	amplification	of	9p24.1,	which	contains	the	genes
for	 JAK2	 and	 PD-L1,	 and	 this	 correlated	 with	 increased	 PD-L1	 expression.304	 The	 recognition	 of	 some
lymphomas	with	 features	 intermediate	between	PMBL	and	cHL,	or	HGBCL/cHL/DLBCL,	 further	 supports	 the
pathologic	relationship	between	these	two	malignancies.

Among	 patients	 with	 HGBCL/cHL/DLBCL,	 the	 majority	 are	 men,	 with	 presentations	 in	 the	 mediastinum.
Histopathologically,	one	sees	pleomorphic	tumor	cells	resembling	both	the	Hodgkin-Reed-Sternberg	cells	of	cHL
and	the	large,	atypical	B	cells	of	DLBCL	or	PMBL.	These	cells	appear	in	sheets,	separated	by	fibrotic	stroma	with
an	associated	inflammatory	infiltrate.	Immunohistochemical	profiles	of	the	malignant	cells	demonstrate	frequent
positivity	for	CD45,	CD20,	CD79a,	and	CD30	but	are	often	CD15-;	other	B-cell	markers	like	PAX5,	OCT2,	and
BOB1	are	often	positive.	Methylation	profiling	 reveals	 a	profile	 intermediate	between	 that	of	PMBL	and	cHL,
corroborating	 that	 these	 tumors	 may	 lie	 on	 a	 continuum	 between	 the	 two.305	 Interestingly,	 patients	 can	 have
metachronous	lymphomas	in	which	DLBCL	and	cHL	present	sequentially;	whether	these	lymphomas	are	related
to	HGBCL/cHL/DLBCL	is	unknown.

The	 prognosis	 is	 notably	 poorer	 in	HGBCL/cHL/DLBCL	 than	 in	 cHL	 or	 PMBL.299	 This	may	 not	 only	 be
partly	due	to	differences	in	pathobiology	but	may	also	result	from	not	knowing	whether	to	treat	with	an	NHL	or	a
cHL	 regimen.	There	 are	 no	 large	 prospective	 studies,	 but	 consensus	 has	 favored	 treating	 like	NHL.	There	 are
single-arm	 studies	 demonstrating	 good	 activity	 of	 CHOP	 in	 HL,	 making	 RCHOP	 an	 acceptable	 first-line
therapy.306	More	 recently,	16	patients	with	HGBCL/cHL/DLBCL	were	 treated	with	DA-EPOCH-R,	and	4-year
EFS	and	OS	was	only	45%	and	75%,	respectively.300	This	regimen,	however,	was	more	effective	in	PMBL,	where
the	5-year	EFS	and	OS	were	93%	and	97%,	 respectively.292	Following	combination	chemotherapy,	 the	 role	of
involved	 field	 radiation	 therapy	 in	 both	 cHL	 and	 PMBL	 is	 debated.	Despite	 frequently	 presenting	with	 bulky
mediastinal	disease,	patients	with	PMBL	enjoy	a	favorable	prognosis,	with	a	5-year	OS	>80%	following	RCHOP
and	 97%	 following	 DA-EPOCH-R.	 Whether	 to	 radiate	 patients	 who	 achieve	 a	 complete	 metabolic	 response
following	RCHOP	 is	uncertain,	 but	 radiation	was	omitted	 in	 such	 cases	 in	 the	DA-EPOCH-R	series.	The	only
published	randomized	trial	of	RT	for	this	disease	was	stopped	early	due	to	increased	relapses	in	the	nonradiated
group	at	the	interim	analysis;	all	patients	on	this	study	had	a	CR	to	RCHOP.307	A	large	randomized	clinical	trial	is
ongoing	in	Europe	to	decidedly	answer	this	question.	Despite	the	lack	of	evidence	supporting	RT	in	patients	who
have	 a	 CR	 to	 chemotherapy	 with	 HGBCL/cHL/DLBCL,	 many	 are	 referred	 for	 radiation	 given	 their	 worse
prognosis.

Burkitt	Lymphoma
BL	 is	 a	 rare	 disease	 in	 adults,	 comprising	 <1%	 of	 adult	 NHLs,	 whereas	 BL	 constitutes	 30%	 of	 nonendemic
pediatric	lymphomas.308,347

Pathology
BL	cells	resemble	the	small	noncleaved	cells	within	normal	GCs	of	secondary	lymphoid	follicles.	The	mitotic	rate
is	high,	and	analogous	to	normal	GCs,	frequent	tingible	body	macrophages	are	seen,	producing	the	classic	starry
sky	appearance.	The	fraction	of	Ki-67	positive	(proliferating	cells)	in	BL	is	typically	close	to	100%.1

Immunophenotype	and	Genetics
BL	is	a	tumor	of	B-lineage	derivation	identified	by	the	expression	of	CD19,	CD20,	sIgM,	CD10,	and	BCL6	but
not	BCL2.309	Endemic	BLs	are	EBV	positive,	whereas	the	majority	of	nonendemic	BLs	are	EBV	negative.	BL	is
associated	with	a	translocation	involving	MYC	on	chromosome	8q24	in	over	95%	of	the	cases.	The	most	common
partners	are	chromosomes	14,	2,	or	22,	rearrangements	that	produce	fusions	of	MYC	with	the	IgH	(80%),	kappa
(15%),	or	lambda	(5%)	light	chain	genes.	The	breakpoints	in	MYC	and	IgH	differ	in	endemic	versus	sporadic	BL.
MYC	 translocation	 is	 absent	 in	 <5%	 of	 cases	 that	 otherwise	 have	 all	 the	 features	 of	 BL.	 These	 cases	 share	 a
characteristic	 GEP	 with	 cases	 of	 BL	 that	 are	 associated	 with	 MYC	 rearrangements.310	 A	 subset	 of	 MYC
translocation-negative	tumors	have	abnormalities	of	chromosome	11q,	which	may	define	this	rare	subset	of	BL.



Clinical	Features
BL	 is,	 in	 general,	 a	 pediatric	 tumor	 that	 has	 three	 major	 clinical	 presentations.	 The	 endemic	 (African)	 form
presents	as	a	jaw	or	facial	bone	tumor	that	spreads	to	extranodal	sites,	including	the	ovary,	testis,	kidney,	breast,
and	 especially	 bone	marrow	 and	meninges.	 The	 nonendemic	 form	 usually	 has	 an	 abdominal	 presentation	with
massive	disease,	ascites,	and	renal,	testis,	and/or	ovarian	involvement	and,	like	the	endemic	form,	also	spreads	to
the	bone	marrow	and	CNS.	 Immunodeficiency-related	 cases	more	often	 involve	 lymph	nodes	 and	may	present
with	peripheral	blood	involvement.	BL	has	a	male	predominance	and	is	typically	seen	in	patients	younger	than	35
years	of	age.

Treatment
BL	in	adults	has	been	similarly	treated	with	regimens	designed	for	pediatric	populations.	CHOP	with	intrathecal
methotrexate	 should	be	considered	 insufficient	 treatment.	Short,	 intensive	 therapy	with	CNS	prophylaxis	 is	 the
standard	approach.298,311	The	original	Magrath	regimen	(CODOX-M/IVAC)	had	a	92%	2-year	OS.312	Other,	more
recent	series	using	this	regimen	in	older	patients	have	reported	a	2-year	OS	of	82%	for	low-risk	patients	and	70%
for	 high-risk	 patients.313,314	 Similar	 results	 have	 been	 seen	 with	 HyperCVAD	 rituximab-methotrexate-
cytarabine.315

The	 addition	 of	 rituximab	 to	 chemoimmunotherapy	 is	 now	 considered	 the	 standard	 of	 care	 when	 treating
patients	with	BL.	In	a	phase	III	randomized	study,	the	inclusion	of	rituximab	led	to	an	improved	EFS	at	3	years.316

A	recent	study	of	DA-EPOCH-R	for	six	to	eight	cycles	(two	cycles	past	CR)	reported	outstanding	results	with
freedom	from	progression	of	95%	and	OS	of	100%	at	a	median	follow-up	of	86	months.317	There	is	presently	no
evidence	that	first	remission	ASCT	is	indicated	for	adult	BL.318	The	outcome	for	relapsed	patients	is	dismal,	with
adults	rarely	cured	with	ASCT.319

MATURE	T-CELL	AND	NATURAL	KILLER	CELL	NEOPLASMS
Mycosis	Fungoides
For	a	discussion	of	mycosis	fungoides,	see	Chapter	99.

Peripheral	T-cell	Lymphomas,	Not	Otherwise	Specified
PTCL	includes	a	number	of	entities	that	constitute	15%	of	all	NHLs	in	adults.320	PTCL,	NOS,	comprising	6%	of
all	NHLs,	is	the	term	used	for	cases	that	do	not	fit	the	criteria	for	other	entities	(e.g.,	ALCL)	defined	in	the	WHO
classification.

Pathology
Features	of	PTCL,	NOS,	vary	widely	and	lack	findings	typical	of	other	specific	subtypes	of	PTCL.	Lymph	nodes
are	diffusely	effaced	by	atypical	lymphoid	cells,	which	may	include	a	spectrum	of	cell	sizes	or	may	be	composed
mainly	of	 large	cells.	The	 tumor	cells	may	induce	some	degree	of	vascular	proliferation	and	may	be	associated
with	varied	stromal	and	host	cell	responses,	sometimes	including	prominent	infiltrates	composed	of	eosinophils,
macrophages,	and/or	non-neoplastic	T	cells.	Mitoses,	apoptosis,	and	geographic	necrosis	may	also	be	seen.

Immunophenotype	and	Genetics
In	 contrast	 to	 B-cell	 lymphomas,	 the	 pattern	 of	 expression	 of	 T-cell	 surface	 antigens	 is	 highly	 variable.	 The
normal	 cellular	 counterparts	 of	 PTCL,	 NOS,	 are	 mature	 peripheral	 T	 cells.	 T-cell–associated	 antigens	 are
expressed	(CD3+/CD3-,	CD2+/CD2-).1	CD4	 is	more	 often	more	 expressed	 than	CD8	 and	 tumors	may	 be	CD4-
/CD8-	or	occasionally	CD4+/CD8+.	In	many	cases,	one	or	more	“mature”	T-cell	antigens	such	as	CD5	or	CD7	are
lost.	Clonal	TCR	gene	rearrangements	can	usually	be	detected.	Recurrent	copy	number	gains	and	losses	have	been
described	and	karyotypic	abnormalities	are	common,	but	recurrent	gene	rearrangements	that	are	common	is	other
PTCL	subtypes	are	absent.

Clinical	Features
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PTCLs,	NOS,326	 are	aggressive	NHLs,	presenting	with	a	median	age	of	65	years,	with	69%	of	patients	having
stage	 III/IV	disease.	Both	nodal	and	extranodal	 sites	are	common,	 including	 the	 skin,	 the	 liver,	 the	 spleen,	and
other	viscera.	B	symptoms	and	pruritus	are	commonly	seen.	Laboratory	abnormalities,	including	eosinophilia	and
hemophagocytic	syndrome,	are	features	of	PTCL,	NOS.

Treatment
For	PTCL,	NOS,	most	studies	failed	to	show	any	advantage	for	regimens	other	than	CHOP.	A	retrospective	subset
analysis	of	a	phase	III	study	in	PTCL	patients	of	CHOP	versus	CHOEP	showed	a	significant	improvement	in	EFS
for	PTCL	patients	 younger	 than	 age	60	years	with	 a	 normal	LDH	at	 diagnosis,	 but	 there	was	no	difference	 in
OS.321	 Various	 prognostic	models	 for	 PTCL	NOS	 have	 evolved,	 but	 generally,	 the	 IPI	 provides	 a	 reasonable
stratification	of	outcome,	with	low-risk	patients	having	a	55%	2-year	OS	and	high-risk	patients	having	a	<15%	2-
year	OS.	ASCT	has	been	applied	to	patients	with	PTCL,	NOS,	in	first	remission	with	approximately	50%	3-	to	5-
year	PFS	and	OS.	Given	the	generally	unfavorable	outcome	for	patients	with	PTCL,	NOS,	clinical	trials	should	be
considered.

Recurrent	disease	is	associated	with	very	poor	prognosis,	with	the	median	second	PFS	and	OS	after	relapse	of
4.6	and	6.7	months,	respectively.322,362	Conventional	agents	such	as	gemcitabine	have	limited	activity.323	Several
FDA-approved	 drugs	 for	 relapsed	 PTCL,	 including	 the	 antifolate	 agent	 pralatrexate	 and	 histone	 deacetylase
inhibitors	romidepsin	and	belinostat,	all	of	which	have	a	25%	to	30%	RR	with	median	durations	of	response	of
<18	months.324,325	Salvage	chemotherapy	followed	by	ASCT	has	limited	benefit.	A	recent	series	reported	2-year
EFS	and	OS	of	21%	and	42%,	respectively.	Nonmyeloablative	alloSCT	has	a	role	for	selected	patients	with	5-year
OS	and	PFS	of	50%	and	40%,	respectively,	and	nonrelapse	mortality	of	12%.326

Angioimmunoblastic	T-cell	Lymphoma
Angioimmunoblastic	T-cell	lymphoma	(AITL)	constitutes	4%	of	all	NHLs	and	about	20%	all	T-cell	NHLs.

Pathology	and	Genetics
Lymph	nodes	are	diffusely	effaced	by	a	polymorphous	population	of	lymphocytes	of	varying	size	and	shape	in	a
background	that	often	includes	prominent	high	endothelial	venules	and	scattered	immunoblasts.	Stains	for	CD21,
CD23,	and	CD35	reveal	an	expanded	network	of	follicular	dendritic	cells,	which	often	surround	tumor	cells	with
moderately	 abundant	 pale	 cytoplasm.	 The	 neoplastic	 cells	 resemble	 normal	 CD4+	 Tfh,	 and	 in	 addition	 to
expression	 of	 pan–T-cell	 markers	 such	 as	 CD3,	 often	 express	 CXCL13,	 PD-1,	 CD10,	 and	 BCL6	 that	 are
expressed	by	normal	Tfh.	Immunoblasts	in	the	background	are	often	EBV-positive	B	cells,	which	expand	in	this
disease	and	may	give	 rise	 to	secondary	EBV-positive	B-cell	 lymphomas.	Trisomy	3	and/or	5	may	occur.327	Of
interest,	next-generation	sequencing	studies	have	revealed	frequent	mutations	in	TET2,	IDH2,	and	DNMT3A,	all
of	 which	 are	 also	 mutated	 in	 myeloid	 neoplasms	 and	 which	 are	 believed	 to	 contribute	 to	 transformation	 by
modifying	 the	 epigenome.328	 Another	 common	 mutation	 in	 AITL	 is	 a	 G17V	 substitution	 in	 RHOA,	 a	 GTP-
binding	protein	that	participates	in	intracellular	signaling.	These	four	mutations	frequently	coexist,	suggesting	that
they	 have	 complementary	 transforming	 effects.	 It	 appears	 that	 in	 some	 instances,	 the	 TET2	 and	 DNMT3A
mutations	 also	 are	 present	 in	 other	 cell	 lineages,	 suggesting	 that	 AITL	 sometimes	 arises	 from	 clonal
hematopoiesis.	Another	abnormality	that	correlates	with	a	Tfh-like	immunophenotype	is	a	SYK-ITK	gene	fusion;
these	cases	lack	the	other	mutations	already	mentioned	and	are	currently	considered	a	subtype	of	PTCL,	NOS.

Clinical	Features
AITL	 presents	 in	 patients	 with	 a	 median	 age	 of	 62	 years.	 Often,	 there	 is	 acute	 onset	 of	 generalized
lymphadenopathy,	 hepatomegaly,	 fever,	 B	 symptoms,	 skin	 rash	 with	 a	 lymphohistiocytic	 infiltrate,	 and
autoimmune	phenomenon,	 including	polyarthritis,	 thyroid	dysfunction,	and	hemolytic	anemia.	Laboratory	study
abnormalities	 include	 eosinophilia,	 polyclonal	 hypergammaglobulinemia,	 elevated	 serum	 LDH,	 anemia,	 and	 a
positive	 Coombs	 test.	 Bone	 marrow	 involvement	 is	 common,	 with	 >80%	 of	 patients	 having	 stage	 III	 or	 IV
disease.	 The	 median	 survival	 ranges	 from	 15	 to	 36	 months,	 with	 patients	 dying	 of	 relapse,	 secondary	 EBV-
positive	DLBCL,	or	opportunistic	infection.

Treatment
Up	to	one-third	of	patients	with	AITL	have	spontaneous	remissions	or	initial	remissions	to	corticosteroids	alone.



AITL	is	approached	similarly	to	PTCL,	NOS,	with	combination	chemotherapy	producing	a	5-year	OS	and	failure-
free	survival	of	32%	and	18%,	respectively.329	ASCT	in	first	remission	is	an	option	for	younger	patients	based	on
phase	II	studies.	For	relapsed	disease,	the	options	are	similar	to	PTCL,	NOS,	except	few	responses	to	pralatrexate
were	seen.

Enteropathy-Associated	T-cell	Lymphoma	and	Monomorphic	Epitheliotropic
Intestinal	T-cell	Lymphoma
Enteropathy-associated	T-cell	lymphoma	(EATL)	is	a	rare	aggressive	disease	of	intraepithelial	T	cells	that	is	often
associated	with	a	history	of	gluten	enteropathy.330	It	is	commonly	associated	with	clinical	or	serologic	evidence	of
celiac	disease	and	HLADQA1*0501,	DQB1*0201	genotype.331,372	Treatment	of	celiac	disease	with	a	gluten-free
diet	prevents	the	development	of	lymphoma.	A	rare	entity	previously	called	type	II	EATL	that	is	not	associated
celiac	disease	has	been	renamed	monomorphic	epitheliotropic	intestinal	T-cell	lymphoma	(MEITCL).

Pathology
EATL	is	grossly	characterized	by	diffuse	infiltration	of	the	bowel	wall	by	an	atypical	lymphoid	infiltrate	that	often
produces	mucosal	ulcerations,	sometimes	accompanied	by	tumorous	masses.	The	morphology	of	the	tumor	cells
varies,	 but	 often,	 they	 are	 large	 and	 have	 anaplastic	 features.	 In	 cases	 associated	 with	 celiac	 sprue,	 adjacent
mucosa	may	show	a	dense	 infiltrate	of	small	 intraepithelial	 lymphocytes	associated	with	villous	atrophy.	These
cells	may	have	the	same	TCR	rearrangement	as	the	large	tumor	cell	population,	suggesting	that	they	represent	a
precursor	lesion	to	EATL	that	arises	in	the	setting	of	longstanding	celiac	disease.	As	the	name	implies,	MEITCL
is	characterized	by	a	proliferation	composed	of	a	monomorphous	population	of	intermediate-sized	lymphoid	cells.

Immunophenotype	and	Genetics
EATL	cells	express	CD3	and	CD103,	an	 integrin	expressed	on	 intestinal	 lymphocytes.	The	 tumor	cells	may	be
CD4+	(11%),	CD8+	(43%),	or	CD4-/CD8-,	and	some	cases	are	CD30+	as	well.	MEITCL	cells	are	positive	for	CD8
and	CD56.332	In	50%	to	60%	of	cases,	both	EATL	and	MEITCL	have	amplifications	of	the	9q31.3	region.

Clinical	Features	and	Therapy
Patients	with	EATL	present	with	intestinal	obstruction,	perforation,	and	bleeding.	In	some	patients,	there	is	a	brief
history	of	gluten	sensitivity	or	worsening	gluten	enteropathy.	The	small	bowel	is	the	most	common	site	of	disease,
with	the	stomach	or	colon	affected	less	often;	uncommonly,	other	viscera,	 the	lung,	 the	skin,	or	soft	 tissues	are
involved	secondarily.	These	patients	have	a	very	poor	prognosis,	with	a	median	survival	of	10	months.	Surgery
for	 limited-stage	disease	cures	a	small	number	of	patients.	 Intensive	induction	with	combination	chemotherapy,
including	 high-dose	methotrexate,	 and	ASCT	 in	 first	 remission,	may	 yield	 better	 outcomes	 than	 chemotherapy
alone.333

Anaplastic	Large-cell	Lymphoma
ALCL	constitutes	2%	of	all	NHLs	but	is	the	third	most	common	T-cell	NHL.	ALCL	is	more	frequent	in	children,
representing	10%	of	all	pediatric	lymphomas.	It	is	a	heterogeneous	disease	category	with	several	molecular	and
clinicopathologic	 subtypes.	 One	 of	 these	 unusual	 forms	 arises	 within	 the	 breast	 in	 association	 with	 breast
implants.334

Pathology
Several	morphologic	variants	 of	ALCL	are	 recognized.	The	most	 common	 (80%)	 are	 cases	 composed	of	 large
cells	with	round	or	pleomorphic,	often	horseshoe-shaped	or	embryoid	nuclei	with	multiple	(or	single)	prominent
nucleoli,	 which	 are	 referred	 to	 as	 hallmark	 cells.	 These	 cells	 have	 abundant	 cytoplasm,	 which	 gives	 them	 an
epithelioid	 or	 histiocyte-like	 appearance.	 The	 remaining	 morphologies,	 which	 are	 most	 commonly	 seen	 in
children,	are	the	small-cell,	lymphohistiocytic,	and	monomorphic	variants.	Tumor	cells	may	preferentially	localize
within	the	sinuses	of	lymph	nodes,	producing	an	appearance	that	can	be	mistaken	for	metastatic	solid	tumors.

Immunophenotype	and	Genetics
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ALCL	 encompasses	 at	 least	 three	 distinct	 clinicopathologic	 entities:	 primary	 systemic	 ALCL,	 ALK	 positive;
primary	systemic	ALCL,	ALK	negative;	and	primary	cutaneous	ALCL.	Virtually	all	cases	are	CD30+.	Over	60%
of	cases	express	CD3,	CD25,	CD43,	or	CD45RO,	and	many	cases	are	CD4+.	Unlike	cHL,	ALCL	cells	usually
lack	 CD15.	 A	minority	 fails	 to	 express	 any	 T-cell	 antigens,	 and	 up	 to	 40%	 of	 cases	 may	 fail	 to	 express	 the
common	 leukocyte	 antigen	 (CD45).	 TCR	 genes	 are	 clonally	 rearranged	 in	 most	 cases,	 but	 some	 tumors
(particularly	 those	 that	 fail	 to	 express	 T-cell	 markers)	 apparently	 lack	 TCR	 rearrangements.	 By	 definition,
rearrangements	 involving	 the	ALK	 gene	 are	 present	 in	ALK-positive	ALCL,	which	 comprises	 40%	 to	 60%	 of
cases	 and	 is	more	 common	 in	 children	and	younger	 adults.	The	most	 common	 rearrangement	 in	ALK-positive
ALCL	is	the	t(2;5),	which	fuses	a	portion	of	the	nucleolar	protein	nucleophosmin-1	(NPM1)	gene	on	chromosome
5q35	 to	 a	 portion	 of	ALK	 on	 chromosome	 2p23.335	 The	 resulting	 fusion	 gene	 encodes	 a	 chimeric	NPM–ALK
fusion	protein	with	constitutive	tyrosine	kinase	activity.	Immunohistochemistry	for	ALK	can	be	used	to	reliably
identify	cases	associated	with	ALK	gene	rearrangements.	ALK-negative	systemic	ALCL	is	associated	in	a	subset
of	cases	with	rearrangements	involving	either	DUSP22,	a	gene	encoding	a	dual	substrate	phosphatase,	or	TP63,	a
member	 of	 the	 p53	 gene	 family.	 Tumors	with	DUSP22	 rearrangements	 appear	 to	 have	 a	 favorable	 prognosis,
similar	to	that	of	ALCL,	ALK-positive,	whereas	TP63	rearrangements	are	associated	with	poor	clinical	outcomes.
Cutaneous	ALCL	also	is	frequently	associated	with	DUSP22	rearrangements.

Clinical	Features
Systemic	ALCL,	 regardless	 of	ALK	 status,	may	 present	 in	 lymph	 nodes	 or	 extranodal	 sites,	 including	 but	 not
limited	 to	 the	 skin.	 Primary	 cutaneous	 ALCL	 is	 morphologically	 similar	 to	 systemic	 ALCL	 but	 lacks	 ALK
expression	or	rearrangements	and	is	by	definition	restricted	to	the	skin	at	diagnosis	(see	Chapter	99).	ALCL	has	a
male	 predominance,	with	 a	median	 age	 of	 34	 years	 for	ALK-positive	 disease	 and	 58	 years	 for	ALK-negative
disease.336	 Except	 for	 age,	 there	 is	 no	 difference	 in	 clinical	 presentations	 of	 ALK-positive	 and	 ALK-negative
systemic	disease.	Patients	with	 systemic	disease	often	present	with	B	 symptoms,	peripheral	 and	 retroperitoneal
adenopathy,	and	skin	involvement	(25%	of	patients).	Although	marrow	involvement	is	infrequent,	60%	of	patients
have	stage	III	or	IV	disease.

Treatment
Generally,	 ALCL	 has	 been	 treated	 with	 combination	 chemotherapy,	 largely	 CHOP.	 A	 subset	 analysis	 of	 the
randomized	CHOP	versus	CHOEP	trial	in	patients	aged	younger	than	60	years	with	normal	LDH	found	superior
outcome	with	 CHOEP	 (OS,	 90%	 versus	 55%).337	 Compared	 to	 other	 peripheral	 T-cell	 NHLs,	 ALCL	 has	 the
highest	5-year	OS,	driven	by	the	IPI	score	and	the	expression	of	ALK,	with	ALK-positive	disease	associated	with
a	favorable	prognosis,338,339	with	8-year	OS	of	82%	versus	only	49%	in	ALK-negative	disease.	The	major	impact
of	ALK	expression	was	seen	in	patients	age	40	years	or	greater.	For	relapsed	patients,	options	include	stem	cell
transplantation	following	reinduction	therapy.	The	anti-CD30	antibody	drug	conjugate	brentuximab	vedotin	(anti-
CD30	monomethyl	auristatin	E	antitubulin	conjugate)	is	highly	active,340	with	an	overall	RR	of	86%	and	a	CRR
of	 57%;	 the	median	 duration	 of	 CR	 is	 13	months.	 Brentuximab	 is	 being	 examined	 in	 the	 initial	 treatment	 of
ALCL.	Crizotinib,	an	inhibitor	of	the	ALK	tyrosine	kinase,	has	reported	activity	in	relapsed	disease.341

Hepatosplenic	T-cell	Lymphoma
Hepatosplenic	T-cell	lymphoma	is	an	extremely	rare	disease	of	cytotoxic	T	cells.

Pathology
The	tumor	cells	infiltrate	the	red	pulp	of	the	spleen	and	liver	sinusoids	as	well	as	the	bone	marrow,	although	this
can	 be	 subtle.	 Cells	 are	 medium	 sized	 with	 round	 nuclei,	 moderately	 condensed	 chromatin,	 and	 moderately
abundant	pale	cytoplasm.

Immunophenotype	and	Genetics
The	tumor	cells	are	CD2+,	CD3+,	variably	CD8+,	CD7+,	and	CD56+.	In	contrast	to	most	PTCL,	which	generally
expresses	 the	 αβ	TCR,	 these	 tumors	 commonly	 express	 γδ	TCR.	 Isochromosome	 7q	 and	 trisomy	 8	 have	 been
reported	in	many	cases,	and	these	tumors	are	genetically	distinct	from	other	PTCL.342



Clinical	Features	and	Treatment
Hepatosplenic	T-cell	 lymphoma	is	an	extremely	rare	disease	presenting	in	adolescents	and	young	adults,	with	a
male	 predominance.	 Features	 include	 marked	 hepatosplenomegaly,	 often	 with	 marrow	 involvement,	 and
occasionally,	 peripheral	 blood	 involvement	 and	 pancytopenia.343	 Of	 patients,	 10%	 to	 20%	 occur	 in
immunosuppressed,	solid-organ	allograft	recipients	and	in	patients	with	Crohn	disease	on	thiopurines.344	This	 is
an	aggressive	disease,	which	usually	relapses	after	the	initial	response	to	chemotherapy,	but	upfront	regimens	that
include	infusional	ifosfamide	like	ICE	or	IVAC	appear	to	be	superior	to	CHOP	with	or	without	etoposide.345	The
median	survival	is	1	to	2	years,	with	rare	patients	being	long-term	survivors	after	alloSCT.

Subcutaneous	Panniculitis-Like	T-cell	Lymphoma
Subcutaneous	panniculitis-like	T-cell	lymphoma	is	a	rare	T-cell	NHL	of	cytotoxic	CD8+	T	cells	presenting	with
subcutaneous	nodules.346	This	entity	represents	<1%	of	all	NHLs.

Pathology
The	cellular	infiltrates	are	found	in	the	subcutaneous	fat	and	generally	spare	the	overlying	skin.	This	consists	of	an
infiltrate	of	small,	medium,	and	large	atypical	lymphocytes	that	infiltrate	fat	lobules,	often	forming	rims	around
individual	 adipocytes.	 Cells	 express	 CD3	 and	 CD8,	 and	 are	 usually	 negative	 for	 CD4	 and	 CD56.	 Cytotoxic
granules	containing	granzyme	B,	T-cell	intercellular	antigen	1,	and	perforin	are	also	present.	Most	cases	express
αβ	TCRs,	but	a	subset	expresses	γδ	TCRs	instead.	Like	other	PTCLs,	there	is	often	an	aberrant	immunophenotype
marked	by	loss	of	one	or	more	T-cell	antigens	(e.g.,	CD2,	CD5,	CD7).	Clonal	TCR	rearrangements	are	present,
but	no	specific	cytogenetic	abnormalities	for	this	disease	have	been	reported.

Clinical	Features
This	disease	affects	females	more	than	males,	with	an	age	ranging	from	40	to	60	years.	The	disease	is	localized	to
the	skin;	involvement	of	other	sites,	including	lymph	nodes	or	bone	marrow,	is	extremely	uncommon.	The	disease
can	wax	and	wane,	and	many	patients’	disease	behaves	 like	cutaneous	T-cell	NHLs,	with	a	5-year	OS	of	82%.
Hemophagocytic	 lymphohistiocytosis	 is	 reported	 in	 17%	of	 patients	 and	 is	 associated	with	much	 lower	 5-year
survival	(46%	versus	91%).	Patients	with	hemophagocytic	lymphohistiocytosis	merit	combination	chemotherapy
and	should	be	considered	for	SCT.

Extranodal	Natural	Killer/T-cell	Lymphomas,	Nasal	Type
Extranodal	 NK/T-cell	 lymphoma,	 nasal	 type,	 is	 an	 extranodal	 lymphoma	 usually	 presenting	 in	 the	 upper
aerodigestive	 tract	 with	 occasional	 extranodal	 sites.	 This	 is	 a	 malignancy	 of	 NK	 cells	 that	 is	 generally	 EBV
positive,	with	some	cases	of	cytotoxic	T-cell	origin.	This	disease	 is	 rare	 in	 the	United	States	and	Europe	but	 is
much	more	common	in	Asia	(Hong	Kong)	and	native	populations	in	Peru.347

Pathology
Extranodal	 NK/T-cell	 lymphoma,	 nasal	 type,	 has	 widely	 varying	 cytologic	 features	 but	 usually	 consists	 of	 a
proliferation	 of	 a	 mixture	 of	 small	 and	 large	 atypical	 lymphoid	 cells.	 The	 most	 characteristic	 features	 are
prominent	 vascular	 invasion	 associated	 with	 fibrinoid	 necrosis	 of	 vessels	 walls	 and	 infarction	 of	 surrounding
tissues.4	In	touch	preparations,	cytoplasmic	azurophilic	granules	may	be	seen	in	the	neoplastic	cells.

Immunophenotype	and	Genetics
The	cells	express	CD2,	CD56,	and	cytoplasmic	CD3	and	are	generally	negative	for	CD4,	CD8,	TCR,	and	surface
CD3.	The	TCR	and	Ig	genes	are	usually	germline.	EBV	genomes	are	present	in	virtually	all	cases.	There	is	loss	of
heterozygosity	at	6q	and	13q,	with	frequent	overexpression	of	p53	and/or	TP53	mutations.

Clinical	Features
Extranodal	NK/T-cell	 lymphoma,	nasal	 type,	 is	 rare	 in	 the	United	States,	 typically	presenting	 in	males	with	an
average	age	of	60	years.	The	disease	 is	more	common	 in	Asia,	possibly	because	of	genetic	 factors	 that	 impact
response	 to	 EBV	 infection.	 The	 vast	 majority	 of	 patients	 have	 localized	 disease	 with	 nasal	 obstruction	 and	 a
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destructive	mass	involving	the	nose	sinuses	and	palate.	Stage	I	disease	is	present	in	81%	of	patients	and	stage	II
disease	in	17%	of	patients.348	B	symptoms	are	uncommon.	Extranasal	sites	include	intestine	(37%),	skin	(26%),
testis	(17%),	lung	(14%),	eye	or	soft	tissue	(9%	each),	adrenal	gland	(6%),	brain	(6%),	and	breast	and	tongue	(3%
each).	Patients	with	extranasal	disease	have	higher	stage,	elevated	LDH,	bulky	disease,	and	a	poor	performance
status.	Extranasal	disease	is	associated	with	a	worse	prognosis	than	the	nasal	subtype	for	both	early-	and	late-stage
disease.	A	prognostic	index	for	NK/T-cell	lymphoma	has	been	developed	with	the	factors	including	B	symptoms,
stage	III	or	IV	disease,	elevated	LDH,	and	lymph	node	involvement.	CNS	risk	is	increased	in	patients	with	three
or	four	factors	(10%)	compared	with	<2%	of	those	with	one	or	two	features.	The	EBV	viral	load	at	diagnosis	and
end	of	therapy	is	predictive	of	PFS	and	OS.349

Treatment
In	 a	multi-institutional	 study	of	 1,273	 patients	with	 stage	 IE/IIE	NK/T-cell	 lymphoma,350	 among	 patients	with
low-risk	disease	(age	60	years	and	younger,	stage	I,	no	primary	tumor	invasion,	normal	LDH,	ECOG	performance
status	0	to	1),	radiation	therapy	alone	resulted	in	a	5-year	OS	of	88.8%.	For	patients	with	risk	factors,	radiation
therapy	followed	by	chemotherapy	yielded	a	superior	5-year	OS	(72.2%),	compared	to	 induction	chemotherapy
followed	by	radiation	therapy	(58.3%),	or	radiation	therapy	alone	(59.6%),	suggesting	that	early	use	of	RT	(50	to
55	Gy)	is	critical	to	optimal	treatment.	Patients	with	stage	III	to	IV	disease	generally	have	a	very	poor	prognosis
and	often	 relapse	 in	other	 extranodal	 sites.	More	 recent	 studies	 suggest	 that	 combined	modality	 treatment	may
yield	more	 favorable	 results.	Phase	 II	 trials	of	 concurrent	RT	and	weekly	cisplatin	 followed	by	 three	cycles	of
etoposide,	ifosfamide,	cisplatin,	and	dexamethasone	reported	overall	RR	of	83%	and	3-year	PFS	and	OS	of	85%
and	 86%,	 respectively.351,352	 For	 disseminated	NK/T-cell	 lymphoma,	 only	 30%	 of	 patients	 achieve	 a	CR	with
CHOP	chemotherapy	with	median	OS	of	4.3	months.348	Regimens	with	L-asparaginase	 have	 shown	promising
results	 in	 relapsed	 disease.353	 The	 dexamethasone,	 methotrexate,	 ifosfamide,	 L-asparaginase,	 and	 etoposide
(SMILE)	regimen	in	disseminated	disease	has	an	overall	RR	of	79%,	with	45%	CRs.	The	1-year	PFS	and	OS	of
53%	and	55%,	respectively,	have	been	reported.354

Adult	T-cell	Leukemia/Lymphoma
ATLL	is	a	highly	aggressive	disease	 that	 is	associated	with	 infection	by	HTLV-1	in	100%	of	cases.355–357	This
retrovirus	is	endemic	in	southern	Japan,	the	Caribbean	basin,	western	Africa,	the	southeastern	United	States,	and
northeast	 Iran.	The	virus	 is	predominantly	 spread	by	breastfeeding	and	also	may	be	 transmitted	 through	sexual
exposure	and/or	blood	transfusion.	The	disease	has	a	 long	clinical	 latency	period,	suggesting	that	HTLV-1	may
not	be	sufficient	for	disease.	The	risk	of	developing	ATLL	following	infection	with	HTLV-1	is	estimated	to	be
4%.	HTLV-1	causes	an	ATLL-like	disease	in	severe	combined	immune	deficiency	mice.358

Pathology
Lymph	nodes	are	diffusely	effaced	by	an	atypical	lymphoid	infiltrate	that	preferentially	involves	T-cell	zones	and
the	medulla.	The	most	 characteristic	morphologic	 feature	 is	 seen	 in	 the	peripheral	blood,	where	 the	 circulating
tumor	cells	often	have	multilobated	nuclear	contours,	referred	to	as	a	sunflower	or	starburst	appearance.

Immunophenotype	and	Genetics
ATLL	is	a	tumor	of	CD4+	T	cells	expressing	CD2,	CD3,	CD5,	and	CD25	but	lacking	CD7.	The	uniformly	high
levels	of	CD25	and	variable	expression	of	the	transcription	factor	FOXO1	has	led	to	the	suggestion	that	this	may
be	 a	 tumor	 of	 regulatory	 T	 cells.	 PD-L1	 is	 expressed	 by	 27%	 of	 cases.359	 Deletions	 at	 6q,	 trisomy	 3,	 and
monosomy	 X	 and	 Y	 are	 common,	 but	 key	 genetic	 events	 associated	 with	 ATLL	 development	 are	 largely
unknown.

Clinical	Features
The	median	age	of	ATLL	patients	 is	60	years,	with	 a	male	predominance.360	 There	 are	 several	 variants	 of	 the
disease:	acute	(60%	of	patients),	lymphomatous	(20%	of	patients),	chronic	(15%	of	patients),	and	smoldering	(5%
of	patients),	with	median	survivals	of	6	months,	10	months,	24	months,	and	not	yet	reached,	respectively.361	The
chronic	form	can	evolve	into	the	acute	type.	Patients	present	with	bone	marrow	and	peripheral	blood	involvement,
high	white	 blood	 cell	 count,	 hypercalcemia	 (due	 to	 parathyroid	 hormone–related	 protein,	 transforming	 growth



factor	β,	and	receptor	activator	of	NF-κB	ligand),	lytic	bone	lesions,	lymphadenopathy,	hepatosplenomegaly,	skin
lesions	resembling	cutaneous	T-cell	lymphoma,	and	interstitial	pulmonary	infiltrates.	Opportunistic	infections	can
also	 accompany	 the	 clinical	 presentation,	 including	 pneumocystis,	 cryptococcus	meningitis,	 strongyloides,	 and
disseminated	herpes	zoster.

Therapy
ATLL	 is	 generally	 approached	 with	 intensive	 multiagent	 chemotherapy	 regimens.362	 Antiviral	 therapy	 with
zidovudine	 and	 interferon-α	 should	be	 considered	upfront	 for	 the	 smoldering,	 chronic	 subtype.	A	 retrospective
analysis	 of	 116	patients	 suggested	 an	 improved	 survival	with	 interferon-α	 and	 zidovudine	 antiviral	 therapy	 for
acute,	 chronic,	 and	 smoldering	 subtypes,	 whereas	 patients	 with	 the	 lymphomatous	 type	 experienced	 a	 better
outcome	with	first-line	chemotherapy.	For	the	acute	leukemia	lymphoma	type,	a	phase	III	randomized	trial	of	118
patients363	 reported	 that	 an	 intensive	 regimen	 (vincristine,	 cyclophosphamide,	 doxorubicin,	 and	 prednisone
[VCAP];	doxorubicin,	ranimustine,	and	prednisone	[AMP];	and	vindesine,	etoposide,	carboplatin,	and	prednisone
[VECP])	or	VCAP-AMP-VECP	had	a	significantly	higher	CRR	but	no	difference	in	overall	RR	than	CHOP-14
with	intrathecal	methotrexate.	The	3-year	OS	was	24%	with	VCAP-AMP-VECP	but	only	13%	with	CHOP.

In	 a	 phase	 II	 multicenter	 study,	 the	 anti-CCR4	 antibody	 was	 administered	 to	 28	 patients	 with	 relapsed
aggressive	ATLL.	The	overall	RR	was	50%	including	8	CRs.	The	median	PFS	was	only	5	months.	Nonetheless,
the	results	suggest	further	investigation,	potentially	in	combination	with	cytoxic	therapy,	is	warranted.	Based	on
expression	 of	 the	 CCR4	 chemokine	 receptor	 on	 ATLL	 cells,	 mogamulizumab,	 is	 being	 investigated	 in
combination	with	chemotherapy.364	However,	mogamulizumab	administered	prior	to	alloSCT	was	associated	with
an	 increased	 risk	 for	 severe	 treatment	 refractory	 graft-versus-host	 disease,	 likely	 related	 to	 regulatory	 T-cell
depletion.	These	results	further	define	the	role	for	use	of	the	antibody	in	ATLL.365,366

Lenalidomide	is	of	limited	value	in	ATLL.	In	a	phase	II	multicenter	study,	lenalidomide	was	administered	to
26	patients	with	relapsed	ATLL.	Although	42%	of	patients	achieved	an	objective	response,	the	median	PFS	was
only	 4	months.	Alemtuzumab	 is	 active	 in	ATLL.	 In	 a	 phase	 II	multicenter	 study,	 15	 of	 29	 patients’	 results	 to
alemtuzumab	administered	 intravenously	over	12	weeks	was	 reviewed.	All	patients	developed	cytomegalovirus
antigenemia.	Consistent	with	other	single-agent	studies,	the	median	PFS	was	2	months.367	With	the	poor	results	of
chemotherapy,	 both	 myeloablative	 and	 reduced	 intensity	 alloSCT	 has	 been	 applied	 to	 ATLL,	 with	 limited
success.368,369

Primary	Central	Nervous	System	Lymphoma
Primary	CNS	lymphoma	is	the	subject	of	Chapter	100.

Central	Nervous	System	Prophylaxis	for	Aggressive	Lymphomas
Prophylaxis	 for	 the	 development	 of	 CNS	 disease	 in	 DLBCL	 is	 highly	 controversial.	 Several	 sites	 of	 disease,
including	 testis,	 ovary,	 bone	 marrow,	 breast,	 epidural	 space,	 and	 paranasal	 sinuses,	 have	 been	 reported	 to	 be
associated	with	a	high	risk	of	CNS	dissemination.	A	high	intermediate	or	high	IPI	score	and	multiple	extranodal
sites	are	also	risk	factors.	A	CNS	IPI	was	developed	and	subsequently	validated.370	This	model	uses	the	IPI	risk
factors	 in	 addition	 to	 involvement	 of	 the	 kidneys	 and/or	 adrenal	 glands	 to	 define	 three	 risk	 groups:	 low,
intermediate,	and	high	risk	with	a	2-year	 risk	of	CNS	relapse	of	0.6%,	3.4%,	and	10.2%,	respectively.	Patients
with	HGBCL,	particularly	tumors	with	double-hit	cytogenetics,	are	at	increased	risk.	In	a	retrospective	analysis	of
aggressive	NHLs,	in	the	prerituximab	era,	the	cumulative	risk	of	CNS	involvement	was	2.8%.	Intraparenchymal
and	intraspinal	disease	occurred	in	66%,	whereas	isolated	leptomeningeal	disease	was	seen	in	only	26%.	A	total	of
80%	 of	 CNS	 relapses	 occurred	 on	 or	 within	 6	 months	 of	 completing	 chemotherapy,	 suggesting	 a	 subclinical
disease	 at	 diagnosis.	 In	 the	 current	 period	 of	 chemoimmunotherapy,	 it	 remains	 controversial	 if	 the	 addition	 of
rituximab	 lowers	 the	 risk	 of	CNS	disease.371	With	 the	 significant	 number	 of	 parenchymal	 relapses,	 intrathecal
chemotherapy	alone	may	be	inadequate	prophylaxis,	making	high-dose	methotrexate	a	potentially	more	effective
therapy.	However,	there	is	no	compelling	evidence	that	high-dose	methotrexate	is	superior	to	the	intrathecal	route.

Posttransplant	Lymphoproliferative	Disorders
Posttransplant	lymphoproliferative	disorders	(PTLDs)	are	a	common	and	significant	complication	following	solid
organ	transplantation,	occurring	in	up	to	10%	of	adult	patients.372	PTLDs	are	less	commonly	seen	after	alloSCT.
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They	 constitute	 a	 heterogeneous	 collection	 of	 diagnoses	 ranging	 from	 early	 lesions,	 with	 reactive	 plasmacytic
hyperplasia,	 to	 polymorphic	 PTLD,	 with	 polyclonal	 or	 monoclonal	 expansion	 of	 atypical	 lymphoid	 cells,	 to
monomorphic	 PTLD,	with	 lymphoma	 histopathology	 and	 immunophenotype.1	 They	 differ	 from	 nontransplant-
related	adult	lymphomas	in	that	they	tend	to	be	extranodal,	are	high	grade,	and	have	an	aggressive	clinical	course
with	a	mortality	rate	often	exceeding	50%.

PTLD	 following	 hematopoietic	 SCT	 is	 usually	 a	 malignancy	 of	 donor	 lymphoid	 cells,	 whereas	 PTLD
following	 solid	 organ	 transplantation	 is	 traditionally	 thought	 to	 be	 of	 recipient	 origin	 in	 the	majority	 of	 cases,
although	donor-derived	cases	have	been	reported	and	typically	involve	the	grafted	organ.	In	both	PTLD	following
hematopoietic	and	solid	organ	transplantation,	>80%	of	PTLDs	are	of	B-cell	origin.	PTLD	following	solid	organ
transplantation	 can	 occur	 early,	 within	 the	 first	 year	 following	 transplant,	 or	 late,	 at	 1	 year	 or	 greater	 from
transplantation.	Early	PTLD	 is	much	more	 common,	with	 an	 incidence	of	224	per	100,000	 that	 falls	 to	54	per
100,000	by	the	second	year.	Over	90%	of	early-onset	B-cell	PTLDs	are	EBV	positive,	whereas	over	50%	of	late-
onset	B-cell	 PTLD	are	EBV	negative.373	 Immunosuppression	 following	 solid	 organ	 transplantation	 results	 in	 a
loss	 of	 EBV-specific	 cytotoxic	 T	 cells,	 allowing	 for	 growth	 and	 acquisition	 of	 additional	 mutations	 in	 EBV-
transformed	B	cells,	such	as	alterations	in	MYC,	BCL6,	TP53,	and	DNA	hypermethylation.

EBV	 serologic	 status	 before	 transplant,	 as	 well	 as	 the	 degree	 and	 type	 of	 immunosuppression	 following
transplant,	are	risks	of	developing	PTLD.	EBV-naïve	patients	pretransplant	and	younger	patients	have	higher	risk
of	PTLD.374	The	intensity	of	T-cell	immunosuppression	is	clearly	associated	with	risk	as	is	the	use	of	particular
immunosuppressive	 regimens,	 such	 as	 anti–T-cell	 monoclonal	 antibodies,	 tacrolimus,	 and	 multiple
immunosuppressive	agents.

The	incidence	of	PTLD	varies	with	the	type	of	organ	being	transplanted;	in	adult	patients,	this	ranges	from	1%
to	 3%	 of	 kidney	 and	 liver	 transplants,	 from	 1%	 to	 6%	 of	 heart	 transplants,	 from	 2%	 to	 6%	 of	 heart–lung
transplants,	from	4%	to	10%	of	lung	transplants,	and	up	to	20%	of	small	bowel	transplants.375

Antiviral	agents	have	been	studied	in	both	the	treatment	and	prophylaxis	settings.	For	treatment,	no	study	has
demonstrated	a	clear	benefit,	 although	 they	may	have	 some	efficacy	 in	early	or	polymorphic	disease.	Antiviral
therapy	(ganciclovir)	may	decrease	PTLD	in	high-risk	EBV-seronegative	patients.374	The	other	strategy	for	early
intervention	is	to	monitor	EBV	viral	load.	EBV	viral	load	has	been	shown	to	be	significantly	increased	in	patients
who	develop	PTLD.376	The	use	of	a	rising	or	increased	viral	load	to	alter	clinical	practice	has	been	investigated
following	 hematopoietic	 stem	 cell	 transplantation,	 with	 a	 reduction	 in	 immunosuppression	 and/or	 preemptive
therapy	 with	 rituximab	 or	 EBV	 cytotoxic	 T	 cells.377	 But	 this	 has	 not	 yet	 translated	 into	 studies	 investigating
preemptive	changes	in	clinical	management	in	the	solid	organ	transplant	setting.

Pathology
The	 histologic	 appearance	 of	 PTLD	 is	 highly	 variable.	 The	WHO	 classification	 system	 includes	 the	 following
categories:	(1)	early	lesions,	reactive	plasmacytic	hyperplasia,	and	infectious	mononucleosis-like	appearance;	(2)
polymorphic	 PTLD,	 infectious	 mononucleosis-like	 appearance	 with	 architectural	 effacement	 and	 tissue
destruction;	 and	 (3)	monomorphic	 PTLD	 (classified	 according	 to	 lymphoma	 classification	 schemes),	 including
DLBCL,	 BL,	 multiple	 myeloma,	 plasmacytoma,	 PTCL	 NOS,	 other	 types	 of	 T-cell	 lymphoma,	 and	 HL	 and
Hodgkin-like	lymphomas.

Clinical	Presentation	and	Prognosis
PTLDs	present	as	both	nodal	and	extranodal	disease.	CNS	 involvement	was	 reported	 in	22%	of	PTLDs.	Other
common	extranodal	sites	include	the	lung	and	GI	tract,	which	may	be	associated	with	a	better	prognosis.	In	solid
organ	transplants	of	the	heart,	lung,	and	liver,	the	allograft	is	reported	to	be	the	site	of	disease	in	22%	of	cases.
Survival	statistics	in	PTLD	are	variable,	owing	to	the	heterogeneity	of	the	diagnosis,	ranging	from	early	lesions	to
monomorphic	PTLD,	 and	 to	 advances	 in	 therapy.	Median	 1-year	 and	5-year	 survival	 is	 approximately	 50%	 to
60%	and	30%	to	40%,	respectively,	depending	on	the	type	of	organ	transplanted.	Reported	median	OS	is	20	to	30
months.378	The	IPI	for	aggressive	NHLs	has	been	applied	to	PTLD	with	limited	utility.	Other	prognostic	models
for	PTLD	have	been	developed	with	risk	factors	being	age	60	years	and	older,	ECOG	performance	status	≥2,	and
elevated	LDH.379	Low-	(zero	risk	factors),	intermediate-	(one	risk	factor),	and	high-risk	(two	to	three	risk	factors)
groups	had	2-year	OS	rates	of	88%,	50%,	and	0%,	respectively.

Therapy
There	 are	 no	 established	 treatment	 recommendations	 for	 PTLD	given	 the	 heterogeneity	 of	 the	 diagnosis,	 from



pathology	to	prognosis,	and	the	general	lack	of	prospective,	randomized	studies	in	the	field.	As	we	have	learned
more	about	the	varied	natural	history	of	the	different	diseases	and	their	risk	and	prognostic	factors,	 therapy	can
now	be	better	tailored	to	the	individual	patient.	For	instance,	a	stepwise	approach	to	therapy	is	often	indicated	for
patients	with	either	early	lesions	or	polymorphic	disease,	starting	with	a	reduction	in	immunosuppression	with	or
without	 the	 addition	 of	 antiviral	 therapy,	 to	 single-agent	 rituximab,	 to	 chemoimmunotherapy	 if	 indicated.	 This
typically	involves	a	25%	to	50%	reduction	in	cyclosporine	and	tacrolimus	and	discontinuation	of	azathioprine	and
mycophenolate	mofetil.380

For	patients	with	monomorphic	disease,	the	initial	reduction	in	immunosuppression	is	typically	accompanied
by	the	addition	of	rituximab	with	or	without	chemotherapy,	depending	on	the	aggressiveness	and	histopathology
of	 the	disease.381	RRs	 to	 rituximab	 alone	 range	 from	44%	 to	79%.382	The	PFS	 and	OS	at	 a	 follow-up	of	 27.5
months	 in	 these	 studies	 range	 from	 42%	 to	 47%,	 respectively.	 Patients	 with	 higher	 risk,	 more	 aggressive
monomorphic	disease	are	treated	with	sequentially	dosed	rituximab	followed	by	CHOP	for	patients	who	did	not
respond	sufficiently,	with	encouraging	results	with	an	overall	RR	of	88%	(70%	complete)	and	a	3-year	duration	of
response	of	82%.383,384

Antiviral	 therapy	 has	 been	 investigated	 in	more	 resistant	 disease.	 The	 combination	 of	 arginine	 butyrate,	 an
activator	of	latently	infected	lymphoma	cells	via	the	induction	of	EBV	thymidine	kinase,	has	been	combined	with
ganciclovir	 with	 encouraging	 results	 in	 limited	 number	 of	 patients	 treated.	 SCT	 has	 anecdotal	 experience	 in
refractory	patients.	Infusion	of	EBV-specific	T	cells	may	also	have	a	role	in	refractory	disease.385

HIV-associated	Non-Hodgkin	Lymphoma
Aggressive	NHLs	are	AIDS-defining	malignancies.	AIDS-related	NHL	occurs	in	three	broad	categories:	systemic
lymphoma,	which	represents	about	85%	of	all	 lymphomas;	primary	CNS	lymphoma,	accounting	for	15%	of	all
lymphomas;	 and	 primary	 effusion	 or	 body	 cavity	 lymphomas,	 which	 are	 rare.44	 The	 breakdown	 of	 histologic
subtypes	includes	DLBCL	(75%),	BL	(20%),	plasmablastic	lymphoma	(<5%),	T-cell	lymphoma	(1%	to	3%),	and
indolent	B-cell	 lymphomas	 (<10%).	About	30%	of	AIDS-related	 lymphomas	have	deregulation	of	BCL6	 and	a
similar	 number	 have	 MYC	 abnormalities.	 Approximately	 60%	 of	 cases	 have	 abnormalities	 of	 TP53.	 The
pathogenesis	 is	analogous	to	PTLD,	with	EBV	infection	playing	a	major	role	 in	HIV-associated	NHLs.	HHV-8
infection	is	associated	with	PEL.5	The	risk	factors	for	developing	lymphoma	include	depressed	CD4	count,	high
HIV	viral	load,	and	a	lack	of	effective	antiretroviral	therapy.	Other	risks	include	a	lack	of	the	CCR5-32	deletion.

Systemic	 AIDS-related	 NHLs	 are	 generally	 highly	 aggressive	 diseases.	 Besides	 nodal	 disease,	 extranodal
disease	is	exceedingly	common,	with	GI	tract,	skin	and	soft	tissues,	liver,	lung,	heart,	as	well	as	bone	marrow	and
CNS	involvement	(in	5%	to	20%	of	cases).	B	symptoms	are	also	common	presenting	symptoms.

Plasmablastic	 lymphoma	 is	 a	 rare	 subtype	 of	 large	 B-cell	 NHL.	 The	 cells	 have	 plasmacytoid	 features	 like
plasma	 cells	 but	 often	 have	 a	 large	 nucleus	 containing	 a	 single	 large	 nucleolus.	 The	 malignant	 cells	 express
plasma	cell	markers	(e.g.,	CD38,	CD138,	MUM1),	often	lack	pan–B-cell	markers	(e.g.,	CD20,	CD79a),	and	are
typically	 EBV	 positive.	 This	 disease	 often	 occurs	 in	 the	 oropharynx	 of	HIV-positive	 individuals.	An	 identical
tumor	can	also	occur	in	other	immunodeficiency	states.	Plasmablastic	lymphoma	is	a	very	aggressive	disease	with
a	poor	prognosis.

PELs	 present	 in	 fluid	 collections	 in	 the	 pleura,	 the	 peritoneum,	 or	 the	 pericardium,	 or,	 more	 rarely,	 in	 the
cerebrospinal	fluid.	Solid	tumor	variants	of	PEL	occur	rarely	in	the	GI	tract.	PEL	cells	are	large	and	pleomorphic,
often	lack	CD20	and	CD19,	but	may	be	CD79a+	and	CD45+;	they	also	often	express	CD30	and	CD138.	They	are
uniformly	associated	with	Kaposi	sarcoma	herpesvirus/HHV-8,	with	most	tumors	being	coinfected	by	EBV.	Both
plasmablastic	lymphomas	and	PELs	rarely	occur	in	nonimmunocompromised	hosts.

Presently,	>50%	of	patients	with	AIDS-related	lymphoma	have	long-term	DFS.	By	histology,	patients	with	HL
have	 about	 a	 70%	 long-term	OS,	 patients	with	DLBCL	 and	BL	 around	 50%,	 and	 patients	with	 primary	CNS
lymphoma	the	lowest	at	20%	to	25%.351	Treatment	for	AIDS-related	DLBCL	in	the	setting	of	a	CD4	count	that	is
≥50	should	be	RCHOP.	There	is	controversy	concerning	the	inclusion	of	rituximab	if	the	CD4	count	is	<50.	For
plasmablastic	lymphoma	or	if	the	Ki-67	staining	is	>80%,	we	consider	DA-EPOCH,	adding	rituximab	if	the	tumor
is	 CD20+.	 Examination	 of	 the	 cerebrospinal	 fluid	 is	 considered	 for	 all	 patients,	 as	 is	 prophylaxis	 against
Pneumocystis	jiroveci	pneumonia,	herpes	zoster,	and	Candida	as	well	as	continuation	of	antiretroviral	therapy,	if
tolerated.	For	BL	histology,	we	consider	CODOX-M/IVAC	rather	 than	RCHOP.	In	addition,	dose	modification
and	 adding	 rituximab	 to	 the	 CODOX-M/IVAC	 regimen	 resulted	 in	 similar	 outcomes	 and	 tolerable	 toxicity
compared	to	HIV-negative	patients.	Based	on	a	recent	report	in	both	patients	who	are	HIV-positive	and	patients
who	are	HIV-negative,	DA-EPOCH-R	is	an	alternative	choice.386
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For	patients	with	disease	relapse,	contemporary	studies	have	demonstrated	that	standard	salvage	chemotherapy
and	a	consolidative	ASCT	can	be	considered	for	appropriate	candidates.	A	multicenter	phase	II	trial	reported	a	2-
year	OS	of	82%	and	PFS	of	80%	in	40	patients.	When	compared	to	151	historically	treated	patients	without	HIV,
the	outcomes	were	no	different.387
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99 Cutaneous	Lymphomas
Francine	M.	Foss,	Michael	Girardi,	and	Lynn	D.	Wilson

INTRODUCTION
The	cutaneous	 lymphomas	comprise	a	heterogeneous	group	of	malignancies	of	both	T	and	B	 lymphocytes	 that
localize	 to	 the	 skin.	 According	 to	 Surveillance,	 Epidemiology,	 and	 End	 Results	 (SEER)	 data,	 the	 skin	 is	 the
second	 most	 common	 site	 of	 extranodal	 non-Hodgkin	 lymphoma,	 with	 an	 estimated	 annual	 incidence	 of
1:100.000.1	 The	 Dutch	 and	 Austrian	 Cutaneous	 Lymphoma	 registries	 report	 that	 >70%	 of	 all	 cutaneous
lymphomas	are	of	T-cell	origin	and	22%	are	of	B-cell	origin.2	The	term	cutaneous	T-cell	lymphoma	(CTCL)	was
formally	 adopted	 in	 1979	 at	 a	 conference	 sponsored	 by	 the	 National	 Cancer	 Institute	 (NCI)	 to	 describe	 a
heterogeneous	group	of	malignant	T-cell	lymphomas	with	primary	manifestations	in	the	skin.	The	World	Health
Organization	(WHO)	and	European	Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)	classification
of	 primary	 cutaneous	 lymphomas	 (Tables	 99.1and	 99.2)	 defines	 three	 groups	 of	 cutaneous	 lymphomas:	 the
cutaneous	 T-cell	 and	 natural	 killer	 (NK)	 lymphomas,	 the	 cutaneous	 B-cell	 lymphomas,	 and	 the	 precursor
hematologic	neoplasms.2

Further	 subgrouping	 based	 on	 clinical	 outcomes	 has	 been	 proposed	 for	 the	 cutaneous	T-cell	 entities.2,3	 The
entities	with	 indolent	 clinical	 behavior	 include	mycosis	 fungoides	 (MF)	 and	 its	 variants,	 the	 cutaneous	CD30+
entities,	 subcutaneous	panniculitis	 like	T-cell	 lymphoma,	and	 the	primary	cutaneous	CD4+	 small/medium-sized
pleomorphic	 T-cell	 lymphoma.	 Included	 in	 the	 aggressive	 group	 are	 Sézary	 syndrome	 (SS),	 the	 NK/T-cell
disorders,	 γ/δ–positive	disorders,	CD8+	 cutaneous	diseases,	 and	primary	cutaneous	peripheral	T-cell	 lymphoma
(PTCL).	A	similar	classification	for	 the	cutaneous	B-cell	 lymphomas	has	been	proposed	based	on	the	histology
(follicular	or	 large	cell	 type)	and	 site	of	disease,	with	 favorable	outcomes	 seen	 in	disease	of	 the	head	or	upper
trunk	and	unfavorable	prognosis	with	either	disseminated	lesions	or	disease	in	the	lower	extremities	(Table	99.3).

MYCOSIS	FUNGOIDES	AND	THE	SéZARY	SYNDROME
MF	was	 first	 reported	 by	Alibert	 in	 1806	 as	 a	 common	 epidermotropic	 lymphoma	with	 an	 indolent	 evolution
characterized	by	cutaneous	lesions	in	the	forms	of	patches,	plaques,	or	skin	tumors.	In	1980,	Bunn	et	al.4	reported
the	presence	of	Sézary	cells	in	the	blood	of	patients	with	MF	and	the	SS	(diffuse	erythroderma,	circulating	Sézary
cells,	 and	 involvement	of	 lymph	nodes	 and	bone	marrow)	was	 thus	 identified.5–7	The	 International	Society	 for
Cutaneous	Lymphoma	(ISCL)	established	criteria	for	diagnosis	of	SS,	which	include	an	absolute	Sézary	count	of
at	least	1,000	cells/mm3	in	the	blood,	immunophenotypic	abnormalities	(expanded	CD4+	populations	and/or	loss
of	antigens	such	as	CD2,	CD3,	CD5,	or	CD4),	or	presence	of	a	T-cell	clone	in	the	blood.8

EPIDEMIOLOGY	AND	ETIOLOGY
According	to	SEER	data,	the	incidence	of	MF-CTCL	had	increased	3.2-fold	between	1973	and	1984.	The	overall
incidence	rate	is	approximately	4	per	1	million,	with	an	incidence	of	1,500	cases	per	year.	The	actual	incidence
rate	 may	 be	 an	 order	 of	 magnitude	 higher,	 given	 possible	 underreporting	 and	 the	 difficulty	 and	 confusion	 in
making	the	diagnosis.	The	incidence	of	MF	rises	with	age	such	that	the	majority	of	patients	are	between	40	and	60
years.	The	disease	is	2.2	times	more	common	in	men	than	in	women,	and	incidence	rates	are	somewhat	higher	in
African	Americans	than	in	whites.

One	hypothesis	 regarding	 the	etiology	of	MF/SS	 is	 that	 it	may	possibly	 represent	 a	 clonal	 evolution	 from	a
chronic	 antigenic	 stimulus.	 Associations	 with	 exposure	 to	 occupational	 chemicals	 or	 pesticides	 have	 been



proposed	 but	 not	 definitely	 demonstrated	 in	 epidemiologic	 studies.5,6	 In	 other	 studies,	 an	 association	 with
Chlamydia	 infection	of	keratinocytes	has	been	proposed,	but	data	demonstrating	Chlamydia	proteins	in	affected
skin	lesions	are	equivocal.9,10	The	association	between	human	T-cell	leukemia	virus	type	1	infection	and	adult	T-
cell	leukemia-lymphoma	or	Epstein-Barr	virus	in	conjunction	with	nasal	NK/T-cell	lymphoma	is	not	reflected	in
the	epidemiology	of	MF-CTCL,	but	there	are	reports	of	detection	of	human	T-cell	lymphotropic	virus–like	viral
particles	in	affected	skin	lesions	and	antibodies	to	human	T-cell	lymphotropic	virus	1	tax	protein	in	patients	with
MF/SS.11–14	 These	 results	 suggest	 association	 of	 perhaps	 a	 yet	 unknown	 retrovirus	 in	 some	 cases	 of	MF/SS.
Although	there	is	no	known	geographical	clustering	and	no	evidence	of	maternal	transmission	of	the	disease,	there
are	reports	of	multiple	cases	of	MF/SS	in	a	small	number	of	families.

PATHOBIOLOGY
The	 immunophenotypic	profile	of	MF	 is	one	of	 clonal	mature	CD4+	CD45RO+	 T	 cells	with	 a	marked	 homing
capacity	 for	 the	 papillary	 dermis	 and	 epidermis.	 Some	 CTCL	 variants	 are	 CD8+	 and	 different	 subtypes	 have
distinct	prognoses.	Antigen	loss	is	characteristic	of	the	disease,	with	loss	of	CD7,	CD5,	or	CD2	and	dim	staining
for	CD3.	Sézary	cells	express	a	TH2	phenotype,	with	secretion	of	interleukin	(IL)-4,	IL-5,	IL-6,	IL-10,	and	IL-13.
The	 pruritus	 characteristic	 of	 the	 disease	 is	 related	 to	 secretion	 of	 IL-5	 as	 well	 as	 other	 chemokines.	 One
characteristic	 of	 the	 disease,	 even	 at	 its	 earliest	 stages,	 is	 profound	 immunosuppression	 with	 aberrant	 T-cell
repertoires,	cutaneous	anergy,	and	increased	susceptibility	to	bacterial	and	opportunistic	infections.15,16

The	homing	to	skin	by	CTCL	cells	appears	 to	be	mediated	in	part	by	expression	of	 the	surface	glycoprotein
cutaneous	 lymphoid	 antigen,	 an	 antigen	 whose	 expression	 is	 low	 or	 absent	 on	 normal	 infiltrating	 T	 cells.17,18
Cutaneous	 lymphoid	 antigen	mediates	 binding	 to	 E-selectin	 on	 endothelial	 cells	 of	 cutaneous	 venules,	 thereby
facilitating	their	exit	from	the	circulation	and	into	the	skin.	Cutaneous	lymphoid	antigen	is	the	physiologic	ligand
of	endothelial	cell	E-selectin,	a	cell	adhesion	molecule	expressed	on	the	surface	of	endothelial	cells	of	cutaneous
venules	during	chronic	 inflammation.19	Chemokine	 receptor	CCR4	expressed	by	cells	binds	chemokine	CCL17
that	has	adhered	to	the	luminal	side	of	the	endothelium,	facilitating	T-cell	leukocyte	function	antigen	1	binding	to
endothelial	cell	intracellular	adhesion	molecule-1	and	fostering	extravasation	into	the	dermis.

TABLE	99.1
World	Health	Organization–European	Organisation	for	Research	and	Treatment	of	Cancer
Classification	of	Cutaneous	Lymphomas	with	Primary	Cutaneous	Manifestations

Cutaneous	T-cell	and	NK-cell	lymphomas

Mycosis	fungoides	(MF)

MF	variants	and	subtypes

Folliculotropic	MF

Pagetoid	reticulosis

Granulomatous	slack	skin

Sézary	syndrome

Adult	T-cell	leukemia/lymphoma

Primary	cutaneous	CD30+	lymphoproliferative	disorders

Primary	cutaneous	anaplastic	large	cell	lymphoma

Lymphomatoid	papulosis

Subcutaneous	panniculitis-like	T-cell	lymphoma

Extranodal	NK/T-cell	lymphoma,	nasal	type

Primary	cutaneous	peripheral	T-cell	lymphoma,	unspecified

Primary	cutaneous	aggressive	epidermotropic	CD8+	T-cell	lymphoma	(provisional)

Cutaneous	γ/δ	T-cell	lymphoma	(provisional)

Primary	cutaneous	CD4+	small/medium-sized	pleomorphic	T-cell	lymphoma	(provisional)

Cutaneous	B-cell	lymphomas
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Primary	cutaneous	marginal	zone	B-cell	lymphoma

Primary	cutaneous	follicle	center	lymphoma

Primary	cutaneous	diffuse	large	B-cell	lymphoma,	leg	type

Primary	cutaneous	diffuse	large	B-cell	lymphoma,	other

Intravascular	large	B-cell	lymphoma

Precursor	hematologic	neoplasm

CD4+/CD56+	hematodermic	neoplasm	(blastic	NK-cell	lymphoma)
NK,	natural	killer.
From	Willemze	R,	Jaffe	ES,	Burg	G,	et	al.	WHO-EORTC	classification	for	cutaneous	lymphomas.	Blood	2005;105(10):3768–3785,
with	permission.

TABLE	99.2
Clinical	Outcomes	Based	on	World	Health	Organization	(WHO)–European	Organisation	for
Research	and	Treatment	of	Cancer	(EORTC)	Classification	for	Cutaneous	T-Cell	Lymphomas

WHO-EORTC	Classification Frequency	(%) Disease-Specific	5-y	Survival	(%)
Indolent	behavior

Mycosis	fungoides	and	its	variants 50 88–100

Primary	cutaneous	ALCL 8 95

Lymphomatoid	papulosis 12 100

Subcutaneous	panniculitis	like 1 82

Primary	CD4+	small/medium	pleomorphic 2 75

Aggressive	behavior

Sézary	syndrome 3 24

NK/T	nasal	type <1 —

Primary	cutaneous	CD8+	lymphoma <1 18

Primary	cutaneous	γ/δ	T-cell	lymphoma <1 —

Primary	cutaneous	peripheral	T-cell	lymphoma
unspecified 2 16

ALCL,	anaplastic	large	cell	lymphoma;	NK,	natural	killer.
From	Willemze	R,	Jaffe	ES,	Burg	G,	et	al.	WHO-EORTC	classification	for	cutaneous	lymphomas.	Blood	2005;105(10):3768–3785;
and	 Willemze	 R,	 Meijer	 CJ.	 Classification	 of	 cutaneous	 T-cell	 lymphoma:	 from	 Alibert	 to	 WHO-EORTC.	 J	 Cutan	 Pathol
2006;33(suppl	1):18–26,	with	permission.

One	of	the	most	striking	features	of	MF/SS	is	epidermotropism,	or	infiltration	of	the	epidermis	by	malignant	T
cells.	The	pathognomic	feature	of	MF	is	the	Pautrier	microabscess,	a	collection	of	clonal	malignant	cells	within
the	 epidermis.	 The	 Pautrier	 microabscesses	may	 be	 a	 consequence	 of	 the	 expression	 of	 intracellular	 adhesion
molecule-1	 on	 keratinocytes.	 Intracellular	 adhesion	 molecule	 expression	 is	 induced	 by	 interferon,	 which	 is
produced	by	infiltrating	T	cells	and	is	a	ligand	for	leukocyte	function	antigen	1.20,21	In	advanced	disease	or	SS,	the
keratinocytes	 lose	 the	 ability	 to	 express	 intracellular	 adhesion	 molecule-1	 due	 to	 low	 levels	 of	 interferon-γ
production,	 resulting	 in	 loss	 of	 epidermotropism.21	 Although	 specimens	 from	 early	 lesions	 of	 MF	 have
lymphocytes	in	both	the	epidermis	and	dermis,	clonality	studies	on	dissected	cells	demonstrated	that	virtually	all
of	 the	 lymphocytes	 found	 in	 the	 epidermis	 belong	 to	 the	 malignant	 clone,	 whereas	 the	 dermis	 contains	 a
predominance	of	inflammatory	cells	and	nonmalignant	lymphocytes.

TABLE	99.3
Cutaneous	B-Cell	Lymphoma	Prognostic	Index	(CBCL-PI)

CBCL-PI	Group Histology Site Overall Relative HR 95%	CL P

IA Any	indolenta Any 81 94 1.0 	 	

IB
Diffuse	large	B-cell

Favorableb 72 86 1.3
0.99–1.7

.06



II Diffuse	large	B-cell Unfavorablec 48 60 2.1 1.6–2.7 <.0001

	
Immunoblastic	diffuse
large	B-cell Favorable 	 	 	 	 	

III
Immunoblastic	diffuse
large	B-cell Unfavorable 27 34 4.5 2.8–7.2 <.0001

Model	 is	 adjusted	 for	 age;	 sex;	 race;	 year	 of	 diagnosis;	 confirmed	 B-cell	 lineage;	 Surveillance,	 Epidemiology,	 and	 End	Results
historic	stage;	and	treatment	with	radiation.
aIndolent	histologies	include	follicular,	marginal	zone,	small	lymphocyte	not	otherwise	specified,	and	lymphoplasmacytic.
bFavorable	skin	sites	include	head/neck	and	arm.
cUnfavorable	skin	sites	include	leg,	trunk,	or	disseminated.
HR,	hazard	ratio;	CL,	confidence	limits.
From	Smith	BD,	Smith	GL,	Cooper	DL,	et	al.	The	cutaneous	B-cell	 lymphoma	prognostic	 index:	a	novel	prognostic	 index	derived
from	a	population-based	registry.	J	Clin	Oncol	2005;23(15):3390–3395,	with	permission.

Although	 there	 is	 no	 characteristic	 chromosomal	 translocation	 in	 patients	 with	 MF	 and	 SS,	 significant
chromosomal	instability	is	noted	and	losses	on	1p,	10q,	13q,	and	17p	and	gains	of	4,	17q,	and	18	are	commonly
observed.22,23	Genetic	instability	is	also	evidenced	by	significant	copy	number	alterations	even	in	early	disease.24
Recent	 studies	 have	 shown	 a	 high	 prevalence	 of	 deletions	 or	 translocations	 involving	 a	 gene,	NAV3,	 at	 12q2,
which	 has	 helicase-like	 activity	 and	 might	 therefore	 contribute	 to	 genomic	 instability.25	 Chromosomal
amplification	of	JunB	at	19p12	has	also	been	detected	 in	MF/SS	and	 is	 thought	 to	be	contributory	 to	 the	TH	2
cytokine	 profile	 characteristic	 of	 Sézary	 cells.26	 In	 Lin	 et	 al.,24	 21	 regions	 of	 amplification	 and	 42	 regions	 of
deletion	were	 identified,	 with	 significant	 amplifications	 of	 8q	 (MYC)	 and	 17q	 (STAT3)	 and	 deletions	 of	 17p
(TP53)	and	10	(PTEN,	FAS).

DIAGNOSIS	AND	STAGING
The	diagnosis	of	MF	depends	on	both	clinical	and	histopathologic	criteria.	The	skin	manifestations	can	be	in	the
form	 of	 patches,	 plaques,	 erythroderma,	 cutaneous	 tumors,	 or	 ulcers.	 Early	 patch	 and	 plaque	 lesions	 may	 be
indistinguishable	 from	 those	 of	 benign	 dermatoses,	 including	 psoriasis,	 eczema,	 large	 plaque	 parapsoriasis,	 or
drug	 eruptions.	 The	 distribution	 of	 the	 lesions	 favors	 non–sun-exposed	 areas	 such	 as	 the	 “bathing	 trunk”
distribution.	Early	diagnosis	 can	be	difficult	 and	may	 rely	on	multiple	 biopsies	 obtained	 from	different	 lesions
over	 time.	 The	 ISCL	 has	 developed	 criteria	 for	 the	 diagnosis	 of	 early	 stage	 MF	 that	 relies	 on	 clinical,
histopathologic,	immunopathologic,	and	molecular	criteria	(Table	99.4).27	Of	note,	T-cell	 receptor	clonality	can
be	 found	 in	 benign	 dermatoses	 and	 in	 lymphomatoid	 papulosis	 (LyP)	 and	 pityriasis	 lichenoides	 (clonal
dermatitis).28,29	Long-term	follow-up	of	patients	with	clonal	dermatitis	reveals	a	significant	risk	of	progression	to
overt	MF,	suggesting	careful	follow-up.

Early	lesions	of	MF	may	be	asymptomatic,	scaling	erythematous	macular	eruptions	often	in	sun-shielded	areas
(Fig.	 99.1).	 A	 patch	 is	 defined	 as	 a	 lesion	 that	 is	 not	 elevated	 or	 indurated	 and	 that	 may	 be	 hyper-	 or
hypopigmented.	A	plaque	 is	 raised	or	 indurated	 and	may	be	 associated	with	 scaling,	 crusting,	 or	 ulceration.	A
tumor	 is	 a	 lesion	 that	 is	 >1	 cm	with	 evidence	 of	 depth	 or	 vertical	 growth.	 Erythroderma	 is	 defined	 as	 diffuse
erythema	involving	>80%	of	the	skin	surface	with	or	without	scaling.8

TABLE	99.4
International	Society	for	Cutaneous	Lymphomas	Algorithm	for	the	Diagnosis	of	Early	Stage
Mycosis	Fungoides

Criteria Major	(2	Points) Minor	(1	Point)
CLINICAL
Persistent	and/or	progressive	patches	and	plaques	plus

1.	 Non–sun-exposed	location
2.	 Size/shape	variation
3.	 Poikiloderma

Any	two Any	one

HISTOPATHOLOGIC
Superficial	lymphoid	infiltrate	plus
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1.	 Epidermotropism
2.	 Atypia

Both Either

MOLECULAR/BIOLOGICAL
Clonal	TCR	gene	rearrangement — Present

IMMUNOPATHOLOGIC

1.	 CD2,	3,	5	<59%	of	T	cells
2.	 CD7	<10%	of	T	cells
3.	 Epidermal	discordance	from	expression	of	CD2,	3,	5,	and

7	on	dermal	T	cells
— Any	1

From	Pimpinelli	N,	Olsen	EA,	Santucci	M,	et	al.	Defining	early	mycosis	fungoides.	J	Am	Acad	Dermatol	2005;53(6):1053–1063,	with
permission.

Painful	and/or	pruritic	erythroderma	may	arise	de	novo	or	during	any	of	the	earlier	described	phases	and	is	not
always	associated	with	frank	T-cell	leukemia	(as	in	SS).	Infrequently,	MF	presents	with	cutaneous	tumor	nodules
in	 the	 absence	 of	 patches	 or	 plaques	 (as	 in	 tumor	 d’emblée).	 Patients	 may	 also	 present	 with	 or	 progress	 to
involvement	of	visceral	organs.

THE	SéZARY	SYNDROME
The	 diagnostic	 criteria	 for	 SS	 are	 dependent	 on	 the	 presence	 of	 a	 circulating	 Sézary	 count	 of	 at	 least	 1,000
cells/mm3.	The	phenotype	is	typically	that	of	a	mature,	memory	CD4+	T	cell	with	frequent	loss	of	normal	T-cell
antigens	 (CD3,	CD5,	CD2,	CD7,	CD26).8	 The	 CD4/CD8	 ratio	 is	 elevated,	 usually	 >10,	 and	 a	 T-cell	 clone	 is
detected	in	 the	blood	by	polymerase	chain	reaction.	The	presence	of	>1,000	Sézary	cells/mm3	 is	not	absolutely
diagnostic	of	SS	in	the	absence	of	other	clinical	features	of	the	disease,	as	these	cells	may	be	seen	in	about	5%	of
patients	 with	 benign	 dermatoses	 manifested	 by	 erythroderma.30,31	 Histopathologic	 features	 in	 skin	 biopsies	 of
patients	with	 SS	 can	 be	 nonspecific,	 and	 there	 is	 loss	 of	 epidermotropism	 in	 up	 to	 70%	of	 cases.	Cytogenetic
studies	demonstrate	unbalanced	translocations	and	deletions,	often	involving	1p,	10q,	14q,	and	15q,	with	evidence
of	clonal	evolution	and	chromosomal	instability	over	time.32	Differential	diagnosis	includes	viral-	or	drug-induced
exanthems,	atopic	dermatitis,	or	psoriasis.

Clinical	 features	 of	 the	 SS	 include	 extensive	 skin	 involvement	 with	 erythroderma,	 which	 may	 progress	 to
lichenification,	 palmoplantar	 hyperkeratosis,	 and	 diffuse	 exfoliation.	 Skin	 edema,	 hypoalbuminemia	 due	 to
insensible	fluid	loss	related	to	impaired	skin	integument,	and	intense	pruritus	are	frequently	observed	in	patients
with	advanced	disease.	Lymphadenopathy,	histopathologically	effaced	nodes,	and	bone	marrow	involvement	are
common.	Significant	immunosuppression	occurs	related	to	impaired	T-helper	function	as	well	as	T-cell	repertoire
skewing,	 leading	 to	a	high	 incidence	of	 infections,	particularly	 related	 to	 indwelling	 intravenous	catheters.	The
overall	prognosis	is	poor,	with	a	median	survival	of	2	to	4	years.33

STAGING	AND	PROGNOSIS	OF	MYCOSIS	FUNGOIDES	AND	THE	SéZARY
SYNDROME
Staging	systems	for	MF	have	been	developed	based	on	clinical	features	of	skin	involvement	as	well	as	infiltration
of	lymph	nodes	and	viscera.	Skin	involvement	is	defined	on	the	basis	of	the	type	of	lesions	and	extent.	T1	and	T2
disease	are	patches	or	plaques	involving	less	than	or	more	than	10%	of	the	skin	surface,	respectively.	T3	disease	is
the	 presence	 of	 at	 least	 one	 cutaneous	 tumor.	 T4	 disease	 is	 erythroderma.	 Lymph	 node	 involvement	 has	 been
classified	based	on	the	degree	of	infiltration	with	malignant	cells.	The	dermatopathic	node	demonstrates	typically
many	atypical	lymphocytes	in	three	to	six	cell	clusters	(LN2)	or	larger	aggregates	of	atypical	lymphocytes	with
nodal	architecture	preserved	(LN3)	clusters	of	T	often	with	expansion	of	the	parafollicular	zones.	LN4	nodes	are
effaced	 by	 tumor	 cells	 and	 typically	 such	 effacement	 is	 by	 atypical	 lymphocytes	 or	 neoplastic	 cells.5	 T-cell
receptor	rearrangement	is	found	in	half	of	patients	with	LN3	nodes	and	rarely	in	those	with	LN2	histology.34	Bone
marrow	 involvement	 has	 been	 shown	 to	 have	 prognostic	 significance	 based	 on	 degree	 of	 involvement,	 with
cytologically	 atypical	 lymphoid	 aggregates	 and	 infiltrative	 disease	 associated	 with	 inferior	 survival.35	 In



retrospective	 studies,	 bone	 marrow	 involvement	 was	 associated	 with	 blood	 involvement	 and	 advanced	 lymph
node	disease.7,36–38
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Figure	99.1	Mycosis	fungoides	and	the	Sézary	syndrome.	A:	Folliculotropic	mycosis	fungoides.
B:	Mycosis	fungoides	cutaneous	plaque.	C:	Sézary	syndrome	with	diffuse	erythroderma.	D:
Hyperkeratosis	and	involvement	of	palms	with	Sézary	syndrome.	E:	Tumor	stage	mycosis

fungoides.	F:	CD8+	cytotoxic	T-cell	lymphoma	of	the	skin.

TABLE	99.5
Staging	Systems	for	Mycosis	Fungoides	(MF)

MF	Cooperative	Group	1979a ISCL	Group	2007b
Stage T N M Stage T N M B
IA 1 0 0 IA 1 0 0 0,	1

IB 2 0 0 IB 2 0 0 0,	1

IIA 1–2 1 0 II 1–2 1–2 0 0,	1

IIB 3 0,	1 0 IIB 3 0–2 0 0,	1

III 4 0,	1 0 III 4 0–2 0 0–1

	 	 	 	 IIIA 4 0–2 0 0

	 	 	 	 IIIB 4 0–2 0 1

IVA 1–4 2–3 0 IVA1 1–4 0–2 0 2

IVB 1–4 2–3 1 IVA2 1–4 3 0 0–2

	 	 	 	 IVA3 	 0–3 1 0–2
aData	 derived	 from	 Bunn	 PA	 Jr,	 Lamberg	 SI.	 Report	 of	 the	 Committee	 on	 Staging	 and	 Classification	 of	 Cutaneous	 T-Cell
Lymphomas.	Cancer	Treat	Rep	1979;63(4):725–728.
bProposed	modifications	to	the	staging	system	by	the	International	Society	of	Cutaneous	Lymphoma	(ISCL).	Olsen	E,	Vonderheid
E,	 Piminelli	 N,	 et	 al.	 Revisions	 to	 the	 staging	 and	 classification	 of	mycosis	 fungoides	 and	 Sezary	 syndrome:	 a	 proposal	 of	 the
International	Society	for	Cutaneous	Lymphomas	(ISCL)	and	the	cutaneous	lymphoma	task	force	of	the	European	Organisation	of
Research	and	treatment	of	Cancer	(EORTC).	Blood	2007;110(6):1713–1722.
T1	 =	 patches	 or	 plaques,	 <10%	bovine	 serum	 albumin;	 T2	 =	 patches	 or	 plaques,	 >10%	bovine	 serum	 albumin;	 T3,	 cutaneous
tumors;	T4,	erythroderma;	N1	=	lymph	node	0–2;	N2	=	lymph	node	3;	N3	=	lymph	node	4;	B0,	<5%	of	lymphocytes	are	atypical;	B1,
>5%	of	lymphocytes	are	atypical;	B2,	>1,000	Sézary	cells/mm3	with	positive	clone.

The	initial	staging	system	for	MF/SS	was	proposed	by	the	MF	Cooperative	Group	in	1979	and	was	based	on
skin	involvement,	palpable	nodes,	and	visceral	involvement.39	More	recently,	the	ISCL	further	stratifies	patients
based	 on	 extent	 of	 blood	 involvement	 (Table	 99.5).40	 In	 this	 new	 system,	 patients	 with	 significant	 blood
involvement	are	identified	in	the	erythroderma,	or	stage	III	group,	and	patients	with	stage	IVA	disease	are	further
categorized	based	on	degree	of	lymph	node	and	blood	infiltration.	Early	stage	(TI/T2)	disease	has	been	proposed
to	be	divided	into	patch	alone	versus	both	patch	and	plaque	disease.	These	changes	have	been	validated	by	Agar	et
al.,41	who	analyzed	the	outcome	of	1,502	MF/SS	patients	at	their	institution.

Overall	outcome	in	MF/SS	is	correlated	with	clinical	stage,	and	retrospective	studies	have	identified	extent	of
skin	involvement	as	well	as	visceral	disease	as	the	most	important	prognostic	factors.7,14,38	Patients	with	limited
patch/plaque	disease	covering	<10%	of	 their	 skin	 surface	have	a	prognosis	 indistinguishable	 from	 that	of	 age-,
sex-,	 and	 race-matched	 controls.42	 The	 10-year	 disease-specific	 survival	 for	 patients	 with	more	 extensive	 skin
involvement	with	patches	or	plaques	is	83%,	whereas	those	with	tumors	or	histologically	documented	lymph	node
involvement	had	survivals	of	42%	or	20%,	respectively.38	Patients	with	effaced	lymph	nodes	or	the	presence	of
large	 cell	 transformation	 had	 a	 uniformly	 poor	 prognosis.43,44	 Other	 poor	 prognostic	 factors	 include	 blood
involvement	and	loss	of	T-cell	markers	CD5	and	CD7.45	Even	in	patients	with	B0	disease,	the	presence	of	T-cell
clonality	has	been	shown	to	portend	a	worse	prognosis.41

CLINICAL	EVALUATION	OF	PATIENTS	WITH	CUTANEOUS	LYMPHOMA
Initial	evaluation	should	include	a	careful	assessment	of	the	number	and	distribution	of	each	type	of	skin	lesion.
The	Skin	Weighted	Assessment	Tool	divides	the	body	surface	into	areas	that	are	assigned	a	value	based	on	the
percent	of	 total	 body	 surface	 area	 represented.46	The	observer	 then	estimates	 the	percentage	of	 each	body	area
involved	with	disease	based	on	the	estimation	that	the	palm	of	the	hand	is	1%.	The	involvement	is	weighted	based



on	 whether	 the	 lesions	 are	 patch,	 plaque,	 or	 tumor.	 The	 sum	 is	 the	 skin	 score,	 which	 can	 be	 recorded	 and
monitored	during	therapy.

Skin	biopsies	at	multiple	sites	may	be	necessary	to	establish	the	diagnosis	because	lesion	morphology	varies
even	for	different	lesions	from	the	same	patient	and	the	quality	and	quantity	of	infiltrating	cells	may	be	affected
by	topical	therapies,	including	topical	steroids.	In	addition,	most	of	the	cells	in	the	underlying,	often	much	more
impressive	dermal	infiltrate	are	nonneoplastic	reactive	CD4+	and	CD8+	T	lymphocytes.	Features	of	pleomorphism
and	the	presence	of	large	cells	should	be	noted.	Transformation	to	a	large	cell	phenotype	in	patients	with	MF/SS	is
associated	with	a	poor	prognosis.	 Immunophenotyping	and	molecular	 studies	 for	T-cell	 receptor	 rearrangement
should	be	performed	on	skin	biopsies.

Laboratory	 studies	 should	 include	 flow	 cytometry	 to	 detect	 circulating	 neoplastic	 cells.	 In	 investigational
settings,	 it	 is	 possible	 to	 use	monoclonal	 antibodies	 directed	 against	 T-cell	 receptor–Vb	 families	 to	 detect	 and
precisely	quantitate	the	levels	of	circulating	leukemia	cells.	In	most	instances,	the	level	of	circulating	CTCL	cells
is	actually	much	higher	than	estimated	by	less	sensitive	techniques	such	as	by	evaluation	of	the	peripheral	smear
for	atypical	cells.21	In	many	patients,	the	expansion	of	the	neoplastic	T-cell	clone	is	accompanied	by	depression	of
normal	T	cells	to	levels	comparable	with	those	observed	in	advanced	acquired	immunodeficiency	syndrome.	Such
a	de	facto	T-cell	deficiency	may	both	explain	the	susceptibility	of	erythrodermic	CTCL	patients	 to	infection	by
bacterial,	viral,	and	fungal	pathogens	and	contribute	to	the	progression	of	the	disease,	which	is	often	held	in	check
by	host	immune	mechanisms.47

Flow	cytometry	should	be	performed	with	antibodies	 to	 the	CD4,	CD8,	CD3,	CD45R0,	and	CD26	antigens.
The	ratio	of	CD4+	to	CD8+	cells	is	normally	0.5:3.5;	elevations	in	this	ratio	correlate	with	total	leukocyte	count
and	with	extent	of	skin	disease	in	CTCL	patients.	An	elevated	ratio	of	CD4+	to	CD8+	cells	above	4.5:1.0	strongly
suggests	significant	levels	of	circulating	CTCL	cells.	Dual	color	staining	with	CD4	and	other	antigens	can	detect
low	or	absent	expression	of	CD3,	CD7	or	CD26	as	a	feature	of	Sézary	cells.

Imaging	 studies	 (computed	 tomography	 scan	 or	 magnetic	 resonance	 imaging)	 are	 recommended	 at	 initial
evaluation,	 especially	 for	 those	 with	 advanced	 disease,	 as	 well	 as	 during	 follow-up,	 to	 detect	 enlargement	 of
thoracic,	abdominal,	or	pelvic	nodes.	Positron	emission	tomography	has	been	performed	for	patients	with	CTCL,
but	 there	 is	 not	 enough	 experience	 to	 reliably	 determine	 the	 sensitivity	 and	 specificity	 in	 cutaneous
lymphoma.48,49	 Pathologically	 enlarged	 lymph	 nodes	 should	 be	 biopsied	 at	 initial	 staging	 and	 subsequently	 if
enlargement	is	detected	on	physical	examination	or	imaging	studies	because	a	proportion	of	patients	with	CTCL
may	have	other	lymphomas	(B	or	T	cell;	e.g.,	Hodgkin)	concurrently.	Bone	marrow	biopsy	should	be	obtained	in
patients	with	 advanced	disease,	 including	 those	with	SS,	 as	well	 as	 in	 patients	with	 compromised	hematologic
function.	Biopsies	of	visceral	organs	such	as	 liver	should	be	dictated	based	on	clinical	 indication	or	 to	confirm
findings	on	imaging	studies.

PRINCIPLES	OF	THERAPY	OF	MYCOSIS	FUNGOIDES	AND	THE	SéZARY
SYNDROME
Treatment	approaches	for	MF/SS	depend	on	the	clinical	stage	of	disease.	Early	stage	disease	that	is	localized	to
the	skin	(patch	or	plaque	disease)	has	an	excellent	chance	of	cure	or	long-term	control	with	therapies	directed	to
the	 skin	 alone.	 In	 contrast,	 tumor	 stage	 disease,	 extensive	 plaque	 stage	 disease	 that	 is	 refractory	 to	 topical
therapies,	 and	nodal	 or	 visceral	 disease	 can	be	palliated	but	 rarely	 cured.	Over	 the	past	 15	years,	 a	 number	of
novel	 agents	 have	 shown	 activity	 in	 MF/SS	 (Table	 99.6).	 Because	 MF/SS	 is	 immunosuppressive	 and	 an
immunologically	responsive	disease,	initial	therapies	for	many	patients	involve	cutaneous	and	biologic	approaches
which	act	directly	on	CTCL	cells	 (e.g.,	 they	are	directly	cytotoxic)	but	also	have	 indirect	effects	(e.g.,	alter	 the
cutaneous	environment)	that	may	play	a	role	in	disease	control.50

TABLE	99.6
Treatments	for	Mycosis	Fungoides	(MF)/Sézary	Syndrome	(SS)

Therapy Response	(%) Toxicities
TOPICAL	AGENTS

CRR
Stage	I:	76–86



Dr. AVR @ TMH

Mechlorethamine	or	carmustine
Stage	IIA:	55
Stage	III:	22–49

Contact	dermatitis,	secondary	cutaneous
malignancies

Bexarotene Stage	IA–IIA:	21	CR,	42	PR Contact	dermatitis

PHOTOTHERAPY

UVB
CRR
Stage	IA/IB:	75–83 Erythema,	pruritus

PUVA

CRR
Stage	IA:	79–88
Stage	IB:	52–59
Stage	IIA:	83
Stage	III:	46

Nausea,	phototoxic	reactions,	secondary
cutaneous	malignancies

PUVA	plus	interferon-α	(1)	versus	acitretin
plus	interferon-α	(2)

CRR
Stage	I/II:	70	(1)	versus	38	(2) Flulike	symptoms

IMMUNOTHERAPY

Interferon-α
ORR
IA–IV:	40–80

Flulike	syndrome,	hematologic	toxicity,
nausea,	fatigue

ECP
ORR
III–IV:	31–86 Hypotension,	fever

RADIOTHERAPY

Total	skin	electron-beam	therapy

CRR
Stage	IA–IIA:	96
Stage	IIB:	36
Stage	III:	60

Secondary	cutaneous	malignancies,
pigmentation,	anhydrosis,	pruritus,
alopecia,	xerosis,	telangiectasia

CYTOTOXIC	CHEMOTHERAPY

EPOCH
ORR
Stage	IIB–IV:	80 Myelosuppression

Pentostatin

ORR
Stage	IIB:	75
Stage	III:	58
Stage	IV:	50 Lymphopenia

Fludarabine	plus	interferon-α

ORR
Stage	IIA–IVA:	58
Stage	IVB:	40 Neutropenia

Gemcitabine
ORR
Stage	IIB/III:	70 Neutropenia

Pegylated	liposomal	doxorubicin
ORR
Stage	IA–IV:	88 Infusion-related	events

NOVEL	TARGETED	STRATEGIES

Bexarotene

ORR
Stage	IA/IIA:	20–67
Stage	IIB–IV:	49

Hypertriglyceridemia	hyperlipidemia,
hypothyroidism

Vorinostat

ORR	29
Stage	IA/IIA:	20–31
Stage	IIB–IV:	25–30 Diarrhea,	nausea,	vomiting,	fatigue

Romidepsin

ORR:	34–38
Stage	IB/IIA:	25–66
Stage	IIB–IVA:	29–38

Nausea,	vomiting,	anorexia,	diarrhea,
headache,	ageusia

Denileukin	diftitox

Stage	I/IIA:	37
Stage	IIB–IV:	24
Stages	II–IV	(less	heavily	pretreated)
62

Flulike	symptoms,	infusion-related	events,
vascular	leak	syndrome

Denileukin	diftitox	+	bexarotene ORR:	72 Lymphopenia,	leukopenia

Alemtuzumab ORR	III–IV:	86–100 Infusion	reaction,	immunosuppression

Zanolimumab

ORR:	56
IA–IIA:	34
IIB–IVB:	22 Low	grade	infection,	eczematous	dermatitis

ORR:	37
MF:	29



Mogamulizumab SS:	47 Infusion	reaction,	skin	rash

Brentuximab	vedotin

ORR:	71
MF:	50
LyP	and	pc-ALCL:	100

Peripheral	neuropathy,	drug	rash,	diarrhea,
fatigue

CRR,	complete	response	rate;	CR,	complete	response;	PR,	partial	response;	UVB,	ultraviolet	B;	PUVA,	ultraviolet	A	light	with	oral
methoxypsoralen;	 ORR,	 overall	 response	 rate;	 ECP,	 extracorporeal	 photochemotherapy;	 EPOCH,	 etoposide,	 vincristine,
doxorubicin,	cyclophosphamide,	and	prednisone;	LyP,	 lymphomatoid	papulosis;	pc-ALCL,	primary	cutaneous	anaplastic	 large-cell
lymphoma.

SKIN-DIRECTED	THERAPY
Skin-directed	 modalities	 include	 those	 for	 localized	 disease	 (radiotherapy,	 bexarotene,	 carmustine)	 and	 those
applicable	to	total	skin	therapy	(topical	chemotherapy	with	nitrogen	mustard	[NM],	phototherapy,	and	total	skin
electron-beam	therapy	[TSEBT]).	All	skin-directed	therapies	exert	their	primary	effects	on	disease	confined	to	the
skin	by	inducing	apoptosis	of	tumor	cells	and	interfering	with	the	local	production	of	cytokines	by	epithelial	and
stromal	cells	necessary	for	neoplastic	T-cell	survival	and	proliferation.51

Approximately	 7%	 of	 patients	 with	 stage	 I	 disease	 present	 with	 a	 solitary	 cutaneous	 lesion	 or	 several	 in
proximity.	Wilson	et	al.52	found	that	the	rate	of	clinical	remission	after	local	external-beam	radiotherapy	is	very
high	(approximately	95%)	in	these	patients	and	may	be	the	treatment	of	choice.	In	one	study,	a	total	of	21	patients
were	treated	with	electron-beam	radiation	to	a	median	dose	of	20	Gy.	With	a	median	follow-up	of	36	months,	the
actuarial	disease-free	survival	rates	at	5	and	10	years	were	75%	and	64%,	respectively,	with	a	local	control	rate	of
83%	at	10	years.

Topical	Chemotherapies
Topical	NM	is	one	of	the	first	treatments	for	cutaneous	manifestations	of	MF.	The	NM	liquid	can	be	applied	to	the
skin	as	an	aqueous	solution	of	10	mg/dL	or	applied	in	an	ointment	base.	Long-term	effects	include	induction	of
second	cutaneous	malignancies	 (e.g.,	 squamous	cell	carcinomas)	and	hyperpigmentation	and	hypopigmentation.
Between	64%	and	90%	of	NM-treated	patients	with	T1	and	T2	CTCL	can	achieve	a	complete	response	to	therapy.
Recently,	a	formulation	of	topical	NM	was	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	for	topical
use	in	patients	with	CTCL.

Topical	Bexarotene	Gel
Bexarotene	 (Targretin;	Valeant,	Quebec,	 Canada)	 is	 a	 novel	 RXR	 retinoid	 (retinoid	X	 receptor)	 that	 has	 been
shown	to	be	effective	both	systemically	and	topically	for	patients	with	MF/SS.	The	overall	response	rate	to	topical
bexarotene	 in	clinical	 trials	was	44%.	The	drug	 is	not	absorbed	 to	any	significant	 levels.	The	 irritant	dermatitis
induced	by	the	retinoid	limits	the	use	of	the	gel	to	patients	with	body	surface	area	of	<15%	because	of	discomfort.
In	many	cases,	topical	bexarotene	gel	is	used	alternating	with	topical	steroids	to	minimize	the	irritant	effect.

Phototherapy
Phototherapy	has	been	effective	for	patients	with	MF/SS	because	keratinocytes	are	resistant	 to	ultraviolet	 (UV)
light–induced	 injuries,	whereas	 lymphocytes	are	extremely	sensitive	 to	 light	 in	 the	form	of	either	UVA	(320	 to
400	 nm),	 UVB	 (290	 to	 320	 nm),	 or	 narrowband	 UVB	 (311	 nm).	 Currently,	 narrowband	 UVB	 is	 used	 most
commonly	because	of	the	low	risk	of	secondary	skin	neoplasms.	Patients	typically	are	treated	three	to	four	times
per	week	for	approximately	30	to	40	treatments	to	achieve	a	remission,	and	then	treatment	frequency	is	decreased
to	a	maintenance	schedule	at	weekly	intervals.	Broadband	UVB	has	the	same	treatment	schedule.

Photochemotherapy	 with	 orally	 administered	 PUVA	 (UVA	 light	 with	 oral	 methoxypsoralen)	 has	 been	 an
effective	 therapy	 for	 patients	 with	 patch	 and	 plaque	 stage	 MF.	 The	 intensity	 of	 the	 light	 and	 frequency	 of
administration	are	titrated	based	on	patient	response	and	tolerability.	Maintenance	treatment	is	often	necessary	to
prevent	disease	recurrence.

Combination	Regimens	Involving	PUVA	Photochemotherapy
Several	 well-conducted	 trials	 have	 assessed	 the	 role	 of	 PUVA	 in	 combination	 with	 various	 systemic	 agents,
notably	interferon-α	and	retinoids.	Phase	I	and	II	studies	of	PUVA	(three	times	weekly)	combined	with	variable
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doses	 of	 interferon-α	 (maximum	 tolerated	 dose	 of	 12	MU/m2	 three	 times	weekly)	 in	 39	 patients	with	MF	 (all
stages)	and	SS	have	reported	an	overall	response	rate	of	100%.53	The	median	duration	of	response	was	28	months,
with	a	median	survival	of	62	months.

A	randomized	controlled	trial	compared	PUVA	(two	to	five	times	weekly)	plus	interferon-α	(9	MU	three	times
weekly)	with	 interferon-α	 plus	 an	RAR	 retinoid	 (retinoic	 acid	 receptor)	 acitretin	 (25	 to	 50	mg	per	 day),	 in	 98
patients	 with	 a	 maximum	 duration	 of	 treatment	 in	 both	 groups	 of	 48	 weeks.54	 In	 82	 patients	 with	 stage	 I/II
diseases,	 complete	 response	 rates	 were	 70%	 in	 the	 PUVA/interferon	 group	 compared	 with	 38%	 in	 the
interferon/acitretin	group.	Time	to	response	was	18.6	weeks	in	the	PUVA/interferon	group,	compared	with	21.8
weeks	 in	 the	 interferon/acitretin	 group.	 Studies	 with	 narrowband	 UVB	 in	 combination	 with	 low	 doses	 of
bexarotene	have	shown	similar	excellent	results.55

Total	Skin	Electron-Beam	Therapy
TSEBT	involves	the	use	of	electrons	ranging	in	energy	between	4	and	7	MeV	applied	homogeneously	to	the	skin
surface.56	 Structures	 below	 the	 deep	 dermis	 are	 relatively	 spared	 because	most	 of	 the	 dose	 (80%)	 is	 typically
administered	within	the	first	10	mm	of	depth,	and	<5%	beyond	20	mm	depth.	Generally,	doses	to	skin	target	are	in
the	range	of	30	to	36	Gy.	Blood	and	superficial	lymph	nodes	may	receive	20%	to	40%	of	the	skin	surface	dose,
and	this	may	be	clinically	important.

TSEBT	may	 be	 administered	 as	 just	 one	 in	 a	 sequence	 of	 treatments	 for	CTCL	 in	 a	 particular	 patient.	 For
example,	 TSEBT	 is	 excellent	 treatment	 for	 patients	with	 diffuse	 involvement	with	 thick	 plaques	 or	 cutaneous
tumors	and	is	also	suitable	for	patients	with	symptomatic	erythroderma–T4	disease.57	TSEBT	is	also	an	excellent
alternative	for	patients	with	extensive	patches	or	thin	plaques	refractory	to	PUVA	or	other	skin-directed	therapies.
Subsequently,	 TSEBT	 may	 be	 administered	 to	 a	 patient	 several	 times	 using	 a	 variety	 of	 dose	 schedules,	 as
clinically	required	to	help	control	progressive	disease	and	is	generally	well	tolerated.58

Clinical	complete	response	rates	for	patients	with	T1	or	T2	(patch	or	plaque)	disease	range	from	71%	to	98%
and	are	higher	in	patients	with	less	extensive	disease.	Patients	with	T1	and	T2	disease	treated	with	TSEBT	have
disease-free	and	overall	survivals	of	50%	to	65%	and	80%	to	90%,	respectively,	at	5	years,	although	patients	with
antecedent	 or	 coexisting	 LyP	 or	 alopecia	 mucinosa–follicular	 mucinosis	 appear	 to	 have	 shorter	 disease-free
survival	after	TSEBT	than	those	who	do	not.	Patients	with	more	advanced	T3	and	T4	disease	fare	significantly
worse,	 with	 5-year	 disease-free	 and	 overall	 survivals	 of	 approximately	 20%	 and	 50%,	 respectively.	 However,
those	T3	patients	with	<10%	of	the	total	skin	surface	involved	by	CTCL	have	significantly	better	disease-free	and
overall	survival	after	TSEBT	than	 those	with	more	extensive	disease.	For	patients	with	erythrodermic	MF	(T4)
who	are	managed	with	TSEBT	alone	(32	 to	40	Gy),	without	concomitant	or	neoadjuvant	 therapy,	 the	complete
response	rate	is	approximately	70%.	The	5-year	progression-free,	cause-specific,	and	overall	survivals	are	26%,
52%,	and	38%,	respectively.57	Based	on	data	from	Stanford,	lower	dose	TSEBT	can	also	be	considered.	Overall
response	rates	were	>90%	in	those	with	T2	to	T4	disease	receiving	5	to	10	Gy.	For	those	who	received	10	to	<20
Gy	and	20	to	<30	Gy,	overall	response	was	>95%.59

Palliation	of	adenopathy	or	visceral	involvement	in	patients	with	N3	disease	can	be	accomplished	by	the	use	of
appropriate	high-energy	orthovoltage	or	megavoltage	photons	to	doses	of	20	to	30	Gy.	Even	6	to	8	Gy	in	three
fractions	 may	 be	 sufficient	 (e.g.,	 when	 combined	 with	 TSEBT).	 Combinations	 of	 TSEBT	 with	 total	 nodal
radiation	have	been	investigated.	Although	feasible,	such	combinations	do	not	appear	to	prolong	survival	and	may
be	associated	with	hematologic	toxicities	not	observed	with	TSEBT	alone.

TSEBT	 is	well	 tolerated	 by	most	 patients;	 acute	 sequelae	 either	 during	 or	within	 the	 initial	 6	months	 after
treatment	 may	 include	 pruritus,	 desquamation,	 alopecia,	 epilation,	 hypohidrosis,	 xerosis,	 erythema,	 lower
extremity	 edema,	 bullae	 of	 the	 feet,	 and	 onychoptosis.	 Chronic	 changes	 can	 include	 atrophy	 of	 the	 skin,
telangiectasia,	 alopecia,	 hypohidrosis,	 and	 xerosis.	 Second	 malignancies	 such	 as	 squamous	 and	 basal	 cell
carcinomas,	as	well	as	malignant	melanomas,	have	been	observed	in	patients	treated	with	TSEBT,	particularly	in
patients	 exposed	 to	 multiple	 therapies	 that	 are	 themselves	 known	 to	 be	 mutagenic,	 such	 as	 PUVA	 and
mechlorethamine.58,60

For	 patients	 who	 suffer	 diffuse	 cutaneous	 recurrences	 after	 TSEBT	 not	 amenable	 to	 other	 skin-directed
therapies,	a	second	course	of	TSEBT	is	both	feasible	and	worthwhile.	At	Yale	University,	a	total	of	14	patients
have	 received	 two	 courses	 and	 5	 patients	 received	 three	 courses	 of	TSEBT.	The	median	 total	 dose	 after	 these
additional	courses	was	57	Gy,	and	86%	of	the	patients	achieved	a	complete	response	after	the	second	course,	with
a	median	disease-free	interval	of	11.5	months.	Median	dose	was	36	Gy	for	the	first	course,	18	Gy	for	the	second,
and	12	Gy	for	the	third.61	A	similar	experience	was	reported	from	Stanford	University,	where	15	patients	were



identified	 who	 had	 been	 treated	 with	 a	 second	 course	 of	 TSEBT	 (median	 dose	 of	 20	 Gy),	 with	 a	 complete
response	rate	of	40%.62	Nine	of	these	patients	had	a	partial	response	to	therapy,	and	the	median	total	dose	for	the
entire	group	was	56	Gy.	In	both	series,	repeat	courses	were	relatively	well	tolerated,	and	sequelae	were	similar	to
those	observed	during	and	after	the	first	course	of	therapy.

Combined	and	Sequential	Therapy
The	adjuvant	use	of	PUVA	after	TSEBT	 in	patients	with	T1	and	T2	disease	 significantly	decreased	 cutaneous
relapse.	Patients	treated	with	adjuvant	PUVA	after	TSEBT	had	a	5-year	disease-free	survival	of	85%,	compared
with	50%	for	those	not	receiving	PUVA	(P	<	.02).	The	median	disease-free	survival	for	the	T1	patients	receiving
adjuvant	PUVA	was	not	reached	at	103	months	versus	66	months	for	the	non-PUVA	group	(P	<	.01).	For	those
with	 T2	 disease,	 the	 disease-free	 survival	 figures	 were	 60	 and	 20	months,	 respectively	 (P	 <	 .03).63	Adjuvant
topical	NM	also	appears	able	to	delay	cutaneous	recurrence	after	TSEBT.	In	1999,	Chinn	et	al.64	 from	Stanford
University	 showed	 that	TSEBT	with	or	without	NM	provided	 improved	 response	 rates	compared	with	mustard
alone	for	those	patients	with	T2	and	T3	level	disease	(76%	versus	39%,	P	<	.03	for	T2;	44%	versus	8%,	P	<	.05
for	T3).	For	those	with	patch/plaque	(T2),	adjuvant	mustard	offered	improved	freedom	from	relapse	after	TSEBT
compared	with	no	adjuvant	treatment.	No	significant	survival	differences	were	noted	between	the	groups.

The	 combination	 of	 extracorporeal	 photochemotherapy	 (ECP)	 administered	 during	 and	 after	 TSEBT	 may
improve	survival	(P	<	.06)	for	patients	with	T3	or	T4	disease	who	have	achieved	a	complete	response	to	TSEBT;
however,	 the	 group	 of	 treated	 patients	was	 small,	 and	 the	 data	 are	 retrospective.65	Wilson	 et	 al.66	 identified	 a
significant	 improvement	 in	 cause-specific	 survival	 for	 erythrodermic	 patients	 (blood	 status	 both	 B0	 and	 B1)
treated	 with	 the	 combination	 of	 TSEBT	 and	 ECP	 compared	 with	 those	 not	 treated	 with	 ECP.	 The	 2-year
progression-free,	 cause-specific,	 and	 overall	 survivals	 for	 those	 receiving	 TSEBT/ECP	 were	 66%,	 100%,	 and
88%,	respectively,	compared	with	36%,	69%,	and	63%	for	those	not	managed	with	the	combination.

SYSTEMIC	THERAPY	FOR	MYCOSIS	FUNGOIDES	AND	THE	SéZARY
SYNDROME
Biologic	Therapies
Interferon-α	has	been	demonstrated	in	a	number	of	studies	to	be	a	highly	active	agent	in	CTCL	with	response	rates
ranging	from	40%	to	80%.67	Doses	have	ranged	from	1	to	18	MIU	administered	subcutaneously	on	a	number	of
schedules,	 the	most	common	being	three	times	a	week.	Interferon-γ	has	also	demonstrated	activity	but	 is	not	as
widely	used.	Constitutional	symptoms	and	bone	marrow	suppression	have	limited	aggressive	and	long-term	use	of
interferons	for	many	patients.	Early	studies	with	high-dose	IL-2	has	demonstrated	activity	in	relapsed	CTCL	but
with	 significant	 toxicity.	 In	 a	 recent	 study	 of	 intermediate-dose	 IL-2,	 11	 patients	 (median	 age,	 60	 years)	with
advanced	or	refractory	CTCL	underwent	8-week	cycles	of	daily	subcutaneous	injections	of	11	MIU,	4	days	per
week	 for	 6	weeks,	 followed	by	2	weeks	off	 therapy.	This	 dose	was	well	 tolerated,	 and	 there	were	 four	 partial
responses,	 three	of	which	were	 sustained.68	 IL-12	has	also	demonstrated	activity	 in	early	and	advanced	MF.	A
phase	 II	 study	 demonstrated	 responses	 in	 43%	 of	 the	 patients,	 with	 response	 durations	 ranging	 from	 3	 to	 45
weeks.69

Extracorporeal	Photochemotherapy
ECP,	or	photopheresis,	involves	a	leukapheresis	to	isolate	mononuclear	cells	that	are	exposed	ex	vivo	to	UVA	in
the	 presence	 of	 methoxypsoralen	 and	 then	 reinfused	 back	 into	 the	 patient.	Methoxypsoralen	 incorporates	 into
DNA	and,	in	the	presence	of	UV	light,	induces	strand	breaks	and	subsequently	apoptosis.	Circulating	T	cells	and
Sézary	 leukemia	 cells	 are	more	 susceptible	 to	UVA-induced	 apoptosis	 than	 are	monocytes.	The	mechanism	of
action	of	ECP	is	believed	to	be	related	to	the	induction	of	apoptosis	in	clonal	Sézary	T	cells,	leading	to	uptake	and
processing	 of	 tumor	 antigens	 by	 immature	 dendritic	 cells	 generated	 from	 the	 effects	 of	 the	 ECP	 process	 on
circulating	monocytoid	precursors.70,71	The	process	of	ECP	has	been	shown	to	induce	a	cell-mediated	antitumor
response.	Clinical	 improvement	with	ECP	has	been	demonstrated	 in	both	patients	with	SS	and	 in	patients	with
tumor	and	plaque-stage	CTCL.

In	 a	 study	 of	ECP	 in	 erythrodermic	CTCL,	Edelson	 et	 al.72	 demonstrated	 an	 overall	 response	 rate	 of	 83%.
Since	then,	studies	have	reported	a	range	of	overall	response	rates	from	31%	to	86%	and	vary	in	their	definition	of
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response	 (50%	clearing	or	25%	clearing).73–75	There	 is	 some	evidence	 that	ECP	may	be	 advantageous	 even	 in
early	stage	disease	(stage	T1/T2)	when	there	is	any	blood	involvement.76	Immune	adjuvant	therapies	have	been
combined	with	ECP	and	have	shortened	the	time	to	response.77–80	Duvic	et	al.81	compared	treatment	of	stage	III
and	 IV	MF/SS	 patients	 with	 ECP	 alone	 or	 ECP	 in	 combination	 with	 interferon-α,	 bexarotene,	 or	 granulocyte
monocyte	colony-stimulating	factor	and	found	a	57%	response	rate	in	the	group	undergoing	combination	therapy
as	compared	to	40%	in	those	undergoing	ECP	alone.

Bexarotene	(Retinoid	Therapy)
Bexarotene	(Targretin)	 is	an	oral	RXR	selective	retinoid	 that	has	been	shown	to	alter	T-cell	 trafficking	through
downregulation	 of	 CCR4	 and	 E-selectin.82	 It	 is	 active	 both	 topically	 and	 orally.	 In	 a	 clinical	 trial	 of	 heavily
pretreated	refractory	CTCL,	oral	monotherapy	with	bexarotene	had	a	response	rate	of	54%	in	early	stage	and	45%
in	advanced	stage	CTCL	patients.	The	median	response	duration	was	299	days	with	continuous	dosing	at	a	dose
of	300	mg/m2/day,	and	responses	occurred	in	all	groups	of	patients	(57%	at	stage	IIB,	32%	at	stage	III,	44%	at
stage	IVA,	and	40%	at	stage	IVB)	including	those	with	large	cell	transformation.	Pruritus	decreased	significantly
in	 the	 treated	 patients	 and	 led	 to	 overall	 improvement	 in	 quality-of-life	 indices.83	 The	 major	 toxicities	 of
bexarotene	included	elevations	in	serum	lipids	and	cholesterol	and	suppression	of	thyroid	function.

Bexarotene	combination	therapy	has	been	studied	extensively	but	has	yielded	limited	additional	benefit.	Straus
et	al.84	demonstrated	that	bexarotene	in	combination	with	interferon-α-2b	did	not	have	an	increased	response	rate
as	 compared	 to	 bexarotene	 alone.	 In	 the	 EORTC	 task	 force’s	 phase	 III	 randomized	 clinical	 trial	 investigating
PUVA	 and	 bexarotene,	 there	 also	 was	 no	 significant	 difference	 between	 groups.85	 A	 phase	 II	 clinical	 trial
(GEMBEX)	of	gemcitabine	and	bexarotene	showed	lower	response	rates	than	those	for	gemcitabine	monotherapy.
Another	phase	II	trial	investigating	liposomal	doxorubicin	and	bexarotene	found	no	added	benefit	of	bexarotene.86
A	clinical	trial	of	pralatrexate	and	bexarotene	has	shown	that	at	the	maximal	tolerated	doses	of	bexarotene	(150
mg/m2)	and	pralatrexate	(15	mg/m2),	the	overall	response	rate	was	60%	with	a	median	progression-free	survival
of	12.8	months	(range,	0.5	to	29.9	months).87

Histone	Deacetylase	Inhibitors
Histone	 deacetylase	 (HDAC)	 inhibitors	 modulate	 gene	 expression	 by	 inhibiting	 the	 deacetylation	 of	 histone
proteins	associated	with	DNA,	 thereby	permitting	expression	of	a	number	of	genes.	HDAC	inhibition	has	been
shown	 to	 induce	histone	acetylation,	cell	cycle	arrest,	and	apoptosis	 in	 leukemia	and	 lymphoma	cell	 lines.	The
HDAC	inhibitor	romidepsin	was	tested	in	clinical	trials	at	the	NCI,	and	responses	were	seen	in	patients	with	T-cell
lymphomas	 who	 received	 14	 mg/m2	 given	 intravenously	 on	 days	 1,	 8,	 and	 15	 of	 a	 21-day	 cycle.88	 Two
multicenter	phase	II	 trials	of	romidepsin	have	been	completed	and	have	led	to	FDA	approval	for	romidepsin	 in
CTCL.88,89	In	these	trials,	the	overall	response	rate	in	167	patients	with	advanced	or	refractory	CTCL	was	35%,
with	6%	achieving	a	clinical	complete	response.	The	median	response	duration	was	11	and	14	months	in	the	NCI
and	 the	 sponsored	 phase	 II	 studies,	 respectively.	 The	 most	 frequent	 adverse	 events	 (all	 grades)	 were	 nausea,
constitutional	symptoms,	thrombocytopenia,	and	reversible	ST-T	segment	changes.

Vorinostat	(Zolinza,	suberoylanilide	hydroxamic	acid;	Merck,	Kenilworth,	NJ),	an	orally	bioavailable	HDAC
inhibitor	that	was	explored	in	a	phase	I/II	study	and	showed	activity	in	CTCL.90	In	a	subsequent	phase	II	study,
vorinostat	administered	at	400	mg	daily	was	associated	with	a	29%	response	rate	 in	74	patients	with	refractory
CTCL,	 including	 61	with	 stage	 IIB	 or	 higher	 disease.	The	 response	 durations	 ranged	 from	34	 to	 441+	 days.91
Overall,	32%	of	patients	had	 relief	of	pruritus.	Panobinostat	 is	an	oral	HDAC	inhibitor	 that	has	shown	 to	have
activity	 in	 CTCL.	Of	 139	 patients	 enrolled	 in	 a	 phase	 II	 trial	 of	 panobinostat	 20	mg	 three	 times	 a	 week,	 the
response	rate	was	17.3%.92

Denileukin	Diftitox
Denileukin	diftitox	is	a	fusion	protein	consisting	of	the	IL-2	gene	joined	to	the	active	and	membrane-translocating
domains	 of	 diphtheria	 toxin.	 In	 the	 pivotal	 trial	 that	 led	 to	 FDA	 approval	 of	 denileukin	 diftitox,	 the	 drug	was
administered	at	a	dose	of	either	9	mg/kg	or	18	mg/kg,	for	5	days	every	21	days,	in	71	patients	with	relapsed	or
refractory	CTCL.93	 The	median	 number	 of	 prior	 therapies	 in	 this	 study	was	 5.	 The	 overall	 response	 rate	was
similar	 for	 both	 dose	 groups	 and	was	 30%	overall,	with	 10%	complete	 responses	 (7	 patients)	 and	 20%	partial
responses	 (14	 patients).93	 The	 median	 response	 duration	 was	 6.9	 months.	 The	 major	 toxicities	 included	 a



reversible	elevation	of	hepatic	 transaminases,	 a	hypersensitivity	 syndrome	associated	with	drug	 infusion,	 and	a
mild	vascular	leak	syndrome,	all	of	which	were	alleviated	in	part	by	steroid	pretreatment.94

A	randomized,	placebo-controlled	phase	III	trial	has	been	completed	comparing	denileukin	diftitox	at	doses	of
9	and	18	μg/kg	daily	for	5	days	on	a	21-day	schedule	 in	patients	with	earlier	stage	CTCL	who	have	had	fewer
prior	therapies.95	Of	144	patients	treated,	the	overall	response	rates	were	46%,	37%,	and	15%	for	the	18	μg,	9	μg,
and	placebo	arms,	 respectively.	A	combination	 study	of	bexarotene	 (75	 to	300	mg)	and	denileukin	diftitox	 (18
μg/kg	for	3	days	every	21	days)96	reported	an	overall	response	rate	of	70%,	with	four	complete	responses	(35%)
and	four	partial	responses	(35%).	This	study	demonstrated	that	doses	of	bexarotene	greater	than	150	mg	per	day
were	 capable	 of	 in	 vivo	 upregulation	 of	 CD25	 (IL-2)	 expression	 and	may	 enhance	 the	 efficacy	 of	 denileukin
diftitox.	A	newer	version	of	denileukin	diftitox,	E7777,	is	in	clinical	trials	and	has	demonstrated	similar	efficacy
in	patient	with	CTCL	whose	tumor	cells	express	the	IL-2	receptor.

Resimmune,	a	fusion	toxin	combining	diphtheria	toxin	with	a	CD3	single-chain	antibody	fragment,	has	shown
activity	 in	 patients	 with	 relapsed	 and	 refractory	 CTCL	 with	 an	 overall	 response	 rate	 of	 36%.	 Activity	 and
toxicities	were	higher	in	early	versus	advanced	stage	patients.97

Monoclonal	Antibodies
Alemtuzumab,	a	humanized	monoclonal	antibody	that	targets	the	CD52	antigen,	has	been	shown	to	be	active	in
relapsed	or	refractory	T-cell	lymphomas.	Recent	studies	with	lower	doses	of	alemtuzumab	(10	mg	three	times	per
week)	have	reported	responses	in	6	of	10	patients,	including	two	complete	responses	and	four	partial	responses,
with	minimal	immunosuppression.98,99

Mogamulizumab	 (KW-0761)	 is	 a	 humanized	 anti-CCR4	antibody	 that	 enhances	 antibody-dependent	 cellular
cytotoxicity	against	malignant	T	cells.	CCR4	has	been	shown	to	have	increased	expression	in	a	subset	of	patients
with	MF.100	The	overall	response	rate	in	a	phase	II	trial	of	mogamulizumab	in	relapsed/refractory	CTCL	patients
was	 37%	 (29%	 in	 MF	 and	 47%	 in	 SS).101	 Phase	 II	 studies	 are	 ongoing	 in	 CTCL,	 PTCL,	 and	 adult	 T-cell
leukemia/lymphoma.	A	phase	III	study	comparing	mogamulizumab	with	oral	vorinostat	has	been	completed	and
is	 being	 reviewed	 by	 the	 FDA.	 Side	 effects	 of	 mogamulizumab	 include	 nausea	 (31%)	 and	 infusion	 reactions
(21%).

Brentuximab	vedotin	is	a	CD30	targeted	antibody	conjugated	to	an	auristatin	(MMAE),	an	antitubulin	agent.
After	binding	to	CD30,	the	molecule	is	internalized	and	MMAE	is	released	and	binds	to	tubulin,	leading	to	cell
cycle	arrest.	In	a	phase	II	open-label	trial	of	48	patients	with	CD30+	lymphoproliferative	disorders	including	LyP
and	primary	cutaneous	ALCL	or	CD30+	MF,	brentuximab	demonstrated	an	overall	response	rate	of	71%	(34/48),
with	35%	of	patients	achieving	a	complete	remission	(17/48).	Interestingly,	it	showed	a	50%	overall	response	rate
in	MF	irrespective	of	 the	 level	of	CD30	expression.102	A	 recent	 study	 (ALCANZA)	 reported	a	global	 response
rate	 lasting	 4	 months	 of	 56%	 with	 a	 progression-free	 survival	 of	 16.7	 months	 in	 patients	 who	 received
brentuximab	vedotin	at	a	dose	of	1.8	mg/kg	every	3	weeks,	leading	to	FDA	approval	of	brentuximab	vedotin	in
CD30-expressing	MF.103	The	most	frequent	adverse	event	was	peripheral	neuropathy,	which	occurred	in	67%	of
patients.

Cytotoxic	Chemotherapy
Combination	chemotherapy	regimens	have	produced	higher	responses	in	patients	with	advanced	refractory	CTCL,
but	 these	 responses	 have	 not	 been	 durable.	A	 study	 of	 infusional	EPOCH	 (etoposide,	 vincristine,	 doxorubicin,
bolus	 cyclophosphamide,	 and	 oral	 prednisone)	 in	 advanced	 refractory	CTCL	demonstrated	 an	 overall	 response
rate	of	80%	(12	patients),	with	4	(27%)	complete	responses	but	a	response	duration	of	8	months.104	Treatment-
related	toxicity	was	significant,	with	61%	of	the	patients	experiencing	grade	3/4	myelosuppression.	Because	of	the
high	 risk	 of	 infection	 and	 myelosuppression	 and	 modest	 response	 durations	 with	 combination	 chemotherapy,
single-agent	 therapies	 are	 preferred	 except	 in	 patients	 who	 are	 refractory	 or	 who	 present	 with	 extensive
adenopathy	and/or	visceral	involvement	and	require	immediate	palliation.

Purine	Analogs
Response	rates	up	to	70%	have	been	reported	for	single-agent	pentostatin	in	refractory	patients.	Investigators	at
the	MD	Anderson	Cancer	Center	reported	a	response	rate	of	56%	for	dose-escalated	pentostatin	(3	to	5	mg/m2/day
for	3	days	on	a	21-day	schedule)	in	42	patients	with	CTCL.105	The	failure-free	survival	was	2.1	months.	Grade	3/4
neutropenia	occurred	in	21%	of	patients.	The	incidence	of	infectious	complications	with	pentostatin	was	initially
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high	but	was	subsequently	reduced	by	prophylactic	trimethoprim	and	antiviral	therapies.	In	a	combination	study
of	pentostatin	at	4	mg/m2/day	for	3	days	with	intermediate	dose	interferon-α,	the	overall	response	rate	was	similar,
but	the	median	progression-free	survival	was	improved	to	13.1	months.106

Gemcitabine	has	demonstrated	impressive	clinical	activity	in	advanced	and	refractory	CTCL.	The	incidence	of
grade	3	neutropenia	was	25%.	Median	response	duration	was	8	months.	In	a	study	of	chemotherapy-naive	patients
treated	with	1,200	mg/m2,	the	response	rate	was	75%,	with	a	22%	complete	response	rate.107–109

Liposomal	Doxorubicin
Pegylated	 liposomal	 doxorubicin	 is	 an	 active	 agent	 in	 Kaposi	 sarcoma	 and	 has	 been	 shown	 to	 accumulate	 in
involved	 skin	 lesions.	 In	 patients	with	 advanced	MF,	 response	 rates	 of	 80%	have	 been	 reported.	 In	 one	 small
prospective	 multicenter	 study	 investigating	 liposomal	 doxorubicin	 monotherapy	 in	 25	 patients,	 5	 complete
responses	 and	 9	 partial	 responses	were	 reported.110	 In	 a	 larger	 phase	 II	 trial	 carried	 out	 of	 the	 EORTC	 of	 49
patients	with	stage	IIB,	IVA,	or	IVB	MF,	3	patients	experienced	a	complete	response	and	17	experienced	a	partial
response	with	median	 duration	 of	 response	 6	months	 and	median	 time	 to	 progression	 7.4	months.111	With	 the
exception	 of	 infusion-related	 events,	 liposomal	 doxorubicin	 was	 well	 tolerated	 with	 no	 grade	 3	 or	 4	 adverse
events.

Pralatrexate
Pralatrexate	 is	 a	 promising	 new	 folate	 antagonist	with	 activity	 in	 patients	with	T-cell	 lymphoma	 and	 has	 been
approved	 for	 patients	 with	 aggressive	 peripheral	 T-cell	 lymphoma	 and	MF	 with	 large	 cell	 transformation.	 In
preclinical	 studies,	pralatrexate	has	been	shown	 to	be	more	potent	 than	methotrexate.112	 In	 the	PROPEL	study,
111	patients	with	relapsed	or	refractory	PTCL	were	treated	with	pralatrexate.	The	overall	response	rate	was	29%
with	 a	median	 duration	 of	 response	 10.1	months.113	 In	 an	 open-label	 phase	 I	 clinical	 trial	 including	 54	CTCL
patients	who	failed	at	least	one	systemic	therapy,	pralatrexate	was	given	at	a	dose	of	15	mg/m2	for	3	or	4	weeks
and	the	overall	response	rate	was	41%	(35%	partial	response	and	6%	complete	response).114	Grade	3/4	adverse
events	were	mucositis	and	leukopenia.	In	patients	with	transformed	MF	in	the	PROPEL	study,	overall	response
rate	was	25%	(n	=	3),	demonstrating	efficacy	in	a	group	that	is	largely	refractory	to	therapy.115

Other	Novel	Agents
Several	 other	 novel	 agents	 have	 been	 explored	 in	 patients	 with	 CTCL	 based	 on	 biologic	 observations.	 The
overexpression	of	the	microRNA	miR-155	in	both	the	malignant	and	nonmalignant	lymphocytes	in	skin	biopsies
from	patients	with	CTCL	has	led	to	a	clinical	trial	using	an	inhibitor	of	miR-155.116,117	Another	novel	 targeting
strategy	involves	an	anti-KIR	antibody,	which	targets	a	novel	allelic	for	of	the	major	histocompatibility	complex
class	 I	 binding	 p140-killer	 cell	 immunoglobulin-like	 receptor,	 p140-KIR3DL.118	 This	 receptor	 is	 expressed	 on
circulating	 Sézary	 cells	 but	 not	 in	 early	 patch/plaque	 stage	CTCL.	A	 trial	 using	 a	monoclonal	 antibody	 to	 the
KIR3DL	receptor	is	underway.119

Autologous	and	Allogeneic	Bone	Marrow	Transplantation
Results	with	 autologous	 stem	cell	 transplantation	have	not	 been	promising	 in	patients	with	MF/SS.	One	major
issue	 in	many	 studies	 is	 eradication	of	 disease	prior	 to	 transplant,	 and	most	 patients	 have	undergone	 extensive
prior	therapy.	Molina	et	al.120	reported	successful	outcomes	with	donor	transplants	in	six	of	eight	refractory	CTCL
patients.	All	achieved	a	complete	remission;	however,	two	died	from	transplant-related	complications.	Paralkar	et
al.121	reported	results	using	reduced	intensity	conditioning	regimens	in	12	refractory	CTCL	patients.	A	total	of	6
patients	 (50%)	 achieved	 complete	 remission,	 and	 the	 median	 duration	 of	 response	 was	 22	 months.	 In	 a
retrospective	 analysis	 of	 allogeneic	 transplant	 for	MF	 and	 SS,	 in	 a	 group	 of	 60	 patients	 where	 44	 underwent
reduced	intensity	conditioning,	patients	with	reduced	intensity	conditioning	had	1-	and	3-year	overall	survival	of
73%	and	63%,	respectively,	supporting	a	significant	graft	versus	lymphoma	effect.122	A	series	from	MD	Anderson
Cancer	Center	reported	the	use	of	reduced	intensity	conditioning	preceded	by	a	course	of	total	skin	irradiation	in
18	 patients.	Of	 13	 patients	 alive	 after	 day	 100,	 8	 had	 a	 skin	 relapse	 and	 5	 of	 them	 responded	 to	 either	 donor
lymphocyte	infusions	or	reduction	of	immunosuppression.	At	a	median	follow-up	of	19	months	(range,	1.3	to	8.3
years),	13	remain	in	remission.123



OTHER	CUTANEOUS	LYMPHOMAS
Primary	CD301	Lymphoproliferative	Disorders
The	 primary	 CD30+	 lymphomas	 comprise	 a	 spectrum	 of	 disease,	 with	 LyP	 being	 a	 clonal	 but	 nonmalignant
variant	and	cutaneous	ALCL	(C-ALCL)	resembling	its	systemic	counterpart.	Clinically	and	histopathologically,
LyP	 and	 C-ALCL	 may	 be	 indistinguishable.	 The	 classic	 presentation	 of	 LyP	 is	 papular,	 papulonodular,	 or
papulonecrotic	skin	lesions	at	different	stages	of	development	with	a	waxing	and	waning	course.	The	lesions	often
disappear	within	12	weeks	and	often	leave	a	scar.	The	median	patient	age	is	45	years,	but	the	disease	does	occur	in
children;	 the	male/female	 ratio	 is	1.5:1.	Three	histologic	subtypes	have	been	 identified,	all	demonstrating	 large
CD30+	cells	with	(type	A)	or	without	(type	C)	infiltrating	inflammatory	cells.124	In	some	cases	(type	B),	there	is
infiltration	of	the	epidermis,	similar	to	MF.	Up	to	60%	of	cases	demonstrate	clonality	for	T-cell	receptor,	but	the
(2:5)	(p23;q35)	translocation	characteristic	of	alk+	ALCL	is	not	present.	Up	to	20%	of	cases	may	be	preceded	by
or	 follow	another	 lymphoma,	 including	MF,	ALCL,	or	Hodgkin	 lymphoma.	For	most	patients,	 the	prognosis	 is
excellent,	and	 the	disease	 is	managed	either	with	no	 treatment,	 low	doses	of	oral	methotrexate,	or	PUVA.	 In	a
series	of	118	isolated	cases	of	LyP,	only	4%	of	patients	developed	systemic	lymphoma.

C-ALCL	 is	 similar	 to	 systemic	 ALCL	 except	 for	 the	 cutaneous	 presentation	 and	 the	 absence	 of	 systemic
disease.	All	patients	with	C-ALCL	should	undergo	careful	staging	to	rule	out	systemic	involvement	before	being
classified	 as	 C-ALCL.	 Most	 patients	 present	 with	 solitary	 nodules,	 tumors,	 or	 ulcerating	 lesions	 that	 may
spontaneously	 regress,	 but	multifocal	 disease	 has	 been	observed	 in	 up	 to	 20%	of	 patients.	The	 histopathologic
features	of	 the	disease	include	the	presence	of	 large,	anaplastic	cells	 that	express	CD30	antigen	in	>70%	of	the
tumor	cells.	The	tumor	cells	demonstrate	clonality	for	T-cell	receptor	rearrangement,	an	activated	CD4	phenotype
with	loss	of	other	T-cell	antigens,	and	frequent	expression	of	cytotoxic	proteins	(granzyme	B,	TIA-1,	perforin).
The	 (2:5)	 (p23;q35)	alk	 translocation	 that	 is	 frequently	 seen	 in	 systemic	ALCL	 is	uncommonly	observed	 in	C-
ALCL.	In	addition,	the	systemic	ALCL	expresses	epithelial	membrane	antigen,	which	is	absent	in	C-ALCL.	The
overall	prognosis	is	excellent,	and	most	patients	are	treated	by	surgical	excision	and/or	local	radiotherapy	to	the
lesions.	 A	 total	 of	 30	 Gy	 may	 be	 adequate.125–127	 For	 recurrent	 disease,	 low	 doses	 of	 methotrexate	 or	 other
cytotoxic	 agents	 may	 be	 used.	 Patients	 with	 relapsed	 or	 refractory	 C-ALCL	 were	 treated	 with	 brentuximab
vedotin	on	 the	ALCANZA	trial,	 and	 the	 response	 rate	was	87%	for	 those	with	only	cutaneous	 involvement.103
Based	 on	 this	 trial,	 brentuximab	 vedotin	 is	 FDA	 approved	 for	 patients	 with	 C-ALCL	 who	 progress	 after
radiotherapy	or	at	least	one	systemic	therapy.

Subcutaneous	Panniculitis-like	T-Cell	Lymphoma	and	Cutaneous	Peripheral	T-
Cell	Lymphoma	Unspecified
Subcutaneous	 panniculitis-like	 T-cell	 lymphoma	 and	 cutaneous	 peripheral	 T-cell	 lymphomas	 (SPTCLs)	 have
distinct	clinicopathologic	features	and	outcomes.	SPTCL	is	composed	of	 two	subtypes,	 the	α/β	and	the	γ/δ,	and
both	 are	 characterized	 by	 subcutaneous	 masses	 or	 flat	 plaques	 that	 mainly	 involve	 the	 legs	 but	 may	 be
generalized.	Often,	patients	present	with	B	symptoms	such	as	fever,	fatigue,	and	weight	loss.	The	WHO-EORTC
classification	 has	 separated	 these	 phenotypes	 because	 of	 their	 disparate	 outcomes.2	 The	 α/β	 SPTCL	 is
characterized	by	subcutaneous	infiltrates	that	spare	the	epidermis	and	dermis	and	rim	individual	fat	cells.	In	early
stages,	 the	 tumor	 cells	may	 lack	 significant	 atypia	 and	 an	 inflammatory	 infiltrate	may	be	 present,	 leading	 to	 a
diagnosis	of	inflammatory	panniculitis.	The	phenotype	of	the	malignant	lymphocytes	is	CD3+,	CD4−,	and	CD8+
with	 expression	 of	 cytotoxic	 proteins.	 The	 outcome	 for	 α/β	 type	 of	 SPTCL	 is	 excellent,	 with	 an	 80%	 5-year
survival.	Treatments	include	corticosteroids,	single-agent	chemotherapy,	and	radiotherapy.	The	cutaneous	γ/δ	T-
cell	 lymphomas	 are	 characterized	 by	 disseminated	 disease	with	 frequent	mucosal	 and	 extranodal	 involvement.
The	 hematophagocytic	 syndrome	 may	 occur.	 Histopathologic	 features	 include	 involvement	 of	 the	 dermis,
epidermis,	and	fat	with	rimming	of	fat	globules	and	angioinvasion.	The	phenotype	of	the	cells	is	CD3+,	CD2+/−,
CD8+,	and	CD56+	beta	F1−	with	 lack	of	expression	of	either	CD4	or	CD8.	Most	patients	have	a	poor	outcome
despite	aggressive	chemotherapy,	with	a	median	survival	of	15	months	reported	in	one	series	of	33	patients.

Primary	 cutaneous	PTCL	unspecified	 is	 characterized	by	 infiltration	of	 the	dermis	 by	CD3+	CD4+	 or	CD3+
CD8+	pleomorphic	small	and	medium-sized	cells,	in	many	cases	with	an	admixture	of	reactive	lymphocytes.	Most
cases	demonstrate	 a	 loss	of	T-cell	markers	 and	are	CD30-negative	 and	 rarely	CD56+.	The	 clinical	 features	 are
plaques	or	tumors,	often	on	the	face,	neck,	or	upper	trunk.	The	estimated	5-year	survival	of	the	CD4+	types	is	80%
and	 the	 preferred	 treatments	 are	 surgery,	 radiation,	 or	 single-agent	 chemotherapy.	 The	 CD8+	 variants	 often
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express	cytotoxic	phenotypes	(granzyme	B+,	perforin+,	TIA-1+)	and	are	characterized	by	ulcerative	or	necrotic
tumor	or	plaques	with	frequent	dissemination	to	visceral	sites	but	rarely	to	lymph	nodes.	The	median	survival	for
this	group	of	patients	is	32	months	despite	aggressive	systemic	chemotherapy.

The	Cutaneous	Natural	Killer	Lymphomas
Extranodal	 NK/T-cell	 lymphoma	 is	 an	 Epstein-Barr	 virus–positive	 lymphoma	with	 an	NK	 or	 cytotoxic	 T-cell
phenotype	most	 commonly	 found	 in	South	America,	South	Asia,	 and	Central	America.	The	 skin	 is	 the	 second
most	 common	 site	 of	 involvement	 after	 the	 nasal	 cavity	 and	 sinuses.	 Skin	manifestations	 include	 ulcerative	 or
necrotic	skin	lesions	characterized	histopathologically	by	angiodestruction	and	extensive	necrosis.	The	neoplastic
cells	express	CD2,	CD56,	and	cytotoxic	proteins	but	lack	surface	CD3.	The	T-cell	receptor	is	often	germline,	and
Epstein-Barr	virus	is	almost	always	expressed.	The	median	survival	for	disease	presenting	in	the	skin	alone	is	27
months,	and	5	months	for	those	presenting	with	other	sites	of	disease.

Another	variant	of	cutaneous	NK	lymphoma,	the	blastic	NK	lymphoma,	has	been	recently	reclassified	by	the
WHO-EORTC	 as	 CD4+/CD56+	 hematodermic	 neoplasm	 because	 recent	 studies	 have	 demonstrated	 a
plasmacytoid	 dendritic	 cell	 derivation.	 This	 neoplasm	 commonly	 presents	 in	 the	 skin	with	 solitary	 or	multiple
tumors	or	nodules.	Most	patients	who	present	with	skin	involvement	only	rapidly	develop	widespread	disease	in
multiple	visceral	sites.	The	infiltrates	are	CD4+	CD56+,	CD45RA+	cells,	which	lack	CD3	and	cytotoxic	proteins
and	express	CD123	and	TCL	1,	which	are	characteristic	of	plasmacytoid	dendritic	cells.	The	differential	diagnosis
is	myelomonocytic	or	lymphocytic	leukemia	cutis	that	can	be	distinguished	by	staining	for	myeloperoxidase	and
CD3,	 respectively.	 The	 skin	 biopsy	 is	 notable	 for	 a	 diffuse	 nonepidermotropic	 infiltration	 of	 the	 dermis	 by
intermediate-sized	 blast-like	 cells	 with	 frequent	mitoses.	 The	 prognosis	 is	 poor,	 with	 a	median	 survival	 of	 14
months.	 Initial	 therapy	 is	 often	 with	 acute	 myeloid	 leukemia	 type	 of	 regimens,	 which	 induce	 brief	 initial
responses.

Cutaneous	B-Cell	Lymphoma
The	primary	cutaneous	B-cell	lymphomas	(PCBCLs)	are	1.4	times	more	common	in	men	than	women,	and	more
common	 in	whites.125	 The	 etiology	 of	 PCBCL	 is	 also	 unclear	 and	 the	 pathogenesis	 not	 well	 understood,	 but
Borelia	 has	 been	 identified	 in	 a	 small	 percentage	 of	 patients	 presenting	 with	 PCBCL.	 For	 PCBCL,	 nodal
classification	systems	have	been	used,	but	given	the	different	natural	history	of	such	lesions,	specific	classification
and	prognostic	systems	are	necessary.	In	addition	to	the	WHO-EORTC	classification	system	for	both	T-	and	B-
cell	cutaneous	lymphomas,	other	prognostic	systems	have	been	developed	that	take	the	location	and	histology	of
the	lesion	into	account.126

Types	of	Primary	Cutaneous	B-Cell	Lymphoma
The	histologic	subtypes	of	PCBCL	include	marginal	zone,	follicular	center	cell	 type,	and	diffuse	large	cell	(see
Table	99.1).	Mucosa-associated	 lymphoid	 tissue	 can	be	 found	 in	 a	variety	of	 anatomic	 locations,	 and	marginal
zone	 lymphoma	of	 the	 skin	 is	 the	 cutaneous	 counterpart.	Small	 lymphocytes	 and	 reactive	germinal	 centers	 are
frequently	appreciated	in	conjunction	with	marginal	zone	cells.	Expression	of	CD20,	CD79,	and,	commonly,	bcl-2
but	not	bcl-6	has	been	identified	in	addition	to	identification	of	the	IHG	and	MLT	genes	of	chromosomes	14	and
18,	 respectively.	 Follicle	 center	 cell	 cutaneous	 lymphomas	 often	 spare	 the	 epidermis	 and	 may	 consist	 of
centrocytes,	germinal	centers,	and	reactive	T	cells.	A	follicular	pattern	is	common	and	expression	of	CD20	and
CD79	 is	often	noted.	Expression	of	bcl-2	 and	MUM-1	 is	 typically	 absent.	The	 t(14:18)	 translocation,	which	 is
often	seen	in	the	nodal	counterpart,	is	absent	in	the	cutaneous	presentation.

Cutaneous	plasmacytoma	consists	of	a	cutaneous	infiltrate	of	plasma	cells	without	bone	marrow	involvement.
This	presentation	of	PCBCL	is	quite	rare	and	may	present	as	papules,	plaques,	or	tumors/nodules.	Typically,	the
dermis	 is	 occupied	 by	 mononuclear	 cells	 and	 amyloid	 deposition	 is	 often	 identified	 within	 the	 infiltrate.
Immunoglobulins	are	often	present,	and	cells	may	express	CD38.

Diffuse	large	B-cell	type	is	distinguished	based	on	whether	it	occurs	on	the	leg	and	whether	it	is	intravascular
type.	Expression	of	CD20	and	CD79	may	be	seen	and	lesions	identified	on	the	lower	extremity	may	express	bcl-2,
bcl-6,	and	MUM-1.	Lesions	that	are	found	in	other	cutaneous	locations	may	also	express	these	markers,	but	more
typically	they	are	found	on	the	lower	extremities.	Inactivation	of	p16	suppressor	genes,	additions	for	18q	and	7p,
and	loss	of	6q	may	be	noted	with	cutaneous	diffuse	large	B-cell	lymphoma.128

Treatment	 for	 PCBCL	 depends	 on	 the	 histopathologic	 subtype.	 More	 indolent	 forms	 of	 PCBCL	 such	 as



marginal	zone	or	follicle	center	cell	tend	to	be	bothersome	to	the	patient	but	rarely	follow	an	aggressive	clinical
course.	Radiotherapy,	surgical	excision,	and	observation	are	options	for	such	patients.	Radiotherapy	for	PCBCL	is
very	 much	 the	 same	 as	 that	 described	 for	 MF-CTCL.	 Short	 course	 radiotherapy	 with	 4	 Gy	 provided	 in	 two
fractions	(2	Gy	×	2)	may	provide	palliative	benefit	and	complete	response	in	some	cases.	The	technical	aspects	of
the	treatment	delivery	are	quite	similar,	as	are	the	side	effects.	Patients	who	present	with	diffuse	large	cell	leg-type
histology	 are	 typically	 treated	more	 aggressively,	 given	 the	 relatively	 poor	 outcomes	with	 radiotherapy	 alone.
Combined	modality	therapy	is	often	considered	for	this	group	of	patients,	and	therapeutic	courses	tend	to	follow
those	used	in	nodal	lymphomas	of	similar	histology.	If	the	histology	is	diffuse	large	cell,	but	not	of	the	leg	type,
consideration	can	be	given	to	the	use	of	radiotherapy	alone	as	the	sole	therapeutic	modality.	Rituximab	has	been
used	in	the	management	of	patients	with	PCBCL	and	in	those	with	widespread	disease,	but	the	evidence	regarding
efficacy	and	outcomes	is	anecdotal	and	series	are	small.	For	patients	with	localized	CBCL,	the	complete	response
rates	approach	100%,	with	5-year	disease-free	survivals	of	approximately	50%.129–133
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EPIDEMIOLOGY
Primary	central	nervous	system	lymphoma	(PCNSL)	is	a	rare	and	aggressive	extranodal	non-Hodgkin	lymphoma
(NHL)	confined	to	the	brain,	leptomeninges,	eyes,	or	spinal	cord	without	systemic	involvement.	It	accounts	for	up
to	1%	of	NHL	and	approximately	2%	of	all	primary	central	nervous	system	(PCNS)	tumors,	with	a	median	age	of
65	years	at	diagnosis.1	The	annual	incidence	rate	is	0.43	cases	per	100,000	population	with	a	slight	predilection
for	males.1	 Among	 immunocompetent	 population,	 the	 risk	 of	 PCNSL	 increases	 with	 advancing	 age,	 with	 the
highest	 rates	 occurring	 in	 the	 group	 older	 than	 75	 years.	 The	 overall	 incidence	 of	 PCNSL	 has	 been	 rising,
especially	in	the	elderly.2

There	 have	 been	 significant	 advances	 in	 the	 treatment	 of	 PCNSL	 in	 the	 last	 two	 decades,	 and	 long-term
survival	is	observed	in	approximately	15%	to	20%	of	patients	who	were	treated	with	high-dose	methotrexate	(HD-
MTX)-based	 chemotherapy	with	 or	without	 radiotherapy,	 particularly	 in	 younger	 patients	 and	 those	with	 good
performance	status.	However,	the	5-year	survival	rate	remains	low	at	33%.1	When	left	untreated,	prognosis	is	very
poor	with	an	overall	survival	(OS)	of	approximately	1.5	months.

HISTOPATHOLOGY	AND	MOLECULAR	PROFILE
The	 majority	 of	 PCNSL	 cases	 (>90%)	 are	 diffuse	 large	 B-cell	 lymphomas	 (DLBCLs),	 with	 the	 remainder
consisting	 of	 T-cell	 (2%),	 Burkitt,	 lymphoblastic,	 and	 poorly	 characterized	 low-grade	 lymphomas.3	 PCNS
DLBCL	 is	 composed	 of	 centroblasts	 or	 immunoblasts	 clustered	 in	 the	 perivascular	 space,	 with	 reactive
lymphocytes,	 macrophages,	 and	 activated	 microglial	 cells	 intermixed	 with	 the	 tumor	 cells.	 PCNS	 DLBCL	 is
recognized	as	a	distinct	subtype	of	DLBCL	in	the	World	Health	Organization	(WHO)	classifications.4	It	expresses
pan-B-cell	 antigens	 including	 CD19,	 CD20,	 CD22,	 and	 CD79a.3,5	 The	 molecular	 mechanisms	 underlying
transformation	 and	 localization	 to	 the	 central	 nervous	 system	 (CNS)	 are	 poorly	 understood.6	 Limitations	 in
molecular	 studies	 of	PCNSL	 include	 the	 rarity	 of	 the	 disease	 and	 the	 limited	 availability	 of	 tissue	because	 the
diagnosis	is	most	often	made	with	stereotactic	needle	biopsy.	Melanoma-associated	antigen	1	(MUM1)/interferon
regulatory	 factor	 4	 is	 nearly	 always	 present,	 B-cell	 chronic	 lymphocytic	 leukemia/lymphoma	 6	 (BCL6)	 is
expressed	 in	 about	 50%	 of	 cases,	 BCL2	 is	 variably	 expressed,	 and	 CD10	 is	 expressed	 in	 only	 about	 10%	 of
cases.3,5	This	 immunophenotype	(MUM1/interferon	regulatory	factor	4	[IRF4]	positive,	BCL6	positive,	CD10−)
observed	in	the	majority	of	PCNS	DLBCLs	most	closely	resembles	that	of	a	postgerminal	center	or	an	activated
B-cell	(ABC)	lymphoma.

Like	systemic	DLBCL,	PCNSL	commonly	harbors	chromosomal	translocations	of	the	BCL6	gene,	deletions	in
6q,	and	aberrant	somatic	hypermutation	in	protooncogenes	including	MYC	and	PAX5.7	Inactivation	of	CDKN2A
is	also	commonly	observed	in	both	entities.	However,	certain	molecular	features	distinguish	PCNS	DLBCL	from
systemic	DLBCL.	A	loss	of	human	leukocyte	antigen	(HLA)	class	I	and/or	HLA	class	II	expression	occurs	more
often	 in	PCNS	DLBCL.5	This	may	explain	 the	poorer	prognosis	of	PCNS	DLBCL	compared	 to	primary	nodal
DLBCL	 as	 it	 could	 result	 in	 the	 evasion	 of	 neoplastic	 B	 cells	 from	 immune	 surveillance	 by	 T	 cells.	 Gene
expression	 profiles	 demonstrate	 that	 PCNSL	 is	 characterized	 by	 differential	 expression	 of	 genes	 related	 to
adhesion	and	extracellular	matrix	pathways,	including	MUM1,	C-X-C	motif	chemokine	ligand	13	(CXCL13),	and
chitinase-3-like	protein	1	(CHI3L1).7	The	ongoing	somatic	hypermutation	with	biased	use	of	VH	gene	segments
that	 has	 been	 observed	 in	 PCNSL	 is	 suggestive	 of	 an	 antigen-dependent	 proliferation.	 These	 observations	 are
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consistent	with	 the	 hypothesis	 that	PCNSL	 is	 secondary	 to	 antigen-dependent	 activation	 of	 circulating	B	 cells,
which	subsequently	localize	to	the	CNS	by	expression	of	various	adhesion	and	extracellular	matrix–related	genes.
A	 genomic	 analysis	 of	 PCNSL	 samples	 from	 19	 immunocompetent	 patients	 identified	 recurrent	 aberrations	 in
PRKCD	and	TOX	genes.8	PRKCD	is	a	proapoptotic	protein	kinase	that	has	been	implicated	in	cellular	processes
such	as	growth,	differentiation,	secretion,	apoptosis,	and	tumor	development.	TOX	plays	a	role	in	T-cell	and	B-
cell	development.	Almost	all	PCNSLs	harbor	mutations	involved	in	the	activation	of	the	nuclear	factor	kappa	B
(NF-κB)	 signaling	 pathway,	 such	 as	 activating	 mutations	 of	MYD88,	 CARD11,	 and	 CD79	 and	 deletions	 of
TNFAIP3	 and	TBL1XR1.7,8	 This	 suggests	 that	NF-κB	 activation	may	 play	 a	 role	 in	 the	 pathogenesis	 of	 PCNS
DLBCL	and	may	represent	a	potential	therapeutic	target.	Further	molecular	studies	to	investigate	the	transforming
events	and	the	subsequent	events	responsible	for	CNS	tropism	in	PCNSL	are	needed.	Insights	into	the	molecular
pathogenesis	of	PCNSL	may	allow	the	development	of	targeted	therapeutic	approaches	for	tumor.

DIAGNOSIS
Neurocognitive	symptoms	are	the	most	common	presenting	clinical	features	of	PCNSL.	Other	common	symptoms
include	 focal	 neurologic	 deficits	 depending	 on	 the	 site	 of	 the	 CNS	 involved	 and	 symptoms	 of	 increased
intracranial	 pressure.	 Seizures	 are	 relatively	 uncommon	 as	 PCNSL	 tends	 to	 involve	 the	 deep	 brain	 structures.
Approximately	10%	to	20%	of	patients	have	concurrent	ocular	involvement	and	may	report	ocular	symptoms	such
as	 floaters	 and/or	 blurred	 vision.9	 However,	 up	 to	 half	 of	 these	 patients	with	 ocular	 involvement	 do	 not	 have
ocular	symptoms.	Approximately	15%	to	20%	of	patients	have	concurrent	leptomeningeal	involvement	which	is
often	asymptomatic	and	is	only	detected	on	cerebrospinal	fluid	(CSF)	evaluation.10	B	symptoms	such	as	weight
loss,	 fevers,	 and	 night	 sweats	 are	 infrequent	 in	 PCNSL.	 PCNSL	 confined	 to	 the	 eye,	 CSF,	 or	 spinal	 cord	 at
presentation	is	rare.11,12

A	gadolinium-enhanced	brain	magnetic	resonance	imaging	(MRI)	scan	is	the	most	sensitive	radiographic	study
for	the	detection	of	PCNSL	(Fig.	100.1).	Most	PCNSL	patients	present	with	a	single	brain	mass,	typically	located
in	 the	 supratentorial	 region	with	 a	 predilection	 for	 the	 periventricular	white	matter.	 The	 common	 sites	 are	 the
cerebral	 hemisphere	 (38%),	 basal	 ganglia	 and	 thalamus	 (16%),	 and	 corpus	 callosum	 (14%).13	 PCNSL	 is
characterized	on	T1-weighted,	postcontrast	images	by	homogeneous	enhancement	with	well-defined	borders.	It	is
typically	 isointense	 to	 hypointense	 on	 T2-weighted	 MRI	 and	 has	 restricted	 diffusion	 on	 diffusion-weighted
imaging	(DWI),	which	may	be	explained	by	its	high	cellularity	with	tightly	compacted	cells	and	the	high	nuclear-
to-	cytoplasmic	ratio.14	Perilesional	vasogenic	edema	is	common.

Figure	100.1	Brain	magnetic	resonance	imaging	from	a	patient	with	primary	central	nervous
system	lymphoma.	A:	Axial,	postgadolinium	contrast	T1-weighted	imaging	demonstrates	intense,
homogenous	enhancement	of	the	tumor	with	well-defined	borders.	B:	Axial,	T2-weighted	fluid-
attenuated	inversion	recovery	imaging	demonstrates	isodense	tumor	with	hyperintense	signal

surrounding	it,	reflecting	vasogenic	cerebral	edema.	C:	Axial,	diffusion-weighted	imaging	shows
increased	signal	within	the	tumor,	suggesting	high	cellularity.	(Reprinted	with	permission	from	Han

CH,	Batchelor	TT.	Diagnosis	and	management	of	primary	central	nervous	system	lymphoma.
Cancer	2017;123[22]:4314–4324.)



The	histopathologic	diagnosis	of	PCNSL	is	typically	made	by	stereotactic	brain	biopsy.	Occasionally,	PCNSL
is	diagnosed	by	CSF	cytology	and	flow	cytometry	or	vitrectomy/chorioretinal	biopsy.	Given	the	possible	delay	in
diagnosis	and	treatment	with	the	latter	two	methods,	prompt	stereotactic	biopsy	is	advised	in	almost	all	cases	that
are	 surgically	 accessible.	 It	 is	 important	 to	 avoid	 corticosteroids	 prior	 to	 biopsy,	 if	 possible,	 when	 PCNSL	 is
suspected	as	these	drugs	can	interfere	with	a	histopathologic	diagnosis	resulting	in	significant	diagnostic	delays.

The	International	PCNSL	Collaborative	Group	(IPCG)	has	developed	guidelines	to	determine	extent	of	disease
(Table	100.1).15	There	is	no	staging	system	that	correlates	with	prognosis	or	response	to	treatment	in	PCNSL.	A
thorough	diagnostic	evaluation	is	needed	to	establish	the	extent	of	the	lymphoma	and	to	confirm	localization	to
the	CNS.	Physical	examination	should	consist	of	a	lymph	node	examination,	a	testicular	examination	in	men,	and
a	comprehensive	neurologic	examination.	A	lumbar	puncture	should	be	performed	if	not	contraindicated,	and	CSF
should	be	assessed	by	flow	cytometry,	cytology,	and	immunoglobulin	heavy	chain	gene	rearrangement.	Because
extraneural	disease	must	be	excluded	to	establish	a	diagnosis	of	primary	CNS	lymphoma,	computed	tomography
(CT)	 or	 CT/positron	 emission	 tomography	 PET	 scans	 of	 the	 chest,	 abdomen,	 and	 pelvis,	 and	 a	 bone	marrow
biopsy	 and	 aspirate	 should	 be	 performed	 to	 exclude	 occult	 systemic	 disease.	 Involvement	 of	 the	 optic	 nerve,
retina,	 or	 vitreous	 humor	 should	 be	 excluded	with	 a	 comprehensive	 eye	 evaluation	 by	 an	 ophthalmologist	 that
includes	 a	 slit-lamp	 examination.	Blood	 tests	 should	 include	 a	 complete	 blood	 count,	 a	 basic	metabolic	 panel,
serum	lactate	dehydrogenase	(LDH),	and	HIV	serology.15

TABLE	100.1
International	PCNSL	Collaborative	Group	Consensus	Recommendations	for	Baseline
Evaluation

Clinical	Evaluation
Comprehensive	physical	and	neurologic	examination

Age	and	performance	status	(ECOG	PS	or	KPS)

Cognitive	function	evaluation	(at	a	minimum	MMSE)

Corticosteroid	dosing

Laboratory	Evaluation
Serum	LDH

Hepatic	and	renal	function	(including	creatinine	clearance)

HIV	serologic	testing

Extent-of-Disease	Evaluation
Gadolinium-enhanced	brain	MRI	(or	contrast-enhanced	CT	if	MRI	contraindicated)

CSF	analysisa:	cytology,	flow	cytometry,	cell	counts,	protein	and	glucose	levels,	β2-microglobulin,	and	immunoglobulin	heavy
chain	gene	rearrangement

Ophthalmologic	examination	including	slit-lamp	examination	of	both	eyes

Gadolinium-enhanced	whole-spine	MRI

PET/CT	(chest/abdomen/pelvis)

Bone	marrow	biopsy	with	aspirate

Testicular	ultrasound	for	older	men
aCSF	should	be	sampled	before	or	1	week	after	 surgical	biopsy	 to	avoid	 false-positive	 results.	Lumbar	puncture	should	only	be
performed	if	deemed	safe.
ECOG	PS,	Eastern	Cooperative	Oncology	Group	performance	 status;	KPS,	Karnofsky	Performance	Status	Scale;	MMSE,	Mini-
Mental	 State	 Examination;	 LDH,	 lactate	 dehydrogenase;	 MRI,	 magnetic	 resonance	 imaging;	 CT,	 computed	 tomography;	 CSF,
cerebrospinal	fluid;	PET,	positron	emission	tomography.
Data	derived	from	Abrey	LE,	Batchelor	TT,	Ferreri	AJ,	et	al.	Report	of	an	international	workshop	to	standardize	baseline	evaluation
and	response	criteria	for	primary	CNS	lymphoma.	J	Clin	Oncol	2005;23(22):5034–5043.

PROGNOSTIC	MODELS
Two	prognostic	 scoring	systems	have	been	developed	specifically	 for	PCNSL.16,17	 In	a	 retrospective	 review	of
378	PCNSL	patients,	the	International	Extranodal	Lymphoma	Study	Group	(IELSG)	identified	age	older	than	60
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years,	Eastern	Cooperative	Oncology	Group	(ECOG)	performance	status	>1,	elevated	serum	LDH	level,	elevated
CSF	 protein	 concentration,	 and	 involvement	 of	 deep	 regions	 of	 the	 brain	 as	 independent	 predictors	 of	 poor
prognosis.17	In	patients	with	zero	to	one	factor,	 two	to	three	factors,	and	four	to	five	factors	the	2-year	survival
rates	were	 80%,	 48%,	 and	 15%,	 respectively.	 In	 another	 prognostic	model,	 PCNSL	patients	were	 divided	 into
three	groups	based	on	age	and	Karnofsky	Performance	Status	Scale	(KPS):	(1)	younger	than	50	years	old,	(2)	50
years	and	older	with	a	KPS	≥70,	and	(3)	50	years	and	older	with	a	KPS	<70.16	Based	on	these	three	divisions,	the
median	OS	was	8.5	years,	3.2	years,	and	1.1	years,	respectively.	The	median	failure-free	survival	was	2.0	years,
1.8	years,	and	0.6	years,	respectively.

MANAGEMENT	OF	NEWLY	DIAGNOSED	PRIMARY	CENTRAL	NERVOUS
SYSTEM	LYMPHOMA
Newly	 diagnosed	 PCNSL	 is	 first	 treated	 with	 induction	 chemotherapy	 to	 achieve	 a	 radiographic	 response
(complete	 response	 [CR]).	 Consolidation	 therapy	 then	 follows	 with	 an	 aim	 to	 eliminate	 any	 residual	 disease.
Defining	 response	 to	 treatment	 in	 PCNSL	 requires	 assessment	 of	 all	 sites	 involved	 by	 disease.	 The	 IPCG	 has
established	response	criteria	that	have	been	adopted	into	most	prospective	clinical	trials	(Table	100.2).15

Corticosteroids	decrease	 tumor-associated	edema	and	may	 result	 in	partial	 radiographic	 regression	of	 tumor.
However,	after	an	initial	response	to	corticosteroids,	almost	all	patients	quickly	relapse.	Corticosteroids	should	be
avoided	if	possible	prior	to	a	biopsy,	as	noted	previously.

Surgical	resection	is	not	part	of	the	standard	treatment	approach	for	PCNSL.	The	role	of	surgery	is	limited	to
establishing	histopathologic	diagnosis	 via	 stereotactic	 biopsy.	An	unplanned	 subset	 analysis	 of	 a	 phase	 III	 trial
suggested	a	survival	benefit	of	surgical	resection	of	PCNSL18;	however,	this	study	was	retrospective	in	nature	and
the	results	were	possibly	confounded	by	selection	bias.	Other	studies	showed	no	clear	benefit	of	surgical	resection
of	PCNSL.19	Resection	can	potentially	cause	neurologic	deficits	or	delay	definitive	treatment.	It	may,	however,	be
considered	 in	 cases	 of	 large	 lesions	 with	 acute	 symptoms	 of	 brain	 herniation.	 In	 such	 rare	 cases,	 surgical
debulking	of	the	tumor	may	improve	symptoms	and	performance	status,	leading	to	better	tolerance	of	subsequent
intensive	chemotherapy.

Standardized	induction	and	consolidation	treatment	for	PCNSL	has	yet	to	be	defined.	Historically,	PCNSL	was
treated	only	with	whole-brain	radiation	therapy	(WBRT)	at	doses	ranging	from	36	to	45	Gy,	which	resulted	not
only	in	a	high	proportion	of	radiographic	responses	but	also	in	an	early	relapse.20	In	a	multicenter,	phase	II	trial	41
patients	were	 treated	with	WBRT	 to	 40	Gy	 plus	 a	 20	Gy	 tumor	 boost	 and	 achieved	 a	median	OS	 of	 only	 12
months.21	 Given	 the	 lack	 of	 durable	 responses	 to	 radiation	 and	 the	 risk	 of	 neurotoxicity	 associated	 with	 this
modality	of	therapy,	WBRT	alone	is	no	longer	a	recommended	treatment	for	most	patients	with	newly	diagnosed
PCNSL.	Moreover,	 because	 PCNSL	 is	 an	 infiltrative	multifocal	 disease,	 focal	 radiation	 or	 radiosurgery	 is	 not
recommended.

TABLE	100.2
International	PCNSL	Collaborative	Group	Consensus	Guidelines	for	the	Assessment	of
Response	in	Primary	Central	Nervous	System	Lymphoma

Response Brain	Imaging Steroid	Dose
Ophthalmologic
Examination CSF	Cytology

Complete	response
No	contrast-enhancing
disease None Normal Negative

Unconfirmed	complete
response

No	contrast-enhancing
disease
Minimal	enhancing
disease

Any
Any

Normal
Minor	RPE	abnormality

Negative
Negative

Partial	response

50%	decrease	in
enhancement
No	contrast-enhancing
disease Irrelevant

Irrelevant

Normal	or	minor	RPE
abnormality
Decrease	in	vitreous
cells	or	retinal	infiltrate

Negative
Persistent	or	suspicious

25%	increase	in



Progressive	disease enhancing	disease
Any	new	site	of	disease

Irrelevant Recurrent	or	new
disease

Recurrent	or	positive

Stable	disease

All	scenarios	not
covered	by	responses
above 	 	 	

CSF,	cerebrospinal	fluid;	RPE,	retinal	pigment	epithelium.
Reused	with	permission	from	Abrey	LE,	Batchelor	TT,	Ferreri	AJ,	et	al.	Report	of	an	international	workshop	to	standardize	baseline
evaluation	and	response	criteria	for	primary	CNS	lymphoma.	J	Clin	Oncol	2005;23(22):5034–5043.

The	most	effective	 treatment	 for	PCNSL	 is	 intravenous,	HD-MTX	at	variable	doses	 (1	 to	8	g/m2),	 typically
utilized	in	combination	with	other	chemotherapeutic	agents	and/or	WBRT.	Studies	of	HD-MTX	monotherapy	at
doses	3.5	to	8	g/m2	demonstrated	overall	response	rates	(ORR)	of	35%	to	74%,	median	progression-free	survival
(PFS)	of	10	 to	12.8	months,	 and	median	OS	of	25	 to	55	months.22–24	Adding	other	 chemotherapeutics	 to	HD-
MTX	has	improved	tumor	response	and	survival	outcomes.25,26	Survival	outcomes	vary	widely	across	studies	of
combination	 chemotherapy	 due	 to	 different	 regimens	 and	 dosing	 schedules	 used	 in	 these	 studies.
Chemotherapeutic	agents	studied	in	combination	with	HD-MTX	include	temozolomide,	rituximab,	procarbazine,
cytarabine,	 thiotepa,	 vincristine,	 carmustine,	 etoposide,	 ifosfamide,	 and	 cyclophosphamide.	 For	 example,	 in	 a
multicenter	randomized	phase	II	trial	of	79	PCNSL	patients,	the	addition	of	cytarabine	to	HD-MTX	improved	the
CR	rate	(46%	versus	18%),	3-year	PFS	(38%	versus	21%),	and	3-year	OS	(46%	versus	32%),	compared	to	HD-
MTX	alone.26	All	patients	underwent	consolidative	WBRT	after	induction	chemotherapy	in	this	trial.	In	another
randomized	 phase	 II	 trial,	 the	 addition	 of	 thiotepa	 and	 rituximab	 to	 the	 HD-MTX/cytarabine	 combination
(MATRix	regimen)	improved	the	CR	rate	(49%	versus	23%),	2-year	PFS	(61%	versus	36%),	and	2-year	OS	(69%
versus	 42%).25	 It	 is	 generally	 agreed	 that	 induction	 therapy	 for	 newly	 diagnosed	 PCNSL	 should	 include	HD-
MTX–based	combination	chemotherapy;	however,	there	is	no	consensus	on	the	optimal	dose	and	schedule	of	HD-
MTX,	or	 the	optimal	chemotherapy	combination.	 In	general,	a	MTX	dose	≥3	g/m2	delivered	as	an	 initial	bolus
followed	by	an	infusion	over	3	hours,	administered	every	10	to	21	days,	is	recommended	for	optimal	outcomes
and	 adequate	 CSF	 concentrations.27	 Multiple	 phase	 II	 studies	 have	 demonstrated	 the	 safety,	 efficacy,	 and
relatively	 preserved	 cognition	 of	 HD-MTX–based	 chemotherapy	 regimens.22,28	 Moreover,	 longer	 duration	 of
induction	 chemotherapy	 with	 HD-MTX	 (more	 than	 six	 cycles)	 results	 in	 higher	 complete	 response
proportions.22,29

It	is	now	widely	recognized	that	there	is	a	higher	incidence	of	neurotoxicity	with	combined	modality	treatment
that	includes	WBRT.29	This	observation	prompted	studies	focusing	on	either	reducing	WBRT	dose	or	deferring	it
until	recurrence.	In	a	multicenter	phase	II	trial,	52	patients	were	treated	with	induction	chemotherapy	consisting	of
rituximab,	HD-MTX,	 procarbazine,	 and	 vincristine	 (R-MPV	 regimen),	 followed	 by	 consolidative	 reduced-dose
WBRT	 (23.4	Gy)	 and	 cytarabine	 in	 patients	who	 achieved	 a	CR.29	 Comprehensive	 neuropsychological	 testing
showed	 improvement	 in	 executive	 function	 and	 verbal	 memory	 after	 induction	 therapy	 attributable	 to	 tumor
response,	and	relatively	stable	scores	at	48	months	of	follow-up.	In	patients	who	achieved	a	CR	and	completed
planned	treatment,	the	median	PFS	was	7.7	years	and	the	3-year	OS	was	87%.	The	median	OS	was	not	reached
after	a	median	follow-up	of	6	years.	Similar	neurotoxicity	outcomes	were	observed	in	another	multicenter	phase	II
trial	 evaluating	 induction	 therapy	 using	 HD-MTX,	 temozolomide	 and	 rituximab	 (MTR	 regimen)	 followed	 by
hyperfractionated	WBRT	(36	Gy)	then	10	months	of	postradiotherapy	maintenance	temozolomide.30	Although	the
lower	incidence	of	neurotoxicity	observed	in	these	studies	is	encouraging,	longer	neuropsychological	follow-up	of
these	 patients	 is	 necessary	 to	 definitively	 assess	 the	 safety	 of	 these	 treatment	 regimens	 using	 reduced-dose
consolidative	WBRT.

Given	the	risk	of	clinical	neurotoxicity,	other	studies	have	assessed	whether	WBRT	can	be	eliminated	from	the
initial	management	of	PCNSL.	 In	a	multicenter	phase	 III	 trial,	patients	were	 randomized	 to	 receive	HD-MTX–
based	chemotherapy	with	or	without	 consolidative	WBRT	(45	Gy).31	A	 total	 of	 551	patients	were	 enrolled,	 of
whom	318	were	treated	per	protocol.	Intent-to-treat	analysis	revealed	that	the	2-year	PFS	was	prolonged	with	the
combined	 modality	 regimen	 compared	 to	 chemotherapy	 alone	 (43.5%	 versus	 30.7%);	 however,	 there	 was	 no
improvement	in	OS	(32.4	versus	36.1	months).31,32	The	neurotoxicity	rate	was	nearly	doubled	in	the	WBRT	group
(49%	versus	26%).	These	 findings	 suggest	 that	 the	elimination	of	WBRT	from	 the	 initial	 treatment	of	PCNSL
may	 not	 compromise	OS	 and	may	 better	 preserve	 neuropsychological	 function.	 In	 a	multicenter	 phase	 II	 trial
evaluating	induction	MTR	regimen	followed	by	consolidative	etoposide/cytarabine	combination	without	WBRT,
the	CR	 rate	was	 66%	 and	 the	median	PFS	was	 29	months.28	 The	median	OS	was	 not	 reached	with	 a	median
follow-up	 of	 5	 years.	 These	 results	 are	 comparable	 to	 those	 observed	 in	 regimens	 that	 include	 consolidative
WBRT.	 There	 is	 an	 ongoing	 randomized	 phase	 II	 trial	 (RTOG	 1114,	 NCT01399372)	 comparing	 the	 R-MPV
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regimen	with	or	without	reduced-dose	WBRT	(23.4	Gy)	followed	by	cytarabine.
There	 has	 been	 increasing	 interest	 in	 high-dose	 chemotherapy	 (HDT)	 followed	 by	 autologous	 stem	 cell

transplantation	 (ASCT)	 as	 first-line	 consolidative	 approach	 that	 omits	WBRT.	This	 involves	 leukapheresis	 and
peripheral	blood	 stem	cell	harvest,	 followed	by	conditioning	chemotherapy	 then	 reinfusion	of	 the	 stem	cells	 to
restore	 blood	 cell	 production.	 Conditioning	 regimens	 that	 contain	 CNS-penetrant	 agents	 such	 as	 carmustine,
thiotepa,	and	busulfan	have	demonstrated	the	most	encouraging	results.	In	a	multicenter	phase	II	study,	79	patients
were	treated	with	induction	HD-MTX,	cytarabine,	thiotepa,	and	rituximab	(MATRix	regimen),	followed	by	high-
dose	 carmustine	 and	 thiotepa	 conditioning	 prior	 to	 ASCT.33	 The	 ORR	 was	 91%,	 2-year	 OS	 was	 87%,	 and
treatment-	related	mortality	rate	was	<10%.	The	toxicities,	mostly	cytopenias,	were	manageable.	In	another	phase
II	 study,	 patients	 who	 achieved	 complete	 or	 partial	 response	 to	 induction	 R-MPV	 regimen	 were	 treated	 with
consolidative	HDT	containing	thiotepa,	busulfan,	and	cyclophosphamide	(TBC)	followed	by	ASCT.34	The	ORR
was	97%	after	the	induction	therapy;	in	transplanted	patients,	2-year	PFS	and	OS	were	81%.	Median	PFS	and	OS
were	not	 reached	with	a	median	follow-up	of	45	months.	The	 treatment-related	mortality	rate	 in	 this	study	was
high	at	11.5%.	Long-term	follow-up	data	from	another	phase	II	trial	of	HDT	with	busulfan	and	thiotepa	followed
by	ASCT	as	consolidative	therapy	showed	a	durable	response	with	an	OS	rate	of	35%	after	10	years	of	follow-
up.35	In	this	study,	seven	of	the	eight	patients	who	were	treated	with	chemotherapy	alone	developed	no	long-term
neurotoxicity	and	had	excellent	quality	of	life	and	functional	status	with	KPS	of	90%	to	100%.	The	efficacy	of
consolidative	HDT/ASCT	versus	WBRT	was	evaluated	in	a	multicenter	randomized	phase	II	 trial	 in	which	122
patients	 with	 radiographic	 responsive	 or	 stable	 disease	 after	 induction	 therapy	 were	 randomized	 to	 receive
consolidative	therapy	with	WBRT	(36	+	9	Gy	boost	to	tumor	bed)	or	carmustine-thiotepa	conditioned	ASCT.36	In
this	study	WBRT	and	ASCT	were	both	effective	with	no	significant	differences	in	2-year	PFS	between	the	two
arms	(80%	versus	69%).	There	were	two	infection-related	deaths	(3%),	both	in	the	ASCT	arm.	Consolidation	with
HDT	 followed	 by	ASCT	 appears	 to	 be	 highly	 effective	with	 less	 delayed	 neurotoxicity,	 especially	 in	 younger
patients	with	good	performance	status.	There	are	several	ongoing,	multicenter,	 randomized	trials	comparing	the
efficacy	 of	 consolidative	 HDT/ASCT	 versus	 chemotherapy	 (NCT01511562	 and	 NCT02531841)	 and	 another
study	comparing	HDT/ASCT	versus	WBRT	(NCT00863460)	for	newly	diagnosed	PCNSL.

Several	 first-generation	 chemotherapy	 regimens	 for	 PCNSL	 included	 intrathecal	 chemotherapy.	However,	 a
number	of	nonrandomized	studies	 that	 included	 intrathecal	chemotherapy	did	not	 improve	outcomes	 in	PCNSL
relative	 to	 regimens	 that	 did	 not	 include	 intrathecal	 injections	 of	 chemotherapy.37,38	 Moreover,	 the	 ability	 to
consistently	achieve	micromolar	concentrations	of	MTX	in	the	CSF	at	a	dose	of	8	g/m2	has	led	to	the	elimination
of	 intrathecal	 chemotherapy	 from	most	 of	 the	 chemotherapy	 regimens	 currently	 in	 use.	However,	 the	 question
regarding	the	role	of	intrathecal	chemotherapy	in	the	management	of	PCNSL	should	ultimately	be	addressed	in	a
randomized	trial.

TREATMENT	IN	THE	ELDERLY
Elderly	patients	account	for	more	than	half	of	all	the	subjects	diagnosed	with	PCNSL.1	The	risk	of	neurotoxicity	is
highest	 in	 this	 population,	 and	 in	 general,	 chemotherapy	 alone	 is	 the	 preferred	 option	 for	 this	 subgroup.	 The
majority	 of	 PCNSL	 patients	 older	 than	 60	 years	 of	 age	 develop	 clinical	 neurotoxicity	 after	 treatment	 with	 a
WBRT-containing	 regimen	 and	 some	 of	 these	 patients	 die	 of	 treatment-related	 complications,	 rather	 than
recurrent	disease.39	 Several	 studies	 have	 indicated	 that	HD-MTX	at	 doses	 of	 3.5	 to	 8	 g/m2	 is	well	 tolerated	 in
elderly	patients	with	manageable	grade	3	or	4	renal	and	hematological	toxicity.40,41	A	meta-analysis	of	783	elderly
patients	showed	that	73%	received	HD-MTX	with	a	median	dose	of	3	g/m2	and	HD-MTX–based	chemotherapy
was	 associated	 with	 improved	 survival,	 especially	 when	 combined	 with	 oral	 alkylating	 agents	 such	 as
procarbazine	or	 temozolomide.42	 Intravenous	 chemotherapy	 regimens	were	 not	 superior	 to	HD-MTX	plus	 oral
chemotherapy	 regimens.	Although	WBRT	was	 associated	with	 improved	 survival,	 there	was	 an	 approximately
fivefold	increased	risk	of	neurotoxicity.

Although	standard	of	care	for	elderly	patients	with	PCNSL	is	not	established,	it	is	generally	agreed	that	WBRT
should	 be	 avoided	 or	 deferred	 until	 the	 time	 of	 disease	 relapse	 and	 that	 HD-MTX–based	 combination
chemotherapy	should	be	considered	as	the	initial	treatment.	In	a	multicenter	randomized	phase	II	trial,	98	elderly
patients	were	randomized	to	receive	HD-MTX	with	procarbazine,	vincristine,	and	cytarabine	(MPV-A	regimen)
or	with	temozolomide	(MT	regimen).43	No	WBRT	was	included	in	either	arm.	Whereas	trends	favored	the	MPV-
A	 regimen	over	 the	 simpler,	 less	 toxic	MT	 regimen	with	 respect	 to	ORR	(82%	versus	71%),	median	PFS	 (9.5
versus	 6.1	 months),	 and	 median	 OS	 (31	 versus	 14	 months),	 none	 of	 these	 differences	 reached	 statistical



significance.	 No	 significant	 difference	 in	 toxicities	 was	 observed	 between	 the	 two	 arms,	 and	 there	 was	 no
evidence	of	neurotoxicity.	In	a	single-arm	phase	II	trial,	in	which	30	elderly	patients	were	treated	with	HD-MTX
combined	with	lomustine	and	procarbazine	(MCP	regimen),	the	ORR	was	70%,	median	PFS	was	5.9	months,	and
median	OS	was	15.4	months.44	In	a	subsequent	phase	II	study,	rituximab	was	added	to	the	MCP	regimen.45	The
tumor	response	and	survival	outcomes	appeared	superior	with	 this	chemoimmunotherapy	regimen	with	ORR	of
82%,	median	PFS	 of	 16	months,	 and	median	OS	of	 17.5	months.	Toxicities	were	manageable,	 and	 treatment-
related	mortality	rate	was	7%.	In	this	study,	patients	aged	younger	than	80	years	had	better	median	OS	compared
to	 those	 aged	 80	 years	 and	 older	 (29	 versus	 4.3	 months).	 A	 multicenter	 retrospective	 study	 investigated	 the
outcomes	 of	 52	 elderly	 patients	 who	 were	 treated	 with	 HDT	 followed	 by	 ASCT	 as	 first-line	 (n	 =	 15)	 or
subsequent-line	treatment	(n	=	37).46	The	median	age	was	68.5	years,	and	median	KPS	was	80%.	 In	 the	entire
cohort,	the	ORR	was	86.5%,	and	2-year	PFS	and	OS	were	62%	and	71%,	respectively.	There	were	two	treatment-
related	 deaths	 (3.8%).	 Acknowledging	 the	 limitations	 of	 retrospective	 analysis,	 these	 results	 are	 encouraging.
Prospective	trials	are	needed	to	further	assess	HDT/ASCT	as	an	option	for	elderly	patients	with	PCNSL.

MANAGEMENT	OF	REFRACTORY/RELAPSED	PRIMARY	CENTRAL
NERVOUS	SYSTEM	LYMPHOMA
Despite	high	response	rates	with	initial	HD-MTX–based	therapy,	most	PCNSL	patients	relapse.	Moreover,	there
is	a	subset	of	patients	who	have	HD-MTX–refractory	disease.	Prognosis	of	refractory	or	relapsed	PCNSL	is	poor.
A	 retrospective	 study	of	256	patients	with	 refractory	or	 relapsed	PCNSL	showed	 that	 the	median	OS	 from	 the
time	of	progression	was	only	2	months	 in	primary	 refractory	patients	 and	3.7	months	 in	patients	who	 relapsed
within	the	first	year	of	initial	therapy.47	 In	 this	study,	a	better	prognosis	was	observed	 in	patients	who	received
HDT	with	ASCT	at	relapse;	however,	these	patients	tended	to	be	younger	with	better	performance	status	and	more
chemosensitive	disease.	About	a	quarter	of	 these	patients	were	asymptomatic	at	relapse,	which	may	explain	the
better	performance	status	and	better	survival.	This	observation	highlights	the	importance	of	regular	neuroimaging
surveillance	after	initial	therapy.

The	 optimal	 treatment	 for	 refractory	 or	 relapsed	 PCNSL	 remains	 to	 be	 defined.	 The	 choice	 of	 treatment
depends	on	age,	previous	 treatment	and	 response,	performance	status,	and	comorbidities	at	 the	 time	of	 relapse.
Rechallenge	with	HD-MTX	 has	 been	 shown	 to	 be	 effective	 in	 patients	 who	 had	 previously	 responded	 to	 this
agent.	In	a	multicenter,	retrospective	study	of	22	relapsed	PCNSL	patients,	91%	had	a	radiographic	response	to
the	first	salvage	treatment	with	HD-MTX,	and	100%	to	second	salvage.48	The	median	OS	from	the	first	salvage
was	 61.9	 months.	 For	 younger	 patients	 with	 a	 good	 performance	 status	 who	 have	 not	 been	 treated	 with
HDT/ASCT	previously,	this	is	an	option	at	the	time	of	relapse.	In	a	phase	II	trial	of	43	patients	with	relapsed	or
refractory	PCNSL,	 salvage	 therapy	with	 high-dose	 cytarabine	 and	 etoposide	 followed	 by	HDT/ASCT	with	 the
TBC	 conditioning	 regimen	 resulted	 in	 a	 CR	 rate	 of	 96%	 in	 patients	 who	 proceeded	 to	 transplantation.49	 The
median	PFS	and	OS	in	this	group	were	41.1	months	and	58.6	months,	respectively.	It	is	noteworthy	that	in	a	small
series	of	patients	with	relapsed	PCNSL	after	 initial	HDT/ASCT,	a	second	autotransplantation	was	successful	as
salvage	 treatment.50	 There	 is	 no	 published	 systematic	 experience	 with	 allogeneic	 transplantation	 in	 PCNSL.
WBRT	in	patients	who	have	not	received	it	as	a	part	of	their	initial	treatment	is	an	effective	option	in	the	relapsed
PCNSL	setting.	In	a	series	of	27	relapsed	or	refractory	PCNSL	patients	treated	with	WBRT	(median	dose,	36	Gy),
74%	achieved	a	tumor	response	and	the	median	OS	was	10.6	months.	Delayed	neurotoxicity	rates	of	15%	were
noted	 at	 doses	 >36	Gy	 even	 in	 the	 setting	 of	 short	 survival.51	 Another	 retrospective	 study	 of	 salvage	WBRT
showed	an	ORR	of	79%	and	a	median	OS	of	16	months	from	initiation	of	WBRT.52	WBRT-related	neurotoxicity
was	observed	in	15%	to	20%	of	patients	who	survived	>4	months	after	WBRT.51,52	Age	older	than	60	years	and
shorter	 time	 (<6	months)	 between	 the	 initial	HD-MTX–based	 therapy	 and	 the	 salvage	WBRT	were	 associated
with	higher	risk	of	neurotoxicity.

There	 are	 a	 number	 of	 novel	 therapeutics	 undergoing	 clinical	 evaluation	 for	 refractory	 or	 relapsed	 PCNSL.
These	 include	 temsirolimus,	 pembrolizumab,	 nivolumab,	 ibrutinib,	 buparlisib,	 pemetrexed,	 lenalidomide,	 and
pomalidomide.	On	the	basis	of	its	clinical	activity	in	systemic	ABC	DLBCL,	ibrutinib,	a	Bruton	tyrosine	kinase
inhibitor,	 was	 evaluated	 in	 refractory	 or	 relapsed	 CNS	 lymphoma	 patients	 (13	 PCNSL	 and	 7	 secondary	 CNS
lymphoma)	in	a	single-center	dose-escalation	phase	I	trial.53	A	clinical	response	was	observed	in	10	of	13	(77%)
of	PCNSL	patients,	including	5	with	a	CR.	The	median	PFS	and	OS	were	4.6	months	and	15	months,	respectively,
in	 this	 group.	 In	 another	 phase	 I	 trial,	 ibrutinib	was	 incorporated	 into	 a	 novel	 combination	 regimen	 containing
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dose-adjusted	 temozolomide,	 etoposide,	 liposomal	 doxorubicin,	 dexamethasone,	 ibrutinib,	 and	 rituximab	 (DA-
TEDDI-R	 regimen).54	 During	 the	 ibrutinib	 monotherapy	 “window”	 (day	 −14	 to	 −1),	 a	 tumor	 response	 was
observed	in	94%	of	18	patients	(13	relapsed/refractory	and	5	untreated	PCNSL).	Of	14	evaluable	patients,	86%
achieved	a	CR	with	DA-TEDDI-R	regimen.	In	the	refractory/relapsed	patients,	the	median	PFS	was	15.3	months
and	 1-year	OS	was	 51.3%.	Median	OS	was	 not	 reached	with	 a	median	 follow-up	 of	 15.5	months.	A	genomic
analysis	showed	that	the	only	PCNSL	patient	with	complete	ibrutinib	resistance	had	a	mutation	within	the	coiled-
coil	domain	of	CARD11	(R179Q),	a	de	novo	resistance	mechanism	reported	in	other	B-cell	malignancies.53	It	also
showed	 that	CD79B	 mutations	 were	 associated	 with	 incomplete	 responses.	 In	 these	 studies,	 there	 were	 three
deaths	due	 to	 invasive	aspergillosis	during	 ibrutinib	monotherapy.	Subsequent	study	 in	Btk	 knockout	 and	wild-
type	mice	 demonstrated	 that	 the	 abrogation	 of	 innate	 immune	 control	 of	Aspergillus	 infection	may	 be	 an	 “on
target”	 effect	 of	 Bruton	 tyrosine	 kinase	 inhibition.54	 Lenalidomide	 is	 an	 immunomodulatory	 agent	 with
antiproliferative	activities.	This	agent	in	combination	with	rituximab	is	currently	undergoing	clinical	evaluation	in
a	 phase	 I	 trial	 (NCT01542918).	 An	 interim	 analysis	 of	 13	 relapsed	 CNS	 NHL	 patients,	 including	 8	 PCNSL
patients,	 in	 this	 trial	 showed	 a	 tumor	 response	 in	 8	 patients	 (62%).55	 A	 total	 of	 4	 of	 these	 patients	 remained
progression-free	for	>9	months	and	2	patients	>1.8	years.	Of	12	patients	in	a	separate	cohort	of	the	same	study,
who	were	treated	with	maintenance	lenalidomide	after	salvage,	5	maintained	remission	for	>2	years.	In	another
phase	II	trial,	50	patients	with	refractory	or	relapsed	PCNSL	were	treated	with	induction	lenalidomide/rituximab
combination	followed	by	1	year	of	maintenance	lenalidomide	monotherapy.56	The	ORR	rate	was	39%	at	the	end
of	the	induction	phase,	and	the	median	duration	of	response	in	the	responders	was	8.9	months.	Median	PFS	and
OS	were	8.1	months	and	15.3	months,	respectively.	Another	promising	salvage	approach	is	to	block	programmed
cell	 death	 protein	 1	 (PD-1).	 A	 genetic	 analysis	 revealed	 that	 >50%	 of	 PCNSL	 harbor	 9p24.1	 copy	 gain	 and
associated	overexpression	of	the	PD-1	ligands.57	Given	the	activity	of	anti–PD-1	agents	in	other	lymphomas	with
9p24.1	 alterations,	 nivolumab	 and	pembrolizumab,	 both	 anti–PD-1	 inhibitors,	 are	 currently	 undergoing	 clinical
evaluation	 in	 phase	 II	 trials	 of	 refractory	 or	 relapsed	 PCNSL	 patients	 (NCT02779101,	 NCT02857426,
NCT03255018).	There	is	an	early	indication	of	clinical	efficacy	of	anti–PD-1	blockade	in	refractory	or	relapsed
PCNSL.	Four	patients	with	this	disease	were	treated	with	nivolumab,	and	all	of	them	responded	with	PFS	ranging
from	14	months	to	17+	months.58	Two	patients	remained	progression	free	at	>13	and	>17	months.	In	a	case	report,
possible	CNS	activity	of	anti–CD19-directed	chimeric	antigen	receptor	 (CAR)	T-cell	 therapy	was	 reported	 in	a
patent	with	primary	refractory	DLBCL	with	CNS	involovement.59	In	this	case,	a	CR	was	achieved	and	remission
was	still	ongoing	at	12	months.	A	prospective	clinical	evaluation	of	anti-CD19	CAR	T-cell	therapy	in	PCNSL	is
warranted.	Temsirolimus,	 a	mammalian	 target	 of	 rapamycin	 inhibitor,	was	 evaluated	 in	 a	 phase	 II	 trial	 and	 an
ORR	of	54%	was	observed.60	Despite	 this	 relatively	high	ORR	in	 the	setting	of	 refractory	or	 relapsed	PCNSL,
median	PFS	was	short	at	2.1	months.	Further	evaluation	in	combination	with	other	agents	could	be	considered.

MONITORING	AND	FOLLOW-UP
The	majority	 of	 recurrences	 occur	within	 the	 first	 5	 years	 of	 initial	 treatment	 completion	 and	within	 the	CNS.
However,	 continuing	 follow-up	 to	 10	 years	 is	 recommended	 as	 there	 are	 late	 recurrences.	 The	 IPCG
recommendations	for	follow-up	assessments	and	monitoring	are	outlined	in	Table	100.3.

NEUROTOXICITY
The	most	frequent	complication	in	long-term	PCNSL	survivors	is	delayed	neurotoxicity.	The	exact	incidence	of
delayed	 neurotoxicity	 is	 unclear,	 as	 earlier	 studies	 did	 not	 systematically	 assess	 neurocognitive	 function	 with
serial	 neuropsychological	 testing.	 The	 elderly	 are	 at	 highest	 risk	 for	 this	 complication,	with	 nearly	 all	 patients
older	than	60	years	of	age	developing	clinical	neurotoxicity	following	combined	modality	therapy.	Treatment	with
WBRT	has	been	identified	as	the	major	risk	factor	for	the	development	of	late	neurotoxicity.	Common	symptoms
and	signs	 include	deficits	 in	attention,	memory,	 executive	 function,	gait	 ataxia,	 and	 incontinence.	A	significant
decline	in	KPS	(20	to	50	points)	with	a	detrimental	impact	on	quality	of	life	has	been	observed	in	several	studies,
especially	in	elderly	patients.52,61	Radiographic	findings	include	periventricular	white	matter	changes,	ventricular
enlargement,	and	cortical	atrophy.	Pathologic	studies	reveal	demyelination,	hippocampal	neuronal	loss,	and	large
vessel	 atherosclerosis.62	 Although	 the	 pathophysiology	 is	 unclear	 and	 likely	 multifactorial,	 damage	 to	 neural
progenitor	cells	from	the	subventricular	zone,	toxicity	to	blood	vessels,	and	demyelination	have	been	implicated	in



the	development	of	radiation-	related	neurotoxicity.62,63	Currently,	there	are	no	treatments	to	reverse	these	delayed
neurotoxic	effects.	It	is	critical	that	serial	neuropsychological	assessments	are	incorporated	into	the	management
of	patients	with	PCNSL,	as	cognitive	outcome	is	a	critical	end	point	in	this	population.	The	IPCG	has	developed
an	 instrument	 for	 this	 purpose,	 which	 is	 composed	 of	 quality-of-life	 questionnaires	 and	 standardized
neuropsychological	 tests	 that	 include	 assessment	 of	 executive	 function,	 attention,	 memory,	 and	 psychomotor
speed.64

TABLE	100.3
Recommended	Follow-up	Schedule	and	Assessments

Recommended	Follow-up	Schedule

Years	1–2
At	completion	of	therapy
Every	3	mo

Years	3–5 Every	6	mo

Years	6–10 Annually

Minimum	Assessments	at	Each	Follow-up
History

Physical	examination

Cognitive	evaluation	(e.g.,	IPCG	battery	or	MMSE)

Gadolinium-enhanced	MRI	of	the	brain	(CT	with	contrast	if	MRI	contraindicated)

Optional	as	Clinically	Indicated
Ophthalmologic	examination

CSF	analysis
IPCG,	 International	PCNSL	Collaborative	Group;	MMSE,	Mini-Mental	State	Examination;	MRI,	magnetic	 resonance	 imaging;	CT,
computed	tomography;	CSF,	cerebrospinal	fluid.
Reused	with	permission	from	Abrey	LE,	Batchelor	TT,	Ferreri	AJ,	et	al.	Report	of	an	international	workshop	to	standardize	baseline
evaluation	and	response	criteria	for	primary	CNS	lymphoma.	J	Clin	Oncol	2005;23(22):5034–5043.
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101 Molecular	Biology	of	Acute
Leukemias
Glen	D.	Raffel	and	Jan	Cerny

INTRODUCTION
Our	understanding	of	the	molecular	genetics	of	acute	leukemias	has	improved	dramatically	over	the	past	decade.
Fueled	 in	part	 by	 the	 improved	 ability	 to	 sequence	 individual	 patient	 samples,	 hundreds	of	 different	mutations
have	been	identified	that	can	be	causally	implicated	in	the	pathogenesis	of	acute	leukemias	(Table	101.1).	Thus,	it
is	now	feasible	to	pursue	therapeutic	approaches	that	target	these	shared	pathways	of	transformation.

LEUKEMIC	STEM	CELL
An	important	concept	in	the	pathobiology	of	leukemia	is	the	existence	of	a	“leukemic	stem	cell”	(LSC).	In	normal
hematopoietic	development,	there	is	a	rare	population	of	hematopoietic	stem	cells	(HSCs)	that	have	self-renewal
capacity	 and	 give	 rise	 to	 multipotent	 hematopoietic	 progenitors.	 These	 multipotent	 myeloid	 or	 lymphoid
progenitors	 do	 not	 have	 self-renewal	 capacity	 but	 mature	 into	 normal	 terminally	 differentiated	 cells	 in	 the
peripheral	 blood.	 It	 is	 hypothesized	 that	LSCs	have	 limitless	 self-renewal	 capacity	 and	give	 rise	 to	 clonogenic
leukemic	 progenitors	 that	 do	 not	 have	 self-renewal	 capacity	 but	 are	 incapable	 of	 normal	 hematopoietic
differentiation.	Functional	differences	between	the	rare	LSCs	and	the	bulk	of	derived	leukemic	progeny	such	as
increased	quiescence	or	engagement	within	a	protective	niche	are	believed	to	provide	an	intrinsic	chemoresistance
leading	to	relapse	after	treatment.1,2

The	first	convincing	evidence	in	support	of	 the	existence	of	an	LSC	was	derived	from	experiments	in	which
human	 acute	myeloid	 leukemia	 (AML)	 cells	 were	 injected	 into	 immunodeficient	 nonobese	 diabetic	mice	with
severe	combined	immunodeficiency	disease.3,4	These	data	show	that	the	resultant	leukemias	are	derived	from	as
few	as	1:1000	to	1:10,000	cells,	indicating	that	there	is	a	rare	population	of	human	leukemic	cells	that	have	self-
renewal	capacity	in	this	assay.	The	LSCs	were	found	primarily	within	the	CD34+CD38−	population	and	possessed
a	gene	expression	signature	similar	to	myeloid	progenitors	rather	than	HSCs.	Experimental	data	also	shows	that	it
may	be	the	leukemic	oncogenes	themselves	that	confer	properties	of	self-renewal	on	normally	non–self-renewing
progenitors.	In	a	murine	system,	transduction	of	the	leukemia	oncogenes	KMT2A/ENL	(aka	MLL/ENL)	(histone-
lysine	N-methyltransferase	 2A—eleven-nineteen	 leukemia)	 or	KMT2A/AF9	 (aka	MLL/AF9)	 (histone-lysine	 N-
methyltransferase	2A—fused	gene	from	chromosome	9	protein)	can	confer	properties	of	self-renewal	to	purified
committed	 hematopoietic	 progenitors	 that	 normally	 have	 no	 capacity	 for	 self-renewal	 (see	 the	 “KMT2A	 (aka
MLL)	Translocations”	section).5	Progeny	of	LSCs,	which	constitute	the	majority	of	leukemia	blasts	in	the	patient,
may	still	undergo	limited	differentiation	and	have	a	more	differentiated	immunophenotype.1

It	 is	 important	 to	 note	 LSCs	 in	 AML	 are	 not	 absolutely	 restricted	 to	 the	 CD34+CD38−	 population,	 and
significant	variation	has	been	observed	between	AML	subtypes	particularly	those	with	blasts	negative	for	CD34.6
The	 role	 of	 LSCs	 in	 acute	 lymphoblastic	 leukemia	 (ALL)	 is	 less	 clear	 (reviewed	 in	 Lang	 et	 al.7);	 however,
quiescent	ALL	 subpopulations	 have	been	 identified	 that	may	 correspond	 to	 the	 chemoresistant	 cells	 associated
with	minimal	residual	disease	and	relapse.2	Advances	in	single-cell	sequencing	have	allowed	prospective	tracking
of	mutational	status	within	seemingly	normal	HSCs	of	AML	patients	and	identified	likely	contributory	mutations
especially	in	epigenetic	regulators	such	as	DNMT3A,	IDH1/2,	and	TET2.8	Mutated	HSCs	may	therefore	provide	a
“pre-LSC”	population	conducive	to	leukemic	progression	with	the	acquisition	of	additional	mutations.



ELUCIDATION	OF	GENETIC	EVENTS	IN	ACUTE	LEUKEMIA
Historically,	 the	 bulk	 of	 known	 translocations	 and	 deletions	 were	 found	 by	 analyzing	 conventionally	 stained
chromosomal	 banding	 patterns	 of	 karyotypes.	 Classical	 karyotypic	 analysis	 is	 able	 to	 identify	 lesions	 with	 a
resolution	of	5	to	10	Mb.	These	include	balanced	reciprocal	chromosomal	translocations,	such	as	t(8;21)(q22;q22)
or	 t(15;17)(q22;q21);	 internal	 deletions	 of	 single	 chromosomes,	 such	 as	 5q-	 or	 7q-;	 gain	 or	 loss	 of	 whole
chromosomes	(+8	or	−7);	or	chromosome	inversions,	such	as	inv(3),	inv(16),	or	inv(8).	Array-based	technologies
such	as	comparative	genomic	hybridization	and	single	nucleotide	polymorphism	(SNP)	arrays	allow	detailed	(<35
kb)	mapping	 of	 unbalanced	 insertions	 or	 deletions	 (reviewed	 in	Goswami	 et	 al.9).	Array	 comparative	 genomic
hybridization	determines	DNA	copy	gain	or	 loss	by	comparing	 the	hybridization	of	sample	DNA	to	a	series	of
oligonucleotides	from	regions	throughout	the	genome	bound	to	a	chip	with	a	normal	reference	DNA	sample.	SNP
arrays	differ	in	that	oligomers	of	SNP	sequences	representing	known	alleles	throughout	the	genome	are	used	in
the	array	to	measure	changes	in	expected	genotype	and	copy	number.

Currently,	 dramatic	 reductions	 in	 the	 cost	 of	 high-throughput	 sequencing	 individual	 leukemia	 samples	 have
allowed	identification	of	new	somatic	mutations	at	the	single	nucleotide	level	and	are	making	enormous	inroads
into	the	pathogenesis,	prognosis,	and	classification	of	leukemias	with	“normal”	cytogenetics.	Sequencing	efforts
are	frequently	directed	at	exons	of	either	all	genes	(whole	exome)	or	a	restricted	subset	(e.g.,	kinases	[kinome])	to
identify	mutations	 causing	 amino	 acid	 changes	 at	 the	 protein	 level	 or	 early	 termination.	 Sequencing	 the	 entire
genome	 (whole	genome)	has	 an	 additional	 advantage	of	uncovering	 functional	mutations	 in	noncoding	 regions
such	as	promoters,	enhancers,	and	cis	 splicing	modulators.	Worldwide	 initiatives	 to	 sequence	 large	numbers	of
cancer	 genomes,	 including	 leukemia	 subtypes,	 are	 being	 coordinated	 and	 cataloged	 through	 the	 International
Cancer	 Genome	 Consortium	 (http://www.icgc.org)	 and	 The	 Cancer	 Genome	 Atlas	 (TCGA)	 (https://tcga-
data.nci.nih.gov/tcga).10	The	 interpretation	of	 this	 sequencing	data	 requires	 the	 identification	of	 “driver”	versus
“passenger”	mutations.	 “Driver”	mutations	 cause	 genetic	 alterations	 contributing	 to	 leukemic	 pathophysiology,
whereas	“passenger”	mutations	occur	in	leukemia	cells	and	are	propagated	but	are	not	etiologic	to	the	disease.11	It
is	 therefore	essential	 that	newly	discovered	 somatic	mutations	 in	 leukemia	 through	 sequencing	 studies	undergo
subsequent	biologic	validation	in	an	experimental	model	system.

TABLE	101.1
Selected	Examples	of	Cytogenetic	and	Molecular	Abnormalities	in	Leukemia

Lesion Genes	Involved Derivation	of	Abbreviation Protein	Characterization Disease
Lesion Genes	Involved Derivation	of	Abbreviation Protein	Characterization Disease
MUTATIONS	INVOLVING	THE	CORE-BINDING	FACTORS

t(8;21)(q22;q22) RUNX1T1(ETO)(8q22)
Runt-related	transcription
factor	1	translocated	to	1 Zinc	finger	protein AML

RUNX1/RUNX1T1 RUNX1(AML1)	(21q22)
Runt-related	transcription
factor	1 α	Subunit	of	CBF	complex 	

inv(16)(p13q22) MYH11(SMMHC)	(16p13) Myosin	heavy	chain	11
Smooth	muscle	myosin	heavy
chain AML

CBFβ/MYH11 CBFB/CBFβ	(16q22) CBF-β α	Subunit	of	CBF	complex 	

t(3;21)(q26;q22) EVI1	(3q26)
Ecotropic	virus	integration	site
1 Multiple	zinc	fingers

MDS,
AML

RUNX1/EVI1 RUNX1(AML1)	(21q22)
Runt-related	transcription
factor	1 α	Subunit	of	CBF	complex CML-BC

t(12;21)(p13;q22) ETV6(TEL)	(12p13) ETS	variant	6
ETS-related	transcription
factor ALL

ETV6/RUNX1 RUNX1(AML1)	(21q22)
Runt-related	transcription
factor	1 α	Subunit	of	CBF	complex 	

RUNX1
deletion/truncation RUNX1(AML1)

Runt-related	transcription
factor	1 α	Subunit	of	CBF	complex FDP/AML

FUSIONS	INVOLVING	MLL
t(4;11)(q21;q23) AF4	(4q21) ALL1	fused	chromosome	4 Transactivator ALL,	AML

Histone-lysine	N-
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KMT2A/AF4 KMT2A(MLL)	(11q23) methyltransferase	2A Drosophila	trithorax	homolog 	

t(11;19)
(q23;p13.3) KMT2A(MLL)	(11q23)

Histone-lysine	N-
methyltransferase	2A Drosophila	trithorax	homolog AML,	ALL

KMT2A/ENL ENL	(19p13.3) ENL Transcription	factor 	

t(9;11)(p22;q23) AF9	(9p22) ALL1	fused	chromosome	9
Nuclear	protein,	ENL
homology AML,	ALL

KMT2A/AF9 KMT2A(MLL)	(11q23)
Histone-lysine	N-
methyltransferase	2A Drosophila	trithorax	homolog 	

t(1;11)(q21;q23) AF1q	(1q21) ALL1	fused	chromosome	1q
No	homology	to	any	known
protein AML

KMT2A/AF1 KMT2A(MLL)	(11q23)
Histone-lysine	N-
methyltransferase	2A Drosophila	trithorax	homolog 	

KMT2A	partial
tandem
duplication KMT2A(MLL)	(11q23)

Histone-lysine	N-
methyltransferase	2A Drosophila	trithorax	homolog AML

FUSIONS	INVOLVING	RAR-a
t(15;17)(q22;q12-
21) PML	(15q21) Promyelocytic	leukemia Zinc	finger	protein APL

PML/RARα RARα	(17q21) Retinoic	acid	receptor-α Retinoic	acid	receptor-α 	

t(11;17)(q23;q21) PLZF	(11q23)
Promyelocytic	leukemia	zinc
finger Zinc	finger	protein APL

PLZF/RARα RARα	(17q21) Retinoic	acid	receptor-α Retinoic	acid	receptor-α 	

t(5;17)(q32;q21) NPM1 Nucleophosmin Chaperone APL

NPM1/RARα RARα	(17q21) Retinoic	acid	receptor-α Retinoic	acid	receptor-α 	

MUTATIONS	INVOLVING	LYMPHOID	DIFFERENTIATION	FACTORS
dic(9;12)(p13;p13) PAX5	(9p13) Paired	box	5 Transcription	factor B-ALL

PAX5/ETV6 ETV6(TEL)(12p13) ETS	variant	6 Transcription	factor 	

PAX5	loss	of
function PAX5	(9p13) Paired	box	5 Transcription	factor B-ALL

EBF1	loss	of
function EBF1 Early	B-cell	factor	1 Transcription	factor B-ALL

IKZF1	loss	of
function/DN IKZF1 IKAROS	family	zinc	finger	1 Transcription	factor B-ALL

LEF1	loss	of
function LEF1

Lymphoid	enhancer	binding
factor	1 Transcription	factor ALL

MUTATIONS	INVOLVING	HOX	GENES

t(7;11)(p15;p15) HOXA9	(7p15) Homeobox	A9 Homeobox	protein AML/MDS

NUP98/HOXA9 NUP98	(11p15) Nuclear	pore	98 Nucleoporin AML

t(12;13)(p13;q12) ETV6(TEL) ETS	variant	6 Transcription	factor AML

ETV6/CDX2 CDX2 Caudal	type	homeobox	2 Homeobox	protein 	

t(1;19)(q23;p13) TCF3(E2A) Transcription	factor	3 Transcription	factor B-ALL

TCF3/PBX1 PBX1
Pre–B-cell	leukemia
homeobox	1 Homeobox	protein 	

OTHER	TRANSCRIPTION	FACTORS
t(1;22)(p13;q13) RBM15(OTT1)	(1p13) RNA	binding	motif	15 Spliceosome	component AMKL

RBM15/MKL1 MKL1(MAL)	(22q13) Megakaryocytic	leukemia	1 Serum	response	cofactor 	

GATA1s
truncation GATA1 GATA	binding	protein	1 Transcription	factor AMKL

CEBPA	truncation CEBPA
CCAAT/enhancer	binding
protein	α Transcription	factor AML

NOTCH1
PEST/HD	point
mutations NOTCH1

Notch	1	(drosophila	wing
phenotype) Transcription	factor T-ALL

t(6;9)(p23;q34) DEK	(6p23) Not	relevant	to	molecule Transcription	factor AML



DEK/NUP214 NUP214(CAN)	(9q34) Nuclear	pore	214 Nucleoporin 	

TRANSLOCATIONS	INVOLVING	THE	IMMUNOGLOBULIN	ENHANCER	LOCI
t(8;14)(q24;q32) MYC	(8q24) Myelocytomatosis	virus bHLH/bZIP	transcription	factor B-ALL

	 IGH	(14q32) Ig	heavy	chain Ig	heavy	chain	promoter 	

t(2;8)(p12;q24) IGK	(2p12) Igκ-chain Igκ-chain	promoter B-ALL

	 MYC	(8q24) Myelocytomatosis	virus bHLH/bZIP	transcription	factor 	

t(8;22)(q24;q11) MYC	(8q24) Myelocytomatosis	virus bHLH/bZIP	transcription	factor B-ALL

	 IGL	(22q11) Igλ-chain Igλ-chain	promoter 	

t(X;14)(p22;q32)	& IGH(14q32) Ig	heavy	chain Ig	heavy	chain	promoter B-ALL

t(Y;14)(p11;q32) CRLF2(Xp22)/(Yp11) Cytokine	receptor-like	2 Type	I	cytokine	receptor 	

TRANSLOCATIONS	INVOLVING	THE	T-CELL	RECEPTOR	GENES

t(1;14)(p32;q11) TAL1(SCL)	(1p33)
T-cell	acute	leukemia	1/stem
cell	leukemia bHLH	transcription	factor T-ALL

	 TCRα/δ	(14q11) T-cell	receptor-α/δ T-cell	receptor	promoter 	

t(1;7)(p32;q34) TAL1(SCL)	(1p32)
T-cell	acute	leukemia	1/stem
cell	leukemia bHLH	transcription	factor T-ALL

	 TCRβ	(7q34) T-cell	receptor-β T-cell	receptor	promoter 	

t(7;9)(q34;q34) TCRβ	(7q34) T-cell	receptor-β T-cell	receptor	promoter T-ALL

	 TAL2(SCL2)	(9q34)
T-cell	acute	leukemia	2/stem
cell	leukemia bHLH	transcription	factor 	

t(7;19)(q34;p13) TCRβ	(7q34) T-cell	receptor-β T-cell	receptor	promoter T-ALL

	 LYL1	(19p13) Lymphoid	leukemia	1 bHLH	transcription	factor 	

t(8;14)(q24;q11) MYC	(8q24) Myelocytomatosis	virus bHLH/bZIP	transcription	factor T-ALL

	 TCRα/δ	(14q11) T-cell	receptor-α/δ T-cell	receptor	promoter 	

t(11;14)(p15;q11) LMO1	(11p15) LIM	only	1 Zinc	finger T-ALL

	 TCRα/δ	(14q11) T-cell	receptor-α/δ T-cell	receptor	promoter 	

t(11;14)(p13;q11) LMO2	(11p13) LIM	only	2 Zinc	finger T-ALL

	 TCRα/δ	(14q11) T-cell	receptor-α/δ T-cell	receptor	promoter 	

t(7;10)(q34;q24) TCRβ(7q34) T-cell	receptor-β T-cell	receptor	promoter T-ALL

	 HOX11	(10q24) Homeobox	11 Homeobox	gene 	

t(7;9)(q34;q34.3) TCRβ(7q34) T-cell	receptor-β T-cell	receptor	promoter T-ALL

	 NOTCH1(9q34.3) Notch	1	(drosophila	wing) Transcription	factor 	

RECEPTORS	AND	SIGNALING	MOLECULES
t(9;22)(q34;q11) BCR Breakpoint	cluster	region S/T	kinase,	GTPase	activating AML,	ALL

BCR/ABL1 ABL1 c-Abl	oncogene	1 Nonreceptor	tyrosine	kinase 	

FLT3-ITD	and
activating	loop
mutation FLT3 FMS-like	tyrosine	kinase Receptor	tyrosine	kinase AML

NRAS	activating
mutation NRAS

Neuroblastoma	rat	sarcoma
viral	oncogene	homolog Small	GTPase AML,	ALL

KRAS	activating
mutation KRAS

Kirsten	rat	sarcoma	viral
oncogene	homolog Small	GTPase AML,	ALL

KIT	activating
mutation KIT

v-kit	feline	sarcoma	viral
oncoprotein Receptor	tyrosine	kinase AML

JAK2,	JAK3
activating
mutation JAK2,	JAK3 Janus	kinase	2,	3 Nonreceptor	tyrosine	kinase AMKL

MPL	activating
mutation MPL

Myeloproliferative	leukemia
virus	oncogene Thrombopoietin	receptor AMKL

EPIGENETIC	AND	CHROMATIN	MODIFIERS

inv8(p11q13) MOZ
Monocytic	leukemia	zinc
finger	protein K(lysine)	acetyltransferase AML

Transcriptional	intermediary
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MOZ/TIF2 TIF2 factor	2 Nuclear	receptor	coactivator 	

TET2	LOH4q24,
loss	of	function TET2 Ten-eleven	translocation	2 Methylcytosine	dioxygenase

AML,
MDS,
MPN

IDH1/2	activating
mutation IDH1/IDH2

Isocitrate	dehydrogenase	1
and	2 Isocitrate	dehydrogenase

AML,
MDS,
MPN

DNMT3	loss	of
function DNMT3 DNA	methyltransferase	3 Cytosine-5-methyltransferase AML

EZH2	loss	of
function EZH2 Enhancer	of	zeste	homolog	2 Histone	methyltransferase

MDS,
MPN,
AML,	T-
ALL

STAG2	loss	of
function STAG2 Stromal	antigen	2 Cohesin	complex	member

AML,
MDS

ASXL1	loss	of
function ASXL1 Additional	sex	comb-like	1

Polycomb	repressive	complex
2	member

AML,
MPN,
MDS

TUMOR	SUPPRESSORS
WT1	loss	of
function WT1 Wilms	tumor	1 Transcriptional	regulator AML

TP53	deletion
(-17p) TP53 Tumor	protein	p53	kDa Transcription	factor AML,	ALL

SPLICING	FACTORS

SRSF2	gain	of
function SRSF2

Serine/arginine-rich	splicing
Factor	2 	

AML,
MDS,
CMML

SF3B1	gain	of
function SF3B1 Splicing	factor	3b	subunit	1 	

AML,
MDS,	CLL

U2AF1	gain	of
function U2AF1

U2	small	nuclear	RNA
auxiliary	factor	1 	

AML,
MDS

ZRSR2	gain	of
function ZRSR2

Zinc	finger,	RNA	binding	motif
and	serine/arginine	rich	2 	

AML,
MDS

AML,	 acute	myeloid	 leukemia;	CBF,	 core-binding	 factor;	MDS,	myelodysplastic	 syndrome;	CML,	 chronic	myeloid	 leukemia;	 BC,
blast	 crisis;	 ETS,	 E	 twenty-six	 retrovirus;	 ALL,	 acute	 lymphoblastic	 leukemia;	 ENL,	 eleven-nineteen	 leukemia;	 APL,	 acute
promyelocytic	leukemia;	B-ALL,	B-lineage	acute	lymphoblastic	leukemia;	AMKL,	acute	megakaryocytic	leukemia;	T-ALL,	T-lineage
acute	lymphoblastic	leukemia;	bHLH,	basic	helix-loop-helix;	bZIP,	basic	region/leucine	zipper;	Ig,	immunoglobulin;	LIM,	Lin-11,	Isl-2,
Mec-3	homeodomain;	MPN,	myeloproliferative	neoplasia;	LOH,	 loss	of	heterozygosity;	CMML,	chronic	myelomonocytic	 leukemia;
CLL,	chronic	lymphocytic	leukemia.

MUTATIONS	AFFECTING	TRANSCRIPTION	FACTORS
Core-Binding	Factor
Core-binding	 factor	 (CBF)	 is	 targeted	 by	 more	 than	 a	 dozen	 different	 chromosomal	 translocations	 in	 acute
leukemias,	including	the	t(8;21)	or	inv(16),	observed	in	approximately	20%	of	AMLs,	and	the	t(12;21),	present	in
approximately	25%	of	patients	with	pediatric	B-lineage	ALL	(B-ALL).12	Adult	patients	with	CBF	leukemias	have
a	 favorable	 prognosis	 and	 the	 ETV6/RUNX1	 (aka	 TEL/AML1)	 fusion	 that	 is	 expressed	 as	 a	 consequence	 of
t(12;21)	 in	children	confers	a	 favorable	prognosis	among	B-ALL.15	CBF	 is	a	heterodimeric	 transcription	 factor
composed	 of	 the	 RUNX1	 (also	 known	 as	 AML1	 or	 CBFA2)	 and	 CBFβ	 proteins	 that	 is	 critical	 for	 normal
hematopoietic	development	(reviewed	in	Sood	et	al.13).	Loss	of	 function	of	either	 subunit	 results	 in	a	complete
lack	 of	 definitive	 hematopoiesis.14	 The	RUNX1	 subunit	 of	CBF	 contacts	DNA	but	 only	weakly	 transactivates
target	genes	as	a	monomer.	When	bound	to	its	heterodimeric	partner	CBFβ,	transactivation	of	CBF	target	genes	is
dramatically	 enhanced.	 CBF	 transactivates	 a	 spectrum	 of	 target	 genes	 that	 are	 important	 in	 normal	 myeloid
development,	 including	 transcription	 factors	 (e.g.,	 PU.1,	CEBP/A,	 and	GATA1),	 cytokines	 (e.g.,	 granulocyte-
macrophage	 colony-	 stimulating	 factor),	 and	 cytokine	 receptors	 (such	 as	macrophage	 colony-stimulating	 factor
receptor)	as	well	as	 in	 lymphoid	development,	 such	as	 the	TCRβ	enhancer	and	 the	 immunoglobulin	 (Ig)	heavy



chain	loci.13	Because	CBF	targets	genes	that	are	important	for	normal	hematopoietic	development,	a	mutation	or
gene	 rearrangement	 that	 resulted	 in	 loss	 of	 function	 of	 either	 RUNX1	 or	 CBFβ	might	 be	 expected	 to	 impair
hematopoietic	differentiation.

In	addition	 to	frequent	 involvement	of	RUNX1	as	a	consequence	of	chromosomal	 translocations,	 it	has	been
determined	 that	 loss-of-function	 mutations	 in	 RUNX1	 are	 responsible	 for	 the	 inherited	 leukemia	 syndrome
FPD/AML	(familial	platelet	disorder	with	propensity	to	develop	acute	myelogenous	leukemia).15	Approximately
3%	to	5%	of	sporadic	cases	of	AML	harbor	loss-of-function	mutations	in	RUNX1,	with	a	higher	frequency	in	M0
AML	 (25%)	 and	 in	 AML	 or	 myelodysplastic	 syndrome	 (MDS)	 with	 trisomy	 21.13	 RUNX1	 loss-of-function
mutations	 are	 associated	 with	 poor	 rather	 than	 good	 prognosis	 subgroups;	 however,	 this	 may	 be	 a	 result	 of
occurring	in	the	context	of	myelodysplasia	or	mixed	lineage	leukemias.

Compelling	 evidence	 has	 been	 shown	 that	 translocations	 that	 target	 CBF	 result	 in	 loss	 of	 function	 through
dominant	 negative	 inhibition.	 The	RUNX1/RUNX1T1	 (aka	AML1/ETO)	 fusion	 associated	 with	 t(8;21)	 and	 the
CBFβ	/MYH11	(aka	CBFβ	/SMMHC)	fusion	associated	with	inv(16)	are	dominant	negative	inhibitors	of	CBF	and
impair	hematopoietic	differentiation.	Expression	of	either	the	RUNX1/RUNX1T1	or	CBFβ	/MYH11	 fusion	genes
from	their	endogenous	promoter	in	mice	completely	inhibits	the	function	of	the	residual	RUNX1	or	CBFβ	alleles,
resulting	in	a	lack	of	definitive	hematopoiesis	and	resultant	embryonic	lethality.13	The	phenotype	observed	is	the
same	as	that	seen	in	RUNX1−	/−	or	CBFβ−	/−	mice,	indicating	that	the	protein	product	of	the	RUNX1/RUNX1T1
fusion,	RUNX1/CBFA2T11	or	CBFβ/MYH11	fusions,	respectively,	act	as	potent	dominant	negative	inhibitors	of
the	 native	 proteins.	 Regions	 within	 the	 CBFA2T1	 or	 MYH11	 portions	 of	 the	 chimeric	 proteins	 provide
oligomerization	domains	essential	for	leukemogenic	function	of	the	proteins.16	However,	RUNX1/CBFA2T1	and
CBFβ/MYH11	 have	 been	 shown	 to	 confer	 novel	 contributory	 gain-of-function	 effects	 beyond	 those	 involving
CBF	transcriptional	targets.	Both	RUNX1/CBFA2T1	and	CBFβ/MYH11	alter	expression	of	multiple	microRNAs
such	 as	 miR-126,	 which	 improves	 leukemic	 cell	 survival.17	 Histone	 deacetylases	 (HDACs)	 and	 DNA-
methyltransferases	 (DNMTs)	 associated	 with	 RUNX1/CBFA2T1	 alter	 the	 epigenetic	 profile	 of	 normal	 and
leukemic	cells	to	generate	global	changes	in	gene	expression	which	may	be	integral	to	leukemogenesis.18

Although	 expression	 of	 RUNX1/CBFA2T1	 leads	 to	 alterations	 of	 gene	 expression	 and	 hematopoietic	 cell
proliferation	 leukemia	 and	 confers	 the	 ability	 to	 serially	 replate	 in	methylcellulose	 culture	 (a	measure	 of	 self-
renewal	potential),	this	does	not	result	in	development	of	leukemia	in	an	animal	model.	Similarly,	expression	of
CBFβ/MYH11	in	adult	hematopoietic	cells	results	in	leukemia	only	after	a	markedly	prolonged	latency,	and	this
latency	 can	 be	 shortened	 using	 mutagenesis	 strategies.19	 In	 summary,	 translocations	 that	 target	 CBF	 impair
hematopoietic	differentiation	and	confer	certain	properties	of	LSCs	but	are	not	sufficient	to	cause	leukemia.

In	pediatric	B-ALL,	25%	of	cases	have	t(12;21)(p13;q13)	in	which	the	ETV6	(aka	TEL)	gene	translocates	into
RUNX1,	 thus	 allowing	 the	 production	 of	 a	 chimeric	 protein,	 ETV6/RUNX1	 (aka	 TEL/AML1).20	 ETV6	 is	 a
transcriptional	 repressor	mediated	 through	associated	HDACs	and,	 like	RUNX1,	has	 requirements	 in	definitive
hematopoiesis.21	 Although	 ETV6/RUNX1	 is	 the	 most	 common,	 ETV6	 has	 over	 30	 known	 fusion	 partners	 of
different	 functional	 classes	 including	 tyrosine	 kinases	 such	 as	 in	 ETV6/PDGFR	 and	 HOX	 genes	 such	 as	 in
PAX5/ETV6.	The	fusion	protein	preserves	the	central	repressor	domain	in	ETV6	and	contains	almost	the	entire
RUNX1	protein	sequence.	ETV6/RUNX1	has	the	ability	to	bind	to	RUNX1	consensus	sequences	but	now	brings
an	HDAC-dependent	repressor	function	to	RUNX1-responsive	promoter	elements,	 thereby	suppressing	RUNX1
targets.	In	addition,	physiologic	ETV6	function	may	be	dysregulated	by	the	fusion	through	heterodimerization	via
ETV6	helix-loop-helix	domains.20

Retinoic	Acid	Receptor	Alpha	Gene
The	empiric	observation	 that	 all-	 trans-retinoic	 acid	 (ATRA)	 induces	 complete	 responses	 in	patients	with	APL
drove	the	subsequent	cloning	of	the	t(15;17)(q22;q21)	fusion	gene	involving	the	RARα	(retinoic	acid	receptor	α
(RARα))	locus.	Several	groups	demonstrated	at	approximately	the	same	time	that	the	RARα	gene	on	chromosome
17	 was	 fused	 to	 a	 novel	 partner	 that	 was	 eventually	 identified	 as	 the	 promyelocytic	 leukemia	 (PML)	 gene
(reviewed	 in	 de	 Thé	 et	 al.22).	 Two	 reciprocal	 fusion	 RNA	 species	 are	 produced	 as	 a	 consequence	 of	 the
translocation,	RARα/	PML	and	PML/RARα.	The	PML/RARα	fusion	protein	contains	the	zinc	finger	of	PML	fused
to	the	DNA-	and	protein-binding	domains	of	RARα.	Several	other	chromosomal	translocations	target	the	RARα
locus	and	are	associated	with	an	APL	phenotype.	The	best	studied	of	these	is	the	PLZF/RARα	fusion,	which	also
aberrantly	recruits	the	nuclear	corepressor	complex.	However,	in	contrast	with	the	PML/RARα	fusion,	ATRA	is
not	 able	 to	 relieve	 co-repression	mediated	by	 the	PLZF/RARα	 fusion	 and	 thus	 is	 not	 effective	 in	patients	who
harbor	the	t(11;17)	associated	with	this	fusion	gene.
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Expression	 of	 PML/RARα	 in	 transgenic	 mice	 from	 promoters	 that	 direct	 expression	 to	 the	 promyelocyte
compartment	 result	 in	 an	 APL-like	 phenotype.23	 However,	 there	 is	 approximately	 a	 6-month	 lag	 before	 the
development	of	leukemia,	incomplete	penetrance,	and	new	acquired	karyotypic	abnormalities,	all	suggesting	that
second	mutations	are	required	for	induction	of	leukemia.	In	at	least	some	cases,	activating	mutations	in	FLT3	may
be	the	additional	mutation	required.	ATRA	is	efficacious,	in	leukemic	animals	expressing	both	PML/RARα	and
activated	FLT3,	and	this	model	has	allowed	for	the	preclinical	testing	of	newer	agents	such	as	arsenic	trioxide.22

The	PML	gene	has	a	broad	although	incompletely	understood	role	in	the	homeostasis	of	nuclear	proteins	as	an
organizing	 component	 of	 nuclear	 bodies	 (PML-NB)	 responsible	 for	 nuclear	 structure	 and	 shuttling.22	 An
important	 independent	 cytoplasmic	 role	 for	 PML	 as	 a	 tumor	 suppressor	 has	 been	 uncovered	 whereby	 PML
localized	 to	 the	 contact	 points	 between	 the	 endoplasmic	 reticulum–	 and	 mitochondrial-associated	 membranes
controls	calcium	transport	and	apoptosis.24	PML	is	essential	for	maintaining	self-renewal	in	HSCs	as	shown	by	a
mouse	knockout	model	of	PML	that	demonstrated	premature	exhaustion	in	the	HSC	compartment.25	PML/RARα
was	shown	to	disrupt	the	architecture	of	PML-NBs.22,25	The	PML	region	of	PML-RARα	was	also	identified	as	the
target	 for	 arsenic	 trioxide	 therapy.	Binding	of	 arsenic	 increases	PML	oligomerization	 followed	by	 sumoylation
which	 in	 turn	causes	PML/RARα	degradation.26	 In	addition,	 reformation	of	PML-NB	complexes	by	unmutated
PML	 proteins	 in	 acute	 promyelocytic	 leukemia	 mouse	 models	 was	 shown	 to	 be	 synergistically	 enhanced	 by
ATRA-induced	 PML	 upregulation	 and	 arsenic-mediated	 complex	 stabilization.27	 Intact	 PML-NB	 complexes
subsequently	 initiated	 a	TP53-dependent	 senescence	 that	 impaired	LSC	 self-renewal,	 thus	providing	 a	 possible
mechanism	for	the	curative	potential	of	ATRA/arsenic	therapy.

RARα	possesses	 a	DNA	binding	domain,	hormone	binding	domain,	 and	 retinoid	X	 receptor	 (RXR)	binding
domain,	all	of	which	are	 included	within	 the	PML/RARα	chimeric	protein.	RARα	transactivates	multiple	genes
involved	 in	myeloid	 differentiation.22	 PML/RARα	 homodimers,	 enabled	 via	 a	 coiled	 coil	 domain	 in	 the	 PML
portion,	bind	to	RAR	sites	and	repress	genes	important	for	granulocytic	differentiation	in	part	through	HDAC	and
co-repressor	 recruitment.	 PML/RARα,	 however,	 does	 not	 have	 effects	 solely	 through	 dominant	 inhibition	 of
RARα/RXR	binding	sites.	PML/RARα	was	shown	to	have	an	extended	repertoire	of	DNA	consensus	binding	sites
beyond	those	found	for	RARα.28	PML/RARα	appears	to	extensively	modify	histone-acetylation	and	methylation
marks	 in	 expressing	 cells	 in	 an	 ATRA-dependent	 manner,	 likely	 through	 recruitment	 of	 HDACs	 and	 histone
methyltransferases	and	demethylases	within	the	PML-RARα	complex.28

HOX	Family	Members
HOX	(Homeobox)	genes	are	homeodomain-containing	transcription	factors	 important	 in	patterning	in	vertebrate
development	and	in	hematopoietic	development	(reviewed	in	Alharbi	et	al.29	and	Rezsohazy	et	al.30).	HOX	genes
are	 clustered	 in	 four	 genomic	 loci	HOXA-D,	 although	 additional	 “orphan”	HOX	 genes	 occur	 elsewhere	 in	 the
genome.	 Transactivation	 by	 HOX	 genes	 is	 potentiated	 by	 cofactors	 such	 as	 pre–B-cell	 leukemia	 (PBX1)	 and
myeloid	ecotropic	insertion	site	(MEIS1).	NUP98,	a	nuclear	transport	protein,	is	a	fusion	partner	to	at	least	eight
different	HOX	genes	in	AML	as	well	as	numerous	other	genes.31	HOX	gene	expression	is	tightly	regulated	during
hematopoietic	 development.	 HOXA9,	 for	 example,	 is	 expressed	 in	 early	 hematopoietic	 progenitor	 cells	 but	 is
downregulated	 during	 hematopoietic	 differentiation	 and	 is	 undetectable	 in	 terminally	 differentiated	 cells.
Expression	of	NUP98/HOXA9	results	 in	de-repression	of	HOXA	 cluster	genes,	 several	of	which	promote	HSC
self-renewal.

The	contribution	of	the	NUP98	moiety	to	leukemic	transformation	is	not	fully	understood.	NUP98	is	normally
a	component	of	the	nuclear	pore	complex	and	is	constitutively	and	ubiquitously	expressed.	However,	several	lines
of	evidence	suggest	that	NUP98	contributes	more	than	a	constitutively	activated	promoter.	For	example,	NUP98
motifs	known	as	FG	repeats	are	essential	for	transformation	and	may	serve	to	recruit	transcriptional	coactivators,
such	 as	CBP/p300,	 to	HOXA9	DNA-binding	 sites.32	A	 recent	 report	 suggests	 the	NUP98	moiety	 dysregulates
SET1A-associated	 histone	 H3	 lysine	 4	 (H3K4)	 trimethylation	 on	 HOX	 promoters,	 thus	 leading	 to	 aberrant
expression.33	In	murine	models	of	leukemia,	overexpression	of	HOXA9	alone	is	not	sufficient	to	cause	AML,	but
coexpression	of	HOXA9	with	transcriptional	cofactors,	such	as	MEIS1,	results	in	efficient	induction	of	AML.34
Thus,	 the	NUP98	moiety	 in	 the	 context	of	 the	NUP98/HOXA9	 fusion	may	 serve	multiple	 functions,	 including
provision	of	an	active	promoter,	and	recruitment	of	transcriptional	coactivators	such	as	CBP/p300	that	subserve
the	 function	 of	 other	 cofactors	 such	 as	MEIS1.	Epidemiologic	 evidence	 that	 the	NUP98	moiety	 contributes	 to
leukemogenesis	includes	the	observation	that	there	are	now	a	spectrum	of	fusion	proteins	involving	components
of	the	nuclear	pore	that	are	targeted	by	chromosomal	translocations	in	acute	leukemias.	These	include	NUP98	and
NUP214	fused	to	a	diverse	group	of	partners,	including	HOXA9	and	HOXD13,	and	the	DDX10,	PMX1,	DEK,	and



ABL1	genes,	respectively.
Dysregulated	HOX	 gene	 expression	may	 be	 important	 in	 leukemias	 that	 do	 not	 directly	 target	HOX	 family

members.	Several	proteins	that	are	upstream	of	HOX	expression	have	been	observed	as	fusion	genes	associated
with	AML,	the	most	frequent	of	these	are	KMT2A(MLL)	gene	rearrangements.	In	addition,	dysregulation	of	HOX
genes	by	an	enhancer	effect	that	occurs	in	t(7;10)(q34;q24),	where	the	TCRβ	translocates	into	the	TLX1(HOX11)
locus,	 is	 an	 important	 contributor	 to	T-lineage	ALL	 (T-ALL)	 leukemogenesis.35	However,	 a	 common	 biologic
feature	of	all	of	these	may	be	their	ability	to	dysregulate	HOX	gene	expression	during	hematopoietic	development.
For	example,	t(12;13)	associated	with	AML	results	in	expression	of	high	levels	of	CDX2	from	the	ETV6	locus.36
CDX2	is	a	homeotic	protein	that	regulates	expression	of	HOX	family	members	in	the	colonic	epithelium.	It	has
been	shown	 that	CDX2	and	CDX4	can	dysregulate	HOX	expression	 in	hematopoietic	progenitors	and	 result	 in
leukemia.34,36

Taken	 together,	 these	 data	 indicate	 that	 the	NUP98/HOXA9	 fusion	 transforms	 hematopoietic	 progenitors	 in
part	 through	 dysregulated	 overexpression	 and	 by	 transactivation	 mediated	 through	 the	 NUP98	 transactivation
domain	that	recruits	CBP.	However,	like	other	gene	rearrangements	involving	hematopoietic	transcription	factors,
expression	 of	 NUP98/HOXA9	 alone	 is	 not	 sufficient	 to	 cause	 leukemia.	 In	 murine	 bone	 marrow	 transplant
models,	NUP98/HOXA9	induces	AML	only	after	markedly	prolonged	 latencies	 indicative	of	a	 requirement	 for
second	mutation.	Coexpression	 of	Meis1	 or	 FLT3ITD	with	NUP98/HOXA9	 in	mice	 significantly	 shortens	 the
latency;	however,	these	mutations	are	not	present	in	all	human	cases,	suggesting	additional	cooperating	pathways
exist.29

C/EBPα
C/EBPα	is	a	42-kDa	hematopoietic	transcription	factor	that	is	required	for	normal	myeloid	lineage	differentiation
and	inhibits	proliferation	(reviewed	in	Pulikkan	et	al.37).	A	30-kDa	isoform	(p30)	is	produced	through	use	of	an
alternative	translation	initiation	site	functions	as	a	dominant	negative.	C/EBPα	is	downregulated	in	50%	of	AML
often	through	methylation	of	its	promoter	region	and	mutations	are	observed	in	11%	of	AMLs.38	Two	major	types
of	C/EBPα	point	mutations	have	been	described	in	AML:	short	frameshifting	mutations	in	the	region	encoding	the
amino-	terminus	causing	expression	of	the	p30	isoform	and	in-frame	insertions	or	deletions	in	the	region	of	the
carboxy-terminus	that	alter	 the	DNA	binding	or	dimerization	domains	causing	loss	of	function.37	Two	thirds	of
C/EBPα-mutated	 leukemias	 have	 both	 N-	 and	 C-terminal	 mutations	 on	 each	 allele.	 Pathogenically,	 loss	 of
C/EBPα	 function	 in	 leukemia	 likely	 impairs	myeloid	differentiation	 and	 removes	 a	block	on	proliferation.37	 In
addition,	altered	C/EBPα	effects	on	self-renewal	may	allow	expansion	of	a	pre-	 leukemic	or	LSC	population.39
AMLs	with	C/EBPα	mutations	are	frequently	observed	with	additional	leukemogenic	mutations	such	as	ASXL2
and	TET2;	however,	overall	they	carry	a	favorable	prognosis.

GATA	Factors
GATA	transcription	 factors	are	a	 six-member	 family	of	zinc-	 finger–containing	proteins.	GATA1	mutations	are
associated	with	a	subset	of	acute	megakaryocytic	leukemias	(AMKLs)	(FAB	M7),	in	particular	leukemias	arising
in	patients	with	Down	syndrome	(constitutional	trisomy	21)	(reviewed	in	Crispino	and	Horwitz40).	GATA1	binds
the	 DNA	 consensus	 sequence	 (A/T)GATA(A/G)	 and	 has	 a	 critical	 role	 in	 promoting	 erythroid	 and
megakaryocytic	 development.	GATA1	 mutations	 result	 in	 early	 termination	 of	 the	 full-length	GATA1	 protein;
however,	translation	of	a	short	form,	GATA1s,	from	an	alternate	initiation	codon	occurs.	GATA1s	is	theorized	to
function	as	either	a	hypomorphic	or	dominant	negative	allele.41	In	Down	syndrome,	GATA1	mutations	are	often
seen	in	a	transient	myeloproliferative	disorder,	which	progresses	to	AMKL	in	20%	of	cases,	suggesting	GATA1
mutation	is	an	early	event	cooperating	with	germline	trisomy	21.41	GATA1	mutations	have	been	noted	in	Down
syndrome	 fetal	 livers,	 and	 GATA1s	 expression	 in	 a	 mouse	 model	 causes	 hyperproliferation	 of	 fetal	 liver
megakaryocytes	 but	 impaired	 differentiation,	 supporting	 the	 hypothesis	 of	 an	 in	 utero	 origin	 of	 the	 disease.42
Further	mutations	in	diverse	genes	such	as	MPL,	JAK2,	STAG2,	and	ASXL1	have	been	implicated	in	sequencing
studies	as	advancing	progression	from	transient	myeloproliferative	disorder	to	AMKL.40

Heterozygous	GATA2	deficiency	has	been	identified	as	a	familial	autosomal	dominant	cause	of	MDS	and	bone
marrow	 failure	 in	 younger	 patients	 that	 can	 lead	 to	 transformation	 to	 AML.	 GATA2	 is	 essential	 for	 HSC
maintenance	 and	 promotes	 GATA1	 expression,	 which	 then	 negatively	 feeds	 back	 on	 GATA2	 expression	 and
chromatin	occupancy.43	GATA2	mutations	in	MDS	are	frequently	observed	with	additional	cytogenetic	changes,
particularly	monosomy	7.44
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Mutations	that	Result	in	Overexpression	of	c-MYC
MYC	 is	 a	 basic	 helix-loop-helix–containing	 transcription	 factor	 with	 involvement	 in	 a	 wide	 range	 of	 both
hematologic	and	solid	malignancies.	MYC	dimerizes	with	the	cofactor	MAX	and	is	able	to	initiate	transcription
after	binding	to	either	high	or	low	affinity	“E-box”	DNA	consensus	sequences	(reviewed	in	Schick	et	al.45).	MYC
is	strictly	regulated	at	the	transcriptional	and	posttranscriptional	levels	and	exerts	a	broad	control	on	the	processes
controlling	 cell	 growth.	 Amplification	 of	 MYC	 levels	 is	 a	 common	 means	 of	 oncogenic	 activation.
Overexpression	of	MYC	through	juxtaposition	of	an	Ig	enhancer	locus,	t(8;14)(q24;q32),	is	seen	in	aggressive	B-
cell	lymphomas	and	in	B-ALL.	Similar	phenotypes	ensue	from	juxtaposition	to	other	Ig	enhancers	in	the	human
genome,	such	as	the	Igκ	locus	on	chromosome	2	or	the	Igκ	locus	on	chromosome	22.45	In	T-ALL,	translocations
into	 the	 TCR	 loci	 such	 as	 t(8;14)(q24;q11)	 or	 indirect	 upregulation	 through	 NOTCH1	 results	 in	 MYC
overexpression.	In	AML,	cytogenetic	abnormalities	 trisomy	8	or	 the	generation	of	double	minute	chromosomes
containing	the	MYC	 locus	lead	to	pathogenic	overexpression.	The	critical	dependence	of	many	malignancies	on
MYC	has	increased	enthusiasm	for	developing	selective	targeting	agents.	One	approach	utilizes	an	inhibitor	of	the
bromodomain	of	BRD4,	an	epigenetic	reader	needed	for	transcription	of	MYC.46

Mutation	of	Lymphoid	Development	Factors	in	Acute	Lymphoid	Leukemia
An	important	mechanism	underlying	the	pathogenesis	of	B-ALL	is	the	mutation	of	transcription	factors	essential
for	 B-cell	 commitment	 and	 differentiation.47	 Due	 to	 the	 requirement	 of	 these	 factors	 for	 normal	 early	 to	 late
precursor	B	development,	the	immunophenotypic	stage	most	closely	related	to	the	leukemias,	it	is	hypothesized
that	 loss	 of	 normal	 expression	 levels	 leads	 to	 a	 block	 in	 differentiation,	 a	 critical	 step	 in	 leukemogenesis.48
Although	 translocations	 involving	 these	 genes	 had	 been	 identified	 in	 a	 smaller	 percentage	 of	 B-ALLs	 earlier,
high-resolution	 SNP	 arrays	 and	 genomic	 sequencing	 of	 disease	 samples	 has	 actually	 demonstrated	 frequent
microdeletions	 and	 point	 mutations	 are	 extremely	 common.	 Several	 rare	 translocations	 have	 been	 identified
involving	 the	 paired-box	 transcription	 factor,	PAX5,	 including	 dic(9;12)(p13;p13),	 generating	 the	 PAX5/ETV6
fusion	protein	which	functions	as	a	dominant	negative.49	In	actuality,	30%	of	B-ALLs	possess	mono-allelic	loss-
of-function	mutations	when	examined	by	sequencing.50	PAX5	is	a	master	regulator	of	B-cell	development	at	the
pro–	and	pre–B-cell	stage,	the	immunophenotypic	stage	most	closely	related	to	many	B-ALLs.	PAX5	is	a	DNA-
binding	protein	capable	of	interaction	with	co-repressors,	chromatin	remodeling	proteins,	and	other	transcription
factors	 such	as	ETS1	and	MYB.	The	dual	 role	of	PAX5	 is	 to	 simultaneously	 transactivate	downstream	 factors
promoting	B-cell	development	and	repress	genes	of	alternative	lineages	such	as	NOTCH1	and	CSFR1.	Deletion	of
Pax5	 in	 mice	 yields	 early	 B	 cells	 that	 are	 not	 completely	 committed	 to	 B	 differentiation	 and	 can	 be
transdifferentiated	through	the	use	of	cytokines	into	other	lineages.51	The	increased	lineage	plasticity	 in	early	B
progenitors	 caused	 by	 PAX5	 loss	may	 contribute	 to	 the	 etiology	 of	 biphenotypic	 leukemias	 that	 possess	 both
lymphoid	and	myeloid	markers.
IKAROS	 family	members	 (IKZF1-3)	 are	 also	 frequently	 mutated	 in	 B-ALL.52	 IKZF1	 is	 essential	 for	 HSC

function	 and	 lymphoid	 commitment	 (reviewed	 in	 Heizmann	 et	 al.53).	 IKZF1	 possesses	 zinc	 finger	 domains
important	for	DNA	binding	domains	and	homo-/heterodimerization.	Like	PAX5,	IKZF1	both	activates	lymphoid-
specific	genes,	such	as	interleukin	(IL)-7R,	and	represses	genes,	such	as	PU.1,	required	for	alternative	lineages.
The	function	of	IKZF1	as	a	transcriptional	activator	may	be	modulated	through	inherent	mechanisms	of	chromatin
remodeling	and	transcriptional	elongation.53	Approximately	15%	of	pediatric	B-ALL	patients	have	deletions	or
point	mutations	 in	IKZF1	 leading	 to	 loss-of-function	or	dominant	negative	 activity	 and	correlating	with	 a	poor
prognosis.52	Furthermore,	IKZF1	mutations	appear	highly	enriched	in	BCR-ABL1+	de	novo	lymphoid	leukemia,
blast	crises	evolving	from	chronic	myelogenous	leukemia,	and	in	relapsed	B-ALL.54

Other	 recurrent	 mutations	 have	 been	 found,	 to	 a	 lesser	 frequency,	 in	 a	 large	 number	 of	 lymphoid-specific
transcription	 factors,	 including	 for	 example,	 E2A,	 encoded	 by	 the	 TCF3	 gene,	 EBF1,	 and	 LEF1.	 The	 most
common	 mutation	 in	 TCF3	 in	 B-ALL	 is	 the	 translocation	 t(1;19)(q23;p13),	 encoding	 the	 fusion	 product
TCF3/PBX1,	which	is	postulated	to	dysregulated	both	B-cell–	and	HOX-associated	pathways.	EBF1	has	reported
mono-allelic	 loss-of-function	mutations	 in	B-ALL,	whereas	LEF1	 has	been	observed	with	mono-	 and	bi-allelic
deletions	 in	both	T-	and	B-ALL.47	The	common	 feature	of	 these	genetic	 lesions	 is	 their	 requirement	 in	normal
lymphopoiesis.	As	many	 of	 these	mutations	 generate	 haploinsufficiency	 rather	 than	 complete	 loss	 of	 function,
gene	dosage,	potentially	affecting	the	positive	feedback	loops	within	B-cell	development,	may	be	a	critical	factor
in	leukemia	initiation.47



Chromosomal	Translocations	Involving	the	T-cell	Receptor
Up	to	50%	of	T-cell	leukemias	are	often	associated	with	overexpression	of	a	number	of	genes	due	to	juxtaposition
to	the	TCR	enhancer	loci	(TCRβ	at	chromosome	7q34	or	TCRα	/d	at	chromosome	14q11)	(reviewed	in	Girardi	et
al.55	and	Belver	and	Ferrando56).	Overexpression	is	thus	associated	with	T-cell	phenotypes,	including	T-cell	ALL
and	lymphoma.	Three	mechanistically	distinct	classes	of	overexpressed	genes	have	been	identified	based	on	stage
of	 developmental	 arrest	 and	 mutual	 exclusivity:	 TAL1/TAL2/LMO1/LMO2/LYL1,	 TLX1/TLX3	 (aka
HOX11/HOX11L1),	 and	HOXA	 subgroups.	 TAL1	 (aka	 SCL)	 is	 a	 class	 II	 basic	 helix-loop-helix	 transcription
factor	 with	 an	 essential	 role	 in	 embryonic	 HSC	 development,	 but	 it	 is	 suppressed	 in	 lymphoid	 cells.	 TAL1
heterodimerizes	 with	 other	 E-protein	 transcription	 factors	 such	 as	 LMO2	 to	 promote	 a	 regulatory	 program
involving	 the	 transcriptional	 activator,	 MYB,	 which	 blocks	 differentiation	 of	 early	 thymic	 progenitors.
Coexpression	 of	 TAL1	 with	 LMO1	 or	 LMO2	 in	 transgenic	 mouse	 models	 dramatically	 accelerates	 T-ALL
development,	supporting	their	cooperative	role.57	In	another	frequent	mutation,	nearly	30%	of	adult	T-ALLs	have
a	 translocation	 of	 TLX1	 into	 the	 TCR	 locus,	 leading	 to	 overexpression	 of	 TLX1.	 T-ALL	 leukemogenesis
mediated	 by	 TLX1	 overexpression	 may	 be	 furthered	 through	 mitotic	 checkpoint	 dysregulation	 and
downregulation	of	TCRα	rearrangement	and	expression,	which	may	contribute	to	a	cortical	T-cell	developmental
arrest.58

RBM15/MKL1
The	 t(1;22)(p13;q13)	 is	 associated	with	 the	majority	 of	 non–Down	 syndrome	AMKL	 in	 infants	 and	 results	 in
expression	of	the	RBM15/MKL1	(aka	OTT1/MAL)	fusion	gene.59	RBM15	(OTT1)	is	a	spliceosomal	protein	 that
contains	RNA	recognition	motifs	and	a	transcriptional	activator/repressor	motif.	Rbm15	deletion	in	mice	reveals
multiple	 hematopoietic	 roles	 including	megakaryocyte	 growth	 and	HSC	 function.	The	MKL1	 (MAL)	 gene	 is	 a
Rho-GTPase–regulated	cofactor	for	serum	response	factor	and	controls	megakaryocyte	development.	A	knock-in
mouse	 model	 expressing	 RBM15/MKL1	 is	 able	 to	 recapitulate	 AMKL	 and	 demonstrated	 constitutive
transcriptional	activation	from	RBPJκ	binding	sites,	including	Notch1	downstream	targets.60

MUTATIONS	OF	EPIGENETIC	MODIFIERS
KMT2A	(aka	MLL)	Translocations
The	 newly	 renamed	KMT2A	 (lysine-specific	methyltransferase	 2A)	 gene	 on	 chromosome	 11q23	 is	 involved	 in
more	than	80	different	chromosomal	translocations	with	a	remarkably	diverse	group	of	fusion	partners,	which	are
primarily	 associated	 with	 mostly	 myelomonocytic	 or	 monocytic	 AML	 subtypes	 in	 adults	 and	 ALL	 in	 infants
(reviewed	in	Winters	and	Bernt61).	Patients	who	have	received	prior	chemotherapy	for	cancer	and	develop	therapy
related	AML	 (t-AML)	 often	 have	 abnormalities	 in	 11q23,	 especially	 those	 patients	 treated	with	 topoisomerase
inhibitors	such	as	etoposide	or	topotecan.	Chromosomal	translocations	involving	band	11q23	result	in	expression
of	a	fusion	gene	containing	amino-terminal	KMT2A	sequences	between	exons	8	and	13	fused	to	a	wide	variety	of
partners.	There	has	been	no	common	functional	motif	or	activity	ascribed	to	all	partners;	however,	specific	fusions
may	 be	 associated	 with	 specific	 leukemic	 phenotypes.	 The	 KTM2A/AF4	 fusion	 associated	 with	 t(4;11)	 is
frequently	observed	in	infant	leukemias	and	is	associated	with	an	ALL	phenotype	in	>90%	of	cases,	whereas	the
KTM2A/AF9	 fusion	 associated	 with	 the	 t(9;11)	 is	 almost	 exclusively	 associated	 with	 AML.	 Certain	KMT2A
fusion	genes	also	have	prognostic	significance.	For	example,	patients	with	t(9;11)(p22;q23)	have	a	better	outcome
than	those	with	other	partners.

The	KMT2A	gene	encodes	a	large,	ubiquitously	expressed	protein,	an	H3K4	methyltransferase	that	is	important
for	 maintaining	 transcription	 of	 HOX	 genes	 expression	 during	 development.	 Mice	 that	 have	 homozygous
deficiency	 for	 Kmt2a	 have	 an	 early	 embryonic	 lethal	 phenotype	 and	 even	 heterozygous	 animals	 have
developmental	 anomalies	 in	 the	 axial	 skeleton	 and	 hematopoietic	 deficits	 including	 anemia.62	 Thus,	 similar	 to
other	genes	targeted	by	chromosomal	translocations,	KMT2A	is	important	for	normal	hematopoietic	development.
KTM2A	binds	 a	broad	 cohort	 of	 epigenetic	 regulators	 including	bromodomain-containing	3	 and	4,	 the	H3K79
histone	 methyltransferase,	 the	 lysine-specific	 demethylase,	 and	 the	 polycomb-repressive	 complex	 2	 (PRC2).
Although	 KMT2A	 possesses	 a	 SET	 homology	 H3K4	 histone	 methyltransferase	 domain,	 it	 is	 not	 retained	 in
KTM2A-fusion	proteins.	KTM2A	and	KTM2A	fusions	also	require	complex	formation	with	menin	(MEN1)	and
lens	epithelium-derived	growth	factor	to	be	able	to	interact	with	DNA	and	activate	target	genes.63	KTM2A	fusions
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have	been	shown	to	affect	transcriptional	“poising”	at	target	genes	as	part	of	a	larger	super	elongation	complex.61
The	control	of	RNA	polymerase	II	elongation	after	recruitment	to	promoter	sites	provides	an	additional	layer	of
regulation	to	target	genes	such	as	HOXA9.61	KTM2A	fusions	also	form	a	complex	known	as	“DotCom,”	which
via	 associated	 H3K79	 histone	 methyltransferase	 activity	 yields	 H3K79	 di-/trimethylation	 marks,	 thus	 altering
expression	 at	 affected	 genes.64	 KTM2A-fusion/DotCom	 interaction	 allows	 binding	 and	 transcription	 at	 target
genes	of	the	Wnt/β-catenin	pathway	via	binding	of	nuclear-localized	β-catenin.	The	Wnt	pathway	is	essential	for
fetal	 HSC	 self-renewal	 and	 aberrant	 activation	 of	 its	 downstream	 targets	 mediated	 by	 KTM2A-fusions	 is
hypothesized	to	confer	self-renewal	properties	to	LSCs.65

Although	 various	 KTM2A	 fusions	 have	 similar	 transforming	 properties	 in	 vitro,	 there	 are	 distinctive
differences	in	disease	penetrance	and	latency	in	the	murine	models,	depending	on	the	fusion	partner.	It	is	possible
that	 the	 KTM2A	 gene	 rearrangement	 may	 be	 critical	 for	 transformation,	 whereas	 the	 fusion	 partners	 confer
properties	related	to	disease	phenotype.	The	long	latency	of	disease	in	murine	models	supports	the	hypothesis	that
KTM2A	 fusions,	 like	 the	 PML/RAR-	 and	 CBF-related	 fusion	 proteins,	 require	 additional	 mutations	 to	 cause
leukemia.

As	noted	in	the	“Leukemic	Stem	Cells”	section,	data	indicate	that	hematopoietic	progenitors	carrying	certain
KTM2A	 fusion	genes	may	have	capacity	of	 self-renewal.	 In	a	mouse	model	of	KTM2A/AF9	 oncogene–induced
leukemia,	up	to	a	quarter	of	the	leukemic	cells	exhibit	stem	cell	behavior.66	Another	feature	of	the	KTM2A/AF9-
positive	LSCs	is	viable	lineage	determination	as	these	cells	give	rise	to	ALL	when	injected	to	immunodeficient
mice.	The	same	cells	cause	AML	when	injected	to	immunodeficient	mice	expressing	the	human	growth	factors
stem	cell	factor,	granulocyte-macrophage	colony-stimulating	factor,	and	IL-3.66	In	summary,	these	data	indicate
that	leukemogenic	mutations	may	occur	in	cells	that	have	no	intrinsic	self-renewal	capacity	and	yet	confer	these
properties	 by	 activation	 of	 specific	 transcriptional	 programs,	 which	 may	 be	 further	 modified	 by	 clues	 from
microenvironment.

MOZ	and	TIF2
Some	 translocations	 leading	 to	 leukemia	 can	 involve	 transcriptional	 coactivators	 and	 chromatin	 modifying
proteins	 that	 have	 no	 apparent	 DNA-binding	 specificity.	 Examples	 of	 this	 include	 the	 KMT2A/CBP	 and
MOZ/CBP	fusions	where	CBP	 is	 the	 transcriptional	coactivator	and	 the	KMT2A/p300	and	MOZ/TIF2	 fusions,
which	involve	the	coactivators	p300	and	TIF2,	respectively.67	Although	TIF2	itself	is	not	known	to	have	histone
acetyl-transferase	(HAT)	activity,	a	hallmark	of	the	coactivators	CBP	and	p300,	it	has	a	well-characterized	CBP
interaction	domain	that	serves	to	recruit	CBP	into	a	complex	with	MOZ/TIF2.68	Thus,	recruitment	of	CBP/p300	is
a	shared	theme	among	this	group	of	fusion	genes.

The	 transcriptional	 targets	 and	 transformation	 properties	 of	 this	 class	 of	 fusion	 proteins	 are	 not	 fully
understood.	 Transduction	 of	MOZ/TIF2	 into	 primary	 murine	 bone	 marrow	 cells	 followed	 by	 transplantation
results	 in	 a	 long-latency	 AML,	 suggesting	 the	 need	 for	 secondary	 mutations.67	 MOZ	 is	 a	 HAT	 protein	 that
contains	a	nucleosome-binding	domain	and	an	acetyl–coenzyme	A–binding	catalytic	domain.	Mutational	analysis
shows	 that	 leukemogenic	activity	 requires	MOZ	nucleosome-binding	activity	and	CBP	recruitment	activity,	but
the	MOZ	HAT	activity	is	dispensable.	These	data	would	be	consistent	with	a	CBP	gain	of	function	in	which	CBP
is	recruited	to	MOZ	nucleosome-binding	sites.68	However,	 it	has	also	been	hypothesized	 that	 the	 leukemogenic
potential	 of	 this	 class	 of	 fusions	may	 be	 related	 to	 dominant	 negative	 interference	with	 CBP/p300	 or	 that	 the
translocation	leads	to	simple	loss	of	function	of	CBP	expressed	from	one	allele.68

TET2
The	TET2	(ten-eleven	translocation	2)	gene	located	on	4q24	belongs	to	the	TET	family	(TET1-3),	which	converts
5-methylcytosine	to	hydroxymethylcytosine,	the	initial	step	in	DNA	demethylation.	Mutations	of	the	TET2	gene
have	been	found	in	8%	to	27%	of	AML,	20%	to	25%	of	MDS,	and	4%	to	13%	of	myeloproliferative	neoplasia
(reviewed	in	Guillamot	et	al.69).	TET2	mutations	are	mono-allelic	and	 loss	of	function	 in	most	cases,	 including
missense,	frameshift,	and	nonsense	mutations.	The	presence	of	mutant	TET2	is	associated	with	superior	survival
in	 MDS	 and	 inferior	 survival	 in	 AML	 and	 chronic	 myelomonocytic	 leukemia.	 TET2	 mutations	 are	 almost
mutually	exclusive	with	 isocitrate	dehydrogenase	 (IDH)1/2	mutations,	 suggesting	a	 similar	epigenetic	defect	as
IDH1/2	 mutations.	 In	 in	 vivo	 mouse	 models,	 TET2	 inactivation	 increased	 HSC/progenitor	 self-renewal	 and
induced	both	myeloid	and	lymphoid	malignancies.70	Recently,	ascorbic	acid	(vitamin	C)	was	shown	to	increase	5-
methylcytosine	oxidation,	thus	promoting	DNA	demethylation	in	Tet2-deficient	mice.71	Ascorbic	acid	was	shown



to	suppress	TET2-mutated	leukemia	in	mouse	models,	thus	may	provide	a	new	therapeutic	avenue.
As	discussed	earlier,	mutations	of	 IDH1/2	 functionally	overlap	with	TET2	mutations.	 IDH1/2	mutations	are

early	 events	 in	 leukomogenesis	 and	 are	 found	 more	 often	 in	 older	 patients	 resulting	 in	 similar	 DNA
hypermethylation	of	leukemia	cells	and	impaired	hematopoietic	differentiation.72	 IDH1/2	mutations	are	detected
in	 15%	 to	 33%	 of	 AML	mostly	 in	NPM1	 mutated	 and	 FLT3	 wild	 type	 cytogenetically	 normal	 AML.72	 The
IDH1/2	 enzymes	 are	 NADP-dependent	 isocitrate	 dehydrogenases	 that	 catalyze	 conversion	 of	 isocitrate	 to	 2-
hydroxyglutarate	 in	 the	 TCA	 cycle.	 The	 mutations	 have	 been	 shown	 to	 exhibit	 a	 gain	 of	 function	 leading	 to
aberrant	accumulation	of	2-hydroxyglutarate,	an	oncometabolite	that	inhibits	activity	of	TET2	and	stimulates	HIF-
1-α,	leading	to	initiation	and	promotion	of	cancer.73	The	impact	of	IDH	mutations	on	survival	of	AML	patients	is
unclear,	with	 some	 studies	 have	 observed	no	difference	 in	 outcome,	whereas	 others	 have	 demonstrated	 a	 poor
prognostic	impact	in	certain	AML	subgroups.

DNMT3A
Mammalian	DNMTs	catalyze	the	transfer	of	a	methyl	group	onto	the	5′-position	of	cytosine	at	CpG	dinucleotides,
a	process	 important	for	silencing	genes.	DNMT3A	and	DNMT3B	catalyze	de	novo	DNA	methylation,	whereas
DNMT1	is	primarily	responsible	for	maintenance	methylation.	Recurrent	DNMT3A	mutations	at	multiple	sites	are
in	20%	to	30%	of	patients	with	AML.	Several	different	loss-of-function	mutations	have	been	found	in	all	exons	of
DNMT3A,	whereas	a	missense	point	mutation	at	amino	acid	R882,	which	decreases	catalytic	activity	and	DNA
binding	affinity,	is	most	frequently	identified.74	Dnmt3a-null	HSCs	have	increased	self-renewal	capacity	and	lose
their	 differentiation	 potential,	 which	 was	 accompanied	 by	 an	 aberrant	 methylation	 pattern	 seen	 in	 in
leukemogenesis.75	 However,	 knockout	 of	 Dnmt3a	 alone	 was	 not	 sufficient	 to	 initiate	 leukemia.	 DNMT3A
mutations	are	early	events	in	leukemic	transformation	and	often	associate	with	NPM1	and	FLT3	mutations.76

ASXL1
Additional	sex	comb-like	1	(ASXL1)	gene	encodes	for	chromatin	binding	protein	that	enhances	or	represses	gene
transcription	 by	 chromatin	 structure	modification.77	ASXL1	 binds	 to	 the	 PRC2	 and	 loss-of-function	mutations
result	 in	decreases	 in	histone	H3K27	 trimethylation,	affecting	gene	expression	 including	HoxA	cluster	genes.78
Mutations	 in	ASXL1	 are	more	 common	 in	older	patients	 (5%	 to	18%	of	AML)	and	are	usually	 found	 in	AML
evolving	from	an	antecedent	marrow	disorder.	Patients	usually	have	inferior	outcome.79

EZH2
EZH2	 is	 a	 histone	H3K27	methyltransferase,	which	 is	 one	 of	 the	 components	 of	 PRC2	 required	 for	 silencing
target	 genes	 (reviewed	 in	 Lund	 et	 al.80).	 In	 HSCs,	 EZH2	 functions	 to	maintain	 “stemness”	 and	 repress	 genes
associated	with	differentiation.	EZH2,	in	addition	to	trimethylation	of	H3K27	residues,	may	also	enhance	DNA
methylation	 at	 target	 promoter	 sites.81	 Although	 EZH2	 gain-of-function	 mutations	 are	 found	 in	 lymphomas,
leukemia-associated	EZH2	mutations	 are	 predominantly	 loss	 of	 function,	 suggesting	 both	 oncogene	 and	 tumor
suppressor	roles	depending	on	cellular	context.	EZH2	mutations	are	found	in	2%	of	AML,	6%	of	MDS,	and	up	to
18%	of	adult	T-ALL.80

MUTATIONS	AFFECTING	SIGNALING
Oncogenic	RAS	Mutations
Activating	mutations	in	RAS	may	be	associated	with	AML,	ALL,	and	MDS,	typically	at	codons	12,	13,	or	61	in
N-	 or	 K-RAS.	 RAS	 is	 mutated	 in	 10%	 to	 15%	 of	 AMLs,	 with	 NRAS	 being	 predominantly	 affected	 and
approximately	 5%	 of	 ALL	 (reviewed	 in	 Singh	 et	 al.82).	 RAS	 is	 a	 membrane	 localized	 G-protein	 that	 toggles
between	an	inactive	GDP-bound	state	and	an	activated	GTP-bound	form,	with	mutated	RAS	favoring	the	active
conformation.	RAS	mediates	 signals	 from	upstream	 receptors	 through	multiple	downstream	effectors	 including
phospho-insositol	3′	kinase	 (PI3K)	and	 the	RAF/MEK/ERK	pathways.	Considerable	effort	has	been	devoted	 to
developing	small	molecule	inhibitors	of	RAS	activation,	with	a	focus	on	prenylation	inhibitors,	including	farnesyl
transferase	and	geranyl-	geranylation	inhibitors	that	prevent	targeting	of	activated	RAS	to	the	plasma	membrane.
However,	 clinical	 activity	 was	 not	 correlated	 with	 inhibition	 of	 the	 target	 farnesyl	 transferase,	 and	 combined
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farnesyl-	and	geranylation-transferase	inhibition	had	high	toxicity.	Additional	efforts	have	focused	on	inhibiting
the	downstream	effectors	instead	including	PI3K	and	RAF/MEK/MAPK.82,83

Activating	Mutations	in	Tyrosine	Kinases	and	Associated	Receptors

BCR/ABL1
The	 Philadelphia	 chromosome	 (Ph)	 is	 a	 translocation	 between	 the	 ABL1	 oncogene	 on	 the	 long	 arm	 of
chromosome	9	and	a	breakpoint	cluster	region	(BCR)	on	the	long	arm	of	chromosome	22,	t(9:22),	resulting	in	a
fusion	gene,	BCR/ABL1,	 that	encodes	an	oncogenic	protein	with	constitutively	active	 tyrosine	kinase	activity.84
Mutational	activation	of	tyrosine	kinases	is	one	of	the	most	common	oncogenic	mechanisms,	leading	to	increased
proliferation	and/or	survival	of	leukemia	cells.	Besides	BCR/ABL1,	other	examples	of	kinase	gene	fusions	include
the	TEL/ABL,	TEL/PDGFbR,	TEL/JAK2,	H4/PDGFbR,	 FIP1/PDGFbR,	 and	 Rabaptin/PDGFbR.	 These	 fusion
genes	 are	 only	 rarely	 encountered	 in	 AMLs.	 Approximately	 1%	 to	 2%	 of	 de	 novo	 AML	 are	 BCR/ABL1
rearranged,	whereas	 this	rearrangement	 is	present	 in	20%	to	30%	of	adult	ALL	and	2%	to	3%	of	children	with
ALL.50	The	molecular	weight	of	this	protein	depends	on	the	precise	chromosome	breakpoint.	Most	patients	with
ALL	 express	 a	 190-kDa	 protein	 (p190),	 and	 the	 remainder	 a	 210-kDa	 oncoprotein	 (p210),	 which	 is	 also
commonly	found	in	chronic	myeloid	leukemia	(CML).	Although	BCR/ABL1	may	be	necessary	and	sufficient	for
the	development	of	CML,	this	is	not	the	case	for	Ph-positive	ALL.	SRC	kinases	are	required	for	the	development
of	Ph-positive	ALL.85	There	are	many	additional	epigenetic	changes,	copy	number	abnormalities,	and	mutations
downstream	of	BCR/ABL1	that	contribute	to	the	very	aggressive	clinical	course.

FLT3
Point	mutations	in	the	tyrosine	kinase	activation	loop	and	juxtamembrane	(JM)	mutations	that	activate	FLT3	and
c-KIT,	 receptor	 tyrosine	 kinases	 normally	 expressed	 on	 hematopoietic	 progenitors,	 have	 been	 identified	 in	 a
significant	proportion	of	AML	cases.	Activating	mutations	in	FLT3	have	been	reported	in	approximately	30%	to
35%	of	cases	of	AML	(reviewed	in	Lagunas-Rangel	and	Chávez-Valencia86).	 In	20%	to	25%	of	cases,	 internal
tandem	duplications	(ITDs)	within	the	JM	domain	result	 in	constitutive	activation	of	FLT3.	These	range	in	size
from	a	few	to	more	than	50	amino	acids	and	are	always	in	frame.	Because	of	the	extensive	variability	in	size	and
exact	 position	 of	 the	 repeats	 within	 the	 JM	 domain,	 it	 has	 been	 hypothesized	 that	 these	 mutations	 impair	 an
autoinhibitory	domain,	resulting	in	constitutive	kinase	activation	in	the	absence	of	ligand.	In	support	of	this,	the
crystallographic	structure	of	FLT3	demonstrates	a	seven–amino	acid	extension	of	the	JM	domain	that	intercalates
into	the	catalytic	domain,	thereby	precluding	kinase	activation.87	A	broad	range	of	pathways	are	affected	by	FLT3
mutation	including	PI3K/AKT,	RAS/RAF/MEK,	STAT5,	and	RUNX1/PU.1/C/EBPα.86

Large	 studies	 have	 confirmed	 the	 frequency	 and	 poor	 prognostic	 impact	 of	 FLT3	 mutations	 in	 adult	 and
pediatric	AML	populations.86	In	an	additional	5%	to	10%	of	cases,	so-called	activating	loop	mutations	occur	near
position	D835	in	the	tyrosine	kinase.	FLT3	mutations	may	occur	in	conjunction	with	known	gene	rearrangements,
such	as	AML1/ETO,	PML/RARa,	CBFb/MYH11,	or	KMT2A	translocations.

KIT
Analogous	to	FLT3-D835,	activating	loop	point	mutations	have	been	also	reported	at	position	D816	in	the	stem
cell	 factor	 receptor	 (KIT),	 a	 145-kDa	 transmembrane	 protein	 important	 for	 normal	 hematopoiesis,	 in
approximately	 5%	 of	 AML.	 This	 mutation	 is	 mutually	 exclusive	 with	 FLT3	 mutations	 and	 is	 found	 more
predominantly	among	CBF	leukemias	where	it	is	associated	with	inferior	outcome.79,88

MPL
Activating	mutations	 in	 the	 thrombopoietin	 receptor,	MPL(W515L),	 originally	 identified	 in	myelofibrosis	with
myeloid	metaplasia,	and	MPL(T487A)	have	been	observed	in	both	primary	cases	of	AMKL	and	those	secondary
to	myelofibrosis	with	myeloid	metaplasia.89	 Progression	 to	AML	happens	 as	 a	 part	 of	 natural	 history	of	MPL-
mutated	myeloid	neoplasm	(ET	or	myelofibrosis)	 involves	 loss	of	 the	WT-	MPL	allele	and	acquisition	of	other
mutations	 (TET2,	 TP53)	 during	 parallel	 expansion	 of	 genetically	 distinct	 yet	 phylogenetically	 related	 clones
(reviewed	in	Tefferi	and	Pardanani90).

JAK/STAT	Pathway



The	 Janus	 kinase	 family	 (JAK1,	 JAK2,	 JAK3)	 of	 nonreceptor	 tyrosine	 kinases,	 in	 addition	 to	 involvement	 in
translocation-derived	 fusions	 such	 as	 TEL/JAK2,	 have	 been	 found	 to	 contain	 activating	 point	mutations.	 JAK
kinases	 are	 important	 signaling	 intermediaries	 of	 multiple	 hematopoietic	 cytokine	 receptors	 and	 downstream
effectors	 such	 as	 STAT	 transcription	 factors.91	 JAK2V617F,	 originally	 identified	 as	 a	 causative	 mutation	 in
polycythemia	vera,	 is	also	seen	in	8%	de	novo	AML	and	up	to	77%	AML	transformed	from	myeloproliferative
neoplasia.90	Additional	mutations	in	JAK2	and	JAK3	have	been	isolated	in	AMKL.92	Mutations	in	JAK1,	JAK2,
or	JAK3	are	found	in	approximately	11%	of	BCR/ABL1-negative	childhood	ALL	and	are	often	concurrent	with
deletion	 of	 the	 IKAROS	 lymphoid-specific	 transcription	 factor	 and	 the	 CDKN2A/B	 tumor	 suppressor.50
Activating	phosphorylation	of	STAT3	and	STAT5a/b	has	been	reported	in	a	substantial	proportion	(44%	to	76%)
of	AML	patients	and	confers	a	poor	prognosis.93

CRLF2
A	subtype	of	precursor	ALL	is	characterized	by	cytokine	receptor-like	factor	2	(CRLF2)	alterations,	which	occur
in	 about	 5%	 to	 7%	 of	 pediatric	 ALL,	 but	 significantly	 higher	 proportion	 of	 ALL	 with	 Down	 syndrome
(approximately	 50%).	 Under	 normal	 conditions,	 CRLF2	 heterodimerizes	 with	 the	 IL-7Rα	 to	 form	 the	 thymic
stromal	lymphopoietin	receptor	in	T	cells.94	Overexpression	of	CRLF2	is	associated	with	activation	of	the	JAK-
STAT	pathway.	The	pathogenic	mechanism	involves	translocation	of	CRLF2	and	the	IGH@	locus	or	a	deletion
juxtaposing	 CRLF2	 with	 the	 P2RY8	 promoter.	 The	 P2RY8/CRLF2	 fusion	 appears	 to	 be	 the	 most	 relevant
prognostic	factor	independent	of	CRLF2	overexpression	for	poor	outcome	and	high	risk	of	relapse.95

Kinases	in	Ph-Negative	Acute	Lymphoid	Leukemia
Ph-like	ALLs	are	characterized	by	a	gene-expression	profile	similar	 to	 that	of	BCR-ABL1–positive	ALL	and	a
poor	outcome.96	The	frequency	of	this	subtype	of	ALL	increases	with	age	(10%	among	children	and	27%	among
young	 adults).	 Over	 90%	 of	 these	 cases	 have	 typically	 kinase-activating	 aberrations.	 The	 majority	 of
rearrangements	involve	ABL1,	ABL2,	CRLF2,	CSF1R,	EPOR,	JAK2,	NTRK3,	PDGFRB,	PTK2B,	TSLP,	or	TYK2,
and	smaller,	internal	mutations	have	been	detected	in	FLT3,	IL-7R,	or	SH2B3	by	sequencing.	Despite	numerous
genes	involved	that	have	been	found	among	patients	with	Ph-like	ALL,	these	lead	to	a	relatively	limited	number
of	kinase	signaling	pathways,	thus	may	be	sensitive	to	newly	available	kinase	inhibitors,	such	as	ruxolitinib	for	the
JAK2	pathway.96

MUTATIONS	IN	TUMOR	SUPPRESSOR	GENES
WT1
The	Wilms	tumor	1	(WT1)	gene	was	originally	described	as	a	tumor	suppressor	gene	in	patients	with	Wilms	tumor
predisposition-aniridia-genitourinary-mental	retardation.97	WT1	 is	 found	 in	 adult	 tumors	 from	 different	 origins,
and	these	tumors	arise	in	tissues	that	normally	do	not	express	WT1,	suggesting	expression	of	WT1	might	play	an
oncogenic	role	in	these	tumors.	WT1	is	located	at	the	chromosome	11p	and	encodes	for	a	transcription	factor	with
N-terminal	transcriptional	regulatory	domain	and	C-terminal	zinc	finger	domain	(exon	7	to	10).	The	expression	of
WT1	inversely	correlates	with	the	degree	of	differentiation	in	the	hematopoietic	system	as	it	is	present	in	CD34+
cells	and	absent	in	mature	leukocytes.98	WT1	functions	as	a	potent	transcription	regulator	of	genes	important	for
cell	survival	and	cell	differentiation.	The	disruption	of	WT1	function	promotes	stem	cell	proliferation	and	hampers
differentiation.97

Whereas	the	precise	role	of	WT1	in	normal	hematopoiesis	remains	to	be	further	elucidated,	it	seems	to	have	a
dual	tumor	suppressor/oncogene	role	in	leukemia.	The	wild-type	form	of	WT1	is	highly	expressed	in	a	variety	of
acute	leukemias.	The	pattern	of	WT1	expression	 in	CML	is	consistent	with	 the	 function	of	an	oncogene,	where
low	levels	are	found	in	the	chronic	phase	but	are	frequently	increased	in	the	accelerated	and	blast	crisis	phase.99
High	 levels	 of	WT1	 in	 patients	 after	 chemotherapy	 is	 associated	 with	 poor	 prognosis.	 In	 support	 of	 a	 tumor
suppressor	 role,	 loss-of-function	 mutations	 of	 the	 WT1	 gene	 are	 detected	 in	 approximately	 10%	 of	 normal
karyotype	AMLs.100	Mutations	that	cluster	to	exon	7	(mostly	frameshift	mutations	resulting	from	insertions	and
deletions)	and	exon	9	(mostly	substitutions)	are	associated	in	most	studies	with	poor	clinical	outcome,	consistent
with	 a	 tumor	 suppressor	 role.100	 A	 possible	 mechanism	 for	 the	 tumor	 suppressor	 role	 of	WT1	 in	 leukemia	 is
highlighted	 by	 the	mutual	 exclusivity	 of	WT1	 and	TET2/IDH1/2	 pathway	mutations.	 Complex	 formation	with
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WT1	was	found	to	be	essential	for	TET2	binding	to	target	genes	and	controlling	their	demethylation.101

TP53
TP53	is	a	tumor	suppressor	that	induces	cell-cycle	arrest	in	a	response	to	apoptotic	cell	death	or	DNA	repair	due
to	 genotoxic	 substances,	 oncogenes,	 hypoxia,	DNA	 damage,	 or	 ribonucleotide	 depletion.	 Inactivation	 of	TP53
plays	 an	 important	 role	 during	 neoplastic	 transformation	 in	 solid	 tumors	 and	 also	 during	 progression	 of
hematologic	 malignancies.102	 The	 incidence	 of	 TP53	 aberrations	 is	 high	 in	 AML	 with	 a	 complex	 aberrant
karyotype	 (up	 to	 70%)	 but	 relatively	 rare	 in	 other	 AML	 groups	 (2%	 to	 9%),	 and	 TP53	 mutations	 without
cytogenetic	alteration	are	a	rare	event.88	TP53	mutation	in	adult	B-	and	T-ALL	is	approximately	8%,	compared	to
2%	 in	 pediatric	 ALL.50	 Animal	 experiments	 show	 that	 the	 loss	 of	 one	 Tp53	 allele	 could	 be	 sufficient	 for
tumorigenesis.103	This	may	be	 relevant	 for	 the	development	of	 leukemia	 in	patients	with	 single	TP53	 deletion.
Another	 possible	mechanism	 is	 the	 inactivation	 of	 downstream	mediators	 of	TP53,	which	 affect	 not	 only	 cell-
cycle	arrest	but	also	DNA	repair	 and	apoptosis.	Alternatively,	overexpression	of	genes	 inhibiting	or	promoting
degradation	of	TP53	can	be	considered;	for	instance,	MDM2	overexpression	is	observed	in	up	to	50%	of	AML
cases.	TP53	 deletion	 can	 be	 present	 as	 a	 loss	 of	 17p	 as	 a	 part	 of	 a	 complex	 aberrant	 karyotype	 or	 as	 a	 single
chromosomal	 aberration,	 both	 resulting	 in	 a	 poor	 clinical	 outcome.104	 There	 is	 significant	 positive	 association
between	TP53	 deletion	 and	 other	 high-risk	 chromosomal	 aberrations	 such	 as	 del(5q)	 and	monosomy	 5	 and	 7.
TP53-deleted	 cells	 have	 greater	 resistance	 to	 various	 conventional	 antileukemic	 drugs.104	 Targeting	 the	 TP53
pathway	using	MDM2	inhibitors	or	agents	specific	to	mutant	TP53	are	in	active	clinical	trials.

ACTIVATING	MUTATIONS	OF	NOTCH
NOTCH1	is	a	component	of	an	evolutionarily	conserved	pathway	shown	to	direct	T-cell	lineage	determination	in
early	 and	 late	 stages	 of	 lymphocyte	 development	 as	 well	 as	 playing	 a	 role	 in	 HSC	 self-renewal	 (reviewed	 in
Ntziachristos	et	al.105).	NOTCH1	is	a	heterodimeric	transmembrane	receptor.	Ligand	binding	to	NOTCH1	allows
proteolytic	cleavage	of	the	heterodimerization	domain	(HD)	by	a	disintegrin	and	metalloproteinase-type	protease
and	γ-secretase	of	the	C-terminal	intracellular	domain	(ICN),	which	then	localizes	to	the	nucleus	to	function	as	a
transactivator.	 Involvement	of	NOTCH1	 in	T-ALL	had	been	observed	with	 the	 rare	 t(7;9)(q34;q34.3)	 in	which
translocation	of	TCRβ	 locus	 into	 the	NOTCH1	gene	 results	 in	 the	expression	of	 the	 truncated,	 transcriptionally
active	ICN.	A	series	of	point	mutations	in	NOTCH1	were	identified	in	the	majority	of	all	T-ALL	cases,	and	these
activating	 mutations	 are	 frequently	 associated	 with	 loss	 of	 cyclin-dependent	 kinase	 inhibitor	 2A	 (CDKN2A)
(reviewed	in	Belver	and	Ferrando56).	These	mutations	clustered	in	two	primary	locations,	the	HD	and	the	proline,
glutamate,	 serine,	 and	 threonine	 rich	 (PEST)	 domain.106	 The	missense	mutations	within	 the	HD	 domain	make
NOTCH1	 more	 amenable	 to	 γ-secretase–mediated	 cleavage,	 thus	 enhancing	 activation.	 The	 PEST	 domain
controls	 the	 rate	 of	 degradation	 of	 the	 activated	 ICN.	 PEST	 domain	 mutants	 are	 primarily	 small
insertions/deletions	into	the	reading	frame	causing	deletion	of	all	or	part	of	the	domain	and	extend	the	half-life	of
the	 activated	 ICN.	An	 alternative	mechanism	 for	NOTCH1	 activation	 are	 inactivating	mutations	 of	 the	 F	Box
protein,	FBXW7,	which	is	a	component	of	the	ubiquitin	ligase	complex	that	targets	the	NOTCH1	ICN	as	well	as
MYC	for	degradation	and	occurs	in	approximately	15%	of	T-ALL.107

Fortuitously,	γ-secretase	 inhibitors	 (GSIs)	had	already	undergone	significant	clinical	development	due	 to	 the
involvement	of	γ-secretase	in	processing	the	pathogenic	β-amyloid	peptide	associated	with	Alzheimer	dementia.
Initial	 clinical	 trials	 of	GSIs	 in	 T-ALL	 have	 shown	minimal	 effects	 on	 disease	 and	 significant	 gastrointestinal
toxicity.	 Use	 of	 GSIs	 in	 combination	 with	 agents	 affecting	 alternative	 pathways	 may	 provide	 synergism	 and
improve	efficacy,	especially	in	steroid-refractory	disease.56

MUTATIONS	ALTERING	LOCALIZATION	OF	NPM1
NPM1	 (Nucleophosmin1)	 encodes	 a	 protein	 that	 acts	 as	 a	 molecular	 chaperone	 between	 the	 nucleus	 and
cytoplasm.	 It	 is	 involved	 in	multiple	 cellular	 processes	 including	 regulation	 of	TP53/ARF	pathways,	 ribosome
biogenesis,	and	duplication	of	centrosomes	(reviewed	in	Heath	et	al.108).	NPM1	had	been	previously	identified	in
acute	leukemias	as	a	translocation	fusion	partner	with	RAR	and	MLF	as	well	as	with	ALK	in	anaplastic	large-cell
lymphoma.	Aberrant	cytoplasmic	localization	of	NPM1	has	been	observed	in	25%	to	30%	of	adult	AML	and	is



associated	with	point	mutations	within	exon	12,	which	are	hypothesized	to	enhance	a	nuclear	export	motif	within
the	expressed	protein.109	The	mechanism	by	which	mutated	NPM1	causes	leukemia	is	not	clear;	however,	NPM1c
interactions	 leading	 to	 altered	 degradation	 of	 proteins	 such	 as	 ARF,	 FBW7,	 and	 CASPASE6/8	 may	 be
contributory.108	NPM1	mutations	are	found	more	frequently	in	AML	with	normal	karyotypes	(50%	to	60%)	and
more	apt	 to	have	FLT3-ITD	mutations	as	well.	Among	normal	cytogenetic	AMLs,	 the	presence	of	cytoplasmic
NPM1	in	the	absence	of	the	FLT3-ITD	is	associated	with	a	more	favorable	prognosis.109

MUTATIONS	IN	COHESIN	COMPLEX	GENES
The	 cohesin	 complex	 is	 a	multi-subunit	 protein	 associated	 with	 chromosome	 that	 is	 are	 responsible	 for	 DNA
repair	and	gene	regulation	during	proliferation	and	postmitosis.110	Mutations	in	cohesin	complex	member	genes
such	as	STAG2,	RAD21,	SMC1A,	and	SMC3	make	up	a	novel	subgroup	of	“AML	with	mutated	chromatin,	RNA-
splicing	 or	 both.”	Their	 frequency	 is	 however	 not	 yet	 established.	STAG2	 is	 frequently	 associated	with	NPM1
mutated	AML.79

MUTATIONS	IN	SPLICING	MACHINERY
Recently,	 point	mutations	 in	 spliceosomal	 components	 have	 been	 identified	 in	 chronic	 lymphocytic	 leukemia,
myelodysplasia,	as	well	as	de	novo	AML.	The	genes	most	commonly	involved	are	SRSF2,	SF3B1,	U2AF1,	and
ZRSR2	 and	 account	 for	 approximately	 10%	 of	 AML	 cases.79,111	 How	 splicing	 gene	 mutations	 contribute	 to
leukemogenesis	 is	 still	 being	 elucidated;	 nevertheless,	 the	 consequences	 to	 global	 splicing	 patterns	 and	 the
underlying	molecular	mechanisms	 responsible	 for	 some	 have	 been	 identified.	 The	 SRSF2	 P95H	mutation	was
shown	 to	 alter	 the	 protein’s	 RNA	 consensus	 sequence	 preference,	 leading	 to	 inclusion	 of	 “poison”	 exons	 and
nonsense-mediated	decay	of	a	spectrum	of	gene	transcripts	including	EZH2.112	Mutations	such	as	SF3B1	K700R
lead	to	recognition	of	a	premature	3′	splice	acceptor	site,	thus	generating	transcripts	prone	to	nonsense-mediated
decay	or	altered	proteins.113	In	one	study,	splicing	factor	mutations	were	significantly	associated	with	mutations	in
RUNX1,	ASXL1,	 IDH2,	 and	TET2,	 although	 the	extent	of	pathologic	 relationship	 in	not	yet	 clear.111	 Splicing
gene	 mutations	 are	 mutually	 exclusive,	 possibly	 due	 to	 overwhelming	 detrimental	 effects	 on	 central	 cellular
processes,	 and	 suggest	 that	 drugs	which	 disrupt	 splicing	may	have	 an	 effective	 therapeutic	 index	 in	 leukemias
which	possess	them.114

Figure	101.1	Cooperating	mutations	in	acute	leukemia.	A:	Model	of	leukemogenesis,	composed
of	broad	complementation	groups,	defined	by	lack	of	concurrence	of	any	two	mutations	in	the	same
complementation	group	in	the	same	patient.	In	the	classical	model,	Group	1	is	characterized	by
activating	mutations	in	signal	transduction	pathways,	conferring	a	proliferative	or	survival

advantage	and	cooperates	with	Group	2	mutations,	associated	with	impaired	differentiation	and/or
the	ability	to	confer	properties	of	self-renewal	to	promote	leukemogenesis.	In	addition,	more

recently	identified	driver	mutations	provide	additional	leukemogenic	functional	groups.	B:	Circos
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plot	showing	concurrent	mutational	groups	in	498	cases	of	acute	myeloid	leukemia	(AML).	Each
connecting	line	represents	simultaneous	mutations	in	an	AML	sample	and	demonstrates	the	how
high-resolution	analysis	of	AML	genomes	can	establish	complex	complementation	groups	for
recurrent	mutations.	(Modified	from	Sanders	MA,	Valk	PJ.	The	evolving	molecular	genetic

landscape	in	acute	myeloid	leukaemia.	Curr	Opin	Hematol	2013;20[2]:79–85.)

MUTATIONAL	COMPLEMENTATION	GROUPS	IN	ACUTE	LEUKEMIAS
The	pathogenesis	of	acute	leukemia	requires	multiple,	cooperating	mutations.	Early	evidence	indicated	mutations
beyond	 observed	 translocations	 were	 necessary.	 First,	 acquisition	 of	 additional	 cytogenetic	 abnormalities	 is
observed	with	disease	progression	from	CML	to	AML,	for	example,	acquisition	of	t(3;21)	RUNX1/EV11,	t(8;21)
RUNX1/RUNX1T1,	or	t(7;11)	NUP98/HOXA9	gene	rearrangements.	Second,	expression	of	fusion	proteins	such	as
CBFβ/MYH11	in	murine	models	is	not	sufficient	to	cause	AML	and	leukemia	is	only	penetrant	after	subsequent
manipulation	using	methods	such	as	chemical	or	 retroviral	mutagens.19	Finally,	 in	 transgenic	mice	 that	express
fusion	proteins,	acute	leukemia	often	develops	only	after	a	long	latency	or	with	incomplete	penetrance,	indicating
a	need	 for	 additional	mutations.23	 Initially,	 complementation	 groups	 based	 on	mutual	 exclusivity	were	 divided
into	 two	 classes	 (Fig.	 101.1A):	Group	 1	mutations	 included	 activating	mutations	 in	 signaling	 proteins	 such	 as
FLT3,	 RAS,	 and	 KIT	 that	 promoted	 unrestricted	 proliferation.	 Group	 2	 mutations,	 typified	 by	 translocations
involving	 hematopoietic	 transcription	 factors,	 such	 as	 RUNX1/RUNX1T1,	 CBFβ	 /MYH11,	 PML/RARα,
NUP98/HOXA9,	 and	KMT2A	 gene	 rearrangements,	 that	 impaired	 differentiation	 and/or	 enhanced	 self-renewal.
Combination	of	Group	1	and	Group	2	mutations	 in	experimental	murine	models,	 such	as	combining	FLT3ITD
with	 PML/RARα	 expression,	 effectively	 shortens	 latency	 and	 increases	 penetrance	 of	 disease.115	 In	 T-ALL,
TLX1/3+	disease	is	frequently	observed	with	activating	mutations	in	genes	involved	in	IL-7	signaling	such	as	IL-
7R,	STAT5A,	JAK1,	and	JAK3.55	Only	a	small	minority	of	 leukemia	patients,	however,	have	mutations	that	fit
into	this	simplified	two	group	model	system.

Deeper	insight	into	the	cooperativity	of	different	mutations	has	been	aided	by	whole-genome	or	whole-exome
sequencing	of	DNA	samples.	The	TCGA	Consortium	published	 the	 results	of	 sequencing	200	 individual	AML
samples	 along	 with	 matched	 epigenetic	 and	 RNA	 expression	 analysis.116	 Only	 an	 average	 of	 13	 coding
mutations/genome	were	uncovered,	 less	 than	observed	 for	most	 solid	 tumors.	Mutations	were	grouped	 into	 the
functional	 classes:	 transcription	 factor	 fusions,	 NPM1-related,	 tumor	 suppressors,	 DNA	 methylation	 related,
signaling,	 chromatin	 modifying,	 myeloid	 transcription	 factor,	 cohesion	 complex,	 and	 spliceosome	 complex
related.	 Certain	 mutational	 groups	 are	 mutually	 exclusive	 of	 each	 other,	 indicating	 possible	 convergent
downstream	 pathways.	 For	 example,	 mutations	 in	 cohesion,	 spliceosome,	 signaling,	 and	 histone	 modification
pathways	do	not	usually	occur	in	the	same	patient	(Fig.	101.1B).116,117	Beyond	proliferative	signaling	and	blocked
differentiation,	cellular	processes	found	to	be	critical	to	leukemogenesis	include	anti-apoptotic	survival	pathways,
self-renewal,	and	metabolic	adaptation.	Experimental	validation	of	 these	novel	 individual	mutations	alone	or	 in
conjunction	with	suspected	cooperating	lesions	is	an	important	focus	to	identify	driver	versus	passenger	mutations
and	clinical	significance.	The	“mutational	landscape”	of	individual	AML	samples,	as	identified	by	sequencing,	is
being	 used	 to	 reclassify	 leukemic	 subtypes	 based	 on	 the	 combination	 of	 mutations	 in	 order	 to	 provide	 better
prognostic	information	and	to	predict	response	to	therapy.79

CONCLUSION
The	 quest	 to	 elucidate	 the	 essential	 pathophysiologic	 changes	 involved	 in	 leukemogenesis	 has	 been	 rapidly
accelerated	 with	 the	 usage	 of	 high	 throughput	 sequencing.	 It	 is	 now	 possible	 to	 identify	 specific	 molecular
pathways	 complementing	 known	 recurrent	 translocations	 as	 well	 as	 gaining	 insight	 into	 the	 mechanisms
underlying	 normal	 karyotype	 leukemias.	 Not	 only	 can	 these	 novel	 mutations	 be	 used	 for	 more	 accurate
prognostication,	 but	 they	 provide	 an	 opportunity	 for	 drug	 development,	 targeting	 the	 essential	 pathways
dysregulated	 in	 leukemia.	 As	 the	 availability	 of	 pathway-targeted	 therapeutics	 increases,	 interrogation	 of	 a
patient’s	leukemia	for	alterations	at	the	genomic	level	allows	for	individualized	therapy	(aka	precision	medicine),
addressing	 the	 pathways	 responsible	 for	 leukemic	 cell	 survival,	 proliferation,	 and	 differentiation,	 to	 improve
treatment	efficacy	and	reduce	therapy-related	morbidity	and	mortality.
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INTRODUCTION
Acute	leukemias	are	malignancies	arising	in	the	bone	marrow	as	a	result	of	neoplastic	change	in	the	hematopoietic
stem	cells	followed	by	a	clonal	advantage	leading	to	clonal	proliferation.	As	a	result	of	the	accumulation	of	the
leukemic	cells	as	well	as	other	less	defined	processes,	normal	hematopoiesis	is	suppressed	leading	to	the	common
manifestations	 of	 the	 disease	 with	 peripheral	 blood	 cytopenias	 and	 related	 clinical	 problems.	 Classically,	 the
phenotypic	and	immunophenotypic	features	have	helped	distinguish	acute	myeloid	leukemia	(AML)	from	acute
lymphoid	leukemia	(ALL),1	although	a	subset	of	patients	with	acute	leukemia	are	considered	as	having	ambiguous
lineage	(commonly	referred	to	as	mixed	phenotype	acute	leukemia)	with	clinical	and	therapeutic	implications.2

Diagnosis	 of	 AML	 necessitates	 morphologic	 assessment	 of	 bone	 marrow	 and	 peripheral	 blood	 specimens
which	 is	 then	 complemented	 by	 the	 analysis	 of	 blasts	 or	 leukemic	 cells	 for	 expression	 of	 immunophenotypic
markers	using	flow	cytometry	and	by	the	analysis	of	leukemic	cells	for	cytogenetic	and	molecular	changes	using
standard	karyotyping,	fluorescent	in	situ	hybridization,	polymerase	chain	reaction	(PCR),	and	more	recently	next-
generation	 sequencing	 techniques	 for	 common	 molecular	 aberrations.3	 The	 original	 French-American-British
(FAB)	morphologic-based	classification4	 has	 been	 largely	 replaced	 by	 the	World	Health	Organization	 (WHO),
which	 began	 to	 incorporate	 cytogenetic	 and	 genetic	 features	 in	 the	 classification	 of	 AML	with	 recognition	 of
AML	with	 recurrent	 cytogenetic	 translocation	 including	acute	promyelocytic	 leukemia	 (APL),	 the	core-binding
factor	leukemias,	and	AML	with	mixed	lineage	leukemia	translocations.5	Thus,	cytogenetic	analysis	is	mandatory
as	it	provides	significant	prognostic	information	and	assists	in	the	selection	of	postremission	consolidation.6	This
has	been	further	refined	by	the	identification	of	a	number	of	recurring	mutations	in	myeloid-associated	genes.7,8
Some	of	these	mutations	have	already	been	identified	as	targets	for	therapy,	making	their	detection	more	relevant
as	 it	may	allow	selection	of	specific	 inhibitors	as	a	part	of	 the	 initial	 therapy.	The	more	recent	 revisions	of	 the
WHO	classification	have	further	refined	the	incorporation	of	genetic	data	with	inclusion	of	new	cytogenetically
defined	entities	as	well	as	provisional	entities	based	on	the	presence	of	certain	mutations.1,9

Recent	data	is	suggestive	of	the	presence	of	clonal	heterogeneity	in	most	cases	of	AML	including	founder	and
evolved	 clones.	 Mutations	 in	 DNMT3A,	 ASXL1,	 IDH1	 and	 IDH2,	 and	 TET2	 genes	 that	 encode	 epigenetic
modifiers	have	been	shown	to	be	early	events.8	A	number	of	these	mutations	(DNMT3A,	TET2,	and	ASXL1)	have
been	 reported	 to	 occur	 with	 increasing	 age	 in	 normal	 individuals	 and	 be	 associated	with	 an	 increased	 risk	 of
hematologic	 cancers	 and	 cardiovascular	 death	 and	 be	 associated	 with	 clonal	 hematopoiesis.10	 Such	 founder,
preleukemic	cells	are	capable	of	clonal	hematopoiesis	and	can	predispose	to	relapse.

Although	 in	 the	 majority	 of	 patients	 the	 exact	 etiology	 of	 the	 disease	 remains	 unclear,	 a	 number	 of
predisposing	 factors	 have	 been	 identified.	 Exposure	 to	 a	 number	 of	 carcinogens	 such	 as	 benzene	 and	 ionizing
radiation	has	been	definitely	linked	to	the	development	of	leukemias.	Most	clear	is	the	link	between	the	exposure
to	 a	 number	 of	 cytotoxic	 chemotherapy	 agents	 used	 commonly	 to	 treat	 other	 cancers	 and	 the	 development	 of
myeloid	neoplasms	such	as	AML	and	myelodysplastic	syndrome	(MDS).	A	significant	body	of	data	has	 linked
exposure	to	alkylating	agents	and	topoisomerase	II	 inhibitors	to	development	of	AML	with	specific	cytogenetic
abnormalities.11,12	A	number	of	inherited	disorders	including	Down	syndrome	and	ataxia	telangiectasia	have	also
been	 reported	 to	predispose	 to	 the	development	of	AML.	More	 recently,	 a	number	of	germline	mutations	have
been	recognized	to	predispose	to	familial	myeloid	neoplasms.13
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Diagnosis	and	Prognostic	Evaluation	in	Acute	Myeloid	Leukemia
Morphologic	evaluation	of	bone	marrow	and	peripheral	blood	cells	is	necessary	for	the	initial	diagnosis.	Marrow
or	 peripheral	 blood	 blast	 count	 ≥20%	 is	 necessary	 for	 the	 diagnosis,	 except	 for	 AML	 with	 t(8;21),	 inv(16),
t(16;16)	 (core-binding	 factor),	 or	 t(5;17)	 (APL),	 where	 the	 presence	 of	 the	 appropriate	 cytogenetic/molecular
abnormality	allows	the	diagnosis	with	lower	blast	percentage.	A	number	of	morphologic	features	such	as	presence
of	Auer	rods,	immunohistochemical	stains	(such	as	myeloperoxidase,	nonspecific	esterase,	and	Sudan	black),	as
well	 as	 immunophenotypic	markers	 assessed	 by	 flow	 cytometry	 are	 used	 to	 assist	 in	making	 the	 diagnosis.1,14
More	importantly,	a	number	of	recurring	cytogenetic	and	molecular	aberrations	have	been	identified	that	not	only
can	assist	in	making	the	diagnosis	but	are	also	relevant	for	prognostication.

Predicting	 outcome	 has	 been	 of	 considerable	 interest	 in	 treating	 patients	 with	 AML,	 especially	 with	 the
availability	of	allogeneic	stem	cell	transplant	as	a	consolidative	strategy.	A	number	of	patient-related	and	disease-
related	 factors	 are	 known	 to	 be	 associated	 with	 better	 or	 worse	 outcomes	 using	 traditional	 cytotoxic
chemotherapy.	Patient-related	factors	such	as	advanced	age,	poor	performance	status,	and	presence	of	comorbid
conditions	 are	 associated	with	 a	 higher	 likelihood	 of	 treatment-related	mortality	 (TRM),	whereas	 a	 number	 of
disease-related	 factors	 such	 as	 high	 white	 cell	 count	 at	 presentation,	 leukemia	 arising	 from	 prior	 hematologic
disorder	 such	 as	 MDS	 or	 myeloproliferative	 neoplasms,	 and	 presence	 of	 adverse	 cytogenetic	 and	 molecular
features	are	known	to	be	associated	with	resistance	to	conventional	therapy.	Age	per	se	has	been	repeatedly	shown
to	be	associated	with	an	inferior	outcome	when	considering	fairly	uniformly	treated	populations	of	patients.15,16	It
can	 be	 argued	 that	 age	 should	 be	 considered	 as	 a	 continuum	with	 no	 clear	 demarcating	 age	 above	 and	 below
which	 patient	 is	 considered	 elderly.	 However,	 for	 practical	 purposes,	 age	 ≥60	 years	 is	 a	 commonly	 accepted
criterion	 for	 defining	 elderly.	A	 number	 of	 groups	 have	 attempted	 to	 develop	 predictive	 prognostic	models	 to
identify	older	patients	who	may	or	may	not	benefit	from	intensive	chemotherapy.17–19

The	 importance	 of	 cytogenetic	 and	 molecular	 events	 in	 leukemogenesis	 is	 increasingly	 recognized	 in	 the
classification	and	prognostication	systems,	and	importantly,	their	potential	as	therapeutic	targets	is	being	further
realized.	The	most	recent	revision	of	the	WHO	classification	includes	eight	balanced	translocations	and	inversions
and	 their	 variants	 in	 the	 category	 “AML	 with	 recurrent	 genetic	 abnormalities.”1	 Further,	 AMLs	 with	 mutant
NPM1	and	AML	with	biallelic	mutant	CEBPA	are	now	considered	as	established	entities	within	the	same	category
and	AMLs	with	BCR-ABL1	and	AML	with	mutant	RUNX1	are	considered	as	provisional	entities.	The	prognostic
importance	 of	 cytogenetic	 abnormalities	 in	 terms	 of	 long-term	 outcome	 has	 long	 been	 recognized	 (Table
102.1).20–22	The	more	recent	prognostic	classifications	such	as	the	European	LeukemiaNet	(ELN)	classification20
and	its	more	recent	update3	have	recognized	the	relevance	of	a	number	of	these	mutations	such	as	mutated	NPM1,
CEBPA,	FLT3-ITD,	and	TP53	in	the	outcome	of	patients	(Table	102.2).3,20	Furthermore,	 the	update	of	 the	ELN
classification	 recognizes	 the	 significance	 of	 allelic	 burden	 of	 FLT3-ITD	 and	 has	 incorporated	 it	 within	 the
categories	 of	 favorable,	 intermediate,	 and	 adverse.20	 Although	 the	 original	 ELN	 intermediate	 category	 was
subdivided	 into	 two	subsets	 (intermediate	1	and	2),	 the	 lack	of	prognostic	 relevance	of	 such	subdivision	 in	 the
elderly	population	that	comprises	the	majority	of	patients	with	AML	led	to	the	recent	modification	to	three	groups
(see	Table	102.2).23,24

Specific	 consideration	 is	 given	 to	AML	 arising	 in	 the	 context	 of	 prior	 cytotoxic	 chemotherapy	 or	 radiation
administered	 to	 treat	other	malignancies	 (referred	 to	as	 therapy-related	AML	[t-AML])	as	well	as	AML	arising
after	 a	 prior	 history	 of	 other	 hematologic	 disorders,	 in	 particular	 MDSs	 or	 myeloproliferative	 neoplasms,
collectively	 referred	 to	 as	 secondary	 AML	 (s-AML),	 as	 these	 are	 commonly	 associated	 with	 worse	 outcomes
(perhaps	with	exception	of	 therapy-related	APL).25–27	Although	 there	has	been	 some	progress	 in	understanding
the	pathogenic	mechanisms	of	t-AMLs,28	the	exact	molecular	events	and	the	reasons	why	they	are	more	resistant
to	therapy	remain	largely	unclear.	Both	t-AMLs	and	s-AMLs	are	associated	with	a	worse	prognosis;	in	a	recent
report,	patients	with	non-MDS	s-AML	had	a	worse	outcome	compared	to	MDS	s-AML	and	t-AML.29

TABLE	102.1
Cytogenetic	Risk	Stratification	in	Acute	Myeloid	Leukemia

	 MRC SWOG/ECOG CALGB GIMEMA/AML10 German	AMLCG
t(15;17)
t(8;21)(lacking)

t(15;17)
t(8;21)
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Favorable
t(15;17)
t(8;21)
inv(16)/t(16;16)

del(9q),	complex
(i.e.,	≥3	unrel	abn)

inv(16)/t(16;16)
inv(16)/t(16;16);
del(16q)

t(15;17)
t(8;21)
inv(16)/t(16;16)

t(15;17)
t(8;21)
inv(16)/t(16;16)

Intermediate

Normal
Other
Noncomplex

Normal
+6,	+8,	−Y,	del(12p)

Normal
Other
Noncomplex

Normal
−Y

Normal
Other
Noncomplex

Adverse

abn(3q)
−5/del(5q)
−7
complex	(≥5
unrel	abn)
(excluding	those
with	favorable
changes)

abn(3q),(9q),(11q),
(21q),(17p)
−5/del(5q)
−7/del(7q)
t(6;9)
t(9:22)
Complex	(≥3	unrel	abn)

inv(3)/t(3;3)
−7
t(6;9)
+8
Complex	(≥3	unrel	abn)
(excluding	those	with
favorable	changes) Other

inv(3)/3(3;3)
−5/del(5q)
−7/del(7q)
abn(11q23)
del(12p)
abn(17p)
Complex	(≥3
unrel	abn)

MRC,	 Medical	 Research	 Council;	 SWOG,	 Southwest	 Oncology	 Group;	 ECOG,	 Eastern	 Cooperative	 Oncology	 Group;	 CALGB,
Cancer	 and	 Leukemia	Group	 B;	 GIMEMA,	Gruppo	 Italiano	Malattie	 Ematologiche	 dell’Adulto;	 AML10,	 United	 Kingdom	Medical
Research	Council	(UK	MRC)	AML	protocol	10;	AMLCG,	German	Acute	Myeloid	Leukemia	Cooperative	Group;	unrel	abn,	unrelated
abnormality.

TABLE	102.2
Leukemia	Classification

European	LeukemiaNet	Classification	System
Genetic	Group Subsets

Favorable

t(8;21)(q22;q22);	RUNX1-RUNX1T1
inv(16)(p13.1q22)	or	t(16;16)(p13.1;q22);	CBFB-MYH11
Mutated	NPM1	without	FLT3-ITD	(normal	karyotype)
Mutated	CEBPA	(normal	karyotype)

Intermediate-I

Mutated	NPM1	and	FLT3-ITD	(normal	karyotype)
Wild-type	NPM1	and	FLT3-ITD	(normal	karyotype)
Wild-type	NPM1	without	FLT3-ITD	(normal	karyotype)

Intermediate-II

t(9;11)(p22;q23);	MLLT3-MLL
Cytogenetic	abnormalities	not	classified	as	favorable	or	adverse

Adverse

inv(3)(q21q26.2)	or	t(3;3)(q21;q26.2);	RPN1-EVI1
t(6;9)(p23;q34);	DEK-NUP214
t(v;11)(v;q23);	MLL	rearranged

Revised	European	LeukemiaNet	Classification	System
Risk	Category Genetic	Abnormality

Favorable

t(8;21)(q22;q22.1);	RUNX1-RUNX1T1
inv(16)(p13.1q22)	or	t(16;16)(p13.1;q22);	CBFB-MYH11

Mutated	NPM1	without	FLT3-ITD	or	with	FLT3-ITDlow

Biallelic	mutated	CEBPA

Intermediate

Mutated	NPM1	and	FLT3-ITDhigh

Wild-type	NPM1	without	FLT3-ITD	or	with	FLT3-ITDlow	(without	adverse-risk	genetic
lesions)

t(9;11)(p21.3;q23.3);	MLLT3-KMT2A
Cytogenetic	abnormalities	not	classified	as	favorable	or	adverse

t(6;9)(p23;q34.1);	DEK-NUP214
t(v;11q23.3);	KMT2A	rearranged
t(9;22)(q34.1;q11.2);	BCR-ABL1
inv(3)(q21.3q26.2)	or	t(3;3)(q21.3;q26.2);	GATA2,MECOM(EVI1)
−5	or	del(5q);	−7;	−17/abn(17p)

Complex	karyotype,	monosomal	karyotype



Adverse

Wild-type	NPM1	and	FLT3-ITDhigh

Mutated	RUNX1
Mutated	ASXL1
Mutated	TP53

The	 prognostic	 covariates	 mentioned	 so	 far	 are	 pretreatment	 covariates	 and	 do	 not	 take	 into	 account
pharmacokinetic	 and	 pharmacodynamic	 factors	 and	 the	 individual	 patient’s	 response	 to	 the	 therapeutic
intervention.	Lack	of	achieving	response	to	the	initial	therapy	per	se	identifies	individual	less	likely	to	do	well.30
Traditionally,	achievement	of	response	has	been	made	using	morphologic	assessment	of	bone	marrow	and	blood
specimens.3,31	This	 is	an	 insensitive	assessment	and	 is	now	being	supplemented	by	a	number	of	more	sensitive
assays	such	as	multiparameter	flow	cytometry,	PCR,	and	more	recently	next-generation	sequencing	that	identify
persistence	 of	 morphologically	 undetectable	 leukemia,	 referred	 to	 as	 minimal	 residual	 disease	 (MRD).32,33	 A
number	of	studies	have	now	established	 the	clinical	value	of	such	MRD	detection	 in	predicting	 the	outcome	 in
patients	with	AML.34–39	These	data	are	being	 increasingly	 incorporated	 in	 treatment	 strategies	 for	patients	with
AML.

Treatment	of	Newly	Diagnosed	Patients	with	Acute	Myeloid	Leukemia
Despite	significant	 insights	 into	the	pathogenesis	of	 the	disease,	 treatment	strategies	for	patients	with	AML	had
not	changed	significantly,	although	a	number	of	recent	trials	have	led	to	the	approval	of	a	number	of	new	agents
that	 are	 being	 incorporated	 into	 treatment	 algorithms.	 Cytarabine	 (ara-C)	 100	 mg/m2	 daily	 administered	 by
continuous	infusion	for	7	days	together	with	an	anthracycline	(typically	daunorubicin	or	idarubicin)	continues	to
be	the	therapy	of	choice	by	most	cooperative	groups	(the	so-called	3+7	regimen).	A	number	of	randomized	trials
have	evaluated	whether	increasing	the	dose	of	either	ara-C	or	daunorubicin	can	improve	outcomes.

In	 general,	 trials	 investigating	 the	 intensification	 of	 dose	 of	 ara-C	 in	 induction	 have	 not	 demonstrated	 an
improvement	in	overall	survival	(OS).40,41	However,	a	number	of	trials	that	higher	dose	ara-C	in	induction	may	be
beneficial	to	younger	patients	who	can	tolerate	these	intensive	regimens.	The	European	Organisation	for	Research
and	Treatment	of	Cancer	(EORTC)/Gruppo	Italiano	Malattie	Ematologiche	dell’Adulto	(GIMEMA)	AML-12	trial
randomized	over	1,900	patients	younger	 than	 the	age	of	60	years	with	newly	diagnosed	AML	to	 receive	either
standard	dose	ara-C	(100	mg/m2	×	10	days)	or	high-dose	ara-C	(3	g/m2	every	12	hours	on	days	1,	3,	5,	and	7)	in
addition	to	the	same	anthracyclines	for	their	induction.	Although	overall	there	was	no	difference	in	OS	between
the	two	arms	at	6	years,	there	was	a	significant	advantage	for	patients	younger	than	46	years	of	age	(P	=	.009).42
Furthermore,	 the	 U.K.	 Medical	 Research	 Council	 (MRC)	 AML	 15	 trial	 showed	 that	 younger	 patients	 with
favorable-	and	intermediate-risk	disease	able	to	receive	two	induction	courses	of	the	intensive	FLAG-Ida	regimen
and	two	cycles	of	high-dose	ara-C	consolidation	had	an	8-year	survival	of	72%	(favorable	risk,	95%;	intermediate
risk,	63%).43	The	Cancer	and	Leukemia	Group	B	(CALGB)	also	demonstrated	that	there	is	an	advantage	for	using
higher	doses	of	ara-C	during	postremission	therapy	in	patients	with	favorable-risk	AML	(3	g/m2	 twice	daily	on
days	1,	3,	and	5	versus	400	mg/m2	or	100	mg/m2	daily	for	5	days)	or	in	normal	karyotype	AML	(with	the	3	g/m2

and	400	mg/m2	doses	being	equivalent	and	both	superior	to	the	100	mg/m2).44–47
Intensification	 of	 the	 anthracycline	 dose	 has	 also	 been	 investigated.	 A	 study	 by	 the	 Eastern	 Cooperative

Oncology	Group	(ECOG)	randomized	over	650	patients	younger	 than	60	years	 to	 receive	ara-C	100	mg/m2	by
continuous	 infusion	 as	 well	 as	 either	 daunorubicin	 45	mg/m2	 or	 90	mg/m2	 for	 3	 days	 and	 demonstrated	 that
overall	 the	 higher	 dose	 anthracycline	 regimen	was	 associated	with	 improved	 complete	 response	 (CR)	 rate	 and
OS.48	A	similar	trial	in	patients	older	than	60	years	failed	to	show	a	benefit	for	the	higher	dose	except	for	patients
aged	between	60	and	65	years	who	had	a	higher	CR	and	OS.49	However,	the	U.K.	group	have	demonstrated	no
difference	in	CR	rate	or	2-year	survival	when	they	randomized	over	1,200	adults,	mostly	younger	than	60	years	of
age,	to	receive	either	daunorubicin	90	mg/m2	or	60	mg/m2	for	3	days	as	a	part	of	the	induction	3+7	regimen.50	The
60-day	mortality	was	twice	as	high	in	the	90	mg/m2	group	(10%	versus	5%,	P	=	.001)	In	an	exploratory	analysis,
however,	 they	 suggested	 that	 the	 higher	 daunorubicin	 exposure	 benefits	 patients	with	 FLT3-mutated	 disease.51
The	 superiority	 of	 idarubicin	 over	 daunorubicin	 has	 also	 been	 investigated;	 although	 it	 was	 associated	 with	 a
higher	CR	rate	over	daunorubicin,	there	was	no	statistically	significant	benefit	in	terms	of	survival	outcomes.52

Addition	of	a	third	drug	to	the	aforementioned	combination	of	ara-C	and	anthracycline	induction	has	also	been
investigated.	Although	addition	of	etoposide	has	shown	an	improvement	in	event-free	survival,	no	survival	benefit
has	been	demonstrated.53	Addition	of	other	nucleoside	analogs,	such	as	fludarabine,	clofarabine,	and	cladribine,
has	also	been	investigated	by	various	groups.54–56
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More	 recently,	 the	 anti–CD33-directed	 antibody	 drug	 conjugate	 gemtuzumab	 ozogamicin	 that	 delivers	 the
toxin	 calcheamicin	 to	AML	blasts	 has	 been	 investigated	 in	 a	 number	 of	 large	 randomized	 trials	 in	 addition	 to
standard	AML	induction	and	consolidation.57–59	Overall,	these	trials	have	suggested	a	survival	benefit	for	patients
with	favorable-	and	intermediate-risk	AML,	in	particular	patients	with	favorable	risk,	and	this	has	led	to	the	recent
approval	of	gemtuzumab	ozogamicin	in	AML	by	the	U.S.	Food	and	Drug	Administration	(FDA).60–62

Inhibitors	 of	 the	 transmembrane	FLT3	kinase	have	been	of	 significant	 interest	 as	FLT3	 gene	mutations	 and
particularly	 the	 internal	 tandem	duplication	mutations	 (occurring	 in	 approximately	 25%	of	 patients)	 have	 been
associated	with	a	shorter	 relapse-free	survival	 (RFS)	and	OS.63	A	number	of	FLT3	kinase	 inhibitors	have	been
investigated,	particularly	in	the	relapse	setting.64–66	Sorafenib	has	been	investigated	in	the	front-line	setting	both	in
the	younger	and	older	patients.67–69	In	all	of	these	studies,	there	was	no	selection	based	on	the	presence	of	FLT3
mutation.	In	the	study	in	patients	older	than	60	years,	addition	of	sorafenib	to	a	3+7	regimen	was	not	beneficial	in
improving	 event-free	 survival	 or	OS.67	However,	 in	 the	 SORAML	 trial,	where	 patients	 younger	 than	 60	 years
were	 randomized	 to	 receive	 3+7	 with	 or	 without	 sorafenib,	 the	 addition	 of	 sorafenib	 was	 associated	 with	 a
significant	improvement	in	event-free	survival	(P	=	.013)	but	not	survival.68	In	a	recently	reported	multinational,
large	randomized	trial	of	3+7	plus	or	minus	midostaurin	in	patients	with	FLT3-mutated	AML,	over	3,000	patients
were	screened	for	presence	of	FLT3	mutations	at	diagnosis	and	717	patients	were	randomized	to	receive	induction
with	3+7	with	or	without	midostaurin.70	Consolidation	was	with	high-dose	ara-C	with	or	without	midostaurin	and
allogeneic	stem	cell	transplant	was	allowed	in	first	CR.	Those	in	remission	continued	their	midostaurin	or	placebo
for	 maintenance.	 OS	 and	 event-free	 survival	 were	 significantly	 better	 for	 the	 patients	 randomized	 to	 receive
midostaurin,	even	after	censoring	patients	who	underwent	an	allogeneic	stem	cell	transplant.70	This	has	led	to	the
approval	of	midostaurin	for	the	treatment	of	patients	with	newly	diagnosed	FLT3-mutated	AML.

Although	CPX-351	is	a	liposomal	encapsulated	combination	of	ara-C	and	daunorubicin	in	a	5:1	molar	ratio,	it
deserves	a	separate	mention	as	 it	has	been	demonstrated	 to	be	superior	 to	3+7	 in	a	 randomized	 trial	 in	patients
with	t-AML	and	AML	with	myelodysplasia-related	changes,	generally	considered	among	the	patients	having	the
worst	prognosis.	Preclinical	studies	had	suggested	 that	ara-C	and	daunorubicin	at	molar	 ratios	1:1	 to	10:1	were
synergistic	with	the	highest	proportion	of	synergy	and	the	lowest	level	of	antagonism	occurring	at	the	5:1	molar
ratio.71	In	a	recent	phase	III	trial	in	309	patients,	aged	60	to	75	years,	with	previously	untreated	t-AML,	s-AML,	or
AML	 with	MDS-related	 changes,	 a	 higher	 CR	 rate	 (47.7%	 versus	 33.3%)	 and	 OS	 (median	 9.56	 versus	 5.95
months,	P	=	.005)	was	reported	for	CPX-351	over	3+7–treated	patients,	which	led	to	the	approval	of	this	drug	for
the	indication.

Despite	 the	 high	 incidence	 of	 AML	 in	 the	 older	 population,	 many	 of	 the	 trials	 in	 this	 disease	 had	 been
conducted	in	patients	younger	than	60	to	65	years,	and	much	of	the	available	data	was	inapplicable	to	them.	This
reflected	 a	 reluctance	 by	 both	 patients	 and	 physicians	 to	 expose	 the	 older	 patients	 to	 the	 toxic	 effects	 of
antileukemic	therapy.	This	has	led	to	many	investigators	exploring	the	possibility	of	using	less	toxic	regimens	in
those	who	were	deemed	to	be	unfit	for	traditional	chemotherapy.	Clofarabine,	either	alone	or	in	combination	with
low-dose	ara-C,	has	been	evaluated	in	this	setting.72	Gemtuzumab	ozogamicin	was	also	studied	in	a	randomized
trial	 showing	 superiority	 to	 supportive	 care.73	 Azacytidine	 and	 decitabine,	 commonly	 referred	 to	 as
hypomethylating	agents	based	on	 their	 theoretical	mechanism	of	action,	are	now	commonly	used	 for	 the	 initial
treatment	 of	 older	 patients	who	 are	 considered	 unfit	 or	 unsuitable	 candidates	 for	 3+7	 on	 the	 basis	 of	 inherent
resistant	leukemia	biology.	In	a	randomized,	multinational	study,	485	patients	with	AML	older	than	65	years	were
randomized	to	receive	either	decitabine	20	mg/m2	daily	for	5	days	or	physician’s	choice	(ara-C	20	mg/m2	daily	for
10	 days	 or	 supportive	 care	 alone).74	 Decitabine	 improved	 response	 rate	 (17.8%	 versus	 7.8%)	 without	 major
differences	 in	 safety.	 An	 unplanned	 analysis	 showed	 a	 survival	 benefit	 for	 decitabine.74	Another	 international
randomized	 trial	 compared	 azacytidine	 with	 conventional	 care	 regimens	 (preselected	 3+7,	 low-dose	 ara-C,	 or
supportive	care	alone)	in	488	patients	aged	65	years	or	older.75	Median	OS	was	10.4	months	versus	6.5	months	in
favor	 of	 patients	 treated	 with	 azacytidine	 (P	 =	 .1009).	 One-year	 survival	 rates	 with	 azacitidine	 and	 clinical
complete	 response	 (CCR)	were	46.5%	and	34.2%,	 respectively.	A	prespecified	analysis	censoring	patients	who
received	AML	treatment	after	discontinuing	study	drug	showed	median	OS	with	azacitidine	versus	CCR	was	12.1
months	versus	6.9	months	(P	=	.019).75	Outcomes	were	particularly	 improved	 for	patients	with	adverse	 risk.	A
retrospective	study	of	557	patients	with	AML	older	than	65	years	compared	the	outcomes	between	patients	who
received	 intensive	 chemotherapy	 to	 those	 who	 received	 either	 of	 the	 two	 hypomethylating	 agents	 and
demonstrated	a	similar	OS	between	the	two	groups.76	Recently,	a	number	of	groups	have	investigated	the	addition
of	target	specific	agents	such	as	FLT3	kinase	inhibitors	or	the	bcl-2	inhibitor	venetoclax	to	the	hypomethylating
agents	with	early	reports	of	promising	results	with	increased	response	rates	and	improved	survival.77,78



General	Recommendations	for	Therapy
The	biologic	determinant	of	prognosis	as	defined	by	the	ELN	classification	is	increasingly	important	in	selecting
the	 initial	 therapy	 for	 patients	 with	 AML.	 Whether	 pretreatment	 cytogenetic	 and	 molecular	 data	 should	 be
factored	into	the	choice	of	therapy	has	been	a	subject	of	debate.	As	typically	the	result	of	this	analysis	may	not	be
available	for	a	few	days,	it	has	been	argued	in	the	past	that	it	should	not	influence	the	initial	selection	of	therapy.
However,	 number	of	 studies	 have	 suggested	 that	 particularly	 in	older	 patients	 and	 those	with	 lower	presenting
white	 cell	 counts	 (≤50	 ×	 109/L),	 time	 from	 diagnosis	 to	 initiation	 of	 therapy	 does	 not	 affect	 CR	 rate	 or	 OS,
suggesting	that	a	short	delay	in	therapy	initiation	to	obtain	the	results	of	additional	testing	may	not	be	harmful.79
This	 is	 highly	 dependent	 on	 the	 availability	 of	 treatment	 strategies	 that	 are	 clearly	 superior	 to	 standard	 in
particular	risk	groups.	Recent	data	showing	the	benefit	of	the	addition	of	midostaurin	to	induction	chemotherapy
and	the	recent	availability	of	a	number	of	target-specific	agents	that	are	likely	to	be	investigated	in	future	trials	in
combination	 with	 standard	 induction	 give	 more	 credence	 to	 this	 strategy.	 Furthermore,	 patients	 with	 t(8;21),
t(16;16),	or	inv(16)	(and	perhaps	other	patients	within	the	ELN	favorable	subgroup)	may	clearly	benefit	from	the
addition	of	gemtuzumab	ozogamicin	to	their	initial	induction.60,62	This	subset	also	benefits	from	higher	dose	ara-C
consolidation.	Clinical	 trials	examining	 the	potential	 role	of	dasatinib	 in	patients	with	c-	KIT	mutations	 (which
have	been	shown	to	be	associated	with	an	adverse	outcome80)	are	ongoing.

In	 patients	 with	 adverse	 risk	 disease	 and	 particularly	 the	 elderly,	 as	 the	 current	 standard	 strategies	 are
associated	with	suboptimal	outcomes	in	most	patients,	consideration	should	be	given	to	participation	in	available
clinical	 trials.	CPX-351	 should	be	 considered	 for	 the	 treatment	of	newly	diagnosed	older	 adult	 patients	with	 t-
AML	or	AML	with	MDS-related	 changes.	 Patients	with	 FLT3	mutations	 should	 receive	 treatment	 with	 FLT3
kinase	inhibitors	such	as	midostaurin	for	their	initial	therapy.70	Patients	with	intermediate	and	adverse	risk	disease
are	also	candidates	for	postremission	consolidation	with	an	allogeneic	stem	cell	transplant	depending	on	their	age
and	general	clinical	status	and	donor	availability.

Acute	Promyelocytic	Leukemia
APL	deserves	special	consideration	as	its	treatment	has	clearly	evolved	to	be	different	from	other	subsets	of	AML.
With	 the	recognition	of	high	sensitivity	of	APL	cells	 to	anthracyclines	and	 the	 introduction	of	all-trans	retinoic
acid	(ATRA)	resulted	in	the	omission	of	ara-C	from	the	initial	therapy	by	many	groups	at	least	in	the	standard-risk
patients.81,82	The	recognition	of	significant	activity	of	arsenic	trioxide	(ATO)	in	patients	with	relapsed	disease83
led	to	its	evaluation	in	the	front-line	setting,	initially	as	monotherapy	and	later	in	combination	with	other	agents
such	as	ATRA,	anthracyclines,	and	gemtuzumab	ozogamicin.84–87	A	randomized	trial	comparing	the	efficacy	and
outcomes	 of	 patients	 with	 standard-risk	 APL	 (presentation	 white	 blood	 cell	 [WBC]	 count	 ≤10	 ×	 109/L)	 who
received	the	combination	of	ATRA	plus	ATO	versus	ATRA	plus	idarubicin	demonstrated	the	superiority	of	the
former	 regimen	 in	 terms	 of	 event-free	 survival	 and	 OS	 in	 this	 subset.88,89	 Other	 studies	 adding	 gemtuzumab
ozogamicin	 have	 also	 demonstrated	 the	 feasibility	 and	 efficacy	 of	 such	 chemotherapy-free	 regimens.90,91	As	 a
result,	the	recognition	of	rare	cases	of	APL	lacking	the	characteristic	t(15:15)	translocation	and	lack	of	sensitivity
of	some	of	these	variants	to	ATRA	and	possibly	ATO	has	become	a	very	important	consideration.92	Furthermore,
the	 realization	of	persistently	high	 incidence	of	early	death	despite	 the	 introduction	of	ATRA	necessitates	high
degree	of	suspicion	for	this	entity	and	initiation	of	therapy	with	ATRA	at	the	earliest	suspicion	of	its	existence.93

Treatment	of	Relapsed	Disease
The	 prognosis	 of	 patients	 with	 relapsed	AML	 has	 continued	 to	 be	 poor	 with	 only	 patients	 able	 to	 receive	 an
allogeneic	stem	cell	transplant	in	second	CR	have	a	reasonable	likelihood	of	long-term	survival.94	A	number	of
predictors	of	outcome	at	 the	time	of	first	relapse	have	been	identified.95	Among	 them,	 the	duration	of	 first	CR,
cytogenetics	at	diagnosis,	age	at	 relapse,	and	whether	an	allogeneic	stem	cell	 transplant	had	been	performed	 in
first	CR	are	of	particular	significance.95,96	Primary	refractory	disease	with	no	prior	response	to	therapy	and	hence
CR	duration	of	zero	is	particularly	challenging.30	However,	a	number	of	other	predictors	of	outcome	such	as	the
presence	of	FLT3	mutations	and	their	allelic	ratio	have	been	identified	more	recently.84,97,98

In	general	high-dose	ara-C	has	formed	the	basis	of	salvage	regimens	but	no	specific	standard	regimen	has	been
established.99	A	number	of	randomized	trials	have	investigated	several	regimens	but	none	has	been	established	as
the	superior	regimen.	More	recently,	a	number	of	trials	have	investigated	whether	the	addition	of	a	second	agent
to	high-dose	ara-C	is	superior	to	the	latter	alone	without	demonstrating	a	clear	advantage.100,101	The	introduction
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of	a	number	of	target-specific	oral	agents	with	clear	activity	and	limited	toxicity	has	generated	significant	interest
in	the	addition	of	these	agents	to	the	tradition	chemotherapy	regimens	in	the	salvage	setting.	The	inhibitor	of	the
enzyme	 isocitrate	 dehydrogenase-2	 (IDH2),	 enasidenib	 has	 demonstrated	 significant	 activity	 and	 acceptable
tolerability	 profile	 in	 patients	with	 relapsed	or	 refractory	 IDH2-mutated	AML	with	 an	 overall	 response	 rate	 of
40%	and	CR	rate	of	20%.102	Similarly,	a	number	of	FLT3	kinase	inhibitors	have	been	shown	to	be	effective	in
patients	with	relapsed	FLT3-mutated	AML.65,66	It	is	hoped	that	with	the	introduction	of	more	biologically	targeted
agents,	similar	agents	will	be	developed	in	a	variety	of	AML	subsets	and	with	their	incorporation	into	currently
available	regimens	as	well	as	possibly	in	addition	to	hypomethylating	agents,	the	outcomes	of	patients	in	relapse
would	be	improved.	Clearly,	once	identified,	such	effective	regimens	would	be	evaluated	in	the	front-line	setting,
as	we	witnessed	in	APL.

Hematopoietic	Stem	Cell	Transplantation	for	Acute	Myelogenous	Leukemia
Hematopoietic	 stem	 cell	 transplantation	 (HSCT)	 provides	 the	 possibility	 of	 cure	 for	 a	 significant	 fraction	 of
patients	 with	 AML	with	 a	 poor	 prognosis	 with	 other	 forms	 of	 treatment.	 The	 approach	 utilizes	 a	 preparative
regimen	 of	 chemotherapy	 and/or	 radiation	 with	 the	 goal	 of	 eradicating	 the	 leukemia	 and	 providing	 sufficient
immunosuppression	of	the	recipient	to	prevent	rejection	of	the	transplant.	Drugs	such	as	busulfan	and	melphalan
as	well	as	total-body	radiation	are	highly	effective	treatments	for	AML,	but	they	are	limited	by	myelosuppression.
High	 doses	 of	 these	 agents	 can	 be	 administered	 if	 followed	 by	 hematopoietic	 transplantation	 to	 restore
hematopoiesis.	 Allogeneic	 transplants	 use	 hematopoietic	 cells	 collected	 from	 another	 person	 as	 the	 donor.
Allogeneic	 transplants	can	confer	an	 immune	graft-versus-leukemia	(GVL)	effect	 in	which	donor	T	and	natural
killer	 (NK)	 cells	 act	 to	 eradicate	 malignant	 cells	 that	 survive	 the	 preparative	 regimen.103	 Allogeneic	 HSCT
(alloHSCT)	has	 the	greatest	 antileukemia	 effects,	 but	 have	 substantial	 risks	of	graft	 rejection,	 graft-versus-host
disease	(GVHD),	and	infections	related	to	posttransplant	immune	deficiency.	Autologous	transplants	can	also	be
done,	where	patients	initially	have	their	own	hematopoietic	cells	collected	and	cryopreserved;	these	cells	are	then
reinfused	 after	 high-dose	 therapy	 to	 restore	 hematopoiesis.	 Autologous	 transplants	 have	 a	 lower	 risk	 of	major
complications	than	allogeneic	transplants,	but	a	higher	risk	of	leukemia	relapse,	due	to	the	lack	of	the	allogeneic
immune	GVL	 effect,	 as	 well	 as	 possible	 contamination	 of	 the	 autologous	 graft	 with	 leukemia	 cells.	 As	 such,
autologous	transplants	are	less	commonly	used	and	are	restricted	to	selected	subsets	of	patients.	Improvements	in
supportive	 care,	 histocompatibility	 matching,	 and	 development	 of	 less	 toxic	 preparative	 regimens	 have	 all
increased	the	likelihood	of	success	with	hematopoietic	transplantation	and	expanded	its	use	to	older	patients.	Risk
of	TRM	is	increased	in	patients	with	comorbid	conditions.	The	hematopoietic	transplantation	comorbidity	index	is
predictive	of	TRM.104

Preparative	Regimens	and	Regimen	Intensity
The	preparative	regimen	(also	termed	conditioning	regimen)	is	chemotherapy	with	or	without	total-body	radiation
therapy	 that	 precedes	 the	 infusion	 of	 hematopoietic	 progenitor	 cells.	 This	 provides	 maximal	 cytoreduction	 of
AML	 and	 the	 necessary	 immunosuppression	 to	 prevent	 graft	 rejection	 of	 an	 allogeneic	 transplant.	 A
“myeloablative”	 preparative	 regimen	 generally	 produces	 profound	 pancytopenia	 that	 will	 not	 recover	 without
hematopoietic	 transplantation.	 Hematopoietic	 transplantation	 allows	 for	 the	 use	 of	 stem	 cell	 toxic	 agents,	 like
busulfan	or	melphalan,	which	eradicate	both	normal	and	leukemic	stem	cells;	hematopoiesis	is	restored	by	normal
stem	 cells	 present	 in	 the	 transplant.	 “Reduced	 intensity”	 regimens	were	 developed	 to	 decrease	 regimen-related
toxicity	 to	 allow	 transplants	 to	 be	 performed	 in	 older	 patients	 and	 those	with	 comorbidities	 unable	 to	 tolerate
myeloablative	 therapy.	 Reduced	 intensity	 conditioning	 (RIC)	 relies	 on	 the	 immune	 GVL	 effect	 to	 eradicate
malignant	 cells	 that	 survive	 the	 preparative	 regimen.	 This	 approach	 utilizes	 either	 a	 lower	 dose	 of	 alkylating
agents	in	combination	with	fludarabine	and/or	low	doses	of	radiation.	Reduced	intensity	regimens	have	been	an
important	 advance	 because	 the	 peak	 incidence	 of	 AML	 is	 in	 the	 sixth	 and	 seventh	 decades	 of	 life.	 There	 is
controversy	regarding	which	patients	should	receive	myeloablative	versus	reduced-intensity	preparative	regimens.
Clinical	trials	are	needed	to	optimize	preparative	regimens,	particularly	in	older	patients.	Older	patients	and	those
with	a	high	comorbidity	index	should	generally	receive	reduced	intensity	regimens.

Myeloablative	Regimens.	The	most	commonly	used	myeloablative	regimens	are	cyclophosphamide	(Cy)-total
body	irradiation	(TBI),105	busulfan-cyclophosphamide	(BuCy),106	and,	more	recently,	busulfan	and	fludarabine.107
The	 development	 of	 BuCy	 as	 an	 alternative	 to	 TBI-containing	 regimens	 led	 to	 ongoing	 debates	 as	 to	 which
conditioning	 regimen	 is	 the	 best	 for	 the	 treatment	 of	myeloid	 leukemias	with	HSCT.	Two	 randomized	 studies



were	performed.	The	Nordic	group	compared	Cy-TBI	to	BuCy	in	a	heterogeneous	group	of	patients	with	AML,
lymphoid	malignancies,	and	CML	receiving	alloHSCT.108	Results	indicated	improved	disease-free	survival	(DFS)
among	 advanced	 stage	 disease	 patients	 treated	 with	 Cy-TBI,	 along	 with	 an	 increased	 rate	 of	 long-term
complications	for	recipients	of	BuCy.	Similarly,	Blaise	et	al.109	studied	young	patients	with	AML	in	first	CRs	and
concluded	that	Cy-TBI	and	alloHSCT	produced	better	DFS	and	OS	than	BuCy.	The	major	pitfall	of	these	reports
is	 the	 use	 of	 the	 oral	 busulfan	 formulation,	 which	 results	 in	 unpredictable	 plasma	 levels.	 The	 Center	 for
International	Bone	Marrow	Transplant	Research	(CIBMTR)	compared	the	use	of	oral	or	intravenous	(IV)	BuCy
and	Cy-TBI	 in	 1,230	AML	patients	who	 received	 allogeneic	 transplantation	 in	 first	 remission.	 There	was	 less
nonrelapse	mortality	(NRM)	and	relapse	1	year	after	transplant	and	improved	leukemia-free	survival	in	recipients
of	IV	busulfan	compared	to	TBI	regimens.110	A	prospective	cohort	study	tested	the	hypothesis	of	noninferiority	of
survival	after	IV	busulfan	ablative	regimens,	compared	to	TBI-based	regimens	for	myeloid	leukemia	patients	(n	=
1,025	versus	n	=	458,	respectively).	Two-year	probability	of	survival	was	better	after	IV	busulfan	treatment	(56%
versus	48%;	P	=	.03).111	Another	retrospective	registry	analysis	performed	with	the	European	Cooperative	Group
for	Bone	Marrow	Transplantation	(EBMT)	database	found	IV	BuCy	to	lead	to	similar	outcomes	to	Cy-TBI	for	the
treatment	of	AML	in	first	CR.112

The	combination	of	busulfan	and	fludarabine	(BuFlu)	has	been	studied	as	an	alternative	to	BuCy.	Exchanging
cyclophosphamide	 for	 the	 nucleoside	 analog	 fludarabine	 may	 increase	 the	 safety	 margin	 of	 the	 regimen.113
Fludarabine	 appears	 to	 increase	 alkylating	 agent–induced	 cell	 killing	 by	 inhibiting	DNA	damage	 repair	 and	 is
highly	 immunosuppressive.	 A	 preparative	 regimen	 using	 fludarabine	 and	 single	 daily	 dosing	 of	 IV	 busulfan
appears	 to	be	as	effective	and	potentially	 less	 toxic	 than	 the	commonly	used	BuCy	regimen.	Rambaldi	et	al.114
randomized	 252	AML	patients	 (aged	 40	 to	 65	 years,	with	 disease	 in	 remission)	 to	 receive	BuCy	 (n	=	 125)	 or
BuFlu	(n	=	127).	At	a	median	follow-up	of	27.5	months,	NRM	at	1	year	was	17.2%	versus	7.9%	in	the	BuCy	and
BuFlu	arms,	respectively.114

A	CIBMTR	analysis	showed	similar	results	with	BuFlu	and	BuCy	preparative	regimens.111	Andersson	et	al.115
reported	 improved	 survival	 with	 the	 BuFlu	 regimen	 with	 dose	 adjustment	 of	 busulfan	 using	 pharmacokinetic
studies	 to	 target	 an	 optimal	 drug	 concentration	 over	 time.	 Treosulfan	 has	 been	 studied	 as	 an	 alternative	 to
busulfan.116

Reduced	Intensity	Conditioning	Regimens.	Chemotherapy	or	radiation	intensity	is	an	important	component	of
HSCT.	However,	with	increasing	dose	intensity,	there	is	a	trade-off	between	NRM	and	antileukemia	effects.	Older
adults	and	patients	with	major	comorbidities	cannot	safely	tolerate	the	commonly	used	myeloablative	preparative
regimens.	RIC	regimens	using	 lower	doses	of	alkylating	agents	fludarabine,	or	 fludarabine	with	 low-dose	 total-
body	 radiation	are	commonly	used	with	 the	goal	of	achieving	engraftment	of	 the	 transplant	and	allowing	GVL
effects	 to	occur.117	Different	 dosing	of	TBI,118	 cyclophosphamide,119	 busulfan,120	melphalan,121	 or	 other	 drugs
have	 been	 employed.	Antithymocyte	 globulin	 or	 alemtuzumab	 is	 commonly	 added	 to	 the	 regimen	 for	 in	 vivo
depletion	of	T	cells	in	order	to	reduce	the	risk	of	GVHD.	The	use	of	in	vitro	or	in	vivo	T-cell	depletion	remains
controversial	 in	the	setting	of	myeloablative	and	RIC;	an	increased	risk	of	leukemia	relapse122	was	reported	for
RIC	 regimens,	 but	 most	 studies	 show	 little	 or	 no	 impact	 on	 relapse	 after	 myeloablative	 regimens.123	 The
fludarabine–melphalan	reduced-intensity	regimen	has	been	used	at	 the	MD	Anderson	Cancer	Center	(MDACC)
for	approximately	20	years,	and	long-term	follow-up	demonstrates	its	ability	to	induce	durable	disease	control	in	a
significant	 fraction	 of	 AML	 patients.124	 Likewise,	 the	 Seattle	 group	 experience	 of	 treating	 AML	 in	 first	 CRs
(median	 age	of	 59	years)	with	 a	 nonmyeloablative,	 low-dose	TBI-based	 regimen	 achieved	 a	 low	TRM	rate.125
This	 regimen	 has	 also	 been	 used	 as	 a	 platform	 to	 introduce	 radioimmunotherapy	 with	 an	 I131	 anti-CD45
antibody.126

Many	studies	show	that	RIC	regimens	reduce	TRM,	but	this	benefit	may	be	offset	by	an	increase	in	the	risk	of
leukemia	relapse.	The	Blood	and	Marrow	Transplant	Clinical	Trials	Network	performed	a	prospective	randomized
study	of	myeloablative	versus	RIC	in	272	patients	ages	18	to	65	years	with	AML	or	MDS.	The	reduced-intensity
regimens	were	BuFlu	or	Melphalan/Fludarabine	(MelFlu).	The	study	was	closed	early	because	of	a	significantly
higher	 risk	 of	 relapse	 with	 RIC.	 At	 18	months,	 OS	 for	 patients	 in	 the	 RIC	 arm	was	 68%	 versus	 78%	 in	 the
myeloablative	arm	(P	=	.07).	TRM	with	RIC	was	4%	versus	16%	with	myeloablative	regimens	(P	=	.002).	RFS
with	RIC	was	47%	versus	68%	with	myeloablative	conditioning	(P	<	.01).	This	study	demonstrated	that,	for	the
regimens	 studied,	 there	was	 a	 statistically	 significant	 improvement	 in	RFS	with	myeloablative	 conditioning.	A
myeloablative	regimen	is	recommended	as	the	standard	of	care	for	fit	patients	up	to	age	65	years	with	AML	or
MDSs.127
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Indications	for	Hematopoietic	Transplantation
AlloHSCT	was	initially	used	for	the	treatment	of	advanced	AML	that	had	failed	to	respond	to	chemotherapy	or
relapsed.	 An	 estimated	 20	 to	 30	 percent	 of	 these	 patients	 can	 achieve	 durable	 complete	 remission	 with
myeloablative	chemotherapy	and/or	total-body	radiation	and	alloHSCT.

Outcomes	of	HSCT	are	improved	if	the	transplant	is	performed	earlier	in	the	disease	course,	while	in	first	or
second	 CR,	 while	 patients	 are	 in	 good	 general	 medical	 condition,	 and	 before	 development	 of	 chemotherapy
resistance.	 The	 major	 prognostic	 factor	 for	 transplant	 outcome	 is	 disease	 status	 at	 transplant	 (Fig.	 102.1).
Outcomes	of	patients	in	CR	are	substantially	better	than	for	those	with	active	disease	at	the	time	of	HSCT.	The
cytogenetic	and	molecular	prognostic	factors	discussed	earlier	retain	their	influence	in	the	setting	of	HSCT,	such
as	cytogenetics	and	FLT3	mutational	status	(Fig.	102.2).7	 t-AML	is	considered	high	risk,	and	 the	outcome	with
standard	 chemotherapy	 is	 generally	 poor.128	 The	 presence	 of	 MRD	 is	 also	 a	 negative	 prognosticator	 prior	 to
HSCT.129–132

Transplantation	for	Acute	Myelogenous	Leukemia	in	Relapse	and	Primary	Induction	Failure.	Outcomes
of	relapsing	AML	patients	are	influenced	to	a	large	extent	by	the	duration	of	the	first	CR.	First	remissions	shorter
than	6	months	and	failure	to	achieve	a	CR	with	initial	 therapy	(primary	induction	failure)	are	associated	with	a
likelihood	of	CR	of	<10%	to	20%.	Patients	relapsing	within	the	first	year	of	remission	that	fail	to	respond	to	the
first	 salvage	 attempt	 are,	 for	 practical	 purposes,	 incurable	 with	 standard	 chemotherapy	 regimens.	 Autologous
HSCT	has	been	used	to	 treat	relapsed	and	refractory	patients	but	with	poor	results.	alloHSCT	is	considered	the
treatment	of	choice	for	AML	in	primary	induction	failure	or	beyond	the	first	CR,	resulting	in	long-term	DFS	in
20%	to	40%	of	patients.133	Results	of	allogeneic	and	autologous	HSCT	are	generally	better	 if	performed	 in	 the
second	CR	as	opposed	to	during	an	active	relapse.	However,	results	were	comparable	in	patients	in	early	relapse
versus	second	remission	if	one	can	proceed	promptly	with	HSCT.134

Figure	102.1	Disease	status	at	transplantation	is	the	major	determinant	of	survival	after	allogeneic
hematopoietic	stem	cell	transplantation	(HSCT)	for	acute	myelogenous	leukemia	(AML).

Leukemia-free	survival	of	773	AML	patients	(379	were	in	first	complete	remission	and	394	had
active	disease	at	HSCT)	who	underwent	first	allogeneic	HSCT	using	matched	related,	matched

unrelated,	and	mismatched	donors	between	2001	through	2012.	Three-year	leukemia-free	survival
rates	were	52.2%	and	15.6%	for	first	complete	response	(CR)	and	active	disease	patients,



respectively.	(Data	courtesy	of	Dr.	Betul	Oran.)

Armistead	et	al.135	performed	a	retrospective	review	to	evaluate	all	relapsed	AML	patients	treated	at	MDACC
between	 1995	 and	 2004.	Median	 age	was	 58	 years,	 and	 59%	of	 the	 patients	 had	 poor-risk	 cytogenetics.	After
removing	patients	who	died	from	their	initial	salvage	therapy	or	who	received	a	stem	cell	transplant	as	their	first
salvage	regimen,	the	survival	outcomes	from	490	patients	(130	of	whom	were	transplanted)	were	analyzed.	This
cohort	was	divided	into	the	113	patients	who	achieved	a	second	CR	and	the	377	who	did	not.	In	both	groups,	the
patients	who	underwent	alloHSCT	had	a	statistically	significant	survival	benefit	compared	to	those	who	did	not.
In	 patients	 who	 achieved	 a	 second	 CR,	 2-year	 OS	 was	 45%	 versus	 20%	 for	 patients	 who	 did	 not	 undergo
transplant	after	achieving	a	second	CR	(P	=	.005).	For	the	relapsed	refractory	group,	2-year	OS	in	the	transplant
cohort	was	13%	versus	zero	for	the	nontransplanted	patients	(P	<	.001).135

Figure	102.2	The	influence	of	FLT3-ITD	mutational	status	on	survival	is	illustrated	here.
Leukemia-free	survival	of	227	AML	patients	that	underwent	first	allogeneic	hematopoietic	stem

cell	transplantation	in	first	complete	remission	and	FLT3-ITD	mutation	at	diagnosis	were	evaluable.
Donors	included	matched	related,	matched	unrelated,	and	mismatched.	Three-year	leukemia-free
survival	rates	after	hematopoietic	stem	cell	transplantation	were	56.9%	and	42.6%	for	patients	with
FLT3-ITDwild	and	FLT3-ITDmut	at	diagnosis,	respectively.	(Data	courtesy	of	Dr.	Betul	Oran.)

The	 value	 of	 salvage	 chemotherapy	 prior	 to	 transplant	 is	 controversial.	As	 indicated	 previously,	 patients	 in
second	CR	have	a	better	prognosis	after	HSCT	than	 those	 transplanted	 in	 relapse	 in	most	studies.	On	 the	other
hand,	 early	 and	 more	 indolent	 relapses	 should	 probably	 be	 treated	 with	 allogeneic	 transplantation	 as	 soon	 as
possible,	 assuming	 that	 an	 acceptable	 donor	 is	 readily	 available.	A	 patient	who	 had	 a	 remission	 duration	 of	 6
months	or	 less	 is	unlikely	to	enter	second	remission	with	chemotherapy,	which	may	be	needed,	however,	given
the	speed	of	progression	or	other	problems	that	may	preclude	alloHSCT	in	a	timely	fashion.	Patients	transplanted
in	 second	 CR	will	 have	 long-term	 disease	 control	 in	 20%	 to	 60%	 of	 the	 cases	 with	 HSCT,	 whereas	 patients
transplanted	in	primary	induction	failure	will	benefit	in	10%	to	30%	of	the	cases.	The	cure	rate	for	patients	in	first
and	 subsequent	 relapses	 is	 in	 the	 10%	 to	 30%	 range	 and,	 as	 expected,	 refractory	 relapses	 comprise	 the	worse
subgroup.

A	large	retrospective	registry	study	 investigated	outcomes	of	AML	patients	 transplanted	with	active	disease.
The	 authors	 found	 that	 five	 adverse	 pretransplant	 variables	 significantly	 influenced	 survival:	 the	 presence	 of
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circulating	 blasts,	 the	 first	 CR	 duration	 <6	months,	 the	 use	 of	 a	 donor	 other	 than	 a	 human	 leukocyte	 antigen
(HLA)-identical	sibling,	a	Karnofsky	score	<90,	and	poor-risk	cytogenetics.136

Transplants	 for	Acute	Myeloid	Leukemia	 in	First	Complete	Remission.	Numerous	studies	have	compared
alloHSCT	with	continued	postremission	chemotherapy	for	patients	with	AML	in	CR1,	usually	comparing	patients
who	 have	 an	HLA-matched	 donor	 (and	 thus	 eligible	 for	 transplant)	with	 patients	with	 no	matched	 donor	who
continue	with	chemotherapy.137–140	A	confounding	feature	of	 these	 large	clinical	 trials	 is	 the	 fact	 that,	although
most	 patients	 assigned	 to	 chemotherapy	 will	 complete	 the	 intended	 treatment,	 a	 significant	 minority	 of	 those
assigned	will	not	receive	an	alloHSCT.	These	studies	generally	indicate	that	allogeneic	transplants	are	associated
with	lower	relapse	rates	but	also	with	higher	TRM.

Most	studies	 indicate	 that	 the	use	of	consolidation	chemotherapy	prior	 to	myeloablative	or	 reduced-intensity
alloHSCT	 in	 first	 remission	 does	 not	 influence	 survival	 after	 transplant.141	 In	 the	 autologous	 HSCT	 setting,
however,	another	retrospective	registry	analysis	concluded	that	consolidation	may	improve	transplant	outcomes.
Leukemia-free	 survival	 and	OS	 rates	were	 improved	 for	 those	who	 received	 consolidation,	 but	 the	 number	 of
consolidation	 cycles	 (one	 versus	 two)	 and	 the	 cytarabine	 dose	 did	 not	 significantly	 affect	 transplantation
outcomes.142

Because	some	patients	can	achieve	durable	remissions	with	chemotherapy,	there	is	major	interest	in	defining
which	patients	should	be	referred	for	hematopoietic	transplantation	and	who	should	continue	with	postremission
chemotherapy.	High-dose	 cytarabine-containing	 chemotherapy	 regimens,	 on	 the	other	 hand,	 have	 improved	 the
outcome	of	young	patients,	particularly	for	patients	with	good-risk	cytogenetics	(t[8;21]	and	inv16);	the	consensus
is	 to	not	perform	alloHSCT	in	 these	patients	while	 in	first	CR.	Most	studies	 indicate	 improved	RFS	in	patients
with	alloHSCT	for	patients	with	intermediate-risk	and	high-risk	prognostic	features.

The	 EORTC-Leukemia	 Group/GIMEMA	 AML-10	 trial	 set	 out	 to	 compare	 autologous	 and	 alloHSCT	 for
patients	in	first	CRs.140	After	one	course	of	consolidation	chemotherapy,	patients	younger	than	46	years	with	an
HLA-identical	sibling	donor	were	assigned	to	undergo	alloHSCT,	whereas	all	others	were	to	undergo	autologous
HSCT.	 In	 the	 donor	 group,	 68.9%	 received	 an	 alloHSCT,	 whereas	 in	 the	 no-donor	 subset,	 an	 autologous
transplant	was	performed	in	55.8%	of	those	eligible.	DFS	was	improved	in	the	former	group,	whereas	the	death
rate	 in	 first	 CR	was	 decreased	 in	 the	 latter	 (17.4%	 versus	 5.3%).	OS	was	 similar,	 but	DFS	was	 improved	 for
patients	with	poor	prognosis	cytogenetics	after	alloHSCT,	especially	for	patients	aged	15	to	35	years.	An	MRC
study	indicated	an	advantage	in	survival	for	allogeneic	transplanted	recipients	with	intermediate-risk	disease.138	In
both	the	EORTC/GIMEMA	AML-8	and	the	MRC	AML-10	trials,	the	RFS	was	improved	with	autologous	HSCT
when	 compared	 to	 chemotherapy	 alone,	without	 an	OS	benefit.	 The	 likelihood	 of	 achieving	 another	 remission
after	relapse	was	higher	in	the	chemotherapy	arms,	which	led	to	the	similar	OS.

Jourdan	 et	 al.143	 reported	 the	 long-term	 follow-up	 results	 of	 four	 studies	 investigating	 postremission
consolidation	strategies	conducted	by	the	Bordeaux	Grenoble	Marseille	Toulouse	(BGMT)	cooperative	group	in
Europe.	The	donor	group	 (i.e.,	with	 the	HLA-identical	 sibling)	comprised	182	patients	 (38%	of	 those	who	had
achieved	a	first	CR);	alloHSCT	was	performed	in	171	patients	(94%).	The	no-donor	group	had	290	patients,	of
which	 62%	 received	 an	 autologous	 HSCT.	 The	 intent-to-treat	 analysis	 (donor	 versus	 no	 donor)	 showed	 a
statistically	 nonsignificant	 advantage	 in	 overall	 10-year	 survival	 probability	 of	 51%	 versus	 43%	 for	 the	 donor
group.	Patients	were	 stratified	using	 the	 covariates	WBC	count	 at	 diagnosis,	 the	FAB	subtype,	 the	 cytogenetic
risk,	and	the	number	of	induction	courses	to	achieve	a	CR.	An	intermediate-risk	group	benefited	from	alloHSCT,
with	longer	survival,	whereas	small	numbers	precluded	definitive	conclusions	in	other	subgroups.

Cornelissen	et	al.144	updated	the	follow-up	and	consolidated	the	results	of	three	consecutive	studies	sponsored
by	the	Dutch-Belgian	Hemato-Oncology	Cooperative	Group	(HOVON)	and	the	Swiss	Group	for	Cancer	Research
(SAKK)	 between	 1987	 and	 2004.	 These	 studies	 investigated	myeloablative	 alloHSCT	 for	 young	 patients	with
AML	in	first	CR,	comparing	results	in	patients	with	a	transplant	donor	identified	versus	those	with	no	donor	who
received	 conventional	 chemotherapy.	 Subsets	 of	 patients	 in	 the	 no-donor	 subgroup	 were	 eligible	 to	 receive
autologous	HSCT.	The	initial	sample	size	was	2,287	patients.	Patients	younger	than	55	years,	without	FAB	M3
disease,	who	achieved	a	first	CR	after	a	maximum	of	two	cycles	of	chemotherapy	and	then	received	consolidation
treatment	were	considered	eligible	for	alloHSCT	(n	=	1,032,	45%	of	the	cohort).	The	donor	group	comprised	326
patients	 (32%),	and	 the	no-donor	group	comprised	599	patients	 (58%).	 In	 the	donor	group,	82%	went	on	 to	an
allogeneic	 transplant.	 Patients	 in	 the	 donor	 group	 had	 fewer	 relapses	 and	 longer	 DFS.	 Patients	 with	 a	 donor
younger	than	40	years	of	age	and	with	an	intermediate-	or	poor-risk	profile	had	statistically	significantly	improved
DFS.	It	is	important	to	note	that	these	classic	studies	lacked	MRD	and	molecular	stratification	data,	as	most	were
performed	before	these	technologies	became	widely	available.	In	addition,	donor	availability	has	been	extended



with	the	use	of	haploidentical	related	donors	and	umbilical	cord	blood.	Given	the	possible	similarity	of	outcomes
between	haploidentical	and	unrelated	donor	transplants,	the	traditional	“donor	versus	no	donor”	design	has	been
challenged.	 Classically,	 an	 available	 donor	 was	 defined	 as	 having	 a	 matched	 sibling	 or	 unrelated	 donor.	 If
outcomes	of	alternative	donor	transplants	are	similar,	most	patients	will	indeed	have	a	donor.145	However,	despite
multiple	single-center	and	registry	studies,	the	hypothesis	of	similar	outcomes	with	different	donor	types	remains
to	be	proven	in	prospective	studies.146

Age	is	an	independent	prognostic	factor	in	AML.	Patients	older	than	55	years	have	an	extremely	poor	outcome
with	 conventional	 chemotherapy.	 Historically,	 they	 have	 not	 been	 eligible	 for	 myeloablative	 allogeneic
transplantation	because	of	concern	for	toxicities,	but	this	group	may	benefit	from	reduced-intensity	alloHSCT.	A
feasibility	study	demonstrated	a	marked	improvement	in	RFS	with	RIC	allogeneic	transplants	in	elderly	patients
with	 AML	 in	 first	 CR	 compared	 to	 patients	 without	 a	 donor	 who	 received	 standard	 chemotherapy.147	 The
incorporation	of	comorbidity	indexes	to	estimate	NRM	risk	have	contributed	to	patient	selection	as	well,	and	the
proportion	 of	 patients	 ultimately	 receiving	 alloHSCT	 has	 increased.148,149	 Transplants	 are	 often	 performed	 for
selected	patients	up	to	age	75	years.150	Versluis	and	collaborators151	performed	a	time-dependent	analysis	using
data	 from	 four	 successive	 prospective	HOVON-SAKK	 cooperative	 groups	AML	 studies	 performed	 from	 year
2001	and	2010	(n	=	1,155	patients,	aged	60	years	and	older).	In	these	trials,	640	achieved	a	first	CR.	The	authors
then	compared	outcomes	of	postremission	consolidation	 therapy.	Patients	 received	an	RIC	alloHSCT	 (n	=	97),
gemtuzumab	ozogamicin	(n	=	110),	other	chemotherapy	(n	=	44),	autologous	HSCT	(n	=	23),	or	no	consolidation
(n	=	366).	Outcomes	favored	allogeneic	transplants,	with	a	5-year	OS	of	35%	(95%	confidence	interval	[CI],	25–
44)	versus	21%	for	those	who	received	no	postremission	therapy,	and	26%	for	recipients	of	autologous	HSCT	or
chemotherapy.	In	addition,	the	ELN	risk	score	predicted	survival.151

An	HLA-compatible	family	donor	(an	HLA-identical	sibling	or	a	one-antigen	mismatch	relative)	is	available	in
<35%	 of	 the	 cases.	 Unrelated	 donor	 transplants	 that	 are	 HLA	matched	 using	 high-resolution	methods	 for	 the
HLA-A,	HLA-B,	HALA-C,	and	HALA-DR	loci	fare	comparably	with	matched	sibling	donors.152	Interestingly,	in
the	unrelated	donor	setting,	it	is	possible	that	donor-derived	NK-cell	reactivity	could	reduce	relapse	rates.	A	study
of	 1,277	 patients	with	AML	 that	 received	 unrelated	 donor	HSCT	 indicated	 that	 the	 activating	KIR2DS1	 gene
provided	 an	 HLA-C–dependent	 prevention	 of	 relapse,	 whereas	 the	 donor	 KIR3DS1	 gene	 was	 correlated	 with
reduced	mortality.	This	information	may	guide	donor	choice	aiming	at	relapse	prevention.153

Autologous	 HSCT	 has	 been	 proposed	 and	 extensively	 investigated	 as	 an	 option	 for	 first	 CR	 consolidation
(Table	102.3).	The	role	of	autologous	HSCT	in	first	CR,	however,	remains	controversial.	Phase	II	and	III	studies
demonstrate	 that	 some	 subgroups	 of	 AML	 patients	 may	 benefit	 from	 autologous	 HSCT,	 with	 a	 reduction	 in
relapse	 and	 improvement	 in	 leukemia-free	 survival.	 Patients	 with	 unfavorable	 cytogenetics	 do	 not	 appear	 to
benefit,	and	allogeneic	transplant	is	their	preferred	option.	AML	patients,	however,	are	very	often	poor	mobilizers
of	 stem	cells,	possibly	due	 to	AML	and	 treatment-related	changes	on	 the	normal	 stem	cell	pool.	Reinfusion	of
leukemia	cells	contained	in	 the	autologous	graft	 is	a	concern,	and	gene	marking	studies	have	demonstrated	that
malignant	cells	contained	in	the	autograft	may	contribute	to	systemic	relapse.154	Purging	describes	the	various	ex
vivo	 procedures	 that	 have	 been	 used	 to	 eliminate	 these	 residual	 leukemic	 cells	 from	 the	 graft.155	 Preclinical
studies	 have	 suggested	 that	 this	 strategy	 significantly	 reduces	 the	 number	 of	 clonogenic	 progenitors.
Chemotherapeutic	agents	have	been	extensively	used	for	ex	vivo	purging,	but	none	of	the	purging	techniques	have
been	tested	in	a	randomized	fashion,	and	conclusive	evidence	of	a	benefit	for	purged	grafts	is	lacking.

Most	 studies	of	 autologous	HSCT	enrolled	patients	younger	 than	50	years	old.	However,	 autologous	HSCT
transplants	 have	 also	 been	 investigated	 for	 patients	 older	 than	 60	 years.	 The	EORTC/GIMEMA	AML-13	 trial
proposed	the	collection	of	peripheral	blood	stem	cells	after	induction	therapy	with	mitoxantrone,	cytarabine,	and
etoposide	with	or	without	granulocyte	colony-stimulating	factor	(G-CSF),	and	consolidation	chemotherapy	with
idarubicin,	cytarabine,	and	etoposide	(mini-ICE).	Patients	aged	61	to	70	years	with	good	performance	status	were
eligible.	 Of	 61	 patients,	 54	 (88%)	 had	 peripheral	 blood	 stem	 cells	 harvested,	 but	 only	 35	 patients	 received
autologous	HSCT	(57%).	The	3-year	DFS	and	OS	rates	were	21%	and	32%,	respectively.	The	authors	considered
this	 a	 negative	 study	 that	 exemplified	 the	 limitations	 of	 dose	 intensification	 for	 patients	with	AML	 in	 this	 age
range.156	An	updated	analysis	of	 the	multicenter	European	AML96	 trial	 (n	=	586	patients)	suggested	a	 role	 for
autologous	 transplants	 for	 AML	 in	 first	 CR.	 Patients	 were	 to	 be	 consolidated	 with	 allogeneic	 or	 autologous
transplantation,	 or	 with	 chemotherapy.	 Patient	 risk	 was	 estimated	 based	 on	 age,	 percentage	 of	 CD34-positive
blasts,	 FLT3-ITD	 mutant–to–wild-type	 ratio,	 cytogenetic	 risk,	 and	 de	 novo	 or	 s-AML.	 Allogeneic	 improved
survival	 in	 the	 favorable	 subgroup,	 and	 autologous	 transplants	 improved	 survival	 in	 the	 intermediate-risk
group.157	It	 is	possible	that	new	molecularly	defined	subgroups	of	AML	patients	in	first	CR	might	benefit	from
autologous	transplantation,	but	clear	recommendations	will	have	to	await	analysis	of	larger	patient	cohorts	and/or
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historic	databases	and	correlative	samples.158

TABLE	102.3
Indications	for	Allogeneic	Transplant	in	Acute	Myelogenous	Leukemia

Disease	Stage
First	remission ELN	intermediate	or	high	risk

First	remission,	age	60	to	75	y Consider	if	low	comorbidity	score

First	remission,	therapy-related,	or	secondary	disease All	eligible

Primary	induction	failure All	eligible

Second	or	subsequent	remission All	eligible

Relapsed,	active	disease All	eligible
ELN,	European	LeukemiaNet.

A	meta-analysis	of	24	trials	comparing	chemotherapy	to	autologous	and	alloHSCT	that	involved	6,007	patients
(3,638	patients	with	cytogenetics	information),	remission-free	survival	benefit	was	observed	for	poor-risk	(hazard
ratio	[HR],	0.69;	95%	CI,	0.57–0.84)	and	intermediate-risk	AML	(HR,	0.76;	95%	CI,	0.68–0.85)	but	not	for	good-
risk	disease	(HR,	1.06;	95%	CI,	0.80–1.42).	Similar	results	were	obtained	in	the	OS	analysis.	alloHSCT	improved
survival	for	poor-risk	(HR,	0.73;	95%	CI,	0.59	to	0.90)	and	intermediate-risk	AML	(HR,	0.83;	95%	CI,	0.74	to
0.93)	 but	 not	 for	 good-risk	 AML	 (HR,	 1.07;	 95%	 CI,	 0.83	 to	 1.38).	 The	 use	 of	 autologous	 HSCT	 was	 not
associated	 with	 improved	 outcomes.159	 Therefore,	 considering	 that	 TRM	 has	 decreased	 substantially	 in	 the
context	of	alloHSCT,	this	approach	is	considered	in	all	adult	patients	up	to	age	75	years	in	first	CR	who	do	not
have	 good-risk	 cytogenetics	 if	 a	 sibling	 or	 a	molecularly	matched	 unrelated	 donor	 (HLA-A,	 HLA-B,	 HLA-C
DRB1,	DQB1)	 is	 available	 (see	 Table	 102.3).	 The	 decision	 to	 proceed	 to	 HSCT	 in	 first	 CR	 should	 take	 into
account	disease	and	patient-related	factors	as	well	as	donor	source	and	expected	TRM.	It	has	been	proposed	that
alloHSCT	should	be	considered	in	situations	where	DFS	is	expected	to	be	improved	by	at	least	10%.160

Prognostic	factors	predictive	of	response	to	both	chemotherapy	and	transplant	can	be	used	to	determine	which
patients	 should	 receive	 alloHSCT	 in	 first	 remission	 and	 who	 should	 continue	 chemotherapy.	 Rationally,
chemotherapy-based	strategies	 should	be	used	 in	settings	where	comparable	or	better	 survival	can	be	achieved.
HSCT	should	be	reserved	for	“higher	risk”	patients	with	a	poorer	outcome	with	chemotherapy	and	where	HSCT
produces	 improved	outcomes.	The	ELN	 reported	 a	 risk	 classification	 scale	 for	AML	based	on	 cytogenetic	 and
molecular	risk	factors;	patients	are	categorized	as	favorable,	intermediate,	or	unfavorable	risk3	(see	Table	102.1).
Patients	with	favorable-risk	cytogenetics	(t(8;21),	inv	16,	and	t(15;17))	have	good	outcomes	with	chemotherapy,
and	 allogeneic	 transplant	 has	not	 improved	 survival,	 although	high-risk	variants	 have	been	 identified	where	 an
allogeneic	 transplant	may	be	 indicated.	Chemotherapy	is	also	 indicated	with	favorable	molecular	abnormalities,
including	double	CEBPA	and	isolated	NPM1	mutations.	It	is	generally	accepted	that	fit	patients	with	AML	and
unfavorable-risk	cytogenetic	or	molecular	risk	factors	should	undergo	allogeneic	hematopoietic	transplantation	in
first	remission.	Patients	with	FLT3-ITD	have	a	poor	prognosis	with	chemotherapy,	even	with	targeted	therapies,
and	 alloHSCT	 has	 improved	 progression-free	 survival	 in	 most	 studies.	 Patients	 with	 mixed	 lineage	 leukemia
abnormalities,	complex	cytogenetics,	or	p53	mutations	have	a	poor	prognosis,	and	alloHSCT	is	indicated.

Prognosis	is	also	a	related	response	to	therapy	reflected	by	MRD161	assessed	by	flow	cytometry	or	molecular
abnormalities,	particularly	for	 intermediate-risk	disease;	alloHSCT	is	an	option,	but	many	patients	who	achieve
CR	with	 no	 detectable	MRD	 can	 achieve	 durable	CR	with	 postremission	 chemotherapy.	These	MRD-negative
patients	 also	 have	 an	 improved	 outcome	 with	 HSCT	 and	 prospective	 trials	 are	 needed	 to	 determine	 optimal
therapy.	Patients	with	high-risk	cytogenetic	or	molecular	abnormalities	have	a	poor	prognosis	regardless	of	MRD
determination,	and	alloHSCT	remains	indicated.	Table	102.4	lists	indications	for	alloHSCT	in	AML.

TABLE	102.4
Unfavorable	Prognostic	Features	in	Adult	Acute	Lymphoblastic	Leukemia

Characteristic High	Risk	Factor(s)
Clinical	Factors
Age >35	y



Leukocytosis >30	×	109/L	(B	lineage);	>100	×	109/L	(T	lineage)

Immunophenotype Early	T-cell	precursor

Karyotype t(9;22)(q24;q11.2),	t(4;11)(q21;q23),	t(8;14)(q24.1;q32),	complex,	low	hypodiploidy

Molecular	profile IKZF1,	CRLF2,	TP53,	LYL1

Treatment	Related
Therapy	response Time	to	morphologic	CR	>4	wk

	 Persistent	MRD	up	to	10	to	12	wk	postinduction
CR,	complete	response;	MRD,	minimal	residual	disease.

Alternative	Donor	Transplantation
As	discussed	previously,	many	patients	lack	an	HLA-compatible	related	or	unrelated	donor.	It	is	often	necessary
to	proceed	to	transplantation	urgently,	and	unrelated	donor	searches	typically	require	several	months	to	identify	a
donor.	Therefore,	alternative	approaches	have	been	studied,	including	unrelated	umbilical	cord	blood	transplants
or	related	haploidentical	grafts.	Cord	blood	is	a	rich	source	of	hematopoietic	stem	cells	for	 transplantation.	The
number	of	cells	is	approximately	1	log	fewer	than	in	a	typical	bone	marrow	harvest,	but	cord	blood	transplants	are
associated	with	less	severe	GVHD.	This	has	allowed	for	the	successful	use	of	cord	blood	transplants	from	donors
mismatched	 for	 up	 to	 two	 of	 the	 HLA-A	 and	 HLA-B	 (intermediate	 resolution)	 and	 DR	 loci	 (high-resolution
typing).	As	 the	number	of	 transplants	 reported	 to	 the	 international	 registries	 increases,	 the	 importance	of	high-
resolution	 typing	 for	 class	 I	 HLA	 genes	 is	 also	 becoming	 clearer.162	 Given	 the	 lower	 cell	 dose,	 cord	 blood
transplants	 are	 associated	 with	 slower	 engraftment,	 particularly	 in	 adults.	 Results	 of	 retrospective	 studies	 are
similar	to	those	with	unrelated	donor	bone	marrow	transplants	in	selected	patient	populations.163,164	A	variety	of
approaches	 are	 under	 investigation	 aiming	 at	 expediting	 cord	 blood	 engraftment	 in	 adults,	 including	 ex	 vivo
expansion.165,166	A	 recent	 retrospective	 study	 indicated	 improved	 results	with	 cord	 blood	 transplants	 in	MRD-
positive	patients167;	this	needs	to	be	confirmed	in	prospective	controlled	studies.

Individuals	 inherit	 one	 HLA	 haplotype	 from	 each	 parent,	 so	 almost	 all	 patients	 will	 have	 a	 haploidentical
relative	available.	Haploidentical	 transplants	have	historically	been	associated	with	a	high	risk	of	graft	rejection
and	 GVHD.	 Two	 approaches	 have	 successfully	 been	 used	 for	 haploidentical	 transplantation.	 Ex	 vivo	 T-
lymphocyte	depletion	is	effective	to	prevent	GVHD.	Engraftment	is	enhanced	by	transplantation	of	large	numbers
of	CD34+	 cells.168	 Another	 approach	 is	 the	 use	 of	 T-cell	 replete	 hematopoietic	 stem	 cell	 grafts	 followed	 by
posttransplant	 cyclophosphamide,	with	 tacrolimus	and	mycophenolate.169,170	There	 is	 increasing	preclinical	 and
clinical	 evidence	 that	NK	 cells	mediate	 a	 potent	 antileukemia	 effect.	Donor-versus-host	NK-cell	 reactivity	 can
thus	be	predicted	by	KIR	gene	expression	in	the	donor	and	the	absence	of	inhibitory	KIR	ligands	in	the	recipient
(HLA	 BW4	 and	 C	 alleles).	 AML	 patients	 who	 receive	 haploidentical	 HSCT	 in	 which	 donor	 NK	 cells	 were
predicted	to	be	alloreactive	had	significantly	lower	relapse	rates	and	improved	leukemia-free	survival.170

Posttransplant	Treatment	to	Prevent	Relapse
AML	 recurrence	 is	 the	 major	 cause	 of	 treatment	 failure	 after	 allogeneic	 hematopoietic	 transplantation.
Maintenance	 chemotherapy	 has	 been	 studied	 in	 patients	 with	 FLT3-ITD	 mutations.	 Treatment	 with	 FLT3
inhibitors	 such	 as	 sorafenib	 has	 been	 reported	 to	 reduce	 the	 risk	 of	 relapse	 with	 FLT3-ITD	 mutations.171
Azacitidine	maintenance	 is	also	under	 investigation.172–177	The	prevention	of	 relapse	may	 include	 immunologic
interventions,	such	as	the	use	of	leukemia-specific	cytotoxic	T	lymphocytes178	or	NK	cells.179

Treatment	of	Relapse	after	Allogeneic	Stem	Cell	Transplant
There	is	no	homogeneity	or	consensus	regarding	treatment	of	this	difficult	clinical	scenario.	Chemotherapy	with
donor	lymphocyte	infusion,	or	second	allogeneic	transplants,	have	been	used	with	low	success	rates.	CR	duration
after	HSCT	is	a	major	determinant	of	salvage	success,	as	 is	 response	 to	 treatment	of	relapse.180	The	biology	of
disease	relapse	is	complex,	and	this	is	an	area	of	active	basic	and	clinical	research.181,182

ACUTE	LYMPHOBLASTIC	LEUKEMIA
ALL	is	a	heterogeneous	disease	with	distinct	biologic	and	prognostic	groupings.	Considerable	progress	has	been
made	in	understanding	the	biology	of	ALL,	which	has	led	to	more	precise	disease	prognostication	and	treatment
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strategies	tailored	to	specific	disease	subgroups.	This	has	resulted	in	dramatic	improvements	in	the	outcomes	of
children	with	ALL,	with	cure	rates	up	to	80%.	The	therapeutic	approach	for	adult	ALL	is	modeled	on	pediatric
regimens,	 and	although	 initial	 remission	 rates	 range	between	80%	 to	90%,	only	25%	 to	50%	of	adults	 achieve
long-term	DFS.	This	stark	difference	in	outcome	for	adults	as	compared	to	children	has	been	variously	attributed
to	 the	 greater	 incidence	 of	 adverse	 cytogenetic	 subgroups	 found	 in	 adults	 and	 possibly	 poorer	 tolerance	 and
compliance	of	adults	with	 intensive	 therapies	 required	 for	 the	successful	 treatment	of	ALL.	Continued	research
into	 the	 biology	 of	 this	 heterogeneous	 disease	 and	 further	 development	 of	 targeted	 therapies	 used	 in	 a	 risk-
stratified	manner	will	hopefully	lead	to	comparable	survival	rates	in	the	near	future.

Epidemiology
ALL	accounts	for	approximately	20%	of	acute	leukemias	in	adults,	with	increasing	incidence	above	50	years	of
age.	 The	 incidence	 of	 ALL	 is	 more	 common	 in	 Caucasians	 compared	 with	 African	 Americans,	 with	 an	 age-
adjusted	overall	incidence	in	the	United	States	of	1.5	per	100,000	in	Caucasians	and	0.8	per	100,000	in	African
Americans.183	A	higher	incidence	of	ALL	has	been	reported	in	industrialized	countries	and	urban	areas.	Finally,
ALL	is	slightly	more	common	among	men	than	among	women	(1.3	to	1.0).

Diagnosis	and	Evaluation
Historically,	the	FAB	classification	system	distinguished	three	subtypes	of	ALL	based	on	cell	morphology.184	L1
lymphoblasts,	which	were	small	to	intermediate	in	size,	were	the	most	common,	followed	by	L2,	which	defined
slightly	larger	sized	blasts,	and	finally	L3,	which	defined	large	blasts,	described	as	having	a	starry	sky	appearance,
which	were	 seen	 in	Burkitt	 leukemia	or	 lymphoma.	This	 classification	 system	has	been	 replaced	by	 the	WHO
system,	which	is	based	on	immunophenotypic,	cytogenetic,	and	molecular	information,	and	consequently	provides
more	precise	and	clinically	relevant	disease	subgroupings.9

Of	all	cases	of	ALL,	85%	are	of	B-cell	lineage,	and	the	most	common	form	is	the	precursor	B	phenotype	(also
called	 common	 precursor-B-ALL	 or	 early	 precursor-B-ALL);	 these	 cells	 express	 a	 B-cell	 immunophenotype
(CD19,	CD22),	 terminal	deoxynucleotidyl	 transferase	(TdT),	cytoplasmic	CD79A,	CD34,	CD10	(CALLA),	and
lack	 cytoplasmic	 μ	 and	 surface	 immunoglobulin	 (sIg).	 It	 is	 found	 frequently	 in	 patients	 with	 the	 Philadelphia
chromosome	(Ph),	 t(9;22)(q34;q11).	A	 less	common	 type,	 termed	pro-B-ALL,	 lacks	CD10	expression	and	may
represent	an	earlier	level	of	B-cell	maturation.	Mature	B-cell	lineage	ALL	has	the	immunophenotype	of	mature	B
cells	with	 sIg	expression	and	 is	 seen	with	Burkitt	 leukemia	or	 lymphoma.	T-lineage	ALL	accounts	 for	15%	 to
20%	of	cases.	This	common	thymocyte	type	expresses	pan	T-cell	markers,	CD2,	cytoplasmic	CD3	(cCD3),	CD7,
CD5,	 and	distinctively	 shows	co-expression	of	CD4	and	CD8	and	expression	of	CD1a.	A	more	primitive	 type
called	prothymocyte	or	immature	thymocyte	type	has	TdT,	cCD3,	and	variable	expression	of	CD5,	CD2,	and	CD7,
but	 lacks	 CD4,	 CD8,	 and	 CD1a.	 Notably,	 using	 molecular	 profiling,	 a	 distinct	 subset	 within	 the	 immature
thymocyte	 group	 has	 been	 identified	 as	 early	 T-cell	 precursor	 with	 very	 poor	 prognosis.185	 These	 leukemias
express	one	or	more	myeloid	or	stem	cell	markers	(CD117,	CD34,	HLA-DR,	CD13,	CD33,	CD11b,	or	CD65)	in
addition	 to	 the	 immature	 thymocyte	 markers.185	 The	 mature	 T-lineage	 phenotype	 expresses	 the	 pan	 T-cell
markers,	variable	TdT,	but	lacks	CD1a.

Cytogenetic	and	Molecular	Abnormalities
Specific	 and	 well-characterized	 recurring	 chromosomal	 abnormalities	 facilitate	 diagnosis,	 confirm	 subtype
classification,	and	have	major	prognostic	value	for	treatment	planning.	Abnormalities	in	chromosome	number	or
structure	are	 found	 in	approximately	90%	of	children	and	70%	of	adult	ALL	patients.186–190	Differences	 in	 the
frequency	at	which	good-	and	poor-risk	prognosis	cytogenetic	abnormalities	occur	in	children	versus	adults	may
partially	 explain	 the	 differences	 in	 treatment	 outcomes	 between	 childhood	 and	 adult	 ALL.	 These	 cytogenetic
abnormalities	are	acquired	somatic	mutations	that	frequently	result	from	translocations	of	chromosomal	DNA	and
lead	to	new	aberrant	protein	products	presumed	to	be	responsible	for	the	cellular	dysregulation	that	leads	to	the
malignant	state.	Deletions	or	 loss	of	DNA	may	eliminate	genes	 that	have	 tumor	suppressor	 functions.	Gains	of
additional	chromosomes	may	lead	to	gene	dosage	effects	that	provide	transformed	cells	with	survival	advantages.
As	in	AML,	cytogenetic	abnormalities	in	ALL	define	unique	prognostic	groups,	as	listed	in	Table	102.5.

Molecular	methods	are	 increasingly	used	 to	better	understand	 the	genetic	consequences	of	 these	cytogenetic
abnormalities	intrinsic	to	the	pathophysiology	of	ALL	as	well	as	to	refine	prognosis	and	identify	novel	therapeutic
targets	in	ALL.	Quantitative	reverse	transcription	PCR	technology	allows	for	quantification	of	MRD,	which	is	an



independent	 prognostic	 factor	 in	 both	 pediatric	 and	 adult	 ALL.191,192	 High-resolution	 genomic	 profiling	 has
revealed	 distinct	 gene-expression	 patterns	 in	 subtypes	 of	 ALL,	 which	 may	 be	 used	 to	 yield	 insights	 into	 the
biology	of	ALL	and	identify	new	therapeutic	targets193–199	as	well	as	further	refine	disease-risk	stratification200,201
and	identify	genetic	markers	associated	with	drug	sensitivity	and	resistance	pathways.202	For	example,	a	high-risk
subgroup	of	B-ALL	has	been	identified	 termed	BCR-ABL1,	or	Ph-like	ALL.	Patients	with	Ph-like	ALL	do	not
have	 the	BCR-ABL1	 fusion	protein	 resulting	 from	 the	 t(9;22)(q34;q11.2)	 translocation	but	have	a	 similar	gene
expression	profile	as	Ph-positive	patients,	 including	alterations	in	the	lymphoid	transcription	factor	gene	IKZF1
(IKAROS).203,204	Transcriptome	and	whole-genome	sequencing	of	these	patients	have	revealed	kinase-activating
alterations,	including	rearrangements	involving	ABL1,	ABL2,	CRLF2,	CSF1R,	EPOR,	JAK2,	NTRK3,	PDGFRB,
PTK2B,	TSLP,	or	TYK2,	and	 sequence	mutations	 involving	FLT3,	 IL7R,	or	SH2B3.205	Similar	 to	Ph-positive
ALL,	the	incidence	of	Ph-like	is	greatest	in	adults	with	B-ALL	at	20%	to	25%	versus	10%	to	15%	in	children,	and
its	prognosis	 is	poor.203,205–209	Preclinical210	 and	 clinical	 studies	 show	evidence	 for	 response	 to	 tyrosine-kinase
inhibitors	 (TKIs),211	 but	 TKIs	 are	 not	 yet	 uniformly	 incorporated	 into	 treatment	 algorithms	 for	 these	 patients.
Additionally,	activating	NOTCH1	mutations	are	present	in	up	to	50%	of	T	lineage	acute	lymphoblastic	leukemia
(T-ALL)	 cases,	 and	 the	 signaling	 pathways	 and	 target	 genes	 responsible	 for	 Notch1-induced	 neoplastic
transformation	 are	 currently	 under	 investigation;	 the	 nuclear	 factor	 kappa	B	 pathway	 appears	 to	 be	 one	 of	 the
major	mediators,	suggesting	that	 the	use	of	gamma-secretase	inhibitors	used	in	combination	with	nuclear	factor
kappa	B	inhibitors,	such	as	bortezomib,	may	have	synergistic	effects.212	Mechanisms	for	drug	resistance	are	also
affected	 by	 pharmacogenomics,	 which	 is	 the	 study	 of	 how	 genetic	 variation	 among	 individuals	 contributes	 to
interindividual	 differences	 in	 efficacy	 and	 toxicity	 of	 drugs.213–215	 For	 example,	 hyperdiploid	 cells	 accumulate
more	methotrexate	polyglutamates	because	they	possess	extra	copies	of	the	gene-encoding	reduced	folate	carrier,
an	 active	 transporter	 of	 methotrexate.216	 Associations	 also	 have	 been	 identified	 between	 germline	 genetic
characteristics	 (genes	 that	 encode	 drug-metabolizing	 enzymes,	 transporters,	 and	 drug	 targets)	 and	 drug
metabolism	and	sensitivity	to	chemotherapy.	Rocha	et	al.217	studied	16	genetic	polymorphisms	that	affected	the
pharmacodynamics	 of	 antileukemic	 agents	 and	 observed	 that,	 among	 130	 children	 with	 high-risk	 disease,	 the
glutathione	S-transferase	μ1	(GSTM1)	nonnull	genotype	was	associated	with	a	higher	 risk	of	 recurrence,	which
was	increased	further	by	the	thymidylate	synthetase	(TYMS)	3/3	genotype.

TABLE	102.5
Prospective	Transplant	Trials	in	Adult	Acute	Lymphoblastic	Leukemia	in	First	Complete
Response	Utilizing	Genetic	Randomization

Study Year N
Median	Age
(range	in	y)

Five-Year	TRM
%	D	vs.	ND

Five-Year
Relapse	%	D	vs.
ND

Five-Year
Survival	%	D	vs.
ND

LALA	94,	France 2004 100D,159ND 15–55 18	vs.	8
36	vs.	62,	P	=
.001

45	vs.	23,	P	=
.007

GOELAMSa 2004 41D,	115ND 33	(15–59) 15	vs.	7 NR
75	vs.	40,	P	=
.0027

PETHEMA,	ALL-
93a,b 2005 72D,	84ND 27	(15–50) NR

62	vs.	51,	P	=
.28

40	vs.	49,	P	=
.56

MRC/ECOG
E2993b 2008 443D,	588ND

D:	(15–55)
ND:	31	(15–65)

HR:	36	vs.	14,
P	<	.05
SR:	20	vs.	7,
P	<	.05

HR:	37	vs.	63,
P	<	.00005
SR:	24	vs.	49,
P	<	.00005

HR:	41	vs.	35,
P	=	.2
SR:	62	vs.	52,
P	=	.02

HOVON,
ALL-18,-37 2009 96D,	161ND

D:	31	(16–55)
ND:	26	(15–54)

HR:	15	vs.	4,	P	=
.08
SR:	16	vs.	2,	P	=
.01

HR:	34	vs.	61,	P
=	.03
SR:	14	vs.	52,	P
<	.001

HR:	53	vs.	41,	P
=	.5
SR:	69	vs.	49,	P
=	.05

JALSGb,	ALL-
93,-97 2011 408D,	241ND

D:	29	(16–54)
ND:	26	(15–54) NR NR

HR:	42	vs.	33
SR:	57	vs.	36c

aOnly	high	risk.
bExcludes	Philadelphia	chromosome–positive.
cTen-year	survival.
TRM,	 treatment-related	mortality;	D,	prospective	hematopoietic	stem	cell	 transplantation	 in	all	patients	with	donor;	ND,	no	donor;
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NR,	Not	Reported;	HR,	high	risk;	SR,	standard	risk.

Finally,	epigenetic	changes,	 including	hypermethylation	of	 tumor-suppressor	genes	or	microRNA	genes,	and
hypomethylation	of	oncogenes	have	been	 identified	 in	up	 to	80%	of	patients	with	ALL,218,219	 and	 insights	 into
these	mechanisms	provide	another	area	for	therapeutic	development.220

Therapy	for	Acute	Lymphoblastic	Leukemia
Treatment	 for	 adult	 ALL	 is	 modeled	 on	 therapy	 developed	 for	 childhood	 ALL	 and	 consists	 of	 remission
induction,	consolidation,	and	maintenance	 therapy	and	central	nervous	system	(CNS)	prophylaxis,	using	a	 risk-
stratified	 approach.	 Selecting	 therapy	 based	 on	 patient-	 and	 disease-specific	 prognostic	 factors	 has	 led	 to	 a
significant	improvement	in	outcomes	for	childhood	ALL,	and	the	adoption	of	this	approach	for	adults	has	had	a
similarly	favorable	impact.

Prognostic	Factors	and	Risk	Assessment
Classic	 evaluations	 of	 prognostic	 features	 in	 adult	 ALL	 have	 led	 to	 five	widely	 accepted	 features:	 age,	WBC
count,	leukemic	cell	immunophenotype,	cytogenetic	subtype,	and	time	to	achieve	CR.221	However,	the	detection
of	MRD	has	become	the	overarching	prognostic	feature	based	on	large	scale	data	supporting	its	predictive	value
(see	Table	102.4).222	The	presence	of	 any	of	 these	 features	 portends	 a	 high	 risk	 for	 relapse	 following	 standard
ALL	 therapy,	 and	 the	 remaining	 patients	 are	 considered	 standard	 risk.	 Up	 to	 75%	 of	 adults	 with	 ALL	 are
considered	to	be	poor-risk	patients,	with	an	expected	DFS	rate	of	25%,	and	25%	of	adults	with	ALL	constitute
standard	good	and	poor	risk	prognosis	risk	patients,	with	a	projected	DFS	rate	of	>50%.223	Age,	WBC	count,	and
treatment	response	during	induction	therapy	remain	classic	prognostic	features.	Age	is	a	continuous	variable	with
OS,	decreasing	with	 increasing	age;	OS	ranges	from	34%	to	57%	for	patients	younger	 than	30	years	compared
with	 only	 15%	 to	 17%	 for	 patients	 older	 than	 50	 years.224	 A	 high	WBC	 count	 is	 also	 a	 continuous	 variable;
generally,	 a	WBC	count	>30,000/μL	or	50,000/μL	 for	B-ALL	and	>100,000/μL	 for	T-lineage	ALL	predict	 for
poor	 prognosis.	 Of	 note,	 whereas	 an	 increased	WBC	 count	 holds	 prognostic	 significance	 independently	 as	 a
measure	of	tumor	burden,	a	high	WBC	count	may	be	also	associated	with	increased	risk	of	complications	during
induction	therapy,	increased	risk	of	CNS	relapse,	and	association	with	good	and	poor	risk	prognosis	cytogenetic
subgroups	(e.g.,	t[4;11]	and	t[9;22]).	Finally,	the	achievement	of	CR	and	time	to	CR	after	induction	therapy	carry
significant	prognostic	implications,	with	patients	who	require	more	than	4	weeks	to	achieve	a	CR	having	a	lower
likelihood	 of	 being	 cured.	 The	 emergence	 of	MRD	monitoring	 provides	 an	 even	more	 accurate	 assessment	 of
disease	response.	In	contrast	to	children,	a	decrease	in	MRD	burden	occurs	more	slowly	in	adults.191	In	general,
the	presence	of	MRD,	defined	as	10−4	at	any	time	after	the	start	of	consolidation	is	associated	with	an	increased
relapse	risk,	and	the	predictive	value	increases	at	later	time	points.191	Patel	et	al.192	prospectively	analyzed	MRD
samples	 following	 induction,	 consolidation,	 and	maintenance	 of	 161	 patients	 with	 non–T-lineage,	 Ph-negative
ALL	 treated	 in	 the	 international	MRC	UKALL	XII/ECOG	2993	 trial.	MRD	status	best	 discriminated	outcome
after	10	weeks	of	therapy,	when	the	relative	risk	of	relapse	was	8.95-fold	higher	in	MRD-positive	patients	and	the
5-year	RFS	was	15%	compared	to	71%	in	MRD-negative	patients.	Similarly,	Gökbuget	et	al.225	reported	on	580
patients	with	Ph-negative	ALL	treated	on	the	German	Multicenter	Study	Group	for	Adult	ALL	(GMALL)	06/99
and	 07/03	 trials,	 and	 had	 achieved	 cytologic	CR	 and	 had	 evaluable	MRD	defined	 by	molecular	methods	with
sensitivity	of	≥10−4.225	Patients	with	molecular	CR	after	 consolidation	had	a	 significantly	higher	probability	of
continuous	complete	remission	(74%	versus	35%;	P	<	.0001)	and	of	OS	(80%	versus	42%;	P	=	.0001)	compared
with	patients	with	molecular	failure.225	The	predictive	value	of	MRD	depends	on	the	technical	quality	of	the	assay
and	the	frequency	of	monitoring.

Specific	 cytogenetic	 abnormalities	 have	 a	 major	 impact	 on	 prognosis.	 The	 presence	 of	 the	 Ph	 and	 t(4;11)
(q21;q23)	has	been	associated	with	inferior	survival	in	multiple	large	series.191,223,226	Additionally,	the	presence	of
the	 t(8;14)(q24.1;q32)	 complex	 karyotype,	 defined	 as	 five	 or	 more	 chromosomal	 abnormalities	 or	 low
hypodiploidy	 or	 near	 triploidy,	 was	 noted	 to	 result	 in	 poor	 survival	 in	 the	 analysis	 of	 patients	 treated	 on	 the
UKALL	XII/ECOG	2993	trial;	in	contrast,	the	presence	of	hyperdiploidy	or	del(9p)	indicated	a	good	prognosis.226
Of	note,	the	t(8;14)	associated	with	a	mature	B-ALL	phenotype	has	a	poor	prognosis	when	treated	with	standard
ALL	 regimens.	 However,	 modified	 ALL	 regimens,	 incorporating	 CD20-targeted	 therapy,	 now	 result	 in
significantly	 better	 survival	 for	 this	 group.227	 Similarly,	 although	 the	 Ph	 chromosome	 has	 traditionally	 been
considered	a	marker	of	high	good	and	poor	risk	prognosis	risk	disease,	the	outcome	for	this	subset	of	patients	has
greatly	changed	with	the	incorporation	of	TKIs	into	classic	ALL	therapy.	Reports	from	studies	incorporating	TKI



into	 their	 regimens	 show	a	greater	proportion	 achieving	CR	and	MRD	negativity,	 and	 thus	 suggesting	 a	better
prognosis.228	Finally,	patients	with	early	T-cell	precursor	ALL	form	a	distinct	subset	of	patients	with	T	lineage
with	inferior	CR	rates	and	increased	rates	of	relapse.185

Remission	Induction
In	 the	 remission-induction	 phase	 of	 therapy,	 the	 goals	 are	 to	 eradicate	 99%	of	 the	 initial	 tumor	 burden	 and	 to
restore	normal	hematopoiesis	and	performance	status.	Current	induction	regimens	for	adults	consist	of	at	least	a
glucocorticoid	 (prednisone,	 prednisolone,	 or	 dexamethasone),	 vincristine,	 and	 an	 anthracycline,	 with	 expected
remission	rates	of	72%	to	92%	and	a	median	remission	duration	of	18	months	(Table	102.6).	Dexamethasone	has
replaced	 prednisone	 based	 on	 better	 in	 vitro	 antileukemic	 activity	 and	 higher	 drug	 levels	 in	 the	 CSF.229	 The
GMALL	noted	decreased	early	mortality	when	dexamethasone	was	given	in	an	interrupted	schedule	rather	than
continuously.230	 The	 most	 commonly	 used	 anthracycline	 is	 daunorubicin,	 and	 attempts	 have	 been	 made	 to
increase	 the	 dosage,	 with	 no	 clear	 benefit	 noted,	 possibly	 due	 to	 the	 increased	 hematologic	 toxicity.231
Intensification	of	the	induction	regimen	has	been	attempted	with	the	addition	of	cyclophosphamide,	asparaginase,
or	 cytarabine.	 Although	 no	 clear	 improvement	 in	 CR	 rates	 have	 been	 noted,232,233	 remission	 duration	may	 be
improved	in	some	ALL	subtypes	(e.g.,	cytarabine	in	T-ALL,	cyclophosphamide	in	mature	B-ALL).	Additionally,
treatment	 intensification	with	 asparaginase,	 specifically	 for	 patients	 in	 the	 adolescent	 age	 range	 (e.g.,	 15	 to	 20
years	 old)	 appears	 to	 result	 in	 better	 outcomes	 with	 survival	 rates	 nearing	 those	 of	 pediatric	 patients.234	 The
benefit	for	pediatric-inspired	regimens	including	asparaginase	for	older	adults,	generally	18	to	50	years	old,	is	less
clear	with	higher	response	rates	at	 the	expense	of	 increased	toxicity.235–237	The	use	of	 targeted	 therapies	during
induction	 (e.g.,	 rituximab	 for	mature	 B-ALL	 and	 TKI	 for	 Ph-positive	 ALL)	 has	 improved	 CR	 rates	 for	 these
subtypes	of	ALL.	Finally,	supportive	care	is	of	great	importance	during	this	period.	Treatment-related	early	deaths
occur	in	up	to	10%	of	patients,	and	significant	comorbidities,	such	as	fungal	infections,	occur	as	a	consequence	of
prolonged	cytopenia.	The	use	of	growth	factors	lessens	the	regimen-induced	myelosuppression	and	may	allow	for
the	timely	administration	of	treatment.	In	a	randomized	trial,	 the	use	of	G-CSF	during	induction	was	associated
with	faster	recovery	of	neutrophils	and	decreased	hospital	stay.238	In	the	G-CSF–treated	group,	the	CR	rate	was
higher	(90%	versus	81%;	P	=	.10),	and	the	rate	of	induction	deaths	was	lower	(4%	versus	11%;	P	=	.04).

TABLE	102.6
Prospective	Risk-Adapted	Trials	Utilizing	Minimal	Residual	Disease	in	Acute	Lymphoblastic
Leukemia

Study Year N
Age	Range
(y)

MRDneg

Postinduction
HCT
Realization Outcomes HSCT	Effect

NILG	ALL	09/00 2000

136
evaluated	for
MRD 15–65 56%

72%	in
SCTpos	group

6-y	DFS	66%
vs.	25%	in
MRDneg	vs.
others	(P	=
.000)	OS,
75%	vs.	32%
(P	=	.000)

6-y	DFS
improved
following	allo-
SCT	in
MRDpos

patients	(42%
vs.	18%	with
auto-SCT;	P	=
.035)

GMALL	06/99,
07/03;	allo-HCT
for	HR,a

available	MRDb 2012
580/75%	SR,
25%	HR 15–55

SR	77%,	HR
51%	(10	wk
postinduction) 26%

MRD-based:
CCR,	74%	vs.
35%;	OS,
80%	vs.	42%

MRDpos	group:
CCR,	74%	vs.
15%;	OS,	54%
vs.	33%
HCT	benefit	in
both	high	and
standard	risk;
no	HCT
benefit	in
MRDneg	group

5-y	DFS	and

Chemotherapy
group:	5-y
DFS	and	OS,
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PETHEMA	ALL-
AR-03;	Phneg,
HR;	allo-HSCT
according	to	day
14	response	and
MRD
postconsolidation 2014 326 15–60

86%	of	161
evaluable
patients 40%

OS	37%	and
35%,
respectively;
clearance	of
MRD	only
prognostic
factor	in	MVA

55%	and	59%,
respectively
HSCT	group:
5-y	DFS	and
OS,	32%	and
37%,
respectively

GRAALL	2003,
2005;	pediatric
induction
regimen;
rituximab
(Rituxan)	for
CD20;	HRc

eligible	for	HCT
in	CR1 2014 522 15–55 47%d 54%

HCT	group:
relapse,	20%;
NRM,	16%;
OS,	70%;	>45
y,	more	than
three
consolidation
blocks
significantly
worse	NRM

Significant
benefit	to	HCT
only	in	MRDpos

group,	and
patients	with
IKZF1
deletion;	effect
of	HCT	in
IKZF1,
MRDneg	NE

aHR,	 high	 risk	 defined	 by	 high	 white	 blood	 cells,	 t(4;11),	 no	 cytologic	 remission	 postinduction,	 early	 or	 mature	 T-cell	 acute
lymphoblastic	leukemia.
bMRD	assessed	by	polymerase	chain	reaction	of	immunoglobulin	and	T-cell	receptor,	sensitivity	10−4.
cHR,	high	risk	defined	by	central	nervous	system	involvement,	low	hypodiploidy/near	triploidy,	poor	early	blast	clearance,	induction
failure,	 elevated	 white	 blood	 cells,	 t(4;11),	 t(1;19),	 complex	 karyotype,	 CD10-immunophenotype	 in	 B-cell	 acute	 lymphoblastic
leukemia.
dMRD	assessed	by	polymerase	chain	reaction	of	immunoglobulin	and	T-cell	receptor,	sensitivity	10−3.
MRD,	minimal	residual	disease;	HCT,	hematopoietic	cell	transplantation;	HSCT,	hematopoietic	stem	cell	transplantation;	SCT,	stem
cell	 transplantation;	DFS,	disease-free	survival;	OS,	overall	 survival;	 allo-SCT,	allogeneic	SCT;	auto-SCT,	autologous	SCT;	allo-
HCT,	allogeneic	HCT;	HR,	high	risk;	SR,	standard	risk;	CCR,	clinical	complete	response;	Phneg,	Philadelphia	chromosome	negative;
MVA,	Multivariate	Analysis;	NRM,	nonrelapse	mortality;	NE,	Not	Evaluable.

Consolidation	Therapy
Once	in	remission,	 the	consolidation	is	administered	at	a	relatively	higher	 level	of	 intensity	 in	efforts	 to	further
reduce	 the	 leukemic	 burden	 and	 decrease	 the	 likelihood	 of	 relapse.	 Consolidation	 may	 include	 rotational
consolidation	programs,	modified	induction	regimens,	or	HSCT.	Most	regimens	include	methotrexate,	cytarabine,
cyclophosphamide,	and	asparaginase.	But	 it	 is	difficult	 to	compare	regimens	as	the	number	and	schedule	of	 the
chemotherapy	 agents	 used	 vary.	 Results	 from	 the	 UKALL	 XA,	 GIMEMA	ALL	 0288,	 and	 Programa	 para	 el
Estudio	de	 la	Terapéutica	en	Hemopatía	Maligna	 (PETHEMA)	ALL-89	multicenter	 randomized	 trials	 failed	 to
demonstrate	a	benefit	for	intensification	in	terms	of	prolonging	OS	and	DFS.231,239,240

However,	 more	 recent	 nonrandomized	 studies	 and	 regimens	 using	 a	 risk-adapted	 strategy	 indicate	 that
intensive	 consolidation	may	 improve	outcome.	 In	 the	CALGB	8811	 study,	 the	 induction	 course	 consisted	 of	 a
five-drug	 combination	 and	 was	 followed	 by	 early	 and	 late	 intensification	 courses	 with	 eight	 drugs.241	 This
regimen	 improved	 the	 median	 duration	 of	 CR	 and	 median	 survival	 to	 29	 and	 36	 months,	 respectively—
considerably	 better	 than	 results	 with	 earlier	 trials.241	 A	 dose-intense	 regimen	 of	 hyperfractionated
cyclophosphamide,	 vincristine,	 doxorubicin,	 and	dexamethasone	 (hyper-CVAD),	 alternating	with	high	doses	of
cytarabine	and	methotrexate,	led	to	significantly	higher	CR	rates	and	survival	(P	<	.01)232	when	compared	to	the
less	intense	vincristine,	doxorubicin,	and	dexamethasone	regimen,242	with	an	OS	of	38%	at	5	years.	Finally,	the
GMALL	05/93	study	intensified	consolidation	in	a	subtype-specific	manner.	High-dose	methotrexate	was	used	in
standard-risk	 B-ALL,	 high-dose	 methotrexate,	 and	 high-dose	 cytarabine	 in	 high-risk	 B-ALL,	 and
cyclophosphamide	and	cytarabine	in	T-lineage	ALL.	The	CR	rate	was	87%	in	standard-risk	patients,	with	a	5-year
OS	of	55%.243	 Intensified	 induction	and	consolidation	 improved	 the	CR	and	DFS	rates	 in	a	subset	of	high-risk
patients	 with	 the	 pro–B-ALL	 immunophenotype,	 in	 whom	 a	 continuous	 CR	 rate	 of	 41%	 was	 achieved	 as
compared	to	19%	for	the	others.243

Hematopoietic	Stem	Cell	Transplantation	for	Acute	Lymphoblastic	Leukemia	in	First
Remission
alloHSCT	has	a	major	role	 in	 the	treatment	of	ALL,	particularly	 in	patients	who	have	recurrent	disease	or	high
good	 and	 poor	 risk	 prognosis	 risk	 features	 (National	 Comprehensive	Cancer	Network	 [NCCN]	 guidelines),	 as
demonstrated	 by	 several	 multicenter,	 randomized,	 prospective	 studies	 (see	 Table	 102.3).	 To	 minimize	 patient
selection	 bias,	 these	 trials	 employed	 a	 “genetic”	 randomization	 method,	 offering	 alloHSCT	 in	 first	 CR	 to	 all
patients	with	a	 sibling	donor	and	chemotherapy	or	autologous	HSCT	 to	patients	without	a	donor.	Results	were



then	analyzed	using	intent-to-treat	methods	that	compared	patients	with	or	without	donors.	Although	stratification
for	high-risk	disease	varied	between	the	different	studies,	most	of	these	early	trials,	including	the	French	LALA-
87,244	LALA94,245	and	GOELAL02,246	showed	a	survival	advantage	for	patients	with	adverse	prognostic	factors
who	 were	 treated	 with	 alloHSCT	 compared	 to	 adult	 ALL	 chemotherapy	 regimens.	 The	 French	 LALA-87,244
which	 looked	 at	 257	 ALL	 patients	 in	 CR1	 in	 a	 biologic	 randomization	 fashion	 and	 with	 an	 intention-to-treat
analysis,	 showed	 that	 patients	 with	 adverse	 prognostic	 markers	 who	 had	 an	 HLA-compatible	 donor	 had	 a
significant	survival	advantage	compared	to	patients	without	a	donor	(5-year	OS,	44%	versus	20%).	In	a	follow-up
study,	the	LALA94	trial,245	which	stratified	only	high-risk	patients	with	donors	 to	alloHSCT,	a	similar	survival
advantage	was	again	seen	 in	 the	patients	with	donors	(5-year	 leukemia-free	survival,	45%	in	 those	with	donors
compared	to	23%	for	those	without).	Similar	findings	were	also	demonstrated	by	the	GOELAL02	trial,246	where
an	almost	twofold	improvement	in	OS	was	seen	in	the	group	with	available	donors	(6-year	OS,	75%	versus	39%).
Even	among	trials	that	were	not	able	to	demonstrate	OS	benefit	for	the	high-risk	group	assigned	to	alloHSCT,	it
was	clear	that	the	relapse	rates	in	the	alloHSCT	arms	were	superior	compared	to	the	chemotherapy	or	Autologous
stem	cell	transplant	(ASCT)	arm	suggesting	that	the	conflicting	results	were	due	to	the	high	NRM	in	the	high-risk
groups,	abrogating	the	OS	benefits	from	alloHSCT	rather	 than	the	lack	of	efficacy	of	 the	graft-versus-leukemia
effect.247,248

However,	the	continued	relevance	of	traditional	risk	factors	in	identifying	high-risk	patients	is	waning	as	MRD
monitoring	is	being	incorporated	into	clinical	 trials.	As	MRD	is	 inherently	a	response-based	assessment,	 it	may
serve	as	an	in	vivo	test	for	chemosensitivity	and	disease	biology	that	pretreatment	markers	alone	may	not	be	able
to	 help.	 More	 recent	 reports	 have	 also	 suggested	 that	 MRD	 stratification	 may	 be	 combined	 with	 molecular
subtyping	 to	provide	better	 risk	 stratification	 (see	Table	102.5).	 In	 the	 study	of	MRD	 in	patients	 treated	 in	 the
GMALL	trials,	 the	persistence	of	MRD	rather	 than	traditional	risk	factors	 identified	a	subgroup	of	patients	 that
showed	 significant	 benefit	 to	 transplant	 in	 CR1.225	 In	 a	 study	 by	 the	 Group	 for	 Research	 on	 Adult	 Acute
Lymphoblastic	Leukemia	(GRAALL),249	522	 transplant-eligible	Ph-negative	ALL	patients	 (aged	between	15	 to
55	years	old)	who	were	stratified	as	high	risk	based	on	at	least	one	traditional	adverse	risk	factor,	and	who	were
treated	 with	 a	 pediatric-intensive	 chemotherapy	 regimen,	 were	 evaluated.	 No	 RFS	 or	 OS	 benefit	 was
demonstrated	in	the	alloHSCT	(n	=	282;	either	with	a	10/10	matched	related	or	unrelated	donor,	n	=	231,	or	a	9/10
matched	unrelated	donor	 or	 umbilical	 cord	blood	 transplant,	 n	=	51),	 compared	 to	 the	 chemotherapy	 arm	 (n	=
240).	Of	note,	however,	MRD	postinduction	of	>10(−3)	and	presence	of	the	IKZF1	deletion	were	able	to	identify
a	 subgroup	 of	 particularly	 high	 risk	 of	 relapse	 who	 would	 benefit	 from	 alloSCT	 in	 CR1.	 Importantly,	 these
markers	were	found	to	be	better	for	risk	stratification	compared	to	analysis	of	pretreatment	characteristics	alone.
Although	 using	 different	 technical	 aspects	 for	 MRD	 quantification,	 different	 protocol	 designs	 and	 selection
criteria	for	MRD-directed	therapy,	the	Spanish	PETHEMA	group250	and	North	Italian	Leukemia	group	(NILG)251
have	 also	 shown	 that	 MRD	 negativity	 identifies	 a	 low-risk	 group	 of	 patients	 for	 whom	 chemotherapy-alone
approaches	alone	may	be	associated	with	prolonged	DFS.	Within	the	NILG,	Bassan	et	al.251	performed	an	MRD-
oriented	therapy	for	Ph-negative	patients	(excluding	those	with	the	t(4;11)	translocation)	and	were	able	to	identify
a	low-risk	MRD-negative	population,	with	bone	marrow	relapse	rates	of	<20%,	and	DFS	nearly	80%,	in	whom
HSCT	in	CR1	was	unnecessary.	Similarly,	the	PETHEMA	group	demonstrated	that	in	high-risk	patients	(based	on
pretreatment	characteristics)	with	 rapid	MRD	clearance,	 avoiding	HSCT	was	 safe,	with	5-year	DFS	and	OS	of
55%	and	59%,	respectively,	from	chemotherapy	alone.	Of	note,	in	both	studies,	multivariate	analysis	showed	that
the	pattern	of	MRD	clearance	was	the	most	significant	prognostic	factor	for	CR	duration	and	OS,	as	compared	to
classic	risk	factors.

Finally,	no	survival	advantage	has	ever	been	shown	for	autologous	HSCT	as	compared	 to	chemotherapy	for
patients	who	do	not	have	a	matched	related	donor.245,247,248,252,253

In	 addition	 to	 the	 transplant	 donor,	 the	 transplant	 preparative	 regimen,	 source	 of	 stem	 cells,	 and
immunosuppression	 prophylaxis	 all	 impact	 treatment	 outcome.	 TBI	 remains	 the	 standard	 backbone	 for
myeloablative	ALL	transplant	preparative	regimens.	The	most	widely	used	regimen	remains	the	combination	of
TBI	and	cyclophosphamide,	although	a	retrospective	analysis	of	registry	data	from	the	CIBMTR	suggests	that	the
combination	 of	 TBI	 and	 etoposide	 may	 afford	 better	 survival	 for	 patients	 in	 second	 CR	 when	 compared	 to
cyclophosphamide	 and	 TBI.254	 Non–radiation-containing	 regimens,	 most	 commonly	 busulfan	 and
cyclophosphamide,	 have	 been	 investigated	 in	 hopes	 of	 decreasing	 radiation-related	 complications,	 with	 no
significant	differences	noted	in	outcome.255–257

As	illustrated	in	the	MRC	UKALL	XII/ECOG	2993	study,	an	increasing	TRM	rate	with	age	compromises	the
antileukemia	benefit	 for	 older	 patients.247	Because	 the	 incidence	 of	ALL	 increases	 in	 adults	 older	 than	 age	 50
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years,	 transplant	 approaches	with	 reduced	TRM	 are	 needed.	Reduced-intensity	 preparative	 regimens	 are	 under
evaluation	with	a	goal	to	reduce	toxicity.

The	EBMT	reported	results	from	the	largest	series	of	97	adult	patients	with	ALL	treated	with	RIC	HSCT	and
confirmed	 the	 benefit	 of	 RIC	 for	 patients	 in	 remission,	 with	 a	 2-year	 OS	 of	 52%	 versus	 27%	 for	 patients
transplanted	with	advanced	disease.258	Smaller	studies	have	corroborated	the	benefit	 for	RIC	transplantation	for
older	 patients	with	 early	 stage	ALL.259–261	Marks	 et	 al.256	 compared	 transplant	 conditioning	 regimen	 intensity,
myeloablative	 versus	 RIC,	 within	 the	 limitations	 of	 a	 retrospective	 analysis	 in	 patients	 with	 Ph-positive	 ALL
receiving	an	alloHSCT	in	first	CR	and	second	CR.	Although	regimen	intensity	did	not	impact	TRM	or	relapse	risk
in	a	multivariate	analysis,	a	significantly	older	patient	population	was	able	to	tolerate	RIC	versus	myeloablative
conditioning	(median	age,	45	versus	28	years;	P	<	 .001).	Thus,	RIC	merits	 further	 investigation	 in	prospective
studies.

Maintenance	Therapy
Maintenance	therapy	is	administered	to	patients	in	remission	after	consolidation	therapy	at	a	low	level	of	intensity
but	for	a	protracted	period	of	time.	It	has	experienced	the	least	modification	over	time.	It	consists	of	a	backbone	of
daily	 6-mercaptopurine,	 weekly	 methotrexate,	 and	 monthly	 pulses	 of	 vincristine	 and	 prednisone,	 generally
administered	for	2	to	3	years.262	Attempts	to	omit	maintenance	or	shorten	its	duration	to	12	to	18	months	have	led
to	inferior	results.221	However,	maintenance	therapy	is	not	necessary	in	mature	B-ALL,	in	which	a	high	cure	rate
is	achieved	with	short-term,	dose-intense	regimens.	The	best	maintenance	regimen	for	Ph-positive	patients	is	not
clear	but	should	include	a	TKI	and	is	also	recommended	after	transplant,263	although	the	duration	post-stem	cell
transplantation	 is	 not	 clear.	 Many	 investigators	 recommend	 maintaining	 the	 WBC	 count	 <3,000/μL	 during
maintenance.	Transaminitis	is	commonly	observed	during	this	period	and	appears	to	be	caused	by	the	methylated
metabolites	of	mercaptopurine.	It	is	not	necessary	to	alter	the	regimen	because	of	liver	enzyme	elevation	because
the	transaminitis	promptly	resolves	with	completion	of	therapy.

Central	Nervous	System	Prophylaxis
CNS	prophylaxis	 can	 consist	 of	 intrathecal	 chemotherapy	 (methotrexate,	 cytarabine,	 corticosteroids),	 high-dose
systemic	 chemotherapy	 (methotrexate,	 cytarabine,	 L-asparaginase),	 and	 CNS	 irradiation.	 Despite	 aggressive
systemic	therapy,	the	CNS	remains	a	sanctuary	site,	and	without	specific	meningeal-directed	therapy,	CNS	disease
will	 develop	 in	 up	 to	 50%	of	 adult	 patients.264	Risk	 factors	 for	CNS	disease	 include	 elevated	WBC	or	 lactate
dehydrogenase	at	diagnosis,	traumatic	lumbar	puncture,	and	T-ALL	phenotypes.	Although	some	trials	still	rely	on
CNS	irradiation,	most	 treatment	 regimens	are	adopting	a	 risk-adapted	approach265	 and	attempting	 to	omit	CNS
irradiation220	due	to	its	many	acute	and	late	complications,	including	endocrinopathy,	neurocognitive	deficits,	and
secondary	cancers.

Treatment	of	Specific	Acute	Lymphoblastic	Leukemia	Subgroups

Philadelphia	Chromosome–Positive	Acute	Lymphoblastic	Leukemia
Historically,	 patients	 with	 Ph-positive	 ALL	 have	 had	 a	 poor	 prognosis,	 with	 long-term	 DFS	 rates	 of	 10%	 to
20%.266	Allogeneic	transplantation	from	a	related	or	unrelated	donor	was	widely	used	for	consolidation,	with	30%
to	 65%	 long-term	 survival	 for	 patients	 receiving	HSCT	 in	 first	 CR.267–269	 Beyond	 first	 remission,	 HSCT	was
curative	in	only	a	small	fraction	of	patients,	with	DFS	ranging	between	5%	and	17%.270

However,	the	development	of	potent	inhibitors	of	the	tyrosine-kinase	activity	of	the	BCR-ABL	fusion	product,
resulting	 from	 the	 Ph	 translocation,	 has	 revolutionized	 therapy	 for	 Ph-associated	 leukemias.	 Imatinib	mesylate
was	 the	 first	 TKI	 to	 demonstrate	 significant	 activity	 in	 patients	 with	 CML	 and	 Ph-positive	 ALL,271	 although
response	duration	in	Ph-positive	ALL	was	short,	with	a	median	time	to	progression	and	median	OS	of	2.2	and	4.9
months,	respectively.	However,	subsequent	preclinical	and	clinical	studies	demonstrated	synergistic	effects	when
imatinib	was	combined	with	 chemotherapy.	Results	 from	 these	 trials	 suggest	 that	 the	 incorporation	of	 imatinib
into	standard	ALL	therapy	results	in	significantly	improved	remission	induction	rates,	more	patients	being	able	to
receive	transplant	in	first	remission,	and	ultimately,	better	OS	rates	ranging	from	52%	to	78%.272–275	More	recent
studies	 have	 investigated	 the	 optimal	 regimen,276,277	 and	 the	 feasibility	 and	 efficacy	 of	 second-	 (nilotinib,
dasatinib)	 and	 third-generation	 (ponatinib)	 TKI	 therapy,278–281	 and	 demonstrate	 good	 tolerability	 and	 deeper
remissions.	 Whether	 this	 translates	 into	 improved	 OS	 is	 unclear	 in	 the	 absence	 of	 randomized	 clinical	 trials



between	different	generations	of	TKI.
Whether	consolidation	with	HSCT	in	first	CR	will	remain	the	standard	of	care	for	these	patients	will	depend	on

the	durability	of	the	remission	inductions,	which	is	currently	under	investigation.	A	phase	II	study	was	conducted
by	the	Southwestern	Oncology	Group	(SWOG)	in	94	patients	(median	age,	44	years;	range,	20	to	60	years)	with
41	undergoing	alloHSCT	in	first	CR,	followed	by	dasatinib	maintenance	after	alloHSCT.282	The	OS	and	Event
free	survival	(EFS)	at	3	years	were	69%	and	62%,	respectively,	demonstrating	the	feasibility	of	this	strategy	in	the
multicenter	setting.	Notably,	 landmark	analysis	at	175	days	from	the	time	of	CR	showed	a	statistically	superior
advantage	for	RFS	and	OS	(P	=	.038	and	P	=	.037,	respectively)	in	favor	of	transplant.282

A	similarly	designed	study	was	conducted	by	the	Adult	Acute	Lymphoblastic	Leukemia	Working	Party	of	the
Korean	 Society	 of	 Hematology	 in	 90	 patients,	 with	 a	 median	 age	 of	 47	 years,	 treated	 with	 multiagent
chemotherapy	 and	 nilotinib.280	 After	 achieving	 CR,	 patients	 received	 either	 five	 courses	 of	 consolidation,
followed	by	2	years	of	maintenance	with	nilotinib	or	alloHSCT	(n	=	57	patients).	The	CR	rate	was	91%,	and	the
2-year	OS	was	 72%.280	 Patients	who	 received	 transplant	 had	 a	 significantly	 higher	 estimated	 2-year	 RFS	 rate
compared	with	nonrecipients	(78%	versus	49%;	P	=	.045),	although	OS	was	similar	between	both	groups	(80%
versus	72%,	respectively;	P	=	.227).	Importantly,	MRD	(BCR-ABL1/G6PDH	ratio)	was	assessed	in	this	study	at
end	of	induction,	and	every	3	months	thereafter,	and	both	the	administration	of	alloHSCT	(HR,	3.3;	P	=	.048)	and
the	achievement	of	MRD	negativity	(HR,	12.3;	P	=	.038)	were	significant	predictors	of	2-year	RFS.	Furthermore,
RFS	 was	 similar	 between	 the	 transplanted	 and	 nontransplanted	 group	 in	 the	 MRD-negative	 patients,	 but
alloHSCT	rescued	patients	who	did	not	achieve	MRD	negativity.280	Finally,	in	a	study	conducted	by	the	group	at
MDACC,	 37	 patients	 were	 treated	 with	 ponatinib	 combined	 with	 the	 hyper-CVAD	 regimen.281	 Overall	 CR,
complete	cytogenetic	response,	and	Complete	Molecular	Response	(CMR)	(PCR,	sens	1/10e4	–	Sensitivity	of	1	in
10,000	 cells)	were	100%,	100%,	 and	78%,	 respectively.281	With	 a	median	 follow-up	of	 26	months,	 78%	were
maintaining	CR	with	an	estimated	2-year	survival	of	80%.

One	 approach	 largely	 investigated	 by	 the	European	 groups	 is	 to	 use	TKI	 alone	 or	with	 steroids	 or	minimal
additional	chemotherapy	in	the	initial	induction	(see	Table	102.1).	The	GIMEMA	group	demonstrated	that	either
imatinib	or	dasatinib	can	produce	high	hematologic	response	rates	(100%)	with	minimal	or	no	mortality	during
the	 initial	 induction	period.	This	 approach	 is	 particularly	 attractive	 in	older	 or	 infirm	patients	where	 combined
chemotherapy	and	TKI	regimens	are	often	associated	with	up	to	10%	mortality.279,280	However,	the	reported	trials
have	also	demonstrated	that	without	further	consolidation	with	either	chemotherapy	or	 transplant,	 the	responses
achieved	 are	 often	 of	 limited	 duration	 and	 associated	 with	 a	 high	 incidence	 of	 resistant	 ABL1	 mutations,
particularly	the	T315I.	In	the	study	by	Vignetti	et	al.,283	all	of	the	29	patients	(median	age,	69	years;	range,	61	to
83	 years)	 evaluable	 for	 response	 who	 were	 treated	 with	 imatinib	 and	 steroids	 only	 achieved	 a	 complete
hematologic	 remission,	whereas	 only	 1	 of	 27	 patients	 achieved	 a	 complete	molecular	 response.283	The	median
duration	of	response	and	median	OS	were	8	and	20	months,	respectively.283	More	recently,	Foà	et	al.284	treated	53
patients	(median	age,	54	years;	range,	24	to	77	years)	with	dasatinib,	steroids,	and	intrathecal	methotrexate	and
reported	a	CR	rate	of	100%	with	 the	majority	achieving	 it	after	only	22	days	of	 therapy	and	with	no	 induction
mortality.284,285	With	 a	median	 follow-up	 of	 only	 20	months,	 43%	of	 the	 patients	 relapsed	with	 relapses	more
likely	to	occur	in	patients	who	received	more	limited	postremission	therapy.284	Similarly,	the	European	Working
Group	for	Adult	ALL	(EWALL)	treated	71	patients	(median	age,	69	years;	range,	59	to	83	years)	with	dasatinib
140	mg	 daily,	 vincristine,	 dexamethasone,	 and	 intrathecal	 chemotherapy.286	 Patients	 in	 CR	 received	 dasatinib
sequentially	with	asparaginase,	methotrexate,	and	cytarabine	for	6	months	followed	by	maintenance	therapy	with
dasatinib	and	vincristine/dexamethasone	for	18	months	and	dasatinib	alone	until	 relapse	or	death.286	Almost	all
(96%)	patients	achieved	CR	and	the	OS	at	5	years	was	36%.	Among	the	36	patients	who	relapsed,	24	were	tested
for	mutations	and	75%	were	positive	for	T315I.286

Mature	B-Lineage	Acute	Lymphoblastic	Leukemia
Treatment	of	Burkitt	leukemia	or	lymphoma	with	the	conventional	ALL	regimens	have	been	disappointing.	Short-
duration,	 intensive	 regimens	 that	 maintain	 serum	 drug	 concentrations	 and	 minimize	 treatment	 delays	 have
demonstrated	 the	 greatest	 efficacy	 in	 this	 disease,	 mainly	 due	 to	 its	 high	 growth	 fraction.287	 These	 regimens
incorporate	 strategies	 such	 as	 the	 use	 of	 fractionated	 cyclophosphamide,	 alternation	 of	 non–cross-resistant
cytotoxic	agents	between	treatment	cycles,	and	aggressive	CNS	prophylaxis.288	More	recently,	the	addition	of	the
anti-CD20	monoclonal	antibody	rituximab	has	further	improved	the	outcome	of	patients	with	Burkitt	leukemia	or
lymphoma.	Thomas	et	al.289	administered	rituximab	in	addition	to	the	hyper-CVAD	regimen	and	reported	a	CR
rate	 of	 86%,	with	 3-year	OS	 of	 89%.	 This	was	 significantly	 better	 than	 the	 19%	 3-year	 survival	 reported	 for



Dr. AVR @ TMH

hyper-CVAD	alone.

T-cell	Acute	Lymphoblastic	Leukemia	and	T-Lymphoblastic	Lymphoma
The	 survival	of	patients	with	T-cell	ALL	and	T-lymphoblastic	 lymphoma	has	 improved	 significantly	using	 the
regimens	 designed	 for	 ALL,	 with	 OS	 ranging	 from	 50%	 to	 70%.290	 Use	 of	 mediastinal	 radiation	 given	 after
chemotherapy	appears	to	reduce	mediastinal	relapse.	A	proportion	of	patients	with	relapsed	disease	can	achieve	a
second	CR	and	 long-term	survival	with	allogeneic	 stem	cell	 transplant.	Compared	 to	patients	with	B-ALL,	 the
spectrum	of	 genetic	 abnormalities	 in	T-cell	ALL	 is	 less	well	 characterized;	 fluorescent	 in	 situ	 hybridization	or
PCR	testing	is	required	to	detect	the	higher	rate	of	cryptic	chromosomal	translocations	and	gene	mutations	in	T-
cell	ALL.	Subset	analysis	of	T-cell	ALL	patients	treated	in	the	MRC/UKALL	trial	revealed	complex	cytogenetics,
CD13	 positivity,	 and	 CD1a	 negativity	 to	 be	 associated	 with	 poorer	 outcome.291	 Greater	 understanding	 of	 the
molecular	pathogenesis	of	this	subset	of	ALL	has	led	to	the	development	of	novel	therapies,	such	as	nelarabine
and	 forodesine,292	 developed	 specifically	 toward	 neoplastic	 T	 cells,	 and	 gamma-secretase	 and	TKIs	 developed
specifically	 toward	 aberrant	 pathways.196,198	 In	 CALBG	 study	 19801,	 26	 patients	 with	 relapsed	 T-cell	 ALL
received	nelarabine	at	1.5	g/m2	per	day	on	days	1,	3,	and	5	repeated	every	22	days,	with	a	median	number	of	two
courses	administered.293	A	 relatively	 high	CR	 rate	 of	 31%	was	 noted	 in	 this	 heavily	 treated	 group	of	 patients,
suggesting	that	nelarabine	induces	cytotoxicity	through	therapeutic	pathways	different	from	that	of	currently	used
standard	drugs.	Furthermore,	the	median	DFS	was	20	weeks,	which	should	allow	sufficient	time	for	a	select	group
of	 patients	 with	 a	 preserved	 performance	 status	 to	 proceed	 to	 transplant	 (approximately	 one-third	 of	 patients
progressed	to	transplant	in	this	study).	These	findings	were	corroborated	in	a	recent	German	study	in	which	126
patients	with	relapsed/refractory	T-ALL	or	T-lymphoblastic	lymphoma	received	single-agent	nelarabine	and	36%
of	patients	 achieved	CR.	A	 total	of	80%	of	 the	patients	 in	CR	subsequently	 received	 stem	cell	 transplantation,
with	a	3-year	OS	of	31%	for	the	transplanted	patients.294	The	most	common	nonhematologic	toxicity	noted	in	the
study	 was	 reversible	 peripheral	 sensory	 and	 motor	 neuropathy.293	 Nelarabine	 is	 also	 being	 combined	 with
standard	combination	chemotherapy	to	improve	long-term	outcome	in	higher	risk	T-ALL.295	Unfortunately,	many
of	 the	 commonly	 used	 agents	 for	 ALL	 therapy,	 such	 as	 vincristine	 and	 methotrexate,	 also	 have	 neuropathic
toxicities,	so	nelarabine	use	remains	limited.

Treatment	of	Primary	Refractory	or	Relapsed	Adult	Acute	Lymphoblastic	Leukemia
Most	current	induction	regimens	obtain	CRs	in	72%	to	92%	of	newly	diagnosed	patients.	Early	deaths	account	for
some	of	 the	 induction	 failures,	 but	 in	most	 studies,	 5%	 to	10%	of	 patients	 have	disease	 that	 is	 resistant	 to	 the
remission	 induction	 regimen.	 These	 patients	 often	 have	 poor	 prognostic	 factors	 at	 presentation,	 and	 additional
attempts	 at	 induction	 chemotherapy	may	 be	 unsuccessful.	 Several	 studies	 suggest	 that	 patients	 with	 an	 HLA-
identical	sibling	benefit	if	they	proceed	directly	to	allogeneic	transplantation	without	undergoing	a	second	attempt
at	 induction	 therapy.133,296	 In	 the	 largest	 of	 these	 studies,	 approximately	 35%	 of	 these	 patients	 with	 primary
refractory	disease	became	long-term	disease-free	survivors.297

In	addition	to	primary	refractory	patients,	60%	to	70%	of	patients	who	achieve	a	CR	eventually	relapse.	Some
of	 the	 most	 significant	 advances	 in	 ALL	 therapy	 have	 been	 made	 in	 the	 relapsed	 setting	 with	 three	 novel
immunotherapeutic	 agents	 recently	 approved	 for	 relapsed	 ALL.	 Blinatumomab,	 a	 novel	 T-cell	 engaging
CD19/CD3	bispecific	antibody,	showed	impressive	activity	in	patients	with	previously	treated	ALL.	In	a	phase	II
trial	of	blinatumomab	in	patients	with	MRD	or	persistent	disease	after	induction/consolidation	for	B-ALL,	16	out
of	 21	 (76%)	patients	 became	MRD	negative,	with	 an	RFS	of	 78%	at	 a	median	of	 405	days.298	A	multicenter,
single-arm	phase	II	trial	of	blinatumomab	enrolled	189	patients	with	Philadelphia	negative,	relapsed,	or	refractory
B-ALL.299	After	 two	cycles,	43%	achieved	a	CR	or	CR	with	partial	hematologic	recovery.	Treatment	was	well
tolerated,	with	 the	most	 common	grade	3	or	greater	 adverse	 events	being	 febrile	neutropenia,	 neutropenia,	 and
anemia.299	 This	 led	 to	 the	 accelerated	 FDA	 approval	 of	 blinatumomab	 for	 the	 treatment	 of	 patients	 with	 Ph-
negative	 relapsed	 or	 refractory	 pre–B-cell	 ALL	 in	 2016.	 A	 randomized	 multicenter	 trial	 of	 blinatumomab
compared	with	chemotherapy	resulted	in	a	higher	rate	of	event-free	survival	(6-month	estimates,	31%	versus	12%;
P	<	.001)	as	well	as	a	longer	median	duration	of	remission	(7.3	versus	4.6	months).300

Inotuzumab	ozogamicin	is	a	novel	anti-CD22	antibody	conjugated	to	calicheamicin.	In	a	phase	II	study	of	49
patients	with	 relapsed	and	 refractory	B-ALL	with	a	median	age	of	36	years,	 the	OR	rate	was	57%,301	and	in	a
randomized,	 multicenter	 study	 of	 inotuzumab	 versus	 conventional	 therapy	 in	 the	 relapsed	 ALL	 setting,
inotuzumab	 resulted	 in	 significantly	 higher	 remission	 rates	 and	 higher	 numbers	 of	 patients	 proceeding	 to



transplant,	 leading	 to	 the	approval	of	 this	agent	 in	 the	 relapsed	ALL	setting	 in	2017.302	Finally,	 there	has	been
much	 excitement	 surrounding	 the	 use	 of	 chimeric	 antigen	 receptor–modified	T-cell–directed	 therapy	 in	CD19+
malignancies,	with	CR	rates	up	to	90%	noted	in	children	with	relapsed	ALL,303–305	leading	to	the	approval	of	the
first	cellular	therapy	product	for	children	and	young	adults	with	relapsed	B-ALL.

Historically,	 responses	 to	 salvage	 therapies	 have	 been	 transient	 and	 serve	 as	 a	 bridge	 to	 alloHSCT	 for
achieving	durable	remissions	for	patients	in	or	beyond	second	CR.	Two	large	multicenter	trials	best	characterized
prognosis	 and	 outcome	 following	 relapse.	 The	 outcome	 of	 609	 adults	 with	 relapsed	 ALL,	 all	 of	 whom	were
previously	treated	on	the	MRC	UKALL12/ECOG	2993	study,	was	investigated.306	The	survival	at	5	years	after
relapse	was	7%.	Factors	predicting	a	good	outcome	after	salvage	therapy	were	young	age	(OS	12%	for	patients
older	than	20	years	versus	3%	for	patients	older	than	50	years)	and	duration	of	first	remission	>2	years	(OS,	11%
versus	5%).	When	survival	was	evaluated	based	on	treatment	strategy,	survival	following	HSCT	ranged	from	15%
to	23%	depending	on	donor	type	(15%	for	autograft,	16%	for	matched	unrelated	donor,	23%	for	matched	related
donor)	and	was	significantly	better	than	chemotherapy	only	at	4%	(P	<	.00005).306	Oriol	et	al.307	reported	on	the
outcome	of	263	adults	with	relapsed	ALL,	all	of	whom	were	previously	treated	on	four	consecutive	PETHEMA
trials	with	similar	induction	therapies.	OS	at	5	years	was	10%.	Factors	predicting	a	good	outcome	were	identical
to	the	prior	study:	age	<30	years	(OS,	21%	versus	10%)	and	duration	of	first	remission	>2	years	(OS,	36%	versus
17%).	A	total	of	45%	of	patients	achieved	a	second	remission,	with	better	outcomes	noted	in	the	group	who	then
proceeded	 to	 transplant.	 The	 best	 outcome	was	 noted	 for	 patients	 younger	 than	 30	 years	 old	with	 a	 long	 first
remission	duration	transplanted	in	second	CR,	with	an	OS	of	38%	at	5	years.	TRM	was	higher	for	patients	who
had	received	a	prior	transplant	during	first	remission	(TRM,	45%	versus	23%),	but	there	was	no	difference	in	OS.
Similar	 long-term	 leukemia-free	 survival	 rates	 of	 14%	 to	 43%	 have	 been	 reported	 from	 other	 small	 series	 for
patients	who	received	HSCT	in	second	CR.	As	expected,	the	primary	cause	of	failure	is	relapse	(>50%).	However,
the	 outlook	 for	 these	 patients	may	 be	 improved	 in	 the	 setting	 of	 newer	 therapies	 that	 induce	 deep	 remissions,
eradicating	MRD	even	in	advanced	patients,	prior	to	transplant.308

CNS	relapse	occurs	in	approximately	2%	to	10%	of	patients	who	have	received	appropriate	prophylaxis.	In	the
majority	of	patients,	concurrent	bone	marrow	relapse	can	be	documented.	Occasionally,	CNS	relapse	may	occur
without	 demonstrable	 systemic	 relapse;	 however,	 this	 event	 almost	 always	 predicts	 subsequent	 bone	 marrow
relapse,	 and	 patients	 with	 isolated	 CNS	 relapse	 should	 first	 receive	 CNS-directed	 therapy	 and	 then	 systemic
reinduction	 chemotherapy.	Long-term	outcome	 is	 poor,	with	 zero	 to	 6%	OS	 at	 4	 years.306	 Intensive	 treatment,
with	 a	 combination	 of	 intrathecal	 or	 radiotherapy	 and	 systemic	 chemotherapy,	 followed	 by	 consolidation	with
HSCT	may	improve	results.
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103 Molecular	Biology	of	Chronic
Leukemias
Christopher	A.	Eide,	James	S.	Blachly,	and	Anupriya	Agarwal

INTRODUCTION
Chronic	myeloid	 leukemia	(CML)	and	chronic	 lymphocytic	 leukemia	(CLL)	are	very	different	diseases	and	yet
share	important	clinical	features.	Both	are	usually	diagnosed	in	an	indolent	stage	characterized	by	the	expansion
of	 differentiating	 cells	 that	 can	 last	 for	 several,	 sometimes	many,	 years.	 In	 both,	 the	 acquisition	 of	 additional
mutations	 promotes	 progression	 to	 advanced	 therapy-refractory	 disease	 and	 both	 are	 incurable	 with	 currently
available	drug	therapy.	In	this	chapter,	we	discuss	the	key	pathogenetic	mechanisms	of	CML	and	CLL,	with	an
emphasis	on	recent	data	and	potential	therapeutic	implications.

CHRONIC	MYELOID	LEUKEMIA
CML	is	caused	by	the	constitutively	active	tyrosine	kinase	B-cell	receptor	(BCR)-ABL1	generated	as	the	result	of
a	reciprocal	translocation	between	chromosomes	9	and	22.	The	annual	incidence	of	CML	is	approximately	1.3	per
105,	with	a	slight	male	preponderance	but	no	significant	differences	across	ethnicities.	The	only	established	CML
risk	factor	is	exposure	to	ionizing	radiation,	evident	from	studies	in	survivors	of	the	nuclear	explosions	in	Japan
and	patients	exposed	to	Thorotrast	or	radiotherapy.	During	the	initial	chronic	phase	(CP),	cellular	differentiation
and	 function	are	 largely	maintained,	 therapy	 is	 effective,	 and	mortality	 is	 low.	Without	 effective	 treatment,	 the
disease	invariably	progresses	to	a	rapidly	fatal	blastic	phase	(BP)	of	myeloid	or	lymphoid	nature.

Pathogenesis
The	first	cases	of	what	was	probably	CML	were	described	by	Bennett	and	Virchow	in	the	mid-1840s.	In	1960,
Philadelphia	 cytogeneticists	Nowell	 and	Hungerford1	 described	 a	 “minute”	 chromosome	 22	 in	CML	 cells	 that
became	 known	 as	 the	 Philadelphia	 (Ph)	 chromosome.	 In	 1973,	 the	 work	 of	 another	 cytogeneticist,	 Rowley,2
revealed	that	this	abnormality	is,	in	fact,	the	result	of	a	reciprocal	translocation	between	chromosomes	9	and	22
(t[9;22]	[q34;q11]).	The	genes	juxtaposed	by	the	translocation	were	subsequently	identified	as	ABL1	(Abelson)	on
9q34	 and	 breakpoint	 cluster	 region	 (BCR)	 on	 chromosome	 22q11	 (Fig.	 103.1A).	 As	 a	 result	 of	 the	 (9;22)
translocation,	the	BCR-ABL1	fusion	gene	is	formed	on	the	derivative	of	chromosome	22	(22q−,	Ph),	whereas	the
reciprocal	 ABL1-BCR	 resides	 on	 the	 derivative	 of	 9q+.	 A	 series	 of	 seminal	 studies	 demonstrated	 that	 the
constitutive	 tyrosine-kinase	 activity	 of	 BCR-ABL1	 is	 required	 for	 cellular	 transformation	 and	 that	 the	 clinical
disease	was	reproducible	in	a	murine	model.3	According	to	the	World	Health	Organization	(WHO),	the	presence
of	 BCR-ABL1	 in	 the	 context	 of	 a	 myeloproliferative	 neoplasm	 is	 diagnostic	 of	 CML.	 The	 CML-like
myeloproliferative	 neoplasm	 can	 be	 recapitulated	 in	 murine	 models	 using	 BCR-ABL1	 retroviral
transduction/transplantation	 models,4	 an	 inducible	 transgenic	 mouse	 model	 of	 conditional	 BCR-ABL1
expression,5	or	xenograft	models	using	various	strains	of	immunodeficient	mice	for	engraftment	of	primary	CML
cells.6	 These	 models	 have	 served	 as	 critical	 tools	 to	 understand	 the	 biology	 of	 disease,	 dissect	 signaling
mechanisms,	and	as	preclinical	models.

Molecular	Anatomy	of	the	BCR-ABL1	Junction
The	breakpoints	within	ABL1	occur	upstream	of	exon	1b,	downstream	of	exon	1a,	or	more	frequently,	between	the
two.	 Regardless	 of	 the	 exact	 breakpoint	 location,	 splicing	 of	 the	 primary	 transcript	 yields	 a	 messenger	 RNA



(mRNA)	in	which	BCR	sequences	are	fused	to	ABL1	exon	a2.	Breakpoints	within	BCR	 localize	 to	one	of	 three
breakpoint	cluster	regions.	More	than	90%	of	CML	patients	and	one-third	of	Ph-positive	acute	lymphoid	leukemia
patients	express	 the	210-kDa	isoform	of	BCR-ABL1,	 in	which	 the	break	occurs	 in	 the	5.8-kb	major	breakpoint
cluster	region	(M-	bcr),	which	spans	exons	e12-e16	(formerly	exons	b1	to	b5).	Alternative	splicing	gives	rise	to
either	b2a2	(e13a2)	or	b3a2	(e14a2)	 transcripts,7	which	are	mutually	exclusive	and	present	 in	36%	and	64%	of
patients,	respectively.	Patients	with	b3a2	rearrangements	are,	on	average,	older	than	patients	with	b2a2	transcripts
and	have	elevated	platelet	levels.8	The	remainder	of	Ph-positive	acute	lymphoid	leukemia	patients	and	rare	CML
cases	harbor	breakpoints	further	upstream	in	the	54.4-kb	minor	breakpoint	cluster	region	(m-	bcr),	generating	an
e1a2	 transcript	 that	 is	 translated	 into	 p190BCR-ABL1.9	 A	 third	 breakpoint	 downstream	 of	 exon	 19	 in	 the
microbreakpoint	 cluster	 region	 (μ-	 bcr)	 gives	 rise	 to	 an	 e19a2	 BCR-ABL1	 mRNA	 and	 p230BCR-ABL1	 and	 is
associated	 with	 neutrophilia.	 The	 reciprocal	 ABL1-BCR	 transcript,	 although	 detectable	 in	 approximately	 two-
thirds	of	patients,	does	not	seem	to	play	any	significant	role	in	pathogenesis.10

Functional	Domains	of	BCR-ABL1	and	Kinase	Activation
p210BCR-ABL1	 contains	 several	 distinct	 domains	 (Fig.	 103.1B).11	 The	 N-terminal	 coiled-coil	 domain	 of	 BCR
allows	BCR-ABL1	dimerization,	which	is	critical	for	kinase	activation.	The	p210BCR-ABL1	protein	also	retains	the
serine/threonine	 kinase	 and	 Rho	 guanine	 nucleotide	 exchange	 factor	 homology	 domains	 of	 BCR,	 which	 are
deleted	in	p190BCR-ABL1,	which	may	explain	differences	in	disease	phenotype	associated	with	the	two	variants.	In
contrast	to	BCR,	the	ABL1	sequence	is	almost	completely	retained,	including	SRC	homology	domains	2	and	3,
the	 tyrosine-kinase	 domain,	 a	 proline-rich	 sequence,	 and	 a	 large	 C	 terminus	 with	 nuclear	 localization	 signal,
DNA-binding,	and	actin-binding	domains.	The	N-terminal	“cap”	region	of	ABL1,	which	is	lost	in	the	BCR-ABL1
fusion,	negatively	regulates	kinase	activity	by	binding	to	a	hydrophobic	pocket	at	the	base	of	the	kinase	domain,
which,	in	the	1b	isoform,	is	mediated	by	N-terminal	myristoylation.
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Figure	103.1	A:	A	schematic	representation	of	the	t(9;22)(q34;q11)	translocation	that	creates	the
Philadelphia	(Ph)	chromosome.	The	ABL1	and	BCR	genes	reside	on	the	long	arms	of	chromosome	9
and	22,	respectively.	As	a	result	of	the	(9;22)	translocation,	the	BCR-ABL1	gene	is	formed	on	the

derivative	of	chromosome	of	22	(22q−,	Ph	chromosome),	whereas	the	reciprocal	ABL1-BCR	resides
on	the	derivative	of	9q+.	B:	The	BCR-ABL1	domain	structure	and	simplified	representation	of

molecular	signaling	pathways	activated	in	chronic	myeloid	leukemia	cells.	Following	dimerization
of	BCR-ABL1,	autophosphorylation	generates	docking	sites	on	BCR-ABL1	that	facilitate

interaction	with	intermediary	adapter	proteins	(purple)	such	as	GRB2.	CRKL	and	CBL	are	also



direct	substrates	of	BCR-ABL1	that	are	part	of	a	multimeric	complex.	These	BCR-ABL1–
dependent	signaling	complexes	in	turn	lead	to	activation	of	multiple	pathways	whose	net	result	is
enhanced	survival,	inhibition	of	apoptosis,	and	perturbation	of	cell	adhesion	and	migration.	A

subset	of	these	pathways	and	their	constituent	transcription	factors	(blue),	serine/threonine-specific
kinases	(green),	and	apoptosis-related	proteins	(red)	are	shown.	Also	included	are	a	few	pathways
that	have	been	more	recently	implicated	in	chronic	myeloid	leukemia	stem	cell	maintenance	and
BCR-ABL1–mediated	disease	transformation	(orange).	However,	it	is	important	to	note	that	this	is
a	simplified	diagram	and	that	many	more	associations	between	BCR-ABL1	and	signaling	proteins
have	been	reported.	DBL,	diffuse	poorly	differentiated	B-cell	lymphoma;	SH3,	Src	homology	3;
SH2,	Src	homology	2;	GRB2,	growth	factor	receptor–bound	protein	2;	SOS,	son	of	sevenless;
PI3K,	phosphatidylinositol-3	kinase;	JAK2,	janus	kinase;	RAS-GTP,	rat	sarcoma-guanosine

triphosphate;	RAS-GDP,	rat	sarcoma-guanosine	diphosphate;	hnRNP	E2,	heterogeneous	nuclear
ribonucleoprotein	E2;	AKT,	RAC-alpha	serine/threonine-protein	kinase;	mTOR,	mammalian	target

of	rapamycin;	STAT5,	signal	transducer	and	activator	of	transcription	5;	MEK1/2,	mitogen-
activated	protein	kinase	1/2;	CEBPa,	CCAAT/enhancer	binding	protein	alpha;	PP2A,	protein
phosphatase	2A;	ERK,	extracellular	signal-regulated	kinase;	FOXO3,	forkhead	O	transcription
factor;	SKP2,	S-phase	kinase-associated	protein	2;	BAD,	BCL2-associated	agonist	of	cell	death.

Signal	Transduction
Numerous	substrates	and	binding	partners	of	BCR-ABL1	have	been	identified	(see	Fig.	103.1B)	that	contribute	to
increased	proliferation,	decreased	apoptosis,	defective	adhesion	to	bone	marrow	stroma,	and	genetic	instability.12
Because	 a	 comprehensive	 review	 of	 the	multiple	 implicated	 pathways	 is	 beyond	 the	 scope	 of	 this	 chapter,	we
focus	on	those	for	which	strong	evidence	supports	a	necessary	role	in	disease	pathogenesis.

Phosphatidylinositol-3	Kinase
Phosphatidylinositol-3	kinase	(PI3K)	is	activated	by	autophosphorylation	of	tyrosine	177,	which	generates	a	high
affinity	docking	site	for	the	growth	factor	receptor-bound	2	(GRB2)	adapter,	which	in	turn	recruits	GAB2	into	a
complex	that	activates	PI3K.13	An	alternative	pathway	of	PI3K	activation	is	a	complex	formation	between	its	p85
regulatory	 subunit,	 CBL,	 and	 CrkL,	 which	 bind	 to	 the	 SH2	 and	 proline-rich	 domains	 of	 BCR-ABL1.14	 PI3K
activates	 the	serine/threonine	kinase	AKT,	which	suppresses	 the	activity	of	 the	forkhead	O	transcription	factors
(FOXO),	 thereby	 promoting	 survival15	 in	 an	 S-phase	 kinase-associated	 protein	 2/p27–dependent	 manner.16
Another	important	outlet	of	PI3K	signaling	is	the	AKT-dependent	activation	of	mammalian	target	of	rapamycin,
which	enhances	protein	translation	and	cell	proliferation.17

Rat	Sarcoma/Mitogen-Activated	Protein	Kinase	Pathways
Upon	 direct	 phosphorylation	 by	 BCR-ABL1,	 GRB2	 mediates	 recruitment	 and	 activation	 of	 son	 of	 sevenless,
promoting	 exchange	 of	 guanosine	 triphosphate	 (GTP)	 for	 GDP	 on	 rat	 sarcoma	 (RAS).18	 GTP-RAS	 activates
mitogen-activated	 protein	 kinase,	 promoting	 proliferation.	 Signaling	 from	 RAS	 to	 mitogen-activated	 protein
kinase	involves	the	serine/threonine	kinase	RAF-119	and	ras-related	C3	botulinum	toxin	substrate	(RAC),	another
GTP–GDP	exchange	factor.20

Janus	Kinase/Signal	Transducer	and	Activator	of	Transcription	Pathway
BCR-ABL1	activates	signal	transducer	and	activator	of	transcription	5	(STAT5)	through	direct	phosphorylation	or
indirectly	 through	 phosphorylation	 by	 hematopoietic	 cell	 kinase,	 an	 SRC	 family	 kinase,	 or	 janus	 kinase	 2.21
Active	 STAT5	 induces	 the	 transcription	 of	 antiapoptotic	 proteins	 like	 myeloid	 cell	 leukemia	 1	 and	 B-cell
lymphoma-extra	 large.22	 Janus	 kinase	 2	 plays	 a	 central	 role	 in	 the	 cytokine	 signaling	 machinery	 that	 enables
survival	of	CML	stem	cells	in	the	presence	of	BCR-ABL1	tyrosine-kinase	inhibitors	(TKIs).	Recent	studies	have
also	shown	that	the	complete	lack	of	STAT5	abrogates	both	myeloid	and	lymphoid	leukemogenesis,	implicating	it
as	a	potential	target	for	the	elimination	leukemic	stem	cells.23–26

DNA	Repair
BCR-ABL1	 impairs	 DNA	 damage	 surveillance	 by	 various	 mechanisms.	 For	 example,	 BCR-ABL1	 has	 been
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shown	to	suppress	checkpoint	kinase	1	through	the	inhibition	of	ataxia	telangiectasia	and	Rad3-related	protein27	or
the	downregulation	of	breast	cancer	1,	early	onset,	a	substrate	of	ataxia	telangiectasia	mutated.28	Nonhomologous
end	 joining	 and	homologous	 recombination,	 both	 critical	 double-strand	break	 repair	 pathways,	 are	 defective	 in
CML.	 BCR-ABL1	 also	 upregulates	 RAD51,	 inducing	 rapid	 but	 low-fidelity	 double-strand	 break	 repairs	 on
challenge	 with	 cytotoxic	 agents	 and	 inducing	 reactive	 oxygen	 species	 that	 promote	 chronic	 oxidative	 DNA
damage,	double-strand	breaks,	and	point	mutations.29	Lastly,	telomere	length	decreases	with	disease	progression
from	CP	to	BP.30

Although	significant	progress	has	been	made	 to	understand	 the	extraordinary	complexity	of	CML	biology,	a
complete	 picture	 is	 still	 elusive.	 To	 overcome	 the	 limitations	 of	 investigating	 single	 pathways,	 quantitative
proteomics31	 and	whole	 transcriptome	 analyses32	 are	being	used	 to	 establish	 a	 comprehensive	picture	of	BCR-
ABL1	signaling.	These	results	suggest	that	cellular	processes	in	CML,	rather	than	relying	on	a	single	pathway,	use
integrated	networks	to	fully	realize	their	leukemogenic	potential.

Chronic	Myeloid	Leukemia	Stem	Cells
The	origin	of	CML	in	a	pluripotent	hematopoietic	stem	cell	(HSC)	was	elegantly	demonstrated	in	the	late	1970s.33
BCR-ABL1	does	not	confer	self-renewal,	implying	that	it	must	be	acquired	by	an	HSC	already	endowed	with	this
capacity.34	The	main	cellular	expansion	occurs	in	the	progenitor	cell	compartment,	whereas,	at	least	initially,	the
majority	of	HSCs	are	Ph	negative.35	Serial	xenograft	studies	have	shown	that	CML	leukemia	stem	cells	(LSCs)
reside	within	the	quiescent	CD34+38−	fraction	of	bone	marrow	cells.	This	distinction	has	important	implications
with	 respect	 to	 response	 to	 treatment.	 The	 vast	 majority	 of	 patients	 with	 CML-CP	 achieve	 deep	 and	 durable
remission	on	therapy	with	ABL1	TKIs,	and	although	nearly	all	CML	progenitor	and	mature	cells	are	eliminated,	a
population	of	CML	LSCs	persist	despite	effective	inhibition	of	BCR-ABL1	kinase	activity.36

Significant	progress	has	recently	been	made	by	the	identification	of	the	interleukin	(IL)-1	receptor–associated
protein	 as	 a	 surface	marker	 specifically	 expressed	on	CD34+38−	CML	LSC.37	 Several	 genes	 are	 established	 to
contribute	 critical	 roles	 for	 LSC	 maintenance	 in	 CML,	 including	 promyelocytic	 leukemia,38	 Rac2	 GTPase,39
smoothened/hedgehog,40	Wnt/β-catenin,41,42	 phosphatase	 and	 tensin	homolog,43	 hypoxia-inducible	 factor	1,44	 B
lymphoid	 kinase,45	 transforming	 growth	 factor	 β,	 FOXO3a15,	 and	 Leukotriene	 B4	 receptor	 2.46	 Additionally,
several	new	pathways	have	been	implicated	in	the	maintenance	and	potential	targeting	of	CML	LSCs,	including
the	transcriptional	repressor	Bcl-6,47	the	anti-apoptotic	member	Bcl-2,48	and	lipid	metabolism	due	to	the	increased
expression	 of	 arachidonate	 5-lipoxygenase.49	 Sirtuin	 1,	 a	 nicotinamide	 adenine	 dinucleotide–dependent	 protein
deacetylase	that	promotes	cell	survival	under	metabolic,	oxidative,	and	genotoxic	stresses	through	deacetylation	of
multiple	substrates	including	p53,	Ku70,	and	FOXO,	is	also	transcriptionally	activated	by	BCR-ABL1.50	Recent
studies	 have	 also	 shown	 that	 targeting	 EZH2,	 the	 catalytic	 subunit	 of	 polycomb	 repressive	 complex	 2,	 may
selectively	eliminate	CML	LSCs	irrespective	of	BCR-ABL1	mutation	status	as	EZH2	is	overexpressed	in	CML
compared	 to	 healthy	 progenitors.51	 Importantly,	 it	 has	 been	 shown	 that	 CML	 stem	 cell	 survival	 may	 be
independent	of	BCR-ABL1	kinase	activity.36

Progression	to	Blastic	Phase
Disease	progression	 is	believed	 to	be	due	 to	 the	accumulation	of	molecular	abnormalities	 that	 lead	 to	a	 loss	of
terminal	differentiation	capacity	of	the	leukemic	clone,	which	continues	to	depend	on	BCR-ABL1	activity.	BCR-
ABL1	 mRNA	 and	 protein	 levels	 are	 higher	 in	 CML-BP	 than	 in	 CP	 cells,	 including	 CD34+	 granulocyte
macrophage	progenitors	(GMP),	which	are	expanded	in	BP.52	One	of	the	mechanisms	that	enhances	BCR-ABL1
activity	 in	 BP	 is	 inactivation	 of	 the	 phosphatase	 protein	 phosphatase	 2A	 through	 upregulation	 of	 SET.53,54
Constitutive	BCR-ABL1	activity	has	 also	been	 shown	 to	perturb	 the	CML	 transcriptome,55	 resulting	 in	 altered
expression	of	genes	implicated	in	BP	(e.g.,	preferentially	expressed	antigen	in	melanoma,	myeloid	zinc	finger	1,
ecotropic	virus	integration	site	1,	Wilms	tumor	1,	and	JUN-B).	Interestingly,	a	six-gene	signature	(NIN1/RPN12
binding	protein	1	homolog	[S.	cerevisiae];	DEAD	[Asp-Glu-Ala-Asp]	box	polypeptide	47;	immunoglobulin	(Ig)
superfamily	member	2;	lymphotoxin	β	receptor	4;	scavenger	receptor	class	B,	member	1;	and	solute	carrier	family
25	member	A)	was	recently	found	to	accurately	discriminate	early	from	late	CP,	CP	from	accelerated	phase	(AP),
and	CP	from	BP.56

CML-BP	patients	 also	harbor	various	 additional	 genetic	 lesions	 such	 as	 extra	 copies	of	 chromosomes,	 gene
insertions	and	deletions,	and/or	point	mutations.	The	most	common	mutations	(other	than	those	in	the	BCR-ABL1



kinase	 domain)	 occur	 at	 the	 loci	 of	 runt-related	 transcription	 factor	 1	 (RUNX1),57	 additional	 sex	 combs-like	 1
(ASXL1),	WT1,	 and	 the	 tumor	suppressor	gene	TP5358	 in	myeloid	BP,	and	 in	cyclin-dependent	kinase	 inhibitor
2A/2B	 (CDKN2A/B)	 and	 the	 Ikaros	 transcription	 factor	 in	 lymphoid	 BP.59	 Furthermore,	 recent	 single-cell
transcriptomic	studies	suggest	that	in	many	cases	the	subclone	harboring	a	second	variant	expanded	at	the	time	of
progression	may	be	present	at	very	low	levels	in	the	LSC	compartment	at	diagnosis	and	be	selected	for	on	therapy
with	ABL1	TKIs.60,61

The	most	striking	feature	of	BP,	the	loss	of	differentiation	capacity,	suggests	that	the	function	of	key	myeloid
transcription	factors	must	be	compromised.	Occasionally,	 the	differentiation	block	can	be	ascribed	 to	mutations
that	 result	 in	 the	 formation	 of	 dominant-negative	 transcription	 factors,	 such	 as	 the	 secondary	 fusion
rearrangements	 RUNX1-ecotropic	 virus	 integration	 site	 1	 or	 nucleoporin	 98kDa-homeobox	 A9,	 which	 block
differentiation	or	favor	preferential	growth	of	immature	precursors.62,63	Isolated	cases	of	myeloid	transformation
have	been	associated	with	the	acquisition	of	core	binding	factor	mutations	typical	of	acute	myeloid	leukemia.	A
more	universal	mechanism	appears	to	be	the	BCR-ABL1–induced	downregulation	of	CCAAT/enhancer	binding
protein-α	 through	 the	 stabilization	 of	 the	 translational	 regulator	 heterogeneous	 nuclear	 ribonucleoprotein	 E2,
which	is	low	or	undetectable	in	CP	but	readily	detectable	in	CML-BP.64

Aberrant	 Wnt/β-catenin	 activation	 cooperates	 with	 interferon-	 regulatory	 factor	 865	 to	 contribute	 to	 CML
progression	by	conferring	self-renewal	capacity	to	GMPs.42	The	acquisition	of	self-renewal	by	GMPs	is	expected
to	greatly	increase	the	pool	of	LSCs	in	BP.	Recently,	a	crucial	role	of	the	RNA-binding	protein	Musashi2	(MSI2)
was	shown	in	CML	progression	to	BP,	where	MSI2	represses	the	expression	of	Numb,	a	protein	that	impairs	the
development	and	propagation	of	BP.66	Interestingly,	expression	microarray	studies	have	implicated	a	few	genes
such	as	β-catenin	not	only	in	disease	progression	but	also	in	resistance	to	ABL1	TKIs,	supporting	the	view	that
drug	 resistance	 and	 disease	 progression	 share	 a	 common	 genetic	 basis.67,55	 This	 has	 implications	 for
prognostication	as	well	as	for	the	development	of	strategies	to	prevent	progression	and	overcome	resistance.

Chronic	Myeloid	Leukemia	Bone	Marrow	Microenvironment
The	bone	marrow	microenvironment	(BMM)	plays	a	critical	role	in	the	maintenance	and	regulation	of	both	HSCs
and	LSCs,	driving	efforts	to	understand	the	mechanisms	of	signaling	crosstalk	between	the	BMM	and	LSCs.	In
CML,	 BMM-generated	 signals	 facilitate	 persistence	 of	 a	 quiescent	 LSC	 pool,	 resistance	 to	 TKIs,	 and	 disease
progression.68	 Such	 prosurvival	 signals	 to	 LSCs	 involve	 a	 number	 of	mechanisms	 such	 as	 chemokine	 (C-X-C
motif)	receptor	4/stromal	cell-derived	factor	1,69	N-cadherin,	and	Wnt/β-catenin.70	However,	the	fact	that	many	of
these	 genes	 are	 also	 critical	 for	 maintenance	 and	 self-renewal	 of	 normal	 HSCs	 underscore	 an	 obstacle	 to
exploiting	them	as	therapeutic	targets.	It	is	likely	that	LSCs	also	avoid	eradication	by	modulation	of	host	immune
surveillance	 in	 the	BMM.71	 For	 example,	 cytotoxic	T	 lymphocytes	 are	 unable	 to	 elicit	 an	 appropriate	 immune
response	 against	 CML	 cells	 through	 cytotoxic	 T	 lymphocyte	 exhaustion	 due	 to	 the	 activation	 of	 programmed
death	 1/programmed	death	 ligand	1	 axis.72	 In	 these	 studies,	 blockade	 of	 the	 programmed	 death	 1/programmed
death	 ligand	 1interaction	 in	 combination	with	T-cell	 immunotherapy	was	 able	 to	 trigger	 the	 loss	 of	 LSCs	 and
prevent	development	of	CML-like	disease.73	These	studies	provide	another	mechanism	for	leukemia	persistence
and	suggest	new	therapeutic	avenues	to	eradicate	CML.

Conclusions
BCR-ABL1	 orchestrates	 an	 integrated	 network	 of	 signaling	 pathways	 that	 upend	 the	 physiologic	 control	 of
proliferation,	 cell	 death,	 DNA	 repair,	 and	microenvironment	 interaction,	 and	 lead	 to	 the	 clinical	 phenotype	 of
CML.	 Cooperation	 with	 additional	 genetic	 events	 that	 accumulate	 over	 time	 inevitably	 leads	 to	 BP	 and	 drug
resistance.	 Although	 significant	 progress	 has	 been	 made	 toward	 understanding	 transformation	 and	 disease
progression,	 much	 remains	 to	 be	 learned.	 Efforts	 toward	 determining	 the	 molecular	 pathways	 critical	 for	 the
maintenance	of	these	cells,	and	to	develop	better	and	faster	techniques	to	differentiate	the	LSC	from	the	normal
HSC,	have	been	intensified	in	the	last	decade.	The	availability	of	genome-wide	scanning	tools	has	undoubtedly
accelerated	this	process.	This	knowledge	has	been	used	to	design	new	strategies	to	target	LSCs	and	hopefully	lead
to	the	discovery	of	new	therapeutic	targets	to	eliminate	CML	stem	cells,	overcome	drug	resistance	unless	effective
therapy	is	initiated	early	on,	and	improve	the	prognosis	of	patients	whose	disease	has	progressed	on	therapy.

CHRONIC	LYMPHOCYTIC	LEUKEMIA
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CLL	is	one	of	the	most	common	leukemias	in	adults	and	has	a	relatively	consistent	immunophenotype,	including
dim	surface	Ig	expression,	CD19,	CD20	(dim),	and	CD23,	along	with	the	pan	T-cell	marker	CD5.74	The	impact
on	overall	survival	in	patients	with	CLL	can	be	substantial,	although	this	has	been	obviated	to	some	extent	with
the	recent	introduction	of	targeted	therapies,	and	is	now	reminiscent	of	the	story	of	CML.	Historically	(i.e.,	with
chemoimmunotherapy),	 a	 diagnosis	 of	 CLL	 adversely	 impacted	 survival	 of	 both	 younger	 and	 older	 patients,
although	for	different	reasons:	Younger	patients	have	foreshortened	life	spans	compared	to	age-matched	controls
even	 with	 effective	 treatments,	 whereas	 older	 adults	 may	 not	 be	 able	 to	 tolerate	 toxicities	 or	 sequelae	 of
chemoimmunotherapy.75–79	A	 subset	 of	CLL	patients	 have	 indolent	 disease	 for	many	years	 and	do	not	 require
therapy.	 Improving	 our	 understanding	 of	 the	 origin,	 biology,	 and	 progression	 of	 CLL	 will	 improve	 risk
stratification	and	will	help	identify	new	treatments	for	this	disease.

Origin	of	Chronic	Lymphocytic	Leukemia
The	identification	of	a	normal	B-cell	counterpart	remains	somewhat	controversial.80–82	Unlike	most	other	B-cell
lymphomas	 and	 leukemias	 (with	 the	 notable	 exception	 of	 mantle	 cell	 lymphoma),	 CLL	 co-expresses	 typical
mature	B-cell	markers	with	CD5.	This	prompted	many	 to	hypothesize	 that	CLL	may	be	derived	 from	CD5+	 B
cells	whose	 Ig	VH	 is	 unmutated.	However,	 the	overall	 phenotype	of	CLL	with	 expression	of	CD5,	CD23,	 and
CD19	 and	 low	 levels	 of	 surface	 IgM	 or	 IgD	 is	 not	 observed	 in	 any	 usual	 B-cell	 counterpart.	 Additionally,
investigators	 identified	 that	 approximately	 40%	 of	 CLL	 cases	 have	 an	 unmutated	 IGHV	 locus,	 whereas	 the
remainder	 is	mutated.83,84	 These	 two	 groups	were	 also	 shown	 to	 have	 distinct	 clinical	 features,	 prompting	 the
hypothesis	that	CLL	may	represent	two	distinct	diseases.83,84

In	 contrast,	 two	 seminal	 articles	 examining	 gene	 expression	 profiling	 in	 CLL	 and	 normal	 B	 cells	 provided
findings	suggesting	that	CLL	may	be	one	disease	with	a	common	CLL	gene	signature.85,86	The	first,	by	Klein	et
al.,85	examined	mRNA	profiles	derived	from	IGHV	unmutated,	IGHV	mutated,	and	normal	B	cells	from	different
stages	of	differentiation.	An	unsupervised	analysis	of	gene	expression	profiles	demonstrated	that	IGHV	mutated
and	 unmutated	 CLL	 cases	 were	 intermingled	 and	 not	 distinguished	 in	 any	 manner	 among	 a	 common	 profile
typical	of	CLL.	A	second	article,	published	concurrently	by	Rosenwald	et	al.,86	demonstrated	similar	findings	of	a
common	CLL	profile	as	described	by	Klein	et	al.,85	compared	with	other	normal	B	cells	and	B-cell	malignancies.
Across	 both	 studies,	 the	 CLL	 profile	 was	 not	 shared	 by	 naive	 B	 cells,	 CD5+	 B	 cells,	 or	 germinal	 center
centroblasts,	and	 the	study	by	Rosenwald	et	al.86	 showed	a	similarity	closest	 to	postgerminal	center	memory	B
cells.	 Both	 studies	 interestingly	 showed,	 however,	 that	 supervised	 analysis	 did	 demonstrate	 distinct	 genes	 that
could	separate	the	two	clinical	subsets	of	CLL,	including	overexpression	of	ZAP70	(zeta-chain	associated	protein
kinase)	in	IGHV-unmutated	CLL	as	compared	with	IGHV-mutated	CLL.87–90

More	recently,	however,	Seifert	et	al.91	used	sophisticated	flow	cytometric	sorting	of	peripheral	blood	(whereas
previous	studies	have	used	cord	blood	and	splenic	marginal	zone	B	cells)	and	gene	expression	analysis	to	identify
CD5+	 cells	 in	 peripheral	 blood	 matching	 the	 expression	 profile	 of	 unmutated	 CLL	 and	 a	 distinct,	 previously
unrecognized	CD5+CD27+	 subset	 of	 postgerminal	 center	B	 cells	 as	 a	 putative	 cell	 of	 origin	 for	 IGHV-mutated
CLL.	Additionally,	the	relative	proportions	of	IGHV	gene	usage	identified	in	these	CD5+	cells	matched	the	well-
known	 stereotyped	 IGHV	 usage	 in	 CLL,	 providing	 further	 support	 for	 this	 hypothesis	 above	 and	 beyond	 the
expression	 profiles.	 Altogether,	 this	 recent	 work	 presents	 strong	 evidence	 that	 CLL	 is	 in	 fact	 a	 neoplasm	 of
specific	CD5+	B	 cells	 and	 raises	 the	 important	 possibility	 of	 detecting	 oligoclonally	 expanded	 cells	 in	 healthy
young	adults	even	prior	to	development	of	monoclonal	B	lymphocytosis.

ZAP-70	expression	may	partly	explain	why	IGHV-unmutated	CLL	patients	show	more	BCR	signaling	activity
upon	 ligation	 of	 the	 BCR.92–94	Multiple	 studies	 confirming	 both	 the	 clinical	 prognostic	 significance	 of	 IGHV
mutational	 status	 and/or	 ZAP-70	 expression	 have	 subsequently	 been	 reported.	 IGHV	 status	 and/or	 ZAP70
represent	very	strong	independent	variables	in	predicting	early	disease	progression,	treatment	remission	duration,
and	survival	of	CLL	patients,	at	least	in	the	chemoimmunotherapy	era.	The	variability	in	direct	measurement	of
ZAP-70	has	limited	the	application	of	this	biomarker	clinically,	but	more	recently,	ZAP-70	methylation	status	has
been	demonstrated	to	be	a	clinically	relevant	surrogate,95	and	assessment	of	methylation	may	supplant	the	direct
measurement	of	ZAP-70.

Methylation	is	well	known	to	play	a	role	in	gene	silencing,	and	coordinated	global	alterations	in	methylation
have	 been	 appreciated	 as	 a	 critical	 component	 of	 cell	 lineage	 determination,	 including	 maturation	 along	 a
hematopoietic	axis.	Extending	work	by	Kulis	et	al.96	and	Oakes	et	al.97	used	whole	genome	bisulfite	sequencing
of	 normal	 B-cell	 subsets	 and	 CLL	 to	 demonstrate	 that	 CLL	 derives	 from	 a	 continuum	 of	maturational	 states,



reflecting	 epigenetic	 programming	 recapitulating	 normal	 B-cell	 development.	 Further	 differentiation	 along	 the
low	programmed	to	high	programmed	axis	tracked	normal	B-cell	development,	and	the	differential	programming
state	correlated	well	with	IGHV	mutation	status.	High	programmed	cells	predicted	for	good	outcome	independent
of	IGHV	mutation	status,	and,	within	the	limits	of	somatic	comutations	and	other	factors,	could	possibly	reflect
the	most	accurate	measure	of	phenotype	known	to	date.

Chromosomal	Abnormalities	in	the	Pathogenesis	of	Chronic	Lymphocytic
Leukemia
In	CLL,	conventional	metaphase	cytogenetics	can	identify	chromosomal	aberrations	in	only	20%	to	50%	of	cases
because	of	the	low	in	vitro	mitotic	activity	of	CLL	tumor	cells.98	Early	unstimulated	metaphase	karyotype	studies
of	CLL	demonstrated	abnormalities,	including	trisomy	12,	deletions	at	13q14,	structural	aberrations	of	14q32,	and
deletions	of	11q,	17p,	and	6q	in	descending	frequency	of	occurrence.99	In	addition,	complex	karyotype	(three	or
more	abnormalities)	occurs	in	approximately	15%	of	patients	and	was	noted	in	these	early	studies	to	predict	for
rapid	 disease	 progression,	Richter	 transformation,	 and	 inferior	 survival.100–102	A	 stimulated	metaphase	 analysis
has	also	been	reported	with	the	identification	of	translocations	in	33	of	96	patients	(34%)	that	were	both	balanced
and	unbalanced,	which	 is	associated	with	significantly	shorter	median	 time	 from	diagnosis	 to	 requiring	 therapy
and	 overall	 survival.103	 Subsequent	 comparative	 genomic	 hybridization	 and	 global	 single	 nucleotide
polymorphism	 array	 studies	 in	 CLL	 have	 confirmed	 these	 and	 other	 chromosomal	 deletions	 in	 CLL.104–106
Increasing	 aberrations	 in	 these	 same	 studies	 of	 comparative	 genomic	 hybridization	 or	 single	 nucleotide
polymorphism	arrays	have	been	associated	with	more	aggressive	disease.

Given	 the	 limitation	 of	 standard	 or	 stimulated	 karyotype	 analysis,	 interphase	 cytogenetics	 of	 known
abnormalities	 are	 used	 to	 identify	 common,	 clinically	 significant	 aberrations	 in	 CLL.	 The	 largest	 study	 of
interphase	cytogenetics	resulted	in	improved	sensitivity	to	detect	partial	trisomies	(12q12,	3q27,	8q24),	deletions
(13q14,	11q22-23,	6q21,	6q27,	17p13),	and	translocations	(band	14q32)	in	>80%	of	all	cases.	In	a	large	study	of
325	patients	by	Döhner	et	al.,107	a	hierarchical	model	consisting	of	five	genetic	subgroups	was	constructed	on	the
basis	of	regression	analysis	of	CLL	patients	with	chromosomal	aberrations.	The	patients	with	a	17p	deletion	had	a
median	survival	 time	of	32	months	and	 the	shortest	 treatment-free	 interval	 (TFI)	of	9	months,	whereas	patients
with	 an	 11q	 deletion	 followed	 closely	 with	 79	 months	 and	 13	 months,	 respectively.107	 The	 favorable	 13q14
deletion	group	had	a	 long	TFI	of	92	months	and	a	median	 survival	of	133	months,	whereas	 the	group	without
detectable	 chromosomal	 anomalies	 and	 those	 with	 trisomy	 12	 fell	 into	 the	 intermediate	 group	 with	 median
survival	of	111	and	114	months,	respectively.	Their	TFI	was	33	and	49	months,	respectively.	Based	on	this	pivotal
study,	CLL	patients	are	prioritized	in	a	hierarchical	order	(deletion	17p13	>	deletion	11q22-q23	>	trisomy	12	>	no
aberration	 >	 deletion	 13q14).	 Interestingly,	 patients	 with	 high-risk	 interphase	 cytogenetics	 or	 other	 complex
abnormalities	almost	always	have	 IGHV	unmutated	or	ZAP-70–positive	CLL.108	Data	 from	 studies	 of	 the	 first-
generation	Bruton	tyrosine-kinase	inhibitor	ibrutinib	are	only	now	maturing,	but	early	results	indicate	that	there	is
no	 difference	 in	 progression-free	 survival	 between	 patients	 with	 or	 without	 high-risk	 deletions	 like	 17p,
suggesting	that	appropriate	pharmacologic	strategies	could	overcome	these	biologic	risks.109

The	frequency	of	recurrent	deletions	in	CLL	suggests	the	possibility	of	unique	tumor	suppressor	genes	in	these
lost	 regions.	 In	 particular,	 attention	 to	 coding	 genes	within	 the	 13q14	 region	 failed	 to	 identify	 a	 viable	 tumor
suppressor	 gene	 candidate	 for	 many	 years	 and	 to	 the	 frustration	 of	 multiple	 investigators.	 However,	 in	 2002,
Croce	 and	 colleagues110	 identified	 miR-15	 and	 miR-16,	 two	 noncoding	 microRNAs,	 in	 the	 deleted	 region	 of
13q14.	 This	 same	 group	 later	 showed	 that	 miR-16	 negatively	 regulates	 the	 expression	 of	 Bcl-2,	 which	 is
overexpressed	 in	 CLL	 and	 other	 B-cell	 lymphoproliferative	 disorders.111	 Multiple	 different	 studies	 have
associated	 specific	miR	 expression	with	 rapid	 disease	 progression,	 fludarabine	 resistance,	 and	 poor	 prognosis.
miR-34a	has	been	directly	related	to	the	adverse	outcome	associated	with	p53	dysfunction.112,113	MicroRNAs	may
also	play	a	role	in	cancers,	including	CLL,	in	cell-to-cell	communication	via	exosomes.	Further	study	of	miRs	in
CLL	is	underway	to	elucidate	their	full	role	in	the	pathogenesis	and	progression	of	CLL.

Recurrent	Mutations	in	Chronic	Lymphocytic	Leukemia
Several	groups	have	recently	used	next-generation	sequencing	to	demonstrate	a	number	of	recurrent	mutations	in
CLL,	 including	 known	 and	 novel	 mutations	 in	 over	 two	 dozen	 genes	 with	 functions	 as	 diverse	 as	 cell	 cycle
control	(ATM,	TP53,	RPS15),	histones	(HIST1H1E),	inflammation	(MYD88,	DDX3X,	MAPK1),	Notch	 signaling
(FBXW7,	 NOTCH1),	 general	 signal	 transduction	 (BRAF,	 KRAS,	 PRKD3),	 gene	 transcription	 (SMARCA2,
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NFKBIE,	EGR2),	and	RNA	processing	(SF3B1,	XPO1).114–119	These	mutations	co-associate	with	genetic	subtypes
—for	instance,	NOTCH1	in	patients	with	trisomy	12,120	MYD88	among	IGHV-mutated	patients,116	and	SF3B1	in
del(11q22.3)	patients.114	Although	 the	disease	potential	of	 alterations	 in,	 for	 example,	TP53,	ATM,	 or	 even	 the
very	rare	BRAF	mutation	may	be	clear,	the	pathogenesis	of	most	of	these	recurrently	mutated	genes	or	pathways
remain	yet	 to	be	worked	out	and	 is	a	promising	area	 for	 investigation,	particularly	 if	 experimental	 therapeutics
could	be	targeted	to	patients	according	to	their	specific	genomic	alterations.	Additionally,	several	of	these	genes,
including	 NOTCH1116,121	 and	 SF3B1,114	 also	 appear	 to	 impact	 the	 prognosis	 of	 CLL,	 providing	 potential
justification	for	assessing	mutational	status	to	predict	disease	outcome.	Overall,	identification	of	which	mutations
are	drivers	versus	passengers,	such	as	the	work	done	recently	by	Landau	et	al.,122	will	be	important	to	translate
these	findings	into	therapies	targeting	CLL	clones	at	their	root.

Progression	of	Chronic	Lymphocytic	Leukemia:	The	Role	of	Genomic
Instability	and	Clonal	Evolution
Several	studies	have	been	examined	for	features	associated	with	clonal	evolution	and	have	noted	this	to	be	more
frequent	in	patients	with	IGHV-unmutated	status123	or	those	expressing	the	surrogate	marker	for	IGHV-mutational
status,	ZAP-70.124	In	another	study,	patients	with	long	telomere	length	were	more	likely	to	have	IGHV-mutated
disease	 and	 del(13q14),	 whereas	 those	 with	 del(11q22.3),	 del(17p13.1),	 complex	 karyotype	 (more	 than
abnormalities),	and	IGHV-unmutated	disease	were	likely	to	have	extended	telomeres.125	Furthermore,	one	small
study	suggested	long	telomere	length	among	patients	with	IGHV-unmutated	disease	could	identify	patients	with
an	expected	extended	progression-free	survival.126	More	recently,	Ramsay	et	al.127	identified	POT1	(protection	of
telomeres	 1)	 gene	mutations	 in	CLL	patients	 and	 demonstrated	 that	POT1	mutated	 cells	 exhibit	 telomeric	 and
chromosomal	 instability.	 Landau	 et	 al.128	 examined	 the	 role	 of	 intratumoral	 heterogeneity	 and	 the	 presence	 of
subclonal	driver	mutations	 in	 the	progression	of	CLL.	Using	 sequencing	and	copy	number	analysis	 at	multiple
time	points,	 early	 events	 (del(13q),	+12,	MYD88	mutation)	 could	be	delineated	 from	 later	 events	 (e.g.,	SF3B1,
TP53	mutation),	and	the	development	of	mutations	or	expansion	in	preexisting	subclones	could	be	related	to	the
administration	of	chemotherapy.	In	addition,	the	presence	of	subclonal	driver	mutations	early	in	the	disease	was
an	 independent	 adverse	 prognostic	 factor.	 The	 contributions	 of	 telomere	 length,	 global	 hypomethylation,	 and
subclonal	driver	mutations’	clonal	expansion	to	CLL	progression	still	require	further	study.

Chronic	Lymphocytic	Leukemia	and	Proliferation
For	decades,	CLL	was	viewed	as	a	nonproliferating	leukemia	driven	solely	by	disrupted	apoptosis	and	extended
tumor	cell	 survival.	This	paradigm	was,	 in	part,	 perpetuated	based	on	 the	nonproliferating	blood	compartment.
However,	it	has	been	recognized	that,	as	with	normal	B	cells,	CLL	cell	proliferation	likely	occurs	in	sites	where
microenvironment	stimulation	can	occur,	 such	as	 the	 lymph	node	and	bone	marrow.	 In	such	sites,	proliferation
centers	are	observed	with	a	high	proportion	of	dividing	CLL	cells	that	are	often	surrounded	by	either	T	cells	or
accessory	stromal	cells	capable	of	providing	cytokine	costimulation.129,130	In	patients,	all	body	compartments	can
be	accurately	measured	with	the	oral	intake	of	heavy	water,	and	the	birth	rate	of	CLL	tumor	cells	can	thereby	be
assessed	in	vivo.131	These	studies	have	demonstrated	a	broad	range	of	proliferation	among	CLL	cells,	varying	by
disease	state	and	IGHV-mutational	status.132,133	As	one	might	expect,	proliferation	rate	identified	through	heavy
water	studies	in	CLL	was	shown	to	be	predictive	of	disease	progression.	Collectively,	these	studies	have	at	least
partially	discredited	the	theory	that	CLL	is	purely	an	accumulative	disease	and	have	focused	the	study	on	specific
body	compartments	that	have	very	different	biologic	features	of	proliferation.

Chronic	Lymphocytic	Leukemia	and	Disrupted	Apoptosis
Disruption	of	apoptosis	in	a	lymphocyte	would	be	predicted	to	lead	to	a	relatively	nonproliferative	but	extremely
long-lived	cell,	describing	well	the	phenotype	of	CLL.	Several	studies	derived	from	CLL	do	provide	evidence	that
apoptosis	 is	disrupted.	Despite	 the	rarity	of	BCL2	gene	rearrangement	 in	CLL,	overexpression	of	BCL2	mRNA
and	Bcl-2	protein	 is	common,	 including	 resulting	 from	 the	aforementioned	mir-15/16	deletion,111	and	has	been
shown	to	contribute	to	both	disrupted	spontaneous	apoptosis	and	ex	vivo	drug	resistance.134–138	Similarly,	other
antiapoptotic	Bcl-2	family	member	proteins	 including	myeloid	cell	 leukemia	1,	A1,	and	B-cell	 lymphoma-extra
large	have	also	been	shown	to	be	elevated	either	in	resting	CLL	or	in	CLL	cells	exposed	to	soluble	and	contact
factors	present	in	the	microenvironment;	these	factors	also	contribute	to	drug	resistance.139–141



Discovery	of	small	molecule	inhibitors	of	Bcl2	family	proteins	and	demonstration	that	depletion	could	cause
spontaneous	apoptosis	paved	 the	way	 for	 the	clinical	development	 first	of	navitoclax,	which	was	effective,	but
proved	too	toxic	owing	to	depletion	of	B-cell	lymphoma-extra	large	(essential	for	platelet	survival)	and	ultimately
venetoclax.142–144	 In	 a	 dramatic	 demonstration	 of	 the	 power	 of	 this	 pathway	 in	 CLL,	 clinical	 responses	 to
venetoclax	include	hyperacute—and	potentially	fatal—tumor	lysis,	requiring	dose	gradual	escalation.145

Finally,	 a	 host	 of	 transcription	 factors	 involving	 the	 nuclear	 factor	 kappa	 B,146	WNT,147	Hedgehog,148	 and
JAK/STAT149	signaling	pathway	have	been	shown	to	be	constitutively	active	and	also	to	contribute	to	disrupted
apoptosis	 and	drug	 resistance	 in	CLL,	 but	whether	 these	 can	be	 therapeutically	 targeted	directly	 remains	 to	 be
seen.

B-cell	Receptor	Signaling	in	Chronic	Lymphocytic	Leukemia
The	identification	of	the	divergent	natural	history	of	CLL	based	on	IGHV-mutational	status,	ZAP-70	expression,
and	 associated	 enhanced	 BCR	 signaling	 has	 raised	 interest	 in	 this	 pathway’s	 role	 in	 the	 pathogenesis	 of
CLL.92–94,150	Why	the	BCR	is	constitutively	active	in	CLL	is	not	yet	entirely	clear,	but	the	predominant	theories
include	 stimulation	 by	 self-	 or	 ubiquitous	 environmental	 antigens	 as	 well	 as	 tonic	 BCR	 self-transactivation.
Downstream	 activation	 of	 the	 proximal	 Lyn	 and	 Syk	 kinases	 and	 Bruton	 tyrosine	 kinase,	 in	 turn,	 has	 been
demonstrated	in	CLL.151–155	Additionally,	there	is	increased	activity	of	the	PI3K	pathway.156–158	Complementing
this,	 a	 study	 demonstrated	 that	mature	memory	B-cell	 development	was,	 in	 great	 part,	 dependent	 on	 the	PI3K
pathway.158	A	study	of	an	isoform-specific	inhibitor	of	PI3K-δ	demonstrated	that	much	of	the	survival	protection
generated	by	the	microenvironment	from	stromal	cells,	cytokines	(CD40L,	IL-6,	tumor	necrosis	factor	alpha),	and
fibronectin	contact	is	mediated	via	PI3K-δ	isoform	signaling.159	Moving	inhibitors	of	BCR	pathway	kinases	into
clinical	 trials	and	ultimately	 to	regulatory	approval	has	been	of	high	priority	 in	 the	field.	Here,	PI3K-δ	 isoform
inhibitors	and	Bruton	tyrosine	kinase	inhibitors	in	particular	have	demonstrated	dramatic	and	often	rapid	clinical
responses	with	relatively	favorable	toxicity	profile	in	CLL	patients.160,161	The	dramatic	successes	of	idelalisib	and
ibrutinib	definitively	emphasize	the	importance	of	BCR	signaling	in	the	pathogenesis	of	CLL.

Conclusion
Data	concerning	the	pathogenesis	of	CLL	continue	to	accumulate.	Emerging	from	such	work	is	the	importance	of
epigenetics	in	the	progression	of	CLL	from	normal	B	cells,	the	presence	of	recurrent	genetic	mutations,	and	the
critical	 roles	 of	 evasion	 of	 apoptosis	 and	 enhanced	 BCR	 signaling.	 Mouse	 models	 have	 demonstrated	 the
importance	 of	 nuclear	 factor	 kappa	 B,	 Bcl-2,	 Tcl1,	 and	 loss	 of	 miR-15/16	 in	 the	 pathogenesis	 of	 CLL.	 The
application	of	these	principles	(e.g.,	 ibrutinib	to	quench	tonic	BCR	signaling)	in	human	trials	has	now	begun	to
pay	dividends	 in	 the	 form	of	multiple	approved,	 targeted	agents,	 including	 ibrutinib,	 idelalisib,	and	venetoclax,
which	have	all	yielded	dramatic	changes	in	the	treatment	of	patients	with	CLL.145,160,161	 It	 is	 likely	 that	current
investigations,	 combined	 with	 transcriptional	 and	 chromatin	 profiling,	 global	 proteomic	 assessment,	 and	 miR
profiling,	will	lead	to	further	advances	in	treatments	for	CLL,	and	ultimately	perhaps	a	cure.
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104 Chronic	Myeloid	Leukemia
Carlo	Gambacorti-Passerini	and	Philipp	le	Coutre

INTRODUCTION
Chronic	 myeloid	 leukemia	 (CML),	 also	 known	 as	 chronic	 myelogenous	 leukemia,	 is	 a	 neoplastic	 disease
originating	from	the	malignant	transformation	of	a	pluripotent	hematopoietic	stem	cell.	The	causative	event	of	this
transformation	 is	 represented	 by	 a	 chromosomal	 translocation	 between	 chromosomes	 9	 and	 22	 (the	 so-called
Philadelphia	or	Ph	chromosome),	which	produces	as	result	of	the	exchange	of	genetic	material	between	the	two
chromosomes	a	hybrid	gene	called	BCR-ABL1.

BCR-ABL1	 codes	 for	 a	 tyrosine-kinase	 protein,	 the	 enzymatic	 activity	 of	 which	 appears	 deregulated,
constitutive,	delocalized	from	the	nucleus	to	the	cytoplasm,	and	essential	for	its	transforming	activity.

Although	diagnosed	in	most	patients	in	a	relatively	asymptomatic	condition	named	chronic	phase	(CP),	CML
holds	the	biologic	potential	to	evolve	into	a	more	aggressive,	terminal	condition	called	blast	crisis	(BC)	in	which
leukemic	cells	lose	their	ability	to	differentiate,	similarly	to	what	happens	in	acute	myeloid	leukemia.	Historically,
the	median	 survival	 for	 newly	 diagnosed,	 unselected	CML	 patients	 range	 included	 between	 2	 and	 3	 years,	 as
documented	by	tumor	registries	worldwide.1

CML	also	represents	the	most	notorious	example	so	far	of	the	effectiveness	of	a	rational	drug	design	strategy
based	on	the	knowledge	of	CML	molecular	pathogenesis.

The	identification	of	the	Ph	chromosome	in	19602	started	a	chain	of	discoveries3	that	culminated	40	years	later
in	the	development	of	imatinib	as	the	first	ABL	inhibitor	used	to	treat	CML.4	The	treatment	of	CML,	thanks	to
imatinib	and	to	additional	ABL	inhibitors	developed	between	1999	and	2010,	became	so	effective	that	a	normal
life	expectancy	could	be	demonstrated	 for	CML	patients.5,6	Thus,	a	deadly	condition	could	be	converted	 into	a
chronic	status	in	which	patients	enjoy	an	efficient	control	of	their	disease	coupled	with	excellent	specificity	and
limited	adverse	events	(AEs).	This	leads	to	a	normal	life	expectancy,	a	scenario	unheard	of	before	1999.

EPIDEMIOLOGY	AND	PATHOGENESIS
With	all	leukemias	accounting	for	approximately	4%	of	all	malignant	diseases,	CML	accounts	for	15%	to	20%	of
all	 adult	 leukemias.7	 The	 incidence	 of	 adult	 CML	 ranges	 between	 0.6	 and	 2	 per	 100,000	 per	 year	 but	 is	 less
frequent	 in	 children.	 Geographic	 and	 ethnic	 variations	 as	 well	 as	 age	 structure	 affecting	 population-specific
incidence	exist	but	have	not	been	studied	extensively.	Further,	epidemiologic	data	derived	from	sources	such	as
clinical	 trials,	national	cancer	 institutes,	or	disease-specific	 registries	may	differ	 from	one	another	and	 thus	can
additionally	impact	on	published	incidence	rates.

The	male-to-female	ratio	ranges	between	1.3	and	1.8,	and	the	incidence	increases	in	elderly	individuals	with	a
peak	around	64	to	68	years	of	age	in	the	Western	world.	However,	data	exist	that	indicate	that	in	Africa	and	Latin
America,	 patients	 are	 diagnosed	 at	 a	 median	 age	 15	 years	 younger	 than	 in	 Europe	 and	 the	 United	 States.
Therefore,	based	on	epidemiologic	data,	male	gender	and	older	age	are	accepted	risk	factors	of	CML.	In	addition,
CML	is	more	frequent	in	individuals	after	exposure	to	irradiation	or	chemicals	such	as	formaldehyde8,9	as	well	as
in	 immunosuppressed	 patients.10	 Previous	 observations	 in	 atomic	 bomb	 survivors	 indicate	 a	 peak	 of	 CML
occurrence	after	approximately	6	years	of	exposure	to	irradiation.

Classical	tumorigenic	risk	factors	such	as	smoking	or	dietary	factors	were	generally	considered	not	involved	as
triggers	of	CML,	although	a	recent	study	found	an	increased	risk	(40%	to	50%)	of	CML	in	heavy	smokers	and
obese	people.11	Also	there	is	no	clustering	of	CML	cases	in	pedigrees,	indicating	against	an	inherited	pathogenetic
mechanism.	Patients	diagnosed	after	1985	in	the	Western	world	may	present	with	fewer	clinical	high-risk	features,
which	probably	reflects	an	effect	of	the	earlier	diagnosis	in	developed	countries.12

At	present,	the	availability	of	tyrosine-kinase	inhibitors	(TKIs)	for	the	treatment	of	CML	is	still	significantly
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impacting	on	the	prevalence	of	CML	in	the	countries	where	TKI	treatment	is	widely	available.	This	will	bring	an
estimate	of	144,000	prevalent	cases	of	CML	in	the	United	States	by	2030	(Fig.	104.1).13	If	the	prognosis	for	other
forms	of	leukemia	will	not	change,	CML	is	going	to	become	the	most	common	type	of	leukemia	by	prevalence.

Compared	to	other	forms	of	cancer,	the	pathogenesis	of	CML	is	relatively	well	understood	and	its	elucidation
over	the	past	decades	is	paradigmatic	for	modern	cancer	research	and	rationale	treatment	design.	Following	the
understanding	 of	 underlying	 disease	 mechanisms,	 specific	 therapies	 were	 developed	 to	 specifically	 target	 the
malignant	clone	and	highly	sensitive	methods	guarantee	adequate	follow-up	of	patients	in	remission.

In	1845,	two	pathologists,	John	Hughes	Bennett	in	Edinburgh	and	Rudolf	Virchow	at	the	Charité	Hospital	in
Berlin,	 independently	 reported	 cases	 of	 massive	 leukocytosis,	 splenomegaly,	 and	 death	 apparently	 due	 to
septicemia,	but	only	Virchow	understood	the	uniqueness	of	these	cases	and	coined	the	term	leukemia	(λευκóς	and
αι´μα)	 that	means	 “white	 blood.”14,15	 Following	more	 than	 a	 hundred	 years	 of	 research	 after	 the	 first	 clinical
description	 of	 CML,	 Peter	 Nowell	 and	 David	 Hungerford	 identified	 in	 1960	 the	 Ph	 chromosome	 as	 a
chromosomal	 alteration	 present	 in	 practically	 all	 patients	with	 CML.2	 The	 presence	 of	 the	 Ph	 chromosome	 is
strictly	 limited	 to	 patients	with	CML	or	 high-risk	 acute	 lymphoblastic	 leukemia.	A	 total	 of	 23	 years	 later,	 the
nature	of	the	Ph	chromosome	was	identified	as	a	balanced	reciprocal	t(9;22)(q34;q11)	translocation.16	In	1985,	it
was	 finally	 revealed	 that	 at	 the	 genetic	 level,	 this	 chromosomal	 event	 fused	 the	BCR	gene	 (breakpoint	 cluster
region)	located	on	chromosome	22	with	the	Abelson	gene	(ABL)	on	chromosome	9	resulting	in	a	hybrid	BCR-
ABL	transcript.17

The	location	of	the	genomic	breakpoints	of	BCR	and	ABL1	show	considerable	variation,	but	the	majority	of
events	are	present	as	e13a2	(BCR	exon	13	and	ABL1	exon	2)	or	e14a2	fusions.	Cells	carrying	the	Ph	chromosome
exclusively	 originate	 from	 a	 pluripotent	 hematopoietic	 stem	 cell.	 Thus,	 the	 presence	 of	 the	 BCR-ABL	 gene
typically	is	present	in	myeloid,	erythroid,	and	megakaryocytic	lineage	as	well	as	in	the	B-cell	compartment.

Figure	104.1	Estimation	of	the	prevalence	of	chronic	myeloid	leukemia	in	the	United	States.
(From	Huang	X,	Cortes	J,	Kantarjian	H.	Estimations	of	the	increasing	prevalence	and	plateau
prevalence	of	chronic	myeloid	leukemia	in	the	era	of	tyrosine	kinase	inhibitor	therapy.	Cancer

2012;118[12]:3123–3127.)

Central	 to	 the	 pathogenesis	 of	 CML	 is	 the	 expression	 of	 the	 BCR-ABL1	 oncoprotein	 encoded	 by	 the	 Ph
chromosome.	 The	 e13a2	 and	 e14a2	 transcripts	 (also	 known	 as	 b2a2	 and	 b3a2	 transcripts)	 both	 result	 in	 the
expression	 of	 the	 210	 kDa	 BCR-ABL1	 protein	 (p210).	 An	 alternative	 breakpoint	 pattern	 is	 named	 e1a2	 and
typically	results	in	a	p190	BCR-ABL	protein	that	is	almost	exclusively	found	in	Ph-positive	acute	lymphoblastic
leukemia	and	shows	a	higher	kinase	activity	than	p210.	Finally,	the	rare	e19a2	transcript	resulting	in	a	p230	fusion



protein	can	be	found	in	cases	of	CML	with	very	slow	progression	and	presents	a	kinase	activity	lower	than	p210.
Breakpoint	heterogeneity	is	related	to	three	distinct	breakpoints	regions	named	major	breakpoint	cluster	(p210),
minor	 breakpoint	 cluster	 (p190),	 and	 micro	 breakpoint	 cluster	 (p230)	 within	 the	 bcr	 gene,	 whereas	 the
translocation	uniformly	separates	exon	1	from	exon	2	in	the	Abl1	gene.	Knowledge	of	the	exact	breakpoint	pattern
of	 an	 individual	 CML	 patient	 is	 of	 fundamental	 importance	 as	 it	 determines	 adequate	 primer	 placement	 in
quantitative	real-time	polymerase	chain	reaction	(QRPCR)	methods	that	are	needed	for	both	diagnostic	as	well	as
monitoring	analyses.	BCR-ABL1	has	 tyrosine	kinase	activity,	but	 its	characteristics	are	quite	different	 form	the
normal	ABL1.	Although	ABL1	 protein	 (p145)	 and	 its	 kinase	 activity	 are	 tightly	 regulated	 (mostly	 induced	 by
DNA	damage)	and	located	only	in	the	nucleus,	BCR-ABL1	kinase	activity	is	constitutive	and	located	exclusively
in	the	cytoplasm;	in	fact,	the	forced	introduction	of	BCR-ABL1	in	the	nucleus	causes	apoptosis	instead	of	cellular
proliferation.18	BCR-ABL1	kinase	activity	ultimately	generates	the	typical	leukemic	phenotype	characterized	by	a
cell	clone	with	features	of	hyperproliferation	and	protection	from	apoptosis.

In	 animal	 models	 of	 bone	 marrow	 transplantation	 (BMT)	 with	 hematopoietic	 stem	 cells,	 expressing	 BCR-
ABL1	or	the	constitutive	presence	of	BCR-ABL1	in	transgenic	mice	causes	a	neoplastic	growth	similar	to	CML.19
Important	 cellular	 pathways	 that	 are	 altered	 by	 BCR-ABL1	 include	 PI3K/AKT,	 JAK/STAT,	 Src	 kinases,
Ras/MEK,	beta-catenin,	and	others.

The	gene	dosing	of	BCR-ABL1	also	plays	 an	 important	 role	 in	 its	 transforming	 ability,	 especially	 for	what
concerns	 the	 differentiation	 block	 characteristic	 of	 the	 advanced	phases	 of	CML.	The	 increase	 in	 the	 levels	 of
BCR-ABL1	 protein,	 either	 through	 gene	 amplification	 or	 other	 mechanisms,	 impairs	 myeloid	 differentiation
through	 the	 induction	 of	 hnRNP	 E2,	 which	 degrades	 C/EBPα	 messenger	 RNA,	 the	 principal	 regulator	 of
granulocytic	differentiation.20

Finally,	 although	BCR-ABL1	 clearly	 dominates	 the	 oncogenic	 landscape	 of	CML	pathogenesis,	 recent	 data
obtained	through	unbiased	next-generation	sequencing	techniques	indicates	that	additional	mutations	are	generally
present	at	diagnosis	and	that	the	presence	of	mutations	in	genes	with	high	oncogenic	potential	may	have	an	impact
on	CML	clinical	course.21

DIAGNOSIS
Clinically,	 CML	 should	 be	 suspected	 in	 patients	 with	 splenomegaly	 and	 associated	 symptoms,	 fatigue,	 and/or
weight	 loss.	A	 significant	 proportion	of	 patients	 (50%)	 in	 the	United	States	 are	 diagnosed	 in	 an	 asymptomatic
state.12	CML	classically	occurs	in	three	stages:	CP,	accelerated	phase	(AP),	and	the	terminal	BC.	Most	patients
(90%	to	95%)	are	diagnosed	in	CP.	When	present,	clinical	manifestations	include	fatigue,	malaise	(60%),	weight
loss	 (21%),	 and	 symptoms	 secondary	 to	 splenomegaly	 (72%).	Less	 frequent	 symptoms	 consist	 in	 hemorrhage,
thrombotic	events,	priapism,	fever,	and	gouty	arthritis.	Patients	with	advanced	CML	may	additionally	suffer	from
bone	pain,	night	sweats,	splenic	infarction,	infections,	and	symptoms	due	to	leukostasis	(dyspnea,	confusion,	and
lack	of	coordination)	or	bone	marrow	failure	(infections	and	hemorrhages).	In	general,	the	transformation	of	CML
to	more	advanced	stages	strongly	correlates	with	progression	of	clinical	symptoms.

Laboratory	Tests
The	diagnosis	of	CML	is	made	by	reviewing	a	peripheral	blood	smear	and	a	bone	marrow	aspirate.	The	hallmark
of	 newly	diagnosed	patients	 is	 hyperleukocytosis	with	marked	 left	 shift,	 including	basophilia	 and	 eosinophilia.
Massive	leucocytosis	in	individual	CML	patients	can	reach	levels	of	above	450,000/μL,	and	a	drastic	elevation	of
the	granulopoiesis:erythropoiesis	index	in	a	bone	marrow	sample	above	3:1	is	common.	Depending	on	the	stage
of	CML,	myeloblasts	 and	 promyelocytes	may	be	 also	 detected	 but	 are	 scarce	 in	CP.	Patients	 can	 present	with
anemia	and	thrombopenia	or	thrombocytosis.	In	rare	cases,	leukocytosis	is	minimal	or	absent	with	thrombocytosis
being	the	only	lab	abnormality	present.	Lab	chemistry	can	show	elevation	of	lactate	dehydrogenase	and	uric	acid
as	an	expression	of	hyperproliferation.

Reviewing	a	bone	marrow	smear	by	cytology	allows	the	differentiation	between	CP,	AP,	and	BC;	a	pathology
sample	 from	a	bone	marrow	biopsy	can	provide	additional	 information	on	 the	presence	and	degree	of	 fibrosis,
which	 is	 sometimes	 present,	 reflects	 a	 secondary	 phenomenon,	 and	 usually	 resolves	 after	 the	 initiation	 of	 an
effective	treatment	and	control	of	the	primary	disease.

The	definite	diagnosis	of	CML	is	obtained	by	demonstrating	the	presence	of	a	BCR-ABL1	fusion.	This	can	be
accomplished	by	conventional	cytogenetics	analysis	with	the	identification	of	the	Ph	chromosome	and/or	by	PCR-
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based	 detection	 of	 the	 BCR-ABL1	 transcript.	 In	 rare	 cases	 of	 masked	 translocations	 or	 presence	 of	 atypical
transcripts,	a	fluorescent	in	situ	hybridization	(FISH)	technique	can	be	employed	to	identify	the	fusion.	Classical
cytogenetics	 analysis	 for	 the	detection	of	 the	Ph	chromosome	 requires	 the	 analysis	of	 at	 least	20	bone	marrow
metaphases.	 In	 most	 patients	 (80%	 to	 90%),	 a	 typical	 t(9;22)(q34;q11)	 translocation	 can	 be	 identified;	 in	 the
remaining	patients,	variant	translocations	are	present:	in	these	cases,	either	a	minimal	exchange	of	genetic	material
between	chromosomes	9	and	22	happens	(so-called	microscopical	translocation	or	Ph-negative	CML),	sufficient
to	produce	the	BCR-ABL1	hybrid	gene	but	not	 to	alter	 the	cytogenetics,	or	more	complex	translocations	which
involve	a	third	chromosome	and	will	finally	produce	the	BCR-ABL1	hybrid	gene	are	present.

DIFFERENTIAL	DIAGNOSIS	AND	STAGING
Secondary	 leukocytosis	 usually	 differs	 from	 typical	white	 blood	 cell	 elevation	 in	CML	 patients	 as	 they	 rarely
exceed	levels	of	50	×	109/L,	are	frequently	seen	with	toxic	granulocytic	vacuolation,	and	occur	in	the	absence	of
basophilia	 and	 peripheral	 myeloblasts.	 History	 and	 clinical	 presentation	 of	 patients	 with	 reactive	 leukocytosis
differ	 from	CML	 patients,	 as	 CML	 occurs	 in	many	 cases	 without	 symptoms.	 Likewise,	 cases	 of	 leukocytosis
associated	to	the	intake	of	corticosteroids	can	be	distinguished	anamnestically	but	also	through	the	absence	of	a
left	shift	in	the	peripheral	blood	and	they	are	transient	in	character.

The	 classical	 differential	 diagnosis	 of	 CML	 is	 from	 other	 chronic	 myeloproliferative	 neoplasms.	 Here,	 all
forms	 of	 myelofibrosis	 (primary	 myelofibrosis,	 postessential	 thrombocythemia	 myelofibrosis,	 and
postpolycythemia	vera	myelofibrosis)	can	present	with	splenomegaly,	neutrophilia,	anemia,	and	thrombocytosis.
Likewise,	both	polycythemia	vera	rubra	and	essential	thrombocythemia	can	be	associated	with	leukocytosis	and
thrombocytosis.	The	 absence	 of	 the	BCR-ABL1	 transcript	 and	 the	 detection	 of	mutant	 JAK2,	CALR,	 or	MPL
genes	usually	allow	to	distinguish	between	these	forms	of	chronic	myeloproliferative	neoplasms	and	CML.	It	has
to	be	remembered	that	rare	cases	of	biclonal	leukemias	exist,	with	the	simultaneous	coexistence	of	two	leukemic
clones,	one	JAK2	mutation	positive	and	the	other	BCR-ABL1	positive.

The	 diagnostic	workup	 can	 become	 difficult	 in	 patients	 presenting	with	 splenomegaly	 and	white	 blood	 cell
elevation	typical	for	CML	in	whom	no	Ph	chromosome	can	be	detected.	In	these	patients,	a	multiplex	PCR	for	the
detection	 of	 the	 BCR-ABL1	 transcript	 should	 be	 mandatory	 in	 order	 to	 rule	 out	 the	 rare	 case	 of	 a	 Ph
chromosome–negative	 but	 BCR-ABL1–positive	 CML.	 In	 these	 cases,	 FISH	 analysis	 must	 also	 be	 performed.
Another	difficult	differential	diagnosis	exists	with	the	presence	of	atypical	CML.	These	rare	patients	may	show
cytologic	and	clinical	features	of	CML,	with	 the	exception	of	basophilia.	However,	both	cytogenetics,	QRPCR,
and	FISH	analysis	fail	 to	show	the	presence	of	 the	Ph	chromosome	or	 the	BCR-ABL1	rearrangement.	In	about
40%	 of	 these	 patients,	 mutations	 in	 the	 SETBP1	 or	 ETNK1	 genes	 are	 detected.22	 Given	 that	 atypical	 CML
continues	to	show	a	poor	prognosis	(median	survival,	2	to	3	years)	compared	to	CML,	it	is	mandatory	to	perform
all	these	tests	to	exclude	the	BCR-ABL1	rearrangement.

Disease	Stages
The	most	commonly	used	classification	for	the	disease	stages	of	CML	is	the	one	used	in	early	imatinib	studies.23
Here,	AP	 is	 defined	 as	 any	of	 the	 following:	 blasts	 in	 blood	or	marrow	between	15%	and	29%,	or	 blasts	 plus
promyelocytes	 in	 blood	 or	 marrow	 >30%	 with	 blasts	 <30%,	 or	 basophils	 in	 blood	 ≥20%,	 or	 persistent
thrombocytopenia	(<100	×	109/L)	unrelated	to	therapy;	the	European	LeukemiaNet	(ELN)	added	additional	clonal
chromosome	abnormalities	in	Ph	chromosome–positive	cells	to	the	definition	of	AP	CML.24	Patients	with	blasts
in	blood	or	marrow	>30%	or	extramedullary	blast	proliferation	excluding	the	spleen	are	considered	to	be	in	BC.
All	other	CML	patients	not	falling	into	these	categories	are	in	CP.

The	 revised	 classification	 of	 myeloid	 malignancies	 provided	 by	 the	 World	 Health	 Organization	 (WHO)
provided	 analogous	 parameters	 for	 the	 cytologic	 distinction	 between	 CP	 and	AP.	 The	WHO	 classification	 set
these	 boundaries	 at	 10%	 (instead	 of	 15%)	 blasts	 (in	 peripheral	 blood	 or	 bone	marrow)	 for	AP	CML	and	 20%
(instead	of	30%)	for	BC	CML.25	The	WHO	considered	also	thrombocytosis	>1,000	×	109/L	as	a	criterion	for	AP
and	 included	 so-called	 provisional	 response-to-TKI	 criteria	 that	 allocates	 to	AP	patients	who	 do	 not	 achieve	 a
hematologic	remission,	or	who	have	hematologic,	cytogenetic,	or	molecular	signs	of	resistance	to	two	consecutive
TKIs	 or	who	 develop	mutations	while	 on	TKI	 therapy.	As	 these	 provisional	 response-to-TKI	 criteria	 have	 not
been	evaluated	in	prospective	trials,	their	integration	into	clinical	practice	should	be	applied	with	caution.



PROGNOSTIC	FACTORS
Several	 prognostic	 scores	 were	 established	 to	 predict	 disease	 outcome	 in	 CML.	 In	 order	 to	 align	 with
developments	 in	 therapy	 and	 disease	 monitoring,	 prognostic	 scores	 were	 modified,	 but	 with	 mixed	 results.
Published	in	1984,	the	Sokal	score	predicts	overall	survival	(OS)	of	CP	patients	treated	with	chemotherapy.26	The
EURO	score,	published	in	1998,	predicts	OS	in	patients	treated	with	interferon-α,	the	standard	treatment	of	CML
before	the	introduction	of	TKI	therapy.	A	revised	prediction	algorithm	called	EUTOS	score	was	finally	provided
after	the	introduction	of	TKI	therapy.	The	new	EUTOS	LTS	(meaning,	long-term	survival)	allowed	the	prediction
for	OS	of	CML	differentiating	between	CML-related	and	nonrelated	mortality.	Spleen	size	and	basophil	counts
are	the	only	variables	of	the	EUTOS	score,	whereas	all	others	(Sokal,	EURO,	and	EUTOS	LTS)	also	include	age,
platelet	count,	and	blast	cells.	The	EUTOS	score	considers	only	two	risk	groups,	whereas	all	others	discriminate
among	low-,	intermediate-,	and	high-risk	patients.	Although	considerable	debate	followed	the	introduction	of	each
of	these	scores,27	the	Sokal	scoring	system	remains	the	most	widely	used.

Other	 factors	 that	 influence	 outcome	 of	 therapy	 in	 CML	 include	 the	 presence	 of	 additional	 chromosomal
alterations	(ACA)	in	the	Ph	chromosome–positive	clone.	The	most	frequent	ACAs	are	+8	(35%),	+der(22)t(9;22)
(31%),	i(17)(q10)(20%),	as	well	as	+19	(13%)28	and	are	defined	as	major	route	aberrations.	These	are	unbalanced
aberrations;	 some	 but	 not	 other	 studies	 showed	 that	 ACAs	 may	 result	 in	 delayed	 achievement	 of	 complete
cytogenetic	response	(CCyR)	but	not	inferior	OS.28	Low	expression	of	OCT1,	an	active	transporter	of	 imatinib,
correlates	with	low	responses	to	400	mg	but	not	to	600	mg	of	imatinib.	MDR1	high	expression	or	polymorphisms
as	 well	 as	 specific	 gene	 expression	 profiles	 may	 impact	 significantly	 on	 outcomes	 but	 have	 not	 been	 studied
extensively	enough.

THERAPY
The	cornerstone	of	CML	treatment	is	represented	by	the	use	of	TKIs	utilized	as	monotherapy.

The	development	of	imatinib,	the	first	used	TKI	for	CML,	dates	back	to	the	late	1990s,	when	it	became	clear
that	the	kinase	activity	of	BCR-ABL1	was	essential	for	its	transforming	ability.29	Imatinib	showed	the	ability	to
block	BCR-ABL1	kinase	activity	with	potency	and	specificity,	to	inhibit	cell	growth	and	to	induce	apoptosis	in
vitro,	and	to	eradicate	human	CML	cells	injected	into	nude	mice.30–32	This	led	to	clinical	trials	in	1999	and	to	a
fast	approval	of	the	drug	in	2001.

Before	 the	 introduction	of	TKI	 therapy,	patients	with	CML	eventually	progressed	 from	CP	 to	BC	generally
within	2	to	3	years	(Fig.	104.2)1;	treatment	could	not	prevent	progression	in	the	majority	of	CML	patients,	as	less
than	one-third	of	patients	could	undergo	a	BMT	procedure	and	only	50%	of	 those	who	 received	a	BMT	had	a
positive	outcome.

The	prognosis	for	CML	changed	so	much	with	the	introduction	of	imatinib	that	today	CML-related	deaths	are
rare	and	a	normal	life	expectancy	is	possible	for	CML	patients	(Fig.	104.3).5

At	present,	five	TKIs	are	licensed	for	CML	treatment:	imatinib,	dasatinib,	nilotinib,	bosutinib,	and	ponatinib.
In	Asia,	radotinib,	a	molecule	very	similar	to	nilotinob,	is	also	available.	A	description	of	each	TKI	follows,	with
particular	 emphasis	 on	 its	 specificity	 and	 safety	 profile,	 whereas	 activity	 is	 described	 in	 the	 sections	 on	 the
different	lines	of	treatment.
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Figure	104.2	Estimated	relative	survival	curves	of	newly	diagnosed	chronic	myeloid	leukemia
patients	being	diagnosed	between	1970	and	1984	versus	1985	and	1995.	CML,	chronic	myeloid

leukemia.	(From	Rebora	P,	Czene	K,	Antolini	L,	et	al.	Are	chronic	myeloid	leukemia	patients	more
at	risk	for	second	malignancies?	A	population-based	study.	Am	J	Epidemiol	2010;172[9]:1028–

1033.)



Figure	104.3	Overall	survival	for	832	patients	entered	worldwide	in	the	Imatinib	Long	Term
Effects	study;	mortality	at	8	years	was	5%,	of	which	only	1%	caused	by	chronic	myeloid	leukemia.
(From	Gambacorti-Passerini	C,	Antolini	L,	Mahon	FX,	et	al.	Multicenter	independent	assessment	of

outcomes	in	chronic	myeloid	leukemia	patients	treated	with	imatinib.	J	Natl	Cancer	Inst
2011;103[7]:553–561.)

Imatinib
Imatinib	represents	 the	first	TKI	with	ABL	inhibitory	activity	 that	successfully	completed	clinical	development
and	 was	 approved	 for	 CML	 treatment	 in	 2001	 (Table	 104.1).23	 Imatinib	 is	 a	 very	 specific	 drug	 and	 inhibits
platelet-derived	growth	factor	receptor	(PDGFR),	Kit,	and	ABL,	with	greater	activity	on	the	first	one;	its	binding
to	ABL	is	conformation	dependent	in	that	imatinib	binds	only	to	a	closed	(inactive)	conformation	of	the	enzyme.33
The	half-life	of	 imatinib	 is	approximately	14	hours	 in	human	beings.	Imatinib	represents	 the	TKIs	most	widely
used	and	with	the	longest	follow-up.	Thus,	data	on	imatinib	are	the	most	mature	ones.	Common	AEs	are	related	to
the	inhibition	of	PDGFR	and	include	edemas	(due	to	an	alteration	in	small	vessel	permeability)	with	weight	gain,
conjunctival	 irritation	and	 lacrimation,	 scleral	and	mucosal	hemorrhage,	muscle	cramps,	asthenia,	and	diarrhea.
Skin	rash	is	also	possible,	with	nummular	lesions	in	lower	limbs,	trunk,	or	forearms.	Less	frequent	AEs	include
skin	 hypopigmentation	 (due	 to	 KIT	 blockage)	 and	 fragility,	 liver	 function	 test	 (LFT)	 alterations,	 anemia,
thrombocytopenia,	 and	 neutropenia.	Hematologic	AEs	 are	 considered	 as	 such	 only	when	 occurring	 in	 patients
who	already	obtained	a	cytogenetic	remission	(CyR).	These	AEs	are	rarely	classified	as	grade	3	or	4	and	are	fully
reversible.5,23
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TABLE	104.1
A	Summary	of	Controlled	Studies	Performed	to	Evaluate	the	First-line	Treatment	of	Chronic
Myeloid	Leukemia

Trial Drugs References

IRIS IM	400	vs.	IFN/AraC Hochhaus	et	al.84

TOPS IM	400	vs.	IM	800 Cortes	et	al.85

GIMEMA IM	400	vs.	IM	800 Baccarani	et	al.86

SWOG IM	400	vs.	IM	800 Deininger	et	al.87

DASISION IM	400	vs.	DAS	100 Kantarjian	et	al.38

SWOG	0325 IM	400	vs.	DAS	100 Radich	et	al.88

SPIRIT IM	400	±	AraC	or	±	PegIFN	vs.	IM	600 Preudhomme	et	al.89

CML	IV IM	400	±	IFN	vs.	IFN	vs.	IM	800 Hehlmann	et	al.6,90	and	Kalmanti	et	al.91

ENESTnd IM	400	vs.	NIL	600	vs.	NIL	800 Saglio	et	al.44

ENEST	China 600	NIL	vs.	imatinib	400 Wang	et	al.92

BFORE IM	400	vs.	BOS	500 Cortes	et	al.52

BELA IM	400	vs.	BOS	400 Cortes	et	al.51

SPIRIT	2 IM	400	vs.	DAS	100 O’Brien	et	al.93

EPIC IM	400	vs.	ponatinib	45 Lipton	et	al.94

Radotinib IM	400	vs.	radotinib	300	BID Kwak	et	al.95

IM,	imatinib;	IFN,	interferon;	AraC,	cytosine	arabinoside;	DAS,	dasatinib;	PegIFN,	pegylated	IFN;	NIL,	nilotinib;	BOS,	bosutinib.
Kindly	provided	by	Dr.	Andreas	Hochhaus,	with	some	modifications.

Very	rare	cases	of	acute	liver	insufficiency	were	described.	No	excess	of	cardiovascular	AEs	was	identified	in
patients	 receiving	 this	 drug	 over	 long	 periods	 of	 time.5	 A	 moderate	 increase	 in	 blood	 creatinine	 values	 is
sometimes	observed	in	patients	receiving	imatinib;	this	could	be	due	to	renal	interstitial	edema,	but	it	could	also
represent	an	artifact,	as	imatinib	was	shown	to	affect	tubular	resorption	of	creatinine.34

Edema	and	fluid	retention	can	be	treated	with	low-dose	diuretics;	muscle	cramps	usually	respond	to	potassium
and	magnesium	supplements;	conjunctival	inflammation	can	require	eye	drops	containing	vasoconstrictors	and,	in
severe	cases,	steroids;	skin	rash	can	be	treated	with	topical	or	systemic	steroids.	Asthenia	is	a	bothering	side	effect
for	which	no	proven	remedy	exists:	Increased	fluid	intake	and	use	of	ginseng	have	been	suggested	on	the	basis	of
studies	in	patients	with	advanced	cancers.35

Imatinib	is	the	only	TKI	approved	for	CML	which	lost	patent	protection	in	different	countries	between	2013
and	2016.	 In	countries	where	 real	 competition	 took	place,	 the	price	of	generic	 imatinib	dropped	 to	<3%	of	 the
original	one	(e.g.,	in	Italy,	1	year	of	treatment	dropped	from	U.S.	$30,000	to	U.S.	$700);	in	other	cases,	the	drop
was	much	more	modest	 (e.g.,	 in	 the	 United	 States,	 from	 $146,000	 to	 >$100,000).	 The	 availability	 of	 generic
imatinib	holds	the	promise	to	render	this	life-saving	therapy	widely	available,	with	no	limits	caused	by	the	social
status	of	the	patient.	This	will	hopefully	eliminate	differences	in	survival	existing,	for	example,	between	United
States	and	Northern	European	registries.

Dasatinib
Dasatinib	is	called	a	“dual	inhibitor”	in	that	in	addition	to	ABL,	PDGFR,	and	KIT	it	blocks	also	several	members
of	the	Src	family	of	tyrosine	kinases.	Dasatinib	is	less	specific	than	imatinib	and	indeed	it	efficiently	inhibits	>30
tyrosine-kinases.36	In	contrast	to	imatinib,	its	binding	to	ABL	is	not	dependent	on	the	conformation	of	the	enzyme
and	the	IC50	value,	a	measure	of	the	potency	of	a	drug,	for	dasatinib	is	around	1	nm,	compared	to	approximately
200	for	imatinib.	The	plasma	half-life	of	dasatinib	is	short	(3	to	4	hours)	compared	to	other	TKIs	but	the	drug	has
a	 slow	 off-rate	 from	 the	 ABL	 pocket,	 which	 prolongs	 its	 effects	 and	 renders	 the	 once-per-day	 administration
schedule	feasible.	Dasatinib	was	approved	for	second-line	treatment	of	CML	in	2006	and	for	first-line	treatment
of	CML	in	201037,38	(see	Table	104.1).

Therefore,	the	clinical	data	available	for	dasatinib	are	less	mature	than	for	imatinib	and	mostly	derived	from	the
treatment	of	patients	resistant	or	intolerant	to	imatinib.



The	Src	inhibitory	effect	of	dasatinib	is	considered	to	be	the	cause	of	lymphocytosis	that	develops	in	up	to	73%
of	 patients	 and	 was	 positively	 although	 not	 constantly	 correlated	 to	 clinical	 response.	 These	 cells	 represent
cytomegalovirus-induced	reactivation	of	cytomegalovirus-specific	natural	killer	cells	and	CD8+	T	lymphocytes39
and	are	induced	only	in	patients	receiving	this	TKI.	Viral	reactivation	(hepatitis	B	virus,	hepatitis	C	virus,	herpes)
is	possible	with	all	TKIs	but	particularly	so	in	patients	receiving	dasatinib.

Dasatinib	can	induce	initially	a	flu-like	syndrome	that	can	be	counteracted	by	1	g	of	paracetamol	given	for	5	to
7	days.	Other	AEs	include	articular	pain	and	gastrointestinal	hemorrhage	possibly	due	to	the	inhibitory	activity	of
dasatinib	on	platelets.

The	 most	 important	 AE	 of	 dasatinib	 is	 instead	 represented	 by	 the	 development	 of	 pleural	 and	 pericardial
effusions,	which	show	no	plateau	with	time	and	can	develop	after	several	years.	This	AE	can	develop	in	30%	to
40%	of	patients40	 and	 requires	 treatment	 interruption	 and	 supportive	 therapy	with	 steroids	 and	 diuretics.	Upon
resolution,	dasatinib	treatment	can	be	resumed	at	the	same	dosage	or	at	a	reduced	dose.

Assuming	the	disease	is	optimally	controlled,	dasatinib	dose	can	be	decreased	down	to	50	mg	per	day;	some
patients	 can	be	 treated	with	 50	mg	 every	 other	 day	or	 20	mg	per	 day.	Sometimes	 treatment	 discontinuation	 is
necessary	because	of	effusion	recurrence	even	at	the	lower	doses.	Rare	(<5%)	cases	of	pulmonary	hypertension
were	 observed	 in	 patients	 treated	 with	 dasatinib;	 this	 AE	 seems	 seem	 to	 be	 reversible	 upon	 treatment
discontinuation.41	Pulmonary	hypertension	diagnosis	requires	direct	cardiac	catheterization,	as	echocardiographic
evaluation	of	pulmonary	artery	pressure	often	reveals	higher	numbers	than	the	real	value.

Nilotinib
This	derivative	of	imatinib	is	characterized,	similarly	to	imatinib	by	high	specificity	with	preferential	inhibition	of
ABL	 versus	 PDGFR	 and	 KIT,	 IC50	 in	 the	 low	 nanomolar	 range,	 binding	 to	 the	 closed	 conformation	 of	 the
enzyme,	and	long	half-life.42	Nilotinib	was	licensed	for	imatinib-resistant/-intolerant	CML	in	2006	and	for	first-
line	treatment	of	CML	in	201043,44	(see	Table	104.1).	The	drug	does	not	cause	the	usual	imatinib-dependent	AEs,
such	 as	 edemas	 and	muscle	 cramps,	 although	 it	 has	 higher	 rates	 of	 cutaneous	 toxicity;	 it	 also	 causes	 bilirubin
elevations	that	in	some	cases	are	accompanied	by	LFT	elevations.	Cases	of	acute	pancreatitis	were	also	described.
The	 most	 important	 toxicity	 associated	 to	 the	 use	 of	 nilotinib	 is	 the	 development	 of	 a	 sort	 of	 “metabolic
syndrome”	 characterized	 by	 hyperglycemia,	 increased	 cholesterol	 and	 triglyceride	 levels,	 and	 progression	 of
atherosclerotic	lesions.45	Over	 a	 5-year	 period	 nilotinib	was	 associated	with	 a	 15%	prevalence	 of	 diabetes	 and
20%	of	cardiovascular	events,	including	peripheral	occlusive	arterial	disease;	these	values	are	several	fold	higher
than	those	observed	with	imatinib.46	Peripheral	occlusive	arterial	disease	develops	preferentially	 in	 lower	 limbs
and	results	in	the	need	for	stent	insertion,	bypass	surgery,	or	amputation.	The	pathogenesis	of	this	syndrome	has
not	been	elucidated.	These	AEs	are	of	particular	concern	given	their	clear	irreversibility,	seriousness,	and	potential
lethality.	This	concern	is	of	particular	relevance	when	nilotinib	is	used	as	first-line	treatment,	given	the	excellent
prognosis	of	CML	and	the	availability	of	safer	alternatives.

Bosutinib
Known	also	as	SKI606	and	initially	developed	as	an	antimetastatic	drug	because	of	its	Src	inhibitory	effect,	this
molecule	was	 “rediscovered”	 as	 an	ABL	 inhibitor	 in	 2003.47	Although	more	 specific	 than	 dasatinib,	 bosutinib
inhibits	at	least	20	tyrosine-kinases,	with	activity	on	BCR-ABL1	in	the	low	nanomolar	range.48	At	difference	with
all	 other	 TKIs	 for	 CML	 bosutinib	 does	 not	 block	 either	 PDGFR	 or	 KIT49	 and	 therefore	 presents	 a	 different
inhibitory	profile.	Bosutinib	has	a	plasma	half-life	of	22	hours.	This	drug	was	licensed	in	2012	for	CML	patients
as	 second-line	or	 later	 line	of	 treatment.50	Bosutinib	was	also	evaluated	as	 first-line	 treatment	 for	CML	 in	 two
different	 trials:	 the	BELA	and	BFORE	studies	 (see	Table	104.1).51,52	Both	 studies	 showed	a	 faster	 decrease	 in
BCR-ABL1	messenger	RNA	as	evaluated	by	QRPCR;	the	BFORE	study	showed	also	a	better	CCyR	rate	after	1
year	of	treatment,	whereas	BELA	failed	to	reach	this	end	point.	Bosutinib	was	lincenced	for	1	line	tratment	of	CP-
CML	in	2018.	The	most	frequent	AE	caused	by	bosutinib	is	diarrhea,	which	is	probably	due	to	an	effect	on	pace-
regulating	cells	 in	 the	gut,	 has	 an	early	onset	 after	 few	days,	 and	usually	 resolves	 spontaneously	within	1	 to	2
weeks;	in	fact,	in	registration	trials,	diarrhea	represented	the	cause	of	treatment	discontinuation	in	<1%	of	patients.
Grade	3	or	4	LFT	elevations	are	present	in	approximately	24%	of	patients	and	cause	treatment	discontinuation	in
7%	of	them;	no	signs	of	irreversible	liver	damage	were	observed.	Skin	rash	can	be	present	in	approximately	20%
of	patients	and	presents	itself	as	“folliculitis-like”	lesions.	Another	AE	associated	to	bosutinib	is	represented	by
articular	pain,	which	can	present	clear	signs	of	inflammation	and	can	affect	several	joints	such	as	ankles,	cervical
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spine,	and	knees.	Pleural	and	pericardial	effusions	can	develop	although	at	a	low	frequency	(<5%)	and	usually	in
patients	who	switched	to	bosutinib	because	of	similar	AEs	with	dasatinib.	Bosutinib	showed	a	safe	cardiovascular
profile,	similar	 to	 imatinib.53	The	management	of	bosutinib	 toxicities	 include	 fluid	and	electrolyte	 replacement,
and	sometimes	loperamide	for	diarrhea	(especially	in	older	patients),	use	of	both	topical	and	systemic	steroids	for
skin	lesions,	and	articular	pain.	LFT	elevations	can	also	benefit	from	steroid	treatment.	It	is	important	to	note	that
dose	adjustment	plays	an	important	role.	The	dosage	of	bosutinib,	assuming	CML	is	optimally	controlled,	can	be
modulated	from	500	mg	per	day	to	300,	and	in	some	cases	to	200	mg	per	day.

Ponatinib
This	drug	represents	the	newest	addition	to	the	armamentarium	of	physicians	treating	CML.	It	was	developed	to
inhibit	the	only	BCR-ABL1	mutation	conferring	total	resistance	to	all	other	TKIs:	the	T315I	mutation.	Ponatinib
is	highly	active	against	ABL,	with	an	IC50	below	1	nm,	and	shows	a	plasma	half-life	of	24	hours.	Because	of	its
excellent	activity,	especially	against	patients	harboring	the	T315I	mutation,	ponatinib	was	approved	in	2012	for
the	treatment	of	CML	patients	resistant	or	intolerant	to	other	TKIs	or	in	patients	showing	evidence	of	the	T315I
mutation.54	A	first-line	trial	comparing	ponatinib	with	imatinib	(EPIC)	was	prematurely	stopped	for	an	excess	of
cardiovascular	events	in	the	ponatinib	group	(see	Table	104.1).

Ponatinib	 is	not	a	highly	specific	drug	and	vascular	endothelial	growth	factor	receptor	 is	 included	among	its
targets.	 This	 explains	 at	 least	 in	 part	 its	 most	 troublesome	 toxicity:	 cardiovascular	 events	 that	 can	 include,	 in
contrast	 to	nilotinib,	both	arterial	 and	venous	events	 (deep	vein	 thrombosis,	pulmonary	emboli)	 and	which	can
develop	 after	 few	 months	 of	 treatment,	 again	 at	 difference	 with	 nilotinib.	 These	 events	 are	 frequent	 as	 they
involved	35%	(arterial)	and	6%	(venous)	of	patients.	 It	 is,	however,	 important	 to	note	 that	almost	all	data	were
obtained	 from	 two	 studies	 (PACE	 and	EPIC),	which	 employed	 ponatinib	 at	 an	 initial	 dose	 of	 45	mg	 per	 day.
Subsequent	 studies	 investigated	 a	 reduced	dosage	of	 ponatinib	 (30	 and	15	mg	per	 day)	 and	 showed	 a	 reduced
incidence	of	cardiovascular	AEs.55	Other	studies	using	ponatinib	in	combination	with	antithrombotic	agents	are	in
progress.	 Ponatinib	 can	 also	 induce	 a	 desquamating	 skin	 rash	 that,	 when	 severe,	 responds	 to	 systemic	 steroid
treatment.

Other	 drugs	 approved	 for	 CML	 treatment	 include	 omacetaxine,	 a	 cytotoxic	 drug	 and	 reversible	 protein
synthesis	inhibitor.

ASSESSMENT	OF	RESPONSE	TO	TYROSINE-KINASE	INHIBITORS
Response	to	TKI	therapy	can	be	evaluated	at	three	different	levels.

The	 first	 level	 of	 response	 is	 represented	 by	 the	 normalization	 of	 cell	 blood	 count,	 and	 this	 is	 called
hematologic	response.	 In	order	 to	achieve	a	complete	hematologic	 response	(CHR),	symptom	disappearance	(if
present)	and	normalization	of	spleen	size	(if	splenomegaly	is	present)	must	also	be	obtained.	This	initial	level	of
response	does	not	mean	 that	 the	quality	of	 the	hemopoietic	system	of	 the	patient	was	changed	but	only	 that	 its
proliferation	 rate	was	slowed;	 this	 result	can	be	obtained	also	with	cytostatic	drugs	such	as	hydroxyurea	which
does	not	block	the	progression	of	the	disease.

A	second	level	 of	 response	 is	 achieved	when	 a	CyR	 is	 obtained.	Such	 a	 response	 is	 called	partial	when	 the
number	of	Ph-positive	metaphases	are	between	1%	and	35%	and	complete	(CCyR)	when	there	is	no	Ph-positive
cell	 out	 of	 a	minimum	of	 20	 evaluated	metaphases.	The	 term	major	 cytogenetic	 response	 includes	both	partial
CyR	and	CCyR.	Here	an	impact	on	the	quality	of	the	hemopoietic	system	is	reached.	The	predominantly	leukemic
bone	marrow	present	at	diagnosis	was	converted	to	a	predominantly	normal	one.	The	achievement	of	a	CyR	in
fact	correlates	with	long-term	prognosis	and	has	a	profound	impact	on	survival.23

Because	of	the	limited	number	of	cells	analyzed	(usually	20),	it	is	important	to	remember	that	the	confidence
intervals	 of	 such	 a	 proportion	 (e.g.,	 zero	 out	 of	 20)	 are	 huge,	 up	 to	 10%.	 This	means	 that	 a	 value	 of	 0/20	 is
statistically	compatible	with	a	residual	presence	of	up	to	10%	of	Ph-positive	cells.	In	such	a	situation,	the	sporadic
occurrence	of	a	single	Ph-positive	metaphase,	if	not	confirmed	by	a	subsequent	cytogenetic	evaluation	or	by	an
important	increase	in	PCR	values,	does	not	indicate	a	relapse	of	CML.

A	 third	 level	 of	 response	 is	 the	 one	 produced	 by	 the	 availability	 of	 QRPCR	 for	 BCR/ABL1.56	 Whereas
cytogenetic	analysis	becomes	negative	when	residual	leukemic	cells	fall	below	10%	to	1%,	QRPCR	can	detect	up
to	1	cell	in	100,000,	an	increase	in	sensitivity	of	1,000-fold.	In	addition,	QRPCR	is	a	noninvasive	methodology
that	requires	only	a	peripheral	blood	sample,	at	difference	with	cytogenetic	analysis,	which	can	be	performed	only



on	bone	marrow	aspirates.
With	this	assay,	 the	results	are	expressed	as	 the	number	of	BCR-ABL1	molecules	divided	by	the	number	of

molecules	amplified	from	a	control	gene	(ABL1	or	GUSB).
Any	ratio	below	0.1%	is	called	major	molecular	remission	(MMR);	we	speak	of	MR4.0,	MR4.5,	or	MR5	if	the

ratio	 falls	 below	1/10,000,	 1/32,000	or	 1/100,000,	 respectively.	Results	 obtained	 in	 different	 labs	 can	 be	made
more	comparable	by	using	the	International	Standard	(IS),	although	a	variation	by	a	factor	of	at	least	three	to	four
cannot	be	eliminated	even	by	this	method.57

The	term	complete	molecular	remission	(CMR)	applies	when	the	QRPCR	results	show	no	amplification	for	the
BCR-ABL1	gene.	The	use	of	MR4.0,	4.5,	or	5.0	can	indeed	generate	some	confusion,	depending	on	the	number	of
the	copies	of	 the	control	gene	being	amplified.	 In	fact,	a	patient	with	0/10,000	copies	 is	 in	MR4.0,	as	a	patient
with	9	copies/100,000	copies;	however,	 in	 the	first	case,	 the	patient	 is	 in	CMR,	whereas	 in	 the	second	one,	 the
patient	 is	 not.	 Therefore,	 we	 prefer	 to	 use	 the	 term	 “CMR”	 to	 indicate	 the	 absence	 of	 any	 BCR-ABL1
amplification,	followed	by	the	level	of	control	gene	amplification	reached	(i.e.,	CMR/4.0,	CMR/4.5,	CMR/5).

When	 QRPCR	 is	 performed	 in	 patients	 who	 already	 obtained	 a	 CCyR	 as	 evaluated	 by	 conventional
cytogenetics,	a	value	of	1%	or	less	can	be	considered	to	be	equivalent	to	a	CCyR.

THERAPY	OF	CHRONIC	PHASE	CHRONIC	MYELOID	LEUKEMIA
First-line	Treatment
Four	TKIs	(imatinib,	bosutinib,	dasatinib,	nilotinib)	are	presently	approved	worldwide	for	first-line	treatment	of
CML	patients,	with	bosutinib	having	been	added	very	recently.52	The	great	majority	of	data	derive	from	imatinib-
treated	 patients	 because	 imatinib	 represents	 the	 first	 and	 most	 commonly	 used	 drug.	 Treatment	 with	 TKIs	 is
started	as	soon	as	diagnosis	is	confirmed	by	either	cytogenetics	or	PCR.	Treatment	with	hydroxyurea	is	no	longer
needed	unless	 the	patient	 is	 symptomatic	 and/or	diagnostic	 results	 take	 longer	 than	3	 to	5	days.	Allopurinol	 is
usually	prescribed	(100	to	300	mg	per	day)	to	control	hyperuricemia	until	CHR	is	obtained.

The	usual	dosage	is	400	mg	per	day	for	imatinib,	400	mg	per	day	for	bosutinib,	100	mg	per	day	for	nilotinib,
and	300	mg	twice	a	day	(fasting)	for	nilotinib.	Tumor	lysis	syndrome	is	usually	not	observed	with	TKI	therapy
even	 in	patients	with	a	high	 tumor	 load;	 therefore,	no	precaution	 is	necessary	other	 than	 recommending,	 if	not
contraindicated,	a	generous	fluid	intake.	If	the	patient	is	symptomatic,	symptoms	will	fade	within	1	to	2	weeks.
CHR	is	 reached	 in	>80%	of	cases	within	4	weeks,	and	CCyR	is	obtained	 in	65%	to	80%	of	patients	within	12
months.58	The	obtainment	of	CHR	does	not	correlate	with	long-term	prognosis,	as	it	can	be	obtained	frequently
with	 nonspecific	 treatments	 such	 as	 hydroxyurea,	whereas	CCyR	 represents	 a	 powerful	 predictor	 of	 long-term
control	of	 the	disease	and	 survival.23	 Indeed,	 reaching	CyR	 indicates	 that	 the	 hemopoietic	 system	 is	 no	 longer
formed	 predominantly	 by	 leukemic	 cells	 but	 by	 normal	 cells.	 In	 cases	where	 normal	 Ph-negative	 hemopoietic
cells	are	limited	in	number	or	slow	to	regrowth,	a	transient	period	of	aplasia	can	develop	usually	in	the	second	or
third	month	of	 treatment,	with	anemia,	 thrombocytopenia,	and	neutropenia.	Neutropenia	 in	particular	can	 reach
values	of	<100	cells/μL	but	is	seldom	associated	with	serious	infections,	as	the	mucosal	tissues	are	not	damaged
by	the	treatment,	in	contrast	to	cytotoxic	drugs	therapy.

When	patients	are	monitored	by	QRPCR,	a	quick	decrease	 in	values	 is	obtained.	Although	a	value	of	<10%
after	3	months	of	treatment	is	considered	optimal,59	the	slope	of	the	curve	obtained	over	time	with	more	than	just
one	observation	seems	to	be	even	more	informative.60

Once	evidence	of	normal	bone	marrow	regrowth	 (i.e.,	 a	cytogenetic	 response)	 is	obtained,	 the	course	of	 the
disease	is	usually	favorable	and	the	prognosis	so	good	that	a	normal	life	expectancy	was	demonstrated	in	several
studies.5,6,58,61	Indeed,	the	risk	of	relapse	is	present,	especially	in	the	initial	18	months	of	treatment	and	is	mostly
due	 to	 the	presence	at	diagnosis	of	CML	clones	with	additional	genetic	alterations	 in	either	BCR-ABL1	kinase
domain	or	in	other	genes;	these	cells,	even	if	present	in	small	number,	are	then	selected	by	the	TKI	being	used.
Such	a	risk	is	however	small,	and	the	availability	of	additional	TKIs	with	different	specific	activity	can	obtain	a
new	remission	in	>50%	of	relapsed	patients.55	Therefore,	 the	number	of	deaths	attributable	 to	CML	became	so
limited	 (0%	 to	 5%)	 that	 it	 did	 not	 impact	 significantly	 on	 the	 overall	 life	 expectancy	 value	 for	 the	 CML
population.

Cytogenetic	Analysis
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The	 importance	of	conventional	 cytogenetic	analysis	during	 the	 initial	period	of	 treatment	 is	 elevated.	Because
cytogenetics	is	performed	on	dividing	cells,	it	represents	the	only	technique	able	to	demonstrate	the	regrowth	of	a
Ph-negative	hematopoietic	system	(i.e.,	a	cytogenetic	response),	a	strong	prognostic	factor	for	CML	patients.	On
the	contrary,	QRPCR,	although	sensitive,	 is	not	able	 to	document	such	an	effect	and	could	produce	misleading
results	if	CCyR	was	not	previously	documented.	For	example,	in	a	case	where	the	Ph-positive	myeloid	cells	are
effectively	inhibited	by	TKI	but	not	promptly	replaced	by	Ph-negative	ones,	myeloid	deficiency	and	neutropenia
will	ensue.	In	such	a	situation,	a	PCR	test	could	document	an	important	reduction	in	BCR-ABL1	values,	even	to
<10%,	 without	 documenting	 any	 cytogenetic	 response;	 the	 decrease	 in	 QRPCR	 values	 happen	 just	 because
myeloid	 cells	 are	 diluted	 by	 (Ph-negative)	 T	 lymphocytes.	 In	 addition,	 once	 CCyR	 is	 obtained,	 cytogenetics
becomes	 important	 to	evaluate	 the	“health”	of	Ph-	negative	hematopoiesis,	as	cytogenetic	alterations	 in	 the	Ph-
negative	cells	are	present	in	5%	to	20%	of	CML	patients	in	CCyR,5	with	some	of	them	being	commonly	observed
in	 AML	 (i.e.,	 trisomy	 8,	 chromosome	 7	 alterations)	 and	 therefore	 worth	 of	 further	 monitoring.	 Thus,	 it	 is
advisable	that	cytogenetic	response	be	checked	every	3	months	until	CCyR	is	reached	and	subsequently	every	6	to
12	months	 for	at	 least	 the	 initial	3	years	of	 treatment.	FISH	analysis	does	not	add	much	value	 to	conventional
cytogenetics	as	 it	 suffers	 from	 the	same	 limitation	of	QRPCR;	 in	other	words,	 the	percentage	of	FISH-positive
cells	 can	 decrease	 when	 myeloid	 cells	 are	 diluted	 by	 lymphoid	 ones	 (Ph	 negative)	 in	 cases	 of	 hypocellular
marrows.

Long-term	Monitoring
Although	a	positive	response	(i.e.,	CCyR	or	equivalent)	can	be	obtained	in	the	majority	of	treated	patients,	with
ensuing	normal	life	expectancy,	treatment	must	be	continued	in	most	of	them	for	an	unlimited	period	of	time.	In
fact,	the	use	of	QRPCR	shows	that	most	patients	retain	a	small	but	detectable	quantity	of	residual	BCR-ABL1–
positive	 cells,	 usually	 between	 1/1000	 and	 1/100,000,	 even	 after	 15	 or	more	 years	 of	 treatment.	 The	 biologic
reason	 for	 this	 phenomenon	 was	 discovered	 several	 years	 ago	 and	 resides	 in	 the	 presence	 of	 quiescent	 stem
cells,62	which	are	biologically	refractory	to	the	antiproliferative	and	pro-apoptotic	effects	of	TKIs.	In	other	words,
TKIs	 inhibit	 the	BCR-ABL1	kinase	 activity	 in	quiescent	 stem	cells	without	 inducing	 apoptosis,	 as	 they	do	not
proliferate.	Once	patients	are	in	stable	CCyR,	QRPCR	becomes	the	monitoring	tool	of	choice	as	it	is	minimally
invasive,	cheap,	and	sensitive.	In	few	other	diseases,	we	can	enjoy	the	possibility	of	detecting	the	presence	of	1	in
100,000	 cells.	 It	 is	 advisable	 to	 perform	QRPCR	every	 3	 to	 4	months	 in	 the	 initial	 5	 years	 and	 every	 6	 to	 12
months	thereafter.	Monitoring	by	QRPCR	must	be	continued	indefinitely	as	CML	relapses	have	been	documented
>20	years	since	diagnosis.	It	is	important	to	note	that	patients	with	poor	monitoring	have	a	worse	prognosis,	with
increased	relapse	and	mortality	rates.63

Patient	Compliance	with	Treatment
All	 TKIs	 available	 for	 CML	 therapy	 are	 orally	 administered,	 and	 patients	 are	 responsible	 for	 their	 timely
consumption.	As	the	treatment	goes	on,	year	after	year,	some	patients	become	less	zealous	in	observing	a	regular
dosing	schedule.	The	extent	of	poor	compliance	differs	according	to	the	definition	of	it	(i.e.,	missing	a	single	dose
or	a	certain	percentage	of	 the	 total	dose	 in	 the	period)	and	depending	on	 the	physician	or	patient	perspective.64
Reasons	for	poor	compliance	include	not	only	the	extent	of	AEs	of	TKI	but	also	a	young	age:	For	young	people,
the	regular	assumption	of	medications	is	unusual	and	socially	not	well	accepted.	It	is	therefore	very	important	to
maintain	a	good	relationship	with	the	patient,	 to	spend	sufficient	time	during	visits	to	check	compliance,	and	to
minimize	side	effects	of	TKI	treatment.	The	management	of	the	CML	patient	can	also	include	in	stable	patients,
“drug	 holidays”	 of	 2	 to	 3	 weeks,	 agreed	 in	 advance	 between	 doctor	 and	 patient,	 which	 can	 be	 beneficial	 in
reducing	 some	 toxicities	 and	 relieving	psychological	burden.	The	 involvement	of	nurses	 in	 the	management	of
CML	 patients	 can	 also	 result	 in	 better	 compliance	 as	 nurses	 have	 usually	 more	 time	 available	 and	 patients
sometimes	prefer	to	discuss	compliance	problems	with	them.

Comparison	of	Different	Tyrosine-Kinase	Inhibitors	When	Used	as	First-line
Treatment
Fifteen	controlled	studies,	either	sponsored	or	investigator	initiated,	have	been	performed	in	the	last	15	years	to
compare	various	TKIs	used	as	first-line	treatment	for	CML	(see	Table	104.1).	In	all	cases,	imatinib	was	used	as
the	 standard	 drug,	 and	 no	 study	 directly	 compared	 two	 different	 second-generation	 TKIs.	 The	 results	 of	 these
studies	can	be	summarized	as	follows:



Second-generation	TKIs	uniformly	produced	a	faster	and	deeper	decrease	in	BCR-ABL1	messenger	RNA
values	as	detected	by	QRPCR,	although	in	some	studies,	this	difference	tended	to	fade	after	the	initial	12
months.
Some	but	not	all	studies	showed	a	significantly	higher	CCyR	rates	at	or	by	12	months	in	patients	receiving
second-generation	TKIs.
No	study,	including	ENESTnd	in	its	latest	analysis,65	showed	a	significant	difference	in	progression	to	AP	or
BC	CML	(progression-free	survival)	nor	in	OS;	as	most	CML-related	progressions	and	deaths	happen	in	the
initial	2	years	after	diagnosis,	a	longer	follow-up	of	these	studies	is	unlikely	to	change	these	results	(see	ASH
poster	at	http://www.ilte-cml.org/enstnd-ash-2014.pdf).

Similarly,	no	subanalysis	performed	on	subgroups	of	patients	 (e.g.,	 those	with	high	risk	defined	by	Sokal	or
other	scoring	systems)	identified	statistically	significant	differences.

Overall,	 these	 results	 showed	 that	 imatinib	produced	high	and	durable	 rates	of	 responses;	 these	values	grew
better	with	time,	probably	reflecting	both	the	increased	familiarity	with	this	drug	and	the	availability	of	second-
generation	TKIs	for	relapsed/refractory	patients.	Second-generation	TKIs	when	used	as	first-line	treatment	do	not
ameliorate	further	the	excellent	results	obtained	with	imatinib.66	Unfortunately,	a	small	core	of	patients	(up	to	5%)
exist	 that	 possesses,	 already	 at	 diagnosis,	 a	 degree	 of	 tumor	 heterogeneity	 sufficient	 to	 contain	 clones	 with
mutations	which	are	then	selected	by	the	TKIs	being	used	and	finally	cause	resistance	to	all	TKIs.

These	patients	clearly	need	further	development	of	innovative	treatment	modalities.

Second-line	Treatment
Despite	the	excellent	prognosis	for	CML	patients	when	treated	first	line,	something	can	go	wrong.	It	is	important
to	detect	patients	failing	treatment	without	delay	to	characterize	them,	but	also	to	avoid	overtreating	patients	who
would	do	well	on	their	first-line	therapy.	For	example,	in	presence	of	CCyR,	the	obtainment	of	an	MMR	or	deeper
level	of	molecular	response	is	associated	with	 the	risk	of	 losing	CCyR	but	not	of	dying	of	CML,	as	 the	loss	of
CCyR	can	be	effectively	treated	when	and	if	it	will	happen.55

When	patients	discontinue	a	drug	for	intolerance,	it	 is	 important	that	all	supportive	measures,	 including	dose
decreases,	have	been	exhausted.	In	cases	of	insufficient	response,	the	course	of	the	patient	should	be	compared	to
an	 “optimal”	 template.	 Both	 ELN	 and	 the	 National	 Comprehensive	 Cancer	 Network	 (NCCN)	 established
“guidelines”	to	help	physicians.24,67	Guidelines	mean	exactly	that:	advice	from	experts	in	the	field.	They	however
do	not	derive	from	controlled	studies	in	most	cases	and	can	reflect	pressure	by	commercial	interests,	for	example,
to	anticipate	the	shift	from	imatinib	to	a	costlier	second-generation	TKI.	When	starting	a	newly	diagnosed	CML
patient,	 there	 are	 three	 milestone	 you	 do	 not	 want	 to	 miss:	 CHR	 by	 1	 month;	 evidence	 of	 a	 Ph-negative
hematopoiesis,	at	 least	 in	part,	by	3	or	6	months	with	obtainment	of	a	CCyR	by	12	months;	and	evidence	of	a
decrease	 in	QRPCR	 during	 time,	with	 possibly	 a	 value	 of	 <10%	by	 the	 third	 or	 sixth	month.	 If	 this	 does	 not
happen,	or	if	CCyR	is	lost	or	QRPCR	increases	by	at	least	0.5	log,	it	is	time	to	study	the	patient	more	in	depth.
The	first	issue	to	address	is	to	check	compliance	to	treatment	by	a	direct	and	careful	discussion	with	the	patient
and	 possibly	 their	 relatives.	 Then,	 the	 residual	 leukemic	 cells	 need	 to	 be	 studied.	 If	 the	 patient	 had	 at	 least	 3
months	 of	 treatment	 a	 mutational	 screening	 is	 advisable	 and	 will	 detect	 a	 mutation	 in	 30%	 to	 40%	 of	 cases.
Factors	suggesting	the	presence	of	a	mutation	include	a	fast	growth	in	the	QRPCR	values	or	a	quick	deterioration
of	 clinical	 parameters.	 If	 a	 mutation	 is	 found,	 then	 the	 sensitivity	 to	 different	 TKIs	 should	 be	 checked	 (Fig.
104.4)68	because	different	TKIs	have	different	sensitivity	profiles.

For	example,	all	TKIs	but	ponatinib	are	inactive	against	T315I,	nilotinib	fails	against	P	loop	(residues	248	to
255)	and	359	mutants,	dasatinib	selects	mutants	in	position	317,	and	bosutinib	is	inactive	against	V299L.	Such	an
analysis	will	allow	to	discard	TKIs	with	high	resistance	indexes,	unlikely	to	benefit	the	patient.	However,	it	does
not	guarantee	response	to	the	chosen	TKI	for	the	following	reasons:	The	mutated	clone	could	contain	additional
mutated	genes,	 outside	of	BCR-ABL1	kinase	domain,	 responsible	 for	 failure,	or	 another	 clone	with	 a	different
BCR-ABL1	mutation,	 present	 in	 low	 number,	 could	 be	 present,	 be	 selected	 by	 the	 second	 line	 treatment,	 and
cause	failure.	For	this	reason,	it	is	advisable	to	repeat	the	mutational	screening	after	1	to	2	months	if	no	sign	or
response	 is	present.	Cytogenetics	and	FISH	analysis	should	also	be	performed	 to	 look	for	signs	of	BCR-ABL1
gene	amplification,	a	resistance	mechanism	present	in	10%	to	15%	of	cases	and	important	to	be	identified,	as	it
will	respond	to	TKI	dose	increase.69	If	no	mutation	is	found	and	the	patient	is	not	on	the	maximum	dosage	of	the
drug,	a	dose	increase	should	be	planned,	in	order	to	extract	all	possible	therapeutic	value	for	the	patient	from	the
TKI	being	used.	This	 strategy	 should	be	used	when	 the	deterioration	of	 response	happens	 slowly,	over	 several
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months	or	years;	in	such	a	situation,	imatinib	dose	increase	obtained	a	new	response	in	>80%	of	cases.55,70	Even
when	the	new	response	 is	 lost,	 the	chances	of	obtaining	a	response	 to	a	new	TKI	remain;	 in	a	controlled	study
between	 imatinib	 dose	 increase	 and	 shift	 to	 dasatinib	 as	 second-line	 treatment,	 patients	who	were	 allocated	 to
imatinib	 dose	 increase	 and	 subsequently	 lost	 response	 retained	 the	 same	 response	 rate	 to	 subsequent	 dasatinib
treatment	than	patients	initially	randomized	to	dasatinib.71	If	a	different	TKI	is	needed	and	no	mutation	is	present,
consideration	should	be	made	about	patient	comorbidities	and	TKI	safety	profiles.	Unfortunately,	no	published
controlled	studies	exist	to	demonstrate	if	shifting	drugs	at	a	certain	time	will	modify	long-term	prognosis.

Figure	104.4	Activity	of	imatinib,	bosutinib,	dasatinib,	nilotinib,	ponatinib,	and	DCC-2036
against	clinically	relevant	mutated	forms	of	BCR/ABL.	(From	Redaelli	S,	Mologni	L,	Rostagno	R,
et	al.	Three	novel	patient-derived	BCR/ABL	mutants	show	different	sensitivity	to	second	and	third

generation	tyrosine	kinase	inhibitors.	Am	J	Hematol	2012;87[11]:E125–E128.)

When	we	consider	patients	who	fail	first-line	treatment,	with	no	consideration	about	the	presence	of	mutations
or	 other	 factors,	 the	 chances	 of	 obtaining	 a	 new	 durable	 response	 (either	 cytogenetic	 or	 molecular)	 are
approximately	50%	for	all	TKIs,	with	the	possible	exception	of	higher	rates	for	ponatinib55;	however,	these	data
do	not	derive	from	controlled	studies.	Thus,	losing	or	not	achieving	first-line	response	does	not	mean	in	any	way
that	effective	treatment	options	are	exhausted.	In	any	case	once	second-line	treatment	is	started,	a	response	needs
to	 be	 documented	 within	 3	 months.	 Similar	 considerations	 can	 be	 applied	 to	 subsequent	 lines	 of	 treatment,
assuming	no	sign	of	progression	to	AP/BC	are	present.

A	final	comment	pertains	to	the	fraction	of	patients	discontinuing	first-line	treatment.	Data	from	the	IRIS	study
show	that	over	10	years,	almost	half	of	patients	discontinued	imatinib72;	these	data	are	probably	not	representative
of	 the	present	 situation.	The	 IRIS	study	was	 started	 in	year	2000,	when	 imatinib	was	almost	unknown	 to	most
physicians.	With	time,	imatinib	became	better	known	by	the	medical	community	and	we	became	more	efficient	in
obtaining	 the	 best	 result	 from	 it.	 More	 recent	 studies58	 indicate	 long-term	 discontinuation	 rates	 to	 be
approximately	 half	 of	 the	 IRIS	 study,	 at	 20%.	 In	 addition,	 discontinuation	 does	 not	 happen	 only	 because	 of
resistance	or	 intolerance	to	TKIs	but	also	for	other	reasons	such	as	treatment	discontinuation	in	deep	molecular
response,	development	of	a	different	disease	(e.g.,	second	cancer),	or	change	of	residence.

TREATMENT	OF	ADVANCED	DISEASE



The	progression	of	CML	to	AP	or	BC	markedly	decreases	survival	probabilities,	especially	in	BC,	because	tumor
heterogeneity	increases,	and	with	it	the	likelihood	for	the	leukemia	to	harbor	enough	mutant	clones	able	to	survive
any	targeting	strategy.

When	AP	develops,	chances	for	durable	responses	still	exist,	especially	when	AP	definition	is	met	because	of
thrombocytopenia	 or	 basophilia,	 and	 are	 only	 slightly	 lower	 than	 patients	 in	CP;	 for	 example	 a	 phase	 II	 study
using	bosutinib	showed	a	4-year	progression-free	survival	and	OS	of	49%	and	59%,	respectively.73	Patients	who
evolved	to	BC	face	instead	a	grim	prognosis;	in	this	stage,	TKI	treatment	has	to	be	considered	a	nontoxic	bridge	to
transplant	if	the	patient	can	undergo	this	procedure,	with	median	OS	in	the	range	of	6	to	12	months.

A	 different	 situation	 exists	 instead	when	 patients	 are	 diagnosed	 directly	 in	AP	 or	BC	 and	 do	 not	 evolve	 to
advanced	disease	after	months	or	years	of	TKI	treatment.	In	such	a	situation,	it	is	logical	to	expect	better	results
from	TKI	treatment;	however,	 the	number	of	patients	 in	 this	condition	is	so	small	 that	no	study	is	ongoing	and
data	are	not	available.	This	represents	an	area	where	more	collaborative	research	is	needed.

Bone	Marrow	Transplantation
This	procedure	represented	in	the	past	the	only	curative	option	for	CML	patients,	before	the	so-called	imatinib	era.
The	relatively	high	rates	of	transplant-related	mortality	and	morbidity	versus	the	unprecedented	response	and	OS
rates	with	TKI	therapy	changed	the	indication	for	allogeneic	stem	cell	transplantation	in	CP	CML,	preferentially
performed	with	a	human	leukocyte	antigen	identical	sibling	or	unrelated	donor,	from	being	a	first-line	option	in
most	patients	to	a	late-line	therapy	used	only	in	few	patients.	Since	1999,	the	number	of	BMTs	for	CML	declined
dramatically,	and	today,	<5%	of	CML	patients	need	to	resort	to	BMT.	In	CP,	patients	carrying	the	highly	resistant
T315I	mutation	 have	BMT	as	 the	 only	 alternative	 in	 case	 ponatinib	would	 not	work	 or	 be	 tolerated	 due	 to	 its
considerable	 cardiovascular	 toxicity.	Thus,	 the	option	of	 an	 allogeneic	 transplantation	 should	be	 addressed	 and
discussed.	Likewise,	in	CP	patients	with	first-line	failure	in	whom	a	second-line	TKI	is	initiated,	human	leukocyte
antigen	 typing	 and	 identification	 of	 a	 family	 donor	 and/or	 search	 for	 an	 unrelated	 donor	 should	 be	 initiated.
However,	 in	 this	 scenario,	 it	 is	 prudent	 to	 await	 response	 to	 the	 secondary	 TKI.	 In	 any	 subsequent	 line	 of
treatment,	 the	 decision	 for	 or	 against	 transplantation	 has	 to	 carefully	 balance	 the	 already	 obtained	 response,
alternative	therapeutic	options	such	as	clinical	trials,	and	the	potential	outcome	of	transplantation.

In	patients	with	AP,	there	is	an	indication	to	consider	allogeneic	stem	cell	transplantation.	However,	in	some
patients	 with	 AP	 bordering	 CP,	 long-term	 TKI	 therapy	 is	 an	 option.74	 Patients	 in	 BC	 CML	 have	 a	 dismal
prognosis	with	an	expected	survival	of	<1	year.	 In	 these	patients,	only	allogeneic	BMT	carries	 the	potential	of
long-term	 survival.	 In	 this	 setting,	 restoration	 of	 hematologic	 response	 either	 with	 a	 TKI	 or	 intensive
chemotherapy	is	advised	before	rapidly	proceeding	to	transplantation.	After	BMT,	TKI	treatment	can	be	started	at
sign	of	disease	persistance	(e.g.,	if	QRPCR	remains	positive	at	day	100	post	BMT),	provided	that	no	resistance	to
that	particular	TKI	was	present	before	the	BMT.	The	management	of	a	patient	relapsing	after	BMT	is	extremely
complex:	 TKI	 can	 be	 used,	 provided	 that	 there	 is	 no	 clinical	 or	 biochemical	 (i.e.,	 resistant	mutations)	 sign	 of
resistance.	Donor	lymphocyte	infusion	is	another	therapeutic	option	that	can	be	combined	with	TKIs.

FUTURE	DIRECTIONS
Logistical	Aspects	of	Chronic	Myeloid	Leukemia	Care
CML	care	in	2018	integrates	several	types	of	health	workers	(physicians,	nurses,	pharmacists);	given	the	length	of
treatment	 (potentially	 life	 long)	 and	 the	 fact	 that	 all	TKIs	 are	 taken	directly	 by	 the	 patient	 at	 home,	 the	 active
involvement	of	the	patient	and	their	family	is	essential	to	achieve	optimal	results.	The	treatment	of	the	disease	also
requires	 the	 availability	 of	 different	 techniques	 such	 as	 cytogenetics,	 QRPCR,	 and	 mutational	 screening
(potentially	next-generation	sequencing–based).	Therefore,	optimal	CML	care	requires	facilities	and	skills	such	as
having	 sufficient	 amount	 of	 time	 to	 speak	 to	 patients	 and	 the	 availability	 and	 knowledge	 of	 sophisticated
diagnostic	and	monitoring	techniques.

The	availability	of	a	CML	clinic	is	also	relevant:	CML	patients	are	seemingly	“simple”	cases	from	a	medical
point	of	view,	when	compared	to	the	usual	hematologic	or	oncologic	patients.	This	often	results,	in	a	mixed	clinic,
in	having	the	CML	patients	pushed	at	the	end	of	a	busy	clinic	days	and	then	quickly	and	superficially	managed.
This	 lack	of	 attention	 (e.g.,	 to	 the	 side	effects	of	TKIs)	 and	of	 respect	 for	 the	patient	 can	 spark	damage	 in	 the
physician/patient	relationship	and	can	contribute	to	compliance	problems.75	Indeed,	a	study	found	that	compliance
was	associated	with	the	length	of	the	first	visit,	with	the	number	of	CML	patients	followed	at	the	center,	and	with
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superior	clinical	results.76
Patient	associations	(when	founded	and	governed	by	patients	and	not	by	drug	companies)	can	also	play	a	very

important	role	in	fighting	against	social	discriminations	that	CML	patients	can	face	because	the	outside	world	has
not	yet	realized	that	they	are	not	going	to	die	soon.75

Pregnancy
Because	CML	patients	now	enjoy	a	normal	life	expectancy,	they	also	want	to	build	a	family	and	have	children	if
they	are	young.	The	vast	majority	of	clinical	data	derive	from	patients	treated	with	imatinib.	The	TKIs	used	for
CML	do	not	have	a	strong	teratogenic	activity	in	vitro	or	in	animals,	with	the	possible	exception	of	dasatinib.77	In
general,	male	patients	can	conceive	without	problems	and	without	the	need	to	stop	treatment	in	advance.	In	case
of	female	patients,	the	situation	is	more	complex.	In	any	case,	pregnancy	should	be	discouraged	if	a	stable	MMR
is	not	present.	In	female	patients	who	received	imatinib	for	the	entire	duration	of	their	pregnancies,	the	number	of
malformations	or	stillbirths	observed	was	not	different	from	what	expected	in	normal	pregnancies;	however,	some
rare	bone	malformations	were	repeatedly	observed.	It	is	also	known	that	organogenesis	is	completed	in	12	to	13
weeks	and	that	the	placenta	is	fully	formed	by	the	16th	week.	Imatinib	poorly	passes	the	blood–placental	barrier.
Thus,	 the	use	of	 imatinib	after	 the	16th	week,	 if	needed,	seems	safe	for	 the	newborn.	We	do	not	advise	 to	stop
imatinib	before	conception	as	 this	would	result	 in	“cyclical”	 treatment	 (2	weeks	on,	2	weeks	off)	 if	conception
does	not	 happen	 immediately.	Rather,	 our	 approach	 is	 to	 stop	 imatinib	 as	 soon	 as	 a	 pregnancy	 test	 is	 reported
positive	 and	 to	 restart	 it	 only	 if	 hematologic	 relapse	 of	 if	 signs	 of	 progression	 (e.g.,	 development	 of	 new
cytogenetic	alterations)	develop.	Alternatives	include	the	use	of	interferon,	especially	in	patients	diagnosed	with
CML	in	their	early	pregnancy;	this	option,	however,	will	control	CML	less	efficiently	than	imatinib.

Lactation	is	another	debated	issue:	Available	data	show	that	imatinib	is	secreted	in	human	milk	in	very	limited
quantities,	so	that	the	newborn	is	exposed	to	imatinib	doses	of	few	milligrams	per	day.78	In	such	a	situation,	the
benefits	of	lactation	seem	to	outweigh	the	risk	of	imatinib	exposure.

Treatment	Discontinuation
Quiescent	 stem	 cells	 determine	 that	 most	 CML	 patients	 will	 harbor	 residual	 leukemic	 cells	 and	 will	 remain
QRPCR	positive.	However,	QRPCR	 levels	 tend	 to	 decrease	 over	 time	 and	 some	 patients	will	 achieve	 either	 a
CMR	 or	 a	 very	 deep	 response	 (MR4.0	 or	 higher).	 Once	 CMR	 is	 obtained,	 there	 is	 no	 indicator	 to	 ascertain
whether	CML	was	eradicated	or	if	the	level	of	residual	CML	cells	is	below	the	limit	of	detection.	The	only	way	to
find	this	out	is	through	TKI	discontinuation.	In	2010,	the	pivotal	STIM	trial	was	published:	In	this	study,	CML
patients	in	continuous	CMR	since	at	least	2	years	were	enrolled.	The	final	results	of	this	and	several	other	studies
conducted	 subsequently73,79,80	 show	 that	 approximately	 50%	 of	 patients	 will	 relapse	 and	 need	 to	 resume
treatment;	most	relapses	develop	within	the	initial	7	to	8	months,	although	late	relapses	were	documented	up	to	48
months	 after	 discontinuation;	 and	 among	 the	 nonrelapsed	 patients,	 more	 than	 half	 will	 show	 some	 positive
QRPCR	results	postdiscontinuation	which	do	not	increase	over	the	MMR	(0.1%)	threshold	generally	accepted	to
define	relapse.	Why	these	Ph-positive	cells	do	not	grow	in	absence	of	TKI	is	not	clear	and	represents	an	important
and	still	unsolved	biologic	question.

Factors	that	appear	to	predict	maintenance	of	remission	include	treatment	duration	>5	years,	CMR	duration	>2
years,	negativity	of	digital	PCR	before	discontinuation,	and,	in	some	studies,	an	older	age	of	the	patient.

The	use	of	second-generation	TKIs	causes	a	faster	drop	in	QRPCR	values	initially;	however,	most	controlled
studies	 report	 a	 gradual	 decrease	 in	 the	 differences	 between	 the	 imatinib	 and	 the	 second-generation	TKIs	 over
time;	patients	who	started	a	second-generation	TKI	and	then	discontinued	it	have	 the	same	risk	(50%)	of	CML
relapse	than	patients	who	discontinued	imatinib.

Patients	who	 failed	 discontinuation,	 and	 after	 achieving	 a	 new	CMR	 tried	 a	 second	 discontinuation,	 have	 a
lower	 (approximately	30%)	but	present	possibility	of	 remaining	 in	 remission.81	Similarly,	patients	who	achieve
and	maintain	a	response	of	MR4.0	or	higher	seem	to	have	the	same	chances	of	maintaining	their	response	after
discontinuation	than	patients	who	discontinue	in	CMR.

Patients	who	discontinue	should	be	monitored	monthly	or	bimonthly	for	the	initial	8	months	and	then	every	3
to	4	months	for	4	years.	If	no	relapse	develops,	it	is	advisable	to	continue	to	monitor	the	patient	once	or	twice	per
year	indefinitely.

It	is	important	not	to	overemphasize	the	issue	of	discontinuation:	This	is	relevant	only	for	some	patients	such
as	those	who	experience	important	AEs	with	all	TKIs	used,	or	for	young	patients	who	suffer	psychologically	from
the	need	of	continuous	drug	treatment;	in	both	cases,	an	optimal	disease	management	can	effectively	contain	these



issues	in	many	cases.	Patients	(and	treating	physicians)	should	remember	that	CML	is	a	rapidly	lethal	disease	if
not	adequately	treated,	and	that	this	remains	the	first	priority	in	CML	management.	The	vast	majority	of	patients
reach	a	normal	life	expectancy	and	close	to	normal	quality-of-life	indexes,	if	optimally	managed.

New	Molecules
As	CML	moved	from	an	incurable	disease	to	a	condition	compatible	with	normal	life	expectancy,	the	number	of
new	molecules	reaching	clinical	trials	dwindled.	At	present	three	molecules	are	in	clinical	trials:

ABL00182	is	an	imatinib-unrelated	compound	able	to	bind	ABL	kinase	in	an	allosteric	fashion;	it	binds	to	the
myristoyl	pocket	of	ABL1	and	induces	the	formation	of	an	inactive	kinase	conformation.	ABL001	has	shown
clinical	activity	as	monotherapy	or	in	combination	with	nilotinib	in	phase	I	and	II	studies.
PF114	is	a	new	compound	that	in	a	single	phase	II	study	obtained	cytogenetic	responses	in	4	of	11	heavily
pretreated	patients.83
K0706	is	another	ponatinib-derived	compound	which,	similarly	to	PF114	is	devoid	of	activity	against
VEGFR	and	thus	should	present	a	better	cardiovascular	safety	profile.	K0706	is	presently	in	phase	I
development.

These	molecules	produced	responses	also	in	patients	with	the	T315I	mutation.
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105 Chronic	Lymphocytic
Leukemias
William	G.	Wierda	and	Susan	M.	O’Brien

INTRODUCTION
Chronic	 lymphocytic	 leukemia	 (CLL)	 is	 a	 hematologic	 disorder	 characterized	 by	 progressive	 expansion	 of
monoclonal	B	lymphocytes.	These	small,	mature-appearing	lymphocytes	accumulate	in	the	blood,	bone	marrow,
lymph	nodes,	liver,	and	spleen.	CLL	is	the	most	common	leukemia	in	the	United	States,	accounting	for	nearly	a
third	of	newly	diagnosed	adult	leukemias.1,2

The	estimated	number	of	new	CLL	cases	for	2017	was	20,110,	with	12,310	men	and	7,800	women;	the	median
age	 at	 diagnosis	was	 71	 years,	with	 95%	 of	 patients	 diagnosed	 after	 age	 50	 years.	During	 the	 same	 year,	 the
estimated	 number	 of	 deaths	 was	 4,660,	 with	 2,880	 men	 and	 1,780	 women;	 the	 median	 age	 at	 death	 was	 79
years.1,2	Survival	outcomes	are	highly	variable	but	are	rapidly	improving	with	the	wide	usage	of	highly	effective
new	smal-molecule	inhibitors.	The	majority	of	patients	have	significant	comorbidities,	associated	with	advanced
age.

In	Asian	countries,	CLL	represents	only	5%	of	leukemias.	Geographic	and	ethnic	differences	in	incidence	are
most	likely	the	result	of	genetic	factors,	as	Japanese	who	settled	in	Hawaii	do	not	have	a	higher	incidence	of	CLL
than	native	Japanese.3	Population	studies	have	linked	insecticide4,5	and	herbicide6	exposure	through	agriculture	to
increased	 risk	 for	developing	CLL.	 In	2002,	 the	U.S.	Department	of	Veterans	Affairs	added	CLL	 to	 the	 list	of
diseases	 associated	 with	 exposure	 to	 Agent	 Orange,	 a	 similar	 herbicide;	 outcomes,	 including	 survival,	 were
similar	between	exposed	versus	nonexposed	veterans.7	There	does	not	appear	to	be	increased	risk	associated	with
radiation	exposure.	CLL	has	a	 strong	 familial	aggregation,	with	a	2-	 to	7-fold	higher	prevalence	among	 family
clusters	than	in	the	general	population.8	First-degree	relatives	of	patients	with	CLL	have	an	8.5-fold	increased	risk
of	developing	the	disease,	and	concordance	is	higher	among	monozygotic	versus	dizygotic	twins.9

IMMUNOPHENOTYPE
Clonality	of	CLL	is	confirmed	by	restricted	expression	of	either	kappa	or	lambda	immunoglobulin	(Ig)	light	chain
on	 the	 cell	 surface.10	 Ig	 gene	 rearrangement	 and	 usage	 is	 clonal;	 therefore,	 the	 CLL	 cells	 possess	 a	 unique
idiotypic	specificity	and	often	have	cytogenetic	abnormalities.11	With	the	use	of	sensitive	techniques,	monoclonal
Ig	can	be	detected	in	the	serum	of	some	patients;	only	5%	to	10%	of	patients	produce	large	enough	quantities	to
be	detected	by	serum	electrophoresis.	CLL	cells	characteristically	express	CD5,	an	antigen	normally	found	on	T
cells.	 CLL	 cells	 express	 the	 B-cell	 markers	 CD19,	 CD20,	 CD21,	 CD23,	 and	 CD24;	most	 CLL	 cells	 are	 also
positive	for	major	histocompatibility	complex	(MHC)	class	II	(DR	and	DQ),	Fc	receptors,	and	have	receptors	for
mouse	erythrocytes	 (Table	105.1).12	Some	 surface	markers	 that	 are	usually	 found	on	normal	B	cells,	 including
CD22,	are	infrequently	found	on	CLL	cells.	Small	numbers	of	normal	polyclonal	B	cells	can	express	CD5	and	are
predominantly	 in	 fetal	 circulation	or	 in	 tonsils	of	normal	adults	and	are	usually	are	not	detected	 in	adult	blood
using	 standard	 immunophenotyping	 techniques.	 CD200	 is	 expressed	 on	 CLL	 cells,	 but	 not	 on	 mantle	 cell
lymphoma	cells,	and	may	be	used	as	a	distinguishing	marker.13

Surprisingly,	as	many	as	3.5%	of	otherwise	normal	individuals	over	age	40	years	may	harbor	a	population	of
clonal	 (by	 light	 chain	analysis)	CD5+/CD19+/CD23+	B	cells.14	These	asymptomatic	 individuals	do	not	have	an
absolute	 lymphocytosis,	 lymphadenopathy,	 or	 other	 clinical	 evidence	 of	 CLL	 and	 are	 referred	 to	 as	 having
monoclonal	B	lymphocytosis	(MBL).	Furthermore,	as	many	as	13%	of	family	members	of	patients	with	familial
CLL	 harbor	 a	 population	 of	 cells	 with	 an	 immunophenotype	 consistent	 with	 CLL,	 but	 do	 not	 fulfill	 CLL



diagnostic	criteria.	Therefore,	the	prevalence	of	a	monoclonal	lymphoproliferative	process	is	high.	It	is	estimated
that	the	rate	of	progression	from	MBL	to	CLL	is	1%	to	2%	per	year.15	Currently,	there	is	no	indication	to	perform
screening	or	treatment	for	MBL.

MOLECULAR	BIOLOGY
Immunoglobulin	Heavy	Chain	Variable	Gene	Mutation	Status
Normal	B-cell	development	involves	an	antigen-independent	phase	and	an	antigen-dependent	phase.	During	the
antigen-independent	phase,	B	cells	undergo	rearrangement	of	the	V,	D,	and	J	genes	in	the	bone	marrow.	Somatic
mutation	 of	 the	 heavy	 and	 light	 chain	 variable	 genes	 occurs	 after	 encountering	 antigen	 in	 the	 germinal	 center.
Somatic	mutation	has	occurred	when	 there	 is	<98%	sequence	homology	with	 the	germline	gene.	The	 figure	of
98%	 is	 used	 because	 polymorphisms	may	 account	 for	 lesser	 degrees	 of	 disparity.16	 Because	CD5+	 B	 cells	 are
found	 in	 fetal	 spleen	 and	 because	 surface	 Ig	 D	 is	 present	 on	 cells	 that	 have	 not	 encountered	 antigen	 in	 the
germinal	center,	it	was	long	thought	that	all	CLL	cells	were	derived	from	naïve	B	cells,	which	is	incorrect.

In	the	1990s,	data	emerged	that	a	significant	percentage	of	patients	had	mutation	of	the	Ig	heavy	chain	variable
gene	 (IGHV)	 in	 their	 CLL	 cells.	 Subsequently,	 it	 was	 confirmed	 that	 approximately	 50%	 of	 patients	 have	 a
mutated	IGHV	and	that	this	provides	prognostic	information;	patients	with	an	unmutated	IGHV	have	significantly
shorter	survival.17,18	IGHV	mutation	 status	 now	 identifies	 two	 important	 subgroups	 of	 patients	with	CLL,	who
differ	in	biologic	and	clinical	behavior.	Accordingly,	CLL	cells	with	unmutated	IGHV	are	thought	to	be	derived
from	 germinal	 center–naïve	 B	 cells	 and	 typically	 have	 a	 more	 progressive	 and	 aggressive	 clinical	 course.	 In
contrast,	 CLL	 cells	with	mutated	 IGHV	 are	 thought	 to	 be	 derived	 from	B	 cells	 that	 have	 differentiated	 in	 the
microenvironment	of	 the	germinal	center	and	encountered	antigen;	 they	 typically	have	a	more	 indolent	clinical
course	and	 tend	 to	be	 responsive	 to	chemoimmunotherapy	 (CIT).	Uniquely,	patients	with	CLL	 that	utilizes	 the
IGHV3-21	family	have	disease	that	tends	to	clinically	behave	as	IGHV	unmutated	CLL,	regardless	of	their	IGHV
mutation	 status.19	 Gene	 expression	 profiling	 was	 used	 to	 explore	 differences	 between	 cases	 of	 CLL	 with
unmutated	versus	mutated	IGHV.20	 Investigators	found	that	mutated	and	unmutated	CLL	show	a	common	gene
expression	 pattern	 that	 is	 clearly	 distinguishable	 from	 that	 of	 other	 lymphomas,	 as	 well	 as	 normal	 B	 cells.
Nevertheless,	although	the	overall	profile	was	similar,	there	were	differentially	expressed	genes	between	the	two
groups.	The	gene	that	was	most	differentially	expressed	was	eta-associated	protein	70	(ZAP-70),	with	increased
expression	of	ZAP-70	among	unmutated	IGHV	cases.	Interestingly,	ZAP-70	is	normally	found	in	T	cells,	where	it
functions	as	an	intracellular	T-cell	receptor	signal-transduction	molecule.	It	was	subsequently	shown	that	ligation
of	 the	B-cell	 receptor	(BCR)	in	CLL	cells	 that	expressed	ZAP-70	produced	greater	 tyrosine	phosphorylation	of
cytosolic	proteins	 than	did	 stimulation	of	CLL	cells	 that	did	not	 express	ZAP-70;	 therefore,	 it	may	 function	 in
activating	CLL	cells.	Expression	of	ZAP-70	was	correlated	with	IGHV	mutation	status,	disease	progression,	and
survival	 in	 retrospective	 analyses.21	 IGHV	 mutation	 status	 does	 not	 change	 over	 the	 course	 of	 CLL,	 and
determination	has	important	treatment	implications.	Characterization	of	the	IGHV	sequence	is	labor-intensive	and
has	been	difficult	 to	broadly	 implement;	 a	 standardized	assay	 for	ZAP-70	expression	also	has	been	difficult	 to
implement.	Another	proposed	surrogate	marker	for	unmutated	IGHV	 is	expression	of	CD38.17	CD38	expression
can	vary	over	time	in	the	same	individual,	and	according	to	lymphoid	tissue,	making	it	inadequate	as	a	surrogate
marker	for	IGHV	mutation	status.

TABLE	105.1
Immunophenotyping	in	Chronic	B-cell	Leukemias

Disease sIg CD5 CD23 FMC7 CD22 CD79b CD10
CLL Weak ++ ++ −/+ Weak/− Weak/− −

B-PLL Strong −/+ −/+ ++ + ++ −

HCL Strong − − ++ ++ + −

SLVL Strong −/+ −/+ ++ ++ ++ −

FL Strong − − ++ ++ ++ ++

MCL Strong ++ −/+ ++ ++ ++ −/+
sIg,	surface	immunoglobulin;	CLL,	chronic	lymphocytic	leukemia;	+,	present;	−,	not	present;	B-PLL,	B-cell	prolymphocytic	leukemia;



Dr. AVR @ TMH

HCL,	hairy	cell	leukemia;	SLVL,	splenic	lymphoma	with	villous	lymphocytes;	FL,	follicular	lymphoma;	MCL,	mantle	cell	lymphoma.

Molecular	Abnormalities
Conventional	chromosome	banding	identified	cytogenetic	abnormalities	in	40%	to	50%	of	CLL	cases;	trisomy	12
was	most	common.	This	 technique	 is	hampered	by	 the	 low	mitotic	activity	of	CLL	cells.	The	yield	of	 true	and
reproducible	cytogenetic	abnormalities	is	enhanced	with	stimulated	karyotype,	where	the	CLL	cells	are	cultured
with	 CpG	 and	 cytokine(s)	 to	 stimulate	 in	 vitro	 proliferation.	 Fluorescence	 in	 situ	 hybridization	 (FISH),	 using
genomic	 DNA	 probes	 to	 detect	 aberrations	 in	 interphase	 cells,	 enhanced	 the	 ability	 to	 detect	 chromosomal
abnormalities	in	CLL.	FISH	reveals	molecular	abnormalities	in	over	80%	of	CLL	cases.

Deletion	13q	[del(13q)]	is	the	most	common	chromosome	abnormality	in	CLL;	it	is	found	by	FISH	as	a	sole
abnormality	 in	55%	of	cases,	 followed	by	11q	deletion	 (18%)	[del(11q)],	12q	 trisomy	(16%),	and	17p	deletion
(7%)	[del(17p)].11	 It	 is	common	to	have	more	than	one	abnormality	on	FISH.	Prognosis	 in	CLL	was	correlated
with	the	presence	of	these	chromosomal	abnormalities.	When	divided	into	five	hierarchical	prognostic	categories
in	order	of	highest	risk—del(17p),	del(11q),	12q	trisomy,	no	abnormalities,	and	del(13q)	(as	sole	abnormality)—
the	survival	 times	were	32,	79,	114,	111,	and	133	months,	 respectively.	Patients	with	del(17p)	or	del(11q)	had
more	 advanced	 disease	 with	 extensive	 lymphadenopathy.	 Clonal	 evolution	 with	 acquisition	 of	 high-risk
abnormalities	 can	 occur	 over	 time,	 particularly	 in	 the	 setting	 of	 cytotoxic	 treatment;	 therefore,	 repeated	 FISH
assessment	is	important	when	patients	have	progressive	disease	requiring	change	in	treatment.

The	 frequency	of	del(13q)	 led	 to	a	 search	 for	a	 tumor	 suppressor	gene	 in	 that	 location.	At	 least	 eight	genes
were	identified	and	screened	for	alterations	at	the	DNA	or	RNA	level,	or	both,	but	studies	failed	to	find	consistent
involvement	 for	 any	of	 those	 genes.	However,	 two	 relevant	microRNA	 (miR)	 genes,	miR15	 and	miR16,	were
identified	 in	 the	 critical	minimal	 deleted	 region	 of	 del(13q)	 and	were	 noted	 to	 be	 deleted	 or	 downregulated	 in
more	than	two-thirds	of	all	CLL	cases.22	MicroRNAs	(miRNAs)	are	nontranslated	small	RNAs	that	function	 to
regulate	 gene	 expression.	 Both	 miR15	 and	 miR16	 downregulate	 BCL-2	 transcript	 levels,	 among	 others;	 the
absence	of	miR15	and	miR16	in	cases	with	del(13q)	leads	to	increased	Bcl-2	expression23	and	resultant	resistance
to	apoptosis.

Somatic	gene	mutations	in	CLL	have	been	associated	with	cellular	functions	or	pathways,	including	(1)	DNA
damage	repair	(e.g.,	ATM,	TP53,	POT1),	(2)	RNA	processing	and	metabolism	(e.g.,	SF2B1,	XPO1),	(3)	genome
and	 chromatin	 structure	 and	 modification	 (e.g.,	 HIST1H1E,	 ASXL1,	 CHD2,	 ZMYM3,	 IKZF3),	 (4)	 Notch1
signaling	(e.g.,	NOTCH1),	(5)	B-cell	signaling	and	transcription	and	cell	cycle	control	(e.g.,	EGR2,	BRAF,	KRAS,
NRAS),	and	(6)	inflammation	(e.g.,	MYD88,	BIRC3).

There	is	no	single	unifying	genetic	abnormality	or	mutation	that	characterizes	CLL	or	that	is	thought	to	lead	to
development	of	 the	disease.	Whole	exome	sequencing	in	large	cohorts	(>500)	of	patients	with	CLL	determined
low	overall	frequency	of	somatic	mutations	in	CLL	compared	to	other	malignancies	and	typically	demonstrated
intratumoral	heterogeneity.24–26	Abnormalities	such	as	mutation	in	MYD88,	 trisomy	12,	and	del(13q),	which	are
present	in	all	CLL	cells,	are	thought	to	be	“early”	clonal	events.	In	contrast,	subclonal	genetic	abnormalities	such
as	mutation	in	SF3B1,	NOTCH1,	TP53,	or	del(17p)	are	thought	to	be	acquired	“driver”	abnormalities	and	can	be
associated	with	progressive	disease	and	therapeutic	resistance.	Furthermore,	treatment	such	as	chemotherapy	can
select	for	subclonal	driver	mutations,	such	as	mutated	TP53.

The	 prevalence	 of	 specific	mutations	 varies	 by	 patient	 population.	Consistently	 reported	 genes	with	 coding
region	mutations,	albeit	at	low	frequency,	include	NOTCH1,	SF3B1,	TP53,	MYD88,	BIRC3,	and	ATM.	Some	of
these	 mutations	 were	 associated	 with	 clinical	 outcomes	 such	 as	 those	 in	 TP53,	SF3B1,	 NOTCH1,	 ATM,	 and
BIRC3.25–27	Functionally	relevant	mutations	in	the	3′	untranslated	region	of	NOTCH1	and	in	the	enhancer	region
of	PAX5	were	identified	with	whole	genome	sequencing.28

More	 recent	 data	 and	 analyses	 demonstrated	 differences	 in	 the	 somatic	 gene	mutational	 landscape	 between
IGHV-mutated	versus	IGHV-unmutated	CLL,	which	gives	insight	into	the	differences	in	clinical	behavior	between
these	subgroups.	There	is	a	higher	number	of	mutations	among	IVHG-mutated	than	IGHV-unmutated	CLL	cases,
but	 the	 average	 number	 of	 subclonal	 driver	 mutations	 is	 higher	 in	 IGHV-unmutated	 cases.	 Subclonal	 driver
mutations	associated	with	time-to-event	end	points	include	those	in	TP53,	SF3B1,	BRAF,	ZMYM3,	IRF4,	NFKB2,
ASXL1,	and	POT1.28–31

IMMUNE	ABNORMALITIES
CLL	 cells	 disrupt	 immune	 function	 in	 patients	 with	 CLL.	 The	 most	 prominent	 manifestations	 of	 immune



dysfunction	 are	 progressive	 hypogammaglobinemia,	 increased	 risk	 and	 frequency	 of	 infections,	 as	 well	 as
autoimmunity	 against	 hematopoietic	 cell	 elements.	 Many	 patients	 with	 CLL	 succumb	 to	 infection.	 Some
treatments	used	for	CLL,	such	as	purine	analogues,	 further	 immunosuppress	patients	and	put	 them	at	 increased
risk	for	opportunistic	infections	and	may	exacerbate	or	unmask	autoimmunity.

Early	 in	 the	 disease,	 in	 untreated	CLL,	 the	 absolute	 number	 of	T	 cells	 is	 increased	with	 inversion	 of	 the	T
helper:T	suppressor	cell	ratio.32,33	The	CD4:CD8	ratio	continues	to	drop	with	disease	progression	or	after	therapy
with	 nucleoside	 analogues.	 Qualitative	 functional	 assessment	 of	 T	 cells	 has	 been	 inconclusive.	 Normal	 and
decreased	CD4	cell	function	has	been	reported.	Similarly,	decreased,	normal,	or	excessive	CD8	cell	function	has
been	reported.	Others	showed	that	T-cell	functions	might	be	impaired	by	immunosuppressive	factors	produced	by
CLL	cells.32	Hypogammaglobulinemia	is	a	common	and	progressive	immune	defect	in	patients	with	CLL	and	is
another	factor	that	increases	the	risk	for	infection.	The	pathogenesis	of	hypogammaglobulinemia	in	CLL	is	poorly
understood.	Increased	interleukin	(IL)-10	levels,	which	can	be	produced	by	CLL	cells,	have	been	implicated	in	the
immunodeficiency	 of	 CLL.34	 Impaired	 B-cell	 function	 and	 regulatory	 abnormalities	 of	 T	 cells,	 including	 the
reversal	of	 the	normal	CD4:CD8	ratio,	may	play	 roles.	 In	addition,	CLL-derived	natural	killer	 (NK)	cells	have
been	shown	to	suppress	Ig	secretion	by	normal	B	cells	in	vitro.

DIAGNOSIS
The	International	Workshop	on	Chronic	Lymphocytic	Leukemia	(IWCLL)	in	200835	updated	the	National	Cancer
Institute	Working	Group	1996	guidelines36	for	diagnostic	criteria	and	treatment	for	CLL.

International	Workshop	on	Chronic	Lymphocytic	Leukemia	Revised	Diagnostic
Criteria

1.	 A	blood	monoclonal	B	lymphocyte	count	>5	×	109/L,	with	<55%	of	the	cells	being	atypical
(prolymphocytes).

2.	 B	lymphocyte	monoclonality	should	be	demonstrated	with	cells	expressing	B-cell	surface	antigens	(CD19,
CD20,	CD23),	low	density	surface	Ig	(M	or	D),	and	CD5.

A	monoclonal	B	cell	count	>5	×	109/L	was	specified	 to	distinguish	CLL	from	small	 lymphocytic	 lymphoma
(SLL)	 in	 patients	 with	 palpable	 lymph	 nodes	 or	 splenomegaly.	 However,	 it	 is	 arguable	 as	 to	 whether	 that
distinction	is	clinically	relevant.	Bone	marrow	aspirate	uniformly	shows	CLL	involvement,	typically	with	>30%
lymphocytes	and	flow	cytometry	confirming	monoclonality	in	the	CD19/CD20/CD23/CD5+	population;	however,
diagnosis	may	be	made	solely	on	evaluation	of	the	blood.

Other	 B-cell	 malignancies	 may	 also	 present	 with	 increased	 circulating	 lymphoid	 cells	 and	 should	 be
differentiated	from	CLL.	The	diseases	that	may	be	confused	with	CLL	are	prolymphocytic	leukemia	(PLL),	the
leukemic	phase	of	non-Hodgkin	 lymphoma	 (mantle	cell	 lymphoma,	 follicular	 lymphoma,	or	 splenic	 lymphoma
with	 circulating	 villous	 lymphocytes),	 and	 hairy	 cell	 leukemia	 (HCL).	 Immunophenotyping	 is	 helpful	 in
differentiating	these	disorders.

CLINICAL	MANIFESTATIONS
The	majority	of	individuals	diagnosed	with	CLL	are	asymptomatic	and	initially	identified	on	routine	blood	count.
Some	patients	 remain	asymptomatic	 for	 a	 long	period	of	 time.	 In	patients	presenting	with	 symptoms,	 the	most
common	is	fatigue,	which	is	generally	mild.	Sometimes	enlarged	lymph	nodes	or	the	development	of	an	infection
is	 the	 initial	 manifestation	 of	 disease.	 Bacterial	 infections	 are	 more	 common	 in	 patients	 who	 present	 with
advanced-stage	disease.	 Infections	 secondary	 to	opportunistic	organisms,	particularly	herpes	 zoster,	may	occur.
Exaggerated	skin	reaction	to	a	bee	sting	or	an	insect	bite	(Wells	syndrome)	is	frequent	in	CLL.	In	contrast	to	the
situation	in	lymphoma,	fever	in	the	absence	of	infection	is	rare	in	CLL.	Lymph	nodes,	when	enlarged,	are	usually
discrete,	 freely	movable,	and	nontender.	Splenomegaly	may	occur;	massive	splenomegaly	can	occur	 in	patients
with	advanced	disease.	Splenic	infarction	is	rare.	Hepatomegaly	occurs	less	frequently	than	splenomegaly.	Skin
involvement	occurs	in	<5%	of	cases.	Leptomeningeal	leukemia	is	rare	and,	if	present,	is	usually	seen	in	patients
with	refractory	disease.	Malignant	pleural	effusions	are	also	rare	and,	when	present,	are	associated	with	aggressive
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disease	and	poor	prognosis.

Figure	105.1	Chronic	lymphocytic	leukemia.	Peripheral	smear	showing	mature-appearing
lymphocytes.

LABORATORY	FINDINGS
Absolute	lymphocyte	count	ranges	from	5	×	109/L	to	>500	×	109/L.	Leukostasis	is	uncommon	in	CLL,	probably
because	of	the	small	size	and	pliability	of	the	leukemia	cells.	The	lymphocyte	count	usually	gradually	increases
over	time,	but	fluctuations	in	absolute	lymphocyte	count	of	untreated	patients	occur,	particularly	in	the	setting	of
infection.	The	lymphocytes	are	typically	small	and	mature	appearing	(Fig.	105.1),	but	there	may	be	variations	in
cell	morphology,	with	some	lymphocytes	being	larger	or	atypical,	whereas	others	may	be	plasmacytoid	or	cleaved
or	there	may	be	prolymphocytes	(Fig.	105.2).	Ruptured	lymphocytes	or	“smudge”	cells	are	commonly	seen	in	the
peripheral	smear,	reflecting	fragility	and	distortion	during	preparation	of	the	peripheral	smear	on	the	glass	slide.
Marrow	infiltration	with	CLL	is	universal,	affecting	from	30%	to	100%	of	the	cellularity,	with	overall	increased
marrow	cellularity	 (Fig.	105.3).	 The	 patterns	 of	 lymphoid	 infiltration	 of	 the	marrow	 seen	 in	 biopsy	 specimens
include	nodular,	 interstitial,	diffuse,	or	a	combination.	Patients	with	diffuse	 infiltration	 typically	have	advanced
disease	and	worse	prognosis.	Nodular	and	interstitial	or	“nondiffuse”	patterns	are	associated	with	less	advanced
disease	and	better	outcomes.



Figure	105.2	Prolymphocyte	juxtaposed	with	a	mature-appearing	lymphocyte.	Note	larger	size,
less-condensed	chromatin,	and	prominent	nucleolus.

Figure	105.3	Chronic	lymphocytic	leukemia.	Bone	marrow	infiltration	may	range	from
nodular/focal	(A)	to	diffuse	(B).

Anemia	(hemoglobin	<11	g/dL)	and	thrombocytopenia	(platelet	count	<100	×	109/L)	are	found	in	a	minority	of
patients	at	diagnosis	but	develop	with	disease	progression.	A	positive	direct	antiglobulin	(Coombs)	test	is	seen	in
approximately	25%	of	cases,	but	overt	clinical	autoimmune	hemolytic	anemia	(AIHA)	occurs	less	frequently.	The
incidence	 of	 a	 positive	Coombs	 test	 increases	 significantly	with	 clinical	 stage.37	 Immune	 thrombocytopenia	 is
usually	diagnosed	on	the	basis	of	a	low	platelet	count	in	the	presence	of	adequate	numbers	of	megakaryocytes	in
the	 bone	marrow.	Neutropenia	may	 also	 be	 encountered.	 These	 cytopenias	may	 be	 the	 result	 of	 bone	marrow
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failure	due	to	a	marrow	“packed”	with	CLL	or	occur	as	a	result	of	an	immune-mediated	process	or	hypersplenism.
Hypogammaglobulinemia	occurs	 in	approximately	50%	of	patients	with	CLL.	At	diagnosis,	 it	may	be	noted	 in
<10%	 of	 patients,	 but	 its	 incidence	 increases	 significantly	 with	 disease	 progression.	 Usually,	 all	 three
immunoglobin	classes	(G,	A,	and	M)	are	decreased,	but	in	some	patients,	only	one	or	two	may	be	low.	Significant
hypogammaglobulinemia	and	neutropenia	potentially	result	in	increased	susceptibility	to	bacterial	infections.

AUTOIMMUNE	COMPLICATIONS
When	 autoantibodies	 occur	 in	 CLL,	 they	 are	 usually	 directed	 against	 hematopoietic	 cells,	 resulting	 in	 AIHA,
immune	 thrombocytopenia,	 immune-mediated	 granulocytopenia,	 or	 pure	 red	 cell	 aplasia;	 AIHA	 is	 the	 most
common.38	The	autoantibodies	are	typically	polyclonal	and	usually	IgG,	indicating	that	they	are	not	produced	by
the	 leukemic	 clone.39	 The	 severity	 of	 the	 autoimmune	 phenomenon	 does	 not	 necessarily	 correlate	 with	 the
severity	of	CLL,	and	such	events	may	develop	in	patients	whose	disease	is	responding	to	therapy.	Prednisone	is
the	most	commonly	used	treatment	for	autoimmune	complications,	with	high	initial	response	rates.	It	 is	usually
given	at	a	dose	of	1	mg/kg	orally	and	 tapered	once	a	response	 is	noted.	Transient	 improvement	can	occur	with
intravenous	immunoglobulin	(IVIG)	administration.	Relapses	are	not	uncommon.	The	CD20	monoclonal	antibody
(mAb)	rituximab	is	used	alone	or	in	combination	with	chemotherapy	in	some	patients	in	whom	standard	therapy
fails.40,41	 Cyclosporin	 A	 is	 another	 effective	 therapy	 and	 can	 produce	 good	 results,	 even	 in	 steroid-refractory
patients.42	Splenectomy	is	also	a	viable	therapeutic	option	for	refractory	cases.37,43

STAGING
The	clinical	course	for	individuals	with	CLL	is	variable;	survival	times	range	from	2	years	to	over	20	years	from
diagnosis.	 In	 1975,	 Rai	 et	 al.44	 developed	 a	 staging	 system	 consisting	 of	 five	 stages	 (Rai	 0	 to	 IV)	 based	 on
Dameshek’s	 model	 of	 orderly	 disease	 progression	 in	 CLL	 (Table	 105.2).	 The	 Rai	 staging	 system	 was	 later
modified	 into	a	 three-stage	system:	 low	risk	(Rai	0),	 intermediate	risk	(Rai	I,	 II),	and	high	risk	(Rai	 III,	 IV).	A
similar	staging	system	was	concurrently	developed	in	Europe	by	Binet	et	al.45	Both	classifications	reflect	bulk	of
disease	 and	 extent	 of	marrow	 compromise	 (i.e.,	 anemia,	 thrombocytopenia)	 and	 are	 recognized	 as	 simple	 and
reliable	 predictors	 of	 survival.	 Although	 most	 patients	 in	 the	 high-risk	 group	 (Rai	 III,	 IV;	 Binet	 C)	 have	 a
progressive	clinical	course	and	shortened	survival,	 the	course	of	the	disease	is	not	uniform.	Patients	in	the	low-
and	intermediate-risk	groups	may	have	an	indolent	disease	course	that	spans	years	or	even	decades,	or	the	course
may	 be	 progressive	 and	 associated	 with	 a	 shortened	 survival.	 Thus,	 it	 is	 helpful	 to	 have	 prognostic	 factors
associated	with	clinical	outcomes	particularly	for	the	low-risk	group.

TABLE	105.2
Staging	of	Chronic	Lymphocytic	Leukemia

Rai	Stage
Modified	Rai
Stage Description Binet	Stage Description

0 Low	risk Lymphocytosis	only A
Two	or	fewer	lymphoid-bearing
areas

I Intermediate	risk
Lymphocytosis	and
lymphadenopathy B

Three	or	more	lymphoid-bearing
areas

II Intermediate	risk
Lymphocytosis	and	splenomegaly
with/without	lymphadenopathy — —

III High	risk
Lymphocytosis	and	anemia
(hemoglobin,	<11	g/dL) C

Anemia	(hemoglobin,	<10	g/dL)	or
thrombocytopenia	(platelets,	100	×
106/dL)

IV High	risk

Lymphocytosis	and
thrombocytopenia	(platelets,	<100	×
106/dL)

— —

Prognostic	 factors	 correlate	 with	 clinical	 outcomes,	 independent	 of	 treatment.	 Prognostic	 factors	 in	 CLL



include	 clinical	 features	 and	 genetic,	molecular,	 and	 biochemical	 characteristics;	 some	 are	 associated	with	 one
another,	others	are	independent.	The	utility	of	prognostic	factors	in	CLL	is	to	inform	physicians	and	patients	about
clinical	 expectations;	potentially	direct	management;	 help	 identify,	 characterize,	 and	 stratify	patients	 in	 clinical
trials;	 and	 identify	 high-risk	 patients	 needing	 new	 and	 novel	 treatments.	 Only	 a	 portion	 of	 the	 variability	 in
clinical	 outcomes	 can	 be	 accounted	 for	 by	 known	 prognostic	 factors,	 limiting	 their	 utility.	 Some	 unfavorable
prognostic	 factors	 include	 a	 short	 lymphocyte	 doubling	 time	 (<6	 months),	 a	 diffuse	 pattern	 of	 bone	 marrow
infiltration,	 advanced	 age	 and	 male	 gender,	 abnormal	 karyotype,	 high	 serum	 levels	 of	 β2-microglobulin	 and
soluble	CD23,	and	a	CLL-PLL	category	(11%	to	54%	prolymphocytes	in	the	blood).46	Newer	prognostic	factors
in	 CLL	 include	 IGHV	 mutation	 status,	 expression	 of	 CD38	 and	 ZAP-70,	 and	 gene	 mutations.	 Multivariable
models,	 prognostic	 indexes,27,47,48	 and	 nomograms49	 are	 tools	 to	 identify	 and	 utilize	 independent	 prognostic
factors	in	weighted	models	for	outcomes.	A	prognostic	model	integrating	cytogenetic	abnormalities	identified	by
FISH	with	mutated	NOTCH1,	SF3B1,	BIRC3,	 and	TP53	was	 proposed	 as	 a	 dynamic	 prognostic	 algorithm	 for
overall	survival	(OS).27

Prognostic	models	for	OS	are	challenged	by	the	chronicity	of	the	disease	and	associated	serial	treatments,	each
of	which	can	affect	 the	overall	outcome;	 in	addition,	death	may	be	due	 to	a	 related	but	 indirect	cause,	 such	as
infection	 or	 second	 malignancy.	 With	 new	 agents	 and	 treatments,	 factors	 can	 lose	 their	 prognostic	 impact,
particularly	 if	 the	 agents	 affect	 survival	 such	 as	 the	 new	 small-molecule	 inhibitors.	 Predictive	 factors	 correlate
with	the	efficacy	of	a	particular	therapy.	Few	predictive	factors	have	been	identified	in	CLL.	With	the	currently
evolving	treatment	landscape	and	given	the	long	clinical	course	of	CLL,	predictive	factors	are	of	greater	potential
clinical	utility.	Predictive	factors	can	be	used	to	optimize	outcomes	for	individual	patients.

INDICATIONS	FOR	TREATMENT	AND	RESPONSE	CRITERIA
An	 unusual	 feature	 of	 CLL	 as	 opposed	 to	 other	 leukemias	 is	 that	 making	 the	 diagnosis	 is	 not	 necessarily	 an
indication	to	initiate	treatment.	This	is	true	for	several	reasons.	CLL	is	a	disease	of	the	older	population,	it	may	be
diagnosed	 in	 an	 asymptomatic	patient	 and	have	 a	prolonged	course,	CLL	 is	generally	not	 curable	with	 current
standard	 treatment	 approaches,	 and	 a	 survival	 advantage	 was	 not	 demonstrated	 in	 clinical	 trials	 of	 early
intervention.	Given	 that	most	patients	who	need	 treatment	are	older	 than	70	years,	may	have	 serious	comorbid
conditions	associated	with	aging,	and	may	have	indolent	disease,	a	significant	fraction	of	patients	will	die	of	other
causes	and	may	never	require	therapy	for	their	CLL.

Indications	for	Treatment
The	IWCLL	proposed	criteria	for	active	disease	as	indications	to	initiate	treatment.35	These	include	constitutional
symptoms	attributable	 to	CLL:	weight	 loss	 (>10%	of	baseline	weight	within	 the	preceding	6	months),	 extreme
fatigue	(Eastern	Cooperative	Oncology	Group	[ECOG]	performance	status	2	or	higher),	fever	(temperature	higher
than	38∘C	or	100.5∘F	for	at	least	2	weeks),	or	night	sweats	without	evidence	of	infection;	evidence	of	progressive
bone	marrow	 failure	 characterized	 by	 the	 development	 of	 or	worsening	of	 anemia,	 thrombocytopenia,	 or	 both;
AIHA	or	 autoimmune	 thrombocytopenia,	 or	 both,	 poorly	 responsive	 to	 corticosteroid	 therapy;	massive	 (>6	 cm
below	the	left	costal	margin)	or	progressive	splenomegaly;	massive	(>10	cm	in	longest	diameter)	or	progressive
lymphadenopathy;	progressive	lymphocytosis	defined	as	an	increase	in	the	absolute	lymphocyte	count	by	>50%
over	a	2-month	period,	or	a	doubling	time	predicted	to	be	<6	months.	Hypogammaglobulinemia	or	monoclonal
gammopathy	alone	are	not	sufficient	criteria	to	initiate	therapy.

Several	 European	 groups	 conducted	 trials	 in	 the	 1980s	 to	 evaluate	whether	 immediate	 treatment	 in	 patients
with	 early-stage	 disease	 could	 improve	 survival.50	 These	 large	 randomized	 trials	 of	 immediate	 chlorambucil
(CLB)	 therapy	 versus	 watch-and-wait	 were	 consistent	 in	 showing	 no	 survival	 benefit	 with	 early	 treatment.
However,	 given	 significantly	 better	 current	 therapies,	 this	 question	 has	 been	 raised	 again.	 A	 limitation	 of
randomizing	all	early-stage	patients	 is	 that	approximately	one-third	of	 them	may	never	require	 therapy	for	 their
disease,	 thus	 reducing	 the	potential	benefit	of	 early	 treatment.	Furthermore,	 the	discovery	of	prognostic	 factors
that	 identify	 early-stage	 patients	 with	 a	 high	 likelihood	 of	 developing	 progressive	 disease	 may	 allow	 for
randomized	trials	to	more	directly	address	this	question	of	the	benefit	of	early	treatment.

Assessment	of	Response
The	IWCLL	response	criteria	are	a	composite	assessment	of	disease	sites	(Table	105.3).35	Response	in	CLL	was
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defined	 as	 a	 partial	 response	 (PR)	 or	 complete	 response	 (CR).	 PR	 required	 50%	 reduction	 in	 tumor	 bulk
(lymphadenopathy,	 spleen,	 etc.)	 as	 well	 as	 in	 lymphocytosis	 and	 improvement	 in	 cytopenias.	 CR	 required
normalization	 of	 blood	 counts	 and	 physical	 exam	 as	 well	 as	 a	 normal	 bone	 marrow.	 Historically,	 computed
tomography	(CT)	scans	were	not	used	to	assess	response	in	CLL,	but	with	the	updated	2008	IWCLL	guidelines,
CT	 scans	 were	mandated	 for	 lymph	 node	 assessment	 in	 clinical	 trial.	 It	 is	 controversial	 as	 to	 how	much	 this
actually	changes	response	rates	based	on	physical	exam.	Because	of	the	distinct	pattern	of	response	seen	with	the
BCR	 inhibitors	 where	 there	 can	 be	 marked	 reduction	 in	 tumor	 bulk	 but	 at	 the	 same	 time	 an	 increase	 in
lymphocytosis,	a	new	category	of	response	was	defined:	partial	 remission	with	persistent	 lymphocytosis	(PRL).
Patients	achieving	PRL	meet	all	the	criteria	for	PR	but	their	baseline	lymphocyte	count	has	not	decreased	by	50%.
In	clinical	trials,	evaluation	for	minimal	residual	disease	(MRD)	is	becoming	more	common	as	there	are	regimens
with	high	CR	rates.	Patients	with	undetectable	MRD	following	 treatment	have	a	 longer	 remission	duration	and
longer	survival.51,52	Therefore,	in	addition	to	improving	CR	rates,	investigators	are	focusing	on	eliminating	MRD
to	improve	treatment	outcomes.	MRD	can	be	measured	by	flow	cytometry	or	polymerase	chain	reaction	(PCR),
but	in	most	clinical	trials	in	CLL,	particularly	those	in	Europe,	it	has	been	done	by	flow	cytometry.

TABLE	105.3
2008	International	Workshop	on	Chronic	Lymphocytic	Leukemia	Revised	National	Cancer
Institute–Sponsored	Working	Group	Response	Criteria	for	Chronic	Lymphocytic	Leukemia

Parametera CR	(All	Required) PRb

Lymphocytes ≤4,000/μLc ≥50%	↓**

Lymph	nodes No	palpable	disease	(LN	<1.5	cm)d ≥50%	↓**

Splenomegaly None ≥50%	↓**

Hepatomegaly None ≥50%	↓**

Bone	marrow <30%	lymphocytes,	no	nodulese NA

Constitutional	symptoms None Variable

Neutrophils ≥1,500/μL ≥1,500/μL	or	≥50%	improvement*

Platelets >100,000/μL >100,000/μL	or	≥50%	improvement*

Hemoglobin >11	g/dL	(untransfused) >11	g/dL	or	≥50%	improvement*
aAssessed	at	least	2	months	after	completion	of	therapy.
bMust	achieve	at	least	two	**	and	one	*	parameters.
cInclude	minimal	residual	disease	assessed	for	clinical	trials	with	reported	sensitivity	of	method.
dComputed	tomography	scan	of	chest,	abdomen,	and	pelvis	desired	for	patients	to	confirm	for	patients	on	clinical	trial.
eLess	than	30%	lymphocytes	in	marrow	with	residual	nodules	should	have	immunohistochemistry	to	characterize	nodules.
↓,	decrease;	CR,	complete	response;	PR,	partial	response;	LN,	lymph	node;	NA,	not	applicable.

A	 sensitive	 four-color	 flow	 cytometry	 assay	 was	 developed	 to	 differentiate	 CLL	 cells	 (CD5/CD19	 with
CD20/CD38,	CD81/CD22,	and	CD79b/CD43)	from	normal	B	cells.53	The	assay	can	detect	1	CLL	cell	in	104	to
105	 leukocytes.	PCR	 techniques	can	also	be	used	 to	assess	MRD.	Consensus	primers	 for	 IGHV	 can	be	used	 in
70%	to	80%	of	patients	and	may	detect	1	in	104	residual	cells.	Allele-specific	oligonucleotide	primers	generated
for	individual	patients	are	more	sensitive,	detecting	1	in	105	to	106	CLL	cells.	Next-generation	sequencing	(NGS)-
based	methods	with	multiple	primer	pairs,	is	making	more	sensitive	quantitative	techniques	readily	available	for
commercial	 and	clinical	use,	with	 sensitivity	of	10−6.	Data	 clearly	demonstrate	 correlation	of	MRD	status	with
long-term	progression-free	 survival	 (PFS)	and	OS.	Bone	marrow	 is	a	more	 sensitive	 site	 to	evaluate	 for	MRD,
particularly	in	patients	receiving	CD20	mAb,	although	results	from	blood	also	correlate	with	outcomes.

TREATMENTS	FOR	CHRONIC	LYMPHOCYTIC	LEUKEMIA
Chemotherapy
Chemotherapy	was	the	mainstay	for	therapy	of	CLL	for	the	last	50	years.	Chemotherapy	agents	encompass	two
categories:	alkylating	agents,	 including	CLB,	cyclophosphamide	(CTX),	and	bendamustine,	and	purine	analogs,
most	commonly	fludarabine	but	also	including	pentostatin	and	cladribine.



For	 decades,	 the	 mainstay	 of	 therapy	 for	 CLL	 was	 alkylating	 agents,	 CLB	 and	 CTX.	 Various	 doses	 and
schedules	of	oral	CLB	were	typically	administered	for	several	months,	and	the	dose	adjusted	to	avoid	its	primary
toxicity,	 myelosuppression.	 The	 overall	 response	 (OR)	 rate	 with	 either	 CLB	 or	 CTX	 monotherapy	 as	 initial
therapy	 is	 approximately	 40%	 to	 60%,	with	 3%	 to	 5%	CR.	Alkylating	 agents	were	 combined	with	 steroids	 to
improve	 response	 rates	 but	 this	 increased	 immunosuppression.	Alkylating	 agent–based	 combinations	 have	 also
included	 an	 anthracycline.	 No	 superior	 alkylating	 agent	 combination	 has	 been	 identified.	 Bendamustine	 has	 a
benzimidazole	 (purine-like)	 ring	 structure	 with	 an	 alkylating	 group	 and	 has	 potent	 alkylating	 agent	 activity,
inducing	intra-	and	interstrand	DNA	crosslinks.	Bendamustine	was	compared	to	CLB	in	a	randomized	phase	III
trial	 for	 previously	 untreated	 patients	with	CLL	 (Table	 105.4).54	 Treatment	with	 bendamustine	was	 associated
with	 superior	 PFS	 (21.6	 versus	 8.3	 months),	 and	 CR	 (31%	 versus	 2%)	 and	 OR	 (68%	 versus	 31%)	 rates.
Myelosuppression	was	mild	and	more	frequent	with	bendamustine	but	did	not	result	in	an	increased	infection	rate.

Purine	 analogs,	 including	 fludarabine	 monophosphate,	 2-chlorodeoxyadenosine	 (2-CdA),	 and	 pentostatin
(deoxycoformycin),	 all	 have	 activity	 in	 treating	 patients	 with	 CLL.55	 The	 major	 side	 effects	 associated	 with
fludarabine	 are	 myelosuppression	 and	 immunosuppression,	 with	 low	 CD4	 counts	 lasting	 for	 many	 months	 to
years	after	completion	of	treatment.55	An	oral	formulation	of	fludarabine	is	available.

Several	phase	 III	 clinical	 trials	of	 fludarabine	versus	alkylating	agent–based	 therapy	demonstrated	 improved
responses	and	PFS	with	fludarabine	in	both	first-line	and	relapsed	settings	(see	Table	105.4).56–59	There	was	no
improvement	 in	 OS	 seen	 in	 these	 studies.	 The	 German	 CLL	 Study	 Group	 (GCLLSG)	 CLL5	 trial	 evaluated
fludarabine	versus	CLB	monotherapy	as	initial	treatment	for	patients	older	than	65	years.59	Surprisingly,	whereas
treatment	with	 fludarabine	was	 associated	with	 superior	CR	 (7%	versus	0%)	and	OR	 (72%	versus	51%)	 rates,
there	was	no	associated	improvement	in	PFS	or	OS	for	these	“older”	patients.	Thus,	standard	first-line	treatment
for	patients	older	than	65	years	does	not	require	fludarabine.

Fludarabine	 inhibits	 excision	 repair	 of	 DNA	 interstrand	 crosslinks	 induced	 by	 CTX,	 thereby	 potentiating
activity	 and	 providing	 a	 rationale	 for	 combining	 these	 agents.60	 Three	 large	 randomized	 trials	 in	 first-line
treatment	of	CLL	demonstrated	 improved	 response	 rates	and	 longer	PFS	 for	 fludarabine	and	CTX	(FC)	versus
fludarabine	monotherapy	(Table	105.5).61–63	There	was	more	myelosuppression	with	the	combination;	yet,	there
was	no	difference	in	the	incidence	of	infections	in	any	of	the	trials.

Cladribine	(2-CdA)	and	pentostatin	(2-deoxycoformyin)	have	activity	in	treating	CLL.64,65	The	PALG-CLL3
phase	III	trial	demonstrated	equivalent	efficacy	with	cladribine	and	CTX	and	FC	for	previously	untreated	patients
with	CLL	(see	Table	105.5).66	Patients	with	del(17p)	had	poor	outcomes	with	either	treatment.

TABLE	105.4
Phase	III	Trials	of	Monotherapy	or	Alkylating	Agent–Based	Combinations	as	Initial	Treatment
for	Chronic	Lymphocytic	Leukemia

Study	(Ref.) Agent No.	of	Patients CR	(%) OR	(%) Median	RD Median	OS	(mo)

Leporrier	et	al.58 Fludarabine	vs. 341 40 71 32	mo	(TTP) 69

CAP	vs. 240 15 58 28	mo	(TTP) 70

CHOP 357 30 72 30	mo	(TTP) 67

Rai	et	al.57 Fludarabine	+
chlorambucil	vs. 123 20 61 NR 55

Fludarabine	vs. 170 20 63 25	mo	(TTP) 66

Chlorambucil 181 4 37 14	mo	(TTP) 56

Johnson	et	al.56 Fludarabine	vs. 52 23 71 NR 60%	at	4	y

CAP 48 17 60 7 60%	at	4	y

GCLLSG
CLL559,a

Fludarabine	vs. 87 7 72 19	(PFS) 46

Chlorambucil 98 0 51 18	(PFS) 64

Knauf	et	al.54 Bendamustine	vs. 162 31 68 21.6	(PFS) NR

Chlorambucil 157 2 31 8.3	(PFS) NR
CR,	complete	response;	OR,	overall	response;	RD,	remission	duration;	OS,	overall	survival;	CAP,	cyclophosphamide,	doxorubicin,
and	prednisone;	CHOP,	cyclophosphamide,	doxorubicin,	prednisone,	and	vincristine;	TTP,	 time-to-progression;	NR,	not	 reached;
GCLLSG,	German	CLL	Study	Group;	PFS,	progression-free	survival.
aAged	65	years	and	older.
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TABLE	105.5
Phase	III	Trials	of	Purine	Analogue	Monotherapy	versus	Combinations	as	Initial	Treatment
for	Chronic	Lymphocytic	Leukemia

Study	(Ref.) Agent No.	of	Patients
CR	(%) OR	(%) Median	PFS

(mo)

GCLLSG	CLL461 FC	vs. 164 24 95 48

Fludarabine 164 7 83 20

E299762 FC	vs. 137 23 74 32

Fludarabine 132 6 60 19

LRF	CLL463 FC	vs. 196 38 94 43

Fludarabine	vs. 194 15 80 23

Chlorambucil 387 7 72 20

PALG	CLL265 CMC	vs. 151 36 80 24

CC	vs. 162 29 83 22

Cladribine 166 21 77 24

PALG	CLL366 CC	vs. 211 47 88 28

FC 212 46 82 27
CR,	 complete	 response;	 OR,	 overall	 response;	 PFS,	 progression-free	 survival;	 GCLLSG,	 German	 CLL	 Study	 Group;	 FC,
fludarabine	and	cyclophosphamide;	PALG,	Polish	Adult	Leukemia	Group;	CMC,	cladribine,	mitoxantrone,	and	cyclophosphamide;
CC,	cladribine	and	cyclophosphamide.

Monoclonal	Antibodies
Alemtuzumab	is	a	humanized	mAb	targeting	CD52,	an	antigen	that	is	highly	expressed	on	CLL	cells	and	normal
T	and	B	lymphocytes.	Alemtuzumab	was	originally	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)
based	on	the	pivotal	 trial	 that	demonstrated	monotherapy	activity	 in	fludarabine-refractory	patients	with	CLL.67
There	 was	 a	 noted	 increased	 activity	 in	 less	 heavily	 pretreated	 patients;	 furthermore,	 it	 works	 by	 a	 p53-
independent	mechanism	and	therefore	has	activity	in	treating	patients	with	del(17p)	and	mutated	TP53.	However,
there	 is	 significant	 infection-related	 toxicity	 associated	 with	 alemtuzumab,	 including	 frequent	 reactivation	 of
cytomegalovirus,	owing	to	depletion	of	T	cells.	The	drug	is	no	longer	marketed	for	CLL	but	can	be	accessed	for
compassionate	use.	Antibacterial	and	antiviral	prophylaxis	should	always	be	used	with	alemtuzumab.

CD20	is	expressed	on	malignant	and	normal	B	cells;	 rituximab	 is	a	chimeric	 IgG1	CD20	mAb.68	Relatively
low	levels	of	CD20	are	expressed	on	CLL	cells	compared	to	normal	B	or	neoplastic	B	cells	of	other	lymphomas.
In	 addition,	 circulating	 CD20	 was	 demonstrated	 in	 the	 plasma	 of	 patients	 with	 CLL69;	 this	 may	 inhibit	 the
capacity	of	rituximab	to	bind	to	CLL	cells,	resulting	in	rapid	clearance	and	negatively	affecting	pharmacokinetics.
Rituximab	 binds	 to	 the	 large	 loop	 domain	 of	CD20	 and	mediates	 antileukemic	 activity	 predominantly	 through
antibody-dependent	cellular	cytotoxicity	 (ADCC)	and	complement-dependent	cytotoxicity	 (CDC)	 (type	 I	CD20
mAb).	 Standard	 dose	 rituximab	 monotherapy	 has	 limited	 activity	 in	 treating	 CLL.	 Dose-intense70	 and	 dose-
dense71	 rituximab	monotherapy	 increased	 efficacy.	 In	 addition,	 greater	 efficacy	was	 seen	when	 rituximab	was
used	as	first-line	 therapy.72	The	primary	 toxicity	seen	with	rituximab,	as	well	as	other	CD20	mAbs,	 is	with	 the
initial	 infusion	and	 is	predominantly	 fever	and	chills.	These	symptoms	are	generally	mild	 to	moderate,	 subside
with	completion	or	discontinuation	of	the	infusion	and	abate	with	subsequent	infusions.

Ofatumumab	is	a	fully	human	IgG1	CD20	mAb	that	binds	to	an	epitope	encompassing	both	large-	and	small-
loop	domains	of	CD20	and	is	highly	effective	at	CDC	(type	I	CD20	mAb).	Ofatumumab	monotherapy	was	first
evaluated	 in	phase	 I	and	 II	 trials	of	escalating	doses	of	4-weekly	 infusions.73	The	pivotal	 trial	 that	 led	 to	FDA
approval	of	ofatumumab	enrolled	patients	who	were	refractory	to	fludarabine	and	alemtuzumab	(FA-ref)	as	well
as	fludarabine-refractory	patients	with	bulky	(>5	cm)	 lymph	nodes	(and	 therefore	poor	candidates	for	 treatment
with	alemtuzumab)	(BF-ref);	accelerated	approval	was	based	on	outcome	for	the	FA-ref	group.	The	OR	rate	was
58%	and	47%	for	the	FA-ref	and	BF-ref	group,	respectively.	The	median	PFS	and	OS	were	5.7	and	13.7	months
in	 the	FA-ref	and	5.9	and	15.4	months	 in	 the	BF-ref	group,	 respectively,	 representing	clinical	benefit	 for	 these
patients	 compared	 to	 historic	 outcomes	with	 available	 treatment.74	 First	 infusion–associated	 toxicity	was	most
common	and	effectively	managed	with	corticosteroid	premedication.	 Infection	was	 seen,	but	expected,	 in	 these



highly	refractory,	heavily	pretreated	patients.

Chemoimmunotherapy
Obinutuzumab	 is	 a	 type	 II	 CD20	 mAb,	 resulting	 in	 potent	 direct	 induction	 of	 apoptosis,	 and	 is	 also
glycoengineered	to	enhance	ADCC.	The	CLL11	trial	for	the	GCLLSG	compared	CLB	to	CLB	plus	rituximab	and
a	 third	 arm	 combining	 CLB	 with	 obinutuzumab	 (Table	 105.6).75	 The	 addition	 of	 either	 antibody	 improved
outcomes	compared	 to	CLB	alone,	but	a	direct	comparison	of	 the	antibodies	showed	that	 the	estimated	median
PFS	with	CLB	and	obinutuzumab	was	markedly	longer	than	that	seen	with	CLB	and	rituximab	(26.7	versus	11.1
months).	This	established	the	superiority	of	obinutuzumab	over	rituximab	when	combined	with	CLB.	In	a	similar,
although	 only	 two-arm	 trial,	 CLB	 was	 compared	 to	 the	 combination	 of	 CLB	 plus	 ofatumumab.76	 Again,	 the
addition	of	the	antibody	improved	the	outcome	compared	to	that	seen	with	CLB	monotherapy	(median	PFS,	22.4
versus	13.1	months).

Currently,	there	are	three	CD20	mAbs	approved	for	first-line	treatment	of	CLL:	rituximab	and	ofatumumab	or
obinutuzumab	 in	combination	with	CLB.	The	only	head-to-head	comparison	of	antibodies	was	 the	CLL11	 trial
mentioned	 previously.	 Clearly,	 obinutuzumab	 provided	 better	 outcomes	 in	 combination	 with	 CLB	 than	 did
rituximab.	An	important	question	is	whether	the	magnitude	of	the	difference	would	be	as	great	if	the	antibodies
were	used	with	a	more	potent	chemotherapy	backbone,	such	as	FC	or	bendamustine.

The	randomized	trial	that	proved	the	benefit	of	the	addition	of	rituximab	to	chemotherapy	was	the	GCLLSG
CLL8	trial,	wherein	previously	untreated	patients	with	a	low	comorbidity	score	and	preserved	renal	function	were
randomized	 to	 receive	FC	chemotherapy	or	 the	 same	chemotherapy	with	 rituximab	 (FCR)	 (see	Table	105.6).77
This	 trial	clearly	demonstrated	superior	estimated	median	PFS	associated	with	FCR	(52	months)	versus	FC	(33
months)	as	well	as	superior	CR	and	OR	rates	at	44%	and	95%	versus	22%	and	88%,	respectively.	FCR	treatment
also	was	associated	with	a	higher	incidence	of	grade	3	or	4	neutropenia	(33.7%	versus	21%;	P	<	.0001);	however,
there	 was	 no	 difference	 in	 the	 incidence	 of	 grade	 3	 or	 4	 infection	 (18.8%	 versus	 14.9%;	 P	 =	 .14).	 Most
importantly,	this	trial	demonstrated	superior	OS	associated	with	first-line	treatment	with	FCR	(84%	alive)	versus
FC	(79%	alive)	at	38	months	(P	=	.01).

Outcomes	with	first-line	CIT	are	best	for	young,	fit	patients	with	mutated	IGHV	treated	with	FCR.	Importantly,
three	groups	have	published	long-term	outcomes	with	FCR	showing	that	patients	with	mutated	IGVH	have	very
long	PFS,	with	a	plateau	on	the	PFS	curve.78–80	For	the	majority	of	these	patients,	PFS	is	>10	years,	and	there	is
the	possibility	of	cure.	 In	young,	 fit	patients	with	mutated	 IGHV,	one	should	cautiously	weigh	 initial	 treatment
options	and	strongly	consider	FCR	therapy.

Efforts	 to	 improve	 the	 efficacy	 of	 the	 FCR	 regimen	 have	 included	 adding	mitoxantrone	 to	 the	 regimen	 in
clinical	trials.81–83	There	was	no	evidence	that	this	addition	produced	a	marked	improvement	over	the	results	seen
with	FCR.	In	addition,	in	an	effort	to	reduce	the	myelosuppression	of	FCR	and	make	the	regimen	more	tolerable,
a	phase	II	trial	was	conducted	with	reduced	doses	of	fludarabine	and	CTX	and	with	the	addition	of	maintenance
rituximab,	referred	to	as	“FCR-lite.”84	 Impressive	response	rates	(CR	rate	of	73%)	and	durable	remissions	were
reported.	 Rituximab	 or	 ofatumumab	 was	 combined	 with	 pentostatin	 and	 CTX	 for	 previously	 treated	 and
chemotherapy-naïve	 patients	 with	 CLL.85–87	 Both	 studies	 demonstrated	 that	 this	 regimen	 was	 active	 and	 well
tolerated;	 the	 most	 common	 toxicity	 was	 myelosuppression;	 nausea	 and	 vomiting	 were	 the	 most	 common
nonhematologic	toxicities.

TABLE	105.6
Phase	III	Chemoimmunotherapy-based	Trials	for	Chronic	Lymphocytic	Leukemia

Study	(Ref.) Prior	Tx Tx	Arm

No.	of
Patients

%	CR %	OR Med.
PFS
(mo)

PFS	HR
(95%	CI) OS

OS	HR
(95%	CI)

CLL879 No FCR	vs. 408 44 90 58.6 0.59	(0.5–
0.69)	(P	<
.001)

Med.	NR 0.68	(0.54–
0.89)	(P	<
.001)

	 	 FC 409 22 80 32.9 86	mo 	 	

REACH160 Yes FCR	vs. 276 24.3 70 30.6
2

0.65	(0.51–
0.82)	(P	<
.001)

Med.	NR 0.83	(0.59–
1.17)	(P	=
.287)
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	 	 FC 276 13 58 0.6 	 52	mo 	

CLL1091 No FCR	vs. 282 40 95 55.2 1.64	(1.3–
2.1)	(P	=
.0001)

91%	at	3
y

1.034
(0.62–1.72)
(P	=	.897)

	 	 BR 279 31 96 41.7
(BR	vs.
FCR)

92%	at	3
y 	

F+Alem90 Yes F	+	Alem
vs.

168 13 82 24 0.61	(0.47–
0.80)	(P	=
.0003)

Med.	NR 0.65	(0.45–
0.94)	(P	=
.021)

	 	 F 167 4 75 17 	 53	mo 	

CLL1175 No Chlor	+
Obin	vs.

333 22.3 77.3 26.7 0.18	(0.13–
0.24)	(P	<
.001)

91%	alive 0.41	(0.23–
0.74)	(P	=
.002)

	 	
Chlor	+
Rit	vs. 330 7.3 66.7 16.3

0.44	(0.34–
0.57)	(P	<
.001) 85%	alive

0.66	(0.39–
1.11)	(P	=
.11)

	 	 Chlor 118 0 31.4 11.1 Comparator 80%	alive Comparator

Complement176 No Chlor	+
Ofat	vs.

221 14 83 22.4 0.57	(0.45–
0.72)	(P	=
.0001)

89%	at	2
y

0.91	(0.57–
1.43)	(P	=
.666)

	 	 Chlor 226 1 69 13.1 	
87%	at	2
y 	

Tx,	 treatments;	CR,	 complete	 response;	OR,	 overall	 response;	PFS,	 progression-free	 survival;	HR,	 hazard	 ratio;	CI,	 confidence
interval;	OS,	overall	survival;	FCR,	fludarabine,	cyclophosphamide,	and	rituximab;	FC,	fludarabine	and	cyclophosphamide;	NR,	not
reached;	 BR,	 bendamustine	 and	 rituximab;	 F,	 fludarabine;	 Alem,	 alemtuzumab;	 Chlor,	 chlorambucil;	 Obin,	 obinutuzumab;	 Rit,
rituximab;	Ofat,	ofatumumab.

Bendamustine	is	typically	used	with	rituximab	(BR),	although	there	are	no	randomized	trials	comparing	BR	to
bendamustine	alone.	BR	was	evaluated	in	phase	II	trials	for	previously	treated	and	chemotherapy-naïve	patients
with	 CLL.88,89	 Efficacy	 and	 tolerability	 were	 demonstrated	 with	 this	 regimen.	 Furthermore,	 fludarabine	 was
combined	 with	 alemtuzumab	 for	 untreated	 and	 previously	 treated	 patients	 with	 CLL;	 superior	 efficacy	 over
fludarabine	 monotherapy	 and	 safety	 were	 also	 demonstrated	 for	 this	 combination	 (see	 Table	 105.6).	 In	 a
randomized	phase	III	trial	of	previously	treated	patients	with	CLL,	fludarabine	plus	alemtuzumab	prolonged	PFS
and	OS,	albeit	with	an	increase	in	serious	adverse	events	in	the	combination	treatment	group.90

Bendamustine-	and	FC-based	regimens	are	complicated	by	myelosuppression	and	increased	risk	for	infections.
Traditionally,	they	have	been	used	in	younger	and/or	more	fit	patients	with	CLL,	whereas	CLB-based	therapy	has
been	used	in	older/less	fit	patients.	Recently,	a	randomized	 trial	comparing	FCR	to	BR	as	 initial	 therapy	for	fit
patients	with	CLL	was	performed	(GCLLSG	CLL10).91	CR	rates	and	undetectable	MRD	rates	were	higher	with
FCR	 and	 the	 median	 PFS	 was	 approximately	 a	 year	 longer	 (53.2	 versus	 41.7	 months).	 However,	 FCR	 was
associated	with	more	 neutropenia	 and	 infections.	 Of	 note,	many	 physicians	 routinely	 use	 prophylactic	 growth
factor	support	with	FCR,	which	was	not	done	in	this	 trial.	Thus	far,	 there	is	no	survival	difference	between	the
two	arms,	but	events	are	limited.

Eliminating	Minimal	Residual	Disease
The	clinical	benefit	of	eliminating	MRD	was	initially	suggested	in	a	report	of	91	previously	treated	patients	with
CLL	who	received	alemtuzumab;	20%	had	eradication	of	MRD	in	the	blood	and	bone	marrow	when	evaluated	by
four-color	 flow	cytometry.51	Undetectable	MRD	 status	was	 associated	with	 longer	 PFS	 and	OS.	Clinical	 trials
focused	on	prospectively	evaluating	the	impact	of	eliminating	MRD	on	PFS	and	OS	are	ongoing.

For	 patients	 with	 residual	 disease	 after	 purine	 analog–based	 therapy,	 the	 marrow	 is	 the	 usual	 site	 of
involvement.	Because	alemtuzumab	has	significant	activity	in	clearing	blood	and	bone	marrow,	it	was	evaluated
in	 trials	 to	 eliminate	 MRD	 following	 chemotherapy.92,93	 These	 studies	 demonstrated	 the	 ability	 to	 improve
responses	 and	 achieve	 undetectable	 MRD	 status	 in	 a	 percentage	 of	 patients	 treated	 with	 alemtuzumab,	 with
anticipated	associated	risk	for	infection.	However,	studies	reported	unacceptable	toxicity	with	this	strategy.94–96

CD20	Monoclonal	Antibody	Maintenance	Postchemoimmunotherapy
Maintenance	with	CD20	mAb	following	CIT	was	evaluated	in	phase	III	studies.	Ofatumumab	was	evaluated	in



the	 PROLONG	 study	 that	 randomized	 patients	 who	 achieved	 remission	 with	 reinduction	 CIT	 to	 receive
ofatumumab	every	8	weeks	for	up	to	2	years	versus	observation.97	PFS	was	improved	in	patients	who	received
ofatumumab	(hazard	ratio	[HR],	0.5;	P	<	.0001),	but	there	was	no	difference	in	OS.	There	was	a	higher	incidence
of	grade	3/4	neutropenia	and	infections	among	those	who	received	ofatumumab.	Rituximab	was	also	studied	in	a
phase	 III	 clinical	 trial	 of	maintenance	 for	 patients	who	 responded	 to	 first-	 or	 second-line	CIT.98	 Patients	were
randomized	 to	 receive	 rituximab	 every	 3	 months	 for	 up	 to	 2	 years	 versus	 observation.	 Similarly,	 there	 was
improved	PFS	(HR,	0.5;	P	=	.0008)	with	rituximab	versus	observation;	there	was	no	difference	in	OS.	There	was
also	a	higher	incidence	of	grade	3/4	neutropenia	and	infections	for	patients	who	received	rituximab.	CD20	mAb
maintenance	therapy	post-CIT	improved	PFS,	but	not	OS,	and	is	associated	with	neutropenia	and	infection.	This
modality	has	not	been	adopted	in	general	practice.

B-Cell	Signaling	Pathway	Inhibitors	for	Treatment	of	Chronic	Lymphocytic
Leukemia
CLL	cells	receive	stimulation,	including	growth	and	survival	signals,	from	the	microenvironment	of	bone	marrow,
lymph	nodes,	 and	 spleen.	The	microenvironment	provides	 signals	directing	CLL	cell	proliferation	and	 survival
through	binding	and	ligation	of	surface	receptors	and	soluble	factors	such	as	cytokines	and	chemokines.	Bruton
tyrosine	kinase	(BTK)	has	emerged	as	a	central	intracellular	signal	transduction	molecule	in	CLL	cell	interactions
with	 the	microenvironment	 and	 for	 survival.99	X-linked	 agammaglobulinemia	 results	 from	a	mutation	 in	BTK,
leading	to	a	lack	of	mature	B	cells.	BTK	is	essential	in	the	Akt,	extracellular	signal–regulated	protein	kinase	(Erk),
and	 nuclear	 factor	 kappa	 B	 (NF-κB)	 signaling	 pathways	 of	 B	 cells.	 BTK	 is	 a	 central	 molecule	 in	 signal
transduction	for	 the	BCR	as	well	as	CD19,	CD38,	CD40,	C-X-C	motif	chemokine	 receptor	4	 (CRCX4),	 tumor
necrosis	 factor	 receptors,	 and	 Toll-like	 receptors.	 BCR	 signaling	 and	 interaction	 of	 CLL	 cells	 with	 the
microenvironment	 involve	 complex	 biochemical	 cascades	 and	 protein	 interactions	 for	 intracellular	 signaling.
Other	 key	 signal	 transduction	molecules	 include	 phosphoinositide	 3-kinase	 (PI3K)	 and	 spleen	 tyrosine	 kinase.
These	molecules	also	have	been	targeted	for	inhibition	with	small	molecules	as	a	therapeutic	strategy.

Bruton	Tyrosine	Kinase	Inhibitors
Ibrutinib	 is	 the	first-in-class,	orally	bioavailable	 irreversible	 inhibitor	of	BTK.	BTK	inhibition	occurs	 following
covalent	binding	of	ibrutinib	to	cysteine-481.	Preclinical	studies	with	ibrutinib	demonstrated	inhibition	of	BCR-
stimulated	activation	of	NF-κB	and	Erk,	resulting	in	death	of	malignant	B	cells;	antitumor	activity	was	also	seen
in	animal	models	of	B-cell	malignancies.

The	accelerated	approval	of	 ibrutinib	was	based	on	the	phase	I/II	 trial	 that	contained	two	cohorts	of	patients
with	CLL,	a	relapsed	group	with	a	median	of	four	prior	regimens	and	a	smaller	group	of	treatment-naïve	patients
aged	 65	 years	 and	 older.100,101	 There	 were	 no	 dose-limiting	 toxicities	 and	 the	 OR	 rate	 in	 both	 the	 previously
untreated	 and	 relapsed	 patient	 populations	 was	 71%.	 Similar	 responses	 were	 noted	 across	 risk	 categories,
including	 for	high-risk	del(17p),	heavily	pretreated,	 and	advanced-stage	CLL.	A	distinctive	pattern	of	 response
was	noted	with	the	use	of	ibrutinib.	There	is	rapid	reduction	in	lymphadenopathy	with	concomitant	initial	rise	in
the	absolute	lymphocyte	count.	The	latter	is	related	to	inhibition	of	chemokines	and	adhesion	molecules	that	cause
chemotaxis	and	adherence	of	cells	to	the	stroma.	Recognizing	this	pattern	of	response	is	important	as	the	resulting
lymphocytosis	should	not	be	considered	a	sign	of	progression.	The	median	PFS	was	not	reached	(NR)	for	either
group	with	over	3	years	of	 follow-up.102	The	only	subset	 in	whom	a	median	PFS	was	 reached	was	 in	 relapsed
patients	 with	 del(17p)	 where	 it	 was	 32	months.	 Although	 this	 group	 appeared	 to	 have	 a	 response	 rate	 that	 is
identical	to	that	seen	in	patients	without	del(17p),	the	median	PFS	was	shorter.	Nevertheless,	this	was	an	excellent
PFS	in	a	relapsed	population	with	a	del(17p),	given	that	the	best	published	first-line	PFS	for	patients	with	del(17p)
was	11	to	12	months.	Side	effects	can	include	diarrhea,	which	is	usually	mild	and	self-limited,	arthralgias	and/or
myalgias,	rash,	hypertension,	bleeding	complications,	predominately	ecchymosis,	and	atrial	fibrillation.

Full	FDA	approval	of	ibrutinib	was	subsequently	based	on	results	of	the	randomized	trial	comparing	ibrutinib
to	 ofatumumab,	 in	 patients	 with	 relapsed	 CLL	 (RESONATE)	 (Table	 105.7).103	 The	 primary	 end	 point	 was
reached	 and	 showed	 an	 impressive	 improvement	 in	 PFS	 for	 ibrutinib	 (ibrutinib	 HR,	 0.22;	 P	 <	 .001),	 with	 a
relatively	short	overall	median	follow-up	time	of	9.4	months.	Remarkably,	there	was	a	significant	improvement	in
OS	for	those	patients	treated	with	ibrutinib	(death	HR,	0.43;	P	=	.005).	Similarly,	improved	outcomes	were	seen
for	high-risk	patients,	 including	 those	with	del(17p)	and	 those	with	 fludarabine-refractory	CLL.	Response	 rates
were	significantly	higher	with	 ibrutinib.	Diarrhea,	 fatigue,	 fever,	and	nausea	were	 the	most	commonly	reported
adverse	effects	experienced	by	the	patients	treated	with	ibrutinib	and	were	mild.



Dr. AVR @ TMH

Ibrutinib	received	first-line	approval	based	on	a	randomized	trial	comparing	ibrutinib	to	CLB	monotherapy	as
initial	 therapy	 for	 patients	 65	 years	 and	 older	with	CLL	 (RESONATE2)	 (see	 Table	 105.7).104	 Response	 rates,
PFS,	and	OS	were	dramatically	better	with	ibrutinib	in	the	first-line	setting	(median	PFS,	NR	versus	18	months;
24-month	OS,	 88%	 versus	 85%).	 Although	 the	 trial	 was	 restricted	 to	 older	 or	 less	 fit	 patients,	 where	 CLB	 is
considered	 a	 reasonable	 chemotherapy	option,	 the	FDA	awarded	 a	 broad	 label,	 such	 that	 ibrutinib	 can	now	be
used	as	first-line	therapy	in	younger	patients.

Ibrutinib-based	 therapy	has	 the	advantage	of	significant	activity	across	all	 traditional	 risk	groups	 in	first-line
and	 relapsed	CLL,	 including	 del(17p)/M-	TP53,	 del(11q),	 and	 unmutated	 IGHV	 CLL.	 It	 is	 highly	 effective	 at
disease	control,	and	deeper	remissions	are	possible	after	several	years	on	first-line	therapy.	It	is	unclear	whether
the	addition	of	a	CD20	mAb	or	CIT	to	ibrutinib	has	any	impact	on	long-term	outcomes	of	remission	duration	or
survival.	Disadvantages	or	first-line	ibrutinib	include	commitment	to	long-term	continuous	treatment;	high	cost;
side-effects	 and	 toxicities,	which	 are	 increased	 in	 elderly	 and	 a	 common	 reason	 for	 discontinuation;	 unknown
long-term	effects;	physician	and	patient	 compliance;	 concern	 for	 treatment	options	postibrutinib;	 and	persistent
immune	dysfunction	with	this	noncurative	therapy.

TABLE	105.7
Phase	III	Small-Molecule	Inhibitor	Trials	for	Chronic	Lymphocytic	Leukemia

Study	(Ref.) Prior	Tx Tx	Arm
No.	of
Patients

%	CR %	OR Med.	PFS
(mo)

PFS	HR
(95%	CI) OS

OS	HR
(95%	CI)

RESONATE103 Yes Ibr	vs. 195 0 43 NR	(88%
at	6	mo)

0.22
(0.15–
0.32)	(P	<
.001)

90%	at	1
y

0.43
(0.24–
0.79)	(P	=
.005)

	 	 Ofat 196 0 4.1 8.1 	
81%	at	1
y 	

RESONATE2104 No Ibr	vs. 136 4 86 NR	(90%
at	18	mo)

0.16
(0.09–
0.28)	(P	<
.001)

98%	at	2
y

0.16
(0.05–
0.56)	(P	=
.001)

	 	 Chlor 133 2 35 18.9 	
85%	at	2
y 	

Idela	+	Rit112 Yes Idela	+	Rit
vs.

110 0 81 NR	(93%
at	6	mo)

0.15
(0.08–
0.28)	(P	<
.001)

99%	at	1
y

0.28
(0.09–
0.86)	(P	=
.02)

	 	 Rit 110 0 13 5.5 	
80%	at	1
y 	

Helios105 Yes Ibr	+	BR
vs.

289 10 83 NR	(79%
at	18	mo)

0.203
(0.15–
0.276)	(P
<	.0001)

Med.	NR 0.628
(0.385–
1.024)	(P
=	.0598)

	 	 BR 289 3 68 13.3 	 Med.	NR 	

Idela	+	BR113 Yes Idela	+
BR	vs.

207 1 70 20.8 0.33
(0.25–
0.44)	(P	<
.0001)

Med.	NR 0.62
(0.42–
0.92)	(P	=
.31)

	 	 BR 209 0 45 11.1 	
Med.	31.6
mo 	

MURANO118 Yes Ven	+	Rit
vs.

194 8.2 92 NR 0.19
(0.13–
0.28)	(P	<
.0001)

92%	at	2
y

0.48
(0.25–0.9)
(P	=	.02)a

	 	 BR 195 3.6 72 18.1 	
87%	at	2
y 	

aConsidered	not	statistically	significant	based	on	hierarchical	trial	design.
Tx,	treatments;	CR,	complete	response;	OR,	overall	response;	Med.,	median;	PFS,	progression-free	survival;	HR,	hazard	ratio;	CI,
confidence	interval;	OS,	overall	survival;	Ibr,	ibrutinib;	Ofat,	ofatumumab;	NR,	not	reached;	Chlor,	chlorambucil;	Idela,	idelalisib;	Rit,



rituximab;	BR,	bendamustine,	rituximab;	Ven,	venetoclax.

The	HELIOS	trial	is	a	phase	III	trial	in	relapsed	patients	with	CLL	who	were	randomized	to	receive	BR	with
continuous	ibrutinib	versus	placebo	(see	Table	105.7).105	This	trial	demonstrated	improved	PFS	for	patients	who
received	 ibrutinib	 with	 BR	 versus	 placebo	 with	 BR	 (HR,	 0.2;	 P	 <	 .0001)	 with	 expected	 ibrutinib-associated
toxicities.	However,	owing	to	the	design	of	this	trial,	the	contribution	of	BR	to	the	efficacy	of	ibrutinib	is	unclear,
limiting	the	general	adaptation	of	the	regimen.

Three	main	 reasons	 for	 ibrutinib	 discontinuation	have	been	 reported:	 intolerance,	 the	most	 common	 reason;
progression	 of	 refractory	 CLL;	 and	 Richter	 transformation.106–110	 The	 median	 time	 to	 discontinuation	 for
intolerance/infection	was	9	to	18	months,	with	a	plateau	after	3	years;	for	Richter	transformation,	median	time	to
discontinuation	was	9	to	12	months,	with	a	plateau	after	2	years.108,110	CLL	progression	 typically	did	not	begin
until	after	1	year	on	treatment,	has	an	exponential	rate	of	occurrence	(over	years)	with	no	plateau,	and	seemingly
continuous	risk.	Mechanisms	of	ibrutinib	resistance	appear	to	include	mutation	of	BTK	at	cysteine-481,	and	gain-
of-function	mutations	 in	 PLCγ2,	 a	 signaling	molecule	 immediately	 downstream	 of	 BTK.109,111	 Monitoring	 for
these	mutations	in	otherwise	responding	patients	or	patients	with	stable	disease	on	ibrutinib	is	not	recommended
at	this	time.

First-line	 CIT-based	 therapy	 typically	 has	 a	 defined	 duration	 with	 likely	 remission	 and	 a	 treatment-free
interval.	 Therefore,	 cost	 is	 less	 than	 for	 ibrutinib.	 Patients	 with	 unmutated	 IGHV	 respond	 to	 CIT,	 but	 have	 a
shorter	 PFS,	 and	 virtually	 all	 will	 relapse.	 For	 patients	 with	 unmutated	 IGHV,	 preference	 may	 be	 to	 delay
exposure	 to	CIT,	 especially	 for	 younger	 patients.	When	CIT	 is	 given	 first-line,	 ibrutinib	 is	 then	 available	 as	 a
treatment	option	for	relapsed	CLL.	For	patients	with	a	long	first	remission	post-CIT,	it	may	be	reasonable	to	re-
treat	with	the	expectation	of	another	durable	response	and	a	long	treatment-free	interval.	There	is	limited	data	on
efficacy	of	CIT	after	 first-line	 ibrutinib.	Disadvantages	of	CIT	 include	 the	need	 for	 intravenous	administration;
regimen-dependent	 myelosuppression	 with	 associated	 risk	 for	 infection;	 genotoxicity	 with	 chemotherapy	 and
associated	 risk	 for	 long-term	 bone	 marrow	 damage,	 including	 myelodysplastic	 syndrome	 (MDS)	 and	 acute
myeloid	leukemia	(AML);	and	Richter	transformation.

Phosphoinositide	3-Kinase	Inhibitor
There	are	four	class	I	PI3K	isoforms.	PI3Kδ	is	expressed	by	leukocytes	and	participates	in	B-cell	development,
signaling,	and	survival.	PI3K	mediates	downstream	signaling	for	the	BCR	as	well	as	CXCR4,	CD40,	and	CD49d.
Idelalisib	is	an	orally	bioavailable,	reversible	small-molecule	inhibitor	of	p110δ	of	the	PI3K	complex;	it	produces
no	significant	 inhibition	of	other	class	 I	 isoforms	and	no	significant	off-target	 inhibition	of	PI3K	class	 II	or	 III
isoforms,	 mammalian	 target	 of	 rapamycin	 (mTOR),	 or	 DNA	 protein	 kinases.	 Idelalisib	 was	 approved	 in
combination	 with	 rituximab	 for	 the	 treatment	 of	 relapsed	 CLL	 based	 on	 a	 randomized	 trial	 comparing	 this
combination	to	rituximab	plus	placebo	(see	Table	105.7).112	Idelalisib	and	rituximab	produced	significantly	higher
response	rates	and	significantly	longer	PFS	(median	PFS,	NR	versus	5.5	months)	as	well	as	a	survival	advantage
(OS	at	12	months,	92%	versus	80%);	 the	HR	for	PFS	was	0.15	(P	<	 .001)	and	HR	for	OS	was	0.28	(P	=	 .02).
Significant	side	effects	include	transaminitis,	pneumonitis,	and	late	colitis;	serious	adverse	events	occurred	in	40%
and	35%,	respectively.	Data	supports	 that	 these	toxicities	are	related	to	immune	activation	and	that	 this	may	be
due	to	the	fact	the	PI3Kδ	has	a	role	in	the	signaling	of	T	regulatory	cells	(Tregs).	Inhibition	of	Tregs	may	allow	an
activated	cytotoxic	T-cell	population	to	emerge.	Most	patients	who	develop	such	side	effects	can	be	re-treated	and
continue	on	the	drug.	Idelalisib	was	being	developed	for	first-line	treatment	of	CLL,	but	several	trials	involving
untreated	or	minimally	 treated	patients	 (including	 those	with	 lymphoma)	were	closed	by	 the	FDA	because	of	a
higher	number	of	infections	and	deaths	in	the	idelalisib-containing	arm.	As	such,	idelalisib	is	not	recommended
for	first-line	therapy,	and	all	patients	who	receive	idelalisib	should	also	receive	prophylactic	antivirals	and	anti-
Pneumocystis	jiroveci	pneumonia	antibiotics.

A	 randomized	phase	 III	 clinical	 trial	 evaluated	BR	with	and	without	 idelalisib	 in	previously	 treated	patients
with	CLL	 (see	 Table	 105.7).113	 Patients	 received	 standard	BR	with	 continuous	 standard	 dose	 idelalisib	 versus
placebo.	PFS	was	improved	for	patients	who	received	idelalisib	with	BR	versus	placebo	(HR,	0.33;	P	<	.0001),
with	 expected	 idelalisib-associated	 toxicities.	 This	 trial	 did	 not	 evaluate	 the	 therapeutic	 contribution	 of	 BR,
leaving	in	question	the	benefit	of	BR	plus	idelalisib	versus	idelalisib	monotherapy.

Bcl-2	Inhibitor
Bcl-2	is	a	fundamental	protein	 in	 the	biochemistry	and	survival	of	CLL	cells.	Overexpression	of	Bcl-2	by	CLL
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cells	favors	the	biochemical	stoichiometry	toward	survival	and	resistance	to	apoptosis.	When	Bcl-2	is	blocked	in
CLL	 cells,	 the	 cells	 undergo	 apoptosis	 and	 are	 eliminated	 in	 a	 p53-independent	 mechanism	 of	 action.	 BH3
mimetics	 function	 as	 small-molecule	 inhibitors	 of	 Bcl-2	 family	 members.	 Navitoclax	 (ABT-263)	 is	 an	 orally
administered	 small-molecule	 inhibitor	 of	 Bcl-2,	 Bcl-w,	 and	 Bcl-xL.	 In	 vitro	 treatment	 of	 CLL	 cells	 with
navitoclax-induced	cell	death.	A	phase	 I/II	 trial	of	orally	administered	navitoclax	was	conducted	and	generated
promising	results.	The	majority	of	patients	treated	in	the	study	had	>50%	reduction	in	leukemia	counts,	and	some
patients	experienced	reduction	in	lymph	node	size.114	The	dose-limiting	toxicity	was	thrombocytopenia	secondary
to	 accelerated	platelet	 senescence	 from	 inhibition	of	Bcl-xL	 in	platelets.	Given	 this	 activity,	 venetoclax	 (ABT-
199)	was	designed	as	a	molecule	with	greater	affinity	for	Bcl-2	and	reduced	affinity	for	Bcl-xL.115

Venetoclax	is	an	orally	bioavailable	small-molecule	inhibitor	of	Bcl-2.116	 It	 functions	as	a	BH3	mimetic	and
potently	 induces	 CLL	 apoptosis.	 Monotherapy	 is	 highly	 effective,	 including	 in	 very	 high-risk	 patients	 with
relapsed/refractory	del(17p)	CLL,	for	whom	it	was	approved	by	the	FDA	based	on	results	of	the	pivotal	phase	II
trial.	The	OR	rate	in	this	group	was	79%,	with	8%	CR.117	The	estimated	12-month	PFS	was	72%,	and	OS	was
87%.	Venetoclax	was	highly	 effective	 at	 eliminating	disease	 from	blood	 and	bone	marrow;	 residual	 disease	 in
partial	 responders	 was	 typically	 in	 persistently	 enlarged	 lymph	 nodes.	 Venetoclax	 was	 safely	 combined	 with
rituximab	 and	 showed	 a	 high	 response	 rate,	with	 durable	 remissions	 in	 relapsed	CLL,	 and	 is	 being	 studied	 in
phase	III	clinical	trials	as	first-line	therapy	with	obinutuzumab	and	in	relapsed	CLL	combined	with	rituximab.

Venetoclax	combined	with	rituximab	was	evaluated	against	BR	for	relapsed	patients	with	CLL	in	the	phase	III
MURANO	study	(see	Table	105.7).118	Patients	were	randomized	to	receive	venetoclax	400	mg	daily	for	up	to	2
years	 with	 6	 monthly	 doses	 of	 rituximab	 (VenR)	 versus	 six	 cycles	 of	 standard	 BR.	 Independent	 Review
Committee–assessed	 PFS	was	markedly	 improved	 for	 patients	who	 received	VenR	 versus	BR	 (HR,	 0.19;	P	 <
.0001).	 All	 subgroups	 benefited	 with	 VenR,	 including	 del(17p)	 and	 unmutated	 IGHV	 CLL.	 Furthermore,	 no
significant	 difference	 was	 noted	 in	 PFS	 between	 those	 who	 received	 VenR	 with	 or	 without	 del(17p).
Myelosuppression	with	neutropenia	is	the	most	common	adverse	event	with	VenR,	and	it	was	manageable.

Venetoclax	 is	 administered	 once	 daily	 and	 can	 be	 associated	with	mild	 toxicities,	 including	 gastrointestinal
intolerance	and	neutropenia.116	It	is	a	highly	potent	inducer	of	CLL	cell	apoptosis,	accounting	for	the	most	notable
toxicity	of	tumor	lysis	syndrome	(TLS)	that	occurs	if	patients	are	started	at	too	high	a	dose	or	if	they	dose-escalate
too	rapidly.	Therefore,	patients	are	started	at	a	low	daily	dose	of	20	mg	and	escalated	weekly	over	5	weeks	to	the
target	400	mg	daily,	 to	mitigate	 significant	TLS	 risk.	Even	with	 this	 strategy,	patients	 at	 high	 risk	 for	TLS	by
virtue	of	having	bulky	lymph	nodes	and	high	leukemia	count	must	be	aggressively	hydrated	prior	to	and	during
initiation	and	escalation;	per	package	insert,	these	patients	should	be	hospitalized	at	therapy	initiation	and	again	at
first	dose	escalation.

Immune	Modulatory	Agents
Immune	 modulating	 agents,	 such	 as	 thalidomide	 and	 lenalidomide,	 are	 currently	 approved	 for	 treatment	 of
multiple	myeloma,	mantle	cell	 lymphoma,	and	MDS	and	have	had	limited	application	in	CLL.	There	 is	 limited
understanding	 of	 the	 primary	 mechanism	 of	 lenalidomide	 action	 in	 CLL.	 Lenalidomide	 inhibits	 CLL	 cell
proliferation	through	inhibition	of	cereblon;	it	has	antiangiogenesis	activity;	it	can	correct	T-cell	immune-synapse
formation,	thereby	improving	immune	recognition;	and	it	regulates	cytokine	levels	and	T-cell	function.

Phase	II	clinical	trials	in	relapsed	or	refractory	patients	with	CLL	evaluated	continuous	and	interrupted	(21	of
28	days)	administration	of	up	to	25	mg	daily	and	reported	OR	rates	of	32%	to	47%	with	7%	to	9%	achieving	CR,
including	patients	who	achieved	undetectable	MRD	status.119,120	Furthermore,	 responses	were	noted	 in	patients
with	 high-risk	 features	 including	 del(11q)	 and	 del(17p).	 Subsequently,	 phase	 II	 trials	 evaluated	 first-line
monotherapy	for	the	elderly,	demonstrating	tolerability,	good	response	rates,	and	durable	disease	control.121,122	In
a	study	of	60	symptomatic	patients	with	untreated	CLL	aged	65	years	or	older,	lenalidomide	at	an	initial	dose	of	5
mg	 per	 day	 (and	 titrated	 up)	 was	 well	 tolerated	 and	 resulted	 in	 a	 65%	 response	 rate.122,123	 Improvement	 in
hypogammaglobulinemia	 and	 T-cell	 counts	 were	 noted	 in	 this	 setting,	 suggesting	 immune	 restoration.
Unfortunately,	a	first-line	phase	III	trial	was	terminated	due	to	an	increased	number	of	deaths	with	lenalidomide
compared	to	that	seen	with	CLB	monotherapy.

Lenalidomide	was	evaluated	 in	combination	with	rituximab	for	patients	with	previously	 treated	CLL.124	 The
addition	 of	 CD20	mAb	 appeared	 to	 improve	 outcomes	 compared	 to	 that	 seen	 with	monotherapy	 for	 relapsed
disease.	Modestly	 improved	 responses	 were	 seen	 when	 lenalidomide	 was	 combined	 with	 CD20	mAb	 or	 CIT.
CD20	mAb	 prior	 to	 initiating	 lenalidomide	 abrogated	 the	 tumor	 flare	 reaction	 (TFR)	 seen	 with	 lenalidomide.
Lenalidomide	was	studied	in	phase	II	maintenance	trials	after	CIT.



Lenalidomide	safety	and	toxicity	concerns	have	been	TLS	and	TFR,	which	occur	upon	initiation	of	treatment,
as	well	as	myelosuppression,	which	can	be	dose	limiting	and	occurs	while	patients	are	on	treatment.	TLS	and	TFR
have	been	minimized	by	initiating	lenalidomide	at	a	low	dose	(2.5	to	5	mg	daily),	and	by	initiating	CD20	mAb
prior	to	lenalidomide	in	patients	receiving	the	combination.	Lenalidomide	remains	a	promising	agent	with	unique
properties	and	is	being	studied	earlier	in	treatment,	in	combinations	and	as	maintenance	therapy	in	CLL.

Cellular	Therapy	for	CLL
Immune-based	 cellular	 therapy	 takes	 advantage	 of	 the	 ability	 of	 the	 immune	 system	 to	 seek	 out	 and	 eliminate
malignant	cells	in	the	body.	It	potentially	provides	a	mechanism	of	surveillance	to	prevent	recurrence	of	disease.
Allogeneic	stem	cell	transplant	(allo-SCT)	is	a	form	of	immune	cellular	therapy,	which	is	potentially	curative	for
some	 patients	 with	 CLL.	 Another	 strategy	 of	 immune	 cellular	 therapy	 has	 been	 developed,	 based	 on	 T-cell
expression	of	chimeric	antigen	receptors	(CARs).

Chimeric	Antigen	Receptor–Bearing	T-cell	Therapy
CARs	are	engineered	molecules	composed	of	an	external	antigen-binding	domain	(single-chain	Ig	variable	genes),
a	stalk	and	transmembrane	region,	an	intracellular	costimulatory	signaling	domain	and	CD3-zeta.	Costimulatory
signaling	domains	include	CD28	and	CD137	(41BB)	to	provide	a	“second	signal”	to	fully	activate	and	expand	T
cells	upon	antigen	binding.	Viral	vectors	are	typically	used	to	introduce	the	CAR	gene	into	T	cells	ex	vivo	where
they	integrate	into	the	genome	for	stable	expression	by	the	transduced	T	cells.	When	T	cells	expressing	the	CAR
are	 exposed	 to	 the	 respective	 antigen,	 binding	 triggers	 activation	 and	 expansion	 of	 the	 CAR	 T	 cells,	 and
elimination	 of	 cells	 with	 target	 antigen.	 The	 binding	 domain	 of	 the	 CAR	 can	 be	 directed	 against	 any	 surface
antigen.	Normal	B	cells,	and	malignant	counterparts,	including	CLL,	express	surface	CD19,	which	was	targeted
with	a	CAR	in	this	treatment	strategy.125–128	Other	molecules	are	also	being	targeted,	such	as	ROR1,	in	CAR	T-
cell	strategies	for	CLL.

The	CD19	CAR	T-cell	experience	is	limited	but	encouraging	in	CLL.	Among	14	relapsed	or	refractory	patients
with	CLL,	8	responded;	4	patients	achieved	complete	remission,	undetectable	MRD,	and	had	not	relapsed.129	In	a
larger	trial	of	19	relapsed	or	refractory	patients	with	CLL,	some	refractory	to	ibrutinib,	the	OR	rate	was	74%,	with
21%	CR.130	Furthermore,	15	of	17	patients	who	had	marrow	disease	at	treatment	cleared	their	marrow	of	disease
when	evaluated	by	flow	cytometry,	and	7	of	12	of	those	tested	by	a	molecular	method	had	undetectable	residual
disease.	The	efficacy	in	CLL	has	been	modest	compared	to	that	seen	in	acute	lymphoblastic	leukemia.	This	may
be	 due	 to	 the	T-cell–suppressive	microenvironment	 of	CLL	 and	 intrinsic	 features	 of	 the	CLL	 cells	 that	 confer
resistance.	Ibrutinib	may	partially	correct	some	defects.131

The	major	side	effect	is	a	cytokine	release	syndrome	(CRS),	which	occurs	as	a	result	of	CAR	T-cell	activation,
cytokine	 production,	 and	 expansion	 following	 target	 antigen	 encounter,	 and	 can	 be	 characterized	 by	 fever,
hypotension,	and	capillary	leak.	Neurologic	toxicity,	which	can	manifest	as	confusion	and	seizures,	has	also	been
reported.	CRS	events	are	associated	with	high	cytokine	levels,	particularly	IL-6,	and	can	be	managed	with	agents
that	 target	 IL-6	 binding	 such	 as	 tocilizumab	 and	 siltuximab,	 supportive	 care	measures,	 and	 steroids	 for	 severe
cases.	 The	 CRS	 appears	 proportionate	 to	 antigen	 burden,	 potentially	 making	 the	 CAR	 T-cell	 strategy	 more
amenable	to	treatment	of	MRD.

Allogeneic	Stem	Cell	Transplantation
Allo-SCT	is	a	potentially	curative	strategy	 for	 relapsed	or	 refractory	CLL,	 including	 for	patients	with	high-risk
features,	 such	 as	 del(17p).	Myeloablative	 allo-SCT	was	 not	 a	 viable	 option	 in	CLL	 in	 the	 past	 because	 of	 the
prohibitive	toxicity	of	this	approach	in	older	patients.	Autologous	stem	cell	transplantation	has	been	evaluated	for
CLL132	but	does	not	appear	to	have	a	role.	Reduced-intensity	conditioning	(RIC)	has	made	allo-SCT	available	for
significantly	more	patients	with	CLL.	Although	allo-SCT	was	associated	with	long-term	remissions	and	possible
cure,	there	is	patient	selection	and	reporting	bias	in	these	data.

Early	data	with	nonmyeloablative	allogeneic	 transplant	 indicated	almost	universal	 engraftment,	 although	 the
development	of	chimerism	was	slower	 than	with	myeloablative	 transplants.	Patients	with	sensitive	disease	who
were	 transplanted	 had	 a	 better	 outcome	 than	 those	who	had	 resistant	 disease.133	 Long-term	 follow-up	 reported
showing	a	5-year	OS	rate	of	50%.134,135	Notably,	immune	manipulation	by	withdrawal	of	immunosuppression	or
donor	lymphocyte	infusions	enhanced	clinical	responses,	indicating	that	CLL	is	a	disease	susceptible	to	immune-
mediated	 elimination	 and	 control.	 A	 6-year	OS	 rate	 of	 58%	was	 reported	 in	 a	 series	 of	 90	 previously	 treated
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patients	 who	 underwent	 RIC	 and	 allo-SCT,	 with	 an	 event-free	 survival	 of	 38%	 for	 the	 same	 period.136
Furthermore,	no	association	was	noted	between	the	presence	of	mutations	in	TP53,	SF3B1,	or	NOTCH1	and	OS
or	EFS,	indicating	efficacy	for	patients	with	high-risk	features.	Smaller	series	reported	similar	outcomes.137–139	A
single-center	 retrospective	study	of	outcomes	 for	 individuals	with	 relapsed	CLL	who	had	a	matched	allogeneic
donor	versus	no	donor	showed	improved	survival	for	individuals	who	had	a	matched	donor	by	landmark	analysis
starting	3	months	after	donor	 search	was	 initiated.	These	data	 indicate	 that	allo-SCT	may	 improve	survival	 for
patients	with	relapsed	high-risk	CLL.140

There	is	clearly	a	need	to	develop	better	tolerated	cell-based	therapy	with	similar	curative	potential,	without	the
need	for	immunosuppression	and	associated	long-term	morbidity	and	mortality	of	allo-SCT.	Furthermore,	donor
availability,	advanced	patient	age,	and	associated	toxicities	limit	applicability	of	this	modality	in	CLL.	In	addition,
the	advent	of	BCR	signaling	pathway	inhibitors	and	the	BCL-2	inhibitor	provide	multiple	treatment	options	that
afford	 well	 tolerated	 long-term	 disease	 control,	 making	 allo-SCT	 a	 least	 desirable	 option	 for	 most	 patients.
Ongoing	discussion	exists	 around	who	are	appropriate	patients	 for	 allo-SCT.	 It	 is	difficult	 to	 identify	high-risk
features	among	patients	receiving	small-molecule	inhibitors.

MANAGEMENT	RECOMMENDATIONS
First-line	Treatment	Recommendations
First	 treatment	 is	 the	best	opportunity	 to	use	 the	most	effective	agents	 to	achieve	 the	deepest	and	most	durable
remission	(Table	105.8).	This	 is	 true	 for	CIT-based	 treatments	 as	well	 as	 oral	 small-molecule	 inhibitors	 of	 the
BCR	 signaling	 pathway,	 such	 as	 ibrutinib.	 High-risk	 cytogenetic	 abnormalities	 like	 del(17p)	 and	 complex
karyotype	 are	 uncommon	 in	 previously	 untreated	 patients,	 and	 emerge	 as	 a	more	 common	 occurrence	 among
patients	with	relapsing	disease,	particularly	after	CIT.

TABLE	105.8
Individualized	First-line	Strategies	Treatment	for	Chronic	Lymphocytic	Leukemia

Characteristic
Recommended	Treatment

Younger	(,65	y)/Fit Older	(≥65	y)/Unfit
Del(17p) BTK	inhibitor BTK	inhibitor

IGHV-mutated FCR

CIT:	for	remission,	Tx-free	interval
or
BTK	inhibitor:	continuous	Tx

IGHV-unmutated

BTK	inhibitor:	continuous	Tx
or
CIT:	remission,	Tx-free	interval

BTK	inhibitor:	continuous	Tx
or
CIT:	for	remission,	Tx-free	interval

BTK,	 Bruton	 tyrosine	 kinase;	 IGHV,	 immunoglobulin	 heavy	 chain	 variable	 gene;	 FCR,	 fludarabine,	 cyclophosphamide,	 and
rituximab;	CIT,	chemoimmunotherapy;	Tx,	treatment.

Since	the	median	age	at	diagnosis	of	CLL	is	71	years,	and	most	patients	do	not	need	treatment	until	years	after
diagnosis,	 age	 is	 a	 significant	 consideration	 in	 selecting	 first-line	 therapy.	 Older	 patients	 do	 not	 tolerate
myelosuppressive	 or	 immunosuppressive	 CIT	 well;	 have	 increased	 risk	 for	 ibrutinib-associated	 toxicities;	 and
have	geographic,	financial,	and	access	limitations.

There	are	few	absolutes	regarding	first-line	therapy	but	one	applies	to	patients	with	del(17p)	or	mutated	TP53
CLL,	which	account	for	5%	to	8%	of	untreated	patients.	Patients	of	any	age	with	del(17p)	or	mutated	TP53	should
not	 receive	 chemotherapy,	 but	 be	 treated	with	 a	 BTK	 inhibitor,	 such	 as	 ibrutinib,	 as	 initial	 therapy.	 CIT	may
transiently	debulk	disease	for	some,	but	it	is	ineffective	in	achieving	deep	and	durable	remission.	If	the	patient	is
not	able	 to	 tolerate	 ibrutinib,	 then	 the	Bcl-2	 inhibitor	venetoclax	 is	 the	next	choice.	Venetoclax	 is	not	currently
approved	in	 the	first-line	setting	but	offers	an	oral	 treatment	option	 that	 results	 in	deep	and	durable	remissions,
including	 in	 high-risk	 relapsed	 del(17p)	 CLL.	 Phase	 III	 trials	 with	 venetoclax	 as	 initial	 therapy	 for	 CLL	 are
ongoing	and	will	likely	alter	standard-of-care	options	in	the	near	future.

For	 patients	without	 del(17p)	 or	mutated	TP53,	 age	 and	 intent	 of	 treatment	 should	 be	 used	 to	 differentiate
choices.	 Patients	 older	 than	 65	 to	 70	 years	 have	 comorbidities	 and	 are	 less	 able	 to	 tolerate	 myelosuppressive



agents	and	combinations.	Therefore,	a	BTK	inhibitor,	such	as	ibrutinib,	is	first-line	treatment	of	choice,	regardless
of	any	other	disease	or	prognostic	factors.	If	such	a	patient	has	a	contraindication	to	BTK	inhibitor	or	if	the	intent
of	treatment	is	for	a	deep	unmaintained	remission,	then	CIT-based	options	include	a	CD20	mAb	with	or	without
CLB	versus	BR.	Financial	exigencies	may	also	prevent	use	of	ibrutinib	in	this	setting.

For	 patients	 younger	 than	 65	 to	 70	 years,	 IGVH	 mutation	 status	 drives	 choice	 for	 treatment.	 Those	 with
mutated	IGVH	do	very	well	with	the	FCR	regimen,	with	half	having	a	PFS	>10	years,	 including	a	potential	for
cure.	BR	was	not	shown	to	achieve	this	outcome.	For	younger	patients	with	unmutated	IGVH,	first-line	treatment
should	 offer	 long-term	 disease	 control	 and	 limited	 toxicity,	 such	 as	 with	 ibrutinib-based	 treatment,	 with	 the
expectation	that	this	commits	the	patient	to	uninterrupted	treatment	with	the	oral	agent.	Clinical	trial	consolidation
strategies	are	in	development	for	such	patients;	such	an	approach	may	eventually	offer	treatment	holidays.

Relapsed/Refractory	Chronic	Lymphocytic	Leukemia	Treatment
Recommendations
The	 treatment	 landscape	 for	 relapsed	 and	 refractory	 (R/R)	CLL	 is	 evolving	 due	 changes	 in	 available	 first-line
treatment	 such	 as	 ibrutinib.	 Currently,	 most	 R/R	 patients	 received	 first-line	 CIT;	 BCR	 signaling	 pathway
inhibitors	 are	 their	 standard	 salvage	 regimens	 (Table	 105.9).	 For	 those	 who	 receive	 first-line	 BTK	 inhibitor
therapy,	 current	 salvage	 options	 include	 venetoclax	 ±	 rituximab,	 CIT	 (FCR	 or	 BR),	 PI3K	 inhibitor–based
treatment,	 or	 lenalidomide	 ±	 CD20	 mAb.	 Treatment	 choice	 depends	 on	 prior	 treatment,	 individual	 patient
characteristics,	 and	 intent	 of	 treatment.	 There	 is	 limited	 available	 data	 on	 small-molecule	 inhibitor	 activity	 in
patients	who	were	previously	 refractory	 to	 another	 small-molecule	 inhibitor;	better	 efficacy	 is	 expected	 for	 the
alternative	agent	 for	patients	who	discontinued	 the	prior	 agent	 for	 intolerance.	Fludarabine-refractory	CLL	 is	 a
high-risk	 feature	 and	 is	becoming	 rarer.	 Ibrutinib	 resistance	 is	 a	high-risk	 feature,	particularly	 for	patients	who
were	 previously	 exposed	 to	CIT.	 If	 a	 previously	 treated	 patient	 develops	 del(17p)	 or	mutated	TP53,	 treatment
options	 include	 ibrutinib,	 venetoclax,	 and	 idelalisib.	Preference	of	 nonchemotherapy-based	 treatment	 should	be
driven	by	prior	exposure	to	a	small-molecule	inhibitor,	and	review	of	the	safety	profile.

TABLE	105.9
Individualized	Treatment	Strategies	for	Relapsed/Refractory	Chronic	Lymphocytic	Leukemia

Characteristic
Recommended	Treatment
First-line	or	Prior	CIT First-line	or	Prior	BTK	Inhibitor

Del(17p) BTK	inhibitor

or

Bcl-2	inhibitor	±	rituximab

Bcl-2	inhibitor	±	rituximab

PI3K	inhibitor

Lenalidomide	±	CD20	mAb

Allo-SCT
CIT-refractory BTK	inhibitor

or

Bcl-2	inhibitor	+	rituximab

Bcl-2	inhibitor	+	rituximab

PI3K	inhibitor	+	rituximab

Lenalidomide	±	CD20	mAb

Allo-SCT
BTK	inhibitor-refractory Bcl-2	inhibitor	+	rituximab

PI3K	inhibitor	+	rituximab

Lenalidomide	±	CD20	mAb

Allo-SCT

Bcl-2	inhibitor	+	rituximab

PI3K	inhibitor	+	rituximab

CIT

Lenalidomide	±	CD20	mAb

Allo-SCT

Bcl-2	inhibitor-refractory BTK	inhibitor	(if	naïve)

PI3K	inhibitor	+	rituximab

Lenalidomide	±	CD20	mAb

Allo-SCT

PI3K	inhibitor	+	rituximab

Lenalidomide	±	CD20	mAb

Allo-SCT

PI3K	inhibitor-refractory Bcl-2	inhibitor	+	rituximab

BTK	inhibitor

Bcl-2	inhibitor	+	rituximab

Lenalidomide	±	CD20	mAb
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Lenalidomide	±	CD20	mAb

Allo-SCT

Allo-SCT

CIT,	chemoimmunotherapy;	BTK,	Bruton	 tyrosine	kinase;	PI3K,	phosphoinositide	3-kinase;	mAb,	monoclonal	antibody;	allo-SCT,
allogeneic	stem	cell	transplant.

Maintenance	with	CD20	mAb	after	CIT	was	shown	in	phase	III	studies	to	prolong	PFS,	but	not	OS,	and	was
associated	with	increased	risk	of	infections.	Maintenance	after	CIT	has	not	been	adopted	in	standard	practice,	but
it	may	be	useful	in	select	patients	at	higher	risk	for	progression.

Richter	 transformation	most	 commonly	 occurs	 in	 previously	 treated	 patients	 and	 has	 a	 very	 poor	 outcome.
There	 is	 no	 standard	 CIT	 regimen,	 and	 the	 treatment	 objective	 is	 to	 achieve	 good	 disease	 control,	 preferably
remission,	 and	 then	 to	 proceed	 to	 allo-SCT,	 in	 order	 to	 achieve	 long-term	 disease	 control.	 The	 rare	 Richter
transformation	 that	 occurs	 in	 treatment-naïve	CLL	 has	 a	much	 better	 prognosis	 suggesting	 the	 possibility	 of	 a
separate	neoplasm	as	opposed	to	a	transformation;	RS	in	this	situation	can	potentially	be	cured	with	intensive	CIT
regimens	 such	 as	 hyperfractionated	 cyclophosphamide,	 vincristine,	 doxorubicin,	 and	 dexamethasone	 (hyper-
CVAD),	 oxaliplatin,	 fludarabine,	 cytarabine,	 and	 rituximab	 (OFAR),	 or	 even	 cyclophosphamide,	 vincristine,
doxorubicin,	and	rituximab	(R-CHOP),	but	eventually	the	CLL	will	relapse.

Splenectomy
Splenectomy	may	 be	 beneficial	 in	 individuals	with	 immune-	mediated	 cytopenias	 such	 as	AIHA	 and	 immune
thrombocytopenia	 purpura	 (ITP)	 after	 corticosteroid	 failure	 or	 in	 improving	 blood	 counts	 in	 patients	 with
hypersplenism.	In	a	study	from	the	MD	Anderson	Cancer	Center,43	perioperative	mortality	among	55	patients	was
9%,	mostly	associated	with	poor	preoperative	performance	status.	Improvements	in	the	platelet	count,	neutrophil
count,	and	hemoglobin	occurred	in	81%,	59%,	and	33%	of	patients,	respectively.	Among	patients	with	Rai	stage
IV	disease,	a	trend	for	improved	survival	was	observed	using	case-control	analysis.

Therapeutic	Considerations	for	Specific	Problems	in	Patients	with	Chronic
Lymphocytic	Leukemia
The	most	common	cause	of	morbidity	 in	patients	with	CLL	is	 infection.	Because	hypogammaglobulinemia	 is	a
contributing	factor	 to	patients’	 increased	susceptibility	to	infections,	a	randomized	double-blind	study	evaluated
the	 use	 of	 intravenous	 Ig,	 400	 mg/kg	 given	 every	 3	 weeks	 for	 1	 year,	 versus	 placebo	 to	 84	 patients	 with
CLL.141,142	A	significant	reduction	in	bacterial	infections	was	seen	in	the	group	treated	with	intravenous	Ig,	but	no
statistically	 significant	 difference	 was	 observed	 in	 the	 number	 of	 life-threatening	 infections	 or	 nonbacterial
infections.	Because	of	the	high	cost	of	this	therapy,	monthly	intravenous	Ig	therapy	is	best	used	in	patients	with
hypogammaglobulinemia	who	experience	repeated	bacterial	infections.143,144

Second	Malignancies	and	Transformation
Approximately	 25%	 of	 patients	 with	 CLL	 develop	 second	 neoplasms,	 the	 most	 common	 being	 skin	 cancer.
Second	neoplasm	is	 the	cause	of	death	 in	7%	to	10%	of	patients.	 In	approximately	2%	to	6%	of	patients,	CLL
may	evolve	into	a	high	grade	lymphoma	of	the	diffuse	large	cell	 type	(Richter	 transformation);	 less	commonly,
Hodgkin	histology	is	diagnosed.	Richter	 transformation	may	arise	from	the	original	CLL	clone,	and	its	onset	 is
heralded	 by	 fever,	 weight	 loss,	 a	 rising	 lactate	 dehydrogenase,	 and	 an	 asymmetric	 rapid	 lymph	 node
enlargement.145	 Because	 the	 lymphoma	may	 be	 patchy,	 a	 positron	 emission	 tomography	 (PET)	 scan	 showing
node(s)	evidencing	a	high	standardized	uptake	value	(SUV),	which	is	usually	low	in	CLL,	may	aid	in	identifying	a
“hot”	lymph	node	that	can	be	targeted	for	biopsy.	Transformation	must	be	diagnosed	by	histology.	The	prognosis
of	 Richter	 transformation	 is	 poor,	 with	 a	 median	 survival	 of	 only	 6	 months.	 Prolymphocytic	 transformation
develops	 in	 approximately	 2%	 to	 5%	 of	 patients	 with	 CLL.	 This	 transformation	 is	 different
immunophenotypically	and	clinically	from	primary	or	de	novo	PLL.	Secondary	PLL	is	marked	by	development	of
refractory	 anemia	 and	 thrombocytopenia,	 progressive	 splenomegaly,	 and	 an	 increase	 in	 the	 percentage	 of
prolymphocytes	 to	>30%	of	 the	 leukemia	cells.	As	with	Richter	 transformation,	PLL	transformation	portends	a
poor	prognosis	despite	aggressive	therapy.

Therapy-related	myeloid	neoplasia	(myelodysplasia	or	AML)	is	also	a	concern	in	CLL.	In	long-term	follow-up
of	the	U.S.	Intergroup	Study	E2997,	4.7%	of	patients	developed	therapy-related	myeloid	neoplasia	at	a	median	of
5	years	from	initial	therapy.146



PROLYMPHOCYTIC	LEUKEMIA
PLL	is	characterized	by	a	high	number	of	circulating	prolymphocytes,	splenomegaly,	minimal	lymphadenopathy,
and	 a	 median	 survival	 of	 <3	 years.	 This	 leukemia	 can	 be	 present	 at	 diagnosis	 or	 evolve	 from	 CLL.147
Prolymphocytes	 are	 larger	 and	 less	homogeneous	 than	CLL	cells	 and	have	abundant	 clear	 cytoplasm,	 clumped
chromatin,	and	a	prominent	nucleolus.	Prolymphocytes	can	be	of	either	B-	or	T-cell	type.	B-PLL	cells	usually	do
not	express	CD5	but	stain	strongly	for	surface	Ig	and	FMC7	(see	Table	105.1).	In	20%	of	cases	of	PLL,	T-cell
markers	are	expressed.

Splenectomy	 and	 lymphoma-like	 regimens	 have	 been	 used	 to	 treat	 PLL	without	much	 success.	 Nucleoside
analog–based	regimens	appear	to	be	the	most	effective,	and	alemtuzumab	has	shown	promising	activity	in	T-PLL;
there	is	as	of	yet	minimal	data	describing	the	use	of	novel	small	molecules	approved	for	CLL	in	the	treatment	of
PLL.148

LARGE	GRANULAR	LYMPHOCYTE	LEUKEMIA
Large	granular	lymphocytes	(LGLs)	are	larger	than	normal	lymphocytes	and	contain	azurophilic	granules	in	their
cytoplasm.	LGLs	comprise	10%	to	15%	of	peripheral	blood	mononuclear	cells	and	are	predominantly	of	NK	cell
phenotype,	a	smaller	proportion	being	of	T-cell	phenotype.	There	are	generally	four	lymphoproliferative	disorders
of	LGL:	reactive/transient	LGL	expansion,	chronic	LGL	lymphocytosis,	indolent	LGL	leukemia,	and	aggressive
LGL	 leukemia.149	 Clonal	 expansion	 of	 LGL	 can	 be	 of	 NK	 cell	 or	 T-cell	 phenotype;	 the	 T-cell	 phenotype
comprises	 80%	of	LGL	 leukemias.	T-LGL	cells	 have	 a	CD3+/CD57+/CD56−	 immunophenotype,	 and	NK-LGL
cells	 express	CD3−/CD561+/CD57−.	 Clonality	 in	 T-LGL	 leukemia	may	 be	 established	 by	 T-cell	 receptor	 gene
rearrangement	 studies.	 T-LGL	 leukemia	 is	 usually	 indolent.	 Patients	 present	 with	 cytopenias,	 including
neutropenia	 with	 accompanying	 infections,	 pure	 red	 cell	 aplasia,	 thrombocytopenia,	 and	 anemia.	 Serologic
abnormalities,	 such	 as	 the	 presence	 of	 rheumatoid	 factor	 or	 antinuclear	 antibody,	 or	 both,
hypergammaglobulinemia,	and	high	β2-microglobulin	are	frequent.	A	small	percentage	of	LGL	leukemias	have	a
more	 aggressive	 course,	 and	 these	 cases	 tend	 to	 have	 an	NK	 cell	 phenotype.	 Because	 lymphocyte	 counts	 are
usually	not	elevated,	the	diagnosis	requires	a	high	degree	of	suspicion	and	a	careful	examination	of	the	peripheral
blood	 smear	 and	 bone	 marrow.	 Although	 the	 disease	 may	 be	 indolent,	 most	 patients	 require	 treatment	 for
cytopenias.	Various	therapies,	including	low-dose	methotrexate	(10	mg/m2	orally	once	weekly),	cyclosporine	(2
mg/kg	 orally	 every	 12	 hours),	 or	CTX	 (100	mg	 orally	 daily)	with	 or	without	 oral	 prednisone	 (1	mg/kg	 orally
daily),	 have	 all	 been	 effective.	 CRs	 may	 be	 seen	 in	 up	 to	 50%	 of	 cases.	 Lymphoma-type	 regimens,	 such	 as
cyclophosphamide,	 doxorubicin,	 prednisone,	 and	 vincristine	 (CHOP),	 have	 not	 been	 effective	 for	 aggressive
disease.

HAIRY	CELL	LEUKEMIA
HCL	is	a	rare	B-cell	lymphoproliferative	disorder	that	affects	adults	and	represents	2%	of	all	leukemias.	It	has	a
marked	 preponderance	 in	 men	 and	 among	 Caucasians	 versus	 other	 ethnic	 groups.	 Like	 CLL,	 exposure	 to
herbicides	is	a	risk	factor,	and	a	familial	association	has	been	made.	Most	patients	have	cytopenias;	splenomegaly
is	also	frequent,	enlarged	lymph	nodes	are	rare.150	There	are	two	categories	of	HCL,	classic	(cHCL)	and	variant
(vHCL)	HCL,	 the	 latter	 being	much	 less	 common.	Hairy	 cells	 can	be	 seen	 in	 the	 peripheral	 blood,	 but	 at	 low
frequency,	and	therefore	are	easily	missed.	These	cells	are	twice	as	large	as	normal	lymphocytes,	with	the	nuclei
showing	 a	 loose	 chromatin	 pattern	 and	 villi-like	 cytoplasmic	 projections	 (best	 viewed	 under	 phase	 contrast
microscopy).	Hairy	cells	infiltrate	the	bone	marrow	in	an	interstitial	or	focal	pattern,	with	clear	zones	in	between
cells	 (“fried	 egg”	 appearance).	Marrow	 reticulin	 is	 increased,	 and	 aspirates	may	 result	 in	 a	 dry	 tap.	Core	 bone
marrow	 biopsy	 can	 be	 used	 to	 stain	 for	 CD20,	 annexin-1,	 and	 VE1	 (BRAF	 V600E	 stain)	 by
immunohistochemistry.	Immunophenotypic	analysis	of	cHCL	cells	shows	the	presence	of	CD11c,	CD25,	CD103,
CD123,	as	well	as	CD19,	CD20,	and	CD22;	in	contrast	to	CLL,	hairy	cells	are	negative	for	CD5	and	CD23	and
also	negative	 for	CD10,	CD27,	 and	CD79b.	Variant	HCL	has	 a	 similar	 immunophenotype,	 but	 is	 negative	 for
CD25	and	CD123.	Use	of	the	CD103	antibody,	which	stains	tartrate-resistant	acid	phosphatase,	has	obviated	the
need	for	cytochemical	staining	for	tartrate-resistant	acid	phosphatase.	Clinical	staging	is	based	on	hemoglobin	and
spleen	size.151
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The	BRAF	V600E	gain	of	function	mutation	was	found	to	be	present	in	the	cells	from	patients	with	cHCL;	this
results	 in	 constitutive	 activation	 of	 B-Raf	 and	 activation	 of	 the	RAF-MEK-ERK	 signaling	 cascade.152,153	 This
mutation	is	absent	in	vHCL.	Vemurafenib	and	dabrafenib	are	both	BRAF	inhibitors	and	have	been	or	are	being
tested	in	clinical	trials	for	relapsed	or	refractory	HCL	with	BRAF	V600E.154–157

Treatments	for	Hairy	Cell	Leukemia
There	 is	no	curative	 therapy	 for	HCL,	except	perhaps	allo-SCT,	and	some	patients	may	be	observed	until	 they
develop	an	indication	for	treatment,	which	generally	relates	to	progressive	cytopenias.

Nucleoside	Analogs
Pentostatin	 (2′	 deoxycoformycin)	 and	 cladribine	 (2-CdA)	 are	 the	 nucleoside	 analogs	 that	 are	 the	 mainstay	 of
treatment	 of	 HCL.158	 Pentostatin	 is	 administered	 at	 4	 mg/m2	 every	 2	 weeks	 until	 maximum	 response,	 and
cladribine	is	given	at	0.1	mg/kg/day	as	a	continuous	intravenous	infusion	for	7	days;	the	same	total	dose	can	be
administered	 as	 a	 2-hour	 infusion	 over	 5	 days.	 Because	 cladribine	 involves	 a	 single	 course	 of	 therapy	 and
produces	 remission	 rates	 comparable	 to	 those	 of	 pentostatin,	 cladribine	 is	 used	more	 frequently	 in	 the	United
States	 for	 the	 treatment	 of	HCL.	Multiple	 series	 have	 reported	 high	 response	 rates,	with	 patients	 remaining	 in
remission	 for	 many	 years.	 The	 majority	 of	 relapsed	 patients	 achieve	 second	 remission	 when	 re-treated	 with
pentostatin	or	cladribine.	The	choice	of	agent	may	depend	on	the	duration	of	the	first	remission:	if	<3	years,	an
alternate	 agent	 should	 be	 used;	 if	 >5	 years,	 the	 same	 agent	 may	 be	 given.	 Variant	 HCL	 tends	 to	 be	 more
aggressive	and	may	respond	better	to	CIT,	including	a	CD20	mAb.	The	role	of	interferon-alfa	is	currently	limited
to	patients	who	are	unresponsive	to	nucleoside	analogs.

Treatments	for	Relapsed	Hairy	Cell	Leukemia
Most	patient	achieve	durable	 remission	with	 first-line	 treatment;	however,	 roughly	40%	will	 eventually	 relapse
and	require	re-treatment.	Choice	of	next	treatment	depends	on	clinical	features	and	duration	of	prior	remission.	If
last	 remission	was	 >5	 years,	 then	 re-treatment	with	 the	 same	 agent	 is	 reasonable.	 If	 the	 first	 remission	with	 a
purine	analog	was	2	to	5	years,	then	re-treatment	with	a	purine	analogue	and	CD20	mAb	is	indicated.	If	the	first
remission	was	<2	years,	 review	of	 the	diagnostic	material	 is	 indicated	 and	 testing	 for	BRAF	V600E	 should	be
considered.	 Excellent	 outcomes	 have	 been	 reported	 with	 BRAF	 inhibitors	 as	 monotherapy	 or	 combined	 with
CD20	mAb	for	relapsed	cHCL.	As	variant	HCL	does	not	carry	the	BRAF	V600E,	there	is	no	rationale	for	these
drugs	in	the	treatment	of	vHCL.	Moxetumomab	pasudotox,	a	CD22	mAb-drug	conjugate,	is	currently	in	clinical
trials	 and	 may	 result	 in	 FDA	 approval	 in	 relapsed	 HCL.	 A	 phase	 I	 trial	 of	 moxetumomab	 pasudotox	 was
performed	in	28	patients	with	chemotherapy-resistant	HCL.159	Doses	included	5	to	50	mcg/kg	intravenously	every
other	 day	 for	 3	 doses	 for	 each	 course,	with	 up	 to	 16	 courses	 repeated	 every	 4	weeks.	 The	median	 number	 of
courses	given	was	4,	and	no	dose-limiting	toxicity	was	observed	up	to	the	highest	dose	tested.	The	OR	rate	was
86%,	 and	 46%	 achieved	 CR;	 these	 responses	were	 durable.	 Finally,	 ibrutinib	 has	 activity	 and	 is	 a	 reasonable
treatment	option	for	relapsed	HCL.
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106 Myelodysplastic	Syndromes
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INTRODUCTION
The	myelodysplastic	syndromes	(MDSs)	represent	a	spectrum	of	hematopoietic	stem	cell	malignancies	that	share
morphologic	features	of	dysplasia,	ineffective	hematopoiesis,	and	a	risk	for	leukemia	evolution.	The	hallmark	of
early	disease	is	accelerated	apoptosis	and	proliferation	of	bone	marrow	precursors	that	drives	increased	marrow
cellularity	and	peripheral	cytopenias.	In	advanced	disease,	 increasing	maturation	impairment	is	accompanied	by
the	acquisition	of	survival	signals	that	leads	to	increasing	proportions	of	myeloblasts.	MDSs	are	clonal	stem	cell
neoplasms	that	arise	from	interplay	of	genetic	and	epigenetics	events	with	altered	microenvironmental	pressures
that	 are	 senescence	 and	 inflammation	 dependent.	 Although	 the	 risk	 of	 progression	 to	 acute	myeloid	 leukemia
(AML)	varies,	the	majority	of	patients	succumb	to	complications	related	to	cytopenias.1

HISTORICAL	PERSPECTIVE
The	description	of	MDS	dates	back	to	early	1900s	when	reference	was	first	made	to	a	group	of	patients	with	a
form	 of	 anemia	 refractory	 to	 available	 treatments.	 The	 term	 anemia	 pseudoaplastica	 was	 one	 of	 the	 earliest
descriptions	of	MDS.2	 In	the	late	1940s,	 it	was	thought	that	 the	disease	progresses	to	leukemia,	and,	hence,	 the
term	preleukemia	 was	 applied.3	 The	 definition	 was	 expanded	 to	 include	 peripheral	 blood	 descriptors	 such	 as
neutropenia	 and	 thrombocytopenia	 in	 the	 early	 1950s.4	 The	 French-American-British	 (FAB)	 group	 coined	 the
term	myelodysplastic	syndromes	in	a	series	of	proposals	on	acute	leukemias	in	1976	and	later	expanded	the	FAB
classification	 in	1980s.5,6	The	original	FAB	classification	 included	only	 two	categories:	 refractory	anemia	with
excess	blasts	(RAEB)	and	chronic	myelomonocytic	leukemia	(CMML),	to	which	others	were	added	in	1982.	In
1997,	 the	 International	 Prognostic	 Scoring	 System	 (IPSS)	 was	 introduced.7	 Under	 the	 auspices	 of	 the	World
Health	 Organization	 (WHO),	 the	 pathologic	 classification	 of	MDS	was	 refined	 and	 later	 revised	 in	 2008	 and
2016.1,8–10	 New	 prognostic	 models	 were	 later	 introduced,	 such	 as	 the	 WHO	 Prognostic	 Scoring	 System,	 the
Global	MD	Anderson	Risk	Model,	 the	Lower	Risk	MD	Anderson	Model,	and,	more	recently,	 the	 revised-IPSS
(IPSS-R).11–14

Recent	 years	witnessed	 acceleration	 in	 understanding	 the	 disease	 biology	 and	 associated	molecular	 genetics
events.	Today,	molecular	abnormalities	are	demonstrable	in	>80%	of	MDS	patients.	Finally,	in	the	past	decade,
three	medications	were	approved	specifically	for	the	treatment	of	MDS:	azacitidine,	decitabine,	and	lenalidomide.

EPIDEMIOLOGY
MDS	is	one	of	 the	most	common	hematologic	malignancies.	According	to	 the	Surveillance,	Epidemiology,	and
End	 Results	 Program	 (SEER),	 the	 U.S.	 cancer	 surveillance	 program	 2006	 to	 2010	 statistics,	 the	 age-adjusted
incidence	rate	of	MDS	was	4.8	per	100,000	and	0.4	per	100,000	for	CMML.15	MDS	was	more	common	in	males
(6.5	per	100,000)	than	in	females	(3.7	per	100,000).	MDS	is	a	disease	of	the	elderly	(median	age	at	diagnosis	is	72
years);	 the	 incidence	 rate	 was	 highest	 among	 80	 years	 and	 older	 (20	 per	 100,000).15	 SEER/North	 American
Association	of	Central	Cancer	Registries	(NAACCR)	reported	a	similar	MDS	annual	age-adjusted	incidence	rate
of	3.27	per	100,000.16	The	incidence	rate	among	the	Medicare	population	(age	>65	years)	was	162	per	100,000,
which	 translates	 to	 approximately	 45,000	 newly	 diagnosed	 cases	 per	 year.17	Other	 data	 suggest	 a	 high	 rate	 of
uncaptured	MDS	cases	among	hospital	cancer	registries.18	The	incidence	of	MDS	reported	from	Europe	is	similar
to	 that	 observed	 in	 the	United	 States,	 ranging	 from	 3.2	 to	 8.1	 per	 100,000.19	 Interestingly,	 a	 lower	 incidence,



younger	age,	and	different	spectrum	of	pathologic	subtypes	have	been	reported	in	Asia.20

ETIOLOGY
For	the	vast	majority	of	cases,	senescence	per	se	is	the	highest	risk	factor	for	MDS	development.	Familial/genetic
predisposition	 contributes	 to	 a	 small	 proportion	 of	 MDS	 cases.21	 There	 is	 an	 increased	 risk	 of	 MDS	 among
inherited	 bone	 marrow	 failure	 syndromes,	 such	 as	 Fanconi	 anemia,	 dyskeratosis	 congenita,	 severe	 congenital
neutropenia,	 and	 Shwachman–Diamond	 syndrome.21	 Familial	 cases	 of	 MDS	 beyond	 bone	 marrow	 failure
syndromes	 are	 well	 recognized	 and	 molecularly	 distinct.	 Two	 important	 familial	 syndromes	 are	 the	 familial
platelet	disorder	with	a	propensity	to	myeloid	malignancy,	arising	from	an	autosomal-dominant	RUNX-1	germline
gene	mutation	 that	 results	 in	 thrombocytopenia	with	 a	 corresponding	 frequency	 of	MDS/AML	 in	 carriers	 that
approaches	50%22	 and	 familial	MDS/AML	with	GATA2	mutation,	which	 is	 also	 autosomal	 dominant	 but	with
variable	penetrance.23

A	recent	study	using	exome	sequencing	of	 tumor	and	matched	normal	samples	from	26	familial	MDS/AML
cases	 and	 asymptomatic	 carriers	 identified	 recurrent	 mutations	 in	 the	 cohesin-associated	 factor	 PDS5B,	 co-
occurrence	 of	 somatic	 ASXL1	 mutations	 with	 germline	 GATA2	 mutations,	 and	 recurrent	 mutations	 in	 other
known	 MDS/AML	 drivers.	 In	 67%	 of	 asymptomatic	 RUNX1	 carriers,	 clonal	 skewing	 of	 hematopoiesis	 was
observed,	stipulating	a	potential	biomarker	for	surveillance	in	high-risk	families.24

Acquisition	of	somatic	gene	mutations	with	aging	 is	demonstrable	 in	10%	to	20%	of	older	 individuals	older
than	 the	 age	 of	 70	 years	 termed	 clonal	 hematopoiesis	 of	 indeterminate	 potential	 (CHIP).	 Those	 with	 CHIP
progress	at	a	rate	of	0.5%	to	1%	per	year	to	MDS	and	other	hematologic	malignancies.25,26

Benzene	exposure	is	a	well-recognized	environmental	exposure	linked	to	AML/MDS.27	The	risk	of	MDS	but
not	AML	was	increased	among	petroleum	distribution	workers	at	 relatively	 lower	 levels	of	exposure	 in	a	dose-
dependent	manner.28	Cigarette	smoking	had	also	been	associated	with	an	increased	risk	of	developing	MDS.	In	a
meta-analysis,	 current	 and	 former	 smokers	had	 increased	 risks	of	MDS,	with	an	odds	 ratio	 (OR)	of	1.81	 (95%
confidence	interval	[CI],	1.24	to	2.66)	and	1.67	(95%	CI,	1.42	to	1.96),	respectively.29	A	population-based	study
from	Sweden	suggested	that	a	prior	history	of	infection	(OR,	1.3;	95%	CI,	1.1	to	1.5)	or	autoimmune	disease	(OR,
2.1-fold;	95%	CI,	1.7	to	2.6)	significantly	increased	the	probability	of	developing	MDS.30

A	 case-control	 study	 was	 conducted	 to	 investigate	 associations	 between	 lifestyle	 characteristics	 and	 MDS
risk.31	A	 family	 history	 of	 hematopoietic	 cancer	 (OR,	 1.92),	 smoking	 (OR,	 1.65),	 and	 exposure	 to	 agricultural
chemicals	 (OR,	4.55)	or	 solvents	 (OR,	2.05)	were	associated	with	MDS.	The	highest	 risk	was	among	 smokers
exposed	to	solvents/agricultural	chemicals	(OR,	3.22).

In	the	context	of	successful	chemotherapeutic	treatment	of	other	hematologic	malignancies	and	solid	tumors,	a
growing	 percentage	 of	MDS	 cases	 are	 considered	 secondary	 or	 arising	 from	 prior	 radiation	 or	 chemotherapy.
Treatment-related	MDS	(t-MDS)	accounts	for	10%	to	20%	of	all	MDS	cases.	 It	 is	generally	characterized	by	a
high	rate	of	unfavorable	cytogenetics	and	poor	outcome.	Chemotherapy	and,	to	a	lesser	extent,	radiotherapy	are
associated	with	an	 increased	risk	of	developing	AML/MDS.32,33	The	risk	of	 t-MDS	varies	 from	<1%	(adjuvant
breast	 cancer	 chemotherapy	 studies)	 to	 15%	 (heavily	 treated	 lymphoma	 patients).	 Two	 types	 of	 t-MDS	 are
recognized:	Type	I	is	related	to	alkylating	agent	exposure	where	MDS	occurs	after	a	latency	period	of	3	to	5	years
in	which	monosomy	5	or	7	are	cytogenetic	characteristics	of	the	disease,	and	type	II	t-MDS	is	related	to	treatment
with	 topoisomerase	 II	 inhibitors,	which	generally	 arises	 after	 a	 short	 interval	 from	chemotherapy	exposure	 and
rapidly	progresses	to	AML.	Chromosome	11q23	abnormalities	that	involve	the	MLL	gene	are	characteristic	of	this
type.34	Radiation-related	MDS	have	a	prognosis	similar	to	de	novo	MDS.35	Patients	with	CHIP	have	a	higher	risk
of	developing	t-MDS/AML.36

PATHOLOGY
The	diagnosis	of	MDS	requires	 the	presence	of	persistent	cytopenia(s)	 in	 the	absence	of	hematinic	deficiencies
such	as	vitamin	B12	or	folic	acid	and	one	of	the	following:	(1)	demonstration	of	cytologic	dysplasia	in	≥10%	of
cells	in	a	given	lineage,	(2)	demonstration	of	increased	myeloblasts	(5%	to	19%)	(Fig.	106.1),37	or	(3)	a	specific
cytogenetic	abnormality	detected	in	the	setting	of	sustained	unexplained	cytopenia	(“presumptive	MDS”	by	WHO
2008	criteria).
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In	certain	cases,	the	diagnosis	of	MDS	can	be	made	without	clear	evidence	of	morphologic	dysplasia,	such	as
CMML	if	monocytes	are	persistently	elevated.

At	times,	establishing	a	diagnosis	can	be	challenging	in	patients	with	unexplained	cytopenias	that	do	not	meet
diagnostic	criteria	for	MDS.	Sequencing	for	mutations	revealed	that	30%	of	such	patients	carry	MDS-associated
somatic	mutations.	Targeted	sequencing	may	identify	patients	with	preclinical	MDS,	the	term	idiopathic	cytopenia
of	unknown	significance	is	used	to	describe	those	with	cytopenia	and	no	clear	dysplasia,	whereas	clonal	cytopenia
of	unknown	significance	if	clonality	is	detected	but	no	clear	dysplasia.38–40

A	 500-cell	 count	 differential	 is	 recommended,	 with	 exclusion	 of	 lymphocytes	 and	 plasma	 cells.	 Cytologic
dysplasia	must	exceed	10%	of	cells	in	any	lineage	and	the	percentage	of	myeloblasts	calculated.	If	the	absolute
percentage	 of	 erythroid	 precursors	 is	 ≥50%,	 the	 percentage	 of	 myeloblasts	 is	 estimated	 among	 nonerythroid
precursors.	Iron	stains	are	essential	to	address	the	percentage	of	ring	sideroblasts.	The	bone	marrow	core	biopsy
could	complement	the	bone	marrow	aspirate	in	several	aspects,34	namely,	cellularity,	dysmegakaryopoiesis,	and
identifying	 clusters	 of	 abnormal	 localization	 of	 immature	 precursors,	 which	 are	 immature	 cells/myeloblasts	 or
promyelocytes	that	are	displaced	from	the	paratrabecular	area	to	the	intertrabecular	areas	often	corresponding	to
the	vascular	niche.	 In	addition,	 the	 reticulin	stain	provides	 information	 regarding	medullary	 fibrosis,	which	can
add	prognostic	information.41,42

The	French-American-British	Classification
The	original	FAB	classification	(Table	106.1)	included	only	two	of	the	subtypes.5	In	1982,	a	revision	to	the	FAB
classification	 expanded	 that	 to	 five	 subgroups:	 refractory	 anemia	 (RA),	 RA	 with	 ring	 sideroblasts	 (RARS),
RAEB,	RAEB	in	transformation	(RAEB-t),	and	CMML.6

The	World	Health	Organization	Classification
The	 WHO	 classification	 was	 proposed	 to	 address	 some	 of	 the	 FAB	 shortcomings.43,44	 WHO	 distinguishes
between	single	lineage	and	multilineage	dysplasia:	Categories	of	refractory	cytopenia	with	multilineage	dysplasia
(RCMD)	and	RCMD	with	ring	sideroblasts	were	added,	capturing	those	cases	with	dysplastic	changes	in	either
myeloid	or	megakaryocytic	 lineages	 in	addition	 to	erythroid	dysplasia.	The	5q−	syndrome	was	 recognized	as	a
distinct	 subset,	 with	 an	 isolated	 cytogenetic	 abnormality	 involving	 del(5q)	 and	 <5%	myeloblasts.	 RAEB	 was
divided	into	RAEB	I	with	5%	to	9%	blasts	and	RAEB	II	with	10%	to	19%	blasts.43,45	RAEB-t	was	omitted	and
the	 blast	 threshold	 for	 AML	 diagnosis	 lowered	 to	 20%	 rather	 than	 30%.43,45,46	 Finally,	 WHO	 recognizes
MDS/myeloproliferative	 neoplasms	 (MPNs).	 This	 includes	 diseases	 such	 as	 CMML,	 juvenile	myelomonocytic
leukemia,	and	atypical	chronic	myeloid	leukemia.43,45,46	CMML	is	further	classified	based	on	the	percentage	of
bone	marrow	blasts,	where	CMML	type	1	includes	0%	to	4%	blasts	and/or	promonocytes	on	peripheral	blood	or
<10%	in	 the	bone	marrow,	and	 type	2	 includes	5%	to	19%	blasts	and	promonocytes	 in	 the	peripheral	blood	or
<20%	in	the	bone	marrow.8

The	WHO	classification	was	revised	in	2008,47,48	adding	the	category	of	refractory	cytopenia	with	unilineage
dysplasia	 (RCUD)	 that	 include	RA,	 refractory	neutropenia,	 and	 refractory	 thrombocytopenia.	The	patients	may
have	 a	 corresponding	 cytopenia	 but	 not	 pancytopenia.	 Patients	 with	 pancytopenia	 and	 unilineage	 dysplasia,
patients	with	no	overt	dysplasia	but	cytogenetic	evidence	of	MDS,	and	cases	of	RCUD	or	RCMD	with	peripheral
blood	blasts	of	1%	are	categorized	as	MDS	unclassified	(MDS-U).	RAEB-1	includes	2%	to	4	%	peripheral	blood
blasts	and	RAEB-II	 includes	5%	to	19%	peripheral	blood	blasts.	The	presence	of	Auer	 rods	 regardless	of	blast
percentage	qualifies	as	RAEB-II	or	CMML-2.49	A	provisional	entity	of	refractory	anemia	with	ring	sideroblasts
and	thrombocytosis	(RARS-T)	was	proposed	in	which	there	is	a	sustained	thrombocytosis	of	≥450,000/mm3.50	Up
to	 50%	 of	 RARS-T	 patients	 harbor	 a	 gain-of-function	mutation	 involving	 the	 Janus	 kinase	 2	 (JAK2)	 gene.	A
subset	of	patients	with	CMML	and	eosinophilia	with	accompanying	genetic	abnormalities	involving	the	platelet-
derived	 growth	 factor	 receptor	 α	 or	 platelet-derived	 growth	 factor	 receptor	 β	 were	 reclassified	 as	 myeloid
neoplasms	with	eosinophilia.51

The	 revised	 WHO	 classification	 of	 myeloid	 neoplasms,	 planned	 to	 be	 published	 in	 2016,	 introduces
refinements	 in	 morphologic	 interpretation	 and	 cytopenia	 assessment	 and	 addresses	 the	 influence	 of	 rapidly
accumulating	genetic	information	in	MDS	diagnosis	and	classification.	The	terms	such	as	“refractory	anemia”	and
“refractory	 cytopenia”	 are	 replaced	 with	 “myelodysplastic	 syndrome”	 followed	 by	 the	 appropriate	 modifiers:
single	versus	multilineage	dysplasia,	 ring	sideroblasts,	and	excess	blasts.	 Isolated	del(5q)	 includes	patients	with
del(5q)	 plus	 one	 additional	 cytogenetic	 abnormality	 other	 than	 chromosome	 7	 abnormalities.	 The	 RARS-T



category	 is	 renamed	 as	 MDS/MPN	 with	 ring	 sideroblasts	 and	 thrombocytosis.	 The	 correction	 of	 myeloblasts
percentage	based	on	erythroid	cells	is	eliminated.	Finally,	patients	with	>5%	ring	sideroblasts	in	the	presence	of
an	SF3B1	splicing	mutation	are	classified	as	MDS	with	ring	sideroblast	subtype.10

Hypocellular	MDS	(or	hypoplastic	MDS)	is	not	recognized	as	a	distinct	entity	with	the	WHO	classification.	It
accounts	for	10%	to	20%	of	MDS	cases.	The	challenge	on	diagnosis	 is	 to	distinguish	 those	cases	from	aplastic
anemia.52	Although	not	part	of	the	WHO	classification,	the	term	idiopathic	cytopenia	of	unknown	significance	is
proposed	 for	 those	 cases	with	 persistent	 cytopenia(s)	 unrelated	 to	 nutritional	 deficiency	 that	 have	 dysplasia	 in
<10%	of	cells	in	any	lineage	and	that	lack	cytogenetic	abnormalities.	Many	of	those	patients	may	develop	MDS
over	 time.	Whether	 the	 latter	 cases	 can	 be	 distinguished	 a	 priori	 by	 the	 presence	 of	 gene	 mutations	 is	 under
investigation.	Some	cases	may	also	demonstrate	dysplasia	below	the	10%	WHO	cutoff	with	no	cytopenia,	referred
to	as	idiopathic	dysplasia	of	unknown	significance.53

Figure	106.1	Morphologic	findings	of	myelodysplasia	in	peripheral	blood	and	bone	marrow.	A:
Erythroid	precursors	displaying	cytoplasmic	to	nuclear	maturation	asynchrony	and	multinucleation
in	bone	marrow	aspirate	smear	(Wright	Giemsa	stain).	B:	Bone	marrow	aspirate	with	erythroid

hyperplasia,	left	shifted	and	megaloblastoid	maturation,	occasional	nuclear	budding	and
binucleation	(Wright	Giemsa	strain).	C:	Numerous	ringed	sideroblasts	are	highlighted	by	Prussian-
blue	iron	stain	in	bone	marrow	aspirate.	D:	Circulating	granulocytes	showing	pseudo-Pelger-Huet
change	with	hyposegmentation	and	hypogranulation	in	cytoplasm	in	peripheral	blood	smear	(May-
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Grünwald-Giemsa	stain).	E:	Abnormal	distribution	of	cytoplasmic	granules	or	patch	loss	of
granules	in	eosinophilic	precursors	as	well	as	abnormal	lobation	of	neutrophils	are	present	in	the
peripheral	blood	of	a	patient	with	myelodysplastic	syndrome	(May-Grünwald-Giemsa	stain).	F:
Predominant	myeloid	dysplasia	including	marked	hypogranulation	and	cytoplasmic	to	nuclear
maturation	asynchrony	with	increased	immature	precursors/myeloblasts	noted	in	bone	marrow
aspirate	(Wright	Giemsa	stain).	G:	Circulating	blasts	with	round	to	oval	nucleus,	lacy	chromatin,
one	to	more	than	one	very	prominent	nucleoli	and	a	small	amount	of	cytoplasm	are	identified	in
peripheral	blood	smear	(May-Grünwald-Giemsa	stain).	There	is	a	single	Auer	rod	noted	in	the
cytoplasm	of	one	blast,	and	a	background	of	hypogranulated	granulocytes	is	present	(May-
Grünwald-Giemsa	stain).	H:	Bone	marrow	aspirate	containing	small	to	large	blasts	with	fine
chromatin,	visible	to	prominent	nucleoli	and	scant	to	some	amount	of	basophilic	cytoplasm

admixed	with	dysplastic	polychromatic	normoblasts	showing	nuclear	budding	(Wright	Giemsa
stain).	I:	Bone	marrow	core	biopsy	showing	non–paratrabecular-located	immature	myeloid

precursors	in	cluster;	abnormal	localization	of	immature	precursors	(hematoxylin	and	eosin	stain).
J:	Dysplastic	platelets	displaying	variable	in	size	and	shape	including	giant	hypogranulated
platelets.	K:	Medium-sized	megakaryocytes	with	single	lobated	nucleus	characterized	in	5q−

syndrome,	subtype	of	myelodysplastic	syndrome.	L:	Representative	bone	marrow	core	biopsy	of	5q
−	syndrome	with	moderately	increased	in	single	or	hypolobated	megakaryocytes	(hematoxylin	and

eosin	stain).

TABLE	106.1A
MDS	FAB	and	WHO	Classification

FAB WHO WHO	2008 Dysplasia BM	Blast	(%) PB	Blasts	(%)
RA RA RCUD Erythroid <5 <1

MDS-U RA Nonerythroid <5 <1

RCMD RN,	RT Erythroid	+	other <5 <1

Del(5q)	MDS RCMD Erythroid	+	mega <5 <1

	 Isolated	del(5q)

Unilineage	+
pancytopenia	or
RCMD/RCUD	with	1%
PB	blasts <5 1

	 	 MDS-U 	 	

RARS RARS RARS Erythroid	only <5 <1

RCMD-RS RCMD-RS
Erythroid	+	other	(all
>15%	ring	sideroblasts) <5 <1

RAEB RAEB-1 RAEB-1 >1	lineage 5–9 2–4a

RAEB-2 RAEB-2 >1	lineage 10–19 5–19a

	 	 	 	 Auer	rodsa

RAEB-t AML AML Myeloid	+	other >20 	

CMML MDS/MPD MDS/MPN Variable <20 	

CMML CMML >1	×	109/L	monocytosis 	 	

JMML JMML 	 	 	

aCML BCR/Abl-negative	CML 	 	 	

MDS/MPD-U
MDS/MPD-U 	 	 	

aDiagnosis	and	classification	of	MDS.
FAB,	French-American-British;	WHO,	World	Health	Organization;	BM,	bone	marrow;	PB,	peripheral	blood;	RA,	refractory	anemia;
RCUD,	 refractory	 cytopenia	 with	 unilineage	 dysplasia;	 MDS-U,	MDS-unclassified;	 RCMD,	 refractory	 cytopenia	 with	multilineage
dysplasia;	 RN,	 refractory	 anemia;	 RT,	 refractory	 thrombocytopenia;	 MDS,	 myelodysplastic	 syndrome;	 mega,	 megakaryocyte;
RARS,	 refractory	 anemia	with	 ring	 sideroblasts;	RCMD-RS,	RCMD	with	 ring	 sideroblasts;	RAEB,	 refractory	 anemia	with	 excess
blasts;	 RAEB-t,	 RAEB	 in	 transformation;	 AML,	 acute	 myeloid	 leukemia;	 CMML,	 chronic	 myelomonocytic	 leukemia;	 MPD,
myeloproliferative	 disease;	 MPN,	 myeloproliferative	 neoplasm;	 JMML,	 juvenile	 myelomonocytic	 leukemia;	 aCML,	 atypical	 CML;
CML,	chronic	myeloid	leukemia;	MPD-U,	MPD–unclassified.



TABLE	106.1B
2016	Myelodysplastic	Syndrome	World	Health	Organization	Classification

	
Dysplastic
Lineages Cytopenias

RS	as	%	of
Erythroids BM	and	PB	Blasts Cytogenetics

MDS-SLD 1 1	or	2 <15%/<5%a <5%	BM,	<1%	PBb Anyc

MDS-MLD 2	or	3 1–3 <15%/<5%a <5%	BM,	<1%	PBb Anyc

MDS-RS 	 	 	 	 	

with	SLD 1 1	or	2 ≥15%/≥5%a <5%	BM,	<1%	PBb Anyc

with	MLD 2	or	3 1–3 ≥15%/≥5%a <5%	BM,	<1%	PBb Anyc

MDS	with	isolated
del(5q) 1–3 1	or	2 None	or	any <5%	BM,	<1%	PBb

Del(5q)	alone	or	with	one
other	abnormality	(except
−7/del7q)

MDS-EB 	 	 	 	 	

MDS-EB1 0–3 1–3 None	or	any
5%–9%	BM	or	2%–4%
PBd Any

MDS-EB2 0–3 1–3 None	or	any
10%–19%	BM	or	5%–
19%	PB	or	Auer	rods Any

MDS,	unclassifiable 	 	 	 	 	

with	1%	PB	blasts 1–3 1–3 None	or	any <5%	BM,	=1%	PBd,e Any

with	SLD	and
pancytopenia 1 3 None	or	any <5%	BM,	<1%	PBd Any

based	on	karyotype 0 1–3 <15% <5%	BM,	<1%	PBd MDS-defining
aIf	SF3B1	mutation	is	present.
bAlso	no	Auer	rods.
cUnless	fulfills	all	criteria	for	MDS	with	isolated	del(5q).
dNo	Auer	rods.
e1%	PB	blasts	must	be	documented	on	at	least	two	separate	occasions.
RS,	 ring	 sideroblasts;	BM,	 bone	marrow;	PB,	 peripheral	 blood;	MDS,	myelodysplastic	 syndrome;	SLD,	 single	 lineage	 dysplasia;
MLD,	multi-lineage	dysplasia;	EB,	excess	blasts.

PATHOGENESIS
MDS	 is	 a	 clonal	 disease	 driven	 by	 acquisition	 and	 expansion	 of	 genetic	 alterations	 that	 interplay	 with
inflammation	and	immune	deregulation	in	the	bone	marrow	(Fig.	106.2).

The	clonal	nature	of	many	MDS	cases	was	first	apparent	by	the	conventional	metaphase	karyotype	analysis.
Studies	 leveraging	 restriction	 fragment	 length	 polymorphisms	 of	 X-chromosome	 genes	 in	 females,	 single
nucleotide	polymorphism	arrays,	and	glucose-6-phosphate	dehydrogenase	analyses	confirmed	that	hematopoiesis
is	clonal	across	all	subtypes	of	MDS.54–57	The	two	most	comprehensive	studies	demonstrating	the	frequency	and
nature	of	chromosome	abnormalities	in	MDS	confirmed	that	approximately	50%	of	patients	with	MDS	harbor	a
chromosome	abnormality.58,59	The	most	common	recurrent	abnormalities	were	del(5q)	(30%),	−7	or	7q−	(21%),
and	+8	(16%).	Deletion	of	genes	encoded	within	the	commonly	deleted	region	(CDR)	of	humandel(5q)	MDS	is
sufficient	 to	 induce	 an	 MDS	 phenotype,	 indicating	 that	 these	 recurrent	 genetic	 lesions	 are	 critical	 to	 the
development	of	the	disease.60

In	addition	to	large	chromosomal	deletions	or	duplications,	DNA	sequencing	technology	has	uncovered	gene
mutations	that	aggregate	within	pathways	previously	unrecognized	to	be	important	in	MDS	pathogenesis.	These
include	 mutations	 predicted	 to	 result	 in	 deregulation	 of	 genes	 involved	 in	 signaling	 pathways	 and	 epigenetic
control,	RNA	splicing,	and	transcription	factors.61	Mutations	are	common	in	MDS	because	targeted	sequencing	of
select	genes	can	identify	at	least	one	event	(average	of	three	events	per	sample)	in	approximately	80%	of	cases.62
Although	 there	 are	 no	 MDS-defining	 mutations,	 a	 genomic	 fingerprint,	 which	 is	 characteristic	 of	 MDS,	 is
materializing	as	a	result	of	several	large	scale	gene	sequencing	efforts.	Among	the	most	common	gene	mutations
in	 MDS	 is	 that	 involving	 the	 gene,	 ten-eleven-translocation-2	 (TET2).63	 Inactivating	 TET2	 mutations,	 which
disrupt	 TET2	 enzymatic	 activity,	 are	 frequently	 observed	 in	 MDS.	 TET2	 catalyzes	 the	 conversion	 of	 methyl
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cytosine	to	hydroxymethylcytosine	(5-hmC),	thereby	inducing	subsequent	DNA	demethylation	and	the	release	of
epigenetic	repression.64	Patients	with	TET2	 gene	mutations	have	 lower	DNA	 levels	of	 5-hmC	with	 consequent
increased	genomic	methylation.	Other	commonly	mutated	epigenetic	modifiers	include	the	associated	sex-linked
combs	like	1	(ASLX1)	gene.65–68	ASXL1	belongs	 to	 the	polycomb	gene	family	and	is	an	essential	component	of
chromatin	 remodeling	 through	 its	 interaction	 with	 the	 polycomb	 repressive	 complex	 2.69,70	 Deletion	 and
conditional	 knock-in	murine	models	 for	 both	TET2	 and	ASXL1	 demonstrate	 that	 these	 lesions	 are	 sufficient	 to
induce	a	myeloid	neoplasm	akin	to	MDS.69,71,72

Recently,	 five	 novel	 germline	 DDX41	 mutations	 were	 identified	 that	 define	 families	 with	 a	 lower	 age	 of
MDS/AML	onset.73

Figure	106.2	Model	of	myelodysplastic	syndrome	pathogenesis.	(With	permission	from	Gañán-
Gómez	I,	Wei	Y,	Starczynowski	DT,	et	al.	Deregulation	of	innate	immune	and	inflammatory

signaling	in	myelodysplastic	syndromes.	Leukemia	2015;29[7]:1458–1469).

Next-generation	 sequencing	 of	 MDS	 genomes	 recently	 identified	 genes	 involved	 in	 the	 regulation	 of
alternative	gene	splicing.74	Subsequent	studies	have	shown	that	they	are	among	the	most	common	gene	mutations
in	MDS.61,62	 They	 appear	 to	 occur	 early	 in	 disease	 pathogenesis,	 alter	 RNA	 splicing,	 and	 are	 prognostically
relevant.75–77	 Interestingly,	 the	two	most	common	mutations	 involving	the	splicing	factor	3b	subunit	1	(SF3B1)
and	serine/arginine-rich	splicing	factor	2	(SRSF2)	genes	have	strong	phenotypic	linkage	with	ringed	sideroblasts
and	monocyte	expansion	(CMML),	respectively.76,78

TABLE	106.2
Spectrum	of	Genetic	Alterations	in	Myelodysplastic	Syndromes

Gene	Symbol Molecular	Pathway	Affected Incidence	in	MDS	(%)
ASXL1 Epigenetics 20–25

TET2 Epigenetics 30–35



IDH2 Epigenetics 1–5

EZH2 Epigenetics 5

DNMT3a Epigenetics 10–15

BCOR Epigenetics 1–5

STAG2 Cohesin 5–10

TP53 Genome	stability 5

SRSF2 Splicing 15–20

U2AF1 Splicing 5–10

ZRSR2 Splicing 5–10

SF3B1 Splicing 30–35

NRAS Signaling 1–5

CBL Signaling 5

RUNX1 Signaling 10

JAK2 Signaling 5
MDS,	myelodysplastic	syndrome.

Lastly,	 the	 specific	 type	 and	 number	 of	 gene	 mutations	 directly	 impacts	 clinical	 behavior	 and	 risk	 of
progression	to	AML.	Elegant	work	using	whole	genome	sequencing	to	reconstruct	the	clonal	architecture	of	MDS
cases	that	transform	to	AML	at	sequential	time	points	demonstrates	that	this	transformation	is	associated	with	the
acquisition	and	expansion	of	distinct	genetic	events.79	Emerging	data,	however,	suggest	that	these	events	do	not
display	complete	fidelity.	That	is,	the	same	genetic	events	can	be	responsible	for	disease	initiation,	and	therefore,
disease	 founding	 in	 one	 case	 while	 representing	 a	 secondary	 event	 in	 another	 case	 with	 the	 same	 diagnosis.
Collectively,	these	and	other	gene	mutations	described	in	Table	106.2	demonstrate	that	distinct	genetic	events	can
result	in	MDS	and	are	likely	the	major	drivers	of	the	disease	and	its	behavior.

Dysregulation	of	Immunity	as	a	Driver	in	Myelodysplastic	Syndromes
The	environmental	cues	 that	are	conducive	 to	emergence	of	 the	genetic	events	 that	 lead	 to	MDS	are	unknown.
Bone	 marrow	 stromal	 alterations	 have	 been	 implicated,	 but	 an	 intriguing	 emerging	 hypothesis	 that	 immune
dysregulation	 and	 associated	 chronic	 inflammatory	 changes	may	 be	 a	 critical	 environmental	 pressure	 in	MDS
pathogenesis.	 Clinical	 and	 laboratory	 evidence	 suggests	 that	 both	 adaptive	 and	 innate	 immunity	 is	 altered	 and
potentially	contributory	to	MDS	pathogenesis.	It	is	this	inflammation	that	could	represent	the	nidus	for	mutational
acquisition	 in	 some	 patients,	 or	 these	 inflammatory	 changes	 are	 induced	 by	 an	 expanded	 clone.	 A	 recent
population-based	 study	 demonstrated	 a	 strong	 linkage	 between	 chronic	 immune	 stimulation	 and	 autoimmune
disorders	with	MDS	 predisposition.30	 Several	 studies	 confirmed	 the	 higher	 than	 expected	 association	 between
MDS	and	autoimmune	disease.30,80–82

Impaired	T-cell	homeostasis	and	early	senescence	is	a	feature	of	patients	with	MDS.83	Indeed,	up	to	50%	of	T
cells	are	clonal	and	even	more	appear	to	have	intrinsic	defects	in	telomerase	function,	perhaps	accounting	for	their
premature	senescence.84,85	 In	addition	 to	expansion	and	senescence,	 the	T-cell	 receptor	 repertoire	appears	 to	be
augmented	and	hematopoietic	inhibitory	capacity	appears	to	be	increased.86	Lastly,	T-cell	characteristics	can	mark
clinical	parameters	in	MDS.	For	instance,	the	expansion	of	effector	memory	T-regulator	cells	is	associated	anemia
and	increased	blast	percentage	and	represents	an	unfavorable	prognostic	biomarker.87

Activation	of	 innate	 immunity	with	consequent	nuclear	 factor	kappa	B	 (NF-κB)	 induction	contributes	 to	 the
inflammatory	microenvironment	in	MDS.88,89	Haplodeficiency	of	two	micro-RNA	genes,	miR-145	and	miR-146a,
located	within	 the	distal	CDR	of	chromosome	5q	at	5q32,	 results	 in	constitutive	activation	of	 toll-like	 receptor
(TLR)	 signaling	 in	 del(5q)	MDS.	 Toll-interleukin	 1	 receptor	 domain–containing	 adapter	 protein	 (TIRAP)	 and
tumor	 necrosis	 factor	 receptor–associated	 factor-6	 (TRAF6),	 which	 encode	 key	 intermediates	 involved	 in	 the
MyD88-dependent	 TLR-signaling	 pathway,	 are	 targets	 of	 miR-145	 and	 miR-146a,	 thereby	 upregulating	 their
expression	 with	 allelic	 insufficiency.	 Myeloid-derived	 suppressor	 cells	 (MDSCs),	 potent	 effectors	 of	 innate
immunity,	are	recognized	as	critical	cellular	effectors	involved	in	the	pathogenesis	of	MDS.	MDSCs	are	markedly
expanded	 in	 the	 bone	 marrow	 of	 MDS	 patients	 and	 promote	 ineffective	 hematopoiesis.	 These	 MDSCs	 are
genetically	distinct	from	the	MDS	clone,	overproduce	hematopoietic	suppressive	cytokines,	and	also	act	as	potent
effectors	 of	 apoptosis	 that	 target	 autologous	 hematopoietic	 progenitors.	MDSC	 expansion	 is	 driven	 by	 excess
generation	of	the	proinflammatory	molecule	S100A9,	which	is	a	ligand	for	TLR4.	Moreover,	a	transgenic	S100A9
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mouse	 model	 phenocopies	 human	 MDS,	 displaying	 bone	 marrow	 accumulation	 of	 MDSC	 accompanied	 by
progressive	age-dependent	multilineage	cytopenias	and	cytologic	dysplasia.90

Recently,	it	was	reported	that	the	hallmark	of	MDS	is	activation	of	nucleotide-binding	domain	and	leucine-rich
repeat	 pattern	 recognition	 receptors	 (NLRP3)	 inflammasome	 that	 leads	 to	 pyroptotic	 cell	 death	 and	 clonal
expansion.	Somatic	gene	mutations	and	S100A9-induced	signaling	activates	NADPH	oxidase,	increasing	levels	of
reactive	oxygen	species	that	initiate	cation	influx,	cell	swelling,	and	β-catenin	activation.91

The	5q2	Syndrome
The	 hematologic	 and	 pathologic	 phenotype	 of	 the	 5q−	 syndrome	 is	 now	 recognized	 to	 be	 a	 product	 of
haploinsufficiency	of	several	genes	located	within	the	CDR	at	5q32.92	Among	40	genes	residing	in	the	CDR,	only
inactivation	of	RPS14	impaired	erythroblast	proliferation	and	viability,	whereas	corresponding	overexpression	of
RPS14	 was	 sufficient	 to	 rescue	 erythropoiesis	 in	 primary	 del(5q)	 MDS	 specimens.93	 Haploinsufficiency	 for
RPS14	 disrupts	 ribosome	assembly,	 leading	 to	nucleolar	 stress	 and	 sequestration	of	 the	human	homolog	of	 the
mouse	double	minute	2	protein	(MDM2)	by	free	ribosomal	proteins,	 thereby	triggering	 its	degradation	and	p53
stabilization.94	 A	murine	model	 of	 the	 human	 5q−	 syndrome	 generated	 by	 allelic	 deletion	 of	 the	 genes	 in	 the
human	CDR	showed	that	p53	inactivation	rescues	the	hematologic	features.60	Gene	dosage	of	two	dual	specificity
phosphatases	encoded	within	or	adjacent	to	the	proximal	CDR	at	5q31	(i.e.,	cell	division	cycle	25C	and	protein
phosphatases	2A	catalytic	domain	alpha)	underlies	the	selective	suppression	of	del(5q)	clones.95

Casein	kinase	(CK1α)	 is	a	serine/threonine	kinase	 that	 inhibits	p53	 through	MDM2	and	negatively	regulates
Wnt	 signaling	 as	 a	 component	 of	 the	 β-catenin	 destruction	 complex.	 In	 a	 hematopoietic-specific	 conditional
knockout	 mouse	 model,	 homozygous	 inactivation	 of	 Csnk1a1	 induces	 apoptosis	 via	 p53	 activation,	 whereas
heterozygous	loss	of	Csnk1a1	causes	β-catenin	accumulation	and	stem	cell	expansion.	CK1α	haploinsufficiency
in	del(5q)	MDS	sensitizes	cells	to	lenalidomide	where	it	induces	the	ubiquitination	of	CK1α	by	the	CRL4CRBN	E3
ubiquitin	ligase,	resulting	in	CK1α	degradation.96

CLINICAL	PRESENTATION
The	 most	 common	 clinical	 presentation	 of	 MDS	 is	 sustained	 and	 progressive	 cytopenia	 with	 corresponding
symptoms	 and	 complications.	 Macrocytic	 anemia	 is	 the	 most	 common	 hematologic	 feature,	 mandating	 the
exclusion	 of	 common	 causes	 of	 anemia	 and	 nutritional	 deficiencies.	 In	 one	 analysis,	MDS	was	 the	 fifth	most
common	cause	of	 anemia	 in	 elderly	patients	 after	 iron	deficiency,	 bleeding,	 renal	 insufficiency,	 and	 anemia	of
chronic	disease.34,97	Thrombocytopenia	and/or	platelet	dysfunction	are	common	in	MDS	patients,	with	an	overall
prevalence	ranging	from	40%	to	65%.	Thrombocytopenia	is	more	common	in	higher	risk	diseases	but	occurs	in
lower	risk	patients	and	can	be	exacerbated	by	therapy.	The	frequency	of	hemorrhagic	death	ranges	from	14%	to
24%.98	 Bleeding	 can	 occur	 even	 in	 the	 absence	 of	 thrombocytopenia	 attributable	 to	 platelet	 dysfunction	 as
evidenced	by	a	prolonged	bleeding	time	corresponding	to	an	increase	in	atypical	megakaryocytes.99

Among	 all	 patients	 with	 MDS,	 over	 one-third	 will	 undergo	 transformation	 into	 AML.	 In	 the	 remaining
patients,	 the	 majority	 will	 succumb	 to	 infection,	 in	 part	 from	 neutropenia,	 iron	 overload,	 and	 granulocyte
dysfunction	 illustrated	 by	 impaired	 phagocytic	 adhesion,	 chemotaxis,	 and	 microcidal	 killing.100	 Bacterial
pneumonias	 and	 skin	 abscesses	 are	 most	 common,	 but	 unusual/opportunistic	 infections	 such	 as	 disseminated
Mycobacterium	 avium-	 intracellulare,101	 Aeromonas	 hydrophila	 endocarditis,102	 bacterial	 thyroiditis,103	 and
Epstein-Barr	virus	hepatitis	may	arise.103

MDS	 patients	 can	 also	 manifest	 a	 wide	 range	 of	 autoimmune	 phenomena	 such	 as	 cutaneous	 vasculitis,
polymyalgia	 rheumatica,	 necrotizing	 panniculitis,	 Coombs-positive	 autoimmune	 hemolytic	 anemia,	 sweet
syndrome,	and	seronegative	arthritis.104–107

In	patients	with	MDS/MPN	such	as	CMML,	hepatosplenomegaly,	lymphadenopathy,	and	pleural	effusion	are
manifestations	 attributed	 to	 the	 proliferative	 nature	 of	 this	 group.108	 In	 patients	 with	 RARS-T,	 the	 risk	 of
thrombotic	events	is	similar	to	essential	thrombocytosis.109

RISK	ASSESSMENT	AND	PROGNOSIS
Risk	 stratification	 and	 prognostic	 assessment	 represent	 a	 critical	 first	 step	 in	 the	management	 of	MDS	 (Table



106.3).	It	provides	useful	information	for	the	patients	as	to	“the	disease	forecast”	and,	more	importantly,	allows
physicians	to	tailor	therapy	accordingly.	For	patients	with	a	higher	risk,	the	goal	of	therapy	is	to	alter	the	natural
history	of	the	disease	and	to	extend	survival.	The	goal	of	therapy	in	lower	risk	MDS	is	to	alleviate	symptomatic
cytopenias	 using	 treatments	 that	may	 restore	 effective	 hematopoiesis	 and	 lessen	 associated	 complications.	 The
prognosis	will	depend	on	the	inherent	disease’s	specific	features	and	host-related	features.	Risk	models	in	MDS
are	constructed	by	incorporating	several	validated	prognostic	variables	in	a	weighted	scoring	system,	permitting
patients	to	be	divided	into	defined	risk	groups.

The	International	Prognostic	Scoring	System
The	 IPSS	 remains	 the	 most	 widely	 used	 staging	 system	 in	 MDS.7	 It	 has	 been	 embraced	 by	 community
oncologists,	 adopted	 in	 clinical	 trials,	 and	 forms	 the	 basis	 of	 determining	 the	 time	 table	 for	 allogeneic
hematopoietic	 cell	 transplantation	 (allo-HCT)	 in	 decision	models.	However,	 IPSS	 has	 several	 shortcomings.	 It
was	not	developed	as	a	dynamic	system,	it	does	not	account	for	severity	of	cytopenias,	and	it	overlooks	two-thirds
of	the	cytogenetic	abnormalities	encountered.	Moreover,	the	IPSS	is	not	applicable	to	patients	with	MDS/MPN	or
t-MDS.

The	Revised	International	Prognostic	Scoring	System
The	 IPSS-R	 was	 proposed	 as	 a	 refinement	 to	 adjust	 for	 those	 deficiencies	 of	 the	 original	 IPSS.13	 The	 major
changes	include	the	incorporation	of	less	common	karyotype	abnormalities,	the	prognostic	relevance	of	which	was
discerned	from	the	 larger	patient	cohort,	and	 the	weighing	of	 the	severity	of	each	 lineage	of	cytopenia.	Several
groups	have	validated	the	new	prognostic	system.110,111

IPSS-R	was	 developed	 for	 untreated	MDS	 patients	 based	 on	 clinical	 data.	A	 recently	 validated	 new	model
attempts	to	incorporate	mutational	data	in	IPSS-R	to	make	it	dynamic	and	enhance	its	predictive	ability	in	treated
MDS	patients	regardless	of	their	initial	or	subsequent	therapies.112

The	Global	MD	Anderson	Scoring	System
The	 Global	 MD	 Anderson	 Scoring	 System	 (MDAS)	 incorporates	 host	 factors	 such	 as	 age	 and	 performance
status12	 as	 well	 as	 anemia,	 transfusion	 burden,	 karyotype,	 and,	 most	 importantly,	 the	 severity	 of
thrombocytopenia.	 It	 captures	 the	prognostic	 impact	of	 leukocytosis	 for	MDS/MPN.	This	model	 further	 refines
IPSS.	The	MDAS	upstaged	25%	of	patients	to	a	higher	risk	category.113	It	can	be	applied	for	MDS/MPN	cases	as
well	as	t-MDS.

Other	risk	models	that	had	been	utilized	and	validated	include	the	Lower	Risk	MD	Anderson	Scoring	System
(LR-MDAS)13	and	the	WHO	Prognostic	Scoring	System,	which	is	more	widely	used	in	Europe.11	For	MDS/MPN
subtypes,	 only	 the	 MDAS,	 discussed	 previously,	 can	 be	 applied.	 Several	 other	 models	 have	 been	 developed
specifically	for	CMML	(Table	106.4).

None	of	the	clinical	risk	models	predicts	probability	of	response	to	hypomethylating	agents	in	higher	risk	MDS
patients.	The	newer	models	outperform	IPSS	in	prognostic	utility.114	In	lower	risk	MDS	new	clinical	risk	models
outperformed	IPSS;	however,	out	of	291	patients	(25.5%)	who	survived	≤24	months	from	diagnosis,	only	37.1%
and	45%	were	classified	as	LR-PSS	category	3	and	IPSS-R	categories	intermediate	or	higher,	respectively	(P	=
.06).115

Five	 gene	mutations	 independently	 predicted	 overall	 survival	 (OS)	 in	 a	 large	 cohort	 of	MDS	 patients	 after
adjusting	for	age	and	IPSS	score.67	These	five	genes	include	mutations	involving	TP53	(hazard	ratio	[HR],	2.48),
EZH2	 (HR,	 2.13),	ETV6	 (HR,	 2.04),	RUNX1	 (HR,	 1.47),	 and	ASXL1	 (HR,	 1.38).	 In	 lower	 risk	MDS,	EZH2,
NRAS,	 and	ASXL1	 gene	mutations	upstaged	21%	of	 low/intermediate	1	 (int-1)	 IPSS	 risk	MDS	patients.116	 The
same	 gene	 mutations	 were	 independently	 prognostic	 in	 the	 IPSS-R.117	 Only	 the	 EZH2	 mutation	 provided
additional	 risk	discrimination	 to	upstage	8%	of	 the	patients	 classified	by	LR-MDAS.116	The	 interplay	between
different	somatic	mutations	and	the	clinical	features	is	complex	as	many	of	the	clinical	variables	are	the	phenotype
for	 those	 somatic	 mutations.	 The	 prognostic	 value	 of	 certain	 gene	mutations	 is	 different	 among	 patients	 with
increased	 myeloblasts	 than	 those	 without.	 TP53	 mutations	 carry	 the	 worst	 outcome,	 whereas	 isolated	 SF3B1
mutations	are	prognostic	the	most	favorable.118

The	type	of	somatic	mutation	and	variant	allele	frequency	may	carry	a	prognostic	impact	as	well.	In	patients
with	 CMML,	 ASXL-1	 frameshift	 mutations	 are	 associated	 with	 worse	 outcome	 compared	 to	 nonsense	 and
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missense	mutations.119	TP53	variant	allele	frequency	>40%	is	associated	with	worse	outcome.120
The	causes	of	death	in	MDS	include	AML	transformation	in	30%	to	40%	of	all	patients	(10%	to	20%	of	lower

risk	MDS	 patients),	 whereas	 the	 vast	majority,	 unfortunately,	 succumb	 due	 to	 complications	 secondary	 to	 the
disease,	 namely,	 infection	 and	 bleeding.121	 Other	 important	 prognostic	 factors	 in	MDS	 include	 red	 blood	 cell
(RBC)	transfusion	dependence122	and	elevated	serum	ferritin	>1,000	ng/mL,	which	is	associated	with	both	inferior
OS	and	time	to	AML	transformation.123	Bone	marrow	fibrosis	in	MDS	is	typically	associated	with	a	higher	risk
disease,	increased	myeloblasts,	or	complex	cytogenetics,	and	worse	outcome.	Patients	with	bone	marrow	fibrosis
are	often	categorized	morphologically	as	MDS	unclassified	or	MDS	with	fibrosis.42

TABLE	106.3
Risk	Stratification	Models	in	Myelodysplastic	Syndromes

IPSS IPSS-R WPSS Global	MDAS LR-MDAS
Variable Score Variable Score Variable Score Variable Score Variable Score

Bone	Marrow	Blasts
(%)

Bone	Marrow	Blasts
(%) WHO	Category PS.	2 2

Unfavorable
cytogeneticsa
Age	≥60	y
Hgb	<10	g/dL
Plt	<50	×	109/L
50–200	×	109/L
BM	blasts	≥4%

1
2
1
2
1
1

<5
5–10
11–20
21–30

0
0.5
1.5
2.0

<2
>2–<5
5–10
>10

0
1
2
3

RA,	RARS,	del(5q)
RCMD,	RCMD-RS
RAEB-I
RAEB-II

0
1
2
3

Age	(y) 	

60–64
≥65

1
2

Karyotypeb Karyotypec Karyotypeb Platelets	3	109/L)
Good
Intermediate
Poor

0
0.5
1.0

Very	good
Good
Intermediate
Poor
Very	poor
Hgb	≥	10	g/dL
8–<10	g/dL
<8	g/dL
ANC	≤0.8
Plt	≥100
50–100
<50

0
2
4
6
8
0
1
1.5
1
0
0.5
1

Good
Intermediate
Poor

0
1
2.0

<30
30–49
50–199
Hgb,	12	g/dL

3
2
1
2Cytopeniad Transfusione

0/1
2/3

0
0.5

Yes
No

1
0

BM	blasts	(%)
5–10
11–29
WBC	>20	×
109/L

1
2
2

Karyotype
Chromosome
7	Abn	or
complex	≥3
Abns
Transfusion

3
1

Risk
Group

Sum
Score

OS
(y)

Risk
Group

Sum
Score

OS
(y) Risk	Group

Sum
Score

OS
(mo)

Risk
Group

Sum
Score

OS
(mo)

Risk
Group

Sum
Score

OS
(mo)

Low
Int-1
Int-2
High

0
0.5–1
1.5–
2.0
≥2.5

5.7
3.5
1.1
0.4

Very
good
Good
Int
Poor
Very
poor

0–2
3–5
6–7
8–9
10–18

8.8
5.3
3.0
1.6
0.8

Very	low
Low
Intermediate
High
Very	high

0
1
2
3–4
5–6

141
66
48
26
9

Low
Int-1
Int-2
High

0–4
5–6
7–8
≥9

54
25
14
6

Cat-1
Cat-2
Cat-3

0–2
3–4
≥5

80
27
14

aIn	this	analysis,	diploid	and	5q	were	favorable	cytogenetics,	and	all	others	were	considered	as	unfavorable	cytogenetics.
bGood	is	normal,	−Y,	del(5q),	del(20q).	Intermediate	is	other	karyotypic	abnormalities.	Poor	is	complex	(three	or	more	abnormalities)
or	chromosome	7	abnormalities.
cVery	good	−Y,	del(11q).	Good	is	normal,	single	del(5q),	del(12p),	del(20q),	or	double	including	del(5q).	Intermediate	includes	single
del(7q),	+8,	I	(17q),	+19,	or	any	double	not	including	del(5q).	Poor	includes	der(3q),	monosomy	7,	double	including	−7/7q,	or	three
abnormalities.	Very	poor	is	more	than	three	abnormalities.
dHgb	<10	g/dL;	ANC	<1,800/μL;	Plt	<100,000/μL.
eRed	blood	cell	transfusion	dependence	was	defined	as	having	at	least	one	red	blood	cell	transfusion	every	8	weeks	over	a	period
of	4	months.
IPSS,	 International	 Prognostic	 Scoring	 System;	 IPSS-R,	 revised	 IPSS;	 WPSS,	 WHO	 Prognostic	 Scoring	 System;	 MDAS,	 MD
Anderson	Scoring	System;	LR-MDAS,	Lower	Risk	MDAS;	WHO,	World	Health	Organization;	PS,	performance	status;	RA,	refractory
anemia;	 RARS,	 refractory	 anemia	 with	 ring	 sideroblasts;	 RCMD,	 refractory	 cytopenia	 with	 multilineage	 dysplasia;	 RCMD-RS,
refractory	 cytopenia	 with	 multilineage	 dysplasia	 with	 ring	 sideroblasts;	 Hgb,	 hemoglobin;	 RAEB,	 refractory	 anemia	 with	 excess
blasts;	Plt,	platelet;	BM,	bone	marrow;	ANC,	absolute	neutrophil	count;	WBC,	white	blood	cell	count;	Abn,	abnormality;	OS,	overall



survival;	Int,	intermediate;	Cat,	category.

TABLE	106.4
Prognostic	Models	in	Chronic	Myelomonocytic	Leukemia

Score Blast IMP NOC DOC LDH Karyotype Lymph WBC PS Age Mol

Bournemoutha x 	 x 	 	 	 	 	 	 	 	

Dusseldorfb x 	 x 	 x 	 	 	 	 	 	

IPSS7 x 	 x 	 	 x 	 	 	 	 	

MDAPSc x x 	 	 	 	 x 	 	 	 	

Spanishd x 	 	 	 x 	 	 x 	 	 	

MDASC12 x 	 	 x 	 x 	 x x x 	

IPSS-R13 x 	 	 x 	 x 	 	 	 x 	

Mayoe 	 x 	 x 	 	 	 x 	 	 	

GFM68 	 	 	 x 	 	 	 x 	 x x
aWorsley	A,	Oscier	DG,	Stevens	J,	et	al.	Prognostic	features	of	chronic	myelomonocytic	leukaemia:	a	modified	Bournemouth	score
gives	the	best	prediction	of	survival.	Br	J	Haematol	1988;68(1):17–21.
bAul	 C,	 Gattermann	 N,	 Heyll	 A,	 et	 al.	 Primary	 myelodysplastic	 syndromes:	 analysis	 of	 prognostic	 factors	 in	 235	 patients	 and
proposals	for	an	improved	scoring	system.	Leukemia	1992;6(1):52–59.
cOnida	 F,	 Kantarjian	 HM,	 Smith	 TL,	 et	 al.	 Prognostic	 factors	 and	 scoring	 systems	 in	 chronic	 myelomonocytic	 leukemia:	 a
retrospective	analysis	of	213	patients.	Blood	2002;99(3):840–849.
dSuch	 E,	 Germing	 U,	 Malcovati	 L,	 et	 al.	 Development	 and	 validation	 of	 a	 prognostic	 scoring	 system	 for	 patients	 with	 chronic
myelomonocytic	leukemia.	Blood	2013;121(15):3005–3015.
ePatnaik	MM,	Padron	E,	LaBorde	RR,	et	al.	Mayo	prognostic	model	for	WHO-defined	chronic	myelomonocytic	leukemia:	ASXL1	and
spliceosome	component	mutations	and	outcomes.	Leukemia	2013;27(7):1504–1510.
Blast,	 myeloblast	 and	 promonocyte	 percentage	 in	 the	 bone	 marrow;	 IMP,	 immature	 myeloid	 precursor	 (represent	 the	 sum	 of
peripheral	 blasts,	 promyelocytes,	myelocytes,	 and	metamyelocytes);	 NOC,	 number	 of	 cytopenias;	 DOC,	 duration	 of	 cytopenias;
LDH,	 lactate	dehydrogenase;	 lymph,	 lymphocyte	 count;	WBC,	white	blood	cell	 count;	PS,	Eastern	Cooperative	Oncology	Group
(ECOG)	performance	status;	Mol,	molecular	profiling;	IPSS,	International	Prognostic	Scoring	System;	MDAPS,	MD	Anderson	Score
from	 Prognostication	 in	 chronic	 myelomonocytic	 leukemia;	 MDASC,	 Global	 MD	 Anderson	 Scoring	 System;	 IPSS-R,	 Revised
International	Prognostic	Scoring	System;	GFM,	Groupe	Francias	des	Myelodysplasia.

Patients	with	MDS	often	suffer	from	other	medical	comorbidities	that	may	impact	survival,	affect	performance
status,	and	limit	 therapeutic	options.	Using	the	ACE-27	comorbidity	index,	 the	median	survival	was	31.8,	16.8,
15.2,	and	9.7	months	for	 those	with	none,	mild,	moderate,	and	severe	comorbidities,	respectively	(P	<	.001).	A
prognostic	model	 including	 age,	 IPSS,	 and	 comorbidity	 score	 predicted	median	 survival.124	 The	 Italian	 group
added	further	refinement	by	developing	an	MDS-specific	comorbidity	index.	Cardiac	disease,	moderate	to	severe
liver	disease,	severe	pulmonary	disease,	 renal	disease,	and	history	of	solid	 tumors	were	found	 to	 independently
affect	the	risk	of	nonleukemic	death,	whereas	diabetes	and	cerebrovascular	disease	did	not.125

A	 newly	 proposed	 scoring	 system	 was	 shown	 to	 be	 prognostic	 of	 outcome	 in	 patients	 undergoing	 human
leukocyte	antigen–matched	and	human	leukocyte	antigen–mismatched	allo-HCT	for	MDS.126

MANAGEMENT	OF	MYELODYSPLASTIC	SYNDROMES
Erythropoiesis-Stimulating	Agents
More	 than	 90%	of	MDS	patients	 have	 anemia,	 and	 30%	 to	 50%	 are	 transfusion	 dependent.127	 Erythropoiesis-
stimulating	 agents	 (ESAs)	 are	 the	most	widely	 used	 treatment	 for	 anemia	 in	 lower	 risk	MDS;	>50%	of	 newly
diagnosed	and	established	patients	in	the	United	States	receive	ESA.	Response	rates	range	from	15%	to	20%	in
unselected	patients	receiving	doses	equivalent	to	40,000	to	60,000	U	of	epoetin-α	weekly.128	Treatment	lasting	8
to	12	weeks	provides	an	adequate	trial	to	assess	ESA	responsiveness,	with	median	duration	of	responses	ranging
from	 12	 to	 24	months.129	 Case-matching	 studies	 suggest	 a	 survival	 advantage	 among	 erythroid	 responders.129
Darbepoetin	is	at	least	as	effective	as	epoetin-α.130	Patient	selection	improves	response	probability	to	ESAs	and
conserves	resources.	Using	a	simple	model	based	on	pretreatment	endogenous	serum	erythropoietin	concentration
(<100,	100	to	500,	or	>500	U	per	liter)	and	RBC	transfusion	burden	(<	or	≥2	U	per	month),	one	would	distinguish
three	response	categories:	high	probability	of	erythroid	response	(74%),	intermediate	(23%),	and	low	(7%).131



Dr. AVR @ TMH

Lenalidomide
Lenalidomide	 is	 approved	 by	 the	U.S.	 Food	 and	Drug	Administration	 (FDA)	 for	 the	 treatment	 of	 transfusion-
dependent	anemia	in	lower	risk	MDS	patients	with	a	chromosome	5q	deletion	(del[5q])	with	or	without	additional
cytogenetic	 abnormalities.	 In	 the	 lenalidomide	 registration	 (MDS-003)	 phase	 II	 clinical	 trial,	 the	 overall
transfusion	 response	 rate	was	 76%,	with	 67%	achieving	 transfusion	 independence	 (TI).132	 The	median	 time	 to
response	was	4.6	weeks,	accompanied	by	a	median	rise	in	hemoglobin	of	5.4	g/dL.	Median	duration	of	response
exceeded	2	years	and	is	longer	in	patients	with	isolate	del(5q).	Lenalidomide	was	administered	at	a	dose	of	10	mg
daily	either	continuously	or	for	21	days	every	4	weeks.	Cytogenetic	response	and	hematologic	improvement	(HI)
were	the	strongest	independent	covariates	for	OS	(HR,	5.295;	P	<	.001).133,134	Recent	studies	indicate	that	TP53
gene	 mutations	 are	 demonstrable	 in	 approximately	 20%	 of	 del(5q)	MDS	 patients,	 expand	 over	 time,	 and	 are
associated	 with	 a	 higher	 risk	 of	 disease	 progression	 and	 a	 lower	 frequency	 of	 cytogenetic	 response	 to
lenalidomide.135–137

The	most	 commonly	 observed	 adverse	 event	was	 early	myelosuppression,	 generally	 occurring	 in	 the	 first	 8
weeks	 of	 treatment	 (62%).	 More	 than	 half	 of	 the	 patients	 (55%)	 experienced	 neutropenia,	 and	 44%	 had
thrombocytopenia.	Dose	reduction	or	treatment	interruption	for	hematologic	adverse	events	was	necessary	in	the
majority	 (84%)	 of	 patients.	 The	 median	 time	 to	 first	 dose	 reduction	 was	 22	 days.	 At	 week	 24,	 only	 32%	 of
patients	 were	 receiving	 a	 10-mg	 dose.	 Early	 cytopenias	 with	 lenalidomide	 treatment	 correlated	 with	 the
probability	of	achieving	RBC	TI.138	Nonhematologic	adverse	events	include	dry	skin,	rash	and	pruritus,	itching	of
the	scalp,	and	diarrhea.	Hypothyroidism	has	been	reported	 in	approximately	7%	of	patients.139,140	Patients	with
renal	insufficiency	were	excluded.	In	such	patients,	it	is	prudent	to	adjust	the	dosage	based	on	creatinine	clearance
given	 the	renal	excretion	of	 lenalidomide.141	The	 incidence	of	venous	 thromboembolic	 events	 in	MDS	 patients
treated	 with	 lenalidomide	 monotherapy	 was	 low,	 with	 venous	 thromboembolic	 events	 reported	 in	 3%	 of	 the
del(5q)	patients.

A	subsequent	phase	III,	placebo-controlled	study	(MDS-004)	compared	two	different	doses	and	schedules	of
lenalidomide	 in	 the	 same	 del(5q)	 MDS	 population.142	 A	 total	 of	 205	 patients	 were	 randomized	 to	 receive
treatment	 with	 either	 lenalidomide	 10	 mg	 daily	 for	 21	 days	 every	 4	 weeks,	 continuous	 treatment	 with
lenalidomide	 5	 mg	 daily,	 or	 placebo.	 The	 rates	 of	 sustained	 TI	 (>24	 weeks)	 were	 53.6%,	 33.3%,	 and	 6%,
respectively	 (P	 <	 .001).	 Cytogenetic	 response	 rates	 were	 also	 highest	 in	 the	 10-mg	 arm.	 The	 median	 rise	 in
hemoglobin	was	highest	in	patients	treated	with	the	10-mg	lenalidomide	dose.	No	difference	was	observed	in	the
frequency	or	magnitude	of	myelosuppression	between	the	two	lenalidomide	doses,	nor	was	there	a	difference	in
the	rate	of	AML	transformation.

The	use	of	lenalidomide	in	lower	risk	non-del(5q)	MDS	was	explored	in	a	phase	II	study	(MDS-002),	which
enrolled	 214	 non-del(5q)	 patients.143	 Based	 on	 the	 International	 Working	 Group	 2000	 (IWG	 2000)	 response
criteria,	26%	patients	achieved	TI.	Median	rise	in	hemoglobin	was	3.2	g/dL,	and	median	duration	of	response	was
41	weeks.	 Attempts	 to	 improve	 the	 activity	 of	 lenalidomide	 in	 non-del(5q)	 patients	 include	 biomarker-guided
patient	selection	and	combination	strategies	with	an	ESA.144,145	A	randomized	phase	III	clinical	trial	comparing
lenalidomide	 to	 a	 lenalidomide/ESA	combination	yielded	higher	 erythroid	 response	 rates	with	 the	 combination
treatment:	23%	versus	40%,	 respectively	 (P	=	 .043).145	The	phase	 III	U.S.	 intergroup	 study	demonstrated	33%
major	erythroid	response	with	the	combination	of	ESA	and	lenalidomide	compared	to	14%	for	lenalidomide	alone
(P	=	.029).146

Lenalidomide’s	mechanism	of	action	in	MDS	is	karyotype	specific.	In	del(5q)	MDS,	lenalidomide	relieves	p53
arrest	 by	 stabilizing	MDM2	 to	 permit	 cell	 cycle	 reentry	 by	 inhibiting	 the	 haplodeficient	 PP2A.	 The	 resulting
hyperphosphorylation	of	inhibitory	serine/threonine	residues	on	MDM2	suppresses	its	autologous	ubiquitination,
thereby	stabilizing	 the	protein	and,	 in	 turn,	promoting	the	proteasomal	degradation	of	p53.94	Lenalidomide	also
induces	 the	 ubiquitination	 of	 CK1α	 by	 the	 CRL4CRBN	 E3	 ubiquitin	 ligase,	 resulting	 in	 CK1α	 degradation.96
Haploinsufficiency	of	CK1α	in	del(5q)	accounts	for	the	sensitivity	to	lenalidomide.

In	 non-del(5q)	MDS,	 lenalidomide	 enhances	 erythroid	 receptor	 signaling.	The	 inhibition	 of	PP2A	promotes
coalescence	 of	 lipid	 rafts	 with	 attendant	 incorporation	 of	 the	 erythropoietin	 receptor	 along	 with	 its	 signaling
intermediates	to	yield	a	more	efficient	receptor	signaling	platform.147

The	use	of	lenalidomide	in	higher	risk	MDS	patients	remains	investigational.	Several	studies	reported	modest
response	rates	and	rates	of	TI.148–150	A	high	rate	of	complete	response	(CR)	has	been	reported	when	combining
azacitidine	and	lenalidomide	in	higher	risk	MDS	in	a	phase	I/II	trial,	which	is	the	subject	of	an	ongoing	intergroup
randomized	 phase	 II	 clinical	 study.151	 Use	 of	 lenalidomide	 in	 the	 treatment	 of	 MDS/MPN	 subtypes	 is	 often
extrapolated	 from	 its	 use	 in	 MDS.	 Nonproliferative	 lower	 risk	 CMML	 patients	 were	 included	 in	 the	 studies



summarized	 previously.	 Anecdotal	 case	 reports	 suggest	 lenalidomide	 activity	 in	 patient	 with	 the	 RARS-T
subtype.152

Azanucleosides
Azacitidine	and	decitabine	are	azanucleosides	analogs	with	varied	capacity	 to	act	as	hypomethylating	agents	 to
reverse	 epigenetic	 gene	 repression.	 Covalent	 bonds	 formed	 between	 deoxycytidine	 nucleotides	 and	 DNA
methyltransferase	 deplete	 the	 enzyme	 and,	 as	 a	 consequence,	 promote	 demethylation	 of	 silenced	 genes.	 These
agents	 also	 are	 cytotoxic	 as	 DNA	 interactive	 nucleoside	 analogs	 and,	 in	 the	 case	 of	 azacitidine,	 which	 is
incorporated	largely	into	RNA,	by	inhibiting	RNA	translation	and	protein	synthesis.

Azacitidine	was	the	first	FDA-approved	drug	for	the	treatment	of	all	FAB	MDS	subtypes.153	The	overall	CR	+
partial	response	(PR)	rate	was	23%	(CR,	7%;	PR,	16%),	with	a	corresponding	extension	in	median	time	to	AML
transformation	from	12	to	21	months.	The	subsequent	AZA-001	trial	was	the	first	study	to	demonstrate	a	survival
advantage	for	any	treatment	in	higher	risks	MDS.154	Patients	with	intermediate	2	or	high-risk	MDS	(n	=	358)	were
randomized	 to	 treatment	with	either	azacitidine	or	conventional	care	 regimens	 (CCRs)	 that	 included	either	best
supportive	care	alone,	low-dose	cytarabine,	or	intensive	AML-type	induction	chemotherapy.	The	median	OS	was
significantly	extended	in	the	azacitidine	group	compared	to	CCR:	24.5	months	versus	15	months,	respectively	(P
=	 .0001).	AML	progression	was	 delayed	 by	>14	months	with	 the	 azacitidine	 treatment.	Hematologic	 response
rates	 also	 favored	 azacitidine,	with	45%	achieving	RBC	TI	 compared	 to	11%	with	CCR.	The	OS	benefit	with
azacitidine	 treatment	 extended	 to	 those	 patients	with	AML	 according	 to	 the	WHO	 classification	 (myeloblasts:
20%	to	30%).	A	landmark	analysis	at	cycle	4	revealed	that	patients	who	achieve	HI	or	better	response	according
to	IWG	criteria	experienced	a	survival	advantage.155	The	probability	of	HI	response,	and	therefore,	the	potential
for	 survival	 improvement,	 diminishes	 with	 time,	 reaching	 <15%	 after	 6	 months	 of	 treatment.156	 Poor	 risk
cytogenetics,	 increased	myeloblasts,	and	prior	 treatment	with	 low-dose	cytarabine	are	predictive	variables	 for	a
lower	response	rate.157	The	loss-of-function	mutations	involving	the	TET2	gene	is	associated	with	a	higher	rate	of
response	to	azacitidine.158	In	lower	risk	MDS,	nearly	50%	of	patients	achieve	HI	and/or	RBC	TI.	The	HI	rate	with
treatment	with	 a	 5-day	 regimen	 appears	 equivalent	 to	 5-2-2	 or	 5-2-5	 regimens	with	 less	 toxicity;	 however,	 its
impact,	if	any,	on	OS	is	unknown.159

Decitabine	 was	 FDA	 approved	 based	 on	 a	 phase	 III	 trial	 in	 the	 United	 States	 comparing	 15	 mg/m2

intravenously	administered	over	3	hours	every	8	hours	for	3	consecutive	days	to	best	supportive	care	in	patients
with	 intermediate	1,	 intermediate	2,	 and	high-risk	MDS.160	The	overall	 response	 rate	was	30%	with	decitabine
(9%	 CR,	 8%	 PR,	 and	 13%	 HI).	 Kantarjian	 et	 al.161	 compared	 three	 decitabine	 schedules	 using	 a	 reduced
cumulative	dosing	schedule	in	a	similar	population.	This	study	identified	20	mg/m2	intravenously	daily	for	5	days
as	 the	 preferred	 schedule,	 where	 the	 CR	 rate	 was	 39%.	 The	 ADOPT	 trial	 was	 a	multicenter	 validation	 study
involving	 99	 MDS	 patients	 treated	 with	 the	 20	 mg/m2	 5-day	 regimen;	 the	 study	 reported	 17%	 CR	 with	 a
corresponding	median	OS	 of	 19.4	month.162	 A	 subsequent	 phase	 III	 study	 compared	 the	 effects	 of	 the	 FDA-
approved	decitabine	regimen	to	supportive	care	in	intermediate	2	and	high-risk	MDS.163	The	OS	and	the	median
time	to	AML	transformation	or	death	were	not	significantly	different	from	the	supportive	care	arm.	In	a	study	of
116	patients	with	AML	or	MDS,	decitabine	given	at	a	dose	of	20	mg/m2	for	10	consecutive	days	every	month	was
associated	 with	 higher	 rates	 of	 clinical	 responses	 in	 patients	 with	 unfavorable	 risk	 cytogenetics	 and/or	 TP53
mutations	 compared	 with	 patients	 with	 intermediate	 risk	 or	 favorable	 risk	 cytogenetics	 (67%	 versus	 34%).
Patients	with	TP53	mutations	had	higher	responses	to	decitabine	with	clearance	of	the	TP53	mutant	clone.164

Outcomes	after	azanucleoside	failure	is	poor,	with	median	OS	ranging	from	4	months	to	8	months	and	a	12-
month	survival	of	approximately	30%.165–167	CR	rates	with	standard	intensive	chemotherapy	are	≤20%.	Treatment
of	 patients	who	 fail	 azanucleosides	 represent	 an	unmet	 need.	Recent	 data	 suggest	 that	 outcomes	 are	 poor	 after
azanucleoside	failure	in	lower	risk	MDS	as	well.168

Small	numbers	of	MDS/MPN	patients,	namely,	CMML,	were	 included	 in	 the	original	azanucleoside	clinical
trials.	 Large	 retrospective	 series	 suggest	 similar	 response	 rates,	 but	 probably	 an	 inferior	 effect	 on	 OS.
Splenomegaly	 and	 leukocytosis	 are	 predictors	 for	 worse	 outcomes	 among	 CMML	 patients	 treated	 with
azacitidine.169

Decitabine	and	azacitidine	in	a	3-day	regimen	is	being	tested	in	a	randomized	clinical	study	in	lower	risk	MDS
patients.	 In	 a	 randomized	 phase	 II	 study,	 32%	 of	 patients	 treated	 with	 3	 days	 of	 decitabine	 became	 RBC
transfusion	independent	compared	to	16%	of	those	treated	with	3	days	of	azacitidine	(P	=	.2).170

Oral	 azacitidine	 is	 being	 developed	 for	 lower	 risk	MDS	 patients.	 In	 a	 phase	 I	 study,	 overall	 response	was
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38%.171
Oral	decitabine	is	also	being	developed	combined	with	cedazuridine,	an	oral	cytidine	deaminase	inhibitor	that

enhances	its	bioavailability.	A	phase	II	clinical	study	confirmed	that	the	fixed	dose	combination	of	oral	decitabine
(DAC)	(35	mg	per	day)	and	cedazuridine	(CED)	(100	mg	per	day)	(ASTX727)	was	comparable	 to	 intravenous
decitabine	in	terms	of	area	under	the	curve	exposure.	Clinical	benefit	was	observed	in	31	(62%)	patients,	with	8
(16%)	CR,	14	(28%)	marrow	complete	response	(mCR),	and	9	(18%)	HI.172

Guadecitabine	 (SGI-110)	 is	 a	 novel	 hypomethylating	 dinucleotide	 of	 decitabine,	 resistant	 to	 degradation	 by
cytidine	deaminase.	In	a	multicenter	phase	I	study,	it	was	well	tolerated	and	showed	early	evidence	of	clinical	and
biologic	activity	in	patients	with	MDS	and	AML.173	The	initial	results	of	a	phase	II	study	with	guadecitabine	60
mg/m2	 on	 a	 5-day	 regimen	 every	 28	 days	 reported	 61%	 overall	 response	 rate	 (22/40	 patients)	 in	 higher	 risk
treatment-naive	MDS	and	CMML	patients.174	Modest	responses	were	reported	in	higher	risk	MDS	patients	after
azacitidine	failure.175

Immunosuppressive	Therapy
HI	is	observed	in	approximately	one-third	of	unselected	MDS	patients	treated	with	antithymocyte	globulin	with	or
without	cyclosporine.	Age	is	the	strongest	covariate	for	hematologic	response.	In	a	multivariate	analysis	age,	the
duration	of	RBC	transfusion	dependence	and	the	presence	of	a	human	leukocyte	antigen	DR15	were	independent
response	variables.176	Other	 retrospective	 studies	 identified	bone	marrow	hypocellularity	 and	 the	presence	of	 a
paroxysmal	 nocturnal	 hemoglobinuria	 clone	 as	 covariates	 for	 response	 to	 immunosuppressive	 therapy	 (IST).
Rabbit	 antithymocyte	 globulin	 offers	 comparable	 effectiveness	 in	 treating	MDS	 patients.177	Alemtuzumab	was
reported	to	yield	high	response	rates	in	preselected	patients	with	the	previously	described	features	associated	with
the	probability	for	response	to	IST.178

Allogeneic	Hematopoietic	Cell	Transplantation
allo-HCT	remains	the	only	known	curative	treatment	for	patients	with	MDS.	Unfortunately,	the	majority	of	MDS
patients	are	not	candidates	for	the	procedure	due	to	advanced	age	or	comorbidities,	and	the	procedure	itself	carries
significant	 morbidity	 and	 mortality.	 With	 the	 decision	 of	 Medicare	 to	 provide	 coverage	 with	 evidence
development	for	the	allo-HCT	in	MDS	patients	in	2008,	the	number	of	procedures	performed	in	the	United	States
for	patients	with	MDS,	particularly	those	older	than	60	years,	has	significantly	increased	over	the	past	decade.

Using	a	markovian	decision	analysis	model,	early	allo-HCT	is	recommended	for	higher	risk	MDS	patients	to
maximize	 survival	 potential,	 whereas	 for	 lower	 risk	 patients,	 delaying	 allo-HCT	 until	 disease	 progression	 is	 a
strategy	that	offered	best	OS.179	A	subsequent	decision	model	in	the	azanucleoside	era	utilizing	data	from	reduced
intensity	allo-HCT	and	predominantly	in	elderly	patients	(60	to	70	years)	confirmed	the	recommendation	of	early
allo-HCT	for	higher	 risk	MDS	and	delayed	allo-HCT	for	 those	with	a	 lower	 risk.180	No	randomized	controlled
trials	evaluating	allo-HCT	versus	nontransplant	strategies	are	available.

The	most	 important	predictors	of	outcome	after	allo-HCT	are	disease	status	(myeloblasts	>5%	and	poor	risk
cytogenetics)	but	not	age.181	A	study	reported	experience	involving	1,333	MDS	patients	aged	older	than	50	years
(449	patients	aged	older	than	60	years)	who	underwent	hematopoietic	cell	transplantation.	Four-year	OS	estimates
for	the	50-	to	60-year-olds	and	the	older	than	60-year-old	cohort	was	34%	and	27%,	respectively.

Somatic	gene	mutations	detected	at	the	time	of	allo-HCT	had	emerged	as	strong	predictors	of	outcome.	Among
1,514	patients	who	underwent	allo-HCT,	19%	had	evident	TP53	mutations.	The	median	OS	was	0.7	years	(3-year
OS,	20%)	for	patients	with	TP53	mutation.	 In	patients	older	 than	40	years	old	without	TP53	mutation,	RAS	 or
JAK-2	somatic	mutations	were	associate	with	inferior	outcome.182

The	question	of	 therapy	prior	 to	 allo-HCT	 remains	 controversial.	Earlier	 studies	 did	not	 show	a	 convincing
advantage	for	induction	chemotherapy	prior	to	allo-HCT;	however,	those	studies	were	not	randomized	and	were
subject	to	selection	bias	by	treating	higher	risk	patients	with	chemotherapy.	Among	patients	who	receive	intensive
chemotherapy,	those	who	achieved	CR	prior	to	allo-HCT	had	a	better	outcome.	A	phase	II	study	evaluated	265
consecutive	patients	who	received	an	allo-HCT.	There	was	no	difference	in	3-year	OS	whether	patients	received
azacitidine,	intensive	chemotherapy,	or	azacitidine	preceded	or	followed	by	intensive	chemotherapy	(55%	versus
48%	versus	32%,	respectively;	P	=	.07).183	Azanucleosides	may	also	play	a	role	as	a	maintenance	strategy	post–
hematopoietic	 cell	 transplantation.	 De	 Lima	 et	 al.184	 demonstrated	 that	 maintenance	 therapy	 with	 low-dose
azacitidine	(32	mg/m2	for	four	cycles)	is	feasible	in	the	post-allo-HCT	setting	for	recurrent	AML	or	MDS.	This
strategy	is	 the	subject	of	a	prospective	randomized	clinical	 trial.184	An	analysis	of	435	patients	with	higher	 risk



MDS	 who	 had	 failed	 treatment	 with	 azanucleosides	 showed	 that	 patients	 who	 proceeded	 to	 allo-HCT	 or
investigational	 agents	 had	 better	 survival	 compared	 to	 those	 offered	 supportive	 care	 or	 conventional
chemotherapy,	whether	a	low	or	an	intensive	dose.166

Iron	Chelation	Therapy
Several	groups	reported	that	iron	overload	and	elevated	serum	ferritin	in	MDS	patients	is	associated	with	inferior
OS	and	higher	rate	of	leukemia	evolution.123	Nonrandomized	studies	suggest	that	iron	chelation	therapy	impacts
outcomes	in	lower	risk	MDS.185,186	Two	studies	showed	that	the	oral	iron	chelator	deferasirox	(Exjade;	Novartis,
Basel,	 Switzerland)	 effectively	 lowered	 serum	 ferritin	 and	 labile	 plasma	 iron	 concentration	 in	 lower	 risk
MDS.187,188	 Adverse	 effects	 from	 deferasirox	 may	 include	 renal	 failure,	 diarrhea,	 hepatic	 failure,	 and
gastrointestinal	 hemorrhage.	Deferasirox	 is	 contraindicated	 in	 patients	with	 a	 creatinine	 clearance	 <40	mL	 per
minute,	 higher	 risk	 MDS	 patients,	 and	 in	 patients	 with	 platelet	 count	 <50	 ×	 109	 cells	 per	 liter.	 Deferiprone
(Ferriprox;	ApoPharma,	Rockville,	Maryland)	 is	 another	 oral	 iron	 chelator	 approved	 in	 the	United	 States.	 The
adverse	 effect	 of	 greatest	 concern	 is	 agranulocytosis,	 but	 it	 has	 less	 renal	 toxicity.189	 The	 MDS	 foundation
recommends	 the	consideration	of	 iron	chelation	 therapy	 in	 transfusion-dependent	 lower	risk	MDS	patients	with
serum	 ferritin	 persistently	 >1,000	 ng/mL,	 whereas	 the	 National	 Comprehensive	 Cancer	 Network	 (NCCN)
guidelines	use	a	>2,500	ng/ml	threshold.	An	ongoing	randomized	phase	III,	placebo-controlled	study	(TELESTO)
is	intended	to	address	the	potential	clinical	benefit	of	deferasirox	chelation	therapy.

Benefit	of	Deferasirox	in	Myelodysplastic	Syndromes
A	report	indicates	some	hematopoietic	improvement	in	a	small	cohort	of	MDS	patients	treated	with	deferasirox.
MDS	patients	have	a	pro-inflammatory	bone	marrow	environment	with	 increased	numbers	of	 activated	T	cells
producing	 high	 levels	 of	 tumor	 necrosis	 factor.	 Deferasirox	 inhibits	 NF-κB–dependent	 transcription	 with
subsequent	reduced	tumor	necrosis	factor	production.	Thus,	the	hematopoietic	improvement	in	deferasirox-treated
patients	may	be	due	to	an	anti-inflammatory	effect,	via	the	inhibition	of	NF-κB.190

How	Do	I	Treat	Myelodysplastic	Syndrome	Patients?
The	first	step	in	the	management	of	MDS	requires	confirming	the	diagnosis,	which	in	many	instances	may	require
a	 hematopathologist’s	 experienced	 eyes.191	 After	 establishing	 a	 diagnosis,	 risk	 stratification	 is	 critical	 for
management	decisions.	We	complement	the	standard	IPSS	risk	model	by	newer	clinical	risk	models	such	as	IPSS-
R	and	MDAS	(or	CMML-specific	models	in	cases	of	CMML),	and	a	molecular	profile	to	more	precisely	delineate
the	disease	risk	category.7,12,14,192

For	higher	risk	patients,	we	initiate	treatment	with	azacitidine	75	mg/m2	as	supportive	care	for	7	days	every	28
days	and	assess	patients	for	hematopoietic	stem	cell	transplant	in	the	absence	of	major	comorbidities	and	a	good
performance	 status.180	 For	 patients	 who	 do	 not	 proceed	 to	 allo-HCT,	 we	 continue	 treatment	 until	 disease
progression	or	loss	of	response.	The	response	to	azacitidine	is	evaluated	after	four	to	six	cycles.	If	the	disease	is
stable	 or	 better,	 treatment	 is	 continued.	 Experience	 from	 the	 AZA-001	 trial	 tells	 us	 that	 HI	 is	 predictive	 for
improved	OS.154,193	 In	 patients	 with	 baseline	 thrombocytopenia	 and	 neutropenia,	 we	 do	 not	 delay	 therapy	 or
reduce	dose	but	rather	provide	more	focused	supportive	care	with	close	hematologic	monitoring.	We	avoid	the	use
of	granulocyte	colony-stimulating	factor	(G-CSF)	or	granulocyte-macrophage	colony-stimulating	factor	except	in
the	setting	of	febrile	neutropenia.	For	patients	who	harbor	TP53	mutations,	particularly	those	who	could	proceed
to	allo-HCT,	we	use	decitabine	in	attempt	to	reduce	the	TP53	mutant	clone	size.

Combination	 strategies	 adding	 to	 the	 backbone	of	 azacitidine	 are	 being	 explored.	Clinical	 trials	 such	 as	 the
combinations	with	lenalidomide,	vorinostat,	or	pracinostat	have	not	yielded	a	better	outcome.194–196	Crossing	over
to	 the	 alternate	 azanucleoside	 is	 generally	minimally	 effective.197	We	 consider	 a	 clinical	 trial	 or	 allo-HCT	 for
those	patients	after	azanucleoside	failure.166

In	cases	of	secondary	AML,	response	 rates	 to	standard	3	+	7	 induction	chemotherapy	 is	disappointing,	with
short	OS.	 CPX-351	 (liposomal	 formulation	 of	 a	 5:1	molar	 ratio	 of	 cytarabine	 and	 daunorubicin)	was	 recently
approved	 for	 treatment	 of	 secondary	 AML	 from	 MDS	 and	 therapy-related	 AML.	 In	 a	 phase	 III	 randomized
clinical,	CPX-351	demonstrated	higher	CR/complete	response	with	incompletecount	recovery	(CRi)	compared	to
standard	induction	chemotherapy	(48%	versus	33%,	P	=	.016),	lower	short-term	mortality,	and	better	median	OS.
The	median	OS	was	9.56	months	with	CPX-351	compared	to	5.95	months	with	standard	chemotherapy.198,199	In
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regard	to	standard	induction	chemotherapy,	we	favor	the	use	the	cladribine,	cytarabine,	G-CSF,	and	mitoxantrone
(CLAG-M)	regimen	for	induction	in	secondary	AML	after	azacitidine	failure,	for	which	we	previously	reported	a
>50%	CR	rate.200

Several	agents	are	under	investigation	in	patients	after	azanucleosides	failure.	A	phase	III	trial	with	rigosertib,	a
multikinase	 inhibitor,	 failed	 to	 show	 a	 significant	 improvement	 in	 OS	 compared	 to	 best	 supportive	 care.201
Ongoing	clinical	studies	include	exploring	the	use	of	immune	checkpoint	inhibitors	in	MDS,	splicing	inhibitors,
IDH-1	and	IDH-2	inhibitors,	and	p53	modulators.	Early	studies	with	natural	killer	cells	chimeric	antigen	receptor–
T-cell	therapy	and	CD123/CD3	DART	therapy	are	ongoing.

In	 lower	 risk	 MDS,	 anemia	 remains	 the	 most	 common	 indication	 for	 therapy.	 In	 patients	 with	 a	 low
endogenous	 serum	erythropoietin	 level	 (<500	mU/ml)	 and	 low	 transfusion	burden,	we	begin	 treatment	with	 an
ESA.	 An	 8-	 to	 12-week	 minimum	 trial	 of	 epoetin-α	 is	 started	 at	 a	 dose	 of	 40,000	 to	 60,000	 U	 weekly	 or
darbepoetin-α	dose	equivalence	as	sufficient.	In	the	absence	of	response,	and	particularly	for	patients	with	RARS,
we	consider	the	addition	of	G-CSF.128	Subsequent	 treatment	alternatives	are	guided	by	 the	 type	and	severity	of
additional	cytopenias	and	include	lenalidomide	or	azacitidine.	For	non-del(5q)	lower	risk	MDS,	lenalidomide	may
be	considered	in	patients	with	isolated	anemia	and	adequate	platelets	and	neutrophils.143	Use	of	lenalidomide	prior
to	azanucleosides	may	yield	higher	response	rates.202	Lenalidomide	in	combination	with	ESA	may	provide	higher
responses	than	lenalidomide	alone.144,145	Azacitidine	is	also	used	for	lower	risk	MDS	patients.	We	commonly	use
azacitidine	at	a	dose	of	75	mg/m2	for	5	days	in	lower	risk	patients.159	For	MDS	patients	younger	than	60	years	of
age	with	 a	 short	 duration	of	 transfusion	dependence,	 a	CD4:CD8	 ratio	<2.0,	 or	 those	with	 trisomy	8,	 IST	 is	 a
reasonable	treatment	strategy.	For	lower	risk	MDS	patients	with	thrombocytopenia	or	neutropenia,	particularly	if
the	goal	of	treatment	is	to	improve	thrombocytopenia,	azanucleosides	are	the	treatment	of	choice	or	IST	if	there	is
a	 high	 chance	 of	 response.	 In	 del(5q)	 lower	 risk	 MDS	 patients	 who	 either	 failed	 or	 are	 not	 a	 candidate	 for
treatment	with	an	ESA,	lenalidomide	is	the	treatment	of	choice	in	the	presence	of	adequate	neutrophil	and	platelet
counts.132	Lenalidomide	 is	administered	daily	at	 a	dose	of	10	mg	orally.	Complete	blood	counts	are	monitored
weekly	during	the	first	8	weeks.	The	vast	majority	of	patients	will	need	dose	interruption	after	2	to	3	weeks,	with
resumption	of	lenalidomide	treatment	upon	hematologic	recovery	at	the	next	lower	dose	level.

A	recent	meta-analysis	again	confirms	the	benefits	of	lenalidomide,	leading	to	significantly	improved	OS	and
lowered	the	risk	of	AML	progression	in	del(5q)	patients.	Lenalidomide	is	effective	and	safe	for	the	treatment	of
lower	risk	MDS	patients	with	or	without	5q	deletion.203

Eltrombopag	 was	 tested	 in	 lower	 risk	 MDS	 in	 a	 randomized,	 placebo-controlled,	 single-blinded	 study	 for
patients	with	thrombocytopenia	<30	×	109	cells	per	 liter.	A	 total	of	90	patients	were	randomized	2:1	 to	receive
eltrombopag	50	 to	300	mg	 (n	=	59)	or	matched	placebo	 (n	=	31)	with	 titrated	dose	 targeted	 for	platelet	 count.
Platelet	response	was	reported	in	47.5%	(CR,	28.8%)	among	patients	treated	with	eltrombopag	compared	to	3.2	%
in	 the	 placebo	 arm	 (P	 <	 .0001).	 A	 total	 of	 54%	 of	 patients	 became	 platelets	 transfusion	 independent	 with
eltrombopag,	and	 there	were	 fewer	bleeding	events.	 Interestingly,	 trilineage	 responses	were	observed	 including
RBC	 transfusion	 independence.	 Hemoglobin	 at	 baseline	 and	 RBC	 transfusion	 dependency	 were	 the	 only
predictive	variables	for	response.204

In	selected	patients	with	 lower	risk	MDS	who	are	younger	and	who	have	no	major	comorbidities,	allo-HCT
may	be	discussed	after	failure	of	standard	therapy.	In	our	opinion,	clinical	trials	remain	the	standard	of	care	for
treating	MDS	patients	and	should	be	considered	whenever	available.

Sotatercept	 (ACE-011),	 a	 first-in-class	 activin	 type	 IIA	 receptor	 fusion	 protein	 enhancing	 late-stage
erythropoiesis	 and	promoting	mature	 erythrocyte	production,	was	well	 tolerated	and	 showed	promising	clinical
activity	 in	 heavily	 transfusion-dependent,	 ESA-refractory,	 anemic,	 lower	 risk	 MDS	 patients.	 Among	 high
transfusion	burden	patients,	40%	achieved	hematoligcial	improvement-erythroid	(HI-E),	six	patients	became	RBC
TI.	Among	patients	with	low	transfusion	burden,	63%	became	RBC	TI	with	mean	hemoglobin	increase	>1.5	g/dL
sustained	 for	 8	 weeks	 or	 more.	 HI-E	 was	 achieved	 in	 56%	 of	 ring	 sideroblasts-positive	 and	 20%	 of	 ring
sideroblasts-negative	patients	in	the	sotatercept	1.0	mg/kg	dose	group.205

Luspatercept	 (ACE-536)	 is	ActRIIB	 ligand	 trap	 fusion	protein.	 In	a	phase	 II	multicenter,	dose-finding	study
with	long-term	extension,	luspatercept	was	tested	in	lower	risk	MDS	(LR-MDS)	patients.	All	together,	32	(63%)
of	51	patients	receiving	higher	dose	luspatercept	concentrations	(0.75	to	1.75	mg/kg)	achieved	HI-E.	A	total	of	29
(69%)	 of	 42	 ring	 sideroblast-positive	 patients	 achieved	 HI-E	 versus	 3	 (43%)	 of	 7	 ring	 sideroblast-negative
patients.	Among	SF3B1	mutation–positive	patients,	24	 (77%)	of	31	achieved	HI-E	compared	 to	6	 (40%)	of	15
SF3B1	 mutation–negative	 patients.	 A	 phase	 III	 placebo	 randomized	 clinical	 study	 using	 with	 luspatercept
(MEDALIST)	 for	 anemic	 MDS	 patients	 who	 are	 RBC	 transfusion	 dependent	 with	 lower	 risk	 MDS	 and	 ring



sideroblasts	subtypes	after	ESA	failure	or	low	chance	of	ESA	response	recently	finished	accrual.206
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INTRODUCTION
Plasma	cell	neoplasms	encompass	a	spectrum	of	disorders	that	include	monoclonal	gammopathy	of	undetermined
significance	 (MGUS),	 smoldering	 multiple	 myeloma	 (SMM),	 multiple	 myeloma,	 and	 Waldenström
macroglobulinemia.	 MGUS	 represents	 one	 end	 of	 the	 spectrum,	 an	 asymptomatic	 premalignancy,	 whereas
multiple	myeloma	and	Waldenström	macroglobulinemia	are	 serious	malignancies	 representing	 the	other	end	of
the	 spectrum.	 SMM	 is	 an	 intermediate	 entity	 comprising	 a	 mixture	 of	 patients	 who	 share	 a	 similar	 clinical
phenotype	but	are	biologically	heterogeneous,	with	some	having	premalignancy	(MGUS)	and	some	having	occult
malignancy	(multiple	myeloma).	In	addition	to	these	disorders,	because	plasma	cells	normally	secrete	antibodies
(immunoglobulins),	a	clonal	premalignant	or	malignant	proliferation	of	these	cells	can	lead	to	multiple	other	well-
established	 diseases	 depending	 on	 the	 idiosyncratic	 physical	 or	 functional	 properties	 of	 the	 secreted	 antibody.
Important	disorders	in	this	category	include	cryoglobulinemia,	immunoglobulin	light	chain	(AL)	amyloidosis,	and
light	chain	deposition	disease	(Table	107.1).1

Because	they	arise	from	a	single	clone,	secreted	antibodies	in	plasma	cell	neoplasms	are	electrophoretically	and
immunologically	 homogeneous	 (monoclonal	 proteins).	 They	 share	 the	 same	 heavy	 and	 light	 chain
immunoglobulin	 types	 and	can	be	 readily	 identified	on	protein	 electrophoresis	or	 immunofixation.	Monoclonal
proteins	 are	 commonly	 referred	 to	 as	M	proteins,	myeloma	proteins,	 or	 paraproteins.	 In	 the	majority	 of	 clonal
plasma	cell	 disorders,	 intact	 immunoglobulin	molecules	 are	 secreted	 as	M	proteins.	However,	 in	most	 patients
with	 multiple	 myeloma	 and	 approximately	 one-third	 of	 patients	 with	 MGUS,	 there	 is	 additional	 secretion	 of
excess	monoclonal	 free	 light	 chains	 (FLCs)	 that	 circulate	 unbound	 to	 immunoglobulin	 heavy	 chains	 (IgH).	 In
some	patients,	heavy	chain	expression	is	completely	 lost,	and	only	monoclonal	FLCs	(commonly	referred	 to	as
Bence	 Jones	 proteins)	 are	 secreted.	 Rarely,	 only	 heavy	 chains	 are	 secreted,	 resulting	 in	 heavy	 chain	 diseases.
Approximately	 2%	 of	 patients	 with	 multiple	 myeloma	 secrete	 no	 identifiable	 immunoglobulin	 (nonsecretory
myeloma).

Plasma	cell	neoplasms	are	defined	by	monoclonal	proliferation	of	plasma	cells	and	the	secretion	of	M	proteins.
They	must	be	distinguished	 from	 reactive	processes	 (infections,	 autoimmune	disorders)	 that	 cause	a	polyclonal
proliferation	of	plasma	cells	and	result	 in	 the	secretion	of	excess	polyclonal	 immunoglobulins.	Monoclonal	and
polyclonal	proteins	can	be	distinguished	readily	on	serum	protein	electrophoresis	(SPEP)	and	immunofixation.	On
bone	marrow	 examination,	 as	 in	 other	 B-cell	 neoplasms,	monoclonal	 plasma	 cell	 disorders	 exhibit	 light	 chain
restriction,	wherein	 almost	 all	 plasma	 cells	 homogeneously	 stain	 for	 either	 #x03BA;	 or	 #x03BB;	 light	 chains,
indicating	they	arose	from	a	neoplastic	clonal	proliferative	process.	In	contrast,	in	reactive	polyclonal	plasma	cell
proliferation,	cells	would	be	a	mix	of	#x03BA;	and	#x03BB;	light	chain	expressing	cells.

MULTIPLE	MYELOMA
Disease	Definition
Prior	 to	 2014,	 the	 diagnosis	 of	multiple	myeloma	 required	 the	 demonstration	 of	 specific	 end-organ	 damage	 in
addition	 to	 the	 presence	 of	 a	 clonal	 plasma	 cell	 proliferative	 process	 in	 the	 bone	marrow.	 Thus,	 unlike	 other
malignancies,	 multiple	 myeloma	 was	 exclusively	 a	 clinicopathologic	 diagnosis.	 A	 major	 problem	 with	 this
definition,	which	was	adopted	during	a	period	when	there	were	limited	options	for	therapy,	was	that	patients	with
serious	bone	marrow	involvement	or	high	monoclonal	protein	load	were	required	to	be	observed	until	end-organ
damage	occurred.	As	options	for	therapy	expanded	and	with	data	from	some	trials	suggesting	benefit	with	early
therapy,	 there	 was	 a	 need	 to	 revise	 the	 diagnostic	 criteria.	 The	 identification	 of	 biomarkers	 that	 accurately



predicted	patients	without	end-organ	damage	who	are	at	imminent	risk	of	progression	provided	further	impetus	in
this	regard.	Thus,	in	2014,	the	International	Myeloma	Working	Group	revised	the	diagnostic	criteria	for	multiple
myeloma,	 allowing	 the	 use	 of	 specific	 biomarkers	 in	 addition	 to	 traditional	 end-organ	 damage	 to	 define	 the
disease,	which	represents	a	major	paradigm	shift.	The	diagnosis	of	multiple	myeloma	now	requires	10%	or	more
clonal	bone	marrow	plasma	cells	(BMPCs)	in	the	bone	marrow	and/or	a	biopsy-proven	plasmacytoma	plus	one	or
more	of	the	following	multiple	myeloma-defining	events	(MDE):	evidence	of	end-organ	damage	(hypercalcemia,
renal	 insufficiency,	 anemia,	 or	 bone	 lesions)	 attributable	 to	 the	 underlying	 plasma	 cell	 disorder,	 60%	 or	more
clonal	 plasma	 cells	 in	 the	 bone	marrow,	 serum	 involved/uninvolved	FLC	 ratio	 #x2265;100	 (provided	 involved
FLC	 level	 is	 #x2265;100	mg/L),	 or	more	 than	 one	 focal	 lesion	 (#x2265;5	mm	 in	 size)	 on	magnetic	 resonance
imaging	 (MRI)	 (see	 Table	 107.1).2–8	 In	 addition,	 the	 new	 diagnostic	 criteria	 also	 allow	 the	 use	 of	 computed
tomography	 (CT)	 and	 positron	 emission	 tomography	 (PET)-CT	 to	 diagnose	 myeloma	 bone	 disease.	 These
changes	enable	early	diagnosis	and	allow	the	initiation	of	effective	therapy	in	order	to	prevent	the	development	of
end-organ	damage	in	patients	who	are	at	the	highest	risk.9–13

Incidence	and	Prevalence
Multiple	 myeloma	 accounts	 for	 approximately	 10%	 of	 hematologic	 malignancies.	 In	 a	 study	 conducted	 in
Olmsted	County,	Minnesota,	the	annual	incidence,	age-adjusted	to	the	2000	U.S.	population,	was	4.3	per	100,000
(95%	confidence	 interval	 [CI],	 3.0	 to	 5.5	 per	 100,000).14	 In	 this	 study,	 Poisson	 regression	 analysis	 showed	 no
statistically	 significant	 differences	 in	 incidence	 rates	 over	 six	 decades.	 Approximately	 30,000	 new	 cases	 are
expected	 to	 occur	 in	 the	United	 States	 in	 2017.15	 Although	 these	 numbers	 appear	 to	 have	 risen	 over	 the	 past
decade,	 such	 differences	 likely	 reflect	 increased	 awareness	 and	 disease	 detection	 and	 changes	 in	 diagnostic
criteria.

TABLE	107.1
International	Myeloma	Working	Group	Diagnostic	Criteria	for	Multiple	Myeloma	and	Related
Disorders

Disorder Disease	Definition
Non-IgM
monoclonal
gammopathy	of
undetermined
significance
(MGUS)

All	3	criteria	must	be	met:
■	Serum	monoclonal	protein	(non-IgM	type)	#x003C;3	g/dL
■	Clonal	bone	marrow	plasma	cells	#x003C;10%
■	Absence	of	end-organ	damage	such	as	hypercalcemia,	renal	insufficiency,	anemia,	and	bone	lesions
(CRAB)	that	can	be	attributed	to	the	plasma	cell	proliferative	disorder

IgM	monoclonal
gammopathy	of
undetermined
significance	(IgM
MGUS)

All	3	criteria	must	be	met:
■	Serum	IgM	monoclonal	protein	#x003C;3	g/dL
■	Bone	marrow	lymphoplasmacytic	infiltration	#x003C;10%
■	No	evidence	of	anemia,	constitutional	symptoms,	hyperviscosity,	lymphadenopathy,	or
hepatosplenomegaly	that	can	be	attributed	to	the	underlying	lymphoproliferative	disorder

Light	chain	MGUS

All	criteria	must	be	met:
■	Abnormal	free	light	chain	(FLC)	ratio	(#x003C;0.26	or	#x003E;1.65)
■	Increased	level	of	the	appropriate	involved	light	chain	(increased	#x03BA;	FLC	in	patients	with	ratio
#x003E;1.65	and	increased	#x03BB;	FLC	in	patients	with	ratio	#x003C;0.26)
■	No	immunoglobulin	heavy	chain	expression	on	immunofixation
■	Absence	of	end-organ	damage	that	can	be	attributed	to	the	plasma	cell	proliferative	disorder
■	Clonal	bone	marrow	plasma	cells	#x003C;10%
■	Urinary	monoclonal	protein	#x003C;500	mg/24	h

Smoldering
multiple	myeloma

Both	criteria	must	be	met:
■	Serum	monoclonal	protein	(IgG	or	IgA)	#x2265;3	g/dL,	or	urinary	monoclonal	protein	#x2265;500	mg/24	h
and/or	clonal	bone	marrow	plasma	cells	10%–60%
■	Absence	of	myeloma-defining	events	or	amyloidosis

Both	criteria	must	be	met:
■	Clonal	bone	marrow	plasma	cells	#x2265;10%	or	biopsy-proven	bony	or	extramedullary	plasmacytoma
■	Any	one	or	more	of	the	following	myeloma-defining	events:

■	Evidence	of	end-organ	damage	that	can	be	attributed	to	the	underlying	plasma	cell	proliferative
disorder,	specifically:
■	Hypercalcemia:	serum	calcium	#x003E;0.25	mmol/L	(#x003E;1	mg/dL)	higher	than	the	upper	limit	of
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Multiple	myeloma

normal	or	#x003E;2.75	mmol/L	(#x003E;11	mg/dL)
■	Renal	insufficiency:	creatinine	clearance	#x003C;40	mL/min	or	serum	creatinine	#x003E;177	μmol/L
(#x003E;2	mg/dL)
■	Anemia:	hemoglobin	value	of	#x003E;2	g/dL	below	the	lower	limit	of	normal,	or	a	hemoglobin	value
#x003C;10	g/dL
■	Bone	lesions:	one	or	more	osteolytic	lesions	on	skeletal	radiography,	computed	tomography	(CT),	or
positron	emission	tomography	(PET)-CT
■	Clonal	bone	marrow	plasma	cell	percentage	#x2265;60%
■	Involved:uninvolved	serum	FLC	ratio	#x2265;100	(involved	FLC	level	must	be	#x2265;100	mg/L)
■	More	than	one	focal	lesion	on	magnetic	resonance	imaging	(MRI)	studies	(at	least	5	mm	in	size)

Solitary
plasmacytoma

All	four	criteria	must	be	met:
■	Biopsy-proven	solitary	lesion	of	bone	or	soft	tissue	with	evidence	of	clonal	plasma	cells
■	Normal	bone	marrow	with	no	evidence	of	clonal	plasma	cells
■	Normal	skeletal	survey	and	MRI	(or	CT)	of	spine	and	pelvis	(except	for	the	primary	solitary	lesion)
■	Absence	of	end-organ	damage	such	as	CRAB	that	can	be	attributed	to	a	lymphoplasma	cell	proliferative
disorder

Solitary
plasmacytoma	with
minimal	marrow
involvementa

All	four	criteria	must	be	met:
■	Biopsy	proven	solitary	lesion	of	bone	or	soft	tissue	with	evidence	of	clonal	plasma	cells
■	Clonal	bone	marrow	plasma	cells	#x003C;10%
■	Normal	skeletal	survey	and	MRI	(or	CT)	of	spine	and	pelvis	(except	for	the	primary	solitary	lesion)
■	Absence	of	end-organ	damage	such	as	CRAB	that	can	be	attributed	to	a	lymphoplasma	cell	proliferative
disorder

Smoldering
Waldenström
macroglobulinemia

Both	criteria	must	be	met:
■	Serum	IgM	monoclonal	protein	#x2265;3	g/dL	and/or	bone	marrow	lymphoplasmacytic	infiltration
#x2265;10%
■	No	evidence	of	anemia,	constitutional	symptoms,	hyperviscosity,	lymphadenopathy,	or
hepatosplenomegaly	that	can	be	attributed	to	the	underlying	lymphoproliferative	disorder

Waldenström
macroglobulinemia

All	criteria	must	be	met:
■	IgM	monoclonal	gammopathy	(regardless	of	the	size	of	the	M	protein)
■	#x2265;10%	bone	marrow	lymphoplasmacytic	infiltration	(usually	intertrabecular)	by	small	lymphocytes
that	exhibit	plasmacytoid	or	plasma	cell	differentiation	and	a	typical	immunophenotype	(e.g.,	surface	IgM+,
CD5+/−,	CD10−,	CD19+,	CD20+,	CD23−)	that	satisfactorily	excludes	other	lymphoproliferative	disorders
including	chronic	lymphocytic	leukemia	and	mantle	cell	lymphoma
■	Evidence	of	anemia,	constitutional	symptoms,	hyperviscosity,	lymphadenopathy,	or	hepatosplenomegaly
that	can	be	attributed	to	the	underlying	lymphoproliferative	disorder

Systemic
immunoglobulin
light	chain	(AL)
amyloidosis

All	four	criteria	must	be	met:
■	Presence	of	an	amyloid-related	systemic	syndrome	(e.g.,	renal,	liver,	heart,	gastrointestinal	tract,	or
peripheral	nerve	involvement)
■	Positive	amyloid	staining	by	Congo	red	in	any	tissue	(e.g.,	fat	aspirate,	bone	marrow,	or	organ	biopsy)
■	Evidence	that	amyloid	is	light	chain	related	established	by	direct	examination	of	the	amyloid	using	mass
spectrometry–based	proteomic	analysis	or	immuno-electron	microscopy
■	Evidence	of	a	monoclonal	plasma	cell	proliferative	disorder	(serum	or	urine	M	protein,	abnormal	FLC
ratio,	or	clonal	plasma	cells	in	the	bone	marrow)
Note:	Approximately	2%–3%	of	patients	with	AL	amyloidosis	will	not	meet	the	requirement	for	evidence	of	a
monoclonal	plasma	cell	disorder	listed	above;	the	diagnosis	of	AL	amyloidosis	must	be	made	with	caution	in
these	patients.	Patients	with	AL	amyloidosis	who	also	meet	criteria	for	multiple	myeloma	are	considered	to
have	both	diseases.

All	four	criteria	must	be	met:
■	Polyneuropathy
■	Monoclonal	plasma	cell	proliferative	disorder	(almost	always	#x03BB;)
■	Any	one	of	the	following	three	other	major	criteria:

1.	 Sclerotic	bone	lesions
2.	 Castleman	disease
3.	 Elevated	levels	of	vascular	endothelial	growth	factor	(VEGF)b

■	Any	one	of	the	following	six	minor	criteria:

1.	 Organomegaly	(splenomegaly,	hepatomegaly,	or	lymphadenopathy)
2.	 Extravascular	volume	overload	(edema,	pleural	effusion,	or	ascites)
3.	 Endocrinopathy	(adrenal,	thyroid,	pituitary,	gonadal,	parathyroid,	pancreatic)c
4.	 Skin	changes	(hyperpigmentation,	hypertrichosis,	glomeruloid	hemangiomata,	plethora,	acrocyanosis,

flushing,	white	nails)
5.	 Papilledema
6.	 Thrombocytosis/polycythemia



POEMS	syndrome

Note:	Not	every	patient	meeting	the	above	criteria	will	have	POEMS	syndrome;	the	features	should	have	a
temporal	relationship	to	each	other	and	no	other	attributable	cause.	Anemia	and/or	thrombocytopenia	are
distinctively	unusual	in	this	syndrome	unless	Castleman	disease	is	present.

aSolitary	plasmacytoma	with	10%	or	more	clonal	plasma	cells	is	considered	as	multiple	myeloma.
bThe	source	data	do	not	define	an	optimal	cutoff	value	for	considering	elevated	vascular	endothelial	growth	factor	(VEGF)	level	as	a
major	criterion.	We	suggest	 that	VEGF	measured	 in	 the	serum	or	plasma	should	be	at	 least	 threefold	 to	 fourfold	higher	 than	 the
normal	reference	range	for	the	laboratory	that	is	doing	the	testing	to	be	considered	a	major	criterion.
cIn	order	to	consider	endocrinopathy	as	a	minor	criterion,	an	endocrine	disorder	other	than	diabetes	or	hypothyroidism	is	required
since	these	two	disorders	are	common	in	the	general	population.
Modified	 from	Rajkumar	 SV,	 Dimopoulos	MA,	 Palumbo	 A,	 et	 al.	 International	 Myeloma	Working	 Group	 updated	 criteria	 for	 the
diagnosis	of	multiple	myeloma.	Lancet	Oncol	2014;15(12):e538–e548.2

Multiple	myeloma	is	 twice	as	common	in	blacks	compared	with	whites	and	slightly	more	common	in	males
than	females.16	The	increased	prevalence	in	blacks	is	related	to	an	increased	prevalence	of	the	precursor	MGUS
stage.	The	median	age	at	diagnosis	is	66	years,17	and	only	2%	of	patients	are	less	than	40	years	of	age.

PATHOGENESIS
Establishment	of	Premalignant	Clone
Almost	 all	 patients	 with	multiple	myeloma	 evolve	 from	 the	 asymptomatic	 premalignant	 stage	 termed	MGUS.
MGUS	is	present	 in	over	3%	of	 the	population	older	 than	age	50	years	and	progresses	 to	multiple	myeloma	or
related	malignancy	at	a	rate	of	1%	per	year.18,19	The	sequence	of	events	by	which	normal	plasma	cells	transform
to	 a	 premalignant	 clone	 is	 unclear	 but	 likely	 starts	 when	 plasma	 cells	 are	 dividing	 in	 response	 to	 antigenic
stimulation	(Fig.	107.1).	During	this	period	of	antigenic	stimulation,	dividing	plasma	cells	are	felt	to	acquire	the
key	first	hit	 (primary	cytogenetic	abnormality)	 resulting	 in	 the	establishment	of	 the	premalignant	MGUS	clone.
Primary	cytogenetic	abnormalities	that	are	associated	with	the	onset	of	MGUS	can	be	broadly	classified	into	one
of	two	major	types:	trisomies	and	IgH	translocations	(Table	107.2).20,21	Trisomies	typically	involve	odd-numbered
chromosomes	 except	 chromosomes	 1,	 13,	 and	 17.	 IgH	 translocations	 involve	 the	 IgH	 switch	 region	 on
chromosome	 14q32	 and	 one	 of	 five	 common	 partner	 chromosomes;	 the	 loci	 and	 genes	 dysregulated	 in	 these
translocations	are	11q13	(CCND1	 [cyclin	D1	gene]),	4p16.3	(FGFR3	 and	MMSET),	6p21	 (CCND3	 [cyclin	D3
gene]),	16q23	(c-MAF),	and	20q11	(MAF-B).22–24	A	small	proportion	of	patients	may	have	trisomies	as	well	as
one	of	the	IgG	translocations.	Barring	this	exception,	the	primary	cytogenetic	abnormalities	are	considered	to	be
nonoverlapping,	with	a	given	patient	with	MGUS	having	only	one	of	the	primary	cytogenetic	abnormalities.

Several	factors	may	augment	the	probability	that	normal	plasma	cells	transform	into	clonal	premalignant	cells.
For	 example,	 increased	 proliferative	 response	 to	 antigenic	 stimulation	 increases	 the	 probability	 that	 a	 primary
cytogenetic	abnormality	may	occur.	Thus,	aberrant	expression	of	Toll-like	receptors	by	dividing	plasma	cells	may
facilitate	this	process	by	causing	an	abnormal	sustained	proliferative	response	to	infection.25–27	Excess	autocrine
interleukin	(IL)-6,25,26	a	major	growth	factor	for	plasma	cells,	may	also	play	a	role.28	Immunosuppression	either
by	promoting	evasion	of	tumor	surveillance	or	by	promoting	antigenic	stimulation	may	be	a	factor	that	promotes
the	 establishment	 of	 the	 premalignant	 MGUS	 clone.	 This	 is	 supported	 by	 the	 more	 frequent	 occurrence	 of
monoclonal	proteins	in	the	context	of	immunosuppressive	states	such	as	bone	marrow	or	stem	cell	transplantation,
organ	transplantation,	and	HIV	infection.	Studies	in	patients	undergoing	renal	transplantation	show	that	patients
develop	monoclonal	proteins	depending	on	the	level	of	immunosuppression	to	which	they	are	subjected.29
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Figure	107.1	Pathogenesis	of	myeloma.	MM,	multiple	myeloma;	MGUS,	monoclonal
gammopathy	of	undetermined	significance;	SMM,	smoldering	multiple	myeloma;	Del,	deletion.

(Modified	from	Rajan	AM,	Rajkumar	SV.	Interpretation	of	cytogenetic	results	in	multiple	myeloma
for	clinical	practice.	Blood	Cancer	J	2015;5:e365.)

Progression	of	Premalignancy	to	Multiple	Myeloma
MGUS	always	precedes	multiple	myeloma.30,31	This	was	best	established	by	a	study	conducted	on	stored	samples
from	the	screening	arm	of	the	nationwide	population-based	prospective	Prostate,	Lung,	Colon,	Ovarian	(PLCO)
cancer	screening	trial,	which	collected	annual	blood	samples	on	77,469	healthy	adults.	From	this	cohort,	a	joint
study	 by	 the	National	 Cancer	 Institute	 and	 the	Mayo	Clinic	 identified	 71	 individuals	who	 developed	multiple
myeloma	 during	 the	 course	 of	 the	 study.	 Serial	 serum	 samples	 (up	 to	 six)	 obtained	 2.0	 to	 9.8	 years	 prior	 to
multiple	 myeloma	 diagnosis	 were	 then	 studied.	 The	 study	 found	 that	 an	 asymptomatic	 MGUS	 phase	 always
preceded	multiple	myeloma	and	was	found	in	100%	of	cases	6	years	prior	to	multiple	myeloma.30

TABLE	107.2
Primary	Molecular	Cytogenetic	Abnormalities	in	MGUS,	SMM,	and	MM

FISH	abnormality Gene(s)/Chromosome(s)	Affected
MM	(%) SMM

(%)
MGUS
(%)

Trisomy	without	IgH	abnormality
Trisomies	of	one	or	more	odd-
numbered	chromosomes 42 44 25

IgH	abnormality	without	trisomy
t(11;14)
t(4;14)
t(14;16)
t(14;20)

	
CCND1
FGFR3	and	MMSET
C-MAF
MAF-B

30
15
6
4

#x003C;1

36
16
10
3

35
22
2
3
1

Unknown	partner/deletion	of	IgH	region 	 5 7 7

IgH	abnormality	with	trisomya
t(11;14)
t(4;14)
t(14;16)
t(6;14)

	
CCND1	(cyclin	D1)
FGFR3	and	MMSET
C-MAF
CCND3	(cyclin	D3)

15
3
4
1

#x003C;1 4 5

Unknown	partner/deletion	of	IgH	region 	 7 	 	

Monosomy	14	in	absence	of	IgH	translocations	or	trisomy 	 4.5 1 2

Other	cytogenetic	abnormalities	in	absence	of	IgH
translocations	or	trisomy	or	monosomy	14 	 5.5 	 3

Normal 	 3 15 26
aIn	addition	to	the	effect	of	the	translocated	gene,	there	is	the	added	effect	of	the	trisomies	of	odd-numbered	chromosomes	in	this



group.
MGUS,	monoclonal	gammopathy	of	undetermined	significance;	SMM,	smoldering	multiple	myeloma;	MM,	multiple	myeloma;	FISH,
fluorescence	in	situ	hybridization.
Modified	from	Kumar	S,	Fonseca	R,	Ketterling	RP,	et	al.	Trisomies	in	multiple	myeloma:	impact	on	survival	in	patients	with	high-risk
cytogenetics.	Blood	 2012;119(9):2100–2105.	©	American	Society	of	Hematology;	and	Rajkumar	SV,	Gupta	V,	Fonseca	R,	et	al.
Impact	 of	 primary	 molecular	 cytogenetic	 abnormalities	 and	 risk	 of	 progression	 in	 smoldering	 multiple	 myeloma.	 Leukemia
2013;27(8):1738–1744.

The	rate	of	progression	of	MGUS	to	multiple	myeloma	or	related	malignancy	is	remarkably	stable	at	1%	per
year	regardless	of	the	known	duration	of	antecedent	MGUS,	indicating	that	this	second	hit	is	a	random	event	and
not	 caused	by	a	 cumulative	damage	model.18	Recent	 studies	using	gene	 sequencing	 indicate	 that	 there	 are	 two
main	paths	by	which	the	progression	event	occurs,	MYC	translocations	and	mutations	in	the	MAP	kinase	pathway.
In	one	study,	MYC	structural	variants	(translocations,	inversions,	and	duplications)	were	not	detected	in	MGUS	or
in	patients	with	SMM	who	did	not	progress	over	the	5	years	but	were	detected	in	49%	of	patients	with	SMM	who
progressed	 within	 2	 years.	 Patients	 with	MYC	 structural	 variants	 had	 a	 significantly	 shorter	 median	 time	 to
progression	 (TTP)	 compared	 to	 patients	 without	 such	 abnormalities	 (median	 TTP,	 11.5	 versus	 61	 months,
respectively;	P	#x003C;	 .0001).32	 In	 another	 study,	mutations	 in	MAPK	pathway	genes,	 namely	KRAS,	NRAS,
and	BRAF,	were	detected	in	21.7%	of	patients	with	high-risk	SMM	versus	0%	of	patients	with	low-risk	SMM	(P
=	.004).33	Other	abnormalities	associated	with	progression	include	chromosome	1q21	(gain	1q),	p16	methylation,
and	p53	mutations.	In	a	series	of	patients	with	a	spectrum	of	plasma	cell	neoplasms,	gain	1q	was	seen	in	over	40%
of	 patients	with	 SMM	 and	multiple	myeloma	 compared	 to	 0%	 of	 patients	with	MGUS.34	 In	 addition	 to	 these
changes,	there	are	also	additional	genetic	abnormalities	that	occur	in	subpopulations,	resulting	in	significant	clonal
heterogeneity,	which	eventually	 leads	 to	altered	drug	sensitivity	patterns	as	a	different	dominant	clone	emerges
through	the	course	of	various	treatments.35

Besides	 the	 key	 second-hit	 events	 occurring	 in	 the	 tumor	 cell	 described	 earlier,	 progression	 is	 also
accompanied	 by	 dramatic	 changes	 in	 the	 bone	marrow	microenvironment,	 including	 induction	 of	 angiogenesis
(angiogenic	switch),36	suppression	of	cell-mediated	immunity,37	and	paracrine	loops	involving	cytokines	such	as
IL-6	 and	 vascular	 endothelial	 growth	 factor.38	 The	 importance	 of	 angiogenesis	 induction	 is	 best	 illustrated	 in
studies	 conducted	 in	 solitary	 plasmacytoma,	 a	 more	 advanced	 precursor	 of	 multiple	 myeloma	 than	 SMM,
considered	analogous	to	a	localized	solid	tumor.	In	this	setting,	studies	show	that	increased	microvessel	density	at
the	time	of	diagnosis	is	associated	with	a	greater	risk	of	progression	to	multiple	myeloma.39	Studies	also	show	that
there	 is	 a	 gradual	 increase	 in	 degree	of	 bone	marrow	angiogenesis	 along	 the	 disease	 spectrum	 from	MGUS	 to
SMM	 to	 multiple	 myeloma.36	 In	 one	 study,	 approximately	 60%	 of	 multiple	 myeloma	 bone	 marrow	 plasma
samples	stimulated	angiogenesis	in	an	in	vitro	angiogenesis	assay,	compared	to	0%	of	SMM	and	7%	of	MGUS	(P
#x003C;	.001).40

Pathogenesis	of	Multiple	Myeloma	Bone	Disease
Multiple	myeloma	 is	characterized	by	 the	development	of	osteolytic	bone	 lesions	 in	most	patients	 (Fig.	 107.2).
The	 pathogenetic	 mechanisms	 involved	 are	 complex	 and	 involve	 activation	 of	 osteoclasts	 with	 simultaneous
suppression	of	new	bone	 formation	by	osteoblast	 inhibition.	There	are	several	 important	mechanisms	 that	have
been	identified	as	the	cause	of	increased	osteoclast	activation	in	multiple	myeloma.41	The	principal	step	appears	to
be	an	increase	in	receptor	activator	of	nuclear	factor	#x03BA;B	ligand	(RANKL)	expression	by	osteoblasts	and
possibly	 plasma	 cells	 accompanied	 by	 decreased	 stromal	 cell	 secretion	 of	 the	 RANKL	 decoy	 receptor
osteoprotegerin	(OPG).42,43	This	causes	a	marked	increase	in	the	RANKL/OPG	ratio,	which	promotes	osteoclast
activation	 through	 the	 nuclear	 factor-#x03BA;B	 (NF-#x03BA;B)	 pathway.	 The	 imbalance	 is	 made	 worse	 by
syndecan-1	 (CD138)	 that	 is	 secreted	and	or	shed	by	myeloma	cells,	which	 then	 inhibits	 the	binding	of	OPG	to
RANKL.	A	second	factor	promoting	osteoclast	activation	is	the	release	of	macrophage	inflammatory	protein-1α
(MIP-1α)	and	MIP-1β	by	myeloma	cells.	Both	of	these	cytokines	act	by	increasing	RANKL	expression	in	stromal
cells.	A	third	mechanism	of	osteoclast	activation	is	increased	expression	of	stromal-derived	factor-1α	(SDF-1α)	by
stromal	 cells	 and	 myeloma	 cells.	 SDF-1α	 causes	 osteoclast	 activation	 by	 binding	 to	 CXCR4	 on	 osteoclast
precursors.	In	addition	to	these	three	factors,	several	other	cytokines	such	as	IL-1β	and	IL-6	are	also	thought	to
play	a	role	in	osteoclast	activation	and	bone	resorption.
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Figure	107.2	Lytic	lesions	in	the	skull	seen	on	conventional	x-rays.

Osteoblast	 inhibition	 is	mediated	by	 increased	dickkopf	 1	 (DKK-1)	 expression	by	myeloma	 cells.44	DKK-1
inhibits	the	Wnt	signaling	pathway	by	binding	to	Wnt	receptors	and	thereby	preventing	the	normal	binding	of	Wnt
glycoproteins	 to	Wnt	 receptors.41	 The	 inhibition	 of	Wnt	 signaling	 prevents	 the	 intracellular	 stabilization	 of	 β-
catenin,	leading	to	the	phosphorylation	and	degradation	of	β-catenin	through	the	proteasome	pathway.	Normally,
β-catenin	 plays	 an	 important	 role	 in	 osteoblast	 activation,	 and	 its	 absence	 reduces	 the	 activity	 of	 osteoblasts.
Increased	levels	of	DKK-1	may	also	play	a	role	in	osteoclast	activation.	Further,	cytokines	such	as	IL-3	and	IL-7
may	also	contribute	to	osteoblast	inhibition.	The	combination	of	osteoclast	activation	and	inhibition	of	osteoblast
differentiation	is	felt	to	be	the	mechanism	behind	the	development	of	osteolytic	lesions	in	multiple	myeloma.

CYTOGENETIC	CLASSIFICATION
Myeloma	can	be	classified	 into	subtypes	based	on	 the	primary	cytogenetic	abnormalities	 in	clonal	plasma	cells
that	occur	with	the	onset	of	MGUS	(see	Table	107.2).45,46	Although	each	cytogenetic	type	probably	represents	a
unique	 disease,	 due	 to	 similarities	 in	 clinical	 phenotype	 and	 the	 relative	 rarity	 of	 the	 disease,	 each	 is	 still
considered	a	subtype	of	multiple	myeloma.45	Accordingly,	the	six	main	cytogenetic	subtypes	of	multiple	myeloma
are	 trisomies	 t(11;14),	 t(4;14),	 t(6;14),	 t(14;16),	 and	 t(14;20).22–24	 Approximately	 10%	 of	 patients	 have	 both
trisomies	and	one	of	the	IgH	translocations.45	A	small	subset	of	patients	have	other	cytogenetic	abnormalities	in
the	absence	of	one	of	the	primary	six	cytogenetic	abnormalities,	including	monosomy	14,	and	rarer	translocations
involving	the	IgH	locus	on	chromosome	14q32	and	an	uncommon	partner	chromosome.	No	abnormalities	can	be
detected	on	clinical	fluorescent	in	situ	hybridization	(FISH)	studies	in	some	patients,	but	this	is	most	likely	due	to
insufficient	plasma	cells	or	inadequate	probes	to	identify	the	underlying	cytogenetic	type.	Most	if	not	all	of	these
patients	will	 have	 an	 identifiable	 primary	 cytogenetic	 abnormality	on	 sequencing	 studies.	 It	 is	 likely	 that	 these
translocations	 play	 an	 important	 pathogenetic	 role	 in	 the	 resultant	 limited	 clonal	 proliferation	 that	 is	 clinically



manifested	as	MGUS.

CLINICAL	FEATURES
Most	 patients	 with	 myeloma	 present	 with	 bone	 pain	 from	 osteolytic	 lesions	 or	 fatigue	 and	 weakness	 from
anemia.17	Osteolytic	 bone	 lesions	may	 cause	 pathologic	 fractures	 of	 the	 long	bones	 and	vertebral	 compression
fractures.	Bone	pain	may	be	persistent	or	migratory,	often	in	the	lower	back	and	pelvis.	Pain	may	be	sudden	in
onset	when	associated	with	a	pathologic	fracture.	Extramedullary	expansion	of	vertebral	bone	lesions	may	cause
nerve	root	or	spinal	cord	compression.	Bone	lesions	in	myeloma	can	be	readily	detected	on	routine	radiographs,
MRI,	CT	scans,	or	fluorodeoxyglucose	PET-CT	scans.	Anemia	occurs	in	70%	of	patients	at	diagnosis	and	is	the
primary	cause	of	fatigue	and	weakness.	In	most	patients,	anemia	is	commensurate	to	the	extent	of	bone	marrow
involvement.	 However,	 in	 some	 patients,	 there	 is	 a	 disproportionate	 level	 of	 anemia	 relative	 to	 bone	 marrow
infiltration,	 possible	 due	 to	 cytokine-mediate	 suppression	 of	 normal	 hematopoiesis.	 Leukopenia	 and
thrombocytopenia	 can	 occur	 in	 the	 newly	 diagnosed	 setting	 but	 are	 more	 common	 in	 relapsed	 disease.
Approximately	15%	of	patients	present	with	acute	renal	failure.	In	most	patients,	renal	failure	is	related	to	high
amounts	of	 serum	FLC	 levels	 causing	 light	 chain	 cast	 nephropathy	 (Fig.	107.3).	Other	 causes	 include	 prerenal
failure,	drug-induced	nephrotoxicity,	hyperuricemia,	and	hypercalcemia.	Hypercalcemia	is	found	in	one-fourth	of
patients	and	is	usually	found	in	the	context	of	myeloma	bone	disease.	Most	myeloma	patients	have	suppression	of
uninvolved	 normal	 immunoglobulins	 and	 are	 immunosuppressed.	 Thus,	 throughout	 the	 clinical	 course	 of	 the
disease,	patients	are	at	increased	risk	of	infections.

In	some	patients,	bony	plasmacytomas	can	protrude	out	 through	the	cortical	bone	and	become	visible	and/or
palpable.	Soft	tissue	and	extramedullary	plasmacytomas	can	also	occur,	usually	in	patients	with	aggressive	disease
at	diagnosis	or	in	patients	with	advanced	relapsed	disease.	In	occasional	patients,	multiple	myeloma	can	present
with	multiple	plasmacytomas	with	no	significant	bone	marrow	involvement.	These	patients	are	also	considered	to
have	multiple	myeloma	and	are	managed	as	such.

DIAGNOSTIC	TESTS
Standard	Laboratory	tests
At	 diagnosis,	 standard	 laboratory	 tests	 should	 include	 complete	 blood	 count,	 urinalysis,	 and	 serum	 creatinine,
calcium,	β2-microglobulin,	 albumin,	C-reactive	protein,	 and	 lactate	 dehydrogenase.	 If	 the	diagnosis	 of	multiple
myeloma	is	confirmed,	peripheral	blood	flow	cytometry	to	detect	and	quantify	circulating	plasma	cells	should	be
done.

Testing	for	Monoclonal	Proteins
Multiple	myeloma	 is	 characterized	 by	 the	 presence	 of	M	proteins	 in	 the	 serum	and/or	 urine	 in	 almost	 98%	of
patients.	 Thus,	 testing	 for	 M	 proteins	 is	 usually	 the	 first	 step	 in	 the	 diagnostic	 evaluation	 of	 a	 patient	 with
suspected	multiple	myeloma.	M	proteins	can	be	detected	by	SPEP	in	82%	of	patients	with	multiple	myeloma	and
by	serum	immunofixation	(IFE)	in	93%.17	To	increase	the	sensitivity	further,	additional	tests	are	needed	to	detect
monoclonal	 FLCs	because	 approximately	 20%	of	 patients	with	multiple	myeloma	 lack	 heavy-chain	 expression
(light	chain	multiple	myeloma)	and	only	secrete	light	chains	that	can	be	missed	on	standard	SPEP	and	serum	IFE.
FLCs	can	be	detected	using	urine	protein	electrophoresis	(UPEP)	and	urine	IFE	or	the	serum	FLC	assay.	Adopting
either	approach	will	increase	the	sensitivity	of	detecting	M	proteins	in	patients	with	multiple	myeloma	to	97%.47
If	 a	monoclonal	 plasma	cell	 disorder	 is	 identified	on	 screening,	UPEP	and	urine	 IFE	 should	be	done	 to	 aid	 in
monitoring	 disease	 progression	 and	 response	 to	 therapy	 over	 time.	 Approximately	 1%	 to	 2%	 of	 patients	 with
multiple	myeloma	do	not	 have	M	proteins	 detectable	 on	 any	 serum	or	 urine	 studies,	 including	 the	 serum	FLC
assay.	These	patients	are	considered	to	have	true	nonsecretory	multiple	myeloma.

M	proteins	are	detected	as	a	localized	band	on	SPEP;	the	densitometric	tracing	of	the	gel	gives	the	M	protein	a
church	 spire	appearance	 (M	spike)	 (Fig.	107.4).	Serum	 IFE	 is	 necessary	 for	 confirmation	 and	 to	determine	 the
heavy	and	light	chain	type	of	the	M	protein.	In	addition,	IFE	is	more	sensitive	than	SPEP	and	allows	detection	of
smaller	amounts	of	M	protein	and	should	therefore	be	performed	whenever	multiple	myeloma,	AL	amyloidosis,
macroglobulinemia,	or	a	related	disorder	is	suspected.	The	size	of	the	M	protein	is	measured	using	SPEP.	UPEP
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and	urine	 IFE	are	 corresponding	 tests	 that	 are	performed	on	a	24-hour	urine	 collection.	As	discussed	earlier,	 a
subset	of	patients	with	multiple	myeloma	and	related	disorders	may	have	an	M	protein	restricted	to	the	urine	and
absent	on	 serum	studies.	For	purposes	of	 clinical	 trials,	 the	M	protein	 is	 considered	 to	be	“measurable”	 if	 it	 is
#x2265;1	g/dL	in	the	serum	and	or	#x2265;200	mg	per	day	in	the	urine.

Quantitative	Immunoglobulins.	Quantitation	of	serum	immunoglobulins	is	performed	with	a	rate	nephelometer
in	patients	in	whom	M	proteins	are	detected.	It	is	an	added	parameter	that	can	be	followed	particularly	in	patients
with	multiple	myeloma	and	macroglobulinemia	where,	at	 times,	 the	M	protein	size	estimated	on	SPEP	may	be
unreliable	(e.g.,	small	β	migrating	proteins,	and	IgA/IgM	proteins	that	tend	to	polymerize).

Serum	Free	Light	Chain	Assay.	The	serum	FLC	assay	provides	an	important	tool	to	quantify	monoclonal	light
chains	 secreted	 by	 myeloma	 cells,	 especially	 in	 patients	 who	 secrete	 small	 amounts	 of	 intact	 monoclonal
immunoglobulin.	This	automated	nephelometric	assay	allows	quantitation	of	free	#x03BA;	and	#x03BB;	chains
(i.e.,	light	chains	that	are	not	bound	to	intact	immunoglobulin)	secreted	by	plasma	cells.	It	is	more	sensitive	that
electrophoresis	 or	 IFE	 in	 detecting	monoclonal	 FLCs.	 Patients	with	 a	 #x03BA;/#x03BB;	 FLC	 ratio	 below	 the
normal	range	are	defined	as	having	monoclonal	#x03BB;	FLC,	and	those	with	ratios	above	the	normal	range	are
defined	 as	 having	 a	monoclonal	 #x03BA;	 FLC.	 If	 the	 FLC	 ratio	 is	 elevated,	 #x03BA;	 is	 considered	 to	 be	 the
“involved”	FLC	and	#x03BB;	the	“uninvolved”	FLC	and	vice	versa	if	the	ratio	is	less	than	the	normal	range.	The
serum	 FLC	 assay	 is	 currently	 used	 in	 initial	 screening	 for	 plasma	 cell	 neoplasms,	 diagnosis,	 and	 monitoring
response	 to	 therapy	 in	 multiple	 myeloma.	 The	 assay	 is	 of	 particular	 value	 in	 monitoring	 patients	 with
oligosecretory	or	nonsecretory	multiple	myeloma,	patients	with	AL	amyloidosis,	and	patients	with	the	light	chain–
only	form	of	multiple	myeloma.48	To	use	 the	FLC	assay	to	monitor	disease	progression,	 the	baseline	FLC	ratio
must	be	abnormal	and	the	involved	FLC	level	#x2265;100	mg/L.48

Figure	107.3	Cast	nephropathy.	A:	Periodic	acid-Schiff–negative	casts	with	a	fractured
appearance	and	surrounding	inflammation.	B:	The	#x03BB;	light	chains	showing	that	the	casts	are

3+	positive.	C:	Negative	#x03BA;	light	chains.



Figure	107.4	Normal	and	abnormal	electrophoresis	and	immunofixation.	A:	Serum	protein
electrophoresis	(PEL)	and	immunofixation	(IFE)	showing	a	normal	pattern	with	no	evidence	of
monoclonal	protein.	B:	PEL	showing	a	monoclonal	(M)	protein	in	the	#x03B3;	region,	which	is

immunoglobulin	G	#x03BA;	on	IFE.

Assessment	of	Bone	Disease
The	preferred	method	to	detect	bone	disease	in	multiple	myeloma	is	whole-body	low-dose	CT.	By	this	method,
more	 than	80%	 to	90%	of	patients	with	multiple	myeloma	will	 show	evidence	of	bone	disease.	The	osteolytic
bone	lesions	in	multiple	myeloma	have	a	characteristic	punched-out	appearance.	Osteoporosis	and/or	fractures	can
also	 be	 present.	 Occasionally,	 osteosclerotic	 lesions	 can	 occur.	 If	 whole-body	 low-dose	 CT	 is	 not	 available,
conventional	radiography	can	be	used	to	detect	bone	disease	but	is	less	sensitive	and	often	more	cumbersome	to
the	patient.	Fluorodeoxyglucose	PET-CT	is	an	equally	sensitive	alternative	to	whole-body	low-dose	CT49	and	is
of	 particular	 value	 in	 monitoring	 response	 to	 therapy	 in	 patients	 with	 oligosecretory	 multiple	 myeloma,	 in
assessing	extramedullary	disease,	and	whenever	there	is	a	concern	that	the	adequacy	of	disease	assessment	may	be
inadequate	 with	 other	 imaging	 modalities	 (Fig.	 107.5A).	 MRI	 is	 of	 particular	 value	 in	 assessing	 spinal
involvement	 and	 in	 the	 assessment	 of	 possible	 spine	 cord	 compression	 (Fig.	 107.5B).	MRI	 and/or	 PET-CT	 or
whole-body	 low-dose	 CT	 are	 also	 required	 to	 differentiate	 SMM	 and	 solitary	 plasmacytoma	 from	 multiple
myeloma.	The	role	of	bone	mineral	density	studies	in	multiple	myeloma	and	the	use	of	these	studies	in	identifying
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patients	at	 risk	 for	pathologic	 fractures	and	prophylactic	bisphosphonate	 therapy	are	unclear.	However,	 if	 these
studies	have	been	done,	they	can	be	used	to	guide	frequency	of	bisphosphonate	administration.

Figure	107.5	Imaging	in	multiple	myeloma.	A:	Lytic	lesions	on	the	computed	tomographic
images	of	the	bone	with	the	fluorodeoxyglucose	(FDG)	positron	emission	tomography	scanning
demonstrating	FDG	avidity	consistent	with	active	disease	in	the	areas	of	lytic	bone	disease.	B:
Changes	in	the	bone	marrow	(left:	T1-weighted	image;	right:	T2-weighted	image)	seen	on

magnetic	resonance	imaging	scan	of	the	lumbar	spine.

Bone	Marrow	Examination
A	unilateral	 bone	marrow	aspiration	 and	biopsy	 is	 indicated	 in	 all	 patients	with	multiple	myeloma.	Almost	 all
patients	 with	 multiple	 myeloma	 will	 have	 10%	 or	 more	 clonal	 BMPCs.	 If	 a	 lower	 extent	 of	 involvement	 is
detected,	 one	 is	 either	 dealing	with	 an	 erroneous	 diagnosis	 or	 there	 is	 a	 sampling	 error	 due	 to	 patchy	marrow
involvement,	in	which	case	a	repeat	marrow	biopsy	is	indicated.	The	monoclonal	(or	more	accurately	monotypic)
nature	of	BMPCs	is	established	by	the	demonstration	of	an	abnormal	#x03BA;/#x03BB;	ratio	on	multiparametric
flow	 cytometry.	 On	 flow	 cytometry,	 plasma	 cells	 in	 multiple	 myeloma	 typically	 stain	 positive	 for	 CD38	 and
CD138,	are	usually	negative	for	CD45	and	CD19,	and	are	positive	only	for	one	of	the	two	light	chain	isotypes,
indicating	they	are	monoclonal	(either	#x03BA;	or	#x03BB;).	Up	to	20%	of	myeloma	cells	may	stain	positive	for
CD20.	Morphologically,	the	presence	of	immature	“blast”-like	plasma	cells	(plasmablastic	morphology)	carries	an
adverse	prognosis.	Given	their	impact	on	prognosis	(see	“Prognosis”	section	later	in	this	chapter),	bone	marrow
sample	FISH	studies	or	other	molecular	methods	must	be	performed	to	detect	 trisomies,	 the	five	most	common
IgH	 translocations,	 MYC	 translocations,	 and	 abnormalities	 of	 chromosomes	 1,	 13,	 and	 17.50	 The	 BMPC
proliferative	rate	(S	phase)	should	be	estimated	by	multiparametric	flow	cytometry,	if	available.	Gene	expression
profiling	studies,	if	done,	can	provide	additional	prognostic	information.51,52

DIFFERENTIAL	DIAGNOSIS
Multiple	 myeloma	 is	 usually	 suspected	 in	 patients	 who	 present	 with	 unexplained	 lytic	 bone	 lesions,	 anemia,
hypercalcemia,	or	acute	renal	failure.	Because	these	findings	can	be	also	caused	by	multiple	other	disorders,	care
should	be	taken	in	determining	whether	the	end-organ	damage	is	 truly	attributable	to	an	underlying	plasma	cell
neoplasm.	MGUS,	SMM,	macroglobulinemia,	and	AL	amyloidosis	must	be	distinguished	from	multiple	myeloma
and	from	each	other	using	the	criteria	listed	in	Table	107.1.

STAGING	AND	RISK	STRATIFICATION



There	are	multiple	staging	systems	that	have	been	used	to	estimate	tumor	burden,	provide	prognostic	information,
and	 aid	 comparison	 of	 results	 across	 clinical	 trials	 in	multiple	myeloma	 (Table	 107.3).53,54	 The	 Durie-Salmon
staging	 system	 provides	 the	 best	 estimate	 of	 true	 tumor	 burden	 but	 is	 cumbersome	 to	 use	 and	 has	 subjective
elements	 that	 make	 it	 less	 reproducible.55	 The	 International	 Staging	 System	 uses	 serum	 albumin	 and	 β2-
microglobulin	levels	only	and	discriminates	three	prognostic	groups	(see	Table	107.3).53	The	International	Staging
System	has	been	recently	replaced	by	the	Revised	International	Staging	System	(RISS)	(see	Table	107.3).54	The
RISS	 incorporates	 important	 markers	 of	 disease	 biology	 including	 cytogenetics	 to	 provide	 a	 more	 accurate
estimation	of	prognosis	 than	prior	staging	systems.	However,	 the	RISS	is	not	a	 true	staging	system;	 it	does	not
measure	 tumor	burden	but	 is	 rather	a	prognostic	 index	 that	 incorporates	elements	of	host	characteristics,	 tumor
burden,	renal	function,	and	disease	aggressiveness.

TABLE	107.3
Original	and	Revised	International	Staging	System	for	Multiple	Myeloma

Stage
Frequency	(%	of
Patients)

ORIGINAL
Stage	I
■	Serum	albumin	>3.5	g/dL,	serum	β2-microglobulin	<3.5	mg/L 29

Stage	II
■	Neither	stage	I	nor	III 37

Stage	III
■	Serum	β2-microglobulin	#x003E;5.5	mg/L 34

REVISED
Stage	I
■	International	Staging	System	(ISS)	stage	I	(serum	albumin	#x003E;3.5	g/dL,	serum	β2-microglobulin
#x003C;3.5	mg/L)
■	No	high-risk	cytogenetics	(t(4;14),	t(14;16),	or	del(17p))
■	Normal	lactated	dehydrogenase	(LDH) 28

Stage	II
■	Neither	stage	I	nor	stage	III 62

Stage	III
■	ISS	stage	III	(serum	β2-microglobulin	#x003E;5.5	mg/L)	and
■	High-risk	cytogenetics	(t(4;14),	t(14;16),	or	del(17p))	or	elevated	LDH 10
Derived	 from	 Greipp	 PR,	 San	 Miguel	 J,	 Durie	 BG,	 et	 al.	 International	 Staging	 System	 for	 multiple	 myeloma.	 J	 Clin	 Oncol
2005;23(15):3412–3420;	 and	 Palumbo	 A,	 Avet-Loiseau	 H,	 Oliva	 S,	 et	 al.	 Revised	 International	 Staging	 System	 for	 Multiple
Myeloma:	a	report	from	International	Myeloma	Working	Group.	J	Clin	Oncol	2015;33(26):2863–2869.

At	the	Mayo	Clinic,	newly	diagnosed	multiple	myeloma	is	stratified	into	standard-	and	high-risk	disease	using
the	Mayo	Stratification	for	Myeloma	and	Risk-Adapted	Therapy	classification	(Table	107.4).56,57	The	presence	of
concomitant	trisomies	may	ameliorate	the	adverse	prognosis	associated	with	high-risk	multiple	myeloma.

PROGNOSIS
Survival	in	multiple	myeloma	has	improved	significantly	in	the	past	decade	with	the	emergence	of	newer	options
for	treatment.58	However,	 survival	varies	greatly	among	patients,	depending	on	 the	RISS	stage	and	cytogenetic
risk	 stratification	 (see	 Tables	 107.3and	 107.4).	 Patients	 with	 standard-risk	 multiple	 myeloma	 have	 a	 median
overall	 survival	 (OS)	 in	 excess	 of	 7	 to	 10	 years,	 whereas	 those	 with	 high-risk	 disease	 have	 a	 median	 OS	 of
approximately	3	years.57	Patients	with	high-risk	disease	have	traditionally	had	significantly	inferior	outcome,	but
survival	 has	 improved	 following	 early	 use	 of	 bortezomib-containing	 regimens	 and	 autologous	 stem	 cell
transplantation	(ASCT).59–62

As	with	any	cancer,	long-term	survival	in	multiple	myeloma	is	broadly	determined	by	four	factors:	host	factors
(especially	 renal	 function,	 performance	 status,	 and	 age),	 tumor	 burden,	 disease	 biology	 (cytogenetic	 risk
stratification),	 and	 response	 to	 therapy.51	 The	 first	 three	 factors	 are,	 to	 some	 extent,	 covered	 by	 the	RISS,	 but
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response	 to	 therapy	 has	 a	 major	 effect	 on	 outcome	 and	 cannot	 be	 determined	 until	 after	 therapy	 has	 been
administered.	Recent	studies	show	that	patients	who	have	an	excellent	response	to	therapy	and	achieve	a	minimal
residual	disease	(MRD)–negative	state	on	highly	sensitive	 testing	have	superior	progression-free	survival	 (PFS)
and	OS.	However,	it	is	unclear	whether	achieving	an	MRD-negative	state	is	merely	a	surrogate	for	disease	biology
or	 if	 it	 is	an	 independent	 factor	 that	 should	be	pursued	as	a	 therapeutic	goal.63	Trials	are	ongoing	 to	determine
whether	MRD	status	can	be	used	to	decide	treatment	and	whether	MRD	results	can	be	used	as	a	surrogate	for	OS
in	clinical	trials	for	regulatory	purposes.

TABLE	107.4
Mayo	Clinic	Risk	Stratification	of	Myeloma

A.	Standard	risk
■	Hyperdiploidy
■	t(11;14)
■	t(6;14)

B.	High	riska
■	17p	deletion
■	t(14;16)
■	t(14;20)
■	t(4;14)
■	Gain	1q
■	High-risk	gene	expression	profiling	signature

aHigh	lactate	dehydrogenase	and	plasma	cell	leukemia	are	also	considered	high-risk	myeloma.
Modified	 from	 Rajkumar	 SV.	 Multiple	 myeloma:	 2016	 update	 on	 diagnosis,	 risk-stratification,	 and	 management.	Am	 J	 Hematol
2016;91(7):719–734.

TREATMENT
The	 treatment	 of	multiple	myeloma	 depends	 on	 risk	 stratification	 and	 eligibility	 for	 stem	 cell	 transplantation.
Eligibility	 for	 stem	cell	 transplantation	 is	determined	by	age,	performance	status,	 and	coexisting	comorbidities.
Multiple	myeloma	is	a	disease	of	remissions	and	relapses.	Few	patients	achieve	a	permanent	disease-free	state	in
the	absence	of	ongoing	therapy	(true	cure).	With	modern	therapy,	myeloma	patients	achieve	an	initial	remission
that	 lasts	 approximately	 3	 to	 4	 years.	 Subsequent	 remissions	 are	 of	 shorter	 duration.	 Given	 the	 multitude	 of
available	treatment	options,	patients	with	multiple	myeloma	are	not	uncommonly	treated	with	five	or	more	lines
of	 therapy	 in	 a	 sequential	 manner	 over	 many	 years.	 At	 present,	 it	 is	 not	 clear	 whether	 treatment	 should	 be
modified	 to	 try	and	achieve	an	MRD-negative	state;	 trials	 in	 this	 regard	are	ongoing.	The	 toxicity	of	additional
therapy	 to	 achieve	 and	maintain	 an	MRD-negative	 state	 needs	 to	 be	 balanced	 against	 the	 possible	 benefits	 of
improved	long-term	survival.63,64	In	the	absence	of	data	from	well-designed	trials	in	which	MRD	status	is	used	as
an	integral	biomarker,	modifying	therapy	based	on	MRD	results	is	not	recommended	for	clinical	practice,	except
perhaps	in	young	patients	with	cytogenetically	high-risk	disease.

Patients	 with	 multiple	 myeloma	 should	 be	 monitored	 with	 complete	 blood	 count,	 serum	 creatinine,	 serum
calcium,	 SPEP,	 and	 serum	 FLC	 levels	 to	 assess	 treatment	 response	 and	 monitor	 for	 relapse.	 These	 tests	 are
typically	done	monthly	during	active	therapy	and	once	every	3	to	4	months	while	on	observation.	Radiographic
tests	are	done	every	6	to	12	months	depending	on	response	to	treatment	as	well	as	when	symptoms	indicate	their
need.	Bone	marrow	studies	are	repeated	if	needed	to	confirm	complete	response	or	when	clinically	indicated	to
assess	 relapse.	 In	 patients	 with	 nonsecretory	 multiple	 myeloma,	 monitoring	 is	 difficult	 and	 requires	 periodic
whole-body	 low-dose	CT	or	 PET-CT	 studies	 and	 bone	marrow	 examinations.	 In	 patients	who	 are	 in	 complete
response,	 MRD	 assessment	 by	 next-generation	 flow	 cytometry	 or	 next-generation	 sequencing	 is
recommended.65,66	Response	 to	 therapy	 is	 assessed	using	 the	 International	Myeloma	Working	Group	Response
Criteria	(Table	107.5).67

Active	Drugs	in	Myeloma
There	are	at	least	several	active	classes	of	systemic	agents	that	can	be	used	for	the	treatment	of	multiple	myeloma,
including	 alkylators,	 corticosteroids,	 proteasome	 inhibitors,	 immunomodulatory	 drugs,	 monoclonal	 antibodies,
deacetylase	 inhibitors,	and	anthracyclines.	Typically,	 these	agents	are	used	 in	combinations	of	 two	 (doublet)	or



three	drugs	(triplet).	Table	107.6	lists	the	most	common	regimens	used	in	the	treatment	of	multiple	myeloma.61,68–
78	This	section	provides	an	overview	of	the	active	drugs	used	in	the	treatment	of	myeloma,	including	mechanism
of	action,	side	effects,	and	dosage.

Alkylating	 Agents.	 Alkylating	 agents,	 especially	 melphalan	 and	 cyclophosphamide,	 have	 been	 used	 in	 the
treatment	 of	 multiple	 myeloma	 for	 decades,	 typically	 in	 combination	 with	 corticosteroids.	 They	 are	 directly
cytotoxic	 to	myeloma	 cells.	Melphalan	 and	 prednisone	 (MP)	 was	 the	 standard	 frontline	 treatment	 of	multiple
myeloma	 from	 the	 1960s	 to	 the	 2000s.	Melphalan	 acts	 slowly,	 and	 the	 appropriate	 dosage	may	 be	 difficult	 to
establish	 in	 some	 patients.	 It	 has	 fallen	 out	 of	 favor	 because	 of	 the	 long-term	 risk	 of	 leukemia	 and	 marrow
toxicity.	 Melphalan	 is	 still	 used	 in	 combination	 with	 other	 agents	 in	 the	 treatment	 of	 multiple	 myeloma	 in
resource-constrained	 settings.	Randomized	 studies	 have	 shown	 that	 the	 combination	 of	melphalan,	 prednisone,
and	thalidomide	(MPT)	improves	response	rates	compared	with	MP.79–84	OS	was	improved	in	three	trials.79,80,83
However,	MPT	is	 inferior	 to	 lenalidomide	plus	 low-dose	dexamethasone	(Rd)85	and	hence	is	not	recommended
any	 longer	 as	 initial	 therapy	 if	 lenalidomide	 is	 available.	 The	 combination	 of	 bortezomib	 plus	MP	 (VMP)	 is
associated	with	significantly	improved	OS	compared	with	MP.86,87	It	is	still	commonly	used	in	countries	that	lack
access	to	lenalidomide	in	the	frontline	setting.	At	present,	the	main	role	for	melphalan	is	in	the	setting	of	ASCT,
where	 it	 is	used	 in	high	doses	as	 the	conditioning	regimen.	Melphalan	 is	available	 in	both	oral	and	 intravenous
formulations.	A	newer	version	of	intravenous	melphalan,	Captisol-enabled	melphalan,	was	approved	by	the	U.S.
Food	and	Drug	Administration	(FDA)	in	2016	for	use	in	myeloma	as	a	conditioning	agent	prior	to	ASCT	and	for
palliative	use	in	patients	who	are	not	candidates	for	oral	therapy.	Captisol-enabled	melphalan	contains	a	specially
modified	cyclodextrin	that	improves	the	solubility	and	stability	of	melphalan,	eliminating	the	need	for	propylene
glycol,	 an	 additive	 that	 can	 cause	 renal	 and	 cardiac	 side	 effects.	 However,	 given	 higher	 cost	 and	 limited
incremental	benefits,	conventional	melphalan	remains	the	preferred	option	for	most	patients	and	clinical	settings.

TABLE	107.5
Updated	Response	Assessment	Criteria	for	Multiple	Myeloma

Response
Category Response	Criteria
Sustained
MRD

MRD	negativity	in	the	marrow	(NGF	or	NGS	or	both)	and	by	imaging	as	defined	below,	confirmed	minimum	of	1	y
apart.	Subsequent	evaluations	can	be	used	to	further	specify	the	duration	of	negativity	(e.g.,	MRD	negative	at	5	y).

Flow	MRD

Absence	of	phenotypically	aberrant	clonal	plasma	cells	by	NGF	on	bone	marrow	aspirates	using	the	EuroFlow
standard	operation	procedure	for	MRD	detection	in	multiple	myeloma	(or	validated	equivalent	method)	with	a
minimum	sensitivity	of	1	in	105	nucleated	cells	or	higher.

Sequencing
MRD

Absence	of	clonal	plasma	cells	by	NGS	on	bone	marrow	aspirates	in	which	presence	of	a	clone	is	defined	as	less
than	two	identical	sequencing	reads	obtained	after	DNA	sequencing	of	bone	marrow	aspirates	using	the
LymphoSIGHT	platform	(or	validated	equivalent	method)	with	a	minimum	sensitivity	of	1	in	105	nucleated	cells	or
higher

Imaging
plus	MRD

MRD	negativity	as	defined	by	NGF	or	NGS	plus	disappearance	of	every	area	of	increased	tracer	uptake	found	at
baseline	or	a	preceding	PET/CT	or	decrease	to	less	than	mediastinal	blood	pool	SUV	or	decrease	to	less	than	that
of	surrounding	normal	tissue.

Stringent
complete
response
(sCR)

■	Complete	response	as	defined	plus
■	Normal	FLC	ratio	and
■	Absence	of	clonal	PCs	by	immunohistochemistry	or	two-	to	four-color	flow	cytometry

Complete
response
(CR)

■	Negative	immunofixation	of	serum	and	urine	and
■	Disappearance	of	any	soft	tissue	plasmacytoma	and
■	#x003C;5%	PCs	in	bone	marrow	and
■	If	the	only	measurable	disease	is	FLC,	a	normal	FLC	ratio

Very	good
partial
response
(VGPR)

■	Serum	and	urine	M	protein	detectable	by	immunofixation	but	not	on	electrophoresis	or
■	#x2265;90%	reduction	in	serum	M	protein	and	urine	M	protein	#x003C;100	mg/24	h
■	If	the	only	measurable	disease	is	FLC,	a	#x003C;90%	reduction	in	the	difference	between	involved	and
uninvolved	FLC	levels

■	If	present	at	baseline,	#x2265;50%	reduction	of	serum	M	protein	and	reduction	in	24-h	urinary	M	protein	by
#x2265;90%	or	to	#x003C;200	mg/24	h
■	If	the	only	measurable	disease	is	FLC,	a	#x2265;50%	reduction	in	the	difference	between	involved	and



Dr. AVR @ TMH

Partial
response
(PR)

uninvolved	FLC	levels
■	If	the	only	measurable	disease	is	BM,	a	#x2265;50%	reduction	in	BM	PCs	(provided	the	baseline	PCs	was
#x2265;30%)
■	If	present	at	baseline,	#x2265;50%	reduction	in	the	size	(SPD)	of	soft	tissue	plasmacytomas

Minor
response
(MR)

■	If	present	at	baseline,	#x2265;25%	but	≤49%	reduction	of	serum	M	protein	and	reduction	in	24-hour	urine	M
protein	by	50%	to	89%,	which	still	exceeds	200	mg/24	h	and
■	If	present	at	baseline,	#x2265;50%	reduction	in	the	size	(SPD)	of	soft	tissue	plasmacytoma

Stable
disease
(SD) ■	Not	meeting	criteria	for	sCR,	CR,	VGPR,	PR,	MR,	or	PD

Progressive
disease
(PD)

Increase	of	25%	from	lowest	value	in	any	of	the	following:
■	Serum	M	protein	(absolute	increase	must	be	#x2265;0.5	g/dL)	and/or
■	Urine	M	protein	(absolute	increase	must	be	#x2265;200	mg/24	h)	and/or
■	If	the	only	measurable	disease	is	FLC,	the	difference	between	involved	and	uninvolved	FLC	levels	(absolute
increase	must	be	#x003E;10	mg/dL)	and/or
■	If	the	only	measurable	disease	is	BM,	BM	PC	percentage	(absolute	increase	must	be	#x2265;10%)
Or	any	one	or	more	of	the	following:
■	Development	of	new	bone	lesion	or	soft	tissue	plasmacytoma	or	#x2265;50%	increase	from	nadir	in	the	size
(SPD)	of	existing	bone	lesions	or	soft	tissue	plasmacytoma	or	#x2265;50%	increase	in	the	longest	diameter	of	a
previous	lesion	#x003E;1	cm	in	short	axis
■	50%	increase	in	circulating	plasma	cells	(minimum	of	200	cells/L)	if	this	is	the	only	measure	of	disease

MRD,	minimal	 residual	disease;	NGF,	next-generation	 flow	cytometry;	NGS,	next-generation	sequencing;	PET,	positron	emission
tomography;	CT,	computed	tomography;	SUV,	standardized	uptake	value;	FLC,	fee	light	chain;	PC,	plasma	cells;	BM,	bone	marrow;
SPD,	sum	of	the	products	of	diameter.
Adapted	from	Kumar	S,	Paiva	B,	Anderson	KC,	et	al.	 International	Myeloma	Working	Group	consensus	criteria	for	response	and
minimal	residual	disease	assessment	in	multiple	myeloma.	Lancet	Oncol	2016;17(8):e328–e346.67

TABLE	107.6
Common	Treatment	Regimens	in	Multiple	Myeloma

Regimen Usual	Dosing	Schedulea

Regimen Usual	Dosing	Schedulea

Lenalidomide-dexamethasone	(Rd)

Lenalidomide	25	mg	orally	days	1–21	every	28	d
Dexamethasone	40	mg	orally	days	1,	8,	15,	22	every	28	d
Repeated	every	4	wk

Pomalidomide-dexamethasone	(Pd)

Pomalidomide	4	mg	days	1–21
Dexamethasone	40	mg	orally	on	days	1,	8,	15,	22
Repeated	every	4	wk

Bortezomib-dexamethasone	(Vd)

Bortezomib	1.3	mg/m2	subcutaneously	days	1,	4,	8,	11
Dexamethasone	20	mg	on	day	of	and	day	after	bortezomib	(or	40	mg	on	days	1,
8,	15)
Repeated	every	3	wk

Daratumumab	(D)

Daratumumab	16	mg/kg	intravenously	weekly	#x00D7;	8	wk,	and	then	every	2	wk
for	4	mo,	and	then	once	monthly
Dexamethasone	40	mg	on	days	1,	8,	15,	22
Dexamethasone	repeated	in	usual	schedule	every	4	wk

Carfilzomib-dexamethasone	(Kd)

Carfilzomib	20	mg/m2	(cycle	1)	and	56	mg/m2	(subsequent	cycles)	intravenously
on	days	1,	2,	8,	9,	15,	16
Dexamethasone	40	mg	orally	on	days	1,	8,	15
Repeated	every	4	wk

Carfilzomib-dexamethasone	(Kd	weekly)

Carfilzomib	20	mg/m2	(cycle	1)	and	70	mg/m2	(subsequent	cycles)	intravenously
on	days	1,	8,	15
Dexamethasone	40	mg	orally	on	days	1,	8,	15
Repeated	every	4	wk

Bortezomib	(Velcade)-thalidomide-
dexamethasone	(VTd)

Bortezomib	1.3	mg/m2	subcutaneously	days	1,	8,	15,	22
Thalidomide	100–200	mg	orally	on	days	1–21
Dexamethasone	20	mg	on	day	of	and	day	after	bortezomib	(or	40	mg	on	days	1,
8,	15,	22)
Repeated	every	4	wk	#x00D7;	4	cycles	as	pretransplant	induction	therapy

Bortezomib	1.3	mg/m2	subcutaneously	on	days	1,	8,	15,	22



Bortezomib-cyclophosphamide-
dexamethasone	(VCd	or	CyBorD)

Cyclophosphamide	300	mg/m2	orally	on	days	1,	8,	15,	22
Dexamethasone	40	mg	orally	on	days	1,	8,	15,	22
Repeated	every	4	wk

Bortezomib-melphalan-prednisone	(VMP)

Bortezomib	1.3	mg/m2	subcutaneously	on	days	1,	4,	8,	11,	22,	25,	29,	32,	cycles
1	to	4;	days	1,	8,	22,	29,	cycles	5–9
Melphalan	9	mg/m2	orally	on	days	1–4
Prednisone	60	mg/m2	orally	on	days	1–4
Repeated	every	6	wk

Bortezomib-lenalidomide-dexamethasone
(VRd)

Bortezomib	1.3	mg/m2	subcutaneously	days	1,	8,	15
Lenalidomide	25	mg	orally	on	days	1–14
Dexamethasone	20	mg	on	day	of	and	day	after	bortezomib	(or	40	mg	on	days	1,
8,	15,	22)
Repeated	every	3	wk

Bortezomib-lenalidomide-dexamethasone
(VRdlite)

Bortezomib	1.3	mg/m2	subcutaneously	on	days	1,	8,	15,	22
Lenalidomide	15	mg	orally	on	days	1–21
Dexamethasone	20	mg	on	day	of	and	day	after	bortezomib
Repeated	every	5	wk

Carfilzomib-lenalidomide-dexamethasone
(KRd)

Carfilzomib	20	mg/m2	(cycle	1)	and	27	mg/m2	(subsequent	cycles)	intravenously
on	days	1,	2,	8,	9,	15,	16
Lenalidomide	25	mg	orally	on	days	1–21
Dexamethasone	40	mg	orally	on	days	1,	8,	15
Repeated	every	4	wk

Carfilzomib-cyclophosphamide-
dexamethasone	(KCd)

Carfilzomib	20	mg/m2	(cycle	1)	and	36	mg/m2	(subsequent	cycles)	intravenously
on	days	1,	2,	8,	9,	15,	16
Cyclophosphamide	300	mg/m2	orally	on	days	1,	8,	15
Dexamethasone	40	mg	orally	on	days	on	days	1,	8,	15
Repeated	every	4	wk

Carfilzomib-pomalidomide-dexamethasone
(KPd)

Carfilzomib	20	mg/m2	(cycle	1)	and	27	mg/m2	(subsequent	cycles)	intravenously
on	days	1,	2,	8,	9,	15,	16
Pomalidomide	4	mg	orally	on	days	1–21
Dexamethasone	40	mg	orally	on	days	1,	8,	15
Repeated	every	4	wk

Daratumumab-lenalidomide-dexamethasone
(DRd)

Daratumumab	16	mg/kg	intravenously	weekly	#x00D7;	8	wk,	and	then	every	2	wk
for	4	mo,	and	then	once	monthly
Lenalidomide	25	mg	orally	on	days	1–21
Dexamethasone	40	mg	on	days	1,	8,	15,	22
Lenalidomide-dexamethasone	repeated	in	usual	schedule	every	4	wk

Daratumumab-pomalidomide-
dexamethasone	(DPd)

Daratumumab	16	mg/kg	intravenously	weekly	#x00D7;	8	wk,	and	then	every	2	wk
for	4	mo,	and	then	once	monthly
Pomalidomide	4	mg	orally	on	days	1–21
Dexamethasone	40	mg	on	days	1,	8,	15,	22
Pomalidomide-dexamethasone	repeated	in	usual	schedule	every	4	wk

Elotuzumab-lenalidomide-dexamethasone
(ERd)

Elotuzumab	10	mg/kg	intravenously	weekly	#x00D7;	8	wk	and	then	every	2	wk
Lenalidomide	25	mg	orally	on	days	1–21
Dexamethasone	40	mg	on	days	1,	8,	15,	22
Lenalidomide-dexamethasone	repeated	in	usual	schedule	every	4	wk

Ixazomib-lenalidomide-dexamethasone	(IRd)

Ixazomib	4	mg	orally	on	days	1,	8,	15
Lenalidomide	25	mg	orally	on	days	1–21
Dexamethasone	40	mg	on	days	1,	8,	15,	22
Repeated	every	4	wk

Daratumumab-bortezomib-dexamethasone
(DVd)

Daratumumab	16	mg/kg	intravenously	weekly	#x00D7;	8	wk,	and	then	every	2	wk
for	4	mo,	and	then	once	monthly
Bortezomib	1.3	mg/m2	subcutaneously	on	days	1,	8,	15,	22
Dexamethasone	20	mg	on	day	of	and	day	after	bortezomib	(or	40	mg	on	days	1,
8,	15,	22)
Bortezomib-dexamethasone	repeated	in	usual	schedule	every	4	wk

Panobinostat-bortezomib

Panobinostat	20	mg	orally	three	times	a	week	#x00D7;	2	wk
Bortezomib	1.3	mg/m2	intravenously	on	days	1,	8,	15
Repeated	every	3	wk

Daratumumab	16	mg/kg	intravenously	weekly	#x00D7;	6	wk	and	then	every	3	wk
(cycles	2–9)
Bortezomib	1.3	mg/m2	subcutaneously	on	days	1,	4,	8,	11,	22,	25,	29,	32	of	cycle
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Daratumumab-bortezomib-melphalan-
prednisone	(Dara-VMP)

1;	days	1,	8,	22,	29	of	cycles	2–9
Melphalan	9	mg/m2	orally	on	days	1–4
Prednisone	60	mg/m2	orally	on	days	1–4
VMP	repeated	every	6	wk

aAll	 doses	 need	 to	 be	 adjusted	 for	 performance	 status,	 renal	 function,	 blood	 counts,	 and	 other	 toxicities.	 Guidelines	 from	 the
International	Myeloma	Working	Group	can	be	considered	when	dose	modifying	for	patient	frailty.324

Modified	 from	 Rajkumar	 SV.	 Multiple	 myeloma:	 2016	 update	 on	 diagnosis,	 risk-stratification,	 and	 management.	Am	 J	 Hematol
2016;91(7):719–734.

Cyclophosphamide	has	a	more	predictable	dose	response	and	fewer	side	effects	than	melphalan.	It	is	currently
used	 in	 several	 treatment	 regimens	 for	 the	 treatment	 of	 newly	diagnosed	 and	 relapsed	myeloma,	 typically	 in	 a
once-weekly	dosing	schedule.	Cyclophosphamide	is	used	intravenously	in	patients	who	are	unable	to	tolerate	oral
therapy	and	when	used	as	a	stem	cell–mobilizing	agent	prior	to	ASCT.

Corticosteroids.	Corticosteroids	have	been	 an	 essential	 component	of	myeloma	 therapy	 for	decades.	They	 are
present	 in	 most	 active	 myeloma	 regimens.	 They	 are	 directly	 cytotoxic	 to	 myeloma	 cells.	 High	 doses	 of
dexamethasone	administered	in	a	pulsed	manner	(40	mg	on	days	1	to	4,	9	to	12,	and	17	to	20	every	28	days)	can
be	used	for	a	short	duration	of	time	(1	to	2	months)	in	patients	with	aggressive	relapse	or	in	the	setting	of	acute
renal	 failure.	However,	 in	most	 patients,	 and	 for	 long-term	 therapy,	 the	 once-weekly	 dosing	 is	 preferred.	 In	 a
randomized	 trial	conducted	by	 the	Eastern	Cooperative	Oncology	Group	(ECOG),	 lenalidomide	 in	combination
with	 high-dose	 dexamethasone	 was	 associated	 with	 significantly	 inferior	 OS	 and	 higher	 grade	 3	 or	 4	 toxicity
compared	with	Rd.68	As	a	 result,	 the	 low-dose	dexamethasone	schedule	 (20	 to	40	mg	once	weekly)	 is	now	 the
preferred	schedule	for	corticosteroids	used	in	myeloma	and	is	the	established	backbone	of	most	regimens.	Even
older	regimens	that	were	developed	using	the	high-dose	pulsed	dexamethasone	schedule	are	now	modified	to	use
the	 low-dose	dexamethasone	schedule.	The	 lowercase	“d”	 is	used	 to	 indicate	 the	preferred	use	of	 the	 low-dose
once-weekly	 schedule	 in	 dexamethasone-containing	 regimens.	 Because	 dexamethasone	 is	 administered
chronically	 in	 myeloma	 patients,	 steroid-induced	 side	 effects	 are	 a	 major	 problem.	 Osteoporosis,	 diabetes,
proximal	muscle	weakness,	mood	disorders,	and	susceptibility	to	infections	are	all	important	complications.	The
general	 strategy	 once	 response	 has	 been	 achieved	 should	 be	 to	 try	 and	minimize	 the	 dosage	 to	 the	minimum
effective	doses.

In	terminally	ill	patients,	pulsed	doses	of	methylprednisolone	may	be	of	short-term	palliative	value.	Prednisone
is	still	used	in	combination	with	other	active	myeloma	drugs	in	regimens	such	as	MPT	and	VMP.

Immunomodulatory	Agents.	Thalidomide	(α-	N-[phthalimido]	glutarimide)	was	 the	first	new	drug	 in	multiple
myeloma	in	over	four	decades,	when	it	was	found	to	have	a	response	rate	of	25%	in	heavily	pretreated	patients
with	 relapsed	 and	 refractory	 disease	 in	 the	 late	 1990s.88	 Thalidomide	 was	 first	 approved	 by	 the	 FDA	 for	 the
treatment	 of	multiple	myeloma	 in	 2006.	The	 response	 rate	with	 thalidomide	 increases	 to	 50%	when	 combined
with	dexamethasone	and	to	over	65%	when	used	as	part	of	a	three-drug	combination.	The	use	of	thalidomide	in
pregnancy	 is	 absolutely	 contraindicated,	 and	 the	 System	 for	 Thalidomide	 Education	 and	 Prescribing	 Safety
Program	 must	 be	 followed	 to	 prevent	 teratogenicity.	 The	 main	 side	 effects	 of	 thalidomide	 are	 neuropathy,
sedation,	 fatigue,	 rash,	 constipation,	 and	 deep	 vein	 thrombosis	 (DVT).	All	 patients	 receiving	 thalidomide	 need
DVT	prophylaxis	with	aspirin	or	low-molecular-weight	heparin.89	Other	side	effects	include	edema,	bradycardia,
neutropenia,	impotence,	and	hypothyroidism.	The	use	of	thalidomide	has	declined	with	the	arrival	of	lenalidomide
and	pomalidomide.	However,	because	the	drug	can	be	administered	safely	without	dose	reduction	in	renal	failure
and	 because	 it	 does	 not	 cause	 significant	 thrombocytopenia,	 it	 is	 still	 of	 value	 in	 the	 treatment	 of	 multiple
myeloma	in	many	settings.	Thalidomide	is	usually	administered	in	a	dosage	of	100	to	200	mg	orally	daily.	Lower
doses	(50	to	100	mg)	can	be	effective	and	are	better	tolerated.	Therefore,	the	dose	should	be	adjusted	to	the	lowest
dose	that	can	achieve	and	maintain	a	response.

Lenalidomide	is	an	amino-substituted	analog	of	thalidomide	that	is	more	potent	and	has	less	nonhematologic
toxicity	than	thalidomide.	Lenalidomide	was	first	approved	by	the	FDA	in	2006	for	the	treatment	of	patients	with
multiple	 myeloma	 who	 have	 received	 at	 least	 one	 prior	 therapy.	 It	 is	 currently	 one	 of	 the	 most	 important
components	 of	 multiple	 myeloma	 therapy;	 the	 Rd	 regimen	 is	 used	 as	 the	 backbone	 in	 most	 modern	 triplet
regimens.	The	main	 side	 effects	 of	 lenalidomide	 are	 cytopenias,	 rash,	 fatigue,	 thyroid	 dysfunction,	 and	 risk	 of
DVT.	The	incidence	of	peripheral	neuropathy	is	lower	than	with	thalidomide.	Long-term	use	of	lenalidomide	has
been	associated	with	the	occurrence	of	severe	diarrhea	in	a	subset	of	patients	and	leg	cramps.	The	diarrhea	from
lenalidomide	can	be	mitigated	by	the	use	of	bile	acid–binding	agents	such	as	colestipol.	Stem	cell	collection	with
granulocyte	colony-	stimulating	factor	alone	may	be	impaired	when	lenalidomide	is	used	as	induction	therapy.90



Thus,	 in	 patients	 older	 than	 the	 age	 of	 65	 years	 and	 those	who	 have	 received	more	 than	 four	 to	 six	 cycles	 of
lenalidomide-based	therapy,	stem	cells	must	be	mobilized	with	either	cyclophosphamide	plus	granulocyte	colony-
stimulating	 factor	 or	 with	 plerixafor.91,92	 Lenalidomide	 is	 considered	 to	 be	 on	 par	 with	 thalidomide	 for	 its
teratogenic	potential.	Hence,	precautions	to	prevent	teratogenicity	are	strict	and	are	implemented	universally.	The
usual	 dosage	 of	 lenalidomide	 is	 25	 mg	 on	 days	 1	 to	 21	 orally	 every	 28	 days,	 adjusted	 lower	 depending	 on
tolerance.	In	elderly	patients,	it	is	reasonable	to	start	at	lower	doses	(10	to	15	mg).

Pomalidomide	is	a	newer	analog	of	lenalidomide	and	thalidomide	first	approved	by	the	FDA	in	2013	for	the
treatment	of	relapsed	or	refractory	multiple	myeloma.93	Schey	et	al.94	showed	remarkable	single-agent	activity	of
pomalidomide	 in	 a	 small	 phase	 I	 trial	 in	 relapsed	 refractory	 multiple	 myeloma.	 It	 has	 significant	 activity	 in
relapsed	 or	 refractory	 multiple	 myeloma,	 even	 in	 patients	 failing	 lenalidomide93,95	 or	 lenalidomide	 and
bortezomib.69,96	As	with	 lenalidomide	 and	 thalidomide,	 strict	 precautions	 to	 prevent	 pregnancy	 are	 needed	 for
patients	taking	pomalidomide.	All	patients	also	need	DVT	prophylaxis.	Side	effects	are	similar	to	lenalidomide.
The	usual	dosage	is	2	to	4	mg	daily	orally	on	days	1	to	21	every	28	days.

Although,	 thalidomide,	 lenalidomide,	 and	 pomalidomide	 are	 termed	 immunomodulatory	 agents,	 their	 exact
mechanism	of	action	is	still	unclear.	Immunomodulatory	agents	bind	to	cereblon	and	activate	cereblon	E3	ligase
activity,	 resulting	 in	 the	rapid	ubiquitination	and	degradation	of	 two	specific	B-cell	 transcription	factors,	 Ikaros
family	 zinc	 finger	 proteins	 Ikaros	 (IKZF1)	 and	 Aiolos	 (IKZF3).97–99	 They	 may	 cause	 direct	 cytotoxicity	 by
inducing	free	radical–mediated	DNA	damage.100	They	also	have	antiangiogenic,	immunomodulatory,	and	tumor
necrosis	factor-α	inhibitory	properties.

Proteasome	 Inhibitors.	 Bortezomib	 (N-pyrazinecarbonyl-L-	 phenylalanine-L-leucine	 boronic	 acid)	 was	 first
approved	by	the	FDA	in	2005	for	the	treatment	of	patients	with	relapsed	and	refractory	multiple	myeloma.101,102	It
is	 a	 specific	 inhibitor	 of	 the	 26S	 proteasome	 complex,	 a	 large	 intracellular	 adenosine	 triphosphate–dependent
protease	 responsible	 for	protein	catabolism	 in	all	 eukaryotic	cells.	Cellular	proteins	destined	 for	catabolism	are
first	ubiquitylated,	wherein	C-terminal	glycine	residues	of	ubiquitin	molecules	attach	covalently	to	specific	lysine
moieties	 on	 the	 protein.	 These	 ubiquitylated	 proteins	 are	 targets	 for	 enzymatic	 destruction	 by	 the	 proteasome
complex.	By	blocking	 the	proteasome,	bortezomib	 causes	major	 imbalances	 in	 the	 levels	 of	 various	 regulatory
proteins	 affecting	 critical	 cellular	 processes	 such	 as	 cell	 cycling,	 signal	 transduction,	 and	 transcriptional
regulation,	leading	to	G1-S	and	G2M	cell	cycle	arrest	and	apoptosis.	In	the	first	phase	II	trial	conducted	in	202
patients	with	relapsed	or	refractory	multiple	myeloma,	approximately	one-third	responded	to	bortezomib	therapy,
with	 an	 average	 response	 duration	 of	 1	 year.103	 In	 a	 subsequent	 randomized	 trial,	 PFS	 was	 superior	 with
bortezomib	compared	 to	dexamethasone	alone	 in	patients	with	 relapsed	or	 refractory	multiple	myeloma.104	The
main	side	effects	of	bortezomib	are	gastrointestinal	toxicity,	neuropathy,	and	cytopenias.	The	dose	used	in	initial
trials	was	1.3	mg/m2	 given	 twice	weekly	on	days	1,	 4,	 8,	 and	11	 every	21	days.	However,	 bortezomib	 is	 now
administered	subcutaneously	 in	a	once-weekly	schedule	 to	minimize	neurotoxicity.	The	dosage	may	need	 to	be
further	decreased	to	1.0	or	0.7	mg/m2	if	toxicity	arises.

Ixazomib	is	an	oral	proteasome	inhibitor	that	is	active	in	both	the	relapsed	or	refractory	setting	and	in	newly
diagnosed	 multiple	 myeloma.	 It	 has	 the	 advantage	 of	 once-weekly	 oral	 administration.	 Ixazomib	 was	 first
approved	 by	 the	FDA	 in	 2015	 to	 be	 given	 in	 combination	with	Rd	 for	 the	 treatment	 of	 patients	with	multiple
myeloma	 who	 have	 received	 at	 least	 one	 prior	 therapy.	 In	 a	 randomized	 trial,	 ixazomib,	 lenalidomide,	 and
dexamethasone	was	found	to	improve	PFS	compared	with	Rd	among	patients	with	relapsed	multiple	myeloma.105
Ixazomib	is	well	 tolerated,	with	 the	main	side	effects	being	nausea	and	diarrhea.	Compared	with	bortezomib,	 it
has	a	lower	risk	of	neurotoxicity.	The	usual	dose	of	ixazomib	is	4	mg	orally	once	a	week.

Carfilzomib	is	a	novel	keto-epoxide	tetrapeptide	proteasome	inhibitor	first	approved	by	the	FDA	in	2013	for
the	 treatment	 of	 relapsed	 or	 refractory	 multiple	 myeloma	 in	 patients	 who	 have	 been	 previously	 treated	 with
lenalidomide	 and	 bortezomib.	Unlike	 bortezomib,	which	 has	 a	 slowly	 reversible	 effect	 on	 the	 proteasome	 and
some	 cross-reactivity	with	 serine	 proteases,	 carfilzomib	 is	 a	 highly	 selective	 irreversible	 proteasome	 inhibitor,
binding	specifically	to	the	N-terminal	 threonine-active	sites	of	 the	proteasome.	In	a	phase	II	study,	266	patients
were	 treated	with	single-agent	carfilzomib,	 including	80%	of	patients	who	were	 refractory	or	 intolerant	 to	both
bortezomib	and	lenalidomide.106	The	overall	response	rate	was	24%,	and	the	median	duration	of	response	was	7.8
months.	The	most	common	side	effects	with	carfilzomib	are	fatigue,	anemia,	nausea,	and	thrombocytopenia.106	In
a	subsequent	randomized	 trial	of	792	patients,	carfilzomib	combined	with	Rd	(KRd)	was	associated	with	better
response	 rates,	 PFS,	 and	 OS	 compared	 with	 Rd	 alone.73	 Carfilzomib	 has	 lower	 risk	 of	 neurotoxicity	 than
bortezomib,	but	a	small	proportion	(5%)	of	patients	can	experience	serious,	usually	reversible,	cardiac	side	effects.
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Carfilzomib	is	usually	administered	twice	weekly	intravenously	(days	1,	2,	8,	19,	15,	and	16	every	28	days).	A
once-weekly	regimen	has	also	been	developed	and	is	an	alternative	option.

Monoclonal	Antibodies.	 Daratumumab	 is	 a	 monoclonal	 antibody	 against	 CD38	 that	 is	 highly	 expressed	 on
plasma	cells.107	In	a	phase	II	trial,	daratumumab	as	a	single	agent	produced	a	response	rate	of	approximately	30%
in	heavily	pretreated	patients.108	Based	on	these	findings,	daratumumab	was	granted	accelerated	approval	by	the
FDA	in	2015	for	the	treatment	of	patients	with	multiple	myeloma	who	have	received	at	least	three	prior	lines	of
therapy	 including	 a	 proteasome	 inhibitor	 and	 an	 immunomodulatory	 agent	 or	 who	 are	 double	 refractory	 to	 a
proteasome	 inhibitor	 and	 an	 immunomodulatory	 agent.	 It	 can	 be	 readily	 combined	with	 other	 active	 agents	 in
multiple	 myeloma	 and	 can	 augment	 the	 clinical	 effectiveness	 of	 multiple	 regimens.74,77	 Three	 daratumumab-
containing	 combinations	 have	 been	 FDA	 approved:	 daratumumab,	 lenalidomide,	 and	 dexamethasone;
daratumumab,	 bortezomib,	 and	 dexamethasone	 (DVd);	 and	 daratumumab,	 pomalidomide,	 and	 dexamethasone
(DPd).	The	main	adverse	effect	is	the	high	frequency	of	infusion-related	reactions	with	the	first	dose.

Elotuzumab,	 a	monoclonal	 antibody	 targeting	 the	 signaling	 lymphocytic	 activation	molecule	F7	 (SLAMF7),
has	 shown	 activity	 in	 relapsed	 multiple	 myeloma.75	 Elotuzumab	 does	 not	 have	 single-agent	 activity	 but	 has
synergistic	 activity	 when	 combined	 with	 Rd.	 In	 a	 randomized	 trial	 of	 646	 patients,	 elotuzumab	 plus	 Rd	 was
superior	to	Rd	in	terms	of	PFS	(median	PFS,	19.4	versus	14.9	months,	respectively;	P	#x003C;	.001).75

Histone	Deacetylase	Inhibitors.	Panobinostat	is	a	pan-	deacetylase	inhibitor	first	approved	by	the	FDA	in	2015
for	 the	 treatment	 of	 patients	 with	 multiple	 myeloma	 who	 have	 received	 at	 least	 two	 prior	 standard	 therapies,
including	 bortezomib	 and	 an	 immunomodulatory	 agent.78	 Panobinostat	 does	 not	 have	 single-agent	 activity	 in
multiple	 myeloma	 but	 has	 efficacy	 when	 combined	 with	 bortezomib.	 In	 a	 randomized	 trial	 of	 768	 patients,
bortezomib	plus	dexamethasone	(Vd)	plus	panobinostat	was	associated	with	superior	PFS	compared	with	Vd	plus
placebo	(median	PFS,	12	versus	8.1	months,	respectively;	P	#x003C;	.0001).78	The	putative	mechanism	of	action
of	panobinostat	is	blockage	of	the	aggresome	pathway,	an	alternative	route	for	cells	to	bypass	the	lethal	effects	of
proteasome	 inhibition.	 By	 combining	 bortezomib	 and	 panobinostat,	 there	 is	 simultaneous	 blockade	 of	 both
proteasome	 and	 aggresome	 pathways.109,110	 Panobinostat	 is	 associated	with	 grade	 3	 diarrhea	 in	 approximately
25%	 of	 patients.	 Therefore,	 a	 lower	 initial	 dose	 of	 panobinostat	 than	 the	 approved	 starting	 dose	 should	 be
considered	in	conjunction	with	once-weekly	subcutaneous	bortezomib	rather	than	the	twice-weekly	regimen	used
in	the	pivotal	trial.111

Anthracyclines.	Anthracyclines	have	marginal	single-agent	activity	in	multiple	myeloma.	Doxorubicin	was	used
in	the	past	widely	in	combination	with	vincristine	and	dexamethasone	for	the	treatment	of	newly	diagnosed	and
relapsed	 disease	 but	 is	 used	 much	 less	 frequently	 with	 the	 availability	 of	 more	 active	 new	 drugs.	 Liposomal
doxorubicin	has	been	tested	as	an	alternative,	with	modest	results.	A	phase	III	randomized	trial	found	that	median
TTP	was	superior	with	bortezomib	plus	pegylated	 liposomal	doxorubicin	compared	with	bortezomib	alone	(9.3
months	versus	6.5	months,	respectively;	P	#x003C;	.001);	OS	at	15	months	was	76%	versus	65%,	respectively	(P
=	.03).112	Based	on	this	study,	liposomal	doxorubicin	was	first	approved	by	the	FDA	in	2007	for	the	treatment	of
relapsed	 or	 refractory	 multiple	 myeloma	 after	 at	 least	 one	 prior	 therapy	 that	 has	 not	 included	 bortezomib.
Liposomal	doxorubicin	 is	 infrequently	used	 in	 the	 treatment	of	 relapsed	multiple	myeloma	given	availability	of
other	active	agents.

Investigational	Agents.	All	patients	with	multiple	myeloma	should	be	considered	candidates	for	clinical	trials.
Clinical	 trials	 with	 venetoclax	 (Bcl-2	 inhibitor)	 have	 shown	 responses	 in	 over	 50%	 of	 patients	 with	 t(11;14)
multiple	 myeloma	 who	 have	 relapsed	 or	 refractory	 disease.	 Because	 it	 is	 already	 FDA	 approved	 for	 other
indications,	 this	 drug	 may	 be	 of	 clinical	 value	 in	 selected	 patients.	 Several	 investigational	 drugs	 have	 shown
promising	 single-agent	 activity	 in	 multiple	 myeloma	 and	 are	 currently	 in	 regulatory	 trials.	 These	 include
marizomib	 and	 oprozomib	 (proteasome	 inhibitors),	 filanesib	 (kinesin	 spindle	 protein	 inhibitor),	 isatuximab
(monoclonal	antibody	to	CD38),	dinaciclib	(cyclin-dependent	kinase	inhibitor),	LGH447	(PIM	kinase	inhibitor),
and	selinexor	(XPO-1	inhibitor).113

Recently,	immunotherapy	with	chimeric	antigen	receptor	T-cell	therapy	targeting	B-cell	maturation	antigen	has
shown	 remarkable	 activity	 in	 multiple	 myeloma	 with	 very	 high	 and	 deep	 responses	 in	 relapsed	 or	 refractory
patients.	 This	 approach	 is	 very	 promising,	 and	 regulatory	 studies	 for	 approval	 are	 ongoing.	 A	 conjugated
monoclonal	antibody	against	B-cell	maturation	antigen	has	also	shown	high	activity.	However,	 immunotherapy
using	checkpoint	inhibitors	such	as	pembrolizumab	has	been	disappointing.



Radiation	Therapy.	Radiation	therapy	is	effective	but	must	be	avoided	except	in	select	circumstances	for	most
patients	 because	 it	 affects	 bone	 marrow	 reserves	 and	 may	 compromise	 the	 administration	 of	 other	 effective
treatments	including	ASCT.	Currently,	radiation	therapy	is	used	primarily	for	palliation	in	settings	where	systemic
therapy	is	not	effective.	It	is	also	used	for	the	treatment	of	urgent	complications	such	as	spinal	cord	compression.
Radiation	 therapy	 is	 the	mainstay	of	 therapy	 for	 solitary	plasmacytoma,	where	 it	 is	 administered	with	 curative
intent.	In	the	past,	total-body	radiation	was	combined	with	high-dose	melphalan	in	the	conditioning	regimen	prior
to	ASCT,	but	this	has	added	toxicity	and	is	inferior	to	high-dose	melphalan	alone	and	is	no	longer	recommended.

Treatment	of	Newly	Diagnosed	Multiple	Myeloma
The	approach	to	treatment	of	symptomatic	newly	diagnosed	multiple	myeloma	is	outlined	in	Figure	107.6.	Initial
management	varies	depending	on	whether	patients	are	eligible	for	ASCT.

Figure	107.6	Approach	to	the	treatment	of	newly	diagnosed	multiple	myeloma	(MM).	aVCd	if
acute	renal	failure;	VTd	if	lenalidomide	not	available.	bConsider	KRd	for	high-risk,	transplant-
eligible	patients.	VRd,	bortezomib,	lenalidomide,	and	dexamethasone;	Rd,	lenalidomide	and

dexamethasone;	ASCT,	autologous	stem	cell	transplantation;	VCd,	bortezomib,	cyclophosphamide,
and	dexamethasone;	VTd,	bortezomib,	thalidomide,	and	dexamethasone;	KRd,	carfilzomib,

lenalidomide,	and	dexamethasone.

TABLE	107.7
Randomized	Phase	III	Trials	of	Induction	Therapy	in	Transplant-Eligible	Myeloma	Patients

Regimen ORRa $	VGPRa PFS OS

VTD	vs.	TD61 93%	vs.	79% 62%	vs.	28% NR NR

VRD	vs.	Rd	(SWOG	S0777)71 81%	vs.	71% 43%	vs.	32% 43	vs.	30	mo 75	vs.	64	mo

VD	vs.	VAD	(IFM2005-01)114 78%	vs.	63% 38%	vs.	15% 29.7	vs.	36.0	mo 77%	and	81%	at	3	y

PAD	vs.	VAD	(HOVON-65/GMMG-HD4)115 78%	vs.	54% 42%	vs.	14% 28	vs.	35	mo 	

RD	vs.	high-dose	dexamethasone	(S0232)116 78%	vs.	48% 63%	vs.	16% NR NR

Rd	vs.	RD	(E4A03)117 70%	vs.	81% 40%	vs.	50% NR NR
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VTD	vs.	TD	(PETHEMA/GEM)118 85%	vs.	62% 60%	vs.	29% 28.2	vs.	56.2	mo 65%	vs.	74%	at	4	y

vtD	vs.	VD	(IFM	2007-02)119 88%	vs.	81% 49%	vs.	36% NR NR

VTD	vs.	VCD	(IFM2013-04)120 92%	vs.	83% 66%	vs.	56% NR NR

PAD	vs.	VCD	(GMMG	MM5)121 72%	vs.	78% 34%	vs.	37% NR NR
aThe	results	given	are	for	best	response	after	induction	unless	specified	otherwise.
ORR,	 overall	 response	 rate	 (complete	 response	 +	 very	 good	 partial	 response	 +	 partial	 response);	 VGPR,	 very	 good	 partial
response;	PFS,	progression-free	survival;	OS,	overall	survival;	VTD,	bortezomib,	thalidomide,	and	dexamethasone;	TD,	thalidomide
and	 dexamethasone;	 NR,	 not	 reported;	 VRD,	 bortezomib,	 lenalidomide,	 and	 dexamethasone;	 Rd,	 lenalidomide	 and	 low-dose
dexamethasone;	 SWOG,	 Southwest	 Oncology	 Group;	 VD,	 bortezomib	 and	 dexamethasone;	 VAD,	 vincristine,	 doxorubicin,	 and
dexamethasone;	 PAD,	 bortezomib,	 doxorubicin,	 and	 dexamethasone;	 RD,	 lenalidomide	 and	 high-dose	 dexamethasone;	 vtD,
contains	 reduced	 doses	 of	 bortezomib	 and	 thalidomide	 plus	 dexamethasone;	 VCD,	 bortezomib,	 cyclophosphamide,	 and
dexamethasone.	In	this	Table,	the	uppercase	“D”	is	used	to	indicate	regimens	which	used	the	higher	dose	of	dexamethasone	in	the
clinical	trial.	When	these	regimens	are	used	in	practice,	the	lower	dose	of	dexamethasone	is	used,	and	therefore	the	lower	case	“d”
is	used	when	referring	to	these	regimens	in	the	text.

Candidates	for	Stem	Cell	Transplantation
Patients	who	are	 candidates	 for	 stem	cell	 transplantation	are	 first	 treated	with	 three	 to	 four	 cycles	of	 induction
therapy	 followed	 by	 stem	 cell	 harvest.	 This	 includes	 patients	 who	 are	 transplant	 candidates	 but	 who	 wish	 to
reserve	ASCT	as	a	delayed	option	for	relapsed	or	refractory	disease.	Such	patients	can	resume	induction	therapy
following	 stem	 cell	 collection	 until	 progression	 or	 a	 plateau	 phase	 is	 reached,	 reserving	 ASCT	 for	 relapse.
Numerous	regimens	have	been	tested	as	initial	therapy	in	this	setting	(Table	107.7).61,71,114–121	However,	the	main
choices	 currently	 for	 induction	 therapy	 are	 bortezomib,	 lenalidomide,	 and	 dexamethasone	 (VRd);	 bortezomib,
cyclophosphamide,	and	dexamethasone	(VCd);	and	bortezomib,	thalidomide,	and	dexamethasone	(VTd).

VRd	is	the	preferred	regimen	for	induction	therapy	in	the	United	States	and	in	countries	where	lenalidomide
and	bortezomib	are	available	 for	 frontline	use	 (see	Fig.	107.6).	 It	produces	high	overall	 and	complete	 response
rates	in	newly	diagnosed	multiple	myeloma	and	is	well	tolerated.	The	pivotal	study	that	established	VRd	as	the
standard	of	care	for	initial	therapy	is	a	randomized	trial	led	by	the	Southwest	Oncology	Group.	In	this	trial,	VRd
was	associated	with	a	higher	response	rate	and	a	greater	depth	of	response,	and	PFS	and	OS	were	superior	with
VRd	compared	with	Rd.71	Although	this	trial	was	performed	in	the	nontransplant	setting,	the	data	are	interpreted
to	apply	to	pretransplant	induction	as	well.

VCd	and	VTd	are	alternatives	to	VRd	in	patients	who	lack	access	to	lenalidomide	and	in	patients	who	present
with	 acute	 renal	 failure	due	 to	 light	 chain	 cast	 nephropathy.70,120	VCd	 (also	known	as	CyBorD)	 is	 effective	 in
newly	diagnosed	multiple	myeloma	and	 is	well	 tolerated.122	 The	 randomized	 phase	 II	Evolution	 trial	 in	 newly
diagnosed	multiple	myeloma	showed	 that	VCd	 is	well	 tolerated	and	has	similar	activity	compared	with	VRd.70
VTd	is	another	alternative	for	initial	therapy,	and	studies	have	shown	superior	response	rates	and	PFS	with	VTD
compared	with	other	doublet	regimens.61,119	A	recent	randomized	trial	also	found	that	the	triplet	regimen	of	VTD,
which	contains	a	proteasome	inhibitor	(bortezomib)	and	an	immunomodulatory	agent	(thalidomide),	is	superior	to
VCD.123

Bortezomib-containing	 regimens	 also	 appear	 to	 partially	 overcome	 the	 poor	 prognosis	 associated	 with	 the
t(4;14)	 translocation,	 del(17p),	 and	 certain	 other	 cytogenetic	 abnormalities.59–61,124	 The	 risk	 of	 bortezomib-
induced	 neuropathy	with	VRd	 and	 other	 bortezomib-containing	 regimens	 can	 be	 greatly	 decreased	 by	 using	 a
once-weekly	schedule	of	bortezomib125,126	and	the	subcutaneous	route	of	administration.127

Two	 phase	 II	 trials	 have	 reported	 excellent	 results	with	KRd	 for	 newly	 diagnosed	multiple	myeloma.128,129
However,	 carfilzomib	 is	 significantly	 more	 expensive	 and	 cumbersome	 compared	 with	 bortezomib;	 therefore,
KRd	 is	not	 recommended	as	 initial	 therapy	outside	 the	 context	of	 clinical	 trials.	An	exception	 to	 this	 is	 young
patients	(#x003C;60	years	old)	with	high-risk	cytogenetics,	in	whom	KRd	is	a	reasonable	alternative	to	VRd.	An
ongoing	 randomized	 trial	 coordinated	 by	 ECOG	 is	 testing	 VRd	 versus	 KRd	 in	 newly	 diagnosed	 myeloma
(NCT01863550).	Several	trials	are	currently	exploring	quadruplet	regimens	that	add	daratumumab	to	established
frontline	regimens.	Data	on	long-term	outcomes	and	comparative	results	are	lacking.

In	 patients	 with	 very	 aggressive	 disease	 (plasma-cell	 leukemia	 or	 extramedullary	 disease),	 combination
chemotherapy	 such	 as	 bortezomib,	 dexamethasone,	 thalidomide,	 cisplatin,	 doxorubicin,	 cyclophosphamide,	 and
etoposide	(VDT-PACE)	can	be	used	as	initial	therapy	to	achieve	rapid	disease	control.59

Not	Candidates	for	Stem	Cell	Transplantation
Patients	who	are	not	candidates	for	stem	cell	 transplantation	are	 typically	 treated	with	a	 triplet	regimen	such	as
VRd	for	approximately	12	to	18	months	(see	Fig.	107.6).	As	with	transplant	candidates,	numerous	regimens	have



been	 tested	 (Table	 107.8),79,85,86,130–133	 but	 the	 main	 choices	 currently	 are	 VRd,	 VCd,	 and	 VTd.	 VRd	 is	 the
preferred	regimen	for	induction	therapy	in	the	United	States	and	in	countries	where	lenalidomide	and	bortezomib
are	available	for	frontline	use	based	on	the	strength	of	data	from	the	Southwest	Oncology	Group	trial.	VTd	and
VCd	are	the	preferred	alternatives	to	VRd	when	access	to	lenalidomide	is	a	barrier	or	in	the	context	of	acute	renal
failure.	At	the	end	of	12	to	18	months	of	therapy,	data	are	not	clear	on	the	value	of	prolonged	maintenance	in	the
nontransplant	 setting.	 In	 general,	 if	 the	 patient	 is	 tolerating	 therapy	 well	 and	 is	 in	 good	 performance	 status,
lenalidomide	maintenance	 for	 standard-risk	 patients	 and	 bortezomib	maintenance	 for	 high-risk	 patients	 can	 be
considered.

Rd	remains	an	option	for	frail	patients	with	newly	diagnosed	multiple	myeloma	who	are	unable	to	tolerate	a
triplet	 regimen.	Rd	 has	 excellent	 tolerability,	 convenience,	 and	 efficacy.	 The	 role	 of	Rd	 as	 initial	 therapy	was
established	in	a	large	phase	III	trial	that	compared	MPT	versus	Rd	for	18	months	versus	Rd	until	progression.85
PFS	was	superior	with	Rd	until	progression	compared	with	 the	other	 two	arms;	OS	was	superior	with	Rd	until
progression	compared	with	MPT.

TABLE	107.8
Randomized	Phase	III	Trials	in	Newly	Diagnosed	Transplant-Ineligible	Patients	with	Multiple
Myeloma

Regimen ORR	(CR	1	PR) CR	1	VGPR
EFS/PFS/TTP
(mo) OS	(mo)

MPT	vs.	MP	(IFM	99-06)79 76%	vs.	35% 47%	vs.	7% 27	vs.	18 52	vs.	33

Rd	continuous	vs.	Rd	for	18	mo	vs.	MPT
(FIRST)85

75%	vs.	73%	vs.
62%

44%	vs.	43%	vs.
28%

25.5	vs.	20.7	vs.
21.2

59%	vs.	56%	vs.	51%	at
48	mo

VMP	vs.	MP	(VISTA)86 74%	vs.	39% 41%	vs.	8% 24	vs.	17 83%	vs.	70%	at	24	mo

MPT	vs.	MP	(GISMM2001-A)130 70%	vs.	48% 29%	vs.	11% 22	vs.	14.5 45	vs.	48

VD	vs.	VTD	vs.	VMP	(UPFRONT)131
73%	vs.	80%	vs.
70%

37%	vs.	51%	vs.
41%

14.7	vs.	15.4	vs.
17.3 49.8	vs.	51	vs.	53.1

KMP	vs.	VMP	(CLARION)132 84%	vs.	79% NA 22.3	vs.	22.1 NA

Dara-VMP	vs.	VMP	(Alcyone)133 91%	vs.	74% 71%	vs.	50%
72%	vs.	50%	at
18	mo NA

ORR,	 overall	 response	 rate;	CR,	 complete	 response;	PR,	 partial	 response;	VGPR,	 very	 good	 partial	 response;	EFS,	 event-free
survival;	 PFS,	 progression-free	 survival;	 TTP,	 time	 to	 progression;	 OS,	 overall	 survival;	 MPT,	 melphalan,	 prednisone,	 and
thalidomide;	MP,	melphalan	and	prednisone;	Rd,	 lenalidomide	and	 low-dose	dexamethasone;	VMP,	bortezomib,	melphalan,	and
prednisolone;	 VD,	 bortezomib	 and	 dexamethasone;	 VTD,	 bortezomib,	 thalidomide,	 and	 dexamethasone;	 KMP,	 carfilzomib,
melphalan,	and	prednisone;	NA,	not	available;	Dara-VMP,	daratumumab,	bortezomib,	melphalan,	and	prednisolone.

In	 resource-constrained	 settings,	 melphalan-based	 initial	 therapy	 for	 approximately	 9	 to	 12	 months	 is	 an
alternative	 to	 VRd	 and	 Rd.	 VMP	 has	 shown	 significantly	 improved	 PFS	 and	 OS	 compared	 with	 MP.86,87
However,	VCd	can	be	considered	as	a	better	tolerated,	minor	variation	of	VMP	and	hence	is	now	preferred	over
VMP	to	minimize	melphalan-related	toxicity.125	Bortezomib,	 thalidomide,	and	prednisone	has	been	studied,	but
there	is	no	significant	advantage	with	this	regimen	over	VMP.	As	with	other	bortezomib-based	regimens,	the	risk
of	 neuropathy	 in	 all	 these	 regimens	 can	 be	 lowered	 substantially	 by	 using	 a	 once-weekly	 subcutaneous
regimen.125,126	Six	randomized	studies	have	shown	that	MPT	improves	response	rates	compared	with	MP.79–84	An
OS	advantage	has	been	observed	in	three	trials.79,80,83	Two	meta-analyses	show	a	clear	superiority	of	MPT	over
MP.134,135	However,	MPT	is	inferior	to	Rd85	and	is	not	recommended	unless	there	is	no	access	to	lenalidomide	or
bortezomib	in	the	frontline	setting.	Similarly,	the	combination	of	melphalan,	prednisone,	and	lenalidomide	(MPR)
does	not	improve	PFS	or	OS	compared	with	MP	alone.136	An	ECOG	randomized	trial	(E1A06)	did	not	find	any
major	benefit	of	MPR	over	MPT.137	MPR	is	therefore	not	recommended	as	initial	therapy	in	multiple	myeloma.

A	 four-drug	 combination	 regimen	 of	 bortezomib,	 melphalan,	 prednisone,	 and	 thalidomide	 was	 shown	 to
improve	 outcomes	 compared	 with	 VMP.138	 However,	 the	 trial	 was	 designed	 to	 continue	 maintenance	 in	 the
experimental	arm	versus	observation	in	the	control	arm,	and	hence,	the	specific	value	of	adding	the	fourth	drug	to
initial	 therapy	 cannot	 be	 isolated.	 A	 more	 recent	 trial	 compared	 daratumumab,	 bortezomib,	 melphalan,	 and
prednisone	versus	VMP	and	demonstrated	superior	response	rates	and	PFS.133	However,	as	 in	 the	 trial	studying
the	 combination	 of	 bortezomib,	 melphalan,	 prednisone,	 and	 thalidomide,	 the	 design	 was	 skewed,	 with
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maintenance	daratumumab	administered	in	the	experimental	arm	while	the	control	arm	received	no	therapy.	Thus,
it	is	unclear	whether	the	improvements	in	long-term	outcome	are	related	to	addition	of	the	fourth	drug	to	initial
therapy	or	the	administration	of	daratumumab	as	maintenance.	Until	additional	trial	data	are	available,	quadruplet
regimens	are	not	recommended	as	initial	therapy	for	newly	diagnosed	multiple	myeloma	outside	of	clinical	trials.

Stem	Cell	Transplantation

Autologous	Stem	Cell	Transplantation
ASCT	is	not	curative	in	multiple	myeloma	but	is	an	integral	part	of	initial	therapy	in	eligible	candidates	because	it
improves	 median	 OS	 in	 multiple	 myeloma	 by	 approximately	 12	 months	 (Table	 107.9).139–146	 ASCT	 is	 also
associated	with	a	low	treatment-	related	mortality	rate	of	1%	to	2%.	Further,	 in	approximately	50%	of	patients,
ASCT	 can	 be	 done	 on	 an	 outpatient	 basis.147	Melphalan	 200	mg/m2	 is	 the	 preferred	 conditioning	 regimen	 for
ASCT.	Trials	 so	 far	have	not	proven	 the	benefit	 of	 adding	other	drugs	 such	as	bortezomib	 to	 the	 conditioning
regimen.	 If	 possible,	 the	 early	 use	 of	ASCT	 is	 preferred,	 but	 some	patients	may	opt	 to	 delay	ASCT	until	 first
relapse.148	 Three	 randomized	 trials	 conducted	 prior	 to	 the	 arrival	 of	 bortezomib	 and	 lenalidomide	 found	 that
survival	was	similar	whether	ASCT	is	done	early	or	 late	(at	 the	 time	of	relapse	as	salvage	 therapy).142,149,150	A
recent	randomized	trial	conducted	by	the	Intergroupe	Francophone	du	Myelome	(IFM)	tested	VRd	followed	by
early	ASCT	versus	VRd	alone	and	delayed	ASCT	at	the	time	of	first	relapse.	In	this	trial	(IFM-2009),	although
PFS	was	superior	with	early	ASCT,	OS	was	similar	whether	ASCT	was	performed	early	(after	induction	therapy)
or	 delayed	 (at	 first	 relapse).151	 Thus,	 patient	 and	 physician	 preference	 plays	 an	 important	 role	 in	 deciding	 the
timing	of	ASCT,	especially	in	standard-risk	patients.

TABLE	107.9
Phase	III	Trials	of	Chemotherapy	versus	High-Dose	Therapy	Followed	by	SCT

Treatment ORR CR
Median	EFS/PFS
(mo) Median	OS	(mo)

CC	vs.	SCT	(IFM	90)139
57%	vs.
81% 5%	vs.	22% 18	vs.	28 44	vs.	57

CC	vs.	SCT	(MRC7)140
48%	vs.
86% 8%	vs.	44% 20	vs.	32 42	vs.	54

CC	vs.	SCT	(MAG)141
58%	vs.
62% 4%	vs.	6% 18.7	vs.	25.3 47.6	vs.	47.8

CC	vs.	SCT	(SWOG9321)142
76%	vs.
76%

11%	vs.
11% 14%	vs.	17%	at	7	y

38%	at	7	years	in	both
arms

MPR	vs.	SCT	(GIMEMA	RV-MM-PI-
209)143

91%	vs.
93%

18%	vs.
23% 22.4	vs.	43.0 65%	vs.	82%	at	4	y

CRd	vs.	SCT	(RV-MM-EMN-441)144
89%	vs.
91%

50%	vs.
54% 28.6	vs.	43.3 73%	vs.	86%	at	4	y

VMP	vs.	SCT	(EMN02/HO95	MM)145
89%	vs.
97%

33%	vs.
42% 44	vs.	not	reached NA

VRd	vs.	SCT	(IFM	2009)146
99%	vs.
97%

59%	vs.
48% 50	vs.	36 81%	vs.	82%	at	4	y

SCT,	stem	cell	 transplantation;	ORR,	overall	 response	rate;	CR,	complete	response;	EFS,	event-free	survival;	PFS,	progression-
free	 survival;	 OS,	 overall	 survival;	 CC,	 conventional	 chemotherapy;	 MPR,	 melphalan,	 prednisolone,	 and	 lenalidomide;	 CRd,
cyclophosphamide,	 lenalidomide,	 and	dexamethasone;	VMP,	bortezomib,	melphalan,	 and	prednisolone;	NA,	not	 available;	VRD,
bortezomib,	lenalidomide,	and	dexamethasone.

TABLE	107.10
Randomized	Trials	of	Single	versus	Double	ASCT

Treatment
ORR
(CR	1
PR)

CR	1
VGPR/nCR

Median	EFS	(mo) Median	OS	(mo)



Single	vs.	double	ASCT	(IFM	94)152 84%	vs.
88%

42%	vs.
50% 25	vs.	30 48	vs.	58

Single	vs.	double	ASCT	(Bologna	96)153 NA
33%	vs.
47% 23	vs.	35 65	vs.	71

Single	vs.	double	ASCT	(GMMG	HD2)154
93%	vs.
91%

CR:	16%
vs.	19% 25.0	vs.	28.7 73	vs.	75.3

Single	vs.	double	ASCT	(EMN02)155 NA NA
64%	vs.	73%	at	36
mo

82%	vs.	89%	at	36
mo

Single	ASCT	vs.	single	ASCT	plus	consolidation	vs.	double
ASCT	(BMT	CTN	0702/STaMINA)156 NA NA

57%	vs.	56%	vs.
52%	at	38	mo

86%	vs.	82%	vs.
83%	at	38	mo

ASCT,	autologous	stem	cell	transplantation;	ORR,	overall	response	rate;	CR,	complete	response;	PR,	partial	response;	VGPR,	very
good	partial	response;	nCR,	near	complete	response;	EFS,	event-free	survival;	OS,	overall	survival;	IFM,	Intergroupe	Francophone
du	Myelome;	NA,	not	available;	GMMG,	German-Speaking	Myeloma	Multicentre	Group;	STaMINA,	Stem	Cell	Transplantation	 for
Multiple	Myeloma	Incorporating	Novel	Agents;	EMN,	European	Myeloma	Network;	BMT	CTN,	Bone	Marrow	Transplant.

Tandem	Transplantation
With	 tandem	(double)	ASCT,	patients	 receive	a	 second	planned	ASCT	after	 recovery	 from	 the	 first	procedure.
Randomized	 trials	 that	 compared	 single	 versus	 tandem	 transplantation	 are	 summarized	 in	 Table	 107.10.152–156
Prior	 to	 the	 arrival	 of	 new	 agents,	 three	 randomized	 trials	 including	 found	 superior	 PFS	 and	OS	with	 tandem
ASCT.152,153,157	 The	 benefit	 of	 a	 second	ASCT	was	mostly	 restricted	 to	 patients	 failing	 to	 achieve	 a	 complete
response	 or	 very	 good	 partial	 response	with	 the	 first	 procedure.	 Two	 trials	 have	 examined	 the	 value	 of	 single
versus	tandem	ASCT	in	the	modern	era.	A	survival	benefit	has	been	found	in	both	standard-	and	high-risk	patients
in	a	randomized	trial	conducted	by	the	European	Myeloma	Network.155	However,	the	randomized	trial	conducted
in	the	United	States	by	the	Bone	Marrow	Transplantation	Clinical	Trials	Network	(BMT-CTN)	found	no	benefit
with	tandem	ASCT	in	either	standard-	or	high-risk	multiple	myeloma	(BMT-CTN	0702	trial).156	It	is	likely	that
the	contradictory	outcomes	in	these	trials	reflect	access	and	availability	of	new	treatment	options	in	the	salvage
setting.	In	the	United	States,	where	multiple	options	for	salvage	therapy	are	available,	there	seems	to	be	no	benefit
with	 tandem	ASCT.	At	 present,	 outside	 of	 a	 clinical	 trial	 setting,	we	 consider	 tandem	ASCT	 only	 in	 selected
young	 patients	with	 del(17p).	 Incidentally,	 the	BMT-CTN	0702	 trial	 also	 found	 no	 benefit	with	 administering
additional	cycles	of	VRd	chemotherapy	(consolidation)	following	ASCT.	These	results	obtained	in	the	context	of
modern	 myeloma	 treatment	 regimens	 using	 a	 third	 arm	 that	 specifically	 isolated	 the	 effect	 of	 consolidation
supersede	results	from	other	trials	that	have	evaluated	the	role	of	consolidation	but	lacked	these	attributes.	Thus,
consolidation	therapy	after	ASCT	is	not	recommended;	patients	should	proceed	to	maintenance	therapy.

Allogeneic	Transplantation
Conventional	myeloablative	 allogeneic	 transplantation	 has	 a	 limited	 role	 in	multiple	myeloma	 because	 of	 high
treatment-related	 mortality	 and	 risk	 of	 graft-versus-host	 disease.	 OS	 advantage	 with	 ASCT	 followed	 by
nonmyeloablative	allogeneic	transplantation	compared	with	ASCT	has	been	reported.158,159	However,	results	from
other	 studies	 have	 not	 found	 a	 similar	 benefit.160–162	 At	 this	 time,	 allogeneic	 transplantation	 remains
investigational	 for	 patients	 with	 newly	 diagnosed	 multiple	 myeloma.	 Its	 use	 should	 be	 restricted	 primarily	 to
clinical	 trials	 and	 to	 young	 patients	 (#x003C;60	 years	 old)	 with	 high-risk	 multiple	 myeloma	 who	 are	 in	 first
relapse	and	are	willing	to	consider	the	procedure	despite	the	high	treatment-related	mortality	rate	and	the	lack	of
definitive	proof	of	benefit.

Maintenance	Therapy
Maintenance	therapy	is	given	after	ASCT	or	after	completion	of	initial	therapy	in	patients	treated	without	ASCT.
Over	 the	 years,	 several	 agents	 such	 as	 interferon-α,	 prednisone,	 and	 thalidomide	 were	 tested	 as	 maintenance
therapy.	However,	due	to	limited	or	inconsistent	benefits	and/or	increased	toxicity,	none	are	suitable	for	clinical
practice.	 Lenalidomide	 is	 the	 current	 standard	 of	 care	 for	 maintenance	 therapy	 after	 ASCT	 (Table
107.11).85,115,136,143,163,164	 Lenalidomide	 was	 found	 to	 improve	 PFS	 in	 this	 setting	 in	 two	 placebo-controlled
randomized	studies.163,164	An	OS	benefit	was	also	seen	in	one	of	 these	two	trials.163	A	similar	benefit	has	been
reported	in	a	 third	randomized	trial	 in	which	a	subset	of	patients	were	randomized	to	ASCT	followed	by	either
lenalidomide	maintenance	or	no	maintenance.143	The	benefit	of	lenalidomide	maintenance	after	ASCT	has	been
confirmed	 in	 a	 meta-analysis.165	 There	 is	 a	 two-	 to	 threefold	 increase	 in	 the	 risk	 of	 second	 cancers	 with
lenalidomide,	 and	 this	must	 be	 discussed	with	 the	 patient	 and	 appropriate	monitoring	 undertaken	 if	 symptoms
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arise.	In	two	randomized	trials	with	lenalidomide	maintenance,	second	cancers	were	seen	in	approximately	7%	of
patients	in	the	lenalidomide	group	compared	with	3%	in	the	placebo	group	(P	#x003C;	.01).163,164

TABLE	107.11
Randomized	Trials	Evaluating	Maintenance	in	Transplant	and	Nontransplant	Setting

	 PFS	(mo) OS
Maintenance	after	ASCT
VAD+ASCT	and	thalidomide	maintenance	vs.	PAD+ASCT	and	bortezomib	maintenance
(HOVON-65/GMMG-HD4)115 28	vs.	35 55%	vs.	61%	at	5	y

ASCT	vs.	MPR	followed	by	R	maintenance	vs.	no	maintenance	(GIMEMA	RV-MM-PI-
209)143

41.9	vs.
21.6 88%	vs.	79%	at	3	y

R	maintenance	vs.	placebo	(IFM2005-02)163 41	vs.	23 80%	and	84%	at	3	y

R	maintenance	vs.	placebo	(CALGB	100104)164 46	vs.	27 88%	vs.	80%	at	3	y

Maintenance	after	Nontransplant	Primary	Treatment

Rd	for	18	mo	vs.	Rd	indefinitely	(FIRST)85
20.7	vs.
25.5 56%	vs.	59%	at	4	y

MP	vs.	MPR	vs.	MPR	followed	by	R	maintenance	(MM-015)136
13	vs.	14
vs.	31

66%	vs.	62%	vs.
70%	at	3	y

PFS,	progression-free	survival;	OS,	overall	survival;	ASCT,	autologous	stem	cell	transplantation;	VAD,	vincristine,	doxorubicin,	and
dexamethasone;	 PAD,	 bortezomib,	 doxorubicin,	 and	 dexamethasone;	 MPR,	 melphalan,	 prednisone,	 and	 lenalidomide;	 R,
lenalidomide;	CALGB,	Cancer	and	Leukemia	Group	B;	Rd,	lenalidomide	and	dexamethasone;	MP,	melphalan	and	prednisone.

One	 limitation	with	 lenalidomide	maintenance	 is	 that	 a	 clear	 survival	 improvement	 is	 not	 seen	 in	 high-risk
multiple	 myeloma.	 Bortezomib-based	 maintenance	 may	 thus	 be	 preferable	 for	 high-risk	 patients.	 In	 one
randomized	 trial,	 bortezomib	administered	every	other	week	as	posttransplant	maintenance	produced	better	OS
than	 thalidomide	 maintenance.115	 A	 survival	 benefit	 with	 bortezomib	 maintenance	 was	 seen	 in	 patients	 with
del(17p)	in	this	trial.

The	 value	 of	 maintenance	 therapy	 has	 been	 proven	 more	 in	 the	 context	 of	 ASCT	 than	 after	 initial	 triplet
therapy	in	patients	who	did	not	undergo	upfront	ASCT.	Many	of	these	patients	are	elderly	and	may	benefit	from	a
drug-free	 interval	 following	 the	 initial	 12	 to	18	months	of	 therapy.	A	 randomized	 trial	 that	 tested	maintenance
after	 9	 months	 of	 melphalan-based	 conventional	 chemotherapy	 found	 prolongation	 of	 PFS	 with	 lenalidomide
maintenance.136	No	OS	benefit	was	seen.	However,	based	on	the	results	of	the	Southwest	Oncology	Group	trial	of
VRd	 versus	 Rd,	 it	 is	 reasonable	 to	 administer	 maintenance	 therapy	 to	 patients	 who	 have	 completed	 initial
nontransplant	 therapy	 are	 in	 good	 performance	 status.	 Similarly,	 frail	 patients	 who	 initially	 receive	 doublet
therapy	with	Rd	should	also	continue	lenalidomide	as	maintenance	following	the	first	18	months,	with	or	without
small	doses	of	dexamethasone.

Treatment	of	Relapsed	Multiple	Myeloma
Almost	 all	 patients	 with	 multiple	 myeloma	 eventually	 relapse.	 The	 remission	 duration	 in	 relapsed	 multiple
myeloma	decreases	with	each	regimen.166	The	median	PFS	and	OS	in	patients	with	relapsed	multiple	myeloma
refractory	to	lenalidomide	and	bortezomib	are	poor,	with	median	times	of	5	months	and	9	months,	respectively.167
The	choice	of	a	treatment	regimen	at	relapse	is	complicated	and	is	affected	by	the	following	four	major	factors:
the	timing	of	the	relapse,	response	to	prior	therapy,	aggressiveness	of	the	relapse,	and	performance	status	(TRAP
factors).	Certain	principles	can	help	guide	choice	of	therapy	given	the	large	number	of	regimens	one	can	choose
from.	First	 is	 to	consider	ASCT	 if	patients	 are	eligible	and	have	not	 already	had	an	ASCT.	ASCT	can	also	be
considered	 in	 patients	 who	 have	 had	 good	 outcomes	 (PFS	 of	 #x2265;18	 months	 without	 maintenance	 and
#x2265;36	months	with	maintenance)	with	a	prior	ASCT	and	are	still	eligible	for	the	procedure.	Second,	triplet
regimens	with	at	least	two	new	drugs	are	preferred	when	possible.	For	example,	a	patient	relapsing	on	VRd	should
be	 treated	with	a	 regimen	 that	contains	at	 least	 two	new	drugs.	Third,	consider	 re-treatment	with	 regimens	 that
have	 been	 effective	 in	 the	 past,	 if	 the	 initial	 remission	 duration	 was	 longer	 than	 6	months	 and	 the	 relapse	 is
occurring	off	therapy.	Finally,	clinical	trials	are	an	important	option	at	each	relapse,	if	available.

An	 approach	 to	 the	 treatment	 of	 relapsed	 multiple	 myeloma	 is	 given	 in	 Figure	 107.7.	 Among	 the	 various
regimens	 listed	 in	 Table	 107.6,	 daratumumab,	 lenalidomide,	 and	 dexamethasone	 for	 patients	 who	 are	 not



lenalidomide	 refractory	 (defined	as	 those	 relapsing	off	 therapy	or	on	 small	doses	of	 single-agent	 lenalidomide)
and	DVd	or	DPd	for	patients	who	are	lenalidomide	refractory	are	preferred	options	for	consideration	in	the	first-
relapse	setting	based	on	the	efficacy	seen	in	randomized	trials.168	Alternatives	to	these	regimens	are	provided	in
Figure	107.7A.	Regardless	of	which	regimen	is	chosen	for	first	relapse,	other	regimens	listed	in	Table	107.6	 to
which	 the	patient	 is	not	considered	 to	be	 refractory	should	be	considered	 in	a	sequential	manner	at	 the	 time	of
second	 and	 subsequent	 relapses	 (Fig.	 107.7B).	As	 in	 newly	 diagnosed	 disease,	 the	 presence	 of	 extramedullary
plasmacytomas	or	plasma	cell	leukemia	may	require	therapy	with	a	multidrug	regimen	such	as	VDT-PACE	for	1
to	2	months	to	obtain	maximum	disease	control.	Given	the	noncurative	nature	of	multiple	myeloma,	patients	with
relapsed	disease	typically	continue	on	one	drug	or	regimen	until	relapse	or	toxicity	and	then	try	the	next	option.

Major	 regimens	 used	 in	 the	 treatment	 of	multiple	myeloma,	 including	 relapsed	 disease,	 are	 listed	 in	 Table
107.6.	The	major	regimens	for	the	treatment	of	relapsed	multiple	myeloma	and	other	recent	advances	in	treatment
are	discussed	in	the	following	text.

Lenalidomide-Dexamethasone	Backbone	Regimens
Two	placebo-controlled	phase	III	trials	have	shown	superior	TTP	and	OS	with	the	use	of	lenalidomide	in	relapsed
multiple	myeloma.169,170	Since	then,	Rd	has	become	the	backbone	of	new	drug	development	in	multiple	myeloma.
Several	 triplet	 combinations	 that	 have	 shown	 excellent	 activity	 in	 relapsed	 multiple	 myeloma	 have	 been
developed	 using	 the	 Rd	 backbone	 (Table	 107.12).73–76,169,171,172	 Randomized	 trials	 have	 not	 compared	 these
triplets	 head	 to	 head,	 but	 all	 are	 active	 and	well	 tolerated	 and	 represent	 excellent	 options	 for	 the	 treatment	 of
relapsed	disease.168

Bortezomib-Dexamethasone	Backbone-Based	Regimens
Several	regimens	have	been	developed	using	the	Vd	backbone	(Table	107.13).77,78,104,112,173,174	Two	of	the	newer
regimens	 in	 this	 regard	 are	 DVd	 and	 panobinostat,	 bortezomib,	 and	 dexamethasone.	 Other	 bortezomib-based
regimens	 that	 have	 been	 studied	 for	 the	 treatment	 of	 relapsed	 disease	 include	 regimens	 used	 in	 the	 frontline
setting,	 VRd,	 VTd,	 and	VCd.175	 Patients	 who	 fail	 a	 bortezomib-based	 regimen	 such	 as	 VCd	may	 respond	 to
another	such	as	VRd.	Although	the	Vd	doublet	has	been	used	for	development	of	new	agents,	 in	most	settings,
triplet	 regimens	 based	 on	 the	 Vd	 backbone	 are	 preferable.	 If	 a	 doublet	 regimen	 is	 needed,	 carfilzomib	 plus
dexamethasone	 represents	 another	 option.	 In	 a	 randomized	 trial,	 carfilzomib-dexamethasone	 demonstrated	 a
doubling	of	PFS	compared	with	Vd	in	relapsed	multiple	myeloma.176

Pomalidomide-Dexamethasone	Backbone	Regimens
Newer	regimens	are	being	developed	using	the	Pd	backbone	(see	Table	107.12).	This	is	of	particular	importance
because	 the	 Rd	 backbone	 is	 used	 extensively	 in	 the	 frontline	 setting	 and	 many	 patients	 are	 refractory	 to
lenalidomide	 at	 the	 time	 of	 relapse,	 limiting	 the	 value	 of	 Rd	 backbone	 regimens	 discussed	 earlier.	 Pd	 was
developed	 in	 a	 randomized	 trial	 of	 302	 patients	 with	 refractory	multiple	 myeloma,	 where	 it	 was	 found	 to	 be
superior	 to	high-dose	dexamethasone.172	Pd	alone	 is	a	reasonable	option	for	frail	patients	with	 indolent	relapse.
But	more	often,	Pd	 is	 used	 as	 a	 backbone	 in	 triplet	 regimens,	 especially	DPd;	 pomalidomide,	 bortezomib,	 and
dexamethasone;	and	carfilzomib,	pomalidomide,	and	dexamethasone.

Daratumumab
Daratumumab-based	regimens	have	produced	the	most	impressive	reduction	in	risk	of	progression	compared	to	all
other	 myeloma	 regimens	 in	 relapsed	 disease.168	 Several	 new	 daratumumab-containing	 regimens	 are	 being
developed	in	addition	to	the	ones	discussed	earlier.	Many	are	quadruplet	regimens	where	daratumumab	is	added	to
active	triplet	regimens.	Long-term	data	are	lacking	for	most	of	these	regimens.	Daratumumab	can	also	be	used	as
a	 single	 agent	 in	 frail	 patients	with	 indolent	 relapse.	 In	 a	 phase	 II	 trial,	 daratumumab	 as	 a	 single	 agent	 had	 a
response	rate	of	approximately	30%	in	heavily	pretreated	patients.108
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Figure	107.7	Approach	to	the	treatment	of	relapsed	multiple	myeloma.	A:	Patients	in	first	relapse.
B:	Patients	in	second	or	higher	relapse.	aConsider	salvage	autologous	transplant	in	all	eligible

patients.	bRelapse	occurring	while	off	all	therapy,	while	on	small	doses	of	single-agent
lenalidomide,	or	while	on	bortezomib	maintenance.	DRd,	daratumumab,	lenalidomide,	and

dexamethasone;	KRd,	carfilzomib,	lenalidomide,	and	dexamethasone;	IRd,	ixazomib,	lenalidomide,
and	dexamethasone;	ERd,	elotuzumab,	lenalidomide,	and	dexamethasone;	DVd,	daratumumab,
bortezomib,	and	dexamethasone;	DPd,	daratumumab,	pomalidomide,	and	dexamethasone;	KPd,
carfilzomib,	pomalidomide,	and	dexamethasone;	VCd,	bortezomib,	cyclophosphamide,	and
dexamethasone;	Pd,	pomalidomide,	and	dexamethasone;	IPd,	ixazomib,	pomalidomide,	and

dexamethasone;	Dex,	dexamethasone;	IV,	intravenous.

Other	Options	for	Relapsed	Disease
Dexamethasone	and	intravenous	methylprednisolone	are	reasonable	options	for	palliation	of	symptoms	in	patients
in	whom	other	options	have	been	exhausted.177,178	Similarly	some	patients	with	relapsed	disease	may	respond	to
melphalan-containing	regimens	such	as	MPT	or	VMP,	especially	because	most	would	not	have	been	exposed	to
these	regimens	as	induction	therapy.	Intravenous	melphalan	at	a	dose	of	25	mg/m2	is	another	active	regimen	but
usually	 requires	 transfusion	 and	 growth	 factor	 support.	 Bendamustine	 alone	 or	 in	 combination	 with	 other
myeloma	drugs	is	an	option	for	refractory	disease.	Bortezomib	plus	pegylated	liposomal	doxorubicin	has	modest
activity	but	can	be	considered	in	selected	patients.	Other	anthracycline-based	regimens	such	as	VDT-PACE	are
also	 useful	 in	 refractory	 patients	 who	 are	 in	 good	 performance	 status	 but	 have	 aggressive	 disease	 or	 have
exhausted	other	treatment	options.



TABLE	107.12
Phase	III	Trials	of	Lenalidomide-	or	Pomalidomide-Based	Combination	Regimens	for
Relapsed	Multiple	Myeloma

Regimen
ORR	(CR	1	VGPR	1
PR) CR	1	VGPR EFS/PFS	(mo) OS	(mo)

Doublet	regimens

RD	vs.	D	(MM-009)171 61%	vs.	19% 24%	vs.	2% 11.1	vs.	4.7 29.6	vs.	20.2

RD	vs.	D	(MM-010)169 60%	vs.	24% 24%	vs.	5% 11.3	vs.	4.7 Not	reached	vs.	21	mo

Pd	vs.	D	(MM-003)172 31%	vs.	10%
6%	vs.
#x003C;1% 4.0	vs.	1.9 12.7	vs.	8.1

Triplet	regimens

KRd	vs.	Rd	(ASPIRE)73 87%	vs.	67% 70%	vs.	40% 26.3	vs.	17.6
73.3%	and	65%	at	24
mo

DRd	vs.	Rd	(POLLUX)74 93%	vs.	76% 76%	vs.	44%
Not	reached	vs.	18.4
mo 92%	and	87%	at	12	mo

ERd	vs.	Rd	(ELOQUENT-2)75 79%	vs.	66% 33%	vs.	28% 19.4	vs.	14.9 60%	vs.	53%	at	36	mo

IRd	vs.	Rd	(TOURMALINE
MM1)76 78%	vs.	72% 48%	vs.	39% 20.6	vs.	14.7 Not	reached
ORR,	 overall	 response	 rate;	CR,	 complete	 response;	VGPR,	 very	 good	 partial	 response;	PR,	 partial	 response;	EFS,	 event-free
survival;	PFS,	progression-free	survival;	OS,	overall	survival;	RD,	lenalidomide	and	high-dose	dexamethasone;	D,	dexamethasone;
Pd,	 pomalidomide	 and	 dexamethasone;	 KRd,	 carfilzomib,	 lenalidomide,	 and	 dexamethasone;	 Rd,	 lenalidomide	 and	 low-dose
dexamethasone;	 DRd,	 daratumumab,	 lenalidomide,	 and	 dexamethasone;	 ERd,	 elotuzumab,	 lenalidomide,	 and	 dexamethasone;
IRd,	 ixazomib,	 lenalidomide,	and	dexamethasone.	 In	 this	Table,	 the	uppercase	 “D”	 is	used	 to	 indicate	 regimens	which	used	 the
higher	dose	of	dexamethasone	in	the	clinical	trial.	When	these	regimens	are	used	in	practice,	the	lower	dose	of	dexamethasone	is
used,	and	therefore	the	lower	case	“d”	is	used	when	referring	to	these	regimens	in	the	text.

Treatment	of	Plasma	Cell	Leukemia
Plasma	 cell	 leukemia	 is	 a	 term	 used	 to	 describe	 a	 form	 of	 ultra-high-risk	multiple	 myeloma	 characterized	 by
circulating	plasma	cells	that	can	be	detected	on	regular	peripheral	blood	smear	examination	or	on	the	differential
white	blood	cell	count.	It	can	occur	with	or	without	involvement	of	organs	such	as	lungs	and	liver.	Plasma	cell
leukemia	can	be	present	at	initial	diagnosis	(primary)	or	may	occur	during	the	progression	of	multiple	myeloma
(secondary).179	The	approach	to	diagnosis	and	treatment	is	similar	to	multiple	myeloma.	Multiagent	combination
chemotherapy	should	be	considered	for	these	patients	as	initial	therapy	because	rapid	and	reliable	disease	control
is	essential.

SUPPORTIVE	CARE
Bone	Disease
Bone	 disease	 (lytic	 bone	 lesions,	 severe	 osteoporosis,	 and	 pathologic	 fractures)	 remains	 a	 major	 cause	 of
morbidity	 in	multiple	myeloma,	 although	 the	 impact	 of	 bone	 disease	 has	 been	 reduced	 considerably	 since	 the
introduction	 of	 bisphosphonates.180	 Bisphosphonates	 significantly	 decrease	 the	 number	 of	 skeletal	 events
(pathologic	 fracture,	need	 for	 irradiation	or	 surgery	on	bone,	and	spinal	cord	compression).181	 In	 a	 randomized
trial	of	392	patients	with	at	least	one	lytic	lesion,	skeletal	events	(pathologic	fracture,	radiation	or	surgery	to	bone,
and	spinal	cord	compression)	after	9	months	of	therapy	were	significantly	fewer	with	pamidronate	compared	to
placebo	 (24%	 versus	 41%,	 respectively;	 P	 #x003C;	 .001).181	 Zoledronic	 acid	 has	 comparable	 efficacy	 to
pamidronate	 and	 is	 preferred	 due	 to	 shorter	 infusion	 time.182,183	 The	 benefit	 of	 bisphosphonates	 appears	 to	 be
greatest	 in	 newly	 diagnosed	 patients	 in	 the	 first	 year	 following	 diagnosis.	 A	 randomized	 trial	 in	 patients	 who
completed	initial	therapy	and	tandem	ASCT	found	that	pamidronate	did	not	provide	any	significant	reduction	in
skeletal	events.184	In	a	recent	randomized	trial,	routine	use	of	zoledronic	acid	was	found	to	improve	OS	compared
with	oral	clodronate.185	Zoledronic	acid	(4	mg	intravenously	over	15	to	30	minutes	every	4	weeks)	or	pamidronate
(90	mg	 intravenously	over	at	 least	2	hours	every	4	weeks)	 is	 recommended	 in	patients	with	multiple	myeloma
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who	have	one	or	more	lytic	lesions	on	skeletal	roentgenograms.182,186,187	In	patients	without	bone	disease,	the	use
of	prophylactic	zoledronic	acid	does	reduce	the	risk	of	lytic	bone	lesions	in	such	patients,188	but	there	is	no	clear
survival	benefit	in	this	group	in	contrast	to	patients	with	baseline	bone	disease.189	When	bisphosphonates	are	used,
monthly	use	 should	be	 limited	 to	 the	 first	1	 to	2	years.190	Thereafter,	 the	 frequency	 should	be	 reduced	 to	once
every	3	to	4	months.191	A	more	recent	randomized	trial	suggests	that	a	reduced	frequency	of	administration	(once
every	3	months)	may	be	as	effective	as	monthly	administration.192	The	main	complication	of	bisphosphonate	use
is	 avascular	 osteonecrosis	 of	 the	 jaw	 (ONJ).193	 The	 incidence	 of	 ONJ	 varies	 depending	 of	 the	 duration	 of
bisphosphonate	 use.191,194	 It	 is	 important	 to	 ensure	 good	 oral	 hygiene	 and	 dental	 work	 before	 starting
bisphosphonates	and	limiting	the	duration	of	bisphosphonate	therapy.	Recent	studies	show	that	the	incidence	of
ONJ	 is	 decreasing	 (approximately	 2%)	 and	 may	 reflect	 the	 implementation	 of	 some	 of	 these	 preventive
strategies.195

TABLE	107.13
Phase	III	Trials	of	Bortezomib-	or	Carfilzomib-Based	Combination	Regimens	for	Relapsed
Multiple	Myeloma

Regimen
ORR	(CR	1	VGPR	1
PR) CR	1	VGPR EFS/PFS	(mo) OS	(mo)

DVd	vs.	Vd	(CASTOR)77 83%	vs.	63%
59%	vs.
29%

Not	reached	vs.	7.2
mo Not	reached

Pano-VD	vs.	Vd	(PANORAMA1)78 61%	vs.	55% 285	vs.	16% 12.0	vs.	8.1 40.3	vs.	35.8

Vd	vs.	D	(APEX)104 38%	vs.	18% 7%	vs.	1% 7	vs.	5.6
80%	vs.	66%	at	12
mo

V-PLD	vs.	V112 44%	vs.	41%
27%	vs.
19% 9.3	vs.	6.5

76%	vs.	65%	at	15
mo

VTD	vs.	TD	(MMVAR/IFM	2005-
04)173 87%	vs.	72%

56%	vs.
35% 19.5	vs.	13.8

71%	vs.	65%	at	24
mo

Kd	vs.	Vd	(ENDEAVOR)174 77%	vs.	63%
54%	vs.
29% 18.7	vs.	9.4 47.6	vs.	40

ORR,	 overall	 response	 rate;	CR,	 complete	 response;	VGPR,	 very	 good	 partial	 response;	PR,	 partial	 response;	EFS,	 event-free
survival;	PFS,	progression-free	survival;	OS,	overall	survival;	DVd,	daratumumab,	bortezomib,	and	dexamethasone;	Vd,	bortezomib
and	dexamethasone;	Pano-VD,	panobinostat,	bortezomib,	and	dexamethasone;	D,	dexamethasone;	V-PLD,	bortezomib,	pegylated
liposomal	doxorubicin,	and	dexamethasone;	V,	bortezomib;	VTD,	bortezomib,	 thalidomide,	and	dexamethasone;	TD,	 thalidomide
and	dexamethasone;	Kd,	carfilzomib	and	dexamethasone.

An	alternative	approach	 for	prevention	of	bone	disease	 is	 the	use	of	denosumab,	a	high-affinity	monoclonal
antibody	 targeting	 RANKL.	 In	 an	 earlier	 phase	 III	 trial	 that	 compared	 denosumab	 versus	 zoledronic	 acid,
increased	 mortality	 was	 seen	 with	 denosumab	 in	 the	 subset	 of	 patients	 with	 multiple	 myeloma.195	 However,
results	from	a	more	recent	randomized	trial	comparing	denosumab	and	zoledronic	acid	show	a	similar	rate	of	bone
events	and	survival	but	improved	PFS	with	denosumab.196	Despite	these	data,	denosumab	is	several	times	more
expensive	 than	 zoledronic	 acid,	 and	 the	 drug	 is	 probably	 best	 reserved	 for	 use	 in	 patients	 who	 are	 unable	 to
tolerate	zoledronic	acid	or	pamidronate	or	those	who	have	significant	renal	dysfunction.

In	some	patients	with	 large	 lytic	 lesions,	 surgical	 fixation	 to	 treat	pathologic	or	 impending	 fractures	may	be
needed.	Local	radiation	should	be	limited	to	patients	with	disabling	pain	who	have	a	well-defined	focal	process
that	has	not	responded	to	analgesics	and/or	chemotherapy.	Both	vertebroplasty	and	kyphoplasty	have	been	used	to
decrease	 pain	 in	 patients	 with	 vertebral	 fractures.197	 Pain	 relief	 is	 generally	 rapid	 and	 can	 be	 long	 lasting.
However,	 two	 recent	 randomized	 trials	 found	 no	 significant	 benefit	 of	 vertebroplasty	 compared	 with	 sham
procedure.198,199	Spinal	cord	compression	should	be	treated	with	corticosteroids	and	radiation	therapy.	In	selected
patients,	rapidly	acting	chemotherapy	such	as	VCD	can	be	used	in	addition	to	or	 in	place	of	radiation.	In	some
cases,	surgical	decompression	may	be	necessary.

Anemia
Anemia	 is	 typically	 secondary	 to	 underlying	 disease	 or	 drug	 toxicity.	 Supportive	 care	 to	 improve	 hemoglobin
concentration	 is	 sometimes	 needed	while	 patients	 are	 on	 therapy.	 Erythropoietin	 (40,000	 units	 subcutaneously



weekly)	 or	 darbepoetin	 (200	 #x03BC;g	 subcutaneously	 every	 2	 weeks)	 is	 useful	 in	 patients	 with	 persistent
symptomatic	anemia.	Blood	transfusions	are	indicated	for	the	treatment	of	symptomatic	anemia	in	patients	who	do
not	obtain	benefit	from	other	measures.

Infections
Patients	should	receive	pneumococcal	and	influenza	vaccinations.	A	small	randomized	placebo-controlled	trial	of
trimethoprim-	sulfamethoxazole	in	57	patients	with	newly	diagnosed	multiple	myeloma	demonstrated	benefit	with
routine	prophylaxis	administered	with	the	first	two	cycles	of	chemotherapy.200	In	another	small	randomized	trial,
no	 significant	 benefit	 was	 noted	 with	 prophylactic	 antibiotics	 administered	 during	 initial	 therapy.201	 More
recently,	however,	prophylactic	 levofloxacin	administered	daily	 for	12	weeks	 in	patients	with	newly	diagnosed
multiple	myeloma	was	associated	with	significant	decrease	in	infections	as	well	as	lower	early	mortality	rate.202
Based	 on	 this	 trial	 and	 the	 high	 risk	 of	 serious	 infections,	 routine	 prophylactic	 antibiotics	 for	 approximately	 3
months	 are	 recommended	 in	 patients	 starting	 treatment	 for	 multiple	 myeloma.	 The	 risk	 of	 infections	 may	 be
further	reduced	by	adding	trimethoprim-sulfamethoxazole.	Prophylaxis	with	trimethoprim-sulfamethoxazole	or	an
alternative	 agent	 against	Pneumocystis	 jiroveci	 pneumonia	 should	 also	 be	 considered	 long	 term	 in	 all	 patients
receiving	 long-term	 steroid	 therapy.	 Acyclovir	 or	 valacyclovir	 should	 be	 administered	 routinely	 for	 patients
receiving	 bortezomib	 and	 other	 proteasome	 inhibitor–based	 therapy	 as	 prophylaxis	 against	 herpes	 zoster.
Intravenously	 administered	 #x03B3;-globulin	 is	 indicated	 in	 patients	 who	 have	 recurrent	 serious	 infections
associated	with	severe	hypogammaglobulinemia.

Hypercalcemia
Severe	hypercalcemia	is	a	medical	emergency	and	can	be	the	presenting	symptom	in	a	small	proportion	of	patients
with	multiple	myeloma.	It	can	also	occur	during	the	course	of	the	disease	in	the	relapsed	and	refractory	settings.
Treatment	consists	of	aggressive	hydration	with	isotonic	saline	and	intravenous	bisphosphonates	(pamidronate	60
to	90	mg	intravenously	over	2	to	4	hours	or	zoledronic	acid	4	mg	intravenously	over	15	minutes).	These	measures
will	usually	normalize	serum	calcium	levels	within	24	to	72	hours	in	most	patients.	Prompt	institution	of	treatment
to	 control	 multiple	 myeloma,	 including	 corticosteroids,	 is	 also	 important.	 Occasional	 patients	 will	 require
intravenous	calcitonin	to	control	acute	severe	hypercalcemia.

Renal	Failure
More	 than	 half	 of	 patients	 diagnosed	 with	 multiple	 myeloma	 will	 experience	 renal	 dysfunction.	 The	 most
important	 cause	 of	 acute	 renal	 failure	 in	multiple	myeloma	 is	 light	 chain	 cast	 nephropathy,	 also	 referred	 to	 as
myeloma	kidney.	This	occurs	because	many	patients	with	multiple	myeloma	secrete	high	levels	of	unbound	FLCs
that	 are	 readily	 filtered	 through	 the	 glomeruli	 but	 can	 block	 renal	 tubules.	 In	 fact,	 up	 to	 20%	of	 patients	with
multiple	 myeloma	 secrete	 only	 FLCs	 rather	 than	 intact	 immunoglobulin	 molecules	 (light	 chain	 multiple
myeloma).	Light	chain	cast	nephropathy	can	present	as	acute	renal	failure	but	can	also	cause	chronic	progressive
renal	 dysfunction.	Acute	 renal	 failure	 due	 to	 light	 chain	 cast	 nephropathy	 is	 an	 emergency	because	 reversal	 of
renal	function	is	critical	for	improved	long-term	OS	in	multiple	myeloma.	It	usually	occurs	in	patients	with	serum
FLC	 levels	 #x003E;150	 mg/dL	 and	 is	 typically	 uncommon	 in	 patients	 with	 FLC	 levels	 #x003C;50	 mg/dL.
Patients	with	 suspected	 (unexplained	 renal	 failure	with	 high	FLC	 levels	 #x003E;150	mg/dL)	 or	 biopsy-proven
light	chain	cast	nephropathy	presenting	with	acute	or	subacute	renal	 failure	due	 to	 light	chain	cast	nephropathy
should	 be	 treated	with	 rapidly	 acting	 chemotherapy	 such	 as	VCD	or	VTD	 to	 reduce	 light	 chain	 production	 as
quickly	as	possible.	 In	addition,	plasma	exchange	or	hemodialysis	using	a	specialized	high	cutoff	dialysis	 filter
that	can	remove	light	chains	should	be	considered.	A	recent	randomized	trial	found	that	extracorporeal	light	chain
removal	using	a	high	cutoff	dialysis	filter	was	associated	with	improved	renal	function	and	dialysis	independence
compared	with	standard	filters.	Although	randomized	trials	with	plasma	exchange	have	not	shown	benefit,	these
trials	 have	 many	 limitations,	 and	 it	 is	 important	 to	 consider	 plasma	 exchange	 as	 an	 alternative	 form	 of
extracorporeal	 light	chain	removal	until	high	cutoff	dialysis	filters	are	widely	available.	A	small	study	at	Mayo
Clinic	found	that	prompt	plasma	exchange	coupled	with	effective	therapy	can	reverse	renal	failure	in	a	substantial
proportion	of	patients.203

Dehydration,	 hypercalcemia,	 infection,	 and	 radiographic	 contrast	 media	 may	 also	 contribute	 to	 acute	 renal
failure.	 Prevention	 of	 acute	 renal	 failure	 requires	 maintenance	 of	 a	 high	 urinary	 output	 (3	 L	 per	 day)	 and
avoidance	of	nonsteroidal	anti-inflammatory	agents	in	patients	with	high	FLC	levels.	Other	causes	of	renal	failure
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caused	 by	 M	 proteins	 include	 AL	 amyloidosis,	 light	 chain	 deposition	 disease,	 and	 proliferative
glomerulonephritis.

Hyperviscosity	Syndrome
Infrequently,	patients	with	multiple	myeloma	develop	hyperviscosity	syndrome.	Plasmapheresis	promptly	relieves
the	 symptoms	 and	 should	 be	 done	 regardless	 of	 the	 viscosity	 level	 if	 the	 patient	 has	 signs	 or	 symptoms	 of
hyperviscosity.

MONOCLONAL	GAMMOPATHY	OF	UNDETERMINED	SIGNIFICANCE

INTRODUCTION
MGUS	is	an	asymptomatic,	premalignant	clonal	plasma	cell	proliferative	disorder	(see	Table	107.1).204,205	It	is	the
most	 common	 plasma	 cell	 neoplasm.	 MGUS	 is	 of	 considerable	 clinical	 importance	 given	 its	 relatively	 high
prevalence	 in	 the	 general	 population,	 lifelong	 predisposition	 to	multiple	myeloma	 or	 related	 disorder,	 and	 the
various	associated	clinical	syndromes.	There	are	three	main	types	of	MGUS	based	on	the	predominant	mode	of
clinical	 progression:	 IgM	MGUS,	 non-IgM	MGUS,	 and	 light	 chain	MGUS.2,206	 IgM	MGUS	 carries	 a	 risk	 of
progression	to	Waldenström	macroglobulinemia,	but	in	rare	cases,	it	can	lead	to	multiple	myeloma	(IgM	multiple
myeloma).	Non-IgM	MGUS	and	light	chain	MGUS	carry	a	risk	of	progression	to	multiple	myeloma	or	solitary
plasmacytoma.	All	three	forms	can	lead	to	AL	amyloidosis.

The	 pathogenesis	 of	 MGUS	 has	 been	 discussed	 earlier	 under	 “Multiple	 Myeloma.”	 The	 cytogenetic
classification	of	MGUS	is	the	same	as	multiple	myeloma.	The	cytogenetic	subtypes	of	multiple	myeloma	listed	in
Table	107.2	are	thought	to	originate	at	the	MGUS	stage.

INCIDENCE	AND	PREVALENCE
The	annual	incidence	of	MGUS	in	men	is	estimated	to	be	120	per	100,000	at	age	50	years	and	rises	to	530	per
100,000	at	age	90	years.207	The	rates	for	women	are	60	per	100,000	at	age	50	years	and	370	per	100,000	at	age	90
years.	 MGUS	 is	 prevalent	 in	 approximately	 4%	 of	 the	 general	 population	 aged	 50	 years	 or	 older.	 Studies
conducted	 in	Olmsted	County,	Minnesota,	 show	 that	 approximately	3%	of	 the	population	#x2265;50	years	old
have	IgM	or	non-IgM	MGUS,	whereas	an	additional	1%	have	light	chain	MGUS.19,206	Several	other	studies	have
reported	similar	prevalence	estimates.208	The	prevalence	of	MGUS	increases	with	age	and	is	approximately	2%	in
those	aged	50	to	59	years	and	over	5%	to	6%	in	those	older	than	age	70	years.	Age-specific	incidence	is	higher	in
males	than	females.	In	the	Olmsted	County	study,	age-adjusted	rates	were	4.0%	in	men	versus	2.7%	in	women	(P
#x003C;	.001).

MGUS	is	twice	as	common	in	African	Americans	compared	to	whites.209,210	In	a	study	by	Cohen	et	al.,211	the
prevalence	of	an	M	protein	was	8.4%	in	916	blacks	and	3.6%	in	whites.	Subsequently,	Landgren	et	al.,212	 in	a
study	 of	 4	 million	 African	 American	 and	 white	 males	 admitted	 to	 Veterans	 Affairs	 hospitals,	 found	 that	 the
prevalence	of	MGUS	was	0.98%	in	African	Americans	and	0.4%	in	whites.	A	large	population-based	study	(n	=
12,482)	of	persons	aged	50	years	or	older,	using	 samples	 from	 the	National	Health	and	Nutrition	Examination
Survey	 (NHANES),	 confirmed	 that	 MGUS	 is	 twice	 as	 common	 in	 African	 Americans	 compared	 to	 whites;
adjusted	 prevalence	 of	 MGUS	 was	 significantly	 higher	 in	 blacks	 (3.7%)	 compared	 with	 whites	 (2.3%)	 or
Hispanics	(1.8%)	(P	#x003C;	.001).210	A	follow-up	NHANES	study	revealed	 that	 racial	disparity	 in	prevalence
occurs	even	at	younger	ages,	with	MGUS	having	an	onset	approximately	a	decade	earlier	in	blacks	compared	with
whites.213	The	higher	incidence	of	MGUS	in	blacks	may	be	related	to	genetic	or	environmental	factors.	Factors
suggesting	that	the	risk	is	primarily	driven	by	genetic	factors	are	findings	that	the	increased	risk	of	MGUS	seen	in
African	Americans	 is	 also	 seen	 in	 blacks	 in	 Ghana.209	 Furthermore,	 another	 study	 found	 that	 the	 disparity	 in
prevalence	 of	 MGUS	 between	 blacks	 and	 whites	 persisted	 even	 after	 adjusting	 for	 socioeconomic	 status.214
MGUS	may	be	less	common	in	some	parts	of	Asia.	One	study	found	that	only	2.7%	of	elderly	Japanese	patients
had	a	monoclonal	gammopathy.215	A	subsequent	population-based	study	in	Japan	found	that	 the	risk	of	MGUS
was	lower	compared	with	the	white	population	of	Olmsted	County.216



There	 is	 also	 an	 increased	 risk	 of	 MGUS	 in	 first-degree	 relatives	 of	 patients	 with	 MGUS	 or	 multiple
myeloma.217,218	An	 increased	risk	of	MGUS	has	been	noted	with	exposure	 to	certain	pesticides.219	Obesity	and
immunosuppression	are	also	known	risk	factors	for	MGUS.29,214,220

CLINICAL	FEATURES
MGUS	is	an	asymptomatic	condition.	 It	 is	 typically	detected	as	an	 incidental	 finding	when	electrophoresis	and
IFE	of	 the	serum	and/or	urine	or	 the	serum	FLC	assay	are	performed	during	 the	workup	of	 suspected	multiple
myeloma	or	Waldenström	macroglobulinemia.

DIFFERENTIAL	DIAGNOSIS
When	an	M	protein	is	identified	and	MGUS	is	suspected	clinically,	it	must	be	differentiated	from	related	plasma
cell	neoplasms	based	on	 the	presence	or	absence	of	end-organ	damage	 that	can	be	attributed	 to	 the	plasma	cell
disorder	 (see	 Table	 107.1).	 At	 the	 time	 of	 initial	 diagnosis,	 all	 patients	 need	 a	 complete	 blood	 count,	 serum
calcium,	and	serum	creatinine.	 If	available,	peripheral	blood	flow	cytometry	for	circulating	plasma	cells	should
also	 be	 done.	 Although	 by	 definition,	 #x003C;10%	 clonal	 cells	 are	 needed	 for	 the	 diagnosis	 of	 MGUS,	 the
baseline	bone	marrow	evaluation	can	be	deferred	 in	patients	with	 low-risk	MGUS	and	 in	patients	with	a	 small
(#x003C;1.5	g/dL)	 IgM	MGUS	who	have	no	 anemia,	 lymphadenopathy,	 or	 organomegaly	 (Fig.	 107.8A).221,222
Similarly,	bone	imaging	at	diagnosis	can	be	deferred	in	patients	with	 low-risk	MGUS	and	in	patients	with	IgM
MGUS,	if	there	are	no	clinical	concerns	for	multiple	myeloma.	A	bone	marrow	should	always	be	considered	in
any	patient	with	presumed	MGUS	in	whom	there	is	doubt	about	the	diagnosis.	If	a	bone	marrow	aspiration	and
biopsy	are	done,	cytogenetic	studies	should	be	done	at	baseline.

PROGNOSIS
MGUS	is	associated	with	a	lifelong	risk	of	progression	to	multiple	myeloma	or	a	related	disorder.	In	a	study	of
1,384	 patients	 from	 Southeastern	Minnesota,	 Kyle	 et	 al.18,223	 found	 that	 the	 risk	 of	 progression	 of	MGUS	 to
multiple	myeloma	 or	 related	malignancy	 is	 1%	 per	 year.	 The	 true	 lifetime	 probability	 of	 progression	 is	 lower
when	competing	causes	of	death	are	taken	into	account,	approximately	11%	at	25	years.224	The	risk	of	progression
with	MGUS	does	not	diminish	with	time,	even	after	over	30	years	of	follow-up.225	In	addition	to	progression	to
multiple	myeloma	or	a	related	disorder,	patients	with	MGUS	are	also	at	risk	for	several	associated	syndromes	that
are	 not	 due	 to	 malignant	 transformation	 but	 rather	 due	 to	 the	 specific	 chemical	 or	 physical	 properties	 of	 the
secreted	M	 protein.	 Thus,	 some	 patients	 with	 a	 #x03BA;	 light	 chain	 type	 of	MGUS	 can	 develop	 light	 chain
deposition	disease.	Similarly,	some	patients	with	MGUS	may	develop	proliferative	glomerulonephritis.226

Two	major	predictors	of	progression	in	MGUS	are	the	size	and	type	of	M	protein.18	An	abnormal	serum	FLC
ratio	is	also	an	important	risk	factor	(see	the	next	section,	“Risk	Stratification”).	In	one	study,	BMPC	percentage
of	6%	to	9%	carried	 twice	 the	risk	of	progression	compared	 to	marrow	involvement	 that	 is	#x2264;5%.227	 The
presence	of	high	levels	of	circulating	plasma	cells	detected	using	a	sensitive	slide-based	immunofluorescent	assay
is	also	a	risk	factor	for	progression.228	Studies	suggest	that	the	risk	of	progression	of	MGUS	may	be	increased	if
there	is	associated	suppression	of	the	other	uninvolved	immunoglobulins.18
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Figure	107.8	Approach	to	management	of	monoclonal	gammopathy	of	undetermined	significance
(MGUS).	A:	Approach	to	diagnostic	workup.	B:	Approach	to	follow-up.	FLC,	free	light	chain;	CT,
computed	tomography;	CBC,	complete	blood	count;	SPEP,	serum	protein	electrophoresis.	(This
figure	was	originally	published	in	Blood.	Go	RS,	Rajkumar	SV.	How	I	manage	monoclonal

gammopathy	of	undetermined	significance.	Blood	2018;131[2]:163–172.	doi:10.1182/blood-2017-
09-807560.	©	the	American	Society	of	Hematology.)

TABLE	107.14
Risk	Stratification	Model	to	Predict	Progression	of	Monoclonal	Gammopathy	of
Undetermined	Significance	to	Myeloma	or	Related	Disorders



Risk	Group
No.	of
Patients

Relative
Risk

Absolute	Risk	of
Progression	at
20	y

Absolute	Risk	of	Progression	at	20	y
Accounting	for	Death	as	a	Competing
Risk

Low	risk	(serum	M	protein	#x003C;1.5	g/dL,
IgG	subtype,	normal	FLC	ratio	[0.26–1.65]) 449 1 5% 2%

Low-intermediate	risk	(any	1	factor
abnormal) 420 5.4 21% 10%

High-intermediate	risk	(any	2	factors
abnormal) 226 10.1 37% 18%

High	risk	(all	3	factors	abnormal) 53 20.8 58% 27%
This	 table	 was	 originally	 published	 in	 Blood.	 Rajkumar	 SV,	 Kyle	 RA,	 Therneau	 TM,	 et	 al.	 Serum	 free	 light	 chain	 ratio	 is	 an
independent	 risk	 factor	 for	progression	 in	monoclonal	gammopathy	of	undetermined	significance.	Blood	2005;106(3):812–817.	©
the	American	Society	of	Hematology.

RISK	STRATIFICATION
A	risk	stratification	system	can	be	used	to	predict	the	risk	of	progression	of	MGUS	based	on	the	following	three
risk	factors:	size	of	the	serum	M	protein,	the	type	of	immunoglobulin,	and	the	serum	FLC	ratio	(Table	107.14).224
Patients	with	three	adverse	risk	factors,	namely,	an	abnormal	serum	FLC	ratio,	non-IgG	MGUS,	and	a	high-serum
M	protein	level	(#x2265;15	g/L),	have	a	risk	of	progression	at	20	years	of	58%	(high-risk	MGUS)	compared	with
5%	when	none	of	the	risk	factors	are	present	(low-risk	MGUS).	When	competing	causes	of	death	are	taken	into
account,	 the	 risk	 of	 progression	 in	 the	 low-risk	 group	 is	 only	 2%	 at	 20	 years.	 Besides	 prognosis,	 this	 risk
stratification	is	useful	in	determining	the	type	of	evaluation	needed	at	baseline	and	in	management.

MANAGEMENT
Figure	107.8B	provides	the	algorithm	for	management	of	MGUS.222	The	current	standard	of	care	for	MGUS	is
observation	alone,	without	 therapy.21,229	 Patients	with	 low-risk	MGUS	can	be	 rechecked	 in	 6	months	 and	 then
only	at	the	time	of	symptoms	for	evidence	of	progression.224	This	recommendation	is	based	on	the	fact	 that	 the
progression	 risk	 is	 very	 low	 in	 these	patients	 and	 that	 there	 are	no	data	 that	 show	 that	monitoring	 can	prevent
complications	 in	 a	 timely	manner.230	All	 other	 subsets	 of	 patients	 need	 to	 be	 rechecked	 in	 6	months	 and	 then
yearly	thereafter.	No	single	factor	can	differentiate	a	patient	with	a	benign	monoclonal	gammopathy	from	one	in
whom	 a	 malignant	 plasma	 cell	 disorder	 develops	 subsequently.	 However,	 the	 presence	 of	 a	 high	 plasma	 cell
proliferative	 rate,	 circulating	 plasma	 cells,	 or	 other	 concerning	 clinical	 or	 laboratory	 features	 in	 a	 patient	with
MGUS	needs	to	be	followed	up	frequently	for	other	evidence	of	progression.

SMOLDERING	MULTIPLE	MYELOMA

INTRODUCTION
SMM	 is	 defined	 by	 the	 presence	 of	 a	 serum	 monoclonal	 (M)	 protein	 of	 #x2265;3	 g/dL	 (or	 urine	 M	 protein
#x2265;500	mg	per	24	hours)	and/or	10%	to	60%	BMPCs	with	no	evidence	of	end-organ	damage	(i.e.,	CRAB
[high	calcium,	renal	dysfunction,	anemia,	and	bony	lytic	lesions]	criteria)	or	other	MDE	(see	Table	107.1).2	It	is
distinguished	from	MGUS	based	on	the	serum	M	protein	concentration	and	percentage	of	clonal	BMPCs.231	Light
chain	SMM	is	a	unique	subtype	of	SMM	in	which	there	is	monoclonal	FLC	excess	with	no	expression	of	IgH.232
This	entity	 is	characterized	by	excess	secretion	(#x2265;500	mg	per	24	hours)	of	monoclonal	FLC	in	 the	urine
(Bence	Jones	proteinuria).

SMM	is	not	a	distinct	biologic	stage	in	progression	from	MGUS	to	multiple	myeloma	but	rather	a	clinically
defined	 entity	 composed	 of	 a	 subset	 of	 patients	 with	 biologic	 premalignancy	 (i.e.,	MGUS)	 and	 a	 subset	 with
biologic	malignancy	(i.e.,	multiple	myeloma).2,233	It	includes	patients	whose	disease	behaves	like	MGUS	with	a
very	low	rate	of	progression	as	well	as	those	who	develop	clinical	symptoms	and	end-organ	damage	within	a	few
years.234,235	Unfortunately,	at	present,	there	is	no	single	pathologic	or	molecular	feature	that	reliably	can	be	used
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to	 distinguish	 patients	 with	 SMM	 who	 have	 only	 clonal	 premalignant	 plasma	 cells	 from	 those	 with	 clonal
malignant	myeloma	cells.233,236

PREVALENCE
SMM	accounts	for	approximately	15%	of	all	cases	of	newly	diagnosed	multiple	myeloma.237	In	a	study	conducted
at	 the	MD	Anderson	Cancer	Center,	approximately	15%	of	patients	with	multiple	myeloma	were	considered	 to
have	asymptomatic	multiple	myeloma.238	A	prospective	observational	study	from	the	Swedish	Myeloma	Registry
found	 that	 14%	 of	 multiple	 myeloma	 patients	 can	 be	 considered	 to	 have	 SMM.239	 Calculation	 of	 the	 true
prevalence	of	SMM	based	on	updated	criteria	is	not	available.

CLINICAL	FEATURES
By	definition,	SMM	is	asymptomatic.	However,	unlike	MGUS,	most	patients	with	SMM	progress	eventually	to
multiple	myeloma	or	a	related	disorder,	and	therefore,	the	distinction	between	MGUS	and	SMM	has	implications
for	 baseline	 testing,	 follow-up,	 and	 consideration	 for	 clinical	 trials.237	 The	 natural	 history	 of	 SMM	 was
characterized	 in	 a	 study	 of	 276	 patients	 seen	 at	 the	Mayo	 Clinic.240	 In	 this	 study,	 the	 risk	 of	 progression	 to
multiple	myeloma	 in	 the	 first	 5	 years	 following	 diagnosis	was	 10%	 per	 year.	 In	 the	 next	 5	 years,	 the	 risk	 of
progression	decreased	 to	3%	per	year,	and	after	10	years	of	 follow-up,	 the	risk	of	progression	was	 the	same	as
MGUS.	 This	 mode	 of	 progression	 lends	 support	 to	 the	 current	 understanding	 of	 SMM	 as	 a	 heterogeneous
clinically	 defined	 condition	 composed	 of	 approximately	 50%	 of	 patients	 with	 MGUS	 (premalignant	 clonal
expansion)	and	approximately	50%	of	patients	who	have	multiple	myeloma	(malignant	disease)	who	have	not	yet
developed	serious,	clinically	recognizable	end-organ	damage	or	MDEs	to	be	classified	as	such.241

DIFFERENTIAL	DIAGNOSIS
SMM	must	be	distinguished	from	MGUS,	multiple	myeloma,	and	other	related	disorders	using	the	criteria	listed
in	Table	107.1.	Baseline	studies	should	 include	complete	blood	count,	serum	creatinine,	serum	calcium,	whole-
body	low-dose	CT,	SPEP,	serum	IFE,	24-hour	UPEP,	urine	IFE,	and	serum	FLC	assay.242	An	MRI	of	the	spine
and	pelvis	(or	whole-body	MRI)	is	also	recommended	if	whole-body	low-dose	CT	is	negative	to	ensure	that	focal
lesions	are	not	missed.2,242,243	Bone	marrow	examination	 is	 required	and	 should	 include	FISH	studies	 to	detect
high-risk	cytogenetic	abnormalities	similar	 to	multiple	myeloma	as	well	as	plasma	cell	 immunophenotyping	by
multiparametric	flow	cytometry	to	enable	accurate	risk	stratification.

PROGNOSIS
The	risk	of	progression	to	multiple	myeloma	or	related	malignancy	is	much	higher	in	SMM	compared	to	MGUS
(10%	per	year	versus	1%	per	year,	 respectively).240	Although	 the	prognostic	 factors	 listed	 in	 the	 following	 text
were	 studied	 prior	 to	 recent	 changes	 to	 the	 definition	 of	 SMM,	 the	 effect	 is	 likely	 to	 be	 minimal	 since	 the
proportion	of	patients	upstaged	from	SMM	to	multiple	myeloma	based	on	the	new	diagnostic	criteria	is	relatively
small	(10%	to	15%).2

Size	and	type	of	M	protein.	The	size	of	the	serum	M	protein	is	a	significant	risk	factor	for	progression	in
SMM.240	The	type	of	M	protein	also	influences	the	risk	of	progression;	TTP	is	significantly	shorter	in
patients	with	IgA	M	protein	compared	with	IgG	M	protein	(median,	27	versus	75	months,	respectively;	P	=
.004).240	The	risk	of	progression	in	light	chain	SMM	may	be	even	lower,	with	a	median	TTP	of	159	months
in	one	study.232
Extent	of	bone	marrow	involvement.	Even	after	the	diagnostic	criteria	were	updated	to	reclassify	patients
with	#x2265;60%	clonal	BMPC	as	having	multiple	myeloma,	the	risk	of	progression	in	SMM	is	still
influenced	by	the	extent	of	bone	marrow	involvement.	In	the	Mayo	Clinic	study,	median	TTP	was	117
months	for	patients	with	#x003C;20%	BMPC	versus	26	months	for	patients	with	BMPC	of	20%	to	50%	(P



#x003C;	.001).240	BMPC	estimates	should	be	done	on	either	the	bone	marrow	aspirate	or	biopsy
examination,	and	in	the	event	of	a	discrepancy,	the	higher	of	the	two	values	should	be	used.2
Suppression	of	uninvolved	immunoglobulins.	In	one	study,	median	TTP	was	159	months	in	patients	with
normal	levels	of	uninvolved	immunoglobulins,	89	months	in	those	with	a	reduction	in	one	isotype,	and	32
months	in	patients	with	reduction	in	two	isotypes	of	uninvolved	immunoglobulins	(P	=	.001).240	Similar
results	have	been	reported	in	a	Spanish	study	of	SMM.244
MRI.	Patients	who	undergo	MRI	often	have	abnormalities	detected	even	when	the	skeletal	survey	shows	no
lytic	lesions.	Patients	with	more	than	one	focal	lesion	are	now	defined	as	having	multiple	myeloma	and
should	not	be	considered	as	SMM.2,245	Patients	with	one	focal	lesion	and	those	with	solely	diffuse	(nonfocal)
abnormalities	on	MRI	are	at	increased	risk	of	progression	to	multiple	myeloma	and	require	closer	follow-up
and	repeat	imaging	in	3	to	6	months.246
PET-CT.	The	finding	of	an	increased	uptake	on	PET-CT	without	bone	destruction	is	not	adequate	to	be
considered	as	an	MDE;	these	patients	are	considered	to	have	high-risk	SMM.	Zamagni	et	al.247	studied	120
SMM	patients	who	had	undergone	PET-CT	imaging	to	assess	the	impact	of	increased	uptake	without
underlying	osteolysis.247	They	found	increased	PET-CT	uptake	without	osteolysis	in	16%	of	patients.	The
median	TTP	was	significantly	shorter	for	patients	with	increased	PET-CT	uptake	compared	with	patients
with	negative	PET-CT	(median	TTP,	1.1	versus	4.5	years;	P	=	.001).	The	probability	of	progression	within	2
years	was	58%	for	PET-CT–positive	patients	versus	33%	for	PET-CT–negative	patients.
Serum	FLC	assay.	Extreme	elevation	of	the	serum	FLC	ratio	is	a	biomarker	for	multiple	myeloma.	Thus,
patients	with	a	markedly	abnormal	involved	or	uninvolved	FLC	ratio	(#x2265;100)	have	been	redefined	as
having	multiple	myeloma	if	they	meet	the	additional	criteria	required	for	the	diagnosis.10	Elevations	that	are
less	marked	are	a	risk	factor	for	progression.	In	a	study	of	273	patients	with	SMM,	patients	with	an	abnormal
involved	or	uninvolved	FLC	ratio	#x2265;8	were	at	increased	risk	of	progression	(hazard	ratio,	2.3;	95%	CI,
1.6	to	3.2),	with	a	25%	per	year	risk	of	progression	in	the	first	2	years.248
Multiparametric	flow	cytometry.	Immunophenotyping	with	multiparametric	flow	cytometry	is	useful	in
determining	prognosis	in	SMM	by	accurately	distinguishing	and	quantitating	BMPCs	with	malignant
potential	from	normal	plasma	cells.249	In	a	Spanish	study,	the	risk	of	progression	in	SMM	when	#x003E;95%
plasma	cells	in	the	bone	marrow	had	an	abnormal	immunophenotype	was	significantly	higher	compared	to
those	who	had	a	lower	rate	of	aberrancy	in	the	detected	BMPC	population	(median	TTP,	34	months	versus
not	reached	for	patients	with	95%	or	greater	versus	less	than	95%	aberrant	BMPC,	respectively;	P	#x003C;
.001).244
Cytogenetic	abnormalities.	A	Mayo	Clinic	series	of	351	patients	with	SMM	found	that	patients	with	t(4;14)
and/or	del(17p)	were	at	high	risk	of	progression.46	Similar	results	have	also	been	reported	by	other
investigators	as	well.250
Change	in	monoclonal	protein	level.	A	key	variable	that	can	identify	patients	with	a	high	risk	of
progression	is	change	in	M	protein	levels	over	time.	In	a	Mayo	Clinic	study	of	90	patients	with	SMM,	an
evolving	change	in	M	protein	level	was	defined	as	a	10%	increase	in	M	protein	within	the	first	6	months	of
diagnosis	(if	M	protein	3	g/dL)	and/or	a	25%	increase	in	M	protein	within	the	first	12	months,	with	a
minimum	required	increase	of	0.5	g/dL	in	M	protein.251	Evolving	change	in	hemoglobin	was	defined	as	a	0.5
g/dL	decrease	within	12	months	of	diagnosis.	A	total	of	134	patients	(70.5%)	progressed	to	multiple
myeloma	over	a	median	follow-up	of	10.4	years.	On	multivariable	analysis	adjusting	for	factors	known	to
predict	for	progression	to	multiple	myeloma,	BMPCs	#x2265;20%,	evolving	M	protein,	and	evolving
hemoglobin	were	independent	predictors	of	progression	within	2	years	of	SMM	diagnosis.	The	2-year
progression	rate	was	81.5%	in	persons	with	evolving	M	protein	and	evolving	hemoglobin	and	90.5%	in	those
with	all	three	risk	factors.

RISK	STRATIFICATION
Multiple	 risk	 stratification	models	 (e.g.,	 Spanish	 and	Mayo	Clinic	models)	 have	 been	 proposed	 by	 combining
prognostic	factors.12,46,240,244,248,250,252–254	Table	107.15	provides	the	recommended	criteria	for	high-risk	SMM.231
Patients	with	 one	 or	more	 of	 the	 risk	 factors	 should	 be	 considered	 to	 have	 high-risk	 SMM,	with	 an	 estimated
median	TTP	of	2	years.	After	that	time	point,	the	risk	of	progression	will	likely	decrease	over	time.	These	patients
are	candidates	for	clinical	trials,	and	certain	patients	with	multiple	risk	factors	may	be	considered	for	therapy	after
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a	careful	consideration	of	risks	and	benefits,	especially	if	they	have	evolving	M	protein,	evolving	hemoglobin,	or
imaging	changes.	In	contrast,	SMM	patients	without	high-risk	factors	likely	have	a	risk	of	progression	of	5%	per
year	or	less.

MANAGEMENT
The	current	standard	of	care	 in	SMM	is	close	 follow-up	once	every	3	 to	6	months	without	chemotherapy	(Fig.
107.9).231	 In	 patients	 being	 observed,	 the	 M	 protein,	 serum	 FLC	 levels,	 complete	 blood	 count,	 calcium,	 and
creatinine	should	be	monitored.	In	high-risk	patients,	 follow-up	should	continue	indefinitely	and	should	include
periodic	imaging	studies	to	rule	out	asymptomatic	progression.	In	patients	with	MRI	showing	diffuse	infiltration,
solitary	focal	lesion,	or	equivocal	lesions,	follow-up	examinations	in	3	to	6	months	are	strongly	recommended.246
In	low-risk	patients,	follow-up	can	be	reduced	to	once	every	6	months	after	the	first	5	years.231

TABLE	107.15
Criteria	for	High-Risk	Smoldering	Multiple	Myeloma	(SMM)

Bone	marrow	clonal	plasma	cells	#x2265;10%	and	any	one	or	more	of	the	following:
Serum	M	protein	#x2265;30	g/L
IgA	SMM
Immunoparesis	with	reduction	of	two	uninvolved	immunoglobulin	isotypes
Serum	involved/uninvolved	free	light	chain	ratio	#x2265;8	(but	#x003C;100)
Progressive	increase	in	M	protein	level	(evolving	type	of	SMM)a
Bone	marrow	clonal	plasma	cells	50%–60%
Abnormal	plasma	cell	immunophenotype	(#x2265;95%	of	bone	marrow	plasma	cells	are	clonal)	and	reduction	of	one	or	more
uninvolved	immunoglobulin	isotypes
t(4;14)	or	del	17p	or	1q	gain
MYC	abnormalities
Increased	circulating	plasma	cells
MRI	with	diffuse	abnormalities	or	1	focal	lesion
PET-CT	with	focal	lesion	with	increased	uptake	without	underlying	osteolytic	bone	destruction

aIncrease	in	serum	monoclonal	protein	by	#x2265;25%	on	two	successive	evaluations	within	a	6-month	period.
M,	monoclonal;	MRI,	magnetic	resonance	imaging;	PET-CT,	positron	emission	tomography–computed	tomography.
Reproduced	 from	 Rajkumar	 SV,	 Landgren	 O,	 Mateos	 MV.	 Smoldering	 multiple	 myeloma.	 Blood	 2015;125(20):3069–3075.
doi:10.1182/blood-2014-09-568899.	©	American	Society	of	Hematology.231

SMM	is	an	area	of	active	investigation	to	determine	if	early	therapy	can	prolong	OS.	Early	studies	with	MP
found	no	significant	improvement	in	OS	with	early	therapy.255–257	In	a	randomized	trial,	Witzig	et	al.258	compared
thalidomide	 plus	 zoledronic	 acid	 versus	 zoledronic	 acid	 alone	 in	 patients	 with	 SMM.	 TTP	 was	 superior	 for
patients	 treated	with	 thalidomide	plus	 zoledronic	 acid	 (n	=	35)	 compared	with	 zoledronic	 acid	 alone	 (n	=	33);
however,	 there	were	no	significant	differences	 in	TTP	to	symptomatic	multiple	myeloma	(4.3	versus	3.3	years,
respectively)	and	no	difference	in	OS	(5-year	survival,	74%	versus	73%,	respectively).	Thalidomide	has	long-term
side	effects	that	make	it	an	unsuitable	drug	for	intervention	in	an	asymptomatic	population.259,260

Rd	has	 shown	 significant	 promise	 in	 high-risk	SMM.249	 In	 a	 randomized	 trial	 in	 high-risk	 SMM,	TTP	was
significantly	longer	 in	patients	 treated	with	Rd	compared	with	observation	(median	TTP,	not	reached	versus	21
months,	 respectively;	P	 #x003C;	 .001).	 OS	was	 longer	 with	 Rd	 compared	 with	 observation	 (3-year	 OS,	 94%
versus	 80%,	 respectively;	P	 =	 .03).	 An	 ECOG	 trial	 comparing	 lenalidomide	 alone	 versus	 observation	 in	 this
patient	population	has	just	completed	accrual;	results	are	awaited.

Another	strategy	of	intervention	in	SMM	is	to	use	bisphosphonates	to	delay	bony	events.	In	a	small	trial,	no
significant	direct	 antitumor	effect	was	 seen	with	pamidronate.261	However,	 in	a	 subsequent	 randomized	 trial	 in
177	patients,	a	reduction	in	skeletal-	related	events	was	noted	with	pamidronate	(60	to	90	mg	once	a	month	for	12
months)	 compared	 with	 observation.262	 However,	 no	 improvement	 in	 TTP	 or	 OS	 was	 noted.	 In	 another
randomized	trial,	163	patients	with	SMM	were	randomized	to	zoledronic	acid	(4	mg	once	a	month	for	12	months)
versus	 observation.263	 A	 reduction	 in	 the	 rate	 of	 skeletal-related	 events	 was	 noted	 with	 zoledronic	 acid	 (56%
versus	 78%,	 respectively;	 P	 =	 .041).	 Once-yearly	 bisphosphonate	 used	 for	 the	 treatment	 of	 osteoporosis	 is
appropriate	 for	 most	 patients,	 but	 based	 on	 these	 data,	 more	 frequent	 dosing	 every	 3	 to	 4	 months	 can	 be
considered	for	selected	high-risk	SMM	patients.



An	approach	to	the	management	of	SMM	is	given	in	Figure	107.9.	Patients	with	high-risk	SMM	are	candidates
for	 clinical	 trials	 testing	 early	 intervention.264	 Selected	 high-risk	 SMM	 patients	 with	multiple	 risk	 factors	 or
evidence	 of	 biologic	 progression	 (rising	M	protein	 level)	 can	 be	 considered	 for	 therapy.	 There	 are	 no	 specific
factors	 to	make	this	determination,	and	clinical	 judgment	 is	needed.	If	 therapy	is	chosen,	peripheral	blood	stem
cells	 should	 be	 collected	 for	 cryopreservation	 after	 approximately	 four	 cycles	 of	 therapy.265,266	 In	 general,
bisphosphonates	 (pamidronate	 or	 zoledronic	 acid)	 administered	 using	 the	 multiple	 myeloma	 dosing	 schedule
(once	a	month)	are	not	recommended	for	most	patients	with	SMM.

Figure	107.9	Approach	to	the	management	of	smoldering	multiple	myeloma	(SMM).	CRAB,
hypercalcemia,	renal	failure,	anemia,	bone	lesions	attributable	to	the	plasma	cell	disorder;	PC,

plasma	cells;	FLC,	free	light	chain;	MRI,	magnetic	resonance	imaging;	TTP,	time	to	progression;
PD,	progressive	disease.

WALDENSTRÖM	MACROGLOBULINEMIA
Waldenström	 macroglobulinemia	 is	 a	 rare	 clonal	 IgM	 monoclonal	 protein–secreting	 lymphoid/plasma	 cell
disorder.	In	the	past,	some	patients	were	classified	as	having	lymphoplasmacytic	lymphoma;	the	two	entities	are
now	considered	the	same	disease.267,268	The	median	age	at	diagnosis	is	approximately	65	years,	with	a	slight	male
predisposition.	 The	 typical	 symptoms	 at	 presentation	 are	 weakness	 and	 fatigue	 due	 to	 anemia.	 Other	 clinical
manifestations	may	include	constitutional	symptoms	(fever,	night	sweats,	and	weight	loss),	hepatosplenomegaly,
lymphadenopathy,	hyperviscosity,	cryoglobulinemia,	and	sensorimotor	peripheral	neuropathy.269	Unlike	multiple
myeloma,	primary	IgH	translocations	are	not	seen	in	Waldenström	macroglobulinemia.270	A	majority	of	patients
with	 Waldenström	 macroglobulinemia	 have	 a	 recurrent	 mutation	 of	 the	MYD88	 gene	 (MYD88	 L265P).271,272
Presenting	symptoms	include	anemia,	pancytopenia,	organomegaly,	neuropathy,	amyloidosis,	cryoglobulinemia,
night	sweats,	and	symptomatic	hyperviscosity.

DIAGNOSIS
The	diagnostic	criteria	for	Waldenström	macroglobulinemia	are	listed	in	Table	107.1,	and	diagnosis	requires	10%
or	greater	lymphoplasmacytic	infiltration	of	the	bone	marrow.3–5,18	Presence	of	less	than	10%	lymphoplasmacytic
infiltration	 in	 the	 absence	 of	 end-organ	 damage	 is	 considered	 IgM	MGUS,	 and	 such	 patients	 have	 a	 risk	 of
progression	 to	 symptomatic	 disease	of	 only	1.5%	per	 year.5	 In	 fact,	 patients	with	 IgM	MGUS	 and	 smoldering
Waldenström	 macroglobulinemia	 as	 defined	 using	 the	 criteria	 in	 Table	 107.1	 have	 an	 OS	 rate	 similar	 to	 the
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general	population	and	are	best	not	considered	to	have	malignant	disease.4,273
Historically,	 patients	 with	 an	 IgM	 M	 protein	 less	 than	 3	 g/dL	 meeting	 criteria	 for	 Waldenström

macroglobulinemia	 have	 been	 classified	 as	 having	 lymphoplasmacytic	 lymphoma	 with	 an	 IgM	 M	 protein.
However,	except	for	hyperviscosity,	the	clinical	picture,	therapy,	and	prognosis	in	these	patients	are	no	different
than	in	patients	classified	as	having	Waldenström	macroglobulinemia	who	have	an	IgM	M	protein	level	#x2265;3
g/dL.274	By	the	current	definition,	patients	are	considered	to	have	Waldenström	macroglobulinemia	regardless	of
the	size	of	the	serum	M	protein.

PROGNOSIS
Waldenström	macroglobulinemia	 is	a	 fairly	 indolent,	chronic	disease	 in	most	patients.	The	median	survival	has
varied	 in	 studies,	 from	5	years	 to	nearly	11	years.275	Adverse	prognostic	 factors	 include	 age	#x003E;70	years,
hemoglobin	#x003C;9	g/dL,	weight	loss,	and	cryoglobulinemia.276	Several	staging	systems	have	been	proposed	to
risk	 stratify	patients	with	Waldenström	macroglobulinemia	and	 to	aid	 in	prognosis	 (Table	 107.16).275,277,278	Of
these,	the	most	recent	is	a	standardized	scoring	system	known	as	the	International	Prognostic	Scoring	System	for
Waldenström	macroglobulinemia,	which	is	designed	to	help	guide	treatment	based	on	prognosis	in	symptomatic
patients.275

TREATMENT
Patients	meeting	 the	diagnostic	criteria	 for	 smoldering	Waldenström	macroglobulinemia	who	are	asymptomatic
do	not	need	immediate	therapy.273	The	indications	for	therapy	include	anemia	(hemoglobin	#x003C;11	g/dL)	or
thrombocytopenia	 (platelet	 count	 #x003C;100,000/#x03BC;L)	 felt	 to	 be	 related	 to	 Waldenström
macroglobulinemia;	 constitutional	 symptoms	 such	 as	 weakness,	 fatigue,	 night	 sweats,	 or	 weight	 loss;
hyperviscosity;	symptomatic	cryoglobulinemia;	and	significant	hepatosplenomegaly	or	lymphadenopathy.

TABLE	107.16
Prognostic	Staging	Systems	in	Waldenström	Macroglobulinemia

Staging	System Prognosis
Southwest	Oncology	Group 5-y	OS
Stage	A	(low	risk):	β2-microglobulin	#x003C;3	mg/dL	and	Hgb	#x2265;120	g/L 87%

Stage	B	(medium	risk):	β2-microglobulin	#x003C;3	mg/L	and	Hgb	#x003C;120	g/L 63%

Stage	C	(medium	risk):	β2-microglobulin	#x003E;3	mg/L	and	serum	IgM	#x2265;40	g/L 53%

Stage	D	(high	risk):	β2-microglobulin	#x2265;3	mg/L	and	serum	IgM	#x003C;40	g/L 21%

Mayo	Clinic 10-y	OS
Risk	factors:	age	#x003E;65	y	and	presence	of	organomegaly 	

No	risk	factor 57%

Any	1	risk	factor 16%

Both	risk	factors 5%

International	Prognostic	Scoring	System	for	Waldenström	Macroglobulinemia 10-y	OS
Risk	factors:	age	#x003E;65	y,	Hgb	#x2264;115	g/L,	platelet	#x2264;100,000/#x03BC;L,	β2-microglobulin	#x003E;3
mg/L,	and	serum	monoclonal	protein	concentration	#x003E;70	g/L 	

None	or	1	risk	factor	(excluding	age	#x003E;65	y) 87%

Any	2	risk	factors	or	age	#x003E;65	y 68%

Any	3	or	more	risk	factors 36%
OS,	overall	survival;	Hgb,	hemoglobin;	IgM,	immunoglobulin	M.

Initial	Therapy



There	 are	 no	 good	 data	 from	 randomized	 trials	 to	 guide	 the	 choice	 of	 initial	 therapy	 in	 Waldenström
macroglobulinemia	 among	modern	 regimens.	 Initial	 therapy	 is	 usually	 given	 for	 approximately	 6	months,	 and
then	 patients	 are	 observed.	The	 three	 commonly	 preferred	 treatments	 for	 initial	 therapy	 are	 bendamustine	 plus
rituximab	 (BR);	 dexamethasone,	 rituximab,	 and	 cyclophosphamide	 (DRC);	 and	 ibrutinib.268,279	 The	 choice	 of
initial	 therapy	varies	 according	 to	 cost	 and	drug	availability	 in	various	 countries.	Patients	 should	preferably	be
treated	 on	 clinical	 trials	 as	 much	 as	 possible.	 Figure	 107.10	 provides	 an	 approach	 to	 the	 treatment	 of	 newly
diagnosed	Waldenström	macroglobulinemia.

BR	is	usually	the	preferred	regimen	for	initial	therapy.	In	a	randomized	trial,	BR	was	compared	to	rituximab
plus	 cyclophosphamide,	 doxorubicin,	 vincristine,	 and	 prednisone	 (R-CHOP)	 in	 patients	 with	 low-grade
lymphoma.280	Among	patients	with	Waldenström	macroglobulinemia,	 a	marked	 improvement	 in	PFS	was	 seen
with	BR	compared	with	R-CHOP.	Among	the	41	patients	with	Waldenström	macroglobulinemia	included	in	the
study,	 both	 arms	 showed	 95%	 response	 rates,	with	 longer	 PFS	 in	 the	 BR	 arm	 versus	 R-CHOP	 (70	 versus	 28
months,	respectively).	There	were	also	lower	rates	of	adverse	events	observed	in	the	BR	arm	versus	R-CHOP.

The	DRC	 regimen	 is	well	 tolerated	 and	 is	 a	 reasonable	 alternative	 for	 initial	 therapy.	 In	 a	 phase	 II	 trial	 of
symptomatic,	treatment-naive	patients,	DRC	was	associated	with	an	83%	overall	response	rate	and	7%	complete
response	rate.281	The	2-year	OS	rate	was	81%,	with	a	PFS	rate	of	67%.	The	usual	regimen	of	DRC	consists	of
dexamethasone	 20	 mg	 intravenously	 followed	 by	 rituximab	 375	 mg/m2	 intravenously	 on	 day	 1	 and
cyclophosphamide	100	mg/m2	twice	daily	on	days	1	to	5.	This	regimen	is	repeated	every	21	days	for	6	months.281
Ibrutinib	is	a	 third	option	for	newly	diagnosed	multiple	myeloma.	It	 is	an	irreversible	and	selective	 inhibitor	of
Bruton	tyrosine	kinase	and	is	approved	for	initial	therapy	by	the	FDA.	Efficacy	of	ibrutinib	appears	to	be	higher	in
patients	with	MYD88	mutations.282	A	major	advantage	of	ibrutinib	is	that	it	can	be	administered	orally	and	has	a
high	single-agent	activity.

Figure	107.10	Approach	to	the	treatment	of	Waldenström	macroglobulinemia	(WM).
aPlasmapheresis	should	be	performed	if	hyperviscosity	presents	or	develops	with	treatment.	MGUS,

monoclonal	gammopathy	of	undetermined	significance;	SCT,	stem	cell	transplantation;	BDR,
bortezomib	(weekly),	dexamethasone,	and	rituximab;	PN,	peripheral	neuropathy.	(Modified	from

Kapoor	P,	Ansell	SM,	Fonseca	R,	et	al.	Diagnosis	and	management	of	Waldenström
macroglobulinemia:	Mayo	Stratification	of	Macroglobulinemia	and	Risk-Adapted	Therapy

(mSMART)	Guidelines	2016.	JAMA	Oncol	2017;3[9]:1257–1265.
doi:10.1001/jamaoncol.2016.5763.)
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In	 patients	with	mild	 anemia	 and	 no	 other	 concerns,	 single-	 agent	 therapy	with	 rituximab,	 a	 chimeric	 anti-
CD20	monoclonal	antibody,	may	be	adequate.	Single-agent	rituximab	produces	a	response	in	approximately	50%
of	untreated	patients.283,284	However,	 responses	 to	 rituximab	can	be	delayed	and	may	occur	months	after	 initial
therapy.	Further,	an	initial	increase	in	IgM	levels	(flare)	has	been	reported.285	The	usual	dose	of	rituximab	is	375
mg/m2	 administered	 intravenously	 weekly	 for	 4	 weeks,284	 with	 consideration	 given	 to	 further	 doses	 or
maintenance	depending	on	response.

Relapsed	Disease	and	Supportive	Care
At	 relapse,	 regimens	used	 in	 initial	 therapy	can	be	considered	again.267	 In	 fact,	 the	 same	 initial	 therapy	can	be
tried	again	at	relapse,	if	there	is	an	adequate	interval	between	cessation	of	therapy	and	relapse.	In	addition,	there
are	additional	options	 for	 therapy	 including	purine	nucleoside	analogs	 (fludarabine	and	cladribine),	proteasome
inhibitors	 (bortezomib	 and	 carfilzomib),	 immunomodulatory	 agents	 (thalidomide,	 lenalidomide,	 and
pomalidomide),	ASCT,	and	alkylators	(chlorambucil).

Ibrutinib	is	of	particular	value	in	the	treatment	of	relapsed	disease.	In	one	study,	among	50	evaluable	patients,
60%	responded	to	therapy,	with	a	median	PFS	of	14	months.286	In	another	phase	II	study,	among	63	patients	with
symptomatic	relapsed	or	refractory	disease	treated	with	ibrutinib,	the	overall	response	rate	was	62%.287	The	most
common	 side	 effects	with	 ibrutinib	 are	 low	blood	 counts,	 gastrointestinal	 symptoms,	 rash,	muscle	 spasms,	 and
fatigue.	 Purine	 nucleoside	 analogs	 have	 considerable	 activity,	 with	 response	 rates	 of	 40%	 to	 90%.277,288–292
Alkylators	such	as	chlorambucil	remain	an	option	especially	for	elderly	patients.	Combination	regimens	such	as
R-CHOP	can	also	be	considered	in	refractory	patients.279	ASCT	is	a	reasonable	salvage	option	in	selected	patients
who	have	good	performance	status	and	whose	disease	 is	chemotherapy	sensitive	at	 the	 time	of	 transplant.293	A
small	subset	of	chemotherapy-resistant	patients	may	respond	to	splenectomy.294

Patients	with	refractory	anemia	or	anemia	during	chemotherapy	will	benefit	from	erythropoietin	and/or	and	red
cell	 transfusions.	 Plasmapheresis	 is	 indicated	 on	 an	 emergent	 basis	 for	 the	 treatment	 of	 hyperviscosity
syndrome.294	 Plasmapheresis	may	need	 to	 be	 continued	on	 an	 intermittent	 basis	 until	 a	 therapeutic	 response	 is
achieved	with	one	of	the	treatment	options	discussed	earlier.

SYSTEMIC	AL	(IMMUNOGLOBULIN	LIGHT	CHAIN)	AMYLOIDOSIS
Amyloid	is	a	fibrillar	proteinaceous	material	that	can	be	deposited	in	various	tissues	and	detected	with	Congo	red
staining	based	on	a	characteristic	apple-green	birefringence	under	polarized	light	(Fig.	107.11).295	 It	 consists	of
rigid,	linear,	nonbranching	fibrils,	7.5	to	10	nm	in	width,	aggregated	in	a	β-pleated	sheet	conformation.	There	are
several	distinct	types	of	amyloidosis	classified	based	on	the	protein	composition	of	the	amyloid	material	(Table
107.17).	AL	amyloidosis	refers	to	the	type	of	amyloidosis	derived	from	the	variable	portion	of	a	monoclonal	light
chain	 or,	 in	 rare	 instances,	 intact	 monoclonal	 light	 chain,	 and	 occurs	 as	 a	 result	 of	 a	 clonal	 plasma	 cell
proliferative	 disorder.	 AL	 amyloidosis	 may	 be	 localized	 (a	 benign	 disorder)	 or	 systemic.	 Systemic	 AL
amyloidosis	has	been	commonly	referred	to	as	primary	systemic	amyloidosis	or,	simply,	primary	amyloidosis.



Figure	107.11	Immunoglobulin	light	chain	amyloidosis	involving	the	kidney.	A:	Light
microscopy	showing	silver-negative	mesangial	nodules.	B:	Congo	red–positive	staining	in

glomeruli	and	along	vessel	walls.	C:	Immunofluorescence	microscopy	showing	bright	staining	for
#x03BA;	light	chains	(inset	shows	negative	#x03BA;	light	chain	stain).	D:	Electron	microscopy

showing	amyloid	fibrils	with	spicule	formation.

TABLE	107.17
Classification	of	Amyloidosis

Type	of	Amyloidosis Major	Protein	Component
AL	amyloidosis
(previously	referred	to	as	primary	amyloidosis) #x03BA;	or	#x03BB;	Immunoglobulin	light	chain

AA	amyloidosis
(previously	referred	to	as	secondary	amyloidosis) Serum	amyloid	protein	A

ATTR	amyloidosis
■	Mutant	ATTR
■	Familial

■	Normal	ATTR
■	Senile	amyloidosis

	
Transthyretin	(TTR;	prealbumin)—Mutant	form
Transthyretin	(TTR;	prealbumin)—Normal,	wild-type	form

Other
■	Familial	Mediterranean	fever
■	Fibrinogen	α-chain
■	Lysozyme
■	Apolipoprotein	A-I

	
■	Protein	A
■	Fibrinogen	α-chain
■	Lysozyme
■	Apolipoprotein	A-I

AL,	immunoglobulin	light	chain;	AA,	amyloid	A.

DIAGNOSIS
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The	diagnosis	of	systemic	AL	amyloidosis	requires	documentation	of	positive	amyloid	staining	on	a	tissue	biopsy
as	well	as	supporting	evidence	that	the	amyloid	is	derived	from	immunoglobulin	light	chains	(see	Table	107.1).	It
should	 be	 suspected	 when	 patients	 with	 the	 appropriate	 clinical	 syndrome	 (e.g.,	 nephrotic	 syndrome,	 axonal
neuropathy,	restrictive	cardiomyopathy)	display	evidence	of	a	plasma	cell	proliferative	disorder	such	as	a	serum
or	urine	monoclonal	protein.	Systemic	AL	amyloidosis	should	be	differentiated	from	localized	amyloidosis,	which
can	be	derived	from	immunoglobulin	light	chains	in	many	patients	(localized	AL	amyloidosis).296

The	 clinical	manifestations	 vary	 greatly	 and	 depend	 on	 the	 dominant	 organ	 involved.	Nephrotic	 syndrome,
restrictive	 cardiomyopathy,	 and	 peripheral/autonomic	 neuropathy	 are	 common	 presenting	 syndromes.	 Patients
may	also	have	associated	macroglossia,	carpal	tunnel	syndrome,	and	purpura	involving	the	neck,	face,	and	eyes.
IFE	reveals	an	M	protein	in	the	serum	or	urine	in	almost	90%	of	patients	at	diagnosis.	The	FLC	ratio	is	abnormal
in	most	of	 the	patients	with	a	negative	 IFE.	Systemic	AL	amyloidosis	and	symptomatic	multiple	myeloma	can
coexist	in	the	same	patient,	but	usually	one	of	the	two	disorders	dominates	the	clinical	picture.

PROGNOSIS
Survival	 varies	 greatly	 depending	 on	 the	 dominant	 organ	 involved	 (with	 cardiac	 amyloid	 having	 the	 worst
outcome)	and	the	number	of	major	organs	that	are	affected.296,297	Patients	not	eligible	for	stem	cell	transplantation
have	 an	 estimated	 median	 survival	 of	 18	 months,	 compared	 to	 over	 40	 months	 for	 those	 eligible	 for
transplantation.297	Elevated	 levels	of	cardiac	 troponin	T	 levels	carry	an	adverse	prognosis.	Median	 survival	 for
patients	 with	 detectable	 cardiac	 troponin	 T	 (#x2265;0.01	 #x03BC;g/L)	 is	 significantly	 shorter	 than	 those	 with
undetectable	levels	(6	versus	22	months,	respectively).298	Elevated	serum	cardiac	troponin	T	and	N-terminal	pro-
brain	natriuretic	peptide	are	also	valuable	prognostic	markers.298,299	Risk	stratification	models	referred	to	as	 the
Mayo	Stage	and	the	Revised	Mayo	Stage	are	given	in	Table	107.18.300–302	Early	mortality	can	be	predicted	using
a	model	that	includes	uric	acid	in	addition	to	cardiac	troponin	and	N-terminal	pro-brain	natriuretic	peptide.303

TREATMENT
Initial	 approach	 to	 therapy	 depends	 on	 eligibility	 for	 stem	 cell	 transplantation	 (Fig.	 107.12).304	 Patients	 are
considered	 eligible	 for	 ASCT	 if	 they	 meet	 all	 of	 the	 following	 criteria:	 physiologic	 age	 #x2264;70	 years,
performance	 status	 #x2264;2,	 cardiac	 troponin	T	 #x003C;0.06	 ng/mL,	 creatinine	 clearance	 #x2265;30	mL/min
unless	on	chronic	stable	dialysis,	New	York	Heart	Association	class	I	or	II,	and	no	more	than	two	organs	(liver,
heart,	 kidney,	 or	 autonomic	 nerve)	 significantly	 involved	 with	 amyloidosis.	 Prolonged	 and	 impressive	 organ
remissions	 can	 be	 achieved	 with	 ASCT	 in	 approximately	 50%	 of	 patients	 treated	 with	 such	 therapy.305–307	 A
French	 randomized	 trial	 found	 no	 OS	 benefit	 with	 ASCT	 compared	 with	 melphalan	 plus	 high-dose
dexamethasone.308	This	trial	randomized	100	patients;	median	actuarial	survival	was	57	months	with	melphalan
plus	 high-dose	 dexamethasone	 and	 22.2	months	with	ASCT	 (P	 =	 .04).	 However,	 interpretation	 of	 this	 trial	 is
confounded	by	high	treatment-related	mortality	observed	in	the	transplant	arm.	We	continue	to	recommend	ASCT
in	eligible	patients.	Induction	therapy	with	VCD	prior	to	ASCT	is	given	for	patients	who	have	10%	or	more	clonal
BMPCs	 at	 diagnosis.309	 Excessive	 fluid	 accumulation	 during	 stem	 cell	mobilization	 (#x003E;2%	weight	 gain)
predicts	 for	 a	 higher	mortality	 rate	with	 stem	 cell	 transplantation.310	 The	 typical	 conditioning	 regimen	 used	 is
high-dose	intravenous	melphalan	(100	to	200	mg/m2)	with	the	exact	dose	level	based	on	age,	presence	or	absence
of	cardiac	involvement,	number	of	organs	involved,	and	creatinine	clearance.311

Patients	not	eligible	for	stem	cell	transplantation	are	treated	with	VCd.295	VCd	is	well	tolerated	and	active	in
the	 treatment	 of	 AL	 amyloidosis.304,312,313	 It	 is	 administered	 in	 the	 same	 schedule	 as	 that	 used	 in	 multiple
myeloma	 (see	 Table	 107.6).	 An	 alternative	 is	 bortezomib,	 melphalan,	 and	 dexamethasone.314	 Highly	 selected
patients	with	end-stage	amyloid	 renal	disease	and	end-stage	amyloid	cardiomyopathy	have	been	considered	 for
sequential	 kidney–stem	 cell	 transplantation	 and	 sequential	 cardiac–stem	 cell	 transplantation,	 respectively.315,316
Combinations	of	immunomodulatory	agents	such	as	Rd	have	been	studied	in	AL,	but	in	general,	they	should	be
reserved	 for	 patients	 with	 relapsed	 disease	 and	 limited	 options	 due	 to	 greater	 toxicity.	 Regimens	 using
immunomodulatory	agents	are	less	well	tolerated	in	amyloidosis	compared	to	multiple	myeloma.317	Patients	with
AL	amyloidosis	require	significant	supportive	care	based	on	the	nature	of	organ	involvement	such	as	treatment	of
nephrotic	syndrome,	malabsorption,	neuropathy,	and	heart	failure.



TABLE	107.18
Staging	Systems	for	AL	Amyloidosis

Prognostic
Model Risk	Groups

Median	Survival	in	Patients	Not
Undergoing	Stem	Cell
Transplantation	(mo)

Median	Survival	in	Patients
Undergoing	Stem	Cell
Transplantation	(mo)

Mayo
Stage301

Stage	I
Cardiac	troponin	#x003C;0.035
#x03BC;g/L
NT-proBNP	#x003C;332	ng/L 26 Not	reached	at	40	mo

Stage	II
Any	1	factor	high 11 Not	reached	at	40	mo

Stage	III
Cardiac	troponin	#x2265;0.035
#x03BC;g/L
NT-proBNP	#x2265;332	ng/L 4 8

Revised
Mayo
Stage302

Stage	I
NT-proBNP	#x003C;1,800	ng/L
Cardiac	troponin	T	#x003C;0.025
#x03BC;g/L
Difference	between	involved	and
uninvolved	serum	free	light	chains
#x003C;18	mg/dL 55 Not	reached

Stage	II
Any	1	factor	high 19 97

Stage	III
Any	2	factors	high 12 58

Stage	IV
NT-proBNP	#x2265;1,800	ng/L
Cardiac	troponin	T	#x2265;0.025
#x03BC;g/L
Difference	between	involved	and
uninvolved	serum	free	light	chains
#x2265;18	mg/dL 5 22

AL,	immunoglobulin	light	chain;	NT-proBNP,	N-terminal	pro-brain	natriuretic	peptide.
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Figure	107.12	Approach	to	the	treatment	of	immunoglobulin	light	chain	(AL)	amyloidosis.
BMPC,	bone	marrow	plasma	cells;	CRAB,	hypercalcemia,	renal	failure,	anemia,	bone	lesions

attributable	to	the	plasma	cell	disorder;	VCd,	bortezomib,	cyclophosphamide,	and	dexamethasone;
ASCT,	autologous	stem	cell	transplantation;	VGPR,	very	good	partial	response.

SOLITARY	PLASMACYTOMA
Solitary	 plasmacytomas	 are	 early-stage	 plasma	 cell	 tumors	 that	 are	 in	 an	 intervening	 stage	 between	SMM	and
multiple	myeloma.	They	may	be	confined	to	bone	(solitary	bone	plasmacytoma)	or	occur	in	extramedullary	sites
(extramedullary	plasmacytoma).	Extramedullary	plasmacytoma	 is	 localized	 to	 the	upper	 respiratory	 tract	 (nasal
cavity	and	sinuses,	nasopharynx,	and	larynx)	in	over	80%	of	cases	but	can	also	occur	in	the	gastrointestinal	tract,
central	 nervous	 system,	 urinary	 bladder,	 thyroid,	 breast,	 testes,	 parotid	 gland,	 or	 lymph	 nodes.	 Patients	 with
solitary	plasmacytoma	are	at	risk	for	progression	to	multiple	myeloma.

DIAGNOSIS	AND	PROGNOSIS
Diagnostic	criteria	are	listed	on	Table	107.1.	An	MRI	of	the	spine	and	pelvis	and/or	PET-CT	should	be	performed
in	addition	to	a	skeletal	survey	because	approximately	one-third	of	patients	may	have	additional	occult	lesions	that
will	be	missed	in	the	absence	of	these	studies.318	Recent	studies	show	that	accurate	diagnosis	plays	a	major	role	in
ascertaining	prognosis.319	 The	 diagnosis	 of	 solitary	 plasmacytoma	 requires	 evidence	 of	 a	 normal	 bone	marrow
with	no	clonal	plasma	cells	on	multiparametric	flow	cytometry.	Patients	with	an	apparent	solitary	plasmacytoma
who	have	limited	(#x003C;10%)	clonal	marrow	involvement	are	considered	to	have	solitary	plasmacytoma	with
minimal	marrow	involvement	(see	Table	107.1).	The	risk	of	recurrence	or	progression	to	multiple	myeloma	within
3	years	is	approximately	10%	in	patients	with	solitary	plasmacytoma	versus	20%	to	60%	in	patients	with	solitary
plasmacytoma	 and	 minimal	 marrow	 involvement.	 Prognosis	 is	 generally	 better	 in	 patients	 with	 solitary
extramedullary	plasmacytoma,	compared	with	solitary	bony	plasmacytoma.

Persistence	 of	 an	M	 protein	 1	 year	 or	 more	 after	 radiation	 therapy	 has	 been	 associated	 with	 an	 increased
probability	of	progression	to	multiple	myeloma	in	patients	with	solitary	bone	plasmacytoma.320	An	abnormal	FLC
ratio	 at	 baseline	 or	 persistent	 abnormal	 FLC	 ratio	 after	 radiation	 is	 predictive	 for	 an	 increased	 risk	 of



progression.321

TREATMENT
Treatment	 consists	 of	 radiation	 in	 the	 range	 of	 40	 to	 50	 Gy	 to	 the	 involved	 site.	 Patients	 with	 solitary
plasmacytoma	plus	minimal	marrow	involvement	are	also	treated	with	radiation	therapy	to	the	involved	site	and
then	 observed	 until	 disease.	 There	 is	 no	 proven	 benefit	 of	 adjuvant	 chemotherapy.	 Progression	 to	 multiple
myeloma,	when	it	occurs,	usually	appears	within	3	years,	but	patients	must	be	followed	indefinitely.

POEMS	SYNDROME
POEMS	 syndrome	 (polyneuropathy,	 organomegaly,	 endocrinopathy,	 monoclonal	 plasma	 cell	 disorder,	 skin
changes)	is	defined	by	the	criteria	listed	in	Table	107.1.322	It	is	a	rare,	atypical,	plasma	cell	proliferative	disorder.
Almost	 all	 patients	 have	 either	 osteosclerotic	 lesions	 or	 Castleman	 disease.	 The	 major	 clinical	 features	 are	 a
predominantly	motor	chronic	inflammatory	demyelinating	polyneuropathy,	sclerotic	bone	lesions,	and	a	varying
number	 of	 associated	 abnormalities	 such	 as	 hepatomegaly,	 hyperpigmentation,	 hypertrichosis,	 gynecomastia,
testicular	 atrophy,	 clubbing,	 polycythemia,	 thrombocytosis,	 and	 Castleman	 disease.	 The	 pathogenesis	 of	 the
syndrome	 is	 not	 clear	 but	 appears	 to	 be	 at	 least	 in	 part	 cytokine	 mediated,	 and	 elevated	 vascular	 endothelial
growth	factor	levels	are	commonly	found.	POEMS	syndrome	may	have	an	indolent	or	a	fulminant	course.	In	one
study	of	99	patients,	median	survival	was	14	years.7	If	the	lesions	are	in	a	limited	area,	radiation	therapy	(40	to	50
Gy)	 produces	 substantial	 improvement	 of	 clinical	 symptoms	 and	 signs	 in	 more	 than	 50%	 of	 patients.322	 For
patients	 with	 widespread	 osteosclerotic	 lesions,	 treatment	 is	 similar	 to	 multiple	 myeloma	 and	 depends	 on
eligibility	 for	 stem	 cell	 transplantation.	 In	 eligible	 patients,	 ASCT	 has	 provided	 significant	 responses.323
Supportive	care,	including	aggressive	physical	and	occupational	therapy,	is	an	important	component	of	care.
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108 Cancer	of	Unknown	Primary
Sarah	Yentz,	Manali	Bhave,	Erin	Cobain,	and	Laurence	Baker

INTRODUCTION
Cancer	of	unknown	primary	(CUP)	is	defined	as	a	biopsy-proven	malignancy	without	an	identified	primary	site	of
origin	despite	a	comprehensive	evaluation.	CUP	represents	a	heterogeneous	group	of	malignancies	with	diverse
biology	often	leading	to	significant	clinical	symptoms,	early	metastatic	disease,	and	mortality.	Although	the	exact
incidence	is	unknown	due	in	part	to	varying	definitions	of	CUP,	CUP	tumors	account	for	approximately	2%	of	all
cancers.	The	American	Cancer	Society	estimates	33,770	cases	of	unknown	primary	were	diagnosed	in	2017.	This
number	 is	 expected	 to	 decrease	 as	 our	 diagnostic	 capabilities	 improve	 and	 primary	 sites	 of	 malignancy	 are
identified,	although	CUP	continues	to	provide	clinical	challenges	in	making	a	diagnosis	and	selecting	therapies.

Patients	with	CUP	often	present	with	metastatic	carcinoma	with	a	variety	of	histologic	tumor	types	and	clinical
presentations.	Although	these	patients	often	carry	a	poor	prognosis	with	an	overall	survival	(OS)	historically	of	<1
year,	 there	have	been	major	advances	in	the	identification	of	a	primary	site	of	disease	allowing	for	site-specific
therapy	and/or	targeting	of	oncogenic	drivers	that	have	changed	the	diagnostic	and	treatment	paradigms	in	CUP.

This	chapter	reviews	the	pathologic	evaluation,	clinical	features,	and	treatment	of	patients	with	CUP	as	well	as
the	evolving	use	of	genomic/molecular	profiling	and	targeted	agents	in	CUP.

PATHOLOGY	EVALUATION
The	 initial	 pathology	 evaluation	 of	 a	 patient	 with	 unknown	 primary	 relies	 on	 standard	 histologic	 examination
combined	with	immunohistochemistry	(IHC)	staining.	Standard	hematoxylin	and	eosin	stains	in	conjunction	with
IHC	are	used	to	subtype	the	cancer	into	one	of	the	major	histologic	diagnostic	categories:	carcinoma,	lymphoma,
melanoma,	or	sarcoma.	The	majority	of	CUPs	fall	into	the	category	of	carcinoma	of	unknown	primary.

Carcinoma	 of	 unknown	 primary	 can	 be	 further	 subdivided	 into	 (1)	 adenocarcinoma	 of	 unknown	 primary
(70%),	 (2)	 poorly	 differentiated	 carcinoma	 (20%	 to	 25%),	 (3)	 squamous	 cell	 carcinoma	 of	 unknown	 primary
(5%),	and	(4)	neuroendocrine	tumor	of	unknown	primary	(1%	to	3%).	Initial	classification	into	one	of	these	large
groups	is	important	for	guiding	clinical	workup,	as	described	in	the	following	text.

Histopathologic	subtyping	typically	starts	with	stains	such	as	pancytokeratin	(carcinoma),	CD45	(lymphoma),
S100	(melanoma),	and	chromogranin	and	synaptophysin	(neuroendocrine	tumor)	to	identify	the	general	class	of
tumor.	More	specific	IHC	staining	is	then	performed	to	identify	tumor	subtypes.	The	most	common	IHC	markers
used	 in	 identification	 of	 carcinomas	 are	 the	 keratins,	 a	 family	 of	 intermediate	 filament	 proteins	 expressed	 in
epithelial	 cells.1	 Although	 keratins	 are	 typically	 associated	 with	 carcinomas,	 some	 tumor	 types	 such	 as
mesothelioma2	and	some	sarcomas3	also	express	keratins.	For	adenocarcinomas,	CK7	and	CK20	are	the	keratins
most	commonly	used	to	predict	a	primary	site.	Typical	CK7/20	expression	patterns	for	tissue	of	origin	are	listed	in
Table	108.1,	but	many	adenocarcinomas	of	unknown	primary	are	CK7+/CK20−,	which	by	itself	is	not	particularly
helpful	 in	 confirming	 a	 primary	 site.	 Squamous	 cell	 carcinomas	 are	 characterized	 by	 high-molecular-weight
keratin	(e.g.,	CK5/6)	and	p63	expression.

Pathologists	often	use	additional	specialized	stains	in	order	to	identify	a	possible	primary,	as	described	in	Table
108.2.1

Although	these	advanced	stains	can	be	helpful	in	identifying	a	primary	site,	almost	all	lose	sensitivity	as	tumors
become	more	 poorly	 differentiated,	which	 is	 often	 the	 case	 in	CUP.	Hence,	 one	must	 use	 caution	when	 using
negative	staining	as	evidence	against	a	site	of	origin.

The	 limitations	 of	 IHC	 testing	 include	 factors	 affecting	 tissue	 antigenicity,	 interobserver	 and	 intraobserver
variability	 in	 interpretation,	 tissue	 heterogenetic,	 and	 inadequate	 biopsy	 samples.	 Exhaustive	 IHC	 studies	 (in
excess	 of	 10	 to	 12	 stains)	 have	 not	 been	 shown	 to	 increase	 the	 diagnostic	 accuracy	 in	 identifying	 the	 putative
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primary	sites.4
Although	 suggestive,	 IHC	 staining	 should	 not	 be	 used	 as	 an	 isolated	 diagnosis	 tool	 and	 the	 entire	 clinical

picture	should	be	taken	into	consideration.

Accuracy	of	Immunohistochemical	Staining
Although	IHC	is	a	helpful	tool,	unfortunately	its	diagnostic	accuracy	is	not	perfect.	For	example,	some	anaplastic
carcinomas	 can	 be	 keratin	 negative,	whereas	 some	 sarcomas	 express	 cytokeratins.	 In	 addition,	 dedifferentiated
melanomas	can	be	negative	for	melanoma-specific	markers,	including	S100.	Many	different	carcinomas	may	have
the	same	basic	IHC	staining;	hence,	IHC	does	not	always	allow	for	identification	of	one	tissue	of	origin.	A	meta-
analysis	of	the	ability	of	IHC	to	identify	site	of	origin	for	metastatic	samples	showed	that	IHC	led	to	the	correct
diagnosis	only	64%	to	67%	of	the	time.5

ADDITIONAL	PATHOLOGIC	DIAGNOSTIC	TESTS	IN	CANCERS	OF
UNKNOWN	PRIMARY
Gene	Expression–Based	Tissue	of	Origin	Testing/Molecular	Tumor	Profiling
Gene	 expression–based	 tissue	of	 origin	 tests,	 also	known	as	molecular	 tumor	profiling	 (MTP)	 tests,	 have	been
available	 for	commercial	use	 since	2010.	These	assays	were	designed	based	on	 the	 idea	 that	metastatic	 tumors
retain	the	gene	expression	profile	of	their	site	of	origin	even	when	they	have	lost	predictive	IHC	markers.

TABLE	108.1
CK	Expression	in	Adenocarcinomas

CK	Expression Possible	Primary	Sites
CK7+/CK20− Breast,	ovarian,	pulmonary,	endometrial,	thyroid

CK7+/CK20+ Upper	gastrointestinal	(adenocarcinoma)	pancreatic,	urothelial

CK7−/CK20+ Colorectal,	Merkel	cell

CK7−/CK20− Prostate,	hepatocellular,	adrenal,	cortical
CK,	cytokeratin.

Three	gene	expression–based	tissue	of	origin	tests/MTP	tests	are	currently	available.	Tissue	of	Origin	(Cancer
Genetics)	is	an	RNA	expression-based	test,	CancerTYPE	ID	(Biotheranostics)	is	a	92-gene	reverse	transcription–
polymerase	 chain	 reaction	 (RT-PCR)	 assay,	 and	 Cancer	 Origin	 (Rosetta	 Genomics)	 is	 a	 64-microRNA
expression-level	test.	When	these	tests	are	performed	on	tissues	of	known	origin,	the	accuracy	is	85%	to	89%.4,6,7
Although	each	test	has	been	individually	compared	to	IHC	testing,	the	three	tests	have	not	been	directly	compared
in	a	 formal	 study.	Several	 studies	have	evaluated	 the	accuracy	of	 these	 tests	 in	poorly	differentiated	 tumors	or
CUPs,	and	accuracy	has	ranged	from	79%	to	89%.5,8

Additional	work	has	 shown	 that	MTP	 testing	 can	provide	 a	diagnosis	when	none	 can	be	 found	by	 standard
IHC.	 In	 a	 study	 by	 Hainsworth	 and	 Greco,	 30	 of	 751	 (4%)	 of	 patients	 seen	 from	 2000	 to	 2012	 had	 poorly
differentiated	neoplasms	without	a	definitive	lineage	diagnosed	by	IHC	stains	(median	18	stains,	range	9	to	46).
CancerTYPE	ID	was	performed	on	archival	tissue	and	provided	a	lineage	diagnosis	in	83%	of	patients.	Included
in	 these	 lineage	diagnoses	were	 two	patients	with	germ	cell	 tumors,	 two	with	neuroendocrine	 tumors,	 and	one
with	lymphoma.	These	patients	then	went	on	to	receive	site-specific	therapies	with	good	results.9

Although	 the	 majority	 of	 studies	 evaluating	 molecular	 tumor	 profiling	 tests	 have	 assessed	 accuracy	 and
comparison	to	IHC	testing,	CancerTYPE	ID	was	evaluated	in	a	phase	II	trial	to	determine	the	clinical	benefit	of
the	test.	 In	 this	 trial	conducted	between	October	2008	and	December	2011,	289	patients	were	enrolled	and	had
biopsy	tissue	sent	for	analysis	by	the	CancerTYPE	ID	assay.	Patients	who	had	assay	results	reported	were	 then
treated	with	site-specific	therapy	based	on	the	result.	The	median	OS	in	this	trial	was	12.5	months.	This	compared
favorably	with	the	median	OS	of	9	months	in	historical	controls.	When	separated	out	by	more	and	less	responsive
tumor	 types,	 patients	 with	 more	 responsive	 tumor	 types	 (colorectal,	 non–small-cell	 lung	 cancer	 [NSCLC],
urothelium,	breast,	ovary,	kidney,	prostate,	germ	cell,	lymphoma,	small-cell	lung	cancer	[SCLC],	neuroendocrine)



had	a	median	OS	of	13.4	months	as	compared	with	a	median	OS	of	7.6	months	in	patients	with	less	responsive
tumor	 types	 (biliary	 tract,	 pancreas,	 gastroesophageal,	 liver,	 sarcoma,	 cervix,	 carcinoid,	 endometrium,
mesothelioma,	melanoma,	skin,	thyroid,	head	and	neck,	and	adrenal).10	Although	this	trial	is	encouraging,	the	lack
of	randomization	and	the	comparison	to	historical	controls	limit	interpretation	of	the	reported	results.

TABLE	108.2
Additional	IHC	Diagnostic	Markers

Marker Associated	Tumors	(%	that	Stain	Positive) Additional	Considerations	(%	that	Stain	Positive)
PAX8 RCC	(85–95)

Thyroid	(90–100)
Ovarian,	endometrial,	cervical	(90–100)

	

TTF1 Lung	adenocarcinoma	(70–90)
Thyroid	(80–100)

Lung	squamous	carcinoma	(<10)
Cholangiocarcinoma	(5–25)
Endometrial	carcinoma
Often	positive	in	poorly	differentiated	neuroendocrine
tumors

Napsin Lung	adenocarcinoma	(60–80)
Ovarian	clear	cell	carcinoma	(80–100)
Papillary	RCC	(70–90)

Rarely	positive	in	thyroid	carcinoma

GATA3 Urothelial	carcinomas	(85)
Breast	carcinoma	(90–100)

Mesotheliomas	(58)
Chromophobe	RCC	(51)
Salivary	duct	carcinoma	(43)
Pancreatic	adenocarcinoma	(37)

CDX2 Colon	adenocarcinoma	(>90)a Gastroesophageal	(40–60)
Pancreaticobiliary	adenoma	(30–50)
Ovarian	(40–60)
Rarely	positive	in	breast

p63	and	CK5/
CK6

Squamous	cell	carcinoma No	immunohistochemical	markers	are	specific	for	a
single	anatomic	location	in	the	evaluation	of	metastatic
squamous	cell	carcinoma.

Thyroglobulin Well-differentiated	thyroid	carcinoma	(90–100)
Poorly	differentiated/anaplastic	thyroid	carcinoma
(<20)

Occasionally	positive	in	papillary	carcinoma	of	the
ovary

Arginase-1 HCC	(80)b 	

HepPar-1 Well-differentiated	HCC	(80)
Poorly	differentiated	HCC	(15)

	

PSA Prostate	adenocarcinoma	(>90)c Rare	positivity	in	breast/salivary

NKX3.1 Prostatic	adenocarcinoma 	

Inhibin ACC	(>90) Helps	to	determine	primary	ACC	from	RCC	metastatic
to	the	adrenal

ER/PR Hormone	receptor–positive	primary	breast	tumors
retain	expression	in	metastatic	foci	in	over	90%	of
cases.
Endometrioid	carcinomas
Ovarian	serous	carcinomas	(75)
Uterine	leiomyosarcoma	(25–60)

	

aSensitivity	decreases	in	high-grade	tumors.
bSensitivity	decreases	to	50%	in	poorly	differentiated	hepatocellular	carcinoma	(HCC).
cExtent	of	staining	can	be	limited	in	metastases.
PAX,	 paired	 box	 gene	 8;	RCC,	 renal	 cell	 carcinoma;	 TTF1,	 thyroid	 transcription	 factor	 1;	GATA3,	GATA	binding	 protein	 3;	CK,
cytokeratin;	PSA,	prostate-specific	antigen;	ACC,	adrenal	cortical	carcinoma;	ER,	estrogen	receptor;	PR,	progesterone	receptor.

Summary
MTP/gene	expression–based	tissue	of	origin	testing	can	predict	the	tissue	of	origin	in	a	majority	of	patients	with
CUP.	MTP	has	shown	similar	accuracy	as	compared	 to	IHC	and	can	provide	additional	 information	when	IHC
fails	to	provide	a	diagnosis.	Furthermore,	MTP	can	allow	for	further	investigation	into	specific	sites	both	from	a
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diagnostic	perspective	(such	as	the	addition	of	targeted	sequencing	for	epidermal	growth	factor	receptor	[EGFR],
anaplastic	 lymphoma	 kinase	 [ALK],	 ROS1	 in	NSCLC)	 and	 treatment	 perspective	 (with	 regard	 to	 site-specific
therapies).

USE	OF	NEXT-GENERATION	SEQUENCING
Although	the	management	of	patients	with	CUP	has	historically	relied	on	identifying	a	likely	primary	histology,
advances	in	molecular	and	genomic	profiling	have	allowed	for	a	more	personalized	treatment	approach	with	the
use	 of	 potentially	 targeted	 therapeutics.	 Next-generation	 sequencing	 (NGS)	 is	 now	 a	 part	 of	 the	 standard
management	for	patients	of	many	different	cancer	types	where	clinically	actionable	mutations	are	identified	and
targeted;	however,	 the	role	of	NGS	in	CUPs	is	 less	defined.	There	have	been	several	studies	published	recently
that	 have	 provided	 some	 insight	 on	 the	 utility	 of	 genomic	 profiling	 in	 patients	 with	 advanced	 carcinomas	 of
unknown	primary.

A	 large	 cohort	 of	 patients	 with	 CUP	 were	 evaluated	 at	Memorial	 Sloan	 Kettering	 Cancer	 Center	 between
January	 2014	 and	 June	 2016,	 including	 demographic	 and	 clinical	 information,	 along	 with	 pathology	 and
molecular/genomic	profiling	with	NGS.11	Of	the	333	CUP	patients	evaluated,	150	patients	(45%)	underwent	NGS
using	MSK-IMPACT,	 a	 deep-coverage	 hybridization	 capture-based	 assay	 encompassing	 34	 (later	 expanded	 to
410)	 cancer-associated	 genes.	 The	 most	 frequent	 histology	 was	 adenocarcinoma,	 followed	 by	 carcinoma	 not
otherwise	 specified	 and	 squamous	cell	 carcinoma.	A	 total	 of	137	patients	 (91%)	were	 found	 to	have	at	 least	 1
alteration	with	 a	 known	 or	 likely	 oncogenic	 function	with	 an	 average	 of	 3.1	 oncogenic	 alterations.	 Potentially
clinically	 actionable	 mutations	 were	 found	 in	 the	 tumors	 of	 45	 patients	 (34%)	 with	 a	 total	 of	 54	 potentially
actionable	mutations.	Of	these	patients,	only	15	patients	received	targeted	therapy	with	time-to-treatment	failure
ranging	 from	1	 to	14	months.	Although	historical	data	 suggests	 an	OS	 range	of	3	 to	8	months,	patients	 in	 this
analysis	were	found	to	have	an	OS	of	13	months.	It	is	unclear	whether	the	prolonged	OS	in	this	cohort	is	reflective
of	improved	treatment	approaches	with	the	use	of	targeted	agents	as	only	a	minority	of	patients	with	actionable
alterations	 received	 targeted	 therapy	 or	 whether	 the	 improved	 OS	 was	 more	 reflective	 of	 improvements	 in
diagnostic	testing	and	cancer-related	therapy	as	a	whole	(supportive	care,	surgical	techniques,	dose	modifications
in	systemic	therapy	to	minimize	toxicity,	etc.).	Several	factors	contributed	to	the	low	percentage	of	patients	who
received	 targeted	 therapy	 including	 limited	 investigational	 therapies	 available,	 poor	 performance	 status	 (PS),
and/or	rapid	clinical	decline.	As	we	obtain	more	information	regarding	the	presence	of	key	molecular	alterations
in	 patients	 with	 CUP	 and	 increased	 opportunities	 for	 targeted	 therapies,	 we	 may	 be	 able	 to	 better	 define
mutational	signatures	amenable	to	these	novel	treatment	approaches	and	improve	outcomes.

Subbiah	et	al.12	also	conducted	an	exploratory	analysis	of	NGS	in	patients	with	relapsed/refractory	carcinomas
of	unknown	primary.	A	total	of	17	patients	with	advanced	CUP	were	identified	and	archival	tissue	was	utilized	for
molecular	 profiling.	 The	 predominant	 histology	 was	 carcinoma	 (poorly	 differentiated	 or	 undifferentiated),
followed	 by	 adenocarcinoma	 and	 squamous	 cell	 carcinoma.	 Patients	 were	 heavily	 pretreated	 with	 a	 median
number	of	3	prior	systemic	therapies	prior	to	enrollment	in	the	study.	A	total	of	15	patients	(88%)	had	one	or	more
molecular	aberrations	identified	with	a	median	of	two	mutations	and	a	range	of	zero	to	eight	mutations.	The	most
common	 aberrations	 led	 to	 impaired	 cell	 cycle	 arrest,	 followed	 by	 impaired	 epigenetic	 regulation	 and	 DNA
methylation,	and	lastly	alterations	in	tumor	suppressor	genes.	A	total	of	11	patients	(65%)	were	enrolled	in	phase	I
clinical	 trials	 with	 7	 patients	 (41%)	 matched	 to	 therapy	 based	 on	 their	 mutational	 profiles.	 Of	 the	 7	 patients
matched	to	therapy	based	on	their	genomic	profiles,	3	patients	had	stable	disease	for	at	 least	4	months,	and	the
other	patients	experienced	progressive	disease.	Although	this	was	a	small	study,	it	highlights	the	unique	genomic
profiles	of	advanced	carcinomas	of	unknown	primary	and	the	role	for	NGS	to	identify	oncogenic	drivers	that	may
be	amenable	to	targeted	therapies.

The	University	 of	Michigan	Oncology	Sequencing	Program	 (Mi-OncoSeq)	 has	 also	 reported	on	 the	 clinical
impact	of	NGS	testing	in	patients	with	CUP.13	As	a	part	of	the	Mi-OncoSeq	study,	patients	with	refractory	solid
tumor	malignancies	 undergo	 a	 fresh	 biopsy	 of	 a	metastatic	 lesion	 for	 comprehensive	NGS	 analysis,	 including
tumor	and	normal	whole-exome,	whole-genome,	and	transcriptome	analysis.	Because	a	matched	normal	sample	is
obtained,	pathogenic	germline	variants	(PGVs)	conferring	increased	cancer	risk	were	also	identified	and	reported.
Between	2012	and	2016,	32	patients	with	CUP	participated	in	the	Mi-OncoSeq	study.	Among	those,	28	patients
(87.5%)	had	at	least	one	clinically	actionable	molecular	alteration	identified.	Clinically	actionable	alterations	were
defined	 as	 molecular	 features	 that	 confirmed	 the	 tissue	 of	 origin	 and	 identified	 a	 PGV	 or	 an	 alteration	 that
provided	 rationale	 for	 enrollment	 in	a	clinical	 trial.	The	average	number	of	 clinically	actionable	alterations	per



patient	was	1.8,	with	a	 range	of	0	 to	5.	Among	 those	patients	with	clinically	actionable	molecular	 findings,	12
(43%)	had	their	subsequent	treatment	changed	as	a	result	of	sequencing	information.	The	percentage	of	patients
who	had	subsequent	management	 informed	by	NGS	results	was	substantially	higher	among	CUP	patients	when
compared	to	the	entire	Mi-OncoSeq	cohort	where	changes	in	management	occurred	in	19%	of	patients.	In	13	CUP
patients	 (41%)	who	participated	 in	Mi-OncoSeq,	 tissue	of	origin	could	be	determined	by	NGS.	 Interestingly,	5
individuals	 (16%)	had	a	PGV	identified.	Two	patients	were	found	 to	harbor	PGVs	in	BRCA1,	1	patient	with	a
PGV	in	BRCA2,	another	with	a	PGV	in	MUTYH,	and	1	patient	with	PGV	in	MSH2.	Several	of	these	patients	did
not	 have	malignancies	 typically	 associated	with	 these	 cancer	 predisposition	 syndromes.	For	 example,	 1	 patient
with	a	BRCA1	PGV	(and	concurrent	 somatic	 loss	of	BRCA1	 in	 the	 tumor)	was	determined	 to	have	metastatic
cervical	cancer.	Finally,	the	Mi-OncoSeq	study	reported	that	2	CUP	patients	whose	subsequent	management	was
informed	by	NGS	had	exceptional	responses	to	therapy.	The	first	was	a	patient	CUP	determined	by	NGS	to	have
metastatic	cholangiocarcinoma.	NGS	revealed	an	FGFR2-CCDC6	gene	fusion,	and	the	patient	had	a	remarkable
response	to	an	FGFR	inhibitor	on	a	phase	I	clinical	trial,	remaining	on	treatment	for	over	1	year.	Another	patient
who	was	found	to	harbor	a	PGV	in	MSH2	received	pembrolizumab	and	had	an	exceptional	response	to	treatment
lasting	over	1	year.

The	availability	of	NGS-based	matched	 therapy	 trials	 for	patients	with	carcinomas	of	unknown	primary	first
line	or	in	the	relapsed	setting	and	with	longer	follow-up	may	also	provide	some	insight	as	to	when	to	utilize	NGS
in	the	treatment	course	and	if	NGS	affords	survival	benefit.

Summary
Molecular/genomic	 profiling	 with	 NGS	 offers	 complex	 and	 in-depth	 analysis	 of	 CUP	 tumors,	 including
potentially	 the	 identification	of	driver	mutations	 amenable	 to	 targeted	 therapy.	Although	we	continue	 to	obtain
increasing	 information	 regarding	 key	 molecular	 and	 genetic	 alterations	 in	 CUP	 tumors,	 we	 recognize	 that	 a
minority	of	patients	harbor	actionable	alterations	at	this	time	and	only	some	receive	targeted	therapies.	However,
increasingly	more	targets	and	more	therapeutic	options	may	become	available.	The	use	of	targeted	therapies	may
provide	 stability	 or	 shrinkage	 of	 disease	 along	 with	 a	 survival	 benefit	 especially	 as	 additional	 resistance
mechanisms	are	identified	and	therapies	become	available.	Larger	scale	use	of	NGS	in	carcinomas	of	unknown
primary	 and	 an	 increased	 number	 of	 targeted	 therapeutic	 trials	 are	 necessary	 before	 the	 role	 of	 NGS	 in	 the
treatment	paradigm	of	CUP	 is	 fully	 appreciated.	 In	 the	 interim,	NGS	should	be	 strongly	considered	 in	patients
with	refractory	CUP.

CLINICAL	FEATURES	AND	EVALUATION
The	 clinical	 features	 for	 CUPs	 are	 often	 diverse	 depending	 on	 multiple	 factors	 including	 histology,	 sites	 of
disease,	 patterns	 of	metastases,	 rate	 of	 progression	 of	 disease,	 and	 age/functional	 status.	 The	 heterogeneity	 of
these	tumors	presents	both	diagnostic	and	therapeutic	challenges	despite	sophisticated	imaging,	IHC,	and	genomic
and	proteomic	 tools.	Most	 patients	present	with	 signs	or	 symptoms	due	 to	 advanced	disease	with	only	 a	 small
percentage	 of	 patients	 (approximately	 5%)	 eventually	 developing	 an	 obvious	 site	 of	 disease.	 Historically,	 we
learned	 that	autopsy	may	identify	up	 to	50%	to	60%	of	primary	 tumors	with	one	postmortem	study	 identifying
lung	 (27%),	 pancreas/biliary	 tree	 (32%),	 kidney	 or	 adrenal	 gland	 (8%),	 and	 colon	 (7%)	 as	 the	most	 common
primary	sites	of	disease.14	This	important	learning	tool	has	become	less	and	less	utilized.

Patients	with	CUP	often	present	with	signs	and	symptoms	similar	to	patients	with	metastatic	malignancies	of
known	primary	 origin.	 Symptoms	 commonly	 include	 general	 fatigue	 or	weakness,	 decline	 in	 functional	 status,
nausea,	 emesis,	 loss	 of	 appetite,	weight	 loss,	 pain,	 respiratory	 symptoms,	 ascites,	 or	 nodal	 enlargement,	which
prompt	 further	 investigation.	 The	 majority	 of	 patients	 often	 present	 with	 multiple	 sites	 of	 metastatic	 disease,
though	of	patients	who	present	with	a	dominant	or	single	site	of	metastasis,	the	most	common	reported	sites	were
liver	(25%),	lungs	(20%),	lymph	nodes	(15%),	pleural	space	(10%),	and	brain	(5%).15	However,	there	is	a	small
subset	of	patients	with	more	favorable	clinical	features	and	higher	response	to	locoregional	or	systemic	therapy.
The	constellation	of	symptoms,	histology,	and	sites	of	metastatic	spread	may	be	useful	in	guiding	evaluation	for	a
site	of	primary	disease,	though	often	oncologists	perform	an	extensive	and	broad	evaluation	that	is	expensive	and
may	 not	 benefit	 the	 patient.	 A	 directed	 evaluation	 based	 on	 clinical	 presentation	 and	 pathologic	 findings	 is
therefore	 preferred	 and	 is	 outlined	 in	 this	 section	 in	 order	 to	 achieve	 improved	 response	 rates	 to	 therapy	with
improved	OS.
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Clinical	Evaluation
The	evaluation	of	a	suspected	CUP	is	confirmation	of	metastatic	disease	histologically	and	identification	of	cell
lineage	 of	 the	 cancer	 as	 detailed	 in	 the	 “Pathology	 Evaluation”	 section.	 This	 allows	 for	 further	 selective
investigation	 based	 on	 pathology	 to	 help	 identify	 a	 primary	 site	 of	 disease	 or	 likely	 site	 of	 primary	 disease,
although	this	may	not	be	possible	if	pathology	is	consistent	with	an	undifferentiated	carcinoma.	Once	pathologic
evaluation	confirms	a	CUP,	a	complete	history	and	physical	examination,	including	breast,	genitourinary,	pelvic,
and	 rectal	 examinations,	 should	 be	 performed.	History	 should	 focus	 on	 symptoms,	 timeline	 of	 symptoms,	 past
biopsies	 or	 malignancies	 including	 previously	 removed	 lesions,	 spontaneously	 regressing	 lesions,	 and	 prior
imaging	or	diagnostic	workup.16	Laboratory	workup	 including	complete	blood	count,	 comprehensive	metabolic
panel	with	 electrolytes	 including	 calcium,	 liver	 function	 tests,	 and	 creatinine	 as	well	 as	 lactate	 dehydrogenase
(LDH;	in	select	cases)	should	be	obtained.	Prostate-	specific	antigen	(PSA)	should	be	obtained	in	men.	Hemoccult
may	 also	 be	 obtained	 if	 there	 is	 concern	 for	 gastrointestinal	 (GI)	 malignancy	 based	 on	 symptomatology	 and
pathology	or	if	no	obvious	primary	is	apparent.

Based	on	 the	 initial	evaluation,	 imaging	should	be	used	for	 further	 investigation	 including	mammography	in
women;	 computed	 tomography	 (CT)	 of	 the	 chest,	 abdomen,	 and	 pelvis	 (with	 intravenous	 [IV]	 contrast	 unless
contraindicated);	 and	 symptom-directed	 endoscopy.	 Contrast-enhanced	 CT	 of	 the	 chest,	 abdomen,	 and	 pelvis
remains	 the	standard	 imaging	modality	 in	 this	disease	 in	search	of	a	primary	 tumor,	staging	of	 the	disease,	and
possible	 sites	 amenable	 to	biopsy.	Additional	 regions	 such	 as	 head	 and	neck	CT	may	be	 added	 in	 select	 cases
where	pathology	or	sites	of	disease	including	cervical	or	supraclavicular	lymph	node	metastases	are	suspicious	for
a	head	and	neck	primary.	 If	mammography	 is	nondiagnostic	 in	a	 female	with	high	suspicion	 for	breast	cancer,
breast	magnetic	resonance	imaging	(MRI)	and/or	ultrasonography	should	be	pursued.	Testicular	ultrasound	should
be	reserved	for	patients	with	a	high	suspicion	for	a	germ-cell	tumor.

Fludeoxyglucose	positron	emission	tomography	(PET)	scan	may	be	a	useful	diagnostic	test	in	selected	patients
to	improve	detection	rates	of	a	primary	tumor	(24%	to	40%	with	PET/CT	versus	20%	to	27%	with	CT	or	MRI)
and	has	been	 increasingly	used	 in	 the	management	of	patients	with	CUP;	however,	 the	use	of	PET/CT	has	not
been	validated	 in	a	 large-scale	prospective	study,	and	its	cost-effectiveness	as	a	diagnostic	 tool	remains	unclear
especially	due	to	concern	for	false-positive	lesions.17–19	Fludeoxyglucose	PET/CT	is	best	reserved	for	select	cases
and	 is	 recommended	 in	patients	with	 squamous	cell	 carcinoma	with	malignant	cervical	 adenopathy	where	PET
scan	has	been	shown	to	identify	a	primary	site	of	head	and	neck	squamous	cell	tumor	in	approximately	50%	of
patients.	 PET	 may	 also	 be	 useful	 in	 patients	 with	 extracervical	 CUP	 with	 localized	 disease	 or	 single-site
metastases	where	locoregional	treatment	such	as	surgery	and/or	radiation	may	be	considered.18–21

Serum	 tumor	markers	 are	 nonspecific	 and	 are	 not	 useful	 in	 identifying	 a	 primary	 site	 of	 disease.	The	more
common	 tumor	markers	 tested,	 including	carcinoembryonic	antigen	 (CEA)	and	cancer	antigens	19-9,	15-3,	and
125	 are	 often	 elevated	 in	 patients	with	CUPs	 regardless	 of	 primary	 site	 of	 disease	 or	 extent	 of	 tumor	 burden.
These	markers	may,	however,	be	useful	 in	monitoring	response	 to	 therapy	if	elevated	at	baseline.	Serum	tumor
markers	should	therefore	be	used	selectively	if	there	is	clinical	concern	for	a	specific	tumor	type	associated	with	a
tumor	marker	(such	as	PSA	in	a	man	with	metastatic	adenocarcinoma	and	osteoblastic	bone	metastases	or	LDH,
β-human	chorionic	gonadotropin	 (β-hCG),	and	α-fetoprotein	 (AFP)	 in	a	younger	male	with	a	mediastinal	mass
concerning	for	a	germ	cell	tumor).22,23

The	 recommended	 clinical	 evaluation	 for	 patients	 with	 CUP	 is	 summarized	 in	 Table	 108.3,	 along	 with	 a
focused	diagnostic	evaluation	of	select	patient	subsets	summarized	in	Table	108.4.

Treatment

Favorable	Subsets
Most	 patients	 with	 CUP	 do	 not	 fit	 into	 a	 specific	 favorable	 subset.	 However,	 as	 there	 are	 specific	 treatment
regimens	for	these	patients,	knowledge	of	these	subtypes	is	important.

TABLE	108.3
Summary	of	Clinical	Evaluation	of	Patients	with	Cancer	with	Unknown	Primary

History	and	Physical Laboratory	Evaluation Imaging Special	Studies

Complete	history	and	physical	with	neurologic,	lung, Complete	blood	count Chest, Mammography	in



cardiac,	lymph	node,	breast,	gastrointestinal,
genitourinary,	pelvic,	and	rectal	examination
Review	past	biopsies	or	malignancies.
Review	existing	imaging	studies.

with	differential	if
indicated
Comprehensive
metabolic	panel	with
electrolytes,	LFTs,
and	Cr
Serum	tumor
markers,	such	as
PSAa
Pathology,	including
screening	IHC
markers
MTP	assay	from
tumor	biopsy
NGS	from	either
tumor	biopsy	or
circulating	tumor	DNA

abdomen,
and	pelvis
CT
Consider
head	and
neck	CT	if
indicated.
PET/CT	in
selected
patients

women	if	indicated
Testicular
ultrasound	in	men	if
indicated
Hemoccult	and
symptom-directed
endoscopy	if
indicated

aOnly	in	select	cases	as	indicated	in	text.
LFTs,	 liver	 function	 tests;	 Cr,	 creatinine;	 PSA,	 prostate-specific	 antigen;	 IHC,	 immunohistochemistry;	 MTP,	 molecular	 tumor
profiling;	NGS,	next-generation	sequencing;	CT,	computed	tomography;	PET,	positron	emission	tomography.

Women	with	Peritoneal	Carcinomatosis.	Women	may	present	with	diffuse	peritoneal	carcinomatosis	with	no
primary	site	found	in	the	ovaries	or	abdomen.	Many	of	these	carcinomas	arise	from	the	ovary	or	peritoneal	surface
of	the	fallopian	tube.	BRCA1	positivity	is	felt	to	be	a	risk	factor	as	these	cancers	occur	more	frequently	in	women
with	 BRCA	 mutations.	 Women	 with	 peritoneal	 carcinomatosis	 without	 a	 clear	 primary	 identified	 should	 be
considered	for	surgical	cytoreduction	 if	 there	 is	bulky	disease	and	 treated	with	chemotherapy	regimens	 that	are
effective	for	advanced	epithelial	ovarian	cancer	or	BRCA	mutations	if	applicable.

TABLE	108.4
Focused	Diagnostic	Evaluation	of	Select	Patient	Subsets

Initial	Evaluation Additional	Diagnostic	Studies
Squamous	cell	carcinoma	(CK5/6+,
p63/p40+)	with	cervical	or
supraclavicular	adenopathy

Examination	of	oropharynx,	hypopharynx,	nasopharynx,	larynx,	and	upper	esophagus
by	direct	endoscopy
PET/CT	scan
Biopsy	of	suspicious	area
Consider	EBV	testing	in	tumor	tissue	as	EBV	positivity	is	highly	suggestive	of
nasopharynx	primary	site.
Positive	p16	IHC	staining	or	HPV-16	in	situ	hybridization	could	indicate	an
oropharynx	primary;	however,	p16	positivity	can	be	seen	in	non–HPV-related
malignancies	as	well.
Consider	ipsilateral	or	bilateral	tonsillectomy	to	identify	primary	site	of	disease.

Squamous	cell	carcinoma	(CK5/6+,
p63/p40+)	with	inguinal	adenopathy

Careful	examination	of	anal	canal,	vulva,	vagina,	uterine	cervix,	penis,	and	scrotum

Neuroendocrine	tumor,	including
small-cell	carcinoma	(CK7±/CK20±,
chromogranin+,	synaptophysin+,
CD56+)

Evaluate	grade	of	tumor	to	determine	if	low-	or	high-grade	neuroendocrine
carcinoma.
If	low-grade	tumor,	obtain	octreotide	scan	as	well	as	upper	and	lower	gastrointestinal
endoscopy;	obtain	serum	and	urine	tests	to	detect	secretion	of	bioactive	peptides	and
evaluate	for	associated	syndromes	(carcinoid,	glucagonoma,	VIPoma,	ZES).
If	high-grade	tumor	and	history	of	cigarette	smoking,	consider	fiber-optic
bronchoscopy	for	occult	lung	primary;	if	IHC	positive	for	TTF1,	also	consider
bronchoscopy.
If	high-grade	tumor,	colonoscopy	should	be	considered	if	tumor	IHC	stains	positive
for	CDX2.

Women	with	features	of	possible
breast	cancer	(CK7+,	metastases	to
bone,	lung,	liver)

Breast	MRI	or	US	if	mammography	was	unrevealing
IHC	stains:	ER/PR,	GCDFP-15,	GATA3
FISH	for	HER2

Women	with	features	of	possible
ovarian	cancer	(CK7+,
pelvic/peritoneal	metastases)

Pelvic	examination	with	pelvic	US
IHC	stains:	WT1,	PAX8,	mesothelin,	ER/PR

Mediastinal/retroperitoneal	mass
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Testicular	US
Serum	tumor	markers:	LDH,	beta-hCG,	AFP
IHC	stains:	PLAP,	OCT3/OCT4,	SALL4,	CD30,	Glypican-3
FISH	for	i(12p)

Features	of	lung	cancer	(CK7+,
TTF1+,	napsin	A+,	hilar/mediastinal
adenopathy)

Bronchoscopy
Molecular	studies:	EGFR	mutations,	ALK/ROS1	rearrangements,	PD-L1	testing

Features	of	colon	cancer
(CK7−/CK20+,	CDX2+,
liver/peritoneal	metastases)

Colonoscopy
KRAS,	NRAS,	BRAF	mutations

CK,	 cytokeratin;	 PET,	 positron	 emission	 tomography;	 CT,	 computed	 tomography;	 EBV,	 Epstein-Barr	 virus;	 IHC,
immunohistochemistry;	 HPV,	 human	 papillomavirus;	 ZES,	 Zollinger-Ellison	 syndrome;	 TTF1,	 thyroid	 transcription	 factor	 1;	 MRI,
magnetic	 resonance	 imaging;	 US,	 ultrasound;	 ER,	 estrogen	 receptor;	 PR,	 progesterone	 receptor;	 GCDFP-15,	 gross	 cystic	 fluid
protein	 15;	 GATA3,	 GATA	 binding	 protein	 3;	 FISH,	 fluorescence	 in	 situ	 hybridization;	 HER2,	 human	 epidermal	 growth	 factor
receptor	2;	WT1,	Wilms	tumor	1;	PAX8,	paired	box	gene	8;	LDH,	lactate	dehydrogenase;	hCG,	human	chorionic	gonadotropin;	AFP,
α-fetoprotein;	PLAP,	placental	alkaline	phosphatase;	OCT,	octamer-binding	 transcription	 factor;	SALL4,	sal-like	protein	4;	EGFR,
epidermal	growth	factor	receptor;	ALK,	anaplastic	lymphoma	kinase;	PD-L1,	programmed	cell	death	protein	ligand	1.

Women	with	Axillary	Lymph	Node	Metastases.	Women	who	present	with	 isolated	carcinoma	 in	an	axillary
lymph	node	 should	be	 approached	as	 if	 they	have	 stage	 II	 breast	 cancer.	This	presentation	 (T0N	+	M0)	breast
cancer	 accounts	 for	 0.1%	 of	 all	 newly	 diagnosed	 breast	 cancers24	 and	 has	 not	 changed	with	 improvements	 in
breast	 imaging.	 Biopsy	 of	 the	 axillary	 adenopathy	 should	 be	 performed	 and	 evaluated	 by	 IHC	 for	 estrogen
receptor	(ER),	progesterone	receptor	(PR),	human	epidermal	growth	factor	receptor	2	(HER2),	CEA,	CK7,	CK20,
mammaglobin,	 and	 thyroid	 transcription	 factor	 1	 (TTF1).	 Positive	 staining	 for	 CEA,	 CK7,	 ER/PR,	 and
mammaglobin	with	negative	staining	for	CK20	and	TTF1	would	be	supportive	of	a	breast	primary.	In	the	case	of
a	negative	mammogram,	a	breast	MRI	should	be	performed.	Breast	MRI	can	detect	an	occult	breast	malignancy	in
72%	 of	 women	 who	 present	 with	 axillary	 adenopathy	 with	 no	 tumor	 in	 the	 breast	 detected	 by	 physical
examination,	mammography,	or	ultrasound.25	These	patients	should	complete	staging	with	a	chest/abdomen/pelvis
CT.	Bone	 scan	 is	 reserved	 for	women	with	 symptoms	 or	 an	 elevated	 alkaline	 phosphatase.	Women	who	 have
localized	disease	after	staging	evaluation	should	undergo	an	axillary	lymph	node	dissection	and	local	therapy	to
the	 ipsilateral	 breast.	Most	women	 chose	 to	 have	 a	modified	 radical	mastectomy	at	 the	 time	of	 axillary	 lymph
node	dissection	(ALND).	Breast-preserving	therapy	with	whole-breast	radiation	is	an	option	but	has	never	been
compared	 to	 surgery	 in	 a	 randomized	 fashion.	 As	 per	 guidelines	 for	 stage	 II	 breast	 cancer	 with	 a	 nonoccult
primary,	women	with	 isolated	 axillary	 node	metastases	 and	 an	 occult	 breast	 primary	 should	 undergo	 systemic
adjuvant	therapy.

Men	with	Elevated	Prostate-Specific	Antigen.	Men	with	 adenocarcinoma	of	 unknown	primary	 should	have
serum	 PSA	 measured.	 Given	 the	 specificity	 of	 PSA,	 even	 in	 the	 context	 of	 atypical	 clinical	 features,	 a
significantly	elevated	serum	PSA	is	a	reason	for	trial	of	androgen-	deprivation	therapy.

Extragonadal	Germ	Cell.	A	young	man	with	a	poorly	differentiated	carcinoma	whose	primary	tumor	is	in	the
mediastinum	or	retroperitoneum	should	be	evaluated	for	an	extragonadal	germ	cell	tumor.	As	with	gonadal	germ
cell	tumors,	these	patients	have	improved	prognosis	if	treated	with	site-specific	therapy.	Criteria	consistent	with
an	 extragonadal	 germ	 cell	 tumor	 include	marked	 elevation	 of	 serum	 hCG	 or	AFP	 levels,	 the	 presence	 of	 12p
chromosomal	gain	(isochromosome	12p),	and/or	IHC	staining	for	octamer-binding	transcription	factor	4.26

Single	Site	of	Neoplasm.	Patients	who	present	with	only	one	site	of	neoplasm	(e.g.,	isolated	brain	metastases,
isolated	node	involvement,	or	isolated	skin	involvement)	should	be	evaluated	for	more	widespread	disease.	A	PET
scan	may	be	of	use	 to	 identify	unsuspected	additional	 sites.	Tumors	 that	have	presented	 in	 this	 fashion	 include
Merkel	 cell	 tumors,	 skin	 adnexal	 tumors	 (such	 as	 apocrine,	 eccrine,	 and	 sebaceous	 carcinomas),	 sarcomas,
melanomas,	or	 lymphomas.	Patients	who	are	 found	 to	have	 localized	disease	 should	be	 treated	with	aggressive
local	therapy	as	some	may	have	long-term	disease-free	survival	if	all	clinically	evident	disease	can	be	removed.
Adjuvant	therapy	can	be	considered	on	a	case-by-case	basis.

Squamous	Cell	in	Cervical	or	Supraclavicular	Lymph	Nodes.	Patients	who	present	with	isolated	adenopathy
in	 the	head/neck	 region	with	 squamous	 cell	 histology	 are	 typically	 treated	 similarly	 to	patients	with	head/neck
squamous	cell	carcinoma	of	known	primary.	Particular	attention	should	be	paid	to	the	location	of	adenopathy	as
isolated	supraclavicular	lymphadenopathy	typically	originates	from	a	primary	site	beneath	the	clavicle27	and	has	a



different	prognosis	than	head/neck	cancers.	Although	cervical	adenopathy	is	a	common	presentation	of	head/neck
cancers,	the	majority	of	primaries	can	be	found	after	directed	endoscopic	evaluation	and/or	biopsies.	Head/neck
squamous	 cell	 cancers	 of	 unknown	 origin	 represent	 1%	 to	 3%	 of	 new	 cases	 of	 head	 and	 neck	 squamous	 cell
cancers.28	 Initial	 evaluation	 of	 these	 patients	 includes	 a	 nasopharyngolaryngoscopy,	 CT	 and/or	 MRI	 of	 the
head/neck,	 and	 a	 PET	 scan.	 Treatment	 typically	 involves	 a	 combination	 of	 surgery	 and/or	 radiation	 and/or
chemotherapy.	As	 there	are	no	randomized	 trials	comparing	 these	approaches,	 treatment	may	be	determined	by
institutional	bias.

Squamous	Cell	 in	Inguinal	Lymph	Nodes.	Patients	presenting	with	squamous	cell	carcinoma	of	the	inguinal
nodes	should	undergo	a	careful	examination	of	the	anogenital	region,	including	anoscopy,	as	a	primary	lesion	is
often	detected.	In	patients	with	no	primary	detected,	an	inguinal	lymph	node	dissection	with	or	without	adjuvant
radiation	 is	 recommended.	Adjuvant	 chemotherapy	 can	 be	 considered	 on	 a	 case-by-case	 basis.	 Tumors	 in	 this
region	 may	 test	 positive	 for	 p16	 expression,	 which	 could	 indicate	 a	 human	 papillomavirus	 (HPV)-related
malignancy.	However,	p16	positivity	is	also	associated	with	other	cancers	not	related	to	HPV	infection	including
sarcomas	such	as	malignant	peripheral	nerve	sheath	tumors	or	dedifferentiated	liposarcoma.

Low-Grade	Neuroendocrine.	Low-grade	neuroendocrine	 tumors	 typically	arise	from	the	pancreas	or	GI	 tract.
Although	the	prior	incidence	of	neuroendocrine	tumor	of	unknown	primary	was	reported	to	be	roughly	10%,29	the
use	of	new	imaging	modalities	such	as	68Ga-DOTATATE	PET/CT	will	likely	lead	to	a	decrease	in	this	incidence
as	the	sensitivity	of	68Ga-DOTATATE	PET/CT	has	been	shown	to	be	95%.30	These	tumors	are	treated	similarly
to	 their	 counterparts	 of	 known	 primary	 with	 long-acting	 somatostatin	 analogs,	 everolimus,	 sunitinib,	 or
capecitabine/temozolomide.

High-Grade	Neuroendocrine.	High-grade	neuroendocrine	tumors	are	aggressive	tumors	that	behave	similarly	to
extensive	stage	small-cell	carcinoma	of	the	lung.	Treatment	with	systemic	chemotherapy	similar	to	regimens	used
for	small-cell	lung	cancer	is	recommended.	As	treatment	does	not	vary	with	primary	site,	an	intensive	workup	to
identify	a	primary	site	is	not	necessary.

Chemotherapy
From	2000	 to	2010,	 clinical	 trials	 in	CUP	primarily	 focused	on	 the	 identification	of	 the	optimal	 chemotherapy
regimen	for	these	patients.	Despite	>30	trials	evaluating	different	regimens,	including	combinations	of	platinums,
taxanes,	 gemcitabine,	 and/or	 irinotecan,	 the	median	OS	 remained	 relatively	 unchanged	 at	 9	months.	 Although
there	are	few	phase	III	trials	for	patients	with	CUP,	no	empiric	regimen	has	been	found	to	be	superior.	Treatment
of	CUP	with	empiric	regimens	is	therefore	falling	out	of	favor.	For	the	majority	of	patients,	additional	diagnostic
information	can	be	derived	(via	IHC,	molecular	tumor	profiling,	or	additional	imaging),	which	can	help	guide	site-
specific	therapy.

Targeted	Therapy
Accumulating	evidence	suggest	 that	a	biomarker-based	therapy	may	improve	clinical	outcomes	in	patients	with
refractory	 cancers.	Despite	 the	 heterogeneous	 biologic	 and	 clinicopathologic	 nature	 of	CUPs,	 oncologists	 have
historically	utilized	empiric	platinum-based	combination	chemotherapies	for	 the	treatment	of	 these	cancers	with
response	 rates	 of	 20%	 to	 40%	 but	 poor	 median	 survivals	 of	 6	 to	 8	 months.	 As	 critical	 pathways	 in	 cancer
proliferation	 and	 survival	 are	 identified,	 however,	 targeted	 agents	 are	 now	 being	 investigated	 in	 this	 patient
population.	 One	 of	 the	 first	 trials	 investigating	 targeted	 therapy	 regimens	 in	 CUP	 utilized	 the	 combination	 of
bevacizumab	 plus	 erlotinib	 in	 metastatic	 CUP.31	 A	 total	 of	 51	 patients	 who	 had	 either	 received	 previous
chemotherapy	or	were	 treatment	naïve	were	 treated	with	bevacizumab	10	mg/kg	 IV	every	2	weeks	 along	with
erlotinib	150	mg	orally	daily.	The	 response	 rate	was	poor	with	only	10%	achieving	partial	 responses	and	61%
with	stable	disease	as	best	response.	The	median	survival	was	7.4	months.	Larger	trials	utilizing	various	targeted
therapies	are	necessary	to	better	define	the	therapeutic	implications	of	targeted	agents	in	CUP.

The	role	of	genomic	profiling	in	advanced	cancers,	including	CUP,	is	evolving	and	represents	an	opportunity
to	 approach	 these	 often-refractory	 malignancies	 in	 a	 more	 thoughtful	 and	 personalized	 manner.	 Molecular
profiling	 for	 known	 actionable	 mutations	 such	 as	 EGFR-activating	 mutations	 or	 anaplastic	 lymphoma
kinase/ROS1	rearrangements	has	shown	clinical	benefit	in	CUP	patients	treated	with	targeted	inhibitors.	Studies
have	 also	 shown	 TP53,	 KRAS,	 CDKN2A,	MYC,	 ARID1A,	 and	 PIK3CA	were	 frequently	 altered	 in	 archival



Dr. AVR @ TMH

tissue	from	CUP	patients,	although	data	on	the	use	of	targeted	agents	inhibiting	these	pathways	has	been	limited.32
Further	understanding	of	these	genomic	alterations	may	prove	useful	in	the	treatment	of	CUP,	although	limitations
of	 this	personalized	approach	 includes	 intratumor	genomic	heterogeneity	 that	may	dampen	response	 to	 targeted
agents,	 dynamic	 mutational	 processes	 that	 can	 occur	 after	 therapeutic	 interventions	 are	 started,	 and	 limited
availability	of	targeted	agents.

Immunotherapy	 approaches	 using	 pembrolizumab	 (anti–programmed	 cell	 death	 protein	 1	 [anti-PD-1]
antibody),	nivolumab	(anti-PD-1	antibody),	and	ipilimumab	(anti–cytotoxic	T-lymphocyte	antigen	4	[anti–CTLA-
4]	antibody)	are	also	underway	in	rare	tumor	types,	including	CUP.

Genomic	analysis	of	biopsy	samples	(either	tumor	and/or	peripheral	blood	circulating	tumor	cells)	using	NGS
may	 provide	 novel	 and	 personalized	 treatment	 approaches	 for	 patients	with	CUP.	Although	 it	 remains	 unclear
where	 in	 the	 treatment	 paradigm	 NGS	 will	 fall,	 there	 may	 be	 clinical	 benefit	 in	 patients	 with	 refractory
malignancies	and	in	those	who	cannot	tolerate	cytotoxic	chemotherapy.

PROGNOSTIC	FACTORS
Prognostic	models	in	patients	with	CUP	continue	to	evolve	as	the	treatment	paradigm	for	these	patients	changes
over	 time.	 Patients	 with	 favorable	 disease	 characteristics	 as	 outlined	 in	 these	 prognostic	models	 have	 a	 better
prognosis	as	compared	to	patients	in	unfavorable	subsets.

Several	 prognostic	 models	 have	 been	 identified	 in	 patients	 most	 commonly	 treated	 with	 empiric	 platinum-
based	chemotherapy.	One	of	these	prognostic	models	identified	pretreatment	adverse	prognostic	factors	including
poor	performance	status	(Eastern	Cooperative	Oncology	Group	[ECOG]	2	or	3,	P	<	.0001),	the	presence	of	liver
metastases	(P	<	.006),	and	more	than	two	metastatic	sites	(P	=	.07).	Patients	with	no	adverse	prognostic	factors
had	 a	median	 survival	 of	 10.8	months,	 whereas	 those	 with	 two	 of	 these	 adverse	 prognostic	 parameters	 (poor
performance	status	and	presence	of	 liver	metastases)	had	a	median	survival	of	2.4	months.33	High	comorbidity
score,	lymphopenia,	and	low	serum	albumin	level	have	also	been	associated	with	worse	prognosis.34	Conversely,
independent	 good	 prognostic	 factors	 identified	 in	 a	 separate	 retrospective	 review	of	 unknown	primary	 patients
include	young	age,	good	performance	status,	no	overt	metastases,	and	normal	LDH	level.	IHC	data	did	not	appear
to	correlate	with	prognosis.35

As	the	treatment	of	these	patients	shifts	from	empiric	chemotherapy	to	targeted	approaches	based	on	improved
identification	of	the	primary	tissue	of	origin	or	oncogenic	pathways,	these	prognostic	models	become	less	relevant
and	new	prognostic	models	will	need	to	be	identified.
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109 Benign	and	Malignant
Mesothelioma
Harvey	I.	Pass,	Michele	Carbone,	Lee	M.	Krug,	and	Kenneth	E.	Rosenzweig

INTRODUCTION
Malignant	mesotheliomas	 (MMs)	are	highly	aggressive	neoplasms	 that	 arise	primarily	 from	 the	 surface	 serosal
cells	of	 the	pleural,	peritoneal,	and	pericardial	cavities.	The	disease	 is	characterized	by	a	 long	 latency	from	the
time	of	exposure	to	asbestos	to	the	onset	of	disease,	suggesting	that	multiple	somatic	genetic	events	are	required
for	tumorigenic	conversion	of	a	normal	mesothelial	cell.

EPIDEMIOLOGY
The	 death	 rates	 for	 mesothelioma	 parallel	 the	 consumption	 of	 asbestos	 by	 individual	 countries.	 When	 one
considers	mesothelioma	death	rates	from	2000	to	2004	as	a	function	of	asbestos	usage	in	the	1960s,	Australia	has
the	highest	death	rate	for	the	disease	in	the	world.1	It	is	predicted	that	between	2000	and	2049,	over	400,000	lives
will	be	lost	in	those	countries	from	the	disease.2	In	the	United	States,	there	have	been	about	3,200	deaths	per	year
from	 the	 disease	 since	 2000,	with	workers	with	 industrial	 exposures	 in	 construction	 and	 shipbuilding	 being	 at
highest	risk,	followed	by	plumbers,	pipe	fitters,	and	steamers.3	Most	mesotheliomas	affects	men	in	their	late	50s,
60s,	and	70s	due	to	the	aforementioned	25-	to	40-year	latency	period	between	occupational	asbestos	exposure	and
the	development	of	the	tumor.4	The	male-to-female	ratio	is	approximately	4.5:1;	there	is	a	similar	ratio	between
pleural	and	peritoneal	mesothelioma	as	asbestos	reaches	first	the	lung,	from	there	the	pleura	via	lymphatics,	and
eventually,	especially	in	cases	with	significant	exposure,	such	as	insulators,	the	peritoneum.5

MECHANISM	OF	ASBESTOS	CARCINOGENESIS
For	 regulatory	 purposes,	 six	 different	 types	 of	 mineral	 fibers	 that	 were	 used	 commercially	 were	 collectively
named	asbestos	 in	 the	1970s:	 amosite,	 crocidolite,	 anthophyllite,	 actinolite,	 tremolite,	 and	 chrysotile.6	 The	 five
types	other	 than	chrysotile	are	 termed	amphibole	asbestos.	Millions	of	workers	were	professionally	 exposed	 to
asbestos	 during	 the	 past	 century,	 and	 exposure	 continues	 in	 developing	 countries.	 Several	 other	mineral	 fibers
(e.g.,	 erionite,	 antigorite)	 share	 structural	 and	 chemical	 characteristics	 with	 “asbestos”	 and	 can	 cause
mesothelioma	in	humans.	However,	because	these	fibers	have	“rarely”	been	used	commercially,	human	exposure
is	 limited.	 Importantly,	 all	 carcinogenic	 fibers	 are	naturally	present	 in	 the	 environment,	 thus	 exposure	 can	also
occur	 because	 of	 the	 increased	 development	 of	 rural	 areas	 containing	 asbestos	 and	 other	 carcinogenic	mineral
fibers.7,8	 The	 mechanisms	 responsible	 for	 asbestos	 carcinogenicity	 are	 linked	 to	 the	 chronic	 inflammation
triggered	by	 the	deposition	of	 these	mineral	 fibers	when	 they	 reach	 the	 lungs	 and	other	 organs.8,9	The	chronic
inflammation	caused	by	asbestos	is	sustained	by	the	passive	release	of	high-mobility	group	box	1	(HMGB1)	into
the	 extracellular	 space	 from	 cells	 undergoing	 necrosis	 as	 well	 from	 the	 active	 secretion	 of	 HMGB1	 from
macrophages.10	Once	in	the	extracellular	space,	HMGB1	stimulates	the	secretion	of	various	cytokines,	including
tumor	necrosis	factor-α	(TNF-α)	by	mesothelial	cells	and	macrophages	exposed	to	asbestos	that	in	turn	leads	to
nuclear	 factor	kappa	B	 (NF-κB)	activation.11	The	 activation	 of	 the	NF-κB	pathway	 in	mesothelial	 cells	 allows
them	to	survive	the	toxic	insult	and	the	genetic	damage	caused	by	asbestos,	and	these	damaged	but	viable	cells
may	proliferate	into	a	mesothelioma.11



Animal	Models	of	Asbestos	Carcinogenicity
Mesotheliomas	 and	 sarcomas	 are	 induced	 in	 a	 dose-dependent	 fashion	 after	 intrapleural	 and	 intraperitoneal
injection	of	asbestos	 into	animals.12–14	Chronic	 inhalational	 studies	 are	 thought	 to	be	 the	best	 representation	of
asbestos	carcinogenicity.	Because	of	the	high	cost	of	these	experiments,	however,	very	few	have	been	performed.

Asbestos	Carcinogenicity	in	Humans
Although	 injection	and	 inhalation	studies	 in	animals	suggest	 that	all	 forms	of	asbestos	are	equally	carcinogenic
and	 that	 there	 is	 a	 clear	 dose–response	 relationship	 between	 asbestos	 exposure	 and	 mesothelioma	 risk,
epidemiologic	studies	in	humans	do	not	match	these	observations.	The	proportion	of	pleural	mesotheliomas	that
are	thought	to	be	associated	with	asbestos	varies	in	the	literature	from	16%	to	90%.6	This	wide	range	may	reflect
the	 distinct	 populations	 studied,	 and	 it	 is	 also	 influenced	 by	 the	 method	 used	 to	 determine	 exposure	 rates.6
Peritoneal	 mesotheliomas	 are	 less	 frequently	 associated	 to	 asbestos	 exposure.	 In	 the	 past,	 when	 most
mesotheliomas	occurred	in	asbestos	workers,	about	50%	of	peritoneal	mesotheliomas	had	been	linked	to	asbestos
exposure.	 Recently,	 about	 8%	 of	 U.S.	 patients	 with	 peritoneal	 mesothelioma	 had	 a	 demonstrable	 asbestos
exposure.15	Indeed,	there	is	an	increase	of	peritoneal	mesothelioma	among	young	patients	that	have	not	worked	in
asbestos	 trades	 and	 that	 do	 not	 have	markers	 of	 exposure,	 such	 as	 lung	 fibrosis,	 pleural	 plaques,	 asbestos,	 or
asbestos	bodies.	A	subset	of	these	mesotheliomas	has	been	linked	to	ALK	rearrangements.16	Moreover,	recent	data
suggest	that	germline	mutations	of	several	genes	involved	in	DNA	repair	increase	susceptibility	to	asbestos	and	to
mesothelioma,	underscoring	the	role	of	genetics	in	this	malignancy.17

Epidemiologic	studies	demonstrated	that	erionite,	crocidolite,	and	amosite	are	the	most	potent	mineral	fibers	in
causing	mesothelioma.18,19	 The	 ability	 of	 chrysotile	 to	 cause	 human	mesothelioma	 continues	 to	 be	 debated	 as
epidemiologic	studies	have	not	provided	definitive	results.18,19	Chrysotile	has	a	limited	biopersistence	in	tissues;
therefore,	 continuous	 and	 prolonged	 exposure	 is	 required	 to	 sustain	 the	 chronic	 inflammation	 and	 genetic
alterations	that	over	time	can	lead	to	mesothelioma.20	Exposure	to	multiple	types	of	fibers	is	common.	It	has	been
estimated	that	presently	chrysotile	accounts	for	over	90%	of	human	exposure,	whereas	exposure	to	other	types	of
asbestos	is	rare.21	Although	erionite	is	present	in	many	parts	of	the	world,	including	western	American	states	such
as	North	Dakota,22,23	 so	 far,	 the	 contribution	 of	 erionite	 to	 the	 increased	 incidence	 of	mesothelioma	 has	 been
studied	only	in	Turkey.

In	humans,	there	is	no	clear	dose–response	curve	to	asbestos,	and	a	threshold	level	below	which	mesotheliomas
do	 not	 develop	 has	 not	 been	 determined,	 although	 it	 is	 generally	 accepted	 in	 the	 scientific	 community	 that
background	levels	of	exposure,	such	as	those	found	in	the	lungs	of	almost	all	individuals,	do	not	increase	the	risk
of	 mesothelioma.	 It	 is	 estimated	 that	 <5%	 of	 asbestos	 miners	 exposed	 to	 high	 levels	 of	 asbestos	 develop
mesotheliomas;	however,	wives	of	some	of	these	workers	have	developed	mesotheliomas	after	they	were	exposed
to	lower	levels	of	asbestos	compared	to	their	husbands	while	washing	their	clothes.24,25	Similarly,	mesothelioma
development	commonly	occurs	in	workers	in	occupations	in	which	asbestos	exposure	is	higher	than	in	the	general
population	but	much	 lower	 than	 in	asbestos	miners.	The	carpenters,	electricians,	and	construction	workers	who
have	 developed	 mesotheliomas	 are	 a	 reflection	 of	 this.26	 These	 data	 argue	 against	 a	 classic	 dose–response
relationship	and	suggest	that	cofactors,	such	as	genetic	susceptibility,	influence	mineral	fiber	carcinogenesis.6

MECHANISM	OF	ASBESTOS	PATHOGENICITY
It	 is	 thought	 that	when	 fibers	 reach	 the	 alveoli	 after	 inhalation,	 smaller	 fibers	 are	 phagocytized	 and	 efficiently
removed	 from	 the	 lung.	 Larger	 fibers	 are	 not	 easily	 engulfed	 and	 can	 usually	 only	 be	 removed	 if	 solubilized.
However,	amphiboles	are	not	soluble	and	thus	remain	in	the	lung.	These	fibers	may	eventually	reach	the	pleura
via	the	lymphatics	or	direct	extension,	where	they	cause	chronic	inflammation	and	cell	necrosis,	and	this	process
may	lead	to	pleural	plaques,	fibrosis,	and	mesothelioma.	Inflammation	due	to	asbestos	deposition	contributes	to
asbestos	carcinogenesis.9,11,27	Because	of	 the	“field”	effect	of	asbestos,	mesotheliomas	are	often	polyclonal,28	a
finding	 that	may	be	 related	 to	 the	 characteristic	 resistance	of	 these	 tumors	 to	 therapy.	Macrophages	 internalize
asbestos	 and	 release	 mutagenic	 reactive	 oxygen	 species	 and	 numerous	 cytokines	 that	 promote	 inflammation,
including	HMGB1.	During	programmed	necrosis,	HMGB1	translocates	from	the	nucleus	 to	 the	cytosol	and	 the
extracellular	 space,	where	 it	binds	several	proinflammatory	molecules	and	 triggers	 the	 inflammatory	 responses.
Secreted	HMGB1	stimulates	receptor	for	advanced	glycation	end	products	(RAGE),	Toll-like	receptor	2	(TLR2),
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and	Toll-like	receptor	4	(TLR4)	(the	three	main	HMGB1	receptors)	expressed	on	neighboring	inflammatory	cells
such	as	macrophages	and	induces	the	release	of	several	inflammatory	cytokines,	including	TNF-α	and	interleukin-
1β	 (IL-1β)	 (Fig.	109.1).10,11,29–32	Activation	of	Nalp3	 inflammasome	ensues	with	 subsequent	 IL-1β	 secretion,	 a
process	 that	 is	 enhanced	 by	 asbestos-induced	 production	 of	 reactive	 oxygen	 species.33	 TNF-α–induced	NF-κB
signaling	has	been	shown	to	be	a	critical	link	between	inflammation	and	carcinogenesis	in	multiple	cancer	models,
including	mesothelioma.11	 Specifically,	 asbestos-mediated	 TNF-α	 signaling	 induces	 the	 activation	 of	 NF-κB–
dependent	mechanisms,	promoting	the	survival	of	human	mesothelial	cells	(HMCs)	after	asbestos	exposure11	and
thus	 allowing	 HMCs	 with	 accumulated	 asbestos-	 induced	 genetic	 damage	 to	 survive,	 divide,	 and	 propagate
genetic	aberrations	in	premalignant	cells	that	can	give	rise	to	a	malignant	clone.	In	addition,	HMGB1	enhances	the
activity	of	NF-κB,	which	promotes	tumor	formation,	progression,	and	metastasis.34	Mesothelioma	cells	that	grow
out	from	an	HMGB1-rich	environment	often	actively	secrete	HMGB1	that	is	required	for	tumor	cell	growth	and
invasion.35

There	is	a	 long	latency	between	asbestos	exposure	and	mesothelioma	development.	Lanphear	and	Buncher36
reviewed	21	studies	of	1,690	mesotheliomas	and	 found	 that	96%	occurred	at	 least	20	years	after	exposure;	 the
mean	 latency	was	32	years.	Several	 theories	have	been	postulated	 to	describe	what	happens	during	 this	 latency
period.37	 It	 is	widely	believed	 that	 the	chronic	 inflammation	associated	with	asbestos	deposition	 in	 tissues,	and
consequent	release	of	mutagenic	radicals,	induces	genetic	alterations	in	mesothelial	cells	that	over	a	long	period
may	 eventually	 lead	 to	 the	 emergence	 of	 malignant	 cells.	 However,	 nucleotide-level	 mutations	 and	 oncogene
activations	 are	 rare	 in	 mesothelioma.	 Instead	 mesotheliomas	 are	 often	 aneuploid,	 containing	 multiple
chromosomal	rearrangements	and	multiple	minute	chromosomal	deletions.38	The	few	tumor	suppressor	genes	that
are	frequently	deleted	in	mesothelioma	are	(1)	BAP1,	a	deubiquitylase	(see	the	following	text);	(2)	INK4a/	ARF—
which	 codes	 for	 p16	 (a	 cyclin-dependent	 kinase	 inhibitor)	 and	 for	 p14ARF,	 which	 promotes	 murine	 double
minute	2	(MDM2)	degradation,	preventing	MDM2	from	neutralizing	p53—and	(3)	neurofibromatosis	type	2	gene
(NF2),	which	codes	for	merlin.39–42

OVERVIEW	OF	MOLECULAR	MECHANISMS	IN	MESOTHELIOMA
The	molecular	mechanisms	 of	mesothelioma	 have	 been	 now	 extensively	 investigated	with	whole-exome39	 and
next-generation	 sequencing.40,41	 Notably,	most	 of	 the	 genetic	 alterations	 found	 in	MM	 are	 loss	 of	 function	 of
tumor	suppressor	genes,	rather	than	activating	events	of	protooncogenes.	Somatic	alterations	in	BAP1	are	among
the	most	 common	 events	 in	MM	with	 BAP1	 protein	 loss	 recorded	 in	more	 than	 50%	 of	 human	MMs,38,43–45
followed	 by	 alterations	 in	NF2	 (encoding	 merlin)	 and	 in	CDKN2A	 (encoding	 p16INK4A	 and	 p14ARF).	 The
predominant	 genetically	 altered	 pathway	 modifications	 include	 histone	 methylation	 and	 Hippo	 signaling
pathways.46	 Moreover,	 modern	 sequencing	 technologies	 and	 large-scale	 transcriptional	 profiling	 of	 MM	 are
defining	molecular	subtypes	of	MM	that	largely	match	their	counterparts	identified	by	classical	histopathology—
epithelioid,	 sarcomatoid,	 and	 biphasic	 MM—with	 the	 caveat	 that	 a	 subset	 of	 histologically	 epithelioid	 MMs,
usually	characterized	by	a	better	prognosis,	transcriptionally	and	prognostically	overlaps	with	the	more	aggressive
biphasic	 and	 sarcomatoid	 subtypes.41,47,48	 Nevertheless,	 recent	 studies	 have	 shown	 that	 pleural	 mesothelioma
heterogeneity	 is	 characterized	 by	 the	 lack	 of	 clonality28	 and	 immunophenotypic	 heterogeneity,49	 which	 could
demand	different	treatment	strategies	for	a	single	patient.



Figure	109.1	Working	hypothesis	for	mesothelioma	carcinogenesis.	Asbestos	fibers	cause	DNA
damage	as	well	as	extensive	necrotic	cell	death	with	release	of	high-mobility	group	box	1

(HMGB1)	into	the	extracellular	space.	Secreted	HMGB1	stimulates	receptor	for	advanced	glycation
end	products	(RAGE),	as	well	as	Toll-like	receptors	2	and	4	(TLR2	and	TLR4)	on	macrophages.
HMGB1	causes	macrophage	accumulation	and	triggers	the	inflammatory	response,	with	secretion
of	interleukin-1β	(IL-1β)	and	especially	tumor	necrosis	factor-α	(TNF-α).	HMGB1	and	TNF-α

activate	the	nuclear	factor	kappa	B	pathway,	increasing	human	mesothelial	cells	(HM)	survival	after
asbestos	exposure	allowing	HM	with	asbestos-induced	DNA	damage	to	divide	and,	if	key	genetic
alterations	accumulate,	eventually	develop	into	malignant	mesothelioma	(MM).	HMGB1	is	also
highly	expressed	and	autocrinely	secreted	by	MM	cells,	enhancing	their	proliferation	and	survival.
HMC,	human	mesothelial	cells.	(Modified	from	Bononi	A,	Napolitano	A,	Pass	HI,	et	al.	Latest

developments	in	our	understanding	of	the	pathogenesis	of	mesothelioma	and	the	design	of	targeted
therapies.	Expert	Rev	Respir	Med	2015;9[5]:633–654.)

Cytogenetic	Assessment	of	Malignant	Mesotheliomas
Deletions	of	specific	chromosomal	sites	in	the	short	(p)	arms	of	chromosomes	1,	3,	and	9,	and	long	(q)	arm	of	6
are	repeatedly	observed	in	MM,	and	deletions	in	chromosomes	22q12.2,	19q13.32,	and	17p13.1	appear	to	be	the
most	frequent	events	(55%	to	74%),	followed	by	deletions	in	1p,	9p,	9q,	4p,	and	3p	and	gains	in	5p,	18q,	8q,	and
17q	 (23%	 to	 55%).	 Losses	 in	 3p	 (BAP1	 gene),	 9p	 (CDKN2A),	 and	 22q	 (NF2)	 are	 seen	 in	 both	 pleural	 and
peritoneal	tumors,	although	CDKN2A	and	NF2	losses	are	seen	at	a	higher	rate	in	pleural	disease,	and	deletions	in
6q,	14q,	17p	and	22q	and	gain	of	17q	are	more	commonly	seen	in	asbestos-associated	MM	compared	to	radiation-
related	 cases.50	 Increasing	 numbers	 of	 copy	 number	 abnormalities	 in	 mesothelioma	 are	 associated	 with	 poor
prognosis,	especially	when	associated	with	deletions	in	9p21.3	encompassing	CDKN2A/	ARF	and	CDKN2B.37,51

Alterations	of	Specific	Tumor	Suppressor	Genes	in	Mesothelioma

Neurofibromatosis	Gene
The	tumor	suppressor	merlin	is	encoded	by	NF2,	which	is	located	on	chromosome	22q12,	and	mutations	in	this
gene	have	been	found	in	40%	of	mesothelioma	and	50%	of	MM	cell	lines.52,53	Mutations	including	deletions	and
insertions	 lead	 to	 truncated	 and	 inactivated	 merlin	 and	 loss	 results	 in	 upregulation	 of	 mammalian	 target	 of
rapamycin	(mTOR),	focal	adhesion	kinase	(FAK),	and	Hippo	signaling	pathways.54	Mice	harboring	heterozygous
mutations	of	NF2	exhibit	greater	susceptibility	to	asbestos-induced	mesothelioma	compared	with	mice	with	wild-
type	NF2.12	Experimental	animal	models	indicate	that	disruption	of	the	NF2	signaling	pathway,	together	with	a
deficiency	in	ink4a,	is	essential	for	mesothelioma	development.55
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CDKN2A
Homozygous	deletion	is	the	major	cause	of	the	P16	inactivation	at	the	9p21	locus,56	but	methylation	also	leads	to
the	 inactivation	of	P16	when	the	P16	alleles	are	retained.57	Homozygous	deletions	at	 this	 locus	can	 lead	 to	 the
inactivation	 of	 another	 putative	 TSG,	p14ARF,	 because	p16	 and	p14ARF	 share	 exons	 2	 and	 3	 although	 their
reading	 frames	differ.58,59	The	prognostic	 significance	of	p16/	CDKN2A	 loss	 in	MM	has	been	defined	both	by
immunohistochemistry	 and	 fluorescence	 in	 situ	 hybridization	 (FISH).	With	 the	 FISH	 analysis	 of	 primary	MM
tissue	samples	or	MM	cells	 from	the	pleural	effusion,	over	70%	of	cases	showed	homozygous	deletions	of	 the
CDKN2A/ARF	locus.	Both	loss	of	p16	protein	expression	by	immunohistochemistry	and	homozygous	deletion	of
p16	by	FISH	are	associated	with	an	adverse	prognosis.51,60,61

TP53
Cell	 lines	derived	from	murine	models	of	asbestos-induced	mesothelioma	have	reduced	or	absent	expression	of
p53	 messenger	 RNA	 (mRNA)	 compared	 to	 the	 RNA	 from	 nontumorigenic	 cell	 lines	 or	 reactive	 mesothelial
cells.62	In	human	cell	lines	derived	from	patients	with	MM,	attention	has	turned	to	specific	mutations	or	genetic
abnormalities	 in	TP53.	 In	 general,	mutational	 analyses	 of	 p53	 in	mesothelioma	 have	 a	mutation	 frequency	 of
<10%	chiefly	in	biphasic	and	sarcomatoid	MMs.41

Simian	Virus	40
Simian	virus	40	(SV40)	is	a	DNA	tumor	virus	that	has	been	reported	to	be	associated	with	MM.63	Although	this
virus	is	endogenous	in	rhesus	monkeys,	epidemiologic	studies	have	shown	that	 it	 is	also	widespread	among	the
human	population.	The	mode	by	which	the	virus	was	transferred	from	monkey	to	human	is	uncertain,	but	the	bulk
of	 this	 transfer	may	have	occurred	from	1954	 to	1963	 through	SV40-contaminated	polio	vaccines	administered
worldwide.

Although	 the	 epidemiologic	 data	 are	 not	 available,	 mechanistic	 experiments	 in	 HMCs64	 and	 animal
experiments65	strongly	suggest	a	pathogenic	role	of	SV40	in	mesothelioma.	It	is	safe	to	say	that	a	definitive	role
for	the	virus	in	human	mesothelioma	has	not	been	unequivocally	demonstrated,66	but	ongoing	debate	regarding	its
role	will	continue.

Radiation	and	Mesothelioma
In	 the	 literature,	 there	are	a	 few	studies	 reporting	mesothelioma	development	 in	patients	 exposed	 to	Thorotrast
(intravenously)	or	who	had	received	radiation	to	the	chest	and	abdomen.	In	a	few	cases	in	which	mesotheliomas
developed	in	young	adults	who	received	radiotherapy	(RT)	because	of	Wilms	tumor,	radiation	was	the	only	likely
causative	factor.67–69	 Studies	 in	 rats	 support	 a	 role	 for	 radiation	 as	 a	 causative	 factor.	Although	 it	 appears	 that
radiation	may	cause	mesotheliomas,	the	number	of	mesotheliomas	for	which	it	is	responsible	is	probably	small.

GENETIC	PREDISPOSITION	TO	MESOTHELIOMA:	BAP1
The	study	of	an	epidemic	of	mesothelioma	in	Cappadocia,	Turkey,	where	over	50%	of	the	population	exposed	to
erionite	 fibers	 dies	 of	 MM,	 revealed	 that	 susceptibility	 to	 mesothelioma	 was	 transmitted	 in	 a	 Mendelian
fashion.70,71	These	studies	led	to	the	discovery	that	heterozygous	germline	BRCA1-associated	protein	1	(BAP1)
inactivating	mutations	caused	a	 similarly	high	 incidence	of	mesothelioma	 in	 some	U.S.	 families	apparently	not
exposed	 to	 asbestos.43,72	 Studying	BAP1+/−	 mice	 (homozygous	BAP1	 mutations	 are	 embryonic	 lethal),	 it	 was
found	 that	 they	developed	MM	following	exposure	 to	 low	doses	of	asbestos	 that	 rarely	cause	mesothelioma	 in
wild-type	mice.73	These	data	suggested	that	BAP1	mutations	may	similarly	increase	human	susceptibility	to	low
doses	of	carcinogenic	mineral	fibers.	Additional	data	showed	that	germline	BAP1	mutations	are	also	associated
with	 uveal	 melanoma	 (UVM),	 renal	 cell	 carcinomas	 of	 the	 clear	 cell	 type,	 basal	 and	 squamous	 cell	 skin
carcinomas,	 cutaneous	melanomas,	 and	 other	 cancers,	 known	 as	 the	 “BAP1	 cancer	 syndrome.”74–83	Moreover,
somatic	 (acquired)	 BAP1	 mutations	 are	 the	 most	 common	 genetic	 alterations	 in	 mesothelioma,	 and	 BAP1
mutations	are	also	common	in	other	cancers,	underscoring	the	pivotal	role	of	BAP1	in	mesothelioma.39–42,45

Recent	 studies	 have	 elucidated	 how	 BAP1	 mutations	 increase	 susceptibility	 to	 asbestos	 and	 to	 other
environmental	 carcinogens.	BAP1	 is	 a	 deubiquitylase	 that	 regulates	 several	 cellular	 activities.	 In	 the	 nucleus,



BAP1	regulates	DNA	repair	via	homologous	recombination,	an	error-free	repair	mechanism;	accordingly,	reduced
levels	 of	BAP1	 increased	 DNA	 damage.84	 Cells	 with	 extensive	 DNA	 damage	 should	 die	 and	 not	 grow	 into
malignancies.	However,	 it	was	found	that	 in	the	cytoplasm,	BAP1	deubiquitylates	and	thus	stabilizes	 the	type	3
inositol	1,4,5-trisphosphate	receptor	(IP3R3),	which	regulates	the	transfer	of	Ca2+	from	the	endoplasmic	reticulum
to	the	mitochondria	and	therefore	influences	numerous	cellular	activities	responsible	for	malignant	transformation
and	tumor	growth	including	cell	death	following	DNA	damage.	Because	DNA-damaged	BAP1	mutant	cells	do	not
die	 due	 to	 the	 reduced	 apoptosis,	 they	 continue	 to	 divide	 and	 over	 time	may	 become	malignant.	Accordingly,
decreased	levels	of	BAP1	lead	to	enhanced	DNA	damage	following	exposure	to	asbestos,	ultraviolet	(UV)	light,
and	ionizing	radiation	(due	to	decreased	nuclear	BAP1	activity),	reduced	apoptosis	(due	to	decreased	cytoplasmic
BAP1	activity),	and	increased	cell	transformation	(due	to	both	decreased	nuclear	and	cytoplasmic	following	DNA
damage).85	 In	 parallel	 studies,	 it	 was	 found	 that	 heterozygous	 germline	BAP1	 mutations	 induce	 alterations	 of
metabolic	 pathways	 consistent	 with	 a	 “Warburg	 effect”	 (i.e.,	 aerobic	 glycolysis)	 that	 are	 detectable	 in	 human
plasma	 and	 in	 primary	 cells.86	Thus,	 cells	 from	BAP1	mutation	 carriers	 do	 not	 need	 to	 go	 through	 a	 selection
process	that	favors	the	emergence	of	clones	with	a	Warburg	effect	required	for	tumor	growth:	BAP1	mutant	cells
constitutionally	derive	a	large	part	of	their	metabolism	through	aerobic	glycolysis.	Thus,	when	these	cells	develop
mutations,	they	are	already	primed	for	cancer	growth.	At	the	same	time,	these	metabolic	alterations	compromise
the	ability	of	BAP1	mutant	cells	 to	adapt	 to	metabolic	stress,87	such	as	glucose	starvation,	providing	a	possible
novel	therapeutic	avenue	that	should	be	explored.

Mesothelioma	developing	in	carriers	of	germline	BAP1	mutations	are	characteristically	of	the	epithelioid	type,
show	well-	 differentiated	 tubular	 and	 papillary	 structures,	 and	 although	 they	 are	 invasive,	 they	 are	 much	 less
aggressive—average	 survival	 rates	 of	 5+	years—compared	 to	 sporadic	mesotheliomas	 carrying	 acquired	BAP1
mutations	 or	without	BAP1	mutations.88	 Although	 acquired	BAP1	 mutations	 do	 not	 appear	 to	 be	 related	 with
survival,	they	influence	susceptibility	to	therapy;	in	mesothelioma	cells	carrying	BAP1	mutations,	higher	doses	of
chemotherapy	drugs	are	required	to	induce	cell	death.85

PATHOLOGY	OF	MESOTHELIOMA
Benign	Mesotheliomas
There	 are	 a	 number	 of	 benign	 mesothelial	 proliferations/tumors	 that	 must	 be	 distinguished	 from	MM.	 These
tumors	 include	multicystic	mesothelioma	 (multilocular	 peritoneal	 inclusion	 cyst),	 adenomatoid	mesotheliomas,
and	well-differentiated	papillary	mesothelioma.	When	there	is	no	invasion	they	can	be	resected	and	the	lesion	is
cured.	Localized	mesothelioma,	 better	 referred	 to	 as	 localized	 fibrous	 tumor	 of	 the	 pleura	 (FTP),	 is	 similar	 to
other	 fibrous	 tumors	 found	 elsewhere	 in	 the	 body.	 The	 tumor	 cells	 have	 a	 benign	 appearance	 and	 are	 usually
immersed	 in	 a	 fibrous	 and	 characteristically	 vascular	 stroma.	 FTPs	 are	 characteristically	 negative	 for	 pan-
cytokeratin	(a	marker	that	stains	mesothelial	cells)	and	positive	for	CD34,	which	suggests	that	these	cells	are	not
of	mesothelial	origin.	The	most	important	predictive	factor	in	the	prognosis	of	FTP	is	whether	the	tumor	can	be
completely	resected	(Fig.	109.2).	In	such	cases,	97%	5-year	survival	rates	have	been	reported.89–91

Malignant	Mesothelioma
Histologically,	MM	can	show	an	epithelial	morphology	(MM	epithelial	type),	a	fibrous	morphology	(MM	fibrous
type,	 also	called	 sarcomatoid	 type),	or	 a	 combination	of	both	 (mixed	 type	or	biphasic	MM)	 (Fig.	109.3).	Most
MMs	(50%	to	60%)	are	of	the	epithelial	type,	approximately	10%	are	sarcomatoid,	and	the	remainder	are	biphasic
MM.

To	rule	out	mimics	of	mesothelioma,	the	diagnosis	must	be	confirmed	by	immunohistochemistry,	which	shows
that	mesothelioma	cells	are	diffusively	positive	for	pankeratin,	keratin	5/6,	calretinin,	and	Wilms	tumor	1	(WT1)
(WT1	 is	 the	 most	 specific	 marker	 for	 pleural	 mesothelioma;	 however,	 it	 is	 of	 limited	 value	 in	 peritoneal
mesothelioma	 in	women	 as	 it	 stains	 papillary	 carcinomas	 of	 the	 ovary).	 The	 tumor	 cells	 of	mesothelioma	 are
negative	for	the	epithelial	markers	TTF1,	CEA,	Ber-EP4,	Moc-31,	CD15,	PAX-8	(useful	in	the	differential	with
renal	cell	carcinoma	metastatic	to	the	pleura),	etc.	For	epithelial	mesotheliomas,	positive	staining	for	pankeratin,
WT1,	 and	 calretinin	 and	 negative	 stainings	 for	 three	 epithelial	markers	 are	 considered	 sufficient	 for	 diagnosis.
Importantly,	squamous	cell	carcinomas	of	the	lung	and	other	organs	are	often	positive	for	calretinin	(20%	to	40%)
and	CK5/6	(approximately	100%),	thus	p63	and	or	p40	stain—markers	that	are	positive	in	squamous	carcinomas
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and	negative	in	mesothelioma—is	helpful.	D2-40	is	almost	always	positive	in	mesothelioma	and	so	is	mesothelin;
however,	these	markers	stain	many	other	tumor	types;	thus,	they	are	not	specific	but	may	be	useful	as	a	negative
staining	argues	against	the	diagnosis	of	mesothelioma.8,92,93

Figure	109.2	Fibrous	tumor	of	pleura.	A:	Computed	tomography	reveals	a	large	mass
compressing	the	lower	lobe	of	the	lung.	B:	Intraoperative	photograph.	Tumor	arose	from	a	wide

stalk	on	the	diaphragm.	C:	Intraoperative	photograph	after	resection	of	the	mass	revealing
expansion	of	the	lung	and	no	other	disease.	D:	Resected	specimen.

Biphasic	mesotheliomas	can	be	distinguished	from	carcinosarcomas	metastasizing	from	various	organs	using
immunohistochemistry94	and	from	biphasic	synovial	sarcomas	by	using	either	electron	microscopy	or	molecular
testing	for	the	X;18	translocation	that	is	diagnostic	of	synovial	sarcoma.95

CLINICAL	PRESENTATION
Symptoms
As	many	as	25%	of	patients	with	the	disease	have	symptoms	for	≥6	months	before	seeking	medical	attention.	The
right	 side	 is	 affected	more	 than	 the	 left	 side	 (60%	versus	40%),	most	 likely	because	of	 the	 right	 side’s	greater
volume.

Approximately	 60%	 of	 the	 patients	 present	 with	 nonpleuritic	 chest	 pain	 that	 classically	 is	 located
posterolaterally	and	low	in	the	thorax.	Dyspnea	is	present	in	50%	to	70%	of	the	cases,	and,	indeed,	80%	of	the
patients	present	with	dyspnea	and	effusion.	The	presence	of	a	pleural	effusion	is	documented	at	some	time	in	the
course	of	the	disease	in	95%	of	patients	with	malignant	pleural	mesothelioma	(MPM).	With	the	increasing	use	of
positron	emission	 tomography	 (PET)	 for	pretreatment	planning,	between	5%	and	25%	of	patients	 are	 found	 to
have	metastatic	disease	at	presentation.96



Physical	Examination
Physical	examination	reveals	decreased	breath	sounds,	dullness	to	percussion,	or	decreased	motion	of	the	involved
chest	wall.	Failure	to	significantly	relieve	the	dyspnea	after	thoracentesis	may	indicate	that	the	lung	is	“trapped.”
In	the	late	stages	of	the	disease,	there	is	often	dramatic	cachexia,	marked	contraction	of	the	involved	chest	with
narrowed	interspaces,	and	hypertrophy	of	the	contralateral	hemithorax.	A	chest	wall	mass	occurs	in	up	to	25%	of
patients,	often	at	the	site(s)	of	prior	thoracentesis,	thoracotomy,	or	thoracoscopy	wounds.

Figure	109.3	Histology	of	mesothelioma.	A:	Epithelioid	mesothelioma.	Note	tubular	structures
and	malignant	mesothelioma	cells	showing	a	hobnail	morphology	with	bland	nuclei	and	abundant
cytoplasm.	B:	Biphasic	malignant	mesothelioma,	showing	a	nest	of	mesothelioma	cells	with
epithelial	differentiation	within	the	sarcomatoid	component.	C:	Sarcomatoid	mesothelioma,

positivity	for	pankeratin,	and	rare	foci	of	cells	suggestive	of	epithelioid	differentiation	indicated	the
diagnosis.	D:	High-grade	sarcoma,	a	highly	aggressive	tumor	that	is	vimentin-positive	but

vimentin-negative	over	15	different	immunostains	for	other	markers	and	without	distinctive	electron
microscopic	features.	In	this	case,	the	diagnosis	of	mesothelioma	could	not	be	confirmed.	Original

magnification:	A,	C,	and	D,	×	400;	B,	×	200.

Laboratory	Examination	and	Blood	Biomarkers
Mesothelioma	 patients	 have	 nonspecific	 laboratory	 findings,	 including	 hypergammaglobulinemia,	 eosinophilia,
and/or	anemia	of	chronic	disease.	Between	14%	and	15%	of	patients	have	elevated	homocysteine	levels,	reflecting
folic	acid	deficiency;	17%	have	biochemical	evidence	of	vitamin	B12	deficiency;	and	32%	have	biochemical	signs
of	vitamin	B6	deficiency.97	The	most	striking	laboratory	abnormality	is	thrombocytosis	(>400,000),	which	is	seen
in	60%	to	90%	of	patients,98	and	approximately	15%	of	patients	have	platelet	counts	>1,000,000.

Soluble	mesothelin-related	 peptide	 (SMRP),	 osteopontin	 (OPN),	 and	megakaryocyte	 potentiating	 factor	 are
presently	 under	 investigation	 as	 early	 detection	 or	 therapy	monitoring	markers.	Robinson	 et	 al.99	 reported	 that
determination	of	SMRP	in	serum	is	a	marker	of	mesothelioma	with	a	sensitivity	of	83%	and	specificity	of	95%	in
the	 first	 48	 patients	with	MPM	 tested.	 These	 data	 have	 been	 validated	 by	 others.100	 Changes	 in	 serum	SMRP
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levels	parallel	clinical	course/tumor	size,	and	SMRP	was	elevated	in	75%	of	patients	at	diagnosis.101	Studies	using
SMRP	in	an	attempt	to	diagnose	early	mesothelioma	in	high-risk	cohorts	have	so	far	been	disappointing.102,103

In	a	 study	 that	 compared	 serum	OPN	 levels	of	patients	with	MPM	 to	 those	of	 asbestos-exposed	 individuals
without	cancer,	serum	OPN	levels	rose	with	duration	of	asbestos	exposure	and	degree	of	radiographic	abnormality
(plaques	and	fibrosis	versus	other	lesser	findings104),	and	using	a	cutpoint	of	48.3	ng	of	OPN	per	milliliter	resulted
in	77.6%	sensitivity	and	85.5%	specificity	when	comparing	 the	group	exposed	 to	asbestos	with	 the	group	with
mesothelioma.	Follow-up	studies	have	demonstrated	that	serum	OPN	is	not	reliable	because	of	the	presence	of	a
thrombin	 cleavage	 site,	 which	 causes	 degradation	 of	 the	 marker.	 Plasma	 OPN,105	 although	 not	 specific	 to
mesothelioma,	 has	 been	 demonstrated	 to	 be	 an	 independent	 predictor	 of	 survival	 in	MM,	which	 increases	 the
prognostic	 specificity	 and	 sensitivity	 of	 the	 European	 Organisation	 for	 Research	 and	 Treatment	 of	 Cancer
(EORTC)	clinical	prognostic	index.106	Fibulin-3	is	a	conserved	member	of	the	extracellular	glycoprotein	fibulin
family	 encoded	 by	 the	 gene	 epidermal	 growth	 factor–containing	 fibulin-like	 extracellular	 matrix	 protein	 1
(EFEMP1),	and	fibulin-3	levels	were	found	to	be	significantly	higher	in	patients	with	MPM,	compared	to	those
with	only	asbestos	exposure.107	Similarly,	effusion	fibulin-3	levels	were	significantly	higher	in	patients	with	MPM
compared	to	those	with	pleural	effusion	unrelated	to	MPM.	However,	other	research	teams	reported	a	much	lower
sensitivity	of	fibulin-3	for	MM	diagnosis.108,109

High	 levels	 of	HMGB1	 are	 found	 in	mesothelioma	 patients	 and	 in	 individuals	 exposed	 to	 asbestos.	Recent
findings	suggest	that	hyperacetylated	HMGB1	is	a	sensitive	and	specific	biomarker	to	differentiate	MM	patients
from	 individuals	 occupationally	 exposed	 to	 asbestos	 and	 from	 unexposed	 controls.110	 A	 trial	 to	 independently
validate	these	findings	in	a	large	cohort	is	in	progress.

Novel	 proteomic	 platforms	 have	 also	 defined	 biomarker	 profiles	 for	 MM.	 The	 SOMAmer	 proteomic
technology	 compared	 117	 MM	 patients	 to	 142	 control	 subjects	 with	 asbestos	 exposure	 using	 over	 1,000
proteins.111	 A	 13-marker	 random	 forest	 classifier	 differentiated	MM	 from	 controls	 with	 area	 under	 the	 curve
(AUC)	of	0.99,	both	sensitivity	and	specificity	of	>90%,	superior	to	the	performance	of	mesothelin	(AUC	0.82,
sensitivity	66%,	specificity	88%).	Further	validation	studies,	along	with	the	construction	of	novel	MM	somamers
including	fibulin-3,	are	underway.

MicroRNA	profiles	are	also	under	intense	investigation	for	the	diagnosis	and	prognosis	of	mesothelioma.112–115

Radiologic	Examination
MM	 can	 have	 a	 diverse	 radiographic	 appearance.	 Many	 of	 the	 early	 changes	 are	 associated	 with	 a	 previous
exposure	 to	 asbestos,	 consisting	 both	 of	 pleural	 and	 parenchymal	 changes,	 including	 pleural	 plaques	 or
parenchymal	pulmonary	fibrosis.

Chest	Radiography
The	most	common	chest	radiography	features	associated	with	mesothelioma	progression	and	symptoms	include
the	 presence	 of	 a	 pleural	 effusion,	 diffuse	 pleural	 thickening,	 and	 nodularity.	 The	 involved	 hemithorax	 can
eventually	have	smooth,	lobular	pleural	masses	that	infiltrate	the	pleural	space	and	fissures116–118	in	45%	to	60%
of	 patients	 with	 contraction	 and	 fixation	 of	 the	 chest	 (Fig.	 109.4).	 The	 lung	 becomes	 encased,	 and	 the
mediastinum	shifts	because	of	volume	loss.

Chest	Tomography
Pleural	 changes	on	 computed	 tomography	 (CT)	 include	pleural	 plaques,	 diffuse	pleural	 thickening,	 and	pleural
effusion.	Additional	CT	features	of	mesothelioma	are	localized	nodular	or	plaque-like	pleural	thickening,	possibly
associated	with	 pleural	 effusion.	 The	 lobulated	 pleural	 encasement	 frequently	 causes	 lower	 lobe	 collapse	 (Fig.
109.5).	 Intrapulmonary	nodules	 can	occur	 in	60%	of	patients,	 and	 infiltration	 into	 fissures	 along	with	 enlarged
hilar	and	mediastinal	lymph	nodes	may	be	seen.	The	CT	allows	a	better	view	of	the	involved	pericardium,	which
is	 irregularly	 thickened	and	associated	with	 infiltration	 to	 the	pericardial	 fat	pad.	A	clear	 fat	plane	between	 the
inferior	 diaphragmatic	 surface	 and	 the	 adjacent	 abdominal	 organs	 as	 well	 as	 a	 smooth	 inferior	 diaphragmatic
contour	 may	 imply	 resectability.119	 CT	 may	 reveal	 a	 hemidiaphragm	 encased	 by	 a	 mass	 or	 poor	 definition
between	the	liver,	stomach,	and	inferior	diaphragmatic	surface.

Volumetric	measurements	using	CT	have	recently	been	studied	with	regard	to	their	prognostic	capability	(see
“Prognostic	Indicators”	section).



Magnetic	Resonance	Imaging
The	use	of	magnetic	 resonance	 imaging	 (MRI)	 in	 the	diagnosis	 of	mesothelioma	 invasion	of	 abutting	 tissue	 is
expanding	with	new	techniques	including	delayed	contrast	enhancement	MRI	and	improved	tumor	enhancement
may	 allow	 for	 increased	 accuracy	 in	 both	 the	 staging	 and	 response	 to	 therapy	 (Fig.	 109.6).	 Early	 contrast-
enhanced	MRI	 is	being	 investigated	 in	patients	with	minimal	pleural	 thickening	 in	order	 to	possibly	detect	 the
disease	earlier	in	high-risk	individuals.	High	diagnostic	specificity	and	sensitivity	have	been	reported	in	a	small
cohort	of	studied	patients	using	early	contrast-enhanced	MRI.	Diffusion-weighted	MRI	is	also	being	explored	for
its	ability	to	differentiate	between	long-	and	short-term	survival	in	patients	with	unresectable	mesothelioma	and
may	be	useful	in	demonstrating	tumor	heterogeneity	within	individual	patients.120

Positron	Emission	Tomography	Imaging
There	 are	 a	 number	 of	 studies	 of	 PET	 and	 the	 radionuclide	 imaging	 agent	 [18F]-fluorodeoxyglucose	 (FDG)	 in
mesothelioma	 (Fig.	 109.7).	 Early	 studies	 reported	 that	 FDG-PET	 was	 accurate	 in	 the	 diagnosis	 of	 pleural
malignancies,	 specifically	 mesothelioma.121–124	 Recent	 studies	 have	 concentrated	 on	 the	 accuracy	 of	 PET	 in
defining	 nodal	 and	 extrathoracic	metastases	 prior	 to	 surgical	 therapy.96,125	 Because	 of	 false-positive	 results	 in
patients	 with	 FDG-avid	 pleural	 inflammatory/infectious	 etiologies,	 all	 FDG-avid	 extrathoracic	 sites	 should	 be
histologically	confirmed	in	patients	with	MPM	being	considered	for	extrapleural	pneumonectomy	(EPP).

Figure	109.4	Chest	radiography	of	malignant	pleural	mesothelioma.	A:	Anteroposterior	view
reveals	a	contracted	right	hemithorax	with	nodular	scalloping	of	the	pleura	at	the	right	base.	There
is	fluid	or	tumor	in	the	fissure,	and	the	diaphragm	and	right	heart	border	are	obscured.	B:	Lateral
view	demonstrates	fluid	or	tumor	at	the	right	base	with	thickened	pleura	and	disease	in	the	fissure.
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Figure	109.5	Computed	tomography	of	a	patient	with	a	right-sided	pleural	mesothelioma.	As	one
progresses	from	the	apex	(A)	to	the	diaphragm	(D),	loculated	fluid	(thick	black	arrow),	thickened
pleura	(thin	black	arrows)	(B),	and	thickened	pericardium	(white	arrows)	can	be	appreciated	in

panel	C.

Figure	109.6	Magnetic	resonance	imaging	and	mesothelioma.	A:	Coronal	magnetic	resonance
imaging	of	a	right-sided	pleural	mesothelioma.	White	arrows	indicate	diaphragmatic	involvement.
Black	arrows	delineate	fluid	in	fissure	and	associated	mass.	B:	Sagittal	magnetic	resonance	image
of	same	patient	reveals	the	thickened	pleura	(thin	black	arrows),	involvement	in	the	fissure	(thick



black	arrow),	and	involvement	of	the	diaphragm	(white	arrows).

Figure	109.7	Positron	emission	tomography	with	[18F]-fluorodeoxyglucose	in	a	patient	with	an
unresectable	stage	IV	mesothelioma.	A:	White	arrows	outline	the	involved	pleura,	with	an	area	of
bulky	disease	superiorly.	Black	arrow	points	out	an	occult	metastasis	in	the	abdomen.	B:	Black

arrow	depicts	posterior	infracrural	mediastinal	lymph	node	disease.	C:	Thick	black	arrow	points	out
diaphragmatic	involvement.	Thin	black	arrows	depict	mesothelioma	medially.

DIAGNOSTIC	APPROACH	FOR	PRESUMED	MESOTHELIOMA
Thoracentesis	and	Closed	Pleural	Biopsy
Patients	 who	 present	 with	 a	 large,	 unexplained	 pleural	 effusion	 and	minimal	 or	moderate	 evidence	 of	 pleural
thickening	 should	 have	 initial	 thoracentesis	 and	 pleural	 biopsy,	 especially	 if	 a	 history	 of	 asbestos	 exposure	 or
mesothelioma	 in	a	 family	member	 is	 elicited.	By	preserving	a	cell	block	 from	 the	pleural	 fluid	and	using	both
histochemical	 and	 immunohistochemical	 staining	 techniques	 along	 with	 electron	 microscopic	 analysis,	 the
diagnosis	of	mesothelioma	can	be	obtained	from	the	pleural	effusion	in	as	high	as	84%	of	suspected	cases.126,127

Thoracoscopy
A	video-assisted	thoracoscopy	is	indicated	for	patients	at	risk	for	mesothelioma	who	(1)	develop	a	large	effusion
and	 who	 have	 negative	 studies	 on	 thoracentesis	 and	 pleural	 biopsy	 or	 (2)	 recur	 with	 effusion	 after	 initial
thoracentesis.	Thoracoscopy	can	be	invaluable	for	estimating	extent	of	disease	with	regard	to	the	lung,	diaphragm,
pericardium,	chest	wall,	and	nodes.128–130

If	there	is	no	free	pleural	space	because	of	previous	treatment	of	pleural	effusion	and	the	bulk	of	the	disease	in
the	hemithorax	is	solid,	open	biopsy	should	be	performed	such	that	the	scar	can	be	incorporated	into	the	incision
at	the	time	of	cytoreduction	surgery.

NATURAL	HISTORY
The	majority	 of	 patients	 with	 treated	 or	 untreated	 pleural	 mesothelioma	 die	 of	 complications	 of	 local	 disease
because	 of	 (1)	 increasing	 tumor	 bulk	 that	 eventually	 replaces	 the	 pleural	 effusion	 and	 causes	 progressive
respiratory	compromise,	pneumonia,	or	myocardial	dysfunction	with	arrhythmias;	(2)	unrelenting	chest	wall	pain
requiring	 narcotics,	 which	 leads	 to	 cachexia;	 and/or	 (3)	 dysphagia	 from	 tumor	 compression	 of	 the	 esophagus.
Patients	generally	die	of	respiratory	failure	or	pneumonia.

Extrathoracic	metastases	occur	late	in	the	course	of	disease	and	are	not	usually	the	direct	cause	of	the	patient’s
death.	In	the	largest	series	of	patients	with	MPM	who	had	autopsy,	54%	to	82%	had	distant	metastases,	with	the
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most	frequently	involved	organs	being	the	liver,	adrenal	gland,	kidney,	and	contralateral	lung.131,132	Intracranial
metastases	are	seen	in	approximately	3%	of	patients	and	are	predominantly	of	the	sarcomatous	type.133

Prognostic	Indicators
The	 best	 known	 clinical	 prognostic	 scoring	 systems	 for	MPM	 have	 originated	 from	 EORTC	 and	 Cancer	 and
Leukemia	Group	B	(CALGB),	and	use	a	combination	of	biologic	and	clinical	 factors.	Poor	performance	status,
nonepithelioid	histology,	male	gender,	low	hemoglobin,	high	platelet	count,	high	white	blood	cell	count,	and	high
lactate	dehydrogenase	were	found	to	be	poor	prognostic	indicators	in	mesothelioma.98,134	The	EORTC	model	was
validated	at	St.	Bartholomew’s	Hospital	in	sequential	chemotherapy	trials,135	and	both	models	were	validated	by
Edwards	et	al.136	Another	clinical	prognostic	index	that	segregated	482	MM	patients	into	four	risk	groups	based
on	weight	 loss,	 hemoglobin,	 performance	 status,	 albumin,	 and	histology	has	 been	described	more	 recently	 and
may	have	improved	prognostic	capabilities.137	Many	other	studies	have	explored	clinical	and	pathologic	features
of	MPM	as	seen	in	Table	109.1.

Quantification	 of	 the	 standardized	 uptake	 value	 (SUV)	 for	 PET	 scanning	 has	 also	 been	 investigated	 in
mesothelioma	as	a	prognostic	marker	(Table	109.2).	Low	SUV	and	epithelial	histology	predict	the	best	survival,
whereas	high	SUV	and	nonepithelial	histology	indicate	the	worst	survival.121,138–141

When	mesothelioma	develops	in	patients	carrying	germline	BAP1	mutations,	the	average	prognosis	is	5	years;
however,	several	patients	survive	more	than	10	years	and	die	of	other	causes.88	Thus,	it	 is	important	to	perform
BAP1	genetic	testing	of	peripheral	blood	or	saliva	when	a	family	history	of	mesothelioma	and	other	malignancies
found	in	the	BAP1	cancer	syndrome	suggest	this	eventuality.

TABLE	109.1
Clinicopathologic	Prognostic	Studies	of	Malignant	Pleural	Mesothelioma

Year Author N Univariate	Predictors Multivariate	Predictors
2016 Brims	et

al.137
482 18-mo	decision	tree	modeling	methodology Weight	loss,	Hgb,	PS,	albumin,

histology

2013 Baud	et
al.278

170 Asbestos	exposure,	age,	ASA	class	III	vs.	ASA	classes	I	and
II,	nonepithelioid	histology,	CRP	>3	mg/L,	and	white	cell
count	>12,000/mm3

Nonepithelioid	histology,	age,	CRP,
WBC	>12,000/mm3

2011 Nojiri	et
al.279

314 Demographic	and	laboratory	parameters Age	older	than	70	y,	nonepithelial,	low
PS,	high	WBC,	high	CRP

2010 Tanrikulu
et	al.280

363 Glucose	<40,	CRP	>50:	↓	survival KPS,	serum	LDH,	presence	of	pleural
effusion,	pleural	thickening	>1	cm,	and
PLT	>420,000

2010 Richards
et	al.281

354 Stratification	of	T	and	N	status,	epithelial	only N2b	vs.	N2a	nodal	status	with	different
hazard	ratio

2009 Francart
et	al.282

523 PS	>0,	stage	IV,	nonepithelial	↓	PFS Age,	histotype,	stage,	PS,	Hgb,	WBC

2009 Yan	et
al.283

456 Young	age,	pleural	effusion,	epithelial,	EPP,	PET	scan,
adjuvant	therapy:	↑	survival

Epithelial	and	EPP:	↑	survival

2007 Flores	et
al.284

945 Histology,	gender,	smoking,	asbestos	exposure,	laterality,
surgical	resection	by	extrapleural	pneumonectomy	or
pleurectomy	decortication,	American	Joint	Committee	on
Cancer	stage,	and	symptoms

Surgical	resection,	nonsmokers,	female,
no	pain,	epithelial,	left	side:	↑	survival

2005 Steele285 145 EORTC	prognostic	index:	PS,	nonepithelial,	male,	low	Hgb,
high	platelet	count,	high	WBC,	high	LDH:	↓	survival

PS,	WBC,	Hgb,	uncertain	diagnosis,
sarcomatoid:	↓	survival

2004 Neumann
et	al.286

155 Epithelial,	young	age,	female	gender:	↑	survival Epithelial,	young	age,	female	gender:	↑
survival

2000 Edwards
et	al.136

142 Male	sex,	older	age,	weight	loss,	chest	pain,	poor
performance	status,	low	Hgb,	leukocytosis,	thrombocytosis,
and	nonepithelial	cell	type:	↓	survival

Cell	type,	Hgb,	white	cell	count,
performance	status,	and	sex

1998 Herndon
et	al.98

337 CALGB	prognostic	index:	PS,	chest	pain,	dyspnea,	PLT
>400,000/uL,	weight	loss,	LDH	level	>500	IU/L,	pleural

Pleural	involvement,	LDH	>500	IU/L,
poor	PS,	chest	pain,	PLT	>400,000,



involvement,	low	Hgb	level,	high	WBC	count,	and	increasing
age	older	than	75	y

nonepithelial	histology,	and	increasing
age	older	than	75	y

Hgb,	hemoglobin;	PS,	performance	status;	ASA,	American	Society	of	Anesthesiologists;	CRP,	C-reactive	protein;	WBC,	white	blood
cell;	KPS,	Karnovsky	performance	status;	LDH,	 lactate	dehydrogenase;	PLT,	platelet	count;	PFS,	progression-free	survival;	EPP,
extrapleural	pneumonectomy;	PET,	positron	emission	tomography;	EORTC,	European	Organisation	for	Research	and	Treatment	of
Cancer;	CALGB,	Cancer	and	Leukemia	Group	B.
Table	modified	from	Pass	HI.	Biomarkers	and	prognostic	factors	for	mesothelioma.	Ann	Cardiothorac	Surg	2012;1(4):449–456.

Staging
The	American	Joint	Committee	on	Cancer	staging	system	for	mesothelioma	was	adopted	from	that	proposed	by
the	International	Mesothelioma	Interest	Group	(IMIG)	in	1995142	and	has	been	validated	in	a	number	of	surgically
based	 trials.	 In	 collaboration	 with	 IMIG,	 the	 International	 Staging	 and	 Prognostic	 Factors	 Committee	 of	 the
International	 Association	 for	 the	 Study	 of	 Lung	 Cancer	 recently	 formed	 a	Mesothelioma	 Domain	 in	 order	 to
improve	 the	 current	 staging	 system	 resulting	 in	 the	 first	 large,	 international	 MPM	 database,	 which	 originally
included	over	2,000	staged	patients	with	MPM	diagnosed	from	1995	to	2008	who	had	a	surgical	procedure.	As
originally	described	by	Rusch	et	 al.,143	 a	 set	 of	 covariates	were	 identified	 as	 predictive	 of	 survival	 in	 a	 “core”
model	for	this	analysis,	which	included	best	staging	information,	age,	sex,	histology	(epithelioid	or	not),	and	type
of	 surgical	 procedure	 (palliative	 versus	 EPP	 or	 pleurectomy	 decortication	 [P/D]).	 Supplemental	 prognostic
variables	were	added	to	this	“core”	model	predictive	of	survival	and	included	the	use	of	adjuvant	therapy,	platelet
count,	 and	white	 blood	 cell	 count.144	By	 2016,	 the	 registry	was	 enriched	 to	 3,519	 cases,	 of	which	 2,414	were
analyzable,	and	a	second	clinical	and	pathology	TNM	analysis	was	performed.145–148	The	changes	dictated	by	the
analyses	between	the	first	registry	analysis	and	the	second	included	(1)	the	consolidation	of	T1a	and	T1b	into	a
single	T1,	(2)	the	classification	of	all	ipsilateral	lymph	nodes	as	N1,	and	(3)	the	classification	of	contralateral	and
supraclavicular	 lymph	nodes	 as	N2.	TNM	classification	variables	 as	well	 as	 stage	groupings	 are	 seen	 in	Table
109.3	 and	Table	 109.4	 and	 the	 best	 stage	 survival	 curves	 are	 seen	 in	 Figure	 109.8.	 Exploratory	 analyses	 also
revealed	 that	 the	measurement	of	 the	maximum	thickness	of	 the	 tumor	on	CT	at	 three	 levels	or	 the	sum	of	 the
three	pleural	maximum	thickness	measurements	were	each	associated	with	survival	and	increasing	frequency	of
positive	lymph	nodes.147	The	concept	of	tumor	measurement/volume	for	possible	incorporation	in	the	MM	staging
system	 is	 an	 extension	 of	 a	 stage-independent	model	 of	 volume	 as	 a	 risk	 for	 death	 in	 patients	 having	 surgical
cytoreduction	for	MM	as	described	by	Pass	et	al.149	Gill	et	al.,150	in	a	study	of	88	epithelial	MPMs	having	EPP,
reported	that	CT	tumor	volume,	hemoglobin	concentration,	and	administration	of	adjuvant	chemotherapy	or	RT
were	independently	associated	with	overall	survival	(OS).	Further	validation	of	the	importance	of	CT	volume	and
prognosis	 has	 been	 reported	 by	 a	 multicenter	 network	 of	 six	 North	 American	 institutions.	 This	 consortium
evaluated	 interobserver	 variability	 between	 two	 reference	 radiologists	 as	 well	 as	 the	 accuracy	 and	 prognostic
significance	of	semiautomated	volumetric	CT	from	164	patients	having	surgical	resection.	Spearman	correlation
between	 readers	 was	 0.822.	 Volume	 correlated	 with	 pTN	 stages	 and	 OS,	 best	 defined	 by	 three	 groups	 with
average	 volumes	 of	 91.2,	 245.3,	 and	 511.3	 cm3	 associated	 with	 median	 OS	 of	 37,	 18,	 and	 8	 months,
respectively.151

TABLE	109.2
Radiographic	Prognostic	Studies

Marker
Year

Author
N

Univariate	Predictors
Multivariate
Predictors

PET-CT 2013 Abakay
et
al.287

177 Male	gender,	nonepithelial,	KPS	<60,	stages	III–IV,	Hgb	<12.3
g/dL,	serum	ALP	>79	u/L,	presence	of	pleural	thickening	>1
cm,	BSC	treatment	regimen,	SUVmax	>5

Male	gender,	KPS	<60,
BSC,	stages	III–IV,
SUVmax	>5

CT	volume 2012 Gill	et
al.150

88 Tumor	volume	predicts	survival	after	EPP Tumor	volume,	Hgb,
adjuvant	therapy

PET-CT 2011 Sharif
et
al.139

1,108 SUV	>10	associated	with	decreased	survival	in	best	evidence
review	of	15	papers

NA

PET-CT
volume

2010 Lee	et
al.140

13 High	metabolic	tumor	volume	decreased	survival Metabolic	tumor	volume
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Quantitative
FDG

2010 Nowak
et
al.141

89 High	total	glycolytic	volume	decreased	survival,	histology,
weight	loss,	CT	stage,	EORTC	prognostic	score

Total	glycolytic	volume
and	weight	loss	for
sarcomatoid	histology

PET,	 positron	 emission	 tomograpy;	 CT,	 computed	 tomography;	 KPS,	 Karnovsky	 performance	 status;	 Hgb,	 hemoglobin;	 ALP,
alkaline	 phosphatase;	BSC,	 best	 supportive	 care;	SUV,	 standardized	 uptake	 value;	EPP;	 extrapleural	 pneumonectomy;	NA,	 not
available;	FDG,	fluorodeoxyglucose;	EORTC,	European	Organisation	for	Research	and	Treatment	of	Cancer.
Table	modified	from	Pass	HI.	Biomarkers	and	prognostic	factors	for	mesothelioma.	Ann	Cardiothorac	Surg	2012;1(4):449–456.

TABLE	109.3
International	Staging	System	for	Diffuse	Malignant	Pleural	Mesothelioma

Stage Definition
Primary	Tumor	(T)
TX Primary	tumor	cannot	be	assessed

T0 No	evidence	of	primary	tumor

T1 Tumor	limited	to	the	ipsilateral	parietal	±	visceral	±	mediastinal	±	diaphragmatic	pleura

T2 Tumor	involving	each	of	the	ipsilateral	pleural	surfaces	(parietal,	mediastinal,	diaphragmatic,	and	visceral	pleura)	with	at
least	one	of	the	following	features:

Involvement	of	diaphragmatic	muscle
Extension	of	tumor	from	visceral	pleura	into	the	underlying	pulmonary	parenchyma

T3 Describes	locally	advanced	but	potentially	resectable	tumor.	Tumor	involving	all	of	the	ipsilateral	pleural	surfaces
(parietal,	mediastinal,	diaphragmatic,	and	visceral	pleura)	with	at	least	one	of	the	following	features:

Involvement	of	the	endothoracic	fascia
Extension	into	the	mediastinal	fat
Solitary,	completely	resectable	focus	of	tumor	extending	into	the	soft	tissues	of	the	chest	wall
Nontransmural	involvement	of	the	pericardium

T4 Describes	locally	advanced	technically	unresectable	tumor.	Tumor	involving	all	of	the	ipsilateral	pleural	surfaces	(parietal,
mediastinal,	diaphragmatic,	and	visceral	pleura)	with	at	least	one	of	the	following	features:

Diffuse	extension	or	multifocal	masses	of	tumor	in	the	chest	wall,	with	or	without	associated	rib	destruction
Direct	transdiaphragmatic	extension	of	tumor	to	the	peritoneum
Direct	extension	of	tumor	to	the	contralateral	pleura
Direct	extension	of	tumor	to	mediastinal	organs
Direct	extension	of	tumor	into	the	spine
Tumor	extending	through	to	the	internal	surface	of	the	pericardium	with	or	without	a	pericardial	effusion,	or	tumor
involving	the	myocardium

Regional	Lymph	Nodes	(N)
NX Regional	lymph	nodes	cannot	be	assessed

N0 No	regional	lymph	node	metastases

N1 Metastases	in	the	ipsilateral	bronchopulmonary,	hilar,	or	mediastinal	(including	the	internal	mammary,	peridiaphragmatic,
pericardial	fat	pad,	or	intercostal	lymph	nodes)	lymph	nodes

N2 Metastases	in	the	contralateral	mediastinal,	ipsilateral,	or	contralateral	supraclavicular	lymph	nodes

Distant	Metastasis	(M)
M0 No	distant	metastasis

M1 Distant	metastasis	present
From	Rusch	VW,	Chansky	K,	Kindler	HL,	et	al.	The	IASLC	Mesothelioma	Staging	Project:	proposals	for	the	M	descriptors	and	for
revision	of	the	TNM	stage	groupings	in	the	forthcoming	(eighth)	edition	of	the	TNM	classification	for	mesothelioma.	J	Thorac	Oncol
2016;11(12):2112–2119.

TABLE	109.4
Tumor,	Node,	Metastasis	Stage	Groupings	Proposed	for	the	Eighth	Edition	of	Malignant
Pleural	Mesothelioma	Staging	System	Relative	to	Those	Used	in	the	Seventh	Edition

Stage
N0 N1/N2 N1 N3 N2

Seventh	Edition Eighth	Edition Seventh	Edition Eighth	Edition Seventh	Edition Eighth	Edition
T1 I	(A,	B) IA III II IV IIIB



T2 II IB III II IV IIIB
T3 II IB III IIIA IV IIIB

T4 IV IIIB IV IIIB IV IIIB

M1 IV IV IV IV IV IV
From	Rusch	VW,	Chansky	K,	Kindler	HL,	et	al.	The	IASLC	Mesothelioma	Staging	Project:	proposals	for	the	M	descriptors	and	for
revision	of	the	TNM	stage	groupings	in	the	forthcoming	(eighth)	edition	of	the	TNM	classification	for	mesothelioma.	J	Thorac	Oncol
2016;11(12):2112–2119.

Figure	109.8	Overall	survival	for	pleural	mesothelioma	according	to	best	stage	for	2,414	patients
enrolled	in	the	International	Association	for	the	Study	of	Lung	Cancer	Mesothelioma	Staging

Project	(proposed	eighth	edition).	(Used	with	permission	from	Shahin	Y,	Wellham	J,	Jappie	R,	et	al.
How	successful	is	lung-preserving	radical	surgery	in	the	mesothelioma	and	radical	surgery-trial

environment?	A	case-controlled	analysis.	Eur	J	Cardiothorac	Surg	2011;39[3]:360–363.)

TREATMENT
Overview
For	unresectable	patients	who	are	candidates	for	chemotherapy,	the	well-powered	phase	III	trial	that	showed	a	3-
to	4-month	survival	advantage	for	the	two-drug	regimen	of	pemetrexed	and	cisplatin	compared	with	the	one-drug
regimen	 of	 cisplatin	 has	 defined	 the	 standard	 of	 care.152	 Recommendations	 for	 the	 management	 of	 pleural
mesothelioma	 have	 been	 made	 by	 the	 European	 Society	 for	 Medical	 Oncology	 (ESMO)153	 and	 the	 National
Comprehensive	Cancer	Center	Network	(NCCN).154

Supportive	Care
The	 median	 survival	 of	 patients	 with	 MPM	 who	 select	 supportive	 care	 ranges	 only	 from	 4	 months136	 to	 13
months.155	This	variation	is	likely	due	to	variations	in	tumor	biology,	host	response	to	tumor,	detection	bias,	lead-
time	bias,	and	the	use	of	ad	hoc	or	unreported	treatments	by	some	patients	and	physicians.

There	 are	 a	 number	 of	 options	 for	 the	 control	 of	 pleural	 effusion,	 including	 repeated	 thoracenteses,	 talc
pleurodesis,	 or	 placement	 of	 a	 PleurX	 (Denver	 Biomedical,	 Denver,	 CO)	 catheter.156	 Talc	 pleurodesis	 is
performed	by	instilling	2	to	5	g	of	asbestos-free,	sterile	talc	over	the	lung	and	the	parietal	surfaces.	Success	rates
in	effusion	control	with	talc,	used	either	via	thoracoscopy	or	via	slurry,	approach	90%.

The	 MesoVATS	 trial	 was	 a	 randomization	 between	 2003	 and	 2012	 of	 87	 video-assisted	 thoracoscopic
pleurectomy	or	88	talc	pleurodesis.	Although	there	was	no	difference	in	survival	between	the	two	groups,	pleural
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effusion	was	 better	 controlled	with	 patients	who	 underwent	 pleurectomy	 at	 1	month	 and	 6	months.	Moreover,
there	was	a	significant	benefit	in	quality	of	life	at	6	months	and	12	months	in	favor	of	the	pleurectomy	group.157

The	chest	pain	of	MM	requires	narcotics,	and	these	patients	should	be	seen	in	consultation	by	a	dedicated	pain
management	team	to	assist	in	the	optimization	of	the	patient’s	quality	of	life.	Subcutaneous	tunneling	of	epidural
catheters	 for	 long-term	out-of-hospital	use	has	also	been	used	 in	selective	cases.	When	only	 local	RT	has	been
delivered	 solely	 for	 chest	wall	 pain	 or	 chest	wall	 nodules,	 the	median	 survival	 has	 been	 reported	 to	 be	 4	 to	 5
months.158,159

Surgery	for	Pleural	Mesothelioma

The	Controversy
Surgery	 for	pleural	mesothelioma	 remains	a	controversial	 subject	not	only	among	medical	oncologists	but	 also
among	thoracic	surgeons.	Much	of	the	controversy	remains	as	the	result	of	the	early	trials	of	EPP	with	reported
mortality	 rates	 of	 31%,160	 as	 well	 as	 the	 lack	 of	 systemic	 therapies	 besides	 pemetrexed	 and	 cisplatinum	with
response	rates	>30%,	which	can	complement	present	surgical	therapy	with	mortality	rates	of	4%.	As	discussed	in
the	following,	the	type	of	operation	to	be	performed	(EPP	or	some	sort	of	lung-sparing	P/D)	is	one	of	the	more
debatable	subjects	for	the	management	of	the	disease,	and	at	present,	suffers	from	the	lack	of	randomized	data	that
defines	the	present	cadre	of	surgical	interventions	in	a	uniform	manner.

The	Purpose	of	Surgery.	Operation	 for	MPM	can	be	performed	 for	diagnostic	or	palliative	 purposes,	 but	 in
selected	patients,	it	is	performed	as	a	maximal	cytoreductive	procedure	or	macroscopic	complete	resection	(MCR)
in	which	the	persistent	disease	at	the	end	of	the	operation	is	microscopic.

Diagnostic	 Procedures.	 In	 patients	 with	 localized	 or	 free-flowing	 pleural	 effusion	 suspected	 of	 having
mesothelioma,	 video	 thoracoscopy	 allows	 for	 definitive	 diagnosis.	 For	 subtype	 classification	 of	 mesothelioma
histology,	 biopsy	 by	 open	 pleural	 biopsy	 or	 thoracotomy	 was	 found	 to	 be	 the	 most	 accurate	 in	 subtype
classification	 (83%)	 compared	with	 thoracoscopy	 (74%)	 and	 imaging-guided	 core	or	 needle	biopsy	 (44%)	 in	 a
study	comparing	histologic	subtype	recorded	by	pre-EPP	diagnostic	method	to	the	EPP	surgical	specimen.161,162

Macroscopic	Complete	Resection.	The	goal	 of	 cytoreductive	 surgery	 in	MPM	should	 be	 the	 removal	 of	 all
visible	or	palpable	tumor	(R0	or	R1)	or	an	MCR.	MCR	should	be	the	goal	of	cytoreductive	surgery,	regardless	of
whether	 that	 involves	 EPP	 or	 a	 lung-preserving	 operation.	 The	 Mesothelioma	 Domain	 of	 the	 International
Association	for	 the	Study	of	Lung	Cancer	has	recommended	the	following	as	uniform	nomenclature	for	pleural
mesothelioma	resections.163

EPP:	en	bloc	resection	of	the	parietal	and	visceral	pleura	with	the	ipsilateral	lung,	pericardium,	and	diaphragm.	In
cases	where	the	pericardium	and/or	diaphragm	are	not	involved	by	tumor,	these	structures	may	be	left	intact
(Fig.	109.9).

Extended	P/D:	parietal	and	visceral	pleurectomy	to	remove	all	gross	tumor	with	resection	of	the	diaphragm
and/or	pericardium

P/D:	parietal	and	visceral	pleurectomy	to	remove	all	gross	tumor	without	diaphragm	or	pericardial	resection
Partial	pleurectomy:	partial	removal	of	parietal	and/or	visceral	pleura	for	diagnostic	or	palliative	purposes	but
leaving	gross	tumor	behind

PALLIATION	OR	MACROSCOPIC	COMPLETE	RESECTION
Only	approximately	20%	of	patients	presenting	with	pleural	MPM	will	be	candidates	for	an	MCR.	The	decision	to
actually	palliate	a	patient	with	mesothelioma	begins	with	palliation	of	fluid	in	order	to	improve	dyspnea	or	cough.
Patients	who	have	an	excellent	result	from	drainage,	with	partial	or	full	lung	expansion,	may	then	be	considered
candidates	 for	MCR	 depending	 on	 other	 factors	 including	 (1)	 the	 experience	 of	 the	 thoracic	 surgeon,	 (2)	 the
cardiopulmonary/functional	 status	 of	 the	 patient,	 and	 (3)	 patient/tumor	 demographics	 at	 presentation.	 Any
preoperative	staging	radiologic	examination	that	points	to	disease	outside	the	involved	hemithorax	eliminates	the
use	of	an	MCR.	Patients	who	present	with	Eastern	Cooperative	Oncology	Group	(ECOG)	performance	status	≥2
or	who	have	limiting	cardiac	reserve	either	with	nonreversible	myocardial	ischemia	or	compromised	ventricular



function	(ejection	fraction	<50%)	are	usually	not	candidates	for	cytoreductive	procedures.	Moreover,	patients	with
compromised	pulmonary	function	testing	who	are	not	felt	to	be	candidates	for	pneumonectomy	must	be	carefully
evaluated	for	either	extended	P/D	in	that	the	cytoreduction	should	not	compromise	existing	lung	function	but	may
recruit	trapped	lung	and	possibly	improve	dyspnea.

Figure	109.9	Intraoperative	and	specimen	photography.	A:	Right	hemithorax	after	resection	of
lung,	pleura,	diaphragm,	pericardium,	and	lymph	nodes.	B:	Replacement	of	the	diaphragm	and

pericardium	with	Gore-Tex	material	(W.	L.	Gore	&	Associates,	Inc.,	Reisterstown,	MD).	C:	View
of	lateral	aspect	of	specimen,	which	reveals	the	entire	lung	coated	with	thickened,	mesothelioma-
involved	pleura.	D:	Medial	view	of	specimen	revealing	the	resected	pericardium	and	diaphragm,

hilar	structures,	and	lung.	SVC,	superior	vena	cava.

Controversy	Regarding	Performance	of	Extrapleural	Pneumonectomy

Extrapleural	Pneumonectomy	Results
The	use	of	EPP	for	MCR	has	evolved	since	the	first	description	alluded	to	previously.	As	detailed	in	one	of	the
early	systematic	reviews	of	the	use	of	EPP	for	MPM,164	which	included	survival	and	perioperative	outcomes,	the
median	OS	varied	from	9.4	to	27.5	months,	and	1-,	2-,	and	5-year	survival	rates	ranged	from	36%	to	83%,	5%	to
59%,	 and	 0%	 to	 24%,	 respectively.	 Overall	 perioperative	 mortality	 rates	 ranged	 from	 0%	 to	 11.8%,	 and	 the
perioperative	morbidity	rates	ranged	from	22%	to	82%.	In	Sugarbaker	and	Wolf’s165	series,	the	mortality	of	EPP
is	 reported	 at	 3.4%,	 which	 has	 been	 achieved	 by	 improving	 preoperative	 staging,	 anesthesia,	 resection,
reconstruction,	 and	 perioperative	 management	 of	 procedure-related	 complications.	 The	 chief	 complication	 is
reversible	atrial	fibrillation,	which	occurs	in	44.2%	of	patients	and	other	major	causes	of	morbidity	are	myocardial
infarction	 (1.5%),	 epicarditis	 (2.7%),	 pulmonary	 complications	 (7.9%),	 thrombosis	 (6.4%),	 empyema	 (2.4%),
technical	complications	(6.1%),	and	gastrointestinal	complications	(0.9%).166	Some	of	the	technical	issues	include
herniation	of	the	heart	due	to	failure	of	the	pericardial	patch	or	herniation	of	abdominal	contents	into	the	pleural
space	 secondary	 to	 dehiscence	 of	 the	 diaphragmatic	 repair,	 vocal	 cord	 dysfunction	 secondary	 to	 recurrent
laryngeal	nerve	injury,	bronchopleural	fistula,	empyema,	and	prolonged	respiratory	failure.

An	updated	series	of	529	patients	having	EPP	by	Sugarbaker’s	group	reported	a	30-day	mortality	of	5%	and
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median	 survival	 of	 18	 months.167	 Median	 survival	 of	 226	 patients	 without	 lymph	 node	 involvement	 was	 26
months.	EPP	alone	does	not	appear	to	prolong	survival.	In	most	EPP	series,	median	survival	is	<2	years,	but	10%
to	20%	of	patients	are	5-year	survivors.	Patients	with	sarcomatoid	histology	and/or	lymph	node	involvement	have
an	even	poorer	prognosis	and	should	not	be	considered	as	candidates	for	EPP.168

Trimodality	Therapy	in	the	Context	of	an	Extrapleural	Pneumonectomy
Trimodality	 therapy	 (TMT)	 for	 MPM	 began	 with	 evidence	 of	 a	 decreasing	 mortality	 and	 standardization	 of
techniques	 for	 EPP	 as	 well	 as	 the	 demonstration	 of	 increased	 tumor	 responses	 and	 survival	 with	 cisplatinum
doublets	 using	 either	 gemcitabine169	 or	 pemetrexed.152	 TMT	 consists	 of	 induction	 chemotherapy,	 followed	 by
EPP,	 and	 RT	 either	 as	 hemithorax	 radiation	 to	 the	 pneumonectomy	 cavity	 or	 as	 intensity-modulated	 RT
(IMRT).170	The	ideal	patient	is	younger	than	65	years	old,	has	pure	epithelial	histology,	an	absence	of	lymph	node
involvement,	and	is	physiologically	able	to	tolerate	pneumonectomy.	Table	109.5	describes	the	major	TMT	trials
to	date	using	EPP	for	MCR	and	overall	demonstrates	a	3.1%	mortality	for	EPP,	along	with	a	27.7-month	median
survival	in	60%	of	presenting	patients	who	completed	the	full	package.

Randomized	Trials	of	Surgery	for	Malignant	Pleural	Mesothelioma	Involving	Extrapleural
Pneumonectomy
As	of	2002,	only	one	randomized	trial	involving	surgery	for	MPM	had	been	performed,171	and	that	trial	did	not
address	the	issue	of	the	utility	of	surgery,	specifically	EPP	in	MPM.	In	an	attempt	to	define	the	efficacy	of	EPP,
Mesothelioma	 and	 Radical	 Surgery	 (MARS)	 was	 originally	 designed	 as	 a	 randomized	 trial	 with	 670	 patients
needed	comparing	induction	chemotherapy,	EPP,	and	postoperative	RT	to	induction	therapy	but	no	EPP.172	When
difficulty	arose	in	recruiting	patients,	an	initial	feasibility	study	was	performed	randomizing	50	patients	to	EPP	or
no	EPP.	The	final	results	of	the	trial	demonstrated	that	it	may	be	feasible	to	randomize	MPM	patients	to	a	surgical
or	nonsurgical	arm;	however,	the	conclusions	of	the	study’s	authors	have	caused	considerable	controversy	among
surgeons	and	medical	oncologists	dealing	with	MPM.	The	study	as	published	revealed	nonsignificant	differences
in	 the	 6-,	 12-,	 18-month,	 and	median	 survival	 rates	 comparing	 the	 surgery	 arm	 to	 the	 nonsurgical	 arm,	with	 a
median	survival	of	14.4	versus	19.5	months,	respectively.	One	of	the	main	criticisms	of	the	study	includes	an	18%
operative	mortality	from	EPP,	which	is	to	be	contrasted	to	the	data	noted	previously	for	other	phase	II	TMT	trials
(3.1%).	Moreover,	other	flaws	included	(1)	the	lack	of	power	of	the	study,	which	demanded	a	sample	size	of	670
randomized	individuals;	(2)	the	fact	that	the	preoperative	chemotherapy	was	not	standardized;	(3)	the	crossover	of
individuals	 from	 one	 arm	 to	 the	 other	 in	 six	 instances;	 (4)	 the	 lack	 of	 data	 on	 the	 interval	 from	 the	 end	 of
chemotherapy	 to	 surgery;	 and	 (5)	 that	 only	 one-third	 of	 the	 individuals	 received	 the	 full	 TMT	 whereas,	 as
demonstrated	previously,	60%	of	the	individuals	in	the	phase	II	setting	completed	the	TMT	and	recorded	a	median
OS	of	27.7	months.173

TABLE	109.5
Trimodality	Studies	in	Pleural	Malignant	Pleural	Mesothelioma	Involving	Extrapleural
Pneumonectomy

Reference N RR
EPP
Done Mortality

Completed
Trimodal

OS	(ITT)
(mo) OS:	Subsets	(mo) PFS	(mo)

Weder	et	al.,	2004288 19 32% 84% 0% 68% 23 NR CT	+	EPP:
16.5

Weder	et	al.,	2007289 61 NR 74% 2.2% 59% 19.8 CT	+	EPP:	23 CT	+	EPP:
13.5

Rea	et	al.,	2007290 21 33% 81% 0% 71% 25.5 27.5 CT	+	EPP:
16.3

Flores	et	al.,	2006291 21 26% 42% 0% 42% 19 CT	+	EPP	+	RT:
33.5

NR

Opitz	et	al.,	2006292 63 32% — 3.2% — NR NR NR

Buduhan	et	al.,	2009293 55 NR 84% 4.3% 69% NR CT	+	EPP:	24
TMT:	25

NR

de	Perrot	et	al.,
2009294

60 NR 75% 6.7% 50% 14 NR NR



Krug	et	al.,	2009295 77 32% 70% 4% 52% 16.8 CT	+	EPP:	21.9
TMT:	29.1

ITT:	10.1
CT	+	EPP:
18.3

Van	Schil	et	al.,
2010296

58 43% 72% 6.5% 65% 18.4 TMT:	33 ITT:	13.9

Pasello	et	al.,	2012297 54 29% 83% NR 41% 15.5 NR ITT	PFS:	8.6

Bille	et	al.,	2012298 25 NR 88% 4% 71% 12.8 NR NR

Gomez	et	al.,	2013255 136 NR 100% 8% 64%	(finished	RT) 14.7 — —

Thieke	et	al.,	2015299 62 NR 100% NR 100% 20.4 — NR

Stahel	et	al.,	2015258 323 35/128 186 4.7% 52% 18 22	(CT	+	S	±	RT) 9

Hasegawa	et	al.,
2016300

42 NR 30 12% 40% 19.9 EPP:	22.7
No	EPP:	17.1
(CT/RT	after	EPP)

11

RR,	 response	 rate;	 EPP,	 extrapleural	 pneumonectomy;	 OS,	 overall	 survival;	 ITT,	 intent	 to	 treat;	 PFS,	 progression-free	 survival;	 NR,	 not	 recorded;	 CT,
chemotherapy;	RT,	radiotherapy;	TMT,	trimodality	therapy;	S,	surgery.

Most	 recently,	 there	have	been	attempts	 to	use	 large	databases	 to	demonstrate	any	 impact	of	 surgery	on	 the
management	of	patients	with	MM,	specifically	addressing	the	issue	of	EPP.	Using	the	National	Cancer	Database,
Nelson	 et	 al.174	 evaluated	 survival	 after	 treatment	 of	MM	with	 surgery	 compared	 to	 chemotherapy	 alone,	 no
therapy,	 and	 TMT.	 Patients	 were	 then	 propensity	 matched	 1:2	 into	 surgical	 and	 nonsurgical	 groups.	 Surgery,
chemotherapy,	and	RT	were	all	independently	associated	with	improved	survival	(hazard	ratio	[HR],	0.77,	0.74,
and	 0.88,	 respectively)	 compared	 to	 no	 treatment.	 Moreover,	 stratified	 analysis	 revealed	 that	 surgery-based
multimodality	 therapy	 demonstrated	 improved	 survival	 compared	 with	 surgery	 alone,	 with	 no	 significant
difference	 between	 surgery-based	multimodality	 therapies;	 however,	 the	 greatest	 estimated	 treatment	 effect	 on
survival	 was	 observed	 when	 cancer-directed	 surgery,	 chemotherapy,	 and	 RT	 were	 combined	 (HR,	 0.52;	 95%
confidence	interval	[CI],	0.45	to	0.60),	which	underscores	the	importance	of	TMT.	For	patients	with	the	epithelial
subtype	who	underwent	TMT,	median	survival	was	extended	from	14.5	to	23.4	months.

Evolution	of	Lung-Sparing	Approaches	for	Macroscopic	Complete	Resection
Questions	regarding	the	ability	to	perform	the	same	degree	of	MCR	and	also	spare	lung	parenchyma	arose	while
studies	investigating	TMT	with	EPP	as	well	the	MARS	trial	were	accruing	patients.	A	retrospective	review	of	663
consecutive	patients	(538	men	and	125	women	with	MPM	who	underwent	EPP	or	P/D	at	three	U.S.	mesothelioma
centers)	reported	an	operative	mortality	of	7%	for	EPP	(n	=	27)	and	4%	for	P/D	(n	=	13).175	The	cytoreduction	for
these	 patients	 was	 described	 as	 a	 macroscopic	 tumor	 clearance,	 both	 pleurae,	 and	 as-needed	 resection	 of	 the
diaphragm	 and/or	 pericardium.	 Besides	 significant	 survival	 advantages	 seen	 for	 earlier	 stage	 (P	 <	 .001),
epithelioid	versus	nonepithelioid	histology	(P	<	.001),	multimodality	therapy	versus	surgery	alone	(P	<	.001),	and
female	versus	male	gender	(P	<	.001),	the	type	of	operation,	EPP	versus	P/D	(P	<	.001),	also	influenced	survival.
Multivariate	analysis	demonstrated	a	1.4-fold	greater	chance	for	death	with	EPP	(P	<	.001)	controlling	for	stage,
histology,	 gender,	 and	 multimodality	 therapy.	 Other	 studies	 followed	 as	 seen	 in	 Table	 109.6.	 The	 studies	 by
Nakas	et	al.176	and	Shahin	et	al.177	highlight	the	difference	in	results	for	P/D	performed	either	for	palliation	or	for
MCR,	 and	 both	 revealed	 a	 doubling	 of	 OS	 if	 the	 P/D	 is	 performed	 to	 remove	 all	 macroscopic	 disease	 in	 a
compulsive	fashion.	All	of	the	subsequent	studies,	most	of	which	involved	a	postoperative	multimodality	adjuvant
approach	 with	 or	 without	 intraoperative	 therapies,	 demonstrate	 superior	 OS	 of	 P/D	 to	 historical	 studies	 of
palliative	P/D,	and	exceptional	survival	rates	especially	in	pure	epithelial	MPM.

Nevertheless,	short	of	a	randomized	trial,	the	direct	comparison	of	EPP	and	P/D	results	performed	by	the	same
surgeon	can	give	insight	as	to	whether	one	procedure	is	preferable	over	the	other	from	a	morbidity,	mortality,	and
efficacy	standpoint.	The	data	for	five	such	centers	is	seen	in	Table	109.7.	Essentially	in	all	studies,	P/D	seems	to
have	less	mortality,	less	morbidity,	and	a	comparable	OS	to	EPP.	The	similarity	of	the	data	is	quite	striking	and
attests	 to	 experienced	 mesothelioma	 programs	 with	 surgical	 techniques	 that	 are	 comparable.	 For	 early-stage
mesothelioma,	the	results	also	seem	to	be	similar	if	one	compares	P/D	to	EPP.	The	only	true	propensity	matching
of	EPP	versus	P/D	was	 reported	by	Kostron	et	 al.178	 from	 the	 group	 in	Switzerland	 in	which	 a	 2:1	 propensity
matching	of	52	EPP	was	compared	to	26	P/D.	No	differences	were	seen	in	major	morbidity,	but	90-day	mortality
favored	P/D.	Freedom	from	recurrence	was	similar	between	the	two	groups,	but	OS	was	significantly	longer	for
the	P/D	patients	(32	versus	23	months).
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TABLE	109.6
Pleurectomy	Decortication	and	Macroscopic	Complete	Resection	of	Pleural	Mesothelioma

Reference N RX
MCR	P/D
Done Mortality

Completed
Trimodal

OS	(ITT)
(mo)

OS:	Subsets
(mo)

PFS
(mo)

Neragi-Miandoab	et	al.,
2008301

64 Palliative	P/D — 3.1 — 9.4 Epith:	21.7
Nonepith:	5.8

—

Nakas	et	al.,	2008176 102 P/D,	radical
Nonradical

51
51

5.9	radical
9.8
nonradical

65%
26%

15.3
7.1

25.4	radical
Epith
10.2	nonradical
Epith

—

Luckraz	et	al.,	2010302 24 P/D	CT	+	RT 24 1.1 24 26 — —

Shahin	et	al.,	2011177 26 P/D,	radical
Nonradical

13
13

— CT:	54%,	RT:
46%
CT:	54%,	RT:
15%

16.9
6.8

— —

Bölükbas	et	al.,	2013303 88 P/D,	RT,	CT NR 2.3% 84% 26 MCR:	33;	R2:13 13

Cameron	et	al.,	2012304 121 P/D,	RT	±	CT 100 NR NR 13.8 19.7	P/D	and	RT NR

Friedberg	et	al.,	2017305 73 P/D,	PDT,	CT 100% 3.0% 100% 36 19	N0:	87
N1/N2:	23

14

Lang-Lazdunski	L,
2015306

102 P/D,	HPov,
RT,	CT

100% 0% 100% 32 5	y:	23.1
MST	for	R0/R1:
45
R2:	17.4

9

RX,	 treatment	protocol;	MCR,	maximal	 cytoreductive	surgery;	P/D,	pleurectomy	decortication;	OS,	overall	 survival;	 ITT,	 intent	 to	 treat;	PFS,	progression-free
survival;	 Epith,	 epithelial;	NR,	 not	 recorded;	CT,	 chemotherapy;	RT,	 radiotherapy;	PDT,	 photodynamic	 therapy;	HPov,	 hyperthermic	 povidone;	MST,	median
survival	time.

As	extended	P/D	is	a	less	extensive	operation	with	lower	morbidity	and	mortality	than	EPP,	a	newly	designed
MARS-2	trial	will	attempt	to	demonstrate	whether	this	type	of	operation	can	offer	survival	and/or	quality-of-life
benefits	 to	 patients	 with	 MPM.179	 Patients	 with	 MPM	 registered	 on	 MARS-2	 will	 receive	 two	 cycles	 of
pemetrexed-platinum	chemotherapy.	Patients	who	do	not	progress	on	CT	scan	will	then	be	randomized	to	up	to
four	further	cycles	of	pemetrexed-platinum	chemotherapy	or	extended	P/D	followed	by	up	to	four	further	cycles
of	 postoperative	 pemetrexed-platinum	 chemotherapy.	 An	 EORTC	 trial	 will	 investigate	 the	 timing	 of	 the
chemotherapy	in	combination	with	extended	P/D.180	Patients	with	MPM	are	randomly	allocated	to	extended	P/D
preceded	or	followed	by	four	cycles	of	cisplatin/pemetrexed	at	standard	doses.	Previous	retrospective	studies	have
not	demonstrated	significant	differences	in	PFS	or	OS	in	comparing	neoadjuvant	to	adjuvant	chemotherapy	after
MCR.181

TABLE	109.7
The	Most	Recent	Published	Multimodality	Data	Comparing	Pleurectomy	Decortication	and
Extrapleural	Pneumonectomy

Reference Procedure 		N
30-d
Mortality Morbidity

Median	Follow-up
(mo)

OS
(mo) 		2	y 		5	y

Lang-Lazdunski	et	al.,
2012307

P/D	(V/P/dgm/peri)
EPP

54
22

0%
4.5%

28%
68%

15.7
12.9

23
12.8

49%
18.2%

30.1%
9%

Rena	and	Casadio,
2012308

P/D
EPP

37
40

0%
5%

24%
62%

2–45
10–41

25
20

55%
35%

NA
NA

Sorensen	et	al.,	2012309 P/D
EPP

34
28

0%
0%

NR
NR

	 28.4
31.9

NA 27%
16%

Pass,	2012310 P/D	(all	stages,	24
extended)
EPP
P/D	stage	I/II	(11
extended)
EPP	stage	I/II

78
102
38
20

1.3%
4.9%
2%
5%

22%
57%
20%
30%

22	(0–204)
12	(0–118)
35	(0–204)
27.5	(0–105)

23
12
44
25

46%
23%
66%
55%

19%
5%
35%
29%



Sharkey	et	al.,	2016311 EPP
EPD

133
225

6.5%
3.5%

15.8%a

11.5%a
NA
NA

12.9
12.3

NA
NA

NA
NA

aTotal	early	and	late	reoperations.
OS,	 overall	 survival;	 P/D,	 pleurectomy	 decortication;	 V/P,	 visceral/parietal;	 dgm,	 diaphragm;	 peri,	 pericardium;	 NA,	 not	 available;	 EPP,	 extrapleural
pneumonectomy;	NR,	not	reported.

Window-of-opportunity	 trials	 investigating	 novel	 agents	 are	 accruing	 patients	 with	 resectable	 MM	 using
pembrolizumab,	defactinib,	or	combination	immunotherapy	of	MEDI14736.182	Pre-	and	postoperative	RT	trials	as
neoadjuvant	or	adjuvant	therapies	are	discussed	later	in	the	chapter.	A	phase	II	randomized	trial	of	intraoperative
photodynamic	therapy	and	resection	is	also	underway.183

CHEMOTHERAPY
First-line	Chemotherapy
Over	the	past	three	decades,	nearly	all	chemotherapeutic	agents	have	been	tested	for	MM	as	single	agents	or	in
combination	 regimens	 primarily	 in	 single-arm	 uncontrolled	 trials.184	 Most	 single-agent	 studies	 exhibited	 poor
response	 rates	 and	 short	 median	 survival	 times	 (with	 the	 exception	 of	 cisplatin	 and	 the	 antifolates),	 whereas
combination	 therapy	 generally	 demonstrated	 greater	 efficacy.	 A	 meta-analysis	 of	 59	 trials	 confirmed	 greater
response	 rates	 for	 platinum-containing	 versus	 non–platinum-containing	 regimens	 (23.2%	 versus	 11.6%,
respectively;	P	<	.001).185

The	report	that	first	garnered	enthusiasm	regarding	the	possible	chemosensitivity	of	MPM	was	the	phase	II	trial
of	 gemcitabine	 plus	 cisplatin	 from	Byrne	 et	 al.186	 A	 total	 of	 47%	 of	 treated	 patients	 (10	 of	 21)	 had	 a	 ≥30%
reduction	in	the	thickness	of	the	pleural	rind	and	improvement	in	symptoms.	A	follow-up	multicenter	trial	from
Australia	using	the	same	regimen	in	53	patients	reported	a	lower	response	rate	at	33%	and	a	median	survival	of
11.2	 months.187	 These	 studies,	 and	 other	 multicenter	 phase	 II	 studies	 using	 gemcitabine/	 cisplatin188	 or
gemcitabine/carboplatin,189	ultimately	led	to	its	wide	spread	use	for	a	period	of	time.

A	1998	report	from	the	United	Kingdom	also	encouraged	the	use	of	chemotherapy	for	MPM	by	showing	that
an	 overall	 improvement	 in	 symptoms	 occurred	 in	 62%	 of	 patients	 treated	 with	 a	 regimen	 of	 three	 agents:
mitomycin	C,	vinblastine,	and	cisplatin	(MVP).190	Steele	et	al.191	 reported	a	similar	 rate	of	clinical	benefit	with
the	 single-agent	 vinorelbine.	Based	 on	 these	 data,	 the	Medical	Research	Council	 and	British	 Thoracic	 Society
conducted	the	first,	and	only,	trial	to	evaluate	whether	chemotherapy	improved	survival	over	supportive	care.192
Patients	with	MPM	were	randomized	to	either	(1)	active	supportive	care	(ASC)	alone,	(2)	ASC	and	MVP,	or	(3)
ASC	and	vinorelbine.	ASC	was	defined	as	 regular	 follow-up	 in	a	 specialist	 clinic,	 and	 treatment	could	 include
steroids,	 analgesics,	 bronchodilators,	 and	 palliative	 radiation.	 The	 trial	 was	 originally	 intended	 to	 enroll	 840
patients,	but	due	to	slow	accrual,	the	statistical	design	was	modified	such	that	only	409	patients	were	enrolled	and
the	results	of	the	two	chemotherapy	arms	were	combined.	A	small,	nonsignificant	survival	benefit	was	seen	for
ASC	and	CT	(HR,	0.89;	95%	CI,	0.72	to	1.1;	P	=	.029).	The	median	survival	for	the	ASC	arm	was	7.6	months,
and	 it	was	8.5	months	for	 the	ASC	and	CT	arm.	In	an	exploratory	analysis,	 treatment	with	vinorelbine	 trended
toward	providing	 a	 survival	 advantage	over	ASC	 (HR,	 0.80;	 95%	CI,	 0.63	 to	 1.02;	P	 =	 .08),	 but	 this	was	 not
observed	for	MVP.	No	difference	in	four	predefined	quality-of-life	measures	(physical	functioning,	pain,	dyspnea,
and	global	health	status)	was	observed	between	the	groups	in	the	first	6	months.

The	 development	 of	 antifolates	 ultimately	 had	 the	 greatest	 impact	 on	 establishing	 the	 standard-of-care
chemotherapy	 regimen	 for	 MPM.	 Pemetrexed	 inhibits	 dihydrofolate	 reductase,	 thymidylate	 synthase,	 and
glycinamide	 ribonucleotide	 formyltransferase,	 enzymes	 involved	 in	 purine	 and	 pyrimidine	 synthesis.193
Pemetrexed	 enters	 the	 cell	 primarily	 through	 the	 reduced	 folate	 carrier	 and	 undergoes	 extensive	 intracellular
polyglutamation	by	folylpoly-gamma-glutamate	synthetase.	The	polyglutamated	forms,	retained	for	long	periods
within	 the	 cell,	 have	 >100-fold	 greater	 affinity	 for	 thymidylate	 synthase	 and	 glycinamide	 ribonucleotide
formyltransferase	than	the	parent	drug,	pemetrexed	monoglutamate.	Moreover,	MM	cells	overexpress	the	α-folate
receptor,	and	high	levels	of	expression	of	this	receptor	may	make	MM	more	susceptible	to	antifolate	drugs.194

The	potential	activity	of	pemetrexed	and	cisplatin	in	MPM	was	first	noted	serendipitously	in	a	phase	I	trial	of
the	 combination,195	 and	 it	 was	 this	 observation	 that	 led	 to	 the	 randomized	 phase	 III	 trial	 comparing	 that
combination	to	treatment	with	cisplatin	alone	in	patients	with	advanced	MPM.	Vogelzang	et	al.152	randomized	a
total	 of	 456	 patients	 with	 MM;	 226	 received	 a	 combination	 of	 pemetrexed	 with	 cisplatin	 and	 222	 received
cisplatin	alone.	They	were	treated	with	pemetrexed	500	mg/m2	intravenously	followed	by	cisplatin	75	mg/m2	on
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day	1	of	a	21-day	cycle,	or	with	a	normal	saline	infusion	(to	maintain	single	blinding)	followed	by	the	same	dose
of	cisplatin	alone.	Median	survival	time	in	the	pemetrexed/cisplatin	arm	was	12.1	versus	9.3	months	in	the	control
arm	(P	=	.020).	The	HR	for	death	of	patients	in	the	pemetrexed/cisplatin	arm	versus	those	in	the	control	arm	was
0.77.	Median	time	to	progression	was	significantly	longer	in	the	pemetrexed/cisplatin	arm,	5.7	versus	3.9	months
(P	=	.001),	and	response	rates	were	41.3%	in	the	pemetrexed/cisplatin	arm	versus	16.7%	in	the	control	arm	(P	<
.0001)	 (Fig.	 109.10).	 Analysis	 of	 various	 pemetrexed	 trials	 conducted	 up	 to	 that	 time	 suggested	 that
supplementation	with	 folic	 acid	 and	 vitamin	B12	 could	 lessen	 toxicity	 from	 pemetrexed,	 and	 this,	 in	 fact,	was
noted	 in	 the	 subset	 of	 patients	who	 received	 supplementation	 once	 that	was	 implemented	midway	 through	 the
trial.	This	pivotal	trial	led	to	the	establishment	of	pemetrexed	and	cisplatin	as	the	standard	first-line	chemotherapy
regimen	for	MPM,	and	its	regulatory	approval	for	that	indication.

Figure	109.10	Results	of	the	phase	III	trial	of	pemetrexed	(Pem)	and	cisplatin	(Cis)	versus
cisplatin	alone.	See	text	for	details.	MS,	median	survival;	Pts,	patients.

Another	 trial	 with	 an	 identical	 design	 confirmed	 the	 benefits	 of	 adding	 an	 antifolate	 to	 platinum	 for	 the
treatment	of	MPM.	That	study,	run	by	EORTC,	used	raltitrexed,	a	more	specific	thymidylate	synthase	inhibitor.196
A	 total	 of	 250	patients	with	MPM	were	 randomized	 to	 raltitrexed	 in	 the	presence	or	 absence	of	 cisplatin.	The
combination	of	raltitrexed	with	cisplatin	improved	response	rate	(23.6%	versus	13.6%,	P	=	.056),	median	survival
(11.4	 versus	 8.8	months;	 95%	CI,	 7.8	 to	 10.8),	 and	 1-year	 survival	 (46%	versus	 40%,	P	 =	 .048).	 Table	 109.8
summarizes	the	survival	data	from	phase	III	trials	conducted	in	patients	with	advanced,	unresectable	MPM.

For	 patients	 who	 are	 unable	 to	 tolerate	 cisplatin	 due	 to	 gastrointestinal,	 renal,	 neurologic,	 or	 ototoxicities,
substitution	with	carboplatin	is	a	reasonable	alternative.	In	large,	single-arm	phase	II	trials,197,198	and	also	in	the
Expanded	Access	Program	that	provided	patients	with	access	to	pemetrexed	before	its	commercial	availability,199
pemetrexed	and	carboplatin	was	shown	to	have	comparable	response	and	survival	rates.	For	patients	who	cannot
tolerate	any	platinum	or	who	have	a	poor	performance	status,	pemetrexed	alone	can	be	considered,	although	the
single-agent	response	rates	are	clearly	lower.200,201	If	pemetrexed	is	not	available,	or	results	in	toxicity,	the	use	of
cisplatin	or	carboplatin	together	with	gemcitabine	can	be	considered	as	another	option.

Second-line	Chemotherapy
No	 standard-of-care	 regimen	 for	 patients	 with	 previously	 treated	 MM	 exists,	 and	 there	 are	 no	 clear	 data
confirming	that	second-line	therapy	increases	OS.	Best	supportive	care,	local	RT,	and	pain	medications	should	be
given	 to	 patients	when	 required,	 and	 chemotherapy	may	 also	 be	 considered.	 In	 patients	who	did	 not	 receive	 a
pemetrexed-based	 regimen	 as	 first-line	 therapy	 a	 randomized	 study	 showed	 that	 single-agent	 pemetrexed
increased	 the	disease	control	 rate	over	supportive	care	 (59.3%	versus	19.2%,	P	<	 .0001),	although	OS	was	not
improved	likely	because	more	than	half	of	patients	in	the	supportive	care	arm	ended	up	receiving	chemotherapy,
including	 18%	 who	 received	 pemetrexed.200,202	 Treatment	 with	 pemetrexed	 or	 pemetrexed	 plus	 cisplatin	 also
yielded	high	disease	control	rates	in	previously	treated	patients	in	the	Expanded	Access	Trial.200,203	However,	the
current	widespread	use	of	pemetrexed/platinum	as	first-line	therapy	makes	these	findings	mostly	irrelevant.	Some



patients	 who	 receive	 pemetrexed	 combinations	 as	 first-line	 therapy	 may	 derive	 further	 benefit	 from	 being
retreated	with	pemetrexed,	particularly	if	there	is	a	long	interval	before	progression.	In	a	retrospective	analysis	of
second-line	therapy,	42	patients	who	had	been	pretreated	with	pemetrexed	were	rechallenged,	and	this	resulted	in
a	higher	disease	control	rate,	longer	progression-free	survival	(PFS),	and	longer	OS	as	compared	to	treatment	with
a	different	agent.204

The	 data	 supporting	 the	 use	 of	 other	 second-line	 chemotherapy	 is	 generally	 lacking.	 A	multiple	 regression
analysis	that	adjusted	for	baseline	prognostic	factors	found	that	patients	enrolled	in	the	phase	III	trial	comparing
pemetrexed/cisplatin	 to	 cisplatin	 alone	 had	 a	 longer	 survival	 if	 they	 received	 poststudy	 chemotherapy,	 which
primarily	 consisted	 of	 either	 gemcitabine	 or	 vinorelbine.205	As	 treatment	with	 single-agent	 vinorelbine	 trended
toward	improving	survival	in	the	Medical	Research	Council	phase	III	three-arm	trial,	it	seems	a	reasonable	option
for	second-line	therapy.	Stebbing	et	al.206	conducted	a	phase	II	trial	with	vinorelbine	given	at	a	dose	of	30	mg/m2

weekly	and	found	a	16%	response	rate	and	OS	of	9.6	months.	Only	a	 fraction	of	 the	patients	 in	 that	 trial	were
previously	 treated	 with	 pemetrexed	 and	 cisplatin,	 however.	 In	 a	 retrospective	 analysis	 including	 56	 evaluable
patients	 who	 had	 mostly	 received	 pemetrexed-based	 first-line	 therapy	 and	 were	 treated	 with	 vinorelbine	 or
gemcitabine	as	second-	or	 third-line	 therapy,	 there	was	1	partial	 response	 (with	gemcitabine)	giving	a	 response
rate	of	2%	(95%	CI,	0%	to	5%).	A	total	of	46%	of	patients	had	stable	disease.	Median	PFS	was	1.4	months	for
both	vinorelbine	and	gemcitabine,	whereas	median	OS	was	5.4	months	and	4.7	months,	respectively.	Given	the
unclear	benefit	of	further	chemotherapy,	these	patients	should	ideally	be	enrolled	in	a	clinical	trial	if	available.

TABLE	109.8
Phase	III	Trials	in	Patients	with	Advanced,	Unresectable	Malignant	Pleural	Mesothelioma

Study	Arms
Mechanism	of
Action Disease	Setting N

mOS,	mo	(95%
CI)

HR	(95%	CI)	P
Value

Mitomycin/cisplatin/vinblastine	or
Vinorelbinea	Supportive	care190

Chemotherapy First	line 409 8.5	(NR)
7.6	(NR)

0.89	(0.72–1.10)
.29

Cisplatin/pemetrexed
Cisplatin152

Chemotherapy
(antifolate)

First	line 456 12.1	(10.0–
14.4)

9.3	(7.8–10.7)

0.77	(NR)
.02

Cisplatin/raltitrexed
Cisplatin197

Chemotherapy
(antifolate)

First	line 250 11.4	(10.1–
15.0)

8.8	(7.8–10.8)

0.76	(0.58–1.00)
.48

Cisplatin/pemetrexed/bevacizumab
Cisplatin/pemetrexed214

VEGF	inhibitor First	line 448 18.8	(15.9–
22.6)

16.1	(14.0–
17.9)

0.77	(0.62–0.95)
.0167

Pemetrexed
Supportive	care202

Chemotherapy
(antifolate)

Second	line 243 8.4	(6.2–10.5)
9.7	(8.4–10.9)

0.95	(0.71–1.27)
.74

Vorinostat
Placebo312

HDAC	inhibitor Second/third	line 661 7.1	(6.1–8.3)
6.2	(5.3–7.3)

0.98	(0.83–1.17)
.86

Tremelimumab
Placebo223

CTLA-4	inhibitor Second/third	line 571 7.7	(6.8–8.9)
7.3	(5.9–8.7)

0.92	(0.76–1.12)
.41

Thalidomide
Placebo313

Angiogenesis	inhibitor Maintenance	after	first
line

222 3.6	(3.2–4.1)
3.5	(2.3–4.8)

0.95	(0.73–1.20)
.72

aTwo	chemotherapy	arms	combined	for	final	analysis.
mOS,	median	overall	survival;	CI,	confidence	interval;	HR,	hazard	ratio;	NR,	not	reported;	VEGF,	vascular	endothelial	growth	factor;
HDAC,	histone	deacetylase;	CTLA-4,	cytotoxic	T-lymphocyte	antigen	4.

NOVEL	THERAPEUTIC	APPROACHES
Angiogenesis	Inhibition
Several	 lines	 of	 evidence	 support	 angiogenesis	 inhibition	 as	 a	 potential	 therapeutic	 strategy	 in	 mesothelioma.
Vascular	endothelial	growth	factor	(VEGF)	induces	proliferation	of	mesothelial	cells	in	culture,	and	the	addition
of	VEGF-neutralizing	antibodies	inhibits	this	effect.207,208	Mesothelioma	tumor	specimens	express	VEGF	and	its
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receptors.209,210	High	levels	of	VEGF	have	also	been	detected	in	the	serum	and	pleural	effusions	of	patients	with
mesothelioma	and	correlate	with	poorer	survival.209,211

The	VEGF	monoclonal	antibody	bevacizumab	has	been	extensively	studied	in	mesothelioma.	In	a	randomized
phase	 II	 trial,	 106	 patients	 received	 six	 cycles	 of	 gemcitabine	 and	 cisplatin	 combined	 with	 bevacizumab	 or
placebo	 followed	 by	maintenance	 therapy	with	 bevacizumab	 or	 placebo.212	 No	 improvement	 in	 response	 rate,
PFS,	or	OS	was	seen	with	the	addition	of	bevacizumab.	A	subgroup	analysis	noted	that	higher	baseline	plasma
VEGF	levels	were	correlated	with	a	shorter	PFS	and	OS	and	that	patients	with	VEGF	levels	less	than	the	median
had	 longer	 PFS	 and	OS	when	 treated	with	 bevacizumab.	Other	 studies	 exploring	 bevacizumab	 in	 combination
with	pemetrexed	and	cisplatin	have	demonstrated	positive	results,	however.	In	a	single-arm,	phase	II	trial	with	this
regimen,	53	patients	enrolled	at	four	U.S.	centers	achieved	a	PFS	of	6.9	months,	a	disease	control	rate	of	75%,	and
a	median	OS	of	14.8	months;	these	results	compare	favorably	with	historical	controls.213,214	A	French	Intergroup
study	confirmed	the	benefit	of	adding	bevacizumab	to	first-line	chemotherapy	in	a	randomized,	controlled,	open-
label,	phase	III	trial	called	Mesothelioma	Avastin	Cisplatin	Pemetrexed	Study	(MAPS).214	A	total	of	448	patients
who	had	unresectable	mesothelioma	previously	untreated	with	chemotherapy	and	with	ECOG	performance	0	to	2
were	randomized	to	receive	pemetrexed-cisplatin	alone	or	in	combination	with	bevacizumab.	OS	was	significantly
longer	with	the	triplet	combination	(median,	18.8	versus	16.1	months;	HR,	0.77;	95%	CI,	0.62	to	0.95;	P	=	.0167).
Bevacizumab	did	contribute	to	higher	rates	of	grade	3	hypertension	(23%	versus	0%)	and	thrombotic	events	(6%
versus	 1%),	 but	 these	were	 generally	manageable.	 This	 study	 led	 to	 an	 update	 of	 treatment	 guidelines	 adding
pemetrexed/cisplatin/bevacizumab	as	a	first-line	therapeutic	option.154

A	number	of	VEGF	receptor	multikinase	inhibitors	have	been	tested	in	mesothelioma,	and	they	demonstrate	a
consistent	 low	 level	 of	 activity.	 Most	 of	 these	 drugs	 also	 inhibit	 other	 growth	 signaling	 pathways	 including
platelet-derived	growth	factor	(PDGF)	receptors	and	c-KIT,	which	are	also	relevant	in	MPM.215,216	The	first	agent
in	this	class	to	be	tested	was	SU5416,	which	yielded	responses	in	11%	of	patients,	but	clinical	development	for
this	drug	was	subsequently	halted.217	A	CALGB	study	with	 sorafenib	highlights	 the	 issues	of	 patient	 selection
when	studying	novel	agents	in	mesothelioma.218	In	this	trial,	patients	could	receive	sorafenib	as	first-	or	second-
line	therapy.	Patients	who	had	received	previous	chemotherapy	survived	for	a	median	of	13.2	months,	compared
with	5	months	for	chemo-	naïve	patients,	although	this	large	difference	was	not	statistically	significant	(P	=	.3).
One-year	survival	was	also	greater	in	the	previously	treated	patients	compared	with	those	who	were	chemonaïve
(57%	versus	30%).	This	suggests	that	the	patients	treated	as	first-line	may	have	been	poor	candidates	for	standard
chemotherapy,	 whereas	 the	 patients	 treated	 as	 second-line	 had	 maintained	 a	 good	 performance	 status	 after
chemotherapy.	Sunitinib	malate	was	tested	in	two	phase	II	trials.	In	the	Australian	study,219	53	patients	received
sunitinib	as	second-line	therapy	at	a	dose	of	50	mg	on	an	intermittent	schedule	of	28	out	of	every	42	days.	The
confirmed	response	rate	was	12%,	but	65%	had	stable	disease	including	many	patients	with	some	degree	of	tumor
shrinkage.	 That	 response	 rate	 could	 not	 be	 confirmed,	 however,	 in	 a	 Canadian	 trial,220	 which	 noted	 only	 one
response	 in	 an	 untreated	 patient	 and	 none	 in	 the	 cohort	 of	 previously	 treated	 patients.	 Survival	 rates	 were
generally	poor	 in	both	studies.	The	sum	of	 these	 trials	 suggests	 that	 these	agents	may	have	 limited	activity	but
perhaps	should	optimally	be	combined	with	chemotherapy.	This	concept	is	being	tested	in	a	Southwest	Oncology
Group	randomized	phase	II	trial	of	pemetrexed/cisplatin	with	or	without	cederinib	(NCT01064648)	and	in	a	phase
II/III	 trial	 of	 pemetrexed/cisplatin	 with	 or	 without	 nintedanib	 (NCT01907100).	 Preliminary	 results	 from	 the
randomized	 phase	 II	 portion	 of	 the	 nintedanib	 LUME-Meso	 trial	 showed	 a	 significant	 PFS	 benefit	 with	 the
median	PFS	for	nintedanib	of	9.4	versus	5.7	months	for	placebo	(HR,	0.54)	and	a	strong	signal	toward	improved
OS	with	medians	of	18.3	versus	14.2	months	(HR,	0.77).

Immunotherapy
Checkpoint	inhibitors	that	block	the	cytotoxic	T-lymphocyte	antigen	4	(CTLA-4),	programmed	cell	death	protein
1	 (PD-1),	 or	 programmed	 cell	 death	 protein	 ligand	 1	 (PD-L1)	 receptors	 have	 transformed	 the	 therapeutic
landscape	 for	a	number	of	 tumor	 types,	 including	melanoma,	non–small-cell	 lung	cancer,	 renal	 cell	 carcinoma,
squamous	cell	carcinoma	of	the	head	and	neck,	and	Hodgkin	lymphoma.	Preclinical	and	clinical	data	also	support
their	potential	therapeutic	benefit	in	mesothelioma.	An	extensive	analysis	of	inflammatory	markers	and	infiltrates
in	MPM	 tumors	 demonstrated	 that	 those	with	 high	 densities	 of	CD4-	 and	CD20-expressing	 lymphocytes	 have
improved	 survival,	 providing	 a	 rationale	 for	 therapies	 aimed	 at	 stimulating	 the	 immune	 response	 in	 the	 tumor
microenvironment.221	 Pathologic	 studies	 using	 varied	 immunohistochemical	 stains	 and	 techniques	 have	 shown
PD-L1	expression	in	20%	to	40%	of	cases,	 increased	expression	 in	sarcomatoid	histology,	and	correlation	with
poorer	survival.222



The	first	clinical	data	evaluating	checkpoint	 inhibitors	came	from	two	Italian,	single	arm,	phase	II	studies	of
the	CTLA-4	inhibitor	tremelimumab	in	patients	with	MPM	that	had	progressed	on	prior	chemotherapy.223	In	the
first	trial,	tremelimumab	was	administered	at	the	dose	used	in	prior	melanoma	trials,	15	mg/kg	every	90	days.	A
total	of	2	patients	out	of	29	(7%)	achieved	durable	partial	 responses,	31%	had	disease	control,	 the	median	PFS
was	 6.2	 months,	 and	 the	 median	 OS	 was	 10.7	 months.	 A	 follow-up	 study	 increased	 the	 dose	 intensity	 of
tremelimumab	by	adjusting	the	regimen	to	10	mg/kg	every	4	weeks;	only	1	patient	(3%)	had	a	partial	response	as
measured	 by	 standard	 response	 criteria,	 but	 38%	 had	 disease	 control.	 These	 findings	 led	 to	 the	 first	 large
randomized	study	of	a	CTLA-4	inhibitor	in	mesothelioma,	but	this	was	unsuccessful.	In	the	expanded	phase	IIb
double-blind,	placebo-controlled	DETERMINE	study	(n	=	571)	tremelimumab,	as	second-	or	third-line	therapy	in
unresectable	MM,	did	not	 improve	OS	compared	 to	placebo	 (median	OS	of	7.7	months	versus	7.3	months).224
Median	PFS	was	2.8	months	in	the	tremelimumab	arm	and	2.7	months	with	placebo.

Although	the	use	of	CTLA-4	inhibitor	monotherapy	was	not	effective	in	this	randomized	trial,	results	with	PD-
1	inhibitors	are	more	encouraging.	KEYNOTE-028	was	a	multicohort,	phase	Ib	trial	of	pembrolizumab	in	patients
with	PD-L1–positive	advanced	cancer	that	included	a	group	with	previously	treated	MPM.224	Of	the	83	patients
with	 pathology	 samples	 evaluable	 for	 PD-L1	 staining,	 38	 (46%)	 had	 ≥1%	 expression;	 25	 of	 those	 patients
ultimately	 received	 treatment	on	 the	 trial.	A	 total	 of	 5	 (20%)	had	 a	partial	 response,	 and	 these	 responses	were
remarkably	durable,	lasting	a	median	of	12	months.	An	additional	13	(52%)	had	stable	disease	leading	to	a	disease
control	rate	of	72%.	These	outcomes	clearly	surpassed	any	seen	with	other	therapies	in	this	disease	setting,	and
subsequently	 led	 to	 a	 multitude	 of	 other	 similar	 trials.	 The	 French	 Cooperative	 Thoracic	 Intergroup	 (IFCT)
conducted	a	randomized	phase	II	study	(coined	MAPS2)	of	nivolumab	versus	nivolumab/ipilimumab	as	second-
or	third-line	therapy	in	patients	with	documented	progression	following	prior	treatment	with	pemetrexed/platinum.
The	 primary	 end	 point	 of	 disease	 control	 rate	 at	 week	 12	 was	 met	 in	 both	 arms:	 39.7%	 with	 nivolumab
monotherapy	and	51.6%	with	the	combination.	Response	rates	were	higher	in	patients	with	tumors	that	had	PD-L1
expression	 ≥1%.	With	 a	 median	 follow-up	 of	 15	 months,	 the	 median	 OS	 for	 the	 nivolumab	 group	 was	 13.6
months,	and	not	yet	reached	for	the	nivolumab/ipilimumab	group.	Similar	outcomes	were	observed	in	sequential
phase	II	studies	of	nivolumab	and	nivolumab/ipilimumab	in	the	Netherlands,	and	a	single-arm,	phase	II	study	of
nivolumab	 in	Japan.	Based	on	promising	 results	 from	 the	KEYNOTE-028	 trial	and	 the	 IFCT	MAPS2	 trial,	 the
NCCN	 guidelines	 were	 updated	 to	 include	 nivolumab	 alone	 or	 in	 combination	 with	 ipilimumab,	 and
pembrolizumab	as	second-line	treatment	options	for	MPM.

Mesothelin-Directed	Therapy
Mesothelin	 is	 an	 immunogenic	 cell	 surface	 glycoprotein225,226	 involved	 in	 cell	 proliferation,	 cell	 signaling,
adhesion,	and	metastases.227–229	In	normal	tissues,	it	is	expressed	only	in	the	pleura,	pericardium,	and	peritoneum
at	 low	 levels,226,230	 and	 it	 is	 expressed	 in	essentially	all	MPM	tumors.225,231–234	Several	 therapeutic	 approaches
targeting	mesothelin	have	shown	promise.235,236

Amatuximab	(MORAb-009)	is	a	chimeric	immunoglobulin	G1	(IgG1)	antibody	tested	in	a	single-arm	phase	II
trial	 in	combination	with	standard	chemotherapy	for	patients	with	advanced	MPM.	Although	PFS	did	not	differ
from	historical	 control	 and	 thus	 the	 trial	 did	not	meet	 its	 predefined	primary	 end	point,	 90%	of	patients	 had	 a
radiographic	 response	 or	 stable	 disease,	 and	 OS	 was	 significantly	 greater	 than	 anticipated	 with	 a	 number	 of
patients	 remaining	 on	 maintenance	 antibody	 treatment	 for	 an	 extended	 time.	 A	 follow-up	 double-blind,
randomized	 phase	 II	 trial	 of	 chemotherapy	 plus	 amatuxumab	 versus	 placebo	 is	 ongoing	 (ARTEMIS;
NCT02357147).

CRS-207	 is	 a	 recombinant,	 live-attenuated	 Listeria	 monocytogenes	 engineered	 to	 express	 mesothelin.236
Preliminary	 results	 from	 a	 phase	 II	 study	 with	 38	 patients	 show	 that	 the	 combination	 of	 CRS-207	 with
pemetrexed/cisplatin	 resulted	 in	 high	 response	 rate	 (59%),	 disease	 control	 rate	 (94%),	 and	 median	 PFS	 (8.5
months).237	Grade	1	or	2	 infusion-related	 fever,	 chills/rigors,	hypotension,	 and	nausea/vomiting	were	observed,
but	 no	 serious	 treatment-related	 adverse	 events	 occurred.	Further	 studies	of	CRS-207	with	 chemotherapy	or	 in
combination	with	checkpoint	inhibitors	are	ongoing.

A	mesothelin	 immunoconjugate,	 SS1P,	 consisting	 of	 antimesothelin	 Fv	 fused	 to	Pseudomonas	 exotoxin	 A,
demonstrated	minor	activity	in	phase	I	trials;	however,	efficacy	was	hampered	by	the	development	of	neutralizing
antibodies.230,238	However,	when	SS1P	was	administered	along	with	 immunosuppressive	agents	pentostatin	and
cyclophosphamide,	dramatic	 tumor	 regressions	were	observed	 in	3	out	of	10	patients,	 and	2	other	patients	had
major	 responses	 to	 chemotherapy	 following	 that	 therapy.239	 Anetumab	 ravtansine	 (BAY	 94-9343)	 is	 another
antimesothelin	 antibody	 conjugate,	 linked	 to	 the	 maytansinoid	 tubulin	 inhibitor	 DM4.240	 The	 phase	 I	 study
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identified	reversible	uveitis	and	peripheral	neuropathy	as	the	dose-limiting	toxicities,	requiring	dose	reduction	in
about	half	of	the	patients.241	Encouragingly,	of	the	16	patients	with	MPM	treated	at	the	maximum	tolerated	dose,
5	 (31%)	had	durable	 responses	 and	 another	 7	 (44%)	had	 stable	disease.	However,	 the	 subsequent	 randomized,
second-line	trial	comparing	this	agent	to	vinorelbine	disappointingly	did	not	meet	its	primary	end	point;	median
PFS	was	4.3	months	 (95%	CI,	4.1	 to	5.2)	 for	 anetumab	 ravtansine	versus	4.5	months	 (95%	CI,	4.1	 to	5.2)	 for
vinorelbine.

Investigators	 have	 also	 engineered	 chimeric	 antigen	 receptor	 (CAR)	T-cells	 targeting	mesothelin,	which	 are
now	in	early-phase	human	trials.	At	the	University	of	Pennsylvania,	one	patient	with	MPM	was	reported	to	have	a
minor	 response	 after	 recovery	 from	 a	 severe	 infusion	 reaction.242	At	Memorial	 Sloan	Kettering	Cancer	Center
(MSKCC),	the	CAR	T-cells	are	administered	intrapleurally	based	on	preclinical	evidence	showing	enhanced	cell
persistence	and	more	durable	responses	from	local	administration.243

RADIOTHERAPY	FOR	MESOTHELIOMA
The	Role	of	Radiotherapy
Large	database	studies	have	yielded	conflicting	conclusions	on	the	role	of	RT	in	the	treatment	of	mesothelioma.	A
Surveillance,	 Epidemiology,	 and	 End	 Results	 (SEER)	 analysis	 of	 14,228	 patients	 having	 surgery	 alone
demonstrated	improved	survival	when	compared	to	no	treatment,	but	there	was	no	difference	in	when	combined
surgery	 and	 radiation	 was	 compared	 to	 surgery	 alone.244	 A	 subsequent	 analysis	 using	 the	 National	 Cancer
Database	 reviewed	 23,414	 patients	 treated	 between	 2004	 and	 2013.	 Of	 these,	 14,090	 underwent	 definitive
treatment	and	only	508	(3.6%)	received	definitive	RT.	The	use	of	RT	improved	the	2-year	rate	of	OS	from	20%	to
34%	with	an	adjusted	HR	of	0.87,	suggesting	a	significant	benefit	with	the	use	of	RT.245

RT	is	rarely	used	as	a	“curative”	treatment	of	MPM	due	to	the	inability	to	treat	a	large	volume	of	disease	in	the
chest	with	a	curative	radiation	dose	(>60	Gy)	because	of	the	risks	of	severe	damage	to	normal	tissue

Combined	Chemotherapy	and	Definitive	Radiotherapy
The	poor	results	reported	for	definitive	RT	alone	have	led	to	studies	evaluating	the	combination	of	chemotherapy
and	 radiation.	Both	Ruffie	 et	 al.246	 and	Lindén	 et	 al.247	 have	 reported	 that	 the	median	 survival	 is	 increased	 in
patients	treated	with	combined	modality	therapy	compared	with	RT	alone.	Although	combination	approaches	with
radiation	 sensitizers	 are	 interesting	 and	 have	 been	 successful	 in	 non–small-cell	 lung	 cancer,	 definitive
chemoradiotherapy	should	be	considered	experimental	for	patients	with	mesothelioma.



Combined	Surgical	Resection	and	Adjuvant	Radiotherapy
Rusch	et	al.248	at	MSKCC	completed	a	phase	II	trial	of	EPP	followed	by	postoperative	radiation	in	patients	with
pleural	mesothelioma.	The	majority	of	patients	(n	=	62)	underwent	an	EPP	followed	by	54	Gy	delivered	through
anterior	and	posterior	fields	in	30	fractions	of	1.8	Gy.	Only	the	patients	who	underwent	EPP	were	considered	for
survival	analysis.	The	median	survival	was	17	months,	with	an	OS	of	27%	at	3	years.	Only	13%	had	locoregional
recurrence,	with	the	majority	of	patients	who	recurred	having	distant	metastases.	The	authors	concluded	that	their
approach	 of	 aggressive	 surgery	with	EPP	 followed	 by	 high-dose	 radiation	 to	 the	 entire	 hemithorax	 provided	 a
favorable	outcome	for	those	patients	who	were	able	to	complete	the	therapy	when	compared	to	historical	data.

IMRT	offers	the	potential	for	administering	higher	doses	of	RT	with	better	target	coverage	to	the	hemithorax
while	 minimizing	 normal	 tissue	 toxicities.	 IMRT	 is	 a	 highly	 conformal	 radiation	 technique	 that	 allows	 more
effective	sparing	of	normal	tissues,	providing	an	opportunity	for	safer,	less	toxic	treatments	and	increased	efficacy
by	enabling	higher	radiation	doses	to	the	tumor.	It	comes	with	a	much	higher	level	of	dosimetric	control	and	leads
to	better	target	coverage	than	conventional	techniques.249	Areas	of	dose	inhomogeneity	are	readily	recognizable
and	can	be	corrected.	Rice	et	al.250	 and	Forster	et	al.251	 at	 the	MD	Anderson	Cancer	Center	 (MDACC)	 treated
patients	with	MPM	with	 IMRT	 after	 EPP.	 In	 63	 patients	who	were	 treated	with	 EPP	 and	 IMRT,	 there	was	 a
median	survival	of	14.2	months	and	3-year	survival	of	20%	for	patients	with	IMRT.	Recurrences	in	the	irradiated
field	occurred	in	only	3	patients,	and	distant	disease	observed	in	54%	of	patients	was	the	major	pattern	of	failure.
Pulmonary	 toxicity	 appears	 to	 be	 the	 most	 significant	 late	 toxicity	 observed	 in	 patients	 with	 MPM	 after
IMRT.252–254	Allen	et	al.252	 reported	 fatal	pulmonary	complications	 in	6	of	13	patients	with	MPM	treated	with
IMRT	to	a	dose	of	54	Gy	to	the	clinical	target	volume.	The	median	time	from	completion	of	IMRT	to	the	onset	of
radiation	pneumonitis	was	30	days	 (range,	5	 to	57	days).	Other	early	data	confirmed	 the	challenges	 in	 treating
patients	after	EPP,	where	an	occurrence	of	radiation	pneumonitis	can	frequently	be	fatal.254–256	If	the	use	of	IMRT
after	EPP	is	planned,	doses	of	45	to	50	Gy	in	1.8	to	2.0	Gy	fractions	are	typically	recommended.

Gomez	et	al.255	retrospectively	analyzed	an	updated	series	of	86	patients	who	underwent	hemithoracic	IMRT
after	EPP	at	MDACC.	Grade	3	or	worse	pulmonary	toxicity	occurred	in	11.6%	of	patients.	At	2	years,	the	rates	of
OS,	 local	 control,	 and	 distant	 control	 were	 32%,	 55%,	 and	 40%,	 respectively.	 A	 total	 of	 14	 patients	 (16%)
experienced	local	failure,	and	only	2	of	these	patients	had	local	failure	alone

Helical	tomotherapy	is	a	type	of	IMRT	wherein	the	radiation	is	delivered	through	a	gantry	that	is	able	to	rotate
360	degrees	around	the	patient.	Simultaneous	with	 the	movement,	 the	 treatment	couch	and	multileaf	collimator
leaves	are	also	moving,	allowing	precise	dose	distributions	in	the	tumor	and	theoretically	shielding	normal	tissues,
especially	the	lung.	A	study	from	the	Curie	Institute	and	the	Rene	Gauducheau	Cancer	Center	examined	the	use	of
helical	tomotherapy	after	EPP.257	A	total	of	24	patients	were	treated,	and	4	(16%)	had	grade	3	or	worse	radiation
pneumonitis	within	6	months,	including	2	deaths	(8%).	There	was	1	case	of	grade	3	esophagitis.	There	were	only
2	cases	of	local	failure.	The	remaining	patients	had	distant	failure.

Stahel	et	al.258	published	 the	 results	of	SAKK	17/04,	a	multicentered	phase	 II	 randomized	 trial.	 In	 this	 trial,
patients	received	three	cycles	of	induction	chemotherapy	with	cisplatin	and	pemetrexed.258	Patients	then	received
EPP	and	were	subsequently	randomized	to	either	hemithoracic	RT	or	no	further	treatment.	A	total	of	153	patients
were	enrolled	in	the	study	and	113	underwent	surgery.	However,	only	54	patients	went	onto	randomization.	There
was	 no	 significant	 difference	 local-regional	 PFS	 and	 OS	 between	 the	 two	 randomized	 groups.	 Although	 the
authors	concluded	that	there	is	no	role	for	postoperative	RT	after	EPP	for	mesothelioma,	it	is	more	likely	that	this
trial	was	too	severely	underpowered	to	detect	any	difference	between	the	groups.

Radiation	Before	Extrapleural	Pneumonectomy
de	Perrot	et	al.,259	from	Princess	Margaret	Hospital,	has	reported	on	an	innovative,	but	experimental,	technique	to
combine	RT	and	EPP.	Patients	received	25	to	30	Gy	to	the	entire	hemithorax	using	IMRT	1	week	prior	to	EPP.
There	was	only	1	patient	out	of	62	patients	who	experienced	grade	5	toxicity	after	EPP	and	2	patients	who	died
after	 discharge	 for	 a	 treatment-related	 mortality	 of	 5%.	 It	 is	 important	 to	 note	 that	 no	 patient	 underwent	 RT
without	subsequently	having	surgical	resection,	which	emphasizes	the	importance	of	good	patient	selection.	The
median	 survival	 for	 all	 patients	 as	 an	 intention-to-treat	 analysis	 was	 an	 encouraging	 36	 months.	 When	 this
treatment	was	compared	to	the	use	of	neoadjuvant	chemotherapy,	it	was	found	to	have	similar	surgical	risk.260

Radiation	After	Lung	Sparing
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As	the	use	of	P/D	has	increased	in	popularity	over	EPP,175	it	became	important	to	develop	techniques	to	treat	the
pleura	and	chest	wall	with	the	remaining	lung	in	the	treatment	field.	Conventional	RT	techniques	had	been	used
with	limited	success.	In	a	retrospective	review	of	patients	having	P/D	at	MSKCC	from	1974	to	2003,	123	patients
received	 external-beam	 RT	 (median	 dose,	 42.5	 Gy;	 range,	 7.2	 to	 67.8	 Gy)	 to	 the	 ipsilateral	 hemithorax
postoperatively	with	conventional	techniques.	The	median	and	2-year	OS	for	all	patients	was	13.5	months	(range,
1	to	199	months)	and	23%,	respectively.261

With	 the	 improvements	 in	RT	 treatment	 delivery,	 institutions	 began	using	hemithoracic	 pleural	 IMRT	 (also
known	 as	 intensity-	modulated	pleural	 rad	 iatio	 n	 therapy	 [IMPRINT])	 after	 P/D	 (Fig.	 109.11).	 Because	 the
ipsilateral	 lung	 is	 still	 intact,	 the	 clinical	 situation	 is	 somewhat	 similar	 to	 lung	 cancer	 and	 some	 of	 the	 same
dosimetric	considerations	apply.

Figure	109.11	Radiotherapy	after	pleurectomy	decortication.	Isodense	beam	distribution	showing
example	of	typical	isodose	distribution	using	eight	angles	equally	spaced	over	the	200-degree	to

240-degree	sector	encompassing	the	ipsilateral	lung.	Area	within	green	lines	depicts	target	volume.
(Color	version	of	figure	is	available	online	at	http://www.semthorcardiovascsurg.com.)	(Reprinted
from	Rosenzweig	KE,	Zauderer	MG,	Laser	B,	et	al.	Pleural	intensity-modulated	radiotherapy	for
malignant	pleural	mesothelioma.	Int	J	Radiat	Oncol	Biol	Phys	2012;83[4]:1278–1283,	Copyright

[2012],	with	permission	from	Elsevier.)

Rosenzweig	et	al.,262	from	MSKCC,	reported	on	the	feasibility	of	pleural	IMRT	in	36	patients	treated	who	had
P/D	 or	 no	 surgery.262	 The	median	 dose	was	 4,680	 cGy,	 and	 90%	 of	 the	 patients	 had	 received	 sequential	 (not
concurrent)	chemotherapy.	A	 total	of	20%	of	patients	developed	grade	3	or	worse	 toxicity,	 including	one	 toxic
death.	Five	patients	(16%)	had	chronic	RP.	The	conclusion	of	the	study	was	that	pleural	IMRT	is	a	feasible	and	a
relatively	 safe	 treatment	 technique	 for	 patients	 with	 MPM	 who	 have	 an	 intact	 ipsilateral	 lung.	 Posttreatment
imaging	of	a	patient	who	received	IMPRINT	is	presented	in	Figure	109.12.	A	recent	study	demonstrates	that	the
use	of	advanced	IMRT	techniques,	such	as	volumetric	modulated	arc	therapy	(VMAT),	can	improve	the	radiation
dose	distribution	and	reduce	predicted	toxicity.263

MSKCC	updated	their	experience	and	reported	on	patients	treated	with	hemithoracic	pleural	IMRT.264	Failures



were	categorized	as	in-field,	marginal,	out-of-field,	or	distant	depending	on	the	failures’	relation	to	the	90%	and
50%	isodose	 lines.	The	median	 time	 to	 local	 failure	was	10	months	 from	the	conclusion	of	pleural	 IMRT.	The
median	follow-up	for	all	patients	in	the	study	was	24	months	from	diagnosis.	The	rate	of	local	failure	was	56%
and	74%	at	 1	 and	2	 years,	 respectively.	The	 authors	 concluded	 that	 local	 failure	 is	 the	 predominant	 pattern	 of
failure	 and	 that	 patients	 treated	with	hemithoracic	pleural	 IMRT	 in	 the	 adjuvant	 setting	 after	P/D	experience	 a
significant	 prolongation	 in	 time	 to	 local	 and	 distant	 failure	 than	 patients	 treated	 with	 IMRT	 after	 less	 than	 a
complete	resection.	A	subsequent	analysis	of	MSKCC	patients	reported	that	heart	dose	is	strongly	correlated	with
radiation	pneumonitis	in	patients	receiving	IMPRINT.265

A	 two-center	 phase	 II	 study	 evaluating	 the	 use	 IMPRINT	 with	 chemotherapy	 and	 P/D	 was	 reported	 from
MSKCC	and	MDACC.266	A	 total	 of	 27	 patients	 received	 radiation	 after	 chemotherapy	 and	P/D	 (median	 dose,
46.8	Gy).	A	total	of	6	patients	had	grade	2	RP,	and	2	patients	developed	grade	3	or	worse	RP	(no	grade	4	or	5).
The	median	 PFS	 and	OS	were	 12.4	 and	 23.7	months,	 respectively.	 The	 2-year	 OS	was	 59%	 in	 patients	 with
resectable	tumors	and	was	25%	in	patients	with	unresectable	tumors.

Figure	109.12	Computed	tomography	after	postoperative	pleural	intensity-modulated
radiotherapy.	Note	the	radiation	effect	in	the	lower	lobe	and	the	loss	of	volume	on	the	left.

A	 retrospective	 study	 from	MSKCC	 analyzed	 209	 patients	 who	 received	 P/D	 and	 adjuvant	 RT	 either	 with
conventional	techniques	or	IMPRINT.267	Conventional	techniques	were	anterior	and	posterior	fields	with	electron
boosts	 over	 shielded	 area	 and	 delivered	 mostly	 before	 2004	 when	 IMPRINT	 was	 implemented.	 OS	 was
significantly	higher	with	IMPRINT	versus	conventional	techniques.	TMT	with	P/D,	chemotherapy,	and	IMPRINT
had	a	favorable	OS	rate	of	42%	at	2	years.

Prevention	of	Scar	Recurrences
Malignant	seeding	in	approximately	20%	to	50%	of	patients	with	mesothelioma	along	thoracentesis	tracts,	biopsy
tracts,	 chest	 tube	 sites,	 and	 surgical	 incisions	 is	 a	 common	 complication	 of	 procedures	 in	 these	 patients.268,269
Boutin	 et	 al.268	 randomized	 40	 patients	 after	 an	 invasive	 diagnostic	 procedure	 to	 either	 RT	 (7	 Gy	 for	 three
fractions)	 or	 no	 treatment.	 No	 patient	 in	 the	 radiation	 treatment	 group	 developed	 subcutaneous	 nodules.
Alternatively,	 8	 of	 20	 patients	 in	 the	 untreated	 group	 developed	metastases.	 Two	 additional	 small	 randomized
trials	have	 suggested	 that	 the	use	of	 short-course	RT	does	not	 reduce	 the	 frequency	of	 cutaneous	 seeding	after



Dr. AVR @ TMH

invasive	procedures.270,271

Palliation	Using	Radiotherapy
RT	 is	 commonly	 used	 to	 palliate	 pain	 in	 patients	 with	 advanced	mesothelioma,158	 and	 investigators	 from	 the
Netherlands	 have	 reported	 using	 palliative	 RT	 to	 treat	 painful	 chest	 wall	 metastases	 in	 patients	 with
mesothelioma.	Ball	and	Cruickshank272	reported	a	72%	rate	of	symptom	improvement	using	palliative	courses	of
RT.	Ruffié	et	al.273	and	Davis	et	al.274	reported	the	results	of	palliative	RT	in	patients	with	mesothelioma.	When
doses	>45	Gy	were	used,	pain	relief	was	attained	in	>50%	of	the	cases.

Proton	Beam	Radiation
The	widespread	interest	in	proton	RT	has	begun	to	carry	over	to	MPM.	To	date,	two	theoretical	planning	studies
have	 been	 published	 that	 suggest	 that	 proton	 therapy	 allows	 better	 sparing	 of	 normal	 organs	 at	 risk	 while
providing	better	target	coverage	in	patients	after	EPP.275,276	A	case	series	from	MDACC	showed	feasibility	of	the
use	of	intensity-modulated	proton	therapy	with	lower	doses	to	critical	structures	than	with	IMPRINT.277
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INTRODUCTION
Peritoneal	 carcinomatosis,	 mesothelioma,	 and	 sarcomatosis	 are	 included	 in	 the	 group	 of	 diseases	 collectively
referred	to,	in	this	chapter,	as	peritoneal	metastases.	Over	the	past	three	decades,	there	has	emerged	an	increasing
optimism	concerning	an	individualized	management	plan	for	cancer	dissemination	within	the	abdomen	and	pelvis.
The	 clinical	 problem	 was	 originally	 defined	 by	 several	 important	 clinical	 studies	 that	 established	 the	 natural
history	of	peritoneal	surface	malignancy.1–3

Concomitant	with	these	manuscripts	that	identified	the	dismal	prognosis	of	patients	with	peritoneal	metastases,
isolated	reports	appeared	concerning	an	emerging	technology	that	described	a	new	approach	to	management.	This
alternative	 treatment	 plan	 had	 two	 essential	 components.	 First,	 cytoreductive	 surgery	 (CRS)	 was	 used	 in	 an
attempt	to	resect	all	visible	implants	within	the	abdomen	and	pelvis.	Peritonectomy	along	with	visceral	resections
was	developed	 to	surgically	eradicate	cancer	on	peritoneal	surfaces.4	The	second	component	was	 local-regional
chemotherapy	(intraperitoneal	chemotherapy)	used	in	the	operating	room	or	within	the	early	postoperative	period
before	adhesions	develop.	Chemotherapy	used	in	the	operating	room	with	moderate	heat	has	been	referred	to	as
hyperthermic	 intraperitoneal	chemotherapy	(HIPEC)5;	 chemotherapy	used	within	 the	 early	postoperative	period
has	been	referred	to	as	early	postoperative	intraperitoneal	chemotherapy	(EPIC).6	The	chemotherapy	is	used	in	an
attempt	to	eradicate	free	cancer	cells	and	minute	attached	nodules	that	remain	following	surgery.7

The	unique	aspect	of	 this	new	combination	of	 treatments	was	 the	perioperative	 timing	of	 the	chemotherapy.
Currently,	the	perioperative	chemotherapy	may	be	both	intravenous	and	intraperitoneal	and	may	be	administered
in	 the	 operating	 room	 or	 in	 the	 early	 postoperative	 period.	 It	 is	 not	 adjuvant	 chemotherapy,	 and	 it	 is	 not
neoadjuvant	 chemotherapy;	 it	 is	 chemotherapy	 used	 simultaneously	 with	 a	 major	 cytoreductive	 surgical
procedure.	 Of	 course,	 all	 efforts	 to	 maintain	 benefits	 from	 systemic	 chemotherapy	 in	 patients	 with	 peritoneal
metastases	or	mesothelioma	must	continue.	Patients	with	peritoneal	surface	malignancy	are	required	to	be	a	focus
of	the	multidisciplinary	team	(MDT).

NATURAL	HISTORY	STUDIES	DOCUMENT	THE	IMPORTANCE	OF	LOCAL-
REGIONAL	PROGRESSION
A	 strong	 rationale	 for	 the	 emergence	 of	 CRS	 and	 perioperative	 chemotherapy	 (HIPEC	 or	 EPIC)	 as	 a	 valid
treatment	option	comes	from	natural	history	studies.	In	a	proportion	of	patients,	recurrence	of	the	primary	cancer
isolated	to	the	surfaces	of	the	abdomen	and	pelvis	is	a	reality.	Primary	or	recurrent	disease	at	the	resection	site	and
on	peritoneal	surfaces	in	the	absence	of	hepatic	metastases	or	systemic	metastases	does	occur;	these	patients	are
appropriate	 for	 treatment	 by	 CRS	 and	 perioperative	 chemotherapy.	 Isolated	 peritoneal	 surface	 progression	 of
abdominal	or	pelvic	malignancy	is	not	unusual.8,9

To	fully	understand	the	importance	of	cancer	cells	that	gain	access	to	the	peritoneal	space	prior	to	or	at	the	time
of	 a	 cancer	 resection,	 one	 must	 appreciate	 the	 pathophysiology	 of	 peritoneal	 dissemination.	 Figure	 110.1
illustrates	the	mechanism	of	local-	regional	progression.	Cancer	cells	at	low	density	result	in	peritoneal	metastases
at	a	distance	from	the	primary	cancer	resection.	Cancer	cells	at	higher	density	become	trapped	within	raw	tissue
surfaces	at	the	resection	site.	A	fusiform	layer	of	cancer	that	conforms	to	the	anatomic	structures	within	the	bed	of
the	 primary	 resection	 site	 results	 from	 high-density	 seeding.10	 The	 progression	 of	 cancer	 implants	 within	 the
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resection	site	and	on	peritoneal	surfaces	 in	 the	absence	of	 liver	metastases	or	systemic	disease	presents	a	major
rationale	for	comprehensive	local-regional	treatments.

PATIENT	SELECTION	USING	QUANTITATIVE	PROGNOSTIC	INDICATORS
With	 some	 variations	 between	 diseases,	 the	 same	 group	 of	 quantitative	 prognostic	 indicators	 is	 used	 to	 select
patients	with	peritoneal	surface	malignancy	from	many	different	primary	sites	for	treatment.	Prognostic	indicators
refine	the	selection	of	patients	to	those	most	likely	to	benefit	and	to	exclude	those	who	are	unlikely	to	benefit.11,12
Histopathology,	 the	 peritoneal	 cancer	 index	 (PCI),	 the	 completeness	 of	 cytoreduction	 score	 (CC),	 radiologic
imaging	by	computed	tomography	(CT),	and	tumor,	node,	metastasis	(TNM)	stage	with	peritoneal	cytology	play	a
central	role	in	patient	selection.

Figure	110.1	Intraoperative	dissemination	of	gastric	cancer	cells.	If	cancer	cells	gain	access	to	the
peritoneal	space	either	prior	to	or	at	the	time	of	gastrectomy,	two	patterns	of	dissemination	are

observed.	A	low	density	of	cancer	cells	into	the	free	peritoneal	space	results	in	nodules	as	peritoneal
implants.	A	high	density	of	cancer	cells	dropped	into	the	cancer	resection	site	results	in	a	layering

of	cancer.

Biologic	Aggressiveness	as	Measured	by	Histopathology	for	Epithelial
Appendiceal	Neoplasms	and	Peritoneal	Mesothelioma
Mucinous	 appendiceal	 neoplasms	 have	 a	 broad	 spectrum	 of	 aggressiveness,	 and	 the	 histologic	 type	 of	 the



appendiceal	 neoplasm	 has	 a	 profound	 effect	 on	 survival	 following	 treatment	 by	 CRS	 and	 perioperative
chemotherapy.13	 Patients	 with	 adenomucinosis	 obtain	maximal	 survival	 benefit,	 whereas	 those	 with	mucinous
carcinoma	show	survivals	similar	to	that	for	peritoneal	metastases	of	colorectal	origin.14

Seven	different	histologic	patterns	of	peritoneal	mesothelioma	contribute	to	three	distinct	histologic	groups	that
have	a	very	different	prognosis	following	treatment	with	CRS	and	perioperative	chemotherapy:	poor	prognosis	for
sarcomatoid,	deciduoid,	or	biphasic	types;	intermediate	prognosis	for	papillary	and	epithelial	types;	and	excellent
prognosis	for	low-grade	or	multicystic	types.15

Extent	of	Disease	as	Measured	by	the	Peritoneal	Cancer	Index	at	the	Time	of
Abdominal-Pelvic	Exploration
The	PCI	is	an	assessment	combining	lesion	size	(0	to	3)	with	tumor	distribution	(abdominopelvic	regions	0	to	12)
to	estimate	the	extent	of	disease	within	the	abdomen	and	pelvis	as	a	numerical	score	(Fig.	110.2).16	It	is	calculated
from	observations	obtained	at	the	time	of	surgical	exploration	of	the	abdomen	and	pelvis	and	should	be	recorded
by	 the	 surgeon	 before	 leaving	 the	 operating	 room.	 The	 higher	 the	 PCI,	 the	 less	 likely	 CRS	 and	 perioperative
chemotherapy	 will	 result	 in	 long-term	 survival	 for	 all	 the	 peritoneal	 surface	 malignancies	 discussed	 in	 this
chapter.

The	Completeness	of	Cytoreduction	Score	Performed	after	the	Resection
The	size	of	residual	tumor	nodules	visually	determined	after	CRS	has	been	determined	to	have	a	profound	effect
on	outcome.	The	definition	of	 complete	 cytoreduction	 is	 no	visible	 evidence	of	 cancer	or	only	minute	nodules
reliably	penetrated	by	perioperative	chemotherapy,	a	CC-0	or	CC-1,	respectively.	With	few	exceptions,	a	CC-0	or
CC-1	score	is	necessary	for	long-term	benefit	with	CRS	and	perioperative	chemotherapy.17

Figure	110.2	The	peritoneal	cancer	index	(PCI).	This	index	combines	a	size	and	a	distribution
parameter	to	achieve	a	numerical	score.	The	lesion	size	(LS)	is	used	to	quantitate	the	size	of

peritoneal	nodules.	The	distribution	of	tumor	is	determined	within	the	13	abdominopelvic	regions.

Preoperative	Radiologic	Imaging	by	Computed	Tomography
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CT	 of	 the	 chest,	 abdomen,	 and	 pelvis	 is	 an	 essential	 tool	 in	 the	 selection	 of	 patients	 for	 treatment.	 Systemic
metastases	and	spread	to	pleural	surfaces	must	be	identified	before	these	local-regional	treatments	proceed.	The
location	 and	 quantity	 of	 mucinous	 carcinoma	 within	 the	 peritoneal	 cavity	 can	 be	 accurately	 determined.18
Unfortunately,	nonmucinous	peritoneal	metastases	may	be	greatly	underestimated	by	CT.19,20	If	the	small	bowel
and	its	mesentery	are	layered	by	tumor	or	a	large	mass	of	cancer	occupies	the	epigastric	region,	the	likelihood	of
achieving	complete	cytoreduction	 is	 small.	The	CT	with	maximal	 intravenous	and	oral	contrast	can	 identify	15
concerning	 features	 that	 are	 associated	with	 suboptimal	 cytoreduction	 or	 technically	more	 complex	 procedures
that	carry	increased	morbidity	and	mortality.21

Tumor,	Node,	Metastasis	Stage;	Peritoneal	Cytology;	and	Clinical	Features	of
the	Primary	Cancer
A	meticulous	 visual	 survey	 of	 the	 peritoneal	 surfaces	 at	 the	 time	 of	 primary	 gastrointestinal	 cancer	 resection
combined	with	a	knowledgeable	and	 timely	gross	and	histopathologic	assessment	of	 the	 resected	specimen	can
accurately	 predict	 the	 incidence	 of	 peritoneal	 metastases	 that	 will	 occur	 in	 follow-up.	 Also,	 in	 advanced
gastrointestinal	cancers,	peritoneal	cytology	provides	important	prognostic	information.	This	information	should
be	used	by	 the	MDT	to	consider	proactive	 treatment	with	CRS	and	HIPEC.	 It	 is	possible	 to	prevent	peritoneal
metastases	in	high-risk	groups	or	treat	peritoneal	metastases	by	second-look	surgery	in	patients	with	documented
disease.	The	fast	pace	at	which	peritoneal	metastases	progress	and	the	profound	effect	of	extent	of	disease	(PCI)
on	outcome	indicate	this	approach.	Table	110.1	presents	the	clinical	features	for	colorectal	and	gastric	cancer	that
should	 alert	 the	MDT	 to	 a	 high	 risk	 for	 peritoneal	metastases	 and	 the	 requirement	 for	 proactive	management
strategies.22,23

Pharmacokinetic	Advantage	of	Perioperative	Chemotherapy
CRS	 and	 perioperative	 chemotherapy	 has	 a	 well-studied	 pharmacologic	 rationale.	 As	 determined	 by	 physical
properties,	some	chemotherapy	agents	are	especially	appropriate	for	HIPEC	after	CRS	has	been	completed.	Some
heat-augmented	 chemotherapy	 agents	 given	 systemically	 during	HIPEC	 can	 be	 heat	 targeted	 to	 the	 peritoneal
surface.24	 Other	 cell	 cycle–specific	 chemotherapy	 agents	 are	 more	 appropriate	 for	 EPIC.	 As	 experience	 with
different	 perioperative	 chemotherapy	 regimens	has	 accumulated,	 the	use	of	multiple-agent	 chemotherapy	given
both	intravenously	and	intraperitoneally	has	evolved	and	promises	to	be	increasingly	effective.24

Combined	Use	of	Cytoreductive	Surgery	and	Perioperative	Chemotherapy	as	a	Standard
of	Care	in	Selected	Patients
Accepting	 the	 fact	 that	 not	 all	 patients	 with	 peritoneal	 metastases	 are	 candidates	 for	 an	 aggressive	 treatment
strategy,	 CRS	 and	 perioperative	 chemotherapy	 is	 currently	 a	 treatment	 option	 with	 well-defined	 management
parameters	currently	in	practice	at	experienced	treatment	centers.	A	standardized	cytoreductive	surgical	procedure
involves	 visceral	 resections	 and	 peritonectomy	 procedures	 in	 an	 attempt	 to	 leave	 the	 abdomen	 visibly	 free	 of
cancer.	 After	 the	 CRS	 is	 complete,	 tubes	 and	 drains	 are	 positioned	 to	 facilitate	 inflow	 and	 outflow	 of	 the
chemotherapy	 solution.	 The	 chemotherapy	 solution	 circulates	 through	 roller	 pumps	 and	 a	 heat	 exchanger	 to
maintain	moderate	hyperthermia	(42°C/109°F)	within	the	abdomen	and	pelvis.	The	skin	edges	are	elevated	on	a
self-retaining	 retractor	 (open	method)	 or	 the	 skin	 closed	 (closed	method)	 in	 order	 to	 create	 a	 reservoir	 for	 the
hyperthermic	chemotherapy	solution.24

TABLE	110.1
Tumor,	Node,	Metastasis	Stage,	Peritoneal	Cytology,	and	Clinical	Features	of	the	Primary
Cancer	as	an	Estimate	of	the	Incidence	of	Subsequent	Peritoneal	Metastases	to	Guide
Proactive	Treatment	Strategies

Clinical	Feature
Incidence	of	Peritoneal	Metastases	Observed	in	Follow-up	(%)

Colorectal	Cancer Gastric	Cancer
Peritoneal	nodules	detected	with	primary	cancer	resection 70a 100

Ovarian	metastases 60a 100



Perforation	through	the	primary	cancer 50a 75b

Positive	margin	of	resection	(R-1	resection) 70 70

Positive	peritoneal	cytology	before	or	after	resection 40a 80

Adjacent	organ	or	structure	invasion 20a 40

T3 20 60

T4 20 75

T3/T4	mucinous	cancer 40a NA

Signet	ring	histomorphology 20 70

Fistula	formation 20 NA

Obstruction	of	primary	cancer 20 60
aData	 from	 Honoré	 C,	 Goéré	 D,	 Souadka	 A,	 et	 al.	 Definition	 of	 patients	 presenting	 a	 high	 risk	 of	 developing	 peritoneal
carcinomatosis	after	curative	surgery	for	colorectal	cancer:	a	systematic	review.	Ann	Surg	Oncol	2013;20(1):183–192.
bData	from	Tsujimoto	H,	Hiraki	S,	Sakamoto	N,	et	al.	Outcome	after	emergency	surgery	in	patients	with	a	free	perforation	caused	by
gastric	cancer.	Exp	Ther	Med	2010;1(1):199–203.
NA,	not	applicable.

The	 sequence	 of	 cancer	 resection,	 HIPEC,	 intestinal	 reconstruction,	 and	 then	 abdominal	 closure	 may	 be
essential	 for	 the	 destruction	 of	 residual	 small	 volumes	 of	 cancer	 cells	 and	 prevent	 tumor	 cell	 entrapment	 in
adhesions,	 suture	 lines,	 and	 the	 abdominal	 incision.	 During	 the	 cytoreduction	 (peritonectomy	 and	 visceral
resections),	 visible	 disease	 is	 removed;	 however,	 residual	 cancer	 cells	 remain	 and	 must	 be	 eradicated	 by
perioperative	chemotherapy.

A	review	of	the	important	recent	contributions	to	the	literature	that	critically	assesses	the	benefits	of	CRS	and
perioperative	chemotherapy	in	different	disease	states	constitutes	the	remainder	of	this	chapter.

APPENDICEAL	MALIGNANCY
Natural	History
Although	 similarities	 exist,	 there	 are	 unique	 features	 of	 appendiceal	 malignancies	 as	 compared	 to	 colorectal
adenocarcinoma.	 The	 first	 and	 probably	 the	 most	 obvious	 difference	 between	 the	 colon	 and	 the	 appendix
malignancies	is	the	diameter	of	the	bowel	lumen	at	the	primary	site.	A	colon	tumor	grows	as	an	intraluminal	mass
in	 the	 bowel	 and	 will	 invade	 through	 the	 wall.	 The	 intraluminal	 growth	 pattern	 causes	 the	 primary	 cancer	 to
breech	the	serosa	in	a	late	stage.	In	contrast,	 the	appendix	is	a	small	organ,	up	to	1	cm	in	diameter,	with	a	thin
wall.	A	tumor	may	obliterate	the	appendix	lumen	in	an	early	stage.	This	can	cause	an	early	rupture	of	the	wall	of
the	appendix,	allowing	a	spreading	of	tumor	cells	into	the	abdominal	and	pelvic	cavity.	Early	in	the	natural	history
of	the	disease,	these	neoplastic	cells	implant	with	a	high	efficiency	throughout	the	peritoneal	cavity	and	progress
as	peritoneal	metastases.25

Histologic	Classification
The	 biology	 of	 appendiceal	 malignancies	 varies	 from	 simple	 mucinous	 cystadenoma	 to	 solid	 intestinal	 type
adenocarcinoma.	The	histology	of	the	peritoneal	metastases	from	the	primary	tumor	itself	has	a	major	influence
on	 the	 outcome	 of	 the	 treatment	 by	 CRS	 and	 perioperative	 chemotherapy.	 Ronnett	 et	 al.26	 and	 Bruin	 et	 al.27
described	three	different	types	in	their	analyses	of	appendiceal	malignancies.	Metastases	with	>90%	mucus,	flat
epithelial	 cells,	 no	 atypia,	 and	 no	 mitoses	 had	 a	 good	 prognosis	 despite	 a	 high	 PCI.	 At	 the	 other	 end	 of	 the
spectrum,	peritoneal	metastases	with	much	atypia,	abundant	mitoses,	and	<50%	mucus	has	a	prognosis	similar	to
colorectal	carcinomatosis	and	is	referred	to	as	(nonmucinous)	peritoneal	carcinoma.

Outcome	of	Treatment	of	Peritoneal	Dissemination	by	Cytoreductive	Surgery
Followed	by	Hyperthermic	Perioperative	Chemotherapy
The	survival	outcome	with	peritoneal	dissemination	of	appendiceal	origin	neoplasms	 is	shown	 in	Figure	110.3.
The	 overall	 survival	 is	 shown	 according	 to	 the	 histologic	 classification.	 For	 the	 least	 aggressive	 form
(disseminated	peritoneal	adenomucinosis),	the	median	survival	is	not	reached	within	5	years.	Those	patients	who
were	affected	by	peritoneal	carcinoma	had	a	much	poorer	prognosis	with	a	median	survival	of	25	(mucinous)	and
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17	 (nonmucinous)	months,	 respectively.27	 These	 survival	 data	 compare	with	 the	median	 survival	 of	 peritoneal
metastases	of	colorectal	origin	treated	with	cytoreduction	and	perioperative	chemotherapy.	Accepting	the	fact	that
complete	resection	is	always	the	goal	of	CRS,	these	data	document	that	survival	with	peritoneal	metastases	from
appendiceal	malignancies	is	highly	dependent	on	the	histopathologic	characteristics	of	the	tumor.

Success	 in	 the	 treatment	 of	 recurrence	 after	 primary	 treatment	 with	 CRS	 followed	 by	 perioperative
chemotherapy	is	a	unique	feature	of	appendiceal	peritoneal	metastases.	Benefit	with	reoperative	surgery	depends
largely	on	the	number	and	location	of	recurrent	tumor	masses.	With	a	limited	number	of	locations,	the	first	choice
is	resection;	 if	more	diffuse	disease	 is	present	and	CRS	is	complete,	a	second	HIPEC	can	be	performed.28,29	In
patients	in	whom	the	pathology	is	more	aggressive,	definitive	treatment	with	systemic	chemotherapy,	with	all	its
limitations,	should	be	considered	by	the	MDT.

Surgical	Learning	Curve
Cytoreduction	followed	by	HIPEC	is	a	complex	treatment	that	demonstrates	a	surgical	learning	curve.30	The	peak
of	the	learning	curve	in	the	study	of	Kusamura	et	al.31	was	reached	after	approximately	130	procedures.	Surgical
skill	 is	 undoubtedly	 the	 main	 component	 of	 this	 learning	 process,	 but	 modified	 treatment	 strategies	 for	 an
individual	 patient	 and	 experience	 in	 managing	 complications	 has	 contributed	 to	 a	 decreased	 morbidity	 and
mortality.

Figure	110.3	Survival	of	269	patients	with	peritoneal	metastases	of	an	appendiceal	neoplasm	by
histologic	classification.	DPAM,	disseminated	peritoneal	adenomucinosis;	PMCA,	peritoneal

mucinous	carcinoma;	PCA,	peritoneal	carcinoma.	(From	Bruin	S,	Verwaal	VJ,	Vincent	A,	et	al.	A
clinicopathologic	analysis	of	peritoneal	metastases	of	colorectal	and	appendiceal	origin.	Ann	Surg

Oncol	2010;17[9]:2330–2340.)

COLORECTAL	PERITONEAL	METASTASES:	CURATIVE	TREATMENT	AND
PREVENTION
Advanced	colorectal	cancer	is	a	highly	morbid	disease,	with	a	5-year	survival	rate	of	10%,	even	with	the	use	of
modern	 chemotherapy.	The	development	 of	 peritoneal	metastases	 of	 colorectal	 cancer	 results	 in	 a	 significantly



worse	prognosis.	In	the	CAIRO2	study,	the	median	survival	with	modern	systemic	chemotherapy	of	capecitabine
with	oxaliplatin	and	bevacizumab	was	15.2	months	versus	20.7	months	 in	patients	with	and	without	peritoneal
metastases	(P	<	.001).32	In	another	subanalysis	of	chemotherapy	studies,	patients	with	peritoneal	metastases	had	a
significantly	poorer	prognosis	than	patients	with	other	metastatic	sites,	independent	of	the	chemotherapy	regimen,
which	was	associated	with	a	30%	reduction	in	overall	survival.33	The	National	Comprehensive	Cancer	Network
(NCCN)	guidelines	now	acknowledge	the	curative	option	of	complete	CRS	and	intraperitoneal	chemotherapy	for
a	subset	of	patients	with	colorectal	peritoneal	metastases	when	treatment	is	performed	at	experienced	centers.34

Incidence
The	 peritoneum	 is	 the	 second	 most	 common	 site	 of	 recurrence	 in	 patients	 following	 “curative”	 colorectal
resection,	after	the	liver,	accounting	for	25%	to	35%	of	all	recurrences.8	Synchronous	peritoneal	disease	is	seen	in
approximately	 4%	 to	 10%	 of	 primary	 colorectal	 tumors.35	 The	 clinical	 diagnosis	 of	 colorectal	 peritoneal
metastases	is	difficult	clinically,	especially	early	in	the	peritoneal	dissemination	process;	therefore,	its	incidence	is
often	 underestimated.	 Unfortunately,	 the	 majority	 of	 patients	 at	 the	 time	 of	 diagnosis	 of	 colorectal	 peritoneal
metastases	 will	 only	 be	 suitable	 for	 palliative	 treatment	 options.35	When	 peritoneal	 metastases	 are	 of	 limited
extent,	potentially	curative	options	should	be	explored.

Results
The	combination	treatment	of	complete	CRS	and	perioperative	chemotherapy	has	become	increasingly	accepted
as	standard	of	care	in	selected	patients	with	colorectal	peritoneal	metastases	and	is	the	only	known	treatment	to
potentially	achieve	cure	 in	up	 to	50%	of	patients.36	 It	has	been	addressed	 in	 three	 randomized	controlled	 trials.
Verwaal	et	al.37	showed	that	CRS	and	HIPEC	with	mitomycin	C	had	a	superior	survival	of	22	months	versus	16
months	in	the	standard	therapy	arm	(P	=	.032).	Limitations	to	this	study	included	the	high	disease	burden	in	some
patients	 and	 now	 outdated	 systemic	 chemotherapy	 regimen	 of	 single	 agent	 5-fluorouracil.	 Elias	 et	 al.38	 also
attempted	to	address	colorectal	peritoneal	metastases	in	trial	comparing	CRS	and	EPIC	to	systemic	chemotherapy
alone.	At	 2	 years,	 the	 survival	 rate	 of	 the	 intervention	 group	was	 60%.	Cashin	 et	 al.39	 randomized	 patients	 to
receive	CRS	and	EPIC	and	showed	a	survival	of	25	months	versus	18	months	(P	=	.04)	in	the	comparative	arm	of
modern	 systemic	 chemotherapy.	 The	 latter	 two	 studies	 were	 discontinued	 early	 due	 to	 recruitment	 issues;
however,	 these	 late	 analyses	 showed	 significant	 differences	 in	 survival	 and	 recurrence	 outcomes.	 Elias	 et	 al.36
reported	 a	median	 survival	 of	 23.9	months	 in	patients	 receiving	 systemic	 chemotherapy	versus	62.7	months	 in
patients	receiving	CRS,	HIPEC,	and	systemic	chemotherapy	(P	<	 .05)	 in	a	case-matched	study.	A	recent	meta-
analysis	 concluded	 that	 5-year	 survival	was	 significantly	 improved	by	CRS	and	perioperative	 chemotherapy	 in
comparison	 to	systemic	chemotherapy	 (P	=	 .001).40	A	 total	of	13	comparative	studies	and	19	cohort	 studies	of
CRS	 and	 perioperative	 chemotherapy	were	 reviewed	with	 a	weighted	median	 overall	 survival	 of	 31.6	months
(range,	16	to	51).	Major	morbidity	was	reported	as	17.6%	to	52.4%	(weighted	average	32.6%),	and	mortality	was
0%	to	8.1%	(weighted	average	2.9%).41	National	survival	data	on	CRS	and	HIPEC	in	the	Netherlands	of	patients
with	colorectal	peritoneal	metastases	reported	an	overall	survival	of	33	months	and	5-year	survival	rate	of	31%.42
They	 reported	variable	 survival	dependent	on	 the	 treatment	hospital.	An	analysis	of	28	French	centers	over	18
years	 also	 showed	 large	 differences	 in	 outcomes	 of	 patients	 undergoing	 CRS	 and	 HIPEC	 with	 colorectal
peritoneal	metastases	between	high-	and	low-volume	centers.	With	an	overall	5-year	survival	of	30%,	experienced
centers	reported	a	5-year	survival	rate	up	to	48%	(Fig.	110.4).43	The	importance	of	a	complete	cytoreduction	was
evident	where	no	patient	survived	if	the	size	of	the	residual	tumor	exceeded	2.5	mm	after	CRS,	whereas	30%	of
the	patients	were	alive	at	5	years	if	complete	CRS	was	possible	(P	<	.0001).
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Figure	110.4	Overall	survival	according	to	the	completeness	of	cytoreduction	after	cytoreductive
surgery	and	hyperthermic	perioperative	chemotherapy	for	peritoneal	metastases.	(From	Elias	D,

Gilly	F,	Boutitie	F,	et	al.	Peritoneal	colorectal	carcinomatosis	treated	with	surgery	and	perioperative
intraperitoneal	chemotherapy:	retrospective	analysis	of	523	patients	from	a	multicentric	French

study.	J	Clin	Oncol	2010:28[1]:63–68.)

Prevention	of	Peritoneal	Metastases
In	 colorectal	 peritoneal	 disease,	 early	 diagnosis	 with	 follow-up	 is	 not	 possible	 because	 of	 low	 sensitivity	 of
radiologic	imaging.19,20	However,	 at	 the	 time	of	 primary	 resection,	 there	 are	 clinical	 findings	 in	 approximately
30%	of	patients	that	indicate	high	risk	of	peritoneal	recurrence.	An	early	randomized	controlled	trial	to	test	EPIC
with	 5-fluorouracil	 as	 a	 deterrent	 to	 peritoneal	 metastases	 in	 poor	 prognosis	 colorectal	 cancer	 patients	 after
primary	 cancer	 resection	 was	 positive	 (P	 <	 .003).	 Although	 the	 study	 was	 underpowered	 to	 show	 a	 survival
benefit,	 a	 change	 in	 the	 natural	 history	 of	 patients	 with	 advanced	 disease	 was	 demonstrated.44	 Risk	 factors
identified	 in	 the	 literature	 include	 peritoneal	metastases	 at	 the	 time	of	 primary	 colorectal	 surgery	 (which	 show
progression	even	if	completely	removed),	perforated	tumor,	ovarian	metastases,	positive	peritoneal	cytology,	T4
tumor,	or	ruptured	mass	with	 the	excision.22,45	These	patients	are	candidates	for	proactive	treatments.	Proactive
second-look	surgery	with	>50%	confirmation	of	peritoneal	recurrence	has	been	reported.

In	an	attempt	to	identify	and	treat	colorectal	peritoneal	metastases	at	an	early	stage,	Elias	et	al.46	used	second-
look	surgery	 following	 the	standard	6	months	of	 systemic	adjuvant	chemotherapy.	Of	47	patients,	macroscopic
peritoneal	metastases	were	evident	and	treated	in	50%.	In	the	remaining	patients	with	no	macroscopic	peritoneal
metastases,	peritoneal	recurrence	occurred	more	frequently	in	those	who	did	not	receive	HIPEC	(P	=	 .02).	Only
17%	 of	 the	 patients	 treated	 with	 the	 second-look	 surgery	 procedure	 developed	 peritoneal	 recurrence.46	Other
studies	have	examined	the	efficacy	of	second-look	surgery,	with	similar	results.	Delhorme	et	al.47	found	peritoneal
disease	 in	 71%	with	 a	median	PCI	 of	 10,	 and	 only	 8%	developed	 recurrence	 after	 the	 second-look	procedure.
Baratti	et	al.48	found	peritoneal	disease	in	65%	of	patients	on	second-look	surgery	(n	=	13)	and	a	17%	recurrence
rate.

Complete	 CRS	 and	 HIPEC	 has	 also	 been	 used	 to	 simultaneously	 treat	 the	 primary	 colorectal	 cancer	 and
potential	peritoneal	metastases	in	patients	at	identified	as	high	risk.24–26	In	the	study	by	Sammartino	et	al.,49	there
was	a	4%	versus	28%	recurrence	rate	(P	<	.03).	Noura	et	al.50	reported	a	5-year	survival	of	81%	in	comparison	to
57.8%	in	the	40	matched	controls	(P	=	.001).

There	are	currently	four	randomized	controlled	trials	comparing	the	outcome	of	either	prophylactic	HIPEC	or
systematic	 second-look	surgery	 in	high-risk	patients.	A	criticism	of	 the	 reoperative	 trials	 is	 that	 there	will	be	a



proportion	 of	 patients	 that	 undergo	 a	 second-look	 laparotomy,	 quite	 an	 extensive	 procedure,	 that	 will	 never
develop	 peritoneal	 recurrence.	 Nevertheless,	 the	 outcomes	 of	 these	 trials	 are	 highly	 anticipated	 among	 the
peritoneal	surface	malignancy	community.

MALIGNANT	PERITONEAL	MESOTHELIOMA
Clinical	Presentation	and	Diagnosis
Malignant	peritoneal	mesothelioma	(MPM)	is	characterized	by	progressive	peritoneal	seeding,	eventually	leading
to	the	patient’s	death	due	to	tumor	layering	on	peritoneal	surfaces,	bowel	obstruction,	and	intractable	malignant
ascites.	 Patients	 are	 usually	 diagnosed	with	 presenting	 signs	 and	 symptoms	 of	 advanced	 disease.	 In	 a	 recently
published	 series	 of	 81	 patients	 with	 diffuse	MPM	 reported	 by	 an	 Italian	 group,	 ascites,	 abdominal	 pain,	 and
asthenia	were	 the	most	 frequent	 symptoms	 present	 on	 77%,	 69%,	 and	 43%	 of	 patients,	 respectively.	 CT	 scan
shows	 ascites,	 peritoneal	 thickening,	 abdominal	 mass,	 and	mesenteric	 thickening,	 respectively,	 on	 80%,	 63%,
32%,	 and	 29%	 of	 cases.51	 CT	 scan	 is	 used	 as	 an	 accurate	 prognostic	 radiologic	 test	 for	 patient	 selection	 for
comprehensive	treatment.52

Cytologic	 diagnosis	 of	 ascitic	 fluid	 is	 often	 inconclusive,	 as	 cells	 frequently	 resemble	 elements	 with
mesothelial	hyperplasia.	In	the	series	of	the	Washington	Cancer	Institute,	diagnosis	was	made	by	fluid	sampling	in
0	of	 68	patients.	Laparotomy	was	 required	 in	44%	of	patients,	 laparoscopy	 in	52%,	 and	ultrasound/CT-guided
biopsy	in	4%.53

Treatment	and	Results
Numerous	 single-drug	 and	 combination	 regimens	 have	 been	 tested	 over	 the	 past	 decades	with	modest	 results.
Preliminary	 data	 also	 suggest	 a	 possible	 survival	 advantage	 for	 a	 combination	 of	 cisplatin	 and	 pemetrexed	 as
compared	to	cisplatin	alone.	Other	cytotoxic	agents	that	have	shown	to	be	active	in	this	setting	include	vinorelbine
and	gemcitabine,	either	alone	or	combined	with	platinum	compounds.	In	historical	case	series,	standard	therapy
with	palliative	surgery	and	systemic	or	intraperitoneal	chemotherapy	is	associated	with	a	median	survival	of	about
1	year,	ranging	from	9	to	15	months.54,55

The	combined	approach	consisting	of	CRS	and	HIPEC	modified	 the	natural	history	of	diffuse	MPM	with	a
dramatic	 improvement	 in	 outcomes	 in	multiple	 single	 institution	 studies	 and	 in	 a	 systematic	 review.56	Median
survival	grew	from	12	months	with	a	systemic	chemotherapy	treatment	to	53	months	with	CRS	with	HIPEC,	with
50%	5-year	overall	 survival.	Ki67	and	PCI	 represents	 the	 two	most	 important	 factors	 for	patient	 selection.57	 If
long-term	 intravenous	 cisplatin	 and	 normothermic	 intraperitoneal	 pemetrexed	 was	 added	 to	 CRS	 and	 HIPEC,
survival	increased	to	75%	at	5	years.58

GASTRIC	CANCER
Treatment	and	Prevention	of	Peritoneal	Metastases
Peritoneal	 dissemination	 is	 the	most	 frequent	 pattern	 of	metastasis	 and	 recurrence	with	 gastric	 cancer.	Also,	 it
occurs	 in	 5%	 to	 20%	of	 patients	 being	 explored	 for	 potentially	 curative	 resection.59	 In	 the	 past,	 gastric	 cancer
peritoneal	metastases	was	regarded	as	a	terminal	disease,	only	to	be	palliated.	Over	the	past	two	decades,	novel
therapeutic	approaches	have	emerged,	combining	gastrectomy	and	peritonectomy	procedures	with	perioperative
chemotherapy.60	Because	of	the	aggressive	nature	of	gastric	cancer,	the	question	regarding	the	efficiency	of	this
combined	procedure	remains	controversial.

Natural	History	and	Palliative	Treatment
The	studies	that	prospectively	evaluated	patients	with	peritoneal	dissemination	of	gastric	cancer	indicated	median
survival	of	not	more	than	6	months.1,2	Despite	improvements	in	systemic	chemotherapy	with	encouraging	tumor
response	rates,	 there	has	been	no	improvement	 in	survival.	Positive	effects	of	palliative	gastric	cancer	resection
have	been	reported	in	patients	with	peritoneal	metastases	but	without	any	long-term	survivors.59
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Curative	Treatment:	Cytoreductive	Surgery	and	Hyperthermic	Perioperative
Chemotherapy
The	 experience	 of	 a	 few	 single-institution	 phase	 II	 studies	 showed	 encouraging	 survival	 results	 following
treatment	of	peritoneal	metastases	along	with	primary	gastric	cancer.	A	collaborative	effort	of	French	institutions
collected	data	from	159	patients	and	represents	the	largest	experience	with	treatment	of	peritoneal	metastases	of
gastric	origin.61	With	a	median	follow-up	of	20.4	months,	a	5-year	survival	of	23%	and	a	median	survival	of	15
months	were	 obtained	 in	 patients	 treated	with	 complete	macroscopic	 resection,	 the	most	 important	 factor	 (Fig.
110.5).	Recently,	they	updated	their	results	and	reported	a	cure	rate	of	>10%	of	patients	treated	by	complete	CRS
and	 HIPEC.62	 These	 survival	 results	 are	 less	 encouraging	 than	 those	 obtained	 for	 other	 peritoneal	 surface
malignancies,	reflecting	a	more	aggressive	disease	process	less	responsive	to	this	combined	treatment	modality.
But	the	combination	of	CRS	with	HIPEC	was	the	only	therapeutic	strategy	that	reported	survivors	at	5	years.

Primary	 gastric	 cancer	with	 localized	 and	 small	 peritoneal	 nodules	 seems	 to	 be	 the	 best	 indication	 for	 this
combined	procedure.	In	the	French	study,	in	patients	who	had	undergone	complete	CRS,	the	extent	of	peritoneal
metastases	measured	by	PCI	 represented	 the	only	 strong	prognostic	 factor.61	When	 the	PCI	was	>12,	despite	a
complete	CRS,	no	patient	was	alive	at	3	years.	The	institution	in	which	the	procedure	was	performed	played	an
important	role	 in	the	postoperative	course	and	in	survival,	suggesting	the	importance	of	a	 learning	curve.61	The
high	rates	of	morbidity	and	mortality	emphasize	the	necessity	for	patient	selection	using	strict	criteria	regarding
extent	of	peritoneal	metastases	and	physiologic	age.

Important	data	regarding	the	treatment	of	peritoneal	metastases	from	gastric	cancer	was	provided	by	Yang	and
colleagues.63	 In	 a	 randomized	 trial,	 patients	 were	 treated	 by	 CRS	 with	 (34	 patients)	 or	 without	 (34	 patients)
HIPEC.	 The	median	 survival	was	 11.9	months	with	HIPEC	 but	 only	 6.5	months	with	CRS	 alone	 (P	 =	 .046).
Morbidity	and	mortality	was	the	same	in	both	groups.	Limited	but	real	benefits	for	HIPEC	were	demonstrated.

Prevention	of	Gastric	Cancer	Peritoneal	Metastases
For	 many	 Korean	 and	 Japanese	 researchers,	 perioperative	 chemotherapy	 has	 been	 performed	 in	 an	 adjuvant
setting	 in	 phase	 III	 trials.	 Most	 of	 them	 demonstrated	 the	 benefit	 of	 adjuvant	 intraperitoneal	 chemotherapy,
especially	for	T3,	T4,	and	lymph	node–positive	gastric	tumors.	Yan	and	coworkers64	in	a	meta-analysis	showed
that	HIPEC	with	or	without	EPIC	after	resection	of	advanced	gastric	primary	cancer	is	associated	with	improved
overall	survival.

PERITONEAL	METASTASES	IN	OVARIAN	CANCER
Cytoreductive	Surgery	and	Intraperitoneal	Chemotherapy	in	Epithelial	Ovarian
Cancer
The	treatment	of	advanced	primary	or	recurrent	epithelial	ovarian	cancer	(EOC)	still	remains	an	open	and	critical
question.	The	standard	 treatment	consists	of	optimal	cytoreduction	and	adjuvant	platinum–based	chemotherapy.
However,	more	than	half	of	patients	will	recur.



Figure	110.5	Overall	survival	of	159	patients	with	peritoneal	metastases	from	gastric	cancer
treated	by	cytoreductive	surgery	and	hyperthermic	intraperitoneal	chemotherapy	according	to

completeness	of	cytoreduction.	(From	Glehen	O,	Gilly	FN,	Arvieux	C,	et	al.	Peritoneal
carcinomatosis	from	gastric	cancer:	a	multiinstitutional	study	of	159	patients	treated	by

cytoreductive	surgery	combined	with	perioperative	intraperitoneal	chemotherapy.	Ann	Surg	Oncol
2010;17:2370–2377.)

The	identification	of	the	best	treatment	to	prolong	the	time	to	progression	and	overall	survival	with	low	impact
on	 quality	 of	 life	 is	 of	 prime	 concern.	 As	 EOC	 is	 restricted	 to	 the	 abdominal	 cavity	 for	 most	 patients,
intraperitoneal	 chemotherapy	 is	 an	 especially	 attractive	 and	 effective	 treatment.	 The	 Gynecologic	 Oncology
Group	 (GOG)	172	study	showed	a	 longer	median	overall	 survival	 rate	with	optimal	cytoreduction	 followed	by
long-term	normothermic	intraperitoneal	chemotherapy	with	intravenous	chemotherapy,	and	these	survival	benefits
were	supported	by	a	meta-analysis.65	Despite	this	interesting	survival	benefit,	this	treatment	has	not	been	widely
adopted	because	of	its	toxicity	and	patients’	difficulty	to	complete	all	six	cycles	(a	completion	rate	of	42%).

Perioperative	 intraperitoneal	 chemotherapy	 (HIPEC	 or	 EPIC)	 may	 avoid	 the	 problems	 associated	 with
repetitive	intraperitoneal	chemotherapy	cycles;	HIPEC	or	EPIC	is	administered	directly	into	the	abdominal	cavity
after	complete	cytoreduction,	as	primary,	 interval,	or	consolidation	 therapy.	 It	 is	 integrated	 into	 the	 intravenous
chemotherapy	treatments.	The	addition	of	HIPEC	to	CRS	and	chemotherapy	has	shown	improved	overall	survival
rates	for	both	primary	and	recurrent	EOC	in	large	observational	cohorts	(Fig.	110.6).66

Recently,	the	level	of	evidence	in	favor	of	the	use	of	CRS	and	HIPEC	for	ovarian	carcinomatosis	has	increased
with	the	publication	of	a	meta-analysis	with	nine	comparative	studies.	Huo	et	al.67	showed	a	better	survival	and
disease-free	 survival	 in	 those	 patients	 who	 received	 CRS	 and	 HIPEC	 for	 both	 primary	 and	 recurrent	 ovarian
carcinomatosis	at	5	years	and	8	years.	More	evidence	has	been	provided	by	the	two	randomized	controlled	trials
published	to	date.	Spiliotis	et	al.68	compared	a	control	group	with	recurrent	ovarian	carcinomatosis	treated	by	CRS
and	systemic	chemotherapy	with	an	experimental	group	of	patients	with	recurrent	ovarian	carcinomatosis	treated
by	 CRS	 +	 HIPEC	 (cisplatin	 100	 mg/m2	 and	 paclitaxel	 175	 mg/m2)	 delivered	 for	 60	 minutes	 at	 42.5°C.	 For
platinum-resistant	 disease	 (n	 =	 26),	 Spiliotis	 et	 al.68	 used	 doxorubicin	 35	mg/m2	 and	 paclitaxel	 175	mg/m2	 or
mitomycin	15	mg/m2.	Mean	overall	survival	in	the	experimental	group	was	26.7	versus	13.4	months	in	the	control
group,	yielding	a	statistically	significant	difference	(P	=	.006)	(Fig.	110.7).

In	 the	 recently	 published	 ovarian	 cancer	 HIPEC	 trial	 (OVHIPEC),	 Van	 Driel	 and	 colleagues69	 randomly
assigned	 patients	who	 showed	 at	 least	 stable	 disease	 after	 three	 cycles	 of	 carboplatin	 and	 paclitaxel	 to	 receive
interval	CRS	with	or	without	HIPEC	using	cisplatin	(100	mg/m2).	Randomization	was	performed	perioperatively,
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and	eligible	patients	had	no	residual	mass	>2.5	mm.	Three	additional	cycles	of	carboplatin	and	paclitaxel	were
given	postoperatively.	A	total	of	245	patients	were	randomly	assigned	to	one	of	the	two	treatment	strategies.	In	an
intention-to-treat	 analysis,	 interval	 CRS	with	 HIPEC	was	 associated	 with	 longer	 recurrence-free	 survival	 than
interval	CRS	alone	(15	versus	11	months,	respectively;	hazard	ratio,	0.65;	95%	confidence	interval,	0.49	to	0.86;
P	=	.003).	At	the	time	of	analysis,	49%	of	patients	were	alive,	with	a	significant	improvement	in	overall	survival
favoring	HIPEC	(48	versus	34	months;	hazard	ratio,	0.64;	95%	confidence	interval,	0.45	to	0.91;	P	=	 .01).	The
number	of	patients	with	grade	3	or	grade	4	adverse	events	was	similar	in	both	treatment	arms	(28%	versus	24%,	P
=	.61).	The	authors	concluded	that	addition	of	HIPEC	to	interval	CRS	is	well	tolerated	and	improves	recurrence-
free	and	overall	survival	in	patients	with	stage	III	EOC.

SARCOMATOSIS
Soft	 tissue	 tumors	of	 the	viscera	or	retroperitoneum	are	associated	with	high	rates	of	 local-regional	relapse.	An
attempt	to	achieve	adequate	margins	of	excision	may	be	impossible	because	of	anatomic	constraints.	Cancer	cell
seeding	 into	 the	peritoneal	 cavity	either	prior	 to	or	 at	 the	 time	of	 sarcoma	 resection	combined	with	positive	or
narrow	 margins	 of	 excision	 result	 in	 this	 high	 likelihood	 of	 local-regional	 recurrence.	 In	 patients	 with	 local-
regional	disease	progression	or	sarcomatosis,	the	survival	is	limited	to	approximately	2	years.
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Figure	110.6	Overall	survival	of	246	patients	with	recurrent	or	persistent	ovarian	cancer	by
peritoneal	cancer	index	(PCI)	(top),	completeness	of	cytoreduction	(CCS)	(middle),	and	platinum-
resistant/persistent	group	versus	platinum-sensitive	group	(bottom).	HR,	hazard	ratio.	(From	Bakrin
N,	Cotte	E,	Golfier	F,	et	al.	Cytoreductive	surgery	and	hyperthermic	intraperitoneal	chemotherapy
(HIPEC)	for	persistent	and	recurrent	advanced	ovarian	carcinoma:	a	multicenter,	prospective	study

of	246	patients.	Ann	Surg	Oncol	2012;19[13]:4052–4058.)

Figure	110.7	Kaplan-Meier	survival	plot,	hyperthermic	intraperitoneal	chemotherapy	(HIPEC)	(n
=	60)	versus	no	HIPEC	(n	=	60)	(P	=	.0006)	in	women	with	recurrent	ovarian	cancer.	(From
Spiliotis	J,	Halkia	E,	Lianos	E,	et	al.	Cytoreductive	surgery	and	HIPEC	in	recurrent	epithelial

ovarian	cancer:	a	prospective	randomized	phase	III	study.	Ann	Surg	Oncol	2015;22[5]:1570–1575.)

If	CRS	is	performed	in	this	group	of	patients	and	combined	with	HIPEC,	the	median	survival	is	extended	past
2	 years.	 In	 five	 of	 six	 studies	 reviewed	 by	 Sugarbaker,70	 an	 overall	 5-year	 survival	 was	 >30%.	 In	 a	 multi-
institution	study	of	32	patients,	Sardi	et	al.71	reported	a	32%	5-year	survival	with	CRS	and	HIPEC	in	patients	with
uterine	sarcomatosis.	The	mechanical	removal	of	sarcoma	peritoneal	metastases	that	occurs	with	HIPEC	may	be
as	important	or	even	more	important	than	the	cytotoxic	effects.



REFERENCES

1.	 Chu	DZ,	Lang	NP,	Thompson	C,	 et	 al.	Peritoneal	 carcinomatosis	 in	nongynecologic	malignancy.	A	prospective
study	of	prognostic	factors.	Cancer	1989;63(2):364–367.

2.	 Sadeghi	B,	Arvieux	C,	Glehen	O,	et	al.	Peritoneal	carcinomatosis	from	non-gynecologic	malignancies:	results	of
the	EVOCAPE	1	multicentric	prospective	study.	Cancer	2000;88(2):358–363.

3.	 Jayne	DG,	Fook	S,	Loi	C,	et	al.	Peritoneal	carcinomatosis	 from	colorectal	cancer.	Br	J	Surg	 2002;89(12):1545–
1550.

4.	 Sugarbaker	PH.	Peritonectomy	procedures.	Ann	Surg	1995;221(1):29–42.
5.	 Glehen	O,	Cotte	E,	Kusamura	S,	et	al.	Hyperthermic	intraperitoneal	chemotherapy:	nomenclature	and	modalities	of

perfusion.	J	Surg	Oncol	2008;98(4):242–246.
6.	 Sugarbaker	PH,	Graves	T,	DeBruijn	EA,	 et	 al.	Early	 postoperative	 intraperitoneal	 chemotherapy	 as	 an	 adjuvant

therapy	to	surgery	for	peritoneal	carcinomatosis	from	gastrointestinal	cancer:	pharmacological	studies.	Cancer	Res
1990;50(18):5790–5794.

7.	 Sugarbaker	 PH.	 Management	 of	 peritoneal-surface	 malignancy:	 the	 surgeon’s	 role.	 Langenbeck	 Arch	 Surg
1999;384(6):576–587.

8.	 Segelman	J,	Granath	F,	Holm	T,	et	al.	 Incidence,	prevalence	and	risk	 factors	 for	peritoneal	carcinomatosis	 from
colorectal	cancer.	Br	J	Surg	2012;99(5):699–705.

9.	 Brodsky	 JT,	 Cohen	 AM.	 Peritoneal	 seeding	 following	 potentially	 curative	 resection	 of	 colonic	 carcinoma:
implications	for	adjuvant	therapy.	Dis	Colon	Rectum	1991;34(8):723–727.

10.	 Carmignani	 CP,	 Sugarbaker	 TA,	 Bromley	 CM,	 et	 al.	 Intraperitoneal	 cancer	 dissemination:	 mechanisms	 of	 the
patterns	of	spread.	Cancer	Metastasis	Rev	2003;22(4):465–472.

11.	 Gilly	FN,	Cotte	E,	Brigand	C,	et	al.	Quantitative	prognostic	indices	in	peritoneal	carcinomatosis.	Eur	J	Surg	Oncol
2006;32(6):597–601.

12.	 Harmon	RL,	Sugarbaker	PH.	Prognostic	 indicators	 in	peritoneal	 carcinomatosis	 from	gastrointestinal	 cancer.	 Int
Semin	Surg	Oncol	2005;2(1):3.

13.	 Ronnett	 BM,	 Zahn	 CM,	 Kurman	 RJ,	 et	 al.	 Disseminated	 peritoneal	 adenomucinosis	 and	 peritoneal	 mucinous
carcinomatosis.	A	clinicopathologic	analysis	of	109	cases	with	emphasis	on	distinguishing	pathologic	features,	site
of	origin,	prognosis,	and	relationship	to	“pseudomyxoma	peritonei.”	Am	J	Surg	Pathol	1995;19(12):1390–1408.

14.	 Sugarbaker	PH.	Epithelial	appendiceal	neoplasms.	Cancer	J	2009;15(3):225–235.
15.	 Yan	TD,	Deraco	M,	Baratti	D,	 et	 al.	 Cytoreductive	 surgery	 and	 hyperthermic	 intraperitoneal	 chemotherapy	 for

malignant	peritoneal	mesothelioma:	multi-institutional	experience.	J	Clin	Oncol	2009;27(36):6237–6242.
16.	 Jacquet	 P,	 Sugarbaker	 PH.	 Current	 methodologies	 for	 clinical	 assessment	 of	 patients	 with	 peritoneal

carcinomatosis.	J	Exp	Clin	Cancer	Res	1996;15:49–58.
17.	 Goere	D,	Souadka	A,	Faron	M,	et	al.	Extent	of	colorectal	peritoneal	carcinomatosis:	attempt	to	define	a	threshold

above	which	HIPEC	does	not	offer	survival	benefit:	a	comparative	study.	Ann	Surg	Oncol	2015;22(9):2958–2964.
18.	 Jacquet	 P,	 Jelinek	 JS,	Chang	D,	 et	 al.	Abdominal	 computed	 tomographic	 scan	 in	 the	 selection	 of	 patients	with

mucinous	peritoneal	carcinomatosis	for	cytoreductive	surgery.	J	Am	Coll	Surg	1995;181(6):530–538.
19.	 Jacquet	 P,	 Jelinek	 JS,	 Steves	 MA,	 et	 al.	 Evaluation	 of	 computer	 tomography	 in	 patients	 with	 peritoneal

carcinomatosis.	Cancer	1993;72(5):1631–1636.
20.	 Koh	JL,	Yan	TD,	Glenn	D,	et	al.	Evaluation	of	preoperative	computed	tomography	in	estimating	peritoneal	cancer

index	in	colorectal	peritoneal	carcinomatosis.	Ann	Surg	Oncol	2009;16(2):327–333.
21.	 Sugarbaker	PH,	Sardi	A,	Brown	G,	et	al.	Concerning	CT	features	used	to	select	patients	for	treatment	of	peritoneal

metastases,	a	pictoral	essay.	Int	J	Hyperthermia	2017;33(5):497–504.
22.	 Honoré	 C,	 Goéré	 D,	 Souadka	 A,	 et	 al.	 Definition	 of	 patients	 presenting	 a	 high	 risk	 of	 developing	 peritoneal

carcinomatosis	after	curative	surgery	for	colorectal	cancer:	a	systematic	review.	Ann	Surg	Oncol	2013;20(1):183–
192.

23.	 Tsujimoto	H,	Hiraki	S,	Sakamoto	N,	et	 al.	Outcome	after	 emergency	surgery	 in	patients	with	a	 free	perforation
caused	by	gastric	cancer.	Exp	Ther	Med	2010;1(1):199–203.

24.	 Sugarbaker	 PH,	 van	 der	 Speeten	 K.	 Surgical	 technology	 and	 pharmacology	 of	 hyperthermic	 perioperative
chemotherapy.	J	Gastrointest	Oncol	2016;7(1):29–44.

25.	 Smeenk	 RM,	 van	Velthuysen	ML,	Verwaal	 VJ,	 et	 al.	 Appendiceal	 neoplasms	 and	 pseudomyxoma	 peritonei:	 a
population	based	study.	Eur	J	Surg	Oncol	2008;34(2):196–201.

26.	 Ronnett	BM,	Shmookler	BM,	Sugarbaker	PH,	et	al.	Pseudomyxoma	peritonei:	new	concepts	in	diagnosis,	origin,
nomenclature,	and	relationship	to	mucinous	borderline	(low	malignant	potential)	tumors	of	the	ovary.	Anat	Pathol



Dr. AVR @ TMH

1997;2:197–226.
27.	 Bruin	 S,	Verwaal	VJ,	Vincent	A,	 et	 al.	 A	 clinicopathologic	 analysis	 of	 peritoneal	metastases	 of	 colorectal	 and

appendiceal	origin.	Ann	Surg	Oncol	2010;17(9):2330–2340.
28.	 Smeenk	RM,	Verwaal	VJ,	Antonini	N,	 et	 al.	 Progression	 of	 pseudomyxoma	 peritonei	 after	 combined	modality

treatment:	management	and	outcome.	Ann	Surg	Oncol	2007;14(2):493–499.
29.	 Yan	TD,	Bijelic	L,	Sugarbaker	PH.	Critical	analysis	of	treatment	failure	after	complete	cytoreductive	surgery	and

perioperative	 intraperitoneal	 chemotherapy	 for	 peritoneal	 dissemination	 from	 appendiceal	 mucinous	 neoplasms.
Ann	Surg	Oncol	2007;14(8):2289–2299.

30.	 Moran	 BJ.	 Decision-making	 and	 technical	 factors	 account	 for	 the	 learning	 curve	 in	 complex	 surgery.	 J	 Public
Health	(Oxf)	2006;28(4):375–378.

31.	 Kusamura	S,	Baratti	D,	Virzì	S,	et	al.	Learning	curve	for	cytoreductive	surgery	and	hyperthermic	intraperitoneal
chemotherapy	in	peritoneal	surface	malignancies:	analysis	of	two	centres.	J	Surg	Oncol	2013;107(4):312–319.

32.	 Klaver	 YL,	 Simkens	 LH,	 Lemmens	 VE,	 et	 al.	 Outcomes	 of	 colorectal	 cancer	 patients	 with	 peritoneal
carcinomatosis	treated	with	chemotherapy	with	and	without	targeted	therapy.	Eur	J	Surg	Oncol	 2012;38(7):617–
623.

33.	 Pelz	JO,	Chua	TC,	Esquivel	J,	et	al.	Evaluation	of	best	supportive	care	and	systemic	chemotherapy	as	 treatment
stratified	 according	 to	 the	 retrospective	 peritoneal	 surface	 disease	 severity	 score	 (PSDSS)	 for	 peritoneal
carcinomatosis	of	colorectal	origin.	BMC	Cancer	2010;10:689.

34.	 National	Comprehensive	Cancer	Network.	Colon	Cancer.	National	Comprehensive	Cancer	Network	Guidelines,
Clinical	 Practice	 Guidelines	 in	 Oncology,	 NCCN	 Evidence	 Blocks.	 Version	 1.	 Fort	Washington,	 PA:	 National
Comprehensive	Cancer	Network;	2017.

35.	 Sloothaak	DA,	Mirck	B,	Punt	CJ,	et	al.	Intraperitoneal	chemotherapy	as	adjuvant	treatment	to	prevent	peritoneal
carcinomatosis	of	colorectal	cancer	origin:	a	systematic	review.	Br	J	Cancer	2014;111(6):1112–1121.

36.	 Elias	D,	Lefevre	J,	Chevalier	J,	et	al.	Complete	cytoreductive	surgery	plus	intraperitoneal	chemohyperthermia	with
oxaliplatin	for	peritoneal	carcinomatosis	of	colorectal	origin.	J	Clin	Oncol	2009;27(5):681–685.

37.	 Verwaal	VJ,	 van	Ruth	S,	De	Bree	E,	 et	 al.	Randomized	 trial	 of	 cytoreduction	 and	 hyperthermic	 intraperitoneal
chemotherapy	versus	systemic	chemotherapy	and	palliative	surgery	 in	patients	with	peritoneal	carcinomatosis	of
colorectal	cancer.	J	Clin	Oncol	2003;21(20):3737–3743.

38.	 Elias	D,	Delperro	 JR,	Sideris	L,	 et	 al.	Treatment	of	peritoneal	 carcinomatosis	 from	colorectal	 cancer:	 impact	of
complete	cytoreductive	surgery	and	difficulties	in	conducting	randomized	trials.	Ann	Surg	Oncol	2004;	11(5):518–
521.

39.	 Cashin	PH,	Mahteme	H,	Spång	N,	et	al.	Cytoreductive	surgery	and	intraperitoneal	chemotherapy	versus	systemic
chemotherapy	for	colorectal	peritoneal	metastases:	a	randomised	trial.	Eur	J	Cancer	2016;53:155–162.

40.	 Mirnezami	 R,	Mehta	 AM,	 Chandrakumaran	 K,	 et	 al.	 Cytoreductive	 surgery	 in	 combination	 with	 hyperthermic
intraperitoneal	 chemotherapy	 improves	 survival	 in	 patients	with	 colorectal	 peritoneal	metastases	 compared	with
systemic	chemotherapy	alone.	Br	J	Cancer	2014;111(8):1500–1508.

41.	 Baratti	D,	Kusamura	 S,	 Peitrantonio	 F,	 et	 al.	 Progress	 in	 treatments	 for	 colorectal	 cancer	 peritoneal	metastases
during	the	years	2010-2015.	A	systematic	review.	Crit	Rev	Oncol	Haematol	2016;100:209–222.

42.	 Kuijpers	AM,	Mirck	B,	Aalbers	AG,	 et	 al.	Cytoreduction	 and	HIPEC	 in	 the	Netherlands:	 nationwide	 long-term
outcome	following	the	Dutch	protocol.	Ann	Surg	Oncol	2013;20(13):4224–4230.

43.	 Elias	 D,	 Gilly	 F,	 Boutitie	 F,	 et	 al.	 Peritoneal	 colorectal	 carcinomatosis	 treated	 with	 surgery	 and	 perioperative
intraperitoneal	chemotherapy:	retrospective	analysis	of	523	patients	from	a	multicentric	French	study.	J	Clin	Oncol
2010:28:63–68.

44.	 Sugarbaker	PH,	Gianola	FJ,	Speyer	JL,	et	al.	Prospective	randomized	trial	of	intravenous	versus	intraperitoneal	5
fluorouracil	in	patients	with	advanced	primary	colon	or	rectal	cancer.	Surgery	1985;98:414–421.

45.	 Sugarbaker	 PH.	 Colorectal	 cancer:	 prevention	 and	 management	 of	 metastatic	 disease.	 BioMed	 Res	 Int
2014;782890.

46.	 Elias	D,	Goere	D,	Di	Pietrantonio	D,	et	al.	Results	of	 systematic	second-look	surgery	 in	patients	at	high	 risk	of
developing	colorectal	peritoneal	carcinomatosis.	Ann	Surg	2008;247(3):445–450.

47.	 Delhorme	 JB,	 Triki	 E,	 Romain	 B,	 et	 al.	 Routine	 second-look	 after	 surgical	 treatment	 of	 colonic	 peritoneal
carcinomatosis.	J	Visc	Surg	2015;152(3):149–154.

48.	 Baratti	D,	Kusamura	S,	Iusco	D,	et	al.	Hyperthermic	intraperitoneal	chemotherapy	(HIPEC)	at	the	time	of	primary
curative	surgery	in	patients	with	colorectal	cancer	at	high	risk	for	metachronous	peritoneal	metastases.	Ann	Surg
Oncol	2017;24(1):167–175.

49.	 Sammartino	P,	Sibio	S,	Biacchi	D,	et	al.	Long-term	results	after	proactive	management	for	locoregional	control	in



patients	with	colonic	cancer	at	high	risk	of	peritoneal	metastases.	Int	J	Colorectal	Dis	2014;29(9):1081–1089.
50.	 Noura	S,	Ohue	M,	Shingai	T,	et	al.	Effects	of	intraperitoneal	chemotherapy	with	mitomycin	C	on	the	prevention	of

peritoneal	 recurrence	 in	 colorectal	 cancer	 patients	 with	 positive	 peritoneal	 lavage	 cytology	 findings.	Ann	 Surg
Oncol	2011;18(2):396–404.

51.	 Manzini	Vde	P,	Recchia	L,	Cafferata	M,	et	al.	Malignant	peritoneal	mesothelioma:	a	multicenter	study	on	81	cases.
Ann	Oncol	2010;21(2):348–353.

52.	 Yan	TD,	Haveric	N,	Carmignani	P,	et	al.	Abdominal	computed	tomography	scans	in	the	selection	of	patients	with
malignant	 peritoneal	 mesothelioma	 for	 comprehensive	 treatment	 with	 cytoreductive	 surgery	 and	 perioperative
intraperitoneal	chemotherapy.	Cancer	2005;103(4):839–849.

53.	 Sugarbaker	 PH,	Welch	LS,	Mohamed	F,	 et	 al.	A	 review	of	 peritoneal	mesothelioma	 at	 the	Washington	Cancer
Institute.	Surg	Oncol	Clin	N	Am	2003;12(3):605–621,	xi.

54.	 Carteni	 G,	Manegold	 C,	 Garcia	 GM,	 et	 al.	 Malignant	 peritoneal	 mesothelioma—results	 from	 the	 International
Expanded	 Access	 Program	 using	 pemetrexed	 alone	 or	 in	 combination	 with	 a	 platinum	 agent.	 Lung	 Cancer
2009;64(2):211–218.

55.	 Garcia-Carbonero	 R,	 Paz-Ares	 L.	 Systemic	 chemotherapy	 in	 the	 management	 of	 malignant	 peritoneal
mesothelioma.	Eur	J	Surg	Oncol	2006;32(6):676–681.

56.	 Yan	TD,	Welch	L,	Black	D,	et	 al.	A	systematic	 review	on	 the	efficacy	of	cytoreductive	 surgery	combined	with
perioperative	 intraperitoneal	 chemotherapy	 for	 diffuse	 malignancy	 peritoneal	 mesothelioma.	 Ann	 Oncol
2007;18(5):827–834.

57.	 Kusamura	S,	Torres	Mesa	PA,	Cabras	A,	et	al.	The	 role	of	Ki-67	and	pre-cytoreduction	parameters	 in	 selecting
diffuse	malignant	 peritoneal	mesothelioma	 (DMPM)	patients	 for	 cytoreductive	 surgery	 (CRS)	 and	hyperthermic
intraperitoneal	chemotherapy	(HIPEC).	Ann	Surg	Oncol	2017;43(7):1128–1135.

58.	 Sugarbaker	 PH,	 Chang	 D.	 Long-term	 regional	 chemotherapy	 for	 patients	 with	 epithelial	 malignant	 peritoneal
mesothelioma	results	in	improved	survival.	Eur	J	Surg	Oncol	2017;43(7):1228–1235.

59.	 Hioki	M,	Gotohda	N,	Konishi	M,	et	al.	Predictive	factors	 improving	survival	after	gastrectomy	in	gastric	cancer
patients	with	peritoneal	carcinomatosis.	World	J	Surg	2010;34(3):555–562.

60.	 Glehen	 O,	Mohamed	 F,	 Gilly	 FN.	 Peritoneal	 carcinomatosis	 from	 digestive	 tract	 cancer:	 new	management	 by
cytoreductive	surgery	and	intraperitoneal	chemohyperthermia.	Lancet	Oncol	2004;5(4):219–228.

61.	 Glehen	O,	Gilly	FN,	Arvieux	C,	et	al.	Peritoneal	carcinomatosis	from	gastric	cancer:	a	multi-institutional	study	of
159	patients	treated	by	cytoreductive	surgery	combined	with	perioperative	intraperitoneal	chemotherapy.	Ann	Surg
Oncol	2010;17(9):2370–2377.

62.	 Chia	 CS,	 You	 B,	 Decullier	 E,	 et	 al.	 Patients	 with	 peritoneal	 carcinomatosis	 from	 gastric	 cancer	 treated	 with
cytoreductive	 surgery	 and	 hyperthermic	 intraperitoneal	 chemotherapy:	 Is	 cure	 a	 possibility?	 Ann	 Surg	 Oncol
2016;23(6):1971–1979.

63.	 Yang	XJ,	Huang	CQ,	Suo	T,	et	al.	Cytoreductive	surgery	and	hyperthermic	intraperitoneal	chemotherapy	improves
survival	 of	 patients	 with	 peritoneal	 carcinomatosis	 from	 gastric	 cancer:	 final	 results	 of	 a	 phase	 III	 randomized
clinical	trial.	Ann	Surg	Oncol	2011;18(6):1575–1581.

64.	 Yan	TD,	Black	D,	Sugarbaker	PH,	et	al.	A	systematic	review	and	meta-analysis	of	the	randomized	controlled	trials
on	adjuvant	intraperitoneal	chemotherapy	for	resectable	gastric	cancer.	Ann	Surg	Oncol	2007;14(10):2702–2713.

65.	 Tewari	 D,	 Java	 JJ,	 Salani	 R,	 et	 al.	 Long-term	 survival	 advantage	 and	 prognostic	 factors	 associated	 with
intraperitoneal	chemotherapy	 treatment	 in	advanced	ovarian	cancer:	a	gynecologic	oncology	group	study.	J	 Clin
Oncol	2015;33(13):1460–1466.

66.	 Bakrin	 N,	 Bereder	 JM,	 Decullier	 E,	 et	 al.	 Peritoneal	 carcinomatosis	 treated	 with	 cytoreductive	 surgery	 and
hyperthermic	 intraperitoneal	 chemotherapy	 (HIPEC)	 for	 advanced	 ovarian	 carcinoma:	 a	 French	 multicentre
retrospective	cohort	study	of	566	patients.	Eur	J	Surg	Oncol	2013;39(12):1435–1443.

67.	 Huo	 YR,	 Richards	 A,	 Liauw	W,	 et	 al.	 Hyperthermic	 intraperitoneal	 chemotherapy	 (HIPEC)	 and	 cytoreductive
surgery	 (CRS)	 in	 ovarian	 cancer:	 a	 systematic	 review	 and	meta-analysis.	Eur	 J	 Surg	Oncol	 2015;41(12):1578–
1589.

68.	 Spiliotis	 J,	Halkia	E,	Lianos	E,	et	al.	Cytoreductive	 surgery	and	HIPEC	 in	 recurrent	epithelial	ovarian	cancer:	a
prospective	randomized	phase	III	Study.	Ann	Surg	Oncol	2015;22(5):1570–1575.

69.	 van	Driel	WJ,	Koole	SN,	Sikorska	K,	et	al.	Hyperthermic	intraperitoneal	chemotherapy	in	ovarian	cancer.	N	Engl	J
Med	2018;378(3):230–240.

70.	 Sugarbaker	PH.	Sarcomatosis	and	imatinib-resistant	GISTosis:	Diagnosis	and	therapeutic	options.	In:	Sugarbaker
PH,	ed.	Cytoreductive	Surgery	&	Perioperative	Chemotherapy	for	Peritoneal	Surface	Malignancy.	Woodbury,	CT:
Textbook	and	Video	Atlas,	Cine-Med	Publishing;	2017:179–188.



Dr. AVR @ TMH

71.	 Sardi	A,	Sipok	A,	Baratti	D,	et	al.	Multi-institutional	study	of	peritoneal	sarcomatosis	from	uterine	sarcoma	treated
with	cytoreductive	surgery	and	hyperthermic	intraperitoneal	chemotherapy.	Eur	J	Surg	Oncol	2017;43(11):2170–
2177.



111 Intraocular	Melanoma
Paul	T.	Finger	and	Anna	C.	Pavlick

INTRODUCTION
Metastatic	 choroidal	melanoma	 (CM)	 patients	 rarely	 present	 with	 the	 classic	 “distended	 abdomen	 and	 a	 glass
eye.”	 Although	metastases	 occur	 in	 up	 to	 50%	 of	 cases,	most	 do	 not	 cause	 symptoms	 and	 are	 discovered	 by
periodic	hepatic	screening.1,2	The	rationale	for	early	detection	is	that	it	allows	for	palliative	treatment,	enrollment
in	clinical	trials,	and	end-of-life	planning.3

Prosthetic	 eyes	 are	 less	 commonly	 required	 after	 uveal	 melanoma	 (UM)	 treatment.	 This	 is	 because	 fewer
patients	with	UM	are	being	 treated	with	 removal	 of	 the	 eye	 (enucleation).	For	 example,	 at	 the	New	York	Eye
Cancer	Center,	 about	 7%	of	 patients	with	UM	 require	 enucleation	 as	 primary	 treatment.	The	 trend	 toward	 eye
preservation	can	be	related	to	early	detection;	referral	of	smaller,	more	treatable	UMs;	and	the	widespread	belief
that	radiation	is	equivalent	to	enucleation	for	the	prevention	of	metastases.4	Confronted	with	the	choice	between
enucleation	and	eye-sparing	radiation	therapy,	patients	prefer	to	keep	their	eye.

Eye-	and	vision-sparing	radiation	therapy	techniques	are	widely	used	around	the	world.	For	example,	47	eye
cancer	 specialists	 from	10	countries	participated	 in	 a	 committee	 to	 create	 the	American	Brachytherapy	Society
Ophthalmic	 Oncology	 Task	 Force	 (ABS-OOTF)	 guidelines	 for	 plaque	 radiation	 therapy.5	 In	 these	 guidelines,
enucleation	was	 recommended	only	 in	cases	of	American	Joint	Committee	on	Cancer	 (AJCC)	stage	T4e	UMs,
tumors	with	 basal	 dimensions	 that	 exceed	 the	 limits	 of	 irradiation,	 blind	 painful	 eyes,	 and	 those	with	 no	 light
perception	 vision.	 Thus,	 multicenter,	 international	 ABS-OOTF	 consensus	 allows	 for	 eye-	 and	 vision-sparing
plaque	 brachytherapy	 for	 almost	 all	 patients.5	 This	 shift	 toward	 eye	 preservation	 has	 been	 augmented	 by	 the
advent	 of	 postradiation	 eye-	 and	 vision-preserving	 laser	 photocoagulation	 as	 well	 as	 anti–vascular	 endothelial
growth	factor	(anti-VEGF)	treatment.

In	2005,	physicians	at	the	New	York	Eye	Cancer	Center	first	suppressed	radiation	maculopathy	and	radiation
optic	 neuropathy	 using	 periodic	 intraocular	 injections	 of	 bevacizumab	 (Avastin;	 Roche-Genentech,	 South	 San
Francisco,	CA).6,7	Since	 that	 time,	centers	around	 the	world	have	used	anti-VEGF	 treatment	 to	preserve	useful
vision	and	quality	of	life	for	most	patients.

In	 the	modern	 era,	 patients	with	metastatic	UM	are	 likely	 to	present	with	 a	normal	 abdominal	 examination,
their	natural	globe,	and	binocular	vision.

INCIDENCE	AND	ETIOLOGY
UMs	are	the	most	common	primary	intraocular	malignancy	in	adults	and	account	for	53.7%	of	all	melanomas.	As
compared	to	whites,	UM	is	progressively	less	likely	to	occur	in	Hispanics,	Asians,	and	Africans.	The	incidence	of
ocular	melanomas	for	whites	in	the	United	States	(according	to	the	Surveillance,	Epidemiology,	and	End	Results
Program)	 was	 0.69	 per	 100,000	 person-years	 for	 males	 and	 0.54	 for	 females.8	 The	 Collaborative	 Ocular
Melanoma	Study	(COMS)	found	the	mean	age	of	enrolled	patients	was	60	years.9	Patients	with	dysplastic	nevus
syndrome,	ocular	melanosis,	and	the	nevus	of	Ota	have	been	found	to	be	at	greater	risk	to	develop	UM.10

Environmental	causes	are	less	clear.11	Although	a	2011	multicenter,	 international	study	of	biopsy-proven	iris
melanomas	found	that	most	occurred	on	the	lower,	more	sun-exposed	iris,	others	have	suggested	no	correlation	to
ultraviolet	light.	In	addition,	although	specific	genetic	defects	have	been	found	within	CM	cells,	there	is	no	clear
mode	of	inheritance.12

ANATOMY	AND	PATHOLOGY
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The	uvea	 is	 the	 primary	vascular	matrix	 of	 the	 eye.	 It	 is	 continuous	within	 the	 iris,	 ciliary	 body,	 and	 choroid.
Melanocytes	within	any	of	these	structures	can	transform.	However,	intraocular	melanoma	location	affects	tumor
size	at	diagnosis,	prognosis	for	vision,	and	risk	for	metastasis.

Iris	melanomas	are	the	most	easily	visible.	They	tend	to	be	the	smallest	at	diagnosis,	spindle	cell	type,	and	least
likely	to	metastasize.	In	contrast,	ciliary	body	melanomas	are	the	least	visible	because	they	are	hidden	behind	the
iris,	are	typically	discovered	when	they	are	larger,	and	are	more	likely	to	have	metastasized.13

CMs	are	located	posterior	to	the	ciliary	body.	CMs	are	often	asymptomatic	and	found	during	routine	periodic
ophthalmic	examination.	In	developed	countries,	CMs	are	typically	AJCC	T1	to	T3.	When	symptomatic,	CMs	can
induce	early	changes	in	vision	and/or	cause	symptoms	of	“flashing	lights”	due	to	tumor-induced	exudative	retinal
detachment.	A	 subset	 termed	 subfoveal	 choroidal	melanomas	 are	 located	 beneath	 the	 center	 of	 vision	 and	 are
recognized	earlier	due	to	visual	symptoms	and,	thus,	are	typically	smaller	and	less	likely	to	have	metastasized.14

Therefore,	unless	melanomas	are	large	enough	to	be	visible,	extend	into	the	visual	axis,	tilt	the	lens,	induce	a
symptomatic	 exudative	 retinal	 detachment,	 or	 displace	 the	 fovea,	 they	 are	 discovered	 during	 routine	 eye
examination.

Histology
UMs	arise	 from	a	preexisting	 choroidal	nevus	or	de	novo.	Biopsy	 reveals	distinct	 types	of	melanocytes	within
UMs.15	 In	 1931,	 the	Callender	 classification	 divided	UMs	 into	 spindle	 cell	melanomas	 (spindle	A,	 spindle	B),
mixed	cell	melanomas,	and	epithelioid	cell	melanomas	(each	associated	with	a	progressively	worse	prognosis	for
survival).16

Iris	Melanoma
Iris	melanomas	 typically	originate	 in	 the	 iris	 stroma.	While	growing,	 they	 can	displace,	 erode,	 or	 consume	 the
underlying	iris	pigment	epithelium.17	Along	its	posterior	margin,	it	may	invade	the	trabecular	meshwork,	gaining
egress	to	the	episcleral	aqueous	veins,	and/or	grow	into	the	adjacent	ciliary	body.	When	discohesive,	tumor-cell
dispersion	can	affect	 the	trabecular	ocular	outflow	channels	and	thus	induce	secondary	glaucoma.18	Other	 signs
that	 suggest	malignancy	 include	 iris	 dysfunction	 such	 as	 corectopia	 (irregular	 pupil)	 or	 dysmorphisms	 such	 as
ectropion	 uveae	 and	 tumor	 neovascularization	 (Fig.	 111.1,	 left).	 Additional	 tumor-associated	 vasculopathies
include	dilated	iris	feeder	vessels	and	episcleral	hypervascularity.

Ciliary	Body	Melanoma
Ciliary	body	melanomas	arise	 immediately	posterior	 to	 the	 iris,	are	more	 likely	 to	 indent	 the	adjacent	 lens,	and
cause	lenticular	astigmatism	and	cataract	(Fig.	111.1,	middle).	They	can	infiltrate	along	ciliary	vessels	and	nerves
to	 form	 nodules	 of	 epibulbar	 extrascleral	 extension.	 The	 sclera	 above	 the	 tumor	 is	 likely	 to	 exhibit	 recruited
“sentinel”	blood	vessels.	As	ciliary	body	melanomas	enlarge,	they	may	find	resistance	at	the	iris	root,	leading	to	a
circumferential	growth	around	the	ciliary	body	to	form	a	ring	melanoma.	Alternatively,	they	can	erode	through	or
displace	the	iris	root	into	the	anterior	chamber.

Choroidal	Melanoma
CMs	arise	posterior	 to	 the	ciliary	body	(Fig.	111.1,	 right).	As	a	CM	grows,	 it	 typically	displaces	 the	overlying
retina	 inward	 toward	 the	vitreous	humor	 to	 form	a	dome	shape.19	High	interstitial	 tumor	pressure,	 leakage,	and
tumor	 invasion	combine	 to	obliterate,	erode,	and	weaken	 the	overlying	 tissues.	Thus,	 in	25%	of	cases,	 the	CM
breaks	through	its	overlying	Bruch’s	membrane	and	mushrooms	beneath	the	retina.19	A	rare,	alternative	growth
pattern	is	diffuse	melanoma.	Diffuse	melanomas	are	low	lying,	are	more	superficially	spreading,	and	cause	less
uveal	thickening.

Extrascleral	Extension
Extrascleral	tumor	extension	can	occur	with	UM	of	any	size.	However,	it	is	more	common	with	tumors	located	in
the	ciliary	body,	larger	CMs,	or	after	sclera	weakening	by	infrared-laser	laser	thermotherapy.	Less	common	paths
of	extraocular	and	orbital	extension	include	through	the	emissary	vortex	veins	and	into	the	optic	nerve.



OPHTHALMIC	DIAGNOSIS
The	Finger	MOST	Mnemonic
There	 is	consensus	 that,	when	seen	 together,	 the	most	common	characteristics	of	CM	are	diagnostic.	As	a	CM
invades	and	destroys	the	overlying	retinal	pigment	epithelium,	accumulations	of	orange	pigment	(lipofuscin	and
melanolipofuscin)	 can	 be	 visualized	 on	 the	 surface	 of	 a	 CM	 (Fig.	 111.2,	 top	 left).	 CM-associated	 incontinent
tumor	blood	vessels	 leak	 serum	beneath	 the	 retina,	 seen	 as	 overlying	 retinal	 pigment	 epithelial	 detachments	 or
subretinal	fluid.	Finally,	CMs	are	typically	≥2.0	mm	thick.	Therefore,	Dr.	Finger	created	the	mnemonic	MOST,
where	Melanoma	=	Orange	 pigment	 +	Subretinal	 fluid	 +	Thickness	 of	 ≥2.0	mm.	That	 said,	 not	 all	 CMs	will
exhibit	all	three	findings.	However,	MOST	is	diagnostic	when	all	three	are	present	(Figure	111.2).

Ophthalmic	Examination
The	clinical	diagnosis	of	 iris,	 ciliary	body,	 and	CM	has	 reached	a	high	degree	of	accuracy	among	experienced
clinicians.15	In	the	modern	era,	multimodality	tumor	imaging	can	be	used	to	clinically	diagnose	almost	all	UMs.
Office-based	imaging	techniques	include	photography,	intraocular	angiography,	fundus	autofluorescent	imaging,
optical	 coherence	 tomography,	 transillumination,	 and	 ultrasound	 imaging.	 Select	 cases	 may	 require	 orbital
radiographic	 imaging	 (magnetic	 resonance	 imaging	 [MRI],	 computed	 tomography	 [CT],	 or	 positron	 emission
tomography	[PET]/CT).	Tumor	biopsy	is	rarely	required	for	diagnosis.15

Figure	111.1	Left,	iris	melanoma	(arrow)	in	inferior	quadrant	demonstrates	corectopia,	ectropion
uvea,	and	intrinsic	vascularity	(at	pupillary	margin).	Middle,	a	pigmented	ciliary	body	melanoma
(arrow)	causing	anterior	iris	displacement	and	a	sector	cataract	of	the	adjacent	lens.	Right,	a
posterior	choroidal	melanoma	demonstrating	Dr.	Finger’s	mnemonic	MOST	[Orange	pigment

(arrow),	Subretinal	fluid,	and	Thickness	>2mm].
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Figure	111.2	Top	left:	Fundus	photograph	demonstrates	orange	pigment	lipofuscin	deposition
(arrows)	on	the	surface	of	the	choroidal	melanoma.	Top	right:	Fundus	autofluorescence	imaging
reveals	lipofuscin	hyperautofluorescence	(arrows)	of	orange	pigment	lipofuscin.	Bottom	left:
Optical	coherence	tomography	reveals	exudative	subretinal	fluid	(arrow)	from	the	melanoma.

Bottom	right:	The	20-MHz	B-scan	ultrasound	imaging	reveals	a	dome-shaped,	medium-reflective
choroidal	melanoma	with	a	secondary	exudative	retinal	detachment	(arrow).

Ophthalmic	Photography	and	Angiography
Photographic	 techniques	 include	 slit-lamp	 and	 gonioscopy	 for	 iris	 and	 ciliary	 body	 tumors	 as	 well	 as	 fundus
photography	 for	 CM.	 Photography	 documents	 the	 current	 state	 of	 the	 affected	 eye,	 facilitates	 observations	 of
tumor	characteristics,	and	plays	an	important	role	in	the	diagnosis	of	tumor	growth,	evaluation	of	posttreatment
tumor	response,	and	identification	of	normal	tissue	side	effects.

Fundus	Autofluorescent	Imaging
Light	 (500	 to	750	nm;	peak	630	nm)	 is	used	 to	 induce	hyperautofluoresence	from	orange	pigment	 lipofuscin.20
Although	CM	can	exhibit	obvious	or	grossly	visible	orange	pigment	lipofuscin,	fundus	autofluorescent	imaging
may	be	needed	to	highlight	occult	orange	pigment	lipofuscin	deposits.	Thus,	fundus	autofluorescent	imaging	can
be	used	 to	detect	 and/or	document	one	of	 the	most	 important	diagnostic	characteristics	of	CM	(Fig.	111.2,	 top
right).

Intraocular	Angiography
Angiographic	photography	 is	used	 to	evaluate	 tumor	microcirculation.	Although	some	CMs	may	demonstrate	a
pathognomonic	 choroidal	 “double	 circulation”	 pattern	 and	 late	 diffuse	 microaneurysms,	 many	 merely	 show
diffuse	 or	 focal	 hyperfluorescence.	 However,	 these	 findings	 can	 be	 used	 to	 distinguish	 between	 the
hypofluorescence	of	choroidal	hemorrhage,	the	coarse	vascular	pattern	of	choroidal	hemangioma,	and	the	plethora



of	subretinal	hyperfluorescent	microaneurysms	typically	seen	with	angiography	of	choroidal	metastasis.

Optical	Coherence	Tomography
Optical	 coherence	 tomography	 is	 a	 laser	 light–based	 computerized	 imaging	 system	used	 to	 create	 tomographic
slices	 and	 three-dimensional	 volumes	 of	 the	 retina,	 choroid,	 and	 sclera.	 Interacting	with	 the	 three-dimensional
image,	tumor-associated	intraretinal	fluid	and	the	subretinal	fluid	used	for	the	MOST	mnemonic	are	best	seen	with
optical	coherence	tomography	(Fig.	111.2,	bottom	left).

Ophthalmic	Ultrasound	Imaging
Ultrasound	imaging	offers	0.1-mm	resolution	of	intraocular	tissues.	Ultrasound	imaging	of	CM	typically	reveals
low	 to	moderate	 internal	 tumor	 reflectivity,	a	dome	shape,	and/or	 secondary	exudative	 retinal	detachment	 (Fig.
111.2,	 bottom	 right).19	 Less	 common	 ultrasound-imaged	 tumor	 characteristics	 include	 a	 mushroom	 shape,
choroidal	excavation,	extrascleral	extension,	and	internal	vascularity	on	dynamic	examination.	Alternative	tumor-
specific	 diagnostic	 findings	 of	 choroidal	 hemangioma,	 osteoma,	 hemorrhage,	 or	metastasis	may	 be	 evident	 on
ultrasound.

High-frequency	 (20	 to	 50	MHz)	ultrasonography,	 also	 called	ultrasound	biomicroscopy,	 has	 allowed	 almost
histopathology-quality	 imaging	 of	 iris	 melanoma	 capable	 of	 viewing	 extension	 into	 the	 underlying	 pigment
epithelium	or	adjacent	ciliary	body.21	Thus,	even	smaller	ciliary	body	melanomas	have	been	detected,	potentially
saving	both	vision	and	lives.

Ultrasound	 imaging	 is	 the	standard	way	 to	measure	 the	height	and	basal	dimensions	of	all	UMs.19,21	 Tumor
measurements	 have	 been	 used	 to	 detect	 tumor	 growth,	 facilitate	 radiation	 therapy	 (plaque	 brachytherapy	 and
proton	beam),	and	monitor	posttreatment	tumor	regression.

Intraocular	Tumor	Biopsy
Unlike	 cutaneous	melanoma,	 biopsy	 of	UM	 is	 controversial.	Unlike	 in	 transcorneal	 biopsy	 of	 iris	melanomas,
transvitreal	 and	 transscleral	 biopsy	 requires	 a	 conjunctival	 and	 scleral	 incision.	 Discohesive	 tumor	 cells	 are
liberated	within	the	eye	and	exit	through	the	sclerostomy	into	the	orbit.	No	statistically	significant	evidence	exists
regarding	whether	there	is	a	metastatic	risk	associated	with	CM	biopsy.	Known	risks	include	vitreous	hemorrhage,
retinal	 tear,	 retinal	 detachment,	 infection,	 traumatic	 optic	 neuropathy,	 epiretinal	 membrane	 formation,	 and
cataract.	Consensus	indications	for	uveal	tumor	biopsy	include	atypical	 tumors,	metastatic	tumors,	patients	who
require	a	pathology	diagnosis,	and	for	genetic	or	molecular	analysis.22

The	 recent	 advent	 of	 genetic	 and	 molecular	 analysis	 of	 CM	 and	 its	 resultant	 prognostic	 information	 and
evolving	 systemic	 treatment	 protocols	 have	 prompted	 eye	 cancer	 specialists	 to	 recommended	 biopsy.12,23
However,	the	risks	of	biopsy	must	be	weighed	against	the	high-accuracy	of	clinical	diagnosis	and	the	lack	of	an
effective	genetic	or	molecularly	based	treatment	for	metastatic	disease.

STAGING
Universal	Uveal	Melanoma	Staging
The	AJCC,	together	with	the	Union	for	International	Cancer	Control	(UICC),	prompted	the	creation	of	the	AJCC-
UICC	Ophthalmic	Oncology	Task	Force	(OOTF).	The	eighth	edition	of	the	AJCC-UICC-OOTF	was	expanded	to
include	 over	 50	 eye	 cancer	 specialists	 from	 18	 countries	 (Argentina,	 Australia,	 Canada,	 Denmark,	 Finland,
France,	Germany,	 India,	 Israel,	 Italy,	 Japan,	Mexico,	Russia,	Spain,	Sweden,	Switzerland,	 the	Netherlands,	and
the	United	Kingdom).24	Task	 force	members	 included	experienced	 specialists	with	medical	 oncology,	 pediatric
oncology,	radiation	oncology,	medical	physics,	radiology,	ocular	plastic	surgery,	orbit,	pathology,	and	ophthalmic
oncology	training.

Since	2009,	AJCC-UICC	staging	for	UM	has	become	widely	accepted	(Table	111.1).	Most	ophthalmic	journals
now	either	require	or	suggest	authors	use	AJCC	staging	for	manuscript	preparation.	Universal	staging	has	allowed
ophthalmic	oncology	to	enter	the	mainstream	of	worldwide,	multispecialty	oncology	care.25
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MANAGEMENT	OF	PRIMARY	UVEAL	MELANOMA
The	Collaborative	Ocular	Melanoma	Study
The	COMS	was	the	first	large,	multicenter,	standardized	prospective	study	of	CM.	The	CM	study	enrolled	1,317
patients	from	43	centers	in	the	United	States	and	Canada	who	were	randomly	assigned	to	enucleation	or	iodine-
125	(125I)	plaque	brachytherapy.	At	12	years,	471	of	1,317	patients	died.	The	12-year	all-cause	mortality	rate	was
statistically	 equivalent	 (43%	 in	 the	 125I	 brachytherapy	 arm	 and	 41%	 among	 those	 enucleated).	 This	 result
prompted	a	shift	toward	eye-	and	vision-sparing	treatment	within	subspecialty	eye	cancer	centers.4,5

The	 second	 COMS	 study	 was	 limited	 to	 large	 CMs	 primarily	 to	 determine	 whether	 enucleation	 induced
metastasis.	Patients	with	 large	CMs	were	 randomized	 to	 receive	 either	 20	Gy	 (4	Gy	 in	 five	daily	 fractions)	 of
radiation	 or	 no	 radiation	 prior	 to	 enucleation.	At	 12-year	 follow-up,	 no	 survival	 advantage	 attributable	 to	 pre-
enucleation	radiation	was	found,	effectively	ending	this	practice.9

OVERVIEW:	TREATMENT	OF	UVEAL	MELANOMA
Small	T1	Uveal	Melanomas
Eye	cancer	specialists	and	their	patients	may	elect	 to	observe	small	CMs	for	evidence	of	 tumor	growth	prior	 to
treatment.	 This	 is	 due	 to	 current	 belief	 that	 small	CMs	 carry	 a	 tumor	 size–dependent	 low	 risk	 (approximately
11%)	for	metastases	and	that	current	treatments	risk	severe	vision	loss.	In	addition,	observation	of	small	CMs	has
been	 justified	 by	 the	 concept	 that	 tumor	 growth	 demonstrates	 malignancy	 because	 multiple	 studies	 have
demonstrated	that	increased	tumor	size	(specifically	largest	tumor	diameter)	is	associated	with	an	increased	risk	of
metastatic	death.	It	is	reasonable	to	assume	that	documenting	growth	increases	(albeit	marginally)	a	patient’s	risk
for	metastatic	disease.24

If	 they	 so	 choose,	 all	 patients	with	 small	CMs	 can	be	 offered	prompt	 radiation	 therapy.26	 Patients	 typically
require	 small	 treatment	 volumes,	which	 are	 associated	with	 less	 vision	 loss.	 If	 radiation	 retinopathy	 and	 optic
neuropathy	occurs,	it	can	be	suppressed	with	intravitreal	anti-VEGF	medications.6,7,26,27	The	clinical	decision	to
treat	 or	 not	 to	 treat	 a	 small	CM	 is	 both	 complex	 and	 controversial	 (https://eyecancer.com/eye-cancer/research-
articles/small-choroidal-melanoma-to-treat-or-not-to-treat-that-is-the-question).

Intermediate	T2	Uveal	Melanoma
Radiation	therapy	is	the	most	commonly	used	eye-sparing	treatment	for	T2	UMs.	Methods	include	brachytherapy
plaque	 techniques,	 external-beam	 radiation	 using	 photons,	 charged	 particles,	 stereotactic	 radiosurgery,	 or
multisource	 cobalt	 units.5,28	 Plaque	 brachytherapy	 and	 proton	 beam	 radiation	 are	 the	 most	 frequently	 used
techniques.29,30

Large	T3	and	T4	Uveal	Melanomas
Large	 size	 is	 not	 necessarily	 a	 contraindication	 for	 eye-sparing	 radiation	 therapy.31	 The	 2014	 ABS-OOTF
guidelines	suggested	that	contraindications	for	plaque	therapy	were	“tumors	with	T4e	extraocular	extension,	basal
diameters	that	exceed	the	limits	of	brachytherapy,	blind	painful	eyes	and	those	with	no	light	perception	vision.”5
With	 these	 parameters,	 enucleation	 is	 generally	 reserved	 for	 melanomas	 greater	 than	 20	 mm	 in	 diameter,
melanomas	more	 than	 16	mm	 thick,	 suspected	 optic	 nerve	 invasion,	 select	 cases	 of	 recurrence,	 and	 at	 patient
request.5

TABLE	111.1
American	Joint	Committee	on	Cancer	TNM-Based	Classification	System	T	(Tumor)	Staging

Thickness	(mm)



Largest	basal	diameter	(mm)

Primary	Tumor:	Uveal	Melanoma
TX	Primary	tumor	cannot	be	assessed
T0	No	evidence	of	primary	tumor
Iris
T1	Tumor	limited	to	the	iris
T1a	Tumor	limited	to	the	iris	not	>3	clock	hours	in	size
T1b	Tumor	limited	to	the	iris	>3	clock	hours	in	size
T1c	Tumor	limited	to	the	iris	with	secondary	glaucoma
T2	Tumor	confluent	with	or	extending	into	the	ciliary	body,	choroid,	or	both
T2a	Tumor	confluent	with	or	extending	into	the	ciliary	body,	without	secondary	glaucoma
T2b	Tumor	confluent	with	or	extending	into	the	ciliary	body,	and	choroid,	without	secondary	glaucoma
T2c	Tumor	confluent	with	or	extending	into	the	ciliary	body,	and	choroid,	or	both,	with	secondary	glaucoma
T3	Tumor	confluent	with	or	extending	into	the	ciliary	body,	choroid,	or	both,	with	scleral	extension
T4	Tumor	with	extrascleral	extension
T4a	Tumor	with	extrascleral	extension	≤5	mm	in	diameter
T4b	Tumor	with	extrascleral	extension	>5	mm	in	diameter
Ciliary	Body	and	Choroid
T1	Tumor	size	category	1
T1a	Tumor	size	category	1	without	ciliary	body	involvement	and	extraocular	extension
T1b	Tumor	size	category	1	with	ciliary	body	involvement
T1c	Tumor	size	category	1	without	ciliary	body	involvement	but	with	extraocular	extension	≤5	mm	in	diameter
T1d	Tumor	size	category	1	with	ciliary	body	involvement	and	extraocular	extension	≤5	mm	in	diameter
T2	Tumor	size	category	2
T2a	Tumor	size	category	2	without	ciliary	body	involvement	and	extraocular	extension
T2b	Tumor	size	category	2	with	ciliary	body	involvement
T2c	Tumor	size	category	2	without	ciliary	body	involvement	but	with	extraocular	extension	≤5	mm	in	diameter
T2d	Tumor	size	category	2	with	ciliary	body	involvement	and	extraocular	extension	≤5	mm	in	diameter
T3	Tumor	size	category	3
T3a	Tumor	size	category	3	without	ciliary	body	involvement	and	extraocular	extension
T3b	Tumor	size	category	3	with	ciliary	body	involvement
T3c	Tumor	size	category	3	with	extraocular	extension	≤5	mm	in	diameter
T3d	Tumor	size	category	3	with	ciliary	body	involvement	and	extraocular	extension	≤5	mm	in	diameter
T4	Tumor	size	category	4
T4a	Tumor	size	category	4	without	ciliary	body	involvement	and	extraocular	extension
T4b	Tumor	size	category	4	with	ciliary	body	involvement
T4c	Tumor	size	category	4	with	extraocular	extension	≤5	mm	in	diameter
T4d	Tumor	size	category	4	with	ciliary	body	involvement	and	extraocular	extension	≤5	mm	in	diameter
T4e	Any	tumor	size	category	with	extraocular	extension	>5	mm	in	diameter
Used	with	the	permission	of	the	American	College	of	Surgeons.	The	original	source	for	this	material	 is	the	AJCC	Cancer	Staging
Manual,	Eighth	Edition	(2017)	published	by	Springer	International	Publishing	AG.

Episcleral	Radiation	Therapy
Low-energy	 plaques	 are	 bowl-shaped	 devices	 constructed	 to	 house	 rice-sized	 (palladium-103	 [103Pd],	 125I)
radioactive	 sources	 called	 seeds.28	 Ruthenium-106	 (106Ru)	 plaques	 are	 solid,	 disc-shaped,	 electron-emitting
sources	where	 the	β-radionuclide	 is	covered	by	a	0.1-mm-thick	 layer	of	silver	at	 its	episcleral	aperture.28	Low-
energy	plaque	construction	and	dosimetry	require	a	multispecialty	 team	that	 integrates	 information	about	 tumor
size	 and	 location	 from	 data	 derived	 from	 clinical	 examination,	 photography,	 and	 ultrasound	 imaging.28,32	 The
plaque	is	temporarily	sutured	to	the	sclera	overlying	the	tumor,	left	in	place	for	5	to	7	days,	and	then	surgically
removed.

Radiation	 dose	 to	 the	 fovea	 and	 lens	 has	 been	 correlated	 to	 the	 incidence	 of	 radiation	 maculopathy	 and
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cataract.33,34	 However,	 each	 type	 of	 plaque	 has	 characteristic	 patterns	 of	 dose	 distribution	within	 the	 eye.	 For
example,106Ru	plaques	emit	electrons	with	limited	intraocular	penetration,	thus	resulting	in	a	higher	sclera-chorio-
retinal	 base	 dose	 and	 less	 side	 scatter	 penumbra	 (compared	 to	 103Pd	 or	 125I).	 Conversely,	 103Pd	 and	 125I	 offer
greater	intraocular	penetration	and	more	side	scatter.	All	these	characteristics	must	be	taken	in	to	account	when
choosing	 a	 radionuclide	 source	 and	 plaque	 size.28,32	 Lastly,	 it	 is	 important	 to	 consider	 dose	 to	 normal	 ocular
structures,	because	side-effects	may	be	predicted	based	on	these	measurements.14,33–35

Proton	Beam	Radiation
Proton	 beam	 radiation	 for	 UM	 is	 available	 at	 select	 institutions	 around	 the	 world.	 Pioneered	 at	 Harvard
University,	typical	treatment	involves	surgical	placement	of	metallic	markers	on	the	episclera	around	the	tumor’s
base.29	Then,	protons	are	administered	over	4	consecutive	days,	thus	providing	four	high-dose	treatment	fractions
to	 a	 prescription	dose	 of	 60	Gy.	Proton	 therapy	has	 been	 effective	 for	 local	 tumor	 control,	 preservation	of	 the
globe,	and	vision.

However,	in	contrast	to	low-energy	plaque	therapy,	proton	beam	therapy	typically	requires	an	anterior	entrance
dose,	resulting	in	more	commonly	reported	lash	loss,	dry	eye,	neovascular	glaucoma,	and	cataract.36,37	Also	unlike
plaque	therapy,	proton	treatment	can	be	confounded	by	eye	movement,	leading	to	a	mobile	target	volume.37

TREATMENT	FOR	SPECIAL	CASES
Iris	and	Iridociliary	Melanoma
The	overall	5-year	risk	for	iris	melanoma	metastasis	is	10.7%.	However,	small	iris	melanomas	are	often	observed
for	 growth	 prior	 to	 treatment.	 Surgical	 iridectomy	 or	 iridocyclectomy	 used	 to	 be	 the	most	 common	 treatment.
However,	 there	 has	 been	 a	 transition	 to	 relatively	 safe,	 tissue-sparing	 radiation	 therapy	 techniques.5,38,39	 For
example,	 plaque	 brachytherapy	 not	 only	 avoids	 the	 uncommon	 risks	 of	 intraocular	 surgery	 (e.g.,	 infection,
hemorrhage,	 acute	 cataract,	 and	 retinal	 detachment)	 but	 also	 offers	 iris	 retention,	 retained	 iris	 function,	 and
relatively	 large	 treatment	margins.	With	 long-term	 follow-up,	 epicorneal	 103Pd	 plaque	 brachytherapy	 has	 been
associated	with	excellent	local	control,	a	high	risk	of	radiation	cataract	formation,	and	almost	no	risk	for	radiation-
related	keratopathy,	retinopathy,	or	optic	neuropathy.35

Choroidal	Melanomas	that	Touch	or	Surround	the	Optic	Disc
Standard	 plaque	 placement	 covers	 the	 tumor	 plus	 a	 2-	 to	 3-mm	 surrounding	 margin.5,28	 However,	 obtaining
standard	 plaque	 placement	 becomes	 difficult	 when	 CM	 margins	 are	 near,	 touch,	 or	 surround	 the	 optic	 disc.
Ophthalmoscopy	typically	reveals	a	1.75-mm	optic	disc	diameter,	However,	just	behind	the	eye,	the	optic	nerve	is
enveloped	by	a	5-mm-diameter	optic	nerve	sheath.	Therefore,	with	a	plaque	placed	against	the	retrobulbar	optic
nerve	sheath,	it	cannot	advance	closer	than	1.5	mm	from	the	optic	disc.	Thus,	when	a	CM	touches	or	surrounds
the	optic	disc,	standard	plaque	placement	is	impossible.

In	2005,	8-mm-wide,	variable-depth	slots	were	cut	into	standard	COMS-type	plaques.40	This	allowed	the	optic
nerve	sheath	to	enter	the	plaque,	thus	overcoming	the	optic	nerve	sheath	obstruction.	This	normalized	the	plaque’s
position	 and	 thus	 the	 treatment	 volume.	 The	 slot,	 however,	 presents	 additional	 medical	 challenges.	 The
radioactive	 seeds	 must	 be	 affixed	 in	 nonstandard	 patterns	 around	 the	 slot	 to	 fill	 in	 the	 treatment	 volume	 and
provide	improved	local	control.	Our	12-year	results	using	Finger’s	slotted	plaques	have	demonstrated	a	98%	local
tumor	control	rate.41

Extrascleral	Tumor	Extension
Extrascleral	 extension	 has	 been	 functionally	 defined	 as	 minimal	 (microscopic	 or	 encapsulated),	 moderate
(localized	 unencapsulated	 nodule),	 or	 massive	 (fills	 most	 or	 part	 of	 the	 orbit).	 In	 clinical	 practice,	 minimal
extension	may	be	included	within	the	irradiated	zone;	moderate	and	select	massive	extrascleral	extension	can	be
removed	by	enucleation	with	local	orbital	resection	to	a	point	where	there	is	no	residual	visible	tumor.	Otherwise
unresectable,	massive	 extrascleral	 extension	 typically	 requires	 orbital	 exenteration	with	 postoperative	 radiation
therapy.

Subsequent	external-beam	radiation	therapy	(50	Gy)	is	widely	used	to	treat	the	presumed	residua	of	subclinical



orbital	melanoma.	Although	postresection	 radiation	 typically	 involves	6-MV	photons	 from	a	 linear	 accelerator,
this	 treatment	is	 typically	associated	with	significant	 loss	of	hair	(eyelashes	and	eye	brow),	dry	sunken	sockets,
and	 a	 poor	 cosmetic	 result.	 Alternatively,	 high-dose	 interstitial	 brachytherapy	 has	 improved	 cosmesis	 without
sacrificing	local	control.42

Radiation	Retinopathy	and	Optic	Neuropathy
Radiation	 retinopathy	 and	 optic	 neuropathy	 are	 secondary	 complications	 of	 radiation	 therapy	 of	 CM.	 These
diseases	are	characterized	by	a	progressive	obliterative	arteritis	 that	 stimulates	VEGF	production	with	 resultant
vascular	 transudation,	 edema,	 dependent	 tissue	 necrosis,	 optic	 nerve	 damage,	 and	 neovascularization.	 Left
untreated,	the	retina	and/or	optic	nerve	becomes	atrophic,	and	neovascularization	can	induce	secondary	glaucoma,
retinal	 detachment,	 and	 vitreous	 hemorrhage.	 Radiation	 retinopathy	 and	 optic	 neuropathy	 are	 amenable	 to
suppression	by	intravitreal	anti-VEGF	therapy	(e.g.,	ranibizumab,	bevacizumab,	aflibercept);	however,	treatment
is	not	curative.6,7,27

DIAGNOSIS	OF	METASTASIS
The	Incidence	of	Metastasis
The	majority	of	UM	metastases	occur	within	the	liver.3	Other	much	less	common	sites	of	disease	are	the	lungs	and
bone.3	 Metastatic	 tumors	 are	 often	 discovered	 on	 surveillance	 imaging,	 and	 patients	 are	 usually	 completely
asymptomatic.	 It	 is	 for	 this	 reason	 that	early	referral	of	high-risk	UM	patients	 to	a	medical	oncologist	who	has
experience	with	UM	is	prudent.	This	allows	for	a	trusting	relationship	to	develop,	so	the	relating	of	bad	news	is
easier	for	both	parties.

History	and	Physical
Not	 all	 eye	 cancer	 specialists	 are	 located	 in	 subspecialty	 centers.	 Therefore,	 each	 eye	 cancer	 specialist	 (often
without	medical	oncology	guidance)	 typically	determines	how	patients	will	be	 initially	staged	and	subsequently
screened	for	metastatic	disease.	Worldwide	patterns	are	largely	dependent	on	social	and	economic	conditions	as
well	as	the	availability	of	radiographic	imaging.

That	said,	when	medical	oncologists	are	referred	patients	with	a	history	of	UM,	the	initial	TNM	staging	(eighth
edition	AJCC)	should	be	used	to	help	determine	their	metastatic	risk	(see	Table	111.1).24	A	history	of	weight	loss,
early	satiety,	abdominal	pain,	or	subcutaneous	nodularity	should	raise	suspicion.	Signs	or	symptoms	of	radicular
or	 focal	 bone	 pain	 suggest	 possible	 osseous	 disease.	 The	 CM-specific	 physical	 examination	 should	 focus	 on
subcutaneous	 nodularity	 (subcutaneous	 nodules	 can	 be	 normal	 or	 have	 a	 dark	 blue	 color),	 focal	 back	 pain,
hepatomegaly,	or	ascites.

Metastatic	Workup

Before	Treatment
Liver	 enzyme	 assays	 have	 proved	 very	 specific	 but	 not	 sensitive	 for	 hepatic	 metastases.2	 Thus,	 the	 COMS
surveillance	 protocol	 leads	 to	 late	 discovery	 of	 patients	with	 advanced	metastatic	 disease.	 In	 contrast,	 periodic
hepatic	radiographic	imaging	typically	provides	early	detection	of	asymptomatic	liver	metastasis.

Initial	 UM	 systemic	 screening	 involves	 a	 physical	 examination	 and	 a	 total-body	 PET/CT.	 These	 PET/CT
surveys	have	revealed	that	when	patients	were	discovered	with	metastasis,	100%	had	hepatic	disease	and	75%	had
multiorgan	disease	(mostly	subcutaneous	and	osseous).43,44	Almost	all	had	larger	T3	or	T4	tumors.	An	additional
finding	(unrelated	to	the	primary	tumor)	was	that	3.3%	of	patients	had	second	nonocular	primary	cancers.44–46	The
most	 common	 secondary	 non–ocular	 melanoma	 diagnosis	 was	 metastatic	 breast	 cancer	 in	 women.	 Further
PET/CT	findings	were	that	CM-specific	uptake	values	(>4.0)	may	be	a	noninvasive	biomarker	for	metastasis	and
that	PET/CT	imaging	can	be	used	as	evidence	of	tumor	viability	after	plaque	radiation	therapy.47,48
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Figure	111.3	Mean	curve	of	the	survival	rates	for	uveal	melanoma	metastasis.	The	data	used	to
make	these	graphs	were	culled	from	the	published	literature.2,30,71,83–87	(Graph	courtesy	of	Ekaterina

Semenova,	MD.)

After	Treatment
In	consideration	of	the	incidence	of	metastasis	after	local	treatment	in	patients	with	high-risk	tumors,	follow-up
staging	should	include	abdominal	imaging	every	6	months	for	5	years	and	then	annually	for	at	least	5	additional
years	(Fig.	111.3).	However,	in	consideration	of	the	risks	of	repeated	ionizing	radiation	exposure	and	the	greater
efficacy	of	contrast-enhanced	MRI,	MRI	is	preferred	over	CT.	PET/CT	can	evaluate	postirradiation	CM	viability,
clarify	the	nature	of	suspicious	CT	or	MRI	findings	and	detect	multi-organ	disease.

A	complete	blood	count	and	comprehensive	metabolic	panel	with	a	serum	lactate	dehydrogenase	can	also	be
ordered.	Abnormal	serum	chemistries	can	indicate	possible	bone	metastasis	(elevated	alkaline	phosphatase),	more
aggressive	 disease	 (elevated	 lactate	 dehydrogenase),	 or	 underlying	 liver	 disease	 or	 other	 conditions	 that	 could
influence	the	ability	to	give	future	therapies.

Adjuvant	Therapy	for	High-Risk	Uveal	Melanoma
Patients	with	large	UMs	(T3	or	T4),	those	with	extrascleral	extension,	and	those	with	known	monosomy	3	have
been	offered	adjuvant	therapy	on	clinical	trials	in	an	attempt	to	reduce	their	risk	of	metastatic	disease.	There	have
been	many	 trials	 using	 chemotherapy,	 interferon,	 and	 bacillus	 Calmette-Guérin	 that	 have	 all	 provided	 patients
with	 no	 measurable	 improvement	 in	 survival	 or	 risk	 reduction.49	 Current	 clinical	 trials	 are	 exploring
antiangiogenesis	agents,	checkpoint	inhibitors,	and	targeted	therapies.

A	retrospective	study	of	high-risk	UM	patients	(monosomy	3	and	8q	amplification	or	monosomy	3	and	T3	or
T4	tumors)	treated	at	a	single	institution	with	sunitinib	for	6	months	compared	to	institutional	controls	suggested	a
benefit.	Although	these	data	are	interesting,	these	results	must	be	confirmed	in	a	controlled	clinical	trial	setting	to
be	validated	and	not	reflective	of	selection	bias.50

Biopsy	 at	 the	 time	 of	 diagnosis	 (for	 genetic	 or	 molecular	 biomarkers)	 may	 be	 performed	 for	 patients
considering	enrollment	onto	in	to	adjuvant	therapy	studies.

Management	of	Metastatic	Disease
The	first	line	of	therapy	for	metastatic	UM	patients	should	be	enrollment	onto	a	clinical	trial	(Fig.	111.4)	because
there	is	no	known	curative	therapy	for	metastatic	disease.	Herein,	we	discuss	alternative	treatment	options.



Liver-Directed	Therapy
UM	patients	with	metastatic	disease	located	only	in	their	liver	should	be	considered	for	liver-directed	therapy	if
they	cannot	participate	 in	clinical	 trial	or	 there	are	no	available	 trials.	There	are	several	modalities	used	for	 the
management	 of	 liver	 metastases,	 and	 these	 include	 surgery,	 microwave	 radiofrequency	 ablation,	 chemo-	 or
immune-ablation,	and	yttrium-90	(90Y)	spheres.40,51	The	extent	of	hepatic	disease,	the	location	of	the	tumors,	the
patient’s	performance	status,	and	the	institution’s	interventional	capability	dictate	the	potential	for	these	options.
Relatively	rare	cases	of	solitary,	slow-growing	hepatic	or	extrahepatic	metastases,	typically	found	5	or	more	years
after	treatment	of	the	primary	UM,	have	been	treated	by	local	metastasectomy.52

Figure	111.4	Metastatic	uveal	melanoma	treatment	pathway.	RFA,	radiofrequency	ablation;	PD-1,
programmed	cell	death-1.

Surgical	Resection
Selection	of	patients	for	surgical	resection	requires	limited	disease,	an	excellent	performance	status,	and	disease-
free	 interval.	 Most	 patients	 develop	 recurrent	 disease	 within	 the	 liver,	 so	 aggressive	 surgical	 management	 is
usually	not	recommended.	Resections	occur	infrequently	due	to	the	rarity	of	 isolated,	small	 liver	metastases,	so
randomized	 trials	 have	 not	 been	 performed.	 The	 literature	 suggests	 there	 may	 be	 an	 improvement	 in	 overall
survival	in	this	small	subset	of	patients.53

Radiofrequency	Ablation,	Chemoembolization,	and	Immunoembolization
Radiofrequency	 ablation	 or	 microwave	 ablation	 uses	 percutaneous	 heat	 or	 microwave	 to	 ablate	 tumors.
Chemoembolization	 combines	 hepatic	 artery	 embolization	 with	 the	 local	 infusion	 of	 concentrated	 doses	 of
chemotherapeutic	agents	to	isolated	tumors.	Immunoembolization	combines	hepatic	artery	embolization	with	the
local	infusion	of	concentrated	doses	of	immunotherapy	agents.	These	therapies	can	be	considered	for	patients	with
low	 disease	 burden	 (usually	 three	 or	 fewer	 tumors)	 who	 also	 have	 small	 (<5	 cm)	 accessible	 tumors.	 Tumors
located	near	vessels,	 tumors	adjacent	 to	 the	heart,	 and	 subdiaphragmatic	 tumors	may	not	be	accessible	 for	 this
type	of	therapy.	This	percutaneous	modality	may	provide	local	control	of	small	and	few	tumors	and	prolong	time
to	progression	or	delay	the	need	for	systemic	therapy.	None	of	these	methods	has	resulted	in	an	improvement	in
overall	survival.54,55

Radioembolization	using	90Y	radiospheres	is	another	liver-directed	treatment.	90Y	is	small	enough	to	penetrate
tumor	 vessels	 (2-	 to	 4-mm	 tissue	 penetration	 of	 radiation)	 but	 not	 penetrate	 through	 capillaries;	 therefore,	 the
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normal	adjacent	liver	tissue	is	preserved.	Retrospective	trials	have	reported	high	local	response	rates	(60%),	with
no	impact	on	overall	survival.56

In	summary,	liver-directed	therapy	has	not	been	shown	to	be	curative	but	may	delay	progression	of	disease	and
thus	provide	excellent	palliation.	There	is	significant	interest	in	combining	liver-directed	therapy	with	checkpoint
inhibition	in	clinical	trials	in	an	attempt	to	maximize	the	effect	of	both	therapies.

Systemic	Therapy
Metastatic	 UM	 is	 not	 curable.	 Although	 there	 are	 several	 interventions	 used	 to	 control	 a	 patient’s	 disease	 for
months	 to	years,	none	have	demonstrated	durable	disease-free	survival.	For	 this	 reason,	participation	 in	clinical
trials	offers	patients	cutting	edge,	otherwise	unavailable	treatment.	This	also	increases	their	options	and	provides
them	with	 their	 best	 chance	 for	 extended	 survival.	 It	 is	 important	 to	 note	 that	 standard	 treatment	 options	 are
available	(including	other	clinical	trials)	if	their	metastatic	disease	does	not	respond	to	a	clinical	trial	therapy	(see
Fig.	111.4).

Single-agent	or	multiagent	chemotherapy	and	chemotherapy	in	combination	with	biologics	or	interferon-α	have
not	 demonstrated	 any	meaningful	 impact	 on	 this	 disease.	 Several	 clinical	 trials	 of	 single-agent	 or	 combination
chemotherapy	demonstrated	response	rates	of	≤1%.57–59

Immunotherapy
With	the	dramatic	impact	of	immunotherapy	on	cutaneous	melanoma,	there	has	been	significant	interest	in	using
these	agents	for	metastatic	UM.	In	2011,	ipilimumab	was	approved	by	the	U.S.	Food	and	Drug	Administration	for
the	 treatment	 of	metastatic	 cutaneous	melanoma.	 Ipilimumab	 is	 a	 human	monoclonal	 antibody	 that	 blocks	 the
immune	checkpoint	 interaction	between	cytotoxic	T-cell	 lymphocyte-4	on	activated	T	cells	and	B7	on	antigen-
presenting	 cells.60	 A	 randomized	 phase	 III	 trial	 in	 previously	 treated	 metastatic	 cutaneous	 melanoma	 patients
demonstrated	 an	 overall	 improvement	 in	 survival	 with	 a	 20%	 response	 rate.61	 Unfortunately,	 clinical	 trials
exploring	ipilimumab	as	a	single	agent	in	metastatic	UM	demonstrated	only	a	5%	response	rate	and	no	impact	on
survival.62,63

The	anti–programmed	cell	death-1	(PD-1)	agents,	namely,	pembrolizumab	and	nivolumab,	received	U.S.	Food
and	Drug	Administration	approval	 for	metastatic	 cutaneous	melanoma	 in	2015.	These	are	checkpoint	 receptors
expressed	on	the	surface	of	T	cells.	PD-1	has	two	known	ligands,	PD-L1	(B7-H1)	and	PD-L2	(B7-DC).	Inhibition
of	 T-cell	 proliferation	 and	 activation	 and	 the	 induction	 of	 apoptosis	 in	 antigen-specific	 T	 cells	 to	 suppress
antitumor	immunity	occur	with	the	ligation	of	PD-1/PD-L1.	In	cutaneous	melanoma,	these	agents	demonstrated	a
40%	response	rate	and	also	improved	overall	survival.	However,	in	treatment	of	metastatic	UM,	anti–PD-1	agents
were	less	effective	(5%	response	rate)	and	had	no	impact	on	overall	survival.64,65

Combination	checkpoint	immunotherapy	with	ipilimumab	and	nivolumab	dramatically	changed	the	landscape
of	 metastatic	 cutaneous	 melanoma	 therapy.	 This	 regimen	 demonstrated	 a	 better	 than	 50%	 response	 rate	 and
pushed	the	survival	curve	even	higher	(with	many	of	the	responses	being	durable).66	Although	this	combination
may	have	more	activity	in	UM	than	any	single	agent	alone,	the	response	rates	remain	in	the	single	digits,	and	there
has	 been	 no	 impact	 on	 overall	 survival.65	 Clinical	 trials	 with	 this	 combination	 and	 other	 immune-modulating
therapies	continue	to	be	explored.

Although	 it	 is	challenging	 to	give	patients	with	metastatic	melanoma	combination	 immunotherapy,	 it	can	be
even	more	difficult	 in	metastatic	uveal	patients.	The	 latter	often	have	 liver	 function	abnormalities	due	 to	 tumor
infiltration.	Both	of	these	checkpoint	inhibitors	are	hepatically	metabolized	and	can	induce	autoimmune	hepatitis
and	thus	must	be	used	with	extreme	caution.	The	adverse	effects,	including	skin	toxicity	such	as	rash	or	itching
(60%);	gastrointestinal	 toxicity	such	as	diarrhea,	colitis,	and	autoimmune	hepatitis	 (50%);	and	endocrinopathies
(10%),	 remain	 the	same	as	 those	demonstrated	 in	cutaneous	melanoma	patients.67	Eighty	percent	of	UMs	have
oncogenic	 mutations	 in	 GNAQ	 or	 GNA11,	 which	 are	 potential	 drivers	 of	 mitogen-activated	 protein	 kinase
(MAPK)	activation,	similar	to	oncogenic	BRAF	mutations	in	cutaneous	melanoma	(Fig.	111.5).68	A	clinical	trial
of	selumetinib	was	conducted	in	patients	with	metastatic	UM	with	the	intention	that	this	agent	would	inhibit	the
aberrant	RAS/RAF	pathway,	which	drives	GNAQ	and	GNA11	tumors,	because	CMs	are	MEK-dependent	tumors.
This	 randomized	phase	 III	 trial	unfortunately	did	not	meet	 its	primary	end	point	of	progression-free	 survival.69
Studies	 continue	 to	 explore	 inhibition	 of	 the	RAS/RAF	 and	BRCA1-associated	 protein-1	 (BAP1)	 pathways	 as
well	as	to	investigate	immunotherapy	and	other	potentially	active	targets	that	modulate	metastatic	spread.



Clinical	Trials	for	High-Risk	and	Metastatic	Uveal	Melanoma
New	insights	regarding	biomarkers,	genetic	targets,	immunotherapies,	antiangiogenic	drugs,	metabolic	inhibitors,
and	intrahepatically	injected	viruses	are	leading	innovative	treatment	strategies	in	current	clinical	trials.

Genetic	 tumor	 typing	offers	 the	potential	 to	 identify	high-risk	patients	 for	 treatment	of	presumed	subclinical
metastatic	 disease.	 Conversely,	 low-risk	 patients	 may	 not	 need	 as	 rigorous	 periodic	 surveillance.	 Should	 a
functional	 genetic	 pathway	 be	 identified	 and	 a	 pharmaceutical	 blockade	 initiated,	metastatic	UM	may	 become
manageable.	Trials	open	for	metastatic	UM	can	be	found	at	ClinicalTrials.gov	(www.clinicaltrials.gov).

Figure	111.5	Targeted	pathway	in	uveal	melanoma.

BIOMARKERS:	PROGNOSTIC	AND	PREDICTIVE	FACTORS
Clinical	Prognostic	Factors

Tumor	Size	and	Location
UM	size	or	 largest	 tumor	dimension	has	 been	 the	most	 reproducible	 biomarker	 for	CM	metastasis.	The	 eighth
edition	 of	 AJCC	 includes	 a	 prognostic	 staging	 table	 now	 supported	 by	 three	 separate	 studies	 and	 thus	 a
retrospective	analysis	of	almost	19,000	patients.13,70,71	 It	 is	useful	because	noninvasive	tumor	measurements	are
available	at	the	time	of	diagnosis.

Additional	evidence	that	tumor	size	can	be	correlated	to	metastatic	risk	comes	from	the	study	by	Diener-West
et	al.,46	which	was	a	COMS	meta-analysis	of	5-year	mortality	among	enucleated	patients;	weighted	estimates	of
5-year	mortality	after	enucleation	were	16%	for	small	tumors,	32%	for	medium-sized	tumors,	and	53%	for	large
tumors.

Iris	melanomas	are	typically	smaller	and	thus	carry	a	four-	to	five-fold	lower	(5-year	Kaplan-Meier	estimate	of
10.7%)	mortality	rate.	Among	biopsy-proven	iris	melanomas,	other	risk	factors	include	tumors	>5	mm	in	largest
diameter	and	tumors	confluent	with	the	ciliary	body.

Because	ciliary	body	melanomas	are	typically	hidden	behind	the	iris,	they	can	develop	“ring	melanoma”	and
thus	large	basal	dimensions	with	a	5-year	mortality	of	53%.	Other	metastatic	risk	factors	include	advancing	age,
local	recurrence,	and	extrascleral	extension.42,72
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Diffuse	Growth	Pattern
An	atypical	variant,	5%	of	CMs	grow	in	a	diffuse	pattern.	Diffuse	melanomas	are	 low-lying	 tumors	often	with
indistinct	or	irregular	margins	that	are	more	difficult	to	treat.	Iris	melanomas	can	also	occur	as	the	diffuse	variant,
starting	as	a	solitary	tumor	and	then	evolving	to	multifocal	lesions	after	treatment.73

Histopathologic,	Physiologic,	Genetic,	and	Molecular	Prognostic	Factors

Genetics	and	Molecular	Biology
Of	the	cytogenetic	and	molecular	genetic	changes	within	UM,	it	is	the	partial	or	complete	loss	of	one	chromosome
3	that	 is	most	widely	described.74,75	This	has	not	only	been	associated	with	aggressive	 features	 such	as	greater
tumor	size,	ciliary	body	involvement,	the	presence	of	epithelioid	cells,	and	closed	loop	vasculogenic	mimicry	but
is	also	considered	a	biomarker	of	metastasis.

Gene	expression	profiling	involves	the	simultaneous	measurement	of	mRNA	expression	of	multiple	genes	to
obtain	 a	 real-time	view	of	 tumor	 biology.	Three	 gene	 expression	 profiling	 subgroups	 have	 been	 identified	 and
related	to	risk	for	metastatic	disease.

Cytogenetic	Abnormalities
Monosomy	3	is	present	in	approximately	50%	to	60%	of	UM	cases.	The	loss	of	heterozygosity	indicates	deletions
around	 3p25–26	 and	 on	 3q	 and	 a	 region	 at	 3p11–14.76,77	 Loss	 of	 the	 long	 arm	 and	 gain	 of	 the	 short	 arm	 of
chromosome	 6	 are	 other	 frequently	 observed	 chromosomal	 aberrations	 in	 UM.78	 Monosomy	 3	 and	 additional
copies	of	8q	correlated	with	reduced	survival.76	A	deletion	in	chromosome	1	concurrent	with	monosomy	3	is	an
independent	predictor	of	disease-free	survival.	The	combination	of	monosomy	3	with	cell	type	analysis	or	tumor
diameter	has	been	shown	to	have	a	greater	prognostic	impact	than	monosomy	3	alone.

Earlier	studies	of	molecular	deregulation	provided	interesting	insights	into	the	molecular	pathogenesis	of	UM.
For	 example,	 Rb	 protein	 is	 expressed	 in	 virtually	 all	 melanomas,	 indicating	 a	 lack	 of	Rb	 gene	mutation.79	 A
combination	of	microarray	gene	expression	profiling	and	comparative	genomic	hybridization	showed	that	gain	of
chromosome	 8q	 correlates	 strongly	 with	 expression	 of	DDEF1,	 a	 gene	 located	 at	 8q24.80	 Therefore,	DDEF1
overexpression	 might	 be	 a	 pathogenetically	 relevant	 consequence	 of	 chromosome	 8q	 amplification	 associated
with	aggressive	UMs.80

Genetic	Mutations
Individual	gene	mutations	have	improved	our	understanding	of	the	etiology	of	UM.	Mutations	of	the	G-protein	α
subunits	GNAQ	 and	GNA11	 are	 mutually	 exclusive	 and	 represent	 early	 or	 initiating	 events	 that	 constitutively
activate	the	MAPK	pathway	in	approximately	85%	of	UMs.81	Conversely,	mutations	in	BAP1,	splicing	factor	3B
subunit	1	 (SF3B1),	 and	eukaryotic	 translation	 initiation	 factor	1A	X-linked	 (EIF1AX)	 also	appear	 to	be	 largely
mutually	exclusive;	these	appear	to	occur	later	in	tumor	progression.	BAP1	mutations	are	strongly	associated	with
metastasis,	whereas	SF3B1	and	EIF1AX	mutations	are	associated	with	a	more	favorable	outcome.	In	addition,	a
study	 by	 Lake	 et	 al.82	 suggests	 that	 amplification	 of	 the	 connector	 enhancer	 of	 kinase	 suppressor	 of	 ras	 3
(CNKSR3)	gene	(chromosome	6q)	in	monosomy	3	UM	correlated	with	longer	patient	survival.
BAP1	 mutations	 can	 arise	 in	 the	 germline,	 leading	 to	 a	 newly	 described	BAP1	 familial	 cancer	 disposition

syndrome	 that	 includes	UM	and	mesothelioma,	although	only	a	 small	number	of	 familial	UM	cases	have	been
described.	 These	 discoveries	 have	 led	 to	 new	 clinical	 trials	 to	 assess	 several	 classes	 of	 compounds,	 including
MEK,	protein	kinase	C,	 and	histone	deacetylase	 inhibitors,	 based	on	known	 signaling	pathway	changes	within
UMs.12

SUMMARY
Improvements	 in	 the	understanding	of	 the	environmental,	 clinical,	physiologic,	 cytopathologic,	histopathologic,
immunopathologic,	 and,	 more	 recently,	 genetic	 and	 molecular	 characteristics	 of	 UM	 lead	 us	 to	 marvel	 at	 its
complexity.	 This	 chapter	 reviewed	 the	 demographic,	 physiologic,	 treatment-associated,	 genetic,	 and	molecular
factors	that	allow	UMs	to	grow	and	metastasize.	It	compared	and	contrasted	available	methods	of	diagnosis	and
treatment	and	demonstrated	how	the	community	of	eye	cancer	specialists	is	working	together	to	better	define	the



nomenclature,	medical	physics,	and	treatment	guidelines.	Clearly,	 this	chapter	shows	how	multidisciplinary	eye
cancer	care	is	needed	to	achieve	the	best	possible	clinical	results	for	our	patients	with	intraocular	melanoma.
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112 Superior	Vena	Cava	Syndrome
Andreas	Rimner	and	Joachim	Yahalom

INTRODUCTION
Superior	vena	cava	syndrome	(SVCS)	is	the	clinical	expression	of	obstruction	of	blood	flow	through	the	superior
vena	 cava	 (SVC).	Characteristic	 symptoms	 and	 signs	may	 develop	 quickly	 or	 gradually	when	 this	 thin-walled
vessel	is	compressed,	invaded,	or	thrombosed	by	processes	in	the	superior	mediastinum.	Most	cases	reported	in
the	 past	 were	 due	 to	 syphilitic	 aneurysms	 or	 tuberculosis	 mediastinitis.1	 Nowadays,	 malignancy	 is	 the	 most
common	 underlying	 process	 in	 patients	 with	 SVCS.2	With	 the	 increased	 use	 of	 intravascular	 devices	 such	 as
catheters	 and	 pacemakers,	 thrombosis	 of	 the	 SVC	 caused	 by	 these	 foreign	 bodies	 has	 been	 more	 frequently
observed.3	It	is	estimated	that	SVCS	develops	in	15,000	people	in	the	United	States	each	year.2

ANATOMY	AND	PATHOPHYSIOLOGY
The	SVC	is	the	major	low-pressure	vessel	for	drainage	of	venous	blood	from	the	head,	neck,	upper	extremities,
and	upper	thorax.	It	is	located	in	the	right	superior	mediastinum	and	is	surrounded	by	the	sternum,	trachea,	right
mainstem	bronchus,	aorta,	pulmonary	artery,	and	perihilar	and	paratracheal	lymph	nodes.	The	SVC	extends	from
the	junction	of	the	right	and	left	innominate	veins	to	the	right	atrium,	over	a	distance	of	6	to	8	cm.	The	distal	2	cm
of	 the	 SVC	 are	within	 the	 pericardial	 sac,	with	 a	 point	 of	 relative	 fixation	 of	 the	 vena	 cava	 at	 the	 pericardial
reflection.	The	 left	 and	 right	brachiocephalic	veins	merge	 at	 the	 level	of	 the	 aortic	 arch	 to	 form	 the	SVC.	The
brachiocephalic	 veins	 themselves	 receive	 contributions	 from	 the	 internal	 and	 external	 jugular	 veins,	 subclavian
veins,	internal	mammary	veins,	pericardiophrenic	veins,	superior	intercostal	veins,	and	inferior	thyroid	vein.4	The
azygos	 vein,	 the	 main	 auxiliary	 vessel,	 enters	 the	 SVC	 posteriorly,	 just	 above	 the	 pericardial	 reflection.	 The
physiologic	width	of	 the	SVC	 is	1.5	 to	2	cm.	The	SVC	 is	 thin	walled,	 compliant,	 and	easily	compressible	and
therefore	vulnerable	to	any	space-occupying	process	in	its	vicinity.	The	SVC	is	completely	encircled	by	chains	of
lymph	nodes	that	drain	the	right	thoracic	cavity.	Other	critical	structures	in	the	mediastinum,	such	as	the	auxiliary
azygos	 vein,	 main	 bronchi,	 esophagus,	 and	 spinal	 cord,	 may	 be	 involved	 by	 the	 same	 process	 that	 leads	 to
obstruction	of	the	SVC.

When	the	SVC	is	fully	or	partially	obstructed,	venous	collateral	circulation	may	develop	if	the	SVCS	gradually
develops	over	time,	thus	allowing	time	for	collaterals	to	form.	The	azygos	venous	system	is	the	most	important
alternative	 pathway.	 Other	 collateral	 systems	 include	 the	 internal	 mammary	 veins,	 lateral	 thoracic	 veins,
paraspinal	 veins,	 and	 esophageal	 venous	 network.5	 Clinically	 visible	 engorgement	 of	 collateral	 subcutaneous
veins	 in	 the	 neck	 and	 thorax	 is	 a	 typical	 physical	 finding	 in	 SVCS.	Despite	 these	 collateral	 pathways,	 venous
pressure	 is	 almost	 always	 elevated	 in	 the	 upper	 compartment	 if	 the	 SVC	 is	 obstructed	 (Fig.	 112.1).	 Venous
pressures	in	the	upper	extremities	have	commonly	been	recorded	to	be	>300	mm	saline	in	severe	SVCS.6

CLINICAL	PRESENTATION	AND	ETIOLOGY
A	subjective	 sensation	of	 fullness	 in	 the	head	or	objective	 facial	 swelling	and	dyspnea	are	 common	presenting
symptoms	(Table	112.1).7,8	The	characteristic	physical	findings	are	venous	distention	of	the	neck	(66%)	and	chest
wall	(54%),	facial	edema	(46%),	plethora	(19%),	and	cyanosis	(19%).	This	may	even	progress	to	upper	extremity
edema.	These	symptoms	and	signs	may	be	aggravated	by	bending	forward,	stooping,	or	lying	down.	SVCS	may
be	 the	 earliest	manifestation	 of	 invasive	 involvement	 of	 additional	 critical	 structures	 in	 the	 thorax	 such	 as	 the
bronchi.	Pleural	effusions	are	common	in	SVCS.	In	one	series,	effusions	were	detected	in	60%	of	patients,	both	in
those	with	malignant	 etiology	 and	 in	 those	with	 a	 nonmalignant	 cause.9	 The	majority	 are	 exudative	 and	 often



chylous.	 Rarely	 do	 patients	 present	 with	 life-threatening	 symptoms	 such	 as	 confusion,	 obtundation,	 stridor	 or
syncope	without	precipitating	factors,	hypotension,	or	renal	insufficiency.

Malignant	disease	is	currently	the	most	common	cause	of	SVCS.	The	percentage	of	patients	in	different	series
with	a	confirmed	diagnosis	of	malignancy	varies	from	60%	to	86%	(Table	112.2).8,10–13	In	a	large	series	of	lung
cancer	 patients,	 SVCS	 was	 identified	 in	 4%	 to	 8.6%	 of	 the	 patients.14,15	 Small-cell	 lung	 cancer	 (SCLC)	 and
squamous	cell	carcinoma	are	 the	most	common	histologic	subtypes	because	 they	 frequently	present	with	bulky
involvement	of	the	mediastinum	or	paramediastinal,	central	location.8,16,17	Lymphoma	involving	the	mediastinum
is	the	cause	of	SVCS	in	2%	to	21%	of	patients	(see	Table	112.2).	In	a	large	series	of	 lymphoma	patients,	most
patients	 with	 SVCS	 had	 either	 diffuse	 large-cell	 lymphoma	 or	 lymphoblastic	 lymphoma.18	 The	 presence	 of
dysphagia,	 hoarseness,	 or	 stridor	 was	 a	 major	 adverse	 prognostic	 factor	 for	 patients	 with	 lymphoma	 who
presented	with	SVCS.	In	a	series	of	patients	with	primary	mediastinal	B-cell	lymphoma	with	sclerosis,	SVCS	was
present	 in	57%	of	patients.19	Other	primary	mediastinal	malignancies	 that	may	cause	SVCS	are	 thymomas	and
germ	 cell	 tumors.	 SCLC,	 non-Hodgkin	 lymphoma	 (NHL),	 and	 germ	 cell	 tumors	 constitute	 almost	 half	 of	 the
malignant	causes	of	SVCS.	Hodgkin	lymphoma	commonly	involves	the	mediastinum,	but	it	rarely	causes	SVCS.
Rare	 tumors	 such	 as	 thymic	malignancies,	 pleural	mesothelioma,	 sarcomas,	 and	primary	mediastinal	 germ	cell
tumors	may	cause	SVCS	as	well.	Breast	cancer	is	the	most	common	metastatic	disease	that	causes	SVCS	in	up	to
11%	 of	 the	 cases.10,11	 The	 prognosis	 of	 patients	 with	 SVCS	 strongly	 correlates	 with	 the	 prognosis	 of	 the
underlying	disease.

In	recent	years,	nonmalignant	conditions	causing	SVCS	have	been	more	often	observed.	In	data	collected	from
general	 hospitals,	 as	 many	 as	 40%	 of	 patients	 had	 noncancerous	 causes	 of	 SVCS,	 most	 commonly	 due	 to
thrombosis	 due	 to	 the	 presence	 of	 central	 vein	 catheters	 for	 the	 delivery	 of	 chemotherapy	 agents	 or
hyperalimentation	 or	 pacemakers.8,11,13,20	 The	 increasing	 use	 of	 such	 catheters	 in	 conjunction	 with	 a	 common
thromboembolic	disposition	in	many	patients	with	cancer	contributes	to	the	development	of	SVCS.20
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Figure	112.1	Clinical	signs	of	the	superior	vena	cava	syndrome.	A:	Facial	edema,	plethora,
jugular	venous	distention,	and	prominent	superficial	vessels	in	the	neck	and	upper	chest.	B:	The
vascular	anatomy	and	collateral	vessel	formation	in	a	patient	with	superior	vena	cava	syndrome.

(From	Wilson	LD,	Detterbeck	FC,	Yahalom	J.	Clinical	practice.	Superior	vena	cava	syndrome	with
malignant	causes.	N	Engl	J	Med	2007;356[18]:1862–1869.	Copyright	©	[2007]	Massachusetts

Medical	Society.	Reprinted	with	permission.)

TABLE	112.1
Common	Symptoms	and	Physical	Findings	of	Superior	Vena	Cava	Syndrome

Symptoms Patients	Affected	(%)a Physical	Findings Patients	Affected	(%)a

Dyspnea 63 Venous	distention	of	neck 66

Facial	swelling	and	head	fullness 50 Venous	distention	of	chest	wall 54

Cough 24 Facial	edema 46

Arm	swelling 18 Cyanosis 20

Chest	pain 15 Plethora	of	face 19

Dysphagia 9 Edema	of	arms 14

aAnalysis	based	on	data	from	370	patients.



Adapted	 from	Schraufnagel	DE,	Hill	R,	Leech	JA,	et	al.	Superior	vena	caval	obstruction.	 Is	 it	a	medical	emergency?	Am	J	Med
1981;70(6):1169–1174;	Yellin	A,	Rosen	A,	Reichert	N,	et	al.	Superior	vena	cava	syndrome.	The	myth—the	facts.	Am	Rev	Respir
Dis	1990;141(5	Pt	1):1114–1118;	and	Rice	TW,	Rodriguez	RM,	Light	RW.	The	superior	vena	cava	syndrome:	clinical	characteristics
and	evolving	etiology.	Medicine	(Baltimore)	2006;85(1):37–42.

TABLE	112.2
Primary	Pathologic	Diagnoses	for	Superior	Vena	Cava	Syndrome

Histologic	Diagnosis
Bell	et	al.8	159
Patients	(%)

Schraufnagel	et	al.11
107	Patients	(%)

Parish	et	al.10	86
Patients	(%)

Yellin	et	al.12	63
Patients	(%)

Rice	et	al.13	78
Patients	(%)

Lung	cancer 129	(81) 67	(63) 45	(52) 30	(48) 36	(46)

Lymphoma 3	(2) 10	(9) 8	(9) 13	(21) 6	(8)

Other	malignancies
(primary	or	metastatic)

4	(3) 14	(13) 14	(16) 9	(13) 5	(6)

Nonneoplastic 2	(1) 16	(15) 19	(22) 11	(18) 31	(40)

Undiagnosed 21	(13) — — — —

Other	 rare	 nonmalignant	 causes	 of	 SVCS	 include	 inflammatory	 vascular	 conditions	 that	may	 be	 associated
with	 an	 increased	 risk	 of	 thrombosis,	 such	 as	 Behçet	 disease,	 and	 vascular	 anomalies	 or	 aneurysms	 exerting
pressure	on	the	SVC.

Obstruction	of	SVC	in	the	pediatric	age	group	is	rare	and	has	a	different	etiologic	spectrum,	mainly	iatrogenic,
secondary	to	cardiovascular	surgery	for	congenital	heart	disease,	orthotopic	heart	transplantation,	ventriculoatrial
shunt	 for	 hydrocephalus,	 SVC	 catheterization	 for	 parenteral	 nutrition,	 and	 mediastinal	 fibrosis	 secondary	 to
histoplasmosis.21–23	Rarely,	congenital	vascular	malformations	may	present	with	SVCS.

DIAGNOSTIC	WORKUP
The	modern	treatment	of	SVCS	has	become	disease-specific	from	the	outset.	Therefore,	a	clear	diagnosis	prior	to
initiation	of	emergency	treatment	such	as	mediastinal	irradiation	should	be	made.	Mediastinal	irradiation	before	a
biopsy	may	preclude	proper	interpretation	of	the	specimen	in	almost	half	of	the	patients	and	should	be	avoided.24
The	 safety	 of	 modern,	 minimally	 invasive	 diagnostic	 procedures	 such	 as	 bronchoscopy,	 mediastinoscopy,
computed	 tomography	 (CT)-guided	biopsy,	or	 supraclavicular	 lymph	node	biopsy	has	markedly	 improved,	 and
concerns	 about	 risks	 from	 these	 procedures	 should	 not	 preclude	 proper	 diagnostic	workup.	 In	 contrast	 to	 past
opinions,	 there	 is	 little	 evidence	 to	 suggest	 that	 diagnostic	 procedures	 such	 as	 venographies,	 thoracotomies,
bronchoscopies,	 mediastinoscopies,	 and	 lymph	 node	 biopsies	 carry	 an	 excessive	 risk	 in	 patients	 with	 SVCS.2
Therefore,	patients	with	suspicion	for	a	malignant	etiology	of	their	SVCS	should,	if	possible,	undergo	a	complete
workup	of	the	pathologic	diagnosis	prior	to	the	initiation	of	treatment.	Completion	of	the	staging	workup	prior	to
treatment	initiation	is	ideal	in	guiding	the	intent	of	the	treatment	(i.e.,	definitive	or	curative	versus	palliative).

The	most	common	radiographic	abnormalities	are	superior	mediastinal	widening	and	pleural	effusion	apparent
on	chest	x-ray.	A	CT	with	intravenous	contrast	provides	more	detailed	information	about	the	SVC,	its	tributaries,
and	other	critical	structures,	such	as	the	trachea,	bronchi,	esophagus,	and	spinal	cord.25	The	additional	anatomic
information	is	necessary	to	more	clearly	determine	the	involvement	of	these	structures	that	requires	prompt	action
for	 relief	 of	 pressure.	Magnetic	 resonance	 venography	may	 be	 used	 in	 patients	with	 chronic	 renal	 disease	 and
contraindications	 for	 iodinated	CT	 contrast	 agents.4	Although	 not	 fully	 evaluated,	 fluorodeoxyglucose-positron
emission	 tomography	scanning	 is	useful	 in	patients	with	SVCS	caused	by	 lymphoma	or	 lung	cancer,	as	 it	may
significantly	influence	the	design	of	the	radiation	therapy	field	and	treatment	intent	(definitive	versus	palliative).2

Pathologic	confirmation	of	a	thoracic	malignancy	can	be	obtained	as	a	cytologic	specimen	via	endobronchial
fine-needle	aspiration	or	via	CT-guided	needle	biopsy	or	mediastinoscopy.	Endobronchial	fine-needle	aspirations
are	as	accurate	as	tissue	diagnosis	and	supply	sufficient	malignant	cells	for	cytologic	evaluation	in	most	cases	of
lung	cancer.26	Mediastinoscopy	has	a	very	high	success	rate	for	providing	a	diagnosis	and	has	a	complication	rate
of	 approximately	 5%.27	 Reports	 by	 several	 authors	 on	 using	 mediastinoscopy	 for	 patients	 with	 SVCS	 whose
histologic	 diagnosis	 could	 not	 be	 established	 with	 less	 invasive	 techniques	 confirmed	 the	 safety	 and	 high
diagnostic	yield	of	mediastinoscopy.27,28	No	perioperative	mortality	was	recorded,	and	 the	diagnostic	yield	was
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excellent.	Percutaneous	transthoracic	CT-guided	fine-needle	biopsy	is	an	effective	and	safe	alternative	to	an	open
biopsy	or	mediastinoscopy.29	 In	 the	 presence	of	 a	 pleural	 effusion,	 thoracentesis	 can	 establish	 the	 diagnosis	 of
malignancy	in	71%	of	patients	with	malignancy.9	A	thoracoscopic	biopsy	or	thoracotomy	is	diagnostic	if	all	other
procedures	have	failed.

DISEASE-SPECIFIC	MANAGEMENT	AND	OUTCOMES
The	goal	of	treatment	of	SVCS	depends	on	the	cause	and—in	malignancies—the	stage	of	the	disease.	Malignant
tumors	 are	 potentially	 curable	 if	 they	 present	 at	 a	 nonmetastatic	 stage,	 even	 in	 the	 presence	 of	 SVCS.	 The
treatment	 of	 SVCS	 should	 be	 selected	 according	 to	 the	 histologic	 disorder	 and	 stage	 of	 the	 primary	 process.
During	the	diagnostic	process,	the	patient	can	benefit	from	bed	rest	and	oxygen	administration.	Some	clinicians
advocate	the	use	of	diuretics	and/or	corticosteroids	if	the	patient	is	uncomfortably	symptomatic.	This	should	only
be	 considered	 after	 pathologic	 confirmation	of	 the	 cause	of	SVCS	 in	 symptomatic	 patients	who	 require	 urgent
palliation,	 as	 steroid	 initiation	prior	 to	pathologic	 confirmation	can	 significantly	hamper	 efforts	 for	 an	 accurate
diagnosis,	especially	with	lymphomas.	Prophylactic	anticoagulation	in	the	absence	of	thrombosis	is	of	no	proven
benefit	and	may	interfere	with	diagnostic	procedures.

When	 the	 therapeutic	goal	 is	only	palliation	of	SVCS	or	when	urgent	 treatment	of	 the	venous	obstruction	 is
required,	 direct	 opening	 of	 the	 occlusion	 should	 be	 considered.	 Endovascular	 stenting	 and	 angioplasty	 with
possible	thrombolysis	may	provide	prompt	relief	of	symptoms	before	more	cancer-specific	therapy.3,30

SMALL-CELL	LUNG	CANCER
Platinum-based	chemotherapy	alone	or	 in	combination	with	 thoracic	 radiation	 therapy	 is	 the	standard	 treatment
for	SCLC	and	is	effective	in	rapidly	improving	the	symptoms	of	SVCS.15–17,31	SCLC	is	highly	sensitive	to	both
platinum	 and	 etoposide	 chemotherapy	 and	 radiation	 therapy.	 No	 significant	 difference	 in	 response	 rates	 to
chemotherapy	or	radiation	therapy	has	been	detected	in	most	studies.	Response	rates	to	chemotherapy	range	from
73%	to	93%	and	to	radiation	from	43%	to	94%.15,31	Relief	of	SVCS	typically	occurs	within	7	 to	10	days	after
initiation	of	 therapy.	 In	patients	with	SCLC	with	 recurrent	or	persistent	SVCS,	additional	chemotherapy	and/or
radiation	therapy	is	still	likely	to	relieve	symptoms.31

NON–SMALL-CELL	LUNG	CANCER
A	review	of	SVCS	in	lung	cancer	indicated	that	chemotherapy	relieved	SVCS	in	59%	of	patients	with	non–small-
cell	 lung	 cancer	 (NSCLC);	 radiation	 therapy	 relieved	 the	 obstruction	 in	 63%	 of	 patients	 with	 NSCLC.30
Nevertheless,	in	almost	20%	of	the	patients,	the	obstruction	recurred.	Response	to	radiation	therapy	was	higher	in
patients	 who	 had	 received	 prior	 therapy	 (94%	 versus	 70%),	 suggesting	 that	 radiation	 therapy	 is	 an	 effective
salvage	option	even	in	recurrent	SVCS.30

NON-HODGKIN	LYMPHOMA
The	primary	treatment	for	NHL	is	chemotherapy,	as	it	has	both	local	and	systemic	activity.	Local	consolidation
with	radiation	 therapy	 is	beneficial	 in	patients	with	early-stage,	diffuse,	 large-cell	 lymphoma,	particularly	 if	 the
mass	is	bulky.

In	 a	 report	 of	 36	 patients	 with	 SVCS	 secondary	 to	 NHL,	 all	 patients	 achieved	 complete	 relief	 of	 SVCS
symptoms	 within	 2	 weeks	 of	 the	 onset	 of	 any	 type	 of	 treatment,	 whether	 treated	 with	 chemotherapy	 alone,
chemoradiation,	or	radiation	therapy	alone.18	Eighteen	of	22	patients	 (81%)	with	 large-cell	 lymphoma	achieved
complete	response.	However,	relapse	was	common,	and	the	median	survival	was	only	21	months.

NONMALIGNANT	CAUSES



Patients	with	nonmalignant	SVCS	often	have	 longstanding	symptoms	before	 they	seek	medical	advice,	and	 the
time	to	establish	 the	diagnosis	and	survival	are	 typically	markedly	 longer.11	The	average	survival	rate	has	been
reported	as	9	years	for	benign	causes,	compared	with	5	months	for	lung	cancer	as	the	cause	of	SVCS.	A	total	of
12	of	16	(75%)	patients	with	benign	SVCS	had	a	mediastinal	granuloma	that	was	attributed	to	histoplasmosis.32
Ten	patients	who	were	available	for	1	to	11	years	were	all	doing	well	at	 the	time	of	the	report.	Given	the	good
prognosis	of	patients	with	benign	SVCS,	a	need	for	SVC	bypass	surgery	may	not	be	justified,	except	for	patients
in	 whom	 SVCS	 develops,	 progresses,	 or	 persists	 after	 6	 to	 12	 months	 of	 observation	 for	 possible	 collateral
development.32	Ketoconazole	may	prevent	recurrent	SVCS	from	active	histoplasmosis.

CATHETER-INDUCED	OBSTRUCTION
In	 catheter-induced	 SVCS,	 the	 mechanism	 of	 obstruction	 is	 usually	 thrombosis.	 Streptokinase,	 urokinase,	 or
recombinant	tissue-type	plasminogen	activator	may	achieve	lysis	of	the	thrombus	early	in	its	formation.33	Heparin
and	 oral	 anticoagulants	 may	 reduce	 the	 extent	 of	 the	 thrombus	 and	 prevent	 its	 progression.	 Removal	 of	 the
catheter	should	be	considered,	if	possible,	in	combination	with	anticoagulation	to	avoid	embolization.	In	patients
for	 whom	 electrodes	 of	 a	 pacemaker	 must	 be	 changed,	 the	 wires	 should	 be	 removed	 to	 prevent	 the	 risk	 of
developing	 SVCS.34	 Percutaneous	 transluminal	 angioplasty,	 with	 or	 without	 thrombolytic	 therapy,	 and	 stent
insertion	have	been	successfully	used	to	open	catheter-induced	SVC	obstructions.35

TREATMENT
Radiation	Therapy
Radiation	 therapy	 is	 a	 treatment	 option	 for	 most	 patients	 with	 malignant	 SVCS.	 It	 does	 not	 only	 provide
immediate	 relief	 of	 the	 obstruction	 but	 also	 treat	 the	 underlying	 cause	 of	 the	 obstruction,	 thus	 improving
symptoms	in	the	long-term	and	effectively	preventing	SVCS	recurrence.	The	primary	effect	of	palliative	radiation
therapy	 for	 SVCS	 is	 exerted	 by	 decreasing	 the	 extrinsic	 pressure	 on	 the	 SVC	 by	 the	 surrounding	 or	 invading
malignant	masses.	However,	serial	venograms	and	autopsies	suggest	that	the	symptomatic	improvement	may	be
enhanced	by	the	development	of	collaterals	after	the	pressure	in	the	mediastinum	is	eased.

In	general,	when	radiation	is	given	as	initial	treatment,	CT-based	simulation	and	fractions	of	1.8	to	2	Gy	are
recommended	for	lymphomas.	For	lung	cancers,	higher	daily	fractions	of	3	Gy	may	be	considered.	However,	no
data	 clearly	 support	 a	 particular	 fractionation	 scheme.	 The	 field	 and	 fractionation	 may	 be	 altered	 after
administration	of	several	 fractions	and	achievement	of	symptomatic	 relief.2	 In	 the	absence	of	distant	metastatic
disease,	 the	 radiation	 therapy	 course	 may	 be	 extended	 to	 a	 definitive	 treatment	 course,	 in	 combination	 with
sequential	or	concurrent	chemotherapy	when	feasible.

A	retrospective	study	evaluated	the	efficacy	of	treating	patients	with	SVCS	with	a	hypofractionated	regimen	of
three	fractions	of	8	Gy	once	a	week	to	a	total	dose	of	24	Gy	compared	to	two	fractions	of	8	Gy	within	1	week	to	a
total	dose	of	16	Gy.36	Transient	dysphagia	was	the	main	side	effect	in	almost	half	of	the	patients	in	both	programs.
The	24-Gy	regimen	resulted	 in	a	complete	resolution	of	symptoms	in	56%	of	patients	and	a	partial	 response	 in
another	40%.	The	16-Gy	regimen	yielded	a	complete	response	in	only	28%	of	patients.	The	mean	time	for	SVCS
recurrence	and	the	median	overall	survival	rate	were	longer	in	the	higher	dose	regimen	(6	months	and	9	months,
respectively)	compared	with	the	low-dose	regimen	(3	months	and	3	months,	respectively).	A	more	recent	study
reported	the	experience	of	using	only	two	fractions	of	6	Gy	each,	delivered	1	week	apart,	 in	23	elderly	patients
with	malignancy-related	 SVCS.37	 Overall	 response	 was	 87%	with	 mild	 toxicity	 (grade	 1	 to	 2	 dysphagia	 in	 6
patients;	fatigue	in	4	patients;	and	short-lived	systemic	side	effects	consisting	of	chest	pain,	rigors,	and	fever	in	4
patients).

In	 the	 definitive	 treatment	 setting,	 the	 radiation	 field	 should	 encompass	 all	 gross	 disease	 with	 appropriate
margins	for	clinical	and	planning	target	volumes.	In	the	palliative	setting,	the	radiation	field	should	encompass	all
gross	 disease	 responsible	 for	 the	 SVCS,	 which	may	 include	 the	 hilar,	 mediastinal,	 and	 supraclavicular	 lymph
nodes.	Elective	 nodal	 irradiation	 is	 generally	 not	 recommended	when	 treating	patients	with	 lymphoma	or	 lung
cancer	as	the	cause	of	malignant	SVCS.

Endovascular	Stenting	and	Angioplasty
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Percutaneous	transluminal	angioplasty	using	balloon	dilatation,	insertion	of	expandable	metal	stents,	or	both	have
been	successfully	used	to	open	and	maintain	the	patency	of	SVC	obstruction	resulting	from	malignant	and	benign
causes.3,30,35,38,39	It	is	an	effective	initial	treatment	for	obtaining	immediate	relief	of	the	obstruction	if	the	clinical
status	of	the	patient	is	deteriorating.	Median	symptom-free	survival	of	6	months	has	been	reported	in	a	large	series
of	149	patients	with	malignant	SVCS.38	However,	long-term	experience	in	maintaining	patency	after	stent	therapy
in	patients	with	SVCS	from	benign	causes	who	are	expected	to	have	long	survival	is	still	limited.35	Complication
rates	for	endovascular	therapy	range	from	0%	to	50%	and	include	bleeding,	stent	migration,	stent	occlusion,	and
pulmonary	embolus.3	A	prospective	study	examining	the	outcomes	of	expanded	polytetrafluoroethylene-covered
stents	 found	 a	 higher	 patency	 and	 median	 survival	 compared	 to	 uncovered	 stents	 from	 a	 historic	 patient
population.40

Thrombolysis	 is	 often	 an	 integral	 part	 of	 the	 endovascular	 management	 of	 SVCS	 because	 thrombosis	 is
frequently	a	critical	component	of	 the	obstruction	and	lysis	 is	necessary	 to	allow	the	passage	of	 the	wire.	Most
reports	 have	 emphasized	 the	 use	 of	 combination	 endovascular	 therapy:	 thrombolysis,	 angioplasty,	 and	 stent
insertion.3,30	 Successful	 experience	 with	 thrombolytic	 agents	 was	 also	 obtained	 in	 the	 treatment	 of	 catheter-
induced	SVCS.3,33	The	higher	yield	of	 thrombolytic	 therapy	in	patients	with	catheters	 is	probably	related	to	the
mechanism	 of	 obstruction,	 the	 ability	 to	 deliver	 the	 agent	 directly	 to	 the	 thrombus,	 and	 earlier	 recognition	 of
SVCS	in	patients	with	malfunctioning	catheters.	Early	intervention	and	use	of	urokinase	and	recombinant	tissue-
type	plasminogen	activator	were	associated	with	favorable	results.33

Surgery
In	 malignancy-induced	 SVCS,	 the	 tumor	 involvement	 causing	 SVCS	 is	 typically	 so	 extensive	 that	 it	 is	 not
considered	 technically	 resectable.	 There	 may	 be	 exceptions	 in	 which	 definitive	 surgical	 resection	 may	 be
considered	 if	 feasible	 (e.g.,	 in	 a	 young,	 fit	 patient	 with	 a	 nonlymphomatous,	 nonmetastatic	 diagnosis	 of
malignancy).	 SVC	 reconstruction	 using	 grafts	 such	 as	 expanded	 polytetrafluoroethylene	 have	 become	 possible
with	modern	surgical	techniques.41	In	most	cases,	however,	palliative	surgical	intervention	should	be	considered
only	 after	 other	 therapeutic	 maneuvers	 such	 as	 as	 radiation	 therapy,	 chemotherapy,	 and	 stenting	 have	 been
exhausted.	 Piccione	 et	 al.42	 used	 autologous	 pericardium	 to	 reconstruct	 the	 SVC	 after	 resection	 for	malignant
obstruction.	 Successful	 bypasses	 of	 obstructed	 SVCs	 have	 used	 Dacron	 (DuPont,	 Wilmington,	 DE)	 and
polytetrafluoroethylene	prostheses.43–45	The	preferred	bypass	route	 is	between	an	 innominate	or	 jugular	vein	on
the	left	side	and	the	right	atrial	appendage,	using	an	end-to-end	anastomosis.

The	most	common	surgical	approach	is	via	a	sternotomy	or	thoracotomy	with	extensive	resection	of	the	tumor
and	reconstruction	of	the	SVC.	Case	series	indicate	an	operative	mortality	of	approximately	5%	and	patency	rates
of	80%	to	90%.2

Most	patients	with	SVCS	of	benign	origin	have	long	survival	rates	without	surgical	intervention.	However,	if
the	process	progresses	rapidly	or	if	there	is	a	retrosternal	goiter	or	aortic	aneurysm,	surgical	intervention	may	be
indicated	to	relieve	the	obstruction.46,47

The	experience	with	successful	direct	bypass	graft	for	SVC	obstruction	is	 limited.	It	has	been	recommended
that	autologous	grafts	of	almost	the	same	size	as	the	SVC	should	be	used.48	A	composite	spiral	graft	constructed
from	the	patient’s	saphenous	vein	has	been	suggested	by	Doty	et	al.49	They	reported	23	years	of	experience	with
this	 procedure	 in	 16	 patients	 with	 benign	 obstruction	 of	 SVC;	 14	 patients	 maintained	 patency,	 and	 15	 were
relieved	of	symptoms	of	SVCS.

Most	patients	with	nonmalignant	causes	for	SVCS	have	an	indolent	course	and	a	good	prognosis.	Percutaneous
transluminal	angioplasty	or	stent	insertion	should	be	considered	an	effective	alternative	to	surgery.	However,	the
long-term	maintenance	of	patency	with	stent	insertion	is	still	unknown.	Surgery	is	indicated	only	when	the	process
is	rapidly	progressing	or	caused	by	a	retrosternal	goiter	or	an	aortic	aneurysm.	If	SVCS	is	induced	by	a	catheter,
the	catheter	should	be	removed	if	possible.	Heparin	should	be	administered	during	the	removal	of	the	catheter	to
prevent	 embolization.	 In	 catheter-induced	 SVCS,	 urokinase,	 streptokinase,	 or	 recombinant	 tissue-type
plasminogen	activator	is	of	value	if	used	early	in	the	thrombotic	process.

AREAS	OF	UNCERTAINTY
Standardized	criteria	 to	grade	 the	severity	of	symptoms	 in	 the	SVCS	are	still	 lacking.	More	recently,	a	grading
system	 with	 an	 accompanying	 treatment	 algorithm	 has	 been	 proposed.50	 It	 emphasizes	 that	 in	 most	 patients



(>85%)	with	SVCS,	the	symptoms	are	not	severe	(grades	0,	1,	and	2)	and	cancer-specific	treatment	could	follow
appropriate	diagnosis	and	staging.	Grade	3	(severe)	patients	who	present	with	mild	or	moderate	cerebral	edema,
mild	 or	 moderate	 laryngeal	 edema,	 or	 diminished	 cardiac	 reserve	 may	 be	 considered	 for	 immediate	 stent
intervention	or	 early	 radiation	 therapy;	otherwise,	 they	 should	 receive	disease-specific	 treatment.	Only	 the	 rare
(<5%)	grade	4	(life-threatening)	patients,	who	develop	significant	cerebral	edema	or	laryngeal	edema	with	stridor
or	have	significant	hemodynamic	compromise,	should	undergo	stent	insertion	immediately.

The	benefit	of	either	short-	or	long-term	anticoagulation	therapy	for	SVCS	is	unclear,	although	thrombolytic
agents	 have	 been	 used	 effectively	 in	 patients	 with	 vena	 caval	 thrombosis.2	 Most	 experts	 recommend
anticoagulation	 after	 thrombolysis	 (to	 prevent	 disease	 progression	 and	 recurrence)	 and	 aspirin	 after	 stent
placement	in	the	absence	of	thrombosis,	but	data	are	limited.	The	optimal	management	of	recurrent	obstruction	of
the	SVC	is	also	controversial.	Placement	of	a	stent	is	often	considered	because	of	the	limited	benefit	or	the	risk	of
excessive	toxic	effects	from	repeat	chemotherapy	or	radiation,	but	data	to	guide	decision	making	are	limited.

RECOMMENDATIONS
The	clinical	course	of	SVCS	rarely	represents	an	absolute	emergency.	In	patients	without	a	clear	cause	of	SVCS
who	 do	 not	 have	 life-threatening	 symptoms,	 an	 efficient	 diagnostic	 effort	 should	 be	 attempted	 before	 any
oncologic	treatment	 is	given.	If	all	 the	proposed	testing	has	failed	to	establish	the	diagnosis,	 the	location	of	 the
suspicious	lesion	in	the	chest	and	the	experience	of	the	surgical	team	should	determine	whether	mediastinoscopy
or	thoracotomy	is	performed.

After	the	cause	of	SVCS	has	been	established,	treatment	of	the	primary	process	should	promptly	follow.
Combination	 chemotherapy	 with	 an	 appropriate	 regimen	 is	 the	 treatment	 of	 choice	 for	 SCLC	 and	 NHL.

Radiation	 therapy	 of	 the	 lesion	 and	 adjacent	 nodal	 areas	 may	 enhance	 control	 after	 initial	 response	 to
chemotherapy.	NSCLC	causing	SVCS	 is	best	 treated	with	 radiation	 therapy.	The	 incorporation	of	CT	scan	and
fluorodeoxyglucose-positron	 emission	 tomogravphy	 information	 into	 a	 carefully	 designed	 treatment	 plan	 may
enable	the	administration	of	a	more	definitive	total	radiation	dose	of	>50	Gy,	which	may	provide	long-term	local
control	 for	 some	 patients	 when	 appropriate.	 Percutaneous	 endovascular	 intervention	 should	 be	 considered	 in
severe	cases	because	it	relieves	symptoms	rapidly	without	masking	the	diagnosis.
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INTRODUCTION
An	increase	in	intracranial	pressure	(ICP)	is	a	common	neurologic	complication	of	patients	with	cancer	involving
the	nervous	 system.	Various	pathomechanisms	have	 to	be	 considered	 in	 this	patient	population.	Large	cerebral
metastases	 are	 the	 most	 common	 cause	 and	 can	 give	 rise	 to	 intracranial	 hemorrhage.	 Subependymal	 or
leptomeningeal	masses	 located	 at	 “bottlenecks”	 of	 spinal	 fluid	 pathways	 such	 as	 the	 foramen	of	Monro	 or	 the
aqueduct	of	Sylvius	 raise	pressure	by	obstructing	 spinal	 fluid	 flow.	A	cancer-related	hypercoagulable	 state	 can
lead	 to	 dural	 sinus	 thrombosis	 or	 extracranial	 venous	 outflow	 obstruction,	 and	 coagulopathies	 predispose	 to
subdural	 bleeding.	 The	 cancer	 patient	 as	 an	 immunocompromised	 host	 is	 at	 risk	 for	 infections	 of	 the	 nervous
system	 such	 as	 fungal	 or	 bacterial	 meningitis	 or	 a	 bacterial	 abscess,	 which	 can	 all	 result	 in	 increased	 ICP.
Similarly,	 aseptic	 meningitis	 can	 be	 seen	 as	 a	 consequence	 of	 intrathecal	 chemotherapy	 administration.
Communicating	 hydrocephalus	 reflects	 decreased	 reabsorption	 of	 spinal	 fluid,	 which	 can	 be	 seen	 in
leptomeningeal	carcinomatosis	or	after	an	infection.	Dural	venous	sinus	stenosis	from	dural	metastases	causes	a
syndrome	resembling	idiopathic	intracranial	hypertension.

This	chapter	provides	an	overview	of	the	various	mechanisms	of	increased	ICP	and	the	clinical	manifestations,
diagnosis,	and	treatment	options.

PATHOPHYSIOLOGIC	CONSIDERATIONS
Intracranial	volume	is	not	expandable	in	an	adult	because	of	its	containment	by	the	skull	and	the	dura.	The	brain
itself	has	an	average	volume	of	1,400	mL,	spinal	fluid	of	52	to	160	mL,	and	blood	of	150	mL.1	An	increase	in	the
volume	of	one	compartment	occurs	at	the	expense	of	the	other	two	(Monro-Kellie	hypothesis).2–4	If	brain	volume
increases	as	a	result	of	a	brain	tumor,	the	spinal	fluid	volume	decreases	as	a	compensatory	mechanism.	Up	to	an
ICP	of	200	to	250	mm	Hg,	an	increase	in	cerebral	spinal	fluid	(CSF)	volume	results	in	only	minor	increases	in
ICP	as	long	as	CSF	flow	is	not	obstructed,	the	rate	between	CSF	production	and	reabsorption	remains	constant,
and	the	dural	venous	sinuses	remain	open.	However,	intracranial	compliance	decreases	with	rising	ICP	(i.e.,	with
rising	 pressure,	 increase	 in	 volume	 leads	 to	 a	 disproportionate	 increase	 in	 pressure).	 This	 is	 reflected	 in	 the
occurrence	of	plateau	waves,	which	are	 acute	 elevations	of	 ICP	up	 to	1,300	mm	CSF	 lasting	5	 to	20	minutes.
These	transient	elevations	are	of	pathogenic	significance	because	they	further	compromise	cerebral	perfusion	in
patients	with	increased	ICP.5	Plateau	waves	have	been	suspected	to	cause	intermittent	symptoms	with	orthostasis
in	patients	with	brain	tumors.6

Volume	changes	within	the	brain	parenchyma	that	lead	to	increased	ICP	in	cancer	patients	are	caused	by	the
direct	mass	effect	of	primary	or	secondary	brain	tumors,	peritumoral	edema,	or	indirect	neurologic	complications
of	 cancer.	 Vasogenic	 edema	 results	 from	 increased	 leakage	 of	 plasma	 filtrate	 into	 brain	 tissue	 through	 leaky
capillaries	within	a	brain	tumor	or	surrounding	a	brain	abscess	or	cerebral	hemorrhage.	Cytotoxic	edema	occurs
with	the	breakdown	of	the	adenosine	triphosphate–dependent	transmembranous	ion	transport	system	that	leads	to
the	intracellular	entrapment	of	water.	This	can	be	seen	with	ischemic	injury,	cytotoxic	chemotherapy	agents,	or
buildup	of	toxic	metabolites	seen	in	liver	failure.	Extra-axial	mass	lesions	can	arise	from	neoplastic	growth	(dural
tumors	such	as	metastases,	meningioma,	or	lymphoma),	infection	(subdural	empyema),	or	hemorrhage	(subdural
hematoma	in	the	coagulopathic	or	thrombocytopenic	patient).

Increased	ICP	can	also	be	the	consequence	of	an	imbalance	between	CSF	production	and	reabsorption.	Spinal



fluid	is	produced	at	an	average	rate	of	21	to	22	mL	per	hour	or	approximately	500	mL	per	day.	CSF	represents	a
plasma	 filtrate	 passively	 diffusing	 through	 the	 choroid	 plexus	 of	 the	 lateral,	 third,	 and	 fourth	 ventricles.	 It	 is
reabsorbed	within	 the	 arachnoid	granulations	 overlying	 the	 cerebral	 hemispheres.	Mass	 lesions	 in	 proximity	 to
bottlenecks	 of	 CSF	 flow	 (foramen	 of	 Monro,	 cerebral	 aqueduct,	 medullary	 foramina,	 basilar	 subarachnoid
cisterns)	cause	obstructive	or	noncommunicating	hydrocephalus.	Carcinomatosis	or	meningitis	directly	interferes
with	CSF	reabsorption	at	the	arachnoid	granulations.	Under	chronic	conditions,	the	spinal	fluid	pressure	reaches	a
new	equilibrium	within	the	high	normal	range	and	gives	rise	to	a	condition	called	normal	pressure	hydrocephalus
(NPH)	 characterized	 by	 ventricular	 enlargement	 out	 of	 proportion	 to	 age-related	 cortical	 atrophy.	 Increased
production	of	CSF	is	a	rare	cause	of	raised	ICP.	Idiopathic	intracranial	hypertension	(IIH)	or	pseudotumor	cerebri
denotes	 a	 syndrome	 characterized	 by	 signs	 of	 increased	 ICP	 in	 the	 absence	 of	mass	 lesions	 or	 hydrocephalus.
Although	poorly	defined	from	a	pathophysiologic	standpoint,	an	increasing	number	of	patients	with	IIH	have	been
found	to	have	partial	obstruction	of	dural	venous	sinuses.	Iatrogenic	causes	of	IIH	include	all-trans	retinoic	acid,
tetracycline	antibiotics,	and	sulfonamides.

Acute	increases	in	arterial	and	venous	pressure	result	in	an	increase	in	ICP.	Cerebral	perfusion	is	kept	constant
over	a	wide	arterial	pressure	range	(50	to	160	mm	Hg).	Once	this	autoregulatory	mechanism	fails,	further	increase
in	arterial	blood	pressure	passively	increases	ICP.	Venous	obstruction	can	be	reproduced	with	the	Queckenstedt
maneuver	 (manual	 compression	 of	 both	 internal	 jugular	 veins).	 Dural	 venous	 sinus	 pressure	 fluctuates	 with
intrathoracic	pressure	changes.	Thus,	coughing,	sneezing,	and	straining	(Valsalva	maneuver)	are	accompanied	by
an	increase	in	ICP.	In	a	patient	with	increased	ICP	and	decreased	intracranial	compliance,	gagging	or	coughing
can	lead	to	transient	decompensation	and	the	acute	onset	of	symptoms	(syncope	in	patients	with	colloid	cyst	of	the
third	ventricle,	plateau	waves).

Depending	on	the	etiology	and	location	of	an	increase	in	cerebral	parenchymal	or	extra-axial	volume,	patients
may	have	relatively	few	symptoms	until	herniation	ensues.	The	faster	 the	pathologic	process	evolves,	 the	more
likely	 it	 is	 that	 the	 patient	 will	 have	 symptoms.	 Cingulate	 or	 transfalcian	 herniation	 denotes	 lateral	 shift	 of	 a
hemisphere	underneath	 the	falx	cerebri.	Vascular	structures	(ipsilateral	anterior	cerebral	artery,	 internal	cerebral
vein,	vein	of	Galen)	can	be	compromised	in	this	process.	In	transtentorial	herniation,	the	diencephalon	is	forced
through	the	tentorial	notch	as	a	consequence	of	a	supratentorial	mass	lesion.	Infratentorial	masses	can	result	in	an
upward	 herniation	 of	 posterior	 fossa	 structures	 through	 the	 tentorium	 or	 downward	 displacement	 through	 the
foramen	magnum.	Uncal	herniation,	most	often	encountered	in	temporal	lobe	mass	lesions,	leads	to	compression
of	the	midbrain	at	the	level	of	the	tentorial	notch.	When	the	ICP	exceeds	40	to	50	mm	Hg,	cerebral	blood	flow	is
diminished,	leading	to	irreversible	brain	damage.

EPIDEMIOLOGY	AND	PATHOGENESIS
Increase	in	Cerebral	Parenchymal	Pressure	and	Cerebrospinal	Fluid	Flow
Obstruction
Brain	metastases	 are	 the	most	 common	 cause	 of	 increased	 ICP	 in	 a	 cancer	 patient.	 In	 adults,	 lung	 cancer	 and
melanoma	 are	 particularly	 prone	 to	 seeding	 to	 brain.7	 Cerebral	 metastasis	 can	 be	 further	 complicated	 by
intratumoral	hemorrhage.	Although	lung	cancer	is	the	most	common	primary	tumor	leading	to	hemorrhagic	brain
seeding,	 the	 relative	 incidence	 of	 hemorrhagic	 transformation	 of	 a	 cerebral	metastasis	 is	 highest	 in	melanoma,
choriocarcinoma,	 renal	 cell	 carcinoma,	 and	 papillary	 thyroid	 cancer.8	 In	 children,	 the	 brain	 metastases	 most
commonly	 associated	 with	 intracranial	 hemorrhage	 are	 Ewing	 sarcoma,	 rhabdomyosarcoma,	 and	 melanoma.9
Primary	brain	 tumors	with	 a	predilection	 for	 subependymal	or	 intraventricular	 locations	 such	 as	 subependymal
giant	 cell	 astrocytoma,	 lymphoma,	 subependymoma,	 choroid	 plexus	 papilloma,	 ependymoma,	 meningioma,
central	neurocytoma,	chordoid	glioma	of	the	third	ventricle,	or	thalamic	tumors	can	cause	spinal	fluid	obstruction
early	in	 their	course.	Secondary	cerebral	volume	increase	in	cancer	patients	results	from	hemorrhage,	 ischemia,
infection,	 or	 autoimmune	 inflammatory	 processes.	 Cerebral	 hemorrhage	 from	 cancer-related	 coagulopathies
typically	occurs	in	patients	with	hematologic	malignancies	such	as	acute	lymphocytic	or	myelocytic	leukemia.10
Diffuse	 cerebral	 edema	 and	 increased	 ICP	 in	 patients	with	 leukemia	 can	 be	 the	mere	 result	 of	 leukostasis	 and
occur	at	blast	counts	exceeding	4	×	105/μL.	Higher	counts	are	usually	required	in	lymphoblastic	leukemia	because
lymphoid	 cells	 are	 smaller	 and	 less	 adherent	 than	 myeloid	 blasts.11	 An	 increase	 in	 ICP	 can	 also	 be	 the
consequence	of	diffuse	cerebral	hemorrhages	in	disseminated	intravascular	coagulopathy.

Herpes	simplex	encephalitis	gives	rise	to	extensive	vasogenic	edema	affecting	the	medial	temporal	and	inferior
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frontal	lobe.	Depending	on	disease	burden,	patients	with	cerebral	toxoplasmosis,	aspergillosis,	or	candidiasis	can
present	with	signs	of	increased	ICP	as	well.	Brain	abscess	complicates	neurosurgical	interventions	for	resection	of
metastases,	 drainage	 of	 cerebral	 hemorrhage,	 or	 placement	 of	 ventricular	 catheters.	Autoimmune	 inflammatory
encephalomyelitis	 has	 been	 described	 as	 a	 rare	 entity	 in	 patients	 after	 stem	 cell	 transplantation.	 Immunologic
therapies,	 such	 as	 bispecific	 antibodies	 (e.g.,	 blinatumomab)	 and	 chimeric	 antigen	 receptor	 T	 cells,	 have	 been
associated	 with	 diffuse	 cerebral	 edema.	 The	 mechanism	 is	 unclear	 but	 felt	 to	 be	 possibly	 related	 to	 cytokine
release	syndrome	with	inflammatory	cytokines	leading	to	increased	endothelial	permeability.12

Disorders	Affecting	Cerebrospinal	Fluid	Production	or	Reabsorption
A	syndrome	resembling	NPH	has	been	observed	in	long-term	survivors	of	whole-brain	or,	less	commonly,	partial-
brain	irradiation.	Fibrosis	of	arachnoid	granulations	has	been	suspected	to	play	a	role	in	the	pathogenesis	of	this
entity,	which	is	also	characterized	by	extensive	white	matter	demyelination	and	frank	necrosis.	Selected	patients
seem	to	respond	favorably	to	ventriculoperitoneal	shunting.13–15	An	acute	imbalance	between	CSF	production	and
reabsorption	occurs	in	neoplastic	meningitis	and	opportunistic	meningeal	infections	in	the	immunocompromised
cancer	 patient.	 Cryptococcus	 neoformans	 meningitis	 is	 almost	 invariably	 associated	 with	 elevation	 of	 ICP.
Patients	 after	 splenectomy	 are	 susceptible	 to	 meningitis	 with	 encapsulated	 bacteria.	 The	 pathogenesis	 of
communicating	 hydrocephalus	 in	 patients	 with	 spinal	 cord	 tumors	 or	 nonobstructive	 masses	 of	 the
cerebellopontine	 angle	 is	 not	 well	 understood.	 Most	 commonly,	 ependymomas,	 but	 also	 schwannoma,
meningioma,	neurofibroma,	and	glioma,	might	release	protein	degradation	products	or	cells	into	CSF	that	obstruct
the	 arachnoid	 granulations.16,17	 However,	 the	 protein	 level	 is	 rarely	 elevated	 in	 these	 patients.	 Others	 have
suspected	blockage	of	the	lumbar	CSF	reservoir,18–20	arachnoiditis,	or	increased	fibrinogen	levels21	as	the	cause	of
this	syndrome.	All-trans	retinoic	acid,	a	differentiating	agent	used	for	 the	 treatment	of	promyelocytic	 leukemia,
has	been	associated	with	episodes	of	communicating	hydrocephalus,	 likely	as	a	consequence	of	decreased	CSF
reabsorption.22,23	Increased	ICP	is	rarely	caused	by	CSF	overproduction.	Patients	with	choroid	plexus	papilloma,
especially	if	they	are	multifocal,	are	at	risk.24

Venous	Outflow	Obstructions
A	hypercoagulable	state	in	cancer	patients	can	manifest	itself	as	dural	venous	sinus	thrombosis	(Fig.	113.1A).	The
incidence	 is	 increased	 in	 patients	 receiving	L-asparaginase	 therapy.	 Increased	 ICP	 is	 the	 only	manifestation	 of
cerebral	venous	thrombosis	in	more	than	one-third	of	patients.25	Nonthrombotic	causes	of	dural	sinus	stenosis	or
occlusion	are	dural	mass	 lesions,	 such	as	meningioma	or	diffuse	meningiomatosis	of	 the	convexity,	metastases
from	breast	or	prostate	cancer,	non-Hodgkin	 lymphoma,	Ewing	sarcoma,	plasmacytoma,	or	neuroblastoma,	 that
either	compress	or	invade	the	sinus.26–28	Venous	hypertension	can	also	arise	 from	metastases	at	 the	base	of	 the
skull,	 causing	 obstruction	 of	 the	 internal	 jugular	 vein	 or	 from	 compression	 of	 the	 superior	 vena	 cava	 by
mediastinal	 masses.	 Lesions	 giving	 rise	 to	 IIH	 compromise	 the	 distal	 superior	 sagittal	 sinus	 or	 the	 torcula
herophili.29

CLINICAL	PRESENTATION
Headache	 is	 the	most	 common	 complaint	 of	 patients	with	 increased	 ICP.	 In	 its	 classic	 form,	 the	 head	 pain	 is
severe,	 is	 resistant	 to	 common	 analgesics,	 and	 reaches	maximum	 intensity	 upon	 awakening	 in	 the	morning.30
Decreased	venous	drainage	in	the	supine	position	likely	accounts	for	this	observation.	Patients	frequently	report
immediate	 relief	 from	 their	 headache	 by	 vomiting.	 However,	 the	 majority	 have	 nonspecific	 tension-type	 or
migraine-like	headaches.	The	patient	with	increased	ICP	falls	easily,	particularly	backward.	With	rising	pressure,
nausea	and	vomiting	ensue.	The	patient	becomes	increasingly	somnolent	and	ultimately	lapses	into	a	coma.

Funduscopic	examination	reveals	papilledema	in	about	half	of	patients	with	increased	ICP.	Absence	of	venous
pulsations	within	 the	center	of	 the	optic	disc	 is	an	early	 finding,	whereas	papilledema	with	blurring	of	 the	disc
margins	or	small	hemorrhages	characterizes	later	stages.	The	Foster-Kennedy	syndrome—optic	nerve	atrophy	as	a
result	of	a	 sphenoid	wing	meningioma	and	contralateral	papilledema	 from	 increased	 ICP—is	 rarely	 seen	 in	 the
days	of	improved	neuroimaging	methods	and	earlier	diagnosis.

Focal	neurologic	deficits	can	help	localize	the	mass	accounting	for	the	pressure	increase.	Cognitive	complaints
such	as	slowness	to	respond	and	inattentiveness	reflect	frontal	lobe	dysfunction.	Gaze	paresis	to	the	side	opposite



the	lesion	indicates	involvement	of	the	frontal	eye	field.	Posterior	frontal	masses	cause	contralateral	hemiparesis.
Hemianesthesia	 or	 complex	 neglect	 syndromes	 reflect	 parietal	 lobe	 pathology.	 Temporal	 and	 occipital	 lobe
disease	causes	visual	field	deficits.	An	upward	gaze	paresis	occurs	in	patients	with	tumors	of	the	tectal	region	such
as	pineal	neoplasms	or	metastases.	Paresis	of	extraocular	muscles	results	from	stretch	injury	of	the	fourth	or	sixth
nerve	or	uncal	herniation	with	compression	of	 the	 third	nerve.	However,	 the	clinician	must	be	aware	of	“false”
localizing	signs.	Temporal	lobe	tumors	can	cause	compression	of	the	cerebral	peduncle	at	the	tentorial	notch	on
the	opposite	side,	resulting	in	a	hemiparesis	on	the	same	side	as	the	mass	lesion	(Kernohan	syndrome).31

Figure	113.1	A:	Increased	intracranial	pressure	caused	by	venous	outflow	obstruction.	A	48-year-
old	woman	with	idiopathic	myelofibrosis	complained	of	a	severe	headache.	Workup	revealed	a	left
transverse	sinus	thrombosis	(gradient	echo	magnetic	resonance	imaging	[MRI],	coronal	section,
intraluminal	thrombus	outlined	by	arrowheads).	B:	Intermittent	obstructive	hydrocephalus	caused
by	the	“pressure-valve”	effect	of	a	colloid	cyst	of	the	foramen	of	Monro.	This	38-year-old	patient
had	experienced	several	presyncopal	episodes	and	was	suffering	from	positional	headaches.	The

lateral	ventricles	are	dilated	(unenhanced	T1-weighted	magnetic	resonance	image,	coronal	section).
C:	A	78-year-old	woman	with	gliomatosis	cerebri.	Hyperintense	signal	on	this	coronal	fluid
attenuated	inversion	recovery	(FLAIR)	MRI	demarcates	the	extent	of	cerebral	infiltration	by

neoplastic	cells	and	vasogenic	edema.	There	is	extensive	effacement	of	the	sulcal	pattern	and	early
transtentorial	herniation.

Symptoms	 are	 aggravated	 by	 vasogenic	 edema	 surrounding	 intraparenchymal	 masses	 and	 partially	 or
completely	resolve	with	medical	management.	Hyponatremia	as	a	result	of	inappropriate	secretion	of	antidiuretic
hormone	is	observed	as	a	metabolic	complication	of	increased	ICP.	Sphincter	incontinence	occurs	in	chronically
elevated	 ICP.	 Patients	 with	 acute	 meningitis	 present	 with	 classic	 signs	 of	 meningeal	 irritation,	 including
photophobia,	 phonophobia,	 and	 a	 Kernig	 or	 Brudzinski	 sign.	 In	 meningeal	 carcinomatosis,	 these	 signs	 are
frequently	absent.

Elevated	ICP	in	infants	results	in	increased	head	circumference.	Chronic	hydrocephalus	can	be	recognized	on
plain	 radiographs	 of	 the	 skull	 as	 focal	 thinning	 of	 the	 tabula	 interna	 of	 the	 skull	 (Lückenschädel).	 This	 is
accompanied	by	personality	 changes	 and	 loss	of	 previously	 acquired	motor	 skills.	Herniation	of	 one	 cerebellar
tonsil	 causes	 a	 head	 tilt,	 neck	 stiffness,	 and	 unilateral	 forced	 eye	 closure.32	 Tectal	 masses	 result	 in	 upgaze
inhibition,	 light-near	 dissociation	 of	 pupillary	 response,	 and	 convergence-retraction	 nystagmus	 (Parinaud
syndrome).	Pressure	on	the	mesencephalic	tegmentum	leads	to	pathologic	lid	retraction	and	an	upward	gaze	palsy
(setting	sun	sign).

Slowly	 progressive	 static	 ICP	 changes	 are	 accompanied	 by	 few	 or	 no	 symptoms.	 However,	 clinical
deterioration	 is	profound	when	dynamic	pressure	changes	such	as	plateau	waves	occur	or	abnormal	 intracranial
compartmentalization	 or	 herniation	 ensues.33	 Plateau	 waves	 characteristically	 occur	 after	 changes	 in	 position,
specifically	 rising	 from	 a	 sitting	 position	 or	 after	 noxious	 stimuli.34	 Clinical	 presentation	 is	 variable	 and	may
include	transient	headache,	altered	consciousness,	syncope,	tonic	posturing,	nausea,	or	vomiting.

Signs	and	symptoms	of	increased	ICP	manifest	earlier	in	patients	with	lesions	of	the	posterior	fossa	because	of
the	 small	 size	of	 this	compartment.	A	brief	bedside	assessment	 including	 level	of	consciousness,	pupillary	 size
and	reflexes,	extraocular	movements,	blood	pressure,	heart	rate,	breathing	pattern,	and	motor	response	to	noxious
stimuli	 enables	 the	 clinician	 to	 determine	 if	 herniation	 is	 present	 and	 which	 level	 of	 the	 central	 neuraxis	 is
compromised.	 The	 triad	 of	 changes	 in	 breathing	 pattern,	 arterial	 hypertension,	 and	 bradycardia	 observed	with
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rising	 ICP	 is	 known	 as	 the	Kocher-Cushing	 reflex.35	 In	 uncal	 herniation	 from	 temporal	 lobe	masses	 or	 herpes
encephalitis,	 ipsilateral	 compression	 of	 the	 third	 nerve	 and	 associated	 parasympathetic	 nerve	 fibers	 leads	 to
pupillary	dilatation	before	extraocular	dysmotility.	With	progressive	shift	of	brain	substance,	complete	third	nerve
palsy	ensues	and	signs	of	midbrain	dysfunction	appear.	Patients	develop	contralateral	hemiparesis	from	pressure
on	the	cerebral	peduncle	and	ultimately	become	stuporous.	Increasing	pressure	from	hemispheric	or	diencephalic
mass	 lesions	 results	 in	 central	 (transtentorial)	 herniation.	 This	 leads	 to	 a	 progressive	 syndrome	 reflecting
sequential	 damage	 to	 brain	 stem	 structures	 in	 a	 rostrocaudal	 fashion.33	 At	 the	 early	 diencephalic	 stage,	 mild
changes	in	the	patient’s	alertness	are	accompanied	by	periodic	breathing,	yawning,	or	hiccupping.	Pupils	are	small
but	 remain	 reactive	 to	 light.	 With	 further	 progression	 of	 central	 herniation,	 the	 patient	 becomes	 obtunded	 or
stuporous.	Roving	eye	movements	reflect	diffuse	cortical	dysfunction	and	preservation	of	lower	brain	stem	gaze
centers.	 Noxious	 stimuli	 elicit	 flexion	 of	 upper	 extremities	 and	 extension	 of	 lower	 extremities	 (decorticate
posturing).	Midsize	 pupils	 unresponsive	 to	 light	 indicate	 midbrain	 dysfunction.	 Damage	 to	 the	mesencephalic
reticular	 activating	 system	 produces	 coma.	 A	 fast	 and	 regular	 breathing	 pattern	 evolves	 (central	 neurogenic
hyperventilation).	Transition	to	the	pontine	stage	of	central	herniation	is	accompanied	by	extensor	posturing	of	all
limbs	to	noxious	stimulation	(decerebrate	posturing).	Absence	of	the	oculocephalic	reflex	(doll’s	head	maneuver)
and	 horizontal	 eye	 movements	 to	 caloric	 stimulation	 of	 the	 vestibular	 system	 indicate	 damage	 to	 pontine
structures.	Breathing	becomes	apneustic	with	pontine	compression.	When	the	cerebellar	tonsils	herniate	through
the	foramen	magnum,	ataxic	breathing	is	observed	and	the	blood	pressure	drops.33

The	 syndrome	 of	 raised	 ICP	 and	 cerebral	 herniation	 can	 evolve	 slowly	 over	 days	 to	weeks	 or	 acutely	 over
hours.	Rapid	progression	usually	indicates	hemorrhage.	Subdural	hematomas	in	patients	with	coagulopathies	can
evolve	 so	 rapidly	 that	 signs	 of	 cerebral	 herniation	 are	 present	 before	 an	 imaging	 study	 can	 be	 obtained.
Hemorrhage	 into	 a	 metastatic	 focus	 is	 typically	 characterized	 by	 the	 sudden	 onset	 of	 focal	 neurologic	 signs,
including	 seizures.	 Intraparenchymal	 hemorrhage	 as	 a	 result	 of	 coagulopathy	 leads	 to	 slowly	 progressive
neurologic	deterioration.10

A	peculiar	syndrome	is	associated	with	tumors	or	developmental	abnormalities	causing	a	pressure	valve	effect,
such	as	the	colloid	cyst	of	the	foramen	of	Monro	(Fig.	113.1B).	Patients,	typically	in	their	late	childhood	or	early
adulthood,	 report	 sudden	 onset	 of	 severe	 imbalance,	 headache,	 and	 nausea	 that	 is	 brought	 on	 by	 positional
changes	 (bending	 down)	 or	 Valsalva	 maneuvers.	 Sudden	 deaths	 have	 occurred,	 stressing	 the	 need	 for	 close
observation	of	these	patients	until	appropriate	therapy	can	be	provided.36,37

IIH	 (pseudotumor	 cerebri)	 is	 mostly	 characterized	 by	 nocturnal	 or	 hypnopompic	 headaches	 aggravated	 by
Valsalva	maneuver.	Nonspecific	visual	changes,	diplopia	due	to	sixth	nerve	palsy,	and	transient	visual	obscuration
are	 less	 frequent	 manifestations.	 The	 latter	 is	 an	 especially	 ominous	 sign	 indicating	 the	 need	 for	 immediate
intervention	 because	 the	 patient’s	 vision	 is	 at	 risk.	 On	 physical	 examination,	 papilledema	 is	 the	most	 striking
abnormality.38	The	blind	spot	is	enlarged.

Another	 characteristic	 clinical	 syndrome	 is	 recognized	 in	 patients	 with	 chronic	 disturbance	 of	 spinal	 fluid
reabsorption.	 These	 patients,	 or	 more	 likely	 their	 family	 members	 on	 their	 behalf,	 report	 a	 combination	 of
cognitive	 decline,	 precipitate	 micturition,	 and	 gait	 apraxia.39,40	 Dementia	 is	 usually	 of	 the	 subcortical	 type.
Precipitate	micturition	reflects	dysfunction	of	the	cortical	center	for	bladder	control	(paracentral	lobule).	Minimal
bladder	 filling	 results	 in	 the	 uncontrollable	 urge	 to	 urinate.	 The	 gait	 disturbance	 is	 characterized	 by	 difficulty
initiating	ambulation	and	postural	instability	with	retropulsion.	Strength	is	preserved.

DIAGNOSIS
The	 history	 and	 clinical	 examination	 detect	 the	 presence	 of	 increased	 ICP.	 Imaging	 studies	 are	 helpful	 in
determining	 its	 cause	 and	 confirming	 the	 clinical	 impression.	 The	 most	 readily	 available	 imaging	 study	 is
unenhanced	computed	tomography	(CT).	The	study	is	adequate	to	determine	the	presence	of	intraventricular	and
subarachnoid	CSF	flow	obstruction	(Fig.	113.2)	as	well	as	uncal,	transfalcian,	and	transtentorial	herniation	(Fig.
113.3).	The	presence	of	 intracranial	hemorrhage	or	a	neoplastic	or	 infectious	mass	 lesion	can	be	 identified	and
emergency	treatment	initiated.	Transependymal	edema	is	seen	as	periventricular	hypodensity	and	indicates	CSF
flow	obstruction.

More	detailed	neuroanatomic	 imaging	and	 the	distinction	between	a	neoplastic,	 infectious,	 inflammatory,	or
ischemic	process	requires	magnetic	resonance	 imaging	(MRI).	The	use	of	 intravenous	gadolinium	is	advised	as
most	conditions	associated	with	increased	ICP	in	cancer	patients	cause	breakdown	of	the	blood–brain	barrier	and
thus	can	be	better	visualized	with	contrast	dye.	The	use	of	diffusion-weighted	imaging	can	help	identify	evolving



ischemia	or	high	cellularity	 suggestive	of	malignant	 tumor	growth.	CSF	flow	studies	 (cine	MRI)	are	helpful	 to
evaluate	the	functional	significance	of	minute	structural	lesions	within	or	surrounding	the	cerebral	aqueduct.	Slit-
like	ventricles	 in	 the	correct	clinical	 setting	are	 indicative	of	 IIH.	Coronal	 images	 through	 the	orbit	may	reveal
dilatation	of	the	optic	nerve	sheaths	in	this	condition.	Ex	vacuo	ventricular	dilatation	out	of	proportion	to	cortical
atrophy	 is	 characteristic	 for	 NPH.	 MRI	 of	 the	 spine	 should	 be	 considered	 in	 patients	 with	 unexplained
communicating	hydrocephalus.	Obstruction	or	infiltration	of	dural	venous	sinuses	is	best	visualized	with	magnetic
resonance	or	CT	venography.41

Figure	113.2	A:	A	45-year-old	patient	with	an	anaplastic	astrocytoma	of	the	right	thalamus.
Computed	tomography	revealed	obstruction	at	the	level	of	the	foramen	of	Monro	(asterisk).	B:	A
55-year-old	patient	with	a	midbrain	metastasis	from	an	adenocarcinoma	of	the	lung.	There	is	partial
obstruction	at	the	level	of	the	cerebral	aqueduct.	The	temporal	horns	of	the	lateral	ventricles	are
dilated	(T1-weighted	magnetic	resonance	imaging	[MRI]	with	gadolinium).	C:	A	38-year-old

patient	with	seeding	of	non–small-cell	lung	cancer	to	the	floor	of	the	fourth	ventricle.	He	presented
with	intractable	headaches,	nausea,	vomiting,	and	severe	back	pain,	indicative	of	obstructive

hydrocephalus	and	leptomeningeal	spread	to	the	spinal	canal	(T1-weighted	MRI	with	gadolinium,
sagittal	view).

Scintigraphic	 cisternography	 can	 document	 spinal	 fluid	 circulation	 abnormalities	 such	 as	 NPH.	 Early
ventricular	filling	with	tracer	substance	after	lumbar	injection	and	delayed	or	absent	demarcation	of	subarachnoid
space	overlying	the	cerebral	hemispheres	are	indicative	of	decreased	reabsorption	of	CSF	through	the	arachnoid
granulations.

CSF	pressure	can	be	measured	directly	through	a	lumbar	puncture	performed	in	the	lateral	decubitus	position.
Puncture	 of	 the	 subarachnoid	 space	 below	 the	 level	 of	 spinal	 fluid	 obstruction	 bears	 the	 risk	 of	 initiating	 or
aggravating	cerebral	herniation.	The	risk	is	considerable	in	mass	lesions	of	the	posterior	fossa.	A	CT	scan	should
be	obtained	prior	to	lumbar	puncture	in	patients	with	signs	of	increased	ICP.	Compartmentalization	(obstructive
hydrocephalus	 at	 the	 foramen	 of	 Monro	 or	 cerebral	 aqueduct,	 obliteration	 of	 basal	 cisterns	 as	 a	 result	 of
transtentorial	 or	 transforaminal	 herniation)	 prohibits	 puncture	 of	 the	 subarachnoid	 space	 below	 the	 level	 of
obstruction.	When	 unperturbed	 communication	 between	 the	 intraventricular	 and	 subarachnoid	 spaces	 has	 been
determined	and	the	basal	cisterns	are	patent,	lumbar	puncture	should	not	be	delayed	if	it	is	deemed	necessary	for
accurate	diagnosis.

Ultrasound	measurement	of	optic	nerve	sheath	diameter	is	a	quick	and	noninvasive	procedure	that	can	be	done
at	the	bedside	by	the	treating	physician	to	assess	for	increased	ICP.	This	does	not	replace	invasive	methods	but	is
useful	as	a	screening	tool	in	settings	where	these	methods	may	not	be	available.42,43	ICP	can	be	monitored	in	the
intensive	 care	 unit	 with	 a	 variety	 of	 strain	 gauge,	 fiber-optic,	 or	 pneumatic	 devices	 placed	 into	 the	 brain
parenchyma,	 ventricular,	 subarachnoid,	 subdural,	 or	 epidural	 space.	 All	 these	 methods	 require	 neurosurgical
intervention.44
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Figure	113.3	A:	This	unenhanced	computed	tomography	(CT)	scan	of	the	head	shows	a
hemorrhagic	brain	metastasis	in	a	42-year-old	woman	with	malignant	melanoma.	The	metastasis

exerts	mass	effect	on	the	right	lateral	ventricle.	There	is	transfalcian	herniation	of	the	right
hemisphere.	B:	A	37-year-old	woman	with	an	anaplastic	astrocytoma	of	the	diencephalon.	There	is

imminent	transtentorial	herniation	(T1-weighted	magnetic	resonance	imaging	[MRI]	with
gadolinium,	sagittal	view).	C:	A	25-year-old	woman	who	developed	a	large	right	temporal

meningioma	years	after	whole-brain	radiation	therapy	for	acute	lymphoblastic	leukemia	in	early
childhood.	The	tumor	compresses	the	cerebral	peduncle	and	displaces	the	midbrain	(unenhanced

CT).

Transcranial	Doppler	 sonography	 is	 helpful	 in	 the	 intensive	 care	 unit	 for	monitoring	 cerebral	 perfusion	 and
alteration	 in	 cerebrovascular	 resistance	 (e.g.,	 in	 vasospasm	 or	 intra-arterial	 disease)	 in	 patients	 with	 increased
ICP.45

Continuous	 electroencephalogram	 (EEG)	 is	 often	 applied	 to	monitoring	 patient’s	with	 neurologic	 disorders;
however,	the	role	of	EEG	in	monitoring	ICP	changes	has	not	yet	been	conclusively	established.46

TREATMENT
In	 the	majority	 of	 cases,	 the	 onset	 of	 increased	 ICP	 in	 cancer	 patients	 is	 protracted	 over	 days	 to	weeks.	After
increased	 ICP	 is	 recognized	 and	 symptomatic	 measures	 have	 been	 initiated	 to	 lower	 pressure,	 a	 diagnostic
procedure	can	be	performed	before	definitive	treatment	is	provided.	Fewer	patients	present	as	an	emergency	but
are	the	ones	who	do	require	immediate	neurosurgical	intervention.

The	 normovolemic	 patient	 with	 increased	 ICP	 and	 suspected	 decreased	 intracranial	 compliance	 is	 best
positioned	with	head	and	upper	trunk	slightly	elevated	(approximately	30	degrees).	Because	fever	above	100.5°F
contributes	to	elevated	ICP,	it	is	common	practice	to	use	antipyretics	such	as	acetaminophen	above	this	threshold.
Serum	osmolality	 is	 kept	 in	 the	 high	normal	 range.	 Isotonic	 saline	 solutions	 are	 recommended	 for	 intravenous
hydration,	 whereas	 hypotonic	 fluids	 are	 avoided	 because	 free	 water	 shifts	 along	 an	 osmolar	 gradient	 further
exacerbate	increased	ICP.

Corticosteroids	are	effective	agents	for	the	initial	management	of	increased	ICP	caused	by	vasogenic	edema.
No	 benefit	 has	 been	 convincingly	 shown	 for	 cytotoxic	 edema	 of	 an	 acute	 ischemic	 stroke	 or	 intracranial
hemorrhage	secondary	to	remote	effects	of	cancer.	Moderate	(6	to	10	mg	of	dexamethasone	every	6	hours)	to	high
doses	(up	to	100	mg	per	day	of	dexamethasone)	are	used.	A	superior	therapeutic	effect	has	not	been	demonstrated
for	 high	 doses,	 and	 the	 risk	 of	 adverse	 reactions,	 in	 particular	 gastroduodenal	 ulceration,	 is	 considerable.
Corticosteroids	 should	 be	 avoided	 if	 central	 nervous	 system	 (CNS)	 lymphoma	 is	 suspected	 before	 a	 tissue
diagnosis	has	been	established.	Dexamethasone	and	related	drugs	induce	lymphocytic	apoptosis	and	may	obscure
morphologic	diagnosis.

Osmotic	 diuresis	 through	 infusion	 of	 hyperosmolar	 agents	 such	 as	mannitol	 or	 glycerol	 is	 an	 alternative	 or
additional	 treatment	option	for	 the	reduction	of	 ICP.	Most	commonly	used	are	 intravenous	 infusions	of	20%	to
25%	mannitol	solutions	given	at	an	initial	dose	of	0.75	to	1	g/kg	body	weight.	Repeat	dosing	at	0.25	to	0.5	g/kg
body	weight	 is	possible	every	4	 to	6	hours,	but	close	monitoring	of	 serum	osmolality	 is	 required.	The	osmotic
effect	is	transient,	and	treatment	should	be	stopped	if	the	target	serum	osmolality	is	exceeded	(approximately	300
to	310	mOsm/L).47

Monitoring	in	the	neurologic	intensive	care	unit	is	required	in	patients	with	depressed	mental	status	secondary



to	ICP	elevation.	Careful	blood	pressure	adjustment	is	needed	to	avoid	blood	pressure	peaks	without	decreasing
cerebral	perfusion.

The	most	rapid	method	to	decrease	ICP	is	intubation	with	mechanical	hyperventilation.	The	partial	pressure	of
carbon	 dioxide	 should	 be	 decreased	 to	 25	 to	 30	mm	Hg.	 Lower	 partial	 pressure	 of	 carbon	 dioxide	 levels	 are
avoided	because	cerebral	perfusion	is	reduced.	The	effect	of	hyperventilation	is	transient,	and	thus,	other	measures
such	as	corticosteroid	use	and	osmotic	diuresis	need	to	be	initiated	simultaneously.

Obstructive	hydrocephalus	constitutes	a	neurosurgical	emergency.	Rapid	neurologic	deterioration	with	signs	of
cerebral	 herniation	mandates	 the	 immediate	 placement	 of	 an	 external	 ventriculostomy.	 Permanent	 drainage	 of
CSF	through	a	ventriculoperitoneal	shunt	or	endoscopic	placement	of	a	third	ventriculostomy	may	be	necessary
when	 the	 cause	 of	 spinal	 fluid	 flow	 obstruction	 cannot	 be	 definitively	 treated.	 Although	 filter	 systems	 are
available,	 ventriculoperitoneal	 shunting	 is	 avoided	 in	 patients	 with	 leptomeningeal	 tumor	 in	 order	 to	 prevent
peritoneal	seeding.

NPH	 responds	 favorably	 to	 ventriculoperitoneal	 shunting.	 It	 is	 the	 task	 of	 the	 clinician	 to	 carefully	 select
patients	who	may	 benefit	 from	 this	 procedure.	 Patients	with	 a	 short	 history	 of	 the	 classic	 clinical	 triad	 of	 gait
apraxia,	 precipitate	 micturition,	 and	 cognitive	 decline	 are	 most	 likely	 to	 respond.	 Extended	 lumbar	 drainage,
large-volume	spinal	fluid	releases,	and	scintigraphic	cisternography	have	been	used	as	objective	means	to	predict
outcome	of	a	shunting	procedure.48	Ventriculoperitoneal	shunting	can	be	considered	for	palliation	in	patients	with
increased	ICP	related	to	leptomeningeal	carcinomatosis	that	does	not	respond	to	medical	therapy.49

Disease-specific	 treatment	 of	 increased	 ICP	 in	 addition	 to	 symptomatic	management	with	 corticosteroids	 or
osmotic	 diuresis	 is	 indicated	 in	 the	 majority	 of	 cases.	 Infectious	 complications	 are	 treated	 with	 antimicrobial
therapy.	Patients	with	a	brain	abscess	undergo	surgical	drainage	and	a	prolonged	course	of	intravenous	antibiotics.
A	hematoma	within	a	metastatic	focus	is	resected	if	located	in	a	noneloquent	area	of	the	brain	and	in	the	absence
of	 widely	 metastatic	 disease.	 Subdural	 hematoma	 or	 empyema	 requires	 immediate	 surgical	 decompression.
Leukostasis	 in	 leukemic	 diseases	 responds	 to	 hydration,	 leukapheresis,	 systemic	 chemotherapy,	 and	 low-dose,
whole-brain	irradiation.50	Systemic	intravenous	anticoagulation	with	heparin	or	fractionated	heparinoid	is	used	in
dural	sinus	thrombosis.	When	L-asparaginase	therapy	is	involved	in	the	pathogenesis	of	the	prothrombotic	stage,
substitution	 with	 fresh-frozen	 plasma	 and	 antithrombin	 III	 is	 often	 administered	 prior	 to	 anticoagulant	 use.
Petechial	 hemorrhages	 due	 to	 thrombocytopenia	 require	 transfusion	 of	 blood	 platelets.	A	 coagulopathy	 can	 be
corrected	 using	 transfusion	 of	 fresh-frozen	 plasma	 and	 substitution	 of	 vitamin	 K.	 Increased	 ICP	 secondary	 to
medication	 requires	 dose	 reduction	or	 discontinuation	of	 the	 causative	 drug.	All-trans	 retinoic	 acid–related	 IIH
may	 be	 alleviated	 with	 acetazolamide.51	 IIH	 caused	 by	 malignant	 dural	 sinus	 compression	 responds	 to	 local
surgical	 treatment	 or	 irradiation.	Treatment	 of	 leptomeningeal	 carcinomatosis	 should	 be	 based	 on	 performance
status	 and	 systemic	 therapy	 options.	 A	 combination	 of	 radiotherapy,	 intrathecal	 chemotherapy,	 and	 systemic
therapy	 can	 be	 employed	 for	 “low-risk”	 patients.52	 However,	 CSF	 flow	 obstruction	 prohibits	 intraventricular
injection	of	cytotoxic	agents	as	it	can	give	rise	to	a	severe,	irreversible	toxic	encephalopathy.
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114 Spinal	Cord	Compression
Nicholas	Szerlip,	Whitney	H.	Beeler,	and	Daniel	E.	Spratt

INCIDENCE	AND	ETIOLOGY
In	the	United	States,	approximately	300,000	adults	have	metastatic	disease	involving	the	bone.	The	spine	is	 the
most	 common	 location	 of	 bone	 metastases,	 with	 an	 estimated	 60%	 of	 bone	 metastases	 arising	 in	 the	 spine.
Approximately	10%	of	patients	with	spine	metastases	will	develop	malignant	spinal	cord	compression	(MSCC),
with	an	estimated	18,000	patients	diagnosed	each	year	 in	 the	United	States	with	MSCC.1,2	Autopsy	series	have
demonstrated	up	 to	70%	of	patients	with	advanced	metastatic	disease	have	 spine	metastases,	 and	 thus,	 the	 true
incidence	of	MSCC	is	likely	underreported.3

The	majority	 of	 patients	 with	MSCC	 are	 older	 than	 age	 50	 years,	 and	 the	 cumulative	 incidence	 of	MSCC
decreases	with	age.4	Of	patients	who	develop	MSCC,	the	most	common	cancer	types	include	lung	cancer	(25%),
prostate	cancer	(16%),	multiple	myeloma	(11%),	and	breast	cancer	(7%).	Cancers	with	the	highest	cancer-specific
incidence	 include	multiple	myeloma	 (15%),	 lymphoma	 (14%),	 and	prostate	 cancer	 (6%).5	The	 tumor	 spectrum
causing	MSCC	 in	 the	 pediatric	 population	 differs	 from	 adults,	 largely	 due	 to	 differences	 in	 the	 prevalence	 of
various	 tumor	 histologies.	 In	 the	 pediatric	 population,	 Ewing	 sarcoma,	 neuroblastoma,	 primary	 vertebral
osteosarcoma,	germ	cell	tumors,	and	lymphoma	are	all	potential	causes	of	MSCC.6

Approximately	 20%	 of	 MSCC	 cases	 lack	 a	 history	 of	 cancer.7	 MSCC	 as	 the	 primary	 manifestation	 of
malignancy	 is	most	common	 in	non-Hodgkin	 lymphoma,	myeloma,	and	 lung	cancer,	 especially	 small-cell	 lung
cancer.8,9

ANATOMY	AND	PATHOPHYSIOLOGY
The	spinal	cord	is	composed	of	the	central	gray	matter	and	the	peripheral	white	matter.	Contained	with	the	white
matter	are	ascending	and	descending	tracts,	whereas	gray	matter	contains	various	somatic,	visceral,	sensory,	and
motor	nuclei.	The	spinal	cord	is	surrounded	in	order	by	pia	mater,	subarachnoid	space,	arachnoid	dura,	subdural
space,	 dura	 mater,	 epidural	 space	 (contains	 fat),	 and	 the	 vertebral	 bones.	 In	 addition,	 there	 are	 important
ligamentous	structures	that	strengthen	the	spinal	column,	notably	the	posterior	longitudinal	ligament.

The	 thoracic	 spine	 is	 the	 most	 common	 location	 of	 MSCC	 (approximately	 60%	 of	 cases),	 thought	 to	 be
secondary	to	its	greater	number	of	vertebrae.	The	most	common	mechanism	of	spinal	cord	compression	is	direct
tumor	extension	from	the	osseous	vertebral	column,	which	usually	occurs	as	a	result	of	hematogenous	spread.	A
second	method	 of	MSCC	 is	 a	 pathologic	 fracture	 leading	 to	 retropulsion	 of	 bone,	 disc,	 and/or	 tumor	 into	 the
epidural	 space,	 resulting	 in	MSCC	 and	 often	 spinal	 instability.	MSCC	 is	most	 commonly	 from	vertebral	 body
metastases	invading	posteriorly,	with	80%	of	cases	involving	the	vertebral	body.10	However,	isolated	involvement
of	the	posterior	elements	can	occur.11	Select	tumors	(e.g.,	Pancoast	tumors)	arising	in	the	paravertebral	soft	tissues
can	 invade	 through	 the	 vertebral	 column	or	 neural	 foramina	 and	 destroy	 anatomic	 barriers	 to	 result	 in	MSCC.
Although	 possible	 in	 theory,	 primary	 hematogenous	 seeding	 to	 the	 epidural	 space	 is	 rare.12	 Leptomeningeal
spread	 is	 more	 common,	 typically	 arising	 from	 intracranial	 tumors	 that	 have	 disseminated	 through	 the
cerebrospinal	fluid.	Spinal	cord	compression	can	also	result	from	intradural	tumors	(e.g.,	meningioma).

MSCC	 can	 result	 in	 neurologic	 compromise	 and	 ultimately	 paralysis	 distal	 to	 the	 level	 of	 the	 lesion.	With
increasing	 degrees	 of	 compression,	 the	 epidural	 venous	 plexus	 becomes	 increasingly	 obstructed,	 leading	 to
vasogenic	edema	in	the	white	matter.13	If	left	untreated,	this	could	eventually	affect	the	gray	matter	as	well.	On
histopathologic	examination,	demyelination	or	necrosis	of	white	matter	is	the	predominant	finding	at	the	level	of
cord	compression,	whereas	gray	matter	is	relatively	well	preserved.14	Ultimately,	due	to	its	limited	blood	supply,	a
spinal	cord	infarction	can	occur	and	result	in	often	permanent	neurologic	damage.



CLINICAL	PRESENTATION
MSCC	 is	 the	 presenting	 sign	 of	 cancer	 in	 only	 1	 in	 500	 cancer	 patients.15	Most	 patients	 have	 an	 underlying
diagnosis	 of	 metastatic	 cancer	 or	 recent	 history	 of	 primary	 cancer	 treatment.	 The	 most	 common	 clinical
presentations	 of	MSCC	 are	 pain	 (70%	 to	 96%),	 sensory	 deficit	 (46%	 to	 90%),	 weakness	 (61%	 to	 91%),	 and
autonomic	 dysfunction	 (40%	 to	 57%).4	 In	 cancer	 patients,	 new-onset	 back	 pain	 with	 or	 without	 a	 neurologic
deficits	must	be	considered	spine	metastases	and	potential	MSCC	until	proven	otherwise.

Pain	 is	 the	most	common	presenting	symptom	of	MSCC	and	 is	often	multifactorial	 (Table	114.1).	 The	 four
predominant	pain	types	include	biologic,	mechanical,	radicular,	and	funicular	pain.	Back	pain	usually	exists	for	a
median	of	8	weeks	or	more	prior	to	the	diagnosis	of	MSCC.	It	typically	begins	with	involvement	of	the	osseous
vertebral	column	and	then	rapidly	progresses	once	the	epidural	venous	plexus	is	obstructed.	If	the	pain	disappears
without	treatment,	it	may	be	a	manifestation	of	chronic	MSCC	that	has	caused	permanent	neurologic	damage	of
sensory	pathways.

TABLE	114.1
Four	Pain	Types	of	Spine	Metastases

Type	of
Pain Cause Hallmark	Features
Biologic Irritation/destruction	of	vertebral	periosteum,	posterior	longitudinal

ligament,	or	the	synovia	of	the	facet	joints
Night	and	morning	pain;	present	even	when
laying	down

Mechanical Spinal	instability Movement-related	pain

Radicular Compression	or	infiltration	of	a	nerve	root Localized	radiating	pain	along	nerve
distribution;	usually	positional	in	nature

Funicular Irritation	of	the	long	tracts	of	the	spinal	cord Constant	and	diffuse	pain	regardless	of
position

The	majority	of	patients	with	MSCC	will	develop	sensory	or	motor	deficits,	usually	evolving	over	weeks	 to
months.	However,	acute	MSCC	with	associated	neurologic	compromise	over	hours	to	days	is	possible	and	is	more
common	in	rapidly	proliferating	tumors	(e.g.,	multiple	myeloma).	Motor	dysfunction	manifesting	as	weakness	and
spasticity	 is	 the	 earliest	 sign	 and	 usually	 occurs	 before	 sensory	 disturbance.	 Typical	 early	 complaints	 are	 leg
“heaviness”	and	difficulty	climbing	stairs	or	getting	up	from	a	chair.	As	the	majority	of	malignancy-related	cord
compressions	 occur	 at	 the	 level	 of	 the	 thoracic	 spinal	 cord,	most	 patients	 present	with	 a	 paraparesis.	 The	 rare
patient	with	a	cervical	spinal	cord	metastasis	is	expected	to	have	quadriparesis	of	varying	degree	and,	if	the	high
cervical	cord	 is	compromised,	respiratory	 insufficiency.	Epidural	progression	of	metastases	 to	 the	upper	 lumbar
spine	 results	 in	 conus	 medullaris	 syndrome	 with	 distal	 lower	 extremity	 weakness,	 saddle	 paresthesia,	 and
overflow	leakage	from	bladder	and	bowel.	At	diagnosis,	less	than	one-third	of	patients	are	ambulatory.16	Ataxia	in
a	 patient	 with	MSCC	 reflects	 compression	 of	 spinocerebellar	 pathways,	 but	 brain	 and	 cerebellar	 involvement
should	be	ruled	out	with	brain	magnetic	resonance	imaging	(MRI).

Although	 less	common	 than	pain,	motor	weakness,	or	 sensory	deficits,	 symptoms	of	neurogenic	bladder	are
frequently	 overlooked.	 At	 diagnosis,	 approximately	 half	 of	 patients	 with	 MSCC	 are	 incontinent	 or	 require
catheterization.7	 Presence	 of	 Horner	 syndrome	 (triad	 of	 miosis,	 ptosis,	 and	 enophthalmos)	 is	 also	 possible,
suggesting	transforaminal	progression	at	the	level	of	the	cervicothoracic	junction	and	infiltration	of	tumor	into	the
stellate	ganglion.

DIFFERENTIAL	DIAGNOSIS
A	large	differential	diagnosis	exists	for	the	signs	and	symptoms	of	MSCC.	These	include	other	malignant	causes
(leptomeningeal	 disease)	 as	 well	 as	 infectious,	 traumatic,	 musculoskeletal,	 and	 benign	 tumors	 (meningioma,
hemangioma,	neurofibromas).

DIAGNOSIS
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Standard	x-rays,	computed	tomography	(CT)	scans,	bone	scans,	and	positron	emission	tomography	(PET)	scans
are	unable	to	reliably	document	the	presence	or	degree	of	spinal	cord	compression.	For	most	patients,	MRI	is	the
preferred	imaging	modality	given	its	excellent	soft	 tissue	resolution,	clear	delineation	of	 the	spinal	cord	on	T2-
weighted	 sequences,	 and	 noninvasive	 nature	 of	 image	 acquisition.	 However,	 MRI	 has	 limitations	 and
disadvantages	 for	 select	 patients.	 For	 these	 patients,	 a	 CT	 myelogram	 is	 preferred.	 It	 is	 a	 relatively	 quick
procedure	where	 approximately	 1	mL	 of	 radiopaque	 dye	 is	 injected	 into	 the	 subarachnoid	 space.	As	with	 any
subcutaneous	injection,	however,	there	is	a	risk	of	pain,	infection,	or	bleeding	with	this	procedure.	Thus,	patients
on	full	anticoagulation	must	be	bridged	in	order	to	safely	undergo	the	myelography.

Imaging	of	 the	 entire	 spine	 is	 recommended	as	up	 to	one-third	of	patients	with	MSCC	will	have	multilevel
involvement	and	it	is	critical	to	rule	this	out	prior	to	surgical	intervention.17,18

If	a	patient	presents	with	MSCC	but	no	history	of	cancer,	a	biopsy	is	mandatory	prior	to	initiation	of	therapy.
This	can	be	done	by	excisional	biopsy	of	 the	mass	or	by	CT-guided	needle	biopsy.	If	 these	cannot	be	safely	or
successfully	performed,	tissue	should	be	obtained	by	surgical	resection	because	knowledge	of	the	tumor	histology
is	critical	in	the	treatment	paradigm	of	managing	spine	metastases.

GRADING
Bilsky	et	al.19	have	developed	4-	and	6-point	grading	systems	for	spinal	cord	compression.	The	6-point	scale	has
shown	 good	 reliability	 between	 spine	 specialists	 but	 has	 not	 been	 validated	 across	 specialties.19	We	 favor	 the
simpler,	 4-point	 grading	 system	 in	 order	 to	 facilitate	 communication	 between	multidisciplinary	 providers	 (Fig.
114.1).	This	grading	system	is	based	on	a	scale	of	0	to	3,	where	0	is	bone-only	disease;	1	is	epidural	extension	and
impingement	 on	 the	 thecal	 sac	 without	 spinal	 cord	 compression;	 2	 is	 epidural	 extension	 without	 spinal	 cord
compression	 or	 obliteration	 of	 cerebrospinal	 fluid	 space;	 and	 3	 is	 spinal	 cord	 compression,	 deformation	 of	 the
spinal	cord,	and	obliteration	of	cerebrospinal	fluid	space.	Grades	2	and	3	represent	high-grade	MSCC	and	should
be	considered	an	oncologic	emergency.

MANAGEMENT	BY	STAGE
Step	1:	Histologic	Diagnosis
After	diagnostic	imaging	demonstrates	MSCC,	it	is	critical	to	take	a	focused	history	of	the	patient’s	symptoms	and
a	 full	 oncologic	 history.	 If	 the	 patient	 has	 a	 known	 diagnosis	 of	 cancer,	 especially	metastatic	 cancer,	 one	 can
appropriately	triage	the	patient	to	the	necessary	treatment	algorithm	without	needing	to	make	a	tissue	diagnosis.
However,	 if	 the	patient	has	no	history	of	cancer	or	a	 remote	history	of	very	early-stage	cancer,	 a	confirmatory
tissue	diagnosis	should	be	expeditiously	made.	A	common	mistake	is	to	initiate	corticosteroids	before	acquiring
tissue.	If	a	patient	has	an	undiagnosed	lymphoma,	corticosteroids	can	preclude	accurate	histologic	diagnosis	and
delay	appropriate	management.	A	 second	 reason	 to	obtain	 tissue	prior	 to	 initiating	 therapy	 is	 to	 identify	 tumor
histologies	 that	 are	 exquisitely	 radiosensitive	 (e.g.,	 lymphoma,	 myeloma,	 germinoma).	 For	 these	 patients,
conventional	external	beam	radiotherapy	(cEBRT)	can	rapidly	resolve	high-grade	MSCC	and	spare	 the	patients
from	a	potentially	morbid	surgical	intervention.	Thus,	obtaining	a	tissue	diagnosis	is	the	first	step	in	management.

Step	2:	Initiation	of	Corticosteroids
Once	 tissue	has	been	obtained,	or	 if	 the	patient	has	a	history	of	known	metastatic	cancer,	 the	patient	should	be
started	 immediately	 on	 corticosteroids.	 These	 should	 be	 started	 even	 prior	 to	 pathology	 returning	 with	 a
preliminary	 diagnosis.	 Corticosteroids	 not	 only	 improve	 pain	 but	 also	 reduce	 vasogenic	 cord	 edema	 and	may
prevent	 additional	 damage	 to	 the	 spinal	 cord	 from	 decreased	 perfusion.	 Oral	 bioavailability	 is	 excellent,	 and
intravenous	application	is	required	only	in	patients	who	cannot	swallow.	Protocols	using	higher	doses,	similar	to
traumatic	 cord	 injury	 (initial	 bolus	 of	 100	 mg	 followed	 by	 96	 mg	 divided	 into	 four	 doses	 for	 3	 days	 and	 a
subsequent	rapid	taper),	are	not	recommended	given	lack	of	consistent	data	demonstrating	benefit	and	associated
complications.20	 A	 notable	 trial	 comparing	 10	 mg	 of	 dexamethasone	 bolus	 versus	 100	 mg	 demonstrated	 no
differences	in	pain,	ambulation,	or	bladder	function.21



Figure	114.1	Bilsky	malignant	spinal	cord	grading	scale.

Step	3:	Evaluate	Life	Expectancy,	Performance	Status,	Extent	of	Disease,	and
Systemic	Treatment	Options
The	primary	 treatments	 aimed	 at	 relieving	 and	 controlling	MSCC	are	 radiation	 and/or	 neurosurgery.	However,
certain	patients	may	be	better	served	by	best	supportive	care	or	low-dose	single-fraction	cEBRT.	After	a	patient	is
started	 on	 corticosteroids,	 an	 evaluation	 of	 the	 patient’s	 performance	 status	 and	 life	 expectancy	 is	 required.
Multiple	 prognostic	 tools	 have	 been	 created	 to	 estimate	 prognosis	 for	 patients	 with	 spine	 metastases.22–24
Important	 caveats	 exist	 for	 each	 system,	 due	 to	 differences	 in	 the	 studies’	 underlying	 patient	 populations,
histologies,	 and	 interventions.25	 In	 patients	 with	 poor	 performance	 status,	 poor	 prognosis,	 limited	 effective
treatment	options,	and	widely	metastatic	disease,	a	conservative	treatment	approach	(e.g.,	short-course	radiation	or
hospice)	is	often	ideal.

However,	patients	with	good	performance	status,	 life	expectancy	>2	months,	minimal	or	moderate	burden	of
disease,	 and/or	 effective	 systemic	 treatment	 options	 still	 available	 will	 likely	 benefit	 from	 radiotherapeutic	 or
neurosurgical	 intervention.	 For	 these	 patients,	 the	 long-term	 deficits	 and	 declines	 in	 quality	 of	 life	 caused	 by
MSCC	often	outweigh	the	burdens	and	side	effects	of	therapy.

Step	4:	MNOP	Algorithm	for	Managing	Malignant	Spinal	Cord	Compression
An	integrated	multidisciplinary	algorithm	for	the	management	of	spine	metastases	was	recently	published	by	the
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International	 Spine	Oncology	Consortium	 (SpOC)	 in	 order	 to	 guide	 decision	making	 for	 a	 variety	 of	 complex
clinical	scenarios.26	The	management	of	MSCC	is	included	within	this	treatment	algorithm.	Essentially,	once	the
medical	 team	has	 identified	 clinical	 and/or	 radiographic	MSCC,	 obtained	 histologic	 diagnosis,	 started	 steroids,
and	assessed	the	patient’s	performance	status	and	prognosis,	then	the	MNOP	algorithm	should	be	used	to	guide
treatment	decisions	(Fig.	114.2).	MNOP	stands	for	mechanical,	neurologic,	oncologic,	and	preferred	treatment.

M:	Mechanical
Neurosurgical	intervention	should	be	based	not	only	on	the	tumor	histology	but	also	on	the	stability	of	the	spine.
An	 unstable	 spine	 is	 also	 an	 oncologic	 emergency	 and	 requires	 some	 form	 of	 stabilization,	 often	 surgical.	 To
rapidly	 assess	 spinal	 stability,	 a	 validated	 tool	 has	 been	 created	 with	 excellent	 reliability,	 termed	 the	 Spinal
Instability	Neoplastic	 Score.27	 If	 a	 patient	 has	 an	 unstable	 spine	 requiring	 neurosurgical	 intervention,	 primary
radiotherapy,	 regardless	 of	 how	 radiosensitive	 the	 tumor	 is,	 should	 not	 be	 performed	 upfront	 and	 should	 be
reserved	as	adjuvant	therapy.

N:	Neurologic
As	 discussed	 in	 the	 previous	 section	 on	MSCC	 grading,	 the	 heterogeneity	 of	 spine	metastases	 and	 degrees	 of
MSCC	 are	 vast.	 Grade	 0	 should	 be	 managed	 analogous	 to	 bone-only	 spine	 metastases,	 and	 neurosurgical
intervention	does	not	play	a	role.	In	contrast,	for	grades	1	to	3,	neurosurgical	decompression	may	play	a	role	based
on	tumor	histology	and	the	radiosensitivity	of	the	tumor.	Another	component	of	this	category	is	 the	duration	of
neurologic	 deficits.	 Patients	 with	 an	 acute	 decompensation	 in	 hours	 to	 days	 are	 more	 likely	 to	 recover	 after
definitive	management	of	MSCC.	However,	in	patients	who	have	had	long-standing	complete	neurologic	deficits
for	>72	hours,	it	is	significantly	less	likely	that	rapid	decompression	of	the	spine	will	result	in	functional	recovery.
Therefore,	cEBRT	would	be	preferred	to	minimize	further	 tumor	progression	without	expectation	of	neurologic
recovery.

O:	Oncologic
Tumors	exhibit	 large	differences	 in	 their	 radiation	sensitivity	and	radiation	 responsiveness	 to	 low-dose	cEBRT.
Typical	cEBRT	doses	used	for	curative	intent	are	usually	>60	Gy	for	primary	tumors	and	>50	Gy	for	microscopic
disease.	However,	 the	historical	palliative	doses	used	 for	MSCC	are	15	 to	36	Gy	 (equivalent	dose	 in	2	Gy	per
fraction).	Thus,	it	is	clear	that	for	most	tumor	types,	this	dose	will	not	result	in	durable	local	control	or	effectively
decompress	grade	2	or	3	MSCC.	However,	select	tumor	types	(e.g.,	lymphoma)	can	have	complete	responses	to
just	 4	Gy	 of	 radiation	 therapy.	 Therefore,	 low-dose	 palliative	 cEBRT	 is	 sufficient	 to	 treat	 these	 radiosensitive
histologies	without	the	need	for	surgical	intervention.

Table	114.2	lists	examples	of	radiosensitive	and	radioresistant	tumor	histologies.

P:	Preferred	Treatment
This	section	discusses	the	three	most	commonly	used	definitive	therapies	for	MSCC:	surgery,	cEBRT,	and	spine
stereotactic	body	radiation	therapy	(sSBRT).	Historically,	two-thirds	of	patients	are	treated	with	radiotherapy	and
one	in	five	patients	with	surgical	decompression.	One-quarter	of	patients	with	MSCC	are	provided	comfort	care
only	when	there	is	widespread	disease	and	poor	quality	of	life.	However,	there	is	now	increased	awareness	and
data	 to	 support	 the	 role	 of	 minimally	 invasive	 separation	 surgery	 and	 sSBRT.	 The	 exact	 treatment	 is	 a
multidisciplinary	decision	between	providers	and	patients	that	synthesizes	all	available	information.

1.	 Surgery.	The	primary	objective	of	surgery	in	the	setting	of	grade	2	or	3	MSCC	is	to	decompress	the	spinal
elements	in	order	to	restore	or	preserve	neurologic	function.	Secondary	goals	may	include	(1)	the	stabilization
of	a	mechanically	unstable	or	symptomatic	spine,	(2)	the	removal	of	epidural	disease	to	allow	for	delivery	of
sSBRT	to	a	radioresistant	histology	(i.e.,	separation	surgery)	(Fig.	114.3),	(3)	establishment	of	a	histologic
diagnosis,	and/or	(4)	provision	of	local	control	when	radiotherapy	cannot	be	safely	delivered.	Surgery	alone
does	not	provide	effective	long-term	control,	and	therefore,	postoperative	radiotherapy	is	given	whenever
possible.

In	the	setting	of	MSCC	with	neurologic	deficits,	the	best	outcomes	have	been	shown	with	circumferential
decompression	of	the	spinal	elements.28	Other	surgical	approaches	may	be	used	based	on	the	spinal	level	of
the	lesion,	how	much	bone	is	involved,	and	surgeon	preference.	These	include	the	transpedicular	approach,
costotransversectomy,	 lateral	 extracavitary	 approach,	 transthoracic	 approach,	 or	 anterior	 (neck,	 abdominal)



approaches.	The	most	versatile	approach	is	transpedicular,	which	allows	for	safe,	360-degree	decompression
in	all	but	 the	cervical	spine,	 thereby	minimizing	 the	number	of	procedures	a	patient	must	undergo.29	More
research	must	be	done	to	define	the	role	of	emergent	surgery	in	histologies	such	as	breast	and	prostate	cancer
because	 these	 tumors	 are	 often	 radiosensitive	 and	 may	 have	 molecular	 subgroups	 that	 respond	 well	 to
radiation	alone.

2.	 cEBRT.	cEBRT	can	be	delivered	in	many	different	dose	and	fractionation	regimens,	the	most	common	being
8	Gy	in	1	fraction,	20	Gy	in	5	fractions,	or	30	Gy	in	10	fractions.	It	is	important	to	distinguish	MSCC	and
spine	metastases	from	other	sites	of	bone	metastases,	for	which	there	exists	a	wealth	of	randomized	data
guiding	clinical	management.	In	addition,	one	must	be	careful	in	extrapolating	the	results	from	randomized
trials	in	patients	with	MSCC	but	very	poor	performance	status	and/or	life	expectancies	toward	the
management	of	patients	with	better	overall	prognoses.

Figure	114.2	MNOP	(mechanical,	neurologic,	oncologic,	and	preferred	treatment)	algorithm
developed	by	the	International	Spine	Oncology	Consortium	for	management	of	malignant

spinal	cord	compression.	KPS,	Karnofsky	Performance	Status;	fx,	fraction;	cEBRT,
conventional	external	beam	radiotherapy;	SBRT,	stereotactic	body	radiotherapy.

Numerous	prospective	 trials	have	shown	similar	efficacy	between	cEBRT	regimens	 for	pain	control	 for
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bone	 metastases	 but	 not	 for	 neurologic	 function	 or	 recurrence	 of	 MSCC.30	 Single-fraction	 cEBRT	 is
associated	with	a	threefold	greater	likelihood	of	retreatment	compared	to	multifraction	regimens	and	a	higher
rate	of	developing	MSCC.31,32	In	the	setting	of	MSCC,	the	convenience	of	single-fraction	radiation	must	be
weighed	 against	 the	 risks	 of	 retreatment,	 interval	 development	 of	MSCC,	 and	 poor	 local	 control.	There	 is
prospective	 evidence	 from	 the	 Spinal	 Cord	 Compression	 Recurrence	 Evaluation	 (SCORE-1)	 study	 that
multifraction	cEBRT	(30	 to	40	Gy)	 improves	1-year	 local	control	compared	 to	single-fraction	cEBRT,	and
further	 efforts	 at	 dose	 escalation	 (e.g.,	 60	Gy	 in	 20	 fractions)	 have	 resulted	 in	 excellent	 local	 control.33,34
Complex	 planning	 techniques,	 immobilization,	 and	 image	 guidance	 are	 often	 necessary	 when	 escalating
doses	 beyond	 spinal	 cord	 tolerance	 (45	 to	 50	Gy),	 and	with	 the	 advent	 of	 sSBRT,	 long	 courses	 of	 dose-
escalated	cEBRT	are	seldom	used.

TABLE	114.2
Radiosensitivity	by	Histology	to	Conventional	Low-Dose	External	Beam	Radiotherapy

Radiosensitivity

Very
Intermediate

ResistantFavorable Unfavorable
Lymphoma Prostate HPV-negative	squamous	cell Melanoma

Multiple	myeloma Breast NSCLC Sarcoma

Germinoma HPV-positive	squamous	cell Gastrointestinal Renal	cell
HPV,	human	papillomavirus;	NSCLC,	non–small-cell	lung	cancer.

In	contrast,	patients	with	a	very	poor	performance	status	and	 limited	 life	expectancy	will	not	derive	 the
benefit	from	increased	local	control.	Two	noninferiority	trials	demonstrate	this	well.	The	first	is	SCORE-2,	a
randomized	 trial	 of	 30	Gy	 in	 10	 fractions	 compared	 to	 20	Gy	 in	 5	 fractions.35	 There	were	 no	 significant
differences	in	response	rates,	neurologic	improvement,	ambulatory	status,	or	6-month	local	control.	However,
approximately	 45%	of	 the	 analyzed	 cohort	 died	within	 2	months	 of	 treatment.	 Furthermore,	 an	 additional
10%	 of	 the	 randomized	 cohort	 died	 before	 the	 1-month	 follow-up	 and	 were	 excluded	 from	 analysis.	 In
addition,	only	10%	of	patients	were	deemed	fit	enough	for	decompression	surgery.	Therefore,	in	patients	with
limited	 life	 expectancy	 of	 ≤2	 months,	 20	 Gy	 in	 5	 fractions	 should	 be	 recommended	 over	 30	 Gy	 in	 10
fractions.

A	second	noninferiority	randomized	trial	built	on	the	SCORE-2	trial	by	randomizing	patients	to	either	20
Gy	in	five	fractions	or	8	Gy	in	one	fraction.36	This	trial	found	no	significant	differences	in	ambulatory	status
or	overall	survival.	Again,	however,	this	trial	was	limited	to	very	poor	performance	status	patients	with	short
life	 expectancies.	 In	 fact,	 patients	 were	 not	 allowed	 to	 be	 healthy	 enough	 for	 decompression	 surgery.
Furthermore,	nearly	one-third	of	the	study	cohort	did	not	live	long	enough	to	reach	their	8-week	follow-up.	In
addition,	with	a	noninferiority	margin	of	11%	and	comparing	 two	low-dose	 ineffective	strategies	 that	have
previously	 been	 shown	 to	 result	 in	 poor	 local	 control,	 it	 is	 not	 surprising	 the	 authors	 demonstrated	 no
significant	differences	between	the	two	arms.	It	is	imperative	to	not	extrapolate	the	results	from	this	trial	to
patients	with	a	moderate	to	good	performance	status	or	>2-month	life	expectancy.

An	aspect	that	is	not	well	captured	in	randomized	trials	is	the	concept	of	local	control,	given	that	very	few
trials	 mandate	 serial	 MRI	 spinal	 imaging.	 Local	 control	 is	 governed	 by	 tumor	 radiosensitivity	 and	 dose
delivered.	For	radiosensitive	histologies,	such	as	germinoma,	lymphoma,	or	multiple	myeloma,	1-year	local
control	rates	after	cEBRT	exceed	80%.	Favorable	intermediate	histologies,	such	as	breast	or	prostate	cancer,
often	can	also	be	successfully	managed	with	cEBRT	without	the	need	for	surgery.	However,	for	unfavorable
intermediate	 histologies,	 such	 as	 non–small-cell	 lung	 cancer,	 or	 radioresistant	 tumors,	 such	 as	 sarcoma,
melanoma,	 and	 renal	 carcinoma,	 long-term	 local	 control	 rates	 are	 consistently	 <50%	 when	 treated	 with
cEBRT	with	common	fractionation	schedules.37,38



Figure	114.3	Patient	with	metastatic	renal	cell	carcinoma	causing	grade	1	cord	compression
(left).	The	patient	underwent	separation	surgery	with	successful	decompression	of	the	spinal
canal	(middle)	to	allow	for	postoperative	(postop)	spine	stereotactic	body	radiation	therapy
(sSBRT)	(right).	Preop,	preoperative;	MRI,	magnetic	resonance	imaging;	CT,	computed

tomography.

3.	 sSBRT.	In	2009,	the	Spine	Oncology	Study	Group	issued	a	“strong”	recommendation	to	consider	sSBRT	over
cEBRT	for	patients	with	solid-tumor	spinal	metastases.39	sSBRT	is	a	method	of	delivering	high	doses	to
tumor	while	sparing	adjacent	normal	tissues	and	is	typically	delivered	over	three	to	five	treatments.	The
biologically	effective	dose	is	approximately	three	to	five	times	higher	than	with	cEBRT,	which	results	in
much	higher	durable	local	control.	This	holds	true	even	for	radioresistant	tumors,	such	as	renal	cell	carcinoma
and	sarcoma,	where	>85%	long-term	local	control	can	be	achieved.40–47

Importantly,	the	doses	commonly	used	for	sSBRT	exceed	spinal	cord	tolerance	and,	if	delivered	directly	to
the	 spinal	 cord,	would	have	a	high	probability	of	 causing	 radiation-induced	myelopathy.	Therefore,	1	 to	3
mm	of	space	between	the	spinal	cord	and	tumor	is	typically	needed	to	deliver	effective	doses	of	sSBRT.	For
this	reason,	grade	2	and	3	MSCC	should	not	be	treated	with	full-dose	sSBRT.	Select	cases	of	grade	1	MSCC
can	be	treated	with	sSBRT,	but	the	ideal	case	is	grade	0	MSCC.	Therefore,	sSBRT	plays	a	small	role	in	the
upfront	treatment	of	MSCC.	However,	the	adjuvant	or	postoperative	use	of	sSBRT	is	a	critical	component	of
managing	MSCC.

4.	 Other	therapies.	The	use	of	systemic	therapies,	such	as	chemotherapy	(for	non-Hodgkin	lymphoma),	targeted
therapy	(epidermal	growth	factor	receptor	[EGFR]	inhibitors),	or	hormonal	therapy	(androgen	deprivation
therapy),	may	be	an	appropriate	treatment	approach	for	select	patients	with	low-grade,	minimally
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symptomatic	MSCC.	Radionuclide	therapy,	most	recently	radium-223	dichloride,	has	been	shown	to	treat	and
prevent	painful	bone	metastases.	However,	the	path	length	of	alpha	particles	is	so	short	(<0.1	mm)	that	they
are	unable	to	effectively	treat	epidural	disease.48
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115 Metabolic	Emergencies
Stacey	Stein	and	Hari	A.	Deshpande

INTRODUCTION
Metabolic	emergencies	continue	to	be	an	important	challenge	for	practicing	oncologists.	Whereas	many	of	these
are	 well-known	 side	 effects	 of	 treatments	 and	 individual	 cancers,	 others	 have	 emerged	 because	 of	 new	 and
innovative	 therapies.	 It	 is	essential	 to	anticipate	and	recognize	early	signs	and	 institute	appropriate	 treatment	 to
avoid	severe	complications.

TUMOR	LYSIS	SYNDROME	AND	HYPERURICEMIA
Definition,	Diagnosis,	and	Staging
Tumor	lysis	syndrome	(TLS)	is	a	disorder	involving	electrolytes,	renal	function,	and,	in	severe	cases,	cardiac	and
central	 nervous	 system	 abnormalities	 that	 result	 from	 rapid	 breakdown	 or	 lysis	 of	 cancer	 cells.	 It	 has	 been
classified	into	two	groups:	laboratory	and	clinical.1,2	The	laboratory	abnormalities	are	as	follows:
1.	 Increase	in	uric	acid
2.	 Increase	in	potassium
3.	 Increase	in	phosphorus	levels
4.	 Decrease	in	calcium	levels
A	25%	change	from	baseline	in	two	or	more	of	these	electrolytes	within	3	days	before	or	up	to	7	days	after	the

initiation	of	therapy	is	needed	to	satisfy	the	Cairo-Bishop	laboratory	definition.2	Clinical	tumor	lysis	requires	that
the	laboratory	changes	are	accompanied	by	the	following:
1.	 Increased	creatinine	level
2.	 Seizures
3.	 Cardiac	dysrhythmia
4.	 Death
It	has	been	suggested	that	refinements,	including	the	finding	of	any	symptomatic	hypocalcemia,	may	make	the

criteria	more	useful	clinically.1

Incidence	and	Etiology
Early	reports	of	TLS	occurred	in	patients	with	rapidly	growing	chemosensitive	hematologic	malignancies	with	a
high	 tumor	 burden,	 including	 Burkitt	 lymphoma	 and	 acute	 leukemias,3–5	 although	 solid	 tumors	 with	 similar
characteristics	were	 later	also	described.6,7	 The	 incidence	 of	 laboratory	 and	 clinical	TLS	 in	 patients	with	 high-
grade	non-Hodgkin	lymphoma	(NHL)	is	42%	and	6%,	respectively,8	whereas	in	a	retrospective	European	study,
TLS	 occurred	 in	 3.4%,	 5.2%,	 and	 6.1%	 of	 patients	with	 acute	myeloid	 leukemia	 (AML),	 acute	 lymphoblastic
leukemia	(ALL),	and	NHL,	respectively,	with	a	mortality	rate	of	0.9%.9

Pathogenesis
As	 the	 name	 implies,	 TLS	 occurs	 because	 the	 release	 of	 cell	 contents	 after	 lysis	 exceeds	 the	 body’s	 ability	 to
regulate	the	changes	in	electrolyte	levels.	In	addition	to	release	of	electrolytes	from	the	cells,	decreasing	adenosine
triphosphate	(ATP)	levels	may	also	lead	to	potassium	leakage,	explaining	why	a	rise	in	serum	potassium	is	often
the	first	sign	of	TLS.

Release	of	phosphate	from	cells	results	initially	in	compensation	measures	of	increased	urinary	excretion	and



decreased	tubular	reabsorption	of	phosphate.	As	the	transport	becomes	saturated,	however,	phosphate	levels	rise
with	eventual	precipitation	of	calcium	phosphate	in	tissues	resulting	in	hypocalcemia.	This	starts	a	vicious	cycle
of	 increased	parathyroid	hormone	levels,	decreased	proximal	 tubule	phosphate	reabsorption,	hyperphosphaturia,
and	risk	of	calcium	phosphate	crystal	deposition	causing	tubular	obstruction.

Hyperuricemia	 can	 also	 contribute	 to	 renal	 failure.	Uric	 acid	 is	 the	 end	 product	 of	 purine	metabolism,	 and
crystals	 of	 urate	 and	 uric	 acid	 can	 obstruct	 renal	 tubules,	 collecting	 ducts,	 pelvises,	 and	 ureters	 when	 cellular
breakdown	is	accelerated.	Precipitation	occurs	more	readily	when	pH	becomes	more	acidic.

Screening
Any	rapidly	growing	cancer	or	a	cancer	with	a	high	tumor	burden	that	is	expected	to	respond	rapidly	to	treatment
should	 be	 considered	 a	 candidate	 for	 tumor	 lysis.	 Laboratory	 values	 of	 potassium,	 uric	 acid,	 phosphorus,	 and
creatinine	 along	 with	 routine	 blood	 tests	 should	 be	 monitored	 twice	 daily	 until	 the	 risk	 of	 tumor	 lysis
complications	has	passed.	Lactate	dehydrogenase	levels	may	help	determine	the	rate	of	breakdown	of	the	tumor.

Management
Preventative	measures	are	extremely	important	in	managing	the	condition	and	should	be	started	24	hours	before
chemotherapy	administration	if	possible.	Aggressive	hydration	of	at	least	3,000	mL/m2/day	is	required,	but	urine
alkalinization	 is	controversial	because,	although	 it	makes	uric	acid	more	soluble,	calcium	phosphate	complexes
are	less	soluble	at	an	alkaline	pH.

Hyperkalemia	 should	 be	 treated	 aggressively	 with	 cation	 exchange	 resins,	 dextrose	 with	 insulin,	 calcium
gluconate,	 and	 sometimes	 sodium	 bicarbonate	 and	 loop	 diuretics.	 Hemodialysis	 should	 be	 used	 in	 renal
impairment	and	hyperkalemia	not	responding	to	the	mentioned	measures.

Hyperphosphatemia	 is	managed	by	hydration,	 oral	 phosphate	 binders,	 and	 sometimes	dialysis.	Oral	 calcium
binders	should	be	used	with	caution	as	they	may	cause	precipitation	of	calcium	phosphate	crystals.

Allopurinol	 (dose	 adjusted	 for	 renal	 insufficiency)	 should	 be	 started	 immediately	 to	 reduce	 the	 risk	 of
hyperuricemia.	Because	allopurinol	and	its	metabolite	oxypurinol	 inhibit	xanthine	oxidase,	 levels	of	preexisting
uric	acid	will	not	decrease	for	2	to	3	days	after	treatment.	If	rapid	lowering	of	uric	acid	is	deemed	necessary	to
avoid	renal	failure,	rasburicase	(Fasturtec,	Sanofi	Synth,	Paris,	France;	Elitek,	Sanofi	US	Services,	Bridgewater,
NJ),	a	recombinant	urate	oxidase,	can	be	considered.10	The	enzymic	oxidation	of	uric	acid	by	rasburicase	results
in	 the	 formation	 of	 allantoin,	which	 is	 five	 times	more	 soluble	 than	 uric	 acid.	A	 randomized	 controlled	 study
comparing	 rasburicase	 and	 allopurinol	 enrolled	 52	 pediatric	 patients	 with	 lymphoma	 or	 leukemia	 who	 were
deemed	 at	 high	 risk	 for	TLS.	Patients	were	 scheduled	 to	 receive	 either	 5	 to	 7	 days	 of	 rasburicase	 0.20	mg/kg
intravenously	over	30	minutes	or	oral	allopurinol.	The	primary	end	point	of	the	trial,	control	of	uric	acid	levels
(mean	uric	acid	area	under	the	curve	[AUC])	through	the	first	96	hours,	was	significantly	less	in	the	rasburicase
group	than	those	receiving	allopurinol	(P	<	.0001).	Four	hours	after	a	single	dose	of	intravenous	rasburicase,	there
was	an	86%	reduction	in	plasma	uric	acid	levels	compared	to	a	12%	reduction	with	allopurinol.11	Rasburicase	was
approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	in	2009	based	on	results	of	a	multicenter	open-label
trial	EFC	4978.	In	this	trial,	275	patients	were	randomized	to	receive	rasburicase	0.2	mg/kg/day	over	30	minutes
intravenously	for	5	days	(arm	A),	rasburicase	at	the	same	dose	for	3	days	followed	by	allopurinol	on	days	3	to	5
(arm	B),	or	allopurinol	for	5	days	(arm	C).	All	patients	had	to	have	a	malignancy	at	risk	for	hyperuricemia.	The
end	 point	 (uric	 acid	 levels	 <7.5	mg/dL)	was	 reached	 in	 87%	of	 patients	 in	 arm	A	versus	 66%	 in	 arm	C	 (P	 =
.0009).	 There	was	 no	 difference	 between	 arms	B	 and	C.12	 Single-dose	 rasburicase	 0.15	mg/kg	 has	 since	 been
shown	to	be	as	effective	as	a	5-day	regimen	at	preventing	and	managing	hyperuricemia	in	most	adults	at	high	risk
for	TLS.13

Management	by	Stage
Rasburicase	remains	more	expensive	than	oral	allopurinol,	but	when	reduction	in	intensive	care	unit	and	hospital
stays	are	included,	the	overall	costs	may	favor	rasburicase,	suggesting	that	judicious	use	of	the	medication	can	be
beneficial	to	patients	and	economically	viable.14	The	use	of	rasburicase	should	be	limited	mainly	to	patients	with
established	or	at	 a	high	 risk	of	clinical	TLS.	Those	with	a	 low	 risk	of	clinical	TLS	may	be	managed	 just	with
allopurinol,	 hydration,	 and	 monitoring	 of	 laboratory	 values	 daily.	 Those	 with	 an	 intermediate	 risk	 can	 be
considered	for	a	dose	of	rasburicase	depending	on	the	individual	situation.

The	risk	assessment	is	summarized	in	Figure	115.1	and	management	in	Table	115.1.
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HYPONATREMIA
Incidence	and	Etiology
Hyponatremia	(serum	sodium	<135	mmol/L)	is	a	common	condition	affecting	up	to	47%	of	hospitalized	cancer
patients.15	 The	 incidence	 of	 moderate	 or	 severe	 hyponatremia	 (<130	 mmol/L)	 is	 less	 common	 (7.8%)16	 but
represents	levels	that	are	more	likely	to	be	symptomatic	(nausea,	vomiting,	pain,	depression,	fatigue,	and	coma).
The	 causes	 of	 hyponatremia	 include	 the	 disease	 itself,	 concomitant	 comorbidities,	 physical	 stress,	 and
medication.17	 It	 may	 be	 a	 prognostic	 factor,	 not	 only	 in	 the	 case	 of	 small-cell	 lung	 cancer	 but	 also	 in	 other
malignancies	and	is	often	the	result	of	a	syndrome	of	inappropriate	secretion	of	antidiuretic	hormone	(SIADH).18
This	can	occur	due	to	ectopic	secretion	from	the	cancer	itself	or	antidiuretic	hormone	(ADH)	secretion	induced	by
various	 medications	 including	 vincristine,	 cyclophosphamide,	 opioids,	 and	 antidepressants.19	 Other	 causes	 of
hyponatremia	include	diarrhea	and	vomiting-induced	hypovolemic	hyponatremia,	which	require	volume	repletion
as	a	primary	treatment.17	Plasma	osmolality	is	closely	related	to	sodium	levels	and	is	normally	closely	regulated	in
the	range	of	280	to	295	mOsm/kg	through	thirst	perception,	control	of	free	water	clearance	in	the	kidney	by	ADH,
and	 renal	 sodium	excretion	 regulated	by	 atrial	 natriuretic	 peptide	 and	 the	 renin–angiotensin	 system.	Therefore,
inappropriate	or	ectopic	secretion	of	either	ADH	or	atrial	natriuretic	peptide	can	result	in	hyponatremia.

Figure	115.1	Risk	assessment	of	tumor	lysis	syndrome	(TLS).

TABLE	115.1
Management	of	Tumor	Lysis	Syndrome

Risk	Group Management
Low	risk Allopurinol

Hydration
Monitor	and	correct	daily	electrolytes.

Intermediate	and	high	risk Aggressive	hydration
Ion	exchange	resins,	dextrose	and	insulin,	calcium	gluconate	(treatment	of	hyperkalemia)
Consider	sodium	bicarbonate	and	loop	diuretics.
Oral	phosphate	binders	(treatment	of	hyperphosphatemia	and	hypocalcemia)
Allopurinol,	urate	oxidase	(treatment	of	hyperuricemia)



Consider	hemodialysis	if	mentioned	not	successful.

Screening,	Diagnosis,	and	Management
The	finding	of	hyponatremia	on	a	serum	chemistry	panel	does	not	necessarily	constitute	an	emergency.	However,
an	appropriate	workup	should	ensue	to	determine	the	cause.	Rapid	onset	of	hyponatremia	with	refractory	seizures
and	coma	can	have	a	significant	mortality,	and	profound	hyponatremia	is	a	true	oncology	emergency.

Traditionally,	hyponatremia	 can	be	 classified	 as	hypovolemic,	 euvolemic,	or	hypervolemic;	however,	 this	 is
often	 difficult	 to	 assess	 in	 clinical	 practice.	Often,	more	 than	 one	mechanism	 is	 involved	 in	 the	 disorder.	 The
volume	 status	 can	 sometimes	 be	 determined	 on	 a	 clinical	 basis	 and	 can	 be	 aided	 by	 simple	 plasma	 and	 urine
electrolytes.	The	acuity	of	onset	of	hyponatremia	predicts	for	the	risk	of	complications,	and	identifying	patients
with	acute	drop	in	sodium	levels	(<48	hours)	is	probably	the	most	important	factor	in	determining	treatment.	In
patients	with	chronic	hyponatremia,	there	is	a	higher	risk	of	complications	of	overaggressive	treatment,	and	it	is
probably	in	these	patients	that	vasopressin	antagonists	tolvaptan	and	conivaptan	should	be	used.20

Care	should	be	taken	with	sodium	replacement	and	the	treatment	of	other	forms	of	hyponatremia	not	to	correct
extremely	low	sodium	levels	too	rapidly	because	of	the	risk	of	osmotic	demyelination.21	Osmotic	demyelination
can	be	avoided	by	correcting	sodium	at	a	rate	that	does	not	exceed	8	mEq/L/day	and,	in	high-risk	patients,	4	to	6
mEq/L/day.	High-risk	individuals	include	those	with	a	serum	sodium	level	of	<105	mmol/L,	heavy	alcohol	intake,
advanced	liver	disease,	hypokalemia,	and	malnutrition.	Although	the	risk	of	mortality	is	increased	with	all	degrees
of	hyponatremia,	deaths	from	neurologic	complications	including	cerebral	edema	and	osmotic	demyelination	are
rare.22

Hypovolemic	hyponatremia	due	to	reduced	intake,	gastrointestinal	losses,	or	renal	losses	can	be	determined	on
history	and	physical	examination.	The	 treatment	 is	 replacement	of	sodium	via	normal	saline	 infusions.	 Isotonic
saline	should	not	be	used	to	treat	symptomatic	hyponatremia	or	hyponatremia	associated	with	intracranial	disease.
If	vasopressin	levels	are	elevated,	isotonic	saline	may	exacerbate	hyponatremia	as	all	sodium	may	be	excreted	in	a
small	 volume	 of	 urine.22	 For	 symptomatic	 patients,	 hypertonic	 saline	 should	 be	 used.	 This	 is	 usually	 given
intravenously	as	a	3%	solution,	although	there	are	reports	of	using	oral	sodium	chloride	repletion	effectively.23

The	classification	of	hyponatremia	and	suggested	treatment	are	provided	in	Figure	115.2.

HYPERCALCEMIA
Incidence,	Etiology,	and	Diagnosis
Hypercalcemia	 is	also	a	common	problem	in	cancer	patients,	occurring	 in	20%	to	30%	of	all	cancer	patients	at
some	 point	 in	 their	 disease	 course.24	 The	 finding	 of	 hypercalcemia	 in	 a	 cancer	 patient	 often	 confers	 a	 poor
prognosis,	with	one	series	finding	that	most	patients	died	within	30	days.25	The	constellation	of	symptoms	is	well
known	to	all	students	of	medicine	who	have	learned	the	well-known	mnemonic	“stones,	bones,	moans,	abdominal
groans,	 and	 psychiatric	 overtones.”	 In	 modern	 medical	 practice,	 the	 abundance	 of	 laboratory	 data	 can	 detect
hypercalcemia	early	and	often	before	symptoms	have	started.	This	gives	the	clinician	an	opportunity	to	prevent
some	of	the	complications	and	possibly	influence	survival.

Management
Hypercalcemia	can	be	divided	into	the	following	four	types:
1.	 Local	osteolytic	hypercalcemia
2.	 Humoral	hypercalcemia	of	malignancy	(secretion	of	parathyroid	hormone–related	peptide)
3.	 1,25-Dihydroxyvitamin	D–secreting	lymphomas
4.	 Ectopic	hyperparathyroidism
The	most	common	of	these	is	humoral	hypercalcemia,	which	accounts	for	80%	of	the	cases	and	can	occur	with

any	malignancy.24	The	main	principles	of	 treatment	of	hypercalcemia	 are	 targeting	 the	underlying	malignancy,
correction	 of	 dehydration	 with	 aggressive	 fluid	 resuscitation,	 and	 prevention	 of	 bone	 resorption	 with
bisphosphonates	and	rank	ligand	inhibition.	Other	therapies	can	be	given	according	to	the	clinical	situation	and	are
often	directed	at	enhancing	urinary	excretion	of	calcium.	 It	 is	usually	best	 to	categorize	hypercalcemia	patients
into	 two	 groups:	 those	 who	 can	 be	 treated	 less	 aggressively	 in	 an	 outpatient	 setting	 and	 those	 who	 need
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hospitalization.	Table	115.2	describes	the	characteristics	of	these	patients.	Generally,	all	should	receive	hydration
and	bisphosphonates,	but	other	measures	such	as	calcitonin	and	dialysis	are	reserved	for	those	with	either	mental
status	changes	or	renal	insufficiency.	Both	bisphosphonates	and	rank	ligand	inhibitors	are	now	used	in	the	routine
treatment	of	patients	with	cancers	with	evidence	of	bone	metastases,	and	this	should	be	considered	when	planning
treatments.

Bisphosphonates	have	an	onset	of	 action	of	 approximately	48	hours	 and	a	nadir	 in	 calcium	 levels	of	5	 to	7
days.	Zoledronic	acid,	the	preferred	agent,	is	given	at	a	dose	of	4	mg	over	15	minutes	and	has	been	shown	to	be
superior	to	pamidronate.	The	average	duration	of	response	is	32	days.26	Zoledronic	acid	can	be	given	weekly	for
patients	with	persistent	hypercalcemia.	It	is	a	well-	tolerated	agent,	but	adverse	events	of	mild	nephrotoxicity,	flu-
like	syndrome,	musculoskeletal	pain,	and	hypocalcemia	have	been	reported.	Osteonecrosis	of	the	jaw	is	a	chronic
side	effect	occurring	in	about	1%	to	2%	of	patients.

Figure	115.2	Hyponatremia	classification	and	treatment.	CTCAE,	Common	Terminology	Criteria
of	Adverse	Events.

Calcitonin	has	 the	 advantage	of	 acting	 rapidly	 in	 6	 to	 24	hours,	 can	be	given	prior	 to	 hydration,	 and	 is	 not
nephrotoxic.	However,	it	exhibits	rapid	tachyphylaxis	and	can	only	be	given	for	two	doses.	Therefore,	it	should	be
used	 in	 severe	 hypercalcemia	 or	 in	 cases	 of	 renal	 failure.	Other	 agents	 such	 as	 gallium	 nitrate	 are	 rarely	 used
today.

LACTIC	ACIDOSIS
Lactic	acidosis	is	defined	as	a	pH	≤7.35	with	plasma	lactate	concentration	≥5	mEq/L.27	It	has	been	reported	more
frequently	as	a	complication	of	hematologic	malignancies	but	can	be	a	rare	event	in	solid	tumors,	often	associated
with	liver	metastases.28	Often,	 the	acidosis	 is	associated	with	an	elevated	anion	gap,	but	 in	cancer	patients	with
poor	nutrition	and	low	albumin	levels,	 the	anion	gap	may	not	be	appropriately	corrected.	Lactic	acidosis	occurs
when	 the	 production	 of	 lactate	 exceeds	 the	 ability	 metabolize	 it.	 Overproduction	 is	 a	 result	 of	 circulatory,
respiratory,	 hematologic,	 or	 cellular	 dysfunction	 or	 collapse,	 whereas	 underutilization	 can	 be	 a	 result	 of	 poor
hepatic	perfusion.29	Lactate	 is	generated	 largely	by	anaerobic	glycolysis	(Embden-Meyerhof-Parnas	pathway).30
Cancer	 cells	 produce	 energy	 primarily	 through	 glycolysis,	 as	 a	 result	 of	 oncogene-driven	 metabolic



reprogramming	designed	to	promote	cancer	cell	survival	(Warburg	effect).31,32

TABLE	115.2
Risk	Groups	of	Hypercalcemia

High	Risk	(Usually	Inpatient	Management) Low	Risk	(Consider	Outpatient	Management)
Serum	calcium	>12	mg/dL Serum	calcium	<12	mg/dL

Severe	nausea	and	vomiting Minimal	nausea	or	vomiting

Clinically	dehydrated Able	to	ingest	fluids	easily

Altered	mental	state Mild	fatigue;	otherwise	neurologically	stable

Renal	insufficiency Normal	renal	function

Cardiac	arrhythmia Stable	cardiac	rhythm

Obstipation	or	ileus Mild,	if	any,	constipation	easily	controlled	with	laxatives

Lives	alone	or	frail	state Adequate	social	support

Limited	access	to	medical	care Adequate	access	to	medical	facilities

The	 treatment	 consists	 of	 effective	 management	 of	 the	 underlying	 malignancy	 and	 prevention	 of	 life-
threatening	acidemia.	Lactic	acidosis	should	be	managed	by	providers	with	experience	in	acid-base	balance	and
intensive	care.	Although	cancer	can	result	in	lactic	acidosis	by	itself,	other	serious	causes	may	also	be	present	and
will	need	 to	be	concurrently	managed	aggressively,	 including	shock,	heart	 failure,	sepsis,	hypoxia,	anemia,	and
various	medication	side	effects	(Table	115.3).	Bicarbonate	infusions	are	sometimes	used	as	a	temporary	measure
to	 reverse	 acidemia,	 especially	 in	 patients	 with	 malignancies	 where	 the	 underlying	 cause	 may	 not	 be	 rapidly
reversible.33	In	the	absence	of	proven	outcomes	data,	however,	such	infusions	should	be	used	judiciously.

HYPERAMMONEMIA
Incidence,	Etiology,	and	Diagnosis
Cancer	 and	 its	 treatments	 can	 be	 causes	 of	 hyperammonemia	 and	 hepatic	 encephalopathy.	 This	 represents	 an
impairment	of	mental	state	as	a	result	of	impaired	hepatic	function	and	accumulation	of	ammonia	from	the	gut.34
The	detailed	pathogenesis	and	array	of	symptoms	are	varied	and	complex,	but	in	cancer	patients,	disorder	of	the
blood–brain	barrier	may	be	an	 important	 factor.	Although	 the	symptoms	can	be	varied,	severe	findings	such	as
asterixis,	confusion,	somnolence,	and	coma	define	states	requiring	emergent	intervention.35	Patients	suspected	of
having	hepatic	encephalopathy	should	also	be	checked	for	other	reversible	causes	including	hypoxia,	hypercapnia,
acidosis,	 uremia,	 medications	 (including	 rare	 side	 effects	 of	 novel	 agents),36	 electrolyte	 abnormalities,	 central
nervous	system	metastases	or	hemorrhage,	and	hypoglycemia.37

TABLE	115.3
Etiology,	Pathogenesis,	and	Treatment	of	Lactic	Acidosis

Potential	Cause Mechanism Treatment
Cancer Warburg	effect,	hepatic	dysfunction	due	to	liver

metastases
Underlying	treatment	of	cancer

Shock,	heart	failure Hypoperfusion Fluid	resuscitation,	management	of	vital	signs	in
monitored	setting

Sepsis Hypoperfusion,	reduced	clearance	of	lactate Antibiotics,	fluid	resuscitation	as	mentioned

Hypoxia	<30	mm	Hg Decreased	oxygen	levels	in	tissues Increased	oxygen	input,	may	require	ventilation

Hepatic	insufficiency Decreased	clearance	of	lactate Treat	underlying	cancer;	correct	electrolyte
imbalances.

Drugs	(e.g.,	metformin,
methanol,	propofol)

Many;	for	example,	suppression	of	hepatic
gluconeogenesis,	interference	with	oxidative

Remove	causative	agent,	may	need	dialysis	in
severe	cases
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phosphorylation

Serial	measurements	of	ammonia	 levels	are	generally	not	 recommended	during	 treatment	because	 they	often
lag	behind	clinical	response.	Because	most	patients	show	an	improvement	in	clinical	symptoms	within	48	hours	of
initiation	of	therapy,	those	who	do	not	recover	should	be	evaluated	for	one	of	the	differential	causes	listed	above.

TABLE	115.4
Treatment	of	Severe	Symptomatic	Hyperammonemia	in	Cancer	Patients

Treatment Comments
Supportive	care Control	of	agitation;	avoid	overuse	of	sedating	medications.

Reduce	risk	of	falls.
Consider	restricting	protein	intake	unless	severely	malnourished.

Identify	and	treat
underlying	cause

For	example,	gastrointestinal	bleed,	infection,	constipation,	hypokalemia,	new	hepatic	metastases

Lower	ammonia	levels Lactulose	(up	to	45	mL	four	times	a	day)	can	be	given	orally	or	as	an	enema.
Rifaximin	if	no	improvement	with	lactulose	after	2	d
Consider	neomycin.
Correct	hypokalemia,	which	will	reduce	renal	production	of	ammonia.

Management
The	 treatment	 is	 divided	 into	 supportive	 care,	 identifying	 and	 treating	 underlying	 causes,	 and	 decreasing	 the
production	 of	 ammonia	 (Table	 115.4).	 Some	 causes	 (e.g.,	 gastrointestinal	 [GI]	 bleed),	may	 require	 procedures
such	 as	 endoscopic	 evaluation,	 whereas	 others,	 including	 rapidly	 growing	 hepatic	metastases,	may	 respond	 to
early	initiation	of	appropriate	treatment	such	as	chemotherapy.	Specific	treatment	for	lowering	ammonia	levels	is
usually	achieved	by	the	administration	of	lactulose,	usually	at	a	dose	of	30	to	45	mL	every	6	hours.	This	can	be
given	orally	or	as	an	enema.	Patients	who	do	not	respond	rapidly	may	need	to	be	moved	to	a	more	intensive	care
setting	 and	 require	 the	 assistance	 of	 hepatologists	 or	 transplant	 teams.	 Medications	 such	 as	 rifaximin	 and
neomycin	can	be	considered	in	refractory	cases.	Aggressive	treatment	of	hypokalemia	is	 important	because	this
will	reduce	renal	production	of	ammonia.

SUMMARY
The	management	 of	 the	metabolic	 emergencies	 described	 in	 this	 chapter	 has	 changed	 in	 recent	 years	with	 the
addition	of	new	medication	options	 for	TLS	and	hyponatremia.	As	new	agents	 for	 the	 treatment	of	cancers	are
developed,	 other	 metabolic	 syndromes	 may	 be	 discovered.	 The	 practicing	 oncologist	 should	 be	 aware	 of	 the
possibility	of	metabolic	side	effects	of	cancers	and	their	treatments,	the	management	of	which	may	often	require	a
multidisciplinary	approach.
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116 Metastatic	Cancer	to	the	Brain
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INTRODUCTION
Brain	metastases	represent	the	most	common	neurologic	complication	of	cancer.	Historically,	the	outcomes	were
very	poor.	Advances	in	neuroimaging,	neurosurgery,	radiation	oncology,	medical	oncology,	and	supportive	care
have	allowed	for	earlier	detection,	better	local	treatment,	immune	system	modulation,	and	innovative	strategies	to
mitigate	potential	complications,	which	have	 improved	survival	and	quality	of	 life	 for	 these	patients.	Given	 the
heterogeneity	of	patients	with	brain	metastases	and	evolving	treatment	approaches,	their	management	is	complex,
evolving,	and	controversial.	As	a	result,	a	number	of	clinical	trials	are	ongoing	to	determine	the	optimal	treatment
strategy	for	these	patients.

EPIDEMIOLOGY
The	true	incidence	of	brain	metastases,	which	develop	in	nearly	30%	of	cancer	patients,1	is	not	known,	although
autopsy	estimates	are	as	high	as	170,000	cases	annually	in	the	United	States.2	Brain	metastases	can	be	diagnosed
at	the	same	time	or	within	1	month	of	primary	diagnosis,	which	occurs	in	about	one-third	of	cases3	(synchronous),
or	after	the	primary	tumor	has	been	diagnosed	(metachronous).	An	estimated	30%	to	40%	of	patients	present	with
a	solitary	 lesion,	which	 is	defined	as	a	single	brain	metastasis	without	any	evidence	of	extracranial	disease	and
controlled	primary	disease.	Cancers	of	the	lung	and	breast	and	melanoma,	which	represent	50%,	15%	to	20%,	and
10%	of	cases,	respectively,	are	the	most	common	primary	tumors	that	spread	to	the	brain.

CLINICAL	PRESENTATION
The	 clinical	 presentation	 can	 vary	widely.	Historical	 data	 from	 the	 1970s	 to	 early	 1990s	 showed	 that	 10%	 of
patients	 diagnosed	by	 computed	 tomography	 (CT)	or	magnetic	 resonance	 imaging	 (MRI)	were	 asymptomatic.4
Because	 screening	 scans	 are	 more	 frequently	 performed,	 a	 higher	 percentage	 of	 patients	 now	 present	 with
asymptomatic	disease.

The	majority	 of	 patients	with	 brain	metastases	 have	 neurocognitive	 deficits	 prior	 to	 the	 initiation	 of	whole-
brain	 radiotherapy	 (WBRT),	 with	 a	 comprehensive	 phase	 III	 trial	 reporting	 that	 >90%	 of	 patients	 have	 some
decline	in	neurocognitive	function	(NCF)	prior	to	WBRT.5,6	NCF	is	typically	assessed	with	a	battery	of	tests;	the
Hopkins	Verbal	Learning	Test—Revised	(HVLT-R)	is	the	one	most	commonly	used	for	trial	end	points.	Tumor
regression	after	WBRT	appears	to	correlate	with	improved	NCF.7

IMAGING	AND	DIAGNOSIS
Imaging	is	essential	to	the	diagnosis	of	brain	metastases.	Although	CT	scans	may	be	useful	in	initial	evaluations,
the	 imaging	modality	 of	 choice	 is	 an	MRI	 because	 it	 is	 more	 sensitive	 than	 CT	 for	 determining	 the	 number,
distribution,	and	size	of	lesions.8	Typically,	brain	metastases	are	solid	or	ring-enhancing	lesions,	pseudospherical
in	 shape,	 and	multiple	 in	 number;	 occur	 in	 the	 gray–white	 junction;	 and	 occur	most	 frequently	 in	 the	 cerebral
hemispheres	(80%)	followed	by	the	cerebellum	(15%)	and	brain	stem	(<5%).	Hemorrhagic	lesions	are	seen	more
commonly	with	melanomas,	choriocarcinomas,	germ	cell	tumors,	thyroid	tumors,	and	renal	cell	carcinomas.	The
leptomeninges	 and	 cerebrospinal	 fluid	 (CSF)	 can	 also	 be	 involved	 and	 are	 discussed	 later	 in	 this	 chapter.	 The



differential	 diagnosis	 includes	 nonmalignant	 causes	 such	 as	 abscess,	 infection,	 demyelination	 and	 hemorrhage,
and	 primary	 brain	 tumors	 such	 as	 a	 malignant	 glioma.	 If	 uncertainty	 exists	 regarding	 diagnosis,	 biopsy	 or
resection	should	be	performed	for	confirmation.	For	patients	with	known	cancer,	restaging	scans,	which	typically
include	CT	scans	of	the	chest,	abdomen,	and	pelvis,	should	be	performed	to	assess	systemic	disease	status.	The
use	of	fluorodeoxyglucose	positron	emission	tomography	alone	can	be	done	only	when	the	imaging	is	adjusted	to
account	for	the	high	background	metabolic	use	of	glucose	by	the	brain.9	After	surgery,	postoperative	MRIs	should
be	performed	within	48	hours	 to	help	differentiate	 residual	 tumor	 from	blood.	For	patients	undergoing	primary
stereotactic	 radiosurgery	 (SRS),	 MRI	 changes	 can	 be	 variable,	 with	 approximately	 one-third	 of	 lesions
experiencing	a	transient	increase	in	tumor	volume.10

The	 Response	 Assessment	 in	 Neuro-Oncology	 Working	 Group	 (RANO),	 an	 independent,	 international,
collaborative	effort,	provided	guidelines	for	the	design	of	trials	in	patients	with	brain	metastases	with	emphasis	on
radiographic	response.11	In	addition,	RANO	developed	guidelines	for	the	use	of	neurocognitive,	neurologic,	and
quality-of-life	outcomes	for	patients	with	brain	metastases.12

PROGNOSIS
One	of	the	earliest	prognostic	scales	was	based	on	three	consecutive	Radiation	Therapy	Oncology	Group	(RTOG)
phase	 III	 brain	metastases	 trials	 from	1979	 to	 1993.13	Using	 recursive	 partitioning	 analysis	 (RPA),	 three	well-
defined	 prognostic	 groups	 (RPA	 class	 I,	 II,	 and	 III)	were	 identified	 based	 on	 age	 (younger	 than	 65	 or	 65	 and
older),	Karnofsky	performance	status	(KPS)	of	≥70	or	<70,	absence	or	presence	of	extracranial	metastases,	and
primary	tumor	status	(Fig.	116.1A).

To	develop	a	less	subjective	and	more	quantifiable	prognostic	system,	the	graded	prognostic	assessment	(GPA)
was	developed	by	analyzing	data	 from	five	RTOG	studies.14	The	GPA,	which	 is	 stratified	 into	 four	prognostic
groups,	is	the	sum	of	scores	(0,	0.5,	or	1.0)	based	on	age,	KPS,	presence	of	extracranial	metastases,	and	number	of
brain	metastases	(Fig.	116.1B).	Given	the	heterogeneity	of	outcomes	for	patients	based	on	tumor	type,	an	updated
diagnosis-specific	 (DS)	 GPA	 was	 developed	 through	 a	 multi-institutional	 database.15	 Given	 the	 impact	 of
prognosis	based	on	 tumor	heterogeneity	mediated	by	molecular	 features	 (e.g.,	BRAF	mutations	 in	melanoma16;
epidermal	growth	factor	receptor	mutations	and	anaplastic	lymphoma	kinase	[ALK]	rearrangement	in	non–small-
cell	 lung	 cancer	 [NSCLC]17;	 human	 epidermal	 growth	 factor	 receptor	 2	 [HER2],	 estrogen	 receptor	 [ER],	 and
progesterone	receptor	[PR]	status	in	breast	cancer18),	updated	GPAs	for	melanoma,	lung	cancer,	and	breast	cancer
incorporate	these	molecular	features	(Fig.	116.1C).
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Figure	116.1	A:	Recursive	partitioning	analysis	(RPA)	class	based	on	analysis	of	1,200	patients
treated	on	three	consecutive	Radiation	Therapy	Oncology	Group	trials	conducted	between	1979	and
1993,	testing	several	different	fractionation	schemes	and	radiation	sensitizers.	(From	Gaspar	L,
Scott	C,	Rotman	M,	et	al.	Recursive	partitioning	analysis	[RPA]	of	prognostic	factors	in	three

Radiation	Therapy	Oncology	Group	[RTOG]	brain	metastases	trials.	Int	J	Radiat	Oncol	Biol	Phys
1997;37:745–751,	with	permission.)	B:	Graded	prognostic	assessment	(GPA)	based	on	analysis	of
1,960	patients	from	five	Radiation	Therapy	Oncology	Group	studies.	(From	Sperduto	PW,	Berkey
B,	Gaspar	LE,	et	al.	A	new	prognostic	index	and	comparison	to	three	other	indices	for	patients	with
brain	metastases:	an	analysis	of	1,960	patients	in	the	RTOG	database.	Int	J	Radiat	Oncol	Biol	Phys

2008;70:510–514,	with	permission.)	C:	Impact	on	prognosis	based	on	tumor	heterogeneity
mediated	by	molecular	features.	(Modified	from	Sperduto	PW,	Jiang	W,	Brown	PD,	et	al.

Estimating	survival	in	melanoma	patients	with	brain	metastases:	an	update	of	the	graded	prognostic
assessment	for	melanoma	using	molecular	markers	[Melanoma-molGPA].	Int	J	Radiat	Oncol	Biol
Phys	2017;99[4]:812–816,	with	permission;	Sperduto	PW,	Yang	TJ,	Beal	K,	et	al.	Estimating
survival	in	patients	with	lung	cancer	and	brain	metastases:	an	update	of	the	graded	prognostic

assessment	for	lung	cancer	using	molecular	markers	[Lung-molGPA].	JAMA	Oncol	2017;3[6]:827–
831,	with	permission;	Sperduto	PW,	Kased	N,	Roberge	D,	et	al.	Effect	of	tumor	subtype	on	survival
and	the	graded	prognostic	assessment	for	patients	with	breast	cancer	and	brain	metastases.	Int	J
Radiat	Oncol	Biol	Phys	2012;82[5]:2111–2117,	with	permission.)	KPS,	Karnofsky	performance
status;	ECM,	extracellular	matrix;	CNS,	central	nervous	system;	EGFR,	epidermal	growth	factor

receptor;	ALK,	anaplastic	lymphoma	kinase;	HER2,	human	epidermal	growth	factor	receptor	2;	GI,
gastrointestinal.

SYMPTOM	MANAGEMENT
Corticosteroids



Because	brain	metastases	can	cause	peritumoral	edema,	corticosteroids	are	commonly	used	 to	help	 temporarily
control	brain	edema.	Dexamethasone,	which	has	low	mineralocorticoid	effect,	is	typically	used	given	its	long	half-
life.	Based	on	a	prospective	randomized	trial	of	patients	who	were	not	at	risk	for	cerebral	herniation,	higher	dose
dexamethasone	(16	mg	per	day)	demonstrated	no	advantage	compared	to	lower	dose	dexamethasone	(4	or	8	mg
per	 day),	 but	 patients	 receiving	 higher	 doses	 of	 dexamethasone	 had	 more	 frequent	 side	 effects.19	 Acute	 side
effects	may	 include	 insomnia,	 increased	appetite,	gastritis,	 fluid	 retention,	mood	swings,	acne,	and	elevation	of
blood	sugars.	Long-term	side	effects	may	include	weight	gain,	facial	plethora,	pedal	edema,	immunosuppression,
proximal	muscle	myopathy,	cataract	formation,	aseptic	necrosis	of	the	femoral	head,	and	osteoporosis.

Because	most	 brain	 metastases	 trials	 have	 not	 assessed	 steroid	 use	 as	 end	 points,	 much	 controversy	 exists
regarding	 specific	 indications	 and	 dosing.20	 For	 patients	 who	 are	 neurologically	 asymptomatic,	 routine	 use	 of
corticosteroids	is	not	necessary.21,22	For	patients	with	more	severe	symptoms	from	increased	intracranial	pressure,
doses	of	16	mg	per	day	or	higher	should	be	considered.23	If	possible,	steroids	should	be	tapered	within	1	week	of
initiation	 and	 discontinued	 within	 2	 weeks.22	 When	 tapering	 dexamethasone,	 it	 is	 important	 to	 recognize
withdrawal	 symptoms	 such	 as	 headaches,	 lethargy,	 weakness,	 dizziness,	 anorexia,	 diffuse	 arthralgias,	 and
myalgias.

Anticonvulsants
Although	seizures	are	the	presenting	symptom	in	10%	of	cases	and	can	occur	in	up	to	25%	of	brain	metastases,24
the	role	of	antiepileptic	drugs	(AEDs)	in	these	patients	has	very	limited	class	I	evidence.25	A	meta-analysis	of	five
randomized	controlled	trials	in	patients	with	intracranial	disease	as	well	as	a	systemic	Cochrane	review	have	both
demonstrated	 that	 no	 immediate	 or	 long-term	benefit	 exists	 to	 prophylactic	 use	 of	AEDs	 in	 patients	without	 a
previous	history	of	seizures.26,27

Alternatively,	patients	who	present	with	seizures	or	who	develop	seizures	during	therapy	should	receive	AEDs,
preferably	with	 agents	 that	 do	 not	 interact	with	 hepatic	 cytochrome	P450	 (e.g.,	 levetiracetam).	 For	 patients	 on
dexamethasone,	 phenytoin	 levels	 can	 be	 affected	 by	 its	 use.	 In	 addition,	 phenytoin	 can	 affect	 clearance	 of
chemotherapy	 agents	 and	 can	 also	 cause	 Stevens-Johnson	 syndrome,	which	may	 be	 precipitated	 if	 radiation	 is
used.28	The	use	of	anticonvulsants	after	surgery	is	controversial	given	results	of	a	prospective	randomized	trial	of
perioperative	seizure	prophylaxis	in	patients	with	intraparenchymal	brain	tumors.29

Venous	Thromboembolism
Because	 patients	 with	 brain	 tumors	 and	 thromboembolism	 are	 believed	 to	 be	 at	 higher	 risk	 for	 intracranial
hemorrhage	 with	 anticoagulation,	 the	 American	 Society	 of	 Clinical	 Oncology	 established	 guidelines	 for
prophylaxis	and	treatment	of	venous	thromboembolism	in	patients	with	cancer.30	For	patients	with	brain	tumors
and	venous	 thromboembolism,	 anticoagulation	 is	 indicated	unless	 the	 patient	 has	 had	 an	 intracerebral	 bleed	or
other	contraindication	for	anticoagulation.30	Although	the	insertion	of	an	inferior	vena	cava	filter	is	an	alternative
to	anticoagulation,	it	is	associated	with	a	higher	risk	of	thrombosis	distal	to	the	filter.31

TREATMENT	OPTIONS
The	 optimal	 management	 of	 brain	 metastases	 is	 very	 controversial	 given	 the	 many	 factors	 that	 influence
outcomes,	the	many	treatment	modalities	available,	and	the	strong	opinions	that	proponents	of	various	treatment
modalities	 have	 regarding	 the	 benefits	 and	 risks.32	 Even	 when	 “experts”	 are	 asked	 to	 provide	 guidance	 on
treatment	options,	the	management	recommendations	are	quite	variable.33,34

Whole-Brain	Radiotherapy
WBRT	has	been	the	standard	treatment	for	patients	with	brain	metastases	since	 the	1950s.35	Because	WBRT	is
widely	 available,	 easy	 to	 deliver	 safely	 and	 accurately,	 effective	 in	 providing	 palliation	 for	 the	 majority	 of
patients,	 and	 does	 not	 require	 sophisticated	 technologies,	 it	 has	 long	 been	 considered	 the	 gold	 standard	 for
treatment	of	brain	metastases	and	represents	the	most	common	treatment	worldwide.	Unfortunately,	symptomatic
improvement	 has	 been	 poorly	 assessed	 and	 is	 variable.	 Because	 patients	 with	 small-cell	 lung	 cancer	 (SCLC),
lymphoma,	 and	germ	cell	 tumors	 respond	most	 favorably	 to	WBRT,	 these	 tumor	 types	 are	 generally	 excluded



Dr. AVR @ TMH

from	clinical	trials.
The	 RTOG	 has	 completed	 numerous	 phase	 III	 trials	 evaluating	 various	 fractionation	 schedules	 and	 dose

schemes.36–39	Although	these	trials	have	shown	that	the	majority	of	patients	have	partial	or	complete	response	of
their	neurologic	symptoms	ranging	from	40%	to	70%,	the	median	survival	only	averages	3	to	5	months.	Extended
or	hypofractionated	WBRT	has	shown	no	survival	benefit.	The	most	commonly	used	fractionation	schemes	in	the
United	States	are	30	Gy	in	10	fractions	or	37.5	Gy	in	15	fractions.	Shortened	fractionation	schemes	of	20	Gy	in	5
fractions	can	be	used	for	poor-prognosis	patients.	Recently,	the	Medical	Research	Council	reported	the	results	of
the	Quality	of	Life	after	Treatment	 for	Brain	Metastases	 (QUARTZ)	 trial,	which	 randomized	538	patients	with
inoperable	NSCLC	brain	metastases	 to	supportive	care	with	dexamethasone	with	or	without	WBRT.	The	mean
quality-	 adjusted	 life-years	 and	 overall	 survival	were	 similar	 between	 the	 two	 arms;	 therefore,	 supportive	 care
alone	should	be	considered	in	patients	with	extremely	poor	performance	status	and	limited	expected	survival.40

The	imaging	response	rates	or	stabilization	of	tumors	after	WBRT	can	range	from	0%	to	71%.41,42	Nieder	et
al.43,44	studied	the	CT	responses	in	108	patients	with	336	measurable	lesions	after	WBRT	(30	Gy	in	10	fractions)
and	 found	 the	overall	 response	 rate	at	up	 to	3	months	was	59%	(lesion	complete	 response	 rate	of	24%,	partial
response	 rate	 of	 35%).	 The	 complete	 response	 rates	 were	 37%	 for	 SCLC,	 35%	 for	 breast	 cancer,	 25%	 for
squamous	 cell	 carcinoma,	 14%	 for	 nonbreast	 adenocarcinoma,	 0%	 for	 renal	 cell	 carcinoma,	 and	 0%	 for
melanoma.	Smaller	tumor	volumes	and	absence	of	necrosis	influenced	complete	response	rates.

The	 most	 common	 side	 effects	 that	 occur	 during	 or	 shortly	 following	WBRT	 include	 alopecia,	 mild	 skin
erythema,	 and	 fatigue.	Other	 side	 effects	may	 include	 headache,	 nausea,	 vomiting,	 loss	 of	 appetite,	 change	 of
taste,	 serous	 otitis,	 and	 somnolence.	 Secondary	 to	 the	 effect	 of	 opposed	 tangential	 radiation	 beams	 on	 skin
sparing,	 hair	 loss	 is	 variable	 and	 may	 be	 permanent	 in	 the	 superior	 and	 portion	 portions	 of	 the	 scalp.	 Skin
reactions	typically	resolve	after	several	weeks,	and	fatigue	usually	improves	after	2	to	3	months	and	may	respond
to	methylphenidate.	The	long-term	and	frequency	of	side	effects	from	WBRT	have	not	been	well	documented	as
they	were	discounted	given	the	short	survival	of	these	patients.	Long-term	side	effects	may	include	somnolence,
fatigue,	hearing	loss,	memory	loss,	and,	in	rare	cases,	dementia.

Two	approaches	to	potentially	minimize	the	neurocognitive	effects	of	WBRT	include	innovations	in	radiation
delivery	and	use	of	medications.	RTOG	0933	was	a	phase	II	trial	evaluating	hippocampal	avoidance	WBRT	(HA-
WBRT)	for	100	evaluable	patients	with	brain	metastases.45	Results	from	this	study	demonstrated	a	7%	decline	in
delayed	recall	versus	30%	from	historical	study	(P	=	 .0003).	RTOG	0614	was	a	phase	III	 trial	 that	randomized
554	patients	 to	WBRT	 (37.5	Gy	 in	15	 fractions)	with	or	without	memantine,	 an	N-methyl-D-aspartate	 receptor
antagonist	 used	 for	 patients	with	mild	 to	moderate	Alzheimer	 disease.46	 The	memantine	 arm	 had	 significantly
longer	time	to	cognitive	decline	(P	=	 .02),	 lower	median	decline	on	HVLT-R	(0	 in	memantine	arm	versus	2	 in
placebo	arm	at	24	weeks,	P	=	.059),	and	fewer	patients	with	decline	in	Controlled	Oral	Word	Association	at	16
weeks	 (P	 =	 .004)	 or	 Trail	Making	Test	 Part	A	 at	 24	weeks	 (P	 =	 .014).	No	 difference	 in	 overall	 survival	 and
progression-free	survival	between	the	 two	arms	was	seen.	Based	on	the	results	of	 these	 trials,	a	phase	III	study
testing	memantine	and	HA-WBRT	versus	WBRT	is	ongoing	(NRG-CC001).

Prophylactic	Cranial	Irradiation
Prophylactic	 cranial	 irradiation	 (PCI)	 is	 commonly	 used	 to	 prevent	 dissemination	 to	 the	 brain,	 especially	 for
SCLC	patients	who	achieve	a	complete	response	to	induction	chemotherapy	given	the	high	propensity	to	develop
brain	 metastases.	 The	 PCI	 Overview	 Collaborative	 Group	 demonstrated	 a	 statistically	 significant	 survival
advantage	favoring	patients	 treated	with	PCI	and	significant	reduction	 in	 the	 incidence	of	new	brain	metastases
from	 58.6%	 to	 33.3%	 at	 3	 years.47	 Another	meta-analysis	 of	 PCI	 efficacy	 reviewed	 12	 randomized	 trials	 and
included	 5	 studies	 that	 evaluated	 the	 role	 of	 PCI	 in	 patients	 with	 SCLC	 who	 had	 a	 complete	 response	 after
induction	chemotherapy.48	A	significant	decrease	in	the	incidence	of	brain	metastases	was	noted	when	all	studies
were	considered,	and	improvement	in	survival	was	seen	when	PCI	was	given	only	to	patients	who	experienced	a
complete	 systemic	 response.	A	 phase	 III	 international	 intergroup	 study	 of	 patients	with	 limited-stage	SCLC	 in
complete	 remission	 after	 chemotherapy	 and	 thoracic	 radiotherapy	 randomized	 patients	 to	 various	 fractionation
schemes	and	found	that	the	standard	dose	(25	Gy	in	10	fractions)	was	the	best	arm	given	the	significantly	higher
risk	for	mortality	seen	in	the	higher	dose	arms.49	Although	PCI	does	reduce	the	incidence	of	development	of	brain
metastasis	for	patients	with	extensive-stage	SCLC,	two	trials	have	demonstrated	conflicting	results	on	its	effect	on
overall	 survival.	 In	 the	 European	Organisation	 for	 Research	 and	 Treatment	 of	 Cancer	 (EORTC)	 trial,	 patients
were	randomized	to	WBRT	or	observation	after	treatment	of	their	primary	disease	(without	cranial	imaging	prior
to	therapy).50	 PCI	 decreased	 the	 incidence	 of	 symptomatic	 brain	metastasis	 and	 increased	 disease-free	 survival



and	 overall	 survival.	 A	 recent	 Japanese	 phase	 III	 trial	 randomized	 224	 patients	 to	 PCI	 or	 observation	 after
chemotherapy	with	MRI	of	 the	brain	performed	prior	 to	radiotherapy.51	This	study	demonstrated	a	reduction	 in
incidence	of	brain	metastasis	without	 an	 improvement	 in	overall	 survival.	A	 randomized	phase	 II	 study	 testing
PCI	 versus	 HA-PCI	 is	 undergoing	 analysis	 to	 determine	 if	 accrual	 to	 the	 phase	 III	 should	 be	 completed	 for
patients	with	limited-	and	extensive-stage	SCLC	(NRG-CC003).

RTOG	 0214	 randomized	 patients	 with	 stage	 III	 NSCLC	 without	 disease	 progression	 after	 treatment	 with
surgery	and/or	radiation	therapy	with	or	without	chemotherapy	to	PCI	(30	Gy	in	15	fractions)	or	observation.52
The	primary	end	point	of	the	study	was	overall	survival.	Unfortunately,	the	study	closed	early	secondary	to	slow
accrual.	The	1-year	overall	survival	and	disease-free	survival	were	not	significantly	different.	However,	the	1-year
rate	for	development	of	brain	metastases	was	significantly	less	for	PCI	than	for	observation	(7.7%	versus	18.0%,
respectively;	P	=	.004).	The	impact	of	PCI	on	self-reported	cognitive	functioning	and	HVLT	was	analyzed	based
on	 the	 results	 of	 RTOG	 0214	 and	 RTOG	 0212.53	 At	 6	 and	 12	 months,	 significant	 declines	 in	 self-reported
cognitive	functioning	and	HVLT	score	were	noted	after	PCI.

Surgery
Surgery	plays	an	important	role	for	some	patients	with	brain	metastases.	It	can	provide	immediate	and	effective
relief	from	symptomatic	mass	effect	and	can	confirm	or	establish	 the	diagnosis,	which	is	 important	for	patients
who	have	no	prior	cancer	history.	In	addition,	patients	with	larger	tumors	(diameter	>2	cm)	may	also	benefit	from
surgery	 compared	 to	 other	 treatment	modalities.	Advances	 in	 imaging	 and	 image	 guidance	 have	 improved	 the
rates	for	complete	resection.54

The	data	are	mixed	 regarding	 the	 impact	of	 the	 type	of	 surgical	 resection	on	 the	 rate	of	 local	 recurrence.	A
retrospective	 review	 from	 MD	 Anderson	 Cancer	 Center	 of	 570	 patients	 undergoing	 surgical	 resection	 alone
suggested	 that	 piecemeal	 resection	 compared	 with	 en	 bloc	 resection	 significantly	 predicted	 for	 higher	 local
recurrence	 (hazard	 ratio,	 1.7;	P	 =	 .03).55	 Larger	 tumor	 volumes	 exceeding	 9.71	 cm3,	 compared	 with	 smaller
tumors,	also	predicted	for	higher	local	recurrence	(hazard	ratio,	1.7;	P	=	.02).	A	subsequent	prospective	evaluation
of	the	role	of	SRS	versus	observation	from	the	same	group,	however,	indicated	that	the	type	of	resection	was	not
an	 independent	 predictor	 of	 local	 control	 and	 that	 en	 bloc	 resection	 could	 be	 achieved	 in	 only	 about	 80%	 of
cases.56	The	rate	of	 leptomeningeal	dissemination	also	appears	 to	be	higher	after	piecemeal	 rather	 than	en	bloc
resection	 of	 metastases,	 although	 larger	 tumors	 cannot	 always	 be	 removed	 without	 some	 internal
decompression.57,58	A	predisposition	for	leptomeningeal	spread	is	also	seen	for	surgical	resection	of	metastases	of
the	posterior	fossa.59

Whole-Brain	Radiotherapy	with	or	without	Surgery
Several	phase	III	studies	have	evaluated	 the	role	of	WBRT	with	or	without	surgery	for	single	brain	metastasis.
The	first	phase	III	study	from	the	University	of	Kentucky	randomized	48	patients	with	a	single	brain	metastasis	to
surgical	resection	and	WBRT	versus	needle	biopsy	and	WBRT	(36	Gy	in	12	fractions).60	The	addition	of	surgery
to	WBRT	significantly	improved	survival	(40	versus	15	weeks,	P	<	.01),	local	control	(80%	versus	48%,	P	<	.02),
and	functional	independence	(38	versus	8	weeks,	P	<	.005)	compared	to	biopsy	and	WBRT.	The	second	phase	III
study	from	Noordijk	et	al.61	randomized	63	patients	with	CT-confirmed	brain	metastasis	to	surgical	resection	and
WBRT	versus	WBRT	alone	(40	Gy	in	20	fractions).	Surgery	and	WBRT	improved	median	survival	(10	versus	6
months,	P	=	.04)	and	functional	independence	(7.5	versus	3.5	months,	P	=	.06)	compared	with	WBRT	alone.	The
third	 study	 from	Mintz	 et	 al.62	 showed	 no	 benefit	 for	 surgical	 resection	 and	WBRT	 (30	 Gy	 in	 10	 fractions)
compared	to	WBRT	alone	in	84	randomized	patients	in	terms	of	survival,	30-day	mortality,	morbidity,	or	causes
of	 death.	Unlike	 the	 other	 two	 randomized	 trials,	 a	 greater	 percentage	 of	 patients	 had	 active	 systemic	 disease,
lower	baseline	KPS,	and	several	gastrointestinal	primary	tumors	in	each	group.

Surgery	with	or	without	Whole-Brain	Radiotherapy
The	role	of	WBRT	following	surgical	 resection	of	a	single	metastasis	was	addressed	 in	a	phase	III	 randomized
study	 of	 95	 patients	who	 had	 single	 brain	metastasis.63	After	 imaging	 confirmed	 gross	 total	 resection,	 patients
were	randomized	to	observation	versus	a	protracted	course	of	WBRT	(50.4	Gy	in	28	fractions).	The	primary	end
point	was	 tumor	 recurrence	 in	 the	brain,	with	 secondary	 end	points	of	 survival,	 cause	of	death,	 and	 functional
independence.	The	addition	of	WBRT	to	surgery	decreased	the	chance	for	neurologic	death	(14%	versus	44%,	P	=
.003),	decreased	 local	 recurrence	(10%	versus	46%,	P	<	 .01),	 and	decreased	 tumor	 recurrence	anywhere	 in	 the
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brain	(18%	versus	70%,	P	<	 .001).	Survival	was	not	different,	although	the	study’s	end	point	was	local	control
and	was	not	powered	to	demonstrate	a	survival	advantage.64

Kocher	et	al.65	reported	the	results	of	a	phase	III	EORTC	study	of	359	patients	comparing	SRS	(199	patients)
or	 surgery	 (160	 patients)	 with	 or	 without	 WBRT.	 Survival	 and	 time	 to	 World	 Health	 Organization	 (WHO)
performance	 status	deterioration	>2	were	not	different	between	 the	 two	arms.	At	2	years	 after	 surgery,	WBRT
significantly	decreased	the	risk	of	local	and	new	brain	relapse	from	59%	to	27%	(P	<	.001)	and	42%	to	23%	(P	<
.008),	respectively.	Health-related	quality-of-life	results	were	better	for	patients	in	the	observation	arm.66

Stereotactic	Radiosurgery
Unlike	WBRT,	SRS	delivers	high	dose(s)	of	ionizing	radiation	to	focal	target(s)	while	greatly	minimizing	the	dose
to	 surrounding	 brain	 tissue.	 Features	 that	 make	 a	 brain	 metastasis	 an	 ideal	 target	 for	 SRS	 include	 its
pseudospherical	shape,	location	in	the	gray–white	junction,	and	maximum	diameter	of	<4	cm.	The	vast	majority
of	brain	metastases	have	distinct	pathologic	 and	 radiographic	margins,	 allowing	 for	 accurate	 target	delineation,
planning,	and	 treatment	delivery	 through	 the	use	of	multiple	 intersecting	 radiation	beams,	which	produce	 steep
dose	gradients	(“dose	falloff”).67

Since	 the	1990s,	numerous	 institutional	and	multi-institutional	 studies	have	been	published	on	 the	 results	of
SRS	as	a	primary,	adjuvant,	and	salvage	treatment	for	brain	metastases.	When	doses	of	15	to	24	Gy	are	used,	the
local	 control	 rates	 range	 from	 70%	 to	 95%.68–70	 Freedom	 from	 local	 progression	 depends	 on	 dose,	 volume,
histology,	and	pattern	of	MRI	or	CT	enhancement	at	the	time	of	radiosurgery.71,72	In	addition,	SRS	is	effective	for
all	 types	of	primary	 tumor	 including	radioresistant	histologies,	such	as	melanoma	and	renal	cell	carcinoma.73,74
Although	 the	 ideal	 candidate	 for	 SRS	 is	 subject	 to	 debate,	 it	 generally	 consists	 of	 patients	 with	 controlled	 or
absence	of	extracranial	metastases	and	excellent	KPS.	Historically,	the	number	(one	to	four)	of	brain	metastases
was	considered	a	general	contraindication,	although	recent	publications	refute	this.75–77

RTOG	9005	was	a	phase	I/II	trial	for	patients	with	recurrent	primary	and	metastatic	brain	tumors	to	study	the
relationship	 between	 maximum-tolerated	 SRS	 dose	 and	 maximum	 tumor	 diameter.78	 The	 maximum-tolerated
doses	for	>2	to	3	cm	and	>3	to	4	cm	tumors	were	18	and	15	Gy,	respectively;	maximum-tolerated	dose	was	not
reached	for	tumors	≤2	cm	given	the	reluctance	to	dose	escalate	beyond	24	Gy.	Because	the	risk	of	radiation	injury
increases	with	increasing	tumor	volume	and	diameter,	doses	for	brain	metastases	are	inversely	proportional	to	the
maximum	tumor	diameter	or	volume.	As	a	result,	 the	local	control	rates	for	smaller	targets	are	generally	higher
than	larger	targets,	especially	when	WBRT	is	not	part	of	the	management	strategy.79	Because	the	dose	falloff	is
more	gradual	for	larger	targets,	radiosurgery	targets	are	usually	limited	to	a	maximum	diameter	of	4	cm.	Given	the
low	control	rates	for	brain	metastases	>2	cm	in	diameter	treated	with	SRS	alone,	staged	SRS	with	repeat	treatment
3	to	4	weeks	after	initial	treatment	has	been	explored	for	larger	lesions.80,81	Because	application	of	the	head	frame
may	produce	discomfort	in	some	patients,	there	has	been	growing	interest	in	frameless	radiosurgery	to	allow	for
fractionation	(three	to	five	fractions).	This	may	be	helpful	for	larger	tumors	and	those	close	to	critical	structures
such	 as	 the	 optic	 apparatus.	 The	 results	 with	 frameless	 radiosurgery	 appear	 equivalent	 to	 frame-based
radiosurgery.82,83	For	radioresistant	tumors,	fractionated	SRS	may	be	less	effective	than	single-fraction	SRS.84

Unlike	WBRT,	SRS	increases	the	risk	for	radiation	necrosis,	which	can	lead	to	significant	side	effects	such	as
steroid	dependency.	Because	radiation	necrosis	can	closely	mimic	tumor	recurrence,	the	diagnosis	and	treatment
of	 radiation	 necrosis	 can	 be	 very	 difficult.85	 A	 questionnaire	 regarding	 practice	 patterns	 for	 diagnosis	 and
treatment	of	intracranial	radiation	necrosis	after	SRS	revealed	variation	in	the	management	of	steroid-refractory
radiation	 necrosis.86	 In	 terms	 of	 imaging,	 cerebral	 blood	 volume	 can	 have	 high	 sensitivity	 and	 specificity	 for
identifying	 radiation	 necrosis.87	 Based	 on	 the	 results	 of	 a	 double-blind,	 placebo-controlled,	 phase	 III	 trial,
bevacizumab	can	be	considered	for	patients	who	are	refractory	to	steroids.88	One	novel	approach	for	treatment	of
steroid-refractory	radiation	necrosis	that	is	being	explored	is	focused	laser	interstitial	thermal	therapy	(LITT).88	A
study	 from	 the	 Cleveland	 Clinic	 suggests	 an	 association	 between	 radiation	 necrosis	 and	 tumor	 biology	 (HER
amplification,	BRAF	V600	positive,	and	lung	adenocarcinoma)	after	SRS.89

Stereotactic	Radiosurgery	versus	Surgery
Attempts	at	phase	III	trials	comparing	surgery	to	SRS	have	been	unsuccessful.	In	the	1990s,	the	Joint	Center	for
Radiation	Therapy	 in	Boston	 attempted	 to	 enroll	 patients	 onto	 a	 phase	 III	 trial	 comparing	 surgery	 to	SRS	 and
enrolled	only	six	patients	after	3	years	due	 to	patient	or	physician	preference.90	A	prospective	 randomized	 trial
from	 Germany	 compared	 SRS	 alone	 versus	 surgery	 and	 WBRT	 for	 patients	 with	 a	 single	 metastasis.91



Unfortunately,	this	study	closed	early	due	to	poor	accrual,	with	33	patients	in	the	surgery	and	WBRT	arm	and	31
patients	in	the	SRS-alone	arm.	Table	116.1	summarizes	the	advantages	of	SRS	and	surgery	for	patients	with	brain
metastases.

Whole-Brain	Radiotherapy	with	or	without	Stereotactic	Radiosurgery
The	 first	 randomized	 trial	 of	 WBRT	 (30	 Gy	 in	 12	 fractions)	 with	 or	 without	 SRS	 boost	 (16	 Gy)	 enrolled
functionally	independent	patients	with	two	to	four	brain	metastases	measuring	≤2.5	cm	in	diameter	and	>5	mm
from	the	optic	chiasm.41	Secondary	to	early	stopping	rules,	this	trial	enrolled	only	27	patients.	The	two	arms	were
well	 balanced	with	 respect	 to	 known	prognostic	 factors.	The	 local	 control	was	 92%	 in	 the	WBRT	+	SRS	arm
versus	0%	 in	 the	WBRT	arm	 (P	 =	 .002).	Median	 survival	was	not	 significantly	 different	 in	 the	 two	 arms	 (7.5
months	for	WBRT	versus	11	months	for	WBRT	+	SRS,	P	=	.22).

TABLE	116.1
Comparison	of	the	Advantages	of	Surgery	and	Stereotactic	Radiosurgery

Surgery Stereotactic	Radiosurgery
Treatment	of	larger	lesion(s)	(>4	cm	diameter)
Immediate	removal	of	mass	effect	and	edema
Histologic	confirmation
Rapid	taper	of	steroids	for	symptomatic	lesions
Removal	of	cancer
Minimal	risk	for	radiation	necrosis
Less	intensive	follow-up
Less	long-term	dependency	on	steroids

Treatment	of	small	deep	lesion(s)	or	eloquent	areas
Minimally	invasive
No	general	anesthesia	use
Outpatient	procedure
Treatment	of	multiple	lesions	at	same	session
Short	recovery	time	(<1	wk)
Potentially	avoid	whole-brain	radiation	therapy
Rapid	initiation	of	systemic	therapies
Fewer	immediate	complications

From	 Suh	 JH.	 Stereotactic	 radiosurgery	 for	 the	 management	 of	 brain	 metastases.	 N	 Engl	 J	 Med	 2010;362:1119–1127,	 with
permission.

RTOG	9508,	a	phase	III	trial	of	333	patients	with	one	to	three	newly	diagnosed	brain	metastases,	randomized
patients	 to	WBRT	(37.5	Gy	in	15	fractions)	with	or	without	SRS	boost	using	maximum	doses	from	the	RTOG
9005	trial.42	Exclusion	criteria	included	patients	with	brain	stem	metastases	or	metastases	located	within	1	cm	of
the	optic	apparatus,	RPA	class	III	patients,	and	patients	who	had	received	systemic	treatment	within	1	month	of
enrollment.	 Although	 median	 survival	 was	 significantly	 improved	 for	 patients	 with	 a	 single	 brain	 metastasis
undergoing	WBRT	+	SRS	(6.5	versus	4.9	months,	P	=	 .039),	patients	with	 two	or	 three	 lesions	did	not	have	a
survival	benefit	from	SRS.	Patients	in	the	SRS	arm	were,	however,	more	likely	to	have	stable	or	improved	KPS
through	6	months	 (43%	versus	27%,	P	=	 .03)	 and	better	 local	 control	 (82%	versus	71%,	P	=	 .01).	Neurologic
death	rate	was	similar	in	the	two	arms	(approximately	34%).

Stereotactic	Radiosurgery	with	or	without	Whole-Brain	Radiotherapy
The	Japanese	Radiation	Oncology	Study	Group	conducted	a	randomized	phase	III	trial	of	WBRT	and	SRS	or	SRS
alone	for	patients	with	one	to	four	brain	metastases,	each	<3	cm	in	diameter.92	The	primary	end	point	was	overall
survival;	 however,	 the	 trial	was	 stopped	 early	 due	 to	 failure	 to	 accrue	 a	 sufficient	 number	 of	 patients,	 and	 the
survival	analysis	was	underpowered.	For	the	132	patients	accrued,	the	median	survival	time	and	1-year	actuarial
survival	rate	were	7.5	months	and	38.5%	in	the	WBRT	+	SRS	group	and	8	months	and	28.4%	for	SRS	alone	(P	=
.42),	respectively.	The	12-month	brain	tumor	recurrence	rate	was	significantly	lower	in	the	WBRT	+	SRS	group
(46.8%)	 than	 the	 SRS-alone	 group	 (76.4%,	 P	 <	 .001).	 When	 Mini-Mental	 State	 Examination	 (MMSE)	 was
examined	 in	 this	 study,	 the	 average	 duration	 until	 deterioration	was	 16.5	months	 in	 the	WBRT	 +	 SRS	 group
versus	 7.6	months	 in	 the	SRS-alone	 group	 (P	 =	 .05),	 suggesting	 that	 control	 of	 the	 brain	 tumor	was	 the	most
important	 factor	 for	 stabilizing	 NCF,	 although	 the	 utility	 of	 MMSE	 for	 NCF	 has	 not	 been	 independently
validated.93

Chang	et	al.94	published	results	of	a	randomized	trial	from	the	MD	Anderson	Cancer	Center	to	examine	NCF
as	the	primary	end	point	(HVLT-R)	in	patients	who	underwent	SRS	treatment	with	or	without	WBRT	(30	Gy	in
12	 fractions).	After	 accrual	 of	 58	patients,	 the	 trial	was	 stopped	prematurely	 based	on	 the	 early	 stopping	 rules
because	 analysis	 determined	 that	 patients	 treated	with	 SRS	 plus	WBRT	were	 at	 a	 greater	 risk	 of	 a	 significant
decline	 in	 learning	 and	memory	 function	 by	 4	months,	 as	 shown	 by	HVLT-R,	 compared	with	 the	 group	 that
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received	SRS	alone.	Central	nervous	system	(CNS)	recurrences	were,	however,	significantly	higher	in	the	group
receiving	 SRS	 alone;	 73%	 of	 patients	 in	 the	 SRS	 +	WBRT	 group	were	 free	 from	CNS	 recurrence	 at	 1	 year,
compared	with	27%	of	patients	who	received	SRS	alone	(P	=	.0003),	although	the	mortality	was	higher	in	the	arm
that	received	WBRT.

As	discussed	earlier,	Kocher	et	al.65	reported	the	results	of	a	phase	III	EORTC	study	of	359	patients	comparing
SRS	(199	patients)	or	surgery	 (160	patients)	with	or	without	WBRT.	The	primary	end	point	 for	 this	study	was
time	to	deterioration	of	WHO	performance	status	>2.	In	addition	to	the	significantly	decreased	risk	of	local	and
new	brain	relapse	with	the	addition	of	WBRT,	the	risk	of	neurologic	death	was	more	frequent	in	the	observation
arm	versus	the	WBRT	arm	(44%	versus	28%,	P	<	.002).

Recently,	a	phase	III	 intergroup	trial	 led	by	the	North	Central	Cancer	Treatment	Group	(N0574)	randomized
213	patients	with	one	 to	 three	brain	metastases	 to	SRS	alone	or	SRS	and	WBRT.95	SRS	alone	 resulted	 in	 less
cognitive	deterioration	and	improvement	in	overall	quality	of	life.	Compared	to	SRS	and	WBRT,	there	were	no
significant	differences	in	functional	independence	or	overall	survival,	but	time	to	intracranial	failure	was	shorter
with	SRS	alone.



Stereotactic	Radiosurgery	to	Resection	Cavity
Because	patients	undergoing	surgical	resection	alone	are	at	high	risk	for	local	recurrence,	the	use	of	radiosurgery
rather	 than	WBRT	has	been	explored	given	 the	potential	 side	effects	of	WBRT	and	 the	convenience	of	SRS.96
Mahajan	et	al.56	 recently	 reported	 the	 results	of	 a	phase	 III	 trial	 of	 resection	of	 a	brain	metastasis	 followed	by
observation	 or	 SRS	 to	 the	 resection	 cavity.	 At	 a	 median	 follow-up	 of	 11.1	 months,	 there	 was	 a	 significant
improvement	in	local	control	(43%	versus	72%)	with	SRS	with	no	adverse	events	encountered.	The	North	Central
Cancer	Treatment	Group,	 in	collaboration	with	RTOG,	 recently	 reported	 the	 results	of	a	phase	 III	 trial	 (RTOG
1270/N107C)	of	postsurgical	SRS	compared	with	WBRT	for	 resected	brain	metastases	 in	patients	with	 four	or
fewer	brain	metastases.97	The	resection	cavity	measured	<5	cm	in	maximal	extent	on	the	postoperative	MRI	(or
CT)	brain	scan	obtained	≤35	days	prior	to	preregistration.	In	this	study,	cognitive	deterioration-free	survival	was
higher	and	cognitive	deterioration	less	at	6	months	in	the	SRS	arm	with	no	difference	in	overall	survival.

A	concern	regarding	the	use	of	postoperative	SRS	is	that	inadvertent	tumor	spillage	during	surgery	might	lead
to	 a	 risk	of	 leptomeningeal	 disease	 (LMD)	 that	would	have	been	previously	 treated	with	WBRT.	A	 review	by
Patel	et	al.98	indicates	that	the	risk	of	postsurgical	SRS	LMD	may	be	as	high	as	17%,	and	the	MD	Anderson	SRS
versus	observation	study	indicated	an	LMD	rate	as	high	as	28%.56	The	risk	of	postoperative	SRS-associated	LMD
may	 vary	 with	 histology	 as	 patients	 with	 breast	 cancer	 histology	 has	 been	 found	 to	 have	 a	 higher	 rate	 of
leptomeningeal	spread.99	An	alternative	approach	to	the	combination	of	surgery	and	SRS	has	been	to	perform	SRS
followed	by	surgery.100	With	this	approach,	early	reports	indicate	a	lower	risk	of	postoperative	LMD	and	radiation
necrosis	 (3%	 and	 5%,	 respectively).	 A	 multi-institutional	 retrospective	 comparison	 of	 preoperative	 SRS	 and
postoperative	SRS	for	resected	brain	metastases	demonstrated	similar	local	and	distant	brain	recurrence,	but	lower
rates	of	LMD	and	symptomatic	radiation	necrosis	in	the	preoperative	SRS	group.98

Table	116.2	 summarizes	 the	various	phase	 III	 trials	of	 surgery	or	 radiosurgery	with	 and	without	WBRT	 for
patients	with	brain	metastases.

Salvage	Therapy
A	number	of	therapeutic	options	may	be	considered	for	salvage	therapy.	If	WBRT	is	given	upfront	and	the	patient
later	develops	recurrence	of	brain	metastases,	the	patient	can	be	safely	salvaged	with	SRS.	A	retrospective	study
from	Chao	et	al.101	reviewed	111	patients	who	received	SRS	after	failure	of	WBRT.	Local	control	was	73%	at	a
median	 time	of	15.4	months.	Median	overall	 survival	 time	was	 influenced	by	 time	 from	WBRT	 to	 recurrence.
Repeat	WBRT	is	not	usually	done	as	salvage	for	patients	with	better	prognosis	given	concerns	about	the	long-term
effects	of	radiation.	For	patients	with	limited	prognosis,	lower	doses	and	smaller	fraction	sizes,	such	as	20	to	25
Gy	in	10	fractions	or	30	Gy	in	30	fractions	(1	Gy	twice	a	day),	may	be	considered,	with	outcomes	similar	to	those
obtained	 following	 initial	WBRT	 for	RPA	 class	 II	 or	 III	 patients102,103	 and	with	 symptomatic	 improvement	 in
most	patients.	Surgery	is	not	often	repeated,	although	reoperation	can	be	considered	for	selected	patients.	Bindal
et	al.104	reported	median	survival	following	reoperation	of	11.5	months,	no	operative	mortality	or	morbidity,	and
neurologic	improvement	in	most	patients	(75%).	For	patients	treated	with	prior	SRS	or	WBRT,	Kotecha	et	al.105
reported	on	the	safety	and	efficacy	of	repeat	sessions	of	salvage	SRS	for	distant	failures	with	limited	detriment	to
a	patient’s	performance	status	or	quality	of	life.

Chemotherapy	and	Targeted	Therapies
One	 of	 the	 major	 challenges	 to	 success	 of	 chemotherapy	 has	 been	 the	 presence	 of	 the	 blood–brain	 barrier
(BBB),106	which	is	composed	of	 the	tight	 junctions	between	endothelial	cells	 that	 line	cerebral	capillaries.	As	a
result,	 a	 number	 of	 trials	 have	 shown	 no	 benefit	 from	 conventional	 systemic	 therapies	 for	 patients	 with	 brain
metastases.

However,	 the	role	of	medical	 therapeutics	has	changed	significantly	 in	recent	years	with	approval	of	several
new	targeted	therapies	that	are	able	to	cross	the	BBB	(Table	116.3).	Until	recently,	the	CNS	was	believed	to	be	an
immune-privileged	 site;	 however,	 there	 are	 promising	 data	 demonstrating	 the	 efficacy	 of	 immune	 checkpoint
blockade	in	the	brain	(see	Table	116.3).

Ten	to	15%	of	lung	adenocarcinoma	patients	harbor	EGFR	mutations,	and	4%	to	7%	have	ALK	translocation
harboring	adenocarcinoma.	Because	these	patients	tend	to	live	longer	and	have	good	extracranial	disease	control,
they	have	a	propensity	to	develop	brain	metastases.	Initial	small	studies	with	the	first-generation	epidermal	growth
factor	 receptor	 (EGFR)	 tyrosine	 kinase	 inhibitors	 (TKIs)	 erlotinib	 and	 gefitinib	 demonstrated	 activity	 in	 brain
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metastases.	However,	the	early	trials	of	WBRT	with	the	first-generation	EGFR	TKI	erlotinib	failed	to	show	any
improvement	in	overall	survival	in	unselected	patient	populations.107,108	The	third-generation	EGFR	TKIs	such	as
osimertinib,	 an	 oral	 irreversible	 inhibitor	 with	 activity	 even	 when	 EGFR	 T790M	 mutation	 exists,	 also	 show
intracranial	efficacy.109	In	a	pooled	data	analysis	from	phase	II	studies,	the	AURA	II	study	and	the	AURA	phase
II	expansion	cohort,	osimertinib	use	was	associated	with	an	objective	response	rate	of	56%	in	162	patients	with
asymptomatic	brain	metastases.110	In	a	phase	III	trial	of	EGFR-mutant	patients	with	brain	metastases	treated	with
osimertinib,	progression-free	survival	of	8.5	months	was	observed	compared	to	4.2	months	in	those	treated	with
chemotherapy.111	 Crizotinib	 is	 a	 first-generation	 ALK	 inhibitor	 that	 also	 has	 activity	 against	 ROS1	 and	MET
tyrosine	 kinases.	 Although	 crizotinib	 does	 not	 have	 BBB	 penetration,	 several	 case	 reports	 and	 retrospective
subanalyses	of	clinical	trials	reported	CNS	activity.112	 In	a	pooled	analysis	of	 two	studies	of	pretreated	patients
with	ALK-positive	NSCLC,	the	use	of	alectinib	was	associated	with	an	intracranial	response	rate	of	64%,	and	the
median	intracranial	event-free	survival	was	8.3	months.113	Ceritinib	and	brigatinib	have	also	demonstrated	activity
in	a	phase	II	trial	in	patients	with	brain	metastases.114	Figure	116.2	demonstrates	excellent	response	of	a	patient
with	adenocarcinoma	of	the	lung	treated	with	an	ALK	inhibitor,	crizotinib,	and	SRS.

Brain	 metastases	 are	 common	 in	 patients	 with	 metastatic	 breast	 cancer,	 particularly	 in	 those	 with	 HER2-
positive	and	triple-	negative	subtype.115	The	use	of	lapatinib,	a	TKI	of	the	HER2	receptor,	was	reported	to	have
clinical	activity	in	brain	metastases,	particularly	in	combination	with	capecitabine.116,117	The	combination	therapy
is	 associated	with	 a	 20%	 response	 rates	when	used	 after	 failure	 of	 radiation	 and	with	 a	 66%	 response	 rates	 in
radiation-naïve	patients.116,117	 In	 a	 phase	 II	 study	of	 neratinib	 and	 capecitabine,	 response	was	noted	 in	49%	of
patients	 with	 brain	 metastases	 by	 volumetric	 assessment	 and	 24%	 by	 the	 Response	 Assessment	 in	 Neuro-
Oncology	Brain	Metastases	(RANO-BM)	criteria.118

TABLE	116.2
Phase	III	Trials	of	Whole-Brain	Radiotherapy,	Surgery,	and	Stereotactic	Radiosurgery	for
Patients	with	Brain	Metastases

Study	(Ref.)/Years Treatment
No.	of
Patients

Median	Local	FFP
(mo)	or	%	at	1	y

Median	Funct	Indep.	Survival
(mo)	or	%	at	1	y

Median
Survival	(mo)

Patchell	et	al.,60
1985–1988

Biopsy	+	WBRT	(36	Gy/12	fx) 23 4.8 1.8 3.4

Surgery	+	WBRT	(36	Gy/12
fx)

25 >13.6 8.7 9.2

	 	 (P	<	.0001) (P	<	.005) (P	<	.01)

Noordijk	et	al.,61
1985–1990

WBRT	(40	Gy	at	2	Gy	BID) 31 — 3.5 6

Surgery	+	WBRT	(40	Gy	at	2
Gy	BID)

32 — 7.5 10

	 	 	 (P	=	.06) (P	=	.04)

Mintz	et	al.,62
1989–1993

WBRT	(30	Gy/10	fx) 43 — — 6.3

Surgery	+	WBRT	(30	Gy/10
fx)

41 — — 5.6

	 	 	 (P	=	NS) (P	=	.24)

Patchell	et	al.,63
1989–1997

Surgery 46 6.2 8.0 9.9

Surgery	+	WBRT	(50.4	Gy/28
fx)

49 >12.0 8.5 11.0

	 	 (P	<	.001) (P	=	.61) (P	=	.39)

Kondziolka	et	al.,41
1985–1988

WBRT	(30	Gy/12	fx) 14 6 — 7.5

WBRT	(30	Gy/12	fx)	+	SRS 13 36 — 11.0

	 	 (P	=	.0005) 	 (P	=	.22)

Andrews	et	al.,42
1996–2001

WBRT	(37.5	Gy/15	fx) 167 71%	1-y	LC — 5.7

WBRT	(37.5	Gy/15	fx)	+	SRS 164 82%	1-y	LC — 6.5

	 	 (P	=	.013) 	 (P	=	.136)

Aoyama	et	al.,92
1999–2003

SRS 67 73%	1-y	LC 27%	at	1	y 8.0

WBRT	(30	Gy/10	fx)	+	SRS 65 89%	1-y	LC 34%	at	1	y 7.5

	 	 (P	=	.002) (P	=	.53) (P	=	.42)



Chang	et	al.,94
2001–2007

SRS 30 67%	1-y	LC — 15.2
SRS	+	WBRT	(30	Gy/12	fx) 28 100%	1-y	LC — 5.7

	 	 (P	=	.012) 	 (P	=	.003)

Kocher	et	al.,65
1996–2007

Surgery	or	SRS 179 41%	2-y	LC 22.3%	at	2	y 10.9

Surgery/SRS	+	WBRT	(30
Gy/10	fx)

180 73%	2-y	LC 22.6%	at	2	y 10.7

	 	 (P	<	.001) 	 (P	=	.89)

Brown	et	al.,95
2002–2013

SRS 111 73%	1-y	LC — 10.4

SRS	+	WBRT	(30	Gy/12	fx) 102 90%	1-y	LC — 7.4

	 	 (P	=	.003) 	 (P	=	.24)

Mahajan	et	al.,56
2009–2016

Surgery 132 43%	1-y	LC — 18

Surgery	+	SRS 128 72%	1-y	LC — 17

	 	 (P	=	.015) 	 (P	=	.24)

Brown	et	al.,97
2011–2015

Surgery	+	SRS 98 62%	1-y	LC — 12.2

Surgery	+	WBRT	(30	Gy/10	fx
or	37.5	Gy/10	fx)

96 87%	1-y	LC — 11.6

	 	 (P	=	.0002) 	 (P	=	.70)
FFP,	 freedom	 from	progression;	 Funct	 Indep.,	 functionally	 independent;	WBRT,	whole-brain	 radiotherapy;	 fx,	 fractions;	NS,	 not	 significant;	SRS,	 stereotactic
radiosurgery;	LC,	local	control.

Approximately	 50%	 of	 patients	 with	 advanced	melanoma	 develop	 brain	 metastases,	 and	 half	 of	 metastatic
melanoma	 patients	 have	 BRAF	 mutations.	 Trials	 of	 the	 BRAF	 inhibitors	 dabrafenib	 and	 vemurafenib
demonstrated	intracranial	activity.119,120	The	use	of	dabrafenib	produced	response	rates	of	31%	in	those	who	had
failed	prior	radiation	and	39%	in	those	who	were	radiation	naïve.119	A	phase	II	study	of	dabrafenib	and	trametinib
tested	whether	the	combination	of	BRAF	inhibitor	and	MEK	inhibitor	was	superior	to	BRAF	inhibitor	alone.121
Dabrafenib	 and	 trametinib	 resulted	 in	 response	 rates	 of	 58%	 in	 patients	who	were	 radiation	 naïve	with	BRAF
V600E	mutation.

The	 first	 trial	 to	 demonstrate	 activity	 of	 immunotherapy	 in	 brain	 metastases	 was	 a	 phase	 II	 study	 of
ipilimumab,	 an	 anti–cytotoxic	 T-lymphocyte	 antigen	 4	 (CTLA-4)	 antibody,	 which	 demonstrated	 a	 12-week
intracranial	 disease	 control	 rate	 of	 18%	 in	 patients	 who	 were	 not	 on	 steroids,	 compared	 to	 5%	 in	 those	 on
steroids.122	In	a	phase	II	study	of	pembrolizumab,	a	programmed	cell	death	protein	1	(PD-1)	antibody,	in	patients
with	 progressive	 brain	metastases	 from	NSCLC	 and	melanoma	 demonstrated	 responses	 in	 6	 of	 the	 18	 (33%)
patients	with	lung	cancer	and	in	4	of	18	(22%)	patients	with	melanoma.123	Two	trials	reported	early	results	of	the
combination	of	ipilimumab	and	nivolumab	(PD-1	antibody)	at	the	American	Society	of	Clinical	Oncology	2017
annual	meeting.	In	the	Australian	study,	the	combination	was	associated	with	an	intracranial	response	in	42%	of
the	patients.124	Use	of	nivolumab	alone	was	associated	with	a	20%	response	rate.	In	the	CheckMate	204	study,	the
use	of	ipilimumab	and	nivolumab	showed	an	intracranial	objective	response	rate	of	55%.125

One	limitation	to	these	primary	medical	therapy	studies	is	the	lack	of	longer	term	data	demonstrating	durable
disease	control.	Further	investigation	is	required	to	compare	these	approaches	to	the	results	obtained	with	surgery,
radiosurgery,	and/or	WBRT.

TABLE	116.3
Select	Trials	of	Targeted	Agents	and	Immunotherapies	in	Patients	with	Brain	Metastases

Drug

Primary
Tumor
Type Phase	of	Trial

Prior	Treatment
for	Brain
Metastases No.	of	Patients

Intracranial
Response
Rate

Intracranial
Progression-Free
Survival

Overall
Survival

TARGETED	THERAPY

Dabrafenib119 Melanoma II Cohort	A:
previously
untreated
Cohort	B:
previously	treated

Cohort	A,
V600E:	74

39.2% 16.1	wk 33.1	wk

Cohort	A,
V600K:	15

6.7% 8.1	wk 31.4	wk

Cohort	B,
V600E:	65

30.8% 16.6	wk 16.3	wk

Cohort	B,
V600K:	18

22.2% 15.9	wk 21.9	wk
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Dabrafenib136 Melanoma I/II None 10 90% 4.2	mo NR

Vemurafenib137 Melanoma II Previously	treated 24 37% 4.4	mo 5.3	mo

Vemurafenib120 Melanoma II Cohort	1:
previously
untreated
Cohort	2:
previously	treated

Cohort	1:	90 18% 3.7	mo 7	mo

Cohort	2:	56 20% 3.94	mo 9.53	mo

Erlotinib107 Lung III None WBRT	+	SRS:
44

NR 8.1	mo 13.4	mo

WBRT	+	SRS	+
temozolomide:
40

NR 4.6	mo 6.3	mo

WBRT	+	SRS	+
erlotinib:	41

NR 4.8	mo 6.1	mo

Erlotinib108 Lung II Prior	WBRT 40 86% NR 11.8	mo

Gefitinib138 Lung II Previously	treated
and	naïve

41 27% 3	mo 5	mo

Alectinib113 Lung Pooled	analysis
of	two	phase	II
trials

Asymptomatic
treatment	naïve

50 64% 10.8	mo NR

Lapatinib	plus
capecitabine117

Breast II Previously
untreated

45 65.9% 5.5	mo 17	mo

Neratinib	and
capecitabine118

Breast II Previously	treated 39 49% NR NR

IMMUNOTHERAPY

Ipilimumab122 Melanoma II Treatment	naïve Patients	on
steroids:	21

10% NR 3.7	mo

Patients	not	on
steroids:	51

24% NR 7.0	mo

Ipilimumab	plus
fotemustine139

Melanoma II Treatment	naïve 20 50% NR 12	mo

Pembrolizumab123 Melanoma
and	lung
cancer

II Treatment	naïve
and	progressive

Melanoma:	18 22% NR NR

Lung:	18 33% NR NR

NR,	not	reported;	WBRT,	whole-brain	radiotherapy;	SRS,	stereotactic	radiosurgery;	mo	=	month,	wk	=	week.

LEPTOMENINGEAL	METASTASES
Leptomeningeal	metastases	 (LM)	 or	 neoplastic	meningitis	 is	 a	 serious	 complication	 in	 patients	with	 advanced
solid	 (leptomeningeal	 carcinomatosis	 or	 carcinomatous	 meningitis)	 or	 hematologic	 malignancies	 (leukemic
meningitis	 or	 leptomeningeal	 leukemia).	 Because	 LM	 is	 often	 underdiagnosed,	 early	 management	 can	 be
challenging,	with	treatment	being	mostly	palliative.	The	overall	prognosis	is	very	poor,	with	median	survival	of	2
to	 3	 months	 and	 1-year	 survival	 of	 15%.126	 For	 patients	 with	 leukemic	 and	 lymphomatous	 meningitis,	 the
outcomes	are	better.

Epidemiology
Although	the	incidence	of	LM	varies	depending	on	the	type	of	primary	cancer	and	stage	of	disease	(0.8%	to	8	%),
it	is	estimated	that	5%	to	15%	of	patients	with	cancer	are	diagnosed	with	this	complication.	In	autopsy	series,	the
estimated	rate	of	LM	has	been	reported	to	be	as	high	as	19%.127

Clinical	Presentation
Given	the	subtle	signs	and	symptoms,	LM	can	be	easily	missed.	Greater	 than	50%	of	patients	have	spinal	cord
dysfunction	 as	 the	 primary	 presenting	 symptom,	 followed	 by	 cranial	 neuropathies,	 hemispheric	 defects,	 and
nonfocal	 presentations.128	 If	 hydrocephalus	 is	 caused	 by	 obstruction	 of	 the	 cerebral	 aqueduct	 or	 the	 arachnoid
granulations,	placement	of	an	external	ventricular	drain	and/or	ventriculoperitoneal	shunt	may	be	helpful.129



Diagnosis
Given	 the	 difficulty	 with	 diagnosing	 LM,	 a	 thorough	 neurologic	 history	 and	 physical	 examination,	 contrast-
enhanced	MRI	of	the	brain,	and	examination	of	the	CSF	are	important	in	establishing	the	diagnosis	of	LM.130	In
addition,	 a	 contrast-enhanced	 MRI	 of	 the	 spine	 should	 be	 completed	 if	 signs	 and/or	 symptoms	 warrant.
Radiographic	presentations	may	 include	hydrocephalus	without	an	 identifiable	 intracranial	 lesion,	partial	or	 full
obstruction	of	CSF	flow,	and	LM	enhancement.	Approximately	50%	of	patients	with	LM	and	spinal	symptoms
have	abnormal	imaging	studies	using	gadolinium-enhanced	MRI.131	Figure	116.3	demonstrates	MRI	findings	in
the	posterior	fossa	and	ventricles	in	a	patient	with	LM.

Figure	116.2	A:	Magnetic	resonance	imaging	of	the	brain	demonstrating	multiple	brain	metastases
from	anaplastic	lymphoma	kinase–positive	adenocarcinoma	of	the	lung.	The	patient	was	treated
with	crizotinib	followed	by	stereotactic	radiosurgery	for	persistent	disease.	B:	One-year	follow-up
magnetic	resonance	imaging	demonstrating	excellent	response	to	stereotactic	radiosurgery	and

crizotinib.	The	patient	is	very	functional	and	works	full	time.

Examination	 of	 the	CSF,	which	 is	 usually	 performed	 via	 high-volume	 lumbar	 puncture,	 represents	 the	 sole
diagnostic	 criteria	 for	 LM	 in	 approximately	 one-half	 of	 cases.	 The	 CSF	 is	 examined	 for	 opening	 pressure,
appearance,	glucose,	protein,	white	and	red	blood	cell	counts	with	differential,	and	the	presence	of	any	abnormal
cells	by	cytology	or	 flow	cytometry.	Unfortunately,	cytologic	evaluation	of	 the	CSF	 is	an	 insensitive	 test,	with
40%	to	50%	of	patients	having	negative	CSF	cytology.132	If	the	initial	examination	of	the	CSF	is	negative,	up	to
two	repeat	CSF	examinations	should	be	performed	to	increase	diagnostic	sensitivity.

Radiation	Therapy
Radiation	 therapy	provides	 effective	palliation	 in	many	 cases	of	LMD,	 such	 as	 symptomatic	 sites	 and	 regions,
cranial	neuropathies,	and	cauda	equina	syndrome.133	Craniospinal	irradiation	is	generally	not	recommended	given
the	potential	toxicity	and	amount	of	bone	marrow	irradiated,	which	may	preclude	the	use	of	chemotherapy.	As	a
result,	 the	 use	 of	 involved-field	 radiation	 therapy	 possibly	 followed	 by	 intrathecal	 chemotherapy	 is	 generally
recommended.
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Intra–Cerebrospinal	Fluid	Chemotherapy
Given	 the	BBB,	 the	 best	 approach	 to	 administer	 chemotherapy	within	 the	 leptomeningeal	 space	without	 bulky
disease	is	through	an	intraventricular	access	device	such	as	an	implanted	subcutaneous	reservoir	and	ventricular
catheter	(Ommaya	reservoir)	with	intrathecal	delivery	via	lumbar	puncture	as	an	alternative.	A	limitation	of	this
approach	is	impaired	or	obstructed	CSF	flow	from	bulky	meningeal	disease,	which	impairs	or	obstructs	CSF	flow.
Generally,	 radiation	 therapy	 is	 delivered	prior	 to	 intra-CSF	 therapy.	Based	on	 limited	 and	older	 data,	 radiation
therapy	 and	 intra-CSF	 therapies	 are	 not	 delivered	 concurrently	 secondary	 to	 concerns	 of	 increased
neurotoxicity.134

Commonly	 used	 intrathecal	 chemotherapy	 agents	 include	 methotrexate,	 cytarabine,	 liposomal	 form	 of
cytarabine,	 and	 thiotepa.	 Complications	 associated	 with	 intra-CSF	 chemotherapy	 include	 treatment-related
meningitis	that	most	frequently	presents	as	a	chemical	arachnoiditis,	with	fewer	than	10%	of	patients	experiencing
bacterial	meningitis.	A	small	percentage	of	patients	may	experience	chemotherapy-related	leukoencephalopathy,
which	 appears	 to	 occur	 most	 commonly	 in	 patients	 who	 receive	 intrathecal	 methotrexate	 following	 cranial
irradiation.

Systemic	Chemotherapy	and	Other	Agents
Unlike	most	water-soluble	drugs,	high-dose	 systemic	administration	of	methotrexate	 results	 in	 therapeutic	drug
levels	 in	the	CSF,	resulting	in	activity	in	neoplastic	meningitis	 in	lymphoma	and	some	solid	tumors.	High-dose
intravenous	methotrexate	administration	is	active	even	when	there	is	obstruction	of	CSF	flow,	which	sometimes
compromises	 the	 subarachnoid	 administration	 of	 drugs.	 Its	 administration	 does	 require	 detailed	 inpatient
monitoring	of	fluid	status	and	renal	function,	urine	alkalinization,	and	leucovorin	rescue,	which	limits	its	use.135
Targeted	 therapies	 such	 as	 erlotinib	 (pulsatile	 doses),	 osimertinib,	 and	 ANG1005	 have	 shown	 preliminary
evidence	of	efficacy	in	oncogenic-driven	tumors	that	needs	confirmation	in	larger	prospective	trials.

Figure	116.3	Magnetic	resonance	imaging	of	the	brain	demonstrating	leptomeningeal	metastases
in	a	woman	with	breast	cancer	who	presented	with	severe	headaches.
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117 Metastatic	Cancer	to	the	Lung
John	Yonge	and	Jessica	Donington

INTRODUCTION
Ultimately,	 uncontrolled	 metastatic	 disease	 is	 the	 most	 frequent	 cause	 of	 cancer-related	 death.	 Whereas
widespread	disease	is	not	amenable	to	localized	therapy,	metastatic	spread	that	is	limited	to	a	single	organ	can	be
successfully	 treated	 with	 localized	 therapy.	 In	 1882,	 Weinlechner	 performed	 the	 first	 surgical	 resection	 of
metastatic	 pulmonary	 disease	 from	 a	 primary	 rib	 sarcoma.1	 Pulmonary	 metastasectomy	 eventually	 gained
popularity	 in	 the	 1960s	 and	 1970s	 after	 a	 series	 of	 patients	 who	 underwent	 repeated	 pulmonary	 resection	 for
metastatic	 osteogenic	 sarcoma	 demonstrated	 a	 5-year	 survival	 rate	 >30%	 compared	 with	 17%	 in	 historical
controls.2	 Since	 that	 time,	 hundreds	 of	 studies	 have	 documented	 promising	 outcomes	 after	 pulmonary
metastasectomy	 among	 numerous	 tumor	 types.	 However,	 most	 of	 these	 studies	 are	 small,	 single-institution
retrospective	reviews;	large	prospective	data	sets	are	not	currently	available	to	guide	clinical	decisions	regarding
which	 patients	 are	 most	 likely	 to	 benefit	 from	 resection.	 Furthermore,	 the	 increased	 efficacy	 of	 “targeted”
molecular	therapies	and	immune	checkpoint	modulators	for	specific	histologies	has	heightened	the	importance	of
a	 multidisciplinary	 approach	 to	 the	 management	 of	 metastatic	 disease.	 Surgery	 may	 no	 longer	 be	 the	 best
therapeutic	option	for	a	specific	tumor	type.

Despite	 the	 lack	of	 randomized	data	proving	efficacy	of	pulmonary	metastasectomy,	 its	use	 is	 increasing.	A
recent	analysis	 from	 the	National	 Inpatient	Sample	 (NIS)	noted	a	 significant	 increase	 from	2000	 to	2011	 in	 its
application	 for	 the	 management	 of	 common	 cancers,	 including	 colorectal,	 breast,	 and	 melanoma.3	 Control	 of
pulmonary	metastasis	from	colorectal	carcinoma	demonstrated	the	largest	annual	increase	at	9.4%.	The	increased
use	of	pulmonary	metastasectomy	for	colorectal	cancer	highlights	the	synergy	between	improved	tolerability	for
resection	and	more	efficacious	systemic	therapies.	Better	drugs	have	dramatically	slowed	the	pace	of	metastatic
progression	 and	 allowed	 greater	 time	 for	 consideration	 of	 local	 interventions,	 whereas	 the	minimally	 invasive
approach	has	improved	the	safety	of	metastasectomy,	increased	the	number	of	patients	who	can	tolerate	resection,
and	reduced	breaks	in	systemic	therapy	for	local	intervention.

This	chapter	discusses	the	evaluation	and	management	of	patients	with	isolated	pulmonary	metastases.	General
issues	addressed	include	the	role	of	diagnostic	imaging,	surgical	approach	(video-assisted	thoracoscopic	surgery
[VATS]	 versus	 thoracotomy),	 extent	 of	 resection	 (wedge	 versus	 anatomic	 resection),	 role	 of	 lymph	 node
dissection,	 and	 expanding	 role	 of	 image-guided	 ablative	 therapies.	The	 chapter	 concludes	with	 a	 review	of	 the
evidence	for	metastasectomy	by	primary	tumor	type	and	a	discussion	of	tumor-specific	multimodal	therapies.

PRESENTATION	AND	DIAGNOSIS	OF	PULMONARY	METASTASES
The	majority	of	pulmonary	metastases	are	asymptomatic	and	detected	 radiographically.	Approximately	20%	of
patients	 with	 pulmonary	 metastases	 have	 symptoms,	 with	 cough	 and	 hemoptysis	 being	 most	 common.	 The
presence	of	symptoms	usually	suggests	proximity	of	tumor	to	larger	airways.	True	endobronchial	metastases	are
rare	 but	 can	 occur	 in	 patients	 with	 metastases	 from	 colorectal,	 breast,	 renal,	 melanoma,	 and	 thyroid	 cancer.
Patients	may	 also	 present	with	 chest	 pain,	 a	 possible	 sign	 of	 chest	wall	 invasion,	 or	 constitutional	 symptoms.
Workup	should	include	a	detailed	history	and	physical	exam	as	well	as	cross-sectional	imaging.

Cross-sectional	 imaging	 is	 essential	 in	 the	 evaluation	 of	 a	 patient	 with	 pulmonary	 metastases.	 Computed
tomography	(CT)	scanning	is	the	most	common	method.	Chest	CT	is	accurate,	widely	available,	and	associated
with	a	low	dose	of	radiation	exposure.	CT	imaging	technology	has	evolved	significantly	since	its	introduction,	and
modern	 thin-section	 low-dose	CT	 is	highly	 effective	 for	 imaging	pulmonary	metastases.4,5	Fluorodeoxyglucose
positron	 emission	 tomography	 (PET)	 enables	 identification	 of	 extrathoracic	 tumor	 sites	 and	 simultaneously
characterizes	pulmonary	foci	of	disease	on	a	metabolic	basis.	PET	is	essential	for	patients	with	a	short	disease-free
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interval	(DFI)	and	questionable	extrathoracic	sites	of	disease.	Magnetic	resonance	imaging	(MRI)	is	in	general	a
poor	 technique	 for	 imaging	 pulmonary	 tissue	 and	 not	 a	 useful	 modality	 for	 routine	 imaging	 of	 pulmonary
metastases	compared	with	CT.	MRI	is	useful	for	demonstrating	tumor	invasion	of	the	great	vessels,	heart,	chest
wall,	or	nervous	structures,	including	the	spine	or	brachial	plexus,	and	in	ruling	out	synchronous	liver	metastases.

The	 classic	 CT	 appearance	 of	 pulmonary	metastases	 is	 a	 smooth,	 well-circumscribed,	 peripheral	 nodule	 (a
“gumball”	or	“cannonball”)	(Fig.	117.1).	Metastases	also	frequently	appear	in	multiple	sites	throughout	the	lungs
simultaneously.	Despite	radiographic	appearance,	it	is	important	to	differentiate	suspected	metastatic	lesions	from
other	 pulmonary	 pathologies.	 Multiple	 simultaneous	 lesions	 may	 need	 to	 be	 differentiated	 from	 infectious
processes,	whereas	single	lesions	require	differentiation	from	primary	lung	cancer.	The	likelihood	of	pulmonary
metastases	relative	 to	a	new	primary	malignancy	 is	 related	 to	 the	 tissue	 type	of	 the	patient’s	antecedent	cancer,
risk	factors	for	lung	cancers,	and	the	interval	between	the	previous	malignancy	and	presentation.	In	patients	with
history	of	sarcoma	or	melanoma,	a	new	pulmonary	nodule	is	10-fold	more	likely	to	be	a	metastasis	 than	a	new
primary	lung	cancer.	If	the	initial	tumor	was	of	genitourinary	or	colorectal	origin,	there	is	equal	chance	that	the
tumor	is	either	a	metastasis	or	new	primary.	If	the	primary	tumor	is	of	head	and	neck	origin,	the	newly	identified
lesion	 is	 twice	as	 likely	 to	be	a	new	primary	 lung	cancer	 than	a	metastasis.6	These	assumptions	 reflect	 relative
differences	in	patterns	of	spread	and	predisposing	risk	factors	(e.g.,	tobacco	smoking)	between	lung	cancer	and	the
histologies	in	question.	Patients	with	a	history	of	non–small-cell	lung	cancer	(NSCLC)	have	a	unique	pattern	for
recurrence	in	the	first	4	years	after	curative	resection	of	early-stage	NSCLC;	the	risk	for	recurrence	is	6%	to	10%
per	person-year	but	decreases	to	2%	thereafter.	The	risk	for	a	second	primary	NSCLC	ranges	from	3%	to	6%	per
person-year	 and	does	not	diminish	over	 time.7	 In	patients	with	a	history	of	previous	 lung	cancer,	new	primary
lung	cancers	are	more	likely	after	4	years	and	usually	have	a	classic	radiographic	appearance	of	early	tumors,	such
as	spiculation	or	a	mixed	solid	and	ground-glass	nodule.	Primary	lung	cancer	risk	prediction	models,	such	as	the
Bach	model6	and	model	based	on	the	European	Prospective	Investigation	into	Cancer	and	Nutrition	data,8	which
take	 into	account	an	 individual’s	age,	sex,	asbestos	exposure	history,	and	smoking	history	(duration,	number	of
cigarettes	per	day,	and	time	since	quitting	smoking),	can	also	be	used	to	estimate	the	probability	that	a	lung	nodule
is	a	primary	lung	cancer	as	opposed	to	a	metastasis.

Figure	117.1	A–D:	Computed	tomography	image	of	pulmonary	metastases	demonstrates	a	classic
radiographic	appearance:	circular,	well	circumscribed,	multiple,	and	peripheral.



Ultimately,	 determining	whether	 a	 new	pulmonary	nodule	 is	 a	metastasis	 or	 second	primary	 tumor	 requires
histopathologic	confirmation.	In	specific	circumstances	where	surgical	removal	will	not	be	pursued,	nonoperative
biopsy	is	preferable.	Techniques	including	image-guided	percutaneous	biopsy,	fluoroscopic-guided	transbronchial
biopsy,	endobronchial	ultrasound,	or	navigational	bronchoscopy	are	all	reasonable	approaches	and	should	be	used
based	on	 the	 location	of	 the	nodule,	 institutional	expertise,	and	patient-specific	concerns.	Differentiating	site	of
origin	can	be	confounded	by	the	histologic	similarity	between	primary	lung	cancer	and	metastatic	 lesions,	most
commonly	differentiating	between	primary	squamous	cell	cancers	and	lung	and	metastatic	head	and	neck	tumors.
Molecular	analyses	may	be	useful	in	these	circumstances.	In	patients	who	cannot	be	diagnosed	by	nonoperative
means,	surgical	exploration	and	biopsy,	preferably	by	VATS,	is	appropriate.

SURGICAL	METASTASECTOMY
Criteria	for	Surgical	Resection
Originally	put	 forth	by	Ehrenhaft	et	al.9	 in	1958	and	modified	by	Thomford	et	 al.10	 in	1965,	 the	 following	are
generally	 accepted	 criteria	 for	 defining	 the	 patient	 population	 appropriate	 for	 pulmonary	 metastasectomy:	 (1)
definitive	 control	 of	 the	 primary	 tumor	 has	 occurred	 (or	 is	 possible),	 (2)	 absence	 of	 (or	 ability	 to	 control)
extrathoracic	metastatic	disease,	 (3)	 the	 lung	metastases	are	amenable	 to	complete	resection,	 (4)	 the	patient	can
tolerate	 the	planned	procedure,	 and	 (5)	 there	 is	no	better	 treatment	 alternative.11	Using	 these	 criteria,	 however,
long-term	survival	after	metastasectomy	remains	uncommon,	reflecting	the	fact	 that	 in	only	a	subset	of	patients
does	the	resected	disease	represent	the	entire	metastatic	burden.	The	potential	for	extrathoracic	spread	of	a	tumor
influences	the	likelihood	of	surgical	management	for	pulmonary	metastatic	disease.	This	is	demonstrated	by	the
International	 Registry	 of	 Lung	 Metastasis	 (IRLM)	 database,	 in	 which	 the	 distribution	 of	 primary	 tumors	 in
decreasing	 frequency	was	 as	 follows:	751	 soft	 tissue	 sarcomas,	 734	osteosarcomas,	 645	colorectal	 carcinomas,
396	breast	cancers,	372	renal	cancers,	282	melanomas,	and	247	head	and	neck	cancers.12	Sarcomas	are	relatively
rare	tumors	compared	to	breast	cancer,	but	their	predilection	for	young	patients	and	isolated	spread	to	the	lungs
make	use	of	pulmonary	metastasectomy	common.	Ultimately,	the	greatest	management	difficulty	is	differentiating
patients	who	might	benefit	from	surgical	extirpation	from	those	whose	disease	has	already,	or	will	soon,	spread
beyond	the	means	of	surgical	control.	Retrospective	analyses	have	allowed	clinicians	to	predict	which	patients	are
more	likely	to	have	favorable	outcomes	after	metastasectomy.	By	far,	the	largest	analysis	of	postmetastasectomy
outcomes	 is	 from	 the	 IRLM,	 published	 in	 1997.12	 That	 project	 included	 18	 institutions	 around	 the	 world	 and
retrospectively	 analyzed	 over	 5,000	 cases	 of	 surgical	metastasectomy	 for	 curative	 intent	 for	 varied	 histologies.
Actuarial	 overall	 survival	 was	 significantly	 higher	 among	 patients	 who	 underwent	 complete	 (R0)	 surgical
resection,	 with	 5-,	 10-,	 and	 15-year	 survival	 rates	 of	 36%,	 26%,	 and	 22%,	 respectively,	 compared	 to	 13%	 at
5	years	and	7%	at	10	years	among	patients	with	incomplete	(R1	or	R2)	resections.	Other	factors	that	positively
influenced	long-term	survival	in	the	IRLM	were	DFI	>36	months	(5-year	survival,	45%	versus	31%	for	patients
with	DFI	 <36	months)	 and	 single	metastasis	 (5-year	 survival,	 43%	 versus	 34%	 for	 patients	with	 two	 or	 three
lesions	and	27%	for	patients	with	four	or	more	lesions).	Based	on	their	analysis,	the	outcomes	could	be	stratified
into	four	groups	based	on	the	following	risk	factors:	(1)	resectability	of	disease,	(2)	single	or	multiple	metastases,
and	(3)	if	the	DFI	was	>36	months.	Patients	with	favorable	risk	in	all	three	criteria	could	anticipate	50%	survival
at	5	years	compared	to	<15%	for	those	with	unfavorable	criteria	for	each	risk	factor	(Fig.	117.2).
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Figure	117.2	Kaplan-Meier	survival	curves	from	the	International	Registry	of	Lung	Metastases
retrospective	review	of	5,206	cases	of	lung	metastasectomy.	Patient	outcomes	could	be	stratified
using	risk	factors	of	(1)	whether	their	disease	was	resectable,	(2)	single	or	multiple	metastases,	and
(3)	if	the	disease-free	interval	was	>36	months.	(Reprinted	with	permission	from	Pastorino	U,

Buyse	M,	Friedel	G,	et	al.	Long-term	results	of	lung	metastasectomy:	prognostic	analyses	based	on
5206	cases.	The	International	Registry	of	Lung	Metastases.	J	Thorac	Cardiovasc	Surg

1997;113:37–49.)

The	need	to	perform	a	second	(repeat)	metastasectomy	in	the	IRLM	analysis	was	associated	with	remarkably
good	5-year	survival	(44%),	which	suggested	that	patients	who	experience	recurrence	and	are	still	physiologically
able	 to	 tolerate	surgery	should	be	offered	 re-resection.	Subsequent	outcomes	studies	after	metastasectomy	have
corroborated	 the	 IRLM	 results	 and	 have	 continued	 to	 demonstrate	 the	 prognostic	 importance	 of	 complete
resection,	 prolonged	 DFI,	 and	 lesser	 numbers	 of	 metastases.	 Additional	 prognostic	 factors	 include	 histologic
variants,	presence	of	lymph	node	metastasis,	response	to	chemotherapy,	and	lesion	size.

However,	these	risk	factors	alone	are	insufficient	to	determine	whether	a	patient	should	undergo	surgery.	The
decision	to	operate	must	be	individualized	as	the	risk–benefit	relationship	is	intimately	tied	to	a	patient’s	specific
histology,	tumor	location,	and	physiologic	state.	Furthermore,	the	role	of	metastasectomy	must	be	considered	in
conjunction	with	current	nonsurgical	treatment	options,	which	continue	to	advance	and	may	offer	similar	benefit
to	 resection.	Breast	 and	 renal	 cell	 carcinoma	exemplify	 this	 phenomenon.	Several	 large	but	 older	 retrospective
studies	 demonstrated	 a	 benefit	 from	 pulmonary	 metastasectomy	 in	 these	 histologies.	 Currently,	 patients	 with
pulmonary	metastasis	from	these	tumors	demonstrate	prolonged	response	with	novel	systemic	therapies,	and	only
highly	 selected	 cases	 are	 reserved	 for	 surgery.	 As	 targeted	 and	molecular	 therapies	 continuously	 improve	 the
treatment	 of	 solid	 tumors,	 the	 criteria	 for	 pulmonary	 metastasectomy	 also	 evolve.	 The	 decision	 to	 perform
pulmonary	 metastasectomy	 must	 be	 part	 of	 a	 multimodality	 discussion	 between	 patients,	 surgeons,	 medical
oncologists,	pulmonologists,	and	radiation	oncologists.



Large	randomized	trials	provide	 the	best	evidence	 to	direct	efficacious	 treatment.	A	large	 trial	of	pulmonary
metastasectomy	for	colorectal	cancer	is	under	way	in	Britain	and	will	likely	have	a	significant	impact	on	clinical
decision	making	in	that	histology.13	Unfortunately,	randomized	data	mature	slowly	and	can	be	nearly	impossible
to	 obtain	 for	 all	 clinical	 scenarios;	 therefore,	 the	 decision	 to	 operate	 often	 relies	 on	 the	 results	 of	 large
retrospective	series	and	databases.	Ongoing	advances	in	the	treatment	of	metastatic	disease	should	temper	the	use
of	these	retrospective	data	to	guide	modern	clinical	practice.

Open	versus	Minimally	Invasive	Surgery
The	 surgical	 approach	 to	metastasectomy	 is	 controversial,	with	 retrospective	 studies	 supporting	 both	 open	 and
minimally	 invasive	 approaches.	 The	 argument	 for	 a	 minimally	 invasive	 approach	 is	 based	 on	 decreased	 pain,
shorter	hospital	stay,	improved	time	to	and	tolerance	for	chemotherapy,	and	increased	tolerability	in	patients	with
poor	 pulmonary	 function,14	 relative	 to	 improved	 detection	 of	 small	 metastases	 (<5	 mm)	 afforded	 by	 manual
palpation	of	the	lung	with	open	surgery.	As	thoracoscopic	techniques	gain	popularity	for	a	wide	range	of	thoracic
procedures,	surgeons	have	been	keen	to	apply	this	technique	to	metastasectomy.	Historical	studies	suggested	that
without	 manual	 palpation	 of	 the	 lung,	 small	 metastatic	 lesions	 would	 be	 missed,	 thus	 increasing	 the	 risk	 for
incomplete	 resection.	 If	 the	 foundation	 for	 metastasectomy	 is	 resection	 of	 all	 disease,	 then	 a	 technique	 that
potentially	leaves	disease	behind	is	inappropriate.	Convincing	evidence	in	favor	of	an	open	approach	and	manual
palpation	 of	 the	 lungs	 came	 from	 the	Memorial	 Sloan	Kettering	 Cancer	 Center	 in	 1996.15	 In	 this	 prospective
series,	 18	 patients	 underwent	 a	 VATS	 resection	 immediately	 followed	 by	 thoracotomy.	 A	 total	 of	 10	 (56%)
patients	had	malignant	 lesions	found	at	 thoracotomy	that	were	not	 identified	on	preoperative	 imaging	or	during
thoracoscopy.	The	authors	made	the	following	conclusions:	(1)	CT	scan	of	chest	underestimated	 the	number	of
lung	metastases	(that	therefore	would	be	unable	to	be	found	thoracoscopically)	and	(2)	thoracotomy	after	VATS
identified	nodules	missed	during	VATS.	Although	this	study	is	criticized	for	not	using	“high-definition”	imaging
and	modern	 thoracoscopic	 techniques,	other	studies	have	subsequently	corroborated	 these	 results	with	a	similar
percentage	of	“missed”	nodules.16–18

Modern	 high-resolution	 CT	 scan	 affords	 precise	 diagnostic	 imaging	 of	 patients	 with	 pulmonary	 disease.
However,	 numerous	modern	 series	 continue	 to	 suggest	 that	 CT	 underestimates	 the	 number	 of	 true	 pulmonary
metastases.	In	a	recent	study	from	the	John	Wayne	Cancer	Institute,	additional	lesions	were	identified	in	26%	of
patients	undergoing	thoracotomy	that	were	not	identified	on	preoperative	chest	CT.19	Missed	nodules	were	more
common	if	multiple	nodules	were	identified	preoperatively	and	if	the	nodules	were	<1.5	cm.	Similar	results	were
reported	by	Cerfolio	et	al.17	 in	a	prospective	cohort	of	152	patients,	 in	which	51	(34%)	patients	had	pulmonary
nodules	 detected	 at	 surgery	 that	 were	 not	 imaged	 preoperatively	 and	 over	 half	 of	 which	were	malignant.	 The
increased	difficulty	with	intraoperative	localization	of	nodules	identified	by	CT	is	an	additional	concern	with	the
minimally	 invasive	 approach.	 Eckardt	 and	 Licht21	 demonstrated	 that	 cross-sectional	 imaging	 of	 89	 patients
identified	 a	 total	 of	 140	 suspicious	metastatic	 pulmonary	nodules,	 but	 only	122	 (87%)	nodules	were	 identified
during	 subsequent	VATS.	 Immediate	post-VATS	 thoracotomy	 identified	 an	 additional	67	 lesions;	 22	 (33%)	of
these	lesions	were	malignant	disease,	43	(64%)	were	benign	disease,	and	2	(3%)	were	primary	lung	carcinomas.20
In	an	effort	to	reduce	the	rate	of	missed	nodules	during	thoracoscopy,	multiple	authors	have	advocated	for	the	use
of	 noninvasive	 intraoperative	 ultrasonography21	 and	 preoperative	 transthoracic	 endosongraphy,22	 which	 have
demonstrated	improved	lesion	detection	rates	compared	with	VATS	and	cross-sectional	imaging	alone.

Despite	 evidence	 that	 nodules	 may	 be	 missed	 by	 VATS	 resection,	 multiple	 retrospective	 series	 have
demonstrated	 that	both	short-term23,24	 and	 long-term	survival	 are	 similar	between	patients	undergoing	 the	open
and	 VATS	 approaches,25–29	 including	 a	 retrospective	 cohort	 study	 completed	 by	 Carballo	 et	 al.28	 that
demonstrated	 no	 difference	 in	 the	 number	 of	 recurrent	 thoracic	 lesions	 developing	 after	 metastasectomy	 for
various	 types	 of	 adenocarcinoma.	 A	 study	 that	 compared	 VATS	 to	 thoracotomy	 for	 treatment	 of	 sarcoma
metastases	 demonstrated	 nearly	 identical	 3-year	 survival	 without	 ipsilateral	 recurrence	 (44.4%	 versus	 45%).24
Proponents	 of	 the	 minimally	 invasive	 approach	 argue	 that,	 ultimately,	 tumor	 biology	 is	 the	 factor	 that	 most
profoundly	 affects	 survival	 after	 metastasectomy	 and	 patients	 should	 be	 offered	 the	 least	 invasive	 procedure.
Finally,	as	support	increases	for	repeated	resection	in	the	face	of	recurrent	disease,	minimally	invasive	techniques
offer	an	improved	logistical	alternative	to	repeated	open	procedures.

No	large	or	randomized	studies	exist,	or	are	likely	to	be	performed,	to	determine	which	surgical	technique	is
superior.	 A	 recent	 meta-analysis	 comparing	 VATS	 to	 open	 metastasectomy	 demonstrated	 improved	 overall
survival	 with	 VATS.	 The	 authors	 suggest	 that	 the	 need	 for	 manual	 palpation	 to	 identify	 occult	 nodules,	 not
demonstrated	 on	 preoperative	 imaging,	 does	 not	 improve	 overall	 survival	 and	 potentially	 leads	 to	 increased
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morbidity.30	 Currently,	 the	 majority	 of	 thoracic	 surgeons	 favor	 thoracotomy	 for	 treatment	 of	 pulmonary
metastases,	but	minimally	invasive	techniques	are	frequently	being	used	with	therapeutic	intent.	This	is	based	on
findings	from	a	2008	survey	of	the	European	Society	of	Thoracic	Surgeons	(ESTS).	A	total	of	65%	of	respondents
felt	that	“palpation	is	considered	necessary,”	compared	with	29%	who	use	thoracoscopy	with	therapeutic	intent.31
There	has	been	a	dramatic	increase	in	use	of	VATS	since	the	1997	IRLM	series,	in	which	only	2%	of	cases	were
performed	thoracoscopically.12	An	algorithm	proposed	by	Cerfolio	et	al.17	to	determine	which	surgical	approach
to	use	offers	some	insight	as	to	the	relative	strengths	and	limitations	of	each	technique	(Table	117.1).

Approach	to	Open	Metastasectomy
The	controversy	over	 surgical	 approach	goes	beyond	 the	open	versus	minimally	 invasive	debate.	There	 is	 also
controversy	 as	 to	 which	 open	 approach	 is	 ideal.	 In	 the	 setting	 of	 unilateral	 nodules,	 most	 advocate	 use	 of
thoracotomy,	 but	 the	 decision	 is	 less	 clear	 in	 the	 setting	 of	 bilateral	 disease.	 Some	 advocate	 a	 single	 surgical
procedure	 with	 a	 median	 sternotomy	 or	 clamshell	 for	 patients	 with	 bilateral	 metastases.	 Ideologically,	 it	 is
appealing	 to	 limit	 the	 patient	 to	 one	 anesthetic	 and	 one	 recovery,	 but	 “one-stage”	 approaches	 have	 their
drawbacks.	Sternotomy	affords	poor	exposure	posteriorly	and	restricts	manual	palpation	of	the	posterior	aspect	of
the	lower	lobes,	especially	on	the	left	side.	The	clamshell	incision	offers	improved	access	to	the	entirety	of	both
lung	fields	but	is	associated	with	increased	pain	and	postoperative	recovery.	In	the	2008	ESTS	practitioner	survey,
only	27%	of	respondents	preferred	a	one-stage	sternotomy	approach	to	bilateral	disease,	and	only	8%	preferred
the	 clamshell	 approach.31	 The	 most	 popular	 approach	 to	 bilateral	 pulmonary	 metastasectomy	 was	 sequential
thoracotomy,	 with	 contralateral	 disease	 being	 approached	 by	 a	 subsequent	 thoracotomy	 after	 a	 3-	 to	 6-week
interval.31,32

TABLE	117.1
Factors	Supporting	Use	of	Minimally	Invasive	or	Open	Approach	to	Pulmonary
Metastasectomy

	 Favors	VATS Favor	Thoracotomy	with	Manual	Palpation
Number	of	nodules <3 ≥3

Size	of	largest	nodule <5	cm >5	cm

Size	of	smallest	nodule >1.5	cm <1.5	cm

Location Peripheral Central

Histology Colorectal	cancer Melanoma

Pulmonary	function Marginal Normal

Previous	chest	radiation Never Yes

Lobar	location Upper	or	middle Lower
VATS,	video-assisted	thoracic	surgery.

Role	of	Lymph	Node	Dissection
Another	 controversial	 aspect	 of	 pulmonary	 metastasectomy	 involves	 the	 decision	 to	 perform	 a	 mediastinal
lymphadenectomy	at	 the	 time	of	 surgery.	The	use	of	 systematic	 lymph	node	evaluation	during	metastasectomy
varies	by	institution;	no	consensus	exists.	Saito	et	al.33	(Fig.	117.3)	and	Pfannschmidt	et	al.34	provide	evidence	for
the	evaluation	of	lymph	nodes.	The	latter	group	studied	245	patients	with	metastases	from	colorectal	carcinoma,
renal	 cell	 carcinoma,	 and	 sarcoma	 who	 underwent	 routine	 mediastinal	 lymphadenectomy	 during	 pulmonary
metastasectomy.	 Approximately	 one-third	 of	 patients	 had	 lymph	 node	 involvement,	 half	 were	 limited	 to
pulmonary	and	hilar	metastases,	 and	 the	other	half	had	mediastinal	nodal	disease.	Patients	with	more	 than	one
pulmonary	metastasis	or	W	disease	were	more	likely	to	have	thoracic	lymph	node	involvement,	as	were	patients
with	 renal	 cell	 cancer	 (42%)	 and	 colorectal	 carcinoma	 (31%)	 compared	 with	 patients	 with	 sarcoma	 (20.3%).
Patients	without	lymph	node	involvement	demonstrated	improved	median	survival	(63.9	months)	compared	with
patients	with	involvement	of	pulmonary	(32.7	months)	or	mediastinal	nodes	(20.6	months).	A	subsequent	meta-
analysis	 of	 25	 studies	 supports	 the	 premise	 that	 intrathoracic	 nodal	 disease	 in	 conjunction	 with	 pulmonary
metastasis	 is	 a	 poor	 prognostic	 indicator.35	 In	 a	 retrospective	 analysis	 of	 1,030	 patients	 undergoing	 pulmonary



resection	 for	metastatic	 colorectal	 cancer,	 Iida	 et	 al.36	 demonstrated	 a	 significant	 difference	 in	 5-year	 survival
between	patients	with	and	without	lymph	node	metastatic	disease	(59%	versus	37%).

Given	 the	 poor	 prognosis	 for	 patients	 undergoing	 metastasectomy	 with	 positive	 lymph	 node	 involvement,
radical	 lymph	 node	 dissection	 is	 unlikely	 to	 significantly	 lengthen	 survival.	 However,	 although	 the	 increased
prognostic	information	received	from	lymphadenectomy	appears	to	support	its	routine	use,	many	surgeons	believe
that	the	primary	role	for	lymphadenectomy	is	to	determine	the	need	for	additional	oncologic	treatment;	there	are
no	widely	accepted	 strategies	 for	 implementation.	The	 lack	of	consensus	 is	 evident	 in	 the	ESTS	survey,	where
only	19%	of	 respondents	 reported	 routinely	performing	 complete	mediastinal	 lymphadenectomy,	 55%	 reported
performing	lymph	node	sampling,	and	32%	reported	forgoing	nodal	sampling.31

Extent	of	Resection
In	general,	 the	goal	of	metastasectomy	is	complete	removal	of	all	gross	 tumor.	An	R0	resection	 is	essential	 for
successful	metastasectomy;	debulking	of	disease	carries	no	clinical	benefit.	A	second,	but	equally	important,	goal
is	 preservation	 of	 pulmonary	 function,	 which	 requires	 consideration	 for	 extent	 of	 surgical	 metastasectomy.
Because	 approximately	 50%	 of	 patients	 will	 present	 with	 recurrent	 disease	 after	 initial	 metastasectomy,	 an
important	objective	is	to	remove	as	little	functional	lung	tissue	as	possible	to	maintain	physiologic	function	in	case
subsequent	treatments	are	indicated.12	Nonanatomic	wedge	resections	are	ideal	for	removal	of	peripheral	nodules
and	 are	 generally	 associated	 with	 improved	 postoperative	 lung	 function	 relative	 to	 anatomic	 resection
(segmentectomy,	 lobectomy,	 or	 pneumonectomy).	 Lobar	 and	 segmental	 anatomic	 resections	 can	 be	 safely
performed	with	mortality	of	<1%	but	are	usually	associated	with	 removal	of	more	 functional	 lung	parenchyma
than	 a	 wedge	 resection.	 Although	 lobectomy	 has	 been	 associated	 with	 lower	 rates	 of	 local	 recurrence	 in	 the
treatment	of	primary	NSCLC,37	no	such	data	exist	for	resections	for	metastatic	disease.	On	the	contrary,	because
patients	with	pulmonary	metastases	frequently	undergo	multiple	procedures	(and	additional	other	therapies),	lung
conservation	is	particularly	essential.

Figure	117.3	Kaplan-Meier	survival	curves	of	patients	with	and	without	lymph	node	involvement
after	pulmonary	metastasectomy.	(Reprinted	with	permission	from	Saito	Y,	Omiya	H,	Kohno	K,	et
al.	Pulmonary	metastasectomy	for	165	patients	with	colorectal	carcinoma:	a	prognostic	assessment.

J	Thorac	Cardiovasc	Surg	2002;124:1007–1013.)

Studies	of	lung	function	after	surgical	metastasectomy	suggest	that	these	resections	are	associated	with	a	10%
to	 15%	 decrease	 in	 pulmonary	 function	 on	 average.	 For	 the	 purposes	 of	 metastasectomy,	 multiple	 wedge
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resections	are	 frequently	performed,	 and	patients	 can	experience	a	cumulative	decrease	 in	 lung	 function	 that	 is
similar	to	a	lobectomy.38

Interestingly,	a	recent	retrospective	study	comparing	major	anatomic	resection	(lobectomy	or	pneumonectomy)
to	limited	resection	for	colorectal	metastases	suggested	an	improved	disease-free	and	disease-specific	survival	for
major	resections.39	In	this	study,	resection	technique	was	at	the	surgeon’s	discretion	and	the	authors	do	not	report
on	the	exact	location	of	the	lesion,	which	is	likely	associated	with	the	technical	decision	for	operative	resection.
Patients	 undergoing	major	 anatomic	 resections	 had	 longer	DFIs	 and	were	more	 likely	 to	 have	 lesions	 >3	 cm.
Although	 the	 authors	 did	 not	 discount	 wedge	 resection	 as	 the	 standard	 of	 care	 for	 an	 isolated	 peripheral
metastasis,	they	recommend	consideration	for	lobectomy	in	settings	of	sufficient	pulmonary	reserve.	Lobectomy
is	often	the	only	appropriate	choice	for	multiple	lesions	in	a	single	lobe,	central	lesions,	or	involvement	of	airway
or	 vascular	 structures.	 Pneumonectomy	 is	 rarely	 indicated	 for	 the	 treatment	 of	 metastatic	 disease,	 and	 many
believe	 that	 the	 morbidity	 of	 a	 pneumonectomy	 is	 a	 relative	 contraindication	 to	 metastasectomy.31
Pneumonectomy	should	 thus	be	reserved	for	patients	with	 ideal	circumstances,	such	as	 long	DFI,	single	central
lesion,	and	excellent	performance	status.

ABLATIVE	THERAPIES
Image-guided	ablative	therapies	are	being	used	with	great	frequency	in	the	lungs	and	are	a	popular	alternative	to
surgical	 metastasectomy.	 These	 therapies	 attempt	 to	 provide	 equivalent	 local	 control	 to	 resection	 with	 less
morbidity.	Stereotactic	body	radiotherapy	(SBRT)	or	stereotactic	ablative	body	radiotherapy	(SABR)	is	a	highly
precise	and	dose-intensive	form	of	external-beam	radiation	therapy	that	has	been	used	to	treat	metastases	in	the
thorax.	Percutaneous	CT-guided	technologies	include	radiofrequency	ablation	(RFA),	microwave	ablation	(MA),
and	cryoablation.	Patterns	of	use	for	ablative	therapies	vary	significantly	according	to	practitioner	and	institutional
expertise.	These	 therapies	 have	 been	 applied	most	 consistently	 in	 patients	whose	 performance	 status	 precludes
thoracic	surgery	or	when	complete	surgical	resection	is	not	possible.	Although	the	“gold	standard”	treatment	of
pulmonary	metastases	 remains	surgical,	 the	growing	success	of	ablative	 techniques	has	 led	 to	more	widespread
use	of	these	techniques.	Rather	than	compare	the	techniques	to	determine	which	is	superior	for	all	cases,	prudent
complementary	 use	 of	 all	 available	 technologies	 is	 appropriate.	 For	 example,	 a	 patient	 who	 has	 undergone
multiple	previous	resections	of	metastases	and	has	decreased	lung	function	may	benefit	from	an	ablative	technique
to	 reduce	 the	morbidity	 associated	with	 repeated	 surgical	 resections.	The	 specific	 strengths	 and	weaknesses	 of
each	technique	underscore	the	need	for	a	multidisciplinary	approach	to	patients	with	pulmonary	metastases.	The
ongoing	Pulmonary	Metastasectomy	 in	Colorectal	Cancer	 (PulMiCC)	 trial	allows	 for	both	 surgery	and	ablative
technologies	as	therapeutic	options,	with	the	hope	that	useful	data	on	each	will	be	available.40

Radiofrequency	and	Microwave	Ablation
RFA	is	the	most	widely	published	and	used	percutaneous	image-guided	technique.	Current	is	transmitted	through
probes	 placed	 under	 CT	 guidance	 to	 heat	 tissues	 to	 temperatures	 >60°C,	 resulting	 in	 immediate	 protein
degeneration	 and	 coagulative	 necrosis.	 The	 pattern	 of	 tissue	 injury	 is	 related	 to	 the	 tissue’s	 specific	 electrical
impedance	and	is	modulated	by	the	cooling	effect	of	adjacent	tissues	such	as	airways	and	large	blood	vessels.	In
the	lung,	air-filled	pulmonary	parenchyma	can	act	as	a	thermal	insulator	that	protects	nearby	tissue.	Alternatively,
MA	uses	vastly	higher	frequencies	than	RFA,	and	efficacy	of	treatment	is	not	limited	by	normal	lung	parenchyma.
MA	efficacy	is	related	to	the	water	content	of	 the	ablation	target,	and	microwave	propagation	is	not	reduced	or
absorbed	by	surrounding	aerated	lung	or	vascular	structures.	These	qualities	translate	into	a	larger	treatment	area
for	 MA	 compared	 to	 RFA.41	 RFA	 is	 most	 efficacious	 for	 tumors	 <3.5	 cm	 in	 diameter,	 with	 larger	 tumors
requiring	 multiple	 applications	 and	 demonstrating	 a	 higher	 incidence	 of	 local	 progression.	 RFA	 is	 also	 less
efficacious	in	areas	adjacent	to	large	blood	vessels	and	is	not	recommended	adjacent	to	central	airways;	therefore,
application	 is	 typically	 limited	 to	 the	middle	 and	 outer	 third	 of	 the	 lungs.	 Pneumothorax	 is	 the	most	 frequent
complication	of	percutaneous	pulmonary	RFA,	reported	from	30%	to	50%,	 less	 than	a	 third	of	which	require	a
chest	 tube	 for	management.42–44	Although	 radiographic	 evidence	 of	 fibrosis	 and/or	 cavitation	 is	 common	 after
RFA,	serious,	symptomatic	complications	(including	bronchopleural	fistulae	formation,	hemoptysis,	hemorrhage,
infection,	and	pleurisy)	are	rare.	Cutaneous	metastases	(tumor	seeding)	at	 the	electrode	 insertion	site	have	been
documented	but	are	uncommon.

Percutaneous	 ablative	 treatments	 of	 pulmonary	metastases	 are	 gaining	 in	 popularity	 because	 of	 evidence	 of



therapeutic	similarity	to	surgical	resection.	In	2010,	a	prospective	trial	of	percutaneous	RFA	of	lung	metastases
demonstrated	 impressive	 long-term	 results	 among	 a	 group	 of	 patients	 with	 mixed	 tumor	 histology.45	 Of	 148
patients	treated,	26%	had	complete	radiographic	response,	20%	had	partial	response,	39%	had	stable	disease,	and
16%	showed	disease	progression.	The	median	overall	survival	was	51	months,	and	on	multivariate	analysis,	DFI
and	response	to	treatment	were	independent	predictors	of	overall	survival.	In	2015,	de	Baère	et	al.46	reported	the
results	 from	 566	 patients	 treated	with	 RFA.46	 The	 authors	 demonstrate	 a	 5-year	 overall	 survival	 rate	 of	 51%,
inclusive	of	all	primary	sites	of	disease,	which	is	consistent	with	survival	for	surgical	metastasectomy.	Although
patients	were	not	operative	candidates,	patients	were	only	considered	for	treatment	if	all	sites	of	disease	could	be
ablated	(Table	117.2).

Stereotactic	Body	Radiation	Therapy
SBRT	is	an	additional	ablative	technique	used	to	 treat	metastatic	 lung	lesions.	Unlike	conventional	fractionated
radiation	 therapy,	 SBRT	 uses	 highly	 focused	 and	 intensive	 radiation	 to	 deliver	 ablative	 doses	 of	 radiation	 to
specific	areas	with	less	radiation	injury	to	adjacent	tissues.	Theoretically,	the	high-dose	and	tightly	focused	nature
of	SBRT	provides	an	ablative	response	in	the	target	area,	which	is	particularly	useful	for	treatment	of	pulmonary
metastases	where	wide	margins	are	not	required	to	control	disease.	In	a	trial	from	Kyoto	University,	a	higher	dose
of	 radiation	was	necessary	 to	 treat	metastatic	pulmonary	 lesions	due	 to	higher	 rates	of	 local	 failure,	 relative	 to
primary	NSCLC.47

TABLE	117.2
Outcomes	Following	Use	of	Radiofrequency	Ablation	for	Pulmonary	Metastasis

Author No.	of	Patients Histology
Overall	Survival	(%)

1	y 3	y 5	y

Ambrogi	et	al.97 24 Mixed	(“mostly”	CRC) 88 72 NR

Simon	et	al.44 18 CRC 87 78 57

Chua	et	al45 148 Mixed	(73%	CRC) NR 60 45

Lencioni	et	al.98 53 CRC 89 66 NR

20 Mixed 92 64 NR

Petre	et	al.99 45 CRC 95 50 0

Yan	et	al.100 55 CRC 85 46 NR

de	Baère	et	al.46 566 Mixed	(52%	CRC) 92 68 52
CRC,	colorectal	carcinoma;	NR,	not	reported.

Based	on	the	success	of	SBRT	in	patients	with	NSCLC,	it	is	now	being	used	to	treat	pulmonary	metastasis	and
offers	good	local	control	and	short-term	overall	survival.	In	a	recent	prospective	trial	of	32	patients	with	47	lung
metastases	(30%	colorectal	cancer),	local	control	rates	at	1,	2,	and	3	years	were	97%,	92%,	and	85%,	respectively.
The	median	overall	 survival	was	40	months.	The	1-,	2-,	and	3-year	overall	 survival	 rates	were	83%,	76%,	and
63%,	respectively.48	Agolli	et	al.49	reported	an	overall	3-year	survival	rate	of	50%	for	patients	undergoing	SBRT
for	 control	 of	 pulmonary	 metastasis	 from	 colorectal	 cancer.	 Interestingly,	 Widder	 et	 al.50	 compared	 survival
outcomes	in	patients	selected	for	surgical	metastasectomy	or	SBRT,	expecting	to	demonstrate	improved	survival
due	to	selection	bias	for	surgical	candidates.	However,	5-year	overall	survival	for	the	surgical	and	SBRT	groups
was	41%	and	49%,	respectively.50	Other	studies	have	not	documented	such	favorable	results,	with	a	reported	3-
year	survival	rate	of	16%	among	a	mixed	group	of	patients.51	Because	of	 its	 relatively	 recent	 introduction,	 few
SBRT	 studies	 have	mature	 long-term	 outcomes	 for	 treatment	 of	metastases.	A	 study	 of	 SBRT	 in	 treatment	 of
various	metastases	 (32%	breast)	 in	mixed	 sites	 (41%	pulmonary)	 among	121	patients	 showed	 a	 6-year	 overall
survival	rate	of	20%	in	the	entire	study	group	and	a	47%	6-year	overall	survival	rate	among	patients	with	breast
cancer	(Table	117.3).52

TREATMENT	CONCERNS	AND	OUTCOMES	FOR	INDIVIDUAL
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HISTOLOGIES
Soft	Tissue	and	Osteogenic	Sarcoma
Soft	 tissue	 and	 osteogenic	 sarcomas	 are	 relatively	 rare	 malignancies,	 but	 they	 have	 high	 rates	 of	 pulmonary
metastases,	 without	 spread	 to	 other	 organ	 sites.	 Failure	 to	 control	 pulmonary	 metastatic	 disease	 is	 the	 most
frequent	cause	of	death	in	these	patients.	This	combined	with	the	young	age	of	sarcoma	patients	has	resulted	in
numerous	 retrospective	 studies	 testing	 the	 potential	 survival	 benefit	 afforded	 by	 pulmonary	 metastasectomy.
Furthermore,	 the	 lack	 of	 efficacious	 chemotherapy	 suggests	 that	 metastasectomy	 should	 remain	 an	 important
intervention	in	the	treatment	of	sarcoma	patients	for	the	foreseeable	future.

Osteosarcoma	 is	 a	 histologic	 subtype	 with	 high	 predilection	 for	 pulmonary	 metastases.	 In	 2003,	 the
Cooperative	Osteosarcoma	Study	Group	found	 that	of	202	patients	with	metastases	at	diagnosis,	81%	had	 lung
metastases,	 and	 in	 62%,	 the	 lung	 was	 the	 only	 site	 of	 metastases.53	 Patients	 with	 osteosarcoma	 are	 generally
young	 and	 healthy,	 making	 them	 excellent	 candidates	 for	 pulmonary	 resection.	 Several	 reports	 have	 shown
prolonged	survival	after	surgical	 treatment	of	pulmonary	metastases,	with	rates	of	5-year	survival	 ranging	from
30%	 to	 40%	 (Table	 117.4).54	 Although	 reports	 have	 been	 somewhat	 varied	with	 respect	 to	 prognostic	 factors
associated	with	good	outcome,	prolonged	DFI,	 complete	 resection,	 and	 response	 to	 adjuvant	 therapy	 are	noted
consistently.55,56	 Unfortunately,	 new	 lung	 metastases	 frequently	 recur	 after	 resection;	 therefore,	 close
postoperative	 surveillance	 is	 mandatory	 for	 these	 patients.	 Although	 benign	 nodules	 can	 occur	 after
metastasectomy,	a	recurrent	nodule	ipsilateral	to	the	initial	resection	is	almost	always	recurrence,	and	aggressive
surgical	management	is	warranted.57

Soft	tissue	sarcomas	are	a	heterogeneous	group	of	tumors	with	a	predilection	for	metastatic	pulmonary	spread.
Trunk	and	extremity	sarcomas	have	higher	rates	of	pulmonary	metastasis	than	other	soft	tissue	sarcomas.58	Based
on	multiple	 retrospective	studies,	5-year	overall	survival	 rates	of	30%	to	40%	can	be	achieved	after	pulmonary
metastasectomy	with	eradication	of	all	known	disease	 (see	Table	117.4).59	Conversely,	patients	not	undergoing
metastasectomy	have	an	anticipated	3-year	survival	of	17%.	Interestingly,	no	significant	difference	in	survival	is
observed	between	patients	managed	nonoperatively	and	patients	undergoing	an	incomplete	resection	of	disease.58
However,	a	direct	survival	benefit	from	pulmonary	metastasectomy	for	soft	tissue	sarcomas	remains	unconfirmed
due	to	the	absence	of	randomized	data	addressing	this	point	and	the	potential	for	significant	selection	bias	because
only	good-risk	patients	with	 limited	disease	undergo	resection.	Studies	attempting	to	 identify	prognostic	factors
associated	with	 a	 favorable	 response	 to	 surgery	 have	 conflicting	 results.	 Generally,	 solitary	 pulmonary	 lesion,
prolonged	 DFI	 (>2.5	 years),	 low	 histologic	 grade,	 and	 an	 R0	 resection	 have	 been	 shown	 to	 confer	 a	 good
prognosis.60	Patients	who	meet	all	of	these	criteria	may	expect	to	have	≥70%	5-year	survival.

TABLE	117.3
Outcomes	Following	Use	of	Stereotactic	Body	Radiation	Therapy	for	Pulmonary	Metastasis

Author No.	of	Patients No.	of	Targets Median	Follow-up	(mo) Local	Control	(%) Overall	Survival	(%)

Brown	et	al.101 35 69 18 71	(18	mo) 77	(18	mo)

Stinauer	et	al.102 30 53 28 88	(18	mo) 50	(2	y)

Norihisa	et	al.103 34 43 27 90	(2	y) 84	(2	y)

Rusthoven	et
al.104

38 63 15 96	(2	y) 39	(2	y)

Yoon	et	al.105 53 80 14 81	(2	y) 51	(2	y)

Fritz	et	al.106 25 31 22 80	(3	y) 42	(3	y)

Hof	et	al.107 61 71 14 63	(3	y) 48	(3	y)

Zhang	et	al.108 71 172 25 75	(5	y) 25	(5	y)

Milano	et	al.52 39	(breast) NA 54 87	(6	y) 47	(6	y)

82	(other
histology)

NA 20 65	(6	y) 9	(6	y)

Dhakal	et	al.109 14	(sarcoma) 74 11 82	(3	y) 50	(2	y)

Agolli	et	al.49 44	CRC 69 36 60	(2	y) 50	(38	mo)



Widder	et	al.50 42 NA 43 85	(3	y) 60	(3	y)
NA,	not	applicable;	CRC,	colorectal	cancer.

Although	adjuvant	chemotherapy	protocols	are	not	usually	associated	with	significant	benefit	for	treatment	of
soft	tissue	sarcoma,	some	subtypes	are	chemosensitive	and	emerging	therapies	should	be	considered.	Progression
after	 receiving	 adjuvant	 chemotherapy	 is	 a	 marker	 for	 poor	 prognosis	 after	 metastasectomy,	 and	 preoperative
identification	of	chemotherapy-resistant	histologies	may	soon	aid	in	stratification	of	surgical	candidates.61,62	An
MD	Anderson	Cancer	Center	study	from	2011	demonstrated	that	5-year	overall	survival	after	metastasectomy	in
patients	whose	disease	progressed	after	chemotherapy	was	substantially	reduced	compared	with	patients	without
progression	 (0%	 versus	 32%).63	 Norwegian	 researchers	 demonstrated	 no	 overall	 or	 disease-free	 survival
difference	for	93	patients	undergoing	preoperative	chemotherapy	versus	surgical	resection	alone.	The	authors	did
report	 a	 significant	 survival	 advantage	 in	 patients	 with	 histologic	 response	 to	 chemotherapy.61	 These	 findings
again	demonstrate	the	improved	survival	of	patients	with	indolent,	lung-only,	chemosensitive	metastases.	Overall,
recurrence	 in	 the	 lung	 is	 common	 for	 soft	 tissue	 sarcoma	 after	 metastasectomy,	 and	 patients	 with	 reasonable
performance	 status	 should	 be	 strongly	 considered	 for	 repeat	 metastasectomy	 due	 to	 the	 paucity	 of	 effective
chemotherapy	options.

Melanoma
Disseminated	melanoma	carries	a	dismal	prognosis,	typically	with	a	median	survival	of	≤6	months	and	a	5-year
survival	for	patients	with	pulmonary	metastases	of	9%	to	35%.64	Although	many	chemotherapy	and	radiotherapy
combinations	 have	 been	 attempted,	 few	 are	 successful.	 Biologic	 treatments,	 such	 as	 interleukin-2	 (IL-2),
interferon-α	 (IFN-α),	 and	 monoclonal	 antibodies,	 are	 associated	 with	 a	 survival	 benefit	 in	 only	 a	 minority	 of
patients	and	significant	systemic	toxicity.65	Tremendous	advances	have	been	made	in	the	treatment	of	melanoma
using	BRAF	inhibitors	and	immune	checkpoint	inhibitors	targeting	the	cytotoxic	T-lymphocyte	antigen	4	(CTLA-
4)	and	the	programmed	cell	death	protein	1	(PD-1);	however,	responses	to	these	therapies	are	often	heterogeneous
and	not	always	durable.66–68	Patients	with	disseminated	melanoma	often	present	with	disease	in	multiple	sites,	and
<10%	have	lung	metastases	alone.69	In	patients	with	isolated	pulmonary	disease,	surgery	is	a	reasonable	option.69
Among	appropriately	selected	patients,	resection	of	isolated	pulmonary	metastases	can	result	in	median	survival
as	long	as	20	to	40	months	(see	Table	117.4).70	In	a	large	Australian	study	of	292	patients	undergoing	pulmonary
metastasectomy	 for	 melanoma,	 the	 progression-free	 and	 overall	 survival	 times	 were	 10	 and	 23	 months,
respectively,	with	overall	3-	 and	5-year	 survival	 rates	of	41%	and	34%,	 respectively.71	Factors	 associated	with
poor	 overall	 survival	 after	 metastasectomy	 for	 melanoma	 include	 lesions	 >2	 cm,	 multiple	 lesions,	 DFI	 <36
months,	and	incomplete	resection.69,71	In	a	review	of	metastatic	melanoma	cases	from	the	IRLM,	patients	with	the
most	favorable	prognostic	factors	had	>25%	survival	at	10	years.72	Patients	frequently	experience	recurrence	after
pulmonary	metastasectomy	 but	 can	 achieve	 long-term	 survival	 after	 re-resection,	 as	 demonstrated	 by	 a	 5-year
survival	of	19%	after	the	second	resection	in	the	IRLM	database.72

Renal	Cell	Carcinoma
Pulmonary	metastases	 from	renal	cell	carcinoma	are	 frequently	present	at	 the	 time	of	diagnosis	or	can	develop
after	nephrectomy;	 the	 lung	 is	 the	most	common	metastatic	site.	An	analysis	of	 the	NIS	suggested	 that	45%	of
patients	have	thoracic	metastatic	disease,73	whereas	an	autopsy	series	described	lung	metastases	in	approximately
75%	of	patients.74	Historically,	few	chemotherapy	options	were	available,	but	in	the	modern	era,	the	majority	of
patients	 with	 systemic	 disease	 are	 treated	 with	 targeted	 cytokine	 therapy,	 including	 IL-2	 and	 IFN-α,	 and
multitargeted	 tyrosine	kinase	 inhibitors	 (TKIs)	 that	 primarily	 target	 vascular	 endothelial	 growth	 factor	 (VEGF)
receptors.75	Prior	to	these	targeted	therapies,	surgical	metastasectomy	had	been	used	with	impressive	results	for
patients	 with	 isolated	 pulmonary	 disease	 and	 may	 still	 have	 a	 role	 in	 selected	 patients	 after	 demonstrating	 a
response	 to	 systemic	 therapy.	 These	 “pretargeted	 therapy”	 studies	 demonstrated	 several	 factors	 that	 were
associated	with	 favorable	 prognosis,	 including	R0	 resection,	metastasis	 size	<3	 cm,	 lack	of	 pleural	 infiltration,
fewer	 than	 three	 lesions,	 and	 negative	mediastinal	 lymph	 nodes	 (see	Table	 117.4).76	 Five-year	 survival	 ranges
from	36%	to	54%	depending	on	prognostic	factors	associated	with	the	disease.

As	 previously	 described,	 selection	 bias	 for	 surgically	 fit	 patients	 can	 influence	 long-term	 outcomes.
Interestingly,	a	recent	meta-analysis	that	controlled	for	performance	status	noted	a	significantly	improved	overall
survival	when	an	R0	resection	is	accomplished.77	Intrathoracic	lymph	node	dissection	is	not	routine	for	renal	cell
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carcinoma	pulmonary	metastasectomy;	however,	one	study	 identified	 the	presence	of	 lymph	node	metastasis	 in
46%	 of	 patients,	 although	 lymph	 node	 dissection	was	 not	 associated	with	 any	 survival	 advantage.78	Adjuvant
therapy	remains	an	area	of	active	investigation	without	clear	clinical	indications.	However,	a	randomized	phase	III
trial	 is	 currently	 under	way	 comparing	 placebo	 to	 pazopanib	 (multitargeted	VEGF	 receptor	TKI)	 therapy	 after
complete	 surgical	 resection	 of	 all	metastatic	 disease	 (NCT01575548).	Current	 recommendations,	 therefore,	 are
based	on	little	evidence	but	speak	to	prevailing	theories:	Metastasectomy	should	be	considered	in	patients	with	a
small	 number	 of	 easily	 accessible	 pulmonary	 metastases	 who	 have	 demonstrated	 prolonged	 DFI	 after
nephrectomy	or	a	partial	response	in	metastases	after	systemic	immunotherapy	or	targeted	chemotherapy.75,79

Breast	Cancer
Although	pulmonary	metastases	from	breast	cancer	are	common,	patients	rarely	present	with	isolated	pulmonary
disease.	 In	 a	 Mayo	 Clinic	 series	 of	 13,502	 patients	 with	 breast	 cancer,	 <1%	 developed	 isolated	 pulmonary
metastases.80	 Despite	 the	 relative	 infrequency,	 metastasectomy	 for	 isolated	 pulmonary	 metastases	 has	 been
described	 as	 a	 means	 to	 augment	 the	 moderate	 success	 of	 chemotherapy,	 hormonal	 therapy,	 and	 radiation
therapy.81	Modern	studies	of	metastasectomy	demonstrate	5-year	survival	 rates	between	30%	and	50%,	with	5-
year	survival	in	excess	of	80%	in	highly	selected	patients.82,83	Factors	associated	with	prolonged	survival	include
long	DFI	 (>36	months),	 R0	 resection,	 hormone	 receptor	 positivity,	 and	 fewer	 than	 four	metastases	 (see	 Table
117.4).80,82–85	 These	 four	 factors	 were	 recently	 assessed	 in	 a	 large	 meta-analysis	 of	 breast	 cancer	 patients
undergoing	 metastasectomy;	 negative	 hormone	 status	 was	 the	 strongest	 negative	 prognostic	 factor.86	 The
importance	 of	 hormone	 receptor	 status	 on	 survival	 after	metastasectomy	 reiterates	 the	 need	 for	 individualized
therapy	in	breast	cancer	care,	and	to	that	end,	pulmonary	metastasectomy	is	often	used	to	obtain	tissue	to	further
guide	treatment	due	to	changes	in	molecular	profile.

Germ	Cell	Tumors
Testicular	nonseminomatous	germ	cell	 tumors	are	the	most	common	neoplasm	in	males	younger	than	40	years,
and	many	present	with	supradiaphragmatic	metastases.	Postmetastasectomy	survival	is	highest	after	resection	of
germ	cell	 tumors	compared	with	all	other	histologies.	This	is	primarily	due	to	the	efficacy	of	chemotherapy	for
these	tumors.	Disease	can	spread	both	hematogenously	and	by	lymphatics	to	mediastinal	lymph	nodes.	Metastasis
to	these	sites	equates	to	stage	III	disease	and	is	typically	treated	with	excellent	results	using	both	cisplatin-based
chemotherapy	and	surgical	resection.87	Complete	resection	of	residual	postchemotherapy	disease	plays	a	critical
part	 in	achieving	long-term	cure,	highlighting	the	role	surgery	can	play	in	a	multimodal	approach	to	metastases
(see	 Table	 117.4).	 A	 large	 review	 of	 results	 in	 the	 cisplatin	 era	 documented	 overall	 median	 survival	 after
pulmonary	metastasectomy	of	23.4	years,	79%	survival	at	5	years,	and	73%	survival	at	10	years.88	The	pathology
from	 resection	 is	 important	 to	 determine	 response	 to	 chemotherapy	 and	 need	 for	 subsequent	 treatment.	 The
majority	 will	 have	 complete	 necrosis	 or	 residual	 teratoma	 in	 the	 resected	 specimen,	 each	 of	 which	 portends
improved	survival	compared	to	those	with	persistent	malignant	disease.88–90	The	presence	of	persistent	malignant
disease	 is	 an	 indication	 for	 additional	 chemotherapy.	 Excluding	 gross	 postchemotherapy	 residual	 disease,
additional	 operative	 indications	 include	 partial	 response	 followed	 by	 recurrence	 while	 on	 chemotherapy,
recurrence	after	second-line	chemotherapy,	and	to	determine	response	to	therapy.91	Advanced	imaging	techniques,
including	 PET	 scanning,	 are	 under	 investigation	 to	 aid	 in	 determining	 necrosis	 versus	 active	 disease	 within
residual	 lesions;	 however,	 surgical	 management	 remains	 the	 current	 standard	 of	 care	 for	 making	 this
determination.	 Predictors	 of	 poor	 survival	 after	 surgery	 include	 older	 age	 at	 diagnosis,	 elevated	 preoperative
serum	tumor	markers,	and	incomplete	resections.88,89,92

TABLE	117.4
Outcomes	Following	Surgical	Metastasectomy	for	Pulmonary	Metastasis	by	Primary	Tumor
Histology

Histology Author/Year No.	of	Patients 5-y	Overall	Survival	(%)
Factors	Associated	with	Improved
Prognosis

Osteosarcoma Pfannschmidt	et	al.,
200655

21 34 CSR



Diemel	et	al.,
200954

85 48 CSR

Briccoli	et	al.,
2010110

323 37 Unilateral	mets;	<4	mets

Soft	tissue
sarcoma

Billingsley	et	al.,
199958

719 25	(3	y)
46	(if	CSR	achieved)

CSR
DFI	>12	mo

Pfannschmidt	et	al.,
2006111

50 38
53	(if	CSR	achieved)

CSR

Stephens	et	al.,
201163

Neoadj	chemo
81

16
0	if	progression	on	neoadj
chemo

Progression	on	neoadj	chemo
DFI	≥2	y

Melanoma Andrews	et	al.,
200670

86 33 SPM

Petersen	et	al.,
200769

249 21 CSR

Leo	et	al.,	200072 328 18 DFI	>36	mo
CSR

Renal	cell Pfannschmidt	et	al.,
2002112

191 37
41.5	(if	CSR)

CSR
pN0
<7	mets
DFI	>23	mo

Meimarakis	et	al.,
201176

202 39
45	(if	CSR)

CSR
pN0
<3	mets
Size	≤3	cm

Kanzaki	et	al.,
2011113

48 47
18	(10	y)

CSR
DFI	>24	mo

Kudelin	et	al.,
201378

116 49 Age	<70	y

Breast	cancer Friedel	et	al.,	200285
(IRLM)

467 38
20	(15	y)

DFI	>36	mo

Welter	et	al.,	200880 47 36 ER-	and	HER2/neu-positive	status

Chen	et	al.,	200983 41 51 DFI	>36	mo
<4	mets

Meimarakis	et	al.,
2013114

81 20	CSR
0	R1	or	R2

ER-and	HER2/neu-positive	status
Single	met
met	≤3	cm
CSR

Germ	cell
tumor

Pfannschmidt	et	al.,
200690

52 76
83

	

Kesler	et	al.,	201188 154:	lung	only
133:	lung	+
mediastinum

74	(lung	only)
76	(lung	and	mediastinum)

Younger	age
Eradication	of	tumor	in	testes	and
metastatic	deposits

Colorectal Yedibela	et	al.,
2006115

153 37 SPM
Wedge	resection
DFI	>36	mo
<2	unit	intraoperative	RBC	transfusion

Welter	et	al.,
2007116

169 39
54	(patients	with	repeated
resections)

Shorter	DFI
Fewer	metastases	(SPM)
Younger	age

Wantanabe	et	al.,
2009117

113 68 Low	prethoracotomy	CEA
Absent	lymphatic	invasion

Riquet	et	al.,
2010118

127 35	before	2000
64	from	2000	to	2007

CSR

Shiono	et	al.,
200594

89 61.4 Absent	ASFC
Absent	vascular	invasion

CSR,	complete	surgical	resection;	mets,	metasteses;	DFI,	disease-free	interval;	neoadj	chemo,	neoadjuvant	chemotherapy;	SMP,
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single	pulmonary	metastases;	 IRLM,	 International	Registry	of	Lung	Metastases;	ER,	estrogen	 receptor;	HER2,	human	epidermal
growth	factor	receptor	type	2;	RBC,	red	blood	cell;	CEA,	carcinoembryonic	antigen;	ASFC,	aerogenous	spread	with	floating	cancer
cell	clusters.

Colorectal	Cancer
Lung	metastases	develop	in	5%	to	15%	of	patients	with	colorectal	cancer.	Pulmonary	metastasectomy	has	become
an	 integral	part	of	 the	multimodal	 treatment	plan	 for	 these	patients,	offering	5-year	 survival	 rates	 ranging	 from
38%	to	49%.93	Colorectal	cancer	treatment	is	a	rapidly	evolving	field,	and	the	benefit	of	metastasectomy	in	the	era
of	 targeted	 therapy	 is	 accepted	 yet	 somewhat	 unproven.	 To	 address	 this	 question,	 the	 previously	 mentioned
randomized	 trial	 of	 metastasectomy	 for	 colorectal	 carcinoma	 (PulMiCC)	 is	 currently	 under	 way	 in	 Europe
(NCT011062610).13	 This	 trial	 compares	 “active	 monitoring”	 to	 “active	 monitoring	 plus	 pulmonary
metastasectomy”	and	evaluates	overall	survival,	relapse-free	survival,	lung	function,	and	patient-reported	quality
of	life.	Metastasectomy	in	this	trial	can	be	either	surgical	or	by	ablation.	Until	these	data	are	available,	there	is	a
considerable	volume	of	 retrospective	data	supporting	a	 role	 for	metastasectomy	in	selected	patients.	 In	a	 recent
meta-analysis	 of	 lung	 metastasectomy	 for	 colorectal	 carcinoma,	 four	 parameters	 were	 associated	 with	 poor
survival	after	metastasectomy:	short	DFI,	multiple	metastases,	positive	hilar	and/or	mediastinal	lymph	nodes,	and
elevated	prethoracotomy	carcinoembryonic	antigen	level	(see	Table	117.4).35	In	this	analysis,	the	presence	of	liver
metastases	was	not	associated	with	poor	prognosis.

Shiono	 et	 al.94	 investigated	 the	 influence	 of	 histologic	 findings	 on	 overall	 survival.	 On	 univariate	 analysis,
vascular	 invasion,	 pleural	 invasion,	 lymphatic	 invasion,	 and	 aerogenous	 spread	with	 floating	 clusters	of	 cancer
cells	(ASFC)	were	found	to	significantly	reduce	prognosis.	On	multivariate	analysis,	vascular	invasion	and	ASFC
were	 found	 to	 significantly	 influence	 survival.94	 Patients	 with	 vascular	 invasion	 had	 reduced	 5-year	 survival
compared	 to	 patients	 without	 this	 histologic	 feature	 (39%	 versus	 85%).	 In	 addition,	 patients	 with	 ASFC	 had
reduced	5-year	survival	compared	to	patients	without	this	histologic	feature	(46%	versus	88%).

After	 initial	 resection,	 some	 patients	 will	 develop	 recurrent	 pulmonary	 metastases.	 Predictors	 of	 lung
recurrence	 include	more	 than	 three	metastases	 at	 the	 first	metastasectomy	 and	 short	 interval	 between	 primary
surgery	and	first	metastasectomy.95	Additional	operative	resections	can	be	beneficial	in	patients	who	experience
re-recurrence	in	 the	 lung,	as	suggested	by	a	 trial	 that	showed	improved	overall	median	survival	among	patients
receiving	a	second	resection	relative	to	patients	who	refused	surgery	and	were	treated	with	chemotherapy	alone
(58	versus	24	months).96

CONCLUSION
The	management	of	patients	with	pulmonary	metastases	remains	in	a	state	of	evolution.	Utilization	of	a	regional
surgical	therapy	to	address	a	systemic	disease	state	appears	counterintuitive.	However,	since	the	initial	revelation
that	long-term	survival	after	metastasectomy	was	possible,	clinicians	now	have	a	variety	of	treatment	modalities
to	offer	patients	with	metastatic	solid	tumors	to	the	lungs.	Although	the	criteria	for	patient	selection	to	undergo
surgical	metastasectomy	have	been	constant	for	several	decades,	the	landscape	in	which	patients	are	being	treated
has	changed.	As	targeted	chemotherapies	emerge,	procuring	tissue	for	genetic	and	chemosensitivity	analyses	will
likely	be	an	integral	aspect	of	the	decision	to	pursue	surgical	metastasectomy.	After	one	decides	that	resection	is
indicated,	it	is	necessary	to	consider	which	approach	is	appropriate,	balancing	the	risk	for	missing	unrecognized
metastases	with	VATS	versus	 the	 increased	operative	complications	and	recovery	associated	with	 thoracotomy.
Even	as	randomized	trials	slowly	define	the	role	of	surgical	metastasectomy,	clinicians	should	be	mindful	that	the
benefit	of	surgery	should	always	be	weighed	against	less	invasive	methods	of	controlling	metastases	with	the	goal
of	offering	high-quality	 long-term	survival.	Although	 surgery	 remains	 the	gold	 standard	approach	because	 it	 is
associated	with	well-documented	long-term	results,	ablative	therapies	offer	impressive	results	(especially	among
patients	 not	 amenable	 to	 surgical	 resection).	 In	 addition,	 until	 prospective	 data	 are	 published,	 clinicians	 must
remember	that	 the	retrospective	data	supporting	metastasectomy	reflect	a	highly	selected	group	of	patients	with
disease	 amenable	 to	 surgical	 resection.	Careful	 patient	 selection	 is	 critical	 for	 achieving	meaningful	 long-term
survival	 for	 patients	with	 pulmonary	metastases.	More	 frequently	 today,	 a	multimodal	 approach	 to	 pulmonary
metastases	 is	 being	 implemented,	 emphasizing	 the	 patient’s	 specific	 physiologic	 status,	 tumor	 burden,	 and
histology.
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118 Metastatic	Cancer	to	the	Liver
Clifford	S.	Cho,	Sam	Lubner,	and	Dawn	Owen

INTRODUCTION
The	development	of	hepatic	metastasis	is	oncologically	unique	for	three	reasons.	First,	the	nature	of	portal	venous
drainage	makes	the	liver	a	common	destination	for	hematogenously	disseminated	alimentary	tract	malignancies.
Indeed,	the	most	common	metastatic	tumors	in	the	liver	are	derived	from	primary	cancers	of	the	alimentary	tract
and	pancreas.	Second,	unlike	other	 anatomic	 locations	 susceptible	 to	hematogenous	 seeding	 (e.g.,	 brain,	 lungs,
bone),	 the	 liver	 is	 often	 the	 sole	 site	 of	 metastatic	 disease.	 Third,	 several	 aspects	 of	 hepatic	 anatomy	 and
physiology	make	it	particularly	accessible	to	oncologic	therapy.	In	this	chapter,	we	explore	the	unique	aspects	of
disease	 biology	 and	 treatment	 options	 as	 they	 relate	 to	 the	 two	 types	 of	 hepatic	 metastasis	 (colorectal
adenocarcinoma	and	neuroendocrine	carcinoma)	most	commonly	treated	with	liver-directed	therapy	as	well	as	a
few	less	commonly	treated	forms	of	hepatic	metastasis.

Relevant	Hepatic	Physiology
The	venous	drainage	of	the	alimentary	tract,	pancreas,	and	spleen	compose	the	portal	venous	circulation.	Blood
flow	returning	from	these	sites	converges	into	the	portal	vein.	At	the	microscopic	level,	portal	venous	blood	enters
into	 the	 hepatic	 sinusoids,	 where	 it	 interfaces	 with	 hepatocytes.	 Once	 the	 contents	 from	 the	 portal	 venous
circulation	are	metabolized	and	filtered,	blood	is	directed	into	the	hepatic	venous	system,	which	then	reenters	the
nonportal	systemic	venous	circulation	at	 the	 level	of	 the	 inferior	vena	cava.	A	unique	anatomic	property	of	 the
liver	 is	 its	 dual	 blood	 supply.	 Hepatocytes	 derive	 the	 majority	 of	 their	 blood	 supply	 from	 the	 portal	 venous
circulation;	 in	 contrast,	 the	 cholangiocytes	 that	 compose	 the	 biliary	 ductal	 system	 derive	 most	 of	 their	 blood
supply	from	the	hepatic	arterial	circulation.	Importantly,	it	is	believed	that	primary	and	metastatic	tumors	within
the	 liver	 generally	 derive	 the	 large	 majority	 of	 their	 blood	 supply	 from	 the	 hepatic	 arterial	 circulation.	 This
important	 physiologic	 contrast	 in	 circulatory	 perfusion	 between	 normal	 hepatocytes	 and	 abnormal	 cancer	 cells
provides	an	opportunity	for	therapeutic	intervention;	as	discussed	later,	many	liver-directed	therapies	rely	on	the
delivery	 of	 embolic	 particles,	 chemotherapy,	 or	 radiation	 into	 the	 hepatic	 arterial	 circulation,	 where	 they	 will
target	 mostly	 neoplastic	 cells	 while	 largely	 sparing	 normal	 hepatocytes.	 The	 highly	 metabolic	 properties	 of
hepatocytes	 also	 facilitate	 liver-directed	 therapy.	 Chemotherapeutic	 agents	 that	 undergo	 first-pass	 hepatic
metabolism	 can	 be	 delivered	 at	 unusually	 high	 concentrations	 into	 the	 hepatic	 arterial	 circulation,	 with	 the
expectation	that	hepatocellular	metabolism	will	result	in	negligible	levels	of	systemic	exposure	and	toxicity.

A	 unique	 physiologic	 characteristic	 of	 the	 liver	 is	 its	 ability	 to	 hypertrophy	 in	 response	 to	 various	 insults.
Indeed,	 resection	of	up	 to	80%	of	 the	 liver	can	be	safely	 tolerated	 in	patients	with	normal	hepatic	 function.	As
long	 as	 the	 vascular	 perfusion	 and	 biliary	 and	 venous	 drainage	 of	 the	 remnant	 liver	 are	 preserved,	 it	 will	 be
capable	 of	 rapid	 hypertrophy	 that	 can	 restore	 full	 hepatic	 functional	 capacity	within	weeks.	 In	 a	 similar	 way,
hepatocellular	 ischemia	 resulting	 from	portal	venous	 inflow	deprivation	 to	one	portion	of	 the	 liver	 (e.g.,	due	 to
venous	 thrombosis	or	 tumoral	 invasion)	 induces	a	compensatory	hypertrophic	 response	 in	other	portions	of	 the
liver;	as	a	result,	 the	 ischemic	atrophy	of	 the	affected	 liver	 is	 functionally	offset	by	reactive	hypertrophy	of	 the
nonischemic	liver.	Liver-directed	therapies	take	advantage	of	both	of	these	physiologic	phenomena.	The	ability	of
the	liver	to	hypertrophy	in	response	to	resection	enables	surgeons	to	use	aggressive	operative	procedures	to	resect
even	large	and	multifocal	hepatic	metastases,	as	long	as	a	well-functioning	liver	remnant	is	preserved.	Moreover,
in	 some	 patients	 who	 are	 ineligible	 for	 aggressive	 surgical	 resection	 due	 to	 an	 excessively	 small	 future	 liver
remnant,	 intentional	 portal	 vein	 embolization	of	 the	portions	of	 the	 liver	 affected	by	 tumor	 can	 induce	 enough
hypertrophy	of	the	anticipated	future	liver	remnant	to	permit	safe	surgical	resection.

Hepatic	Anatomic	Nomenclature



A	 comprehensive	 understanding	 of	 the	 treatment	 modalities	 available	 in	 hepatic	 oncology	 requires	 some
familiarity	with	hepatic	anatomic	nomenclature.1	The	liver	is	composed	of	two	hemilivers,	four	sections,	and	eight
segments.	The	right	and	left	hemilivers	are	divided	by	the	principal	scissura,	or	Cantlie’s	line,	which	runs	between
the	inferior	vena	cava	and	the	gallbladder	fossa.	The	liver	is	also	bisected	by	the	middle	hepatic	vein,	which	runs
through	the	principal	scissura.	The	left	hemiliver	is	divided	into	two	sections	separated	by	the	umbilical	fissure,	a
natural	cleft	that	houses	the	left	portal	vein	and	remnant	of	the	umbilical	vein.	The	left	lateral	section,	composed
of	segments	 II	and	III,	 is	situated	 to	 the	 left	of	 the	umbilical	 fissure,	and	 the	 left	medical	section,	composed	of
segment	IV,	is	situated	between	the	umbilical	fissure	and	the	principal	scissura.	The	venous	drainage	of	the	left
hemiliver	is	via	the	left	hepatic	vein,	which	courses	between	segments	II	and	III,	and	the	middle	hepatic	vein.	The
larger	 right	hemiliver	 is	 separated	 into	a	 right	anterior	 section	and	a	 right	posterior	section;	 the	anatomic	plane
between	 the	 right	 anterior	 and	 posterior	 sections	 is	 defined	 by	 the	 course	 of	 the	 right	 hepatic	 vein.	 The	 right
anterior	section	is	composed	of	segments	V	and	VIII,	and	the	right	posterior	section	is	composed	of	segments	VI
and	VII.	 Segment	 I,	 or	 the	 caudate	 lobe,	 is	 a	 centrally	 located	 structure	 that	 lies	 between	 the	 portal	 vein	 and
inferior	vena	cava.	Operative	procedures	are	named	according	to	the	anatomic	structures	that	are	being	removed.
For	 example,	 resection	 of	 the	 left	 hemiliver	 (i.e.,	 removal	 of	 segments	 II	 to	 IV)	 is	 referred	 to	 as	 a	 left
hemihepatectomy;	a	right	hemihepatectomy	refers	to	removal	of	segments	V	to	VIII.	Resection	of	segments	II	and
III	is	referred	to	as	a	left	lateral	sectionectomy;	resection	of	segments	VI	and	VII	is	referred	to	as	a	right	posterior
sectionectomy.	 Resection	 of	 segments	 IV	 to	VIII	 is	 a	 right	 trisectionectomy.	 Resection	 of	 the	 caudate	 lobe	 is
referred	to	as	a	segmentectomy	I.

Hepatic	Imaging
Nearly	every	aspect	of	the	clinical	management	of	hepatic	metastases	is	dependent	on	high-quality	radiographic
imaging.	 At	 a	 minimum,	 the	 evaluation	 of	 patients	 with	 hepatic	 metastases	 requires	 high-resolution	 contrast-
enhanced	 computed	 tomography	 (CT)	 or	 magnetic	 resonance	 imaging	 (MRI).	 Ultrasonography	 and	 positron
emission	 tomography	 (PET)	 are	 used	more	 selectively,	 and	 somatostatin	 receptor	 scintigraphy	 is	 occasionally
used	during	the	evaluation	of	neuroendocrine	carcinoma.

CT	imaging	should	include	so-called	triple-phase	imaging	(consisting	of	a	noncontrast	phase,	an	arterial	phase,
and	 a	 venous	 phase)	 to	 provide	 maximal	 characterization	 of	 tumors	 based	 on	 their	 uptake	 and	 excretion	 of
intravenous	 contrast.	 For	 example,	 neuroendocrine	 carcinoma	metastases	 often	 appear	 very	 intense	 on	 arterial
phase	 imaging,	 whereas	 colorectal	 adenocarcinoma	metastases	 typically	 have	 lower	 attenuation	 characteristics
that	are	best	appreciated	on	delayed	venous	phases,	when	the	rest	of	the	hepatic	parenchyma	has	taken	up	contrast.
Current	multidetector	 helical	 CT	 scanners	 provide	 thin-slice	 (1	 to	 2	mm)	 images	 that	 can	 be	 reconstructed	 in
coronal	and	sagittal	projections	to	facilitate	accurate	tumor	localization.

Because	 of	 the	 availability	 of	 numerous	 imaging	 sequences	 including	T1-	 versus	T2-weighted	 imaging	 and
diffusion-weighted	 imaging	 and	 the	 availability	 of	 numerous	 contrast	 agents,	 MRI	 is	 particularly	 useful	 for
characterization	of	 lesions	 that	elude	precise	characterization	by	CT.	Newer	hepatocyte-specific	contrast	agents
such	 as	 gadoxetate	 disodium	 (Eovist)	 and	 gadobenate	 dimeglumine	 (Multihance),	 which	 are	 taken	 up	 by
hepatocytes	 and	 partially	 excreted	 through	 the	 biliary	 system,	 appear	 to	 enhance	 the	 sensitivity	 of	MRI	 in	 the
detection	of	metastatic	lesions.2,3

Because	of	its	comparatively	weaker	sensitivity	and	specificity,	the	utility	of	ultrasound	is	largely	confined	to
intraprocedural	guidance	during	tumor	ablation	or	during	intraoperative	examination	of	the	liver.	Although	not	yet
universally	available	in	the	United	States,	contrast	agents	for	use	in	ultrasonography	may	strengthen	the	sensitivity
and	 specificity	 of	 this	 modality	 in	 the	 detection	 and	 characterization	 of	 liver	 metastases.	 When	 used	 after
administration	 of	 radiolabeled	 18F-fluorodeoxyglucose,	 PET	 may	 be	 a	 means	 of	 identifying	 hypermetabolism
within	 liver	 lesions.	 Because	 of	 its	 poor	 anatomic	 resolution,	 PET	 is	 typically	 used	 in	 conjunction	 with	 CT
imaging.	 Several	 analyses	 have	 found	 that	 routine	 use	 of	 PET	 can	 provide	 additional	 information	 that	 alters
treatment	planning	in	up	to	a	third	of	patients	with	hepatic	colorectal	adenocarcinoma	metastases,	particularly	by
detecting	extrahepatic	disease.4,5	Two	important	caveats	are	that	PET	is	insensitive	for	the	detection	of	tumor	foci
that	are	 less	 than	1	cm	 in	diameter,	 and	 its	 sensitivity	 in	 the	detection	of	colorectal	adenocarcinoma	 is	blunted
when	patients	are	receiving	chemotherapy.	Somatostatin	receptor	scintigraphy	can	be	useful	in	identifying	foci	of
neuroendocrine	carcinoma;	however,	it	does	not	appear	to	enhance	the	level	of	diagnostic	information	that	can	be
rendered	with	CT	and	MRI	alone.6	More	recently,	the	gallium-68	DOTATATE	PET	imaging	has	been	found	to	be
quite	sensitive	and	specific	in	the	evaluation	of	neuroendocrine	carcinoma.7
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Hepatic	Resection
The	determination	of	 resectability	of	hepatic	metastases	 centers	 around	 the	 concept	of	 the	 future	 liver	 remnant
(FLR),	defined	as	the	portion	of	the	liver	that	will	remain	after	hepatic	resection.	As	stated	previously,	the	FLR	is
generally	capable	of	rapid	postoperative	hypertrophy;	however,	the	FLR	must	be	capable	of	a	minimum	level	of
function	in	order	to	avoid	fatal	postoperative	hepatic	failure.	In	order	for	hepatic	resection	to	be	performed	safely,
four	criteria	regarding	the	FLR	must	be	met:	(1)	the	FLR	must	be	well	vascularized	(i.e.,	 the	portal	venous	and
hepatic	arterial	inflow	into	the	FLR	must	be	retained);	(2)	the	FLR	must	have	adequate	biliary	drainage	(i.e.,	the
hepatic	 duct[s]	 emanating	 from	 the	 FLR	must	 not	 be	 compromised);	 (3)	 the	 FLR	must	 have	 adequate	 venous
drainage	 (i.e.,	 the	 hepatic	 vein[s]	 decompressing	 the	 FLR	must	 remain	 intact;	 and	 (4)	 the	 FLR	must	 be	 of	 an
adequate	size.	Using	cross-sectional	CT	or	MRI,	the	volume	of	the	FLR	and	the	volume	of	the	entire	liver	can	be
calculated.	In	this	way,	the	ratio	of	the	FLR	volume	to	the	total	estimated	liver	volume	(or,	alternatively,	to	the
total	 ideal	 liver	volume	based	on	patient	size)	can	be	calculated.7	The	minimal	FLR–to–total	 liver	volume	ratio
necessary	 to	 sustain	 sufficient	 postresection	 liver	 function	 and	 hypertrophy	 depends	 on	 the	 condition	 of	 the
underlying	liver.	In	patients	with	normal	liver	function,	the	ratio	can	be	as	small	as	20%.	In	patients	with	severe
underlying	 liver	dysfunction	 (e.g.,	 resulting	 from	cirrhosis),	 the	minimal	 ratio	may	be	50%.	As	outlined	 in	 the
following	text,	 iatrogenic	impairment	of	hepatic	function	resulting	from	prolonged	chemotherapy	may	require	a
minimal	 FLR	 of	 40%.	 In	 cases	 of	 advanced	 disease	with	 large	 or	multifocal	 tumors,	 adjustments	 to	 operative
planning	may	become	necessary	 in	 order	 to	 preserve	 a	 sufficient	FLR.	These	 so-called	 “parenchymal	 sparing”
approaches	 to	 hepatic	metastasectomy	may	 invoke	 the	 use	 of	 adjuncts	 such	 as	 thermal	 ablation	 or	 portal	 vein
embolization,	as	discussed	later.

Although	 the	safety	of	hepatic	surgery	has	greatly	 improved	 in	recent	decades	 (with	operative	mortality	 risk
after	 major	 hepatic	 resections	 approximating	 1%	 to	 3%	 in	 large-volume	 centers),	 it	 remains	 a	 considerable
undertaking.	 The	 major	 perioperative	 risks	 for	 hepatic	 resection	 are	 hemorrhage,	 bile	 leak,	 and	 postoperative
hepatic	 failure.	The	predominant	source	of	 intraoperative	hemorrhage	results	 from	venous	“backbleeding”	from
the	 inferior	 vena	 cava	 and	 hepatic	 veins;	 consequently,	 great	 effort	 is	 expended	 to	 minimize	 central	 venous
pressure	 to	 as	 low	 as	 0	 to	 3	 mm	 Hg	 during	 hepatic	 parenchymal	 transection.	 Patients	 with	 underlying
comorbidities	that	render	them	unable	to	tolerate	the	hemodynamics	of	low	central	venous	pressure	are	clearly	at
higher	 risk	 of	 operative	 blood	 loss.	 Hemorrhage	 during	 hepatic	 parenchymal	 transection	 can	 also	 result	 from
injury	to	portal	venous	and	hepatic	arterial	inflow	vessels;	this	risk	can	be	mitigated	by	transient	occlusion	of	the
hepatic	 inflow	at	 the	porta	hepatis	 (the	 so-called	“Pringle	maneuver”).	 In	 the	absence	of	 significant	underlying
hepatic	 functional	 derangement,	 the	 liver	 can	 tolerate	 relatively	 prolonged	 periods	 of	 hepatic	 inflow	 occlusion
during	 hepatic	 transection,	 particular	 when	 it	 is	 performed	 during	 intermittent	 periods	 (10	 to	 20	 minutes)
interrupted	 by	 brief	 pauses	 (5	 minutes)	 to	 restore	 hepatic	 perfusion.8	 A	 number	 of	 methods	 for	 parenchymal
transection	have	been	developed	and	compared,	including	direct	manual	ligation	of	biliary	and	vascular	structures,
thermal	 energy	 devices,	 and	 cutting	 staplers,	 but	 no	 single	 approach	 has	 been	 consistently	 proven	 to	 decrease
hemorrhage.	In	experienced	hands,	the	majority	of	major	hepatic	resections	can	be	performed	without	the	need	for
intraoperative	or	postoperative	blood	transfusion.	Bile	leakage	from	the	cut	surface	of	the	liver	occurs	in	less	than
5%	 to	10%	of	cases	and,	when	necessary,	 can	 typically	be	managed	with	percutaneous	drainage.	 Interestingly,
there	is	evidence	that	the	increasing	complexity	of	hepatic	resections	that	has	evolved	over	time	may	be	associated
with	 an	 increasing	prevalence	of	bile	 leakage.9	The	most	 devastating	 complication	 that	 can	occur	 after	 hepatic
surgery	 is	 postoperative	 hepatic	 failure.	 If	 the	 remnant	 liver	 is	 incapable	 of	 sustaining	 hepatic	 function,
postoperative	 demise	 from	hepatic	 insufficiency	 typically	 cannot	 be	 averted.	 For	 this	 reason,	 great	 attention	 is
devoted	 to	 the	 FLR	 preoperatively,	 intraoperatively,	 and	 postoperatively.	 Meticulous	 care	 is	 taken	 to	 avoid
unnecessary	 intraoperative	 dissection	 of	 and	 injury	 to	 the	 vascular	 and	 biliary	 inflow	 and	outflow	of	 the	FLR.
Minimally	 invasive	 approaches	 to	 hepatic	 resection	 are	 being	 adopted	 with	 gradually	 increasing	 frequency,
although	 to	 a	 lesser	 extent	 compared	 with	 other	 arenas	 of	 surgery.	 In	 well-selected	 cases	 and	 in	 experienced
centers,	minimally	invasive	hepatic	surgery	is	a	safe	alternative	to	traditional	open	methods.

Thermal	Ablation
An	 important	 adjunct	 or	 alternative	 to	 operative	 resection	 is	 thermal	 tumor	 ablation	 using	microwave	 ablation
(MWA).	MWA	 has	 largely	 replaced	 the	 older	 modalities	 of	 radiofrequency	 ablation	 (RFA)	 and	 cryoablation.
MWA	probes	are	inserted	directly	into	the	tumor,	after	which	the	application	of	hyperthermic	energy	is	used	to
induce	a	zone	of	cell	death	that	fully	encompasses	the	tumor.	For	deep-seated	tumors	that	would	require	resection
of	 a	 large	 volume	 of	 liver	 (e.g.,	 deep	 centrally	 located	 tumors	 that	would	 require	 a	 formal	 hemihepatectomy),



MWA	can	be	useful	as	a	parenchymal-sparing	approach	to	hepatic	metastasectomy.	As	such,	the	combined	use	of
ablation	with	surgical	resection	enables	some	patients	with	traditionally	unresectable	disease	to	undergo	complete
tumor	 eradication.	 The	 conduct	 of	 thermal	 ablation	 requires	 radiographic	 guidance,	 typically	 with	 real-time
ultrasonography,	 in	 order	 to	 direct	 accurate	 placement	 of	 probes	 into	 and	 around	 the	 tumor.	 Ablation	 can	 be
administered	at	the	time	of	open	or	laparoscopic	operation	or	in	a	percutaneous	fashion.

Stereotactic	Body	Radiation	Therapy
Stereotactic	 body	 radiation	 therapy	 (SBRT)	 is	 a	 noninvasive	 technique	 of	 providing	 local	 therapy	 for	 liver
malignancies	with	ablative	intent.	This	technique	uses	high	doses	per	day	(6	to	10	Gy)	delivered	over	a	course	of
three	 to	five	fractions	such	 that	very	high	biologically	effective	doses	are	achieved.	Patients	are	simulated	with
various	 techniques	 to	 minimize	 tumor	 motion,	 including	 breath	 hold	 and	 abdominal	 compression,	 and	 highly
conformal	radiation	plans	are	created	such	that	there	is	very	high	dose	falloff	from	the	edge	of	the	planning	target
volume	(PTV)	and	into	normal	tissue.

Liver	SBRT	was	initially	studied	in	prospective	dose-escalation	studies	using	a	critical	volume	method	that	is
conceptually	similar	to	the	FLR	notion	mentioned	earlier	with	respect	to	hepatectomy.	The	critical	volume	method
works	backward	from	the	premise	that	for	any	given	organ,	a	certain	amount	of	functional	tissue	must	remain	after
a	course	of	radiation	therapy	to	avoid	severe	late	sequelae.	In	the	case	of	liver	SBRT,	the	proposed	initial	good
faith	estimate	was	that	at	least	700	mL	of	normal	liver	must	receive	a	dose	less	than	15	Gy	in	a	three-treatment
regimen,	a	threshold	below	which	organ	functionality	was	expected	to	be	preserved.	With	this	type	of	constraint	in
place,	it	was	possible	to	escalate	the	prescription	dose	to	individual	lesions	to	60	Gy	in	three	fractions	in	the	initial
University	 of	 Colorado	 study10	 and	 in	 five	 fractions	 in	 the	 University	 of	 Texas-Southwestern	 study,11	 thus
achieving	actuarial	rates	of	local	control	of	93%	to	100%	at	18	to	24	months.

In	the	setting	of	liver	metastases,	the	rate	of	radiation-induced	liver	disease	after	SBRT	is	extremely	low	in	the
absence	of	preexisting	liver	disease,	primarily	because	the	mean	normal	liver	dose	is	kept	low.	In	clinical	practice,
the	more	concerning	dose-limiting	structure	for	liver	SBRT	is	typically	the	gastrointestinal	tract	in	cases	where	the
treated	 lesion	 approaches	 within	 less	 than	 1	 cm	 or	 so	 of	 the	 medial	 surface.	 To	 minimize	 the	 risk	 of	 severe
mucosal	 injury,	 conservative	 constraints	 that	 have	been	 recommended	by	 a	 leading	 expert	 include	 a	maximum
point	 dose	 to	 the	 upper	 intestine	 in	 the	 range	 of	 24	 to	 30	Gy	 in	 three	 fractions	 and	 slightly	 higher	 for	 a	 five-
fraction	regimen.12	The	Mayo	Clinic	group	has	reported	outcomes	from	a	series	of	patients	treated	with	SBRT	to
the	liver	and	other	abdominal	targets	that	suggest	a	higher	risk	of	bowel	toxicity	in	patients	receiving	abdominal
SBRT	and	 a	vascular	 endothelial	 growth	 factor	 inhibitor,13	 although	 this	 finding	has	not	yet	been	observed	by
other	groups.

Portal	Vein	Embolization
Some	patients	with	multifocal	metastases	 are	not	 candidates	 for	 complete	 tumor	 eradication	 if	 the	 size	of	 their
anticipated	 FLR	 is	 insufficient	 to	 sustain	 hepatic	 function.	 For	 these	 patients,	 consideration	 can	 be	 given	 to
preoperative	 chemotherapy	 or	 to	 operative	 adjuncts	 to	 maximize	 the	 size	 of	 the	 FLR.	 Downsizing	 of	 tumors
through	the	use	of	preoperative	systemic	chemotherapy	may	enable	a	parenchymal-sparing	approach	to	resection
and/or	ablation	 that	permits	an	FLR	of	sufficient	volume.	Alternatively,	portal	vein	embolization	(PVE)	can	be
used	as	a	means	of	inducing	FLR	hypertrophy.14,15	In	this	approach,	embolization	of	portal	venous	inflow	to	the
portion	 of	 the	 liver	 to	 be	 resected	 is	 performed	 prior	 to	 operative	 intervention	 to	 induce	 rapid	 and	 significant
hypertrophy	 of	 the	 nonembolized	 hepatic	 segments.	 For	 example,	 some	 patients	may	 have	multifocal	 or	 large
tumors	that	can	only	be	completely	removed	with	a	right	trisectionectomy.	If	the	FLR	(segments	I	to	III)	is	too
small	to	permit	safe	resection,	PVE	of	segments	IV	to	VIII	is	undertaken.	If	hepatic	function	is	normal,	this	will
usually	 result	 in	 a	 rapid	 hypertrophy	 of	 segments	 I	 to	 III	 that	 peaks	 in	 4	weeks.	 Thus,	 if	 repeat	 imaging	 and
volumetric	analysis	performed	1	month	after	PVE	identify	sufficient	post-PVE	hypertrophy,	operative	therapy	can
be	undertaken	immediately	thereafter.	In	circumstances	of	impaired	liver	function	(e.g.,	patients	with	significant
chemotherapy-associated	hepatotoxicity),	the	hypertrophic	response	to	PVE	can	be	attenuated.	Indeed,	absence	of
post-PVE	 hypertrophy	 (<5%	 increase	 in	 FLR	 volume)	 is	 strongly	 predictive	 of	 postresection	 liver	 failure.	 As
such,	PVE	can	occasionally	be	used	as	a	“stress	test”	to	predict	the	likelihood	that	partial	hepatectomy	could	be
safely	tolerated.	The	rate	of	post-PVE	hypertrophy,	referred	to	as	the	kinetic	growth	rate,	has	been	shown	to	be
strongly	 predictive	 of	 eventual	 hypertrophy	 and	 the	 ability	 to	 tolerate	 hepatic	 resection.16	 Although	 it	 had
previously	been	thought	that	systemic	chemotherapy	would	significantly	impair	the	hepatic	hypertrophic	response
to	PVE,	recent	analyses	suggest	that	chemotherapy	may	be	safely	used	in	patients	with	aggressive	disease	during
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the	period	between	PVE	and	resection.12

Two-Stage	Hepatectomy
A	 common	 treatment	 algorithm	 employed	 for	 patients	 with	 advanced,	 multifocal	 disease	 is	 the	 two-stage
hepatectomy.13	 In	 this	 approach,	 two	 separate	 operative	 procedures	 are	 used	 to	 effect	 complete	 clearance	 of
hepatic	 tumors.	 In	 the	 first	stage,	operative	resection	and/or	ablation	 is	used	 to	clear	 the	anticipated	FLR	(most
commonly	the	left	hemiliver	or	left	 lateral	section).	This	is	often	undertaken	in	a	minimally	invasive	manner	to
facilitate	recovery	and	progression	to	subsequent	therapy.	Very	shortly	after	this	procedure,	contralateral	PVE	is
performed	 to	 induce	 hypertrophy	 of	 the	 newly	 cleared	 portion	 of	 the	 liver.	 If	 post-PVE	 imaging	 verifies
satisfactory	 hypertrophy	of	 the	FLR,	 completion	 hepatectomy	 is	 then	 performed	 to	 clear	 all	 remaining	 sites	 of
disease.

Transarterial	Therapy
Transarterial	 therapies	 take	 advantage	 of	 the	 aforementioned	 unique	 physiologic	 characteristic	 of	 hepatic
metastases.	Unlike	normal	hepatocytes,	which	derive	approximately	75%	of	 their	blood	 supply	 from	 the	portal
venous	 circulation,	 hepatic	 metastases	 derive	 80%	 to	 90%	 of	 their	 blood	 supply	 from	 the	 hepatic	 arterial
circulation.	As	a	result,	a	number	of	therapeutic	interventions	targeting	hepatic	metastases	have	been	designed	to
be	 delivered	 intra-arterially	 (via	 the	 hepatic	 arterial	 system).	 Hepatic	 arterial	 infusion	 (HAI)	 chemotherapy
involves	 the	 delivery	 of	 chemotherapeutic	 agents	 directly	 into	 the	 hepatic	 arterial	 system.	 HAI	 typically	 uses
chemotherapeutic	 agents	 that	 undergo	 high	 first-pass	 hepatic	 metabolism.	 Once	 metabolized	 by	 hepatocytes,
negligible	 quantities	 of	 chemotherapy	 are	 then	 exposed	 to	 the	 rest	 of	 the	 body;	 in	 this	 way,	 HAI	 enables	 the
administration	 of	 vastly	 higher	 concentrations	 of	 chemotherapy	 to	 hepatic	 metastases	 than	 can	 be	 delivered
systemically.	 Transarterial	 embolization	 (TAE)	 involves	 the	 selective	 administration	 of	 polyvinyl	 alcohol	 or
microspheres	 into	 the	 small	 arterial	 vessels	 that	 perfuse	 hepatic	 tumors.	 Once	 delivered,	 these	 agents	 induce
thrombosis	 in	 small-diameter	 arteries	 that	 results	 in	 selective	 ischemia	 of	 tumors	 but	 not	 of	 the	 surrounding
hepatic	 parenchyma.	 Transarterial	 chemoembolization	 (TACE)	 is	 a	 combination	 of	 these	 two	 approaches,	 in
which	high	doses	of	chemotherapy	are	selectively	delivered	into	the	arteries	that	perfuse	tumor,	after	which	the
arteries	are	embolized.

Selective	Internal	Radiation	Therapy
Selective	internal	radiation	therapy	(SIRT)	is	a	targeted	approach	that	delivers	glass	or	resin	microspheres	labeled
with	yttrium-90,	primarily	a	β	particle	emitter,	 into	 the	arteries	 that	perfuse	metastatic	or	primary	 liver	 tumors.
The	rationale	for	the	potential	selectivity	of	the	technique	is	that	postinfusion	histologic	analysis	demonstrates	that
the	spheres	are	preferentially	distributed	into	vessels	around	the	periphery	of	the	tumor,	with	relative	sparing	of
the	normal	liver.14	It	is	difficult	to	compare	SBRT	and	SIRT	directly;	in	general,	SBRT	can	likely	provide	a	more
intense	dose	of	radiation	to	individual	discrete	lesions,	whereas	SIRT	can	be	used	for	somewhat	larger	and	more
diffuse	hepatic	involvement.	The	initial	assessment	of	the	appropriateness	of	SIRT	for	a	given	patient	involves	not
only	 a	 consideration	 of	 performance	 status	 and	 goals	 of	 treatment	 but	 also	 an	 evaluation	 of	 the	 expected
distribution	 of	 particles	 within	 the	 patient’s	 liver	 and	 identification	 of	 any	 potential	 concerns	 regarding	 a
pulmonary	 shunt	 or	 anatomic	 variant	 that	 would	 cause	 an	 excess	 amount	 of	 particles	 to	 be	 distributed	 into
nontarget	regions.15

The	 pre-SIRT	 evaluation	 may	 be	 achieved	 using	 planar	 or	 single-photon	 emission	 computed	 tomography
scintigraphy	 of	 technetium-99m	 macroaggregated	 albumin.	 The	 scans	 will	 provide	 information	 useful	 for
determining	the	appropriate	amount	of	radioactivity	to	be	infused	based	on	the	expected	ratio	of	tumor	to	normal
liver	distribution	as	well	as	the	dose-limiting	constraint	of	pulmonary	radiation	dose	in	cases	with	a	demonstrable
pulmonary	shunt.	The	incidence	of	radiation-induced	liver	toxicity	after	SIRT	is	typically	low	for	patients	without
preexisting	 liver	 disease,17	 but	 gastrointestinal	 toxicities	 can	 also	 occur	 from	 exposure	 to	 adjacent	 tissue	 or
nontargeted	sphere	deposition.18	The	rate	of	 individual	 tumor	control	 is	not	commonly	reported	after	SIRT,	but
intrahepatic	control	is	lower	than	after	SBRT,	possibly	because	the	disease	burden	treated	with	SIRT	is	typically
higher	 and	 because	 of	 inconsistent	 evaluation	 or	 consideration	 of	 post-SIRT	 dosimetry.	 For	 example,	 in	 one
series,	 the	median	 liver	 tumor	 volume	 treated	 was	 over	 300	mL;	 the	 progression-free	 survival	 (PFS)	 was	 3.2
months,	and	half	the	patients	experienced	a	component	of	intrahepatic	failure.19	The	therapy	is	not	only	often	used
as	sole	treatment	for	liver	lesions	but	can	also	be	positioned	as	a	bridge	to	transplantation	or	downstaging	method



prior	to	other	interventions.20

Palliative	Whole-Liver	Radiation	Therapy
Less	biologically	potent	than	SIRT	is	the	use	of	palliative	whole-liver	external-beam	radiation	therapy	(WLRT).
This	 form	 of	 treatment	 becomes	 more	 appropriate	 as	 the	 goals	 of	 treatment	 move	 farther	 away	 from	 radical,
potentially	 curative	 ablation	 of	 oligometastatic	 disease	 toward	 symptom	 relief	 in	 patients	 with	 limited	 life
expectancy.	A	high	burden	of	 liver	disease	can	sometimes	cause	nausea,	anorexia,	and	pain	presumed	 to	 result
from	stretching	of	the	liver	capsule,	among	other	symptoms.	A	number	of	prospective	studies	have	addressed	this
condition,	 and	 an	American	 Society	 for	 Radiation	Oncology	 (ASTRO)-commissioned	 review	 of	 the	 topic	 has
been	 published.21	 The	 major	 prospective	 clinical	 studies	 of	 note	 are	 the	 Radiation	 Therapy	 Oncology	 Group
(RTOG)	 studies	 performed	 in	 the	 late	 1970s	 and	 early	 1980s.	The	 initial	RTOG	pilot	 study	 enrolled	 over	 100
patients	 and	 involved	 WLRT	 regimens	 in	 the	 range	 of	 21	 to	 30	 Gy	 in	 7	 to	 19	 fractions.22	 Patient-reported
symptom	 reduction	 was	 observed	 in	 most	 patients:	 55%	 had	 at	 least	 partial	 relief	 of	 abdominal	 pain,	 49%
experienced	reduced	nausea	and	vomiting,	and	28%	had	 less	anorexia.	There	was	no	clear	advantage	 to	a	dose
above	21	Gy	in	7	fractions.	In	a	subsequent	RTOG	study,	this	regimen	was	used	again	(21	Gy	in	7	fractions)	and
was	confirmed	to	achieve	pain	relief	in	approximately	80%	of	patients	within	2	to	6	weeks	after	treatment.23	The
pain	relief	was	complete	in	54%	of	patients;	toxicity	was	limited	to	mild	transient	nausea	in	22%	of	patients,	and
28%	of	patients	enjoyed	improved	performance	status.	More	recently,	the	Princess	Margaret	Hospital	group	has
reported	 encouraging	 similar	 overall	 results	 for	 palliative	 liver	 radiotherapy	 using	 an	 even	 simpler	 and	 shorter
schedule	involving	a	single	fraction	of	8	Gy	to	the	whole	liver.24

HEPATIC	COLORECTAL	ADENOCARCINOMA	METASTASES
Introduction
Like	 other	 adenocarcinomas	 of	 the	 alimentary	 tract	 (e.g.,	 gastric	 adenocarcinoma,	 pancreatic	 adenocarcinoma),
colorectal	adenocarcinoma	has	a	proclivity	 for	hepatic	metastasis.	However,	very	much	unlike	other	alimentary
tract	 adenocarcinomas,	 the	 liver	 is	 often	 the	only	 site	 of	metastatic	 spread	 for	 colorectal	 adenocarcinoma.	This
nuance	of	 cancer	 biology	makes	 liver-directed	 therapy	 an	 attractive	 approach	 in	 the	management	 of	metastatic
colorectal	 adenocarcinoma.	 Another	 impetus	 for	 aggressive	 liver-directed	 therapy	 is	 the	 broad	 availability	 of
effective	systemic	chemotherapy.	Indeed,	over	the	past	several	decades,	continual	advances	in	chemotherapy	have
incrementally	 but	 substantively	 raised	 the	median	 overall	 survival	 (OS)	 for	 patients	with	metastatic	 colorectal
adenocarcinoma	from	6	months	in	the	era	of	fluorouracil	(FU)	monotherapy	to	over	2	years	in	the	contemporary
era	 of	 combinatorial	 leucovorin,	 FU,	 and	 oxaliplatin	 (FOLFOX)	 or	 leucovorin,	 FU,	 and	 irinotecan	 (FOLFIRI)
chemotherapy	administered	in	conjunction	with	so-called	targeted	biologic	agents.

Hepatic	Resection
The	goal	of	hepatic	metastasectomy	for	colorectal	adenocarcinoma	is	complete	tumoral	extirpation	with	negative
resection	 margins.	 It	 is	 evident	 that	 a	 subset	 of	 patients	 who	 undergo	 resection	 of	 their	 hepatic	 colorectal
metastases	will	be	cured.	Longitudinal	analyses	 indicate	 that	 the	cure	rate	 is	approximately	20%	of	all	patients;
these	studies	also	demonstrate	 that	recurrences	can	occur	 late,	such	that	 the	declaration	of	cure	cannot	be	made
until	 10	 years	 after	 surgical	 resection.25	Despite	 decades	 of	 accumulating	 experience,	 there	 are	 no	 prospective
randomized	 data	 to	 verify	 that	 hepatic	 metastasectomy	 improves	 survival	 for	 patients	 with	 hepatic	 colorectal
adenocarcinoma	metastases	beyond	that	which	could	be	expected	with	systemic	chemotherapy	alone.	However,	as
shown	 in	 Table	 118.1,	 single-institution	 series	 have	 demonstrated	 steady	 improvements	 in	 actuarial	 survival
estimates	 that	 now	 approximate	 5-year	 OS	 rates	 of	 50%	 after	 hepatic	 metastasectomy.26–30	 As	 systemic
chemotherapy	 has	 become	 more	 effective,	 surgical	 therapy	 has	 been	 implemented	 more	 aggressively,	 being
offered	 to	patients	who	previously	might	have	been	deemed	poor	candidates	 for	operative	 intervention.	 Indeed,
tumor	 characteristics	 that	 were	 once	 considered	 contraindications	 to	 surgical	 intervention	 (e.g.,	 bilobar	 tumor
involvement,	more	 than	 four	 tumors)	are	now	common	among	patients	undergoing	hepatic	metastasectomy.	As
the	indications	for	operative	therapy	broaden	and	as	surgical	resection	is	offered	to	more	and	more	patients	with
highly	 aggressive	 manifestations	 of	 metastatic	 disease,	 it	 is	 unlikely	 that	 the	 chance	 of	 actual	 cure	 will	 rise.
However,	in	light	of	the	ever-improving	capacity	of	systemic	chemotherapy	to	prolong	survival	for	patients	with
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advanced	disease,	it	is	also	likely	that	aggressive	hepatic	metastasectomy,	when	used	rationally	and	in	the	context
of	multimodality,	multidisciplinary	care,	may	prolong	survival.

TABLE	118.1
Selected	Published	Series	of	Outcomes	After	Hepatic	Resection	of	Colorectal
Adenocarcinoma	Metastases26–30

Study Era
No.	of
Patients

Operative
Mortality

Median	FU
(mo)

5-y
OS

10-y
OS

Median
OS

5-y	DFS
(mo)

10-y
DFS

Median	DFS
(mo)

Andreou	et
al.26

1997–
2010

378 3% 32 53% 26% 62 NS NS NS

House	et
al.27

1999–
2004

563 1% 34 51%a 37%b 64 33% 31%b NS

Wei	et	al.28 1992–
2002

423 2% NS 47% 28% NS 27% 22% NS

Choti	et
al.29

1993–
1999

133 <1% 22 58% NS NS 28% NS 19

House	et
al.27

1985–
1998

1,037 3% 38 37%a 26%b 43 27% 23%b NS

Choti	et
al.29

1984–
1992

93 <1% 122 31% NS 36 14% NS 12

Scheele	et
al.30

1960–
1992

1,718 4% NS 39% 24% NS 34% NS NS

aDisease-specific	survival.
bEight-year	disease-specific	survival.
FU,	follow-up;	OS,	overall	survival;	DFS,	disease-free	survival;	NS,	not	stated.

Extrahepatic	Disease
One	special	circumstance	of	liberalizing	indications	for	hepatic	metastasectomy	that	deserves	mention	is	 that	of
extrahepatic	 metastases.	 The	 presence	 of	 metastatic	 disease	 outside	 of	 the	 liver	 (e.g.,	 pulmonary,	 peritoneal,
retroperitoneal)	was	once	universally	considered	to	be	an	absolute	contraindication	to	hepatic	resection.	However,
there	 is	 now	 accumulating	 experience	 with	 combined	 hepatic	 and	 extrahepatic	 metastasectomy.	 Although	 this
experience	is	derived	from	highly	unique	and	selected	cases,	in	the	context	of	this	careful	patient	selection,	it	is
apparent	that	patients	undergoing	resection	of	hepatic	and	pulmonary	metastases	can	experience	a	median	OS	of	3
to	4	years	(recurrence-free	survival	of	approximately	2	years),	and	patients	undergoing	resection	of	hepatic	and
peritoneal	metastases	can	experience	a	median	OS	of	2	 to	3	years	 (recurrence-free	survival	of	approximately	2
years).	 Interestingly,	 comparatively	worse	 survival	 outcomes	 have	 been	 described	 for	 patients	 presenting	with
hepatic	pedicle	or	retroperitoneal	lymph	node	metastases.31,32

Thermal	Ablation
Thermal	ablation	has	the	advantage	of	allowing	greater	parenchymal	sparing	than	hepatic	resection,	particularly
for	 deep-seated,	 centrally	 located	 tumors.	 As	 such,	 ablation	 is	 often	 used	 instead	 of	 or	 in	 conjunction	 with
resection.	Ablation	can	be	performed	intraoperatively	during	open	or	laparoscopic	procedures	or	percutaneously
in	a	nonoperative	setting.	The	 less	 invasive	nature	of	ablation	can	be	attractive	for	patients	who	are	suboptimal
candidates	 for	 major	 operative	 intervention.	 Ablation	 is	 particular	 appealing	 for	 cases	 of	 colorectal
adenocarcinoma	metastases	that	have	recurred	following	previous	resection	because	it	avoids	the	heightened	risks
of	 repeat	 hepatic	 resection.	 A	 review	 of	 single-	 and	 multi-institutional	 experiences	 with	 thermal	 ablation	 for
hepatic	 colorectal	 adenocarcinoma	metastases	 indicates	 a	 risk	 of	 local	 recurrence	 (i.e.,	 incomplete	 ablation	 of
<10%)	(Table	118.2).33–38	The	biggest	risk	factor	for	local	recurrence	is	tumor	size;	for	small	tumors	(<1	to	2	cm),
the	 likelihood	of	 incomplete	ablation	is	quite	small.	The	OS	estimates	observed	in	 these	series	are	significantly
lower	 than	 those	associated	with	hepatic	 resection;	however,	 this	 is	 likely	 reflective	of	 the	 significant	 selection
bias	that	is	inherent	in	any	decision	to	undertake	ablation	over	operative	resection.

Adjuvant	and	Perioperative	Chemotherapy



Adjuvant	chemotherapy	has	been	shown	to	decrease	the	risk	of	recurrence	and	improve	survival	for	patients	with
stage	III	colorectal	adenocarcinoma;	moreover,	systemic	chemotherapy	clearly	prolongs	survival	for	patients	with
unresectable	 metastatic	 colorectal	 adenocarcinoma.	 For	 these	 reasons,	 operative	 resection	 and	 systemic
chemotherapy	are	typically	used	in	close	conjunction	with	one	another,	even	for	patients	with	readily	resectable
hepatic	 metastases.	 Two	 prospective	 randomized	 clinical	 trials	 comparing	 surgical	 resection	 alone	 to	 surgical
resection	 followed	 by	 postoperative	 FU	 and	 leucovorin	 identified	 a	 suggestion	 of	 improvement	 in	 PFS	 among
patients	 randomized	 to	 receive	 chemotherapy,	 but	 no	 improvement	 was	 seen	 in	 OS.39,40	 As	 more	 modern
chemotherapy	 has	 been	 explored,	 a	 similar	 pattern	 of	 PFS	 improvement	 without	 OS	 improvement	 has	 been
demonstrated.	The	European	Organisation	 for	Research	and	Treatment	of	Cancer	 (EORTC)	40983	 randomized
trial	 comparing	 patients	 treated	 with	 surgical	 resection	 alone	 versus	 surgical	 resection	 with	 perioperative
FOLFOX4	chemotherapy	suggested	a	PFS	improvement	of	7.3%	over	patients	in	the	surgery-only	arm.	Although
there	was	 a	 trend	 toward	 increased	OS	 time	 (61.3	months	 for	 FOLFOX4	plus	 surgery	 versus	 54.3	months	 for
surgery	only)	and	5-year	OS	(51.2%	for	FOLFOX4	plus	surgery	versus	47.8%	for	surgery	only),	 the	study	was
not	powered	 to	detect	an	 improvement	 (P	=	 .34).	Of	concern	was	 the	 fact	 that	 the	perioperative	chemotherapy
group	suffered	increased	rates	of	surgical	complications	and	liver	injury.	Although	many	of	these	toxicities	were
reversible,	the	increased	risk	merits	consideration	when	selecting	patients	for	perioperative	chemotherapy.41,42

TABLE	118.2
Selected	Published	Series	of	Outcomes	After	Thermal	Ablation	of	Colorectal
Adenocarcinoma	Metastases33–38

Study Era
No.
(Tumors)

Ablation
Type

Median
Tumor	Size
(cm)

Median
FU	(mo)

Local
Recurrence

5-y
OS

10-y
OS

Median
OS
(mo)

5-y
RFS

10-y
RFS

Median
RFS
(mo)

Groeschl
et	al.33

2003–
2011

403 MWA 2 19 5% 17% NS 32 9% NS 25

Kingham
et	al.34

1996–
2011

315 RFA,
cryoablation,

MWA

NS NS 11% NS NS NS NS NS NS

Martin	et
al.35

2004–
2009

135 MWA 3 NS NS 47% 28% NS 27% 22% NS

Siperstein
et	al.36

1997–
2006

292 RFA 3.9 24 NS 18% NS 24 34% NS NS

Abdalla	et
al.37

1992–
2002

57 RFA 2.5 21 9% 22%a NS <25 <5%b NS <10

Park	et
al.38

1995–
2005

30 RFA 3.1 NS 23% NS NS 36 NS NS NS

aFour-year	OS.
bThree-year	RFS.
FU,	follow-up;	OS,	overall	survival;	RFS,	recurrence-free	survival;	MWA,	microwave	ablation;	RFA,	radiofrequency	ablation;	NS,	not	stated.

Neoadjuvant	Chemotherapy
Regardless	of	these	uncertainties,	most	patients	with	hepatic	colorectal	adenocarcinoma	metastases	are	treated	in	a
multimodal	manner.	Indeed,	for	patients	with	radiographic	evidence	of	resectable	disease	(and	whose	underlying
medical	 condition	 permits	 operative	 therapy),	 the	 decision	 is	 generally	 not	 whether	 to	 give	 chemotherapy	 but
when.	It	is	likely	that	optimal	therapy	of	hepatic	colorectal	adenocarcinoma	metastases	involves	the	multimodal
use	 of	 systemic	 chemotherapy	 and	 operative	 tumor	 resection	 (or	 ablation).	 However,	 controversy	 persists
regarding	 the	 ideal	sequencing	of	 treatment	 for	patients	with	 resectable	 tumors.	The	routine	use	of	neoadjuvant
chemotherapy	(administered	prior	to	operative	therapy)	offers	several	theoretical	advantages:	(1)	It	allows	one	to
measure	 the	 chemosensitivity	 of	 tumors	 by	 observing	 radiographic	 evidence	 of	 tumoral	 regression;	 (2)	 in
circumstances	 of	 rapid	 disease	 progression,	 as	might	 be	 present	 in	 circumstance	 of	 synchronous	metastases,	 it
allows	for	a	period	of	safe	observation	in	which	other	occult	foci	of	metastases	may	become	evident;	and	(3)	it
helps	to	ensure	that	patients	will	receive	a	vital	component	of	multimodality	therapy	(chemotherapy),	even	if	they
develop	major	postoperative	complications	that	prevent	them	from	completing	additional	therapy.	As	the	response
rate	of	hepatic	colorectal	metastases	to	contemporary	chemotherapy	has	improved	to	well	over	50%,	the	rationale
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for	using	neoadjuvant	therapy	for	drug	selection	or	as	a	means	of	monitoring	for	prognostically	adverse	disease
progression	has	diminished.43–45

Conversion	to	Resectability
A	major	advance	in	the	treatment	of	metastatic	colorectal	adenocarcinoma	has	been	in	the	array	of	technologies
that	 can	 occasionally	 enable	 patients	with	 initially	 unresectable	 disease	 to	 eventually	 undergo	 complete	 tumor
extirpation.	Fortunately,	steady	improvements	in	response	rates	to	chemotherapy	have	led	to	the	use	of	systemic
chemotherapy	as	a	means	of	converting	 some	patients	 to	 resectability.46	 In	one	 illustrative	 experience	of	1,104
patients	 with	 unresectable	 hepatic	 colorectal	 adenocarcinoma	metastases	 treated	 over	 an	 11-year	 period	 at	 the
Hôpital	 Paul	 Brousse,	 138	 patients	 (12.5%)	 demonstrated	 sufficient	 disease	 regression	 after	 an	 average	 of	 10
cycles	 of	 chemotherapy	 to	 permit	 an	 attempt	 at	 resection;	 potentially	 curative	 hepatic	 metastasectomy	 was
possible	 in	93%	of	 the	138	patients,	 resulting	 in	actuarial	5-year	 survival	estimates	of	33%.47	One	 randomized
study	comparing	6	months	of	 induction	 therapy	with	FOLFOX	plus	 irinotecan	 (FOLFOXIRI)	versus	FOLFIRI
showed	that	patients	who	received	FOLFOXIRI	had	an	increase	in	PFS	(9.8	versus	6.8	months,	respectively;	P	>
.01)	and	median	OS	(23.4	versus	16.7	months,	respectively;	P	=	.026).	Putatively,	the	survival	advantage	in	the
FOLFOXIRI	arm	was	thought	to	be	due	to	increased	rates	of	resectability.48	In	circumstances	where	the	FLR	is
insufficient	in	size,	PVE	and	two-stage	hepatectomy	are	commonly	used.	A	typical	case	example	is	illustrated	in
Figure	118.1.

On	 occasion,	 the	 extent	 of	 tumor	 burden	 is	 so	 great	 that	 PVE	 and	 two-stage	 approaches	 are	 not	 enough	 to
achieve	resectability.	It	is	important	to	recognize	that	this	aggressive	utilization	of	surgical	resection	for	patients
with	 advanced	 disease	 is	 unlikely	 to	 be	 curative;	 over	 the	 course	 of	 follow-up	 in	 this	 series,	 80%	 of	 patients
eventually	developed	disease	recurrence,	and	OS	in	this	select	cohort	of	patients	was	significantly	poorer	than	in
patients	who	initially	presented	with	resectable	disease.	However,	it	is	likely	that	the	outcomes	observed	following
such	aggressive	surgical	interventions	might	not	have	occurred	after	chemotherapy	alone.	A	recent	analysis	from
the	MD	Anderson	Cancer	Center	compared	patients	with	extensive	 tumor	burden	who	exhibited	a	 radiographic
response	to	systemic	chemotherapy.	After	controlling	for	a	number	of	relevant	patient	and	tumor	characteristics,
they	observed	a	striking	difference	in	survival	between	patients	who	underwent	hepatic	metastasectomy	at	some
point	in	their	treatment	versus	patients	who	did	not.49	Although	this	study	cannot	account	for	all	of	the	selection
biases	 inherent	 in	 a	 retrospective	 comparison	of	 surgical	 and	nonsurgical	 patients,	 the	magnitude	of	 difference
suggests	that	operative	metastasectomy	may	likely	impart	an	independent	influence	on	survival	duration.

Biologic	Agents
Targeted	 therapies	 such	 as	 bevacizumab	 (a	 vascular	 endothelial	 growth	 factor	 inhibitor)	 and	 anti–epidermal
growth	 factor	 receptor	 antibodies	 (cetuximab	 and	 panitumumab)	 have	 demonstrated	 improvements	 in	 response
rate	and	PFS	in	patients	with	metastatic	disease.	Unfortunately,	the	addition	of	these	agents	has	not	shown	similar
successes	 in	 the	 adjuvant	 or	 neoadjuvant	 setting	 in	 stage	 II	 and	 III	 disease.50–53	 Results	 from	 the	EPOC	 study
using	 cetuximab	plus	 chemotherapy	 surprisingly	 resulted	 in	 shorter	PFS	 (14.1	months	with	 chemotherapy	plus
cetuximab	versus	20.5	months	with	chemotherapy	alone).54	It	is	important	to	note	that	the	use	of	preoperative	or
perioperative	bevacizumab	should	include	a	break	of	at	least	5	weeks	prior	to	surgery.55–58	Further	trials	are	under
way	 to	 assess	 whether	 or	 not	 the	 improvements	 in	 response	 rates	 produce	 a	 material	 increase	 in	 rates	 of
resectability.	Ultimately,	the	selection	of	chemotherapy	with	or	without	biologics	requires	in-depth	knowledge	of
the	patient’s	tumor	characteristics	(RAS	wild	type),	the	potential	for	surgical	resection	upfront	or	at	any	point	in
treatment,	and	the	patient’s	own	goals	and	wishes.	Referral	to	a	tertiary	center	for	consideration	of	these	complex
decisions	is	appropriate.

Chemotherapy-Associated	Hepatotoxicity
An	important	argument	against	neoadjuvant	chemotherapy	is	the	risk	of	chemotherapy-associated	hepatotoxicity.
As	the	efficacy	of	chemotherapeutic	agents	against	colorectal	adenocarcinoma	has	increased,	so	too	has	their	side
effect	profile	of	hepatotoxicity.59–61	Agents	such	as	FU	and	irinotecan	have	been	associated	with	a	risk	of	hepatic
steatosis,	which	can	evolve	into	steatohepatitis.	Livers	afflicted	by	steatosis	appear	rounded	and	pink,	and	those
with	 steatohepatitis	 demonstrate	 fibrotic	 changes	 that,	 over	 time,	 can	 progress	 to	 frank	 cirrhosis;	 both	 are
associated	 with	 higher	 risks	 of	 intraoperative	 hemorrhage	 and	 impaired	 hepatic	 regeneration.	 Oxaliplatin	 is
primarily	toxic	to	endothelial	or	vascular	tissues	in	the	liver	and	has	been	associated	with	sinusoidal	vasodilation



and	obstruction	that	appears	as	a	patchy	bluish	discoloration	of	the	liver;	heavy	oxaliplatin	use	has	been	associated
with	 higher	 risks	 of	 intraoperative	 hemorrhage.	 Several	 retrospective	 studies	 have	 reported	 higher	 rates	 of
perioperative	 morbidity	 and	 prolonged	 hospitalizations	 in	 patients	 undergoing	 hepatic	 metastasectomy	 after
prolonged	 courses	 of	 chemotherapy,62,63	 and	 the	 aforementioned	 EORTC	 40983	 prospective	 trial	 identified	 a
significantly	 higher	 rate	 of	 postoperative	 complications	 in	 the	 perioperative	 chemotherapy	 arm	 versus	 the
operation	alone	arm	(25%	versus	16%,	respectively;	P	=	.04).41	As	outlined	earlier,	the	ability	of	neoadjuvant	or
adjuvant	chemotherapy	to	improve	OS	for	patients	undergoing	hepatic	metastasectomy	remains	unclear;	whether
and	 how	 the	 timing	 of	 chemotherapy	 vis-à-vis	 resection	 affects	 survival	 are	 unknown.	 Because	 prolonged
administration	of	chemotherapy	can	induce	enough	liver	damage	to	challenge	the	safety	of	surgical	intervention,
some	 clinicians	 have	 argued	 against	 the	 routine	 administration	 of	 neoadjuvant	 chemotherapy	 for	 patients	with
resectable	 hepatic	 metastases.	 At	 the	 very	 least,	 care	 should	 be	 taken	 to	 limit	 the	 duration	 of	 preoperative
chemotherapy	to	minimize	the	risk	of	chemotherapy-associated	hepatotoxicity;	based	on	retrospective	analyses,	it
appears	 that	 the	 risk	 of	 perioperative	 complications	 increases	 after	 six	 or	 more	 cycles	 of	 preoperative
chemotherapy.	 Identification	 of	 chemotherapy-associated	 hepatotoxicity	 can	 be	 challenging	 because	 routine
laboratory	 assessment	 of	 hepatic	 function	 is	 typically	 not	 sensitive	 enough	 to	 identify	 these	 changes.
Thrombocytopenia	 can	 be	 suggestive	 of	 hypersplenism	 resulting	 from	 hepatic	 fibrosis-induced	 portal
hypertension.	Radiographic	evidence	of	steatosis	(as	estimated	by	a	decrease	in	hepatic	parenchymal	attenuation
on	 CT	 imaging	 or	 signal	 dropout	 on	 in-phase	 and	 out-of-phase	 MRI	 sequences)	 or	 fibrosis	 (as	 indicated	 by
alterations	 in	 hepatic	 segmental	 atrophy	 or	 hypertrophy	 or	 irregularities	 in	 parenchymal	 contour)	 can	 also	 be
suggestive	of	hepatotoxicity.64	Because	of	 the	 inconsistency	with	which	 these	preoperative	diagnostics	 identify
significant	 hepatotoxicity,	 some	 have	 argued	 for	 the	 routine	 use	 of	 percutaneous	 liver	 biopsy	 (to	 evaluate	 for
steatosis,	fibrosis,	or	sinusoidal	obstruction)	in	patients	who	have	received	intensive	systemic	chemotherapy.65
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Figure	118.1	Two-stage	hepatectomy.	A:	A	man	in	his	50s	presented	with	colon	adenocarcinoma
and	radiographic	evidence	of	synchronous,	multifocal,	bilateral	hepatic	metastases.	B:	Repeat

imaging	obtained	after	six	cycles	of	systemic	leucovorin,	fluorouracil,	and	oxaliplatin	(FOLFOX)
chemotherapy	demonstrated	marked	regression	of	his	metastases.	Some	of	the	lesions	seen	on	initial
imaging	(circled	in	A)	were	no	longer	evident	after	chemotherapy.	He	underwent	colectomy	and
microwave	ablation	of	his	solitary	segment	II	metastasis,	after	which	repeat	imaging	(C)	and
hepatic	volumetrics	(not	shown)	verified	the	presence	of	a	small	future	liver	remnant	(FLR;

segments	II	and	III	shown	between	arrows	in	C).	Right	portal	vein	embolization	was	performed,
after	which	postembolization	imaging	suggested	hypertrophy	of	the	FLR	(segments	II	and	III

shown	between	arrows	in	D).	After	verification	of	satisfactory	hypertrophy	by	postembolization
volumetrics	(not	shown),	the	patient	underwent	an	extended	right	hemihepatectomy	but

subsequently	developed	intrahepatic	and	extrahepatic	metastases	after	an	interval	of	18	months.



Hepatic	Artery	Infusional	Chemotherapy
As	stated	previously,	hepatic	metastases	preferentially	derive	their	perfusion	from	the	hepatic	arterial	circulation.
Floxuridine	(FUDR)	is	a	derivative	of	FU	that	 is	 rapidly	metabolized	by	 the	 liver.	HAI	of	FUDR	has	 therefore
been	developed	as	a	means	of	delivering	extremely	high	doses	of	chemotherapy	to	hepatic	tumors	with	negligible
systemic	exposure.	Clinical	trials	have	demonstrated	impressive	benefits	with	the	use	of	adjuvant	and	neoadjuvant
HAI	chemotherapy.66–68	Follow-up	studies	from	the	Memorial	Sloan	Kettering	Cancer	Center	have	shown	that	the
efficacy	of	HAI	chemotherapy	persists	even	with	the	use	of	modern	systemic	chemotherapy	in	properly	selected
patients.69

The	use	of	HAI	chemotherapy	 requires	 familiarity	with	proper	 techniques	 for	 infusion	pump	placement	 and
care.	 Complications	 of	 HAI	 chemotherapy	 include	 hepatic	 arterial	 thrombosis	 and	 off-target	 effects	 of	 FUDR
chemotherapy	including	gastritis	and	duodenitis	if	 the	catheter	becomes	dislodged	or	if	collaterals	form	into	the
celiac	arterial	vasculature.	In	addition,	patients	receiving	HAI	chemotherapy	must	be	closely	monitored	for	signs
of	 biliary	 sclerosis.	 Like	metastases,	 cholangiocytes	 of	 the	 biliary	 tree	 also	 derive	 their	 blood	 supply	 from	 the
hepatic	arterial	system;	as	a	result,	prolonged	arterial	infusion	of	chemotherapy	can	result	in	biliary	strictures.

The	“Disappearing	Metastasis”
Because	 of	 the	 risk	 of	 chemotherapy-associated	 hepatotoxicity,	 patients	 with	 advanced	 disease	 undergoing
preoperative	systemic	chemotherapy	must	undergo	serial	imaging	surveillance	so	that	operative	intervention	can
be	 undertaken	 before	 the	 onset	 of	 liver	 damage.	 On	 occasion,	 follow-up	 imaging	 will	 identify	 complete
radiographic	 disappearance	 of	 tumor(s).	 Appropriate	 management	 of	 the	 “disappearing	 metastasis”	 remains
controversial.	 It	 is	evident	 that	a	majority	of	 these	 tumors	have	simply	become	radiographically	occult	but	will
eventually	 reappear	 and	 progress	 after	 discontinuation	 of	 chemotherapy.70	 Interestingly,	 longitudinal	 analyses
suggest	 that	 as	 many	 as	 one-fifth	 of	 highly	 selected	 patients	 may	 have	 durable	 remission	 of	 disappeared
metastases.71,72	However,	it	 is	also	noteworthy	that	most	of	these	patients	will	eventually	show	signs	of	disease
progression	 elsewhere,	 attesting	 to	 the	 significant	 risk	 of	 eventual	 relapse	 among	 patients	 with	 aggressively
advanced	hepatic	colorectal	metastases.

Prognostic	Factors
A	number	of	investigations	have	sought	to	identify	the	patient	and	disease	variables	that	influence	outcomes	after
hepatic	metastasectomy.	A	 prognostication	 system	 that	 has	 been	 shown	 to	 be	 of	 some	 utility	 is	 the	Memorial
Sloan	Kettering	Cancer	Center	Clinical	Risk	Score,	which	 is	 a	 simple	 0	 to	 5	 scoring	 system	 incorporating	 the
presence	(or	absence)	of	the	following	five	prognostic	variables	related	to	both	the	primary	and	metastatic	disease:
(1)	 node-positive	 primary	 cancer,	 (2)	 disease-free	 interval	 (between	 the	 time	 of	 primary	 and	metastatic	 cancer
diagnosis)	<12	months,	(3)	carcinoembryonic	antigen	(CEA)	>200	ng/mL,	(4)	maximal	hepatic	tumor	size	>5	cm,
and	 (5)	 multifocal	 (more	 than	 one)	 hepatic	 tumors.	 Developed	 prior	 to	 the	 introduction	 of	 contemporary
chemotherapeutic	regimens,	the	Clinical	Risk	Score	has	been	shown	to	be	useful	for	stratifying	patients	in	terms
of	their	risk	of	developing	recurrent	disease.73	However,	recent	analyses	have	suggested	that	in	the	modern	era	of
highly	effective	systemic	therapy,	the	dominant	variables	influencing	outcomes	after	hepatic	metastasectomy	may
be	tumor	responsiveness	to	chemotherapy	and	technical	resectability.74	This	suggests	that	modern	chemotherapy
has	largely	overcome	the	impact	of	such	traditional	prognostic	factors	as	nodal	positivity	and	disease-free	interval,
largely	 reducing	 the	 decision	 of	 whether	 to	 undertake	 surgical	 intervention	 to	 a	 technical	 determination	 of
resectability.

The	 goal	 of	 operative	 therapy	 is	 a	 margin-negative	 resection.	 However,	 the	 optimal	 distance	 of	 margin
clearance	 remains	 unclear.	 As	 hepatic	 resections	 become	 more	 aggressive	 in	 their	 efforts	 to	 clear	 multifocal
tumors	 while	 preserving	 a	 maximal	 amount	 of	 hepatic	 parenchyma,	 the	 ability	 to	 consistently	 obtain	 widely
negative	resection	margins	has	become	more	difficult.	Interestingly,	recent	analyses	suggest	that	the	critical	goal
is	 simply	 the	 presence	 of	 a	 microscopically	 negative	 margin,	 with	 relatively	 little	 prognostic	 impact	 being
associated	with	the	actual	distance	of	margin	clearance.75–78

Stereotactic	Body	Radiation	Therapy
It	is	difficult	to	compare	SBRT	clinical	outcomes	with	those	observed	after	resection	primarily	because	the	SBRT
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series	generally	 include	patients	who	have	been	heavily	pretreated	with	systemic	 therapy	 for	metastatic	disease
and	are,	therefore,	further	along	in	the	disease	history.	In	most	of	the	early	liver	SBRT	pilot	trials,	an	assortment
of	primary	histologic	types	of	cancers	were	included,	although	the	most	common	is	generally	colorectal	cancer	by
virtue	of	its	frequency	among	cancer	types.	In	2006,	Hoyer	et	al.79	reported	a	phase	II	study	of	SBRT	for	patients
with	limited	metastatic	colorectal	cancer;	although	the	trial	included	patients	with	metastatic	disease	in	a	variety
of	sites,	the	majority	of	patients	(44	of	64	patients)	had	liver	metastases,	alone	or	in	combination	with	other	sites.
The	45-Gy	dose	was	prescribed	to	the	isocenter	and	not	to	the	periphery	of	the	tumor,	and	thus,	the	actual	dose
received	 by	 the	 periphery	 of	 the	 tumor	 was	 likely	 close	 to	 30	 Gy	 in	 three	 fractions.	 The	 treatment	 was
administered	 without	 the	 use	 of	 daily	 CT-based	 image	 guidance.	 Over	 half	 the	 patients	 had	 received	 prior
chemotherapy,	and	roughly	one-third	had	had	prior	surgery	or	RFA.	The	2-year	actuarial	lesion	local	control	rate
was	86%,	and	the	1-year	survival	was	67%.	One	patient	died	due	to	hepatic	failure	possibly	related	to	treatment,
and	another	had	surgery	for	colonic	perforation.	The	toxicity	observed	was	otherwise	generally	mild.

In	2011,	Chang	et	al.80	reported	a	pooled	experience	of	liver	SBRT	restricted	to	colorectal	cancer	metastases
from	 three	major	 institutions	collected	prospectively	on	prospective	clinical	 trials	 at	 each	 institution.	Sixty-five
patients	 with	 102	 lesions	 treated	 from	 August	 2003	 to	 May	 2009	 were	 analyzed.	 The	 patients	 were	 heavily
pretreated:	47	patients	(72%)	had	had	one	chemotherapy	regimen	prior	to	SBRT,	and	27	patients	(42%)	had	had
two	or	more	regimens.	Daily	image	guidance	was	used	in	all	cases;	only	2	patients	experienced	any	late	grade	3
toxicity,	and	none	had	any	grade	4	or	5	toxicity.	Local	control	of	individual	lesions	was	correlated	with	total	dose
and	either	of	two	composite	equivalent	dose	indices	taking	into	consideration	the	number	of	fractions	and	fraction
size.	When	 the	 data	were	 fit	 to	 a	 logistic	 tumor	 control	 probability	 curve,	 the	 dose	 required	 to	 expect	 90%	or
higher	 local	 control	 was	 on	 the	 order	 of	 48	 Gy	 or	 higher	 in	 three	 fractions.	 On	 multivariate	 analysis,	 active
extrahepatic	disease	was	associated	with	worse	OS,	and	the	attainment	of	durable	local	control	was	also	closely
correlated	 with	 longer	 survival.	 The	 results	 support	 the	 contention	 that	 even	 for	 heavily	 pretreated	 patients,
clearing	or	cytoreducing	the	burden	of	tumor	in	the	liver	is	associated	with	longer	survival.

Most	 recently,	 a	 phase	 II	 Italian	 series	 of	 82	 patients	 treated	 with	 SBRT	 for	 unresectable	 liver	 colorectal
metastases	showed	a	2-year	local	control	rate	of	85%	with	a	median	PFS	of	12	months.81,82	This	local	control	rate
is	5%	to	12%	lower	than	that	achieved	with	SBRT	for	primary	liver	cancer	(hepatocellular	carcinoma),	and	there
have	been	some	publications	illustrating	possible	radiotherapy	resistance	of	liver	colorectal	metastases	given	prior
heavy	pretreatment	with	 chemotherapy.83,84	Table	 118.3	 shows	 comparative	 outcomes	 for	 SBRT	 for	 colorectal
liver	metastases.79,85	Evaluating	 local	 control	 after	SBRT	 requires	 an	understanding	 that	 there	will	 be	 transient
changes	on	CT	scans	whereby	transiently	for	a	few	months	after	treatment,	a	hypodense	region	will	be	seen	that
correlates	to	the	volume	of	liver	that	received	a	dose	above	the	threshold	to	cause	local	veno-occlusive	change,
and	this	region	is	 typically	larger	than	the	treated	tumor.86	PET	scanning	likely	offers	a	more	reliable	means	of
evaluating	 whether	 active	 tumor	 remains	 after	 treatment.	 Transient	 moderate	 increases	 in	 individual	 lesion
maximum	standardized	uptake	values	(SUVmax)	may	be	observed	after	SBRT,	but	generally,	the	SUVmax	declines
steadily	 in	 a	 manner	 that	 can	 be	 modeled	 as	 exponential	 decay	 with	 a	 half-life	 of	 approximately	 2	 months,
eventually	 reaching	 the	 typical	 normal	 liver	 tissue	SUVmax	 of	 approximately	3.87	 It	 has	 been	 proposed	 that	 an
SUVmax	of	6	could	serve	as	a	cutoff	to	score	post-SBRT	local	recurrence	after	SBRT.

Selective	Internal	Radiation	Therapy
SIRT	has	 emerged	 as	 a	 possible	 treatment	 of	multifocal	 colorectal	metastases	 after	 the	 publication	 of	multiple
prospective	 trials.	However,	 there	 is	clinical	equipoise	as	 to	 the	absolute	benefit	of	 this	 therapy.	 In	 the	recently
published	 SIRFLOX	 trial,	 530	 chemotherapy-naïve	 patients	 with	 liver-dominant	 metastatic	 disease	 were
randomized	 to	 receive	 modified	 FOLFOX6	 (mFOLFOX6)	 versus	 mFOLFOX6	 plus	 SIRT	 with	 or	 without
bevacizumab.	Median	PFS	(10.2	versus	10.2	months,	respectively)	was	no	different	between	the	groups,	but	the
addition	of	SIRT	did	markedly	improve	response	rates	and	delay	intrahepatic	progression	in	the	liver	itself	(68.8%
versus	78.7%,	 respectively).88,89	The	ongoing	FOXFIRE	and	FOXFIRE	Global	 trials	will	be	presented	 in	2017
and	 include	 1,100	 patients	 with	 liver	 biopsy–proven	 metastatic	 colon	 adenocarcinoma	 accrued	 in	 the	 United
Kingdom	and	Australia.90	There	is	a	planned	pooled	analysis	of	the	FOXFIRE	results	with	those	in	the	SIRFLOX
trial	to	definitively	delineate	the	benefit,	or	lack	thereof,	of	SIRT	for	colorectal	metastases	to	the	liver.

HEPATIC	NEUROENDOCRINE	CARCINOMA	METASTASES



Introduction
Like	 colorectal	 adenocarcinoma,	 neuroendocrine	 carcinoma	 arising	 from	 the	 gastrointestinal	 tract	 and	 pancreas
commonly	 metastasizes	 to	 the	 liver	 via	 the	 portal	 venous	 circulation.	 As	 a	 result,	 therapies	 to	 target	 hepatic
metastases	have	been	developed	and	pursued	aggressively.	Unlike	colorectal	adenocarcinoma,	comparatively	little
progress	 has	 been	 made	 in	 the	 development	 of	 systemic	 chemotherapy	 for	 neuroendocrine	 carcinoma.
Somatostatin	analogs	and	targeted	therapies	such	as	everolimus	and	sunitinib	have	demonstrated	improvements	in
PFS	but	 little	 to	 no	 response	 rates.91–93	 Emerging	 technologies	 such	 as	 peptide	 receptor	 radiotherapy	 have	 the
potential	to	change	the	landscape	of	treatment	for	metastatic	neuroendocrine	carcinoma,94	but	the	role	of	operative
therapy	for	symptom	management	and	cytoreduction	has	been	explored	for	some	time.

The	motivation	 and	 rationale	 for	 aggressive	 liver-directed	 therapy	 for	 patients	 with	 hepatic	 neuroendocrine
carcinoma	 center	 on	 the	 generally	 indolent	 and	 often	 highly	 symptomatic	 nature	 of	 its	 disease	 course.	 Well-
differentiated	 forms	 of	 neuroendocrine	 carcinoma	 often	 grow	 and	 progress	 slowly,	 with	 median	 survival	 of
patients	with	even	widely	metastatic	disease	measured	in	years.	In	addition,	the	hormones	that	are	often	elaborated
by	neuroendocrine	neoplasms	escape	hepatic	metabolism	when	they	arise	from	tumors	located	in	the	liver;	as	a
result,	 patients	 with	 hepatic	 metastases	 can	 suffer	 from	 highly	 symptomatic	 syndromes	 of	 hormonal
overproduction	that	can	quickly	become	refractory	to	pharmacologic	suppression.	The	effort	to	prolong	survival
and/or	improve	quality	of	life	has	led	to	a	variety	of	treatment	options	for	patients	with	hepatic	neuroendocrine
carcinoma	metastases.

An	 important	 difference	 between	 hepatic	 metastases	 from	 colorectal	 adenocarcinoma	 and	 neuroendocrine
carcinoma	is	that	neuroendocrine	metastases	tend	to	be	more	diffuse	and	multifocal	in	their	dissemination.	Indeed,
it	 is	 not	 uncommon	 to	 find	 innumerable,	 miliary	 liver	 lesions	 in	 patients	 with	 metastatic	 neuroendocrine
carcinoma.	 Not	 surprisingly,	 the	 likelihood	 of	 performing	 a	 complete	 resection	 and	 the	 durability	 of	 hepatic
recurrence-free	survival	are	much	lower	for	hepatic	neuroendocrine	metastases.	This	important	difference	informs
decision	making	when	considering	the	various	treatment	options	available	for	this	disease.

TABLE	118.3
Selected	Published	Series	of	Outcomes	After	Stereotactic	Body	Radiation	Therapy	for
Colorectal	Liver	Metastases79–81,85

Study Era
No.	of
Patients

Median
FU Radiation	Dose LC OS PFS Toxicity

Hoyer	et	al.79 2001–
2006

44 4.3	y 15	Gy	×	3
fractions

86%
(2	y)

67% 19% 1	died	of	colonic	perforation;	2
duodenal	ulcers

Chang	et	al.80 2003–
2009

65 1.2	y 22-60	Gy	in	1–3
fractions

45%
(2	y)

38% Not
reported

Two	grade	3	gastritis

Van	der	Pool
et	al.85

2002–
2008

20 Not
reported

12.5–15	Gy	×	3
fractions

74%
(2	y)

83%
(2	y)

Not
reported

No	grade	3–5	toxicity

Scorsetti	et
al.81

2010–
2012

42 24	mo 25	Gy	×	3
fractions

91%
(2	y)

65%
(2	y)

35%	(2
y)

No	grade	3–5	toxicity

FU,	follow-up;	LC,	local	control;	OS,	overall	survival;	PFS,	progression-free	survival.

Hepatic	Resection
Hepatic	 neuroendocrine	 carcinoma	 metastasectomy	 follows	 the	 same	 principles	 of	 anatomy,	 physiology,	 and
surgery	that	influence	hepatic	metastasectomy	for	colorectal	adenocarcinoma.	As	such,	assessment	of	FLR	and	the
use	of	adjuncts	such	as	ablation	and	PVE	are	relevant	to	the	care	of	hepatic	neuroendocrine	metastases.	Because
of	 the	 paucity	 of	 systemic	 chemotherapy	 options	 for	 patients	 with	 metastatic	 neuroendocrine	 carcinoma,
neoadjuvant	and	adjuvant	chemotherapy	and	chemotherapy-associated	hepatotoxicity	are	not	particularly	relevant.

Analyses	 of	 outcomes	 after	 hepatic	metastasectomy	 are	 limited	 to	 retrospective	 series	 of	 carefully	 selected
patients.95–98	An	overview	of	 such	analyses	 (Table	118.4)	 suggests	 that	most	patients	can	expect	 to	 survive	 for
years	after	surgical	therapy.	However,	it	 is	also	evident	that	the	likelihood	of	cure	is	vanishingly	small;	 in	most
series	with	 reasonable	durations	of	 follow-up,	 the	vast	majority	of	patients	experience	disease	 recurrence,	most
often	 in	 the	 liver	 remnant.	Patient	 and	 tumor	 factors	 are	critical	 for	 the	proper	 selection	of	patients	 for	hepatic
resection.	A	nomogram	developed	using	238	patients	over	a	24-year	experience	in	Italy	placed	patients	into	low-,
intermediate-,	or	high-risk	categories	based	on	their	number	and	size	of	metastases	and	Ki-67	proliferative	index.
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Patients	in	the	low-risk	category	had	a	10-year	OS	of	97%,	whereas	patients	at	intermediate	and	high	risk	had	10-
year	OS	of	55%	and	20%,	respectively.99

One	important	difference	in	the	approach	to	hepatic	resection	for	neuroendocrine	carcinoma	is	the	concept	of
operative	cytoreduction.	Whereas	 the	goal	of	surgical	 treatment	for	hepatic	colorectal	metastases	 is	 invariably	a
complete	resection,	subtotal	resection	(also	referred	to	as	debulking)	is	occasionally	advocated	in	the	management
of	 hepatic	 neuroendocrine	metastases.	 The	 circumstance	 in	which	 this	 is	most	 appropriately	 pursued	 is	 in	 the
palliation	 of	 patients	 with	 refractory	 symptoms	 of	 hormonal	 overproduction.	 Operative	 cytoreduction	 of	 a
majority	 of	 hepatic	 disease	 burden	 has	 been	 associated	 with	 a	 magnitude	 and	 duration	 of	 symptomatic
improvement	 that	 compare	 favorably	 with	 nonoperative	 modalities	 of	 treatment.	 When	 cytoreduction	 is
undertaken	 for	 this	 reason,	 therapy	 is	 typically	 directed	 at	 eliminating	 the	 largest	 tumors	 and	 resecting	 the
maximal	amount	of	total	disease	burden	possible.	However,	there	are	no	clear	data	to	support	the	specific	manner
(e.g.,	 the	 target	 tumor	 size	 or	 percentage	 of	 tumor	 bulk	 elimination)	 in	 which	 cytoreduction	 should	 be	 best
performed.	Although	 some	centers	have	 argued	 that	 operative	 cytoreduction	 also	prolongs	 survival	 for	 patients
with	metastatic	neuroendocrine	carcinoma,97	it	is	important	to	recognize	that	patients	with	even	significant	hepatic
tumor	burden	often	 survive	 for	years	without	any	 form	of	 tumor-directed	 therapy.	Therefore,	 in	 the	absence	of
randomized	 controlled	 data,	 the	 extent	 to	 which	 operative	 cytoreduction	 (resulting	 in	 gross	 residual	 disease)
prolongs	 survival	 remains	 unclear.	 However,	 in	 light	 of	 the	 often	 diffuse	 manner	 in	 which	 neuroendocrine
carcinoma	metastasizes	to	the	liver	and	the	near	inevitability	of	hepatic	recurrence	after	surgical	resection,	one	can
make	 the	 argument	 that	 all	 hepatic	 resections	 for	 metastatic	 neuroendocrine	 carcinoma	 are	 inherently
cytoreductive.

Systemic	Chemotherapy
Until	 recently,	 systemic	 therapy	 for	 patients	 with	 metastatic	 neuroendocrine	 carcinoma	 was	 restricted	 to
somatostatin	analogs	and	cytotoxic	chemotherapy.100	Treatment	with	somatostatin	analogs	such	as	octreotide	has
been	shown	to	delay	disease	progression	when	compared	with	placebo	controls.	Somatostatin	analog	therapy	can
also	 ameliorate	 hormonal	 symptoms	 in	 60%	 to	 90%	 of	 patients;	 however,	 this	 effect	 is	 typically	 short	 lived
because	 symptoms	 typically	 recur	 in	 a	 refractory	 fashion	 approximately	 1	 year	 after	 initiation	 of	 therapy.
Combinatorial	 approaches	 to	 cytotoxic	 chemotherapy	 using	 FU,	 streptozocin,	 and	 doxorubicin	 or	 cisplatin	 and
etoposide	have	been	associated	with	response	rates	of	approximately	40%	for	patients	with	poorly	differentiated
carcinoma.	Unfortunately,	these	regimens	are	also	associated	with	significant	treatment-related	toxicity.

Targeted	 therapies	with	biologic	agents	 that	have	been	used	against	other	malignancies	have	recently	shown
promising	 efficacy	 and	 tolerability	 when	 used	 to	 treat	 pancreatic	 neuroendocrine	 carcinoma.	 Treatment	 with
sunitinib,	 a	 tyrosine	 kinase	 inhibitor	 that	 targets	 vascular	 endothelial	 growth	 factor	 receptor	 (VEGFR)	 and
platelet-derived	growth	factor	receptor	(PDGFR),	has	been	shown	to	prolong	median	PFS	when	compared	with
placebo	 (11.4	 versus	 5.5	months,	 respectively)	 and	 result	 in	 a	 significantly	 higher	 objective	 response	 rate	 (9%
versus	0%,	respectively)	in	the	treatment	of	well-differentiated	pancreatic	neuroendocrine	carcinoma.98	Treatment
with	 everolimus,	 an	 inhibitor	 of	 the	 protein	 mammalian	 target	 of	 rapamycin	 (mTOR),	 resulted	 in	 a	 similar
prolongation	 of	 PFS	 when	 compared	 with	 placebo	 (11	 versus	 5.4	 months,	 respectively)	 and	 improvement	 in
objective	 response	 rates	 (5%	 versus	 2%,	 respectively)	 in	 patients	 with	 well-differentiated	 pancreatic
neuroendocrine	 carcinoma.101	 Further	 investigations	 will	 determine	 the	 efficacy	 of	 these	 novel	 agents	 in	 the
treatment	of	hepatic	neuroendocrine	metastases.

TABLE	118.4
Selected	Published	Series	of	Outcomes	After	Hepatic	Resection	of	Neuroendocrine
Carcinoma	Metastases95–98

Study Era
No.	of
Patients

Median
FU	(mo)

Operative
Mortality

5-y
OS

10-y
OS

Median
OS	(mo)

5-y
RFS

10-y
RFS

Median
RFS
(mo)

Symptom
Control

5-y
SFS

Median
SFS
(mo)

Mayo	et
al.95

1984–
2009

339 NS NS 74% 51% 125 6% NS NS NS NS NS

Cho	et
al.96

1990–
2006

63 51 4% 65% 26% 108 <8%a NS 19 100% <15% 39

Sarmiento 1977– 170 NS 1% 61% 35% 81 16% 10% 21 96% 41% 46



et	al.97 1998

Chen	et
al.98

1984–
1995

15 27 0% 73% NS NR NS NS 21 NS NS NS

aFive-year	progression-free	survival.
FU,	follow-up;	OS,	overall	survival;	RFS,	recurrence-free	survival;	SFS,	symptom-free	survival;	NS,	not	stated.

Transarterial	Therapy
Neuroendocrine	carcinoma	tumors	are	highly	vascular,	and	the	avidity	with	which	hepatic	metastases	derive	their
blood	supply	from	the	hepatic	arterial	circulation	has	led	to	a	great	deal	of	interest	in	transarterial	therapies.	TAE
and	TACE	have	both	been	used	to	treat	advanced	cases	of	hepatic	neuroendocrine	carcinoma	metastases.	Despite
the	theoretical	advantage	of	TACE,	comparative	studies	have	not	identified	a	clear	advantage	of	TACE	over	TAE,
with	 both	 modalities	 of	 therapy	 improving	 hormonally	 referable	 symptoms	 in	 one-third	 to	 three-quarters	 of
patients	 and	 inducing	 radiographically	 objective	 tumor	 regression	 in	 the	majority	 of	 patients.102	Accumulating
experience	suggests	that	yttrium-90–based	SIRT	compares	favorably	with	TAE	and	TACE.103	Of	note,	hormonal
symptoms	can	occasionally	be	paradoxically	exacerbating	immediately	after	transarterial	therapy;	periprocedural
administration	of	octreotide	and	histamine	blockers	may	alleviate	this	transient	effect.

Prognostic	Factors
It	is	evident	that	the	most	informative	prognostic	variable	for	neuroendocrine	carcinoma	is	the	degree	of	histologic
differentiation.	Neuroendocrine	carcinoma	is	characterized	into	three	levels	of	histologic	differentiation	based	on
mitotic	activity	as	assessed	by	mitotic	figures	or	by	Ki-67	immunohistochemical	proliferative	index.	Classification
of	 well-differentiated,	 moderately	 differentiated,	 and	 poorly	 differentiated	 disease	 permits	 stratification	 of
oncologic	 outcomes.	The	 prognosis	 of	 poorly	 differentiated	 neuroendocrine	 carcinoma	 is	 extremely	 poor,	 such
that	 patients	 whose	 neuroendocrine	 metastases	 are	 preoperatively	 determined	 to	 be	 poorly	 differentiated	 are
typically	not	subjected	to	aggressive	surgical	therapies.96

Selective	Internal	Radiation	Therapy
In	 the	 consensus	 report	 of	 the	 2011	 National	 Cancer	 Institute	 Neuroendocrine	 Tumor	 clinical	 trials	 planning
meeting,	 the	 limitations	 on	 data	 concerning	 liver-directed	 therapy	 were	 acknowledged.104	 Specifically,	 it	 was
noted	 that	 patients	 who	 undergo	 either	 hepatic	 resection	 or	 orthotopic	 liver	 transplantation	 are	 typically	 well
selected;	at	the	same	time,	it	was	acknowledged	that	randomized	controlled	trials	studying	patient	outcomes	with
these	treatment	modalities	would	likely	be	difficult	to	execute.

A	pooled	multi-institutional	retrospective	review	of	patients	who	received	SIRT	for	neuroendocrine	tumor	liver
metastases	 was	 reported	 in	 2008.105	 A	 total	 of	 148	 patients	 who	 underwent	 185	 separate	 procedures	 were
analyzed.	The	median	age	was	58	years	(range,	26	to	95	years),	and	the	median	activity	delivered	was	1.14	GBq
(0.33	to	3.30	GBq).	The	risk	of	Common	Toxicity	Criteria	for	Adverse	Events	grade	3	or	higher	fatigue	or	nausea
was	6.5%	and	3.2%,	respectively.	The	3-month	imaging-based	response	was	complete	in	3%,	partial	in	60%,	and
stable	 in	23%;	progressive	disease	occurred	 in	5%	of	patients,	 and	 response	assessment	was	unavailable	 in	 the
remainder	of	the	patients.	No	radiation-related	liver	failure	occurred,	and	the	median	survival	was	70	months.

In	 a	42-patient	 prospective	 study,	King	 et	 al.106	 treated	patients	with	neuroendocrine	 tumor	 liver	metastases
who	had	 failed	 standard-of-care	 therapies,	defined	as	progression	on	octreotide	and	after	 resection,	 ablation,	or
embolotherapy.	SIRT	was	performed	with	either	yttrium-90	resin	or	glass	microspheres.	Prior	treatments	included
medication	(60%),	surgery	or	ablation	(55%),	and	bland	embolization	or	chemoembolization	(14%).	The	overall
response	rate	was	approximately	50%	for	either	type	of	microsphere	(resin	or	glass).	Median	survival	was	roughly
2	years	for	the	entire	group.

NONCOLORECTAL	NONNEUROENDOCRINE	HEPATIC	METASTASES
Introduction
As	stated,	liver-directed	therapy	is	often	undertaken	for	colorectal	adenocarcinoma	and	neuroendocrine	carcinoma
because	of	nuances	related	to	disease	biology	and	available	chemotherapy.	The	tendency	of	metastatic	colorectal
adenocarcinoma	and	neuroendocrine	carcinoma	to	be	confined	to	the	liver,	the	availability	of	effective	systemic
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chemotherapy	 (for	 colorectal	 adenocarcinoma),	 and	 the	 relative	 indolence	 of	 disease	 progression	 (for
neuroendocrine	 carcinoma)	 all	 enable	 the	 aggressive	 implementation	 of	 surgical	 and	 nonsurgical	 liver-directed
treatments.	 For	 noncolorectal	 and	 nonneuroendocrine	 malignancies	 that	 do	 not	 share	 these	 biologic	 and
therapeutic	characteristics,	the	decision	to	use	liver-	directed	therapy	is	made	on	a	more	individualized,	case-by-
case	 basis.	 As	 a	 result,	 it	 is	 difficult	 to	 provide	 generalized	 treatment	 recommendations	 for	 these	 types	 of
metastatic	disease.	However,	there	has	been	enough	experience	with	some	malignancies	such	as	ocular	melanoma,
breast	carcinoma,	and	sarcoma	to	share	a	few	observations.

Ocular	(Uveal)	Melanoma
Like	 colorectal	 adenocarcinoma	 and	 neuroendocrine	 carcinoma,	 ocular	 melanoma	 has	 a	 biologic	 tendency	 to
metastasize	to	the	liver.	Because	of	its	tendency	to	metastasize	in	a	miliary,	diffuse	manner,	meaningful	surgical
intervention	is	rarely	an	option.	However,	because	the	liver	is	the	predominant	site	of	metastatic	disease	in	70%	to
90%	 of	 cases,	 transarterial	 therapy	 such	 as	 TACE,	 SIRT,	 and	 HAI	 chemotherapy	 has	 been	 used	 in	 carefully
selected	patients,	with	over	half	of	patients	exhibiting	tumoral	regression	or	transient	disease	stabilization.107

Breast	Carcinoma
Liver-directed	 therapy	 is	 occasionally	 contemplated	 for	 unusual	 cases	 of	 oligometastatic	 breast	 carcinoma	 in
which	the	metastases	are	confined	to	the	liver.	The	preferred	therapy	for	metastatic	breast	carcinoma	is	systemic
chemotherapy	and	hormonal	 therapy.	However,	 in	carefully	 selected	patients,	hepatic	metastasectomy	has	been
associated	with	median	OS	 estimates	 of	 3	 to	 4	 years,	 with	median	 disease-free	 survival	 estimates	 of	 nearly	 2
years.108	 In	 the	 absence	 of	 randomized	 controlled	 trials,	 the	 extent	 to	 which	 these	 outcomes	 represent	 actual
improvements	beyond	 those	 that	might	have	be	expected	with	systemic	chemotherapy	alone	 remains	uncertain.
The	ongoing	NRG	BR002	 trial,	which	 randomizes	metastatic	breast	 cancer	patients	 to	upfront	 standard-of-care
chemotherapy	 or	metastasectomy	 via	 SBRT	 or	 surgery,	may	 shed	 light	 on	 the	 role	 of	 radiotherapy	 for	 breast
cancer	metastatic	to	liver	and	other	body	sites.

Sarcoma
Intra-abdominal	 and	 retroperitoneal	 sarcomas	 occasionally	 metastasize	 to	 the	 liver.	 There	 are	 relatively	 few
effective	 systemic	 chemotherapy	 options	 for	 patients	 with	 metastatic	 sarcoma,	 and	 liver-directed	 therapy	 is
generally	 undertaken	 in	 highly	 selected	 cases	 that	 exhibit	 relatively	 favorable	 disease	 biology.	 One	 important
exception	to	this	is	gastrointestinal	stromal	tumors,	which	are	likely	to	respond	to	systemic	administration	of	the
tyrosine	 kinase	 inhibitors	 imatinib	 and	 sunitinib.	 Not	 surprisingly,	 hepatic	 metastasectomy	 can	 be	 undertaken
more	 aggressively	 in	 patients	 with	 metastatic	 gastrointestinal	 stromal	 tumors	 when	 used	 in	 conjunction	 with
tyrosine	kinase	 inhibition.	When	used	 in	 this	manner,	hepatic	metastasectomy	has	been	associated	with	median
OS	estimates	exceeding	5	years.108,109
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119 Metastatic	Cancer	to	the	Bone
Edward	Chow,	Joel	A.	Finkelstein,	Arjun	Sahgal,	and	Robert	E.	Coleman

INTRODUCTION
Bone	metastases	 are	most	 frequent	 in	 breast	 and	prostate	 carcinomas	 and	 affect	 two-thirds	 to	 three-quarters	 of
patients	with	advanced	disease	from	these	tumors.	In	addition,	lung,	thyroid,	and	renal	carcinoma	metastasizes	to
bone	in	approximately	30%	to	40%	of	cases.1	Mean	survival	ranges	from	a	low	of	less	than	12	months	for	those
with	lung	carcinoma,	to	several	years	for	those	with	bone	metastases	from	prostate,	thyroid,	or	breast	carcinoma.1
If	patients	have	skeletal	metastases	only,	their	average	survival	is	even	longer.

PRESENTATION
The	 morbidity	 associated	 with	 metastatic	 bone	 disease,	 often	 referred	 to	 as	 skeletal-related	 events	 (SREs),
includes	 pain	 that	 may	 require	 opiates,	 the	 need	 for	 radiotherapy	 and/or	 surgery,	 hypercalcemia,	 pathologic
fractures,	and	spinal	cord	compression.	The	most	common	symptom	is	pain.	Pain	initially	may	be	either	a	well-
localized	focus	of	pain	or	a	diffuse	ache,	typically	worse	at	night	and	often	not	relieved	by	lying	flat.	Pain	from
extremity	 lesions	 tends	 to	 be	well	 defined,	 in	 contrast	 to	 spine	 and	 pelvic	 sites,	which	 produce	 vague,	 diffuse
symptoms.	 Eventually,	 the	 pain	 worsens	 with	 weight-bearing	 activity.	 Initially,	 pain	 results	 from	 the	 physical
presence	of	tumor	in	the	bone;	with	the	release	of	inflammatory	mediators,	neuropeptides,	and	cytokines;	as	well
as	 from	 elevation	 of	 the	 intraosseous	 pressure	 from	 tumor	 mass	 effect,	 causing	 irritation	 of	 intraosseous	 and
periosteal	nerve	endings.2	Functional	pain	is	caused	by	the	mechanical	weakness	of	the	bone,	which	can	no	longer
support	 the	normal	stresses	of	daily	activities.	Mechanical	pain	is	more	typically	associated	with	the	focal	bone
loss	within	lytic	lesions;	however,	radiographically	blastic	lesions	may	also	weaken	the	bone	through	associated
areas	of	osteolysis	that	are	sufficient	to	compromise	structural	integrity.	The	development	of	functional	pain	may
be	a	marker	for	bone	at	risk	for	fracture.	Pathologic	fractures	may	be	the	first	sign	of	metastatic	bone	disease.	In
breast	carcinoma,	as	many	as	35%	of	patients	with	bone	disease	experience	a	fracture.3	Breast,	 lung,	renal,	and
thyroid	 cancers	 have	 been	 the	most	 common	 cancers	with	 pathologic	 fracture,	 but	 even	 in	 endocrine-resistant
prostate	cancer	where	osteoblastic	metastases	are	typical,	annual	fracture	rates	in	excess	of	20%	may	be	seen.1

PATHOPHYSIOLOGY
Historically,	Batson1	described	 the	high-flow,	 low-pressure,	valveless	plexus	of	veins	 that	connects	 the	visceral
organs	to	the	spine	and	pelvis.	Recent	research	has	focused	on	the	multistep	cellular	process	of	metastases.	First,
the	cancer	cell	must	disengage	from	its	primary	site.	The	loss	of	expression	of	E-cadherin,	a	cell-surface	adhesion
molecule,	 has	 been	 demonstrated	 in	 breast,	 prostate,	 colorectal,	 and	 pancreatic	 carcinoma	 as	 an	 early	 step	 in
cellular	 disengagement.	 After	 invasion	 of	 the	 vascular	 or	 lymphatic	 system,	 the	 cancer	 cell	 must	 survive	 the
immune	system	and	then	arrest	at	 its	final	destination.	At	 the	distant	site,	 the	malignant	cell	must	adhere	 to	 the
basement	membrane,	invade	the	surrounding	tissue,	induce	angiogenesis,	and	develop	into	a	secondary	mass.

However,	 in	 addition	 to	 these	generic	 steps	 involved	 in	metastases,	 tumor	 cells	 in	 the	bone	marrow	 require
interaction	with	 normal	 bone	 cells	 to	 establish	 a	metastatic	 lesion	 in	 bone.	Disseminated	 tumor	 cells	 have	 the
ability	 to	 reside	within	hematopoietic,	osteoblastic,	or	vascular	niches	within	 the	bone	marrow	where	 they	may
enter	a	prolonged	dormant	state,	often	for	years.	Subsequently,	 for	reasons	 that	are	poorly	understood,	 the	cells
can	 awaken	 from	 this	 dormant	 state,	 proliferate,	 and	 begin	 the	 process	 of	 establishing	 overt	 metastases.4	 The
growth	factor	and	cytokine	expression	of	the	tumor	cells	leads	to	an	interaction	with	osteoclasts	and	osteoblasts,
the	 balance	 of	 which	 determines	 the	 nature	 of	 the	 lesion	 and	 its	 corresponding	 radiographic	 appearance.



Osteoclastic	activity	has	been	shown	to	be	increased	by	tumor	expression	of	a	wide	range	of	cytokines	and	growth
factors,	resulting	in	an	increased	rate	of	bone	resorption.5	This	in	turn	leads	to	the	release	of	bone-derived	growth
factors,	notably	transforming	growth	factor	β,	which	in	turn	may	react	with	receptors	on	the	tumor	cells.	This	sets
up	 the	 so-called	 vicious	 cycle	 whereby	 the	 stimulation	 of	 bone	 cell	 activity	 produces	 a	 favorable
microenvironment	for	the	neighboring	tumor	cells	and	facilitates	the	metastatic	process.	The	new	bone	formation
associated	 with	 osteoblastic	 lesions	 has	 been	 associated	 with	 endothelin	 1	 and	 insulin-like	 growth	 factor
stimulation	 of	 osteoblasts,	 but	 typically	 even	 in	 osteoblastic	 lesions,	 there	 is	 also	 an	 associated	 increase	 in
osteoclastic	bone	resorption.6

DIAGNOSTIC	EVALUATION
Radiographs	and	bone	scans	are	the	first	lines	of	imaging	supplemented	by	computed	tomography	(CT),	magnetic
resonance	 imaging	(MRI),	and,	 in	some	disease	settings,	positron	emission	 tomography	(PET)	 to	document	 the
presence	 or	 absence	 of	 an	 osseous	 lesion	 and	 to	 identify	whether	 these	 are	 solitary	 or	multiple	 lesions.	 In	 the
spine,	plain	films	classically	show	absence	of	a	pedicle	with	the	“winking	owl	sign”	(Fig.	119.1).

A	CT	scan	 is	 the	best	modality	 to	define	 the	size	of	an	osseous	 lesion	and	 to	evaluate	 the	extent	of	cortical
involvement.	 In	 the	 spine,	CT	scan	 is	most	useful	 to	evaluate	aspects	of	bony	stability	as	measured	by	pedicle
and/or	 posterior	 body	wall	 integrity.	 These	 factors	 are	 important	 in	 establishing	 risk	 of	 burst	 fracture	 and	 for
planning	and	assessing	the	safety	of	vertebroplasty	as	a	treatment	alternative.7	CT-guided	biopsy	can	be	used	for
obtaining	 tissue	 samples.	MRI	 is	 valuable	 for	 evaluating	 marrow	 disease	 and	 is	 most	 sensitive	 in	 identifying
metastatic	 deposits	 in	 the	 spine	 and	 pelvis.	 In	 patients	with	 neurologic	 compromise,	MRI	 is	 best	 for	 assessing
epidural	disease	and	extent	of	vertebral	involvement	(solitary	versus	multifocal).

THERAPEUTIC	MODALITIES
Optimal	management	requires	a	multidisciplinary	team.	Medical	treatment,	radiation	therapy,	surgery,	and	bone-
targeted	 treatment	 with	 the	 bisphosphonates	 and	 denosumab	 are	 combined	 depending	 on	 the	 biology	 of	 the
disease,	extent	of	the	skeletal	involvement,	and	the	life	expectancy	of	the	patient.
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Figure	119.1	Anteroposterior	radiograph	of	thoracolumbar	spine.	Right-sided	T10	pedicle	is
absent,	giving	appearance	of	a	winking	owl	(arrow).

Systemic	Therapy
In	 addition	 to	 systemic	 treatments	 for	 the	 disease,	 which	 can	 be	 found	 in	 disease-specific	 chapters,	 there	 are
several	bone-specific	agents,	as	discussed	in	the	following	text.

Bisphosphonates	for	Metastatic	Bone	Disease
Over	the	past	20	years,	bisphosphonates	have	become	established	as	a	valuable	additional	approach	to	the	range	of
current	 treatments.	 Bisphosphonates	 are	 analogs	 of	 pyrophosphate,	 characterized	 by	 a	 phosphorus-carbon-
phosphorus–containing	central	structure	that	binds	to	bone	and	a	variable	side	chain	that	determines	the	relative
potency,	side	effects,	and	precise	mechanism	of	action.8	Bisphosphonates	bind	avidly	 to	exposed	bone	mineral,
and	during	bone	resorption,	bisphosphonates	are	internalized	by	the	osteoclast	and	subsequently	cause	apoptotic
cell	death.

After	 intravenous	administration	of	a	bisphosphonate,	 the	kidney	excretes	approximately	25%	to	40%	of	 the



injected	 dose,	 and	 the	 remainder	 is	 taken	 up	 by	 bone	 where	 it	 is	 retained	 for	 months	 or	 even	 years.	 All
bisphosphonates	suffer	from	poor	bioavailability	when	given	by	mouth	and	must	be	taken	on	an	empty	stomach,
as	 they	 bind	 to	 calcium	 in	 the	 diet.	 It	 is	 generally	 accepted	 that	 osteoclast	 activation	 is	 the	 key	 step	 in	 the
establishment	and	growth	of	bone	metastases.	Biochemical	data	indicate	that	bone	resorption	is	of	importance	not
only	 in	classic	“lytic”	diseases	such	as	myeloma	and	breast	cancer	but	also	 in	prostate	cancer.6	As	a	 result,	 the
osteoclast	 is	 a	 key	 therapeutic	 target	 for	 skeletal	 metastases	 irrespective	 of	 the	 tissue	 of	 origin.9	 Although
radiotherapy	 is	 the	 treatment	 of	 choice	 for	 localized	 bone	 pain,	 the	 bisphosphonates	 provide	 an	 additional
treatment	approach	for	the	relief	of	bone	pain	across	a	range	of	tumor	types.10

Oral	Bisphosphonates
The	 absorption	 of	 bisphosphonates	 from	 the	 gut	 is	 poor,	 variable,	 and	 dramatically	 inhibited	 by	 food	 intake.
Nevertheless,	 oral	 clodronate	 and	 ibandronate	have	been	 shown	 in	 randomized	 trials	 to	have	useful	 efficacy	 in
breast	cancer.9

Intravenous	Bisphosphonates
There	 is	 extensive	 experience	 with	 intravenous	 bisphosphonates	 in	 breast	 cancer,	 with	 zoledronic	 acid,
pamidronate,	 and	 ibandronate	 all	 showing	 useful	 clinical	 activity.9	Comparative	 data	 are	 few,	 but	 in	 a	 double-
blind	randomized	trial	of	1,130	patients	with	advanced	breast	cancer,	an	additional	20%	reduction	in	the	risk	of
SREs	was	seen	with	zoledronic	acid	compared	with	pamidronate	(P	=	.025).11	Ibandronate	was	licensed	in	Europe
for	 the	 treatment	 of	 metastatic	 bone	 cancer	 after	 a	 placebo-controlled	 trial	 of	 monthly	 infusions	 showed	 a
significant	reduction	in	skeletal-related	morbidity.12

Intravenous	 bisphosphonates	 have	 become	 routine	 clinical	 management	 for	 most	 patients	 with	 multiple
myeloma,	with	zoledronic	acid	and	pamidronate	the	agents	of	choice.9,11	Improved	survival	with	the	inclusion	of
zoledronic	acid	in	first-line	myeloma	treatment,	as	well	as	fewer	SREs,	have	been	shown	in	a	large	randomized
comparison	of	zoledronic	acid	versus	oral	clodronate.11	In	advanced	castration-resistant	prostate	cancer	(CRPC),
zoledronic	acid	was	shown	to	reduce	the	overall	risk	of	skeletal	complications	by	36%.13	In	addition,	zoledronic
acid	 significantly	 reduced	 the	 risk	 for	 SREs	 by	 approximately	 30%	 (P	 =	 .003)	 in	 the	 management	 of	 bone
metastases	from	solid	tumors	other	than	breast	or	prostate	cancer.14

Denosumab
Denosumab	is	a	fully	human	monoclonal	antibody	that	binds	and	neutralizes	RANK	ligand	with	high	affinity	and
specificity	to	inhibit	osteoclast	function	and	bone	resorption.	Denosumab	causes	rapid	and	sustained	suppression
of	bone	turnover	in	patients	with	multiple	myeloma	and	patients	with	breast	cancer,	and,	based	on	a	randomized
dose-finding	study,	a	subcutaneous	dose	of	120	mg	every	4	weeks	was	selected	for	phase	III	development.15	A
broad	development	program	in	>5,700	patients	with	metastatic	disease	has	shown	superiority	of	denosumab	over
zoledronic	acid	in	the	time	to	first	SRE	in	trials	encompassing	a	broad	range	of	solid	tumors.16–18	The	hazard	rates
for	first	SRE	were	0.82	(95%	confidence	interval	[CI],	0.71	to	0.95),16	0.82	(95%	CI,	0.71	 to	0.95),17	 and	0.84
(95%	CI,	 0.71	 to	 0.98)18	 in	 the	 trials	 performed	 in	breast	 cancer,	CRPC,	 and	other	 solid	 tumors	 and	myeloma
groups,	respectively.	However,	no	differences	in	overall	survival	or	investigator-reported	disease	progression	were
found	between	the	two	treatment	groups	in	any	of	the	studies.

The	safety	profiles	of	denosumab	and	zoledronic	acid	are	different.	Denosumab	does	not	adversely	affect	renal
function,	 eliminating	 the	 need	 for	 routine	 monitoring	 of	 renal	 function.	 Acute-phase	 reactions	 are	 also	 less
common	with	denosumab,	but	hypocalcemia	 is	more	 frequent.16–18	As	a	result,	vitamin	D	deficiency	should	be
corrected,	and	all	patients	should	be	encouraged	to	take	calcium	and	vitamin	D	supplements	throughout	the	course
of	 their	 treatment.	 As	 with	 intravenous	 bisphosphonates,	 the	 most	 important	 adverse	 event	 associated	 with
denosumab	 in	 the	 oncology	 setting	 is	 osteonecrosis	 of	 the	 jaw.	 This	 occurs	with	 similar	 frequency	 in	 patients
treated	with	denosumab	or	zoledronic	acid,	affecting	0.5%	to	1%	of	patients	per	year	on	treatment.19

OPTIMUM	USE	OF	BONE-TARGETED	AGENTS	IN	METASTATIC	BONE
DISEASE
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Despite	the	obvious	clinical	benefits	of	bisphosphonates	and	denosumab,	it	is	clear	that	only	a	portion	of	events
are	prevented,	whereas	some	patients	do	not	experience	a	skeletal	event	despite	the	presence	of	metastatic	bone
disease.	 It	 is	 currently	 impossible	 to	predict	whether	 an	 individual	patient	needs	or	will	benefit	 from	 treatment
with	 a	 bisphosphonate.	 Because	 of	 the	 logistics	 and	 cost	 of	 delivering	monthly	 treatments	 to	 all	 patients	with
metastatic	 bone	 disease,	 certain	 empiric	 recommendations	 on	who	 should	 receive	 treatment	 are	 needed.	 These
should	take	into	account	the	underlying	disease	type	and	extent,	the	life	expectancy	of	the	patient,	the	probability
of	the	patient	experiencing	an	SRE,	and	the	ease	with	which	the	patient	can	attend	for	treatment	(or	be	treated	by	a
domiciliary	service).20	The	development	of	an	SRE	is	not	a	sign	of	treatment	failure	or	a	signal	to	stop	treatment;
evidence	 is	now	available	 to	confirm	that	bone-targeted	 treatments	delay	second	and	subsequent	complications,
not	just	the	first	event.

The	 recent	 guidelines	 on	 the	 management	 of	 metastatic	 bone	 disease	 in	 breast	 cancer	 from	 the	 American
Society	 of	 Clinical	 Oncology	 did	 not	 recommend	 one	 bone-modifying	 agent	 (zoledronic	 acid,	 pamidronate,
denosumab)	over	another.21	Although	denosumab	has	some	efficacy	and	convenience	advantages,	it	is	much	more
expensive	than	zoledronic	acid	and	pamidronate,	which	are	now	available	as	generic	formulations.	Denosumab	or
zoledronic	acid	is	appropriate	for	patients	with	endocrine-resistant	metastatic	bone	disease	from	prostate	cancer.22
Zoledronic	acid	and	pamidronate	have	been	 the	 recommended	agents	 for	multiple	myeloma.23	However,	 recent
data	from	a	large	randomized	trial	showed	that	denosumab	is	noninferior	to	zoledronic	acid.24	Patients	with	other
tumors	 and	 symptomatic	 metastasis	 to	 bone	 should	 certainly	 be	 considered	 for	 treatment	 with	 denosumab	 or
zoledronic	acid	if	bone	is	the	dominant	site	of	metastasis	and	also	if	bone	is	one	of	multiple	involved	sites	when
the	prognosis	is	reasonable	(life	expectancy	>6	months).9	Bone	resorption	markers	such	as	N-telopeptide	of	type	1
collagen	may	be	useful	 to	 identify	patients	at	high	risk	of	skeletal	complications.5	 In	addition,	normalization	of
bone	resorption	is	associated	with	improved	clinical	outcomes	including	fewer	SREs	and	prolonged	survival.25

NEW	TARGETED	THERAPIES	IN	THE	TREATMENT	OF	METASTATIC	BONE
DISEASE
A	number	of	targeted	agents	have	entered	clinical	development.	These	include	radium-223,	inhibitors	of	cathepsin
K,	an	osteoclast-derived	enzyme	 that	 is	 essential	 for	 the	 resorption	of	bone,	 and	Src	kinase,	 a	key	molecule	 in
osteoclastogenesis.	 Of	 all	 these,	 radium-223	 shows	 the	 most	 promise.	 Radium-223	 is	 a	 calcium	mimetic	 that
preferentially	 targets	 bone	 metastases	 and	 emits	 high-energy	 alpha	 particles,	 resulting	 in	 highly	 localized
cytotoxic	effects	with	minimal	myelosuppression.	In	a	recent	phase	III	study	of	radium-223	in	921	patients	with
CRPC	and	symptomatic	bone	metastases,	 radium-223	 improved	median	overall	 survival	by	3.6	months	 (hazard
ratio,	0.70;	95%	CI,	0.58	to	0.83;	P	<	.001)	and	significantly	delayed	the	time	to	first	symptomatic	skeletal	event
(hazard	ratio,	0.66;	95%	CI,	0.52	 to	0.83;	P	<	 .001).26	This	agent	 is	now	being	studied	earlier	 in	 the	course	of
metastatic	prostate	cancer,	both	as	a	single	agent	and	in	combination	with	endocrine	or	cytotoxic	agents,	as	well	as
in	breast	cancer.

EXTERNAL-BEAM	RADIATION	THERAPY
Radiotherapy	 is	 effective	 in	 relieving	 bone	 pain,	 preventing	 impending	 fractures,	 and	 promoting	 healing	 in
pathologic	 fractures.	 Hematologic	 or	 gastrointestinal	 side	 effects	 are	 usually	 mild	 and	 transient.	 Numerous
randomized	trials	have	been	conducted	on	dose	fractionation	schedules	of	palliative	radiotherapy.	However,	there
is	 still	no	uniform	consensus	on	 the	optimal	dose	 fractionation	scheme.	One	of	 the	 first	 randomized	studies	on
bone	 metastases	 was	 conducted	 by	 Radiation	 Therapy	 Oncology	 Group	 (trial	 74-02).26,27	 A	 total	 of	 90%	 of
patients	experienced	some	relief	of	pain,	and	54%	achieved	eventual	complete	pain	relief.	The	trial	concluded	that
the	low-dose,	short-course	schedules	were	as	effective	as	the	high-dose	protracted	programs.	However,	this	study
was	criticized	for	using	physician-based	pain	assessment.	A	reanalysis	of	the	same	set	of	data,	grouping	solitary
and	multiple	bone	metastases,	using	the	end	point	of	pain	relief,	and	taking	into	account	analgesic	intake	and	re-
treatment,	 concluded	 that	 the	 number	 of	 radiation	 fractions	 was	 statistically	 significant	 related	 to	 complete
combined	 relief	 (absence	 of	 pain	 and	 use	 of	 narcotics).	 The	 conclusion	was	 that	 protracted	 dose	 fractionation
schedules	were	more	 effective	 than	 short-course	 schedules.28	 This	 reanalysis	was	 contrary	 to	 the	 initial	 report,
highlighting	that	the	choice	of	end	points	is	important	in	defining	the	outcomes	of	clinical	trials.29



Several	 large-scale	 prospective	 randomized	 trials	were	 subsequently	 performed.	The	United	Kingdom	Bone
Pain	Trial	Working	Party	 randomized	765	patients	with	bone	metastases	 to	 either	 an	8-Gy	 single	 fraction	or	 a
multifraction	regimen	(20	Gy	in	5	fractions	or	30	Gy	in	10	fractions).30	There	were	no	differences	in	the	time	to
first	 improvement	 in	 pain,	 time	 to	 complete	 pain	 relief,	 or	 time	 to	 first	 increase	 in	 pain	 at	 any	 time	 up	 to	 12
months	from	randomization.	Re-treatment	was	twice	as	common	after	8	Gy	than	after	multifraction	radiotherapy.
There	were	no	significant	differences	in	the	incidence	of	nausea,	vomiting,	spinal	cord	compression,	or	pathologic
fracture	between	 the	 two	groups.	The	 study	 concluded	 that	 a	 single	8-Gy	 fraction	 is	 as	 safe	 and	 effective	 as	 a
multifraction	regimen	for	the	palliation	of	metastatic	bone	pain	for	at	least	12	months.	The	Dutch	Bone	Metastases
Study	included	1,171	patients	and	found	no	difference	in	pain	relief	or	the	quality	of	life	after	a	single	8-Gy	or	24-
Gy	dose	in	six	daily	radiation	treatments.31	However,	the	re-treatment	rates	were	25%	in	the	single	8-Gy	arm	and
7%	in	the	multiple-treatment	arm,	respectively.	In	the	cost-utility	analysis	of	this	randomized	trial,	there	was	no
difference	in	life	expectancy	or	quality-adjusted	life	expectancy.	The	estimated	cost	of	radiotherapy,	including	re-
treatments	and	nonmedical	costs,	was	statistically	significantly	lower	for	the	single-fraction	schedule	than	for	the
multiple-fraction	schedule.32

One	 critical	 review	 included	 a	 systematic	 search	 for	 randomized	 trials	 of	 localized	 radiotherapy	 of	 bone
metastases	using	different	dose	fractionations.33	The	authors	suggested	that	protracted	fractionated	radiotherapy,
given	over	2	 to	4	weeks,	 results	 in	more	complete	and	durable	pain	 relief.	However,	 two	earlier	meta-analyses
showed	 no	 significant	 difference	 in	 complete	 and	 overall	 pain	 relief	 between	 single-fraction	 and	multifraction
palliative	 radiotherapy	 for	 bone	 metastases.34,35	 The	 meta-analysis	 reported	 that	 the	 complete	 response	 rates
(absence	of	pain)	were	33.4%	and	32.3%	after	single-fraction	and	multifraction	radiation	treatments,	respectively,
whereas	the	overall	response	rates	were	62.1%	and	58.7%,	respectively.	Most	patients	will	experience	pain	relief
in	the	first	2	to	4	weeks	after	radiotherapy,	be	it	a	single	fraction	or	multiple	fractions.34	In	some	patients,	the	pain
relief	can	be	seen	as	soon	as	10	days	after	radiation	treatment.36	However,	the	re-treatment	and	pathologic	fracture
rates	were	higher	with	single-fraction	treatments.36

Since	the	publication	of	the	two	meta-analyses,	more	randomized	trials	on	bone	metastases	have	been	reported.
The	Radiation	Therapy	Oncology	Group	repeated	the	randomized	study	in	patients	with	breast	or	prostate	cancer
who	had	one	to	three	sites	of	painful	bone	metastases	and	moderate	to	severe	pain	with	patient	self-assessment.37
There	were	455	patients	in	the	single	8-Gy	arm	and	443	patients	in	the	30	Gy	in	10	fractions	arm.	Grade	2	to	4
acute	toxicity	was	more	frequent	in	the	multifraction	arm	(17%)	than	in	the	single-fraction	arm	(10%)	(P	=	.002).
Late	toxicity	was	rare	(4%)	in	both	arms.	The	overall	response	rate	was	66%.	Complete	and	partial	response	rates
were	15%	and	50%,	 respectively,	 in	 the	 single-fraction	 arm	compared	with	18%	and	48%,	 respectively,	 in	 the
multifraction	arm	(P	=	.6).	Both	regimens	were	equivalent	in	terms	of	pain	and	narcotic	relief	at	3	months.	The
single-fraction	arm	had	a	higher	rate	of	re-treatment	(18%	versus	9%,	P	<	.001).	Four	Norwegian	and	six	Swedish
hospitals	planned	to	recruit	1,000	patients	with	painful	bone	metastases.	Patients	were	randomized	to	a	single	8-
Gy	fraction	or	30	Gy	in	10	fractions.38	The	interim	analysis	indicated	that,	as	in	other	recently	published	trials,	the
treatment	 groups	 had	 similar	 outcomes.	 Similar	 pain	 relief	 within	 the	 first	 4	months	was	 experienced	 in	 both
groups,	and	this	was	maintained	throughout	the	28-week	follow-up.	No	differences	were	found	for	fatigue,	global
quality	of	life,	and	survival	in	both	groups.

An	updated	meta-analysis	reporting	25	randomized	trials	totaling	2,818	and	2,799	randomizations	in	the	single-
fraction	and	multifraction	arms,	respectively,	revealed	that	the	overall	and	complete	response	rates	were	60%	and
23%,	respectively,	in	the	single-fraction	arms	versus	61%	and	24%,	respectively,	in	the	multifraction	arms,	again
demonstrating	equal	efficacy.39	However,	 there	 is	 some	 evidence	 that	 certain	 groups	 of	 patients	would	 benefit
from	a	protracted	schedule.	Roos	et	al.40	 compared	a	 single	 fraction	of	8	versus	20	Gy	 in	 five	 fractions	 in	272
patients	with	bone	metastases	causing	pain	with	a	neuropathic	component.	They	concluded	that	a	single	dose	was
not	as	effective	as	multiple	fractions	for	the	treatment	of	neuropathic	pain;	however,	it	was	also	not	significantly
worse.	 They	 recommended	 that	 20	 Gy	 in	 five	 fractions	 be	 used	 as	 standard	 radiotherapy	 for	 patients	 with
neuropathic	pain.	However,	in	patients	with	short	survival	or	poor	performance	status,	in	patients	for	whom	the
cost	or	inconvenience	of	multiple	treatments	was	a	factor,	and	in	treatment	centers	with	lengthy	wait	times,	single
fractions	could	be	used	instead.40

How,	then,	are	radiation	oncologists	to	prescribe	treatment?	The	answer	most	likely	resides	within	the	clinical
circumstances	and	individual	wishes	of	each	patient.	There	is	no	doubt	that	in	patients	with	short	life	expectancy,
protracted	 schedules	 are	 a	 burden.	However,	 in	 patients	with	 a	 longer	 expected	 survival,	 such	 as	 patients	with
breast	cancer	and	patients	with	prostate	cancer	with	bone	metastases	only,	other	parameters	need	to	be	taken	into
account.	 Because	 re-treatment	 rates	 are	 known	 to	 be	 higher	 after	 a	 single	 fraction	 versus	 multiple	 fractions
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(approximately	25%	versus	10%,	respectively),	patients	with	good	performance	status	may	wish	 to	share	 in	 the
decision-making	process.

What	should	be	an	optimal	dose	for	single-fraction	treatment?	A	prospective	randomized	trial	in	270	patients
with	painful	bone	metastases	compared	efficacy	of	4-	or	8-Gy	single	doses.41	At	4	weeks,	the	actual	response	rates
were	69%	for	8	Gy	and	44%	for	4	Gy	(P	<	 .001),	but	 there	was	no	difference	 in	complete	 response	 rates	at	4
weeks	or	duration	of	response	between	the	two	arms.	It	was	concluded	that	8	Gy	gives	a	higher	probability	of	pain
relief	 than	 4	 Gy	 but	 that	 4	 Gy	 can	 be	 an	 effective	 alternative	 in	 situations	 of	 reduced	 tolerance.	 Another
randomized	trial	of	three	single-dose	radiation	therapy	regimens	in	the	treatment	of	metastatic	bone	pain	consisted
of	single	fractions	of	4,	6,	or	8	Gy.42	The	authors	confirmed	that	8	Gy	could	be	considered	as	probably	the	lowest
optimal	single-fraction	radiation	treatment	for	painful	bone	metastases,	although	a	single	fraction	of	4	Gy	should
not	be	easily	discarded	because	of	its	applicability	in	specific	cases.

Wide-Field	or	Half-Body	External-Beam	Radiation
Wide-field	or	half-body	irradiation	(HBI)	differs	from	localized	external-beam	radiation	mainly	in	the	volume	of
tissues	and	bone	metastases	covered	as	a	single	treatment	field.	It	is	more	useful	for	patients	with	multiple	painful
bone	metastases.	HBI	is	usually	delivered	either	to	the	upper	half	or	to	the	lower	half	of	the	body.	Single-fraction
HBI	has	been	shown	in	retrospective	and	prospective	phase	I	and	II	studies	to	provide	pain	relief	in	70%	to	80%
of	patients.43,44	Pain	relief	is	apparent	within	24	to	48	hours,	suggesting	that	cells	of	the	inflammatory	response
pathway	may	be	 the	 initial	 target	 tissue,	as	 tumor	cell	activities	are	unlikely	 to	be	halted	so	quickly.	Toxicities
include	minor	bone	marrow	suppression	and	gastrointestinal	 side	effects	 such	as	nausea	and	vomiting	 in	upper
abdominal	radiation	and	may	be	controlled	with	ondansetron	or	dexamethasone.

Pulmonary	toxicity	is	minimal	provided	the	lung	dose	is	limited	to	6	Gy.45	Fractionated	HBI	was	investigated
in	a	randomized	phase	II	study	involving	29	patients	that	compared	a	single	fraction	with	fractionated	HBI	(25	to
30	Gy	 in	multiple	 fractions).	 Pain	 relief	was	 achieved	 in	 >94%	of	 patients.	At	 1	 year,	 70%	 of	 patients	 in	 the
fractionated	group	and	15%	 in	 the	 single-fraction	group	had	pain	 control,	 and	 repeat	 radiation	was	 required	 in
71%	and	13%	of	the	patients	in	the	single-fraction	and	fractionated	groups,	respectively.46	Poulter	et	al.47	reported
results	of	a	randomized	trial	of	499	patients	comparing	local	radiation	alone	versus	local	radiation	plus	a	single
fraction	of	HBI.	The	study	documented	a	lower	incidence	of	new	bone	metastases	(50%	versus	68%)	and	fewer
patients	 requiring	 further	 local	 radiotherapy	 at	 1	 year	 after	 HBI	 (60%	 versus	 76%).	 The	 choice	 of	 dose
fractionation	schedule	for	HBI	was	explored	by	Salazar	et	al.48	among	156	randomized	patients.	Among	the	three
trial	arms	of	15	Gy	in	five	fractions	over	5	days,	8	Gy	in	two	fractions	over	1	day,	and	12	Gy	in	four	fractions
over	2	days,	 the	15-Gy	 regimen	provided	not	only	pain	 relief	 as	much	as	 the	other	 regimens	but	 also	a	 longer
survival	duration	in	prostate	cancer	patients.

Reirradiation
As	effective	systemic	treatment	and	better	supportive	care	result	in	improved	survival,	certain	subsets	of	patients
have	longer	life	expectancies	than	before	and	outlive	the	duration	of	the	benefits	of	initial	palliative	radiotherapy,
requiring	reirradiation	of	the	previously	treated	sites.

Among	the	radiation	trials	comparing	single-	versus	multiplefractionation	schemes,	reirradiation	rates	ranged
from	11%	 to	42%	after	 single-fraction	 schedules	 and	0%	 to	24%	after	multiplefraction	 schedules.	There	are	 at
least	 three	 scenarios	 of	 “failure”	 where	 reirradiation	 may	 be	 considered.	 Response	 to	 reirradiation	 may	 be
different	 for	each	of	 these	 scenarios:	 (1)	no	pain	 relief	or	pain	progression	after	 initial	 radiotherapy,	 (2)	partial
response	with	initial	radiotherapy	and	the	hope	to	achieve	further	pain	reduction	with	more	radiotherapy,	and	(3)
partial	or	complete	response	with	initial	radiotherapy	but	subsequent	recurrence	of	pain.

Mithal	et	al.49	reported	a	retrospective	analysis	of	105	patients	treated	with	palliative	radiotherapy	for	painful
bone	metastases.	A	total	of	280	individual	treatment	sites	were	identified,	of	which	57	were	re-treated	once	and	8
were	 re-treated	 twice.	 The	 overall	 response	 rate	 to	 initial	 treatment	 was	 84%	 for	 pain	 relief,	 and	 at	 first	 re-
treatment,	this	was	87%.	A	total	of	7	of	the	8	(88%)	patients	re-treated	a	second	time	also	achieved	pain	relief.	A
total	of	17	of	23	 (74%)	patients	 responded	 to	 second	 radiation	 that	used	a	number	of	 single-fraction	 regimens,
which	was	not	significantly	inferior	to	31	of	34	patients	(91%)	obtained	with	more	protracted	regimens.	Jeremic	et
al.50	 investigated	 the	 effectiveness	 of	 a	 single	 4-Gy	 fraction	 given	 for	 re-treatment	 of	 bone	 metastasis	 after
previous	single-fraction	radiotherapy.	Of	135	patients	re-treated,	109	patients	were	re-treated	because	of	relapsing
pain,	whereas	26	patients	were	reirradiated	after	initial	nonresponse.	Of	the	109	patients	who	were	reirradiated	for
pain	 relapse,	 80	 patients	 (74%)	 responded	 (complete	 response,	 31%;	 partial	 response,	 42%).	 Among	 the	 26



patients	who	 did	 not	 respond	 initially,	 there	were	 12	 responses	 (46%).	The	 authors	 concluded	 that	 the	 lack	 of
response	to	initial	single-fraction	radiotherapy	should	not	deter	repeat	irradiation.	Toxicity	in	their	series	was	low
and	gastrointestinal	only.	No	acute	toxicity	of	grade	3	or	greater	was	reported.	Pathologic	fractures	were	reported
in	3	of	135	(2%)	patients	and	spinal	cord	compression	in	3	of	135	(2%)	patients	in	their	series.	The	same	group
reported	 the	efficacy	of	 reirradiation	with	 the	second	single	4-Gy	fraction	 for	painful	bone	metastases	after	 the
previous	two	single	fractions.	The	overall	response	rate	of	the	25	patients	(19	responders	and	6	nonresponders	to
the	two	prior	single	fractions)	was	80%,	with	both	complete	response	and	partial	response	rates	of	40%.	No	acute
or	late	high-grade	toxicity	(≥3)	was	observed	in	their	study.	No	pathologic	fractures	or	spinal	cord	compression
were	seen	in	any	of	these	patients	during	the	follow-up.51

The	Dutch	Bone	Metastases	Study	Group	presented	the	efficacy	of	reirradiation	of	painful	bone	metastases.52
For	patients	not	responding	to	the	initial	radiation	who	were	reirradiated,	66%	of	patients	who	initially	received	a
single	8-Gy	fraction	responded	to	the	re-treatment	versus	33%	of	patients	who	received	the	initial	multifraction
regimens.	Re-treatment	for	patients	with	progression	was	successful	in	70%	of	single-fraction	patients	versus	57%
of	 multifraction	 patients.	 In	 general,	 re-treatment	 was	 effective	 in	 63%	 of	 all	 re-treated	 patients.	 A	 recent
intergroup	randomized	trial	on	dose	fractionations	in	repeat	radiation	for	painful	bone	metastases	in	850	patients
concluded	that	a	single	fraction	of	8	Gy	appears	to	be	noninferior	and	less	toxic	than	20	Gy	in	multiple	fractions,
with	2-month	response	rates	in	evaluable	patients	of	45%	versus	51%,	respectively	(P	=	.17).53

SYSTEMIC	RADIONUCLIDES
Patients	with	bone	metastases	often	have	diffuse	bony	disease.	Administration	of	a	systemic	radionuclide	has	the
advantage	of	targeting	all	bony	lesions	simultaneously	and	can	be	given	as	a	single	administration	on	an	outpatient
basis.	 Osteoblastic	 bone	 metastases	 can	 be	 detected	 by	 a	 technetium-99	 methylenediphosphonate	 bone	 scan.
Radionuclides	react	with	bone	mineral	(hydroxyapatite),	and	the	pattern	of	uptake	mirrors	that	seen	on	the	bone
scan.	Strontium-89	 and	 samarium-153	 are	 the	 agents	most	 commonly	used	 in	 clinical	 practice;	 phosphorus-32,
rhenium-186,	and	tin-117	have	also	been	used.	These	radionuclides	emit	beta	particles	with	a	mean	range	between
0.2	 and	3	mm,	 thereby	minimizing	 toxicity	 to	 surrounding	 tissue.	Retention	 in	 the	 areas	 of	 bone	metastases	 is
greater	 than	 in	 the	 normal	 bone	 marrow,	 with	 a	 tumor-to-marrow	 ratio	 of	 10:1.	 The	 average	 time	 to	 clinical
response	is	7	to	14	days,	with	a	median	duration	of	action	of	18	weeks.	Re-treatment	is	possible,	with	an	interval
of	10	to	12	weeks	for	strontium-89	and	6	to	10	weeks	for	samarium-153,	although	a	nonresponder	is	unlikely	to
respond	 to	 subsequent	 administration.	 The	mechanism	 of	 pain	 reduction	 is	 unclear	 but	may	 include	 radiation-
induced	apoptosis	of	lymphocyte-secreting	cytokines	and	direct	cell	kill	and	reduction	of	mass	effect.

Treatment-related	 toxicity	consists	mainly	of	 reversible	myelosuppression,	especially	 thrombocytopenia.	The
nadir	 is	 4	 to	 6	weeks	 after	 injection;	 recovery	 is	 completed	 by	6	 to	 10	weeks,	with	 severity	 related	 to	 disease
burden.	Bone	marrow	toxicity	is	therefore	of	concern	with	the	use	of	systemic	chemotherapy.	A	small	percentage
of	patients	(10%	to	20%)	may	experience	a	pain	flare	shortly	after	administration.	Contraindications	to	the	use	of
radionuclides	include	poor	performance	status,	projected	survival	of	<2	months,	extensive	soft	tissue	metastases,
platelet	count	<60	×	109/L,	recent	rapid	decrease	in	platelet	count	even	if	>60	×	109/L,	white	blood	cell	count	<2.5
×	 109/L,	 and	 disseminated	 intravascular	 coagulation	 within	 1	 month	 of	 myelosuppressive	 chemotherapy	 and
within	2	months	of	hemibody	radiotherapy.	Impending	or	actual	pathologic	fracture	and	cord	compression	are	also
contraindications	for	use.

The	evidence	for	use	of	radionuclides	has	been	reported	in	several	phase	II	and	III	trials.	Overall	pain	reduction
rates	 for	 the	 various	 radionuclides	 are	 comparable	 and	 similar	 to	 localized	 and	 hemibody	 external-beam
radiotherapy,	with	an	overall	response	rate	of	80%	and	complete	response	rate	of	20%.	The	Trans-Canada	study
reported	 on	 126	 patients	with	metastatic	 prostate	 cancer	 randomized	 to	 strontium-89	 or	 placebo	 in	 addition	 to
external-beam	 radiotherapy.54	 Patients	 receiving	 strontium	 showed	 a	 significant	 improvement	 at	 3	 months	 in
analgesic	use	and	an	 improved	quality	of	 life.	Reduced	 lifetime	 requirements	 for	 radiotherapy	and	 reduction	 in
development	 of	 new	 painful	 bone	 metastases	 were	 seen.	 Hematologic	 toxicity	 was	 acceptable.	 A	 lifetime
management	cost	savings	of	$5,800	in	the	group	receiving	strontium-89	was	found.55	A	second	multicenter	trial	in
patients	with	prostate	cancer	compared	strontium-89	with	either	local-field	or	wide-field	radiotherapy	and	found
no	 significant	 difference	 in	 analgesic	 efficacy,	 with	 a	 significant	 increase	 in	 time	 to	 further	 radiotherapy	 and
development	of	new	pain	sites.56	Samarium-153	is	also	licensed	for	use	in	the	United	States	and	has	shown	similar
efficacy	to	strontium.	Patients	with	a	variety	of	primary	malignancies	had	an	85%	pain	response	rate,	with	patients
with	 breast	 cancer	 achieving	 the	 best	 palliation.	 The	 use	 of	 radium-223	 for	 advanced	 prostate	 cancer	 was



Dr. AVR @ TMH

discussed	earlier.26

Controlling	Side	Effects	of	Treatment
Radiation	 treatment	 planning	 is	 the	most	 critical	 aspect	 of	 reducing	 radiation	 side	 effects.	Management	 of	 the
acute	effects	of	radiotherapy	requires	attentive	medical	management	that	prevents	expected	side	effects.	Radiation
side	effects	are	specific	to	the	area	treated.	Careful	radiation	treatment	planning	that	avoids	critical	structures	like
mucosal	surfaces	can	prevent	most	side	effects.	Patients	should	be	reassured	that	the	unavoidable	side	effects	that
they	 experience	 will	 resolve	 after	 the	 completion	 of	 radiotherapy.	 Skin	 reactions	 are	 usually	 minimal	 during
radiotherapy	for	bone	metastases	and	are	limited	only	to	the	radiation	portal.	Nausea	and	vomiting,	resulting	from
a	 radiation	 portal	 that	 includes	 the	 abdomen,	 will	 usually	 respond	 to	 antiemetic	 therapy,	 but	 ondansetron	 or
dexamethasone	also	 is	 commonly	used,	 especially	 if	patients	have	 recently	 received	emetogenic	chemotherapy.
Diarrhea,	resulting	from	abdominopelvic	radiation,	will	respond	to	antidiarrhea	medications	such	as	loperamide.
Local	 irritation	 from	mucositis	 of	 the	 oropharyngeal	 region	may	 be	 relieved	 by	 soluble	 aspirin,	 analgesics,	 or
benzydamine	mouthwashes.	Secondary	infections,	such	as	Candida,	should	be	treated.

The	side	effects	of	electron-beam	radiation	are	more	limited	because	it	only	treats	superficial	structures	such	as
the	 ribs,	 skin	 lesions,	 and	 superficial	 lymph	 nodes.	 Underlying	 structures	 are	 spared	with	 the	 selection	 of	 the
proper	electron-beam	energy.	The	most	prominent	side	effect	of	electron-beam	radiation	is	an	erythematous	skin
reaction.	Other	side	effects	listed	here	do	not	occur	with	electron-beam	radiation	because	the	radiation	beam	does
not	 penetrate	 to	 these	 structures.	No	 side	 effects,	 other	 than	 a	 possible	 flare	 of	 pain	 in	 the	 first	 2	weeks	 after
administration,	are	observed	with	systemic	radioisotope	therapy	because	all	the	radiation	is	localized	to	the	bone.
This	is	an	important	consideration	for	patients	who	have	significant	symptoms	of	the	disease	or	other	treatments.
Side	effects	from	external-beam	radiation	also	are	more	severe	when	the	radiation	fields	are	large	because	more
normal	tissues	are	treated.	Pain	flare	is	common	after	palliative	radiotherapy	for	osseous	metastases.57	The	use	of
dexamethasone	has	been	shown	to	be	effective	in	the	prophylaxis	of	pain	flare.58	Systemic	radioisotopes	can	have
significant	advantage	over	large	external-beam	radiation	fields	by	reducing	risk	for	side	effects	such	as	nausea	and
diarrhea.

RADIOTHERAPY	FOR	COMPLICATIONS	OF	BONE	METASTASES:
LOCALIZED	EXTERNAL-BEAM	RADIOTHERAPY	FOR	PATHOLOGIC
FRACTURES
Pathologic	and	Impending	Fractures
Pathologic	 fractures	 are	handled	with	orthopedic	 stabilization	whenever	possible.	Surgery	 rapidly	 controls	pain
and	returns	the	patient	to	mobility.	Elective	orthopedic	stabilization	has	reportedly	resulted	in	good	pain	relief	and
sustained	 mobility	 in	 up	 to	 90%	 of	 patients.	 Early	 identification	 of	 patients	 with	 a	 high	 risk	 of	 fracture	 is
especially	 important.	A	 fracture	of	 the	weight-bearing	 long	bones	can	be	a	devastating	event	even	 in	a	healthy
person.	 Prophylactic	 orthopedic	 fixation	 is	 often	 advised	 to	 avoid	 the	 trauma	 of	 a	 pathologic	 fracture.	 The
operative	procedure	has	fewer	complications	and	less	impact	on	functional	outcome.

In	the	randomized	Dutch	Bone	Metastasis	Study,	14	fractures	occurred	in	102	patients	with	femoral	metastases.
The	 authors	 analyzed	 the	 pretreatment	 radiographs	 of	 femoral	metastases	 and	 concluded	 that	 fracturing	 of	 the
femur	mostly	depended	on	the	amount	of	axial	cortical	involvement	of	the	metastases.	They	recommend	treating
femoral	metastases	with	an	axial	cortical	involvement	of	≤30	mm	with	a	single	8-Gy	dose	for	relief	of	pain.	If	the
axial	 cortical	 involvement	 is	 >30	 mm,	 prophylactic	 surgery	 should	 be	 considered	 to	 minimize	 the	 risk	 of
pathologic	fracturing	or,	if	the	patient’s	condition	is	limited,	irradiation	to	a	higher	total	dose.59

Although	radiotherapy	provides	pain	relief	and	tumor	control,	it	does	not	restore	bone	stability.	Postoperative
radiotherapy	 is	 usually	 recommended	 after	 surgical	 stabilization	 of	 a	 pathologic	 fracture.	 Townsend	 et	 al.60
reported	normal	use	of	extremity	(with	or	without	pain)	in	53%	of	patients	treated	with	postoperative	radiotherapy
versus	11.5%	of	patients	 treated	with	 surgery	alone.	Second	orthopedic	procedures	 to	 the	 same	 site	were	more
frequent	 in	 the	group	 that	 received	surgery	alone.	Another	study	showed	 that	prosthesis	displacement	and	bone
metastases	progression	at	site	of	surgery	were	low	after	postoperative	radiation.61

Patients	who	 are	without	 visceral	metastases	 and	who	 have	 a	 relatively	 long	 survival	 (e.g.,	 >3	months)	 are
more	 likely	 to	 benefit	 from	 postoperative	 radiotherapy.	 Because	 the	 entire	 bone	 is	 at	 risk	 for	 microscopic



involvement	and	the	procedure	involved	in	rod	placement	may	seed	the	bone	at	other	sites,	the	length	of	the	entire
rod	 used	 for	 bone	 stabilization	 should	 be	 included	 in	 the	 radiation	 field.	When	 the	 radiation	 fields	 are	 more
limited,	 instability	 of	 the	 rod,	 resulting	 in	 pain	 and	 need	 for	 reoperation,	 can	 result	 from	 recurrent	 osteolytic
metastases	outside	 the	radiation	portal.	When	a	pathologic	fracture	has	occurred,	 the	primary	goal	 is	 to	provide
pain	 relief.	 Secondary	 intentions	 are	 to	 achieve	 stability	 and	 restore	 function.	 Unless	 there	 are	 medical
contraindications	 or	 extremely	 short	 life	 expectancy,	 surgery	 is	 usually	 recommended.	Otherwise,	 radiotherapy
alone	may	be	considered.

Stereotactic	Body	Radiotherapy	of	Spinal	Metastases
Technologic	advances	 in	radiation	oncology	have	resulted	in	 the	development	of	stereotactic	body	radiotherapy
(SBRT),	and	one	of	the	most	common	indications	has	been	for	spinal	metastases.62	Typically,	spine	SBRT	refers
to	focal	high	total	dose	and	dose	per	fraction	(>5	Gy)	conformal	radiation,	delivered	such	that	the	tumor	is	dose
escalated	 while	 maintaining	 the	 surrounding	 normal	 tissues	 to	 a	 lower	 and	 safe	 dose	 threshold.	 Millimetric
precision	in	treatment	delivery,	MRI	for	target	and	spinal	cord	delineation,	and	stringent	quality	assurance	of	the
treatment	plan	are	required.63,64	For	spine	metastases,	SBRT	represents	a	major	shift	in	the	therapeutic	intent	as
doses	such	as	16	to	24	Gy	in	a	single	fraction,	24	Gy	in	two	to	three	fractions,	and	30	to	35	Gy	in	five	fractions
represent	two	to	six	times	the	biologically	equivalent	dose	as	those	investigated	in	the	conventional	radiotherapy
literature.	The	ideal	candidate	for	spine	SBRT	has	oligometastatic	disease,	no	mechanical	instability,	no	epidural
disease,	and	radioresistant	disease	(e.g.,	renal	cell,	melanoma,	lung	cancer)	or	progression	after	prior	conventional
radiation.	Detailed	summaries	of	inclusion	and	exclusion	criteria	have	been	reported	in	several	recent	reviews.62,63

SBRT	 is	 intended	 to	 target	 the	gross	 tumor	volume	as	visualized	with	MRI,	 and	an	anatomic	clinical	 target
volume	 including	 the	 anatomy	 at	 risk	 as	 defined	 by	 an	 international	 collaborative	 group	 that	 defined	 ideal
consensus	 target	 volumes	 for	 intact	 spinal	 metastases.65	 This	 has	 also	 been	 done	 in	 the	 postoperative	 patient,
which	represents	an	increasing	practice	where	SBRT	may	be	able	to	improve	outcomes	as	compared	to	low-dose
conventional	palliative	adjuvant	radiation.	Critical	to	the	technique	is	sparing	of	the	spinal	cord	and	surrounding
normal	tissues	from	the	high	tumor	dose.	This	is	achieved	using	sophisticated	radiotherapy	treatment	planning	and
delivery	 units	 that	 allow	 for	 intensity-modulated	 radiotherapy	 or	 volumetric	 modulated	 radiotherapy,	 image
guidance,	 robotic	 technology	 to	 correct	 rotational	 and	 translation	 positional	 discrepancies,	 and	 near-rigid	 body
immobilization.66	 This	 is	 in	 stark	 contrast	 to	 traditional	 practice	 where	 at	 least	 one	 or	 two	 healthy	 vertebrae
beyond	 the	disease	 are	 included	 in	 a	 simple	one-	 or	 two-field	 treatment,	which	has	 the	benefit	 of	 ensuring	 the
entire	target	receives	the	prescribed	dose	and	can	be	initiated	the	same	day	as	treatment	planning.	Figures	119.2
and	 119.3	 illustrate	 the	 fundamental	 contrast	 in	 conventional	 palliative	 radiation	 as	 opposed	 to	 SBRT,	 and	 a
summary	of	the	key	differences	between	these	two	treatment	regimens	is	provided	in	Table	119.1.

Although	the	spine	SBRT	evidence	suggests	high	rates	of	local	tumor	control	at	>80%	in	patients	with	de	novo
spinal	metastases,	as	salvage	for	radiation	treatment	failure,	and	in	postoperative	patients,	with	pain	control	with
complete	 pain	 relief	 in	 approximately	 40%	 of	 patients,	 the	 data	 are	 uncontrolled.62,63,67,68	 Two	 dominant
randomized	 controlled	 trials	 are	 in	 progress	 in	 patients	with	 de	 novo	 painful	 spinal	metastases.	 The	Radiation
Therapy	Oncology	Group	0631	trial	is	comparing	8	Gy	in	one	fraction	delivered	conventionally	to	16	to	18	Gy	in
one	fraction	delivered	as	SBRT.69	The	Canadian	Symptom	Control	24	 (SC24)	 trial	 is	comparing	20	Gy	 in	 five
fractions	delivered	conventionally	 to	24	Gy	 in	 two	fractions	delivered	as	SBRT.67	These	 trials	will	provide	 the
data	required	to	justify	a	generalized	shift	in	practice.
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Figure	119.2	A	typical	radiation	field	for	a	seventh	thoracic	vertebrae	metastases	where	two
vertebral	bodies	above	and	below	the	target	are	included	in	the	radiotherapy	field.	This	patient	was
treated	with	8	Gy	in	a	single	fraction,	and	one	can	appreciate	the	entire	vertebral	column	within	the

field	being	encompassed	by	the	8-Gy	isodose	line	in	yellow.

Figure	119.3	A	spine	stereotactic	body	radiotherapy	treatment	plan	for	a	patient	with	a	lumbar
spinal	segment	metastasis.	Disease	was	localized	within	the	spinous	process	and	bilateral	lamina,
and	there	was	paraspinal	disease	extension.	The	clinical	target	volume	includes	the	entire	posterior
element	(extended	to	take	the	pedicles)	and	associated	paraspinal	disease	(blue	color	wash).	A	2-

mm	planning	target	volume	is	applied	as	shown	in	orange	color	wash.	This	patient	was	treated	with
24	Gy	in	two	fractions.	One	can	observe	the	extreme	conformity	of	the	24-Gy	isodose	line	in	red
while	sparing	the	thecal	sac	in	violet	color	wash	to	a	maximum	point	dose	of	17	Gy	(17-Gy	isodose



line	in	dark	blue).

Level	1	evidence	is	of	critical	importance	because	the	treatment	of	spinal	metastases	with	SBRT	is	not	without
risk	given	the	high	doses	delivered	within	the	bone	and	the	exposure	to	tissues	such	as	the	spinal	cord,	esophagus,
and	kidneys	that	lie	adjacent	to	the	target	volume.70	With	respect	to	acute	toxicity,	the	risk	of	pain	flare	has	been
well	documented	after	conventional	radiation	and	only	recently	after	spine	SBRT.	Chiang	et	al.71	and	Khan	et	al.72
reported	 that	 the	majority	 of	 patients	 (68%)	 experienced	 a	 pain	 flare	 after	 the	 first	 fraction	 of	 SBRT	 and	 that
rescue	or	prophylactic	dexamethasone	was	effective	in	reducing	the	pain	response.	More	importantly,	the	risk	of
clinically	 significant	 late	 toxicities	 with	 conventional	 palliative	 radiotherapy	 regimens	 is	 negligible;	 however,
spine	SBRT	has	resulted	in	serious	adverse	events.	The	most	devastating	is	radiation	myelopathy,	which	can	leave
the	palliative	patient	paralyzed	and	is	unacceptable	considering	the	goals	of	treatment	for	this	population.	Much
progress	has	been	made,	and	there	are	now	guidelines	for	the	maximum	spinal	cord	doses	that	are	safe	for	both	the
unirradiated	 and	 reirradiated	 patient	 based	 on	 dose-volume	 histogram	 analysis	 of	 cases	 and	 controls.73,74	As	 a
result	of	guidelines,	this	toxicity	is	again	considered	a	rare	event.	What	has	become	more	alarming	is	the	risk	of
vertebral	compression	fracture	(VCF).	Sahgal	et	al.75	reported	a	1-year	cumulative	incidence	of	fracture	(new	or
progression	of	an	existing	VCF)	of	12.4%.	From	this	analysis,	we	learned	that	SBRT	dose	is	an	independent	risk
factor,	and	with	ultra-high	single-fraction	doses	such	as	24	Gy	 in	one	dose,	 the	 risk	of	VCF	was	prohibitive	at
39%.	When	the	dose	per	fraction	was	kept	to	<19	Gy,	the	risk	was	more	reasonable	at	10%.	The	investigators	also
applied	 the	 Spine	 Instability	 Neoplastic	 Score	 (SINS)	 criteria	 to	 each	 treated	 segment	 and	 determined	 that
misalignment	(kyphotic	deformity),	preexisting	VCF,	and	lytic	tumor	were	significant	risk	factors	in	multivariate
analysis.75	With	respect	to	pathomechanism,	it	is	postulated	that	radionecrosis	is	causal,	as	explained	by	Al-Omair
et	al.,76	 and	 a	 comprehensive	 review	 is	 recommended	 for	 the	 interested	 reader	 that	 also	 discusses	 the	 surgical
management	of	VCF.77	This	 toxicity	 is	 serious	because	approximately	30%	to	50%	of	patients	are	 treated	with
some	form	of	surgical	salvage,	although	the	predominant	treatment	has	been	a	minimally	invasive	percutaneous
cement	augmentation	procedure.70	It	has	also	been	shown	that	this	complication	occurs	relatively	soon	after	SBRT
with	a	median	time	to	fracture	of	2.5	months,	which	implies	that	patients	should	be	followed	relatively	frequently
within	 the	 first	6	months.75	Confounding	 response	assessment	 is	 the	 recognition	of	osseous	pseudoprogression,
which	may	lead	to	false	interpretation	of	MRI	signal	changes	when	confined	within	the	treated	vertebral	segment
bone	and	in	the	high-dose	volume.78	A	recent	guideline	has	been	reported	with	respect	to	response	assessment	by
the	Spine	Response	Assessment	in	Neuro-Oncology	(SPINO)	group	including	proposed	criteria	for	local	control.
Much	of	the	SPINO	recommendations	have	been	incorporated	in	the	SC24	randomized	trial.79

Spine	 SBRT	 is	 still	 considered	 an	 emerging	 therapeutic	 option	 for	 patients	 with	 spinal	 metastases,	 and
enrollment	in	clinical	trials	is	encouraged	to	determine	its	role	in	the	modern	management	of	spinal	metastases.	It
is	technically	demanding,	requires	considerable	skill,	and	requires	close	and	ongoing	follow-up	with	serial	spine
MRI,	 and	 there	 is	 potential	 for	 serious	 late	 toxicities	 that	 are	 not	 otherwise	 a	 concern	 with	 conventional
radiotherapy.	Therefore,	 this	 treatment	 has	 to	 be	 considered	 carefully	 for	 each	 patient	with	 a	multidisciplinary
discussion	involving	radiation	oncologists,	spinal	surgeons,	radiologists,	and	medical	oncologists.

Lower	Extremity
Pathologic	fractures	of	the	femur	have	profound	morbidity	for	the	patient	as	well	as	considerable	issues	related	to
stabilization	that	would	be	preventable	if	treated	prior	to	fracture.	Risk	factors	for	a	femur	at	high	risk	of	fracture
include	cortical	bone	destruction	>50%,	lesions	>2.5	cm,	pathologic	avulsion	fracture	of	the	lesser	trochanter,	and
persisting	 pain	 after	 radiation	 (Table	 119.2).	 In	 the	 absence	 of	 these	 signs,	 femoral	metastases	 can	 be	 treated
nonoperatively.80–82	The	subtrochanteric	segment	of	the	femur	extends	from	the	lesser	trochanter	to	the	junction
of	the	proximal	and	middle	thirds	of	the	diaphysis.	This	segment	of	the	femur	is	subjected	to	very	high	axial	loads
of	weight	bearing	and	tremendous	bending	forces	because	of	the	eccentric	load	application	to	the	femoral	head.
The	medial	cortex	is	loaded	in	compression	and	the	lateral	cortex	in	tension.	Ward	et	al.83	compared	the	results	of
97	impending	fractures	of	the	femur	with	85	complete	fractures.	In	the	impending	group,	there	was	less	blood	loss
(438	versus	636	mL),	shorter	hospital	stays	(7	versus	11	days),	greater	likelihood	of	discharge	home	as	opposed	to
an	extended-care	facility	(79%	versus	56%),	and	a	greater	likelihood	of	resuming	support-free	ambulation	(35%
versus	12%).

For	 diaphyseal	 lesions	 of	 the	 femur,	 the	 loads	 are	 less	 and	 the	 threshold	 for	 surgical	 stabilization	 is	 higher.
Each	 case	 needs	 to	 be	 individualized,	 taking	 into	 consideration	 the	 degree	 of	 functional	 impairment,	 pain,	 and
radiosensitivity	 of	 the	 tumor.	 The	 same	 size	 lesion	 in	 the	 diaphysis	 is	 less	 of	 a	 risk	 for	 fracture	 than	 in	 the
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subtrochanteric	 region.	Recent	work	 at	 our	 center	 on	 remineralization	 of	 bone	 after	 radiation	may	 allow	 us	 to
avoid	surgical	intervention	in	the	appropriate	candidate.84

Operative	Techniques
Proximal	Femur.	Impending	or	pathologic	fractures	of	the	femoral	neck	or	head	or	intertrochanteric	region	are
usually	 managed	 with	 hemiarthroplasty.	 If	 there	 is	 involvement	 of	 the	 acetabulum,	 total	 hip	 arthroplasty	 is
indicated.	Lesions	in	the	intertrochanteric	region	can	also	be	stabilized	with	a	hip	screw	and	side	plate	device	with
consideration	 for	 augmentation	 using	 polymethylmethacrylate	 (PMMA)	 cement.	 It	 is	 imperative	 to	 plan
preoperatively	 with	 a	 full-length	 femur	 radiograph	 to	 ensure	 the	 plate	 is	 able	 to	 span	 the	 length	 of	 disease
involvement.	With	 associated	 diaphyseal	 or	 distal	 femur	 involvement,	 an	 intramedullary	 device	 is	 indicated	 to
span	the	entire	length	of	the	femur.	Second-	and	third-generation	nails	are	most	commonly	used	to	allow	fixation
into	the	femoral	head	(Fig.	119.4).85

TABLE	119.1
Summary	of	Key	Issues	Comparing	and	Contrasting	Conventional	External-Beam
Radiotherapy	with	Spine	Stereotactic	Body	Radiotherapy	in	the	Treatment	of	Spinal
Metastases

Conventional	External-Beam	Radiotherapy Stereotactic	Body	Radiotherapy

Low	BED	delivered	to	the	tumor Two	to	six	times	the	BED	delivered	to	the	tumor

Technique	requires	at	least	one	or	two	healthy	vertebral
bodies	above	and	below	the	diseased	vertebral	segments	to
be	treated.

Targeted	treatment	to	only	those	areas	of	disease;	the
anatomy	at	risk	within	the	vertebral	segment	is	included	in
the	clinical	target	volume	as	opposed	to	only	gross	visible
tumor

Low	risk	of	acute	and	long-term	side	effects	due	to	low	BED
exposure	to	healthy	tissues

Pain	flare	a	high-risk	acute	event,	and	rare	but	devastating
late	toxicities	have	been	reported.

Risk	of	vertebral	compression	fracture	~5% Prohibitive	40%	risk	of	vertebral	compression	fracture	with
ultra-high	single-fraction	doses	(24	Gy	in	one	fraction)	and
~10%	with	lower	dose	per	fraction	regimens	such	as	24	Gy
in	two	fractions

Protracted	regimens	can	include	5–20	fractions Fewer	treatments	whereby	definition	SBRT	involves	one	to
five	fractions

May	be	less	efficacious	in	radioresistant	histologies	such	as
sarcoma	and	renal	cell	carcinoma	or	hypoxic	postoperative
target	volumes

Greater	dose	may	lead	to	better	outcomes	for	radioresistant
tumors	including	an	adjuvant	treatment	following	spine
surgery.

Greater	volume	of	normal	tissues	exposed	to	the	prescribed
tumor	dose,	which	may	increase	the	risk	of	acute	adverse
events

Dose	to	the	surrounding	normal	tissues	is	lower	than	that
prescribed;	however,	small	volumes	of	adjacent	normal
tissues	are	exposed	to	high	doses	that	may	increase	late
toxicities.

Short	treatment	times	of	5–10	min,	which	are	ideal	for	the
patient	in	pain

Prolonged	treatment	times	where	each	treatment	takes	20–
60	min	and	requires	near-rigid	body	immobilization,
subcentimeter	multileaf	collimators	or	circular	collimators,
and	ideally	translational	and	rotational	robotic	positional
corrections

If	local	failure	occurs,	then	likely	dose	or	biology	related	as
opposed	to	geographic	miss

Potential	for	geographic	miss

Limited	doses	apply	in	the	re-treatment	patient,	which	may
preclude	efficacy.

High	doses	still	possible	in	the	re-treatment	patient,	and
data	suggest	high	rates	of	tumor	control.

Standard	of	care	for	patients	with	malignant	epidural	cord
compression	with	level	1	evidence	for	efficacy.

Contraindicated	in	the	patient	with	symptomatic	malignant
epidural	spinal	cord	compression	or	cauda	equina
syndrome

Indicated	for	the	patient	with	multiple-level	spinal	metastatic No	more	than	three	consecutive	metastases	recommended



disease to	be	treated	at	once

Best	suited	for	patients	with	widespread	spinal	disease Better	suited	for	patients	with	oligometastatic	disease	as
opposed	to	widespread	spinal	disease

Deliverable	in	any	radiotherapy	department	and	low	cost Requires	sophisticated	radiation	equipment	especially
quality	assurance

Level	1	evidence	and	well-defined	outcomes	supporting
common	palliative	treatment	regimens

No	level	1	evidence	to	indicate	superiority	over	conventional
radiotherapy

BED,	biologically	effective	dose;	SBRT,	stereotactic	body	radiotherapy.

Femoral	Diaphysis.	Similar	to	proximal	femoral	lesions,	intramedullary	devices	are	used	for	fixation.	In	the	case
of	an	impending	fracture,	a	distal	vent	should	be	used	to	allow	efflux	of	marrow	contents	in	order	to	reduce	the
risk	of	fat	emboli.86,87

TABLE	119.2
Mirels	System

Variable/score 1 2 3

Site Upper	limb Lower	limb Peritrochanteric

Pain Mild Moderate Functional

Radiographic
appearance

Blastic Mixed Lytic

Size
Less	than	one-third	of	the
cortex

One-third	to	two-thirds	of	the
cortex

Greater	than	two-thirds	of	the
cortex

Pelvis	 and	 Acetabulum.	 Reconstruction	 of	 the	 proximal	 part	 of	 the	 femur	 and	 the	 acetabulum	 is	 often
technically	demanding,	and	hardware	failure	is	not	uncommon.	The	implant	is	at	risk	of	failure	because	the	forces
about	the	hip	are	extremely	high	for	most	normal	activities.	Forces	on	the	proximal	femur	can	be	3.5	times	body
weight	during	 the	midstance	phase	of	gait	and	can	 increase	 to	7.7	 times	body	weight	during	stair	climbing.88,89
Acetabular	insufficiency	secondary	to	bone	metastases	is	classified	according	to	location	and	extent	of	bone	loss.
Where	 the	 acetabulum	 is	 structurally	 intact,	 a	 conventional	 total	 hip	 arthroplasty	 can	 be	 performed.	 PMMA	 is
often	used	 to	provide	 added	 support	 in	 cases	of	 perforations	of	 the	medial	wall.	When	 the	medial	wall	 has	 an
unconstrained	defect,	techniques	are	required	that	transfer	the	stress	of	weight	bearing	away	from	the	deficiency
and	onto	the	intact	acetabular	rim	with	use	of	a	protrusion	ring.	With	more	extensive	bone	involvement	including
both	 the	medial	and	 lateral	walls,	 reconstruction	of	 the	acetabular	columns	requires	 the	use	of	 implants	such	as
Steinmann	pins	and	PMMA	to	fix	the	protrusion	ring	into	place.

Preoperative	Embolization	of	Bone	Metastases
Metastases	from	renal	cell	carcinoma	are	hypervascular	as	a	result	of	neovascularization.	Other	primaries	can	also
be	associated	with	hypervascularity.90	Historically,	stabilization	of	spinal	or	appendicular	lesions	from	renal	cell
carcinoma	was	 associated	with	 excessive	 bleeding	 requiring	 transfusion.	Uncontrollable	 hemorrhage	may	 even
result	 in	death.	There	 is	 growing	experience	 and	evidence	 that	 preoperative	 embolization	 is	 a	 safe	 and	 reliable
method	 of	 reducing	 intraoperative	 blood	 loss	 at	 the	 time	 of	 stabilization	 of	 bone	metastases.	 The	methods	 of
embolization	 include	 the	 use	 of	 polyvinyl	 alcohol,	 coils,	 and	 gel	 foam.	 The	 procedure	 is	 performed	 in	 the
angiography	suite,	and	surgery	should	be	performed	within	48	 to	96	hours	of	embolization	or	 revascularization
will	occur.
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Figure	119.4	A:	Plain	anteroposterior	radiograph	of	a	lytic	metastatic	lesion	with	impending
fracture	of	the	peritrochanteric	region	of	the	femur.	B:	Plain	anteroposterior	radiograph	after
treatment	with	reconstruction	intramedullary	nail	providing	fixation	into	the	femoral	head.

Roscoe	 et	 al.91	 reported	 on	 the	 use	 of	 embolization	 for	 renal	 cell	 carcinoma	metastases	 to	 the	 spine	 before
stabilization.	Comparing	8	patients	who	underwent	perioperative	embolization	with	20	patients	who	did	not,	the
blood	 loss	 during	 stabilization	 for	 the	 former	 group	 averaged	 940	 mL	 compared	 with	 1,975	 mL	 in	 the
nonembolized	 group.	 Similar	 results	 have	 been	 reported	 by	 other	 authors	 on	 the	 safe	 and	 effective	 role	 of
perioperative	embolization	prior	to	spinal	decompression	and	stabilization	(Fig.	119.5).92,93

Upper	Extremity
In	the	upper	extremity,	the	difference	in	management	and	patient	outcome	is	less	profound	between	an	impending
and	 pathologic	 fracture.	 Fractures	 of	 the	 humerus	 can	 be	 managed	 with	 plate	 fixation	 or	 with	 intramedullary
devices.	Atesok	et	al.94	have	shown	that	an	unreamed	humeral	nail	provides	 immediate	stability	and	pain	relief
with	minimum	morbidity	and	early	return	of	function	to	the	arm.	Similar	conclusions	were	made	by	Dijkstra	et
al.95	when	comparing	intramedullary	nail	with	compression	plating	for	humeral	pathologic	fractures.

Spine
The	spine	is	the	most	common	site	of	metastatic	bone	disease.	Spinal	complications	are	due	to	loss	of	mechanical
stability	creating	pain	and	spinal	cord	compression	causing	paralysis.	Neurologic	compression	occurs	due	to	direct
tumor	load	in	the	epidural	space	or	from	a	pathologic	fracture	causing	bony	compression	or	vertebral	instability.
The	goals	of	spinal	surgery	in	metastatic	disease	are	to	preserve	or	restore	spinal	stability	for	pain	and	to	restore	or
protect	neurologic	function.

Because	of	immunosuppression,	poor	nutritional	status,	and	medical	comorbidities,	surgery	to	the	spine	may	be
associated	with	significant	complications.	Considerations	in	decision	making	are	life	span	of	the	patient,	general
medical	condition,	number	of	spinal	levels	involved,	age,	cancer	type,	and	radiation	status.96	The	significance	of
the	primary	cancer	type	on	survival	is	well	established.	After	detection	by	bone	scan	of	spine	involvement,	Tatsui
et	al.97	reported	a	1-year	survival	of	0%	and	22%	for	gastric	and	pulmonary	cancers,	respectively,	and	78%	and
83%	 for	 breast	 and	 prostate	 primaries,	 respectively.	 In	 a	 population-based	 study,	 Finkelstein	 et	 al.98	 used	Cox
multivariate	regression	to	model	survival	as	a	function	of	potential	predictor	variables	in	a	cohort	of	987	patients.
This	 study	 also	 quantified	 postoperative	 complication	 rates	 and	 identified	 significant	 risk	 factors	 that	 were
associated	 with	 poor	 survival	 and	 outcome.	 Overall	 1-	 and	 3-month	 mortality	 rates	 were	 9%	 and	 29%,
respectively.	 Increasing	 age	 and	 primary	 lung	 cancer	were	 significant	 risk	 factors	 for	 death	within	 30	 days	 of



surgery.	For	overall	survival,	each	year	of	advancing	age	had	a	1%	increased	risk	of	dying.	Lung	primary	had	a
2.65	relative	risk	of	mortality	within	30	days.

The	beneficial	effect	of	surgery	with	adjuvant	radiation	for	solitary	solid	tumors	compared	to	radiation	alone
was	demonstrated	by	Patchell	et	al.99	in	their	landmark	randomized	study.	A	subsequent	multicenter	observational
cohort	 study	 by	 the	AOSpine	North	American	Clinical	 Research	Network	 again	 noted	 the	 beneficial	 effect	 of
surgery	for	solitary	solid	tumors	on	the	health-related	quality-of-life	outcomes	(HRQoL).100	Surgical	intervention
as	an	adjunct	to	radiation	and	chemotherapy	provided	lasting	pain	relief	and	improvements	in	neurologic	function
and	HRQoL.

The	effect	of	a	preoperative	neurologic	deficit	on	survivorship	has	been	evaluated	by	a	number	of	authors.	In	a
multicenter	study	by	Argenson	et	al.,101	patients	with	a	preoperative	deficit	had	significantly	lower	mean	survival
at	1	and	3	years	after	surgery.	We	have	shown	that	patients	with	preoperative	neurologic	deficits	were	71%	more
likely	to	get	a	postoperative	infection,	likely	from	the	administration	of	preoperative	radiation.	Other	authors	have
likewise	 found	 increased	 infection	 rates	 and	 poorer	 outcomes	 after	 surgery	 in	 the	 presence	 of	 preoperative
radiation.98,102–104	In	2003,	Wai	et	al.96	prospectively	evaluated	the	efficacy	of	surgery	in	patients	with	metastatic
spinal	disease	with	 respect	 to	quality	of	 life	using	a	validated	outcome	measure	 specific	 for	palliative	patients.
This	study	demonstrated	the	largest	improvement	to	be	in	pain	after	surgery.	There	were	significant	improvements
in	six	other	domains	and	trends	toward	improvement	in	another	one.	There	was	no	significant	deterioration	in	any
domain.	The	major	benefit	of	surgery	occurs	within	the	first	month	and	remained	stable	until	death	or	for	at	least	6
months	(length	of	follow-up).
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Figure	119.5	A:	Preembolization	angiogram	demonstrating	hypervascular	renal	cell	tumor	in	the
proximal	humerus.	Lytic	metastases	and	impending	fracture	is	present.	B:	Postembolization
angiogram	demonstrates	significantly	reduced	neovascularization.	C:	Postoperative	plain

radiograph	with	fracture	treated	with	an	unreamed	locked	intramedullary	nail.

Principles	 of	 open	 surgical	 techniques	 and	 considerations	 are	 beyond	 the	 scope	 of	 this	 chapter.	 In	 general,
tumor	 location	 within	 the	 vertebrae,	 spinal	 level,	 radiation	 status,	 neurologic	 deficit,	 and	 number	 of	 levels
involved	 affect	 decision	making.	 SINS	 is	 a	 classification	 system	 that	may	 also	 be	 used	 to	 assist	 the	 radiation
oncologist	and	spinal	surgeon	in	evaluating	spinal	instability.	The	SINS	criteria	consist	of	classifying	the	involved
spinal	segment	according	to	the	location	along	the	spinal	axis,	the	presence	of	mechanical	pain,	bone	lesion	type
(lytic,	 blastic,	 or	 mixed),	 spinal	 alignment,	 degree	 of	 vertebral	 body	 collapse,	 and	 involvement	 of	 posterior
elements.	A	score	is	calculated	from	a	total	of	18	possible	points,	and	a	SINS	score	of	0	to	6	is	stable,	7	to	12	is
potentially	unstable,	and	>13	is	unstable.105

Surgical	approaches	for	addressing	spinal	instability	and	neurologic	compression	can	be	from	either	an	anterior
or	posterior	approach.	Instrumentation	is	required	after	decompression.	Most	cases	can	be	performed	posteriorly,
and	a	vertebral	column	resection	(VCR)	has	more	recently	been	advocated	for	addressing	the	anterior	instability
from	a	posterior	approach	only.	VCR	eliminates	 the	need	for	a	 transthoracic	or	retroperitoneal	approach,	which
can	create	significant	morbidity	in	these	patients.106

More	 minimally	 invasive	 approaches	 for	 management	 of	 metastatic	 spinal	 disease	 are	 percutaneous
vertebroplasty	 (PV)	 and	 kyphoplasty.	 These	 are	 an	 alternative	 to	 open	 surgery	 for	 restoring	 stability	 to	 the
spine.107,108	PV	may	be	applied	to	a	greater	number	of	candidates	with	pain	due	to	instability.	These	same	patients
may	not	be	suitable	for	invasive	spinal	surgery	because	of	medical	comorbidities,	multilevel	disease,	or	presence
of	 a	 profound	 neurologic	 deficit.	 PV	 is	 performed	 under	 intravenous	 sedation	 in	 the	 radiology	 suite	 or	 in	 the
operating	room.	Real-time	fluoroscopy	is	used	to	introduce	bone	cement	(PMMA)	into	the	vertebral	body	via	a
parapedicular	or	transpedicular	approach.	Commercially	available	PV	kits	contain	bone	cement,	mixers,	trocars,
cannulas,	and	syringes.	PMMA	is	injected	in	a	semiliquid	state	such	that	extravasation	and	intravertebral	pressure
are	minimized.

Vertebroplasty	and	kyphoplasty	can	also	be	combined	with	decompression	 in	a	 less	 invasive	open	 technique
(Fig.	119.6).	The	PMMA	is	used	to	provide	anterior	column	support	after	decompression	and,	in	some	cases,	is
able	to	replace	the	need	for	posterior	instrumentation.	In	some	candidates	with	or	without	previous	radiation	or	in
the	high-risk	or	poor	surgical	candidate	with	multiple-level	disease,	unifocal	decompression	can	be	performed	and
stabilized	in	 this	 technique.	The	concerns	for	hardware	failure	and	wound	healing	are	 lessened	with	 this	hybrid
procedure.

Complication	rates	of	PV	have	been	reported	to	be	around	10%	in	metastatic	disease.109	These	include	cement
entering	the	nerve	root	foramen	or	spinal	canal,	resulting	in	radiculopathy	or	spinal	cord	compression.	The	vast
majority	of	extrusions,	however,	are	minor	and	do	not	result	in	neurologic	sequelae.110	Systemic	complications	are
rare	and	include	embolic	events	due	to	marrow	fat,	tumor	fragments,	or	cement	entering	the	circulation.111



Figure	119.6	A:	Magnetic	resonance	image	of	thoracic	spine	with	T8	spinal	cord	compression.	B:
Computed	tomographic	sagittal	reformat	showing	bony	destruction	of	T8	and	multiple-level

metastases.	Postoperative	anteroposterior	(C1)	and	lateral	(C2)	radiographs	after	open	posterolateral
decompression	and	vertebroplasty	of	T8	vertebra.
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120 Malignant	Pleural	and
Pericardial	Effusions
R.	Taylor	Ripley

MALIGNANT	PLEURAL	EFFUSIONS
Malignant	pleural	effusions	(MPE)	are	diagnosed	in	greater	than	150,000	patients	annually	in	the	United	States.1
In	a	series	of	over	3,000	patients	who	underwent	a	diagnostic	thoracentesis,	27%	of	the	patients	had	MPE	(Fig.
120.1).2	In	this	series,	the	most	common	causes	of	MPE	were	lung	cancer	(37%),	breast	cancer	(16%),	lymphoma
(10%),	and	unknown	origin	(10%).	A	retrospective	analysis	of	over	126,000	hospital	admissions	for	MPE	in	the
United	States	 reported	 similar	 incidences	 (Table	120.1).3	 Typically,	 patients	with	MPE	have	 a	 poor	 prognosis;
however,	 survival	 is	 highly	 dependent	 on	 the	 underlying	 pathology.	 For	 patients	with	MPE	 secondary	 to	 lung
cancer,	the	presence	of	even	a	small	effusion	was	associated	with	worse	overall	survival	compared	to	no	effusion
(7.49	versus	12.65	months,	respectively).4	Based	on	the	poor	survival	of	patients	with	MPE,	the	seventh	edition	of
the	tumor,	node,	metastasis	(TNM)	lung	cancer	staging	system	upstaged	patients	with	MPE	from	stage	IIIB	to	IV
(M1a	disease).5	Survival	rates	for	patients	with	breast	cancer	and	MPE	are	slightly	higher,	with	a	median	overall
survival	of	approximately	13	months.6	Patients	with	MPE	secondary	to	hematologic	malignancy	have	a	median
survival	 of	 about	 7	months.7	 The	 vast	majority	 of	MPE	 are	 caused	 by	metastatic	 disease;	 however,	malignant
pleural	mesothelioma	(MPM)	arises	from	the	pleural	surface	and	may	also	result	in	MPE.8	Even	though	MPM	is	a
primary	 disease	 of	 the	 pleura,	 the	 median	 survival	 is	 about	 9	 months,	 and	 the	 long-term	 prognosis	 remains
uniformly	poor.9

The	pleura	of	the	chest	cavity	is	fibrous	tissue	formed	from	a	single	layer	of	mesothelium	that	is	divided	into
the	parietal	and	visceral	layers.10	The	visceral	pleura	is	adherent	to	the	lung,	whereas	the	parietal	pleura	lines	the
remainder	 of	 the	 thoracic	 cavity.	A	 small	 amount	 of	 fluid	 is	 secreted	 and	 reabsorbed	 between	 the	 parietal	 and
visceral	 surfaces	 to	 assist	 in	 respiration	 by	helping	 to	maintain	 a	 negative	 intrathoracic	 pressure.	An	 estimated
0.01	mL/kg/h	 of	 fluid	 is	 produced	 and	 cleared	 at	 the	 same	 rate	 to	maintain	 a	 constant	 volume.11	 The	 parietal
pleura	 is	 likely	more	 important	 in	maintaining	 fluid	homeostasis	given	 that	 the	vessels	are	closer	 to	 the	pleural
lining	and	lymphatic	stomata	are	more	abundant	compared	to	the	visceral	pleura.12	If	too	much	production	or	too
little	 resorption	 of	 fluid	 occurs,	 a	 pleural	 effusion	 will	 result.	 Typically,	 pleural	 effusions	 are	 classified	 as	 a
transudate	or	an	exudate.	A	transudate	is	caused	by	an	increase	in	hydrostatic	or	a	decrease	in	oncotic	pressure,
whereas	 an	 exudate	 results	 from	 a	 change	 in	 permeability	 of	 the	 pleural	 space.13	 MPEs	 are	 almost	 always
exudative.	They	represent	the	second	most	common	cause	of	an	exudate,	which	results	from	lymphatic	obstruction
and	increased	capillary	and	pleural	permeability.14

Clinical	Presentation
Dyspnea	 is	 the	most	 common	 symptom	when	 pleural	 effusions	 are	moderate	 to	 large.	 Pleuritic	 chest	 pain	 can
occur,	which	 ranges	 from	 a	 dull	 ache	 to	 severe,	 sharp	 pain.	 Pain	 typically	 indicates	 chest	wall	 and	 intercostal
nerve	 invasion.	 Many	 patients	 are	 asymptomatic,	 and	 the	 diagnosis	 is	 established	 based	 on	 incidental	 chest
imaging.	For	a	newly	diagnosed	effusion	without	a	known	malignancy,	evaluation	consists	of	detailed	history	and
physical	 examination	 including	 history	 of	malignancy	 and	 occupational	 exposures	 such	 as	 asbestos.	Decreased
breath	 sounds,	dullness	 to	percussion,	and	diminished	 tactile	 fremitus	are	often	noted	on	physical	 examination.
Mediastinal	 compression	with	 tracheal	 deviation	 and	 low	 cardiac	 output	 can	 occur	 with	massive	MPE,	which
represents	an	oncologic	emergency.	Patients	often	present	with	MPE	secondary	to	progressive	disease	of	a	known
malignancy.	 The	 patient’s	 prognosis,	 ability	 to	 tolerate	 interventions,	 and	 need	 for	 continued	 or	 changes	 in
systemic	 therapy	 influence	management	 decisions.	 These	 decisions	 should	 be	 evaluated	 in	 close	 collaboration



Dr. AVR @ TMH

with	the	patient’s	oncologists.

Diagnosis	and	Evaluation

Radiologic	Examinations
Pleural	 effusions	 can	 be	 detected	 in	 the	 costophrenic	 sulcus	 by	 erect	 posterior-to-anterior	 chest	 radiographs
(CXRs)	when	as	little	as	200	mL	of	fluid	collects	in	the	subpulmonic	area.	This	fluid	forms	a	meniscus	when	in
contact	with	the	parietal	pleura.	Supine	CXRs	are	much	less	useful.	If	the	diaphragm	is	obscured,	then	about	500
mL	of	 fluid	has	 collected;	 if	 the	 effusion	 is	 as	 high	 as	 the	 fourth	 rib,	 then	 about	 1,000	mL	of	 fluid	 is	 present.
Massive	MPE	can	appear	as	complete	opacification	of	the	hemithorax	with	mediastinal	shift.	If	fluid	is	loculated,
then	 it	will	not	move	to	dependent	areas	and	may	appear	anywhere	on	 the	film.	Small	amounts	of	 fluid	can	be
detected	 with	 decubitus	 imaging;	 however,	 computed	 tomography	 (CT)	 has	 replaced	 decubitus	 imaging	 for
evaluation	 beyond	 upright	 CXR.15	 MPE	 is	 often	 associated	 with	 other	 malignant	 features	 on	 CXR	 including
irregular	pleural	thickening	and	nodular	opacities.

If	MPE	is	suspected	or	established,	CT	is	 indicated	to	better	characterize	the	effusion	and	to	identify	pleural
thickening	 or	 masses,	 loculations,	 lung	 parenchymal	 processes,	 pulmonary	 emboli,	 and	 mediastinal	 and	 hilar
lymphadenopathy	 (Fig.	 120.2).16	 Parietal	 pleural	 thickening,	mediastinal	 pleural	 thickening,	 and	 nodularity	 are
classic	features	of	malignancy	that	are	often	associated	with	MPE.	CT	should	be	a	multislice	section	(2.0	mm	or
less)	 with	 intravenous	 contrast	 and	 reviewed	 in	 mediastinal	 and	 lung	 window	 settings	 with	 multiplanar
reconstruction.17	MPEs	are	easily	identified	by	CT,	although	occasionally	distinguishing	the	effusion	from	ascites
can	be	difficult.	CT	is	usually	not	necessary	for	management;	however,	CT	is	particularly	useful	for	assessment	of
treatment	response	or	evaluation	of	interventions.

Ultrasound	(US)	is	often	used	when	MPE	is	suspected	because	it	is	portable,	making	it	particularly	useful	in
the	intensive	care	unit.18	The	normal	pleura	is	an	echogenic	line	or	“pleural	stripe,”	which	is	both	the	visceral	and
parietal	pleura.19	“Comet	tails”	are	echogenic	bands	beyond	the	pleural	stripe	that	can	be	any	object,	and	“lung
sliding”	 describes	 the	 appearance	 when	 the	 pleural	 stripe	 is	 shimmering.	 Both	 comet	 tails	 and	 lung	 sliding
disappear	with	pleural	air	or	fluid	accumulation.	Pleural	fluid	including	MPE	is	dark	or	hypoechoic.20	Limitations
of	US	are	that	it	does	not	provide	the	same	amount	of	information	as	CT	and	requires	high	operator	skill.	More
useful	than	as	a	diagnostic	modality,	bedside	US	imaging	helps	guide	thoracentesis	and	pleural	biopsies.

Figure	120.1	Pleural	tumors	are	present	on	both	the	parietal	and	visceral	pleura	as	viewed	during
video-assisted	thoracoscopic	surgery	partial	pleurectomy	for	newly	diagnosed	metastatic	renal	cell

carcinoma.

Positron	emission	 tomography	 (PET)	and	magnetic	 resonance	 imaging	 (MRI)	both	have	 limited	 roles	 in	 the



evaluation	of	MPE.	PET	is	commonly	used	for	assessment	of	thoracic	malignancy	including	mesothelioma,	but	it
is	not	necessary	for	diagnosis	or	evaluation	of	the	effusion	itself.	Similarly,	MRI	is	rarely	warranted	with	MPE;	it
is	limited	in	the	chest	by	cardiac	and	respiratory	movement	and	poor	special	resolution.21

Invasive	Diagnostic	Procedures
Prior	to	the	establishment	of	MPE,	the	fluid	should	be	analyzed	based	on	appearance	such	as	straw	colored,	milky,
bloodstained,	or	 turbid	and	 for	 the	presence	of	 food	particles.	Next,	 laboratory	analysis	 should	 include	protein,
lactate	dehydrogenase,	pH,	white	and	red	blood	cell	counts,	cytology,	and	cultures.22	MPE	usually	presents	as	an
exudate	 that	 is	hypercellular	 and	bloodstained;	 cytologic	positivity	 confirms	malignancy.	 Importantly,	 cytology
may	be	positive	in	only	40%	of	cases	of	pleural	fluid	with	an	underlying	malignancy;	therefore,	a	negative	result
does	not	rule	out	an	MPE.23

Thoracentesis	is	a	straightforward	method	to	obtain	fluid	for	biochemical	and	cytologic	analysis.	Often,	8-	to
14-Fr	small	catheters	are	inserted	instead	of	needle	thoracentesis	to	obtain	both	fluid	for	analysis	and	to	drain	a
large	effusion	slowly	to	avoid	reexpansion	pulmonary	edema	(RPE).	Although	relatively	rare,	RPE	can	occur	with
lung	 expansion	 when	 large-volume	 effusions	 are	 rapidly	 drained.24	 Avoidance	 of	 draining	 >1,500	 mL	 at	 one
setting,	stopping	with	chest	pain	or	shortness	of	breath,	and	draining	periodically	can	usually	avoid	RPE.	Repeat
thoracentesis	 can	 be	 considered	when	MPE	 is	 suspected	 and	 the	 cytology	 is	 negative;	 however,	 proceeding	 to
video-assisted	 thoracoscopic	 surgery	 (VATS)	 is	 much	 more	 likely	 to	 provide	 both	 diagnostic	 and	 therapeutic
benefit.25

TABLE	120.1
Underlying	Malignancy	for	Malignant	Pleural	Effusion

Primary	Site
Patients

No. %
Lung 47,885 37.8

Breast 19,230 15.2

Gastrointestinal 13,905 11.0

Gynecologic 11,425 9.0

Hematologic 14,200 11.2

Other 28,140 22.2

Unknown	primary 14,205 4.2
Adapted	from	Taghizadeh	N,	Fortin	M,	Tremblay	A.	US	hospitalizations	for	malignant	pleural	effusions:	data	from	the	2012	National
Inpatient	Sample.	Chest	2017;151(4):845–854.

Treatment

Thoracentesis
Aspiration	 and	 drainage	 can	 help	 manage	 symptomatic	 MPEs;	 historically,	 it	 has	 been	 recommended	 in	 all
dyspneic	patients.26	The	rationale	for	initial	drainage	by	thoracentesis	is	to	determine	whether	the	symptoms	are
due	 to	 the	 MPE	 or	 whether	 another	 underlying	 cause	 such	 as	 pulmonary	 emboli,	 lymphangitic	 spread,	 or
endobronchial	obstruction	may	be	responsible	for	the	dyspnea.	However,	the	MPE	is	likely	to	recur	within	days	to
weeks	 of	 drainage;	 therefore,	 other	 interventions	 that	 provide	 longer	 term	 control	 are	 usually	 indicated	 in	 all
except	 the	 extremely	 frail	 or	 unstable	 patient.	 In	 the	 highly	 symptomatic	 patient,	 therapeutic	 thoracentesis	 can
stabilize	the	patient	while	more	definitive	management	is	arranged.

Pleurodesis	and	Pleurectomy
Pleurodesis	 results	 in	 pleural	 symphysis	 through	 the	 obliteration	 of	 the	 pleural	 space.	 Both	 chemical	 and
mechanical	methods	 can	 achieve	 pleural	 symphysis	 through	 a	 combination	 of	 inflammation,	 angiogenesis,	 and
fibrin	deposition,	which	 result	 in	adhesions	between	 the	parietal	and	visceral	pleura.26	These	adhesions	prevent
recurrent	 pleural	 effusions.	Chemical	methods	 require	 irritants	 or	 sclerosants	 in	 the	 pleural	 space	 such	 as	 talc,
doxycycline,	or	bleomycin.27	Mechanical	methods	for	pleurodesis	include	creating	abrasions	to	the	parietal	pleura
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or	performing	a	partial	parietal	pleurectomy.	Efficacy	of	pleurodesis	is	defined	as	complete	success	with	absence
of	fluid	reaccumulation,	partial	success	with	some	reaccumulation	without	additional	therapeutic	procedures,	and
failure	when	the	two	prior	definitions	are	not	met.1

Pleurodesis	 is	 preferable	 to	 repeated	 thoracentesis	 except	 in	 patients	 who	 have	 an	 extremely	 short	 life
expectancy,	are	too	frail,	or	have	a	trapped	lung.	Apposition	of	the	visceral	and	parietal	pleural	surfaces	is	critical
for	pleurodesis.	If	a	lung	cannot	expand	secondary	to	undrained	pleural	loculations,	visceral	adhesions	that	“trap”
the	lung,	or	persistent	air	leak,	the	lack	of	apposition	may	result	in	a	failed	pleurodesis.27,28	A	thoracentesis	or	tube
thoracostomy	 can	 be	 used	 not	 only	 to	 drain	 the	MPE	 but	 also	 to	 determine	 whether	 reexpansion	 of	 the	 lung
occurs.	Lung	 reexpansion	 is	 predictive	 of	 success	with	 pleurodesis.	 In	 the	 situation	 in	which	 the	 lung	will	 not
expand,	 the	 underlying	 problems	 needs	 to	 be	 corrected.	 Debridement	 of	 the	 loculations,	 decortication	 of	 the
trapped	 lung,	 or	 relief	 of	 an	 endobronchial	 obstruction	may	 be	 required.	 These	 procedures	 are	 often	 possible;
however,	the	performance	status	of	the	patient	or	the	need	to	rapidly	restart	systemic	therapy	must	be	considered
carefully.	If	the	patient	is	too	frail	or	needs	to	be	started	on	therapy	quickly,	the	patient	may	be	served	better	by	a
tunneled	indwelling	pleural	catheter	(IPC).

Figure	120.2	A:	Chest	computed	tomography	imaging	of	a	patient	with	metastatic	disease	to	the
left	pleural	space	with	atelectatic	left	lower	lobe.	B:	After	video-assisted	thoracoscopic	surgery
drainage	and	pleurodesis	of	this	patient,	complete	reexpansion	of	the	lower	lobe	occurred.

Tube	Thoracostomy
To	achieve	effective	beside	pleurodesis,	first	a	thoracostomy	tube	is	inserted,	then	complete	drainage	is	performed
with	confirmation	by	CXR,	next	a	sclerosing	agent	is	introduced	into	the	chest	catheter,	and	finally,	the	catheter	is
clamped	 from	1	 to	4	hours.	The	sclerosing	agent	 is	usually	suspended	 in	50	mL	of	0.9%	saline.	The	patient	 is
rotated	 into	 lateral,	 supine,	 and	 prone	 positions	 even	 though	 no	 data	 support	 this	 practice.29	 Rahman	 et	 al.30
performed	a	randomized	controlled	trial	(RCT)	to	determine	whether	the	size	of	the	tube	inserted	and	whether	the
use	 of	 nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs)	 altered	 the	 efficacy	 of	 pleurodesis	 at	 3	 months.	 They
reported	 no	 difference	 in	 3-month	 failure	 rates	 with	 12-Fr	 versus	 24-Fr	 chest	 tubes	 (30%	 versus	 24%,
respectively).	They	also	 reported	 less	pain	 in	 the	12-Fr	group	and	no	difference	 in	outcomes	with	NSAID	use,
even	though	NSAIDs	were	often	inadequate	for	pain	control.	Significant	pain	occurs	in	up	to	40%	of	patients	with
chemical	pleurodesis.	Intrapleural	lidocaine	at	3	mg/kg	up	to	250	mg	can	be	infused	with	the	sclerosing	agent.29
Pain,	 inability	 to	biopsy	and	visualize,	 relatively	high	 failure,	 and	 inability	 to	 confirm	equal	distribution	of	 the
sclerosing	 agent	 with	 tube	 thoracostomy	 pleurodesis	 are	 reasons	 that	 VATS	 pleurodesis	 is	 often	 favored	 in
patients	who	can	tolerate	the	procedure.

Video-Assisted	Thoracoscopic	Surgery
VATS	 has	 almost	 completely	 replaced	 thoracotomy	 for	management	 of	MPE,	 other	 than	 for	 pleurectomy	 and
decortication	 for	 MPM.	 VATS	 for	 MPE	 is	 typically	 performed	 under	 general	 anesthesia	 with	 single-lung
ventilation;	however,	 intravenous	sedation	without	 lung	 isolation	 is	possible.31	VATS	offers	 several	advantages
over	bedside	procedures	including	complete	drainage	of	fluid,	debridement	of	loculations,	decortication	of	trapped
lung,	 biopsies	 of	 any	 surface,	 and	 even	 distribution	 of	 sclerosants.	The	 sensitivity	 for	 diagnosis	with	VATS	 is
greater	than	90%.32	One	or	 two	1-cm	port	 site	 incisions	are	usually	sufficient	 to	adequately	perform	VATS	for



pleurodesis,	 pleural	 abrasions,	 and	 partial	 pleurectomy.	 Scarci	 et	 al.33	 performed	 a	 survey	 of	members	 of	 the
European	 Society	 of	 Thoracic	 Surgeons	 (ESTS)	 and	 reported	 that	 VATS	 washout	 and	 pleurodesis	 was	 the
preferred	approach	for	the	majority	of	respondents	(68%).

Agents
There	is	no	ideal	agent	to	achieve	chemical	pleurodesis.	In	a	survey	of	ESTS	members,	91%	reported	using	talc
for	 pleurodesis	 of	MPE,	whereas	 5%,	 3%,	 1%,	 and	1%	used	bleomycin,	 tetracycline,	 iodine,	 and	doxycycline,
respectively.33	 Although	 talc	 is	 the	 most	 widely	 used,	 other	 agents	 can	 induce	 effective	 control	 over	 MPE.
Significant	differences	between	trials	and	reported	results	prevent	recommendations	for	a	single	agent.

Talc.	Talc	can	induce	pleurodesis	via	chest	tubes	as	a	talc	slurry	when	mixed	with	saline	or	via	VATS	with	4	to	5
g	aerosolized	as	a	talc	poudrage.	Clive	et	al.34	performed	a	network	meta-analysis	that	consisted	of	41	RCTs	with
16	 sclerosing	agents	 and	2,345	patients	 that	 concluded	 that	 talc	poudrage	 is	 the	most	 effective	 agent	 to	 induce
pleurodesis.	 This	 meta-analysis	 had	 similar	 conclusions	 compared	 to	 another	 report	 with	 20	 trials	 and	 1,525
patients	 that	also	supported	 talc	as	 the	most	effective	agent.35	Among	1,061	patients	with	MPE	who	underwent
thoracoscopic	 talc	 instillation,	 the	 success	 rate	was	 88%,	with	 the	 lowest	 control	 rate	 for	MPE	 from	 lung	 and
MPM.36	Bielsa	et	al.37	also	reported	similar	success	rates	with	VATS	talc	pleurodesis	among	447	patients.	They
also	reported	that	success	was	dependent	on	histology.37	In	the	network	meta-analysis,	evidence	that	talc	slurry	or
doxycycline	 was	 as	 effect	 as	 talc	 poudrage	 was	 inconclusive,	 which	 further	 supports	 the	 use	 of	 VATS	 for
pleurodesis.34	 However,	 anesthesia	 and	 VATS	 are	 not	 appropriate	 in	 all	 patients,	 and	 the	 decision	 on	 best
management	is	highly	dependent	on	the	patient’s	performance	status	and	prognosis.

Tetracycline	 and	Doxycycline.	 Tetracycline	 has	 been	 used	 for	 several	 decades	 for	MPE,	 but	 it	 is	 no	 longer
available	for	pleurodesis.	The	semisynthetic	antibiotic	doxycycline	has	replaced	tetracycline	in	the	United	States,
although	its	use	is	restricted	in	many	countries.	Response	rates	of	67%	to	88%	are	reported.	The	intrapleural	dose
is	 500	 mg	 as	 an	 oral	 preparation	 that	 is	 dissolved	 in	 100	 mL	 of	 0.9%	 saline.	 Most	 patients	 require	 repeat
administration.

Bleomycin.	Bleomycin	is	an	antineoplastic	agent	that	has	reported	success	rates	of	58%	to	85%.38	At	the	usual
dose	 of	 0.75	 IU/kg,	 approximately	 45%	 of	 the	 bleomycin	 is	 absorbed	 systemically,	 but	 almost	 no
myelosuppression	occurs	when	used	as	a	sclerosant	for	MPE.	Fever,	chest	pain,	and	cough	are	the	most	common
adverse	events	and	are	relatively	easily	managed.

Video-Assisted	Thoracoscopic	Surgery	Partial	Pleurectomy	and	Mechanical
Pleurodesis
VATS	partial	pleurectomy	provides	good	symptom	relief	and	good	long-term	MPE	control	(Fig.	120.3).39	VATS
partial	pleurectomy	can	be	performed	through	one	or	two	1-cm	incisions	that	can	be	the	same	incisions	for	chest
tube	 placement	 (Fig.	 120.4).	 The	 morbidity	 of	 a	 thoracotomy	 is	 avoided,	 and	 the	 patients	 have	 no	 activity
restrictions.	 As	 opposed	 to	 pleurectomy	 and	 decortication	 for	 MPM,	 VATS	 pleurectomy	 for	 MPE	 from
nonmesothelioma	histologies	can	spare	the	diaphragmatic	and	mediastinal	pleura;	therefore,	critical	structures	can
be	avoided	to	decrease	complication	rates.
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Figure	120.3	A:	Chest	radiograph	of	a	patient	with	symptomatic	right	malignant	pleural	effusion
from	ovarian	carcinoma.	B:	Chest	radiograph	on	postoperative	day	3	after	removal	of	chest	tubes
after	a	video-assisted	thoracoscopic	surgery	partial	pleurectomy	for	this	patient.	Patient	remained

without	symptoms	at	3-month	evaluation.

Figure	120.4	Intraoperative	pictures	of	the	left	pleural	space	after	a	video-assisted	thoracoscopic
surgery	partial	pleurectomy.	The	majority	of	the	partial	pleura	was	removed	while	sparing	the	apical

pleura,	the	diaphragm,	and	the	mediastinal	pleura	to	avoid	complications.

An	alternative	to	partial	pleurectomy	is	mechanical	abrasions	or	scarification	of	the	parietal	pleura.	Crnjac	et
al.40	 reported	an	RCT	 in	which	patients	with	MPE	from	metastatic	breast	cancer	underwent	VATS	mechanical
pleurodesis	via	abrasions	versus	 talc	slurry	 through	a	chest	 tube.	The	time	of	chest	 tube	drainage	and	length	of
hospitalization	were	both	shorter	with	VATS	mechanical	pleurodesis.	There	was	no	postoperative	mortality	in	the
VATS	group,	whereas	9%	(4	of	42)	of	patients	 in	 the	chest	 tube	 talc	slurry	group	died.	Death	occurred	 in	 two
patients	 from	 pulmonary	 emboli,	 one	 from	 myocardial	 infarction,	 and	 one	 from	 sepsis.	 For	 all	 patients	 at	 6
months,	 they	 found	 a	 nonstatistically	 significant	 difference	 in	 success	 rates	 (87%	 versus	 74%	 for	 VATS
mechanical	pleurodesis	versus	talc	slurry,	respectively).	Interestingly,	when	the	pH	of	the	pleural	fluid	was	lower
than	 7.3,	 VATS	 mechanical	 pleurodesis	 was	 significantly	 more	 effective	 than	 talc	 slurry	 (81%	 versus	 55%,
respectively).	Although	this	study	only	evaluated	two	of	several	techniques,	it	shows	that	mechanical	pleurodesis
results	in	rates	of	success	similar	to	other	techniques.

Decortication



Trapped	lung	occurs	when	the	lung	cannot	expand	to	fill	the	pleural	space	secondary	to	restriction	of	the	visceral
pleura.	This	restriction,	or	“peel,”	occurs	secondary	to	fibrosis	from	inflammation	or	direct	tumor	spread	on	the
visceral	pleura.	In	this	situation,	dyspnea	secondary	to	the	decreased	lung	volume	and	a	perfusion	mismatch	may
not	 improve	with	 pleural	 drainage	 by	 any	method.	 In	 addition,	 pleurodesis	 requires	 apposition	 of	 parietal	 and
visceral	pleura	 to	 induce	pleural	symphysis,	which	cannot	occur	 if	 the	 lung	is	 trapped.	Relief	of	a	 trapped	lung
requires	 surgical	 management	 by	 decortication	 by	 either	 open	 thoracotomy	 or	 VATS.	 As	 opposed	 to	 benign
disease,	 management	 of	 trapped	 lung	 from	 metastatic	 disease	 requires	 a	 visceral	 pleurectomy	 instead	 of
decortication	 alone.	 A	 decortication	 typically	 removes	 a	 fibrous	 peel	 secondary	 to	 an	 infection,	 whereas	 the
surgical	 plane	 for	 a	 visceral	 pleurectomy	 is	 one	 layer	 lower,	 which	 exposes	 the	 underlying	 lung	 parenchyma.
Decortication	can	prevent	repeated	pleural	interventions	with	the	potential	risk	of	empyema.

Palliation	by	pleurectomy	and	decortication	via	thoracotomy	are	rarely	indicated	for	MPE	except	for	MPM.	If	a
thoracotomy	 is	 considered,	 the	patient	 should	have	 an	 expected	 survival	 of	 greater	 than	12	months	 and	 expect
significant	symptom	relief.41	Given	the	morbidity	of	an	open	thoracotomy	in	patients	with	limited	life	expectance
and	the	relative	ease	of	performing	a	partial	parietal	pleurectomy	via	VATS,	the	role	of	thoracotomy	with	MPE	is
quite	limited.

Tunneled	Indwelling	Pleural	Catheter
IPCs	are	approximately	15-Fr	silicone	tubes	that	are	 inserted	in	the	pleural	cavity	and	tunneled	subcutaneously.
The	 tube	 has	 a	 profibrotic	 cuff	 in	 the	 tunneled	 segment	 that	 induces	 adhesions	 to	 secure	 the	 catheter
subcutaneously	and	a	one-way	valve	that	can	be	accessed	intermittently	to	drain	the	space.	The	most	widely	used
IPC	 is	 the	 PleurX	 by	 Denver	 Biomedical	 (Golden,	 CO)	 that	 was	 approved	 by	 the	 U.S.	 Food	 and	 Drug
Administration	 in	1997	(Fig.	120.5).	Vacuum	bottles	are	attached	 to	 the	valve	 to	drain	 the	space	 intermittently.
The	Aspira	pleural	drainage	system	by	Bard	Access	Systems	(Salt	Lake	City,	UT)	is	the	primary	competitor	in	the
United	States	that	uses	a	manual	pump	instead	of	a	vacuum	bottle	for	drainage.	Either	IPC	can	be	placed	as	an
outpatient.	Patients	often	tolerate	up	to	1,500	mL	of	drainage,	but	risk	of	RPE	does	exist.24	If	a	patient	experiences
chest	pain	or	tightness	at	any	volume,	the	IPC	should	be	disconnected	and	the	cap	placed.	If	the	volume	is	greater
than	1,500	mL,	it	should	be	drained	intermittently	over	about	a	day.	Patient	and	family	education	or	home	health
nursing	is	required	for	IPC	management.

The	 IPC	 can	 remove	 fluid	 to	 alleviate	 the	 patient’s	 symptoms	 while	 avoiding	 the	 risks	 of	 pleurodesis	 and
anesthesia.	Pleurodesis	requires	hospitalization	and	can	induce	pleural	inflammation,	resulting	in	pain	and	fever.42
Pleurodesis	 is	 not	 always	 successful,	 which	 may	 require	 additional	 interventions.43	 These	 limitations	 of
pleurodesis	can	be	avoided	with	IPCs.	In	addition,	patients	with	limited	life	expectance	can	avoid	hospitalization
to	be	at	home	with	family.	Shorter	hospitalization	for	insertion	was	confirmed	in	two	RCTs.44,45	Despite	shorter
hospital	stays	for	management,	whether	pleurodesis	or	IPC	decreases	days	in	the	hospital	for	the	remaining	life	of
the	patients	is	unknown.	In	a	study	of	patients	who	chose	talc	slurry	over	IPC,	the	talc	slurry	group	spent	11%	of
their	life	in	the	hospital,	whereas	the	IPC	group	spent	8%	in	the	hospital.46	As	discussed	previously,	the	benefits
of	talc	slurry	may	not	be	as	optimal	as	VATS	poudrage.	In	addition,	IPC	can	induce	spontaneous	pleurodesis	in	up
to	50%	of	patients	and	can	occasionally	be	removed;	however,	it	usually	remains	for	life	with	MPE.	Regardless	of
the	 extensive	 research	 into	 the	 benefits	 of	 pleurodesis	 versus	 IPC	 placement,	 the	 decision	 primarily	 remains	 a
patient-specific	approach.	Both	pleurodesis	and	IPC	have	similar	success	with	relief	of	dyspnea.44

Figure	120.5	Indwelling	pleural	catheter	(IPC)	placed	for	symptomatic	relief	from	a	malignant
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pleural	effusion	secondary	to	metastatic	synovial	cell	carcinoma.	IPC	placement	facilitated	rapid
discharge	in	a	patient	who	wanted	to	return	home	as	quickly	as	possible	because	she	had	no

additional	systemic	options	and	her	expected	survival	was	less	than	1	month.

Figure	120.6	A:	Photograph	of	an	indwelling	pleural	catheter	(IPC)	that	became	infected	9
months	after	placement	for	relief	of	dyspnea	for	unresectable	malignant	pleural	mesothelioma.
Draining	sinus	spontaneously	opened	with	purulent	discharge	at	the	site	in	which	the	IPC	entered
the	chest.	B:	Computed	tomography	of	the	infected	pleural	space	with	IPC	and	trapped	left	lower

lobe.

Complications	occur	in	10%	to	20%	of	patients	who	receive	an	IPC.	Infections	were	noted	in	4.8%	of	patients
in	 a	multicenter	 review;	 they	 occurred	 approximately	 6	 to	 8	weeks	 after	 insertion	 and	were	 usually	 caused	 by
Staphylococcus	aureus	 followed	by	Pseudomonas	aeruginosa	 and	Enterobacteriaceae.47	 Infections	 or	 empyema
can	 be	 a	 disastrous	 complication	 that	 negates	 the	 benefit	 of	 placement	 (Fig.	 120.6).	Drainage,	 antibiotics,	 and
surgical	management	may	 be	 required,	which	 is	 significantly	more	 complicated	 if	 a	 residual	 space	 is	 present.
Loculations	 that	 result	 in	 failure	 to	drain	 the	space	without	relief	of	dyspnea	occur	 in	5%	to	14%	of	patients.48
Chest	wall	metastasis	 in	 the	 catheter	 tract	 occurs	 in	 5%	 to	 10%	of	 patients	 and	 is	 histology	 specific,	with	 the
highest	 incidence	 in	MPM.49	Other	 complications	 include	pain,	 catheter	 fracture,	 or	 inability	 to	 drain.	Catheter
dysfunction	may	require	intermittent	thrombolysis	to	maintain	patency.50

TREATMENT	ALGORITHM
Often,	 MPEs	 are	 diagnosed	 in	 patients	 with	 an	 established	 diagnosis	 of	 metastatic	 disease.	 In	 this	 situation,
establishment	 of	 a	 diagnosis	 is	 not	 always	 necessary.	 However,	 treatment-related	 pleural	 effusions	 do	 occur;
therefore,	 diagnostic	 evaluation	 may	 be	 warranted.	 Diagnosis	 can	 be	 established	 with	 a	 thoracentesis	 and
aspiration;	however,	negative	results	are	often	false	negatives.	In	this	situation,	VATS	biopsy	may	be	warranted
for	diagnosis	 as	well	 as	 treatment.	 In	many	patients	with	MPE	who	 require	 treatment,	proceeding	directly	 to	 a
treatment	algorithm	without	further	diagnostic	evaluation	is	reasonable.

Despite	substantial	literature	and	recommendations	for	management,	treatment	decisions	require	a	personalized
approach	 in	 which	 one	 strategy	 rarely	 applies	 to	 most	 patients.	 Critical	 variables	 that	 must	 be	 assessed	 are
patient’s	 performance	 status;	 expected	 survival;	 availability	 of	 effective	 systemic	 options;	 timing	 of	 systemic
options;	 expectations;	 ability	 to	 care	 for	 a	 pleural	 catheter;	 and	 disposition	 to	 home,	 hospice,	 or	 continued
inpatient	care.	The	first	question	is	whether	the	patient	has	a	poor	performance	status	(usually	Eastern	Cooperative
Oncology	Group	[ECOG]	<1)	or	a	life	expectancy	of	less	than	1	month.	In	this	situation,	a	pigtail	catheter	with
local	anesthesia	 is	 reasonable	 for	patients	who	will	 remain	 in	an	 inpatient	 treatment	 facility.	For	patients	being
discharged	home	or	possibly	to	inpatient	hospice,	an	IPC	by	CT	guidance	with	local	anesthesia	is	warranted.

The	 next	 decision	 is	 for	 patients	 who	 can	 tolerate	 anesthesia,	 have	 a	 reasonable	 life	 expectancy,	 or	 have
potentially	effective	systemic	options.	These	patients	should	be	evaluated	for	both	surgical	interventions	and	IPC
placement.	In	this	situation,	patient	expectations	and	timing	of	systemic	therapy	are	paramount.	IPC	is	an	option
in	 almost	 all	 patients;	 however,	 these	patients	will	 have	 a	 long-term	catheter	 that	 requires	management.	Often,
patients	have	a	strong	opinion	about	whether	having	an	IPC	is	tolerable.	If	the	patient	prefers	IPC,	it	can	be	placed



by	 VATS,	 with	 CT	 guidance,	 or	 with	 local	 anesthesia	 only.	 VATS	 is	 necessary	 if	 concomitant	 biopsies	 are
required,	but	otherwise,	 the	method	of	placement	is	usually	institution	specific.	For	patient	who	do	not	want	an
IPC	 and	 have	 reasonable	 survival	 expectations,	 surgical	 intervention	 is	 appropriate.	 In	 almost	 all	 cases,	 these
patients	undergo	VATS,	and	open	thoracotomy	is	almost	never	required.	The	first	step	during	VATS	pleurodesis
is	to	determine	the	ability	of	the	lung	to	fill	the	pleural	space	if	unknown	from	preoperative	imaging.	If	the	lung
can	adequately	inflate,	 then	VATS	pleurodesis	with	sclerosants,	mechanical	abrasions,	or	partial	pleurectomy	is
performed.	 If	 the	 lung	 cannot	 inflate,	 a	 decortication	 to	 allow	 expansion	 of	 the	 trapped	 lung	 is	 required.	 If	 a
decortication	cannot	be	performed,	then	an	IPC	is	placed	and	the	procedure	is	terminated.

An	 additional	 option	 in	 addition	 to	 this	 practical	 algorithm	 includes	 bedside	 talc	 slurry	 or	 sclerosants.	 The
usefulness	of	IPC,	relative	low	morbidity	of	VATS,	and	need	to	repeat	 installations	of	talc	slurry	or	sclerosants
make	the	bedside	procedures	less	useful.	Often,	patients	need	to	start	systemic	therapy	or	resume	therapy	between
cycles,	therefore,	repeated	interventions	can	delay	treatment.	Achievement	of	adequate	pleurodesis	and	resolution
of	an	MPE,	even	if	a	short	hospitalization	is	required,	is	often	the	fastest	method	to	facilitate	systemic	options.

MALIGNANT	PERICARDIAL	EFFUSIONS
Malignancy	 is	one	of	 the	most	common	causes	of	pericardial	effusions;	however,	only	15%	to	20%	of	patients
with	pericardial	metastases	have	pericardial	effusions.51,52	Malignant	pericardial	effusions	(MPCEs)	are	the	most
common	manifestation	of	pericardial	tumors	that	results	in	symptoms.	However,	pericardial	effusions	in	patients
with	 known	malignancy	may	 be	 secondary	 to	 other	 causes	 such	 as	 treatment-related	 complications;	 therefore,
diagnosis	of	the	etiology	of	the	effusion	is	critical.	Jama	et	al.53	reviewed	the	literature	and	noted	that	60%	(1,339
of	2,322)	of	patients	with	symptomatic	effusions	had	malignancy.	Gornik	et	al.54	reported	that	43.8%	(96	of	219)
of	 patients	 with	 pericardial	 effusions	 had	 MPCE	 in	 a	 single-institution	 series.	 Similar	 to	 the	 pleura,	 the
pericardium	 is	much	more	 frequently	 a	 site	 of	metastatic	 cancers	 than	primary	pericardial	 tumors.55,56	 Primary
tumors	 of	 the	 pericardium,	 including	mesothelioma,	 lymphangioma,	 and	 fibrosarcoma,	 are	 extremely	 rare.55–58
The	tumors	that	most	commonly	metastasize	to	the	pericardium	are	lung,	breast,	leukemia,	esophageal,	and	those
of	unknown	etiology	(Table	120.2).54–56

Clinical	Presentation
The	 clinical	 presentation	 with	MCPE	 is	 variable.	 The	 pericardium	 is	 a	 fibroelastic	 sac	 that	 can	 accommodate
greater	than	1,000	mL	if	the	fluid	slowly	accumulates	giving	the	pericardium	time	to	distend.	In	contrast,	if	fluid
accumulates	quickly,	hemodynamic	compromise	may	develop	with	as	little	as	100	mL	of	fluid.	MPCE	is	usually
detected	incidentally	during	radiologic	evaluation	in	patients	with	an	established	diagnosis	of	malignancy.	Rapid
accumulation	may	result	in	an	oncologic	emergency.

TABLE	120.2
Underlying	Malignancy	for	Malignant	Pericardial	Effusions

Primary	Site
Patients

No. %
Lung 33 34.4

Breast 16 16.7

Leukemia/MDS 9 9.4

Unknown	primary 8 8.3

Esophagus 5 5.2

Sarcoma 5 5.2

Mesothelioma 4 4.2

Lymphoma/LPD 4 4.2

Colorectal 4 4.2

Other 8 8.3

	 96 100				
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MDS,	myelodysplastic	syndrome;	LPD,	lymphoproliferative	disorder.
Adapted	 from	Gornik	 HL,	Gerhard-Herman	M,	 Beckman	 JA.	 Abnormal	 cytology	 predicts	 poor	 prognosis	 in	 cancer	 patients	 with
pericardial	effusion.	J	Clin	Oncol	2005;23(22):5211–5216.

Dyspnea	and	tachycardia	are	the	most	frequent	symptoms,	but	they	are	nonspecific	and	often	associated	with
other	conditions.	In	patients	with	slowly	developing	MPCE,	the	first	sign	may	be	atrial	fibrillation.	Other	patients
may	 present	 with	 cardiac	 tamponade	 or	 pericardial	 constriction,	 which	 constitute	 an	 emergency.52	 The	 classic
presentation	of	the	Beck	triad	with	hypotension,	tachycardia,	and	muffled	heart	sounds	may	be	present;	however,
subacute	tamponade	from	accumulation	of	fluid	usually	does	not	lead	to	hypotension	and	is	much	more	common
with	MPCE.59	Symptoms	range	from	severe,	such	as	chest	pain,	palpitations,	or	syncope,	to	more	subtle,	such	as
dyspnea,	chest	discomfort,	and	fatigue.	Distended	neck	veins	and	pulsus	paradoxus	may	be	present.	Pericarditis
may	occur	secondary	 to	disease	progression,	 infection,	or	 treatment-related	complications	of	chemotherapy	and
radiation.	 The	 pericardial	 sac	 becomes	 rigid	 at	 a	 fixed	 volume,	 which	 may	 impair	 ventricular	 filling.	 These
patients	present	with	fatigue	and	dyspnea	on	exertion.	Kussmaul	sign	is	uncommon,	but	pulsus	paradoxus	may	be
present.60

Diagnosis	and	Evaluation

Radiologic	Examinations
MPCE	is	suspected	 in	an	asymptomatic	patient	with	a	known	malignancy	 in	whom	a	“water	bottle”	pericardial
silhouette	 is	noted	on	CXR.	CXR	has	a	 low	sensitivity	and	specificity.	This	 imaging	 finding	may	be	missed	 if
mediastinal	masses	or	 left	pleural	 effusions	are	present.	More	commonly,	CT	will	distinguish	pericardial	 fluid,
pleural	 fluid,	 and	 tumors,	 but	 the	 hemodynamic	 significance	 cannot	 be	 ascertained	 based	 on	 the	 size	 of	 the
effusion	from	CT.	MRI	can	be	substituted	in	patients	with	a	contrast	dye	allergy.

Echocardiography	 is	 the	most	 useful	 imaging	 technique	 to	 evaluate	MPCE.	 It	 can	 define	 the	 presence	 and
distribution	of	the	effusion	as	well	as	tumor	size	and	location.	More	importantly,	echocardiography	helps	assess
hemodynamic	consequences	of	the	effusion.	Signs	such	as	right	chamber	collapse,	flow	velocity	across	the	mitral
valve,	and	dilatation	of	the	inferior	vena	cava	help	assess	the	hemodynamics.	Right	atrial	collapse	is	90%	sensitive
and	68%	to	82%	specific	for	tamponade.	If	the	collapse	lasts	greater	than	one-third	of	the	cardiac	cycle,	then	the
sensitivity	and	specificity	increase	to	94%	and	100%,	respectively.52	Right	ventricular	early	diastolic	collapse	has
a	 60%	 to	 90%	 sensitivity	 and	 85%	 to	 100%	 specificity.	 Constrictive	 pericarditis	 can	 be	 visualized	 as	 a	 thick
pericardium	on	echocardiography.	A	cutoff	value	of	≥8	cm	per	second	for	early	diastolic	mitral	annular	velocity	is
95%	and	96%	sensitive	and	specific,	respectively,	for	constrictive	pericarditis.61

Invasive	Diagnostic	Procedures
Pericardial	fluid	is	most	readily	aspirated	by	echocardiographic	guidance,	which	can	be	performed	at	the	bedside
without	general	anesthesia.	CT-guided	drainage	and	biopsy	are	also	possible;	however,	they	are	rarely	necessary
when	 echocardiography	 is	 available.	 Surgical	 approaches	 include	 a	 subxiphoid	 pericardiostomy	 (window)	 or	 a
VATS	transpleural	pericardial	window.	These	approaches	require	general	anesthesia	and	are	usually	indicated	for
treatment	as	well	as	diagnosis	of	MPCE.

Cytology	or	pathology	of	 the	fluid	 is	necessary	 to	confirm	an	MPCE.62	Malignant	cells	are	noted	in	66%	to
79%	of	pericardial	fluid	samples	from	MCPE	but	are	100%	specific	if	a	positive	diagnosis	is	confirmed.63	False
negatives	 do	 occur;	 therefore,	 all	 of	 the	 pericardial	 fluid	 should	 be	 sent	 and	 centrifuged	 to	 increase	 the	 yield
because	the	fluid	may	have	a	low	concentration	of	cells.	Cell	block	preparations	and	immunohistochemistry	can
improve	 diagnostic	 accuracy.	 Pericardial	 biopsies	 can	 decrease	 false-negative	 specimens;	 however,	 storage	 of
these	samples	can	induce	cytologic	changes	that	may	mimic	carcinoma	or	MPM.

Treatment
Relief	of	symptoms,	confirmation	of	histology,	and	prevention	of	recurrence	are	the	combined	goals	of	treatment
of	MPCE.	The	performance	status,	prognosis,	systemic	therapy,	and	whether	MPCE	is	an	oncologic	emergency
are	critical	determinants	of	the	most	appropriate	management	of	MPCE.

Pericardiocentesis
Pericardiocentesis	 is	 the	 simplest	 method	 to	 relieve	 tamponade	 in	 the	 hemodynamically	 unstable	 patient.	 A



drainage	 catheter	 can	 remain	 in	 place	 after	 the	 procedure.	 Often	 a	 pericardiocentesis	 can	 be	 performed
immediately	 prior	 to	 a	 surgical	 approach	 to	 remove	 enough	 fluid	 to	 stabilize	 the	 patient.	 Although
pericardiocentesis	can	stabilize	a	patient,	long-term	success	rates	are	only	67%;	29%	of	patients	required	further
interventions.64	 In	 another	 study,	 54.8%	 of	 patients	 required	 repeated	 interventions	 after	 a	 single
pericardiocentesis.65	 To	 decrease	 rates	 of	 fluid	 reaccumulation,	 percutaneous	 tube	 pericardiostomy	 can	 be
performed	at	the	same	time	as	pericardiocentesis.	This	strategy	results	in	complete	resolution	of	the	MPCE	in	only
55.1%	of	the	patients.53

Subxiphoid,	apical,	and	parasternal	approaches	to	pericardiocentesis	each	have	advantages	and	disadvantages,
and	all	can	be	guided	by	echocardiography.66	The	subxiphoid	approach	is	commonly	used	secondary	to	ease	of
insertion	and	low	risk	of	pneumothorax,	but	it	is	difficult	in	the	obese	patient	and	may	result	in	bowel	injury.	The
apical	 approach	decreases	 risk	of	 injury	 to	 the	 cardiac	 chambers,	 but	 it	 is	 a	more	difficult	 approach	and	 is	not
suitable	 for	 emergencies.	 The	 parasternal	 approach	 is	 the	most	 direct	 route	 but	may	 cause	 a	 pneumothorax	 or
injury	the	internal	mammary	artery.

Sclerotherapy
Sclerosing	 agents	 including	 cisplatin,	 tetracycline,	 thiotepa,	 bleomycin,	 and	 several	 other	 agents	 have	 been
instilled	into	the	pericardium	to	obliterate	the	space	between	the	pericardium	and	epicardium.	Sclerosing	agents
are	effective	at	controlling	MPCE	with	minimal	morbidity	and	no	need	for	general	anesthesia.	Tomkowski	et	al.67
reported	that	89%	(41	of	46)	of	patients	experienced	resolution	of	MPCE	with	one	dose	of	cisplatin.	Two	of	the
remaining	 5	 patients	 had	 resolution	 of	MPCE	with	 a	 second	 dose,	 for	 an	 overall	 control	 rate	 of	 93%.	All	 46
patients	died,	and	17.4%	died	within	30	days,	but	no	patient	died	of	tamponade	or	MPCE.	Maher	et	al.68	reported
the	results	of	tetracycline	or	doxycycline	hydrochloride	infusion	into	the	pericardium	after	drainage	in	93	patients.
Of	 the	 85	 patients	with	 successful	 catheter	 placement,	 88%	 (75	 of	 85)	 had	 successful	 control	 of	MPCE,	 even
though	9%	(7	of	75)	died	within	30	days;	20%	(17	of	85)	had	complications	including	pain,	atrial	arrhythmias,
fever,	 and	 infection.	 Martinoni	 et	 al.69	 reported	 a	 prospective	 study	 of	 33	 patients	 with	 MPCE	 treated	 with
pericardiocentesis	followed	by	thiotepa	infusion	on	days	1,	3,	and	5	with	no	complications.	MCPE	was	controlled
in	 all	 patients	during	 the	 first	month;	however,	 9%	 (3	of	33)	of	patients	 required	 reintervention	after	1	month.
Multiple	 other	 studies	 reported	 similar	 success	 rates	with	 these	 as	well	 as	 other	 agents.	Complication	 rates	 are
reasonable;	however,	as	noted	 in	 these	studies,	 the	survival	of	 these	patients	 is	particularly	poor;	 therefore,	any
intervention	needs	to	be	carefully	weighed	with	the	patient’s	goals,	performance	status,	and	prognosis.

Subxiphoid	Pericardiostomy	(Pericardial	Window)
A	subxiphoid	pericardiostomy	(window),	or	pericardial	fenestration,	is	the	creation	of	a	hole	in	the	pericardium	to
drain	 the	 MPCE	 into	 the	 pleural	 spaces.	 A	 pericardial	 window	 is	 the	 most	 commonly	 performed	 surgical
procedure	 for	 MPCE	 that	 can	 be	 performed	 under	 local	 anesthesia	 or	 with	 general	 anesthesia.	 Often,	 this
procedure	 is	 performed	 as	 a	 relative	 emergency.	 In	 this	 situation,	 the	 MCPE	 can	 be	 decompressed	 with	 a
pericardiocentesis	 just	 prior	 to	 the	 window	 or	 the	 patient	 can	 be	 prepared	 for	 surgery	 while	 awake	 so	 the
procedure	can	be	performed	immediately	with	induction	of	anesthesia.	Allen	et	al.70	reported	outcomes	of	patients
undergoing	pericardial	window	for	tamponade	of	whom	64%	had	an	MPCE.	They	reported	one	complication	in
94	patients	and	no	mortality.	Wilkes	et	al.71	reported	an	initial	success	rate	of	99%	(94	of	95),	even	though	9%	(9
of	99)	of	patients	experienced	recurrent	MPCE	within	30	days.

Transthoracic	Partial	Pericardiectomy	or	Pericardial	Window
Transthoracic	pericardial	window	historically	was	performed	via	thoracotomy,	but,	as	a	result	of	the	morbidity	of
a	 thoracotomy,	 this	 approach	 has	 mainly	 been	 abandoned.	 In	 contrast,	 VATS	 pericardial	 window	 can	 be
performed	 with	 minimal	 morbidity.	 This	 approach	 requires	 general	 anesthesia	 with	 single-lung	 ventilation;
therefore,	 patients	 need	 to	 be	 relatively	 stable	 or	 at	 least	 stabilized	 by	 a	 pericardiocentesis	 shortly	 before	 the
operation.	This	 approach	 allows	wide	drainage	 into	 the	pleura	 and	 simultaneous	diagnosis	 and	management	of
pleural	disease.	In	addition,	this	approach	is	particularly	useful	for	recurrent	MPCE	after	subxiphoid	pericardial
window.	Neragi-Miandoab	et	al.72	reported	that	VATS	pericardiectomy	was	performed	in	62	patients	with	known
malignancy	with	no	30-day	mortality.	Eleven	percent	(7	of	62)	of	patients	required	a	repeat	intervention	for	the
MPCE.
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SUMMARY
Patients	with	MPCE	usually	have	advanced	disease	and	short	expected	survivals.	Treatment	to	relieve	symptoms
with	minimal	morbidity	and	prevention	of	recurrence	is	the	overall	goal.	Usually,	patients	are	best	managed	with	a
surgical,	 subxiphoid	 window.	 If	 the	 patient	 is	 unstable,	 a	 percutaneous	 tube	 pericardiostomy	 can	 alleviate
hemodynamic	 compromise	 in	 preparation	 for	 surgery.	 Pericardial	 sclerosants	 can	 be	 instilled	 in	 surgically	 or
percutaneously	 placed	 tubes.	 For	 patients	 with	 recurrent	 MPCE	 after	 subxiphoid	 window,	 VATS	 window	 is
indicated	 in	 the	 stable	 patient.	 Alternatively	 placed	 percutaneous	 tubes	 with	 echocardiography	 can	 stabilize	 a
patient	in	preparation	for	a	VATS	procedure	if	needed.
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121 Malignant	Ascites
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INCIDENCE	AND	ETIOLOGY
Ascites	 is	 the	 accumulation	 of	 serous	 fluid	 in	 the	 abdominal	 cavity.	 Malignant	 ascites	 (MA)	 is	 a	 pathologic
condition	 secondary	 to	 either	 primary	 peritoneal	 neoplasms	 or	 advanced-stage	 cancers	 resulting	 in	 increased
abdominal	 fluid	 production,	 inhibited	 reabsorption,	 or	 both,	 accounting	 for	 10%	 of	 ascites	 cases.	 Abdominal
malignancies	 commonly	 associated	 with	 MA	 include	 ovarian,	 endometrial,	 appendiceal,	 colorectal,	 gastric,
primary	 peritoneal,	 and	 pancreatic	 tumors,	 whereas	 breast,	 lung,	 and	 hematologic	 malignancies	 are	 the	 main
nonabdominal	 tumors	 responsible.	 Ascites	may	 be	 found	 in	 52%	 of	 patients	 at	 the	 time	 of	 cancer	 diagnosis.1
Although	 nonmalignant	 etiologies	 for	 ascites	 should	 be	 considered,	 such	 as	 malnutrition,	 cirrhosis,	 portal
hypertension,	 congestive	heart	 failure,	pancreatitis,	 infectious	processes,	 and	nephrosis,	 the	majority	of	patients
with	newly	diagnosed	ascites	and	cancer	will	have	MA.

ANATOMY	AND	PATHOLOGY
Ascitic	Fluid	Homeostasis
Lining	 the	 abdominal	 cavity	 is	 the	 parietal	 peritoneum,	 a	 thin	 layer	 of	 mesothelium	 that	 contains	 multiple
foramina.	The	amount	of	fluid	and	solutes	that	are	secreted	through	this	layer	are	tightly	controlled,	first	by	the
capillary	 endothelium,	 then	 the	 capillary	 basement	membrane,	 followed	 by	 the	 interstitial	 stroma	 between	 the
capillaries	and	the	peritoneum,	and	then	the	mesothelial	basement	membrane.	The	capillary	endothelium	contains
anionic	 charges	 within	 an	 extracellular	 glycocalix	 that	 discourages	 anionic	 proteins	 and	 albumin	 from
extravasating.	 This	 maintains	 plasma	 oncotic	 pressure.	 The	 capillary	 basement	 membrane	 is	 also	 lined	 with
negatively	charged	proteoglycans,	acting	as	a	selective	barrier	against	transit	of	anionic	proteins.	The	interstitial
space	 is	 a	 negatively	 charged	 filter	 of	 connective	 tissue,	 fibroblasts,	 and	 hyaluronic	 acid	 that	 is	 lined	 by	 the
mesothelial	 cell	 basement	 membrane	 and	 also	 coated	 with	 anionic	 glycosaminoglycans.	 The	 peritoneal
mesothelial	 cells	 also	 maintain	 a	 glycocalix	 of	 anionic	 charges,	 thereby	 forming	 a	 multilayered	 matrix	 that
functions	to	inhibit	transgression	of	intravascular	proteins	into	the	abdominal	cavity.

The	total	peritoneal	surface	area	is	approximately	2	m2,	and	fluid	is	continually	secreted	into	the	abdomen.	At
least	 two-thirds	 of	 peritoneal	 fluid	 reabsorbs	 into	 the	 open	 lymphatic	 channels	 of	 the	 diaphragm,	 leaving
approximately	100	mL	of	fluid	to	lubricate	and	bathe	the	serosal	surfaces.	The	free	fluid	enters	through	open	ends
of	 lymphatic	 channels,	 stomata,	 which	 connect	 the	 abdominal	 cavity	 with	 the	 submesothelial	 diaphragmatic
lymphatics.	Scintigraphic	studies	have	 traced	 the	 fluid	 from	this	point	 through	mediastinal	 lymph	channels	 into
the	right	thoracic	duct	and	ultimately	the	right	subclavian	vein.

Pathophysiology	of	Malignant	Ascites
MA	 results	 from	 an	 imbalance	 in	 fluid	 production	 and	 absorption	 by	 the	 peritoneal	 lining,	with	 a	 net	 positive
balance.	 The	 relationship	 is	 defined	 by	 Starling’s	 law	 where	 the	 amount	 of	 fluid	 leaving	 the	 capillary	 is
determined	by	the	hydraulic	pressure	minus	the	plasma	oncotic	pressure	multiplied	by	the	product	of	the	porosity
of	endothelium	and	its	surface	area.2,3

Net	filtration	=	Capillary	porosity	×	Surface	area	×	(Δ	Hydraulic	pressure	−	Δ	Oncotic	pressure)
=	Capillary	porosity	×	Surface	area	[(Capillary	hydraulic	pressure	−	Interstitial	hydraulic
pressure)	−	S(Capillary	oncotic	pressure	−	Interstitial	oncotic	pressure)]

where	S	is	a	permeability	coefficient.
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Therefore,	 increased	 net	 filtration	 can	 result	 from	 any	 of	 the	 following	 or	 a	 combination	 of	 (1)	 increased
capillary	permeability,	(2)	increased	surface	area,	(3)	increased	hydraulic	pressure	differences,	and	(4)	decreased
oncotic	pressure	differences.	For	example,	carcinomatosis	 increases	capillary	permeability	 through	a	process	of
cytokine	release	and	growth	factor–driven	angiogenesis,	including	fibroblasts,	interleukin-6,	tumor	necrosis	factor
(TNF),	and	vascular	endothelial	growth	 factor	 (VEGF)	as	well	as	 increased	production	and	secretion	of	matrix
metalloproteinases	by	tumor	cells.	Advanced	malignancy	can	also	result	in	chronic	protein	malnutrition,	resulting
in	a	catabolic	state	with	 reduced	 intravascular	protein,	 thereby	creating	an	oncotic	pressure	gradient	 that	 favors
fluid	extravasation	from	the	vessels	into	the	peritoneal	cavity	and	lack	of	fluid	reabsorption.	The	combination	of
these	 forces	 increases	 the	 extravascular	 oncotic	 pressure	 and	 decreases	 the	 rate	 of	 lymphatic	 uptake,	 thereby
driving	fluid	into	the	interstitium	and	increasing	intra-abdominal	fluid.

DIAGNOSIS
Comprehensive	 history	 taking	 combined	with	 physical	 exam	will	 diagnose	 ascites	 in	most	 patients.	 In	 patients
with	 known	 malignancy,	 increasing	 abdominal	 girth,	 bloating,	 abdominal	 discomfort,	 and	 weight	 gain	 are
concerning	 for	 carcinomatosis	 and	MA.	 Imaging,	 usually	 computed	 tomography	 (CT)	 scan	 or	 ultrasound,	 can
confirm	the	presence	of	ascites	(Fig.	121.1).	The	CT	findings	of	peritoneal	nodules,	thickening,	omental	caking,
solid	 organ	 metastases,	 or	 intraperitoneal	 nodules	 raise	 the	 suspicion	 that	 ascites	 is	 malignant	 as	 opposed	 to
secondary	to	benign	etiologies.	In	over	100	patients	studied	with	MA	or	cirrhotic	ascites,	CT	signs	significantly
associated	with	a	malignant	etiology	were	fluid	in	the	omental	bursa,	higher	ascitic	density	(11.5	HU	versus	6.7
HU),	thickening	of	the	parietal	peritoneum,	and,	in	patients	with	at	least	a	moderate	amount	of	ascites,	a	tethered
bowel	sign.4	As	most	patients	with	abdominal	pain	or	malignancy	are	undergoing	cross-sectional	imaging	as	part
of	 the	 workup	 or	 for	 surveillance,	 attention	 to	 these	 radiographic	 signs	 are	 important	 as	 they	 can	 help	 direct
treatment	and	streamline	further	workup.

Figure	121.1	A:	Exploratory	laparoscopy	in	a	patient	with	known	poorly	differentiated	gastric
cancer	but	no	evidence	of	metastases	on	cross-sectional	imaging	revealed	malignant	ascites	with
positive	peritoneal	cytology.	Resection	was	not	performed,	and	the	patient	was	treated	with

palliative	systemic	chemotherapy.	B:	A	patient	with	progressive	abdominal	pain	and	an	omental
nodule	on	cross-sectional	imaging	underwent	a	diagnostic	laparoscopy	revealing	extensive	primary
peritoneal	mesothelioma	and	cytology-positive	malignant	ascites.	The	patient	was	treated	with
cytoreduction	and	hyperthermic	chemotherapy.	C:	A	patient	with	node-positive	pancreatic
adenocarcinoma	underwent	a	successful	R0	resection	followed	by	adjuvant	chemotherapy;

however,	the	patient	presented	over	a	year	later	with	increasing	abdominal	girth	and	anorexia.



Cross-sectional	imaging	confirmed	recurrence	and	malignant	ascites.

The	gold	standard	 to	diagnose	MA	is	positive	peritoneal	cytology.	This	can	be	obtained	percutaneously	and
safely	 under	 image	 guidance.	 For	 advanced	 gastrointestinal	 and	 hepatopancreaticobiliary	malignancies	without
metastases	 on	 cross-sectional	 imaging,	 diagnostic	 laparoscopy	 is	 often	 used	 for	 evaluation	 of	 occult
carcinomatosis.	If	incidental	low-volume	ascites	is	found	in	these	patients,	then	ascites	can	be	aspirated	and	sent
for	cytology,	as	can	peritoneal	washings.	This	is	a	standard	approach	for	advanced	gastric	cancer	in	some	centers,
including	our	own,	as	positive	peritoneal	cytology	carries	a	prognosis	similar	to	stage	IV	disease.

For	those	without	carcinomatosis	but	still	with	MA,	cytology	is	diagnostic	in	only	50%	to	60%	of	patients.	For
these	 patients,	 perhaps	 the	most	 useful	 single	 test	 is	 the	 serum	 to	 ascites	 albumin	 gradient.	 Calculated	 as	 the
difference	between	serum	and	ascites	albumin	concentrations,	values	<1.1	g/dL	are	suspicious	for	carcinomatosis
as	 opposed	 to	 portal	 hypertension	 or	 other	 cardiopulmonary	 causes.	 The	 use	 of	 ascitic	 fluid	 protein	 and	 other
chemistries	 to	discriminate	between	malignant	and	nonmalignant	causes	 is	variable	and	not	reliable.	If	negative
for	malignancy,	cell	counts	with	>250	neutrophils	per	μL	are	suggestive	of	infection,	and	Gram	stain	should	be
performed.	Ascitic	fluid	fibronectin	levels	have	been	reported	to	be	100%	sensitive	and	specific	for	malignancy,
but	this	is	not	a	standard	test	currently,	nor	is	sialic	acid,	telomerase,	or	human	chorionic	gonadotropin-β,	all	of
which	have	shown	discriminatory	promise.5

In	the	absence	of	a	known	primary	tumor	or	imaging	revealing	evidence	of	malignancy,	serum	tumor	markers
can	be	helpful.	Elevated	carcinoembryonic	antigen	values	are	traditionally	associated	with	colorectal	cancer	but
can	 also	 be	 elevated	 in	 breast,	 lung,	 pancreas,	 gastric,	 or	 breast	 cancers.	 Hepatopancreaticobiliary	 tumors	 can
often	reveal	elevated	cancer	antigen	(CA)	19-9	levels.	 Increased	CA	125	levels	are	most	suspicious	for	ovarian
carcinoma,	although	they	can	be	elevated	in	pancreas,	lung,	and	breast	cancers.	α-Fetoprotein	is	another	helpful
serum	marker	that,	when	elevated,	can	be	indicative	of	hepatocellular	carcinoma.

MANAGEMENT
The	management	 of	MA	has	 evolved	 from	 the	 contributions	 of	many	 specialties,	 including	 surgical	 oncology,
medical	oncology,	hepatology,	palliative	care,	and	interventional	radiology.	The	mainstays	of	treatment	have	been
based	 on	 non-MA	 ascites	 and	 include	 diuretics	 and	 paracentesis.	 More	 recent	 studies	 have	 demonstrated	 a
paradigm	shift	 in	 the	 treatment	of	MA.	Newman	and	Pudney6	 surveyed	804	physicians	 in	 the	United	Kingdom
(clinical	 oncologists,	 medical	 oncologists,	 and	 palliative	 care	 physicians)	 revealing	 that	 75%	 employed
paracentesis,	91.9%	prescribed	diuretics	(48.6%	sometimes,	37.2%	often,	and	6%	always),	50%	used	indwelling
peritoneal	 catheters,	 and	 13%	 administered	 intraperitoneal	 chemotherapy.6	 Similarly,	 in	 a	 study	 of	 over	 100
physicians	from	Germany	and	Austria,	Jehn	et	al.7	reported	that	89%	performed	paracentesis	with	75%	and	55%
recommending	 concomitant	 systemic	 chemotherapy	 and	 diuretic	 therapy,	 respectively,	whereas	 7%	 of	 patients
received	targeted	immunotherapy	treatment.	Such	variation	in	management	of	MA	reflects	the	paucity	of	data	on
which	to	guide	management	of	this	common	problem.

The	goals	of	MA	treatment	are	to	provide	symptomatic	relief	and	to	either	maintain	or	improve	the	quality	of
life.	Common	end	points	have	included	comparisons	in	time	between	paracenteses	(paracentesis-free	survival)	and
MA	 resolution	 (complete	 or	 partial	 response).	 In	 the	 past	 few	 years,	 new	 systemic	 agents	 and	 regional
chemotherapy	 combined	 with	 surgical	 cytoreduction	 have	 offered	 alternative	 options	 for	 palliation.	 Recent
randomized	controlled	trials	have	shown	the	efficacy	of	targeted	antibodies	in	the	treatment	of	MA.	This	includes
intraperitoneal	catumaxomab	therapy,	a	trifunctional	monoclonal	antibody	that	binds	to	an	epithelial	cell	adhesion
molecule.	The	efficacy	of	catumaxomab	for	gastrointestinal	malignancies	and	of	other	novel	targeted	antibodies
including	 the	 VEGF	 inhibitors	 aflibercept	 and	 bevacizumab	 in	 the	 treatment	 of	 MA	 is	 currently	 under
investigation.	The	various	options	for	treatment	are	reviewed	herein.

Traditional	Therapy

Diuretics
The	 use	 of	 diuretics	 in	 the	 management	 of	 MA	 is	 largely	 extrapolated	 from	 the	 treatment	 of	 cardiogenic	 or
cirrhotic	ascites,	although	it	has	been	advocated	as	first-line	treatment	of	MA.	Its	role	appears	to	be	most	useful
when	the	etiology	of	ascites	 involves	stimulation	of	 the	renin-aldosterone	axis.	As	a	result,	diuretic	use	 is	most
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successful	in	selected	patients	with	liver	dysfunction	or	portal	hypertension	secondary	to	metastatic	liver	disease
or	 extensive	 intrahepatic	 primary	 tumor	 burden,	 as	 opposed	 to	 patients	 with	 peritoneal	 disease	 or	 superficial
disease	 of	 Glisson	 capsule.	 For	 this	 reason,	 patients	 with	 a	 serum	 to	 ascites	 albumin	 gradient	 <1.1	 (see	 the
“Diagnosis”	section)	have	been	found	to	be	less	responsive	to	diuretic	use,	as	was	identified	in	a	prospective	study
of	patients	with	MA	of	various	primary	tumor	etiologies.	A	review	of	five	studies	with	>100	patients	with	MA
from	a	variety	of	primary	tumors	found	the	use	of	diuretics	to	be	successful	in	managing	symptoms	in	up	to	43%
of	patients.8	The	agent	most	commonly	used	is	spironolactone,	with	doses	ranging	from	150	to	450	mg	per	day.
Loop	diuretics	(e.g.,	furosemide)	can	be	added	to	spironolactone.	Maximal	expected	ascitic	reabsorption	can	reach
800	 mL	 with	 optimized	 medication	 doses	 in	 selected	 patients,	 although	 no	 change	 in	 ascitic	 volume	 can	 be
achieved	in	patients	with	MA	secondary	to	peritoneal	carcinomatosis	or	chylous	MA.	Complications	of	diuretic
use	include	dehydration,	renal	toxicity,	and	electrolyte	imbalances	that	can	result	in	cardiac	arrhythmias.	There	are
no	level	1	data	evaluating	diuretic	efficacy	in	MA,	and	as	a	result,	its	use	remains	controversial	and	without	clear
guidelines.

Paracentesis
Paracentesis	is	the	most	commonly	used	treatment	for	patients	with	MA,	with	up	to	98%	of	physicians	using	it	for
their	patients.9	 Improvement	 in	symptoms,	although	temporary,	can	be	achieved	in	approximately	90%	of	 these
patients.10	 The	 volume	 of	 drainage	 per	 session	 is	 limited	 by	 the	 potential	 complications	 of	 hypovolemia	 and
resulting	 hypotension	 or	 renal	 dysfunction,	 although	 hypovolemia	 and	 hypotension	 may	 be	 averted	 with
concomitant	5%	dextrose	infusions	or	intravenous	albumin.	Randomized	studies	have	demonstrated	no	difference
in	 survival	 between	 patients	 treated	 with	 albumin	 and	 patients	 treated	 with	 other	 plasma	 expanders,	 and	 for
patients	with	MA,	no	definitive	trials	on	this	subject	have	been	performed.	Reports	of	5	L	per	1	to	2	hours	were
demonstrated	to	be	safe	without	hypovolemia	or	renal	dysfunction,	and	volumes	up	to	20	L	per	session	have	been
reported,	although	there	is	no	consensus	on	the	rate	of	withdrawal,	ranging	from	30	minutes	to	24	hours.	A	total	of
48	 paracenteses	 in	 44	 patients	 with	MA	 suggested	 that	 removal	 of	 a	mean	 of	 5.8	 L	 (range,	 0.8	 to	 15	 L)	 can
provide	 palliation	 of	 symptoms.	 Serial	 paracentesis	 can	 result	 in	 hypoalbuminemia,	 a	 complication	 possibly
minimized	 with	 high-protein	 diets	 and	 small-volume	 taps.	 Additional	 procedural	 risks	 of	 paracentesis	 include
solid	 and	 hollow	 viscous	 organ	 injury	 or	 perforation,	 bleeding,	 fistula,	 peritonitis,	 and	 sepsis.	 In	 patients	with
carcinomatosis	 and/or	 prior	 surgery,	 there	may	 be	 extensive	 scarring	 and	 fluid	 loculations,	making	 ultrasound-
guided	 paracentesis	 attractive	with	 potentially	 less	 complications	 in	 this	 population.	As	 the	 procedure	 is	 often
required	on	multiple	 occasions,	 efficacy	decreases	 and	 complication	 risks	 compound.	 In	 a	 study	of	 67	patients
with	ovarian,	breast,	and	colorectal	cancer,	392	paracenteses,	or	approximately	six	aspirations	per	patient,	were
required	for	palliation,	with	other	studies	reporting	mean	procedure-free	intervals	to	be	10	to	11	days.11

Indwelling	Peritoneal	Drainage	Catheters
The	major	drawback	of	 repeat	paracentesis	 is	 that	 ascites	 tend	 to	 reaccumulate	 and	 symptoms	often	 return.	To
overcome	 the	 risks,	potential	complications,	and	patient	discomfort	of	 serial	paracentesis,	 indwelling	peritoneal
drainage	catheters	have	been	advocated.	Furthermore,	these	catheters	offer	the	option	of	self-drainage.	The	utility
of	catheter	placement	should	be	weighed	against	the	patient’s	condition	because	survival	from	catheter	placement
ranges	 from	15	days	 to	18	months.	Typically,	 patients	with	 a	 life	 expectancy	of	>2	 to	3	months	 and	 requiring
serial	 taps	 are	 considered	 for	 this	 procedure.12	 The	 most	 frequently	 used	 options	 include	 tunneled	 Tenckhoff
catheters	 (Medtronic,	Mansfield,	MA),	 untunneled	 or	 tunneled	 PleurX	 catheters	 (Denver	 Biomedical,	 Golden,
CO),	cope-type	loop	catheters,	and	tunneled	peritoneal	Port-a-Caths	(Smiths	Medical,	St.	Paul,	MN).13	Tunneled
catheters	 appear	 to	 have	 a	 superior	 efficacy	 and	patency	 rate	 of	>95%.	Control	 of	 ascites	 ranges	 from	83%	 to
100%	 of	 cases	 with	 a	 mean	 patency	 duration	 of	 52	 days.14	 The	 greatest	 risk	 with	 indwelling	 catheters	 is
peritonitis,	 which	 occurred	 in	 4.4%	 of	 patients	 with	 tunneled	 Tenckhoff	 catheters	 and	 2.5%	 of	 patients	 with
tunneled	PleurX	catheters	compared	to	reports	of	21%	to	34%	for	untunneled	catheters.15	Other	complications	that
occur	in	25%	of	patients	with	untunneled	catheters	 include	leakage	from	the	insertion	site,	cellulitis,	 infections,
occlusion,	and	fatal	hypotension.11,13,14

Compared	with	serial	paracentesis,	indwelling	peritoneal	catheters	have	been	found	to	be	more	cost-effective,
translating	 into	 a	 significant	 reduction	 in	 hospital	 length	 of	 stay,	 fewer	 readmissions,	 and	 lower	 complication
rates.	 In	 fact,	 the	National	 Institute	 for	Health	and	Clinical	Excellence	 recently	 recommended	 that	 the	National
Health	 Service	 of	 the	 United	 Kingdom	 adopt	 the	 use	 of	 tunneled	 peritoneal	 catheter	 drain	 systems	 for	 the
treatment	 of	MA	due	 to	 evidence	 demonstrating	 improvement	 in	 quality	 of	 life,	 lower	 complication	 rates,	 and



improved	 efficacy.16	 Thus,	 indwelling	 peritoneal	 catheters	 should	 be	 considered	 in	 patients	 in	 whom	 repeat
paracentesis	procedures	are	needed	frequently.

Peritoneovenous	Shunting
Shunting	 involves	removing	fluid	from	the	peritoneal	cavity	and	returning	it	 to	 the	venous	circulation	(superior
vena	cava)	with	the	goal	of	maintaining	electrolytes	and	proteins,	as	compared	to	drainage	procedures.	The	most
commonly	 employed	 options	 include	 the	 LeVeen	 catheter	 and	 the	Denver	 shunt	 (Denver	Biomedical,	Denver,
CO)	(Fig.	121.2).17

Peritoneovesicular	shunts	were	attempted;	however,	peritonitis	and	occlusion	limited	their	utility.	There	is	no
level	 1	 evidence	 comparing	 shunt	 efficacy	 in	MA.	 Contraindications	 to	 shunt	 placement	 include	 hemorrhagic
ascites,	 loculations,	 heart	 disease,	 renal	 failure,	 jaundice,	 portal	 hypertension,	 pleural	 effusion,	 and	 clotting
disorders.12,14	Theoretically,	there	is	a	risk	of	systemic	seeding	from	positive	peritoneal	cytology,	but	this	has	not
been	found	to	be	clinically	significant.	Although	shunt	placement	would	be	advised	only	in	select	patients	with
prolonged	life	expectancy,	survival	has	been	found	to	be	approximately	30	days	in	one	study	and	ranged	from	52
to	266	days	 in	a	comprehensive	 review,	with	perioperative	mortality	as	high	as	20%.12	A	 review	of	27	 studies
evaluating	the	LeVeen	and	Denver	shunts	found	78%	control	of	ascites	with	70%	subclinical	and	approximately
3%	clinical	 disseminated	 intravascular	 coagulation,	 a	mean	 patency	 of	 10	weeks,	 and	 lowest	 response	 rates	 in
patients	 with	 gastrointestinal	 cancers	 (10%	 to	 15%).8	 Therefore,	 their	 use	 in	 gastrointestinal	 malignancies	 is
relatively	contraindicated.	Complication	rates	of	25%	to	40%	are	reported,	with	kinking	or	occlusion	occurring	in
almost	one-third	of	patients.10,18	In	summary,	in	highly	selected	patients	with	prolonged	life	expectancy,	surgical
shunting	may	provide	palliation	with	known	procedure-related	morbidity	and	mortality.

Figure	121.2	A:	Peritoneovenous	shunt	placement.	B,C:	Denver	shunt	showing	the	compressible
chamber	and	one-way	valve.	(A	modified	from	Millard	FC,	Powis	SJ.	Management	of	intractable
malignant	ascites	using	the	Denver	peritoneovenous	shunt.	J	R	Coll	Surg	Edinb	1988;33[3]:138–

139,	with	permission.)

Regional	Treatments

Cell-Free	and	Concentrated	Ascites	Reinfusion	Therapy	with	Intraperitoneal
Chemotherapy
Cell-free	and	concentrated	ascites	reinfusion	therapy	(CART)	is	a	type	of	apheresis	that	has	gained	traction	in	the
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Eastern	countries	in	the	treatment	of	symptomatic	MA.	Although	repeat	paracentesis	carries	the	risk	of	significant
protein	 loss	 and	 decreased	 circulatory	 volume,	 CART	 allows	 for	 preservation	 of	 important	 proteins	 such	 as
albumin	and	globulin	by	 removing	cells	 from	ascitic	 fluid	and	 returning	proteins	 from	 the	drained	ascitic	 fluid
back	into	the	patient.	CART	is	performed	in	patients	with	MA	in	four	steps:	(1)	ascites	paracentesis,	(2)	removal
of	 cell	 components	 including	 cancer	 cells	 from	 ascites	 by	 filtration	 with	 a	 plasma-separating	 filter,	 (3)
concentration	 of	 fluid	 by	 removal	 of	 isotonic	 salt	 and	 water	 by	 filtration	 with	 a	 dialysis	 fluid,	 and	 (4)	 and
intravenous	reinfusion	of	fluid	to	the	patient.	When	intraperitoneal	paclitaxel	is	combined	with	CART	in	gastric
cancer	 patients	 with	 massive	 MA,	 22	 of	 30	 patients	 demonstrated	 full	 remission	 of	 MA	 without	 major
complications	with	a	median	survival	of	10.2	months.19	Although	CART	is	an	approved	procedure	in	Japan,	it	has
yet	to	be	adopted	in	Western	countries.

Intraperitoneal	Chemotherapy,	Cytoreduction,	and	Hyperthermic	Intraperitoneal
Chemotherapy
The	goal	of	intraperitoneal	chemotherapy	is	to	expose	tumor	cells	to	higher	concentrations	of	toxic	chemotherapy
than	 would	 otherwise	 be	 possible	 via	 systemic	 administration.	 The	 theoretical	 mode	 of	 action	 involves	 direct
cytostatic	 effects	 plus	 ensuing	 fibrosis	 and	 scar	 formation,	 inhibiting	 peritoneal	 secretion	 and	 limiting	 the	 free
volume	of	the	peritoneal	cavity.12	Table	121.1	details	a	summary	of	prior	studies	on	the	efficacy	of	intraperitoneal
chemotherapy	 treatments	 used	 for	 MA.	 Response	 rates	 in	 controlling	 MA	 have	 varied	 from	 29%	 to	 80%
depending	on	 the	 type	of	histology	and	chemotherapy	agent.	Ovarian	cancer	 seems	 to	be	 the	most	 sensitive	 to
local	peritoneal	 chemotherapy,	 and	 success	 appears	 improved	when	 limited	 to	microscopic	disease.14	Although
MA	secondary	to	metastatic	gastrointestinal	malignancies	is	often	resistant	to	chemotherapy,	recent	studies	from
Asia	have	shown	efficacy	in	decreasing	tumor	burden	and	controlling	MA	using	intravenous	and	intraperitoneal
paclitaxel	for	advanced	gastric	cancer.	In	a	study	of	33	patients	evaluating	the	impact	of	intraperitoneal	paclitaxel
in	 the	 treatment	 of	 MA	 for	 advanced	 gastric	 cancer,	 70%	 had	 a	 significant	 response	 to	 treatment,	 and	 this
translated	into	a	significant	 improvement	 in	overall	survival	among	patients	with	at	 least	50%	reduction	in	MA
after	treatment.20

Penetration	of	the	selected	chemotherapeutic	agent	into	the	tumor	is	critical,	and	optimal	tumor	bulk	<1	mm	is
recommended;	 therefore,	cytoreduction	 is	often	required	prior	 to	 treatment	 to	 improve	outcomes.	Cytoreduction
for	MA	 has	 historically	 been	 reserved	 for	 palliation	 of	 symptoms	 or	 emergent	 need	 to	 relieve	 obstruction	 or
perforation.	Complete	tumor	clearance	in	patients	with	peritoneal	carcinomatosis	is	rarely	achieved	with	surgery
alone;	 thus,	 cytoreduction	 with	 hyperthermic	 intraperitoneal	 chemotherapy	 (HIPEC)	 intraoperatively	 or	 early
postoperative	 intraperitoneal	 chemotherapy	 (EPIC)	 has	 been	 performed	 to	 improve	 survival	 or	 prevent
redevelopment	of	MA.	This	can	be	an	extensive	and	morbid	surgical	procedure	involving	removal	of	all	involved
visceral	 and	parietal	 peritoneal	 surfaces	 and	organ	 resection	when	 stripping	 is	 not	 possible.	Hyperthermia	with
selected	chemotherapeutic	agents	can	enhance	cytotoxicity	through	improved	tissue	penetration	and	reduced	drug
resistance.	Agents	 studied	 in	HIPEC	 include	 cisplatin,	 etoposide,	mitomycin	C,	paclitaxel,	 gemcitabine,	 and	5-
fluorouracil.	In	many	tumor	histologies	studied,	improved	local	control	and	overall	survival	can	be	achieved	with
this	approach.	Regarding	MA	specifically,	in	one	study	of	32	patients	with	gastrointestinal	and	ovarian	cancers,
MA	was	 successfully	 treated	 in	11	of	12	patients,	 and	 in	 another	 report	of	39	of	84	patients	with	 ascites	 from
gastrointestinal-only	 cancers,	 79%	of	 patients	 achieved	 control	 of	 their	 ascites.21	 Rates	 of	 control	 of	MA	with
HIPEC	range	from	75%	to	100%.	Studies	in	patients	with	ovarian	malignancy,	primary	peritoneal	mesothelioma,
and	pseudomyxoma	peritonei	in	particular	have	demonstrated	promising	results.	Ba	et	al.22	reported	a	study	of	53
patients	with	ovarian	 cancer	with	MA	and	demonstrated	 that	 cytoreductive	 surgery	with	HIPEC	 is	 effective	 in
controlling	MA,	with	100%	regression	of	MA	after	cytoreductive	surgery	and	HIPEC	as	well	as	median	disease-
free	 and	overall	 survival	 times	of	21	 and	39	months,	 respectively.	Even	when	complete	 cytoreduction	was	not
feasible,	 the	authors	concluded	 that	HIPEC	is	an	effective	 therapy	 in	decreasing	MA	in	patients	with	advanced
ovarian	cancer.	Further	investigations	on	the	impact	of	HIPEC	on	other	histologies	are	warranted.

TABLE	121.1
Summary	of	Intraperitoneal	Cytotoxic	Chemotherapy	Agents	Used	in	the	Management	of
Malignant	Ascites

No.	of	Patients	in Median



Study Cohort Treatment Survival Ascites	Responsea Complications
Appelqvist	et	al.,
198245

23 Thiopental Breast:	47	d
Ovarian:	121
d

NR 22%	bowel
obstruction
17%	mortality

Maiche,	199446 41 Mitoxantrone	(n
=	23)
Bleomycin	(n	=
18)

NR Mitoxantrone:
median	5	mo
Bleomycin:	median	4
mo

Mitoxantrone:
26%	leukopenia
31%	abdominal
35%	infection

Bleomycin:
6%	abdominal
6%	infection

Markman	et	al.,
199247,	199348

55	(ovarian) Cisplatin	(n	=
36)
Carboplatin	(n	=
19)

9	mo Cisplatin:	71%
Carboplatin:	32%

NR

Braly	et	al.,	199549 48	(ovarian) Cisplatin OS:	7.6–38.2
mo
PFS:	1.2–
38.2	mo

66.7% 70.8%	leukopenia
25%
thrombocytopenia
2%	mortality

Link	et	al.,	200350 143	(37	breast,	106
gynecologic)

Mitoxantrone NR Breast:	49%
Gynecologic:	63%

25%	morbidity
0%	mortality
13%
hematologicb
9.8%
gastrointestinalc

Kitayama	et	al.,	201020 33	(gastric	cancer) Paclitaxel 1-y	OS:	71%
Median:	455
d

70% 30%	neutropenia
24%	leukopenia
15%
gastrointestinal

aResponse	is	defined	as	≥50%	reduction	in	malignant	ascites	or	median	time	to	repeat	paracentesis.
bHematologic	complications	include	leukopenia,	anemia,	and	thrombocytopenia.
cAbdominal	complaints	include	abdominal	pain,	nausea,	and	vomiting.
NR,	not	reported;	OS,	overall	survival;	PFS,	progression-free	survival.

In	patients	with	extensive	peritoneal	carcinomatosis	with	symptomatic	MA	in	whom	cytoreductive	surgery	is
not	 feasible,	 laparoscopic	 HIPEC	 has	 been	 shown	 to	 be	 an	 effective	 alternative	 in	 the	 treatment	 of	 MA.
Combining	minimally	invasive	surgery	with	HIPEC	may	offer	a	less	invasive	approach	to	achieve	similar	goals,
and	 in	 a	 study	of	 five	patients	with	MA	 from	 stage	 IV	gastric	 cancer,	HIPEC	with	mitomycin	C	 and	 cisplatin
achieved	 complete	 response	 of	 MA	 in	 all	 patients	 without	 morbidity	 or	 mortality.23	 In	 52	 patients	 with	 MA
secondary	 to	 gastric	 cancer,	 colorectal	 cancer,	 ovarian	 cancer,	 breast	 cancer,	 peritoneal	 mesothelioma,	 and
melanoma,	laparoscopic	HIPEC	with	cisplatin	and	doxorubicin	or	mitomycin	C	resulted	in	resolution	of	ascites	in
49	of	52	patients.24	In	a	review	of	eight	studies	with	183	patients,	the	procedure	effectively	controlled	MA	in	95%
of	cases.25	Laparoscopic	HIPEC	has	some	promise	in	treating	MA	for	gastrointestinal	malignancies,	with	a	100%
remission	rate	observed	in	a	study	of	38	patients	with	gastric	cancer.26	This	minimally	invasive	approach	is	also
associated	with	lower	morbidity	(minor	wound	infections,	deep	venous	thrombosis,	and	postoperative	ileus)	and
shorter	 hospital	 length	 of	 stay.24	 Thus,	 laparoscopic	 HIPEC	 can	 be	 a	 safe	 and	 effective	 tool	 in	 improving
symptomatic	 MA,	 regardless	 of	 histology,	 with	 remarkably	 lower	 morbidity	 and	 treatment-related	 mortality.
Clearly,	 in	highly	selected	patients	with	optimal	 tumor	biology,	with	specific	histopathologies,	and	using	select
cytotoxic	agents,	 intraperitoneal	chemotherapy	plays	a	significant	 role	 in	controlling	MA,	and	future	 treatments
will	likely	involve	study	of	cytoreduction,	HIPEC,	and	minimally	invasive	surgical	techniques.

Steroids	and	Radioisotopes
Intraperitoneal	 triamcinolone	was	 used	 in	 a	 phase	 II	 study	 of	 15	 patients	with	MA	 of	 various	 histologies	 and
improved	symptoms	and	decreased	 the	 time	between	paracentesis	by	approximately	1	week.27	More	recently,	a
multi-institutional	study	evaluating	 the	efficacy	and	 toxicity	of	 intraperitoneal	 triamcinolone	 in	74	patients	with
advanced	gynecologic	cancers	demonstrated	a	median	 interval	between	drainage	of	only	4	days.	However,	 two
patients	had	bowel	perforation,	whereas	 three	patients	 died	within	7	days	 after	 administration	of	 triamcinolone
acetonide.28	Thus,	given	the	short	interval	between	serial	drainage	and	potential	for	severe	toxicity	and	mortality
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with	triamcinolone	acetonide,	 larger	prospective	studies	are	needed	to	determine	if	 there	is	any	improvement	 in
quality	of	life	measures	with	triamcinolone	acetonide	for	MA.

Novel	Therapies:	Cytokines,	Infectious	Agents,	and	Immunotherapy

Cytokines
The	goal	of	immunotherapy	in	MA	is	to	incite	an	antitumor	response	within	the	peritoneal	cavity	that	will	reduce
tumor	burden	and	decrease	ascites	formation.	Various	immunostimulatory	agents,	both	specific	and	nonspecific,
have	been	administered	systemically	and	 locally	with	varying	responses.	Cytokines	studied	have	 included	TNF
and	interferon	(IFN).	TNF-α	use	was	promising	in	preclinical	models	but	has	not	been	well	established	in	humans.
One	 study	 demonstrated	 no	 objective	 response	 in	 controlling	MA	 in	 39	 patients	with	 ovarian	 cancer,	whereas
another	 demonstrated	 a	 76%	 objective	 response	 rate	 in	 a	 phase	 I	 trial	 of	 29	 patients	 with	 MA	 of	 various
histopathologies.29,30	IFN	may	increase	natural	killer	cell	activity	in	the	peritoneal	cavity,	and	both	IFN-α2b	and
IFN-β	reduced	MA	in	some	patients	when	administered	intraperitoneally.31,32

Infectious	Agents
Infectious	 agents	 have	 also	 shown	 an	 immunologic	 response,	 resulting	 in	 improvement	 in	 MA.	 OK-432	 is	 a
penicillin-heat–treated	powder	of	Su-strain	Streptococcus	pyogenes	A3	that	 indirectly	enhances	cytotoxic	T-cell
activity.33	 Intraperitoneal	 OK-432	 alone	 or	when	 combined	with	 other	 immunostimulatory	 cytokines	 has	 been
shown	to	palliate	MA,	and	in	400	patients	with	MA	of	various	tumor	histologies,	it	reduced	effusions	in	60%	of
cases.33–35	More	recently,	oncolytic	virus	immunotherapy	has	been	introduced	in	murine	models	against	ovarian
and	prostate	cancer	with	promising	results.36	Additional	future	investigations	are	needed	to	further	understand	the
potential	role	of	oncolytic	viruses	in	the	treatment	of	MA.

Immunotherapy
Table	121.2	summarizes	recent	studies	using	targeted	antibodies	in	the	treatment	of	MA.	Monoclonal	antibodies
have	been	used	in	the	past	to	increase	the	time	needed	between	paracenteses.	By	specifically	targeting	VEGF,	a
growth	 factor	 thought	 to	 promote	 ascites	 formation	 (see	 earlier),	 anti-VEGF	 antibodies	 have	 been	 theorized	 to
improve	outcomes	in	patients	with	MA.	PTK-787,	an	inhibitor	of	the	VEGF	receptor,	significantly	inhibited	MA
and	 the	 growth	 of	 intraperitoneal	 ovarian	 cancer	 cells	 in	 a	murine	model	 and	 also	 enhanced	 control	 of	MA	 in
patients	with	ovarian	cancer.31

In	 a	 multicenter,	 phase	 II,	 randomized,	 double-blind,	 placebo-controlled	 study	 in	 Canada,	 intravenous
aflibercept,	 a	 VEGFA	 and	 VEGFB	 inhibitor,	 has	 been	 found	 to	 be	 effective	 in	 prolonging	 paracentesis-free
survival	 but	 is	 associated	 with	 a	 higher	 incidence	 of	 bowel	 perforation.37	 Bevacizumab,	 another	 humanized
monoclonal	 antibody	 against	 VEGFA	 that	 inhibits	 proliferation,	 migration,	 and	 differentiation	 of	 vascular
endothelial	 cells	 directly,	 has	 been	 used	 systemically	 in	 various	 cancers.	 Bevacizumab	 can	 result	 in	 complete
remission	 of	MA	 for	 ovarian	 tumors,	 but	 these	 findings	 do	 not	 necessarily	 apply	 in	 patients	 with	 nonovarian
malignancies.	A	phase	III	trial	of	ovarian	cancer	patients	with	MA	receiving	systemic	chemotherapy	demonstrated
that	 intraperitoneal	 bevacizumab	 plus	 cisplatin	 improved	 MA,	 complete	 remission	 rate,	 and	 quality	 of	 life
compared	to	intraperitoneal	cisplatin	alone.38	However,	intraperitoneal	bevacizumab	has	not	shown	improvement
in	symptoms	or	paracentesis-free	survival	in	patients	with	various	gastrointestinal	malignancies.39

In	April	2009,	the	European	Union	approved	the	use	of	catumaxomab	for	intraperitoneal	use	for	the	treatment
of	MA	in	patients	with	tumors	expressing	EpCAM,	an	epithelial	cell	adhesion	molecule,	and	in	whom	standard
therapy	is	no	longer	feasible.40	A	trifunctional	monoclonal	antibody,	catumaxomab,	has	been	engineered	with	two
different	antigen-binding	sites	and	a	functional	Fc	domain.	One	binding	site	engages	EpCAM,	which	is	expressed
in	70%	to	100%	of	epithelial	tumor	cells	found	in	MA	from	breast,	ovarian,	gastric,	and	colon	cancers,	and	the
other	engages	CD3.	The	Fc	domain	activates	phagocytosis	and	cytotoxicity	in	various	immune	effector	cells.	The
use	of	this	antibody	in	various	tumor	histologies,	including	ovarian	and	gastric	cancers,	was	found	to	be	safe	and
resulted	 in	control	of	MA.41,42	A	phase	 II/III	 clinical	 trial	 randomized	258	patients	with	MA	consisting	of	129
ovarian	and	129	nonovarian	primaries	to	treatment	with	either	paracentesis	alone	or	paracentesis	in	combination
with	catumaxomab.43	Puncture-free	survival	was	improved,	as	was	the	time	to	next	paracentesis,	both	by	over	1
month.	 Importantly,	 signs	 and	 symptoms	 of	 ascites	 were	 improved.	 Similarly,	 Kurbacher	 et	 al.44	 evaluated
patients	with	metastatic	breast	and	ovarian	cancers	and	found	 that	 those	who	completed	all	 four	 intraperitoneal



instillations	of	catumaxomab	had	nearly	60%	hazard	reduction	in	mortality	(median	overall	survival,	176	versus
34	 days;	 P	 =	 .0144)	 and	 prolonged	 paracentesis-free	 survival	 (326	 versus	 27	 days;	 P	 <	 .001).	 Clearly,
immunotherapy	may	have	a	role	in	the	future	management	of	MA,	and	additional	prospective	studies	are	needed.

TABLE	121.2
Summary	of	Recent	Studies	Using	Intravenous	and	Intraperitoneal	Immunotherapy	for
Malignant	Ascites

Study Therapy No.	of	Patients	in	Cohort
Median
Survival Responsea Par-FS Complications

Numnum
et	al.,
200651

IV	bevacizumab 4	(ovarian) NR 100% NR 0%	morbidity
and	mortality

Gotlieb	et
al.,
201237

IV	aflibercept	(vs.	placebo) 30	(ovarian) OS:
12.9	vs.
16	wk

2	CR
Median,	39
vs.	18	d

Median,
42	vs.
18	d

20%	dyspnea
13%	asthenia
10%
dehydration
10%	bowel
perforation

Sehouli	et
al.,
201452

IP	catumaxomab 219	(109	ovarian,	26	breast,	18	gastric,	11
pancreatic,	11	colon,	9	endometrial,	2
lung,	33	other)

Median
OS:	103
d

Median,	97
d

Median,
35	d

86%	overall
morbidity
60%	pyrexia
43%
gastrointestinal
7.7%	mortality
(1	treatment-
related	death)

Zhao	et
al.,
201538

IP	bevacizumab	plus
cisplatin	(n	=	31)	vs.
cisplatin	alone	(n	=	27)

58	(ovarian) NR 90%	vs.
59%	(P	=
.014)

NR 16%	leukopenia
25.8%	anemia
0%	mortality

Jordan	et
al.,
201639

IP	bevacizumab	(vs.
placebo)

37	(1	cholangiocarcinoma,	5	colorectal,	9
gastric,	1	HCC,	17	pancreatic)

OS:	64
vs.	31.5
d

Median,	8
vs.	8	d

Median,
14	vs.
10.5	d

Overall
complications:
61%	vs.	69%
Gastrointestinal:
45%	vs.	31%

Kurbacher
et	al.,
201544

IP	catumaxomab 30	(17	ovarian,	7	breast) Median
OS:
79.5	d

83.3% Median,
56	d

26%
nausea/vomiting
26%	abdominal
pain
23%	fatigue
6%	obstruction
3%	infection

aResponse	is	defined	as	≥50%	reduction	in	malignant	ascites	or	median	time	to	repeat	paracentesis.
Par-FS,	 paracentesis	 free	 survival;	 IV,	 intravenous;	 NR,	 not	 reported;	 OS,	 overall	 survival;	 CR,	 complete	 response;	 IP,	 intraperitoneal;	 HCC,	 hepatocellular
carcinoma.
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122 Paraneoplastic	Syndromes
Daniel	Morgensztern,	Saiama	N.	Waqar,	and	Ramaswamy	Govindan

INTRODUCTION
Paraneoplastic	syndromes	are	disorders	caused	by	systemic	effects	occurring	 remotely	 from	the	cancer	primary
site	 or	 metastasis.1	 The	 most	 commonly	 involved	 systems	 in	 paraneoplastic	 syndromes	 are	 the	 neurologic,
endocrine,	 hematologic,	 dermatologic,	 and	 rheumatologic	 systems.	 Small-cell	 lung	 cancer	 (SCLC)	 is	 the
malignancy	 most	 commonly	 associated	 with	 paraneoplastic	 syndromes,	 with	 lymphoproliferative	 disorders,
thymoma,	 gynecologic	 and	 breast	 cancers	 accounting	 for	 the	 majority	 of	 the	 other	 causes.	 The	 two	 main
mechanisms	for	paraneoplastic	syndromes	are	ectopic	production	of	humoral	factors,	such	as	hormones,	peptides,
or	cytokines,	and	immune	cross-response	between	malignant	and	normal	tissues.

Paraneoplastic	syndromes	may	be	the	first	manifestation	of	a	malignancy,	and	their	timely	detection	may	allow
the	diagnosis	of	tumors	at	an	early	stage.	Therefore,	these	malignancies	that	would	likely	be	otherwise	clinically
occult	may	 be	 detected	 at	 an	 earlier	 stage	with	 increased	 probability	 of	 cure.	 The	 successful	 treatment	 of	 the
underlying	malignancy	usually	results	in	resolution	of	the	paraneoplastic	syndromes	caused	by	ectopic	hormone
production.	However,	the	tumor-directed	treatment	is	less	effective	in	the	immune-mediated	syndromes.

PARANEOPLASTIC	NEUROLOGIC	SYNDROMES
Paraneoplastic	neurologic	syndromes	(PNSs)	are	a	 rare	complication	of	malignancy,	observed	 in	approximately
0.01%	of	all	patients	with	cancer.1,2	In	the	Euronetwork	database	for	patients	with	PNS,	the	most	common	tumors
were	SCLC,	ovarian	cancer,	breast	cancer,	and	non-small	cell	lung	cancer.3

PNSs	occur	when	the	immune	system	cross-reacts	with	antigens	on	the	tumor	cells	and	proteins	expressed	in
the	 neurologic	 system.4	 The	 two	 categories	 of	 antigens	 are	 intracellular	 and	 extracellular,	 with	 the
pathophysiology	differing	according	to	the	antigen.5

Diagnosis
The	 initial	 diagnostic	workup	 depends	 on	whether	 the	 patients	 have	 a	 known	malignancy.	 For	 patients	with	 a
known	 malignancy,	 the	 workup	 includes	 radiologic	 imaging	 to	 evaluate	 for	 brain	 metastases,	 leptomeningeal
disease,	or	spinal	cord	compression	and	a	review	of	previous	radiation	therapy	or	chemotherapy	treatments	 that
are	 associated	with	 neurologic	 toxicity.	Once	 other	 causes	 of	 the	 neurologic	 symptoms	 have	 been	 excluded,	 a
workup	for	PNS	is	 initiated,	 including	additional	 imaging,	cerebrospinal	fluid	(CSF)	analysis,	nerve	conduction
studies,	 and	 electroencephalography	 (EEG)	 or	 electromyography	 (EMG)	 depending	 on	 the	 symptoms.	 Lumbar
puncture	can	be	performed	to	evaluate	for	leptomeningeal	disease	and	inflammatory	or	infectious	etiologies	of	the
symptoms.	In	PNS,	the	CSF	often	reveals	pleocytosis	and	elevated	protein	consistent	with	inflammation,	elevated
immunoglobulin	G,	and	oligoclonal	bands,	with	the	latter	being	the	only	CSF	abnormality	in	approximately	10%
of	cases.6

The	 constellation	 of	 symptoms	 defines	 a	 syndrome,	 and	 the	 syndromes	 are	 often	 defined	 as	 classical	when
associated	with	an	underlying	malignancy.	An	international	panel	of	neurologists	established	criteria	for	definite
and	possible	PNS	(Table	122.1).7

PNSs	may	be	broadly	divided	into	those	affecting	the	central	nervous	system,	peripheral	nervous	system,	and
neuromuscular	junction	or	muscle.4	Because	there	are	no	clinical	features	to	define	a	syndrome	as	paraneoplastic,
PNS	remains	a	diagnosis	of	exclusion.8

Frequently,	 a	 panel	 of	 serum	 antineuronal	 antibodies	 is	 checked	 as	 a	 component	 of	 the	 initial	workup.	The
antibodies	 strongly	 associated	 with	 an	 underlying	 malignancy	 are	 called	 onconeural	 antibodies	 and	 target



intracellular	neuronal	 antigens	 (Table	122.2).9	Although	 onconeural	 antibodies	 are	 useful	 in	 diagnosis	 of	 PNS,
their	absence	or	presence	alone	should	not	be	considered	exclusionary	or	diagnostic,	respectively.

Patients	with	symptoms	consistent	with	PNS	and	without	a	known	diagnosis	of	cancer	should	undergo	workup
for	 an	 underlying	 malignancy	 including	 history,	 physical	 exam,	 and	 imaging	 tests.4	 If	 the	 malignancy	 is	 not
detected	 by	 computed	 tomography	 (CT)	 scans,	 one	 option	 is	 the	 use	 of	 fluorodeoxyglucose	 positron	 emission
tomography	(FDG-PET).10

Classical	Syndromes
Syndromes	 that	 are	 commonly	 associated	 with	 underlying	 malignancy	 are	 called	 classical	 and	 include
encephalomyelitis,	 limbic	 encephalitis,	 subacute	 cerebellar	 degeneration,	 opsoclonus-myoclonus	 syndrome,
sensory	 neuronopathy,	 chronic	 gastrointestinal	 pseudo-obstruction,	 Lambert-Eaton	 myasthenia	 syndrome
(LEMS),	and	dermatomyositis.

Encephalomyelitis	 is	 characterized	 by	 the	 involvement	 of	 several	 areas	 of	 the	 nervous	 system	 and	 is	 often
associated	with	anti-Hu	antibodies.4	The	most	commonly	associated	malignancy	is	SCLC.

Limbic	 encephalitis	 is	 characterized	 by	 subacute	 onset	 of	 short-term	 memory	 loss,	 seizures,	 and	 cognitive
decline.9	Brain	magnetic	resonance	imaging	(MRI)	is	abnormal	in	the	majority	of	patients,	with	involvement	of
the	 temporal	 lobes,	 hypothalamus,	 and	 brain	 stem.4	 Antineuronal	 antibodies	 include	 anti-Hu,	 anti-Ma2,	 anti-
amphiphysin,	and	anti-CV2/CRMP5.	The	most	commonly	associated	malignancy	is	SCLC.

Subacute	 cerebellar	 degeneration	 typically	 presents	 with	 symptoms	 of	 ataxia,	 diplopia,	 dysphagia,	 and
dysarthria.	 Typically,	 the	 first	 symptom	 is	 isolated	 gait	 ataxia,	 with	 subsequent	 development	 of	 truncal	 and
hemispheric	cerebellar	dysfunction.7	MRI	of	the	brain	initially	does	not	reveal	any	significant	cerebellar	atrophy.
This	disorder	is	associated	with	onconeural	antibodies	in	approximately	60%	of	cases,	including	anti-Hu,	anti-Yo,
anti-Ri,	anti-Tr,	anti-GluR1,	and	anti-VGCC.9

TABLE	122.1
Diagnostic	Criteria	for	Neurologic	Paraneoplastic	Syndromes

Definite Possible
1.	A	classical	syndrome	and	cancer	that	develops	within	5

years	of	the	diagnosis	of	the	neurologic	disorder
1.	A	classical	syndrome,	no	onconeural	antibodies,	no

evidence	of	cancer	but	a	high	risk	of	having	an	underlying
cancer

2.	A	nonclassical	syndrome	that	resolves	or	significantly
improves	after	cancer	treatment	without	concomitant
immunotherapy*	(provided	that	the	syndrome	is	not
susceptible	to	spontaneous	remission)

2.	A	neurologic	syndrome	(classical	or	not)	with	partially
characterized	onconeural	antibodies	and	no	cancer

3.	A	nonclassical	syndrome	with	onconeural	antibodies	(well
characterized	or	not)	and	cancer	that	develops	with	5	years
of	the	diagnosis	of	the	neurologic	disorder

3.	A	nonclassical	syndrome,	no	onconeural	antibodies,	and
cancer	present	within	2	years	of	diagnosis

4.	A	neurologic	syndrome	(classical	or	not)	with	characterized
onconeural	antibodies	(anti-HU,	anti-Yo,	anti-CV2,	anti-Ri,
anti-Ma2,	or	anti-amphiphysin)	and	no	cancer

	

*Immune	suppressive	therapy	i.e.,	prednisone

Opsoclonus-myoclonus	 syndrome	 is	 characterized	 by	 subacute	 onset	 of	 opsoclonus,	 a	 disorder	 involving
chaotic	 eye	movements	 in	 all	 directions,	 and	 arrhythmic-action	myoclonus	 involving	 predominantly	 the	 trunk,
limbs,	and	head.11	This	disorder	has	been	associated	with	SCLC	in	adults	and	neuroblastoma	in	children.12

TABLE	122.2
Onconeural	Antibodies	and	Associated	Syndromes	and	Malignancies

Onconeural	Antibody Paraneoplastic	Syndrome Most	Common	Malignancy
Strong	Association
Anti-Hu	(ANNA-1) Limbic	encephalitis Small-cell	lung	cancer
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Paraneoplastic	cerebellar	degeneration
Subacute	sensory	neuronopathy
Chronic	gastrointestinal	pseudo-obstruction
Autonomic	neuropathy

Anti-Yo	(PCA1) Paraneoplastic	cerebellar	degeneration Ovary,	breast

Anti-CV2	(CRMP5) Limbic	encephalitis
Paraneoplastic	cerebellar	degeneration
Subacute	sensory	neuronopathy
Chronic	gastrointestinal	pseudo-obstruction
Autonomic	neuropathy

Small-cell	lung	cancer,	thymoma

Anti-Ri	(ANNA-2) Paraneoplastic	cerebellar	degeneration
Brain	stem	encephalitis
Opsoclonus	myoclonus

Breast,	small-cell	lung	cancer

Anti-Ma2	(Ta) Limbic	encephalitis Testicular

Anti-amphiphysin Sensory	neuronopathy
Stiff	person	syndrome

Breast,	small-cell	lung	cancer

Anti-Tr	(PCA-tr) Paraneoplastic	cerebellar	degeneration Hodgkin	lymphoma

Paraneoplastic	 sensory	 neuronopathy	 is	 characterized	 by	 a	 subacute	 onset	 of	 numbness	 and	 pain	 of	 the
extremities,	marked	asymmetry	of	symptoms	at	onset,	and	loss	of	proprioception.1,7,9	In	the	later	stages,	patients
can	develop	ataxia	and	multifocal	involvement.	On	physical	exam,	there	is	loss	of	the	deep	tendon	reflexes,	and
electrophysiologic	studies	reveal	absence	of	sensory	nerve	action	potentials.

Patients	 with	 cancer	 often	 report	 gastrointestinal	 (GI)	 symptoms,	 including	 anorexia,	 early	 satiety,	 nausea,
emesis,	abdominal	pain,	diarrhea,	or	constipation.	Among	the	multiple	causes	for	GI	complaints	in	cancer	patients
is	 a	 paraneoplastic	 dysmotility,	 which	may	 affect	 either	 the	 entire	GI	 tract	 or	 isolated	 segments	 and	 produces
specific	syndromes	such	as	achalasia,	gastroparesis,	and	intestinal	dysmotility	with	constipation.13	Paraneoplastic
dysmotility	 and	 chronic	 GI	 pseudo-obstruction	 should	 be	 suspected	 in	 patients	 with	 rapid	 symptom	 onset,
significant	weight	loss,	presence	of	concurrent	autonomic	or	sensory	neuropathy,	and	risk	factors	for	malignancy
such	as	smoking	and	strong	family	history.	The	onset	of	GI	dysmotility	usually	precedes	the	diagnosis	of	cancer,
and	the	most	commonly	associated	malignancy	is	SCLC.	The	presumed	pathophysiology	is	the	presence	of	tumor
antigens	 that	 elicit	 an	 immune	 response	 that	 cross-reacts	 with	 the	 enteric	 nervous	 system.	 The	most	 common
antibody	associated	with	GI	dysmotility	 is	anti–neuronal	nuclear	antibody	1	 (ANNA1),	also	known	as	anti-Hu.
Approximately	30%	of	patients	with	this	antibody	have	symptoms	of	GI	dysmotility.13,14

LEMS	 is	 characterized	 by	 proximal	muscle	weakness,	 autonomic	 features	 such	 as	 dry	mouth,	 constipation,
erectile	 dysfunction,	 and	 less	 commonly,	 orthostatic	 hypotension,	 micturition	 difficulties,	 and	 reduced	 tendon
reflexes.	Proximal	muscle	weakness	is	frequently	the	first	symptom.15	Onconeural	antibodies	against	the	P/Q-type
voltage-gated	calcium	channel	on	the	presynaptic	nerve	terminal	are	characteristic	of	LEMS	and	the	cause	of	the
muscle	weakness.	EMG	studies	reveal	a	low-amplitude	compound	muscle	action	potential	(CAMP)	that	becomes
lower	at	low	stimulating	frequencies.15	An	increased	CAMP	of	60%	is	considered	abnormal	and	is	very	sensitive
and	specific	for	LEMS.16

Treatment
Given	 the	 rarity	of	PNS,	 there	 are	no	 evidence-based	 studies	 for	 the	optimal	 care.	 In	general,	 care	 follows	 the
principles	 of	 treating	 the	 underlying	 malignancy,	 removal	 of	 antibodies	 from	 the	 circulation	 through	 plasma
exchange,	 intravenous	 immunoglobulin,	 corticosteroids,	 cyclophosphamide,	 and	 symptom-directed	 supportive
care.17	 Syndromes	 with	 antibodies	 against	 extracellular	 antigens	 are	 associated	 with	 increased	 probability	 of
response	 to	 immunotherapy	 compared	 to	 those	 with	 intracellular	 antigens.18	 Rituximab	 may	 be	 beneficial	 in
patients	with	PNS	caused	by	refractory	extracellular	antigens.19

Amifampridine	 prolongs	 nerve	 terminal	 depolarization,	 which	 increases	 calcium	 and	 the	 release	 of
acetylcholine,	improving	the	symptoms	from	LEMS.20,21

PARANEOPLASTIC	ENDOCRINOLOGY	SYNDROMES



Syndrome	of	Inappropriate	Antidiuretic	Hormone	Secretion
The	syndrome	of	inappropriate	antidiuretic	hormone	secretion	(SIADH)	is	a	disorder	of	sodium	and	water	balance
characterized	by	a	hypotonic	euvolemic	hyponatremia.	The	nonapeptide	antidiuretic	hormone	(ADH),	or	arginine
vasopressin	 (AVP),	 is	 synthesized	 in	 the	 hypothalamic	 magnocellular	 neurons	 of	 the	 supraoptic	 and
paraventricular	nuclei	and	stored	in	the	posterior	lobe	of	the	pituitary	gland.	There	are	three	known	receptors	for
ADH	 at	 the	 cell	 membrane:	 V1a,	 V1b,	 and	 V2.22,23	 V1a	 receptors	 are	 found	 in	 the	 vascular	 smooth	 muscle,
uterus,	platelets,	and	hepatocytes	where	the	main	functions	include	vasoconstriction,	uterine	contraction,	platelet
aggregation,	and	glycogenolysis,	respectively.	V1b	receptors	are	located	in	the	corticotroph	cells	of	the	anterior
pituitary	gland	where	they	are	involved	in	the	release	of	adrenocorticotropic	hormone	(ACTH)	and	β-endorphin.
V2	receptors	are	located	in	the	basolateral	membrane	of	the	renal	collecting	duct	principal	cells,	vascular	smooth
muscle,	and	vascular	endothelium,	where	they	are	involved	in	the	synthesis	and	insertion	of	aquaporin	2	(AQP-2)
channels	into	the	apical	membrane,	vasodilation,	and	release	of	von	Willebrand	factor	and	factor	VIII.	Binding	of
ADH	to	the	V2	receptor	in	the	basolateral	membrane	of	the	collecting	duct	cells	leads	to	activation	of	adenylate
cyclase,	with	increased	production	of	cyclic	adenosine	monophosphate	(cAMP),	which	in	turn	leads	to	activation
of	protein	kinase	A	(PKA).	PKA	phosphorylates	vesicles	containing	preformed	AQP-2,	leading	to	their	movement
to	the	apical	membrane	where	AQP-2	is	inserted	and	works	as	selective	water-conducting	channels	according	to
the	gradient	from	the	tubular	lumen	to	the	medullary	interstitium.	V2	receptor	activation	also	leads	to	increased
synthesis	of	AQP-2.	The	water	enters	the	cells	through	AQP-2	channels	in	the	apical	membrane	and	exits	through
the	constitutively	 active	 aquaporin	3	 (AQP-3)	 and	aquaporin	4	 (AQP-4)	 in	 the	basolateral	membrane.	The	 two
main	 stimuli	 for	 the	 ADH	 secretion	 are	 the	 increased	 plasma	 osmolality	 and	 decreased	 intravascular	 volume,
which	are	regulated	by	the	hypothalamic	central	sensing	system	and	baroreceptors,	respectively.	Both	ADH	and
thirst	 maintain	 the	 serum	 osmolality	 within	 a	 narrow	 range,	 averaging	 approximately	 285	 mOsm/kg,	 with	 an
increased	osmolality	above	the	threshold	being	the	most	important	stimulus	for	ADH	secretion.	A	second	stimulus
is	a	decrease	 in	 the	effective	arterial	volume	caused	by	extracellular	volume	depletion	or	hypotension,	which	is
detected	 by	 the	 volume-sensitive	 receptors	 on	 the	 left	 atrium	 and	 leads	 to	 a	 restoration	 of	 the	 effective	 blood
volume	 through	V2	 receptors	 and	 the	 blood	 pressure	 through	V1a	 receptors	 in	 the	 vascular	 smooth	muscle.24
Stimulation	 of	 V1a	 receptors	 occur	 at	 higher	 plasma	 concentrations	 of	 ADH	 compared	 those	 needed	 for	 V2-
dependent	antidiuretic	effects.

The	 main	 etiologies	 for	 SIADH	 can	 be	 broadly	 categorized	 into	 malignancies,	 drug-induced	 causes,	 and
pulmonary	 or	 central	 nervous	 system	 disorders.	 Both	 intrathoracic	 and	 extrathoracic	 malignancies	 have	 been
associated	 with	 SIADH,	 with	 SCLC	 usually	 identified	 as	 the	 most	 common	 cause.	 List	 et	 al.25	 reported	 the
presence	of	SIADH	in	40	of	350	(11%)	patients	with	SCLC,	without	correlation	to	stage	or	site	of	metastases	and
no	influence,	as	an	independent	variable,	on	response	to	chemotherapy	or	survival.	SIADH	has	been	described	in
approximately	3%	of	patients	with	head	and	neck	cancer,26	most	commonly	in	tumors	of	the	oral	cavity.27

Clinical	Manifestations
The	symptoms	of	SIADH	depend	on	the	degree	and	rapidity	of	the	change	in	the	serum	sodium	levels,	with	the
rate	 of	 sodium	 decrease	 considered	 to	 be	 a	 stronger	 predictor	 for	 morbidity	 and	 mortality	 compared	 with	 its
magnitude.28,29	 Severe	 hyponatremia	 is	 arbitrarily	 defined	 as	 a	 serum	 sodium	 concentration	 less	 than	 115
mmol/L.30	Due	to	hypo-osmolality,	there	is	an	entry	of	free	water	into	the	cells,	with	the	brain	being	particularly
affected	because	it	has	limited	space	for	expansion	inside	the	skull.	Therefore,	the	most	common	symptoms	from
hyponatremia	are	neurologic	and	result	 from	cerebral	edema.	The	presence	of	brain	edema	triggers	an	adaptive
response	 to	 restore	 the	 brain	 volume	 and	 limit	 the	 neurologic	 complications,	 with	 an	 initial	 decrease	 in	 brain
electrolyte	 content	 followed	 by	 loss	 of	 organic	 solutes	 such	 as	 creatine	 and	 amino	 acids.31	 During	 acute
hyponatremia,	defined	as	the	rapid	decline	of	serum	sodium	over	a	period	of	less	than	48	hours,	the	adaptive	brain
response	 is	 overwhelmed,	 with	 the	 development	 of	 severe	 brain	 edema	 and	 neurologic	 symptoms	 including
nausea,	 vomiting,	 and	 headaches,	 which	may	 progress	 to	 seizures,	 respiratory	 arrest,	 and	 death.	 Patients	 with
chronic	 hyponatremia	 are	 usually	 either	 asymptomatic	 or	 have	milder	 symptoms	 (including	 fatigue,	 confusion,
falls,	and	attention	deficit)	compared	to	acute	hyponatremia.32

Diagnosis
The	 diagnostic	 criteria	 for	 SIADH	 may	 be	 subdivided	 into	 essential	 and	 supplementary	 features	 (Table
122.3).33–35	The	diagnosis	of	SIADH	is	usually	made	after	exclusion	of	other	etiologies	for	hyponatremia	through
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the	use	of	the	essential	diagnostic	criteria.	The	first	step	is	to	measure	the	plasma	osmolality,	with	values	less	than
275	 mOsm/kg	 ruling	 out	 the	 causes	 of	 hyponatremia	 with	 normal	 or	 increased	 plasma	 osmolality	 such	 as
translocation	by	hyperglycemia	or	pseudohyponatremia	caused	by	hyperlipidemia	or	hyperproteinemia.	The	next
step	 is	 to	 evaluate	 the	 urinary	 osmolality,	 which	 should	 be	 higher	 than	 100	mOsm/kg	 during	 hypotonicity,	 to
define	 the	 presence	 of	 inappropriate	 renal	 dilution	 and	 help	 to	 exclude	 the	 few	 causes	 of	 hyponatremia	 with
decreased	urinary	osmolality	such	as	beer	potomania	and	polydipsia.	Clinical	euvolemia	is	defined	as	the	absence
of	signs	of	volume	depletion	(dry	mucous	membranes,	tachycardia,	and	orthostasis)	caused	by	renal	or	extrarenal
sodium	 loss	 or	 volume	overload	 (edema	and	 ascites)	 caused	by	 renal	 failure,	 nephrotic	 syndrome,	 cirrhosis,	 or
heart	 failure.	The	next	step	 is	 to	rule	out	hypothyroidism	and	glucocorticoid	deficiency,	 the	other	 two	common
etiologies	that	fall	into	the	category	of	hypotonic	euvolemic	hyponatremia.

The	 supplementary	 features	 include	 reduced	 uric	 acid	 and	 blood	 urea	 nitrogen	 (BUN),	 increased	 fractional
excretion	of	 sodium	and	urea,	 correction	of	 hyponatremia	with	 fluid	 restriction	but	 not	 after	 a	 2-L	 intravenous
infusion	of	0.9%	saline,	elevated	plasma	ADH	levels	despite	hypotonicity	and	clinical	euvolemia,	and	abnormal
result	on	the	test	of	water	load,	which	is	defined	as	inability	to	excrete	at	least	90%	of	a	20	mg/kg	water	load	in	4
hours	or	failure	to	achieve	an	urine	osmolality	<100	mOsm/kg	of	water.	Decreased	BUN	and	uric	acid	are	both
indicative	 of	 euvolemia,	 although	 not	 specific	 for	 SIADH,	 whereas	 increased	 values	 are	 suggestive	 of
hypovolemia.	 Because	 some	 patients	 with	 nonparaneoplastic	 SIADH	may	 have	 low	 or	 undetectable	 levels	 of
ADH,	the	term	syndrome	of	inappropriate	diuresis	(SIAD)	has	been	proposed	as	a	more	accurate	description	of
this	condition.36

TABLE	122.3
Diagnostic	Criteria	for	Syndrome	of	Inappropriate	Antidiuretic	Hormone	Secretion

Essential	features 1.	 Plasma	osmolality	<275	mOsm/kg
2.	 Urine	osmolality	>100	mOsm/kg
3.	 Clinical	euvolemia
4.	 Urine	sodium	>40	mmol/L
5.	 Normal	thyroid	and	adrenal	function
6.	 No	recent	use	of	diuretic	agents

Supplemental	features 1.	 Serum	uric	acid	<4	mg/dL
2.	 BUN	<10	mg/dL
3.	 Fractional	sodium	excretion	>1%
4.	 Fractional	excretion	of	urea	>55%
5.	 Failure	to	correct	the	hyponatremia	after	intravenous	infusion	of	0.9%	saline
6.	 Correction	of	hyponatremia	with	fluid	restriction
7.	 Abnormal	result	on	the	water	test	load
8.	 Elevated	plasma	ADH	levels	despite	hypotonicity	and	clinical	euvolemia

BUN,	blood	urea	nitrogen;	ADH,	antidiuretic	hormone.

Treatment
The	treatment	of	paraneoplastic	SIADH	may	be	broadly	subdivided	into	indirect	and	direct	modalities.	In	addition
to	 cancer-specific	 therapy,	 which,	 if	 effective,	 may	 eventually	 improve	 the	 hyponatremia	 by	 reducing	 the
production	of	ADH	by	the	malignant	cells,	 the	 initial	 treatment	for	nonsevere	cases	of	hyponatremia	caused	by
SIADH	is	fluid	restriction	to	approximately	800	mL	daily	in	an	attempt	to	induce	a	negative	balance	because	the
urinary	 excretion	 plus	 insensible	 losses	 usually	 exceeds	 1	 L	 per	 day.28	 However,	 this	 treatment	 modality	 is
associated	with	 a	 slow	 improvement;	 has	 a	 very	 low	 compliance	 rate,	 particularly	 in	 outpatients;	 and	 is	 often
insufficient	to	improve	the	hyponatremic	symptoms.	Therefore,	pharmacologic	interventions	are	usually	indicated.
Oral	administration	of	urea	at	30	g	daily	has	been	associated	with	improvement	in	hyponatremia	associated	with
SIADH	by	causing	osmotic	diuresis	and	increased	water	excretion.37–39	The	main	drawback	from	urea	is	the	poor
palatability,	with	most	 patients	 unable	 to	 tolerate	 it	 despite	 it	 being	 dissolved	 in	 strong-flavored	 liquids.	 Loop
diuretics	such	as	furosemide	and	triamterene	have	been	shown	to	be	effective	in	patients	with	SIADH	by	causing
increased	excretion	of	free	water.40	Both	demeclocycline	and	lithium	decrease	the	responsiveness	to	ADH	in	the
collecting	 tube,	 causing	 nephrogenic	 diabetes	 insipidus,	 with	 decreased	 urine	 concentration	 despite	 elevated
ADH.41–44	Lithium	has	been	abandoned	as	a	treatment	for	SIADH	due	to	the	association	with	interstitial	nephritis
and	end-stage	renal	failure	as	well	as	decreased	efficacy	compared	to	demeclocycline.42



Patients	 with	 symptomatic	 acute	 hyponatremia	 should	 be	 treated	 with	 continuous	 intravenous	 infusion	 of
hypertonic	saline	(3%	NaCl)	with	a	maximal	correction	rate	of	8	to	12	mmol/L	during	the	first	24	hours.35	It	is
estimated	that	an	initial	increase	of	plasma	sodium	of	5	mmol/L	can	reduce	intracranial	pressure	and	reverse	the
clinical	signs	of	cerebral	herniation.45	Therefore,	a	goal	of	a	4	to	5	mmol/L	increase	in	the	first	4	hours	has	been
recently	recommended.	Patients	with	severe	symptoms	may	be	treated	with	a	fixed	bolus	3%	NaCl	regimen	with
100	 mL	 over	 10	 minutes	 or	 150	 mL	 over	 20	 minutes,	 up	 to	 three	 times	 as	 needed.46	 Patients	 with	 known
cardiovascular	disease	should	receive	20	to	40	mg	of	intravenous	furosemide	to	avoid	volume	overload.	The	main
goal	 of	 therapy	 is	 to	 achieve	 safe	 serum	 levels	with	 symptomatic	 relief,	 rather	 than	 completely	 normal	 levels.
Therefore,	 acute	 treatment	 can	 be	 discontinued	 once	 the	 symptoms	 are	 resolved,	 a	 safe	 serum	 sodium	 usually
defined	as	≥120	mmol/L	is	reached,	or	the	total	magnitude	of	correction	reaches	18	mmol/L.

Vasopressin	Receptor	Antagonists	(Vaptans)
Vaptans	 are	 nonpeptide	 ADH	 (AVP)	 antagonists	 that	 penetrate	 deeper	 into	 the	 transmembrane	 region	 of	 V2
receptors	compared	to	ADH	and	competitively	block	the	activation	of	the	receptor	by	endogenous	ADH.47	With
the	inactivation	of	the	receptor,	the	synthesis	and	transport	of	AQP-2	into	the	apical	membrane	of	the	collecting
duct	 cells	 is	 inhibited,	 resulting	 in	 a	 decrease	 in	 the	 free	 water	 reabsorption	 and	 increased	 urine	 volume.48
Although	the	increased	diuresis	produced	by	V2	receptor	antagonists	is	quantitatively	similar	to	loop	diuretics,	the
latter	produces	essentially	an	aquaresis,	which	unlike	the	diuretics,	is	characterized	decreased	urinary	osmolality.
Vaptans	are	indicated	for	patients	with	either	euvolemic	or	hypervolemic	hyponatremia	and	should	not	be	used	in
hypovolemic	 hyponatremia.	 Patients	with	moderate	 to	 severe	 central	 nervous	 system	 symptoms	 should	 not	 be
treated	with	 vaptans	 regardless	 of	 the	 volume	 state	 because	 the	 initial	 therapy	 should	 be	 done	with	 hypertonic
saline.46,49	 During	 treatment	 with	 vaptans,	 it	 is	 very	 important	 to	 monitor	 the	 sodium	 levels	 to	 exclude	 rapid
correction	 rates,	 and	 there	 is	 no	 need	 for	 fluid	 restriction.	 Among	 the	 four	 vaptans	 with	 reported	 data	 from
randomized	 clinical	 trials,	 only	 conivaptan	 and	 tolvaptan	 are	 currently	 U.S.	 Food	 and	 Drug	 Administration
(FDA)-approved	and	available	for	clinical	use	(Table	122.4).	Conivaptan	 is	 the	only	drug	 that	 inhibits	both	V2
and	 V1a	 receptors,	 whereas	 the	 other	 vaptans	 are	 V2	 receptor	 specific.50–52	 Another	 difference	 between
conivaptan	and	the	other	vaptans	is	that,	although	the	former	was	originally	developed	as	an	oral	preparation,53,54
it	was	subsequently	FDA-approved	and	marketed	as	an	intravenous	drug.55	The	recommended	treatment	includes
a	loading	dose	of	20	mg	over	30	minutes	followed	by	a	maintenance	dose	of	20	to	40	mg	daily	through	continuous
intravenous	 infusion	 for	 up	 to	 4	 days.	 Due	 to	 infusion	 site	 complications,	 including	 erythema,	 phlebitis,	 and
swelling,	the	infusion	should	be	through	a	large	vein	with	the	site	changed	every	24	hours.	Tolvaptan	is	an	oral
drug	 that	 is	29	 times	more	 selective	 for	V2	 receptors	 than	V1a	and	does	not	have	 intrinsic	 agonist	 effects.56,57
Schrier	et	al.58	reported	the	combined	results	of	two	multicenter	randomized	clinical	trials,	the	Study	of	Ascending
Levels	of	Tolvaptan	in	Hyponatremia	1	and	2	(SALT-1	and	SALT-2),	where	448	patients	were	randomized	to	oral
tolvaptan	15	mg	daily	or	oral	placebo.	Tolvaptan	was	associated	with	a	significant	increase	in	the	serum	levels	of
sodium	 during	 the	 first	 4	 days	 (P	 <	 .001)	 and	 after	 30	 days	 of	 therapy	 (P	 <	 .001).	 The	 treatment	 was	 well
tolerated,	with	increased	thirst,	dry	mouth,	and	increased	urination	as	the	main	side	effects.	In	a	subset	analysis	of
110	 patients	 with	 SIADH	 from	 the	 SALT	 trials,	 the	 results	 were	 similar	 to	 the	 overall	 population,	 with	 a
significant	 improvement	 in	 the	serum	sodium	concentration	both	 in	 the	first	4	days	and	on	day	30.59	The	long-
term	administration	of	tolvaptan	was	evaluated	in	the	open-label	SALTWATER	study,	which	was	an	extension	of
the	SALT	studies	where	111	patients	previously	assigned	to	both	placebo	and	tolvaptan	arm	received	tolvaptan	for
an	 extended	 period	 of	 time.60	 Prolonged	 treatment	 was	 associated	 with	maintenance	 of	 normal	 serum	 sodium
levels	and	tolerable	toxicity	profile	where	the	most	common	toxicities	were	similar	to	those	in	the	SALT	studies,
including	dry	mouth,	thirst,	polydipsia,	and	polyuria.	There	are	not	enough	data	to	support	the	use	of	vaptans	in
patients	with	symptomatic	hyponatremia,	who	should	be	treated	with	hypertonic	saline.

TABLE	122.4
Vaptans	Tested	in	Clinical	Trials

Name Receptor	Specificity Administration	Route Dose
Tolvaptan V2 Oral 15–60	mg	once	daily

Lixivaptan V2 Oral 50–100	mg	twice	daily

Satavaptan V2 Oral 5–50	mg	once	daily
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Conivaptan V1a/V2 Intravenous 20–40	mg	once	daily

One	of	the	main	concerns	during	the	treatment	of	chronic	hyponatremia	is	overzealous	treatment	with	a	rapid
increase	 in	 sodium,	which	may	 lead	 to	 osmotic	 demyelination.61–63	 This	 complication,	 also	 known	 as	 osmotic
demyelination	syndrome	(ODS),	occurs	when	the	hyponatremia	is	corrected	too	rapidly,	outpacing	the	recapture
of	lost	organic	molecules	by	the	brain.	The	main	risk	factors	for	the	development	of	ODS	are	serum	sodium	≤105
mmol/L,	hypokalemia,	alcoholism,	malnutrition,	and	advanced	liver	disease.

Ectopic	Cushing	Syndrome
Cushing	syndrome	is	a	constellation	of	symptoms	caused	by	a	sustained	exposure	to	excessive	concentrations	of
circulating	 glucocorticoids.	 The	 most	 common	 cause	 of	 Cushing	 syndrome	 is	 iatrogenic,	 due	 to	 exogenous
administration	 of	 glucocorticoids.	 Endogenous	 Cushing	 syndrome	 may	 be	 subdivided	 into	 ACTH	 (or
corticotropin)	 dependent	 and	 independent,	 which	 account	 for	 approximately	 80%	 and	 20%	 of	 the	 cases,
respectively.64,65	 ACTH-dependent	 Cushing	 syndrome	 is	 most	 commonly	 caused	 when	 ACTH	 is	 secreted	 by
pituitary	tumors,	which	occurs	in	approximately	80%	of	cases.	Ectopic	secretion	of	ACTH	by	nonpituitary	tumors
occurs	 in	 approximately	 20%	 of	 cases.	 Another	 cause	 of	 Cushing	 syndrome	 is	 the	 rare	 ectopic	 secretion	 of
corticotropin-releasing	 hormone	 (CRH).	 ACTH-independent	 Cushing	 syndrome	 is	 almost	 always	 caused	 by
adrenal	adenomas	or	carcinomas,	with	less	than	1%	of	cases	caused	by	macronodular	adrenal	hyperplasia,	primary
pigmented	nodular	adrenal	disease,	and	McCune-Albright	syndrome.

Paraneoplastic	 origin	 accounts	 for	 approximately	 10%	 of	 Cushing	 syndrome	 cases.66	 The	 most	 common
tumors	associated	with	ectopic	ACTH	production	are	SCLC	and	bronchial	carcinoids.66	In	a	retrospective	review
of	545	patients	with	SCLC	seen	at	the	Toronto	General	Hospital	between	1980	and	1990,	23	patients	(4.5%)	had
Cushing	syndrome	caused	by	ectopic	ACTH	production.	These	patients	had	low	response	to	chemotherapy,	high
rate	 of	 complications	 from	 the	 chemotherapy,	 and	 shorter	 survival.	 Similar	 findings	were	 observed	 in	 another
study	 involving	 patients	 with	 SCLC,	 where	 paraneoplastic	 Cushing	 syndrome	 was	 associated	 with	 decreased
response	rates	and	shorter	median	survival	compared	to	those	with	SIADH	and	no	paraneoplastic	syndromes.67

The	 clinical	 features	 of	 Cushing	 syndrome	 are	 variable,	 with	 the	 most	 common	 manifestations	 including
decreased	 libido,	 obesity	 or	 weight	 gain,	 facial	 plethora	 or	 rounding,	 menstrual	 changes,	 hypertension,	 and
hirsutism.68	 The	 characteristic	 features	 of	 increased	 supraclavicular	 fat,	 proximal	muscle	weakness,	 and	 purple
striae	occur	in	a	minority	of	patients.

Diagnosis
Patients	 with	 characteristics	 of	 glucocorticoid	 excess	 should	 have	 a	 biochemical	 confirmed	 diagnosis	 of	 high
cortisol	state	before	proceeding	to	the	differential	diagnosis	of	Cushing	syndrome.

The	 initial	 screening	 tests	 for	 Cushing	 syndrome	 are	 the	 24-hour	 urinary	 free	 cortisol	 (UFC),	 low-dose
dexamethasone	suppression	test	(DST),	and	the	late-night	salivary	cortisol.69–71	UFC	values	higher	than	fourfold
greater	than	the	upper	normal	limit	are	rare	in	disorders	other	than	Cushing	syndrome.	However,	up	to	three	24-
hour	collections	may	be	required	to	exclude	intermittent	hypercortisolism,	and	the	test	is	not	reliable	in	patients
with	 creatinine	 clearance	below	30	mL	per	min.	There	 are	 two	 low-dose	DST	commonly	used,	 and	 the	 test	 is
based	 on	 the	 fact	 that	 in	 normal	 subjects,	 the	 administration	 of	 supraphysiologic	 doses	 of	 glucocorticoids
suppresses	 ACTH	 and	 cortisol	 secretion.72	 In	 patients	 with	 endogenous	 Cushing	 syndrome,	 however,	 the
administration	of	low-dose	dexamethasone	does	not	suppress	ACTH.	The	late-night	salivary	cortisol	is	based	on
the	 high	 correlation	 between	 free	 serum	 and	 salivary	 cortisol	 levels,	 independent	 of	 salivary	 flow	 rates.73
Furthermore,	unlike	the	serum	counterpart,	salivary	cortisol	is	not	significantly	affected	by	changes	in	the	serum
binding	proteins.	Due	 to	 its	 easy	collection	and	prolonged	 stability	 at	 room	 temperature,	 the	 late-night	 salivary
cortisol	test	appears	particularly	suitable	for	outpatient	screening	of	Cushing	syndrome.	The	presence	of	normal
salivary	cortisol	levels	from	samples	obtained	on	2	separate	days	makes	Cushing	syndrome	very	unlikely.

Once	the	diagnosis	of	Cushing	syndrome	is	confirmed,	the	next	step	is	to	establish	the	cause.	The	three	broad
subgroups	are	ACTH-independent	adrenal	etiologies,	ACTH-dependent	pituitary,	and	ectopic	causes.	The	workup
starts	 with	 the	 measurement	 of	 plasma	 ACTH,	 with	 levels	 less	 than	 10	 pg/mL	 and	 greater	 than	 20	 pg/mL
indicating	ACTH	independent	and	dependent,	respectively.74	Because	both	pituitary	and	ectopic	causes	belong	to
the	 ACTH-dependent	 category,	 the	 next	 task	 is	 to	 rule	 out	 Cushing	 syndrome,	 usually	 by	 a	 brain	 MRI.
Nevertheless,	 pituitary	 tumors	 are	 identified	 in	 only	 approximately	 50%	 of	 patients	 with	 pituitary	 tumors.74



Furthermore,	 approximately	 10%	 of	 healthy	 individuals	 may	 have	 incidental	 pituitary	 lesions.	 Therefore,
additional	 testing	may	 be	 required	 with	 bilateral	 inferior	 petrosal	 sinus	 sampling,	 which	 has	 a	 sensitivity	 and
specificity	 of	 approximately	 95%	 and	 is	 considered	 the	 gold	 standard	 for	 the	 differential	 diagnosis	 of	ACTH-
dependent	Cushing	syndrome.	In	this	test,	ACTH	is	collected	simultaneously	from	both	inferior	petrosal	sinuses,
which	 drain	 directly	 from	 the	 pituitary	 circulation,	 and	 blood.	A	 central	 to	 peripheral	 gradient	 of	more	 than	 2
suggests	 a	 pituitary	 source.	 Patients	with	ACTH-dependent	Cushing	 syndrome	without	 evidence	 of	 a	 pituitary
cause	 are	 likely	 to	 have	 ectopic	 ACTH	 production	 from	 neuroendocrine	 malignancies.	 Therefore,	 in	 patients
without	an	established	cancer	diagnosis,	the	next	step	would	be	to	search	for	the	occult	malignancy	with	CT	scans
of	the	chest	and	abdomen.	The	use	of	further	imaging	tests	will	be	guided	by	the	findings	from	the	initial	workup.

Treatment
Complete	remission	of	Cushing	syndrome	may	be	achieved	in	the	majority	of	patients	in	whom	the	ectopic	source
of	ACTH	is	identified	and	the	tumor	is	treated	with	curative	intent.	Nevertheless,	curative	resection	is	often	not
possible,	and	patients	require	therapies	aimed	at	decreasing	the	cortisol	secretion	by	the	adrenal	glands.	Although
systemic	 therapy	 may	 improve	 the	 hypercortisolism,	 particularly	 in	 cases	 of	 SCLC,	 most	 patients	 require
inhibitors	 of	 cortisol	 secretion.	 The	 medical	 treatment	 of	 ectopic	 Cushing	 syndrome	 includes	 adrenal
steroidogenesis	 inhibitors	 such	 as	 ketoconazole	 and	 metyrapone	 and	 the	 glucocorticoid	 receptor	 blocker
mifepristone.74,75

Hypoglycemia
Hypoglycemia	is	most	commonly	caused	by	drugs,	usually	as	a	complication	from	treatment	with	insulin	or	oral
hypoglycemic	 agents	 in	 patients	 with	 diabetes	 mellitus.	 Hypoglycemia	 in	 patients	 without	 diabetes	 mellitus
undergoing	treatment	is	rare	and	may	be	caused	mainly	by	drugs,	ethanol,	liver	disease,	renal	disease,	congestive
heart	failure,	endocrinopathies,	malnutrition,	sepsis,	and	malignancies.76	Tumor-induced	hypoglycemia	may	occur
due	to	increased	secretion	of	insulin	by	pancreatic	islet	β-cell	tumors	or	the	exceedingly	rare	ectopic	secretion	of
insulin	by	non–islet	cell	tumors,	destruction	of	the	liver	and	adrenal	glands	by	large	metastases,	or	production	of
substances	interfering	with	the	glucose	metabolism,	such	as	secretion	of	insulin-like	growth	factor	1	(IGF1)	and
partially	processed	precursors	of	 insulin-like	growth	factor	2	(IGF2),	which	are	collectively	known	as	non–islet
cell	 tumor–induced	hypoglycemia	 (NICTH).77,78	Although	virtually	 any	 type	 of	 cancer	may	 cause	NICTH,	 the
most	 common	 etiologies	 are	 sarcomas,	 hepatocellular	 carcinoma	 (HCC),	 and	 GI	 carcinomas.	 The	 proposed
mechanism	for	the	development	of	NICTH	is	the	increased	production	of	pro-IGF2,	which	cannot	be	processed	by
the	tumors,	leading	to	release	of	the	stable	and	metabolically	active	intermediate	pro-IGF2E	(“big	IGF2”)	into	the
circulation.

Diagnosis
Clinical	 hypoglycemia	 is	 defined	 as	 a	 plasma	 glucose	 concentration	 that	 is	 low	 enough	 to	 cause	 symptoms.79
Because	it	is	unable	to	either	store	or	generate	glucose,	the	brain	relies	on	a	continuous	external	supply	of	glucose
to	 meet	 its	 energy	 requirements.	 The	 physiologic	 adaptation	 to	 hypoglycemia	 includes	 a	 decrease	 in	 insulin
secretion	and	an	 increase	 in	glucagon	and	epinephrine	secretion.	The	symptoms	from	hypoglycemia	may	result
from	 the	 insufficient	 supply	of	glucose	 to	 the	brain	 (neuroglycopenia)	or	 the	action	of	 the	autonomic	system.80
Neuroglycopenic	 symptoms	 include	 cognitive	 impairment,	 behavior	 changes,	 seizure,	 and	 coma,	 whereas
autonomic	 symptoms	 include	 palpitations,	 tremors,	 sweating,	 and	 hunger.	 Patients	 may	 also	 have	 pallor	 and
diaphoresis	 as	 the	 result	 of	 adrenergic	 vasoconstriction	 and	 cholinergic	 activation	 of	 the	 sweat	 glands,
respectively.	Because	the	clinical	manifestations	are	nonspecific,	the	diagnosis	may	be	confirmed	by	documenting
the	Whipple	triad,	which	consists	of	symptoms	and	signs	of	hypoglycemia,	low	plasma	glucose	concentration,	and
resolution	of	the	symptoms	with	increased	glucose	concentration.

Once	the	diagnosis	of	hypoglycemia	is	established,	 the	next	step	is	 to	 identify	the	etiology	(Table	122.5).	 In
patients	with	insulinoma	or	using	oral	hypoglycemic	agents,	both	insulin	levels	and	C-peptide	are	elevated.	The
detection	 of	 oral	 circulating	 hypoglycemic	 agents,	 such	 as	 sulfonylureas,	 allows	 the	 differentiation	 from
insulinoma.	In	contrast,	exogenous	administration	of	insulin	and	NICTH	are	associated	with	low	C-peptide	levels.
Insulin	levels,	however,	are	elevated	with	exogenous	insulin	and	decreased	in	NICTH.79

Treatment
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The	treatment	of	hypoglycemic	disorders	is	subdivided	into	symptomatic	relief	and	correction	of	the	underlying
cause.	The	acute	treatment	of	hypoglycemia	is	with	fast-acting	carbohydrate	replacement	including	oral	ingestion
of	 glucose	 tablets,	 candy,	 or	 fruit	 juice.	 Patients	with	 severe	 hypoglycemia	 should	 be	 treated	with	 intravenous
dextrose	50%	or	1	mg	of	glucagon	by	subcutaneous	or	intramuscular	route.81	After	the	correction	of	the	glucose
levels	and	symptomatic	improvement,	further	workup	with	imaging	studies	should	be	pursued	depending	on	the
initial	serologic	tests.	Surgical	resection	of	the	primary	malignancy,	when	feasible,	usually	provides	a	resolution
of	the	fasting	hypoglycemia.	Chemotherapy	combinations	and	radiation	therapy	may	be	effective	in	a	variety	of
unresectable	solid	tumors	associated	with	NICTH	and	insulinoma.	The	combination	of	diazoxide	and	a	thiazide
diuretic	may	improve	the	hypoglycemia	caused	by	both	NICTH	and	insulinomas.

TABLE	122.5
Differential	Diagnosis	of	Hypoglycemia

Diagnosis Insulin C-Peptide Circulating	Hypoglycemic	Agent
Insulinoma ≥3	μU/mL ≥0.2	mmol/L Absent

NICTH <3	μU/mL <0.2	mmol/L Absent

Oral	hypoglycemic ≥3	μU/mL ≥0.2	mmol/L Present

Exogenous	insulin ≥3	μU/mL <0.2	mmol/L Absent
NICTH,	non–islet	cell	tumor–induced	hypoglycemia.

PARANEOPLASTIC	HEMATOLOGIC	SYNDROMES
Anemia
Anemias	are	a	common	finding	in	patients	with	cancer,	with	a	wide	range	of	prevalence	depending	on	the	cancer
type	and	geographic	area.82	The	etiology	of	anemia	in	patients	with	cancer	is	usually	multifactorial,	 including	a
combination	 of	 blood	 loss,	 hemolysis,	 and	 decreased	 red	 cell	 production.	 Usual	 factors	 leading	 to	 anemia	 in
patients	with	 cancer	 include	 bleeding;	 treatment-related	myelosuppression;	 hemolysis;	 impaired	 renal	 function;
deficiency	of	 iron,	 folate,	 or	vitamin	B12;	 and	 the	 anemia	of	 chronic	 disease	 (ACD),	 also	known	as	 anemia	of
inflammation.83	 The	 main	 etiologies	 for	 ACD	 include	 infections,	 autoimmune	 disorders,	 and	 malignancies.84
ACD	is	caused	by	an	increased	uptake	and	retention	of	iron	within	the	reticuloendothelial	cells,	with	a	diversion
of	iron	from	the	circulation	to	the	storage	sites,	 leading	to	a	state	of	functional	 iron	deficiency.	ACD	is	usually
normochromic	 and	normocytic,	with	decreased	 serum	 iron	 and	 transferrin	 saturation.	Ferritin,	 a	marker	of	 iron
storage,	is	usually	normal	or	increased	in	ACD,	in	contrast	to	low	values	in	iron	deficiency	anemia.	When	caused
by	 a	 malignancy,	 ACD	 fits	 the	 criteria	 for	 paraneoplastic	 syndrome.	 Although	 the	 treatment	 of	 choice	 for
paraneoplastic	ACD	is	directed	at	the	underlying	malignancy,	this	approach	is	not	always	possible	or	successful.85
Therefore,	management	of	the	anemia	becomes	important	in	a	large	fraction	of	patients.

Pure	 red	 cell	 aplasia	 (PRCA)	 is	 a	 syndrome	 defined	 by	 a	 normocytic	 normochromic	 anemia	 with	 severe
reticulocytopenia	and	a	marked	decrease	or	absence	of	bone	marrow	precursors.	The	abnormalities	are	limited	to
the	red	cell	lineage.	PRCA	may	be	subdivided	into	congenital	and	acquired.86	Acquired	PRCA	may	be	primary,
such	 as	 in	 primary	 autoimmune	PRCA	or	 primary	myelodysplastic	 PRCA,	 or	 secondary.	Causes	 of	 secondary
acquired	 PRCA	 include	 drugs,	 infections,	 autoimmune	 disorders,	 hematologic	malignancies,	 and	 solid	 tumors.
Thymoma	is	the	tumor	with	the	strongest	association	with	paraneoplastic	PRCA.

Polycythemia
Polycythemia	 is	 defined	by	hematocrit	 greater	 than	48%	and	52%	 in	women	and	men,	 respectively.	 It	may	be
classified	 as	 relative,	 when	 caused	 by	 decreased	 plasma	 volume,	 or	 absolute,	 with	 the	 latter	 subdivided	 into
primary	and	secondary.	Primary	polycythemias	are	caused	by	mutations	within	the	erythroid	precursors,	with	the
most	 common	 etiology	 being	 polycythemia	 vera,	 which	 is	 characterized	 by	 JAK2V617F	mutations	 in	 96%	 of
cases	and	JAK2	exon	12	mutations	in	approximately	3%	of	the	remaining	cases.87	Secondary	polycythemias	are
usually	caused	by	 increases	 in	circulating	erythropoietin.	There	are	 several	causes	of	 secondary	polycythemias,
including	 hypoxia,	 endocrine	 disorders,	 renal	 cysts,	 use	 of	 androgens	 or	 erythropoietin,	 and	 tumors.	 The	most



common	 tumors	associated	with	paraneoplastic	erythrocytosis	are	HCC,	 renal	cell	carcinoma	(RCC),	cerebellar
hemangioblastoma,	pheochromocytomas,	and	uterine	leiomyomas.88,89	Paraneoplastic	erythrocytosis	is	present	in
approximately	 2%	 to	 10%	 of	 patients	 with	 HCC	 and	 1%	 to	 5%	 of	 patients	 with	 RCC.	 The	 treatment	 for
paraneoplastic	erythrocytosis	is	surgical	removal	of	the	tumor.	There	is	usually	no	need	for	specific	therapy	of	the
erythrocytosis,	with	phlebotomy	indicated	only	in	symptomatic	cases.

Leukocytosis
Leukemoid	reaction,	defined	as	a	white	blood	cell	count	greater	than	40,000	to	50,000/μL,	may	occur	in	severe
infections	or	 as	 a	paraneoplastic	 syndrome.90,91	 Paraneoplastic	 leukemoid	 reaction	 appears	 to	 be	 caused	 by	 the
autonomous	 production	 of	 growth	 factors,	 including	 granulocyte	 colony-stimulating	 factor,	 granulocyte-
macrophage	 colony-stimulating	 factor,	 and	 interleukins,	 by	 the	 tumor	 cells.	 There	 have	 been	 reports	 of
paraneoplastic	leukemoid	reaction	with	nearly	all	solid	tumors,	and	it	is	associated	with	poor	outcomes.	In	a	large
retrospective	 review	 of	 3,770	 consecutive	 patients	 with	 leukocyte	 count	 greater	 than	 40,000/μL	 from	 2005	 to
2008,	 758	 patients	 (20%)	 had	 solid	 tumor.92	 Among	 these	 patients,	 the	 leukocytosis	 was	 attributed	 to
hematopoietic	 growth	 factors	 in	 522	 (69%),	 infection	 in	 112	 (15%),	medicines	 including	 corticosteroids	 in	 38
(5%),	 and	 newly	 diagnosed	 leukemia	 in	 9	 (1%).	 The	 remaining	 77	 (10%)	 patients	 were	 diagnosed	 with
paraneoplastic	leukemoid	reaction,	of	which	nearly	all	had	large	tumor	burden,	78%	had	multiple	metastases,	and
53%	had	lung	involvement.	Paraneoplastic	leukemoid	reaction	should	be	suspected	in	patients	with	large	tumor
burden	from	solid	tumors	and	no	evidence	of	infection.

Both	 tumor-associated	 tissue	 eosinophilia	 and	 tumor-associated	 blood	 eosinophilia	 have	 been	 reported	 in	 a
variety	of	cancers	including	lung,	cervical,	breast,	colon,	 liver,	pancreas	sarcomas,	and	hematologic	tumors.93,94
The	development	of	eosinophils	is	regulated	by	three	cytokines	encoded	by	closely	linked	genes	on	chromosome
5q31:	 interleukin	 (IL)-3,	 IL-5,	 and	 granulocyte-macrophage	 colony-stimulating	 factor.	 IL-5,	 also	 known	 as
eosinophil-differentiating	 factor,	 is	 the	 most	 specific	 cytokine	 for	 eosinophil	 lineage	 and	 responsible	 for	 both
selective	differentiation	of	eosinophils	and	their	release	from	the	bone	marrow.94

Thrombocytosis
Thrombocytosis	is	defined	as	a	platelet	count	greater	than	450/μL	and	is	usually	subdivided	into	familial,	primary,
and	 reactive	 (secondary).95	 Reactive	 thrombocytosis	 may	 occur	 in	 multiple	 disorders,	 including	 chronic
inflammation	 and	 infection,	 through	 the	 generation	 of	 inappropriately	 high	 levels	 of	 thrombopoietin	 (TPO).96
Although	 solid	 tumors	 usually	 do	 not	 express	 TPO,	 they	 stimulate	 thrombopoiesis	 through	 other	 cytokines,
particularly	 IL-6,	 which	 induces	 TPO	 messenger	 RNA	 (mRNA)	 expression	 and	 protein	 production	 in	 the
liver.97,98	Platelets	may	have	a	 role	 in	 the	cancer	progression	 through	many	mechanisms,	 including	decrease	of
intrinsic	 apoptosis;	 induction	 of	 angiogenesis	 through	 the	 release	 of	 proangiogenic	 factors	 including	 vascular
endothelial	 growth	 factor	 (VEGF),	 platelet-derived	growth	 factor	 (PDGF)	 contained	within	 the	α-granules,	 and
basic	fibroblast	growth	factor	(bFGF);	intravascular	migration	through	shielding	of	tumor	cells	in	the	circulation;
and	 extravasation.97,99	 In	 a	 review	 of	 732	 patients	 with	 platelet	 counts	 ≥500/μL,	 643	 (87.7%)	 had	 secondary
thrombocytosis,	with	85	(11.6%)	of	those	caused	by	malignancies,	including	lymphomas;	sarcomas;	and	GI,	lung,
breast,	and	ovarian	cancers.100	Paraneoplastic	thrombocytosis	is	usually	associated	with	poor	prognosis.

PARANEOPLASTIC	DERMATOLOGIC	MANIFESTATIONS
Paraneoplastic	dermatoses	are	disorders	where	 the	skin	changes	occur	 in	 the	absence	of	malignant	cells.101	The
criteria	 for	establishing	 the	 relationship	between	an	 internal	malignancy	and	 the	cutaneous	disorder	 include	 the
following:	(1)	concurrent	onset	of	the	malignancy	and	skin	disease;	(2)	parallel	course	for	the	malignancy	and	skin
disease,	 with	 regression	 of	 the	 skin	 disease	 with	 successful	 treatment	 of	 the	 malignancy	 and	 return	 of	 the
cutaneous	 signs	 and	 symptoms	with	 the	 tumor	 relapse;	 (3)	 uniform	 relation	 between	 the	 skin	 disease	 and	 the
malignancy;	(4)	statistically	significant	association	between	the	malignancy	and	specific	cutaneous	disease;	and
(5)	genetic	association	between	the	malignancy	and	a	specific	cutaneous	disease.

Paraneoplastic	 dermatologic	 syndromes	 are	 the	 initial	 presentation	 in	 approximately	 1%	 of	 internal
malignancies	and	may	be	initially	detected	by	a	dermatologist.102
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Acanthosis	Nigricans
Acanthosis	nigricans	is	a	symmetric	and	velvety	hyperpigmented	thickening	of	the	skin,	occurring	most	frequently
in	 the	 intertriginous	 areas	 such	as	 axilla,	 sides	of	 the	neck,	 and	groin.103,104	Acanthosis	 nigricans	 is	 commonly
observed	in	obese	persons,	in	association	with	insulin	resistance	and	other	endocrinopathies,	whereas	it	may	rarely
occur	 as	 a	 paraneoplastic	manifestation.	 The	most	 commonly	 associated	malignancy	 is	 gastric	 carcinoma.	The
possibility	of	an	underlying	malignancy	should	be	strongly	considered	in	nonobese	adults	with	rapidly	developing
lesions	in	the	absence	of	a	diagnosed	endocrinopathy,	indicating	the	need	for	an	extensive	GI	evaluation.101

Tripe	Palms
Tripe	 palms	 are	 characterized	 by	 a	 velvety	 hyperkeratosis	 of	 the	 palms.103	 This	 disorder	 is	 associated	with	 an
underlying	malignancy	in	more	than	90%	of	cases.	When	tripe	palms	are	associated	with	acanthosis	nigricans,	the
most	commonly	associated	malignancy	is	gastric	adenocarcinoma,	whereas	in	the	absence	of	acanthosis	nigricans,
the	most	common	associated	malignancy	is	lung	cancer.

Sign	of	Leser-Trélat
The	 sign	 of	Leser-Trélat	 is	 an	 acute	 and	 explosive	 appearance	 of	multiple	 seborrheic	 keratoses,	 usually	 in	 the
trunk.104	The	most	commonly	associated	malignancies	are	adenocarcinomas	of	the	GI	tract.	The	inflammation	of
preexisting	seborrheic	keratosis	during	chemotherapy	is	called	pseudo-sign	of	Leser-Trélat.105

Erythema	Gyratum	Repens
Erythema	 gyratum	 repens	 is	 the	 most	 common	 type	 of	 erythematous	 lesion	 associated	 with	 cancer	 and	 is
characterized	by	erythematous,	 scaly,	concentric	 rings	 that	progress	at	a	 rate	of	1	cm	per	day	and	occur	on	 the
truck	or	proximal	aspect	of	 the	extremities.102	The	 lesions	are	pruritic	and	are	 frequently	described	as	having	a
“wood	grain”	appearance.106	The	face,	hands,	and	feet	are	generally	spared.	An	underlying	malignancy	is	present
in	approximately	80%	of	cases.	The	most	common	malignancies	are	lung,	esophagus,	and	breast	cancers.102,107

Necrolytic	Migratory	Erythema
Necrolytic	migratory	erythema	is	characterized	by	erythematous	annular	or	arciform	lesions	that	will	coalesce	into
plaques,	which	can	resemble	psoriasis.	The	edges	of	the	lesions	are	characterized	by	blisters,	erosions,	and	crusts.
Other	mucocutaneous	symptoms	include	cheilosis,	atrophic	glossitis,	oral	mucosal	inflammation,	and	alopecia.106
The	lesions	are	most	common	in	the	groin,	perineum,	buttocks,	intertriginous	areas,	and	perioral	area.102,107	This
disorder	 is	 associated	with	 glucagon-secreting	 α-islet	 cell	 tumors	 and	 glucagonoma	 syndrome,	which	 includes
diabetes	 mellitus	 or	 glucose	 intolerance,	 weight	 loss,	 diarrhea,	 anemia,	 venous	 thromboembolism,	 and
neuropsychiatric	disorders.107

Bazex	Syndrome
Bazex	syndrome,	also	known	as	acrokeratosis	paraneoplastica	of	Bazex,	is	a	psoriasiform	condition	that	presents
with	symmetric,	erythematous,	scaling	plaques	on	the	hands,	feet,	elbows,	and	knees.	The	lesions	typically	do	not
respond	to	topical	treatments	but	often	resolve	after	tumor	resection,	with	a	return	indicating	a	tumor	relapse.108
The	most	common	associated	malignancies	are	squamous	cell	carcinomas	of	the	upper	aerodigestive	tract.

Paraneoplastic	Pemphigus
Paraneoplastic	pemphigus	is	characterized	by	polymorphous	skin	lesions	that	progress	to	blistering	eruptions	on
the	trunk	and	extremities.106	Clinically	painful	stomatitis	is	the	most	characteristic	finding	and	frequently	involves
the	entire	mouth	and	lips.107	The	stomatitis	is	often	intractable	and	may	involve	the	esophagus	and/or	anogenital
region.	 Some	 patients	 have	 pulmonary	 involvement	 and	 can	 develop	 bronchiolitis	 obliterans	 organizing
pneumonia.	 Pulmonary	 involvement	 portends	 a	 poor	 prognosis.109	 In	 the	majority	 of	 the	 cases,	 the	 underlying
malignancy	is	diagnosed	before	the	onset	of	pemphigus,	and	the	most	commonly	associated	malignancies	are	non-
Hodgkin	lymphoma,	chronic	lymphoid	leukemia,	Castleman	disease,	and	thymoma.106,110



Hypertrichosis	Lanuginose
Hypertrichosis	lanuginose	may	occur	as	congenital	or	acquired	forms.111	The	acquired	form	is	characterized	by	an
extensive	growth	of	 silky,	nonpigmented	 lanugo	hair	 that	progresses	 in	 a	 cephalocaudal	pattern,	 starting	 in	 the
forehead,	ears,	nose,	and	temples,	followed	by	progression	into	the	trunk	and	extremities,	while	sparing	the	palms,
soles,	and	genitalia.103	 The	most	 commonly	 associated	malignancies	 in	women	 are	 colorectal,	 lung,	 and	 breast
cancers,	whereas	lung	and	colorectal	cancers	are	the	most	common	in	men.

PARANEOPLASTIC	RHEUMATOLOGIC	MANIFESTATIONS
Hypertrophic	Osteoarthropathy
Hypertrophic	osteoarthropathy	(HOA)	is	a	medical	condition	characterized	by	abnormal	proliferation	of	the	skin
and	 periosteal	 tissues	 at	 the	 distal	 parts	 of	 the	 extremities.112	 The	 clinical	 features	 include	 digital	 clubbing,
periostosis	 of	 the	 tubular	 bones,	 and	 synovial	 effusions.	 HOA	 may	 occur	 as	 a	 primary	 hereditary	 disease	 or
secondary,	which	in	turn	may	be	subdivided	into	localized	and	generalized.	HOA	localized	to	one	or	two	limbs
may	 occur	 in	 patients	 with	 aneurysms,	 hemiplegia,	 and	 cyanotic	 limbs	 in	 patent	 ductus	 arteriosus.	 Secondary
generalized	 HOA	 is	 most	 commonly	 caused	 by	 pulmonary	 disorders	 including	 both	 benign	 and	 malignant
etiologies.	The	most	common	cause	of	secondary	HOA	is	non-SCLC,	where	it	is	present	in	approximately	1%	of
patients.113,114	Patient	may	be	asymptomatic	or	complain	of	bone	pain.112	The	radiologic	hallmark	is	periostosis,
which	may	be	detected	by	radiograph,	bone	scan,	and	MRI.

Patients	may	be	asymptomatic	or	complain	of	bone	pain,	which	occasionally	may	be	deep	and	excruciating	or
more	prominent	in	the	lower	extremities.	Periostosis	is	the	radiographic	hallmark	of	HOA	and	may	be	detected	by
radiograph	or	bone	scan.	Treatment	with	nonsteroidal	anti-inflammatory	drugs	may	provide	symptomatic	relief.
Surgical	resection	of	early-stage	disease	and	chemotherapy	may	result	in	improvement	of	HOA.115	Patients	with
refractory	tumors	may	benefit	from	bisphosphonates116,117	or	radiotherapy.118

Vasculitis
Cancers	may	 be	 found	 in	 approximately	 2%	 to	 5%	 of	 patients	 with	 vasculitis.119	 The	most	 common	 types	 of
paraneoplastic	vasculitis	are	the	small	vessel	vasculitis	syndromes,	namely	leukocytoclastic	vasculitis	(LCV)	and
immunoglobulin	 A	 vasculitis,	 formerly	 known	 as	 Henoch-Schönlein	 purpura	 (HSP).	 LCV,	 the	 most	 common
paraneoplastic	vasculitis,	 accounting	 for	50%	 to	60%	of	 cases,	 is	 associated	most	 commonly	with	hematologic
malignancies.

Idiopathic	Inflammatory	Myopathies
Idiopathic	 inflammatory	myopathies	 are	 a	 group	 of	 acquired	 connective	 tissue	 diseases	 that	 affect	 mainly	 the
skeletal	 muscle	 and	 may	 be	 subdivided	 according	 to	 the	 characteristic	 features	 into	 dermatomyositis	 (DM),
polymyositis	(PM),	and	inclusion	body	myositis	(IBM).120	Cancers	may	be	discovered	before,	at	the	same	time	as,
or	after	the	diagnosis	of	the	inflammatory	myopathy,	with	the	highest	risk	within	the	first	year	of	diagnosis	and
extending	 up	 to	 5	 years	 in	 DM.121	 In	 a	 review	 of	 case	 series	 of	 inflammatory	 myopathies,	 there	 were	 2,439
patients	with	DM	and	947	patients	with	PM,	of	whom	574	 (24%)	 and	97	 (10.2%)	had	 associated	malignancy,
respectively.122	The	most	common	malignancies	associated	with	DM	were	carcinomas	of	the	nasopharynx	(21%),
breast	(15%),	lung	(15%),	ovary	(9%),	and	colon	(5%),	with	no	predominant	tumor	among	patients	with	PM.	The
type	 of	 malignancy	 associated	 with	 the	 inflammatory	 myopathies	 depends	 on	 the	 geographic	 area.	 In	 a
Scandinavian	study,	ovarian,	lung,	and	GI	cancers	were	the	most	commonly	associated	with	DM,	whereas	non-
Hodgkin	lymphoma	and	bladder	cancer	were	the	most	common	cancers	associated	with	PM.123	Overall,	70%	of
associated	 malignancies	 for	 DM	 and	 PM	 combined	 were	 adenocarcinomas.	 In	 contrast,	 a	 study	 performed	 in
Taiwan	 showed	nasopharyngeal	 carcinoma	 as	 the	most	 common	malignancy	 associated	with	DM,	 followed	by
lung	cancer	and	breast	cancer,	whereas	there	were	no	dominant	tumors	in	PM.124	The	muscle	weakness	in	patients
with	 cancer-associated	 myopathy	 is	 usually	 rapidly	 progressive	 and	 severe,	 leading	 to	 a	 higher	 frequency	 of
immobility	 compared	 to	 nonparaneoplastic	myopathies.121	 The	 risk	 for	 underlying	 malignancy	 is	 increased	 in
older	 patients,	 males,	 and	 those	 with	 more	 severe	 disease,	 including	 more	 severe	 or	 distal	 muscle	 weakness,
dysphagia,	 respiratory	 muscle	 involvement,	 and	 disease	 refractory	 to	 treatment.	 The	 risk	 of	 underlying
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malignancy	 is	 also	 increased	 in	 the	 presence	 of	 antibodies	 to	 transcription	 intermediary	 factor	 1γ	 (TIF1γ)	 and
nuclear	matrix	protein	in	patients	with	DM	and	PM.125	Screening	for	malignancies	in	patients	with	inflammatory
myopathies	should	be	based	on	age,	gender,	and	geographic	area,	although	patients	with	higher	risk	may	require	a
more	comprehensive	screening,	including	tumor	markers	and	imaging	studies.
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Cell	Transplantation
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INTRODUCTION
Many	decades	ago,	researchers	determined	that	bone	marrow	cells	transplanted	from	one	animal	to	another	could
restore	blood	production.1	As	these	preclinical	investigations	were	taken	into	the	clinical	arena,	hematopoietic	cell
transplantation	(HCT)	evolved	as	a	potentially	curative	modality	for	selected	malignant	and	certain	nonmalignant
diseases.	Many	malignancies	show	a	steep	dose-response	curve	to	cytotoxic	therapy	(i.e.,	small	increments	in	dose
of	 drug	 or	 radiation	 markedly	 increase	 the	 number	 of	 cancer	 cells	 killed).	 Cure	 or	 effective	 disease	 control
depends	on	delivering	intensive	doses	of	chemotherapy	and/or	radiation	therapy.	This	intensity	often	exceeds	the
tolerance	of	bone	marrow,	necessitating	restoration	of	hematopoietic	marrow	function	in	such	patients	to	prevent
irreversible	and	fatal	marrow	aplasia.	This	is	accomplished	by	restoring	blood	production	using	either	autologous
(“self”)	cells	(i.e.,	autologous	HCT)	or	cells	collected	from	another	individual	(i.e.,	allogeneic)	donor	cells	(i.e.,
allogeneic	HCT).	Autologous	HCT	depends	entirely	on	high-dose	therapy	to	eradicate	malignancy,	in	contrast	to
allogeneic	HCT	in	which	the	immunocompetent	infused	cells	exert	an	“allogeneic	effect”	against	the	tumor	(i.e.,
graft-versus-tumor	effect).

The	 phases	 of	 autologous	HCT	 include	 collection	 of	 autologous	 hematopoietic	 progenitor	 cells	 (HPCs)	 and
their	 cryopreservation;	 administration	 of	 high-dose	 therapy	 (also	 called	 conditioning	 or	 preparative	 regimen);
thawing	 and	 intravenous	 administration	 of	 the	 autologous	 cells;	 and	 then	 vigorous	 supportive	 care	 including
antibiotics,	 blood	 transfusions,	 and	 other	measures	 such	 as	 electrolyte	 replacement	while	 awaiting	 recovery	 of
hematopoiesis.

Careful	 patient	 selection	 is	 crucial	 to	 successful	 outcomes	 after	 autologous	 HCT.	 Patients	 with	 poor
performance	 status	 (Karnofsky	 performance	 score	 ≤60)	 or	 significant	 comorbidities	 (e.g.,	 poor	 cardiac	 reserve
[left	ventricular	ejection	fraction	<40%],	compromised	pulmonary	function	[forced	expiratory	volume	in	1	second
and/or	 adjusted	 diffusion	 capacity	 <40%	 of	 predicted	 normal],	 advanced	 renal	 insufficiency)	 are	 not	 suitable
candidates	for	high-dose	therapies.	Similarly	heavily	pretreated	and	chemotherapy-refractory	patients	are	unlikely
to	benefit	from	this	procedure,	underscoring	the	need	for	timely	transplant	evaluation	for	suitable	patients.

AUTOLOGOUS	HEMATOPOIETIC	PROGENITOR	CELL	COLLECTION
Autologous	HPCs	can	be	collected	from	the	patient’s	bone	marrow	or	blood.	The	collected	bone	marrow	or	blood
HPCs	 are	 suspended	 in	 a	 balanced	 salt	 solution	 containing	 a	 cryoprotectant	 (often	 dimethyl	 sulfoxide)	 and	 are
cryopreserved	 in	 liquid	 nitrogen.	 Bone	 marrow	 collection	 involves	 aspiration	 of	 approximately	 1,000	 mL	 of
marrow	(10	to	15	mL	per	kilogram	patient	weight)	from	the	posterior	superior	iliac	crests	with	the	patient	in	the
prone	position	under	 spinal	or	general	 anesthesia.	However,	 in	 the	past	decade,	nearly	all	 autografts	have	used
HPCs	 collected	 from	blood.	HPCs	 are	 normally	 found	 in	 low	 levels	 in	 the	 blood,	 but	 they	 can	 be	 released	 or
“mobilized”	from	marrow	in	large	numbers	and	collected	via	apheresis	instruments.	This	procedure	usually	takes
2	 to	 3	 hours	 and	 processes	 three	 to	 four	 blood	 volumes.	 The	minimum	HPC	 dose	 to	 successfully	 perform	 an
autologous	HCT	is	generally	considered	to	be	2	million	CD34+	cells	per	kilogram	recipient	body	weight.	A	dose
of	≥4	 to	6	million	CD34+	 cell	 per	 kilogram	 is	 considered	optimal.	Hematopoietic	 recovery	 is	 generally	 slower
with	doses	<2	million	CD34+	cells	per	kilogram,	and	platelet	recovery	is	often	(but	not	always)	faster	with	doses
≥5	million	CD34+	cells	per	kilogram.

HPCs	 are	 generally	mobilized	 by	 serial	 administration	 of	 hematopoietic	 growth	 factors	 such	 as	 granulocyte



colony-stimulating	 factor	 either	 alone	 (“cytokine	 only”	 strategy)	 or	 in	 combination	 with	 chemotherapy	 agents
such	 as	 cyclophosphamide	 (“chemomobilization”	 strategy).	Another	 agent,	 plerixafor,	works	 by	 disrupting	 the
chemokine	 receptor	 type	 4	 and	 stromal-derived	 factor	 tether	 between	 the	HPCs	 and	 the	marrow	 stromal	 cells.
Most	 patients	 have	 an	 adequate	 amount	 of	 HPCs	 collected	 after	 one	 or	 two	 apheresis	 procedures.	 Prior
chemotherapy	or	radiation	therapy	can	impair	mobilization,	which	may	affect	HPC	collection	strategy.

AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION	TOXICITIES
AND	SUPPORTIVE	CARE
Specific	 regimens	 used	 for	 high-dose	 therapy	 vary	 depending	 on	 the	 indication	 for	HCT	 and	 are	 discussed	 in
coming	sections	in	detail.	HPCs	infused	after	high-dose	therapy	require	time	to	regenerate	hematopoiesis;	during
this	 time,	 the	 patient	 requires	 intensive	 supportive	 care	 to	 prevent	 complications	 arising	 from	 prolonged
cytopenias	and	organ	damage	induced	by	conditioning	regimen.	Breakdown	of	the	normal	mucosal	barriers	in	the
gastrointestinal	 tract	 leading	 to	 oral	 mucositis,	 pain,	 diarrhea,	 and	 increased	 susceptibility	 to	 infectious
complications	 is	 common.	 Hematopoietic	 recovery	 takes	 approximately	 2	 to	 3	 weeks,	 and	 recombinant
hematopoietic	growth	factor	support	early	after	HPC	infusion	can	reduce	the	duration	of	severe	neutropenia	by	2
to	4	days.	Red	blood	cell	and	platelet	transfusions	are	essential	to	prevent	or	treat	complications	and	symptoms	of
profound	cytopenias.	All	blood	products	must	be	irradiated	to	prevent	inadvertent	engraftment	of	“contaminating”
allogeneic	 lymphocytes	 from	 the	 transfused	 unit	 that	 may	 cause	 lethal	 transfusion-associated	 graft-versus-host
disease.	Major	 infections	 encountered	 in	 autologous	HCT	are	 due	 to	 gram-negative	 and	gram-positive	 bacteria
(e.g.,	Clostridium	difficile	 toxin–associated	diarrhea),	herpes	simplex	virus,	and	 fungi,	particularly	Candida	and
Aspergillus	 species.	 The	 use	 of	 prophylactic	 antibacterial,	 antiviral,	 and	 antifungal	 agents;	 recombinant
hematopoietic	growth	factors;	and	blood	HPCs	has	decreased	the	incidence	of	severe	infections.	Other	common
and	reversible	toxicities	include	nausea,	vomiting,	alopecia,	poor	appetite,	rash,	edema,	and	flushing.2

Figure	123.1	Causes	of	death	after	autologous	hematopoietic	cell	transplantation	(U.S.	data,	2011
to	2015).

Visceral	organs	may	also	be	damaged	by	high-dose	therapy.	Rare	but	serious	problems	include	hepatic	veno-
occlusive	disease,	also	known	as	sinusoidal	obstruction	syndrome;	 idiopathic	pneumonia	syndrome;	and	diffuse
alveolar	hemorrhage.2	Hepatic	veno-occlusive	disease	usually	presents	within	the	first	2	to	3	weeks	of	the	HCT
and	manifests	as	 tender	hepatomegaly,	 jaundice,	and	fluid	retention.	Lung	injury	can	present	early	or	 later	after
HCT	and	may	take	months	to	resolve.	Compared	to	allogeneic	HCT,	treatment-related	mortality	(TRM)	is	 low,
typically	<3%	during	the	first	100	days	after	 transplant;	relapse	remains	 the	most	common	cause	of	death	(Fig.
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123.1).

Indications	for	Autologous	Hematopoietic	Cell	Transplantation
The	predominant	indication	for	autologous	HCT	is	the	treatment	of	cancer,	although	it	is	sometimes	performed	for
nonmalignant	diseases	(Fig.	123.2).	This	chapter	focuses	on	the	oncologic	indications	of	autologous	HCT.

AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR
PLASMA	CELL	MYELOMA
In	 the	United	States,	myeloma	and	other	plasma	cell	disorders	 are	 the	most	 common	 indication	 for	 autologous
HCT	(Figs.	123.3	and	123.4).	Two	large	randomized	trials	in	the	1990s3,4	and	four	others5–8	from	the	modern	era
of	myeloma	therapy	have	demonstrated	the	efficacy	of	autologous	HCT	in	prolonging	event-free	survival	(EFS)
and	 overall	 survival	 (OS)	 (in	 four	 of	 these	 studies)	 compared	 with	 a	 variety	 of	 nontransplant	 therapies.
Nonrandomized	 comparisons	 and	meta-analyses	 have	 confirmed	 the	 EFS	 advantage	 and	 the	 importance	 of	 an
HCT-based	 intensification	 in	 eligible	 patients	 for	 sustaining	 initial	 remissions.9,10	 The	 majority	 of	 autologous
HCTs	 for	myeloma	are	performed	 in	newly	diagnosed	patients	 after	 induction	 therapy	 (early	or	upfront	HCT).
Because	myeloma	is	incurable,	even	patients	who	do	not	receive	an	upfront	autograft	may	undergo	HCT	at	relapse
(delayed	autologous	HCT).	Similarly,	those	who	have	benefited	from	an	upfront	autograft	may	receive	a	second
autologous	HCT	after	a	subsequent	relapse	(sometimes	referred	to	as	a	salvage	second	autologous	HCT).

Figure	123.2	Indications	for	autologous	transplantation	in	the	United	States.	MM,	multiple
myeloma;	NHL,	non-Hodgkin	lymphoma;	HL,	Hodgkin	lymphoma;	AML,	acute	myeloid	leukemia;

ALL,	acute	lymphoblastic	leukemia;	CLL,	chronic	lymphocytic	leukemia.



Figure	123.3	Survival	after	autologous	hematopoietic	cell	transplantation	in	myeloma.

Autologous	Hematopoietic	Cell	Transplantation	for	Myeloma:	The	Pre–Novel
Agent	Era
The	 Intergroupe	 Francophone	 Myeloma	 (IFM)	 and	 Medical	 Research	 Council	 led	 randomized	 clinical	 trials
comparing	 autologous	HCT	 to	 the	 then	 available	 conventional	 chemotherapy	 in	 newly	 diagnosed	 patients	 and
demonstrated	 that	 patients	 randomized	 to	 receive	 autologous	HCT	had	 significantly	 higher	 complete	 remission
(CR),	 EFS,	 and	 OS	 rates	 compared	 with	 traditional	 alkylating	 agent–based	 chemotherapy.	 Other	 randomized
studies	from	this	period	failed	to	demonstrate	an	OS	benefit,	although	most	showed	an	improvement	in	EFS.	A
randomized	 French	 study	Myeloma	Auto	Greffe	 95	 (MAG	 95)	 reported	 comparable	OS	 between	 early	 versus
delayed	autologous	HCT.11	In	general,	the	early	studies	indicated	that	an	upfront	autologous	HCT	(immediately
after	 initial	 therapy)	 improved	CR	 rates	 and	EFS,	whereas	OS	benefit	was	 not	 readily	 apparent	 in	 studies	 that
permitted	or	planned	for	delayed	autologous	HCT.	Many	clinicians	therefore	used	the	so-called	“collect	and	hold”
approach	of	harvesting	autologous	HPC	in	first	remission	with	an	intent	to	transplant	at	relapse.

Autologous	Hematopoietic	Cell	Transplantation	for	Myeloma:	The	Modern	Era
In	 the	 two-decade	 period	 since	 IFM	 90,	 several	 classes	 of	 new	 drugs	 with	 considerable	 single-agent	 activity
emerged,	 most	 notably	 the	 immunomodulatory	 drugs	 (thalidomide,	 lenalidomide,	 pomalidomide),	 proteasome
inhibitors	(bortezomib,	carfilzomib,	ixazomib),	and	monoclonal	antibodies	(daratumumab).	These	“novel”	agents
in	doublet	or	triplet	combinations	used	as	initial	induction	therapy	for	multiple	myeloma	have	resulted	in	excellent
CR	rates	comparable	to	those	of	HCT	recipients.	Modern	clinical	trials	therefore	readdressed	the	role	of	HCT	in
the	 setting	 of	 novel	 agent–based	 induction.	 Data	 from	 three	 published	 studies	 and	 one	 presentation	 are
available.5–8	These	 trials	were	designed	with	 the	 study	patients	 receiving	novel	agent	 induction	 followed	by	an
early	HCT	versus	HPC	collection	 followed	by	nontransplant	 consolidation	 and	 late	 autologous	HCT	at	 relapse
among	 controls	 (Table	 123.1).	 All	 four	 of	 these	 trials	 demonstrated	 an	 EFS	 benefit	 for	 upfront	 HCT.	 The
multicenter	 trials	 RV-MM-209	 and	 EMN-441	 used	 the	 doublet	 induction	 of	 lenalidomide	 plus	 dexamethasone
followed	by	 tandem	HCT	versus	 lenalidomide	plus	alkylator	consolidation.	The	early	HCT	cohort	had	superior
EFS	and	OS	despite	significant	(53%)	use	of	delayed	HCT	at	first	relapse	in	the	nontransplant	arm.	These	results
were	confirmed	by	a	pooled	analysis	combining	mature	follow-up	of	these	trials,	which	indicated	a	4-year	OS	of



Dr. AVR @ TMH

84%	for	the	early	HCT	cohort	versus	70%	for	the	nontransplant	cohort.12

Figure	123.4	Survival	after	autologous	hematopoietic	cell	transplantation	in	common	B-cell	non-
Hodgkin	lymphoma	subtypes.

In	the	IFM	2009	study,	patients	received	three	cycles	of	lenalidomide,	bortezomib,	and	dexamethasone	(RVD)
triplet	induction	followed	by	randomization	to	upfront	versus	delayed	HCT.	In	the	upfront	HCT	arm,	autologous
HCT	was	followed	by	two	cycles	of	RVD	consolidation	and	subsequently	lenalidomide	maintenance	for	1	year.
Patients	 in	 the	delayed	HCT	arm	underwent	HPC	cryopreservation	 followed	by	 five	 additional	 cycles	 of	RVD
consolidation	and	 lenalidomide	maintenance.	At	44	months	of	 follow-up,	 the	 study	 indicated	a	 significant	EFS
benefit	for	the	upfront	HCT	arm,	although	with	no	survival	advantage.8	Another	study	(EMN02-HOVON95)	by
the	 European	 Myeloma	 Network	 (EMN)	 and	 Hemato-Oncologie	 voor	 Volwassenen	 Nederland	 (HOVON)
randomized	patients	after	initial	induction	therapy	with	bortezomib	plus	cyclophosphamide	and	dexamethasone	to
upfront	HCT	 (single	or	 tandem)	versus	chemotherapy	consolidation	with	 four	cycles	of	bortezomib,	melphalan
(MEL),	 and	 prednisone.	 Results	 presented	 in	 abstract	 form	 indicate	 that	 the	 3-year	 EFS	 was	 superior	 for	 the
transplant	arm	(66%	versus	57.5%	in	the	nontransplant	arm;	P	=	.003)	with	no	OS	difference.	In	conclusion,	even
in	the	era	of	combination	novel	agent	therapies	as	induction,	EFS	benefit	from	an	early	autologous	HCT	has	been
redemonstrated	across	multiple	 large	 randomized	studies.	Longer	 follow-up	will	be	necessary	 for	OS	 results	 to
mature.	Notably,	the	majority	of	patients	in	the	nontransplant	arms	of	these	studies	proceeded	to	delayed	HCT	at
relapse,	 indicating	 the	 importance	of	early	HPC	collection	after	 induction.	Novel	agent–based	 triplet	 induction,
frontline	 early	 autologous	 HCT,	 and	 maintenance	 therapy	 currently	 remain	 a	 preferred	 standard	 of	 care	 for
transplant-eligible	patients	with	myeloma.

Conditioning	Regimens	for	Autologous	Hematopoietic	Cell	Transplantation	in
Myeloma
A	randomized	phase	III	 trial	evaluating	conditioning	regimens	for	MM	compared	intravenous	MEL	200	mg/m2

(MEL200)	 to	 a	 combination	 of	 MEL	 140	 mg/m2	 (MEL140)	 and	 8	 Gy	 of	 total-body	 irradiation	 (TBI).	 The
MEL140-TBI	regimen	caused	significantly	more	mucositis,	delayed	hematologic	recovery,	and	resulted	in	higher



transfusion	 requirements	 and	 longer	 hospitalization,	whereas	 the	OS	 and	EFS	were	 similar.	Current	Center	 for
International	 Blood	 and	Marrow	 Transplant	 Research	 (CIBMTR)	 data	 indicate	 that	 most	 centers	 (>90%)	 use
MEL200	as	conditioning	therapy	for	myeloma.	An	attempt	to	dose	reduce	MEL	to	100	mg/m2	(intermediate-dose
MEL)	was	not	associated	with	a	meaningful	reduction	in	TRM	and	resulted	in	shorter	EFS.13	Numerous	studies
have	proposed	combining	agents	such	as	busulfan,	bortezomib,	carfilzomib,	and	bendamustine	with	MEL140	or
MEL200,	 but	 none	 of	 these	 regimens	 is	 currently	 standard.	 A	 new	 propylene	 glycol–free	 formulation	 of
intravenous	MEL	was	 approved	 in	 the	United	States	 in	2016,	 although	head-to-head	 clinical	 comparisons	with
older	formulations	of	MEL	are	lacking.

TABLE	123.1
Selected	Randomized	Trials	of	Conventional	Chemotherapy	Compared	to	Single	Autologous
Hematopoietic	Cell	Transplantation	as	Upfront	Therapy	in	Multiple	Myeloma

Study,	Year Transplantation	Arma

Total	No.	of
Patients	and
Age

CR	(%):	Chemotherapy
versus	Autologous	HCT Summary	Outcome

Attal	et	al.,3
1996

MEL	140	+	TBI	8	Gy 200
≤65	y

5	versus	22b OS	and	EFS	superior	for	HCT

Child	et	al.,4
2003

MEL	200 401
≤64	y

8	versus	44b OS	and	EFS	superior	for	HCT

Palumbo	et
al.,14	2004

MEL	100	×	2	autologous
HCT

194
50–70	y

6	versus	25b EFS	and	OS	superior	for	autologous	HCT

Studies	in	the	Novel	Agent	Era
Palumbo	et
al.,7	2014

Rd	induction	→	MEL	200
×	2	HCT
Delayed	HCT	offered	to
control	group

402
≤65	y

33.8	versus	35.7 OS	superior	for	HCT	cohort;	randomized	to
maintenance	versus	no	maintenance

Gay	et	al.,6
2015

Rd	induction	→	MEL	200
×	2	HCT
Delayed	HCT	offered	to
control	group

389
≤65	y

23	versus	37b OS	superior	for	HCT	cohort;	randomized
maintenance	to	both	groups

Attal	et	al.,8
2017

RVd	induction	→	MEL
200	×	1	HCT
Delayed	HCT	offered	to
control	group

700
≤65	y

48	versus	59b MRD	negativity	rates	and	EFS	superior	for
HCT

Cavo	et	al.,5
2016

CyBorD	induction	→
MEL	200	×	1	or	2	HCT
Delayed	HCT	offered	to
control	group

1,192
≤65	y

74	versus	85.5b
(≥VGPR	rate)

MRD	negativity	and	EFS	superior	for	HCT
group;	EFS	superior	for	tandem	HCT

aChemotherapy	doses	in	mg/m2.	Definitions	of	response	were	based	on	nonuniform	criteria.
bStatistically	significant	difference	(P	<	.05).
CR,	complete	remission;	HCT,	hematopoietic	cell	transplantation;	MEL,	melphalan;	TBI,	total-body	irradiation;	OS,	overall	survival;	EFS,	event-free	survival;	Rd,
lenalidomide	 and	 dexamethasone;	 RVd,	 bortezomib,	 lenalidomide,	 and	 dexamethasone;	 MRD,	 minimal	 residual	 disease;	 CyBorD,	 cyclophosphamide,
bortezomib,	and	dexamethasone;	VGPR,	very	good	partial	remission.

OLDER	PATIENTS	AND	THOSE	WITH	COMORBIDITIES
Although	myeloma	is	a	disease	of	the	older	patient,	most	randomized	studies	of	HCT	were	limited	to	patients	≤65
to	 70	 years	 old.	 Survival	 benefit	 was	 shown	 for	 tandem	MEL100	 followed	 by	 autologous	 HCT	 compared	 to
nontransplant	 therapy	 in	 the	 50-	 to	 70-year	 age	 group,	 whereas	 the	 IFM	 99-06	 trial	 arrived	 at	 the	 opposite
conclusion	in	patients	age	65	to	75	years,	showing	no	superiority	for	MEL100	over	ME	plus	prednisone	or	 the
combination	 of	 MEL,	 prednisone,	 and	 thalidomide.14,15	 For	 vulnerable	 elderly	 patients	 or	 those	 with	 organ
dysfunction,	 reduced	 MEL	 dosing	 increases	 treatment	 tolerability	 and	 optimizes	 efficacy.	 MEL140	 is	 the
preferred	conditioning	 regimen	dose	 in	 the	elderly	population	 in	 the	United	States,	and	HCT	 in	 this	population
was	shown	in	a	large	retrospective	study	to	be	safe	and	result	in	similar	EFS	benefit.16	It	has	also	been	shown	that
the	HCT	comorbidity	 index	 is	a	more	useful	 risk	stratification	 tool	 in	 the	autologous	HCT	setting	for	myeloma
than	 chronologic	 age.17	 Advanced	 renal	 impairment	 is	 frequent	 (20%	 to	 30%)	 in	 patients	 with	myeloma,	 and



Dr. AVR @ TMH

autologous	HCT	is	feasible	even	in	those	with	advanced	renal	impairment	(defined	as	a	creatinine	>3	mg/dL	or
receiving	hemodialysis).	MEL200	is	associated	with	severe	toxicity,	and	a	MEL	dose	of	140	mg/m2	is	preferred.18
In	 the	 context	 of	 renal	 failure,	 residual	 dimethyl	 sulfoxide	 in	 the	 thawed	 HPC	 infusion	 can	 cause	 toxicity,
including	histamine	release,	abdominal	pain,	hypotension,	and	worsening	renal	function,	which	can	be	mitigated
by	washing	the	HPC	product.19

MAINTENANCE	THERAPY	AFTER	HEMATOPOIETIC	CELL
TRANSPLANTATION
Various	 consolidation	 and	 maintenance	 strategies	 have	 been	 evaluated	 to	 delay	 the	 inevitable	 progression	 or
relapse	 of	 myeloma	 after	 autologous	 HCT.	 Thalidomide	 maintenance	 after	 tandem	 autologous	 HCT	 has	 been
studied	in	several	randomized	studies	but	has	been	replaced	by	lenalidomide	maintenance	due	to	better	tolerability
and	 superior	 efficacy	 data.	 Both	 the	 Cancer	 and	 Leukemia	 Group	 B	 100104	 and	 IFM	 05-02	 trials20,21
demonstrated	 a	 superior	 progression-free	 survival	 (PFS)	 and	EFS	with	 lenalidomide	maintenance,	whereas	 the
Cancer	and	Leukemia	Group	B	100104	trial	also	demonstrated	an	OS	benefit,	which	has	now	been	sustained	at
long-term	 follow-up.22	 A	 meta-analysis	 that	 pooled	 individual	 patient–level	 data	 from	 1,811	 patients	 from
lenalidomide	maintenance	(versus	placebo)	studies	indicated	a	25%	risk	reduction	in	the	risk	of	mortality	and	a
median	EFS	of	52.8	months	for	recipients	of	maintenance	therapy	(versus	23.5	months	for	controls).	A	two-	 to
threefold	 increase	 in	 second	 primary	malignancies	 has	 been	 observed	with	 lenalidomide	maintenance	 and	was
confirmed	by	the	meta-analysis.	Based	on	these	data,	the	risks	and	benefits	of	lenalidomide	maintenance	should
be	discussed	with	autologous	HCT	recipients.	Numerous	other	approaches	to	post-HCT	therapy	are	being	studied
in	myeloma,	including	newer	maintenance,	consolidation,	and	tandem	HCT.

TANDEM	AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION
Barlogie	 and	 coworkers	 pioneered	 the	 tandem	 autologous	 transplant	 approach	 in	 their	 Total	 Therapy	 program,
which	 involved	 multiple	 applications	 of	 high-dose	 MEL	 and	 HPC	 support.10	 The	 IFM	 94	 randomized	 trial
compared	single	versus	tandem	autologous	HCT	in	patients	with	previously	untreated	myeloma	and	demonstrated
superior	7-year	EFS	and	OS	benefits	for	 the	tandem	autologous	HCT	arm	(10%	versus	20%	for	EFS,	and	21%
versus	42%	for	OS,	single	versus	double,	respectively).23	In	subgroup	analysis,	there	was	no	benefit	for	the	second
autologous	HCT	for	patients	who	were	in	a	very	good	partial	remission	or	better	after	the	first	autograft.	Another
randomized	study	(Bologna	96)	confirmed	the	observation	that	the	second	HCT	does	not	benefit	patients	in	very
good	partial	remission	after	the	first	transplant	and	did	not	show	an	OS	benefit	for	the	tandem	HCT.	In	the	novel
agent	induction	era,	the	Blood	and	Marrow	Transplant	Clinical	Trials	Network	(BMT	CTN)	0702	study	addressed
the	question	of	 tandem	HCT.	 In	 this	 three-arm	 trial,	 a	 single	HCT	 followed	by	 lenalidomide	maintenance	was
compared	against	tandem	HCT	followed	by	maintenance	versus	RVD	consolidation	followed	by	maintenance.	At
3-year	 follow-up,	second	HCT	or	RVD	consolidation	as	post-HCT	interventions	did	not	 improve	EFS	or	OS.24
Early	 unpublished	 results	 from	 the	 EMN02-HOVON95	 study	 indicate	 a	 significant	 EFS	 and	 OS	 benefit	 for
tandem	 HCT	 recipients,	 especially	 those	 in	 the	 high-risk	 myeloma	 subgroups	 (Cavo	 et	 al.,	 oral	 presentation,
abstract	 401,	 59th	 Annual	 Meeting	 of	 the	 American	 Society	 of	 Hematology,	 December	 2017).25	 The	 use	 of
tandem	HCT	remains	significantly	lower	in	the	United	States	compared	with	Europe.

RESPONSE	AND	MINIMAL	RESIDUAL	DISEASE	AFTER	HCT
Attainment	of	a	conventional	 immunofixation-negative	CR	after	HCT	(see	Table	123.1)	 predicts	 for	 prolonged
EFS	and	OS,	although	it	is	not	clear	whether	the	benefits	to	those	in	CR	are	due	to	disease	biology,	innate	patient
characteristics,	treatment	effect,	or	a	combination	of	these.	A	subset	of	patients	who	are	not	in	CR	(with	persistent
residual	 paraprotein)	 may	 maintain	 long	 remissions	 without	 ever	 achieving	 true	 CR.	 However,	 modern
randomized	 studies	 have	 established	 that	 the	 benefit	 of	 HCT	 in	myeloma	 is	 driven	 by	 a	 higher	 proportion	 of
patients	achieving	minimal	 residual	disease	negativity	after	HCT	compared	with	nontransplant	consolidation.5,8
Similarly,	normalization	of	positron	emission	tomography	(PET)	scans	after	HCT	and	prior	 to	maintenance	is	a
powerful	predictor	of	EFS.26



UNIQUE	CONSIDERATIONS	FOR	HEMATOPOIETIC	PROGENITOR	CELL
COLLECTION	IN	MYELOMA
In	patients	with	myeloma	who	are	autologous	HCT	candidates,	it	is	important	to	avoid	upfront	factors	that	impair
HPC	mobilization	(e.g.,	MEL-based	induction	regimens,	prolonged	use	of	lenalidomide,	and	radiation	therapy	to
significant	volume	of	bone	marrow).	The	availability	of	plerixafor	has	improved	mobilization	yields	in	difficult-
to-mobilize	 patients	 with	 myeloma,	 and	 international	 consensus	 guidelines	 have	 been	 developed	 for	 rational
mobilization	choices.27	Given	the	increasing	use	of	salvage	autologous	HCT	after	relapse,	it	is	prudent	to	target
collection	 of	 ≥6	 to	 10	million	 CD34+	 cells	 per	 kilogram	 in	 order	 to	 obtain	 adequate	 product	 for	 at	 least	 two
transplants.	There	seems	to	be	no	additional	antimyeloma	benefit	for	the	use	of	chemotherapy	in	mobilization.28

SALVAGE	SECOND	OR	THIRD	TRANSPLANTS	AT	RELAPSE
Salvage	second	autologous	HCT	is	an	option	at	relapse	after	a	prior	transplant	and	appears	to	especially	benefit
those	with	a	long	(>24	to	36	months)	remission	from	their	first	transplant.29	Cook	et	al.30	treated	patients	in	first
relapse	 with	 bortezomib-based	 reinduction	 followed	 by	 randomization	 to	 salvage	 second	 HCT	 versus	 oral
cyclophosphamide.	Salvage	HCT	consolidation	after	reinduction	was	associated	with	superior	OS	(67	versus	52
months;	P	=	.017)	in	this	study.

FUTURE	DIRECTIONS	IN	AUTOLOGOUS	HEMATOPOIETIC	CELL
TRANSPLANTATION	FOR	MYELOMA
Recent	advances	in	supportive	care	have	made	autologous	HCT	relatively	safe	and	cost	effective.	Current	(2010	to
2015)	 CIBMTR	 data	 suggest	 a	 day	 100	 mortality	 of	 <1%	 in	 upfront	 HCT	 for	 myeloma.	 Median	 cost	 for
autologous	HCT	 in	 the	United	States	 is	approximately	$100,000	U.S.	dollars	and	 largely	 represents	 the	cost	of
hospitalization.	Autologous	HCT	 can	 be	 entirely	 performed	 in	 the	 outpatient	 setting	with	 excellent	 results	 and
lower	costs.	Current	directions	being	explored	in	HCT	for	myeloma	include	changes	to	conditioning	regimens	and
novel	 maintenance	 or	 consolidation	 strategies	 that	 aim	 to	 induce	 deeper	 minimal	 residual	 disease–negative
responses;	at	the	same	time,	pretransplantation	induction	strategies	continue	to	improve.	For	patients	who	relapse
after	HCT,	there	is	increasing	interest	in	second	salvage	HCT	followed	by	additional	maintenance.

AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	RARE
PLASMA	CELL	DYSCRASIAS
Light	 chain	 amyloidosis	 (AL);	 light	 chain	 deposition	 disease;	 and	 polyneuropathy,	 organomegaly,
endocrinopathy,	monoclonal	protein,	 skin	 changes	 (POEMS)	 syndrome	are	 rare	 clonal	 plasma	cell	 disorders	 in
which	MEL-based	autologous	HCT	has	proven	effective,	although	a	prior	randomized	multicenter	trial	failed	to
show	benefit	 for	HCT	over	conventional	chemotherapy	 in	AL.31	Special	 challenges	 for	HCT	 in	 these	disorders
include	 higher	 rates	 of	 TRM,	 engraftment	 syndrome,	 and	 severe	 fluid	 retention.	 In	 AL,	 cardiac	 involvement,
effusions,	 and	 significant	 fluid	 retention	 during	 granulocyte	 colony-stimulating	 factor–based	 mobilization	 are
special	 considerations	 that	 predict	 higher	 TRM.	 Careful	 patient	 selection,	 dose-adapted	 MEL	 use,	 and	 center
experience	are	critical.32	The	availability	of	more	effective	AL	fibril-directed	therapy	may	lead	to	superior	overall
organ	response	outcomes.

AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR
LYMPHOMAS
Autologous	 HCT	 is	 standard	 for	 relapsed,	 aggressive	 non-Hodgkin	 lymphoma	 (NHL)	 and	 classical	 Hodgkin
lymphoma	(HL)	and	is	curative	in	approximately	40%	to	55%	of	patients.	The	role	of	HCT	in	indolent	NHL	and
T-cell	NHL	 is	more	 controversial.	The	 role	of	 autologous	HCT	 in	 lymphoma	has	 recently	been	 reappraised	 as
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conventional	 therapies	 have	 dramatically	 improved	 with	 the	 advent	 of	 monoclonal	 antibodies,
radioimmunotherapy	(RIT),	and	targeted	therapies.

Conventional	and	Novel	Conditioning	Regimens
Commonly	 used	 conditioning	 regimens	 for	 lymphomas	 include	 cyclophosphamide,	 etoposide,	 and	 carmustine;
carmustine,	etoposide,	cytarabine,	and	MEL	(BEAM);	carmustine,	etoposide,	cytarabine,	and	cyclophosphamide;
and	 TBI-containing	 regimens.	 TRM	 is	 generally	 lower	 and	 survival	 superior	 outcomes	 after	 TBI-free
conditioning.	 Several	 uncontrolled	 studies	 have	 reported	 efficacy	 and	 feasibility	 of	 combining	 rituximab	 with
high-dose	therapy,	but	convincing	randomized	evidence	for	this	approach	is	lacking.

RIT	with	monoclonal	antibody–radionuclide	conjugates	is	effective	in	B-cell	NHL.	Incorporation	of	RIT	into
pre–autologous	HCT	conditioning	has	been	studied,	either	alone	or	in	combination	with	high-dose	therapy.	In	the
BMT	 CTN	 0401	 trial,	 iodine-131	 tositumomab	 was	 prospectively	 compared	 against	 rituximab,	 both	 in
combination	with	BEAM	conditioning	for	relapsed	diffuse	large	B-cell	lymphoma	(DLBCL).	Another	European
study	 compared	 BEAM	 plus	 yttrium-90	 ibritumomab	 tiuxetan	 with	 BEAM	 alone	 in	 aggressive	 NHL.	 Neither
study	favored	a	RIT-based	conditioning	regimen	(reviewed	in	Kharfan-Dabaja	et	al.33).

Disease-Specific	Indications	for	Hematopoietic	Cell	Transplantation	in
Lymphomas
The	 indications	 of	 autologous	 HCT	 in	 lymphoid	 neoplasia	 are	 dependent	 on	 patient	 age,	 comorbidities,
chemosensitivity,	histologic	subtype,	and	remission	status	at	the	time	of	HCT.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	FOLLICULAR
LYMPHOMA
First	Remission
The	role	of	autologous	HCT	as	consolidation	for	advanced-stage	follicular	lymphoma	(FL)	in	first	remission	was
examined	 in	 four	 randomized	 trials,	 including	 three	 trials	conducted	 in	 the	prerituximab	era34–36	 and	one	 in	 the
rituximab	era37	(Table	123.2).	Autologous	HCT	provided	a	PFS	benefit	in	three	of	these	four	trials.	OS,	however,
was	 not	 improved	 as	 this	 therapy	 was	 associated	 with	 a	 higher	 risk	 of	 second	 malignancies,	 including
myelodysplastic	 syndrome/acute	 myeloid	 leukemia	 (AML).	 With	 the	 advent	 of	 rituximab	 maintenance	 or
retreatment	 and	 a	 myriad	 of	 targeted	 therapies,	 the	 routine	 use	 of	 upfront	 HCT	 consolidation	 in	 FL	 is	 not
recommended.

Relapsed	Disease
The	 role	 of	 autologous	 HCT	 in	 relapsed	 FL	 is	 controversial.	 In	 the	 prerituximab	 era,	 the	 Conventional
Chemotherapy,	 Unpurged,	 Purged	 Autograft	 (CUP)	 study38	 compared	 salvage	 chemotherapy	 alone	 versus
chemotherapy	followed	by	either	unpurged	or	purged	HCT	for	relapsed	FL;	overall,	the	investigators	reported	a
PFS	 and	 OS	 benefit	 with	 autologous	 HCT	 (see	 Table	 123.2).	 More	 than	 a	 decade	 later,	 the	 superiority	 of
autologous	 HCT	 over	 modern	 salvage	 chemo-immunotherapies	 is	 debated.	 Registry	 data	 from	 the	 European
Blood	and	Marrow	Transplant	Group	(EBMT)	and	CIBMTR	show	no	plateau	in	relapse	rates	after	HCT	in	FL	and
a	 5%	 to	 15%	 risk	 of	 second	malignancies39–41	 (see	 Table	 123.2).	Autologous	HCT	 for	 relapsed	 FL	 should	 be
considered	in	the	context	of	alternative	treatment	choices,	patient	age,	remission	status,	comorbidities,	and	a	small
but	definite	risk	of	secondary	cancers.	Autologous	HCT	is	best	reserved	for	chemotherapy-sensitive,	relapsed	FL
in	patients	who	are	not	 candidates	 for	 curative	 intent	 allogeneic	 transplantation.	FL	patients	with	 early	 therapy
failure	 (relapse	 or	 progression	 within	 2	 years	 of	 starting	 first-line	 treatments)	 have	 a	 poor	 prognosis.	 Early
application	 of	 autologous	 HCT	 in	 such	 patients	 has	 been	 shown	 to	 improve	 OS	 and	 should	 be	 considered	 a
standard	option	(Casulo	C	et	al.,42	manuscript	submitted	for	publication).

TABLE	123.2
Studies	Addressing	the	Role	of	Autologous	Hematopoietic	Cell	Transplantation	in



Lymphomas

Author
(Year)

No.	of
Patients Study	Design TRM EFS/PFS OS Comments

Follicular	Lymphoma	in	First	Remission

Lenz	et	al.,34
2004

307 Phase	III <2.5%	in
both	arms

Auto	=
64%a

Not
reported

Higher	sMDS/AML	with	autologous	HCT
(3.5%a	versus	0%;	P	=	.02)

Auto	versus	chemo Chemo	=
33%	(5	y)

Sebban	et
al.,35	2006

402 Phase	III Not
reported

Auto	=
38%

Auto	=
76%

Second	malignancies	similar	in	both	groups

Auto	versus	chemo Chemo	=
28%	(7	y)

Chemo	=
71%	(7	y)

Gyan	et
al.,36	2009

166 Phase	III Not
reported

Auto	=
64%a

Auto	=
76%

Second	malignancies	higher	after	autologous
HCT

Auto	versus	chemo Chemo	=
39%	(9	y)

Chemo	=
80%	(9	y)

Ladetto	et
al.,37	2008

136 Phase	III Auto	=	3 61%a

versus
28%	(4	y)

81%
versus
80%	(4	y)

At	4	y,	sMDS/AML	higher	with	autologous	HCT
(6.6%	versus	1.7%)Auto	versus	chemo Chemo	=	2

(at	day
100)

Relapsed	Follicular	Lymphoma
Schouten	et
al.,38	2008

89 Phase	III Not
reported

Chemo	=
26%

Chemo	=
46%

No	benefit	of	purging;	trial	in	prerituximab	era

Chemo	versus	purged Unpurged
=	58%a

Unpurged
=	71%a

Auto	versus	unpurged
auto

Purged	=
55%a	(2	y)

Purged	=
77%a	(4	y)

van	Besien
et	al.,39
2003

728 CIBMTR	registry Purged	=
14%

Purged	=
39%

Purged	=
62%a

OS	favored	purged	autologous	HCT

Unpurged	=
8%	(5	y)

Unpurged
=	31%	(5
y)

Unpurged
=	55%	(5
y)

Montoto	et
al.,40	2007

693 EBMT	registry 9%	(5	y) 31%	(10	y) 52%	(10	y) 9%	of	patients	had	second	cancers.

Klyuchnikov
et	al.,41
2015

250 CIBMTR	registry 5%	(5	y) 51%	(5	y) 74%	(5	y) Limited	to	grade	1–2	follicular	lymphoma

Mantle	Cell	Lymphoma	in	First	Remission
Dreyling	et
al.,44	2005

122 Phase	III Not
reported

Auto	=
54%a

Auto	=
83%

Performed	in	prerituximab	era;	no	survival
benefit

Auto	versus	chemo Chemo	=
25%	(3	y)

Chemo	=
77%	(3	y)

Geisler	et
al.,45	2008

160 Phase	II 5% 66%	(6	y) 70%	(6	y) Late	relapses	seen

Hermine	et
al.,46	2016

497 R-CHOP	versus	R-
CHOP/R-DHAP
induction

Not
reported

45%
versus
73%a	(5	y)

69%
versus
76%	(5	y)

Addition	of	cytarabine	in	induction	improved
PFS

Relapsed	Diffuse	Large	B-Cell	Lymphoma
Philip	et
al.,48	1995

215 Phase	III Not
reported

Auto	=
46%a

Auto	=
53%a

Performed	in	prerituximab	era

Auto	versus	chemo Chemo	=
12%	(5	y)

Chemo	=
32%	(5	y)

Hamadani	et
al.,49	2014

206 CIBMTR	registry 9%	(3	y) 44%	(3	y) 50%	(3	y) Supported	autologous	HCT	for	diffuse	large	B-
cell	lymphoma	with	early	rituximab	failure

Relapsed	Hodgkin	Lymphoma
Lazarus	et
al.,53	1999

122 CIBMTR	registry 12%	at	day
100

38%	(3	y) 50%	(3	y) Established	that	primary	refractory	patients	can
be	salvaged	by	autologous	HCT

Schmitz	et 161 Phase	III Not Auto	= Auto	= High-dose	therapy	provided	PFS	benefit.
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al.,51	2002 reported 55%a 71%

Auto	versus	chemo Chemo	=
34%	(3	y)

Chemo	=
65%	(3	y)

Satwani	et
al.,52	2015

606 CIBMTR	registry 9%	(10	y) 47%	(10	y) 58%	(10	y) Provided	a	prognostic	score	to	predict	HCT
outcomes

T-Cell	Non-Hodgkin	Lymphoma	in	First	Remission
Corradini	et
al.,55	2006

62 Phase	II 4.8% 30%	(12	y) 34%	(12	y) Patients	in	CR	had	better	outcomes.

Reimer	et
al.,56	2009

83 Phase	II 3.6% 36%	(3	y) 48%	(3	y) 66%	of	enrolled	patients	received	autologous
HCT.

d’Amore	et
al.,57	2012

166 Phase	II 4% 44%	(5	y) 51%	(5	y) ALK-negative	anaplastic	T	cell	had	best
outcomes.

aStatistically	significant	value.
TRM,	 treatment-related	 mortality;	 EFS,	 event-free	 survival;	 PFS,	 progression-free	 survival;	 OS,	 overall	 survival;	 auto,	 autologous	 hematopoietic	 cell
transplantation;	 chemo,	 chemotherapy;	 sMDS,	 secondary	myelodysplastic	 syndrome;	AML,	 acute	myeloid	 leukemia;	HCT,	 hematopoietic	 cell	 transplantation;
CIBMTR,	 Center	 for	 International	 Blood	 and	 Marrow	 Transplant	 Research;	 EBMT,	 European	 Blood	 and	 Marrow	 Transplant	 Group;	 R-CHOP,	 rituximab,
cyclophosphamide,	 doxorubicin,	 vincristine,	 and	 prednisone;	 R-DHAP,	 rituximab,	 dexamethasone,	 cytarabine,	 and	 cisplatin;	 CR,	 complete	 response;	 ALK,
anaplastic	lymphoma	kinase.

Hematopoietic	Cell	Transplantation	for	Transformed	Follicular	Lymphoma
Transformation	 of	 follicular	 and	 other	 indolent	 lymphomas	 into	 aggressive	 B-cell	 NHL	 (e.g.,	 DLBCL)	 is	 not
uncommon.	 In	 transformed	 FL	 patients	 with	 chemotherapy-sensitive	 disease,	 autologous	 HCT	 can	 provide
durable	 disease	 control.	 In	 the	 rituximab	 era,	 a	Canadian	 cohort	 analysis	 suggested	 an	OS	 benefit	 for	 patients
undergoing	HCT	compared	with	 those	receiving	chemoimmunotherapy	alone.43	Autologous	HCT	is	appropriate
for	transformed	FL	patients	with	nonbulky	(nodal	areas	≤3	cm),	chemotherapy-sensitive	disease.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	MANTLE	CELL
LYMPHOMA
The	European	Mantle	Cell	Lymphoma	Network	trial	randomized	patients	with	mantle	cell	lymphoma	(MCL)	after
first-line	 chemotherapy	 to	 either	 upfront	 autologous	HCT	consolidation	 or	 interferon	maintenance44	 (see	 Table
123.2)	and	demonstrated	a	superior	PFS	but	no	OS	benefit	for	HCT.	Similar	randomized	trials	in	the	rituximab	era
after	 first-line	 chemoimmunotherapy	 are	 not	 available.	 Rituximab	 era	 nonrandomized	 trials	 examining	 upfront
HCT	in	patients	with	MCL	have	reported	encouraging	5-year	PFS	and	OS	rates	of	approximately	60%	and	70%,
respectively45,46	 (see	 Table	 123.2).	 Despite	 the	 lack	 of	 randomized	 data,	 autologous	 HCT	 for	 MCL	 in	 first
remission	can	be	considered	standard	practice	because	retrospective	data	suggest	that	HCT	after	relapse	may	not
be	 as	 effective.	 A	 CIBMTR	 analysis	 reported	 a	 5-year	 OS	 of	 61%	 for	 upfront	 HCT	 versus	 44%	 for	 HCT
performed	 in	 patients	 with	 chemotherapy-sensitive	 relapse	 (reviewed	 in	 Hamadani2).	 In	 patients	 with
chemotherapy-sensitive	 relapsed	 MCL,	 who	 are	 not	 candidates	 for	 allogeneic	 transplant,	 autologous	 HCT	 is
reasonable;	however,	it	is	not	recommended	for	therapy-refractory	MCL.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	WALDENSTRöM
MACROGLOBULINEMIA
Prospective	data	are	not	available	to	recommend	the	use	of	autologous	HCT	for	Waldenström	macroglobulinemia
(WM)	in	first	 remission.	However,	 retrospective	studies	and	expert	opinion	support	 the	role	of	HCT	in	patients
with	relapsed	or	refractory	WM.	In	an	EBMT	study	of	158	patients	with	mostly	chemotherapy-sensitive	WM,	5-
year	 PFS	 and	 OS	 were	 40%	 and	 68%,	 respectively.	 Autologous	 HCT	 should	 be	 considered	 in	 patients	 with
relapsed,	chemotherapy-sensitive	WM	who	already	have	received	two	or	three	different	therapies.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	MARGINAL	ZONE	AND
SMALL	LYMPHOCYTIC	LYMPHOMA



Limited	retrospective	studies	for	HCT	in	marginal	zone	lymphoma	indicate	PFS	rates	similar	to	FL	and	frequent
relapses	 after	 transplantation.	 In	 patients	 with	 relapsed	 but	 chemotherapy-sensitive	 marginal	 zone	 lymphoma,
autologous	 HCT	 could	 be	 considered.	 Data	 for	 autologous	 HCT	 for	 small	 lymphocytic	 lymphoma	 are	 scant.
Extrapolating	the	data	showing	lack	of	a	survival	benefit	for	autologous	HCT	in	chronic	lymphocytic	leukemia,
HCT	is	not	recommended	in	patients	with	small	lymphocytic	lymphoma.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	DIFFUSE	LARGE	B-
CELL	LYMPHOMA
In	First	Remission	for	High-Risk	Disease
Studies	using	autologous	HCT	as	consolidation	after	first-line	therapies	 in	aggressive	(mostly	DLBCL)	NHL	in
the	prerituximab	era	have	reported	contradictory	findings.	Although	the	majority	reported	no	benefit,	a	handful	of
trials	 reported	PFS	and/or	OS	benefit	with	HCT	either	 in	general	or	 in	patients	with	high	or	 intermediate-high
International	Prognostic	Index.	Studies	from	the	rituximab	era	restricted	to	higher	risk	patients	have	also	reported
contradictory	 outcomes;	 the	 majority	 of	 trials	 reported	 no	 benefit,	 but	 one	 intergroup	 U.S.	 study	 suggested
improved	PFS	and	OS	with	autologous	HCT	consolidation	 in	high-risk	 International	Prognostic	 Index	DLBCL
(reviewed	 recently	 in	 Epperla	 and	Hamadani47).	 Considering	 these	 discordant	 data	 and	 the	 high	 cure	 rates	 of
DLBCL,	use	of	upfront	autologous	HCT	for	this	histology	is	not	generally	recommended.	The	exception	might	be
double-hit	DLBCL	(with	concurrent	c-Myc	plus	BCL2	and/or	BCL6	gene	rearrangement),	which	may	benefit	from
autologous	 HCT	 consolidation	 in	 first	 remission,	 especially	 if	 treated	 with	 the	 rituximab,	 cyclophosphamide,
doxorubicin,	vincristine,	and	prednisone	regimen	(reviewed	in	Epperla	and	Hamadani47).

In	Relapsed	Disease
The	 role	 of	 autologous	 HCT	 in	 relapsed	 DLBCL	 is	 well	 defined.	 The	 PARMA	 trial48	 (see	 Table	 123.2)
established	that	salvage	chemotherapy	plus	HCT	consolidation	provided	an	OS	benefit	in	patients	with	relapsed,
chemotherapy-sensitive	disease.	Several	registry49	and	prospective	studies	 in	 the	rituximab	era	(see	Table	123.2
and	reviewed	in	Epperla	and	Hamadani47)	have	reproduced	these	results.	Autologous	HCT	is	thus	the	standard	of
care	for	relapsed	or	chemotherapy-sensitive	DLBCL.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	BURKITT	LYMPHOMA
Historically,	brief	 induction	 therapies	 followed	by	upfront	autologous	HCT	provided	durable	disease	control	 in
Burkitt	 lymphoma	 (5-year	 OS	 and	 PFS	 of	 81%	 and	 73%,	 respectively).	 However,	 the	 contemporary	 intense
chemoimmunotherapy	regimens	are	curative	for	the	majority	of	patients,	and	autologous	HCT	in	first	CR	is	not
necessary.	 The	 prognosis	 for	 the	 patient	 with	 relapsed	 or	 refractory	 Burkitt	 lymphoma	 is	 grim.	 Retrospective
studies	 describe	 3-	 to	 5-year	OS	 and	PFS	 rates	 of	 approximately	 30%	and	25%,	 respectively,	 after	 autologous
HCT	in	chemotherapy-sensitive	relapses.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	HODGKIN	LYMPHOMA
Relapsed	Hodgkin	Lymphoma
Autologous	HCT	 is	 potentially	 curative	 for	 relapsed	HL.	 The	 British	National	 Lymphoma	 Investigation	 study
compared	autologous	HCT	versus	salvage	chemotherapy	alone	in	relapsed	HL50	and	reported	a	PFS	benefit	in	the
high-dose	 therapy	 arm	 (53%	 versus	 10%,	 respectively;	P	 =	 .02).	 In	 another	 randomized	 trial,51	 two	 cycles	 of
chemotherapy	were	followed	by	two	additional	chemotherapy	cycles	versus	autologous	HCT	(see	Table	123.2).	In
chemotherapy-sensitive	patients,	freedom	from	treatment	failure	was	significantly	better	with	high-dose	therapy.
An	 OS	 benefit	 was	 not	 shown	 in	 either	 of	 these	 studies,	 most	 likely	 because	 those	 subjects	 assigned	 to	 the
chemotherapy	arm	could	still	be	salvaged	by	later	HCT.	Autologous	HCT	is	the	standard	of	care	in	chemotherapy-
sensitive	first	relapse	of	HL.52
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Primary	Refractory	Hodgkin	Lymphoma
Primary	refractory	(<CR	after	first-line	therapy)	HL	has	a	poor	prognosis.	Lazarus	et	al.53	showed	that	autologous
HCT	can	cure	 approximately	 a	 third	of	patients	with	primary	 refractory	HL	 (see	Table	123.2).	 Chemotherapy-
refractory	disease	at	autologous	HCT	is	a	poor	prognostic	factor	(5-year	PFS	of	<20%).	Although	HCT	is	curative
for	HL,	late	relapse	among	2-year	disease-free	survivors	does	happen	and	accounts	for	approximately	40%	of	late
mortality	(Myers	et	al.,54	manuscript	submitted	for	publication).	Autologous	HCT	is	standard	of	care	for	relapsed
HL,	including	those	with	primary	refractory	disease.

HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	T-CELL	LYMPHOMAS
Relapsed	T-cell	NHLs	have	poor	prognosis	with	chemotherapy	alone,	and	autologous	HCT	has	been	explored	as
initial	 therapy	 or	 at	 the	 time	 of	 tumor	 progression.	 Phase	 II	 studies	 (with	 heterogeneous	 subtypes)	 examining
upfront	HCT	 in	T-cell	NHL	 (see	Table	123.2)	 suggest	 a	 3-	 to	 4-year	 PFS	 of	 approximately	 30%	 to	 50%.55–57
Although	 randomized	 data	 are	 not	 available,	 considering	 the	 poor	 outcomes	 with	 conventional	 therapies,	 it	 is
appropriate	to	consider	upfront	autologous	HCT	consolidation	in	T-cell	NHL.	Because	of	its	excellent	prognosis
with	standard	chemotherapies,	autologous	HCT	in	first	CR	is	not	recommended	for	anaplastic	lymphoma	kinase–
positive	 anaplastic	 large-cell	 lymphoma.	Relatively	 encouraging	outcomes	 for	 a	highly	 select	 group	of	patients
with	 relapsed	T-cell	NHL	with	 sensitive	disease	also	have	been	shown,	with	3-	 to	5-year	PFS	and	OS	rates	of
approximately	 15%	 to	 30%	 and	 30%	 to	 45%,	 respectively	 (reviewed	 in	Hamadani2).	Autologous	HCT	 is	 also
reasonable	in	patients	with	relapsed	or	chemotherapy-sensitive	T-cell	NHL	not	deemed	candidates	for	allogeneic
HCT.

UNIQUE	CONSIDERATIONS	FOR	HEMATOPOIETIC	CELL
TRANSPLANTATION	MOBILIZATION	IN	LYMPHOMAS
Although	 many	 patients	 with	 lymphoma	 can	 successfully	 mobilize	 HPCs	 with	 “cytokine-only”	 strategies,
mobilization	failure	remains	a	concern	in	patients	with	prior	radiotherapy;	heavily	pretreated	disease;	exposure	to
hyper-CVAD	 (fractionated	 cyclophosphamide,	 vincristine,	 doxorubicin,	 and	 dexamethasone),	 fludarabine-
containing	regimens,	or	RIT;	advanced	age;	and	bone	marrow	involvement.	In	such	cases,	consideration	should	be
given	to	chemotherapy-	or	plerixafor-based	mobilization	strategies.

TUMOR	CELL	CONTAMINATION	IN	AUTOGRAFT
Relapse	after	autologous	HCT	derives	usually	from	proliferation	of	a	chemotherapy-resistant	clone	of	lymphoma
cells	surviving	the	high-dose	therapy,	or	rarely	from	reinfusion	of	an	autograft	contaminated	by	tumor	cells.	Ex
vivo	purging	(by	monoclonal	antibodies,	CD34+	 cell	 selection,	 etc.)	or	 in	vivo	purging	 (e.g.,	 rituximab	 therapy
during	mobilization)	 of	 autografts	 in	 theory	 can	 reduce	 or	 eliminate	 the	 risk	 of	 tumor	 cell	 reinfusion	 at	HCT.
Reduction	of	tumor	cell	reinfusion,	however,	may	not	lead	to	improved	outcomes.	The	CUP	trial	in	relapsed	FL38
reported	no	 significant	difference	 in	 the	outcomes	of	 immuno-magnetically	purged	versus	unpurged	autografts.
Similarly,	pretransplantation	in	vivo	rituximab	purging	has	not	been	shown	to	improve	HCT	outcomes.	The	lack
of	 clear	 benefit	 in	 randomized	 data	 and	 a	 possible	 increase	 in	 infectious	 complications	 with	 ex	 vivo	 purging
preclude	routine	use	of	this	approach.

POSTTRANSPLANTATION	MAINTENANCE	THERAPIES	FOR	LYMPHOID
MALIGNANCIES
Disease	relapse	after	HCT	in	lymphoid	malignancies	remains	a	challenge.	Rituximab	maintenance,	effective	in	B-
cell	NHL,	has	been	studied	in	the	post-HCT	setting.	Unfortunately	randomized	studies	evaluating	the	role	of	post–
autologous	 HCT	 rituximab	 maintenance	 in	 FL	 and	 DLBCL	 have	 not	 shown	 a	 clear	 OS	 benefit	 (reviewed	 in
Epperla	 et	 al.58),	 and	 therefore,	 such	 therapies	 are	 not	 recommended.	 In	 contrast,	 rituximab	maintenance	 after



autologous	HCT	in	MCL	has	shown	an	OS	benefit	and	should	be	considered	standard	of	care.59	Similarly,	despite
lack	of	a	survival	benefit,	the	U.S.	Food	and	Drug	Administration	has	granted	brentuximab	vedotin	approval	as	a
post–autologous	HCT	consolidation	or	maintenance	strategy	for	certain	high-risk	HL	patients.60

FUNCTIONAL	IMAGING	AND	AUTOLOGOUS	HEMATOPOIETIC	CELL
TRANSPLANTATION	OUTCOMES
PET	scanning	is	a	powerful	tool	to	predict	autologous	HCT	outcomes	in	lymphoid	malignancies.	A	PET-negative
state	 before	 HCT	 predicts	 improved	 survival	 outcomes.	 Similarly,	 conversion	 from	 a	 PET-positive	 to	 a	 PET-
negative	state,	either	after	pre-HCT	salvage	therapies	or	after	high-dose	therapy,	is	predictive	of	improved	HCT
outcomes.2

AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	ACUTE
MYELOID	LEUKEMIA
In	the	late	1970s	and	early	1980s,	 investigators	first	began	using	both	unpurged	and	in	vitro	purged	autologous
bone	marrow	after	myeloablation	as	consolidation	in	AML	patients	who	did	not	have	a	suitable	human	leukocyte
antigen–identical	sibling	donor	for	an	allogeneic	HCT.	For	a	variety	of	reasons	including	high	relapse	rates,	this
approach	 fell	 out	 of	 favor.	 Later,	 the	 CIBMTR	 retrospectively	 examined	 the	 outcomes	 of	 AML	 patients	 with
predominantly	favorable	or	 intermediate	cytogenetic	risk	disease	 in	first	CR	(n	=	246)	and	second	CR	(n	=	69)
who	underwent	autograft	during	 the	period	from	1990	 to	1998.	Once	patients	had	passed	 the	2-year	 time	point
after	transplantation,61	OS	at	10	years	after	HCT	was	94%	(95%	confidence	interval	[CI],	89%	to	97%)	in	first	CR
and	80%	(95%	CI,	67%	to	91%)	 for	HCT	 in	second	CR;	at	10	years,	cumulative	 incidence	of	 relapse	was	6%
(95%	CI,	3%	to	10%)	and	10%	(95%	CI,	3%	to	20%),	respectively.	A	follow-up	CIBMTR	study	for	the	period
from	1995	 to	2004	 showed	 that,	 at	5	years,	 survival	 rates	did	not	differ	 significantly	between	autologous	HCT
(54%;	95%	CI,	47%	to	60%)	and	allogeneic	marrow	HCT	(64%;	95%	CI,	59%	to	68%)	and	allogeneic	blood	HCT
(59%;	95%	CI,	54%	to	64%;	P	=	.19).62	The	EBMT	similarly	reported	a	retrospective	analysis	of	autologous	HCT
in	3,567	AML	patients.63	The	probability	of	relapse	at	10	years	after	HCT	was	16%,	the	nonrecurrence	mortality
rate	 was	 8%,	 and	 the	 leukemia-free	 survival	 rate	 was	 76%.	 Fernandez	 et	 al.64	 reported	 the	 large,	 prospective
Eastern	Cooperative	Oncology	Group	trial	E1900	in	which	657	adult	AML	patients	up	to	age	60	years	were	given
conventional	or	more	intensive	daunorubicin	induction	followed	by	allogeneic	HCT,	for	patients	who	had	donors,
or	mobilized	 blood	 autologous	HCT,	 for	 patients	who	 did	 not	 have	 donors.65	 For	 patients	with	 favorable-	 and
intermediate-risk	AML	 treated	with	 high-dose	 daunorubicin	 and	 autologous	HCT,	 4-year	 disease-free	 survival
rates	were	 60%	 and	 40%,	 respectively,	 and	OS	 rates	were	 80%	 and	 49.3%,	 respectively.	 The	HOVON/Swiss
Group	 for	Clinical	Cancer	Research/European	Leukemia	Net	group	data	 showed	 that	using	autologous	HCT	 in
intermediate	cytogenetic	risk	AML	patients	in	first	CR	who	were	age	40	to	60	years	resulted	in	OS	quite	similar	to
that	 achieved	with	myeloablative	 and	 reduced-intensity	 conditioning	 allografts,	 all	 of	which	were	 significantly
superior	(P	 =	 .001)	 to	 chemotherapy.65	Because	TRM	using	 autologous	HCT	 essentially	 has	 decreased	 to	 0%,
these	and	other	data	demonstrate	that,	in	the	proper	setting,	autologous	HCT	can	be	a	highly	effective	strategy	for
younger	 AML	 patients	 with	 favorable	 and	 intermediate	 cytogenetic	 risk	 in	 first	 CR.	 Patients	 who	 have
unfavorable	cytogenetic	risk	AML	fare	poorly	with	autologous	HCT,	and	autologous	HCT	should	be	avoided	in	a
similar	fashion	that	allograft	 transplantation	is	not	indicated	in	patients	with	favorable	cytogenetic	AML	in	first
CR.

AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	ACUTE
LYMPHOBLASTIC	LEUKEMIA
There	is	no	evidence	that	an	autologous	HCT	can	replace	consolidation	or	maintenance	therapy	or	allogeneic	HCT
in	Philadelphia	chromosome–negative	acute	lymphoblastic	leukemia	patients.66	Limited	data	suggest	that	tyrosine
kinase	inhibitors	plus	sequential	chemotherapy	can	lead	to	significant	cytoreduction	in	Philadelphia	chromosome–
positive	patients	with	acute	 lymphoblastic	 leukemia,	allowing	collection	of	HPCs	not	contaminated	by	 residual
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lymphoblasts.	Patients	who	do	not	have	an	available	allograft	donor	may	benefit	from	autologous	HCT	because
the	likelihood	of	relapse	after	autologous	HCT	appears	reduced,	but	more	research	is	needed.67

AUTOLOGOUS	HEMATOPOIETIC	CELL	TRANSPLANTATION	FOR	GERM
CELL	TUMORS
Autologous	 HCT	 is	 potentially	 curative	 for	 relapsed	 germ	 cell	 tumors	 (GCTs)	 after	 cisplatin-based
chemotherapy.68	 In	 the	 first-line	 setting	 for	 initial	 salvage	 of	 high-risk	 GCT,	 phase	 III	 studies	 have	 not
demonstrated	superiority	of	HCT	over	conventional	chemotherapy	and	HCT	remains	controversial.69	For	GCTs
refractory	 to	 initial	 therapy,	 however,	 HCT	 may	 be	 superior	 as	 salvage	 treatment,	 and	 referral	 should	 be
considered	 early.	 Durable	 remissions	 with	 salvage	 HCT	 are	 variable,	 between	 30%	 and	 60%,	 and	 prognostic
models	 incorporate	 adverse	 risk	 factors	 such	 as	platinum	 refractoriness,	 poor-risk	 score	GCT,	 and	 third-line	or
later	 use	 of	 HCT.	 Sequential	 tandem	 (or	 even	 three)	 cycles	 of	 carboplatin	 and	 etoposide	 are	 widely	 used	 as
conditioning.

LATE	COMPLICATIONS	AFTER	AUTOLOGOUS	HEMATOPOIETIC	CELL
TRANSPLANTATION
Autologous	 recipients	 of	 HCT	 have	 a	 reduced	 life	 expectancy	 compared	 to	 the	 general	 population	 and	 are	 at
increased	 risk	 for	 late	 complications	 such	 as	 opportunistic	 infections,	 iron	 overload,	 endocrine	 abnormalities,
osteoporosis,	 and	 second	 malignancies.	 Recipients	 should	 be	 monitored	 for	 these	 potential	 maladies	 at	 least
yearly,	 including	 administering	 all	 age-appropriate	 cancer	 screening	 and	 anti-infective	 vaccinations.	 Other
recommended	 screenings	 in	 long-term	 survivors	 include	 yearly	 eye	 examinations	 for	 cataracts	 (especially	 after
TBI),	 yearly	 assessment	 of	 cardiovascular	 risk	 factors,	 education/counseling	 on	 a	 heart-healthy	 lifestyle,	 blood
pressure	monitoring	and	aggressive	management	of	hypertension	to	prevent	chronic	kidney	disease,	screening	for
osteopenia	 and	 osteoporosis,	 thyroid	 function	 evaluation,	 sexual	 and	 gonadal	 function	 and	 fertility	 assessment
(when	appropriate),	and	periodic	psychological	evaluations.
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INTRODUCTION
Allogeneic	 hematopoietic	 cell	 transplantation	 (HCT)	 is	 successful	 in	 curing	 many	 patients	 with	 hematologic
malignancies.	The	premise	underlying	allogeneic	HCT	was	the	observation	that	the	antitumor	effects	of	irradiation
and	 chemotherapy	were	 limited	 by	 dose-related	 hematopoietic	 toxicity	 that	 led	 to	 prolonged	 pancytopenia	 and
predisposed	the	patient	to	infection.	Studies	in	mice	demonstrated	that	the	transfer	of	splenocytes	or	bone	marrow
(BM)	could	rescue	animals	from	the	lethal	effects	of	irradiation,	which	provided	the	impetus	to	develop	HCT	as	a
means	of	dose-escalating	irradiation	and	chemotherapy	to	treat	cancer.1	The	initial	efforts	at	applying	allogeneic
HCT	 to	 patients	with	 leukemia	 began	 in	 the	 late	 1950s	 but	were	 impeded	 by	 an	 incomplete	 understanding	 of
histocompatibility	 (H)	antigens	 that	 imposed	an	 immunologic	barrier	 to	durable	engraftment	of	allogeneic	stem
cells	 or	 resulted	 in	 life-threatening	 graft-versus-host	 disease	 (GVHD),	 and	 by	 the	 challenges	 of	 supporting
severely	immunocompromised	patients	until	donor	hematopoietic	cell	engraftment	ensued.2,3	These	barriers	were
overcome	 in	 the	1970s,	notably	 through	 the	work	of	E.	Donnall	Thomas,	who	was	awarded	 the	Nobel	Prize	 in
1990	 for	 his	 contributions	 to	HCT.	Advances	 in	 supportive	 care,	 conditioning	 regimens,	 and	 alternative	 donor
sources	 have	 continued	 to	 improve	 the	 outcome	 and	 expand	 the	 utility	 of	 allogeneic	 HCT.	 Currently,	 >8,000
procedures	are	performed	in	the	United	States	each	year.

CONDITIONING	REGIMENS
Conditioning	 regimens	 for	 allogeneic	 HCT	 serve	 two	 purposes:	 to	 suppress	 the	 patient’s	 immune	 system
sufficiently	 to	 prevent	 rejection	 of	 donor	 hematopoietic	 stem	cells	 and	 to	 eradicate	malignant	 cells.	The	 initial
approach	 to	 allogeneic	HCT	 for	 hematologic	malignancies	 administered	 systemic	myeloablative	 chemotherapy
alone	 or	 combined	with	 total-body	 irradiation	 (TBI)	 and	 resulted	 in	 considerable	 toxicity	 to	 nonhematopoietic
organs,	which	limited	its	use	to	younger	patients	without	serious	comorbidities.	Even	with	intensive	myeloablative
conditioning	 (MAC)	 regimens,	 it	 soon	 became	 apparent	 that	 the	 elimination	 of	 leukemic	 cells	 after	 allogeneic
HCT	 was	 partly	 dependent	 on	 a	 graft-versus-leukemia	 (GVL)	 effect	 mediated	 by	 donor	 immune	 cells.4	 This
understanding	 led	 to	 the	 development	 of	 reduced-intensity	 conditioning	 (RIC)	 regimens	 that	 provide	 sufficient
immunosuppression	 to	 achieve	 donor	 cell	 engraftment	 and	 rely	 to	 a	 greater	 extent	 on	 GVL	 effects	 for	 tumor
eradication.	The	use	of	RIC	has	made	allogeneic	HCT	feasible	in	older	patients	and	patients	with	comorbidities
who	tolerate	MAC	poorly.	RIC	is	typically	most	effective	in	patients	with	malignancies	that	are	highly	responsive
to	the	GVL	effect	and/or	are	in	remission	at	the	time	of	HCT.

Myeloablative	Conditioning
The	most	 extensively	 used	MAC	 regimens	 were	 developed	 in	 the	 1980s	 and	 include	 cyclophosphamide	 (Cy)
administered	 intravenously	 in	 a	 dose	of	 120	mg/kg	over	 2	 days	 combined	with	TBI	 typically	 in	 a	 fractionated
schedule	to	a	total	dose	of	12	Gy	(2	Gy	×	6),	which	is	superior	to	a	single	dose	of	10	Gy,5	or	the	combination	of
oral	busulfan	(Bu)	in	a	dose	of	16	mg/kg	over	4	days	and	Cy	in	a	dose	of	120	mg/kg	(Bu/Cy).6	A	higher	dose	of
fractionated	TBI	 (15.75	Gy)	 reduced	 relapse	 in	patients	with	myeloid	 leukemia	but	was	associated	with	higher
nonrelapse	mortality	and	did	not	provide	a	survival	benefit.7

The	major	acute	toxicity	of	MAC	is	irreversible	damage	to	recipient	hematopoiesis;	however,	these	regimens
often	 cause	nausea,	 vomiting,	 fever,	 skin	 erythema,	 and	oral	mucositis	 that	 typically	 develop	 5	 to	 7	 days	 after



transplant.	 Patient-controlled	 analgesia	 provides	 superior	 patient	 satisfaction	 for	 mucositis	 pain	 and	 results	 in
lower	cumulative	doses	of	narcotics.	TBI	 is	associated	with	 transient	parotiditis	during	conditioning	and	a	high
risk	of	cataracts	later	in	life.	Regimens	that	include	Cy	can	result	in	acute	hemorrhagic	cystitis,	which	can	usually
be	 prevented	 by	 the	 sulfhydryl	 compound	 mercaptoethanesulfonate	 (mesna).	 Rarely,	 Cy	 causes	 an	 acute
hemorrhagic	 cardiomyopathy.	 As	 discussed	 later	 in	 this	 chapter,	 MAC	 can	 result	 in	 serious	 organ	 toxicity
including	 diffuse	 alveolar	 hemorrhage,	 idiopathic	 interstitial	 pneumonia,	 and	 hepatic	 sinusoidal	 obstruction
syndrome.

The	choice	of	MAC	regimen	is	in	part	based	on	the	patient’s	underlying	malignancy	and	stage	of	disease.	The
Bu/Cy	 regimen	 was	 associated	 with	 a	 high	 incidence	 of	 sinusoidal	 obstruction	 syndrome	 in	 early	 studies;
however,	 this	 complication	 was	 reduced	 with	 ursodiol	 prophylaxis.8	 A	 retrospective	 study	 showed	 that	 Bu-
containing	 regimens	were	associated	with	 increased	nonrelapse	mortality	 in	patients	with	Gilbert	 syndrome.9	A
retrospective	 analysis	 of	 data	 from	 the	 Center	 for	 International	 Blood	 and	 Marrow	 Transplant	 Research	 for
patients	with	acute	myeloid	 leukemia	 (AML)	 in	 first	complete	 remission	 (CR)	who	received	HCT	from	human
leukocyte	 antigen	 (HLA)-matched	 related	 or	 unrelated	 donors	 after	 conditioning	 with	 Cy/TBI	 or	 with	 oral	 or
intravenous	 Bu	 combined	 with	 Cy	 demonstrated	 superior	 outcome	 with	 the	 Bu/Cy	 regimens.10	 A	 prospective
nonrandomized	cohort	study	in	patients	with	AML,	chronic	myelogenous	leukemia	(CML),	and	myelodysplastic
syndrome	(MDS)	similarly	concluded	that	intravenous	Bu/Cy	was	superior	to	Cy/TBI.11	Based	on	data	from	older
studies,	Cy/TBI	has	been	the	generally	preferred	regimen	for	acute	lymphoblastic	leukemia	(ALL).12

Other	 MAC	 regimens	 have	 been	 developed,	 but	 a	 survival	 benefit	 has	 not	 been	 clearly	 established.13
Fludarabine	plus	Bu	was	associated	with	a	lower	1-year	nonrelapse	mortality	than	Bu/Cy	in	a	recent	randomized
trial	of	AML	patients	older	than	the	age	of	40	years,	suggesting	that	this	may	be	a	preferable	regimen	for	older
patients.14	A	Bu/Cy	 plus	melphalan	 regimen	 reduced	 relapse	 and	 improved	 leukemia-free	 survival	 in	 pediatric
AML	 patients	 compared	 with	 Cy/TBI	 and	 Bu/Cy	 in	 a	 retrospective	 analysis	 of	 European	 registry	 data.15
Treosulfan	is	a	prodrug	of	an	alkylating	agent	structurally	related	to	Bu	and	has	been	combined	with	fludarabine
or	 with	 fludarabine	 and	 low	 dose	 TBI	 for	 conditioning.	 In	 single-arm	 studies,	 treosulfan-based	 conditioning
regimens	have	been	effective	in	AML	and	MDS	with	a	low	incidence	of	nonrelapse	mortality.16

Reduced-Intensity	Conditioning
The	 recognition	 of	 the	 immune-mediated	 GVL	 effect,	 both	 from	 retrospective	 analysis	 of	 rates	 of	 relapse	 in
recipients	of	allogeneic	versus	syngeneic	HCT	and	from	studies	in	which	donor	leukocytes	were	infused	to	treat
relapse	after	HCT,4,17	suggested	that	RIC	might	be	effective	in	patients	less	able	to	tolerate	MAC.	The	objective
of	RIC	 is	 to	provide	enough	host	 immunosuppression	 to	achieve	engraftment	of	donor	hematopoietic	 cells	 and
avoid	both	the	severe	pancytopenia	and	nonhematopoietic	toxicity	of	MAC	regimens.	Various	RIC	regimens	can
provide	 for	 donor	 engraftment	 but	 vary	 in	 hematopoietic	 and	 nonhematopoietic	 toxicity,	 and	 the	 choice	 of
regimen	 is	 in	part	based	on	balancing	 the	 risks	of	 transplant-related	mortality	and	 relapse	 (Fig.	124.1).	A	 large
retrospective	analysis	of	>1,000	patients	with	hematologic	malignancies	who	 received	a	nonmyeloablative	RIC
regimen	consisting	of	2	Gy	TBI	with	or	without	fludarabine	demonstrated	5-year	overall	survival	rates	of	25%	to
60%	depending	on	disease	risk,	comorbidities,	and	GVHD.18	At	5	years,	the	nonrelapse	mortality	rate	was	24%
and	the	relapse	mortality	rate	was	34.5%.	Registry	data	show	that	RIC	regimens	of	higher	dose	intensity	provide
for	 similar	 overall	 and	 disease-free	 survival	 as	MAC	 regimens	 in	 patients	 with	 AML	 and	MDS,	 whereas	 the
lowest	 intensity	 regimens	were	 inferior	 due	 to	 higher	 relapse	 rates.19	A	 prospective	 phase	 III	 randomized	 trial
conducted	by	the	Blood	and	Marrow	Transplant	Clinical	Trials	Network	comparing	outcomes	of	MAC	and	RIC	in
AML	and	MDS	patients	 aged	18	 to	65	years	 showed	 reduced	 treatment-related	mortality	 (TRM)	with	RIC	but
superior	relapse-	free	and	overall	survival	with	MAC.20	Thus,	MAC	is	preferred	for	fit	patients,	although	RIC	can
offer	potentially	curative	allogeneic	HCT	to	older	patients.	Novel	approaches	to	reducing	relapse	and	preventing
or	diminishing	the	morbidity	and	mortality	of	GVHD	are	needed	to	improve	outcome.
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Figure	124.1	Relative	intensity	of	conditioning	regimens	used	for	allogeneic	hematopoietic	cell
transplantation.	Flu,	fludarabine;	TT,	thiotepa;	TBI,	total-body	irradiation;	Cy,	cyclophosphamide;

Bu,	busulfan;	ATG,	antithymocyte	globulin;	Melph,	melphalan;	Flag,	fludarabine,	cytosine
arabinoside,	granulocyte	colony-stimulating	factor;	Ida,	idarubicin.

Radiolabeled	Monoclonal	Antibodies
Targeting	radiation	to	leukemic	cells	with	radiolabeled	monoclonal	antibodies	that	bind	to	cell	surface	molecules
can	 increase	 the	 radiation	dose	delivered	 to	 the	 tumor	 and	 spare	normal	organs	 such	 as	 the	 liver	 and	 lung.	An
iodine-131–labeled	anti-CD45	antibody	has	been	used	for	this	purpose	in	conjunction	with	conventional	MAC	in
younger	patients	or	with	RIC.	These	studies	have	demonstrated	 that	 it	 is	 feasible	 to	deliver	>25	Gy	 to	 the	BM
while	limiting	liver	and	lung	exposure	and	to	achieve	long-term	survival	in	patients	with	high-risk	AML.21,22	An
yttrium-90–labeled	anti-CD20	monoclonal	antibody	combined	with	RIC	has	shown	promise	in	early-phase	studies
for	patients	with	refractory	CD20+	B-cell	malignancies.23	The	use	of	pretargeting	and	new	radioisotopes	that	have
more	favorable	tissue	penetration	might	improve	therapeutic	efficacy	and	reduce	toxicity.24

STEM	CELL	SOURCES
Donor/recipient	genetic	nonidentity	at	loci	within	the	major	histocompatibility	complex	(MHC)	on	chromosome
6p	that	encode	specific	HLA	molecules	is	the	most	important	risk	factor	for	severe	GVHD.2	Thus,	hematopoietic
stem	cells	from	donors	who	are	identical	with	the	recipient	at	the	critical	HLA	loci	have	been	the	preferred	graft
source	for	allogeneic	HCT.	Although	BM	is	the	most	common	graft	source	obtained	from	donors	younger	than	20
years	 in	 the	 United	 States,	 hematopoietic	 cells	 collected	 from	 the	 peripheral	 blood	 (PB)	 by	 apheresis	 after
stimulation	with	 filgrastim	 (granulocyte	 colony-stimulating	 factor)	 to	mobilize	CD34+	 stem	 cells	 account	 for	 a
majority	of	grafts	harvested	from	donors	older	than	20	years.	For	the	large	number	of	patients	for	whom	a	suitably
HLA-matched	donor	cannot	be	identified,	hematopoietic	stem	cells	derived	from	umbilical	cord	blood	(UCB)	or
harvested	 from	BM	 or	 PB	 of	 HLA-mismatched	 or	 HLA-haploidentical	 donors	 can	 be	 effective	 for	 allogeneic
HCT.



Figure	124.2	Allogeneic	hematopoietic	cell	transplants	(HCTs)	in	the	United	States	by	donor	type,
1980	to	2016.	The	number	of	allogeneic	transplants	performed	in	the	United	States	(US)	in	each
year	between	1980	and	2016	from	human	leukocyte	antigen	(HLA)–identical	siblings,	other
relatives,	unrelated	adult	donors,	or	unrelated	cord	blood	donors	is	indicated.	URD,	unrelated
donor;	BM,	bone	marrow;	PB,	peripheral	blood;	CB,	cord	blood.	(From	D’Souza	A,	Fretham	C.

Current	uses	and	outcomes	of	hematopoietic	cell	transplantation	[HCT]:	CIBMTR	summary	slides,
2017.	http://www.cibmtr.org.	Accessed	July	30,	2018.)

Human	Leukocyte	Antigen–Matched	Donors
The	preferred	donor	for	any	patient	who	requires	allogeneic	HCT	continues	to	be	a	full	sibling	who	is	genetically
identical	with	the	recipient	for	specific	exons	within	the	HLA-A,	HLA-B,	HLA-C,	and	HLA-DRB1	genes.	BM	or
PB	grafts	from	HLA-identical	siblings	are	associated	with	 the	 lowest	risks	for	severe	acute	and	chronic	GVHD
and	with	superior	posttransplant	hematologic	and	immunologic	reconstitution.	Filgrastim-stimulated	PB	grafts	in
general	not	only	contain	a	several-fold	higher	number	of	CD34+	hematopoietic	progenitor	cells	than	BM	but	also
contain	a	≥10-fold	higher	number	of	T	 lymphocytes,	which	are	 the	central	mediators	of	GVHD.	Several	 large,
randomized	trials	of	transplantation	with	BM	or	PB	grafts	from	HLA-identical	sibling	donors	have	shown	that	PB
provides	superior	hematopoietic	engraftment	but	at	the	cost	of	a	higher	risk	for	both	acute	and	chronic	GVHD.25–
28	 Some	 of	 these	 studies	 have	 shown	 a	 decreased	 rate	 of	 relapse	 and	 superior	 survival	 in	 recipients	 of	 PB	 as
compared	with	BM	grafts,	primarily	in	the	subset	of	patients	with	high-risk	malignancies.25,28	Donors	of	BM	and
PB	generally	report	similar	levels	of	discomfort	associated	with	the	stem	cell	donation,	but	PB	donors	report	faster
resolution	of	 symptoms.	Limited	data	 also	 suggest	 that	 the	 economic	 cost	 of	BM	donation	 exceeds	 that	 of	PB
donation.	Despite	the	higher	risk	of	GVHD	associated	with	PB	grafts,	the	superior	engraftment	and	lower	relapse
risk	and	the	preference	of	donors	for	PB	as	opposed	to	BM	donation	have	made	PB	grafts	the	preferred	and,	in
fact,	 the	default	 source	of	 stem	cells	 for	patients	with	HLA-identical	 sibling	donors.	BM	remains	 the	preferred
stem	cell	source	for	patients	with	nonmalignant	disorders	such	as	aplastic	anemia,	in	whom	there	is	no	need	for	a
GVL	effect.

Unrelated	Donors
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Most	patients	who	are	candidates	for	allogeneic	HCT	do	not	have	an	HLA-identical	sibling	donor	available;	for
many	such	patients,	suitably	HLA-matched	volunteer	unrelated	donors	can	be	identified	in	worldwide	registries
that	include	more	than	30	million	individuals.29	The	annual	number	of	transplants	performed	in	the	United	States
with	grafts	from	volunteer	unrelated	donors	has	exceeded	the	number	performed	with	grafts	from	HLA-identical
sibling	donors	since	2005	(Fig.	124.2).	 Improved	understanding	of	 the	 role	of	 the	MHC	in	allogeneic	HCT	has
driven	 steady	 evolution	 of	 the	 laboratory	 procedures	 used	 to	 establish	 that	 patients	 and	 prospective	 donors	 are
suitably	 “matched.”	 The	 National	 Marrow	 Donor	 Program	 currently	 recommends	 matching	 recipients	 and
prospective	donors	at	the	DNA	sequence	level	in	exons	2	and	3	of	the	HLA-A,	HLA-B,	and	HLA-C	genes	and	exon
2	of	the	HLA-DRB1	gene.30	In	practice,	recipients	and	prospective	donors	are	also	typed	and	matched	for	exon	2
of	 the	HLA-DQB1	 gene,	 primarily	 to	 ensure	 optimal	 donor/recipient	 matching	 at	 HLA-DRB1.	 Retrospective
analysis	of	3,857	unrelated	donor	 transplants	between	1998	and	2003	revealed	 that	donor/recipient	matching	at
HLA-A,	HLA-B,	HLA-C,	and	HLA-DRB1	 (termed	8/8	matches)	was	associated	with	superior	survival	and	 that	a
single	mismatch	 at	 any	 one	 of	 these	 loci	 (7/8	matches)	 was	 associated	with	 higher	mortality.31	Accumulating
evidence	 suggests	 that	 donor/recipient	mismatching	 at	 an	 additional	HLA	 locus,	HLA-DPB1,	when	 linked	 to	 a
regulatory	 region	 variant	 that	 increases	 expression,	 adversely	 affects	 the	 outcome	 of	 unrelated	 donor	 HCT.32
Although	 donor/recipient	 matching	 at	HLA-DQB1	 is	 typically	 achieved	 with	 current	 selection	 algorithms	 for
unrelated	donors,	no	data	demonstrate	that	HLA-DQB1	matching	is	associated	with	a	survival	benefit.

The	 strong	 preference	 for	 utilization	 of	 PB	 grafts	 in	 transplants	 between	 HLA-identical	 sibling	 pairs	 has
profoundly	 influenced	 clinical	 practice	 in	 the	unrelated	donor	 setting,	 and	PB	grafts	 are	 currently	 used	 in	 over
three-fourths	 of	 unrelated	 donor	 transplants.	 Unrelated	 PB	 grafts,	 like	 PB	 grafts	 from	 sibling	 donors,	 are
associated	 with	 superior	 hematopoietic	 engraftment.	 A	 recent	 multicenter	 international	 randomized	 trial
demonstrated	no	significant	difference	in	2-year	survival	between	the	recipients	of	unrelated	BM	and	PB	grafts;
however,	trends	toward	more	graft	failure	in	the	BM	recipients	and	more	chronic	GVHD	in	the	PB	recipients	were
observed.33

Although	 the	 outcome	 of	 allogeneic	 HCT	 from	 unrelated	 donors	 was	 for	 many	 years	 inferior	 to	 that	 of
transplants	between	HLA-identical	siblings,	advances	in	donor	selection	and	in	transplant	practice—particularly
conditioning	 regimens	 and	 supportive	 care—have	 eliminated	 this	 differential.	 Retrospective	 analyses	 of	 HCT
between	HLA-matched	 related	 and	 8/8	 locus-matched	 unrelated	 donor/recipient	 pairs	 have	 shown	 comparable
overall	survival	between	the	two	groups,	albeit	with	significantly	more	acute	and	chronic	GVHD	after	unrelated
donor	 transplant.34,35	 The	 equivalent	 outcome	 of	 transplantation	 from	 HLA-matched	 related	 versus	 unrelated
donors	is	all	the	more	impressive	given	that	patients	who	are	referred	for	unrelated	donor	HCT	have,	on	average,
more	advanced	and	higher	risk	disease.

Umbilical	Cord	Blood
The	 development	 and	 applications	 of	 UCB	 transplantation	 have	 been	 recently	 reviewed,36	 and	 this	 stem	 cell
source	provides	an	alternative	for	patients	who	do	not	have	a	readily	available,	suitably	HLA-matched	family	or
unrelated	donor.	There	is	now	a	global	network	of	cord	blood	banks	that	house	>650,000	UCB	units	available	for
searches	 to	 identify	 a	 suitable	UCB	unit	 for	 patients	who	 need	 an	 allogeneic	HCT.37	 The	 advantages	 of	UCB
include	rapid	availability,	little	or	no	risk	to	the	mother	or	newborn	infant,	and	a	low	risk	of	transmitting	viruses.
There	is	also	a	decreased	requirement	for	stringent	HLA	matching,	and	UCB	transplants	that	match	at	only	four	of
six	HLA	class	I	and	II	molecules	lead	to	acceptable	rates	of	GVHD.	The	disadvantages	of	UCB	include	delayed
engraftment,	especially	 in	patients	who	receive	a	nucleated	cell	dose	of	<2.5	×	107/kg	or	a	CD34+	 cell	 dose	of
<1.2	×	105/kg,	and	delayed	immune	reconstitution,	which	contributes	to	higher	transplant-related	mortality.38	The
initial	 applications	 of	UCB	 transplant	 focused	 on	 pediatric	 patients,	who	 because	 of	 their	 size	 could	 receive	 a
higher	dose	of	CD34+	cells/kg	of	body	weight.	Data	from	registries	and	single	 institutions	demonstrate	 that	 the
overall	survival	of	patients	receiving	single	UCB	transplant	compares	favorably	to	that	of	HLA-matched	unrelated
donor	BM	or	PB	transplants.39–41

To	overcome	the	low	CD34+	cell	dose	in	a	single	UCB	unit,	two	UCB	units	that	were	matched	for	at	least	four
of	six	HLA	alleles	with	the	recipient	have	been	administered.	Such	double	UCB	transplants	improved	the	time	to
engraftment	 in	 adult	 recipients,42	 even	 though	 chimerism	 analysis	 revealed	 that	 one	 UCB	 unit	 often	 rapidly
dominated	engraftment.43	A	randomized	trial	of	single	versus	double	UCB	transplant	in	children	and	adolescents
showed	similar	survival	but	superior	platelet	recovery	and	lower	risk	of	GVHD	with	single	UCB	transplant.44	A
comparison	of	outcomes	of	double	UCB	transplant	to	those	using	HLA-matched	related	or	unrelated	donors	has
suggested	 a	 lower	 risk	of	 relapse	but	 higher	 transplant-related	mortality	with	UCB	grafts	 and	 a	 similar	 overall



survival.42	UCB	transplant	has	also	been	successfully	used	with	RIC,	providing	an	option	for	older	patients	who
cannot	tolerate	MAC	and	do	not	have	a	suitably	matched	related	or	unrelated	donor.45

Innovations	 that	 may	 improve	 the	 outcome	 of	 UCB	 transplant	 are	 the	 subject	 of	 research.	 A	 promising
approach	to	shorten	the	duration	of	neutropenia	is	to	infuse	an	uncultured	UCB	unit	along	with	in	vitro	expanded
progenitor	cells	derived	either	by	culturing	UCB	CD34+	cells	with	the	Notch	ligand	delta	1	or	with	mesenchymal
progenitor	 cells.46,47	 These	 approaches	 currently	 require	 specialized	 cell	 culture	 facilities,	 but,	 in	 the	 future,
cryopreserved	 banks	 of	 third-party	 “off-the-shelf”	 progenitors	 could	 be	 derived	 and	 used	 for	 this	 purpose.
Strategies	 for	 improving	 homing	 of	 the	 infused	 stem	 cells	 to	 hematopoietic	 niches	 are	 also	 being	 explored	 to
enhance	 engraftment.48	 Immune	 reconstitution	 might	 be	 improved	 by	 the	 transfer	 of	 virus-specific	 cells	 or
lymphoid	progenitors	derived	de	novo	from	UCB	T	cells,49,50	and	GVHD	might	be	reduced	by	infusing	additional
CD4+	regulatory	T	cells	at	the	time	of	transplant.51

Mismatched	and	Haploidentical	Donors
HLA-mismatched	or	related	haploidentical	donors	also	provide	a	transplant	option	for	the	40%	to	50%	of	patients
who	do	not	have	a	readily	available	HLA-matched	family	or	unrelated	hematopoietic	cell	donor	and	comprise	a
steadily	 increasing	 fraction	 of	 the	 allogeneic	 transplants	 performed	 each	 year	 (Fig.	 124.3).	 In	 early	 studies,
transplantation	from	donors	mismatched	at	two	or	three	HLA	antigens	caused	an	unacceptably	high	incidence	of
graft	 rejection	and	severe	GVHD	resulting	 from	potent	bidirectional	alloreactive	T-cell	 responses.52	The	use	of
intense	MAC,	depletion	of	host	and	donor	T	cells,	and	infusion	of	high	numbers	of	donor	CD34+	T	cells	overcame
both	 the	 graft	 rejection	 and	 GVHD	 barriers	 but	 resulted	 in	 a	 prolonged	 immunodeficiency	 and	 high	 risk	 of
opportunistic	 infections,	 including	 invasive	 mold	 infection.53	 Relapse	 rates	 in	 AML	 were	 low,	 particularly	 in
recipients	in	which	donor-versus-recipient	natural	killer	(NK)	cell	alloreactivity	was	present,	due	to	the	absence	of
MHC	class	I	killer	cell	immunoglobulin-like	receptor	(KIR)	inhibitory	ligands	in	the	recipient	compared	with	the
donor.54

A	highly	successful	alternative	to	T-cell	depletion	and	one	that	is	used	with	RIC	to	prevent	GVHD	and	graft
rejection	after	haploidentical	HCT	is	 the	administration	of	high-dose	Cy	after	 transplant.	This	approach	aims	to
selectively	 eliminate	 alloreactive	 T	 cells	 that	 become	 activated	 in	 the	 recipient,	 resulting	 in	 preservation	 of
immune	reconstitution	to	pathogens,	thus	avoiding	the	severe	opportunistic	infections	that	are	observed	after	T-
cell–depleted	 haploidentical	 HCT.55	 A	 Blood	 and	 Marrow	 Transplant	 Clinical	 Trials	 Network	 study	 of	 two
parallel	phase	II	trials	of	RIC	and	haploidentical	donor	BM	transplant	with	high-dose	Cy	after	transplant	or	double
UCB	 transplant	 demonstrated	 similar	 overall	 and	 progression-free	 survival	 (PFS)	 at	 1	 year	 (62%	 and	 48%	 for
haploidentical	HCT	and	54%	and	46%	for	double	UCB	transplant,	respectively)	and	a	similar	incidence	of	grade	2
to	4	acute	GVHD	(32%	for	haploidentical	HCT	and	40%	for	double	UCB	transplant).56	The	1-year	cumulative
incidences	of	nonrelapse	mortality	and	relapse	were	7%	and	45%,	respectively,	after	haploidentical	HCT	and	24%
and	31%,	respectively,	after	double	UCB	transplant.	These	results	 illustrate	 the	vast	 improvements	 in	outcomes
after	 haploidentical	 HCT	 and	 suggest	 that	 randomized	 comparisons	 of	 UCB,	 matched	 unrelated	 donor,	 and
haploidentical	related	donor	HCT	will	be	needed	to	determine	if	any	of	these	procedures	is	superior.
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Figure	124.3	Increasing	utilization	of	allogeneic	transplants	performed	with	hematopoietic	cell
grafts	from	haploidentical	donors,	2008	to	2015.	HCT,	hematopoietic	cell	transplantation;	US,
United	States.	(From	D’Souza	A,	Fretham	C.	Current	uses	and	outcomes	of	hematopoietic	cell

transplantation	[HCT]:	CIBMTR	summary	slides,	2017.	http://www.cibmtr.org.	Accessed	July	30,
2018.)

IMMUNOBIOLOGY	OF	ALLOGENEIC	HEMATOPOIETIC	CELL
TRANSPLANTATION
Genetic	disparity	between	donor	and	recipient	is	not	only	a	key	to	the	therapeutic	efficacy	of	allogeneic	HCT	but
also	 the	 root	 cause	 of	 GVHD,	 which	 is	 its	 primary	 limitation.	 GVL	 and	 GVHD	 are	 mediated	 primarily	 by
lymphocytes	contained	in	or	derived	from	the	donor	hematopoietic	cell	graft.	GVL	activity	is	closely	linked	to	the
development	 of	 GVHD,	 but	 clinically	 significant	 GVHD	 is	 not	 required	 for	 GVL,	 implying	 that	 important
mechanistic	distinctions	exist	between	the	two	phenomena.

Graft-versus-host	Disease
GVHD	 comprises	 two	 distinct	 but	 variably	 overlapping	 clinical	 syndromes—acute	 and	 chronic	 GVHD—that
differ	in	their	time	course,	clinical	manifestations,	and	response	to	therapy.	The	pathophysiology	of	acute	GVHD
is	complex	and	has	been	extensively	investigated	in	murine	models.57	Innate	and	adaptive	immune	responses	are
initiated	by	tissue	injury	caused	by	cytotoxic	conditioning	and	the	subsequent	release	of	sterile	damage-associated
molecular	pattern	(DAMP)	and	pathogen-associated	molecular	pattern	(PAMP)	molecules.	This	leads	to	release	of
inflammatory	cytokines,	activation	of	donor	lymphocytes	and	recipient	antigen–	presenting	cells,	proliferation	and
differentiation	of	activated	donor	lymphocytes,	trafficking	of	donor	lymphocytes	to	secondary	lymphoid	organs,
and	 infiltration	 of	 target	 organs	 by	 activated	 donor	 effector	 cells	 with	 subsequent	 target	 organ	 injury.57	 The
pathophysiology	 of	 chronic	 GVHD	 cannot	 readily	 be	 attributed	 to	 the	 same	 mechanisms	 that	 mediate	 acute
GVHD.	Many	of	the	features	of	chronic	GVHD	are	phenocopies	of	manifestations	of	autoimmune	diseases	such
as	scleroderma	and	Sjögren	syndrome,	and	transplant	physicians	view	chronic	GVHD	as	a	condition	in	which	loss
of	both	B-	and	T-cell	immune	tolerance	is	a	central	feature.58	That	distinct	mechanisms	mediate	the	pathogenesis



of	 acute	 and	 chronic	 GVHD	 is	 underscored	 by	 the	 fact	 that	 pharmacologic	 strategies	 for	 prevention	 of	 acute
GVHD	have	limited	efficacy	for	preventing	the	chronic	form	of	the	disease	(and	vice	versa).

The	 central	 role	 of	 donor	 T	 lymphocytes	 in	 mediating	 acute	 GVHD	 is	 suggested	 by	 the	 complementary
observations	 that	 depletion	 of	 T	 lymphocytes	 from	 the	 donor	 graft	 can	 prevent	 significant	 GVHD,	 whereas
supplementation	of	grafts	with	additional	donor	T	cells	exacerbates	it.59	The	occurrence	of	GVHD	in	recipients	of
grafts	from	donors	that	are	genotypically	identical	throughout	the	entire	MHC	implicates	donor/recipient	disparity
at	polymorphic	genetic	loci	outside	the	MHC	in	causing	GVHD.	Such	loci	encode	short	peptides	(8	to	12	residues
in	length)	termed	minor	histocompatibility	antigens	that	are	presented	on	the	cell	surface	by	MHC-encoded	HLA
molecules.	Minor	H	antigens	are	created	by	the	extensive	sequence	and	structural	variation	present	in	the	human
genome,	and	all	donor/recipient	transplant	pairs,	despite	selection	for	identity	at	the	MHC,	will	be	mismatched	for
many	minor	H	antigens.60

The	etiology	of	chronic	GVHD	is	distinguished	from	acute	GVHD	by	a	significant	role	for	B	lymphocytes	and
dysregulated	B-cell	homeostasis.61	Abnormal	 levels	 of	 naïve	B	 cells	 are	 observed	 in	 chronic	GVHD62	 and	 are
associated	 with	 elevated	 levels	 of	 B-cell	 activating	 factor,	 which	 can	 promote	 the	 survival	 and	 activation	 of
autoreactive	 B	 cells.63	 Autoantibodies	 specific	 for	 nuclear,	 mitochondrial,	 parietal	 cell,	 smooth	 muscle,	 and
parotid	gland	antigens	have	been	detected	in	patients	with	severe	symptoms	of	chronic	GVHD.64	Autoantibodies
against	platelet-derived	growth	factor	have	been	detected	in	patients	with	chronic	GVHD	with	prominent	sclerosis
and	fasciitis.65

Graft	versus	Leukemia
The	GVL	 effect	 of	 allogeneic	HCT	 is	 associated	with	GVHD	 but	 can	 be	 observed	 in	 the	 absence	 of	GVHD,
suggesting	 important	distinctions	between	 the	 two.	 It	 is	 clear	 that	 the	GVL	effect	 is	not	 a	 single	homogeneous
phenomenon	 and	 that	 the	mechanisms	 that	mediate	GVL	 are	 determined	 by	 the	 genetic	 disparity	 between	 the
donor	and	recipient;	the	source,	composition,	and	processing	of	the	hematopoietic	cell	graft	from	the	donor;	and
the	recipient	tumor	type.	Donor	T	lymphocytes	and	NK	cells	are	the	primary	GVL	effector	cells.	Donor	T	cells
specific	 for	minor	H	antigens	 expressed	on	 recipient	malignant	 cells	 are	particularly	 important	 in	patients	who
receive	T-replete	grafts	from	HLA-identical	donors.	Minor	H	antigen–specific	T	cells	exhibit	potent	antileukemic
activity	 in	vitro66	and	specifically	eliminate	 the	 leukemic	stem	cells	 that	establish	human	 leukemia	 in	 immune-
deficient	mice.67	Minor	 antigen-specific	T	cells	with	 reactivity	 against	 recipient	 leukemic	 cells	have	 frequently
been	 detected	 in	 the	 blood	 of	 HCT	 recipients	 demonstrating	 regression	 of	 leukemia	 after	 donor	 lymphocyte
infusion.68	 It	 is	 thought	 that	 donor	 T	 cells	 recognizing	 minor	 H	 antigens	 that	 are	 selectively	 or	 exclusively
expressed	 on	 recipient	 hematopoietic	 cells—including	 leukemic	 cells—may	 mediate	 GVL	 activity	 without
contributing	to	GVHD.

Donor	T	 cells	 recognizing	 nonpolymorphic	 antigens	 encoded	 by	 genes	 that	 are	 overexpressed	 or	 aberrantly
expressed	in	myeloid	and	lymphoid	leukemic	cells	can	also	contribute	to	GVL	activity.	CD8+	T	cells	recognizing
peptides	 encoded	 by	 genes	 overexpressed	 in	 myeloid	 leukemic	 cells	 such	 as	 myeloblastin	 and	 neutrophil
elastase,69	by	WT1	that	is	expressed	in	a	wide	range	of	leukemic	cells,70	or	by	the	cancer-testis	gene	NY-ESO-1
that	is	often	expressed	in	AML	and	multiple	myeloma71	have	been	detected	in	the	blood	of	HCT	recipients.	It	is
likely	 that	 donor	 T-cell	 responses	 against	 nonpolymorphic	 antigens	 are	 facilitated	 by	 the	 immunogenic	milieu
created	 by	 responses	 against	 recipient	 minor	 H	 antigens	 because	 they	 have	 not,	 in	 general,	 been	 detected	 in
recipients	of	syngeneic	transplants.

Alloreactive	 donor	 NK	 cells	 can	 be	 major	 mediators	 of	 GVL	 in	 recipients	 of	 grafts	 from	 multiple	 HLA-
mismatched	 and	 haploidentical	 donors,	 in	 whom	 extensive	 in	 vitro	 or	 in	 vivo	 T-cell	 depletion	 of	 the	 graft	 is
required	 to	 prevent	 lethal	 GVHD.54	 The	 recognition	 of	 recipient	 target	 cells	 by	 cytotoxic	 donor	 NK	 cells	 in
allogeneic	HCT	is	in	large	part	determined	by	donor	and	recipient	genotypes	at	the	KIR	locus	on	chromosome	19q
as	well	as	at	the	HLA-A,	HLA-B,	and	HLA-C	loci	on	chromosome	6p.	KIR	genes	encode	transmembrane	receptors
that	are	expressed	selectively	or	exclusively	in	NK	cells	and	subsets	of	αβ	or	γδ	T	cells;	bind	to	specific	subsets	of
HLA-A,	HLA-B,	 and	HLA-C	alleles	 in	 a	manner	 that	 is	 influenced	by	HLA-bound	peptide;	 and	participate	 in
specific	recognition	of	 target	cells	by	NK	and	T	cells.	 In	 the	HLA-haploidentical	or	multiple	HLA-mismatched
setting,	cytotoxic	donor	NK	cells	can	eliminate	recipient	leukemic	cells	that	express	molecules	for	which	they	are
specific.	The	interaction	of	donor	NK	and	recipient	leukemic	cells	is	in	part	determined	by	the	gene	content	and
haplotype	 of	 the	 donor	 at	 the	KIR	 locus,	 but	 the	 nature	 of	 the	 interactions	 have	 yet	 to	 be	 completely	 defined.
Several	models	of	NK	alloreactivity	have	been	proposed,	but	 it	 is	 not	yet	 clear	which	of	 these	models	has	 the
greatest	accuracy.
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Accumulating	evidence	suggests	that	donor	NK	cells	may	make	a	significant	contribution	to	the	elimination	of
myeloid	leukemias	after	allogeneic	HCT	between	fully	HLA-matched	donor/recipient	pairs	(reviewed	in	Warren
and	Deeg72).	The	most	compelling	data	have	been	provided	by	several	 large	 retrospective	 studies	of	MHC	and
KIR	 genotype	 and	 posttransplant	 relapse	 and	 have	 shown	 significant	 associations	 between	 the	 presence	 in	 the
donor	of	a	specific	type	of	haplotype	at	the	KIR	locus,	or	one	or	more	components	thereof,	and	decreased	rate	of
relapse	in	recipients	undergoing	unrelated	HCT	for	AML	and	other	myeloid	neoplasms.73	Using	an	algorithm	that
was	 based	 on	 polymorphism-driven	 expression	 levels	 and	 specificities,	 certain	KIR3DL1	 and	HLA-B	 subtype
combinations	predictive	of	weak	inhibition	or	noninhibition	were	found	to	be	associated	with	significantly	lower
relapse	of	AML	after	unrelated	HCT.74

COMPLICATIONS	OF	ALLOGENEIC	HEMATOPOIETIC	CELL
TRANSPLANTATION	AND	THEIR	MANAGEMENT
Acute	and	Chronic	Graft-versus-host	Disease
The	 syndrome	 of	 acute	 GVHD	 is	 characterized	 by	 fever,	 skin	 rash,	 upper	 and/or	 lower	 gastrointestinal	 tract
symptoms,	 and	 cholestatic	 liver	 dysfunction,	 often	 accompanied	 by	 elevations	 in	 hepatic	 transaminases.	 It
typically	occurs	within	the	first	60	days	after	HCT	but	can	occur	later,	particularly	in	recipients	of	RIC.	The	most
important	 risk	 factors	 for	 the	 development	 of	 acute	 GVHD	 are	 donor/recipient	 HLA	 mismatch,	 donor	 and
recipient	age,	a	filgrastim-stimulated	PB	graft	rather	than	a	BM	graft,	MAC	with	a	TBI-containing	regimen,	and
donor/recipient	 cytomegalovirus	 (CMV)	 seropositivity.	 The	 skin	 rash	 of	 GVHD	 is	 most	 commonly	 an
erythematous,	variably	pruritic,	macular	or	maculopapular	eruption	that	can	involve	any	part	of	the	body	surface.
Blistering	and	desquamation	are	seen	in	severe	cases	(Fig.	124.4A).	The	symptoms	of	gut	GVHD	range	widely	in
severity	and	can	include	anorexia,	nausea,	vomiting,	abdominal	cramping,	and	diarrhea,	the	latter	of	which	can	be
voluminous	 (measurable	 in	 liters	 per	 day)	 and	 bloody.	 Endoscopic	 evaluation	 of	 gut	 GVHD	 reveals	 mucosal
edema	and	erythema	in	mild	cases,	frankly	hemorrhagic	epithelium	in	more	severe	cases,	and	pseudomembranes
and	extensive	denudation	in	life-threatening	disease.	The	pathologic	hallmarks	of	mild	to	moderate	skin	and	gut
GVHD	are	apoptotic	epithelial	cells	and	an	infiltrate	of	inflammatory	cells,	composed	chiefly	of	lymphocytes	and
neutrophils,	 the	 latter	primarily	 in	 the	gut.	Hepatic	GVHD	is	most	specifically	characterized	by	damage	 to	bile
ducts	 with	 bile	 stasis,	 often	 accompanied	 by	 inflammatory	 cell	 infiltration.	 Plasma	 biomarkers	 for	 skin75	 and
lower	gastrointestinal	and	liver76	GVHD	and	for	therapy-resistant,	life-threatening	GVHD77	have	been	identified.

Chronic	 GVHD	 has	 protean	manifestations	 that	 can	 appear	 in	 a	 broader	 range	 of	 target	 organs	 than	 acute
GVHD,	including	the	eyes,	mouth,	skin	and	nails,	gut,	liver,	lungs,	joints,	subcutaneous	tissue,	and	genital	tract,
particularly	 in	women.	Symptoms	and	 signs	of	 chronic	GVHD	 include	 skin	 tightness	 and	 thickening,	hypo-	or
hyperpigmentation	(Fig.	124.4B–D),	skin	erosion	or	ulcers,	pruritus,	brittle	and/or	ridged	nails,	dry	eyes	and	dry
mouth,	hair	 thinning	or	 loss,	edema,	fatigue,	weight	 loss,	anorexia,	dysphagia	or	odynophagia,	 joint	stiffness	or
contractures,	chronic	cough,	dyspnea,	vaginal	dryness,	and	dyspareunia,	among	others.	Laboratory	signs	include
eosinophilia,	 thrombocytopenia,	 and	 hypo-	 or,	 less	 commonly,	 hypergammaglobulinemia.	 Biopsy	 of	 involved
sites	 reveals	 a	 spectrum	 of	 characteristic	 changes;	 fibrosis	 is	 a	 common	 feature.	 Evaluation	 of	 advanced	 lung
involvement	often	reveals	bronchiolitis	obliterans.	 Immune	deficiency	 is	a	prominent	 feature	of	chronic	GVHD
and	manifests	as	increased	susceptibility	to	bacterial,	fungal,	and	viral	pathogens.



Figure	124.4	Photographs	of	skin	graft-versus-host	disease	(GVHD).	A:	Severe	acute	skin
GVHD.	B:	Sclerodermatous	chronic	skin	GVHD.	C:	Dystrophic	nails	in	chronic	GVHD.	D:	Oral
lichenoid	changes	in	chronic	GVHD.	(Figures	B,	C,	and	D	are	courtesy	of	Dr.	Mary	Flowers,	Fred

Hutchinson	Cancer	Research	Center.)

Pharmacologic	Prophylaxis	and	Therapy
The	 incidence	 and	 severity	 of	 acute	 GVHD	 can	 be	 reduced	 with	 pharmacologic	 prophylaxis.	 Calcineurin
inhibitors	such	as	cyclosporine	and	tacrolimus	combined	with	methotrexate	have	been	the	mainstay	of	prophylaxis
in	MAC	transplants	for	several	decades.	Salts	of	mycophenolic	acid	have	successfully	replaced	methotrexate	 in
prophylaxis	regimens	in	some	RIC	regimens.	Two-	and	three-drug	regimens	combining	tacrolimus,	or	tacrolimus
and	mycophenolic	acid,	with	sirolimus	have	been	evaluated	in	clinical	trials	in	both	the	MAC	and	RIC	settings,
with	 promising	 results.78	 Novel	 approaches	 to	 preventing	 GVHD	 based	 on	 donor	 and/or	 recipient	 statin
treatment79	 or	 blockade	 of	 lymphocyte	 chemotaxis80	 also	 appear	 to	 have	 significant	 potential.	 None	 of	 the
pharmacologic	strategies	for	preventing	acute	GVHD	have	yet	been	shown	to	be	effective	at	preventing	chronic
GVHD.

Synthetic	corticosteroids	such	as	prednisone	or	methylprednisolone	at	0.5	to	2	mg/kg/day	are	the	cornerstone
of	therapy	for	acute	and	chronic	GVHD	that	requires	systemic	therapy.	Topical	tacrolimus	or	halogenated	steroids
and	the	combination	of	an	oral	photosensitizing	psoralen	with	ultraviolet	A	irradiation	can	provide	useful,	steroid-
sparing	adjuvant	therapy	for	skin	GVHD.	Similarly,	orally	administered,	poorly	absorbed	synthetic	steroids	such
as	 beclomethasone81	 and	 budesonide	 are	 effective	 agents	 for	 mild	 to	 moderate	 gut	 GVHD	 and	 facilitate	 a
reduction	 in	 the	 intensity	of	systemic	 therapy.	The	treatment	of	moderate	 to	severe	(grade	3	 to	4)	acute	GVHD
that	 is	 refractory	 to	 treatment	 with	 2	 mg/kg/day	 of	 prednisone	 equivalent	 continues	 to	 be	 a	 major	 clinical
challenge.	Anti–T-cell	antibody	preparations	such	as	antithymocyte	globulin	(ATG)	of	equine	or	lapine	origin	and
monoclonal	anti–T-cell	antibodies	such	as	daclizumab	are	commonly	used	in	this	setting,	but	there	is	no	agent	that
has	been	shown	to	be	effective	in	a	randomized,	double-blind,	placebo-controlled	fashion.	Lithium,	which	is	an
inducer	of	Wnt	signaling	that	potentiates	intestinal	crypt	proliferation,	has	been	administered	in	combination	with
corticosteroid	 therapy	 in	a	 single-arm	study	and	 resulted	 in	a	high	 remission	 rate	and	1-year	 survival	 in	 severe
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gastrointestinal	GVHD.82

Alternative	Approaches	to	Prevention	of	Graft-versus-host	Disease
Several	 approaches	 to	 GVHD	 prevention	 have	 been	 investigated	 as	 adjuncts	 or	 alternatives	 to	 the	 traditional
combination	of	a	calcineurin	inhibitor	and	methotrexate.	Depletion	of	donor	T	cells	in	vitro,	using	one	of	several
different	methodologies,	or	in	vivo,	typically	using	polyclonal	or	monoclonal	anti–T-cell	antibodies,	is	effective
prophylaxis	 for	 both	 acute	 and	 chronic	 GVHD	 but	 at	 the	 cost	 of	 more	 frequent	 graft	 failure,	 slower	 immune
reconstitution,	increased	opportunistic	infections,	and	higher	rates	of	relapse	in	some	but	not	all	malignancies.

T-cell	depletion	has	been	examined	in	randomized	studies	of	allogeneic	HCT	between	8/8	or	7/8	HLA	locus-
matched	 donor/recipient	 pairs.	 A	 multicenter	 trial	 in	 which	 405	 patients	 with	 hematologic	 malignancies	 were
randomized	to	receive	in	vitro	T-depleted	BM	grafts	from	unrelated	donors	and	posttransplant	cyclosporine	A	or
T-replete	marrow	grafts	with	cyclosporine	A	and	standard-dose	methotrexate	demonstrated	a	lower	rate	of	grade	3
to	4	acute	GVHD	in	the	T-cell	depletion	arm	(18%	versus	37%,	respectively)	but	no	significant	difference	in	3-
year	disease-free	survival.83	The	problem	of	slow	immune	reconstitution	after	complete	T-cell	depletion	might	be
mitigated	by	more	selective	removal	of	T-cell	subsets	from	the	stem	cell	graft.	A	phase	II	study	in	HLA-identical
sibling	HCT	 showed	 that	 the	 depletion	 of	CD45RA+-naïve	T	 cells	markedly	 reduced	 the	 incidence	 of	 chronic
GVHD,	 without	 compromising	 reconstitution	 of	 immune	 responses	 to	 opportunistic	 pathogens	 or	 increasing
relapse.84

In	vivo	T-cell	depletion	with	ATG	has	also	been	evaluated	in	large	clinical	trials.	A	randomized,	multicenter
trial	of	standard	cyclosporine	and	methotrexate	GVHD	prophylaxis	with	or	without	in	vivo	ATG	treatment	in	202
patients	 receiving	 unrelated	 donor	 HCT	 showed	 a	 lower	 cumulative	 incidence	 of	 grade	 3	 to	 4	 acute	 GVHD
(11.7%	versus	24.5%)	and	of	clinical	extensive	chronic	GVHD	(12.2%	versus	42.6%)	in	the	ATG	group	but	no
significant	 difference	 in	 overall	 survival	 between	 the	 two	 groups.85	 A	 more	 recent	 prospective,	 randomized,
double-blind	trial	of	ATG	in	unrelated	myeloablative	HCT	showed	that	ATG	did	not	improve	moderate-to-severe
chronic	GVHD–free	 survival.	Moderate-to-	 severe	 chronic	GVHD	was	 significantly	 lower	with	ATG,	but	PFS
and	overall	survival	also	were	lower.86

A	 novel	 approach	 to	 the	 prevention	 of	 acute	 and	 chronic	 GVHD	 based	 on	 administration	 of	 high-dose
intravenous	Cy	within	3	to	4	days	of	infusion	of	the	hematopoietic	cell	graft	(high-dose	Cy	after	transplant)	has
shown	promise	in	 the	prevention	of	both	acute	and	chronic	GVHD.	Long	studied	in	preclinical	models	of	solid
organ	 transplantation	 and	 HCT,	 this	 approach	 was	 first	 tested	 in	 the	 clinic	 for	 GVHD	 prophylaxis	 in
haploidentical	HCT.55	These	studies	demonstrated	that	high-dose	Cy	after	transplant,	combined	with	a	calcineurin
inhibitor,	was	comparable	if	not	superior	to	T-cell	depletion	for	haploidentical	transplantation.	High-dose	Cy	after
transplant	alone,	without	additional	prophylactic	immunosuppression,	has	subsequently	been	studied	in	the	setting
of	HLA-matched	HCT	from	related	and	unrelated	donors	and	in	both	single-center87	and	multicenter	studies	and
has	proved	 to	be	strikingly	effective	 in	 the	prevention	of	chronic	GVHD,	without	compromising	GVL	activity.
Posttransplant	Cy	was	initially	used	with	BM	as	the	graft	source,	but	this	approach	can	be	used	with	filgrastim-
mobilized	 PBSC	 grafts	 in	 both	 the	 haploidentical	 and	 HLA-matched	 setting	 with	 comparable	 survival	 to	 that
observed	with	BM	grafts	but	with	a	higher	rate	of	acute	and	chronic	GVHD.88

Infectious	Complications
Infections,	 both	 early	 after	 allogeneic	 HCT	 during	 the	 period	 of	 severe	 pancytopenia	 and	 later	 as	 a	 result	 of
persistent	immunodeficiency	and/or	immunosuppressive	drug	therapy,	remain	a	significant	cause	of	morbidity	and
mortality.	 Several	 strategies	 for	 reducing	 infectious	 complications	 are	 routinely	 used,	 including	 handwashing
policies	for	patients,	families,	and	health-care	workers;	prophylactic	antibiotics;	screening	for	respiratory	viruses;
monitoring	 and	 preemptive	 therapy	 for	 CMV	 infection;	 and	 prompt	 empiric	 therapy	 for	 infections	 in	 at-risk
patients.	The	types	of	pathogens	to	which	the	patient	 is	most	susceptible	vary	over	 time	after	HCT.	The	risk	of
bacterial	infections	is	highest	during	the	early	neutropenic	phase	after	HCT	and	again	later	in	patients	with	chronic
GVHD.	Viral	infections	occur	most	often	in	the	first	3	months	after	HCT	when	cellular	and	humoral	immunity	are
impaired	by	immunosuppressive	drug	therapy.

Bacterial	Infections
Factors	that	predispose	allogeneic	HCT	recipients	to	bacterial	infections	are	disruption	of	oral	and	gastrointestinal
mucosal	 barriers,	 neutropenia	 (absolute	 neutrophil	 count	 <500	 cells/μL),	 indwelling	 central	 catheters,



glucocorticoid	 therapy,	 and	 alterations	 in	 the	microbiota	 from	 prior	 antibiotic	 therapy.	 The	 degree	 of	mucosal
damage	and	the	duration	of	neutropenia	vary	depending	on	the	intensity	of	the	conditioning	regimen,	and	RIC	is
associated	with	fewer	early	infections.

Up	to	60%	of	HCT	recipients	develop	a	bloodstream	infection	with	gram-positive	or	gram-negative	bacteria,
and	 bacterial	 infections	 are	 the	 most	 common	 cause	 of	 infection-related	 mortality	 after	 allogeneic	 HCT.89
Antibiotic	prophylaxis	and	prompt	evaluation	and	empiric	therapy	of	patients	with	neutropenic	fever	are	critical	to
reduce	the	risk	of	life-threatening	infections.	Prophylaxis	with	a	broad-spectrum	antibiotic	such	as	levofloxacin	or
ceftazidime	 is	 typically	 initiated	 at	 the	 onset	 of	 neutropenia	 and	 continued	 until	 neutrophil	 recovery.90
Levofloxacin	has	broad	activity	against	gram-positive	and	gram-negative	pathogens	and	an	excellent	safety	profile
and	can	be	administered	orally	in	once-daily	dosing.	Patients	who	develop	a	fever	should	be	evaluated	by	physical
exam	for	potential	portals	of	entry,	blood	and	urine	cultures,	and	a	chest	x-ray	or	other	imaging	studies	informed
by	the	clinical	presentation.	Empiric	antibiotic	 therapy	should	be	initiated	promptly	and	modified	depending	on
the	 results	 of	 cultures.	The	 choice	of	 antibiotics	 for	 empiric	 therapy	of	 febrile	 neutropenia	 depends	on	 clinical
presentation,	results	of	prior	surveillance	cultures,	local	susceptibility	patterns,	toxicity	of	individual	agents,	and
allergic	 history.	 Typically,	 a	 third-	 or	 fourth-generation	 cephalosporin	 or	 carbapenem	 alone	 or	 in	 combination
with	an	aminoglycoside	to	provide	coverage	for	Pseudomonas	and	other	gram-negative	pathogens	is	considered	in
seriously	 ill	 patients	with	 neutropenic	 fever,	with	 adjustment	 of	 the	 antibiotic	 regimen	 as	 culture	 data	 become
available.	 Nocardia,	 Legionella,	 and	 Mycobacterium	 infections	 are	 uncommon	 but	 should	 be	 considered	 in
patients	 with	 pulmonary	 infiltrates.	 The	 potential	 for	 antibiotic-resistant	 bacteria,	 such	 as	 methicillin-resistant
Staphylococcus	and	vancomycin-resistant	Enterococcus,	 to	cause	serious	infections	in	HCT	recipients	who	have
often	been	heavily	exposed	previously	to	antibiotics	should	be	carefully	evaluated.

Late	bacterial	infections	can	occur	after	recovery	from	neutropenia,	particularly	in	patients	with	chronic	GVHD
who	have	low	serum	immunoglobulin	levels.	Such	patients	are	at	risk	for	serious	sinopulmonary	infections	and
systemic	 infections	 with	 encapsulated	 organisms	 and	 should	 be	 treated	with	 daily	 prophylaxis	 with	 penicillin,
trimethoprim-sulfamethoxazole,	or	a	suitable	alternative.

Clostridium	difficile
There	 is	 a	 high	 incidence	 of	Clostridium	 difficile	 infection	 in	 allogeneic	 HCT	 recipients	 because	 of	 frequent
hospitalization,	 use	 of	 broad-spectrum	 antibiotics,	 and	 disruption	 of	 gastrointestinal	 mucosal	 barriers.91	 The
incidence	 of	 C.	 difficile	 in	 allogeneic	 HCT	 recipients	 in	 U.S.	 transplant	 centers	 is	 approximately	 12%,	 and
infection	often	occurs	in	the	first	month	after	transplant.92	C.	difficile	infection	after	allogeneic	HCT	responds	to
standard	treatment	with	oral	metronidazole.92	Studies	of	 the	microbiota	composition	 in	 feces	of	HCT	recipients
have	identified	bacterial	taxa	with	protective	effects	against	development	of	C.	difficile	infection.93	Recurrent	C.
difficile	 infections	 in	 nontransplant	 patients	 who	 do	 not	 respond	 to	 antibiotic	 therapy	 have	 been	 treated
successfully	with	fecal	microbiota	transfer,	and	this	approach	has	been	reported	to	be	effective	in	allogeneic	HCT
recipients	with	recurrent	C.	difficile	colitis.94

Fungal	and	Pneumocystis	jirovecii	Infection
Allogeneic	HCT	recipients,	particularly	those	who	require	intensive	immunosuppression	to	treat	GVHD	or	who
receive	 a	T-cell–depleted	HCT,	 are	 at	 risk	 for	 serious	 fungal	 infections.	Candida	 and	Aspergillus	 are	 the	most
common	fungal	pathogens;	however,	other	organisms	may	be	observed.	The	incidence	of	invasive	and	superficial
Candida	 infections	 is	 markedly	 reduced	 by	 administration	 of	 prophylactic	 fluconazole,95	 and	 this	 is	 now	 the
standard	of	care	in	transplant	centers.	Fluconazole	has	limited	activity	against	Candida	krusei,	Aspergillus	 spp.,
and	Torulopsis	glabrata,	and	patients	 receiving	fluconazole	prophylaxis	 remain	at	 risk	 for	 infections	with	 these
pathogens.	 Azole	 agents	 such	 as	 voriconazole	 and	 itraconazole	 that	 are	 active	 against	 Aspergillus	 are	 more
effective	 than	fluconazole	 in	preventing	Aspergillus	 infection	 in	HCT	recipients	but	have	a	higher	 incidence	of
side	 effects.96	 Patients	 who	 require	 glucocorticoid	 therapy	 for	 acute	 GVHD	 are	 at	 high	 risk	 for	 invasive
Aspergillus	and	Zygomycetes	infection,	and	posaconazole	has	been	shown	to	be	more	effective	than	fluconazole	in
this	subset	of	patients.97
Pneumocystis	jirovecii	can	cause	pneumonia	late	after	allogeneic	HCT,	and	patients	should	receive	prophylaxis

with	trimethoprim/sulfamethoxazole	or,	if	not	tolerated,	an	acceptable	alternative,	such	as	dapsone,	atovaquone,	or
aerosolized	pentamidine,	until	they	are	off	of	all	immunosuppressive	drug	therapy.
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Herpesvirus	Infections
Reactivation	of	latent	viruses	of	the	herpes	family	occurs	frequently	in	seropositive	patients	after	allogeneic	HCT
and,	 in	 the	absence	of	 therapy,	can	cause	 life-threatening	disease.	Herpes	simplex	virus	 type	1	or	2	 infection	 is
now	nearly	universally	prevented	by	the	administration	of	acyclovir	beginning	with	conditioning.	Varicella-zoster
virus	 can	present	 late	 after	HCT,	most	 frequently	 in	patients	with	GVHD,	either	 as	 reactivation	 in	dermatomal
sites	 or	 less	 commonly	 as	 a	 disseminated	 infection	 with	 hepatitis,	 pneumonitis,	 and/or	 meningoencephalitis.
Prolonged	administration	of	prophylactic	acyclovir	for	1	year	after	HCT	is	effective	in	decreasing	varicella-zoster
virus	reactivation.

Latent	 CMV	 infection	 is	 common	 in	 the	 general	 population	 and	 can	 reactivate	 and	 cause	 serious	 life-
threatening	 invasive	 disease	 both	 early	 and	 late	 after	 allogeneic	HCT.	Prevention	 of	CMV	disease	 is	 the	most
effective	management	strategy.	For	patients	who	are	CMV	seronegative,	it	is	standard	practice	to	reduce	the	risk
of	 the	patient	acquiring	the	virus	by	administering	“CMV-safe”	blood	products	as	 transfusion	support,	obtained
from	 either	 CMV-seronegative	 donors	 or	 leukocyte	 reduced	 by	 filtration.	 CMV-seropositive	 recipients	 have
frequent	monitoring	of	blood	 for	CMV	reactivation	using	polymerase	chain	 reaction	 to	detect	CMV	DNA,	and
preemptive	 antiviral	 drug	 therapy	 to	 prevent	 disease	 is	 instituted	 in	 patients	 with	 reactivation	 to	 prevent
progression	of	 infection.98	Ganciclovir	 is	most	commonly	used	 for	preemptive	 therapy;	however,	 foscarnet	 is	a
useful	agent	in	patients	with	neutropenia.	UCB	transplant	recipients	are	at	particularly	high	risk	for	serious	CMV
infection	due	to	the	lack	of	transferred	memory	T-cell	responses	to	CMV	in	the	graft,	the	low	total	T-cell	dose,
and	 the	 delay	 in	 immune	 reconstitution.	Moreover,	 the	 delayed	 recovery	 of	 neutrophil	 counts	 in	 these	 patients
complicates	preemptive	therapy	with	ganciclovir.	Thus,	some	centers	have	implemented	an	intensive	strategy	to
prevent	CMV	disease	using	ganciclovir	during	conditioning	for	UCB	transplant,	high-dose	acyclovir	prophylaxis
after	transplant,	and	preemptive	ganciclovir	for	any	positive	CMV	DNA	polymerase	chain	reaction.99	Ganciclovir
and	 foscarnet	 cause	myelosuppression	 and	 nephrotoxicity,	 respectively,	 and	 there	 is	 need	 for	 a	 safer	 drug	 for
prophylaxis	 of	 CMV.	Brincidofovir	 is	 an	 orally	 bioavailable	 acyclic	 nucleoside	 phosphonate	 that	 is	 converted
intracellularly	 to	 cidofovir	 and	 has	 potent	 antiviral	 activity	 against	 both	 herpesviruses	 and	 adenoviruses.	 Oral
administration	of	Brincidofovir	was	effective	as	prophylaxis	for	CMV	infection	in	CMV-seropositive	allogeneic
HCT	recipients	without	myelosuppression	or	nephrotoxicity,	suggesting	that	less	toxic	approaches	to	controlling
CMV	infection	after	allogeneic	HCT	may	be	forthcoming.

CMV	surveillance	and	preemptive	antiviral	drug	 therapy	have	 reduced	 the	 incidence	of	CMV	disease	 in	 the
first	3	months	after	allogeneic	HCT.	However,	late	CMV	disease	still	occurs	in	up	to	15%	of	CMV-seropositive
recipients,	 most	 commonly	 in	 the	 first	 year	 after	 transplant,	 and	 has	 a	 poor	 outcome.100	 Patients	 at	 high	 risk
include	 recipients	 of	T-cell–depleted	 or	UCB	grafts	 and	 those	with	 low	CD4+	T	 cells,	 absent	 reconstitution	 of
CMV-specific	T-cell	immunity	and	GVHD.	Extended	monitoring	for	CMV	reactivation	and	preemptive	antiviral
therapy	are	recommended	in	such	patients	to	reduce	late	CMV	disease.101

Epstein-Barr	virus	(EBV)	reactivation	in	donor	B	cells	and	progression	to	an	aggressive	lymphoproliferative
disorder	 (LPD)	may	 occur	 in	 recipients	 of	 T-cell–depleted	 allogeneic	HCT	 or	 in	 patients	who	 receive	 T-cell–
depleting	antibodies	to	treat	GVHD.	Strategies	for	T-cell	depletion	that	also	remove	donor	B	cells	from	the	graft
reduce	 the	 incidence	 of	 EBV-associated	 LPD	 (EBV-LPD).	 The	 pathogenesis	 of	 LPD	 is	 a	 deficiency	 of	 EBV-
specific	T	cells	that	are	necessary	to	control	latent	EBV	infection.	Thus,	EBV-LPD	can	be	treated	effectively	or
prevented	by	infusing	donor	 lymphocytes	 that	contain	EBV-specific	T	cells	or	are	enriched	for	EBV-specific	T
cells	by	in	vitro	culture	prior	to	infusion.102	An	effective	alternative	to	adoptive	T-cell	therapy	for	patients	at	risk
for	EBV	LPD	is	to	monitor	EBV	DNA	in	blood	and	preemptively	administer	rituximab,	an	anti-CD20	monoclonal
antibody	that	depletes	B	cells	in	vivo.103

Other	Viral	Infections
Allogeneic	HCT	 recipients	 have	 an	 increased	 susceptibility	 to	 developing	 lower	 respiratory	 tract	 disease	 from
seasonal	respiratory	viruses,	and	mortality	from	influenza,	respiratory	syncytial	virus,	parainfluenza,	and	human
metapneumovirus	infections	can	be	significant.	Systemic	or	high-dose	oral	ribavirin	therapy	may	be	beneficial	in
patients	 with	 serious	 respiratory	 syncytial	 virus	 or	 parainfluenza	 virus	 infections,	 although	 controlled	 efficacy
trials	 have	 not	 been	 performed.104	 Active	 surveillance	 during	 seasonal	 outbreaks	 can	 identify	 patients	 with
asymptomatic	or	symptomatic	shedding,	and	isolation	of	such	patients	may	reduce	spread	to	health-care	workers
and	other	patients.

Adenovirus	can	cause	disseminated	infection	in	allogeneic	HCT	recipients	who	received	T-cell–depleted	grafts
or	develop	severe	GVHD	requiring	prolonged	immunosuppression.	Brincidofovir	has	shown	promise	for	treating



adenovirus	infections	in	a	phase	II	trial,105	and	this	infection	may	also	be	susceptible	to	adoptive	T-cell	 therapy
with	donor-derived	adenovirus-specific	T	cells.106	BK	virus	is	a	prevalent	latent	polyomavirus	that	is	increasingly
recognized	as	a	cause	of	urinary	tract	infection	and	hemorrhagic	cystitis	in	allogeneic	HCT	recipients,	particularly
those	with	GVHD.107	The	pathogenesis	of	symptomatic	hemorrhagic	cystitis	associated	with	BK	virus	infection
remains	to	be	fully	elucidated.	Therapy	is	primarily	symptomatic,	although	cidofovir	may	have	activity	in	selected
patients.

Organ	Complications
Organ	 complications	 are	 associated	 with	 an	 adverse	 outcome	 after	 allogeneic	 HCT;	 however,	 mortality	 has
declined	in	recent	years	due	to	prevention	strategies,	improved	supportive	care,	and	the	use	of	RIC.108

Early	and	Late	Pulmonary	Complications
Pulmonary	complications	occur	in	up	to	one-third	of	allogeneic	HCT	recipients	and	can	be	divided	into	infectious
and	noninfectious	etiologies.	Pretransplant	pulmonary	function	testing	is	predictive	of	early	respiratory	failure	and
mortality	 and	 may	 influence	 the	 choice	 of	 conditioning	 regimen	 in	 individual	 patients.109	 The	 incidence	 of
pulmonary	 infections	 has	 been	 declining	 due	 to	 effective	 preventive	 measures.	 Bacterial	 pneumonia	 in	 the
neutropenic	 phase	 can	 be	 reduced	 by	 the	 use	 of	 prophylactic	 antibiotics.	 Similarly,	 the	 occurrence	 of	 CMV
pneumonia	 has	 been	 reduced	 by	 preemptive	 antiviral	 drug	 therapy.	 Invasive	 pulmonary	 Aspergillus	 and
Zygomycetes	 infections	remain	serious	complications,	particularly	in	patients	with	prolonged	neutropenia	and/or
those	who	require	intensive	immunosuppression	to	treat	GVHD,	and	prophylaxis	with	newer	azoles	is	indicated	in
such	patients.

Noninfectious	 pulmonary	 complications	 that	 occur	 in	 the	 first	 100	 days	 after	 allogeneic	 HCT	 include
periengraftment	 respiratory	 distress	 syndrome,	 diffuse	 alveolar	 hemorrhage	 (DAH),	 and	 idiopathic	 pneumonia
syndrome.	 Periengraftment	 respiratory	 distress	 syndrome	 typically	 develops	 approximately	 1	 to	 3	 weeks	 after
HCT	coincident	with	neutrophil	 recovery	and	 is	 characterized	by	 fever,	hypoxemia,	noncardiogenic	pulmonary
edema,	and	erythroderma.110	This	syndrome	is	 thought	 to	result	 from	release	of	proinflammatory	cytokines	and
influx	of	neutrophils	into	the	lung	and	responds	to	high-dose	corticosteroids.	DAH	is	characterized	by	damage	to
pulmonary	vasculature	and	bleeding	into	the	alveolar	space.	Diagnosis	requires	bronchoalveolar	lavage	to	exclude
coexisting	infection.	Patients	who	develop	DAH	within	the	first	30	days	after	HCT	and	do	not	require	mechanical
ventilation	have	a	favorable	prognosis.	Early	diagnosis	and	treatment	with	high-dose	steroids	appear	to	improve
survival	in	DAH,	although	prospective	trials	have	not	been	performed.111	Idiopathic	pneumonia	syndrome	occurs
in	1%	to	10%	of	HCT	recipients	and	is	defined	as	evidence	of	widespread	alveolar	injury	and	the	absence	of	an
infection,	 cardiac	 dysfunction,	 acute	 renal	 failure,	 or	 iatrogenic	 fluid	 overload.	 The	 pathogenesis	 is	 poorly
understood,	there	are	no	proven	treatments,	and	the	collective	mortality	in	large	series	of	patients	is	74%.112

Late	pulmonary	complications	occurring	>100	days	after	HCT	occur	most	commonly	in	patients	with	chronic
GVHD	 and	 include	 bronchiolitis	 obliterans	 (BO)	 and	 cryptogenic-organizing	 pneumonia	 (COP).	 BO	 often
presents	with	cough	and	dyspnea	in	the	absence	of	infection	on	bronchoscopy	and	evidence	of	a	mosaic	pattern	on
high-resolution	computed	tomography	scan.	In	addition	to	GVHD,	risk	factors	include	older	age,	unrelated	donor,
TBI	dose	of	>12	Gy,	and	PB	as	a	graft	source.	Pulmonary	function	tests	show	airflow	obstruction,	and	patients
exhibit	a	variable	clinical	course	typified	by	slowly	progressive	airway	obstruction	with	episodes	of	exacerbation.
The	management	of	BO	includes	high-dose	or	inhaled	corticosteroids	and	optimization	of	the	immunosuppressive
drugs	 for	 chronic	 GVHD.113	 The	 clinical	 course	 is	 typically	 progressive,	 and	 overall	 mortality	 for	 patients
diagnosed	with	BO	 is	 approximately	 12%	 at	 5	 years,	with	 a	worse	 prognosis	 in	 older	 patients	 and	 those	with
progressive	GVHD.113

COP	is	an	idiopathic	pneumonia	with	characteristic	histopathology	showing	proliferation	of	granulation	tissue
in	small	airways	and	alveolar	ducts	and	chronic	inflammation	in	surrounding	alveoli.	COP	occurs	earlier	than	BO
and	 has	 a	 restrictive	 pattern	 with	 low	 diffusion	 capacity	 and	 minimal	 airflow	 obstruction.	 The	 diagnosis	 is
established	 by	 tissue	 biopsy	 and	 histopathology.114	 Patients	 with	 COP	 have	 a	 good	 response	 to	 systemic
corticosteroids,	and	the	disease	stabilizes	or	resolves	in	the	majority	of	patients.

Hepatic	Complications
Liver	 complications	 after	 allogeneic	 HCT	 have	 become	 less	 frequent	 with	 improved	 strategies	 for	 preexisting
hepatic	 infections	 and	 for	 preventing	 sinusoidal	 obstruction	 syndrome	 (SOS)	 and	 cholestasis	 after	 HCT.115



Dr. AVR @ TMH

Preexisting	 fungal	 liver	 infections	 should	 be	 diagnosed	 and	 treated	with	 antifungal	 therapy	 prior	 to	 transplant.
Patients	with	chronic	liver	disease	due	to	cirrhosis	or	active	hepatitis	C	virus	or	hepatitis	B	virus	(HBV)	infection
are	 at	 increased	 risk	 for	 transplant-related	mortality.	 Patients	 infected	with	HBV	 should	 receive	 antiviral	 drug
therapy.	HBV	 and	 hepatitis	C	 virus	 infections	 of	 the	 donor	 pose	 a	 risk	 of	 transmission	 to	 an	 uninfected	HCT
recipient,	 and	 pretreatment	 of	HBV-positive	 donors	 to	 reduce	 viral	 load	 and	 prophylaxis	 of	 the	 recipient	 after
HCT	are	indicated.

SOS,	which	was	previously	often	referred	to	as	veno-occlusive	disease,	is	characterized	by	hepatomegaly,	fluid
retention,	and	elevated	bilirubin	resulting	from	damage	to	hepatic	sinusoids	by	high-dose	cytotoxic	therapy.	Cy	is
the	most	 common	 offending	 chemotherapy	 agent	 because	 its	metabolism	 is	 highly	 variable,	 and	 patients	 who
generate	a	greater	amount	of	 toxic	Cy	metabolites	have	a	higher	 risk	of	 fatal	SOS.116	The	 incidence	of	SOS	is
higher	with	conditioning	regimens	that	include	>12	Gy	TBI	with	Cy	and	in	patients	with	underlying	liver	disease.
Patients	with	underlying	liver	disease	should	be	considered	for	an	RIC	regimen	that	does	not	contain	high-dose
Cy.	The	onset	 of	SOS	 is	 typically	1	 to	3	weeks	 after	 conditioning,	 and	 the	diagnosis	 is	 established	by	clinical
criteria	 of	 hyperbilirubinemia,	 weight	 gain,	 and	 hepatomegaly.	 Imaging	 studies	 of	 the	 liver	 are	 useful	 to
demonstrate	hepatomegaly,	ascites,	and	attenuated	hepatic	venous	flow	and	to	exclude	other	causes.	Transvenous
measurement	of	hepatic	venous	pressure	and	biopsy	can	be	useful	in	difficult	cases.

The	majority	(>70%)	of	patients	with	SOS	will	recover	spontaneously	and	therapy	should	be	supportive	and
directed	at	management	of	 fluid	 retention,	preservation	of	 renal	blood	 flow,	 and	paracentesis	 to	 remove	ascitic
fluid	 if	 associated	 with	 compromised	 pulmonary	 function.	 Patients	 with	 severe	 SOS	 who	 have	 a	 rapidly
progressive	course	and	develop	pulmonary	and	renal	dysfunction	may	benefit	from	intravenous	defibrotide.

Cholestasis	 or	 hyperbilirubinemia	 after	 allogeneic	 HCT	 may	 be	 caused	 by	 systemic	 or	 local	 infection,
medications	such	as	calcineurin	 inhibitors,	antibiotics	and	antifungal	drugs,	gallbladder	and	biliary	disease,	and
acute	 GVHD.	 The	 etiology	 of	 cholestasis	 may	 be	 evident	 after	 clinical	 evaluation	 and	 imaging	 studies,	 and
therapy	should	be	directed	at	the	causative	factors.	The	frequency	of	cholestasis	has	been	reduced	by	the	use	of
prophylactic	ursodeoxycholic	acid,	which	has	reduced	nonrelapse	mortality.115

Renal	Complications
The	etiology	of	 renal	dysfunction	after	 allogeneic	HCT	 is	often	multifactorial,	 and	contributing	 factors	 include
hemodynamic	alterations	 in	 sepsis	 and	hepatic	SOS,	nephrotoxic	 antibiotics,	 and	 thrombotic	microangiopathies
associated	 with	 calcineurin	 inhibitors	 or	 GVHD.	 Early	 recognition	 of	 patients	 at	 risk	 for	 renal	 dysfunction,
adjusting	drug	doses	based	on	serum	creatinine	or	drug	levels,	and	the	use	of	 less	nephrotoxic	antibiotics	when
appropriate	are	important	to	mitigate	the	development	of	renal	insufficiency.

GRAFT	FAILURE
In	 some	 instances,	 the	 allogeneic	 stem	 cell	 graft	 functions	 briefly,	 and	 then,	 after	 a	 period	 of	 days	 or	 weeks,
marrow	 function	 is	 lost,	 and	myeloid	 elements	 are	 absent	 on	 evaluation	 of	 a	 BM	 biopsy.	 Failure	 of	 the	 graft
usually	is	the	result	of	the	persistence	of	host	 immune	cells	 that	reject	 the	donor	marrow,	a	phenomenon	that	 is
termed	graft	rejection.	After	HCT	with	HLA-identical	 donor	 stem	cells,	 graft	 rejection	occurs	most	 commonly
when	 the	 patient	 has	 received	multiple	 transfusions	 prior	 to	 transplantation	 or	 little	 prior	 chemotherapy	 and/or
when	the	preparative	regimen	is	less	immunosuppressive.	HLA	disparity	between	donor	and	recipient	and	T-cell
depletion	of	 the	donor	graft	prior	 to	 transplant	 increase	 the	 risk	of	graft	 rejection.	A	 limited	array	of	options	 is
available	 to	 treat	 graft	 rejection.	 Retransplantation	 from	 another	 donor	 or	 the	 same	 donor	 with	 more
immunosuppressive	 conditioning	 is	 sometimes	 successful	 for	 patients	with	 primary	 graft	 failure	 or	 acute	 graft
rejection.

Some	patients	may	retain	donor	stem	cells	and	have	poor	graft	function	in	the	absence	of	immune	rejection.	In
this	 situation,	 a	 search	 for	 infectious	 causes	 of	 pancytopenia	 or	 drugs	 that	 suppress	 graft	 function	 should	 be
undertaken.	These	patients	sometimes	respond	to	treatment	with	a	hematopoietic	growth	factor	with	an	increase	in
the	granulocyte	count	that	may	be	sustained	even	after	discontinuation	of	the	growth	factor.

OUTCOME	OF	ALLOGENEIC	HEMATOPOIETIC	CELL	TRANSPLANTATION
FOR	HEMATOLOGIC	MALIGNANCIES	AND	SOLID	TUMORS



The	most	common	indication	for	allogeneic	HCT	in	the	United	States	in	2014	was	for	the	treatment	of	AML	(Fig.
124.5).	Allogeneic	HCT	is	also	commonly	used	for	the	treatment	of	MDS	and	ALL	and	is	less	commonly	used	to
treat	 non-Hodgkin	 and	Hodgkin	 lymphoma,	 CML	 in	 advanced	 stage,	multiple	myeloma,	 chronic	 lymphocytic
leukemia	(CLL),	and	some	solid	tumors.	Allogeneic	HCT	is	potentially	curative	for	aplastic	anemia	and	several
other	nonmalignant	disorders.

Figure	124.5	Disease	indications	for	hematopoietic	stem	cell	transplants	in	the	United	States	(US),
2014.	PCD,	plasma	cell	dyscrasia;	NHL,	non-Hodgkin	lymphoma;	AML,	acute	myeloid	leukemia;

HD,	Hodgkin	disease;	ALL,	acute	lymphoblastic	leukemia;	MDS/MPN,	myelodysplastic
syndrome/myeloproliferative	neoplasm;	CLL,	chronic	lymphocytic	leukemia;	CML,	chronic
myelogenous	leukemia;	Non-Malig	Dis,	nonmalignant	disease.	(From	D’Souza	A,	Fretham	C.

Current	uses	and	outcomes	of	hematopoietic	cell	transplantation	[HCT]:	CIBMTR	summary	slides,
2017.	http://www.cibmtr.org.	Accessed	July	30,	2018.)

Acute	Myeloid	Leukemia
Allogeneic	HCT	has	been	an	important	component	of	standard	care	for	AML	for	over	two	decades.	It	is	the	only
therapy	with	curative	potential	for	patients	with	primary	refractory	or	relapsed	disease	and	is	increasingly	used	as
consolidation	therapy	for	patients	 in	first	 remission	whose	disease	characteristics	are	associated	with	significant
risk	for	relapse.	Interpretation	of	HCT	outcome	for	AML	is	complicated	by	significant	evolution	over	the	past	two
decades	of	 the	 criteria	 used	 to	 define	 disease	 risk,	 from	classification	based	on	proportion	of	marrow	blasts	 to
more	 sophisticated	 nosologies	 incorporating	 cytogenetic,	 flow	 cytometric,	 and	molecular	 characteristics	 of	 the
leukemic	cells.	The	use	of	multicolor	flow	cytometry	to	evaluate	patients	with	AML	has	enabled	detection	of	very
low	 levels	of	 leukemic	 cells.	Consequently,	 patients	who	would	have	been	 classified	 a	decade	 ago	 as	being	 in
remission	 based	 on	 <5%	marrow	 blasts	 could	 potentially	 be	 considered	 to	 have	 persistent	 or	 recurrent	 disease
today	 if	 the	 marrow	 contained	 ≥0.01%	 cells	 with	 an	 abnormal	 surface	 phenotype	 identical	 or	 similar	 to	 the
leukemic	cells	at	diagnosis.	One	consequence	of	this	evolution	in	diagnostic	criteria	is	the	likely	inclusion	in	older
transplant	studies	of	patients	erroneously	classified	as	being	in	remission	due	to	the	use	of	the	<5%	marrow	blast
criterion.	This	should	be	kept	in	mind	when	comparing	AML	HCT	studies	from	different	decades.

Disease	 stage	 and	 marrow	 cytogenetics	 are	 important	 variables	 that	 influence	 outcome	 of	 HCT	 for	 AML.
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Registry	data	on	transplants	performed	from	2005	to	2015	demonstrate	that	overall	survival	of	patients	with	AML
in	 first	CR	 (CR1)	undergoing	HCT	from	HLA-identical	 sibling	or	unrelated	donors	 is	 approximately	50%	at	6
years	after	transplant	(Fig.	124.6).	Overall	survival	of	patients	with	advanced	disease—those	beyond	second	CR
(CR2)	 or	 not	 in	 remission	 at	 the	 time	 of	HCT—is	 <20%,	 and	 there	 is	 little	 effect	 of	 donor/recipient	 relation.
Analysis	 of	 560	 unrelated	 donor	 transplants	 for	 patients	 in	 CR1	 or	 CR2	 suggests	 that	 cytogenetics	 has	 little
influence	on	the	outcome	of	unrelated	HCT	in	CR1	but	a	modest	 influence	on	the	outcome	of	HCT	in	CR2.117
Specific	chromosomal	abnormalities	have	been	identified	that	are	associated	with	a	poor	prognosis.	Retrospective
analysis	of	432	transplants	for	AML	at	the	Fred	Hutchinson	Cancer	Research	Center	revealed	that	a	monosomal
karyotype—defined	 as	 two	 or	 more	 autosomal	 monosomies	 or	 a	 single	 monosomy	 in	 the	 presence	 of	 other
structural	abnormalities—was	associated	with	markedly	inferior	4-year	survival	(25%	for	monosomal	karyotype–
positive	AML	and	56%	for	monosomal	karyotype–negative	AML).118

Patient	age	has	historically	been	one	of	the	strongest	prognostic	variables	in	AML,	and	this	also	holds	true	for
patients	with	AML	who	undergo	allogeneic	HCT.	The	effect	of	age	is	not	independent	of	cytogenetics,	however,
because	the	proportion	of	patients	with	AML	with	unfavorable	cytogenetics	increases	steadily	with	age,	ranging
from	35%	of	patients	younger	than	56	years	old	to	51%	of	patients	older	than	75	years	old.119	Analysis	of	registry
data	 for	 the	 period	 from	1998	 to	 2005	 demonstrated	 that	 the	 adjusted	 5-year	 overall	 survival	 rates	 of	 children
(younger	 than	15	years	old),	adolescents	and	young	adults	(15	 to	40	years	old),	and	older	adults	(older	 than	40
years	 old)	 transplanted	 for	 AML	 from	 HLA-matched	 related	 donors	 were	 53%,	 42%,	 and	 34%,	 respectively,
whereas	 the	 overall	 survival	 rates	 of	 those	 transplanted	 from	 unrelated	 donors	 were	 37%,	 28%,	 and	 23%,
respectively.120	The	development	of	RIC	regimens	has	allowed	a	steadily	increasing	number	of	older	patients	who
are	 not	 eligible	 for	MAC	 to	 undergo	 HCT,	 and	 similar	 to	 other	 hematologic	 malignancies,	 the	 proportion	 of
patients	with	AML	undergoing	transplants	with	such	regimens	has	increased	from	<5%	in	1998	to	>30%	in	2010.
A	retrospective	multicenter	study	of	RIC	HCT	in	274	patients	with	AML	with	a	median	age	of	60	years	reported	a
5-year	overall	survival	of	33%,	with	37%	and	34%	survival	observed	in	patients	in	CR1	or	CR2,	respectively,	and
18%	in	patients	with	advanced	disease.121	Limited	data	indicate	that	carefully	selected	patients	with	AML	aged	70
years	or	older	can	safely	undergo	RIC	HCT,	but	relapse	in	this	age	group	remains	a	significant	challenge.

Myelodysplastic	Syndrome
The	median	 age	 of	 U.S.	 patients	 with	MDS	 at	 the	 time	 of	 diagnosis	 is	 70	 to	 75	 years;	 therefore,	most	MDS
patients	are	not	suitable	for	MAC.	Steady	refinement	of	RIC	regimens	has	made	an	increasing	fraction	of	patients
with	MDS	eligible	for	allogeneic	HCT.	A	seminal	retrospective	study	of	registry	data	on	patient	outcomes	showed
that	patients	with	MDS	with	intermediate-2	and	high-risk	International	Prognostic	Scoring	System	(IPSS)	scores
benefit	 most	 from	 immediate	 transplantation,	 whereas	 those	 with	 low	 and	 intermediate-1	 scores	 optimize
outcomes	 by	 delaying	HCT	 until	 their	 disease	 progresses.122	 The	 central	 concept	 of	 this	 transplant	 strategy—
immediate	transplantation	for	advanced	disease	and	delayed	transplantation	for	early-stage	or	low-grade	disease—
has	subsequently	been	espoused	by	the	National	Comprehensive	Cancer	Network	and	the	American	Society	for
Blood	and	Marrow	Transplantation.	A	recent	analysis	suggests	that	this	strategy	also	optimizes	outcome	in	older
patients	with	MDS	who	 undergo	HCT	 after	RIC.123	 These	 events	 have	 influenced	 the	 utilization	 of	 allogeneic
HCT	for	MDS,	which	has	been	steadily	increasing	over	the	past	decade.



Figure	124.6	Probability	of	survival	after	allogeneic	hematopoietic	cell	transplants	(HCTs)	for
acute	myeloid	leukemia	(AML),	2005	to	2015,	by	disease	status	at	time	of	transplant.	Sibs,	siblings;
URD,	unrelated	donor.	(From	D’Souza	A,	Fretham	C.	Current	uses	and	outcomes	of	hematopoietic
cell	transplantation	[HCT]:	CIBMTR	summary	slides,	2017.	http://www.cibmtr.org.	Accessed	July

30,	2018.)

The	 outcome	 of	 transplantation	 for	 MDS	 is	 associated	 with	 patient	 age,	 IPSS	 score,	 cytogenetic	 risk
classification,	 donor	 type,	 conditioning	 regimen,	 and	 etiology	 of	 MDS.	 Retrospective	 data	 on	 1,007	 patients
transplanted	over	 two	decades	at	 the	Fred	Hutchinson	Cancer	Research	Center	demonstrate	approximately	40%
10-year	 survival	 in	 a	 subset	 of	 generally	 younger	 patients	 with	 MDS	 who	 received	 myeloablative	 Bu/Cy
conditioning.124	A	major	challenge	 in	patients	with	MDS	 is	posttransplant	 relapse,	even	 in	young	patients	who
receive	myeloablative	Bu/Cy	conditioning,	and	this	is	particularly	challenging	in	the	subset	of	patients	with	poor
cytogenetic	risk.	In	large	part	due	to	a	high	incidence	of	relapse,	the	long-term	outcome	after	HCT	using	RIC	in
older	 patients	with	MDS	and	 those	with	 significant	 comorbidities	 remains	 inferior	 to	 that	 observed	 in	younger
patients,	with	5-year	survival	in	remission	in	the	range	of	20%.	The	poorest	survival	is	observed	in	patients	with
intermediate-2	or	high	IPSS	score.	The	combination	of	fludarabine,	treosulfan,	and	low-dose	(2	Gy)	TBI	may	be
an	effective	RIC	regimen	for	MDS,	with	a	low	incidence	of	relapse	even	in	patients	with	high-risk	cytogenetics.
HCT	for	MDS	from	unrelated	donors,	as	compared	 to	HLA-matched	related	donors,	has	been	reported	 to	have
inferior	 survival	 in	 numerous	 trials,	 particularly	 among	 patients	with	 advanced	 disease.	However,	more	 recent
studies	 show	progressive	 improvement	 of	 outcome	 following	 unrelated	 donor	HCT,	which	 in	 single-institution
studies	is	approaching	the	results	achieved	with	related	donors.	Registry	data	from	the	2005	to	2015	era	show	that
survival	 rates	 after	 HCT	 from	 HLA-identical	 sibling	 or	 unrelated	 donors	 for	 early	 or	 late	 MDS	 were
approximately	43%	and	35%,	respectively,	at	6	years	after	transplant	(Fig.	124.7).

Transplantation	for	therapy-related	MDS	has	generally	been	associated	with	poorer	survival	than	HCT	for	de
novo	MDS.	However,	 the	overall	results	are	poor	 in	this	group	because	of	 the	large	proportion	of	patients	with
therapy-related	MDS	who	have	high-risk	cytogenetics,	and	outcome	is	similar	to	that	observed	in	patients	with	de
novo	disease	and	comparable	risk	karyotypes.
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Acute	Lymphoblastic	Leukemia
The	rate	of	cure	in	children	with	ALL	approaches	90%,	and	allogeneic	HCT	is	typically	reserved	for	children	who
relapse	 after	 chemotherapy.	 Primary	 chemotherapy	 can	 also	 induce	 a	 remission	 in	 65%	 to	 85%	of	 adults	with
ALL;	 however,	 a	majority	 (approximately	 70%)	 of	 these	 patients	will	 eventually	 relapse.	 Several	 studies	 have
prospectively	examined	outcomes	of	 adult	patients	up	 to	 age	59	years	with	Philadelphia	 chromosome–negative
ALL	who	did	or	did	not	have	a	matched	related	donor	and	were	believed	to	be	able	to	tolerate	allogeneic	HCT.125
Overall,	 these	 studies	 demonstrate	 that	 allogeneic	 HCT	 from	 an	 HLA-matched	 related	 donor	 is	 superior	 to
autologous	HCT	or	chemotherapy	for	patients	with	ALL	in	first	remission	and	results	in	cure	in	40%	to	60%	of
patients.	Registry	data	from	the	2004	to	2014	era	demonstrate	that	survival	after	HCT	for	early-,	intermediate-,	or
late-stage	ALL	from	unrelated	donors	is	comparable	to	that	seen	with	HLA-identical	sibling	donors	(Fig.	124.8).
UCB	grafts	provide	comparable	results	to	8/8	and	7/8	HLA	allele–matched	unrelated	donor	grafts.	These	results
suggest	 that	 for	 Philadelphia	 chromosome–negative	 ALL	 in	 adults,	 allogeneic	 HCT	 should	 be	 considered	 for
eligible	 patients	 aged	 younger	 than	 55	 years	 in	 CR1,	 particularly	 if	 there	 are	 adverse	 prognostic	 features	 at
presentation	such	as	a	high	leukocyte	count;	chromosomal	translocations	involving	t(4:11),	t(1:19),	or	t(8:14);	or
evidence	of	minimal	residual	leukemia	at	12	weeks	by	molecular	or	flow	cytometry	monitoring.	Advances	in	the
intensity	of	conventional	chemotherapy	 in	adult	ALL	may	 improve	 the	outcome	 for	patients	with	 standard-risk
disease,	and	it	 is	conceivable	that	 in	the	future,	allogeneic	HCT	may	be	reserved	for	 the	subset	of	patients	who
relapse	 after	 CR1.	 Novel	 approaches	 such	 as	 blinatumomab	 and	 adoptive	 therapy	 with	 autologous	 T	 cells
modified	 to	 express	 a	 CD19	 chimeric	 antigen	 receptor126,127	 have	 shown	 remarkable	 efficacy	 in	 patients	 with
advanced	chemotherapy-refractory	B-cell	malignancies	including	ALL,	and	these	strategies	may	be	incorporated
earlier	in	treatment	schedules	to	reduce	the	need	for	allogeneic	HCT	or	after	HCT	to	reduce	relapse.

The	 prognosis	 for	 Philadelphia	 chromosome–positive	 ALL	 treated	 with	 chemotherapy	 and	 tyrosine	 kinase
inhibitors	 (TKIs)	 is	 poor,	 particularly	 in	 older	 patients,	 and	 allogeneic	 HCT	 is	 the	 only	 curative	 treatment.
Allogeneic	HCT	from	a	suitably	matched	donor	 results	 in	a	37%	to	54%	overall	survival	at	3	 to	10	years	after
HCT,	which	compares	favorably	with	 the	approximately	12%	overall	survival	rate	with	chemotherapy	alone.128
The	use	of	TKIs	before	and	after	allogeneic	HCT	might	further	improve	outcome	for	this	subset	of	patients	with
ALL.129

Figure	124.7	Probability	of	survival	after	allogeneic	hematopoietic	cell	transplant	(HCT)	for



myelodysplastic	syndrome	(MDS),	2005	to	2015,	by	disease	status	at	time	of	transplant.	SIB,
sibling;	URD,	unrelated	donor;	HLA-ID,	human	leukocyte	antigen	identical.	(From	D’Souza	A,
Fretham	C.	Current	uses	and	outcomes	of	hematopoietic	cell	transplantation	[HCT]:	CIBMTR

summary	slides,	2017.	http://www.cibmtr.org.	Accessed	July	30,	2018.)

Figure	124.8	Probability	of	survival	after	allogeneic	hematopoietic	cell	transplant	(HCT)	for
adults	with	acute	lymphoblastic	leukemia	(ALL),	2004	to	2014,	by	disease	status	at	time	of

transplant	and	donor	type.	A:	Recipients	of	grafts	from	human	leukocyte	antigen	(HLA)–identical
siblings.	B:	Recipients	of	grafts	from	unrelated	donors.	(From	D’Souza	A,	Fretham	C.	Current	uses

and	outcomes	of	hematopoietic	cell	transplantation	[HCT]:	CIBMTR	summary	slides,	2017.
http://www.cibmtr.org.	Accessed	July	30,	2018.)

It	 has	 been	 generally	 thought	 that	 MAC	 is	 important	 to	 achieve	 cure	 of	 ALL	 with	 allogeneic	 HCT,	 and
intensive	conditioning	is	indicated	in	younger	patients	who	are	candidates	for	MAC.	However,	many	patients	with
ALL	are	 older	 than	 60	years	 and	 are	 both	 less	 likely	 to	 tolerate	 the	 intensive	 chemotherapy	 that	 is	 curative	 in
children	 and	poor	 candidates	 for	MAC.	Several	 studies	have	 shown	 that	RIC	 followed	by	 allogeneic	HCT	can
provide	durable	remissions	in	a	subset	of	patients	with	high-risk	ALL.130	A	European	Society	for	Blood	and	Bone
Marrow	Transplant	 retrospective	analysis	compared	RIC	with	conventional	MAC	and	reported	a	higher	 relapse
rate	with	RIC	(hazard	 ratio,	0.59;	P	=	 .03)	but	 a	 correspondingly	decreased	nonrelapse	mortality	 (hazard	 ratio,
1.98;	P	=	.0001).131	These	studies	demonstrate	that	RIC	and	the	GVL	effect	can	be	sufficient	to	effect	cure	in	a
subset	of	patients	with	ALL	who	are	in	CR	at	the	time	of	transplant	and	that	RIC	provides	a	reasonable	choice	for
patients	with	advanced	age	or	comorbidities.

Other	Lymphoid	Malignancies
Allogeneic	HCT	can	be	curative	for	a	subset	of	patients	with	CLL	and	for	patients	with	Hodgkin	disease,	non-
Hodgkin	lymphoma,	and	mantle	cell	lymphoma	who	have	experienced	treatment	failure	with	autologous	HCT.132–
134	Because	CLL	occurs	at	an	average	of	72	years	of	age,	RIC	is	commonly	used,	and	it	is	fortuitous	that	CLL	is
highly	sensitive	to	the	GVL	effect.	Studies	from	multiple	institutions	show	long-term	disease-free	survival	of	36%
to	 43%	 and	 nonrelapse	 mortality	 of	 16%	 to	 23%	 after	 allogeneic	 HCT	 for	 patients	 with	 CLL	 who	 have
experienced	treatment	failure	with	chemoimmunotherapy.132	Chronic	GVHD	is	a	significant	problem	that	occurs
in	approximately	50%	of	patients	with	CLL	who	receive	allogeneic	HCT	after	RIC.132	Because	of	the	morbidity
associated	with	chronic	GVHD,	the	decision	to	proceed	with	HCT	should	be	made	based	on	consideration	of	the
patient’s	overall	health	and	risk	of	disease	progression.	A	general	guideline	is	that	allogeneic	HCT	is	indicated	for
patients	who	have	TP53	abnormalities,	fail	to	achieve	CR	or	progress	within	12	months	of	chemoimmunotherapy,
or	 relapse	within	 24	months	 after	 purine	 analog–based	 chemoimmunotherapy.	Novel	 drugs	 that	 target	 B-cell–
receptor	signaling	pathways,135	adoptive	immunotherapy	with	autologous	T	cells	engineered	with	CD19-specific
chimeric	 antigen	 receptors,136	 and	monoclonal	 antibodies	 provide	 alternatives	 to	 allogeneic	HCT	 in	 individual
patients.

Allogeneic	HCT	for	patients	with	Hodgkin	lymphoma,	non-Hodgkin	lymphoma,	and	mantle	cell	lymphoma	is
usually	reserved	for	those	who	have	experienced	treatment	failure	with	chemotherapy	and	a	prior	autologous	HCT
but	 can	 be	 curative	 even	 in	 advanced	 cases.133,134	 The	 curative	 potential	 of	 allogeneic	 HCT	 for	 mantle	 cell
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lymphoma	is	noteworthy	(Fig.	124.9)	Multiple	myeloma	 is	 susceptible	 to	 the	GVL	effect;	however,	 transplant-
related	mortality	 is	high	 in	 these	patients	with	MAC,	and	 the	 role	of	RIC	and	allogeneic	HCT	continues	 to	be
defined.

Chronic	Myelogenous	Leukemia
Utilization	of	allogeneic	HCT	for	the	treatment	of	CML	declined	precipitously	after	the	advent	of	TKI	therapy	in
2000	to	2001.	Nonetheless,	 transplant	continues	 to	have	 therapeutic	utility,	with	1,197	 transplants	performed	in
the	United	 States	 from	 2008	 to	 2012.	 TKI	 failure	 or	 intolerance	 and	 disease	 progression	 beyond	 first	 chronic
phase	are	currently	 the	most	common	 indications	 for	HCT	 in	CML.	Survival	after	HCT	for	patients	with	 these
indications	 is	 comparable	 to	 that	 observed	 before	 the	 TKI	 era.	 Treatment	 with	 TKIs	 before	 HCT	 does	 not
compromise	 the	 outcome	 of	 transplant,	 and	 HCT	 can	 effectively	 salvage	 many	 patients	 who	 develop	 TKI
resistance	due	to	bcr-abl	mutations.137	In	a	multicenter	study	of	transplants	performed	in	the	TKI	era,	the	German
CML	Study	Group	observed	a	91%	3-year	survival	rate	in	56	patients	who	underwent	HCT	in	first	chronic	phase
and	 a	 59%	 3-year	 survival	 rate	 in	 28	 patients	 transplanted	 for	 advanced	 disease;	 88%	 of	 the	 84	 patients	who
received	a	transplant	achieved	a	molecular	remission.138	Collectively,	these	studies	have	confirmed	that	HCT	is	a
highly	effective	option	for	second-	or	subsequent-line	therapy	of	CML	in	both	early	and	advanced	phase.	TKIs	are
widely	 used	 for	 adjuvant	 therapy	 after	 HCT	 for	 advanced-phase	 CML,	 but	 there	 are	 few	 randomized	 data	 to
support	this	practice.

Solid	Tumors
Durable	regression	of	several	metastatic	solid	tumor	types	has	been	observed	after	allogeneic	HCT.	Most	studies
of	HCT	for	solid	 tumors	have	used	RIC	regimens	with	 little,	 if	any,	 tumoricidal	activity,	and	the	posttransplant
tumor	regression	observed	has	thus	been	attributed	to	the	activity	of	immune	cells	contained	in	or	derived	from
the	 donor	 graft.	Regression	 of	 renal,	 breast,	 colorectal,	 ovarian,	 and	 pancreatic	 cancer	 has	 been	 observed	 after
allogeneic	HCT,	with	the	most	impressive	responses	observed	in	patients	with	metastatic	renal	cell	carcinoma.139
Responses	are	associated	with	the	development	of	acute	or	chronic	GVHD,	or	both,	and	laboratory	studies	have
suggested	 that	 donor	 T	 cells	 specific	 for	 tumor	 antigens	 and/or	 minor	 H	 antigens	 may	 mediate	 tumor
regression.86,140	An	unacceptably	high	rate	of	treatment-related	morbidity	and	mortality,	much	of	it	attributable	to
acute	or	chronic	GVHD,	has	been	observed	with	allogeneic	HCT	for	metastatic	solid	tumors,	which	has	dampened
enthusiasm	for	the	procedure.	Future	utilization	of	allogeneic	HCT	for	solid	tumors	will	require	the	development
of	strategies	for	selectively	enhancing	graft-versus-tumor	activity	and	limiting	GVHD.



Figure	124.9	Probability	of	survival	after	allogeneic	(Allo)	or	autologous	(Auto)	hematopoietic
cell	transplant	(HCT)	for	mantle	cell	lymphoma,	2004	to	2014.	(From	D’Souza	A,	Fretham	C.

Current	uses	and	outcomes	of	hematopoietic	cell	transplantation	[HCT]:	CIBMTR	summary	slides,
2017.	http://www.cibmtr.org.	Accessed	July	30,	2018.)

MANAGEMENT	OF	POSTTRANSPLANT	RELAPSE
Despite	the	many	advances	in	allogeneic	HCT,	later	relapse	of	the	underlying	malignancy	remains	a	leading	cause
of	death.	Relapse	occurs	because	some	of	the	tumor	cells	are	resistant	to	the	cytotoxic	effects	of	the	conditioning
regimen	 and	 because	 the	 immune	 mechanisms	 of	 the	 GVL	 effect	 are	 insufficient	 to	 eradicate	 all	 remaining
malignant	 cells,	 either	 due	 to	 intrinsic	 resistance	 or	 inhibition	 of	 donor	 immune	 cell	 function	 by	 the
immunosuppressive	 drugs	 given	 to	 prevent	 or	 treat	 GVHD.	 The	 prognosis	 for	 patients	 who	 relapse	 is	 poor	 if
relapse	occurs	 in	 the	 first	3	months	after	allogeneic	HCT,	but	many	patients	who	 relapse	 later	can	be	salvaged
with	donor	lymphocyte	infusions	(DLIs)	alone	or	after	reinduction	chemotherapy.	The	infusion	of	donor	T	cells
selected	 for	 specificity	 with	 recipient	 minor	 H	 antigens	 or	 for	 leukemia-associated	 antigens	 such	 as	 WT1	 or
engineered	 with	 chimeric	 antigen	 receptors	 has	 been	 evaluated	 in	 phase	 I	 trials	 and	 might	 provide	 greater
selectivity	 and	 potency	 than	DLI.141,142	A	 variety	 of	 preemptive	 and	maintenance	 strategies	 to	 prevent	 relapse
after	HCT	are	also	being	examined,	including	the	use	of	hypomethylating	agents	to	enhance	the	GVL	effect	and
combining	targeted	agents	with	DLI.

FUTURE	DIRECTIONS
Allogeneic	HCT	has	provided	curative	therapy	for	thousands	of	patients	with	hematologic	malignancies	and	has
provided	 crucial	 scientific	 insights	 in	 immunobiology,	 histocompatibility,	 antitumor	 immunity,	 and	 stem	 cell
biology.	Advances	including	large	volunteer	unrelated	donor	registries,	UCB	banks,	improvements	in	supportive
care	 and	management	 of	 infections,	 and	 the	 development	 of	RIC	 regimens	 have	 combined	 to	make	 allogeneic
HCT	 a	 therapeutic	 option	 for	 increasing	 numbers	 of	 patients	 with	 life-threatening	 malignancies.	 GVHD	 and
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relapse	continue	to	be	the	two	major	causes	of	failure.	Research	in	the	pathogenesis	of	GVHD	in	animal	models	is
identifying	novel	approaches	for	preventing	this	serious	complication	that	can	be	translated	to	humans.	Moreover,
the	 rapid	 advances	 in	 cancer	 immunotherapy	 are	providing	 an	 increasing	number	of	 targeted	 therapies	 that	 are
likely	to	reduce	relapse	after	allogeneic	HCT.
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Patient
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Banacloche

RISK	FACTORS	FOR	INFECTIONS	IN	PATIENTS	WITH	CANCER	AND	ANTIMICROBIAL
PROPHYLAXIS

RISK	FACTORS	FOR	INFECTION
Cancer	patients	are	at	increased	risk	for	infection	because	of	their	disease	and	its	treatment.	Awareness	of	the	risk
factors	present	in	the	patient	is	important	for	diagnosis	and	empirical	management.	Selected	host	defense	defects
are	presented	in	Table	125.1.

Intrinsic	Host	Factors

Hematologic	Malignancies
Some	 hematologic	 malignancies	 are	 associated	 with	 increased	 frequency	 of	 infections	 even	 in	 the	 absence	 of
treatment.	 For	 instance,	 the	 rate	 of	 mycobacterial	 disease	 seems	 to	 be	 increased	 in	 hairy	 cell	 leukemia	 and
Hodgkin	 lymphoma.	Multiple	 myeloma	 and	 chronic	 lymphocytic	 leukemia	 are	 associated	 with	 a	 high	 risk	 of
encapsulated	 bacterial	 infections	 due	 to	 impaired	 B-cell	 immunity.	 Mutations	 in	GATA2	 are	 associated	 with
myelodysplastic	 syndrome,	 acute	 leukemia,	 and	 Epstein-Barr	 virus	 (EBV)-associated	 malignancies,	 and	 they
result	in	a	particular	immunodeficiency	syndrome	(MonoMac)	characterized	by	viral,	mycobacterial,	and	fungal
infections	in	the	setting	of	monocytopenia	and	B-cell,	natural	killer	cell,	and	CD4	lymphocytopenia.1

Solid	Tumors
Tumor-related	erosion	of	normal	anatomic	barriers	or	obstruction	of	the	respiratory,	biliary,	or	genitourinary	tracts
contributes	to	an	increased	risk	of	infection.	The	relief	of	obstruction	remains	the	primary	therapeutic	maneuver,
with	ancillary	antimicrobial	therapy	directed	by	a	knowledge	of	the	normal	flora	and	its	alterations	in	the	presence
of	 obstruction.	 The	 specific	 association	 of	 colon	 cancer	 with	 bacteremia	 and/or	 endocarditis	 caused	 by
Streptococcus	 gallolyticus	 (formerly	Streptococcus	 bovis)	 should	 be	 noted.	 Breast	 tumors	 increase	 the	 risk	 of
mastitis	and	abscess	formation,	usually	by	Staphylococcus	aureus.	Adrenal	corticosteroid-producing	tumors	and
ectopic	 adrenal	 corticotropic	 hormone–secreting	 tumors	 are	 associated	 with	 an	 increased	 risk	 of	 bacterial	 and
opportunistic	infections.

Asplenia
Functional	 or	 surgical	 asplenia	 is	 a	 risk	 factor	 for	 overwhelming	 sepsis	 by	 encapsulated	 bacteria.	 Functional
asplenia	is	present	after	splenectomy	or	splenic	irradiation	and	with	chronic	graft-versus-host	disease	(GVHD).2
The	most	common	pathogen	is	Streptococcus	pneumoniae,	but	other	pathogens	include	Haemophilus	influenzae
and	Neisseria	meningitidis.	Patients	without	a	functional	spleen	who	present	with	fever	should	be	started	promptly
on	antibiotics	active	against	S.	pneumoniae.	The	drug	susceptibility	of	S.	pneumoniae	now	is	unpredictable,	and
local	 patterns	 should	 be	 taken	 into	 consideration.	 Pathogens	 associated	 with	 animals	 (Capnocytophaga
canimorsus)	 and	 geographic	 risks	 (Babesia,	Plasmodium)	 should	 be	 considered.	 The	U.S.	 Centers	 for	Disease
Control	 and	 Prevention	 (CDC)	 recommend	 that	 asplenic	 persons	 be	 immunized	 with	 the	 pneumococcal



polysaccharide	 and	 pneumococcal	 conjugate	 vaccines	 and	 the	 meningococcal	 conjugate	 and	 serogroup	 B
vaccines.3	Immunization	of	adults	with	the	H.	influenzae	 type	B	vaccine	is	also	recommended.	Immunization	is
ideally	 performed	 at	 least	 2	 weeks	 in	 advance	 of	 splenectomy.	 If	 this	 is	 not	 feasible,	 immunization	 is	 still
advisable	 after	 the	 procedure.	 Penicillin	 prophylaxis	 is	 advised	 in	 asplenic	 patients	 to	 prevent	 pneumococcal
disease.

Treatment-Related	Factors

Mucositis
Chemotherapy	and	 radiation	 therapy	 impair	mucosal	 immunity	at	 several	different	 levels.	Chronic	GVHD	may
further	compromise	mucosal	immunity,	including	defective	salivary	immunoglobulin	(Ig)	secretion.	Compromise
of	 the	 epithelial	 lining	may	 lead	 to	 invasion	by	 local	 flora,	 and	bacteremia	 and	 candidemia	may	 result.	Severe
mucositis	is	a	known	risk	factor	for	viridans	group	streptococcal	infections,4	but	many	pathogens,	including	oral
anaerobes,	may	cause	invasive	disease	in	this	setting.

Chemotherapy-Induced	Neutropenia
Neutropenia	is	a	major	risk	factor	for	infections	in	cancer	patients.	Lack	of	granulocytes	facilitates	bacterial	and
fungal	infections	and	blunts	the	inflammatory	response,	allowing	infections	to	progress	much	faster.	The	source	of
bacterial	infections	is	most	commonly	the	commensal	flora	of	the	gastrointestinal	tract.	Fungal	infections	may	be
related	 to	 prior	 colonization	 in	 the	 case	 of	Candida	 (skin	 or	 gastrointestinal	 flora)	 or	 inhalation	 in	 the	 case	 of
molds.	 Risk	 of	 fungal	 diseases	 increases	 with	 the	 duration	 of	 neutropenia.	 Aspergillosis	 is	 uncommon	 during
neutropenic	periods	of	<10	days,	but	its	incidence	increases	in	direct	proportion	to	the	length	of	neutropenia	after
14	days.5

Hematopoietic	Stem	Cell	Transplantation
Autologous	and	allogeneic	hematopoietic	stem	cell	transplantations	(HSCTs)	present	different	infectious	disease
problems.	Autologous	 transplant	may	be	 considered	 a	 form	of	 intensive	 chemotherapy.	As	 such,	 it	 is	 typically
associated	 with	 a	 few	 days	 or	 weeks	 of	 neutropenia	 and	 mucositis,	 followed	 by	 a	 few	 weeks	 or	 months	 of
defective	T-cell–mediated	immunity.	The	duration	of	the	defect	in	T-cell	immunity	varies	depending	on	the	type
of	cancer	(longer	in	hematologic	malignancies),	the	manipulation	of	the	stem	cells	before	infusion	(longer	with	T-
cell	depletion),	and	the	age	of	the	recipients	(shorter	immunodeficiency	in	children).	Autologous	HSCT	recipients
have	fewer	infections	than	allogeneic	transplant	patients,	but	T-cell	depletion	results	in	risk	for	cytomegalovirus
(CMV)	and	other	opportunistic	infections	similar	to	allogeneic	HSCT	recipients.6

TABLE	125.1
Risk	Factors	and	Infectious	Disease	Associations	in	Cancer	Patients

Risk	Factors Infection Comment
MALIGNANCY-RELATED	FACTORS
Hematologic	Malignancies
Myelodysplastic	syndrome	and	acute
leukemia

Bacteria,	viruses,	and	fungi Infectious	risk	related	to	prolonged
neutropenia

Acute	lymphoblastic	leukemia Pneumocystis	jirovecii	pneumonia Corticosteroid	treatment	possible
confounding	factor

Chronic	lymphocytic	leukemia Encapsulated	bacteria Infectious	risk	linked	to
hypogammaglobulinemia

Multiple	myeloma Encapsulated	bacteria Impaired	B-cell	immunity,
hypogammaglobulinemia

Hairy	cell	leukemia Mycobacteria,	herpes	viruses Defective	T-cell	immunity

Hodgkin	lymphoma Mycobacteria,	herpes	viruses Defective	T-cell	immunity

Adult	T-cell	lymphoma/leukemia P.	jirovecii,	Cryptococcus	neoformans,
CMV,	Strongyloides	stercoralis

Defective	T-cell	immunity
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Solid	Tumors
Endobronchial	tumors Postobstructive	pneumonia Mechanical	obstruction

Colon	carcinoma Streptococcal	bacteremia 	

	 Clostridium	bacteremia 	

Hepatobiliary	tumors Bacterial	infection	with	enteric	organisms Mechanical	obstruction	plus
abnormal	liver	function	if	underlying
cirrhosis

Head	and	neck	cancer Infections	with	oral	flora	and	anaerobes Mechanical	disruption

Genitourinary	tumors Gram-negative	bacilli,	Enterococcus	spp. Related	to	obstruction

Asplenia Streptococcus	pneumoniae,	Haemophilus
influenzae,	and	Neisseria	meningitidis
(encapsulated	bacteria),	Salmonella,
Capnocytophaga	canimorsus,	Babesia
microti,	malaria

	

TREATMENT-RELATED	FACTORS
Neutropenia Bacterial	and	fungal	infections 	

Mucositis Bacterial	infections	caused	by	oral	and
enteric	flora,	candidiasis

	

Corticosteroids Bacteria,	P.	jirovecii,	C.	neoformans,
molds,	herpes	viruses

Decrease	signs	and	symptoms	of
inflammation

Nucleoside	analogs	(e.g.,	fludarabine,	2-
chlorodeoxyadenosine,	and	2-
deoxycoformycin)

Bacteria,	P.	jirovecii,	C.	neoformans,
herpes	viruses

Defective	T-cell	immunity	by	T-cell
depletion

Alemtuzumab Opportunistic	and	nonopportunistic
infections,	including	bacteria,	viruses	(e.g.,
CMV,	VZV),	P.	jirovecii,	and	fungi

Broad	defect	in	host	defense
involving	depletion	of	T,	B,	NK	cells,
and	monocytes

	 	 Occasional	neutropenia

Rituximab Bacterial	infections,	VZV,	P.	jirovecii Impaired	B-cell	immunity

Basiliximab Bacterial	sepsis Infections	in	the	setting	of	steroid-
refractory	GVHD

Antibodies	inhibiting	cytokine	signaling
(e.g.,	infliximab)

Bacterial	infections,	tuberculosis,	and	other
mycobacterial	infections,	mold	infections	in
GVHD,	other	fungal	infections	(e.g.,
histoplasmosis)

Suppression	of	inflammation	may
allow	infections	to	progress
undetected

Bruton	tyrosine	kinase	inhibitors	(e.g.,
ibrutinib,	acalabrutinib)

Aspergillosis,	P.	jirovecii,	C.	neoformans Uncertain	mechanism

Phosphoinositide	3-kinase	(PI3K)	inhibitors
(e.g.,	idelalisib,	duvelisib)

P.	jirovecii Impaired	B-cell	immunity

Calcineurin	inhibitors P.	jirovecii,	VZV Defective	T-cell	immunity

Radiation	therapy Local	and	systemic	bacterial	infections,
mucosal	candidiasis,	and	HSV	infection

Damages	mucosal	surfaces,	marrow
suppression

CMV,	cytomegalovirus;	VZV,	varicella-zoster	virus;	NK,	natural	killer;	GVHD,	graft-versus-host	disease;	HSV,	herpes	simplex	virus.

Allogeneic	transplant	is	a	more	complex	procedure.	The	character	and	duration	of	increased	risk	for	infection
vary	with	 conditioning,	 human	 leukocyte	 antigen	 (HLA)	matching,	 source	 and	 dose	 of	 transplanted	 cells,	 and
GVHD	 prophylaxis.	 Infections	 after	 HSCT	 tend	 to	 follow	 a	 timeline	 associated	 with	 different	 predominant
immune	 defects,	with	 neutropenia	 early	 on	 and	 then	GVHD	disease	 and	 its	 treatment.	Active	GVHD	 requires
treatment	 with	 corticosteroids	 and	 other	 immunosuppressive	 agents	 and	 is	 associated	 with	 increased	 risk	 of
infection.7	The	specific	role	of	CMV	reactivation	(which	often	accompanies	GVHD)	is	also	important,	not	only	as
a	potential	 disease	process,	 but	 as	 a	predisposition	 to	bacterial	 and	 fungal	 infections.8	Defects	 in	 cell-mediated
immunity	 persist	 for	 several	 months	 even	 in	 allogeneic	 HSCT	 recipients	 who	 have	 uncomplicated	 courses,
predisposing	to	opportunistic	infections.	Allografts	from	alternative	donors	(e.g.,	HLA-matched	unrelated	donors,
haploidentical	 family	donors,	umbilical	 cord	blood)	may	 result	 in	higher	 risk	of	 infection	due	 to	higher	 risk	of
GVHD,	 decreased	T-cell	 function,	 and	 delayed	 immune	 reconstitution.9	 Recommendations	 for	monitoring	 and
prophylaxis	are	outlined	in	Table	125.2.



TABLE	125.2
Prophylaxis	of	Infections	in	Cancer	Patients

Intervention Indication Agent Comments
PROPHYLAXIS	FOR	BACTERIAL	INFECTIONS
Prophylaxis
for
neutropenia

Patients	who	are
expected	to	be
neutropenic	for	>7	d

Levofloxacin	500	mg	orally	daily Start	the	first	day	of	ANC	<1,000	and	continue
until	resolution	of	neutropenia.

	 	 TMP/SMX	may	be	used Other	agents	have	been	used,	but	there	is	less
experience.

Prophylaxis
for
Streptococcus
pneumoniae

Splenectomy,	splenic
irradiation

Penicillin	V-K,	500	mg	orally	bid Immunize	patient	with	pneumococcal	vaccines.
Patient	education	related	to	early	recognition	of
signs	and	symptoms	of	infection	is	imperative;
consider	having	the	patient	keep	systemic
antibiotics	(e.g.,	levofloxacin)	at	home	for	an
emergency.

	 Chronic	GVHD In	penicillin-allergic:	TMP/SMX	1
DS	tablet	daily	or	azithromycin	250
mg/d

	

PROPHYLAXIS	FOR	FUNGAL	INFECTIONS
Antifungal
prophylaxis

Induction	therapy	for
AML	and	MDS

Posaconazole	200	mg	orally	tid	is
drug	of	choice.	In	patients	unable	to
take	oral	medications	or	who	are
intolerant	of	posaconazole,
alternatives	include	itraconazole,
voriconazole,	lipid	formulation	of
amphotericin	B,	or	an
echinocandin.

Posaconazole	was	superior	to
fluconazole/itraconazole	in	a	randomized
controlled	trial,	but	the	risk	of	aspergillosis	in	this
setting	is	variable	and	some	institutions	may
choose	to	use	fluconazole	prophylaxis	if	their
incidence	of	aspergillosis	is	low.	If	fluconazole
prophylaxis	is	used,	serial	monitoring	with	serum
galactomannan	and/or	β-D-glucan	should	be
considered.
Begin	with	initiation	of	chemotherapy	and
continue	until	resolution	of	neutropenia.

Acute	lymphoblastic
leukemia	receiving
vinca	alkaloid–
containing	regimen

Fluconazolea	or	an	echinocandin Mold-active	azoles	are	potent	inhibitors	of
cytochrome	P450	isoenzymes	and	are	expected
to	interfere	with	metabolism	of	vinca	alkaloids.
Continue	prophylaxis	for	duration	of	neutropenia.

Autologous	HSCT
recipient	during
neutropenia

Fluconazolea	or	echinocandin Continue	prophylaxis	for	duration	of	neutropenia.
Consider	no	antifungal	prophylaxis	if	regimen
does	not	have	significant	mucosal	toxicity.

Allogeneic	HSCT
recipient	during
neutropenia

Fluconazole,	itraconazole,
voriconazole,	and	micafungin	have
each	been	evaluated	in	this	setting
and	are	acceptable	options.
Posaconazole	has	not	been
evaluated	in	this	setting	but	is
reasonable.

Continue	prophylaxis	for	duration	of	neutropenia.

Allogeneic	HSCT	with
significant	GVHD
receiving	intensive
immunosuppressive
therapyb

Posaconazole	200	mg	orally	tid	is
drug	of	choice.	Alternatives	include
voriconazole,	itraconazole,	lipid
formulation	of	amphotericin	B,	or	an
echinocandin.

Continue	prophylaxis	for	16	wk	and	for	at	least
the	duration	of	intensive	immunosuppressive
therapy,b	whichever	occurs	later.

Prophylaxis
against
Pneumocystis
jirovecii

Allogeneic	HSCT
recipients
Alemtuzumab
recipients
Fludarabine	recipients

TMP/SMX	1	DS	(TMP	160	mg	+
SMX	800	mg)	orally	daily	or	3	d/wk
OR	dapsone	100	mg	orally	daily
OR	inhaled	pentamidine	300	mg
every	4	wk	OR	atovaquone	1,500
mg/d

TMP/SMX	seems	effective	as	long	as	3	or	4	DS
tablets	are	given	every	week;	daily
administration	may	be	more	effective.

	 Patients	with	gliomas
receiving
temozolomide	and
radiation	or

	 In	allogeneic	HSCT,	continue	prophylaxis	for	2
mo	after	stopping	immunosuppression.	In
patients	treated	with	alemtuzumab,	continue
prophylaxis	for	2	mo	after	the	last	dose	or	until
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corticosteroids	(≥20	mg
of	prednisone
equivalent)	for	≥1	mo	in
the	presence	of	other
immunosuppression	or
myelotoxic
chemotherapy

the	CD4	count	is	≥200/μL,	whichever	occurs
later.

PROPHYLAXIS	FOR	VIRAL	INFECTIONS
Prophylaxis
for	HSV

HSCT	recipients	(HSV-
seropositive	recipients)
Induction
chemotherapy	for
acute	leukemia	(HSV
seropositive)

Acyclovir	400	mg	orally	bid	or	tid
OR	800	mg	orally	bid	OR	250
mg/m2/12	h	or	valacyclovir	500	mg
orally	once	or	twice	(higher	doses
have	been	used	up	to	1,000	mg	tid)
or	famciclovir	250	mg	orally	tid

In	patients	with	acute	leukemia	and	HSCT
recipients,	continue	prophylaxis	for	HSV	until
resolution	of	neutropenia	and	mucositis.

Consider	in	patients
with	recurrent	HSV
reactivation	following
chemotherapy	or
patients	receiving
fludarabine	and
corticosteroids.

	 	

Patients	treated	with
alemtuzumab

	 In	patients	treated	with	alemtuzumab,	continue
prophylaxis	for	2	mo	after	the	last	dose	or	until
the	CD4	count	is	≥200/μL,	whichever	occurs
later.

Prophylaxis
for	VZV

Allogeneic	HSCT
recipients	with	a	history
of	chickenpox	or
shingles

Acyclovir	800	mg	orally	bid	OR
valacyclovir	500	mg	orally	daily

	

Prophylaxis
for	CMV
(preemptive
therapy)

Patients	requiring	CMV
surveillance

1.	 Allogeneic	 HSCT
recipients	 who	 are
CMV	 positive	 or
whose	 donor	 is
CMV	 positive
(standard	of	care)

2.	 Autologous	 SCT
recipients
receiving	 a	 CD34-
enriched	 autograft
(should	 be
considered)

3.	 Patients	 treated
with	 alemtuzumab
(should	 be
considered)

Induction	for	1	wk	followed	by
maintenance	for	1	wk	as	follows:
Ganciclovir	5	mg/kg	IV	every	12	h
for	7	d	(induction),	followed	by
ganciclovir	5	mg/kg	IV	daily	5	times
a	wk	(maintenance)	OR	foscarneta
60	mg/kg	IV	every	12	h	for	7	d
(induction)	followed	by	foscarnetc
60	mg/kg	IV	daily	(maintenance)
Oral	valganciclovir	(900	mg	bid)	is
an	acceptable	alternative	to	IV
formulations	in	patients	who	do	not
have	severe	gut	GVHD	(see	text).

Time	for	CMV	surveillance:
1.	 Allogeneic	HSCT	recipients:	from	day	30	to	at

least	 6	 mo	 after	 allogeneic	 HSCT,	 during
periods	 of	GVHD,	 and	 until	 the	CD4	 count	 is
>100/μL

2.	 Recipients	 of	 CD34-enriched	 autologous
grafts:	 from	 day	 30	 to	 day	 100	 and	 until	 the
CD4	count	is	>100/μL

3.	 Alemtuzumab	 recipients:	 from	 the	 time	 of
initiation	until	at	least	2	mo	after	completion	of
therapy	 and	 until	 the	 CD4	 count	 is	 >100/μL,
whichever	occurs	later

	 	 The	level	of	CMV	reactivation	that	triggers
preemptive	therapy	varies	with	the	method.	The
CDC	recommends	any	positive	CMV
antigenemia	(pp65)	or	two	consecutive
qualitative	PCR	results	within	the	first	100	d,	and
5	cells	per	slide	after	the	first	100	d.	Some
institutions	initiate	preemptive	CMV	therapy	with
any	positive	antigenemia	result	because	late
CMV	disease	is	well	established	(see	text).

	 	 Institutions	with	quantitative	PCR	systems	must
establish	their	own	standards	because	the
results	are	quite	variable	depending	on	the
methodology.

Prophylaxis
against	CMV

	 Letermovir	480	mg/d	(240	mg	if
concomitant	cyclosporine)	OR
ganciclovir	at	the	preemptive	dose

Treatment	is	given	for	the	first	100	d	and	then
weekly	or	biweekly	monitoring	and	preemptive
management	are	initiated.

	 Prophylaxis	with	ganciclovir	is	seldom	used.

Prophylaxis Patients	who	are Entecavir	0.5	mg/d Start	7	d	before	chemotherapy	and	continue	for



against
hepatitis	B
flare

HBsAg	positive	or	have
detectable	HBV	DNA	in
the	blood	at	high	risk
who	are	about	to
receive	chemotherapy
and	are	at	high	risk	for
hepatitis	B	reactivation

8	wk	after	completing	chemotherapy.

	 	 Not	all	cancer	treatments	are	associated	with	the
same	risk;	lymphoma	therapy	seems	to	confer
the	highest	risk.

Patients	who	are
HBsAg	positive	or	have
detectable	HBV	DNA	in
the	blood	who	are
about	to	receive
hematopoietic	stem	cell
transplant

Entecavir	0.5	mg/d	starting	2–3	wk
before	transplant	and	restart	2	wk
after	transplant

If	the	transplant	may	be	delayed,	start	entecavir
and	vaccinate	the	donor	so	anti-HBV	immunity
will	be	transplanted.
It	is	not	known	how	long	to	continue	entecavir.

aFluconazole	is	effective	as	prophylaxis	against	candidal,	but	not	mold,	infections.	If	prophylactic	fluconazole	is	used	in	patients	with
prolonged	neutropenia,	 the	authors	 suggest	a	 strategy	of	 empirical	modification	 to	a	mold-active	drug	 in	patients	with	persistent
neutropenic	 fever	 (see	 text).	 The	benefit	 versus	 risk	 of	 surveillance	 laboratory	markers	 for	 invasive	 fungal	 infection	 (e.g.,	 serum
galactomannan	or	β-glucan)	coupled	with	preemptive	antifungal	therapy	remains	to	be	established	(see	text).
bIn	the	pivotal	randomized	prophylactic	trial	by	Ullmann	et	al.,50	eligibility	criteria	required	either	acute	grade	2	to	4	GVHD,	chronic
extensive	GVHD,	or	treatment	with	intensive	immunosuppressive	therapy	consisting	of	either	high-dose	corticosteroids	(1	mg/kg	of
body	weight	per	day	 for	patients	with	acute	GVHD	or	0.8	mg/kg	every	other	day	 for	patients	with	chronic	GVHD),	antithymocyte
globulin,	or	a	combination	of	two	or	more	immunosuppressive	agents	or	types	of	treatment.
cDoses	apply	to	adults	with	normal	renal	function.
ANC,	absolute	neutrophil	count;	TMP/SMX,	trimethoprim/sulfamethoxazole;	bid,	twice	daily;	GVHD,	graft-versus-host	disease;	DS,
double	strength;	AML,	acute	myelogenous	leukemia;	MDS,	myelodysplastic	syndrome;	tid,	three	times	a	day;	HSCT,	hematopoietic
stem	cell	transplant;	HSV,	herpes	simplex	virus;	VZV,	varicella-zoster	virus;	CMV,	cytomegalovirus;	SCT,	stem	cell	transplant;	IV,
intravenous;	 CDC,	 Centers	 for	 Disease	 Control	 and	 Prevention;	 PCR,	 polymerase	 chain	 reaction;	 HBsAg,	 hepatitis	 B	 surface
antigen;	HBV,	hepatitis	B	virus.

Immunomodulatory	Agents	and	Infectious	Risk

Corticosteroids
High-dose	corticosteroids	have	profound	effects	on	the	distribution	and	function	of	neutrophils,	monocytes,	and
lymphocytes.	Corticosteroids	blunt	 fever	 and	 local	 signs	of	 infection.	Patients	 treated	with	corticosteroids	have
impaired	 phagocytic	 function	 (increasing	 risk	 of	 bacterial	 and	 fungal	 infections)	 and	 cell-mediated	 immunity
(increasing	 risk	 of	 infections	 like	 herpes	 zoster	 and	 Pneumocystis	 jirovecii).	 The	 incidence	 of	 infectious
complications	increases	when	the	adult	equivalent	of	prednisone	20	mg	per	day	is	administered	for	longer	than	4
to	6	weeks.10

Fludarabine	and	Other	Purine	Analogs
Fludarabine	 is	 a	 lymphotoxic	 analog	 of	 adenine,	 primarily	 affecting	 CD4+	 lymphocytes.	 The	 combination	 of
fludarabine	and	corticosteroids	results	in	a	uniform	depression	of	CD4+	cells	that	may	persist	for	several	months
after	completion	of	therapy,	resulting	in	opportunistic	infections	like	P.	jirovecii	pneumonia	(PCP)	or	listeriosis,
sometimes	more	than	a	year	after	treatment.	Mycobacterial	and	herpesvirus	infections	have	also	been	described.
Clofarabine,	cladribine,	and	pentostatin	are	also	purine	analogs	that	may	increase	infectious	risk.

Interleukin-2
Patients	 receiving	 high-dose	 interleukin	 (IL)-2	 for	 malignancy	 have	 an	 increased	 risk	 of	 bacterial	 infections,
mainly	 S.	 aureus	 and	 coagulase-negative	 staphylococci,	 possibly	 related	 to	 indwelling	 catheters.	 High-dose,
continuous-infusion	IL-2	causes	a	profound	but	reversible	defect	 in	neutrophil	chemotaxis	 that	may	account	for
the	 increased	 frequency	 of	 infections.	 Prophylactic	 oxacillin	 led	 to	 a	 reduction	 in	 central	 venous	 catheter–
associated	staphylococcal	bacteremia	in	IL-2	recipients	in	one	randomized	trial.11

Immune	Checkpoint	Inhibitors
The	programmed	cell	death	1	(PD-1)	inhibitors	pembrolizumab	and	nivolumab;	the	programmed	death	ligand	1
(PD-L1)	 inhibitors	 atezolizumab,	 avelumab,	 and	 durvalumab;	 and	 the	 anti–cytotoxic	 T-lymphocyte	 antigen	 4
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agent	ipilimumab	do	not	cause	immunosuppression	but	sometimes	result	in	severe	immune	toxicity	that	requires
intense	immunosuppression	(e.g.,	high-dose	corticosteroids,	anti–tumor	necrosis	factor	[TNF]	agents),	which,	in
turn,	may	facilitate	infection.

Monoclonal	Antibodies	Targeting	Cancer	Cells
Monoclonal	antibodies	(mAbs)	that	target	specific	cellular	steps	or	factors	have	enabled	manipulation	of	disease
pathways	 in	 such	 a	 way	 that	 it	 has	 been	 possible	 to	 use	 “targeted”	 cancer	 therapies	 with	 astonishing	 clinical
responses.12	However,	many	of	these	agents	interfere	with	natural	immunity	and	have	therefore	increased	rates	of
both	common	and	uncommon	infections.13	As	with	many	other	immunosuppressive	drugs,	establishing	causality
is	a	challenge;	only	those	associated	with	a	probable	increase	in	the	risk	of	infection	are	described	in	the	following
sections	(see	Table	125.1).

Rituximab	and	Ofatumumab.	Multiple	anti-CD20	mAbs	are	now	available	for	clinical	use.	Those	approved	in
oncology	 are	 rituximab,	 a	 chimeric	 murine-human	 mAb	 that	 targets	 CD20	 on	 mature	 B	 lymphocytes,	 and
ofatumumab,	 an	 entirely	 human	mAb	 that	 targets	 different	CD20	 epitopes.	Most	 evidence	 regarding	 infectious
complications	refers	to	rituximab,	but	it	is	likely	that	similar	risks	will	apply	to	the	newer	anti-CD20	mAbs.	These
agents	 are	 used	 against	 a	 variety	 of	 B-cell	 malignancies,	 as	 preemptive	 treatment	 of	 EBV-associated
lymphoproliferative	disorder,	and	also	as	immunomodulating	drugs	in	the	treatment	of	GVHD.

Rituximab	 results	 in	 rapid	 and	 profound	 depletion	 of	 B	 cells	 that	 can	 last	 up	 to	 several	 months.	 In	 most
patients,	serum	immunoglobulin	levels	remain	largely	stable,	as	plasma	cells	do	not	express	CD20.	Some	patients,
however,	 develop	 persistent	 hypogammaglobulinemia,	 although	 its	 contribution	 to	 infection	 risk	 is	 unclear.14
Initial	 trials	suggested	 that	 rituximab	had	minimal	effect	on	 the	occurrence	of	 infections;	however,	more	recent
meta-analyses	have	reported	a	higher	relative	risk	of	infections.	The	increase	in	infection	risk	seems	to	be	more
prominent	in	the	setting	of	repeated	administration	and	in	patients	with	underlying	immune	defects	or	concomitant
significant	 immunosuppression.15	 Hepatitis	 B	 virus	 (HBV)	 reactivation	 has	 been	 consistently	 associated	 with
rituximab	 treatment,	 including	reports	of	 fulminant	hepatitis	and	death	 in	patients	who	experience	a	hepatitis	B
flare,	 particularly	 when	 rituximab	 is	 used	 in	 combination	 therapy	 (e.g.,	 rituximab	 plus	 cyclophosphamide,
doxorubicin,	vincristine,	and	prednisone).	In	addition,	a	reverse	seroconversion	phenomenon	has	been	described,
with	loss	of	protective	HBV	surface	antibodies	and	viral	reactivation.16	Most	reactivation	occurs	within	6	months
of	therapy,	but	it	can	arise	up	to	a	year	after	treatment.	The	U.S.	Food	and	Drug	Administration	(FDA)	has	issued
a	 black	 box	 warning	 regarding	 HBV	 reactivation	 following	 rituximab	 and	 ofatumumab
(http://www.fda.gov/Drugs/DrugSafety/ucm366406.htm).	 Prior	 to	 receipt	 of	 rituximab	 or	 ofatumumab,	 patients
should	 undergo	 assessment	 of	 HBV	 serologies	 (hepatitis	 B	 surface	 antigen	 [HBSAg]	 and	 hepatitis	 B	 core
antibody).	Consider	pharmacologic	suppression	of	HBV	with	entecavir	and	follow	patients	for	signs	of	hepatitis	B
for	several	months	thereafter.	Periodic	testing	for	hepatitis	B	DNA	while	on	treatment	should	be	considered.

Another	 opportunistic	 infection	 reported	 with	 both	 rituximab	 and	 ofatumumab	 is	 progressive	 multifocal
leukoencephalopathy	(PML),	also	called	JC	virus	encephalopathy.	This	is	a	demyelinating	disease	caused	by	JC
virus,	a	ubiquitous	virus	that	is	acquired	during	infancy	by	most	people.	Since	the	initial	approval	of	rituximab,
there	have	been	close	to	100	cases	of	PML	associated	with	its	use.17	Most	cases	have	been	reported	in	patients
with	hematologic	malignancies;	the	role	of	rituximab	in	the	development	of	PML	is	not	well	understood.	A	few
reports	of	PCP	 following	 the	administration	of	 rituximab	are	 far	 from	conclusive,	given	 that	most	patients	had
received	other	immunosuppressive	therapies.	The	necessity	of	PCP	prophylaxis	is	unclear.18	Other	rare	infections
that	 have	 been	 described	 in	 the	 setting	 of	 rituximab	 use	 are	 enteroviral	 meningoencephalitis,	 CMV	 disease,
reactivation	 and	 dissemination	 of	 varicella-zoster	 virus	 (VZV),	 refractory	 babesiosis,	 parvovirus	 B19,	 and
nocardiosis.

Alemtuzumab.	Alemtuzumab	(Campath-1H)	is	a	humanized	mAb	that	targets	and	lyses	cells	expressing	CD52,	a
glycoprotein	expressed	on	most	B	and	T	lymphocytes,	macrophages,	and	natural	killer	cells.	This	effect	results	in
profound	 and	 sustained	 deficits	 in	 cellular	 and	 humoral	 immunity.	CD4	 and	CD8	 cell	 counts	 reach	 their	 nadir
within	 weeks	 and	 may	 remain	 at	 <25%	 of	 baseline	 for	 approximately	 9	 months.	 Alemtuzumab	 is	 used	 for	 a
variety	of	hematologic	malignancies	and	for	conditioning	in	some	HSCT	protocols.	Infections	associated	with	its
use	 include	 reactivation	 of	 latent	 viruses	 (herpesviruses	 such	 as	 CMV,	 EBV,	 VZV,	 and	 human	 herpesvirus
[HHV]-6,	 as	 well	 as	 adenovirus	 and	 JC	 virus),	 fungal	 infections	 (PCP,	 cryptococcosis,	 disseminated
histoplasmosis,	 aspergillosis,	 mucormycosis),	 and	 mycobacterial	 infections	 (both	 tuberculosis	 [TB]	 and
nontuberculous	 mycobacteria).19	 The	 incidence	 of	 these	 opportunistic	 infections	 varies	 with	 the	 dose	 and



combination	 with	 other	 immunosuppressants.	 All	 patients	 receiving	 alemtuzumab	 should	 receive	 PCP	 and
herpesvirus	prophylaxis	for	a	minimum	of	2	months	after	therapy	or	until	CD4	counts	are	≥200	cells/μL.	Given
the	high	incidence	of	CMV	reactivation	and	disease,	prophylaxis	or	preemptive	therapy	is	warranted.

Basiliximab.	 Basiliximab	 is	 a	 chimeric	 mAb	 that	 targets	 CD25,	 the	 α	 chain	 of	 the	 IL-2	 receptor	 complex
expressed	 on	 activated	 T	 lymphocytes.	 It	 competitively	 inhibits	 IL-2	 binding	 and	 prevents	 IL-2–mediated
activation	 of	 lymphocytes	 and	 cytokine	 release.	 In	 hematology	 and	 oncology,	 it	 is	 used	 for	 steroid-refractory
GVHD	 after	 allogeneic	 HSCT.20	 Infections	 described	 in	 this	 setting	 are	 common	 bacterial	 infections,	 viral
reactivations	 (CMV,	BK	virus,	 adenovirus,	 herpes	 simplex	virus	 [HSV],	 respiratory	 syncytial	 virus,	 influenza),
EBV-associated	 posttransplant	 lymphoproliferative	 disease	 (PTLD),	 invasive	 fungal	 infections,	 Legionnaires’
disease,	nocardiosis,	nontuberculous	mycobacterial	infections,	TB,	and	toxoplasmosis.21	The	specific	contribution
of	basiliximab	to	infectious	risk	is	impossible	to	quantify.

Tumor	Necrosis	Factor-α	Inhibitors:	Adalimumab,	Infliximab,	Etanercept,	Certolizumab
Pegol,	and	Golimumab
Infliximab,	adalimumab,	and	golimumab	are	mAbs	directed	against	TNF-α;	certolizumab	pegol	is	a	pegylated	Fab
fragment	of	a	humanized	anti–TNF-α	mAb;	and	etanercept	 is	a	 soluble	 receptor	 for	TNF-α.13	These	 agents	 are
potent	immunosuppressants,	but	their	use	in	oncology	is	very	limited,	mainly	for	treatment	of	GVHD.	TNF-α	is	a
cytokine	 that	 plays	 a	 central	 role	 in	 macrophage	 and	 phagosome	 activation	 and	 granuloma	 formation	 and
maintenance.	TNF-α	blockade	results	in	increased	risk	of	infection,	particularly	granulomatous	infections	such	as
TB	 and	 histoplasmosis,	 but	 also	 multiple	 others.22,23	 The	 risk	 of	 serious	 infections	 appears	 to	 be	 lower	 with
etanercept	than	with	the	other	TNF-α	blockers.	Several	cases	of	severe	HBV	reactivation	in	patients	with	positive
HBsAg	at	the	start	of	treatment	have	been	reported.	Patients	receiving	anti–TNF-α	therapy	should	be	screened	for
TB	(latent	or	active),	HBV,	and	hepatitis	C	virus	before	starting	treatment.24

Cetuximab.	Cetuximab	is	chimeric	human-murine	IgG1	that	targets	epidermal	growth	factor	receptor.	It	is	used
in	the	treatment	of	epidermal	growth	factor	receptor–expressing	metastatic	colorectal	cancer	and	in	advanced	or
metastatic	squamous	cell	carcinoma	of	the	head	and	neck.	Its	use	has	been	associated	with	a	slight	increase	in	the
risk	 of	 serious	 bacterial	 infections,	 mainly	 pneumonia.25	 There	 is	 one	 case	 report	 of	 a	 disseminated
Mycobacterium	chelonae	infection.26

Brentuximab	 Vedotin.	 Brentuximab	 vedotin	 is	 an	 antibody-drug	 conjugate	 consisting	 of	 a	 chimeric	 IgG1
antibody	that	targets	CD30	and	the	microtubule-disrupting	agent	monomethyl	auristatin	E.	Brentuximab	vedotin
results	 in	 death	 of	CD30+	 cells.	 It	 is	 approved	 for	 use	 in	 relapsed	 Hodgkin	 lymphoma	 and	 relapsed	 systemic
anaplastic	 large-cell	 lymphoma.27	 Its	 use	 has	 been	 associated	with	 a	 high	 frequency	 of	 upper	 respiratory	 tract
infections	as	well	as	reports	of	PML.28,29

Bevacizumab.	Bevacizumab,	an	inhibitor	of	vascular	endothelial	growth	factor	widely	used	for	the	treatment	of
metastatic	colon	cancer,	non–small-cell	lung	cancer,	and	other	tumors,	has	been	associated	with	increased	risk	of
gastrointestinal	perforation.30	Anecdotal	 reports	 of	 localized	 aspergillosis	 and	 fusariosis	 could	 be	 related	 to	 the
potential	for	reduced	angiogenesis	to	contribute	to	the	pathogenesis	of	invasive	mold	infections.31,32

Bruton	Tyrosine	Kinase	 Inhibitors	 (Ibrutinib,	 Acalabrutinib).	 The	 Bruton	 tyrosine	 kinase	 (BTK)	 inhibitor
ibrutinib	has	been	associated	with	PCP,	aspergillosis,	cryptococcosis,	and	other	infections.	It	 is	unclear	whether
this	is	a	consequence	of	the	direct	inhibition	of	BTK	or	off-target	effects.33

Phosphoinositide	3-Kinase	Inhibitors	(Idelalisib,	Duvelisib,	TGR-1202).	Inhibition	of	the	phosphoinositide	3-
kinase	results	in	preferential	targeting	of	B	cells.	However,	the	risk	of	infection	seems	greatly	increased	with	these
agents,	which	 prompted	 the	FDA	 to	 halt	 some	 combination	 studies	 of	 idelalisib	 in	 2016.	 Prophylaxis	 for	 PCP
should	be	administered	during	its	use	and	for	2	to	6	months	afterward.

Venetoclax.	Venetoclax	is	an	inhibitor	of	the	antiapoptotic	protein	BCL-2.	No	infections	have	been	reported	with
its	use.34

BCR-ABL	Tyrosine-Kinase	Inhibitors.	These	agents	are	first-line	treatment	for	chronic	myelogenous	leukemia.
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It	is	possible	they	increase	the	overall	risk	of	infection,	but	there	have	been	reports	of	hepatitis	B	reactivation,	and
the	European	Medicines	Agency	has	issued	a	warning	about	the	need	to	check	for	HBV	infection	and	monitoring
liver	function	when	using	them.35

Janus	Kinase	Inhibitors.	Ruxolitinib	 is	 a	 Janus	kinase	 (JAK)	1	 and	2	 inhibitor	 approved	 for	 the	 treatment	 of
myelofibrosis	 and	 polycythemia	 vera	 and	 increasingly	 used	 for	 GVHD.	 Reactivation	 of	 latent	 viruses	 such	 as
HBV,	herpesviruses,	and	BK	polyomavirus,	as	well	as	other	opportunistic	infections,	has	been	described	with	the
use	 of	 JAK	 inhibitors.	 The	 European	 Society	 of	 Clinical	 Microbiology	 and	 Infectious	 Diseases	 recommends
pretreatment	 screening	 for	 chronic	 hepatitis	 B	 and	 latent	 TB	 and	 consideration	 of	 anti-	 Pneumocystis
prophylaxis.34

PREVENTION	OF	INFECTIONS
Infections	may	be	prevented	by	avoidance	of	exposure,	immunization,	and	chemoprophylaxis.	A	comprehensive
guideline	cosponsored	by	the	Center	for	International	Blood	and	Marrow	Research,	the	National	Marrow	Donor
Program,	 the	 European	 Blood	 and	 Marrow	 Transplant	 Group,	 the	 American	 Society	 for	 Blood	 and	 Marrow
Transplantation,	the	Canadian	Blood	and	Marrow	Transplant	Group,	the	Infectious	Diseases	Society	of	America
(IDSA),	 the	 Society	 for	 Healthcare	 Epidemiology	 of	 America,	 the	 Association	 of	 Medical	 Microbiology	 and
Infectious	Disease	Canada,	and	the	CDC	makes	evidence-based	recommendations	for	HSCT	recipients	that	may
be	applicable	to	other	cancer	patients.36	The	National	Comprehensive	Cancer	Network	publishes	and	continuously
updates	 broad	guidelines	 for	 prophylaxis.37,38	A	 summary	 is	 provided	 in	Table	 125.2.	 The	CDC	 also	 provides
extensive	advice	on	vaccination	for	children	and	adults,	with	specific	recommendations	based	on	the	presence	of
comorbidities.39

In	general,	antimicrobial	prophylaxis	 reduces	 the	number	of	episodes	of	 the	 targeted	 infection.	The	question
frequently	 is	whether	 this	 reduction	 translates	 into	 a	 survival	 benefit	 or	 a	 clinically	meaningful	 outcome	 (e.g.,
sepsis,	 hospital	 admission,	 shortened	 hospitalization)	 that	 outweighs	 the	 toxicities	 or	 secondary	 effects	 (e.g.,
generation	and	spreading	of	resistant	organisms).	The	number	of	subjects	that	need	to	be	treated	to	prevent	one
episode	of	infection	and	the	severity	of	the	infection	should	be	considered.

Prevention	of	Bacterial	Infections

Antibacterial	Prophylaxis	in	Afebrile	Neutropenic	Patients
Several	 meta-analyses	 support	 a	 beneficial	 effect	 in	 fever,	 documented	 infections,	 and	 overall	 mortality	 by
administering	 fluoroquinolone	 prophylaxis	 to	 patients	 who	 are	 neutropenic	 for	 ≥7	 days.40–42	 In	 high-risk
neutropenic	 patients,	 prophylactic	 levofloxacin	 led	 to	 a	 reduction	 in	 infections.43	 In	 lower	 risk	 neutropenic
patients	 (e.g.,	 those	 with	 solid	 tumors	 and	 short-duration	 neutropenia),	 prophylaxis	 showed	 a	 modest	 but
significant	 reduction	 in	 febrile	 episodes.44	 The	 potential	 risks	 of	 quinolone	 prophylaxis	 regarding	 selection	 for
resistant	organisms	and	Clostridium	difficile	 colitis	 are	 important	 questions	 that	 have	made	 some	experts	 avoid
recommending	levofloxacin	prophylaxis	except	in	special	circumstances,45	but	the	most	recent	American	Society
of	Clinical	Oncology	guidelines	still	endorse	its	use	when	neutropenia	is	expected	to	last	≥7	days.46

Prophylaxis	against	Pneumococcal	Infection
Pneumococcal	 prophylaxis	 should	 be	 considered	 in	 asplenic	 patients	 and	 in	 allogeneic	 HSCT	 recipients	 with
chronic	GVHD.	The	Working	Party	of	the	British	Committee	for	Standards	in	Haematology	recommends	lifelong
prophylactic	antibiotics	in	patients	who	have	had	a	splenectomy,	and	particularly	in	the	first	2	years,	in	children
up	 to	 age	 16	 years,	 and	 in	 patients	 with	 other	 immune	 impairment.47	 Among	 allogeneic	 HSCT	 recipients,
pneumococcal	 disease	 typically	 occurs	 in	 the	 later	 transplant	 period,	 from	 3	months	 to	 years	 after	 transplant.
Chronic	 GVHD	 is	 the	 major	 risk	 factor.	 Vaccination	 is	 recommended	 as	 in	 asplenic	 patients.	 Penicillin
prophylaxis	 is	 also	 recommended.36	 Some	 experts	 recommend	 starting	 penicillin	 prophylaxis	 in	 all	 HSCT
recipients	 3	 months	 after	 transplant,	 whereas	 others	 reserve	 its	 use	 for	 patients	 with	 active	 chronic	 GVHD.
Alternative	agents	may	be	considered	based	on	local	susceptibility	patterns,	although	the	risk–benefit	ratio	is	not
well	defined.



Prevention	of	Fungal	Infections
Candida	spp.	and	molds	are	the	major	fungal	pathogens	in	patients	with	cancer.	Systemic	antifungal	prophylaxis
may	be	mold	active	(voriconazole,	posaconazole,	echinocandins,	amphotericin	B)	or	not	(fluconazole).	Candida
spp.	are	part	of	our	endogenous	flora;	exposure	cannot	be	avoided.	Major	risk	factors	for	candidemia	in	patients
with	 cancer	 are	 chemotherapy-related	 mucositis,	 central	 venous	 catheters,	 neutropenia,	 and	 broad-spectrum
antibiotics.	Gastrointestinal	surgeries	complicated	by	anastomotic	leaks,	total	parenteral	nutrition,	and	prolonged
admission	in	the	intensive	care	unit	are	also	risk	factors	for	invasive	candidiasis.	In	contrast,	the	risk	of	invasive
mold	 infections	 is	 principally	 related	 to	 the	 duration	 of	 neutropenia	 and,	 in	 allogeneic	 HSCT	 recipients,	 the
amount	and	duration	of	corticosteroids	used	to	treat	GVHD.	The	most	common	mold	infections	are	aspergillosis
and	 mucormycosis,	 but	 multiple	 opportunistic	 molds	 can	 infect	 neutropenic	 cancer	 patients	 (e.g.,	 Fusarium,
Paecilomyces,	dematiaceous	molds),	and	their	relative	frequency	may	depend	on	the	antifungal	prophylaxis	used.

The	 choice	 of	 antifungal	 prophylaxis	 should	 be	 based	 on	 the	 risk	 of	 fungal	 infection.	 Solid	 tumor	 patients
rarely	need	mold-active	prophylaxis.	The	preferred	anti-	Candida	prophylaxis	is	fluconazole,	but	micafungin	was
shown	 to	 be	 noninferior	 in	 a	 randomized	 controlled	 trial.48	 In	 contrast,	 acute	 leukemia	 patients	 undergoing
induction	 of	 remission	 chemotherapy	 may	 remain	 profoundly	 neutropenic	 for	 weeks,	 and	 allogeneic	 HSCT
recipients	with	GVHD	on	 steroids	 are	 also	 at	 risk	 for	mold	 infections.	Consequently,	mold-active	prophylactic
agents	are	preferred	for	these	groups.	The	best	studied	for	prophylaxis	is	posaconazole.49,50	However,	a	systematic
review	 and	 meta-analysis	 suggests	 that,	 overall,	 mold-active	 prophylaxis	 significantly	 reduces	 invasive
aspergillosis	 (IA)	 and	 invasive	 fungal	 infection–related	mortality	 but	 does	 not	 affect	 overall	mortality	 and	 has
more	adverse	effects	than	fluconazole.51

In	summary,	fluconazole	is	a	safe	and	well-studied	agent	to	prevent	invasive	candidiasis,	but	it	has	no	activity
against	molds.	When	the	risk	of	aspergillosis	is	significant,	a	mold-active	drug	should	be	considered,	but	different
institutions	 may	 choose	 different	 agents.52	 Three	 of	 the	 mold-active	 azoles	 (itraconazole,	 voriconazole,	 and
posaconazole)	are	potent	inhibitors	of	certain	cytochrome	P450	isoenzymes	to	a	greater	degree	than	fluconazole	or
the	 newer	mold-active	 isavuconazole.	 This	may	 lead	 to	 reduced	 clearance	 of	 other	 drugs,	 such	 as	 calcineurin
inhibitors,	cyclophosphamide	metabolites,53	BTK	inhibitors	such	as	ibrutinib,	and	vinca	alkaloids,	with	potentially
serious	 adverse	 effects.54	 Careful	monitoring	 of	 drug–drug	 interactions	 and	 appropriate	 dose	modifications	 are
required.

Prevention	of	Pneumocystis	jirovecii	Pneumonia
Defective	T-cell	immunity	is	the	principal	risk	factor	for	PCP.	Recommendations	for	prophylaxis	in	the	non-AIDS
setting	are	based	on	the	expected	level	of	risk	of	PCP	and	consensus	criteria55	rather	than	on	randomized	clinical
trials;	a	systematic	 review	is	available.56	The	 traditional	groups	of	 cancer	patients	 at	 risk	have	been	 those	with
acute	 lymphocytic	 leukemia	 and	 those	 receiving	 allogeneic	 HSCT.	 After	 allogeneic	 HSCT,	 prophylaxis	 is
recommended	until	at	least	day	180	after	transplant	and	for	longer	if	immunosuppressive	agents	are	continued.57
PCP	 prophylaxis	 should	 be	 considered	 in	 patients	with	 cancer	who	 receive	 prolonged	 high-dose	 steroids	 (i.e.,
equivalent	 of	 prednisone	20	mg	daily	 for	≥1	month).	Patients	with	 chronic	 lymphocytic	 leukemia	on	 idelalisib
should	 receive	 prophylaxis.	 Other	 candidates	 for	 prophylaxis	 include	 alemtuzumab	 recipients	 (package	 insert
recommends	 prophylaxis	 until	 at	 least	 2	 months	 after	 completion	 of	 alemtuzumab	 and	 CD4	 count	 ≥200/μL,
whichever	occurs	 later),58	 patients	with	 chronic	 lymphocytic	 leukemia	 receiving	 fludarabine,	 and	 patients	with
gliomas	receiving	 temozolomide	and	radiation	or	corticosteroids.	The	need	for	PCP	prophylaxis	 for	patients	on
ibrutinib	is	unclear.

The	 most	 effective	 agent	 is	 trimethoprim/sulfamethoxazole	 (TMP/SMX).	 A	 variety	 of	 dosages	 seem	 to	 be
effective	(from	one	double-strength	tablet	daily	to	one	double-strength	tablet	twice	daily	2	days	per	week).	When
TMP/SMX	cannot	be	administered	because	of	marrow	intolerance	or	hypersensitivity	reaction,	second-line	agents
include	dapsone	(50	mg	twice	daily	or	100	mg	orally	daily),	 inhaled	pentamidine	(300	mg	every	4	weeks),	and
atovaquone	(1,500	mg	daily)	(see	Table	125.2).	All	second-line	agents	are	less	effective	than	TMP/SMX,	with	the
difference	increasing	with	the	degree	of	immune	compromise.	An	additional	benefit	of	TMP/SMX	among	HSCT
recipients	 is	 activity	 and	 effective	 prophylaxis	 against	 toxoplasmosis,	 which	 the	 second-line	 agents	 do	 not
provide.

Prophylaxis	of	Viral	Infections
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Prevention	of	Herpes	Simplex	Virus	and	Varicella-Zoster	Virus
Among	 seropositive	 patients,	 the	 incidence	 of	HSV	 reactivation	 after	 induction	 chemotherapy	 for	 leukemia	 or
conditioning	 for	HSCT	 is	70%	 to	80%.	HSV	and	VZV	 infections	are	common	after	 alemtuzumab,	proteasome
inhibitors	 such	 as	 bortezomib,59	 and	 lenalidomide.60	 Antiviral	 prophylaxis	 (acyclovir,	 valacyclovir,	 or
famciclovir)	 against	 HSV	 is	 advised	 in	 patients	 receiving	 chemotherapy	 for	 acute	 leukemia,	 in	 all	 HSV-
seropositive	 allogeneic	 HSCT	 recipients,	 and	 in	 some	 autologous	 HSCT	 recipients	 at	 high	 risk	 for	 mucositis
during	 the	 neutropenic	 period.	 Prophylaxis	 is	 recommended	 until	 mucositis	 resolves	 and	 engraftment	 takes
place.37	 It	 is	 also	 advised	 in	myeloma	 patients	 treated	with	 bortezomib	 or	 lenalidomide.59,60	 For	 alemtuzumab
recipients,	 the	 package	 insert	 recommends	 continuing	 prophylaxis	 for	 at	 least	 2	 months	 after	 completion	 of
therapy	or	until	CD4	count	is	≥200/μL,	whichever	occurs	later.58

Nosocomial	 transmission	 of	VZV	 is	well	 documented	 and	 can	 be	 catastrophic	 because	 primary	 chickenpox
infection	 can	be	 fatal	 in	 immunosuppressed	hosts.	Patients	with	 chickenpox,	patients	with	disseminated	 zoster,
and	immunocompromised	patients	with	dermatomal	zoster	should	be	placed	in	contact	and	respiratory	isolation.
In	 the	 absence	 of	 varicella-zoster	 immune	 globulin,	 oral	 acyclovir	 for	 2	 weeks	 after	 exposure	 has	 been	 used
successfully	 for	 postexposure	 prophylaxis.	 Neither	 of	 the	 live	 attenuated	 varicella	 vaccines	 should	 be	 used	 in
highly	 immunosuppressed	 persons	 because	 of	 the	 risk	 of	 serious	 viral	 disease.	 Household	 contacts	 of
immunocompromised	patients	and	health-care	personnel	with	no	history	of	varicella	and	seronegative	 for	VZV
should	be	 immunized	 to	prevent	 secondary	 transmission	of	VZV	 to	vulnerable	persons.36	 If	a	 rash	occurs	after
receipt	 of	 a	 live	VZV	 vaccine,	 direct	 contact	with	 immunocompromised	 persons	 should	 be	 avoided.	A	 newly
approved	 adjuvanted	 VZV	 subunit	 vaccine,	 Shingrix	 (GlaxoSmithKline,	 London,	 United	 Kingdom),	 holds
promise	for	use	in	immunosuppressed	patients	for	whom	the	live	vaccines	are	precluded.	The	vaccine	was	shown
to	be	safe	and	effective	in	adult	patients	who	had	undergone	autologous	stem	cell	transplantation	for	hematologic
malignancies.61	The	efficacy	of	this	vaccine	in	preventing	herpes	zoster	seems	clearly	superior	to	that	of	the	live
attenuated	zoster	vaccines.	However,	other	clinical	experience	among	oncology	and	transplant	patients	is	limited
and,	as	yet,	unpublished.

Prevention	of	Cytomegalovirus	Disease
CMV	 is	 a	 very	 important	 pathogen	 after	 allogeneic	 HSCT,	 but	 CMV	 disease	 is	 uncommon	 in	 other	 cancer
patients.	 It	 has	 been	 reported	 mainly	 in	 patients	 receiving	 alemtuzumab	 (although	 asymptomatic	 reactivation
without	 disease	 seems	 to	 be	 much	 more	 frequent)	 and	 occasionally	 in	 patients	 receiving	 therapy	 for	 acute
leukemia.	CMV	infection	happens	early	in	life	and	results	in	viral	latency.	Most	adults	(60%	to	80%)	are	infected,
as	proven	by	the	detection	of	CMV-specific	IgG	in	their	serum.	A	transplant	recipient	is	at	risk	for	reactivation	(if
he	or	she	is	CMV	seropositive)	or	for	primary	infection	(from	the	allograft	if	the	donor	is	CMV	seropositive	or
from	blood	products).62

Prevention	of	Cytomegalovirus	Disease	after	Allogeneic	Hematopoietic	Stem	Cell
Transplantation

Prevention	 of	 Primary	 Cytomegalovirus	 Infection. 	 To	 prevent	 CMV	 primary	 infection,	 CMV-seronegative
HSCT	 recipients	 receiving	 allografts	 from	CMV-seronegative	 donors	 should	 receive	 transfusion	 products	 from
only	CMV-negative	donors	or,	if	this	is	not	feasible,	leukocyte-depleted	blood	products.63

Prevention	of	Cytomegalovirus	Disease	after	Reactivation. 	In	case	of	preexisting	CMV	infection,	CMV	disease
may	be	prevented	by	one	of	 two	approaches:	prophylaxis	or	preemptive	management.	 In	prophylaxis,	 antiviral
agents	 are	 administered	 for	 a	 variable	 period	 to	 all	 allogeneic	 HSCT	 recipients	 in	 which	 either	 the	 donor	 or
recipient	is	CMV	seropositive.	In	preemptive	management,	active	surveillance	of	the	patients	at	risk	is	followed
by	initiation	of	antiviral	agents	after	detection	of	CMV	reactivation.

Prophylaxis	for	Cytomegalovirus. 	Ganciclovir	prophylaxis	for	CMV-seropositive	allogeneic	transplant	recipients
was	highly	effective	at	suppressing	CMV	during	the	early	transplant	period	but	was	associated	with	higher	rates	of
neutropenia,	 bacterial	 and	 opportunistic	 infections,	 and	 late	 CMV	 disease,	 without	 improvement	 in	 overall
survival.64,65	 The	 newly	 available	 agent	 letermovir	 seems	 to	 be	 free	 of	 such	 problems	 and	 was	 superior	 to
preemptive	therapy	(particularly	in	high-risk	patients)	in	a	randomized	controlled	trial.66

Preemptive	 Therapy	 for	Cytomegalovirus. 	 CMV	 infection	may	 be	 diagnosed	 early	 by	 detection	 of	 the	 CMV



pp65	antigen	 in	peripheral	blood	 leukocytes	or	by	measuring	CMV	DNA	by	polymerase	chain	 reaction	 (PCR).
The	 detection	 of	 a	 single	 positive	 CMV	 antigenemia	 or	 two	 consecutive	 positive	 PCR	 results	 is	 a	 trigger	 for
preemptive	 antiviral	 therapy.	 When	 compared	 in	 a	 randomized	 controlled	 trial,	 preemptive	 therapy	 and
prophylaxis	 resulted	 in	 equivalent	 overall	 survival	 but	with	 different	 complications.	Universal	 prophylaxis	 had
less	early	CMV	disease	but	more	invasive	fungal	infections,	more	ganciclovir	use,	and	more	late	CMV	disease.
Preemptive	 therapy	 (using	 pp65	 antigenemia)	 resulted	 in	 more	 CMV	 disease	 by	 day	 100.67	 The	 preemptive
approach	 is	more	 commonly	 used.	 Foscarnet	 can	 also	 be	 used	 preemptively,	with	 similar	 results	 but	 different
toxicities	 (renal	 toxicity	 with	 foscarnet,	 myelosuppression	 with	 ganciclovir).	 Valganciclovir,	 an	 orally
administered	 prodrug	 of	 ganciclovir,	 is	 another	 alternative,	 although	 it	 may	 result	 in	 increased	 exposure	 to
ganciclovir	and	potentially	more	toxicity.68	Similar	CMV	recommendations	have	been	made	for	patients	treated
with	alemtuzumab.37

Another	potential	approach	to	prevention	of	CMV	is	the	use	of	virus-specific	T	cells	in	patients	at	high	risk.	So
far,	 this	 is	 considered	 experimental,	 although	 published	 reports	 suggest	 it	 may	 have	 a	 role	 in	 selected	 patient
populations	in	the	future.

Prevention	of	Viral	Hepatitis
Three	etiologic	agents	of	viral	hepatitis	are	a	matter	of	significant	concern	in	cancer	patients.	Hepatitis	B	and	C
have	 special	 importance	 because	 of	 their	 role	 in	 the	 pathogenesis	 of	 hepatobiliary	 cancer	 and	 the	 enormous
populations	infected	with	these	viruses.

Hepatitis	B
Carriers	of	HBV,	even	if	they	are	asymptomatic	or	have	undetectable	HBV	DNA	levels,	are	at	risk	for	hepatitis	B
flares	 after	 immunosuppressive	 therapy	 or	 cytotoxic	 chemotherapy,	 particularly	 with	 rituximab	 and	 high-dose
corticosteroids.	 All	 patients	 should	 be	 screened	 for	 HBV	 status	 before	 receiving	 cytotoxic	 chemotherapy	 by
determining	 HBsAg	 and	 anti–hepatitis	 B	 core	 antibody	 titers.	 Seronegative	 patients	 should	 be	 vaccinated	 if
possible.	HBsAg-positive	patients,	regardless	of	 their	HBV	DNA	level,	should	be	treated	with	entecavir	for	 the
duration	of	chemotherapy	and	for	up	to	12	months	thereafter.69	Patients	who	have	serologic	evidence	of	recovery
from	infection	(positive	anti–hepatitis	B	core	antibody	and	negative	HBsAg)	should	be	treated	with	entecavir	or
monitored	closely	with	HBV	DNA	if	their	therapy	poses	a	high	risk	of	HBV	reactivation.70	The	optimal	duration
of	prophylaxis	and	method	of	monitoring	for	HBV	reactivation	are	unknown.

Hepatitis	C
Chronic	hepatitis	C	infection	has	a	broad	worldwide	distribution	and	thus	would	be	expected	to	occur	at	baseline
in	 a	 substantial	 portion	 of	 the	 cancer	 patient	 population.	 There	 is	 little	 evidence	 to	 support	 concerns	 for
recrudescence	 of	 latent	 disease	 in	 patients	 who	 are	 screened	 and	 not	 viremic	 at	 baseline,	 whether	 by	 natural
evolution	or	as	the	result	of	therapy.	The	inflammatory	disease	associated	with	chronic	hepatitis	C	is	variable	and
has	 been	 associated	 with	 clinically	 relevant	 worsening,	 predominantly	 in	 patients	 receiving	 therapy	 for
hematologic	malignancy	but	occasionally	in	solid	tumor	patients.71,72	The	general	concept	is	to	screen	for	viremia
and,	if	this	is	present	and	time	allows	(e.g.,	in	low-grade	lymphoma),	consider	treating	with	antivirals	to	induce
sustained	virologic	response.	If	cancer	treatment	is	urgent,	chemotherapy	or	immunotherapy	for	the	malignancy
should	take	precedence	accompanied	by	monitoring	for	reactivation	and	hepatitis	flare.	Treatment	of	hepatitis	C
with	antivirals	may	be	considered	3	to	6	months	after	achieving	remission.73

Hepatitis	E
Hepatitis	 E,	 a	 predominantly	 waterborne	 virus,	 has	 caused	 chronic	 infection	 in	 both	 solid	 and	 hematologic
malignancy	 and	HSCT	patients.	Transfusion-transmitted	 infection	 is	 a	 concern,	 as	 the	 virus	 has	 been	 found	 in
donated	 blood.74	 No	 specific	 antiviral	 therapies	 are	 available,	 but	 acquisition	 and	 recrudescence	 should	 be
considered	in	patients	receiving	chemotherapy	who	develop	new	or	worsening	hepatic	inflammation.75

DIAGNOSIS	AND	MANAGEMENT	OF	INFECTIOUS	DISEASES	SYNDROMES
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FEVER	AND	NEUTROPENIA
Fever	 is	 defined	 as	 a	 single	 oral	 temperature	 ≥38.3°C	or	 a	 temperature	 ≥38°C	 sustained	 for	 1	 hour.76	 Slightly
different	definitions	may	have	been	used	in	different	trials	over	the	years.	Neutropenia	is	defined	as	an	absolute
neutrophil	count	(ANC)	of	<500	cells/μL	or	an	ANC	that	is	expected	to	decrease	to	<500	cells/μL	during	the	next
48	hours.76	In	neutropenic	patients,	fever	should	be	considered	evidence	of	infection	and	treated	accordingly.

Bacterial	infections	may	progress	quickly	in	the	absence	of	granulocytes,	and	appropriate	antibiotics	must	be
started	 immediately.	 Empirical	 administration	 of	 broad-spectrum	 antibiotics	 to	 neutropenic	 febrile	 patients
showed	 improved	 outcomes	 decades	 ago,77	 and	 remains	 the	 standard	 of	 care.	 Numerous	 professional
organizations	have	issued	guidelines	for	the	management	of	fever	during	neutropenia	in	adults	and	children	and	in
inpatients	 and	 outpatients.37,46,76,78,79	 The	 initial	 evaluation	 consists	 of	 a	 complete	 history	 and	 physical
examination.	 Important	 elements	 of	 the	 history	 include	 prior	 infections	 or	 known	 colonization	 with	 resistant
pathogens	 and	 timing	 of	 the	 fever	 in	 relation	 to	manipulation	 of	 the	 central	 venous	 catheter	 if	 one	 is	 present.
Special	 attention	 should	be	given	 to	 the	mouth,	 skin,	 catheter	 exit	 site,	 and	perianal	 region	during	 the	physical
exam.

Initial	laboratory	studies	should	include	complete	blood	count	and	differential,	serum	chemistry	including	liver
function	 tests,	 and	 at	 least	 two	 sets	 of	 blood	 cultures.	 Other	 cultures	 (urine,	 sputum,	 and	 stool	 if	 diarrhea	 is
present)	should	not	delay	the	administration	of	antibiotics.	An	initial	chest	radiograph	in	the	absence	of	symptoms
or	signs	of	pulmonary	infection	is	of	low	yield	in	ambulatory	adult	patients	with	fever	and	neutropenia.

Risk	Stratification
Not	 all	 patients	 who	 develop	 fever	 during	 chemotherapy-induced	 neutropenia	 have	 the	 same	 risk	 of	 a	 poor
outcome,	 and	 this	 has	 practical	 implications	 for	management	 (choice	 of	 antibiotics,	 inpatient	 versus	 outpatient
setting).	Most	 adult	 guidelines	 endorse	 the	use	of	 the	Multinational	Association	 for	Supportive	Care	 in	Cancer
(MASCC)	 index.80	 The	 pediatric	 guidelines	 support	 the	 concept	 of	 risk	 stratification	 but	 emphasize	 the
importance	of	using	strategies	 that	have	been	validated	 locally.79	The	MASCC	index	was	designed	as	a	 tool	 to
identify	adult	patients	at	low	risk	of	complications.80	To	obtain	a	MASCC	score,	points	are	given	for	burden	of
illness	(no	or	mild	symptoms	=	5	points;	severe	symptoms	=	3	points),	absence	of	hypotension	(5	points),	absence
of	 chronic	 obstructive	 pulmonary	 disease	 (4	 points),	 solid	 tumor	 or	 no	 previous	 fungal	 infection	 (4	 points),
absence	of	dehydration	(3	points),	outpatient	status	(3	points),	and	age	<60	years	(2	points).	The	points	are	added
up,	and	patients	with	a	MASCC	score	of	≥21	points	(of	26	possible)	are	low	risk	and	can	be	considered	for	oral
therapy.	The	index	has	been	validated	in	multiple	settings	and	performs	well,	although	it	may	do	so	better	in	solid
tumors	than	in	hematologic	malignancies.81	The	IDSA	guidelines	 include	“expert”	clinical	criteria	derived	from
clinical	 trials:	 Patients	 with	 neutropenia	 expected	 to	 last	 ≥7	 days,	 clinically	 unstable	 patients	 or	 those	 with
significant	 comorbidities,	 and	 patients	 receiving	 high-intensity	 chemotherapy	 are	 all	 high	 risk	 and	 should	 be
hospitalized	for	intravenous	antibiotics.76	Similarly,	the	American	Society	of	Clinical	Oncology	guidelines	present
a	list	of	conditions	that	classify	the	patients	as	high	risk	independent	of	their	MASCC	score.46

It	is	important	to	make	sure	low-risk	patients	can	tolerate	oral	agents	and	have	adequate	access	to	medical	care
before	 deciding	 to	 treat	 them	 as	 outpatients	 with	 oral	 antibiotics.	 The	 antibiotics	 used	 for	 adults	 have	 been
ciprofloxacin	plus	amoxicillin/clavulanic	acid82	and	moxifloxacin	monotherapy.83	Quinolones	should	not	be	used
for	 treatment	 in	 patients	who	 received	 them	 for	 prophylaxis.	 In	 penicillin-allergic	 patients,	 the	 combination	 of
ciprofloxacin	plus	clindamycin	is	recommended.46

Neutropenic	Fever	Syndromes
The	 practical	 management	 of	 fever	 during	 neutropenia	 is	 easier	 if	 every	 episode	 is	 categorized	 as	 one	 of	 the
following:	first	fever,	persistent	fever,	recrudescent	fever,	and	fever	at	the	time	of	myeloid	recovery.84,85	Although
overlap	may	exist,	these	four	syndromes	represent	useful	clinical	categories	that	should	be	managed	differently.

First	Episode	of	Fever
Most	 episodes	 of	 fever	 during	 neutropenia	 are	 supposed	 to	 be	 infectious	 in	 origin.	 Infection,	 however,	 is	 not
always	 documented.	 The	 percentages	 are	 roughly	 as	 follows:	 fever	 of	 unknown	 origin,	 50%	 to	 60%;
microbiologically	 documented	 infection	 (frequently	 bacteremia),	 10%	 to	 20%;	 and	 clinically	 documented
infection	(e.g.,	typhlitis	or	cellulitis	without	any	pathogen	isolated),	20%	to	30%.76	The	majority	of	documented



infections	 during	 neutropenia	 are	 caused	 by	 the	 patient’s	 own	 endogenous	 bacterial	 flora.	 In	 the	 absence	 of
localizing	symptoms,	physical	examination	findings,	or	positive	cultures,	several	antibiotic	regimens	may	be	used.
For	high-risk	patients,	most	of	the	guidelines	recommend	monotherapy	with	a	β-lactam	that	has	activity	against
Pseudomonas	 aeruginosa	 (piperacillin-tazobactam,	 imipenem,	 meropenem,	 cefepime,	 ceftazidime),37,76,86	 with
the	 important	 caveat	 that	 some	 form	 of	 combination	 therapy	 should	 be	 chosen	 in	 patients	 who	 are	 clinically
unstable	and/or	if	 there	is	suspicion	(or	high	risk)	of	 infection	caused	by	resistant	gram-negative	(second	gram-
negative	 agent	 should	 be	 added)	 or	 gram-positive	 bacteria	 (vancomycin	 or	 linezolid	 should	 be	 added).	 The
antipseudomonal	β-lactam	of	choice	depends	on	local	resistance	patterns;	meta-analyses	suggest	that,	unless	there
is	high	prevalence	of	resistant	bacteria	that	make	its	use	unadvisable,	piperacillin-tazobactam	may	offer	the	best
combination	of	high	efficacy	and	low	toxicity.87	The	routine	use	of	combination	therapy	(typically	β-lactam	plus
aminoglycoside)	was	 shown	 to	 be	 associated	with	 higher	 toxicity	 and	 not	 superior	 outcome.88,89	 The	 so-called
deescalation	 approach	 suggests	 starting	with	 broader	 coverage	 (based	 on	 local	 susceptibility	 patterns,	 this	may
consist,	 for	 instance,	 of	 carbapenem	 plus	 colistin	 with	 or	 without	 another	 agent)	 and	 then	 deescalating
appropriately.78	All	the	guidelines	recommend	not	including	vancomycin	routinely	in	the	initial	regimen	and	not
adding	it	empirically	for	persistent	fever.	The	details	regarding	when	to	use	vancomycin	are	more	variable.	The
IDSA	 strongly	 recommends	 adding	 vancomycin	 in	 cases	 of	 hemodynamic	 instability,	 pneumonia,	 clinically
evident	catheter-related	 infection,	 severe	mucositis,	and	known	colonization	with	methicillin-resistant	S.	aureus
(MRSA),	although	the	quality	of	the	evidence	is	low.76	Our	own	approach	is	presented	in	Figure	125.1	and	Table
125.3.	Regarding	 the	use	of	alternative	agents	for	gram-positive	bacteria,	 linezolid	and	vancomycin	had	similar
efficacy	in	a	randomized	trial	in	which	there	were	no	cases	of	infection	with	vancomycin-resistant	Enterococcus
faecium	or	E.	faecalis	(VRE),	but	linezolid	resulted	in	delayed	neutrophil	and	platelet	recovery.90	For	this	reason,
many	experts	may	prefer	daptomycin	over	linezolid.

Regardless	of	 the	 initial	 regimen	chosen,	modifications	may	be	required	between	30%	and	50%	of	 the	 time,
depending	on	clinical	evolution	and/or	microbiologic	results	(see	Table	125.3).	If	fever	resolves	after	initiation	of
empirical	therapy,	the	assumption	is	that	an	infection	is	responding	to	antibiotics.	The	standard	recommendation	is
to	 continue	 antibiotics	 until	 resolution	 of	 neutropenia.	 If	 the	 neutropenia	 persists,	 older	 studies	 showed	 that	 2
weeks	may	be	adequate	duration	of	treatment.91	More	recent	data	suggest	that	stopping	antibiotics	after	the	patient
has	been	afebrile	for	48	hours	in	the	absence	of	documented	infection	may	be	associated	with	similar	outcomes.92

Persistent	Fever
The	average	time	to	defervescence	in	neutropenic	fever	is	4	days.	Modifications	of	the	antimicrobial	regimen	are
not	 recommended	 during	 this	 period	 in	 the	 absence	 of	 new	 clinical	 or	 microbiologic	 findings.	 However,	 the
persistence	of	 fever	beyond	4	days	 (96	hours)	on	broad-spectrum	antibiotics	 identifies	 a	population	of	patients
with	higher	likelihood	of	invasive	fungal	infection.	The	majority	of	persistently	febrile	neutropenic	patients	do	not
harbor	an	identifiable	fungal	infection,	but	several	autopsy	series	in	the	1970s	documented	occult	fungal	infection
as	a	common	cause	of	death	 in	persistently	febrile	neutropenic	patients.93	Delay	 in	 initiating	antifungal	 therapy
was	associated	with	 treatment	 failure	and	death,94	 and	empirical	use	of	 amphotericin	B	 seemed	 to	help.95	 Two
randomized	trials	established	the	benefit	of	adding	amphotericin	B	(one	after	7	days	and	the	other	after	4	days	of
persistent	fever)	compared	with	continuing	only	the	antibacterial	regimen	in	preventing	fungal	infection,	although
they	were	not	 powered	 to	 demonstrate	 a	 survival	 advantage.96,97	Of	 note,	 these	 studies	were	 performed	 before
there	was	 systemic	 antifungal	 prophylaxis	 and	 identified	Candida	 spp.	 as	 the	principal	 fungal	 pathogen	 in	 this
situation.	Initiation	of	amphotericin	B	after	4	 to	7	days	of	fever	became	standard	of	care,	and	most	randomized
controlled	trials	have	focused	on	the	choice	of	antifungal	agent	(liposomal	amphotericin	B,98	voriconazole,99	 or
caspofungin100,101).	To	 reduce	 the	 perceived	unnecessary	use	 of	 empirical	 antifungal	 therapy	with	 its	 attendant
toxicity	and	cost,	an	alternative	approach	to	empirical	antifungal	therapy	has	been	proposed	and	called	preemptive
antifungal	 therapy.102	 The	 goal	 is	 to	 use	 the	 currently	 available	 diagnostic	 modalities	 (computed	 tomography
[CT],	 serum	 galactomannan,	 and/or	 β-D-glucan)	 to	 postpone	 starting	 antifungal	 therapy	 until	 invasive	 fungal
infection	is	more	 likely	and	spare	patients	without	fungal	 infection	the	 toxicity	of	antifungal	agents.	By	design,
this	 approach	means	 that	 patients	 receiving	 preemptive	 antifungals	 are	more	 likely	 to	 have	 an	 actual	 invasive
fungal	infection	than	patients	receiving	empirical	therapy	at	the	time	the	antifungal	agent	is	started.103	The	results
of	this	approach	are	encouraging,104–106	and	it	has	been	endorsed	by	the	IDSA.76	The	details	vary	according	to	risk
category	 of	 the	 patient,	 specific	 antifungal	 prophylaxis	 given,	 and	 diagnostic	 modalities	 available.	 The	 basic
concept	is	that	a	persistently	febrile	neutropenic	patient	with	no	clinical	findings,	normal	CT	scans	of	chest	and
sinuses	(where	most	mold	infections	would	start),	and	repeatedly	negative	fungal	serologic	markers	(β-D-glucan
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and	 galactomannan)	 is	 unlikely	 to	 have	 an	 invasive	 fungal	 infection,	 and	 antifungal	 coverage	 may	 be	 safely
delayed.	When	these	diagnostic	options	are	not	available,	we	support	the	addition	of	empirical	antifungal	therapy,
typically	caspofungin	or	liposomal	amphotericin	B,	after	5	days	of	fever.99

Figure	125.1	A	general	approach	to	patients	with	fever	and	neutropenia	without	a	clinically	or
microbiologically	documented	infection.	See	text	for	more	detailed	descriptions.	aLinezolid	was
comparable	to	vancomycin	in	this	setting	in	a	single	randomized	controlled	trial.	It	may	be

considered	instead	of	vancomycin	for	patients	who	are	known	carriers	of	vancomycin-resistant
Enterococcus,	but	experience	is	limited,	and	there	are	concerns	about	linezolid	use	(see	text).	bSome
experts	add	vancomycin	in	patients	with	neutropenic	fever	at	high	risk	for	viridans	streptococci
(e.g.,	prior	quinolone	prophylaxis,	severe	mucositis	associated	with	cytarabine-containing

regimens);	this	must	be	weighed	against	the	significant	downside	of	selection	for	vancomycin-
resistant	pathogens.	cMultinational	Association	for	Supportive	Care	in	Cancer	(MASCC)	index:
burden	of	illness:	no	or	mild	symptoms,	+5;	moderate	symptoms,	+3;	no	hypotension,	+5;	no
chronic	obstructive	pulmonary	disease,	+4;	solid	tumor	or	no	previous	fungal	infection,	+4;	no
dehydration,	+3;	outpatient	status,	+3;	age	<60	years,	+2.	A	MASCC	index	of	≥21	has	been



associated	with	a	relatively	low	frequency	of	severe	complications.	dSee	text	for	a	detailed
discussion.	In	a	stable	patient	with	undifferentiated	neutropenic	fever	who	does	not	require

vancomycin,	appropriate	parenteral	monotherapy	consists	of	ceftazidime,	cefepime,	imipenem,
meropenem,	or	piperacillin-tazobactam.	For	specific	information	on	each	of	these	agents,	see	text.
eThis	“rescue”	antibacterial	regimen	will	vary	between	institutions	depending	on	the	local	patterns

of	antibiotic	resistance.	Carbapenem	(imipenem	or	meropenem)	plus	vancomycin	plus	an
aminoglycoside	is	a	reasonable	initial	regimen	that	should	be	tailored	once	culture	results	are

known.	A	fluoroquinolone	may	be	used	instead	of	an	aminoglycoside	in	patients	with	significant
renal	impairment	in	institutions	where	fluoroquinolones	retain	significant	activity	against	the	local

gram-negative	pathogens.	In	settings	in	which	carbapenem-resistant	Acinetobacter	or
carbapenemase-producing	Klebsiella	are	prevalent,	colistin	or	polymyxin	B	should	be	considered.
ANC,	absolute	neutrophil	count;	MRSA,	methicillin-resistant	Staphylococcus	aureus;	PRSP,

penicillin-resistant	Streptococcus	pneumoniae.

TABLE	125.3
Diagnostic	Evaluation	and	Modifications	of	Therapy	during	Neutropenia

Findings Evaluation	and	Modifications
Initial	neutropenic	fever Take	history,	perform	physical	examination,	and	order	appropriate	cultures;	initiate

empirical	antibiotic	therapy	promptly	(see	text	and	Fig.	125.1).

Persistent	neutropenic	fever	(4–7	d) Look	for	invasive	fungal	infection	(chest	CT	recommended,	serologic	tests	depending	on
the	clinical	setting).	Add	empirical	antifungal	therapy	in	patients	not	receiving	mold-active
prophylaxis.	Options	include	amphotericin	B	deoxycholate	(0.7	mg/kg/d),	LAMB	(3
mg/kg/d),	voriconazole	(IV	6	mg/kg	every	12	h	for	two	doses,	followed	by	3	mg/kg	every
12	h;	switch	to	oral	200	mg	every	12	h	may	be	considered),	and	caspofungin	70	mg	×	1
dose,	followed	by	50	mg	daily.	Caspofungin	is	in	general	preferred	over	amphotericin	B
formulations	based	on	similar	efficacy	and	reduced	toxicity	compared	with	LAMB	(see
text).

Recurrent	neutropenic	fever	without
a	source	after	initial	response	to
empirical	antibiotics

Signs	of	breakthrough	sepsis	(e.g.,	hypotension,	rigors,	tachypnea,	decline	in	urine
output)	should	prompt	empirical	modification	of	antibacterial	regimen	(see	text),	repeat
blood	cultures,	and	a	chest	radiograph.
Consider	modification	of	the	antimicrobial	regimen	to	include	breakthrough	bacterial	and
fungal	infections	while	awaiting	diagnostic	results.
Consider	chest	CT	scan	to	evaluate	for	signs	of	mold	infection.	If	a	nodule	or	infiltrate	is
present,	consider	bronchoscopy	or	percutaneous	biopsy	depending	on	location.
Galactomannan	and	β-D-glucan	antigenemia	assays	should	be	considered	in	patients	at
high	risk	for	invasive	mold	infections.

Persistent	or	recurrent	fever	without
a	source	after	ANC	recovery

Infections	are	diagnosed	infrequently.	Consider	chronic	disseminated	candidiasis	(see
text).

Positive	culture	from	blood	obtained
before	starting	empirical	antibiotics
for	neutropenic	fever

	

Gram	positive Add	vancomycin	(or	linezolid	or	daptomycin	if	VRE	is	prevalent	or	the	patient	is	known	to
be	colonized).

Gram	negative If	patient	is	stable,	continue	initial	regimen.

	 If	patient	is	unstable,	switch	to	imipenem,	meropenem,	or	piperacillin-tazobactam	and	add
an	aminoglycoside	or	ciprofloxacin.	The	selection	of	antibiotics	should	be	guided	by	local
susceptibility	patterns.

Positive	blood	culture	while	receiving
antibacterial	therapy

	

Gram	positive Add	vancomycin	(or	linezolid	or	daptomycin	if	VRE	is	prevalent	or	the	patient	is	known	to
be	colonized).

Gram	negative Suspect	a	pathogen	resistant	to	initial	empirical	regimen.	If	ceftazidime	was	used	initially,
suspect	extended-spectrum	β-lactamase	or	cephalosporinase-producing	organisms;
switch	to	imipenem	or	meropenem	and	add	an	aminoglycoside.	If	a	carbapenem	was
used	initially,	consider	Stenotrophomonas	maltophilia	or	resistant	Pseudomonas	spp.;
switch	to	piperacillin-tazobactam	plus	an	aminoglycoside	plus	trimethoprim-
sulfamethoxazole.	Modify	regimen	once	identification	and	sensitivity	are	known.
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HEAD	AND	NECK	INFECTION
Necrotizing	gingivitis If	ceftazidime	or	cefepime	was	used	in	initial	regimen,	change	to	imipenem,	meropenem,

or	piperacillin-tazobactam,	or	add	metronidazole	for	anaerobic	coverage.
Culture	for	HSV.

Oral	ulcerative	or	vesicular	lesions Culture	for	HSV.
For	documented	or	suspected	mucocutaneous	HSV	infection,	acyclovir	5	mg/kg	every	8
h.

Sinus	tenderness Suspect	aerobic	gram-negative	rod	(Enterobacteriaceae	or	Pseudomonas	aeruginosa).
Examine	palate	and	nasal	mucosa	for	signs	of	invasive	infection.	Perform	sinus	CT	scan
to	evaluate	extent	of	disease	and	to	guide	diagnostic	and	therapeutic	drainage.	With
prolonged	neutropenia	or	concomitant	high-dose	corticosteroids,	invasive	mold	infections
become	more	likely	and	initiation	of	empirical	lipid	formulation	of	amphotericin	B	(5
mg/kg/d)	may	be	considered	to	cover	both	aspergillosis	and	mucormycosis.

RESPIRATORY	TRACT
Upper	respiratory	tract	symptoms Send	nasopharyngeal	washing	for	community	respiratory	viruses.

New	infiltrate	after	resolution	of
neutropenia

May	be	inflammatory	response	to	old	infection.	Conservative	management	results	in	good
outcome:	If	the	patient	is	asymptomatic,	observe;	if	symptomatic	and	not	responding	to
antibacterial	agents,	consider	BAL.a

New	infiltrate	while	neutropenic Suspect	resistant	bacteria	or	mold	infection.
Perform	chest	CT	scan	to	evaluate	extent	of	disease	and	to	detect	other	lesions.	Perform
sputum	cultures	and	GM	and	BG	antigenemia	assay;	if	GM	and	BG	assays	are
unavailable	or	nondiagnostic,	bronchoscopy	with	BAL	or	percutaneous	biopsy	is
warranted	based	on	location	of	lesion.
If	pneumonia	developed	in	hospital,	broaden	antibiotic	regimen	to	cover	nosocomial
pathogens.	Consider	MRSA,	resistant	gram-negative	pathogens,	and	nosocomial
legionellosis.	Consider	empirical	addition	of	voriconazole	(IV	6	mg/kg	every	12	h	for	two
doses	followed	by	4	mg/kg	every	12	h).
Diffuse	infiltrates	raise	concern	for	community	respiratory	viruses	(particularly	during
winter),	Pneumocystis	jirovecii	(in	setting	of	concomitant	corticosteroid	therapy),	bacterial
pneumonia,	CMV	(in	acute	leukemia,	may	infrequently	be	associated	with	neutropenia),
and	noninfectious	causes	(e.g.,	hemorrhage,	aspiration,	drug	toxicity,	respiratory	distress
syndrome,	congestive	heart	failure).	BAL	recommended.

GASTROINTESTINAL	TRACT
Retrosternal	burning,	odynophagia Consider	esophagitis.	Suspect	Candida	or	HSV	esophagitis.	Bacterial	esophagitis	and

CMV	(primarily	in	allogeneic	HSCT	recipients)	also	possible.	Add	fluconazole	(400	mg
oral	or	IV)	and	acyclovir	(5	mg/kg	every	8	h	IV)	empirically.	If	no	response	in	3	d,	consider
endoscopy.

Acute	abdominal	pain Differential	diagnosis	includes	same	causes	as	in	nonneutropenic	patient	(e.g.,
cholecystitis,	appendicitis)	plus	typhlitis	(neutropenic	colitis).
Ensure	that	antibiotic	regimen	has	adequate	anaerobic	activity	(e.g.,	imipenem,
meropenem,	or	piperacillin-tazobactam).	Provide	bowel	rest.
Abdominal	and	pelvic	CT	scan.	Monitor	for	need	for	surgical	intervention	(see	text).

Perianal	cellulitis Consider	pelvic	CT	scan	to	evaluate	extent	of	disease.	Monitor	need	for	surgical
drainage.	Broaden	antibiotic	regimen	to	include	anaerobic	activity.	Provide	local	care.

CENTRAL	VENOUS	CATHETER	(SURGICALLY	IMPLANTED)
Exit-site	cellulitis Add	vancomycin.

Tunnel	infection Add	vancomycin;	remove	catheter.

Collection	around	catheter Incise	and	drain;	if	infected,	add	appropriate	antibiotics	and	remove	catheter.

Infection	by	molds	and	mycobacteria May	require	excision	of	tunnel	tract.

Catheter-associated	bacteremia Add	appropriate	antibiotics.
Remove	catheter	for	infection	by	Staphylococcus	aureus,	Candida	spp.,	and
mycobacteria	(see	text)	and	for	antibiotic-resistant	pathogens.

aThe	 differential	 diagnosis	 of	 pneumonia	 in	 immunocompromised	 patients	 is	 broad,	 and	 the	 authors	 advise	 early	 BAL	 or
percutaneous	 biopsy	 (depending	 on	 location	 of	 the	 lesion).	 Studies	 must	 be	 tailored	 to	 the	 individual	 patient.	 In	 highly
immunocompromised	 patients,	 perform	Gram	 staining;	 culture	 for	 bacteria,	mycobacteria,	 fungi,	Nocardia	 spp.,	Legionella	 spp.,
herpesviruses,	CMV,	and	community	respiratory	viruses	(particularly	during	winter);	and	cytologic	analysis	for	P.	jirovecii.
CT,	computed	tomography;	LAMB,	liposomal	amphotericin	B;	IV,	intravenous;	ANC,	absolute	neutrophil	count;	VRE,	vancomycin-
resistant	enterococcus;	HSV,	herpes	simplex	virus;	BAL,	bronchoalveolar	lavage;	GM,	serum	galactomannan;	BG,	β-glucan;	MRSA,
methicillin-resistant	Staphylococcus	aureus;	CMV,	cytomegalovirus;	HSCT,	hematopoietic	stem	cell	transplant.

Recrudescent	Fever



Recurrent	 fever	 refers	 to	 a	 new	 episode	 of	 fever	 that	 takes	 place	 after	 the	 initial	 episode	 has	 resolved	 with
antimicrobial	therapy	when	the	patient	remains	neutropenic.84	This	is	a	common	occurrence	in	clinical	practice	in
cases	of	prolonged	neutropenia,	and	it	has	not	been	adequately	studied.	The	one	systematic	investigation	of	this
syndrome	analyzed	data	on	836	neutropenic	patients	who	had	had	a	first	 fever	 that	 responded	 to	antimicrobials
and	then	had	remained	afebrile	for	4	days.107	The	important	result	of	this	analysis	is	that	fungal	infections	were
just	as	common	as	breakthrough	bacterial	infections,	suggesting	the	appropriate	management	of	this	situation	is	to
modify	 both	 the	 antibacterial	 and	 the	 antifungal	 components	 of	 the	 regimen	 as	 well	 as	 perform	 a	 thorough
diagnostic	workup.	Unfortunately,	this	scenario	is	not	addressed	separately	from	persistent	fever	in	the	guidelines.

Fever	after	Resolution	of	Neutropenia
In	most	cases,	an	undiagnosed	fever	that	has	persisted	during	neutropenia	will	resolve	around	the	time	of	myeloid
recovery.	In	a	minority	of	patients,	fever	appears	or	worsens	at	this	time.	The	three	likely	causes	of	this	situation
are	superinfection,	immune	reconstitution	syndrome,108	and	engraftment	syndrome.109	Other	noninfectious	causes
should	 also	 be	 considered	 (e.g.,	 drug	 fever,	 transfusion	 reactions,	 and	 deep	 venous	 thrombosis).	A	 systematic,
thorough	 diagnostic	 workup	 is	 more	 appropriate	 than	 empirical	 therapeutic	 modifications.	 Blood	 and	 urine
cultures,	complete	blood	cell	 count,	 serum	chemistry,	and	 liver	enzyme	 levels	 should	be	obtained.	An	elevated
alkaline	phosphatase	should	prompt	consideration	of	hepatosplenic	candidiasis	 (which	 is	uncommon	 in	patients
receiving	systemic	antifungal	prophylaxis).	A	chest	x-ray	should	be	obtained.	Pulmonary	infiltrates	identified	after
neutrophil	 recovery	 have	 a	 favorable	 prognosis	 and	 may	 be	 managed	 conservatively.110	 In	 contrast	 to	 the
neutropenic	period,	empirical	antibiotics	can	be	discontinued	after	resolution	of	neutropenia	in	patients	who	are
stable	with	fever	without	an	apparent	source.

Fungal	Infections	in	Patients	with	Cancer
Pathogenic	fungi	include	yeasts	and	molds.	Candida	spp.	are	yeasts	that	form	part	of	the	normal	flora;	they	gain
access	to	the	bloodstream	through	disruption	of	anatomic	barriers	(mucositis	or	indwelling	catheters).	Molds	are
ubiquitous	 soil	 inhabitants	 whose	 conidia	 or	 spores	 are	 inhaled	 on	 a	 regular	 basis.	 Aspergillosis	 is	 the	 most
common	mold	 infection	 in	 cancer	 patients,	 but	 other	 pathogenic	 fungi	 (e.g.,	Mucor,	Rhizopus,	Fusarium,	 and
Scedosporium	 spp.)	 have	 become	 more	 common	 over	 the	 past	 20	 years.	 In-depth	 practice	 guidelines	 for	 the
management	of	the	different	fungal	diseases	have	been	issued	by	the	IDSA.111,112

Candidiasis

Oropharyngeal	 and	 Esophageal	 Candidiasis.	 Cytotoxic	 chemotherapy,	 corticosteroids,	 and	 antibiotics
predispose	 to	 oral	 candidiasis.	 The	most	 common	 presentation	 is	white	 adherent	 plaques	 on	 the	 palate,	 buccal
mucosa,	tongue,	or	gingiva.	A	wet	mount	or	Gram	stain	showing	pseudohyphae	establishes	the	diagnosis.	Therapy
includes	 local	 treatments	 such	 as	 clotrimazole	 troches	 or	 oral	 fluconazole.	 Esophageal	 candidiasis	 causes
odynophagia.	 The	 differential	 diagnosis	 includes	 HSV,	 CMV	 (principally	 in	 HSCT	 recipients),	 and	 bacteria.
Initial	 therapy	 should	 be	 fluconazole.	 Options	 for	 fluconazole-resistant	 mucosal	 candidiasis	 include	 an
echinocandin,	voriconazole,	posaconazole,	or	amphotericin	B	formulation.

Candidemia.	Candida	 species	 are	 the	 fourth	most	 common	 cause	 of	 nosocomial	 bloodstream	 infections	 in	 the
United	 States.	 Clinical	 findings	 vary	 from	 asymptomatic	 to	 full-blown	 septic	 shock.	 The	 species	 should	 be
identified.	Candida	albicans	is	the	most	common,	and	it	is	usually	susceptible	to	fluconazole,	but	the	proportion
of	 non-albicans	Candida	 has	 been	 increasing.	 We	 perform	 susceptibility	 testing	 on	 all	 non-albicans	Candida
bloodstream	isolates.	Candida	tropicalis	is	highly	virulent	in	neutropenic	hosts	but	is	susceptible	to	most	agents.
Candida	 krusei	 is	 always	 resistant	 to	 fluconazole,	 and	Candida	 glabrata	 has	 variable	 susceptibility.	Candida
parapsilosis	 is	mostly	associated	with	vascular	catheters	and	 is	usually	susceptible	 to	fluconazole	but	 relatively
resistant	to	echinocandins.	A	minority	of	Candida	lusitaniae	and	Candida	guilliermondii	isolates	are	resistant	to
amphotericin	B.	Candida	auris	is	a	recently	recognized	species	that	is	frequently	resistant	to	multiple	drug	classes
and	 is	 found	 primarily	 in	 patients	 with	 previous	 exposure	 to	 antifungal	 agents.	C.	 auris	 has	 the	 potential	 for
nosocomial	transmission	and	has	caused	nosocomial	outbreaks.113	Treatment	options	are	limited,	making	infection
control	measures	a	priority.

Guidelines	recommend	that	all	intravascular	catheters	be	removed	from	patients	who	develop	candidemia.111	In
neutropenic	patients,	candidemia	may	arise	from	defects	in	the	gut	mucosa	rather	than	the	catheter,	so	the	need	for
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catheter	removal	has	been	questioned.114	In	general,	we	remove	the	catheter	when	feasible	but	sometimes	attempt
to	 preserve	 it	 when	 vascular	 access	 is	 limited	 and	 thrombocytopenia	 is	 present.	 We	 remove	 all	 intravenous
catheters	 immediately	 in	 the	 setting	 of	 clinical	 instability,	 lack	 of	 resolution	 of	 fever	 within	 2	 to	 3	 days,	 or
persistent	candidemia	after	2	days	of	appropriate	antifungal	therapy.

Chronic	Disseminated	Candidiasis.	Chronic	disseminated	candidiasis	(also	called	hepatosplenic	candidiasis)	is	a
complication	of	 intensive	 chemotherapy	 regimens,	 such	 as	 those	used	 as	 induction	 therapy	 for	 acute	 leukemia.
The	 typical	 picture	 is	 persistent	 fever	 after	 neutrophil	 recovery	 with	 elevation	 of	 liver	 enzymes	 (particularly
alkaline	 phosphatase).	 Numerous	 target	 lesions	 in	 the	 liver	 and	 spleen	 become	 apparent	 by	 CT	 scan,
ultrasonography,	 or	 magnetic	 resonance	 imaging	 (MRI).	 A	 liver	 biopsy	 is	 required	 for	 a	 definitive	 diagnosis.
Blood	and	biopsy	cultures	are	almost	always	negative,	but	the	pathology	is	diagnostic.	We	recommend	surgical
liver	biopsy	when	the	diagnosis	is	in	question.	Chronic	disseminated	candidiasis	that	is	controlled	with	antifungal
therapy	is	not	a	contraindication	to	subsequent	chemotherapy	or	HSCT.115

Therapy	 for	 Invasive	 Candidiasis.	 An	 echinocandin	 (caspofungin,	 micafungin,	 or	 anidulafungin)	 or	 a	 lipid
formulation	of	amphotericin	B	is	recommended	for	candidemia	in	neutropenic	patients.111	In	patients	receiving	an
azole	who	develop	breakthrough	candidemia,	an	echinocandin	is	advised.	Azoles	(generally,	fluconazole)	can	be
used	 as	 step-down	 oral	 agents	 or	 as	 initial	 therapy	 in	 certain	 patients	 at	 lower	 risk	 for	 mortality	 and	 serious
complications.	Voriconazole	does	not	have	a	demonstrated	advantage	over	fluconazole	but	can	be	considered	for
treatment	of	C.	 krusei	 (which	 is	 intrinsically	 fluconazole	 resistant)	 and	when	 a	mold-active	 agent	 is	 otherwise
warranted	 (e.g.,	 as	 prophylaxis	 in	 a	 high-risk	 patient).	 We	 reserve	 amphotericin	 B	 products	 for	 unusual
complicated	 cases,	 such	 as	meningitis	 and	 endocarditis,	 in	which	 data	 to	 support	 optimal	 therapy	 are	 lacking.
Some	 authorities	 still	 prefer	 a	 lipid	 formulation	 of	 amphotericin	 B	 in	 neutropenic	 patients,	 particularly	 in	 the
presence	of	hemodynamic	instability.

Invasive	Aspergillosis

Risk	Factors	and	Clinical	Manifestations.	Prolonged	and	persistent	neutropenia	is	a	critical	risk	factor	for	IA.5
Most	cases	in	allogeneic	HSCT	recipients,	however,	take	place	during	episodes	of	active	GVHD	treated	with	high
doses	 of	 corticosteroids.	 Other	 risk	 factors	 for	 aspergillosis	 after	 allogeneic	 HSCT	 include	 T-cell–depleted
transplant,	lymphopenia,	CMV	disease,	and	respiratory	virus	infections.116,117	Aspergillosis	can	involve	virtually
any	organ	 in	 the	 immunocompromised	host,	but	 sinopulmonary	disease	 is	 the	most	common.	Angioinvasion	of
hyphae	 leading	 to	 vascular	 thrombosis	 and	 tissue	 infarction	 and	 coagulative	 necrosis	 is	 characteristic.	 Clinical
manifestations	are	quite	variable.	During	neutropenia,	persistent	fever,	chest	pain,	and	a	pleural	rub	are	common,
although	 nonspecific,	 signs.	 When	 steroids	 are	 the	 only	 risk	 factor,	 the	 manifestations	 may	 be	 subtle,	 and
sometimes	a	pulmonary	infiltrate	is	found	in	the	absence	of	symptoms.

Diagnosis	of	Invasive	Aspergillosis.	The	most	common	finding	on	chest	CT	in	early	pulmonary	IA	in	patients
with	neutropenia	and	HSCT	recipients	is	the	presence	of	one	or	more	well-circumscribed	nodules.	These	may	be
inapparent	 on	 chest	 radiographs	 (Fig.	 125.2).	 Other	 characteristic	 findings	 include	 the	 “halo	 sign,”	 a	 haziness
surrounding	 a	 nodule	 or	 infiltrate	 representing	 alveolar	 hemorrhage,	 and	 the	 “crescent	 sign”	 (cavitation	 that
usually	 coincides	 with	 neutrophil	 recovery).	 These	 signs	 reflect	 different	 stages	 of	 hemorrhagic	 infarction
secondary	 to	 angioinvasive	 organisms.	 Sequential	CT	 scans	 of	 neutropenic	 patients	with	 IA	 demonstrated	 that
halo	signs	were	common	at	diagnosis	but	decreased	during	the	first	week	of	infection	as	the	frequency	of	the	“air
crescent	sign”	increased.	The	median	volume	of	lesions	increased	during	the	first	week	of	therapy	and	remained
stable	during	the	second	week.118	Bronchoalveolar	lavage	(BAL)	cultures	have	approximately	50%	sensitivity	in
the	 presence	 of	 focal	 pulmonary	 lesions,	 and	 definitive	 diagnosis	 often	 requires	 an	 invasive	 procedure	 and	 is
usually	 made	 only	 when	 the	 disease	 is	 advanced.	 Galactomannan	 antigen	 in	 BAL	 seems	 to	 be	 much	 more
sensitive	than	serum	galactomannan	or	BAL	culture.119,120	Isolation	of	an	Aspergillus	spp.	from	sputum	or	BAL
should	be	presumed	to	represent	invasive	disease	in	neutropenic	patients.

Both	 the	 serum	 Aspergillus	 galactomannan121	 and	 β-D-glucan122	 assays,	 immunoassays	 that	 detect	 fungal
antigens	in	peripheral	blood,	have	been	accepted	as	diagnostic	adjuncts	of	invasive	fungal	infections	in	the	revised
European	Organisation	for	Research	and	Treatment	of	Cancer/Mycoses	Study	Group	consensus	criteria.123	PCR-
based	detection	is	considered	investigational.124	These	immunoassays	have	three	potential	uses:	(1)	as	diagnostic
adjuncts,	 (2)	 as	 surveillance	 tools	 in	 high-risk	 patients	 (e.g.,	 allogeneic	 HSCT	 recipients)	 to	 detect	 early



aspergillosis	 prior	 to	 clinically	 overt	 disease,	 and	 (3)	 in	 monitoring	 response	 to	 antifungal	 therapy.125	 The
sensitivity	of	the	galactomannan	assay	is	significantly	reduced	by	concomitant	mold-active	antifungal	agents,	and
false-positive	 results	 may	 be	 more	 common	 in	 allogeneic	 HSCT	 recipients	 or	 with	 concomitant	 piperacillin-
tazobactam	and	other	antibiotics.126	Meta-analyses	suggest	that	the	galactomannan	assay	has	a	sensitivity	of	60%
to	80%	and	specificity	of	80%	to	90%	for	proven	IA	but	emphasize	the	results	are	fairly	heterogeneous.121,125	A
rising	serum	galactomannan	correlates	with	failure	of	antifungal	therapy,	and	decreasing	galactomannan	correlates
with	a	positive	outcome	in	patients	with	IA.127

The	serum	β-D-glucan	assay	is	FDA	approved	as	a	diagnostic	adjunct.	In	patients	with	acute	myeloid	leukemia
and	myelodysplastic	 syndrome,	 the	 assay	 was	 highly	 sensitive	 and	 specific	 in	 detecting	 early	 invasive	 fungal
infections,	 including	 candidiasis,	 fusariosis,	 trichosporonosis,	 and	 aspergillosis.122	 It	 does	 not	 detect
mucormycosis.

Figure	125.2	Value	of	computed	tomographic	scan	to	identify	mold	infections	during	neutropenia.
A	patient	with	chronic	lymphocytic	leukemia	who	had	been	neutropenic	for	35	days	developed	a
new	fever	while	receiving	prophylaxis	with	fluconazole	and	ceftazidime	for	neutropenic	fever.	The
chest	radiograph	did	not	show	the	four	nodules	evident	by	computed	tomography.	Notice	the	“halo”
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sign	in	the	largest	nodule.

Therapy	 for	 Invasive	Aspergillosis.	Voriconazole	 is	 currently	 the	 treatment	 of	 choice	 for	 IA112	 because	 in	 a
randomized	controlled	 trial	 it	was	more	effective	 than	amphotericin	B	 (successful	outcomes:	53%	versus	32%,
respectively)	 and	 was	 associated	 with	 significantly	 improved	 survival	 (71%	 versus	 58%,	 respectively).128
Voriconazole	appears	to	have	comparable	safety	and	efficacy	in	children	with	invasive	mold	infections	compared
to	adults,	although	the	doses	in	children	must	be	higher.129	Three	different	lipid	formulations	of	amphotericin	B
are	available:	amphotericin	B	colloidal	dispersion,	amphotericin	B	lipid	complex,	and	liposomal	amphotericin	B.
The	lipid	formulations	have	less	nephrotoxicity	than	conventional	amphotericin	B	deoxycholate	and	are	therefore
more	suitable	for	long-term	administration.	A	randomized	controlled	trial	has	shown	that	liposomal	amphotericin
B	at	a	dose	of	3	mg/kg	per	day	is	at	least	as	effective,	and	less	toxic,	than	10	mg/kg	per	day	for	IA.130

Isavuconazole	is	a	new	azole	antifungal	that	has	been	shown	to	be	noninferior	to	voriconazole	for	the	treatment
of	 invasive	 fungal	 infections131	 and	may	 offer	 some	 practical	 advantages	 over	 voriconazole:	 more	 predictable
serum	levels,	fewer	drug	interactions,	and	less	hepatotoxicity	and	shortening	of	the	QT	interval.

Posaconazole	 is	 a	 broad-spectrum	 azole	 that	 has	 been	 used	 successfully	 as	 salvage	 therapy	 for	 a	 variety	 of
invasive	 fungal	 infections	 refractory	 to	 standard	 therapy.	 Of	 note,	 5	 to	 7	 days	 are	 required	 before	 therapeutic
serum	levels	are	reached.132	The	overall	success	rate	of	posaconazole	in	patients	with	IA	refractory	or	intolerant	to
standard	therapy	was	42%.133

Monitoring	 levels	 of	 both	 posaconazole	 and	 voriconazole	 is	 appropriate134	 and	 recommended	 by	 practice
guidelines.135	 Echinocandins	 have	 not	 been	 evaluated	 as	 initial	 monotherapy	 for	 IA	 in	 controlled	 trials.
Caspofungin	as	salvage	therapy	in	patients	with	IA	led	to	a	favorable	response	in	37	(45%)	of	83	patients.136

There	has	been	significant	interest	in	combination	antifungal	therapy	that	pairs	an	echinocandin	with	either	an
amphotericin	B	preparation	or	a	mold-active	azole.	The	rationale	is	that	echinocandins	target	a	site	(the	β-glucan
constituent	of	the	fungal	cell	wall)	distinct	from	the	polyenes	and	azoles	that	target	the	fungal	cell	membrane.	In
vitro	and	animal	model	data	have	been	encouraging,	and	uncontrolled	clinical	 studies	 suggest	minimal	 toxicity
and	 potentially	 improved	 outcome	 of	 aspergillosis.	 A	 randomized	 trial	 comparing	 voriconazole	 with	 the
combination	of	voriconazole	plus	anidulafungin	showed	no	statistically	significant	difference	 in	outcome,	but	a
subgroup	analysis	 suggested	benefit	 in	patients	with	more	 severe	aspergillosis.137	Voriconazole	 levels	were	not
monitored	in	this	trial,	which	brings	up	the	possibility	that	any	benefit	in	the	combination	group	could	be	caused
by	 the	presence	of	a	number	of	patients	with	subtherapeutic	voriconazole	 levels	 in	 the	single-agent	group.	The
question	 of	 combination	 therapy	 is	 far	 from	 settled,	 but	many	 experts	 recommend	 its	 use,	 at	 least	 early	 in	 the
course	 of	 treatment.115	 We	 routinely	 use	 combination	 therapy	 until	 we	 document	 therapeutic	 levels	 of
voriconazole.

Patients	 who	 recover	 from	 an	 episode	 of	 IA	 are	 at	 risk	 for	 relapse	 of	 infection	 during	 subsequent
immunosuppression.	 Secondary	 prophylaxis	 with	 a	 mold-active	 agent	 is	 advised	 for	 the	 entire	 period	 of
immunosuppression.

Mucormycosis	(Formerly	Zygomycosis)
Risk	 factors	 for	 mucormycosis	 include	 diabetic	 ketoacidosis,	 protein-calorie	 malnutrition,	 iron	 overload,
desferrioxamine	 (but	 not	 other	 iron	 chelators),	 corticosteroid	 therapy,	 and	 prolonged	 neutropenia.138
Mucormycosis	 typically	 manifests	 as	 rhinocerebral	 or	 pulmonary	 disease	 after	 inhalation	 of	 spores.	 In
rhinocerebral	 disease,	 fever,	 facial	 pain,	 and	 headache	 are	 common.	Contiguous	 extension	may	 lead	 to	 orbital
involvement	with	proptosis	and	extraocular	muscle	paresis,	 involvement	of	hard	palate,	and	spread	to	the	brain.
The	 use	 of	 voriconazole	 prophylaxis	 may	 contribute	 to	 increased	 incidence	 of	 mucormycosis.139	 Therapy	 for
mucormycosis	 involves	 amphotericin	B	 lipid	 formulation	 (5	mg/kg	per	 day)	plus	 early	 and	 aggressive	 surgical
debridement	 in	 cases	 of	 localized	 cutaneous	 or	 sinus	 disease.	 Voriconazole	 and	 echinocandins	 are	 not	 active
against	 Mucorales.	 Posaconazole	 has	 shown	 promising	 results	 as	 salvage	 therapy.140	 Isavuconazole	 has	 been
approved	by	the	FDA	for	the	treatment	of	mucormycosis	based	on	a	well-performed	case-control	analysis.141

Less	Common	Molds
Fusarium,	Paecilomyces,	Scedosporium,	 and	 several	 dematiaceous	molds	 are	 increasingly	 important	 causes	 of
mortality	 in	 leukemia	 and	 in	 allogeneic	HSCT	 recipients.142	 The	 likelihood	 of	 infection	 by	 a	Fusarium	 spp.	 is
increased	by	the	presence	of	disseminated	cutaneous	lesions	and	isolation	of	a	mold	from	blood	culture.	Different



species	of	Fusarium	have	different	antifungal	susceptibilities,	and	the	empirical	combination	of	voriconazole	plus
amphotericin	 B	 is	 recommended	 until	 the	 results	 of	 testing	 are	 available.115	Scedosporium	 apiospermum	 and
Scedosporium	 prolificans	 are	 usually	 treated	 with	 voriconazole.	 Paecilomyces	 lilacinus	 is	 resistant	 to
amphotericin,	but	Paecilomyces	variotii	 is	 resistant	 to	voriconazole.	Dematiaceous	 (dark-walled)	molds	 such	as
Alternaria,	Curvularia,	 and	Phaeoacremonium	 can	 cause	 subcutaneous	 infection	 in	 immunocompetent	 persons
following	traumatic	inoculation;	pneumonia,	central	nervous	system	(CNS)	disease,	and	dissemination	can	occur
in	 severely	 immunocompromised	 persons.	 Itraconazole,	 voriconazole,	 or	 posaconazole	 are	 appropriate	 initial
therapy.	We	recommend	infectious	diseases	consultation	for	the	management	of	these	infections.

Immune	Augmentation
The	optimal	 treatment	 of	 fungal	 infections	 requires	 an	 attempt	 to	 optimize	 the	 host’s	 ability	 to	 fight	 infection.
Corticosteroids	should	be	tapered	or	discontinued	if	possible,	therapeutic	levels	of	the	antifungal	agents	achieved,
and	 anatomic	 obstacles,	 if	 present,	 removed.	 The	 use	 of	 colony-stimulating	 factors	 (CSF)	 and	 granulocyte
transfusions	is	frequently	a	consideration.

Colony-Stimulating	Factors
Granulocyte	colony-stimulating	factor	(G-CSF)	has	been	shown	to	reduce	the	incidence	of	febrile	neutropenia	and
is	recommended	by	European143	and	American144	professional	organizations	when	the	risk	of	neutropenic	fever	is
≥20%	or	if	the	patient	has	experienced	febrile	neutropenia	in	previous	cycles.	Multiple	randomized	clinical	trials
of	prophylactic	CSFs	have	shown	benefit	 in	reducing	the	 time	to	neutrophil	recovery	and	duration	of	fever	and
hospitalization.	 Meta-analyses	 confirm	 its	 efficacy	 in	 HSCT145	 and	 breast	 cancer,146	 although	 reductions	 in
mortality	have	not	been	shown.	A	comparison	of	prophylactic	granulocyte	macrophage	colony-stimulating	factor
(GM-CSF)	versus	G-CSF	in	allogeneic	HSCT	showed	GM-CSF	was	better	at	preventing	fungal	infection	and	had
improved	overall	survival.147

The	use	of	CSFs	as	treatment	of	established	infection	continues	to	be	experimental.	The	rationale	to	use	CSFs
for	established	infections	(as	opposed	to	prophylaxis)	stems	from	the	quantitative	and	qualitative	effects	of	these
agents	on	phagocytic	cells.	Randomized	trials	have	not	shown	a	benefit	of	CSFs	as	adjunct	 therapy	for	patients
with	 newly	 diagnosed	 fever	 and	 neutropenia.	 Although	 the	 benefit	 of	 any	 CSF	 for	 established	 infections	 is
unproven,	some	experts	may	consider	them	in	selected	cases	of	profound	neutropenia	(ANC	<100/μL)	and/or	with
serious	documented	infections.

Granulocyte	Transfusions
The	rationale	for	granulocyte	transfusions	is	to	provide	support	for	the	neutropenic	patient	with	a	life-threatening
infection	by	augmenting	the	number	of	circulating	neutrophils	until	autologous	myeloid	regeneration	occurs.148	In
the	1970s,	apheresis	technology	for	harvesting	large	numbers	of	donor	granulocytes	became	available.	Controlled
trials	of	granulocyte	transfusions	as	adjuvant	therapy	in	neutropenic	patients	at	the	time	produced	mixed	results.	In
the	 1980s,	 the	 enthusiasm	 for	 granulocyte	 transfusions	 waned	 as	 more	 effective	 antibiotics	 became	 available,
survival	 from	 serious	 bacterial	 infections	 improved,	 and	 recombinant	 growth	 factors	 reduced	 the	 duration	 of
neutropenia.	 In	 addition,	 concerns	 about	 the	 toxicity	 of	 granulocyte	 transfusions,	 including	 acute	 pulmonary
reactions,149	 HLA	 alloimmunization	 (which	 could	 render	 patients	 refractory	 to	 platelet	 transfusions	 and
potentially	 impair	myeloid	 engraftment	 after	HSCT),	 and	 transfusion-associated	 infections	 (particularly	CMV),
outweighed	the	perceived	benefits.

Today,	 the	 impetus	 to	 reexamine	 the	 role	 of	 granulocyte	 transfusions	 stems	 largely	 from	 improvements	 in
donor	mobilization	methods	(G-CSF).	Currently,	the	mean	absolute	neutrophil	yield	per	collection	is	in	the	range
of	8	×	1010	cells,	resulting	in	higher	posttransfusion	neutrophil	counts	that	are	sustained	for	24	to	30	hours	after
transfusion.	 A	 multicenter	 randomized	 trial	 showed	 no	 benefit,150	 but	 the	 controversy	 persists.151	 We	 think
granulocyte	 transfusions	 have	 a	 limited	 role,	mainly	 in	 refractory	 infections	 that	would	 respond	 if	 neutrophils
were	present	provided	marrow	recovery	is	expected	to	 take	place	in	 the	near	future.	In	 this	setting,	granulocyte
transfusions	have	been	used	successfully	as	a	bridge	until	marrow	recovery	occurs.152

Catheter-Related	Infections	and	Bacteremia
Bacteremia	 is	 a	 common	 complication	 of	 antineoplastic	 cytotoxic	 chemotherapy.	 Common	 sources	 are	 the
intravenous	catheter	and	the	digestive	tract.	To	maximize	the	detection	of	bacteremia,	it	is	important	to	obtain	an
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adequate	volume	of	blood.	The	recommendation	of	the	American	Society	for	Microbiology	is	between	20	and	30
mL	of	blood	per	culture.153	When	possible,	we	recommend	sampling	all	 the	lumens	of	multilumen	catheters.154
The	 importance	 of	 peripheral	 blood	 cultures	 obtained	 by	 venipuncture	 (as	 opposed	 to	 blood	 drawn	 from
preexisting	central	lines)	is	related	to	the	ability	to	determine	the	source	of	bacteremia	by	using	a	quantitative	or
semiquantitative	method	rather	than	to	sensitivity.155

Guidelines	from	professional	societies	provide	extensive	reviews	of	the	available	evidence	for	the	prevention
and	 management	 of	 intravascular	 catheter-related	 infection.156–158	 Specialized	 services	 for	 placement	 and
management	 of	 catheters	 using	 established	 infection	 prevention	 bundles	 should	 be	 a	 part	 of	 all	 cancer	 center
programs.158,159

Several	 types	of	catheter-related	 infections	have	been	defined:	exit	 site	 infection,	 tunnel	 infection	(or	pocket
infection	in	the	case	of	ports),	and	catheter-related	bacteremia.	Bacteremia	may	or	may	not	be	present	in	the	first
two	 types.	 Exit	 and	 tunnel	 (or	 pocket)	 infections	 are	 clinical	 diagnoses	 based	 on	whether	 pain,	 erythema,	 and
tenderness	 extend	 >2	 cm	 from	 the	 exit	 site	 (tunnel	 infection)	 or	 not	 (exit	 site	 infection).	 Infected	 short-term
catheters	should	be	removed.	Tunneled	and	implanted	devices	require	more	thorough	investigation.	Although	exit
site	infections	can	sometimes	be	treated	with	systemic	antibiotics	and	local	care,	signs	and	symptoms	of	infection
that	may	reflect	associated	vascular	thrombosis	or	involvement	of	a	tunneled	catheter	track	>2	cm	central	to	the
exit	 site	 suggest	 the	 need	 for	 immediate	 removal.156	 Purulence	 from	 the	 exit	 site	may	 be	 present,	 although	 in
neutropenic	 patients,	 local	 erythema	 and	 tenderness	may	 be	 the	 only	 signs	 of	 infection,	making	 it	 difficult	 to
distinguish	from	sterile	inflammation	associated	with	mild	trauma.

Catheter-related	bacteremia	or	fungemia	may	occur	with	or	without	signs	of	localized	infection.	Determining
whether	 an	 episode	 of	 bacteremia	 is	 associated	 with	 the	 catheter	 may	 be	 difficult,	 and	 it	 has	 important
implications	 for	 management.	 Differential	 time	 to	 positivity	 (catheter	 culture	 positive	 ≥2	 hours	 earlier	 than
peripheral	 blood)	 is	 the	 most	 commonly	 used	 tool.156	 When	 used	 as	 a	 gold	 standard,	 it	 provides	 further
justification	for	modification	of	existing	diagnostic	standards	for	central	line–associated	bloodstream	infection.160
Frequently,	 however,	 there	 is	 no	 peripheral	 blood	 culture	 to	 determine	 differential	 time	 to	 positivity.	 In	 these
situations,	“host	criteria”	and	“organism	criteria”	are	used	to	estimate	the	likely	source	of	bacteremia.	Some	gram-
positive	bacteria,	such	as	coagulase-negative	Staphylococcus	spp.	and	Corynebacterium	spp.	are	common	blood
culture	contaminants,	but	 they	may	also	represent	 true	bacteremia	 in	 the	presence	of	 intravenous	catheters.	The
likelihood	of	true	bloodstream	infection	caused	by	these	organisms	is	higher	if	they	are	isolated	from	more	than
one	 blood	 culture.	On	 the	 other	 hand,	 isolation	 of	S.	aureus	 from	 a	 single	 blood	 culture	 should	 be	 considered
evidence	of	true	bacteremia	and	treated	accordingly.

Neutropenia,	gastrointestinal	GVHD,	and	severe	mucositis	with	diarrhea	secondary	to	chemotherapy	are	“host
criteria”	that	affect	the	assessment	of	infection	source.161	These	factors	are	associated	with	different	microbiology
than	that	of	bacteremias	that	originate	in	intravascular	catheters.162,163

Mucosal-barrier	 injury–associated	bacteremias	are	 the	proposed	events	 that	are	 related	 to	specific	population
and	 organism	 criteria.	 Organisms	 include	 Candida	 spp.,	 Enterococcus	 spp.,	 Enterobacteriaceae,	 viridans
streptococci,	 and	 certain	 anaerobes	 (Bacteroides	 spp.,	 Clostridium,	 Fusobacterium,	 Prevotella,
Peptostreptococcus,	Veillonella).	This	concept	applies	to	patients	with	grade	3	or	4	gut	GVHD,	severe	diarrhea,	or
neutropenia.	Although	these	diagnostic	criteria	have	been	developed	primarily	as	reporting	tools	for	attribution	of
hospital-related	events	to	preventable	causes,	they	support	the	need	for	a	conceptual	change.164

The	 standard	 approach	 for	 central	 line–associated	 blood	 stream	 infection	 is	 removal	 of	 the	 catheter	 and
treatment	of	the	patient	with	systemic	antibiotics.156	For	permanent	catheters	in	hemodynamically	stable	patients,
catheter	salvage	may	be	considered.165	Microbiologic	factors	are	important	in	deciding	whether	a	catheter	can	be
saved.	 Coagulase-negative	 staphylococci	 are	 often	 successfully	 treated,	 although	 recurrence	 of	 infection	 is
markedly	increased	with	catheter	retention.166	Attempts	 to	salvage	catheters	 infected	with	S.	aureus	usually	 fail
and	frequently	result	 in	complications.167	Similarly,	catheters	 infected	with	Candida	 or	mycobacteria	 should	be
removed.156,167	Antibiotic	and	ethanol	lock	techniques	are	sometimes	effective,	almost	always	with	concomitant
systemic	therapy,168,169	but	failure	may	occur	because	the	catheter	to	be	salvaged	needs	to	be	used,	thus	limiting
the	dwell	time	of	antibiotic	lock	solutions.	The	retained	catheter	should	be	removed	if	the	blood	cultures	remain
positive	3	days	after	starting	appropriate	therapy	or	in	case	of	recurrent	bacteremia.

Skin	Lesions	and	Soft	Tissue	Infections
Consider	infectious	and	noninfectious	causes	for	these	lesions.	Some	noninfectious	causes	include	drug	reactions
(including	 chemotherapy-induced	 hand-foot	 syndrome),	 Sweet	 syndrome,	 erythema	 multiforme,	 vasculitis,



leukemia	cutis,	and	(in	the	case	of	allogeneic	transplant)	GVHD.170	Early	biopsy	of	skin	lesions	for	histology	and
culture	is	recommended.171

Infections	of	the	skin	can	either	be	localized	or	manifestations	of	systemic	infection.	Ecthyma	gangrenosum	is
the	most	characteristic	skin	lesion	associated	with	systemic	P.	aeruginosa	infection	but	can	also	be	caused	by	S.
aureus,	 enteric	 gram-negative	 bacilli,	 and	 molds	 including	 Aspergillus,	 Mucorales,	 and	 Fusarium.	 Ecthyma
gangrenosum	begins	as	a	raised	erythematous	papule	or	nodule	that	progresses	to	a	bluish-black	necrotic	 lesion
within	 12	 to	 24	 hours.	 A	 central	 area	 of	 necrosis	 surrounded	 by	 erythema	 is	 typical.	 Pathologically,	 ecthyma
gangrenosum	is	a	necrotizing	process	in	which	masses	of	bacteria	are	often	observed	within	the	vessel	wall	and
infiltrating	white	cells	are	absent.

A	needle	aspirate	of	 the	lesion	showing	gram-negative	bacilli	establishes	 the	diagnosis	of	 invasive	infection,
but	a	negative	aspirate	does	not	rule	it	out.	Parenteral	antibiotics	with	activity	against	P.	aeruginosa,	MRSA,	and
anaerobes	 (e.g.,	 carbapenem	plus	 vancomycin	 and	possibly	 a	 second	 agent	with	 activity	 against	 gram-negative
bacteria)	should	be	instituted	emergently,	pending	culture	results.	The	presence	of	a	necrotizing	process	indicates
surgical	debridement	 is	 required.172	 Sometimes	 surgical	 exploration	 is	 necessary	 to	determine	 the	 extent	 of	 the
infection.

Gram-positive	bacteria	 that	cause	skin	and	soft	 tissue	 infections	 include	Streptococcus	 (group	A	and	B)	and
Staphylococcus	aureus.	Besides	P.	aeruginosa,	other	gram-negative	bacilli	with	propensity	to	cause	dermatologic
infections	 include	 Stenotrophomonas	 maltophilia	 (mucocutaneous	 ulcerations,	 primary	 cellulitis,	 metastatic
nodular	 cellulitis,	 and	 ecthyma	 gangrenosum),	 Aeromonas	 hydrophila,	 and	Vibrio	 vulnificus	 (septicemia	 with
secondary	cellulitis	with	hemorrhagic	bullae	after	 ingestion	of	contaminated	seafood,	most	common	 in	patients
with	underlying	liver	disease,	or	primary	cellulitis	with	bacteremia	when	an	open	wound	is	exposed	to	seawater).
Clostridium	spp.	are	gram-positive	anaerobes	 that	may	cause	deep	soft	 tissue	 infection	 involving	the	fascia	and
muscle.	 In	 neutropenic	 patients,	 the	 typical	 presentation	 is	 disseminated	 soft	 tissue	 infection	with	Clostridium
septicum	bacteremia.	Typically,	a	small	dusky	or	purplish	 lesion	on	the	 leg	or	abdominal	wall	 rapidly	expands,
and	 as	 infection	 progresses,	 the	 lesions	 may	 become	 necrotic,	 bullous,	 and	 hemorrhagic.	 Systemic	 toxicity,
including	fever,	malaise,	and	mental	status	changes,	occurs	early.	Because	 the	 infection	occurs	 in	 the	deep	soft
tissue,	tenderness	and	evidence	of	vascular	compromise	typically	precede	the	development	of	cellulitis.	A	rapidly
progressive	 deep	 soft	 tissue	 infection	 with	 gas	 formation	 suggests	 clostridial	 myonecrosis	 or	 polymicrobial
necrotizing	 fasciitis.	Needle	 aspiration	 characteristically	 shows	 the	 organism	 in	 the	 setting	 of	 a	mild	 or	 absent
inflammatory	response.	Extensive	surgical	debridement	may	be	lifesaving	if	initiated	early,	but	the	mortality	rate
is	high.173	Metronidazole	plus	an	antipseudomonal	cephalosporin	(e.g.,	ceftazidime	or	cefepime)	or	single-agent
therapy	with	imipenem,	meropenem,	or	piperacillin-tazobactam	are	reasonable	regimens.

The	characteristic	skin	lesions	of	disseminated	candidiasis	are	raised	erythematous	discrete	papules,	measuring
about	0.5	to	1	cm	in	diameter.	In	their	earliest	form,	the	lesions	resemble	those	of	miliaria	(heat	rash).	They	are
usually	not	tender.	Concurrent	myalgias	raise	the	possibility	of	Candida	myositis.	The	yeast	is	cultured	from	skin
lesions	 in	 only	 about	 half	 the	 cases.	 Blood	 cultures	 are	 typically	 positive.	 Similar	 lesions	 may	 appear	 with
disseminated	trichosporonosis.174

Cutaneous	infection	by	molds	may	be	primary	or	result	from	systemic	infection.	The	hematogenous	lesions	of
Aspergillus	and	Fusarium	usually	begin	as	discrete	subcutaneous	nodules	that	may	be	tender,	whereas	traumatic
inoculation	 appears	 as	ulcerations.	 If	 a	primary	 cutaneous	 lesion	 is	 isolated	 and	 surgically	 resectable,	 it	 has	 an
excellent	prognosis.	In	the	neutropenic	patient,	the	likelihood	of	systemic	infection	is	high,	and	therefore,	systemic
antifungal	therapy	is	warranted.	Clinically,	these	lesions	resemble	ecthyma	gangrenosum.	Histologically,	hyphae
are	 present	with	 angioinvasion	 and	 infarction.	 Primary	 cutaneous	 fusariosis	 has	 a	 varied	 appearance,	 including
cellulitis,	paronychia,	onychomycosis	resembling	dermatophyte	infection,	and	papular	and	nodular	lesions.175

HSV	 and	 VZV	 can	 involve	 the	 skin.	 Oral	 or	 genital	 ulcers	 should	 be	 sampled	 to	 rule	 out	 HSV	 by
immunofluorescence	or	PCR.	Multiple	well-circumscribed	disseminated	cutaneous	ulcers	can	be	manifestations	of
disseminated	HSV.	Disseminated	HSV	disease	should	be	 treated	with	 intravenous	acyclovir	 (10	mg/kg	every	8
hours).	 Acyclovir-resistant	 HSV	 is	 occasionally	 observed	 in	 HSCT	 recipients.	 When	 acyclovir	 resistance	 is
suspected,	 the	 decision	 to	 switch	 therapy	 (generally	 to	 foscarnet)	 should	 be	made	 on	 clinical	 grounds	 because
antiviral	 susceptibility	 testing	 of	 the	 isolate	 at	 a	 reference	 laboratory	 takes	 weeks.	 VZV	 presents	 with
maculopapular	 or	 vesicular	 lesions,	 often	 but	 not	 always	 in	 a	 dermatomal	 distribution.	 Secondary	 bacterial
infections,	 usually	 due	 to	 streptococci	 or	S.	aureus,	may	 occur.	Visceral	 involvement	 of	VZV	 can	manifest	 as
hemorrhagic	 pneumonia,	 encephalitis,	 retinal	 necrosis,	 hepatitis,	 and	 small	 bowel	 disease.	Both	 viruses	 can	 be
detected	in	the	blood	by	PCR	in	case	of	disseminated	infection;	this	may	be	particularly	helpful	if	VZV	presents
with	pain	only,	with	no	apparent	rash.	Intravenous	acyclovir	is	the	established	treatment	for	primary	varicella	or
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disseminated	zoster	in	immunocompromised	patients.

Respiratory	Tract	Infections

Community	Respiratory	Viruses
Community	 respiratory	 viruses	 include	 influenza,	 parainfluenza,	 respiratory	 syncytial	 virus,	 human
metapneumovirus,	 adenoviruses,	 rhinoviruses,	 and	 coronaviruses.	Most	 respiratory	 viruses	 typically	 cause	 self-
limited	infection	in	healthy	persons	but	are	important	causes	of	morbidity	and	mortality	in	immunocompromised
patients	with	hematologic	malignancies	and	in	HSCT	recipients.176	Immunocompromised	persons	with	symptoms
of	 respiratory	 infection	 should	 be	 evaluated	 for	 respiratory	 viruses,	 among	 other	 etiologies,	 and	 contact	 and
respiratory	 precautions	 should	 be	 established.	 There	 are	 no	 significant	 differences	 in	 clinical	 presentation	 that
enable	 prediction	 of	 the	 causative	 virus	 in	 any	 individual	 case,	 but	most	 severe	 cases	 are	 usually	 shown	 to	 be
influenza,	 respiratory	 syncytial	 virus,	 or	metapneumovirus.	 Rapid	 immunodiagnostic	 tests	 (i.e.,	 enzyme-linked
immunosorbent	 assay)	 are	 insensitive;	 they	 are	 useful	 only	 to	 “rule	 in”	 these	 infections,	 but	 a	 negative	 result
cannot	be	used	to	rule	out	the	disease.	PCR	is	the	most	sensitive	test.

Increasing	 evidence	 suggests	 that	 community	 respiratory	 virus	 infections	 may	 have	 a	 deleterious	 effect	 on
allogeneic	HSCT	 recipients,	 particularly	when	 lower	 respiratory	 tract	 involvement	 is	 present.177	 Some	 experts
recommend	postponing	the	transplant	if	possible	until	the	respiratory	infection	has	resolved.178

Influenza.	Influenza	A	and	B	can	be	treated	with	neuraminidase	inhibitors	(zanamivir	and	oseltamivir);	influenza
A	can	also	be	treated	with	amantadine	and	rimantadine.	The	circulating	strain	may	be	susceptible	or	resistant	to
these	 agents;	 it	 is	 important	 to	 consult	 the	most	 recent	 guidance	 from	 the	CDC	 to	 find	 out	 the	 recommended
treatment	 during	 each	 influenza	 season.	 The	 CDC	 advises	 annual	 administration	 of	 the	 inactivated	 influenza
vaccine	 to	 immunocompromised	 persons	 and	 their	 close	 contacts	 (e.g.,	 health-care	 personnel	 and	 household
members).	 Immunization	 should	 be	 provided	 ideally	 at	 least	 2	weeks	 before	 chemotherapy,	 or	 if	 given	 during
chemotherapy,	between	cycles.	The	 live	attenuated	 intranasal	 influenza	vaccine,	FluMist,	should	not	be	used	 in
the	 severely	 immunocompromised	 patient.	 Use	 of	 the	 injected	 inactivated	 vaccine	 is	 preferred	 among	 close
contacts	of	severely	immunocompromised	patients,	including	health-care	personnel.179

Respiratory	Syncytial	Virus.	Respiratory	syncytial	virus	infection	is	most	virulent	in	patients	with	leukemia	and
in	HSCT	recipients.	Upper	respiratory	symptoms	(sinusitis,	coryza,	rhinorrhea)	usually	precede	lower	respiratory
tract	involvement	(dyspnea,	wheezing)	and	pneumonia	but	may	be	absent.	Accumulating	evidence	suggests	that
severely	immunocompromised	HSCT	recipients	may	benefit	from	treatment	with	ribavirin.180,181	Most	published
experience	 is	 with	 inhaled	 ribavirin,	 but	 a	 single-center	 study	 suggests	 oral	 ribavirin	 is	 safe	 and	 effective	 in
immunocompromised	patients.182

Parainfluenza.	 Parainfluenza	 viruses	 are	 important	 community	 respiratory	 viruses	 in	 leukemia	 and	 HSCT
patients.183,184	Given	 there	 is	no	effective	antiviral	 treatment	 available,	 emphasis	 should	be	placed	on	 infection
control	measures	and	diagnosis	and	treatment	of	copathogens.185

Human	Metapneumovirus.	Human	metapneumovirus	 is	a	 recently	described	paramyxovirus	 that	causes	upper
and	 lower	 respiratory	 tract	 infection.	 It	 occurs	 mostly	 during	 the	 winter	 and	 spring.	 More	 severe	 disease	 is
reported	in	young	children,	the	elderly,	and	immunocompromised	hosts.186,187	The	treatment	is	supportive.

Adenovirus
The	 spectrum	 of	 adenovirus	 in	 immunocompromised	 patients	 extends	 from	 asymptomatic	 shedding	 to	 fatal
multisystem	 disease	 with	 pneumonia	 and	 hepatitis	 and	 includes	 upper	 respiratory	 tract	 infection,	 renal
parenchymal	 disease,	 hemorrhagic	 cystitis,	 hepatitis,	 small	 and	 large	 bowel	 disease,	 and	 encephalitis.188	Viral
shedding	 from	 throat	 secretions,	 urine,	 and	 stool	 is	 common,	occurring	 in	 approximately	5%	 to	20%	of	HSCT
recipients,	 and	 should	 not	 be	 equated	 with	 disease.	 Gastroenteritis	 and	 hemorrhagic	 cystitis	 are	 usually	 self-
limited,	 whereas	 pneumonia	 and	 disseminated	 disease	 are	 associated	 with	 high	 mortality	 rates.	 Adenovirus	 is
more	common	in	T-cell–depleted	transplants	and	in	younger	patients	and	recipients	of	stem	cells	from	unrelated
donors.	Cidofovir	is	the	antiviral	of	choice.	Brincidofovir	is	an	experimental	lipid	conjugate	of	cidofovir	with	less
toxicity;	promising	results	in	allogeneic	HSCT	recipients	with	adenovirus	disease	have	been	reported.189,190



Polyomavirus	KI	and	WU	and	Bocavirus
A	number	of	new	virus	have	been	isolated	in	respiratory	secretions	of	patients	with	respiratory	infections.	Their
role	 in	 the	 overall	 burden	 of	 respiratory	 infections	 in	 immunocompromised	 and	 cancer	 patients	 is	 yet	 to	 be
determined	and	beyond	the	scope	of	this	chapter.178,191

Sinusitis
Congestion,	sinus	tenderness,	and	fever	are	common	signs	of	sinusitis	but	are	nonspecific.	In	immunocompetent
patients,	 respiratory	 bacterial	 pathogens,	 including	 Streptococcus	 pneumoniae,	H.	 influenzae,	 and	 Moraxella
catarrhalis	predominate,	and	a	standard	antibiotic	regimen,	such	as	amoxicillin-clavulanic	acid,	or	a	respiratory
fluoroquinolone	 (levofloxacin,	 moxifloxacin)	 are	 appropriate	 if	 the	 diagnosis	 is	 properly	 established.	 Of	 note,
macrolides,	TMP/SMX,	 and	 second-generation	 cephalosporins	 are	 no	 longer	 recommended.192	 In	 patients	with
neutropenia	 or	 who	 are	 otherwise	 highly	 immunocompromised,	 infections	 with	 P.	 aeruginosa,	 S.	 aureus,
Enterobacteriaceae,	 and	molds	must	 be	 considered.	We	 initiate	 standard	 agents	 for	 fever	 and	 neutropenia	 and
obtain	 a	 prompt	CT	 scan	of	 the	 sinuses	 and	otolaryngologist	 consultation	 to	 obtain	 samples	 for	 culture	 and,	 if
there	are	lesions	suspicious	for	invasive	mold	(e.g.,	ischemia,	necrotic	eschar),	biopsy.	The	CT	may	be	suggestive
of	 fungal	 disease	 if	 a	 heterogeneous	mass	 or	 bony	 erosions	 are	 seen.	Aspergillus	 and	 agents	 of	mucormycosis
(e.g.,	Mucor,	 Rhizopus)	 are	 the	 most	 common	 isolates,	 but	 less	 common	 molds	 such	 as	 Fusarium	 spp.	 and
dematiaceous	 molds	 are	 being	 recognized	 more	 frequently.	 Pending	 microbiologic	 identification,	 empirical
therapy	 should	 include	 a	 lipid	 formulation	 of	 amphotericin	 B	 (5	 mg/kg	 per	 day)	 to	 ensure	 coverage	 of
mucormycosis.	If	the	diagnosis	of	invasive	fungal	sinusitis	is	confirmed,	surgical	resection	should	be	performed
because	 medical	 therapy	 alone	 is	 unlikely	 to	 contain	 infection	 in	 the	 setting	 of	 neutropenia	 or	 severe
immunosuppression.	Antifungal	 therapy	 should	be	 continued	 for	weeks	or	months	 even	 if	 all	 of	 the	visualized
necrotic	 tissue	 is	 fully	 resected.	 An	 etiologic	 diagnosis	 will	 allow	 choosing	 the	 appropriate	 antifungal	 (e.g.,
voriconazole	for	aspergillosis,	amphotericin	for	mucormycosis).	For	some	agents	of	mucormycosis,	posaconazole
and	isavuconazole	may	be	a	useful	alternative	to	amphotericin	B	for	long-term	therapy.193,194

Pulmonary	Infiltrates
There	 are	 multiple	 infectious	 and	 noninfectious	 causes	 of	 pulmonary	 infiltrates	 in	 cancer	 patients.	 Some
noninfectious	processes	 that	 should	be	considered	 include	 the	malignancy,	 complications	of	 its	 treatment	 (drug
toxicity,	 radiation	 pneumonitis),	 congestive	 heart	 failure,	 pulmonary	 hemorrhage,	 pulmonary	 embolism	 with
infarction,	 cryptogenic	 organizing	 pneumonia,	 and	 acute	 respiratory	 distress	 syndrome.	 Atypical	 radiographic
appearances	and	several	coexisting	pulmonary	processes	are	common	in	this	patient	population.	We	recommend
early	 use	 of	 CT	 scans	 and	 diagnostic	 procedures,	 including	 BAL,	 fine	 needle	 aspiration,	 or	 lung	 biopsy,	 if
required.

Community-Acquired	Pneumonia
Sputum	and	blood	cultures	should	be	collected	prior	 to	starting	 therapy	 if	 feasible.	 In	patients	with	malignancy
who	 do	 not	 require	 hospital	 admission	 based	 on	 a	 validated	 pneumonia	 severity	 index,195	 either	 a	 respiratory
fluoroquinolone	alone	(levofloxacin,	moxifloxacin)	or	a	β-lactam	plus	a	macrolide	(e.g.,	high-dose	amoxicillin	or
amoxicillin-clavulanate	 and	 azithromycin)	 is	 advised.	 In	 patients	 requiring	 hospital	 admission,	 we	 use
monotherapy	with	a	respiratory	fluoroquinolone	or	combine	a	macrolide	with	either	ceftriaxone,	cefotaxime,	or,	in
selected	 cases,	 ertapenem.	 For	 cancer	 patients	 with	 severe	 community-acquired	 pneumonia	 (e.g.,	 requiring
admission	 to	 an	 intensive	care	unit),	we	usually	 institute	broad-spectrum	coverage	with	 an	antipseudomonal	β-
lactam	 plus	 a	 respiratory	 fluoroquinolone.	 In	 patients	 with	 prior	MRSA	 infection	 or	 known	 colonization	with
MRSA,	we	add	vancomycin	or	linezolid.	Daptomycin	has	failed	clinically	in	the	treatment	of	pneumonia,	possibly
because	it	is	inactivated	by	pulmonary	surfactant.	In	cases	of	severe	pneumonia,	it	may	be	reasonable	to	initiate
vancomycin	and	then	discontinue	it	if	an	MRSA	screen	by	PCR	of	a	nasal	swab	is	negative.196	A	parapneumonic
effusion	should	be	sampled	for	microbiologic	studies	and	cytologic	examination.

Legionella	 Species.	 Legionella	 infections	 are	 associated	 with	 compromised	 cellular	 immunity.	 In	 the	 cancer
population,	patients	at	highest	risk	include	those	receiving	high-dose	corticosteroids,	T-cell–depleting	agents,	and
allogeneic	HSCT,	but	many	cancer	patients	have	comorbidities	 that	place	 them	at	 risk.	There	are	no	clinical	or
radiologic	 criteria	 that	 reliably	 distinguish	 legionellosis	 from	 pneumococcal	 pneumonia,	 although	 diarrhea,
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rhabdomyolysis,	and	lack	of	response	to	β-lactam	antibiotics	have	been	proposed	as	suggestive	of	the	diagnosis.	A
combination	of	culture	(special	culture	medium	required	because	routine	sputum	culture	will	not	grow	Legionella
spp.),	and	urinary	antigen	test	 is	 the	optimal	diagnostic	combination	 in	most	situations.197	The	urine	Legionella
antigen	assay	is	sensitive	and	specific	only	for	Legionella	pneumophila	serogroup	1,	the	isolate	responsible	for	up
to	80%	of	clinical	disease;	however,	 it	does	not	detect	other	 serogroups	or	Legionella	 spp.	PCR	on	 respiratory
secretions	 is	 both	 sensitive	 and	 specific	 only	 for	 Legionella	 pneumophila;	 although	 they	 detect	 multiple
serogroups,	 standardized	 assays	 are	 not	 commercially	 available.	 Azithromycin	 and	 fluoroquinolones	 (e.g.,
levofloxacin,	moxifloxacin)	 are	 standard	 therapy	 for	 legionellosis.	Nosocomial	 legionellosis	 has	 been	 linked	 to
contamination	of	hospital	water	and	must	be	investigated	urgently.

Hospital-Acquired	Pneumonia
New	guidelines	for	the	management	of	hospital-acquired	pneumonia	and	ventilator-associated	pneumonia	(VAP)
were	 issued	 by	 the	 IDSA	 and	 the	 American	 Thoracic	 Society	 in	 2016.198	 Some	 of	 the	 novel	 aspects	 of	 the
document	 include	 the	 differentiation	 between	 hospital-acquired	 pneumonia	 and	 VAP.	 The	 most	 important
recommendations	 involve	 the	 use	 of	 noninvasive	 sampling	 (i.e.,	 endotracheal	 aspiration	 instead	 of	 BAL),	 the
necessity	to	use	local	antibiograms	to	inform	choice	of	antimicrobial,	short	duration	of	microbiologically	guided
treatment	(5	to	7	days)	for	most	patients,	and	deescalation.	Empirical	treatment	should	provide	adequate	coverage
for	S.	 aureus	 and	P.	 aeruginosa.	 Risk	 factors	 for	 MRSA	 and	 other	 resistant	 pathogens	 should	 be	 taken	 into
account	 (for	VAP,	 the	most	 important	 risk	 factor	 is	 the	use	of	 IV	antibiotics	during	 the	past	90	days;	 resistant
pathogens	should	also	be	empirically	covered	in	case	of	septic	shock,	if	the	patient	was	in	the	hospital	for	>5	days
prior	to	the	episode	of	VAP,	and	in	patients	with	acute	respiratory	distress	syndrome	or	renal	replacement	therapy
prior	 to	 the	 episode).	 A	 typical	 initial	 regimen	 for	 late-onset	 hospital-acquired	 pneumonia	 includes	 an
antipseudomonal	β-lactam	(e.g.,	ceftazidime,	cefepime,	 imipenem,	meropenem,	or	piperacillin-tazobactam)	plus
an	antipseudomonal	fluoroquinolone	(e.g.,	ciprofloxacin	or	levofloxacin)	plus	either	linezolid	or	vancomycin	(aim
for	trough	vancomycin	level	of	15	to	20	μg/mL).198

Pulmonary	Infiltrates	in	Neutropenic	Patients
In	patients	with	<1	week	of	neutropenia,	pulmonary	infections	are	likely	to	be	caused	by	Enterobacteriaceae,	P.
aeruginosa,	 and	S.	 aureus.	 Community	 respiratory	 viruses	 should	 also	 be	 considered.	Because	 of	 neutropenia,
physical	findings	of	consolidation	and	sputum	production	may	be	absent.	We	recommend	the	early	use	of	CT.	A
CT	 scan	of	 the	 chest	may	disclose	 lesions	missed	by	 the	 chest	 radiograph	 as	well	 as	 findings	 characteristic	 of
invasive	 fungal	 disease,	 such	 as	 well-circumscribed	 dense	 infiltrates,	 the	 “halo”	 sign	 (see	 Fig.	 125.2),	 and/or
cavitation.	Cavitation	usually	coincides	with	neutrophil	recovery	and	does	not	indicate	treatment	failure.	Besides
molds,	 other	 angioinvasive	 infections,	 including	P.	 aeruginosa,	 may	 cavitate.	 A	 new	 or	 progressive	 infiltrate
developing	while	 on	 broad-spectrum	 antibacterial	 agents	 in	 patients	with	 prolonged	 neutropenia	 raises	 concern
about	 invasive	mold	infection	and	makes	the	need	for	definitive	diagnosis	more	pressing.	Because	radiographic
findings	are	often	nonspecific,	we	recommend	early	BAL.	 In	patients	at	 risk	 for	 invasive	mold	diseases,	 serum
galactomannan	and	β-D-glucan	may	be	considered,	although	the	interpretation	of	a	single	value	of	these	tests	(as
opposed	to	trends)	may	be	difficult.

In	 highly	 immunocompromised	 patients	 (e.g.,	 chemotherapy	 for	 acute	 leukemia,	 HSCT	 patients	 receiving
active	treatment	for	GVHD),	we	suggest	the	following	studies	on	BAL	and	lung	biopsies:	culture	and	stains	for
bacteria,	including	Legionella,	mycobacteria,	and	Nocardia	species	as	well	as	fungi;	special	stains	or	PCR	for	P.
jirovecii;	 and	 rapid	culture	 (shell	vial)	or	PCR	 for	viruses	 (HSV,	CMV,	VZV,	community	 respiratory	viruses).
Cytologic	 examination	 of	 the	 BAL	 may	 also	 be	 diagnostic	 of	 Pneumocystis,	 Nocardia,	 fungi,	 mycobacteria,
CMV,	and	adenovirus	and	can	suggest	diffuse	alveolar	hemorrhage.	BAL	galactomannan	is	more	sensitive	than
serum	galactomannan,	particularly	in	neutropenic	patients,	and	should	be	considered	in	patients	at	risk	for	IA.132

The	yield	of	induced	sputum	for	the	diagnosis	of	PCP	in	non–HIV-infected	patients	may	be	only	60%,199	and
early	 consideration	 should	 be	 given	 to	 BAL.	 The	 yield	 of	 BAL	 is	 high	 for	 P.	 jirovecii,	 Mycobacterium
tuberculosis,	and	respiratory	viruses.	For	focal	lesions	such	as	nodules,	the	diagnostic	yield	is	much	lower	(15%	to
50%),	and	a	percutaneous	biopsy	may	be	a	better	diagnostic	choice.200	Transbronchial	biopsy	may	be	helpful	in
diffuse	processes.	Video-assisted	 thoracic	surgery	has	been	used	successfully	 in	cases	with	diffuse	 involvement
and	with	peripheral	 lesions.	Open	 lung	biopsy	 is	 the	definitive	diagnostic	method,	and	 it	 also	allows	 for	 easier
visualization	and	control	of	bleeding.



Treatment
Besides	the	standard	antimicrobials	used	for	fever	and	neutropenia,	we	include	a	macrolide	or	fluoroquinolone	to
treat	Legionella	 and	agents	of	atypical	pneumonia.	Vancomycin	or	 linezolid	should	be	added	 for	pneumonia	 in
patients	colonized	with	MRSA	and	for	nosocomial	pneumonia.	Depending	on	the	clinical	scenario	and	preceding
antifungal	prophylaxis,	we	may	add	voriconazole	or	a	lipid	formulation	of	amphotericin	B.	There	is	disagreement
between	 experts	 on	which	 is	 the	 best	 antifungal	 strategy.	Aspergillus	 spp.	 are	 by	 far	 the	most	 common	mold
infections,	 but	mucormycosis	may	be	 the	 cause	 in	 any	 individual	 case.	Voriconazole	 is	 the	 drug	 of	 choice	 for
IA112	but	 is	 inactive	 in	mucormycosis.	Amphotericin	B	 is	active	 in	both	aspergillosis	and	mucormycosis,	but	 it
may	 be	 significantly	 inferior	 to	 voriconazole	 in	 aspergillosis.	 Some	 experts	 might	 add	 both	 agents	 and
aggressively	pursue	a	diagnosis	that	will	allow	deescalation.	Others	may	choose	to	use	isavuconazole,	which	was
noninferior	 to	 voriconazole	 in	 a	 randomized	 controlled	 trial	 of	 invasive	 fungal	 infection	 and	 equivalent	 to
amphotericin	for	mucormycosis	in	a	case-control	study.

Pulmonary	Infiltrates	in	Patients	with	Defects	in	Cellular	Immunity
Patients	with	 impaired	cellular	 immunity	and	 those	 taking	corticosteroids	are	at	 increased	risk	for	opportunistic
infections,	including	fungi	(Cryptococcus	neoformans,	dimorphic	fungi,	other	molds),	Legionella	spp.,	P.	jirovecii
(Fig.	125.3),	M.	tuberculosis,	nontuberculous	mycobacteria,	Nocardia	spp.,	and	viral	pathogens.	CMV	pneumonia
principally	 occurs	 in	 allogeneic	 HSCT	 recipients	 but	 can	 uncommonly	 occur	 in	 other	 severely
immunocompromised	 patients.	 Diffuse	 necrotizing	 pneumonia	 caused	 by	VZV	 or	HSV	 is	 also	 encountered	 in
transplant	recipients.

Figure	125.3	Pneumocystis	jirovecii	pneumonia.	A	patient	with	chronic	lymphocytic	leukemia
developed	fever,	hypoxemia,	and	shortness	of	breath	soon	after	tapering	a	prednisone	course	for
hemolytic	anemia.	He	had	received	multiple	courses	of	fludarabine,	rituximab,	and	corticosteroids.
He	was	receiving	inhaled	pentamidine	as	P.	jirovecii	pneumonia	prophylaxis.	His	last	treatment	had

taken	place	3	weeks	prior	to	this	illness.

The	diagnostic	evaluation	 in	patients	with	 impaired	cellular	 immunity	and	pulmonary	 infiltrates	 is	similar	 to
that	in	neutropenic	patients.	Typically,	broad-spectrum	antibiotics	for	community-acquired	pneumonia	requiring
hospitalization	(see	previous	discussion)	will	be	started,	ideally	after	obtaining	respiratory	samples	for	diagnosis.
The	empirical	addition	of	TMP/SMX	for	PCP	(and	most	Nocardia	spp.)	should	be	considered.

Nocardia	 Species.	 Patients	 with	 hematologic	 malignancy	 or	 lymphopenia,	 allogeneic	 HSCT	 recipients,	 and
patients	 receiving	 corticosteroids	 are	 at	 highest	 risk.201	 Bronchopneumonia,	 lobar	 pneumonia,	 nodules,	 or
necrotizing	 abscesses	 with	 cavitation	 are	 observed.	 Empyema	 and	 extension	 to	 the	 chest	 wall	 may	 occur.
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Dissemination	may	include	brain	abscess,	meningitis,	osteomyelitis,	soft	tissue	mass,	cutaneous	abscess,	and	liver
abscess.	It	is	important	to	alert	the	microbiology	laboratory	when	nocardiosis	is	suspected	so	that	a	modified	acid
stain	is	performed,	appropriate	culture	conditions	are	used,	and	culture	plates	are	held	for	weeks	instead	of	days.
Treatment	of	nocardial	 infections	 is	based	on	case	series.	All	Nocardia	 species	 are	 susceptible	 to	 linezolid	 and
tedizolid,	but	tedizolid	has	poor	CNS	penetration.	Most	experience	is	with	TMP/SMX,	but	other	agents	that	have
been	used,	include	carbapenems,	minocycline,	ceftriaxone,	and	linezolid.	Identification	and	susceptibility	testing
should	 be	 performed	 by	 a	 laboratory	 with	 expertise	 in	Nocardia.202	 Surgical	 drainage	 or	 resection	 should	 be
considered	in	cases	refractory	to	medical	therapy.	Therapy	should	be	continued	for	several	months	to	a	year.

Pneumocystis	jirovecii.	P.	jirovecii	(formerly	Pneumocystis	carinii)	is	more	appropriately	classified	as	a	fungus
than	a	protozoan	based	on	genomic	data	and	cell	wall	constituents.	Defective	T-cell	immunity	is	the	principal	risk
factor	 for	PCP,	with	 the	 risk	 in	people	 infected	with	HIV	 increasing	significantly	after	 the	CD4	count	declines
below	200.	In	patients	without	AIDS,	corticosteroid	use	is	the	main	risk	factor.203	Fever,	cough,	and	shortness	of
breath	are	the	most	common	clinical	features.204	Patients	treated	with	corticosteroids	may	develop	initial	clinical
manifestations	of	PCP	only	during	steroid	taper.	The	most	common	radiographic	findings	are	bilateral	interstitial
infiltrates,	 although	 unilateral	 or	 patchy	 infiltrates	 are	 also	 observed.205	 Nodules,	 cavitary	 lesions,	 and	 pleural
effusions	are	less	common.	In	a	minority	of	patients,	the	chest	radiograph	is	normal.	Diagnosis	of	PCP	relies	on
visualization	of	 the	organism	microscopically	or	use	of	molecular	methods	because	 it	does	not	grow	in	culture.
BAL	is	the	standard	diagnostic	modality	for	PCP,	but	induced	sputum	has	acceptable	yield	in	some	institutions.
Immunofluorescent	staining	using	mAbs	is	more	sensitive	than	silver	staining	or	Wright-Giemsa	staining,	but	in
most	HIV-negative	patients	PCR	is	the	diagnostic	method	of	choice.	Patients	with	cancer	have	reduced	organism
burden	compared	with	people	 infected	with	HIV,	which	decreases	 the	 sensitivity	of	every	diagnostic	modality.
Quantitative	 PCR	 of	 respiratory	 samples	may	 be	 the	most	 sensitive	 test	 in	 this	 setting.206,207	 The	 serum	 β-D-
glucan	 test	 seems	 to	have	very	good	 sensitivity	 and	 specificity,	 and	 its	 high	negative	predictive	value	 for	PCP
effectively	rules	out	the	diagnosis.208

Treatment. 	 TMP/SMX	 is	 the	 treatment	 of	 choice	 for	 P.	 jirovecii.	 If	 TMP/SMX	 is	 not	 feasible	 because	 of
significant	allergy	or	toxicity,	intravenous	pentamidine	or	pyrimethamine	plus	clindamycin	can	be	used.	In	cases
of	mild	 or	moderate	PCP	 (which	 has	 been	 defined	 as	 room	air	 arterial	 partial	 pressure	 of	 oxygen	>70	 torr)	 in
patients	 intolerant	of	TMP/SMX,	dapsone	plus	 trimethoprim,	clindamycin	plus	primaquine,	and	atovaquone	are
acceptable	 options,	 but	 the	 efficacy	 of	 all	 these	 treatments	 is	 less	 than	 that	 of	 TMP/SMX.	 In	 patients	 with
moderate	or	severe	PCP	(arterial	partial	pressure	of	oxygen	≤70	torr),	corticosteroids	should	be	added	based	on
studies	of	patients	with	AIDS-associated	PCP.	In	patients	who	are	not	responding	to	therapy,	repeat	bronchoscopy
should	be	considered	to	exclude	additional	pathogens.

Cytomegalovirus	Pneumonitis.	 Pulmonary	 disease	 typically	 manifests	 as	 bilateral	 infiltrates	 resembling	 PCP
with	hypoxia	and	progression	to	respiratory	failure,	but	a	variety	of	radiologic	manifestations	have	been	described.
In	HSCT	 recipients,	 the	 diagnosis	 is	 established	 by	 a	 compatible	 clinical	 syndrome	with	 detection	 of	CMV	 in
BAL	(by	culture	or	cytopathology	showing	characteristic	 intracytoplasmic	and	 intranuclear	 inclusions)	or	 tissue
(by	culture	or	histologic	diagnosis).209	In	nontransplant	patients,	CMV	pneumonia	is	rare,	and	the	culture	alone	is
not	 considered	 sufficient	 to	make	 the	diagnosis	 because	CMV	can	be	 shed	 from	pulmonary	 secretions	without
causing	 invasive	 disease.	 Quantitative	 PCR	 has	 been	 shown	 to	 be	 a	 promising	 diagnostic	 method.210
Demonstration	of	intracellular	CMV	inclusions	on	BAL	is	diagnostic	of	disease	but	is	uncommon.	In	many	cases,
other	pathogens	are	 found,	 including	P.	aeruginosa,	Legionella,	Aspergillus	 spp.,	Mycobacteria	 spp.,	Nocardia
spp.,	toxoplasmosis,	or	respiratory	viruses.

We	treat	CMV	pneumonia	with	ganciclovir	or	foscarnet	plus	Ig	(either	regular	intravenous	Ig	or	CMV-specific
Ig).	The	benefit	of	Ig	is	based	on	historical	controls	and	is	questionable.211	Cidofovir	may	be	considered	in	cases
of	CMV	disease	after	failure	or	intolerance	of	ganciclovir	or	foscarnet.

Postobstructive	Pneumonia	and	Pleural	Effusion
There	 are	 no	 professional	 guidelines	 or	 professional	 society	 guidance	 statements	 on	 the	 indication	 for	 airway
stenting	to	relieve	malignant	obstruction.	There	are	no	outcomes	reported	in	sufficiently	large	series	to	answer	the
question	 as	 to	whether	 the	 risk	 and	 consequence	 of	 infection	 outweigh	 the	 benefit	 of	 the	 relief	 of	 obstruction.
Retrospective	series	suggest	that	stenting	is	followed	by	infection	with	moderate	frequency	and	(predominantly	P.
aeruginosa)	has	increased	mortality.



A	similar	 lack	of	controlled	data	 is	present	 in	 the	evaluation	of	 intrapleural	catheters	placed	for	 the	relief	of
malignant	pleural	effusion,	although	infection	as	a	complication	seems	to	be	infrequent.212

Epstein-Barr	Virus–Induced	Posttransplant	Lymphoproliferative	Disease
Most	adults	have	been	infected	by	EBV.	Latent	infection	persists	in	B	cells	and	produces	no	disease	in	the	vast
majority	of	 people.	EBV-specific	 cytotoxic	T	 lymphocytes	 are	 the	main	 controllers	 of	 the	 replication	of	EBV-
infected	 B	 cells.	 EBV	 lymphoproliferative	 diseases	 are	 encountered	 in	 patients	 with	 severely	 impaired	 T-cell
immunity,	such	as	patients	with	AIDS	or	on	intensive	and	prolonged	immunosuppressive	therapy.	EBV-induced
PTLD	is	defined	as	an	abnormal	proliferation	of	EBV-infected	B	cells	in	a	transplant	recipient.	The	lesions	may
be	composed	of	polyclonal	or	monoclonal	populations	of	transformed	B	cells.	PTLD	is	most	common	between	1
and	6	months	after	allogeneic	HSCT.	Typically,	the	proliferating	B	cells	are	of	donor	origin.	Immunosuppressive
therapy	 for	GVHD	and	T-cell–depleted	 allografts	 increase	 the	 risk	of	PTLD.	Uncontrolled	EBV	 infection	may
also	 cause	 hemophagocytic	 lymphohistiocytosis,	 which	 is	 characterized	 clinically	 by	 fever,	 pancytopenia,	 and
hepatosplenomegaly.213

Clinical	manifestations	of	PTLD	are	varied.	Patients	may	have	a	mononucleosis-like	syndrome	with	fever	and
localized	 adenopathy.	 Disseminated	 disease	 may	 manifest	 with	 generalized	 adenopathy	 and	 extranodal	 organ
involvement,	 including	 the	 bowel,	 liver,	 bone	marrow,	 and	CNS.	A	CT/positron	 emission	 tomography	 scan	 is
useful	 in	 a	 high-risk	 patient	 with	 unexplained	 fever.	 Diagnosis	 of	 PTLD	 requires	 a	 biopsy	 showing	 the
characteristic	histology	and	evidence	of	EBV	infection	by	immunohistochemistry	or	EBV	DNA	detection.

Whereas	 PTLD	 in	 organ	 transplant	 recipients	 typically	 responds	 to	 a	 reduction	 in	 the	 intensity	 of
immunosuppression,	PTLD	in	HSCT	recipients	may	not	respond	to	such	conservative	measures.	Antiviral	agents
may	attenuate	the	lytic	cycle	of	EBV	and	reduce	the	frequency	of	new	B-cell	clones,	but	they	will	not	affect	the
replication	of	EBV-transformed	PTLD	B	cells	and	are	not	useful.	Other	strategies	include	rituximab,214	low-dose
chemotherapy,	anti–IL-6,	donor	 lymphocyte	 infusions,	and	adoptive	 immunotherapy	using	donor-derived	EBV-
specific	 cytotoxic	 T-lymphocyte	 clones.	 Using	 alloreactive	 T	 cells	 in	 unfractionated	 preparations	 may	 induce
GVHD,	 and	 transfer	 of	 EBV-specific	 donor	 cytotoxic	 T-lymphocyte	 clones	 is	 a	 potentially	 safer	 approach.
Adoptive	transfer	of	EBV-specific	cytotoxic	T	lymphocytes	has	been	generally	safe	and	effective	in	controlling
PTLD	and	in	preventing	EBV	lymphoproliferative	disorders	when	used	prophylactically.215

Of	 note,	 some	 cases	 of	 PTLD	 are	 not	 EBV	 related.216	 The	 guiding	 principle	 of	 reducing	 the
immunosuppression	still	applies,	but	no	antiviral	strategy	is	possible	in	this	situation.

Gastrointestinal	Tract	and	Abdominal	Infections

Oropharyngeal	Infections
Oropharyngeal	 infections	 in	 patients	 with	 cancer	 usually	 result	 from	 the	 combination	 of	 neutropenia	 and
mucositis.	 The	 distinction	 between	 chemotherapy-induced	 mucosal	 erosions	 and	 superimposed	 infection	 is
difficult.	 HSV	 may	 produce	 mucosal	 ulcerations	 resembling	 chemotherapy-induced	 mucositis	 and	 necrotizing
gingivitis,	and	it	should	be	ruled	out	by	culture	or	PCR.	Oral	mucosal	candidiasis	may	present	with	typical	thrush
but	 also	 with	 erosions	 and	 erythema;	 diagnosis	 is	 made	 by	 a	 wet	 mount	 or	 Gram	 stain	 preparation	 showing
pseudohyphal	forms	(the	culture	is	not	of	diagnostic	value	because	Candida	spp.	are	part	of	the	normal	oral	flora).
Molds	(e.g.,	Aspergillus	spp.	and	Mucorales)	can	cause	invasive	disease	of	the	hard	palate	and	other	oral	cavity
structures,	principally	in	patients	with	prolonged	neutropenia	and	allogeneic	HSCT	recipients	with	GVHD.	Severe
local	 bacterial	 infection	may	 occur	 with	 spread	 to	 adjacent	 tissue	 structures	 and	 bacteremia.	 The	 antibacterial
regimen	should	cover	both	common	oral	flora	(gram-positive	bacteria	and	anaerobes)	and	hospital-acquired	gram-
negative	bacilli.

Esophagitis
Gradual	 onset	 of	 retrosternal	 chest	 pain	 or	 burning	 and	 odynophagia	 are	 the	 most	 common	 symptoms	 of
esophagitis.	 The	 infectious	 differential	 diagnosis	 includes	 candidiasis,	 HSV,	 CMV	 (principally	 in	 HSCT
recipients),	bacterial	infections,	and	aspergillosis.	Candida	esophagitis	is	probably	most	common,	but	more	than
one	infection	may	be	present.	Radiation	therapy	to	the	chest	and	chemotherapy-induced	mucositis	may	produce	an
erosive	esophagitis	that	is	clinically	indistinguishable	from	infection.	The	definitive	diagnosis	requires	endoscopy
with	brushing	or	biopsy.	The	endoscopic	appearance	is	often	misleading.	In	neutropenic	patients,	we	recommend
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empirical	 therapy	with	 fluconazole,	with	or	without	high-dose	acyclovir	 (10	mg/kg	every	8	hours)	 for	Candida
and	 HSV,	 respectively,	 followed	 by	 endoscopy	 if	 there	 is	 no	 improvement.	 In	 the	 setting	 of	 concurrent
neutropenic	fever,	appropriate	broad-spectrum	antibacterial	agents	should	of	course	be	added.	Esophagitis	may	be
complicated	 by	 bacteremia	 caused	 predominantly	 by	 gram-positive	 pathogens	 (viridans	 group	 streptococci,	 S.
aureus,	Bacillus	spp.).

Neutropenic	Enterocolitis	(Typhlitis)
Typhlitis	(inflammation	of	the	cecum)	results	from	a	combination	of	neutropenia	and	defects	in	the	bowel	mucosa
related	to	cytotoxic	chemotherapy.	Patients	receiving	chemotherapy	for	acute	leukemia	are	at	highest	risk,	but	it	is
also	observed	 in	patients	with	solid	 tumors	 receiving	 taxanes.138,139	Pathologically,	 typhlitis	 is	 characterized	by
ulceration	and	necrosis	of	the	bowel	wall,	hemorrhage,	and	masses	of	organisms.	Suggestive	signs	include	fever,
abdominal	 pain	 and	 tenderness,	 and	 radiologic	 evidence	 of	 right	 colonic	 inflammation.	Nausea,	 vomiting,	 and
diarrhea	 (sometimes	 bloody)	 are	 the	 most	 common	 associated	 symptoms.	 Bacteremia	 with	 bowel	 flora,	 P.
aeruginosa,	and	polymicrobial	sepsis	may	occur.	Clostridial	species	are	the	most	common	anaerobic	pathogens.

Figure	125.4	Typhlitis	(neutropenic	enterocolitis).	The	computed	tomographic	scan	shows	edema
of	the	cecal	wall	and	“stranding”	of	pericolic	fat	in	a	neutropenic	patient	with	fever	and	abdominal

pain.

A	CT	 scan	 should	 be	 performed	 in	 neutropenic	 patients	with	 suspected	 typhlitis	 or	 undiagnosed	 abdominal
pain.	Positive	CT	scan	findings	are	present	in	about	80%	of	cases	of	typhlitis217	and	include	a	right	lower	quadrant
inflammatory	 mass,	 pericecal	 fluid,	 soft	 tissue	 inflammatory	 changes,	 localized	 bowel	 wall	 thickening	 and
mucosal	 edema,	 and	 a	 paralytic	 ileus	 (Fig.	 125.4).	 Disease	 may	 be	 limited	 to	 the	 cecum,	 but	 more	 extensive
involvement	 of	 the	 large	 bowel	 and	 terminal	 ileum	 may	 occur	 (neutropenic	 enterocolitis).	 The	 differential
diagnosis	includes	C.	difficile	colitis,	GVHD	of	the	bowel,	CMV	colitis,	and	bowel	ischemia.218

Treatment	of	 typhlitis	 requires	broad-spectrum	antibiotics	with	activity	against	aerobic	gram-negative	bacilli



and	 anaerobes	 (e.g.,	 ceftazidime	 plus	 metronidazole,	 imipenem,	 meropenem,	 or	 piperacillin-tazobactam)	 and
supportive	care,	 including	 intravenous	 fluids	and	bowel	 rest.	Nasogastric	decompression	may	be	 indicated.	The
indications	for	surgery	must	be	individualized	but	include	(1)	persistent	gastrointestinal	bleeding	after	resolution
of	neutropenia,	thrombocytopenia,	and	clotting	abnormalities;	(2)	perforation;	(3)	uncontrolled	sepsis	despite	fluid
and	vasopressor	support;	and	(4)	an	intra-abdominal	process	(e.g.,	appendicitis)	that	would	require	surgery	in	the
absence	of	neutropenia.143

Anorectal	Infections
Anorectal	 infections	 may	 be	 life	 threatening	 in	 patients	 who	 are	 receiving	 repeated	 courses	 of	 cytotoxic
chemotherapy.	Infection	may	follow	the	development	of	an	anal	fissure.	Once	anorectal	infection	is	established,
fascial	 extension	 to	 the	 external	 genitalia,	 pelvic	 floor,	 retroperitoneum,	 and	 peritoneal	 cavity	 may	 occur.
Anorectal	 infections,	 with	 or	 without	 extensive	 regional	 spread,	 may	 lead	 to	 bacteremia.	 The	 most	 common
pathogens	 in	 neutropenic	 patients	 are	 Enterobacteriaceae,	 anaerobes,	 enterococci,	 and	 P.	 aeruginosa.	 In	 most
cases,	the	infection	is	polymicrobial.219

Fever	 often	 precedes	 symptoms	 and	 signs	 suggestive	 of	 anorectal	 infection,	 and	 perirectal	 pain,	 often
exacerbated	by	defecation,	may	initially	occur	in	the	absence	of	findings	in	the	physical	examination.	Therefore,
serial	 examinations	 of	 the	 perianal	 region	 are	 necessary,	 looking	 for	 point	 tenderness	 and	 poorly	 demarcated
induration.220	 Perianal	 and	 perirectal	 infections	 are	 distinguished	 anatomically,	 clinically,	 and	 therapeutically.
Among	 neutropenic	 patients,	 perianal	 infections	 are	 common	 and	 are	 usually	 managed	 medically,	 whereas
perirectal	 infections	are	uncommon	and	often	warrant	surgical	 intervention.	Visual	 inspection	should	assess	 for
the	presence	of	perianal	fissures,	fistulas,	cellulitis,	and	induration.	Digital	rectal	examination	should	be	avoided
during	 neutropenia.	A	CT	 scan	 should	 be	 obtained	 to	 show	 the	 extent	 of	 perirectal	 involvement	 and	 drainable
collections.	Stool	softeners	and	analgesics	should	be	provided.	Most	cases	of	anorectal	infections	can	be	managed
with	appropriate	broad-spectrum	antibiotics	and	supportive	measures	without	surgical	intervention.219	Indications
for	surgery	include	progression	of	disease	locally	or	continued	sepsis	despite	adequate	antibiotics.220

Surgical	Intra-abdominal	Infections

Esophageal	Obstruction
The	 available	 literature	 on	 stents	 for	 the	 relief	 of	malignant	 esophageal	 disease	 and	 gastroduodenal	 or	 colonic
obstruction	does	not	 suggest	an	 increased	 risk	of	 infectious	complications.	Professional	guidance	does	exist	 for
esophageal	and	upper	gastrointestinal	malignant	obstruction.221

Biliary	Obstruction
Both	gastroenterology	and	radiology	professional	guidelines	exist	related	to	the	placement	of	devices	for	the	relief
of	 malignant	 biliary	 tract	 obstruction.222,223	 The	 best	 current	 evidence	 does	 not	 support	 the	 need	 for
decompression	in	order	to	allow	for	better	surgical	outcomes.224

Infection	 (cholangitis,	 cholecystitis,	 and	 liver	 abscess)	 is	 a	 common	 adverse	 outcome	 of	 device	 placement.
Prior	 manipulation	 (endoscopic	 retrograde	 cholangiopancreatogram)	 and	 incomplete	 drainage	 are	 the	 most
consistently	 identified	 risk	 factors.225	 Infection	 rates	 of	 22%	 (percutaneous	 transhepatic	 drainage)	 and	 29.5%
(endoscopic	 placement)	 with	 self-expanding	 metallic	 stents	 have	 been	 reported	 in	 unresectable	 hilar
cholangiocarcinoma	 without	 a	 statistically	 significant	 difference	 by	 procedure.226	 Prophylactic	 antibiotics	 are
recommended	 in	 anticipation	 of	 incomplete	 endoscopic	 drainage,	 which	 occurs	 most	 frequently	 in	 proximal
obstruction.225,226	Evidence	suggests	 that	neither	ursodeoxycholic	acid	nor	antibiotics	 improve	stent	patency.227
Antibiotic	choices	should	be	made	in	consultation	with	an	expert	in	local	susceptibility	patterns.	No	clear	evidence
relates	the	type	of	device	used	to	the	risk	of	infection.

Transarterial	chemoembolization	may	also	be	rarely	complicated	by	infection	(bacteremia,	sepsis,	cholangitis,
hepatic	 abscess).	 Although	 antibiotic	 prophylaxis	 is	 recommended	 by	 some,228	 a	 meta-analysis	 did	 not	 show
improved	outcome	in	the	group	that	received	preventive	antibiotics.229

Central	Nervous	System	Infections
CNS	infections	in	patients	with	cancer	can	be	divided	into	surgical	and	nonsurgical.
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Infections	Related	to	Neurosurgical	Procedures
Devices	 are	 placed	 in	 the	 CNS/cranioskeletal	 system	 to	 relieve	 intracranial	 hypertension,	 replace	 structural
defects,	and	deliver	chemotherapy.	As	such,	the	dominant	infectious	events,	which	have	been	reported	in	>10%	of
cases,	 are	 related	 to	 contamination	 at	 placement	 or	 access.230	 Skin	 flora	 predominate,	 including	 staphylococci
(both	S.	aureus	and	coagulase-negative)	and	other	commensals	(Propionibacterium).	Cerebrospinal	fluid	indices
are	helpful	but	not	adequately	sensitive,	and	cultures	should	always	be	obtained	in	evaluating	signs	or	symptoms
that	might	represent	infection.231,232	A	reasonable	assessment	of	treatment	strategies	is	difficult	because	the	vast
majority	 of	 circumstances	 are	 treated	with	 removal	 of	 the	 device.	 Intrathecal	 administration	 of	 antibiotics	 has
some	chance	of	success	but	should	be	used	with	caution	when	 the	 infecting	organism	is	virulent	 (S.	aureus,	P.
aeruginosa).233	Titanium	devices	for	the	correction	of	cranial	defects	are	associated	with	infectious	complications
in	18.5%	of	cases	despite	their	reported	resistance	to	infection.234

Meningitis	and	Meningoencephalitis
Meningitis	and	encephalitis	in	cancer	patients	are	part	of	a	clinical	spectrum	of	CNS	disorders	causing	fever	and
meningismus.	 Encephalitis	 may	 manifest	 with	 signs	 and	 symptoms	 of	 meningeal	 inflammation	 but	 is
distinguished	 by	 the	 predominance	 of	 alterations	 of	 consciousness	 and	 neurologic	 deficits.	 The	 IDSA	 has
published	guidelines	on	the	management	of	community-acquired235	and	health-care–associated236	meningitis	and
encephalitis.237

Initial	evaluation	generally	involves	an	MRI	and	lumbar	puncture.	Cerebrospinal	fluid	studies	should	include
cell	 count	with	differential;	 cytology	and	 flow	cytometry	 if	 appropriate;	glucose,	protein,	 and	bacterial	 culture;
and	 Gram	 stain	 evaluation.	 In	 neutropenic	 patients,	 we	 add	 fungal	 culture,	 β-D-glucan,	 and	 galactomannan
antigen.	In	patients	with	impaired	cellular	immunity,	cerebrospinal	fluid	cryptococcal	antigen	should	be	ordered.
An	available	multiplex-PCR	panel	detects	many	bacterial	pathogens	as	well	as	herpesviruses	and	Cryptococcus.
Noninfectious	 causes	 of	 meningitis	 include	 carcinomatous	 meningitis,	 nonsteroidal	 anti-inflammatory
medications,	intravenous	Ig,	TMP/SMX,	and	serum	sickness	(e.g.,	associated	with	antilymphocyte	γ-globulin	or
intravenous	Ig).

A	reasonable	empirical	regimen	for	suspected	bacterial	meningitis	 in	patients	with	cancer	 is	ceftriaxone	plus
ampicillin	plus	vancomycin.	This	regimen	will	cover	common	causes	of	bacterial	meningitis,	including	penicillin-
resistant	 pneumococci	 and	 listeriosis.	 In	 the	 penicillin-allergic	 patient,	 the	 combination	 of	 vancomycin	 and
TMP/SMX	may	be	used.	In	patients	at	risk	for	P.	aeruginosa	meningitis	(e.g.,	neutropenia,	neurosurgery	within
the	past	2	months,	allogeneic	HSCT,	prior	history	of	P.	aeruginosa	infection),	cefepime	or	meropenem	should	be
used	instead	of	ceftriaxone.

In	 patients	 with	 suspected	 encephalitis	 (fever,	 mental	 status	 changes,	 cerebrospinal	 fluid	 pleocytosis),	 viral
etiologies	should	be	considered	and	frequently	treated	empirically	until	they	are	ruled	out.	Intravenous	acyclovir
should	be	considered	for	HSV;	it	will	also	treat	VZV.	After	allogeneic	HSCT	(particularly	cord	or	T-cell–depleted
transplants),	 HHV-6	 is	 a	 common	 cause	 of	 viral	 encephalitis,	 and	 empirical	 treatment	 with	 ganciclovir	 or
foscarnet	may	be	considered	pending	PCR	results.238	HHV-6	encephalitis	is	exceptional	outside	of	the	setting	of
allogeneic	HSCT.	In	patients	at	risk	for	TB,	nucleic	acid	amplification	methods	for	the	diagnosis	of	TB	should	be
obtained	and	adenosine	deaminase	considered.	Mycobacterial	culture	has	low	yield	and	takes	many	days	or	weeks
but	should	be	obtained.	After	allogeneic	HSCT	and	in	other	settings	of	impaired	T-cell	immunity,	toxoplasmosis
and	 CMV	 are	 possibilities;	 both	 may	 be	 diagnosed	 by	 PCR,	 although	 Toxoplasmosa	 PCR	 is	 notoriously
insensitive.	Other	viral	etiologies	may	be	considered	depending	on	the	region	and	time	of	the	year;	the	diagnosis
may	be	made	by	PCR	or,	in	the	case	of	West	Nile	virus,	by	determination	of	IgM	against	the	virus.

Herpes	 Viruses.	 HSV	 meningoencephalitis	 has	 been	 associated	 with	 older	 age,	 steroid	 therapy,	 and	 brain
irradiation.	Typically,	 there	 is	 enhancement	 of	 the	 temporal	 lobe	on	MRI.	After	 allogeneic	HSCT,	HHV-6	has
been	 associated	 with	 a	 characteristic	 limbic	 encephalitis,	 characterized	 by	 confusion,	 lethargy,	 memory	 loss,
seizures,	 and	 (late)	 hippocampal	 enhancement	 on	MRI	 fluid-attenuated	 inversion	 recovery	 images.239–241	 The
diagnosis	is	made	by	detection	of	HHV-6	DNA	in	the	cerebrospinal	fluid	by	PCR.238	Ganciclovir,	foscarnet,	and
the	combination	of	both	may	be	used,	but	there	are	no	clinical	data	to	choose	one	over	the	other.	Detection	of	high
levels	of	EBV	DNA	should	raise	suspicion	of	EBV-related	lymphoproliferative	disorder,242	but	EBV	encephalitis
and	myelitis	have	been	described.	Adenovirus	encephalitis	 also	occurs	 in	HSCT	patients	 and	 is	usually	part	of
disseminated	adenoviral	infection;	treatment	with	cidofovir	or,	if	available,	brincidofovir	may	be	attempted.



Cryptococcus	 neoformans.	 Host	 defense	 against	 cryptococcal	 infection	 is	 principally	 dependent	 on	 cellular
immunity.	 Among	 patients	 with	 cancer,	 those	 with	 hematologic	 malignancies,	 those	 receiving	 high-dose
corticosteroids,	and	allogeneic	HSCT	recipients	are	at	highest	risk	for	cryptococcosis.	Meningoencephalitis	is	the
most	 common	 presentation	 of	 cryptococcal	 infection,	 but	 other	 manifestations	 include	 primary	 pneumonia,
pulmonary	nodules,	fungemia,	and	cutaneous	and	visceral	dissemination.	Diagnosis	in	disseminated	disease	may
be	 obtained	 by	 determining	 cryptococcal	 antigen	 in	 the	 cerebrospinal	 fluid	 and	 peripheral	 blood;	 in	 cases	 of
localized	 disease,	 tissue	 must	 be	 obtained.	 In	 immunocompromised	 patients,	 the	 preferred	 regimen	 is
amphotericin	 B	 (plus	 5-flucytosine	 for	 the	 first	 2	 weeks),	 followed	 by	 maintenance	 fluconazole	 therapy.	 In
neutropenic	 patients,	 reduction	 of	 the	 dosage	 of	 5-flucytosine	 may	 be	 considered	 to	 avoid	 delay	 in	 myeloid
recovery.	Because	fluconazole	is	well	tolerated,	continuing	therapy	with	this	agent	for	several	months	(or	longer	if
intensive	immunosuppressive	therapy	is	continued)	is	reasonable.

Brain	Abscess
Brain	 abscesses	 usually	 manifest	 with	 headache,	 focal	 neurologic	 findings,	 or	 seizures.	 MRI	 typically	 shows
single	 or	 multiple	 lesions	 with	 edema	 and	 ring	 enhancement.	 Bacterial	 abscesses	 in	 nonimmunocompromised
patients	 are	 typically	 caused	 by	 dental	 flora.	 In	 cancer	 patients,	 brain	 abscesses	 unrelated	 to	 surgery	 occur
primarily	 in	 patients	 with	 prolonged	 neutropenia	 or	 profoundly	 depressed	 cell-mediated	 immunity	 and	 are
frequently	fungal	(92%	of	58	cases	of	brain	abscesses	after	HSCT).243	Almost	all	cases	of	CNS	aspergillosis	are
associated	 with	 a	 pulmonary	 focus.	 Most	 cases	 of	Candida	 brain	 abscess	 are	 associated	 with	 candidemia	 or
neutropenia.

Manifestations	of	CNS	aspergillosis	include	focal	seizures,	hemiparesis,	cranial	nerve	palsies,	and	hemorrhagic
infarcts	due	to	vascular	 invasion.244	Serum	and	cerebrospinal	fluid	galactomannan	and	β-glucan	testing	are	also
useful	 to	make	 the	 diagnosis.	Aspergillus	 brain	 abscesses	 are	 typically	multiple,	 hypodense,	 and	nonenhancing
with	 little	 mass	 effect.	 CT	 scans	 with	 contrast	 enhancement	 initially	 may	 reveal	 no	 focal	 lesions,	 but	 lesions
usually	 evolve	 to	 become	 focal	 ring-enhancing	 or	 hemorrhagic	 lesions.	 MRI	 may	 show	 varying	 patterns
depending	 on	 the	 stage	 of	 the	 lesion.	 In	 patients	 with	 impaired	 cellular	 immunity,	 other	 etiologies	 include
toxoplasmosis,	nocardiosis,	cryptococcosis,	and	mycobacterial	 infections.	Noninfectious	etiologies	 include	CNS
malignancies,	 including	 secondary	 lymphomas	 and	 EBV-associated	 PTLD	 in	 patients	 with	 impaired	 cellular
immunity.	Given	 the	broad	differential	diagnosis	of	new	focal	CNS	 lesions	 in	 immunocompromised	patients,	a
brain	biopsy	is	recommended	if	feasible.	Cultures	and	stains	should	encompass	bacteria,	fungi,	mycobacteria,	and
Nocardia.

In	 nonimmunocompromised	 patients	 with	 a	 bacterial	 brain	 abscess,	 initial	 therapy	 with	 ceftriaxone	 plus
metronidazole	is	advised.	In	patients	with	prolonged	neutropenia	without	corticosteroids	or	lymphocyte-depleting
agents,	voriconazole	should	be	added.	Voriconazole	has	important	drug–drug	interactions	with	certain	antiseizure
agents	(e.g.,	phenytoin).	In	allogeneic	HSCT	recipients	and	other	patients	with	severe	T-cell	impairment	or	high-
dose	 corticosteroids,	 addition	 of	 high-dose	 TMP/SMX	 should	 be	 considered	 to	 cover	 toxoplasmosis	 and
nocardiosis,	pending	a	definitive	diagnosis.

Toxoplasmosis.	Reactivation	of	Toxoplasma	gondii	may	cause	life-threatening	disease	in	patients	with	profound
deficits	 in	 T-cell	 immunity.	 Risk	 factors	 include	 therapy	 with	 corticosteroids,	 alemtuzumab,	 cytotoxic	 agents,
and/or	 radiation	 and	 poorly	 controlled	 malignancy.	 Toxoplasmosis	 is	 an	 uncommon	 complication	 of	 HSCT,
occurring	in	<1%	of	patients,	nearly	all	seropositive	prior	to	transplantation.	It	tends	to	occur	in	the	presence	of
moderate	to	severe	GVHD	(median	day	of	onset	of	disease	was	64	days	after	HSCT).245,246

CNS	disease	with	altered	mental	status,	coma,	seizures,	cranial	nerve	abnormalities,	and	motor	weakness	are
the	most	common	findings.247	MRI	typically	shows	two	or	more	lesions	that	may	be	ring	enhancing	(Fig.	125.5).
The	 differential	 diagnosis	 includes	 bacterial	 infection,	 IA,	 nocardiosis,	 and	 malignancy.	 Differentiating
toxoplasmosis	 from	 lymphoma	 is	 particularly	 difficult;	 18-fluorodeoxyglucose	 positron	 emission	 tomography
typically	 shows	 increased	metabolism	 in	 lymphoma.248	Cerebrospinal	 fluid	 in	 toxoplasmosis	 is	usually	normal;
however,	a	mononuclear	pleocytosis	and	elevated	protein	may	be	seen.	Besides	the	CNS,	other	organs	may	also
be	 involved	 (myocarditis,	 interstitial	 pneumonitis,	 culture-negative	 sepsis,	 and	 hemophagocytic
lymphohistiocytosis	have	been	described).	Although	definitive	diagnosis	of	toxoplasmosis	relies	on	demonstration
of	 tachyzoites	and	cysts	 in	histopathologic	 sections,	PCR	applied	 to	 serum	and	cerebrospinal	 fluid	has	become
widely	 used	 and	 may	 facilitate	 earlier	 diagnosis.245,249	 The	 initial	 treatment	 of	 choice	 for	 toxoplasmosis	 is
TMP/SMX	or	 the	 combination	 of	 sulfadiazine	 and	 pyrimethamine.	 Folinic	 acid	 (10	 to	 20	mg	daily)	 should	 be
administered	to	reduce	myeloid	toxicity.	In	patients	intolerant	of	sulfonamides,	clindamycin	and	primaquine	may
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be	 used	 instead	 after	 verifying	 normal	 glucose-6-phosphate	 dehydrogenase	 activity.	Atovaquone	 has	 also	 been
used	after	exhausting	other	options.

Figure	125.5	Toxoplasmosis.	A	58-year-old	man	developed	seizures	and	aphasia	8	months	after
allogeneic	stem	cell	transplant	for	chronic	Epstein-Barr	virus	lymphoproliferative	disorder.	Brain
biopsy	showed	toxoplasmosis.	A:	Coronal	T1-weighted	image	shows	a	necrotic	lesion	in	the	left
anterior	temporal	lobe.	B:	Axial	T2-weighted	image	shows	significant	edema.	The	magnetic

resonance	imaging	differential	diagnosis	included	infection,	lymphoma,	and	glioma.

JC	Virus	Encephalopathy.	PML	is	a	demyelinating	disease	associated	with	lytic	infection	of	oligodendrocytes
by	the	human	polyomavirus	JC	virus.	Patients	may	develop	rapidly	progressive	dementia	as	well	as	focal	motor	or
cerebellar	 findings.	 PML	 is	 occasionally	 seen	 in	 immunocompromised	 persons	with	 hematologic	malignancies
and	 in	 HSCT	 recipients.	 Several	 cases	 associated	 with	 the	 use	 of	 rituximab	 and	 other	 biologic	 agents29	 have
prompted	 black	 box	 warnings	 regarding	 a	 possible	 association.	 There	 may	 also	 be	 an	 association	 with
mycophenolate	mofetil,	an	agent	used	sometimes	for	GVHD.	MRI	typically	shows	multiple	white	matter	lesions
without	mass	effect	or	enhancement.	Diagnosis	is	generally	established	by	detection	of	JC	virus	in	spinal	fluid	by
PCR	(90%	sensitivity);	if	the	PCR	is	negative,	brain	biopsy	should	be	obtained.	There	is	no	established	therapy
for	 PML.	 In	 patients	with	AIDS,	 highly	 active	 antiretroviral	 therapy	 is	 the	 best	 option.	By	 extrapolation,	 it	 is
logical	to	try	to	reduce	immunosuppressive	therapy	in	persons	with	cancer	and	PML	as	a	means	of	augmenting
cell-mediated	immunity.	There	are	reports	of	improvement	after	the	use	of	the	antidepressant	mirtazapine,	which
may	interfere	with	virus	entry.250

Genitourinary	Infections
Neutropenic	patients	with	urinary	tract	infections	are	less	likely	to	show	pyuria	and	are	far	more	likely	to	become
bacteremic	 compared	 with	 nonneutropenic	 patients.	 We	 usually	 treat	 asymptomatic	 bacteriuria	 during
neutropenia,	although	evidence	is	lacking.	Asymptomatic	candiduria	is	common	in	patients	with	bladder	catheters.
Removal	 of	 indwelling	 bladder	 catheters	 and	 cessation	 of	 antibacterial	 agents	 frequently	 leads	 to	 resolution	 of
candiduria.	Therefore,	 routine	 treatment	of	asymptomatic	candiduria	 is	not	warranted.	However,	because	of	 the
risk	of	candidemia	after	genitourinary	tract	manipulations,	candiduria	should	be	treated	before	such	procedures	are
performed.	Candiduria	 should	be	 treated	 in	neutropenic	patients	with	 fever	 because	of	 the	possibility	 of	 occult
invasive	candidiasis.

Genitourinary	Infections	Related	to	Instrumentation	or	Devices
The	 American	 College	 of	 Radiology	 provides	 guidance	 to	 determine	 the	 appropriateness	 of	 interventions.222
Relief	of	malignant	obstruction	of	the	urinary	tract	is	best	described	in	the	context	of	gynecologic	malignancy.251



Acute	 fever	 (10.3%	 to	15%)	and	pyelonephritis	 (5.9%	 to	3.8%)	are	common,	 respectively,	 for	 internal	ureteral
stent	and	percutaneous	nephrostomy	(no	significant	difference	by	procedure).	Sepsis	and	bacteremia	are	common
events	in	the	placement	of	stents	or	percutaneous	nephrostomy	tubes	when	the	urinary	tract	is	infected,	with	septic
shock	 in	 7%	 to	 9%	 of	 cases	 of	 pyonephrosis.252	 No	 clear	 evidence	 favors	 any	 type	 of	 device,	 and	 although
prophylactic	antibiotics	are	recommended,	evidence	for	efficacy	in	preventing	infection-related	complications	is
lacking.253

Cystitis.	 Hemorrhagic	 cystitis	 is	 a	 common	 consequence	 of	 some	 cytotoxic	 regimens,	 particularly
cyclophosphamide.	 A	 viral	 etiology	 should	 be	 considered	 in	HSCT	 recipients	 and	 other	 immunocompromised
patients	with	unexplained	hematuria.	The	polyomavirus	BK,	adenovirus,	and,	rarely,	CMV	have	been	associated
with	 hemorrhagic	 cystitis.	 Adenovirus	 hemorrhagic	 cystitis	 is	 usually	 self-limited,	 and	 the	 value	 of	 antiviral
therapy	 is	 unclear.	 It	 is	 recommended	 to	 consider	 the	 possibility	 of	 adenovirus-related	 obstructive	 uropathy,
hemorrhagic	nephritis,	 and	disseminated	adenovirus	disease.254	Low-dose	cidofovir	 is	 sometimes	used	with	 the
aim	of	preventing	disseminated	adenovirus	disease.255	BK	virus	commonly	reactivates	after	allogeneic	HSCT,	but
only	a	minority	of	patients	develop	hemorrhagic	cystitis;	high	plasma	viral	load	correlates	with	risk	of	both	BK
virus–associated	hemorrhagic	cystitis	and	the	 less	commonly	seen	BK	nephropathy.256,257	A	retrospective	study
suggested	that	low-dose	cidofovir	may	be	effective	therapy	for	BK	virus–associated	hemorrhagic	cystitis,258	but
the	disease	tends	to	be	self-limited,	so	nonrandomized	trials	cannot	provide	a	definitive	answer.

MULTIDRUG-RESISTANT	ORGANISMS	OF	INTEREST	IN	ONCOLOGY
Patients	being	treated	for	malignancy	or	undergoing	HSCT	are	particularly	vulnerable	 to	health-care–associated
infections.	 Gram-negative	 bacterial	 resistance	 in	 particular	 is	 a	 rising	 challenge	 that	 threatens	 to	 undermine
outcomes	of	cancer	therapy.259	Approximately	14%	of	nosocomial	infections	in	the	United	States	are	caused	by
multidrug-resistant	bacteria.260	The	proportions	are	even	higher	in	some	European	and	Asian	countries.261	In	fact,
receipt	 of	 health	 care	 outside	 the	United	 States	 is	 associated	with	 carriage	 of	 highly	 antibiotic-resistant	 gram-
negative	organisms.

Multidrug-resistant	 organisms	 (MDROs)	not	 only	 cause	 serious	 infections	but	 also	 leave	patients	 colonized,
often	 for	 months.262–264	 Colonization	 refers	 to	 asymptomatic	 carriage	 on	 or	 in	 the	 body,	 without	 bacterial
invasion.	MRSA	 tends	 to	 colonize	 the	 nares	 and	 skin,	 whereas	 VRE	 and	 gram-negative	 bacteria	 colonize	 the
intestinal	 tract.	 Colonization	 with	 multidrug-resistant	 bacteria	 can	 hasten	 death	 in	 patients	 who	 are	 already
seriously	ill	with	malignancy	or	HSCT.	Under	conditions	that	impair	gut	mucosal	integrity	(e.g.,	chemotherapy,
GVHD,	 and	 other	 causes	 of	 colitis),	 the	 organisms	 colonizing	 the	 intestinal	 tract	 can	 invade	 and	 cause
bloodstream	or	device-associated	infections.265,266	Patients	with	cancer	who	develop	infections	with	MDROs	have
a	substantially	higher	mortality	rate	than	those	who	have	infections	with	susceptible	strains	of	the	same	bacteria,
due	in	part	to	misdirected	empiric	therapy.267–269

Multidrug-resistant	bacteria	are	shed	by	colonized	patients	and	spread	via	the	health-care	environment,	hands
of	 health-care	 personnel,	 and	 contaminated	 equipment.	 Patients	with	 hematologic	malignancies	 and	HSCT	 are
particularly	 vulnerable	 to	 acquisition	 of	 certain	 MDROs	 because	 of	 immune	 suppression,	 receipt	 of	 broad-
spectrum	 antibiotics,	 and	 prolonged	 hospitalization.	 In	 addition,	 patients	 undergoing	 HSCT	 have	 significant
derangement	 of	 their	 intestinal	 microbiota,	 which	 diminishes	 colonization	 resistance	 and	 allows	 long-term
establishment	of	MDROs	in	the	abnormal	intestinal	flora.270

Multidrug-Resistant	Gram-Positive	Bacteria

Methicillin-Resistant	Staphylococcus	aureus
MRSA	is	commonly	acquired	in	the	community	as	well	as	in	health-care	facilities	and	causes	primarily	skin	and
soft	 tissue	 infections,	 central	 line–associated	 bloodstream	 infections,	 and	 pneumonia.	 MRSA	 has	 declined	 in
frequency	as	a	cause	of	 invasive	infections	among	hospitalized	patients,	reflecting	declines	 in	both	community-
acquired	 and	 health-care–associated	 MRSA.271,272	 Nonetheless,	 MRSA	 bloodstream	 infections	 carry	 a	 high
mortality	 rate	 in	 patients	 with	 cancer.273	 The	 IDSA	 has	 published	 guidelines	 for	 the	 treatment	 of	 MRSA.274
Although	 resistant	 to	 penicillins	 and	 cephalosporins,	 MRSA	 is	 typically	 susceptible	 to	 several	 oral	 and
intravenous	 antibiotics.	 However,	 recommended	 empirical	 therapy	 for	 fever	 and	 neutropenia	 does	 not	 cover
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MRSA	unless	 the	 patient	 is	 known	 to	 be	 colonized	with	MRSA	or	 presents	with	 sepsis,	 pneumonia,	 or	 severe
mucositis.76	The	value	of	screening	patients	before	administering	cytotoxic	chemotherapy	has	not	been	addressed
recently.	Preoperative	screening	for	MRSA	and	treatment	with	nasal	mupirocin	and	chlorhexidine	gluconate	baths
prior	 to	oncologic	 surgery	may	 reduce	 the	 risk	of	postoperative	MRSA	 infection;	 this	measure	 reduced	 serious
surgical	site	infections	in	a	multicenter	clinical	trial.275

Community-acquired	MRSA	 strains	 are	 generally	 susceptible	 to	 clindamycin,	 doxycycline,	 and	 TMP/SMX.
The	standard	treatment	for	severe	MRSA	infections	is	vancomycin.	Vancomycin-	intermediate	and	vancomycin-
resistant	MRSA	is	rare.276	However,	vancomycin	failure	in	MRSA	bacteremia	has	been	associated	with	increasing
vancomycin	minimum	inhibitory	concentrations	well	within	what	is	currently	considered	the	susceptible	range.277
Based	 on	 these	 observations,	 new	 guidelines	 on	 vancomycin	 dosing	 and	 therapeutic	 monitoring	 have	 been
published.278	Minimum	serum	vancomycin	trough	concentrations	should	always	be	maintained	above	10	mg/L	to
avoid	development	of	resistance.

Linezolid	 seems	 at	 least	 as	 effective	 as	 vancomycin	 against	 MRSA	 in	 most	 published	 studies,279,280	 and
guidelines	consider	both	linezolid	and	high-dose	vancomycin	(trough	level	of	vancomycin	of	15	to	20	μg/mL)	to
be	acceptable	options	for	suspected	or	proven	MRSA	pneumonia.198	The	major	concern	with	linezolid	in	patients
with	 cancer	 is	 duration-dependent	 marrow	 suppression.	 Short	 courses	 of	 linezolid	 appear	 to	 delay	 myeloid
recovery	only	modestly	in	neutropenic	patients	with	cancer90;	however,	experience	with	long	durations	of	therapy
(e.g.,	>14	days)	 is	 limited.	Peripheral	and	optic	neuropathies	have	also	been	described	with	prolonged	linezolid
administration.	Daptomycin	is	an	acceptable	option	for	S.	aureus	bacteremia	and	MRSA	based	on	the	results	of
randomized	controlled	trials.281,282	Daptomycin	is	inactivated	by	lung	surfactant	and	therefore	should	not	be	used
to	 treat	 pneumonia.	 Newer	 antibiotics	 that	 can	 treat	 MRSA	 infections	 include	 ceftaroline	 (a	 fifth-generation
cephalosporin),	oritavancin	and	 telavancin	(glycolipopeptides),	and	 tedizolid	 (an	oxazolidinone).	Few	published
studies	describe	clinical	experience	with	 these	antimicrobial	agents	apart	 from	treatment	of	 skin	and	soft	 tissue
infections	and	pneumonia.

Vancomycin-Resistant	Enterococci
VRE	are	 frequent	 pathogens	 in	 hematology-oncology	units.	Once	 colonized,	 patients	 can	 carry	VRE	 for	many
months,	 and,	 as	with	 other	 colonizing	multidrug-resistant	 pathogens,	 VRE	 can	 cause	 bloodstream	 and	 device-
related	 infections.283	 Patients	 acquire	 VRE	 in	 health-care	 facilities,	 where	 >40%	 of	 enterococcal	 isolates	 are
resistant	 to	 vancomycin.284	 The	 bacteria	 are	 hardy	 and	 tenacious	 in	 the	 environment	 and	 easily	 establish
colonization	in	HSCT	patients	who	have	had	major	shifts	in	intestinal	flora	due	to	antibiotics	and	other	aspects	of
their	therapy.285	Although	VRE	are	less	virulent	than	MRSA	and	many	other	MDROs,	they	can	still	cause	lethal
bloodstream	infections	in	immunocompromised	patients.286	Screening	for	VRE	in	this	high-prevalence	population
allows	 for	 implementation	 of	 isolation	 precautions	 to	 limit	 further	 spread	 as	 well	 as	 more	 effective	 empiric
therapy	 for	 fever	and	neutropenia	or	 sepsis.286	VRE	are	 resistant	 to	vancomycin	 and	usually	 ampicillin	but	 are
typically	susceptible	to	at	least	two	other	intravenous	or	oral	antibiotics,	linezolid,	and	daptomycin;	resistance	to
those	has	been	reported	and	may	be	 increasing,	making	prevention	even	more	crucial.287	Newer	antibiotics	 that
can	treat	VRE	infections	include	oritavancin	and	tedizolid.

Clostridium	difficile

Epidemiology.	The	incidence	of	C.	difficile	infection	(CDI)	has	risen	steadily	since	the	early	2000s,	when	a	new,
hypervirulent	strain	emerged	and	became	widespread	and	predominant	in	many	North	America	hospitals.288	Since
the	emergence	of	the	B1/NAP1	strain,	the	incidence	of	C.	difficile	has	more	than	quadrupled,	resulting	in	450,000
infections	and	29,000	deaths	per	year.289	Hospitalized	patients	with	cancer	develop	CDI	at	twice	the	rate	of	other
inpatients.290	 The	 reported	 incidence	 is	 highest	 in	 allogeneic	 HSCT,	 followed	 by	 autologous	 HSCT	 and
hematologic	malignancies,	and	is	lower	in	solid	tumors.291,292	Patients	with	malignancy	develop	CDI	due	to	their
exposure	 to	 the	 chief	 risk	 factors,	 which	 are	 antibiotics,	 chemotherapy,	 neutropenia,	 advanced	 age,	 and
hospitalization.	Proton	pump	inhibitors	have	been	implicated	as	a	risk	factor,	but	the	evidence	is	weak.293

Diagnosis.	C.	 difficile	 produces	 exotoxins	 that	 cause	 colitis	with	 a	wide	 spectrum	 of	 severity.	Mild	 disease	 is
characterized	 by	 diarrhea	 and	 abdominal	 pain;	 patients	 with	 severe	 infection	 can	 become	 systemically	 ill,
requiring	 intensive	 care	 and,	 occasionally,	 emergency	 colectomy.	 The	 disease	 may	 occur	 in	 outpatients,	 and
patients	may	develop	infection	weeks	after	hospital	discharge294	or	in	the	absence	of	hospitalization.	Diagnosis	is



made	via	detection	of	bacterial	 toxin	in	diarrhea	stool	by	enzyme	immunoassay,	PCR,	or	cytotoxin	assay.295,296
Among	these	methods,	PCR	is	by	far	the	most	sensitive	and	specific.	When	used	alone,	PCR	is	positive	at	similar
rates	in	symptomatic	and	asymptomatic	patients,	suggesting	that	a	substantial	portion	of	positive	results	in	patients
with	diarrhea	 represent	 colonization	 rather	 than	 infection.	To	minimize	unnecessary	 treatment	of	 asymptomatic
carriers,	IDSA	guidelines	recommend	limiting	testing	for	C.	difficile	to	samples	from	patients	who	have	more	than
three	 diarrheal	 stools	 in	 a	 day,	 in	 the	 absence	 of	 laxatives.	 When	 such	 limits	 are	 not	 in	 place,	 the	 society
recommends	multistep	 testing	using	a	 less	 specific	 screening	 test	 followed	by	PCR	 testing	of	positive	 samples.
Repeat	testing	within	7	days	is	not	necessary.296

Treatment.	Because	C.	difficile	 is	primarily	an	antibiotic-	associated	infection,	discontinuation	of	antibiotics,	 if
possible,	 may	 improve	 the	 chance	 of	 cure	 and	 reduce	 risk	 of	 recurrence.	 Guidelines	 from	 the	 Society	 for
Healthcare	 Epidemiology	 of	 America	 and	 the	 IDSA	 suggest	 an	 expert-opinion	 clinical	 classification	 of	 the
severity	of	C.	difficile	 infection	 as	 nonsevere,	 severe,	 and	 fulminant.	 Severe	 infection	 is	 based	 on	 leukocytosis
≥15,000	 cells/mL	 and	 creatinine	 >1.5	 mg/dL.	 These	 criteria	 are	 less	 applicable	 to	 cancer	 patients	 or	 HSCT
recipients	who	may	have	leukopenia	or	renal	failure.296

Initial	therapy	for	severe	or	nonsevere	disease	is	a	10-day	course	of	oral	vancomycin	or	fidaxomicin,	and	oral
metronidazole	only	for	nonsevere	infection	if	first-line	drugs	are	not	available.296	Fidaxomicin,	a	newer	antibiotic,
is	 equivalent	 to	 vancomycin	 in	 improving	 symptoms	 of	 infection	 and	may	 achieve	 a	more	 enduring	 cure	 than
vancomycin.297	There	is	no	need	to	send	additional	samples	as	tests	of	cure	during	or	following	treatment	unless
there	 is	 renewed	 diarrhea	 that	 raises	 concern	 for	 recurrence.	 Fulminant	 C.	 difficile	 infection,	 defined	 as
hypotension,	shock,	ileus,	or	toxic	megacolon,	is	treated	with	vancomycin	administered	both	orally	and	per	rectum
as	well	as	intravenous	metronidazole296;	patients	with	fulminant	infection	may	require	emergency	colectomy.	A
first	recurrence,	or	second	episode,	is	treated	with	a	different	first-line	therapy	as	the	first	episode	or	with	a	taper
of	oral	vancomycin.	Further	recurrences	are	treated	with	fidaxomicin	or	vancomycin	taper	(alone	or	followed	by	a
course	 of	 rifaximin),	 although	 there	 are	 no	 randomized	 trials	 to	 support	 these	 practices.296	 Those	 who	 have	 a
second	or	subsequent	recurrence	may	benefit	from	fecal	microbiota	(stool)	transplantation,	which	has	a	cure	rate
of	at	least	80%	to	90%.298,299	There	is	limited	but	increasing	clinical	experience	with	fecal	transplantation	among
patients	with	cancer.300

Probiotics	 are	 popular	 due	 in	 part	 to	 the	 perception	 that	 they	 are	 harmless	 and	may	 help	 prevent	 initial	 or
recurrent	CDI.	Lactobacillus	 spp.,	Saccharomyces	 spp.,	 and	other	organisms	are	marketed	 at	 varying	doses	 for
these	purposes;	a	recent	meta-analysis	found	that	probiotics	may	help	to	prevent	antibiotic-associated	C.	difficile
infection	among	patients	who	are	not	immunocompromised.301	Probiotics	must	be	used	with	caution	in	HSCT	and
other	highly	 immunocompromised	patients,	 as	both	Lactobacillus	 and	Saccharomyces	 can	 translocate	 from	 the
intestinal	tract	and	cause	bloodstream	infections.302,303

Outcome.	The	majority	of	patients	 experience	mild	 to	moderate	 infection,	of	whom	nearly	90%	 recover	when
treated	with	a	standard	regimen304;	a	significant	minority,	in	particular	those	who	are	infected	with	the	B1/NAP1
strain,	 develop	 severe	 disease,	 often	 requiring	 intensive	 care	 or	 emergency	 colectomy.	Approximately	 20%	 to
30%	of	patients	experience	relapse,305	usually	within	2	weeks	and	at	approximately	equivalent	rates	among	those
treated	 with	 metronidazole	 or	 vancomycin.306	 The	 relapse	 rate	 may	 be	 lower	 in	 patients	 treated	 with
fidaxomicin.305,307	Approximately	40%	of	relapsed	patients	experience	additional	relapses	of	infection.	A	smaller
proportion	develop	refractory	disease.	Advanced	age	and	continued	antibiotic	therapy	are	risk	factors	for	severe,
recurrent,	and	refractory	infection.303

Patients	with	cancer	have	a	lower	rate	of	cure	and	double	the	time	to	resolution	of	symptoms	compared	to	other
patients,	 but	 do	 not	 have	 a	 higher	mortality	 rate	 from	CDI.292,305,308	HSCT	 recipients	 do	 not	 experience	more
severe	disease	than	control	patients	and	do	not	have	higher	mortality	than	other	HSCT	patients.	Among	allogeneic
HSCT	recipients,	there	may	be	a	self-reinforcing	cycle	between	CDI	and	intestinal	GVHD.	Gut	GVHD	is	a	risk
factor	 for	 CDI,308,309	 and	 CDI	 is	 strongly	 associated	 with	 subsequent	 development	 of	 gastrointestinal
GVHD.309,310	Allogeneic	HSCT	patients	may	also	be	more	vulnerable	to	bloodstream	infections	following	CDI,
possibly	due	to	further	impairment	of	intestinal	mucosal	integrity.310

Prevention.	Implementation	of	facility-wide	antimicrobial	stewardship	programs	has	been	shown	to	reduce	rates
of	CDI	in	health-care	facilities	and	can	reduce	rates	among	cancer	patients.311	Several	risk	factors	for	CDI	(e.g.,
broad-spectrum	antibiotics)	may	not	be	modifiable	 in	patients	with	malignancy	and	HSCT	recipients.	However,
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evidence	suggests	that	much	of	the	CDI	that	occurs	in	hospitals	is	transmitted	from	other	patients	via	health-care
personnel	 or	 from	 the	 hospital	 environment.	C.	 difficile	 spores	 are	 extremely	 hardy	 and	 remain	 viable	 in	 the
health-care	environment	for	weeks	to	months.	Hospitalized	patients	who	experience	recurrences	of	CDI	are	often
reinfected	with	different	strains,	possibly	from	contamination	in	the	health-care	environment.312	Infection	control
precautions	 can	 contribute	 significantly	 to	 prevention	 and	 control	 of	 C.	 difficile	 spread	 within	 a	 health-care
facility.313	Empirical	 isolation	of	patients	while	 tests	 for	diarrheal	pathogens	are	pending	 is	essential	 to	prevent
spread	of	C.	difficile	 and	other	 pathogens	 from	patient	 to	patient,	 as	 is	 effective	disinfection	of	 hospital	 rooms
when	patients	are	discharged	or	have	recovered	from	infection.314	Strict	adherence	to	isolation	precautions	(glove,
gown,	and	hand	hygiene)	is	crucial.36	Hand	hygiene	with	soap	and	water	 in	 lieu	of	alcohol-based	hand	gel	will
achieve	superior	removal	of	C.	difficile	spores.315

Multidrug-Resistant	Gram-Negative	Bacteria

Extended-Spectrum	β-Lactamase–Producing	and	Carbapenem-Resistant	Enteric	Bacteria
Multidrug-resistant	gram-negative	enteric	pathogens,	such	as	Klebsiella,	Escherichia	coli,	and	Enterobacter,	 are
of	great	concern	due	to	both	increasing	prevalence	and	increasing	risk	of	treatment	failure	among	oncology	and
HSCT	patients.259	Enteric	bacteria	are	common	causes	of	bloodstream	infections,	device-related	 infections,	and
deep	 surgical	 site	 infections.	 Many	 gram-negative	 bacteria	 are	 resistant	 to	 fluoroquinolones,	 particularly	 in
patients	who	have	received	fluoroquinolone	prophylaxis.316–318	Extended-spectrum	β-lactamase–producing	gram-
negative	 enteric	 bacteria	 are	 generally	 resistant	 to	 all	 cephalosporins	 and	most	 or	 all	 penicillins.	For	 extended-
spectrum	β-lactamase–producing	enteric	bacteria,	carbapenems	are	the	treatment	of	choice,	but	a	post	hoc	study
suggests	 that	 piperacillin-tazobactam	may	 be	 used	 successfully.319	 Unfortunately,	 resistance	 to	 carbapenems	 is
becoming	more	prevalent.	A	rapidly	expanding	subset	of	carbapenem-resistant	bacteria	carry	a	plasmid-mediated
carbapenemase	enzyme	that	hydrolyzes	the	antibiotic.320	Carbapenem-resistant	enteric	bacteria	(CRE)	are	readily
transmitted	in	hospital	wards,	and	bloodstream	infections	carry	a	mortality	rate	of	>50%	in	hematology-oncology
patient	populations.321–323

The	best	treatment	of	this	infection	is	not	known,	although	ceftazidime-avibactam	is	emerging	as	the	antibiotic
of	choice.324,325

Pseudomonas	aeruginosa
P.	aeruginosa	continues	to	be	frequently	documented	during	neutropenic	fever.326	Many	cases	of	P.	aeruginosa
bacteremia	now	occur	 in	outpatients.327,328	Pseudomonas	 also	 causes	 device-related	 infections	 and	 surgical	 site
infections	 in	 patients	 with	 solid	 tumor	 malignancies.	 No	 single	 antimicrobial	 is	 effective	 against	 100%	 of
Pseudomonas	isolates,	which	is	the	reason	most	authorities	recommend	combining	an	antipseudomonal	β-lactam
antibiotic	 and	 an	 aminoglycoside	 until	 results	 of	 susceptibility	 testing	 become	 available.329	 Isolates	 of	 P.
aeruginosa	 in	 colonized	 patients	 who	 receive	 antibiotics	 frequently	 develop	 progressive	 resistance	 to	 those
antibiotics,330	resulting	in	limited	treatment	options.	Approximately	13%	of	nosocomial	P.	aeruginosa	infections
are	 multidrug	 resistant.	 Colistin	 administered	 parenterally326	 or	 aerosolized	 (in	 infections	 limited	 to	 the
lung)331–333	 may	 be	 considered	 as	 salvage	 therapy.	 The	 continuous	 infusion	 of	 ceftazidime	 or	 other	 β-lactam
antibiotics	 has	 also	 been	 used	 in	 attempts	 to	 prevent	 or	 overcome	 the	 emergence	 of	 resistance	 during
therapy.334–336

Other	 multidrug-resistant	 pathogens	 that	 are	 occasional	 causes	 of	 nosocomial	 infection	 or	 even	 hospital
outbreaks	 include	waterborne	 organisms	 such	 as	Acinetobacter	baumannii,	Stenotrophomonas	maltophilia,	 and
Sphingomonas	 spp.	 These	 bacteria	 can	 cause	 bloodstream	 infections	 and	 device-related	 infections	 and	 can
colonize	 the	 gastrointestinal	 tract,	 skin,	 and	 respiratory	 tract	 of	 immunocompromised	 or	 critically	 ill	 patients.
Acinetobacter	 is	 a	 pathogen	 that	 has	 become	 endemic	 in	 many	 health-care	 facilities.337	 Susceptible	 strains	 of
Acinetobacter	 are	 found	 in	water	 and	 soil,	 but	 health-care–associated	 isolates	 are	 frequently	 resistant	 to	many
classes	of	antibiotics,	often	including	carbapenems.338	Although	Acinetobacter	causes	2%	to	7%	of	health-care–
associated	 infections,	 63%	 of	 Acinetobacter	 isolates	 are	 multidrug	 resistant.	 Stenotrophomonas	 isolates	 are
intrinsically	resistant	to	carbapenems	and	cephalosporins	and	may	be	selected	out	by	prior	use	of	broad-spectrum
antibiotics,	 particularly	 carbapenems.339	 The	 majority	 of	 strains	 are	 susceptible	 to	 TMP/SMX,	 which	 is	 the
preferred	 initial	 antibiotic.	 If	 TMP/SMX	 cannot	 be	 used,	 there	 have	 been	 reports	 of	 success	 with	 ticarcillin-
clavulanic	acid	and	fluoroquinolones	(particularly	moxifloxacin).	Tigecycline	and	colistin	are	often	active	in	vitro.



The	grave	danger	posed	by	some	highly	antibiotic-resistant	bacteria	to	immunocompromised	patients	warrants
heightened	 infection	 control	 efforts	 to	 prevent	 nosocomial	 acquisition	 of	 the	 pathogens.	 Surveillance	 efforts
should	be	targeted	to	identifying	patient	colonization	with	the	most	highly	prevalent	(e.g.,	VRE)	or	most	clinically
significant	 pathogens	 (e.g.,	 carbapenemase-	 producing	 enteric	 bacteria).	 Rapid	 molecular	 assays	 that	 detect
MRSA,	VRE,	 and	 some	CRE	have	 lowered	 the	 barrier	 to	 identification	 of	 colonized	patients.	Once	 identified,
colonized	patients	 are	 isolated	 in	 order	 to	 prevent	 transmission.	Meticulous	 adherence	 to	 isolation	 precautions,
rigorous	 hand	 hygiene,	 and	 effective	 environmental	 disinfection	 are	 essential	 to	 prevent	 transmission	 from
colonized	patients	who	are	isolated	and	those	whose	colonization	has	not	yet	been	discovered.	In	addition	to	the
infection	control	 rationale,	knowledge	of	MDRO	colonization	status	offers	clinicians	a	chance	 to	 tailor	empiric
antimicrobial	 therapy	 to	 cover	 the	 most	 likely	 potential	 pathogens.	 Important	 drawbacks	 of	 surveillance	 and
isolation	are	the	adverse	social	and	patient	safety	consequences	of	isolation.340

Several	 other	 measures	 aid	 in	 the	 effort	 to	 prevent	 nosocomial	 spread	 of	 multidrug-resistant	 pathogens.
Improved	antimicrobial	stewardship	both	 in	health-care	 facilities	and	 the	community	has	been	shown	 to	 reduce
rates	 of	 colonization	 with	 resistant	 bacteria.	 Chlorhexidine	 gluconate	 2%	 daily	 baths	 have	 been	 demonstrated
repeatedly	to	reduce	the	risk	of	acquisition	of	multidrug-resistant	bacteria,	in	addition	to	reducing	rates	of	central
line–associated	bloodstream	infections.341	This	intervention	carries	an	extremely	small	risk	of	severe	skin	reaction
and	a	potential	risk	of	selecting	out	chlorhexidine-resistant	skin	flora.341	Finally,	minimizing	the	duration	of	use	of
invasive	devices	such	as	central	venous	lines	and	urinary	catheters	reduces	the	opportunities	for	 introduction	of
multidrug-resistant	bacteria,	and	therefore,	the	risk	of	serious	infection.

A	number	of	multidrug-resistant	bacteria	threaten	oncology	and	HSCT	patients,	who	are	vulnerable	because	of
impaired	 immunity,	 antibiotic	 use,	 and	 frequent	 contact	 with	 the	 health-care	 system.	 Measures	 to	 prevent
acquisition	 of	 these	 bacteria	 are	 essential	 given	 the	 increasing	 complexity	 and	 declining	 success	 of	managing
infections	with	the	most	highly	resistant	pathogens.
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126 Neutropenia	and
Thrombocytopenia
Lodovico	Balducci,	Bijal	Shah,	and	Kenneth	Zuckerman

INTRODUCTION
Neutropenia	 and	 thrombocytopenia	 are	 the	 most	 frequent	 manifestations	 of	 cytotoxic	 chemotherapy-induced
myelosuppression.1	During	the	treatment	of	acute	leukemia,	this	complication	may	last	several	weeks,	and	risk	of
mortality	 from	 infection	 and	 bleeding	 is	 increased.2	 In	 the	 management	 of	 lymphomas	 and	 solid	 tumors,
myelosuppression	 may	 impact	 the	 antineoplastic	 treatment	 in	 several	 negative	 ways,	 including	 increased
mortality3	from	infection	or	bleeding,	more	frequent	hospitalizations,4	increased	treatment	cost,5	reduction	in	dose
intensity	of	chemotherapy,6	and	treatment	discontinuation.7

This	 chapter	 explores	 the	 management	 of	 neutropenia	 and	 thrombocytopenia	 in	 the	 course	 of	 cytotoxic
chemotherapy	after	a	brief	review	of	hematopoiesis.

Hematopoiesis
Hematopoiesis	 is	 a	 hierarchical	 and	 compartmentalized	 process	 involving	 early	 multipotent	 progenitors,	 late
committed	 progenitors,	 and	 differentiated	 precursors	 of	 the	 mature	 blood	 elements	 (Fig.	 126.1).8	 The	 early
multipotent	progenitors	include	the	totipotent	hematopoietic	stem	cells,	capable	of	generating	both	the	lymphoid
and	 the	 myeloid	 series,	 and	 the	 myeloid	 and	 lymphoid	 stem	 cells.	 The	 totipotent	 stem	 cells	 include	 different
populations	 of	 cells—the	 most	 primitive	 and	 the	 most	 mature	 ones,	 with	 long-	 and	 short-term	 repopulation
capacity,	 respectively.	 The	 myeloid	 stem	 cell	 undergoes	 commitment	 into	 the	 myeloid,	 erythroid,	 and
megakaryocytic	progenitors,	 from	which	 the	differentiated	marrow	precursors	of	 the	circulating	blood	elements
are	 derived.	 Both	 stem	 cells	 and	 early	 progenitors	 are	 indistinguishable	 from	 lymphocytes	 in	 microscopic
preparation	of	the	bone	marrow	and	of	the	peripheral	blood.	Their	existence	was	established	from	the	ability	to
generate	hematopoietic	colonies	containing	multiple	(multipotent	progenitors)	or	single	(committed	progenitors)
cell	 lines.	 Currently,	 a	 number	 of	 surface	 markers	 identify	 these	 elements	 with	 specific	 phenotypes	 (see	 Fig.
126.1).	A	 novel	way	 to	 identify	 different	 hematopoietic	 elements	may	 be	 provided	 by	 genome,	 transcriptome,
proteome,	and	epigenome	analysis.9



Figure	126.1	Hematopoiesis	as	a	hierarchical	compartmentalized	process.	Lymphopoiesis	is	not
shown	beyond	common	lymphoid	progenitor	(CLP)	because	it	is	not	relevant	to	this	chapter.	LT-

HSC,	long-term	hematopoietic	stem	cell	repopulation	capacity;	MPP,	multipotent	progenitor;	FLT3,
FMS-like	tyrosine	kinase	3;	CMP,	common	myeloid	progenitor;	MEP,	megakaryocyte-erythroid
progenitor;	GMP,	granulocyte	monocyte	progenitor;	BFU,	burst-forming	unit;	BFU-mega,	burst-
forming	unit	megakaryocyte;	CFU-GM,	colony-forming	unit	granulocyte-monocyte;	CFU-e,
colony-forming	unit	erythroid;	CFU-mega,	colony-forming	unit	megakaryocyte;	TPOr,

thrombopoietin	receptor;	CFU-G,	colony-forming	unit	granulocyte.

The	 stem	 cell	 and,	 to	 some	 extent,	 the	 committed	 progenitors	 have	 high	 self-renewal	 potential	 and	 low
proliferative	 rate,	 whereas	 the	 differentiated	 marrow	 precursors	 have	 a	 low	 self-replicative	 capacity	 and	 high
proliferation.	 Low	 proliferation	 protects	 the	 stem	 cells	 and	 the	 committed	 progenitors	 from	 cytotoxic
chemotherapy	 that	 is	 cycle	 active	 and	 damages	 preferentially	 proliferating	 cells.	 In	 addition,	 the	 earliest
progenitors	express	the	MDR1	gene	 that	encodes	 the	P-glycoprotein,	a	calcium	channel	pump	extruding	natural
genotoxic	products	from	the	cell.10	Thanks	to	the	preservation	of	the	hematopoietic	reserve,	the	myelodepression
of	chemotherapy	 is	generally	 fully	 reversible,	with	few	exceptions.	Some	alkylating	agents,	 including	busulfan,
melphalan,	 nitrogen	mustards,	 and	 the	 nitrosoureas,	 and	 the	 antibiotic	mitomycin	 C	 are	 able	 to	 overcome	 the
protective	mechanisms	and	destroy	the	hematopoietic	progenitors.11

Hematopoiesis	requires	an	intact	hematopoietic	stroma	capable	of	homing	the	early	progenitors	and	a	network
of	 growth	 factors	 that	 stimulate	 proliferation,	 commitment,	 and	 differentiation	 (Table	 126.1).12,13	 The	 homing
occurs	in	the	so-called	hematopoietic	niches	that	bind	the	hematopoietic	progenitors	through	specific	receptors	to
endothelial	cells	and	osteoblasts.	Except	for	erythropoietin,	which	is	produced	in	the	kidney,	and	thrombopoietin,
which	is	produced	both	 in	 the	 liver	and	in	 the	kidneys,	 the	other	hematopoietic	growth	factors	are	produced	by
monocytes	and	by	stromal	cells	of	the	bone	marrow.11

Hematopoiesis	may	be	altered	due	to	a	reduction	in	the	number	of	progenitors,	the	development	of	abnormal
progenitors	that	have	lost	their	ability	to	self-replicate	or	commit,	abnormal	production	of	hematopoietic	growth
factors,	 and	 disruption	 of	 the	 hematopoietic	 microenvironment.	 The	 interaction	 of	 hematopoiesis	 and	 aging
deserves	a	special	comment,	as	the	majority	of	cancer	patients	are	aged	65	years	and	older	in	the	Western	world.
Aging	 is	 associated	 with	 an	 increased	 incidence	 of	 clonal	 hematopoiesis	 lineage	 differentiation	 bias,	 with
increased	production	of	myeloid	and	decreased	production	of	lymphoid	elements,	and	stem	cell	dysfunction.14–16
These	 changes	 may	 imply	 increased	 susceptibility	 to	 hematologic	 malignancies,	 reduced	 tolerance	 of
hematopoietic	stress,	such	as	cytotoxic	chemotherapy,	and	decreased	neutrophil	response	to	infections.17
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Neutropenia	and	Its	Management

Definition	of	Neutropenia	and	Its	Consequences
According	 to	 the	 Common	 Terminology	 Criteria	 for	 Adverse	 Events	 version	 4.0,	 neutropenia	 is	 defined	 by	 a
granulocyte	count	≤1,500/μL,18	 and	neutropenic	 infection	 is	assumed	for	any	 fever	episode	occurring	when	 the
neutrophil	 count	 is	 <1,000/μL.	 When	 the	 neutrophil	 count	 is	 <500/μL,	 the	 risk	 and	 severity	 of	 infection	 are
inversely	 related	 to	 the	neutrophil	count.	 In	addition	 to	 the	severity,	 the	duration	of	neutropenia	determines	 the
risk	of	infection.	Infections	are	rare	during	the	first	3	days	of	neutropenia	as	the	neutrophils	may	still	be	present	in
the	tissues,	albeit	not	in	the	circulating	blood.

TABLE	126.1
Hematopoietic	Growth	Factors

Recognized	Hematopoietic	Growth	Factors
Growth	Factor Source Mechanism	of	Action

Early-acting	Growth	Factors15

Stem	cell	factor	(c-Kit	ligand,
steel	factor,	mast	cell	growth
factor)

Hematopoietic	stroma Prolongs	survival	of	long-	and	short-term	repopulating	cells
Promotes	proliferation	and	self-renewal	of	stem	cells	and	early
progenitors	in	combination	with	other	hepatocyte	growth
factors

FLT3	ligand Hematopoietic	stroma;
hematopoietic	stem	cell?

Prolongs	survival	of	long-	and	short-term	repopulating	cells
Promotes	proliferation	and	self-renewal	of	stem	cells	and	early
progenitors	in	combination	with	other	hepatocyte	growth
factors

Thrombopoietin Liver,	kidney Promotes	survival	of	hematopoietic	stem	cells	and	promotes
their	division
Promotes	commitment	and	proliferation	of	burst-forming	unit
megakaryocyte	and	colony-forming	unit	megakaryocyte

Leukemia	inhibitory	factor Fibroblasts,
monocytes/macrophages,
endothelium,	activated	T
cells

Expands	the	population	of	several	hematopoietic	progenitors
and	increases	platelet	production

Interleukin-3	(multicolony-
stimulating	factor)

Activated	T	cells,	stromal
cells	of	multiple	organs

Stimulates	self-renewal	of	hematopoietic	stem	cells	and
proliferation	of	most	committed	progenitors;	in	vivo	role
uncertain

Colony-stimulating	Factors16,64

Granulocyte-macrophage
colony-stimulating	factor

Monocyte,	macrophages,
fibroblasts,	and
endothelial	cells

Proliferation	and	commitment	of	granulocyte-macrophage
colony-forming	unit	and	granulocyte	colony-forming	unit
Proliferation	of	myeloid	precursors
Proliferation	of	dendritic	cells
Survival	and	function	of	neutrophils	and	monocytes

Granulocyte	colony-stimulating
factor

Hematopoietic	stromal
cells	and	stromal	cells
from	other	organs

Proliferation	and	differentiation	of	granulocyte	colony-forming
unit,	proliferation	of	myeloid	precursors
Release,	survival,	and	function	of	neutrophils

Erythropoiesis-stimulating	Agent17

Erythropoietin Kidney Stimulates	proliferation,	differentiation,	and	maturation	of
burst-forming	unit,	colony-forming	unit	granulocyte,	and
erythroid	precursors

Thrombopoietic	Factors18

Thrombopoietin Liver,	kidney Promotes	survival	of	hematopoietic	stem	cells	and	promotes
their	division
Promotes	commitment	and	proliferation	of	burst-forming	unit
megakaryocyte	and	colony-forming	unit	megakaryocyte

Hematopoietic	Growth	Factors	in	Clinical	Practice
Growth	Factor Preparation Use



Early	Hepatocyte	Growth	Factors

Stem	cell	factor Ancestim Mobilization	of	hematopoietic	stem	cells	for	transplantation

Colony-stimulating	Factor

Granulocyte-macrophage
colony-stimulating	factor

Sargramostim
Molgramostima

Regramostima

Prevention	of	neutropenia	and	neutropenic	infections
Stem	cell	mobilization
Dendritic	cell	proliferation	as	adjuvant	in	immunotherapy

Granulocyte	colony-stimulating
factor

	 	

Short	acting Filgrastim
Lenograstima

Tbo-filgrastim
Filgrastim-sndz

Prevention	of	chemotherapy-induced	neutropenia	and
neutropenic	infections

Long	acting Peg-filgrastim
Lipegfilgrastima

	

Erythropoiesis-stimulating	Agents

Erythropoietin Epoetin-α Anemia	in	patients	with	chronic	kidney	disease

	 Epoetin-β Myelodysplasia

	 Darbepoetin Chemotherapy-induced	anemia

Thrombopoietic	Agents

Interleukin-11 Oprelvekin Chemotherapy-induced	thrombocytopenia

Thrombopoietin	mimetics Romiplostim
Eltrombopag

Idiopathic	thrombocytopenic	purpura

aNot	available	in	the	United	States.
FLT3,	FMS-like	tyrosine	kinase	3.

For	 management	 purposes,	 it	 is	 useful	 to	 distinguish	 the	 neutropenia	 that	 follows	 marrow	 ablation	 for	 the
treatment	of	some	forms	of	acute	leukemia	and	the	neutropenia	that	develops	during	the	treatment	of	solid	tumors
or	lymphomas	with	cyclic	cytotoxic	chemotherapy.	Following	marrow	ablation,	the	neutropenia	may	last	several
weeks,	and	the	risk	of	infections	is	>90%.	The	main	concern	in	this	situation	is	support	of	the	patient	until	marrow
regeneration.

The	 neutropenia	 following	 cytotoxic	 chemotherapy	 of	 solid	 tumors	 and	 lymphomas	 causes	 two	 concerns:
infectious	complications	and	maintenance	of	treatment	dose	intensity.	This	may	be	compromised	due	to	treatment
delay	or	dose	reductions	to	prevent	neutropenia.	The	relative	dose	intensity	(RDI)	is	the	percentage	of	the	planned
treatment	dose	administered	during	a	course	of	treatment	per	unit	of	time	and	is	calculated19	as:

where	D	is	the	dose	and	T	the	time	unit.
The	 effectiveness	 of	 chemotherapy	 may	 be	 determined	 by	 the	 RDI.	 When	 the	 dose	 intensity	 of	 adjuvant

cyclophosphamide,	 methotrexate,	 and	 fluorouracil	 was	 <85%,	 the	 treatment	 was	 not	 effective	 in	 women	 with
early	breast	cancer.19	Likewise,	a	reduction	of	the	dose	density	of	doxorubicin	<85%	was	associated	with	reduced
response	rate	and	survival	 in	patients	with	 large	B-cell	 lymphoma	treated	with	cyclophosphamide,	doxorubicin,
vincristine,	and	prednisone	(CHOP).19	Neutropenia	has	been	responsible	for	at	least	50%	of	the	cases	in	which	the
chemotherapy	dose	intensity	has	been	reduced	below	85%.19

The	neutrophil	kinetics	determines	the	course	of	chemotherapy-induced	neutropenia.20	The	median	survival	of
mature	 neutrophils	 is	 approximately	 12	 hours	 in	 the	 circulation	 and	 3	 days	 in	 the	 tissues.	 The	 bone	 marrow
contains	a	reserve	of	mature	granulocytes	to	last	approximately	7	days.	The	development	of	mature	granulocytes
from	committed	myeloid	progenitors	takes	approximately	10	to	14	days.	Consequently,	the	nadir	neutrophil	count
following	chemotherapy	every	3	or	4	weeks	is	expected	around	the	10th	treatment	day,	with	recovery	beginning
around	 the	 14th	 day	 and	 completed	 by	 the	 21st	 day.	 The	 time-honored	 way	 to	 prevent	 neutropenia	 and
neutropenic	infections	prior	to	the	introduction	of	myelopoietic	growth	factors	included	reduction	of	the	doses	of
myelotoxic	agents	 for	a	neutrophil	count	<500/μL	at	nadir	or	<1,500/μL	at	 the	beginning	of	 the	new	 treatment
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cycle,	the	initiation	of	which	was	delayed	until	the	neutrophil	count	was	completely	recovered.
The	neutrophil	kinetics	may	be	altered	by	a	number	of	 factors.	Drugs	 that	affect	 the	pluripotent	progenitors,

such	 as	mitomycin	C	 and	 nitrosoureas,11	may	 cause	 later,	more	 prolonged	 and	 cumulative	 neutropenia.	 In	 the
presence	 of	 infection,	 the	 neutrophil	 reserve	 of	 the	 bone	 marrow	 may	 be	 exhausted	 at	 an	 earlier	 time,	 and
neutropenia	may	be	more	prolonged	due	to	increased	utilization	of	mature	neutrophils.	In	addition,	hematopoiesis
may	 be	 compromised	 by	 a	 number	 of	 factors	 that	 include	 age,	 previous	 chemotherapy	 administration,	 and
myelophthisis.

Risk	Factors	for	Chemotherapy-Induced	Neutropenia
Clearly,	 the	 risk	 of	 neutropenia	 varies	 from	 patient	 to	 patient	 and	 includes	 both	 treatment-	 and	 patient-related
factors.	The	determination	of	the	individual	risk	of	neutropenia	and	neutropenic	infections	is	helpful	to	plan	the
most	 effective	management	 of	 neutropenia.	A	number	of	 risk	 factors	 for	 febrile	 neutropenia	were	 identified	 in
several	studies	(Table	126.2).21–23

The	risk	of	neutropenic	infections	from	different	treatment	regimens	is	obtained	from	the	original	trials	of	those
regimens.	It	should	be	underlined	that	the	incidence	of	neutropenic	infections	may	be	higher	in	patients	treated	in
the	community	than	in	those	included	in	clinical	trials.24,25

Age	is	probably	the	best	identified	patient-related	risk	factor.	It	is	clear	that	the	risk	of	neutropenic	infections
increases	with	age.	A	review	of	500	patients	with	large	B-cell	lymphoma	treated	in	the	community	with	CHOP	or
cyclophosphamide,	mitoxantrone,	vincristine,	and	prednisone	showed	that	the	risk	of	neutropenic	infections	was
28%	for	the	total	population,	18%	in	the	younger	patients,	and	40%	for	those	65	years	and	older.5	Hospitalization
for	neutropenic	infections	was	25%	longer	for	older	individuals.	This	finding	is	important	because	both	treatment
cost	and	risk	of	deconditioning	increase	with	hospitalization.

In	 most	 studies,	 the	 age	 threshold	 was	 65	 years,	 and	 in	 some,	 it	 was	 60	 years.	 The	 risk	 of	 breakthrough
infection	despite	growth	factor	support	and	of	infectious	mortality	also	increases	with	age.3,4

In	 the	 Surveillance,	 Epidemiology,	 and	 End	 Result	 database,	 the	 risk	 of	 febrile	 neutropenia	 in	 Medicare
recipients	 increased	with	 the	 number	 of	 comorbid	 conditions,	 including	 chronic	 liver	 and	 kidney	 dysfunctions,
chronic	obstructive	lung	disease,	diabetes,	congestive	heart	failure,	osteoarthritis,	and	thyroid	diseases.10,24,25

In	 several	 studies,	 anemia	 was	 an	 independent	 risk	 factor	 for	 the	 development	 of	 chemotherapy-induced
neutropenia	 and	 neutropenic	 fever.26,27	 Anemia	 may	 represent	 a	 sign	 of	 chronic	 diseases,	 bone	 marrow
insufficiency,	or	malnutrition.28	Another	explanation	is	suggested	by	pharmacokinetic	considerations.27	Because
the	majority	of	cytotoxic	agents	are	bound	to	 the	red	blood	cells,	a	reduction	of	hemoglobin	may	be	associated
with	 increased	 concentration	 of	 free	 drug	 in	 the	 circulation	 and	 consequently	 with	 increased	 risk	 of	 toxicity.
Protein-calorie	malnutrition	also	appears	as	a	risk	factor	for	chemotherapy-induced	myelotoxicity.29

Myelophthisis	may	occur	with	most	tumors	and	is	particularly	common	in	patients	with	lymphoma,	breast,	and
prostate	cancer.

The	 relationship	 between	 lymphopenia	 and	 risk	 of	 neutropenic	 infections	 is	 well	 established	 albeit	 poorly
explained.23,30	A	drop	in	lymphocyte	count	during	the	first	week	after	chemotherapy	seems	predictive	of	febrile
neutropenia.	A	possible	explanation	is	that	lymphopenia	represents	poor	nutrition.

TABLE	126.2
Assessment	of	the	Risk	of	Neutropenic	Infections	in	Individual	Patients

Risk	Factors	for	Development	of	Neutropenic	Fever
Type	of	chemotherapy

Age	older	than	60–65	y

Advanced	disease

Poor	performance	status

Previous	chemotherapy

Previous	episodes	of	neutropenic	infections

Myelophthisis

Number	of	comorbid	condition

Abnormal	liver	enzymes



Abnormal	creatinine	clearance

Low	neutrophil	count	at	the	beginning	of	the	treatment

Lymphopenia

Hemoglobin

Presence	of	an	ongoing	infection

TABLE	126.3
Multinational	Association	for	Supportive	Cancer	Care	Risk	Index

Patient	Characteristics Score
Burden	of	illness 	

No	or	mild	symptoms 5

Moderate	symptoms 3

No	hypotension 5

No	chronic	obstructive	pulmonary	disease 4

Solid	tumor	or	lymphoma	and	no	previous	fungal	infection 4

No	dehydration 3

Outpatient	status 3

Age	younger	than	60	y 2
Note:	Low-risk	score	≥21.	High-risk	score	<21.

A	number	of	models	 to	predict	 the	 risk	of	neutropenia	or	neutropenic	 fever	 in	 solid	 tumors	and	 lymphomas
have	been	developed.	The	European	Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)	recommends
that	 the	 risk	 of	 neutropenic	 infections	 be	 assessed	 according	 to	 the	 Multinational	 Association	 of	 Supportive
Cancer	Care	(MASCC)	risk	index	illustrated	in	Table	126.3.31	Established	in	the	year	2000,	this	index	divides	the
patients	into	high-	and	low-risk	groups	according	to	a	score	obtained	from	the	presence	of	different	risk	factors.
Fifteen	years	of	use	 and	multiple	worldwide	validations	have	 established	 that	 the	MASCC	 risk	 score	 is	 highly
reliable.	The	main	advantages	include	simplicity	and	reproducibility.

The	National	Comprehensive	Cancer	Network	(NCCN)	recommends	the	model	developed	by	Lyman	et	al.32	In
a	prospective	study	of	3,760	patients	treated	for	solid	tumors	and	lymphomas	in	115	practices	in	the	United	States,
these	 investigators	 were	 able	 to	 derive	 an	 individual	 risk	 of	 neutropenia,	 severe	 neutropenia,	 and	 neutropenic
infection	 based	 on	 prior	 chemotherapy,	 low	 neutrophil	 count,	 abnormal	 hepatic	 and	 renal	 function,	 type	 of
chemotherapy,	 and	 planned	 delivery	 of	 ≥85%	 of	 the	 dose	 intensity.	 The	 index	 has	 a	 positive	 and	 negative
predictive	value	of	34%	and	96%,	respectively.	Surprisingly,	age	was	not	an	independent	risk	factor,	even	though
one-third	of	the	patients	were	aged	65	years	and	older.	This	model	is	interesting	for	several	reasons.	First,	it	was
derived	and	validated	from	the	cohort	study	of	a	large	number	of	patients.	Second,	it	included	severe	neutropenia
in	 addition	 to	 neutropenic	 infections	 among	 the	 outcomes.	 Severe	 neutropenia	 should	 be	 avoided,	 at	 least	 in
curable	diseases,	because	it	may	purport	a	reduction	of	RDI	of	chemotherapy.	Third,	it	provides	a	determination
of	individual	risk	of	neutropenic	infections.	Fourth,	it	was	derived	from	a	number	of	community	practices,	and,	as
such,	it	reflects	the	situation	of	the	majority	of	patients	undergoing	cancer	chemotherapy.	Fifth,	it	encompasses	a
wide	array	of	diseases	and	of	chemotherapy	regimens.	The	limits	of	this	model	include	the	need	for	a	calculator
and	the	fact	that	the	age	range	of	the	patients	was	not	specified.	Although	we	know	that	one-third	of	the	patients
were	 65	 years	 and	 older,	we	 do	 not	 know	 how	many	 of	 them	were	 older	 than	 75	 or	 80	 years.	 In	 the	 time	 of
electronic	health	records,	the	calculation	of	the	index	may	no	longer	represent	a	problem.

Due	to	the	lack	of	prospective	comparisons,	it	is	premature	to	recommend	a	specific	model	for	the	prediction	of
neutropenic	 infections	 in	 individual	 cases.	 In	 a	 community-based	 oncology	 practice,33	 the	 adoption	 of	 an
instrument	to	assess	the	risk	of	neutropenic	infections	prior	to	the	initiation	of	cytotoxic	chemotherapy	has	led	to	a
marked	reduction	in	the	incidence	of	neutropenic	infections	and	of	hospitalization	for	neutropenic	infections.	In
addition,	more	patients	than	before	received	chemotherapy	with	an	RDI	≥85%.

Management	of	Neutropenia
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Prevention	of	Neutropenic	Infections	in	Patients	Receiving	Chemotherapy	for	Solid
Tumors	and	Lymphomas
In	the	treatment	of	solid	tumors	and	lymphomas,	the	management	of	neutropenia	has	two	goals:	reduction	in	the
incidence	and	severity	of	infectious	complications	and	maintenance	of	the	RDI	of	chemotherapy	at	≥85%.

Prior	 to	 the	 introduction	 of	 the	 myelopoietic	 growth	 factors,	 it	 was	 recommended	 that	 the	 dose	 of
chemotherapy	be	reduced	in	patients	experiencing	severe	neutropenia	at	nadir	or	neutropenic	infections	and	that
the	treatment	be	delayed	for	neutrophil	counts	≤1,500/μL.2,22	Prophylactic	administration	of	antibiotics	has	been	a
complementary	 strategy	 toward	 the	 reduction	 of	 neutropenic	 infections.	 The	 fluoroquinolones	 and	 the
combination	of	trimethoprim-sulfamethoxazole	reduce	the	risk	of	gram-negative	infections	from	enteric	pathogens
in	 patients	 with	 prolonged	 neutropenia.34	 By	 causing	 an	 anaerobe	 overgrowth	 in	 the	 colon,	 these	 compounds
suppress	the	growth	of	gram-negative	pathogens,	which	are	the	most	common	cause	of	bacterial	infections	during
neutropenia.	 However,	 most	 of	 the	 studies	 were	 performed	 in	 patients	 with	 acute	 leukemia	 and	 in	 those
undergoing	bone	marrow	transplant,	so	information	is	limited	in	patients	with	solid	tumors	and	lymphoma.	In	two
large	 randomized	 controlled	 studies,	 prophylactic	 levofloxacin	 was	 associated	with	 a	 reduction	 of	 episodes	 of
neutropenic	fever	of	approximately	30%	without	a	reduction	of	documented	infections	or	of	infectious	deaths.35,36
In	one	of	these	studies,	stool	cultures	showed	emergence	of	gram-negative	organisms	resistant	to	levofloxacin	and
raised	the	concern	that	this	practice	may	lead	to	antibiotic-resistant	hospital	infections.36

Based	 on	 these	 data,	 no	 consensus	 exists	 on	 the	 use	 of	 prophylactic	 antibiotics	 in	 patients	 treated	 for	 solid
tumors	and	lymphomas.	This	practice	may	be	justified	when	the	duration	of	neutropenia	is	expected	to	be	longer
than	7	days.

Myelopoietic	Growth	Factors
The	introduction	of	recombinant	hematopoietic	growth	factors	(see	Table	126.1)	has	provided	a	new	weapon	to
prevent	both	neutropenia	and	neutropenic	infections.	Both	recombinant	granulocyte	colony-stimulating	factor	(G-
CSF)	 and	 granulocyte-macrophage	 colony-stimulating	 factor	 (GM-CSF)	 are	 available	 for	 clinical	 use.37,38
Recombinant	forms	of	G-CSF	include	both	short-	(filgrastim,	lenograstim,	tbo-filgrastim,	and	sand	filgrastim)	and
long-acting	 (pegfilgrastim	 and	 lipegfilgrastim)	 preparations.	Unlike	 the	 short-acting	 preparations,	 pegfilgrastim
and	lipegfilgrastim	cannot	be	eliminated	from	the	kidneys.	They	are	metabolized	by	the	neutrophils	at	the	time	of
recovery	from	neutropenia.	As	such,	they	linger	in	the	circulation	until	recovery	has	occurred.

Three	 different	 recombinant	 human	 GM-CSFs	 are	 available	 and	 include	 sargramostim,	 molgramostim,	 and
regramostim.	 Of	 these,	 sargramostim	 is	 the	 only	 one	 approved	 for	 use	 in	 the	 United	 States.	 Sargramostim	 is
derived	from	yeast	(Saccharomyces	cerevisiae)	and	is	O-glycosylated;	molgramostim	is	not	glycosylated	and	is	a
recombinant	human	GM-CSF	derived	 from	Escherichia	coli.	Regramostim	 is	 fully	 glycosylated	 and	 is	 derived
from	Chinese	hamster	ovary	cells.	The	different	formulations	appear	to	have	similar	pharmacologic	activity.

Despite	that	they	have	been	available	now	for	more	than	20	years,	a	number	of	controversies	linger	concerning
hematopoietic	growth	factors.	The	controversies	hinge	on	three	questions:	Which	growth	factor	should	be	used?
When	and	how	should	they	be	used?	What	are	the	short-	and	long-term	complications	of	their	use?

Which	 Growth	 Factor	 Should	 Be	 Used?	 The	 most	 recent	 Cochrane	 meta-analysis38	 provided	 convincing
evidence	 that	prophylactic	use	of	G-CSF	reduced	 the	 risk	of	neutropenia	and	neutropenic	 infections	 in	patients
receiving	chemotherapy	for	breast	cancer.	According	to	two	meta-analyses	of	the	subject,	this	strategy	reduced	the
risk	 of	 neutropenia,	 neutropenic	 infections,	 and	 infectious	 mortality	 in	 patients	 with	 solid	 tumors	 and
lymphomas.6,39	 In	 addition,	 chemotherapy	 dose	 intensity	was	 better	 preserved	with	 these	 agents.7	At	 least	 one
meta-analysis	of	148	clinical	 trials	 failed	 to	see	any	benefits	 for	 the	use	of	myelopoietic	growth	 factors.40	 This
study,	which	is	now	10	years	old,	included	different	growth	factors	and	different	ways	of	administration,	such	as
delayed	 administration,	 that	 have	 been	 previously	 proven	 ineffective.	 According	 to	 a	 recent	 review,38	 no
difference	in	effectiveness	was	found	among	the	four	different	G-CSF	preparations	available	in	the	United	States.

According	to	a	meta-analysis	of	multiple	trials,	pegfilgrastim	was	superior	to	filgrastim	in	reducing	the	risk	of
neutropenic	 infections.41	 Similar	 conclusions	were	 reached	 by	 an	 analysis	 of	 a	U.S.	 claims	 database	 including
more	than	18,000	patients42	and	by	a	review	of	the	use	of	filgrastim	and	pegfilgrastim	in	Spain.43	These	results
may	be	explained,	at	least	in	part,	by	improved	patient	compliance	with	a	single	injection	per	cycle.	According	to
a	 recent	meta-analysis	 of	 randomized	 controlled	 studies,	 pegfilgrastim	and	 lipegfilgrastim,	 the	new	 long-acting
form	of	filgrastim	undergoing	clinical	trials,	had	comparable	activity	and	safety.44

A	number	of	 studies	have	demonstrated	 that	GM-CSF	decreases	 the	duration	of	neutropenia	and	 the	 risk	of



neutropenic	infections	in	patients	with	lymphoma	and	solid	tumors	and	is	a	reasonable	choice	for	this	purpose.31,45
At	 present,	 the	 studies	 comparing	 filgrastim	 and	 sargramostim	 have	 provided	 inconclusive	 and	 conflicting
evidence	 of	 the	 superiority	 of	 one	 drug	 over	 the	 other.	 In	 a	 small	 randomized	 controlled	 study	 including	 181
patients,46	 filgrastim	 was	 associated	 with	 a	 shorter	 duration	 of	 neutropenia	 (1	 day),	 but	 sargramostim	 was
associated	with	 decreased	 risk	 of	 hospitalization	 and	 shorter	 hospitalization	 for	 neutropenic	 fever.	Both	 agents
were	equally	well	tolerated.	A	retrospective	matched	control	study	of	national	insurance	claims	indicated	that	the
prophylactic	 use	 of	 sargramostim	 was	 associated	 with	 decreased	 risk	 of	 neutropenic	 infections	 and
rehospitalization.47	 In	 other	 studies	 of	 similar	 design,	 pegfilgrastim	 proved	 superior	 to	 both	 filgrastim	 and
sargramostim	 in	 preventing	 neutropenic	 infections	 and	 hospitalizations.48,49	 According	 to	 one	 report,50	 the
substitution	 on	 the	 formulary	 of	 filgrastim	 with	 sargramostim	 in	 a	 single	 institution	 was	 associated	 with	 an
increased	 incidence	 of	 infections	 and	 hospitalizations	 as	 well	 as	 of	 treatment	 side	 effects	 (pain	 and	 fever).	 A
review	 of	 10	 U.S.	 outpatient	 practices	 revealed	 that	 sargramostim	 was	 associated	 with	 increased	 risk	 of
complications,	including	unexplained	fever,	fatigue,	and	skin	eruptions.51	One	may	conclude	that	the	efficacy	of
myeloid	growth	factors	in	use	in	the	United	States	is	comparable,	sargramostim	may	have	increased	risk	of	side
effects,	and	pegfilgrastim	at	present	is	the	most	practical	and	convenient	of	the	growth	factors.

Timing	of	Use.	The	issues	related	to	the	timing	include	primary	versus	secondary	prophylaxis,	treatment	duration
with	filgrastim	and	sargramostim,	the	administration	of	pegfilgrastim	on	the	same	day	of	chemotherapy,	and	the
effectiveness	of	growth	factors	in	course	of	neutropenic	infections.

Primary	 prophylaxis	 means	 treatment	 of	 patients	 at	 high	 risk	 of	 neutropenia	 or	 neutropenic	 infections
beginning	with	the	first	cycle	of	chemotherapy	treatment;	in	secondary	prophylaxis,	growth	factors	are	reserved
for	patients	who	had	already	experienced	an	episode	of	neutropenic	fever.

A	number	of	randomized	controlled	and	retrospective	studies	demonstrated	that	primary	prophylaxis	decreased
risk	of	neutropenic	infections	throughout	treatment,	not	only	during	the	first	course	of	treatment,	and	therefore,	it
should	be	preferred	in	patients	at	high	risk.31,37

Filgrastim	and	sargramostim	are	administered	daily	for	a	minimum	of	7	to	10	days.	It	is	common	practice	to
discontinue	filgrastim	when	the	neutrophil	count	is	≥3,000/μL	(although	the	drug	insert	recommends	10,000/μL).
A	review	of	several	U.S.	practices	revealed	that	administration	of	G-CSF	for	a	duration	shorter	than	7	days	was
associated	 with	 increased	 risk	 of	 febrile	 infections	 and	 hospitalizations.52	 Because	 the	 risk	 of	 neutropenic
infections	is	highest	during	the	first	two	courses	of	chemotherapy,	a	study	addressed	the	question	of	whether	the
use	of	filgrastim	could	be	avoided	after	the	first	two	chemotherapy	cycles	in	patients	receiving	adjuvant	treatment
for	early	breast	cancer.53	The	risk	of	neutropenic	infections	was	>20%	during	the	successive	chemotherapy	cycles,
and	the	authors	concluded	that	filgrastim	prophylaxis	should	be	continued	throughout	all	treatment	cycles.

According	 to	 the	 current	 recommendations,	 long-acting	 filgrastim	preparations	 should	 be	 administered	 once
per	 treatment	 cycle,	 between	 24	 and	 72	 hours	 from	 chemotherapy.	 An	 “on-body”	 injector	 was	 developed	 for
pegfilgrastim.54	This	device,	which	delivers	the	drug	24	hours	later,	may	be	applied	to	the	patient’s	skin	the	same
day	of	chemotherapy	administration.

According	 to	 a	 review	of	 several	 clinical	 studies,55	myelopoietic	 growth	 factors	may	 reduce	 the	duration	of
neutropenia	 and	 hospitalizations	 in	 patients	 with	 neutropenic	 infections,	 but	 they	 do	 not	 affect	 the	 overall
mortality	and	have	a	marginal,	if	any,	effect	on	overall	mortality.

Complications.	The	acute	complications	of	growth	factors	include	fever	and	skin	reactions,	which	appear	to	be
more	 common	with	GM-CSF.37,38	 Bone	 pain	 is	 particularly	 common	with	 long-acting	 filgrastim	 preparations,
generally	 occurs	 during	 the	 first	 5	 days	 of	 treatment,	 and	 may	 lead	 to	 discontinuation	 of	 the	 treatment.56
Pretreatment	with	naproxen	500	mg	twice	a	day	or	loratadine	10	mg	daily	may	ameliorate	the	pain.

The	most	worrisome	long-term	side	effect	of	colony-stimulating	factors	is	acute	myelogenous	leukemia.57	In	a
meta-analysis	 of	 25	 prospective	 randomized	 clinical	 trials	 involving	 >6,000	 patients,	 the	 risk	 of	 acute
myelogenous	leukemia	had	doubled	with	the	use	of	filgrastim.	In	the	same	study,	however,	the	overall	mortality
was	reduced	by	the	use	of	filgrastim,	especially	in	patients	treated	with	dose-intense	chemotherapy.	The	authors
concluded	that	the	tradeoff	of	adverse	outcomes	was	in	favor	of	filgrastim.	The	risk	of	acute	leukemia	appeared	to
be	 mostly	 elevated	 in	 patients	 aged	 65	 years	 and	 older	 receiving	 breast	 cancer	 adjuvant	 chemotherapy	 with
anthracyclines.58

Cost	should	also	be	considered	a	complication	of	myelopoietic	growth	factors,	as	their	use	adds	a	substantial
cost	to	treatment.	It	is	debated	whether	and	in	which	circumstances	the	use	of	these	compounds	is	cost-effective.
The	controversy	reflects,	at	least	in	part,	the	difficulty	in	assessing	cost	and	cost-effectiveness	and	the	fact	that	in
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the	 cost	 estimate	 there	may	 be	 different	 perspectives	 (that	 of	 the	 patient,	 of	 the	 third-party	 payers,	 and	 of	 the
health-care	 provider).	 This	 confusion	 is	 well	 illustrated	 in	 a	 recent	 review	 of	 the	 pharmacoeconomics	 of	 the
myeloid	 growth	 factors19	 that	 found	 pegfilgrastim	 to	 be	 more	 cost-effective	 than	 filgrastim	 and	 primary
prophylaxis	more	cost-effective	than	secondary	prophylaxis	in	the	United	States.	In	Europe,	where	medical	care	is
less	costly,	the	cost-effectiveness	of	growth	factors	is	substantially	reduced.	A	number	of	independent	factors	may
also	 affect	 the	 cost-effectiveness	 of	 these	 agents.	 For	 example,	 neutropenic	 infections,	 when	 treated	 in	 the
outpatient	setting,	are	less	costly	than	in	the	hospital	setting,	which	may	diminish	the	cost-effectiveness	of	growth
factors.	A	recent	analysis	indicates	that	primary	prophylaxis	with	growth	factors	is	cost-effective	when	the	risk	of
neutropenic	 infections	 is	≥20%.59	 In	 accordance	with	 this	 finding,	 current	 guidelines	 recommend	 that	myeloid
growth	factors	be	used	prophylactically	when	the	risk	of	neutropenic	infections	is	≥20%	and	not	be	used	when	the
risk	is	≤10%.37	The	use	for	patients	at	intermediate	risk	is	trusted	to	the	practitioner’s	judgment.

Another	 area	 of	 controversy	 is	whether	 these	 compounds	 should	 be	 used	when	 the	 goal	 of	 the	 treatment	 is
palliation	instead	of	cure	and	whether	it	would	be	wiser	to	institute	a	reduction	of	chemotherapy	dose	in	lieu	of
growth	factors	when	the	goal	is	palliation.

As	general	principles,	one	may	state	the	following:

The	cost	of	health	care	is	an	increasingly	pressing	social	problem,	and	it	is	an	ethic	duty	to	use	limited
resources	sparingly.
The	use	of	growth	factors	increases	the	cost	of	cancer	care.
The	cost-effectiveness	of	these	compounds	increases	when	the	risk	of	neutropenic	infections	is	the	highest.
Practitioners	should	try	to	estimate	this	risk	in	individual	situations	based	on	chemotherapy	regimen	and	the
patient’s	characteristics.
Cost-effectiveness	considerations	are	secondary	when	an	intervention	may	be	life	saving,	as	the	use	of
myeloid	growth	factors	may	be	in	the	treatment	of	older	individuals.
Patients	receiving	palliative	chemotherapy	should	not	be	automatically	excluded	from	treatment	with	growth
factors.	For	example,	patients	with	stage	III	ovarian	cancer	may	enjoy	several	years	free	of	disease	thanks	to
platinum-based	chemotherapy.	Likewise,	maintenance	of	adequate	chemotherapy	dose	intensity	may	be	life
saving	in	face	of	life-threatening	metastases,	such	as	lymphangitic	lung	metastases.

Conclusions	 Regarding	 Myeloid	 Growth	 Factors	 Use.	 From	 this	 review,	 one	 may	 conclude	 that	 myeloid
growth	factors	reduce	the	risk	of	neutropenic	infections	and	hospitalizations	in	patients	receiving	chemotherapy,
may	allow	the	administration	of	more	effective	dose	intensities	of	chemotherapy,	and	may	reduce	the	infectious
mortality.	In	the	meantime,	there	is	no	evidence	that	growth	factors	improve	cancer-related	survival.	The	use	of
growth	factors	appears	 to	be	cost-effective	 in	patients	 in	whom	the	risk	of	neutropenic	 infections	 is	≥20%.	The
long-acting	filgrastim	preparations	pegfilgrastim	and	lipegfilgrastim	may	be	more	effective	than	the	short-acting
preparation.	Thanks	to	the	on-body	injector,	pegfilgrastim	may	be	administered	the	same	day	of	chemotherapy.

Prevention	of	Neutropenic	Infections	in	Patients	with	Acute	Leukemia
In	 the	 management	 of	 acute	 leukemia,	 neutropenia	 may	 last	 several	 weeks,	 and	 virtually	 all	 patients	 are
susceptible	 to	 neutropenic	 infections.	 The	 use	 of	 a	 protected	 environment	 including	 reverse	 isolation	 and
neutropenic	 diet	 are	 still	 in	 common	 use,	 although	 the	 evidence	 supporting	 them	 is	 controversial.	 Three
interventions	 have	 been	 studied	 in	 randomized	 controlled	 studies:	 antibiotic	 prophylaxis,	 myelopoietic	 growth
factors,	and	granulocyte	transfusions.

Antibiotic	Prophylaxis.	A	meta-analysis	of	109	trials	including	13,579	patients,	the	majority	of	whom	had	acute
leukemia	 or	 had	 undergone	 bone	 marrow	 transplant,60	 demonstrated	 that	 prophylactic	 treatment	 with
fluoroquinolones	 or	 trimethoprim-sulfamethoxazole	 was	 associated	 with	 a	 reduction	 in	 infectious	 mortality,
overall	mortality,	and	neutropenic	fever	without	documented	infection.	This	practice	is	recommended	in	patients
in	whom	the	neutropenia	is	expected	to	last	7	days	or	longer.	Although	the	difference	between	the	two	types	of
antimicrobials	was	not	significant,	there	was	a	trend	favoring	the	fluoroquinolones.

Myelopoietic	 Growth	 Factors.	 The	 use	 of	 these	 agents	 is	 controversial.	 A	 meta-analysis	 of	 18	 randomized
controlled	trials	involving	5,256	patients60	failed	to	demonstrate	any	benefits	for	the	use	of	growth	factors	in	acute
myelogenous	 leukemia	 after	 induction	 therapy.	 The	 same	 investigators	 in	 a	 previous	meta-analysis	 established
that	growth	factors	were	safe	in	patients	with	acute	leukemia.61	This	should	dispel	concern	about	growth	factor–



induced	stimulation	of	the	neoplastic	growth.
A	 systematic	 review	of	 14	 studies	 established	 that	 the	 use	 of	 growth	 factors	 led	 to	 a	 decreased	 duration	 of

neutropenia	and	early	hospital	discharge	without	effect	on	overall	mortality.62	An	early	meta-analysis61	 yielded
similar	results.

Some	considerations	are	necessary	prior	to	being	convinced	of	the	conclusion	that	myeloid	growth	factors	have
at	best	a	marginal	role	in	the	management	of	acute	myeloid	leukemia.	These	studies	were	conducted	in	the	1990s
when	many	 prognostic	 factors	 of	 acute	 leukemia	were	 poorly	 defined,	 so	 they	might	 have	 compared	 different
patient	 populations.	 Some	 studies	 used	GM-CSFs	 and	 other	G-CSFs,	 and	 the	 source	 of	 these	 compounds	was
sometimes	different.	For	example,	 the	Eastern	Cooperative	Oncology	Group	used	GM-CSF	from	Candida,	and
the	Cancer	and	Leukemia	Group	B	used	GM-CSF	from	E.	coli.	One	of	the	studies	found	increased	response	rates
and	increased	survival	with	GM-CSF,	whereas	the	other	study	found	the	growth	factor	ineffective.	In	addition,	the
treatment	with	 growth	 factors	 was	 started	 at	 different	 times	 in	 different	 studies,	 and	 induction	 regimens	were
different.

In	all	studies,	the	growth	factors	reduced	the	duration	of	neutropenia	and	of	antibiotic	use	in	elderly	patients
(aged	55	years	and	older).	The	use	of	growth	factors	after	induction	chemotherapy	was	associated	with	increased
remission	rate	in	four	studies	and	with	increased	survival	and	reduction	of	treatment-related	death	in	one	study.63
One	can	conclude	that	growth	factors	at	the	very	least	reduce	the	duration	of	neutropenia,	neutropenic	infections,
and	hospitalization	 in	patients	 aged	55	years	and	older,	who	are	also	 the	patients	more	vulnerable	 to	 treatment
complications.

In	 conclusion,	 in	 the	 management	 of	 acute	 myelogenous	 leukemia,	 myeloid	 growth	 factors	 decrease	 the
duration	of	neutropenia	and	neutropenic	infections	after	induction	chemotherapy	in	individuals	55	years	and	older,
they	 decrease	 the	 duration	 of	 neutropenia	 and	 hospitalization	 after	 consolidation	 treatment	 with	 high-dose
cytarabine,	and	they	do	not	promote	the	growth	of	neoplastic	cells.

Granulocyte	Transfusions.	A	meta-analysis	of	10	studies	performed	decades	ago	did	not	show	any	reduction	in
infection-related	mortality	from	granulocyte	transfusions.64	However,	these	studies	were	conducted	at	a	time	when
antibiotic	treatment	was	more	limited	and	antifungal	treatment	was	almost	nonexistent.	It	would	be	reasonable	to
explore	the	value	of	granulocyte	transfusions	in	conjunction	with	modern	supportive	care.	Currently,	neutrophils
may	be	produced	in	the	laboratory	in	unlimited	amounts	from	hematopoietic	stem	cells.	Increased	availability	may
increase	the	use	of	neutrophil	transfusions	in	the	future.65

Thrombocytopenia

Definition,	Epidemiology,	and	Causes.	According	 to	 the	Common	Terminology	Criteria	 for	Adverse	 Events,
thrombocytopenia	 is	defined	as	a	platelet	count	<1003/μL.18	The	main	risk	of	 thrombocytopenia	 is	hemorrhage,
which	 is	 increased	 for	 platelet	 counts	 ≤503/μL.	 The	 risk	 of	 spontaneous	 bleeding	 including	 intracranial
hemorrhage	is	increased	when	the	platelet	count	drops	to	<103/μL.66	In	patients	with	malignant	diseases,	there	are
many	 causes	 of	 thrombocytopenia.	The	most	 common	 is	 cytotoxic	 chemotherapy.	With	most	 agents,	 the	 nadir
platelet	count	is	observed	10	to	14	days	from	the	beginning	of	the	treatment	cycle	and	the	recovery	is	completed
by	3	weeks.	If	the	platelet	count	is	<1003/μL	at	the	beginning	of	a	new	cycle,	the	chemotherapy	is	delayed	and	the
successive	 dose	 of	 treatment	 is	 decreased.	 Thrombocytopenia	 from	 drugs	 that	 affect	 the	 early	 hematopoietic
progenitors,	such	as	the	nitrosoureas,	mitomycin	C,	busulfan,	and	melphalan,	may	be	delayed	and	cumulative.	In
addition	 to	 cytotoxic	 chemotherapy,	 some	 of	 the	 new	 biologic	 agents	may	 also	 cause	 thrombocytopenia.	 This
complication	is	particularly	common	with	lenalidomide.

Thrombocytopenia	is	a	well-recognized	complication	of	cytotoxic	chemotherapy,	but	its	impact	on	morbidity,
mortality,	and	decrease	in	chemotherapy	RDI	is	not	well	established	in	patients	with	lymphomas	and	solid	tumors.
Among	Medicare	recipients	with	breast	cancer	treated	with	chemotherapy,	thrombocytopenia	accounted	for	only
0.6%	of	the	hospital	admission,	whereas	neutropenia	and	neutropenic	infections	accounted	for	24%.67

Myelosuppression	 is	 the	 most	 common,	 albeit	 not	 the	 only,	 mechanism	 of	 chemotherapy-induced
thrombocytopenia.	Some	chemotherapy	agents,	in	particular	mitomycin	C,	dacarbazine,	and	cisplatin,	may	induce
thrombocytopenia	as	part	of	a	hemolytic-uremic	syndrome.68

The	 other	 major	 cause	 of	 thrombocytopenia	 is	 myelophthisis.	 In	 patients	 with	 acute	 leukemia,
thrombocytopenia	 is	 almost	 universal	 at	 presentation,	 and	 hemorrhages	 represent	 a	 common	 cause	 of	 death	 in
these	patients.

Other	 causes	 of	 thrombocytopenia	may	 include	 hypersplenism,	 idiopathic	 thrombocytopenic	 purpura	 (ITP),
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disseminated	intravascular	coagulation,	and	heparin-induced	thrombocytopenia,	as	the	use	of	heparin	is	becoming
common	in	patients	with	cancer	to	maintain	vascular	access	devices	and	to	manage	cancer-related	thrombosis.

Management.	 Platelet	 transfusions	 remain	 the	 mainstay	 of	 the	 management	 of	 thrombocytopenia.	 One	 may
distinguish	prophylactic	and	therapeutic	transfusions.66	Currently,	prophylactic	transfusions	are	recommended	in
patients	 with	 decreased	 platelet	 productions	 in	 two	 circumstances:	 in	 all	 individuals	 with	 a	 count	 ≤103/μL	 to
prevent	spontaneous	intracranial	bleeding	and	in	individuals	with	a	count	<503/μL	for	whom	a	surgical	procedure
is	planned.66	Therapeutic	 transfusions	are	 those	administered	 to	actively	bleeding	patients	and	are	 indicated	 for
platelet	count	<503/μL.	It	should	be	stressed	that	the	thresholds	for	both	prophylactic	and	therapeutic	transfusions
are	controversial.69	Two	current	 studies	 are	being	 conducted	 in	Germany	and	 the	United	Kingdom	 to	 establish
whether	 the	 threshold	 for	 prophylactic	 transfusions	 may	 be	 lowered	 to	 prevent	 the	 risk	 associated	 with	 the
transfusions	 and	 especially	 platelet	 refractoriness.69	 A	 recombinant	 preparation	 of	 interleukin-11	 had	 been
approved	 for	 use	 in	 patients	 with	 solid	 tumors	 or	 lymphoma	 to	 ameliorate	 thrombocytopenia70	 but	 has	 been
withdrawn	 from	 the	market	 because	 of	 lack	 of	 effectiveness	 and	 substantial	 toxicity.	 Thrombopoietin	 receptor
agonists,	such	as	romiplostim	and	eltrombopag,	are	currently	indicated	for	thrombocytopenia	from	ITP	and	severe
aplastic	anemia	(SAA).	It	is	possible	that	in	the	future,	they	may	also	become	indicated	for	chemotherapy-induced
thrombocytopenia.	 In	 conclusion,	 thrombocytopenia	 is	 associated	 with	 risk	 of	 severe	 bleeding	 and	 death	 in
patients	 with	 acute	 leukemia.	 In	 patients	 with	 lymphoma	 and	 solid	 tumors,	 chemotherapy-induced
thrombocytopenia	is	rarely	life	threatening.	The	current	indications	for	platelet	transfusions	include	a	count	<103/
μL	 for	 prophylactic	 transfusions	 and	 <503/μL	 for	 therapeutic	 transfusions	 for	 patients	 undergoing	 invasive
procedure.	These	thresholds	are	based	on	soft	data.	Ongoing	clinical	trials	explore	whether	these	thresholds	could
be	safely	lowered.

Currently,	 no	 myelopoietic	 growth	 factors	 are	 available	 for	 the	 management	 of	 chemotherapy-induced
thrombocytopenia.
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127 Nausea	and	Vomiting
Elizabeth	M.	Blanchard	and	Paul	J.	Hesketh

INTRODUCTION
Nausea	and	vomiting	associated	with	cancer	treatment	have	historically	been	among	the	most	difficult	side	effects
that	patients	face	while	being	treated	for	cancer.	Chemotherapy-induced	nausea	and	vomiting	(CINV)	in	particular
remains	one	of	the	most	dreaded	side	effects	from	a	patient	perspective.	Patient	surveys	have	consistently	listed
CINV	as	one	of	the	most	severe	and	troublesome	adverse	events	related	to	treatment.1	Although	intuitive,	CINV
has	also	been	shown	to	negatively	impact	a	patient’s	functional	status	as	 tested	by	objective	measures.2	 In	 fact,
CINV	has	been	shown	to	negatively	impact	all	aspects	of	quality	of	life	for	patients,	including	emotional,	social,
and	physical	functioning	as	well	as	global	quality	of	life.3	The	past	25	years	have	seen	tremendous	progress	in	this
area,	which	has	significant	implications	for	patients	in	improving	their	quality	of	life	as	well	as	compliance	with
cancer	treatment.

In	the	era	before	the	use	of	newer	antiemetics,	nearly	80%	of	patients	would	experience	an	episode	of	nausea
or	vomiting	during	the	5	days	after	chemotherapy	of	moderate-to-high	emetogenic	potential.2	The	prevalence	of
CINV	 has	 been	 dramatically	 decreased	 with	 the	 introduction	 of	 the	 5-hydroxytryptamine-3	 (5-HT3)	 receptor
antagonists	 in	 the	 early	 1990s	 and	 with	 the	 subsequent	 introduction	 of	 the	 neurokinin-1	 (NK1)	 receptor
antagonists.	Despite	the	progress,	CINV	remains	suboptimally	controlled	for	a	significant	minority	of	patients.	An
important	remaining	challenge	is	the	recognition	and	management	of	the	symptom	of	nausea	after	chemotherapy
treatment.

Optimizing	the	control	of	CINV	should	be	a	high	priority	for	all	health-care	providers	involved	in	the	care	of
patients	 with	 cancer.	 Knowledge	 of	 the	 extent	 of	 the	 problem,	 understanding	 the	 basic	 pathophysiologic
principles,	recognition	of	patients	at	risk,	and	applying	available	pharmacologic	treatments	in	an	evidence-based
manner	are	all	key	elements	in	attaining	this	goal.

NAUSEA	AND	VOMITING	SYNDROMES
CINV	does	not	describe	 a	 single	 clinical	 entity	but	 rather	 three	 relatively	distinct	 clinical	 syndromes	 including
acute,	 delayed,	 and	 anticipatory	 nausea	 and	 vomiting.	 Although	 these	 distinctions	 have	 limitations	 and	 are
somewhat	arbitrary,	they	are	nevertheless	useful	in	terms	of	characterizing	the	problem	and	optimizing	treatment.
Acute	 CINV	 is	 defined	 as	 nausea	 and	 vomiting	 that	 develop	 within	 the	 first	 24	 hours	 after	 chemotherapy
administration.	With	 most	 emetogenic	 chemotherapy	 agents,	 in	 the	 absence	 of	 effective	 prophylactic	 therapy,
nausea	and	vomiting	will	develop	within	a	few	hours	of	chemotherapy	administration.	Delayed	CINV	is	defined
as	nausea	and	vomiting	occurring	more	 than	24	hours	after	chemotherapy	administration.	 It	 is	generally	not	as
well	 understood	 as	 acute	 emesis	 and	has	 been	described	 in	 association	with	 a	 number	of	 chemotherapy	 agents
such	as	cisplatin,	carboplatin,	cyclophosphamide,	and	the	anthracyclines.	It	appears	 to	be	less	severe	than	acute
emesis	 but	 can	 last	 for	 a	 longer	 period	 of	 time.4,5	 Delayed	 CINV	 has	 been	 best	 characterized	 in	 relation	 to
cisplatin.6	In	the	absence	of	antiemetic	treatment,	it	will	develop	in	90%	or	more	of	patients	receiving	this	agent.	It
peaks	between	24	and	72	hours	after	cisplatin	and	gradually	dissipates	during	the	next	several	days.	Anticipatory
nausea	and	vomiting	occur	as	 the	result	of	a	conditioned	response	 to	prior	episodes	of	CINV.	Symptoms	occur
after	exposure	to	a	variety	of	stimuli	that	remind	the	patient	of	their	prior	emetic	experiences	such	as	returning	to
clinic	and	seeing	health-care	personnel	or	the	apparatus	involved	with	chemotherapy	administration.7

Unlike	CINV,	radiation-induced	nausea	and	vomiting	(RINV)	has	not	been	broken	down	into	distinct	clinical
syndromes.	Risk	of	nausea	and	vomiting	 is	generally	 related	 to	 the	body	area	exposed	 to	 treatment,	with	 fields
encompassing	small	bowel	and	stomach	associated	with	 the	greatest	 risk.	This	 issue	 is	 further	addressed	 in	 the



section	on	defining	the	risk	of	nausea	and	vomiting.

PATHOPHYSIOLOGY	OF	TREATMENT-INDUCED	NAUSEA	AND	VOMITING
The	mechanisms	underlying	the	control	of	nausea	and	vomiting	are	extraordinarily	complex	and	still	incompletely
understood	 at	 the	 present	 time.	 The	 central	 nervous	 system	 (CNS)	 is	 thought	 to	 play	 a	 critical	 role	 in	 the
physiology	of	nausea	and	vomiting,	serving	as	the	primary	site	where	a	variety	of	emetic	stimuli	are	received	and
processed.	The	CNS	is	also	believed	 to	have	 the	primary	role	 in	generating	 the	efferent	signals	 to	a	number	of
structures	in	the	body	that	eventually	result	in	the	development	of	nausea	and	vomiting.

The	mechanisms	by	which	chemotherapy	causes	nausea	and	vomiting	are	only	partially	delineated.	Our	current
understanding	of	 the	pathophysiology	of	 this	process	 is	based	on	 the	pioneering	 studies	of	Borison	and	Wang8
conducted	more	than	60	years	ago	and	more	recent	insights	provided	during	the	development	process	of	the	newer
antiemetic	agents.9	Borison	and	Wang8	proposed	that	two	sites	within	the	brain	stem	were	critical	in	the	control	of
emesis.	The	first	of	these	sites	is	the	area	postrema,	which	is	a	circumventricular	structure	located	at	the	caudal
end	of	 the	fourth	ventricle.	 It	 is	positioned	outside	 the	blood–brain	barrier	and	 therefore	 is	accessible	 to	emetic
substances	borne	in	either	blood	or	cerebrospinal	fluid.	Given	its	central	role	in	processing	a	variety	of	emetogens,
it	 has	 often	 been	 termed	 the	 chemoreceptor	 trigger	 zone.	 The	 area	 postrema	 cannot	 independently	 initiate	 the
emetic	process	but	does	so	indirectly	through	neural	projections	to	a	second	site	proposed	by	Borison	and	Wang,8
the	vomiting	center.	According	to	their	theory,	a	vomiting	center	located	in	the	lateral	reticular	formation	of	the
medulla	is	the	final	common	pathway	through	which	efferent	signals	are	generated	to	initiate	the	emetic	process.
It	is	now	appreciated	that	an	anatomically	distinct	vomiting	center	does	not	exist	and	that	the	motor	outputs	are
coordinated	by	a	variety	of	brain	stem	nuclei	such	as	the	parvocellular	reticular	formation,	the	Botzinger	complex,
and	the	nucleus	tractus	solitarius.10,11	These	nuclei	have	been	collectively	referred	to	as	the	vomiting	center.9

In	addition	 to	 the	area	postrema,	 three	other	 sources	of	afferent	 input	 to	 the	vomiting	center	appear	 to	have
importance	 in	 the	 generation	 of	 the	 emetic	 response.8,12	 Of	 greatest	 importance	 with	 respect	 to	 CINV	 is	 the
stomach	and	proximal	small	bowel.	Chemotherapy	agents	can	either	directly	or	indirectly	access	the	gut	mucosa,
causing	release	of	local	mediators	from	the	enterochromaffin	cells	and	stimulating	vagal	and	splanchnic	afferent
fibers	within	 the	 bowel	wall.	 These	 vagal	 afferents	 can	 then	 transmit	 afferent	 signals	 to	 the	 brain	 stem	 either
directly	 to	 nuclei	 within	 the	 vomiting	 center	 such	 as	 the	 nucleus	 tractus	 solitarius	 or	 indirectly	 via	 the	 area
postrema,	 initiating	 the	 emetic	 reflex.	 Direct	 stimuli	 arising	 within	 the	 limbic	 system	 in	 the	 CNS	 can	 also
apparently	trigger	emesis	by	poorly	defined	mechanisms.	This	process	may	be	operative	in	patients	experiencing
anticipatory	 emesis.	 Finally,	 input	 from	 the	 vestibular	 system	 may	 also	 induce	 emesis.	 This	 appears	 to	 be	 a
predominant	mechanism	associated	with	motion	sickness	but	is	likely	to	have	a	modest	role	in	CINV.

It	is	now	appreciated	that	a	number	of	neurotransmitters	appear	to	have	important	roles	in	the	emetic	process.
More	than	30	neurotransmitters	have	been	identified	within	the	area	postrema	and	nuclei	of	the	vomiting	center.13
Some	 neurotransmitters	 such	 as	 histamine	 and	 acetylcholine,	 which	 have	 established	 roles	 in	 certain	 types	 of
emesis	 such	 as	 motion	 sickness,	 appear	 to	 have	 minimal	 involvement	 in	 CINV.	 The	 most	 clinically	 relevant
neurotransmitters	involved	in	CINV	include	dopamine,	serotonin	(5-hydroxytryptamine	[5-HT]),	substance	P,	and
the	cannabinoids.9,14	Much	of	our	current	understanding	of	the	neurotransmitters	relevant	to	CINV	has	come	from
preclinical	studies	 that	preceded	 the	 introduction	of	a	number	of	our	current	antiemetics.	The	role	of	dopamine
receptors	 in	CINV	 forms	 the	 basis	 of	 some	 of	 the	 earliest	 interventions	 in	 the	 prevention	 of	 emesis	 related	 to
chemotherapy.	Dopamine	D2	 receptors	 are	 found	 in	 the	area	postrema.	Stimulation	of	 these	 receptors	has	been
shown	to	induce	emesis	in	animal	models.10	Phenothiazines,	which	are	dopamine	antagonists,	represented	the	first
class	of	agents	with	antiemetic	efficacy	when	introduced	into	clinical	practice	nearly	50	years	ago.

Over	the	past	30	years,	the	role	of	5-HT	has	been	gradually	elucidated	and	ultimately	surpassed	dopamine	as
the	most	relevant	neurotransmitter	in	the	treatment	of	CINV.	Of	the	more	than	a	dozen	known	subtypes	of	5-HT
receptors,	the	type	3	(5-HT3)	receptor	has	been	found	to	play	the	most	important	role	in	emesis,	and	antagonism	of
these	receptors	has	had	a	significant	 impact	on	prevention	of	acute	CINV.9	5-HT3	 receptors	are	 found	on	vagal
afferent	fibers,	within	the	area	postrema,	and	in	the	nucleus	tractus	solitarius.15–17	The	precise	mechanisms	of	5-
HT	 involvement	 in	 treatment-related	 emesis	 are	 incompletely	 understood.	 It	 appears	 that	 the	 most	 clinically
relevant	 site	of	 action	of	5-HT	occurs	 at	 the	peripheral	 level	by	 increasing	 afferent	 stimuli	 from	 the	gut	 to	 the
vomiting	center	and	area	postrema.	Whether	5-HT	has	meaningful	central	activity	is	unclear.

Another	neurotransmitter,	substance	P,	has	emerged	during	the	past	two	decades	as	playing	a	major	role	in	the
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development	of	acute	and	delayed	emesis.	It	is	part	of	a	class	of	regulatory	peptides	belonging	to	the	tachykinins,
which	 bind	 to	 neurokinin	 (NK)	 receptors,18	 and	 was	 first	 noted	 to	 cause	 emesis	 in	 animal	 models.	 Three
tachykinin	receptors	have	been	identified,	of	which	the	NK1	receptor	is	preferentially	bound	by	substance	P.18	The
NK1	receptors	are	found	in	the	gastrointestinal	tract,	the	area	postrema,	and	the	nucleus	tractus	solitarius.19	NK1
receptor	antagonists	demonstrated	wide-ranging	antiemetic	effects	in	ferrets,	which	prompted	their	development
for	clinical	use.20,21	Animal	models	have	demonstrated	that	the	site	of	action	of	substance	P	appears	to	be	mainly
central,	as	experimental	NK1	 antagonists	 that	do	not	 cross	 the	blood–brain	barrier	 are	 ineffective	 in	preventing
cisplatin-induced	emesis.22

Unlike	dopamine,	5-HT,	and	substance	P,	which	all	appear	to	have	a	“proemetic”	role,	other	neurotransmitters
such	as	the	endogenous	cannabinoids,	enkephalins,	and	γ-aminobutyric	acid	appear	to	exert	an	agonist	antiemetic
effect.	This	area	of	antiemetic	research	has	received	much	less	attention	than	efforts	devoted	to	the	development
of	 neurotransmitter	 antagonist	 antiemetics.	 Of	 the	 endogenous	 neurotransmitters,	 only	 the	 cannabinoids	 have
relevance	in	the	treatment	of	CINV	at	present.23

There	 appear	 to	 be	 differences	 in	 the	 relative	 importance	 of	 the	 various	 neurotransmitters	 in	 the	 different
emetic	 syndromes.	Acute	 CINV	 and	RINV	 are	 thought	 to	 be	 primarily	 due	 to	 5-HT–mediated	 pathways.	 The
effectiveness	of	the	5-HT3	receptor	antagonists	in	both	of	these	settings	is	thought	to	be	primarily	secondary	to	the
ability	of	these	agents	to	antagonize	the	binding	of	5-HT	to	the	5-HT3	receptors	on	the	afferent	fibers	of	the	vagus
and	splanchnic	nerves	stimulating	afferent	nerves	in	the	upper	small	intestine.	Dopamine	also	appears	to	be	most
relevant	 to	 acute	 CINV	 and	 to	 a	 lesser	 extent	 in	 RINV	 given	 the	 utility	 of	 dopamine	D2	 antagonists	 in	 these
settings.

Dopamine	and	5-HT	appear	to	be	less	important	in	delayed	CINV,	given	the	limited	clinical	utility	of	the	5-
HT3	receptor	antagonists	and	dopamine	D2	antagonists	in	this	setting.	The	mechanisms	underlying	delayed	CINV
are	poorly	defined.	Changes	in	the	gastrointestinal	tract	as	a	result	of	chemotherapy	such	as	altered	gastrointestinal
secretions	and	motility	may	play	a	role.	In	addition,	chemotherapy-induced	enhanced	cell	breakdown	and	turnover
with	the	resulting	release	of	cytokines	and	inflammation	may	be	important	contributors	to	delayed	CINV.24	 The
clinical	utility	of	the	corticosteroids	in	delayed	CINV	may	be	partly	due	to	their	anti-inflammatory	effect.	Of	the
known	clinically	relevant	neurotransmitters,	substance	P	may	have	the	most	important	role	in	the	pathophysiology
of	 delayed	 emesis.	 This	 is	 strongly	 supported	 by	 the	 unique	 preclinical	 and	 clinical	 efficacy	 of	 the	 NK1
antagonists	in	the	delayed	emesis	setting.	In	addition,	an	analysis	of	the	time	course	of	cisplatin-induced	emesis
demonstrated	 that	 5-HT	 mechanisms	 appeared	 to	 predominate	 in	 the	 first	 8	 to	 12	 hours	 after	 cisplatin
administration,	but	thereafter,	NK1-dependent	mechanisms	appeared	to	be	more	important.25

The	pathophysiology	of	RINV	likely	involves	several	mechanisms.	If	 the	gastrointestinal	 tract	 is	 included	in
the	field	of	radiation,	direct	effects	are	likely	with	stimulation	of	afferent	pathways	in	the	upper	gastrointestinal
tract.24,26	 In	 addition,	 it	 is	 theorized	 that	 the	 chemoreceptor	 trigger	 zone	 in	 the	 area	 postrema	 may	 also	 be
involved,	possibly	from	radiation-induced	tissue	breakdown	products.

DEFINING	THE	RISK	OF	NAUSEA	AND	VOMITING
There	are	a	number	of	factors	that	can	influence	the	development	of	CINV,	including	those	related	to	the	patient
receiving	therapy	as	well	as	the	chemotherapy	treatment	itself.	The	most	important	patient-related	factors	include
sex,	 age,	 history	 of	 ethanol	 consumption,	 and	 history	 of	 nausea	 or	 vomiting	 with	 prior	 chemotherapy
treatment.27–32	 Sex	 is	 a	 strong	 and	 uniform	 predictor	 of	 difficulty	 with	 CINV,	 with	 women	 consistently
experiencing	poorer	control	of	CINV	than	men.27–31	Age	 is	also	an	 important	 risk	 factor,	with	younger	patients
having	more	difficulty	 than	older	patients.27,31	A	history	of	chronic	alcohol	consumption	seems	 to	decrease	 the
risk	of	emesis.27,29,30	Patients	who	have	experienced	CINV	with	prior	chemotherapy	treatment	are	also	at	greater
risk	 of	 developing	 CINV	 with	 subsequent	 treatments.32	 A	 history	 of	 nausea	 and	 vomiting	 associated	 with
pregnancy	 and	 a	 history	 of	 motion	 sickness	 have	 been	 suggested	 to	 predict	 for	 poor	 control	 of	 CINV,	 but
definitive	data	are	lacking.	There	is	some	genetic	variation	in	the	metabolism	of	5-HT3	receptor	antagonists,	and
patients	who	are	rapid	metabolizers	are	at	risk	for	more	significant	CINV.33	In	addition,	genetic	variations	in	the
5-HT3	receptor	may	also	predispose	to	a	decreased	response	to	this	class	of	medication	and	more	difficulty	with
CINV.34

Treatment-related	factors	include	the	actual	chemotherapy	agent	and	its	dose,	rate,	and	route	of	administration.



Of	 all	 the	 known	 predictive	 factors	 for	CINV,	 clearly	 the	most	 important	 is	 the	 intrinsic	 emetogenicity	 of	 the
chemotherapeutic	agent	used.	The	emetogenicity	schema	that	is	most	widely	used	is	modified	from	the	Hesketh
classification,	which	was	first	described	in	1997.35	This	system,	based	on	an	extensive	literature	review,	classifies
chemotherapeutic	 agents	 according	 to	 their	 intrinsic	 emetogenicity	 and	 establishes	 a	 framework	 for	 the
development	of	antiemetic	treatment	guidelines.	What	was	originally	described	as	five	levels	of	emetogenicity	has
been	subsequently	modified	to	a	four-level	schema	(Table	127.1)	classifying	agents	as	having	a	high,	moderate,
low,	or	minimal	risk	of	 inducing	emesis.36,37	Oral	agents	are	considered	separately	and	have	been	classified	by
emetic	risk	into	four	categories.37,38

TABLE	127.1
Classification	of	Emetic	Risk	of	Intravenous	Antineoplastic	Agents

Emetic	Risk	(Estimated	Incidence	without
Prophylaxis) Antineoplastic	Agent
High	(>90%) Anthracycline/cyclophosphamide	combination

Carmustine
Cisplatin
Cyclophosphamide	(≥1,500	mg/m2)
Dacarbazine
Mechlorethamine
Streptozotocin

Moderate	(30%–90%) Alemtuzumab
Azacitidine
Bendamustine
Carboplatin
Clofarabine
Cyclophosphamide	(<1,500	mg/m2)
Cytarabine	(>1	g/m2)
Daunorubicin
Doxorubicin
Epirubicin
Idarubicin
Ifosfamide
Irinotecan
Irinotecan	liposomal	injection
Oxaliplatin
Romidepsin
Temozolomide	(oral)
Thiotepa
Trabectedin

Low	(10%–30%) Aflibercept
Atezolizumab
Belinostat
Blinatumomab
Bortezomib
Brentuximab
Cabazitaxel
Carfilzomib
Catumaxomab
Cetuximab
Cytarabine	(≤1,000	mg/m2)
Docetaxel

Low	(10%–30%) Elotuzumab
Eribulin
Etoposide
5-Fluorouracil
Gemcitabine
Ipilimumab
Ixabepilone
Methotrexate
Mitomycin
Mitoxantrone
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Nab-paclitaxel
Necitumumab
Paclitaxel
Panitumumab
Pemetrexed
Pegylated	liposomal	doxorubicin
Pertuzumab
Temsirolimus
Topotecan
Trastuzumab	emtansine
Vinflunine

Minimal	(<10%) Bevacizumab
Bleomycin
Busulfan
2-Chlorodeoxydenosine
Cladribine
Daratumumab
Fludarabine
Nivolumab
Obinutuzumab
Ofatumumab
Pembrolizumab
Pixantrone
Pralatrexate
Ramucirumab
Rituximab
Vinblastine
Vincristine
Vinorelbine

Modified	from	Hesketh	PJ,	Kris	MG,	Basch	E,	et	al.	Antiemetics:	American	Society	of	Clinical	Oncology	clinical	practice	guideline
update.	J	Clin	Oncol	2017;35(28):3240–3261.

Risk	of	RINV	is	defined	primarily	by	the	anatomic	area	receiving	treatment	as	well	as	the	type	of	treatment.37
The	most	commonly	used	category	includes	four	levels	of	risk:	high,	moderate,	low,	and	minimal.36,37	High-risk
therapy	consists	of	total-body	irradiation.	Moderate	risk	includes	the	upper	abdomen,	which	carries	a	60%	to	90%
risk	 of	 emesis	 without	 prophylaxis,	 as	 well	 as	 craniospinal	 irradiation.	 Low	 risk	 includes	 the	 lower	 thoracic
region,	head	and	neck,	pelvis,	and	brain.	Minimal	risk	includes	extremities	and	breast.

ANTIEMETIC	AGENTS
Highest	Therapeutic	Index
There	are	several	classes	of	drugs	 that	are	effective	 in	 the	prevention	of	CINV	(Table	127.2).	Those	of	highest
therapeutic	 index	 include	 the	 5-HT3	 receptor	 antagonists,	 the	 NK1	 receptor	 antagonists,	 corticosteroids,	 and
olanzapine.

TABLE	127.2
Doses	of	Commonly	Used	Antiemetic	Agents

Drug Prechemotherapy	Dose	(Day	1) Postchemotherapy	Dose
HIGHEST	THERAPEUTIC	INDEX
NK1	Receptor	Antagonists

Aprepitant 125	mg	orally 80	mg	orally	days	2	and	3

Fosaprepitant 150	mg	IV 	

Rolapitant 180	mg	orally
166.5	mg	IV

	

NK1	receptor	antagonist/5-HT3	receptor	antagonist	combination

Netupitant-palonosetron 300	mg	netupitant/0.5	mg 	



palonosetron	(NEPA)	orally

Corticosteroids
With	NK1	antagonist
(aprepitant,	fosaprepitant,	netupitant)
(rolapitant)
Without	NK1	antagonist

12	mg	orally	or	IV
20	mg	orally	or	IV
20	mg	orally	or	IV
8	mg	orally	or	IVb

8	mg	days	2–4a

8	mg	bid	days	2–4a

8	mg	bid	days	2–4a

8	mg	days	2	and	3c

5-HT3	Receptor	Antagonists

Ondansetron 8	mg	orally	bid
8	mg	or	0.15	mg/kg	IV

8	mg	bid	days	2	and	3

Granisetron 2	mg	orally
1	mg	or	0.01	mg/kg	IV

—

Tropisetron 5	mg	orally	or	IV —

Dolasetron 100	mg	orally —

Palonosetron 0.25	mg	IV
0.5	mg	orally

—

Other
Olanzapine 10	mg	day	1 10	mg	days	2–4

LOWER	THERAPEUTIC	INDEX
Prochlorperazine 10	mg	orally	or	IV —

Dronabinol 5	mg/m2	orally 5	mg/m2	orally	q2–4	h	prn

Nabilone 1–2	mg	orally 1–2	mg	bid	or	tid	prn
aWhen	used	with	highly	emetic	chemotherapy,	day	4	is	optional.
bWith	moderately	emetic	chemotherapy.
cFor	moderately	emetogenic	agents	with	a	high	risk	of	delayed	emesis.
NK1	neurokinin-1;	IV,	intravenously;	5-HT3,	5-hydroxytryptamine-3;	bid,	twice	daily;	q,	every;	tid,	three	times	a	day;	prn,	as	needed.

The	 most	 widely	 available	 first-generation	 5-HT3	 receptor	 antagonists	 include	 dolasetron,	 granisetron,
ondansetron,	 and	 tropisetron.	 They	 have	 been	 shown	 to	 be	 superior	 to	 high-dose	 metoclopramide39	 and	 have
replaced	 it	 as	 first-line	 therapy	 in	 prevention	 of	 acute	 emesis.	 They	 have	 proven	 to	 be	 most	 effective	 in	 the
prevention	of	acute	CINV	in	the	settings	of	highly	and	moderately	emetogenic	chemotherapy.	All	first-generation
5-HT3	 receptor	 antagonists	 are	 considered	 therapeutically	 equivalent	 and	 are	 used	 interchangeably.36,37,40	 Oral
formulations	 of	 the	 first-generation	 5-HT3	 receptor	 antagonists	 have	 similar	 efficacy	 to	 intravenous
formulations.41

Palonosetron	is	a	second-generation	5-HT3	antagonist	that	differs	from	other	agents	in	this	class	by	virtue	of	a
longer	half-life	of	40	hours	and	a	higher	binding	affinity	to	the	5-HT3	receptor.	It	has	been	compared	with	first-
generation	 5-HT3	 antagonists	 in	 two	 randomized	 phase	 III	 trials.42,43	 In	 both	 trials,	 moderately	 and	 highly
emetogenic	chemotherapy	was	included.	Both	trials	were	designed	as	noninferiority	trials	and	met	their	primary
end	point.	Post	hoc	analyses	indicated	superiority	for	palonosetron	in	a	number	of	parameters	compared	with	the
comparator	agents.	In	one	trial,	palonosetron	0.25	mg	was	superior	to	dolasetron	100	mg	in	complete	response	(no
emesis	or	use	of	rescue	medications)	during	the	delayed	(24	to	120	hours)	and	overall	study	periods.42	In	the	other
trial,	palonosetron	0.25	mg	was	 superior	 to	ondansetron	32	mg	 in	complete	 response	during	 the	 first	24	hours,
delayed	 period,	 and	 overall	 5-day	 study	 period.43	 A	 third	 phase	 III	 trial	 in	 patients	 receiving	 only	 highly
emetogenic	 chemotherapy	 also	 reached	 its	 end	 point	 of	 noninferiority	 in	 comparing	 palonosetron	 with
ondansetron	32	mg.44	Unlike	the	other	phase	III	trials,	there	was	no	significant	difference	between	palonosetron
and	 ondansetron	 in	 the	 control	 of	 acute	 or	 delayed	 emesis.	Approximately	 two-thirds	 of	 patients	 also	 received
corticosteroids	at	the	discretion	of	the	investigator	in	the	highly	emetogenic	trial.	A	post	hoc	secondary	subgroup
analysis	of	the	patients	receiving	dexamethasone	demonstrated	superior	control	of	acute	and	delayed	emesis	in	the
group	receiving	palonosetron.	In	another	phase	III	trial,45	patients	receiving	either	cisplatin	or	the	combination	of
doxorubicin	 or	 epirubicin	 and	 cyclophosphamide	were	 randomized	 in	 a	 double-blind	 fashion	 to	 either	 a	 single
dose	of	palonosetron	at	a	dose	of	0.75	mg	or	a	single	dose	of	granisetron	(40	μg/kg)	on	day	1	of	chemotherapy.	In
this	 trial,	 steroids	 for	 acute	 and	 delayed	 emesis	 were	 mandated.	 Palonosetron	 was	 more	 efficacious	 than
granisetron,	 with	 56.8%	 of	 patients	 in	 the	 palonosetron	 group	 experiencing	 an	 overall	 complete	 response	 (no
vomiting	or	use	of	rescue	medications)	compared	with	44.5%	in	the	granisetron	group	(P	<	.0001).	This	was	also
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true	 for	 delayed	 emesis	 (56.8%	 versus	 44.5%;	 P	 <	 .0001).	 Palonosetron	 was	 found	 to	 be	 comparable	 to
granisetron	 in	 the	 acute	 phase,	 with	 75.3%	 complete	 response	 in	 the	 palonosetron	 group	 versus	 73.3%	 in	 the
granisetron	 group	 (difference	 of	 2.29;	 95%	confidence	 interval,	 −2.70	 to	 7.27;	P	 not	 done).	 The	 results	 of	 the
phase	 III	 trials	 with	 palonosetron	 suggest	 that	 this	 agent	 is	 superior	 in	 efficacy	 to	 the	 first-generation	 5-HT3
antagonists	when	used	as	a	single	agent	or	with	dexamethasone.	The	relative	efficacy	of	palonosetron	compared
with	first-generation	5-HT3	receptor	antagonists	when	used	with	NK1	antagonists	remains	unknown	given	the	lack
of	randomized	data.	Most	of	the	studies	done	with	palonosetron	have	used	the	0.25-mg	dose	given	intravenously
(IV).	Boccia	et	al.46	compared	three	oral	doses	of	palonosetron	to	the	standard	0.25-mg	IV	dose	in	651	patients
receiving	moderately	emetogenic	chemotherapy.	Patients	were	also	randomized	to	dexamethasone	or	placebo.	The
oral	dose	of	0.5	mg	was	found	to	be	noninferior	to	the	IV	0.25-mg	dose	in	the	acute	and	overall	phases.	However,
none	of	the	oral	doses	attained	noninferiority	to	the	IV	dosing	in	the	delayed	emesis	phase.

Two	extended-release	formulations	of	the	first-generation	5-HT3	receptor	antagonist	granisetron	have	also	been
introduced	 including	 a	 transdermally	 delivered	 formulation47	 (granisetron	 transdermal	 system)	 and	 a
subcutaneously	delivered	formulation	(granisetron	extended	release).48

Corticosteroids	are	a	mainstay	in	the	prevention	of	both	acute	and	delayed	CINV.	In	a	large	meta-analysis	that
included	data	from	more	than	5,000	patients,	dexamethasone,	the	most	commonly	used	corticosteroid,	was	found
to	 significantly	 improve	 the	 prevention	 of	 CINV	 compared	 with	 placebo	 or	 other	 antiemetics.49	 Most	 of	 the
studies	involved	the	use	of	highly	emetogenic	chemotherapy.	In	the	acute	phase,	it	was	estimated	to	increase	the
chance	of	complete	prevention	of	vomiting	by	25%	to	30%	versus	placebo.	Similar	results	were	seen	with	delayed
emesis.	With	moderate	to	highly	emetogenic	chemotherapy	regimens,	corticosteroids	are	typically	not	used	alone
but	in	combination	with	other	antiemetics.	Single-agent	use	is	appropriate	with	mildly	emetogenic	regimens.	The
appropriate	doses	of	dexamethasone	for	use	with	highly	and	moderately	emetogenic	therapy	(in	the	absence	of	an
NK1	antagonist)	are	20	mg	and	8	mg,	respectively,	based	on	the	results	of	two	large	phase	III	trials.50,51

Selective	 antagonists	 of	 substance	 P’s	 binding	 to	 the	 NK1	 receptor	 have	 also	 become	 an	 essential	 class	 of
agents	 in	CINV	prevention.	Aprepitant	was	 the	 first	 approved	agent	 in	 this	 class	of	 antiemetics.	 In	 a	phase	 III
randomized	 study	 that	 included	 more	 than	 500	 patients,	 aprepitant	 significantly	 increased	 the	 overall	 5-day
complete	response	(no	emesis	or	use	of	rescue)	rate	(72.7%	versus	52.3%)	when	added	to	the	standard	therapy	of
ondansetron	 and	 dexamethasone	 in	 patients	 receiving	 high-dose	 cisplatin	 chemotherapy.52	 Superiority	 for	 the
aprepitant	arm	was	demonstrated	in	the	control	of	both	acute	and	delayed	emesis.	Similar	results	were	found	in	an
identically	designed	phase	III	 trial	enrolling	patients	from	Latin	America.53	The	addition	of	aprepitant	may	also
improve	the	durability	of	antiemetic	control	over	multiple	cycles	of	cisplatin-based	chemotherapy.32	Benefit	for
the	addition	of	aprepitant	has	also	been	demonstrated	in	patients	receiving	a	combination	of	an	anthracycline	and
cyclophosphamide,	a	combination	now	recognized	 to	be	highly	emetogenic.	 In	a	phase	III	 trial	 in	patients	with
breast	 cancer	 receiving	 an	 anthracycline	 plus	 cyclophosphamide,	 patients	 were	 randomized	 to	 an	 aprepitant-
containing	 regimen,	 which	 included	 dexamethasone	 and	 ondansetron,	 or	 a	 standard	 regimen	 that	 consisted	 of
dexamethasone	and	ondansetron.54	Aprepitant	alone	was	used	as	delayed	emesis	prevention	in	the	aprepitant	arm,
whereas	 ondansetron	 alone	was	 used	 for	 delayed	 emesis	 protection	 in	 the	 comparison	 arm.	A	 superior	 rate	 of
complete	response	(50.8%	versus	42.5%)	during	the	5-day	study	period	was	noted	on	the	aprepitant	arm.

Of	 note,	 aprepitant	 is	 an	 inhibitor	 of	 the	 cytochrome	 P450	 enzyme	 CYP3A4,	 which	 is	 involved	 in	 the
metabolism	of	many	 drugs,	 including	 dexamethasone	 and	 certain	 chemotherapeutic	 agents.	A	 pharmacokinetic
study	demonstrated	that	the	plasma	concentration	of	dexamethasone	as	measured	as	the	area	under	the	curve	was
more	 than	 twofold	higher	with	aprepitant	compared	with	 the	same	dose	of	dexamethasone	without	concomitant
aprepitant.55	A	dose	reduction	of	dexamethasone	from	20	to	12	mg	(day	1)	and	8	to	4	mg	(days	2	and	3)	yielded
similar	 plasma	 dexamethasone	 levels	 to	 those	 in	 patients	 not	 taking	 aprepitant.	 The	 slowed	 metabolism	 of
dexamethasone	in	the	presence	of	aprepitant	accounts	for	the	recommendation	to	reduce	dexamethasone	doses	by
approximately	50%	when	administered	with	aprepitant.36	However,	if	the	corticosteroids	are	given	as	part	of	the
chemotherapeutic	regimen	rather	than	for	antiemetic	prophylaxis,	the	corticosteroid	dose	should	not	be	adjusted.36
There	 is	 also	 a	 theoretical	 concern	 that	 chemotherapeutic	 agents	 that	 are	metabolized	by	CYP3A4	may	have	 a
slowed	 clearance,	 leading	 to	 higher	 drug	 exposure	 and	 increased	 toxicity.	However,	 analysis	 of	 the	 completed
phase	III	trials	with	aprepitant	has	not	demonstrated	a	significant	increase	in	adverse	events	in	patients	receiving
aprepitant.

In	2008,	an	IV	formulation	of	aprepitant	(fosaprepitant)	received	regulatory	approval	for	use	with	moderately
and	highly	emetogenic	chemotherapy.	A	single	IV	dose	of	fosaprepitant	150	mg	was	compared	with	3-day	oral
dosing	of	aprepitant	 in	a	 randomized,	double-blind,	 active	control–designed	 trial	 and	 found	 to	be	equivalent	 in



efficacy	 in	 patients	 treated	with	 cisplatin	 at	 doses	 of	 at	 least	 70	mg/m2.56	 This	 held	 true	 for	 both	 the	 delayed
emesis	period	and	the	overall	study	period.

Two	 additional	 selective	 NK1	 receptor	 antagonists	 have	 been	 introduced	 in	 recent	 years.
Netupitant/palonosetron	is	a	fixed-dose	combination	of	the	selective	NK1	receptor	antagonist	netupitant	combined
with	 the	 5-HT3	 receptor	 antagonist	 palonosetron.	 In	 a	 phase	 II	 study,	 694	 patients	 receiving	 cisplatin-based
chemotherapy	were	randomized	to	four	study	arms	comparing	three	oral	doses	of	netupitant	(100,	200,	and	300
mg)	 all	 combined	 with	 oral	 palonosetron	 0.50	 mg	 and	 all	 given	 on	 day	 1.57	 All	 patients	 received	 oral
dexamethasone	on	days	1	to	4.	An	exploratory	aprepitant	plus	ondansetron/dexamethasone	arm	was	included.	The
study	 arm	 combining	 300	 mg	 of	 netupitant	 with	 palonosetron	 was	 superior	 to	 the	 palonosetron	 and
dexamethasone	arm	in	control	of	acute	and	delayed	nausea	and	emesis	as	well	as	complete	protection	(P	≤	.05).	A
subsequent	phase	 III	study	 including	1,455	patients	 receiving	cyclophosphamide	combined	with	doxorubicin	or
epirubicin	evaluated	a	fixed-dose	tablet	containing	netupitant	300	mg	combined	with	palonosetron	0.5	mg	termed
NEPA.	Patients	were	randomized	to	receive	NEPA	or	oral	palonosetron	0.5	mg	on	day	1	prior	to	chemotherapy.
All	patients	also	received	dexamethasone	(12	mg	on	NEPA	arm;	20	mg	on	palonosetron	arm)	on	day	1.	NEPA
plus	dexamethasone	was	found	to	be	superior	to	palonosetron	plus	dexamethasone	in	rates	of	complete	response
during	acute	(P	=	 .001),	delayed	 (P	=	 .047),	and	overall	 (P	=	 .001)	phases	as	well	 as	 in	 rates	of	no	significant
nausea.58	Netupitant	plus	palonosetron	was	approved	for	use	in	the	United	States	in	2014.

Rolapitant	 is	 the	 most	 recently	 introduced	 selective	 NK1	 receptor	 antagonist,	 approved	 in	 2015	 for	 use	 in
combination	 with	 other	 antiemetic	 agents	 to	 prevent	 delayed	 nausea	 and	 vomiting	 associated	 with	 initial	 and
repeat	courses	of	emetogenic	cancer	chemotherapy.59–61

Olanzapine	has	recently	become	part	of	guideline-driven	antiemetic	prophylaxis	based	on	several	randomized
clinical	trials.62–64	Olanzapine	is	an	antagonist	of	multiple	neurotransmitters,	 including	dopamine	and	serotonin,
and	has	been	shown	to	be	effective	in	preventing	both	acute	and	delayed	CINV.	Navari	et	al.64	reported	a	phase	III
study	of	patients	receiving	highly	emetogenic	chemotherapy	comparing	a	four-drug	regimen	of	a	5-HT3	receptor
antagonist	on	day	1,	dexamethasone	on	days	1	to	4,	an	NK1	antagonist	(fosaprepitant	on	day	1	or	aprepitant	on
days	1	to	3),	and	olanzapine	on	days	1	to	4	to	the	three-drug	regimen	of	a	5-HT3	receptor	antagonist	on	day	1,
dexamethasone	on	days	1	to	4,	and	an	NK1	antagonist	(fosaprepitant	on	day	1	or	aprepitant	on	days	1	to	3)	with	a
matching	olanzapine	placebo	on	days	1	to	4.	Patients	were	eligible	if	they	were	being	treated	with	either	cisplatin
or	the	combination	of	doxorubicin	and	cyclophosphamide.	The	study	enrolled	401	patients	from	the	United	States,
the	majority	of	whom	(64.2%)	were	 treated	with	doxorubicin	and	cyclophosphamide.	The	primary	end	point	of
the	study	was	control	of	nausea,	both	in	the	acute	and	delayed	setting,	with	complete	response	as	a	secondary	end
point.	The	four-drug	regimen	resulted	in	significantly	less	nausea	for	all	three	time	periods	studied.	In	the	first	24
hours	after	chemotherapy,	74%	of	patients	had	no	chemotherapy-induced	nausea	compared	with	45%	of	patients
on	the	three-drug	regimen	(P	=	.002);	in	the	delayed	period,	42%	of	patients	had	no	chemotherapy-induced	nausea
compared	with	25%	of	patients	on	 the	 three-drug	regimen	(P	=	 .002);	and	 in	 the	overall	period	 (from	1	 to	120
hours	after	chemotherapy),	37%	of	patients	had	no	chemotherapy-induced	nausea	compared	with	22%	of	patients
on	the	three-drug	regimen	(P	=	.002).	Complete	response	was	also	better	using	the	four-drug	regimen,	with	86%
of	patients	achieving	a	complete	response	compared	with	65%	of	patients	on	the	three-drug	regimen	in	the	acute
period	(P	<	.001),	67%	of	patients	achieving	a	complete	response	compared	with	52%	in	the	delayed	period	(P	<
.007),	and	64%	of	patients	achieving	a	complete	response	compared	with	41%	in	the	overall	period	(P	<	.001).
Increased	 sedation	 was	 seen	 on	 day	 2	 in	 the	 group	 containing	 olanzapine,	 although	 level	 of	 fatigue	 matched
placebo	on	days	2	to	6	despite	continued	dosing	through	day	4.

Whether	olanzapine	will	replace	NK1	antagonists	for	highly	emetogenic	chemotherapy	remains	unknown.	One
phase	III	study63	compared	the	two	agents	directly	in	patients	being	treated	with	highly	emetogenic	chemotherapy.
This	 included	both	 cisplatin	 and	 the	 combination	of	 doxorubicin	 and	 cyclophosphamide.	Both	groups	 received
palonosetron	and	dexamethasone,	dosed	according	to	standard	guidelines.	Rates	of	vomiting	were	similar	between
both	 groups;	 complete	 response	 was	 97%	 in	 the	 group	 treated	 with	 olanzapine	 and	 87%	 in	 the	 aprepitant-
containing	arm	(P	>	 .05).	Nausea	was	better	controlled	 in	 the	olanzapine-containing	arm,	with	69%	of	patients
without	nausea	overall	compared	with	38%	of	patients	 in	the	aprepitant	group	(P	<	.01),	although	there	was	no
difference	in	nausea	in	the	acute	period.	In	contrast	with	other	studies,	significant	sedation	was	not	seen,	although
this	will	need	further	study.

Another	drug,	better	known	for	its	history	and	use	in	hematologic	malignancies,	has	also	been	studied	in	highly
emetogenic	chemotherapy.	 In	a	phase	 III	double-blind	 trial,65	 thalidomide	was	compared	 to	placebo	 in	patients
receiving	either	cisplatin	or	cyclophosphamide	plus	an	anthracycline.	In	addition	to	thalidomide	100	mg	twice	a
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day	on	days	1	to	5	or	placebo,	patients	were	given	palonosetron	0.25	mg	and	dexamethasone	12	mg	on	day	1	and
8	mg	on	days	2	to	4.	Both	nausea	and	emesis	control	were	better	in	the	thalidomide	group.	Complete	response	rate
overall	was	66.1%	in	the	thalidomide	group	compared	with	53.3%	in	the	placebo	group	(P	=	.001).	Rates	of	no
nausea	were	41%	 in	 the	 thalidomide	group	compared	with	29.6%	 in	 the	placebo	group	 (P	 =	 .003).	The	 use	 of
thalidomide	 was	 associated	 with	 increased	 adverse	 effects	 including	 sedation,	 dizziness,	 and	 constipation,
although	global	health	status	and	quality	of	life	were	better	in	the	thalidomide	group	(P	=	.001).	Thalidomide	is	a
highly	 regulated	medication	 because	 of	 its	 potential	 for	 fetal	malformations	when	 taken	 during	 pregnancy	 and
requires	significant	vigilance	and	expertise	in	its	use.	None	of	the	major	antiemetic	guidelines	have	incorporated
thalidomide	into	their	recommendations.

LOWER	THERAPEUTIC	INDEX
Drugs	of	lower	therapeutic	index	include	metoclopramide,	butyrophenones,	phenothiazines,	and	cannabinoids	(see
Table	127.2).	These	drugs	in	general	are	all	associated	with	less	efficacy	than	the	high	therapeutic	index	agents
and	can	have	 troublesome	adverse	effects.	These	drugs	are	most	commonly	used	 in	patients	who	are	unable	 to
tolerate	or	who	do	not	respond	to	5-HT3	receptor	antagonists,	NK1	receptor	antagonists,	or	dexamethasone.	Of	the
lower	 therapeutic	 index	 agents,	 the	 phenothiazines	 are	 probably	 used	 most	 often	 either	 as	 monotherapy	 with
patients	 receiving	 mildly	 emetogenic	 chemotherapy	 or	 as	 an	 as-needed	 agent	 in	 patients	 failing	 frontline
antiemetics.	Another	class	of	agents	that	may	have	value	in	selected	situations	is	the	benzodiazepines.	Although
limited	in	their	antiemetic	efficacy,	the	antianxiety	properties	of	these	agents	can	be	useful.	The	most	commonly
employed	 agent	 in	 the	 class	 is	 lorazepam,	which	 has	 demonstrated	 value	with	 anticipatory	 emesis	 and	 can	 be
useful	 as	 an	 adjunct	 to	 other	 antiemetics	 in	 patients	 failing	 to	 completely	 respond	 to	 their	 frontline	 regimens.
Cannabinoids	have	some	value	in	the	rescue	and	refractory	setting.	Both	dronabinol	and	nabilone	are	U.S.	Food
and	Drug	Administration	approved	as	agents	for	patients	failing	prior	antiemetic	agents.	Given	a	lack	of	controlled
prospective	trials,	there	is	insufficient	evidence	to	provide	a	recommendation	for	the	use	of	medical	marijuana	for
CINV.

A	number	of	complementary	therapies	such	as	ginger,	acupuncture,	and	acupressure	have	been	used	for	CINV
with	 varying	 results.	At	 present,	 guideline	 panels	 have	not	 provided	definitive	 recommendations	 for	 or	 against
these	approaches.

ANTIEMETIC	TREATMENT	BY	CLINICAL	SETTING
In	planning	antiemetic	therapy	in	cancer	patients	receiving	chemotherapy,	it	is	important	to	consider	a	few	basic
principles:	(1)	The	primary	goal	should	be	complete	prevention;	(2)	to	minimize	the	risk	of	anticipatory	emesis,
antiemetic	 therapy	 should	 be	 appropriately	 maximized	 from	 the	 initial	 cycle	 of	 chemotherapy;	 (3)	 antiemetic
therapies	should	be	chosen	to	match	the	intrinsic	emetogenicity	of	the	chemotherapy;	and	(4)	consider	prescribing
antiemetics	 for	 use	 in	 the	 event	 breakthrough	 emesis	 develops.	 If	 emesis	 does	develop	 in	 the	patient	 receiving
chemotherapy,	 an	 assessment	 should	 be	made	 to	 exclude	 nonchemotherapy	 causes	 of	 the	 patient’s	 nausea	 and
vomiting.	 These	 include	 bowel	 obstruction	 or	 dysmotility;	 concomitant	 medications,	 particularly	 opioids;
metabolic	disturbances	such	as	hyponatremia	and	hypercalcemia;	and	occult	CNS	metastasis.

Highly	Emetogenic	Chemotherapy
The	highly	emetogenic	risk	category	includes	cisplatin	and	other	highly	emetogenic	single	agents	as	well	as	the
combination	 of	 an	 anthracycline	 and	 cyclophosphamide.	 For	 patients	 receiving	 a	 single-day,	 IV-administered,
highly	 emetogenic	 agent	 such	 as	 cisplatin,	 the	 recommended	 prophylaxis	 includes	 the	 use	 of	 an	NK1	 receptor
antagonist,	 5-HT3	 receptor	 antagonist,	 dexamethasone,	 and	 olanzapine	 on	 day	 1,	 and	 dexamethasone	 and
olanzapine	continued	on	days	2	to	4.	If	aprepitant	is	used	on	day	1,	it	should	be	continued	on	days	2	and	3	(Table
127.3).	 For	 patients	 receiving	 anthracycline	 and	 cyclophosphamide	 chemotherapy,	 identical	 day	 1	 treatment	 is
recommended	including	a	5-HT3	 receptor	antagonist,	NK1	 receptor	 antagonist,	 dexamethasone,	 and	 olanzapine.
Olanzapine	should	be	continued	on	days	2	to	4	and	aprepitant	on	days	2	to	3	if	aprepitant	is	used	on	day	1.



TABLE	127.3
Recommended	Antiemetic	Therapy	for	Single-Day	Intravenous	Chemotherapy

Emetic	Risk	Category Day	1	Prechemotherapy After	Chemotherapy
High:	including	cisplatin 5-HT3	receptor	antagonist	plus

dexamethasone	plus	NK1	antagonist
plus	olanzapine

Dexamethasone	plus	olanzapine	days	2–4

High:	combination	of	anthracycline	and
cyclophosphamide

5-HT3	receptor	antagonist	plus
dexamethasone	plus	NK1	antagonist
plus	olanzapine

Olanzapine	days	2–4

Moderate:	carboplatin	AUC	≥4 5-HT3	receptor	antagonist	plus
dexamethasone	plus	NK1	antagonist

	

Moderate:	all	others 5-HT3	receptor	antagonist	plus
dexamethasone

Dexamethasone	days	2	and	3a

Low Dexamethasone	or	prochlorperazine	or
5-HT3	receptor	antagonist

No	preventive	measures

Minimal As	needed No	preventive	measures
a	For	agents	with	a	high	risk	of	delayed	emesis.
5-HT3,	5-hydroxytryptamine-3;	NK1	neurokinin-1.

Moderately	Emetogenic	Chemotherapy
For	moderately	emetogenic	chemotherapy	given	IV,	which	includes	carboplatin	(area	under	the	curve	≥4)–based
regimens,	 recommended	 prophylaxis	 is	 an	 NK1	 receptor	 antagonist,	 5-HT3	 antagonist,	 and	 dexamethasone	 all
administered	on	day	1.	The	incorporation	of	an	NK1	receptor	antagonist	in	this	setting	reflects	more	recent	data
from	 a	 series	 of	 clinical	 trials	 demonstrating	 improved	 control	 of	 nausea	 and	 vomiting	 compared	 with	 the
combination	of	a	5-HT3	receptor	antagonist	and	dexamethasone	alone.66–68	For	patients	being	treated	with	non–
carboplatin-containing	 moderately	 emetogenic	 regimens,	 a	 5-HT3	 receptor	 antagonist	 and	 dexamethasone	 are
recommended	on	day	1.	Convincing	value	for	 the	 incorporation	of	an	NK1	 receptor	antagonist	 in	 the	setting	of
non–carboplatin-based	 moderately	 emetogenic	 regimens	 has	 not	 been	 demonstrated	 because	 some	 trials	 have
suggested	 benefit	 and	 others	 have	 been	 definitively	 negative.69	 Certain	 moderately	 emetogenic	 chemotherapy
agents	have	a	greater	propensity	for	delayed	emesis,	and	patients	receiving	such	drugs	may	benefit	from	the	use	of
dexamethasone	 on	 days	 2	 and	 3	 for	 prevention.	 Such	 chemotherapy	 drugs	 include	 cyclophosphamide,
doxorubicin,	and	oxaliplatin,	among	others.

Low	and	Minimally	Emetogenic	Chemotherapy
For	IV-administered	chemotherapy	of	low	emetogenic	potential,	single-agent	dexamethasone	or	a	5-HT3	receptor
antagonist	 is	 recommended	 on	 day	 1	 with	 no	 routine	 prophylaxis	 for	 delayed	 emesis.	 For	 minimal-risk
chemotherapy	agents,	no	routine	antiemetic	prophylaxis	is	indicated.

SPECIAL	CHEMOTHERAPY-INDUCED	NAUSEA	AND	VOMITING
PROBLEMS
There	 are	 a	 number	 of	 situations	 in	 addition	 to	 single-day	 IV-administered	 chemotherapy	 that	 pose	 emetic
challenges.	 Patients	 receiving	 regimens	 given	 on	multiple	 days	 should	 receive	 antiemetics	 appropriate	 for	 the
emetic	risk	of	the	antineoplastic	agent	administered	on	each	day	and	for	the	following	2	days.	When	cisplatin	is
administered	over	4	to	5	days,	an	NK1	receptor	antagonist,	a	5-HT3	receptor	antagonist,	and	dexamethasone	are
recommended.	 In	2008,	 the	U.S.	Food	and	Drug	Administration	approved	 the	use	of	 a	 transdermal	granisetron
patch	 in	patients	 receiving	multiple-day	 regimens	of	 chemotherapy	based	on	 a	phase	 III	multinational,	 double-
blind,	double-dummy,	noninferiority	study.48	In	this	trial,	641	patients	receiving	chemotherapy	regimens	of	3	to	5
days	in	duration	were	randomized	to	the	granisetron	patch	applied	on	the	day	prior	to	chemotherapy	and	kept	on
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for	7	days	or	oral	granisetron	2	mg	daily	prior	to	chemotherapy.	The	primary	end	point	of	this	study	was	complete
control	 (i.e.,	no	vomiting,	use	of	 rescue	medication,	or	more	 than	mild	nausea).	The	study	met	 its	primary	end
point	of	noninferiority,	with	complete	control	in	60%	of	patients	using	the	patch	and	65%	of	patients	taking	single
daily	oral	granisetron	(difference	of	5%;	95%	confidence	interval,	−13%	to	3%).

A	 related	 problem	 is	 noted	 in	 patients	 receiving	 chemotherapy	 in	 the	 setting	 of	 hematopoietic	 stem	 cell
transplantation.	High-dose	chemotherapy	regimens	are	often	administered	over	several	days	in	sequence.	Several
randomized	trials	have	demonstrated	the	benefit	of	incorporating	an	NK1	receptor	antagonist	along	with	a	5-HT3
receptor	 antagonist	 and	 dexamethasone	 in	 this	 setting.70–72	 In	 a	 randomized	 trial	 conducted	 by	 Stiff	 et	 al.,72
patients	receiving	preparative	regimens	for	hematopoietic	stem	cell	transplantation	were	noted	to	have	improved
outcomes	with	the	addition	of	aprepitant	to	ondansetron	and	dexamethasone.	No	emesis	rates	of	73.3%	and	22.5%
were	 noted	 for	 the	 entire	 study	period	 in	 the	 aprepitant	 and	 control	 arms,	 respectively	 (P	 =	 .001).	 In	 addition,
complete	response	(no	emesis	and	no	or	mild	nausea)	was	seen	in	48.9%	and	14.6%	of	patients	in	the	aprepitant
and	control	arms,	 respectively	 (P	<	 .001).	Similarly,	Schmitt	 et	 al.71	 found	 improvement	 of	 complete	 response
rates	 in	 the	 setting	 of	 autologous	 stem	 cell	 transplantation	with	 the	 use	 of	 aprepitant	 versus	 placebo	 added	 to
granisetron	and	dexamethasone.	Absence	of	nausea	and	quality	of	life	were	also	better	in	the	aprepitant	arm.

Anticipatory	nausea	and	vomiting	pose	additional	special	CINV	challenges.	These	symptoms	are	often	poorly
responsive	to	common	antiemetics.	Fortunately,	given	the	recent	improvements	noted	in	the	control	of	CINV	in
general,	anticipatory	nausea	and	vomiting	are	much	less	commonly	seen.	Therapies	that	have	been	studied	with
some	 success	 include	 systemic	 desensitization	 and	 hypnosis.	 One	 series	 showed	 benefit	 for	 alprazolam	 when
combined	with	a	psychological	support	program.73

Oral	chemotherapeutic	agents	are	increasingly	used	in	clinical	oncology	practices	and	also	have	a	propensity	to
cause	varying	degrees	of	CINV.	There	is	a	scarcity	of	data	on	the	emetogenicity	of	oral	drugs;	therefore,	the	risk
of	CINV	has	not	been	as	well	defined.	The	lack	of	clinical	trials	addressing	the	issue	of	oral	agent–induced	CINV
precludes	definitive	treatment	recommendations.

Finally,	 if	 patients	 receive	 appropriate	 evidence-based	 prophylaxis	 for	 CINV	 and	 still	 develop	 so-called
breakthrough	emesis,	this	can	also	be	a	troublesome	problem.	There	are	few	prospective	data	evaluating	treatment
approaches	for	this	problem.	If	other	causes	of	nausea	and	vomiting	are	excluded,	adjunctive	medications	such	as
benzodiazepines	or	dopaminergic	antagonists	can	be	added.	One	double-blind	 trial	 in	patients	who	failed	 initial
prophylaxis	found	that	switching	from	one	5-HT3	receptor	antagonist	to	another	afforded	significantly	higher	rates
of	complete	protection	compared	with	patients	remaining	on	the	original	5-HT3	receptor	antagonist.74	Olanzapine
has	 also	 been	 studied	 for	 breakthrough	 nausea	 and	 vomiting.	 In	 a	 randomized,	 double-blind,	 phase	 III	 trial,75
olanzapine	was	 compared	with	metoclopramide	 for	 breakthrough	 nausea	 and	 vomiting	 after	 guideline-specific
prevention	 for	 highly	 emetic	 chemotherapy,	 which	 included	 both	 high-dose	 cisplatin	 and	 the	 combination	 of
doxorubicin	and	cyclophosphamide.	Breakthrough	medications	were	started	at	the	onset	of	vomiting	or	moderate
to	 severe	 nausea	 on	 a	 visual	 and	 numeric	 scale.	 Approximately	 40%	 of	 patients	 in	 each	 arm	 developed
breakthrough	vomiting	or	moderate	to	severe	nausea.	In	the	72-hour	period	after	breakthrough	medications	were
initiated,	70%	of	patients	using	olanzapine	for	breakthrough	nausea	and	vomiting	had	no	emesis	compared	with
31%	 of	 patients	 taking	 metoclopramide	 (P	 <	 .01).	 Nausea	 after	 breakthrough	 antiemetics	 were	 given	 was
measured	on	the	MD	Anderson	Symptom	Inventory	Scale,	with	68%	of	patients	taking	olanzapine	reporting	no
nausea	compared	with	23%	of	patients	taking	metoclopramide	(P	<	.01).

RADIOTHERAPY-INDUCED	NAUSEA	AND	VOMITING
Radiotherapy	 can	 also	 clearly	 cause	 nausea	 and	 vomiting	 in	 a	 number	 of	 settings	 and	 warrants	 appropriate
prophylactic	therapy	(Table	127.4).	Updated	guideline	recommendations36,37	have	been	provided.	The	high	emetic
risk	category	for	radiation	is	inclusive	of	total-body	irradiation,	and	the	optimal	prophylaxis	is	the	use	of	a	5-HT3
receptor	 antagonist	 plus	 dexamethasone.	 Recommended	 prophylaxis	 for	 radiation	 of	 moderate	 emetic	 risk
includes	a	5-HT3	receptor	antagonist	before	each	fraction	with	the	optional	use	of	dexamethasone	for	fractions	1
to	5.	Prophylaxis	or	rescue	with	5-HT3	antagonists	is	appropriate	for	low-risk	radiation	that	involves	areas	outside
of	 the	brain,	such	as	 the	head	and	neck,	 thorax,	and	pelvis.	For	patients	 treated	with	brain	radiation,	guidelines
recommend	 rescue	 dexamethasone.	 Minimal-risk	 radiation	 is	 treated	 with	 5-HT3	 receptor	 antagonists,
dexamethasone,	or	dopamine	antagonists	as	needed.



TABLE	127.4
Recommended	Antiemetic	Therapy	for	Radiotherapy-Induced	Emesis

Risk	Level Irradiated	Area Antiemetic	Guidelines
High Total-body	irradiation,	total	nodal

irradiation
Prophylaxis	with	a	5-HT3	receptor	antagonist	plus	DEX

Moderate Upper	abdomen,	HBI,	UBI Prophylaxis	with	a	5-HT3	receptor	antagonist	plus	optional	DEX

Low Cranium,	craniospinal,	HN,	lower
thorax	region,	pelvis

Prophylaxis	or	rescue	with	a	5-HT3	receptor	antagonist	(or	DEX
in	the	case	of	brain	radiation)

Minimal Extremities,	breast Rescue	with	a	dopamine	receptor	antagonist	or	a	5-HT3
receptor	antagonist

Note:	In	concomitant	radiochemotherapy,	the	antiemetic	prophylaxis	is	according	to	the	chemotherapy-related	antiemetic	guidelines
of	the	corresponding	risk	category,	unless	the	risk	of	emesis	is	higher	with	radiotherapy	than	chemotherapy.
5-HT3,	5-hydroxytryptamine-3;	DEX,	dexamethasone;	HBI,	half-body	irradiation;	UBI,	upper	body	irradiation;	HN,	head	and	neck.
Adapted	with	permission	 from	Roila	F,	Herrstedt	J,	Aapro	M,	et	al.	Guideline	update	 for	MASCC	and	ESMO	in	 the	prevention	of
chemotherapy-	 and	 radiotherapy-induced	 nausea	 and	 vomiting:	 results	 of	 the	 Perugia	 consensus	 conference.	 Ann	 Oncol
2010;21(suppl	5):v232–243;	and	Hesketh	PJ,	Kris	MG,	Basch	E,	et	al.	Antiemetics:	American	Society	of	Clinical	Oncology	Clinical
Practice	Guideline	Update.	J	Clin	Oncol	2017;35(28):3240–3261.
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128 Diarrhea	and	Constipation
Nathan	I.	Cherny	and	Batsheva	Werman

INTRODUCTION
Constipation	 and	 diarrhea	 are	 both	 common	 problems	 in	 patients	with	 advanced	 cancer.	 They	 are	 a	 source	 of
major	morbidity	and	distress.	Treatment-induced	diarrhea	can	be	severe	and	be	associated	with	 life-threatening
dehydration,	renal	failure,	and	electrolyte	abnormalities.	As	a	result	of	very	widespread	use	of	opioid	analgesics
for	cancer	pain,	treatment-induced	constipation	is	more	common	than	diarrhea.	Oncologists	must	be	familiar	with
the	common	causes	of	constipation	and	diarrhea	among	cancer	patients	and	the	strategies	to	evaluate	and	manage
these	common	and	distressing	symptoms.

DIARRHEA
Definition
Diarrhea	is	defined	as	the	frequent	passage	of	loose	stools	with	urgency.	Objectively	defined,	it	is	the	passage	of
more	 than	 three	unformed	stools	 in	24	hours.	Often,	 the	patient’s	definition	of	diarrhea	varies	 and	needs	 to	be
clarified	by	medical	staff.

Diarrhea	 is	a	common	and	significant	problem	among	patients	with	advanced	cancer.	 It	 is	a	major	 treatment
complication	 among	 patients	 receiving	 fluoropyrimidines	 and	 irinotecan,1	 targeted	 therapies,2	 and
immunotherapies.3

Severe	diarrhea	can	be	debilitating	and,	at	times,	even	life-threatening.	It	contributes	to	dehydration,	electrolyte
imbalance,	malnutrition,	declining	immune	function,	and	pressure	ulcer	formation.4	The	causes	of	diarrhea	among
patients	with	 advanced	 cancer	 are	 diverse,	 and	 some	 require	 specific	 therapies.	Thus,	 careful	 evaluation	of	 the
underlying	cause	is	necessary.

Chemotherapy-Induced	Diarrhea
The	 chemotherapy	 agents	 commonly	 causing	 diarrhea	 include	 5-fluorouracil	 (5-FU),	 capecitabine,	 and
irinotecan.1	This	 is	 usually	 a	dose-related	 adverse	 effect	 and	may	be	 associated	with	other	 features	of	 toxicity.
Chemotherapy-induced	 diarrhea	 appears	 to	 be	 a	multifactorial	 process	whereby	 acute	 damage	 to	 the	 intestinal
mucosa	(including	loss	of	intestinal	epithelium,	superficial	necrosis,	and	inflammation	of	the	bowel	wall)	causes
an	imbalance	between	absorption	and	secretion	in	the	small	bowel.

5-Fluorouracil

Mechanism.	5-FU	causes	mitotic	arrest	of	intestinal	epithelial	crypt	cells,	resulting	in	an	increase	in	the	ratio	of
immature	secretory	crypt	cells	to	mature	villous	enterocytes.1	This	results	in	abnormal	absorption	and	secretion	of
fluids	 and	 electrolytes.	 Opportunistic	 infections,	 causing	 local	 inflammation	 and	 factors	 released	 by	 necrosis
secondary	 to	 chemotherapy,	 directly	 stimulate	 intestinal	 secretion	 of	 fluids	 and	 electrolytes.	 The	 diarrhea
associated	with	5-FU	therapy	may	be	watery	or	bloody.	Disruption	of	the	integrity	of	the	gut	lining	may	permit
access	of	enteric	organisms	into	 the	bloodstream,	with	 the	potential	 for	overwhelming	sepsis,	particularly	 if	 the
granulocyte	nadir	coincides	with	diarrhea.	Severity	is	variable,	but	it	may	be	severe	and	at	times	life	threatening.
Pathologic	 changes	 range	 in	 severity	 from	 a	 mild	 colitis	 to	 severe	 necrotizing	 enterocolitis	 with	 pneumatosis
colitis.

Risk	Factors.	Diarrhea	 is	most	 commonly	 observed	when	 5-FU	 is	 coadministered	with	 leucovorin	 (LV).	 It	 is
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slightly	more	common	with	bolus	rather	than	infusional	administration	of	5-FU/LV,	in	particular	with	high-dose
LV	 (500	 mg/m2),5,6	 but	 it	 occurs	 with	 all	 administration	 schedules.7	 Other	 risk	 factors	 have	 been	 identified
including	unresected	primary	tumor,	previous	episodes	of	chemotherapy-induced	diarrhea,	and	female	sex.

Dihydropyrimidine	Dehydrogenase	Deficiency.	5-FU	is	normally	metabolized	to	inactive	dihydro-5-FU	after	an
intravenous	 (IV)	 dose;	 80%	 of	 the	 drug	 is	 metabolized	 to	 the	 inactive	 dihydro-5-FU	 by	 dihydropyrimidine
dehydrogenase	(DPD)	in	the	liver.	Although	complete	DPD	deficiency	is	rare,	reduced	levels	of	enzyme	activity
due	 to	 the	 inheritance	 of	 one	 high-risk	 allele	 are	 more	 common.	 Molecular	 analysis	 of	 patients	 with	 DPD
deficiency	 have	 identified	 many	 mutations	 and	 polymorphisms	 in	 the	 DPD	 gene,	 but	 only	 three	 have	 been
consistently	 associated	 with	 a	 marked	 decrease	 in	 DPD	 activity	 and	 enhanced	 fluoropyrimidine	 toxicity:
DPYD*2A,	DPYD*13,	and	DPYD*9B.	These	 alleles	 account	 for	 about	 one-third	 of	 5-FU–treated	 patients	who
develop	grade	3	or	4	toxicity	after	treatment	initiation.8	To	further	complicate	matters,	impaired	DPD	activity	has
been	detected	in	some	patients	with	normal	wild-type	DPYD	alleles,	presumably	due	to	epigenetic	mechanisms,
including	microRNAs,	that	regulate	enzyme	activity.9

Diagnosis	 of	 DPD	 deficiency	 is	 usually	 performed	 by	 sequencing	 of	 the	 DPYD	 gene	 from	 a	 sample	 of
peripheral	blood	to	identify	one	of	the	common	mutations.	Several	commercial	assays	are	available.	Genotyping	is
reserved	 for	 patients	who	 have	 unexpected	 toxicity	 (e.g.,	myelosuppression,	mucositis,	 diarrhea,	 neurotoxicity,
cardiotoxicity)	during	the	first	few	cycles	of	fluoropyrimidine	therapy.

TYMS	 Gene	 Variations.	 High-risk	 polymorphisms	 in	 the	 thymidylate	 synthetase	 gene	 (TYMS)	 may	 also	 be
associated	with	 a	 twofold	 increase	 in	 the	 risk	of	 severe	 toxicity	 from	5-FU–based	chemotherapy;	however,	 the
data	are	less	certain	than	with	the	high-risk	DPYD	genotypes.

Irinotecan
Irinotecan	 may	 often	 cause	 acute	 diarrhea	 (immediately	 after	 drug	 administration)	 or	 a	 delayed	 diarrhea.
Immediate-onset	 diarrhea	 is	 caused	 by	 acute	 cholinergic	 properties,	 and	 it	 is	 often	 accompanied	 by	 other
symptoms	of	cholinergic	excess,	 including	abdominal	cramping,	 rhinitis,	 lacrimation,	 and	 salivation.	The	mean
duration	of	symptoms	 is	30	minutes,	and	 they	usually	 respond	rapidly	 to	atropine;	premedication	with	atropine
may	prevent	acute	diarrhea.10

Delayed-onset	diarrhea	usually	occurs	 at	 least	 24	hours	 after	drug	administration	 and	can	be	potentially	 life
threatening,	 especially	 in	 combination	 chemotherapy	 regimens	with	 bolus	 IV	 5-FU	 and	 LV.	 The	 late	 diarrhea
associated	with	irinotecan	is	unpredictable,	noncumulative,	and	occurs	at	all	dose	levels.	It	is	more	common	with
3-weekly	dose	schedules	than	with	lower	weekly	dosing.	The	median	time	to	onset	is	6	to	14	days.

The	 mechanism	 of	 irinotecan-induced	 delayed	 diarrhea	 is	 not	 known,	 but	 it	 is	 believed	 to	 result	 from	 the
deconjugation	 of	 irinotecan’s	 metabolite,	 7-ethyl-10-hydroxycamptothecin	 (SN-38)	 glucuronide,	 by	 intestinal
bacteria,	thus	enabling	direct	effect	of	the	active	agent	on	colonic	epithelium.1	It	is	suggested	that	the	active	agent
binds	to	topoisomerase	I	and	induces	apoptosis	of	intestinal	epithelia,	leading	to	the	disturbance	in	the	absorptive
and	secretory	functions	of	mucosa.	In	addition,	both	irinotecan	and	SN-38	may	also	stimulate	the	production	of
proinflammatory	 cytokines	 and	 prostaglandins,	 thus	 contributing	 to	 an	 inflammatory	 and	 secretory	 diarrhea.
Bacterial	 overgrowth	 shifting	 from	 beneficial	 bacteria	 (such	 as	 Lactobacillus	 or	Bacteroides)	 to	 Clostridium,
Salmonella,	and	Escherichia	coli	may	further	aggravate	the	diarrhea	in	this	situation.11

Genetic	 factors	 may	 influence	 the	 glucuronidation	 of	 SN-38,	 the	 active	 metabolite	 of	 irinotecan,	 and	 thus
increase	this	risk	of	diarrhea.	Polymorphisms	that	alter	UDP-glucuronosyltransferase	(UGT)	activities	have	been
identified;	the	homozygous	presence	of	the	UGT1A1*28	polymorphism,	leading	to	less	efficient	glucuronidation
of	SN-38,	has	been	identified	as	a	potential	risk	factor	for	the	occurrence	of	delayed-type	diarrhea	and	grade	3	to	4
neutropenia.

Capecitabine
Capecitabine,	 a	 precursor	 of	 5-FU,	 is	 an	 oral	 fluoropyrimidine	 cytotoxic	 agent	 developed	 with	 the	 aim	 of
providing	 a	 more	 effective,	 less	 toxic	 alternative	 to	 5-FU,	 with	 the	 added	 advantage	 of	 oral	 administration.
Administered	 at	 usual	 doses	 (2,000	mg/m2/day	 for	 14	of	 every	 21	days),	 the	 prevalence	 of	 diarrhea	 is	 30%	 to
40%,	and	in	10%	to	20%	of	cases,	it	is	severe.

Other	Cytotoxics



Diarrhea,	which	can	sometimes	be	severe,	can	be	an	adverse	effect	with	any	of	the	taxanes	including	cabazitaxel,
docetaxel,	 paclitaxel,	 and	 albumin-bound	 paclitaxel.	 Pegylated	 liposomal	 doxorubicin	 may	 commonly	 cause
severe	diarrhea,	particularly	in	the	elderly.

Particular	Modes	of	Administration
Hyperthermic	 intraperitoneal	 chemotherapy	 (HIPEC)12	 and	 high-dose	 chemotherapy13	 can	 cause	 severe	 and
prolonged	diarrhea	that	is	substantially	greater	than	that	seen	in	standard-dose	chemotherapy	with	similar	agents.

NEUTROPENIC	COLITIS
Neutropenic	 enterocolitis	 (also	 called	 necrotizing	 enterocolitis	 or	 typhlitis)	 is	 an	 acute	 life-threatening
complication	 of	 chemotherapy	 that	 is	 most	 commonly	 observed	 with	 high-dose	 treatments	 in	 the	 setting	 of
myeloablative	therapies.14

Clinical	Presentation
Neutropenic	enterocolitis	usually	occurs	when	the	absolute	neutrophil	count	(ANC)	decreases	to	less	than	500/μL.
Patients	present	with	fever,	abdominal	pain,	nausea,	vomiting,	diarrhea,	and	not	uncommonly	sepsis.	Abdominal
pain	may	be	diffuse	or	localized	to	the	right	lower	quadrant.	Sometimes,	pain	is	absent,	particularly	if	the	patient
has	received	steroid	therapy.

Pathogenesis
The	pathogenesis	of	neutropenic	enterocolitis	is	multifactorial:	mucosal	injury	by	cytotoxic	drugs	or	other	means,
profound	neutropenia,	and	impaired	host	defense	to	invasion	by	microorganisms.15	The	microbial	infection	leads
to	 necrosis	 of	 various	 layers	 of	 the	 bowel	 wall.	 Anatomically,	 the	 cecum	 is	 almost	 always	 affected,	 and	 the
process	 often	 extends	 into	 the	 ascending	 colon	 and	 terminal	 ileum.	The	 predilection	 for	 the	 cecum	 is	 possibly
related	 to	 its	 dispensability	 and	 its	 relatively	 diminished	 vascularization.	 Various	 bacterial	 and/or	 fungal
organisms,	 including	 gram-negative	 rods,	 gram-positive	 cocci,	 anaerobes	 (e.g.,	 Clostridium	 septicum),	 and
Candida	species,	are	often	seen	infiltrating	the	bowel	wall.	Bacteremia	or	fungemia	is	also	common,	usually	with
enteric	organisms	such	as	Pseudomonas	or	yeasts	such	as	Candida.

Diagnostic	Investigations
The	diagnosis	is	based	on	signs	and	symptoms	in	the	appropriate	clinical	setting	as	well	as	imaging	studies.	Plain
abdominal	 radiographs	may	demonstrate	dilated	 loops	of	bowel,	 thickening	of	 the	bowel	wall,	“thumbprinting”
resulting	from	bowel	wall	edema,	or	indications	of	a	right	lower	quadrant	mass	or	phlegmon.	Free	intraperitoneal
air	indicates	perforation	of	the	bowel	wall.	Pneumatosis	intestinalis	is	often	seen.

Computed	tomography	(CT)	scanning	is	the	preferred	imaging	modality.	CT	scanning	techniques	can	evaluate
the	entire	abdomen	for	pathology.	Scans	commonly	demonstrate	concentric	thickening	of	the	bowel	wall,	a	fluid-
filled	 cecum,	 pericolic	 fluid	 collections	 or	 abscesses,	 pneumatosis	 intestinalis,	 and	 free	 air	 if	 an	 underlying
perforation	exists.	Bowel	wall	thickening	of	more	than	3	to	5	mm	is	considered	abnormal	and	is	consistent	with,
but	 not	 diagnostic	 of,	 necrotizing	 enterocolitis.16	 Indeed,	 Clostridium	 difficile–related	 colitis	 in	 neutropenic
patients	may	be	associated	with	substantial	or	even	greater	wall	thickening.17	Pneumatosis	intestinalis	along	with
cecal	and	colonic	wall	thickening	is	very	suggestive.17

Abdominal	 ultrasonography	 can	 identify	 thickening	 of	 the	 bowel	 wall	 that	 produces	 a	 target	 or	 halo	 sign.
Indeed,	a	bowel	wall	thickening	of	greater	than	5	mm	was	associated	with	a	higher	mortality	(29%	versus	0%).	If
one	 takes	 a	 cutoff	of	greater	 than	10	mm	(versus	<10	mm),	 the	mortality	 is	60%	versus	4.2%.18	Ultrasound	 is
useful	as	a	follow-up	tool	to	assess	the	gradual	decrease	in	bowel	wall	thickening.	In	addition,	signs	of	pericolic
fluid	and	intramural	or	abdominal	free	air	often	indicate	perforation.

Diagnostic	Criteria
Established	standardized	diagnostic	criteria	include	the	presence	of	neutropenia	(ANC	<500	cells/L),	bowel	wall
thickening	of	>4	mm	on	radiographic	imaging,	and	the	exclusion	of	other	diagnoses	such	as	C.	difficile–associated
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colitis,	graft-versus-host	disease	(GVHD),	or	other	abdominal	syndromes.19

ISCHEMIC	COLITIS	(NONNEUTROPENIC	ENTEROCOLITIS)
Rarely,	ischemic	colitis,	in	the	absence	of	neutropenia,	has	been	reported	with	docetaxel-containing	regimens	in
patients	with	metastatic	breast	cancer,	including	3	of	14	patients	in	a	phase	I	study	of	docetaxel	and	vinorelbine.20
Patients	 typically	 present	 4	 to	 10	 days	 after	 administration	 with	 rapid	 onset	 of	 pain	 and	 tenderness	 over	 the
affected	bowel	followed	by	the	development	of	rectal	bleeding	or	bloody	diarrhea	within	24	hours	of	the	onset	of
pain.

TARGETED	THERAPY–ASSOCIATED	DIARRHEA
Almost	all	of	the	recently	developed	small-molecule	targeted	therapies	cause	diarrhea	as	a	side	effect.	Diarrhea,
which	 can	 be	 severe,	 has	 been	 reported	 in	 30%	 to	 50%	 of	 patients	 receiving	 bortezomib,	 erlotinib,	 gefitinib,
sorafenib,	 sunitinib,	 afatinib,	 and	 imatinib	 and	 the	 mammalian	 target	 of	 rapamycin	 (mTOR)	 inhibitors
temsirolimus	and	everolimus.

The	 monoclonal	 therapies	 targeting	 epidermal	 growth	 factor	 receptor	 (EGFR),	 cetuximab21	 and
panitumumab,22,23	 both	 cause	 diarrhea	 in	 10%	 to	 20%	 of	 patients,	 which	may	 be	 severe	 in	 a	 small	 subset	 of
patients.

IMMUNOTHERAPY-ASSOCIATED	DIARRHEA
Diarrhea	is	a	common	adverse	effect	of	checkpoint-blocking	antibodies	and	most	commonly	presents	after	6	to	8
weeks	 of	 treatment.24	 The	 incidence	 of	 diarrhea	 is	 much	 higher	 in	 patients	 receiving	 cytotoxic	 T-lymphocyte
antigen	4	(CTLA-4)–blocking	antibodies	compared	with	inhibition	of	the	programmed	cell	death	protein	1	(PD-1)
receptor.25	Among	patients	 taking	 ipilimumab	3	mg/kg,	30%	of	patients	developed	diarrhea,	which	was	 severe
(grade	 3	 or	 4)	 in	 10%,26	 and	 colitis	 was	 observed	 in	 approximately	 5%	 of	 patients	 and	 was	 severe	 in	 3%.26
Combined	 treatment	with	nivolumab	and	 ipilimumab	is	associated	with	 increased	prevalence	of	severe	diarrhea
(9%)	and	colitis	(8%).27

RADIOTHERAPY-INDUCED	DIARRHEA
Radiation	 injury	 to	 the	 lower	 intestine	 is	 usually	 encountered	 after	 treatment	 of	 cancers	 of	 the	 anus,	 rectum,
cervix,	 uterus,	 prostate,	 urinary	 bladder,	 and	 testes	 and	 as	 part	 of	 total-body	 irradiation.	 Radiotherapy	 of	 the
abdomen	or	pelvis	damages	 intestinal	mucosa,	causing	prostaglandin	release	and	bile	salt	malabsorption.	These
two	factors	increase	intestinal	peristalsis,	causing	diarrhea.

Acute	radiation	enteritis	or	proctitis	occurs	within	6	weeks	of	therapy.	Symptoms	include	diarrhea,	cramping,
rectal	urgency	or	tenesmus,	and,	uncommonly,	bleeding.	These	symptoms	usually	resolve	without	specific	therapy
within	2	to	6	months.

Late	radiation	enteritis	or	proctitis	generally	occurs	8	to	12	months	after	therapy,	and	in	some	cases,	it	may	be
delayed	by	years.28	It	may	manifest	as	malabsorption	and/or	diarrhea,	with	more	rapid	transit	times	occurring	in
the	affected	bowel.	Bacterial	overgrowth	causes	malabsorption	and	contributes	to	the	nausea,	abdominal	pain,	and
diarrhea,	 and	 it	 should	be	 suspected	 in	 patients	with	 intestinal	 strictures	 or	 enterocolic	 fistulae.28	Although	 the
large	 intestine	 is	 less	 radiosensitive,	 some	patients	can	develop	a	pancolitis	 that	 resembles	 inflammatory	bowel
disease	(IBD).29

OTHER	CAUSES	OF	TREATMENT-RELATED	DIARRHEA
Clostridium	difficile	Diarrhea



C.	 difficile	 diarrhea	 occurs	 when	 the	 normal	 intestinal	 flora	 is	 altered,	 allowing	C.	 difficile	 to	 flourish	 in	 the
intestinal	 tract	 and	 produce	 a	 toxin	 that	 causes	 a	 watery	 diarrhea.30	 It	 can	 be	 triggered	 by	 repeated	 enemas,
prolonged	nasogastric	tube	insertion,	gastrointestinal	tract	surgery,	and	the	use	of	antibiotics,	especially	penicillin
(ampicillin),	 clindamycin,	 and	 cephalosporins.	 It	 may	 also	 be	 triggered	 by	 chemotherapy	 in	 the	 absence	 of
antibiotic	therapy.31	The	most	common	confirmatory	study	 is	an	enzyme	immunoassay	for	C.	difficile	 toxins	A
and	B,	which	yields	results	in	2	to	4	hours.	Specificity	of	the	assay	is	high	(93%	to	100%),	but	sensitivity	ranges
from	 63%	 to	 99%,	 and	 this	 limited	 sensitivity	 may	 require	 two	 to	 three	 repeat	 stool	 samples	 to	 document
disease.30	Recently,	a	polymerase	chain	reaction	test,	the	“Xpert	C.	difficile	test,”	has	been	approved	by	the	U.S.
Food	and	Drug	Administration	(FDA).	Limited	data	indicate	that	this	may	have	greater	sensitivity.32

Enteral	Feeding
Tube	 feedings	 by	 nasogastric	 tube,	 gastrostomy,	 or	 jejunostomy	 may	 be	 associated	 with	 the	 development	 of
diarrhea.33	 This	 is	 a	 common	 problem,	 occurring	 in	 10%	 to	 60%	 of	 patients.33	 Many	 potential	 factors	 may
contribute	 to	 the	problem,	and	 indeed,	 it	 is	often	multifactorial.33	Both	 formula	osmolality	and	 rate	of	delivery
may	be	associated	with	diarrhea.33

Partially	hydrolyzed	guar	gum	is	a	soluble	fiber	added	to	enteral	formulas	and	has	the	largest	body	of	evidence
supporting	its	use	in	diarrhea	prevention	when	compared	with	fiber-free	formulas.33	There	is	conflicting	evidence
of	efficacy	of	probiotics	 in	preventing	diarrhea	 in	patients	receiving	enteral	nutrition,	and	there	 is	no	consensus
regarding	the	use	of	this	approach	prophylactically.33

Contamination	of	 the	enteral	formula	may	be	a	contributing	or	causative	factor.	Recommendations	to	reduce
the	 risk	 of	 contamination	 include	 proper	 handwashing	 before	working	with	 the	 feeding	 administration,	 use	 of
clean	gloves	before	working	with	the	feeding	tube	and	administration	set,	use	of	aseptic	technique	in	setting	up
and	connecting	the	feeding	administration	set	and	related	equipment,	adherence	to	“hanging	time”	guidelines	of
individual	formulations,	and	refrigerated	storage	of	prepared	bags	until	use	but	for	no	longer	than	96	hours.34

Celiac	Plexus	Block
Celiac	plexus	block	 is	 commonly	 associated	with	 a	 self-limiting	 acute	diarrhea.	Occasionally,	 diarrhea	may	be
persistent.	This	diarrhea	may	be	amenable	to	treatment	with	atropine.35

ASSESSMENT
The	National	Cancer	 Institute	grading	 for	 the	severity	of	diarrhea	 is	presented	 in	Table	128.1.	 In	 the	 setting	of
chemotherapy-induced	diarrhea,	it	is	an	important	consideration	in	treatment	selection	(see	the	following	text).

Assessment	includes	a	detailed	medical	history,	dietary	history,	medication	review,	description	of	stools,	and	a
physical	 examination	 focused	 on	 the	 abdominal	 and	 rectal	 areas	 and	 identification	 of	 dehydration.	 When
appropriate,	 abdominal	 radiographs	 can	 be	 ordered	 to	 evaluate	 for	 intestinal	 obstruction	 or	 fecal	 impaction.
Biochemical	parameters	should	be	checked	for	evidence	of	dehydration,	hypokalemia,	hypomagnesemia,	or	renal
impairment.	 If	 enteric	 infections	 are	 suspected,	 stool	 samples	 should	 be	 sent	 for	 fecal	 leukocytes,	C.	 difficile
toxins	A	and	B,	and	culture	for	organisms	including	C.	difficile,	Salmonella,	E.	coli,	Campylobacter,	 and	 other
pathogens	causing	infectious	colitis.

As	described	earlier,	when	neutropenic	enterocolitis	 is	 suspected,	CT	or	ultrasound	 imaging	of	 the	abdomen
should	be	undertaken,	and	additional	prognostic	information	may	be	obtained	by	ultrasound	evaluation	of	bowel
wall	thickness.16,18

GENERAL	PRINCIPLES	IN	THE	MANAGEMENT	OF	DIARRHEA
Patients	must	be	rehydrated	either	orally	or,	when	appropriate,	by	parenteral	 infusion.	 In	cases	of	 large-volume
diarrhea,	 there	 is	 the	potential	 for	very	 rapid	dehydration	with	 risk	of	prerenal	 impairment	or	 even,	 in	 extreme
cases,	 shock.	 Patients	 may	 suffer	 electrolyte	 imbalance	 particularly	 from	 not	 only	 hypokalemia	 but	 also
hypomagnesemia.	 In	 general,	milk	 products	 should	 be	 avoided	 because	 transient	 lactase	 deficiency	 sometimes
may	occur.	Special	attention	should	be	given	to	patients	who	are	incontinent	of	stool	due	to	the	risk	of	pressure
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ulcer	formation.	Skin	barriers	should	be	used	to	prevent	skin	irritation	caused	by	fecal	material.

ANTIDIARRHEA	MEDICATIONS
Opioids
Loperamide	is	generally	the	opioid	of	choice	because	it	has	local	activity	in	the	gut	and	is	minimally	absorbed.	It
reduces	 stool	 weight,	 frequency	 of	 bowel	 movements,	 urgency,	 and	 fecal	 incontinence	 in	 acute	 and	 chronic
diarrhea.	Loperamide	can	be	started	at	an	initial	dose	of	4	mg	followed	by	2	mg	every	2	to	4	hours	or	after	every
unformed	stool.1,36

Somatostatin	Analogs
In	cases	of	severe	or	persistent	diarrhea,	the	somatostatin	analog	octreotide	should	be	considered.	Octreotide	has
multiple	antidiarrheal	actions	including	suppression	of	release	of	insulin,	glucagon,	vasoactive	intestinal	peptide
(VIP),	and	gastric	acid	secretion;	reduction	in	motility	and	pancreatic	exocrine	function;	and	increased	absorption
of	water,	electrolytes,	and	nutrients	from	the	gastrointestinal	tract.	The	usual	starting	dose	for	octreotide	is	100	to
150	 μg	 subcutaneously	 (SC)	 or	 IV	 three	 times	 a	 day.1,36	 Because	 there	 is	 a	 dose-response	 relationship	 for	 its
antidiarrheal	effect,	the	dose	can	be	titrated	up	to	500	μg	SC	or	IV	three	times	a	day	or	by	continual	IV	infusion	at
25	to	50	μg	per	hour.1,36	A	microencapsulated,	long-acting	formulation	of	octreotide	has	been	developed	for	once-
monthly	intramuscular	dosing.	This	formulation	has	demonstrated	efficacy	in	nonresolving	severe	diarrhea.37,38

TABLE	128.1
National	Cancer	Institute	Common	Toxicity	Criteria	for	Grading	of	Diarrhea

Grade	1 Grade	2 Grade	3 Grade	4 Grade	5
Increase	of	<4	stools/d
over	baseline;	mild
increase	in	ostomy
output	compared	to
baseline

Increase	of	4–6	stools/d
over	baseline;
moderate	increase	in
ostomy	output
compared	to	baseline

Increase	of	≥7	stools/d
over	baseline;
incontinence;
hospitalization
indicated;	severe
increase	in	ostomy
output	compared	to
baseline;	limiting	self-
care	activities	of	daily
living

Life-threatening
consequences;	urgent
intervention	indicated

Death

Adapted	 from	 National	 Cancer	 Institute.	 Common	 Terminology	 Criteria	 for	 Adverse	 Events	 (CTCAE)	 v4.0.
https://evs.nci.nih.gov/ftp81/CTCAE/CTCAE_84.03_2010-2006-2014_QuickReference_2018.2015x2011.pdf.	 Accessed	 May	 24,
2017.

Uridine	Triacetate
Uridine	 triacetate	 is	 an	 orally	 administered	 prodrug	 of	 uridine,	 which	 is	 a	 specific	 pharmacologic	 antidote	 to
fluoropyrimidines,	and	it	is	a	potentially	life-saving	treatment	for	overdoses	of	these	agents.	It	is	licensed	for	the
management	 of	 early-onset,	 severe,	 or	 life-threatening	 toxicity	 including	diarrhea	 and/or	 neutropenia	within	96
hours	 after	 the	 end	 of	 5-FU	 or	 capecitabine	 administration.39,40	 The	 recommended	 dose	 schedule	 for	 uridine
triacetate	in	adults	is	10	g	orally	every	6	hours	for	20	doses.

Other	Agents
Budesonide	is	an	orally	administered,	topically	active	steroid	with	high	activity	in	IBD,	a	90%	first-pass	effect	in
the	liver,	and	therefore	low	systemic	availability.	It	is	commonly	used	in	the	management	of	diarrhea	in	patients
with	low-	to	medium-grade	IBD.	A	small	study	demonstrated	efficacy	of	oral	budesonide	in	the	management	of
chemotherapy-induced	diarrhea	that	was	refractory	to	loperamide.41



SPECIFIC	MANAGEMENT	GUIDELINES
Chemotherapy-Induced	Diarrhea
Chemotherapy-induced	diarrhea	is	a	major	problem	in	the	management	of	patients	with	gastrointestinal	cancer	in
which	 the	 drugs	 irinotecan	 and	 5-FU	 are	 commonly	 used.1,36	 Patients	 are	 classified	 as	 uncomplicated	 or
complicated	based	on	clinical	features,	and	this	classification	guides	treatment	approach.

Prevention
Although	a	randomized	trial	did	not	show	any	advantage	of	neomycin	in	the	primary	prevention	of	late	irinotecan
diarrhea,42	there	is	limited	evidence	supporting	its	use	as	secondary	prevention	in	selected	patients.43

Uncomplicated	Diarrhea

Step	1.	Patients	with	grade	1	or	2	diarrhea	with	no	other	complicating	signs	or	symptoms	may	be	classified	as
“uncomplicated”	and	managed	conservatively	with	oral	hydration	and	loperamide.	Initial	management	of	mild	to
moderate	diarrhea	should	include	dietary	modifications	(e.g.,	eliminating	all	lactose-containing	products	and	high-
osmolar	 dietary	 supplements),	 and	 the	 patient	 should	 be	 instructed	 to	 record	 the	 number	 of	 stools	 and	 report
symptoms	of	life-threatening	sequelae	(e.g.,	fever	or	dizziness	on	standing).	Loperamide	should	be	started	at	an
initial	dose	of	4	mg	followed	by	2	mg	every	4	hours	or	after	every	unformed	stool	(not	to	exceed	16	mg	per	day).

If	diarrhea	resolves	with	loperamide,	the	patients	should	be	instructed	to	continue	dietary	modifications	and	to
gradually	add	solid	 foods	 to	 their	diet.	 In	 the	case	of	chemotherapy-induced	diarrhea,	patients	may	discontinue
loperamide	when	they	have	been	diarrhea	free	for	at	least	12	hours.

Step	2.	If	mild	to	moderate	diarrhea	persists	for	more	than	24	hours,	the	dose	of	loperamide	should	be	increased	to
2	mg	every	2	hours,	and	oral	antibiotics	may	be	started	as	prophylaxis	for	infection.

Step	 3.	 If	 mild	 to	 moderate	 chemotherapy-induced	 diarrhea	 has	 not	 resolved	 after	 24	 hours	 on	 high-dose
loperamide	 (48	 hours	 total	 treatment	with	 loperamide),	 the	 patient	 should	 be	 seen	 in	 the	 physician’s	 office	 or
outpatient	center	for	further	evaluation,	including	complete	stool	and	blood	workup.	Stool	workup	should	include
evaluation	 for	 pathogens.	 Fluids	 and	 electrolytes	 should	 be	 replaced	 as	 needed.	 Loperamide	 should	 be
discontinued,	and	the	patient	should	be	started	on	a	second-line	antidiarrheal	agent	such	as	SC	octreotide	(100-	to
150-μg	starting	dose,	with	dose	escalation	as	needed)	or	other	second-line	agents	(e.g.,	oral	budesonide	or	tincture
of	opium).

Complicated	Diarrhea
Patients	 with	 mild	 to	 moderate	 diarrhea	 complicated	 by	 moderate	 to	 severe	 cramping,	 nausea	 and	 vomiting,
diminished	 performance	 status,	 fever,	 sepsis,	 neutropenia,	 bleeding,	 or	 dehydration	 and	 patients	 with	 severe
diarrhea	are	classified	as	“complicated.”

Aggressive	management	of	complicated	cases	usually	necessitates	admission	and	involves	IV	fluids;	octreotide
at	a	starting	dose	of	100	to	150	μg	SC	three	 times	a	day	or	IV	(25	to	50	μg	per	hour)	 if	 the	patient	 is	severely
dehydrated,	with	dose	escalation	up	to	500	μg	SC	three	times	a	day	until	diarrhea	is	controlled,	and	administration
of	 antibiotics	 (e.g.,	 fluoroquinolone).	 If	 severe	 diarrhea	 occurs	 within	 96	 hours	 of	 administration	 of
fluoropyrimidines,	the	antidote	uridine	triacetate	should	be	administered	at	a	dose	of	10	g	orally	every	6	hours	for
20	doses.39,40

Patients	should	be	evaluated	with	complete	blood	count,	electrolyte	profile,	and	a	stool	workup	evaluating	for
blood,	fecal	leukocytes,	C.	difficile,	Salmonella,	E.	coli,	Campylobacter,	and	other	causes	of	infectious	colitis.

RADIATION	THERAPY–INDUCED	DIARRHEA
The	initial	management	of	uncomplicated	radiotherapy-induced	diarrhea	is	the	same	as	for	chemotherapy-induced
diarrhea,1,36	starting	with	low-dose	loperamide	and	then	progressing	to	high-dose	loperamide	if	diarrhea	persists
beyond	24	hours.

If	diarrhea	has	not	resolved	after	a	further	24	hours	on	high-dose	loperamide,	continue	loperamide	(2	mg	every
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2	hours).	In	such	cases,	the	patient	should	be	evaluated,	and	in	severe	cases,	octreotide	therapy	may	be	indicated.
Patients	with	mild	 to	moderate	diarrhea	complicated	by	moderate	 to	 severe	 cramping,	nausea	and	vomiting,

diminished	 performance	 status,	 fever,	 sepsis,	 neutropenia,	 bleeding,	 or	 dehydration	 and	 patients	 with	 severe
diarrhea	 are	 classified	 as	 complicated.	 Complicated	 radiation-induced	 diarrhea	 needs	 intensive	monitoring	 and
aggressive	management	either	in	hospital	or	an	intensive	home	care	nursing	program	or	an	outpatient	facility	able
to	 provide	 a	 high	 level	 of	 care.	 Patient	with	 severe	 symptoms	 or	 features	 suggestive	 of	 sepsis	 should	 undergo
complete	stool	and	blood	workup	and	should	be	treated	with	octreotide	and	IV	antibiotics.

IMMUNOTHERAPY-INDUCED	DIARRHEA	AND	COLITIS
Mild	 (grade	1)	diarrhea	with	 less	 than	 four	 stools	per	day	over	baseline	can	be	managed	symptomatically	with
loperamide.	 If	 grade	 2	 symptoms	 (increase	 of	 four	 to	 six	 stools	 per	 day	 over	 baseline)	 or	 greater	 occur	 or	 in
situations	where	 the	 diagnosis	 is	 unclear,	 colonoscopy	 is	 recommended	 and	 treatment	with	 steroids	 should	 be
initiated	if	colitis	is	observed.44,45

For	patients	with	severe	or	life-threatening	enterocolitis	(grade	3	or	4,	increase	of	seven	or	more	stools	per	day
over	 baseline	 or	 other	 complications),	 treatment	 with	 ipilimumab	 should	 be	 permanently	 discontinued	 and
corticosteroids	should	be	initiated	with	methylprednisolone	125	mg	IV	followed	by	maintenance	prednisone	(1	to
2	mg/kg	once	per	day)	or	dexamethasone	(4	mg	every	4	hours),	which	can	be	gradually	tapered	over	the	next	4	to
8	weeks	 depending	 on	 the	 severity	 of	 the	 colitis.	 Slow	 tapering	 is	 important	 to	 ensure	 complete	 resolution	 of
symptoms	and	to	avoid	recurrence.44,45

For	patients	in	whom	IV	steroids	followed	by	high-dose	oral	steroid	therapy	does	not	lead	to	initial	resolution
of	 symptoms	 within	 2	 to	 3	 days,	 treatment	 with	 infliximab	 at	 5	 mg/kg	 once	 every	 2	 weeks,	 similar	 to	 the
therapeutic	 approach	 for	 IBD,	 is	 suggested.44	 In	 refractory	 cases,	 immunosuppression	 with	 tacrolimus	 (a
calcineurin	 inhibitor	 that	 prevents	 T-cell	 activation	 by	 interfering	 with	 the	 production	 of	 interleukin-2	 and
interferon-γ)	 or	 mycophenolate	 mofetil	 may	 be	 needed.45,46	 In	 very	 rare	 cases,	 colitis	 can	 result	 in	 bowel
perforation,	potentially	requiring	colostomy.44

MANAGEMENT	OF	NEUTROPENIC	ENTEROCOLITIS
Management	of	neutropenic	enterocolitis	is	challenging,	and	the	risk	of	mortality	is	high.	There	are	roles	for	both
medical	and	surgical	interventions.

The	 initial	 treatment	 for	 neutropenic	 enterocolitis	 is	 medical,	 with	 the	 administration	 of	 broad-spectrum
antibiotics,	 granulocyte	 colony-stimulating	 factors,	 nasogastric	 decompression,	 IV	 fluids,	 bowel	 rest,	 and	 serial
abdominal	examinations.19	In	most	patients,	these	measures	are	sufficient,	and	symptoms	resolve	after	correction
of	the	neutropenia.	The	administered	antibiotics	should	have	a	broad	spectrum	of	activity	to	cover	enteric	gram-
negative	 organisms,	 gram-positive	 organisms,	 and	 anaerobes.	Causative	microorganisms	 include	Pseudomonas,
Staphylococcus	 aureus,	E.	 coli,	 and	 group	A	Streptococcus.19	 Reasonable	 initial	 choices	 include	 monotherapy
with	 piperacillin-tazobactam	 or	 imipenem-cilastatin	 or	 dual	 therapy	 with	 cefepime	 or	 ceftazidime	 along	 with
metronidazole.14	In	cases	that	do	not	respond	to	antibacterial	agents,	amphotericin	should	be	considered	because
fungemia	 is	 common.19	 Blood	 transfusions	 may	 be	 necessary	 because	 the	 diarrhea	 is	 often	 bloody.
Anticholinergic,	antidiarrheal,	and	opioid	agents	should	be	avoided	because	they	may	aggravate	ileus.

If	neutropenic	enterocolitis	occurs	within	96	hours	of	administration	of	fluoropyrimidines,	the	antidote	uridine
triacetate	should	be	administered	at	a	dose	of	10	g	orally	every	6	hours	for	20	doses.39,40

The	indications	for	and	timing	of	surgical	intervention	are	controversial.	The	mortality	of	patients	who	fail	to
respond	 to	medical	 interventions	 is	 high,	 and	many	 patients	may	 not	 be	 salvageable.	 Nonetheless,	 in	 selected
patients,	surgery	may	be	helpful	to	avoid	progressive	bowel	necrosis	and	perforation	and	to	help	control	sepsis.
Commonly	 cited	 indications	 for	 surgery	 include	 (1)	 persistent	 gastrointestinal	 bleeding	 after	 correction	 of
thrombocytopenia	and	coagulopathy,	(2)	radiologic	evidence	of	bowel	perforation	with	free	intraperitoneal	air	or
abscess	formation,	(3)	clinical	deterioration	despite	aggressive	supportive	measures,	and	(4)	ruling	out	other	intra-
abdominal	processes	such	as	bowel	obstruction	or	acute	appendicitis.19

If	 exploratory	 surgery	 is	 performed,	 resection	 of	 grossly	 involved	 bowel	 is	 necessary.	All	 necrotic	material
must	be	resected,	usually	by	a	right	hemicolectomy,	ileostomy,	and	mucous	fistula.	Failure	to	remove	the	necrotic
focus	 in	 these	 severely	 immunocompromised	 patients	 is	 often	 fatal,	 and	 anastomosis	 is	 not	 generally



recommended	because	of	the	increased	incidence	of	anastomotic	leak.

DIARRHEA	PROPHYLAXIS
Prevention	of	Radiation	Diarrhea
Multiple	clinical	 trials	have	focused	on	prevention	of	diarrhea	in	patients	receiving	pelvic	radiotherapy.47	There
are	limited	data	to	support	the	use	of	probiotic	treatment	containing	Lactobacillus47	and/or	prophylactic	500-mg
sulfasalazine	administered	orally	two	times	a	day	for	prevention	of	radiotherapy-induced	diarrhea.47

Prevention	of	Chemotherapy	Diarrhea
Other	than	the	use	of	atropine	to	prevent	acute	irinotecan	diarrhea,10	prophylactic	antidiarrheal	treatment	is	not	a
standard	approach	for	any	chemotherapy	regimen.	Small	studies	in	the	prevention	of	irinotecan-induced	diarrhea
have	suggested	the	potential	utility	of	oral	alkalinization	of	the	intestinal	lumen,48	activated	charcoal,49	 and	oral
administration	of	probiotics	microorganisms	such	as	Lactobacillus	rhamnosus.50

CONSTIPATION
Definition
Constipation	is	the	slow	movement	of	feces	through	the	large	intestine,	resulting	in	infrequent	bowel	movements
and	the	passage	of	dry,	hard	stools.	Constipation	is	a	symptom,	not	a	disease.	It	is	usually	a	temporary	condition
and	is	not	considered	serious.

According	to	the	Rome	II	Criteria	proposed	by	a	working	group	of	gastroenterologists,51	the	clinical	definition
of	 chronic	 constipation	 is	 the	 presence	 of	 any	 two	 of	 the	 following	 symptoms	 for	 at	 least	 12	 weeks	 (not
necessarily	consecutive)	in	the	previous	12	months:

Straining	during	bowel	movements
Lumpy	or	hard	stool
Sensation	of	incomplete	evacuation
Sensation	of	anorectal	blockage	or	obstruction
Manual	maneuvers	to	remove	stool
Less	than	three	bowel	movements	per	week

Prevalence
The	prevalence	of	constipation	in	patients	with	advanced	cancer	is	approximately	40%	to	60%,52	and	it	 is	most
prevalent	 in	 the	 opioid-treated	 population.53	 Constipation	 is	 a	 major	 cause	 of	 patient	 distress	 and	 is	 often
underappreciated	and	undertreated.54

Treatment-Related	Causes
Medications,	in	particular	opioids,	serotonin	antagonist	antiemetics,	and	vinca	alkaloid	chemotherapy	agents,	are
the	most	common	causes	of	constipation	among	patients	with	cancer.

Opioid	Analgesics
All	 opioids	 cause	 constipation,	 and	 tolerance	 to	 this	 effect	 is	 not	 observed	 over	 time.	 Importantly,	 the	 dose-
response	relationship	to	this	effect	is	very	flat,	and	the	severity	does	not	appear	to	be	strongly	dose-related.	There
are	 some	 data	 to	 indicate	 that	 constipation	 is	 less	 severe	with	 fentanyl	 and,	 possibly,	methadone55,56	 and	with
oxycodone/naloxone	combined	formulation	tablets.57

Serotonin	5-HT3	Receptor	Antagonists
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The	5-HT3	receptor	antagonist	antiemetics	slow	colonic	transit,	increase	fluid	absorption,	and	increase	left	colon
compliance.	 Overall,	 these	 agents	 are	 very	 well	 tolerated,	 but	 2%	 to	 5%	 of	 patients	 report	 constipation,	 and
laxative	therapy	is	often	indicated.

Vinca	Alkaloids
All	 the	vinca	alkaloids	have	pronounced	neuropathic	effects	and	reduce	gastrointestinal	 transit	 time.	Severity	 is
greatest	with	vincristine	and	vindesine,	less	with	vinblastine,	and	least	with	vinorelbine.	Among	patients	receiving
vincristine,	it	is	dose	related	and	is	more	common	and	severe	among	patients	receiving	doses	greater	than	2	mg
total	dose.58,59	Severity	is	variable,	and,	rarely,	life-threatening	ileus	and	megacolon	have	been	reported.

Thalidomide
Other	than	sedation,	constipation	is	the	most	common	adverse	effect	of	thalidomide.60

Other	Medications
Other	 constipating	 drugs	 commonly	 used	 in	 the	 care	 of	 cancer	 include	 those	 with	 anticholinergic	 actions
(antispasmodics,	antidepressants,	phenothiazines,	haloperidol,	antacids),	some	anticonvulsants	or	antihypertensive
drugs,	iron	supplements,	and	diuretics.

Differential	Diagnosis
Other	 causes	of	 constipation	are	 also	 common	among	patients	with	 advanced	cancer.	Among	other	 causes	 that
need	to	be	considered	are	the	following:
1.	 Low-fiber	diet:	A	low-fiber	diet	or	a	diet	rich	in	processed	and	low-fiber	foods	may	exacerbate	constipation.
2.	 Dehydration:	Liquids	like	water	and	juice	add	fluid	to	the	colon	and	bulk	to	stools,	making	bowel	movements	softer

and	easier	to	pass.	Liquids	that	contain	caffeine	and	alcohol	have	a	dehydrating	effect.
3.	 Lack	of	exercise:	Lack	of	exercise	can	lead	to	constipation,	although	the	reason	is	unclear.
4.	 Colonic	 pathology:	 Many	 patients	 have	 coexisting	 irritable	 bowel	 syndrome	 or	 diverticular	 disease.	 In	 many

instances,	constipation	may	be	the	first	symptom	of	an	impending	obstruction	due	to	tumor,	adhesions,	or	a	stricture.
5.	 Neuromuscular	 disorders:	 Neurogenic	 factors	may	 impair	 normal	 colonic	 function	 including	 brain	 tumors,	 spinal

cord	compression,	or	the	autonomic	failure	that	is	common	in	patients	with	far	advanced	cancer.	Neural	integration	of
anal	sphincter	control	and	rectosigmoid	propulsion	occurs	in	the	sacral	segments	of	the	spinal	cord.	Damage	to	sacral
segments	of	the	spinal	cord	or	to	efferent	nerves	may	lead	to	severe	constipation.

6.	 Metabolic	disorders:	Certain	disorders	of	metabolism	commonly	seen	in	patients	with	cancer	can	lead	to	constipation
and	include	the	following:	hypercalcemia,	hyponatremia,	hypokalemia,	and	uremia.

7.	 Psychological	disorders:	Constipation	is	a	common	manifestation	of	depression.

Diagnosis
The	medical	 history	 can	 assist	 in	 identifying	 the	 causes	 of	 constipation.	 An	 accurate	 history	 should	 elicit	 the
change	 in	 bowel	movements:	 frequency	 of	 bowel	movements;	 whether	 defecation	 is	 associated	with	 blood	 or
mucus	(suggestive	of	obstruction	or	hemorrhoids),	pain,	or	straining;	presence	or	absence	of	defecation	urge	(hard
stool	or	rectal	obstruction	in	former,	colon	inertia	in	latter);	and	manual	maneuvers	by	patient.	Questions	should
also	be	aimed	to	determine	the	cause	of	the	change	in	bowel	movements,	in	particular	eating	and	drinking	habits,
medication	use,	and	level	of	physical	activity.

The	physical	assessment	could	include	a	rectal	examination	to	evaluate	sphincter	 tone	and	detect	 tenderness,
obstruction,	or	blood.	Digital	rectal	examination	may	reveal	the	following:

Hard	impacted	feces
Soft	stool	due	to	fecal	leakage
Complete	absence	of	stool	(colonic	inertia,	high	obstruction,	or	impacted	stools)
Tumor	masses
Concomitant	disease,	such	as	hemorrhoids,	anal	fissure,	perianal	ulceration,	rectocele,	or	anal	stenosis

If	 constipation	 manifests	 as	 part	 of	 a	 spinal	 cord	 compression	 syndrome,	 full	 neurologic	 examination	 is
necessary,	including	assessment	of	anal	sphincter	tone	(lax	with	colonic	hypotonia)	and	rectal	sensation.



Investigation
Investigations	 are	 not	 routinely	 necessary;	 however,	 plain	 abdominal	 radiography	may	 be	 indicated	 to	 exclude
bowel	obstruction.61	Despite	the	common	use	of	plain	abdominal	x-rays	to	assess	“fecal	loading,”	this	is	not	well
correlated	to	constipation	scale	self-reports.62

If	clinically	suspected,	corrected	calcium	levels	and	thyroid	function	should	be	checked.	More	extensive	testing
can	 proceed	 for	 patients	with	 severe	 symptoms,	 for	 those	with	 sudden	 changes	 in	 number	 and	 consistency	 of
bowel	movements	or	blood	in	the	stool,	and	for	older	adults.

General	Measures

Diet
All	 constipated	 subjects	 should	 be	 advised	 as	 an	 initial	 measure	 to	 increase	 their	 dietary	 fiber	 intake	 as	 the
simplest,	most	physiologic,	and	cheapest	form	of	treatment.	Patients	should	be	encouraged	to	increase	their	intake
of	fiber-rich	foods	such	as	bran,	fruits,	vegetables,	and	nuts.	Prune	juice	is	commonly	used	to	relieve	constipation.

Fluid	Intake
Dehydration	or	salt	depletion	is	likely	to	lead	to	increased	salt	and	water	absorption	by	the	large	intestine,	leading
to	the	passage	of	small,	hard	stools.

Physical	Activity
Increasing	 physical	 activity	 is	 commonly	 recommended,	 although	 the	 evidence	 supporting	 efficacy	 of	 this
recommendation	is	scant.

Laxatives
There	is	limited	evidence	to	support	the	use	of	one	laxative	over	the	other.	Pragmatic	recommendations	regarding
the	selection	of	 laxatives	are	made	for	patients	with	advanced	cancer	distinguishing	generally	preferred	options
from	other	available	options	(Table	128.2).

Opioid	Antagonists	for	Opioid-Induced	Constipation
Methylnaltrexone	is	a	quaternary	derivative	of	naltrexone	that	does	not	cross	the	blood–brain	barrier	in	humans.
As	a	result,	 it	antagonizes	only	peripherally	 located	opioid	receptors	while	sparing	centrally	mediated	analgesic
effects	 of	 opioid	pain	medications.63	 It	 is	 administered	 as	 an	 SC	 injection,	 initially	 once	 every	 other	 day.	 The
frequency	of	administration	can	be	increased	if	needed	to	once	daily.	The	approved	dosage	is	8	mg	for	patients
weighing	 38	 to	 61	 kg,	 and	 12	 mg	 for	 those	 weighing	 62	 to	 114	 kg;	 for	 those	 outside	 these	 ranges,	 the
recommended	dose	is	0.15	mg/kg.

Naloxegol,	 an	orally	 administered	 selective	 peripheral	 opioid	 receptor	 antagonist,	 has	 been	 approved	by	 the
FDA	for	use	in	opioid-induced	constipation	for	noncancer	patients	and	is	currently	under	investigation	for	cancer-
related	opioid-induced	constipation.

Enemas	and	Suppositories
Self-administration	of	enemas	or	suppositories	is	an	alternative	approach	for	patients	who	do	not	respond	to	oral
laxatives.	 Osmotic	 microenemas	 are	 often	 useful	 when	 oral	 agents	 have	 not	 provided	 adequate	 laxation.
Commercial	 preparations	 contain	 mainly	 sodium	 lauryl	 sulfoacetate	 (a	 stool	 softener	 similar	 to	 docusate)	 and
osmotic	agents	and	glycerol.

TABLE	128.2
Laxative	Medications

	 Mechanism
Cautions	and	Adverse
Effects Usage	Guidelines General	Comments
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BULK	LAXATIVES
Ispaghula,	sterculia,
psyllium,
methylcellulose,	and
carboxymethylcellulose

	 Useful	for	patients	who
are	able	to	ingest
ample	volumes	of	fluid

	 Not	recommended	for
opioid-induced
constipation67

OSMOTIC	LAXATIVES
Polyethylene	glycol
3350

Inert	polymer	that	is	not
absorbed	by	the	gut
and	is	excreted
unchanged	in	the	feces

Generally	well	tolerated
with	a	low	tendency	to
gas	formation

Once-daily	dose;	1–2
tsp	in	water

Most	strongly	endorsed
in	recent	systematic
reviews	of	chronic
constipation68,69

Lactulose Synthetic	disaccharide
that	is	not	absorbed	by
the	small	bowel70

Very	sweet	taste;
commonly	causes
abdominal	distention

Recommended	dose
for	adults	is	15–30	mL.

	

Magnesium	hydroxide,
citrate,	sulfate,	and
sodium	sulfate

The	magnesium	and
sulfate	ions	are	poorly
absorbed	from	the	gut,
and	the	action	of	these
agents	is	mainly
osmotic.

Excessive	doses	of
magnesium	salts	by
mouth	can	lead	to
hypermagnesemia.

In	mildly	constipated
patients,	regular
magnesium	hydroxide
1.2–3.6	g/d	is	a	useful,
safe	laxative;
magnesium	sulfate
(Epsom	salt)	is	a	more
potent	laxative	that
tends	to	produce	a
large	volume	of	liquid
stool.

These	medications
should	be	used	with
caution	in	patients	with
renal	impairment	and	in
children.

STIMULANT	LAXATIVES
Senna,	aloe,	cascara,
and	frangula

Plant	compounds	that
are	hydrolyzed	by
glycosidases	of	the
colonic	bacteria	to	yield
the	active	molecules
with	motor	and
secretory	effects	on	the
colon

May	cause	cramping
pains

Best	taken	in	the
evening	or	at	bedtime;
the	usual	dose	is	15	mg
of	sennosides	at
bedtime

There	is	wide	variation
in	clinical	effectiveness.

Bisacodyl	and	sodium
picosulfate

Similar	to	those	of	the
anthranoid	laxatives

	 The	bisacodyl
recommended	adult
dose	is	5–10	mg	taken
at	night;	sodium
picosulfate	is	available
as	a	liquid	or
dissolvable	powder.

Generally
recommended	for
short-term	use	in
situations	of	refractory
constipation

DETERGENTS/STOOL	SOFTENERS
Liquid	paraffin Mineral	oil	that	softens

and	lubricates	the
stools

May	cause	lipoid
pneumonia;	some
patients	suffer	from
anal	seepage	and	a
foreign	body	reaction	if
there	is	a	break	in	the
anorectal	mucosa

1	mL/kg	body	weight	up
to	40	mL	daily

	

Saline	or	water	enemas	act	by	distending	the	rectum	and	softening	the	feces.	Large-volume	watery	enemas	risk
water	 intoxication	 if	 the	enema	 is	 retained.	Alternatively,	polyethylene	glycol	 can	be	used	or	 incorporated	 in	 a
suppository	for	its	osmotic	effect.

Hypertonic	 sodium	 phosphate	 enemas,	 such	 as	 the	 Fleet	 Enema,	 both	 distend	 and	 stimulate	 rectal	motility.
They	are	commonly	used,	and	side	effects	are	uncommon.	These	enemas	cause	some	superficial	disruption	of	the
surface	epithelium,	which	heals	rapidly.	Rarely,	when	phosphate	enemas	are	administered	to	patients	who	cannot
evacuate	promptly,	they	can	cause	hyperphosphatemia	and	severe	hypocalcemic	tetany.

Glycerin	(suppositories),	bisacodyl	(suppositories	or	enemas),	and	oxyphenisatin	(Veripaque)	are	all	stimulants
to	rectal	motility	that	are	commonly	used	for	short-term	treatment	and	are	often	effective.

Managing	Fecal	Impaction



A	fecal	impaction	is	a	large	mass	of	dry,	hard	stool	that	can	develop	in	the	rectum	due	to	chronic	constipation.64
This	mass	may	be	so	hard	that	it	cannot	be	excreted.	Watery	stool	from	higher	in	the	bowel	may	move	around	the
mass	and	leak.

Fecal	impaction	is	a	complication	of	chronic	constipation.	Patients	may	present	with	no	bowel	movement	over
a	 prolonged	 period	 or	 diarrhea	 resulting	 from	 overflow	 incontinence.	 The	 diagnosis	 is	 confirmed	 by	 rectal
examination	findings	of	hard,	formed	stool	present	in	the	rectal	vault.

The	complications	of	a	fecal	impaction	are	uncommon	but	include	urinary	tract	obstruction,	perforation	of	the
colon,	 dehydration,	 electrolyte	 imbalance,	 renal	 insufficiency,	 fecal	 incontinence,	 decubitus	 ulcers,	 stercoral
ulcers,	and	rectal	bleeding.

The	 treatment	 of	 a	 fecal	 impaction	 usually	 requires	 the	 digital	 fragmentation	 and	 extraction	 of	 the	 stool.
Lubricating	enemas	and	suppositories	may	be	helpful.	Since	this	is	a	very	uncomfortable	procedure,	 sedation	 is
generally	recommended	and	anesthesia	may	occasionally	be	needed.	Occasionally,	 it	may	be	necessary	to	use	a
colonoscope	with	a	snare	to	fragment	fecal	material	in	the	distal	colon.	Once	the	impaction	is	relieved,	it	is	crucial
that	the	patient	start	a	prophylactic	daily	bowel	regimen.65

There	is	limited	experience	to	suggest	a	noninvasive	approach	using	a	trial	of	high-dose	polyethylene	glycol	(1
mg/kg	for	3	days).66

CONCLUSION
Constipation	and	diarrhea	are	major	management	 issues	 for	cancer	clinicians.	There	 is	a	clinical	 imperative	 for
oncologists	 to	 be	 familiar	 with	 the	 common	 causes	 of	 these	 problems	 and	 their	 evaluation	 and	 management
strategies.	These	areas	still	demand	ongoing	clinical	and	basic	investigation.
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129 Oral	Complications
Jane	M.	Fall-Dickson,	Stefan	Cordes,	and	Ann	M.	Berger

INTRODUCTION
Effectiveness	of	cancer	 treatment	modalities	designed	 to	 increase	cure	 rates	and	 to	extend	disease-free	survival
and	 survival	 time,	 including	 chemotherapy	 (CT),	 radiation	 therapy	 (RT),	 and	 hematopoietic	 stem	 cell
transplantation	 (HSCT),	 is	 tempered	 by	 treatment-related	 side	 effects	 and	 associated	 symptoms	 as	 well	 as
impaired	 health-related	 quality	 of	 life	 (HRQOL).	 Oral	 complications	 are	 one	 such	 side	 effect	 category	 that
includes	 oral	 mucositis;	 oral	 chronic	 graft-versus-host	 disease	 (cGVHD);	 and	 associated	 oropharyngeal	 pain,
xerostomia,	and	oral	infection.	Pathogenesis	of	and	management	strategies	for	these	oral	complications	and	future
clinical	research	directions	are	presented	in	this	chapter.

ORAL	MUCOSITIS
Oral	mucositis	is	an	inflammation	of	the	mucous	membranes	of	the	oral	cavity	and	oropharynx	characterized	by
tissue	erythema,	edema,	and	atrophy,	often	progressing	to	ulceration.1	The	clinical	significance	of	CT-	and	RT-
related	oral	mucositis	as	a	dose-	and	treatment-limiting	side	effect	is	related	to	pain	and	impairment	in	a	patient’s
HRQOL	and	functional	status.2–4	Oral	mucositis	presents	clinically	with	asymptomatic	erythema	and	progresses
from	 solitary,	 white,	 elevated	 desquamative	 patches	 that	 are	 mildly	 painful	 to	 large,	 contiguous,
pseudomembranous,	 painful	 ulcers.	 Clinical	 oral	 sequelae	 of	 stomatogenic	 CT	 agents’	 mechanism	 of	 action
typically	 include	 epithelial	 hyperplasia,	 collagen	 and	 glandular	 degeneration,	 epithelial	 dysplasia,	 atrophy,	 and
localized	or	diffuse	mucosal	ulceration.	Nonkeratinized	mucosal	 areas	 are	most	 affected.	The	 loss	of	basement
membrane	 epithelial	 cells	 exposes	 underlying	 connective,	 innervated	 tissue	 stroma,	which	 contributes	 to	more
severe	 oropharyngeal	 pain.	 Healing	 of	 oral	 lesions	 in	 nonmyelosuppressed	 patients	 occurs	 2	 to	 3	 weeks	 after
cancer	treatment,	with	decrease	in	oropharyngeal	pain	seen	in	parallel	with	mucosal	healing.

The	 frequency	 and	 severity	 of	 oral	 mucositis	 are	 influenced	 by	 patient-	 and	 treatment-related	 risk	 factors
(Table	129.1).5,6	Risk	 factors	 for	CT-related	 oral	mucositis	 are	 complex.	Although	women	have	 reported	more
frequent	severe	oral	mucositis	than	men	and	children	are	three	times	more	likely	than	adults	to	develop	mucositis,
Driezen7	 reported	no	age	or	gender	risk	for	 this	oral	condition.	In	a	study	of	332	ambulatory	patients	receiving
CT,	no	 increased	risk	for	oral	mucositis	was	related	 to	history	of	smoking	or	previous	oral	 lesions,	presence	of
dental	 appliances,	 or	 type	 of	 oral	 care	 regimens.6	 Conflicting	 study	 results	 may	 be	 related	 to	 lack	 of	 clearly
defined	inclusion	criteria	for	risk	factors	for	clinical	trials.5	Treatment-related	risk	factors	include	CT	continuous
infusion	 for	 breast	 and	 colon	 cancer	 (5-fluorouracil	 [5-FU]	 and	 leucovorin);	 selected	 anthracyclines,	 alkylating
agents,	taxanes,	vinca	alkaloids,	antimetabolites,	and	antitumor	antibiotics;	myeloablative	conditioning	regimens
for	HSCT	(e.g.,	high-dose	melphalan	or	carmustine,	etoposide,	cytarabine,	and	melphalan	[BEAM])8–10;	and	RT
delivered	 to	 the	 head	 and	 neck.	 Patient-specific	 drug	 metabolism	 also	 affects	 oral	 mucositis	 incidence	 and
severity.

TABLE	129.1
Patient-	and	Treatment-Related	Risk	Factors	for	Oral	Mucositis

Patient-Related	Factors
Demographic
Age:	>65	y,	<20	y
Gender
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Oral	Cavity	Specific
Periodontal	diseases
Microbial	flora
Chronic	low-grade	oral	infections
Herpes	simplex	virus	infection
Ill-fitting	dental	prostheses
Systemic
Salivary	gland	secretory	dysfunction
Inborn	inability	to	metabolize	chemotherapeutic	agents	effectively
Inadequate	nutritional	status
Behavioral
Exposure	to	oral	stressors	including	alcohol	and	smoking
Inadequate	oral	health	and	hygiene	practices

Treatment-Related	Factors
Cancer	Treatment
Radiation	therapy:	dose,	schedule
Chemotherapy:	agent,	dose,	schedule
Cancer	Treatment-Related
Myelosuppression,	neutropenia,	immunosuppression
Medication	Usage
Antidepressants,	opiates,	antihypertensives,	antihistamines,	diuretics,	sedatives
Oral	Cavity
Inadequate	oral	care	during	treatment
Oral	infections	of	bacterial,	viral,	or	fungal	origin
Xerostomia
Systemic
Impairment	of	renal	or	hepatic	function
Protein	or	calorie	malnutrition
Dehydration
Adapted	 from	Barasch	A,	Peterson	DE.	Risk	 factors	 for	ulcerative	oral	mucositis	 in	cancer	patients:	unanswered	questions.	Oral
Oncol	 2003;39(2):91–100;	and	Dodd	MJ,	Miaskowski	C,	Shiba	GH,	et	 al.	Risk	 factors	 for	 chemotherapy-induced	oral	mucositis:
dental	appliances,	oral	hygiene,	previous	oral	lesions,	and	history	of	smoking.	Cancer	Invest	1999;17(4):278–284.

Chemotherapy-Induced	Mucositis
Approximately	40%	of	patients	receiving	CT	develop	oral	mucositis,11	and	approximately	half	of	 these	patients
develop	painful	oral	 lesions	 requiring	parenteral	 analgesia	or	 total	parenteral	nutrition	 (TPN)	and	CT	 treatment
type	 or	 dose	 modification.12	 Oral	 mucositis	 and	 ulcerative	 oral	 mucositis	 incidence	 rates	 of	 60%	 and	 78%,
respectively,	 are	 seen	 in	 the	 HSCT	 setting.13	 Importantly,	 oral	 mucositis	 is	 a	 risk	 factor	 for	 life-threatening
infections	 in	 neutropenic	 patients.	 Oral	 infections,	 such	 as	 herpes	 simplex	 virus	 (HSV),	 may	 increase	 oral
mucositis	severity.	There	is	a	reported	four	times	greater	relative	risk	of	septicemia	in	patients	with	oral	mucositis
and	oral	infections	due	to	mucosal	barrier	injury.

The	relationship	between	severe	oral	mucositis	and	clinical	outcomes	in	patients	who	receive	conditioning	CT
has	been	reported.14,15	McCann	et	al.14	conducted	an	observational	study	in	197	patients	with	multiple	myeloma
(MM)	or	non-Hodgkin	lymphoma	treated	with	either	high-dose	melphalan	or	BEAM	CT,	respectively.	Severe	oral
mucositis,	defined	as	World	Health	Organization	grades	3	and	4,	increased	TPN	duration	by	2.7	days,	opioid	use
by	4.6	days,	and	antibiotic	use	by	2.4	days.

Radiation-Induced	Mucositis
Oral	mucositis	is	virtually	universal	when	RT	targets	the	oropharyngeal	area,	with	severity	dependent	on	type	of
ionizing	radiation,	volume	of	tissue	irradiated,	daily	and	cumulative	dose,	and	treatment	duration.	Oral	mucositis
is	a	dose-	and	rate-limiting	toxicity	for	RT	in	the	head	and	neck	cancer	setting,	for	hyperfractionated	RT,	and	for
CT.	Atrophic	changes	in	the	oral	epithelium	occur	usually	at	total	doses	of	16	to	20	Gy,	administered	at	a	rate	of	2
Gy	 per	 day.16	 Doses	 >60	 Gy	 or	 RT	 concomitant	 with	 CT	 are	 risk	 factors	 for	 permanent	 salivary	 gland
damage.16,17	 The	 addition	 of	 total-body	 irradiation	 (TBI)	 to	 the	 HSCT	 conditioning	 regimen	 increases	 oral
mucositis	severity	through	both	direct	mucosal	damage	and	indirectly	through	xerostomia.	CT-induced	negative
oral	and	dental	effects	result	from	salivary	glands	and	teeth	being	included	within	the	treatment	field.	Teeth	in	the
irradiated	 field	may	become	desensitized,	placing	 the	patient	 at	 risk	 for	 asymptomatic	 early	 caries.	Thus,	daily
fluoride	application	is	necessary.

Significant	health-care	costs	and	resource	use	are	associated	with	treatment-induced	oral	mucositis	in	head	and



neck	cancer.18,19	In	a	prospective,	longitudinal	study	of	75	patients	with	head	and	neck	cancer	receiving	RT	with
or	without	CT,19	76%	had	severe	oral	pain	requiring	increased	health-care	visits,	51%	required	a	feeding	tube,	and
37%	were	hospitalized	for	an	average	of	4.9	days.

RADIATION	THERAPY–RELATED	COMPLICATIONS
Long-term	effects	of	RT	delivered	to	the	head	and	neck	include	soft	tissue	fibrosis,	trismus,	nonhealing	or	slow-
healing	mucosal	ulcerations,	and	slow-healing	dental	extraction	sites.	RT-induced	fibrotic	changes	may	occur	in
the	masticatory	muscles	or	the	temporal	mandibular	joint	up	to	1	year	after	RT.	Early	phases	of	fibrogenesis	after
RT	 are	 observed	 as	 wound	 healing	 characterized	 by	 upregulation	 of	 tumor	 necrosis	 factor	 (TNF)-α	 and	 other
proinflammatory	cytokines.20	As	RT-related	fibrogenesis	continues,	it	functions	as	a	nonhealing	wound.20

Osteoradionecrosis	is	a	relatively	uncommon	condition	related	to	hypocellularity,	hypovascularity,	and	tissue
ischemia.	Higher	 incidences	are	 reported	with	 total	doses	 to	 the	bone	exceeding	65	Gy.21	Osteoradionecrosis	 is
usually	related	to	trauma	and	is	reported	following	tooth	extractions	not	timed	to	allow	extraction	site	healing	for
10	 to	14	days	before	 the	start	of	RT.	Osteonecrosis	of	 the	 jaw	bone	 is	strongly	associated	with	bisphosphonate
use.22,23

PATHOGENESIS	OF	CHEMOTHERAPY-	AND	RADIATION	THERAPY–
INDUCED	ORAL	MUCOSITIS
Current	 understanding	 of	 oral	 mucositis	 pathogenesis	 is	 being	 informed	 by	 translational	 research	 that	 applies
advances	in	molecular-genetic	techniques	and	cell	biology	to	this	oral	condition.24	Cancer	therapy	affects	rapidly
dividing	cells	including	oral	basal	epithelium	with	a	7-	to	14-day	cell	turnover	rate,	thus	placing	these	cells	at	risk
for	 CT	 targeting.	 Sonis	 et	 al.25	 reported	 a	 “burst”	 of	 cyclooxygenase	 (COX)-2	 expression	 observed	 with	 RT-
related	 oral	 mucositis	 progression,	 suggesting	 that	 COX-2	 plays	 an	 amplifying	 role.	 In	 a	 small	 pilot	 study
exploring	the	role	of	the	COX	pathway	in	three	patients	undergoing	autologous	HSCT,	pain	scores	significantly
correlated	with	COX-1,	microsomal	prostaglandin	E	synthase,	and	salivary	prostaglandin,	suggesting	a	role	for	the
COX	pathway	in	oral	mucositis,	possibly	via	upregulation	of	proinflammatory	prostaglandins.26

Sonis24	 described	 a	 five-phase	 oral	 mucositis	 pathogenesis	 model	 including	 initiation,	 message	 generation,
signaling	and	amplification,	ulceration,	and	healing.	Initiation	occurs	following	CT	administration	through	DNA
damage	and	generation	of	reactive	oxygen	species.	The	acute	inflammatory	or	vascular	phase	occurs	shortly	after
CT	or	RT	administration.12	Message	generation	involves	upregulation	of	transcription	factors,	 including	nuclear
factor	 kappa	 B	 (NF-κB),	 and	 activation	 of	 cytokines	 and	 stress	 response	 genes.	 Signaling	 and	 amplification
involve	production	of	 proinflammatory	 cytokines	within	 epithelial	 tissue,	 including	TNF-α,	which	 is	 related	 to
tissue	 damage,	 and	 interleukin	 (IL)-1,	 which	 induces	 an	 inflammatory	 response	 and	 increases	 subepithelial
vascularity	that	may	increase	local	CT	levels.	Logan	et	al.27	reported	preliminary	results	in	20	patients	receiving
CT	 showing	 elevated	 NF-κB	 and	 COX-2	 after	 CT	 and	 histologically	 similar	 tissue	 before	 and	 after	 CT.	 The
epithelial	 phase	 shows	 reduced	 epithelial	 renewal	 and	 atrophy	 and	 typically	 begins	 4	 to	 5	 days	 after	 CT
administration.	Most	efficient	for	this	phase	are	the	cell	cycle	S	phase–specific	agents,	including	methotrexate,	5-
FU,	 and	 cytarabine.	 The	 ulcerative	 or	 bacterial	 phase	 begins	 approximately	 1	 week	 after	 CT	 in	 parallel	 with
maximum	neutropenia12;	 is	 the	most	 complex,	 symptomatic	 phase;	 and	 is	 probably	not	CT	agent	 classification
specific.	 In	 this	 phase,	 patients	 often	 report	 acute	 oropharyngeal	 pain,	which	 if	 untreated	may	 lead	 to	 negative
sequelae	of	dysphagia,	decreased	oral	intake,	and	difficulty	speaking.	Bacterial	colonization	of	mucosal	ulceration
may	 occur	 with	 gram-negative	 organisms	 that	 release	 endotoxins	 that	 induce	 release	 of	 IL-1	 and	 TNF	 and
production	of	nitric	oxide,	leading	to	increased	local	mucosal	injury.	RT	and	CT	likely	amplify	and	prolong	this
proinflammatory	 cytokine	 release	 that	 leads	 to	 exacerbated	 tissue	 response.	 Transcription	 factors	 may	modify
genetic	 expression	 of	 cytokines	 and	 enzymes	 critical	 in	 tissue	 damage.12	 Fall-Dickson	 et	 al.28	 described	 oral
mucositis–related	oropharyngeal	pain	intensity	in	patients	undergoing	HSCT	with	conditioning	CT	and	measured
TNF-α	 concentration	 in	 blood,	 saliva,	 and	 oral	 buccal	 brushing	 samples.	 Oral	 mucositis	 severity	 significantly
correlated	with	overall	 intensity	of	oral	pain.	TNF-α	RNA	content	 in	oral	buccal	brush	samples	correlated	with
greatest	intensity	of	oral	pain	with	swallowing.

Avivi	et	al.29	 evaluated	 salivary	 antioxidant	 and	 immunologic	 activity	 in	 25	 patients	with	MM	 treated	with
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conditioning	melphalan	for	HSCT	who	developed	oral	mucositis.	Oral	mucositis	was	associated	with	a	reduction
in	secretory	immunoglobulin	A	and	antioxidant	activity.	The	increase	in	salivary	albumin	and	carbonyl	indicated
mucosal	and	oxidative	damage,	respectively.

CHRONIC	GRAFT-VERSUS-HOST	DISEASE	ORAL	MANIFESTATIONS
Patients	who	have	undergone	allogeneic	HSCT	(alloHSCT)	frequently	develop	graft-versus-host	disease	(GVHD),
an	 alloimmune	 condition	 derived	 from	 an	 immune	 attack	 mediated	 by	 donor	 T	 cells	 recognizing	 antigens
expressed	 on	 normal	 tissues.	GVHD	occurs	 following	 alloHSCT	due	 to	 disparities	 in	minor	 histocompatibility
antigens	 between	 donor	 and	 recipient,	 inherited	 independently	 of	 human	 leukocyte	 antigen	 (HLA)	 genes.30
Systemic	corticosteroids	are	the	primary	treatment	for	cGVHD.	In	2017,	the	U.S.	Food	and	Drug	Administration
approved	the	use	of	ibrutinib	(Imbruvica)	for	the	treatment	of	cGVHD	in	adult	patients	after	failure	of	one	or	more
systemic	treatment	strategies.31

cGVHD	 was	 historically	 defined	 as	 occurring	 >100	 days	 after	 HSCT32	 and	 is	 now	 classified	 based	 on
characteristic	 clinical	 presentation.	 cGVHD	 is	 reported	 to	 occur	 in	 30%	 to	 60%	 of	 patients	 100	 days	 after
alloHSCT.33	Approximately	80%	of	patients	with	extensive	cGVHD	have	oral	 involvement,34	which	 is	a	major
contributing	factor	to	patient	morbidity	seen	with	alloHSCT.	Although	oral	lesions	are	most	commonly	seen	with
extensive	 cGVHD	 organ	 involvement,	 patients	 may	 also	 present	 with	 only	 oral	 cGVHD,	 thus	 making
comprehensive	 oral	 assessment	 important.	 Oral	 cGVHD	 presents	 with	 tissue	 atrophy	 and	 erythema,	 lichenoid
changes,	angular	stomatitis,	pseudomembranous	ulcerations	that	occur	typically	on	buccal	and	labial	mucosa	and
the	lateral	tongue,	and	xerostomia.34	Treister	et	al.35	correlated	the	distribution,	type,	and	extent	of	oral	cGVHD
lesions	 with	 oral	 pain	 and	 discomfort.	 The	 buccal	 and	 labial	 mucosa	 and	 tongue	 were	 the	 most	 frequently
observed	oral	sites	of	ulcerations	(93%),	erythematous	lesions	(72%),	and	reticular	lesions	(76%).	Ulcerations	in
the	 soft	 palate,	 although	 uncommon,	 were	 associated	 with	 increased	 pain	 intensity.	 Functional	 impact	 was
significant	 with	 restriction	 of	 oral	 intake	 due	 to	 discomfort.	 Decreased	 oral	 intake	 leads	 to	 weight	 loss	 and
malnutrition,	which	 remain	 serious	 clinical	 problems	with	 cGVHD.	Although	 oral	 cGVHD	 is	 appreciated	 as	 a
major	 long-term	complication	of	alloHSCT,	 little	 is	known	about	 its	pathogenesis.	 Imanguli	et	al.36	proposed	a
model	of	cGVHD	pathogenesis	in	which	the	production	of	type	1	interferon	by	plasmacytoid	dendritic	cells	plays
a	central	role	in	cGVHD	initiation	and	continuation.	Fall-Dickson	et	al.37	examined	associations	among	clinical
characteristics	 of	 oral	 cGVHD	 and	 related	 oral	 pain	 and	 perceived	 oral	 dryness,	 salivary	 proinflammatory
cytokine	IL-6	and	IL-1α	concentrations,	and	HRQOL.	Salivary	IL-6	correlated	with	oral	cGVHD	severity,	oral
ulceration,	and	erythema,	suggesting	its	utility	as	a	biomarker	for	active	oral	cGVHD.

The	clinical	importance	of	oral	cGVHD	has	been	recognized	through	the	National	Institutes	of	Health	(NIH)
Consensus	Development	Project	on	Criteria	for	Clinical	Trials	in	cGVHD38	and	through	reported	outcomes	of	the
2009	conference	sponsored	by	the	German-Austrian-Swiss	Working	Party	for	Bone	Marrow	and	Blood	Stem	Cell
Transplantation	 held	 in	 Regensburg,	 Germany.39	 These	 outcomes	 included	 a	 summary	 of	 the	 evidence	 for
diagnosis,	 first-	 and	 second-line	 therapies,	 topical	 treatments,	 and	 practical	 treatment	 guidelines.	 The	 authors
concurred	that	a	comprehensive,	interdisciplinary	treatment	approach	for	oral	cGVHD	must	include	assessment	of
mucosa,	salivary	glands,	musculoskeletal	tissues,	teeth,	periodontium,	and	oral	function.39

The	importance	of	using	valid	and	reliable	assessment	tools	for	oral	cGVHD	has	been	recognized	for	decades.
The	 Schubert	 Oral	Mucositis	 Rating	 Scale	 was	 validated	 through	 the	 NIH	 Consensus	 Development	 Project.38
Treister	et	al.40	analyzed	 inter-	and	 intraobserver	variability	 in	 the	component	and	composite	scores	of	 the	NIH
oral	cGVHD	Activity	Assessment	Instrument.	Twenty-	four	clinicians	from	six	major	HSCT	centers	scored	high-
quality	 intraoral	 photographs	 of	 12	 patients	 followed	 1	 week	 later	 by	 a	 second	 evaluation.	 Although	 mean
interrater	reliability	(IRR)	scores	ranged	from	poor	to	moderate	and	thus	were	unacceptable	for	the	clinical	trial
setting,	 the	greater	concordance	among	the	participating	oral	medicine	experts	and	participant	feedback	suggest
formal	training	may	decrease	variability.	Bassim	et	al.41	examined	construct	validity	and	internal	consistency	of
the	NIH	Oral	Mucosal	Score	(OMS)	and	its	individual	components	(erythema,	lichenoid,	ulcers,	and	mucoceles),
as	well	as	measures	of	oral	pain,	function,	and	related	quality	of	life	(QOL),	nutrition,	and	laboratory	parameters,
in	198	patients	diagnosed	with	cGVHD.	The	NIH	OMS	is	based	solely	on	clinician	assessment	of	oral	mucosa	in
the	 patient	 who	 has	 undergone	 peripheral	 blood	 stem	 cell	 transplantation	 or	 bone	 marrow	 transplant	 (BMT).
Results	 supported	 construct	 validity	 of	 the	 discrete	 components	 of	 the	 NIH	OMS	 through	 strong	 associations
between	erythema	and	lichenoid	and	poor	oral	QOL,	function,	and	nutrition,	and	lower	serum	albumin	levels.	Oral
cGVHD	ulceration	correlated	primarily	with	oral	pain.	Valid	and	reliable	assessment	tools	for	oral	cGVHD	such



as	the	NIH	OMS	are	needed	to	test	effectiveness	of	agents	in	the	clinical	trial	setting	to	advance	the	science	of	oral
cGVHD	and	to	increase	treatment	options.

SEQUELAE	OF	ORAL	COMPLICATIONS
Oropharyngeal	Pain
Oral	 mucositis	 is	 the	 principal	 etiology	 of	 most	 pain	 experienced	 during	 the	 3-week	 post-BMT	 time	 period.
Patients	have	described	 this	oral	 pain	 as	 the	most	unforgettable	ordeal	of	BMT.	McGuire	 et	 al.42	 reported	 in	 a
sample	of	patients	undergoing	autologous	and	allogeneic	BMT	that	oral	pain	was	reported	before	observed	oral
mucositis,	 that	 pain	 intensity	 did	 not	 correlate	 directly	 with	 extent	 of	 mucosal	 injury,	 and	 that	 some	 patients
reported	 limited	 or	 no	 pain	 after	 BMT.	 A	 descriptive,	 cross-sectional	 study	 of	 women	 with	 breast	 cancer
undergoing	 autologous	 HSCT	 conducted	 by	 Fall-Dickson	 et	 al.43	 showed	 a	 significant	 positive	 correlation
between	oral	pain	intensity	and	oral	mucositis	severity.

The	 sensory	 dimension	 of	 oral	 mucositis–related	 pain	 reported	 with	 general	 mucosal	 inflammation	 and
breakdown	ranges	from	mild	discomfort	to	severe	and	debilitating	pain	requiring	opioids.44	Oral	pain	is	associated
strongly	with	 cGVHD	and	has	been	described	 as	 severe,	 burning,	 and	 irritating	with	dryness	 and	 loss	of	 taste.
Mucositis-related	oral	 pain	 reported	with	CT	usually	 lasts	<3	months,	 in	 contrast	with	 the	usually	 chronic	oral
pain	accompanying	oral	cGVHD.

Gender	differences	have	been	reported	for	oral	mucositis–related	pain.	Women	reported	higher	pain	intensity
scores	 in	 a	 study	 examining	 capsaicin	 efficacy	 for	 oral	mucositis–related	 pain.	 Pain	management	 is	 critical	 to
avoid	 suffering	 and	 psychological	 distress.45	 Adequate	 assessment	 of	 oral	 pain	 requires	 a	 comprehensive	 pain
assessment	tool	such	as	the	Painometer	(Dola	Health	Systems,	Baltimore,	MD),46	which	assesses	overall	intensity,
sensory,	and	affective	dimensions	of	pain.

Xerostomia
Xerostomia	 is	 a	major	 clinical	 problem	 experienced	 by	 patients	who	 receive	 head	 and	 neck	RT,	with	 severity
dependent	on	RT	dosage	and	volume	of	exposed	salivary	glands.	Patients	may	also	develop	xerostomia	as	a	late
oral	 complication	 of	 HSCT.	 Brand	 et	 al.47	 reported	 in	 a	 cross-sectional	 study	 of	 patients	 with	 a	 history	 of
autologous	 HSCT	 or	 alloHSCT	 significantly	 higher	 levels	 of	 xerostomia	 than	 seen	 in	 the	 comparison	 group.
Xerostomia	 severity	was	not	 significantly	 associated	with	 either	RT	given	before	HSCT	or	 the	 type	of	HSCT.
Xerostomia	can	affect	taste,	oral	comfort,	prosthetic	fit,	speech,	and	swallowing	and	promotes	caries-	producing
organisms.

A	recent	cross-sectional	study	by	Imanguli	et	al.48	 evaluated	 sicca	 signs	 and	 symptoms	 in	101	patients	with
cGVHD	 with	 assessment	 tools	 used	 for	 Sjögren	 syndrome	 evaluation.	 Of	 the	 77%	 of	 patients	 reporting
xerostomia,	 those	 with	 salivary	 dysfunction	 showed	 histopathologic	 changes	 consisting	 of	 mononuclear
infiltration	and	 fibrosis	or	atrophy,	 suggesting	 that	 salivary	gland	 involvement	 is	common	 in	cGVHD.	A	valid,
reliable	 assessment	 tool	 is	 needed	 to	 evaluate	 salivary	 function	 in	 cGVHD	 through	 clinical	 trials.	 Salivary
antioxidant	 capacity	 and	 function	 were	 assessed	 in	 30	 patients	 after	 HSCT	 by	 Nagler	 et	 al.49	 Salivary	 gland
function	was	assessed	through	measuring	total	protein,	secretory	immunoglobulin	A,	the	antioxidant	peroxidase,
uric	acid,	and	total	antioxidant	status	in	a	saliva	sample.	In	patients	who	developed	GVHD	after	HSCT,	there	was
a	significant	decrease	 in	salivary	flow	rate	before	and	after	HSCT	with	no	recovery	and	a	reduction	 in	salivary
protein	 content	 and	 salivary	 antioxidant	 capacity.	 In	 patients	 without	 GVHD	 after	 HSCT,	 salivary	 flow	 rates
returned	to	normal	in	3	to	5	months.	Decreased	salivary	flow	rate	with	related	decrease	in	its	protective	functions
for	 oral	 mucosa	 contribute	 to	 oral	 cGVHD	 severity.	 Bassim	 et	 al.50	 tested	 the	 feasibility	 of	 using	 liquid
chromatography	tandem	mass	spectrometry	to	identify	and	elucidate	protein	biomarkers	related	to	oral	cGVHD.
Pooled	saliva	from	five	patients	with	moderate	or	severe	oral	cGVHD	was	compared	to	saliva	from	a	gender-	and
age-matched	 pool	 of	 five	 patients	 with	 GVHD	without	 oral	 mucosal	 findings.	 Reported	 reduction	 in	 salivary
lactoperoxidase,	lactotransferrin,	and	several	cysteine	proteinase	inhibitor	family	proteins	suggests	impaired	oral
antimicrobial	host	immunity	in	oral	cGVHD.50

STRATEGIES	FOR	PREVENTION	AND	TREATMENT	OF	ORAL
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COMPLICATIONS
Pretherapy	Dental	Evaluation	and	Intervention
Oral	and	dental	stabilization	prior	 to	CT	or	RT	is	critically	 important	 to	avoid	serious	sequelae	and	requires	an
experienced	dental	team	and	informed	patients	working	together	for	appropriate	oral	hygiene	and	elimination	of
oral	infection.

Patients	scheduled	for	CT	or	head	and	neck	RT	should	undergo	a	dental	screening	to	promote	optimal	mucosal
health	before,	during,	and	after	cancer	treatment.	Ideally,	this	should	occur	at	least	2	weeks	before	therapy	starts	to
allow	for	recovery	from	soft	tissue	manipulations,	restoration	of	teeth,	and	proper	healing	of	potential	extraction
sites.	The	 initial	dental	 appointment	 includes	 examination	of	dentition	 for	 caries	 and	defective	 restorations,	 the
periodontium,	pulp	vitality,	and	denture	fit	 to	avoid	ill-fitting	dentures	causing	irritation	of	 irradiated	tissue	and
ulceration	to	underlying	bone.51,52

A	panoramic	radiograph	combined	with	intraoral	radiographs	as	needed	is	necessary	to	screen	for	periodontal
disease,	periapical	infections,	cysts,	third-molar	pathology,	unerupted	or	partially	erupted	teeth,	and	residual	root
tips.	Dental	 caries,	 repair	of	defective	 restorations,	 removal	of	orthodontic	 appliances,	 remediation	of	 ill-fitting
prostheses	 and	 periapical	 or	 third	 molar	 pathologies	 need	 to	 be	 addressed	 before	 cancer	 treatment	 begins.
Bacterial	load	should	be	reduced	prior	to	cancer	treatment	via	root	planning,	scaling,	and	prophylaxis,	excluding
visible	 tumor	 located	at	 the	 site	of	 anticipated	dental	manipulation.	The	decision	 to	extract	 asymptomatic	 teeth
prior	 to	 the	 commencement	 of	RT	 is	 related	 to	 radiation	 exposure,	 type,	 portal	 field,	 fractionization,	 and	 total
dosage	in	addition	to	tumor	prognosis	and	expediency	of	control	of	the	cancer.51,53	Teeth	that	are	class	II	or	III
mobility	without	use	as	abutment	teeth	for	prosthetic	retention	should	also	be	considered	for	extraction	before	RT.
Extractions	 of	 residual	 root	 tips	 and	 impacted	 teeth	 should	 be	 performed	 atraumatically.	 Alveolectomy	 and
primary	wound	closure	eliminate	sharp	ridges	and	bone	spicules	that	could	project	 to	the	overlying	soft	 tissues.
This	is	important	for	prosthetic	consideration	because	negligible	bone	remodeling	is	anticipated	after	RT.	Patients
need	written	 instructions	 for	use	of	oral	 care	 agents	 and	 instruments	 for	 effective	daily	plaque	 removal,	use	of
prescribed	fluoride	treatments,	and	reportable	oral	observations	and	symptoms.

Assessment	of	the	Oral	Mucosa
Consistent	 and	 frequent	 oral	 cavity	 assessment	 is	 needed	 to	 assess	 clinical	 signs	 before,	 during,	 and	 after
treatment.	No	standard	grading	system	for	severity	of	oral	complications	of	cancer	treatment	exists,	and	available
oral	 complication	grading	 tools	 are	 based	on	 two	or	more	 clinical	 parameters	 combined	with	 functional	 status,
such	as	eating	ability.	One	commonly	used	tool	is	the	National	Cancer	Institute	Common	Terminology	Criteria	for
Adverse	 Events	 version	 5.0,	 which	 includes	 descriptive	 terminology	 and	 a	 severity	 grading	 scale	 for	 each
reportable	 adverse	 event.54	 Frequently	 used	 oral	 mucosal	 assessment	 tools	 include	 those	 that	 capture	 both
objective	 and	 subjective	 data—the	Oral	Assessment	Guide55	 and	 the	World	Health	Organization	 Index56—and
instruments	 that	 assess	 only	 observed	 oral	 changes—the	 Oral	 Mucositis	 Rating	 Scale,57	 the	 Oral	 Mucositis
Index,58	and	the	Oral	Mucositis	Assessment	Scale	(OMAS).59,60	The	OMAS	was	developed	as	a	scoring	system
for	anatomic	extent	and	severity	of	oral	mucositis	in	clinical	research	studies.59,60	Nine	regions	of	the	oral	cavity
are	clinically	assessed	for	erythema	or	ulceration,	namely	lip	(upper	and	lower),	cheek	(right	and	left),	right	and
left	ventral	and	lateral	tongue,	floor	of	mouth,	soft	palate/fauces	and	hard	palate.	Erythema	is	rated	on	a	scale	from
0	to	2	(0	=	none,	1	=	not	severe,	and	2	=	severe),	and	ulceration	or	pseudomembrane	is	a	combined	category	rated
on	scores	based	on	estimated	surface	area	involved	(0	=	no	lesion,	1	=	<1	cm2,	2	=	1	to	3	cm2,	and	3	=	>3	cm2).
The	 total	mucositis	 score	 is	 the	sum	of	contributions	 from	 the	nine	 regions	and	 ranges	 from	0	 to	45;	 the	mean
mucositis	score	is	the	sum	of	the	mean	erythema	and	ulceration	scores;	the	worst	site	score	is	the	summation	of
the	maximum	ulceration	and	erythema	scores	across	all	sites.	Validity	and	reliability	have	been	demonstrated	for
the	OMAS	through	clinical	research	studies.60,61

TREATMENT	STRATEGIES
The	optimal	treatment	strategies	for	oral	complications	and	related	sequelae	are	unknown.	Treatment	strategies	for
oral	 mucositis	 and	 related	 oropharyngeal	 pain	 are	 mainly	 empirical,	 and	 testing	 is	 needed	 in	 the	 randomized
controlled	clinical	trial	setting	(Table	129.2).	Zlotolow	and	Berger62	presented	a	comprehensive	review	of	clinical



research	regarding	treatment	strategies	for	oral	complications	of	cancer	strategies	demonstrating	conflicting	study
results.	The	 only	 standard	 forms	 of	 care	 are	 pretreatment	 oral	 or	 dental	 stabilization,	 saline	mouthwashes,	 and
oropharyngeal	pain	management.63

The	need	for	standardized	treatment	for	oral	mucositis	was	appreciated	by	the	Mucositis	Study	Section	of	the
Multinational	 Association	 of	 Supportive	 Care	 in	 Cancer	 (MASCC)	 and	 the	 International	 Society	 for	 Oral
Oncology	 (ISOO)	 through	 their	 “Clinical	 Practice	 Guidelines	 for	 the	 Prevention	 and	 Treatment	 of	 Cancer
Therapy-Induced	Oral	and	Gastrointestinal	Mucositis.”64	These	guidelines	are	based	on	a	comprehensive	review
of	more	than	8,000	English-language	publications	(1966	to	2001)	using	criteria	for	level	of	evidence	and	quality
of	research	design.	A	later	review	by	Lalla	et	al.65	reviewed	interventions	for	mucositis	 in	humans	on	or	before
December	 31,	 2010,	 and	 identified	 8,279	 papers;	 of	 these,	 570	 papers	 qualified	 for	 final	 inclusion	 in	 the
systematic	review	that	formed	the	MASCC/ISOO	Clinical	Practice	Guidelines	for	the	management	of	mucositis
secondary	to	cancer.

TABLE	129.2
Formulary	of	Common	Treatments	for	Oral	Complications	of	Cancer	Therapya

	 Instructions
Prevention	of	Oral	Mucositis
Amifostine 200	mg/m2	daily,	as	3-min	IV	infusion	15–30	min

before	radiation	therapy.	Hydrate	adequately,
monitor	blood	pressure,	and	use	antiemetics.

Cryotherapy
Distilled	water,	1	gallon

Place	ice	chips	in	mouth	for	30	min	beginning	5
min	prior	to	bolus	administration	of	chemotherapy.

NAHCO3	powder,	3	tablespoons	or	11.6	g Rinse	mouth	twice	a	day	for	30	s.	Do	not	swallow.

NaCl	powder,	3	tablespoons	or	11.6	g Combine	all	ingredients.	Rinse	mouth	2–4	times
daily.	Do	not	swallow.

Povidone-iodine	0.5%	oral	rinse Rinse	mouth	2–4	times	daily.	Do	not	swallow.

Treatment	of	Oral	Mucositis–Related	Pain
Carafate	suspension,	1	g Rinse	mouth	4	times	daily.	Do	not	swallow.

Diphenhydramine	(Benadryl;	McNEIL-PPC,	Inc.,	Fort	Washington,	PA),	12.5
mg/5	mL;	kaolin	and	pectin	(Kaopectate;	Chattem,	Inc.,	Chattanooga,	TN)

Use	equal	amounts	of	each.	Rinse	mouth	with
10–15	mL	4–6	times	daily.	Do	not	swallow.

Diphenhydramine	(Benadryl),	12.5	mg/5	mL:	30	mL;	Maalox	(Novartis,
Basel,	Switzerland),	30	mL;	nystatin,	100,000	U/mL:	30	mL

Combine	all	ingredients.	Rinse	mouth	with	15	mL
4–6	times	per	day.	Do	not	swallow.

Diphenhydramine	(Benadryl),	12.5	mg/5	mL:	30	mL;	viscous	lidocaine
(Xylocaine)	2%,	30	mL;	Maalox,	30	mL

Combine	all	ingredients.	Rinse	mouth	with	15	mL
4–6	times	per	day.	Do	not	swallow.

Diphenhydramine	(Benadryl),	12.5	mg/5	mL:	30	mL;	tetracycline,	125	mg/5
mL	suspension:	60	mL;	nystatin	oral	suspension,	100,000	U/mL:	45	mL;
viscous	lidocaine	(Xylocaine)	2%,	30	mL;	hydrocortisone	suspension,	10
mg/5	mL:	30	mL;	sterile	water	for	irrigation,	45	mL

Combine	all	ingredients.	Rinse	mouth	with	15	mL
4–6	times	per	day.	Do	not	swallow.

Dyclonine	hydrochloride	0.5%	or	1.0%	solution Rinse	mouth	with	10–15	mL	every	2–3	h.	Do	not
swallow.

Gelclair	(Sinclair	Pharmaceuticals,	Surrey,	England) Mix	1	Gelclair	packet	per	manufacturer’s
directions	with	40	mL	or	3	tablespoons	of	water.
Stir	and	rinse	immediately	for	at	least	1	min,
gargle,	and	spit	out	at	least	3	times	a	day.

Opiates Oral,	transdermal,	or	parenteral	opiates	may	be
used,	such	as	PCA.	Use	tablet	form	of	oral
analgesics.	Do	not	use	elixir	because	alcohol
exacerbates	oral	mucositis.

Viscous	lidocaine	(Xylocaine)	2%	solution Rinse	mouth	with	10–15	mL	every	2–3	h.	Do	not
swallow.

Xerostomia
Biotene	chewing	gum	(GlaxoSmithKline,	Brentford,	England) Use	as	needed.

Pilocarpine 5	mg	oral	3	times	a	day
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Salivart	synthetic	saliva	spray	(Gebauer	Company,	Cleveland,	OH) Spray	mouth	4–6	times	per	day.
Xero-Lube	salivary	substitute	(Colgate-Palmolive	Company,	New	York,	NY) Rinse	mouth	4–6	times	per	day.

aMany	of	the	medications	listed	have	been	used	alone	or	in	combination	to	treat	oral	mucositis.
IV,	intravenous;	NaCl,	sodium	chloride;	NAHCO3,	sodium	bicarbonate;	PCA,	patient-controlled	analgesia.
Adapted	from	Fall-Dickson	JM,	Berger	AM.	Oral	manifestations	and	complications	of	cancer	treatment.	In:	Shuster	JL,	Von	Roenn
JH,	eds.	Principles	and	Practice	of	Palliative	Care	and	Supportive	Oncology.	3rd	ed.	Philadelphia:	Lippincott	Williams	&	Wilkins;
2006:210.

A	standardized	approach	for	the	prevention	and	treatment	of	CT-	and	RT-induced	oral	mucositis	is	essential.
Per	 the	 MASCC/ISOO	 guidelines,	 prophylactic	 measures	 recommended	 for	 the	 prevention	 of	 oral	 mucositis
include	(1)	recombinant	human	keratinocyte	growth	factor	(keratinocyte	growth	factor	1	[KGF-1]/palifermin)	in
autologous	stem	cell	 transplantation	patients	 receiving	high-dose	CT	and	TBI,	 (2)	benzydamine	mouthwash	 for
patients	receiving	moderate-dose	(up	to	50	Gy)	RT	without	concomitant	CT,	and	(3)	oral	cryotherapy	in	patients
receiving	 bolus	 5-FU.	 Suggested	 prophylactic	 measures	 include	 (1)	 oral	 care	 protocols	 for	 patients	 across	 all
cancer	treatment	modalities,	(2)	low-level	laser	therapy	for	patients	undergoing	RT,	(3)	oral	zinc	supplements	for
all	patients	receiving	either	RT	or	chemoradiation	therapy,	and	(4)	cryotherapy	for	all	patients	receiving	high-dose
melphalan	 as	 conditioning	 for	 HSCT.65	 Regarding	 therapies	 for	 the	 treatment	 of	 oral	 mucositis,	 the
MASCC/ISOO	 guidelines	 recommend	 patient-controlled	 analgesia	 (PCA)	 with	 morphine	 to	 control	 pain	 in
patients	 undergoing	 HSCT;	 the	 guidelines	 suggest	 (1)	 transdermal	 fentanyl	 in	 patients	 receiving	 CT	 with	 or
without	TBI,	(2)	2%	morphine	mouthwash	for	patients	receiving	chemoradiation	for	head	and	neck	cancer,	and
(3)	0.5%	doxepin	for	patients	receiving	RT	or	chemoradiation.65

RADIOPROTECTORS
Vitamins	and	Other	Antioxidants
Vitamin	E	 has	 been	 tested	 in	CT-induced	 oral	mucositis	 because	 it	 can	 stabilize	 cellular	membranes	 and	may
improve	herpetic	gingivitis,	possibly	through	antioxidant	activity.	Wadleigh	et	al.66	demonstrated	the	efficacy	of
vitamin	E	in	a	sample	of	18	patients	undergoing	CT	who	were	randomized	to	receive	topical	vitamin	E	or	placebo.
A	recent	meta-analysis	by	Chaitanya	et	al.67	analyzed	eight	studies	(six	in	adults	and	two	in	children)	and	showed
that	topical	use	of	vitamin	E	significantly	reduced	mucositis	(p	<	.001).

Other	antioxidants	 that	have	been	 tested	 for	 efficacy	with	oral	mucositis	 include	vitamin	C	and	glutathione.
Osaki	et	al.68	 reported	 findings	 from	 a	 study	 of	 63	 patients	with	 head	 and	 neck	 cancer	who	were	 treated	with
chemoradiation.	 Twenty-six	 patients	 received	 regimen	 1	 (vitamins	 C	 and	 E	 and	 glutathione),	 and	 37	 patients
received	regimen	2	(regimen	1	plus	azelastine).	In	the	azelastine	arm,	21	patients	remained	at	grade	1	or	2	oral
mucositis,	6	patients	had	grade	3	oral	mucositis,	and	10	patients	had	grade	4	oral	mucositis.	In	the	control	group,
grade	3	or	4	oral	mucositis	was	observed	in	more	than	half	the	patients.	Azelastine	may	be	useful	to	prevent	CT-
induced	oral	mucositis;	 in	 a	prospective,	 randomized	controlled,	but	not	blinded,	 study,	 azelastine	 significantly
reduced	the	severity	of	oral	mucositis	in	37	patients	with	oral	cancer,	compared	with	26	controls.68	Watanabe	et
al.69	 investigated	 the	 effect	 of	 polaprezinc	 on	CT-	 and	RT-induced	 oral	mucositis,	 pain,	 xerostomia,	 and	 taste
disturbance	in	patients	with	head	and	neck	cancer.	Thirty-one	patients	were	randomly	assigned	to	polaprezinc	or
azulene	 solution	 as	 a	 control	 for	 3	minutes	 four	 times	 a	day	until	 the	 end	of	 the	 therapy.	There	was	 a	marked
decrease	in	the	incidence	of	oral	mucositis,	pain,	xerostomia,	taste	disturbance,	and	analgesic	requirement	and	a
significant	increase	in	food	intake	in	the	polaprezinc	group.

Zinc	sulfate	has	not	been	proven	to	have	any	benefit	in	the	prevention	of	RT-	and	CT-induced	oral	mucositis
when	 compared	 to	 placebo.70,71	 In	 a	 randomized,	 double-blind,	 placebo-controlled	 trial,	 Sangthawan	 et	 al.71
determined	the	efficacy	of	zinc	sulfate	supplementation	in	reducing	RT-induced	oral	mucositis	and	pharyngitis	in
patients	with	 head	 and	 neck	 cancer.	A	 total	 of	 144	 patients	with	 head	 and	 neck	 cancer	 receiving	RT	 alone	 or
postoperative	 RT	 were	 enrolled.	 Zinc	 sulfate	 (50	 mg)	 and	 placebo	 were	 administered	 three	 times	 a	 day	 at
mealtime,	 on	 the	 first	 day	 of	 RT,	 and	 continued	 until	 RT	 completion.	 This	 intervention	 showed	 no	 benefit	 in
relieving	radiation-induced	oral	mucositis	and	pharyngitis,	when	compared	to	placebo.

Amifostine
Amifostine	is	a	thiol	compound	selective	cytoprotective	agent	that	has	been	approved	by	the	U.S.	Food	and	Drug



Administration	 for	 salivary	 gland	 protection	 in	 patients	 receiving	 RT.	 A	 retrospective	 study	 conducted	 by
Kouloulias	et	al.72	reported	reduced	severity	of	oral	and	esophageal	toxicity.	A	total	of	177	patients	with	diverse
tumors	were	 treated	with	 amifostine	 before	RT.	Based	 on	 a	meta-analysis	 that	 included	 patients	who	 received
amifostine	 before	 RT,	 there	 was	 significant	 reduction	 in	 oral	 mucositis	 severity	 at	 doses	 >300	 mg/m2.73	 A
multicenter,	 open-label,	 randomized	 controlled	 trial	 analyzed	 the	 use	 of	 amifostine	 in	 patients	 with	MM	who
received	 conditioning	 CT	 with	 melphalan	 prior	 to	 autologous	 HSCT.74	 Ninety	 patients	 were	 randomized	 to
receive	or	not	receive	amifostine	(910	mg/m2).	The	use	of	amifostine	was	associated	with	a	reduction	in	median
grade	 and	 frequency	 of	 severe	 oral	 mucositis.	 However,	 there	 was	 no	 reduction	 in	 parenteral	 nutrition	 and
analgesics	 use	 and	 no	 significant	 difference	 between	 the	median	 progression-free	 or	 overall	 survival	 times.	 A
recent	 systematic	 review	 of	 31	 publications	 from	1966	 to	 2010	 by	Nicolatou-Galitis	 et	 al.75	 found	 insufficient
evidence	to	support	the	use	of	amifostine	in	any	cancer	treatment.

Glutamine
Glutamine	 is	an	amino	acid,	 immunomodulator,	and	mucosal	protective	agent	 that	has	been	studied	 in	multiple
clinical	trials	with	conflicting	results.	An	extensive	literature	review	performed	by	Savarese	et	al.76	reported	that
glutamine	 supplementation	 may	 have	 an	 impact	 on	 incidence	 and	 severity	 of	 anthracycline-associated	 oral
mucositis.	A	 randomized,	 double-blind,	 placebo-controlled	 trial	 on	 glutamine	 supplementation	 in	 patients	who
underwent	autologous	HSCT	reported	 increase	 in	severe	oral	mucositis	and	opioid	use	and	prolonged	length	of
hospital	stay.77	Another	 randomized	controlled	study	comparing	oral	glutamine	supplementation	 (30	g	per	day)
versus	placebo	in	58	patients	undergoing	HSCT	reported	no	difference	in	length	of	hospital	stay,	nutrition,	oral
mucositis	 and	 diarrhea	 severity,	 engraftment	 time,	 survival,	 and	 relapse	 between	 both	 groups.78	Other	 clinical
trials	have	reported	more	promising	data	on	the	use	of	glutamine.79,80	A	retrospective	cohort	study	including	117
patients	 treated	with	RT	 for	 cancer	 of	 the	 head	 and	 neck	 or	 chest	 tested	whether	 oral	 glutamine	 prevents	 oral
mucositis	or	acute	radiation-induced	esophagitis	and	favors	nutritional	status.81	Overall,	glutamine	was	associated
with	significant	reduction	of	mucositis,	weight	loss,	and	enteral	nutrition.	The	risk	difference	for	developing	oral
mucositis	 in	 patients	 receiving	 glutamine	when	 compared	with	 controls	was	 −9.0%	 (95%	 confidence	 interval,
−18.0%	 to	 −1.0%).	 The	 majority	 of	 patients	 not	 receiving	 glutamine	 developed	 severe	 malnutrition.	 No
differences	were	seen	in	interruption	of	RT,	hospitalization,	opioid	use,	or	death	during	RT.

In	a	double-blind,	randomized,	placebo-controlled	trial	of	oral	glutamine	in	the	prevention	of	oral	mucositis	in
children	undergoing	HSCT,	120	patients	were	 randomized	 to	 receive	glutamine	or	glycine	 twice	a	day	until	28
days	post-HSCT.	The	glutamine	group	showed	a	significant	reduction	in	days	of	intravenous	opioid	use	and	TPN,
but	no	difference	in	toxicity	was	observed	between	the	two	groups.82

A	 phase	 III	 study	 of	 topical	AES-14,	which	 is	 a	 novel	 drug	 system	 designed	 to	 concentrate	 delivery	 of	 L-
glutamine	 to	 oral	mucosa	 for	 ulceration	 treatment,	 was	 conducted	 in	 121	 patients	 at	 risk	 for	 oral	mucositis.83
Patients	were	randomized	to	either	AES-14	or	placebo	and	received	protocol	treatment	from	day	1	of	CT	until	2
weeks	after	the	last	CT	dose	or	oral	mucositis	resolution.	Results	showed	a	potential	20%	reduction	of	moderate-
to-severe	oral	mucositis	in	the	AES-14	group	and	a	10%	increase	in	grade	0	oral	mucositis.

Anti-Inflammatory	Agents
Prostaglandins	are	a	family	of	naturally	occurring	eicosanoids,	some	of	which	have	shown	cytoprotective	activity.
Misoprostol,	a	synthetic	analog	of	prostaglandin	E1,	has	been	studied	as	a	prevention	and	treatment	option	for	oral
mucositis	due	to	its	anti-	inflammatory	and	mucosa-protecting	properties.	A	randomized,	double-blind,	placebo-
controlled,	 parallel-group	 study	 conducted	 by	 Lalla	 et	 al.84	 evaluated	 the	 efficacy	 of	misoprostol	 oral	 rinse	 in
reducing	the	severity	of	oral	mucosal	injury	caused	by	high-dose	CT.	Forty-eight	patients	receiving	myeloablative
high-dose	CT	were	randomized	to	misoprostol	(n	=	22)	or	placebo	rinse	(n	=	26).	Results	showed	no	significant
effect	of	misoprostol	rinse	in	mucositis.

Topical	 dinoprostone	 was	 administered	 four	 times	 daily	 in	 a	 nonblinded	 study	 to	 10	 patients	 with	 oral
carcinomas	who	were	 receiving	5-FU	and	mitomycin	with	 concomitant	RT.85	The	 control	 group	 comprised	 14
patients	 who	 were	 receiving	 identical	 treatment.	 Eight	 of	 the	 10	 subjects	 who	 received	 dinoprostone	 were
evaluable;	no	patient	developed	severe	oral	mucositis	as	compared	with	six	episodes	in	the	control	arm.	A	second
pilot	study	was	conducted	with	15	patients	who	received	RT	to	the	head	and	neck,	showing	that	an	inflammatory
reaction	was	detected	in	5	patients	in	the	vicinity	of	their	tumor	when	treated	with	topically	applied	prostaglandin
E2	(PGE2)	and	that	no	patients	developed	any	bullous	or	desquamating	inflammatory	lesions.86	A	double-blind,
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placebo-controlled	study	of	PGE2	in	60	patients	undergoing	BMT	showed	no	significant	differences	in	incidence,
severity,	or	duration	of	oral	mucositis.	Incidence	of	HSV	was	higher	in	the	PGE2	arm.	Increase	in	oral	mucositis
severity	was	seen	in	patients	who	developed	HSV.87	Benzydamine	is	a	nonsteroidal	anti-inflammatory	drug	with
reported	analgesic,	anesthetic,	and	antimicrobial	properties	without	activity	on	arachidonic	acid	metabolism.	It	has
been	shown	to	reduce	the	severity	of	oral	mucositis	and	associated	pain	in	patients	who	undergo	RT.	Epstein	and
Stevenson-Moore88	 reported	 in	 a	 double-blind,	 placebo-controlled	 trial	 that	 benzydamine	 produced	 statistically
significant	 relief	of	pain	 from	RT-induced	oral	mucositis	 and	a	 reduction	 in	both	 the	 total	 area	and	 the	 size	of
ulceration.	Positive	responses	to	benzydamine	have	been	reported	in	two	other	studies.89,90	In	a	small,	prospective,
double-blind,	 randomized	 study	 comparing	 the	 efficacy	 of	 chlorhexidine	 gluconate	 and	 benzydamine
hydrochloride	 oral	 rinse	 in	 patients	with	 head	 and	 neck	 cancer	 to	 prevent	 and	 treat	RT-induced	 oropharyngeal
mucositis,	 a	 trend	 showed	 decrease	 in	 mucositis,	 oropharyngeal	 pain,	 and	 dysphagia	 in	 those	 receiving
benzydamine.91

A	 recent	 systematic	 review	 by	 Nicolatou-Galitis	 et	 al.92	 found	 41	 papers	 investigating	 the	 use	 of	 15	 anti-
inflammatory	 agents	 (benzydamine,	 diphenhydramine,	 prostaglandin,	 misoprostol,	 immunoglobulin,
corticosteroids,	 indomethacin,	 azelastine,	mesalazine,	 disprin,	 orgotein,	 flurbiprofen,	 histamine,	 colchicine,	 and
placentrex)	for	the	prevention	and/or	treatment	or	oral	mucositis.	There	was	sufficient	evidence	to	recommend	the
use	of	benzydamine	in	head	and	neck	cancer	patients	receiving	up	to	50	Gy	of	RT	without	concomitant	CT.	They
suggested	against	the	use	of	misoprostol	in	head	and	neck	cancer	patients	receiving	RT.	No	guidelines	could	be
developed	for	any	other	agents	due	to	insufficient	and/or	conflicting	evidence.

Current	 evidence	 does	 not	 support	 the	 use	 of	 systemic	 steroids	 to	 reduce	 the	 frequency	 or	 severity	 of	 oral
mucositis.

BIOLOGIC	RESPONSE	MODIFIERS
Epidermal	Growth	Factors
Studies	 on	 epidermal	 growth	 factor	 (EGF)	 as	 a	 treatment	 option	 for	 CT-	 and	RT-induced	 oral	mucositis	 have
reported	 conflicting	 data.	 EGF	may	 function	 as	 a	 marker	 of	 mucosal	 damage	 and	 could	 facilitate	 the	 healing
process.93	In	a	phase	I	trial	conducted	by	Girdler	et	al.94	EGF	mouthwash	used	by	patients	treated	with	CT	showed
onset	 delay	 and	 severity	 reduction	 of	 recurrent	 ulcerations.	 No	 statistical	 difference	was	 seen	 in	 resolution	 of
established	ulcers.	A	double-blind,	placebo-controlled,	prospective	phase	II	study	reported	potential	benefit	from
EGF	 oral	 spray	 for	 oral	mucositis	 in	 patients	 undergoing	RT	 for	 head	 and	 neck	 cancer.	One	 hundred	 thirteen
patients	were	randomized	to	one	of	four	arms:	EGF	treatment	groups	(10,	50,	and	100	μg/mL	doses	twice	daily)
and	 placebo.	 The	 50	 μg/mL	 dose	 showed	 the	 best	 efficacy.95	 Kim	 et	 al.96	 evaluated	 efficacy	 and	 safety	 of
recombinant	human	EGF	(rhEGF)	oral	spray	for	CT-induced	oral	mucositis	with	HSCT.	Fifty-eight	patients	were
randomly	 assigned	 to	 either	 the	 rhEGF	 group	 or	 placebo	 group.	 The	 incidence	 of	 National	 Cancer	 Institute
assessment	tool	grade	≥2	oral	mucositis	was	higher	in	the	rhEGF	group	than	placebo	group	(78.6%	versus	50%,
respectively;	p	=	.0496).	Duration	of	National	Cancer	Institute	assessment	tool	grade	≥2	mucositis	was	shorter	in
the	rhEGF	group	(8.5	versus	14.5	days	in	placebo	group).	rhEGF	significantly	reduced	limitations	in	swallowing
and	drinking	and	reduced	hospitalization	duration,	administration	of	TPN,	and	opioid	usage	in	patients	with	grade
≥3	 mucositis.	 Results	 were	 better	 for	 patients	 with	 advanced	 oral	 mucositis	 in	 the	 rhEGF	 group	 for	 several
secondary	end	points.	The	final	analysis	of	this	study	was	recently	released.97	In	this	randomized,	controlled	phase
II	study,	a	total	of	138	patients	were	enrolled	on	the	study;	in	the	intent-to-treat	analysis,	rhEGF	reduced	neither
the	 incidence	 of	 grade	 ≥2	 oral	 mucositis	 (p	 =	 .717)	 nor	 its	 duration	 (p	 =	 .725);	 however,	 in	 the	 per-protocol
analysis,	the	duration	of	use	and	cumulative	dose	of	opioids	was	shorter	in	the	rhEGF	group	(p	=	.046).

Hematopoietic	Growth	Factors
Hematologic	 growth	 factors	 are	 standard	 treatment	 for	 patients	who	 are	 treated	with	 high-dose	CT	 because	 of
well-established	efficacy	 to	decrease	 the	duration	of	CT-induced	neutropenia.	Gabrilove	et	al.98	 reported	on	27
patients	 with	 bladder	 cancer	 who	 received	 escalating	 doses	 of	 granulocyte	 colony-stimulating	 factor	 (G-CSF)
during	 treatment	 with	 methotrexate,	 vinblastine,	 doxorubicin,	 and	 cisplatin.	 The	 patients	 received	 the	 G-CSF
during	the	first	of	two	cycles	of	CT.	Although	significantly	less	oral	mucositis	was	seen	during	cycle	1	of	G-CSF,
positive	results	may	be	biased	related	to	possible	cumulative	CT	toxicity	with	resultant	increase	in	oral	mucositis



severity.	Conversely,	Bronchud	 et	 al.99	 reported	 from	 a	 study	 of	 17	 patients	with	 breast	 or	 ovarian	 carcinoma
treated	with	 escalating	 doses	 of	 doxorubicin	with	G-CSF	 that	G-CSF	did	 not	 prevent	 severe	 oral	mucositis.	A
third	study	compared	clinical	outcomes	in	55	adult	patients	who	received	CT	for	non-Hodgkin	lymphoma	and	G-
CSF	 with	 clinical	 outcomes	 in	 39	 patients	 who	 received	 CT	 alone.	 Patients	 who	 did	 not	 receive	 G-CSF	 had
neutropenia	as	 the	primary	cause	of	 treatment	delay,	whereas	patients	who	did	receive	G-CSF	experienced	oral
mucositis	as	the	main	cause	of	treatment	delay.100	Granulocyte-macrophage	colony-	stimulating	factor	(GM-CSF)
has	 demonstrated	 conflicting	 results	 in	 patients	 who	 received	 diverse	 cancer	 treatments.101–104	 An	 open,
randomized	controlled,	phase	III	trial	conducted	by	Masucci	et	al.101	analyzed	the	efficacy	of	GM-CSF	in	patients
with	head	and	neck	cancer	with	RT-induced	oral	mucositis.	A	significant	reduction	in	oral	mucositis	severity	was
observed	 in	 the	 GM-CSF	 treatment	 group.	 Conversely,	 results	 from	 a	 Radiation	 Therapy	 Oncology	 Group–
sponsored,	double-blind,	placebo-controlled,	randomized	study	(N	=	121)	to	analyze	efficacy	and	safety	of	GM-
CSF	in	reducing	severity	and	duration	of	oral	mucositis	and	related	pain	 in	patients	with	head	and	neck	cancer
receiving	RT	demonstrated	 that	GM-CSF	had	no	 significant	 effect	on	 severity	or	duration	of	oral	mucositis.103
Raber-Durlacher	et	al.105	systematically	reviewed	two	randomized,	controlled	trials	with	GM-CSF	mouthwashes
and	 suggested	against	 the	use	of	GM-CSF	mouthwash	 in	 the	 setting	of	high-dose	CT	 followed	by	HSCT.	The
same	systematic	 review	also	examined	 the	use	of	systemic	GM-CSF	and,	based	on	five	studies,	concluded	 that
there	was	not	enough	evidence	to	recommend	the	use	of	systemic	GM-CSF	in	patients	receiving	CT	or	RT.

Keratinocyte	Growth	Factors
Palifermin,	a	recombinant	human	keratinocyte	growth	factor	and	member	of	the	fibroblast	growth	factor	family,
has	shown	efficacy	in	reducing	oral	mucosal	injury	related	to	cytotoxic	therapy.106	Spielberger	et	al.106	reported	a
double-blind	study	comparing	 the	effect	of	palifermin	with	a	placebo	for	development	of	oral	mucositis	 in	212
patients	with	hematologic	cancers.	Palifermin	or	placebo	was	administered	intravenously	for	3	consecutive	days
immediately	 before	 initiating	 conditioning	 therapy	 with	 fractionated	 total-body	 RT	 plus	 high-dose	 CT.	 The
palifermin	group	had	significant	reductions	in	grade	4	oral	mucositis,	soreness	of	the	mouth	and	throat,	opioid	use,
and	TPN	use.	Luthi	et	al.107	reported	lower	grade	3	or	4	oral	mucositis	in	34	patients	who	received	melphalan	or
BEAM	with	HSCT	and	were	treated	with	palifermin	(0.06	mg/kg)	injections	3	days	before	conditioning	CT	and	3
days	after	HSCT	compared	with	controls.	Nasilowska-Adamska	et	al.108	reported	that	palifermin	60	μg/kg/day	for
3	consecutive	days	before	and	after	conditioning	therapy	for	HSCT	significantly	reduced	incidence,	severity,	and
duration	of	oral	mucositis	in	106	patients.	In	a	subsequent	study,109	53	patients	with	hematologic	diseases	used	the
same	regimen,	also	showing	a	significant	reduction	in	incidence	and	median	duration	of	oral	mucositis,	decreased
incidence	of	opioid	and	TPN	use,	and	less	prevalence	of	acute	GVHD.

A	randomized,	placebo-controlled,	double-blind	study	conducted	by	Le	et	al.110	evaluated	efficacy	and	safety
of	palifermin	to	reduce	CT-induced	oral	mucositis	in	patients	with	locally	advanced	head	and	neck	cancer.	A	total
of	 188	 patients	 received	 palifermin	 (180	 μg/kg)	 or	 placebo	 before	 chemoradiotherapy	 and	 then	 weekly	 for	 7
weeks.	The	group	receiving	palifermin	showed	a	lower	incidence	of	severe	oral	mucositis	when	compared	with
the	 placebo	 group	 (54%	 and	 69%,	 respectively;	 p	 =	 .041).	 However,	 opioid	 use,	 average	 mouth	 and	 throat
soreness,	 and	 chemoradiotherapy	 compliance	 were	 not	 significantly	 different	 between	 treatment	 arms.	 After
median	follow-up	of	26	months,	overall	survival	and	progression-free	survival	and	other	secondary	outcomes	such
as	opioid	use	were	similar	between	treatment	arms.

A	multicenter,	double-blind,	randomized	study	investigated	the	effectiveness	of	palifermin	in	reducing	severe
oral	 mucositis	 in	 patients	 with	 postoperative	 chemoradiotherapy	 for	 head	 and	 neck	 cancer.111	 A	 total	 of	 186
patients	with	carcinoma	of	the	oral	cavity,	oropharynx,	hypopharynx,	or	larynx	(stages	II	to	IVB)	were	randomly
assigned	to	receive	weekly	palifermin	(120	μg/kg)	or	placebo	3	days	before	and	throughout	chemoradiotherapy.	A
total	of	47	of	92	(51%)	patients	in	the	palifermin	group	developed	severe	oral	mucositis	versus	63	of	94	(67%)
patients	administered	placebo	(p	=	 .027).	 In	addition,	palifermin	decreased	the	duration	of	severe	mucositis	and
prolonged	 the	 time	 to	 develop	 severe	 mucositis.	 Although	 palifermin	 reduced	 the	 occurrence	 of	 severe	 oral
mucositis,	 its	 role	 in	 the	 management	 of	 patients	 with	 head	 and	 neck	 cancer	 undergoing	 postoperative
chemoradiotherapy	remains	to	be	elucidated.

Palifermin	has	also	been	studied	in	patients	with	solid	tumors.	In	a	randomized	controlled	trial	conducted	by
Rosen	et	al.,112	64	patients	with	metastatic	colorectal	cancer	who	received	5-FU	and	leucovorin	were	randomized
to	receive	palifermin	(40	μg/kg)	for	3	consecutive	days	before	each	of	two	cycles	of	CT.	The	incidence	of	World
Health	Organization	grade	≥2	oral	mucositis	was	significantly	lower	and	patients	reported	less	severe	symptoms
in	 the	 treatment	 arm.	 Brizel	 et	 al.113	 compared	 palifermin	 (60	 μg/kg)	 versus	 placebo	 in	 patients	 with	 locally
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advanced	head	and	neck	cancer	treated	with	chemoradiation.	Patients	received	two	types	of	RT—standard	(total
dose	of	70	Gy	delivered	in	2-Gy	daily	fractions)	and	hyperfractionated	(total	dose	of	72	Gy	delivered	in	1.25-Gy
fractions	twice	a	day	for	7	weeks)—and	CT	including	cisplatin	(20	mg/m2	for	4	days)	and	continuous	infusion	of
5-FU	(1,000	mg/m2/day	 for	 4	 days	 in	weeks	 1	 and	 5	 of	RT).	 Palifermin	was	well	 tolerated	 and	 decreased	 the
incidence	 of	 oral	 mucositis,	 dysphagia,	 and	 xerostomia	 in	 patients	 treated	 with	 hyperfractionated	 RT	 but	 not
standard	RT.	However,	palifermin	did	not	reduce	the	morbidity	of	concurrent	chemoradiotherapy.

A	randomized,	double-blind,	placebo-controlled	trial	conducted	by	Vadhan-Raj	et	al.114	evaluated	efficacy	of
palifermin	as	a	single	dose	before	each	cycle	in	patients	receiving	multicycle	CT.	Forty-four	patients	with	sarcoma
were	randomized	 in	a	2:1	ratio	 to	receive	palifermin	(180	μg/kg)	as	a	single	dose	3	days	before	each	CT	cycle
(maximum	of	 six	cycles)	or	placebo.	Palifermin	decreased	 the	 incidence	of	moderate	 to	 severe	mucositis	 (44%
versus	88%	with	placebo,	p	<	 .001)	 and	 severe	mucositis	 (13%	versus	51%	with	placebo,	p	=	 .002).	Reported
adverse	effects	include	thickening	of	oral	mucosa	and	altered	taste.	Eighty-eight	percent	of	patients	(seven	of	eight
patients)	with	severe	mucositis	in	the	placebo	group	received	palifermin	in	an	open-label	fashion.	Palifermin	as	a
single	dose	before	each	CT	cycle	 reduced	 incidence	and	severity	of	oral	mucositis	 in	patients	with	sarcoma.	 In
their	systematic	review,	Raber-Durlacher	et	al.105	reviewed	the	results	of	five	randomized,	controlled	trials,	on	the
basis	of	which	they	recommended	the	use	of	palifermin	at	a	dose	of	60	μg/kg/day	for	3	days	prior	to	conditioning
and	for	3	days	after	transplant	to	prevent	oral	mucositis.

Antimicrobials
Antimicrobial	approaches	have	included	systemic	administration	of	antibiotics,	antivirals	(acyclovir,	valacyclovir,
ganciclovir),	and	antifungals	(fluconazole)	and	topical	therapy.	Donnelly	et	al.115	evaluated	the	evidence	base	for
the	role	of	infection	in	the	pathophysiology	of	oral	mucositis	through	a	comprehensive	review	of	31	prospective
randomized	trials.	No	clear	pattern	of	patient	type,	cancer	treatment,	or	type	of	antimicrobial	agent	used	was	seen,
and	there	was	a	lack	of	consistent	oral	mucositis	assessment.

Oral	candidiasis	is	a	common	acute	and	chronic	oral	sequela	of	head	and	neck	RT.	Lesions	present	as	chronic
removable	 white	 or	 nonmovable	 hyperplastic	 lesions	 and	 also	 chronic	 diffuse	 patchy	 erythema	 with	 angular
cheilitis.	 Treatment	 approaches	 for	 oral	 candidiasis	 include	 nystatin	 (Mycostatin,	 troche;	Bristol-Myers	 Squibb
Company,	 New	 York,	 NY),	 nystatin	 (liquid	 or	 ointment),	 or	 clotrimazole.	 Pseudomembranous	 candidiasis	 is
successfully	 treated	 topically.	 Chronic	 candidiasis	 usually	 requires	 much	 longer	 treatment,	 and	 it	 may	 be
necessary	to	use	oral	ketoconazole,	fluconazole,	or	intravenous	amphotericin	B.

Acyclovir	prophylaxis	 is	accepted	 treatment	 for	HSV	for	patients	who	are	cytomegalovirus	 seropositive	and
undergoing	HSCT.	A	 randomized	 controlled	 clinical	 trial	 in	 patients	 undergoing	HSCT	 compared	 fluconazole
with	 placebo	 and	 showed	 that	 fluconazole	 prevented	 systemic	 fungal	 infections	 (7%	 fluconazole	 versus	 18%
placebo)	and	significantly	reduced	the	incidence	of	mucosal	infection	and	oropharyngeal	colonization	by	Candida
albicans.116

Conflicting	 reports	 are	 published	 regarding	 chlorhexidine	 mouthwash	 for	 alleviating	 oral	 mucositis	 and
reducing	oral	colonization	by	gram-positive,	gram-negative,	and	Candida	species	in	patients	receiving	CT,	RT,	or
HSCT.	Most	studies	have	not	demonstrated	efficacy	of	chlorhexidine	mouthwash	for	oral	mucositis	reduction	in
patients	 receiving	 intensive	CT.117	Dodd	et	 al.118	 tested	 the	 efficacy	 of	 the	 PRO-SELF	Mouth	Aware	 (PSMA)
program	 combined	with	 randomization	 to	 one	 of	 two	mouthwashes	 (0.12%	 chlorhexidine	 or	 sterile	water)	 for
prevention	of	CT-related	oral	mucositis	in	222	patients.	Although	chlorhexidine	was	no	more	effective	than	water
for	oral	mucositis	 incidence,	days	 to	onset,	and	severity,	 the	PSMA	program	appeared	 to	 reduce	oral	mucositis
incidence.	A	 double-blind,	 placebo-controlled,	 randomized	 study	 of	 chlorhexidine	 prophylaxis	 for	 5-FU–based
CT-induced	 oral	 mucositis	 in	 patients	 with	 gastrointestinal	 malignancies	 conducted	 by	 Sorensen	 et	 al.119
suggested	 a	 role	 for	 chlorhexidine	 in	prevention	of	oral	mucositis.	A	 total	 of	 225	patients	were	 randomized	 to
chlorhexidine	mouth	rinse	three	times	a	day	for	3	weeks	versus	placebo	or	cryotherapy	with	ice	45	minutes	during
CT.	 The	 frequency	 and	 duration	 of	 oral	 mucositis	 were	 significantly	 improved	 in	 the	 chlorhexidine	 and
cryotherapy	arms.

Sutherland	 and	 Browman120	 reviewed	 59	 studies	 assessing	 prophylaxis	 of	 RT-induced	 oral	 mucositis	 in
patients	with	head	and	neck	cancer.	 Interventions	chosen	based	on	 the	biologic	etiology	of	oral	mucositis	were
effective.	Spijkervet	et	al.121	evaluated	efficacy	of	lozenges	containing	polymyxin	E2	2	mg,	tobramycin	1.8	mg,
and	 amphotericin	 B	 10	 mg	 taken	 four	 times	 daily	 for	 oropharyngeal	 flora	 related	 to	 oral	 mucositis.	 These
researchers	compared	15	patients	receiving	RT	using	polymyxin	E2	2	mg,	tobramycin	1.8	mg,	and	amphotericin
B	10	mg	and	two	other	groups	of	15	patients	each,	one	using	0.1%	chlorhexidine	and	the	other	using	placebo.	The



selectively	decontaminated	group	had	significantly	reduced	severity	and	extent	of	oral	mucositis	when	compared
with	the	chlorhexidine	and	placebo	groups.

A	 randomized,	 double-blind	 study	 conducted	 by	 Sharma	 et	 al.122	 evaluated	 the	 effects	 of	 administering
Lactobacillus	 brevis	 CD2	 lozenges	 on	 incidence	 and	 severity	 of	 oral	 mucositis	 and	 tolerance	 to
chemoradiotherapy	in	patients	with	head	and	neck	squamous	cell	carcinoma.	Two	hundred	patients	received	daily
treatment	with	a	 lozenge	containing	either	L.	brevis	CD2	or	placebo	during	and	for	1	week	after	completion	of
chemoradiotherapy.	Severe	oral	mucositis	(grades	3	and	4)	developed	in	52%	and	77%	of	patients	in	the	treatment
and	placebo	arms,	respectively	(p	<	.001).	There	was	a	significant	difference	in	cancer	treatment	completion	rates
among	groups	(p	=	.001).	L.	brevis	CD2	lozenges	were	associated	with	a	lower	incidence	of	CT-	and	RT-induced
severe	oral	mucositis	and	a	higher	rate	of	treatment	completion.

Triclosan,	 an	 antibacterial	 agent	 used	 commonly	 in	 periodontal	 therapy,	 has	 also	 been	 evaluated	 in	 the
management	of	RT-induced	oral	mucositis.	Satheeshkumar	et	al.123	conducted	a	randomized	study	to	determine
triclosan	effectiveness	 in	 the	management	of	RT-induced	oral	mucositis.	Twenty-four	patients	with	oral	 cancer
with	 RT-induced	 grade	 1	 oral	 mucositis	 were	 randomized	 to	 either	 triclosan	 (0.03%)	 mouthwash	 or	 sodium
bicarbonate	 (2	 mg)	 mouthwash.	 Triclosan	 reduced	 progression	 to	 grade	 4	 oral	 mucositis	 in	 most	 patients.
Triclosan	mouthwash	 effectively	 reduced	 the	 severity	 of	 RT-induced	 oral	mucositis.	 Small	 sample	 size	 was	 a
study	limitation,	and	further	studies	are	needed	to	confirm	this	observation.123

Cryotherapy
Cryotherapy,	which	is	administered	as	ice	chips	and	flavored	ice	products,	has	been	used	to	prevent	oral	mucositis
and	 to	 improve	 patients’	 overall	 QOL	 by	 decreasing	 its	 severity	 and	 improving	 nutritional	 status.	 A	 2015
Cochrane	 review	concluded	 that	“oral	 cryotherapy	 leads	 to	 large	 reduction	 in	oral	mucositis	of	all	 severities	 in
adults	receiving	5-FU	for	solid	cancers.”124	This	review	also	stated	that	oral	cryotherapy	leads	to	an	appreciable
reduction	in	oral	mucositis	in	adults	receiving	high-dose	melphalan	before	HSCT.124

Efficacy	of	cryotherapy	for	the	reduction	of	5-FU–induced	oral	mucositis	severity	was	seen	in	a	North	Central
Cancer	Treatment	Group	and	Mayo	Clinic–sponsored	controlled	randomized	trial.125	In	contrast,	a	study	with	178
patients	who	were	randomized	to	30	minutes	versus	60	minutes	of	oral	cryotherapy	reported	similar	severity	of
oral	mucositis	 in	both	groups.126	This	study	recommended	use	of	30	minutes	of	oral	cryotherapy	prior	 to	bolus
administration	 of	 5-FU–based	CT.	Additional	 studies	 have	 confirmed	 these	 results.127–129	 Cryotherapy	 used	 to
induce	vasoconstriction	should	be	considered	for	patients	receiving	5-FU	or	melphalan130	administered	for	short
infusion	times.

The	effectiveness	of	aggressive	oral	care	in	combination	with	cryotherapy	has	also	been	evaluated.	In	a	pilot
randomized	 controlled	 study,	 46	 patients	 admitted	 for	 autologous	 HSCT	 were	 randomly	 assigned	 to	 the
experimental	 arm	 (n	 =	 23)	 receiving	 1-hour	 oral	 cryotherapy	 or	 usual	 care	 (n	 =	 23).131	 Overall	 mean	 oral
mucositis	 severity	 for	 the	 treatment	 arm	 was	 significantly	 lower	 than	 for	 the	 control	 arm	 (0.43	 versus	 1.14,
respectively,	on	a	0	to	4	scale;	p	<	.001).	The	treatment	arm’s	mean	pain	score	was	also	significantly	lower	(0.30
versus	 1.64,	 respectively;	p	 <	 .001).	 Results	 suggest	 that	 oral	 cryotherapy	 plus	 aggressive	 oral	 care	 protocols
reduce	oral	mucositis	and	related	oral	pain	intensity	compared	with	oral	care	alone.

Use	 of	 intravenous	 opioids	 has	 become	 a	 common	 practice	 for	 patients	 with	 CT-	 and	 RT-induced	 oral
mucositis.	 Cryotherapy	 is	 an	 important	 adjuvant	 technique	 to	 opiate	 analgesia.	 A	 randomized	 controlled	 trial
conducted	by	Svanberg	et	al.132	showed	that	this	technique	may	alleviate	development	of	oral	mucositis	and	oral
pain,	resulting	in	decreased	days	and	total	dose	of	intravenous	opiates	in	patients	treated	with	autologous	BMT.

Laser
Several	studies	have	confirmed	the	effectiveness	of	low-energy	laser	for	prevention	and	treatment	of	CT-	or	RT-
induced	 oral	 mucositis.133–138	 A	 phase	 III	 double-blind,	 placebo-controlled	 randomized	 study	 compared	 two
different	low-level	GaA1As	diode	lasers	(650	and	780	nm)	to	prevent	oral	mucositis	in	patients	undergoing	HSCT
treated	 with	 either	 CT	 or	 chemoradiotherapy.136	 Seventy	 patients	 were	 randomized	 to	 treatment	 with	 650-nm
laser,	780-nm	laser,	or	placebo.	Low-level	laser	therapy	was	safe	and	more	effective	for	decreasing	oral	mucositis
and	related	oral	pain.	The	efficacy	of	a	low-energy	helium/neon	(He/Ne)	laser	was	studied	in	a	sample	of	30	and
24	patients	in	two	randomized	controlled	clinical	trials.134,139	Low-energy	He/Ne	laser	demonstrated	a	reduction
in	the	severity	and	duration	of	oral	mucositis.

In	 a	 triple-blinded	 randomized	 controlled	 trial	 conducted	 by	 Gautam	 et	 al.,140	 prophylactic	 low-level	 laser
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therapy	 was	 tested	 to	 prevent	 CT-induced	 oral	 mucositis.	 A	 total	 of	 221	 patients	 with	 head	 and	 neck	 cancer
scheduled	to	undergo	chemoradiation	were	randomized	into	laser	(n	=	111)	or	placebo	(n	=	110)	groups.	The	laser
group	received	He/Ne	laser	(λ	=	632.8	nm,	power	density	=	24	mW,	dosage	=	3.0	J/point,	total	dosage	per	session
=	36	to	40	J,	spot	size	=	1	cm2)	five	sessions	per	week	and	the	placebo	group	received	sham	treatment	daily	prior
to	 RT.	 In	 the	 laser	 group,	 there	 was	 significant	 reduction	 in	 incidence	 of	 severe	 oral	 mucositis	 (p	 <	 .0001),
associated	pain	 (p	<	 .0001),	dysphagia	 (p	<	 .0001),	 and	opioid	use	 (p	<	 .0001)	when	compared	 to	 the	placebo
group.	These	researchers	also	reported	ability	of	low-level	laser	therapy	to	improve	subjective	experience	of	oral
mucositis	and	QOL	in	patients	with	head	and	neck	cancer.141

Miscellaneous	Agents
Mangoni	et	al.142	analyzed	the	protective	efficacy	of	a	heparan	mimetic	biopolymer,	RGTA-OTR4131,	alone	or
with	amifostine,	 in	 the	management	of	oral	mucositis	and	evaluated	 its	effects	on	 tumor	growth	 in	vitro	and	 in
vivo.	A	single	dose	of	16.5	Gy	was	delivered	to	the	snout	of	mice	and	the	effects	of	OTR4131	were	analyzed	by
macroscopic	 scoring	 and	 histology.	 OTR4131	 was	 well	 tolerated	 and	 effective	 in	 reducing	 RT-induced	 oral
mucositis	without	affecting	tumor	sensitivity	to	RT.	Tao	et	al.143	reported	on	the	use	of	a	different	heparin	sulfate,
RTG-OTD70DERM,	in	a	multicenter,	randomized,	double-blind,	placebo-controlled	trial	of	76	patients	with	head
and	neck	cancers	treated	with	RT.	No	significant	difference	was	observed	in	the	incidence	and	duration	of	grade
≥2	radiodermatitis.	Clinical	trials	of	whether	heparan	mimetics	help	reduce	oral	mucositis	are	still	needed.

A	prospective,	 randomized,	multicenter	 study	 conducted	 by	Wu	 et	 al.144	 investigated	 the	 role	 of	Actovegin
(Nycomed	Austria	GmbH,	Linz,	Austria),	a	deproteinized	extract	of	calf	blood,	in	the	prevention	and	treatment	of
CT-induced	oral	mucositis	in	patients	with	nasopharyngeal	carcinoma.	A	total	of	156	patients	were	randomized	to
receive	Actovegin	for	prevention	(n	=	53)	or	treatment	(n	=	51)	or	to	a	control	group	(n	=	52).	Actovegin	30	mL
daily	(5	days	a	week)	was	given	for	the	duration	of	the	RT	for	group	1	and	from	the	onset	of	grade	2	mucositis	for
group	2.	The	incidence	of	grade	3	mucositis	was	lower	in	group	1	versus	group	3	(p	=	.002),	and	group	2	had	a
lower	 progression	 rate	 of	 mucositis	 (grade	 2	 to	 3)	 when	 compared	 to	 the	 placebo	 group	 (p	 =	 .035).	 Thus,
Actovegin	showed	efficacy	in	the	prevention	and	treatment	of	CT-	and	RT-induced	oral	mucositis.
Rhodiola	algida,	 a	 traditional	Chinese	medicine	widely	used	 to	 stimulate	 the	 immune	system,	also	has	been

tested	as	a	 treatment	option	 for	patients	with	cancer	with	oral	ulcers.	Loo	et	 al.145	 investigated	 the	effect	of	R.
algida	 on	 healthy	 lymphocytes	 in	 vitro,	 the	 homeostasis	 of	 patients	 with	 cancer,	 and	 the	 healing	 time	 of	 oral
ulcers.	A	total	of	462	subjects	were	treated	with	100	μg/mL	of	R.	algida	for	48	hours.	Lymphocytes	were	isolated,
and	the	level	of	several	cytokines	and	messenger	RNA	(mRNA)	content	were	determined.	A	total	of	138	patients
with	breast	cancer	were	randomized	to	receive	R.	algida	(for	14	days	after	each	cycle)	and	placebo	after	modified
total	mastectomy	with	adjuvant	CT.	R.	algida	favored	the	proliferation	of	lymphocytes	and	increased	the	IL-2,	IL-
4,	GM-CSF,	and	mRNA	content	of	these	cytokines.	The	white	blood	cell	count	increased	faster	in	the	treatment
group.	The	patients	also	presented	with	smaller	and	fewer	oral	ulcers.	This	study	suggests	that	R.	algida	increases
immunity	of	patients	receiving	adjuvant	CT	and	decreases	the	quantity	of	oral	ulcers.

Other	therapies	such	as	phenylbutyrate	mouthwash	and	visible	light	therapy	have	also	been	shown	to	mitigate
oral	 mucositis	 during	 CT	 or	 RT	 in	 patients	 with	 head	 and	 neck	 cancer	 or	 in	 patients	 undergoing	 HSCT,
respectively.146,147	Larger	randomized	trials	are	needed	to	confirm	these	results.

TREATMENT	FOR	ORAL	CHRONIC	GRAFT-VERSUS-HOST	DISEASE
Almost	all	patients	with	extensive	cGVHD	require	systemic	immunosuppressive	therapy.	Thus,	there	is	a	critical
need	for	adjuvant	therapies	that	are	both	efficacious	and	avoid	the	long-term	consequences	of	these	corticosteroid
therapies.	In	general,	advances	in	the	treatment	of	cGVHD	have	been	modest,	and	no	standard	therapy	exists	for
cGVHD	that	 fails	 to	 respond	 to	 initial	 therapy	or	 recurs.	Granitto	et	al.,33	 Imanguli	et	al.,148	 and	Mays	et	al.149
have	 presented	 comprehensive	 reviews	 of	 available	 therapies	 for	 oral	 cGVHD.	 The	 most	 commonly
recommended	therapy	for	the	management	of	mucosal	involvement	of	oral	cGVHD	is	topical	high-	and	ultrahigh-
potency	 corticosteroids,	 calcineurin	 inhibitors,	 and	 analgesics.149	 The	 most	 common	 systemic	 therapy	 is
corticosteroids	 with	 or	 without	 cyclosporine.	 Other	 agents	 such	 as	 tacrolimus,	 sirolimus,	 pentostatin,
mycophenolate	 mofetil,	 and	 hydroxychloroquine	 have	 been	 used	 as	 salvage	 treatment.148	 Emerging	 systemic
therapies	 include	 monoclonal	 antibodies	 such	 as	 infliximab,	 etanercept,	 daclizumab,	 and	 rituximab.148–150
Extracorporeal	 photophoresis,	 a	 process	 that	 separates	 a	 patient’s	 mononuclear	 cells	 through	 apheresis	 and



exposes	them	to	ultraviolet	A	light,	has	shown	promise.
Patients	with	symptomatic	disease	limited	to	the	oral	cavity	have	been	found	to	benefit	from	topical	steroids

such	as	dexamethasone	elixir	(0.5	mg/mL)	as	a	mouth	rinse	(10	mL)	for	2	to	3	minutes	at	least	four	times	daily.151
Clobetasol	0.05%,	which	is	a	topical	high-potency	steroid,	has	been	administered	four	times	daily	for	2	to	3	weeks
depending	on	the	severity	of	the	ulcerative	oral	cGVHD	to	decrease	inflammation	and	oral	pain.	If	local	steroids
alone	 are	 not	 adequate	 to	 control	 oral	 disease,	 then	 topical	 cyclosporine152	 or	 topical	 tacrolimus	 may	 be
tried.153,154	Intraoral	psoralen	plus	ultraviolet	A	irradiation	may	be	appropriate	based	on	the	patient’s	condition.45
Although	topical	and	local	therapy	for	oral	cGVHD	offers	several	advantages	to	systemic	therapy,	including	fewer
side	 effects,	 there	 currently	 exists	 no	 evidence	 that	 one	 topical	 therapy	 is	 superior	 to	 another.	Most	 trials	 have
been	 open	 label	 with	 very	 small	 numbers	 of	 subjects.	 Oral	 topical	 treatments	 need	 further	 evaluation	 in
multicenter	 randomized	clinical	 trials	 such	as	conducted	by	Elad	et	al.,155	who	 reported	 that	 a	new	mouthwash
formulation	using	effervescent	tablets	of	budesonide	(3	mg/10	mL)	improved	oral	cGVHD	and	reduced	pain	in	all
four	treatment	arms	(n	=	18).

St.	 John	 et	 al.156	 examined	 the	 efficacy	 of	 topical	 thalidomide	 gel	 (20	mg)	 in	 patients	 with	 oral	 ulcerative
cGVHD	in	a	phase	II,	randomized,	placebo-controlled,	double-blind	clinical	 trial.	Results	suggested	that	 topical
thalidomide	 gel	 (20	 mg)	 has	 single-agent	 activity	 for	 oral	 ulcerative	 cGVHD.	 This	 therapy	 also	 decreased
cGVHD-related	oropharyngeal	pain	and	decreased	TNF-α	and	IL-6	expression	levels	in	oral	saliva	and	oral	ulcer
exudate.

A	small	randomized,	double-blind,	placebo-controlled	pilot	study	was	recently	conducted	to	test	the	safety	and
efficacy	 of	 a	 clobetasol	 oral	 rinse	 in	 oral	 cGVHD	 at	 the	 NIH	 Clinical	 Center,	 Bethesda,	 Maryland
(NCT01557517).157	Subjects	were	randomized	to	clobetasol	0.05%	rinse	or	placebo.

SYMPTOM	MANAGEMENT
Oropharyngeal	Pain
Oral	mucositis	is	the	principal	etiology	of	most	pain	experienced	during	the	3-week	post-HSCT	time	period.	This
pain	is	often	described	as	 the	most	unforgettable	ordeal	of	HSCT.	Oral	mucositis–related	oropharyngeal	pain	is
multidimensional.	The	sensory	dimension	of	this	oral	pain	has	been	described	with	general	mucosal	inflammation
and	 breakdown	 as	 ranging	 from	 mild	 discomfort	 to	 severe	 and	 debilitating	 pain,	 requiring	 opioids	 for	 pain
management.56	Immunocompromised	patients	with	cancer	who	are	also	HIV	positive	develop	larger,	more	painful
lesions	than	those	experienced	by	patients	without	cancer.	Oral	pain	associated	with	cGVHD	has	been	described
as	severe,	with	symptoms	of	burning,	irritation,	dryness,	and	loss	of	taste	being	reported.	In	contrast	to	the	often
long-lasting	oral	pain	with	oral	cGVHD,	oral	mucositis–related	oral	pain	with	CT	usually	lasts	<3	months.

Sucralfate
Sucralfate	 is	 an	 aluminum	 salt	 of	 a	 sulfated	 disaccharide	 that	 has	 shown	 efficacy	 in	 the	 treatment	 of
gastrointestinal	ulcerations	and	has	been	tested	as	a	mouthwash	for	the	prevention	and	treatment	of	oral	mucositis.
Sucralfate	creates	a	protective	barrier	at	the	ulcer	site	via	the	formation	of	an	ionic	bond	to	proteins.	Study	results
with	 sucralfate	 are	 conflicting.	 A	 phase	 III	 study	 conducted	 by	 the	 North	 Central	 Cancer	 Treatment	 Group
compared	sucralfate	suspension	versus	placebo	for	5-FU–related	oral	mucositis.	Results	demonstrated	that	in	the
50	patients	who	experienced	oral	mucositis,	the	sucralfate	suspension	provided	no	beneficial	reduction	in	5-FU–
induced	oral	mucositis	severity	or	duration	and	also	resulted	in	considerable	additional	gastrointestinal	toxicity.158
In	 addition,	 no	 efficacy	was	 demonstrated	 for	 a	 sucralfate	mouthwash	 for	 prevention	 and	 treatment	 of	 5-FU–
induced	oral	mucositis	in	a	randomized	controlled	clinical	trial	of	81	patients	with	colorectal	cancer	who	received
either	sucralfate	suspension	or	placebo	four	times	daily	during	their	first	cycle	of	5-FU	and	leucovorin.159

A	 prospective,	 double-blind	 study	 compared	 the	 effectiveness	 of	 sucralfate	 suspension	 to	 a	 formulation	 of
diphenhydramine	hydrochloride	syrup	plus	kaolin-pectin	for	RT-induced	oral	mucositis	in	patients	with	head	and
neck	cancer.	Results	showed	no	statistically	significant	differences	between	the	two	groups.	In	a	study	comparing
outcomes	between	21	patients	who	received	standard	oral	care	and	24	patients	who	received	sucralfate	suspension
four	 times	daily,	 the	 sucralfate	group	had	a	 significant	difference	 in	mucosal	 edema,	oral	 pain,	 dysphagia,	 and
weight	loss.160	Conversely,	a	double-	blind,	placebo-controlled	study	with	sucralfate	in	33	patients	who	received
RT	 to	 the	 head	 and	 neck	 showed	 no	 statistically	 significant	 differences	 in	 oral	 mucositis.161	 However,	 the
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sucralfate	 group	 did	 experience	 less	 oral	 pain	 and	 required	 a	 later	 start	 of	 topical	 and	 systemic	 analgesics
throughout	RT.161	Dodd	 et	 al.162	 used	 a	 pilot	 randomized	 controlled	 clinical	 trial	 to	 evaluate	 the	 efficacy	 of	 a
micronized	sucralfate	mouthwash	compared	with	a	salt	and	soda	mouthwash	in	30	patients	who	received	RT.	All
patients	 also	 used	 PSMA,	 which	 is	 a	 systematic	 oral	 hygiene	 program.	 Results	 demonstrated	 no	 significant
difference	in	efficacy	between	the	two	groups.

The	MASCC/ISOO	Clinical	Practice	Guidelines	now	 recommend	 that,	based	on	 the	evidence,	 (1)	 sucralfate
mouthwash	should	not	be	used	to	treat	oral	mucositis	in	patients	receiving	CT	or	in	patients	receiving	RT	for	head
and	neck	cancer	and	(2)	sucralfate	should	not	be	used	to	prevent	oral	mucositis	in	patients	receiving	CT	or	RT	for
head	and	neck	cancer.163

Gelclair
Gelclair	 (Sinclair	 Pharmaceuticals,	 Surrey,	 England)	 is	 a	 concentrated,	 bioadherent	 gel	 that	 has	 received	 U.S.
Food	 and	 Drug	 Administration	 approval	 as	 a	 510(k)	 medical	 device	 indicated	 for	 the	 management	 of	 oral
mucositis–related	pain.	Gelclair	 adheres	 to	 the	oral	 surface,	 creating	a	protective	barrier	 for	 irritated	 tissue	 and
sensitized	 nociceptors.	 The	 safety	 and	 efficacy	 have	 been	 evaluated	 in	 small	 clinical	 trials	with	mixed	 results.
Innocenti	et	al.164	reported	a	92%	decrease	in	oral	pain	from	baseline	5	to	7	hours	after	Gelclair	administration	in
patients	with	oral	mucositis,	 severe	diffuse	oral	 aphthous	 lesions,	 and	postoral	 surgery	pain.	More	 than	half	 of
these	 patients	 reported	 that	 the	 maximum	 effect	 of	 Gelclair	 lasted	 longer	 than	 3	 hours,	 and	 87%	 of	 patients
reported	overall	 improvements	from	baseline	for	pain	with	swallowing	food,	 liquids,	and	saliva	after	1	week	of
treatment.	DeCordi	et	al.165	reported	results	from	a	clinical	study	in	which	Gelclair	was	administered	to	patients
with	oral	mucositis	three	times	daily	before	meals	as	a	2-	to	3-minute	swish	and	spit	for	3	to	10	days.	Significant
improvements	 were	 reported	 for	 pain,	 oral	mucositis	 severity,	 and	 function.	 No	 adverse	 effects	 were	 reported
during	either	trial.	Patients	reported	that	the	taste,	smell,	 texture,	and	use	of	Gelclair	were	acceptable.	Barber	et
al.166	 conducted	 a	 prospective,	 randomized	 controlled	 trial	 comparing	 Gelclair	 versus	 standard	 therapy	 with
sucralfate	and	oxethazaine	(Mucaine;	Wyeth,	Dallas,	TX)	in	patients	with	RT-induced	oral	mucositis.	This	study
showed	no	significant	difference	between	both	 therapies	 in	 terms	of	general	pain.	Gelclair	can	be	an	 important
adjuvant	 to	 opiate	 therapy	 in	 the	 management	 of	 oral	 mucositis–related	 oral	 pain,	 with	 the	 caveat	 that	 more
research	in	the	clinical	setting	is	needed.

Anesthetic	Cocktails
Anesthetic	cocktails,	composed	of	agents	such	as	viscous	lidocaine	or	dyclonine	hydrochloride,	have	been	used
with	 some	 success	 for	 oral	mucositis–related	 oral	 pain	 for	 temporary	 pain	 relief.	 These	 agents	may	 alter	 taste
perception,	which	may	decrease	oral	 intake.	Other	analgesics	and	mucosal	coating	agents	used	 for	pain	control
include	kaolin-pectin,	diphenhydramine,	Orabase	(Colgate-Palmolive	Company,	New	York,	NY),	and	Oratect	Gel
(MGI	 Pharma,	 Woodcliffe	 Lake,	 NJ).	 Hospital-based	 pharmacies	 commonly	 formulate	 and	 dispense	 topical
mixtures	 containing	 an	 analgesic,	 an	 anti-inflammatory	 agent,	 and	 a	 coating	 agent	 for	 use	 as	 an	 oral	 comfort
measure	 for	 patients	 during	 cancer	 treatment.	 One	 large	 clinical	 research	 center	 uses	 a	 topical	 formulation
containing	viscous	lidocaine	2%	(40	mL),	diphenhydramine	12.5	mg/5	mL	(40	mL),	and	Maalox	(Novartis,	Basel,
Switzerland)	10	mg	(40	mL)	and	prescribes	its	use	every	3	to	4	hours	as	needed.

Doxepin
Doxepin	is	a	tricyclic	antidepressant	used	for	many	years	in	the	management	of	patients	with	chronic	benign	or
malignant	 pain.	 Its	 topical	 application	 is	 prescribed	 for	 pruritus	 and	 neuropathic	 pain.	 Pilot	 studies	 on	 topical
doxepin	 rinse	 in	 patients	 with	 oral	 mucositis	 pain	 have	 shown	 adequate	 analgesia	 for	 up	 to	 4	 hours	 after
application.167,168	Epstein	et	al.169	assessed	the	effectiveness	of	oral	doxepin	rinse	for	oral	mucositis–related	pain
in	patients	with	head	and	neck	cancer	in	the	RT	or	HSCT	setting.	Nine	patients	rinsed	with	doxepin	(5	mL)	three
to	six	times	per	day	over	1	week	and	returned	for	a	follow-up	visit.	Oral	mucositis	was	scored	using	the	OMAS,
and	oral	pain	was	assessed	using	a	visual	 analog	 scale.	There	was	a	 statistically	 significant	 reduction	 in	visual
analog	scale	scores	for	2	hours	after	doxepin	rinse	at	the	initial	visit	and	also	over	a	1-week	period,	demonstrating
that	repeated	dosing	continues	to	bring	significant	pain	relief.	Further	randomized	controlled	trials	are	needed	to
confirm	these	results.

Opioids



Severe	oral	mucositis–related	oropharyngeal	pain	may	 interfere	with	hydration	and	nutritional	 intake	and	affect
QOL.	Management	 of	 this	 pain	may	 require	 use	 of	 opioids,	 often	 administered	 at	 high	 doses	 by	 PCA	pumps.
Other	 routes	 of	 administration	 are	 oral,	 transmucosal,	 transdermal,	 and	 parenteral.	 The	 efficacy	 of	 oral
transmucosal	fentanyl	citrate	was	compared	with	morphine	sulfate	immediate	release	in	a	randomized,	controlled
clinical	trial	for	the	treatment	of	breakthrough	cancer	pain	in	134	adult	ambulatory	patients	with	cancer.170	Study
results	 showed	 that	 oral	 transmucosal	 fentanyl	was	more	 effective	 than	morphine	 sulfate	 immediate	 release	 in
treating	breakthrough	pain.	Darwish	et	al.171	conducted	a	phase	I	open-label	study	 to	 investigate	 the	absorption
profile	 of	 fentanyl	 buccal	 tablets	 in	 patients	 with	 or	 without	 oral	 mucositis.	 Sixteen	 patients	 (50%	 with	 oral
mucositis)	 received	 a	 single	 200-μg	 fentanyl	 buccal	 tablet,	 which	 was	 well	 tolerated	 and	 showed	 a	 similar
absorption	profile	within	both	groups.	Transdermal	 fentanyl	has	also	shown	 to	be	an	effective,	convenient,	and
well-tolerated	treatment	in	patients	with	oral	mucositis	pain	in	the	RT	and	in	the	HSCT	settings.172

Topical	morphine	for	mucositis-related	pain	was	evaluated	 in	26	patients	 following	chemoradiation	for	head
and	neck	cancer.173	Patients	were	randomized	to	morphine	mouthwash	(1	mL	of	2%	morphine	solution)	or	magic
mouthwash	 (equal	 parts	 of	 lidocaine,	 diphenhydramine,	 and	magnesium	 aluminum	 hydroxide).	 Patients	 in	 the
morphine	group	demonstrated	both	significantly	shorter	duration	and	lower	intensity	of	oral	pain	than	the	magic
mouthwash	group.	Swisher	et	al.174	described	an	oral	mucositis	pain	management	algorithm	to	promote	symptom
management	 for	 patients	 undergoing	 HSCT	 who	 are	 transitioning	 from	 inpatient	 to	 ambulatory	 care.	 A	 key
component	of	this	successful	program	was	use	of	a	multidisciplinary	team	who	could	respond	to	the	report	of	oral
pain.	No	standard	treatment	has	been	defined	for	the	prevention	or	treatment	of	oral	mucositis–related	pain;	thus,
it	 is	 essential	 to	 continue	 clinical	 trials	 testing	 promising	 agents	 such	 as	 sublingual	 methadone,	 transdermal
buprenorphine,	and	ketamine	mouthwash.175–177

Xerostomia
Xerostomia	 is	a	major	negative	sequela	for	patients	who	receive	RT	to	 the	head	and	neck.	Xerostomia	severity
depends	 on	 radiation	 dosage,	 location,	 and	 volume	 of	 exposed	 salivary	 glands.	 Significant	 xerostomia	 has	 not
been	 shown	with	CT	 alone.	 The	 severity	 of	 xerostomia	 can	 affect	 oral	 comfort,	 fit	 of	 prostheses,	 speech,	 and
swallowing.	Many	of	the	enzymes	(mucin)	found	in	patients	with	xerostomia	contribute	to	the	growth	of	caries-
producing	organisms.	Oral	hygiene	regimens	that	include	the	use	of	water	and	saline	and	daily	fluoride	application
with	brushing	teeth	at	least	three	times	daily	may	reduce	colonization	of	oral	pathogens.

Treatment	 guidelines	 for	 the	 management	 of	 xerostomia	 are	 designed	 to	 increase	 patient	 comfort.178
Mercadante	et	al.179	reported	in	a	2017	systematic	review	and	meta-analysis	of	1,732	patients	from	20	studies	that
pilocarpine	and	cevimeline	should	be	the	first	line	of	therapy	in	head	and	neck	cancer	survivors	with	RT-induced
xerostomia	 and	 hyposalivation.	 Sialagogues	 have	 been	 investigated	 as	 stimulants	 for	 the	 residual	 salivary
parenchyma	 (pilocarpine,	 5-	 and	 10-mg	 doses),	 with	 reported	 subjective	 improvement	 in	 some	 patients.180
Extreme	caution	with	the	use	of	pilocarpine	is	warranted	because	of	reported	side	effects	of	glaucoma	and	cardiac
problems.	A	randomized,	controlled	trial	tested	the	efficacy	of	amifostine	in	a	sample	of	315	patients	with	head
and	neck	cancer.181	The	patients	 received	 standard	 fractionated	RT	with	or	without	amifostine,	 administered	at
200	mg/m2	as	a	3-minute	intravenous	infusion	15	to	30	minutes	before	each	treatment	fraction.	Patient	eligibility
criteria	required	that	the	radiation	field	encompassed	at	least	75%	of	both	parotid	glands.	The	Radiation	Therapy
Oncology	Group	Acute	and	Late	Morbidity	Score	and	Criteria	was	used	to	rate	 the	severity	of	xerostomia.	The
incidence	of	grade	≥2	acute	xerostomia	(90	days	from	start	of	RT)	and	late	xerostomia	(9	to	12	months	after	RT)
was	significantly	reduced	in	patients	receiving	amifostine.	Whole	saliva	collection	1	year	after	RT	showed	that,	in
the	amifostine	group,	more	patients	produced	0.1	g	of	saliva	(72%	versus	49%)	and	median	saliva	production	was
greater	 (0.26	 versus	 0.1	 g).	 Stimulated	 saliva	 collections	 showed	 no	 difference	 between	 the	 treatment	 arms.
Supporting	 these	 improvements	 in	saliva	production	were	subjects’	 reports	of	oral	dryness.	Artificial	saliva	has
not	demonstrated	increased	oral	cavity	comfort.	Patients	have	reported	subjective	improvement	in	comfort	levels
through	the	frequent	use	of	sugarless	gum,	mints,	or	candies.
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130 Pulmonary	Toxicity
Diane	E.	Stover,	Michael	T.	Bender,	Manju	V.	Pillai,	and	Robert	J.	Kaner

INTRODUCTION
Pulmonary	disease	can	be	caused	by	a	wide	spectrum	of	pathogenic	mechanisms	in	patients	with	cancer.	These
include	 a	 variety	 of	 infectious	 agents	 and	 neoplastic	 disorders	 as	 well	 as	 pulmonary	 thromboembolic	 disease,
pulmonary	hemorrhage,	pulmonary	edema	(cardiogenic	and	noncardiogenic),	and	leukocyte	agglutinin	reactions.
Pulmonary	toxicity	caused	by	antineoplastic	agents	is	being	recognized	more	frequently,	and	the	number	of	drugs
known	 or	 suspected	 to	 cause	 lung	 disease	 is	 steadily	 increasing.	 Because	 continuing	 the	 offending	 agent	may
cause	death	and	because	withholding	the	agent	may	result	in	resolution	of	the	pulmonary	toxicity,	it	is	important
to	recognize	radiation-	and	drug-induced	pulmonary	disease.	In	this	chapter,	parenchymal	lung	disease	caused	by
irradiation	 and	 chemotherapy	 is	 discussed.	 Mechanisms	 of	 lung	 injury,	 histopathologic	 findings,	 clinical	 and
laboratory	features,	diagnosis,	and	treatment	of	the	abnormalities	produced	by	these	agents	are	reviewed.

RADIATION-INDUCED	PULMONARY	TOXICITY
Mechanisms	of	Lung	Injury	and	Histology
Radiation	can	affect	dividing	and	nondividing	cells	and	can	cause	genetic	and	nongenetic	damage.	The	first	phase
of	radiation-induced	lung	injury	(RILI)	is	the	production	of	reactive	oxygen	species	(ROS)	and	reactive	nitrogen
species.	These	species	cause	oxidative	damage	to	cellular	proteins,	lipids,	and	DNA.

Nonlethal	 ionizing	 radiation	also	activates	 a	 stress	 response	 in	cells,	which	 leads	 to	upregulation	of	 specific
nuclear	transcription	factors	such	as	nuclear	factor-κB	and	transcription	of	specific	early	response	genes	such	as	c-
abl,	c-jun,	egr-1,	and	c-fos.	This	leads	to	sloughing	and	denudation	of	type	I	pneumocytes,	which	make	up	90%	of
alveolar	epithelium,	whereas	type	II	pneumocytes	proliferate	in	an	effort	to	replace	dying	type	I	cells.	In	addition
to	 pneumocyte	 injury,	 capillary	 endothelial	 cells	 are	 also	 injured,	 leading	 to	 the	 loss	 of	 barrier	 function.	 This
microvessel	damage	leads	to	ongoing	tissue	hypoxia	as	well	as	chronic	inflammation.

The	second	phase	of	RILI	includes	inflammation	in	response	to	injury.	Abnormalities	in	the	intermediate	stage
(2	to	9	months	after	radiation)	are	characterized	by	obstruction	of	pulmonary	capillaries	by	platelets,	fibrin,	and
collagen.	 Alveolar-lining	 cells	 (primarily	 type	 II	 pneumocytes)	 become	 hyperplastic,	 and	 the	 alveolar	 walls
become	infiltrated	with	fibroblasts	and	mast	cells.	Inflammatory	cells	are	recruited	to	the	site	of	radiation	injury
and	perpetuate	the	inflammatory	response.	Cellular	activation	initiates	a	repair	process	that	involves	cytokines	and
growth	factors,	 such	as	basic	 fibroblast	growth	factor,	vascular	endothelial	growth	factor	 (VEGF),	and	platelet-
derived	 growth	 factor	 (PDGF),	 as	 well	 as	 tumor	 necrosis	 factor	 α	 (TNF-α),	 interleukin	 (IL)-1,	 IL-6,	 and
transforming	growth	factor	β	(TGF-β).	Prostaglandin	synthesis	is	also	upregulated.	This	second	burst	of	cytokine
release	leads	to	more	ROS	and	reactive	nitrogen	species	damage,	tissue	hypoxia,	and	TGF-β1	expression.	Of	note,
ionizing	 radiation	 induces	 expression	 of	 transcription	 factor	 egr-1,	 which	 regulates	 both	 TGF-β	 and	 TNF-α.
Although	these	signals	may	serve	as	potential	targets	to	modulate	the	effects	of	radiation-induced	fibrosis,	there
are	concerns	that	treatment	with	TNF-α	inhibitors	could	lead	to	progression	of	fibrosis	and	thus	should	not	be	used
at	this	time	to	mitigate	or	treat	radiation-induced	fibrosis.1

Recent	research	suggests	that	radiation-induced	pulmonary	fibrosis	may	be	modulated	by	mammalian	target	of
rapamycin	 (mTOR)	 signaling	 because	 inhibition	 of	 this	 pathway	 attenuated	 radiation-induced	 accumulation	 of
lymphocytes	 and	 macrophages	 after	 injury	 in	 an	 animal	 model.2	 Radiation	 also	 induces	 the	 formation	 of
isolevuglandins,	a	type	of	reactive	γ-ketoaldehyde,	which	may	contribute	to	fibrosis	via	rapid	protein	adduction.3
Interestingly,	 irradiated	cell	culture	and	murine	 lung	 illustrate	not	only	 the	presence	of	 isolevuglandin	adducted
protein	 but	 also	 that	 protein	 adduction	 increased	 in	 a	 progressive	 manner	 during	 the	 16-week	 postirradiation



interval.	 Furthermore,	 isolevuglandin-mediated	 adduction	 of	 collagen	 1α1	 impaired	 its	 degradation	 by	 matrix
metalloproteinase-1,	 suggesting	 that	 adduction	 may	 diminish	 resolution	 of	 established	 fibrosis	 occurring	 after
radiation.	New	evidence	also	points	to	a	dysregulated	radiation-induced	IL-13	response	that	activates	profibrotic
macrophages,	 resulting	 in	fibrosis.4	 Indeed,	modulation	of	 IL-13	has	been	successful	 in	alleviating	 fibrosis	 that
results	from	many	pathogenic	stimuli,	including	irradiation	in	animal	models.

Impairment	 of	 the	 regulation	 of	 the	 inflammatory	 response	 is	 thought	 to	 contribute	 to	 late	 RILI.	 Although
bronchiolitis	 obliterans	 with	 organizing	 pneumonia	 (BOOP)	 is	 an	 unusual	 histopathologic	 pattern	 for	 cancer
therapy–related	lung	injury,	radiation	damage	resulting	in	BOOP	has	been	reported.5

The	 last	 stage	 of	 RILI	 is	 characterized	 by	 a	 process	 of	 repair.	 These	 cellular	 changes	 include	 capillary
regeneration	and	alveolar	epithelium	repopulation	by	type	II	cells	as	well	as	fibrosis,	a	process	that	is	dominated
by	TGF-β	release.	Activation	of	latent	TGF-β	in	the	extracellular	space	by	radiation,	ROS	and	reactive	nitrogen
species,	 and	cell	death–associated	molecule	patterns	 allows	dissociated	TGF-β	 to	bind	 to	 cell	 surface	 receptors
and	activate	downstream	SMAD	signaling,	which	mediates	transcription	of	genes	involved	in	fibroblast	function,
differentiation,	 proliferation,	 and	 apoptosis.	 Several	 cytokines	 mediate	 chemoattraction	 of	 fibroblasts	 and
recruitment	 of	myofibroblast	 precursors	 from	 the	 circulation	 followed	by	 differentiation	 into	myofibroblasts	 as
well	as	direct	epithelial	 to	mesenchymal	transition.	If	 the	initial	 injury	is	severe,	damage	to	extracellular	matrix
components	 of	 the	 lung,	 such	 as	 basement	 membrane	 glycoproteins	 and	 proteoglycans,	 takes	 place.	 Due	 to
previous	damage	from	the	first	phase	of	RILI,	endothelial	cells	are	unable	to	respond	fully	to	VEGF	and	continue
to	die.	Hypoxia	is	thought	to	be	an	important	component	of	chronic	injury.

If	 the	 radiation	 injury	 is	 mild,	 these	 changes	 may	 subside	 entirely;	 however,	 when	 the	 injury	 is	 severe,	 a
chronic	 phase	 (≥9	months	 after	 radiation)	 ensues	 that	may	 persist	 or	 progress	 for	months	 or	 years.	 Emerging
evidence	supports	stress-induced	stem	cell	senescence	as	a	potential	mechanism	of	 late	 injury	after	 irradiation.6
Fibrogenic	 doses	 of	 irradiation	 were	 associated	 with	 type	 II	 pneumocyte	 senescence	 in	 a	 murine	 model	 of
radiation-induced	 pulmonary	 fibrosis.	 Depletion	 of	 type	 II	 pneumocytes	 was	 proportional	 to	 induction	 of
senescence	in	these	precursor	cells	and	to	the	initial	apoptotic	response.6	Senescent	cells	can	also	alter	the	local
environment	 through	 paracrine	 mechanisms	 via	 secretion	 of	 proinflammatory	 and	 immunomodulatory	 signals
such	IL-6,	IL-1β,	epidermal	growth	factor	(EGF),	VEGF,	matrix	metalloproteinases	(MMPs),	tissue	inhibitors	of
metalloproteinases	 (TIMPs),	 intercellular	adhesion	molecule	1	 (ICAM-1),	and	epidermal	growth	 factor	 receptor
(EGFR),	which	 have	 been	 implicated	 in	 radiation-induced	 fibrosis.	 It	 is	 noteworthy	 that	 inhibiting	 superoxide
production	 in	 a	 murine	 model	 of	 radiation-induced	 fibrosis	 was	 sufficient	 to	 reduce	 type	 II	 pneumocyte
senescence,	 not	 only	 highlighting	 the	 important	 role	 radiation-induced	 senescence	 plays	 in	 the	 development	 of
fibrosis	but	also	 illustrating	a	potential	 target	for	mitigation	of	fibrosis.6	The	histopathologic	appearance	is	then
dominated	by	dense	fibrosis,	thickening	of	the	alveolar	walls,	vascular	subintimal	fibrosis,	and	luminal	narrowing.
In	 some	 instances,	 the	 lung	may	shrink	 to	 less	 than	half	 its	original	 size,	with	a	 thickened	adherent	pleura	and
scarred	hilar	structures.

Patient	Considerations
Certain	factors	are	known	to	promote	the	development	of	classic	radiation	pneumonitis.	These	include	female	sex,
lower	lobe	site	of	primary	lung	cancer,	concurrent	chemotherapy,	previous	irradiation,	and	withdrawal	of	steroids.
Current	 tobacco	 use	 has	 been	 associated	 with	 a	 decreased	 incidence	 of	 injury	 and	 relative	 protection	 from
inflammatory	 damage.7	 Most	 of	 the	 cases	 of	 radiation-related	 BOOP,	 however,	 have	 occurred	 in	 patients
receiving	radiation	treatment	to	the	breast.

Damage	to	the	lung	increases	as	the	volume	of	lung	tissue	irradiated	increases.	A	threshold	effect	also	appears
to	occur,	such	 that	 irradiation	of	at	 least	10%	of	 the	 lung	is	required	 to	produce	significant	pulmonary	 toxicity.
This	threshold	may	be	reached	in	the	treatment	of	some	patients	with	breast	cancer,	depending	on	the	specifics	of
their	 individualized	 treatment	 program.	 The	 toxic	 effects	 of	 radiation	 as	 measured	 by	 symptoms	 and	 signs,
radiographic	changes,	and	physiologic	tests	are	proportionate	to	the	total	amount	delivered	to	the	lung.	Radiation
pneumonitis	seldom	occurs	with	fractionated	total	doses	of	<20	Gy	but	is	more	likely	when	doses	exceed	60	Gy.

Besides	 the	 volume	 of	 lung	 irradiated	 and	 the	 total	 radiation	 dose,	 the	 number	 of	 fractions	 into	which	 it	 is
divided	 and,	 to	 a	 lesser	 extent,	 the	 time	 span	 over	which	 it	 is	 delivered	 are	 important	 factors.	 The	 greater	 the
number	of	fractions	in	which	the	radiation	is	given,	the	lower	is	the	damaging	effect.	However,	the	incidence	of
radiation	 pneumonitis	 exhibits	 a	 threshold	 effect	 and	 a	 steep	 sigmoidal	 dose–response	 curve.	 Fractionation	 is
different	from	dose	rate,	which	refers	to	output	of	the	machine	during	radiation	therapy.	Dose	rate	has	an	effect	on
lung	tolerance;	radiation	delivered	as	0.05	Gy	per	minute	is	less	damaging	than	radiation	delivered	at	0.30	Gy	per
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minute.	 In	 sum,	 the	 incidence	 and	 severity	 of	 radiation	 damage	 to	 the	 lungs	 are	 related	 to	 the	 volume	of	 lung
tissue	irradiated,	the	total	dose,	the	fractions	into	which	the	total	dose	is	divided,	and	the	quality	of	the	radiation.

Clinical	Features

Signs	and	Symptoms
The	clinical	syndrome	of	radiation	pneumonitis	develops	in	5%	to	15%	of	patients	receiving	high-dose	external-
beam	 radiation	 for	 treatment	 of	 lung	 cancer.	 No	 significant	 difference	 is	 seen	 in	 the	 incidence	 of	 radiation
pneumonitis	 between	 the	 young	 and	 elderly,	 but	 the	 pneumonitis	 is	 inclined	 to	 be	 more	 severe	 in	 the	 latter.
Underlying	chronic	obstructive	pulmonary	disease	does	not	appear	to	potentiate	radiation	damage.

Symptoms	 of	 acute	 radiation	 pneumonitis	 usually	 become	 evident	 2	 to	 3	 months	 after	 the	 completion	 of
therapy;	rarely,	they	occur	within	the	first	month	and	occasionally	as	late	as	6	months	after	irradiation.	Early	onset
of	symptoms	often	implies	a	more	serious	and	more	protracted	clinical	course.	The	cardinal	symptom	of	radiation
pneumonitis	is	dyspnea.	It	may	be	self-limited	or	progress	to	severe	respiratory	distress.	Patients	may	also	have	a
nonproductive	cough	or	a	cough	productive	of	small	amounts	of	pinkish	sputum.	Frank	hemoptysis	early	in	the
clinical	 course	 is	 distinctly	 uncommon.	 Fever	 is	 unusual	 but	 can	 be	 high	 and	 spiking;	 in	 severe	 cases,	 other
constitutional	symptoms	may	occur.	Chest	pain,	which	is	rarely	a	prominent	feature,	may	be	due	to	fractured	ribs,
pleural	changes,	or	coughing.	Symptoms	of	airway	obstruction	can	occur	in	the	first	few	days	of	radiation	therapy
and	 are	 usually	 associated	 with	 swelling	 of	 a	 central	 bronchogenic	 carcinoma.	 Hemoptysis	 and	 other
manifestations	of	radiation	pneumonitis	may	also	occur	in	patients	given	palliative	endobronchial	brachytherapy
or	 after	 surgical	 implantation	 of	 radioactive	 seeds.	 Whereas	 dyspnea	 is	 the	 hallmark	 of	 radiation-induced
pneumonitis,	fever	and	cough	are	the	predominant	features	of	radiation-related	BOOP.

On	physical	examination,	signs	of	pulmonary	involvement	are	minimal.	Occasionally,	rales,	a	pleural	friction
rub,	or	evidence	of	pleural	fluid	may	be	heard	over	the	area	of	irradiation.	In	severe	cases,	tachypnea	and	cyanosis
may	be	present,	and	occasionally,	evidence	of	acute	cor	pulmonale	appears,	usually	predicting	a	 fatal	outcome.
Finger	 clubbing	due	 to	 radiation	 is	 distinctly	unusual	 and	 is	most	 likely	 caused	by	 the	underlying	malignancy.
Skin	changes	corresponding	to	the	ports	of	irradiation	are	often	present	but	provide	no	clue	as	to	the	presence	or
severity	of	the	pulmonary	reaction	beneath.

Although	patients	with	acute	pneumonitis	may	show	complete	resolution	of	signs	and	symptoms,	most	develop
gradual	progressive	fibrosis.	In	some	cases,	patients	present	with	radiation	fibrosis	without	a	previous	history	of
acute	pneumonitis.	The	permanent	changes	of	 fibrosis	 take	6	 to	24	months	 to	evolve	but	usually	 remain	stable
after	 2	 years.	 Patients	with	 fibrosis	 can	 be	 asymptomatic	 or	 can	 have	 varying	 degrees	 of	 dyspnea.	 The	major
complications	of	radiation	pneumonitis	occur	late	in	the	disease	and	are	secondary	to	persistent	fibrosis	of	a	large
volume	of	lung.	These	include	cor	pulmonale	and	respiratory	failure.

Diagnostic	Imaging
Although	radiographic	abnormalities	are	found	at	the	time	clinical	radiation	pneumonitis	is	present,	these	changes
may	be	seen	 in	asymptomatic	patients	as	well.	Early	 radiographic	changes	 include	a	ground	glass	opacification
(GGO),	diffuse	haziness,	or	indistinctness	of	the	normal	pulmonary	markings	over	the	irradiated	area.	Later,	the
chest	radiograph	may	show	alveolar	 infiltrates	or	dense	consolidation	with	or	without	air	bronchograms.	As	the
pneumonitis	progresses	to	fibrosis,	the	radiographic	appearance	changes	to	that	of	linear	streaks	radiating	from	the
area	of	pneumonitis	and	of	contraction	toward	the	hilar,	the	perimediastinal,	or	the	apical	areas.	Pleural	effusions,
if	present,	are	usually	small	and	always	coincident	with	 the	pneumonitis.	They	can	persist	 for	 long	periods	but
often	 disappear	 spontaneously	 and	 never	 increase	 during	 a	 period	 of	 stability	 unless	 secondary	 complications
occur	such	as	radiation-induced	pericarditis.	Mediastinal	or	hilar	adenopathy	and	cavitation	are	almost	always	due
to	causes	other	than	radiation	pneumonitis.	Pneumothorax	is	occasionally	associated	with	radiation	fibrosis	but	not
with	acute	pneumonitis.

One	of	the	most	characteristic	features	of	radiation	pneumonitis	and	fibrosis	is	that	the	radiologic	changes	are
confined	to	the	outlines	of	the	field	of	radiation.	In	a	few	cases,	extensive	changes	outside	the	field,	even	in	the
contralateral	lung,	have	been	observed.	This	syndrome,	which	occurs	in	a	minority	of	patients,	is	characterized	by
a	 bilateral	 lymphocytic	 alveolitis	 of	 activated	 CD4+	 T	 lymphocytes	 4	 to	 6	 weeks	 after	 strictly	 unilateral	 lung
irradiation.	Other	explanations	for	this	phenomenon	include	obstruction	of	lymphatic	flow	from	radiation-induced
mediastinal	 fibrosis	 and	 absorption	 of	 x-rays	 by	 regions	 outside	 the	 irradiated	 ports.	 BOOP,	 which	 is	 most
commonly	 seen	 in	 patients	with	 breast	 cancer	 after	 radiation	 to	 the	 chest	wall,	 can	 begin	 in	 areas	 of	 the	 lung



contiguous	with	 the	 irradiated	 soft	 tissues	but	progresses	outside	 the	portal	 in	approximately	40%	of	cases	and
may	include	the	lung	contralateral	to	the	irradiated	breast.

Stereotactic	 body	 radiation	 therapy	 (SBRT)	 changes	 can	 differ	 from	 those	 of	 standard	 radiation	 therapy;
however,	lung	toxicity	is	rare	due	to	the	small	fields.	Several	different	patterns	of	early	(acute	pneumonitis)	and
late	changes	 (fibrosis)	have	been	described,	 including	GGOs,	consolidations,	 and	patchy	or	diffuse	patterns,	 as
well	as	late	bronchiectasis	and	scar	formation.8	Due	to	the	hypofractionated	dose	of	radiation	used	in	stereotactic
radiotherapy	and	the	delivery	of	radiation	in	a	spherical	volume	with	a	gradient	between	the	high	dose	and	the	low
dose	within	normal	adjacent	tissue,	the	shape	of	the	SBRT-induced	injury	mimics	the	tumor	and	does	not	have	a
linear	pattern	that	may	be	seen	with	conventional	radiation	therapy.	Similar	to	conventional	therapy,	late	fibrosis
may	develop	after	6	to	9	months	without	a	preceding	acute	pneumonitis.

Pulmonary	Function	Tests
Prediction	of	changes	in	pulmonary	function	after	high-dose	irradiation	to	the	lung	has	proven	to	be	problematic.
No	 gross	 physiologic	 changes	 occur	 in	 the	 lung	 until	 4	 to	 8	 weeks	 after	 completion	 of	 irradiation,	 usually
coincident	with	the	period	of	clinical	pneumonitis.	Then,	there	is	a	decrease	in	lung	volumes,	which	can	progress.
These	changes	persist	indefinitely,	with	little	evidence	of	recovery.	Small	changes	in	spirometric	values	and	gas
exchange	abnormalities,	which	 include	a	decrease	 in	diffusing	capacity	and	arterial	hypoxemia,	especially	with
exercise,	occur	at	approximately	the	same	time	but	show	some	tendency	toward	recovery	after	6	to	12	months.	A
fall	in	compliance	coincident	with	the	clinical	pneumonitis	is	seen	in	most	subjects.	Accordingly,	the	elastic	work
of	breathing	is	increased,	and	dyspnea,	resulting	from	the	increased	workload,	ensues.	Airflow	parameters	remain
close	to	normal	in	most	studies.

Diagnosis
The	diagnosis	of	 radiation	pneumonitis	 can	 sometimes	be	made	clinically	based	on	 the	 timing	of	 irradiation	 in
relation	to	symptoms	and	the	typical	chest	radiographic	appearance	(i.e.,	infiltrates	corresponding	to	the	margins
of	the	irradiated	portal).	Differentiation	from	recurrent	malignancy	or	infection	often	poses	a	problem,	in	which
case	lung	biopsy	is	necessary.	Although	histopathologic	changes	are	nonspecific	for	radiation	pneumonitis,	when
elements	of	the	acute	stages	(fibrin	exudate	in	the	alveoli)	are	seen	adjacent	to	the	more	chronic	stages	(alveolar
fibrosis	and	subintimal	sclerosis),	this	entity	can	be	diagnosed	with	reasonable	certainty.

Several	biomarkers	are	under	investigation	in	order	to	predict	those	who	may	go	on	to	develop	RILI,	but	none
have	yet	been	applied	in	clinical	practice.

Treatment
Corticosteroid	 administration	 during	 irradiation	 in	 mice	 markedly	 improves	 the	 physiologic	 abnormalities	 and
decreases	 mortality	 without	 an	 effect	 on	 late	 pulmonary	 fibrosis.	 No	 controlled	 clinical	 trials	 in	 humans	 are
available	 on	 the	 efficacy	 of	 steroid	 therapy	 in	 radiation	 pneumonitis.9	 Nonetheless,	 clinicians	 often	 begin
prednisone	1	mg/kg	as	soon	as	the	diagnosis	is	reasonably	certain.	The	initial	dose	is	maintained	for	several	weeks
and	 then	 cautiously	 and	 slowly	 reduced.	 If	 steroids	 are	 tapered	 too	 rapidly,	 symptoms	 can	 be	 exacerbated,
necessitating	higher	doses	 for	 longer	periods.	Similarly,	 if	corticosteroids	are	part	of	a	 recent	chemotherapeutic
regimen,	stopping	them	abruptly	can	precipitate	clinically	evident	radiation	pneumonitis.	What	parameters,	if	any,
to	follow	during	the	tapering	schedule	are	not	known,	and	no	studies	are	available.	Generally,	physicians	follow
symptoms.	Most	clinicians	agree	that	corticosteroids	have	no	place	in	the	treatment	of	radiation	fibrosis.

Free	radical	scavenging	agents	have	also	been	investigated.	Amifostine,	a	thiophosphate,	and	captopril,	which
has	a	thiol	group	as	well,	have	been	investigated	but	have	failed	to	come	to	fruition.	A	new	trial	(NCT01754909)
is	 revisiting	 the	concept	of	 angiotensin-converting	enzyme	 inhibition	because	 the	prior	 trial	 involving	captopril
did	 not	 recruit	 enough	 subjects	 to	 adequately	 test	 the	 significance	 of	 the	 intervention.	 The	 current	 trial	 tests
enalapril	versus	placebo	in	mitigating	both	radiation-induced	pneumonitis,	defined	as	clinician-assessed	grade	2
pneumonitis,	and	fibrosis	quantified	by	computed	tomography	(CT)	scanning.	Thus	far	and	perhaps	due	to	close
clinical	 follow-up,	 pneumonitis	 rates	 have	 been	 higher	 than	 expected	 in	 this	 trial,	 whereas	 the	 occurrence	 of
fibrosis	has	not	yet	been	analyzed.	Inhibition	of	endothelial	cell	apoptosis	by	therapeutic	administration	of	basic
fibroblast	 growth	 factor	 or	VEGF	 has	 been	 beneficial	 in	 some	 animal	models,	 but	 no	 human	 trials	 have	 been
attempted.	 Inhibition	 of	 the	 mTOR	 pathway	 altered	 inflammatory	 cytokine	 expression	 and	 reduced	 both	 the
presence	 of	 inflammatory	 cells	 and	 senescence	 of	 type	 II	 pneumocytes	 after	 radiation	 in	 a	 murine	 model	 of
fibrosis,	whereas	microRNA	(miRNA)	modulation	shows	promise	in	regulating	the	expression	of	key	fibrogenic
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signal	 pathways	 in	 preclinical	 trials.	 Many	 experimental	 therapies	 are	 being	 investigated	 in	 mouse	 models
including	 the	 use	 of	 nitric	 oxide,	 superoxide	 dismutase,	 statins,	 MMP	 inhibitors,	 growth	 factors,	 and	 other
antioxidants.10	None	have	yet	demonstrated	efficacy	in	humans.

A	 current	 clinical	 trial	 under	way	 is	 testing	 a	 synthetic	 isoflavone,	 known	 as	BIO	 300,	which	 significantly
reduced	radiation-induced	damage	to	normal	lung	tissue	in	a	mouse	model.	The	clinical	trial	(NCT02567799)	is
designed	 for	 patients	 receiving	 chemoradiation	 for	 non–small-cell	 lung	 cancer	 and	 describes	 any	 dose-limiting
toxicities	 of	 the	 combination	 of	 BIO	 300	with	 chemoradiation	 and	 determine	 optimal	 dosing.	Other	 outcomes
include	quantification	of	cytokines	 involved	 in	 fibrosis	as	well	as	an	 imaging	end	point	 to	assess	 for	 radiation-
induced	lung	fibrosis	estimating	ventilation	from	four-dimensional	CT.

CHEMOTHERAPY-INDUCED	PULMONARY	TOXICITY
The	list	of	chemotherapeutic	agents	reported	to	cause	cytotoxic	drug-induced	lung	disease	continues	to	grow.	The
true	incidence	of	toxicity	is	unknown,	but	the	reported	frequency	of	pulmonary	toxicity	ranges	from	10%	to	30%.
Distinguishing	 lung	 toxicity	 from	 other	 factors	 affecting	 the	 lung	 such	 as	 pulmonary	 edema,	 infection,
lymphangitic	 carcinomatosis,	 and	 diffuse	 alveolar	 hemorrhage	 is	 very	 challenging.	 With	 the	 development	 of
targeted	monoclonal	antibodies	used	in	cancer	treatment,	new	toxicities	are	continuously	being	reported.	Classes
of	drugs	added	to	the	list	include	immune	checkpoint	inhibitors	such	as	cytotoxic	T-lymphocyte	antigen	4	(CTLA-
4),	programmed	cell	death	protein	1	(PD-1)	inhibitors,	programmed	cell	death	protein	ligand	1	(PD-L1)	inhibitors,
VEGF	and	EGFR	inhibitors,	immunostimulatory	cytokines,	and	CD19-directed	chimeric	antigen	receptor	(CAR)
T	 cells	 (Table	 130.1).11–56	 There	 are	 also	 reports	 of	 lung	 injury	 with	 trastuzumab,	 ifosfamide,	 irinotecan	 and
topotecan,	oxaliplatin,	and	temozolomide.45

A	summary	of	the	mechanism	of	lung	injury,	the	histopathologic	findings,	common	clinical	radiographic	and
physiologic	 features,	 and	 the	 diagnosis	 and	 treatment	 of	 the	more	 common	 chemotherapeutic	 drugs	 that	 cause
pulmonary	toxicity	are	discussed	in	this	section	(see	Table	130.1)

TABLE	130.1
Characteristics	of	Pulmonary	Toxicity	Caused	by	Commonly	Used	Chemotherapeutic	Agents

Drug

Mechanism	of	Injury	and
Histopathology/Molecular
Mechanism Clinical	Presentation

Imaging	and
Diagnosis

Treatment	and
Prognosis	(See	Table
130.2	for	Toxicity)

Alkylating	Agents
Busulfan Direct	alveolar	epithelial

toxicity,	pneumocyte
hyperplasia,	mononuclear
cells,	fibrosis

4%	incidence;	rare
<500	mg	dose;	XRT
enhances	toxicity.
Onset	8	mo–10	y.
SOB,	cough,	weight
loss,	weakness,	fever

Most	common
bibasilar	reticular
pattern;	rarely	pleural
effusion,	pulmonary
ossification.	Definitive
diagnosis	by	SLB

Withdrawal	of	drug;
anecdotal	reports	of
response	to	high-dose
steroids;	mean
survival,	5	mo	after
diagnosis

Cyclophosphamide11 Reactive	oxygen	species,
endothelial	swelling,
pneumocyte	dysplasia,
mononuclear	cells,	fibrosis

<1%	incidence;	no
dose	dependence.
Synergy	with	oxygen
and	other	agents.
Acute	symptoms	early;
subacute	up	to	8	y

Common	bibasilar
reticular	pattern,
pulmonary	edema
pattern.	Diagnosis	of
exclusion	or	may
require	SLB

Withdrawal	of	drug,
steroids	may	hasten
improvement,	recovery
approximately	65%

Chlorambucil12 Unknown	mechanism,
histology	similar	to
busulfan,	interstitial
pneumonitis,	fibrosis

Rare	reports;	subacute
onset	(5	mo–10	y).
Cough,	dyspnea,
bibasilar	rales,
anorexia

Bibasilar	reticular
pattern,	rarely	normal
radiograph,	alveolar
infiltrates	not	reported

Half	of	reported
patients	died	despite
stopping	drug	and
using	steroids.

Melphalan13 Unknown	mechanism,
histology	similar	to
busulfan,	pneumocyte
dysplasia	>	fibrosis

Rare;	onset	1–48	mo
after	therapy.
Progressive	dyspnea

Reticular	and	alveolar
infiltrates.	Definitive
diagnosis	SLB

Despite	cessation	of
drug,	three-fifths	of
reported	patients	died;
most	were	already	on
steroids	for	tumor
treatment.



Antibiotics
Bleomycin14,15 Direct	endothelial/epithelial

toxicity	via	oxygen	free
radicals.	TNF-α,
inflammation.	TGF-β
fibrosis,	endothelial
blebbing,	interstitial	edema,
type	I	cell	necrosis,
metaplastic	type	II	cell,
neutrophilic	infiltration;
fibroblast	proliferation	and
fibrosis;	rare	eosinophilic
infiltration;	rare	OP;	HP
variant

Incidence	up	to	10%.
Risk	factors:	older
age,	higher	dose,
renal	dysfunction,
oxygen	therapy,
thoracic	radiation.
Occurs	during	and	up
to	6	mo	after	stopping
therapy.	Cough,
dyspnea,	fever,
tachycardia,	crepitant
rales

Bibasilar	reticular
pattern;	multiple
nodules	similar	to
metastasis;	acinar
pattern,	especially
with	hypersensitivity.
Rarely	localized
infiltrates	and	cavitary
nodules.	BALF	with
neutrophilic	alveolitis.
Lung	biopsy	may	be
required	to	rule	out
other	causes.

Drug	withdrawal,
excellent	response	to
steroids	in
hypersensitivity	but
less	clear	efficacy
otherwise;	reported
mortality	between	3%
and	50%

Mitomycin16 Endothelial	injury;	alveolar
macrophage	activation,
cytokine	release.	Several
patterns:	capillary	leak	and
DAD,	especially	with	vinca
alkaloids;	thrombotic
microangiopathy;	fibrosis

3%–14%	incidence;
usually	not	dose
related.	Possible
synergy	with	oxygen,
XRT,	and	other
agents,	especially
vinca	alkaloids.	Dry
cough,	dyspnea.	Fever
not	seen.	Bibasilar
rales

Diffuse	interstitial
and/or	alveolar
infiltrates.	Clinical
picture	is	suggestive;
lung	biopsy	may	be
required	to	rule	out
other	causes.

Drug	withdrawal,
steroids;	mortality
14%–50%

Nitrosoureas	(e.g.,
carmustine)

Direct	injury	through
oxidative	stress;	possible
involvement	of	depletion	of
antioxidant	glutathione.
Histology	similar	to
bleomycin;	fibrosis
predominates

20%–30%	incidence;
dose	related.
Increased	risk	with
preexisting	lung
disease,	tobacco	use,
synergism	with	other
agents.	Reported	up	to
17	y	after	drug

Bibasilar	reticular
pattern.	Lung	biopsy
may	be	needed.

Recognition	and	drug
withdrawal;
questionable	benefit	of
steroids;	mortality
24%–90%

Antimetabolites

Methotrexate17,18 Hypersensitivity	suggested
by	T	lymphocytes	and
eosinophils	in	BALF.
Interstitial	and	alveolar
infiltration	with
lymphocytes,	eosinophils,
plasma	cells,	occasionally
poorly	formed	granuloma

2%–8%	incidence.
Days	to	weeks	after
start	therapy.	Acute:
fever,	cough,	malaise,
headache.	Subacute:
dyspnea,	cough,	rales
on	exam,	skin	rash	in
17%,	blood
eosinophilia	in	40%,
progression	to	fibrosis
in	10%

Early:	interstitial
infiltrates;	later:
alveolar	infiltrates,
hilar	and	mediastinal
adenopathy,	pleural
effusion.	Chest	x-ray
can	be	normal.	BALF
suggestive	of	T-cell
predominance,	but
biopsy	may	be
required.

Drug	withdrawal;
reports	of	reinstitution
without	recurrence;
dramatic	response	to
steroids	reported;
favorable	outlook	with
mortality	1%

Cytosine	arabinoside19 Pulmonary	edema;
proteinaceous	exudate,
extravasation	of	RBCs,	no
inflammatory	cells

Abrupt	onset	of
dyspnea;	coexistent
gastrointestinal	toxicity

Diffuse	interstitial	and
alveolar	infiltrates	with
clinical	picture	suggest
diagnosis.

Supportive	therapy;	no
studies	on	effects	of
steroids	or	other	drugs

Gemcitabine20,21 Toxic	damage	to	the
endothelium	of	pulmonary
capillary	vessels	causing	a
capillary	leak;	reports	of
DAD,	NSIP

Dyspnea	may	be
severe	and	progress
to	respiratory	failure
and	ARDS;	low-grade
fever

Reticular	nodular
infiltrates,	ground
glass	opacities,	rarely
pleural	effusion;	to
exclude	other	causes,
biopsy	may	be
required

Drug	withdrawal;
usually	brisk	response
to	steroid,	but	fatalities
have	been	reported

Fludarabine22 Unknown	mechanism;	rare
reports	of	granulomatous	or
diffuse	nonspecific
inflammation	and
eosinophilic	pneumonitis

Hypoxemia,	fever,
CD4	lymphopenia

Interstitial	or	nodular
infiltrates	can	be
associated	with	PJP;
bronchoscopy	usually
done	to	rule	out
infection

Drug	withdrawal;	may
respond	to	steroids

Taxanes

Paclitaxel/docetaxel23 AR:	mast	cell	activation,
histamine	release,	caused

AR:	up	to	5%
incidence,

AR:	normal	CXR;
highly	suggestive

AR:	slow	infusion;
pretreatment	with
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by	suspension	in
Cremophor	(BASF
Corporation,	Florham	Park,
NJ)
HP:	BALF	with
lymphocytes,	biopsy	with
mononuclear	cells	and
septal	thickening.	May	also
present	with	DAD	or	fibrotic
NSIP

erythematous	rash,
urticaria,	hypotension,
bronchospasm	during
or	soon	after	the
infusion
HP:	dyspnea	and/or
cough	several	days	to
weeks	after	treatment,
fever	may	occur,
crepitant	rales,	may
have	normal	exam

clinical	picture
HP:	patchy	reticular,
nodular,	or	diffuse
alveolar	infiltrates.
CXR	may	be	normal.
Rule	out	infection	or
progression	of
disease;
bronchoscopy	and
biopsy	may	be
necessary.

steroids;	H1/2	blockers
reduce	incidence	to
<2%.
HP:	can	resolve	on	its
own;	if	severe,
steroids.	May	not	recur
with	rechallenge

Tyrosine	Kinase	Inhibitors
EGFR	inhibitors:
gefitinib,	erlotinib,
cetuximab24–30

Augmentation	of
inflammation,	alteration	of
repair	capability	leading	to
fibrosis,	potential	damage
by	other	chemotherapy
agents
Upregulation	of	EGFR	in
injured	epithelium	leading
to	proliferation	of	type	II
cells
Fibrosis	reported	in	0.3%–
1.1%	with	higher	rate	in
Japanese	patients	(2%–
10%)
DAD,	NSIP,	OP,	DAH,
fibrosis

<1%	incidence	in
whites;	2%–6%	in
Asians,	usually	in	first
month	of	treatment.
Pulmonary	fibrosis	is	a
risk	factor.	Dyspnea
with/without	cough	and
fever

GGO	with/without
airspace
consolidation,	fibrosis.
Diagnosis	of
exclusion;	biopsy	to
rule	out	progression	of
disease	or	infection
Mortality	rate	of	33%–
50%

Poor	prognosis	with
preexisting	interstitial
lung	disease,	prior
radiation,	and	poor
performance	status
Discontinue	the	drug;
steroids;	small	series
report	high	mortality
rates

Kit/BCR-ABL	inhibitors:
imatinib/dasatinib31–33

Hypersensitivity	suggested
by	lymphocytic	exudate
with	high	CD4/CD8	in
pleural	fluid,	eosinophilic
infiltration,	interstitial
inflammation/fibrosis

Low-grade	fever,	dry
cough,	dyspnea	with
or	without	hypoxemia

GGO,	nodular
opacities,
consolidation.
Exudative	lymphocytic
pleural	effusion	and
clinical	picture
suggestive	of
diagnosis

Discontinuation	of	the
drug;	may	need
steroids;	may	need
repeated	thoracentesis

Myeloma	Therapies

Bortezomib34 OP,	DAD,	capillary	leak,
and	DAH	have	been
reported.

ARDS	reported	only	in
Asians	and	African
Americans.	Rapid
onset	of	dyspnea,
hypoxemia,	respiratory
failure

Bilateral	infiltrates,
GGOs,	effusions

May	occur	even	with
pretreatment	with
steroids;	variable
response	to	treatment
with	high-dose
steroids;	high	mortality

Thalidomide,
lenalidomide,
pomalidomide35

Antiangiogenic	properties
OP,	cellular	NSIP,	HP,	and
eosinophilic	pneumonia
have	rarely	been	reported.

8%–12%	incidence	of
PE.	ILD	very	rare,
presentation	acute	or
subacute.	Increased
risk	of	opportunistic
infections	especially
with	dexamethasone

PE.	Diffuse	bilateral
airspace	and
interstitial	infiltrates;
bronchoscopy	to	rule
out	infection,
especially	PJP,	if	on
concurrent	steroids

DVT	prophylaxis
recommended	with
thalidomide	(black	box
warning)

Carfilzomib36 Selective	proteasome
inhibitor

Dyspnea	(42%),
cough.
Pneumonia	(19%);
pulmonary
hypertension	(2%)

Air	space
consolidation;
pulmonary	edema,
pleural	effusion	(4%)

Infections	prevented
by	prophylaxis;	dose
reduction	in	mild
cases,	drug	withdrawal
in	severe	cases.
Steroids	may	be
helpful;	no	data

Mammalian	Target	of	Rapamycin	Inhibitors
Sirolimus,
temsirolimus,
everolimus37–41

May	possibly	bind	to
plasma	proteins	and	evoke
Th1	response

0.5%–5%	incidence;
dyspnea,	fatigue,	fever

Focal	consolidation;
GGO,	may	be	waxing
and	waning

Stop	drug	if
symptomatic;	no	data
on	effectiveness	of
steroids	but
recommended	with
severe	or	progressive
disease



Monoclonal	Antibodies
VEGF	inhibitors:
bevacizumab42–44

Effects	on	vascular	integrity
and	regeneration;
procoagulant	effects

Hemoptysis	highest	in
patients	with	lung
cancer,	especially
squamous	cell
carcinoma

GGO	and	airspace
opacification;	tumor
cavitation;	pulmonary
embolism;	pulmonary
hemorrhage

Withdrawal	of	the	drug;
anticoagulation	for	PE.
Role	of	steroids,
aminocaproic	acid,
factor	VIIa	in
pulmonary
hemorrhage	is
unknown

HER2-targeted	agents:
trastuzumab45

Neutrophilic	alveolitis,
organizing	pneumonia	and
interstitial	pneumonitis,
eosinophilic	pneumonia,
hypersensitivity
pneumonitis,	fibrosis

Incidence	0.4%–0.6%
with	0.1%	mortality;
bronchospasm;
exertional	dyspnea	to
rapidly	progressive
respiratory	failure

Patchy	consolidation;
GGO	with	interlobular
septal	thickening

Withdrawal	of
medication;	steroids
may	speed	recovery.

Anti-CD20:	rituximab46 DAD;	OP	is	predominant,
potentially	from
immunogenic	chimeric	anti-
CD20	antibody;	NSIP,	UIP

Acute:	cytokine
release	and/or	tumor
lysis	syndrome;
capillary	leak	with
ARDS	in	0.04%–
0.07%;	presentation
can	be	acute,
subacute,	or	chronic;
cough	dyspnea	with
hypoxia,	reversible
bronchospasm

Focal	alveolar	pattern,
GGO,	diffuse	alveolar
pattern,
macronodules.
Biopsy	needed	for
diagnosis;	BALF
predominantly
lymphocytes	with
elevated	CD4

Monitoring	symptoms;
steroids	may	help.

Immune	Checkpoint	Inhibitors	(ICI)
Monoclonal	antibodies
blocking	CTLA-4:
ipilimumab,
tremelimumab47,48

CTLA-4	when	present	on
surface	of	T	cells	leads	to
downregulation	of	T-cell
activity.
Organizing	pneumonia,	HP,
NSIP,	bronchiolitis,	sarcoid-
like	granuloma

Incidence	<1%;
combined	with	other
immunotherapies,
incidence	increases	to
5%;	occurs	within	first
3	months;	dose
dependent;	dyspnea
and	dry	cough	with
fever,	rarely	chest	pain

Consolidation	with
peripheral	distribution,
interlobular	septal
thickening	with
subpleural	reticulation
and	honeycombing,
centrilobular	nodules,
GGO.	Biopsy	to	rule
out	infection	and
malignancy

Milder	cases:	stop
treatment;	moderate
cases:	corticosteroids
1–2	mg/kg	tapered
overs	3	mo;	severe
cases:	infliximab
Role	of	azathioprine,
mycophenolate	mofetil,
cyclophosphamide	is
controversial

PD-1	inhibitors:
nivolumab,
pembrolizumab49–53

OP,	HP,	sarcoid-like
granulomatosis,	NSIP,	AIP

Incidence	<3%	with
high-grade
pneumonitis	in	<1%;
occurs	within	first	6
months
Dyspnea	and	dry
cough	with	fever,
rarely	chest	pain

Most	commonly	air
space	consolidation,
rarely	diffuse
infiltrates;	biopsy	to
rule	out	infection,
sarcoid-like	reaction,
and	malignancy

Withdrawal	of	drug	and
steroids

PD-L1	inhibitor:
atezolizumab54,55

NSIP Incidence	2%–3%;
dyspnea	and	dry
cough	with	fever,
rarely	chest	pain

GGO,	consolidation
and	reticulation,
interlobular	septal
thickening;	FOB	to
exclude	infection	and
malignancy

Anecdotally	less
responsive	to	steroids

All-Trans-Retinoic
Acid	(ATRA)

Differentiation	syndrome
due	to	release	of
inflammatory	cytokines;
also	form	tissue	infiltration
by	mature	cells	induced	by
ATRA

Fever,	edema,	rash,
hypotension

GGOs,	subpleural
nodular	opacities,
septal	thickening,
pleural	effusion	and
patchy	consolidation;
FOB	to	exclude
infection	if	suspected

Steroid	responsive;
usually	safe	to
continue	treatment

Immunostimulatory	Cytokines
Interferon-α/β Nonspecific	pneumonitis,

OP,	capillary	leak,
granulomatous	sarcoid-like
reaction,	DAD,	and	DIP

Dyspnea,	cough,	and
fever;	ARDS

Diffuse	GGO	and
consolidation

Stop	treatment;	steroid
responsive
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CAR	T	Cells
CD19–directed	CAR	T-
cell	infusion56

Autologous	T	cells	with
redirected	specificity	to
tumor	antigen

Cytokine	release
syndrome,	fever,
dyspnea,	hypoxia
(24%),	other	systemic
side	effects	such	as
rash,	cardiac	and
neurologic	effects

GGO	and
consolidation

If	any	hemodynamic
instability	and
respiratory	failure
requiring	mechanical
ventilation,	treat	with
tocilizumab.	If
refractory,	then	give
steroids	and	consider
repeating	tocilizumab

XRT,	radiation	therapy;	SOB,	shortness	of	breath;	SLB,	surgical	lung	biopsy;	TNF-α,	tumor	necrosis	factor	α;	TGF-β,	transforming
growth	factor	β;	OP,	organizing	pneumonia;	HP,	hypersensitivity	pneumonitis;	BALF,	bronchioloalveolar	lavage	fluid;	DAD,	diffuse
alveolar	damage;	RBC,	red	blood	cells;	NSIP,	nonspecific	interstitial	pneumonitis;	ARDS,	acute	respiratory	distress	syndrome;	PJP,
Pneumocystis	 jirovecii	 pneumonia;	 AR,	 anaphylactic	 reaction;	CXR,	 chest	 x-ray;	 EGFR,	 epidermal	 growth	 factor	 receptor;	DAH,
diffuse	alveolar	hemorrhage;	GGO,	ground	glass	opacity;	PE,	pulmonary	embolism;	ILD,	 interstitial	 lung	disease;	DVT,	deep	vein
thrombosis;	Th1,	T-helper	1	cell;	VEGF,	vascular	endothelial	growth	factor;	HER2,	human	epidermal	growth	factor	receptor	2;	UIP,
usual	 interstitial	 pneumonia;	 CTLA-4,	 cytotoxic	 T-lymphocyte	 antigen	 4;	 PD-1,	 programmed	 cell	 death	 protein	 1;	 AIP,	 acute
interstitial	pneumonia;	PD-L1,	programmed	cell	death	protein	ligand	1;	FOB,	fiberoptic	bronchoscopy;	DIP,	desquamative	interstitial
pneumonia;	CAR,	chimeric	antigen	receptor.

Mechanism	of	Pulmonary	Injury	and	Histopathology
Except	for	a	few	chemotherapeutic	drugs	(e.g.,	bleomycin),	the	details	of	the	pathophysiology	of	lung	injury	are
unknown.	Various	mechanisms	of	pulmonary	toxicity	have	been	proposed	based	on	the	mechanism	of	action	of
different	classes	of	chemotherapeutic	agents.	These	 include	a	direct	 toxic	effect	on	alveolar	epithelial	cells,	 the
induction	of	 an	 inflammatory	 immunologic	 response,	 and	endothelial	 cell	 injury	or	 activation	causing	capillary
leak	 syndrome.	 These	 events	 can	 result	 in	 a	 variety	 of	 clinical	 presentations	 including	 nonspecific	 interstitial
pneumonitis,	 hypersensitivity	 reaction	 syndrome,	 noncardiogenic	 pulmonary	 edema	 (capillary	 leak	 syndrome),
infusion	 reaction,	 eosinophilic	 pneumonia,	 organizing	 pneumonias,	 bronchospasm,	 acute	 lung	 injury	 (diffuse
alveolar	damage),	and	fibrosis.

The	histopathologic	changes	of	drug-induced	pulmonary	toxicity	show	common	features.	Similar	to	radiation-
induced	damage,	abnormalities	are	seen	in	endothelial	and	epithelial	cells.	The	vascular	damage	is	characterized
by	endothelial	swelling	and	exudation	of	fluid	into	the	interstitium	and	into	the	intra-alveolar	spaces.	Destruction
and	desquamation	of	type	I	pneumocytes	(i.e.,	alveolar	lining	cells)	occur	with	delamellation	and	proliferation	of
type	 II	pneumocytes	 (surfactant-producing	cells).	Mononuclear	 cell	 infiltration	and	 fibroblast	proliferation	with
fibrosis	 are	 common	 findings;	 the	 character	 of	 the	 inflammatory	 cellular	 infiltrate	 is	 a	 feature	 that	 sometimes
distinguishes	the	toxicity	of	one	drug	from	another.

Pathways	 involved	 in	 chemotherapy-induced	 lung	 disease	 include	 apoptosis,	 abnormal	 repair	 response,	 and
angiogenesis.	 Apoptosis	 pathways	 include	 the	 death	 receptor	 pathway	 and	 the	 Fas	 ligand	 as	 well	 as	 the
mitochondrial	pathway	and	Bcl-2	protein.	Both	of	these	lead	to	activation	of	caspases,	which	activate	degradative
enzymes	 within	 the	 cell.	 Cells	 affected	 can	 be	 immune	 cells,	 endothelial	 or	 epithelial	 cells,	 and/or	 other
parenchymal	cells.	Impaired	pathways	involving	EGF	and	TGF-β	contribute	to	alterations	in	repair	mechanisms;
both	factors	are	expressed	in	type	II	pneumocytes	and	epithelial	cells.

The	older	chemotherapy	agents	are	 the	best	described	 in	 their	mechanism	of	 lung	 injury.	 It	 is	 thought	 that	a
major	contributor	to	the	toxicity	from	these	agents	is	ROS,	including	some	peroxide	anions,	hydrogen	peroxide,
and	 hydroxyl	 radicals,	 primarily	 from	 activated	 neutrophils.57	 Bleomycin	 induces	 reactive	 oxygen	 radicals	 by
forming	 a	 complex	 with	 Fe3+.	 Consistent	 with	 a	 direct	 pathologic	 role	 for	 this	 mechanism,	 iron	 chelators
ameliorate	 the	 pulmonary	 toxicity	 of	 bleomycin	 in	 animal	 models.	 ROS	 formed	 after	 bleomycin	 therapy	 can
produce	direct	toxicity	through	participation	in	an	oxidation	reduction–reduction	reaction	and	subsequently	fatty
acid	oxidation,	which	leads	to	membrane	instability.	Oxidants	also	cause	other	inflammatory	reactions	within	the
lung.	For	example,	the	oxidation	of	arachidonic	acid	is	an	initial	step	in	the	metabolic	cascade	that	produces	active
mediators,	including	prostaglandins	and	leukotrienes.	Because	ROS	are	so	highly	tied	to	bleomycin	toxicity,	high-
dose	oxygen	can	exacerbate	its	effects,	and	toxicity	can	be	seen	years	after	its	administration.14	In	animal	models
of	 bleomycin	 toxicity,	 cytokines	 such	 as	 IL-1,	 macrophage	 inflammatory	 protein-1,	 monocyte	 chemotherapy
attractant	protein-1,	and	TGF-β	released	from	alveolar	macrophages	resulted	in	fibrosis.15,57	Through	modulation
of	 fibroblast	 proliferation,	 bleomycin	 can	 cause	 excessive	 interstitial	 and	 intra-alveolar	 collagenous	 deposition,
also	leading	to	pulmonary	fibrosis.	Bleomycin	directly	upregulates	collagen	synthesis	in	fibroblasts	by	stimulating
transcription.	There	is	some	evidence	to	support	a	role	for	a	mast	cell–fibroblast	interaction	in	the	generation	of
this	fibrosis	as	well.



One	of	the	potential	determinants	of	bleomycin	toxicity	is	the	bleomycin	hydrolase,	which	is	the	major	enzyme
responsible	 for	metabolizing	bleomycin	 to	a	nontoxic	molecule.	 Interestingly,	 the	 two	organs	 that	 are	 the	most
common	targets	for	bleomycin	toxicity	(lung	and	skin)	have	the	lowest	levels	of	the	enzyme.	Studies	are	needed	to
determine	 if	genetic	variability	of	 this	 enzyme	accounts	 for	 individual	 susceptibility	or	 immunity	 to	bleomycin
pulmonary	toxicity	in	humans,	as	it	does	in	animals.

Because	 the	 lung	 is	 exposed	 to	many	 substances	 that	 can	activate	 its	 immune	 system,	 there	 appears	 to	be	 a
pulmonary	 immune	 tolerance	 state	 to	 avoid	 overreactions.	 This	 tolerance	 state	may	 be	 part	 of	 an	 effector	 and
suppressor	 cell	 balance.	 Cytotoxic	 drugs	 can	 alter	 the	 normal	 balance,	 which	 may	 cause	 tissue	 damage.	 For
example,	 lymphocytic	 alveolitis	 is	 a	 consistent	 finding	 in	methotrexate	 pneumonitis,	with	 an	 imbalance	 of	 the
CD4+	 to	CD8+	 ratio.58	 Bronchoalveolar	 lavage	 studies	 in	 patients	 with	 methotrexate	 pulmonary	 toxicity	 have
shown	the	presence	of	T	lymphocytic	alveolitis,	whereas	studies	on	some	patients	with	bleomycin	toxicity	have
shown	a	polymorphonuclear	alveolitis.58,59	Granulocyte	colony-stimulating	factor	 (G-CSF)	 is	also	 implicated	 in
pulmonary	 toxicity	 through	 its	 effect	 on	 neutrophil	 activation.	 G-CSF	 toxicity	 is	 thought	 to	 be	 secondary	 to
activation	 of	 inflammatory	 pathways	 and	 ROS	 within	 the	 neutrophils,	 causing	 pulmonary	 edema	 and	 acute
respiratory	distress	syndrome.60

IL-2,	used	 to	 treat	metastatic	melanoma	and	 renal	 cell	 cancer,	 stimulates	 the	 immune	 system	by	 stimulating
CD4+	 T	 cells	 and	 increasing	 natural	 killer	 cell	 activity.	 These	 effects	 likely	 contribute	 to	 a	 generalized
inflammatory	state,	contributing	to	the	capillary	leak	syndrome	and	noncardiogenic	pulmonary	edema	associated
with	 this	 drug.	 IL-2	 has	 also	 been	 shown	 to	 directly	 increase	 endothelial	 permeability	 and	 indirectly	 increases
vascular	 leak	 by	 increasing	 cytokine	 levels,	 particularly	 TNF-α,	 leukocyte	 adhesion,	 and	 inflammation,	 and
altering	the	extracellular	matrix.

Tyrosine	 kinase	 inhibitors	 (TKIs),	 although	 generally	 well	 tolerated,	 can	 cause	 serious	 pulmonary	 toxicity.
EGFR	 inhibitors	 are	 some	 of	 the	 newer	 molecular	 targeted	 chemotherapies	 including	 gefitinib	 and	 erlotinib.
Inhibition	of	 the	EGFR	pathway	can	exacerbate	damage	from	other	chemotherapy	agents	by	altering	 the	 repair
capacity	 of	 cells.	 It	 has	 been	 shown	 that	 inhibition	 of	 the	 EGFR	 pathway	 can	 upregulate	 genes	 that	 promote
prolonged	inflammation.61	Angiogenesis,	which	 involves	VEGF,	TNF-α,	TGF-β,	and	PDGF,	 is	also	a	 target	of
TKIs,	 and	 impaired	 function	 of	 these	 factors	 likely	 also	 contributes	 to	 pulmonary	 toxicity.62	 Inhibition	 of	 the
PDGF	pathway,	seen	with	dasatinib,	is	thought	to	contribute	to	the	pathogenesis	of	pleural	effusions,	which	are
seen	in	up	to	54%	of	patients	treated	with	this	agent.	Interestingly,	pulmonary	hypertension	can	also	be	seen	with
this	agent,	although	the	mechanism	is	unclear.44	Dasatinib,	axitinib,	crizotinib,	pazopanib,	and	sunitinib	have	been
reported	to	cause	pulmonary	embolism.

mTOR	 inhibitors,	 such	 as	 everolimus	 and	 sirolimus,	 which	 prevent	 cell	 proliferation,	 growth,	 and
angiogenesis-inhibiting	 phosphatidylinositol	 kinases,	 specifically	 mTORC1,	 also	 are	 thought	 to	 cause	 a
pneumonitis	by	 this	T-cell–mediated	delayed-type	hypersensitivity.34	 In	 bronchoalveolar	 lavage	 (BAL)	 fluid	 of
patients	with	pneumonitis	 from	sirolimus,	a	CD4+	T-cell	 lymphocytosis	 is	 found.	Reexposure	 to	sirolimus	may
result	 in	 antigen	 presentation	 and	 activation	 of	 T-helper	 1	 (Th1)	 cells	 with	 recruitment	 of	 macrophages	 and
production	of	proinflammatory	cytokines.34,63

Bortezomib,	thalidomide,	and	lenalidomide	are	all	used	to	treat	multiple	myeloma.	Bortezomib,	a	proteasome
inhibitor,	 has	 been	 associated	 with	 parenchymal	 changes,	 organizing	 pneumonia,	 and	 pleural	 effusions;
thalidomide,	 which	 downregulates	 TNF-α	 and	 has	 antiangiogenic	 properties,	 is	 associated	 with	 pulmonary
embolism,	 organizing	pneumonia,	 and	pneumonitis.64,65	 The	mechanism	 of	 pulmonary	 toxicity	 associated	with
bortezomib	and	thalidomide	is	unclear.

Bevacizumab	 and	 other	 anti-VEGF	 therapies	 can	 cause	 epistaxis.	 Pulmonary	 hemorrhage	 and	 pulmonary
embolism	have	been	reported.	The	mechanism	of	hemorrhage	and	thrombosis	likely	reflects	the	multiple	actions
of	 VEGF	 on	 the	 vasculature	 and	 on	 the	 coagulation	 system.	 Inhibition	 of	 VEGF	 reduces	 regeneration	 of
endothelial	cells	and	can	cause	defects	that	expose	procoagulant	phospholipids	on	the	luminal	plasma	membrane
or	underlying	matrix,	leading	to	thrombosis	or	hemorrhage.66	VEGF	also	increases	production	of	nitric	oxide	and
prostacyclin	 (prostaglandin	 I2);	 suppresses	 pathways	 involved	 in	 endothelial	 cell	 activation,	 apoptosis,	 and
procoagulant	changes;	and	inhibits	proliferation	of	vascular	smooth	muscle	cells.67	Reduction	in	nitric	oxide	and
prostaglandin	I2	by	anti-VEGF	agents	may	predispose	to	thromboembolic	events,	and	a	few	cases	of	pulmonary
arterial	hypertension	have	been	reported	with	bevacizumab.44

TABLE	130.2
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Severity	Grading	and	Management	Recommendations	for	Pulmonary	Immune-Related
Adverse	Events	from	Anti–Cytotoxic	T-Lymphocyte	Antigen	4	and	Anti–Programmed	Cell
Death	Protein	1	Therapy

CTCAE	Grade Clinical	Presentation Suggested	Initial	Therapy Fate	of	Immunotherapy
1 Asymptomatic,	radiographic	changes

only
Close	observation Cautiously	continue.

2 Symptomatic,	not	interfering	with
ADL

Systemic	oral	steroids	0.5–1	mg/kg/d Suspend	temporarily.

3 Symptomatic,	interfering	with	ADL	or
with	new	oxygen	requirements

Systemic	oral	or	IV	steroids	1–2
mg/kg/d,	considering	additional
immunosuppression	if	no
improvement	in	3–5	d

Suspend	and	likely
discontinue.

4 Life-threatening,	requiring	ventilatory
support

Systemic	IV	steroids	1–2	mg/kg/d,
considering	additional
immunosuppression	for	severe
respiratory	failure	or	if	no
improvement	in	3–5	d

Discontinue	permanently.

5 Death — —
CTCAE,	Common	Terminology	Criteria	for	Adverse	Events;	ADL,	activities	of	daily	living;	IV,	intravenous.
Adapted	from	Possick	JD.	Pulmonary	 toxicities	 from	checkpoint	 immunotherapy	for	malignancy.	Clin	Chest	Med	 2017;38(2):223–
232.

All-	trans-retinoic	acid	treatment	of	promyelocytic	leukemia	can	induce	the	“retinoic	acid	syndrome,”	which
consists	of	 fever,	dyspnea,	weight	gain,	pulmonary	 infiltrates,	pleural	and/or	pericardial	effusions,	hypotension,
renal	dysfunction,	and	 leukostasis.68	The	pulmonary	disorder	 is	 thought	 to	be	mediated	by	newly	differentiated
leukemia	 cells	 marginating	 into	 the	 pulmonary	 circulation,	 increasing	 capillary	 permeability	 and	 releasing
cytokines	 that	 induce	 neutrophil	 migration	 into	 the	 interstitium.	 High	 doses	 of	 corticosteroids	 are	 the	 most
effective	treatment,	and	steroid	prophylaxis	has	been	reported	to	be	useful.

Immune	 checkpoint	 inhibitors	 such	 as	 CTLA-4	 (ipilimumab)	 are	 monoclonal	 antibodies	 that	 block	 normal
proteins	 on	 cancer	 cells	 or	 proteins	 on	 T	 cells	 and	 have	 shown	 survival	 benefit	 in	 patients	 with	 metastatic
melanoma.	Anti–PD-1	antibodies	such	as	nivolumab	are	mainly	used	in	stage	IV	non–small-cell	lung	cancer	with
progression	 after	 platinum-based	 chemotherapy,	metastatic	melanoma,	 advanced	 renal	 cell	 carcinoma,	Hodgkin
lymphoma	that	does	not	respond	to	conventional	treatment,	and	recurrent	head	and	neck	squamous	cell	carcinoma.
The	PD-L1	inhibitor	atezolizumab	is	mainly	used	in	stage	IV	non–small-cell	lung	cancer	and	advanced	metastatic
urothelial	 carcinoma.69	 Immunotherapy-related	 adverse	 events	 are	 well	 described,	 with	 widely	 recognized
complications	in	up	to	90%	of	patients	treated	with	anti–CTLA-4	and	70%	of	patients	treated	with	anti–PD-1	or
anti–PD-L1.	CTLA-4	and	PD-1	polymorphisms	are	also	associated	with	autoimmune	diseases,	which	explains	the
similarity	in	clinical	features	with	these	toxicities.69

The	 incidence	 of	 pneumonitis	 has	 been	 reported	 to	 be	 less	 than	 10%	because	 low-grade	 toxicities	were	 not
reported;	 however,	 pneumonitis	 with	 these	 agents	 can	 be	 severe,	 leading	 to	 death.70–74	 Time	 of	 onset,
management,	and	outcome	for	immune-related	adverse	pulmonary	events	are	still	unclear.	Immunotherapy-related
adverse	events	can	affect	almost	every	organ,	and	pneumonitis	occurred	 in	<1%	of	patients	but	was	associated
with	 serious	 events.	Bronchoscopy	 and	 biopsy	 are	 helpful	 to	 differentiate	 progression	 of	 disease	 and	 infection
from	immune-related	drug	toxicity.	BAL	fluid	cell	differentials	are	predominantly	 lymphocytic,	but	eosinophils
may	be	present.	(See	Table	130.2	for	management	of	toxicities.)	There	are	no	published	cases	of	pneumonitis	with
ramucirumab,	a	new	vascular	endothelial	growth	factor	receptor	2	(VEGFR2)	inhibitor,	but	some	cases	have	been
seen	at	Memorial	Sloan	Kettering	Cancer	Center.

Inhibitors	 of	 EGFR	 signaling,	 such	 as	 cetuximab,	 used	 in	 head	 and	 neck	 and	 colorectal	 cancer	 have	 been
reported	 to	 cause	 organizing	 pneumonia	 and	 pulmonary	 fibrosis	 but	 are	 less	 toxic	 compared	 to	 erlotinib	 and
gefitinib,	which	are	known	to	cause	serious	pulmonary	fibrosis.	Surfactant	protein	A	(SP-A),	surfactant	protein	D
(SP-D),	and	KL-6,	which	are	putative	biomarkers	in	pulmonary	fibrosis,	have	only	limited	utility	in	drug-induced
interstitial	 lung	 disease.	 Pentostatin	 pulmonary	 toxicity	 has	 been	 reported,	 and	 combining	 pentostatin	 with
interferon	and	fludarabine	can	lead	to	fatal	pulmonary	toxicity.75

Anti-CD20	agents,	 such	as	 rituximab,	have	been	associated	with	pneumonitis	and	hypersensitivity	 reactions,
but	the	incidence	is	very	low.76–79



CAR	 T	 cells	 can	 cause	 cytokine	 release	 syndrome,	 causing	 capillary	 leak	 and	 inflammation	 in	 the	 lung.
Management	is	mainly	with	tocilizumab	and,	in	refractory	cases,	steroids.56

Clinical	Features
Combination	 chemotherapy,	 concurrent	 radiation	 treatments,	 oxygen	 therapy,	 renal	 dysfunction,	 preexisting
pulmonary	 disease	 such	 as	 idiopathic	 pulmonary	 fibrosis,	 chronic	 obstructive	 pulmonary	 disease,	 radiation
pneumonitis,	extensive	pulmonary	metastasis,	poor	functional	status,	and	advanced	age	have	been	associated	with
increased	pulmonary	toxicity.	Table	130.3	lists	some	of	the	factors	that	have	been	associated	with	increased	risk
of	 lung	 injury.	 Because	 bleomycin	 toxicity	 is	 well	 studied,	 it	 deserves	 special	 mention.	 Toxicity	 drastically
increases	with	doses	in	excess	of	450	to	500	mg,	but	it	can	occur	with	much	lower	doses,	when	other	risk	factors
are	 present	 such	 as	 renal	 damage	 after	 cisplatin	 administration.	 Mortality	 as	 high	 as	 67%	 has	 been	 reported.
Although	supplemental	oxygen	has	been	a	classic	cofactor	 in	bleomycin	pulmonary	 toxicity,	 there	are	no	 large
controlled	 studies.	An	 increased	 risk	 of	 pulmonary	 toxicity	 (4	 of	 12	 patients;	 fatal	 in	 3	 of	 the	 4	 patients)	was
described	 in	a	small	uncontrolled	study	of	patients	 receiving	G-CSF	 in	combination	with	bleomycin-containing
chemotherapy	for	non-Hodgkin	lymphoma.

Long	 intervals	between	drug	administration	and	onset	of	clinical	 toxicity	have	been	described;	 for	example,
pulmonary	fibrosis	has	been	reported	up	to	20	years	after	cyclophosphamide	and	carmustine	were	discontinued.

TABLE	130.3
Factors	Associated	with	Increased	Risk	of	Drug-Induced	Pulmonary	Toxicity

Risk	Factors Drugs
Total	dose Bleomycin

Carmustine

Advanced	age Bleomycin
Carmustine
Methotrexate

Oxygen	therapy Bleomycin
Cyclophosphamide
Mitomycin

Simultaneous	or	prior	radiation	therapy	to	lungs Bleomycin
Busulfan
Mitomycin
Gemcitabine

Increased	toxicity	when	given	with	other	drugs Carmustine
Mitomycin
Cyclophosphamide
Bleomycin
Methotrexate
Etoposide
Gemcitabine
Docetaxel

Preexisting	pulmonary	disease Carmustine

Renal	dysfunction Bleomycin
Note:	These	risk	factors	have	been	associated	with	the	listed	drugs,	but	they	are	not	necessarily	limited	to	these	drugs.

Signs	and	Symptoms
The	 cardinal	 symptom	 of	 drug-induced	 pulmonary	 toxicity	 is	 dyspnea;	 however,	 symptoms	 can	 range	 from
nonproductive	 cough	 with	 low-grade	 fevers	 to	 overt	 respiratory	 failure.	 If	 bronchospasm	 occurs,	 shortness	 of
breath	may	 be	 accompanied	 by	 wheezing.	 Fibrosis	 typically	 causes	 basilar	 crackles,	 although	 clubbing	 is	 not
found.	 Decreased	 fremitus	 and	 decreased	 breath	 sounds	 are	 signs	 of	 pleural	 effusion.	 Other	 characteristics	 of
chemotherapy-	 induced	 pulmonary	 disease	 are	 outlined	 in	 Table	 130.1.	 These	 findings	 can	 occur	 immediately
after	administration	of	the	drug,	over	a	treatment	cycle,	or	sometimes	several	months	or	years	later.	Fibrosis	may
take	years	 to	develop.	Chest	pain	has	been	 reported	during	 infusion	of	bleomycin	or	 immediately	after	 therapy
with	methotrexate;	otherwise,	it	is	an	unusual	manifestation	of	toxicity.	A	syndrome	of	acute	dyspnea,	probably
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resulting	 from	 direct	 toxicity	 to	 the	 pulmonary	 vasculature,	 can	 occur	 during	 or	 shortly	 after	 vinca	 alkaloid
infusion	when	given	in	combination	with	mitomycin	for	treatment	of	non–small-cell	lung	cancer.16	Hemoptysis	is
an	uncommon	feature	of	drug-induced	pulmonary	toxicity	unless	treated	with	an	anti-VEGF	therapy;	when	it	 is
present,	other	diagnoses	should	be	considered.

Capillary	 leak	 syndrome	 can	 lead	 to	 a	 variety	 of	 signs	 and	 symptoms.	 These	 include	 pulmonary	 edema,
tachypnea,	 hypoxemia,	 and,	 in	 severe	 cases,	 respiratory	 failure,	 hypotension	 or	 shock,	 renal	 insufficiency,	 and
hepatic	insufficiency.	For	IL-2	therapy	specifically,	weight	gain	from	loss	of	albumin	can	be	seen	after	3	to	4	days
of	administration	of	the	drug	and	typically	resolves	after	2	weeks.	However,	manifestations	can	appear	later	and
take	longer	to	resolve.

Diagnostic	Imaging
The	 most	 common	 radiographic	 abnormality	 associated	 with	 drug-induced	 pulmonary	 toxicity	 is	 a	 reticular
nodular	or	 interstitial	pattern	with	 thickened	 septal	 lines,	which	may	be	basilar	or	diffuse.69	These	 changes	 are
seen	with	many	 different	 chemotherapies	 including	 antimetabolites,	 taxanes,	 and	molecular	 targeted	 therapies.
Pleural	effusions	can	be	seen	alone,	as	with	TKIs	or	thalidomide,	or	in	the	setting	of	heart	failure	or	capillary	leak
syndrome,	which	has	been	described	with	 IL-2	 therapy,	G-CSF,	and	gemcitabine.	Distinguishing	capillary	 leak
from	heart	failure	is	important	because	it	will	affect	ongoing	therapy	and	response	to	steroids.	Effusions	are	also
found	with	treatment	from	mitomycin,	busulfan,	methotrexate,	and	procarbazine	toxicity.

EGFR	inhibitors	are	associated	with	GGOs,	which	can	be	confused	with	tumor	progression.	Other	CT	patterns
include	 patchy	 GGOs	 with	 interlobular	 septal	 thickening	 or	 extensive	 bilateral	 GGOs	 with	 consolidation	 and
traction	bronchiectasis.	The	latter	pattern	carries	the	highest	mortality	rate.

Bleomycin	 pulmonary	 toxicity	 can	 have	 several	 patterns	 on	 chest	 CT,	 notably	 nonspecific	 interstitial
pneumonitis,	 cryptogenic	 organizing	 pneumonia,	 or	 fibrosis.	 Cavitating	 and	 noncavitating	 nodules,	 simulating
metastatic	disease,	have	been	reported	as	well.

Methotrexate	 toxicity	 often	 presents	 with	 bilateral	 interstitial	 and	 alveolar	 infiltrates	 along	 with	 pleural
effusions.	Hilar	adenopathy	is	distinctly	unusual	in	chemotherapy	toxicity	but	has	been	reported	with	methotrexate
toxicity.	These	changes	can	be	 seen	with	 fever	and	eosinophilia	and	will	usually	not	progress	 to	 fibrosis	 if	 the
medication	is	stopped.	These	findings	typically	occur	within	the	first	year	of	therapy.

In	 some	 instances,	 the	 chest	 radiograph	 is	 normal,	 even	 in	 the	 presence	 of	 histologically	 proven	pulmonary
infiltration	 and	 fibrosis.	Most	 commonly,	methotrexate	 and	 carmustine	 toxicity	has	been	 reported,	with	normal
chest	 radiographic	 findings.	 Finally,	 rituximab	 can	 cause	 interstitial	 infiltrates	 with	 cryptogenic	 organizing
pneumonia	in	the	setting	of	rapid	onset	of	fever,	dyspnea,	and	cough;	however,	this	is	a	rare	finding.	Other	chest
CT	findings	of	toxicity	are	GGOs	in	close	proximity	to	the	vasculature	that	prove	to	be	pulmonary	hemorrhage.
This	is	most	often	seen	with	bevacizumab.

Pulmonary	Function	Tests
The	 most	 common	 abnormalities	 associated	 with	 chemotherapy-	 induced	 pulmonary	 toxicity	 are	 a	 reduced
diffusing	 capacity	 for	 carbon	 monoxide	 and,	 in	 more	 severe	 cases,	 a	 restrictive	 ventilatory	 defect;	 arterial
hypoxemia,	especially	with	exercise,	 is	also	seen.	Screening	pulmonary	 function	 tests	 to	predict	which	patients
receiving	chemotherapy	are	 likely	 to	develop	 toxicity	might	be	helpful,	but	 there	are	no	studies	 in	 this	area.	 In
bleomycin	 toxicity,	 changes	 in	 the	 diffusing	 capacity	 may	 be	 transient,	 whereas	 a	 decrease	 in	 the	 total	 lung
capacity	 seems	 to	correlate	better	with	 radiographic	abnormalities.76,77	Gemcitabine	has	been	associated	with	 a
reversible	decrease	in	diffusing	capacity	for	carbon	monoxide	in	clinically	asymptomatic	patients,	but	spirometry
is	not	affected.77

Diagnosis
Lung	biopsy	is	usually	necessary	for	a	diagnosis	and	to	rule	out	other	causes	of	lung	injury	including	infection,
tumor	 progression,	 or	 diffuse	 alveolar	 hemorrhage.	 Acute	 respiratory	 distress	 syndrome	 can	 be	 suggested	 by
radiographic	and	physical	examination,	and	lymphangitic	spread	can	be	diagnosed	by	malignant	cells	within	BAL
fluid.	 Cardiogenic	 pulmonary	 edema	 is	 often	 suspected	 by	 physical	 exam	 suggesting	 fluid	 overload,
echocardiography,	elevated	brain	natriuretic	peptide	values,	and	resolution	with	diuresis.	Through	the	use	of	BAL,
several	studies	reported	the	predominance	of	a	characteristic	cell	associated	with	particular	drugs.17,58	Although
these	data	might	be	of	value	in	understanding	the	pathogenesis	of	drug-induced	lung	disorders,	their	usefulness	in
making	a	definitive	diagnosis	is	limited.



Treatment
The	most	effective	way	to	manage	pulmonary	toxicity	associated	with	a	chemotherapeutic	agent	is	to	prevent	it.
Animal	 studies	 of	 bleomycin	 toxicity	 showed	 a	 beneficial	 preventative	 effect	 of	 dietary	 supplementation	with
taurine	and	niacin;	no	comparable	human	studies	have	been	reported.	G-CSF	should	be	discontinued	as	soon	as
the	leukocyte	level	reaches	>1,000	cells/μL.	Hypersensitivity	reactions	can	be	mitigated	with	the	administration	of
steroids	and	H2	receptor	blockers	prior	to	dosing.

If	 toxicity	 occurs,	 withdrawing	 the	 offending	 agent	 is	 the	 cornerstone	 of	 therapy.	 Although	 no	 controlled
studies	 in	 humans	 have	 systematically	 examined	 the	 effectiveness	 of	 corticosteroids,	 a	 trial	 of	 these	 agents	 is
probably	 warranted	 in	 most	 cases.	 The	 optimal	 dose	 and	 duration	 of	 therapy	 are	 not	 known;	 however,	 1
mg/kg/day	 is	 usually	 initiated	 with	 a	 slow	 and	 careful	 tapering	 schedule	 because	 clinical	 deterioration	 after
tapering	 has	 been	 reported.	 The	 use	 of	 lung	 transplant	 in	 the	 treatment	 of	 advanced	 lung-induced	 pulmonary
fibrosis	should	be	considered	in	appropriate	patients.	One	report	described	the	case	of	a	23-year-old	male	patient
who	underwent	a	single	 lung	transplant	because	of	drug-	 induced	pulmonary	fibrosis	12	years	after	undergoing
chemotherapy	for	acute	lymphocytic	leukemia.78

ADDITIONAL	RESOURCES
An	 updated	 Web-based	 compendium	 of	 information	 about	 pulmonary	 toxicity	 is	 available	 at
www.pneumotox.com.79
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131 Cardiac	Toxicity
Joachim	Yahalom	and	Matthew	A.	Lunning

INTRODUCTION
Chemotherapy,	monoclonal	antibodies,	 targeted	therapy,	and	radiotherapy	(RT)	may	have	deleterious	effects	on
the	 cardiovascular	 system.1,2	 Within	 these	 categories	 exist	 agents	 that	 have	 well-described	 cardiotoxicity:
chemotherapeutics	 (anthracyclines,	 alkylators,	 taxanes,	 fluoropyrimidines),	 targeted	 therapy,	 and	 monoclonal
antibodies.	Each	are	discussed	in	detail.	A	more	comprehensive	list	is	shown	in	Table	131.1.	The	effects	of	RT	on
the	cardiovascular	system	are	detailed	in	a	later	section.

CHEMOTHERAPEUTICS
Anthracyclines
Reversible	acute	cardiotoxicity	and	delayed	irreversible	dilated	cardiomyopathy	(CM)	are	not	common	with	the
use	of	anthracyclines.	When	discovered,	reversible	acute	toxicity	presents	as	a	myocarditis	and	occasionally	with
evidence	of	pericarditis	and	may	lead	to	nonischemic	CM	(NICM)	with	or	without	concomitant	arrhythmias.	The
acute	toxicity	is	rarely	a	fatal	complication	of	anthracycline	therapy.

TABLE	131.1
Other	Less	Common	Drugs	Associated	with	Cardiovascular	Toxicities

Drug Incidence Cardiovascular	Effects Onset
Arsenic	trioxide 3%–24% QT,	VR Acute

Busulfan 2% CHF Late

Carmustine Rare H,	AR,	CP Acute

Cisplatin Rare H,	AR,	VR,	CP Acute

Cytarabine Rare AR,	VR,	CP,	P,	CHF Acute,	subacute

Etoposide 1%–2% H Acute

Gemcitabine Rare AR,	CHF Acute

Interferon Rare H,	AR,	CP,	MI,	CHF Acute,	subacute

Interleukin-2 Dose	dependent H,	AR,	CP,	MI Acute,	subacute

Mitomycina 10% CHF —

Pentostatin 3%–10% AR,	VR,	CP,	MI,	CHF Subacute

Sunitinib 15%–28%;	rare HBP,	CHF,	MI Acute,	subacute

Sorafenib 20%;	rare HBP,	CHF,	MI Acute,	subacute

Teniposide 2% H Acute

Tretinoina 14%–23% H,	AR Acute,	subacute

Vinca	alkaloids 10% H Acute,	subacute
aRetinoic	acid	syndrome.
QT,	prolonged	QT;	VR,	ventricular	arrhythmia;	CHF,	congestive	heart	failure;	H,	hypotension;	AR,	atrial	arrhythmia;	CP,	chest	pain;
P,	pericarditis;	MI,	myocardial	infarction;	HBP,	hypertension.

Delayed	 CM	 presents	 as	 fatigue,	 dyspnea	 on	 exertion,	 orthopnea	 with	 sinus	 tachycardia,	 S3	 gallop,	 pedal
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edema,	 pleural	 effusions,	 and	 elevated	 jugular	 venous	 distention.,	 These	 classic	 clinical	 features	 of	NICM	 are
often	 late	manifestations.	To	 reduce	 the	 incidence	 and/or	 severity	 of	 delayed	CM,	 keen	 clinical	 recognition	 of
factors	 that	may	 lead	 toward	 a	NICM	 includes	monitoring	 cumulative	 dose	 (CD)	 of	 anthracycline	 used,	 early
detection	strategies,	limiting	total	CD,	use	of	adjunctive	cardioprotective	agents,	and	use	of	modified	infusional	or
pegylated	regimens	or	drugs.

The	risk	of	anthracycline-induced	CM	depends	on	CD	received.	Historically,	a	5%	risk	of	CM	is	seen	at	400	to
450	mg/m2	 for	doxorubicin,	900	mg/m2	 for	daunorubicin,	800	to	935	mg/m2	for	epirubicin,	and	223	mg/m2	 for
idarubicin.3	Cofactors	 for	 cardiotoxic	 risk	 include	mediastinal	 irradiation	 fields	 encompassing	 the	myocardium,
older	(particularly	older	than	70	years)	or	younger	(younger	than	15	years)	age,	known	coronary	artery	disease,
antecedent	valvular	disease,	and	hypertension.	Concurrent	monoclonal	antibodies	(i.e.,	human	epidermal	growth
factor	 receptor	 2	 [HER2]	 antibodies)	 appear	 to	 potentiate	 anthracycline-induced	 CM,	 whereas	 other
chemotherapeutic	agents	may	have	independent	or	synergistic	cardiac	effects	when	used	in	combination.

The	diagnosis	of	an	NICM	in	the	setting	of	a	history	of	anthracycline	exposure	is	made	by	comparing	serial	left
ventricular	 function	 studies.	 Several	 modalities	 can	 be	 used,	 including	 multigated	 radionuclide	 imaging
(multigated	 acquisition	 scan	 [MUGA]),	 two-dimensional	 transthoracic	 echocardiography	 (TTE),	 and	 cardiac
magnetic	 resonance	 imaging	 (cMRI).4–6	 Nevertheless,	 it	 is	 imperative	 that	 an	 ischemic	 CM	 be	 excluded.
Regardless	of	the	modality	used,	a	left	ventricular	ejection	fraction	(LVEF)	of	≥50%	is	within	normal	range.	A
threshold	 CD	 has	 not	 been	 identified	 below	 which	 left	 ventricular	 dysfunction	 is	 not	 seen.7	 A	 low	 LVEF
regardless	of	symptom	burden	remains	a	relative	contraindication	for	bolus	anthracycline	use.

Echocardiograms	and	cMRI	can	also	evaluate	other	structural	changes	of	the	myocardium	in	the	setting	of	CM.
Typical	 progression	 of	 CM	 on	 serial	 imaging	 includes	 left	 ventricular	 diastolic	 dysfunction	 and,	 later,	 left
ventricular	 systolic	 dysfunction,	 particularly	 affecting	 septal	 wall	 motion.	 Initially,	 the	 left	 ventricle	 is	 not
enlarged	or	only	moderately	enlarged;	with	complete	development	of	CM,	there	is	multisegment	hypokinesis	and
evidence	of	muscle	wall	 thinning.	The	electrocardiogram	(ECG)	findings	associated	with	anthracycline-induced
CM	 include	 sinus	 tachycardia,	 low-voltage	 QRS,	 poor	 R-wave	 progression,	 and	 nonspecific	 T-wave	 changes.
Even	 sinus	 tachycardia	 alone	 is	 a	 relatively	 late	 finding,	 such	 that	 serial	 ECGs	 are	 of	 little	 value	 for	 early
detection.

Early	detection	of	anthracycline-induced	CM	may	be	important	in	preventing	overt	CM.	As	described	earlier,
measurement	 of	 LVEF	 by	MUGA,	 TTE,	 or	 cMRI	 can	 be	 used.	 In	 two	 small	 prospective	 studies	 of	 TTE	 and
cMRI,	both	modalities	reported	that	it	was	possible	to	distinguish	patients	who	had	developed	CM	from	others	by
LVEF	measures	at	baseline	and	at	200	to	300	mg/m2	of	doxorubicin.8,9	A	decrease	of	≥10%	at	200	mg/m2	had
72%	specificity	and	90%	sensitivity	in	predicting	later	CD.	At	a	dose	of	300	mg/m2,	50%	had	developed	a	change
in	LVEF	>10%,	with	25%	of	patients	with	evidence	of	myocardial	structure	changes.	Long-term	follow-up	data
are	 lacking	 in	 the	 later	 publication.	 Others	 have	 examined	 the	 strategy	 of	 serial	 LVEF	 retrospectively	 and
demonstrated	that	the	overall	costs	of	early	detection	were	less	than	the	medical	costs	of	overt	CM	management.10
Therefore,	 it	 is	 generally	 accepted	 that	 prior	 to	 undergoing	 anthracycline-based	 regimens	 patients	 consider
obtaining	 a	 baseline	measure	 of	LVEF;	 the	modality	 used	 is	 often	 left	 to	 the	 physician.	 Subsequent	 follow-up
evaluation	of	the	myocardium	is	often	driven	by	symptoms	as	no	large	prospective	studies	have	demonstrated	an
overall	 survival	advantage	 to	surveillance	and	are	unlikely	 to	given	 the	 low	 incidence	of	CM	and	high	number
needed	to	screen.

Additional	 serologic	 methods	 of	 CM	 detection	 include	 measurement	 of	 levels	 of	 brain	 natriuretic	 peptide
(BNP),	 a	 peptide	 synthesized	 by	 the	myocardium	 that	 reflects	 the	 degree	 of	 heart	 failure,	 and	measurement	 of
cardiac	troponin	T	levels,	a	measure	of	active	myocardial	damage.11	BNP	and,	to	a	lesser	extent,	troponin	T	levels
are	 encouraging	 serologic	 markers	 and	 may	 correlate	 with	 subclinical	 left	 ventricular	 diastolic	 dysfunction;
however,	 prospective	 sequential	 serologic	 and	 radiographic	 studies	 are	 lacking.	 Percutaneous	 endomyocardial
biopsy	 of	 the	 right	 ventricle,	 the	 historic	 gold	 standard	 for	 anthracycline-induced	 CM,	 may	 demonstrate
characteristic	 histologic	 features	 that	 include	 loss	 of	 myofibrils,	 distention	 of	 the	 sarcoplasmic	 reticulum,	 and
vacuolization	of	the	cytoplasm;	however,	with	conventional	technologies	available,	this	modality	is	rarely	used.

Aside	from	early	detection,	other	strategies	to	reduce	the	incidence	of	CM	are	the	use	of	low-dose	infusional
drug	 schedules	 in	 an	 attempt	 to	 reduce	 peak	 drug	 dose	 delivery	 and	 the	 use	 of	 liposomal	 formulations.12,13
Pegylated	 liposomal	 doxorubicin	 formulations	 have	 been	 shown	 to	 permit	 higher	 CD	 and	 have	 a	 low	 risk	 of
CM.14	The	 iron-chelating	 cardioprotectant	 dexrazoxane	decreases	 the	 risk	 of	 clinical	CM	 in	 patients	who	have
received	doxorubicin	doses	of	≥300	mg/m2.15	The	American	Society	of	Clinical	Oncology	recommends	the	use	of
dexrazoxane	 in	 this	 setting.16	 However,	 American	 Society	 of	 Clinical	 Oncology	 guidelines	 do	 not	 advocate



dexrazoxane	in	several	important	situations	including	adjuvant	regimens,	CD	<300	mg/m2,	pediatric	patients,	or
patients	 with	 high-risk	 disease.	 Clinical	 data	 are	 also	 insufficient	 to	 recommend	 dexrazoxane	 with	 other
anthracyclines,	 except	 epirubicin	 in	 metastatic	 breast	 cancer.	 Dexrazoxane	 may	 also	 increase	 bone	 marrow
suppression.17	 Nevertheless,	 a	 pivotal	 study	 in	 pediatric	 acute	 lymphoblastic	 leukemia	 noted	 long-term
cardioprotection	without	compromising	oncologic	efficacy.	Interestingly,	the	cardioprotective	effects	appear	to	be
more	significant	in	girls.18

The	management	of	anthracycline-induced	CM	is	similar	 to	other	causes	of	NICM.1	Angiotensin-converting
enzyme	inhibitors,	β-blockers,	and	diuretics	are	commonly	used.19	As	pointed	out	in	long-term	pediatric	studies,
these	agents	do	not	cure	or	permanently	control	the	CM.	Rather,	the	CM	may	become	progressive	despite	these
agents	after	more	than	5	years.	The	only	curative	therapy	if	encountered	remains	cardiac	transplantation.

The	mechanism	of	anthracycline	CD	is	not	fully	elucidated,	but	there	is	emerging	evidence	that	cardiomyocyte
apoptosis	may	play	a	major	role.20	The	production	of	free	radicals	generated	during	cardiomyocyte	metabolism	of
the	 anthracycline	 results	 in	 membrane	 lipid	 peroxidation,	 with	 the	 consequent	 activation	 of	 the	 extrinsic	 and
intrinsic	 apoptotic	 pathways.	 It	 is	 thought	 that	 free	 radicals	 are	 generated	 by	 enzymatic	 reduction	 of	 the
anthracycline	quinone	ring	and	by	formation	of	iron–anthracycline	complexes.	The	intrinsic	antioxidant	defense
of	 the	 cardiomyocyte	 is	 more	 limited	 than	 other	 organs,	 leading	 to	 its	 apparent	 selective	 toxicity	 profile.	 A
knockout	 mouse	 model	 has	 suggested	 that	 a	 deficiency	 of	 the	 HFE	 gene	 (associated	 with	 hereditary
hemochromatosis)	confers	increased	susceptibility	to	doxorubicin	CD.21	The	investigators	studied	wild-type,	HFE
(+/−),	and	HFE	(−/−)	mice	that	were	chronically	treated	with	doxorubicin.	Survival	was	significantly	decreased	in
the	 HFE-negative	 mice,	 and	 cardiac	 iron	 concentration	 was	 significantly	 elevated.	 Moreover,	 cardiac
ultrastructure	 changes	 demonstrated	 iron-associated	 mitochondrial	 damage.	 Interestingly,	 in	 rats,	 the	 site	 of
cardiac	 oxidative	 toxicity	 was	 also	 the	 mitochondria	 of	 the	 cardiac	 cell,	 as	 demonstrated	 by	 gene	 expression
profiling,	 and	 using	 cMRI	 in	 an	 anthracycline-exposed	 mouse	 model,	 these	 lesions	 demonstrated	 gadolinium
enhancement.22

Cyclophosphamide
The	 classic	 cardiac	 toxicity	 of	 cyclophosphamide	 (CTX)	 is	 an	 acute	myopericarditis	 associated	with	 high-dose
therapy.	In	 the	era	of	stem	cell	 transplantation	and	vigorous	hydration,	 irreversible	hemorrhagic	myonecrosis	 is
rare	and	has	become	a	historical	footnote.	More	commonly,	patients	develop	an	acute	or	subacute	congestive	heart
failure	that	is	generally	reversible	with	medical	management.

Prospective	monitoring	of	16	patients	during	high-dose	CTX	administration	(7	g/m2)	demonstrated	that	serial
enzymes	(creatine	phosphokinase	[CPK],	CPK-MB,	and	troponin	I)	did	not	become	elevated	using	a	fractionated
drug	 administration	 schedule	 over	 13	 hours.23	 The	 only	 positive	 findings	 were	 four	 cases	 of	 transient,	 mild
diastolic	 and	 systolic	 left	 ventricular	 dysfunction.	 Moreover,	 others	 have	 reported	 on	 early	 and	 late	 cardiac
toxicity	 of	 a	 combination	 regimen	 using	 CTX	 in	 doxorubicin-naïve	 patients.24	 A	 total	 of	 6	 of	 100	 patients
developed	 transient	 NICM.	 There	 were	 no	 acute	 cardiotoxic	 fatalities,	 with	 only	 late	 cardiotoxicity	 seen	 in
patients	 requiring	 anthracycline	 salvage.	 Thus,	 with	 current	 administration	 guidelines	 used	 with	 high-dose
therapy,	CTX	cardiotoxicity	is	uncommon	(<10%	of	patients	treated),	generally	transient,	and	reversible.25

Ifosfamide
Ifosfamide	 is	an	alkylating	agent	with	similar	properties	 to	CTX.	Given	 the	 risk	of	 ifosfamide-induced	cystitis,
mesna	is	used	concurrently.	However,	there	is	no	evidence	that	mesna	has	any	cardioprotective	effect	for	CTX	or
ifosfamide.	 Similar	 to	 CTX,	 ifosfamide	 may	 cause	 a	 dose-related	 NICM,	 which	 is	 generally	 transient	 and
reversible.	 In	a	small	 report,	no	episodes	of	NICM	were	seen	at	10	g/m2	 (0	of	6	patients),	but	at	≥16	g/m2,	 an
NICM	was	seen	in	40%	of	patients	(6	of	15	patients).26	Clinical	symptoms	were	delayed	and	presented	subacutely
(mean,	12	days;	range,	6	to	23	days).	They	often	resolved	with	medical	management.	These	doses	are	uncommon
in	current	clinical	practice.	A	larger	study	prospectively	studied	high-dose	CTX	or	ifosfamide-based	regimens	in
211	 patients	 with	metastatic	 breast	 cancer.27	 The	 cardiac	 effects	 were	 similar	 with	 the	 two	 agents;	 troponin	 I
became	positive	 in	70	patients	(33%)	and	remained	negative	 in	141	patients.	LVEF	decreased	significantly	and
continuously	after	the	first	month	among	the	troponin	I–positive	patients,	and	the	degree	of	dysfunction	correlated
with	the	troponin	I	level.	Those	who	developed	NICM	had	prior	or	concurrent	exposure	to	anthracycline.

Taxanes	(Paclitaxel	and	Docetaxel)
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The	taxanes	(paclitaxel	and	docetaxel)	are	important	antimicrotubule	agents	derived	from	the	yew	tree	(paclitaxel,
Taxus	brevifolia;	docetaxel,	Taxus	baccata).	The	yew	 tree	 is	poisonous,	and	 the	 taxine	alkaloid	by-product	can
affect	cardiac	conduction	and	automaticity.	Although	not	fully	proven,	the	mechanism	of	paclitaxel	cardiotoxicity
appears	to	be	related	to	its	taxane	ring	structural	similarities	to	yew	taxine.

The	 cardiovascular	 effects	 of	 paclitaxel	 are	 multiple,	 including	 asymptomatic	 bradycardia,	 which	 may	 be
documented	in	almost	one-third	of	patients;	hypersensitivity	reactions	associated	with	the	Cremophor	EL	diluent
(which	 can	 be	 ameliorated	 with	 corticosteroids	 and	 histamine	 H1	 and	 H2	 receptor	 antagonists);	 and	 most
importantly,	life-threatening	atrial	and/or	ventricular	rhythm	disturbances	and/or	conduction	abnormalities,	which
occur	in	approximately	0.5%	of	patients.

Life-threatening	arrhythmias	may	occur	acutely	during	 infusion	or	be	delayed	up	 to	14	days	after	 treatment.
These	tend	to	occur	after	two	or	more	treatment	exposures	rather	than	with	initial	therapy.	There	does	not	appear
to	be	a	cumulative	dosing	threshold	or	limit,	unlike	with	anthracyclines.	The	grade	4	and	5	adverse	cardiac	events
include	 atrial	 arrhythmias	 (tachycardia,	 flutter,	 and/or	 fibrillation;	 0.24%	 of	 patients),	 ventricular	 arrhythmias
(tachycardia	or	 fibrillation;	0.26%),	heart	block	(0.11%),	and	 ischemia	 (0.29%).28	Paclitaxel	does	not	appear	 to
cause	NICM.

In	 metastatic	 breast	 cancer,	 the	 incidence	 of	 NICM	 in	 patients	 treated	 with	 a	 taxane	 and	 anthracycline	 in
combination	has	been	studied.	Eighty-two	doxorubicin-	and	taxane-naïve	patients	received	doxorubicin	60	mg/m2

followed	by	a	1-	or	3-hour	 infusion	of	paclitaxel	200	mg/m2	 (AT)	administered	every	21	days	 for	 six	 to	 seven
cycles.29	The	change	in	LVEF	was	a	median	of	10%	(to	52.5%)	at	a	CD	of	doxorubicin	of	310	to	360	mg/m2.	A
later	phase	III	trial	compared	AT	(doxorubicin	60	mg/m2	followed	by	paclitaxel	175	mg/m2	in	a	3-hour	infusion)
versus	doxorubicin	plus	CTX	(60/600	mg/m2;	AC)	in	375	patients.30	Similarly,	 treatment	was	 repeated	every	3
weeks	for	six	cycles	(maximum	doxorubicin	dose,	360	mg/m2).	Overt	NICM	was	not	statistically	different	in	the
two	study	arms	(3%	vs	1%	for	AT	and	AC,	respectively;	P	=	.62).	However,	a	decrease	in	LVEF	(≥10%	decrease
from	baseline	or	≥5%	decrease	below	the	normal	range)	was	significantly	more	frequent	for	AT	(27%)	versus	AC
(14%).	 Moreover,	 the	 risk	 of	 LVEF	 decrease	 was	 significantly	 greater	 for	 AT	 than	 AC	 at	 every	 cumulative
doxorubicin	 dose	 level	 >180	mg/m2.	 Importantly,	 paclitaxel	was	 administered	within	 30	minutes	 of	 preceding
doxorubicin.	 The	 enhanced	 cardiac	 toxicity	 of	 the	 AT	 combinations	 is	 related	 to	 prolonged	 doxorubicin
elimination,	resulting	in	a	plasma	level	of	up	to	30%	greater	when	paclitaxel	immediately	precedes	doxorubicin	or
follows	 it	 by	 <1	 hour.	 This	 risk	 has	 been	 shown	 to	 be	mitigated	 when	 the	 interval	 between	 doxorubicin	 and
taxanes	was	4	to	24	hours	or	longer	and	has	remained	minimal	with	long-term	follow-up.31

It	is	known	that	paclitaxel	appears	to	facilitate	the	metabolic	conversion	of	doxorubicin	to	the	toxic	metabolite
doxorubicinol	 in	 a	 human	 heart	 in	 vitro	 model.32	 The	 taxane	 docetaxel	 has	 a	 similar	 effect	 on	 doxorubicinol
generation,	and	both	are	attributed	to	allosteric	interactions	with	cytoplasmic	aldehyde	reductases.

Docetaxel	 has	 not	 been	 generally	 associated	 with	 clinical	 cardiac	 toxicity,	 NICM,	 or	 enhancement	 of
doxorubicin	 cardiac	 dysfunction.	However,	 data	 suggest	 this	 is	 due	 to	 a	 lower	 cumulative	 anthracycline	 level
rather	than	a	different	mechanism	of	drug	interaction	than	paclitaxel.	Both	docetaxel	and	paclitaxel	increase	toxic
cardiomyocyte	doxorubicinol	production	in	vitro.	Therefore,	the	lack	of	docetaxel	effect	on	doxorubicin	clearance
and	 the	 relatively	 lower	 doses	 of	 the	 drug	 used	 when	 combined	 with	 doxorubicin	 are	 now	 thought	 to	 be	 the
explanation	for	the	prior	differences.

Fluoropyrimidines
5-Fluorouracil	(5-FU)	is	a	synthetic	pyrimidine	antimetabolite	and	an	important	backbone	agent	in	many	common
solid	 tumors	 regimens.	 Its	 cardiac	 toxicity	 manifests	 as	 angina,	 atrial/ventricular	 arrhythmias,	 myocardial
infarction	(MI),	and	cardiogenic	shock.	A	prior	history	of	coronary	artery	disease	significantly	increases	the	risk
of	complications	(15.1%	versus	1.5%	with	no	coronary	artery	disease	history).	Other	predisposing	factors	include
prior	mediastinal	irradiation	and	prior	or	concurrent	exposure	to	other	cardiac	toxic	medications.	The	incidence	of
cardiac	 toxicity	was	 low	 at	 1.6%	 among	 1,083	 patients.33	 A	 continuous	 infusion	 of	 5-FU	 resulted	 in	 a	 higher
incidence	of	 cardiac	 toxicity	 (6%)	as	 compared	with	other	daily	 schedules	of	 administration.34	The	addition	of
leucovorin	to	the	continuous	infusion	regimen	appeared	to	further	increase	the	cardiotoxicity	risk,	but	this	has	not
been	conclusively	reproduced.35

The	 oral	 fluoropyrimidine	 capecitabine	 also	 appears	 to	 have	 similar	 frequency	 of	 cardiotoxicity.	 In	 a	 large
retrospective	 study	of	 the	cardiac	 toxicities	 (grade	3	 to	4)	 reported	 in	 four	 large	metastatic	cancer	 trials,	 it	was
demonstrated	 that	 in	 patients	 who	 received	 bolus	 5-FU–leucovorin	 (Mayo	 Clinic	 regimen;	 593	 patients)	 or
capecitabine	(596	patients),	the	incidence	of	cardiotoxic	events	was	3%	and	1%,	respectively.36



The	mechanism	 of	 fluoropyrimidine	 cardiotoxicity	 is	 not	well	 understood.	 It	 is	 possibly	 related	 to	 vascular
spasm	in	reaction	to	the	parent	drug	and	its	catabolites	(fluoro-β-alanine	and	fluoroacetate).	In	an	in	vitro	model,
5-FU	causes	vasoconstriction	in	smooth	muscle	rings,	which	is	reversible	with	nitrates.37	On	electron	microscopy,
the	changes	appear	to	be	in	the	small	arterial	endothelium.37	Coronary	angiography	after	the	5-FU–induced	angina
did	 not	 reveal	 ongoing	 cardiac	 spasm,	 and	 in	 fact,	 on	 autopsy	 evaluation,	 patients	 were	 found	 to	 have
myocarditis.38	 Brachial	 artery	 ultrasound	 was	 performed	 prospectively	 in	 60	 patients	 receiving	 regimens
containing	5-FU	(n	=	30)	versus	regimens	not	containing	5-FU	(n	=	30).39	Fifty	percent	of	 the	patients	showed
artery	contraction	with	5-FU	and	none	with	other	therapy.	Interestingly,	arterial	tone	recovered	within	30	minutes
but	 reoccurred	 with	 retreatment	 in	 a	 high	 proportion	 of	 patients.	 Pretreatment	 with	 glycerol	 trinitrate,	 a
vasodilator,	abrogated	the	contractions	in	five	patients.

Nevertheless,	there	is	no	known	prophylactic	regimen	that	can	be	provided	to	prevent	the	cardiotoxicity,	and
despite	evidence	to	the	contrary,	vasodilators	do	not	necessarily	relieve	the	symptoms	once	apparent.	As	a	result,
the	 optimal	 treatment	 is	 discontinuation	 of	 the	 fluoropyrimidine	 infusion	 and	 supportive	 measures	 with	 keen
attention	toward	likely	myocardial	damage,	with	available	cardiac	support.40	Nevertheless,	a	rechallenge	strategy
after	cardiac	toxicity	after	5-FU	has	been	reported.41

Monoclonal	Antibodies

Trastuzumab	and	Lapatinib
Trastuzumab	and	lapatinib	are	humanized	monoclonal	antibodies	that	target	p185HER2	(ErbB2	or	HER2	receptor),
a	 transmembrane	 receptor	 tyrosine	 kinase	 of	 the	 epidermal	 growth	 factor	 family.	 This	 receptor	 protein	 is
overexpressed	or	amplified	in	20%	to	30%	of	breast	cancer	and	is	associated	with	a	poor	clinical	outcome.	These
antibodies	are	important	agents	in	the	management	of	primary	and	metastatic	HER2-positive	breast	cancer.42

Cardiac	HER2	 is	 essential	 for	 normal	 embryonic	 and	 adult	 cardiac	 development	 and	 function,	 respectively.
Using	cardiac	HER2-deficient	mutant	mice,	a	dilated	CM	begins	in	the	second	postnatal	month	and	extends	into
adulthood	of	affected	mice.43	Moreover,	HER2-deficient	cardiomyocytes	were	more	susceptible	to	anthracycline
toxicity.	However,	it	was	subsequently	discovered	that	no	cardiac	toxicity	was	seen	when	trastuzumab	preceded
anthracycline-based	adjuvant	therapy	in	a	prospective	study.44

Currently,	trastuzumab	is	given	after	an	anthracycline-based	regimen.	Evidence	that	supported	that	conclusion
came	 from	an	 independent	Cardiac	Review	and	Evaluation	Committee	 that	 retrospectively	evaluated	data	 from
seven	phase	II	or	III	clinical	trials.	They	identified	112	patients	with	a	CM	(as	defined	by	the	Cardiac	Review	and
Evaluation	Committee)	 among	1,219	 treated	patients.	Three	 studies	used	 trastuzumab	alone	 in	383	patients,	 of
whom	17	 (4%)	had	a	CM.	Among	114	patients	who	 received	single-agent	 trastuzumab	as	 first-line	 therapy	 for
metastatic	disease,	3%	developed	a	CM.	In	contrast,	concurrent	trastuzumab	with	anthracycline-based	regimens	or
paclitaxel	had	an	increased	incidence	of	CM	(27%	versus	13%,	respectively)	as	compared	to	chemotherapy	alone
(11%	versus	1%,	respectively)	or	antibody	alone	(3%).	However,	data	from	the	National	Surgical	Adjuvant	Breast
and	 Bowel	 Project	 (NSABP)	 B-31	 trial	 noted	 that	 in	 node-positive	 patients	 with	 preexisting	 coronary	 artery
disease	 and	 HER2	 positivity,	 the	 addition	 of	 trastuzumab	 to	 adjuvant	 anthracycline-	 and	 taxane-based
chemotherapy	did	not	result	in	long-term	worsening	of	cardiac	function,	cardiac	symptoms,	or	a	change	in	quality
of	life.45	Further	data	exploring	the	effects	of	cardiac	toxicity	of	lapatinib	noted	that	1.6%	of	patients	reviewed	in
clinical	trials	experienced	a	cardiac	adverse	event,	with	the	majority	of	events	being	asymptomatic	reductions	in
LVEF.46

The	degree	of	cardiac	 impairment	 (New	York	Heart	Association	class	 III	or	 IV)	among	 those	with	CM	was
greatest	for	patients	receiving	trastuzumab	plus	concurrent	anthracycline	(64%)	as	compared	with	20%	receiving
trastuzumab	plus	paclitaxel.	Moreover,	 all	patients	 receiving	 trastuzumab	plus	paclitaxel	had	 functional	 cardiac
recovery	 with	 treatment	 as	 compared	 with	 only	 half	 of	 the	 patients	 treated	 with	 trastuzumab	 plus	 concurrent
anthracycline.	 Risk	 factors	 for	 CM	 included	 older	 age	 and	 cumulative	 doxorubicin	 dose	 of	 ≥300	 mg/m2.
Concurrent	anthracycline	 (doxorubicin	or	epirubicin)	appeared	 to	be	more	hazardous	 than	 temporally	 separated
trastuzumab	therapy.

The	 diagnosis	 of	 trastuzumab-induced	 CM	 is	 often	made	 by	 the	 detection	 of	 an	 asymptomatic	 decrease	 in
LVEF	and	is	now	considered	to	be	an	“on-target”	adverse	event.	Although	first	reported	in	breast	cancer	trials,	it
has	 also	 been	 demonstrated	 in	 HER2-positive	 gastric	 cancer.47	 Similarly	 to	 anthracycline-induced	 CM,
tachycardia	may	be	an	early	clinical	indicator,	and	the	constellation	of	a	dilated	and	hypokinetic	myocardium	is	a
late	 manifestation.	 Dissimilar	 to	 anthracyclines,	 trastuzumab-induced	 CM	 does	 not	 depend	 on	 the	 CD	 of	 the
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antibody	and	 is	often	self-limited	with	supportive	measure.	For	example,	with	echocardiography	follow-up,	 the
use	of	adjuvant	trastuzumab	had	no	additive	adverse	effect	when	used	after	anthracycline	therapy.	To	date,	there
remain	 no	 definitive	 predictive	 tests	 other	 than	 documenting	 a	 low	 LVEF	 prior	 to	 therapy	 and	 no	 preventive
measures	 to	 ameliorate	 the	 development	 of	 trastuzumab-induced	 CM.	 Lastly,	 concurrent	 trastuzumab-
anthracycline	exposure	is	contraindicated.	Guidelines	have	restricted	eligibility	to	those	with	LVEF	of	≥55%	and
delay	of	initiation	to	1	to	2	months	if	following	anthracyclines.	Using	such	criteria,	trastuzumab	was	discontinued
in	only	4.3%	of	patients	for	CM.	In	practice,	active	monitoring	of	LVEF	is	recommended	every	4	months	during
therapy	and	every	6	months	thereafter	for	up	to	2	years.

Because	of	the	previously	described	cardiac	toxicity	associated	with	trastuzumab,	ado-trastuzumab	emtansine
(T-DM1),	 an	 approved	 antibody–drug	 conjugate	 against	 HER2	 used	 in	 HER2-positive	 breast	 cancer	 while	 in
development,	 was	 carefully	 assessed	 for	 CM	 by	 surveillance	 imaging.	 In	 882	 patients	 treated	 with	 T-DM1,
defined	cardiac-specific	events	were	seen	in	only	1.5%	of	patients	(13	patients),	with	nearly	all	of	the	events	being
low	 grade.48	 Further	 clinical	 testing	 in	 patients	 previously	 treated	 with	 trastuzumab,	 lapatinib,	 and	 standard
chemotherapy	including	an	anthracycline	demonstrated	no	cases	of	symptomatic	congestive	heart	failure	or	LVEF
decline	 ≤45%.49	 The	 addition	 of	 pertuzumab,	 a	 monoclonal	 antibody	 against	 a	 different	 epitope	 of	 HER2,	 to
trastuzumab	and	to	standard	chemotherapy	regimens	appears	to	not	increase	the	risk	of	cardiotoxicity.50

Rituximab
Rituximab	is	a	CD20	monoclonal	antibody	widely	used	in	the	management	of	non-Hodgkin	lymphoma	(non-HL).
In	early	development	of	the	antibody,	an	initial	concern	for	CM	was	seen	that	was	felt	to	be	related	to	the	rate	of
infusion;	however,	 those	 concerns	were	unfounded	when	used	 in	 combination	 regimens.51	There	have	been	no
long-term	effects	from	rituximab;	however,	arrhythmias	with	cardiac	death	have	been	reported	related	to	infusion
reaction,	most	commonly	seen	with	the	initial	infusion,	at	a	rate	of	<0.07%.52,53

Bevacizumab
Bevacizumab	is	a	humanized	monoclonal	antibody	that	inhibits	the	vascular	endothelial	growth	factor.	Currently,
bevacizumab	 is	approved	 for	use	 in	combination	with	5-FU–based	chemotherapy	 in	metastatic	colon	cancer.	A
recent	U.S.	Food	and	Drug	Administration	black	box	warning	was	placed	on	bevacizumab	after	an	increase	in	risk
of	MI,	angina,	and	heart	disease.	The	risk	was	greatest	in	those	who	are	older	than	age	65	years	with	prior	arterial
events.	The	risk	of	grade	2	to	4	CM	was	1.2%	when	used	as	a	single	agent	but	increased	to	3.8%	in	those	with
prior	anthracycline	exposure.

RADIOTHERAPY-ASSOCIATED	CARDIAC	SEQUELAE
In	 the	past,	 cardiac	complications	 resulting	 from	mediastinal	 irradiation	were	considered	 rare	and	 insignificant.
Since	the	mid-1960s,	when	follow-up	information	on	a	large	number	of	patients	who	had	been	cured	of	HL	with
higher	 doses	 of	 radiation	 became	 available,	 the	 heart	 has	 no	 longer	 been	 considered	 radioresistant.	 Radiation-
associated	heart	disease	has	now	been	clinically	described,	and	the	pathologic	features	of	the	damage	have	been
described	with	regard	to	the	coronary	arteries	and	all	three	layers	of	the	heart.

Pericarditis	 and	 pericardial	 effusion	 have	 been	 regarded	 as	 the	 most	 common	 side	 effects	 of	 cardiac
irradiation.54	More	 recently,	 evidence	has	 accumulated	 to	 suggest	 that	 radiation-induced	coronary	heart	disease
(CHD)	 is	 the	 most	 concerning	 long-term	 risk	 of	 cardiac	 irradiation,	 particularly	 in	 patients	 at	 high	 risk	 for
ischemic	disease.55–57	Yet,	modern	 techniques	 of	 irradiation,	 dose	 decrease,	 and	 reduction	 of	 the	 heart	 volume
irradiated	 in	 most	 malignancies	 have	 substantially	 reduced	 the	 frequency	 of	 this	 complication.58	 The	 clinical
spectrum	of	radiation-induced	heart	disease	involves	most	structures	of	the	heart	and	is	summarized	as	follows:

Pericardial	disease
Acute	pericarditis	during	irradiation
Delayed	acute	pericarditis
Pericardial	effusion
Constrictive	pericarditis
Myocardial	dysfunction
Valvular	heart	disease
Electrical	conduction	abnormalities



CHD
Although	 the	pathologic	 and	clinical	manifestations	of	 radiation-induced	heart	disease	may	overlap	 in	many

patients,	they	are	discussed	separately	in	the	following	paragraphs.

Pericardial	Disease

Incidence
The	 risk	 of	 radiation-induced	 pericardial	 disease	 depends	 on	 the	 dose	 given	 and	 on	 the	 volume	 of	 the	 heart
irradiated.59	Even	when	a	large	volume	of	the	heart	(≥60%)	is	irradiated	with	≤40	Gy,	the	risk	for	mild	pericarditis
is	<5%,	and	severe	pericarditis	 is	rare.	Smaller	heart	volumes	(20%	to	30%)	may	tolerate	up	to	60	Gy,	with	an
expected	 2%	 risk	 of	mild	 pericarditis.	 In	 the	 past,	when	 the	whole	 pericardium	was	 irradiated,	 the	 pericarditis
incidence	was	20%,	but	when	most	of	the	left	ventricle	was	excluded,	it	was	reduced	to	7%.60	An	updated	analysis
of	these	patients	showed	a	sharp	decrease	in	the	risk	of	death	from	cardiac	complications	other	than	acute	MI	for
patients	who	received	mediastinal	irradiation	after	1972,	reflecting	the	change	in	cardiac	shielding.55	With	current
RT	techniques	for	HL	and	breast	cancer,	pericarditis	is	an	infrequent	event.

Acute	Pericarditis	during	Radiation
Acute	pericarditis	during	the	course	of	RT	is	rare.	It	is	almost	always	associated	with	massive	mediastinal	tumors
adjacent	 to	 the	heart.	The	 signs	 and	 symptoms	are	of	 acute	nonspecific	 pericarditis	with	 chest	 pain,	 fever,	 and
often	ECG	abnormalities.	It	does	not	lead	to	a	significant	risk	of	late	pericardial	damage	and	is	not	an	indication
for	interrupting	the	radiation	course.

Delayed	Pericarditis
Radiation-induced	 pericarditis	 typically	 occurs	within	 the	 first	 year	 after	mediastinal	 irradiation.	 The	 common
range	is	from	4	months	to	several	years	after	treatment.61	Pericardial	disease	presents	as	an	acute	pericarditis,	as	a
pericardial	 effusion	 that	may	 be	 asymptomatic,	 or	 as	 a	 combination	 of	 both.	 The	 symptoms	 of	 delayed	 acute
pericarditis	are	 indistinguishable	 from	 those	of	other	 types	of	pericarditis	and	usually	consist	of	 fever,	pleuritic
chest	 pain,	 pericardial	 friction	 rub,	 ST-T	 segment	 changes,	 and	 a	 decrease	 of	 the	 QRS	 voltage	 in	 the	 ECG.
Pericardial	effusion	may	be	large	and	manifest	as	an	enlarged	cardiac	silhouette.	Most	cases	of	radiation-induced
pericarditis	 and	 pericardial	 effusion	 resolve	 spontaneously,	 usually	 within	 16	 months.	 Approximately	 20%	 of
patients	with	 delayed	 pericarditis	 progress	within	 5	 to	 10	 years	 to	 develop	 symptomatic	 constriction	 requiring
pericardiectomy.	This	is	very	rare	in	current	practice.

Treatment
Careful	 cardiac	 evaluation	 and	monitoring	with	 echocardiography	 and	 radionuclide	ventriculography	 should	be
performed	 whenever	 radiation-induced	 heart	 disease	 is	 suspected.62	 Patients	 with	 mild	 symptoms	 and	 no
hemodynamic	compromise	can	be	followed	without	treatment	or	can	receive	symptomatic	therapy	with	salicylates
or	 other	 nonsteroidal	 anti-inflammatory	 agents.	 Symptomatic	 pericardial	 effusion	 or	 clinical	 evidence	 for
hemodynamic	 compromise	 warrants	 a	 drainage	 procedure.	 Pericardiocentesis	 with	 or	 without	 percutaneous
placement	of	an	 indwelling	catheter	 is	 successful	 in	 the	majority	of	patients.	Failure	 to	 relieve	 tamponade	with
pericardiocentesis,	 recurrence	 of	 effusion,	 or	 the	 presence	 of	 symptomatic	 constrictive	 pericarditis	 requires
pericardiectomy.	This	is	rarely	required	with	current	RT	practice.

Myocardial	Dysfunction
When	 myocardial	 dysfunction	 is	 detected	 after	 standard-dose	 mediastinal	 irradiation,	 it	 is	 typically	 mild	 or
subclinical.63	In	patients	who	were	studied	15	days	after	mediastinal	irradiation,	a	transient	decrease	in	LVEF	was
observed.	Complete	recovery	of	ejection	fraction	2	months	after	irradiation	and	no	additional	change	in	patients
who	 were	 also	 receiving	 doxorubicin	 were	 documented.	 Noninvasive	 studies	 using	 echocardiographic	 and
radionuclide	angiography	detected	subtle	 left	ventricular	dysfunction	 in	patients	with	HL	evaluated	a	few	years
after	 mediastinal	 irradiation.	 The	 magnitude	 of	 the	 potential	 contribution	 of	 cardiac	 irradiation	 to	 the	 risk	 of
doxorubicin-induced	 CM	 is	 not	 well	 established.	 Some	 data	 suggest	 potentiation	 of	 anthracycline-induced
cardiotoxicity	 when	 combined	with	 RT.	 Yet,	 the	 histopathologies	 of	 radiation	 heart	 disease	 and	 anthracycline
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heart	 disease	 are	 different,	 and	 the	 combined	 effects	 are	 probably	 additive	 rather	 than	 synergistic.64	 It	 was
reported	that	a	doxorubicin-induced	decrease	in	LVEF	was	aggravated	by	concurrent	mediastinal	irradiation.65

A	 recent	 cohort-matched	 study	 of	 Dutch	 patients	 treated	 between	 1965	 and	 1995	 (using	 mostly	 old	 RT
concepts	 and	 technology)	 showed	 that	 the	 risk	 of	 heart	 failure	 increases	 with	 radiation	 doses	 >20	 Gy	 and	 is
correlated	with	the	mean	left	ventricular	dose.	In	current	practice,	however,	 the	left	ventricle	is	mostly	shielded
and	 the	mean	heart	 and	 left	 ventricular	 doses	 are	markedly	 lower.66	 In	 another	 study,	 anthracyclines	 increased
heart	failure	rate	by	threefold,	independently	of	radiation.67

Valvular	Disease
Clinically	significant	valvular	heart	disease	resulting	from	mediastinal	irradiation	is	relatively	uncommon.	When
echocardiographic	 studies	 were	 performed	 in	 asymptomatic	 patients	 with	 HL	 >7	 years	 after	 mediastinal
irradiation,	 valvular	 abnormalities	were	detected	 in	 25%	 to	33%	of	 the	patients,	 although	 there	was	 rarely	 any
clinical	 significance.	 An	 echocardiographic	 study	 of	 294	 asymptomatic	 patients	 who	 received	 mediastinal
irradiation	disclosed	moderate	or	severe	regurgitation	of	the	aortic	valve	in	5.0%	of	patients,	of	the	mitral	valve	in
3.4%,	 and	 of	 the	 tricuspid	 valve	 in	 1.4%.	 Four	 percent	 of	 the	 patients	 had	 aortic	 stenosis.68	Valvular	 disease,
particularly	 involving	 the	 aortic	 valve,	 increased	 with	 time	 after	 irradiation.	 Of	 73	 asymptomatic	 patients
evaluated	>20	years	after	mediastinal	irradiation,	60%	had	mild	or	greater	aortic	regurgitation	and	16%	had	aortic
stenosis.	It	 is	important	to	note	that	radiation	dose,	volumes,	and	technique	of	radiation	delivery	have	markedly
changed	over	the	past	three	decades,	and	the	lower	prevalence	of	valvular	disease	in	patients	treated	at	<20	years
may	reflect	those	changes.69	In	a	retrospective	study	of	415	patients	who	were	irradiated	from	1962	to	1998,	6.2%
of	patients	developed	clinically	significant	valvular	dysfunction	at	a	median	of	22	years.70	The	mean	interval	from
irradiation	 to	detection	of	valvular	disease	 in	asymptomatic	and	symptomatic	patients	was	11.5	and	16.5	years,
respectively.71	 Patients	 who	 received	 mediastinal	 RT	 and	 anthracycline-containing	 chemotherapy	 had
significantly	more	 valvular	 disorders	 than	 patients	 receiving	 RT	with	 no	 anthracyclines.55	 Recent	 case-control
analysis	of	1,852	Dutch	patients	with	HL	who	were	treated	with	RT	between	1965	and	1995	identified	89	patients
with	symptomatic	valve	disease.	Risk	 increased	more	 than	 linearly	with	 radiation	dose,	and	 the	cumulative	30-
year	risk	with	30	Gy	was	3%.	The	investigators	estimated	that	for	patients	with	mediastinal	involvement	treated
today	with	20	or	30	Gy,	the	30-year	risk	would	be	increased	by	only	about	1.4%.72

Electrical	Abnormalities
Many	ECG	abnormalities	have	been	recorded	years	after	mediastinal	irradiation,	with	the	most	common	clinically
significant	 abnormality	 being	 complete	 atrioventricular	 block.73,74	 Slama	 et	 al.62	 reported	 that	 radiation-related
atrioventricular	block	was	 typically	 infranodal	and	occurred	at	 long	 intervals	 (mean	of	12	years)	after	 radiation
doses	>40	Gy,	most	frequently	in	patients	with	abnormal	conduction	on	ECG	before	the	advent	of	complete	block
and	in	those	who	had	other	radiation-related	cardiac	abnormalities.

Another	 aspect	 of	 RT	 and	 heart	 disease	 relates	 to	 the	 management	 of	 patients	 with	 implanted	 cardiac
pacemakers.75,76	Although	transient	 interference	from	electromagnetic	noise	(with	 the	exception	of	betatrons)	 is
not	a	problem	in	properly	functioning	RT	equipment,	pacemaker-dependent	patients	should	be	closely	observed
during	the	first	treatment	with	a	linear	accelerator.77,78	Placing	the	pacemaker	in	an	unshielded	RT	field	may	cause
cumulative	 damage	 to	 the	 pacemaker	 components.	 The	 absorbed	 dose	 to	 the	 pacemaker	 should	 be	 estimated
before	treatment.	If	the	total	dose	to	the	pacemaker	might	exceed	2	Gy,	the	pacemaker	function	should	be	checked
weekly	to	detect	any	indicator	of	damage	that	may	require	replacement	of	the	device.

Coronary	Heart	Disease

Hodgkin	and	Non-Hodgkin	Mediastinal	Involvement
Experiments	in	laboratory	animals,79	analysis	of	pathologic	specimens,80	clinical	observations,81,82	and,	since	the
1990s,	long-term	risk	analysis	in	large	series	of	patients	treated	for	HL55,57	all	indicate	that	mediastinal	irradiation
may	facilitate	the	development	of	CHD.83

Stenosis	 at	 the	 origin	 of	 the	 coronary	 arteries	 appears	 to	 be	 a	 common	 finding	 for	 radiation-associated
CHD.78–80,83	 After	 mediastinal	 irradiation,	 there	 is	 a	 greater	 likelihood	 for	 right	 coronary	 or	 left	 main	 or	 left
anterior	descending	coronary	artery	lesions	as	opposed	to	circumflex	lesions,	which	might	be	due	to	the	fact	that



the	former	vessels,	particularly	at	 their	origin,	receive	more	radiation.84	Coronary	spasm	after	RT	has	also	been
documented	in	patients	in	whom	acute	MI	developed	with	patent	coronary	arteries.82

Although	only	approximately	1%	to	2%	of	patients	with	HL	in	series	that	analyzed	death	from	MI	after	RT	for
HL	actually	died	of	MI,	the	observed	risk	in	all	series	was	higher	than	expected	(Table	131.2).

Current	 involved-site	 RT	 concepts	 and	 techniques	 and	 modern	 equipment	 and	 treatment	 planning	 deliver
smaller	doses	of	radiation	to	the	coronary	arteries	and	have	already	lowered	the	risk	of	CHD,	as	documented	in
several	large	trials.85–87

Hancock	et	al.52	and	Loyer	and	Delpassand55	analyzed	the	risk	of	cardiac	disease	in	patients	with	HL	who	were
treated	at	Stanford	University	Medical	Center	from	1961	to	1991.	In	patients	who	were	irradiated	prior	to	age	21
years,	the	relative	risk	for	death	from	acute	MI	was	41.5	and	the	actuarial	risk	of	fatal	or	nonfatal	MI	at	22	years
was	8.1%.56	Of	note,	all	deaths	in	this	study	occurred	in	patients	who	received	relatively	high	doses	of	radiation
(42	to	45	Gy)	to	the	mediastinum.	When	the	Stanford	analysis	was	extended	to	include	2,232	patients	with	HL	(of
all	age	groups),	the	relative	risk	for	death	from	acute	MI	was	3.2.88	This	study	showed	that	patients	younger	than
age	 20	 years	 who	 received	 high-dose	 irradiation	 had	 the	 highest	 relative	 risk,	 that	 the	 risk	 decreases	 with
increasing	age,	and	that	patients	older	 than	50	years	had	no	increased	risk.	The	small	number	of	patients	 in	 the
Stanford	study	who	received	radiation	doses	of	<30	Gy	did	not	allow	an	adequate	analysis	of	the	dose	effect.	The
average	interval	between	HL	treatment	and	death	from	acute	MI	was	10.3	years,	but	risk	was	already	significant
during	the	first	5	years	after	treatment	and	remained	elevated	throughout	the	follow-up	period	(>20	years).

A	 recently	published	nested	 case-control	 study	 in	 a	 cohort	 of	2,617	5-year	HL	 survivors	 in	 the	Netherlands
identified	325	patients	with	CHD	as	 their	 first	cardiovascular	event.	The	median	 interval	 from	HL	diagnosis	 to
CHD	event	was	19	years.89	The	risk	of	CHD	increased	linearly	with	mean	heart	dose	(MHD).	The	risk	of	CHD
per	increased	MHD	was	also	higher	in	younger	patients	and	decreased	in	older	age	groups.	The	risk	of	CHD	as	a
primary	event	has	not	 increased	with	chemotherapy.	Having	one	or	more	classic	CHD	risk	 factors,	particularly
hypertension,	 independently	 increased	 CHD	 risk.	 Interestingly,	 it	 has	 been	 documented	 that	 a	 high	 level	 of
physical	activity	is	associated	with	a	lower	CHD	risk.

TABLE	131.2
Relative	Risk	of	Mortality	from	Myocardial	Infarction	After	Mediastinal	Irradiation	for	Hodgkin
Lymphoma

Study Center No.	of	Patients

Lethal
Myocardial
Infarctions Relative	Risk

95%	Confidence
Interval

Boivin	et	al.68 Multiple 4,665 68 2.6 1.1–5.9

Hancock	et	al.52 Stanford	(California) 2,232 55 3.2 1.5–5.8

Henry-Amar	et	al.98 European	Organisation
for	Treatment	and
Research	on	Cancer

1,449 17 8.8 5.1–14.1

Mauch	et	al.51 Joint	Center	for
Radiation	Therapy
(Boston)

636 15a 2.2a 1.2–3.6

Glanzmann	et	al.53 Zurich 352 8 4.2 1.8–8.3

Reinders	et	al.85 Rotterdam 258 12b 5.3 2.7–9.3

Swerdlow	et	al.99 Britain 7,033 168 2.5 2.1–2.9
aIncludes	one	patient	who	died	of	cardiomyopathy.
bMyocardial	infarction	or	sudden	death.

Of	 note,	 the	RT	volume,	 dose,	 and	 techniques	 practiced	 during	 the	 earlier	RT	 study	 era	were	 outdated	 and
drastically	changed	over	the	following	two	decades,	and	thus,	its	statistical	relevance	to	current	practice	is	limited.
The	MHD	in	the	Dutch	study	was	22.0	Gy,	and	mediastinal	RT	was	associated	with	a	2.63-fold	increased	CHD
risk.89	 Comparing	 old	 RT	 extended-field	 concepts,	 such	 as	 the	 previously	 popular	 “mantle”	 field,	 to	 modern
involved-node	RT	or	involved-site	RT	in	29	patients	with	mediastinal	HL,	the	average	MHD	decreased	from	27.5
to	7.7	Gy;	other	structures,	such	as	the	left	coronary	artery,	had	an	average	decrease	of	more	than	50%	in	the	mean
dose.66	 Further	 significant	 decrease	 can	 be	 achieved	 by	 delivering	 radiation	 during	 the	 deep	 inspiration	 breath
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hold	(DIBH)	phase,	which	is	now	routinely	used	for	mediastinal	irradiation	in	both	lymphoma	and	breast	cancer.90
Two	European	studies	analyzed	ischemic	heart	disease	in	patients	with	HL	who	received	standard	fractions	and

doses	(30	to	42	Gy)	of	mediastinal	irradiation.57,59	Both	studies	demonstrated	an	increase	in	ischemic	heart	disease
after	mediastinal	irradiation.	Of	importance,	a	multivariate	analysis	of	risk	factors	in	the	Rotterdam	study	showed
that	 increasing	 age,	 gender	 (male),	 and	 a	 pretreatment	 cardiac	 medical	 history	 were	 significant	 factors	 for
developing	ischemic	heart	disease.57	 In	a	study	from	Zurich,	a	detailed	analysis	of	 the	effect	of	other	CHD	risk
factors	 on	 the	 radiation-	 induced	 risk	 was	 performed.	 The	 study	 showed	 that	 although	 the	 risk	 of	 CHD	 after
irradiation	increased	by	4.2	for	all	patients,	in	irradiated	female	patients	and	in	all	irradiated	patients	without	other
cardiovascular	risk	factors	(smoking,	hypertension,	obesity,	hypercholesterolemia,	diabetes),	the	risk	remained	as
expected	in	the	normal	population.57	In	a	recent	study	of	1,474	survivors	of	HL	treated	mostly	with	RT	with	or
without	 chemotherapy,	 hypercholesterolemia	 was	 the	 most	 significant	 independent	 risk	 factor	 for	 developing
CHD.55	These	data	suggest	that	aggressive	modification	of	CHD	risk	factors	is	warranted	in	patients	who	receive
mediastinal	RT	and/or	anthracycline-containing	chemotherapy.

The	largest	and	most	recent	analysis	of	MI	mortality	risk	after	treatment	for	HL	is	a	collaborative	British	cohort
study	 of	 7,033	 patients.60	 This	 study	 included	 3,590	 patients	 who	 received	 RT	 without	 anthracyclines,	 3,052
patients	who	received	chemotherapy	with	supradiaphragmatic	RT,	and	1,744	patients	who	received	anthracycline
regimens	and	no	RT.	For	 the	whole	group	of	survivors	of	HL,	 the	death	from	MI	was	statistically	significantly
greater	than	expected	(standardized	mortality	ratio	[SMR]	of	2.5	with	an	absolute	excess	risk	of	125.8).	The	risk
was	 higher	 for	 male	 patients.	 The	 relative	 risk	 of	 death	 from	 MI	 decreased	 sharply	 with	 older	 age	 at	 first
treatment,	 but,	 as	 expected,	 the	 absolute	 excess	 risk	 increased	 with	 age.	 The	 20-year	 cumulative	 risk	 of	 MI
mortality	for	patients	treated	at	age	younger	than	35	years	was	1.8%.	The	risk	of	death	during	the	first	year	after
treatment	was	fourfold	compared	with	the	general	population,	and	it	was	higher	for	patients	treated	before	1980.91

Of	particular	concern	are	the	new	data	regarding	chemotherapy	alone.60	In	the	British	study,60	the	risk	of	death
from	MI	was	 statistically	 significantly	 increased	 for	 patients	who	 had	 received	 anthracyclines	 (SMR,	 2.9)	 and
especially	for	those	treated	with	doxorubicin,	bleomycin,	vinblastine,	and	dacarbazine	(ABVD;	SMR,	9.5).	SMR
remained	significantly	elevated	for	patients	who	received	ABVD	and	no	RT	(SMR,	7.8).	The	authors	suggest	that
the	risk	was	particularly	high	for	ABVD	(compared	with	other	doxorubicin-containing	regimens)	because	ABVD
alone	was	virtually	always	given	for	a	full	six	cycles.	The	increased	risk	for	patients	treated	with	anthracyclines
was	primarily	during	the	first	year	after	treatment,	and	the	highest	risk	was	in	young	patients	(35	years	old	and
younger).	MI	mortality	 risk	was	 also	 significantly	 increased	 for	 treatment	with	vincristine	with	or	without	RT.
Recent	analysis	of	European	Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)	HL	protocols	included
6,039	patients,	 in	whom	cardiovascular	events	were	 recorded	 in	703	patients.	Most	events	were	 ischemic	heart
disease,	 congestive	 heart	 failure,	 arrhythmia,	 and	 valvular	 disease.	 Increasing	 the	 RT	 MHD	 by	 1	 Gy	 was
equivalent	in	terms	of	added	cardiac	risk	to	elevating	the	anthracycline	CD	by	only	one	cycle	of	50	mg/m2,	clearly
demonstrating	the	risk	of	a	longer	chemotherapy	course	as	an	alternative	to	adding	RT.92

Monitoring	 and	 reduction	 of	 other	 contributing	 CHD	 risk	 factors	 in	 patients	 who	 received	 mediastinal
irradiation	should	be	part	of	the	follow-up	of	patients	who	have	undergone	mediastinal	irradiation.	However,	the
value	of	routine	noninvasive	or	invasive	cardiac	studies	in	asymptomatic	patients	has	not	been	fully	determined.
In	a	recent	screening	study	of	294	patients	who	received	mediastinal	radiation	(median	dose,	44	Gy)	from	1960	to
1995,	21%	of	screened	patients	had	abnormal	ventricular	images	at	rest.55	During	stress	testing	that	included	ECG
and	 radionuclide	 perfusion,	 14%	 showed	 abnormalities	 in	 one	 or	 both	 tests.	 Based	 on	 these	 tests,	 40	 patients
underwent	coronary	angiography,	and	55%	of	them	(7%	of	the	screened	population)	had	≥50%	stenosis.	The	risk
of	a	cardiac	events	in	those	patients	was	significantly	related	to	abnormal	stress	testing,	older	age,	RT	given	in	an
early	period,	and	higher	RT	dose	given	to	the	mediastinum.

Early	detection	of	coronary	artery	disease	should	be	encouraged,	particularly	 in	patients	 irradiated	with	high
RT	dose	(practiced	mostly	in	the	past)	and/or	those	with	other	CHD	risk	factors93	because	angioplastic	or	surgical
intervention	may	be	indicated	in	special	anatomic	or	clinical	situations.	Successful	treatment	of	radiation-induced
coronary	disease	with	bypass	surgery	and	stenting	or	angioplasty	has	been	reported.	In	some	cases,	surgery	may
be	technically	difficult	because	of	mediastinal	and	pericardial	fibrosis.

Breast	Cancer
More	recently,	the	interest	in	estimating	and	possibly	avoiding	potential	ischemic	cardiac	risk	from	irradiation	of
the	breast	and	chest	wall	and	possibly	the	internal	mammary	nodes	for	breast	cancer	has	increased.	Furthermore,
modern	 systemic	 therapies	 might	 have	 also	 exposed	 an	 increasing	 number	 of	 breast	 cancer	 survivors	 to



cardiotoxic	systemic	agents	such	as	anthracyclines,	taxanes,	HER2	antagonists	(e.g.,	trastuzumab),	and	lapatinib
(reviewed	earlier).	However,	information	on	the	interaction	of	this	exposure	with	the	potential	long-term	risks	of
RT	is	still	lacking.

Long-term	mortality	data	from	trials	that	randomized	patients	with	breast	cancer	to	receive	postmastectomy	RT
as	opposed	 to	no	additional	 treatment	demonstrated	a	higher	 incidence	of	cardiac	death	 in	 the	 irradiated	group.
The	excess	in	mortality	did	not	appear	until	after	10	years	after	treatment.	In	one	study,	the	increase	in	mortality
risk	was	 significant	 only	 in	women	who	were	 irradiated	 for	 tumors	 in	 the	 left	 breast.	 It	was	 also	 increased	 in
patients	 treated	 with	 orthovoltage	 irradiation,	 as	 opposed	 to	 those	 treated	 with	 more	 modern	 supervoltage
equipment.9

The	relevance	of	 ischemic	heart	disease	risk	studies	of	patients	 treated	before	 the	21st	century	using	old	RT
concepts	and	inferior	techniques	and	technology	is	understandably	limited.94	Yet,	these	studies	are	the	only	source
for	addressing	the	relatively	infrequent	 late	event	 in	statistical	meaningful	studies.	Temporal	risk	trends	may	be
helpful.	The	highly	 referenced	population-based,	case-control	 study	of	major	coronary	events	by	Darby	et	 al.95
included	women	diagnosed	from	1958	to	2001,	a	 time	period	that	spans	a	 large	variation	in	 treatment	practices
that	do	not	reflect	current	practice,	and	its	dosimetric	assessment	has	been	criticized.	However,	it	provides	useful
information	on	the	relationship	between	MHD	and	risk	of	future	ischemic	events.	It	shows	that	in	the	context	of
breast	RT,	an	increase	in	MHD	of	1	Gy	was	associated	with	a	7%	increase	in	cardiac	events.

A	recent	study	from	the	Netherlands	of	4,414	10-year	survivors	of	breast	cancer	who	were	treated	from	1970	to
1986	recorded	both	cardiovascular	morbidity	and	mortality	events.	It	showed	that	radiation	to	the	breast	alone	is
not	associated	with	increased	risk	of	cardiovascular	disease.	Similar	to	other	studies,	it	also	documented	that	the
increased	 risk	 of	 MI	 that	 was	 noted	 in	 patients	 treated	 prior	 to	 1980	 has	 disappeared	 with	 more	 recent	 RT
techniques.	A	Surveillance,	Epidemiology,	and	End	Results	(SEER)–Medicare	study	of	patients	diagnosed	from
1986	 to	1993	reported	no	statistically	significant	difference	between	 left	and	right	breast	 irradiation	 in	multiple
later	parameters	of	heart	disease.96	Other	population-based	studies	suggest	a	decrease	in	risk	in	radiation-related
ischemic	heart	disease,	but	longer	follow-up	is	still	necessary.

Prophylactic	 irradiation	 of	 the	 internal	 mammary	 nodes	 using	 a	 single	 anterior	 photon	 beam	 (hockey	 stick
technique)	 or	 large	 tangents,	 which	 may	 deliver	 a	 high	 dosage	 to	 the	 heart,	 is	 not	 indicated	 in	 most	 patients
irradiated	for	breast	conservation	or	after	mastectomy.	Techniques	that	reduce	the	risk	of	irradiating	the	coronary
arteries	 have	 been	 developed;	 they	 include	 the	 prone	 breast	 technique	 and	 use	 of	 three-dimensional	 computed
tomography	planning	 and	 intensity-modulated	RT	and	DIBH	and	particularly	 using	gating	 techniques.	Patients
with	breast	cancer	irradiated	with	modern	techniques	are	unlikely	to	receive	a	significant	dose	of	radiation	to	the
coronary	 arteries.97	 No	 difference	 in	 cardiac	 mortality	 was	 found	 between	 women	 treated	 with	 standard
fractionation	and	hypofractionated	programs	(>2	Gy).	It	has	been	suggested	(and	is	currently	being	explored	in	a
national	randomized	study)	that	proton	therapy	may	also	reduce	the	exposure	of	the	heart	in	selected	patients	with
breast	cancer.	However,	 it	 should	be	noted	 that	 reducing	 the	MHD	to	 less	 than	2	Gy,	 that	may	be	achieved	by
lower-cost	technology	such	as	IMRT	with	DIBH,	is	equally	beneficial.94,95

In	patients	with	breast	cancer,	conventional-dose	doxorubicin-containing	chemotherapy	used	as	an	adjuvant	in
combination	with	 locoregional	 irradiation	was	 not	 associated	with	 a	 significant	 increase	 in	 the	 risk	 of	 cardiac
events.	However,	higher	doses	of	adjuvant	doxorubicin	were	associated	with	a	three-	to	fourfold	increased	risk	of
cardiac	 events.	 This	 appears	 to	 be	 especially	 true	 in	 patients	 treated	 with	 higher	 dose	 volumes	 of	 cardiac
irradiation.	Interestingly,	in	one	recent	large-scale	study,	patients	with	breast	cancer	who	were	treated	with	CTX,
methotrexate,	and	5-FU	and	RT	had	a	significantly	higher	risk	of	congestive	heart	failure	compared	with	patients
treated	with	RT	alone.

CONCLUSION
It	is	hoped	that	increased	awareness	and	knowledge	about	potential	cardiotoxicity	from	chemotherapy	and	RT	will
enable	 physicians	 to	 adequately	 monitor	 patients	 and	 modify	 therapy	 to	 minimize	 serious	 acute	 and	 chronic
cardiac	 sequelae.	 The	 growing	 information	 about	 late	 cardiac	 effects	 should	 facilitate	 early	 diagnosis	 and
therapeutic	intervention,	including	modifications	of	lifestyle	risk	factors,	such	as	smoking	cessation,	healthy	diet,
and	exercise,	as	well	as	early	intervention	with	lipid-lowering	agents	for	the	benefit	of	previously	and	currently
treated	patients.
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132 Hair	Loss	and	Other	Hair
Changes
Hoyoung	M.	Maeng	and	Ann	M.	Berger

INTRODUCTION
Hair	is	often	a	reflection	of	one’s	identity.	During	many	cancer	treatments,	hair	can	be	adversely	affected,	which
may	lead	to	emotional	trauma	in	both	male	and	female	patients.	Even	though	alopecia	has	been	ranked	the	third
most	common	adverse	event	(AE)	of	cancer	treatment,	no	official	management	guidelines	or	recommendations	are
present.	Hair	loss	or	alopecia	can	be	an	immense	burden,	serving	as	a	stressful	visible	reminder	of	the	patient’s
disease	and	negatively	impacting	social	function;	it	also	results	in	a	loss	of	privacy	because	it	reveals	the	patient’s
medical	 condition.1	 In	 several	 health-related	 quality-of-life	 (HRQL)	 research,	 patients	 reported	 hair	 loss	 as	 a
reason	for	the	refusal	of	chemotherapy,	and	hair	loss	was	reported	as	more	difficult	than	losing	the	breast	in	some
breast	cancer	patients.2,3	With	the	growing	use	of	biologics	and	targeted	agents	such	as	monoclonal	antibodies	and
tyrosine	 kinase	 inhibitors	 along	 with	 recent	 progress	 in	 immuno-oncology	 that	 has	 led	 to	 the	 use	 of	 several
immune	 checkpoint	 inhibitors	 and	 adoptive	 cell	 therapies,	more	 hair-related	 side	 effects	 have	 arisen,	 including
issues	 related	 to	 not	 only	 hair	 loss	 but	 also	 quality	 and	 color.	 This	 chapter	 describes	 the	 general	 principle	 of
evaluation	 and	 diagnosis	 of	 hair	 loss	 and	 attempts	 to	 decrease	 such	 adverse	 reactions	 followed	by	 a	 review	of
cancer	treatment–associated	hair	changes	due	to	both	conventional	chemotherapy	and	newer	noncytotoxic	agents.

ANATOMY	AND	PHYSIOLOGY	OF	HAIR
The	hair	follicle	is	divided	into	three	parts,	called	the	upper	portion	(infundibulum),	the	middle	portion	(isthmus),
and	the	 lower	portion	(bulb	and	suprabulb).	The	hair	fiber	 is	 the	product	of	 the	hair	follicle	 that	consists	of	 the
medulla,	cortex,	and	hair	cuticle	(Fig.	132.1).4

Hair	growth	is	cyclical.	On	average,	the	human	scalp	has	100,000	hair	follicles,	and	each	hair	undergoes	the
hair	growth	cycle,	which	involves	anagen	(growth),	 telogen	(regression),	and	catagen	(rest)	followed	by	exogen
(shedding).	For	more	than	90%	of	the	cycle,	hair	 is	 in	the	anagen	phase	when	hair	undergoes	mitosis	and	rapid
cell	growth	over	3	to	5	years	at	the	speed	of	0.3	mm	per	day.	During	anagen,	the	hair	becomes	most	vulnerable	to
chemotherapy-induced	alopecia	due	to	the	suppression	of	cell	proliferation,	making	hair	thinner	and	more	brittle.
While	hairs	are	in	the	telogen,	hair	is	dormant	and	mitotic	activity	is	arrested	from	3	to	6	months.	Usually,	5%	to
10%	of	hairs	are	in	this	phase.	The	catagen	phase	lasts	1	to	2	weeks,	when	the	hair	root	separates	from	the	hair
bulb,	pigment	storage	is	terminated,	and	the	club-shaped	root	end	is	pushed	out	from	the	bulb.	Less	than	1%	of
hair	 is	 in	 this	phase	at	any	given	 time.	Usually,	people	 lose	approximately	100	hairs	a	day,	but	conditions	 that
affect	the	anatomic	component	of	the	hair	follicle	or	the	growth	cycle	can	increase	the	hair	loss.5,6



Figure	132.1	Anatomy	and	physiology	of	hair.	More	than	90%	of	the	time,	hair	is	in	the	anagen
phase	undergoing	mitosis	in	the	bulb	and	becomes	vulnerable	to	chemotherapy-induced	alopecia.
However,	quiescent	stem	cells	that	can	reinstate	the	hair	growth	reside	in	the	bulge,	and	cancer

treatment	damaging	the	stem	cells	or	the	bulge	can	cause	potentially	permanent	and	cicatricial	hair
loss.	Melanocyte	stem	cells	in	the	bulge	migrate	down	to	hair	follicles	during	anagen	to	differentiate

into	melanocyte-producing	melanin.

CLASSIFICATION	OF	HAIR	LOSS
Traditionally,	 hair	 loss	 is	 divided	 into	 cicatricial	 or	 noncicatricial	 types	 in	 dermatologic	 fields.	Cicatricial	 type
includes	lymphocytic	primary	cicatricial	alopecia,	neutrophilic	primary	cicatricial	alopecia,	and	tinea	capitis.	The
loss	of	hair	follicle	stem	cells	in	the	bulge	is	observed	in	the	cicatricial	type	of	hair	loss.7	The	noncicatricial	type	is
often	divided	into	three	categories	depending	on	the	pattern	of	involvement,	namely,	focal,	patterned,	and	diffuse
types.	 Alopecia	 areata,	 alopecia	 syphilitica,	 and	 hair	 loss	 related	 to	 mechanical	 pressure	 including	 traction
alopecia	and	postoperative	hair	loss	fall	into	the	focal	type.	Trichotillomania	and	male	pattern	or	female	pattern
alopecia	are	examples	of	patterned	alopecia.	Diffuse	type	is	subdivided	into	anagen	effluvium,	telogen	effluvium,
loose	anagen	syndrome,	hypotrichosis	simplex,	and	atrichia	with	papular	lesions.

Most	 of	 the	 chemotherapy-induced	 hair	 loss	 or	 alopecia	 (CIA)	 falls	 into	 the	 telogen	 effluvium	 or	 anagen
effluvium	 categories	 of	 the	 diffuse	 type.	 In	 CIA,	 immediate	 anagen	 release	 is	 the	most	 important	mechanism
inducing	 telogen	effluvium	or	hair	 breakage.	The	 affected	hair	 is	 prematurely	 forced	 into	 telogen,	 leading	 to	 a
greater	 amount	of	 shedding.	 Intravenously	 administered	 chemotherapy	 and	 combination	 chemotherapy	 increase
the	risk	and	extent	of	hair	loss.5,8

In	most	cases,	 losing	scalp	hair	becomes	the	biggest	concern	for	 the	patients,	but	eyebrow,	eyelash,	axillary,
and	pubic	hair	and	hair	on	any	other	body	part	can	be	affected.	Hair	loss	begins	approximately	2	to	4	weeks	after
starting	treatment,	and	hair	usually	begin	to	return	3	to	6	months	after	cessation.	Full	recovery	occurs	within	6	to
12	months.	Hair	can	be	more	brittle,	curled,	or	hypopigmented	when	it	returns,	even	though	it	gradually	becomes
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similar	 to	 its	 pretreatment	 state	 over	 time.	 Permanent	 hair	 loss	 can	 occur	 after	 cancer	 treatment.	 Permanent
scarring	alopecia	can	occur	after	cytotoxic	chemotherapy	with	high-dose	chemotherapy	combining	busulfan	for
hematopoietic	cell	transplantation9	and	other	chemotherapy	regimens	including	docetaxel-containing	regimens	for
breast	cancer	and	high-dose	cyclophosphamide,	 thiotepa,	and	carboplatin	 (CTC)	 for	germ	cell	 tumors.10	Small-
molecule	 epidermal	 growth	 factor	 receptor	 (EGFR)	 inhibitors	 including	 gefitinib	 and	 erlotinib	 can	 cause
permanent	hair	loss	even	though	the	mechanism	and	histopathologic	changes	are	not	understood.11,12

The	majority	of	changes	 in	hair	 are	 reversible,	but	patients	 find	 the	period	very	 stressful.	Depending	on	 the
goal	 of	 the	 treatment,	 expected	 changes	 in	 the	 hair	 should	 be	 counseled	when	 discussing	 the	 options,	 and	 any
regimen	 that	 can	 cause	 potential	 permanent	 hair	 changes	 should	 be	 chosen	 carefully,	 especially	when	 treating
patients	with	curative	intent.	It	is	important	to	discuss	with	the	patient	the	expected	adverse	effects	based	on	the
risk	 of	 the	 planned	 treatment	 regarding	 hair	 loss	 or	 other	 changes	 in	 hair,	 as	 summarized	 in	 Table	 132.1.	 A
majority	 of	 patients	 report	 that	 planning	whether	 or	 not	 to	 shave	 and	when	 to	 do	 so	 and	 ordering	 a	wig	 or	 a
hairpiece	in	advance	helped	them	to	cope	with	the	challenges	associated	with	hair	loss.

DIAGNOSIS	OF	HAIR	LOSS
A	complete	personal	and	family	history	and	physical	examination	including	cancer	treatment	history	and	chemical
or	 radiation	 exposure	will	 be	 essential	 for	 an	 accurate	 diagnosis.	 Providers	 should	 question	 patients	 about	 the
onset	and	location	of	any	scalp	symptoms.	A	thorough	review	of	medication	and	treatment	history	is	critical	 to
diagnose	CIA	and	rule	out	any	other	causes.	The	pattern	of	hair	loss	(i.e.,	diffuse	or	patchy)	is	a	helpful	physical
finding	for	the	differential	diagnosis.	Hair	loss	might	not	be	noticeable	to	the	provider	until	more	than	50%	of	hair
is	 lost.	A	workup	should	 include	a	complete	blood	count,	 thyroid	 function	 studies,	 rapid	plasma	 reagin	 (RPR),
Venereal	Disease	Research	Laboratory	(VDRL)	test,	and	antinuclear	antibody.	Bacterial	or	fungal	 infections	on
the	scalp	and	zinc,	iron,	vitamin	D,	or	other	nutritional	deficiencies	should	be	ruled	out	because	these	conditions
can	be	medically	managed.	The	hair	pull	test	can	be	done,	but	the	most	informative	test	to	differentiate	the	type	of
hair	loss	is	a	punch	biopsy.	In	the	biopsy	specimen,	the	ratio	of	the	amount	of	hair	in	anagen	and	telogen	can	be
determined,	which	 is	 useful	 to	 differentiate	 the	 type	 of	 hair	 loss.	However,	 it	 is	 rarely	 performed	 in	 oncology
practice	 except	when	 there	 is	 a	 need	 to	 rule	 out	 any	 other	malignant	 conditions	 such	 as	 primary	 or	metastatic
cancer.	Breast	and	lung	cancers	are	the	most	common	cancers	associated	with	skin	metastasis.8,13

TABLE	132.1
Etiology	of	Hair	Loss	in	Patients	with	Cancer

Hair	loss	due	to	medical	condition	other	than	cancer
Nutritional:	zinc,	iron,	and	other	trace	minerals
Endocrine:	diabetes,	thyroid,	childbirth
Mental	conditions:	trichotillomania
Medications	not	directly	related	to	cancer	treatment:	warfarin,	heparin,	β-blockers,	and	allopurinol

Hair	loss	from	cancer	and	its	treatment
Cytotoxic	chemotherapy53

High-risk	agents	that	are	likely	to	cause	complete	alopecia	used	as	single	cytotoxic	agents

Alkylating	agents:	cyclophosphamide,	ifosfamide
Anticancer	antibiotics:	doxorubicin,	daunorubicin,	idarubicin,	dactinomycin
Mitotic	inhibitors:	paclitaxel,	docetaxel,	ixabepilone,	eribulin	etoposide,	irinotecan

Agents	with	less	risk	of	complete	hair	loss

Alkylating	agents:	oxaliplatin,	cisplatin,	carboplatin
Anticancer	antibiotics:	epirubicin,	bleomycin
Mitotic	inhibitors:	vincristine,	vinblastine
Antimetabolites:	fluorouracil

Cancer	treatment	other	than	cytotoxic	chemotherapeutic	agents8,54–56
Radiation
Hypomethylating	agents:	decitabine	(8%)
Anticancer	monoclonal	antibodies	(5%–25%)
Small-molecule	inhibitors:	bortezomib	(2.2%),	everolimus	(5%),	sunitinib	(6%),	imatinib	(6.6%),	axitinib	(7.5%),	dasatinib	(7.8%),
crizotinib	(8.1%),	erlotinib	(8.9%),	pazopanib	(12.3%),	trametinib	(13.3%),	palbociclib	(15%),	nilotinib	(15.9%),	cabozantinib



(16.4%),	dabrafenib	(18.9%),	regorafenib	(23.5%),	vemurafenib	(23.7%),	sorafenib	(27%–50%),	vismodegib	(56.9%)
Immune	checkpoint	inhibitors	(<1%)
Endocrine	agents:	tamoxifen	(<10%),	anastrozole,	letrozole,	exemestane,	fulvestrant	(2.5%),	leuprolide
Interferon-α	(1%–10%)
Skin	metastasis	of	nondermatologic	malignancies
Follicular	mycosis	fungoides

In	 the	 National	 Cancer	 Institute’s	 (NCI’s)	 Common	 Terminology	 Criteria	 for	 Adverse	 Events	 (CTCAE)
version	4.0,	alopecia	is	defined	as	a	disorder	characterized	by	a	decrease	in	density	of	hair	compared	to	normal	for
a	given	 individual	 at	 a	given	age	and	body	 location.	Severity	 is	defined	as	grade	1	and	2.	Grade	1	 is	hair	 loss
<50%	of	normal	for	that	individual	and	that	is	not	obvious	from	a	distance	but	only	on	close	inspection;	a	different
hairstyle	may	be	required	to	cover	the	hair	loss,	but	it	does	not	require	a	wig	or	hairpiece	to	camouflage.	Grade	2
is	hair	loss	of	≥50%	of	normal	for	that	individual	that	is	readily	apparent	to	others;	a	wig	or	hairpiece	is	necessary
if	 the	 patient	 desires	 to	 completely	 camouflage	 the	 hair	 loss	 associated	 with	 psychosocial	 impact.14	 Most
insurance	 plans	 cover	 the	 cost	 of	 wigs	 with	 the	 prescription	 for	 “an	 extracranial	 prosthesis”	 for	 patients
undergoing	cancer	treatment	with	the	risk	of	hair	loss.

TREATMENT	AND	PREVENTION	OF	CHEMOTHERAPY-INDUCED	HAIR
LOSS
Several	 studies	 are	 in	 varying	 stages	 of	 research,	 but	 no	 effective	 and	 safe	 measures	 have	 been	 identified	 to
address	the	changes	in	hair	thus	far,	and	cooling	caps	are	the	only	devices	cleared	for	marketing	by	the	U.S.	Food
and	Drug	Administration	 (FDA)	 even	 though	 hair	 loss	 is	 hard	 to	 treat	 during	 cancer	 treatment	 once	 it	 occurs,
raising	the	unmet	needs	compared	to	the	high	level	of	emotional	and	social	distress	that	patients	express.

Historically,	attempts	to	decrease	CIA	can	be	categorized	as	follows:	(1)	decreasing	blood	flow	to	the	scalp,	(2)
pharmacologic	intervention	to	protect	hair	follicles,	(3)	attempts	to	inactivate	the	chemotherapeutic	agent	locally,
and	(4)	attempts	to	enhance	regrowth	after	the	chemotherapy-induced	hair	loss.	Notable	studies	are	listed	in	Table
132.2.

In	an	attempt	to	decrease	the	blood	flow,	a	scalp	tourniquet	was	first	used	in	1966.	It	was	placed	around	the
hairline	and	 inflated	 to	a	pressure	greater	 than	 the	systolic	blood	pressure	at	 the	 time	of	chemotherapy.	Several
studies	were	performed,	but	the	results	are	difficult	to	interpret	due	to	inadequate	designs	of	the	study.	In	1978,
scalp	 hypothermia	 (i.e.,	 scalp	 cooling)	was	 used	 for	 the	 first	 time	 to	 induce	 vasoconstriction	 in	 an	 attempt	 to
decrease	the	uptake	of	the	chemotherapeutic	agents	by	the	hair	follicles	and	potentially	to	decrease	the	activity	in
cell	division	of	hair	follicles,	making	them	less	sensitive	to	chemotherapy.15	Several	devices,	such	as	bags	of	ice,
molded	gel	packs,	and	thermocirculator	devices,	have	been	tried	to	achieve	scalp	hypothermia.16–19	After	a	long
wait,	 in	 2015,	 the	 FDA	 granted	 marketing	 authorization	 in	 the	 United	 States	 for	 the	 first	 type	 of	 computer-
controlled	cooling	cap	system	as	a	therapeutic	device	in	breast	cancer	patients	undergoing	chemotherapy	with	the
risk	 of	 hair	 loss,	 followed	 by	 expanded	 indication	 in	 patients	with	 other	 solid	 tumors	 using	 alopecia-inducing
chemotherapy	in	2017.20	In	a	study	of	122	stage	I	and	II	breast	cancer	patients,	66%	of	the	patients	lost	less	than
half	of	 their	hair	after	using	 the	cooling	cap.	A	second	device	cleared	by	 the	FDA	for	marketing	 in	 the	United
States	and	tested	in	a	randomized	study	showed	a	decrease	in	or	no	hair	loss	in	50.5%	of	95	patients,	compared
with	0%	of	47	patients	who	did	not	receive	the	intervention.21	However,	the	majority	of	the	patients	still	resorted
to	using	wigs	or	wraps,	and	no	statistical	difference	in	emotional	or	social	functioning	was	demonstrated	at	 the
end	of	chemotherapy,	raising	doubts	about	its	usefulness.	The	added	costs	of	up	to	several	thousand	dollars	and
variable	 insurance	coverage	of	 the	devices	are	additional	 issues	 to	be	addressed.	The	adverse	effects	of	cooling
caps	 include	discomfort	and	headache	due	 to	 the	devices	being	 tight-fitting	and	heavy	helmet-type	devices	 that
typically	lower	the	scalp	temperature	to	37°F	to	41°F	(3°C	to	5°C).22	Cooling	caps	are	contraindicated	in	patients
who	 have	 cold	 agglutinin	 disease	 or	 cryoglobulinemia.21,23	 Due	 to	 the	 controversy	 regarding	 the	 risk	 of
developing	scalp	metastasis,	cooling	caps	are	also	contraindicated	in	patients	with	high	circulating	tumor	cells	in
the	blood,	especially	patients	with	leukemia	and	lymphoma	receiving	treatment	with	curative	intent.24,25	Patients
receiving	regimens	 involving	continuous	 infusion	 longer	 than	24	hours	or	 radiation	 therapy	 to	 the	brain	are	not
suitable	to	use	cooling	caps.

TABLE	132.2
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Efforts	to	Reduce	Hair	Loss	in	Cancer	Treatment	in	Human	and	Animal	Studies

Prevention	of	hair	loss
Scalp	tourniquet
Scalp	hypothermia
Minoxidil,	topical26
AS101,	an	immunomodulating	compound
α-Tocopherol57

Inhibitors	of	cyclin-dependent	kinase	2	(CDK2)58

ImuVert,	a	biologic	response	modifier	derived	from	Serratia	marcescens59
Epidermal	growth	factor	and	fibroblast	growth	factor,	injection
Interleukin-1,	injection
Calcitriol,	topical
Doxorubicin	monoclonal	antibody,	topical	injection
Pulsed	electrostatic	field
N-Acetylcysteine
Parathyroid	hormone
p53	inhibitors60

Boosting	recovery
Minoxidil,	topical
Cyclosporine	A,	injection61

17-β-Estradiol62

Although	 there	 have	 been	 numerous	 attempts	 to	 develop	 preventive	 measures	 or	 treatments	 for	 CIA,	 no
pharmacologic	interventions	have	been	shown	to	be	effective	in	randomized	trials.	Limited	information	exists	on
topical	agents	that	have	been	tried	in	patients.	This	information	is	summarized	below	in	the	following	text.

Topical	 minoxidil	 has	 been	 used	 in	 male	 pattern	 alopecia	 and	 alopecia	 areata	 in	 the	 noncancer	 setting.
Minoxidil	enlarges	follicle	size	and	likely	prolongs	the	anagen	phase,	making	the	time	to	maximal	hair	loss	longer
and	 the	 time	 to	maximal	 regrowth	 shorter	 in	 a	 clinical	 trial	 of	 22	women.26	 However,	 2%	minoxidil	 solution
applied	 twice	 a	 day	 did	 not	 prevent	 CIA	 in	 patients	 undergoing	 doxorubicin-containing	 chemotherapy	 in	 a
randomized	 trial	 (N	 =	 48).27	 Topical	 bimatoprost	 0.03%	 solution	 is	 a	 synthetic	 prostaglandin	 used	 for	 the
management	of	glaucoma.	It	was	tested	to	treat	chemotherapy-induced	eyelash	alopecia	in	a	randomized	trial	due
to	its	effect	of	making	eyelashes	longer.	The	use	of	bimatoprost	resulted	in	a	lower	grade	of	eyelash	alopecia	and
higher	 scores	 on	 the	 patient-reported	Eyelash	 Satisfaction	Questionnaire	 (ESQ)	 domain	 2	 compared	 to	 control
solution	 use.	 However,	 there	 are	 no	 data	 to	 support	 that	 preventing	 or	 treating	 chemotherapy-induced	 eyelash
alopecia	is	more	beneficial	than	not	preventing	or	treating	it.	Despite	success	in	animal	studies	that	showed	that
CIA	 was	 prevented	 in	 rats	 pretreated	 with	 the	 vitamin	 D	 active	 metabolite	 calcitriol,28	 in	 a	 double-blind
randomized	 clinical	 trial,	 pretreating	 breast	 cancer	 patients	 with	 calcitriol	 prior	 to	 combination	 chemotherapy
containing	 cyclophosphamide	 and	 doxorubicin	 did	 not	 prevent	 CIA.	 Instead,	 it	 caused	 local	 skin	 reactions.29
Surgical	 and	 any	 other	 invasive	 methods	 to	 improve	 CIA,	 such	 as	 hair	 transplants,	 are	 not	 recommended	 in
patients	who	are	on	treatment	or	have	active	cancer.

It	 is	 worth	 mentioning	 that	 ruxolitinib,	 a	 Janus	 kinase	 (JAK)	 inhibitor	 approved	 to	 treat	 patients	 with
myelofibrosis	 and	 polycythemia	 vera	 that	 has	 no	 significant	 hair-related	 adverse	 effects,	 was	 studied	 to	 treat
alopecia	 areata,	 an	 autoimmune	 condition	 destroying	 hair	 follicles.30–32	Additional	 studies	with	 JAK	 inhibitors
including	tofacitinib	are	under	way	in	patients	with	alopecia	areata.

RADIATION-INDUCED	HAIR	CHANGES
Cranial	 irradiation	 can	 lead	 to	 hair	 loss.	 Palliative	 or	 prophylactic	 whole-brain	 radiation	 (e.g.,	 30	 Gy	 in	 10
fractions	 or	 40	 Gy	 in	 20	 fractions)	 or	 partial-brain	 radiotherapy	 for	 primary	 brain	 tumors	 (e.g.,	 50	 Gy	 in	 25
fractions)	causes	temporary	hair	loss	that	starts	approximately	2	to	3	weeks	after	initiating	radiation	and	resolves	2
to	3	months	after	cessation	of	radiotherapy.	However,	higher	doses	of	curative	treatment	 to	 the	brain	can	cause
permanent	 hair	 loss	 as	 great	 as	 50%	with	 doses	 of	 43	Gy	 (95%	 confidence	 interval	 [CI],	 33	 to	 50	Gy)	 in	 30
fractions.	A	dose	of	 approximately	16	Gy	of	 radiation	 is	 lethal	 to	hair	 follicles.33,34	The	 efficacy	 and	 safety	 of
skin-sparing	techniques	to	decrease	the	risk	of	alopecia	due	to	radiation	remain	controversial.35



OTHER	HAIR-ASSOCIATED	CHANGES
Many	patients	 report	 changes	 in	hair	 quality	 after	 cancer	 treatment.	Hair	 can	be	more	brittle,	 curly,	 or	 straight
compared	to	the	original	hair.	Returned	hair	can	be	lighter	or	bleached	looking;	however,	with	some	agents,	such
as	 vascular	 endothelial	 growth	 factor	 (VEGF)	 inhibitors,	 regrowing	 hair	 may	 be	 darker	 or	 thicker.	 EGFR
inhibitors	 such	as	 cetuximab,36,37	 erlotinib,38,39	 and	 gefitinib40,41	 and	multikinase	 inhibitors	 such	 as	 sorafenib42
have	been	reported	to	cause	abnormal	hair	growth,	including	eyelash	trichomegaly	with	or	without	hypertrichosis.

Small-molecule	tyrosine	kinase	inhibitors	are	well	known	to	cause	depigmentation.	A	change	in	the	stem	cell
factor	(SCF)/c-Kit	interaction	affecting	the	critical	step	in	melanogenesis	during	early	anagen	has	been	proposed
as	a	potential	mechanism.	Multikinase	inhibitors	affecting	c-Kit	or	downstream	signaling	pathways	can	cause	hair
color	 change,	 which	 is	 sometimes	 coupled	 with	 skin	 pigmentation	 issues.	 In	 almost	 all	 cases,	 the	 hair
depigmentation	or	hypopigmentation	 is	 fully	 reversible	after	cessation	of	 treatment.	 Imatinib	 is	known	to	cause
both	hypopigmentation	and	hyperpigmentation,	but	 the	mechanism	 is	not	well	understood.43–46	Repigmentation
has	been	described,	 although	 rarely,	with	 the	use	of	 thalidomide,	 lenalidomide,	 erlotinib,	 and	adalimumab.47–50
Recently,	 14	 cases	 of	 hair	 repigmentation	 have	 been	 reported	 with	 different	 immune	 checkpoint	 inhibitors
including	 nivolumab,	 atezolizumab,	 and	 pembrolizumab	 in	 non–small-cell	 lung	 cancer	 patients	 with	 favorable
response	 to	 therapy;	 interestingly	 enough,	 vitiligo,	 the	 loss	 of	 skin	 pigment,	 has	 also	 been	 reported	 as	 an
autoimmune	adverse	reaction	with	use	of	immune	checkpoint	inhibitors.51,52

FUTURE	CONSIDERATIONS
Although	CIA	 is	not	 a	 life-threatening	AE,	patients	 identify	CIA	as	a	disturbing	and	 stressful	 event	 that	might
even	affect	their	choice	of	the	treatment.	Providers	are	observing	a	growing	number	of	different	hair	changes	with
the	expanded	use	of	small-molecule	inhibitors	and	biologics,	including	hypertrichosis	and	hair	color	changes.	To
meet	the	growing	need	for	HRQL	research,	a	quantitative	grading	scale	should	be	used	to	standardize	hair	changes
and	the	impact	of	such	changes	on	quality	of	life.
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133 Gonadal	Dysfunction
George	Patounakis,	Alicia	Y.	Christy,	and	Alan	H.	DeCherney

INTRODUCTION
The	increased	survival	associated	with	oncologic	treatment	has	made	the	late-term	effects,	such	as	gonadal	failure,
increasingly	important.	When	the	cancer	is	controlled,	quality	of	life,	which	often	includes	the	ability	to	have	a
normal	child,	then	becomes	a	major	issue.1–3	The	5-year	survival	rate	of	young	cancer	patients	is	over	85%,	and
more	 than	 75%	 of	 children	 with	 cancer	 will	 have	 a	 10-year	 survival.3,4	 Furthermore,	 the	 number	 of	 women
younger	than	age	50	years,	and	thus	likely	premenopausal,	who	are	estimated	to	be	diagnosed	with	invasive	breast
cancer	 in	 2017	 is	 48,080.5	 These	 statistics	 signify	 that	 gonadal	 dysfunction	 from	 the	 effects	 of	 treatment	 is
becoming	even	more	important.

Both	neoplastic	 disease	 and	 its	 treatment	 can	 interfere	with	normal	 sexual	 and	 reproductive	 function	 (Table
133.1).	Testicular	and	ovarian	cancers	directly	involve	the	gonad,	and	prostate,	endometrial,	and	cervical	cancers
directly	 involve	 the	reproductive	 tract.	Surgical	 treatment	for	any	of	 these	diseases	results	 in	damage	or	 loss	of
these	 important	 reproductive	 organs.	 Retroperitoneal	 lymph	 node	 dissection	 (RPLND)	 for	 testicular	 and	 colon
cancer,	 prostatectomy,	 and	 surgery	 involving	 the	 bladder	 neck	 may	 result	 in	 loss	 of	 the	 ability	 to	 ejaculate.
Primary	 and	 metastatic	 tumors	 in	 the	 hypothalamus	 and	 pituitary	 can	 directly	 affect	 gonadotropin	 secretion,
resulting	 in	 secondary	 hypogonadism.	 Both	 chemotherapy	 and	 radiation	 cause	 toxic	 effects	 on	 the	 male	 and
female	 gonads.	 Cytotoxic	 therapies	 delivered	 to	 women	 during	 pregnancy	 can	 have	 teratogenic	 effects	 on	 the
fetus.	If	fertility	is	maintained	or	recovers,	there	remains	the	concern	about	the	heritability	of	cancer	and	at	least	a
theoretical	risk	of	mutagenic	alterations	to	germ	cells	caused	by	cytotoxic	therapies.	The	literature	on	the	safety	of
male	reproduction	just	after	and	during	treatment	is	still	unclear	largely	because	of	methodologic	differences	and
different	 end	points	 assessed	by	 studies.6	More	well-controlled	 studies	 are	needed	 in	 this	 area	 to	 address	 these
concerns.	 A	 large	 study	 of	 3,915	 cancer	 survivors	 looked	 at	 adverse	 birth	 outcomes	 of	 congenital	 anomalies,
preterm	birth,	perinatal	death,	and	low	birth	weight.7	For	the	offspring	of	male	cancer	survivors,	they	did	not	find
any	differences	versus	controls.	For	female	survivors,	there	was	an	increased	risk	of	preterm	birth	and	low	birth
weight.	They	did	not	find	a	difference	in	major	congenital	abnormalities	for	either	male	or	female	survivors.	Two
studies	of	childhood,	adolescent,	and	young	adult	cancer	survivors	both	demonstrated	about	a	3%	prevalence	of
congenital	anomalies,	which	is	similar	to	the	prevalence	of	congenital	anomalies	in	the	United	States.8,9	Based	on
these	recent	studies,	patients	receiving	cancer	treatments	can	be	counseled	that	it	will	not	affect	their	offspring	in
terms	of	congenital	abnormalities.

The	 reproductive	 consequences	 of	 cancer	 potentially	 affect	 a	 large	 number	 of	 patients	 in	 the	United	States.
Between	 the	years	2010	and	2014,	 there	were	181,204	people	between	 the	ages	of	birth	and	45	years	old	who
were	diagnosed	with	cancer	in	the	United	States.10	Of	these,	20,591	people	were	diagnosed	between	the	ages	of
birth	and	19	years	old.	Both	males	and	females	share	the	burden	of	cancer	development	from	birth	to	49	years	of
age,	with	males	having	a	risk	of	cancer	in	that	age	group	of	1	in	30,	whereas	females	have	a	risk	of	1	in	18.11	In
women,	the	risk	of	developing	breast	cancer	specifically	within	this	age	range	is	1	in	52.	The	creation	of	patient
advocacy	groups	 such	as	Resolve	and	Livestrong	both	underscore	 the	 importance	of	 these	 issues.	Furthermore,
quality-of-life	committees	in	professional	oncology	groups	also	support	the	importance	of	issues	such	as	these	to
cancer	patients.	Physician	advocates	have	been	successful	in	drafting	legislation	in	expanding	insurance	coverage.
Both	Connecticut	and	Rhode	Island	have	passed	legislation	requiring	insurance	coverage	of	fertility-preservation
services.12

This	 chapter	 first	 reviews	 the	 effects	 of	 cytotoxic	 agents	 in	men,	women,	 and	 children.	Next,	 the	 effects	 of
cranial	irradiation	with	respect	to	gonadal	dysfunction	are	addressed.	Subsequently,	the	preservation	of	fertility	in
males	 and	 females	 is	 reviewed	 in	 the	 context	 of	 both	 standard	 of	 clinical	 care	 and	 experimental	 technologies.
Finally,	the	genetic	and	pregnancy	outcome	concerns	after	treatment	are	addressed.



TABLE	133.1
Impact	of	Cancer	and	Cancer	Therapy	on	the	Reproductive	System

Tumor Direct	gonadal	involvement

Reproductive	tract	involvement

Hypothalamic	and	pituitary	involvement

Concern	about	heritability	of	cancer	susceptibility

Surgery Removal	of	gonad

Genital	mutilation

Failure	of	emission	and	retrograde	ejaculation

Impotence	and	loss	of	orgasm

Radiotherapy	or	chemotherapy Germ	cell	depletion

Loss	of	gonadal	hormones

Mutagenic	changes	in	germ	cells

Teratogenic	effects	on	fetus

Chemotherapy Seminal	transmission	of	drug

Radiotherapy	(cranial) Loss	of	gonadotropic	hormones

EFFECTS	OF	CYTOTOXIC	AGENTS	ON	ADULT	MEN
Biologic	Considerations
The	 testis	 consists	of	 the	 seminiferous	 (or	germinal)	 epithelium	arranged	 in	 tubules	 and	endocrine	 components
(testosterone-producing	 Leydig	 cells)	 in	 the	 interstitial	 region	 between	 the	 tubules.	 The	 seminiferous	 tubules
contain	 the	 germ	 cells,	 which	 consist	 of	 stem	 and	 differentiating	 spermatogonia;	 spermatocytes;	 spermatids;
sperm;	 and	 the	Sertoli	 cells,	which	 support	 and	 regulate	 germ	 cell	 differentiation.	The	 testicular	 vasculature	 is
permeable,	and	drugs	can	freely	reach	the	Leydig	and	Sertoli	cells	and	the	spermatogonia,	which	are	at	the	outer
rim	of	the	tubules.	Many	chemotherapeutic	drugs	may	penetrate	the	Sertoli	cell	barrier,	albeit	at	a	lower	intensity,
and	damage	late-stage	germ	cells.13

Among	 the	 germ	 cells,	 the	 differentiating	 spermatogonia	 proliferate	 most	 actively	 and	 are	 extremely
susceptible	to	cytotoxic	agents.	In	contrast,	the	Leydig	and	Sertoli	cells,	which	do	not	proliferate	in	adults,	survive
most	 cytotoxic	 therapies.	 These	 cells,	 however,	 may	 suffer	 functional	 damage.	 Frequently,	 after	 cytotoxic
therapies,	germ	cells	appear	to	be	absent	and	the	tubules	contain	only	Sertoli	cells,	a	state	described	as	germinal
aplasia.	This	could	be	a	result	of	killing	of	the	spermatogenic	stem	cells,	the	loss	of	the	ability	of	the	somatic	cells
to	support	the	differentiation	of	a	few	surviving	stem	cells,	or	a	combination	of	the	two.

After	cytotoxic	treatment,	sperm	count	diminishes	with	a	time	course	that	depends	on	the	sensitivities	of	 the
different	 spermatogenic	 cells	 and	 their	 kinetics	 of	 maturation	 to	 sperm.14	 Because	 the	 later	 stage	 germ	 cells
(spermatocytes	onward)	are	relatively	insensitive	to	killing	and	progress	through	spermatogenesis,	sperm	count	is
not	immediately	affected.	However,	these	later	stage	cells	are	susceptible	to	the	induction	of	mutagenic	damage,
and	studies	in	rodents	have	shown	they	can	transmit	mutations	induced	in	their	DNA	to	the	next	generation.15	The
eventual	recovery	of	sperm	production	depends	on	the	survival	of	the	spermatogonial	stem	cells	and	their	ability
to	differentiate.	Surviving	stem	cells	can	 remain	 in	 the	 testis	but	 fail	 to	differentiate	 to	 sperm	for	 several	years
after	cytotoxic	insult.16	It	is	important	to	note	that	human	studies	have	not	necessarily	shown	an	increased	rate	of
congenital	anomalies.7,8

The	loss	of	germ	cells	has	secondary	effects	on	the	hypothalamic–pituitary–gonadal	axis.	Inhibin	secretion	by
the	Sertoli	cells	declines,	and	because	inhibin	limits	follicle-stimulating	hormone	(FSH)	secretion	by	the	pituitary,
serum	FSH	rises.	Germinal	aplasia	reduces	testis	size,	and	testicular	blood	flow	is	consequently	reduced,	which
results	 in	 the	 distribution	 of	 less	 testosterone	 into	 the	 circulation	 (Table	 133.2).17	 Because	 testosterone	 is	 a
negative	 regulator	 of	 luteinizing	 hormone	 (LH)	 secretion	 by	 the	 pituitary	 and	LH	 is	 the	 primary	 stimulator	 of
testosterone	synthesis	by	the	Leydig	cells,	LH	increases	to	maintain	constant	serum	testosterone	levels.
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Characteristics	of	Gonadal	Toxicity
Although	 subnormal	 semen	 profiles,	 ejaculatory	 dysfunction,	 and	 low	 libido	 can	 often	 be	 results	 of	 cancer
treatment,	a	thorough	examination	should	be	done	to	determine	whether	symptoms	of	these	problems	might	have
been	 present	 before	 treatment.	 A	 sexual	 and	 reproductive	 history	 should	 be	 taken,	 including	 information	 on
developmental	factors	such	as	ages	at	testicular	descent	and	puberty;	surgery	or	injury	to	the	genitals;	diseases	that
might	 affect	 reproduction;	 drug,	 chemical,	 or	 heat	 exposure;	 and	 pretreatment	 fertility	 and	 libido	 status.	 A
physical	examination	should	consist	of	an	examination	of	the	testicles	and	secondary	sexual	characteristics	such	as
beard	 and	 hair	 distribution	 pattern.	 If	 there	 are	 indications,	 a	 semen	 analysis	 and	 a	 hormone	 profile	 should	 be
done,	and	results	should	be	compared	with	normal	values	(see	Table	133.2).

Cytotoxic	therapies	in	the	form	of	chemotherapy	or	radiation	can	have	varying	effects	on	the	sperm	quantity
and	 quality.	 Sperm	 counts	 are	 reduced	 primarily	 because	 spermatogonia,	 which	 are	 rapidly	 dividing	 cells,	 are
sensitive	 to	 the	 effects	 of	 radiation	 and	many	 cytotoxic	 chemotherapy	 drugs.18	A	 study	 of	 testicular	 germ	 cell
cancer	patients	looked	at	patients	treated	with	less	than	or	equal	to	two	cycles	of	chemotherapy,	more	than	two
cycles	of	chemotherapy,	and	irradiation.19	For	all	 three	groups,	 the	sperm	count	nadir	was	reached	at	3	months
after	 treatment.	 This	 is	 expected	 because	 it	 is	 the	 time	 required	 for	 differentiating	 spermatogonia	 to	 become
sperm.	In	the	group	of	patients	treated	with	two	or	fewer	cycles	of	bleomycin,	etoposide,	and	cisplatin	(BEP),	the
sperm	counts	returned	to	pretreatment	levels	by	12	months,	whereas	in	the	other	two	groups,	it	took	24	months	to
return	 to	 pretreatment	 levels.	 Another	 study	 showed	 similar	 results,	 with	 the	 beginning	 of	 normalization	 of
seminal	parameters	by	approximately	18	months	after	treatment.20

TABLE	133.2
Typical	Clinical	and	Laboratory	Features	for	Diagnosis	of	Male	Reproductive	Dysfunction

	

Testis	Size Serum	Hormone	Levels

Length	×	Width
(cm) Volume	(mL)

Sperm	Count
(millions/mL)

Follicle-
Stimulating
Hormone
(mIU/mL)

Hormone
(mIU/mL)

Testosterone
(ng/dL)

Normal	men 5.0	×	3.0 15–25 20–100+ 1–12 2–12 300–1,200

Germinal	aplasia 3.7	×	2.3 8–15 0 >20 >12 200–700

TABLE	133.3
Effects	of	Different	Antitumor	Agents	on	Sperm	Production	in	Men

Agents	(Cumulative	Dose	for	Effect) Effect
Radiation	(2.5	Gy	to	testis) Prolonged	azoospermia

Chlorambucil	(1.4	g/m2) 	

Cyclophosphamide	(19	g/m2) 	

Procarbazine	(4	g/m2) 	

Melphalan	(140	mg/m2) 	

Cisplatin	(500	mg/m2) 	

Carmustine	(1	g/m2) Azoospermia	in	adulthood	after	treatment	before	puberty

Lomustine	(500	mg/m2) 	

Busulfan	(600	mg/m2) Azoospermia	likely	but	always	given	with	other	highly	sterilizing
agents

Ifosfamide	(42	g/m2) 	

Carmustine	(300	mg/m2) 	

Nitrogen	mustard 	

Dactinomycin 	

Carboplatin	(2	g/m2) Prolonged	azoospermia	not	often	observed	at	indicated	dose



Doxorubicin	(Adriamycin)	(770	mg/m2) Can	be	additive	with	mentioned	agents	in	causing	prolonged
azoospermia	but	causes	only	temporary	reductions	in	sperm
count	when	not	combined	with	mentioned	agents

Thiotepa	(400	mg/m2) 	

Cytosine	arabinoside	(1	g/m2) 	

Vinblastine	(50	g/m2) 	

Vincristine	(8	g/m2) 	

Amsacrine,	bleomycin,	dacarbazine,	daunorubicin,	epirubicin,
etoposide,	fludarabine,	5-fluorouracil,	6-mercaptopurine,
methotrexate,	mitoxantrone,	thioguanine

Only	temporary	reductions	in	sperm	count	at	doses	used	in
conventional	regimens,	but	additive	effects	are	possible

Prednisone Unlikely	to	affect	sperm	production

Interferon-α No	effects	on	sperm	production

The	 induced	 azoospermia	 can	 be	 either	 temporary	 or	 prolonged,	 depending	 on	 the	 survival	 of	 stem
spermatogonia	and	their	ability	to	proliferate,	differentiate,	and	produce	spermatozoa,	which	in	turn	depends	on
the	nature	of	the	cytotoxic	agent	and	dose	(Table	133.3).21–24	If	treatment	is	limited	to	the	cytotoxic	agents	that	do
not	kill	stem	spermatogonia	or	block	their	differentiation,	normospermia	is	usually	restored	within	3	months	after
the	cytotoxic	 therapy.	However,	 if	agents	 that	kill	 stem	spermatogonia	or	affect	differentiation	are	used,	 longer
periods	of	azoospermia	ensue.16,25

To	evaluate	the	effects	of	cytotoxic	therapy,	one	must	consider	the	initial	gonadal	status.	Men	with	testicular
germ	cell	tumors	have	impaired	semen	quality	even	before	cytotoxic	therapy	is	instituted.	Approximately	65%	are
oligospermic	(counts	<20	million/mL),	and	approximately	20%	are	azoospermic,26	whereas	the	values	are	9%	and
1%,	 respectively,	 in	 control	 populations.	 In	 half	 of	 the	 patients	 with	 reduced	 semen	 quality,	 this	 impaired
testicular	 function	 is	a	 result	of	abnormalities	 in	 the	remaining	gonad,	such	as	carcinoma	in	situ	or	a	history	of
cryptorchidism.	 In	 the	 other	 half,	 it	 may	 be	 a	 result	 of	 reversible	 factors	 such	 as	 chorionic	 gonadotropin
production	by	the	tumor	with	resulting	increases	in	estradiol	levels	or	the	trauma	of	the	recent	orchiectomy.27	In
addition,	emission	and	ejaculation	may	have	been	compromised	by	earlier	RPLND	so	that	the	sperm	density	may
not	accurately	reflect	gonadal	function.28	In	contrast	to	the	severe	dysfunction	seen	in	cases	of	testicular	cancer,	in
Hodgkin	lymphoma,	between	16%	and	50%	of	patients	are	oligospermic,	only	2%	to	8%	are	azoospermic,	and	the
distribution	 of	 counts	 in	 the	 remainder	 is	 not	 significantly	 different	 from	 normal.29,30	 Poor	 semen	 quality	was
more	prevalent	in	patients	with	advanced	than	with	early-stage	Hodgkin	lymphoma,	but	specific	risk	factors	have
not	been	identified.	In	patients	with	other	lymphomas	and	sarcomas,	pretreatment	sperm	counts	tend	to	be	normal
except	for	similar	modest	increases	in	the	incidence	of	oligospermia.16,25

The	age	at	treatment	is	not	a	major	factor	in	recovery	from	gonadal	damage	in	men.	Most	studies	have	failed	to
show	any	age	 effect,16,25	 but	 a	 few	have	 indicated	 increased	 testicular	 damage	 after	 cytotoxic	 therapy	 in	 older
men.31

Individual	Drugs
The	 most	 sterilizing	 drugs	 are	 the	 alkylating	 agents	 (with	 the	 exception	 of	 dacarbazine)	 and	 cisplatin.	 The
cumulative	dose	appears	to	be	more	important	 than	the	dose	rate	in	determining	whether	sperm	production	will
recover	(Table	133.4;	see	Table	133.3).	Chlorambucil32	 and	cyclophosphamide33	 induce	prolonged	azoospermia
when	 given	 alone.	 The	 gonadal	 toxicities	 of	 other	 agents	 have	 generally	 been	 deduced	 from	 the	 effects	 of
combination	regimens;	the	doses	given	might	be	underestimates	because	there	may	be	additive	contributions	from
other	drugs	in	the	regimen.	Procarbazine34	and	cisplatin	in	high	doses35	are	also	highly	sterilizing.	Busulfan	has	an
additive	 effect	 on	 the	 sterility	 resulting	 from	 cyclophosphamide	 treatment.36	 The	 addition	 of	 high	 doses	 of
ifosfamide	 (46	 g/m2)	 to	 cisplatin-containing	 chemotherapy	 regimens	 significantly	 reduced	 the	 recovery	 of
spermatogenic	 function.37	 Carboplatin,	 an	 analog	 of	 cisplatin,	 appeared	 in	 the	 same	 combination	 regimens	 to
produce	 less	 sterility	 than	 cisplatin.26	 The	 treatment	 of	 boys	with	 carmustine	 (BCNU)	 and	 lomustine	 (CCNU)
produced	 prolonged	 azoospermia,38	 and	 it	 is	 likely,	 but	 not	 proven,	 that	 the	 same	would	 occur	 in	 adults.	 The
agents	 that	 have	 only	 temporary	 effects	were	 also	 identified	 from	 single-agent	 and	 combination	 chemotherapy
regimens.	Agents	that	do	not	induce	prolonged	azoospermia	if	given	alone,	but	may	have	additive	effects	if	given
with	 the	 more	 gonadotoxic	 drugs	 listed	 earlier,	 include	 anthracyclines	 (doxorubicin),	 microtubule	 inhibitors
(vinblastine),	 and	 antimetabolites	 (cytarabine).18	 Other	 drugs,	 which	 primarily	 affect	 differentiating
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spermatogonia	 and	 not	 stem	 cells,	 only	 appear	 to	 induce	 a	 temporary	 reduction	 in	 sperm	 counts.	 These	 drugs
include	 amsacrine,	 daunorubicin,	 mitoxantrone,	 thioguanine,	 6-mercaptopurine,	 methotrexate,	 5-fluorouracil,
vincristine,	taxanes,	bleomycin,	and	dacarbazine	(the	only	alkylating	agent	with	this	effect).18	Data	on	the	effect
of	 biologic	 therapies	 on	 the	 male	 reproductive	 system,	 which	 have	 gained	 more	 widespread	 use	 in	 cancer
treatment,	are	currently	lacking	or	contradictory.18

Radiation	Therapy
The	effects	of	 radiation	on	 the	 testes	depend	on	 the	 fractionation	 regimen.	Whereas	 in	all	other	organ	systems,
fractionation	of	radiation	reduces	the	damage,	radiation	doses	to	the	germinal	epithelium	of	the	testis	given	in	3-
to	 7-week	 fractionated	 courses	 cause	 more	 gonadal	 damage	 than	 single	 doses.39	 In	 the	 usual	 fractionated
regimens,	doses	to	the	testes	above	0.15	Gy	are	required	to	produce	any	reduction	in	sperm	count.	Doses	between
0.15	and	0.5	Gy	cause	oligospermia.40	Above	0.6	Gy,	azoospermia	occurs.	The	duration	of	azoospermia	is	dose
dependent,	and	recovery	can	begin	within	1	year	after	doses	of	less	than	1	Gy,	but	not	until	more	than	2	years	after
delivery	of	2	Gy.	Cumulative	doses	of	fractionated	radiotherapy	of	more	than	2.5	Gy	generally	result	in	prolonged
and	 likely	permanent	azoospermia.	However,	after	a	 single	dose	of	8	Gy	or	 fractionated	doses	of	10	 to	13	Gy,
given	 as	 total-body	 irradiation	 in	 preparation	 for	 bone	 marrow	 transplantation,	 sometimes	 also	 with
cyclophosphamide	(4.5	g/m2),	spermatogenesis	eventually	recovers	in	15%	of	the	patients.24

TABLE	133.4
Probability	of	Germinal	Aplasia	in	Men	Treated	with	Different	Combination	Chemotherapy
Regimens

Regimen Disease Courses	or	Dose

Patients	with
Prolonged
Azoospermia	(%)

High-Dose	or	Moderately	High-Dose	Alkylating	Agents
MOPPd	or	MVPPd Hodgkin	lymphoma ≥6	courses 85

CyOPPd Hodgkin	lymphoma 4–9	courses 100

I,	Pl,	A,	Mx Osteosarcoma I	=	46	g/m2

Pl	=	560	mg/m2
75

BuCy	+	HSCT Leukemia,	lymphoma Cy	=	4.4	g/m2 50

BuTT	+	HSCT 	 Bu	=	600	mg/m2	or	TT	=	400	mg/m2 	

BcECaMl	+	HSCT Lymphoma Bc	=	300	mg/m2

Ml	=	140	mg/m2	+	prior	treatment
100

MOPPd/ABVD Hodgkin	lymphoma 6–9	courses 50

CyOPPd/ABVD,	X Hodgkin	lymphoma 6–9	courses 85

ChlVPP/EVA Hodgkin	lymphoma 6–8	courses 95

CyAOPd-B Lymphoma Cy	<9.5	g/m2

Cy	>9.5	g/m2
17
50

E,	Ep,	B,	Cy,	Pd	(VEBEP) Hodgkin	lymphoma Cy	=	8	g/m2 40

CyVAD	or	CyAD Sarcoma Cy	<7.5	g/m2

Cy	>7.5	g/m2
30
90

Nonalkylating	or	Low-Dose	Alkylating	Agents
Cy,	A,	Mx Sarcoma Cy	=	5.6	g/m2 20

MOPPd Hodgkin	lymphoma 2	courses 0

ABVD,	X Hodgkin	lymphoma 6	courses 0

NOVPd,	X Hodgkin	lymphoma 3	courses 0

Bc,	Cy,	Ca,	L,	Mp,	TG Leukemia Cy	=	5.1	g/m2 0

Platinum 	 	 	

PlVB Testicular	cancer Pl	≤400	mg/m2 10
50



Pl	=	400	mg/m2

PlVB-I Testicular	cancer Pl	=	400	mg/m2

I	=	30	g/m2
55

PlEB Testicular	cancer Pl	≤300	mg/m2

Pl	=	400	mg/m2
0
25

CbEB Testicular	cancer Cb	=	1.6	g/m2 20

Pl,	A,	D Osteosarcoma Pl	<600	mg/m2

Pl	≥600	mg/m2
5
55

M,	 mechlorethamine	 (nitrogen	 mustard);	 O,	 vincristine	 (Oncovin);	 P,	 procarbazine;	 Pd,	 prednisone;	 V,	 vinblastine;	 Cy,
cyclophosphamide;	 I,	 ifosfamide;	Pl,	cisplatin;	A,	doxorubicin	(Adriamycin);	Mx,	methotrexate;	Bu,	busulfan;	HSCT,	hematopoietic
stem	 cell	 transplantation;	 TT,	 thiotepa;	 Bc,	 BCNU	 (carmustine);	 E,	 etoposide;	 Ca,	 cytosine	 arabinoside;	 Ml,	 melphalan;	 B,
bleomycin;	D,	 dacarbazine;	X,	 radiotherapy;	Chl,	 chlorambucil;	 Ep,	 epirubicin;	N,	mitoxantrone	 (Novantrone);	 L,	 L-asparaginase;
Mp,	6-mercaptopurine;	TG,	thioguanine;	Cb,	carboplatin.

Testicular	androgen	production	is	relatively	resistant	to	irradiation;	doses	of	over	18	Gy	are	required	before	an
effect	 is	 evident,	 and	major	 damage	 does	 not	 occur	 until	 the	 dose	 exceeds	 30	 Gy.41	 The	 radiation-associated
impotence	after	such	treatments	is	likely	a	result	of	vascular	damage.

Combination	Regimens
The	sterilizing	potential	of	each	combination	chemotherapy	or	chemotherapy	plus	radiotherapy	regimen	is	due	to
the	 additive	 effects	 of	 the	 doses	 of	 the	 individual	 agents	 given	 (see	 Table	 133.3);	 there	 is	 no	 evidence	 for
synergistic	interactions	between	the	agents.	Although	it	is	impossible	to	predict	whether	sperm	production	in	any
given	man	will	 recover,	 the	probability	of	prolonged	azoospermia	has	been	determined	 for	many	combinations
(see	Table	133.4).	The	sterilizing	potential	of	new	regimens	can	be	predicted	from	the	information	in	Table	133.3
and	 the	 results	 found	 with	 similar	 combinations.	 The	 additive	 effects	 of	 agents	 can	 be	 seen	 in	 the	 case	 of
cyclophosphamide.	When	cyclophosphamide	is	given	alone,	a	dose	of	19	g/m2	is	required	to	produce	prolonged
sterility	in	half	the	men,	but	a	dose	of	only	15	g/m2	 is	required	when	cyclophosphamide	is	given	with	a	median
doxorubicin	 dose	 of	 450	 mg/m2	 in	 the	 cyclophosphamide,	 doxorubicin,	 vincristine,	 and	 prednisone	 (CHOP)
regimen,	and	a	dose	of	only	11	mg/m2	is	required	when	it	is	given	with	a	median	doxorubicin	dose	of	880	mg/m2

in	the	cyclophosphamide,	vincristine,	doxorubicin,	and	dacarbazine	(CyVAD)	regimen.16,25

EFFECTS	OF	CYTOTOXIC	AGENTS	ON	ADULT	WOMEN
Biologic	Considerations
Gonadal	cell	kinetics	 in	women	are	opposite	 to	 those	 in	men:	The	germ	cells	are	nonproliferative,	whereas	 the
somatic	cells	are	proliferate.	Female	germ	cells	only	proliferate	prenatally	and,	by	birth,	are	arrested	at	the	oocyte
stage.	At	birth,	there	are	1	million	oocytes,	which	are	reduced	to	300,000	at	puberty	and	to	less	than	1,000	oocytes
when	menopause	occurs	at	approximately	age	50	years.42

Before	 recruitment	 to	 the	 process	 leading	 to	 ovulation,	 oocytes	 are	 found	 in	 primordial	 follicles	 with	 few
pregranulosa	cells,	 surrounded	by	 theca	cells	of	 the	ovarian	stroma.	The	stimulus	 for	 the	 initiation	of	 follicular
maturation	 depends	 on	 local	 growth	 factors,	 not	 the	 gonadotropic	 hormones.	 Once	 a	 follicle	 is	 recruited	 into
growth,	it	develops	until	it	either	degenerates	or	ovulates.	Follicular	maturation	is	characterized	by	proliferation	of
granulosa	 cells	 and	 the	 development	 of	 steroidogenic	 potential	 of	 both	 the	 theca	 and	granulosa	 cells.	Estrogen
production	involves	the	stimulation	of	both	these	cell	types	by	LH	and	FSH	and	causes	the	LH	surge	that	triggers
ovulation.	The	cyclic	variations	in	FSH,	LH,	and	estradiol	are	essential	for	menstrual	cycles	and	reproduction.

Because	 the	 destruction	 of	 oocytes	 results	 in	 loss	 of	 follicles,	 germ	 cell	 loss	 leads	 directly	 to	 estrogen
insufficiency.	Radiation	and	chemotherapy	appear	 to	cause	 this	germ	cell	 loss	by	direct	apoptotic	action	on	 the
oocytes	in	mouse	models.43	Although	the	direct	action	on	oocytes	may	be	the	dominant	mechanism	in	the	most
gonadotoxic	agents,	other	mechanisms	such	as	effects	on	granulosa	cells,	surrounding	stroma,	and	blood	vessels
may	 indirectly	 affect	 the	 oocyte.44	 When	 maturing	 follicles	 are	 destroyed	 by	 cytotoxic	 therapy,	 the	 result	 is
oligomenorrhea	or	 temporary	amenorrhea.	 If	 the	number	of	primordial	 follicles	 is	 reduced	below	 the	minimum
necessary	for	menstrual	cyclicity,	 irreversible	ovarian	failure	 and	menopause	 (>12	months	without	a	menstrual
period)	occur.
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Characteristics	of	Gonadal	Toxicity
Because	the	size	of	the	germ	cell	population	in	women	cannot	be	determined,	menstrual	and	reproductive	histories
are	important	in	assessing	the	effects	of	cytotoxic	therapy	on	ovarian	function.	Information	on	the	patient’s	sexual
function	 and	 menstrual	 histories	 during	 and	 after	 therapy	 is	 particularly	 useful	 (Table	 133.5).45	 Because	 the
mechanisms	of	temporary	and	irreversible	treatment-related	amenorrhea	are	different,	a	posttreatment	follow-up
must	be	given	to	evaluate	the	significance	of	the	outcome.	To	determine	if	effects	are	related	to	cytotoxic	therapy,
pretherapy	 ovarian	 function	 should	 be	 evaluated	 from	 the	 history	 of	menarche,	menses,	 pregnancies,	 and	 oral
contraceptive	use.	The	symptoms	of	recent	primary	ovarian	failure,	including	hot	flashes,	night	sweats,	insomnia,
mood	 swings,	 irritability,	 vaginal	 dryness,	 dyspareunia,	 decreased	 libido,	 and	 bladder	 infection,	 should	 be
recorded.	 Laboratory	measurements	 of	 hormone	 levels	 are	most	 definitive	 in	 the	 diagnosis	 of	 primary	 ovarian
failure.	 FSH	 level	 is	 the	 most	 sensitive,	 but	 LH	 and	 estradiol	 levels	 are	 also	 useful	 (see	 Table	 133.5).
Antimüllerian	 hormone	 (AMH),	 a	 hormone	 produced	 by	 growing	 follicles	 from	 the	 primary	 to	 antral	 stage,	 is
another	hormone	 that	 can	be	used	 to	determine	ovarian	 reserve	by	 inferring	 the	number	of	primordial	 follicles
present.	AMH	has	been	shown	to	be	a	useful	marker	of	ovarian	reserve	in	both	prepubertal	and	postpubertal	girls
after	gonadotoxic	treatments.46	The	physical	symptoms	and	the	changes	in	hormone	levels	associated	with	ovarian
failure	may	be	masked	by	oral	contraceptive	use	or	hormone	replacement	therapy.

Cytotoxic	 therapy	 often	 induces	 temporary	 amenorrhea,	which	may	 occasionally	 last	 several	 years.47	 Some
patients	 with	 treatment-induced	 temporary	 amenorrhea	 do	 display	 menopausal	 symptoms.	 The	 permanent
amenorrhea	may	begin	 during	 chemotherapy	or,	 subsequently,	 after	 several	 years	 of	 oligomenorrhea.48	Factors
resulting	in	temporary	amenorrhea	during	treatment	appear	to	be	age	independent.49	In	contrast,	the	incidence	of
permanent	 treatment-induced	 amenorrhea	 (ovarian	 failure)	 dramatically	 and	 continuously	 increases	with	 age	 at
treatment	(Tables	133.6and	133.7),	as	expected	from	the	decreasing	number	of	follicles	with	increasing	age.

Childhood	cancer	survivors	who	retain	ovarian	function	after	treatment	have	an	increased	relative	risk	of	13	for
developing	 premature	 menopause.50	 When	 women	 age	 13	 to	 19	 years	 are	 treated	 with	 alkylating	 agent
chemotherapy	and	radiotherapy	below	the	diaphragm,	their	median	age	at	menopause	is	32	years,	compared	with
44	years	for	women	treated	with	either	radiotherapy	or	chemotherapy	alone	and	49	years	for	controls.51

TABLE	133.5
Periodic	Evaluation:	Children’s	Oncology	Group

	 Male Female
History Pubertal	(onset,	tempo) Pubertal	(onset,	tempo)

Sexual	function	(erections,	nocturnal	emissions,	libido) Sexual	function	(vaginal	dryness,	libido)

Medication	use	impacting	sexual	function Medication	use	impacting	sexual	function

Frequency:	yearly Menstrual/pregnancy	history

	 Frequency:	yearly
Physical Tanner	staging Tanner	staging

Testicular	volume	by	Prader	orchidometry Frequency:	yearly	until	sexually	mature
Frequency:	yearly	until	sexually	mature 	

Screening FSH FSH

LH LH

Testosterone Estradiol

Frequency:	baseline	at	age	14	y	and	as	clinically
indicated	in	patients	with	delayed	puberty	and/or	clinical
signs	and	symptoms	of	testosterone	deficiency

Frequency:	baseline	at	age	13	y	and	as	clinically
indicated	in	patients	with	delayed	puberty,	irregular
menses,	primary	or	secondary	amenorrhea,	and/or
clinical	signs	and	symptoms	of	estrogen	deficiency

Semen	analysis 	

Frequency:	as	requested	by	patient	and	for	evaluation	of
infertility;	periodic	evaluation	over	time	recommended	as
resumption	of	spermatogenesis	can	occur	up	to	10	y
after	therapy

	

FSH,	follicle-stimulating	hormone;	LH,	luteinizing	hormone.



Cytotoxic	therapy–induced	ovarian	failure	accelerates	bone	density	loss.	However,	when	only	chemotherapy	is
used,	some	residual	ovarian	function	may	be	present	despite	 the	menopausal	state,	and	 the	rate	of	bone	density
loss	is	less	than	when	pelvic	radiotherapy	is	used.52

TABLE	133.6
Effects	of	Different	Cytotoxic	Agents	on	Ovarian	Function

Agent Prepuberty Age	20	y Age	35	y Age	45	y
Cumulative	Doses	to	Cause	Permanent	Ovarian	Failure
Cyclophosphamide >48	g 20–50	g 6–10	g 5	g

Melphalan — >240	mg/m2 >510	mg/m2 340	mg/m2

Busulfan 600	mg/m2 <600	mg/m2 <600	mg/m2 —

Chlorambucil >3	g >1.5	g >1	g 1	g

Mitomycin	C — — ≥30	g ≥30	g

Radiation 12	Gy 7	Gy 3	Gy <2	Gy

Incidence	of	Permanent	Ovarian	Failure	(%)

Cyclophosphamide	(7.4	g/m2) 0 0 60 —

Radiation	(pelvic)	(4–5	Gy) <10 40 90 95

Radiation	(total-body	irradiation)	(10	Gy) 40 75 100 100

Individual	Drugs
In	women,	as	 in	men,	alkylating	agents	appear	 to	be	 the	most	 likely	 to	produce	permanent	gonadal	 failure	 (see
Table	 133.6).	 The	 cumulative	 dose	 appears	 to	 be	more	 important	 than	 the	 dose	 rate,	 as	 evidenced	 by	 similar
incidences	of	ovarian	failure	in	women	who	received	similar	total	doses	of	cyclophosphamide,	given	either	daily
over	several	months53	or	within	4	days.54	High	doses	of	cisplatin	(≥600	mg/m2)	also	produce	permanent	ovarian
failure.55	Procarbazine	 is	 likely	 to	be	highly	sterilizing	 inasmuch	as	permanent	ovarian	failure	 is	observed	after
treatment	with	several	different	procarbazine-containing	combinations	(see	Table	133.7).

Nonalkylating	agents	are	thought	to	be	far	less	likely	to	induce	permanent	ovarian	failure.	No	ovarian	failure
was	 observed	with	 5-fluorouracil	 (30	 g),53	methotrexate	 (200	g)	plus	vincristine	 (40	g),56	 etoposide	 (5	g),57	 or
cisplatin	 (<450	 mg/m2)	 plus	 doxorubicin	 (<400	 mg/m2)55	 in	 women	 aged	 15	 to	 35	 years.	 Doxorubicin	 (300
mg/m2),	bleomycin,	vincristine,	and	dacarbazine	(ABVD)	do	not	appear	 to	 induce	ovarian	 failure	because	none
was	observed	after	this	treatment	of	women	up	to	age	41	years.58

TABLE	133.7
Probability	of	Ovarian	Failure	in	Postmenarchal	Women	Treated	with	Combination
Chemotherapy	Regimens	Containing	Alkylating	Agents

Regimen Disease Courses	or	Doses Permanent	Age	(y)
Incidence	of	Ovarian
Failure	(%)

MOPPd	or	MVPPd Hodgkin	lymphoma Approximately	6
courses
P	=	approximately	6
g/m2

25
35

15
85

MOPPd/ABVD Hodgkin	lymphoma 6	courses
P	=	4.2
g/m2

25 0

CyOPPd Hodgkin	lymphoma Cy	=	8	g/m2

P	=	8	g/m2
<24
>24

28
86

ChlVPP/EVA Hodgkin	lymphoma 6–8	courses
P	=	4	g/m2

Chl	=	300	mg/m2

25
36

0
100
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Cy	(alone)	+	HSCT Aplastic	anemia Cy	=	7.4	g/m2 13–58 50

BuCy	+	HSCT Leukemia Bu	=	600	mg/m2

Cy	=	7.4	g/m2
14–57 99

BuMl	+	HSCT Various Bu	=	600	mg/m2

Ml	=	140	mg/m2
9–17 100

FACy Breast	cancer Cy	=	13	g/m2 <34
>39

0
100

CyMxF Breast	cancer Cy	=	34	g/m2 <30
>35

0
100

CyAMx Sarcoma Cy	=	5.3	g/m2 <35
>40

0
100

M,	mechlorethamine	 (nitrogen	mustard);	O,	vincristine	 (Oncovin);	P,	procarbazine;	Pd,	prednisone;	V,	vinblastine;	A,	doxorubicin
(Adriamycin);	B,	bleomycin;	D,	dacarbazine;	Cy,	cyclophosphamide;	Chl,	chlorambucil;	E,	etoposide;	HSCT,	hematopoietic	stem	cell
transplantation;	Bu,	busulfan;	Ml,	melphalan;	F,	5-fluorouracil;	Mx,	methotrexate.

The	biologics	 and	 targeted	 therapies,	 as	 relatively	 new	 classes	 of	 drugs,	 still	 do	 not	 have	 enough	data	with
respect	to	their	effects	on	ovarian	reserve	after	treatment.	Although	studies	of	these	drugs	causing	a	direct	effect
on	 the	ovary	do	not	 exist,	 their	use	 for	potentially	many	years	 after	 initial	 chemotherapy	can	cause	an	 indirect
effect	on	fertility	via	aging.59	Because	these	drugs	are	contraindicated	during	pregnancy,	patients	are	required	to
delay	conception,	which	will	decrease	their	ovarian	reserve	and	oocyte	quality	over	time.

Radiation	Therapy
Radiation	therapy	induces	permanent	ovarian	failure	with	marked	age	dependence	in	sensitivity	(see	Table	133.6).
Irradiation	of	the	para-aortic	nodes	for	Hodgkin	lymphoma	results	in	cumulative	ovarian	doses	of	only	1.5	Gy	and
does	not	appear	to	interfere	with	menstruation	in	most	patients.60	Total	nodal	irradiation	for	Hodgkin	lymphoma
or	 pelvic	 radiation	 for	 cervical	 cancer	 results	 in	 an	 ovarian	 dose	 of	 4	 to	 5	 Gy	 when	 proper	 transposition
(oophoropexy)	and	shielding	of	 the	ovaries	are	performed,	which	preserves	 fertility	 in	some	younger	women.61
Total-body	 irradiation	 in	preparation	for	bone	marrow	transplantation	delivers	8	 to	12	Gy	to	 the	gonads,	which
destroys	 ovarian	 function	 in	 nearly	 all	 adult	 women.54,62	 Ovarian	 damage	 from	 radiation	 appears	 to	 be
independent	of	whether	it	is	given	in	one	or	six	fractions.36

Combination	Regimens
All	 combinations	 that	 include	 procarbazine	 and	 other	 alkylating	 agents	 (mechlorethamine,	 vincristine,
procarbazine,	 prednisone	 [MOPPd];	 CHOP;	 mechlorethamine,	 vinblastine,	 procarbazine,	 and	 prednisone
[MVPPd];	 and	 chlorambucil,	 vinblastine,	 procarbazine,	 and	 prednisone	 [ChlVPP])	 induce	 ovarian	 failure	 in
almost	all	older	women	and	even	in	some	younger	ones	(see	Table	133.7).	Ovarian	function	is	maintained	better
by	 reducing	 the	 doses	 of	 these	 drugs	 through	 use	 of	 the	 MOPPd/ABVD	 regimen.63	 Radiation	 and	 MOPPd
chemotherapy	 have	 additive,	 but	 not	 synergistic,	 effects,	 and	 the	 combination	 results	 in	 a	 higher	 incidence	 of
ovarian	failure	than	either	modality	alone.64

Similarly,	regimens	containing	cyclophosphamide	also	produce	ovarian	failure;	however,	the	age	dependence
obscures	 any	 possible	 dose	 dependence.	 The	 treatments	 used	 for	 leukemia,	 which	 involve	 lower	 doses	 of
cyclophosphamide	and	other	agents	that	do	not	destroy	primordial	follicles,	allow	for	the	recovery	of	menses	in
women	 younger	 than	 age	 35	 years.65	 Combination	 chemotherapy	 regimens	 without	 alkylating	 agents	 do	 not
produce	ovarian	failure.

EFFECTS	OF	CYTOTOXIC	AGENTS	ON	CHILDREN
Extent	of	Gonadal	Toxicity	in	Boys
The	germinal	epithelium	in	the	prepubertal	testis	is	not	any	more	resistant	to	cytotoxic	therapy	than	that	in	adults.
When	chemotherapy	doses	to	boys	are	expressed	appropriately	on	a	per-meter-squared	basis	and	radiation	doses
are	calculated,	the	sterilizing	effects	of	a	variety	of	chemotherapy66	and	radiotherapy67	regimens	can	be	predicted
based	on	of	their	effects	on	adult	testes	(see	Tables	133.3and	133.4).



As	in	adults,	radiation;	alkylating	agents	such	as	procarbazine,	cyclophosphamide,	chlorambucil,	BCNU,	and
CCNU;	and	cisplatin	are	the	most	sterilizing	and	produce	prolonged	and	sometimes	permanent	azoospermia.38,55
In	addition,	high	doses	of	doxorubicin	and	cytosine	arabinoside	are	additive	with	 the	aforementioned	agents	 in
producing	 gonadal	 damage.68	 Regimens	 lacking	 alkylating	 agents,	 such	 as	 some	 used	 for	 acute	 lymphocytic
leukemia,	can	even	allow	pubertal	progression	of	spermatogenesis	during	treatment.69

Most	chemotherapy	regimens	do	not	affect	Leydig	cell	function,	and	hence,	the	timing	of	pubertal	development
and	postpubertal	 testosterone	 levels	are	generally	normal.70	However,	busulfan	plus	cyclophosphamide,	used	 in
preparation	for	hematopoietic	stem	cell	transplantation,	appears	to	delay	puberty	in	approximately	30%	of	boys.47

Extent	of	Gonadal	Toxicity	in	Girls
Prepubertal	 girls	 appear	 to	 be	 less	 susceptible	 than	 young	 postpubertal	 women	 to	 cytotoxic	 therapy–induced
ovarian	 failure	 (see	 Table	 133.6).	 Furthermore,	 girls	 treated	with	 radiation	 and	 alkylating	 agents	 after	 puberty
have	about	a	10	times	greater	relative	risk	of	developing	early	menopause	versus	those	treated	before	puberty.71
Exposure	of	the	ovaries	to	high-dose	radiation,	alkylating	agents,	and	procarbazine	is	a	significant	risk	factor	for
acute	 ovarian	 failure	 in	 childhood	 cancer	 survivors.72	Radiation	 is	 the	most	 damaging	 agent	 to	 the	 prepubertal
ovary;	 20	 to	 30	Gy	 of	 radiation	 induces	 permanent	 ovarian	 failure	 in	 nearly	 all	 girls.73	 Doses	 of	 8	 to	 15	Gy,
usually	 with	 cyclophosphamide	 or	melphalan	 in	 preparation	 for	 bone	marrow	 transplantation,	 cause	 failure	 of
ovarian	function	and	pubertal	development	 in	50%	of	girls,74	with	younger	girls	being	 less	 sensitive	 than	older
ones.47	 Radiation	 doses	 of	 up	 to	 7	Gy	 do	 not	 cause	 ovarian	 failure	 or	 inhibit	 puberty67	 but	 can	 have	 additive
effects	if	chemotherapy	is	also	given.

Most	chemotherapy	regimens	do	not	cause	loss	of	primordial	follicles	or	failure	of	pubertal	development	and
menarche.	 This	 includes	 high	 doses	 of	 cyclophosphamide	 of	 up	 to	 48	 g,75	 various	 combination	 chemotherapy
regimens	used	to	treat	leukemia,	and	the	ABVD	regimen	for	Hodgkin	lymphoma.76	Even	MOPPd	or	nitrosourea
chemotherapy	 does	 not	 affect	 pubertal	 and	menstrual	 function	 development	 in	 90%	of	 girls.67,77	However,	 the
ChlVPP	regimen	produces	ovarian	failure	in	25%	of	girls,78	and	busulfan	plus	cyclophosphamide	inhibits	puberty
in	50%	of	girls.47

Besides	causing	ovarian	damage,	irradiation	for	solid	tumors	in	the	abdomen	(≥20	Gy	for	Wilms	tumor)	or	in
preparation	for	hematopoietic	stem	cell	transplantation	produces	irreversible	damage	to	uterine	growth	and	blood
flow	in	girls.79	This	damage	affects	achievement	and	outcome	of	pregnancy	later	in	life.80	 If	radiation	doses	are
not	too	high	(approximately	10	Gy,	as	in	total-body	irradiation	for	transplantation),	sex	steroid	replacement	can
improve	uterine	function.

GONADAL	DYSFUNCTION	AFTER	CRANIAL	IRRADIATION
Whereas	 gonadal	 irradiation	 causes	 primary	 hypogonadism,	 cranial	 irradiation	 is	 associated	 with	 secondary
hypogonadism	because	of	damage	to	the	hypothalamus	or	the	gonadotrophs	in	the	pituitary,	or	both.	In	patients
with	 pituitary	 or	 suprasellar	 lesions,	 gonadotropin	 deficiency	 is	 often	 present	 before	 antineoplastic	 therapy;
however,	patients	with	nasopharyngeal	cancer	or	brain	tumors	have	normal	hypothalamic–pituitary–gonadal	axes
until	 they	receive	therapeutic	irradiation	with	fields	encompassing	the	hypothalamic–pituitary	areas.	In	contrast,
none	of	the	cancer	chemotherapeutic	drugs	directly	impairs	hypothalamic	or	anterior	pituitary	function.

In	 children,	 prophylactic	 cranial	 irradiation	 with	 24	 Gy	 for	 leukemia	 does	 not	 affect	 LH	 or	 FSH	 pulsatile
secretion	 in	 the	 first	 6	 years,81	 but	 it	 does	 produce	 subtle	 effects	 that	 appear	 after	 puberty	 (Table	 133.8).82
However,	 in	the	shorter	 term,	they	may	indirectly	increase	LH	and	FSH	levels	and	cause	precocious	puberty	in
both	boys	and	girls.83	Because	irradiation	also	produces	growth	hormone	deficiency,	precocious	puberty	further
exacerbates	the	risk	of	decreased	adult	stature.	A	gonadotropin-releasing	hormone	(GnRH)	analog	can	be	given	to
delay	closure	of	the	epiphyseal	growth	plates,	and	with	growth	hormone	can	be	given	to	avoid	growth	stunting.

TABLE	133.8
Reproductive	Effects	of	Cranial	Irradiation

Radiation	Dose	to
Pituitary/Hypothalamus	(Gy) Disease Reproductive	Effects
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Childhood	Cancers
18–24 Leukemia Slightly	early	puberty	(girls)

Subtle	ovulatory	disorder	(after	puberty)

25–49 Retinoblastoma,	brain	tumors,	face
and	neck	cancers

Some	with	precocious	puberty	(both	sexes)
Higher	doses:	delay	of	puberty,	gonadotropin
deficiency	at	later	times,	failure	of	puberty

>50 Brain	tumors,	optic	glioma Some	show	gonadotropin	deficiency	(failure	to
undergo	puberty)

Cancers	in	Adults
10–13 Leukemia No	deficiencies	at	<5	y

20 Pituitary	tumors LH/FSH	deficiency:	30%	at	5	y;	40%	at	10	y

35–40 Pituitary	tumors LH/FSH	deficiency:	65%	at	5	y,	90%	at	10	y

40–70 Brain	tumors LH/FSH	deficiency:	60%	at	7	y

40–70 Nasopharyngeal,	paranasal	sinus
tumors

LH/FSH	deficiency:	15%–30%	at	5	y,	45%	at	>10
y

LH,	luteinizing	hormone;	FSH,	follicle-stimulating	hormone.

In	adults,	LH	and	FSH	secretion	decreases	after	cranial	irradiation,	and	the	decline	becomes	more	severe	with
increasing	treatment	dose	and	time	since	treatment.	This	results	in	oligomenorrhea	in	women	and	low	testosterone
levels	in	men.	Hyperprolactinemia	might	mediate	the	observed	gonadal	dysfunction	in	some	cases.84

PRESERVATION	OF	FERTILITY,	HORMONE	LEVELS,	AND	SEXUAL
FUNCTION
Choice	of	Regimens
It	is	sometimes	possible	to	choose,	among	nearly	equally	curative	regimens,	one	that	minimizes	the	doses	of	the
agents	 that	 are	 most	 sterilizing	 (see	 Tables	 133.3and	 133.6).	 The	 use	 of	 ABVD	 instead	 of	 MOPPd	 to	 treat
Hodgkin	lymphoma	has	dramatically	reduced	gonadal	toxicity	in	a	large	group	of	patients.85	 In	the	treatment	of
non-Hodgkin	 lymphoma,	 regimens	 that	 minimize	 the	 dose	 of	 cyclophosphamide,	 such	 as	 doxorubicin,
cyclophosphamide,	etoposide,	vincristine,	bleomycin,	and	prednisone,	produce	gonadal	failure	less	often	in	men
than	does	CHOP	with	bleomycin.86

Gonadal	Shielding	and	Oophoropexy
Except	when	the	gonads	must	be	 irradiated	because	of	actual	or	potential	neoplastic	 involvement,	 they	must	be
outside	the	field	or	shielded	from	the	direct	radiation	beam.	Nevertheless,	an	appreciable	radiation	dose	from	the
accelerator	 head,	 collimator	 scatter,	 or	 internal	 lateral	 scatter	may	 reach	 the	 gonads.	Although	moderately	 low
radiation	doses	may	be	achieved,	further	reductions	are	desirable	because	of	 the	possibilities	of	additive	effects
from	chemotherapy	and	genetic	damage	to	the	sperm.

Gonadal	dose	depends	on	the	distance	from	the	field	edge,	field	size,	and	photon	energy.	Pelvic	radiation	fields
result	in	significant	doses	to	the	testis.	Clamshell	or	other	shields	and	beam	blocking	can	reduce	testicular	doses
two-	to	fivefold	to	2	 to	3	Gy	for	 the	inverted	Y	field	used	for	Hodgkin	lymphoma	and	to	0.2	 to	0.8	Gy	for	 the
hemipelvic	field	used	for	seminoma.87

To	reduce	ovarian	dose,	an	oophoropexy,	in	which	the	ovaries	are	surgically	translocated	away	from	the	direct
beam,	can	be	performed.	That	region	is	further	shielded	using	lead	blocks.	Some	investigators	report	reductions	in
cumulative	ovarian	doses	to	4	to	5	Gy	during	total	nodal	irradiation,67	which	preserves	fertility	in	younger	women
(see	 Table	 133.6).61	 There	 is	 convincing	 evidence	 that	 moving	 the	 ovaries	 outside	 of	 the	 radiation	 field	 is
beneficial	in	preserving	ovarian	function	and	future	fertility	in	an	adult	population.88,89	There	is	also	evidence	that
this	 technique	can	preserve	 fertility	 in	girls	 treated	with	 radiation	 for	Hodgkin	 lymphoma	who	were	ultimately
able	 to	become	pregnant.90	With	advancement	 in	 the	 field	of	endoscopic	surgery,	 these	procedures	can	now	be
performed	laparoscopically91,92	or	robotically,93	allowing	for	a	shortened	hospital	stay,	earlier	mobilization,	and
earlier	return	to	normal	activity.



Sperm	Cryopreservation
Semen	 cryopreservation	 is	 an	 important	 procedure	 for	 preserving	 the	 fertility	 potential	 of	men	 after	 cytotoxic
treatment	for	cancer.94	The	significance	of	notifying	the	patient	of	the	potential	risk	of	iatrogenic	sterility	as	early
as	possible	cannot	be	overemphasized.95	Physicians	often	are	aware	early	during	the	diagnostic	process	that	 the
patient	 will	most	 likely	 need	 to	 receive	 potentially	 sterilizing	 cytotoxic	 therapy,	 although	 the	 exact	 diagnosis,
stage,	 and	 treatment	 regimen	 may	 not	 have	 yet	 been	 decided.	 About	 95%	 of	 providers	 mention	 fertility
preservation	prior	to	treatment	to	pediatric	and	adolescent	cancer	patients,	with	over	50%	recommending	sperm
banking.96	 This	 time	 should	 be	 used	 to	 initiate	 and	 complete	 the	 cryopreservation	 procedure.	 The	 number	 of
samples	to	be	banked	may	depend	on	how	much	time	is	available	before	starting	therapy,	sperm	quality,	and	the
cost	of	storing	samples.	A	collection	of	three	or	four	samples	with	approximately	48-hour	periods	of	abstinence
between	sampling	(a	total	of	more	than	5	days)	is	ideal.	With	current	assisted	reproductive	technologies,	however,
success	can	be	achieved	with	fewer	samples,	even	with	poor-quality	semen.	It	is	strongly	advisable	to	complete
sperm	 banking	 before	 starting	 therapy	 to	 avoid	 increased	 genetic	 damage	 in	 sperm	 collected	 after	 the	 start	 of
therapy.15	 It	 is	 even	 possible	 to	 obtain	 semen	 with	 normal	 characteristics	 from	 14-	 to	 17-year-old	 boys	 by
masturbation,97	 penile	 vibratory	 stimulation,	 or	 electroejaculation.98	 In	 addition,	 testicular	 sperm	 extraction	 is
successful	in	43%	of	pretreatment	cancer	patients	who	are	azoospermic,99	and	the	sperm	obtained	in	this	way	can
be	cryopreserved	and	used	in	intracytoplasmic	sperm	injection	(ICSI)	procedures.100	Testicular	samples	for	sperm
extraction	can	be	obtained	from	orchiectomy	or	biopsy	specimens	that	are	routinely	taken	from	testicular	cancer
patients	 if	 the	 surgeon	 is	 aware	 of	 the	 need	 and	 the	 processing	 procedures	 required	 for	 harvesting	 the	 sperm.
Although	still	an	area	with	more	clinical	validation	research	needed,	cryopreservation	of	immature	testicular	tissue
or	testicular	cell	suspension	in	prepubertal	boys	with	cancer	may	prove	to	be	another	suitable	alternative.101	The
fear	 of	 reintroducing	 malignant	 cells	 through	 a	 graft	 is	 real,	 especially	 given	 the	 limitations	 of	 current
technology.102	Furthermore,	variations	in	the	technique	of	cryopreservation	of	testicular	tissue	or	cell	suspension,
without	human	validation	of	the	technique,	make	it	difficult	to	predict	how	many	of	the	samples	frozen	thus	far
will	be	able	to	produce	viable	sperm	for	insemination	in	the	future.101

The	success	of	in	vitro	fertilization	(IVF)	and	ICSI	makes	cryopreservation	of	all	samples	containing	any	live
sperm	worthwhile.	Even	though	100%	of	oncologists	in	a	study	by	Zapzalka	et	al.103	reported	discussing	fertility
issues	with	their	patients,	Schover	et	al.94	found	that	only	60%	of	900	male	cancer	patients	surveyed	who	replied
stated	that	they	were	informed	about	fertility	issues	and	that	only	51%	stated	they	had	been	notified	about	sperm
banking.	 According	 to	Köhler	 et	 al.,104	 only	 36%	 of	 surveyed	 pediatric	 oncologists	 believe	 sperm	 banking	 is
affordable,	and	the	most	likely	reason	to	not	offer	it	is	poor	survival	prognosis.	The	cost	of	sperm	banking	three
samples,	including	analysis	and	storage	for	5	years,	is	between	$1,200	(at	a	university	medical	school	clinic)	and
$2,500	 (at	 some	 private	 sperm	 banks).	 Intrauterine	 insemination	 is	 the	 least	 expensive	 assisted	 reproductive
technology	 method	 (cost	 per	 cycle:	 $200	 to	 $500,	 plus	 $1,200	 for	 superovulation	 of	 the	 female	 partner,	 if
necessary),	but	the	sperm	count	and	quality	after	thawing	must	be	high,	and	conception	rates	are	lower	than	with
IVF.	If	sperm	count	or	motility	is	impaired	or	sample	amounts	are	limited,	IVF	is	necessary.	The	average	cost	of
IVF	is	approximately	$15,000	per	cycle.

Optimization	of	Fertility	After	Treatment
If	sperm	count	recovers	after	cancer	therapy,	it	usually	reaches	normospermic	levels.	However,	some	men	remain
oligospermic	 for	many	years.	Although	controlled	studies	have	not	been	done,	men	who	have	 recovered	sperm
production	appear	to	have	normal	fertility,	and	their	incidence	of	infertility	does	not	appear	to	be	any	higher	than
the	15%	rate	among	couples	in	the	general	population.	Furthermore,	cancer	patients	with	recovered	sperm	counts
ranging	from	just	below	1	million/mL	to	10	million/mL	are	able	to	successfully	father	children.23	Infertile	patients
with	oligospermia	 should	be	managed	 in	 the	 same	way	as	are	 those	 in	 the	general	population	with	male	 factor
infertility,	including	the	use	of	IVF	with	or	without	ICSI.105

Assisted	Reproductive	Technologies
Currently,	 the	 choices	 for	 preserving	 fertility	 in	 chemotherapy	 patients	 are	 limited	 (Table	 133.9).	 Some	 are
investigational,	 and	 all	 have	 demonstrated	 variable	 success.	 Fertility	 preservation	 can	 be	 attempted	 either	with
assisted	 reproductive	 technologies,	 gamete	 cryopreservation,	 or	 medical	 treatment.	 Assisted	 reproductive
technology	refers	to	in	vitro	handling	of	human	oocytes	and	sperm	or	embryos	for	the	purpose	of	establishing	a
pregnancy.	Techniques	for	gamete	preservation	include	sperm	cryopreservation,	oocyte	cryopreservation,	ovarian
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cortical	 cryopreservation,	 or	whole	 ovary	 cryopreservation.	Medical	 therapy	 includes	 treatment	with	 hormonal
agents	such	as	oral	contraceptive	pills,	progesterone,	and	GnRH	analogs.106–119

TABLE	133.9
Options	for	Fertility	Preservation

Males Females
Sperm	banking	prior	to	chemotherapy
Sperm	collection	via	masturbation	or	surgical	retrieval

Medical	treatment
GnRH	analogs	(agonists,	antagonists)

Testicular	cryopreservation	and	future	transplantation Ovarian	cryopreservation	and	future	transplantation
Cortical	strip
Whole	ovary

Assisted	reproductive	technology
Embryo	banking	(partner	sperm	or	donor	sperm)
Oocyte	banking	(cryopreservation	or	vitrification)

GnRH,	gonadotropin-releasing	hormone.

Assisted	 reproductive	 technology	 is	 still	 undergoing	 rapid	 advances	 and	 provides	 new	 options	 for	 cancer
survivors	with	gonadal	damage	to	achieve	fertility.	Previously,	intrauterine	insemination	following	cryopreserved
sperm	 had	 been	 the	 only	 fertility	 preservation	method	 available,	 and	 only	 30%	 of	men	who	 had	 stored	 high-
quality	semen	samples	were	able	to	achieve	pregnancy.120

Currently,	 IVF	with	 ICSI	 is	 the	most	 successful	method	 for	 achieving	pregnancy	 from	banked	 sperm.	 ICSI
makes	 it	possible	 to	use	a	 single	 spermatozoa	 to	achieve	oocyte	 fertilization	 through	 IVF.	This	 technology	has
revolutionized	the	treatment	of	male	infertility.121	ICSI	is	also	often	used	with	frozen	banked	sperm.	IVF	can	be
performed	to	create	embryos	that	can	be	frozen	and	stored	for	later	use.	Pregnancy	outcomes	vary	by	IVF	center
but	are	excellent	overall	with	frozen	embryo	transfers.	The	downside	of	IVF	is	that	a	single	cycle	can	take	2	to	3
weeks	 to	 complete	 and	 may	 delay	 cancer	 treatment.	 The	 use	 of	 “random-start”	 ovarian	 stimulation,	 which
involves	starting	the	IVF	ovarian	stimulation	upon	patient	presentation	instead	of	waiting	for	the	onset	of	menses,
has	been	 shown	 to	be	as	 effective	as	 conventional	ovarian	 stimulation	while	 reducing	 time	 to	cancer	 treatment
initiation.122,123

Women	with	estrogen-responsive	tumors	can	undergo	ovulation	induction	with	an	aromatase	inhibitor	either	as
a	solo	agent	or	as	an	adjunct	to	standard	stimulation	protocols.124,125	To	avoid	the	potential	risks	of	rising	estradiol
levels	during	ovarian	stimulation	(sometimes	10	to	20	times	levels	seen	in	natural	cycles),	an	increasing	number
of	 fertility	 specialists	 are	 using	 aromatase	 inhibitors	 (letrozole	 or	 tamoxifen)	 for	 ovarian	 stimulation.126	 The
recurrence	and	survival	rates	of	breast	cancer	patients	undergoing	such	protocols	were	comparable	with	those	of
unstimulated	control	breast	cancer	patients.127	Furthermore,	the	pregnancy	rates	following	this	method	of	fertility
preservation	 in	 breast	 cancer	 patients	 were	 shown	 to	 be	 equivalent	 to	 those	 of	 similar	 aged	 women	 without
cancer.128

Clinical	pregnancy	rates	of	30%	to	75%	per	cycle	and	live	birth	rates	of	25%	to	65%	can	be	expected	at	most
fertility	clinics.	Cumulative	live	birth	rates	after	four	cycles	have	been	reported	between	60%	and	80%	in	patients
with	male	 factor	 infertility,	ovulatory	dysfunction,	endometriosis,	and	unexplained	 infertility.129	Although	 fresh
sperm	 is	 preferred	 to	 frozen	 sperm	 in	 intrauterine	 insemination	 and	 IVF	 cycles,	 studies	 have	 shown	 excellent
outcomes	 using	 sperm	 that	 was	 frozen	 and	 banked	 prior	 to	 cancer	 treatment.130	 Although	 insemination	 with
testicular	 sperm	 is	 an	 acceptable	 procedure,	 the	 use	 of	 nuclei	 from	 earlier	 stages	 (round	 spermatid	 nuclear
injection)	 is	 not	 currently	 advisable.131	 Overall,	 embryo	 banking	 is	 the	 most	 successful	 form	 of	 fertility
preservation	and	should	be	offered	to	all	women	who	are	in	a	serious	relationship	or	married	or	who	are	open	to
the	idea	of	using	donor	sperm.

Oocyte	banking	via	vitrification	(rapid	freezing)	is	an	option	for	single	women	who	are	not	interested	in	using
donor	 sperm.	 Similar	 to	 IVF,	 this	 entails	 ovarian	 hyperstimulation	 followed	 by	 surgical	 oocyte	 retrieval	 and,
similar	 to	 IVF,	 also	 necessitates	 a	 delay	 in	 treatment	 ranging	 from	 2	 to	 6	 weeks.132	 Mature	 oocyte
cryopreservation	was	changed	from	an	experimental	treatment	to	an	option	that	can	be	offered	in	routine	clinical
care	 in	 2013.133	 There	 is	 no	 statistically	 significant	 difference	 in	 outcomes	 for	 fresh	 oocytes	 versus	 vitrified
oocytes	in	oocyte	donation	programs.134	Although	oocyte	vitrification	appears	to	be	a	good	option	for	the	female
cancer	patient	without	a	partner,	the	technology	to	achieve	comparable	pregnancy	rates	is	not	available	at	all	IVF



centers	 and,	 thus,	may	not	 be	 available	 to	 all	 patients.	Furthermore,	when	 embryo	 cryopreservation	 is	 a	 viable
option,	it	should	be	used	instead	of	oocyte	preservation	because	of	the	greater	experience	with	that	method.

A	meta-analysis135	 showed	a	32%	 increase	over	baseline	 risk	of	birth	defects	 in	children	born	as	a	 result	of
IVF/ICSI	treatment,	whereas	another	study136	found	no	significant	difference	after	controlling	for	confounders	in
its	IVF	population	but	still	found	an	increased	risk	in	its	ICSI	population.	These	results	should	be	interpreted	with
caution	in	terms	of	counseling	patients	for	fertility	preservation.	First,	assuming	the	baseline	risk	of	birth	defects	is
approximately	 5%,	 even	 a	 30%	 increase	 in	 risk	 results	 in	 an	 absolute	 risk	 of	 only	 6.5%.	 Second,	 subfertile
couples,	who	are	the	majority	undergoing	IVF/ICSI,	already	carry	an	increased	risk	of	birth	defects,	which	would
not	apply	to	the	fertility	preservation	patient.136	The	increased	risk	of	birth	defects	in	ICSI	treatment	also	has	to	be
interpreted	with	caution	in	the	setting	of	counseling	the	fertility	preservation	patient.	There	is	an	increased	risk	of
approximately	3%	for	chromosomal	abnormalities,	mostly	 in	 the	numbers	of	 sex	chromosomes,	 in	offspring	of
ICSI	procedures.137	Most	of	the	chromosome	abnormalities	were	not	caused	by	ICSI	but	were	already	present	in
the	 sperm	 of	 the	 infertile	 male	 parent.	 These	 abnormalities,	 which	 are	 common	 in	 cases	 of	 primary	 male
infertility,	should	not	be	present	in	cryopreserved	sperm	from	cancer	patients.

Female	Germ	Cell	Cryopreservation	and	Development
In	addition	to	cryopreservation	of	oocytes,	cryopreservation	of	ovarian	tissue	can	also	be	undertaken	(see	Table
133.9),	 but	 this	 method	 is	 still	 considered	 experimental	 by	 the	 American	 Society	 for	 Reproductive	Medicine
(ASRM).138	One	method	entails	the	surgical	removal	of	ovarian	tissue	containing	numerous	primordial	follicles,
cryopreservation	 of	 tissue	 slices,	 and	 subsequent	 grafting	 back	 to	 the	 site	 of	 the	 ovary.	 This	 was	 initially
successful	in	restoring	ovarian	endocrine	function	and	fertility	in	sheep.139	There	has	been	some	reported	success
with	ovarian	tissue	transplantation	that	has	resulted	in	at	least	80	live	births	in	humans.140–142	These	reports	have
included	 both	 fresh	 transplants	 from	 identical	 twins	 with	 discordant	 ovarian	 function	 and	 frozen	 transplants
because	of	cancer.	Some	of	the	ovarian	tissue	grafts	in	these	series	have	been	functioning	for	almost	10	years.	A
potential	 drawback	 of	 ovarian	 tissue	 cryopreservation	 and	 transplantation	 is	 the	 concern	 for	 reintroduction	 of
malignant	cells	back	into	the	host,	particularly	for	patients	treated	for	leukemia.143	Overall,	this	method	of	surgical
conservation	of	ovarian	tissue	may	prove	to	be	more	useful	in	the	future	as	this	concern	for	occult	malignancy	gets
resolved.	Emerging	 experimental	 technologies	 currently	 studied	 in	 animals,	 such	 as	 in	 vitro	 primordial	 follicle
maturation,	may	allow	for	stimulating	cryopreserved	ovarian	tissue	for	generating	mature	oocytes	in	vitro	and	thus
eliminating	the	risk	of	transplanting	malignant	cells	back	into	the	patient.142

Ovarian	 tissue	 cryopreservation	 is	 also	 an	 attractive	 alternative	 for	 fertility	 preservation	 and	 for	 restoring
ovarian	function	in	the	pediatric	population	because	ovarian	stimulation	is	not	required.	Furthermore,	patients	do
not	need	to	have	a	partner	at	the	time	of	treatment,	there	is	no	delay	in	treatment,	and	the	tissue	can	remain	frozen
until	the	patient	is	ready	for	conception.	Because	of	the	large	numbers	of	immature	oocytes	in	the	ovarian	cortex,
this	is	an	excellent	emerging	method	suitable	for	premenarchal	girls.142,144–146

Another	 approach	 to	 oocyte	 preservation	 involves	 cryopreservation	 of	 immature	 oocytes	 in	 the	 germinal
vesicle	stage	followed	by	in	vitro	maturation	(IVM)	to	meiotic	metaphase	II.	During	any	given	menstrual	cycle,
there	 are	 approximately	 20	 antral	 follicles	 that	 are	 recruited,	 but	 1	 of	 them	 ultimately	 becomes	 the	 dominant
follicle	 that	 ovulates	 a	mature	 oocyte.	 The	 rest	 of	 these	 follicles,	which	 contain	 an	 immature	 oocyte,	 undergo
atresia.	If	these	immature	oocytes	are	collected,	they	can	then	be	fertilized	in	vitro.	The	first	live	birth	from	IVM
was	 reported	 in	1991.147	 The	 application	 of	 IVM	 is	 becoming	more	widespread,	 ranging	 from	 the	 retrieval	 of
immature	 oocytes	 in	 unstimulated	 or	minimally	 stimulated	 cycles	 to	 reduce	 the	 cost	 of	 IVF	 to	 the	 retrieval	 of
immature	 oocytes	 for	 fertility	 preservation.148–151	 Furthermore,	 the	 relatively	 recent	 appreciation	 of	 multiple
cohorts	 of	 antral	 follicles	 (“follicular	waves”)	 during	 a	 human	menstrual	 cycle152,153	 has	 allowed	 for	 applying
IVM	techniques	successfully	to	patients	requiring	urgent	treatment	with	gonadotoxic	therapy.154

It	is	possible	that	in	the	future,	stem	cells	may	be	used	to	repopulate	the	ovary.	The	derivation	of	oocytes	from
mouse	 embryonic	 stem	 cells	 in	 culture	 suggests	 the	 eventual	 power	 of	 stem	 cell	 technology	 and	 nuclear
transplantation	for	the	production	of	oocytes,	perhaps	even	from	somatic	cell	nuclei.155	Early	animal	experiments
involving	human	ovarian	stem	cells	obtained	from	purified	ovarian	cortical	tissue	have	been	xenotransplanted	into
immunodeficient	 mice	 to	 yield	 what	 resemble	 oocytes.156	 This	 suggests	 that	 human	 ovarian	 stem	 cells	 may
potentially	be	used	for	fertility	preservation	in	the	future.	If	this	method	proves	to	be	successful,	it	would	avoid	the
risks	of	reintroduction	of	malignant	cells	back	into	the	patient.	However,	applications	of	such	techniques	to	human
fertility	preservation	are	currently	still	under	early	investigation	using	animal	models	and	should	not	be	discussed
with	patients	as	options.
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Most	 women	 who	 continue	 to	 have	 menstrual	 function	 after	 cytotoxic	 therapy	 for	 cancer	 but	 are	 infertile
should	be	treated	in	the	same	way	as	similar	women	in	the	general	population.	One	important	exception	is	women
who	have	uterine	damage	from	receiving	more	 than	10	Gy	of	abdominal	 radiation	 in	childhood.	These	patients
have	 increased	 rates	of	adverse	pregnancy	outcomes,	 including	 fetal	or	neonatal	death,	premature	delivery,	and
low-birth-weight	babies,	and	hence,	their	pregnancies	must	be	closely	monitored.80

Immature	Male	Germ	Cell	Cryopreservation	and	Development
For	the	restoration	of	spermatogenesis,	the	harvest	and	cryopreservation	of	spermatogonial	stem	cells,	which	are
capable	 of	 proliferation,	 self-renewal,	 and	 repopulation	 of	 the	 seminiferous	 tubules,	 are	 under	 investigation.
Transplantation	 of	 cryopreserved	 testicular	 germ	 cells	 from	 a	 donor	mouse	 into	 the	 seminiferous	 tubules	 of	 a
recipient	mouse,	 in	which	endogenous	stem	spermatogonia	were	killed	with	busulfan,	 restored	spermatogenesis
and	fertility.157	There	are	preliminary	indications	that	 this	 technique	might	restore	spermatogenesis	 in	irradiated
macaques.158	Testicular	cells	have	been	harvested	from	men	before	sterilizing	cytotoxic	therapy	and	later	injected
back	 into	 the	 testicular	 tubules	after	 the	completion	of	 radiotherapy	or	chemotherapy.	This	 technique	would	be
most	 valuable	 for	 prepubertal	 boys,	 who	 are	 too	 young	 to	 produce	 sperm	 but	 have	 testes	 enriched	 in
spermatogonia.	Similar	to	female	cancer	patients,	there	exists	concern	that	cancer	cells	may	be	reintroduced	into
the	 recipients.	This	possibility	 is	a	contraindication	 in	cases	of	 leukemia	or	 testicular	cancer,	but	 the	 risks	with
other	cancers	may	not	be	high.159	To	date,	there	has	not	yet	been	a	report	of	successful	transplantation	of	testicular
tissue	in	a	male	patient,	but	this	therapy	is	likely	to	first	be	applied	to	patients	with	nonmalignant	disease	and	then
to	those	with	cancer.102

One	 way	 to	 circumvent	 the	 problem	 of	 the	 presence	 of	 tumor	 cells	 is	 to	 first	 transplant	 the	 tissue	 into	 a
xenogeneic	host.	Human	spermatogonial	stem	cells	have	been	shown	 to	survive	and	proliferate	 in	seminiferous
tubules	of	mice.160	Also,	subcutaneous	transplantation	of	cryopreserved	testicular	tissue	from	immature	pigs	and
goats	 into	nude	mice	 results	 in	 the	production	of	 functional	 sperm.161	However,	 the	 risks	of	 transfer	 of	 animal
DNA	 or	 viruses	 (especially	 retroviruses)	 from	 the	 host	 to	 the	 human	 spermatogonial	 cells	 must	 be	 evaluated
before	such	techniques	could	be	applied.

New	experimental	approaches	to	germ	cell	development	could	potentially	be	applied	to	fertility	preservation	in
men.	The	in	vitro	development	of	human	round	spermatids	into	elongated	spermatids,	which	were	used	to	produce
normal	 embryos	 by	 ICSI,	 has	 been	 reported.162	 Development	 of	 an	 in	 vitro	 cell	 line	 derived	 from	 genetically
modified	mouse	spermatogonia,	which	proliferates	to	produce	more	spermatogonia	and	can	be	stimulated	to	form
haploid	 cells,163	 holds	 promise	 as	 a	 very	 useful	 resource	 for	 optimizing	 proliferation	 of	 spermatogonia	 and
production	 of	 spermatids.	 Furthermore,	 the	 development	 of	 sperm	 from	 mouse	 embryonic	 stem	 cells	 by	 a
combination	of	induction	of	differentiation	in	vitro	and	transplantation	into	host	testes164	might	eventually	lead	to
methods	for	the	development	of	sperm	from	other	stem	cell	types	obtained	from	a	cancer	patient.

PHARMACOLOGIC	ATTEMPTS	AT	PRESERVING	FERTILITY	IN	MEN
Hormone	 treatments	have	been	 investigated	 for	 their	 ability	 to	enhance	 the	 survival	of	germ	cells	and	promote
recovery	 after	 cytotoxic	 treatments.	 Treatment	 of	male	 rats	with	 hormones	 that	 suppress	 testosterone	 levels	 or
action	(e.g.,	gonadal	steroids,	GnRH	analogs,	antiandrogens)	before	and	during	cytotoxic	therapy	with	radiation	or
procarbazine	 enhances	 the	 subsequent	 recovery	 of	 spermatogenesis	 and	 fertility.165	 The	 original	 proposal	 that
these	 treatments	 would	 protect	 the	 spermatogonia	 from	 killing	 by	 suppressing	 their	 proliferation	 is	 incorrect;
rather,	 the	 suppression	of	 testosterone	 levels	protects	 the	 subsequent	ability	of	 the	 somatic	cells	of	 the	 testis	 to
support	the	recovery	of	spermatogenesis	from	surviving	stem	spermatogonia.166	The	hormonal	treatment	can	even
be	 given	 several	 months	 after	 exposure	 to	 radiation	 or	 procarbazine	 and	 still	 restore	 spermatogenesis	 and
fertility.165

Because	 stem	 spermatogonia	 are	 indeed	 present	 in	 regions	 of	 the	 testes	 of	 some	 cancer	 patients	 during
prolonged	periods	of	iatrogenic	azoospermia,	their	recovery	could	possibly	be	stimulated.	However,	only	one167
of	 eight	 clinical	 trials	 has	 been	 able	 to	 demonstrate	 protection	 of	 spermatogenesis	 in	 humans	 by	 hormone
treatment	 before	 and	 during	 cytotoxic	 therapy.168	 One	 attempt	 to	 restore	 spermatogenesis	 by	 steroid	 hormone
treatment	after	 cytotoxic	 therapy	was	unsuccessful169;	however,	 the	doses	of	cytotoxic	 therapy	were	very	high,
and	 the	hormonal	suppression	was	given	many	years	after	 the	anticancer	 treatment.	More	discouraging	was	 the
failure	of	GnRH	antagonist	treatment	to	enhance	spermatogenic	recovery	in	a	controlled	primate	study,170	which



suggests	 that	 there	 are	 important	 differences	 in	 this	 process	 in	 rats	 and	 in	 primates.	 Hence,	 pharmacologic
preservation	of	male	fertility	is	currently	not	effective.

PHARMACOLOGIC	ATTEMPTS	AT	PRESERVING	FERTILITY	IN	WOMEN
Although	studies	have	been	performed	to	assess	the	efficacy	of	oral	contraceptive	pills	and	GnRH	analogs	in	girls,
adolescents,	 and	 women,	 no	 comparative	 studies	 have	 been	 done	 using	 progestins	 in	 these	 age	 groups.	Most
studies	do	not	 support	 the	use	of	hormonal	 therapy	 for	 the	prevention	of	premature	ovarian	 failure	 in	girls	and
premenarchal	adolescents	receiving	chemotherapy	because	prior	to	the	onset	of	menarche,	the	ovaries	are	thought
to	 be	 quiescent	 and	 less	 likely	 to	 be	 subject	 to	 damage	 by	 cytotoxic	 agents.	 Therefore,	 there	 would	 be	 no
additional	 benefit	 to	 giving	 hormonal	 therapy	 to	 an	 already	 suppressed	 hypothalamic–pituitary–ovarian	 axis.
Furthermore,	 the	use	of	estrogen	may	be	associated	with	an	 increased	 risk	of	venous	 thrombosis.	There	 is	also
concern	regarding	the	side	effect	profile	of	hormonal	therapy	in	premenarchal	girls.

Longhi	et	al.106	performed	a	small,	observational	study	that	examined	the	effects	of	oral	contraceptive	pills	on
ovarian	 function	 in	 premenarchal	 girls	 and	 postmenarchal	 women	 undergoing	 neoadjuvant	 chemotherapy
treatment	for	osteosarcoma.	They	concluded	that	age	and	alkylant	dose	were	the	most	predictive	factors	for	early
menopause	 and	 that	 oral	 contraceptives	 during	 high-dose	 alkylant-based	 chemotherapy	 did	 not	 prevent
chemotherapy-induced	premature	ovarian	failure.	The	follow-up	time	of	this	study	was	too	short	to	rule	out	any
positive	 long-term	effects	on	 the	preservation	of	ovarian	 function.	 In	 addition,	 this	 study	did	 show	greater	 risk
than	 benefit	 because	 two	 patients	 in	 the	 group	 receiving	 chemotherapy	 plus	 oral	 contraceptive	 pills	 developed
thrombophlebitis.	Similar	findings	have	been	observed	in	other	studies.107	The	majority	of	the	evidence	suggests
that	children	and	premenarchal	adolescents	do	not	benefit	 from	hormonal	 suppression	 to	preserve	 their	ovarian
function	while	undergoing	chemotherapy.

The	 use	 of	 GnRH	 analogs	 to	 preserve	 fertility,	 although	 once	 thought	 to	 have	 promise,	 has	 failed	 to
demonstrate	consistent	results	in	human	studies	across	all	cancer	treatments.	Preservation	of	ovarian	function	with
the	use	of	GnRH	analogs,	specifically	agonists,	prior	to	cancer	treatment,	in	some	studies	has	been	shown	to	be
beneficial.109	It	has	been	proposed	that	GnRH	agonist	use	prior	to	chemotherapy	has	a	protective	effect	via	two
mechanisms.	 First,	 by	 downregulating	 the	 hypothalamic–pituitary–ovarian	 axis,	 it	might	 reduce	 the	 number	 of
primordial	follicles	destroyed	by	toxic	agents.	Second,	it	may	reduce	the	blood	flow	to	the	ovary	and	decrease	the
delivery	 of	 toxic	 chemotherapeutic	 agents.110,111	 This	 second	 theory	may	 also	 explain	 the	 lack	 of	 a	 protective
effect	with	GnRH	analogs	on	ovarian	function	observed	with	increasing	chemotherapeutic	dosages	and	provide	an
explanation	why	this	treatment	has	no	effect	with	radiation	therapy.110,112

Human	studies	have	provided	conflicting	evidence	for	the	efficacy	of	GnRH	analogs.	Two	recent	randomized
studies	 from	 patients	 with	 breast	 cancer	 demonstrated	 some	 evidence	 of	 a	 protective	 effect	 of	 GnRH	 agonist
treatment	 on	 the	 preservation	 of	 ovarian	 function.171,172	 This	 meta-analysis	 included	 the	 widely	 questioned
study171	and	did	not	include	the	24-month	follow-up	of	the	ZORO	study173;	therefore,	when	reanalyzed,	there	is
no	difference	in	premature	ovarian	failure.174	A	systematic	review	of	meta-analyses	on	the	use	of	GnRH	agonists
for	fertility	preservation	has	concluded	that	GnRH	agonists,	despite	conflicting	results	likely	due	to	heterogeneity
of	studies,	should	be	used	for	gonadal	function	protection.175	In	particular,	GnRH	agonists	may	not	only	appear	to
protect	against	premature	ovarian	failure	but	may	also	have	a	fertility-preserving	effect	in	breast	cancer	patients.

Although	 some	 of	 the	 data	 seem	 promising	 with	 regard	 to	 GnRH	 analogs,	 the	 studies	 are	 plagued	 by	 low
numbers	and	short	follow-up	periods.	Thus,	there	is	insufficient	evidence	to	definitively	recommend	this	therapy,
and	 further	 study	 is	 needed.	 At	 this	 point,	 ovarian	 suppression	 should	 be	 considered	 and	 offered	 to	 all
postmenarchal	 and	 reproductive-age	 women	 prior	 to	 initiating	 therapy,	 especially	 if	 other,	 more	 well-proven,
options	 for	 female	 fertility	 preservation	 are	 not	 available	 or	 not	 feasible	 and	 if	 the	 patient	 is	 being	 treated	 for
breast	 cancer.	Despite	 these	 conflicting	 results	 about	 the	 efficacy	 in	 terms	of	 protecting	 ovarian	 function,	 both
GnRH	agonists	and	antagonists	have	the	added	advantage	of	menstrual	suppression	and,	therefore,	can	be	used	to
avoid	heavy	uterine	bleeding	often	seen	with	hematologic	malignancies.

FERTILITY	PRESERVATION	IN	WOMEN	WITH	CERVICAL	CANCER
Women	with	early-stage	cervical	cancer	are	most	often	treated	with	radical	hysterectomy	or	radiotherapy	to	the
pelvis.	As	women	delay	their	childbearing	and	as	screening	programs	have	become	more	effective,	an	increasing
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number	of	patients	with	early-stage	cervical	cancer	seek	to	preserve	their	future	fertility.176	Conservative	surgery
in	 the	 form	of	 radical	 vaginal	 excision	 of	 the	 cervix	 (radical	 trachelectomy)	 to	 preserve	 the	 uterus	 in	 cases	 of
cervical	 carcinoma	 has	 been	 reported	 with	 relatively	 good	 outcomes	 in	 terms	 of	 disease	 recurrence	 and
pregnancy.176–180

In	2014,	the	first	prospective	trial	of	nine	human	uterine	transplantations	was	conducted	in	Sweden	and	showed
the	 feasibility	 of	 this	 procedure	 for	 absolute	 uterine	 factor	 infertility.181	 The	 first	 live	 birth	 following	 uterine
transplantation	was	 reported	by	 the	 same	group	 in	2015	 and	was	 complicated	by	preterm	birth	 at	 31	weeks	of
gestation	 due	 to	 preeclampsia.182	 The	 second	 live	 birth	 came	 from	 the	 same	 Swedish	 cohort	 of	 a	mother	 that
donated	her	uterus	to	her	daughter	with	uterine	agenesis.183	A	preterm	birth	at	34	weeks	was	necessary	because	of
cholestasis	 of	 pregnancy.	 The	 ethical	 issues	 surrounding	 uterine	 transplantation	 involve	 weighing	 the	 medical
risks	of	 the	 recipient,	medical	 risks	of	 the	donor,	 and	medical	 risks	 to	 the	 resulting	 child	versus	 the	 emotional
benefit	to	the	recipient.184	The	use	of	uterine	transplantation	as	a	means	of	fertility	preservation	in	cervical	cancer
patients	is	still	an	experimental	procedure	and	should	not	be	considered	standard	of	care	at	this	point.

GENETIC	CONCERNS
Biologic	Considerations
Many	 anticancer	 agents	 damage	 DNA	 and	 interfere	 with	 its	 replication	 and	 repair	 and	 with	 chromosome
segregation	in	both	animal	and	human	cells.	These	agents	induce	both	single-gene	and	chromosomal	mutations	in
germ	 cells	 of	 animals,185	 both	 of	 which	 cause	 genetic	 disease	 in	 the	 offspring.	 Mutations	 induced	 in	 stem
spermatogonia	cause	the	continued	production	of	mutation-carrying	sperm	for	the	lifetime	of	the	male,	whereas
those	induced	in	later	stages	of	spermatogenesis	result	in	the	production	of	mutation-carrying	sperm	for	only	a	few
months.	Radiation	and	several	alkylating	agents	produce	single-gene	mutations	in	murine	spermatogonia,	whereas
other	 tested	 chemotherapeutic	 drugs	 do	 not.185	 Radiation	 is	 the	 only	 agent	 that	 effectively	 induces	 stable
reciprocal	chromosomal	translocations	in	stem	spermatogonia	that	can	be	transmitted	to	offspring.186

In	 male	 rodents,	 meiotic	 and	 postmeiotic	 germ	 cells	 are	 more	 sensitive	 to	 induction	 and	 transmission	 of
mutations	than	are	stem	spermatogonia.15	Therefore,	mutational	risks	are	highest	when	a	pregnancy	occurs	within
one	spermatogenic	cycle	(time	required	for	stem	cells	to	become	sperm)	after	the	male	is	exposed	to	the	damaging
agent.	Clinical	reports	of	outcomes	of	pregnancies	in	which	conception	occurred	while	the	man	was	undergoing
cytotoxic	therapy	are	too	limited	to	evaluate	the	risks,	but	animal	experiments	and	gamete	genetic	analyses	show	a
higher	risk.15	In	men,	this	higher	risk	period	extends	from	the	start	of	cytotoxic	therapy	until	3	months	after	the
last	course.	Damage	to	sperm	DNA	for	up	to	2	years	after	the	completion	of	therapy	has	been	reported	in	a	patient
undergoing	 radiation	 therapy	 and	 chemotherapy	 for	 testicular	 cancer	 and	 systemic	 therapy	 for	 Hodgkin
lymphoma.187,188

Fewer	studies	of	the	mutagenicity	of	cytotoxic	agents	have	been	done	in	female	mice,	but	the	limited	results
indicate	 induced	 mutation	 frequencies	 similar	 to	 those	 in	 male	 mice.	 Radiation	 induces	 single-gene	 and
chromosomal	mutations	in	developing	oocytes.189	Most	alkylating	agents	and	a	variety	of	other	chemotherapeutic
drugs	induce	chromosome	aberrations	or	other	mutations	in	developing	oocytes	that	result	in	embryonic	death.185
There	are	insufficient	data	to	determine	whether	primordial	or	growing	oocytes	are	more	sensitive	to	the	induction
of	mutations.

Pregnancy	Outcome
In	humans,	nearly	all	of	the	case	reports,	small	series,	and	a	few	large	retrospective	case	studies	of	the	outcomes
of	pregnancies	in,	or	produced	by,	survivors	of	cancer	indicated	no	significant	increase	in	birth	defects	or	genetic
disease	in	offspring	conceived	after	cytotoxic	treatment	above	the	background	level	in	the	general	population	of
approximately	4%	to	5%.8,189,190	No	 increase	 in	genetic	disease	was	observed	 in	630	offspring	of	patients	who
were	children	or	adolescents	at	the	time	of	treatment	and	received	alkylating	agents	or	radiation	proximal	to	the
gonads.191	A	 study	 of	 368	 conceptions	 in	 adult	women	 treated	 previously	with	methotrexate	 alone	 showed	 no
significant	 adverse	 effects,	 as	 expected.192	 In	 males,	 70	 offspring	 of	 testicular	 cancer	 patients	 treated	 with
radiotherapy	 or	 chemotherapy	 (most	 received	 cisplatin),	 or	 both,	 revealed	 no	 apparent	 increase	 in	 congenital
malformations.193	In	a	case-control	study	involving	45,000	children	with	congenital	abnormalities,	there	was	no
higher	 incidence	of	parental	exposure	 to	alkylating	agents	or	 radiation	proximal	 to	 the	gonads	 in	 the	parents	of



children	with	congenital	abnormalities	than	in	the	parents	of	the	control	group	of	children.194	The	results	from	the
atomic	 bomb	 studies	 in	 Japan	 also	 show	 no	 significant	 increase	 in	 genetic	 damage	 in	 the	 offspring	 born	 to
radiation-exposed	parents.195

These	observations	should	reassure	those	who	wish	to	have	children	after	treatment	for	cancer.	However,	the
power	of	these	studies	can	only	rule	out	twofold	or	higher	increases	in	abnormalities;	the	possibility	remains	of	a
small	genetic	risk	that	would	increase	genetic	abnormalities	less	than	twofold	over	background	levels.	In	addition,
these	long-term	studies	do	not	include	as	many	patients	receiving	the	newer	chemotherapeutic	agents.

There	are	significant	teratogenic	risks	from	cytotoxic	therapy	given	to	a	woman	during	pregnancy.	Radiation	is
highly	damaging;	doses	as	low	as	0.1	to	0.2	Gy	in	the	first	trimester	and	doses	higher	than	0.7	Gy	in	the	second
trimester	 cause	 microcephaly.196	 Almost	 all	 cytotoxic	 chemotherapeutic	 agents	 are	 considered	 teratogenic;
however,	 some	 may	 be	 safely	 given	 in	 the	 second	 and	 third	 trimesters	 of	 pregnancy.197	 Treatment	 with	 5-
fluorouracil,	 doxorubicin,	 and	 cyclophosphamide	 during	 this	 period	 did	 not	 result	 in	 any	 adverse	 effects.
Methotrexate,	which	is	a	documented	teratogen	in	the	first	trimester,	was	excluded	from	the	combination.

Gamete	Genomic	Analysis
Because	epidemiologic	studies	of	genetic	damage	in	humans	require	large	numbers	of	offspring,	direct	analyses	of
the	 genetic	material	 of	 gametes	 have	 huge	 potential	 advantages	 for	 identifying	 heritable	mutations	 in	 humans.
Such	analyses	are	used	only	in	the	male	because	harvesting	female	gametes	is	impractical.	These	analyses	can	be
used	to	detect	both	single-gene	and	chromosomal	mutations.

Chromosomal	 abnormalities	 are	 measured	 by	 sperm	 karyotyping	 after	 fusion	 with	 hamster	 eggs	 or	 by
fluorescence	in	situ	hybridization.	Structural	chromosomal	aberrations	were	present	in	sperm	more	than	5	years
after	 the	 end	 of	 MOPPd,	 radiation	 therapy,	 or	 both,	 which	 indicates	 that	 they	 are	 induced	 in	 stem	 cells.198
Numerical	aberrations	(aneuploidy)	can	show	up	to	a	fivefold	increase	during	and	shortly	after	chemotherapy	with
the	mitoxantrone,	vincristine,	vinblastine,	and	prednisone	(NOVPd)	regimen	or	the	BEP	regimen	and	then	return
to	baseline	within	4	months	or	2	years,	depending	on	the	study.199,200	These	results	demonstrate	that	there	can	be
significant	 genetic	 risks	 if	 conception	 or	 storage	 of	 sperm	 occurs	 during	 cytotoxic	 therapy	 but	 that	 this	 risk
declines	after	the	end	of	such	therapy.

Cancer	patients	should	be	informed	by	their	physicians	about	the	possibilities	of	sterility	and	genetic	risk	from
their	disease	and	its	treatment.	The	probability	that	sterility	will	result	from	the	planned	cytotoxic	therapy	should
be	calculated	from	the	cumulative	doses	of	agents	and	combinations	that	cause	prolonged	azoospermia,	ovarian
failure,	or	pituitary	damage	(see	Tables	133.3,	133.4,	133.6,	133.7,	and	133.8).	They	 should	 also	 be	 told	 about
psychological	and	physical	effects	on	sexual	desire,	erectile	function,	and	the	ability	to	achieve	orgasm.	Now	that
a	large	percentage	of	reproductive-aged	patients	are	surviving	cancer,	different	methods	of	fertility	preservation
(see	Table	133.9)	should	be	discussed	with	both	male	and	female	patients,	and	they	should	be	given	information
about	 different	 education	 resources.	 Pretreatment	 gonadal	 function	 testing	 and	 referral	 to	 a	 reproductive
endocrinologist	 should	 be	 considered.	 The	 American	 Society	 of	 Clinical	 Oncology	 (ASCO)	 2013	 fertility
preservation	guidelines	provide	an	overall	framework	for	health-care	providers	to	achieve	these	goals	of	providing
fertility	preservation	education	prior	to	cancer	treatment	as	part	of	the	informed	consent	process.1
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134 Fatigue
Sandra	A.	Mitchell	and	Ann	M.	Berger

INTRODUCTION
Fatigue	 is	 recognized	 as	 one	 of	 the	most	 common	 symptoms	 in	 patients	 receiving	 treatment	 for	 cancer,	 often
persisting	beyond	the	conclusion	of	active	treatment	and	at	the	end	of	life.	Longitudinal	and	comparative	studies
indicate	that	fatigue	may	also	be	a	significant	problem	for	cancer	survivors,	with	many	survivors	reporting	fatigue
scores	higher	than	that	of	an	age-matched	general	population.	Depending	on	how	fatigue	is	defined	and	measured,
prevalence	estimates	of	fatigue	vary	across	the	cancer	continuum	from	25%	to	99%.1–5

Cancer-related	fatigue	(CRF)	is	a	multifaceted	condition	characterized	by	diminished	energy	and	an	increased
need	 to	 rest,	 disproportionate	 to	 any	 recent	 change	 in	 activity	 level,	 and	 accompanied	 by	 a	 range	 of	 other
characteristics,	including	generalized	weakness,	diminished	mental	concentration,	insomnia	or	hypersomnia,	and
emotional	reactivity.	Fatigue	is	often	found	to	occur	as	a	component	of	a	cluster	of	symptoms	such	as	depression,
pain,	sleep	disturbance,	and	menopausal	symptoms.	Consequences	of	CRF	include	decrements	in	physical,	social,
cognitive,	and	vocational	functioning;	mood	and	sleep	disturbances;	and	emotional	and	spiritual	distress	for	both
the	patient	and	the	family	members.6

This	chapter	reviews	the	state	of	 the	science	concerning	CRF,	addressing	(1)	 the	definition,	risk	factors,	and
mechanisms	of	CRF;	(2)	screening	and	evaluation	of	the	patient	with	CRF;	and	(3)	evidence-based	pharmacologic
and	nonpharmacologic	interventions	to	prevent	and	manage	CRF	during	and	after	cancer	and	its	treatment.

DEFINITION,	RISK	FACTORS,	AND	MECHANISMS	OF	CANCER-RELATED
FATIGUE
The	etiology	and	clinical	expression	of	CRF	is	multidimensional.	An	inherently	subjective	condition,	fatigue	may
be	experienced	and	reported	differently	by	each	individual.	Qualitative	studies	of	fatigue	underscore	the	fact	that
the	 cancer	 fatigue	 experience	 is	 unlike	 any	 other	 fatigue	 patients	 have	 previously	 experienced,	 and	 patients
emphasize	that	its	unpredictability	and	refractoriness	to	self-management	strategies	that	were	previously	effective
make	fatigue	a	particularly	distressing	symptom.	Personality	and	coping	style	may	also	influence	the	experience
of	 CRF.	 Some	 patients	 complain	 of	 a	 loss	 of	 efficiency,	 mental	 fogginess,	 and	 inertia	 and	 that	 sleep	 is	 not
restorative;	others	describe	an	excessive	need	to	rest,	 the	inability	to	recover	promptly	from	exertion,	or	muscle
heaviness	 and	 weakness.	 Ongoing	 research	 is	 directed	 toward	 determining	 whether	 these	 represent	 varying
features	 of	 CRF,	 reflect	 clinical	 subtypes	 of	 CRF,	 or	 indicate	 a	 cause	 or	 sequela	 of	 fatigue.7	 Efforts	 continue
toward	 clarifying	 the	 defining	 features	 of	 fatigue	 and	 distinguishing	CRF	 from	 syndromes	 such	 as	 depression,
cognitive	dysfunction,	or	asthenia	that	have	overlapping	symptoms	or	may	share	neurophysiologic	mechanisms.8

Despite	 its	 complex	 etiology	 and	 varying	 features,	 CRF	 may	 be	 defined	 quite	 simply	 as	 a	 distressing,
persistent,	 subjective	sense	of	physical,	emotional,	and/or	cognitive	 tiredness	or	exhaustion	 related	 to	cancer	or
cancer	treatment	that	is	not	proportional	to	recent	activity	and	that	interferes	with	usual	functioning.6

Direct	effects	of	chemotherapy,	hormone	 therapy,	 radiation	 therapy,	hematopoietic	 stem	cell	 transplantation,
molecularly	 targeted	 agents,	 immunotherapies,	 and	 combined-modality	 therapies	 have	 all	 been	 implicated	 as
contributors	to	the	intensity	of	fatigue	in	patients	with	cancer.5	Comparatively	less	is	known	about	the	association
between	 surgical	 treatments	 and	 CRF.	 Fatigue	 symptoms	 are	 known	 to	 fluctuate	 across	 the	 cancer	 treatment
course;	 for	 example,	 during	 a	 course	 of	 fractionated	 radiation	 therapy,	 fatigue	 is	 often	 cumulative,	 and	 peak
severity	may	occur	after	radiation	is	concluded.

Underlying	mechanisms	 of	CRF	 (Fig.	 134.1)	 are	 believed	 to	 involve	 several	 physiologic,	 biochemical,	 and
behavioral	systems.9	There	 is	 accumulating	 evidence	 that	 gene	polymorphisms,	 hypothalamic–pituitary–adrenal



(HPA)	disruption,	altered	circadian	rhythmicity,	diminished	heart	rate	variability,	immune	dysfunction,	serotonin
dysregulation,	 mitochondrial	 dysfunction,	 5-hydroxytryptophan	 (5-HT)	 dysregulation,	 and	 proinflammatory
cytokine	activity	are	among	the	mechanisms	that	directly	or	indirectly	contribute	to	CRF.10–12	Studies	also	suggest
that	fatigue	may	be	related	to	impairments	in	neuromuscular	metabolism	and	function,	the	presence	of	concurrent
symptoms	 such	 as	 pain	 and	 dyspnea,	 psychological	 and	 coping	 responses,	 and	 imbalanced	 neuroendocrine–
immune	stress	responses.9,13

Evidence	 also	 suggests	 associations	 between	 CRF	 and	 comorbidities	 including	 anemia;	 mood	 disorder;
electrolyte	disturbances;	cardiopulmonary,	hepatic,	or	renal	dysfunction;	hypothyroidism;	hypogonadism;	adrenal
insufficiency;	infection;	dehydration;	protein-calorie	malnutrition;	cachexia,	asthenia,	and	deconditioning;	and	the
side	effects	of	drugs	 such	as	opioid	analgesics	or	anticonvulsants	 that	act	on	a	central	nervous	system.	Altered
energy	metabolism	within	skeletal	muscle	has	also	been	postulated	to	cause	CRF.	The	tumor	itself	and	the	cancer-
directed	treatment	can	produce	anemia,	cachexia,	and/or	sarcopenia,	and	these	may	contribute	to	altered	skeletal
muscle	 energy	metabolism,	 disrupted	mitochondrial	 synthesis	 of	 adenosine	 triphosphate	 (ATP),	 or	 diminished
oxygen	delivery	to	muscle	cells.14	In	any	one	individual,	the	etiology	of	CRF	is	likely	to	be	multifactorial,	and	the
mechanisms	 and	 contributors	 to	 CRF	may	 fluctuate	 across	 the	 disease	 and	 treatment	 trajectory.	 For	 example,
fatigue	may	be	present	during	treatment	due	to	cytopenias	but	may	persist	through	survivorship	due	to	asthenia,
sarcopenia,	and	physical	deconditioning.

Figure	134.1	Etiology	of	cancer-related	fatigue.	CNS,	central	nervous	system.	(Source:	Berger
AM,	Mitchell	SA.	Cancer-related	fatigue	and	sleep-wake	disturbances.	In:	Lester	J,	Schmitt	P,	eds.
Cancer	Rehabilitation	and	Survivorship:	Transdisciplinary	Approaches	to	Personalized	Care.
Pittsburgh,	PA:	Oncology	Nursing	Society	Press;	2011:101–112.	Modified	with	permission.)

SCREENING	AND	EVALUATION	OF	THE	PATIENT	WITH	CANCER-
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RELATED	FATIGUE
Studies	suggest	that	CRF	is	underdiagnosed,	that	the	assessment	of	fatigue	in	patients	with	cancer	is	suboptimal,
and	that	health-care	professionals	may	not	fully	appreciate	the	degree	of	distress	and	functional	loss	that	fatigue
produces.15,16	 Identified	barriers	 to	communication	between	patients	and	 their	clinicians	about	 fatigue	 include	a
tendency	to	view	fatigue	as	an	inevitable	consequence	of	illness,	clinicians’	failure	to	offer	interventions,	patients’
lack	 of	 awareness	 of	 effective	 treatments	 for	 fatigue,	 a	 desire	 on	 the	 patient’s	 part	 to	 treat	 fatigue	 without
medications,	 and	 a	 tendency	 to	 be	 stoic	 about	 fatigue	 to	 avoid	 being	 labeled	 as	 a	 “complainer”	 and	 to	 avoid
prompting	a	change	in	therapy	toward	less	active	or	aggressive	treatments.	Instruments	to	evaluate	patient-derived
barriers	to	fatigue	management,	self-efficacy	for	fatigue	management,	and	the	contributing	factors	to	fatigue	have
been	proposed.17,18

Identifying	patients	with	CRF	is	the	first	key	step	in	improving	fatigue	evaluation	and	management.	Although
there	is	currently	no	consensus	concerning	the	optimal	method	or	frequency	to	screen	for	CRF	in	the	clinical	or
research	setting,	evidence	of	the	widespread	occurrence	of	CRF	suggests	that	routine	screening	for	CRF	at	regular
intervals	throughout	treatment,	follow-up,	and	long-term	follow-up	is	warranted.

There	 is	 accumulating	 evidence	 that	 brief	 one-	 or	 two-item	 measures	 to	 screen	 for	 fatigue	 are	 rapid	 and
sensitive	and	can	be	applied	efficiently	in	the	clinic	to	identify	patients	who	would	benefit	from	more	systematic
evaluation.19,20	 Based	 on	 National	 Comprehensive	 Cancer	 Network	 (NCCN)	 guidelines,	 fatigue	 should	 be
assessed	 quantitatively	 on	 a	 0	 to	 10	 scale	 (0	 =	 no	 fatigue	 and	 10	=	worst	 fatigue	 imaginable);	 patients	with	 a
severity	of	>4	should	be	further	evaluated	by	history	and	physical	examination.6

Although	 a	 brief	 measure	 may	 provide	 rapid	 assessment	 of	 general	 fatigue	 or	 serve	 as	 a	 screening	 tool,
evidence	 suggests	 that	 brief	measures	 do	 not	 fully	 capture	 all	 the	 dimensions	 of	 fatigue.21	 It	 is	 theorized	 that
fatigue	generally	consists	of	a	sensory	dimension	(fatigue	severity,	persistence),	a	physiologic	dimension	(e.g.,	leg
weakness,	diminished	mental	concentration),	and	a	performance	dimension	(reduction	in	performance	of	needed
or	 valued	 activities),	 although	 evidence	 is	 mixed	 whether	 measures	 addressing	 the	 different	 manifestations	 of
fatigue	 provide	more	 valid	measurement	 of	 fatigue	 than	 those	 focused	 on	 severity	 alone.22	More	 than	 20	 self-
report	 measures	 (including	 single-item	 measures,	 multi-item	 unidimensional	 scales,	 and	 multidimensional
inventories)	 have	 been	 developed	 to	 measure	 fatigue	 in	 patients	 with	 cancer.23,24	 Consideration	 of	 the
measurement	 properties	 and	 strengths	 and	 limitations	 of	 these	 instruments	 including	 reliability,	 validity,
specificity,	 sensitivity	 to	 change,	 recall	 period,	 respondent	 burden,	 translation	 in	 multiple	 languages,	 and	 the
availability	 of	 reference	 values	 to	 aid	 interpretation	 should	 be	 used	 to	 guide	 decisions	 about	 the	 utility	 of	 a
measure	 for	 specific	 clinical	 or	 research	 purposes.25	 Based	 on	 its	 sound	 psychometric	 properties,	 flexibility,
precision,	 and	 capacity	 for	 linking	 to	 other	 fatigue	 measures,	 the	 Patient	 Reported	 Outcome	 Measurement
Information	System—Fatigue	(PROMIS	Fatigue)	instruments	have	been	recommended	for	CRF	measurement	by
the	National	Cancer	Institute	(NCI).26	Increased	availability	of	item	banks	and	computerized	adaptive	testing,	item
response	therapy	(IRT)–developed	short	forms,	and	integration	of	patient-reported	outcome	(PRO)	collection	into
the	electronic	health	 record	with	clinician	alerts	and	automated	 referrals	may	advance	 the	precision,	efficiency,
interpretation,	 and	 actionability	 of	 measures	 for	 CRF	 and	 serve	 to	 integrate	 fatigue	 screening	 and	 automated
referrals	into	workflow.27,28

A	detailed	history	in	patients	with	moderate	or	severe	CRF	includes	the	presence,	intensity,	and	pervasiveness
of	 fatigue;	 its	 course	 over	 time;	 the	 factors	 that	 exacerbate	 or	 relieve	 fatigue;	 the	 associated	 level	 of	 distress
caused	by	fatigue;	and	the	impact	of	fatigue	on	functioning.6	Clinicians	can	obtain	valuable	information	about	the
consequences	of	CRF	by	exploring	the	effects	of	CRF	on	self-esteem,	mood,	and	the	ability	to	perform	activities
of	 daily	 living,	 fulfill	 important	 roles	 as	 parent,	 spouse,	 and	 worker,	 and	 relate	 to	 family	 and	 friends.	 Also
important	to	the	evaluation	is	an	assessment	of	what	interventions	the	patient	is	using	to	manage	fatigue	and	the
effectiveness	 of	 these	 interventions.	 The	 dimensions	 of	 the	 fatigue	 experience	 that	 should	 be	 explored	 when
evaluating	a	patient	with	CRF	are	listed	in	Table	134.1.

TABLE	134.1
Components	of	a	Comprehensive	Fatigue	Evaluation

On	a	scale	of	0–10,	where	0	is	no	fatigue	and	10	is	the	worst	fatigue	imaginable,	how	severe	has	your	fatigue	been	in	the	past
7	days?
Would	you	say	that	your	fatigue	is	mild,	moderate,	or	severe?



When	did	the	fatigue	start?
Duration	of	fatigue:	______________________	days	per	week	or	hours	per	day	_______________
To	what	extent	have	you,	because	of	fatigue,	had	to	limit	social	activity,	had	difficulty	getting	things	done,	or	thought	that
fatigue	was	making	it	difficult	to	maintain	a	positive	outlook?
To	what	extent	does	fatigue	interfere	with	relationships	or	fulfilling	responsibilities	at	work	or	in	the	home?
What	makes	your	fatigue	better?
What	makes	your	fatigue	worse?
What	do	you	do	to	help	with	fatigue	or	manage	fatigue?
Does	rest	relieve	your	fatigue?
Do	you	have	any	trouble	sleeping?
Do	you	have	other	symptoms	such	as	pain,	difficulty	breathing,	nausea,	and	vomiting?
Do	you	experience	anxiety?	If	yes,	how	often?
Do	you	feel	discouraged,	blue,	or	sad?	If	yes,	how	often?
Have	you	discussed	your	fatigue	with	anyone	on	your	health-care	team?
Have	you	ever	been	given	any	recommendations	for	managing	your	fatigue?

In	 evaluating	 the	 patient	 with	 CRF,	 it	 is	 important	 to	 screen	 for	 treatable	 etiologic	 or	 potentiating	 factors
including	 hypothyroidism,	 hypogonadism,	 adrenal	 insufficiency,	 cardiomyopathy,	 pulmonary	 dysfunction,
anemia,	 sleep	 disturbance,	 fluid	 and	 electrolyte	 imbalances,	 emotional	 distress,	 physical	 inactivity,
deconditioning,	and	uncontrolled	concurrent	 symptoms.29–32	The	medication	profile	 should	also	be	 reviewed	 to
identify	 specific	 classes	 of	 medications,	 such	 as	 opiates,	 antidepressants,	 anticonvulsants,	 antiemetics,
antihistamines,	and	β-blockers,	and	drug–drug	interactions	that	can	also	intensify	fatigue.33	Evaluation	should	also
include	whether	disease	progression	or	recurrence	could	be	among	the	causes	of	fatigue.

INTERVENTIONS	FOR	CANCER-RELATED	FATIGUE
Because	 fatigue	 typically	 has	 several	 different	 causes	 in	 any	 one	 patient,	 the	 treatment	 plan	 needs	 to	 be
individualized.	Open	communication	between	 the	patient,	 family,	and	caregiving	 team	will	 facilitate	discussion
about	the	experience	of	fatigue	and	its	effects	on	daily	life.	General	supportive	care	recommendations	for	patients
with	fatigue	 include	encouraging	a	balanced	diet	with	adequate	 intake	of	 fluid,	calories,	protein,	carbohydrates,
fat,	 vitamins,	 and	 minerals	 and	 balancing	 rest	 with	 physical	 activity	 and	 attention-restoring	 activities	 such	 as
exposure	to	natural	environments	and	pleasant	distractions	such	as	music.

There	 have	 been	 more	 than	 300	 empiric	 studies	 of	 pharmacologic	 and	 nonpharmacologic	 interventions	 to
reduce	or	manage	CRF	and	more	than	100	meta-analyses	or	systematic	reviews.34–37	Effective	 interventions	for
CRF	are	summarized	in	Table	134.2,	and	selected	findings	are	discussed	here.	Guidelines	for	the	management	of
CRF	 have	 been	 disseminated	 by	 the	 NCCN	 and	 the	 Oncology	 Nursing	 Society	 (updated	 guidelines	 are	 in
development	 are	 in	 developed	 and	 are	 expected	 to	 be	 published	 in	 2019)	 and	 have	 been	 endorsed	 by	 other
organizations.38,39

TABLE	134.2
Evidence-Based	Interventions	for	Fatigue	During	and	Following	Cancer	and	Its	Treatment

Interventions	for	Fatigue	with	Strong	Evidence	Supporting	Effectiveness

Exercise
Education/information	provision	and	supportive	counseling
Measures	to	optimize	sleep	quality
Energy	conservation	and	activity	management
Structured	rehabilitation
Yoga
Management	of	concurrent	symptoms

Interventions	for	Fatigue	with	Some	Evidence	Supporting	Effectiveness

Acupuncture
Massage
Corticosteroids
Ginseng
Bright	light	therapy
Mindfulness-based	stress	reduction
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Healing	touch,	hypnosis,	progressive	muscle	relaxation	with	or	without	imagery

Interventions	for	Fatigue	for	Which	Effectiveness	Has	Not	Been	Established

Paroxetine,	methylphenidate,	donepezil,	bupropion	sustained	release,	modafinil,	etanercept,	infliximab,	amisulpride,	sertraline,
venlafaxine
Levocarnitine	supplementation
Correction	of	anemia	<10	g/dL	with	erythropoiesis-stimulating	agents
Essiac,	Chinese	medicinal	herbs,	ginseng,	mistletoe	extract
High-dose	vitamin	C,	multivitamin,	omega-3	fatty	acid	supplementation
Adenosine	triphosphate	infusion
β-Hydroxyl	β-methyl	butyrate,	glutamine,	and	arginine	mixture
Individual	and	group	psychotherapy
Animal-assisted	therapy,	art	therapy,	expressive	writing
Reiki,	aromatherapy,	qigong,	distraction–virtual	reality	immersion
Combination	therapy:	aromatherapy,	foot	soak,	and	reflexology
Combination	therapy:	medroxyprogesterone,	celecoxib,	and	enteral	food	supplementation
Combination	therapy:	soy	protein	supplementation	and	nutrition	counseling	following	discharge	from	hospital

Interventions	for	Fatigue	Supported	by	Expert	Opinion

Work	with	patient	and	family	to	improve	assessment	of	fatigue	and	identify	management	strategies
Promote	open	communication	between	patient,	family,	and	caregiving	team	to	facilitate	discussions	about	the	experience	of
fatigue	and	its	effects	on	daily	life
Consider	attention-restoring	activities	such	as	exposure	to	natural	environments	and	pleasant	distractions	such	as	music
Encourage	a	balanced	diet	with	adequate	intake	of	fluid,	calories,	protein,	carbohydrates,	fat,	vitamins,	and	minerals

Data	derived	from	references	34,	35,	and	36.

PHARMACOLOGIC	INTERVENTIONS
Although	 data	 from	 seven	 systematic	 reviews	 suggest	 that	 patients	 receiving	 erythropoiesis-stimulating	 agents
(ESAs)	to	correct	severe	anemia	(hemoglobin	<10	g/dL)	may	experience	diminished	fatigue	and	increased	vigor,
there	 is	 only	 limited	 evidence	 that	 ESAs	 improve	 fatigue	 when	 anemia	 is	 less	 severe.40–43	 Importantly,	 the
decision	 to	use	ESAs	 for	 fatigue	must	 consider	 safety	 issues,	 including	an	 increased	 risk	of	 thrombotic	 events,
hypertension,	 and	pure	 red	 cell	 aplasia	 and	 concerns	 that	ESAs	may	diminish	 locoregional	 disease	 control	 and
survival	 outcomes	 in	 particular	 tumor	 types.	 Thus,	 the	 use	 of	 ESAs	 to	 improve	 fatigue	 outcomes	 is	 not
recommended.	 National	 clinical	 practice	 guidelines	 and	 product	 labeling	 from	 the	 U.S.	 Food	 and	 Drug
Administration	should	direct	individualized	management	of	patients	with	cancer-	or	treatment-associated	anemia,
including	an	analysis	of	the	risks	and	benefits	of	ESAs	versus	packed	red	blood	cell	transfusions	based	on	cancer
treatment	 goals	 and	 decisions	 about	 patient	 monitoring,	 treatment	 thresholds,	 dose	 reductions,	 treatment
discontinuation,	and	the	use	of	supplemental	iron	in	patients	receiving	ESAs.44,45

Antidepressants	 have	 been	 recommended	 as	 treatment	 for	 fatigue	when	 depression	 is	 suggested	 as	 a	 causal
factor,	 and	paroxetine,	 bupropion,	 and	 venlafaxine	 have	 been	 studied.	Although	 these	 drugs	may	be	 helpful	 in
alleviating	depression,	studies	have	not	demonstrated	a	benefit	compared	to	placebo	in	nondepressed	patients	with
fatigue.34,46,47	 Small	 trials	 have	 shown	 a	 trend	 toward	 a	 possible	 benefit	 for	 antidepressant	 agents	 in	 treating
fatigue	in	two	distinct	subpopulations:	women	experiencing	hot	flashes	and	patients	receiving	interferon-α.48–50

Wisconsin	 ginseng,	 Asian	 ginseng,	 and	 fermented	 red	 ginseng	 extract	 have	 demonstrated	 some	 favorable
effects	on	 fatigue	outcomes	 in	patients	during	 and	 after	 cancer	 treatment.51–54	 Several	 systematic	 reviews	have
also	 concluded	 that	 there	 is	 preliminary	 evidence	 to	 support	 the	 use	 of	 psychostimulants	 (methylphenidate,
dexmethylphenidate,	and	modafinil)	 to	treat	CRF.47,55–58	However,	given	 the	mixed	evidence	for	efficacy	and	a
concern	about	 the	potential	 for	 side	effects	 (headache,	 insomnia,	 agitation,	anorexia,	nausea,	vomiting,	 and	dry
mouth),	the	use	of	psychostimulants	outside	the	context	of	a	clinical	trial	has	been	discouraged.59,60

Corticosteroids	 (prednisone	 and	 dexamethasone)	 have	 short-term	 efficacy	 in	 ameliorating	 CRF.	 Given	 the
potential	 detrimental	 side	 effects	 of	 muscle	 wasting	 and	 infection	 with	 long-term	 use,	 it	 is	 difficult	 to	 draw
definitive	conclusions	about	the	risk–benefit	profile.57,61–63

Megestrol	acetate	is	widely	used	for	appetite	improvement,	and	its	safety	and	efficacy	have	been	confirmed	in
treating	cancer	cachexia.	However,	a	meta-analysis	of	 the	 four	 trials	 that	compared	progestational	steroids	with
placebo	found	no	effect	of	megestrol	acetate	on	CRF.6,64

Although	male	hypogonadism	is	thought	to	be	a	contributor	to	CRF,65	a	recent	blinded,	placebo-controlled	trial
of	testosterone	replacement	in	a	small	sample	of	men	with	advanced	cancer	did	not	improve	fatigue	end	points.66



Targeted	 anticytokine	 therapy67	 and	 thyrotropin-releasing	 hormone68	 have	 shown	 preliminary	 evidence	 of
effectiveness	 in	 reducing	CRF;	however,	 small	 sample	 sizes	 and	 the	nonrandomized	uncontrolled	 study	design
limit	the	strength	of	the	conclusions	that	can	be	drawn.

Several	 nutritional	 and	 herbal	 supplements	 (e.g.,	 guarana,	 Essiac,	 valerian,	 vitamin	 supplements,	 zinc,
levocarnitine,	 coenzyme	 Q10,	 mistletoe	 extract)	 and	 combined-modality	 interventions	 that	 incorporate	 several
complementary	 therapies	 (e.g.,	 megestrol	 acetate	 and	 omega-3	 fatty	 acid	 supplementation)	 have	 also	 been
evaluated	with	mixed	evidence	for	efficacy.6,34,69	Interpretation	of	the	study	outcomes	in	these	trials	is	limited	by
small	sample	sizes	and	the	predominantly	single-arm,	open-label	study	design.

NONPHARMACOLOGIC	INTERVENTIONS
Exercise,	Physical	Activity,	and	Structured	Rehabilitation
Meta-analyses	of	 randomized	 trials	 support	 the	benefits	of	physical	activity	and	exercise	 in	 the	management	of
fatigue	 during	 and	 after	 cancer	 treatment	 in	 patients	 with	 breast	 or	 prostate	 cancer,	 patients	 with	 other	 solid
tumors,	or	patients	undergoing	hematopoietic	stem	cell	transplantation,	although	effect	sizes	are	generally	small
and	 positive	 results	 for	 the	 outcome	 of	 fatigue	 have	 not	 been	 uniformly	 observed	 across	 studies.26,70–73	 The
exercise	modalities	 that	have	been	applied	differ	 in	 content	 (walking,	 cycling,	 swimming,	 resistive	 exercise,	or
combined	 exercise),	 frequency	 (ranging	 from	 two	 times	 per	 week	 to	 two	 times	 daily),	 intensity	 (with	 most
programs	at	50%	 to	90%	of	 the	estimated	maximal	oxygen	consumption	and	heart	 rate),	degree	of	 supervision
(fully	 supervised	 group	 versus	 self-directed	 exercise),	 and	 duration	 (from	 2	 weeks	 up	 to	 1	 year).	 Additional
knowledge	about	the	type,	intensity,	and	duration	of	physical	exercise	that	is	most	beneficial	in	reducing	fatigue	at
different	stages	of	disease,	and	treatment	is	needed	to	support	tailored	exercise	prescription.	At	present,	national
guidelines	 recommend	 that	 patients	 aim	 for	 at	 least	 150	minutes	 of	moderate-	 intensity	 physical	 activity	 each
week	 and	 that	 they	 incorporate	 strength	 training	 twice	 weekly.74	 Comorbidities	 and	 the	 adverse	 effects	 of
treatment	may	 require	 exercise	 adaptations.75	Referrals	 to	 community-based	 exercise	 programs,	 comprehensive
rehabilitation	 programs,	 or	 an	 exercise	 professional	 should	 be	 considered.6	 Other	 types	 of	 physical	 activity,
including	yoga,	Pilates,	tai	chi,	or	organized	sports,	can	also	be	incorporated.	Mobile	health	tools	such	as	activity
monitors,	smartphone	apps,	and	social	media	may	help	to	strengthen	motivation	and	adherence.

There	 is	 evidence	 from	 controlled	 trials	 that	 yoga	 is	 effective	 in	 reducing	 fatigue,	 particularly	 in	 cancer
survivors.71,76–78	 However,	 systematic	 reviews	 have	 generally	 concluded	 that	 due	 to	 a	 high	 risk	 of	 bias	 in	 the
studies,	the	effectiveness	of	yoga	on	fatigue	outcomes	has	not	been	adequately	established	for	all	cancer	patient
populations	or	at	all	points	in	the	cancer	continuum.79,80

Tai	chi	and	qigong	have	shown	beneficial	effects	on	fatigue	outcomes	in	randomized	clinical	trials,	although
study	results	should	be	interpreted	cautiously	due	to	heterogeneous	study	quality	and	high	risk	of	bias.81,82

Several	trials	and	two	systematic	reviews	support	a	conclusion	that	structured	rehabilitation	delivered	formally
by	a	multidisciplinary	group	improves	fatigue	outcomes,34,83,84	including	in	patients	with	advanced	cancer85	and
in	 cancer	 survivors	 who	 have	 completed	 treatment.	 The	 rehabilitation	 interventions	 tested	 were	 generally
multicomponent	 interventions	 that	 included	 a	 combination	 of	 exercise,	 psychoeducational	 support,	mind–body
therapies,	and	physical	modalities	such	as	manual	lymph	drainage.	Tailoring	of	physical	activity	and	rehabilitation
interventions	based	on	the	patient’s	current	level	of	energy	and	stage	along	the	treatment	trajectory	is	important.

Management	of	Concurrent	Symptoms
Randomized	studies	demonstrate	that	effective	management	of	concurrent	symptoms	including	pain,	shortness	of
breath,	 insomnia,	and	depression	and	symptom-focused	palliative	care	interventions	also	produce	improvements
in	CRF	outcomes.86–88

Psychoeducational	Interventions
Several	 adequately	 powered	 randomized	 controlled	 trials	 suggest	 that	 educational	 interventions;	 cognitive-
behavioral	 treatment	 for	 fatigue,	 depression,	 and	 other	 symptoms;	 and	 psychological	 support	 have	 a	 role	 in
supporting	positive	coping	in	patients	with	fatigue.35,89	Psychoeducational	interventions	that	have	been	shown	to
be	effective	 include	anticipatory	guidance	about	patterns	of	 fatigue	and	 recommendations	 for	 self-management,
coaching	 to	 enhance	 self-efficacy,	 counseling	 and	 supportive	 psychotherapy,	 and	 coordination	 of	 care.90–92
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Energy	conservation	and	activity	management	are	self-management	interventions	that	teach	patients	to	apply	the
principles	of	energy	conservation	and	activity	management	and	provide	coaching	to	integrate	these	activities	into
patients’	 daily	 lifestyle.6	 Cognitive-behavioral	 therapy	 (CBT)	 approaches	 (with	 or	 without	 hypnosis)	 directed
specifically	to	fatigue,	depression,	or	pain	have	also	shown	generally	promising	results	for	the	relief	of	CRF	in	a
variety	 of	 cancer	 patient	 populations	 during	 and	 after	 treatment.34,93,94	 There	 is	 emerging	 evidence	 that
psychoeducational	and	self-management	 interventions	for	CRF	can	be	effectively	delivered	using	mobile	health
approaches,95–97	which	may	increase	access.

Interventions	to	Improve	Sleep	Quality	and	Circadian	Rhythmicity
Studies	 indicate	 that	 cognitive-behavioral	 therapy	 for	 insomnia	 (CBT-I),	 an	 intervention	 approach	 specifically
designed	 to	 improve	 sleep	 quality,	 also	 has	 a	 beneficial	 effect	 on	 fatigue.34,98	 In	 contrast,	 the	 efficacy	 of
pharmacologic	 therapies	 in	 treating	 fatigue	 by	 reducing	 insomnia	 has	 had	 very	 little	 systematic	 study.	CBT	 to
improve	sleep	quality	can	be	delivered	individually,	in	a	group	setting,	or	via	the	Web.	Components	of	CBT	for
sleep	include	relaxation	training	along	with	sleep-consolidation	strategies	(avoiding	long	or	late	afternoon	naps,
limiting	time	in	bed	to	actual	sleep	time),	stimulus	control	therapy	(going	to	bed	only	when	sleepy,	using	bed	and
bedroom	for	sleep	and	sexual	activities	only,	having	a	consistent	time	to	lie	down	and	get	up,	avoiding	caffeine
and	stimulating	activity	 in	 the	evening),	and	strategies	 to	 reduce	cognitive-emotional	arousal	 (taking	at	 least	an
hour	to	relax	before	going	to	bed	and	establishing	a	presleep	routine	to	be	used	every	night).99	Morning	exposure
to	bright	light	has	been	shown	to	prevent	deterioration	in	CRF	during	chemotherapy	for	breast	cancer,	potentially
by	 protecting	 recipients	 from	 circadian	 rhythm	 desynchronization	 during	 cancer	 treatment.100–102	 Bright	 light
therapy	also	improved	fatigue	outcomes	in	posttreatment	survivors.103,104

COMPLEMENTARY	AND	INTEGRATIVE	THERAPIES
There	is	an	expanding	body	of	evidence	supporting	the	efficacy	of	complementary	and	integrative	therapies	in	the
management	 of	 CRF,	 including	 progressive	 muscle	 relaxation	 with	 or	 without	 imagery,	 relaxation	 breathing,
coping	 skills	 training,	meditation,	mindfulness-based	 stress	 reduction,	 and	 acupuncture.71,93	 Such	 strategies	 are
well	 tolerated	and	may	be	particularly	useful	when	strategies	such	as	exercise	are	contraindicated	or	 infeasible.
They	 may	 also	 be	 considered	 to	 augment	 other	 treatment	 approaches	 for	 CRF	 such	 as	 yoga,	 exercise,	 or
psychoeducational	interventions.	Meditation,	mindfulness-based	stress	reduction,	and	cognitive-behavioral	stress
management	 have	 been	 shown	 in	 several	 randomized	 controlled	 trials	 to	 improve	 both	 fatigue	 severity	 and
fatigue-related	daytime	 interference	 in	women	 receiving	 treatment	 for	breast	 cancer	 and	 in	 survivors	who	have
completed	treatment	for	breast	or	colorectal	cancer.105,106	These	interventions	also	favorably	affect	fatigue-related
biomarkers.

Evidence	 for	 the	 effectiveness	 of	 acupuncture,	 acupressure,	 self-acupuncture,	 and	 electroacupuncture	 in
reducing	CRF	has	been	summarized	in	nearly	a	dozen	meta-analyses	or	systematic	reviews.107,108	Although	most
of	 these	 reviews	 concluded	 that	 acupuncture	 or	 acupressure	 interventions	 are	 beneficial,	 acceptable	 and	 well
tolerated,	 authors	 draw	 somewhat	 conflicting	 conclusions	 about	 whether	 these	 interventions	 were	 ready	 for
translation	into	practice,	and	all	urge	additional	study	using	rigorous	trial	designs.	Evidence	from	small	studies,
however,	 does	 suggest	 that	 acupuncture	 may	 be	 considered	 safe	 and	 potentially	 effective	 as	 an	 adjunctive
treatment,	particularly	in	palliative	settings	where	fewer	options	for	the	management	of	fatigue	may	exist.107,109,110

There	is	also	preliminary	evidence	that	massage,	healing	touch,	polarity	therapy,	moxibustion,	and	Reiki	may
improve	fatigue	outcomes.34,88,111,112	Study	designs	were	predominantly	open	label	and/or	uncontrolled,	with	no
random	assignment	and	with	sample	sizes	that	were	extremely	small,	making	it	difficult	to	draw	firm	conclusions
about	 efficacy.	 Despite	 these	 limitations	 and	 with	 acknowledgment	 that	 inclusion	 of	 controls	 such	 as	 double-
blinding	presents	methodologic	 challenges,	 results	 suggest	 that	 these	 integrative	 therapies	 have	potential	 in	 the
treatment	of	fatigue	in	patients	with	cancer.

SUMMARY
A	wide	range	of	pharmacologic	and	nonpharmacologic	interventions	have	been	studied,	although	many	have	been
tested	 only	 in	 uncontrolled	 or	 pilot	 studies.	 Interventions	 for	 fatigue	 that	 are	 supported	 by	 one	 or	more	 well-



designed	randomized	 trials	 include	physical	activity	and	exercise;	psychoeducational	 interventions;	measures	 to
optimize	sleep	quality;	management	of	concurrent	 symptoms;	comprehensive	 rehabilitation,	yoga;	mindfulness-
based	 stress	 reduction;	 bright	 light	 therapy;	 and	 integrative	 and	 behavioral	 approaches	 such	 as	 acupuncture,
progressive	muscle	relaxation,	and	massage.	Although	there	is	expanding	evidence	that	ginseng	is	well-tolerated
and	 may	 be	 effective	 in	 treating	 fatigue,	 the	 evidence	 for	 pharmacologic	 agents	 including	 paroxetine,
methylphenidate,	 donepezil,	 bupropion	 (sustained	 release),	 modafinil,	 and	 levocarnitine	 remains	 inconclusive.
Additional	 studies	 are	 needed	 to	 define	 the	 optimal	 dosing,	 gauge	 the	 toxicity	 profile,	 and	 determine	 the
effectiveness	of	these	agents	in	specific	cancer	subpopulations.

REFERENCES

1.	 Langston	 B,	 Armes	 J,	 Levy	 A,	 et	 al.	 The	 prevalence	 and	 severity	 of	 fatigue	 in	 men	 with	 prostate	 cancer:	 a
systematic	review	of	the	literature.	Support	Care	Cancer	2013;21(6):1761–1771.

2.	 Peters	ME,	Goedendorp	MM,	Verhagen	CA,	et	al.	Severe	fatigue	during	the	palliative	treatment	phase	of	cancer:
an	exploratory	study.	Cancer	Nurs	2014;37(2):139–145.

3.	 Weis	 J.	 Cancer-related	 fatigue:	 prevalence,	 assessment	 and	 treatment	 strategies.	 Expert	 Rev	 Pharmacoecon
Outcomes	Res	2011;11(4):441–446.

4.	 Wang	XS,	Zhao	F,	Fisch	MJ,	et	al.	Prevalence	and	characteristics	of	moderate	to	severe	fatigue:	a	multicenter	study
in	cancer	patients	and	survivors.	Cancer	2014;120(3):425–432.

5.	 Wang	XS,	Woodruff	JF.	Cancer-related	and	treatment-related	fatigue.	Gynecol	Oncol	2015;136(3):446–452.
6.	 National	 Comprehensive	 Cancer	Network.	Cancer-Related	 Fatigue	 (version	 2.2018).	 Jenkintown,	 PA:	 National

Comprehensive	Cancer	Network;	2018.
7.	 Thong	MSY,	Mols	F,	van	de	Poll-Franse	LV,	et	al.	Identifying	the	subtypes	of	cancer-related	fatigue:	results	from

the	population-based	PROFILES	registry.	J	Cancer	Surviv	2018;12(1):38–46.
8.	 Thompson	LMA,	Bobonis	Babilonia	M.	Distinguishing	depressive	symptoms	from	similar	cancer-related	somatic

symptoms:	 implications	 for	 assessment	 and	management	 of	major	 depression	 after	 breast	 cancer.	 South	 Med	 J
2017;110(10):667–672.

9.	 Bower	JE.	Cancer-related	fatigue:	mechanisms,	risk	factors,	and	treatments.	Nat	Rev	Clin	Oncol	2014;11(10):597–
609.

10.	 Fagundes	C,	LeRoy	A,	Karuga	M.	Behavioral	symptoms	after	breast	cancer	treatment:	a	biobehavioral	approach.	J
Pers	Med	2015;5(3):280–295.

11.	 Lacourt	 TE,	 Heijnen	 CJ.	 Mechanisms	 of	 neurotoxic	 symptoms	 as	 a	 result	 of	 breast	 cancer	 and	 its	 treatment:
considerations	 on	 the	 contribution	 of	 stress,	 inflammation,	 and	 cellular	 bioenergetics.	Curr	 Breast	 Cancer	 Rep
2017;9(2):70–81.

12.	 Wang	 T,	 Yin	 J,	 Miller	 AH,	 et	 al.	 A	 systematic	 review	 of	 the	 association	 between	 fatigue	 and	 genetic
polymorphisms.	Brain	Behav	Immun	2017;62:230–244.

13.	 Karshikoff	 B,	 Sundelin	 T,	 Lasselin	 J.	 Role	 of	 inflammation	 in	 human	 fatigue:	 relevance	 of	 multidimensional
assessments	and	potential	neuronal	mechanisms.	Front	Immunol	2017;8:21.

14.	 Powers	SK,	Lynch	GS,	Murphy	KT,	et	al.	Disease-induced	skeletal	muscle	atrophy	and	 fatigue.	Med	Sci	Sports
Exerc	2016;48(11):2307–2319.

15.	 Borthwick	 D,	 Knowles	 G,	 McNamara	 S,	 et	 al.	 Assessing	 fatigue	 and	 self-care	 strategies	 in	 patients	 receiving
radiotherapy	for	non-small	cell	lung	cancer.	Eur	J	Oncol	Nurs	2003;7(4):231–241.

16.	 Vogelzang	NJ,	Breitbart	W,	Cella	D,	et	al.	Patient,	caregiver,	and	oncologist	perceptions	of	cancer-related	fatigue:
results	of	a	tripart	assessment	survey.	The	Fatigue	Coalition.	Semin	Hematol	1997;34(3	Suppl	2):4–12.

17.	 Mortimer	 JE,	Barsevick	AM,	Bennett	CL,	 et	 al.	 Studying	 cancer-related	 fatigue:	 report	 of	 the	NCCN	 scientific
research	committee.	J	Natl	Compr	Canc	Netw	2010;8(12):1331–1339.

18.	 Chan	RJ,	Yates	P,	McCarthy	AL.	The	development	and	preliminary	testing	of	an	instrument	for	assessing	fatigue
self-management	outcomes	in	patients	with	advanced	cancer.	Cancer	Nurs	2017;40(1):48–57.

19.	 Wang	 HL,	 Ji	 M,	 Visovsky	 C,	 et	 al.	 Clinically	 relevant	 four-level	 cancer-	 related	 fatigue	 among	 patients	 with
various	types	of	cancer.	J	Adv	Pract	Oncol	2016;7(1):23–37.

20.	 Goedendorp	MM,	Jacobsen	PB,	Andrykowski	MA.	Fatigue	screening	in	breast	cancer	patients:	identifying	likely
cases	of	cancer-related	fatigue.	Psychooncology	2016;25(3):275–281.

21.	 Sobel-Fox	RM,	McSorley	AM,	Roesch	SC,	et	al.	Assessment	of	daily	and	weekly	fatigue	among	African	American
cancer	survivors.	J	Psychosoc	Oncol	2013;31(4):413–429.

22.	 de	Raaf	PJ,	de	Klerk	C,	van	der	Rijt	CC.	Elucidating	the	behavior	of	physical	fatigue	and	mental	fatigue	in	cancer



Dr. AVR @ TMH

patients:	a	review	of	the	literature.	Psychooncology	2013;22(9):1919–1929.
23.	 Tomlinson	 D,	 Hinds	 PS,	 Ethier	MC,	 et	 al.	 Psychometric	 properties	 of	 instruments	 used	 to	 measure	 fatigue	 in

children	and	adolescents	with	cancer:	a	systematic	review.	J	Pain	Symptom	Manage	2013;45(1):83–91.
24.	 Seyidova-Khoshknabi	 D,	 Davis	 MP,	 Walsh	 D.	 Review	 article:	 a	 systematic	 review	 of	 cancer-related	 fatigue

measurement	questionnaires.	Am	J	Hosp	Palliat	Care	2011;28(2):119–129.
25.	 Barsevick	AM,	Cleeland	CS,	Manning	DC,	et	al.	ASCPRO	recommendations	for	the	assessment	of	fatigue	as	an

outcome	in	clinical	trials.	J	Pain	Symptom	Manage	2010;39(6):1086–1099.
26.	 Barsevick	AM,	Irwin	MR,	Hinds	P,	et	al.	Recommendations	for	high-priority	research	on	cancer-related	fatigue	in

children	and	adults.	J	Natl	Cancer	Inst	2013;105(19):1432–1440.
27.	 Lai	 JS,	 Cella	 D,	 Choi	 S,	 et	 al.	 How	 item	 banks	 and	 their	 application	 can	 influence	 measurement	 practice	 in

rehabilitation	medicine:	a	PROMIS	fatigue	item	bank	example.	Arch	Phys	Med	Rehabil	 2011;92(10	Suppl):S20–
S27.

28.	 Wagner	 LI,	 Schink	 J,	 Bass	 M,	 et	 al.	 Bringing	 PROMIS	 to	 practice:	 brief	 and	 precise	 symptom	 screening	 in
ambulatory	cancer	care.	Cancer	2015;121(6):927–934.

29.	 Alesi	 ER,	 del	 Fabbro	 E.	 Opportunities	 for	 targeting	 the	 fatigue-anorexia-	 cachexia	 symptom	 cluster.	Cancer	 J
2014;20(5):325–329.

30.	 Berger	AM,	Yennu	S,	Million	R.	Update	on	interventions	focused	on	symptom	clusters:	what	has	been	tried	and
what	have	we	learned?	Curr	Opin	Support	Palliat	Care	2013;7(1):60–66.

31.	 Koornstra	RH,	Peters	M,	Donofrio	S,	et	al.	Management	of	fatigue	in	patients	with	cancer:	a	practical	overview.
Cancer	Treat	Rev	2014;40(6):791–799.

32.	 Neefjes	 EC,	 van	 der	 Vorst	 MJ,	 Blauwhoff-Buskermolen	 S,	 et	 al.	 Aiming	 for	 a	 better	 understanding	 and
management	of	cancer-related	fatigue.	Oncologist	2013;18(10):1135–1143.

33.	 Zlott	DA,	Byrne	M.	Mechanisms	by	which	pharmacologic	agents	may	contribute	to	fatigue.	PM	R	2010;2(5):451–
455.

34.	 Mitchell	SA,	Hoffman	AJ,	Clark	JC,	et	al.	Putting	evidence	into	practice:	an	update	of	evidence-based	interventions
for	cancer-related	fatigue	during	and	following	treatment.	Clin	J	Oncol	Nurs	2014;18(Suppl):38–58.

35.	 Mustian	KM,	Alfano	CM,	Heckler	C,	et	al.	Comparison	of	pharmaceutical,	psychological,	and	exercise	treatments
for	cancer-related	fatigue:	a	meta-	analysis.	JAMA	Oncol	2017;3(7):961–968.

36.	 Pearson	EJM,	Morris	ME,	di	Stefano	M,	et	 al.	 Interventions	 for	 cancer-related	 fatigue:	 a	 scoping	 review.	Eur	 J
Cancer	Care	(Engl)	2018;27:1.

37.	 Berger	AM,	Mitchell	 SA,	 Jacobsen	PB,	 et	 al.	 Screening,	 evaluation,	 and	management	 of	 cancer-related	 fatigue:
ready	for	implementation	to	practice?	CA	Cancer	J	Clin	2015;65(3):190–211.

38.	 Bower	JE,	Bak	K,	Berger	A,	et	al.	Screening,	assessment,	and	management	of	fatigue	in	adult	survivors	of	cancer:
an	American	Society	of	Clinical	oncology	clinical	practice	guideline	adaptation.	J	Clin	Oncol	2014;32(17):1840–
1850.

39.	 Howell	 D,	 Keller-Olaman	 S,	 Oliver	 TK,	 et	 al.	 A	 pan-Canadian	 practice	 guideline	 and	 algorithm:	 screening,
assessment,	and	supportive	care	of	adults	with	cancer-related	fatigue.	Curr	Oncol	2013;20(3):e233–e246.

40.	 Bohlius	 J,	 Tonia	 T,	 Schwarzer	 G.	 Twist	 and	 shout:	 one	 decade	 of	 meta-analyses	 of	 erythropoiesis-stimulating
agents	in	cancer	patients.	Acta	Haematol	2011;125(1–2):55–67.

41.	 Tonia	T,	Bohlius	 J.	 Ten	 years	 of	meta-analyses	 on	 erythropoiesis-stimulating	 agents	 in	 cancer	 patients.	Cancer
Treat	Res	2011;157:217–238.

42.	 Tonia	T,	Schwarzer	G,	Bohlius	J.	Cancer,	meta-analysis	and	reporting	biases:	the	case	of	erythropoiesis-stimulating
agents.	Swiss	Med	Wkly	2013;143:w13776.

43.	 Eton	DT,	Cella	D.	Do	erythropoietic-stimulating	agents	 relieve	 fatigue?	A	review	of	 reviews.	Cancer	Treat	Res
2011;157:181–194.

44.	 U.S.	Food	and	Drug	Administration.	FDA	drug	safety	communication:	erythropoiesis-stimulating	agents	(ESAs):
Procrit,	 Epogen	 and	 Aranesp.
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm109375.htm.
Accessed	January	1,	2014.

45.	 National	 Comprehensive	 Cancer	 Network.	 Cancer-	 and	 Chemotherapy-Induced	 Anemia	 (version	 3.2014).
Jenkintown,	PA:	National	Comprehensive	Cancer	Network;	2015.

46.	 Minton	O,	Richardson	A,	Sharpe	M,	et	al.	Drug	therapy	for	the	management	of	cancer-related	fatigue.	Cochrane
Database	Syst	Rev	2010;(7):CD006704.

47.	 Mücke	M,	Cuhls	H,	Peuckmann-Post	V,	 et	 al.	 Pharmacological	 treatments	 for	 fatigue	 associated	with	 palliative
care.	Cochrane	Database	Syst	Rev	2015;(5):CD006788.



48.	 Carpenter	 JS,	 Storniolo	 AM,	 Johns	 S,	 et	 al.	 Randomized,	 double-blind,	 placebo-controlled	 crossover	 trials	 of
venlafaxine	for	hot	flashes	after	breast	cancer.	Oncologist	2007;12(1):124–135.

49.	 Capuron	 L,	 Gumnick	 JF,	Musselman	DL,	 et	 al.	 Neurobehavioral	 effects	 of	 interferon-alpha	 in	 cancer	 patients:
phenomenology	 and	 paroxetine	 responsiveness	 of	 symptom	 dimensions.	 Neuropsychopharmacology
2002;26(5):643–652.

50.	 Weitzner	MA,	Moncello	 J,	 Jacobsen	 PB,	 et	 al.	 A	 pilot	 trial	 of	 paroxetine	 for	 the	 treatment	 of	 hot	 flashes	 and
associated	symptoms	in	women	with	breast	cancer.	J	Pain	Symptom	Manage	2002;23(4):337–345.

51.	 Jiang	SL,	Liu	HJ,	Liu	ZC,	et	al.	Adjuvant	effects	of	fermented	red	ginseng	extract	on	advanced	non-small	cell	lung
cancer	patients	treated	with	chemotherapy.	Chin	J	Integr	Med	2017;23(5):331–337.

52.	 Kim	HS,	Kim	MK,	 Lee	M,	 et	 al.	 Effect	 of	 red	 ginseng	 on	 genotoxicity	 and	 health-related	 quality	 of	 life	 after
adjuvant	chemotherapy	in	patients	with	epithelial	ovarian	cancer:	a	randomized,	double	blind,	placebo-controlled
trial.	Nutrients	2017;9(7):E772.

53.	 Yennurajalingam	S,	Tannir	NM,	Williams	JL,	et	al.	A	double-blind,	randomized,	placebo-controlled	trial	of	panax
ginseng	for	cancer-related	 fatigue	 in	patients	with	advanced	cancer.	J	Natl	Compr	Canc	Netw	 2017;15(9):1111–
1120.

54.	 Barton	DL,	Liu	H,	Dakhil	SR,	et	al.	Wisconsin	ginseng	(Panax	quinquefolius)	to	improve	cancer-related	fatigue:	a
randomized,	double-blind	trial,	N07C2.	J	Natl	Cancer	Inst	2013;105(16):1230–1238.

55.	 Qu	D,	Zhang	Z,	Yu	X,	et	al.	Psychotropic	drugs	for	the	management	of	cancer-related	fatigue:	a	systematic	review
and	meta-analysis.	Eur	J	Cancer	Care	(Engl)	2016;25(6):970–979.

56.	 Rojí	R,	Centeno	C.	The	use	of	methylphenidate	to	relieve	fatigue.	Curr	Opin	Support	Palliat	Care	2017;11(4):299–
305.

57.	 Yennurajalingam	S,	Bruera	E.	Review	of	clinical	trials	of	pharmacologic	interventions	for	cancer-related	fatigue:
focus	on	psychostimulants	and	steroids.	Cancer	J	2014;20(5):319–324.

58.	 Gong	S,	Sheng	P,	Jin	H,	et	al.	Effect	of	methylphenidate	in	patients	with	cancer-related	fatigue:	a	systematic	review
and	meta-analysis.	PLoS	One2014;9(1):e84391.

59.	 Barton	D.	Journey	to	Oz	in	search	of	a	remedy	for	fatigue.	Cancer	J	2014;20(1):15–17.
60.	 Ruddy	 KJ,	 Barton	 D,	 Loprinzi	 CL.	 Laying	 to	 rest	 psychostimulants	 for	 cancer-related	 fatigue?	 J	 Clin	 Oncol

2014;32(18):1865–1867.
61.	 Franco	M,	William	L,	Poon	P,	et	al.	Dexamethasone	for	cancer-related	fatigue.	J	Clin	Oncol	2014;32(6):608–609.
62.	 Yennurajalingam	S,	Bruera	E.	Role	 of	 corticosteroids	 for	 fatigue	 in	 advanced	 incurable	 cancer:	 is	 it	 a	 ‘wonder

drug’	or	‘deal	with	the	devil.’	Curr	Opin	Support	Palliat	Care	2014;8(4):346–351.
63.	 Yennurajalingam	S,	Frisbee-Hume	S,	Palmer	JL,	et	al.	Reduction	of	cancer-related	fatigue	with	dexamethasone:	a

double-blind,	 randomized,	 placebo-controlled	 trial	 in	 patients	 with	 advanced	 cancer.	 J	 Clin	 Oncol
2013;31(25):3076–3082.

64.	 Payne	C,	Wiffen	PJ,	Martin	S.	Interventions	for	fatigue	and	weight	loss	in	adults	with	advanced	progressive	illness.
Cochrane	Database	Syst	Rev	2012;(1):CD008427.

65.	 Vigano	A,	Piccioni	M,	Trutschnigg	B,	et	al.	Male	hypogonadism	associated	with	advanced	cancer:	a	 systematic
review.	Lancet	Oncol	2010;11(7):679–684.

66.	 Del	Fabbro	E,	Garcia	 JM,	Dev	R,	 et	 al.	Testosterone	 replacement	 for	 fatigue	 in	hypogonadal	 ambulatory	males
with	advanced	cancer:	a	preliminary	double-blind	placebo-controlled	trial.	Support	Care	Cancer	2013;21(9):2599–
2607.

67.	 Tookman	AJ,	Jones	CL,	DeWitte	M,	et	al.	Fatigue	in	patients	with	advanced	cancer:	a	pilot	study	of	an	intervention
with	infliximab.	Support	Care	Cancer	2008;16(10):1131–1140.

68.	 Kamath	 J,	 Feinn	 R,	 Winokur	 A.	 Thyrotropin-releasing	 hormone	 as	 a	 treatment	 for	 cancer-related	 fatigue:	 a
randomized	controlled	study.	Support	Care	Cancer	2012;20(8):1745–1753.

69.	 Marx	W,	 Teleni	 L,	 Opie	 RS,	 et	 al.	 Efficacy	 and	 effectiveness	 of	 carnitine	 supplementation	 for	 cancer-related
fatigue:	a	systematic	literature	review	and	meta-analysis.	Nutrients	2017;9(11):E1224.

70.	 Baguley	BJ,	Bolam	KA,	Wright	ORL,	et	al.	The	effect	of	nutrition	therapy	and	exercise	on	cancer-related	fatigue
and	quality	of	life	in	men	with	prostate	cancer:	a	systematic	review.	Nutrients	2017;9(9):E1003.

71.	 Hilfiker	R,	Meichtry	A,	Eicher	M,	 et	 al.	Exercise	 and	other	non-pharmaceutical	 interventions	 for	 cancer-related
fatigue	 in	 patients	 during	 or	 after	 cancer	 treatment:	 a	 systematic	 review	 incorporating	 an	 indirect-comparisons
meta-	analysis.	Br	J	Sports	Med	2018;52(10):651–658.

72.	 Kelley	GA,	Kelley	KS.	Exercise	and	cancer-related	fatigue	in	adults:	a	systematic	review	of	previous	systematic
reviews	with	meta-analyses.	BMC	Cancer	2017;17(1):693.

73.	 Kessels	 E,	 Husson	 O,	 van	 der	 Feltz-Cornelis	 CM.	 The	 effect	 of	 exercise	 on	 cancer-related	 fatigue	 in	 cancer



Dr. AVR @ TMH

survivors:	a	systematic	review	and	meta-	analysis.	Neuropsychiatr	Dis	Treat	2018;14:479–494.
74.	 Schmitz	 KH,	 Courneya	 KS,	 Matthews	 C,	 et	 al.	 American	 College	 of	 Sports	 Medicine	 roundtable	 on	 exercise

guidelines	for	cancer	survivors.	Med	Sci	Sports	Exerc	2010;42(7):1409–1426.
75.	 van	der	Leeden	M,	Huijsmans	RJ,	Geleijn	E,	et	al.	Tailoring	exercise	interventions	to	comorbidities	and	treatment-

induced	 adverse	 effects	 in	 patients	 with	 early	 stage	 breast	 cancer	 undergoing	 chemotherapy:	 a	 framework	 to
support	clinical	decisions.	Disabil	Rehabil	2018;40(4):486–496.

76.	 Kiecolt-Glaser	 JK,	Bennett	 JM,	Andridge	R,	 et	 al.	Yoga’s	 impact	on	 inflammation,	mood,	 and	 fatigue	 in	breast
cancer	survivors:	a	randomized	controlled	trial.	J	Clin	Oncol	2014;32(10):1040–1049.

77.	 Bower	 JE,	 Garet	 D,	 Sternlieb	 B,	 et	 al.	 Yoga	 for	 persistent	 fatigue	 in	 breast	 cancer	 survivors:	 a	 randomized
controlled	trial.	Cancer	2012;118(15):3766–3775.

78.	 Vardar	 Yag˘lı	 N,	 S¸ener	 G,	 Arıkan	H,	 et	 al.	 Do	 yoga	 and	 aerobic	 exercise	 training	 have	 impact	 on	 functional
capacity,	 fatigue,	 peripheral	muscle	 strength,	 and	 quality	 of	 life	 in	 breast	 cancer	 survivors?	 Integr	 Cancer	 Ther
2015;14(2):125–132.

79.	 Danhauer	SC,	Addington	EL,	Sohl	SJ,	et	al.	Review	of	yoga	therapy	during	cancer	treatment.	Support	Care	Cancer
2017;25(4):1357–1372.

80.	 Cramer	H,	Lauche	R,	Klose	P,	et	al.	Yoga	for	improving	health-related	quality	of	life,	mental	health	and	cancer-
related	symptoms	in	women	diagnosed	with	breast	cancer.	Cochrane	Database	Syst	Rev	2017;(1):CD010802.

81.	 Wayne	PM,	Lee	MS,	Novakowski	J,	et	al.	Tai	chi	and	qigong	for	cancer-	related	symptoms	and	quality	of	life:	a
systematic	review	and	meta-analysis.	J	Cancer	Surviv	2018;12(2):256–267.

82.	 Xiang	Y,	Lu	L,	Chen	X,	et	al.	Does	tai	chi	relieve	fatigue?	A	systematic	review	and	meta-analysis	of	randomized
controlled	trials.	PLoS	One	2017;12(4):e0174872.

83.	 Egan	 MY,	 McEwen	 S,	 Sikora	 L,	 et	 al.	 Rehabilitation	 following	 cancer	 treatment.	 Disabil	 Rehabil
2013;35(26):2245–2258.

84.	 Scott	 DA,	 Mills	 M,	 Black	 A,	 et	 al.	 Multidimensional	 rehabilitation	 programmes	 for	 adult	 cancer	 survivors.
Cochrane	Database	Syst	Rev	2013;(3):CD007730.

85.	 Pyszora	A,	 Budzyński	 J,	Wójcik	A,	 et	 al.	 Physiotherapy	 programme	 reduces	 fatigue	 in	 patients	with	 advanced
cancer	receiving	palliative	care:	randomized	controlled	trial.	Support	Care	Cancer	2017;25(9):2899–2908.

86.	 Kao	CY,	Hu	WY,	Chiu	TY,	et	al.	Effects	of	the	hospital-based	palliative	care	team	on	the	care	for	cancer	patients:
an	evaluation	study.	Int	J	Nurs	Stud	2014;51(2):226–235.

87.	 de	Raaf	PJ,	de	Klerk	C,	Timman	R,	et	al.	Systematic	monitoring	and	treatment	of	physical	symptoms	to	alleviate
fatigue	in	patients	with	advanced	cancer:	a	randomized	controlled	trial.	J	Clin	Oncol	2013;31(6):716–723.

88.	 Yennurajalingam	S,	Urbauer	DL,	Casper	KL,	et	al.	Impact	of	a	palliative	care	consultation	team	on	cancer-related
symptoms	 in	advanced	cancer	patients	 referred	 to	an	outpatient	 supportive	care	clinic.	J	Pain	Symptom	Manage
2010;41(1):49–56.

89.	 Bennett	S,	Pigott	A,	Beller	EM,	et	al.	Educational	 interventions	 for	 the	management	of	cancer-related	fatigue	 in
adults.	Cochrane	Database	Syst	Rev	2016;(11):CD008144.

90.	 Du	S,	Hu	L,	Dong	J,	et	al.	Patient	education	programs	for	cancer-related	fatigue:	a	systematic	review.	Patient	Educ
Couns	2015;98(11):1308–1319.

91.	 Howell	D,	Harth	T,	Brown	J,	et	al.	Self-management	education	interventions	for	patients	with	cancer:	a	systematic
review.	Support	Care	Cancer	2017;25(4):1323–1355.

92.	 Poort	 H,	 Peters	 M,	 Bleijenberg	 G,	 et	 al.	 Psychosocial	 interventions	 for	 fatigue	 during	 cancer	 treatment	 with
palliative	intent.	Cochrane	Database	Syst	Rev	2017;(7):CD012030.

93.	 Carlson	LE,	Zelinski	E,	Toivonen	K,	et	al.	Mind-body	therapies	in	cancer:	what	is	the	latest	evidence?	Curr	Oncol
Rep	2017;19(10):67.

94.	 Cobeanu	O,	 David	D.	 Alleviation	 of	 side	 effects	 and	 distress	 in	 breast	 cancer	 patients	 by	 cognitive-behavioral
interventions:	 a	 systematic	 review	 and	meta-analysis.	 J	Clin	Psychol	Med	 Settings	 2018	 [Epub	 ahead	 of	 print].
doi:10.1007/s10880-017-9526-7.

95.	 Bruggeman-Everts	FZ,	Wolvers	MDJ,	van	de	Schoot	R,	et	al.	Effectiveness	of	 two	Web-based	 interventions	 for
chronic	cancer-related	fatigue	compared	to	an	active	control	condition:	results	of	the	“Fitter	na	kanker”	randomized
controlled	trial.	J	Med	Internet	Res	2017;19(10):e336.

96.	 Seiler	A,	Klaas	V,	Tröster	G,	et	al.	eHealth	and	mHealth	interventions	in	the	treatment	of	fatigued	cancer	survivors:
a	systematic	review	and	meta-analysis.	Psychooncology	2017;26(9):1239–1253.

97.	 Willems	RA,	Bolman	CA,	Mesters	I,	et	al.	Short-term	effectiveness	of	a	Web-based	tailored	intervention	for	cancer
survivors	 on	 quality	 of	 life,	 anxiety,	 depression,	 and	 fatigue:	 randomized	 controlled	 trial.	 Psychooncology
2017;26(2):222–230.



98.	 Johnson	JA,	Rash	JA,	Campbell	TS,	et	al.	A	systematic	review	and	meta-	analysis	of	randomized	controlled	trials
of	cognitive	behavior	therapy	for	insomnia	(CBT-I)	in	cancer	survivors.	Sleep	Med	Rev	2016;27:20–28.

99.	 National	 Comprehensive	 Cancer	 Network.	 Cancer-	 and	 chemotherapy-	 induced	 anemia	 (version	 2.2018).
http://www.nccn.org/professionals/physician_gls/PDF/anemia.pdf.	Accessed	March	10,	2018.

100.	 Ancoli-Israel	S,	Rissling	M,	Neikrug	A,	et	al.	Light	treatment	prevents	fatigue	in	women	undergoing	chemotherapy
for	breast	cancer.	Support	Care	Cancer	2012;20(6):1211–1219.

101.	 Neikrug	 AB,	 Rissling	 M,	 Trofimenko	 V,	 et	 al.	 Bright	 light	 therapy	 protects	 women	 from	 circadian	 rhythm
desynchronization	during	chemotherapy	for	breast	cancer.	Behav	Sleep	Med	2012;10(3):202–216.

102.	 Redd	WH,	Valdimarsdottir	H,	Wu	LM,	et	al.	Systematic	light	exposure	in	the	treatment	of	cancer-related	fatigue:	a
preliminary	study.	Psychooncology	2014;23(12):1431–1434.

103.	 Johnson	 JA,	 Garland	 SN,	 Carlson	 LE,	 et	 al.	 Bright	 light	 therapy	 improves	 cancer-related	 fatigue	 in	 cancer
survivors:	a	randomized	controlled	trial.	J	Cancer	Surviv	2018;12(2):206–215.

104.	 Wu	LM,	Amidi	A,	Valdimarsdottir	H,	et	al.	The	effect	of	systematic	light	exposure	on	sleep	in	a	mixed	group	of
fatigued	cancer	survivors.	J	Clin	Sleep	Med	2018;14(1):31–39.

105.	 Haller	H,	Winkler	MM,	Klose	P,	et	al.	Mindfulness-based	interventions	for	women	with	breast	cancer:	an	updated
systematic	review	and	meta-analysis.	Acta	Oncol	2017;56(12):1665–1676.

106.	 Toivonen	 KI,	 Zernicke	 K,	 Carlson	 LE.	 Web-based	 mindfulness	 interventions	 for	 people	 with	 physical	 health
conditions:	systematic	review.	J	Med	Internet	Res	2017;19(8):e303.

107.	 Zhang	 Y,	 Lin	 L,	 Li	 H,	 et	 al.	 Effects	 of	 acupuncture	 on	 cancer-related	 fatigue:	 a	 meta-analysis.	 Support	 Care
Cancer	2018;26(2):415–425.

108.	 Zia	 FZ,	 Olaku	 O,	 Bao	 T,	 et	 al.	 The	 National	 Cancer	 Institute’s	 Conference	 on	 Acupuncture	 for	 Symptom
Management	 in	 Oncology:	 state	 of	 the	 science,	 evidence,	 and	 research	 gaps.	 J	 Natl	 Cancer	 Inst	 Monogr
2017:2017:52.

109.	 Hou	L,	Zhou	C,	Wu	Y,	et	al.	Transcutaneous	electrical	acupoint	stimulation	(TEAS)	relieved	cancer-related	fatigue
in	non-small	cell	lung	cancer	(NSCLC)	patients	after	chemotherapy.	J	Thorac	Dis	2017;9(7):1959–1966.

110.	 Cheng	CS,	Chen	LY,	Ning	ZY,	et	al.	Acupuncture	for	cancer-related	fatigue	in	lung	cancer	patients:	a	randomized,
double	blind,	placebo-controlled	pilot	trial.	Support	Care	Cancer	2017;25(12):3807–3814.

111.	 Mao	 H,	Mao	 JJ,	 Guo	M,	 et	 al.	 Effects	 of	 infrared	 laser	 moxibustion	 on	 cancer-related	 fatigue:	 a	 randomized,
double-blind,	placebo-controlled	trial.	Cancer	2016;122(23):3667–3672.

112.	 Viscuse	 PV,	 Price	 K,	 Millstine	 D,	 et	 al.	 Integrative	 medicine	 in	 cancer	 survivors.	 Curr	 Opin	 Oncol
2017;29(4):235–242.



Dr. AVR @ TMH

135 Second	Cancers
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INTRODUCTION
Second	primary	cancers	(SPCs)	are	one	of	the	most	serious	and	potentially	lethal	complications	of	cancer	and	its
therapy.	 Subsequent	 malignancies	 now	 compose	 almost	 one	 in	 five	 incident	 cancers	 in	 the	 United	 States,
superseding	first	cancers	of	breast,	lung,	and	prostate.1	Whereas	the	number	of	first	primary	cancers	increased	by
70%	over	the	past	four	decades,	the	number	of	SPCs	increased	by	more	than	300%	during	the	same	period.1	These
increases	 mirror	 advances	 in	 cancer	 survival	 and	 reflect	 improvements	 in	 early	 detection,	 treatment,	 and
supportive	care.	For	all	cancers	combined,	the	5-year	relative	survival	rate	has	advanced	steadily	over	the	past	few
decades	and	is	approximately	69%	for	patients	diagnosed	between	2005	and	2011.2	There	are	presently	over	15.5
million	cancer	survivors	in	the	United	States,	representing	approximately	4.8%	of	the	population.3	By	2026,	it	is
anticipated	that	this	population	will	expand	to	20.3	million.3	Commensurately,	 it	 is	expected	that	 the	number	of
patients	with	subsequent	and	higher	order	malignancies	will	increase.

Aside	 from	 recurrence	or	progression	of	 a	primary	cancer,	SPCs	have	 remained	 the	most	 common	cause	of
death	 among	 childhood	 cancer	 survivors	 despite	 decreases	 in	 SPC	 mortality	 rates	 over	 the	 past	 few	 decades
attributable	 to	 reductions	 in	 treatment	 exposures.4	 A	 population-based	 investigation	 within	 the	 Surveillance,
Epidemiology,	and	End	Results	(SEER)	program	found	that	adolescent	and	young	adults	with	a	second	Hodgkin
lymphoma;	 sarcoma;	 or	 breast,	 thyroid,	 or	 testicular	 cancer	 (TC)	 had	 a	 greater	 than	 twofold	 increased	 risk	 of
cancer-specific	death	compared	with	patients	with	the	same	primary	malignant	neoplasm.5	Possible	explanations
for	 these	outcomes	may	include	an	inferior	response	to	 treatment,	 limitations	on	the	 types	or	doses	of	 therapies
that	 can	 be	 administered,	 or	 impaired	 physiologic	 reserves	 that	 impact	 the	 ability	 to	 tolerate	 further	 cancer
therapies.	Moreover,	 a	 number	 of	 patients	may	 develop	 third	 and	 higher	 order	 cancers	 after	 therapy	 for	 either
childhood6	or	adult-onset	cancers.7

SPCs	may	not	necessarily	be	due	to	the	late	sequelae	of	cytotoxic	treatment	but	rather	reflect	shared	etiologic
influences	 (including	 tobacco	 and	 excessive	 alcohol	 intake),	 environmental	 determinants,	 host	 factors,	 genetic
predisposition,	 and	 combinations	 of	 influences	 including	 gene–environment	 and	 gene–gene	 interactions.8,9
Although	the	carcinogenicity	of	radiotherapy	has	long	been	recognized,10,11	an	increasing	body	of	research	points
to	 the	 importance	 of	 the	 role	 of	 chemotherapeutic	 agents,	 not	 only	 in	 the	 development	 of	 treatment-related
leukemias	 but	 also	 in	 selected	 solid	 tumors	 including	 cancers	 of	 the	 central	 nervous	 system	 (CNS)	 (i.e.,
meningioma),	breast,	lung,	sarcoma,	thyroid,	stomach,	colon,	bladder,	kidney,	and	skin.6,10–18	The	important	role
of	genetic	susceptibility	in	the	development	of	SPC	was	reviewed	in	2013	by	Travis	et	al.,19	and	major	advances
in	genomics	further	underscore	the	importance	of	these	factors.	The	focus	of	this	chapter	is	treatment-associated
malignancies,	incorporating	new	data	on	radiotherapy	and	chemotherapy	carcinogenicity,	genetic	underpinnings,
outcomes,	and	summarizing	future	research	directions.

CARCINOGENICITY	OF	INDIVIDUAL	TREATMENT	MODALITIES
Radiation	Therapy
The	 carcinogenic	 effects	 of	 ionizing	 radiation	 have	 long	 been	 recognized	 in	 atomic	 bomb	 survivors	 and
individuals	 exposed	 to	 low	 doses	 of	 radiation	 for	 diagnostic	 purposes	 or	 therapeutic	 radiation	 for	 benign
conditions.20–23	The	relation	between	radiation	dose	and	cancer	risk	 is	well	described	 in	 these	 low-dose	ranges,
with	an	approximately	linear	increase	in	risk	with	increasing	dose	up	to	about	5	Gy	for	solid	tumors	(estimated



excess	 relative	 risk	 [ERR]/Gy	 of	 0.65)	 and	 up	 to	 1.5	 to	 2	 Gy	 for	 leukemia	 (estimated	 ERR/Gy	 of	 2.65).22
Typically,	 increased	 cell	 killing	 occurs	 in	 higher	 dose	 regions	 and,	 therefore,	 results	 in	 a	 lowered	 cancer	 risk,
whereas	tissues	exposed	to	intermediate	doses	are	at	highest	risk	for	cancer	development.

Most	data	on	the	carcinogenic	effects	of	radiation	in	the	higher	dose	range	were	derived	from	cancer	survivors
given	therapeutic	radiation.11,24	 In	assessing	radiation-related	SPCs	 in	 these	patients,	 it	 is	 important	 to	 take	 into
consideration	 other	 potential	 contributing	 factors.	 These	 include	 exposure	 to	 cytotoxic	 drugs	 (refer	 to
“Chemotherapy”	 section),	 genetic	 predisposition	 (refer	 to	 “Genetic	 Susceptibility	 to	 Second	 Primary	 Cancers”
section),	 immunosuppression,	 infections,	 environmental	 exposures,	 and	 heightened	 surveillance	 in	 cancer
survivors.8,9

Tobacco	use	increases	the	risk	of	treatment-related	lung	cancer	in	a	multiplicative	manner	as	demonstrated	in	a
case-control	 study	 of	 Hodgkin	 lymphoma	 (HL)	 survivors.25	 Younger	 age	 at	 irradiation	 is	 associated	 with	 a
significantly	increased	risk	of	breast	cancer26	and	thyroid	cancer,27	as	shown	in	survivors	of	HL,	breast	cancer,28
and	childhood	cancer.11	However,	early	menopause	has	a	protective	effect	on	breast	cancer	after	radiotherapy	in
HL	 survivors,29,30	 suggesting	 that	 ovarian	 hormones	 play	 an	 important	 role	 in	 promoting	 tumorigenesis	 once
radiation	has	induced	an	initiating	event.

Risk	of	radiation-related	cancer	has	been	shown	to	increase	with	increasing	dose	for	cancers	of	the	breast,29–32
esophagus,33	lungs,25	and	stomach34,35;	meningioma36;	sarcoma37,38;	and	pancreatic	cancer,39,40	with	no	evidence
of	a	downturn	in	risk	at	high	doses.	An	exception	to	these	trends	is	thyroid	cancer	risk,	which	has	been	shown	to
decrease	after	high	doses	(also	see	“Pediatric	Malignancies”	section).41	The	radiation	dose–response	relationship
in	SPC	development,	 therefore,	appears	 to	be	 tissue	specific.	A	systemic	 review	of	data	on	 the	 radiation	dose–
response	 relationship	 for	 11	 second	 solid	 cancers	 found	 that	 for	most	SPCs	 (except	 thyroid	 cancer),	 the	 dose–
response	curve	was	linear,	even	at	doses	of	60	Gy	or	higher.24	In	addition	to	radiation	dose,	radiotherapy	fields,
which	directly	reflect	 the	volume	of	normal	exposed	 tissue,	can	affect	SPC	risk.	The	association	between	more
extensive	 treatment	 fields	 and	 higher	 SPC	 risk	 has	 been	 shown	 in	 survivors	 of	HL,42,43	 breast	 cancer,44,45	 and
prostate	cancer.46

Radiotherapy	 techniques	 and	 delivery	 systems	 have	 undergone	 major	 transformations	 over	 the	 past	 few
decades.	 Intensity-modulated	 radiation	 therapy	 (IMRT)	 uses	 computer-generated	 dose	 optimization	 algorithms
and	 multiple	 modulated	 beams	 to	 produce	 precisely	 shaped	 dose	 distributions,	 resulting	 in	 improved	 dose
conformality	 in	 the	 high-dose	 region.	 However,	 it	 requires	 more	 radiation	 output,	 or	 monitor	 units	 (MU),	 to
deliver	a	specified	dose	to	the	target	than	for	conventional	treatments.	Figure	135.1	illustrates	the	differences	in
dose	 distribution	 using	 a	 conventional	 three-dimensional	 (3D)	 radiation	 therapy	 with	 anterior–posterior	 beam
versus	 an	 IMRT	 approach	 in	 a	 patient	 with	 mediastinal	 disease.	 The	 IMRT	 technique	 allows	 improved
conformality	at	high	doses	but	at	the	expense	of	a	larger	volume	of	normal	tissue	exposed	to	low	doses.	However,
thoughtful	 beam	 angle	 selection	 individualized	 on	 a	 case-by-case	 basis	 can	 limit	 this	 issue	 of	 low-dose
exposure.47,48	There	is	also	increasing	momentum	for	the	use	of	proton	therapy,	given	the	physical	characteristics
of	the	depth	dose	curve,	which	peaks	at	the	end	of	the	particle	range	(Bragg	peak).	The	beam	has	sharp	edges	with
little	 side	 scatter,	 and	 the	 dose	 drops	 to	 zero	 after	 the	Bragg	 peak.	 In	 addition,	 the	 integral	 dose,	 or	 the	mean
absorbed	dose	multiplied	by	 the	mass	of	 irradiated	 tissue,	 is	 significantly	 lower	with	proton	beam	 than	photon
beam.
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Figure	135.1	Treatment	plans	with	three-dimensional	cranial	radiotherapy	(left),	volumetric
modulated	arc	therapy	(middle,	left),	proton	therapy	(middle,	right),	and	mantle	field	(right)

treatment	for	two	different	patients	with	mediastinal	Hodgkin	lymphoma	are	shown	in	dose	color
wash.	The	top	panels	show	the	treatment	plans	for	patient	1;	the	lower	panels	are	for	patient	2.
(Reprinted	with	permission	from	Maraldo	MV,	Brodin	NP,	Aznar	MC,	et	al.	Estimated	risk	of

cardiovascular	disease	and	secondary	cancers	with	modern	highly	conformal	radiotherapy	for	early-
stage	mediastinal	Hodgkin	lymphoma.	Ann	Oncol	2013;24[8]:2113–2118.)

However,	 there	 have	 been	 concerns	 with	 regard	 to	 SPC	 risk	 associated	 with	 ancillary	 neutron	 production,
especially	with	 the	passive	 scattering	 technique,	which	 results	 in	dose	 exposure	 to	 the	whole	body.	The	newer
beam	scanning	 technique	holds	promise	for	 reducing	SPC	risk	as	a	 result	of	 low	neutron	contamination.49	This
technique	uses	magnetically	 scanned	pencil	 beams	over	 the	 target	 volume;	 does	 not	 require	 scattering	devices,
collimation,	or	compensation;	and,	 therefore,	 is	associated	with	reduced	secondary	neutron	production	from	the
treatment	head.

There	has	been	a	growing	literature	on	the	estimation	of	SPC	risks	using	radiobiologic	modeling	of	SPC	risk
with	these	new	radiotherapy	techniques	and	delivery	systems.50	Although	several	studies	estimate	that	the	lowest
SPC	risk	may	occur	with	the	scanning	proton	beam	technique,32,49,51,52	it	should	be	noted	that	estimated	risks	for
different	modalities	 vary	 considerably	 depending	 on	 the	 assumptions	 of	 various	models.	 Future	 developments
including	advanced	image-guided	adaptive	planning	and	treatment,	flattening	filter	free	radiotherapy,	and	image-
guided	 proton	 beam	 therapy	 hold	 promise	 to	 potentially	 further	 reduce	 the	 risk	 of	 radiation-associated	 second
malignancies.53

Chemotherapy
The	 association	 between	 alkylating	 agents	 and	 therapy-related	 myelodysplastic	 syndrome	 and	 acute	 myeloid
leukemia	 (t-MDS/AML)	 has	 long	 been	 recognized.	 Alkylating	 agents	 with	 known	 or	 suspected	 leukemogenic
effects	include	mechlorethamine,	chlorambucil,	cyclophosphamide,	melphalan,	semustine,	lomustine,	carmustine,
procarbazine,	 prednimustine,	 busulfan,	 dihydroxybusulfan,	 and	 the	 platinating	 agents.54–56	 Chemotherapeutic
topoisomerase	II	poisons,	such	as	 the	epipodophyllotoxins,	anthracyclines,	and	anthracenediones,	are	associated
with	a	clinically	and	cytogenetically	distinct	AML	type	which	shows	a	relatively	short	induction	period	(median,	2
to	3	years),	and	these	AMLs	typically	present	without	preceding	MDS.57,58

Although	 the	 increased	 risk	 of	 t-MDS/AML	 after	 chemotherapy	 is	 well	 established,	 the	 induction	 of	 solid
tumors	is	less	well	understood.	Elevated	risks	of	cancers	of	the	bladder,59	bone,60	lungs,25	gastrointestinal	sites,61
and	thyroid18,62	after	chemotherapy	have	been	reported.	An	increasing	body	of	evidence	points	to	the	association



of	 cytotoxic	 drugs	 for	 childhood	 cancer	 and	 site-specific	 increases	 in	 solid	 tumor	 risk	 (see	 the	 “Pediatric
Malignancies”	section).	Recently,	Fung	et	al.18	found	a	significantly	increased	threefold	risk	of	kidney	cancer	in	a
population-based	study	of	6,013	testicular	cancer	survivors	(TCS)	treated	in	the	modern	cisplatin-based	era	(see
the	“Testicular	Cancer”	section).

Other	 agents	 used	 in	 cancer	 therapy	 may	 also	 have	 leukemogenic	 and	 carcinogenic	 effects.
Immunosuppressants,	including	azathioprine,	a	thiopurine	prodrug	related	to	6-mercaptopurine	and	6-thioguanine,
is	 associated	 with	 significant	 excesses	 of	 AML,63	 where	 risk	 is	 modified	 by	 host	 genetics	 (see	 “Genetic
Susceptibility	to	Second	Primary	Cancers”	section).	In	addition,	azathioprine	is	also	linked	to	the	development	of
non-Hodgkin	 lymphoma	 (NHL),64	 skin	 cancer,65	 and	 brain	 tumors.66	 Similarly,	 the	 tyrosine	 kinase	 inhibitors,
such	as	imatinib,	may	also	be	leukemogenic,67,68	as	may	be	the	poly	(ADP-ribose)	polymerase	(PARP)	inhibitor
olaparib.69	 The	 most	 serious	 toxic	 effect	 of	 BRAF	 inhibitors	 for	 treatment	 of	BRAF-mutant	 melanoma	 is	 the
development	of	cutaneous	squamous	cell	carcinomas,	reported	in	4%	to	31%	of	patients.70,71

GENETIC	SUSCEPTIBILITY	TO	SECOND	PRIMARY	CANCERS
The	 role	 of	 chemotherapy	 and	 radiation	 in	 the	 development	 of	 SPC	 is	 well	 established,10,11	 and	 considerable
interindividual	 variability	 in	 risk	 suggests	 a	 major	 role	 for	 genetic	 variation.	 However,	 shared	 risk	 alleles	 for
pathologically	 independent	 cancers72,73	 can	make	 it	 difficult	 to	 identify	 true	 risk	 alleles	 for	 treatment-induced
cancer.	As	such,	the	inclusion	of	reference	groups	controlling	for	shared	risk	in	genetic	epidemiology	studies	of
therapy-induced	 cancer	 is	 a	 high	 priority.74	 Further,	 specific	 therapeutic	 exposures	 can	 be	 associated	with	 the
acquisition	 of	 defined	 somatic	 alterations,	 and	 the	 presence	 of	 these	 can	 increase	 confidence	 that	 an	 SPC	 is
treatment	 related.	 For	 example,	 translocations	 involving	 the	 KMT2A	 gene	 on	 11q23	 are	 associated	 with	 t-
MDS/AML	 developing	 after	 exposure	 to	 topoisomerase	 poisons.75	 Similarly,	 exposure	 to	 methylating
chemotherapy	 is	 associated	 with	 t-MDS/AML	 characterized	 by	 microsatellite	 instability,75,76	 a	 hallmark	 of
defective	 DNA	mismatch	 repair	 (MMR).	MMR-deficient	 cells	 have	 increased	 tolerance	 to	methylating	 agents
because	they	escape	apoptosis	via	loss	of	MMR-dependent	signaling	of	drug-induced	DNA	damage.75	The	strong
mutator	phenotype	acquired	by	MMR-defective	cells	is	responsible	for	driving	leukemogenesis.75	Somatic	genetic
markers	for	radiogenic	cancer	are	also	being	identified.	For	example,	amplification	of	the	c-MYC	protooncogene
(8q24.21)	occurs	at	a	significantly	higher	frequency	in	radiogenic	breast	cancer	compared	to	breast	cancer	without
a	radiation	etiology77	and	has	also	been	identified	in	primary	breast	cells	exposed	to	cumulative	radiation	doses	as
low	as	2	to	4	Gy.77	Further,	 there	 is	strong	evidence	that	preexisting	somatic	alterations	can	themselves	be	risk
factors	for	the	development	of	treatment-related	SPC.	By	analyzing	pretreatment	peripheral	blood,	Takahashi	et
al.78	 identified	clonal	hematopoiesis,	driven	by	preleukemic	somatic	mutations	in	TP53	and	RUNX1,	as	a	major
risk	 factor	 for	 therapy-related	 myeloid	 neoplasm	 (hazard	 ratio	 [HR],	 13.7;	 P	 <	 .05;	 Fig.	 135.2),	 suggesting
potential	 value	 as	 a	 clinical	 biomarker	 for	 predicting	 treatment-related	 SPC.	 It	 is	 likely	 that	 those	 genes	 and
pathways	affected	somatically	in	treatment-related	cancers	also	carry	constitutional	variants	that	affect	SPC	risk.

Monogenic	and	Multigenic	Disease	Models
SPC	risk	is	likely	modified	by	high-penetrance	constitutional	variants	that	cause	monogenic	diseases	such	as	Li-
Fraumeni	 syndrome	 (LFS),79	 Fanconi	 anemia,80	 neurofibromatosis	 (NF),	 and	 retinoblastoma	 (see	 “Pediatric
Malignancies”	 section).	 In	 fact,	 SPC	 risk	 loci	 were	 initially	 suggested	 from	 studies	 of	 rare	monogenic	 cancer
susceptibility	syndromes,	many	of	which	confer	acute	sensitivity	 to	chemotherapy	and	radiotherapy,	and	where
elevated	SPC	 risks	 are	known	or	 suspected.81,82	 Supporting	 this	model,	whole-genome	 sequencing	 of	 a	 patient
with	t-AML	identified	a	novel	constitutional	heterozygous	deletion	of	TP53,	affecting	the	DNA	binding	domain,83
and	 which	 likely	 represents	 a	 founder	 mutation	 in	 this	 patient	 who	 presented	 with	 multiple	 primary	 cancers
consistent	with	 a	 LFS-like	 phenotype.83	However,	 due	 to	 their	 very	 low	 frequency,	 these	 high-penetrance	 risk
variants	likely	contribute	only	a	small	fraction	of	SPC	risk	at	the	population	level.

Evidence	suggests	that	outside	the	context	of	monogenic	settings,	the	genetic	contribution	to	treatment-related
cancer	 risk	 is	multigenic	 and	 likely	 related	 to	 the	 coinheritance	 of	multiple	 high-frequency	but	 low-penetrance
polymorphisms	 in	 genes	 that	 regulate	 the	 availability	 of	 active	 drug	metabolites	 or	 cellular	 response	 to	 DNA
damage.	 Penetrance	 for	 SPC	 is	 predicted	 to	 be	 modulated	 by	 gene–exposure	 interactions,	 and	 there	 is	 also
potential	for	gene–gene	interactions	in	multigenic	SPC	models.
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Gene–Exposure	and	Gene–Gene	Interactions
Many	loci	that	modify	SPC	risk	operate	in	pathways	that	affect	response	to	therapeutic	human	carcinogens	in	an
exposure-specific	 manner,	 including	 those	 that	 regulate	 drug	 metabolism	 and	 transport	 and	 DNA	 damage
signaling	and	repair.74,84,85

Figure	135.2	Clonal	hematopoiesis	and	therapy-related	myeloid	neoplasms.	A:	Cumulative
incidence	of	therapy-related	myeloid	neoplasms	in	patients	with	or	without	clonal	hematopoiesis	in
the	case	and	control	cohorts.	Vertical	tick	marks	represent	censored	patients.	B:	Variant	allele

frequencies	of	mutations	detected	as	clonal	hematopoiesis	between	cases	who	developed	therapy-
related	myeloid	neoplasms	and	controls	who	did	not.	(Reprinted	with	permission	from	Takahashi	K,
Wang	F,	Kantarjian	H,	et	al.	Preleukaemic	clonal	haemopoiesis	and	risk	of	therapy-related	myeloid

neoplasms:	a	case-control	study.	Lancet	Oncol	2017;18[1]:100–111.)

Metabolism	of	genotoxic	agents	occurs	 in	 two	phases.	Phase	I	 involves	activation	of	substrates	 into	 reactive
electrophilic	 intermediates	 that	 can	 damage	 DNA,	 a	 reaction	 principally	 performed	 by	 the	 cytochrome	 P450
family	 of	 enzymes.	 Phase	 II	 enzymes	 (conjugation)	 function	 to	 inactivate	 genotoxic	 substrates	 and	 include
glutathione	S-transferase	(GST)	and	NAD(P)H:quinone	oxidoreductase-1.	High	phase	I	activity	and	low	phase	II
activity	can	result	in	DNA	damage	from	excess	harmful	products	of	chemotherapy.	Expression	of	these	enzymes
is	 highly	 variable	 among	 individuals	 because	 of	 several	 functionally	 relevant	 genetic	 polymorphisms,	 some	 of
which	 are	 reported	 to	 impact	 on	 SPC	 risk	 via	 gene–exposure	 interactions.74	 For	 example,	 a	 functional
polymorphism	in	GSTP1	is	associated	with	a	significantly	increased	risk	(odds	ratio	[OR],	4.34)	of	developing	t-
AML	after	exposure	 to	chemotherapy	with	a	 leukemogenic	GSTP1	substrate	(chlorambucil,	cyclophosphamide,
melphalan,	or	doxorubicin)	but	does	not	influence	the	risk	of	radiogenic	leukemia.84

DNA	 damage	 signaling	 and	 repair	 protects	 cells	 from	 mutations	 that	 can	 lead	 to	 cancer	 initiation	 and
progression.	 Numerous	 DNA	 repair	 genes	 contain	 polymorphic	 variants	 that	 are	 reported	 to	 affect	 SPC	 risk,
including	those	that	function	in	direct	repair	(MGMT),	DNA	MMR	(MLH1	and	MSH2),	nucleotide	excision	repair
(XPD),	base	excision	repair	(XRCC1),	DNA	strand	break	repair	(XRCC3,	NBN,	RAD51,	and	RAD50),	and	DNA
damage	 signaling	 and	 apoptosis	 (TP73).74,86–88	 Some	 of	 these	 variants	 affect	 SPC	 via	 specific	 gene–exposure
interactions.	For	example,	a	common	promoter	variant	in	the	MMR	MLH1	gene	is	associated	with	increased	SPC
risk	 after	methylating	 chemotherapy	 for	HL.88	 Given	 that	MMR	 status	 is	 a	major	 determinant	 of	 cellular	 fate
(death,	mutation)	in	response	to	methylating	agents,75	it	is	not	surprising	that	genetic	variation	in	this	pathway	is
an	SPC	 risk	 factor	 after	HL	 therapy.	DNA	 repair	 gene–exposure	 interactions	 can	 also	 affect	 radiogenic	 cancer
risk.	 In	 the	 Childhood	 Cancer	 Survivor	 Study	 (CCSS),89	 Gramatges	 et	 al.90	 reported	 an	 association	 between
constitutional	 telomere	 length	 in	 circulating	 lymphocytes	 and	 secondary	 thyroid	 cancer,	 a	 tissue	 particularly
susceptible	 to	 radiogenic	 cancer.	Telomere	 erosion	 in	 somatic	 cells	 can	drive	 genetic	 instability	 and	malignant



transformation.91	As	such,	it	is	perhaps	not	surprising	that	constitutional	telomere	length	(a	genetic	trait)92	should
also	 be	 an	 SPC	 risk	 factor.	 It	 is	 also	 possible	 that	 somatic	 telomere	 shortening	 is	 a	 risk	 factor	 for	 treatment-
induced	SPC	whereby	precancerous	cells	are	primed	for	transformation	on	exposure	to	genotoxic	radiotherapy	or
chemotherapy,	 just	 as	 clonal	 hematopoiesis	 is	 an	 SPC	 risk	 factor.78	 These	 studies	 highlight	 the	 importance	 of
gene–exposure	 interactions	 in	 SPC	 studies	 and	 also	 demonstrate	 that	 genetic	 risk	 is	 multifactorial,	 with	 both
constitutional	and	somatically	acquired	genetics	likely	defining	risk.

Evidence	 suggests	 that	 gene–gene	 interactions	 can	 also	 impact	 on	 SPC	 risk.	 Ellis	 et	 al.93	 examined	 the
association	of	 t-MDS/AML	with	 two	common	 functional	p53	pathway	variants—the	MDM2-309	promoter	and
TP53	 codon	 72	 polymorphisms.93	 Although	 neither	 polymorphism	 demonstrated	 a	 significant	 association,	 an
interaction	(P	=	.009)	was	detected	such	that	patients	with	both	MDM2	G	and	TP53	pro	alleles	were	at	increased
risk	of	chemotherapy-related	MDS/AML.

Hypothesis-Generating	Genome-Wide	Association	Studies
The	associations	described	 in	 the	previous	 section	were	 identified	based	on	known	or	predicted	gene–exposure
interactions.	Unfortunately,	stratification	by	exposure	is	not	always	possible,	particularly	when	a	biologic	role	has
not	 been	 defined.	 In	 this	 case,	 genome-wide	 approaches	 can	 prove	 useful	 in	 identifying	 loci	 important	 in
treatment-related	cancer.83,93–95

Knight	et	al.94	 conducted	 a	 genome-wide	 association	 study	 (GWAS)	 in	 patients	who	developed	 t-AML	and
identified	 three	SNPs	associated	with	 t-MDS/AML	with	 chromosome	5/7	 abnormalities.	Although	 the	 findings
were	 replicated,	 the	 utilization	 of	 a	 noncancer	 healthy	 control	 group	 raised	 concerns	 about	 case-	 control
differences	 being	 generated	 by	 the	 genetics	 of	 the	 primary	 cancer,	 rather	 than	 t-MDS/AML.	Nonetheless,	 this
study	highlights	 the	potential	of	GWAS	to	 identify	SPC	risk	alleles.	Moreover,	 the	 identification	of	 risk	alleles
unique	to	t-MDS/AML	with	somatic	chromosome	5/7	abnormalities	suggests	that	some	risk	alleles	for	SPCs	may
be	 subtype	 specific,	 which	 highlights	 the	 importance	 of	 appropriate	 stratification	 (e.g.,	 sex,	 exposure,	 disease
subtype)	to	identify	the	context	in	which	SPC	risk	alleles	are	operating	and	where	SPC	penetrance	is	highest,	an
approach	that	will	facilitate	translation	into	the	clinic.

Considering	this	model,	Best	et	al.96	performed	a	GWAS	to	identify	genetic	variants	associated	with	radiation-
associated	solid	malignancies	in	HL	survivors.	They	identified	two	variants	at	chromosome	6q21	associated	with
SPC,	predominantly	breast	cancer,	but	that	only	modified	risk	in	patients	exposed	to	radiation	in	childhood.	The
variants	 comprise	 a	 risk	 locus	 associated	 with	 decreased	 basal	 expression	 of	 PRDM1	 and	 impaired	 protein
induction	after	radiation	exposure.	PRDM1	negatively	regulates	 transcription	of	c-MYC	after	 ionizing	radiation,
but	regulation	is	attenuated	in	cells	with	the	risk	PRDM1	haplotype,	 leading	 to	uncontrolled	c-MYC	expression
and	acquisition	of	a	pro-proliferative	phenotype.	Upregulation	of	c-MYC	expression	can	also	be	mediated	by	gene
amplification;	 a	 somatic	 alteration	 that	 is	 significantly	more	 frequent	 in	 radiogenic	 breast	 cancer	 compared	 to
disease	 without	 a	 radiation	 etiology.77,97	 Although	 c-MYC	 amplification	 and	 attenuated	 PRDM1	 expression
(mediated	via	the	risk	haplotype)	are	both	permissive	for	c-MYC	expression,	it	remains	to	be	determined	whether
they	cooperate	to	drive	the	development	of	radiogenic	breast	cancer.97	These	data	suggest	a	novel	gene–exposure
interaction	implicating	PRDM1	in	the	etiology	of	radiation	therapy–induced	SPC,	via	altered	c-MYC	expression,
with	evidence	that	age	at	exposure	modifies	this	association.

Morton	 et	 al.98	 conducted	 a	 GWAS	 for	 susceptibility	 to	 radiogenic	 breast	 cancer	 in	 female	 survivors	 of
childhood	 cancer.	 Using	 data	 from	 patients	 in	 the	 CCSS89	 and	 the	 St.	 Jude	 Lifetime	 cohort,99	 in	 addition	 to
controls	 who	 had	 not	 developed	 a	 subsequent	 neoplasm,	 the	 authors	 identified	 a	 variant	 (rs4342822)	 at
chromosome	 1p41	 associated	 with	 increased	 breast	 cancer	 risk	 in	 patients	 exposed	 to	 at	 least	 1	 Gy	 of	 breast
radiation	(HR,	1.92;	95%	confidence	interval	[CI],	1.49	to	2.44).	rs4342822	maps	near	the	PROX1	transcription
factor	 involved	 in	 regulating	 cell	 proliferation	 and	migration	 and	 that	 is	 somatically	 altered	 in	 13%	 of	 breast
cancers.100	Although	requiring	validation,	this	observation	supports	the	notion	that	somatically	altered	genes	and
pathways	may	also	harbor	risk	alleles	for	disease.

These	 studies	 highlight	 the	 potential	 of	 agnostic	 genome-wide	 approaches	 to	 identify	 novel	 risk	 alleles	 for
SPC.	However,	adjustments	made	for	multiple	testing	means	that	only	variants	with	large	effects	can	be	identified,
at	least	until	sufficiently	large	cohorts	can	be	accrued	to	overcome	this	limitation.

Preemptive	Pharmacogenomics	and	Preemptive	Radiogenomics
Regardless	 of	 whether	 identified	 via	 candidate	 gene	 or	 genome-wide	 approaches,	 accurate	 estimates	 of	 the
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contribution	 of	 gene	 variants	 will	 require	 large	 studies	 with	 sufficient	 power	 such	 that	 gene–gene	 or	 gene–
exposure	 interactions	 can	be	 identified.	 Indeed,	 identifying	 the	 context	 in	which	genetic	 penetrance	 for	SPC	 is
greatest	will	facilitate	the	identification	of	patients	at	largest	risk.	Moreover,	precise	estimates	of	the	magnitude	of
the	 effect(s)	 are	 required	 in	 order	 to	 develop	 personalized	 risk-adapted	 clinical	 strategies,	 including	 dose
modification,	 alternative	 treatments,	 and	 posttherapy	 surveillance.	 Risk	 management	 could	 prove	 particularly
important	in	children	or	young	adults	with	primary	cancers	where	cure	rates	are	high	and	the	risk	of	a	subsequent
cancer	is	associated	with	substantial	morbidity	or	premature	mortality.

In	several	instances,	such	as	the	relation	between	constitutional	thiopurine	methyltransferase	(TPMT)	activity
and	 SPC	 risk,	 the	 goal	 of	 clinical	 translation	 has	 already	 been	 achieved.	 For	 example,	 children	 with	 acute
lymphoblastic	leukemia	(ALL)	who	received	combined-modality	therapy	that	included	6-mercaptopurine	and	who
had	 high	 TPMT	 activity	 (conferred	 by	 polymorphism	 in	 the	 TPMT	 gene)	 had	 an	 8.3%	 cumulative	 risk	 of
subsequently	 developing	 a	 brain	 tumor,	 compared	 to	 a	 risk	 of	 42%	 in	 children	with	 low	TPMT	 activity	 (P	 =
.0077).66	It	was	hypothesized	that	deficient	TPMT	activity	resulted	in	higher	exposures	to	thioguanine	nucleotide
metabolites	during	the	period	of	radiation.	Likewise,	patients	with	lower	TPMT	activity	also	had	an	increased	risk
of	 developing	 AML	 and	 other	 SPCs	 after	 thioguanine	 chemotherapy.101,102	 However,	 a	 reduction	 in	 6-
mercaptopurine	dose,	along	with	other	changes	adopted	as	part	of	the	Berlin-Frankfurt-Munster	protocol	to	treat
childhood	 ALL,	 appeared	 to	 lessen	 the	 effect	 of	 TPMT	 status	 on	 AML	 risk	 after	 thioguanine-containing
chemotherapy.103

The	 gene–exposure	 interaction	 between	 TPMT	 and	 chemotherapeutic	 thioguanine	 nucleotides	 is	 well
established	 and	 strongly	 associated	 with	 several	 life-threatening	 toxicities	 in	 cancer	 patients	 inadvertently
overtreated	with	 these	 agents	 as	 a	 consequence	 of	 genotype.	 Indeed,	 convincing	 evidence	 of	 acute	 toxicity	 in
TPMT-compromised	 patients	 prompted	 the	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 to	 add	 a	 warning	 to
therapeutic	 thioguanines	 along	 with	 information	 on	 genotype	 frequencies	 and	 a	 recommendation	 for	 TPMT
genetic	testing.104	 Evidence	 of	 elevated	 SPC	 risk	 in	 carriers	 of	TPMT-null	 alleles66,101,105	 also	 underscores	 the
importance	 of	 preemptive	 genotyping	 within	 this	 context,	 rather	 than	 posttherapy	 response	 mode	 genotyping,
particularly	 because	 convincing	 evidence	 exists	 that	 toxicity	 and	 SPC	 risk	 can	 both	 be	 ameliorated	 with
appropriate	dose	modification.103	Preemptive	testing	for	TPMT	genotype	and/or	phenotype	status	is	recommended
by	 the	Clinical	Pharmacogenetics	 Implementation	Consortium	and	others	before	 initiating	 therapy	 that	 includes
thioguanine	nucleotides,	including	6-mercaptopurine.102,105

TPMT	 activity	 is	 a	 monogenic	 trait,106	 which	 likely	 facilitated	 the	 clinical	 translation	 of	 genetic	 testing.
Likewise,	 this	 approach	 has	 also	 been	 applied	 to	 other	 populations	 at	 risk	 of	 therapy-induced	 SPC,	 such	 as
patients	with	NF,	which	 is	 an	 autosomal	dominantly	 inherited	disorder	 (caused	by	mutations	 in	 the	NF1	 gene)
characterized	 by	 a	 predisposition	 to	 benign	 tumors	 of	 the	 nerve	 sheath.	 There	 is	 evidence	 from	 studies	 of
laboratory	 animals107	 and	 humans108	 that	 constitutional	 heterozygosity	 for	 NF1	 pathogenic	 mutations	 confers
susceptibility	 to	 radiogenic	 cancer,	 such	 that	 many	 investigators	 now	 recommend	 avoidance	 of	 radiotherapy
whenever	 possible	 to	 treat	 tumors	 in	 NF	 patients.109	 It	 remains	 to	 be	 determined	 whether	 similar	 translation
models	can	be	extended	to	other	gene–exposure	interactions	involving	therapeutic	agents,	especially	where	risk	is
multigenic	and	likely	more	complex.

Preemptive	 testing,	 such	 that	 appropriate	 dose	 modification	 or	 alternative	 treatment	 approaches	 can	 be
implemented,	 is	 critical	 to	 reducing	 SPC	 risk	 in	 patients	with	 a	 strong	 genetic	 predisposition.	TPMT	 and	NF1
represent	two	examples	where	dose	and	regimen	modification	can	ameliorate	the	risk	of	therapy-induced	SPC	in
affected	individuals,	providing	proof	of	principle	of	the	potential	value	of	preemptive	genomics	to	reduce	the	risk
of	SPC	in	selected	patients.

RISK	OF	SECOND	MALIGNANCY	IN	PATIENT	WITH	SELECTED	PRIMARY
CANCERS
Lymphoma
The	 use	 of	 combined-modality	 therapy	 in	 patients	 with	 both	 HL	 and	 NHL	 has	 resulted	 in	 significant
improvements	 in	 survival	 but	 with	 the	 attendant	 risk	 of	 SPCs,	 including	 leukemia	 and	 a	 number	 of	 solid
tumors.110



Hodgkin	Lymphoma
Reports	from	large,	well-characterized	cohorts	of	HL	survivors	show	that	SPC	risk	is	2	to	18	times	higher	than	in
the	general	population.	Hodgson	et	al.111	identified	1,490	cases	of	solid	tumors	(relative	risk	[RR],	2.38)	among
18,862	5-year	survivors	of	HL	who	were	reported	to	13	population-based	registries	in	North	America	and	Europe
and	 treated	 between	 1970	 and	 2001.	Cancers	 of	 the	 lung,	 breast,	 and	 gastrointestinal	 sites	 composed	 the	 three
most	common	diagnoses,	accounting	for	21%,	19%,	and	17%	of	the	cases,	respectively.	RRs	of	lung	and	breast
cancers	were	6.7	and	6.1,	respectively,	and	the	RR	of	gastrointestinal	cancers	ranged	from	1.8	for	anorectal	cancer
to	9.5	for	stomach	cancer.	Other	solid	tumors	with	significantly	increased	risks	included	cancers	of	the	head	and
neck,	kidney,	thyroid,	gynecologic	organs,	soft	tissue,	bone,	and	brain.

An	analysis	from	the	Netherlands	of	3,905	5-year	HL	survivors	identified	1,055	second	cancers	diagnosed	in
908	patients	at	a	median	follow-up	of	19.1	years	(estimated	standardized	incidence	ratio	[SIR],	4.6;	95%	CI,	4.3	to
4.9;	 40-year	 cumulative	 incidence,	 48.5%;	 95%	CI,	 45.4%	 to	 51.5%).43	 Cumulative	 incidence	 of	 second	 solid
cancers	 did	 not	 differ	 according	 to	 treatment	 periods	 of	 1965	 to	 1976,	 1977	 to	 1988,	 or	 1989	 to	 2000.	 These
similarities	by	calendar	year	could	be	due	in	part	to	the	reduced	use	of	alkylating	chemotherapy	in	latter	periods
(and	 the	 commensurate	 loss	 of	 the	 protective	 effect	 of	 early	 menopause	 on	 radiation-associated	 breast	 cancer
risk)29;	 in	 addition,	 the	 factors	 of	 heightened	 surveillance	 and	 thus	 earlier	 second	 cancer	 diagnosis	were	 likely
more	 operational	 in	 more	 recently	 treated	 patients.	 In	 addition,	 the	 majority	 of	 patients	 from	 the	 most	 recent
cohort	 (1989	 to	 2000)	were	 still	 treated	 in	 the	 two-dimensional	 (2D)	 era	with	 a	 full	mantle	 field.	 Since	 then,
radiation	therapy	for	HL	has	undergone	substantial	changes	with	significant	reductions	in	treatment	volume	and
replacement	of	involved-field	radiation	therapy	by	involved-site	and	involved-node	radiation	therapy.112	Radiation
doses	as	low	as	20	Gy	are	used	in	low-risk	early-stage	patients.	Modeling	studies	show	significant	reductions	in
SPC	with	 lower	dose	and	 smaller	 fields	and	with	modern	 radiation	 therapy	 techniques.51,113,114	Many	currently
available	epidemiologic	studies	of	SPC	after	HL	were	based	on	patients	treated	in	the	earlier	era,	and	long-term
follow-up	of	patients	treated	with	modern	techniques	will	be	needed	to	accurately	assess	SPC	risk.

Non-Hodgkin	Lymphoma
Significant	excesses	of	cutaneous	melanoma;	Kaposi	sarcoma;	HL;	AML;	and	cancers	of	 the	buccal	cavity,	 lip,
lungs,	urinary	bladder,	and	kidneys	have	been	reported	in	survivors	of	NHL.	In	a	study	by	Dores	et	al.,115	5,490
subsequent	cancers	were	observed	among	73,958	2-month	survivors	of	NHL,	reflecting	an	overall	elevated	risk	of
14%	compared	with	the	general	population	(observed-to-expected	ratio	[O/E],	1.14;	95%	CI,	1.11	to	1.17;	excess
absolute	 risk	 [EAR],	 19	 cases	 per	 10,000	patient-years).	Cumulative	SPC	 risk	 reached	12.3%	within	 25	 years.
Lung	cancer	accounted	for	 the	 largest	excess	of	SPCs.	Radiotherapy	for	NHL	appeared	related	to	 the	 increased
risks	for	bladder	cancer,	bone	sarcoma,	and	mesothelioma.	Chemotherapy	for	NHL	has	been	associated	with	an
increased	 risk	 for	 leukemia116	 as	 well	 as	 several	 solid	 tumors,	 including	 bladder	 cancer,	 with	 dose-dependent
relationships.117	 The	 immunosuppressive	 state	 associated	 with	 NHL	 may	 contribute	 to	 excesses	 reported	 for
cutaneous	melanoma,	HL,	and	lip	cancer.118,119

A	 recent	 population-based	 study	 showed	 a	 significantly	 increased	 risk	 of	 all	 second	 primary	malignancies,
AML,	 thyroid	 cancer,	 and	 melanoma	 when	 comparing	 NHL	 patients	 treated	 in	 the	 postrituximab	 versus
prerituximab	 period.120	 The	 prolonged	 duration	 of	 rituximab-induced	 B-cell	 depletion	 and	 T-cell	 inactivation
might	 lead	 to	 impaired	 immune	 surveillance	 and	 a	 prolonged	 immunosuppressive	 state	 and	 may	 explain	 the
observed	associations.

An	analysis	of	SEER	program	data	reported	SPC	risk	by	major	histologic	groups	of	NHL.121	Among	patients
without	known	HIV/AIDS,	 the	SIRs	of	SPC	after	 chronic	 lymphocytic	 leukemia/small	 lymphocytic	 lymphoma
(CLL/SLL),	diffuse	large	B-cell	lymphoma	(DLBCL),	and	follicular	lymphoma	(FL)	were	1.19	(95%	CI,	1.13	to
1.25),	 1.11	 (95%	 CI,	 1.04	 to	 1.19),	 and	 1.03	 (95%	 CI,	 0.96	 to	 1.11),	 respectively.	 Risks	 of	 lung	 cancer	 and
melanoma	were	significantly	increased	in	survivors	of	CLL/SLL	and	FL	but	not	DLBCL.	Moreover,	an	elevated
risk	was	observed	regardless	of	whether	radiation	therapy	was	given	as	part	of	the	initial	treatment.	An	increased
risk	of	acute	nonlymphocytic	leukemia	was	seen	after	FL	and	DLBCL,	with	an	SIR	of	4.96	(95%	CI,	3.87	to	6.87)
and	5.96	(95%	CI,	4.15	to	8.29),	respectively,	but	not	after	CLL/SLL.	The	increased	leukemia	risk	was	restricted
to	survivors	who	received	chemotherapy	initially.

In	 summary,	NHL	 survivors	 are	 at	 increased	 risk	 for	 a	 number	 of	 SPCs,	 although	 to	 a	 considerably	 lesser
degree	 than	 HL	 patients.	 The	 persistent	 increase	 in	 the	 risk	 of	 all	 SPCs	 for	 more	 than	 20	 years	 after	 NHL
treatment	alerts	clinicians	to	the	importance	of	long-term	surveillance.
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Selected	Second	Primary	Cancers	After	Hodgkin	Lymphoma	or	Non-Hodgkin
Lymphoma

Breast	Cancer
Breast	cancer	is	one	of	the	most	common	solid	tumors	after	HL.	Studies	have	consistently	shown	that	young	age
at	radiotherapy	is	associated	with	a	significantly	higher	risk	of	breast	cancer.	In	a	large	population-based	cohort
study,111	the	absolute	risks	of	breast	cancer	in	women	diagnosed	with	HL	at	ages	15	to	25	years	were	higher	than
the	 absolute	 risks	 of	 women	 in	 the	 general	 population	 between	 50	 and	 54	 years	 old,	 a	 standard	 age	 when
mammography	screening	is	recommended.	Travis	et	al.122	developed	estimates	of	the	cumulative	absolute	risk	of
breast	 cancer,	 taking	 into	 account	 age	 and	 calendar	 year	 of	 HL	 diagnosis,	 current	 age,	 radiation	 dose,	 and
competing	causes	of	mortality.	Thus,	for	an	HL	survivor	with	history	of	mantle	field	radiation	therapy	to	a	dose	of
≥40	Gy	at	age	25	years,	the	cumulative	absolute	risks	of	breast	cancer	at	10,	20,	and	30	years	were	estimated	to	be
1.4%,	11%,	and	29%,	respectively.

There	is	a	clear	radiation	dose–response	relationship	for	breast	cancer	risk	after	HL.	In	an	international	case-
control	 study	 of	 breast	 cancer	 after	 HL	 that	 included	 105	 cases	 of	 breast	 cancer	 and	 266	matched	 controls,29
radiation	dose	to	the	area	of	the	breast	where	the	tumor	developed	in	the	case	(and	a	comparable	area	in	controls)
was	estimated.	Breast	cancer	risk	increased	significantly	with	increasing	radiation	dose	to	reach	eightfold	for	the
highest	category	(median	dose,	42	Gy)	compared	to	the	lowest	dose	group	(<4	Gy)	(Ptrend	for	dose	<	.001)	(Table
135.1).	A	significant	radiation	dose–response	relationship	was	similarly	demonstrated	in	a	Dutch	study	that	was
included	in	the	previous	international	investigation.30

Multiple	studies	have	shown	that	radiation	field	size	for	HL	affects	breast	cancer	risk.42,43,123,124	A	cohort	study
of	 1,122	 5-year	 female	HL	 survivors	 showed	 that	mantle	 field	 irradiation	 (inclusion	 of	mediastinum,	 bilateral
axillae,	and	neck)	was	associated	with	a	2.7-fold	increased	risk	(95%	CI,	1.1	 to	6.9)	of	breast	cancer	compared
with	 mediastinal	 irradiation	 alone.42	 A	 more	 recent	 update	 confirmed	 that	 exclusion	 of	 the	 axillae	 from	 the
treatment	field	led	to	a	significantly	reduced	breast	cancer	risk	(HR,	0.37;	95%	CI,	0.19	to	0.72).43

Early	 menopause	 has	 been	 shown	 to	 be	 protective	 against	 breast	 cancer	 in	 HL	 survivors	 treated	 with
radiotherapy.	 The	Dutch	HL	 cohort	 study	 found	 that	 among	women	 aged	 younger	 than	 41	 years	 at	 treatment,
women	 with	 >20	 years	 of	 ovarian	 function	 after	 treatment	 had	 a	 significantly	 higher	 risk	 of	 breast	 cancer
compared	to	patients	with	10	to	20	years	of	intact	ovarian	function	after	therapy	(HR,	5.3;	95%	CI,	2.9	to	9.9).42
Similarly,	a	recent	report	from	the	CCSS	showed	a	significant	trend	of	reduced	breast	cancer	risk	with	decreasing
age	at	menopause	(Ptrend	=	.014).125

TABLE	135.1
Relative	Risk	of	Breast	Cancer	After	Chest	Radiotherapy	According	to	Radiation	Dose	to
Affected	Site	in	Breast	and	Alkylating	Chemotherapy	Exposure

National	Cancer	Institute	International	Studya Childhood	Cancer	Survivor	Studyb
Radiation	Exposure

Radiation
Dose	to
Affected	Site
in	Breast	(Gy) Cases/Controls

Relative
Risk

95%
Confidence
Interval

Radiation
Dose	to
Affected	Site
in	Breast
(Gy) Cases/Controls

Relative
Risk

95%
Confidence
Interval

0–3.9 15/76 1.0 (Referent) 0 13/127 1.0 (Referent)

4.0–6.9 13/30 1.8 0.7–4.5 >0–0.13 6/49 1.4 0.5–4.4

7.0–23.1 16/30 4.1 1.4–12.3 0.14–1.29 7/48 1.9 0.7–5.4

23.2–27.9 9/30 2.0 0.7–5.9 1.30–11.39 11/55 1.9 0.7–5.0

28.0–37.1 20/31 6.8 2.3–22.3 11.40–29.99 34/56 7.1 2.9–17

37.2–40.4 12/31 4.0 1.3–13.4 30.00–60.00 36/54 10.8 3.8–31

40.5–61.3 17/29 8.0 2.6–26.4 — — — —

Alkylating	Chemotherapy	Exposure
Number	of



Cycles	of
Alkylating
Chemotherapy Cases/Controls

Relative
Risk

95%
Confidence
Interval

Alkylating
Agent	Scorec Cases/Controls

Relative
Risk

95%
Confidence
Interval

0 68/132 1.0 (Referent) 0 53/163 1.0 (Referent)

1–4 10/20 0.7 0.3–1.7 1 12/63 0.67 0.3–1.5

5–8 17/55 0.6 0.3–1.1 2 12/36 1.40 0.6–3.4

≥9 4/29 0.2 0.1–0.7 3 17/37 1.15 0.6–2.4

Ovarian	Radiation	Exposure

Radiation
Dose	to
Ovaries	(Gy) Cases/Controls

Relative
Risk

95%
Confidence
Interval

Radiation
Dose	to
Ovaries	(Gy) Cases/Controls

Excess
Odds	Ratio
per	Gy	of
Radiation
Dose	to
Site	of
Breast
Tumor

95%
Confidence
Interval

<3.0 94/214 1.0 (Referent) <5 99/342 0.36 0.14–0.93

3.0–4.0 4/13 1.2 0.3–3.9 ≥5 8/47 0.06 −0.06–0.27
aPopulation	included	women	who	were	diagnosed	with	Hodgkin	lymphoma	at	age	30	years	or	younger	and	who	survived	1	or	more
years.	(Adapted	from	Travis	LB,	Hill	DA,	Dores	GM,	et	al.	Breast	cancer	 following	radiotherapy	and	chemotherapy	among	young
women	with	Hodgkin	disease.	JAMA	2003;290[4]:465–475.)
bPopulation	 included	patients	diagnosed	with	 the	 following	primary	cancers	at	age	younger	 than	21	years	and	who	survived	5	or
more	 years:	 Hodgkin	 lymphoma	 (65%),	 soft	 tissue	 sarcoma	 (7.5%),	 leukemia	 (5.8%),	 non-Hodgkin	 lymphoma	 (3.3%),	 central
nervous	system	tumors	(2.5%),	kidney	tumors	(2.5%),	and	neuroblastoma	(0.8%).	(Adapted	from	Inskip	PD,	Robison	LL,	Stovall	M,
et	al.	Radiation	dose	and	breast	cancer	risk	in	the	Childhood	Cancer	Survivor	Study.	J	Clin	Oncol	2009;27[24]:3901–3907.)
cDose	 scores	were	assigned	 to	 individual	 alkylating	 agents	 on	 the	basis	 of	 the	distribution	of	 dose	 (mg/m2)	 of	 each	agent,	with
scores	then	summed	across	agents.

Several	 studies	 have	 shown	 a	 reduced	 risk	 of	 breast	 cancer	 among	NHL	 survivors	 compared	 to	 the	 general
population,	 likely	 due	 to	 chemotherapy-related	 early	 menopause.126,127	 However,	 in	 a	 SEER-based	 study	 of
77,876	NHL	 patients,128	 the	 RR	 of	 breast	 cancer	 was	 significantly	 increased	 among	 women	 irradiated	 at	 age
younger	 than	 25	 years	 (RR,	 5.05;	 P	 <	 .05),	 whereas	 breast	 cancer	 excesses	 were	 not	 observed	 in	 the	 entire
irradiated	cohort.	Similarly,	in	a	Swedish	Cancer	Registry–based	study	of	29,134	patients	with	NHL,129	the	RR	of
breast	cancer	was	significantly	increased	only	among	women	diagnosed	between	age	20	and	39	years	(RR,	3.29;
95%	CI,	 1.91	 to	5.67)	 and	not	 in	 older	 patients.	This	 increased	 risk	may	have	been	due	 to	 chest	 radiotherapy,
although	this	cannot	be	confirmed	because	radiotherapy	sites	were	not	described.	In	a	case-control	study	of	3,412
NHL	patients,	breast	cancer	risk	was	significantly	higher	in	women	who	received	doses	of	greater	than	40	Gy.117

Lung	Cancer
Significantly	 elevated	 3-	 to	 7-fold	 RRs	 of	 lung	 cancer	 have	 been	 reported	 after	 HL	 with	 a	 dose-dependent
relationship	documented	for	antecedent	alkylating	agent	chemotherapy25,130	and	for	radiation	dose	to	the	area	of
the	lungs	in	which	cancer	developed.25	The	modifying	effect	of	smoking	history	on	therapy-related	lung	cancer
was	investigated	by	Travis	et	al.25	Defining	HL	patients	who	had	minimal	radiation	or	alkylating	chemotherapy
exposure	and	who	were	nonsmokers	as	the	reference	group,	exposure	to	>5	Gy	of	radiotherapy	and/or	alkylating
agent	chemotherapy	was	associated	with	a	4.3-	to	7.2-fold	increased	risk	of	lung	cancer.	RR	increased	to	16.8	and
20.2,	respectively,	in	patients	who	had	either	one	of	the	treatment	exposures	and	who	used	tobacco.	Moreover,	the
RR	 was	 49.1	 in	 patients	 who	 had	 >5	 Gy	 of	 radiotherapy,	 received	 alkylating	 chemotherapy,	 and	 who	 used
tobacco,	consistent	with	a	multiplicative	effect	of	tobacco	use	on	the	risk	of	treatment-related	lung	cancer.

Lung	 cancer	 risk	 is	modestly	 increased	 after	 NHL,	with	most	 studies	 reporting	 a	 risk	 of	 less	 than	 twofold
compared	 to	 the	 general	 population.121,128,131,132	 The	 increased	 risk	 appears	 to	 be	 associated	 with	 both
chemotherapy	and	radiotherapy,	with	significantly	increasing	risk	after	higher	cumulative	chemotherapy	doses131
and	 radiation	 doses	 exceeding	 40	 Gy.117	 Increased	 risks	 for	 malignant	 mesothelioma	 have	 been	 reported	 in
survivors	of	both	HL	and	NHL,	although	the	excesses	appear	limited	to	irradiated	patients.133

Gastrointestinal	Malignancies
Population-based	and	multi-institutional	cohort	studies	have	reported	an	increased	risk,	compared	to	the	general
population,	for	cancers	of	the	esophagus,	stomach,	colon,	rectum,	and	pancreas	among	HL	survivors.39,134,135	An
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international	study	of	stomach	cancer	risk	in	19,882	HL	survivors34	included	89	cases	and	190	matched	controls.
Risk	was	 significantly	 associated	with	 radiation	 dose	 to	 the	 stomach	 (excess	 OR,	 0.09/Gy;	Ptrend	 <	 .001)	 and
number	of	cycles	of	alkylating	chemotherapy	(Ptrend	=	.02).	Patients	who	received	gastric	radiation	doses	of	25	Gy
or	more	to	the	stomach	and	cumulative	doses	of	procarbazine	of	5,600	mg/m2	or	higher	had	an	OR	of	77.5	(95%
CI,	 14.7	 to	 1,452).	 Exposure	 to	 dacarbazine	was	 also	 associated	with	 increased	 risk	 (OR,	 8.8;	 95%	CI,	 2.1	 to
46.6),	after	adjustment	for	radiation	and	procarbazine	dose.

In	 a	 parallel	 case-control	 study	 conducted	 among	 19,882	 HL	 survivors,	 a	 significantly	 increased	 risk	 for
pancreatic	cancer	was	observed	by	treatment	exposure.	A	17.9-fold	elevated	risk	(95%	CI,	3.5	to	158)	occurred	in
patients	who	received	both	≥10	Gy	to	the	pancreatic	tumor	location	and	six	or	more	alkylating	agent–containing
chemotherapy	cycles.39	A	Dutch	cohort	study	of	3,121	5-year	HL	survivors	found	a	2.4-fold	increased	risk	(95%
CI,	1.8	to	3.2)	of	colorectal	cancer	and	a	significantly	higher	risk	in	patients	given	a	procarbazine	dose	of	>4.2
g/m2	and	infradiaphragmatic	radiotherapy	(HR,	6.8;	95%	CI,	3.0	to	15.6)	compared	with	patients	receiving	neither
treatment.135

Breast	Cancer
Women	with	breast	cancer	are	at	significantly	elevated	risk	for	developing	SPCs.	The	largest	amount	of	data	have
accrued	for	contralateral	breast	cancer	(CBC),	with	risk	estimated	to	be	increased	two-	to	fivefold.136–141	Factors
that	 may	 modify	 this	 risk	 include	 preexisting	 breast	 cancer	 risk	 factors	 such	 as	 genetic	 predisposition,
reproductive	 factors	 and	 health	 habits,	 body	 mass	 index,	 hormonal	 status	 of	 the	 primary	 breast	 cancer,	 and
treatment	exposures.139–141	Most	data	show	that	younger	age	at	radiotherapy	is	associated	with	an	increased	CBC
risk.	In	a	case-control	study	by	Boice	et	al.,142	women	aged	younger	than	45	years	at	the	time	of	irradiation	had	a
significantly	elevated	RR	of	CBC	of	1.59	(95%	CI,	1.07	to	2.36).	Hooning	et	al.28	found	that	the	HR	for	CBC	in
women	given	 radiotherapy	at	age	younger	 than	35	years	was	1.78	 (95%	CI,	0.85	 to	3.72),	whereas	 for	women
irradiated	at	age	45	years	and	older,	the	HR	decreased	to	1.09	(95%	CI,	0.82	to	1.45).	The	Early	Breast	Cancer
Trialists’	 Collaborative	 Group	 (EBCTCG)	 reported	 a	 significantly	 increased	 risk	 of	 CBC	 with	 radiotherapy,
mainly	during	 the	period	5	 to	14	years	after	 randomization	 (RR,	1.43;	P	=	 .00001),	and	 the	 increased	risk	was
significant	even	among	women	aged	50	years	and	older	when	 randomized	 (RR,	1.25;	P	=	 .002).143	 In	 a	 report
from	the	WECARE	group,31	where	absorbed	doses	to	quadrants	of	the	contralateral	breast	were	estimated,	women
younger	 than	40	years	old	who	 received	>1.0	Gy	of	absorbed	dose	 to	 the	specific	quadrant	of	 the	contralateral
breast	 had	 a	 significantly	 increased	 2.5-fold	 greater	 risk	 for	CBC	 than	 unexposed	women.	No	 excess	 risk	was
observed	 in	 women	 older	 than	 40	 years	 old.	 In	 contrast,	 in	 an	 earlier	 case-control	 study	 from	 Denmark,	 a
significant	 difference	 in	 CBC	 risk	 was	 not	 observed	 in	 women	 who	 did	 and	 did	 not	 receive	 radiotherapy,
regardless	of	age	at	treatment.143

Several	 other	 solid	 tumors	 have	 been	 linked	 to	 radiotherapy	 for	 breast	 cancer,	 including	 cancers	 of	 lung,
esophagus,	and	gynecologic	sites	and	sarcoma.136,144	Compared	to	women	who	did	not	receive	radiotherapy,	those
given	radiotherapy	have	a	1.5-	to	3-fold	increased	risk	of	developing	lung	cancer.	In	a	study	by	Kaufman	et	al.,145
excess	risks	of	lung	cancer	after	postmastectomy	radiotherapy	were	limited	to	ever-smokers,	with	an	adjusted	OR
of	18.9	(95%	CI,	7.9	to	45.4).	In	a	recent	report	from	EBCTCG,	the	absolute	risk	for	 lung	cancer	after	modern
radiotherapy	was	approximately	4%	for	long-term	continuing	smokers	versus	0.3%	for	nonsmokers.146	A	nested
case-control	study	showed	that	lung	cancer	risk	in	irradiated	breast	cancer	survivors	increased	linearly	at	8.5%	per
Gy	(95%	CI,	3.1%	to	23.3%;	P	<	.001).	This	risk	was	enhanced	for	ever-smokers	with	an	excess	risk	of	17.3%	per
Gy	 (95%	CI,	 4.5%	 to	 54%;	P	 <	 .005).147	 Others	 have	 shown	 that	 increased	 lung	 cancer	 risks	 appeared	more
related	to	postmastectomy	radiotherapy,	in	which	radiation	target	volume	often	also	includes	the	supraclavicular,
axillary,	and/or	internal	mammary	nodal	regions,	thus	exposing	a	larger	volume	of	lung	tissue,	whereas	risks	after
postlumpectomy	 radiotherapy	 are	 less	 clear.44,45	 In	 contrast,	 a	 recent	 cohort	 study	 of	 breast	 cancer	 survivors
showed	no	increase	in	overall	second	malignancy	risk	with	addition	of	regional	radiation	to	local	radiation.148

Although	the	occurrence	of	sarcoma	after	breast	cancer	is	rare	(15-year	incidence	rate,	<0.5%),	the	RR	can	be
high,	given	the	low	background	incidence	in	the	general	population.	In	a	study	by	Rubino	et	al.,38	RR	for	sarcoma
was	increased	7-fold	after	radiotherapy	for	breast	cancer,	although	this	translated	to	an	absolute	excess	incidence
of	 only	21	per	 100,000	person-years	 and	 a	 15-year	 cumulative	 incidence	of	 0.28%.	 In	 a	SEER-based	 study	of
563,155	breast	cancer	patients,	women	who	received	radiotherapy	had	a	1.5-fold	increased	risk	(95%	CI,	1.3	to
1.8)	 of	 all	 types	 of	 sarcomas	 and	 a	 7.6-fold	 increased	 risk	 (95%	 CI,	 4.9	 to	 11.9)	 of	 angiosarcoma,	 which
corresponded	 to	 an	 absolute	 excess	 incidence	 of	 only	 4.8	 per	 1000,000	 person-years.149	 In	 addition	 to



radiotherapy,	 partial	 mastectomies	 and	 lymph	 node	 dissections	 were	 also	 independent	 risk	 factors	 for
angiosarcoma.	Unlike	other	radiation-related	soft	tissue	sarcomas,	angiosarcoma	has	a	short	latency	and	can	occur
in	the	first	5	years	after	therapy.

Endometrial	 cancer	 after	 breast	 cancer	 has	 been	 linked	 with	 both	 shared	 etiologic	 factors	 and	 antecedent
therapy,	 in	 particular,	 tamoxifen	 therapy.	 Studies	 have	 shown	 that	 tamoxifen-related	 endometrial	 cancers	may
have	a	more	aggressive	behavior.	In	a	study	of	732	women	with	endometrial	carcinoma,	59	patients	(8%)	had	a
prior	breast	cancer	diagnosis,	of	whom	29	(49%)	had	used	tamoxifen.150	A	longer	duration	of	tamoxifen	use	(60
versus	46	months,	P	=	.034)	was	significantly	associated	with	high-risk	histologic	type.	A	Dutch	study	found	that
long-term	use	of	tamoxifen	in	breast	cancer	patients	was	associated	with	a	higher	proportion	of	nonendometrioid
tumors	 and	 advanced-stage	 disease.151	 These	 differences	 translated	 to	 a	 significantly	 lower	 3-year	 endometrial
cancer–specific	survival	among	 long-term	tamoxifen	users	 (82%	versus	93%,	P	=	 .001).	A	pooled	case-control
study	 found	 that	5	or	more	years	of	 tamoxifen	use	was	associated	with	 increased	endometrial	 cancer	mortality
(HR,	 1.59;	 95%	CI,	 1.13	 to	 2.25),	 primarily	 due	 to	 the	 excess	 of	 unfavorable	 histologies	 and	 advanced-stage
endometrial	cancers.152

Testicular	Cancer
Significant	excesses	of	solid	tumors,	leukemia,	and	contralateral	testicular	cancer	(CTC)	have	been	documented	in
TCSs.18,55,153–155	In	an	international	population-	based	survey	of	40,576	TCSs,153	significantly	elevated	1.5-	to	4-
fold	 RRs	 were	 noted	 for	 malignant	 melanoma	 and	 cancers	 of	 the	 lungs,	 thyroid,	 esophagus,	 pleura,	 stomach,
pancreas,	colon,	rectum,	kidneys,	bladder,	and	connective	tissue	among	10-year	survivors.	By	age	75	years,	men
diagnosed	with	 seminomas	 or	 nonseminomatous	 tumors	 at	 age	 35	 years	 experienced	 cumulative	 risks	 of	 solid
cancer	of	36%	and	31%,	respectively.	Among	TCSs	treated	with	radiotherapy	alone,	RRs	of	SPC	at	sites	included
in	typical	infradiaphragmatic	radiotherapy	fields	were	significantly	larger	than	risks	at	nonexposed	sites	(RR,	2.7
versus	1.6,	P	<	.05)	and	remained	elevated	for	≥35	years.	No	decrease	in	the	risk	of	postradiotherapy	in-site	SPC
was	observed	for	seminoma	patients	diagnosed	between	1975	and	2001,	although	a	lowered	risk	was	noted	among
nonseminoma	patients.	Two	recent	studies	reported	significant	5.9-	and	2.9-fold	increased	risks	of	stomach156	and
pancreatic	cancers40	after	radiotherapy,	respectively.	Increased	risks	of	both	stomach156	and	pancreatic	cancers40
were	associated	with	higher	radiation	doses	to	these	organs	(Ptrend	<	.001),	with	risks	remaining	elevated	for	≥20
years	after	exposure	(P	<	.01).40,156

Cytotoxic	drugs	used	to	treat	TC	that	have	been	related	with	excess	secondary	leukemias	include	etoposide	and
cisplatin.157	Kollmannsberger	et	al.157	estimated	that	the	cumulative	risks	of	leukemia	for	TCSs	given	etoposide	at
total	 doses	 of	 <2,000	 mg/m2	 and	 >2,000	 mg/m2	 were	 0.5%	 and	 2%,	 respectively.	 A	 strong	 dose–response
relationship	(P	<	.001)	between	cumulative	dose	of	cisplatin	and	subsequent	leukemia	risk	was	reported	by	Travis
et	al.56	Whereas	an	international	series153	of	more	than	40,000	TCSs	showed	a	1.8-fold	significantly	increased	risk
of	second	solid	cancers	among	a	subgroup	of	10-year	TCSs	who	received	chemotherapy	alone	from	1943	to	2001
(without	information	on	specific	cytotoxic	drugs),	three	smaller	epidemiologic	studies154,158,159	(ranging	from	346
to	 710	 patients)	 found	 no	 significantly	 elevated	 risk	 of	 subsequent	 malignant	 neoplasm	 after	 chemotherapy,
although	 they	 may	 have	 inadequate	 statistical	 power.	 Recently,	 Fung	 et	 al.18	 examined	 solid	 tumor	 risk	 after
surgery	and	chemotherapy	 in	12,691	 testicular	nonseminoma	survivors	 reported	 to	 the	SEER	program	(1980	 to
2008).	A	significantly	increased	RR	of	solid	tumor	of	1.43	was	found	(median	latency	period,	12.5	years),	with
significantly	increased	site-specific	risks	for	cancers	of	the	kidney	(SIR,	3.37),	thyroid	(SIR,	4.40),	and	soft	tissue
(SIR,	7.49).

In	 a	 population-based	 study	of	 29,515	TCSs,	 the	15-year	 cumulative	 risk	of	CTC	was	1.9%,	 representing	 a
12.4-fold	higher	risk	compared	to	the	general	population.155	Chemotherapy	may	reduce	CTC	risk,160	although	the
delaying	effect	and	duration	of	cisplatin-based	chemotherapy	on	CTC	incidence	should	be	examined	further.

In	 a	 study	of	 cause-specific	mortality	 in	patients	with	 stage	 I	 seminoma	 reported	 to	 the	SEER	program,	 the
standardized	 mortality	 ratio	 of	 SPC	 was	 1.81	 (95%	 CI,	 1.61	 to	 2.03).161	 Risk	 was	 higher	 among	 irradiated
patients,	with	an	estimated	15-year	cumulative	risk	of	2.64%.	In	another	SEER-based	investigation162	of	patients
diagnosed	 with	 TC	 during	 1973	 to	 1979,	 the	 all-cause	 mortality	 after	 SPC	 at	 subdiaphragmatic	 sites	 was
increased.	 The	 higher	 radiation	 doses	 delivered	 during	 earlier	 years	 were	 hypothesized	 to	 cause	 more	 bone
marrow	 suppression,	 subsequently	 limiting	 ability	 to	 administer	 therapeutic	 doses	 of	 chemotherapy	 for	 SPC
treatment.162

In	 the	 future,	 it	will	 be	 important	 to	 determine	whether	 the	 decrease	 in	 radiation	 dose	 and	 field	 size	 in	 the
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1990s,163	along	with	the	use	of	carboplatin	as	adjuvant	therapy	in	seminoma	patients,164	will	be	associated	with	a
reduction	 in	 excess	SPCs.	The	 long-term	 influence	of	 cisplatin-based	 chemotherapy	on	 the	 site-specific	 risk	of
solid	tumors,	 temporal	patterns,	and	the	effects	of	age	at	exposure	and	attained	age	should	also	be	addressed	in
analytic	 investigations	 that	control	 for	 lifestyle	 factors,	shared	etiologic	 influences,	and	host	determinants.165	In
particular,	 future	 studies	 should	 focus	on	 the	 controversial	 area166	 of	whether	 patients	with	 International	Germ
Cell	Consensus	Classification	 good-risk	TC	 should	 receive	 three	 cycles	 of	 bleomycin,	 etoposide,	 and	 cisplatin
(BEP×3)	or	four	cycles	of	etoposide	and	cisplatin	(EP×4)167	because	SPCs	are	associated	with	higher	cumulative
doses	 of	 cisplatin56	 and	 etoposide.157	 Screening	 strategies	 for	 selected	 SPCs	 should	 be	 considered.168	 Future
research	strategies	for	TCS,	including	detailed	recommendations	for	the	study	of	SPC,	were	recently	published.165
These	included	an	evaluation	of	the	role	of	genetic	variants	in	the	development	of	SPC	after	TC,	the	development
of	 site-specific	 risk	prediction	models,	 and	 the	development	of	 targeted	 screening	and	prevention	 strategies	 for
SPC	to	optimize	risk-based	care.

Prevention	and	Risk	Reduction	for	Second	Primary	Cancers
Given	the	increased	SPC	risk	in	survivors	of	adult-onset	cancer,	screening	and	early	detection	strategies	have	been
suggested	for	 this	population.168	 In	general,	 survivors	should	 follow	national	guidelines	 for	cancer	screening	as
currently	applied	to	the	general	population.	Further,	earlier	or	additional	screening	may	be	indicated	in	survivors
deemed	at	high	risk	due	to	genetic	predisposition,	previous	treatment	history,	and/or	health	habits.	These	topics
are	reviewed	in	Chapter	137

PEDIATRIC	MALIGNANCIES
Survival	rates	for	children	with	cancer	have	increased	substantially	over	the	past	three	decades,	with	this	rapidly
growing	 population	 at	 lifelong	 risk	 for	 the	 late	 effects	 of	 cancer	 treatment,	 including	 SPCs.	 In	 a	 British
population-based	study169	of	17,981	5-year	survivors	of	childhood	cancer	diagnosed	prior	to	age	15	years	(median
follow-up,	 24.3	 years),	 1,354	 SPCs	 occurred,	 yielding	 an	 overall	 fourfold	 risk.	 The	 cumulative	 percentage	 of
survivors	developing	an	SPC	by	age	60	years	was	13.8%.	The	attributable	excess	 risk	 (AER)	 for	attained	ages
older	than	40	years	was	highest	for	digestive	and	genitourinary	SPCs,	with	36%	of	the	total	AER	attributable	to
these	SPCs.169	Among	14,359	5-year	survivors	 in	 the	CCSS,170	 the	30-year	cumulative	 incidence	was	7.9%	for
invasive	SPCs,	9.1%	for	nonmelanoma	skin	cancers	 (NMSCs),	and	3.1%	for	meningiomas,	with	an	overall	30-
year	 incidence	 for	 all	 SPCs	 of	 20%.	 Childhood	 cancer	 survivors	 have	 a	 three-	 to	 sixfold	 increased	 risk	 of
developing	an	SPC	compared	with	the	general	population,	translating	into	an	EAR	ranging	from	1	(in	early	life)	to
6	per	1,000	patient-years	of	observation.170–172	Further,	 these	survivors	have	a	persistent	excess	 risk	of	an	SPC
throughout	life,	accompanied	by	continuous	changes	in	cancer	risk	at	specific	sites.170–172	The	incidence	and	types
of	 SPC	 differ	 by	 primary	 diagnosis,	 type	 of	 therapy,	 and	 presence	 of	 genetic	 conditions.	 Encouragingly,	 with
changes	in	the	dose	and	fields	of	radiotherapy	over	the	past	few	decades,	 it	appears	that	SPC	risk	is	decreasing
with	more	contemporary	therapy.	Turcotte	et	al.173	reported	that	the	15-year	cumulative	incidence	of	SPCs	among
23,603	survivors	in	the	CCSS	has	decreased	by	decade	of	diagnosis:	2.1%,	1.7%,	and	1.3%	for	the	1970s,	1980s,
and	1990s,	respectively	(Fig.	135.3).

Influence	of	Primary	Cancer
SPC	risk	in	childhood	cancer	survivors	varies	by	primary	cancer	diagnosis.	Among	5-year	survivors	in	the	CCSS,
the	 30-year	 cumulative	 incidence	 of	 SPC	 by	 primary	 cancer	 diagnosis	 was	 as	 follows:	 HL,	 18.4%;	 Ewing
sarcoma,	10.1%;	soft	tissue	sarcoma,	8.8%;	osteosarcoma,	6.0%;	medulloblastoma,	7.8%;	neuroblastoma,	5.8%;
NHL,	5.6%;	leukemia,	5.6%;	astrocytoma,	4.7%;	and	kidney	tumor,	4.0%.170	In	multiple	studies,	it	is	evident	that
hereditary	retinoblastoma	(RB),	HL,	and	soft	tissue	sarcomas	are	overrepresented	among	patients	who	develop	a
SPC	 relative	 to	 the	 general	 population.170,174–176	 The	 40-	 to	 50-year	 cumulative	 incidence	 of	 an	 SPC	 after	RB
ranges	from	28%	to	36%,174,176	reflecting	an	interaction	between	genetic	predisposition	in	patients	with	hereditary
RB	 and	 radiotherapy,82,177	 as	 observed	 in	 familial	 soft	 tissue	 sarcoma.	 In	 individuals	 with	 other	 primary
malignancies	 such	 as	 HL,	 the	 role	 of	 primary	 diagnosis,	 independent	 of	 treatment	 exposures,	 requires	 further
study.



Host-Related	Risk	Factors
Several	host	 factors	are	associated	with	site-specific	SPC	risk.	Younger	age	at	diagnosis	of	a	primary	cancer	 is
associated	with	a	higher	risk	of	radiation-associated	solid	SPCs.175,178	Conversely,	risk	for	chemotherapy-related
t-MDS/AML	appears	to	increase	with	age	at	therapy	of	primary	cancer.179	Radiation-related	basal	cell	carcinoma
(BCC)	is	extremely	rare	among	African	Americans.180	Female	sex	is	associated	with	a	higher	SPC	risk,	primarily
due	to	excess	secondary	breast	and	thyroid	cancers.

Figure	135.3	Cumulative	incidence	and	cumulative	burden	(mean	cumulative	count	per	100
survivors)	of	subsequent	neoplasms,	by	type	and	by	decade	of	initial	cancer	diagnosis.	Vertical
dotted	lines	at	15-year	mark	represent	the	time	points	of	interest.	Permutation	tests	were	used	to
assess	differences	between	curves.	Subsequent	neoplasm	cumulative	incidence:	P	=	.02	for	1970s
versus	1980s,	P	<	.001	for	1970s	versus	1990s,	and	P	<	.001	for	1980s	versus	1990s.	Subsequent
neoplasm	cumulative	burden:	P	=	.02	for	1970s	versus	1980s,	P	<	.001	for	1970s	versus	1990s,	and
P	=	.001	for	1980s	versus	1990s.	Subsequent	malignant	neoplasm	cumulative	incidence:	P	=	.07	for

1970s	versus	1980s,	P	<	.001	for	1970s	versus	1990s,	and	P	<	.001	for	1980s	versus	1990s.
Subsequent	malignant	neoplasm	cumulative	burden:	P	=	.07	for	1970s	versus	1980s,	P	<	.001	for
1970s	versus	1990s,	and	P	=	.03	for	1980s	versus	1990s.	Meningioma	cumulative	incidence:	P	=
.69	for	1970s	versus	1980s,	P	=	.41	for	1970s	versus	1990s,	and	P	=	.23	for	1980s	versus	1990s.
Meningioma	cumulative	burden:	P	=	.79	for	1970s	versus	1980s,	P	=	.41	for	1970s	versus	1990s,
and	P	=	.15	for	1980s	versus	1990s.	Nonmelanoma	skin	cancer	cumulative	incidence:	P	=	.03	for

1970s	versus	1980s,	P	<	.001	for	1970s	versus	1990s,	and	P	<	.001	for	1980s	versus	1990s.
Nonmelanoma	skin	cancer	cumulative	burden:	P	=	.04	for	1970s	versus	1980s,	P	<	.001	for	1970s
versus	1990s,	and	P	<	.001	for	1980s	versus	1990s.	(Reproduced	with	permission	from	Turcotte
LM,	Liu	Q,	Yasui	Y,	et	al.	Temporal	trends	in	treatment	and	subsequent	neoplasm	risk	among	5-
year	survivors	of	childhood	cancer,	1970–2015.	JAMA	2017;317[8]:814–824.	©	2017	American

Medical	Association.	All	rights	reserved.)

Radiation
Radiation	is	associated	with	most	excess	SPCs	after	childhood	cancer	therapy,	with	a	two-	to	threefold	increased
risk	among	irradiated	patients	compared	with	those	treated	with	chemotherapy	alone.170,173	In	order	of	decreasing
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incidence,	 radiation-associated	SPCs	 include	NMSC,	breast	 cancer,	CNS	 tumors,	 thyroid	cancer,	bone	and	 soft
tissue	 sarcomas,	 and	 other	 carcinomas.170,173	 Most	 solid	 tumor	 SPCs	 have	 a	 linear	 radiation	 dose–response
relationship.181	Thyroid	cancer,	as	discussed	 later,	 appears	 to	be	 the	exception,	with	a	 linear	exponential	dose–
response	relationship	(Fig.	135.4).181

Chemotherapy
Although	 the	 relationship	between	chemotherapy	and	 t-MDS/AML	 is	well	 established,	 emerging	evidence	 also
shows	 an	 association	 with	 solid	 SPCs.	 Examples	 include	 chemotherapy	 (alkylating	 agents,	 anthracyclines,
nitrosoureas)	and	subsequent	thyroid	cancer,	sarcoma	(anthracyclines,	alkylating	agents),	bone	tumors	(alkylating
agents),	 renal	 cancer	 (platinum	 compounds),	 and	 melanoma	 (alkylating	 agents,	 antimitotic	 agents).	 These
relationships	are	discussed	further	later	in	this	chapter.

Multiple	Subsequent	Cancers	in	Long-term	Childhood	Cancer	Survivors
Long-term	childhood	cancer	survivors	are	at	increased	risk	for	multiple	SPCs.	Armstrong	et	al.6	examined	the	risk
and	pattern	of	multiple	SPCs	 in	 the	CCSS	cohort.	Cumulative	 incidence	of	 a	 third	neoplasm	was	46.9%	at	 20
years	among	those	diagnosed	with	a	second	neoplasm.	Incidence	was	significantly	higher	after	radiotherapy	for	a
primary	cancer	and	varied	by	first	cancer	type.	Radiation-exposed	survivors	who	developed	a	second	NMSC	had
a	 15-year	 cumulative	 incidence	 of	 a	 subsequent	 malignant	 neoplasm	 (i.e.,	 malignancies	 excluding	 NMSC)	 of
20.3%	 compared	 with	 10.7%	 for	 those	 exposed	 to	 radiation	 and	 whose	 second	 neoplasm	 was	 an	 invasive
subsequent	malignant	neoplasm	(excluding	NMSC).	As	noted	by	Armstrong	et	al.,6	 limited	data	with	 regard	 to
SPC	therapy	restricted	risk	factor	analyses	to	therapeutic	exposures	for	only	the	primary	cancer.

Figure	135.4	Fitted	radiation	dose–response	by	type	of	second	cancer,	based	on	previously
published	studies	of	second	sarcoma,	skin	cancer,	meningioma,	salivary	gland	cancer,	glioma,
breast	cancer,	and	thyroid	gland	cancer.	The	order	of	second	cancers	from	top	to	bottom	in	the

graph	is	the	same	as	in	the	key	to	the	right	of	the	panel.	BCC,	basal	cell	carcinoma.	(Reprinted	from
Inskip	PD,	Sigurdson	AJ,	Veiga	L,	et	al.	Radiation-related	new	primary	solid	cancers	in	the
Childhood	Cancer	Survivor	Study:	comparative	radiation	dose	response	and	modification	of

treatment	effects.	Int	J	Radiat	Oncol	Biol	Phys	2016;94[4]:800–807.	©	2016,	with	permission	from
Elsevier.)



Secondary	Breast	Cancer
Young	women	treated	for	childhood	cancer	with	chest	radiation	have	a	very	high	risk	of	breast	cancer,	similar	to
that	 of	 female	 BRCA	 gene	 mutation	 carriers	 (Fig.	 135.5).182	 In	 a	 recent	 CCSS	 study,	 by	 age	 50	 years,	 the
cumulative	 incidence	 of	 breast	 cancer	 after	 chest	 radiation	 was	 30%,	 with	 a	 35%	 incidence	 among	 HL
survivors.182	 Importantly,	 childhood	 cancer	 survivors	 treated	 with	 lower	 radiotherapy	 doses	 (median,	 14	 Gy;
range,	2	to	20	Gy)	to	a	large	volume	(whole-lung	field)	had	a	high	breast	cancer	risk	(SIR,	43.6).

Several	factors	are	known	to	modify	this	risk.	By	treating	with	smaller	radiation	fields	and	thus	reducing	the
amount	of	exposed	breast	tissue,	breast	cancer	risk	among	HL	survivors	has	decreased.42,182	Women	in	the	CCSS
given	 mediastinal	 irradiation	 had	 significantly	 reduced	 risks	 of	 breast	 cancer	 relative	 to	 women	 treated	 with
similar	doses	of	mantle	field	radiation	(dose-adjusted	incidence	rate	ratio,	0.5).182	Nevertheless,	their	risk	was	still
significantly	increased	relative	to	the	general	population.	Concurrent	radiation	to	the	ovaries	also	reduces	breast
cancer	risk	among	women	given	chest	radiotherapy	at	a	young	age.32,182,183	Indeed,	ovarian	toxic	therapy	(either
radiation	 or	 high-dose	 alkylating	 agent	 chemotherapy)	 that	 reduces	 lifetime	 exposure	 to	 endogenous	 estrogen
reduces	breast	cancer	risk.42,182,183	Notably,	however,	women	given	both	chest	radiation	and	ovarian	toxic	therapy
still	have	a	breast	cancer	risk	that	is	substantially	elevated	over	the	general	population.182	Other	factors	that	may
confer	additional	breast	cancer	risk	include	family	history	of	breast	cancer184	and	chest	radiation	within	a	year	of
menarche.125

In	the	previously	mentioned	CCSS	study,	breast	cancer–specific	mortality	at	5	and	10	years	was	12%	and	19%,
respectively.182	 Although	 overall	 survival	 in	 women	 with	 localized	 breast	 cancer	 after	 chest	 radiation	 for
childhood	 cancer	 may	 not	 be	 as	 favorable	 as	 in	 de	 novo	 breast	 cancer,	 an	 early	 cancer	 stage	 appears	 to	 be
associated	with	 favorable	outcomes.185,186	As	 in	women	with	 a	BRCA	mutation	 or	 other	 genetic	 risk,187,188	 the
combination	 of	 mammography	 and	 magnetic	 resonance	 imaging	 (MRI)	 for	 breast	 cancer	 surveillance	 among
female	survivors,	given	chest	radiation	is	superior	to	either	individual	imaging	modality.189–192	Importantly,	chest
radiation	increases	mammographic	breast	density,189,190,192	 resulting	 in	a	 lower	sensitivity	of	mammography	for
detecting	early	invasive	cancers.	Thus,	detected	tumors	are	more	likely	to	be	larger	and	node	positive	than	those
detected	 by	MRI.	 However,	mammography	 remains	 useful	 in	 surveillance	 because	 it	 is	 superior	 for	 detecting
ductal	carcinoma	in	situ,	which	often	occurs	in	multiple	quadrants	in	women	given	chest	radiotherapy	before	age
30	 years.	 For	 these	 reasons,	 breast	 cancer	 surveillance	 with	 annual	 mammography	 and	 breast	 MRI	 is
recommended	 by	 the	 Children’s	 Oncology	 Group	 (COG),189	 the	 American	 Cancer	 Society	 (ACS),191,193	 the
International	Guideline	Harmonization	Group,190	and	the	National	Comprehensive	Cancer	Network,194	starting	at
age	25	years	or	8	years	after	radiation,	whichever	occurs	last.
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Figure	135.5	Cumulative	risk	of	breast	cancer.	Breast	cancer	risk	among	women	treated	for
childhood	cancer	with	chest	irradiation	contrasted	with	breast	cancer	risk	in	female	carriers	of

BRCA1	or	BRCA2	deleterious	mutations	and	women	in	general	U.S.	population,	with	a	birth	year
distribution	reflective	of	Childhood	Cancer	Survivor	Study	participants.	*Insufficient	follow-up	in
this	group	to	provide	reliable	estimates	of	cumulative	risk	of	breast	cancer	by	age	50	years.	SEER,
Surveillance,	Epidemiology,	and	End	Results;	CI,	confidence	interval.	(Reprinted	with	permission.
©	2014	American	Society	of	Clinical	Oncology.	All	rights	reserved.	Moskowitz	CS,	Chou	JF,
Wolden	SL,	et	al.	Breast	cancer	after	chest	radiation	therapy	for	childhood	cancer.	J	Clin	Oncol

2014;32[21]:2217–2223.)

In	a	CCSS	survey,	only	55%	of	women	given	chest	radiotherapy	and	who	were	aged	25	to	50	years	reported	a
mammogram	in	the	prior	2	years;	<3%	reported	a	breast	MRI.195	Further,	47.3%	of	women	younger	than	age	40
years	had	never	had	a	surveillance	mammogram.	Only	52.6%	of	women	aged	40	to	50	years	were	being	regularly
screened	 (two	 mammograms	 within	 4	 years),	 a	 proportion	 similar	 to	 average-risk	 populations.195	 Of	 note,
mammography	 was	 more	 common	 among	 high-risk	 women	 who	 reported	 a	 physician	 recommendation	 than
among	 those	who	did	not	 (age	25	 to	39	years,	76.0%	versus	17.6%;	age	40	 to	50	years,	87.3%	versus	58.3%).
Lack	of	awareness	of	risk	was	also	a	key	barrier.195

A	phase	II	trial	investigating	the	efficacy	of	low-dose	tamoxifen	in	reducing	mammographic	density	with	the
overarching	 goal	 of	 reducing	 radiation-related	 breast	 cancer	 risk	 is	 being	 analyzed	 (NCT01196936).196	 A



randomized	clinical	trial	testing	an	intervention	aimed	at	increasing	breast	cancer	surveillance	rates	among	women
treated	 for	 a	 pediatric	 cancer	with	 chest	 radiation	 is	 also	 being	 analyzed	 (NCT01579552).197	 These	 two	 trials
should	provide	the	foundation	for	further	risk-reducing	strategies	among	this	high-risk	population.

In	addition,	 it	has	been	recently	recognized	that	some	childhood	cancer	survivors	who	were	not	 treated	with
chest	 radiation	 also	 have	 increased	 breast	 cancer	 risk,	 although	 not	 to	 the	 same	 degree	 as	 irradiated	 patients.
Compared	with	the	general	population,	female	sarcoma	and	leukemia	survivors	who	were	not	treated	with	chest
radiation	have	elevated	breast	cancer	risks	(SIR,	5.3	and	4.1,	respectively).17	By	age	45	years,	cumulative	breast
cancer	 incidence	 in	 sarcoma	 and	 leukemia	 survivors	 is	 5.8%	 and	 6.3%,	 respectively.	No	 other	 primary	 cancer
diagnosis	was	associated	with	increased	risks.	Of	note,	alkylating	agents	and	anthracyclines	were	associated	with
increased	breast	cancer	risk	in	a	dose-dependent	manner.

Secondary	Thyroid	Cancer
Childhood	cancer	survivors	are	at	11.3-	to	18-fold	increased	risk	of	developing	thyroid	cancer	compared	with	the
general	 population	 (EAR,	 1.4	 per	 10,000	 person-years).178,198–200	 Secondary	 thyroid	 cancer	 develops	 primarily
after	radiation	exposure.	The	most	common	primary	diagnoses	treated	with	radiotherapy	to	the	neck	and	thyroid
region	include	HL,	ALL,	CNS	tumors,	NHL,	and	soft	tissue	sarcoma.199–201	Risk	begins	to	increase	about	8	to	10
years	after	radiation,	and	excess	risk	does	not	appear	to	plateau	with	age.200,201	The	30-year	incidence	of	thyroid
cancer	is	1.3%	for	females	and	0.6%	for	males.62	Although	the	majority	of	thyroid	cancer	occurs	in	females,	this
reflects	the	sex	distribution	of	de	novo	thyroid	cancer.	Taylor	et	al.200	reported	a	higher	SIR	for	males	(26.2)	than
for	females	(15.1);	however,	the	AER	was	higher	for	females	than	for	males	(1.9	and	1.0	per	10,000	person-years,
respectively).	The	histology	of	subsequent	thyroid	cancers	is	similar	to	that	of	the	general	population,	with	most
tumors	 representing	 papillary	 or	 follicular	 carcinomas.	 Subsequent	 thyroid	 cancers	 do	 not	 appear	 to	 be	 more
aggressive	than	de	novo	cancers,	and	5-year	survival	rates	exceed	95%.202,203

Figure	135.6	Breast	cancer	risk	by	radiation	dose	to	the	breast.	(Reprinted	with	permission.	©
2009	American	Society	of	Clinical	Oncology.	All	rights	reserved.	Inskip	PD,	Robison	LL,	Stovall
M,	et	al.	Radiation	dose	and	breast	cancer	risk	in	the	Childhood	Cancer	Survivor	Study.	J	Clin

Oncol	2009;27[24]:3901–3907.)



Dr. AVR @ TMH

In	 contrast	 to	 the	 linear	 dose–response	 relationship	 observed	 between	 radiation	 and	 breast	 cancer	 risk	 (Fig.
135.6)32	 or	CNS	 tumors,36	 there	 is	 a	 linear	 exponential	 relation	 for	 thyroid	 cancer	 risk	 consistent	with	 a	 cell-
killing	effect	at	higher	doses.201	As	illustrated	in	a	CCSS	study,	Sigurdson	et	al.201	reported	a	peak	risk	of	thyroid
cancer	 between	 10	 and	 29	 Gy	 with	 a	 decline	 at	 doses	 exceeding	 30	 Gy.	 An	 update	 of	 the	 CCSS	 study
demonstrated	a	 linear	 increase	 in	 risk	with	 radiation	dose	up	 to	approximately	20	Gy,	where	 the	RR	peaked	at
14.6-fold.62	 At	 thyroid	 radiation	 doses	 >20	 Gy,	 a	 downturn	 in	 the	 dose–response	 relationship	 was	 observed.
Female	 sex,	 younger	 age	 at	 exposure,	 and	 time	 since	 exposure	 were	 significant	modifiers	 of	 radiation-related
risk.41	A	pooled	analysis	of	16,757	childhood	cancer	survivors	(187	secondary	thyroid	cancers)	also	demonstrated
a	dose-related	linear	increase	in	risk	for	exposures	<10	Gy,	a	leveling	off	of	risk	from	10	to	30	Gy,	followed	by	a
decline	thereafter.204	However,	 risk	 remained	 elevated	 for	doses	>50	Gy.	Modifiers	of	 the	 association	between
radiation	 and	 thyroid	 cancer	 risk	 include	 young	 age	 (younger	 than	 10	 years)	 at	 first	 cancer	 diagnosis,200,201
surgical	or	radiation-	induced	splenectomy	(RR,	2.3;	P	<	.05),	and	high-dose	radiation	to	the	pituitary	gland	(RR,
0.2;	95%	CI,	0.1	to	0.6).205

Although	 some	 studies	 report	 no	 relationship	 between	 antecedent	 chemotherapy	 and	 thyroid	 cancer,200,201
others	 observe	 associations	 with	 anthracyclines	 (RR,	 4.5;	 95%	 CI,	 1.4	 to	 17.8)204	 or	 alkylating	 agents.62	 The
relationship	reported	for	alkylating	agents	 is	 restricted	 to	patients	with	 thyroid	radiation	doses	of	20	Gy	or	 less
(RR,	2.4;	95%	CI,	1.3	to	4.5;	P	=	.002).62	Chemotherapy-related	risks	decreased	as	radiation	dose	increased	(Ptrend
=	.03),	with	no	risk	evident	for	doses	exceeding	20	Gy.	Patients	given	nitrosoureas	were	at	6.6-fold	(95%	CI,	2.5
to	15.7)	higher	risk	of	developing	thyroid	cancer	than	those	who	were	not.205	In	an	effort	to	reduce	the	incidence
of	 serious	 late	 effects,	 radiation	dose	 has	 been	 lowered	or	 omitted	 in	 contemporary	 risk-adapted	 therapy.206,207
However,	 reduced	 radiation	doses	may	 in	 fact	 lead	 to	 an	 increased	 incidence	of	 thyroid	cancer	 among	patients
given	chemotherapy.

Given	 the	 indolent	 nature	 and	 excellent	 long-term	 survival	 rates	 associated	 with	 radiation-related	 thyroid
cancer,	 the	 high	 incidence	 of	 thyroid	 nodules	 after	 radiation,	 and	 the	 high	 rate	 of	 false-positive	 findings	with
ultrasonography,	 neither	 the	 COG208	 nor	 the	 United	 Kingdom	 Children’s	 Cancer	 Study	 Group	 (UKCCSG)209
recommends	 a	 screening	 thyroid	 ultrasound	 in	 the	 follow-up	 of	 asymptomatic	 survivors	 of	 pediatric	 or	 young
adult	cancer.	Instead,	both	groups	recommend	a	yearly	neck	examination.	If	a	thyroid	nodule	is	palpated,	it	should
be	further	evaluated	with	ultrasound	and	fine-needle	aspiration.

Secondary	Osteosarcoma	and	Soft	Tissue	Sarcoma
In	 a	 French–British	 cohort	 of	 4,400	 3-year	 survivors	 of	 childhood	 solid	 tumors	 (including	 RB),	 the	 20-year
cumulative	 incidence	 of	 secondary	 osteosarcoma	 and	 soft	 tissue	 sarcoma	 was	 1%	 and	 0.6%,	 respectively.37
Among	 5-year	 CCSS	 survivors	 (excluding	 RB),16	 the	 30-year	 cumulative	 incidence	 was	 1.1%	 for	 subsequent
sarcoma	 after	 radiotherapy	 (any	 location)	 and	 0.5%	 among	 other	 patients.	 Irradiated	 patients	were	 at	 ninefold
increased	 risk	 compared	 with	 the	 general	 population	 (EAR,	 3.3	 cases	 per	 10,000	 person-years).	 Patients	 with
hereditary	RB,	Ewing	sarcoma,	and	other	malignant	bone	tumors	were	at	highest	risk	of	secondary	sarcomas.210
Cumulative	 risk	 for	 any	 soft	 tissue	 sarcoma	 50	 years	 after	 radiotherapy	 for	 hereditary	 RB	 was	 13.1%,	 with
leiomyosarcoma	 the	most	 common	histologic	 subtype.	 In	 general,	 increased	 risks	 for	 subsequent	 osteosarcoma
and	 soft	 tissue	 sarcoma	 emerge	 5	 to	 8	 years	 after	 radiotherapy	 and	 appear	 to	 remain	 consistently	 elevated
thereafter.16,37,60,211,212

Increased	 risks	 of	 both	 subsequent	 osteosarcoma	 and	 soft	 tissue	 sarcoma	 also	 appear	 to	 differ	 by	 radiation
dose.37	 In	 two	 studies	 (both	 including	 RB),	 no	 increased	 risk	was	 associated	with	 lower	 radiation	 doses	 (<10
Gy),60,211	but	increased	risk	was	seen	at	higher	doses	and	reached	40-fold	after	more	than	60	Gy.211	Similarly,	in
an	analysis	of	the	French–British	study,	excess	risks	of	soft	tissue	sarcomas	were	very	low	at	doses	<10	Gy,	with
most	 tumors	developing	after	very	high	doses	of	radiation;	a	quadratic	model	of	 the	dose–response	relationship
provided	the	best	fit	to	the	data.37

In	several	studies,	alkylating	agents	have	been	independently	associated	with	excess	secondary	sarcomas	in	a
dose-dependent	fashion.16,37,60,211,212	Henderson	et	al.16	reported	a	2.3-fold	higher	risk	of	sarcomas	among	patients
treated	with	 high-dose	 anthracyclines	 and	 a	 2.2-fold	 greater	 risk	 for	 those	 given	 alkylating	 agents.16	However,
interactions	between	radiation	and	alkylating	agent	chemotherapy	 in	modifying	 the	 radiation-sarcoma	risk	were
not	observed.	Further,	sex,	race/ethnicity,	and	age	at	primary	cancer	diagnosis	did	not	modify	risk	in	any	of	the
previous	studies.16,37,60,211,212

Limited	 evidence	 exists	 regarding	 the	 long-term	 prognosis	 of	 childhood	 cancer	 survivors	 with	 subsequent



sarcoma;	 however,	 5-year	 survival	 rates	 have	 been	 less	 than	 50%	 among	 other	 populations	 with	 radiation-
associated	sarcomas.213	Routine	screening	with	MRI	or	computed	tomography	scans	of	the	irradiated	field	is	not
recommended.208,209

Secondary	Central	Nervous	System	Tumors
Secondary	 gliomas	 and	meningiomas	 are	 well-recognized	 late	 effects	 among	 childhood	 cancer	 survivors.	 The
overall	SIRs	for	glial	tumors	and	meningiomas	for	the	CCSS	cohort	diagnosed	between	1970	and	1999	were	11.0
and	9.6,	respectively.173	 In	 the	British	CCSS,	Reulen	et	al.169	 reported	 that	among	survivors	of	childhood	CNS
tumors,	the	SIR	for	a	secondary	glioma	was	12.3.	Nearly	all	cancer	survivors	who	develop	CNS	neoplasms	were
exposed	to	cranial	radiotherapy	(CRT).	Survivors	treated	with	CRT,	compared	to	survivors	without	this	exposure,
had	an	almost	10-fold	and	a	6.5-fold	higher	 risk	of	a	secondary	meningioma	or	glioma,	 respectively.	Survivors
receiving	CRT	of	≥50	Gy	had	a	cumulative	incidence	of	a	subsequent	CNS	neoplasm	25	years	after	diagnosis	of
7.1%	compared	with	5.2%	for	patients	receiving	lower	doses	and	1.0%	for	no	radiotherapy	exposure.214

Secondary	gliomas	occur	relatively	soon	after	completion	of	treatment	for	the	first	cancer	and	have	a	shorter
latency	 than	meningiomas.	Neglia	 et	 al.36	 reported	 that	 over	 50%	of	 secondary	 gliomas	 in	 the	CCSS	 occurred
between	5	and	9	years	after	the	first	cancer	and	over	90%	occurred	before	15	years.	The	ERR	dropped	to	nearly
zero	among	persons	followed	beyond	25	years.	There	was	a	linear	relationship	between	radiation	dose	and	glioma
risk.	Although	no	sex-related	differences	were	observed,	patients	who	were	diagnosed	at	a	younger	age	(younger
than	5	years)	had	a	higher	risk	than	those	treated	in	later	childhood.	Subsequent	survival	after	a	secondary	glioma
is	 poor;	 the	British	CCSS	 reported	 a	 19.5%	5-year	 survival,	with	 5-year	 survival	 rates	 of	 4.9%	 for	 high-grade
gliomas	and	38.9%	for	low-grade	gliomas.215

Among	childhood	cancer	 survivors	 treated	with	CRT,	Bowers	et	 al.216	 recently	 reported	 that	 the	cumulative
incidence	of	subsequent	meningioma	was	5.6%	by	age	40	years	and	5.8%	(95%	CI,	4.8%	to	6.8%)	at	30	years
after	primary	cancer	diagnosis.	Importantly,	subsequent	meningioma	risk	did	not	appear	to	plateau	with	age,	with
only	3%	comprising	malignant	lesions.	Median	age	at	diagnosis	of	first	meningioma	was	28	years	(range,	7	to	50
years);	median	interval	from	primary	cancer	diagnosis	was,	22	years	(range,	5	to	37	years).	CRT	doses	of	20	to
29.9	Gy	(HR,	1.6)	and	doses	>30	Gy	(HR,	2.6)	were	associated	with	increased	risks	compared	with	doses	of	1.5	to
19.9	Gy.	Inskip	et	al.181	reported	an	ERR/Gy	for	secondary	meningioma	of	1.06.	In	the	British	CCSS,	Taylor	et
al.215	 reported	 an	 independent	 association	 between	 intrathecal	 methotrexate	 and	 meningioma	 among	 patients
given	 CRT.	 Genetic	 susceptibility	 may	 also	 increase	 the	 risk	 of	 radiation-induced	 meningiomas.12	 Although
deaths	due	 to	benign	secondary	meningiomas	are	 rare,	 they	are	associated	with	 significant	morbidity.	Within	6
months	before	or	subsequent	to	a	meningioma	diagnosis,	20%	of	survivors	reported	at	least	one	new	neurologic
sequela,	including	seizures	(8.3%),	auditory-vestibular-visual	deficits	(6%),	focal	neurologic	dysfunction	(7.1%),
and	severe	headaches	(5.3%).	Notably,	these	symptoms	reflect	in	part	the	high	doses	of	CRT.

To	date,	 there	 is	 no	 evidence	 that	 surveillance	 for	 subsequent	 gliomas	 or	meningiomas	 improves	 outcomes.
Consequently,	 neither	 the	 COG208	 nor	 the	 UKCCSG209	 recommends	 the	 use	 of	 screening	 brain	 MRIs	 for
asymptomatic	 patients.	However,	 clinicians	 should	 have	 a	 heightened	 index	 of	 suspicion	 for	 childhood	 cancer
survivors	treated	with	cranial	irradiation	who	experience	new	neurologic	signs	or	symptoms.

Secondary	Melanoma	and	Nonmelanoma	Skin	Cancer
In	 the	 CCSS	 cohort,	melanoma	 occurs	 a	median	 of	 21	 years	 (median	 age,	 32.3	 years)	 after	 a	 primary	 cancer
diagnosis	(35-year	cumulative	incidence,	0.55).217	In	a	systematic	review	that	included	151,575	childhood	cancer
survivors	 (212	with	 subsequent	melanoma),218	melanomas	were	most	 frequently	 observed	 after	HL,	 hereditary
RB,	soft	tissue	sarcoma,	and	gonadal	tumors.	Radiotherapy	at	doses	>15	Gy	increased	melanoma	risk	(OR,	13),	as
did	the	combination	of	alkylating	agents	and	antimitotic	drugs	(OR,	2.7).13

NMSC	 is	 common	 among	 childhood	 cancer	 survivors	 after	 irradiation,	 exceeding	 the	 incidence	 of	 all	 other
SPCs	combined.170,172	Indeed,	in	the	CCSS	cohort,	among	14,359	survivors,	there	were	1,574	cases	of	NMSC	and
802	cases	of	 invasive	or	 in	situ	cancer.170	The	30-year	cumulative	 incidence	of	NMSC	was	9.1%,170	with	most
being	BCCs	(97%;	median	age	at	diagnosis,	31	years).219	Radiotherapy	is	associated	with	a	sixfold	increased	risk,
and	90%	of	the	tumors	occurred	within	the	radiation	field.	Although	sex	does	not	modify	risk,170,219	older	age	at
radiation	 exposure	 (10	 to	 20	 years)	 is	 associated	with	 increased	 risk.170	 As	 in	 the	 general	 population,	 African
Americans	are	underrepresented	among	childhood	cancer	survivors	who	develop	BCC.180

In	 a	CCSS	case-control	 study,	 radiation	doses	 to	 the	 skin	 greater	 than	1	Gy	were	 associated	with	 increased
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BCC	risk.	Results	were	consistent	with	a	linear	dose–response	relationship,	with	an	excess	OR	per	Gy	of	1.09.	No
other	 treatment	 variables	 were	 significantly	 associated	 with	 increased	 BCC	 risk.220	 Among	 childhood	 cancer
survivors	who	received	hematopoietic	cell	 transplantation,221	 patients	 conditioned	with	 total-body	 irradiation	or
who	were	light	skinned	had	increased	BCC	risk.	Acute	graft-versus-host	disease	was	associated	with	an	increased
risk	 of	 squamous	 cell	 carcinoma;	 chronic	 graft-versus-host	 disease	 was	 associated	 with	 excess	 basal	 and
squamous	 cell	 carcinomas.	 The	 COG208	 and	 the	 UKCCSG209	 recommend	 annual	 examination	 of	 the	 skin	 in
irradiated	fields.

Other	Secondary	Carcinomas
The	 risk	of	other	 carcinomas	 (besides	breast,	 thyroid,	 and	 skin)	 appears	 to	 increase	with	age	among	childhood
cancer	survivors.	In	the	CCSS	cohort,222	 radiation	 is	associated	with	 increased	risks	for	carcinomas	of	 the	head
and	 neck,	 colon	 and	 rectum,	 other	 gastrointestinal	 sites,	 kidneys,	 bladder,	 and	 lungs.	 The	 risk	 for	 “other
carcinomas”	was	 fivefold	 higher	 for	 survivors	 treated	with	 radiation	 compared	with	 the	 general	 population.	A
recent	update	of	the	CCSS	cohort	demonstrated	that	older	cancer	survivors	(older	than	40	years	old)	remained	at
increased	 risk	 for	 subsequent	 treatment-related	 neoplasms,	 with	 carcinomas	 composing	 the	 vast	 majority	 of
tumors.223	 In	 the	 following	 sections,	we	 review	 the	more	 recent	 reports	 of	 carcinomas	 among	 aging	 childhood
cancer	survivors.

Secondary	Tumors	of	the	Digestive	Tract
Excess	cancers	of	digestive	tract	sites	have	been	reported	among	childhood	cancer	survivors.61,169,224,225	A	French
and	British	cohort	study	found	a	9.7-fold	increased	risk	of	SPCs	of	digestive	tract	sites	compared	with	the	general
population.225	 Sites	 included	 hepatocellular	 carcinoma	 and	 cancers	 of	 esophagus,	 stomach,	 pancreas,	 and
colorectal	sites.	A	strong	dose–response	relationship	was	identified;	compared	with	patients	who	had	not	received
radiation,	survivors	with	a	history	of	exposure	between	10	and	29	Gy	and	≥30	Gy	were	at	5.2-fold	and	9.6-fold
increased	 risk,	 respectively.	 The	 CCSS	 reported	 a	 4.6-fold	 increased	 risk	 of	 gastrointestinal	 cancers	 among
survivors	 compared	with	 the	U.S.	 population,61	 with	 the	 highest	 risks	 associated	with	 abdominal	 radiation.	 In
addition,	exposure	to	procarbazine	and	platinum	was	associated	with	increased	risk.

Colorectal	cancer	can	follow	successful	therapy	of	childhood	cancer.	A	single-institution	study	found	the	40-
year	cumulative	incidence	of	secondary	colorectal	cancer	to	be	1.4%.14	The	cohort	was	at	10.9-fold	increased	risk
compared	with	the	U.S.	population.	Colorectal	carcinomas	were	more	likely	to	develop	in	an	irradiated	colon;	risk
increased	by	70%	with	each	10-Gy	increase	in	dose.	Increasing	radiation	volume	also	increased	colorectal	cancer
risk.	Finally,	alkylating	agent	exposure	was	associated	with	an	8.8-fold	 increased	risk	of	colorectal	cancer.	The
population-based	British	CCSS	found	the	cumulative	incidence	of	colorectal	cancer	among	survivors	treated	with
direct	abdominopelvic	irradiation	to	be	1.4%	by	age	50	years,	comparable	with	the	1.2%	risk	in	individuals	with
at	 least	 two	 first-degree	 relatives	 affected	 by	 colorectal	 cancer.169	 Similarly,	 the	 CCSS	 reported	 a	 cumulative
incidence	of	colorectal	cancer	following	abdominal	radiation	of	1.2%	by	30	years	after	radiotherapy.61

The	 COG	 recommends	 a	 screening	 colonoscopy	 every	 5	 years	 in	 childhood,	 adolescent,	 and	 young	 adult
cancer	survivors	after	more	than	30	Gy	of	radiation	to	the	abdomen	or	pelvis,	starting	at	age	35	years	or	10	years
after	exposure,	whichever	occurs	last.208	Nathan	et	al.226	 reported	 that	only	17%	of	 long-term	childhood	cancer
survivors	at	risk	for	colorectal	cancer	reported	ever	having	a	colonoscopy.

Secondary	Renal	Carcinoma
Patients	 in	 the	 CCSS	 cohort	 show	 an	 8-fold	 increased	 risk	 of	 renal	 carcinoma	 compared	 with	 the	 general
population,227	with	the	highest	risk	observed	after	neuroblastoma.	Exposure	of	the	renal	bed	to	≥5	Gy	of	radiation
increases	renal	carcinoma	risk	by	3.8-fold,	and	exposure	to	platinum	chemotherapy	increases	risk	by	3.5-fold.223
The	French–British	cohort	 reported	a	0.62%	40-year	cumulative	 incidence	of	 renal	cancer,	 representing	a	13.3-
fold	higher	risk	than	the	general	population.	Treatment	with	radiation	and	chemotherapy	increased	risk.15

Secondary	Salivary	Gland	Cancer
In	the	only	large,	systematic	evaluation	of	salivary	gland	tumors	in	childhood	cancer	survivors,	the	incidence	was
39-fold	greater	than	in	the	general	population.228	Mucoepidermoid	carcinomas	were	the	most	common	histologic
type;	less	common	histologic	types	included	adenocarcinomas	and	acinar	cell	carcinomas.	Risk	increased	linearly
with	radiation	dose	and	remained	elevated	for	20	years.	Exposure	to	chemotherapeutic	agents,	tobacco,	or	alcohol



did	not	appear	to	increase	risk.

Genetic	Conditions
RB	is	the	prototype	malignancy	in	which	genetic	factors	account	for	a	substantial	proportion	of	SPC.	Familial	RB
is	 caused	 by	 inherited	mutations	 in	 the	RB1	 tumor	 suppressor	 gene.229	 Approximately	 90%	 of	 hereditary	 RB
patients	have	bilateral	disease.	In	a	large	cohort	of	1,601	RB	survivors	in	Boston	and	New	York,	SPC	risk	was
increased	 19-fold	 in	 hereditary	 RB	 survivors;	 risk	 was	 not	 elevated	 in	 nonhereditary	 patients.174	 The	 50-year
cumulative	incidence	of	an	SPC	was	36%	and	5.7%	in	hereditary	and	nonhereditary	patients,	respectively.	Among
hereditary	RB	patients,	radiotherapy	increased	the	50-year	cumulative	incidence	of	an	SPC	to	38.2%,	compared	to
21.0%	in	nonirradiated	patients.	In	an	extended	follow-up	of	the	906	hereditary	RB	survivors	in	this	cohort,	33%
of	RB	 survivors	 developed	 at	 least	 one	SPC	 (median	 follow-up,	 26.3	 years;	 range,	 0.6	 to	 63.0	 years),	 and	6%
developed	more	 than	one	SPC.230	Similar	 risks	among	hereditary	RB	survivors	have	been	 reported	 in	Dutch176
and	British231	nationwide	cohorts.	The	50-year	cumulative	mortality	 from	any	SPC	for	hereditary	RB	survivors
has	ranged	from	17.3%	to	25.5%.232,233

The	majority	of	SPCs	are	bone	and	 soft	 tissue	 sarcomas	occurring	 in	 the	most	heavily	 irradiated	areas	 (i.e.,
head	 and	 neck	 region).	 A	 radiation	 dose–response	 relationship	 exists	 for	 sarcomas,	 with	 an	 almost	 11-fold
increased	risk	for	doses	of	≥60	Gy.177	Osteosarcomas	and	soft	 tissue	sarcomas	that	develop	after	hereditary	RB
harbor	similar	RB1	mutations	as	found	in	RB.	Radiation	is	thus	likely	to	cause	the	somatic	mutations	required	to
result	in	sarcomas	in	carriers	of	germline	RB1	mutations.

Importantly,	 hereditary	 RB	 survivors	 also	 have	 an	 increased	 risk	 compared	 with	 the	 general	 population	 of
second	 (and	 third	 and	 fourth)	 cancers	 in	 sites	 distal	 to	 the	 radiation	 field,	 suggesting	 a	 genetic	 predisposition
independent	of	radiation	exposure.174,234	These	sites	include	breast,	lung,	colon,	bladder,	uterus,	and	long	bones.
In	 particular,	 there	 are	 excess	 risks	 of	 distal	 soft	 tissue	 sarcomas	 (leiomyosarcoma,	 fibrosarcoma,	 and
rhabdomyosarcoma)	 and	 osteosarcomas	 (especially	 in	 the	 lower	 extremities),	 suggesting	 that	 RB1	 mutation
carriers	may	be	 inherently	predisposed	 to	 these	 tumors.210,234	Moreover,	 the	Boston–New	York	cohort	 recently
reported	 an	 increased	 risk	 of	 secondary	 uterine	 leiomyosarcoma	 in	 hereditary	RB	 survivors.235	 Risk	 increased
from	20	 to	27	per	10,000	 females	 for	 those	aged	30	 to	39	years	and	40	years	and	older,	 respectively;	 risk	was
unrelated	 to	 radiation	dose	 for	primary	RB	 treatment	 (ocular	 radiotherapy).	With	contemporary	 therapy	 largely
excluding	external-beam	radiotherapy,	it	is	anticipated	that	hereditary	RB	survivors	may	now	live	longer	without
radiation-	 associated	 SPC,	 but	 these	 tumors	 may	 possibly	 be	 supplanted	 in	 part	 by	 increasing	 uterine
leiomyosarcomas	in	older	women.

Childhood	 sarcoma	and	 leukemia	 survivors	 also	have	 an	 excess	 risk	of	non–radiation-related	SPCs,	 such	 as
breast	 cancer.170,184,224	 Although	 many	 of	 these	 patients	 likely	 have	 a	 p53	 germline	 mutation	 and	 are	 thus
classified	as	having	LFS,236	 there	may	be	other	genetic	factors	affecting	risk	(see	 the	“Genetic	Susceptibility	 to
Second	Primary	Cancers”	section).

COMMENT
Future	SPC	 research	 areas	of	 importance	 to	 cancer	 survivors	 include	delineation	of	 etiopathogenetic	pathways,
optimal	management,	 and	 the	 evaluation	 of	modifiers	 of	 subsequent	 outcomes.9–11,168,237	Overarching	 research
recommendations	 in	 the	 2012	National	Council	 on	Radiation	Protection	 and	Measurements	 (NCRP)	 report10,11
included	 the	 long-term,	 large-scale	 follow-up	 of	 extant	 cancer	 survivors	 and	 the	 construction	 of	 prospective
cohorts	of	patients	given	new	treatment	modalities.	One	identified	need	involved	the	continued	long-term	follow-
up	of	survivors	successfully	 treated	for	 tumors	at	sites	 for	which	reductions	 in	 field	size	and	radiotherapy	dose
have	been	 implemented,	 and	 the	 follow-up	of	 populations	 successfully	managed	without	 any	 type	of	 cytotoxic
treatment	to	define	baseline	risks.	For	carcinogenic	drugs,	pharmacogenomic	and	pharmacoepidemiologic	studies
should	be	carefully	considered.9,237–239	It	will	be	especially	important	to	follow	survivors	of	adolescent	and	young
adult	cancer,240	given	the	sparseness	of	information	for	this	population.

Groups	of	cancer	survivors	for	whom	detailed	treatment	data	information	are	collected	will	also	be	important	in
providing	new	insights	 into	a	wide	range	of	other	outcomes,9,237	 including	other	possible	 late	sequelae,	such	as
cardiovascular	 disease,	 neuropathies,	 and	 endocrine	 dysfunction.10,11,165,237	 Further,	 an	 enhancement	 of	 the
understanding	of	genetic	and	other	influences	that	contribute	to	one	late	effect	of	cancer	and	its	treatment	might
inform	 our	 understanding	 not	 only	 of	 other	 untoward	 sequelae	 but	 also	 of	 factors	 that	 impact	 survival.	 Thus,
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future	 investments	 in	 research	 infrastructure	 should	 also	 include	 the	 collection	 of	 biologic	 samples	 to	 better
evaluate	the	role	of	genetic	factors	in	not	only	SPC	development9	but	also	the	occurrence	of	other	outcomes.237	In
addition,	 future	 investment	 should	 be	 directed	 to	 the	 application	 of	 animal	 models	 in	 unraveling	 the	 genetic
underpinnings	 of	 SPC	 risk.107,237	 The	 elucidation	 of	 functional	 genetic	 variants	 will	 also	 enhance	 risk
assessment.168	Comprehensive	SPC	risk	prediction	models	could	also	stratify	patients	into	groups	for	risk-adapted
and	cost-effective	follow-up	and	the	subsequent	development	of	evidence-based	interventions.9,241

The	database	to	support	various	lifestyle	recommendations	in	reducing	SPC	occurrence	is	grounded	in	only	a
few	observational	studies	and	randomized	clinical	 trials	in	cancer	survivors242–244	and	rests	largely	on	inference
from	studies	conducted	in	other	disorders,	such	as	cardiovascular	disease.	Therefore,	additional	research	is	needed
among	 cancer	 survivors	 to	 understand	 the	 relative	 contribution	 and	 interaction	 of	 lifestyle	 factors	 with	 the
patient’s	genetic	profile	and	exposure	to	treatment	and	environmental	factors.	Further,	additional	efforts	should	be
directed	 to	 determinate	 the	 efficacy	 of	 different	 SPC	 screening	 approaches	 in	 survivors	 of	 adult-onset	 cancer.
Many	of	the	strategies	applied	to	childhood	cancer	survivors	serve	as	a	potential	paradigm	for	future	work.245,208

As	additional	information	is	generated	with	regard	to	SPCs,223	it	should	be	recognized	that	the	time	of	cancer
diagnosis	and	the	period	that	follow	are	opportune	times	for	health-care	providers	to	counsel	patients	about	health
promotion	to	not	only	reduce	the	risk	of	cancer	recurrence	but	also	minimize	comorbidities.	Health-care	providers
can	play	an	important	role	in	this	process	by	recommending	genetic	counseling	for	selected	patients	(and	family
members)	and	by	referring	patients	 to	nutrition	counselors,	exercise	 trainers,	and	clinical	psychologists	 to	assist
with	 lifestyle	change	 interventions.	 In	particular,	 the	 importance	of	smoking	cessation,	weight	control,	physical
activity,	and	other	factors	consistent	with	a	healthy	lifestyle	should	be	consistently	conveyed	to	patients.	Given	the
current	investment	in	cancer	survivorship	research,	further	study	of	the	late	effects	of	cancer	and	its	treatment	is
critical.237	It	will	be	important	to	continue	to	add	to	our	understanding	of	genetic	variants	and	etiologic	influences
that	increase	SPC	risk	and	factors	that	influence	subsequent	management	and	survival.5,9–11,168,237
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136 Neurocognitive	Effects
Paul	D.	Brown,	Alissa	M.	Butts,	Michael	W.	Parsons,	and	Jane	H.	Cerhan

INTRODUCTION
Cognitive	 dysfunction	 occurs	 in	 most	 patients	 with	 brain	 tumors,	 often	 at	 presentation,	 and	 is	 frequently
progressive.	 In	 non–central	 nervous	 system	 (CNS)	 cancers,	 there	 is	 a	 growing	 understanding	 of	 the	 potential
cognitive	 impact	 of	 the	 cancer	 process	 itself	 and	of	 systemic	 cancer	 therapies.	Treatment	 options	 for	 cognitive
deficits	remain	quite	 limited.	Therefore,	 it	 is	crucial	 to	consider	 the	cognitive	risks	and	benefits	associated	with
specific	 interventions	 when	 making	 clinical	 decisions	 in	 cancer	 care.	 Fortunately,	 preventive	 measures	 and
therapeutic	innovations	are	emerging	that	aim	to	lessen	cognitive	impact.

ASSESSMENT	OF	COGNITIVE	FUNCTION
Cognition	 is	 integral	 to	virtually	all	activities	of	daily	 living,	and	even	small	changes	 in	cognitive	 function	can
have	 significant	 impact	 on	 quality	 of	 life	 and	 independence.	 Patients	 and	 caregivers	 alike	 often	 find	 cognitive
problems	more	challenging	to	manage	than	physical	problems,	contributing	to	illness	burden	and	stress.	Cognitive
changes	with	significant	impact	on	daily	functioning	may	not	be	evident	on	casual	observation	or	detectable	via
routine	medical	evaluations	such	as	bedside	mental	status	exams.	Furthermore,	patient	self-report	is	important	but
does	 not	 routinely	 correlate	 with	 objectively	 measured	 cognitive	 function	 or	 functional	 outcomes.1	 If
unrecognized,	 cognitive	deficits	 can	 lead	 to	 inaccurate	 judgment	on	 the	part	of	 the	medical	 team	 regarding	 the
patient’s	capacity	for	self-care	or	return	to	activities	such	as	school,	work,	or	driving.	Failing	to	detect	cognitive
changes	could	also	lead	providers	to	have	inaccurate	perceptions	about	treatment	effectiveness	and	safety.

A	 formal	 neuropsychological	 assessment	 provides	 quantitative,	 objective	measurement	 of	 potentially	 subtle,
yet	 clinically	 significant,	 changes	 in	 cognitive	 function.	 The	 testing	 involves	 administration	 of	 standardized
psychometric	instruments	that	evaluate	various	aspects	of	brain	function	such	as	attention,	learning	and	memory,
processing	 speed,	 expressive	 and	 receptive	 language,	 executive	 function	 (e.g.,	 abstract	 reasoning,	 planning,
decision	making),	 visual	 perception	 and	 construction,	 and	mood	 and	 personality.	 Test	 administration	 is	 highly
controlled	because	even	minor	deviation	from	standardization	can	impact	task	difficulty	such	that	the	normative
data	no	 longer	 apply.	Appropriate	 tests	have	well-established	psychometric	properties,	 including	 reliability	 and
validity.	 The	 concept	 of	 test	 validity	 is	 often	 misunderstood	 and	 is	 established	 through	 an	 accumulation	 of
evidence	for	a	particular	intent	 in	a	particular	population.	As	such,	validity	is	a	function	of	the	interpretation	or
specific	use	of	a	test,	not	just	the	test	itself.	Neuropsychologists	are	familiar	with	validity	models	and	how	to	apply
them	to	appropriate	test	selection.

A	thorough	neuropsychological	evaluation	can	inform	care	in	many	ways,	including	by	detecting	dysfunction,
monitoring	 the	positive	and	negative	 impacts	of	 treatment,	and	differentiating	symptoms	due	 to	medical	versus
psychological	factors	such	as	depression.	Detecting	depression	is	critical	because	it	is	a	risk	factor	for	treatment
noncompliance	and	shortened	length	of	survival.2	To	maximize	interpretability,	it	is	ideal	to	obtain	pretreatment
baseline	testing	whenever	possible.	Baseline	testing	greatly	facilitates	the	ability,	after	treatment,	to	parse	out	the
effects	 of	 surgery,	 radiation,	 tumor,	 medications,	 fatigue,	 psychological	 factors,	 and	 developmental	 cognitive
pattern.

NEUROCOGNITIVE	EFFECTS	OF	CENTRAL	NERVOUS	SYSTEM	TUMORS
AND	TREATMENT
Impact	of	Tumor



Whether	the	predominant	cause	of	cognitive	decline	 in	patients	with	brain	 tumors	 is	 the	 treatment	or	 the	 tumor
itself	 is	 an	 important	 question	 and	 has	 a	 significant	 impact	 on	 treatment	 recommendations.	Older	 studies	 have
emphasized	 the	 late	 neurotoxicity	 of	 treatment,	 especially	 radiotherapy.	 However,	 these	 studies	 have	 suffered
from	a	number	of	deficiencies;	most	importantly,	they	have	lacked	baseline	cognitive	testing	and	thus	missed	the
fact	that	the	brain	tumor	itself	is	often	the	primary	cause	of	cognitive	difficulties.	One	large	prospective	trial	with
baseline	evaluations	(i.e.,	before	whole-brain	radiotherapy	[WBRT])	found	that	more	than	90%	of	patients	with
brain	metastases	had	significant	cognitive	impairment	in	one	or	more	cognitive	tests,	and	another	trial	of	patients
with	brain	metastases	 found	mean	and	median	baseline	 cognitive	 scores	well	below	population	norms,	 ranging
from	mild	to	severe	impairment.3,4	Other	studies	have	similarly	found	tumor	to	be	the	dominant	cause	of	cognitive
impairment	in	patients	with	brain	metastases,5	low-grade	gliomas,6	and	high-grade	gliomas.7	However,	the	pattern
of	 cognitive	 impairment	 with	 tumor	 is	 often	 different	 than	 that	 of	 other	 disease	 processes	 in	 the	 brain.	 For
example,	impairments	are	often	more	subtle	and	diffuse	in	patients	with	tumors	than	are	those	observed	in	patients
with	sudden-onset	neurologic	conditions	such	as	a	stroke.	Differences	in	the	pathophysiology	of	these	lesions	are
believed	 to	 underlie	 these	 observations;	 whereas	 a	 cerebrovascular	 accident	 may	 rapidly	 result	 in	 tissue
destruction,	tumors	diffusely	and	often	more	slowly	infiltrate	the	brain.

There	 is	 also	mounting	evidence	 that	 cognitive	decline	 in	brain	 tumor	patients	 after	 therapy	may	 frequently
reflect	subclinical	tumor	progression	rather	than	neurotoxicity	resulting	from	treatment.	In	a	North	Central	Cancer
Treatment	 Group	 study	 of	 1,244	 patients	 with	 high-grade	 gliomas	 prospectively	 treated	 with	 radiation	 and
nitrosourea-based	chemotherapy,	cognitive	deterioration	was	noted	at	evaluations	prior	to	radiographic	failure;	in
contrast,	patients	without	 tumor	progression	had	stable	cognitive	 function.8	 In	an	MD	Anderson	Cancer	Center
study	 of	 56	 patients	with	 recurrent	 high-grade	 gliomas	 treated	 on	 phase	 I	 and	 II	 trials,	 cognitive	 deterioration
occurred	 6	 weeks	 before	 radiographic	 failure,	 highlighting	 the	 sensitivity	 and	 predictive	 value	 of	 cognitive
assessments.9	Similarly,	 a	 large	 randomized	 trial	 of	 patients	with	 newly	 diagnosed	 glioblastoma	 (GBM)	 found
cognitive	decline	after	concurrent	chemoradiation	(in	progression-free	patients)	to	be	prognostic	for	progression-
free	and	overall	survival	time.10

Impact	of	Treatment

Surgery
Nonbrain	 surgery	 can	 cause	 postoperative	 cognitive	 impairments,	 especially	 in	 the	 elderly.	 The	 deficits,
particularly	 for	 memory,	 may	 be	 present	 for	 weeks	 or	 months.	 Risk	 factors	 besides	 age	 include	 duration	 of
anesthesia	and	postoperative	complications.	In	contrast	to	nonbrain	surgery,	surgery	for	brain	tumors	may	cause	or
exacerbate	focal	cognitive	deficits,	especially	acutely.	Perhaps	more	often,	 though,	resection	of	 tumor	results	 in
improvement	in	cognitive	function	through	relief	of	mass	effect	and	intracranial	pressure.	A	study	of	39	patients
with	high-grade	glioma	who	underwent	cognitive	testing	before	and	after	surgery	found	improvement	in	49%	of
patients	after	surgery	and	decline	in	23%.11

The	balance	between	maximal	resection	and	preserving	function	has	been	difficult	to	attain,	especially	because
gliomas	 are	 infiltrative	 and	 invasive.	 However,	 that	 goal	 has	 been	 advanced	 by	 comprehensive	 evaluations,
including	neuropsychological	assessments,	and	 technologic	advances	such	as	 intraoperative	magnetic	 resonance
imaging	 (MRI),	 functional	 neuroimaging	 techniques,	 white	 matter	 pathway	 mapping,	 and	 intraoperative
stimulation.	 Studies	 indicate	 that	 as	 many	 as	 80%	 of	 patients	 with	 low-grade	 gliomas	 will	 experience
postoperative	 cognitive	 deficits	 even	 when	 using	 intraoperative-guided	 imaging	 and	 functional	 mapping	 in
patients	with	tumors	in	eloquent	brain	locations.	However,	most	of	these	deficits	resolve	within	a	few	months.	In	a
report	by	Duffau,12	94%	of	patients	returned	to	their	preoperative	functioning	by	3	months,	presumably	due	to	the
plasticity	of	the	normal	brain	and	recovery	from	the	acute	effects	of	surgery.

Potential	 adverse	 effects	 of	 surgery	 can	 also	 be	 seen	 in	 patients	 with	 benign	 tumors,	 such	 as	 pituitary
adenomas.	Neuropsychological	 tests	 performed	 on	 a	 cohort	 of	 69	 pituitary	 tumor	 patients	 treated	with	 surgery
found	 that	 a	 transfrontal	 approach	was	 associated	with	 greater	 frequency	 and	 severity	 of	 cognitive	 impairment
(44%	 impaired)	 when	 compared	 to	 the	 transsphenoidal	 approach	 (30%	 impaired)	 and	 even	 more	 so	 when
compared	to	a	nonsurgical	control	group	with	pituitary	tumors.13	A	prospective	longitudinal	study	comprising	106
patients	 with	 pituitary	 tumors	 found	 that	 concentration,	 working	 memory,	 and	 attentional	 speed	 improved
significantly	within	the	first	3	months	after	transsphenoidal	tumor	removal	and	episodic	memory	improved	later,
at	12	months	after	surgery.14	Surgical	removal	of	skull	base	meningiomas	is	often	challenging	due	to	the	tumor
location	 and	 proximity	 to	 critical	 structures.	 A	 prospective	 study	 of	 58	 patients	 with	 skull	 base	 meningiomas
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found	 that	 23%	 of	 patients	 had	 transient	 neurologic	 deficits	 after	 surgery	 and	 12%	 showed	 permanent	 new
neurologic	 deficits.	Cognitive	 testing	 revealed	 the	majority	 to	 have	 stable	 cognitive	 function	 after	 surgery,	 but
long	term,	a	minority	of	patients	did	have	deterioration	after	surgery	(verbal	 learning,	9%;	visual	memory,	6%;
cognitive	speed	and	concentration,	6%;	visuomotor	processing	speed	and	working	memory,	11%).15

Radiotherapy
Radiation	 therapy	plays	 an	 important	 role	 in	 the	 treatment	 of	 primary	 and	metastatic	CNS	 tumors.	Prospective
studies	 have	 established	 the	 safety	 of	modern,	 focal	 treatments,	 but	 risks	 remain,	 especially	with	 less	 focused
treatments	such	as	WBRT.

When	 analyzing	 potential	 cognitive	 effects	 of	 focal	 radiotherapy,	 low-grade	 brain	 tumors	 are	 a	 useful
population	 to	 study	because	 their	 relatively	 long	progression-free	 survival	makes	 it	 easier	 to	 separate	 treatment
and	tumor	effects.	In	addition,	patients	with	low-grade	brain	tumors	are	often	young	and	do	not	have	underlying
medical	 comorbidities	 that	 may	 confound	 the	 cognitive	 analyses.	 A	 number	 of	 studies	 have	 prospectively
performed	extensive	neuropsychological	testing	on	adult	patients	with	low-grade	neoplasms	before	(baseline)	and
after	 radiotherapy	 (up	 to	 6	 years	 after	 radiotherapy)	 (Table	 136.1).	 In	 general,	 these	 studies	 have	 not	 found
significant	cognitive	deterioration	when	compared	to	either	baseline16–19	or	control	groups	with	low-grade	brain
neoplasms	not	 treated	with	 radiotherapy.6,20	 For	 example,	 a	 subpopulation	of	 20	of	 the	203	 adult	 patients	with
low-grade	gliomas	enrolled	on	an	intergroup	prospective	phase	III	trial	 that	randomized	patients	to	50.4	or	64.8
Gy	underwent	cognitive	testing	before	and	up	to	5	years	after	localized	radiation	therapy.18	No	significant	losses
in	 general	 intellectual	 function,	 new	 learning	 function,	 or	memory	 function	were	 seen.	 The	 group’s	mean	 test
scores	were	higher	at	follow-up	evaluations	than	their	initial	performances	on	all	psychometric	measures,	although
the	improvement	was	not	statistically	significant.	However,	4	patients,	all	in	the	64.8	Gy	arm,	had	a	mild	decline
in	one	or	more	of	the	domains	assessed.	The	results	of	this	study	are	consistent	with	the	weight	of	evidence	that
indicates	 a	 low	 incidence	 of	 cognitive	 difficulties	 after	 focal,	 conventionally	 fractionated	 (i.e.,	 1.8	 to	 2	 Gy)
radiotherapy	using	modern	techniques	to	deliver	moderate	doses	(i.e.,	45	to	54	Gy)	in	adults.

For	patients	with	high-grade	glioma,	cognitive	outcomes	are	dominated	by	the	tumor	and	tumor	progression.	In
a	prospective	trial	of	39	patients	with	high-grade	glioma	treated	with	focal	radiotherapy	and	temozolomide,	64%
had	cognitive	impairment	at	baseline,	and	over	time,	cognitive	function	remained	stable	or	improved	in	70%	of
patients.21	 Of	 the	 patients	 with	 cognitive	 decline,	 80%	 had	 tumor	 progression	 within	 4	 months	 of	 cognitive
decline.

TABLE	136.1
Prospective	Trials	for	Low-grade	Neoplasms	with	Baseline	and	Serial	Neurocognitive	Testing

Study
(Reference)

No.	of
Patients

Radiation	Total
Dose/Fraction	Size
(Gy)

Mean
Follow-up
(Years)

Extensive
Neurocognitive
Assessment Neurotoxicity	After	RT

Glosser	et
al.16

17 Proton	RT	median	68.4
CGE/1.8

4 Yes No;	mild	decline	in	psychomotor
speed	with	high	doses

Vigliani	et
al.20

17 Focal	RT	54/1.8 4 Yes No;	transient	decline	in	reaction
time

Armstrong
et	al.17

26 Focal	RT	mean
54.6/1.8–2.0

3 Yes No;	mild	decline	in	visual	memory
after	5	y

Brown	et
al.53

203 Focal	RT	50.4/1.8	or
64.8/1.8

7.4	(median) No	(MMSE	and	NFS) 5.3%	with	MMSE	decline	at	5	y

Torres	et
al.6

15 Focal	RT	mean	54/1.8 2 Yes No;	decline	in	memory	and
attention	only	if	tumor	progression

Laack	et
al.18

20 Focal	RT	50.4/1.8	or
64.8/1.8

3 Yes No

Steinvorth
et	al.19

40 SRT	median	57.6/1.8 1 Yes No

RT,	 radiotherapy;	 CGE,	 centigray	 equivalent;	 MMSE,	 Mini-Mental	 State	 Examination;	 NFS,	 neurologic	 function	 scores;	 SRT,
stereotactic	radiotherapy.



Protons	 are	 charged	 particles	 that	 are	 able	 to	 deposit	most	 of	 the	 dose	 into	 the	 target	 and	markedly	 reduce
excess	dose	 to	surrounding	normal	 tissues.	Because	of	 the	favorable	physical	properties	of	proton	radiotherapy,
there	is	a	growing	interest	in	using	protons	to	treat	brain	tumors	to	decrease	the	risk	of	adverse	cognitive	effects	of
treatment.	A	prospective	trial	of	20	patients	with	low-grade	glioma	treated	with	protons	(54	Gy	in	30	fractions)
found	no	decline	in	cognitive	functioning	or	quality	of	life	over	time	(median	follow-up,	5.1	years).22

An	 extreme	 form	 of	 focal	 radiotherapy	 used	 to	 treat	 many	 benign	 and	 neoplastic	 cranial	 conditions	 is
stereotactic	radiosurgery	(SRS).	Radiosurgery	uses	multiple	radiation	beams	and	is	able	to	encompass	treatment
volumes	in	the	high-dose	region	with	small	margins	because	of	the	stereotactic	imaging	and	immobilization.	This
results	in	rapid	dose	falloff,	allowing	greater	sparing	of	normal	brain	tissues,	and	therefore	minimizes	risk	to	the
surrounding	 structures.	 The	 cognitive	 impact	 of	 radiosurgery	was	 evaluated	 in	 a	 prospective	 trial	 assessing	 95
patients	 with	 cerebral	 arteriovenous	 malformations	 with	 extensive	 neuropsychometric	 testing	 before	 and	 after
radiosurgery	(median	dose,	20	Gy	in	one	fraction).	All	measures	of	cognitive	function	were	stable	or	improved	3
years	after	radiosurgery.23	A	prospective	study	of	97	patients	with	brain	metastases	treated	with	radiosurgery	(18
to	21	Gy	 in	a	single	 fraction	or,	 for	 larger	metastases,	24	Gy	 in	 three	 fractions)	 found	cognitive	 function	 to	be
stable	 6	 months	 after	 radiosurgery.24	 In	 another	 prospective	 trial,	 hypothalamic	 hamartomas	 associated	 with
epilepsy	were	treated	with	radiosurgery	(median	marginal	dose,	17	Gy).	Complete	neuropsychological	evaluation
was	 available	 in	 39	 patients;	 evaluation	 of	 cognitive	 function	 greater	 than	 3	 years	 after	 radiosurgery	 found	 no
significant	decline,	and	clear	improvement	was	seen	in	13%	of	patients.25

In	sharp	contrast	to	focal	cranial	radiation,	WBRT	is	associated	with	high	rates	of	cognitive	decline.	In	a	phase
III	trial	comparing	radiosurgery	alone	to	radiosurgery	and	WBRT	in	58	patients	with	up	to	three	brain	metastases,
49%	of	patients	in	the	WBRT	group	experienced	declines	in	learning	and	memory	at	4	months	compared	to	only
23%	of	 patients	 in	 the	 radiosurgery	 group.26	An	 intergroup	 trial,	N0574,	 randomized	 213	 patients	with	 one	 to
three	brain	metastases	to	radiosurgery	alone	or	radiosurgery	and	WBRT.3	Cognitive	deterioration	at	3	months	was
more	frequent	with	the	addition	of	WBRT	compared	with	radiosurgery	alone	(92%	versus	64%,	respectively;	P	<
.001).	Quality	of	life	was	also	worse	at	3	months	with	the	addition	of	WBRT.	An	analysis	of	long-term	survivors
found	worse	cognitive	 function	at	12	months	 for	patients	 treated	with	adjuvant	WBRT.	Based	on	 these	clinical
trial	 results,	 for	 patients	 with	 a	 relatively	 small	 burden	 of	 intracranial	 disease,	 treatment	 with	 radiosurgery,	 if
feasible,	to	delay	or	avoid	WBRT	is	recommended	to	better	maintain	cognitive	function;	however,	this	approach
requires	 patients	 to	 be	 followed	 closely	 with	 serial	 MRI	 so	 salvage	 therapy	 can	 be	 performed	 if	 new	 brain
metastases	 develop.	 Conversely,	 for	 patients	 with	 multiple	 brain	 metastases	 who	 are	 not	 good	 candidates	 for
radiosurgery,	 the	 risk–benefit	 ratio	 of	 WBRT	 may	 shift	 as	 intracranial	 tumor	 progression	 becomes	 the
predominant	cause	of	cognitive	decline.	An	international	phase	III	trial	prospectively	evaluated	cognitive	function
in	135	patients	with	brain	metastases	before	and	after	WBRT	and	found	tumor	progression	was	the	predominant
cause	of	cognitive	decline,	with	stable	or	improving	cognitive	function	in	long-term	(i.e.,	15-month)	survivors.5

Radiotherapy	 techniques	 may	 impact	 the	 cognitive	 risk	 of	 WBRT.	 For	 example,	 large	 fraction	 sizes,	 as
delivered	 in	 many	 historical	 studies,	 have	 been	 associated	 with	 dementia	 and	 cognitive	 decline	 in	 long-term
survivors	 after	WBRT;	 therefore,	 dose	 fractionation	 schedules	 should	be	 determined	by	 the	 patient’s	 estimated
prognosis,	with	more	protracted	 schedules	used	 for	patients	with	 the	possibility	of	 long-term	survival.	Another
approach	is	to	modify	the	WBRT	to	avoid	sensitive	regions	of	the	brain.	It	has	been	suggested	that	hippocampal
neural	stem	cell	injury	from	WBRT	may	play	a	role	in	memory	decline.	Intensity-modulated	radiotherapy	can	be
used	to	conformally	avoid	the	hippocampal	neural	stem	cell	compartment	during	WBRT.	The	Radiation	Therapy
Oncology	 Group	 (RTOG)	 conducted	 a	 single-arm	 phase	 II	 study	 of	 hippocampal	 avoidance	 WBRT	 in	 113
patients	 with	 brain	 metastases.27	 Only	 4.5%	 of	 patients	 experienced	 progression	 within	 the	 hippocampal
avoidance	 region,	 consistent	with	 prior	 retrospective	 studies.	The	mean	 relative	 decline	 in	 verbal	memory	 at	 4
months	was	7%,	which	was	 significantly	 lower	 compared	with	 the	historical	 control	 of	 30%	at	 4	months	 (P	<
.001).	 Although	 these	 results	 are	 promising,	 hippocampal	 avoidance	 remains	 investigational,	 and	 there	 are
ongoing	phase	III	trials	to	assess	the	potential	efficacy	of	this	technique.

Prophylactic	 cranial	 irradiation	 (PCI)	 has	 been	 shown	 to	 decrease	 the	 development	 of	 brain	metastases	 and
improve	cure	rates	and	survival	for	small-cell	lung	cancer	patients	because	of	the	propensity	of	these	patients	to
develop	brain	metastases.	Baseline	neuropsychological	testing	is	essential	in	this	patient	population	as	prospective
cognitive	 studies	 have	 shown	 up	 to	 97%	 of	 limited-stage	 small-cell	 lung	 cancer	 patients	 have	 evidence	 of
cognitive	 dysfunction	 before	 PCI.28	 Two	 of	 the	 largest	 randomized	 trials	 of	 PCI	 did	 incorporate	 prospective
neuropsychometric	 testing,	and	both	found	that	a	significant	proportion	of	patients	had	cognitive	dysfunction	at
baseline	but	found	no	differences	in	cognitive	performance	between	the	randomization	arms	of	PCI	or	no	PCI.29,30
However,	 higher	 doses	 of	 PCI	 are	 associated	 with	 worse	 cognitive	 outcomes;	 a	 randomized	 trial	 of	 different
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radiation	schedules	found	greater	 rates	of	cognitive	decline	 in	patients	 treated	with	36	Gy	compared	 to	patients
treated	with	25	Gy.31	 Finally,	 in	 patient	 populations	with	 a	 low	 incidence	of	 brain	metastases,	 the	 risk–benefit
ratio	of	PCI	shifts	and	is	less	favorable.	A	phase	III	trial	of	PCI	for	patients	with	non–small-cell	lung	cancer	found
worse	function	on	some	measures	of	cognitive	function	in	patients	treated	with	PCI	compared	to	the	observation
arm.	However,	the	1-year	rate	of	brain	metastases	was	only	18%	in	the	observation	arm	for	these	non–small-cell
lung	 cancer	 patients—much	 lower	 than	would	 be	 expected	with	 small-cell	 lung	 cancer,	where	 50%	 to	 60%	of
patients	develop	brain	metastases	if	they	do	not	receive	PCI.32,33

In	 summary,	 prospective	 trials	 assessing	WBRT	 and	 PCI	 suggest	 that	 although	 they	 have	 the	 potential	 for
beneficial	cognitive	outcomes	by	improving	intracranial	control,	the	treatment	itself	may	have	negative	impact	on
cognitive	 function.	 Therefore,	 weighing	 the	 therapeutic	 ratio	 is	 essential	 when	 making	 treatment	 decisions.
Finally,	 modification	 of	 WBRT	 techniques	 such	 as	 hippocampal	 avoidance	 presents	 an	 intriguing	 treatment
approach,	although	further	study	is	needed.

NEUROCOGNITIVE	EFFECTS	IN	NON–CENTRAL	NERVOUS	SYSTEM
CANCER
Cancer-Related	Cognitive	Impairment
The	past	decade	has	seen	a	surge	in	research	on	cognitive	functioning	after	diagnosis	and	treatment	of	non-CNS
cancer.	Although	earlier	studies	focused	exclusively	on	the	cognitive	effects	of	chemotherapy,	prospective	studies
clearly	 demonstrated	 that	 cancer	 patients	 showed	 poorer	 cognitive	 performance	 than	matched	 control	 subjects
even	 before	 any	 treatment.34	 Psychological	 distress,	 fatigue,	 and	 surgical	 factors	 (in	 case	 the	 assessment	 took
place	after	surgery)	do	not	completely	explain	the	link	between	cancer	and	cognitive	dysfunction.	Proposed	causes
for	 pretreatment	 cognitive	 dysfunction	 include	 the	 biology	 of	 cancer	 (e.g.,	 inflammatory	 responses	 triggering
neurotoxic	 cytokines),	 interaction	 with	 sex	 hormones	 (e.g.,	 androgen	 deprivation	 in	 prostate	 cancer),	 and
methodologic	 considerations	 (patients	 participating	 in	 cognitive	 studies	may	 not	 represent	 a	 random	 sample	 of
individuals	confronted	with	cancer).

Chemotherapy
An	emerging	body	of	data	shows	that	a	subgroup	of	cancer	patients	is	vulnerable	to	posttreatment	(mostly	but	not
exclusively	chemotherapy	related)	cognitive	decline,	which	has	a	significant	 impact	on	quality	of	 life	and	daily
function.35,36	 Chemotherapy	 is	 widely	 used	 in	 patients	 with	 non-CNS	 cancer	 and	 is	 known	 to	 be	 harmful	 to
multiple	organ	systems.	Human	and	preclinical	studies	into	the	occurrence	and	determinants	of	cognitive	decline
in	non-CNS	cancer	patients	have	 led	 to	 a	growing	consensus	 that	many	chemotherapeutic	 agents	 for	non-CNS
cancer	can	interfere	with	neurobiologic	processes	and	can	induce	cognitive	impairment.37,38

Incidence,	Pattern,	and	Course	of	Cognitive	Decline
Cognitive	dysfunction	has	been	particularly	well	studied	in	breast	cancer	patients	undergoing	adjuvant	systemic
therapy.	 The	majority	 of	 the	 prospective	 studies	 in	 this	 patient	 population	 have	 indicated	 that	 20%	 to	 60%	 of
patients	have	cognitive	decline	after	 chemotherapy	compared	 to	pretreatment	cognitive	performance.35,36	These
deficits	 have	 also	 been	demonstrated	 in	many	other	 oncologic	 conditions,	 including	 solid	 tumor	 cancers	 (lung,
colorectal,	 testicular,	 ovarian,	 and	 prostate)	 and	 lymphoma,	 and	 a	 wide	 range	 of	 chemotherapeutic	 agents
(antimetabolites,	DNA	cross-linking	agents,	 and	mitotic	 inhibitors)	 and	hormonal	 treatments	 such	as	 tamoxifen
have	 been	 associated	 with	 cognitive	 decline.	 Patients	 show	 pre-	 to	 posttreatment	 changes	 on	 a	 wide	 range	 of
standardized	 neuropsychological	 tests.	 Based	 on	 studies	 that	 have	 used	 comprehensive	 neuropsychological
examinations,	a	pattern	of	cognitive	 impairment	can	be	described.	Patients	 frequently	demonstrate	 learning	and
memory	 deficits,	 diminished	 speed	 of	 information	 processing,	 and/or	 reduced	 executive	 functioning.	 These
changes	 in	 cognitive	 function	 have	 been	 associated	 with	 adverse	 impacts	 in	 cancer	 survivors’	 daily	 life	 (e.g.,
work-related	disabilities).

The	majority	of	prospective	studies	show	declines	in	cognition	during	chemotherapy	treatment,	and	many	have
demonstrated	 cognitive	 dysfunction	 up	 to	 1	 to	 2	 years	 after	 chemotherapy.39	 Concern	 regarding	 long-term
cognitive	 changes	 has	 been	 raised	 by	 cross-sectional	 studies	 with	 long-term	 cancer	 survivors.	 However,	 these
cross-sectional	studies	 lack	baseline	evaluations,	and	most	studies	of	cognitive	outcome	in	cancer	are	relatively



short	term,	with	longitudinal	evaluations	taking	place	over	2	to	3	years.	Current	insights	into	the	mechanisms	of
chemotherapy-induced	neurologic	complications	raise	 the	possibility	of	chemotherapy-associated	premature	and
accelerated	 cognitive	 aging.	Whether	 patients	 treated	 with	 chemotherapy	 are	 at	 risk	 for	 developing	 late-onset
cognitive	dysfunction	or	dementia	is	not	known.	Several	retrospective	studies	have	examined	the	risk	of	dementia
in	 long-term	breast	 cancer	 survivors	who	completed	cytotoxic	 treatment	up	 to	15	years	 earlier.	Although	 these
studies	suggested	that	exposure	to	chemotherapy	was	associated	with	subtle,	yet	 long-lasting,	cognitive	deficits,
there	 was	 not	 an	 increased	 risk	 of	 dementia.40	 Longitudinal	 studies	 that	 follow	 chemotherapy-treated	 cancer
survivors	are	needed	to	fully	understand	the	risk	of	adverse	effects	over	the	life	span.

Risk	Factors
Why	 some	 but	 not	 all	 individuals	 experience	 chemotherapy-related	 neurocognitive	 dysfunction	 is	 not	 fully
understood,	 although	 certain	 risk	 factors	 are	 emerging,	 including	 iatrogenic	 and	 genetic	 factors	 as	 well	 as
behavioral	 and	 psychological	 influences.	 Studies	 have	 shown	 cognitive	 decline	 in	more	 patients	who	 received
high-dose	 chemotherapy	 compared	 to	 conventional	 chemotherapy	 and	 a	 linear	 decline	 in	 cognition	 after	 each
cycle	 of	 chemotherapy,	 suggesting	 the	 presence	 of	 a	 dose–response	 relationship.41,42	 Several	 studies	 have	 also
detected	a	higher	frequency	of	cognitive	dysfunction	in	breast	cancer	patients	receiving	both	chemotherapy	and
endocrine	 therapy	 compared	 to	 breast	 cancer	 patients	 treated	with	 either	 chemotherapy	 or	 endocrine	 treatment
alone.36	 The	 expression	 of	 vulnerable	 alleles	 of	 genes	 such	 as	 APOE	 and	 COMT	 offer	 another	 possible
explanation	as	to	why	only	a	subgroup	of	patients	experience	treatment-associated	cognitive	decline.	For	example,
a	 study	 of	 lymphoma	 and	 breast	 cancer	 survivors	 found	 that	 those	with	 at	 least	 one	 ε4	 allele	 scored	 lower	 on
several	cognitive	tasks	compared	to	survivors	who	did	not	carry	an	ε4	allele.43	Similarly,	breast	cancer	survivors
with	 the	 COMT	 Val	 allele	 treated	 with	 chemotherapy	 have	 been	 found	 to	 perform	 more	 poorly	 on	 several
neuropsychological	tests	compared	to	those	with	the	COMT	Met	allele.44

Psychological	 factors	 have	 also	 been	 identified	 that	 increase	 the	 risk	 of	 neurocognitive	 decline	 in	 cancer
survivors.	Cancer	survivors	with	features	of	depression,	anxiety,	chronic	fatigue,	and	health-related	anxiety	may
be	at	higher	risk	for	experiencing	at	least	the	subjective	and	likely	also	the	objective	experience	of	neurocognitive
dysfunction	after	chemotherapy.	 In	a	sample	of	breast	cancer	survivors,	anxiety	during	chemotherapy	predicted
those	who	 performed	more	 poorly	 on	 a	 number	 of	 cognitive	 tests.	 Furthermore,	 fatigue	 and	 depression	 before
chemotherapy	have	been	associated	with	neurocognitive	change	after	treatment.45

Neural	Substrate
Structural,	functional,	and	resting-state	brain	imaging	studies	in	non-CNS	cancer	patients	are	helping	to	clarify	the
neural	 basis	 and	 altered	 brain	 networks	 as	 potential	 biomarkers	 for	 cognitive	 dysfunction.	 Associated	 with
memory	 performance,	 reduced	 hippocampal	 volumes	 have	 been	 found	 in	 breast	 cancer	 survivors	 after
chemotherapy	treatment.	More	broadly,	a	prospective	study	using	voxel-based	morphometry	(VBM)	observed	a
decrease	in	bilateral	frontal,	temporal,	cerebellar,	and	right	thalamic	gray	matter	volumes	1	month	after	cessation
of	 chemotherapy,	which	 recovered	 in	 some	 but	 not	 all	 regions	 at	 1	 year	 after	 treatment.46	 Other	 studies	 have
reported	 volume	 reductions	 of	 gray	 and	 white	 matter	 1	 year	 and	 also	 20	 years	 after	 the	 completion	 of
chemotherapy.47,48	The	cerebral	white	matter	seems	particularly	vulnerable	to	the	effects	of	chemotherapy,	likely
mediated	 by	 axonal	 injury	 or	 demyelination	 secondary	 to	 damaged	 oligodendrocytes,	 as	 described	 later	 in	 this
chapter.	 Prospective	 studies	 investigating	 cerebral	 white	matter	 integrity	 using	 diffusion	 tensor	 imaging	 (DTI)
reported	 lower	 fractional	 anisotropy	 (FA)	 in	 the	 genu	 of	 the	 corpus	 callosum	 and	 frontal	 and	 temporal	 white
matter	 of	 breast	 cancer	 patients	 who	 received	 standard-dose	 anthracycline-based	 regimens	 compared	 to	 breast
cancer	controls	and	healthy	controls.49	Reduced	integrity	of	cognitively	important	white	matter	tracts,	 including
left	anterior	corona	radiata,	external	capsule,	and	inferior	longitudinal	and	inferior	fronto-occipital	fasciculi,	and
bilateral	posterior	thalamic	radiations	have	been	shown	in	chemotherapy-treated	breast	cancer	survivors	nearly	10
years	after	treatment.48	In	addition	to	long	white	matter	tracts	important	to	cognition,	breast	cancer	patients	had
significant	left	lateralized	white	matter	decreases	in	the	parahippocampal	gyrus	compared	to	matched	controls.50
Several	studies	have	demonstrated	a	link	between	the	abnormal	microstructural	properties	in	white	matter	regions
and	the	cognitive	impairments	seen	in	breast	cancer	patients	treated	with	chemotherapeutic	agents.49

Underlying	Mechanisms
A	large	number	of	studies	in	rodent	models	have	extended	our	understanding	of	the	cell	biology	and	molecular
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basis	 underlying	 chemotherapy-associated	 CNS	 toxicity	 affecting	 cognition	 and	 behavior	 in	 humans.	 Using
detailed	 cell	 lineage–based	 approaches,	 it	 has	 been	 shown	 that	 neural	 progenitor	 cells,	 which	 are	 the	 direct
ancestors	 of	 all	 differentiated	 cell	 types	 in	 the	 CNS,	 and	 mature	 postmitotic	 oligodendrocytes	 are	 the	 most
vulnerable	cell	populations	to	the	effects	of	multiple	chemotherapeutic	agents.37	Translational	models	suggest	that
the	combination	of	decreased	proliferation	of	neural	progenitor	cells	in	the	subventricular	zone	and	hippocampus,
a	 region	 critical	 for	memory,	 and	 damaged	 oligodendroglial	 cells	 and	 subsequent	 toxicity	 of	myelin-supported
white	matter	tracts,	which	are	critical	for	communicating	cognitive	information	between	gray	matter	regions,	may
have	a	quasi-direct	effect	on	neurocognitive	dysfunction	after	chemotherapy.	There	is	also	evidence	that	indirect
biologic	mechanisms,	such	as	pro-oxidative	effects,	toxic	neurotransmitter	and	monoamine	release,	disruption	of
blood	 vessel	 density	 and	 supply,	 and	 inflammation,	 contribute	 to	 chemotherapy-induced	 neurocognitive
dysfunction.38

Long-term	 neurocognitive	 changes	 may	 be	 a	 result	 of	 an	 epigenetic	 biologic	 change	 to	 the	 circulating
peripheral	proinflammatory	cytokines	(e.g.,	interleukin	[IL]-6,	IL-8,	IL-10,	and	tumor	necrosis	factors-α	[TNF-α])
released	in	response	to	chemotherapeutic	agents	that	then	initiate	a	cascade	of	eventual	CNS	disruption	because
links	 between	 cytokine	 levels,	 brain	 volume,	 and	 memory	 performance	 have	 been	 demonstrated.51,52	 In	 this
cascade	 model,	 the	 non-CNS	 cytokines	 modulate	 neuroendocrine	 and	 immune	 system	 mechanisms,	 thereby
involving	CNS	cytokines,	which	then	trigger	neural	cascades	that	involve	changes	in	neural	activity,	function,	and
repair	as	well	as	neurotransmitter	metabolism	that	culminate	 in	 reduced	 initial	neurocognitive	functioning.	This
hypothesis	is	further	extended	by	the	suggestion	that	this	cascade	may	result	in	epigenetic	alterations	that	result	in
longer	term	neurocognitive	dysfunction.51

TREATMENT	OF	COGNITIVE	DYSFUNCTION
If	cognitive	impairment	is	identified	in	a	patient,	it	is	essential	to	evaluate	for	reversible	causes	such	as	depression,
medications	 (e.g.,	 changing	 or,	 if	 possible,	 discontinuing	 antiepileptics),	 or	 endocrine	 disturbances	 (i.e.,
hypothyroidism).	For	patients	with	a	brain	tumor,	the	most	common	reversible	cause	of	cognitive	dysfunction	is
tumor	 progression	 because	 a	 number	 of	 studies	 have	 shown	 effective	 treatment	 of	 the	 tumor	 can	 result	 in
improvement	in	cognitive	function.53

There	are	few	proven	therapies	for	cognitive	dysfunction	in	patients	with	a	brain	tumor,	although	there	are	a
number	of	small	trials	with	interesting	findings.	Methylphenidate	is	a	psychostimulant	that	has	generated	clinical
and	 research	 interest	 for	 some	 time,	 and	 several	 small	 studies	 have	 suggested	 a	 benefit	 for	 patients	 with
psychomotor	slowing,	a	decline	in	executive	functioning,	or	general	apathy.54	Unfortunately,	a	phase	III,	placebo-
controlled	 trial	of	methylphenidate	did	not	 confirm	a	benefit	 in	 cognitive	 function	or	quality	of	 life	 in	patients
receiving	 radiotherapy	 for	 brain	 tumors.55	 Similarly,	 a	 phase	 III	 trial	 of	 donepezil,	 an	 acetylcholinesterase
inhibitor	used	in	the	treatment	of	symptoms	of	Alzheimer	disease,	was	no	better	than	placebo	at	improving	overall
cognitive	function	in	brain	tumor	survivors.56	However,	in	a	subgroup	analysis,	patients	with	greater	pretreatment
cognitive	impairment	were	found	to	have	benefit	with	donepezil.

Patients	 with	 a	 brain	 tumor	 actually	 represent	 an	 ideal	 population	 for	 research	 in	 neuroprotection	 because,
unlike	 stroke	 patients,	 patients	 with	 a	 brain	 tumor	 typically	 have	 planned	 injurious	 events	 (i.e.,	 surgery,
chemotherapy,	radiotherapy)	to	their	brain,	providing	a	golden	opportunity	for	prophylactic	treatment.	A	phase	III
trial	of	554	adult	patients	with	brain	metastases	evaluated	the	potential	neuroprotective	properties	of	memantine,
an	N-methyl-D-aspartate	 (NMDA)	receptor	antagonist	 that	has	been	shown	 to	be	effective	and	well	 tolerated	 in
vascular	dementia	patients.57	All	patients	received	WBRT	and	were	randomized	to	either	placebo	or	memantine	at
the	start	of	radiotherapy	and	were	treated	for	a	total	of	24	weeks.	Memantine	was	well	tolerated	and	had	a	toxicity
profile	very	similar	to	placebo.	Although	there	was	less	decline	in	the	primary	end	point	of	delayed	recall	at	24
weeks,	 this	 lacked	 statistical	 significance	 (P	 =	 .059),	 possibly	 due	 to	 significant	 patient	 loss	 over	 time	 due	 to
disease	progression	and	death.	The	memantine	arm	had	significantly	longer	time	to	cognitive	decline	(P	=	 .01),
and	the	probability	of	cognitive	function	failure	at	24	weeks	was	53.8%	in	the	memantine	arm	and	64.9%	in	the
placebo	 arm.	 Superior	 results	 were	 also	 seen	 in	 the	 memantine	 arm	 for	 specific	 tests	 of	 executive	 function,
processing	speed,	and	memory.

Another	 treatment	 option	 is	 brain	 injury	 rehabilitation,	 using	methods	 developed	 for	 traumatic	 brain	 injury
survivors.	 Gehring	 et	 al.58	 conducted	 a	 phase	 III	 trial	 of	 140	 adult	 patients	 with	 brain	 tumors.	 Patients	 were
randomly	 assigned	 to	 an	 intervention	 group	 or	 to	 a	 waiting	 list	 control	 group.	 The	 intervention	 involved	 six
weekly	 2-hour	 sessions,	 self-study	 for	 reinforcement,	 and	 at	 3	months,	 a	 telephone-based	 booster	 session.	The



sessions	 incorporated	 both	 computer-based	 attention	 retraining	 and	 compensatory	 skills	 training	 of	 attention,
memory,	 and	 executive	 functioning.	At	 the	 6-month	 follow-up,	 the	 intervention	 group	 performed	 significantly
better	in	attention	and	verbal	memory	than	the	control	group	and	reported	less	mental	fatigue.

Other	nonpharmacologic	 interventions	 such	as	exercise	 interventions	and	mindfulness-based	 stress	 reduction
are	also	gaining	increasing	attention	as	potentially	effective	interventions	for	cancer-	and	cancer	treatment–related
cognitive	effects.	Mindfulness	training	has	the	potential	to	improve	cognitive	functioning	through	mechanisms	of
focused	attention	and	disengaging	from	distractions	and	mind	wandering.	A	pilot	study	 targeting	cancer-related
fatigue	 randomized	 71	 breast	 and	 colorectal	 cancer	 survivors	with	moderate	 to	 severe	 fatigue	 to	mindfulness-
based	 stress	 reduction	 or	 fatigue	 education	 and	 support.59	 The	 mindfulness-based	 stress	 reduction	 participants
improved	 on	 subjective	 and	 objective	 measures	 of	 cognitive	 function	 compared	 to	 the	 education	 and	 support
group.	Additional	 randomized	 trials	 are	needed	 to	assess	 the	efficacy	of	mindfulness-based	stress	 reduction	 for
cognitive	 impairment,	 and	 several	 large	 trials	 are	 under	 way	 that	 should	 clarify	 the	 value	 of	 these	 behavioral
interventions.	 Finally,	 interventions	 focusing	 on	 mental	 stimulation,	 collectively	 known	 as	 brain	 training,	 are
frequently	accessed	by	cancer	survivors,	but	limited	evidence	supports	their	efficacy,60	and	recent	reviews	of	the
current	 brain	 training	 literature	 indicate	 that	 most	 programs	 still	 fail	 to	 display	 fundamental	 transfer	 (i.e.,
generalization	of	trained	skills).61

CONCLUSION
Just	as	recent	technologic	advances	in	neurosurgery	and	radiotherapy	have	enabled	physicians	to	perform	surgery
and	administer	radiation	more	safely	than	in	prior	eras,	it	is	expected	that	future	technologic	advances	will	further
improve	the	therapeutic	ratio.	Current	radiation	and	chemotherapy	doses	and	regimens	are	based	on	populations	of
patients	and	not	specific	 individuals.	As	more	 research	 is	conducted	 in	 this	arena,	 it	 is	 likely	 that	 in	 the	 future,
treatments	will	be	more	precisely	tailored	for	each	unique	patient	and	tumor.

Recent	cellular,	molecular,	and	biochemical	work	has	also	been	instrumental	in	elucidating	the	mechanism	of
the	CNS	 response	 to	 injury,	 and	 this	 should	 lead	 to	 the	 rational	 development	 of	 selective	 neuroprotective	 and
therapeutic	 agents.	 In	 the	meantime,	 larger	 prospective,	 longitudinal	 studies	with	well-validated	 quality-of-life
instruments	and	neuropsychological	batteries	are	needed	to	determine	the	impact	of	(especially	novel)	treatment
regimens	on	cognitive	function.	Finally,	because	lack	of	tumor	control	remains	the	predominant	cause	of	cognitive
dysfunction	and	deterioration	in	patients	with	brain	tumors,	 it	 is	 imperative	that	 the	neuro-oncology	community
continues	to	focus	their	scientific	endeavors	on	the	ultimate	goal	of	durable	tumor	control.
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INTRODUCTION
Living	beyond	 cancer	 into	 long-term	 survivorship	 is	 now	a	 reality	 for	most	 children	 and	many	 adults	who	 are
diagnosed	 with	 cancer	 today.	 However,	 as	 the	 numbers	 of	 long-term	 cancer	 survivors	 continue	 to	 increase,
oncologists	 and	 other	 clinicians	 must	 understand	 and	 address	 the	 complex	 interplay	 of	 their	 biologic,
psychological,	and	socioeconomic	needs.	Biologic	sequelae	disrupt	organ	function	and	cause	tissue-specific	and
systemic	 comorbidities,	 which	 can	 be	 life	 altering	 (e.g.,	 infertility,	 hearing	 loss)	 or	 life	 limiting	 (e.g.,
cardiovascular	disease,	second	malignancies).	Psychological	sequelae,	including	depression	and	distress	from	fear
of	cancer	recurrence	and	failure	to	work	effectively	and	to	socially	engage	with	others,	are	clear	detriments	to	life
satisfaction.	Socioeconomic	consequences	such	as	insufficient	income	and	high	costs	of	medical	care	and	medical
bankruptcies	may	exacerbate	the	difficulties	associated	with	daily	living.

The	multifaceted	needs	of	survivors	demand	a	spectrum	of	actions	from	clinicians	 in	order	 to	ensure	quality
survival.	Clinicians	must	not	only	diagnose	and	treat	the	chronic	physical	effects	of	cancer	and	its	therapy	but	also
promote	adaptive	and	rehabilitative	lifestyle	changes	and	campaign	for	fair	socioeconomic	treatment	by	society.
The	 process	 begins	 with	 communication	 between	 the	 clinician	 and	 survivor	 regarding	 details	 of	 treatment,
potential	 sequelae,	 and	guidance	 for	 ongoing	 follow-up	 care.	Table	137.1	 outlines	 the	 essential	 components	 of
survivorship	care	established	by	 the	Committee	on	Cancer	Survivorship	from	the	Institute	of	Medicine	(IOM).1
This	seminal	report	defined	specific	goals	to	ensure	optimal	outcomes	for	cancer	survivors	as	follows:

Raise	 awareness	of	 the	medical	 and	psychosocial	 problems	 faced	by	 cancer	 survivors	 and	 establish	 cancer
survivorship	as	a	distinct	phase	of	the	cancer	care	trajectory.
Define	quality	health	care	for	cancer	survivors	and	identify	strategies	to	achieve	it.
Improve	quality	of	life	through	policies	to	ensure	that	cancer	survivors	have	access	to	psychosocial	services,
fair	employment	practices,	and	health	insurance.
There	are	many	unanswered	questions	about	surveillance,	models	of	health-care	delivery,	research	strategies,

and	 education	 for	 both	 survivors	 and	 their	 health-care	 providers.	 This	 chapter	 is	 designed	 to	 serve	 as	 an
introduction	to	understanding	the	scope	of	the	survivorship	problem.

DEFINITION	OF	SURVIVORSHIP	AND	SCOPE	OF	THE	PROBLEM
Although	the	definition	of	cancer	survivorship	continues	to	evolve	over	time,	for	the	purposes	of	this	chapter,	the
IOM’s	 definition	 of	 cancer	 survivorship	 will	 be	 used,	 which	 focuses	 on	 the	 phases	 of	 cancer	 care	 after	 the
completion	 of	 primary	 treatment	 and	 lasting	 until	 cancer	 recurrence	 or	 the	 end	 of	 life.1	 Since	 passage	 of	 the
National	Cancer	Act	of	1971,2	which	established	 the	National	Cancer	 Institute	 (NCI)	 in	 its	present	 form	 in	 the
United	States	nearly	half	 a	 century	ago,	 the	number	of	 cancer	 survivors	has	 increased	more	 than	 fivefold,	 as	 a
result	of	improvements	in	early	detection	and	therapeutic	successes	(Fig.	137.1).3	There	are	currently	over	15.5
million	cancer	survivors	in	the	United	States3	and	more	than	32	million	worldwide.4	The	5-year	relative	survival
rate	 has	 also	 continued	 to	 increase	 steadily	 and	 has	 now	 reached	 69%	 for	 adults	 and	 83%	 for	 children.5	 The
number	of	cancer	survivors	in	the	United	States	is	expected	to	increase	to	over	26	million	by	2040,	and	by	that
time,	an	estimated	73%	of	survivors	will	be	aged	65	years	or	older,	as	a	result	of	general	population	growth	and
the	increasing	proportion	of	older	adults	in	the	population	for	whom	cancer	prevalence	rates	are	the	highest.6	The
increasing	burden	of	cancer	survivorship	among	older	adults	is	of	particular	concern,	given	the	already	complex
health	 needs	 in	 this	 population	 as	well	 as	 the	 anticipated	 increase	 in	 severe	 comorbidities	with	 advancing	 age,
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estimated	at	27%	for	survivors	aged	66	to	69	years	and	increasing	to	47%	in	survivors	aged	85	years	or	older.6
Among	cancer	survivors,	the	most	common	diagnoses	are	breast	cancer	(22.9%)	and	prostate	cancer	(21.3%);

survivors	of	colorectal	cancer,	hematologic	malignancies,	urinary	cancer,	melanoma,	gynecologic,	thyroid,	lung,
and	 other	 cancers	 each	 represent	 less	 than	 10%	 of	 the	 population	 of	 cancer	 survivors	 (Fig.	 137.2).3	 Dramatic
improvements	 in	 childhood	 cancer	 survival	 have	 resulted	 in	 a	 growing	 population	 of	 survivors	 of	 childhood
cancer	that	now	exceeds	388,000	in	the	United	States	alone,7	and	multiple	studies	regarding	the	impact	of	cancer
therapy	on	health-related	outcomes	 in	 this	population	have	been	published.8	 In	a	retrospective	cohort	of	10,397
childhood	cancer	survivors	diagnosed	between	1970	and	1986	(the	Childhood	Cancer	Survivor	Study	[CCSS]),
Oeffinger	 et	 al.9	 reported	 that	 62.3%	 experienced	 at	 least	 one	 treatment-related	 late	 effect,	 37.6%	 developed
multiple	 late	 effects,	 and	 27.5%	 developed	 a	 late	 effect	 that	 was	 severe	 or	 life	 threatening.	 Hudson	 et	 al.10
clinically	evaluated	a	cohort	of	1,713	childhood	cancer	survivors	treated	at	a	single	institution	between	1962	and
2001;	the	estimated	cumulative	prevalence	at	age	45	years	of	at	least	one	chronic	health	condition	or	at	least	one
severe	or	life-threatening	chronic	health	condition	was	95.5%	and	80.5%,	respectively.10	Recently,	Armstrong	et
al.11	reported	a	reduction	in	late	mortality	attributable	to	health-related	causes	(i.e.,	excluding	causes	related	to	the
primary	disease	or	external	events)	among	childhood	cancer	survivors	enrolled	in	the	CCSS	and	treated	between
1987	and	1999	compared	to	the	original	cohort;	improvements	in	outcome	were	attributed	to	reductions	in	the	use
of	 radiation	 therapy	 and	 anthracycline	 chemotherapy	 in	 the	 more	 contemporary	 cohort.	 The	 impact	 of	 cancer
therapy	 on	 health-related	 outcomes	 in	 the	 rapidly	 growing	 population	 of	 adult	 cancer	 survivors	 is	 largely
unknown,	but	the	need	for	ongoing	follow-up	care	and	late	effects	surveillance	for	all	cancer	survivors	is	clear.1

TABLE	137.1
Essential	Components	of	Survivorship	Care

1.	 Education	of	the	cancer	survivor,	family,	and	health-care	providers
A	plan	for	care	based	on	the	treatment	administered	and	future	health	risks
Promotion	of	healthy	lifestyles
Information	to	assist	health-care	providers	in	understanding	future	risks	and	to	foster	an	effective	interaction	with	the
oncology	team

2.	 Surveillance	for	cancer	spread,	recurrence,	or	second	cancers	and	for	long-term	adverse	physical,	psychosocial,	and
socioeconomic	effects

3.	 Intervention	to	prevent	or	treat	consequences	of	cancer	or	its	therapy
4.	 Communication	between	specialists	and	primary	care	providers	to	ensure	that	the	survivor’s	health	needs	are	met	and

detailed	records	are	kept	about	treatment	history
5.	 Research	focused	on	understanding,	preventing,	and	treating	adverse	consequences	of	cancer	or	its	therapy
6.	 Patient	advocacy	to	address	problems	related	to	employment,	insurance,	and	disability

Modified	 from	Hewitt	M,	Greenfield	 S,	 Stovall	 E.	From	Cancer	 Patient	 to	 Cancer	 Survivor:	 Lost	 in	 Transition.	Washington,	DC:
National	Academies	Press;	2006.

GOALS	OF	SURVIVORSHIP	HEALTH	CARE
Identifying	Late	Effects	of	Cancer	Therapy
The	 modern	 era	 of	 cancer	 therapy	 is	 predicated	 on	 the	 safe	 intensification	 of	 radiation,	 chemotherapy,	 and
biologic	therapies.	Malignancies	resistant	to	therapy	have	demanded	an	aggressive	treatment	approach	that	often
resides	 on	 the	 edge	 of	 normal	 tissue	 tolerance	 or	 even	 exceeds	 tolerance	 to	 some	 “acceptable”	 degree.	 The
potential	 to	 ameliorate	 or	 prevent	 such	 normal	 tissue	 damage	 or	 to	 manage	 and	 rehabilitate	 affected	 patients
requires	 an	 understanding	 of	 these	 persistent	 long-term	 or	 late-onset	 chronic	 effects.	 Because	 late	 effects	 can
manifest	months	or	years	after	 the	cessation	of	 treatment,	 therapeutic	decisions	 intended	to	obviate	such	effects
can	be	based	only	on	the	probability,	not	the	certainty,	that	such	effects	will	develop.

Determining	 the	 frequency	and	pathogenesis	of	 late	effects	 is	difficult	 for	 several	 reasons:	 (1)	Patients	must
survive	 long	 enough	 for	 tissue	 injury	 to	 develop;	 (2)	 the	 number	 of	 patients	 both	 affected	 and	 unaffected	 by
therapy	must	be	known;	and	(3)	the	latent	period	to	the	manifestation	of	damage	compromises	discernment	of	the
responsible	 component	of	multimodality	 therapy.	Further	 complicating	our	understanding	of	organ	 tolerance	 to
therapy	is	that	cancer	and	host	factors	interact	with	therapy	in	the	causation	of	late	effects.	Cancer	factors	include
direct	tissue	effects	(e.g.,	from	organ	invasion	such	as	the	lung),	systemic	effects	of	cancer-induced	organ	damage



or	 loss	 (e.g.,	 hepatic	 dysfunction	 or	 loss	 of	 a	 kidney),	 and	 indirect	 mechanical	 effects	 (e.g.,	 renal	 or	 airway
obstruction).	 Host	 factors	 include	 genetic	 (e.g.,	 ataxia-telangiectasia)	 and	 comorbid	 (e.g.,	 vascular	 disease,
diabetes)	conditions,	the	developmental	age	at	treatment,	and	underlying	structural	abnormalities	(e.g.,	cardiac).	A
model	based	on	CCSS	data	 estimated	cumulative	excess	mortality	 in	 a	 simulated	cohort	of	5-year	 survivors	of
childhood	cancer	and	predicted	a	substantial	decrement	in	life	expectancy	of	10.4	years	(range,	4	to	17.8	years)	for
childhood	 cancer	 survivors	 compared	 with	 the	 general	 population.12	 Moreover,	 the	 model	 estimated	 that	 the
reduction	 in	 life	expectancy	 is	up	 to	28%	and	 that	approximately	one	 in	 four	survivors	will	die	of	either	a	 late
recurrence	 or	 late	 effects	 related	 to	 secondary	 cancer	 and	 cardiopulmonary	 conditions.	Recent	 application	 of	 a
new	statistical	method	designed	to	discern	greater	resolution	of	disease	burden	was	conducted	using	data	from	the
St.	Jude	Life	Study,	a	clinically	evaluated	cohort	of	over	3,000	childhood	cancer	survivors	who	were	at	least	10
years	posttherapy	and	a	comparison	group	of	clinically	evaluated	age-	and	sex-matched	community	controls.	This
analysis	found	that	at	age	45	years,	survivors	have	twice	the	burden	of	chronic	disease	compared	with	the	general
population.13	These	data	underscore	the	importance	of	understanding	the	toxic	effects	of	cancer	therapy.	Several
chapters	 in	 this	 text	 provide	 additional	 detailed	 information	 regarding	 the	 long-term	 physical	 effects	 of	 cancer
therapy	for	each	organ	system.

Figure	137.1	Estimated	number	of	cancer	survivors	in	the	United	States	over	time	as	of	January	1,
2016.	(Data	from	Office	of	Cancer	Survivorship.	Statistics.

https://cancercontrol.cancer.gov/ocs/statistics/statistics.html.	Accessed	October	30,	2017,	and
Surveillance,	Epidemiology,	and	End	Results	Program.	https://seer.cancer.gov/.	Accessed	October

30,	2017.)
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Figure	137.2	Estimated	proportion	of	cancer	survivors	in	the	United	State	by	site,	as	of	January	1,
2016.	(Based	on	data	from	Miller	KD,	Siegel	RL,	Lin	CC,	et	al.	Cancer	treatment	and	survivorship

statistics,	2016.	CA	Cancer	J	Clin	2016;66[4]:271–289.)

Surveillance	and	Guidelines	for	Late	Effects
Treatment-related	sequelae	can	occur	at	any	time	during	or	after	therapy	and	may	be	clinically	silent	during	their
initial	 stages,	 when	 a	 diagnosis	 might	 lead	 to	 effective	 interventions	 that	 could	 ameliorate	 more	 severe
manifestations	 (e.g.,	 effective	management	 of	 hypertension	 to	 avert	 stroke;	 surgical	 removal	 and	 treatment	 of
early-stage,	radiation-related	breast	cancer	before	development	of	metastatic	disease).	Some	chronic	or	late	effects
can	evolve	during	normal	development	or	aging.	Health-care	providers	need	to	anticipate	these	effects	as	well	as
evaluate	 those	 that	 are	 overt	 in	 order	 to	 optimize	 measures	 that	 can	 enhance	 quality	 of	 life.	 The	 need	 for
standardized	guidelines	to	direct	follow-up	care	after	cancer	treatment	and	surveillance	for	late	effects	of	therapy
has	been	recognized	as	an	important	component	of	cancer	care	for	over	a	decade.1	However,	the	development	of
evidence-based	long-term	follow-up	guidelines	has	proven	to	be	a	challenging	endeavor.

Guidelines	for	Survivors	of	Childhood	Cancers
The	Children’s	Oncology	Group	(COG)	developed	a	set	of	guidelines	titled	“Long-Term	Follow-Up	Guidelines
for	 Survivors	 of	 Childhood,	 Adolescent,	 and	 Young	 Adult	 Cancers”	 (available	 at
www.survivorshipguidelines.org),	which	exemplify	a	hybrid	of	evidence-based	and	consensus-driven	approaches



to	 guideline	 development.14	 Therapeutic	 agents	 are	 included	 based	 on	 the	 strength	 of	 evidence	 linking	 each
specific	agent	with	adverse	outcomes,	whereas	screening	recommendations	are	determined	by	consensus	from	a
panel	 of	 experts	 in	 the	 late	 effects	 of	 pediatric	 cancer	 treatment	 as	 appropriate	 for	 asymptomatic	 survivors
presenting	 for	 routine	 exposure-based	 medical	 follow-up	 2	 or	 more	 years	 after	 the	 completion	 of	 therapy.
Recommendations	are	organized	by	therapeutic	exposure	and	can	be	customized	for	individual	patients	based	on
age,	 sex,	 and	 treatment	 history.	Multidisciplinary	 task	 forces	 continue	 to	 monitor	 the	 literature	 to	 ensure	 that
guideline	recommendations	reflect	emerging	knowledge	about	 late	effects;	evidence	 is	now	emerging	regarding
the	yield	and	utility	of	these	recommendations,	and	further	guideline	refinement	is	in	process.10,15	Guidelines	for
follow-up	 of	 pediatric	 cancer	 survivors	 have	 also	 been	 developed	 by	 the	 Scottish	 Intercollegiate	 Guidelines
Network	 (SIGN),	 the	 United	 Kingdom	 Children’s	 Cancer	 and	 Leukemia	 Group	 (CCLG),	 and	 the	 Dutch
Childhood	 Oncology	 Group	 (DCOG).	 An	 international	 effort	 is	 currently	 underway	 to	 harmonize	 these
guidelines.16

Guidelines	for	Survivors	of	Adult	Cancers
To	facilitate	 the	delivery	of	uniformly	high-quality	cancer	survivorship	care,	a	number	of	guidelines	have	been
published	and	are	routinely	reviewed	and	updated	by	the	American	Cancer	Society	(ACS)17–20;	American	Society
of	 Clinical	 Oncology	 (ASCO)17,21–28;	 National	 Comprehensive	 Cancer	 Network	 (NCCN;
https://www.nccn.org/professionals/physician_gls/pdf/survivorship.pdf);	and	others	in	the	United	States,	Canada,
and	 Europe.	 Joint	 European–American	 guidelines	 for	 follow-up	 after	 pediatric	 or	 adult	 hematopoietic	 cell
transplantation	have	also	been	developed.29	Guidelines	for	survivors	of	adult	cancers	have	been	organized	based
on	 cancer	 subtype17–23	 or	 on	 specific	 cancer-,	 treatment-,	 or	 late	 effect–related	 symptoms.24–28	Although	 these
guidelines	provide	evidence-based	or	expert	consensus–based	recommendations	 for	care	 in	a	generalized	sense,
clinical	 judgment	 and	 patient-centered	 individualization	 should	 be	 used	 consistently	 when	 incorporating
guideline-based	 recommendations	 into	 individual	 patient	 care	 plans.	 Although	 recommendations	 from	 specific
guidelines	may	differ	in	certain	instances,	this	should	be	viewed	by	providers	as	a	means	of	identifying	options
and	 choices	 for	 patients.	 Good	 cancer	 survivorship	 care	 requires	 careful	 discussion	 of	 recommendations	 for
surveillance	and	management	of	cancer	recurrence	or	residual	or	late	effects	of	treatment.	Guidelines	can	serve	as
a	starting	point	for	these	discussions,	keeping	in	mind	that	it	is	important	to	identify	not	only	what	should	be	done
for	 routine	 follow-up	 and	 surveillance	 after	 diagnosis	 and	 treatment	 of	 malignancy	 but	 also	 what	 tests	 and
interventions	 should	 not	 be	 routinely	 recommended.	 To	 simplify	 and	 condense	 guideline	 recommendations,
ASCO	uses	tables	to	summarize	key	recommendations.	The	supplemental	text	for	these	guidelines	is	rich	in	detail
and	 can	 be	 used	 by	 clinicians	 to	 assist	 in	 tailoring	 survivorship	 care	 recommendations	 to	 each	 unique	 patient.
Ideally,	the	individualized	recommendations	should	then	be	captured	within	the	care	plan	documents	provided	to
each	cancer	patient	at	the	time	of	their	transition	visit	from	active	treatment	phase	to	ongoing	survivorship.

Interventions	to	Prevent	Potential	Late	Effects
A	growing	number	of	studies	have	been	designed	and	conducted	with	the	intent	of	treating	health	conditions	that
are	 identified	 during	 or	 after	 the	 completion	 of	 therapy	 as	 well	 as	 preventing	 later	 occurring	 conditions.
Randomized	clinical	trials	have	tested	the	effectiveness	of	a	wide	range	of	interventions,	including	those	aimed	at
increasing	 levels	 of	 physical	 activity,	 promoting	 healthy	 diets	 and	 smoking	 cessation,	 and	 reducing	 adverse
psychosocial	outcomes.

To	 illustrate	 the	 evolution	of	 survivor-focused	 intervention	 studies,	 one	 can	 look	 at	 studies	 of	 breast	 cancer
survivors.	 In	 the	 general	 population,	 it	 has	 been	 well	 documented	 that	 physical	 inactivity	 and	 obesity	 are
associated	with	an	increased	risk	of	all-cause	mortality,	several	cancers,	cardiovascular	disease,	insulin	resistance,
hypertension,	osteoporosis,	and	diminished	quality	of	life.	Women	with	pre-	or	postmenopausal	breast	cancer	who
are	 obese	 experience	 poorer	 survival,	 increased	 rates	 of	 recurrence,	 and	 increased	 all-cause	 and	 cancer-related
mortality.30	 Several	 randomized	 clinical	 trials	 conducted	 in	 breast	 cancer	 survivors	 have	 demonstrated	 that
behaviorally	 based	weight	 loss	 interventions	 are	 feasible	 and	 are	 associated	with	 initial	 weight	 loss	 and	 other
positive	outcomes	such	as	decreased	fatigue	and	 improved	quality	of	 life.31,32	Similar	 interventions	designed	 to
promote	weight	management	are	also	being	tested	in	other	populations	of	cancer	survivors.32	However,	there	is	a
paucity	of	data	regarding	early	intervention	(i.e.,	near	in	time	to	diagnosis)	and	successful	maintenance	of	weight
loss	 in	 these	 populations.32	 Many	 interventions	 have	 been	 found	 to	 be	 effective	 at	 reducing	 psychosocial
morbidities	 such	 as	 depression	 and	 anxiety	 in	 cancer	 survivors,	 including	 behavioral	 and	 pharmacologic
approaches.33,34	 Posttraumatic	 stress	 in	 survivors	 is	 also	 a	 concern35,36	 for	 which	 interventions	 have	 been
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identified.37
With	the	expanding	portfolio	of	survivor	intervention	studies	and	increased	sophistication	in	study	design,	it	is

becoming	more	feasible	to	compare	outcomes	across	trials.	Important	challenges	remain,	including	the	ability	to
test	specific	interventions	in	survivor	populations	that	are	relatively	small	in	number	and	to	recruit	and	retain	long-
term	survivors	in	these	studies.38

Promotion	of	Adjustment	and	Healthy	Lifestyles
The	importance	of	providing	appropriate	support	to	facilitate	positive	psychosocial	adjustment	after	treatment	for
cancer	has	been	a	central	 facet	of	 the	survivorship	movement	since	 its	 inception.39	The	rates	of	depression	and
other	types	of	psychosocial	distress	in	cancer	survivors	(e.g.,	anxiety,	anger,	and	feelings	of	isolation)	have	been
found	to	exceed	those	in	the	general	population,	and	unmet	psychosocial	needs	often	persist	after	the	completion
of	cancer	 treatment.40	 The	 oncology	 health-care	 provider	 should	 play	 a	 key	 role	 in	 screening	 for	 psychosocial
distress	in	cancer	survivors,	and	appropriate	referrals	to	psychosocial	professionals	or	other	resources	should	be
provided.

The	 potential	 for	 positive	modification	 of	 lifestyle	 behaviors	 following	 a	 cancer	 diagnosis	 and	 treatment	 in
adulthood	has	been	recognized	as	a	window	of	opportunity	during	which	cancer	survivors	may	be	open	to	making
significant	 changes	 in	 their	 health	 habits	 oriented	 toward	 decreasing	 the	 likelihood	 of	 cancer	 recurrence	 and
enhancing	 their	 overall	 health	 status.41	 Comorbid	 health	 conditions	 are	 highly	 prevalent	 among	 cancer
survivors6,42;	thus,	taking	advantage	of	the	teachable	moment,	which	occurs	when	patients	transition	from	active
cancer	 therapy	 to	 follow-up	care,	 is	an	 important	 role	 for	oncology	health-care	professionals	who	are	poised	 to
serve	 as	 powerful	 catalysts	 in	 promoting	 behavioral	 change	 and	modifying	 adverse	 health	 risks.43	 Although	 a
substantial	proportion	of	cancer	survivors	may	be	willing	 to	 initiate	positive	 lifestyle	changes	as	 they	 transition
from	active	 treatment	 to	survivorship,	 there	are	known	groups	of	survivors	who	are	 less	 likely	 to	adopt	healthy
lifestyle	 changes,	 including	 males,	 those	 with	 lower	 educational	 levels,	 and	 those	 who	 live	 in	 urban	 areas.44
Additional	support	and	 intervention	may	be	required	 in	order	 to	achieve	positive	 lifestyle	modification	 in	 these
subgroups.

Survivors	of	 childhood	cancer	often	 lack	a	distinct	 teachable	moment	 for	 lifestyle	modification	 such	as	 that
experienced	 by	 survivors	 of	 adult-onset	 cancers,	 given	 the	 wide	 range	 of	 ages	 and	 developmental	 stages	 of
patients	 treated	 for	 pediatric	malignancies.	 They	 are	 known	 to	 be	 at	 increased	 risk	 for	multiple	 chronic	 health
conditions	such	as	obesity	and	cardiovascular	disease.9	Several	suboptimal	health	behaviors,	 including	smoking
and	unhealthful	dietary	and	exercise	habits,	have	been	observed	in	subsets	of	these	survivors.44	The	importance	of
health	 promotion	 in	 this	 population	 should	 be	 emphasized,	 with	 attention	 given	 to	 providing	 targeted	 health
counseling	appropriate	to	each	patient’s	cancer	history,	therapeutic	exposures,	age,	sex,	and	developmental	stage.

CARE	PLANS
Providing	 high-quality	 care	 for	 cancer	 survivors	 presents	 several	 challenges.	 Cancer	 care	 is	 often	 fragmented
among	many	different	specialists,	and	traditionally,	there	has	been	inadequate	communication	between	providers
about	 the	diagnosis	and	treatments	a	patient	received.	Primary	care	providers	(PCPs)	often	have	limited	contact
with	 patients	 undergoing	 active	 cancer	 treatment	 and	 lack	 details	 regarding	 their	 experience	 at	 its	 completion.
Most	 nononcology	 providers	 have	 only	 a	 handful	 of	 cancer	 survivors	 in	 their	 practice,	 and	 each	 survivor	will
likely	 have	 had	 a	 different	 disease	 and	 exposures.	 Consequently,	 it	 is	 not	 reasonable	 to	 expect	 PCPs	 to	 have
knowledge	of	all	of	the	potential	survivorship	scenarios	these	patients	could	face	in	the	future.

The	IOM1	recommended	that	“upon	discharge	from	cancer	treatment	…	every	patient	should	be	given	a	record
of	 all	 care	 received	 and	 important	 disease	 characteristics”	 and	 continued	 with	 the	 assertion	 that	 every	 patient
should	receive	“a	follow-up	plan	that	is	clearly	and	effectively	explained.”	(See	Table	137.2	for	details	regarding
the	 IOM	 recommendations	 for	 survivorship	 treatment	 summary	 and	 care	 plan	 content.)	 These	 documents	 are
intended	to	communicate	the	survivor’s	treatment	history,	to	delineate	a	plan	to	ensure	that	the	survivor	receives
appropriate	follow-up	care,	and	to	specify	which	caregivers	will	provide	which	services.1,45

Creating	a	survivorship	care	plan	as	outlined	here	requires	time	and	energy.46	Difficulties	with	generation	and
delivery	of	survivorship	care	plans	have	been	widespread,	due	in	large	part	to	lack	of	data	linking	care	plan	use
and	patient	 outcomes	 as	well	 as	 the	 significant	 time	 required	 to	 prepare	 these	plans,	 challenges	 integrating	 the
plans	into	electronic	medical	record	systems,	and	lack	of	reimbursement	for	care	plan	preparation.46,47	Despite	the



barriers,	survivorship	care	plans	are	a	specific	quality	metric	of	 the	ASCO	quality	of	care	certification	program
(Quality	 Oncology	 Practice	 Initiative)48	 and	 an	 accreditation	 standard	 of	 the	 American	 College	 of	 Surgeons
Commission	on	Cancer.49

TABLE	137.2
The	Institute	of	Medicine	Survivorship	Care	Plan

On	discharge	from	cancer	treatment,	every	patient	should	be	given	a	record	including:
1.	 Contact	information	for	each	treating	institution	and	key	individual	providers
2.	 Dates	of	treatment	initiation	and	completion
3.	 Diagnostic	tests	and	results
4.	 Tumor	characteristics
5.	 Surgery	or	other	therapies	provided,	including	specific	agents,	regimens,	dosage,	number	and	title	of	clinical	trials	(if	any),

treatment	response,	and	toxicities	experienced
6.	 Psychosocial	and	nutritional	services	provided
7.	 Identification	of	a	coordinator	of	continuing	care

On	discharge	from	cancer	treatment,	every	patient	and	his	or	her	primary	health-care	provider	should	receive	a	written	follow-up
care	plan,	including:
1.	 The	likely	course	of	recovery	from	treatment
2.	 Recommended	periodic	testing	and	examinations	by	whom	and	on	what	schedule
3.	 Possible	late	and	long-term	effects	of	treatment	and	symptoms
4.	 Possible	signs	of	recurrence	and	second	tumors
5.	 Possible	effects	of	cancer	on	daily	life	(personal	relationships,	work,	mental	health)	and	available	resources	for	support
6.	 Potential	insurance,	employment,	and	financial	consequences	of	cancer	and	referrals	to	counseling,	legal	aid,	and	financial

assistance	if	needed
7.	 Recommendations	for	healthy	behaviors	that	should	also	be	shared	with	first-degree	relatives	to	minimize	their	potential	risk

of	cancer
8.	 As	appropriate,	information	on	genetic	counseling	and	testing	to	identify	high-risk	individuals	who	could	benefit	from	more

comprehensive	cancer	surveillance
9.	 As	appropriate,	information	on	known	effective	chemoprevention	strategies	for	secondary	prevention	(e.g.,	tamoxifen	for

breast	cancer,	aspirin	for	colorectal	cancer)
10.	 Referrals	to	specific	follow-up	care	providers
11.	 A	listing	of	cancer-related	print	or	online	information	resources	and	support	organizations

Modified	 from	Hewitt	M,	Greenfield	 S,	 Stovall	 E.	From	Cancer	 Patient	 to	 Cancer	 Survivor:	 Lost	 in	 Transition.	Washington,	DC:
National	Academies	Press;	2006.

Several	organizations	have	developed	standardized	treatment	summaries	and	survivorship	care	plans	to	guide
posttherapy	follow-up	care.	Important	components	include	surveillance	for	the	recurrence	of	the	primary	cancer,
the	 identification	 of	 potential	 long-term	 complications	 resulting	 from	 specific	 therapies	 employed	 during
treatment	 of	 the	 primary	 cancer,	 and	 a	 plan	 for	 psychosocial	 support	 and	 coordination	 of	 cancer	 survivorship
care.1	Downloadable	survivorship	care	plan	templates	are	available	from	ASCO	(https://www.asco.org/practice-
guidelines/cancer-care-initiatives/prevention-survivorship/survivorship/survivorship-compendium),	 COG
(http://www.survivorshipguidelines.org/),	 Journey	 Forward	 (www.journeyforward.org),	 and	 OncoLife
(https://oncolife.oncolink.org/).	 The	 information	 contained	 within	 well-developed	 care	 plans	 is	 intended	 to
facilitate	necessary	communication	between	the	patient	and	their	oncology,	primary	care,	and	specialty	providers,
thereby	maximizing	the	likelihood	that	high-quality	survivor	care	can	occur.

DELIVERY	OF	FOLLOW-UP	CARE	AND	BEST	PRACTICE	MODELS
There	is	no	consensus	regarding	the	best	strategy	for	providing	follow-up	care	to	the	growing	number	of	cancer
survivors.	Most	children	with	cancer	are	treated	at	pediatric	oncology	referral	centers	where,	upon	termination	of
cancer	therapy,	they	are	seen	in	a	follow-up	clinic	or	program.50	Because	of	the	diverse	ages	at	diagnosis	(infancy
to	adolescence),	childhood	cancer	survivors	may	be	under	the	care	of	pediatric	oncologists	for	a	decade	or	more.
However,	once	they	become	young	adults	and	leave	home	for	college	or	work,	they	may	need	to	transition	to	care
outside	 of	 the	 pediatric	 referral	 center.51	 This	 poses	 a	 substantial	 challenge	 because	 few	 PCPs	 will	 be
knowledgeable	about	the	exposures	and	risks	from	prior	cancer	therapy.52	Thus,	arming	the	young	adult	survivor
with	a	treatment	summary	and	care	plan	with	specific	surveillance	recommendations	can	facilitate	subsequent	care
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with	generalist	physicians.50
Delivery	 of	 high-quality	 care	 to	 survivors	 is	 not	 without	 challenges.53	 Although	 PCPs	 given	 explicit

instructions	about	the	necessary	components	of	surveillance	and	follow-up	have	been	shown	to	produce	the	same
outcomes	 as	 specialist	 follow-ups,54	 they	 have	 also	 expressed	 concerns	 about	 the	 lack	 of	 adequate	 training	 to
provide	 survivorship	 care	 and	 report	 being	 more	 likely	 than	 oncologists	 to	 order	 tests	 and	 treatments	 as
malpractice	 protection.55	Although	 oncologists	 are	 able	 to	 provide	 primary	 noncancer	 care	 to	 patients,41	many
report	uncertainty	regarding	responsibility	for	general	preventive	care.55	Most	survivors	experience	some	form	of
shared	care,	in	which	PCPs	collaborate	with	cancer	specialists.	The	role	of	oncologists	in	a	shared	care	model	is	to
provide	 or	 guide	 periodic	 surveillance	 and	 to	 be	 available	 to	 evaluate	 patients	 when	 potential	 cancer-related
concerns	arise,	and	the	PCP	continues	to	carry	out	routine	prevention	and	health	maintenance	interventions	and
manage	comorbid	conditions.56

Coordination	and	direct	communication	among	oncologists	and	PCPs	is	critical	to	ensure	that	that	appropriate
follow-up	care	is	provided.	Current	adult	survivorship	care	models	include	risk-stratified	models	involving	both
oncology	 and	 primary	 care,56	 chronic	 care	 models	 that	 foster	 active	 participation	 and	 self-management	 by
survivors,57	 transition	 models	 that	 promote	 transition	 from	 oncology	 to	 primary	 care,58	 and	 specialized
survivorship	 programs	 that	 are	 typically	 located	 at	 oncology	 centers,	 some	 of	 which	 provide	 a	 one-time
consultation,	whereas	others	provide	ongoing	survivorship	care.47	Challenges	and	barriers	have	been	identified	for
all	of	these	models,	including	provider	and	practice	limitations	based	on	available	time	and	resources	to	devote	to
survivorship	 care,	 inadequate	 provider	 knowledge	 for	 provision	 of	 care,	 and	 concerns	 regarding	 financial	 and
reimbursement	issues.47

EDUCATIONAL	CONSIDERATIONS
Educating	 the	 cancer	 survivor,	 health-care	 provider,	 and	 family	 is	 critical	 to	 promoting	 cancer	 survivorship.
Studies	 evaluating	 health	 knowledge	 among	 childhood	 cancer	 survivors	 have	 revealed	 significant	 knowledge
deficits	and	misconceptions	regarding	diagnosis,	treatment,	and	therapy-related	health	risks.59	Studies	of	survivors
of	 adult	 cancers	 report	 similar	 knowledge	deficits	 regarding	 risks	of	 and	 surveillance	 for	 disease	 recurrence	or
therapy-related	late	effects,	such	as	risks	for	infertility	or	second	malignancies.1,60	Many	health-care	professionals
are	also	ill-equipped	to	provide	cancer	survivorship	care,	primarily	because	of	the	lack	of	experience	in	caring	for
cancer	survivors	and	a	deficit	of	relevant	information	in	professional	and/or	continuing	education	curricula.1,45

A	number	of	resources	have	been	developed	to	facilitate	survivorship	knowledge	acquisition	for	providers	and
survivors.	An	 e-learning	 cancer	 survivorship	 course	 for	 PCPs,	 developed	 in	 collaboration	with	 the	Centers	 for
Disease	Control	and	Prevention	and	ACS,	is	available	free	of	charge	through	the	George	Washington	University
Cancer	 Institute	 (http://gwcehp.learnercommunity.com/elearning-series).61	 ASCO	 has	 developed	 an	 online
Survivorship	 Compendium	 for	 oncology	 providers	 (https://www.asco.org/practice-guidelines/cancer-care-
initiatives/prevention-survivorship/survivorship/survivorship-compendium),	 as	 well	 as	 an	 annual	 national
survivorship	symposium	that	features	content	for	oncologists	and	PCPs	and	survivors,	developed	in	collaboration
with	 the	 American	 Academy	 of	 Family	 Physicians	 and	 the	 American	 College	 of	 Physicians.	 The	 COG	 has
developed	resources	for	both	providers	and	patients,	available	from	www.survivorshipguidelines.org/.	In	addition,
numerous	print	 and	online	materials	 are	 available	 to	 address	 patient	 concerns,	 including	Facing	Forward:	Life
after	 Cancer	 Treatment,	 from	 the	 NCI	 (https://www.cancer.gov/publications/patient-education/facing-forward);
the	Cancer	Survival	Toolbox	(www.canceradvocacy.org/resources/cancer-survival-toolbox/);	and	online	resources
from	 the	 Office	 of	 Cancer	 Survivorship	 (http://cancercontrol.cancer.gov/ocs/)	 and	 the	 ACS	 Cancer	 Survivors
Network	(http://csn.cancer.org/).

ENHANCING	RESEARCH
The	growing	and	rather	heterogeneous	population	of	cancer	survivors	provides	novel	opportunities	for	research	in
many	 domains,	 including	 the	 etiopathogenesis,	 screening,	 and	 early	 detection	 of	 adverse	 outcomes	 and	 their
impact	on	quality	of	life.	This	population	lends	itself	to	research	regarding	these	issues	because	of	the	ability	to
assess	therapeutic	exposures	accurately,	in	terms	of	both	the	type	of	exposure	and	its	timing,	and	to	examine	the
role	of	host	characteristics.

Reports	demonstrating	the	risks	of	adverse	outcomes	in	childhood	cancer	survivors	were	published	beginning



more	 than	 four	 decades	 ago	 and	 have	 subsequently	 proliferated.	 Outcomes	 include	 premature	 death,	 second
neoplasms,	 organ	 dysfunction,	 impaired	 growth	 and	 development,	 decreased	 fertility,	 impaired	 intellectual
function,	and	overall	reduced	quality	of	life.	Extended	follow-up	of	large	cohorts	of	childhood	cancer	survivors
has	demonstrated	 the	 emergence	of	 adverse	 outcomes	 at	 a	 younger	 age	 than	would	be	 expected	 in	 the	 general
population.10,11	However,	 there	remains	a	critical	need	for	systematic	follow-up	of	large	cohorts	of	adult	cancer
survivors	to	identify	the	role	of	host	and	clinical	characteristics	along	with	comorbidities	in	the	health	and	well-
being	of	this	rapidly	growing	population.

The	focus	of	investigation	thus	far	has	been	on	the	magnitude	of	risk	and	the	identification	of	demographic	and
treatment-related	risk	factors.	Attention	is	now	turning	toward	understanding	the	underlying	etiopathogenesis	of
treatment-related	complications,	such	as	the	role	of	genetic	susceptibility,	or	the	mechanism	of	action	of	specific
therapeutic	 exposures	 associated	 with	 the	 development	 of	 the	 adverse	 event.	 In	 addition,	 research	 initiatives
focusing	on	 the	utility	of	 surveillance	and	 interventional	 strategies	 in	 targeted	survivor	populations	 (e.g.,	breast
and	 prostate	 cancer	 patients)	 need	 to	 be	 mounted.	 Additional	 research	 is	 needed	 to	 determine	 the	 efficacy	 of
agents	designed	to	protect	normal	tissues	from	the	toxic	effects	of	specific	therapeutic	agents	(e.g.,	dexrazoxane
and	 anthracycline-induced	 cardiomyopathy),	 the	 use	 of	 chemopreventive	 agents	 for	 the	 prevention	 of	 second
malignancies,	 the	 use	 of	 afterload-reducing	 agents	 for	 the	 prevention	 of	 further	 progression	 of	 myocardial
dysfunction,	lifestyle	and	behavior	modifications,	and	education	to	increase	awareness	of	the	need	for	screening.
Follow-up	 of	 survivors	 for	 extended	 periods	 of	 time	 is	 required	 to	 assess	 the	 efficacy	 of	 these	 strategies.	 The
efficiency	and	cost-effectiveness	of	 competing	models	of	 survivorship	care	and	community-based	 services	also
require	study.

Several	challenges	persist	 in	 the	conduct	of	survivorship	research.	The	multiple	etiologies	 that	can	 influence
long-term	 sequelae	 often	 demand	 large	 sample	 sizes	 in	 order	 to	 address	 the	 research	 questions	 effectively.
Incompleteness	of	follow-up	of	cancer	survivors	results	in	surveillance	bias,	which	can	significantly	compromise
the	 quality	 of	 research;	 this	 may	 be	 particularly	 problematic	 in	 younger	 survivors	 due	 to	 the	mobility	 of	 this
population.	Resources	are	therefore	needed	to	establish	the	necessary	infrastructure	to	conduct	cancer	survivorship
research	effectively.

SURVIVORSHIP	ADVOCACY
Employment
Cancer	 survivors	 face	 challenges	 that	 go	 beyond	medical	 issues.	Work	 and	 ongoing	 access	 to	 health	 care	 are
primary	 areas	 of	 difficulty,	 and	 cancer-related	 financial	 burden	 can	 be	 substantial.	 In	 addition,	 employment
problems	can	 impact	many	other	people	 if	 the	survivor	was	 the	main	breadwinner.	Even	among	 those	who	are
able	to	return	to	work,	there	may	be	discrimination	that	is	either	overt	or	an	unstated	perception	that	the	cancer
survivor	is	not	well	enough	to	perform	his	or	her	job	at	the	highest	level	or	would	be	unable	to	tolerate	the	added
responsibilities	entailed	by	a	promotion.	Although	the	situation	has	improved	over	the	years	in	the	United	States
because	 of	 laws	 such	 as	 the	 Americans	 with	 Disabilities	 Act	 (1990)	 and	 the	 Family	 and	Medical	 Leave	 Act
(1993),	financial	burden	remains	prevalent	among	cancer	survivors,	and	high	financial	burden	is	associated	with
poorer	quality	of	life.62

Insurance
To	be	effective,	health	 insurance	options	must	be	available,	affordable,	and	adequate	 in	coverage.1	Historically,
health	insurance	options	for	cancer	survivors	younger	than	65	years	in	the	United	States	have	often	been	deficient
on	one	or	more	of	these	criteria.	The	implementation	of	the	Patient	Protection	and	Affordable	Care	Act	(ACA)	in
the	 United	 States	 in	 2014	 removed	 restrictions,	 such	 as	 lifetime	 limits	 and	 denial	 of	 coverage	 for	 preexisting
conditions,	for	those	with	a	history	of	cancer;	in	the	initial	year	following	implementation	of	the	ACA,	uninsured
patients	with	cancer	 fell	by	one-third.63	 In	 addition,	 the	ACA	made	coverage	available	 for	preventive	care	and
certain	services	of	particular	relevance	to	survivors,	such	as	treatment	of	infertility,	that	have	not	been	consistently
covered	previously.	Cancer	survivors	older	than	65	years	are	almost	all	covered	by	Medicare,	but	provisions	in	the
ACA	 also	 address	 gaps	 in	 outpatient	 medication	 coverage	 for	 Medicare	 recipients.	 An	 analysis	 by	 ACS	 has
identified	160	provisions	within	the	ACA	that	have	significant	 implications	for	 those	affected	by	cancer.64	Life
insurance	applications	by	people	with	a	personal	history	of	cancer	are	often	rejected	or	the	plans	come	with	very
high	premiums	unless	it	is	part	of	an	employer-based	group	insurance.
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Advocacy
Several	nonprofit	organizations,	 such	as	 the	ACS,	CancerCare,	and	National	Coalition	 for	Cancer	Survivorship
(NCCS)	provide	advocacy	for	the	issues	that	affect	cancer	survivors.	In	addition	to	advocating	for	more	research
funds	and	resources	for	survivor	care,	some	of	 these	organizations	provide	education,	counseling,	 links	 to	 legal
contacts,	and	other	 types	of	assistance	 to	help	survivors	with	employment,	 insurance,	or	economic	 issues.	They
also	provide	assistance	in	navigating	the	Social	Security	Disability	system.

There	 are	 a	 few	 programs	 run	 through	 government	 and	 charitable	 organizations	 that	 offer	 limited	 financial
assistance	with	expenses	 incurred	during	cancer	 treatment	or	 transportation	 to	medical	 appointments.	Programs
are	 also	 offered	 by	 several	 pharmaceutical	 companies	 to	 help	 provide	 patients	 and	 survivors	 with	 support	 for
expensive	long-term	outpatient	medications.	Providing	information	about	resources	available	to	cancer	survivors
to	help	them	deal	with	these	nonmedical	issues	is	a	recommended	component	of	the	survivorship	care	plans.

CONCLUSION
The	English	word	“cure”	derives	from	the	Latin	cura,	which	means	“care.”	Survivorship	care	is	a	young	science,
although	substantial	progress	has	already	been	made	in	our	understanding	of	 the	multifaceted	needs	of	 the	ever
growing	and	vulnerable	population	of	cancer	survivors.	The	sobering	physical,	psychosocial,	and	socioeconomic
correlates	of	successful	therapy	are	their	long-term	consequences	that	can	compromise	quality	and	quantity	of	life
for	survivors	and	their	families,	friends,	and	society.	It	is	the	obligation	of	health-care	providers	to	critically	assess
and	 study	 these	 adverse	 effects,	 intervening	when	 possible.	We	must	 also	 advocate	 for	 societal	 adjustment	 to
survivors’	needs	in	order	to	provide	care	in	the	broadest	sense.	Celebrating	cancer	survival	is	no	longer	sufficient,
and	we	are	fortunate	to	embrace	the	associated	challenges	with	our	patients.
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138 Management	of	Cancer	Pain
Thomas	W.	Leblanc	and	Arif	H.	Kamal

INTRODUCTION
Advances	 in	 the	 diagnosis	 and	 treatment	 of	 cancer,	 coupled	 with	 advances	 in	 understanding	 the	 anatomy,
physiology,	pharmacology,	and	psychology	of	pain	perception,	have	led	to	improved	care	of	the	patient	with	pain
of	malignant	origin.	Specialized	methods	of	cancer	diagnosis	and	treatment	provide	the	most	direct	approach	to
treating	 cancer	 pain,	 by	 facilitating	 the	 treatment	 of	 its	 underlying	 cause.	 However,	 prior	 to	 the	 initiation	 of
antitumor	 therapy;	when	primary	 cancer	 treatment	has	 failed;	 or	when	 injury	 to	bone,	 soft	 tissue,	 or	 nerve	has
occurred	as	a	result	of	therapy,	appropriate	pain	management	remains	essential.	This	is	often	necessary	and	should
be	seen	as	complementary	to	cancer-directed	therapy.	Patients	with	cancer	are	managed	most	effectively	through	a
multidisciplinary	approach	that	draws	on	the	expertise	of	a	wide	range	of	health-care	professionals	to	address	the
multifaceted	drivers	and	alleviators	of	pain.1–3	The	goal	of	pain	therapy	for	patients	receiving	active	treatment	is
to	provide	them	with	sufficient	relief	to	tolerate	the	diagnostic	and	therapeutic	approaches	required	to	treat	their
cancer	 and	 to	 improve	 or	maintain	 quality	 of	 life.	 For	 patients	with	 advanced	 disease,	 pain	 control	 should	 be
sufficient	to	allow	them	to	function	at	an	achievable	level	of	their	choosing	and	to	die	in	relative	comfort	in	cases
where	the	end	of	life	is	near.

Effective	pain	management	is	only	one	component	of	a	broad	palliative	care	approach	for	cancer	patients.4–6
Palliative	 care	 is	 sometimes	 misconstrued	 to	 be	 only	 focused	 on	 the	 end	 of	 life;	 in	 its	 modern	 formulation,
palliative	care	is	defined	as	“specialized	medical	care	for	people	with	serious	illness”	and	can	be	provided	along
with	active	cancer	treatment,	regardless	of	prognosis	(as	per	http://www.capc.org).	As	such,	palliative	care	adds
an	extra	 layer	of	 support	 to	comprehensive	cancer	care	and	seeks	 to	 improve	quality	of	 life	 for	 the	patient	and
family.	The	American	Society	of	Clinical	Oncology	 (ASCO),7	National	Comprehensive	Cancer	Network,8	 and
European	Society	of	Medical	Oncology	(ESMO)9	now	recommend	palliative	care	as	an	essential	component	of
comprehensive	 cancer	 care	 for	 all	 patients	 with	 advanced	 solid	 tumors,	 even	 concurrent	 with	 active	 cancer
treatment.	Early	integrated	palliative	care,	along	with	high-quality	comprehensive	cancer	care,	may	even	prolong
patients’	survival,	while	improving	quality	of	life,	mood,	and	caregiver	outcomes.10–20	Control	of	other	symptoms;
treatment	 of	 psychological	 distress;	 and	 attention	 to	 the	 religious,	 spiritual,	 and	 existential	 dimensions	 of	 the
patient’s	illness	experience	should	be	concurrently	addressed	to	maintain	the	patient’s	quality	of	life	throughout
the	 cancer	 illness	 course,	 from	 diagnosis	 to	 death	 or	 survivorship,	 and	 bereavement	 for	 loved	 ones	 thereafter.
Palliative	care	 interdisciplinary	 teams	specialize	 in	providing	 this	 type	of	care.	The	World	Health	Organization
(WHO)	has	published	international	guidelines	for	cancer	pain	relief	and	palliative	care.4–6	In	the	United	States,	the
National	Comprehensive	Cancer	Network	has	published	specific	guidelines	that	provide	a	best	practice	approach
for	both	the	provision	of	pain	treatment	and	palliative	care;	the	American	Pain	Society,	the	British	Pain	Society,
and	ESMO	have	also	published	specific	pain	guidelines.21–26	Taken	together,	these	guidelines	clearly	demonstrate
that	 cancer-	 related	 pain	 is	 important	 and	 has	marked	 impacts	 on	 the	 quality	 of	 life	 for	 those	 living	with,	 and
beyond,	a	cancer	diagnosis.	Amid	growing	concerns	about	an	epidemic	of	opioid	overuse	and	abuse,	it	cannot	be
forgotten	that	a	central	tenet	of	person-centered	cancer	care	and	palliative	care	is	the	rigorous	assessment	of	and
attention	to	cancer-related	pain.	Often,	this	necessitates	the	use	of	opioids.

EPIDEMIOLOGY
Numerous	national	and	international	surveys,	supplemented	by	WHO	estimates,	suggest	that	moderate	to	severe
pain	is	experienced	by	one-third	of	cancer	patients	who	receive	active	therapy	and	by	60%	to	90%	of	patients	with
advanced	disease.27	There	were	17.5	million	new	cases	of	cancer	diagnosed	worldwide	in	2015	and	more	than	8
million	cancer	deaths,28	many	of	which	involve	cancer	pain.29	Pain	related	to	direct	tumor	involvement	is	the	most



common	cause,	occurring	in	as	many	as	85%	of	patients	according	to	one	pain	service	study	or	in	65%	of	patients
as	demonstrated	through	an	outpatient	cancer	center	pain	clinic	survey.30,31	Bone	pain	is	the	most	common	type,
with	 tumor	 infiltration	of	nerve	and	hollow	viscera	as	 the	second	and	 third	most	common	pain	sources.	Cancer
therapy	causes	pain	in	15%	to	25%	of	patients	receiving	chemotherapy,	surgery,	or	radiation	therapy.	Up	to	10%
of	 patients	 with	 cancer	 have	 pain	 caused	 by	 non–cancer-related	 problems,	 with	 pain	 syndromes	 reflecting	 the
common	 causes	 of	 pain	 in	 the	 general	 population.	 Chronic	 pain	 is	 also	 prevalent	 in	 cancer	 survivors,	 with
prevalence	rates	ranging	from	5%	to	40%	of	patients,	varying	by	tumor	and	treatment	type.32,33

Patients	with	 cancer	often	have	multiple	 causes	of	pain,	 involving	multiple	 sites.34–39	Based	on	 a	 variety	 of
survey	data,	up	to	one-third	of	patients	have	more	than	one	type	of	pain,	and	81%	of	patients	report	two	or	more
distinct	pain	complaints;	34%	report	three	types	of	pain.	Studies	to	date	have	explored	not	only	the	prevalence	of
pain	 but	 also	 its	 intensity,	 the	 degree	 of	 pain	 relief,	 and	 its	 effect	 on	 quality	 of	 life	 in	 patients	 with	 various
malignancies,	 including	 lung,	 colon,	 and	 ovarian	 cancers.34–38	 These	 studies	 highlight	 that	 pain	 is	 prevalent	 in
both	ambulatory	patients	and	those	who	are	hospitalized	and	that	it	compromises	function	in	approximately	one-
half	of	those	who	experience	it.

A	series	of	studies	have	focused	on	the	seriously	ill	and/or	nursing	home	cancer	population	and	have	identified
a	 high	 prevalence	 of	 pain	 in	 these	 groups	 as	 well.	 The	 Study	 to	 Understand	 Prognoses	 and	 Preferences	 for
Outcomes	and	Risks	of	Treatments	 (SUPPORT)	showed	 that	50%	of	adults	who	die	 in	 the	hospital	experience
moderate	to	severe	pain	in	their	last	3	days	of	life.39	A	study	of	4,000	elderly	nursing	home	residents	with	cancer
revealed	 that	24%,	29%,	and	38%	of	 those	older	 than	85	years,	 aged	75	 to	84	years,	 and	aged	65	 to	74	years,
respectively,	reported	daily	pain.40	Twenty-six	percent	of	these	elderly	patients	in	daily	pain	did	not	receive	any
medication.	Those	older	than	85	years	who	reported	pain	were	most	likely	to	receive	no	analgesic.

Such	 studies	 have	 led	 to	 an	 assessment	 of	 the	 factors	 that	 influence	 the	 prevalence	of	 cancer	 pain.	Primary
tumor	 type	 is	 one	 factor.	 Tumors	 that	 commonly	 metastasize	 to	 bone	 such	 as	 breast	 or	 prostate	 cancer	 are
associated	with	a	higher	 incidence	of	pain	 (60%	to	80%)	 than	 lymphoma	and	 leukemia.30	Stage	of	disease	 is	a
contributing	 factor,	 with	 pain	 prevalence	 increasing	 as	 disease	 progresses.	 For	 example,	 fewer	 than	 15%	 of
patients	with	nonmetastatic	disease	report	pain,	whereas	pain	is	the	most	common	symptom	in	patients	in	the	last
few	months	of	life.41	Tumors	that	occur	in	close	proximity	to	neural	structures	also	produce	a	higher	incidence	of
pain.	 Patient	 variables	 such	 as	 anxiety,	 depression,	 and	 history	 of	 previous	 substance	 abuse	 also	 influence	 the
patient’s	report	and	experience	of	pain.42

DEFINITION	OF	PAIN
The	 definition	 of	 pain,	 as	 proposed	 by	 the	 International	 Association	 for	 the	 Study	 of	 Pain,	 is	 as	 follows:	 “an
unpleasant	 sensory	 and	 emotional	 experience	 associated	with	 actual	 or	 potential	 tissue	 damage	 or	 described	 in
terms	of	such	damage.”43	Because	pain	is	a	subjective	experience,	there	is	no	definitive	way	to	distinguish	pain
that	occurs	in	the	absence	of	tissue	damage	from	pain	that	results	from	such	damage.	Pain	as	a	somatic	delusion	or
masked	depression	is	probably	rare	in	cancer	patients;	the	presence	of	pain	usually	implies	a	pathologic	process.

TYPES	OF	PAIN
Three	major	 categories	 of	 pain	 have	 been	 described,	 based	 on	 the	 neuroanatomy	 and	 neurophysiology	 of	 pain
pathways:	 (1)	 somatic,	 (2)	 visceral,	 and	 (3)	 neuropathic.	Each	 type	 results	 from	activation	 and	 sensitization	 of
nociceptors	 and	 mechanoreceptors	 in	 the	 periphery	 by	 either	 mechanical	 stimuli	 (e.g.,	 tumor	 compression	 or
infiltration)	or	chemical	stimuli	(e.g.,	epinephrine,	serotonin,	bradykinin,	prostaglandin,	or	histamine).

Somatic	Pain
When	nociceptors	are	activated	in	cutaneous	or	deep	tissues,	somatic	pain	results,	typically	characterized	by	a	dull
or	 aching	 but	 well-localized	 pain.	 Metastatic	 bone	 pain,	 postsurgical	 incisional	 pain,	 and	 myofascial	 and
musculoskeletal	pain	are	common	examples	of	somatic	pain.

Visceral	Pain
Visceral	pain	results	from	activation	of	nociceptors	due	to	infiltration,	compression,	extension,	or	stretching	of	the
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thoracic,	 abdominal,	 or	 pelvic	 viscera.	 This	 typically	 occurs	 in	 patients	 with	 intraperitoneal	 metastases	 and	 is
common	with	pancreatic	cancer.	This	type	of	pain	is	poorly	localized	and	is	often	described	as	deep,	squeezing,
and	 pressure-like.	When	 acute,	 it	 is	 often	 associated	with	 significant	 autonomic	 dysfunction,	 including	 nausea,
vomiting,	and	diaphoresis.	Visceral	pain	is	often	referred	to	cutaneous	sites	that	may	be	remote	from	the	location
of	the	lesion	itself	(e.g.,	shoulder	pain	with	diaphragmatic	irritation).	It	may	also	be	associated	with	tenderness	in
the	referred	cutaneous	site.	κ-Opioid	receptors	play	a	central	role	in	modulating	visceral	pain.44,45

Neuropathic	Pain
Neuropathic	 pain	 results	 from	 injury	 to	 the	 peripheral	 or	 central	 nervous	 system,	 as	 a	 consequence	 of	 tumor
compression	or	infiltration	of	peripheral	nerves	or	the	spinal	cord,	or	from	chemical	injury	to	the	peripheral	nerve
or	spinal	cord	caused	by	surgery,	radiation	therapy,	or	chemotherapy.	Examples	of	neuropathic	pain	include	both
metastatic	 and	 radiation-induced	 brachial	 and	 lumbosacral	 plexopathies;	 chemotherapy-induced	 peripheral
neuropathies;	paraneoplastic	peripheral	neuropathies;	 and	postmastectomy,	postthoracotomy,	 and	phantom	 limb
pain.46	Pain	from	nerve	injury	is	often	severe	and	is	described	as	burning	or	dysesthetic,	with	a	viselike	quality.
The	 pain	 is	 typically	most	 common	 in	 the	 site	 of	 sensory	 loss	 and	may	 be	 associated	with	 hypersensitivity	 to
nonnoxious	(allodynia)	and	noxious	stimuli.	Intermittently,	patients	complain	of	paroxysms	of	burning	or	electric
shock–like	sensations.	The	latter	symptoms	result	from	the	phenomenon	of	central	sensitization.

These	three	types	of	pain	may	occur	alone	or	together	in	the	same	patient.

TEMPORAL	ASPECTS	OF	PAIN
Acute	Pain
Acute	pain	is	characterized	by	a	well-defined	temporal	pattern	of	pain	onset,	generally	associated	with	subjective
and	objective	 physical	 signs	 and	with	 hyperactivity	 of	 the	 autonomic	 nervous	 system.	These	 signs	 provide	 the
physician	with	objective	 evidence	 that	 substantiates	 the	patient’s	 complaint	of	pain.	Acute	pain	 is	usually	 self-
limited	and	responds	to	treatment	with	analgesic	drug	therapy	and	to	treatment	of	its	precipitating	cause.	This	type
of	pain	can	be	further	subdivided	into	subacute	and	episodic	categories.	Subacute	pain	arises	over	several	days,
often	with	increasing	intensity,	and	represents	a	pattern	of	progressive	symptomatology.	Episodic	or	intermittent
pain	 occurs	 during	 confined	 periods	 of	 time	 on	 a	 regular	 or	 irregular	 basis.	 Subacute	 pain	 is	 also	 generally
accompanied	by	autonomic	hyperactivity.

Chronic	Pain
Chronic	 pain	 is	 pain	 that	 persists	 for	 longer	 than	 1	month	 past	 the	 resolution	 of	 the	 underlying	 insult	 or	 that
persists	for	more	than	3	months	with	a	less	well-defined	temporal	onset	(per	U.S.	Food	and	Drug	Administration
[FDA]	 guidance:
https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm384691.pdf).
The	autonomic	nervous	system	adapts,	and	chronic	pain	patients	lack	the	objective	signs	common	to	those	with
acute	 pain.	 Chronic	 pain	 often	 leads	 to	 significant	 changes	 in	 personality,	 lifestyle,	 and	 functional	 ability.
Treatment	of	chronic	pain	in	the	cancer	patient	is	especially	challenging,	as	it	requires	a	careful	assessment	of	not
only	the	intensity	of	the	pain	but	also	its	broad	multidimensional	aspects.	Evidence	suggests	that	the	persistence	of
pain	has	a	major	negative	effect	on	patients’	quality	of	life.

Investigators	have	developed	a	nomenclature	to	describe	a	series	of	specific	pains	in	cancer	patients	with	both
acute	and	chronic	pain	states.	Baseline	pain	is	the	average	pain	intensity	experienced	for	12	or	more	hours	during
a	24-hour	period.	Breakthrough	pain	is	a	transient	increase	in	pain	to	greater	than	moderate	intensity	that	occurs
on	a	baseline	pain	of	moderate	intensity	or	less.	Various	epidemiologic	studies	provide	a	range	of	prevalence	of
breakthrough	 pain	 from	 23%	 to	 as	 high	 as	 90%	 of	 cancer	 patients.47–50	 Breakthrough	 pain	 has	 a	 diversity	 of
characteristics.	In	this	and	other	series,	the	transitory	increase	in	pain	marks	the	onset	or	worsening	of	pain	at	the
end	of	the	dosing	interval	or	the	regularly	scheduled	analgesic.	In	other	patients,	it	is	caused	by	an	action	of	the
patient,	 referred	 to	 as	 incident	 pain.	 Sometimes,	 the	 incident	 pain	 has	 a	 nonvolitional	 precipitant,	 such	 as
flatulence.	Numerous	clinical	trials	have	focused	attention	on	the	management	of	breakthrough	pain.47



INTENSITY	OF	PAIN
Pain	may	also	be	defined	based	on	 intensity,	but	 there	are	 limitations	 to	a	concept	of	pain	based	solely	on	 this
single	dimension	of	what	 is	ultimately	a	multifaceted,	subjective	experience.	Specific	categorical	scales	of	pain
intensity	are	often	used,	 in	which	patients	are	asked	 to	describe	 their	pain	as	mild,	moderate,	or	 severe.	Visual
analog	scales	(VASs)	have	also	been	applied.	These	are	presented	on	a	10-cm	line	anchored	at	either	end	by	two
points,	signifying	no	pain	and	worst	possible	pain.	The	patient	 is	asked	to	mark	the	intensity	of	the	pain	on	the
line.	Numeric	scales	are	also	commonly	used,	and	patients	are	asked	to	rate	their	pain	between	0	(no	pain)	and	10
(worst	possible	pain).	These	scales	have	their	limitations,	but	they	are	part	of	a	series	of	validated	instruments	that
include	a	measure	of	pain	intensity	as	one	essential	component	of	the	pain	experience.

MEASUREMENT	SCHEMAS
Multidimensional	pain	assessment	is	the	recommended	approach	to	the	study	of	pain	prevalence	and	intervention,
both	 in	 clinical	 practice	 and	 in	 research	 endeavors.	 Several	 validated	 instruments	 attempt	 to	 assess	 pain	 in	 a
multidimensional	way.	The	use	of	 such	methods	 can	provide	 rapid	 evaluation	 in	 clinical	 settings	 regarding	 the
major	aspects	of	the	pain	experienced	by	cancer	patients.	The	Joint	Commission	requires	the	use	of	pain	scales	in
routine	care.51

Brief	Pain	Inventory
The	 Brief	 Pain	 Inventory	 (BPI)	 is	 a	 self-administered,	 easily	 understood,	 brief	 method	 to	 assess	 pain.52	 It
addresses	 the	 relevant	 aspects	 of	 pain	 (history,	 intensity,	 location,	 and	 quality)	 and	 the	 impact	 of	 pain	 on	 the
patient’s	activities	and	helps	to	provide	an	understanding	of	its	cause.	The	history	of	pain	and	its	relation	to	the
patient’s	disease	are	assessed	initially.	If	the	patient	admits	to	pain	in	the	past	month,	he	or	she	answers	questions
about	current	manifestations	of	pain.	If	the	patient	has	no	pain,	he	or	she	skips	to	the	end	of	the	questionnaire	to
complete	 demographic	 information.	A	 human	 figure	 drawing	 is	 provided	 on	which	 the	 patients	 shade	 the	 area
corresponding	to	their	pain.	Patients	are	asked	to	rate	their	pain	at	its	worst,	their	usual	pain,	and	their	pain	at	the
time	they	are	completing	the	questionnaire.	The	pain	scales	consist	of	numbers	from	0	to	10;	0	is	labeled	no	pain,
and	10	is	labeled	pain	as	bad	as	you	can	imagine.	Patients	are	asked	to	report	the	medications	or	treatments	they
receive	for	pain,	the	percentage	relief	that	these	medications	or	treatments	provide,	and	their	belief	about	the	cause
of	 their	pain.	Finally,	 they	are	asked	 to	rate	how	much	 the	pain	 interferes	with	 their	mood,	 relations	with	other
people,	and	functional	ability	(walking,	sleeping,	working,	or	enjoying	life).	All	patients,	including	those	without
pain,	 are	 asked	 for	 basic	 demographic	 information	 about	 marital	 status,	 education,	 occupation,	 spouse’s
occupation,	and	months	since	diagnosis.	This	inventory	has	been	translated	into	numerous	languages	and	has	been
used	to	assess	pain	in	cancer	patients	in	various	settings.

McGill	Pain	Questionnaire
The	McGill	Pain	Questionnaire	(MPQ)	is	an	extensively	used	pain	assessment	instrument	that	produces	scores	on
four	empirically	derived	dimensions	as	well	as	several	summary	scores.53	The	instrument	consists	of	78	adjectives
that	cluster	in	20	categories.	Within	each	category,	the	adjectives	are	arranged	in	order	of	intensity	from	low	to
high.	 The	 categories	 are	 divided	 into	 four	 dimensions:	 sensory,	 affective,	 evaluative,	 and	 miscellaneous.	 The
patient	 is	 asked	 to	 choose	 one	 adjective	 from	 each	 applicable	 category	 that	 describes	 an	 aspect	 of	 his	 or	 her
current	pain,	and	 the	score	for	each	dimension	is	obtained	by	adding	 the	rank	values	of	 the	selected	adjectives.
Adding	 the	 scores	 across	 the	 four	 dimensions	 derives	 a	 total	 summary	 score,	 and	 a	 total	 word	 count	 is	 also
obtained.	Finally,	a	rating	of	present	pain	intensity	is	made	on	a	5-point	scale.	Studies	with	this	instrument	suggest
that	 the	factors	derived	reflect	specific	sensory	qualities	and	combined	emotional	and	sensory	dimensions.	This
tool	has	also	been	used	to	assess	distinct	score	profiles	according	to	the	nature	of	pain.	For	instance,	patients	with
acute	pain	tend	to	use	more	sensory	words,	but	patients	with	chronic	pain	tend	to	use	more	affective	and	reaction
word	 subgroups.	 The	MPQ	offers	 a	methodologic	 approach	 to	 assessing	 the	 sensory,	 affective,	 and	 evaluative
components	of	pain	but	may	be	more	difficult	for	patients	to	understand	and	complete	than	other	pain	assessment
tools;	it	is	also	limited	by	language	constraints.
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PATIENT-REPORTED	OUTCOME	MEASURES
Assessing	symptoms	by	direct	patient	self-report	is	an	increasingly	common	and	desirable	method	for	collecting
data	on	important	patient-centered	outcomes	such	as	pain.54	These	so-called	“patient-reported	outcome”	measures,
or	PROs,	avoid	clinicians’	bias	 in	 their	 assessments	and	allow	 for	 reproducible	collecting	and	 trending	of	 self-
reported	items	over	 time.	Growing	evidence	shows	that	electronic	methods	for	data	collection	are	robust	and	at
least	 equivalent	 if	 not	 superior	 to	 paper	 options.	 Routine	 assessment	 of	 PROs	 may	 even	 improve	 symptoms,
quality	 of	 life,	 and	 survival	 in	 patients	with	 advanced	 cancer.55,56	 PROs	 are	 increasingly	 included	 as	 outcome
measures	in	oncology	clinical	trials,	and	several	instruments	have	been	directly	developed	as	PROs,	including	the
MD	Anderson	 Symptom	 Inventory	 (MDASI)	 and	 the	 Patient	 Care	Monitor	 (PCM).57,58	 Other	 instruments	 are
described	in	the	following	sections.

Memorial	Symptom	Assessment	Scale
The	 Memorial	 Symptom	 Assessment	 Scale	 (MSAS)	 is	 a	 validated,	 patient-rated	 measure	 that	 provides
multidimensional	 information	 about	 a	 diverse	 group	 of	 common	 symptoms.	 Thirty-two	 physical	 and
psychological	 symptoms	are	characterized	 in	 terms	of	 intensity,	 frequency,	and	distress.	The	MSAS	provides	a
Global	 Distress	 Index	 (MSAS-GDI),	 a	 10-item	 subscale	 that	 reflects	 global	 symptom	 distress,	 and	 separate
subscales	that	measure	physical	(MSAS-Phys)	and	psychological	(MSAS-Psych)	symptom	distress.	The	use	of	the
MSAS	 allows	 the	 concurrent	 measurement	 of	 pain	 and	 various	 other	 symptoms,	 psychological	 distress,	 and
psychological	 factors;	 overall,	 it	 represents	 a	 useful,	 patient-accepted	method	 to	measure	 the	multidimensional
issues	facing	cancer	patients	with	pain.59	Newer	studies	have	 identified	 the	usefulness	of	a	short	 form	for	rapid
assessment.60

Functional	Assessment	of	Cancer	Therapy–General
The	 Functional	 Assessment	 of	 Cancer	 Therapy–General	 (FACT-G)	 is	 a	 27-item	 PRO	 measure	 that	 assesses
cancer-related	 symptoms	 across	 four	 major	 domains:	 physical,	 social,	 emotional,	 and	 functional.	 Patients	 are
asked	to	rate	each	item	as	it	applies	to	the	past	7	days.	Each	question	is	anchored	to	a	5-point	scale	from	0	to	4
(not	 at	 all,	 a	 little	 bit,	 somewhat,	 quite	 a	 bit,	 and	very	much).	 It	 includes	 a	 specific	 question	 on	 pain	 and	 also
explores	the	impact	of	pain	and	other	symptoms	on	the	patient’s	overall	well-being.

European	Organisation	for	Research	and	Treatment	of	Cancer	Quality	of	Life
Questionnaire-C30
The	 European	Organisation	 for	 Research	 and	 Treatment	 of	 Cancer	 has	 included	 specific	 pain	 questions	 in	 its
Quality	of	Life	Questionnaire-C30	(QLQ-C30)	scale.	The	pain	scale	measures	pain	intensity	and	interference	with
function.	 The	 pain	 scale	 has	 a	 four-level	 verbal	 rating	 scale	 (not	 at	 all,	a	 little,	quite	 a	 bit,	 and	 very	 much),
measuring	the	presence	of	pain	and	pain	interference	with	activities.	Responses	are	summed	to	a	composite	score
and	transformed	to	a	0	to	100	pain	scale	of	severity.	The	pain	severity	composite	score	better	represents	the	cancer
pain	 experience	 than	 the	 intensity	 score	 alone.	 In	 published	 studies,	 it	 has	 been	 shown	 to	 reliably	 predict
functional	 status,	 toxicity,	 and	 chemotherapy	 response.	Because	of	 their	multiple	 scales,	 the	QLQ-C30	and	 the
FACT-G	require	more	time,	attention,	and	cooperation	on	the	part	of	patients,	which	makes	them	less	useful	as
routine	measurement	tools	and	more	useful	in	the	context	of	research.61

Edmonton	Symptom	Assessment	Scale
The	Edmonton	Symptom	Assessment	Scale	 (ESAS)	 is	 a	10-item	patient-	 reported	 symptom	VAS	developed	 to
assess	 symptoms	 in	 patients	 who	 receive	 palliative	 care.	 The	 scale	 has	 been	 validated	 in	 cancer	 patients	 and
correlated	closely	with	the	MSAS	and	BPI	measurement	tools.62

COMMON	PAIN	SYNDROMES
Pain	in	the	cancer	patient	not	only	results	from	direct	tumor	infiltration	and/or	from	various	cancer	treatments	but
also	 occurs	 unrelated	 to	 the	 cancer	 and	 cancer	 therapy.	 A	 discussion	 of	 the	 numerous	 unique	 cancer	 pain



syndromes	 is	beyond	 the	scope	of	 this	chapter;	 the	broad	and	well-recognized	pain	syndromes	 that	occur	often
uniquely	in	this	population	of	patients	are	reviewed	in	detail	elsewhere.30

CLINICAL	ASSESSMENT	OF	PAIN
Certain	general	principles	should	be	followed	in	evaluating	cancer	patients	with	pain.63	Lack	of	attention	to	these
general	 principles	 is	 the	major	 cause	 for	misdiagnosis	 of	 a	 specific	 pain	 syndrome.	Adequate	 assessment	 is	 a
critical	component	for	defining	the	appropriate	therapeutic	strategy	for	each	patient.	The	general	principles	are	as
follows:

Believe	the	patient’s	complaint	of	pain.
Take	a	careful	history	of	the	pain	complaint.
Evaluate	the	patient’s	psychological	state.
Perform	careful	medical	and	neurologic	examinations.
Order	the	appropriate	diagnostic	studies	and	personally	review	the	results.
Treat	the	pain	to	facilitate	the	appropriate	workup.
Reassess	the	patient’s	response	to	therapy.
Individualize	the	diagnostic	and	therapeutic	approaches.
Discuss	goals	of	care	and	consider	specialist	palliative	care	consultation	when	medications	are	needed
beyond	front-line	analgesics	and	opioids.64

Critical	to	the	management	of	the	patient	with	cancer	pain	is	the	establishment	of	a	trusting	relationship	with
the	physician.	The	complaint	of	pain	is	a	symptom,	not	a	diagnosis.	Pain	perception	is	not	simply	a	function	of	the
amount	 of	 physical	 injury	 sustained	 by	 the	 patient	 but	 is	 a	 complex	 state	 determined	 by	multiple	 factors.	 The
diagnosis	of	a	specific	pain	syndrome	and	a	complete	understanding	of	 the	patient’s	psychological	state	are	not
always	accomplished	during	the	initial	evaluation.	In	fact,	it	may	take	several	weeks	to	define	its	nature	because
of	the	lack	of	radiologic	or	pathologic	verification.	It	may	take	a	similar	period	to	fully	comprehend	each	patient’s
psychological	makeup.

Take	a	Careful	History	of	the	Patient’s	Pain	Complaint
A	careful	history	of	the	patient’s	pain	complaint	should	include	the	patient’s	description	of	site	of	pain,	quality	of
pain,	 exacerbating	 and	 relieving	 factors,	 temporal	 pattern,	 exact	 onset,	 associated	 symptoms	 and	 signs,
interference	with	activities	of	daily	living,	effect	on	the	patient’s	psychological	state,	and	response	to	previous	and
current	analgesic	therapies.63	Patients	should	be	asked	 to	describe	 the	 intensity,	 frequency,	and	severity	of	 their
baseline	pain	and	episodes	of	breakthrough	pain.	Routine	pain	assessment	tools	should	be	provided	to	patients	and
families	to	record	the	patient’s	pain	experience	and	provide	easy	recording	of	analgesic	drug	use	and	the	use	of
rescue	medications.	Multiple	pain	complaints	are	common	in	patients	with	advanced	disease	and	must	be	ranked,
classified,	and	recorded.

Evaluate	the	Patient’s	Psychological	State
The	 patient’s	 current	 level	 of	 anxiety	 and	 depression	 must	 be	 clarified,	 and	 his	 or	 her	 past	 history	 of	 such
symptoms	 must	 be	 defined.	 Knowledge	 of	 the	 patient’s	 previous	 psychiatric	 history	 and	 need	 for	 past
hospitalization	for	psychiatric	care	helps	to	clarify	the	patient’s	potential	psychological	risk.	Information	on	how
the	 patient	 has	 handled	 previous	 painful	 events	may	provide	 insight	 into	whether	 the	 patient	 has	 demonstrated
chronic	illness	behavior	or	has	a	past	history	of	a	chronic	pain	syndrome.	It	is	important	to	know	about	a	personal
or	 family	 history	 of	 alcohol	 or	 drug	 dependence	 to	 understand	why	 the	 patient	may	 be	 fearful	 of	 taking	 or	 is
refusing	to	take	opioid	drugs	or	is	overly	insistent	on	receiving	such	a	prescription.

Because	each	patient	has	his	or	her	own	understanding	of	the	meaning	of	pain,	it	is	useful	to	have	the	patient
elaborate	 this	meaning.65–67	Does	 he	 or	 she	 think	 it	 represents	 recurrent	 tumor,	 or	 is	 he	 or	 she	 convinced	 it	 is
simply	arthritis?	Evidence	suggests	that	when	patients	have	a	clear	understanding	of	the	meaning	of	their	pain	as
representing	recurrent	tumor,	they	have	increased	psychological	distress.

The	 importance	 of	 defining	 the	 psychological	makeup	 of	 the	 patient	with	 pain	 is	 supported	 by	 a	 variety	 of
studies	 that	 have	 focused	 on	 the	 effect	 of	 suffering	 in	 patients	 with	 pain.65–70	 Psychological	 factors	 play	 a
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significant	 role	 in	 accounting	 for	 the	differences	 in	pain	 experiences	 in	 cancer	patients.	A	 series	of	psychiatric
syndromes	have	been	described	for	cancer	patients,	with	depression	occurring	 in	as	many	as	25%	of	cases.65,70
The	depression	presents	either	as	an	acute	stress	 response	or	as	a	major	depression.	Awareness	of	 the	common
psychiatric	syndromes	when	evaluating	the	pain	complaint	expands	the	physician’s	understanding	of	pain.

Although	it	is	critical	to	know	as	much	as	possible	about	each	patient	with	pain,	some	information	may	not	be
readily	 available	 in	 the	 first	 interview;	 in	 some	 instances,	 it	may	never	 be	 available	 because	of	 some	patients’
inabilities	 to	 clearly	 define	 the	 various	 components	 of	 their	 pain.	 It	 is	 often	 necessary	 to	 verify	 the	 history	 by
consulting	 a	 family	 member	 who	 may	 provide	 additional	 information.	 The	 family	 may	 be	 more	 objective	 in
assessing	 a	 disability	 of	 a	 patient	who	 underreports	 symptoms.	 Similarly,	 in	 a	 patient	who	 is	 a	 poor	 historian,
family	may	be	able	to	provide	essential	information	that	may	alter	the	diagnostic	approach.	All	attempts	should	be
made	 to	 compile	 a	 careful	 history	 and	 define	 the	 medical,	 neurologic,	 and	 psychological	 profile	 of	 the	 pain
complaint.

It	is	critical	to	define	the	goals	of	any	pain	treatment.	Some	patients	harbor	unreasonable	expectations,	whereas
others	fail	to	critically	consider	the	various	options	available	to	them.	Complete	relief	is	typically	impossible,	and
the	 degree	 of	 relief	must	 be	 balanced	with	 any	 adverse	 effects	 of	 treatment.	 Before	 starting	 any	 intervention,
review	carefully	with	patients	the	risks	and	benefits	to	provide	them	with	a	reasonable	expectation	of	the	potential
outcome	of	this	approach.	As	patients	become	more	active	in	defining	advance	directives	and	as	they	focus	on	the
quality	of	life,	it	is	critical	to	ask	them	to	define	what	they	would	do	if	the	pain	were	intractable	or	intolerable.70
Did	the	patient	have	a	family	member	who	died	a	painful	death?	In	the	authors’	experience,	patients	who	have	had
such	an	experience	are	particularly	fearful	of	their	own	deaths.	Does	the	patient	have	suicidal	thoughts	or	a	pact
with	a	family	member?	Does	the	patient	have	a	family	history	of	suicide?	Does	the	patient	have	drugs	in	reserve
or	a	gun	in	the	house	that	he	or	she	might	use	in	desperation?	In	a	study	by	Chochinov	et	al.,70	pain	alone	did	not
correlate	 with	 patients’	 suicidal	 ideation.	 Significant	 depression	 appeared	 to	 be	 the	 major	 correlating	 factor,
although	pain	clearly	played	a	 role	 in	 the	development	of	depression	 in	 some	patients.	This	 series	of	questions
allows	patients	to	discuss	openly	their	fears	of	death	and	their	intention	to	take	matters	into	their	own	hands	rather
than	 trust	 the	 health-care	 professional.	 Such	 open	 discussions	 can	 allow	 the	 physician	 to	 better	 define	 for	 the
patient	 the	options	 for	 care	 and	 to	 reassure	 the	patient	 of	 the	 clinician’s	 commitment	 to	 care.	Because	patients
rarely	offer	this	information	unless	requested,	one	must	develop	specific	questions	that	can	be	readily	integrated
into	the	initial	history	taking.	Discussing	with	the	patient	how	he	or	she	would	die	and	engaging	the	patient	in	a
discussion	of	his	or	her	concerns	and	desires	can	address	the	following	commonly	heard	comment	of	patients:	“I
have	never	died	before.	How	do	I	do	it?”

Perform	Careful	Medical	and	Neurologic	Examinations
Medical	and	neurologic	examinations	help	provide	the	necessary	data	 to	substantiate	 the	history.	Knowledge	of
the	referral	patterns	of	pain	and	the	common	cancer	pain	syndromes	can	direct	the	examinations.	For	example,	the
commonly	described	pain	 syndromes	 associated	with	 postmastectomy	 states	 can	 readily	 be	 defined	 as	 separate
from	tumor	infiltration	of	the	brachial	plexus.71

The	physical	and	neurologic	examinations	allow	a	physician	to	visually	inspect	and	palpate	the	site	of	pain	and
to	 look	 for	 the	 associated	physical	 and	neurologic	 signs	 that	might	 help	 to	 better	 define	 the	nature	of	 the	pain
symptom.	 Defining	 the	 degree	 of	 motor	 or	 sensory	 changes	 can	 help	 identify	 the	 specific	 site	 in	 the	 nervous
system	that	may	be	involved.	Similarly,	in	patients	with	sensory	loss,	the	presence	of	allodynia	and	hyperesthesia
can	 further	 identify	 the	 nature	 of	 the	 sensory	 problem	and	define	 a	 neuropathic	 pain	 syndrome.	Moreover,	 the
degree	 of	 muscle	 spasm,	 gait	 instability,	 and	 impaired	 coordination	 can	 only	 be	 fully	 assessed	 by	 such	 an
evaluation.	In	patients	with	neuropathic	pain,	the	use	of	quantitative	sensory	testing	can	help	define	the	underlying
mechanism	and	determine	selection	of	drug	therapy.

Order	the	Appropriate	Diagnostic	Studies	and	Personally	Review	the	Results
Diagnostic	 studies	 confirm	 the	 diagnosis	 and	 define	 the	 site	 and	 extent	 of	 tumor	 infiltration,	when	 applicable.
Computed	tomography	(CT)	and	magnetic	resonance	imaging	(MRI)	are	the	most	useful	diagnostic	procedures	for
evaluating	 cancer	 patients	 with	 pain.	 Positron	 emission	 tomography	 (PET)	 helps	 to	 further	 define	 tumor	 and
differentiate	tumor	from	radiation	injury	and	postsurgical	injury.	The	bone	scan	is	a	useful	screening	device	and	is
more	 sensitive	 for	 demonstrating	 abnormalities	 in	 the	 bone	 before	 changes	 appear	 on	 a	 plain	 radiograph.
However,	a	negative	finding	on	bone	scan	does	not	rule	out	bony	metastatic	disease,	nor	does	a	positive	finding
on	 bone	 scan	 confirm	 the	 diagnosis	 of	metastatic	 tumor.	 In	 patients	with	 collapsed	 vertebral	 bodies,	MRI	 can



distinguish	osteoporotic	 from	 tumor-induced	bony	changes.	The	physician	 should	 review	 the	 results	personally
with	the	radiologist	to	correlate	any	pathologic	change	with	the	site	of	pain.	In	addition,	the	measurement	of	tumor
markers	such	as	carcinoembryonic	antigen	(CEA),	cancer	antigen	(CA)	125,	and	prostate-specific	antigen,	among
others,	can	be	useful	in	a	patient	in	whom	recurrent	tumor	is	suspected.	In	certain	pain	syndromes,	the	presence	of
recurrent	disease	 is	closely	associated	with	 the	onset	of	pain	 (e.g.,	 the	appearance	of	 late	postthoracotomy	pain
syndrome	in	a	patient	after	initial	resolution	of	the	postoperative	pain).30

Treat	the	Pain	to	Facilitate	the	Appropriate	Workup
Inadequate	evaluations	sometimes	occur	in	the	setting	of	severe	pain.	Early	aggressive	pain	management	while	the
source	 is	 investigated	 markedly	 improves	 the	 patient’s	 ability	 to	 participate	 in	 any	 necessary	 diagnostic
procedures.	During	the	initial	evaluation,	the	use	of	alternative	methods	of	pain	control,	including	anesthetic	and
neurosurgical	 approaches,	 should	 be	 considered	 (e.g.,	 the	 temporary	 use	 of	 a	 local	 anesthetic	 via	 an	 epidural
catheter	to	manage	sacral	pain).

Reassess	the	Patient’s	Response	to	Therapy
Continual	reassessment	of	the	patient’s	response	to	the	prescribed	therapy	provides	the	best	method	to	validate	the
initial	diagnosis	 as	 correct.	 If	 relief	 is	 less	 than	predicted	or	 if	 the	pain	worsens,	 reassessment	of	 the	 treatment
approach	 or	 a	 search	 for	 a	 new	 cause	 of	 the	 pain	 should	 be	 considered.	 Ideally,	 use	 the	 same	 assessment
instrument	 at	 each	 time	point;	 for	 example,	 if	 you	 are	monitoring	pain	 using	 a	 0	 to	 10	numerical	 rating	 scale,
continue	to	use	that	for	each	follow-up	visit.	Assess	the	patient’s	perception	of	what	a	tolerable	level	of	pain	might
be	for	them,	to	help	with	setting	an	achievable	goal;	a	pain	score	of	0	is	not	always	possible,	depending	on	the
situation	and	the	balance	between	relief	and	side	effects	of	analgesics.

Individualize	the	Diagnostic	and	Therapeutic	Approaches
Evaluation	 of	 the	 patient	must	 be	 closely	 linked	 to	 the	 patient’s	 level	 of	 function,	 ability	 to	 participate	 in	 the
diagnostic	workup,	willingness	to	undergo	the	necessary	diagnostic	approaches,	objective	evidence	that	treatment
approaches	may	be	beneficial,	and	life	expectancy.	Careful	judgment	is	required	to	select	diagnostic	approaches
that	will	 have	 a	 direct	 effect	 on	 the	 choice	 of	 the	 therapeutic	 strategy	 or	will	 answer	 a	 specific	 question.	 The
haphazard	use	of	diagnostic	procedures	in	these	patients,	particularly	those	with	advanced	cancer	and	significant
pain,	 is	 inappropriate	and	costly.	Open	discussion	with	 the	patient	about	 the	need	for	assessment	as	well	as	 the
therapeutic	options	 is	critical	 to	allow	the	patient	 to	be	part	of	 the	decision-making	process.	For	some	patients,
diagnostic	procedures	such	as	MRI	are	inappropriate	because	they	simply	confirm	the	existence	of	a	disease	for
which	no	 treatment	 is	available	or	 for	which	 the	 treatment	would	be	a	major	surgical	procedure	(e.g.,	vertebral
body	resection)	that	would	be	inappropriate	for	a	dying	patient.	Patient	refusal	of	evaluation	or	treatment	must	be
respected	when	 the	physician	has	 fully	 explained	 the	options	 and	 is	 convinced	 that	 the	patient	 has	 an	 accurate
understanding	of	the	implications	of	undertaking	no	further	workup	or	treatment.

Discuss	Goals	of	Care	and	Consider	Specialist	Palliative	Care	Consultation
When	treatment	approaches	are	being	developed,	there	must	be	an	open	discussion	about	prognosis	and	goals	of
care	so	that	the	clinician	has	a	clear	understanding	of	the	patient’s	goal	for	therapy	and	their	overall	understanding
of	 the	 situation.	 The	 physician	must	 have	 unconditional	 positive	 regard	 for	 the	 patient,	 placing	 the	 control	 of
symptoms	 of	 pain	 and	 treatment	 of	 psychological	 distress	 in	 the	 highest	 regard.	 Knowledge	 of	 the	 patient’s
decisions	 about	 resuscitation,	 living	 wills,	 and	 symptom	 management	 should	 he	 or	 she	 become	 incapacitated
improves	the	physician’s	ability	to	appropriately	and	humanely	care	for	the	dying	patient	with	advanced	disease.69
Similarly,	 considering	 specialist	 palliative	 care	 referral	 is	 appropriate,	 particularly	 in	 cases	 of	 severe	 and/or
refractory	symptoms,	including	pain.	A	recent	Delphi	panel	study	of	experts	found	consensus	regarding	referral	to
palliative	 care	 specialists	 when	 cancer	 pain	 is	 refractory	 to	 a	 single	 long-acting	 and	 a	 single	 short-acting
medication.	Similarly,	when	medications	such	as	neuroleptics	or	methadone	or	 interventions	such	as	 intrathecal
pumps	 and	 localized	 nerve	 blocks	 are	 being	 considered,	 referral	 is	 recommended.64	 Further,	 significant
psychological	 distress	 on	 the	 part	 of	 patient	 or	 caregiver	 and	 existential	 distress	 are	 appropriate	 triggers	 for
referral.	 This	 is	 in	 accordance	 with	 recommendations	 from	 ASCO	 and	 other	 professional	 societies	 to	 engage
palliative	care	specialists	early	in	the	care	of	patients	with	advanced	disease	and/or	significant	symptom	burden.7
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MANAGEMENT	OF	CANCER	PAIN
Evidence-based	cancer	pain	management	follows	a	systematic	strategy	of	applying	demonstrated	interventions	in
the	context	of	individual	needs,	circumstances,	and	preferences.	The	basic	approach	employs	three	categories	of
agents:	 opioid	 analgesics,	 nonopioid	 analgesics,	 and	 adjuvant	 therapies.	 The	 foundation	 of	 this	 approach	 is	 an
individualized	combination	of	opioid	and	nonopioid	drugs;	 to	 this	 foundation	 is	added	 tailored	care	 that	selects
from	a	broad	array	of	adjuvant	interventions	to	achieve	maximum	comfort	for	the	individual	patient.	Guidelines
are	 available	 to	 assist	 the	 clinician	 in	 determining	 a	 foundation	 treatment	 plan	 (the	 reader	 is	 referred	 to	 the
National	Comprehensive	Cancer	Network,	American	Pain	Society	guidelines,	ESMO	guidelines,	and	British	Pain
Society	as	excellent	sources	of	cancer	pain	management	guidelines).21,23,25,26	To	enhance	the	effectiveness	of	this
foundation,	many	 pharmacologic	 and	 nonpharmacologic	 options	 exist	 for	 tailoring	 adjuvant	 care	 to	 individual
exigencies.

The	 sections	 that	 follow	 emphasize	 the	 principles	 of	 pharmacologic,	 nonpharmacologic,	 procedural,	 and
manual	 management	 of	 cancer	 pain	 and	 briefly	 describe	 anesthesia	 and	 neurosurgical	 approaches	 to	 pain
management	to	which	the	oncologist	might	refer	a	patient	for	specialized	procedures.

PHARMACOLOGIC	MANAGEMENT	OF	CANCER	PAIN
Analgesic	Drug	Therapy:	The	Mainstay	of	Cancer	Pain	Management
Cancer	 pain	 management	 combines	 treatment	 of	 the	 primary	 disease	 with	 (1)	 analgesic	 drug	 therapy	 and	 (2)
specific	 approaches	 that	 may	 include	 anesthetic,	 neurosurgical,	 rehabilitative,	 psychological	 (cognitive-
behavioral),	 psychiatric,	 or	 complementary	 and	 alternative	 methods.	 The	 clinician	 begins	 with	 determining	 a
patient-	 specific	 appropriate	 analgesic	 drug	 plan.	 Titration	 to	 effective	 pain	 relief	 and	 individualization	 of
treatment	 represent	hallmarks	at	 this	 stage	 in	 the	 therapeutic	approach.	 In	 recent	years,	 standard	analgesic	drug
therapy	has	become	more	effective	due	to	increased	sophistication	in	the	use	of	analgesics,	coupled	with	research
to	understand	the	underlying	mechanisms	of	pain.	These	new	and	more	effective	analgesic	practices	include	the
use	of	novel	means	of	drug	administration,	particularly	 transdermal	and	 transmucosal	delivery;	novel	methods,
such	as	the	use	of	bisphosphonates	and	calcitonin	for	bone	pain,	radiopharmaceuticals,	and	novel	approaches	to
neuropathic	pain,	such	as	antidepressants	and	anticonvulsants;	and	anesthetic,	neurosurgical,	psychological,	and
psychiatric	approaches	concurrently	applied	in	the	overall	continuum	of	care.

As	 noted	 earlier,	 numerous	 guidelines	 for	 the	 management	 of	 cancer	 pain	 have	 been	 issued	 by	 various
organizations	 and	 researchers.	 These	 guidelines	 have	 each	 defined	 analgesic	 drug	 therapy	 as	 the	 mainstay	 of
treatment	and	have	articulated	the	aims	of	drug	therapy	as	achievement	of	adequate	pain	relief	safely	within	an
acceptable	time	frame,	minimization	of	side	effects	of	treatment,	and	ongoing	analgesia	by	the	most	convenient
and	 least	 noxious	means	 available.	Yet,	 despite	 available	 guidelines	 and	 an	 agreed-on	 approach	 to	 cancer	 pain
management,	determination	of	the	best	treatment	path	for	the	individual	patient	remains	a	complex,	individualized
process.

The	World	Health	Organization	Cancer	Pain	Guidelines
Although	frequently	debated,	the	WHO	guidelines	on	cancer	pain	continue	to	provide	a	framework	approach	for
pharmacologic	 management	 of	 cancer	 pain	 management.	 Field	 testing	 of	 these	 guidelines,	 as	 well	 as	 clinical
experience,	has	shown	that	70%	to	90%	of	cancer	patients’	pain	can	be	controlled	using	a	simple	and	inexpensive
method	described	as	the	three-step	analgesic	ladder.72,73	The	ladder	describes	a	process	for	combining	nonopioid,
opioid,	and	adjuvant	drugs,	titrated	to	meet	the	individual	needs	of	the	patient	according	to	the	severity	of	pain	and
its	pathophysiology.	A	randomized	controlled	trial	of	an	algorithm	based	on	the	WHO	ladder	demonstrated	that	a
standardized	 approach	 to	 cancer	 pain	management	 using	 the	 algorithm	 provided	more	 effective	 analgesia	 than
routine	oncology	care.74	New	evidence	suggests	that	a	two-step	ladder	may	be	equally	effective	for	cancer	pain
management.75

Step	1	of	the	WHO	ladder	focuses	on	analgesic	drug	therapy	for	patients	with	mild	to	moderate	cancer	pain.
Such	patients	should	be	 treated	with	a	nonopioid	analgesic	 that	may	or	may	not	be	combined	with	an	adjuvant
drug,	depending	on	the	specific	pain	pathophysiology.	For	example,	in	a	patient	with	mild	pain	from	a	peripheral
neuropathy,	 the	combination	of	 a	nonopioid	with	a	 tricyclic	antidepressant	or	 an	anticonvulsant	drug	would	be



appropriate.
Step	2	of	the	WHO	ladder	focuses	on	patients	with	moderate	pain	who	do	not	experience	adequate	pain	relief

from	 a	 nonopioid	 analgesic.	 These	 patients	 are	 candidates	 for	 a	 combination	 of	 a	 nonopioid,	 such	 as	 aspirin,
acetaminophen,	 cyclooxygenase-2	 (COX-2)	 inhibitors,	 or	 other	 nonsteroidal	 anti-inflammatory	 drug	 (NSAID),
and	low	doses	of	opioid	analgesics,	such	as	codeine,	tramadol,	oxycodone,	or	morphine,	usually	dosed	at	less	than
60	mg	of	oral	morphine	equivalents	(OME)	daily.	These	patients	often	require	adjuvant	drugs,	depending	on	the
pain	pathophysiology.

Step	3	pertains	to	patients	who	report	either	severe	pain	(often	gauged	as	greater	than	7	in	a	0	to	10	scale)	or
moderate	pain	 that	 is	 inadequately	managed	after	 appropriate	 administration	of	drugs	 at	 the	 second	 step	of	 the
WHO	ladder.	For	these	patients,	nonopioids	are	often	used	in	combination	with	more	potent	doses	of	opioids,	and
adjuvants	are	administered	depending	on	the	pain	pathophysiology	or	need	to	control	other	concurrent	symptoms
in	the	individual	patient.	Opioid	doses	on	step	3	are	sometimes	greater	than	60	mg	OME	daily.

In	 short,	 the	 analgesic	 drug	 ladder	 of	 the	 WHO	 defines	 a	 method	 for	 using	 drug	 combinations	 in	 three
categories:	 nonopioids,	 opioids,	 and	 adjuvants;	 it	 is	 based	 on	 previously	well-tested	 pharmacologic	 principles.
However,	controversy	in	the	application	of	the	WHO	ladder	continues	to	surround	the	choice	of	analgesic	drug	for
the	individual	patient.63–66	For	example,	one	meta-analysis	of	the	role	of	NSAIDs	in	bone	pain	found	them	to	be
no	 more	 or	 less	 effective	 than	 opioids,	 although	 they	 are	 commonly	 used.76	 Yet,	 other	 randomized	 trial	 data
suggest	potential	efficacy	of	loratadine,	a	type	2	histamine	blocker,	or	naproxen	on	bone	pain	due	to	growth	factor
administration.77	Further	work	in	this	area	is	needed.

Cancer	Pain	Management	Using	the	World	Health	Organization	Three-Step
Analgesic	Ladder

Nonopioid	Analgesics	for	Cancer	Pain	Management
The	nonopioid	analgesics	include	acetaminophen	and	the	NSAIDs,	of	which	aspirin	is	the	prototypic	agent.	These
compounds	 are	 most	 commonly	 administered	 orally.	 Their	 analgesia	 is	 limited	 by	 a	 ceiling	 effect,	 such	 that
increasing	 the	dose	beyond	a	 certain	 level	 (900	 to	1,300	mg	per	dose	of	 aspirin)	produces	no	 increase	 in	peak
effect.	 Tolerance	 and	 physical	 dependence	 do	 not	 occur	 with	 repeated	 administration.	 Aspirin	 and	 the	 other
NSAIDs	 have	 analgesic,	 antipyretic,	 anti-inflammatory,	 and	 antiplatelet	 actions.	 Some	 NSAIDs,	 such	 as
acetaminophen,	 lack	 the	 antiplatelet	 effects	 of	 aspirin	 and	may	 have	 not	 only	 less	 collateral	 toxicity	 in	 cancer
patients	already	at	risk	of	bleeding	but	also	less	of	an	anti-inflammatory	effect.	Others	(e.g.,	ibuprofen)	appear	to
produce	 fewer	 gastrointestinal	 (GI)	 side	 effects	 than	 aspirin.	 The	 COX-2	 inhibitors	 potentially	 offer	 less	 GI
toxicity;	 however,	 the	 drug	 currently	marketed	 as	 a	COX-2	 inhibitor—celecoxib—has	 not	 been	 systematically
studied	in	cancer	patients	to	define	its	particular	role	in	pain	management;	concerns	regarding	cardiovascular	side
effects	 have	 limited	 use	 of	 this	 class	 of	 agents.78	 More	 recently,	 cardiovascular	 effects	 have	 been	 recognized
across	even	nonselective	COX	inhibitors,	including	ibuprofen;	naproxen	may	pose	a	slightly	lower	risk.79

The	 nonopioid	 analgesics	 are	 generally	 thought	 to	 produce	 analgesia	 by	 inhibiting	 activation	 of	 peripheral
nociceptors	 through	 their	 prevention	 of	 the	 formation	 of	 prostaglandin	 E2,	 a	 known	 sensitizer	 of	 peripheral
receptors	to	nociceptive	stimulation	from	tissue	injury.	The	NSAIDs	differ	from	one	another	both	in	duration	of
their	analgesic	action	and	in	their	pharmacokinetic	profile.	Ibuprofen	and	fenoprofen	have	short	half-lives	and	the
same	duration	of	action	as	aspirin,	whereas	diflunisal	and	naproxen	have	longer	half-lives	and	are	longer	acting.
Because	clinical	experience	suggests	that	some	patients	respond	better	to	one	NSAID	than	another,	each	patient
should	be	given	an	adequate	trial	of	one	drug	on	a	regular	basis	before	switching	to	another.	Survey	data	from	the
WHO	demonstration	projects	 suggest	 that	20%	 to	40%	of	patients	obtain	pain	 relief	with	 the	use	of	nonopioid
analgesics	alone.80

These	drugs	are	thought	to	play	a	special	role	in	the	management	of	bone	pain	because	numerous	studies	have
shown	that	aspirin	inhibits	tumor	growth	in	an	animal	model	of	metastatic	bone	tumor.	A	meta-analysis	of	studies
using	NSAIDs	to	treat	bone	pain	did	not	demonstrate	them	to	be	more	effective	than	weak	opioids	such	as	codeine
and	propoxyphene.76	Data	 that	detail	cancer-related	bone	pain	as	a	neuropathic	pain	model	have	challenged	 the
dogma	of	NSAIDs	for	bone	pain.81

Numerous	studies	have	elucidated	the	major	risk	factors	for	GI	toxicity,	particularly	ulcerative	complications,
associated	with	NSAIDs.	These	 risk	 factors	 include	advanced	age,	higher	doses,	 concomitant	 administration	of
corticosteroids,	 and	 history	 of	 either	 ulcer	 disease	 or	 previous	 GI	 complications	 from	 NSAIDs.	 Various
prophylactic	 therapies	 are	 administered	 to	 prevent	 GI	 complications.	 Misoprostol	 is	 the	 only	 FDA-approved
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medication	for	this	indication;	a	Cochrane	systematic	review	supports	its	use	for	prevention	of	NSAID-induced	GI
complications.82	More	commonly,	proton	pump	inhibitors	(PPIs)	are	prescribed,	which	have	been	associated	with
significantly	 decreased	 frequency	 of	 NSAID-related	 dyspepsia	 and	 fewer	 ulcers	 diagnosed	 by	 endoscopy.83
Whether	 this	 leads	 to	 fewer	 GI	 bleeds	 and	 reduced	 health-care	 utilization	 is	 still	 being	 debated,	 and	 there	 is
emerging	concern	about	increased	risk	of	Clostridium	difficile	infection,	with	one	meta-analysis	suggesting	a	65%
increased	risk	with	PPI	use.84	An	empiric	approach	at	this	time	is	to	administer	misoprostol	or	a	PPI	to	all	patients
who	are	receiving	NSAIDs	with	significant	risk	factors	for	GI	complications;	however,	risks	and	benefits	must	be
considered.85

Nonopioid	 drugs	 represent	 the	 front-line	 approach	 for	 cancer	 pain	management,	 but	 the	 choice	 and	 use	 of
nonopioids	must	be	individualized.	Although	several	NSAIDs	are	FDA	approved	for	use	as	analgesics	for	mild	to
moderate	 pain	 (Table	 138.1),	 guidelines	 for	 the	 use	 of	 NSAIDs	 in	 patients	 with	 cancer	 are	 largely	 empirical.
According	to	a	2004	Cochrane	systematic	review	of	42	trials	involving	cancer	pain	patients,	at	best,	there	was	a
nonstatistically	 significant	 trend	 toward	 improvements	when	NSAIDs	 and	opioids	were	 combined;	 conclusions
were	 limited	 by	 the	 short	 duration	 of	 the	 studies.86	 The	 clinician	 must	 select	 an	 agent	 based	 on	 evidence,
individual	patient	history,	and	patient-specific	considerations	and	then	must	give	the	patient	an	adequate	trial	of
that	nonopioid	analgesic	before	switching	to	an	alternative.	Such	a	trial	should	include	administration	of	the	drug
to	maximum	 levels	 at	 regular	 intervals.	Because	 there	 is	 great	 variability	 among	 patient	 responses	 to	 different
drugs,	patients	may	require	trials	with	several	NSAIDs	before	finding	an	effective	drug	and	dose	regimen.	If	pain
relief	is	not	obtained,	adding	an	opioid	to	a	nonopioid	provides	additive	analgesia.

TABLE	138.1
Nonopioid	Analgesics	for	Mild	to	Moderate	Pain

Class Generic	Name
Half-life
(h)

Dosing
Schedule

Recommended	Starting
Dose	(mg)

Maximum	Daily
Dose	(mg)

Salicylates

Aspirin 3–12 q4–6h 325–1,000 4,000

Choline	magnesium
trisalicylate 9–17 q12h 1,000–1,500 3,000

Diflunisal 8–12 q12h 1,000	mg	×	1,	then	500	q12h 1,500

p-Aminophenol
derivative

Acetaminophen
(paracetamol) 2–4 q4–6h 650–1,000 4,000

Propionic	acids

Ibuprofen 1.8–2 q4–8h 400–800 3,200

Fenoprofen 2–3 q4–6h 400–600 3,200

Ketoprofen 2–3 q6–8h 50–75 300

Naproxen 13 q12h 200–550 1,100

Acetic	acids

Etodolac 7 q6–8h 200–400 1,200

Ketorolac 4–7 q6h 15–30	q6h	IV,	IM 120	IV,	IM

	 	 	 10	q6h	PO 40	PO

Fenamates

Meclofenamic	acid 1.3 q6–8h 50–100 400

Mefenamic	acid 2 q6h 500	×	1,	then	250	q6h 1,000

COX-2	inhibitor Celecoxib 11 qd–q12 100–200 200
Note:	This	table	should	be	used	as	a	guide	only.	Individual	dosing	and	drug	selection	depend	on	each	patient’s	particular	situation
and	 comprehensive	 assessment,	 along	 with	 an	 assessment	 of	 likely	 side	 effects,	 risks,	 and	 benefits.	 Of	 note,	 many	 of	 these
medications	 should	 only	 be	 used	 for	 a	 short	 period	 of	 time,	 given	 the	 increased	 risk	 of	 adverse	 effects	 including	 bleeding,
gastritis/gastric	ulcer,	and	renal	failure,	among	others.
IV,	intravenous;	IM,	intramuscular;	PO,	by	mouth;	COX-2,	cyclooxygenase-2.

Combinations	containing	codeine,	oxycodone,	and	propoxyphene	are	available,	but	 these	combinations	often
contain	less	than	the	full	dose	of	650	mg	of	aspirin	or	acetaminophen.	Prescribing	each	drug	separately	provides	a
better	method	for	individualizing	pain	control;	this	is	particularly	important	when	the	patient	requires	escalation	of
the	combination	to	provide	analgesia,	in	which	case	the	additional	amount	of	the	NSAID	or	acetaminophen	may
become	excessive	and	unsafe.

Opioid	Drugs	for	Cancer	Pain	Management



The	opioid	analgesics,	of	which	morphine	is	the	prototype,	vary	in	potency,	efficacy,	and	adverse	effects.	These
drugs	produce	their	analgesic	effects	by	binding	to	discrete	opioid	receptors	in	the	peripheral	and	central	nervous
systems.	In	contrast	 to	 the	nonopioid	analgesics,	 the	opioid	pure	agonists	do	not	appear	 to	have	a	ceiling	effect
(i.e.,	 as	 the	 dose	 is	 escalated	 on	 a	 log	 scale,	 the	 increment	 in	 analgesia	 is	 linear	 to	 the	 point	 of	 loss	 of
consciousness).	There	are	also	a	series	of	drugs	that	are	pure	antagonists	(i.e.,	they	block	the	effect	of	morphine	at
the	receptor).	The	antagonist	drug	most	commonly	used	in	clinical	practice	is	naloxone,	which	is	administered	to
reverse	respiratory	depression	and	other	complications	from	opioid	overdose.

Effective	use	of	opioids	requires	balancing	the	most	desirable	effects	of	pain	relief	with	the	undesirable	effects
of	 nausea,	 vomiting,	 mental	 clouding,	 sedation,	 constipation,	 tolerance,	 and	 physical	 dependence.	 These
undesirable	effects	impose	a	practical	limit	on	the	dose	useful	for	a	particular	patient.

The	 chronic	 use	 of	 opioids	 in	 the	 management	 of	 cancer	 pain	 remains	 controversial.87–102	 Some	 of	 the
controversies	include	their	role	in	the	management	of	neuropathic	pain,	which	has	been	suggested	by	some	to	be
opioid	resistant;	the	specific	choice	of	opioid	drug;	the	use	of	sequential	trials	of	opioids;	routes	of	administration;
development	 of	 tolerance;	 risk	 of	 addiction;	 economic	 factors;	 and	 the	 concern	 that	 opioids	 are	 agents	 of
physician-assisted	 suicide	 and	 euthanasia.	 The	 following	 principles	 take	 account	 of	 these	 controversies	 while
laying	out	a	basic	approach	to	the	use	of	opioids	in	cancer	pain	management	(Table	138.2).

1.	 Select	 pain	 management	 techniques	 tailored	 to	 individual	 patients,	 disease	 states,	 anticipated	 disease
trajectories,	and	weighing	of	 risks	and	benefits.	Recent	 attention	 to	 clinician	prescribing	habits	 for	 cancer	pain
brought	on	by	the	evolving	opioid	crisis	in	the	United	States	has	reinforced	the	need	for	patient-centered,	needs-
based	pain	management.	This	starts	with	understanding	the	individual	patient,	including	his	or	her	history	of	use
of	pain	medications.	Has	 the	patient	used	opioids	before,	and,	 if	 so,	 in	what	context?	Did	 the	patient	have	any
issues	with	physiologic	tolerance,	where	discontinuing	the	opioid	was	difficult	due	to	a	physiologic	or	emotional
dependency?	Is	there	a	history	of	illicit	use?	Second,	assess	the	history	of	the	pain	itself,	noting	the	longitudinal
nature	of	 the	pain	(Does	severity	wax	and	wane?	Does	it	ever	fully	resolve	or	 is	 it	constantly	present?)	and	the
patient’s	own	goals	for	pain	control.	Does	it	ever	return	to	a	goal	level	on	its	own	(e.g.,	2	of	out	10	on	a	numerical
scale)	without	intervention?	Also,	inquire	about	pain	severity	and	whether	the	patient	notices	any	correlation	with
emotional	changes.	Does	the	pain	seem	worse	when	the	patient	feels	low,	anxious,	or	depressed?	Finally,	consider
the	patient’s	disease	trajectory.	Is	the	cancer	considered	curable	so	that	long-term	opioid	dependence	is	a	concern,
and	should	aggressive	steps	be	taken	to	mitigate	this	risk?	Would	the	prognosis	support	the	use	of	nonmedication
interventions	 (e.g.,	 implantable	 pumps	 may	 not	 be	 cost-effective	 for	 those	 with	 a	 prognosis	 less	 than	 3	 to	 6
months103)?	 Are	 there	 cancer	 therapy–related	 interactions	 with	 pain	 medications	 to	 consider	 (e.g.,	 QTc
prolongation	with	kinase	inhibitors)?

TABLE	138.2
Guidelines	for	the	Rational	Use	of	Analgesics	in	the	Management	of	Cancer	Pain

Select	Pain	Management	Techniques	Tailored	to	Individual	Patients,	Disease	States,	Anticipated	Disease	Trajectories,
and	Weighing	of	Risks	and	Benefits
Employ	opioid	risk	assessment	strategies.
Have	a	risk	mitigation	plan	in	place.
Tailor	your	approach	to	the	individual	and	their	situation.

Start	with	a	Specific	Drug	for	a	Specific	Type	of	Pain
Know	the	pharmacology	of	the	drug	prescribed.
Know	the	relative	potency	of	the	drug.
Know	the	duration	of	the	analgesic	effect.
Know	the	pharmacokinetics	of	the	drug.
Know	the	equianalgesic	doses	for	the	drug	and	its	route	of	administration.

Administer	Analgesic	on	a	Regular	Basis
Tailor	the	route	of	administration	to	the	patient’s	needs.
Oral
Buccal
Rectal
Subcutaneous
Intrathecal
Sublingual
Transmucosal
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Transdermal
Intravenous
Intraventricular

Use	a	Combination	of	Drugs	to	Provide	Additive	Analgesia
Narcotic	plus	nonnarcotic	(aspirin,	acetaminophen,	nonsteroidal	anti-inflammatory	drugs)
Narcotic	plus	adjuvants

Anticipate	and	Treat	Side	Effects
Sedation
Respiratory	depression
Nausea	and	vomiting
Constipation
Multifocal	myoclonus	and	seizures

Manage	Tolerance
Use	combinations	of	nonopioid	and	opioid	drugs.
Use	combinations	of	drug	therapy,	anesthetic,	and	neurosurgical	procedures.
Switch	to	an	alternative	opioid	analgesic,	starting	with	one-half	the	equianalgesic	dose.
Use	epidural	local	anesthetics.
Reassess	the	nature	of	the	pain.

Prevent	and	Treat	Acute	Withdrawal
Taper	drugs	slowly.

Anticipate	Complications
Overdose
Psychological	dependence

Individually	 tailored	 therapy	 also	 calls	 for	 an	 assessment	 of	 opioid	 prescribing	 risk	 and	 the	 use	 of	 risk
mitigation	 plans.	Amid	 recent	 declarations	 of	 an	 opioid	 epidemic	 in	 the	United	 States,104	 it	 is	 paramount	 that
clinicians	 recognize	 the	 abuse	 potential	 of	 opioids.	 Although	 current	 legislation	 restricting	 opioid	 prescribing
generally	exempts	cancer	patients	from	restrictions,	opioid	diversion,	abuse,	or	misuse	is	still	possible	in	people
with	 cancer-related	 pain.	 Each	 clinician	 should	 develop	 an	 approach	 to	 opioid	 risk	 mitigation	 that	 they	 are
comfortable	 applying	 in	 the	 context	 of	 the	 patient–doctor	 relationship	 and	 that	 also	 complies	 with	 local	 and
federal	 laws.	 This	 may	 entail	 routine	 screening	 for	 drugs	 of	 abuse,	 setting	 boundaries	 about	 early	 refills,
monitoring	the	receipt	of	other	opioid	prescriptions	via	state	prescribing	databases,	and	sometimes	even	drafting
an	opioid	agreement	or	contract.	Beyond	this,	screening	patients	for	opioid	abuse	risk	can	be	helpful.	A	number	of
easy-to-use	tools	exist	in	the	public	domain,	including	the	Opioid	Risk	Tool,	a	5-item	self-report	measure	that	can
help	predict	 the	 likelihood	of	aberrant	behavior.105	Depending	on	 the	 results,	a	 tailored	approach	 to	prescribing
can	be	developed	for	each	patient.

2.	Start	with	a	specific	drug	for	a	specific	type	of	pain.	As	defined	by	the	WHO	three-step	analgesic	ladder,	the
specific	 drug	 chosen	 depends	 in	 part	 on	 the	 degree	 of	 pain	 intensity	 and	 the	 type	 of	 pain.	 Cancer	 patients
commonly	have	multiple	sites	and	types	of	pain.	A	continuum	of	opioid	responsiveness,	rather	than	an	all-or-none
phenomenon,	 has	 been	 clearly	 observed.	Opioid	responsiveness	 is	 defined	 as	 the	 degree	 of	 analgesia	 achieved
during	 dose	 escalation	 to	 either	 intolerable	 side	 effects	 or	 adequate	 analgesia.	 Patient	 characteristics	 and	 pain-
related	factors,	as	well	as	drug-selective	effects,	influence	this	variable	response.

It	has	been	suggested	that	neuropathic	pain,	which	accounts	for	15%	to	20%	of	pain	problems	that	are	difficult
to	manage,	is	opioid	resistant	and	that	opioid	drugs	should	not	be	used	in	this	patient	population.93,95	Studies	that
explored	reasons	for	inadequate	pain	treatment	have	identified	that	up	to	two-thirds	of	cancer	pain	patients	have
some	 contribution	 of	 neuropathic	 pain	 to	 their	 global	 pain	 syndrome74;	 when	 the	 concept	 of	 bone	 pain	 as	 a
neuropathic	pain	syndrome	is	included,	this	number	increases.81	Studies	of	cancer	patients	with	both	nociceptive
and	neuropathic	pain,	 as	well	 as	 controlled	 studies	of	nonmalignant	neuropathic	pain,	demonstrate	 the	variable
responsiveness	 of	 neuropathic	 pain	 to	 opioid	 analgesics.	 Hence,	 the	 contribution	 of	 neuropathic	 pain	 must	 be
considered	when	assessing	opioid	responsiveness.

A	wide	 range	 of	 adjuvant	 analgesics	 has	 been	 suggested	 to	 provide	 analgesia	 alone	 or	 in	 combination	with
opioid	drug	therapy,	and	there	are	specific	adjuvants	for	bone	pain	and	neuropathic	pain.	The	choice	of	a	specific
drug	 is	dictated	not	only	by	pain	 intensity	and	 type	of	pain	but	also	by	 the	patient’s	prior	opioid	exposure	and
history	of	allergy	or	side	effects.

The	WHO’s	Cancer	Pain	Relief	Program	has	developed	cancer	pain	guidelines	that	designate	morphine	as	the
drug	of	choice	based	on	practical,	not	 scientific,	considerations.	The	 introduction	of	 the	WHO	program	rapidly



demonstrated	 the	 limited	 availability	 of	 morphine	 worldwide	 for	 oral	 treatment	 of	 chronic	 cancer	 pain.4,27
Morphine	 consumption	worldwide	 is	 now	used	 as	 an	 indicator	 of	 the	 success	 of	 the	WHO	Cancer	Pain	Relief
Program.29	Controlled-release	oral	morphine	is	currently	available	in	a	wide	range	of	doses	from	15	to	200	mg;
differing	 products	 provide	 options	 for	 every	 8-,	 12-,	 and	 24-hour	 administration.	 These	 preparations	 provide
analgesia	comparable	to	that	of	immediate-release	forms	and	offer	increased	convenience,	improved	compliance,
and	a	reduction	in	duration	of	pain.	Historically,	the	dogma	was	to	titrate	patients	to	adequate	pain	relief	using	4-
hourly	doses	and	then	combine	into	sustained-release	doses	that	provide	an	equal	amount	of	opioid	in	24	hours.
More	 recent	 randomized	 trial	 evidence	 shows	 that	 for	 cancer	 pain	 patients	 receiving	 greater	 than	 60	mg	OME
daily,	titration	with	sustained-release	products	is	equally	efficacious	and	yields	fewer	side	effects.106

The	clinician’s	armamentarium	for	managing	cancer	pain	now	encompasses	a	series	of	opioid	alternatives	to
morphine,	 including	 congeners	 of	 morphine—hydromorphone,	 oxycodone,	 and	 oxymorphone—as	 well	 as
methadone,	levorphanol,	fentanyl,	and	buprenorphine.	The	choice	of	agent	depends	on	the	clinician’s	knowledge
about	how	to	use	the	drug,	patient	factors	such	as	age	and	renal	function,	route	of	delivery,	opioid	availability,	and
cost	(Tables	138.3and	138.4).	Recently,	new	formulations	of	these	drugs	(e.g.,	continuous-release	oxycodone	with
embedded	 naloxone)	 have	 been	 marketed	 with	 various	 combinations	 to	 deter	 tampering	 and	 to	 reduce	 their
diversion.107

TABLE	138.3
Relative	Single-Dose	Potencies	of	Commonly	Used	Opioid	Drugs	for	Pain	and	Their	Oral–
Intravenous	Ratios

Drug Equianalgesic	Intravenous	or	Intramuscular	Dose	(mg) Oral–Intravenous	Ratios
Morphine 10 3

Oxycodone Not	available Not	available

Oxymorphone 1 10–15

Hydromorphone 1.5 5–7.5

Methadonea 10 1–2

Levorphanol 2 2

Fentanyl 100	μg 1	(transdermal	to	intravenous)
Note:	This	table	should	be	used	as	a	guide	only.	Individual	dosing	and	drug	selection	depend	on	each	patient’s	particular	situation
and	comprehensive	assessment,	along	with	an	assessment	of	likely	side	effects,	risks,	and	benefits.
aRefer	to	Table	138.4	for	rotation	to	methadone	for	long-term	administration.

Tramadol	 is	 an	 opioid	 that	 binds	 to	 μ-opioid	 receptors	 in	 the	 central	 nervous	 system	 but	 that	 also	 inhibits
reuptake	of	both	serotonin	and	norepinephrine.	It	therefore	has	a	different	spectrum	of	efficacy	than	other	opioids.
Anecdotally,	we	have	seen	increased	use	of	this	medication	in	recent	years,	perhaps	related	to	the	reclassification
of	hydrocodone	as	a	schedule	II	substance	by	the	Drug	Enforcement	Administration,	whereas	tramadol	remains
schedule	IV.	This	means	that	hydrocodone	can	no	longer	be	prescribed	with	refills	and	 is	 recognized	as	having
abuse	potential	similar	to	stronger	opioids,	whereas	tramadol	can	still	be	prescribed	with	refills,	thereby	obviating
the	 need	 to	 provide	 a	 written	 paper	 prescription	 every	 30	 days	 for	 patients	 taking	 opioids	 for	 chronic	 pain.
Although	we	disagree	 that	 convenience	 is	 a	 reasonable	 factor	 that	 should	 influence	 the	choice	of	an	opioid	 for
pain	management,	the	reality	is	that	factors	like	this	may	indeed	drive	prescribing	behavior	among	busy	clinicians.
In	addition,	 the	schedule	 IV	designation	 recognizes	evidence	 that	 tramadol	has	a	 lower	abuse	potential	 than	 its
schedule	 II	 opioid	 counterparts,108	which	may	 also	 imply	 to	 clinicians	 that	 it	 is	 a	 safer	 alternative	 and	 a	better
starting	point	for	moderate	pain	than	other	opioids.

TABLE	138.4
Variability	in	Dose	Ratios	When	Switching	Oral	Morphine,	Oral	Hydromorphone,	and
Transdermal	Fentanyl	to	Methadone

Dose Morphine–Methadone	Ratio
Morphine	(mg/24	h) —
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30–90 4:1

91–300 9:1

≥300 12:1

Hydromorphone	(mg/24	h) Hydromorphone–methadone	ratio

<330 0.95:1

≥330 1.6:1

Fentanyl Fentanyl–methadone	ratio

50–2,500	μg/h 250	μg/h:1	mg/h
Note:	Based	on	direct	morphine	to	methadone,	hydromorphone	to	methadone,	and	fentanyl	to	methadone	conversion	studies,	when
the	clinician	needs	to	rotate	to	methadone,	convert	all	opioids	first	to	intravenous	(IV)	morphine	(see	Table	138.3	for	equianalgesic
dose	ratios)	and	then	convert	the	IV	morphine	dose	to	an	IV	methadone	dose	using	a	10:1	ratio.	The	resulting	methadone	dose	may
be	higher	in	less	opioid-tolerant	patients	and	lower	in	highly	opioid-tolerant	patients	(see	Moryl	et	al.100).	Caution	is	advised,	as	 is
expert	consultation	when	using	methadone.	This	table	should	be	used	as	a	guide	only.

Regardless	of	these	differences	in	the	classification	of	tramadol	by	the	Drug	Enforcement	Administration,	there
may	also	be	 some	differences	 in	how	 tramadol	 actually	works	 that	 could	make	 it	 a	preferable	option	 for	 some
patients	with	cancer-related	pain,	especially	when	it	is	of	neuropathic	nature.109	For	example,	a	small	randomized
controlled	trial	showed	that	tramadol	can	have	a	significant	impact	on	neuropathic	pain,	which	is	otherwise	often
difficult	to	manage	with	opioids.110	This	may	be	due	to	the	impact	that	tramadol	has	on	neurotransmitter	uptake,
which	is	akin	to	how	antidepressants	may	help	to	treat	pain	when	used	as	adjuncts	to	opioid	therapy.	However,
this	 also	means	 that	 there	 is	 an	 associated	 risk	 of	 serotonin	 syndrome	when	 tramadol	 is	 combined	with	 other
medications	that	inhibit	serotonin	reuptake;	coprescribing	of	such	medications	is	therefore	not	recommended	with
tramadol,	particularly	in	the	elderly.	Evidence	suggests	that	some	patients	prefer	tramadol	over	other	opioids,	as
they	may	experience	fewer	adverse	effects	such	as	nausea	and	constipation.111	Other	data	suggest	that	tramadol
may	have	some	anti-inflammatory	properties	as	well.112	These	traits	all	make	tramadol	an	appealing	initial	option
for	the	treatment	of	moderate	cancer-related	pain.	For	these	reasons,	tramadol	appears	as	a	recommended	option	at
step	2	 of	 the	WHO	pain	 ladder,	 per	 the	European	Association	of	Palliative	Care	 guidelines	 for	 treating	 cancer
pain.113	We	 recommend	 starting	 at	 25	 to	 50	mg	 every	 4	 to	 6	 hours	 as	 needed,	with	maximum	daily	 doses	 no
greater	than	400	mg.

Hydromorphone	 has	 poor	 oral	 availability	 and	 a	 short	 half-life.	 Its	 high	 solubility	 and	 availability	 in	 high-
potency	parenteral	form	(10	mg/mL)	make	it	a	useful	choice	for	chronic	subcutaneous	administration.	Because	of
its	 short	 half-life,	 it	 is	 commonly	 used	 in	 the	 elderly	 patient.	 Myoclonus	 has	 been	 reported	 after	 high	 doses,
possibly	due	 to	accumulation	of	 its	metabolites	 (3-0	methyl-glucuronide	and	hydromorphone-6-glucuronide).114
When	compared	in	a	double-blind	trial	of	patient-controlled	analgesia,	no	differences	in	analgesia	or	side	effects
were	noted	between	morphine	and	hydromorphone;	these	findings	have	been	confirmed	in	several	settings.115,116
Although	cognitive	performance	was	poor	in	the	hydromorphone	group,	patients	reported	better	mood	than	those
who	 received	 morphine.	 A	 slow-release	 24-hour	 formulation	 exists,	 but	 clinical	 experience	 thus	 far	 remains
limited	because	its	cost	is	quite	high.

Oxycodone,	which	is	commonly	administered	in	a	5-mg	dose	at	the	second	step	of	the	WHO	analgesic	ladder,
can	also	be	used	in	the	third	step	at	higher	doses.	Its	half-life	is	3	to	4	hours,	and	it	 is	also	available	in	a	slow-
release	 preparation.117	 Oxymorphone	 is	 its	 active	 metabolite.	 Oxymorphone	 is	 currently	 available	 in	 oral
sustained-release,	 intravenous,	 and	 rectal	 preparations	 and	 serves	 as	 an	 alternative	 to	 morphine	 and	 its	 other
congeners.	An	 extended-	 release	 abuse-deterrent	 formulation	 is	 available	 as	well.	Oxymorphone	 has	 a	 reduced
histamine	effect	and	may	be	of	use	in	patients	who	complain	of	headache	or	itch	with	other	opioids.

Levorphanol	has	high	bioavailability	but	a	long	plasma	half-life	(12	to	16	hours).	It	should	be	used	cautiously
because,	with	repeated	administration,	accumulation	may	occur.

The	role	of	methadone	in	managing	cancer	pain	also	remains	controversial.87,98–100,102	Methadone	represents	a
second-line	drug	for	cancer	pain	patients	who	have	had	prior	exposure	 to	opioids.	 It	 is	a	 relatively	 inexpensive
oral	analgesic,	but	its	name	has	negative	connotations	for	some	patients	with	cancer,	who	may	view	methadone	as
a	treatment	for	drug	addicts.	The	bioavailability	of	methadone	is	higher	than	that	of	morphine	(85%	versus	35%,
respectively).	Moreover,	 the	plasma	half-life	of	methadone	 is	17	 to	24	hours,	with	 reports	of	up	 to	50	hours	 in
some	 cancer	 patients,	 but	 its	 duration	 of	 analgesia	 is	 only	 4	 to	 8	 hours.	 Significant	 adverse	 effects	 have	 been
reported	in	cancer	patients	receiving	methadone	by	various	routes.	Most	notably,	reports	of	drug-induced	long	QT
syndrome	have	increased	concern,	especially	in	cancer	patients	who	may	be	on	multiple	agents	that	can	prolong
the	QT	 interval.118–120	 The	 discrepancy	 between	 the	 analgesic	 duration	 and	 plasma	 half-life	 of	methadone	 has



made	it	a	difficult	drug	to	use	in	the	naïve	patient	because	of	the	need	for	careful	titration.	In	a	randomized	trial,
initial	treatment	of	cancer	pain	with	morphine	versus	methadone	provided	equal	analgesic	efficacy.121

However,	a	number	of	case	reports	have	highlighted	the	possibly	greater	analgesic	potency	of	methadone	than
the	 often	 quoted	 1:1	 equivalency	with	morphine.87,98,99,102	 Studies	 of	 interindividual	 differences	 in	 response	 to
opioid	analgesics	 suggest	 that	dramatically	 reduced	dosages	of	methadone	are	 required	 to	produce	analgesia	 in
patients	 chronically	 taking	morphine	or	hydromorphone.	Several	 authors	have	 shown	marked	 reductions	 in	 the
equianalgesic	 dose	 of	 methadone	 when	 patients	 with	 either	 uncontrolled	 pain	 or	 extreme	 side	 effects	 were
switched	to	methadone.100,102	These	studies	suggested	up	to	a	75%	reduction	in	the	methadone	equianalgesic	dose
when	switching	from	hydromorphone	to	methadone.	Other	evidence	suggests	that	methadone	may	be	particularly
helpful	for	refractory	neuropathic	pain.122

In	 a	 prospective	 study,	Ripamonti	 et	 al.102	 developed	 a	 specific	 dose	 ratio	 based	 on	 the	 patients’	morphine
doses.	For	patients	taking	30	to	90	mg	of	morphine,	the	dose	ratio	is	4:1;	for	those	taking	90	to	300	mg	daily,	the
dose	ratio	is	6:1;	and	for	those	taking	300	mg	or	more,	the	dose	ratio	is	8:1.	Bruera	et	al.87	developed	a	similar
ratio	for	hydromorphone	based	on	survey	data.	In	patients	who	received	more	than	330	mg	of	hydromorphone,	the
dose	ratio	is	1.6:1.0;	and	in	those	who	received	less	than	300	mg,	the	dose	ratio	is	0.95:1.0.

Studies	 of	 the	 use	 of	methadone	 by	 experienced	 clinicians	 in	 caring	 for	 advanced	 cancer	 patients	 at	 home
report	 fewer	 dose	 escalations	 and	 good	pain	 control,	which	 supports	 the	 use	 of	methadone	 in	 home	 settings.98
Methadone	 can	 be	 administered	 by	 a	 variety	 of	 routes,	 but	 the	 subcutaneous	 route	 is	 associated	 with	 adverse
effects,	 including	 cutaneous	 hypersensitivity.123	 Due	 to	 its	 long	 half-life,	 some	 offer	 the	 suggestion	 that
methadone	be	administered	every	8	to	12	hours,	whereas	others	have	demonstrated	analgesic	efficacy	and	safety
in	 acute	 3-	 to	 4-hour	 dosing	 intervals.124	 Caution	 and	 close	monitoring	 are	 paramount,	 particularly	 at	 time	 of
methadone	initiation,	given	the	associated	risks.

Meperidine	 is	 a	 drug	 that	 should	 not	 be	 used	 chronically	 in	 the	management	 of	 patients	 with	 cancer	 pain.
Meperidine	 has	 a	 poor	 parenteral-to-oral	 ratio	 (1:4).	 It	 is	 available	 in	 oral	 and	 intramuscular	 preparations,	 but
repetitive	 intramuscular	 administration	 is	 associated	 with	 local	 tissue	 fibrosis	 and	 sterile	 abscess.	 Repetitive
dosing	of	meperidine	(>250	mg	per	day)	can	lead	to	accumulation	of	normeperidine,	an	active	metabolite	that	can
produce	central	nervous	system	hyperexcitability.125	This	hyperirritability	is	characterized	by	subtle	mood	effects
followed	by	 tremors,	multifocal	myoclonus,	and	occasional	 seizures.	 It	occurs	most	commonly	 in	patients	with
renal	disease	but	 can	also	occur	 after	 repeated	 administration	 in	patients	with	normal	 renal	 function.	Naloxone
does	not	reverse	meperidine-induced	seizures,	and	its	use	in	meperidine	toxicity	is	controversial.	There	have	been
some	 case	 reports	 that	 the	 use	 of	 naloxone	 has	 precipitated	 generalized	 seizures	 in	 individual	 patients.	 In	 rare
instances,	 central	 nervous	 system	 toxicity	 characterized	by	hyperpyrexia,	muscle	 rigidity,	 and	 seizure	 has	 been
reported	after	the	administration	of	a	single	dose	of	meperidine	to	patients	receiving	treatment	with	monoamine
oxidase	 inhibitors.	 Reports	 of	 potentially	 fatal	 serotonin	 syndrome	 due	 to	 concurrent	 use	 of	 meperidine	 with
selective	serotonin	reuptake	inhibitors	(SSRIs)	or	with	the	antimicrobial	linezolid	raise	further	concern	about	the
safety	profile	of	this	medication.126,127

The	availability	of	transdermal	patches	and	various	transmucosal	preparations	facilitates	the	use	of	fentanyl	for
the	management	of	both	acute	and	chronic	pain.128	The	half-life	of	fentanyl	is	1	to	2	hours.	Published	guidelines
for	 fentanyl	use	 summarize	available	data.96	 In	 chronic	cancer	pain	management,	 relative	potency	comparisons
have	 not	 been	 fully	 established,	 but	 one	 common	 dosing	 guideline	 is	 that	 10	 mg	 of	 intravenous	 morphine	 is
equivalent	 to	 100	 μg	 of	 intravenous	 fentanyl	 (see
https://compassionandsupport.org/wpcontent/uploads/sites/2/2018/03/EquianalgesicTableAdults.pdf).	 The
uniqueness	of	 the	available	 fentanyl	preparations	 facilitates	 the	management	of	patients	who	are	unable	 to	 take
drugs	by	mouth,	by	providing	them	with	continuous	opioid	analgesia.	Patches	are	available	in	12.5	to	100	μg	per
hour	doses	and	are	changed	every	72	hours.	When	a	patient	is	started	on	the	fentanyl	patch,	there	is	up	to	a	12-	to
15-hour	delay	in	the	onset	of	analgesia,	and	a	24-	to	72-hour	equilibration	period;	alternate	approaches	must	be
used	to	maintain	pain	control	during	this	early	period.	Patients	should	be	cautioned	about	factors	that	can	impact
the	absorption	rate	of	drug	from	the	patch,	such	as	heating	pads,	sweating,	or	fever;	deaths	likely	relating	to	these
issues	led	to	an	FDA	advisory.	Proper	disposal	is	also	paramount,	given	the	risk	posed	by	unintentional	exposure
to	caregivers	or	children.	Of	note,	reliable	drug	absorption	may	require	adequate	subcutaneous	fat	to	be	present;
topical	 fentanyl	 may	 not	 be	 appropriate	 in	 the	 setting	 of	 cachexia.129	 Specific	 guidelines	 for	 switching	 to	 the
fentanyl	 patch	 after	 an	 intravenous	 infusion	 of	 fentanyl	 have	 been	 developed	 and	 are	 based	 on	 use	 of	 a	 1:1
conversion	ratio.96	 Fentanyl	 can	 also	 be	 used	 as	 an	 anesthetic	 premedication	 as	well	 as	 intravenously	 for	 pain
control.	Oral	transmucosal	and	sublingual	formulations	have	demonstrated	effectiveness	in	treating	breakthrough



Dr. AVR @ TMH

pain	in	cancer	patients.130,131
Buprenorphine,	 a	 mixed	 agonist/antagonist	 opioid	 drug,	 is	 used	 to	 treat	 chronic	 noncancer	 pain	 and	 drug

addiction	 and	 is	 also	 available	 in	 a	 transdermal	preparation	 for	 cancer	pain	management.	 It	 is	 reported	 to	be	 a
useful	 agent	 in	 patients	 with	 moderate	 to	 severe	 pain,	 and	 it	 does	 not	 accumulate	 in	 patients	 with	 renal
dysfunction.	Its	place	in	the	management	of	cancer	pain	among	the	other	opioids	is	not	yet	fully	clarified.132

3.	Know	the	equianalgesic	dose	of	the	drug	and	its	route	of	administration.	Knowing	the	equianalgesic	dose
(i.e.,	the	dose	of	one	analgesic	drug	that	is	equivalent	in	the	pain-relieving	potential	of	another	analgesic	drug)	can
ensure	more	 appropriate	 drug	use.	Unfortunately,	 evidence	 suggests	 that	 oncology	 fellowship	 training	may	not
adequately	 prepare	 physicians	 to	 properly	 convert	 opioid	 doses.133	 The	 equianalgesic	 dose	 guides	 the
recommended	 starting	 dose,	 with	 the	 optimal	 dose	 for	 each	 patient	 determined	 by	 dose	 adjustment.	 Relative
potency	 is	 the	 ratio	 of	 the	 doses	 of	 two	 analgesics	 required	 to	 produce	 the	 same	 effect.	 Estimates	 of	 relative
potency	allow	calculation	of	 the	equianalgesic	dose,	which	provides	the	basis	for	selecting	the	appropriate	dose
when	switching	drugs	or	changing	 the	 route	of	administration	of	 the	same	drug.	The	values	 in	Table	138.3	 are
based	on	studies	using	10	mg	of	morphine	as	the	standard	dose.134	There	is	now	evidence	to	suggest	that	relative
potency	may	differ	in	single-dose	and	repeated-dose	studies.	For	example,	for	morphine,	a	1:6	relative	analgesic
potency	ratio	should	be	used	for	patients	with	acute	pain,	whereas	a	1:2	or	1:3	ratio	is	more	appropriate	in	patients
treated	with	repeated	doses	on	a	chronic	basis.	Lack	of	attention	to	differences	in	drug	dose	is	the	most	common
cause	of	undermedication	of	pain.	This	can	result	in	a	phenomenon	whereby	patients	exhibit	addictive	behaviors,
such	 as	 taking	 extra	 doses	 or	 requesting	 early	 refills	 (so-called	 “drug-seeking	 behavior”),	 which	 are	 actually
driven	by	a	failure	to	achieve	pain	relief	rather	than	a	dependence	problem;	this	is	known	as	pseudoaddiction	and
often	warrants	escalation	of	doses	or	rotation	to	another	opioid,	rather	than	opioid	restriction	or	chastisement.

4.	Administer	analgesics	regularly	after	initial	titration.	Medication	should	be	given	regularly	to	maintain	the
plasma	level	of	the	drug	above	the	minimum	effective	concentration	for	pain	relief.	In	the	initial	titration,	patients
may	be	advised	 to	 take	 their	medication	as	needed	(at	a	 frequency	appropriate	 to	 the	half-life	of	 the	prescribed
formulation)	to	determine	their	total	24-hour	requirements.	During	this	time,	the	patient	should	reach	the	steady-
state	level	of	drug,	which	depends	on	the	drug’s	half-life.	For	morphine,	steady	state	can	be	reached	in	24	hours;
with	 methadone,	 it	 may	 take	 up	 to	 5	 to	 7	 days	 to	 reach	 steady	 state.	 In	 patients	 on	 a	 fixed	 schedule,	 rescue
medications	equivalent	to	up	to	one-half	of	the	standing	dose	should	be	available	for	breakthrough	pain.

Continuous	intravenous	and	subcutaneous	opioid	infusions	to	manage	both	acute	and	chronic	cancer	pain	are
commonly	administered	using	a	patient-controlled	analgesic	pump	programmed	 to	 the	patient’s	need	with	a	set
lock-out	time	to	prevent	overdosing.	This	method	of	drug	administration	is	especially	useful	in	managing	patients
with	breakthrough	pain.	It	is	a	significant	advance	in	facilitating	adequate	titration	of	analgesics	in	chronic	cancer
patients,	allowing	discharge	to	home	and	hospice	settings.

5.	Tailor	the	route	of	administration	to	the	patient’s	needs.	Various	methods	of	opioid	drug	delivery	have	been
developed	 in	order	 to	maximize	pharmacologic	effects	and	minimize	side	effects.	Most	patients	 require	at	 least
two	 routes	of	 drug	 administration,	 and	20%	need	up	 to	 four	 approaches	during	 the	 course	of	 their	 cancer	 pain
treatment.

The	oral	route	is	preferable	and	easy.	Orally	administered	drugs	have	a	slower	onset	of	action,	delayed	peak
time,	and	longer	duration	of	effect.	Drugs	given	parenterally	have	a	rapid	onset	of	action	but	a	shorter	duration	of
effect.	Slow-release	preparations	of	morphine,	hydromorphone,	and	oxycodone,	along	with	other	more	 recently
developed	preparations	of	slow-release	oxymorphone,	allow	more	convenient	dosing	every	8	to	12	hours,	or	every
24	hours.

For	cancer	pain	management	by	the	sublingual	route,	well-	absorbed	drugs	include	fentanyl	and	methadone.135
Oral	 transmucosal	 fentanyl	 citrate	 preparations	 and	 intranasal	 sprays	 have	 been	 widely	 studied	 for	 the
management	of	breakthrough	pain	and	are	increasingly	available,	although	often	expensive.

For	 the	 rectal	 route,	 oxymorphone,	 hydromorphone,	 and	morphine	 are	 available	 in	 suppository	 form.	Slow-
release	oxycodone	and	morphine	preparations	have	also	been	demonstrated	to	be	effective	rectally,	and	ongoing
studies	with	rectal	methadone	suggest	that	this	drug	is	well	absorbed	by	the	rectal	route.

The	transdermal	route	is	a	convenient	way	to	deliver	a	potent	short-acting	opioid	on	a	continuous	basis.	Drug	is
released	through	the	skin	patch	at	a	nearly	constant	amount	per	unit	time	with	a	concentration	gradient	from	patch
to	skin.	Serum	fentanyl	concentrations	increase	and	steady-state	levels	are	approached	at	12	to	24	hours.131	After
patch	removal,	the	drug	persists	in	the	body,	with	falling	blood	levels	over	24	hours.

Various	 parenteral	 routes	 include	 intermittent	 and	 continuous	 subcutaneous,	 intravenous,	 epidural,
intraventricular,	and	intrathecal	infusions.	The	use	of	intermittent	and	continuous	subcutaneous	infusions	is	most
appropriate	 for	patients	who	cannot	 tolerate	oral	analgesics	because	of	GI	obstruction	or	 intractable	nausea	and



vomiting	and	for	those	who	do	not	have	intravenous	access.	The	utility	of	this	technique	has	been	demonstrated
using	morphine,	heroin,	hydromorphone,	levorphanol,	and	fentanyl.	Administration	of	methadone	by	this	route	is
associated	with	the	development	of	a	cutaneous	hypersensitivity	syndrome.123

Patient-controlled	analgesic	pumps	designed	to	infuse	continuously	but	with	options	for	bolus	administration
are	connected	to	a	small	(e.g.,	27-gauge)	butterfly	needle	that	the	patient	can	insert	into	a	new	subcutaneous	site
every	 third	 to	 sixth	 day.	 Limited	 pharmacokinetic	 studies	 have	 demonstrated	 that,	 for	 example,	 systemic
absorption	 of	 the	 drug	 at	 steady	 state	 reaches	 87%	 bioavailability	 from	 subcutaneous	 infusion	 of
hydromorphone.116	 Intermittent	and	continuous	 intravenous	 infusions	are	used	if	 intravenous	access	 is	available
and	more	commonly	in	patients	who	are	hospitalized.	Specific	guidelines	for	the	use	of	continuous	infusions	have
been	developed.100,136

Use	of	intermittent	and	continuous	epidural	and	intrathecal	opioid	infusions	is	based	on	the	demonstration	of
opioid	 receptors	 in	 the	 dorsal	 horn	 of	 the	 spinal	 cord	 and	 the	 availability	 of	 opioid	 drugs	 to	 suppress	 noxious
stimuli	 at	 the	 spinal	 cord	 level.	 Localized	 selective	 analgesia	 is	 produced	without	motor	 or	 sensory	 blockade.
Analysis	of	the	pharmacokinetics	of	epidural	opioid	administration	demonstrates	that	there	is	significant	systemic
uptake	after	epidural	injection,	comparable	with	that	after	an	intramuscular	injection	of	the	same	drug	and	dose.
However,	distribution	of	the	drug	directly	into	the	cerebrospinal	fluid	is	10	to	100	times	greater.	This	technique	is
commonly	used	in	patients	who	have	mixed	nociceptive	neuropathic	pain	syndromes	and	in	whom	combinations
of	local	anesthetics	and	opioids	are	administered	epidurally.	A	3-year	retrospective	outcome	study	of	the	use	of
epidural	catheters	in	the	management	of	chronic	cancer	pain	identified	the	occurrence	of	technical	problems	and
infection,	including	epidural	abscesses,	in	a	significant	number	of	patients.137

Smith	 et	 al.138	 completed	 a	 randomized	 clinical	 trial	 in	 which	 an	 implantable	 drug	 delivery	 system	 was
compared	 to	comprehensive	medical	management	of	 refractory	cancer	pain.	The	patients	using	 the	 implantable
system	reported	better	pain	relief	with	fewer	drug	side	effects	and	improved	survival.	Although	the	initial	costs	of
intrathecal	drug	delivery	is	substantially	more,	costs	over	time	are	significantly	lower	than	conventional	routes	of
administration,	particularly	for	patients	who	require	long-term	management	of	cancer	(≥3	to	6	months).139,140

6.	Use	a	combination	of	drugs.	By	using	a	combination	of	drugs,	the	physician	can	increase	analgesic	effects
without	escalating	the	opioid	dose.	Combinations	that	produce	additive	analgesic	effects	include	an	opioid	plus	a
nonopioid,	 an	 opioid	 plus	 an	 antihistamine	 (100	 mg	 of	 intramuscular	 hydroxyzine),	 and	 an	 opioid	 plus	 an
amphetamine	(10	mg	of	 intramuscular	dextroamphetamine).141–143	A	 large	systematic	 review	and	meta-analysis
recently	 demonstrated	 the	 benefits	 of	 adjuvant	 therapies	 such	 as	 anticonvulsants	 and	 antidepressants	 in
combination	with	opioids,	which	improved	analgesia	without	significantly	overlapping	side	effects.144

7.	Anticipate	and	treat	side	effects.	The	side	effects	of	opioids	often	limit	their	effective	use.	The	most	common
side	 effects	 are	 sedation,	 respiratory	 depression,	 nausea,	 vomiting,	 constipation,	 and	multifocal	myoclonus	 and
seizures.

Sedation	 and	 drowsiness	 vary	 with	 the	 drug	 and	 dose	 and	 may	 occur	 after	 both	 single	 and	 repeated
administration.	They	are	mediated	through	activation	of	opioid	receptors	in	the	reticular	formation	and	diffusely
throughout	the	cortex.	Management	of	these	effects	includes	reducing	the	individual	drug	dose	while	giving	the
drug	 more	 frequently	 or	 switching	 to	 an	 analgesic	 with	 a	 shorter	 plasma	 half-life.	 In	 controlled	 trials,
amphetamine,	 methylphenidate,	 and	 caffeine	 have	 been	 demonstrated	 to	 counteract	 opioid-induced	 sedative
effects.	It	is	advisable	to	discontinue	other	drugs	that	might	exacerbate	the	sedative	effects	of	opioid	analgesics,
including	a	wide	variety	of	medications	such	as	cimetidine,	barbiturates,	and	other	anxiolytics.

Respiratory	depression	is	the	most	serious	adverse	effect	of	opioids.	It	occurs	most	commonly	after	short-term
administration	 of	 an	 opioid	 and	 is	 usually	 associated	 with	 other	 signs	 of	 central	 nervous	 system	 depression,
including	sedation	and	drowsiness.	The	opioid	agonist	drugs	act	on	brain	stem	respiratory	centers	to	produce,	as	a
function	of	dose,	increasing	respiratory	depression	to	the	point	of	apnea.	Tolerance	to	this	effect	develops	rapidly
with	repeated	drug	administration,	which	allows	prolonged	use	without	significant	risk	of	respiratory	depression.
Respiratory	 depression	 can	 be	 reversed	 by	 giving	 the	 short-acting	 opioid	 antagonist	 naloxone,	 which	 is
increasingly	being	carried	by	public	safety	officers	and	first	responders	amid	the	rising	number	of	opioid-related
deaths	annually	 in	 the	United	States.	 It	can	also	be	prescribed	in	a	rescue	“pen”	device,	for	patients	and	family
members	to	have	on	hand	in	case	of	accidental	overdose.	Repeated	administration,	including	an	intravenous	drip,
may	be	necessary.	In	patients	receiving	opioids	for	prolonged	periods	who	develop	respiratory	depression,	diluted
doses	of	naloxone	(0.4	mg	in	10	mL	of	saline)	should	be	titrated	carefully	to	prevent	the	precipitation	of	severe
withdrawal	 symptoms	 while	 reversing	 the	 respiratory	 depression.	 A	 useful	 dosing	 nomogram	 for	 continuous
intravenous	 infusion	 of	 naloxone	 has	 been	 developed	 in	 which	 two-thirds	 of	 the	 initial	 bolus	 is	 started	 on	 an
hourly	basis	and	titrated	against	the	patient’s	symptoms.145
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The	 opioid	 analgesics	 produce	 nausea	 and	 vomiting	 by	 an	 action	 limited	 to	 the	 medullary	 chemoreceptor
trigger	 zone.	 The	 incidence	 of	 nausea	 and	 vomiting	 is	 markedly	 increased	 in	 ambulatory	 patients.	 Tolerance
develops	 to	 these	 side	 effects	with	 repeated	 administration.	 The	 occurrence	 of	 nausea	with	 one	 drug	 does	 not
mean	 that	all	drugs	will	produce	 it.	Switching	 to	alternative	opioid	analgesics	and	using	an	antiemetic	 together
with	the	opioid	analgesic	are	ways	to	obviate	this	effect.	Lack	of	controlled	trials	to	identify	a	specific	first-line
agent	has	supported	the	practice	of	using	sequential	trials	of	agents,	beginning	with	prochlorperazine	concurrently
with	the	opioid,	to	clarify	a	useful	regimen.	Droperidol	has	also	been	noted	to	be	effective	against	opioid-induced
nausea	and	vomiting.146	Low	doses	of	haloperidol	may	also	be	effective.

Constipation	 results	 from	 the	action	of	 these	drugs	at	multiple	 sites	 in	 the	GI	 tract	and	 in	 the	spinal	cord	 to
produce	a	decrease	in	the	intestinal	secretions	and	peristalsis,	which	leads	to	a	dry	stool	and	constipation.	When
opioid	analgesics	are	started,	a	regular	bowel	regimen,	including	use	of	cathartics	and	stool	softeners,	should	also
be	 instituted.	 Laxative	 bowel	 regimens	 have	 been	 suggested	 because	 of	 their	 specific	 ability	 to	 counteract	 the
effects	 of	 the	 opioid	 drugs,	 but	 controlled	 studies	 are	 lacking.	Anecdotal	 surveys	 suggest	 that	 doses	 far	 above
those	 used	 for	 routine	 bowel	 management	 are	 needed,	 that	 senna	 derivatives	 are	 effective,	 and	 that	 careful
attention	 to	 dietary	 factors	 along	with	 the	 use	 of	 a	 bowel	 regimen	 can	 reduce	 patient	 complaints	 dramatically.
Tolerance	to	this	effect	develops	over	time	but	relatively	slowly.	Oral	naloxone	has	been	shown	to	be	effective	in
treating	 constipation,	 but	 its	 use	 is	 variable	 depending	 on	 the	 degree	 of	 opioid	 exposure	 of	 the	 patient;	 oral
naloxone	 may	 reverse	 the	 analgesic	 effect	 of	 the	 opioid.147	 Clinical	 trials	 of	 two	 peripherally	 acting	 opioid
antagonists,	methylnaltrexone	and	alvimopan,	have	proved	 the	concept	 that	 these	drugs	prevent	opioid-induced
constipation	by	targeting	μ-opioid	receptors	in	the	gut	without	interfering	with	analgesia;	only	methylnaltrexone	is
FDA	approved	for	 the	 indication	of	opioid-induced	constipation.147,148	More	 recently,	naloxegol,	an	oral	 tablet,
was	approved	by	the	FDA	for	treatment	of	opioid-induced	constipation	in	noncancer	pain	settings.

Multifocal	myoclonus	may	occur	with	high	doses	of	all	of	the	opioid	drugs.	Multifocal	myoclonus	and	seizures
have	been	reported	in	patients	receiving	multiple	doses	of	meperidine	(250	mg	or	more	per	day),	although	signs
and	symptoms	of	central	nervous	system	hyperirritability	may	occur	with	toxic	doses	of	all	the	opioid	analgesics.
In	 a	 series	 of	 cancer	 patients	 receiving	meperidine,	 accumulation	 of	 the	 active	 metabolite	 normeperidine	 was
associated	with	these	neurologic	signs	and	symptoms.	However,	in	a	similar	group	of	cancer	patients	with	pain,
subtle	mood	 effects	were	 noted	 after	meperidine	 administration,	which	 suggests	 a	 spectrum	of	 central	 nervous
system	 effects.	 Management	 of	 this	 hyperirritability	 includes	 discontinuing	 the	 meperidine,	 using	 intravenous
diazepam	 if	 seizures	 occur,	 and	 substituting	 morphine	 to	 control	 the	 persistent	 pain.	 Because	 the	 half-life	 of
normeperidine	is	16	hours,	it	may	take	2	or	3	days	for	the	signs	of	central	nervous	system	hyperirritability	to	clear
completely.	 As	 discussed	 earlier,	 meperidine	 may	 also	 result	 in	 a	 fatal	 serotonin	 syndrome	 when	 used	 in
conjunction	with	monoamine	oxidase	inhibitor	drugs	or	possibly	even	SSRIs.	Its	use	is	contraindicated	in	patients
with	chronic	renal	disease,	but	 these	complications,	as	noted	in	cancer	pain	treatment,	occurred	in	patients	with
normal	 renal	 function.125	Morphine	and	hydromorphone	at	high	doses	produce	myoclonus,	which	has	not	been
directly	associated	with	 their	known	active	metabolites	 such	as	morphine-6-glucuronide	 and	hydromorphone-6-
glucuronide.	 In	 dying	 patients	 with	 myoclonus,	 the	 use	 of	 benzodiazepines	 or	 barbiturates	 has	 been	 reported
anecdotally	to	suppress	this	sign,	improving	the	patient’s	comfort.

Opioid	 hyperexcitability	 has	 been	 reported	 with	 the	 use	 of	 increasing	 opioid	 doses	 by	 the	 parenteral	 and
epidural	routes.	They	have	most	often	been	observed	in	patients	on	high	doses	of	morphine	and	hydromorphone
and	are	characterized	by	uncontrolled	pain,	hypervigilance,	total	body	hyperalgesia,	and	allodynia.	They	are	best
managed	by	rapid	dose	reduction	and	substitution	with	an	alternative	opioid	such	as	methadone.	The	mechanism
of	action	is	unclear.

8.	Manage	tolerance.	The	earliest	sign	of	developing	tolerance	is	the	patient’s	complaint	that	 the	duration	of
effective	 analgesia	 has	 decreased.	 For	 reasons	 not	 yet	 understood,	 cancer	 patients	 develop	 tolerance	 at	 vastly
different	rates.	Some	demonstrate	tolerance	within	days	of	initiating	opioid	therapy;	others	experience	pain	control
for	many	months	on	the	same	dosage.	Studies	in	an	outpatient	clinic	population,	a	hospitalized	population,	and	a
home	care	population	revealed	three	patterns:	rapid	increase	in	opioid	requirements,	stabilization	at	one	dose	for
weeks	or	months,	and	decrease	or	elimination	of	opioids.149	 Increased	opioid	 requirements	are	most	commonly
associated	with	disease	progression	rather	than	tolerance	alone.	With	the	development	of	tolerance,	 increases	in
the	frequency	of	the	dose	of	the	opioid	are	required	to	provide	continued	relief.	Because	the	analgesic	effect	is	a
logarithmic	function	of	dose,	a	doubling	of	the	dose	may	be	needed	to	restore	full	analgesia.	There	appears	to	be
no	limit	to	the	development	of	tolerance,	and	with	appropriate	dose	adjustments,	patients	can	continue	to	obtain
pain	relief.	Tolerance	to	the	respiratory	effects	of	opioid	doses	occurs.	This	degree	of	tolerance	makes	it	safe	for
patients	to	increase	their	opioid	doses	for	analgesia,	with	appropriate	monitoring.



Tolerance	to	one	opioid	does	not	lead	to	complete	tolerance	to	another	opioid.	This	phenomenon	of	so-called
“incomplete	 cross-tolerance”	 is	 best	 exemplified	 in	 the	 dramatic	 reduction	 in	 equianalgesic	 dosages	 needed	 to
provide	analgesia	when	patients	are	switched	from,	for	example,	morphine	or	hydromorphone	to	methadone,	as
previously	 discussed.87,99,102	 This	 phenomenon	 supports	 the	 strategy	 of	 so-called	 “opioid	 rotation”	 in	 cases	 of
significant	 side	 effects	 or	 loss	 of	 efficacy	 despite	 increasing	 doses.	 Further	 data	 elucidating	 the	mechanism	 of
opioid	 tolerance	 demonstrate	 that	 the	 N-methyl-D-aspartate	 (NMDA)	 receptor	 plays	 a	 critical	 role	 in	 opioid
tolerance	 and	 analgesia.150	 These	 findings	 have	 focused	 new	 attention	 on	 methadone’s	 opioid	 and	 nonopioid
mechanisms	 of	 action	 and	 its	 potential	 role	 in	 the	 management	 of	 neuropathic	 pain.	 The	 use	 of	 analgesic
combinations	can	reduce	the	amount	of	opioid	required.	Similarly,	the	use	of	bolus	or	continuous	epidural	local
anesthetics	 in	 patients	 with	 perineal	 pain	 can	 dramatically	 reduce	 the	 need	 for	 systemic	 opioids	 and	 reverse
tolerance.

9.	Taper	drugs	slowly.	The	long-term	administration	of	opioid	analgesics	is	associated	with	the	development	of
physical	 dependence;	 thereafter,	 the	 sudden	 cessation	 of	 the	 opioid	 analgesic	 produces	 signs	 and	 symptoms	 of
withdrawal:	 agitation,	 tremors,	 insomnia,	 fear,	 marked	 autonomic	 nervous	 system	 hyperexcitability,	 and
exacerbation	of	pain.	Slowly	tapering	the	dose	of	the	opioid	analgesic	prevents	such	symptoms.	The	appearance	of
symptoms	 from	 the	 time	 of	 drug	withdrawal	 is	 related	 to	 the	 elimination	 half-life	 for	 the	 particular	 drug.	 For
example,	with	morphine,	withdrawal	 symptoms	 occur	within	 6	 to	 12	 hours.	Reinstituting	 the	 drug	 in	 doses	 of
approximately	25%	of	the	previous	daily	dose	suppresses	these	symptoms.

10.	Anticipate	complications.	Overdose	with	opioid	analgesics	occurs	either	intentionally,	when	a	patient	takes
an	excessive	amount	of	drug	in	a	suicide	attempt	or	attempt	to	self-manage	uncontrolled	pain,	or	unintentionally,
when	 the	 recommended	 dose	 accidentally	 produces	 excessive	 sedation	 and	 respiratory	 depression.	 In	 both
instances,	the	complication	can	be	treated	effectively	with	naloxone.	Overdose	in	patients	previously	stabilized	on
an	opioid	regimen	for	cancer	pain	rarely	is	caused	by	drug	intake	alone.	More	commonly,	the	cause	is	the	medical
deterioration	 of	 the	 patient	 with	 a	 superimposed	 metabolic	 encephalopathy.	 Reducing	 the	 opioid	 dosage	 and
carefully	assessing	the	patient’s	metabolic	status	often	yields	the	diagnosis.

Psychological	 dependence	 or	 addiction	 is	 characterized	 by	 a	 concomitant	 behavioral	 pattern	 of	 drug	 abuse
evidenced	by	craving	a	drug	for	other	than	pain	relief	and	overwhelming	involvement	in	the	use	and	procurement
of	 the	 drug.	 This	 is	 a	 state	 distinct	 from	 tolerance	 and	 physical	 dependence,	 which	 are	 responses	 to	 the
pharmacologic	 effects	 of	 long-term	 opioid	 administration.	 For	 some	 providers,	 the	 profound	 fear	 of	 causing
psychological	dependence	plays	a	major	role	in	the	reluctance	to	prescribe	opioids,	particularly	in	cancer	patients
in	 the	 early	 phase	 of	 their	 disease.	 Patients	may	 share	 this	 fear,	 taking	 less	 analgesic	 drug	 than	 is	 effective	 to
control	their	pain.	Evidence	suggests	that	cancer	patients	with	pain	can	take	opioids	for	prolonged	periods	but	can
discontinue	 them	 when	 adequate	 relief	 is	 achieved	 using	 other	 approaches.	 In	 almost	 all	 instances,	 dramatic
escalation	of	drug	 intake	 is	 associated	with	progression	of	disease	 and	 subsequent	death.	Careful	 evaluation	of
patients	who	might	be	at	risk	for	 this	complication	is	necessary,	but	such	concern	should	not	be	punitive	to	the
patient	with	severe	cancer	pain.

Out-of-control	aberrant	drug	taking	among	oncology	patients	with	or	without	a	prior	history	of	substance	abuse
represents	 a	 serious	 and	 complex	 clinical	 occurrence.	 Passik	 and	 Portenoy151	 have	 developed	 guidelines	 for
management	 of	 such	 patients.	 The	 most	 difficult	 situations	 present	 themselves	 in	 the	 patient	 who	 is	 actively
abusing	illicit	or	prescription	drugs	or	alcohol	while	concurrently	receiving	medical	therapies.	Such	patients	need
a	multidisciplinary	approach	usually	focused	on	a	harm-reduction	concept	that	attempts	to	enhance	social	support
for	the	patient	to	maximize	treatment	compliance.	Passik	and	Portenoy151	have	outlined	a	series	of	approaches	to
maximize	effectiveness	of	strategies	for	promoting	compliance,	including	the	consideration	of	a	written	contract
between	the	team	and	patient,	the	inclusion	of	spot	urine	toxicology	screens	to	assess	compliance,	set	expectations
regarding	attendance	at	the	clinic,	and	the	patient’s	management	of	medication	supplies.	It	is	often	most	useful	to
see	the	patient	on	a	regular	basis,	often	every	several	days,	and	to	limit	prescribing	of	opioids	on	that	basis	until
the	patient	has	demonstrated	his	or	her	willingness	to	be	compliant	and	to	follow	an	appropriate	drug	regimen.	In
complex	cases	such	as	this,	it	may	also	be	helpful	to	engage	a	palliative	care	specialist	to	coordinate	the	patient’s
pain	management.	In	an	inpatient	setting	when	patients	demonstrate	manipulative	behaviors	in	the	inappropriate
use	 of	medication,	 directing	 discussion	with	 the	 patient	 about	 the	 drug	 use	 in	 an	 open	manner	 is	 a	 first	 step.
Providing	the	patient	with	a	private	room	near	the	nurses’	station	to	monitor	the	patient,	discouraging	attempts	to
leave	 the	 hospital	 for	 purchase	 of	 illicit	 drugs,	 and	 requiring	 visitors	 to	 check	 in	with	 the	 nursing	 staff	 before
visitation	 are	 additional	 steps.	More	 recent	 guidelines	 from	ASCO	 review	 pain	management	 best	 practices	 for
survivors	 of	 cancer,	 including	 those	 requiring	 a	 robust	 risk	mitigation	 strategy.152	Underlying	 all	 of	 this	 is	 the
attempt	to	provide	the	patient	with	a	supportive	environment	that	respects	the	patient’s	pain	symptomatology	and



Dr. AVR @ TMH

serious	medical	illness	and	attempts	to	limit	harm	to	the	patient	or	others	by	the	aberrant	drug	use	and	behaviors.

ADJUVANT	DRUGS
Adjuvant	drugs	are	used	to	enhance	opioid	analgesia,	provide	analgesia	for	certain	types	of	pain	(e.g.,	neuropathic
pain,	bone	pain,	and	visceral	pain),	and	treat	opioid	side	effects	or	other	symptoms	associated	with	pain.153	They
are	an	 integral	part	of	 the	WHO	three-step	analgesic	 ladder.	Because	of	 the	 lack	of	well-defined	guidelines	 for
their	use,	sequential	drug	trials	are	necessary	to	identify	the	most	useful	drug	and	dose	titration	to	find	a	safe	and
effective	dose.

Adjuvants	to	Enhance	Analgesia
Adjuvants	 to	 enhance	 analgesia	 have	 been	 previously	 discussed	 in	 this	 chapter.	 Acetaminophen,	 NSAIDs,
hydroxyzine,	 and	 dextroamphetamine	 have	 been	 demonstrated	 to	 provide	 additive	 analgesia	 to	 patients
chronically	receiving	opioids.

Adjuvant	Analgesics	for	Neuropathic	Pain
The	common	neuropathic	pain	syndromes	in	patients	with	cancer	include	injury	to	peripheral	nerves	and	plexus
by	tumor	invasion,	chemotherapy,	surgery,	or	viral	agents.	Cancer-related	bone	pain	may	be	a	neuropathic	pain
syndrome	as	well.81	Depending	on	the	intensity	of	pain,	nonopioid	and	opioid	analgesics	are	the	first-line	agents.
However,	neuropathic	pain	has	a	variable	responsiveness	to	opioid	drug	regimens	and	may	be	less	responsive	than
other	types	of	pain.101	Some	of	 the	commonly	used	adjuvant	drugs	for	managing	this	population	of	patients	are
described	in	the	following	sections.

Antidepressants
The	tricyclic	antidepressants	(TCAs)	have	historically	been	one	of	the	most	useful	classes	of	psychotropic	drugs
applied	in	pain	management.154	Their	analgesic	effects	are	mediated	by	enhancement	of	serotonin	activity.	Data
from	 controlled	 trials	 indicate	 that	 both	 the	 tertiary	 amine	 tricyclic	 antidepressants	 (amitriptyline,	 doxepin,
imipramine,	 and	 clomipramine)	 and	 the	 secondary	 amine	 compounds	 (desipramine	 and	 nortriptyline)	 have
analgesic	 effects.	Another	major	 class	 of	 antidepressants,	 the	SSRI,	 is	 increasingly	 used	 as	 adjunctive	 therapy,
given	 their	 preferable	 side	 effect	 profile	 compared	 to	TCAs.	Paroxetine,	 for	 example,	 has	 been	 shown	 to	have
analgesic	 properties	 in	 patients	 with	 neuropathic	 pain.155	 Similarly,	 duloxetine,	 a	 balanced	 and	 potent	 dual
reuptake	inhibitor	of	serotonin	and	norepinephrine,	has	recently	been	demonstrated	to	be	an	active	analgesic	for
the	management	of	diabetic	peripheral	neuropathic	pain.156	It	was	also	shown	to	be	superior	to	placebo	in	treating
painful	chemotherapy-induced	peripheral	neuropathy,	yielding	improvements	in	pain,	function,	and	quality	of	life
at	a	dose	of	60	mg	daily.157

These	 drugs	 have	 been	 reported	 to	 be	 effective	 in	 treating	 continuous	 dysesthesias	 as	 well	 as	 intermittent
lancinating	dysesthetic	pain.	The	doses	used	for	analgesia	are	far	below	those	needed	to	produce	an	antidepressant
effect,	 and	 the	 analgesic	 properties	 appear	 to	 be	 independent	 of	 the	mood-altering	 effects.	 Patients	 should	 be
started	on	low	doses,	for	example,	amitriptyline	at	25	mg	nightly,	and	the	dose	should	be	titrated	up	to	achieve
adequate	analgesia	in	a	2-	to	4-week	trial.	Blood	levels	should	be	measured	to	determine	both	patient	compliance
and	drug	absorption	because	of	wide	individual	variation.	Patients	who	are	unable	to	tolerate	amitriptyline	or	who
are	predisposed	to	experiencing	its	sedative,	anticholinergic,	or	hypotensive	effects	should	be	considered	for	a	trial
with	 a	 secondary	 amine	 tricyclic	 antidepressant,	 a	 serotonin	 selective	 reuptake	 inhibitor	 such	 as	 paroxetine,	 or
duloxetine.	Increasingly,	 the	SSRIs	and	serotonin–norepinephrine	reuptake	inhibitors	(SNRIs)	are	becoming	the
preferred	agents	over	TCAs.	In	the	management	of	cancer	patients	with	pain,	the	antidepressant	drugs	are	the	first-
line	therapeutic	approach	for	neuropathic	pain,	and	every	attempt	should	be	made	to	provide	a	several-week	trial
before	discontinuing	these	drugs.

Anticonvulsants
The	role	of	anticonvulsants	in	the	management	of	patients	with	neuropathic	pain	is	based,	in	part,	on	the	fact	that
the	 mode	 of	 action	 is	 to	 stabilize	 membranes	 and	 alter	 sodium	 and	 calcium	 influx.158	 Many	 patients	 with



neuropathic	 pain	 complain	 of	 paroxysmal,	 brief,	 lancinating	 pains.	 To	 date,	 clinical	 experience	 with	 the
anticonvulsants	 has	 been	 positive.	 The	 drugs	 most	 commonly	 used	 include	 gabapentin,	 carbamazepine,	 and
phenytoin	and	pregabalin.	Survey	studies	have	suggested	the	usefulness	of	valproic	acid,	clonazepam,	lamotrigine,
topiramate,	and	oxycarbazepine.159	Systematic	review	confirms	these	findings.160,161	Gabapentin	is	considered	the
first-line	 anticonvulsant	 to	 manage	 neuropathic	 pain,	 although	 some	 meta-analyses	 suggest	 that	 it	 may	 be
equivocal	with	 the	other	 anticonvulsants.160	 Controlled	 trials	 in	 patients	with	 diabetic	 neuropathy,	 postherpetic
neuralgia,	and	acquired	immunodeficiency	syndrome	neuropathy	demonstrate	 its	effectiveness	 in	reducing	pain.
Dosages	range	from	900	to	1,800	mg	per	day.161	The	major	drug	side	effect	is	sedation.	Patients	should	be	started
at	300	mg	per	day	and	rapidly	titrated	to	900	mg	per	day;	some	patients	may	need	to	start	at	even	lower	doses,
such	as	100	mg	per	day,	to	avoid	sedation.	Pain	relief	in	up	to	30%	to	50%	of	patients	has	been	suggested.

Clinical	 studies	 with	 carbamazepine	 demonstrate	 efficacy,	 but	 the	 usefulness	 of	 this	 drug	 in	 the	 cancer
population	 is	 limited	by	 its	potential	 to	produce	bone	marrow	suppression,	particularly	 leukopenia.	The	dosing
guidelines	 used	 for	 the	 treatment	 of	 seizures	 are	 suggested	 in	 managing	 neuropathic	 pain.	 Each	 of	 the	 drugs
should	 be	 initiated	 at	 low	 doses	 and	 gradually	 titrated	 upward.	 There	 is	 anecdotal	 experience	 to	 suggest	 that
administering	 intravenous	 loading	doses	of	phenytoin	 to	patients	 in	an	acute	crisis	with	severe	 lancinating	pain
may	be	of	clinical	value;	however,	a	Cochrane	review	did	not	identify	any	studies	of	sufficient	quality	to	support
its	use	for	neuropathic	pain.162	Some	evidence	does	point	toward	efficacy	when	used	topically,	however.163	Both
valproate	and	clonazepam	have	been	reported	anecdotally	to	be	useful	in	managing	neuropathic	pain,	but	these	are
considered	 third-line	 agents	 in	 this	 patient	 population.159	 Currently,	 there	 are	 no	 high-quality	 data	 relating	 the
plasma	 level	 and	pain	 relief	 for	 any	of	 these	drugs.	 In	patients	with	persistent	neuropathic	 cancer-related	pain,
pregabalin	 is	another	option;	 in	a	 randomized	controlled	 trial	of	patients	with	noncancer	neuropathic	pain,	over
half	of	the	patients	treated	with	pregabalin	experienced	a	>50%	decrease	in	their	mean	pain	intensity.164	However,
a	recent	systematic	review	highlights	the	absence	of	conclusive,	high-quality	data	on	the	efficacy	of	pregabalin	in
treating	neuropathic	cancer	pain.165	Sequential	 trials	of	different	agents	are	often	necessary	 to	 identify	 the	most
useful	treatment	for	each	patient.154

Local	Anesthetics
The	use	of	both	brief	intravenous	local	anesthetic	infusions	(lidocaine)	and	maintenance	oral	anesthetic	drugs	has
demonstrated	 some	 efficacy	 in	 the	management	 of	 chronic	 neuropathic	 pain,	 particularly	 in	 patients	with	 both
lancinating	and	continuous	dysesthesias.	Mexiletine	 is	 the	oral	 local	anesthetic	 for	which	 there	are	pilot	data	 to
support	analgesic	efficacy.166	The	 initial	 dosage	of	mexiletine	 is	 low,	 at	 150	mg	per	day,	with	gradual	upward
dose	 titration.	 Electrocardiograms	 should	 be	 monitored	 at	 higher	 doses,	 and	 measurement	 of	 blood	 levels	 of
mexiletine	may	be	useful	to	prevent	toxicity.	Currently,	there	are	no	good	data	available	to	predict	which	patients
might	respond	to	the	use	of	oral	local	or	intravenous	anesthetics.	A	Cochrane	review	suggests	that	lidocaine	and
oral	analogs	are	safe	and	superior	 to	placebo;	 these	agents	should	be	 tested	further	 in	patients	with	neuropathic
cancer	pain.167

Epidural	 local	anesthetics	 (bupivacaine,	 lidocaine)	have	been	most	widely	used	 to	manage	neuropathic	pain,
either	alone	or	 in	combination	with	an	opioid.	Alternatively,	 the	use	of	brief	 intravenous	 infusions	of	 lidocaine
may	 be	 helpful	 in	 patients	who	 have	 an	 opioid-refractory	 continuous	 dysesthesia	 that	 has	 not	 responded	 to	 an
antidepressant	 or	 anticonvulsant.168	 These	 drugs	 clearly	 serve	 as	 a	 second-line	 approach,	 with	 individualized
therapy	the	rule.	An	anesthesia	pain	specialist	or	palliative	medicine	specialist	should	be	called	to	assist	with	these
complex	and	potentially	dangerous	medications.

Cutaneous	Local	Anesthetics
The	use	of	cutaneous	anesthesia	has	been	suggested	to	be	most	helpful	in	patients	who	have	significant	allodynia
and	 marked	 hyperesthesia.	 The	 topical	 application	 of	 a	 local	 anesthetic,	 such	 as	 an	 eutectic	 mixture	 of	 local
anesthetics,	 has	 been	 demonstrated	 to	 be	 efficacious	 in	 patients	 who	 undergo	 painful	 procedures,	 especially
children.169	The	cream	should	be	applied	under	an	occlusive	dressing	 to	 increase	skin	penetration	and	augment
analgesic	efficacy.	The	use	of	high-concentration	lidocaine	(5%	and	10%)	has	also	been	reported	to	be	effective	in
patients	with	significant	allodynia	associated	with	postherpetic	neuralgia.170	Current	indications	for	its	use	include
peripheral	nerve	injury,	peripheral	neuropathy,	ischemic	pain,	peripheral	vascular	disease,	and	unstable	angina.

Corticosteroids
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A	series	of	controlled	and	uncontrolled	surveys	show	that	the	use	of	chronic	corticosteroid	therapy	to	reduce	pain
in	patients	with	breast	and	prostate	cancer	 improves	quality	of	 life.171,172	 In	a	controlled	study	of	corticosteroid
use	 in	patients	with	advanced	disease,	 transient	 improvements	 in	appetite,	analgesia,	and	mood	were	noted,	but
they	were	not	 sustained	after	 the	 initial	effect.	The	major	pain-related	 indications	 for	corticosteroid	use	 include
refractory	neuropathic	pain,	bone	pain,	pain	associated	with	capsular	expansion	or	duct	obstruction,	and	headache
due	to	increased	intracranial	pressure.	In	certain	cancer	pain	syndromes,	such	as	epidural	cord	compression,	85%
of	patients	who	received	96	mg	of	dexamethasone	as	part	of	their	radiation	therapy	protocol	reported	significant
pain	 relief	 associated	 with	 marked	 reduction	 in	 analgesic	 requirements.173	 Similarly,	 in	 patients	 with	 tumor
infiltration	of	the	brachial	and	lumbosacral	plexus,	corticosteroids	provided	additive	analgesic	effects.	The	risk	of
adverse	effects	associated	with	corticosteroid	therapy	varies	with	the	duration.	Long-term	use	may	be	associated
with	GI	toxicity	and	acute	psychosis.	A	wide	range	of	dosages	has	been	suggested,	including	a	dose	of	30	mg	per
day	in	patients	with	prostate	cancer,	which	was	effective	in	providing	improved	quality	of	life	and	reduced	pain.
With	epidural	cord	compression,	initial	doses	of	96	mg	of	dexamethasone	with	maintenance	doses	of	96	mg,	with
subsequent	 tapering	 in	 10	 days,	 have	 been	 associated	 with	 effective	 analgesia.173	 However,	 more	 recent	 data
suggest	 that	 lower	 doses	 are	 similarly	 efficacious,	 with	 reduced	 toxicity.	 Giving	 between	 6	 and	 10	 mg	 of
dexamethasone	intravenously	or	orally	every	6	hours	is	reasonable	and	appears	to	be	just	as	effective,	with	a	lower
rate	of	anxiety,	restlessness,	insomnia,	hyperglycemia,	and	delirium.174

Other	Adjuvant	Drugs
A	 wide	 variety	 of	 other	 drugs	 have	 been	 used	 to	 manage	 neuropathic	 pain,	 including	 benzodiazepines,
neuroleptics,	α2-adrenergic	agonist	drugs,	NMDA	antagonists,	and	peptides.	Of	the	benzodiazepines,	clonazepam
is	commonly	used	in	patients	with	lancinating	or	paroxysmal	pain.	The	use	of	these	drugs	must	be	balanced	with
their	potential	to	cause	somnolence	and	cognitive	impairment,	especially	if	combined	with	opioids.	They	serve	as
second-	 and	 third-line	 therapy	 in	 patients	 who	 have	 not	 responded	 to	 antidepressant	 or	 anticonvulsant	 drug
therapy.

Coadministration	 of	 these	 drugs	with	 opioids	 can	 be	 effective	 in	 patients	with	 neuropathic	 pain.	Of	 the	 α2-
adrenergic	 agonist	 drugs,	 clonidine	 has	 been	 demonstrated	 to	 be	 analgesic	 in	 controlled	 trials.175	 It	 can	 be
administered	by	either	the	oral	or	transdermal	route	and	has	been	reported	to	be	specifically	effective	in	patients
with	dysesthetic	pain,	who	demonstrate	sympathetic	hyperactivity.	After	intrathecal	administration,	clonidine	was
reported	to	improve	pain	in	patients	with	intolerable	neuropathic	pain.	Dextromethorphan	and	ketamine	are	two
commercially	available	NMDA	antagonists.	The	mechanism	of	action	relates	to	the	fact	that	the	NMDA	receptor
reduces	 the	 development	 of	 the	 windup	 phenomenon,	 which	 occurs	 as	 a	 result	 of	 changes	 in	 the	 response	 of
central	dorsal	horn	neurons	with	neuropathic	pain.	Ketamine	has	demonstrated	analgesic	effects	in	observational
studies,	 but	 an	 adequately	 powered	 randomized	 trial	 failed	 to	 show	 that	 ketamine	 infusion	 led	 to	 improved
analgesia	beyond	 that	offered	by	opioids	plus	nonopioid	coanalgesics;	 it	 remains	a	controversial	 therapy,	given
conflicting	results	of	studies	published	to	date.176–178

Adjuvant	Drugs	for	Bone	Pain
Metastatic	disease	to	bone	is	the	most	common	cause	of	pain	in	patients	with	cancer.	Analgesic	drug	therapy	is
commonly	 used	 to	 manage	 pain	 during	 the	 initial	 treatment	 with	 either	 chemotherapy	 or	 radiation	 therapy.
Numerous	investigators	have	identified	a	management	approach	for	bone	pain,	which	includes	the	use	of	specific
surgical	 palliative	 approaches,	 radiotherapeutic	 approaches,	 hormonal	 therapies,	 and	bone	 resorption	 inhibitors.
Patients	with	multifocal	metastatic	bone	disease	that	is	refractory	to	routine	treatments	may	benefit	from	the	use	of
a	series	of	agents,	including	the	bisphosphonate	compounds,	gallium	nitrate,	calcitonin,	and	radiopharmaceuticals.
The	newer	models	of	metastatic	bone	pain	as	neuropathic	pain	imply	that	more	traditional	neuropathic	pain	drugs
may	have	an	 important	 role	 in	managing	bone	pain.36	For	 example,	 in	 a	murine	bone	pain	model,	 opioids	 and
tricyclic	 antidepressants	 demonstrated	 analgesic	 efficacy.179	 The	 selection	 of	 any	 one	 of	 these	 treatments	 to
manage	metastatic	bone	pain	needs	to	be	individualized.

Bisphosphonate	drugs	such	as	pamidronate,	zoledronate,	and	etidronate	bind	to	bone	hydroxyapatite,	inhibiting
osteoclast	 activity,	 and	 are	 highly	 effective	 in	 the	 management	 of	 bony	 metastatic	 disease	 and	 in	 multiple
myeloma.180–184	The	major	indication	for	these	drugs	is	to	prevent	skeletal	morbidity,	with	data	in	breast	cancer
patients	and	patients	with	multiple	myeloma	showing	efficacy	in	reduction	of	fractures	and	reduction	in	bone	pain.
Pamidronate	is	usually	administered	as	a	brief	infusion	in	a	starting	dose	of	60	to	120	mg.	Analgesia,	if	it	occurs,



usually	appears	within	days	but	may	accrue	for	many	weeks	with	repeated	infusions.	In	two	studies,	pamidronate
at	dosages	of	30	to	60	mg	every	2	weeks	produced	relief	of	pain	in	30%	to	60%	of	patients.181,184	The	analgesic
effect	 of	 bisphosphonates	 appears	 to	 be	 dose	 dependent.	 Current	 recommendations	 include	 a	 regimen	 of
intravenous	pamidronate,	60	mg	every	2	weeks	 for	at	 least	 two	or	 three	 treatments.	 If	no	 response	 is	obtained,
therapy	 can	 be	 discontinued.	 If	 the	 drug	 is	 effective,	 a	 biweekly	 regimen	 can	 be	 continued.	 Zoledronate	 is
administered	at	4	mg	intravenously	over	15	minutes	every	3	to	4	weeks.	Systematic	review	suggests	that	it	may	be
the	most	 effective	bisphosphonate	 in	prostate	 cancer.180	Attention	 to	potential	 complications	of	bisphosphonate
therapy	 is	warranted,	 including	 osteonecrosis	 of	 the	 jaw	 and	 hypocalcemia,	 among	 others.	 Calcitonin	 has	 also
been	reported	anecdotally	to	be	useful	in	patients	with	malignant	bone	pain,	but	the	appropriate	dose	and	dosing
frequency	have	not	been	well	defined.185	Gallium	nitrate	has	also	been	used	with	some	efficacy	in	patients	with
metastatic	bone	pain,	but	due	to	limited	experience,	appropriate	dosing	guidelines	have	not	been	well	defined,	and
nephrotoxicity	has	been	reported.186

A	newer	 class	of	bone-modifying	agents	 targets	 the	 so-called	RANK	 ligand	or	 receptor	 activator	of	nuclear
factor-κB.	High-quality	clinical	trials	data	suggest	that	denosumab,	a	monoclonal	antibody	against	this	new	target,
provides	 further	 reductions	 in	 skeletal-related	 events	 in	 patients	 with	 metastatic	 breast	 and	 prostate	 cancers,
beyond	 that	 provided	 by	 zoledronic	 acid.187,188	 Although	 there	 appeared	 to	 be	 less	 bone	 pain	 in	 breast	 cancer
patients	who	received	denosumab,	research	has	focused	on	fracture	rates;	further	research	is	needed	to	explore	the
impact	of	denosumab	on	pain	itself,	especially	in	light	of	 its	modest	 impact	beyond	traditional	bisphosphonates
and	its	significant	cost.

Strontium-89	and	samarium-153	are	bone-seeking	radiopharmaceuticals	that	have	been	recognized	as	useful	in
the	 treatment	 of	 bone	 pain	 secondary	 to	 metastatic	 disease.189,190	 Use	 is	 indicated	 in	 patients	 with	 refractory
multifocal	 pain	 due	 to	 osteoblastic	 lesions	 who	 have	 a	 life	 expectancy	 of	 longer	 than	 3	 months,	 who	 have
sufficient	bone	marrow	reserve	(i.e.,	a	platelet	count	>60,000/μL	and	a	white	blood	cell	count	>2,400/μL),	and	for
whom	there	is	no	further	planned	myelosuppressive	chemotherapy.	The	onset	of	effect	 is	slow	and	may	require
several	weeks,	with	peak	 effects	 at	 2	 to	3	months.	Bone	marrow	 suppression	 is	 the	major	 adverse	 effect,	with
irreversible	thrombocytopenia.	Both	radiopharmaceuticals	have	similar	analgesic	efficacy	and	side	effects.	More
recently,	radium-223,	a	novel	α	particle–emitting	compound,	was	shown	to	have	significant	efficacy	in	metastatic
castrate-resistant	 prostate	 cancer.191	 It	 improved	 survival	 by	 3.6	 months	 and	 did	 so	 without	 significant
myelosuppression	or	other	adverse	events.	Early	studies	with	this	agent	suggest	a	significant	palliative	effect	on
bone	pain.192	Patients	with	advanced	prostate	cancer	and	bone	pain	should	be	considered	for	treatment	with	this
agent.

ADJUVANTS	TO	TREAT	SIDE	EFFECTS
Nausea	and	vomiting,	confusion,	sedation,	and	constipation	are	common	opioid-induced	side	effects.	Side	effects
should	 be	 managed	 expectantly,	 rather	 than	 waiting	 until	 patients	 are	 experiencing	 negative	 consequences	 of
analgesic	 therapy	that	aggravate	 the	pain	and	suffering	of	cancer.	The	use	of	drugs	 to	manage	these	effects	has
been	discussed	previously.	Caffeine,	methylphenidate,	and	dextroamphetamine	to	reduce	opioid-induced	sedation
have	all	demonstrated	efficacy	in	clinical	trials.	Haloperidol	is	the	treatment	of	choice	to	manage	hallucinations
and	agitated	delirium	in	patients	receiving	opioid	analgesics,	although	more	recent	evidence	suggests	a	potential
role	 for	 benzodiazepines	 in	 agitated	 delirium	 as	 well.193	 The	 use	 of	 bowel	 regimens	 to	 manage	 depressed	 GI
motility	is	critical.	Because	nearly	all	patients	have	some	constipation	when	receiving	opioids,	a	bowel	regimen
should	be	prescribed	along	with	all	opioid	therapies,	unless	there	is	a	serious	contraindication.

PSYCHOLOGICAL	APPROACHES
Psychological	approaches	should	be	an	integral	part	of	the	care	of	the	cancer	patient	with	pain.194	Studies	strongly
support	 an	 association	 between	 cancer	 pain	 and	 psychological	 distress,	 predominantly	 manifested	 as	 mood
disturbance,	 anxiety,	 and	 depression.195	 Pain	 catastrophizing	 (i.e.,	 the	 tendency	 to	 ruminate	 about	 pain	 and
negatively	evaluate	one’s	ability	to	deal	with	pain)	leads	to	increased	pain	intensity,	pain	interference,	and	anxiety.
Similarly,	patients	who	lack	confidence	in	their	ability	to	control	pain	experience	lower	quality	of	life	and	higher
psychological	 distress.	Worse	 pain	 leads	 to	 decreased	 social	 interactions,	 reduced	 social	 functioning,	 and	 poor
social	 networks.	At	 the	other	 end	of	 the	 spectrum,	 increased	 self-efficacy	 and	 active	 coping	manifested	by	 the
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sense	of	ability	to	control	or	decrease	pain	are	associated	with	improved	pain	control.	Given	these	psychological
factors,	it	follows	that	psychological	approaches	would	be	effective	adjuvant	interventions	for	cancer	pain.

Established	 behavioral	 therapies	 for	 cancer	 pain	 fall	 into	 three	 categories:	 (1)	 comprehensive	 cognitive-
behavioral	 therapy	 (CBT),	 (2)	 hypnosis	 and	 imagery-based	 CBT,	 and	 (3)	 psychoeducational	 interventions.196
Comprehensive	CBT	comprises	 varied	 packages	 of	 adaptive	 strategies	 taught	 to	 a	 patient	 to	maximize	 coping.
There	 are	 several	 basic	 components,	 namely:	 (1)	 providing	 patients	with	 a	 rationale	 that	 emphasizes	 pain	 as	 a
complex	experience	 influenced	by	 thoughts,	 feelings,	 and	behavior;	 (2)	providing	systematic	 training	 in	one	or
more	 cognitive	 or	 behavioral	 strategies	 for	 controlling	 pain	 (e.g.,	 progressive	 relaxation,	 imagery,	 goal	 setting,
activity	 pacing)	 typically	 carried	 out	 over	 a	 series	 of	 sessions;	 and	 (3)	 emphasizing	 that	 the	 skills	 can	 only	 be
mastered	 through	home	practice.	 In	hypnosis-based	CBT,	a	 trained	 therapist	helps	 the	patient	achieve	a	relaxed
state	and	then	actively	provides	specific	hypnotic	suggestions	designed	to	enhance	pain	control	and	relaxation.	In
imagery-based	 CBT,	 also	 called	 guided	 imagery,	 the	 patient	 is	 taught	 how	 to	 intentionally	 focus	 attention	 on
specific	mental	images	to	divert	attention	from	pain.	Psychoeducational	interventions	combine	patient	education
with	 behavioral	 techniques	 such	 a	 skills	 training,	 personal	 interaction	 with	 the	 learner,	 and	 repeat	 visits	 to
reinforce	 key	 messages	 and	 skills.	 Biofeedback	 and	 caregiver-assisted	 approaches	 have	 been	 advocated	 and
studied	as	well.

Behavioral	therapies	have	a	defined	role	in	the	management	of	nonmalignant	pain,197	but	their	role	in	cancer
pain	 is	 less	 clear.	A	 systematic	 review	of	 behavioral	 interventions	 for	 cancer	 pain	 that	 compared	 their	 relative
efficacy	 was	 conducted	 in	 2005.194	 Cognitive-behavioral	 interventions	 were	 effective	 in	 the	 management	 of
cancer-related	 pain.	 Imagery	 and	 hypnosis-based	 interventions	 were	 most	 effective.	 Education-focused
interventions	 with	 brief	 CBT	 were	 intermediate	 with	 56%	 of	 the	 studies	 positive.	 Comprehensive	 CBT
interventions	were	 least	 effective,	with	 less	 than	 half	 of	 studies	 positive	 and	 no	 obvious	 relationships	 between
components	 of	 the	 comprehensive	 CBT	 package,	 intensity	 of	 the	 intervention,	 and	 outcome.	 It	 appears	 that
psychological	 approaches	 that	 incorporate	 therapeutic	 hypnosis	 and	 guided	 imagery	 have	 a	 role	 in	 the
management	of	cancer-related	pain,	especially	pain	associated	with	acute	situations	such	as	a	lumbar	puncture	or
oral	 mucositis	 in	 the	 setting	 of	 bone	 marrow	 transplant.	 Psychoeducational	 interventions	 may	 have	 a	 role,
especially	nursing-based	education	programs	with	skills	training	for	the	patient	and	caregivers.	More	studies	are
needed	to	better	define	when	these	approaches	are	indicated.

ANESTHETIC	AND	NEUROSURGICAL	APPROACHES
Anesthetic	and	neurosurgical	approaches	are	most	effective	in	treating	patients	with	well-defined	localized	pain.
Tables	138.5and	138.6	outline	the	indications	for	their	use.	It	is	estimated	that	upward	of	10%	to	20%	of	cancer
pain	 patients	 may	 require	 these	 approaches,	 together	 with	 pharmacologic	 approaches,	 to	 obtain	 adequate
analgesia.

Several	factors	are	important	in	selecting	the	appropriate	procedure	for	each	patient.	Diffuse	pain	problems	are
more	 common	 in	 cancer	 patients,	 whereas	 most	 neurosurgical	 and	 anesthetic	 procedures	 are	 useful	 for	 the
management	 of	 well-defined	 and	 localized	 pain;	 thus,	 the	 role	 of	 these	 approaches	 is	 limited	 at	 best.	 Further
complicating	their	use	is	the	small	number	of	professionals	who	have	expertise	in	these	procedures.	As	patients
become	more	cognizant	of	their	disease	and	treatment	options,	they	are	often	hesitant	to	undergo	neurodestructive
procedures.	Patients	may	consider	their	pain	to	be	an	important	marker	for	their	disease	and	are	frightened	of	the
potential,	although	unlikely,	complications	of	these	procedures.	As	a	result,	these	procedures	are	often	performed
late	in	the	illness,	and	full	evaluation	of	their	effectiveness	and	duration	of	action	is	limited	by	patients’	overriding
medical	problems.

Local	Anesthetics
Anecdotal	 reports	 and	 several	 controlled	 studies	 support	 the	 use	 of	 cutaneous,	 subcutaneous,	 intravenous,
intrapleural,	and	epidural	local	anesthetics	in	the	management	of	patients	with	somatic,	visceral,	and	neuropathic
pain.

Intravenous	 lidocaine	 can	 be	 considered	 as	 both	 a	 diagnostic	 and	 therapeutic	 approach	 in	 patients	 with
neuropathic	pain.198	Case	reports	suggest	that	continuous	subcutaneous	infusions	of	lidocaine	may	have	a	role	in
improving	neuropathic	cancer	pain,	but	a	small,	randomized	study	did	not	support	these	findings.199

Intrapleural	 local	 anesthetics	have	been	used	 for	 acute	pain	 in	 the	chest	wall	 and	have	been	adapted	 for	 the



management	of	chronic	cancer	pain.200	Anesthetic	delivered	via	a	 subcutaneously	 tunneled	 intrapleural	catheter
offered	 long-term	 relief	 of	 right	upper	quadrant	pain	 from	hepatic	metastases	 in	 a	patient	with	 significant	pain
from	 tumor	 infiltration	of	 the	 liver.	This	novel	method	offers	an	alternative	approach	 for	patients	with	 local	or
regional	pain	in	the	pleural	and	abdominal	regions.

TABLE	138.5
Types	of	Anesthetic	Procedures	Commonly	Used	in	Cancer	Pain

Type	of	Procedure Most	Common	Indications
Intravenous	barbiturates	(sodium	pentobarbital) Diffuse	body	pain	and	suffering	inadequately	controlled	by	systemic	opioids

Local	anesthetic	by	intravenous,	subcutaneous,	or
transdermal	application

Neuropathic	pain	in	any	site	with	local	application	to	the	area	of
hyperesthesia	or	allodynia

Trigger	point	injections Focal	muscle	pain

Nerve	Block
Peripheral Pain	in	discrete	dermatomes	in	chest	and	abdomen	or	in	distal	extremities

Epidural
Unilateral	lumbar	or	sacral	pain;	midline	perineal	pain;	bilateral	lumbosacral
pain

Intrathecal Midline	perineal	pain;	bilateral	lumbosacral	pain

Autonomic
Stellate	ganglion Reflex	sympathetic	dystrophy

Lumbar	sympathetic	vascular	insufficiency	of	the
lower	extremity

Reflex	sympathetic	dystrophy	of	the	lower	extremities;	lumbosacral
plexopathy

Celiac	plexus Midabdominal	pain	from	tumor	infiltration

Intermittent	or	continuous	epidural	infusion	with
local	anesthetics

Unilateral	and	bilateral	lumbosacral	pain;	midline	perineal	pain;	neuropathic
pain	from	the	midthoracic	region	down

Intermittent	or	continuous	epidural	or	intrathecal
with	local	opioid	analgesics

Unilateral	and	bilateral	pain	below	the	midthoracic	region;	often	combined
with	local	anesthetics

Intermittent	or	continuous	intraventricular	infusions
with	opioid	analgesics Head	and	neck	pain	and	upper	chest	pain

Chemical	hypophysectomy Diffuse	bone	pain

Epidural	local	anesthetics	are	used	to	manage	localized	pain	syndromes,	usually	below	the	waist.	Intermittent
and	 continuous	 epidural	 infusions	 of	 local	 anesthetics	 have	 been	 used	 to	 manage	 the	 difficult	 chronic	 pain
associated	with	metastatic	disease	below	 the	waist,	often	 involving	 the	sacrum	and	 lumbosacral	plexus.201	 This
method	 consists	 of	 infusing	 a	 local	 anesthetic	 via	 a	 subcutaneous	 infusion	 pump	 or	 reservoir	 to	 a	 catheter
temporarily	 or	 permanently	 placed	 in	 the	 epidural	 space.	 If	 the	 amount	 and	 concentration	of	 the	 anesthetic	 are
varied,	effective	pain	relief	can	be	achieved	without	interrupting	significant	motor	or	autonomic	function.	The	risk
of	 infection	 is	minimized	because	 local	 anesthetics	have	antimicrobial	 effects.	The	use	of	 continuous	 low-dose
infusions	of	local	anesthetics	is	associated	with	minimal	systemic	side	effects.	Further	studies	on	the	use	of	this
technique	in	comparison	with	standard	therapies	are	needed	to	define	its	place	in	the	management	of	the	cancer
patient.	Its	major	advantages	are	that	the	resultant	analgesia	is	not	cross	tolerant	with	the	analgesia	produced	by
the	opioid	analgesics	and	that	temporary	use	of	this	technique	allows	for	reducing	the	amount	of	systemic	opiate
drugs	 and	 therefore	 partially	 reversing	 tolerance.	 This	 has	 been	 a	 useful	 preliminary	 approach	 in	 patients	 for
whom	 the	 use	 of	 spinal	 opiate	 analgesia	 is	 considered	 but	who	 have	 developed	 tolerance	 from	 large	 doses	 of
systemic	opiates.	This	approach	is	also	most	useful	 in	patients	who	experience	an	acute	pain	crisis,	such	as	 the
patient	with	a	pathologic	hip	fracture	who	is	not	a	surgical	candidate,	thus	allowing	the	patient	to	move	about	in
bed.

Peripheral	Nerve	Block
Peripheral	 nerve	 blocks	 are	 used	 both	 diagnostically	 to	 localize	 the	 nerve	 distribution	 and	 therapeutically	 to
interrupt	pain	transmission	within	a	determined	nerve	distribution.	This	technique	is	limited	to	areas	of	the	body	in
which	the	interruption	of	both	motor	and	sensory	function	will	not	interfere	with	the	patient’s	functional	status.	It
is	most	commonly	used	in	patients	who	have	pain	in	the	head,	chest,	or	abdomen.202	This	technique	is	also	limited
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by	 the	 fact	 that	each	peripheral	nerve	subserves	sensory	 function	over	many	 levels,	and	usually,	 several	nerves
must	be	blocked	to	provide	adequate	analgesia.	These	techniques	are	most	useful	 in	patients	with	somatic	pain;
neuropathic	 pain	 is	 rarely	 controlled	 by	 peripheral	 nerve	 blocks	 alone.	 Examples	 of	 successful	 blocks	 include
gasserian	 ganglion	 block	 for	 craniofacial	 pain,	 intercostal	 blocks	 for	 chest	 wall	 infiltration	 from	 tumor,	 and
paravertebral	 blocks	 for	 radicular	 pain.	 In	 patients	with	 somatic	 pain	who	 respond	 to	 a	 local	 anesthetic	 block,
neurolytic	blockade	with	either	alcohol	or	phenol	may	provide	more	prolonged	relief.	A	block	produced	by	phenol
tends	to	be	less	profound	and	of	shorter	duration	than	that	produced	by	alcohol.	Phenol	has	local	anesthetic	as	well
as	 neurolytic	 effects.	 The	 most	 common	 peripheral	 neurolytic	 block	 is	 a	 paravertebral	 block	 for	 localized
intercostal	 pain.	 Fluoroscopic,	 ultrasonic,	 or	 computed	 tomographic	 localization	 assists	 in	 more	 accurately
interrupting	the	individual	intercostal	nerve.

TABLE	138.6
Neuroablative	and	Neurostimulatory	Procedures	for	Relief	of	Pain	from	Cancer

Site Procedure Indications
Neuroablative	Procedures
Nerve
root Rhizotomy

Useful	in	somatic	and	neuropathic	pain	from	tumor	infiltration	of	the	cranial	and,
rarely,	intercostal	nerves

Spinal
cord

Dorsal	root	entry	zone	lesion
Useful	in	unilateral	neuropathic	pain	from	brachial,	intercostal,	and	lumbosacral
plexopathy	and	postherpetic	neuralgia

Cordotomy

Useful	in	unilateral	pain	below	the	waist.	Often	combined	with	local	neurolytic
blocks	in	perineal	and	bilateral	lumbosacral	plexopathy;	may	be	performed
bilaterally

Myelotomy
Useful	in	midline	pain	below	the	waist	but	rarely	used	because	it	involves	extensive
surgery

Brain
stem Mesencephalic	tractotomy Useful	in	pain	in	the	nasopharynx	and	trigeminal	region

Thalamus Thalamotomy Useful	in	unilateral	neuropathic	pain	in	the	chest	and	lower	extremity

Cortex Cingulotomy Useful	through	a	stereotactic	approach	for	diffuse	pain

Neurostimulatory	Procedures

Peripheral
nerve

Transcutaneous	and
percutaneous	electrical	nerve
stimulation

Useful	in	reducing	painful	dysesthesias	from	tumor	infiltration	of	nerve	or	trauma
(e.g.,	neuroma)

Spinal
cord Dorsal	column	stimulation Of	limited	use	in	neuropathic	pain	in	the	chest,	midline,	and	lower	extremities

Thalamus Thalamic	stimulation Of	rare	use	in	neuropathic	pain	in	the	chest,	midline,	or	lower	extremity

Epidural	 and	 intrathecal	 neurolytic	 blocks	 have	 been	 used	 primarily	 to	 manage	 patients	 with	 far-advanced
disease	whose	pain	is	either	unilateral	in	the	chest	or	abdomen	or	midline	in	the	perineum.	These	approaches	are
less	useful	in	managing	upper	and	lower	limb	pain	associated	with	brachial	and	lumbosacral	plexopathy	because
of	 the	high	risk	of	motor	weakness	associated	with	effective	neurolytic	blockade	by	this	route.	Epidural	phenol
blocks	are	useful	in	management	of	chest	wall	pain	over	several	dermatomes.	Such	an	approach	obviates	the	need
for	multiple	paravertebral	injections.	Phenol	is	injected	in	small	increments	(1	to	2	mL/segment)	over	2	or	3	days
by	an	epidural	catheter,	and	preliminary	data	demonstrate	80%	pain	relief	 in	patients	with	documented	somatic
pain.	 Epidural	 and	 intrathecal	 phenol	 blocks	 have	 been	 used	 to	 manage	 perineal	 pain,	 but	 no	 studies	 have
delineated	the	superiority	of	one	approach	over	the	other.	Case	series	reviews	suggest	that	an	average	of	60%	of
patients	experience	good	relief,	21%	achieve	fair	relief,	and	18%	obtain	poor	relief.201	The	duration	of	pain	relief
is	poorly	documented;	 the	overall	estimate	 for	 relief	of	pain	with	both	subarachnoid	alcohol	and	phenol	blocks
suggests	a	mean	duration	of	pain	relief	of	between	2	weeks	and	3	months.

The	 selection	 of	 patients	 for	 management	 with	 epidural	 or	 intrathecal	 neurolytic	 agents	 is	 based	 on	 the
following	criteria:	exhaustion	of	appropriate	antitumor	approaches;	clear	clinical	and	radiologic	definition	of	the
pain;	 poor	 candidacy	 for	 percutaneous	 cordotomy;	 failure	 of	 nonopioid,	 opioid,	 and	 adjuvant	 analgesics	 to
produce	 adequate	 analgesia	 without	 significant	 side	 effects;	 a	 favorable	 response	 to	 diagnostic	 or	 epidural	 or
intrathecal	 blocks,	 producing	 at	 least	 75%	 pain	 relief;	 and	MRI	 of	 the	 spine	 or	myelography	 done	 before	 the



procedure	 that	 rules	 out	 tumor	 infiltration	 of	 the	 subarachnoid	 space.	 Complications	 are	 of	 two	 kinds.	 With
intrathecal	 injection,	 a	 self-limiting	 spinal	 headache	 may	 occur.	 Complications	 that	 result	 from	 the	 action	 of
neurolytic	substances	on	nerve	fibers	include	motor	paresis,	loss	of	sphincter	function,	impairment	of	touch	and
proprioception,	and	troublesome	dysesthesias.	Injection	in	the	thoracic	region	has	a	lower	complication	rate.	If	a
patient	 already	 has	 both	 motor	 and	 autonomic	 dysfunction	 before	 the	 use	 of	 neurolytic	 blockade,	 these	 often
remain	 the	 same	 or	may	worsen.	 Patients	 should	 be	 informed	 of	 the	 risk	 of	 these	 procedures,	 with	 particular
attention	given	to	the	fact	that	they	may	develop	motor	paresis	and	bladder	dysfunction,	specifically	incontinence,
after	the	blockade.

Celiac	Plexus	Block
Sympathetic	 block	 is	 effective	 in	 conditions	with	 vasomotor	 or	 visceromotor	 hyperactivity.	 This	 hyperactivity
accompanies	 many	 of	 the	 cancer-related	 pain	 syndromes	 such	 as	 visceral	 pain	 or	 plexopathies.	 The	 most
commonly	used	sympathetic	block	is	that	of	the	celiac	ganglion	for	pain	due	to	abdominal	malignancy,	including
cancer	of	the	pancreas,	stomach,	duodenum,	liver,	gallbladder,	adrenal	gland,	and	colon.	Nociceptive	fibers	of	the
splanchnic,	sympathetic,	vagal,	phrenic,	and	somatic	nerves	converge	on	the	celiac	ganglion,	which	is	amenable	to
a	regional	block;	this	block	is	successful	in	70%	to	85%	of	patients	treated.203

Standardized	 approaches	 for	 the	 use	 of	 this	 technique	 have	 been	 described	 using	 computed	 tomographic
monitoring	or	 fluoroscopic	control.	After	placement	of	 the	needle,	25	mg	of	absolute	alcohol	mixed	with	 local
anesthetic	and	contrast	is	injected.	The	major	side	effect	of	the	procedure	is	transient	hypotension;	patients	must
be	 well	 hydrated	 and	 monitored	 carefully	 during	 the	 procedure	 and	 for	 4	 to	 6	 hours	 afterward.	 Significant
neurologic	 complications	 occur	 in	 less	 than	 1%	of	 patients	 if	 proper	 technique	 is	 used.	Complications	 include
paraparesis,	postural	hypotension,	and	urinary	difficulties.

Although	 there	 has	 been	debate	 about	 the	usefulness	 of	 this	 procedure	 in	 patients	with	pancreatic	 cancer,	 it
should	 be	 considered	 as	 one	 option,	 together	 with	 pharmacologic	 approaches,	 in	 managing	 these	 patients.	 A
systematic	review	of	five	randomized	trials	of	celiac	plexus	block	for	advanced	pancreatic	cancer	demonstrated
that	overall	the	procedure	led	to	less	pain,	opioid	use,	and	constipation,	albeit	with	a	small	effect	size.204

Lumbar	Sympathetic	Block
Lumbar	 sympathetic	 block	 may	 provide	 significant	 relief	 of	 intractable	 urogenital	 pain	 or	 pain	 due	 to
carcinomatous	invasion	of	local	nerves	and	plexus	in	the	perineum	and	lower	extremity.205	This	ganglion	conveys
visceral	nociceptive	afferents	from	the	pelvic	viscera.	Pain	caused	by	cancer	of	the	sigmoid	colon	or	rectum	may
be	relieved	by	bilateral	lumbar	sympathetic	block	if	the	disease	is	confined	to	those	viscera.	Similarly,	pain	caused
by	cancer	of	the	seminal	vesicles	or	prostate	and	pain	caused	by	uterine	cancer	confined	to	the	body	of	the	uterus
may	 be	 relieved	 by	 this	 block.	 In	many	 instances,	 however,	 the	 block	must	 be	 extended	 to	 the	 T12	 ganglion.
Lumbar	sympathetic	block	alone	is	usually	not	useful	in	patients	with	lumbosacral	plexopathy;	therefore,	the	role
of	this	procedure	is	limited	to	management	of	pain	at	specific	anatomic	sites.

Stellate	Ganglion	Block
Stellate	 ganglion	 block	 may	 sometimes	 be	 useful	 for	 pain	 in	 the	 face,	 upper	 neck,	 ear,	 and	 hemicranium.
However,	 the	 potential	 complications	 of	 stellate	 ganglion	 block	 limit	 the	 use	 of	 neurolytic	 solution	 with	 this
technique	 because	 there	 is	 a	 high	 risk	 of	 spillage	 of	 the	 neurolytic	 material	 into	 the	 brachial	 plexus,	 with
secondary	nerve	injury	and	focal	pain.

NEUROPHARMACOLOGIC	APPROACHES
Epidural	and	Interspinal	Approach
Epidural	and	intraspinal	analgesia,	using	opioids	alone	or	in	combination	with	(1)	local	anesthetics,	(2)	clonidine,
(3)	 both	 local	 anesthetics	 and	 clonidine,	 or	 (4)	 experimental	 agents,	 is	 used	 to	manage	 chronic	 cancer	 pain	 in
patients	with	a	reasonable	(6-month)	expected	survival.103,175	 In	all	 instances,	patients	 should	have	a	 trial	of	an
epidural	or	intraspinal	drug	combination	before	permanent	implementation	is	considered.	It	is	advised	that	patients
have	a	continuous	intrathecal	trial	lasting	as	long	as	possible	before	permanent	implementation.	A	wide	array	of
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external	 and	 implantable	 catheters	 and	 pumps	 is	 available	 with	 specific	 indications	 and	 uses.	 Both	 computer-
controlled	battery-operated	pumps	and	continuous	fixed-infusion	pumps	are	used.	Cost	of	the	pump,	the	patient’s
psychosocial	 status	 and	 social	 support	 systems,	 and	 the	 patient’s	 ability	 to	 care	 for	 the	 pump	 and	 port	 are
important	considerations	in	the	decision	to	use	such	devices.	As	discussed	previously,	a	randomized	clinical	trial
of	intrathecal	opioids	compared	to	comprehensive	medical	management	reported	improved	pain	relief,	less	drug
toxicity,	and	improved	survival.138

NEUROABLATIVE	AND	NEUROSTIMULATORY	PROCEDURES	FOR	THE
RELIEF	OF	PAIN
Table	138.6	summarizes	the	commonly	used	neurosurgical	approaches	to	cancer	pain.	A	detailed	review	of	these
procedures	is	beyond	the	scope	of	this	chapter.	A	review	of	the	current	literature	suggests	limited	use	of	most	of
these	ablative	and	stimulatory	procedures.	The	integration	of	these	procedures	is	often	dependent	on	the	specific
training	of	 the	consultant	neurosurgeon	or	proceduralist,	 and	medical	oncologists	need	 to	work	effectively	 in	 a
team	to	decide	the	optimal	use	of	these	approaches.206,207

TRIGGER	POINT	INJECTION	AND	ACUPUNCTURE
Patients	with	significant	musculoskeletal	pain	often	 identify	specific	 tender	 trigger	point	areas,	and	 injection	of
these	trigger	points	with	either	saline	or	local	anesthetic	is	associated	with	significant	pain	relief.	Effective	relief
of	pain	from	trigger	point	injections	is	not	by	itself	diagnostic	of	musculoskeletal	pain,	however,	and	an	evaluation
of	the	cause	of	the	pain	is	still	necessary	to	rule	out	other	specific	sources.

Acupuncture	has	been	used	to	treat	both	acute	and	chronic	pain.	The	selected	acupuncture	points	are	manually
or	 electrically	 stimulated	 with	 a	 needle	 until	 the	 patient	 feels	 the	 sensation.	 A	 wide	 variety	 of	 acupuncture
techniques	are	available,	ranging	from	a	traditional	Chinese	approach	to	a	Western	adaptation.	Laser	acupuncture
with	 external	 laser	 probes	 has	 also	 been	 used.	 Randomized	 and	 systematic	 data	 are	 emerging	 in	 support	 of
acupuncture	 to	manage	pain;	however,	 a	 lack	of	detailed	pain	assessment	with	 specific	acupuncture	 techniques
and	lack	of	a	critical	review	of	the	patient	population	make	it	difficult	to	interpret	these	observations.208,209	Based
on	 its	 current	 empiric	 use,	 this	 approach	 is	 relatively	 safe,	 but	 its	 benefit	 in	 cancer	 patients	with	 pain	 remains
undefined.

PHYSIATRIC	APPROACHES
Rehabilitation	 medicine	 plays	 an	 important	 role	 in	 the	 multidisciplinary	 approach	 to	 the	 patient	 with	 cancer
pain.210	Physiatrists	are	concerned	with	a	patient’s	physical	 functioning	and	provide	expertise	 in	assessing	how
impairment	in	a	patient’s	physical	capacity	affects	his	or	her	ability	to	function.	A	wide	variety	of	interventions
are	available,	including	transcutaneous	electrical	nerve	stimulation	(TENS),	diathermy	(heating	pads,	ultrasound
treatments,	 hydrotherapy),	 and	 cryotherapy	 (ice	 and	 vapocoolants).	 Assistive	 devices	 and	 braces,	 as	 well	 as
therapeutic	exercise	and	massage,	are	 important.	Trigger	point	 injections	and	acupuncture	have	also	been	used.
These	 interventions	 are	 commonly	 used	 in	 combination	 with	 other	 pain	 therapy	 approaches,	 particularly
behavioral	and	pharmacologic	approaches.	Rehabilitation	approaches	are	discussed	throughout	the	text	specific	to
cancer	patients’	needs.	A	large	body	of	data	supports	the	use	of	rehabilitative	interventions	in	acute	and	chronic
nonmalignant	 pain,	 but	 similar	 studies	 have	 not	 addressed	 the	 rehabilitation	 needs	 of	 the	 cancer	 pain	 patient.
Neurologic	 dysfunction	 is	 one	 of	 the	 common	 components	 in	 patients	 with	 cancer	 pain,	 and	 aggressive
neurorehabilitation	is	necessary	to	promote	ambulation	and	provide	patients	with	functional	independence.

ALGORITHM	FOR	CANCER	PAIN	MANAGEMENT
An	algorithm	has	been	developed	that	integrates	all	of	these	management	approaches	for	cancer	pain.	It	attempts
to	 integrate	 assessment	 techniques,	 drug	 therapy,	 behavioral	 approaches,	 and	 anesthetic	 and	 neurosurgical
approaches	 and	 stresses	 continuity	 of	 care.	 Treatment	 begins	 with	 a	 diagnostic	 evaluation	 that	 addresses	 the



medical,	psychological,	and	social	components	of	pain.	A	plan	 is	developed	 to	 treat	 the	cancer	and	pain.	 If	 the
anticancer	treatment	is	effective,	pain	relief	usually	occurs	and	the	drugs	used	for	analgesia	can	be	discontinued
without	difficulty.	Pain	treatment	begins	with	the	use	of	analgesic	drugs,	starting	with	nonopioid	drugs	alone	or	in
combination.	 If	 these	 drugs	 are	 successful,	 no	 further	 therapy	 is	 necessary.	 If	 severe,	 persistent	 pain	 does	 not
respond	 to	 analgesic	 drugs	 or	 if	 the	 side	 effects	 of	 the	 drugs	 are	 not	 tolerated,	 the	 physician	 should	 consider
switching	 analgesics	 (e.g.,	 from	oral	morphine	 to	methadone),	 changing	 the	 route	of	 administration	 (e.g.,	 from
oral	to	subcutaneous),	or	performing	a	cordotomy	for	localized	pain.	A	trial	of	an	adjuvant	drug	together	with	the
opioid	and	nonopioid	drug	would	also	be	appropriate.	In	patients	with	excessive	sedation	or	confusion,	the	use	of
a	neurostimulant	or	haloperidol	provides	adequate	treatment	of	the	side	effects	of	the	opioid	drugs	and	maintains
the	 patient’s	 analgesia	 while	 markedly	 reducing	 concurrent	 side	 effects.	 Alternatively,	 epidural	 or	 intrathecal
opioids	may	be	considered	if	systemic	analgesics	produce	excessive	side	effects	such	as	confusion	or	sedation.	If
the	 pain	 is	 localized	 (e.g.,	 intercostal	 pain	 from	 tumor	 infiltration	 of	 the	 chest	 wall),	 neurolytic	 blocks	 are
indicated.	If	 the	pain	is	unilateral	and	below	the	waist,	cordotomy	should	be	considered.	Behavioral	approaches
including	CBT	 and	 guided	 imagery	 should	 be	 integrated	 from	 the	 onset	 of	 treatment	 and	 used	 along	with	 the
medical	and	surgical	approaches,	whenever	feasible.

FUTURE	DIRECTIONS
The	study	of	pain	in	cancer	patients	offers	a	unique	opportunity	to	use	clinical	observations	to	advance	biologic
knowledge.	There	is	a	critical	need	to	expand	both	the	research	and	educational	efforts	in	cancer	pain	to	improve
the	control	of	pain	in	these	patients.	Information	on	the	basic	mechanisms	of	pain	modulation	can	be	culled	only
from	a	careful	study	of	these	clinical	pain	problems.	These	studies	can	teach	us	the	physiologic	and	psychological
differences	between	acute	and	chronic	pain	problems,	the	importance	of	the	evolution	of	psychological	factors,	the
difference	 between	 pain	 and	 suffering,	 the	 clinical	 pharmacology	 of	 analgesic	 drugs,	 and	 the	 behavioral
mechanisms	humans	use	to	suppress	pain.	The	use	of	innovative	approaches	based	on	sound	scientific	principles
and	advances	in	research	technology	offers	the	opportunity	to	understand	the	complex	phenomenon	of	pain.	The
development	 of	 animal	models	 to	 test	 new	 therapies,	 the	 new	 insights	 learned	 from	 the	molecular	 genetics	 of
opioid	receptors,	and	the	increasing	knowledge	base	of	the	molecular	mechanisms	of	neuropathic	pain,	bone	pain,
and	 visceral	 pain	 offer	 the	 promise	 for	 translating	 these	 discoveries	 into	 the	 improved	 care	 of	 the	 patient	with
cancer-related	pain.
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David	A.	August,	Mihir	M.	Shah,	and	Maureen	B.	Huhmann

BACKGROUND
Nutrition	 and	 diet	 play	 a	major	 role	 in	 cancer.	 Dietary	 factors	 are	 a	 significant	 component	 of	 the	 identifiable
attributable	risks	of	cancer.1–3	Cancer-related	malnutrition	and	cancer	cachexia	are	major	contributors	 to	patient
distress.	Cancer	is	often	thought	of	as	a	wasting	disease	because	malnutrition	and	weight	loss	often	contribute	to
the	 death	 of	 cancer	 patients.4,5	 However,	 overnutrition	 also	 affects	 cancer	 pathogenesis	 and	 prognosis	 and
influences	the	effectiveness	of	cancer	therapy.

Undernutrition	 is	a	hallmark	of	cancer.	Approximately	40%	of	cancer	patients	present	with	weight	 loss,	and
cancer	cachexia	syndrome	(CCS),	with	its	profound	implications	for	quality	of	life	and	survival,	may	develop	in
as	many	as	80%	of	patients	with	advanced	malignancies.6	A	loss	of	more	than	10%	of	usual	body	weight	at	the
time	of	diagnosis	is	prognostic	for	decreased	survival;	a	rate	of	weight	loss	of	greater	than	2.75%	per	month	also
confers	a	poor	prognosis.7	Weight	loss	in	cancer	patients	is	associated	with	symptom	distress	(including	fatigue,
depression,	 and	 social	 withdrawal),	 poor	 quality	 of	 life,	 and	 increased	 surgical	 morbidity.8–10	 Progressive
malnutrition	associated	with	CCS	accounts	for	as	much	as	25%	of	all	cancer-related	deaths	and	may	prevent	the
administration	of	otherwise	life-saving	cancer	treatments.11

Overnutrition	 (body	mass	 index	 >30	 kg/m2)	 is	 becoming	 a	 more	 frequently	 recognized	 problem	 in	 cancer
patients.	It	is	an	attributable	cause	in	more	than	15%	of	cancer	deaths	in	the	United	States,	even	in	patients	with
cancers	 usually	 associated	 with	 wasting	 (e.g.,	 liver	 cancer,	 pancreas	 cancer,	 gastric	 cancer,	 and	 esophageal
cancer).	 Obesity	 plays	 a	 particularly	 prominent	 role	 in	 the	 incidence	 and	mortality	 of	 female	 cancers	 such	 as
uterine	 cancer,	 cervix	 cancer,	 and	breast	 cancer.2,12	Hypothesized	 links	between	 the	pathophysiology	of	 cancer
mortality	 and	 obesity	 include	 delayed	 detection	 on	 physical	 exam	 and	 screening	 studies;	 the	 difficulty	 of
administering	 precise	 surgery,	 radiation	 therapy,	 and	 chemotherapy	 in	 obese	 patients,	 resulting	 in	 decreased
efficacy	 and	 increased	 side	 effects;	 the	 role	 of	 lipocytes	 in	 steroid	 and	 sex	 hormone	 metabolism;	 the	 altered
cytokine	milieu	in	obese	patients;	the	proinflammatory	and	pro-oxidant	effects	of	obesity;	and	alterations	of	the
gut	microbiome.2,13

Despite	 our	 current	 understanding	 of	 the	 role	 of	malnutrition	 in	 cancer	 pathogenesis,	 pathophysiology,	 and
patient	 outcomes,	 development	 of	 strategies	 to	 avoid	 the	 consequences	 of	 under-	 and	 overnutrition	 in	 cancer
patients	 remains	 a	 work	 in	 progress.11	 The	 nutrition	 care	 of	 cancer	 patients	 should	 focus	 on	 the	 goals	 of
recognizing	 the	 presence	 and/or	 risk	 of	 malnutrition;	 assessing	 nutritional	 requirements;	 defining	 and
implementing	 appropriate	 nutrition	 interventions	 while	 avoiding	 ineffective	 and	 potentially	 harmful	 therapies;
maintaining	function	and	quality	of	life;	and	improving	the	ability	to	administer	effective	anticancer	treatments.

CAUSES	OF	MALNUTRITION	IN	CANCER	PATIENTS
The	 primary	 nutritional	 derangement	 in	 cancer	 patients	 is	 a	metabolic	milieu	 that	 suppresses	 appetite	 and	 that
prevents	 the	 effective	 utilization	 of	 nutrients	 (Table	 139.1).14,15	 Supporting	 this	 contention	 are	 a	 number	 of
observations:	Parenteral	nutrition	(PN)	support	may	be	used	to	overcome	diminished	nutrient	intake	or	gut	failure,
but	this	only	rarely	reverses	the	weight	loss	and	clinical	stigmata	of	CCS;	the	clinical	and	metabolic	features	of
simple	starvation	in	humans	differ	markedly	from	those	seen	in	cancer	patients,	suggesting	decreased	intake	is	not
the	sole	cause	of	cancer-associated	weight	loss;	cancer	weight	loss	may	precede	changes	in	appetite;	and	in	some
situations,	the	perceived	anorexia	is	actually	an	adaptive	decrease	of	food	intake	in	response	to	weight	loss.16,17

TABLE	139.1



Causes	of	Weight	Loss	and	Malnutrition	in	Cancer	Patients

	 Factor Effect
Decreased	Intake
Metabolic
effectors

Cytokines,	peptides,	and	hormones Centrally	mediated	anorexia	with	decreased	appetite

Symptom
distress

Depression	and	other	psychological	factors Decreased	appetite	and	interest	in	food

Side	effects
of	cancer
therapy

Pain,	nausea,	vomiting,	diarrhea,	constipation,
fatigue,	dysgeusia	(altered	taste),	conditioned	food
aversion

Decreased	appetite	and	interest	in	food
Painful	chewing	and	swallowing

	 Gastrointestinal	dysfunction	(obstruction,
dysmotility,	fistula,	malabsorption)

Functional	intestinal	failure
Fluid	and	electrolyte	disturbances

Altered	Metabolism
Metabolic
effectors

Cytokines,	peptides,	and	hormones Altered	energy	metabolism;	wasteful	protein,	carbohydrate,
and	lipid	cycling;	increased	muscle,	lipid,	and	visceral
catabolism

Other	 factors	 that	 contribute	 to	 weight	 loss	 in	 cancer	 patients	 primarily	 by	 decreasing	 nutrient	 and	 energy
intake	 include	 anorexia,	 symptom	 distress	 and	 psychosocial	 factors,	 alterations	 in	 taste	 (dysgeusia),
gastrointestinal	dysfunction,	 and	 side	effects	of	 cancer	 therapy.	The	 symptom-related	and	psychological	 factors
associated	with	cancer	that	may	alter	food	intake	include	pain,	nausea,	vomiting,	anxiety,	depression,	and	social
isolation.	Dysgeusia	may	be	a	direct	side	effect	of	chemotherapy,	radiation	therapy,	and	surgery,	but	it	may	also
be	 psychological	 in	 origin	 (including	 food	 aversions	 and	 anticipatory	 nausea	 and	 vomiting).18	Gastrointestinal
dysfunction	 is	 common	 in	 cancer	 patients;	 it	 may	 relate	 to	 direct	 effects	 of	 tumor	 (e.g.,	 gastrointestinal
obstruction)	 or	 to	 side	 effects	 or	 complications	 of	 therapy.	 Cancer	 surgery	 is	 invariably	 accompanied	 by	 a
temporary	 catabolic	 state	 and	 decreased	 nutrient	 intake,	 and	 this	 may	 be	 prolonged	 by	 the	 development	 of
perioperative	complications.	These	may	cause	symptom	distress,	including	alterations	in	taste,	early	satiety,	pain,
cramps,	vomiting,	diarrhea,	and	constipation.	Chemotherapy	often	induces	transient	nausea	and	vomiting	or	injury
to	 gastrointestinal	 mucosa	 with	 resultant	 stomatitis,	 mucositis,	 diarrhea,	 and/or	 typhlitis,	 all	 of	 which	 may	 be
exacerbated	by	neutropenia.	Radiation	therapy	can	cause	acute	gastrointestinal	injury	accompanied	by	many	of	the
previously	mentioned	symptoms	and	also	chronic	radiation	enteritis	with	malabsorption	and	stricture	formation.19

CANCER	CACHEXIA	SYNDROME
CCS	 is	 a	wasting	 syndrome	 characterized	 by	 anorexia,	weight	 loss,	 loss	 of	muscle	mass,	 fatigue,	 anemia,	 and
hypoalbuminemia	(Table	139.2).	One	of	 its	most	 striking	hallmarks	 is	a	 spontaneous	decrease	 in	 food	 intake.20
Cancer	cachexia	can	be	present	at	any	stage	of	disease,	although	it	is	more	common	with	advanced	malignancy.
Weight	 loss	 is	 a	 central	 component	of	 cancer	 cachexia.	 It	varies	between	 tumor	 types	and	 is	most	profound	 in
tumors	of	the	pancreas	and	the	upper	gastrointestinal	tract.19	Metabolic,	cytokine,	and	hormonal	factors	contribute
to	the	pathogenesis	of	CCS	(see	Table	139.2).	Metabolic	and	cytokine	derangements	primarily	affect	substrate	and
intermediary	metabolite	utilization	and	cycling	but	may	also	affect	appetite.	Clinical	factors	largely	influence	food
intake	 and	 absorption,	 but	 cytokines	 also	 play	 an	 important	 role.	The	 ravages	 of	CCS	 are	mediated	 by	 altered
energy	balance	and	wasteful	metabolic	cycling	as	well	as	decreased	nutrient	intake	and	availability.	The	relative
importance	of	each	of	these	factors	varies	from	patient	to	patient.

TABLE	139.2
Clinical	and	Laboratory	Features	of	Cancer	Cachexia	Syndrome

Clinical Laboratory
Anorexia
Decreased	oral	intake
Weight	loss
Fatigue

Microcytic	anemia
Hypoalbuminemia
Skin	test	anergy
Elevated	C-reactive	protein	and	other	acute-phase	reactants
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Weakness
Myalgia
Lethargy
Immunosuppression
Decreased	quality	of	life
Intolerance	of	treatment

CCS	 impacts	 quality	 of	 life,	 symptom	 burden,	 and	 the	 patient’s	 sense	 of	 dignity.	 A	 multifactorial	 and
multidisciplinary	 approach	 is	 necessary	 for	 optimal	 management	 of	 this	 syndrome,	 including	 supportive	 care
measures.21

Energetics
Early	studies	that	evaluated	resting	energy	expenditure	(REE)	in	cancer	patients	concluded	that	it	is	increased	but
did	not	 account	 for	 fat-free	mass	when	calculating	 the	REE.	Weight-losing	patients	 initially	 lose	 fat	mass,	 and
body	composition	should	be	accounted	for	when	estimating	REE.	Even	with	these	adjustments,	inaccuracies	still
exist	in	the	estimation	of	REE	in	cancer	patients.22–25

The	 type	 of	 malignancy	 and	 the	 host	 response	 have	 been	 hypothesized	 to	 result	 in	 the	 variability	 of	 the
metabolic	 rate	 that	has	been	observed	 in	cancer	patients.22,23	For	 example,	 although	patients	with	hepatobiliary
neoplasms	 are	mostly	hypometabolic,	 gastric	 and	 lung	 cancer	 patients	 are	 frequently	hypermetabolic.26	Factors
such	as	increased	acute-phase	reactants,	prolonged	duration	of	illness,	and	advanced	cancer	have	been	associated
with	 an	 elevated	REE,	whereas	 the	 stage	 of	 the	 tumor	 has	 not.22,23	 In	 addition,	 because	 of	 anorexia	 and	 other
factors,	 cancer	 patients	 may	 not	 adjust	 their	 food	 intake	 to	 compensate	 for	 the	 altered	 REE.	 Ultimately,	 the
hallmark	of	REE	in	cancer	patients	is	its	variability	and	unpredictability.16

Intermediary	Metabolism
Increased	turnover	(cycling)	of	proteins	and	lipids	 is	a	feature	of	CCS,	 leading	to	a	decrease	 in	skeletal	muscle
mass	 and	 depleted	 fat	 stores.	 Augmented	 proteolysis	 and	 attenuated	 peripheral	 protein	 synthesis	 cause	 severe
muscle	 loss	 in	weight-losing	 patients	with	 advanced	 cancer,	which	 can	 result	 in	 respiratory	 complications	 and
death.27	Proteolysis-inducing	factor	(PIF)	is	a	major	mediator	of	protein	catabolism	in	cancer	patients;	it	activates
nuclear	factor-κB	(NF-κB),	which	then	turns	on	the	ubiquitin-proteasome	proteolytic	pathway.28	By	mass,	most	of
the	weight	loss	in	cancer	cachexia	occurs	from	the	depletion	of	fat	stores.	The	primary	mechanism	behind	this	is
elevated	 fat	 cell	 lipolysis.	 Similar	 to	PIF,	 lipid-mobilizing	 factor	 (LMF)	 is	 central	 to	 the	 process	 of	 adipocytic
lipolysis	via	regulation	of	hormone-sensitive	lipase.27	Recently,	a	role	for	brown	fat	in	the	pathogenesis	of	CCS
has	been	suggested.	The	generation	of	brown	 fat	 cells	 in	white	adipose	 tissue	appears	 to	occur	early	 in	animal
models	of	CCS,	before	the	appearance	of	clinical	signs,	and	may	be	related	to	effects	of	interleukin	(IL)-6.	There
are	suggestions	that	this	also	occurs	in	humans.13	Interestingly,	both	proteolysis	and	lipolysis	are	not	suppressed
with	the	administration	of	exogenous	nitrogen29	and	glucose.30	With	respect	to	the	metabolism	of	carbohydrates,
multiple	 aberrations	 stem	 from	 the	Warburg	 effect,	 a	mid-20th	 century	 observation	 that	 glycolysis	 is	 the	main
process	 for	 energy	 generation	 in	 cancer	 cells.31	 This	 energy-inefficient	 process	 leads	 to	 an	 increase	 in	 hepatic
gluconeogenesis	and	can	cause	normal	tissues	to	be	energy	starved.

Cytokines	and	Hormones
In	 CCS,	many	 of	 the	 processes	 that	 have	 just	 been	 described	 are	 driven	 by	 an	 altered	 cytokine	milieu	 (Table
139.3).	Both	tumor	cell	production	and	host	responses	contribute	to	the	deranged	cytokine	milieu.32

Although	integral	to	local	host	defenses	in	the	face	of	inflammation	or	infection,	tumor	necrosis	factor-α	(TNF-
α)	 can	 have	 harmful	 systemic	 effects.	 These	 include	muscle	 breakdown	mediated	 by	 the	 ubiquitin-proteasome
pathway	and	nitric	oxide	synthase	expression,	fat	depletion	that	occurs	because	of	increased	lipolysis	through	the
activation	 of	 hormone-sensitive	 lipase	 and	 decreased	 lipogenesis,	 and	 anorexia	 that	 is	 induced	 when	 TNF	 is
produced	or	administered	 in	 the	brain.33	Evidence	 for	 the	 role	of	TNF	 in	cachexia	comes	 from	animal	models.
Similar	to	TNF,	interferon-γ	is	an	important	contributor	to	muscle	wasting	and	fat	burning	through	the	activation
of	 these	 same	 processes.34	 Antibodies	 to	 these	 two	 key	 cytokines	 have	 been	 developed	 with	 some	 success	 in
suppressing	the	metabolic	changes	of	CCS,	but	no	single	agent	has	been	able	to	prevent	most	of	its	features.34

IL-1	 and	 IL-6	 are	 two	 proinflammatory	 cytokines	 that	 further	 contribute	 to	 CCS.	 IL-1	 induces	 anorexia,



increases	 peripheral	 breakdown	 of	 muscle,	 and	 promotes	 the	 release	 of	 IL-6.34,35	 In	 turn,	 IL-6	 has	 been
demonstrated	 to	 elevate	 the	 rate	 of	 hepatic	 gluconeogenesis	 and	 peripheral	 proteolysis	 and	 can	 result	 in	more
profound	wasting	than	TNF.34,36	Despite	the	almost	indistinguishable	effects	of	TNF	and	IL-6,	the	latter	(unlike
TNF)	 is	 easily	 found	 in	 the	 serum	 of	 cancer	 patients	 with	 cachexia	 and	 likely	 works	 through	 different
mechanisms.34

Besides	cytokines,	several	hormones	and	tumor-derived	proteins	have	been	implicated	in	CCS.	These	include
leptin,	serotonin,	PIF,	and	LMF.	Proteolysis-inducing	factor	and	LMF	are	predominantly	produced	by	tumor	cells,
whereas	 leptin	 and	 serotonin	 are	 generated	 by	 host	 tissues.	 Interestingly,	 LMF	 is	 detectable	 in	 weight-losing
cancer	patients	but	not	weight-stable	cancer	patients.33

TABLE	139.3
Cytokine	Milieu	and	Effects	in	Cancer	Cachexia

Cytokine Effects
Tumor	necrosis	factor-α Lipolysis,	muscle	degradation,	increased	glucose	turnover

Interferon-γ Potentiates	lipolysis,	decreases	protein	synthesis

Interleukin	(IL)-1 Induces	anorexia,	early	satiety,	peripheral	proteolysis,	potentiates	release	of	IL-6

IL-6 Severe	wasting

Proteolysis-inducing	factor Skeletal	muscle	degradation

Lipid-mobilizing	factor Lipolysis

The	key	function	of	 leptin,	an	adipocyte-derived	hormone,	 is	 to	 regulate	body	fat	mass	by	reducing	appetite
and	increasing	REE.36,37	It	does	so	via	hypothalamic	neuropeptides.32	When	 there	 is	an	 increase	 in	food	 intake,
leptin	levels	are	elevated.	This	leads	to	the	suppression	of	the	appetite	stimulants	ghrelin	and	neuropeptide	Y	and
the	stimulation	of	the	appetite	suppressors	corticotropin-releasing	factor	and	melanocortin.	Persistently	decreased
levels	of	leptin	have	been	identified	in	cachectic	patients,	indicating	that	tumors	are	capable	of	mimicking	leptin
and	causing	 sustained	anorexia	 and	weight	 loss.32,36	Another	hormone	 that	 has	been	 found	 to	 contribute	 to	 the
anorexia	 of	 cancer	 cachexia	 is	 serotonin.32	 Several	 mechanisms	 have	 been	 proposed	 for	 this,	 including	 the
depression	of	appetite	and	the	inhibition	of	ghrelin	secretion.

Autophagy,	 a	 natural,	 regulated	 process	 that	 degrades	 redundant	 or	 damaged	 cellular	 components	 using
lysosomal	mechanisms,	can	be	abnormally	upregulated	 in	many	cachectic	and	muscle-wasting	 states,	 including
cancer.	 Increased	 expression	 and	 activity	 of	 components	 of	 the	 ubiquitin-proteasome	 pathway	 can	 lead	 to
proteolysis	and	may	be	associated	with	 the	muscle	wasting	observed	 in	CCS.	Induction	of	autophagy	 in	cancer
patients	is	likely	associated	with	negative	energy	balance	and	degraded	muscle	function.38

The	 multiplicity	 of	 factors,	 both	 clinical	 and	 metabolic,	 that	 underlie	 CCS	 have,	 to	 date,	 frustrated	 most
attempts	to	reverse	its	devastating	clinical	sequelae.32

NUTRITION	SCREENING	AND	ASSESSMENT
Nutrition	 screening	 and	 assessment	 are	 the	 first	 steps	 in	 determining	 the	 nutrition	 status	 of	 cancer	 patients	 to
identify	risk	for	malnutrition	and	to	elucidate	their	nutrient	requirements.	Unfortunately,	nutrition	status	may	be
difficult	to	define,	let	alone	quantify.	Many	putative	markers	of	nutrition	status	(serum	albumin,	total	lymphocyte
count,	immune	competence,	anthropometric	changes,	body	composition)	may	also	be	affected	by	the	severity	of
the	underlying	cancer.39	Although	markers	such	as	albumin	may	be	effective	prognostic	indicators,	the	interaction
between	malnutrition	and	acute-phase	response	limits	the	use	of	them	as	nutrition	indicators.40	Weight	and	weight
history	are	the	parameters	most	commonly	used	but	may	also	be	unreliable	in	cancer	patients	due	to	fluid	shifts
and	edema.	Neither	albumin	nor	weight	loss	in	isolation	is	a	specific	predictor	of	clinical	complications.

Nutrition	 screening,	 a	 precursor	 step	 to	 identify	 patients	 who	 should	 undergo	 a	 more	 formal	 nutrition
assessment,	 facilitates	 the	 early	 recognition	 of	 malnutrition.	 The	 American	 Society	 for	 Parenteral	 and	 Enteral
Nutrition	 and	 the	 Academy	 of	 Nutrition	 and	 Dietetics	 recommend	 that	 all	 cancer	 patients	 undergo	 nutrition
screening	 as	 a	 component	 of	 their	 initial	 evaluation.41,42	 The	 purpose	 of	 screening	 is	 to	 quickly	 identify
individuals	 at	 nutrition	 risk	 so	 that	 they	 can	 be	 referred	 for	 a	 formal	 nutrition	 assessment	 and	 creation	 of	 a
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nutrition	 intervention.	 Objective	 and	 subjective	 data	 should	 be	 incorporated	 into	 the	 nutrition	 screening.42
Individual	 objective	measures	 alone,	 such	 as	 a	 single	 laboratory	 parameter	 or	 current	 weight,	 are	 not	 specific
enough	to	indicate	nutrition	risk,	so	multiple	objective	measures	must	be	combined	with	subjective	measures.	To
facilitate	 routine	 screening	of	 all	 patients,	 nutrition	 screening	 tools	 should	be	 easy	 to	use,	 cost	 effective,	 valid,
reliable,	and	sensitive.43

Several	 nutrition	 screening	 tools,	 such	 as	 the	Mini	 Nutritional	 Assessment	 and	 the	Malnutrition	 Screening
Tool,	have	been	developed	to	screen	for	the	presence	of	malnutrition.44,45	The	cancer-specific	nutrition	screening
tool	that	seems	to	have	the	most	use	in	research	and	actual	patient	care	is	the	Patient-Generated	Subjective	Global
Assessment	 (PG-SGA).46	 It	 is	 broken	 into	 two	 sections—a	 patient-completed	 section,	 which	 includes	 data
regarding	weight	history,	symptoms,	dietary	intake,	and	activity	level,	and	a	section	completed	by	the	health-care
professional,	which	evaluates	metabolic	demand	and	disease	in	relation	to	nutrition	requirements	and	incorporates
physical	assessment.	A	numeric	score	is	calculated	by	adding	the	points	obtained	in	sections	1	and	2.	The	numeric
scores	can	be	used	as	a	 triage	system	to	initiate	a	formal	nutrition	assessment	 leading	to	 intervention	and	guide
follow-up.	The	PG-SGA	numeric	score,	when	repeated	at	subsequent	time	points,	is	sensitive	to	improvement	or
deterioration	 in	 nutrition	 status.	 Several	 nutrition	 screening	 tools	 have	 been	 described	 that	 rely	 on	 objective
laboratory	parameters.	Although	useful	in	clinical	research	settings,	their	failure	to	incorporate	clinical	parameters
makes	them	less	helpful	than	the	PG-SGA.	The	Prognostic	Nutritional	Index	has	been	validated	prospectively	and
calculates	the	percentage	risk	of	an	operative	complication	in	an	individual.	It	can	differentiate	patients	at	low	risk
for	nutrition-related	complications	(<10%)	from	those	who	are	at	high	risk	(>50%).47,48	The	Nutrition	Risk	Index
was	used	to	stratify	nutrition	risk	in	the	Veterans	Affairs	Total	Parenteral	Nutrition	Cooperative	Study	Group	trial
of	perioperative	PN	and	classifies	individuals	as	either	well	nourished	or	malnourished	(Table	139.4).49

The	nutritional	care	provided	by	a	registered	dietitian	is	called	medical	nutrition	therapy	(MNT).	Maintenance
of	 nutrition	 status	 during	 cancer	 treatment	 is	 essential	 to	 increase	 the	 likelihood	 of	 successful	 completion	 of
prescribed	cancer	therapies.	MNT	is	associated	with	improved	weight,	body	composition,	treatment	tolerance,	and
quality	of	life	in	patients	receiving	chemotherapy	and	radiation.	As	such,	the	Academy	of	Nutrition	and	Dietetics
guidelines	recommend	MNT	by	a	registered	dietitian	for	all	patients	undergoing	radiation	and/or	chemotherapy.41

TABLE	139.4
Nutrition	Screening	Tools

A.	 Prognostic	Nutritional	Index:	%	risk	of	perioperative	complication	=	158	−	16.6	(albumin;	grams	per	deciliter	[g/dL])	−	0.78
(triceps	skinfold	thickness;	mm)	−	0.2	(serum	transferrin;	g/dL)	−	5.8	(delayed-type	hypersensitivity	reaction;	mm)

B.	 Nutritional	Risk	Index:	1.519	×	the	serum	albumin	(grams	per	liter)	+	0.417	×	(current	weight/usual	weight)	×	100
a.	 Patients	are	characterized	as	malnourished	if	they	have	a	score	of	100	or	less	on	the	Nutritional	Risk	Index.

C.	 Patient-Generated	Subjective	Global	Assessment	(PG-SGA)
a.	 Patient	History:	weight	change,	change	in	dietary	intake,	gastrointestinal	symptoms,	change	in	functional	capacity,

diagnosis
b.	 Physical	Exam:	loss	of	subcutaneous	fat,	muscle	wasting,	ankle	edema,	sacral	edema,	ascites
c.	 The	previous	are	combined	to	create	a	numerical	score	to	categorize	patients	as	mildly,	moderately,	or	severely

malnourished.

PHARMACOTHERAPY	OF	CANCER-ASSOCIATED	WEIGHT	LOSS	AND
MALNUTRITION
Cancer	 cachexia	 and	 the	 associated	 weight	 loss	 cause	 symptom	 distress	 and	 impair	 quality	 of	 life	 in	 cancer
patients.	They	are	associated	with	fatigue,	anorexia,	early	satiety,	and	social	isolation	as	well	as	other	symptoms.
Furthermore,	 cancer	 treatments	 are	 often	 accompanied	 by	 gastrointestinal	 symptom	 distress	 relating	 to	 the
underlying	cancer,	treatment	side	effects,	or	the	hormonal	and	cytokine	milieu	that	accompanies	CCS.	Qualitative
research	suggests	an	important	role	for	psychosocial	interventions	directed	at	both	the	patient	and	family	members
to	address	these	symptoms.50	Much	of	the	focus,	to	date,	however,	has	been	on	pharmacologic	interventions.21

Progestational	agents	have	been	the	mainstay	of	the	pharmacotherapy	of	cancer-associated	anorexia	and	weight
loss.	Megestrol	acetate	and	medroxyprogesterone	acetate	have	been	shown	to	improve	appetite	and	to	ameliorate
weight	 loss	 in	 studies	of	patients	with	 cancer	 and	 cachexia.	 Improved	quality	of	 life	has	been	demonstrated	 in



prospective	studies	 in	patients	with	cancer	cachexia	 treated	with	megestrol	acetate,	with	minimal	side	effects.14
Doses	studied	ranged	from	160	to	1,280	mg	per	day,	and	maximal	weight	gain	was	generally	seen	within	8	weeks.
The	mechanism	of	action	may,	 in	part,	be	mediated	via	alterations	 in	IL-6	 levels.	Combining	megestrol	acetate
with	 a	 cocktail	 of	 anti-inflammatory	 and	 antioxidant	 nutrients	may	 have	 an	 additional	 benefit.51	Dronabinol,	a
marijuana	 derivative,	 has	 been	 shown	 to	 improve	 appetite	 and	 cause	 weight	 gain	 in	 small	 studies.	 Combined
therapy	 with	 megestrol	 acetate	 and	 dronabinol	 is	 not	 superior	 to	 megestrol	 acetate	 as	 a	 single	 agent.14
Medroxyprogesterone	 and	megestrol	 acetate	may	 pose	 elevated	 risks	 in	 patients	with	 hypercoagulability,	 heart
disease,	or	fluid	retention.

Anabolic	 steroids	 have	 no	 proven	 efficacy	 for	 improving	 nutrition	 status,	 although	 they	may	 provide	 some
cancer-related	 symptom	 relief.	 In	 human	 trials,	 corticosteroids	 produce	 transient	 improvement	 in	 nutrition
parameters	and	appetite,	but	continued	use	is	associated	with	negative	nitrogen	balance,	net	calcium	loss,	glucose
intolerance,	and	 immunosuppression.	Agents	such	as	growth	hormone,	 insulin-like	growth	factor	 I,	 insulin,	and
melatonin,	 although	 promising	 in	 rodent	models,	 have	 not	 been	 shown	 to	 be	 helpful	 in	 humans	 in	 improving
nutrition	 status	 or	 quality	 of	 life.14	 Anamorelin	 (an	 oral	 ghrelin	 mimetic)	 significantly	 increased	 body	 weight
compared	to	placebo	in	a	multicenter,	randomized,	crossover	pilot	study.52	Cyproheptadine,	an	antihistamine	and
serotonin	 antagonist,	 and	 octreotide	 can	 reduce	 diarrhea	 and	 reverse	 weight	 loss	 in	 patients	 with	 carcinoid
syndrome	but	are	generally	ineffective	appetite	stimulants	in	cancer	patients.53

Cytokine-directed	therapies	offer	the	promise	of	potentially	reversing	the	cascade	of	metabolic	and	hormonal
events	 that	 result	 in	 cancer	 cachexia.	Animal	 studies	 are	 promising.	Although	 some	 agents	 have	 demonstrated
effects	in	humans,	none	have	been	demonstrated	to	be	clinically	effective.14	Thalidomide	and	pentoxifylline	have
been	shown	to	inhibit	TNF-α	but	have	not	demonstrated	clear	efficacy	in	clinical	trials.14

Eicosapentaenoic	acid	and	docosahexaenoic	acid	are	α-3	omega	fatty	acids	found	in	high	concentrations	in	fish
oils	 that	have	anti-inflammatory	properties.	Unfortunately,	 they	have	not	been	shown	 to	be	effective	 in	clinical
trials	in	patients	with	cancer	cachexia	with	the	possible	exception	of	pancreas	cancer	patients.14,54

Medications	 to	 relieve	 cancer-	 or	 treatment-related	 symptoms	 that	 impair	 oral	 intake	 can	 be	 important
adjuvants	 to	reduce	or	even	eliminate	the	need	for	nutrition	support	 in	many	cancer	patients.	Nausea,	vomiting,
diarrhea,	and	constipation	are	common.	They	can	lead	to	an	aversion	to	eating,	with	resultant	weight	loss.	When
these	symptoms	are	present,	a	formal	evaluation	to	look	for	an	underlying	cause	and	intervention	by	a	registered
dietitian	have	been	shown	to	be	helpful.55	General	approaches	include	the	use	of	antiemetics,	promotility	agents,
antidiarrheals,	 fiber,	 laxatives,	 and	 (when	 pancreatic	 insufficiency	 is	 suspected)	 pancreatic	 enzyme
replacement.14,53,56	Depression	occurs	in	25%	to	45%	of	patients	with	cancer	and	can	lead	to	anorexia	and	weight
loss.	Antidepressant	medications	can	help.57,58

NUTRITION	SUPPORT	OF	CANCER	PATIENTS
The	 notion	 that	 because	malnutrition	 is	 associated	 with	 a	 poor	 prognosis	 in	 cancer	 patients,	 nutrition	 support
should	 improve	cancer	outcomes	 is	an	oversimplification	 (Fig.	139.1).	The	mere	 provision	 of	 nutrition	 support
does	not	guarantee	that	the	cancer	patient	will	optimally	use	the	nutrients	to	improve	clinical	outcomes.	However,
evidence	does	suggest	that	nutrition	support	can	be	effective	and	can	improve	clinical	outcomes	in	cancer	patients
who	are	currently	undergoing	anticancer	treatment	and	who	are	moderately	or	severely	malnourished	or	who	are
anticipated	to	be	unable	to	meet	their	nutrition	needs	orally	for	a	period	greater	than	7	to	14	days	in	perioperative
patients	and	greater	than	14	days	in	nonsurgical	patients.42,59	Guidelines	that	specify	the	cancer	patients	who	are
likely	to	benefit	from	nutrition	support	(i.e.,	the	provision	of	nutrients	other	than	orally)	have	been	published	by
major	nutrition	organizations.42,59	These	are	summarized	in	Table	139.5.
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Figure	139.1	Algorithm	for	the	use	of	nutrition	support	in	cancer	patients.

The	routine	use	of	nutrition	support	 in	cancer	patients	 is	not	 indicated.	More	 than	35	clinical	 trials,	some	of
them	prospective	 and	 randomized,	 including	more	 than	5,500	patients,	 have	been	 summarized.19	 In	 adequately
nourished	 patients,	 nutrition	 support	 by	 the	 enteral	 or	 parenteral	 route	 does	 not	 improve	 outcomes	 in	 patients
receiving	chemotherapy	or	radiation	therapy	or	who	are	undergoing	cancer	surgery,	and	in	fact,	nutrition	support
may	actually	harm	some	of	them.49,60	Nutrition	support	should	be	reserved	for	patients	who	are	actively	receiving
anticancer	treatment	and	who	are	malnourished	or	who	are	at	high	risk	of	becoming	acutely	malnourished	because
of	an	anticipated	inability	to	take	in	adequate	oral	nutrition	for	7	to	14	days	or	longer.

Optimal	Route	of	Administration	of	Nutrition	Support
Dietary	counseling	and	oral	supplementation	are	the	best	initial	approach	to	support	the	nutrition	needs	of	cancer
patients.61,62	 Although	 oral	 nutrition	 interventions	 have	 no	 demonstrable	 effect	 on	 survival,	 they	 may	 help
minimize	weight	 loss	 and	do	 result	 in	 significant	 improvement	of	 some	aspects	of	quality	of	 life.62	When	 oral
supplementation	is	not	feasible	secondary	to	side	effects	of	cancer	therapy,	generalized	cancer	cachexia,	abnormal
physiology	secondary	 to	 the	malignancy,	or	anatomic	factors	 that	preclude	oral	 intake,	enteral	nutrition	(EN)	 is
preferred.42,59	The	enteral	route	is	more	physiologic,	has	fewer	associated	complications	(especially	infection),	has
a	decreased	incidence	of	associated	hyperglycemia,	and	is	more	cost	effective	than	parenteral	nutrition	(PN).	EN
can	improve	nitrogen	balance	and	stimulate	weight	gain	in	cancer	patients.63	EN	is	generally	contraindicated	 in
patients	with	bowel	obstruction,	abdominal	distention,	ileus,	severe	diarrhea,	gastrointestinal	bleeding,	and	high-
output	external	fistulas.

If	use	of	the	gastrointestinal	tract	is	not	feasible,	PN	is	indicated.	PN	can	facilitate	weight	gain;	however,	this	is
primarily	in	the	form	of	fat.64	Historically,	it	was	thought	that	the	use	of	PN	may	mitigate	morbidity	and	decrease
mortality	in	the	perioperative	setting	in	gastrointestinal	malignancy	patients.	However,	many	studies	suggest	that
in	adequately	nourished	patients,	the	perioperative	use	of	PN	in	patients	with	malignancies	actually	increases	the
incidence	of	infections	and	does	not	improve	survival.49,60	However,	severely	malnourished	patients	can	benefit
because	 the	 use	 of	 PN	 in	 the	 perioperative	 setting	 in	 these	 patients	 can	 reduce	 the	 incidence	 of	 surgical
complications	and	can	improve	survival	in	comparison	to	standard	isotonic	fluids.49

Optimal	Timing	for	Initiation	of	Nutrition	Support
Once	the	 ideal	 route	of	nutrition	 is	established,	 the	 timing	of	 initiation	of	nutrition	support	must	be	considered.



Historically,	enteral	feeding	was	discouraged	following	abdominal	surgical	procedures;	bowel	rest	was	thought	to
promote	anastomotic	healing	and	prevent	nausea	and	vomiting.	More	recently,	it	has	been	recognized	that	early
oral	and	enteral	 feeding	can	promote	healing	and	reduce	 length	of	stay.65	Failure	 to	 consider	nutrition	 and	diet
issues	 perioperatively	 can	 result	 in	 lost	 opportunities	 to	maintain	 nutrition	 status	 and	 to	 avoid	 nutrition-related
complications.	In	contrast,	a	delay	 in	 the	 initiation	of	PN	may	be	appropriate,	even	in	patients	 in	whom	oral	or
enteral	feeding	is	not	possible.	In	a	prospective,	randomized	trial,	critically	ill	patients,	including	cancer	patients,
in	whom	EN	was	attempted	early	but	in	whom	the	initiation	of	PN	was	delayed	for	7	days,	had	a	shorter	length	of
intensive	care	unit	stay	and	also	had	reductions	in	the	incidence	of	infectious	complications,	organ	dysfunction,
and	hospital	length	of	stay	compared	to	patients	in	whom	PN	was	initiated	on	day	2.66

Perioperative	PN	appears	to	benefit	moderately	or	severely	malnourished	patients	if	administered	for	7	to	14
days	prior	to	an	operation.49	In	mildly	or	borderline	malnourished	patients,	there	is	no	demonstrable	benefit.

TABLE	139.5
Summary	of	American	Society	for	Parenteral	and	Enteral	Nutrition	(ASPEN)42	and	European
Society	for	Parenteral	and	Enteral	Nutrition	(ESPEN)59	Recommendations	for	the	Use	of
Nutrition	Support	in	Cancer	Patients

Recommendation ASPEN ESPEN

Strength
of
Evidence

A	formal	nutrition	screening,	and	when	indicated	by	the	screening,	nutritional	assessment	should
be	undertaken	in	all	cancer	patients	at	the	time	of	diagnosis	and	periodically	updated.

✔ ✔ Weak

Dietary	counseling,	oral	supplementation,	and	symptom	management	should	form	the	initial
nutrition	interventions	in	at-risk	cancer	patients.

✔ ✔ Moderate

If	not	measured,	energy	requirements	should	be	assumed	to	mimic	those	of	similarly	nourished,
similarly	stressed	healthy	patients.

	 ✔ Weak

Protein	intake	should	be	1.0	to	1.5	g/kg/d. 	 ✔ Moderate

When	oral	intake	and	supplements	are	inadequate,	enteral	nutrition	when	feasible	is	preferred	to
parenteral	nutrition.

✔ ✔ Moderate

Use	of	nutrition	support	in	adequately	nourished	cancer	patients	is	not	indicated	unless	a	greater
than	14	d	(7–14	d	in	surgical	patients)	period	of	inadequate	intake	is	anticipated.

✔ 	 Strong

Use	of	nutrition	support	is	beneficial	during	active	anticancer	treatment	in	malnourished	patients
unable	to	ingest	or	absorb	adequate	nutrients.

✔ ✔ Strong

Moderately	to	severely	malnourished	patients	benefit	from	a	7-	to	14-d	period	of	preoperative
nutrition	when	feasible.

✔ 	 Strong

Physical	exercise	should	be	encouraged	in	cancer	patients	to	maintain	muscle	mass,	function,
and	metabolic	pattern.

	 ✔ Strong

Progestins	are	the	preferred	pharmacologic	agent	for	appetite	stimulation. 	 ✔ Strong

The	use	of	immune-enhancing	formulas	containing	arginine,	nucleic	acids,	omega-3	fatty	acids,
and	glutamine	is	beneficial	in	malnourished	patients	undergoing	major	cancer	operations.

✔ ✔ Strong

With	the	possible	exception	of	omega-3	fatty	acids	in	pancreas	cancer	patients,	routine	use	of
individual	nutrient	supplements	is	not	indicated	in	cancer	patients.

✔ ✔ Moderate

Prescribing	Nutritional	Support
Energy	requirements	are	determined	by	a	patient’s	age,	sex,	body	composition,	and	energy	expenditure.	Multiple
formulas	 have	 been	 suggested	 to	 determine	 caloric	 requirement,	 but	 none	 has	 been	 demonstrated	 to	 be	 most
reliable.14	 Typically,	 physiologically	 nonstressed	 patients	 require	 approximately	 1.0	 g	 per	 kilogram	 of	 body
weight	per	day	of	protein	and	25	kcal	per	kilogram	of	body	weight	per	day	of	nonprotein	calories.	Essential	fatty
acids	(linoleic	and	linolenic	acids	are	generally	used	in	the	United	States)	are	provided,	approximately	1.0	to	2.0	g
per	kilogram	per	day,	to	supplement	calories	and	to	prevent	essential	fatty	acid	deficiency.	There	are	additional
fluid,	electrolyte,	vitamin,	and	trace	mineral	requirements.14	Enteral	formulas	come	premixed	and	contain	all	of
the	required	nutrients.	PN	is	generally	individually	prescribed,	and	vitamins	and	trace	elements	must	be	added.
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Enteral	Nutrition
The	selection	of	a	formula	for	EN	is	based	on	an	assessment	of	both	nutrient	and	fluid	requirements.	The	calorie
concentration	in	balanced	formulas	can	range	from	1.0	to	2.0	kcal/mL.	The	nonprotein	macronutrient	components
are	derived	 from	carbohydrates	 and	 lipids.	Those	diets	with	more	 carbohydrates	have	a	higher	osmolarity	 than
isocaloric	diets	containing	lipids.

Access	 for	 EN	 can	 be	 via	 percutaneous	 gastrostomy,	 operative	 gastrostomy,	 feeding	 jejunostomy	 (placed
endoscopically	 or	 operatively),	 or	 via	 a	 nasojejunal	 tube.67	 Tubes	 can	 dislodge,	 and	 patients	 should	 present
urgently	back	to	the	clinician	to	reinsert	a	tube	into	an	established	tract	prior	to	scarring	and	closure.	Feeding	rates
should	start	at	30	mL	per	hour	and	increase	at	set	intervals	(12	to	24	hours)	to	achieve	an	assessed	caloric	goal.

Hyperosmolar	formulas	are	generally	not	administered	to	the	jejunum	directly.	If	patients	develop	symptoms	of
diarrhea	 (most	 frequent)	 or	 constipation,	 changes	 should	 be	made	 to	 either	 the	 rate	 or	 formulation	 of	 the	 tube
feedings;	antimotility	agents	and/or	fiber	can	often	be	added	to	feedings	to	treat	these	symptoms.	In	addition,	with
diarrhea,	it	is	reasonable	to	check	a	Clostridium	difficile	toxin	prior	to	making	other	changes.

Parenteral	Nutrition
Central	venous	access	is	necessary	to	administer	PN	because	of	its	hyperosmolarity.	Commonly,	PN	is	composed
of	hypertonic	glucose	(25%),	amino	acids	(4.25%),	lipids,	electrolytes,	and	essential	vitamins,	minerals,	and	trace
elements.	The	caloric	density	of	these	formulas	is	usually	1	kcal/mL,	and	therefore,	2	to	2.5	L	of	volume	a	day
provides	2,000	to	2,500	kcal	and	all	essential	nutrients.	To	prevent	essential	fatty	acid	deficiency,	patients	should
receive	at	least	500	mL	of	a	20%	fat	emulsion	containing	both	linoleic	and	linolenic	fatty	acids	weekly.

Specialty	Nutrition	Formulas:	Immune-Enhancing	Formulas	and	Formulas	for
Organ	Failure
There	 have	 been	 numerous	 studies	 evaluating	 the	 potential	 benefits	 of	 immune-enhancing	 formulas.	 These	 are
enteral	formulas	that	have	been	tested	both	in	the	perioperative	and	intensive	care	unit	setting	and	contain	various
combinations	of	arginine,	glutamine,	RNA,	and/or	omega-3	fatty	acids.	Although	findings	are	variable,	in	general,
these	 formulas	 result	 in	 fewer	 infectious	complications	and	perhaps	 shorter	 lengths	of	 stay	 in	 the	postoperative
setting.14,68

Effect	of	Nutrition	Support	on	Tumor	Growth
Historically,	 concern	 has	 been	 voiced	 over	 the	 potential	 for	 nutrition	 support	 to	 stimulate	 tumor	 growth	 and
metastasis.69	 In	 murine	 models,	 PN	 provided	 in	 excess	 of	 energy	 requirements	 can	 more	 than	 double	 tumor
growth	 rate.	 In	 humans,	 the	 provision	 of	 nutrition	 support	 may	 stimulate	 tumor	 cell	 proliferation	 and	 protein
synthesis,	but	this	finding	is	not	consistent.	There	are	no	clinical	outcome	data	that	suggest	a	deleterious	effect	of
nutrition	 support	when	 used	 in	malnourished	 patients	 on	 tumor	 growth	 and	 spread.	 These	 data	 emphasize	 the
sensibility	 of	 using	nutrition	 support	 in	 cancer	 patients	when	malnutrition	or	 the	 risk	of	malnutrition	 is	 clearly
demonstrated.60,69,70

Glycemic	Control	in	Patients	with	Cancer
Hyperglycemia	is	frequently	observed	in	stressed,	critically	ill	patients	and	in	patients	receiving	nutrition	support.
Multiple	 factors	 (many	 of	which	 are	 present	 in	 cancer	 patients)	 contribute	 to	 this,	 including	 elevated	 levels	 of
stress	 hormones,	 systemic	 activation	 by	 inflammatory	 cytokines	 that	 promote	 insulin	 resistance,	 and	 the
administration	 of	 carbohydrate-rich	 nutrition	 support.71	 In	 seriously	 ill	 patients,	 including	 cancer	 patients,	 the
occurrence	 of	 hyperglycemia	 is	 associated	 with	 increased	 morbidity	 and	 mortality.72	 Five	 major	 trials	 have
investigated	the	role	of	tight	glycemic	control	in	critically	ill	patients	receiving	nutrition	support;	they	have	been
summarized.73	Many	of	 the	patients	 in	 these	 trials	were	cancer	patients.	 In	 these	 trials,	 intravenous	 insulin	was
used	 in	 the	 experimental	 groups	 to	 maintain	 blood	 sugars	 below	 approximately	 100	 mg/dL,	 and	 in	 the
conventional	treatment	groups,	the	blood	sugar	target	was	higher	(140	to	200	mg/dL).	In	general,	mortality	was
increased	in	the	tight	glucose	control	groups.	All	of	these	trials	observed	a	higher	incidence	of	hypoglycemia	in
the	 stringent	 control	 groups	 than	 in	 the	 conventional	 therapy	 groups.	 It	 seems	 prudent	 in	 critically	 ill	 cancer
patients	receiving	nutrition	support	to	target	a	blood	sugar	in	the	140	to	180	mg/dL	range	to	attain	the	benefits	of
more	stringent	glucose	control	but	without	risking	the	complications	that	may	result	from	hypoglycemia.



Palliative	Nutrition	Support	in	Patients	Not	Receiving	Anticancer	Treatment
The	 use	 of	 PN	 support	 in	 patients	 with	 advanced	 cancer	 who	 are	 not	 actively	 receiving	 anticancer	 treatment
remains	controversial.42,59	It	is	surprisingly	common.	A	recent	1-day	prevalence	survey	of	malnutrition	in	French
hospital	wards	showed	that	39%	of	 the	1,903	cancer	patients	surveyed	were	malnourished.	Forty-six	percent	of
patients	with	metastatic	disease	were	malnourished,	 and	 approximately	60%	of	 the	malnourished	patients	were
receiving	PN	or	EN.74	This	is	despite	evidence	that	PN	support	in	the	setting	of	end-stage	disease	is	often	futile
and	may	be	harmful.	In	a	palliative	setting,	a	patient’s	quality	of	life	should	be	the	primary	factor	addressed	when
considering	the	use	of	home	PN.75

In	 determining	 the	 utility	 of	 palliative	 home	 PN,	 important	 considerations	 include	 the	 patient’s	 estimated
survival,	potential	risks	and	benefits,	and	the	patient’s	and	family’s	wishes.	The	goals	of	nutrition	support	in	this
particular	 setting	are	 to	prolong	 life	 and	 to	 ameliorate	nutrition-related	 symptoms	 that	 cause	undue	 suffering.76
Home	 PN	 in	 cancer	 patients	 who	 are	 terminally	 ill	 is	 most	 often	 used	 in	 patients	 with	 bowel	 obstruction,
malabsorption,	fistula,	and	radiation	enteritis.76	A	meta-analysis	reviewed	12	studies	of	437	patients	receiving	PN
for	inoperable	malignant	bowel	obstruction	and	concluded	that	the	benefits	were	limited	and	the	costs	were	high.77
Overall,	there	was	some	suggestion	of	a	survival	benefit.	The	patients	who	are	potential	beneficiaries	of	home	PN
are	those	with	a	good	performance	status;	those	with	inoperable	bowel	obstruction;	those	with	minimal	symptoms
from	metastatic	disease	 involving	major	organs	such	as	brain,	 liver,	and	 lungs;	and	 those	with	 indolent	disease
progression.	Guidelines	suggest	PN	support	should	only	be	offered	if	a	patient	is	a	candidate	for	active	anticancer
therapy	and/or	the	patient	is	expected	to	have	a	survival	greater	than	40	to	60	days.42	In	addition,	in	the	context	of
home	PN,	patients	must	have	caretaker	support	nearly	24	hours	per	day.	There	are	few	patients	who	meet	these
criteria.	Although	 there	 is	debate,	 fluid	 therapy	may	alleviate	symptom	distress	 in	some	patients.	However,	PN
should	 not	 be	 used	 as	 a	 substitute	 for	 hydration	 in	 these	 patients.	 Honest	 and	 compassionate	 discussions	 are
necessary	with	 these	 patients,	 their	 families,	 and	 their	 clinicians	 in	 order	 to	 optimize	 decision	making	 and	 the
delivery	of	palliative	care	in	this	end-of-life	setting.

REFERENCES

1.	 Willett	WC.	Diet,	nutrition,	and	avoidable	cancer.	Environ	Health	Perspect	1995;103(suppl	8):165–170.
2.	 Katzke	VA,	Kaaks	R,	Kühn	T.	Lifestyle	and	cancer	risk.	Cancer	J	2015;21(2):104–110.
3.	 McKenzie	 F,	 Biessy	 C,	 Ferrari	 P,	 et	 al.	 Healthy	 lifestyle	 and	 risk	 of	 cancer	 in	 the	 European	 Prospective

Investigation	Into	Cancer	and	Nutrition	Cohort	Study.	Medicine	(Baltimore)	2016;95(16):e2850.
4.	 Warren	S.	The	immediate	causes	of	death	in	cancer.	Am	J	Med	Sci	1932;184(5):610–615.
5.	 Inagaki	J,	Rodriguez	V,	Bodey	GP.	Proceedings:	causes	of	death	in	cancer	patients.	Cancer	1974;33(2):568–573.
6.	 Martin	L,	Birdsell	L,	Macdonald	N,	 et	 al.	Cancer	 cachexia	 in	 the	 age	of	obesity:	 skeletal	muscle	depletion	 is	 a

powerful	prognostic	factor,	independent	of	body	mass	index.	J	Clin	Oncol	2013;31(12):1539–1547.
7.	 Tan	 BH,	 Fearon	 KC.	 Cachexia:	 prevalence	 and	 impact	 in	 medicine.	 Curr	 Opin	 Clin	 Nutr	 Metab	 Care

2008;11(4):400–407.
8.	 Ravasco	 P,	Monteiro-Grillo	 I,	 Vidal	 PM,	 et	 al.	 Cancer:	 disease	 and	 nutrition	 are	 key	 determinants	 of	 patients’

quality	of	life.	Support	Care	Cancer	2004;12(4):246–252.
9.	 Lis	CG,	Gupta	D,	Lammersfeld	CA,	et	al.	Role	of	nutritional	status	in	predicting	quality	of	life	outcomes	in	cancer:

a	systematic	review	of	the	epidemiological	literature.	Nutr	J	2012;11:27.
10.	 Wheelwright	 SJ,	 Johnson	 CD.	 Patient-reported	 outcomes	 in	 cancer	 cachexia	 clinical	 trials.	Curr	Opin	 Support

Palliat	Care	2015;9(4):325–332.
11.	 Penet	MF,	Bhujwalla	ZM.	Cancer	cachexia,	recent	advances,	and	future	directions.	Cancer	J	2015;21(2):117–122.
12.	 Calle	 EE,	 Rodriguez	 C,	 Walker-Thurmond	 K,	 et	 al.	 Overweight,	 obesity,	 and	 mortality	 from	 cancer	 in	 a

prospectively	studied	cohort	of	U.S.	adults.	N	Engl	J	Med	2003;348(17):1625–1638.
13.	 Rogers	 CJ,	 Prabhu	 KS,	 Vijay-Kumar	M.	 The	 microbiome	 and	 obesity-an	 established	 risk	 for	 certain	 types	 of

cancer.	Cancer	J	2014;20(3):176–180.
14.	 August	DA,	Huhmann	MB.	Nutritional	support	of	the	cancer	patient.	In:	Ross	CA,	Caballero	B,	Cousins	RJ,	et	al.,

eds.	Modern	Nutrition	in	Health	and	Disease.	Philadelphia:	Lippincott	Williams	&	Wilkins;	2013:1194–1213.
15.	 Tisdale	MJ.	Cancer	cachexia.	Curr	Opin	Gastroenterol	2010;26(2):146–151.
16.	 Skipworth	RJ,	Fearon	KC.	The	scientific	rationale	for	optimizing	nutritional	support	in	cancer.	Eur	J	Gastroenterol

Hepatol	2007;19(5):371–377.
17.	 Grosvenor	M,	Bulcavage	L,	Chlebowski	RT.	Symptoms	potentially	influencing	weight	loss	in	a	cancer	population.



Dr. AVR @ TMH

Correlations	with	primary	site,	nutritional	status,	and	chemotherapy	administration.	Cancer	1989;63(2):330–334.
18.	 Roscoe	 JA,	 Bushunow	 P,	 Morrow	 GR,	 et	 al.	 Patient	 expectation	 is	 a	 strong	 predictor	 of	 severe	 nausea	 after

chemotherapy:	 a	University	 of	 Rochester	 Community	 Clinical	 Oncology	 Program	 study	 of	 patients	with	 breast
carcinoma.	Cancer	2004;101(11):2701–2708.

19.	 August	 D,	 Huhmann	M.	Nutritional	 care	 of	 cancer	 patients.	 In:	 Norton	 JA,	 Barie	 P,	 Bollinger	 RR,	 et	 al.,	 eds.
Surgery:	Basic	Science	and	Clinical	Evidence.	2nd	ed.	New	York:	Springer	Publishing;	2008:2123–2149.

20.	 Martin	 L.	 Diagnostic	 criteria	 for	 cancer	 cachexia:	 data	 versus	 dogma.	 Curr	 Opin	 Clin	 Nutr	 Metab	 Care
2016;19(3):188–198.

21.	 Solheim	 TS,	 Laird	 BJ.	 Evidence	 base	 for	 multimodal	 therapy	 in	 cachexia.	 Curr	 Opin	 Support	 Palliat	 Care
2012;6(4):424–431.

22.	 Johnson	G,	Sallé	A,	Lorimier	G,	et	al.	Cancer	cachexia:	measured	and	predicted	resting	energy	expenditures	for
nutritional	needs	evaluation.	Nutrition	2008;24(5):443–450.

23.	 Reeves	MM,	Battistutta	D,	Capra	S,	 et	 al.	Resting	 energy	 expenditure	 in	 patients	with	 solid	 tumors	 undergoing
anticancer	therapy.	Nutrition	2006;22(6):609–615.

24.	 Cao	 DX,	 Wu	 GH,	 Zhang	 B,	 et	 al.	 Resting	 energy	 expenditure	 and	 body	 composition	 in	 patients	 with	 newly
detected	cancer.	Clin	Nutr	2010;29(1):72–77.

25.	 Knox	 LS,	 Crosby	 LO,	 Feurer	 ID,	 et	 al.	 Energy	 expenditure	 in	 malnourished	 cancer	 patients.	 Ann	 Surg
1983;197(2):152–162.

26.	 Dempsey	 DT,	 Feurer	 ID,	 Knox	 LS,	 et	 al.	 Energy	 expenditure	 in	malnourished	 gastrointestinal	 cancer	 patients.
Cancer	1984;53(6):1265–1273.

27.	 Tisdale	MJ.	Tumor-host	interactions.	J	Cell	Biochem	2004;93(5):871–877.
28.	 Miyamoto	Y,	Hanna	DL,	Zhang	W,	et	al.	Molecular	pathways:	cachexia	signaling—a	targeted	approach	to	cancer

treatment.	Clin	Cancer	Res	2016;22(16):3999–4004.
29.	 Jeevanandam	M,	Legaspi	A,	Lowry	SF,	et	al.	Effect	of	total	parenteral	nutrition	on	whole	body	protein	kinetics	in

cachectic	patients	with	benign	or	malignant	disease.	JPEN	J	Parenter	Enteral	Nutr	1988;12(3):229–236.
30.	 Shaw	JH,	Wolfe	RR.	Fatty	acid	and	glycerol	kinetics	in	septic	patients	and	in	patients	with	gastrointestinal	cancer.

The	response	to	glucose	infusion	and	parenteral	feeding.	Ann	Surg	1987;205(4):368–376.
31.	 Warburg	O.	On	the	origin	of	cancer	cells.	Science	1956;123(3191):309–314.
32.	 Suzuki	 H,	 Asakawa	 A,	 Amitani	 H,	 et	 al.	 Cancer	 cachexia:	 pathophysiology	 and	management.	 J	Gastroenterol

2013;48(5):574–594.
33.	 Lenk	K,	Schuler	G,	Adams	V.	Skeletal	muscle	wasting	in	cachexia	and	sarcopenia:	molecular	pathophysiology	and

impact	of	exercise	training.	J	Cachexia	Sarcopenia	Muscle	2010;1(1):9–21.
34.	 Toomey	D,	Redmond	HP,	Bouchier-Hayes	D.	Mechanisms	mediating	cancer	cachexia.	Cancer	1995;76(12):2418–

2426.
35.	 Fischer	E,	Marano	MA,	Barber	AE,	et	al.	Comparison	between	effects	of	 interleukin-1	alpha	administration	and

sublethal	endotoxemia	in	primates.	Am	J	Physiol	1991;261(2	pt	2):R442–452.
36.	 Diakowska	D,	Krzystek-Korpacka	M,	Markocka-Maczka	K,	et	al.	Circulating	leptin	and	inflammatory	response	in

esophageal	cancer,	esophageal	cancer-related	cachexia-anorexia	syndrome	(CAS)	and	non-malignant	CAS	of	 the
alimentary	tract.	Cytokine	2010;51(2):132–137.

37.	 Smiechowska	J,	Utech	A,	Taffet	G,	et	al.	Adipokines	in	patients	with	cancer	anorexia	and	cachexia.	J	Investig	Med
2010;58(3):554–559.

38.	 Penna	 F,	 Baccino	 FM,	 Costelli	 P.	 Coming	 back:	 autophagy	 in	 cachexia.	 Curr	 Opin	 Clin	 Nutr	 Metab	 Care
2014;17(3):241–246.

39.	 Bouillanne	O,	Hay	P,	Liabaud	B,	et	al.	Evidence	that	albumin	is	not	a	suitable	marker	of	body	composition-related
nutritional	status	in	elderly	patients.	Nutrition	2011;27(2):165–169.

40.	 Gupta	 D,	 Lis	 CG.	 Pretreatment	 serum	 albumin	 as	 a	 predictor	 of	 cancer	 survival:	 a	 systematic	 review	 of	 the
epidemiological	literature.	Nutr	J	2010;9:69.

41.	 Thompson	 KL,	 Elliott	 L,	 Fuchs-Tarlovsky	 V,	 et	 al.	 Oncology	 evidence-based	 nutrition	 practice	 guideline	 for
adults.	J	Acad	Nutr	Diet	2017;117(2):297.e47–310.e47.

42.	 August	 DA,	 Huhmann	 MB;	 and	 American	 Society	 for	 Parenteral	 and	 Enteral	 Nutrition	 Board	 of	 Directors.
A.S.P.E.N.	clinical	guidelines:	nutrition	support	therapy	during	adult	anticancer	treatment	and	in	hematopoietic	cell
transplantation.	JPEN	J	Parenter	Enteral	Nutr	2009;33(5):472–500.

43.	 Academy	of	Nutrition	and	Dietetics	Evidence	Analysis	Library.	Nutrition	screening:	definitions	and	criteria.	2014.
http://andevidencelibrary.com/topic.cfm?cat=3958.	Accessed	October	20,	2017.

44.	 Read	 JA,	 Crockett	 N,	 Volker	 DH,	 et	 al.	 Nutritional	 assessment	 in	 cancer:	 comparing	 the	 Mini-Nutritional



Assessment	 (MNA)	 with	 the	 scored	 Patient-Generated	 Subjective	 Global	 Assessment	 (PGSGA).	 Nutr	 Cancer
2005;53(1):51–56.

45.	 Shaw	C,	Fleuret	C,	Pickard	JM,	et	al.	Comparison	of	a	novel,	simple	nutrition	screening	tool	for	adult	oncology
inpatients	and	the	Malnutrition	Screening	Tool	(MST)	against	the	Patient-Generated	Subjective	Global	Assessment
(PG-SGA).	Support	Care	Cancer	2015;23(1):47–54.

46.	 Ottery	FD.	Definition	of	 standardized	nutritional	 assessment	 and	 interventional	pathways	 in	oncology.	Nutrition
1996;12(1	suppl):S15–S19.

47.	 Dannhauser	A,	Van	Zyl	JM,	Nel	CJ.	Preoperative	nutritional	status	and	prognostic	nutritional	index	in	patients	with
benign	disease	undergoing	abdominal	operations:	part	I.	J	Am	Coll	Nutr	1995;14(1):80–90.

48.	 Dannhauser	A,	Van	Zyl	JM,	Nel	CJ.	Preoperative	nutritional	status	and	prognostic	nutritional	index	in	patients	with
benign	disease	undergoing	abdominal	operations:	part	II.	J	Am	Coll	Nutr	1995;14(1):91–98.

49.	 Veterans	Affairs	 Total	 Parenteral	Nutrition	Cooperative	 Study	Group.	 Perioperative	 total	 parenteral	 nutrition	 in
surgical	patients.	N	Engl	J	Med	1991;325(8):525–532.

50.	 Porter	S,	Millar	C,	Reid	J.	Cancer	cachexia	care:	the	contribution	of	qualitative	research	to	evidence-based	practice.
Cancer	Nurs	2012;35(6):E30–E38.

51.	 Mantovani	G,	Macciò	A,	Madeddu	C,	et	al.	Randomized	phase	III	clinical	trial	of	five	different	arms	of	treatment
for	patients	with	cancer	cachexia:	interim	results.	Nutrition	2008;24(4):305–313.

52.	 Garcia	JM,	Friend	J,	Allen	S.	Therapeutic	potential	of	anamorelin,	a	novel,	oral	ghrelin	mimetic,	in	patients	with
cancer-related	 cachexia:	 a	 multicenter,	 randomized,	 double-blind,	 crossover,	 pilot	 study.	 Support	 Care	 Cancer
2013;21(1):129–137.

53.	 Levy	MH,	Back	A,	Benedetti	C,	et	al.	NCCN	clinical	practice	guidelines	in	oncology:	palliative	care.	J	Natl	Compr
Canc	Netw	2009;7(4):436–473.

54.	 Mazzotta	P,	Jeney	CM.	Anorexia-cachexia	syndrome:	a	systematic	 review	of	 the	role	of	dietary	polyunsaturated
fatty	 acids	 in	 the	 management	 of	 symptoms,	 survival,	 and	 quality	 of	 life.	 J	 Pain	 Symptom	 Manage
2009;37(6):1069–1077.

55.	 Huhmann	 MB.	 The	 Impact	 of	 Medical	 Nutrition	 Therapy	 by	 a	 Registered	 Dietitian	 on	 Clinical	 and	 Patient
Oriented	Outcomes	in	Cancer	Patients.	Newark,	NJ:	University	of	Medicine	and	Dentistry	of	New	Jersey;	2008.

56.	 Radbruch	L,	Elsner	F,	Trottenberg	P,	et	al.	Clinical	Practice	Guidelines	on	Cancer	Cachexia	in	Advanced	Cancer
Patients.	European	Clinical	Guidelines.	Aachen,	Germany:	Department	of	Palliative	Medicine/European	Palliative
Care	Research	Collaborative;	2010.

57.	 Fisch	M.	Treatment	of	depression	in	cancer.	J	Natl	Cancer	Inst	Monogr	2004;(32):105–111.
58.	 Valente	 SM,	 Saunders	 JM,	 Cohen	 MZ.	 Evaluating	 depression	 among	 patients	 with	 cancer.	 Cancer	 Pract

1994;2(1):65–71.
59.	 Arends	 J,	 Bachmann	 P,	 Baracos	 V,	 et	 al.	 ESPEN	 guidelines	 on	 nutrition	 in	 cancer	 patients.	 Clin	 Nutr

2017;36(1):11–48.
60.	 Huhmann	MB,	August	DA.	Review	of	American	Society	for	Parenteral	and	Enteral	Nutrition	(ASPEN)	Clinical

Guidelines	 for	 Nutrition	 Support	 in	 Cancer	 Patients:	 nutrition	 screening	 and	 assessment.	 Nutr	 Clin	 Pract
2008;23(2):182–188.

61.	 Ravasco	 P,	 Monteiro-Grillo	 I,	 Vidal	 PM,	 et	 al.	 Dietary	 counseling	 improves	 patient	 outcomes:	 a	 prospective,
randomized,	controlled	trial	in	colorectal	cancer	patients	undergoing	radiotherapy.	J	Clin	Oncol	2005;23(7):1431–
1438.

62.	 Baldwin	 C,	 Spiro	 A,	 Ahern	 R,	 et	 al.	 Oral	 nutritional	 interventions	 in	 malnourished	 patients	 with	 cancer:	 a
systematic	review	and	meta-analysis.	J	Natl	Cancer	Inst	2012;104(5):371–385.

63.	 Bozzetti	F.	Rationale	and	indications	for	preoperative	feeding	of	malnourished	surgical	cancer	patients.	Nutrition
2002;18(11–12):953–959.

64.	 Shike	M,	Russel	DM,	Detsky	AS,	et	al.	Changes	in	body	composition	in	patients	with	small-cell	lung	cancer.	The
effect	of	total	parenteral	nutrition	as	an	adjunct	to	chemotherapy.	Ann	Intern	Med	1984;101(3):303–309.

65.	 Greco	 M,	 Capretti	 G,	 Beretta	 L,	 et	 al.	 Enhanced	 recovery	 program	 in	 colorectal	 surgery:	 a	 meta-analysis	 of
randomized	controlled	trials.	World	J	Surg	2014;38(6):1531–1541.

66.	 Casaer	MP,	Mesotten	D,	Hermans	G,	et	al.	Early	versus	late	parenteral	nutrition	in	critically	ill	adults.	N	Engl	 J
Med	2011;365(6):506–517.

67.	 Itkin	M,	DeLegge	MH,	Fang	JC,	et	al.	Multidisciplinary	practical	guidelines	for	gastrointestinal	access	for	enteral
nutrition	 and	 decompression	 from	 the	 Society	 of	 Interventional	 Radiology	 and	 American	 Gastroenterological
Association	(AGA)	Institute,	with	endorsement	by	Canadian	Interventional	Radiological	Association	(CIRA)	and
Cardiovascular	 and	 Interventional	Radiological	Society	of	Europe	 (CIRSE).	Gastroenterology	 2011;141(2):742–



Dr. AVR @ TMH

765.
68.	 Marik	 PE,	 Zaloga	 GP.	 Immunonutrition	 in	 high-risk	 surgical	 patients:	 a	 systematic	 review	 and	 analysis	 of	 the

literature.	JPEN	J	Parenter	Enteral	Nutr	2010;34(4):378–386.
69.	 Bozzetti	F,	Mori	V.	Nutritional	 support	and	 tumour	growth	 in	humans:	a	narrative	 review	of	 the	 literature.	Clin

Nutr	2009;28(3):226–230.
70.	 Pacelli	F,	Bossola	M,	Teodori	L,	et	al.	Parenteral	nutrition	does	not	stimulate	tumor	proliferation	in	malnourished

gastric	cancer	patients.	JPEN	J	Parenter	Enteral	Nutr	2007;31(6):451–455.
71.	 Kavanagh	BP,	McCowen	KC.	Clinical	practice.	Glycemic	control	in	the	ICU.	N	Engl	J	Med	2010;363(26):2540–

2546.
72.	 NICE-SUGAR	Study	Investigators,	Finfer	S,	Chittock	DR,	et	al.	Intensive	versus	conventional	glucose	control	in

critically	ill	patients.	N	Engl	J	Med	2009;360(13):1283–1297.
73.	 Huhmann	MB,	August	DA.	Perioperative	nutrition	support	in	cancer	patients.	Nutr	Clin	Pract	2012;27(5):586–592.
74.	 Hébuterne	X,	Lemarié	E,	Michallet	M,	 et	 al.	 Prevalence	 of	malnutrition	 and	 current	 use	 of	 nutrition	 support	 in

patients	with	cancer.	JPEN	J	Parenter	Enteral	Nutr	2014;38(2):196–204.
75.	 Hui	D,	Dev	R,	Bruera	E.	The	last	days	of	life:	symptom	burden	and	impact	on	nutrition	and	hydration	in	cancer

patients.	Curr	Opin	Support	Palliat	Care	2015;9(4):346–354.
76.	 Mackenzie	ML,	 Gramlich	 L.	 Home	 parenteral	 nutrition	 in	 advanced	 cancer:	 where	 are	 we?	Appl	 Physiol	 Nutr

Metab	2008;33(1):1–11.
77.	 Naghibi	 M,	 Smith	 TR,	 Elia	 M.	 A	 systematic	 review	 with	 meta-analysis	 of	 survival,	 quality	 of	 life	 and	 cost-

effectiveness	 of	 home	 parenteral	 nutrition	 in	 patients	 with	 inoperable	 malignant	 bowel	 obstruction.	 Clin	 Nutr
2015;34(5):825–837.



140 Sexual	Problems
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INTRODUCTION
Continuing	 advances	 in	 cancer	 care	mean	 that	 most	 newly	 diagnosed	 cancer	 patients	 will	 live	 well	 past	 their
diagnosis.	This	shift	has	resulted	in	an	increasing	focus	on	maintaining	and/or	restoring	quality	of	life	for	millions
of	 cancer	 survivors.	 However,	 despite	 widespread	 acknowledgment	 that	 sexual	 function	 is	 often	 profoundly
disrupted	by	cancer	treatment,	there	is	still	a	deafening	silence	when	it	comes	to	acknowledging	and	addressing
sexual	function	for	many	survivors.	This	is	a	missed	opportunity	as	both	male	and	female	patients,	across	disease
sites,	are	disappointed	by	the	lack	of	information,	support,	and	practical	strategies	they	receive	to	help	manage	the
sexual	problems	secondary	to	cancer	and	its	treatments.1

Sexuality	 and	 intimacy	 have	 been	 shown	 to	 help	 lessen	 emotional	 distress	 and	 improve	 psychosocial
adjustment	in	the	face	of	cancer.2	For	patients,	the	loss	of	sexual	function	adds	a	burden	that	is	only	magnified	by
the	shame	and	embarrassment	that	 this	aspect	of	 life	is	not	only	changed	but	also	feels	unspeakable.	Moreover,
patients	 worry	 that	 their	 experience	 of	 “damage”	 cannot	 be	 undone	 and	 often	 wrongly	 assume	 that	 sexual
dysfunction	cannot	be	adequately	addressed.	Assumptions	are	unwittingly	 reinforced	by	clinicians	who,	by	not
addressing	the	topic,	mistakenly	give	patients	the	message	that	“nothing	can	be	done”—an	unfortunate	occurrence
because	 the	 majority	 of	 typical	 sexual	 problems	 facing	 cancer	 patients	 and	 cancer	 survivors	 can	 indeed	 be
effectively	treated.

Several	 studies	 have	 examined	medical	 professionals’	 barriers	 to	 communication	 about	 sexual	 health	 needs
with	their	patients.	Barriers	may	be	categorized	as	being	related	to	patient	characteristics,	provider	characteristics,
and	systems	issues.3	Patient	characteristics	 refer	 to	a	 range	of	assumptions	about	a	patient’s	 sexuality	based	on
age;	 sex;	 partner	 status;	 sexual	 orientation;	 prognosis;	 economic	 and	 social	 class;	 and	 religious,	 cultural,	 and
ethnic	background	that	deter	clinicians	from	asking	about	sexual	health.	For	example,	doctors	may	assume	that	an
older	person	who	is	widowed	or	divorced	is	no	longer	sexually	active	or	that	if	a	patient	is	from	another	culture,	it
would	be	 inappropriate	 to	ask	about	 sexual	concerns.4	Provider	characteristics	 refer	 to	 the	 training,	 experience,
knowledge,	 and	 attitudes	 of	 the	 provider	 that	may	 either	 deter	 or	 facilitate	 conversations	 about	 sexuality	 after
cancer.	Lack	of	experience	and	 lack	of	knowledge	have	repeatedly	been	shown	 to	explain	why	sexuality	 is	not
addressed5,6	 with	 cancer	 patients	 and	 survivors.	 Finally,	 systems	 issues	 such	 as	 lack	 of	 time	 and	 resources	 to
address	sexual	function	are	also	often	cited	by	physicians.

The	aim	of	this	chapter	is	to	familiarize	clinicians	with	common	sexual	problems	for	men	and	women	related	to
specific	cancers	and	their	treatments,	to	review	intervention	options	for	sexual	problems	and	current	resources	that
are	readily	available	to	both	clinicians	and	patients,	and	to	provide	straightforward	language	that	clinicians	can	use
to	 initiate	 brief	 inquiry	 and	 discussion	 about	 sexuality	 with	 patients	 as	 well	 as	 to	 overview	 some	 brief	 and
previously	validated	measures	that	can	be	incorporated	into	routine	clinical	care.

CANCER	IN	MEN
Prostate
The	 relative	 5-year	 survival	 rate	 for	 men	 diagnosed	 with	 localized	 prostate	 cancer	 approaches	 100%.	 The
combination	of	the	increase	in	diagnosed	cases,	increasing	survival	rates,	and	the	decreasing	age	at	diagnosis	has
made	sexual	dysfunction	following	prostate	cancer	treatments	a	progressively	more	pressing	issue.

Surgery
One	primary	treatment	option	for	men	diagnosed	with	early-stage	disease	is	radical	prostatectomy	(RP),	which	has
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a	major	impact	on	sexual	function.7	During	surgery,	the	seminal	vesicles	are	removed	and	the	vas	deferens	is	cut,
which	causes	dry	orgasms	and	urinary	incontinence	during	orgasm.	This	is	associated	with	poor	satisfaction	with
orgasms	 and	 the	 avoidance	 of	 sexual	 activities.8,9	 In	 addition,	 the	 cavernous	 nerves	 may	 be	 affected	 during
surgery,	which	can	cause	erectile	dysfunction	(ED)	 in	50%	to	80%	of	men.10	Therefore,	 nerve-sparing	 surgical
approaches	 are	 preferred	 as	 they	 are	 proven	 to	 be	 effective	 in	 helping	 patients	 sustain	 erectile	 function	 after
surgery,	 especially	 if	bilateral	nerve-sparing	 surgery	 is	 feasible.11	The	 recovery	period	 for	 the	nerves	 related	 to
erectile	function	is	approximately	18	to	24	months.	Denervation	caused	by	surgery	may	result	in	smooth	muscle
atrophy,	 erectile	 tissue	 apoptosis,	 and/or	 hypoxia-induced	 tissue	 damage,	 all	 of	 which	 can	 also	 contribute	 to
reduction	in	penile	length	and	circumference.12,13	RP	can	also	lead	to	a	range	of	additional	side	effects	that	impact
overall	 sexual	 health,	 including	 incontinence,	 climacturia,	 and	 changes	 in	 orgasmic	 function	 such	 as	 painful
orgasm	and	anorgasmia.14

There	are	currently	a	variety	of	 treatments	 for	ED.	The	 first-line	 treatment	 for	ED	 is	often	oral	medications
because	they	are	effective	and	noninvasive.15	However,	 they	may	be	ineffective	in	men	who	are	older	and	men
who	had	low	erectile	functioning	prior	to	surgery	as	well	as	in	men	who	have	neurovascular	bundle	damage	as	a
result	of	surgery.16	Because	oral	medications	can	result	in	physical	and	psychological	side	effects17	and	may	not
be	 effective	 for	 18	 to	 24	 months	 after	 surgery,	 alternative	 treatment	 options	 can	 be	 considered	 and	 include
intracavernous	injection	therapy,	transurethral	alprostadil,	and	vacuum	erection	devices.	Intracavernous	injection
therapy	is	effective	in	the	majority	of	patients,18	although	its	use	can	be	anxiety	provoking.	The	use	of	a	vacuum
erection	device	 is	an	alternative	mechanical	strategy	 that	allows	men	to	attain	an	erection	by	using	a	hand-held
vacuum	 pump.	 Because	 of	 the	 mechanism	 of	 action,	 a	 vacuum	 erection	 device	 may	 also	 be	 beneficial	 in
decreasing	the	problem	of	penile	shortening.19	Finally,	the	use	of	penile	prosthesis	is	also	an	effective	treatment
for	ED,20	although	it	is	typically	reserved	for	patients	who	fail	other	treatments	given	its	invasive	and	irreversible
nature.21	Combination	 treatments	 (e.g.,	 both	 phosphodiesterase	 type	 5	 [PDE-5]	 inhibitors	 and	 vacuum	erection
devices)	may	provide	the	most	hope	for	the	recovery	of	erectile	function.22

From	a	rehabilitation,	rather	than	a	treatment,	perspective,	focus	is	on	strategies	that	promote	oxygenation	of
the	 endothelial	 lining	 and	 include	daily	 low-dose	PDE-5	 inhibitor	 use,23	 intracavernous	 injection	of	 vasoactive
agents,	and	hyperbaric	oxygen	therapy,	which	is	also	aimed	at	reducing	tissue	fibrosis.24	A	recent	meta-analysis
suggests	 that	 after	RP,	 the	 use	 of	 PDE-5	 inhibitors,	 vacuum	 erection	 devices,	 and	 intracorporeal	 injection	 can
increase	 erectile	 function	but	may	not	 improve	 recovery	of	 spontaneous	 erectile	 function.25	 Further	 research	 is
needed	 to	 establish	 which	 patient	 populations	 would	 benefit	 most	 from	 penile	 rehabilitation	 and	 to	 allow	 for
evidence-based	guidelines	including	optimal	dosing	and	timing	of	therapy.

Radiation
External-beam	radiation	and	brachytherapy	are	also	 treatment	options	 for	men	with	early-stage	prostate	cancer.
Patients	may	believe	that	radiation	therapy	will	have	less	of	a	negative	impact	on	sexual	function	and	may	choose
radiation	therapy	over	surgery	as	a	way	to	preserve	sexual	health.	Although	radiation	therapy	patients	experience
different	 functional	 trajectories	 compared	 to	 prostatectomy	 patients,11,26	 radiation	 therapy,	 in	 all	 forms,	 is
associated	 with	 sexual	 dysfunction,	 with	 outcomes	 impacted	 by	 factors	 such	 as	 radiation	 dose	 and	 location.27
Radiation	 patients	 report	 highest	 sexual	 functioning	 immediately	 after	 radiation	 and	 then	 proceed	 to	 decline
subsequently	due	to	treatment-related	tissue	fibrosis,	which	is	in	direct	contrast	to	surgery	patients	whose	sexual
function	 tends	 to	 improve	 over	 time.28	 Although	 there	 are	 better	 outcomes	 for	 younger	 men	 (60	 years	 and
younger),29	up	to	a	third	of	radiation	therapy	patients	become	impotent	3	years	after	treatment.30	Brachytherapy
tends	 to	 be	 associated	 with	 a	 less	 severe	 side	 effect	 profile	 compared	 to	 external-beam	 radiation,	 but	 sexual
function	is	still	likely	to	be	compromised.

Treatment	 for	ED	 in	 radiation	 therapy	 patients	 is	 similar	 to	 that	 for	 surgery	 patients,	with	 first-line	 therapy
being	oral	treatment.	However,	the	scar	tissue	that	builds	up	over	time	on	the	nerves	may	limit	the	effectiveness	of
oral	medication,	and	patients	who	achieve	potency	after	radiation	therapy	may	still	experience	a	slow	decline	in
function.31

Hormone	Therapy
In	men	diagnosed	with	 late-stage	disease	or	high-risk	disease,	androgen-deprivation	 therapy	 (ADT)	 is	 the	most
common	course	of	treatment.	Approximately	half	of	all	current	prostate	cancer	survivors	in	the	United	States	will
at	 some	point	be	 treated	with	ADT.32	ADT	 is	 associated	with	 a	 range	of	marked	 sexual	 side	 effects,	 including



severely	decreased	 libido,	elevated	ED,	and	 lower	 levels	of	sexual	activity.33	 In	addition,	 treatment-related	side
effects	such	as	body	feminization,	hot	flashes,	fatigue,	and	decreased	mood	and	self-esteem	also	greatly	impact
sexual	health	among	men	who	choose	hormone	therapy.34	Treatment	for	ED	associated	with	hormone	therapy	is
consistent	with	options	used	after	surgery	and	radiation.	However,	the	more	difficult	sexual	dysfunction	to	treat	is
the	low	libido.	Medical	options,	such	as	increasing	testosterone	levels,	are	counter	to	ADT.	There	has	been	recent
research	 evaluating	 the	 role	 of	 estrogen	 in	 restoring	 libido	 among	men	 undergoing	 hormone	 therapy.35	Use	 of
targeted	cognitive-behavioral	interventions	designed	to	improve	communication,	reduce	relationship	distress,	and
improve	coping	skills	and	self-esteem	has	shown	promise	in	terms	of	improving	adjustment	and	reducing	distress
for	men	on	ADT.36	Given	 that	ADT	also	can	cause	significant	strain	 for	partners	and	 relationships,	 it	has	been
suggested	 that	educational	 interventions	 that	supports	patients	and	partners	 to	better	anticipate	and	manage	side
effects	of	ADT	may	result	in	improved	coping	and	intimacy.37

Quality-of-Life	Implications	of	Sexual	Dysfunction
All	active	treatment	options	for	prostate	cancer	are	associated	with	compromised	sexual	functioning,	which	has
been	identified	as	the	most	common	cause	of	disease-specific	distress	among	survivors.38	Of	note,	even	if	sexual
function	 returns	 to	 baseline	 levels,	 prostate	 cancer	 survivors	 often	 continue	 to	 report	 sexual	 bother.39	 Sexual
dysfunction	presents	a	complex	challenge	that	requires	multidisciplinary	support	from	physicians,	nurses,	physical
therapists,	 and	 psychologists	 who	 work	 together	 in	 treating	 both	 the	 physical	 and	 psychological	 impact	 of
treatment.40	Although	often	overlooked,	 it	 is	 imperative	 to	 consider	 the	 relational	 context41,42	when	 addressing
sexual	health	recovery	for	these	men.

Testicular
Testicular	cancer	is	the	most	common	cancer	among	men	between	the	ages	of	20	and	34	years,	which	is	the	age	at
which	 men	 are	 in	 their	 sexual	 prime	 and	 likely	 to	 start	 a	 family,	 making	 the	 sexual	 and	 fertility	 aspects	 of
testicular	cancer	treatment	a	critical	concern.	Most	commonly,	testicular	survivors	report	that	treatment	for	their
cancer	impacts	their	orgasm	intensity	and	frequency,	causes	problems	with	ejaculation,	lowers	libido,	and	causes
ED.43	For	 these	patients,	 their	 sexual	 function	appears	 to	 reach	a	 low	point	about	3	months	after	 treatment	and
tends	to	recover	over	the	course	of	1	year,44	although	there	are	survivors	for	whom	treatment-related	sexual	side
effects	can	last	for	up	to	5	years.45

A	significant	concern	for	many	men	with	testicular	cancer	is	fertility.	Although	there	are	variations,	abnormal
sperm	concentrations	can	be	seen	in	up	to	half	of	testicular	cancer	survivors.46	Testicular	cancer	survivors	have
various	fertility	options,	including	sperm	cryopreservation	and	intracytoplasmic	sperm	injection.47	Patients	benefit
greatly	 from	 receiving	 information	 about	 reproductive	 options46	 and	 discussion	 about	 broader	 sexual	 health
issues.48

CANCERS	THAT	AFFECT	MEN	AND	WOMEN
Bladder
The	most	common	presentation	of	bladder	cancer	is	in	the	form	of	transitional	cell	carcinoma,	and	although	most
cases	 tend	 to	 be	 superficial	 when	 first	 diagnosed,	 repeated	 treatments	 may	 be	 required	 to	 treat	 recurrences.
Treatments	for	bladder	cancer	mainly	include	surgery,	radiation	therapy,	immunotherapy,	and	chemotherapy,	with
surgery	 used	 in	 most	 of	 the	 cases.	 From	 a	 sexual	 health	 perspective,	 treatment	 of	 bladder	 cancer	 by	 radical
cystectomy	is	the	procedure	that	has	received	the	most	attention	given	its	likely	negative	implications	on	sexual
functioning.49

Male	Sexual	Function
A	standard	radical	cystectomy	for	treating	bladder	cancer	in	men	involves	the	removal	of	the	bladder	as	well	as
the	 prostate,	 seminal	 vesicles,	 and	 vasa	 deferentia,	 and	 the	 removal	 or	 damage	 of	 the	 neurovascular	 bundles,
leaving	the	patient	with	the	likely	consequent	loss	of	sexual	function.50	Alternatively,	nerve-sparing	cystectomy	is
associated	with	 a	 temporary	 decrease	 in	 function	 after	 surgery,	 commonly	 followed	 by	 a	 return	 to	 function.51
Unfortunately,	 oncologic	 failure	 rates	 for	 nerve-sparing	 cystectomies	 are	 higher.52	 This	 has	 resulted	 in	 debate
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regarding	 the	minimization	 of	 cancer	 risk,	 while	maximizing	 sexual	 function	 preservation.53	 In	 addition,	 men
report	body	image	issues	as	a	result	of	their	need	for	urinary	diversion	following	surgery.54

For	men	who	are	 treated	with	 radical	or	nerve-sparing	cystectomy,	ED	occurs	 at	 similar	 rates	 to	 those	 seen
after	prostatectomy	or	nerve-sparing	prostatectomy,	respectively,	and	its	treatment	follows	the	standard	of	care	for
ED	 in	men	 treated	with	 prostatectomy.	 Early	 PDE-5	 inhibitor	 intervention	 is	 associated	with	 improved	 sexual
function	and	satisfaction.55	However,	almost	half	of	male	bladder	cancer	patients	do	not	seek	treatment	for	their
sexual	dysfunction	after	surgery.50

Female	Sexual	Function
The	 standard	 radical	 cystectomy	 for	 bladder	 cancer	 in	 women	 involves	 the	 removal	 of	 the	 bladder,	 urethra,
anterior	vaginal	wall,	uterus,	 and	ovaries,	 and	 it	 is	 likely	 to	 result	 in	 sexual	dysfunction,56	 including	weakened
libido,	dyspareunia,	decreased	lubrication,	and	diminished	ability	or	inability	to	achieve	orgasm.57	Consequently,
many	 women	 who	 undergo	 non–nerve-sparing	 cystectomies	 report	 discontinuing	 sexual	 intercourse	 after
surgery.56	The	use	of	nerve-sparing	surgical	procedures	has	recently	been	evaluated	in	an	attempt	 to	reduce	the
impact	of	treatment	on	the	significant	sexual	dysfunction	caused	by	radical	cystectomy.56	Women	who	undergo
nerve-sparing	surgery	retain	sexual	function	comparable	to	presurgical	levels51,56	as	well	as	increased	potential	of
fertility	 preservation.58	 However,	 there	 has	 been	 limited	 exploration	 of	 the	 oncologic	 impact	 of	 nerve-sparing
surgeries	for	these	women.

Treatment	 for	 sexual	dysfunction	 among	 female	bladder	 cancer	 survivors	 is	 similar	 to	 recommendations	 for
female	 survivors	 of	 breast,	 gynecologic,	 and	 colorectal	 cancers	 (see	 later	 in	 this	 chapter).	 For	 women	 who
experience	 physical	 and/or	 psychological	 difficulties	 resulting	 from	 the	 extent	 of	 their	 cystectomy,	 vaginal
reconstruction	surgery	may	be	a	viable	option.59

Head	and	Neck
Head	and	neck	cancers	are	considered	to	be	among	the	most	impactful	with	regard	to	the	patient’s	posttreatment
quality	of	life.	Treatment	for	head	and	neck	cancer	can	include	surgery,	radiation	therapy,	targeted	therapy,	and/or
chemotherapy.	 Even	when	 function-sparing	 approaches	 are	 used,	 treatment	 can	 still	 result	 in	 significant	 facial
disfiguration	as	well	as	changes	to	saliva	quality	and/or	quantity,	breathing,	and	speech.60	Head	and	neck	cancer
survivors	 report	 lowered	 self-esteem	 and	 body	 image	 as	 a	 result	 of	 these	 treatment-related	 side	 effects,	which
negatively	impact	 their	 intimate	relationships.61	These	survivors	report	declines	 in	 the	frequency	of	vaginal	and
oral	 sex,	 feeling	 less	 attractive,	 reduced	 libido,	 and	 decreased	 overall	 satisfaction	 with	 their	 sexual
relationships.62,63	In	particular,	women	and	patients	who	were	diagnosed	with	more	advanced-stage	disease,	who
underwent	 surgery,	 or	 whose	 treatment	 caused	 more	 extensive	 disfigurement	 are	 at	 elevated	 risk	 for	 sexual
dysfunction.62

The	majority	of	 these	patients	do	not	discuss	 implications	of	 their	disease	and	 treatment	on	body	 image	and
sexual	health	with	their	medical	providers.	Sexual	health	rehabilitation	is	not	well	understood	in	this	population,64
although	 it	 is	noted	 that	open	communication	about	possible	sexual	side	effects	of	 treatment	between	providers
and	patients	is	associated	with	improved	psychosocial	adjustment.65

Blood,	Bone	Marrow,	and	Lymphatic	System
Treatment	 of	 systemic	 disease	 often	 involves	 intense	 interventions	with	 chemotherapy,	whole-body	 irradiation,
and/or	bone	marrow	transplant	and	may	cause	side	effects	including	sexual	dysfunction.	In	particular,	preparative
regimens	 of	 high-dose	 chemotherapy	 and	 total-body	 irradiation	may	 result	 in	 ovarian	 failure	 and	 low	 estrogen
levels	for	women	and	in	gonadal	and	cavernosal	arterial	insufficiency	in	men.66	For	the	majority	of	bone	marrow
transplant	 patients,	 distressing	 sexual	 problems	 are	 present	 several	 years	 after	 transplantation	 and	 include
difficulty	obtaining	an	erection,	 ejaculation,	 and	orgasm	 for	men	and	concerns	 about	body	appearance,	vaginal
dryness,	and	painful	intercourse	and	orgasm	for	women.67	Another	important	issue	that	often	develops	for	females
after	transplantation	is	genital	graft-versus-host	disease	(GVHD).	Female	genital	GVHD	after	transplantation	is	a
complication	that	tends	to	receive	little	attention	despite	the	significant	impact	it	has	on	the	survivor’s	quality	of
life.	Female	tract	GVHD	may	manifest	 in	several	forms,	from	irritation	of	 the	vagina	or	 the	vulva	to	ulceration
and	 vaginal	 stenosis,	 and	 it	 has	 been	 found	 to	 be	 present	 in	 at	 least	 25%	 of	 the	 transplantation	 survivor
population.68	Research	studies	suggest	that	early	detection	of	genital	GVHD	is	highly	treatable	with	steroids	and



vaginal	dilators,	and	therefore,	education	on	active	self-surveillance	should	be	given	to	patients	 in	addition	to	a
plan	 for	 regular	 gynecologic	 follow-up	 after	 transplantation.68	 Studies	 that	 investigate	 the	 effectiveness	 of
interventions	 for	 sexual	 dysfunction	 in	 women	 after	 bone	 marrow	 transplantation	 are	 scarce,	 but	 therapies
including	 vaginal	 lubricants,	 dilators,	 and	 vibrators	 can	 be	 recommended	 to	 improve	 some	 of	 the	 sexual	 side
effects	of	treatment.	In	men,	there	is	evidence	to	support	that	a	number	of	patients	recover	some	sexual	function
over	time69	and	that	 testosterone	cypionate	and	sildenafil	have	been	shown	to	 improve	ED	in	 this	population.66
More	importantly,	many	survivors	and	their	partners	may	feel	hesitant	or	even	fearful	 to	resume	sexual	activity
after	 bone	 marrow	 transplantation	 given	 concerns	 about	 immunosuppression,	 such	 as	 coming	 in	 contact	 with
germs.	These	concerns	may	prevail	even	after	survivors	have	been	cleared	by	their	medical	team	to	resume	sexual
activity.

Colorectal
Treatments	for	colorectal	cancer	mainly	include	surgery,	radiation	therapy,	and	chemotherapy,	with	surgery	used
in	most	 of	 the	 cases.70	Colorectal	 cancer	 surgery	 often	 causes	 damage	 to	 the	 sympathetic	 and	 parasympathetic
nerves	and	results	in	erectile	and	ejaculatory	disorders	in	men	and	dyspareunia,	decreased	libido,	and	changes	in
the	orgasm	experience	in	women.71	In	addition,	although	the	impact	of	radiotherapy	in	colorectal	cancer	survivors
has	rarely	been	addressed,	the	available	research	suggests	that	radiation	is	associated	with	sexual	dysfunction	in
both	men	and	women.72

Therapies	recommended	for	prostate	cancer	survivors,	such	as	the	use	of	sildenafil,73	appear	to	be	adequate	for
a	 number	 of	 male	 colorectal	 cancer	 survivors	 who	 suffer	 from	 ED	 following	 treatment.	 Likewise,	 therapies
recommended	 for	 breast	 and	 gynecologic	 cancer	 survivors,	 such	 as	 the	 use	 of	 water-based	 lubricants,	 vaginal
moisturizers,	 and	 vaginal	 dilators	 can	 also	 be	 recommended	 for	 female	 colorectal	 cancer	 survivors	who	 suffer
from	 vaginal	 dryness	 and/or	 stenosis	 after	 radiation.72	 More	 specific	 to	 colorectal	 cancer	 survivors	 are	 the
negative	 emotional	 reactions	 to	 the	 colostomy,	 such	 as	 poor	 body	 image	 and	 reduced	 self-esteem,	 which	 are
commonly	present	and	may	negatively	impact	intimacy.	Survivors	with	a	permanent	ostomy	are	more	likely	than
those	who	received	surgical	anastomosis	to	experience	sexual	dysfunction.74	Survivors	and	their	partners	should
receive	information	on	deodorants	 to	minimize	odor	as	well	as	on	foods	that	are	 likely	to	cause	stronger	odors,
gas,	or	diarrhea.	Further,	they	should	also	receive	information	on	pouch	covers	and	suggestions	such	as	changing
positions	to	avoid	pain	during	intercourse	and	emptying	the	stoma	before	sexual	activity.75	There	is	novel	research
that	suggests	that	interventions,	including	those	incorporating	mindfulness	or	that	focus	on	intimacy,	can	help	to
decrease	a	woman’s	distress	associated	with	her	sexual	health.76,77

CANCER	IN	WOMEN
Breast
Difficulty	with	sexual	function,	loss	of	desire,	changes	in	body	image,	and	disruption	of	emotional	relationships
are	primary	and	pervasive	sexual	complications	of	breast	cancer	 from	diagnosis	 through	all	 stages	of	 treatment
and	 into	 survivorship.	 Chemotherapy,	 radiation,	 surgery,	 and	 adjunctive	 hormonal	 therapy,	 whether	 delivered
alone	or	in	combination	with	each	other,	all	have	the	potential	to	negatively	impact	sexual	function.	The	survival
rates	of	breast	cancer	for	localized	disease	continue	 to	 improve	and	are	now	95%	or	better.70	Not	only	will	 the
majority	of	breast	cancer	survivors	go	on	to	become	long-term	cancer	survivors,	but	studies	have	also	shown	that
the	majority	of	partnered	women	will	remain	sexually	active	either	after	diagnosis	or	at	the	end	of	treatment.78,79

A	number	of	factors	have	been	identified	regarding	who	is	at	risk	for	developing	sexual	problems	after	breast
cancer.	Women	who	have	premorbid	sexual	dysfunction,80	negative	self-concept	and	body	 image,81	depression,
and	 relationship	discord82	 are	all	more	 likely	 to	struggle	with	sexual	problems.	 In	one	 recent	prospective	study
assessing	 the	 impact	 of	 breast	 cancer	 on	 women’s	 sexuality,	 younger	 age	 was	 found	 to	 be	 the	 most	 salient
predictor	 of	 lower	 sexual	 function,	 in	 addition	 to	 lack	 of	 partner	 status.83	 Common	 problems	 relate	 to	 sexual
desire,	 arousal	 or	 lubrication	 problems,	 problems	with	 orgasm,	 and	 problems	with	 pain	 or	 dyspareunia.84,85	 In
addition,	challenges	with	body	 image	are	also	quite	common	both	during	and	after	 treatment,	although	 there	 is
some	evidence	that	certain	areas	of	distress	such	as	feeling	feminine	or	perceived	attractiveness	tend	to	improve
over	time.78,86
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Surgery
Conceptually,	losing	one	or	both	breasts	would	seem	to	be	one	of	most	dramatic	ways	to	damage	a	woman’s	core
sense	of	femininity,	body	integrity,	and	attractiveness.	Concern	about	body	image	in	the	face	of	breast	surgery	and
potential	breast	changes	and	breast	 loss	 is	prevalent.82	Breast-conserving	surgical	procedures	and	reconstructive
surgery	have	become	a	standard	part	of	breast	cancer	care,	and	it	is	generally	understood	that	breast-conserving
surgery	and	breast	reconstruction	are	essential	 in	helping	women	maintain	a	positive	body	image.87	Aside	from
body	image	and	maintaining	body	integrity,	breast	surgery	can	result	in	additional	negative	impact	on	sexuality.	In
particular,	women	who	 undergo	 breast	 reconstruction	 are	 typically	 left	with	 complete	 lack	 of	 breast	 sensation,
including	nipple	 sensation.	The	 nipple	 has	 been	 shown	 to	 be	 the	most	 sensitive	 area	 of	 the	 breast,	 and	 loss	 of
nipple	sensation	is	akin	to	losing	a	key	erogenous	zone	for	many	women.88	Although	their	breast	shape	may	be
restored,	 the	 loss	 of	 feeling	 is	 not.	Often,	women	 are	 not	 prepared	 for	 this	 loss	 of	 sensation	 in	 the	 context	 of
undergoing	breast	reconstruction.	In	addition	to	the	use	of	saline-filled	or	silicone	gel–filled	implants,	women	may
opt	 for	 tissue	 flap	 procedures	where	 tissue	 from	 a	woman’s	 body	may	 be	 harvested	 from	 her	 abdomen,	 back,
thighs,	or	buttocks	in	order	to	reconstruct	a	breast.	These	surgeries,	although	more	intensive	than	implant	surgery,
offer	 the	advantage	of	reconstruction	that	often	feels	and	looks	more	natural	without	 the	concern	about	 implant
rupture	or	the	need	to	replace	implants	over	time.	However,	flap	procedures	necessitate	a	second	surgical	site	and
additional	 scars.	There	 is	growing	attention	now	being	paid	 to	 the	use	of	nipple-sparing	mastectomy;	however,
although	the	nipple	and	areola	may	be	left	in	place	when	breast	tissue	is	removed,	sensation	is	no	longer	intact.89

Chemotherapy
Disruption	of	sexual	function	after	breast	cancer	seems	to	be	significantly	related	to	whether	a	woman	undergoes
chemotherapy	 as	 part	 of	 her	 treatment.78,82,84,90	 It	 has	 been	 noted	 that	 younger	 women	 who	 undergo	 abrupt
chemotherapy-related	 menopause	 are	 at	 the	 highest	 risk	 for	 sexual	 problems.90,91	 In	 particular,	 the	 intensive
estrogen	deficiency	that	comes	with	chemotherapy-induced	menopause	often	leads	to	severe	vaginal	dryness	and
vaginal	atrophy,	which	makes	penetration	painful.	Painful	intercourse	due	to	vaginal	dryness	is	one	of	the	most
common	 sexual	 problems	 after	 breast	 cancer,	 and	 it	 is	 one	 of	 the	 primary	 factors	 also	 implicated	 in	women’s
experience	 of	 decreased	 desire,	 another	 common	 and	 often	 vexing	 problem	 for	 breast	 cancer	 survivors.90
Testosterone	deficiency	related	to	premature	ovarian	failure	has	also	been	discussed	as	a	factor	related	to	loss	of
desire	 after	 breast	 cancer,	 but	 research	 has	 not	 uniformly	 supported	 this	 hypothesis.92	 Rather,	 loss	 of	 desire
appears	to	be	multidimensional,	with	causes	that	span	a	biopsychosocial	continuum.

Hormonal	Therapy
Endocrine	 therapy	 including	 selective	 estrogen	 receptor	 modifiers,	 aromatase	 inhibitors	 (AIs),	 and	 ovarian
suppression	 treatment	 now	 plays	 an	 important	 role	 in	 breast	 cancer	 treatment	 for	 both	 premenopausal	 and
postmenopausal	women.	Tamoxifen	has	been	used	as	systemic	adjuvant	treatment	for	over	20	years,	and	primary
side	 effects	 are	 hot	 flashes,	 fatigue,	 and	nausea.	Regarding	 sexual	 function,	 tamoxifen	use	has	been	 associated
with	vaginal	dryness	and	low	desire,93	although	in	the	large-scale	Breast	Cancer	Prevention	Trial,	there	were	no
differences	 found	 in	 frequency	 of	 sexual	 activity	 between	 those	 using	 tamoxifen	 versus	 placebo.94	 AIs
(anastrozole,	 letrozole,	 and	 exemestane)	 have	 become	 an	 integral	 component	 in	 the	 care	 of	 postmenopausal
women	 with	 estrogen	 receptor–positive	 breast	 cancer	 and	 are	 currently	 being	 evaluated	 for	 use	 in
chemoprevention.	 Significant	 and	 distressing	 exacerbation	 of	 postmenopausal	 gynecologic	 symptoms	 such	 as
extreme	vaginal	dryness	and	dyspareunia	has	been	reported	in	several	studies	investigating	the	quality	of	life	of
women	 taking	 AIs.95	 As	 use	 of	 AIs	 has	 become	 the	 gold	 standard	 of	 care	 for	 postmenopausal	 breast	 cancer
survivors,	 it	 is	 imperative	 to	 explore	 comprehensive	 management	 of	 these	 gynecologic	 symptoms	 that	 impair
sexual	 function.	Distressing	sexual	symptoms	are	 the	greatest	predictor	of	premature	discontinuation	of	ovarian
suppression.96	Recent	 research	has	attempted	 to	provide	early	 intervention,	with	evidence	 indicating	 that	sexual
counseling	within	the	first	year	of	AI	use	can	help	women	maintain	stable	sexual	function.97

Radiotherapy
Radiation	 therapy	 for	 breast	 cancer	 is	 generally	 localized	 to	 the	 breast.	 Radiation	 can	 result	 in	 skin	 fibrosis,
additional	loss	of	sensitivity	in	the	skin,	and	fatigue,	all	of	which	can	contribute	to	low	desire.	However,	there	has
been	 limited	 research	 conducted	 that	 specifically	 examines	 the	 effects	of	 breast	 cancer–related	 radiotherapy	on
sexuality.



Intervention
Several	 approaches	 for	 addressing	 sexual	 problems	 after	 breast	 cancer	 have	 been	 identified.	Most	 approaches
focus	on	individually	based	information	and	education	about	management	of	sexual	side	effects,	such	as	vaginal
dryness.	The	minority	of	interventions	have	been	developed	aimed	at	working	with	couples	around	establishing
new	 norms	 for	 intimacy	 after	 cancer.	 Ganz	 et	 al.98	 demonstrated	 that	 nurse-delivered	 individually	 based
counseling	was	more	successful	in	managing	menopausal	and	sexual	side	effects	from	treatment	over	a	4-month
period	than	usual	care.	Alternatively,	 it	has	been	suggested	that	 interventions	need	to	actively	involve	women’s
partners	in	order	to	produce	lasting	benefits	on	sexual	functioning.99

Focus	on	the	Individual
It	 is	 imperative	 that	women	 receive	 information	 and	 education	 about	 how	 to	maintain	 and	 restore	 good	 sexual
health	 in	 the	 context	 of	 maintaining	 good	 vaginal	 health	 as	 well	 as	 overall	 well-being	 after	 breast	 cancer.	 In
anticipation	 of	 the	 common	 side	 effects	 of	 both	 chemotherapy-induced	 menopause	 and	 adjuvant	 hormonal
therapies	 and	 as	 part	 of	 their	 overall	 treatment	 planning,	 all	 women	 should	 receive	 information	 about
nonhormonal	vaginal	moisturizers,	water-based	vaginal	 lubricants,	pelvic	 floor	 strengthening	 (Kegel)	 exercises,
and	the	value	of	maintaining	blood	flow	to	vaginal	tissue	to	prevent	vaginal	atrophy.	This	kind	of	information	is
readily	 available	 to	 patients	 through	 a	 number	 of	 resources,	 including	 a	 free,	 recently	 updated	 booklet	 by	 the
American	Cancer	Society	called	Sex	and	the	Woman	with	Cancer.100	This	booklet	can	be	obtained	in	hard	copy	or
online.	In	addition,	the	National	Cancer	 Institute	and	 the	Livestrong	Foundation	also	provide	 information	about
sexual	 rehabilitation	 on	 their	websites.	 In	 addition,	 for	women	who	 are	 struggling	with	 related	 issues	 such	 as
negative	body	 image	 and	 related	psychological	 distress,	 targeted	psychological	 counseling	may	be	 additionally
helpful.

Focus	on	the	Relational	Context
For	the	majority	of	breast	cancer	patients	who	are	in	a	partnered	relationship,	it	is	important	to	acknowledge	that
sexuality	is	experienced	in	a	context.	Partners	also	struggle	with	the	impact	of	treatment	on	sexuality	and	intimacy
in	the	relationship,	and	they	may	also	benefit	from	looking	at	some	of	the	same	educational	resources.	Recently,
there	has	been	growing	attention	paid	to	the	need	for	enhancing	intimacy	for	couples	after	breast	cancer,	and	pilot
data	suggest	support	and	targeted	resources	may	be	just	as	useful	for	the	couple	as	for	the	individual	patient.101
Patients	who	are	not	currently	in	a	relationship	may	be	unsure	of	how	to	proceed	in	terms	of	dating	and	may	lack
confidence	 initiating	new	sexual	 relationships	after	 treatment.	Often,	 these	patients	gain	enormous	benefit	 from
being	able	to	talk	about	these	challenges	and	strategize	about	communication	with	a	new	potential	partner.

Gynecologic	Cancers
Treatments	 for	 gynecologic	 cancer	 often	 result	 in	 sexual	 dysfunction	 that	 may	 affect	 a	 substantial	 number	 of
patients	 and	 can	 persist	 for	 many	 years	 after	 diagnosis.	 The	 effect	 of	 surgeries	 on	 the	 genitals	 can	 impact	 a
patient’s	self-esteem	and	body	image	and	create	significant	physical	barriers,	such	as	pain,	to	satisfactory	sexual
experiences.	Women	who	receive	radiation	 therapy	are	at	 risk	 for	developing	vaginal	 fibrosis	and	stenosis,	and
hormonal	interventions	are	likely	to	result	in	an	abrupt	development	of	menopausal	symptoms,	all	of	which	can
considerably	disrupt	sexual	functioning.102,103	For	instance,	Carmack	Taylor	et	al.104	found	that	sexual	problems
were	quite	prevalent	in	ovarian	cancer	patients,	with	80%	reporting	problems	with	vaginal	dryness,	75%	reporting
problems	 reaching	 orgasm,	 and	 62%	 reporting	 pain	 or	 discomfort	 during	 penetration.	 Women	 who	 receive
chemotherapy	 are	 also	 likely	 to	 experience	 decline	 in	 sexual	 function.105	 In	 a	 cross-sectional	 study	 of	women
diagnosed	with	early-stage	cervical	carcinoma,	Bergmark	et	al.106	noted	that	long-term	survivors	reported	sexual
function	 changes	 that	 appear	 to	 persist	 over	 time	 including	 decreased	 lubrication	 and	 genital	 swelling	 during
arousal,	 reduced	perceived	elasticity	during	 intercourse,	and	distress	over	 these	changes.	Moreover,	 the	authors
found	that	 the	changes	 in	sexual	function	reported	by	the	survivors	were	associated	with	 the	effects	of	surgery,
whether	the	treatment	included	radiotherapy	or	not.106	Even	though	most	women	who	are	diagnosed	with	cervical
cancer	are	younger,	Bergmark	et	al.106	found	that	women	of	all	ages	included	in	their	study	are	likely	to	consider
sexuality	an	important	aspect	of	their	lives,	and	therefore,	providers	should	feel	particularly	encouraged	to	discuss
with	 their	 patients	 possible	 disease-	 and	 treatment-related	 sexual	 changes	 that	 may	 occur.	 There	 is	 limited
information	 of	 the	 sexual	 outcomes	 associated	 with	 vulvar	 cancer	 treatment.	 However,	 the	 available	 research
suggests	that	vulvar	cancer	survivors	experience	significant	sexual	dysfunction.107
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Intervention
Research	 studies	 on	 interventions	 that	 may	 be	 used	 for	 women	 treated	 for	 gynecologic	 cancers	 and	 who
experience	subsequent	sexual	dysfunction	are	limited	and	mostly	focus	on	information	giving	and	suggestions	to
manage	specific	symptoms.108	For	instance,	for	women	who	experience	vaginal	dryness,	silicone-based	or	water-
based	lubricants	are	recommended.	The	use	of	vaginal	dilators	two	to	four	times	per	week,	in	combination	with
pelvic	 floor	 exercises,	 can	 help	 women	 learn	 to	 relax	 the	 pelvic	 floor	 and	 systematically	 restore	 elasticity	 to
vaginal	tissue	after	radiation.	As	a	general	recommendation,	vaginal	dilation	should	start	as	soon	as	the	woman	is
comfortable	but	usually	within	4	weeks	after	completion	of	radiotherapy.108	Of	note,	 research	has	suggests	 that
psychoeducational	 interventions	 that	 combine	 information	 with	 motivational	 and	 behavioral	 skills	 are	 more
effective	than	information	alone	in	improving	adherence	to	the	use	of	vaginal	dilators	in	younger	women	treated
for	 gynecologic	 cancer.109	 Moreover,	 psychoeducation	 may	 be	 particularly	 useful	 in	 decreasing	 some	 of	 the
distress	 associated	 with	 sexual	 changes	 after	 gynecologic	 cancer	 treatment.110	 For	 women	 who	 experience
vaginismus	 after	 radiation	 therapy,	 a	 combined	 approach	 of	 pharmacotherapy	 and	 sex	 therapy	 should	 be
recommended.108	In	addition,	information	should	be	given	to	patients	on	techniques	to	restore	the	blood	flow	to
the	 clitoris	 and	 the	 vagina.111	 Using	 an	 integrative	 mind–body	 approach,	 it	 was	 recently	 shown	 that	 a	 brief
psychoeducational	 health	 intervention	 for	 ovarian	 cancer	 survivors	 led	 to	 significant	 improvements	 in	 overall
sexual	functioning	and	psychological	distress	that	were	maintained	at	6-month	follow-up.112

BRCA	Mutation	Carriers
Related	 to	 the	sexual	problems	 that	both	breast	and	gynecologic	cancer	patients	 face,	women	with	a	BRCA1	or
BRCA2	 mutation	 represent	 a	 vulnerable	 population	 that	 has	 received	 very	 little	 attention	 regarding	 sexual
dysfunction.	 The	 hereditary	 cancer	 genes,	BRCA1	 and	BRCA2,	 confer	 a	 remarkably	 high	 lifetime	 risk	 of	 both
breast	and/or	ovarian	cancer.113	Prophylactic	bilateral	mastectomy	(PBM)	has	been	shown	 to	 reduce	 the	 risk	of
breast	 cancer	 in	 mutation	 carriers	 by	 over	 90%,114	 and	 prophylactic	 bilateral	 salpingo-oophorectomy	 (BSO)
significantly	 reduces	 both	 ovarian	 cancer	 risk	 by	 over	 80%	 and	 the	 risk	 of	 breast	 cancer	 by	 at	 least	 50%.115
Although	BSO	and	PBM	are	the	most	effective	options	to	reduce	cancer	risk	in	BRCA	carriers,	 their	 impact	on
sexual	 functioning	 should	not	be	underestimated.	The	 recommended	age	 for	BSO	 is	before	 the	 average	 age	of
natural	menopause,	meaning	that	these	women	will	face	an	abrupt	surgically	induced	onset	of	menopause	with	all
of	the	related	sexual	side	effects	such	as	vaginal	dryness	and	irritation,	pain	with	penetration,	decreased	arousal,
and	 loss	of	desire.	Like	breast	cancer	patients	who	undergo	breast	surgery,	mutation	carriers	who	opt	 for	PBM
will	face	similar	issues	regarding	surgical	scars,	loss	of	sensation,	and	changes	in	perceived	self-image	secondary
to	potentially	significant	body	changes.	However,	unlike	other	cancer	patients,	often,	BRCA	carriers	identify	their
genetic	mutation	 in	 a	 context	 in	which	 they	 themselves	 do	 not	 have	 cancer	 and	may	 have	 to	wrestle	with	 the
decisions	about	surveillance	versus	risk-reducing	surgery	with	moderate	to	little	support	and	a	paucity	of	adequate
counseling	and	guidance,	including	regarding	management	of	sexual	side	effects	of	surgery.116

Regarding	 intervention,	 BRCA	 carriers	 should	 receive	 the	 same	 information	 and	 education	 regarding
management	 of	 premature	 menopause	 as	 is	 given	 to	 other	 cancer	 patients,	 including	 recommendations	 for
managing	vaginal	dryness	using	vaginal	moisturizers	and	water-based	lubricants.	In	contrast	to	women	who	have
already	 had	 breast	 cancer,	 it	 has	 been	 shown	 that	 short-term	 hormone	 replacement	 therapy	 does	 not	 appear	 to
negate	the	risk-reduction	benefit	gained	by	prophylactic	surgery,117	 thus	making	systemic	hormone	replacement
and	localized	vaginal	estrogen	both	reasonable	options	to	be	explored.

CANCER	IN	CHILDREN	AND	YOUNG	ADULTS
Cancer	 during	 childhood	 and	 adolescence	 can	 have	 a	 tremendous	 impact	 on	 the	 patient’s	 psychosexual
development.118	Treatment	puts	these	young	patients	at	risk	for	significant	sexual	dysfunction	and	infertility.119,120
Risk	 factors	 in	 the	 overall	 population	 include	 neurotoxic	 treatment.121	 Specifically,	 men	 who	 have	 survived
childhood	cancer	are	2.6	times	more	likely	to	experience	ED,	with	those	who	were	exposed	to	higher	testicular
radiation	or	received	certain	surgeries	(e.g.,	prostate,	pelvic)	at	highest	risk.122	Adolescent	and	young	adult	cancer
survivors	 do	 not	 receive	 adequate	 age-appropriate	 information	 and	 counseling	 regarding	 issues	 related	 to	 their
sexual	development.123	Limited	intervention	research	has	demonstrated	that	a	psychosocial	intervention	can	help
to	 improve	 sexual	 knowledge	 and	 body	 image	 and	 decrease	 anxiety	 related	 to	 sexual	 issues.124	 Furthermore,



survivors	report	limited	(and	often,	inaccurate)	knowledge	about	fertility	issues	after	treatment.125	For	both	sexes,
there	 are	 medical	 options	 for	 fertility	 preservation	 that	 should	 be	 discussed	 with	 the	 patient	 as	 soon	 as	 is
feasible.126

RELEVANT	SOCIOCULTURAL	CONSIDERATIONS
Specific	racial	and	ethnic	groups	in	the	United	States	have	a	higher	risk	for	developing	certain	cancer	diagnoses
that	directly	affect	sexual	organs.	For	instance,	African	American	men	have	a	higher	risk	of	developing	prostate
cancer	compared	to	Caucasians.127	Beyond	gaining	knowledge	on	the	cancer	facts	and	figures	for	different	racial
and	ethnic	groups,	becoming	aware	of	the	impact	that	culture	has	on	the	development	of	sexual	beliefs,	attitudes,
and	practices	may	be	one	of	the	best	tools	for	providers	when	understanding	and	helping	cancer	patients	of	diverse
backgrounds	who	are	coping	with	sexual	dysfunction.	Guidelines	for	what	constitutes	normative	sexual	behaviors
and	gender-specific	role	prescriptions	are	greatly	influenced	by	consensus	within	particular	communities,128	and	it
has	been	found	that	certain	prescribed	gender	roles	can	intensify	sexual	problems.129

Special	Considerations	for	Male	Patients
While	 having	 ED	 is	 likely	 to	 lead	 to	 psychological	 consequences	 for	 all	 men,	 it	 has	 been	 found	 that	 African
American	men	are	significantly	more	 likely	 than	Caucasian	men	 to	consider	sexual	 side	effects	when	choosing
treatment	for	prostate	cancer.130	This	knowledge	may	assist	providers	in	framing	a	culturally	sensitive	discussion
with	 prostate	 cancer	 patients	 of	 African	 American	 origin	 with	 regard	 to	 their	 options	 for	 treatment	 and
management	of	sexual	side	effects.

Special	Considerations	for	Female	Patients
A	few	studies	document	special	considerations	for	minority,	female	cancer	patients	and	survivors	with	regard	to
their	sexual	functioning.	For	African	American	breast	cancer	survivors,	there	are	some	data	to	suggest	that	body
image	 concerns	 may	 be	 greater	 for	 African	 American	 than	 for	 Caucasian	 women.131	 Research	 suggests	 that
African	American	women	may	prefer	to	address	their	sexual	health	concerns	in	a	one-to-one	context	rather	than	in
group	settings.132,133	Moreover,	a	randomized	trial	of	peer	counseling	in	African	American	breast	cancer	survivors
documented	 that	 brief	 psychoeducational	 interventions	 can	 be	 effective	 in	 addressing	 informational	 needs	 on
sexual	health	for	this	population.134

For	Latino,	Asian,	 and	Native	American	women,	 the	 literature	 on	 sexual	 outcomes	 in	 cancer	 treatment	 and
appropriate	 interventions	 for	 treatment-related	 sexual	 dysfunction	 continues	 to	 be	 limited.	However,	Asian	 and
Latina	 cervical	 cancer	 survivors	 have	 reported	great	 concern	with	 the	 effects	 of	 treatment	 on	 their	 appearance,
with	 Latinas	 expressing	 more	 negative	 feelings	 about	 the	 impact	 of	 treatment	 on	 their	 bodies	 and	 their
relationships	compared	to	Asian,	African	American,	and	Caucasian	survivors.135	Moreover,	cultural	factors	such
as	the	language	barrier	for	Latinas135	and	the	perception	of	sex	as	taboo	for	women	from	many	Asian	societies136
ought	 to	 be	 considered	 as	 prevalent	 impediments	 in	 accessing	 services	 and	 addressing	 treatment-related	 sexual
dysfunction.	Despite	 these	 challenges,	 however,	 the	 available	 research	 findings	 suggest	 that	 psychoeducational
interventions	 may	 be	 appropriate	 for	 Latinas,137	 and	 factual	 information	 on	 sexuality	 after	 cancer,	 preferably
delivered	by	nurses	or	doctors,	is	often	sufficient	and	acceptable	to	Asian	and	African	American	women	cancer
survivors	as	a	way	to	address	their	concerns.132,138

DISRUPTION	OF	INTIMACY	AND	RELATIONAL	CONSIDERATIONS
In	addition	 to	 the	physiologic	changes	 that	can	disrupt	sexual	 function	after	cancer	diagnosis,	 it	 is	 important	 to
acknowledge	 the	 significant	 interpersonal	 shifts	 that	 may	 take	 place	 and	 subsequently	 affect	 sexuality.	 For
instance,	women’s	 perceptions	 of	 their	 partner’s	 reactions	 to	 their	 appearance	 after	 cancer	 consistently	 predict
their	own	acceptance	of	their	self-image	and	of	their	sense	of	femininity.139	Moreover,	women	often	do	not	feel
comfortable	 voicing	 this	 aspect	 of	 their	 cancer	 experience	 with	 their	 partners	 out	 of	 a	 fear	 of	 rejection,	 and
partners	are	afraid	to	broach	the	subject	out	of	fear	of	causing	distress.140	Similarly,	male	patients	tend	to	avoid
conversations	with	 their	wives	 about	 their	 sexual	 challenges	 that	 result	 from	 cancer	 treatment141	 and	speculate
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how	their	wives	feel	about	their	sexual	functioning.142	Changes	to	sexual	health	may	affect	gay	and	bisexual	men
more	than	heterosexual	men.143

This	 interpersonal	 silence	 can	 quickly	 become	 the	 “elephant	 in	 the	 room,”	 and	 over	 time,	 disruptions	 in
intimate	 functioning	can	become	more	difficult	 to	address,	with	either	one	or	both	partners	misperceiving	each
other’s	 feelings	 and	 intentions.	 From	 a	 provider	 perspective,	 what	 seems	 most	 relevant	 is	 that	 providers	 are
particularly	 well	 positioned	 to	 assist	 couples	 in	 communicating	 more	 openly	 about	 their	 fears	 and	 to	 answer
questions	 regarding	 sexual	 dysfunction,	 by	 providing	 them	 with	 available	 resources	 on	 social	 support	 and
information	 on	 cancer	 treatments	 that	 affect	 sexuality.144	 Research	 shows	 that	 psychoeducational	 interventions
targeting	communication	and	relationship	functioning	show	promise	in	improving	sexual	health	outcomes.145,146

COMMUNICATION	ABOUT	SEXUAL	PROBLEMS
Although	 the	 optimal	 time	 to	 initiate	 discussion	 about	 sexual	 concerns	may	 vary,	 it	 is	 essential	 that	 clinicians
prepare	patients	for	potential	changes	that	may	be	encountered	and	let	them	know	that	they	welcome	discussion
about	sexual	health	concerns.	This	allows	patients	to	prepare	for	managing	side	effects	and	potentially	may	help
them	make	better	informed	decisions	about	treatment	options.

Asking	About	Sexual	Problems
One	straightforward	model	that	has	been	proposed	is	the	BETTER	model,147	which	stands	for	the	following:	(1)
Bring	 up	 the	 topic.	 (2)	Explain	 that	 you	 are	 concerned	 with	 quality	 of	 life,	 including	 sexual	 health.	 (3)	Tell
patients	that	you	will	help	find	appropriate	resources	as	needed.	(4)	Timing	needs	to	be	taken	into	consideration,
including	 letting	patients	 know	 that	 they	 can	 ask	 for	 information	 at	 any	 time	point.	 (5)	Educate	patients	about
expected	sexual	side	effects.	(6)	Record	your	assessment	in	the	patient’s	medical	record.	Specific	language	that
clinicians	can	use	to	“bring	up	the	topic”	includes	phrases	such	as	“How	has	your	treatment	affected	your	sexual
health?”	or	“Tell	me	how	your	sexual	function	has	been	since	you	started	treatment.”	Although	clinicians	often
worry	that	patients	will	be	offended	or	embarrassed	if	asked	about	sexual	health,	multiple	studies	clearly	indicate
that	patients	want	to	talk	about	this	topic	with	their	doctors	and	that	they	desire	more	information	about	possible
sexual	 side	 effects	 of	 treatment.	 Furthermore,	 patients	will	 rarely	 initiate	 conversation	 on	 this	 topic	 for	 fear	 of
embarrassing	their	doctor	and	also	out	of	concern	 that	 their	symptoms	are	not	 treatable.	For	most	patients,	 it	 is
invaluable	to	receive	a	brief,	yet	clear	message	that	serves	to	normalize	their	symptoms	and	reassures	them	that
they	are	not	alone	and	that	resources	are	available.

Use	of	Validated	Assessment	Tools
The	 overwhelming	 majority	 of	 cancer	 patients	 do	 not	 receive	 any	 kind	 of	 standardized	 screening	 for	 sexual
dysfunction.	One	method	of	gaining	information	and	assessing	how	patients	are	doing	relative	to	others	is	to	use	a
brief	 screening	 inventory	 in	 one’s	 oncology	 practice.	Recently,	 Jeffery	 et	 al.148	 published	 a	 large-scale	 review
article	 of	 sexual	 function	measures	 to	 be	 used	with	 cancer	 patients.	 Upon	 review,	 the	 authors	 identified	 three
measures	 that,	 after	 undergoing	 extensive	 psychometric	 testing	 including	 trial	 administration	 in	 a	 clinical
oncology	 setting,	 were	 deemed	 psychometrically	 valid	 for	 broad	 use.	 These	 measures	 are	 the	 University	 of
California,	 Los	 Angeles,	 Prostate	 Cancer	 Index/Expanded	 Prostate	 Cancer	 Index	 Composite	 (UCLA
PCI/EPIC),149	 the	 International	 Index	 of	 Erectile	 Function	 (IIEF),150	 and	 the	 Female	 Sexual	 Function	 Index
(FSFI).151	The	20-item	UCLA	PCI/EPIC	 is	a	measure	of	quality	of	 life	after	prostate	cancer,	 and	 the	 IIEF	 is	a
measure	specifically	of	sexual	function	after	prostate	cancer.	Both	are	available	at	no	cost,	but	 the	IIEF	is	self-
administered	 in	 5	 to	 10	minutes	 and	may	 be	 easiest	 to	 use	 in	 a	 clinic	 setting.	 The	 19-item	 FSFI	 is	 a	 general
measure	of	sexual	functioning	for	women,	and	it	was	the	only	measure	for	women	that	met	the	authors’	criteria
for	being	a	“standard-setting”	instrument.	The	FSFI	is	also	readily	available,	is	free	of	charge,	and	takes	less	than
15	minutes	 to	complete.	More	 recently,	 the	Scientific	Network	on	Female	Sexual	Health	and	Cancer	adapted	a
very	brief	sexual	dysfunction	screening	checklist	specifically	for	cancer	survivors	that	consists	of	four	questions
including	whether	 the	 patient	 desires	 further	 information	 or	 support	 to	 address	 the	 problems.152	 In	 contrast	 to
measures	 that	may	be	 too	 time	 intensive	or	may	yield	more	 information	 than	a	provider	 can	address	 in	 a	busy
practice,	a	brief	targeted	checklist	may	be	an	efficient	alternative.	This	measure	has	been	used	with	a	broad	range
of	 female	 cancer	 patients.	 Despite	 the	 availability	 of	 survey	 measures,	 it	 should	 be	 noted	 that	 some	 patients



(particularly	minority	groups)	are	less	likely	to	respond	to	questions	asking	about	their	sexual	health.153

Intervention
For	many	 cancer	 patients,	 a	moderate	 amount	 of	 information	 and	 education,	 such	 as	 getting	 information	 about
personal	lubricants	and	vaginal	moisturizers,	is	often	adequate	to	address	their	needs.	For	others,	more	intensive
consultation	and/or	referral	may	be	necessary.	For	example,	oncology	practices	often	have	educational	tip	sheets
about	managing	fatigue,	diet,	and	emotional	changes	that	offer	some	basic	information	and	usually	give	additional
resource	 information;	 it	 is	 reasonable	 to	 add	 sexual	 health	 to	 such	 a	 roster.	 As	 patients	 will	 express	 varying
preferences	for	how	their	intervention	needs	may	be	met	(e.g.,	written	materials	versus	in-person	conversation),	it
is	essential	to	discuss	this	with	each	patient.154,155

For	 some	 patients,	 it	 may	 be	 valuable	 and/or	 necessary	 to	 make	 a	 referral	 for	 more	 intensive	 therapy.
Additional	 intervention	may	 include	counseling	with	 a	 licensed	 therapist	who	 specializes	 in	 sex	 therapy	and/or
couples	 counseling.	 Other	 relevant	 referrals	 may	 be	 for	 urology,	 gynecology,	 endocrinology,	 psychiatry,	 and
pelvic	 floor	physical	 therapy.	Collaborative	 relationships	should	be	developed	across	disciplines	and	within	 the
community	so	that	when	a	problem	is	identified,	established	resources	are	available.	Often	it	can	be	useful	within
an	oncology	practice	to	identify	one	clinician,	either	a	physician,	nurse,	social	worker,	or	psychologist,	who	can
serve	as	the	primary	resource	person	for	sexual	health	issues	and	who	can	be	responsible	for	updating	available
resources	and	maintaining	relevant	contacts	with	community	referral	sources.	It	is	important	to	note	that	several
professional	 organizations	 such	 as	 the	 American	 Psychosocial	 Oncology	 Society	 (www.apos-society.org),	 the
Society	 for	Sex	Therapy	and	Research	 (www.sstarnet.org),	 and	 the	American	Association	of	Sexual	Educators,
Counselors	 and	Therapists	 (www.aasect.org)	 all	 have	 directories	 and	 resources	 for	 locating	 professionals	 who
specialize	in	working	with	sexual	dysfunction.

In	sum,	it	is	imperative	for	oncologists	to	raise	the	topic	of	sexual	heath	after	cancer.	However,	we	recognize
that	it	is	not	easy	to	feel	comfortable	or	competent	bringing	attention	to	a	problem	when	next	steps	are	unclear.	It
is	 rare	 that	oncologists	 receive	any	kind	of	formal	 training	 in	 talking	about	sexual	problems	with	 their	patients,
and	although	both	doctors	and	patients	live	in	a	culture	saturated	with	graphic	sexual	images	and	content,	frank
and	honest	conversation	about	sexuality	is	not	common.	Fortunately,	as	cancer	survivorship	continues	to	garner
more	 attention,	 it	 is	 likely	 that	 sexual	 functioning	 after	 cancer	 will	 also	 gain	 more	 professional	 focus	 and
opportunity	for	additional	training	will	become	available.	In	terms	of	continuing	medical	education	in	this	area,
for	example,	the	American	Society	for	Clinical	Oncology	and	the	American	Psychosocial	Oncology	Society	have
recently	offered	extended	preconference	workshops	and	symposia	on	sexuality	and	cancer.	Like	any	other	skill,
communication	about	sexual	problems	takes	practice,	but	with	repeated	effort	comes	mastery.
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141 Psychological	Issues
David	Spiegel	and	Michelle	B.	Riba

INTRODUCTION
Coping,	distress,	and	support	are	crucial	psychological	issues	that	every	patient	with	cancer	faces	with	his	or	her
family	and	health-care	 team.	The	diagnosis	of	cancer	 is	a	 life-altering	experience	for	anyone.	The	nature	of	 the
patient’s	 response	 to	 it	 will	 affect	mood,	 adherence	 to	 treatment,	 and	 the	 quality	 of	 his	 or	 her	 social	 support.
Effective	coping	with	the	disease	involves	dealing	with	its	direct	and	indirect	effects,	ranging	from	managing	the
details	 of	medical	 appointments	 to	 handling	 existential	 dread.	 Facing	 the	 illness	 and	 its	 consequences	 requires
acknowledging	 and	 managing	 strong	 but	 inevitable	 emotions	 that	 can	 interfere	 with	 medical	 care,1	 family,
interpersonal	and	social	relationships,	vocational	engagement,	sleep,	diet,	sexual	intimacy,2	and	exercise.3

A	wide	 range	 and	prevalence	of	 psychiatric	 and	psychological	 problems	 affect	 patients	 and	 families	 before,
during,	and	after	cancer	care	and	treatment.4	Studies	 in	adults	 treated	 in	outpatient	cancer	clinics	demonstrate	a
40%	to	50%	clinically	relevant	level	of	distress.5,6	Some	have	even	called	for	screening	for	distress	to	be	the	sixth
vital	sign,	especially	in	certain	patient	groups,	such	as	those	with	head	and	neck	and	neurologic	cancers.7,8

In	addition,	 there	are	also	physical	 symptoms	of	 the	cancer	and	 its	 treatments	 that	overlap	with	 the	 somatic
symptoms	that	are	included	in	many	psychiatric	conditions.	For	example,	it	is	often	very	difficult	for	even	skilled
clinicians	to	determine	the	extent	to	which	fatigue,	decreased	appetite,	or	sleep	problems	are	related	to	depression
or	anxiety	versus	certain	types	of	cancer	and	targeted	therapies	and	their	side	effects.	Among	elderly	patients	in
whom	the	incidence	of	both	depression	and	cancer	is	higher,	this	difficulty	is	even	more	evident.9	It	is	thus	easy	to
misattribute	 the	symptoms	of	a	mood	disorder	 to	 the	cancer	 itself	and	fail	 to	notice	 important	opportunities	 for
treatment.	Despite	 the	 complexity	 involved	 in	 coping	with	 serious	medical	 and	psychiatric	 problems,	 there	 are
some	guiding	principles	for	understanding	patient	dynamics	and	potential	psychological	issues.

COMMON	PSYCHIATRIC	CONDITIONS
Although	there	are	many	psychiatric	conditions	that	occur	in	patients	with	cancer,	the	more	commonly	diagnosed
are	 depression,	 anxiety,	 stress-related	 disorders	 (e.g.,	 panic,	 phobias,	 posttraumatic	 stress	 disorder	 [PTSD]),
adjustment	 disorders,	 delirium,	 and	 other	 neurocognitive	 disorders.	 Sexual	 disorders	 and	 dysfunctions	 are	 also
very	important	yet	underestimated	in	both	male	and	female	cancer	patients.10,11

Although	many	would	like	to	maintain	a	positive	view	of	the	diagnosis	and	treatment	for	cancer,	it	still	is	for
many	a	trauma	analogous	to	experiencing	an	assault,	accident,	or	natural	disaster.12	Patients	can	often	remember
the	date	and	time	they	received	their	cancer	diagnosis.	They	can	remember	exactly	where	it	was	discussed,	who
said	it,	the	specific	words	that	were	used,	and	how	they	felt.	These	are	life-altering,	life-changing	moments	that
are,	psychologically,	often	transformative.	In	the	initial	stages	of	diagnosis	and	early	treatment,	the	use	of	the	term
acute	stress	disorder	or	posttraumatic	stress	disorder	may	best	encapsulate	the	psychological	problems	that	occur.
In	one	study	of	breast	cancer	patients	after	treatment,	5%	to	10%	met	diagnostic	criteria	for	PTSD,	and	there	was
little	change	in	their	status	over	the	ensuing	year.13	Often,	patients	experience	disbelief,	inability	to	sleep,	fears,
and	intrusive	thinking.	Lives	and	schedules	change	from	the	mundane	routine	of	going	to	work	or	school	to	being
in	a	whirlwind	of	doctors’	appointments,	receiving	news	and	data	in	technical	language,	and	making	appointments
for	surgery,	blood	draws,	chemotherapy,	and	radiotherapy.

As	patients	move	through	the	various	stages	of	cancer	care,	so	too	does	the	trauma	response—from	acute	stress
to	a	more	chronic	PTSD.14–16	The	adjustment	to	the	trauma	can	also	become	chronic.	Even	the	cessation	of	acute
treatment	can	be	fraught	with	anxiety	about	recurrence.	At	the	same	time,	many	patients	and	their	families	also
experience	what	has	been	called	posttraumatic	growth,	an	altered	perspective	on	what	matters	in	life	that	comes



from	 facing	 and	 dealing	with	major	 life	 stressors.17	 This	 ability	 to	 come	 to	 terms	with	 trauma	 and	 enhancing
domains	that	include	relating	to	others,	appreciation	of	life,	and	spiritual	change	occurs	in	a	substantial	proportion
of	cancer	patients18,19	and,	in	some	cases,	predicts	better	long-term	adjustment.20

Often,	patients	have	mixed	states	or	combinations	of	symptoms,	such	as	depression	and	anxiety.	Furthermore,
there	are	symptoms	that	often	are	not	diagnosed	but	are	quite	difficult	for	patients	to	manage,	such	as	difficulties
with	falling	asleep	and	staying	asleep	and	problems	adhering	to	complex	and	lengthy	medication	regimens.	This	is
especially	difficult	when	patients	have	cognitive	changes	related	to	the	underlying	cancer	(as	in	brain	tumors)	or
to	 the	chemotherapeutic	agents	 (cisplatin,	steroids).	Some	of	 these	regimens	alter	 the	efficiency	with	which	 the
brain	processes	information	storage	and	retrieval.21

SCREENING	FOR	PSYCHOLOGICAL	PROBLEMS
As	part	of	good,	routine	clinical	care,	 it	 is	 important	 to	obtain	a	working	diagnosis	and	treatment	plan	for	each
patient	regarding	psychiatric	problems.	There	are	numerous	screening	tools	that	are	available	for	clinical	as	well
as	research	purposes.22–24	A	regular,	ongoing	evaluation	of	emotional	distress	affects	management	and	treatment
of	psychiatric	 issues	 and	contributes	 to	better	patient	outcome,	 satisfaction,	doctor–patient	 communication,	 and
improved	overall	oncologic	care.25	Approximately	one-third	of	patients	in	outpatient	oncology	clinics	experience
significant	levels	of	distress,	with	greater	degrees	of	distress	in	patients	who	have	tumors	with	poorer	prognosis
and	 outcomes.26	 This	 means	 that	 any	 screening	 tool	 must	 include	 a	 routine,	 systematized	 method	 for	 busy
clinicians	 to	 review	 the	 measures	 and	 provide	 clinical	 assessment,	 treatment,	 and	 referral	 as	 appropriate.	 The
patient	 data	 should	 be	 included	 in	 the	medical	 record	 and	 should	 provide	 sufficient	 diagnostic	 information	 to
guide	mental	 health	 care.	The	 diagnostic	 criteria	 in	 the	 fifth	 edition	 of	 the	American	Psychiatric	Association’s
Diagnostic	 and	 Statistical	 Manual	 of	 Mental	 Disorders	 (DSM-5)	 provide	 the	 essential	 definitions	 of	 specific
mental	 disorders	 used	 in	 practice.27	 In	 a	 recent	 study	 involving	 969	 patients	 with	 advanced	 cancer	 within	 the
European	Palliative	Care	Research	Collaborative-Computer	Symptom	Assessment	Study	(EPCRC-CSA),	 it	was
shown	 that	 the	prevalence	of	 depression	 changed	 according	 to	 the	 scoring	methods	used,	 specifically	 inclusive
(algorithm	scoring	including	the	somatic	symptom	criteria:	depression	rate,	13.7%),	exclusive	(algorithm	scoring
excluding	 the	 somatic	 symptom	 criteria:	 depression	 rate,	 14.9%),	 and	 sum	 score	 (sum	 of	 all	 symptoms	 of	 the
Patient	Health	Questionnaire	cutoff	≥8:	depression	rate,	45.3%).	This	study	pointed	to	some	of	 the	problems	in
scoring	methods,	 especially	 because	 depression	was	 significantly	 associated	 with	 pain	 and	 lower	 performance
status.	 Further,	 as	 noted	 by	 Caruso	 et	 al.,28	 the	 categorical	 distinctions	 in	 the	DSM-5	 and	 other	 classification
systems	such	as	International	Classification	of	Diseases	(ICD)	10th	revision	are	not	particularly	useful	in	cancer
and	 palliative	 care	 settings	 for	 minor	 depression,	 mixed	 anxiety-depressive	 disorders,	 and	 brief	 recurrent
depressive	episodes	because	of	the	suffering,	the	impact	of	the	stress	represented	by	cancer	and	its	treatment,	the
fluctuating	status	of	symptoms,	and	the	impact	of	demoralization	on	psychological	state.

In	1997,	the	National	Comprehensive	Cancer	Network	published	the	Distress	Management	Guidelines	as	a	tool
for	oncology	clinicians	to	develop	a	differential	diagnosis	of	distress,	including	common	psychiatric	disorders	and
psychosocial	and	spiritual	problems.29,30	The	panel	addressed	the	issue	of	the	difficulty	of	psychiatric	symptoms
that	overlap	with	underlying	oncologic	disease	and	treatments	and	noted	that	using	the	term	distress	was	a	good
starting	 point	 for	 clinicians,	 patients,	 and	 families	 to	 talk	 about	 problems.	 Using	 an	 algorithmic	 approach,
clinicians	are	guided	by	the	presenting	symptoms,	possible	interventions,	evaluation,	and	treatment	options.	As	a
self-report	method	of	measuring	and	screening	for	distress,	patients	are	asked	to	mark	their	level	of	distress	on	a
visual	 analog	 tool,	 called	 the	 distress	 thermometer.	 Along	with	 the	 distress	 thermometer	 is	 a	 problem	 list	 the
patient	uses	to	indicate	possible	causes	of	distress	such	as	practical,	emotional,	family,	spiritual,	or	physical.	Using
a	cutoff	of	4	or	5	out	of	a	possible	score	of	10	provides	an	indication	of	distress	and	has	been	validated	against
other	 screening	 tools	 for	 psychological	 distress.6	 Psychosocial	 screening	 provides	 an	 opportunity	 to	 determine
baseline	distress	and	then	prospectively	evaluate	response	to	psychosocial	treatments.26

COPING
Patients	with	cancer	and	their	families	are	confronted	with	new	situations	arising	from	the	illness	itself	or	from	the
demands	of	the	treatment	(Table	141.1).	Moos	and	Schaeffer31	summarize	these	challenges	as	the	need	to	preserve
a	 reasonable	emotional	balance,	maintain	a	 sense	of	competence	and	mastery,	 sustain	 relationships	with	 family
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and	friends,	and	prepare	for	an	uncertain	future.	Families	that	may	be	in	most	need	of	help	and	support	include
those	with	young	children	 that	have	a	parent	with	advanced	cancer,	 including	 the	single	parent;	 those	 in	which
couple	 conflicts	 affect	 the	whole	 family;	 those	where	 a	 depressed	 parent	 has	 limited	 coping;	 and	 those	where
dysfunctional	 patterns	 are	 evident	 such	 as	 poor	 communication,	 unbridled	 conflict,	 or	 reduced	 cohesion;	 these
families	 have	 limited	 coping	 and	 support	mechanisms.32	 Cancer	 patients	 benefit	 from	 help	 in	 improving	 their
coping	skills	or	in	learning	new	and	more	adaptive	ones.	Previous	coping	strategies	may	no	longer	be	appropriate
to	 the	 new	 situation.	 Social	 support	 directed	 at	 the	 expression	 of	 emotion	 helps	 cancer	 patients	 to	 maintain
realistic	optimism	and	mitigate	distress.33–37	The	adaptive	tasks	that	are	necessary	in	order	to	adjust	to	the	illness
involve	several	different	kinds	of	coping	skills,	 including	the	evaluation	of	novel	information,	decision	making,
learning	to	express	emotions,	mobilizing	social	support,	and	increasing	role	flexibility.	Adaptive	coping	has	been
divided	 into	 three	 types:	 information	 focused,	 emotion	 focused,	 and	 problem	 focused.38,39	 Problem-focused
coping	 skills	 are	 important	 to	 help	 the	 cancer	 patient	 live	with	 the	 illness	 and	manage	 its	 treatment.	However,
emotional	adjustment	to	the	illness	is	also	essential.	Some	studies	have	shown	that	avoidant	strategies	may	be	less
adaptive	in	the	long	run	than	task-oriented	and	approach	strategies,40	although	in	 the	context	of	medical	 illness,
coping	 is	 situation	 specific.39,41,42	 A	 broad	 coping	 skills	 repertoire,	 consisting	 of	 both	 problem-	 and	 emotion-
focused	strategies,	increases	the	probability	of	matching	the	response	to	the	particular	demands	of	a	given	stressful
medical	situation	(Table	141.2).

TABLE	141.1
Principles	of	Adaptive	Coping	with	Cancer

Stressors	are	best	handled	by
Facing	rather	than	fleeing
Altering	perception
Coping	actively
Expressing	emotion
Social	support

TABLE	141.2
Stage-Specific	Coping	Challenges	and	Medical	Responses

Stage	of	Cancer Coping	Challenge Physician	Response
Initial	diagnosis Existential	anxiety Rapid	and	clear	evaluation

Acute	treatment
Helplessness

Invite	participation	in	treatment
decisions

Fatigue/disruption	of	social	roles Invite	involvement	of	family/friends

End	of	acute
treatment

Increased	sense	of	vulnerability/anxiety	about	relapse	and	long-
term	treatment	effects

Treatment	summary	and	long-term
follow-up	plan

Medical	isolation Survivorship	program

Relapse Anxiety	about	disease	progression/treatment	effects Clear	communication	Compassion

Truncated	future Commitment	to	providing	care

Loss	of	social	contacts
Reordering	priorities
Group	and	other	support

TREATMENT	INTERVENTIONS
Psychosocial
The	appropriate	treatment	for	psychological	symptoms	associated	with	cancer	can	be	determined	by	clarifying	the
nature	of	emotional	distress	(e.g.,	anxiety,	depression,	psychosis);	the	use	of	pharmacotherapy	to	relieve	acute	and
chronic	 symptoms;	 and	 the	 selection	 of	 appropriate	 psychosocial	 interventions	 for	 treating	 problems	 related	 to
anxiety,	 depression,	 existential	 concerns,	 somatic	 symptoms,	 and	 social	 or	 communication	 problems.3,41,42	 The
efficacy	 of	 psychosocial	 treatments	 for	 depression	 and	 anxiety	 in	 medically	 ill	 patients,	 particularly	 brief



psychodynamic,	 educational,	 supportive,	 and	 interpersonal	 therapies,	 hypnosis,	 and	 behavioral	 and	 cognitive-
behavioral	methods,	has	been	supported	by	numerous	outcome	studies.43–47

Psychoeducational	Interventions

Principles	of	Psychoeducational	Intervention
Medical	 knowledge	 enhances	 the	 sense	 of	 control	 and	 mastery	 a	 person	 has	 over	 his	 or	 her	 disease,	 and
educational	 interventions	generally	yield	positive	outcomes.	 Interventions	are	usually	more	effective	when	 they
provide	medical	patients	with	cues	 for	using	 the	knowledge	 related	 to	 their	disease	and	daily	management38	or
with	some	emotion-focused	components,	which	helps	them	to	adjust	and	live	through	the	different	phases	of	the
illness.	Anticipatory	 guidance	 is	 an	 important	 component	 of	 these	 interventions,	 helping	 patients	 to	 prepare	 to
respond	to	future	as	well	as	current	disease-related	problems.	The	evaluation	of	outcomes	of	psychoeducational
interventions	indicates	consistent	if	modest	improvement.46,48–54

Coping	Skills	Training
Education-based	 group	 interventions	 that	 provide	 informational	 support	 can	 facilitate	 the	 initial	 adjustment	 of
early-stage	breast	cancer	patients	by	improving	self-esteem,	body	image,	and	perceived	control	and	by	reducing
uncertainty	about	the	illness.55,56	Women	who	lack	personal	resources	and	support	benefit	the	most,	as	do	those
early	 in	 the	 course	 of	 disease.	Many	 of	 these	 approaches	 have	 demonstrated	 benefit	 in	 controlled	 trials.	 One
cognitive-behavioral	stress	management	group	program	proposed	a	multimodal	type	of	intervention	combining	20
therapy	 hours	 of	 relaxation	 training,	 coping	 skills	 training,	 cognitive	 restructuring,	 assertiveness	 and	 anger
management	 training,	 and	 social	 support	 for	 women	 with	 breast	 cancer.	 Patients	 improved	 in	 self-reports	 of
benefits	 from	 cancer,	 but	 no	 improvement	 on	 the	 distress	measures	 was	 found.55,56	 In	 this	 study,	 the	 greatest
changes	 in	positive	benefits	were	 reported	by	women	who	were	 low	 in	optimism.	An	eight-session	educational
intervention,	providing	training	in	stress	management,	problem	solving,	goal	setting,	and	assertiveness,	produced
improvements	in	general	quality	of	life	as	well	as	specific	competence	in	managing	emotional,	financial,	and	legal
problems.57	 A	 five-session	 family	 intervention	 for	 women	 with	 recurrent	 breast	 cancer,	 designed	 to	 improve
communication,	 enhance	 information	 seeking,	 improve	 coping,	 and	 manage	 symptoms,	 did	 not	 affect	 overall
quality	of	 life	but	 did	 reduce	negative	 appraisal	 of	 the	 cancer	 and	 reduced	hopelessness.58	A	multidimensional
cancer	rehabilitation	program	produced	improvements	in	physical	functioning	and	reductions	in	distress.59	A	more
existentially	oriented	approach	emphasized	finding	ways	 to	develop	a	sense	of	meaning	and	has	been	shown	to
enhance	self-efficacy,	optimism,	and	self-esteem	among	breast	and	colorectal	cancer	patients.60	 It	 is	quite	clear
that	facing	the	existential	threat	posed	by	cancer	in	a	supportive	way	improves	coping	and	reduces	distress	rather
than	demoralizing	cancer	patients.3,61–63

Mindfulness	Training
Mindfulness-based	 stress	 reduction	 is	 an	 adaptation	 of	 Zen	 Buddhist	 meditation	 techniques	 taught	 in	 weekly
courses.	The	focus	is	on	enhancing	the	ability	to	live	in	the	moment	and	to	tolerate	stresses	as	real	but	transient
phenomena,	while	more	comfortably	relating	to	one’s	body,	and	often	employing	gentle	yoga	exercises	as	well.64
Such	techniques	have	been	used	to	good	effect	with	cancer	patients.	A	meta-analysis	of	10	studies	documented	a
significant	(moderate	effect	size;	d	=	0.48)	overall	improvement	in	quality	of	life	and	possible	benefit	for	various
aspects	of	physical	health.65	A	7-week	group	training	for	patients	with	a	variety	of	cancers	resulted	in	significantly
reduced	distress.66	Other	studies	have	shown	that	a	combination	of	such	techniques	with	more	traditional	group
therapy	produced	reductions	in	intrusive	thinking	and	other	posttraumatic	stress	symptoms,67	as	well	as	reduced
depression	 and	 fear	 of	 recurrence,	 and	 produced	 higher	 energy	 levels68	 among	 women	 with	 breast	 cancer.	 A
recent	study	of	mindfulness	for	primary	breast	cancer	patients	demonstrated	greater	reductions	in	stress	symptoms
than	 in	 an	 intervention	 involving	 emotional	 expression	 or	 a	 control	 group	 and	 that	 both	 treatment	 conditions
resulted	in	normalization	of	diurnal	cortisol	levels.69	Similar	mindfulness	interventions	have	also	been	shown	to
result	 in	 lower	mean	cortisol	 levels,	 reduced	T-helper	1	 (Th1)	 (proinflammatory)	 cytokines,	 and	 lower	 systolic
blood	pressure,69	as	well	as	improved	natural	killer	cell	cytotoxicity.70

Electronic	Technology-Based	Interventions
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Technology-assisted	 interventions	 have	 proven	 highly	 effective.	 A	 peer-modeling	 videotape	 shown	 to	 patients
shortly	after	diagnosis	produced	 increases	 in	vitality	and	posttraumatic	growth	and	decreases	 in	depression	and
intrusive	thoughts.71	A	combined	home	visiting	and	telephone	intervention	resulted	in	reduced	pain.72	Computer-
based	 patient	 support	 tools	 provided	 information,	 decision	 support,	 and	 interaction	 with	 other	 patients	 and
produced	 not	 only	 increments	 in	 knowledge	 but	 also	 better	 patient–doctor	 interactions	 and	 enhanced	 social
support.73	Support	groups	have	been	adapted	to	the	Internet	with	remarkably	good	effect.	Online-mediated	social
support	 for	 cancer-related	 fatigue	 has	 proven	 very	 beneficial	 as	well.74	 Real-time	 leader-conducted	 groups	 for
breast	cancer	patients	have	produced	significant	reductions	in	depression	and	pain.75

Excellent	Internet	and	app-based	resources	for	information	about	various	types	of	cancer	and	their	treatments,
as	 well	 as	 supportive	 services,	 are	 now	 available.	 These	 include	 the	 National	 Cancer	 Institute’s	Web	 site,	 its
database	of	cancer	treatments,	and	its	associated	phone	information	line.	Web	sites	with	authoritative	information
about	 supportive	 care	 services	 include	 those	 sponsored	 by	 the	 American	 Cancer	 Society.	 The	 Wellness
Community	 Web	 site	 is	 maintained	 by	 the	 Cancer	 Support	 Community,	 a	 collaboration	 of	 the	 Wellness
Community	 and	Gilda’s	Clubs,	which	maintain	 a	 network	of	 facilities	 that	 provide	 free	 community	 supportive
services,	 including	 classes	 and	 support	 groups.	 Another	 excellent	 example	 is	 the	 Breast	 Cancer	 Connections
website.	 In	 addition,	 there	 are	 now	 apps	 to	 train	 people	 to	 use	 basic	 techniques	 in	mindfulness	 that	 are	 quite
helpful.	There	is	growing	research	on	the	value	of	circadian	monitoring	devices,	usually	worn	on	the	wrist,	which
can	 provide	 reliable	 measures	 of	 sleep	 efficiency	 and	 rest–activity	 rhythms.76	 There	 is	 indeed	 evidence	 that
greater	sleep	efficiency	and	more	distinction	between	activity	during	daytime	and	better	sleep	efficiency	at	night77
predict	longer	cancer	survival.78	Thus,	both	clinical	monitoring	and	patient	self-monitoring	have	the	potential	to
improve	quality	of	life	and	overall	survival.

Cognitive-Behavioral	Therapy
The	 cognitive-behavioral	 approach79	 is	 built	 on	 the	 assumption	 that	 previous	 social	 learning,	 developmental
history,	and	significant	experiences	lead	people	to	form	a	unique	set	of	meanings	and	assumptions,	or	cognitive
schemas,	about	themselves,	the	world,	and	their	future.	These	schemas	are	then	used	to	organize	perception	and	to
govern	 and	 evaluate	 behavior.80	When	 specific	 schemas	 are	 activated,	 they	 directly	 influence	 the	 content	 of	 a
person’s	perceptions,	interpretations,	associations,	and	memories	from	a	given	time.	Cognitive-behavioral	therapy
(CBT)	was	developed	as	a	short-term	(12	to	20	sessions)	intervention	for	depression,	targeting	patients’	thoughts
and	 their	 relation	 to	 behavior	 and	 their	 affect.	 CBT	 for	 cancer	 patients	 generally	 features	 a	 multicomponent
intervention	 integrating	 coping	 skills	 training,	 stress	 management,	 and	 an	 intervention	 designed	 to	 enhance
cognitive	and	behavioral	processes	that	will	be	useful	in	adjusting	to	illness.44	The	CBT	therapist	seeks	to	identify
maladaptive	 cognitions,	 turn	 them	 into	 testable	 hypotheses,	 and	 submit	 them	 to	 empirical	 investigation,	 so	 the
patient	 can	 then	 reject,	 modify,	 or	 retain	 these	 thoughts	 based	 on	 the	 evidence.	 Alternatively,	 more	 adaptive
cognitions	and	behaviors	are	similarly	examined	and	tested.	In	the	early	sessions,	the	goal	of	CBT	is	to	establish	a
therapeutic	 relationship,	 identify	 primary	 problems,	 produce	 symptom	 relief,	 and	 educate	 the	 patient	 about	 the
process	of	psychotherapy,	CBT,	and	the	role	of	thoughts,	images,	and	beliefs	on	emotions	and	behavior.	Together,
the	 therapist	 and	 patient	 decide	 on	 the	 treatment	 goal,	 a	 plan	 for	 subsequent	 therapy	 sessions,	 and	 homework
assignments	intended	to	augment	the	therapy	and	direct	structured	practice.	The	initial	homework	might	require
the	patient	to	identify	and	record	maladaptive	cognitions	(e.g.,	automatic	thoughts).	As	therapy	progresses,	verbal
techniques	are	used	to	trigger	automatic	thoughts	and	associated	assumptions	and	reveal	core	beliefs	or	schemas.
In	an	environment	of	collaborative	empiricism,	the	patient	learns	to	identify,	 logically	and	empirically	evaluate,
and	justify	the	usefulness	of	systematic	biases;	cognitive	distortions	and	dysfunctional	assumptions;	and	thoughts,
images,	and	beliefs	that	underlie	emotional	distress.	The	therapist	helps	the	patient	challenge	cognitive	distortions
such	 as	 overgeneralization;	 catastrophizing;	 “should”	 statements;	 magnification;	 minimization;	 dichotomous
thinking;	 and	 the	 fallacies	 of	 control,	 worry,	 fairness,	 and	 attachment.	 Cognitive	 restructuring	 techniques	 and
guided	discovery	help	the	patient	choose	more	adaptive	cognitions	and	behaviors.	Cognitive	techniques	used	in
CBT	 include	 thought	 stopping,	 self-instruction,	 distraction,	 direct	 disputation,	 labeling	 distortions,	 and
development	 of	 replacement	 imagery.	 Behavioral	 techniques	 such	 as	 activity	 scheduling,	 relaxation	 training,
social	 skills	 training,	mastery	 and	 pleasure	 ratings,	 assertiveness	 training,	 bibliotherapy,	 homework,	 behavioral
rehearsal,	and	in	vivo	exposure	are	also	used.

The	 efficacy	of	CBT	as	 a	 treatment	 for	 depression	 is	well	 established.81	A	 review	 of	 empirically	 supported
treatments	 for	 psychosomatic	 disorders	 determined	 that	 CBT	 is	 efficacious	 for	 chronic	 pain	 management	 and
some	cancers.44



Group	Psychotherapy
Group	 intervention	 in	 a	 variety	 of	 forms	 has	 become	 a	 popular,	 effective,	 and	 efficient	 means	 of	 providing
psychosocial	support	for	cancer	patients.82,83	Groups	of	different	types	may	encompass	theoretical	approaches	that
include	 the	 psychodynamic,	 existential,	 educational,	 and	 cognitive-behavioral,	 among	 others.82	 Although	 some
cancer	patients	are	disinclined	 to	 join	a	support	group,	most	are	 initially	reluctant	 to	undertake	other	aspects	of
cancer	treatment	as	well.	Factors	associated	with	reluctance	include	less	favorable	views	of	such	groups,	feeling
less	 control	 over	 their	 cancer,	 using	 less	 active	 coping	 styles,	 and	 having	 less	 distress.84	 Although	 men	 may
initially	be	more	reluctant	than	women	to	openly	discuss	emotional	problems	relating	to	cancer,	cognitive	aspects
of	coping	can	be	a	good	starting	point,	and	men	with	prostate	cancer	report	information	sharing	with	other	patients
as	a	helpful	aspect	of	group	experience.	Although	reactions	to	catastrophic	illness	may	differ	for	individuals	with
preexisting	psychopathology,	most	cancer	patients	share	with	their	emotionally	healthy	counterparts	the	need	for
support	 in	 dealing	 with	 diagnosis	 and	 treatment,	 changes	 wrought	 by	 disease,	 social	 isolation,	 and	 existential
issues.

Common	elements	of	group	psychotherapeutic	intervention	include	the	following83:

Social	support.	Psychotherapy,	especially	in	groups,	can	provide	a	new	social	network	with	the	common	bond	of
facing	similar	problems.	At	a	time	when	the	illness	makes	a	person	feel	removed	from	the	flow	of	life	and	when
many	 others	 withdraw	 out	 of	 awkwardness	 or	 fear,	 group	 psychotherapeutic	 support	 provides	 a	 new	 and
important	 social	 connection.	 Indeed,	 the	 very	 thing	 that	 damages	 other	 social	 relationships	 is	 the	 ticket	 of
admission	to	such	groups,	providing	a	surprising	intensity	of	caring	among	members	from	the	very	beginning.
Furthermore,	members	find	that	the	process	of	giving	help	to	others	enhances	their	own	sense	of	mastery	of	the
role	of	patient	and	increases	their	self-esteem,	imbuing	the	experience	of	illness	with	a	new	meaning.

Emotional	expression.	The	expression	of	emotion	is	important	in	reducing	social	isolation	and	improving	coping.
Yet,	patients	often	believe	that	they	are	controlling	the	psychological	and	even	physical	impact	of	the	disease
by	suppressing	 their	emotional	 reaction	 to	 it.	This	attitude	 is	often	reinforced	by	friends	and	family,	who	are
made	anxious	by	a	display	of	appropriate	fear	or	sadness	in	the	patient,	and	by	medical	professionals	as	well,
who	perceive	a	patient’s	sadness	as	an	indication	of	nihilism	about	treatment	or	loss	of	hope.	Persistent	negative
affect,	as	is	seen	in	depression,	often	elicits	anger	in	those	involved	with	the	patient	because	the	patient	seems
unwilling	rather	 than	unable	to	modulate	his	or	her	feelings.	However,	normal	anxiety	and	sadness	related	to
having	cancer	are	phasic	and	are	better	managed	through	expression	and	discussion.	Indeed,	there	is	evidence
that	emotional	expression	actually	facilitates	the	resolution	of	long-term	negative	emotion.34,61

Detoxifying	dying.	Processing	existential	concerns	by	facing	rather	than	avoiding	issues	such	as	dying	and	death,
which	 could	 be	 considered	 likely	 to	 exacerbate	 depression,	 actually	 helps	 to	 reduce	 it.	 This	 approach
encourages	patients	to	face	what	they	most	fear	and	find	some	aspect	of	it	they	can	do	something	about	(e.g.,
control	 the	 process	 of	 dying	 when	 death	 is	 unavoidable).	 This	 helps	 patients	 to	 feel	 more	 active	 and	 less
helpless,	 even	 in	 the	 face	 of	 dying.	 Others	 have	 combined	 principles	 of	 cognitive	 therapy	 with	 a	 focus	 on
existential	 concerns,83	 finding	 it	 an	 effective	 approach	 to	 reduce	 symptoms	 of	 distress.	 Death	 anxiety,	 in
particular,	is	intensified	by	isolation,	in	part	because	patients	often	conceptualize	death	in	terms	of	separation
from	loved	ones.	This	can	be	powerfully	addressed	by	psychotherapeutic	techniques	that	directly	confront	such
concerns	in	a	supportive	social	setting.82

Reorganizing	life	priorities	and	living	in	the	present.	The	acceptance	of	 the	possibility	of	 illness	shortening	 life
carries	with	it	an	opportunity	for	reevaluating	life’s	priorities.	Facing	the	threat	of	death	in	a	way	that	facilitates
a	sense	of	active	coping	can	aid	in	making	the	most	of	what	remains	in	life.85	This	can	help	patients	take	control
of	those	aspects	of	their	lives	they	can	influence,	while	grieving	and	relinquishing	those	they	cannot.	Progress
in	life	goal	reappraisal,	reorganization	of	priorities,	and	perception	of	benefits	may	also	mediate	improvement
in	symptoms	and	enhance	quality	of	life.86

Enhancing	family	support.	Psychotherapeutic	interventions	can	also	be	quite	helpful	in	improving	communication,
identifying	 needs,	 increasing	 role	 flexibility,	 and	 adjusting	 to	 new	medical	 social,	 vocational,	 and	 financial
realities.87	The	group	format	is	especially	helpful	for	such	a	task,	in	that	problems	expressing	needs	and	wishes
can	be	examined	among	group	members	as	a	model	for	clarifying	communication	in	the	family.

Improving	 communication	 with	 physicians.	 Support	 groups	 can	 be	 quite	 useful	 in	 facilitating	 better
communication	with	physicians	and	other	health-care	professionals.88	Groups	provide	mutual	encouragement	to
get	questions	answered,	to	participate	actively	in	treatment	decisions,	and	to	consider	alternatives	carefully.

Symptom	control.	Many	group	 and	 individual	 psychotherapy	 programs	 teach	 specific	 coping	 skills	 designed	 to
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help	 patients	 reduce	 cancer-related	 symptoms	 such	 as	 anxiety,	 anticipatory	 nausea	 and	 vomiting,	 and	 pain.
Techniques	 used	 include	 specific	 self-regulation	 skills	 such	 as	 self-hypnosis,	 meditation,	 biofeedback,	 and
progressive	muscle	relaxation.	Hypnosis	is	widely	used	for	pain	and	anxiety	control	in	cancer	to	attenuate	the
experience	of	pain	and	suffering	and	to	allow	painful	emotional	material	to	be	examined.89	Group	sessions	that
involve	instruction	in	self-hypnosis	provide	an	effective	means	of	reducing	pain	and	anxiety	and	consolidate	the
major	 themes	 of	 discussion	 in	 the	 group.90,91	 Hypnosis	 is	 an	 altered	 state	 of	 consciousness,	 composed	 of
heightened	absorption	in	focal	attention,	dissociation	of	peripheral	awareness,	and	enhanced	responsiveness	to
social	 cues.89,92	 It	 has	 a	 long	 tradition	 of	 effectiveness	 in	 controlling	 somatic	 symptoms	 such	 as	 pain	 and
anxiety.	Patients	with	the	requisite	hypnotic	capacity	can	be	taught	to	use	self-hypnosis	to	reduce	or	eliminate
pain	and	 the	 tension	 that	accompanies	 it.	Hypnotic	 techniques	have	been	shown	 to	effectively	 reduce	cancer
pain90,91	and	 to	facilitate	medical	procedures.93	Hypnotic	 intervention	actually	alters	perceptual	processing	 in
the	 brain,	 with	 reduced	 response	 to	 painful	 stimuli	 as	 measured	 by	 event-related	 potentials94	 and	 positron
emission	tomography.95

Outcome
Clinical	 trials	 have	 demonstrated	 the	 benefit	 of	 group	 therapy	 for	 breast	 cancer	 patients,96–99	 with	 notable
reductions	 in	 pain90,91	 and	 emotional	 distress.61,100	 Meaning-centered	 group	 psychotherapy,	 an	 existentially
oriented	group	approach,	was	shown	to	be	differentially	effective	in	comparison	to	care	as	usual	in	the	domains	of
personal	growth	and	environmental	mastery.101	In	an	earlier	study,	this	approach	was	found	to	provide	significant
help	 in	quality	of	 life,	 depression,	 and	hopelessness.102	A	 systematic	 review	of	 the	 literature	 that	 included	 two
meta-analyses	and	nine	well-designed	randomized	controlled	trials	indicated	that	psychoeducational	interventions
not	only	enhance	patients’	knowledge	about	 their	cancer	and	 its	 treatments	but	also	reduce	depression,	anxiety,
nausea,	 and	 pain.46	 A	 Cochrane	 database	 review	 concluded	 that	 group	 psychotherapy	 for	 cancer	 patients
significantly	reduces	depression,	even	in	the	setting	of	advanced	disease.103

IMPLICATIONS	FOR	CANCER	PROGRESSION	AND	MORTALITY
There	is	literature	that	raises	the	possibility	that	psychotherapeutic	intervention	may	affect	survival	time	as	well	as
quality	of	life.104–108	Eight	of	15	published	randomized	trials	demonstrate	such	an	effect.109	A	randomized	trial	of
a	 palliative	 care	 intervention	 involving	 an	 average	 of	 four	 visits	 that	 focused	 on	 choices	 about	 resuscitation
preference,	pain	control,	and	quality	of	life	among	151	patients	with	non–small-cell	lung	cancer	demonstrated	a
significant	 reduction	 of	 depression	 and	 pain	 and	 also	 a	 significant	 2.7-month	 improvement	 in	 survival	 time
(median	survival,	11.85	versus	8.9	months;	P	=	.02).110

These	studies	suggest	that	psychosocial	effects	on	survival	time	are	most	pronounced	when	medical	treatments
have	become	less	effective.99	No	 study	has	 found	 that	psychotherapy,	 even	 involving	direct	 confrontation	with
dying	 and	 death,	 shortens	 survival.	 The	 potential	 benefit	 of	 psychotherapeutic	 support	 on	 cancer	 progression
remains	 an	 open	 research	 question	 but	 receives	 further	 support	 from	 evidence	 that	 being	married	 is	 associated
with	 a	 12%	 to	 33%	 improvement	 in	 overall	 survival.111	 This	 study	 involved	 analysis	 of	 Surveillance,
Epidemiology,	and	End	Results	 (SEER)	data	 in	 the	United	States	 from	2004	 to	2008	 involving	734,889	cancer
patients	with	lung,	colorectal,	breast,	pancreatic,	prostate,	liver	or	intrahepatic	bile	duct,	non-Hodgkin	lymphoma,
head	and	neck,	ovarian,	 or	 esophageal	 cancer.	Being	married	was	 associated	with	better	 outcome	with	 each	of
these	cancer	types,	independent	of	demographics,	stage,	and	treatment.	Thus,	social	support	would	seem	to	have	a
tangible	effect	on	disease	progression	and	survival	time.

PSYCHOTROPIC	MEDICATION
Antidepressants
It	is	becoming	increasingly	clear	that,	as	is	the	case	with	major	depression	in	general,	depression	that	arises	in	the
context	of	cancer	is	responsive	to	antidepressant	treatment.112	Using	various	measures	of	depression	and	outcome,
studies	 indicate	 that	paroxetine,112	mianserin,113	fluoxetine,114	amitriptyline,112	 and	desipramine115	 are	 useful	 in
treating	 depression	 in	 patients	 with	 cancer	 (Tables	 141.3and	 141.4).	 Antidepressants	 decrease	 depressive



symptoms,	 improve	 functional	 capacity,	 reduce	 cachexia,	 ameliorate	 some	menopausal	 symptoms,	 and	 reduce
pain.116

Fisch	 et	 al.117	 found	 that	 treatment	 with	 fluoxetine	 significantly	 improved	 depressive	 symptoms	 and	 some
measures	of	quality	of	life	when	compared	to	placebo	in	cancer	patients	with	a	variety	of	tumors	with	an	expected
survival	of	3	to	24	months.	Importantly,	these	patients	were	recruited	based	on	reporting	that	they	were	bothered
by	a	depressed	mood	at	a	severity	of	“somewhat”	or	greater	and	not	by	meeting	criteria	for	full	major	depression.
Another	 large	 trial	 compared	 paroxetine	 to	 placebo	 in	 cancer	 patients	 with	 fatigue	 and	 found	 that	 the
antidepressant	significantly	lowered	depressive	(but	not	fatigue)	symptom	scores.118

TABLE	141.3
Antidepressants:	Serotonin-Selective	Reuptake	Inhibitors,	Serotonin–Norepinephrine
Reuptake	Inhibitors,	and	Atypical	Antidepressants

Generic
Starting
Dose

Usual	Dose
Range	per	24

h Comments

Bupropion 75	mg 150–300	mg
Fewer	sexual	side	effects;	risk	of	seizures;	also	used	for	smoking	cessation;	inhibits
CYP2D6	and	interferes	with	tamoxifen	metabolism	to	the	active	endoxifen	form

Citalopram 10	mg 20	mg Monitor	QTc	at	higher	doses

Duloxetine 20	mg 60	mg Helpful	for	neuropathic	pain;	can	cause	nausea;	taper	slowly

Escitalopram 5	mg 20	mg Isomer	of	citalopram;	monitor	QTc	at	higher	doses

Fluoxetine 5	mg 20–60	mg
Moderate	benefit	for	hot	flashes;	long	half-life;	inhibits	CYP2D6	and	interferes	with
tamoxifen	metabolism	to	the	active	endoxifen	form

Mirtazapine 15	mg 15–45	mg Very	sedating;	stimulates	appetite;	anticholinergic;	can	be	activating	at	higher	doses

Paroxetine 5	mg 40	mg
Also	for	hot	flashes;	slow	taper;	inhibits	CYP2D6	and	interferes	with	tamoxifen
metabolism	to	the	active	endoxifen	form

Sertraline 25	mg 50–200	mg
May	cause	gastrointestinal	side	effects;	inhibits	CYP2D6	and	interferes	with	tamoxifen
metabolism	to	the	active	endoxifen	form

Trazodone 50	mg 50–300	mg Primarily	used	for	insomnia;	not	habit	forming;	orthostatic	hypotension;	priapism

Venlafaxine
25–37.5
mg 150–300	mg

Also	used	for	hot	flashes;	neuropathic	pain;	hypertension;	taper	slowly;	inhibits
CYP2D6	and	interferes	with	tamoxifen	metabolism	to	the	active	endoxifen	form

QTc,	corrected	QT.

In	double-blind	 trials,	 fluoxetine,	paroxetine,	and	venlafaxine	have	been	shown	to	reduce	hot	 flashes,119	 and
mirtazapine	 and	 the	 anticonvulsant	 gabapentin	 have	 been	 reported	 to	 decrease	 pruritus	 in	 cancer	 patients.120
Venlafaxine,	bupropion,	duloxetine,	and	the	tricyclic	antidepressants	have	been	shown	to	relieve	neuropathic	pain,
which	frequently	accompanies	cancer	and	its	treatment.121	Trazodone,	a	tetracyclic	antidepressant,	which	in	low
doses	(50	to	150	mg)	is	often	used	as	a	sedative	hypnotic	that	does	not	produce	dependency,	has	also	been	used	to
treat	a	variety	of	adjustment	disorders	among	breast	cancer	patients.122

TABLE	141.4
Antidepressants:	Tricyclics

Generic
Starting
Dose

Usual
Dose Comments

Amitriptyline 10	mg
150–300

mg 25–50	mg	for	pain;	very	anticholinergic;	lethal	overdose	potential

Doxepin 10	mg 150	mg
Very	antihistaminic;	sedating;	also	used	for	itching;	very	anticholinergic;	lethal
overdose	potential

Imipramine 10	mg
150–300

mg Very	anticholineregic;	lethal	overdose	potential

Nortriptyline 10	mg
75–100
mg Moderately	anticholinergic;	lethal	overdose	potential
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Cancer	 patients	 treated	 with	 cytokines	 such	 as	 interferon-α	 often	 become	 significantly	 depressed,	 with	 a
substantial	increase	in	suicidal	ideation	and	acts.123	Pretreatment	of	such	patients	with	selective	serotonin	reuptake
inhibitors	(SSRIs)	actually	reduces	the	risk	of	developing	depression.124	There	are	increasing	data	that	suggest	that
depression-specific	 symptoms	 may	 disproportionately	 contribute	 to	 the	 relationship	 between	 depression	 and
morbidity	or	mortality	in	the	context	of	medical	illness.125–127

These	 findings	 may	 also	 provide	 an	 explanation	 for	 the	 oft-repeated	 observation	 that	 agents	 with
catecholaminergic	 activity	 are	 generally	 more	 effective	 than	 SSRIs	 in	 the	 treatment	 of	 neurovegetative	 and
somatic	 symptoms,	 such	 as	 pain	 and	 fatigue,	 even	 when	 these	 symptoms	 occur	 outside	 the	 context	 of	 a
diagnosable	mood	disorder.	Combination	treatment	may	also	be	especially	helpful	in	more	severe	depressions.128
Evidence	that	proinflammatory	cytokines	contribute	to	the	development	of	depression,	even	in	medically	healthy
individuals,109	 may	 explain	 the	 utility	 of	 combined	 serotonin–norepinephrine	 or	 dopamine	 treatment,	 such	 as
adding	desipramine	or	bupropion	with	an	SSRI	or	using	a	serotonin–norepinephrine	 reuptake	 inhibitor,	 such	as
venlafaxine	or	duloxetine.	These	approaches	may	be	more	effective	than	selective	serotonergic	agents	alone	in	the
treatment	 of	 major	 depression,	 especially	 when	 comorbid	 pain	 is	 present.	 Stimulants	 such	 as	 amphetamine,
methylphenidate,	and	modafinil	can	also	be	used	effectively	either	alone	or	in	combination	with	antidepressants,
especially	to	provide	more	rapid	onset.	They	rarely	trigger	anorexia	in	this	population,129	and	they	are	also	agents
of	choice	for	cancer	patients	with	short	expected	survival	periods.

Tamoxifen	and	Selective	Serotonin	Reuptake	Inhibitors
Tamoxifen	continues	to	be	used	as	an	important	selective	estrogen	receptor	modulator	(SERM)	to	reduce	the	risk
of	 recurrence	 in	 estrogen	 receptor–positive	 postmenopausal	 breast	 cancer	 patients.	 To	 be	 clinically	 active,
tamoxifen	 is	 converted	 to	 4-hydroxy-tamoxifen	 (endoxifen)	 and	 other	 active	metabolites	 by	 cytochrome	 P450
(CYP)	enzymes.	Over	80	different	major	alleles	of	CYP2D6	genes	have	been	 identified,	many	of	which	confer
decreased	 or	 absent	 CYP2D6	 activity,	 and	 patients	 can	 be	 divided	 into	 poor,	 intermediate,	 extensive,	 and
ultrarapid	metabolizers	based	on	their	genotype.130

Breast	 cancer	 patients	 treated	 with	 tamoxifen	 who	were	 homozygous	 for	 a	 poor	metabolizer	 genotype	 had
significantly	 lower	 serum	 concentrations	 of	 endoxifen	 than	 those	 with	 an	 active	 genotype.131	 In	 a	 review	 of
retrospective	studies	evaluating	the	effect	of	CYP2D6	genotype	on	breast	cancer	outcomes,	Goetz	et	al.132	found
that	patients	with	estrogen	 receptor–positive	breast	 cancer,	homozygous	 for	 the	poor	metabolizer	genotype	and
treated	with	 tamoxifen	monotherapy,	 were	more	 likely	 to	 experience	 a	 recurrence	 of	 breast	 cancer	 than	 those
patients	who	carried	an	allele	coding	for	active	enzyme.	Stearns	et	al.,133	in	a	prospective	clinical	trial,	evaluated
the	 effects	 of	 the	 coadministration	 of	 tamoxifen	 and	 paroxetine,	 an	SSRI,	 at	 the	 time,	 commonly	 used	 to	 treat
depression	and	hot	flashes.	The	authors	found	that	the	use	of	paroxetine,	which	inhibits	CYP2D6,	decreased	the
plasma	 concentration	 of	 endoxifen,	 suggesting	 that	 the	 CYP2D6	 genotype	 and	 drug	 interactions	 should	 be
considered	in	patients	treated	with	tamoxifen.

More	 recently,	Kelly	 et	 al.,134	 in	 a	 population-based	 cohort	 study,	 studied	 postmenopausal	women	 aged	 66
years	or	older	 living	in	Ontario	who	had	been	treated	between	1993	and	2005	with	tamoxifen	for	breast	cancer
and	 overlapping	 treatment	 with	 a	 single	 SSRI,	 finding	 that	 after	 adjustment	 for	 age,	 duration	 of	 tamoxifen
treatment,	and	other	potential	confounders,	absolute	increases	of	25%,	50%,	and	75%	in	the	proportion	of	time	on
tamoxifen	with	overlapping	use	of	paroxetine	were	significantly	associated	with	24%,	54%,	and	91%	increases	in
the	 risk	of	death	 from	breast	 cancer,	 respectively.	The	authors	 concluded	 that	paroxetine	use	during	 tamoxifen
treatment	 is	 associated	 with	 an	 increased	 risk	 of	 death	 from	 breast	 cancer,	 supporting	 the	 hypothesis	 that
“paroxetine	can	reduce	or	abolish	the	benefit	of	tamoxifen	in	women	with	breast	cancer.”

In	addition	to	paroxetine,	fluoxetine,	sertraline,	and	venlafaxine	have	also	been	noted	to	reduce	the	metabolism
of	tamoxifen.131	Lash	et	 al.135	 found	no	 reduction	 of	 tamoxifen	 effectiveness	 among	patients	 using	 citalopram.
With	 the	accumulation	of	 studies,	Desmarais	and	Looper,136	 in	 an	 important	 review,	provide	 recommendations
that	clinicians	who	are	treating	patients	with	breast	cancer	should	carefully	evaluate	the	best	and	safest	options	for
treatment	 of	 depression,	 reviewing	 pharmacologic	 profiles,	while	 being	 very	mindful	 of	 the	 risks	 of	 untreated
depression.	In	an	interesting	study	regarding	the	prevention	of	depression	in	patients	receiving	treatment	for	head
and	neck	cancer,	Lydiatt	et	al.137	 studied	 the	prophylactic	use	of	escitalopram	oxalate	 to	determine	whether	 the
incidence	of	depression	could	be	reduced	in	patients	receiving	primary	therapy	for	head	and	neck	cancer.	Results
in	 the	nondepressed	group	showed	 that	prophylactic	escitalopram	reduced	 the	 risk	of	developing	depression	by
more	than	50%.	Quality	of	life	was	also	improved	for	3	consecutive	months	in	the	nondepressed	group	after	the
cessation	of	escitalopram.



Antianxiety	Agents
It	is	becoming	increasingly	clear	that	the	antidepressants,	as	discussed	previously,	have	antianxiety	properties	as
well	and	can	be	used	effectively	for	the	frequent	problem	of	mixed	anxiety	and	depression.	Benzodiazepines	can
provide	 immediate	 short-term	 relief	 of	 anxiety	 symptoms	 but	 generally	 are	 not	 a	 good	 strategy	 for	 long-term
treatment,	in	part	because	of	the	problem	of	habituation	and	a	tendency	to	produce	dependence.	Withdrawal	from
high	doses	can	be	a	serious	medical	problem.	Although	many	of	the	newer	benzodiazepines	such	as	lorazepam	are
relatively	 short	 acting,	 the	 problem	 of	 symptom	 recurrence	may	 be	 addressed	 in	 the	 future	with	 longer	 acting
formulations.138	In	addition,	many	of	the	antianxiety	agents,	such	as	mirtazapine,	are	used	for	insomnia	with	good
effect	and,	later,	are	used	in	the	short	term	for	symptom	management	(Table	141.5).

TABLE	141.5
Anxiolytics	and	Hypnotics

Generic Starting	Dose Comments
Lorazepam 0.5	mg For	anxiety,	nausea,	sleep;	good	for	procedure-related	anxiety;	habituation	risk

Alprazolam 0.25–0.5	mg Short	acting;	for	anxiety;	for	intermittent	panic	symptoms;	habituation	risk

Clonazepam 0.5–1	mg Longer	acting;	for	anxiety	and	panic	attacks;	sleep;	disintegrating	wafer	available;	habituation	risk

Diazepam 5	mg Long	acting;	habituation	risk

Zaleplon 5	mg For	sleep;	habituation	risk

Eszopiclone 1	mg For	sleep;	habituation	risk

Temazepam 15	mg For	sleep;	habituation	risk

Zolpidem 2.5–5	mg For	sleep;	habituation	risk

Antipsychotics
Neuroleptics	are	 rarely	used	among	cancer	patients,	but	 they	can	be	highly	effective	at	managing	symptoms	of
delirium,	 which	 can	 occur	 during	 worsening	 of	 medical	 status,	 with	 metabolic	 disequilibrium	 associated	 with
cachexia,	 mood	 disorders,	 and	 psychosis	 associated	 with	 steroid	 treatment	 and	 as	 a	 preterminal	 event	 (Table
141.6).	Disorientation	to	time,	place,	and	person	coupled	with	agitation	can	be	misunderstood	as	a	sign	of	poor
pain	 management,	 but	 increases	 in	 opiates	 and	 other	 analgesics,	 which	 can	 be	 very	 useful	 when	 pain	 is	 the
problem,	 may	 contribute	 to	 further	 delirium.	 Initially	 small	 but	 increasing	 doses	 of	 antipsychotics	 such	 as
haloperidol	 either	 orally	 or	 intravenously	 can	 be	 very	 helpful	 in	 controlling	 delirium	 and	 agitation.139	 Because
patients	with	cancer	are	often	on	a	wide	variety	of	medications	and	may	be	malnourished	and	dehydrated	and	have
complex	 metabolic	 issues,	 it	 is	 important	 to	 monitor	 corrected	 QT	 (QTc)	 interval	 to	 avoid	 life-threatening
arrhythmias.140

TABLE	141.6
Antipsychotic	Medications:	Major	Tranquilizers

Generic
Starting
Dose Comments

Chlorpromazine 10	mg For	sedation;	hiccups;	may	cause	hypotension;	monitor	blood	pressure

Haloperidol 0.25	mg
For	nausea;	used	for	acute	agitation;	risk	of	extrapyramidal	side	effects	and	torsades	de
pointe

Olanzapine 2.5	mg For	nausea;	sedating;	may	cause	weight	gain;	metabolic	syndrome

Risperidone 0.25	mg For	nausea;	sedating;	may	cause	weight	gain;	metabolic	syndrome

Quetiapine 25	mg Sedating;	useful	for	agitation	and	insomnia

Aripiprazole 5	mg May	cause	akathisia;	not	very	sedating

CONCLUSION
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The	psychological	problems	that	accompany	cancer	range	from	disease-related	anxiety,	depression,	and	stress	to
disruptions	 of	 relationships	 to	 circadian	 rhythm	 dysregulation.	 These	 problems	 can	 be	 readily	 assessed,
increasingly	 with	 physiologic	 monitoring	 as	 well	 as	 self-report.	 There	 is	 growing	 evidence	 that	 a	 variety	 of
interventions	can	 improve	quality	of	 life	 for	patients	with	cancer	at	 all	 stages	of	 the	disease	and	may,	 in	 some
cases,	 positively	 affect	 survival.	 Programs	 in	 cancer	 coping,	 survivorship,	 and	 palliative	 care	 help	 to	 better
identify	problem	areas	and	improve	quality	of	life	and	deserve	to	be	a	consistent	part	of	overall	cancer	care.
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142 Communicating	News	to	the
Cancer	Patient
Eric	J.	Cassell

INTRODUCTION
Helene	Fink	was	a	56-year-old	woman	with	stage	IV	breast	cancer.	Toward	the	end	of	the	course	of	the	disease,
her	 bone	 marrow	 was	 filled	 with	 tumor	 cells,	 with	 all	 the	 usual	 hematologic	 sequelae.	 Her	 pain	 was	 well
controlled,	and	she	continued	an	active	life	in	seeming	disregard	of	her	disease.	Her	oncologist	was	concerned	that
Mrs.	 Fink	 did	 not	 appreciate	 the	 gravity	 of	 her	 situation,	 so	 she	 explained	 to	 the	 patient	 in	 detail	 what	 was
happening	 and	 how	 serious	 it	 was.	 The	 patient	 stopped	 her	 activities	 and	 became	 bedridden.	 The	 oncologist
explained	to	me	at	length	that	she	believed	in	telling	patients	the	truth	and	that	truth	telling	was	essential	for	the
patient’s	well-being,	 especially	 in	 the	contemporary	 scene.	She	also	called	 the	patient’s	husband	 to	explain	 the
importance	of	telling	the	truth.	It	took	considerable	effort	to	get	the	patient	back	to	her	previous	level	of	activity,
which	continued	until	shortly	before	her	death	3	months	later.

This	scenario	 is	quite	common.	Apparently,	 the	physician’s	goal	 in	such	settings	 is	 to	make	sure	 the	patient
knows	the	truth.	The	emphasis	is	on	telling	the	truth.	All	clinical	actions,	all	actions	meant	to	have	an	impact	on
the	patient—in	oncology,	as	elsewhere—should	have	a	goal.	For	example,	diagnostic	actions	have	a	goal-specific
therapy;	chemotherapy,	radiation,	or	other	modalities	have	a	goal,	usually	curative,	palliative,	or	local	control	of
disease.	 The	 goal	 of	 cancer	 treatment,	 in	 general,	 has	 long	 been	 to	 improve	 survival.	 Recently,	 this	 has	 been
modified	by	the	addition	of	the	goal	to	treat	without	decreasing	quality	of	life.	A	general	statement	of	these	goals
is	that	they	are	meant	to	help	the	patient.

Patient	communication—talking	with	patients—is	a	clinical	action.	Therefore,	talking	with	patients	should	also
have	a	goal.	As	with	 the	other	clinical	acts,	 it	should	help	 the	patient	be	better.	 In	 the	case	of	Helene	Fink,	 the
communication	by	her	oncologist	had	a	negative	impact.	Truth	telling	is	not	a	primary	goal;	telling	the	truth	is	a
moral	 imperative.	 With	 rare	 exceptions,	 it	 is	 obvious	 that	 you	 should	 tell	 the	 truth.	 Put	 another	 way,	 your
communication	 with	 the	 patient	 should	 be	 truthful,	 but	 that	 should	 be	 only	 one	 of	 several	 functions	 that	 that
communication	serves.

PREVENTING	ILLNESS
The	goal	of	increasing	length	of	survival	in	the	treatment	of	cancer	has	achieved	considerable	prominence	over	the
past	several	decades.	Although	this	is	understandable,	people	do	not	get	up	in	the	morning	just	to	survive;	when
they	do—like	soldiers	 in	battle—survival	 is	 in	 the	service	of	 living	a	 life.	People	get	up	 in	 the	morning	 to	 live
their	lives,	to	work,	to	play,	to	take	care	of	their	families,	to	become	famous,	or	to	achieve	their	goals	in	life,	just
like	you	and	your	family.	Perhaps	you	believe	your	patients	cannot	do	that	because	they	are	too	sick.	It	is	true	that
many	patients	with	advanced	disease	are	sick.	By	sick,	 the	author	means	requiring	care	in	bed	or,	if	out	of	bed,
requiring	regular	skilled	care.	Most	people	(including	doctors)	think	patients	are	sick	because	of	the	symptoms	or
because	of	their	advanced	disease.	Symptoms	are	often	very	unpleasant,	but	the	medical	community	has	become
very	good	at	 symptom	relief;	 still,	 the	patients	are	 sick.	Ask	 them,	and	 they	will	 tell	you	 (whatever	 their	other
symptoms	may	be)	that	they	are	“weak,”	that	they	have	“no	energy,”	or	that	they	have	“run	out	of	gas.”	They	have
all	the	characteristics	of	the	sick:	They	are	disconnected	from	their	world,	they	have	the	feeling	that	they	have	no
control	over	their	lives,	they	have	lost	the	normal	feeling	of	indestructibility,	their	cognitive	function	is	not	what	it
was,	they	are	filled	with	uncertainties,	and	they	do	not	really	understand	(as	hard	as	they	try)	what	is	happening	to
them.	These	features	and	others	characterize	the	phenomenon	called	the	state	of	illness.

The	 state	of	 illness	 is	usually	brought	on	by	 the	 symptoms	and	presence	of	 serious	disease,	but	 the	 state	of



illness	 is	an	 independent	phenomenon.	 It	 is	not	a	necessary	accompaniment	of	serious	disease.	Many	clinicians
have	known	patients	with	serious	disease	who	are	not	as	sick	as	described	here.	This	was	true	of	Mrs.	Fink	before
the	conversation	about	her	bone	marrow.	They	have	also	known	others	who	were	similarly	sick	but	in	whom	the
disease	and	symptoms	were	not	serious.	The	state	of	illness	is	an	independent	phenomenon.	It	is	a	state	of	being.
The	Oxford	English	Dictionary	definition	of	a	state	is	“a	combination	of	circumstances	or	attributes	belonging	for
the	time	being	to	a	person	…	a	particular	manner	of	existing	as	defined	by	the	presence	of	certain	circumstances
or	attributes;	a	condition.”	(Examples	include	the	state	of	love,	the	state	of	grief,	or	a	state	of	helplessness.)	States
of	being	are	not	psychological	or	physical	alone.	States	of	being	are	physical,	psychological,	social,	and	personal.
States	of	being	are	pervasive,	with	effects	 ranging	 from	the	molecular	 to	 the	social.	The	state	of	 illness	can	be
worsened	independently	of	the	disease,	and	it	can	be	improved	independently	of	the	disease.	A	state	of	illness	is
aggravated	 by	 pain	 and	 other	 symptoms	 but	 particularly	 by	 inadequately	 controlled	 pain.	 The	 state	 is	 also
activated	or	worsened	by	uncertainty	and	 fear	 (the	 two	are	often	 related),	 and	 it	 is	made	worse	by	actions	 that
remove	independence	or	increase	dependence	on	the	staff	(like	the	ubiquitous	intravenous	bag	and	pole).	Patients
can	leave	the	state	of	illness	even	though	the	disease	is	not	better.	An	important	therapeutic	goal	is	ending	a	state
of	 illness.	 The	 primary	modalities	 for	 the	 relief	 of	 the	 state	 of	 illness	 are	 symptom	 relief	 and	 talking	with	 the
patient—communication.

COMMUNICATION
The	spoken	language	is	 the	most	 important	 tool	 in	medicine;	almost	nothing	happens	in	its	absence.	Physicians
commonly	train	themselves	to	meet	very	high	standards	of	expertise,	but	 this	everyday	tool	gets	about	as	much
respect	and	training	in	its	use	as	paperwork.1,2	Yet	the	most	common	complaint	that	patients	have	now	and	have
had	for	decades	past	is	that	doctors	do	not	talk	to	them.	It	has	been	repeatedly	shown	that	patients	who	understand
what	is	happening	to	them	and	why	are	more	cooperative	and	compliant	with	physicians’	suggested	regimens.	The
implication	is	that	what	you	say	to	patients	really	matters.	Every	word	matters.	Sometimes	physicians	say,	“I	can’t
watch	every	word,”	but	that	would	be	like	a	surgeon	saying,	“I	can’t	watch	my	scalpel	every	moment.”	Physicians
are	all	so	accustomed	to	talking	and	using	words	in	their	everyday	life	that	they	forget	the	impact	of	words	on	the
listener.	And	 they	 forget	 that	doctor–patient	communication	 is	not	ordinary	conversation.	The	spoken	 language
acts	 on	 the	 person,	 and	 what	 acts	 on	 the	 person	 acts	 on	 every	 part	 of	 the	 person.	 In	 talking	 with	 patients,
physicians	 themselves	 are	 the	 primary	 therapeutic	 agent.	 The	 vehicle	 through	 which	 virtually	 everything	 that
physicians	do	to	and	with	patients	is	the	relationship	between	the	patient	and	the	physician.	That	relationship	is
best	when	it	is	built	on	trust,	and	trust	is	best	engendered	by	the	truth.	That	is	not	the	end	of	the	story;	it	 is	the
beginning.

Talking	to	patients	necessarily	transmits	information,	and	in	communication,	it	is	the	information	that	counts;
therefore,	physicians	should	be	aware	that	they	are	involved	in	information	control.	There	are	specific	tasks	that
should	be	accomplished	by	information	flowing	to	patients.	First,	it	should	reduce	uncertainty.	Second,	it	should
improve	the	patient’s	ability	to	act.	Finally,	it	should	improve	the	relationship	between	the	physician	and	patient.
It	 follows	 that	 information	 that	 you	 provide	 to	 patients	 should	meet	 certain	 tests.	 Does	 it	 reduce	 the	 patient’s
uncertainty	now	or	in	the	future?	Does	it	improve	the	patient’s	ability	to	act?	Does	it	improve	your	relationship
with	the	patient	(now	or	in	the	future)?	If	information	wisely	used	can	do	those	things,	then	information	poorly
used	can	create	uncertainty,	paralyze	action,	and	destroy	the	relationship.	Going	back	to	the	example	of	the	patient
Helene	Fink,	explaining	to	her	the	entire	nature	of	her	disease	had	all	those	negative	effects,	even	though	it	was
true.

Here	follows	a	small	tangent	about	death	and	the	issue	of	denial.	Most	patients	receiving	treatment	for	cancer
are	 aware	 of	 the	 possibility	 of	 dying.	 It	 has	 been	 on	 their	 minds	 since	 their	 diagnosis	 but	 not	 always	 within
awareness.	They	are	often	afraid	of	the	subject	or	of	talking	about	it;	like	many	people	(maybe	even	you),	patients
are	afraid	of	dying.	 It	 is	usually	not	 the	act	of	dying	 (ceasing	 to	be)	 that	 they	are	afraid	of;	 instead,	 the	author
believes	it	is	separation	from	others.	One	way	in	which	worries	about	death	are	handled	is	denial.	Is	denial	in	and
of	itself	a	bad	thing?	This	author	personally	does	not	believe	that	 it	 is,	especially	as	the	opposite	face	of	denial
may	be	panic.	The	important	question	is	whether	the	denial	is	getting	in	the	way	of	anything	else	important,	such
as	treatment	or	family	relationships.	Further,	the	author	thinks	you	should	be	very	cautious	if	you	decide	to	break
through	denial.	For	this	reason,	the	author	usually	does	not	tell	people	things	but	rather	answers	their	questions.
When	they	do	not	ask	the	questions,	the	author	can	usually	stimulate	the	question	wanting	to	be	answered.	Telling
Helene	Fink	the	truth	scared	her	and	made	her	angry	at	her	physician.
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In	giving	information	to	a	patient,	a	statement	is	only	complete	when	it	includes	(1)	what	it	is	(the	facts),	(2)
what	it	means,	and	(3)	what	is	to	be	done	about	it.	Here	is	an	example:

What	it	is:	“Your	platelet	count	is	lower	today,	which	is	why	you	are	not	getting	your	chemotherapy.”
This	 is	what	 it	means:	 “The	 platelet	 count	 drops	 because	 of	 the	 action	 of	 the	 chemotherapy	 on	 your	 body.
Today’s	 platelet	 count	 is	 the	 expected	 reaction	 to	 the	 drugs	 and	 will	 cause	 you	 no	 harm.	 There	 is	 nothing
unusual	about	it.	It	will	not	reduce	the	effect	of	your	treatment	if	you	do	not	get	chemotherapy	today.”
This	is	what	we	are	going	to	do	about	it:	“There	is	no	need	to	do	anything	about	your	platelet	count.	Because
the	platelet	count	is	one	way	we	decide	how	much	medicine	you	should	get,	we	will	be	testing	it	regularly.	It
usually	comes	back	to	a	point	where	you	can	get	your	chemotherapy	in	about	a	week.”

Patients	frequently	ask	questions	about	what	something	is—for	example,	a	pain,	a	new	symptom,	something	on
their	skin,	or	a	swelling	somewhere.	Physicians	commonly	give	an	“it	is	a	this	or	that”	answer.	For	example,	“Oh
that	is	a	bruise,”	or	“The	swelling	is	some	edema	in	your	foot.”	The	same	rule	applies	as	previously;	the	answer
should	not	be	it	is	a	this	or	a	that	but	this	is	what	it	is,	this	is	what	it	means,	and	this	is	what	is	going	to	be	done
about	it.	“The	black	and	blue	mark	is	just	a	bruise.	Because	your	platelet	count	is	low	from	the	chemotherapy,	you
are	 going	 to	 bruise	 more	 easily	 than	 you	 used	 to.	 When	 your	 platelet	 count	 is	 normal	 again	 after	 the
chemotherapy,	that	will	stop	happening.	We	don’t	have	to	do	anything	because	it	doesn’t	require	any	treatment.”

EXPLANATIONS
Explanations	should	be	brief,	clear,	unambiguous,	and	jargon	free.	The	test	of	the	adequacy	is	not	what	you	say
but	what	the	patient	understands.	The	best	way	to	find	that	out	is	to	ask	the	patient	to	repeat	what	you	just	said.
Remember,	 the	 explanation	 is	 focused	 on	 the	 patient’s	 need	 for	 information,	 and	 the	 enemy	 of	 clarity	 is
ambiguity.

Here	 is	 an	 example	 from	 an	 actual	 interaction	 (with	 a	 physician	who	 prided	 himself	 on	 his	 communication
skills):	“It	looks	as	though	we’ll	probably	get	out	of	the	woods.	Most	of	the	bad	stuff	seems	pretty	well	gone,	and
I	doubt	if	we’ll	have	trouble	again	if	things	hold	the	way	they	are.”

Think	about	what	these	phrases	really	mean:

“…	probably	get	out	of	the	woods.”—Will	we	or	won’t	we?
“Most	of	the	bad	stuff	seems	pretty	well	gone	….”—Is	it	gone	or	is	it	not?	And	what	about	the	rest?
“…	I	doubt	if	we’ll	…”—Do	you	believe	it	or	not?

This	 is	 how	 physicians	 commonly	 talk	 to	 patients.	 Communication	 is	 supposedly	 done	 this	 way	 because
physicians	do	not	want	 to	 commit	 themselves.	 If	 challenged,	 physicians	may	 say,	 “I’m	not	God.	 I	 don’t	 know
what	 is	 going	 to	 happen,”	 or	 “I	 don’t	 have	 a	 crystal	 ball.”	 Patients	 know	 both	 statements	 are	 true.	 But	 such
statements	are	beside	 the	point.	The	physician	may	not	have	a	crystal	ball,	but	he	or	she	knows	better	 than	 the
patient	 what	 can	 happen	 and	 what	 will	 probably	 happen.	 It	 has	 been	 shown	 repeatedly	 that	 people	 do	 not
understand	 clearly	 what	 percentages	 mean,	 such	 as	 “You	 have	 a	 30%	 chance	 of	 recurrence.”	 Cognitive
psychologists	have	demonstrated	 that	people	understand	 information	better	 if	 it	has	been	 translated	 into	natural
frequencies.	 (You	 have	 a	 3	 in	 10	 chance	 of	 recurrence,	 or	 there	 is	 a	 7	 in	 10	 chance	 that	 you	will	 not	 have	 a
recurrence.)	It	is	not	necessary	to	pretend	or	lie.	Here	is	a	possible	way	to	say	the	same	thing	that	does	not	suggest
omniscience	but	that,	at	the	same	time,	is	reassuring.	“These	tests	show	regression	of	your	cancer.	You	are	getting
a	very	good	response	to	treatment,	and	I	believe	you’re	going	to	do	well.”	You	can	stop	there;	there	is	no	reason	to
express	doubt.	If	you	believe	you	are	not	being	truthful	because	you	have	not	shared	the	whole	truth,	ask	whether
the	patient	has	any	questions.	If	there	are	questions,	answer	them	honestly	but	briefly	and	wait	for	more	questions.
Do	not	answer	a	question	that	has	not	been	asked.	If	the	patient	wonders	whether	things	could	turn	bad	again,	here
is	 a	 possible	 response:	 “You	 and	 I	 both	 know	 that	 I	 can’t	 promise	 that	 this	 good	 response	will	 keep	 up,	 but	 I
expect	it	to.	And	even	though	that	may	leave	you	with	some	doubt	or	maybe	you	find	it	worrisome,	don’t	make
bad	news	out	of	good	news.	This	is	good	news.	We’re	doing	well.	Let’s	keep	it	up.”

UNCOMFORTABLE	QUESTIONS



If	the	patient	asks	a	question	that	you	do	not	want	to	answer,	you	can	buy	some	time	to	find	out	what	the	patient	is
really	asking	by	saying,	“What	do	you	mean	by	that?”	or	“I’m	not	sure	I	understand	what	you’re	asking	me;	say	it
again	in	a	different	way.”	If	it	is	a	direct	difficult	question	that	does	not	mince	words,	then	answer	it	in	the	same
manner	in	clear,	unambiguous,	spare,	jargon-free,	truthful	language.	Say	no	more	than	you	must	say	to	answer	the
question	and	then	wait	for	the	next	question.	The	same	rules	apply	here	as	outlined	previously:	Say	what	it	is,	say
what	 it	 means,	 and	 say	 what	 you	 are	 going	 to	 do	 about	 it.	 Do	 not	 leave	 the	 patient	 hanging	 in	 the	 air	 with
statements	like	“Let’s	wait	a	month	and	see	how	things	stand.”	Be	more	specific.	“In	a	month,	we	will	repeat	your
computed	tomography	scan.	I	expect	that	it	will	still	show	a	good	response.	If	you’ve	had	some	growth	of	your
tumor,	we	will	decide	what	that	means	and	then,	 if	necessary,	modify	your	treatment.”	You	will	notice	that	 the
author	has	repeatedly	used	the	words	“we,”	“we’ll,”	“we’re,”	and	“let’s”	(as	in,	“let	us”).	In	each	instance,	you	are
telling	the	patient	that	you	and	the	patient	are	a	team,	that	the	patient	is	not	alone,	and	that	you	are	right	there	with
him	or	her.

Earlier,	the	author	said	that	he	did	not	believe	that	fear	of	death	is	a	fear	of	ceasing	to	exist	but	rather	a	fear	of
separation	from	others.	He	does	not	know	if	that	is	a	correct	interpretation,	but	he	does	know	that	patients	greatly
fear	being	abandoned	by	or	distanced	from	their	doctors.	It	does	not	take	many	words	to	express	your	continued
connection	to	the	patient,	no	matter	what	happens.

INFORMATION
Information	 can	 be	 conveyed	 in	 different	 quantities	 ranging	 from	 terse	 to	 fulsome.	 It	 has	 degrees	 of	 detail,
complexity,	or	sophistication	and	should	be	tailored	to	the	patient’s	ability	to	understand.	It	has	timing.	There	is	a
big	difference	between	conveying	information	to	a	patient	in	a	recovery	room	or	to	someone	who	has	come	to	the
office	specifically	to	discuss	a	diagnosis	or	treatment.	It	has	timing.	Choose	your	place	and	choose	your	time.	If
the	patient	wants	information	before	you	are	ready,	tell	him	or	her	that	you	are	going	to	discuss	this	in	detail	at
such	and	such	a	time	and	ask	if	that	will	be	all	right.	If	the	patient	insists	on	talking	at	that	moment,	then	be	brief
and	again	refer	to	future	discussion.	Information	has	relevance;	stay	on	the	subject.	Finally,	information	has	truth
content.

Information	 is	 flowing	 all	 the	 time	 from	 multiple	 sources.	 Information	 comes	 to	 the	 patient	 from	 the
environment.	For	example,	a	patient	in	a	radiation	suite	in	most	hospitals	is	getting	a	lot	more	information	than
you	may	wish	from	simply	looking	around	the	waiting	area.	He	or	she	gets	information	from	knowledge	stored	in
memory.	 Needs,	 wishes,	 desires,	 fears,	 or	 fantasies	 are	 another	 source	 of	 information.	 Other	 people	may	 also
provide	information,	such	as	family,	friends,	nurses,	attendants,	technicians,	and	other	doctors.	Everybody!	And
everybody	is	talking	all	the	time.	Patients	get	information	from	their	bodies	as	they	interpret	the	feelings	they	have
as	well	as	what	they	see.	Remember,	you	are	only	one	source	of	information	among	many.	Information	is	flowing
all	the	time.	Even	no	information	is	information.

The	Internet	 represents	a	special	problem.	It	seems	 that	everyone	goes	 to	 the	Internet	 to	 find	out	about	 their
disease,	treatment,	doctors,	and	institutions	in	which	they	get	care.	Whatever	the	question,	the	Internet	overflows
with	information.	As	of	the	time	of	this	writing,	if	you	enter	“ingrown	toenail”	into	Google,	more	than	440,000
sites	 become	 accessible.	 If	 you	 search	Google	 about	 cancer	 of	 the	 breast,	 more	 than	 59	million	 sites	 become
accessible.	 Diverse	 sources	 of	 information	 inevitably	 bring	 conflict,	 and	 disagreement	 between	 sources	 of
information	produces	uncertainty.	The	more	pressing	the	need	to	act,	the	less	tolerable	is	uncertainty.

Increased	 uncertainty	 often	makes	 patients	more	 fearful.	 Their	 fear	 increases	 the	 difficulty	 they	 experience
when	 decisions	 have	 to	 be	made,	which	 also	 increases	 fearfulness.	Uncertainty	 and	 fear	 reinforce	 the	 state	 of
illness.	One	solution	 to	 the	problem	of	uncertainty	 is	 increased	 trust	 in	doctors.	That	 is	one	of	 the	reasons	why
patients	put	so	much	faith	in	their	doctors’	words	and	actions.	This	may	make	it	uncomfortable	for	physicians	who
know	that	they	are	far	from	invulnerable,	but	it	is	much	easier	for	patients.	Also,	it	is	one	of	the	reasons	that	it	is
so	important	to	maintain	strong	doctor–patient	relationships.	Too	often,	doctors	react	to	the	amount	of	trust	that
patients	lay	on	them	by	insisting	that	the	patient	make	his	or	her	own	decision	(see	later	discussion).	This	makes	it
more	difficult	for	the	patients	in	situations	wherein	they	need	support	and	someone	in	whom	they	can	invest	their
trust.	“Thank	you—together	we’ll	do	the	best	we	can”	is	much	better	than	“You	know	that	I’m	not	infallible	and
that	I	can’t	make	your	decisions	for	you.”

MEANING
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The	topic	of	meaning,	in	general,	is	complicated,	but	some	things	about	it	are	straightforward.	Physicians	do	not
act	directly	because	of	events,	objects,	or	relations;	they	act	because	of	the	meaning	of	these	things.	Information
does	its	work	because	it	acts	on	meaning.	Meaning	has	two	characteristics	that	are	important	 to	this	discussion.
The	 first	 is	 significance.	 For	 example,	 “Dark	 clouds	 signify	 rain”	 or	 “Postmenopausal	 bleeding	means	 I	 have
cancer.”	Meaning	also	conveys	importance.	For	example,	“Rain	will	ruin	the	picnic”	or	“I	could	die	from	that	kind
of	 cancer.”	 Importance	 is	 another	 way	 of	 saying	 value,	 and	 values,	 although	 they	may	 be	 shared,	 are	 always
personal;	 importance	 is	 always	 importance	 to	 someone.	 These	 two	 characteristics	 of	 meaning	 are	 present
whenever	you	are	 talking	and	whenever	 the	patient	 is	 listening.	That	 is	why	 it	 is	so	 important	 to	 find	out	what
significance	the	patient	is	giving	to	your	explanation	and	what	its	importance	is	to	the	patient.

Another	characteristic	of	meaning	is	 that	 it	can	be	changed.	Sometimes,	when	you	can	do	nothing	else	for	a
patient,	you	can	change	the	meaning	that	the	patient	has	assigned	to	objects,	relations,	events,	or	the	words	that
you	have	used.	For	example,	when	 someone	presented	 in	1950	with	what	we	now	 identify	as	 stage	 I	Hodgkin
lymphoma,	after	 the	diagnosis,	he	or	 she	was	met	with	 lies	and	pessimism.	Now,	 the	 same	patient	 is	met	with
smiles	and	optimism.	But	for	the	individual	patient,	on	first	being	diagnosed,	death	is	still	possible	because	you	do
not	know	for	sure	what	the	outcome	will	be.	Why	the	smiles?	For	this	patient,	on	first	diagnosis,	only	the	meaning
of	 the	 disease	 has	 changed,	 but	 that	 is	 enough	 to	 change	 the	 physician’s	 attitude	 and	 hearten	 both	 patient	 and
family.	To	change	the	significance	of	the	events,	you	must	change	the	patient’s	meaning—the	patient’s	objective
knowledge	of	the	world.	To	change	the	importance	of	events,	you	must	address	their	impact	on	the	patient—how
they	will	affect	the	patient	in	the	present	and	in	the	future.

Meaning	is	also	used	here	in	the	sense	of	purpose.	This	was	popularized	by	Viktor	Frankl3	in	his	book,	Man’s
Search	for	Meaning.	Here,	patients	may	search	for	the	meaning	of	the	fact	of	their	cancer	or	use	the	disease	as	a
spur	to	find	a	new	meaning	in	their	life.	This	not	the	sense	in	which	the	author	has	been	using	the	word.	Meaning
is	important	to	physicians	because	words	do	not	simply	have	a	denotation,	a	dictionary	meaning,	or	a	personal	or
connotative	meaning	 but	 because	 every	meaning	 has	 cognitive,	 emotional,	 physical,	 and	 spiritual	 dimensions.
Words	 act	 on	 the	 body	 to	 the	molecular	 level.	As	 a	 simple	 example,	 if	 somebody	 tells	 you	 something	with	 a
meaning	that	induces	fear	in	you,	the	fear	may	be	felt	like	a	gripping	in	the	chest	and	may	be	accompanied	by	all
the	physiologic	manifestations	of	fear.4	The	words	do	not	cause	the	fear;	rather,	the	fear	is	part	of	the	meaning	of
the	words.	In	the	same	way,	the	physiologic	events	are	not	caused	by	fear;	they	are	a	part	of	fear	itself.

CAFETERIA	EXPLANATIONS
It	 cannot	 be	 said	 too	 strongly:	Give	 up,	 get	 past,	 eschew,	 and	 forget	 about	 cafeteria	 information	 and	 decision
making.	Simply	laying	out	the	information	and	asking	the	patient	to	make	the	decisions	is	not	fair	to	the	patient,
and	 it	 takes	 away	 from	 you	 one	 of	 your	 important	 therapeutic	 options—control	 of	 the	 information.	 Cafeteria
decisions	abandon	the	patient	when	he	or	she	needs	you	most.	You	can	honor	the	patient’s	autonomy	and	honor
the	 realistic	need	 for	clinicians	 to	maintain	 the	control	of	 the	case	by	helping	patients	make	decisions	 that	you
believe	are	in	their	best	interests	because	they	know	those	interests.	Ask	yourself	how	well	you	would	be	able	to
make	a	decision	 if	you	were	 frightened,	uncertain,	and	fundamentally	 ignorant	about	 the	 issues	 involved	 in	 the
decision.	If	just	knowing	the	medical	facts	was	enough	to	make	decisions,	doctors,	when	they	are	patients,	would
be	the	best	decision	makers	of	all.	Doctors	know	that	that	is	not	true.	Sick	people	need	help	expressing	their	best
interests.

Communication,	as	with	all	other	therapeutic	agents,	should	be	goal	directed.	The	goal	is	to	help	the	patient	be
better,	whatever	the	outcome.	The	spoken	language	is	a	powerful	tool	toward	that	end	and	worth	learning	how	to
use	effectively.
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INTRODUCTION
An	 increasing	 understanding	 of	 the	 physical,	 emotional,	 spiritual,	 and	 social	 needs	 of	 patients	 with	 advanced
cancer	has	resulted	 in	formal	recognition	of	 these	areas	of	distress	as	foundational	 to	oncology	practice.	Expert
consensus	 from	 leading	 oncology	 organizations	 has	 recognized	 the	 therapeutic	 relationship	 between	 oncologist
and	 patient	 as	 going	much	 beyond	 only	 treatment	 selection	 and	 deployment.1,2	 Further,	 the	 specialist	 field	 of
palliative	medicine	has	been	identified	as	an	“extra	layer	of	support”	that	can	be	added	by	oncologists	to	the	care
of	patients	with	advanced	cancer	with	particularly	complex	or	time-intensive	needs.	These	two	models	of	care	are
termed	primary	(foundational;	provided	by	oncology	team)	and	specialist	(specialty-trained	clinicians	for	complex
needs)	palliative	care	delivery.3,4

Importantly,	 the	 growth	 of	 specialty	 palliative	 care	 services	 signifies	 more	 the	 complexities	 of	 delivering
cancer-directed	treatments	in	the	21st	century	than	any	limitations	of	oncologist	skill	or	expertise.	With	the	rapid
proliferation	of	new	oncology	drugs	and	therapeutics,	hallmarked	by	the	growth	of	immunotherapeutic	agents	and
precision	 medicine	 molecules,	 oncology	 practices	 are	 sometimes	 challenged	 with	 providing	 all	 aspects	 of
treatment	and	supportive	care	to	all	patients.	For	most	patients	with	routine	needs,	the	oncology	team	can	dutifully
and	 satisfactorily	 provide	 all	 the	 support	 needed.	 For	 some	 with	 refractory	 symptoms,	 complex	 psychosocial
situations,	 or	 unique	 drivers	 of	 distress,	 interdisciplinary	 specialist	 palliative	 care	 services	 provide	 a	 strong
argument	for	improving	patient,	caregiver,	and	oncology	practice	outcomes.5	The	routine	integration	of	dedicated
palliative	 care	 services	 into	 the	 care	 of	 patients	 with	 advanced	 cancer	 is	 now	 recommended	 by	 most	 major
oncology	specialty	societies.1,6

EARLY	SPECIALIST	PALLIATIVE	CARE
Several	 recent	 studies7–12	 highlight	 a	 consistent,	 evidence-based	 message:	 early,	 concomitant	 inclusion	 of
specialist	palliative	care	services	alongside	standard	oncologic	care	improves	patient	outcomes	related	to	quality
of	 life,	 symptom	burden,	 depression,	 caregiver	 distress,	 and	 survival.13,14	 Improved	health	 utilization	outcomes
include	lesser	use	of	low-value,	high-intensity	health	services	near	the	end	of	life.	Therefore,	ideally	patients	who
present	with	advanced-stage	cancers	and	those	experiencing	progressive	disease	despite	treatment	will	have	access
to	concomitant	palliative	care	early	in	their	treatment	course.	This	can	allow	for	both	better	support	during	active
treatment	 and,	 if	 needed,	 assistance	 during	 a	 transition	 from	 disease-modifying	 treatment	 to	 a	 focus	 more	 on
quality	 of	 life.	 This	 integrated	 care	 approach,	 often	 thought	 about	 as	 an	 “and/with”	 approach	 instead	 of
“either/or,”15	 recognizes	 the	 complexity	 of	 issues	 associated	 with	 navigating	 a	 cancer	 diagnosis	 while	 also
appreciating	the	heterogeneity	and	temporal	variation	of	that	suffering.	Certainly,	patients,	families,	and	providers
experience	increased	intensity	of	suffering	near	the	end	of	life,	and	practical	expertise	in	the	care	of	the	dying	is
recognized	as	one	of	several	important	themes	of	care	in	order	to	achieve	a	“good	death.”16	To	do	this,	the	team
must	engage	 in	new	types	of	conversations	with	patients	and	 their	 families	and	among	themselves	and	broaden
their	assessments	to	be	able	to	ensure	physical	comfort,	address	psychological	needs,	and	identify	goals	of	care
and	social	and	spiritual	sources	of	distress.

COMMUNICATION
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Communication	 skills	 are	 key	 for	 all	 providers	 to	 have	 successful	 interactions	 with	 patients	 and	 families.
Importantly,	 communications	 skills	 are	 not	 inherent	 traits	 of	 an	 individual;	 one	 is	 not	 born	 with	 an	 ability	 to
expertly	communicate	with	patients.	Communications	skills	must	be	learned,	practice,	and	honed.

There	are	key	practices	inherent	to	strong	communicators	in	oncology	practice,	many	of	which	are	reviewed	in
a	systematic	review	and	included	in	recommendations	from	a	panel	convened	by	the	American	Society	of	Clinical
Oncology.2	Further,	best	practices	include	the	use	of	certain	phrases	and	terms	studied	rigorously,	such	as	“We’re
in	 a	 different	 place”	when	 identifying	 for	 patients	 and	 families	 the	 dynamic	 nature	 of	 disease	 trajectories	 and
treatment	 options	 and	 “best	 case/worst	 case”	 to	 discuss	 the	 continuum	 of	 outcomes	 that	may	 occur	with	 each
treatment	option.	There	are	a	number	of	communication	skill	training	programs,	with	increasing	incorporation	of
structured	 curriculum	 into	 fellowship	 programs;	 all	 providers	 should	 work	 to	 continuously	 improve
communication	skills	and	consider	specific	training.	When	providers	can	communicate	effectively	to	patients	and
families	the	clinical	situation,	they	are	better	equipped	to	make	decisions	that	focus	on	achievable	goals	of	care	in
the	terminally	ill	cancer	patient.

SPECIFIC	PROBLEMS	IN	THE	SETTING	OF	ADVANCED	CANCER
There	are	many	specific	issues	that	require	attention	in	the	terminally	ill	beyond	pain	and	psychological	distress.
When	 patients	 present	 with	 these	 issues,	 evaluation	 of	 the	 extent	 of	 disease,	 overall	 performance	 status,	 and
treatment	options	may	take	some	time.

Aggressive	palliative	treatment	of	symptoms	should	be	undertaken.

Dyspnea
Dyspnea,	the	uncomfortable	sensation	or	awareness	of	breathing	or	needing	to	breathe	(i.e.,	shortness	of	breath),	is
a	commonly	encountered	symptom	in	cancer	patients,	which	results	from	multiple	disease	processes	and	can	lead
to	 limited	 function	and	poor	health-related	quality	of	 life	 (HRQOL).	The	prevalence	of	dyspnea	 among	cancer
patients	has	been	reported	to	be	between	21%	and	90%,	depending	on	the	type	and	stage	of	cancer.17

The	 pathophysiology	 of	 dyspnea	 is	 multifactorial	 and	 incompletely	 understood.18	 Researchers	 believe	 the
cerebral	 cortex	 integrates	 this	 sensory	 input	 with	 other	 cognitive	 and	 emotional	 factors	 as	 well	 as	 motor
information	from	the	respiratory	center.19

The	 gold	 standard	 for	 diagnosis	 of	 dyspnea	 is	 the	 self-report	 of	 the	 patient.	 There	 are	 no	 other	 reliable,
objective	measures	of	dyspnea.	Respiratory	rate,	oxygen	saturation,	and	arterial	blood	gas	determinations	do	not
necessarily	correlate	with	or	measure	dyspnea.	Hypoxemic	patients	may	not	be	dyspneic,	and	those	with	dyspnea
are	often	not	hypoxic	or	 remain	dyspneic	when	hypoxemia	 is	 resolved.	The	 severity	 scales	developed	 for	pain
(numerical,	visual	analog	scale)	have	been	reliably	used	to	assess	dyspnea.20

The	 goal	 of	 the	 symptomatic	 management	 of	 dyspnea	 is	 to	 relieve	 the	 patient’s	 sense	 of	 breathlessness.
Specific	 therapy	 to	 manage	 underlying	 causes	 (e.g.,	 bronchodilators	 or	 stent	 placement	 to	 relieve	 focal
obstruction)	 is	 appropriate	 in	 selected	 patients.	 To	 manage	 the	 experience	 of	 shortness	 of	 breath,	 both
pharmacologic	and	nonpharmacologic	interventions	have	been	shown	to	be	effective.

Oxygen	supplementation	has	a	perceived	benefit	by	patients	who	are	dyspneic	that	far	exceeds	the	number	who
have	hypoxemia.21	There	is	likely	a	placebo	effect	of	oxygen,	partially	based	on	the	medical	symbolism	inherent
in	its	administration.	It	is	recommended	to	use	the	least	confining	oxygen	supplement	possible	for	the	comfort	of
the	 patient	 and	 the	 ability	 to	 communicate	 with	 the	 family.	 In	 the	 imminently	 dying	 patient,	 if	 the	 patient	 is
comfortable	with	nasal	prong	oxygen,	fans,	and	opioids,	 it	 is	not	necessary	to	monitor	 the	oxygen	saturation	or
escalate	 oxygen	 therapy	 for	 relatively	 asymptomatic	 hypoxia.	 It	 has	 also	 been	 observed	 that	 similar	 relief	 is
experienced	from	cool	air	blowing	on	the	face	(e.g.,	from	a	breeze	or	a	fan).

Opioids	 are	 the	 most	 effective	 medication	 for	 the	 symptomatic	 control	 of	 dyspnea.22,23	 In	 opioid-naïve
individuals,	small	amounts	of	morphine	can	relieve	dyspnea.24	For	those	on	baseline	opioids,	start	by	increasing
the	opioid	dose	by	25%.23	Patients	 frequently	 report	anxiety	concurrent	with	dyspnea,	and	 these	symptoms	can
reinforce	each	other.	Dyspnea	frequently	leads	to	anxiety,	and	anxiety	can	also	exacerbate	dyspnea.	Opioids	alone
may	 break	 the	 cycle	 by	 relieving	 dyspnea,	 but	 they	 do	 not	 have	 direct	 anxiolytic	 effect.	 Anxiolytics	 (e.g.,
benzodiazepines)	are	frequently	prescribed	for	anxiety	related	to	dyspnea.	However,	when	tested,	the	evidence	for
their	effectiveness	is	not	persuasive.25	Therefore,	benzodiazepines	should	not	be	used	alone	as	first-line	therapy
for	dyspnea.



Malignant	Bowel	Obstruction
Malignant	 bowel	 obstruction	 (MBO)	 is	 defined	 as	 (1)	 clinical	 evidence	 of	 a	 bowel	 obstruction	 via	 history,
physical	 exam,	 or	 radiographic	 examination;	 (2)	 bowel	 obstruction	 beyond	 the	 ligament	 of	 Treitz;	 (3)	 intra-
abdominal	 primary	 cancer	 with	 incurable	 disease;	 or	 (4)	 non–intra-abdominal	 primary	 cancer	 with	 clear
intraperitoneal	disease.26	 It	not	only	occurs	most	 frequently	with	ovarian	and	colorectal	cancers	but	also	occurs
with	 other	 abdominal	 and	 occasionally	 with	 nonabdominal	 malignancies.	 MBO	 may	 be	 related	 to	 tumor,	 its
treatment	(e.g.,	radiation	enteritis),	or	benign	etiologies	(e.g.,	adhesions	or	internal	hernia).	The	goals	of	treatment
include	relieving	nausea	and	vomiting,	allowing	oral	intake,	alleviating	pain,	and	permitting	the	patient	to	return
to	their	chosen	care	setting.

When	 patients	 are	 admitted	 to	 the	 hospital,	 conservative	 measures	 (nasogastric	 tube,	 decompression,
intravenous	hydration,	nothing	by	mouth)	are	typically	initiated.	Palliative	pharmacologic	therapies	have	the	goals
of	 reducing	 intestinal	 inflammation	 and	 edema	 and/or	 controlling	 pain,	 nausea,	 vomiting,	 and	 dehydration.
Pharmacologic	options	include	(1)	antisecretory	agents	(e.g.,	somatostatin	analog,	steroids,	scopolamine),	(2)	pain
medications	 (e.g.,	morphine),	 and	 (3)	 antiemetic	 therapy	 (e.g.,	 haloperidol,	 prochlorperazine).	Opioids	 act	 both
directly	 to	 relieve	 pain	 related	 to	 intestinal	 obstruction	 and	 to	 reduce	 painful	 bowel	 contractions	 against	 the
obstruction.	Antiemetics	can	be	given	through	a	variety	of	nonoral	routes	to	control	vomiting.27	Complete	relief	of
emesis	is	achieved	in	a	minority	of	patients	through	antiemetics	alone.	Hormonal	manipulation	of	gut	activity	has
substantially	 added	 to	 the	 armamentarium	 of	 MBO	 management.	 Octreotide,	 a	 synthetic	 analog	 of	 the	 gut
hormone	somatostatin,	dramatically	decreases	gastrointestinal	 (GI)	 secretions	and	 reduces	bowel	motility,	often
markedly	reducing	or	resolving	MBO	symptoms.28	Duration	of	treatment	may	be	short	lived	(median,	9.4	to	17.5
days),28	although	symptoms	are	frequently	relieved	for	the	life	of	the	patients.	Recently,	benefit	of	octreotide	in
the	 setting	 of	 MBO	 has	 been	 questioned.29	 Anticholinergic	 medications,	 such	 as	 scopolamine,	 can	 decrease
peristalsis	 and	 secretions	 and	 lead	 to	 improved	 control	 of	 vomiting	 and	 intestinal	 colic	 for	 malignant	 GI
obstruction.	 Although	 direct	 comparisons	 of	 these	 agents	 have	 not	 yielded	 clear	 recommendations,30,31	 a
combination	of	these	medications	may	offer	synergistic	benefits.	Corticosteroids	are	commonly	used	as	adjunctive
agents	 or	 alone	 in	 MBO	 management,	 with	 the	 goals	 of	 decreasing	 tumor-associated	 bowel	 edema	 and	 of
providing	antiemetic	benefits.	Although	meta-analysis	has	suggested	no	statistical	benefit	of	corticosteroid	use,	a
subset	of	patients	may	benefit	from	them,	and	medication-related	morbidity	is	low,32	particularly	in	patients	in	the
terminal	stages	of	their	disease.

Persistent	obstructions	in	the	face	of	palliative	treatments	and	evidence	of	complete	obstructions	are	indications
that	a	 surgical	procedure	 should	be	considered	unless	 the	patient	 is	 actively	dying.	Because	many	patients	will
have	 a	 small	 bowel	 obstruction	 due	 to	 benign	 causes,	 delayed	 operations	may	 cause	 undue	 prolonged	 hospital
stays.33	Many	patients	 are	deemed	 inoperable	 (6.2%	 to	50%).34	 Poor	 operative	 risk	must	 be	 assessed	based	on
comorbidities	 (e.g.,	 cardiac	 and	 pulmonary	 function),	 amount	 and	 location	 of	 metastatic	 disease	 (e.g.,
overwhelming	 metastasis	 to	 the	 liver	 resulting	 in	 malfunction),	 and	 current	 functional	 status	 (e.g.,	 Karnofsky
performance	 status	 <50%).	 Potential	 contraindications	 for	 surgery	 in	 patients	with	 incurable	 cancer	 and	MBO
include	ascites	(>3	L),	particularly	ascites	that	rapidly	recurs	after	drainage;	carcinomatosis;	multiple	obstructions;
and	a	palpable	intra-abdominal	mass.27,35

The	optimal	procedure	is	that	which	is	the	quickest,	safest,	and	most	efficacious	in	alleviating	the	obstruction.
Although	bowel	resection	may	lead	to	the	best	outcome,36,37	bypass	may	be	a	safer	option,	and	the	placement	of	a
gastrostomy	tube	for	intermittent	venting	might	be	optimal	in	some	settings.	In	addition,	an	intestinal	stoma	may
be	necessary	after	resection	or	to	adequately	bypass	the	blockage.

Although	it	is	recognized	that	improvement	in	HRQOL	after	surgery	is	variable	(42%	to	85%),34,38	there	is	no
consistent	parameter	used	to	determine	this	clinical	outcome;	operations	may	offer	an	advantage	of	an	increased
survival.	Surgical	 risks	must	 be	 carefully	 considered	prior	 to	 an	operation,	 as	morbidity	 (42%)39	 and	mortality
(5%	to	32%)34,37,39	are	common,	and	the	reobstruction	rate	is	high	(10%	to	50%).34

Endoscopic	 procedures	 are	 suitable	 for	 patients	who	 are	 poor	 operative	 candidates	 or	who	 decline	 an	 open
operative	 intervention.	The	major	approaches	 include	stenting	and	percutaneous	endoscopic	gastrostomy	(PEG)
tube	placement.	Stenting	may	include	procedures	to	initially	canalize	the	lumen	(e.g.,	laser	or	balloon	dilatation).
PEG	tubes	are	generally	well	tolerated	“venting”	procedures	that	can	alleviate	symptoms	of	intractable	vomiting
and	 nausea	 for	 upper	GI	 obstructions.40	 Although	 complications	 related	 to	 PEGs	 occur,	 they	 are	 typically	 not
major.41	 The	 presence	 of	 significant	 ascites	 is	 a	 relative	 contraindication.	 In	 combination	 with	 other	 medical
techniques,	both	open	and	percutaneous	gastrostomy	offer	the	possibility	of	intermittent	oral	intake.	Endoluminal
wall	stents	have	a	high	success	rate	for	relief	of	symptoms	(64%	to	100%)	in	complete	and	incomplete	colorectal
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obstructions.	Although	risks	 include	perforation	(0%	to	8.2%),42,43	 stent	migration	(0%	to	40%),	or	 reocclusion
(0%	to	33%),	stents	can	frequently	lead	to	adequate	palliation	for	long	periods	of	time.44	Stent	occlusion	by	tumor
ingrowth	is	usually	amenable	to	another	endoscopic	intervention.

Malignant	Biliary	Obstruction
MBO	 is	 an	 obstruction	 of	 the	 biliary	 tract	 due	 to	 cancer.	 Malignancies	 associated	 with	 malignant	 biliary
obstruction	 are	 pancreatic	 cancer	 and	 cholangiocarcinoma,	 most	 commonly	 ampullary	 cancer,	 followed	 more
uncommonly	 by	 lymphoma,	 duodenal	 cancer,	 and	 metastatic	 disease.	 Hyperbilirubinemia	 may	 become
symptomatic,	 leading	 to	pruritus,	bleeding	diathesis,	and	 liver	 failure.	Patients	need	prompt	 relief	of	 the	biliary
obstruction	before	embarking	on	any	other	palliative	 treatments.	Two	major	 treatment	approaches	are	currently
available:	(1)	surgical	bypass	and	(2)	stent	management	(via	gastroenterology	or	interventional	radiology).

There	are	multiple	studies	comparing	methods,	especially	stenting	versus	surgery.45,46	Endoscopic	stenting	has
been	shown	to	have	similar	success	rates	as	surgery,	with	no	difference	in	mortality.46	There	is	likely	an	increase
in	major	 complications	 with	 surgery.46	 Although	most	 patients	 receive	 stents,	 recurrence	 rates	 are	 higher	 and
subsequent	hospitalizations	may	be	 lower	 for	patients	who	have	 surgical	bypass.45	Metal	 stents	 have	 improved
patency	 compared	 to	 plastic	 stents	 with	 lower	 recurrent	 obstruction	 rates,	 although	 this	may	 require	 a	 second
procedure	if	not	placed	initially.	Although	variable	in	the	literature,	one	report	noted	a	mean	stent	patency	of	142
days.47	 If	 reobstructed,	 patients	 may	 then	 need	 another	 endoscopic	 procedure	 or	 a	 surgical	 intervention.	 One
approach	 is	 to	 perform	endoscopic	 stent	 placement	 in	 patients	 considered	 to	 have	 short	 life	 spans	with	 limited
potential	for	recurrent	obstruction	and	to	perform	surgical	bypass	for	patients	with	less	aggressive	tumors,	longer
life	expectancy,	or	limited	access	to	endoscopic	expertise	for	treatment	of	recurrent	obstruction.

If	the	bile	duct	is	entered	via	endoscopic	retrograde	cholangiopancreatography	(ERCP)	but	a	stent	could	not	be
placed,	a	relatively	urgent	surgical	procedure	may	be	needed	due	to	the	potential	cholangitis	risk.	If	urgent	surgery
is	 not	 realistic	 due	 to	 patient	 comorbidities,	 overall	 status,	 or	 operating	 room	 availability,	 a	 transhepatic	 drain
placed	 by	 an	 interventional	 radiologist	 is	 indicated.	 If	 a	 laparoscopic	 exploration	 is	 first	 undertaken	 for	 a
potentially	resectable	mass	and	metastatic	disease	is	noted,	it	is	reasonable	to	abort	the	procedure	with	the	hope
that	a	less	morbid	endoscopic	stenting	can	be	accomplished.	Also,	if	endoscopic	stenting	fails	or	is	unavailable,
open	 or	 laparoscopic	 bypass	 is	warranted.	 If	 at	 open	 exploration,	 the	 patient	 is	 found	 to	 be	 unresectable,	 it	 is
reasonable	to	proceed	with	a	surgical	bypass.

There	are	multiple	surgical	options	to	surgically	bypass	the	biliary	system.	The	overall	morbidity	of	surgical
bypass	is	almost	20%,	and	the	recurrence	rate	is	0%	to	15%.45	It	has	been	shown	that	choledochoduodenostomy
has	the	fewest	complications	at	only	3%.48	Of	course,	the	ability	to	mobilize	the	duodenum	may	not	be	possible	in
all	patients.	Laparoscopic	biliary	bypass	might	be	performed	in	expert	hands.49

Gastric	Outlet	Obstruction
Gastric	 outlet	 obstructions	 typically	 occur	 in	 the	 setting	 of	 gastric,	 peripancreatic,	 and	 duodenal	 tumors.
Procedures	are	considered	 in	 the	 setting	of	persistent	nausea,	vomiting,	 eructation,	 and	early	 satiety.	They	also
may	be	considered	when	there	is	evidence	of	duodenal	compression	on	radiographic	or	endoscopic	evaluations.

Although	 relatively	 few	centers	have	 the	 technical	 expertise,	 endoscopic	 stents	 for	gastric	outlet	 obstruction
may	be	quite	successful	(up	to	99.1%)50	with	rare	complications.51,52	 In	addition,	 if	 the	stent	 fails	due	 to	 tumor
ingrowth	or	migration	(approximately	10%),	another	stent	can	often	be	placed.51

Another	endoscopic	option	is	percutaneous	gastrostomy,	with	some	centers	reporting	use	in	almost	a	quarter	of
their	patients	with	gastric	outlet	obstruction	and	advanced	malignancy.38	This	will	not	allow	the	patient	to	eat	and
should	only	be	considered	in	patients	who	cannot	be	stented	or	who	would	not	tolerate	a	surgical	procedure.

If	 endoscopic	 stenting	 fails	 for	 the	 gastric	 outlet	 blockage	 or	 is	 unavailable,	 open	 or	 laparoscopic	 bypass	 is
warranted.	There	are	several	 technical	variations	of	a	surgical	bypass	procedure,	but	 the	results	are	similar.	For
unresectable	 gastric	 cancer,	 the	 laparoscopic	 technique	 has	 been	 shown	 to	 have	 less	 suppression	 of	 immune
function,	 less	 pain,	 shorter	 hospital	 stays,	 lower	 postoperative	 morbidity,	 and	 earlier	 recovery	 of	 bowel
movements	 than	 an	open	procedure.53	Antrectomy	 along	with	 gastrojejunostomy	 in	 the	 setting	 of	 unresectable
pancreatic	 cancer	 has	 been	 shown	 to	 have	 excellent	 results	 until	 death	 in	 one	 small	 series.54	 Careful	 patient
selection	is	mandatory	for	such	an	aggressive	palliative	approach.

It	 has	 been	 shown	 that	 symptomatic	 patients	 (vomiting	 prior	 to	 operation)	 typically	 have	 a	 poor	 outcome
(approximately	 90%	 did	 not	 have	 relief	 of	 symptoms)	 to	 gastric	 bypass.	 In	 comparison,	 if	 patients	 were	 not



symptomatic	 but	 had	 evidence	 of	 impending	 obstruction,	 only	 approximately	 40%	had	 a	 poor	 outcome.48	One
consideration	 as	 to	 the	 reason	 for	 this	 is	 that	 symptomatic	 patients	 are	 potentially	 sicker	with	 a	 greater	 tumor
burden.

Finally,	 in	 the	 setting	where	 a	 surgical	biliary	bypass	 is	planned,	 there	 is	 some	controversy	as	 to	whether	 a
preemptive	gastric	bypass	in	the	asymptomatic	patient	is	warranted.	Because	late	gastric	obstruction	occurs	in	9%
to	 23%	 of	 patients,55–57	 duodenal	 bypass	 should	 be	 considered	 at	 the	 time	 of	 biliary	 bypass,	 especially	 if	 the
patient	 has	 a	 good	performance	 status	with	 limited	disease	 (no	or	minimal	metastasis).	Because	morbidity	 and
mortality	may	be	high,	appropriate	patient	selection	is	imperative.46

Malignant	Ascites
Ascites	in	the	terminally	ill	cancer	patient	may	be	due	to	overwhelming	liver	metastasis,	cirrhotic	liver	disease,	or
carcinomatosis.	 It	 can	 be	 a	 difficult	management	 problem,	 and	 treatment	may	 be	 determined	 by	 the	 extent	 of
ascites,	 condition	 of	 the	 patient,	 or	 etiology.	 If	 ascites	 is	minimal,	 no	 therapy	 is	 indicated.	 Larger	 volumes	 of
ascites	can	lead	to	discomfort,	fullness,	or	respiratory	problems.	Diuretics	along	with	paracentesis	are	typically	the
primary	treatment	option.	Typically,	spironolactone	is	used	in	combination	with	furosemide.	Alternative	options
should	be	considered	 if	diuretics	no	 longer	are	of	benefit	or	percutaneous	aspirations	are	becoming	painful	and
frequent.	Chemotherapies,	including	intercavitary,	have	also	been	used	with	some	success.

There	 are	multiple	more	 invasive	 treatments	 for	malignant	 ascites.	 Probably	 the	 simplest	 intervention	 is	 the
insertion	of	permanent	intraperitoneal	drainage	catheters.	This	will	allow	serial	drainage	of	fluid	by	the	patient	or
their	caretaker.	It	may	be	more	cost-effective	than	large-volume	paracentesis.58	Catheters	can	be	placed	surgically
or	 by	 the	 interventional	 radiology	 team	 via	 computed	 tomography	 or	 ultrasound	 guidance.	 Multiple	 types	 of
catheters	 have	 been	 used,	 including	 a	 central	 venous	 catheter,	 pigtail	 catheter,	 and	 peritoneal	 dialysis
catheters.59,60	 The	 patient	 and/or	 caregiver	 can	 be	 trained	 to	 drain	 excess	 peritoneal	 fluid	 when	 the	 patient	 is
symptomatic.	 The	 success	 rates	 for	 permanent	 intraperitoneal	 catheters	 functioning	 until	 death	 is	 quite	 high
(90%).59,61	 There	 is	 low	 procedural	 morbidity.	 The	 major	 complications	 are	 obstruction	 and	 infection
(approximately	 17%),59,61	 although	 catheter	 sepsis	 has	 also	 been	 reported	 (35%).62	 Many	 catheter-related
infections	can	be	treated	with	antibiotics.59,63	Occasionally,	catheters	may	need	 to	be	removed	due	 to	 infection,
occlusion,	or	leakage	around	the	catheter.	Leakage	can	be	alleviated	by	continuous	drainage	or	a	suture	around	the
drain.

Another	option	for	malignant	ascites	is	a	peritoneovenous	shunt.	The	two	most	common	are	the	LeVeen	and
Denver	shunts.	Ascitic	fluid	travels	from	the	peritoneal	cavity	into	the	venous	circulation	due	to	higher	peritoneal
pressures.	 Complications	 include	 sepsis,	 disseminated	 intravascular	 coagulation	 (DIC),	 heart	 failure,	 and
pulmonary	 embolism	 leading	 to	 a	 rapid	 death.	 Although	 the	 incidence	 of	 major	 complications	 may	 be	 less
common	 than	 previously	 reported	 for	 peritoneovenous	 shunts,	 the	 overall	 complication	 rate	may	 be	 quite	 high
(14%	to	51%).64–67	Whereas	DIC	is	the	complication	that	most	frequently	will	lead	to	patient	death	(5%	to	10%),
the	more	common	complication	is	shunt	occlusion.	The	advantage	of	the	Denver	shunt	over	the	LeVeen	shunt	is
that	the	Denver	shunt	has	a	pump	to	help	the	shunt	remain	patent	(shunt	occlusion	rate,	26%	with	Denver	versus
50%	with	LeVeen).66	Denver	shunts	have	been	shown	to	have	a	high	rate	of	function	until	death	(96%).65	The	risk
of	 infection	 is	 variable	 (0%	 to	 18%),65	 and	 this	 may	 lead	 to	 shunt	 removal	 if	 not	 relieved	 with	 antibiotics.
Importantly,	 relief	 of	 symptoms	 can	 be	 as	 high	 as	 87.5%.65	 Therefore,	 a	 peritoneovenous	 shunt	 may	 be	 an
excellent	option	in	properly	selected	patients.

Hyperthermic	 intraperitoneal	 chemotherapy	 (HIPEC),	 without	 cytoreduction,	 is	 an	 accepted	 approach	 for
palliation	of	malignant	ascites	with	good	early	data.	In	addition,	this	procedure	can	be	performed	laparoscopically
in	an	attempt	to	minimize	complications.68	A	much	more	invasive	surgical	technique	includes	major	debulking	of
carcinomatosis	 followed	 by	 HIPEC.	 This	 procedure	 is	 only	 available	 at	 specialized	 institutions.	 In	 the
carcinomatosis	patient,	cytoreduction	and	 intraperitoneal	chemotherapy	can	have	dramatic	effects	on	ascites.	 In
one	report,	79%	of	patients	did	not	have	recurrence	for	the	remainder	of	their	life	(median	survival,	7.6	months).69
The	 same	 group	 has	 also	 shown	 that	 this	 procedure	 can	 lead	 to	 an	 acceptable	HRQOL	 and	 return	 of	 function
status	for	many	patients.70	In	another	report,	the	amount	of	ascites	drained	drastically	decreased,	and	procedures
could	 be	 repeated	 if	 necessary.71	 Laparoscopic	 HIPEC	 without	 cytoreduction	 is	 a	 less	 technically	 demanding
procedure	with	a	shorter	length	of	stay	and	decreased	risk	of	surgical	complications.	A	systematic	review	of	76
patients	 undergoing	 palliative	 laparoscopic	 HIPEC	 reported	 the	 procedure	 was	 considered	 successful	 in	 72
patients	 (95%),	 defined	 as	 complete	 regression	 of	 ascites,	 with	 no	 deaths	 and	 a	 morbidity	 rate	 of	 12%.66
Laparoscopic	HIPEC	appears	to	be	safe	and	highly	effective	for	the	treatment	of	malignant	ascites.	The	morbidity,
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although	low,	suggests	this	procedure	is	best	used	in	setting	of	ascites	refractory	to	less	aggressive	treatments.72,73
The	improvement	in	ascites	and	lack	of	a	need	for	catheters	or	follow-up	procedures	is	encouraging,	but	it	should
be	noted	that	none	of	the	studies	of	palliative	laparoscopic	HIPEC	have	included	symptom	assessment	or	HRQOL
outcomes	measures.

Wounds
There	are	multiple	different	kinds	of	wounds	related	to	advanced	cancer.	These	are	often	directly	related	to	tumors
but	may	be	due	 to	 treatments	such	as	surgical	procedures	 (e.g.,	 lymph	node	dissections	or	 tumor	 resections)	or
radiation	therapy	(e.g.,	nonhealing	ulcers).	Primary	cancers	that	frequently	lead	to	wound	problems	include	breast
cancer,	skin	cancers,	soft	tissue	sarcomas,	or	soft	tissue	manifestations	of	other	cancers	(e.g.,	lung	cancer).	Special
consideration	 must	 be	 taken	 related	 to	 the	 primary	 tumor	 type,	 and	 interdisciplinary	 decision	 making	 is
imperative.	Finally,	due	 to	debilitation,	patients	may	have	pressure	sores,	which	complicate	 their	overall	course
and	 lead	 to	suffering.	 In	 the	debilitated	patient,	pressure	sores	are	more	 likely	 to	occur	and	rarely	heal.	Wound
care	 protocols	 to	 standardize	 approaches	 are	 likely	 of	 benefit.	 Prevention	 of	 pressure	 sores,	 as	 well	 as	 other
wounds,	is	of	primary	importance.

Many	wounds,	especially	related	to	radiation	injury	or	in	the	severely	malnourished,	may	not	heal.	Therefore,
this	should	not	be	a	goal	of	treatment,	but	focus	should	be	on	control	of	pain,	odor,	and	mess.	Wound	care	is	of
primary	 importance.	This	may	 include	 local	 debridement	 as	 indicated	 to	 keep	 the	wound	 as	 clean	 as	 possible.
Although	surgical	options	for	wounds	are	limited,	operative	intervention	has	been	reported	in	38%	of	patients	and
primarily	involves	incision	and	drainage	or	debridement.74	Only	a	minority	of	patients	are	able	to	undergo	wide
excision	 and	 closure	 of	 tumors	 causing	 wound	 problems.	 Negative-pressure	 wound	 therapy	 may	 also	 be
beneficial.75

One	example	of	a	chronic	wound	problem	is	chest	wall	complications	of	breast	tumors.	Interdisciplinary	team
care	 is	 imperative	 to	 recommend	 optimal	 therapy.	 Even	 in	 the	 terminally	 ill,	 chemotherapy,	 especially	 if	 the
patient	is	chemotherapy	naïve,	may	have	a	role.	Radiation	therapy	is	unlikely	to	have	a	great	effect	with	a	very
large	tumor.76	Surgical	resection,	or	toilet	mastectomy,	may	be	used	in	the	setting	of	a	fungating	incurable	breast
cancer	 to	 remove	 the	 tumor	 with	 the	 intent	 of	 wound	 control.	 It	 is	 always	 important	 to	 know	 the	 previous
treatments	 to	 better	 understand	 possible	 success.	 This	 will	 also	 help	 to	 identify	 the	 optimal	 reconstruction
alternatives	as	well	as	the	extent	of	resection	that	is	possible.	The	surgical	literature	is	not	very	helpful	in	directing
the	 extent	 of	 resection,	 and	 this	must	 be	 based	 on	 surgeon	 judgment.	 Reconstruction	 options	 include	 primary
closure,	skin	grafts,	and	an	omental	flap	with	skin	graft,	musculocutaneous	flaps,	or	free	flaps.	The	major	surgical
complications	 that	must	 be	 considered	 include	 infection,	 open	wounds,	 and	 flap	 loss.	 The	 extent	 of	 procedure
must	be	considered	along	with	the	patient’s	overall	medical	status	and	likely	survival.	The	recurrence	rates	in	this
setting	may	be	high.	In	one	small	series,	the	recurrence	rate	was	73%,77	and	it	was	20%	to	52%	in	some	of	the
larger	series.78–80	 The	majority	 of	 these	 recurrences	were	 quite	 small,	 though,	 and	 could	 be	 locally	 excised	 or
observed	in	patients	who	already	had	other	major	metastatic	disease.	Local	wound	morbidity	is	variable,	and	most
cases	are	quite	minor,	such	as	local	skin	necrosis	in	a	skin	graft	that	will	not	have	great	impact	on	the	patient’s
life.	Importantly,	if	there	is	major	local	wound	morbidity,	this	could	have	a	profound	effect	on	the	patient	for	the
remainder	of	the	patient’s	life.

Related	 to	 amputation,	 there	 are	multiple	 small	 reports	 that	 do	 indicate	 good	 to	 excellent	 palliation.81	 The
complication	rate	may	be	>50%,	and	complications	include	flap	necrosis,	infection,	and	death.	Complication	rates
will	 depend	 on	 the	 extent	 of	 amputation.	 In	 addition	 to	 amputation,	 limb	 perfusion	 most	 commonly	 using
melphalan	with	or	without	tumor	necrosis	factor	α	(TNF-α)	has	been	advocated	in	some	centers	for	melanoma	or
sarcoma	 recurrences.	 Complete	 response	 rates	 are	 45%	 to	 72%	 and	 are	 usually	 greater	 if	 TNF-α	 was	 used.82
Importantly,	it	has	been	shown	that	quality	of	life	can	be	excellent,	with	reasonable	long-term	function.82

Additional	morbid	options	are	possible	based	on	the	site	of	the	tumor	and	medical	status	of	the	patient.	These
may	include	amputations,	limb	perfusions,	and	major	head	and	neck	resections.	Although	these	options	may	seem
quite	 radical	 in	 the	 setting	of	palliation,	 they	may	be	 reasonable	 solutions	based	on	symptoms	and	whether	 the
patient	can	withstand	a	large	procedure.	There	have	been	many	reports	concerning	local	wound	care	for	 tumor-
related	wounds.

Finally,	local	wound	care	for	tumor-related	wounds	is	extremely	important	and	has	been	shown	to	have	great
impact	on	HRQOL.	For	example,	controlling	odor	and	seepage	has	been	shown	to	lead	to	less	isolation,	greater
comfort,	and	increased	psychosocial	well-being.83	Strategies	include	debridement,	adsorbants	(e.g.,	charcoal),	and
scented	 concealers.	 This	 straightforward	 approach	 to	 some	 wounds	 will	 lead	 to	 the	 best	 outcomes	 for	 many



patients	facing	the	end	of	life.

IMPENDING	DEATH
Patients	in	the	last	days	or	hours	of	life	often	have	unrelieved	physical	suffering	as	well	as	significant	emotional,
spiritual,	and	social	distress.	Recognizing	that	a	person	is	entering	the	imminently	dying	or	terminal	phase	of	their
illness	is	critical	to	appropriate	care	planning,	with	a	shift	to	comfort	care.	Defining	when	this	phase	begins	is	not
always	straightforward.	Patients	at	 the	end	of	 life	are	 frequently	not	 recognized	as	dying.	As	a	 result,	 suffering
may	not	be	properly	appreciated	or	managed,	and	the	patient’s	overall	condition	may	even	be	exacerbated	by	the
continuation	 of	 standard	 medical	 treatments.	 Palliative	 medicine	 providers	 in	 the	 hospital	 are	 an	 important
resource	to	provide	for	care	of	the	imminently	dying	by	employing	the	best	practices	of	end-of-life	care	from	the
home	 hospice	 setting,	 which	 are	 not	 routinely	 available	 in	 inpatient	 settings.	 The	 involvement	 of	 a	 palliative
interdisciplinary	 team	will	benefit	not	only	patients	and	 their	 family	but	also	 their	oncology	 team,	as	providing
care	to	actively	dying	patients	presents	unique	challenges	that	often	require	special	expertise.	Patients	in	their	final
days	require	careful	symptom	management,	and	families	need	support	and	coaching	as	death	approaches.

Preparing	the	Family	for	the	Dying	Process
Patients	and	families	are	usually	unaware	of	the	changes	that	typically	occur	during	the	last	hours	of	life	and	the
actual	moment	of	death.	Health-care	professionals	should	explain	the	expected	changes	in	cognition	and	physical
function	before	they	occur	in	order	to	alleviate	distress	and	prevent	panic.	This	is	particularly	useful	for	families
planning	a	home	death	or	for	those	closely	involved	in	institutional	care.	Frequent	points	for	education	of	families
and	friends	that	are	sitting	in	vigil	with	a	patient	could	include	the	following:

Interpretation	of	purposeless	bodily	movements	or	grimaces	as	expressions	of	physical	discomfort	or
emotional	distress
The	“death	rattle,”	loud	wet	rattling	respirations	due	to	small	amounts	of	secretions	in	the	back	of	the	throat,
may	be	interpreted	as	dyspnea	or	choking	by	family	members.
Encouragement	of	those	present	to	speak	to,	touch,	and	comfort	their	loved	one.	Although	it	is	not	possible	to
know	the	patient’s	experience,	it	is	often	observed	that	a	familiar	voice,	touch,	and	music	may	have	a
calming	presence	for	some	patients.
Lack	of	feedings	(enteral	or	oral)	or	hydration	by	the	care	team	due	to	the	loved	one	not	needing	or	benefiting
from	it,	which	does	not	constitute	starvation

Among	the	issues	that	are	important	to	resolve,	if	not	previously	discussed,	are	preferences	for	location	of	care
and	for	limits	on	invasive	or	aggressive	resuscitative	therapies	that	often	are	ineffective	in	a	patient	with	end-stage
disease.	Communication	between	 caregivers	 and	patients	 and	 families	 is	 particularly	 important	 for	 seriously	 ill
hospitalized	patients	in	whom	there	is	a	considerable	mismatch	between	what	patients	prefer	and	what	treatments
they	 actually	 receive.84,85	 Finally,	 clinicians	 should	 review	 and	 discontinue	 orders	 that	 may	 no	 longer	 be
necessary,	including	nonessential	medications,	scheduled	laboratory	tests,	radiographic	studies,	and	telemetry	or
other	monitoring.

Nonessential	drugs,	 those	 that	 are	no	 longer	 consistent	with	 the	overall	 care	plan,	 should	be	discontinued	 if
possible.86–88	 These	may	 include	 antihypertensives,	 lipid-lowering	medications,	 calcium	 and	 iron	 supplements,
vitamins,	diabetic	medications,	and	prophylaxis	for	thrombus	with	injections	of	heparin	compounds.	Continuation
of	medications	for	angina	or	heart	failure	should	be	guided	by	clinical	assessment	of	need;	poor	control	of	these
conditions	may	adversely	impact	quality	of	life	during	the	final	weeks,	although	it	is	unlikely	in	the	final	days.

Management	of	patients	with	diabetes	at	the	end	of	life	must	be	tailored	to	the	individual	patient’s	needs	and
the	 severity	 of	 the	 illness.	 In	 general,	 the	 risks	 and	 consequences	 of	 hypoglycemia	 are	 greater	 than	 those	 of
hyperglycemia	in	patients	at	the	end	of	life;	looser	control	of	blood	sugar	is	appropriate.	If	at	all	possible,	sliding
scale	insulin,	which	requires	painful	finger	sticks	to	assess	blood	sugar,	should	be	avoided.

Attention	 to	mechanical	 devices	 should	 also	 be	 given,	 including	 careful	 conversations	with	 the	 patient	 and
family	 regarding	 continuation.	 For	 example,	 patients	 with	 heart	 failure	 often	 have	 cardiac	 resynchronization
therapy	(CRT)	or	pacemakers	and/or	implanted	defibrillators,	which	may	attempt	to	continue	functioning	even	in
the	last	phases	of	life.	This	may	cause	both	physical	distress	(shocks	felt	by	the	patient)	and	emotional	distress	to
patients,	 caregivers,	 and	 the	medical	 team.	Additional	 devices	 that	warrant	 conversation	 include	 insulin	 pumps
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and	left	ventricular	assist	and	other	mechanical	circulatory	devices.
Anticonvulsants	are	generally	maintained;	however,	the	need	for	the	initial	prescription	should	be	scrutinized;

ongoing	 treatment	 may	 not	 be	 needed	 if	 the	 anticonvulsant	 was	 started	 for	 neuropathic	 pain	 or	 seizure
prophylaxis.	 If	 the	patient	has	a	documented	seizure	disorder,	 it	 is	 imperative	 that	an	alternative	 route,	 such	as
intravenous	or	subcutaneous	for	lorazepam	and	levetiracetam	or	diazepam	per	rectum,	be	instituted	if	and	when
the	oral	route	is	lost	to	prevent	recurrence	of	seizures.

Most	medications	can	be	stopped	abruptly;	however,	certain	medications	should	be	gradually	stopped	(tapered)
to	 prevent	 complications.	 As	 a	 general	 rule,	 this	 includes	 cardiovascular	 medications	 and	 those	 affecting	 the
central	nervous	system	(e.g.,	β-blockers,	clonidine,	antidepressants,	benzodiazepines).

It	 is	 recommended	 that	 a	 comfort	 care	 order	 set	 or	 guide	 be	 used	 to	 formulate	 care	 plans	 including
environmental	orders	for	the	comfort	and	support	of	the	patient	and	family;	nonpharmacologic	interventions,	such
as	 fans	and	eye,	mouth,	and	skin	care;	and	orders	 for	comfort	medications	such	as	opioids,	antipsychotics,	and
anxiolytic	 in	usually	 lower	but	 frequent	doses,	 taking	 into	account	 that	oral	and	 intravenous	 routes	may	not	be
practical	during	the	dying	process.	In	almost	all	cases,	symptoms	can	be	managed	with	sublingual,	subcutaneous,
or	 per	 rectal	 routes.	 “As	 required”	 drugs	 for	 common	 symptoms	 (including	 pain,	 dyspnea,	 nausea,	 delirium,
anxiety,	and	noisy	respiratory	secretions)	should	be	prescribed	according	to	an	agreed	upon	protocol.	This	ensures
that	needed	medications	are	available	for	comfort	care	at	any	time,	without	delay	in	obtaining	an	order.

Providing	care	to	actively	dying	patients	presents	unique	challenges	for	the	clinician.	Patients	in	their	final	days
require	careful	symptom	management,	and	families	need	support	and	coaching	as	death	approaches.

CONCLUSIONS
Specialized	care	for	the	terminally	ill	requires	careful	consideration	of	the	complex	issues	they	face.	As	treatments
evolve,	so	will	care	issues.	This	includes	the	long-term	effects	of	cancer	care	as	well	as	the	effects	of	living	with
metastatic	disease.	Clearly,	this	will	mean	that	early	palliative	care	is	indicated,	an	interdisciplinary	team	approach
should	 be	 used,	 and	 each	 issue	must	 have	 individuated	 attention.	 It	 is	 imperative	 that	 palliative	 care	 providers
understand	 the	myriad	of	 approaches	 for	 the	given	 issue	and	 involve	 the	appropriate	 specialist	when	 indicated.
Each	patient	should	be	afforded	such	specialized	care	when	it	is	determined	that	the	benefits	outweigh	the	risks	of
the	proposed	treatment.	The	patient,	family,	and	treating	teams	must	have	a	firm	understanding	of	realistic	goals
of	success,	which	focus	on	HRQOL.	In	addition,	the	chances	of	attaining	those	goals	must	be	understood.	Finally,
the	risks	of	the	intervention,	including	worsening	of	symptoms	and	death,	must	be	clearly	described.

Importantly,	 continued	 team	 follow-up	 must	 be	 a	 part	 of	 the	 specialized	 care	 for	 the	 terminally	 ill	 cancer
patient.	 This	 is	 to	 ensure	maximal	 benefit	 from	 the	 given	 intervention	 as	well	 as	 appropriate	 interventions	 for
impending	death	and	bereavement	care.
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144 Rehabilitation	of	the	Cancer
Patient
Michael	D.	Stubblefield

INTRODUCTION
Cancer	rehabilitation	is	a	process	that	helps	cancer	survivors	obtain	and	maintain	the	maximal	possible	physical,
social,	psychological,	and	vocational	functioning	within	the	limits	created	by	cancer	and	its	treatments.	There	are
a	variety	of	clinicians	with	unique	but	complementary	skills	that	form	the	core	of	the	cancer	rehabilitation	team
including	 cancer	 rehabilitation	 physicians	 (physiatrists),	 physical	 therapists,	 occupational	 therapists,	 speech-
language	pathologists,	and	others.	This	chapter	discusses	the	principles	of	safe	and	effective	rehabilitation	of	the
common	 disorders	 encountered	 by	 cancer	 patients	 throughout	 the	 cancer	 continuum.	 The	 full	 scope	 of	 cancer
survivor’s	rehabilitation	needs	is	vast	and	cannot	be	adequately	addressed	in	one	chapter	due	to	space	limitations.
A	comprehensive	reference	on	the	topic	of	cancer	rehabilitation	is	available.1

The	American	Cancer	Society	estimates	that	1.7	million	new	cancer	cases	and	600,000	cancer	deaths	will	occur
in	the	United	States	in	2017.2	Improved	detection	and	survival	have	translated	into	more	than	15.5	million	cancer
survivors	alive	in	the	United	States	as	of	2016.2	This	number	is	expected	to	grow	to	more	than	20	million	by	the
year	2026.3

The	cost	of	surviving	cancer	is	often	high.	The	percentages	of	childhood	and	adult	cancer	survivors	reporting
functional	 limitations	 after	 treatment	 are	 20%	 and	 53%,	 respectively.4,5	 Functional	 impairments	 resulting	 from
cancer	and	treatment	are	not	evenly	distributed	across	disease	types.	Thyroid	cancer,	for	instance,	is	less	likely	to
confer	significant	functional	morbidity	than	head	and	neck	or	breast	cancer.	At	6	years	after	diagnosis,	more	than
60%	of	women	treated	for	breast	cancer	had	one	or	more	functional	issue	amenable	to	rehabilitation.6

Despite	 the	rapidly	 increasing	number	of	cancer	survivors	and	considerable	functional	burden	resulting	from
disease	and	treatment,	there	is	a	tremendous	deficit	in	the	provision	of	cancer	rehabilitation	services.	The	reasons
for	this	gap	vary	but	include	deficiencies	in	knowledge,	access,	and	adherence.7	Knowledge	barriers	include	lack
of	 awareness	 about	 cancer	 rehabilitation	 services	 on	 the	 part	 of	 both	 patients	 and	 clinicians.	 Access	 barriers
include	 not	 only	 a	 lack	 of	 cancer	 rehabilitation	 clinicians	 of	 all	 types	 (physicians	 and	 therapists)	 but	 also
inadequate	personal	resources,	 facilities,	 and	programs.	Limited	 time	on	 the	part	of	oncology	practitioners	may
result	in	functional	impairments	never	being	identified	or	appropriate	referrals	never	being	made.	Poor	adherence
to	 cancer	 rehabilitation	 programs	 can	 result	 from	 a	 variety	 of	 causes	 including	 lack	 of	 conveniently	 located
facilities,	self-motivation,	enjoyment,	and/or	encouragement.	Fear	of	injury,	illness,	and	appointment	fatigue	may
also	factor	heavily	into	patient	adherence	with	cancer	rehabilitation	programs.

Although	there	is	a	push	to	develop	survivorship	services	at	most	major	National	Cancer	Institute–designated
comprehensive	 cancer	 centers,	 the	 components	 of	 these	 programs	 are	 still	 being	 defined.	 At	 most	 centers,
comprehensive	cancer	 rehabilitation	 is	excluded	 from	the	definition	and	 thus	strategic	planning	 for	a	variety	of
reasons.	In	a	study	of	the	services	offered	by	National	Cancer	Institute–designated	comprehensive	cancer	centers,
70%	reported	a	lymphedema	management	program	but	not	a	comprehensive	cancer	rehabilitation	program.8	To	be
comprehensive,	a	rehabilitation	program	should	include	not	only	lymphedema	and	inpatient	therapy	services	but
also	 outpatient	 physical	 therapy	 (PT),	 occupational	 therapy	 (OT),	 speech-language	 pathology,	 and	 other
disciplines	 geared	 to	 the	 specific	 and	 highly	 specialized	 needs	 of	 cancer	 patients	 at	 all	 stages	 of	 the	 cancer
continuum	including	those	on	active	treatment,	those	with	metastatic	disease,	and	importantly,	survivors	with	late
effects.	Ideally,	these	programs	should	be	led	by	well-trained	and	highly	skilled	cancer	rehabilitation	physicians.
A	 comprehensive	 cancer	 rehabilitation	 program	 affords	 a	 variety	 of	 benefits	 including	 reduced	 management
burden	for	pain	and	functional	issues	for	the	oncology	practitioners,	 improved	patient	care	and	satisfaction,	and
greatly	enhanced	survivorship	care.
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Cancer	care	has	shifted	 in	recent	years	from	large	 tertiary	care	facilities	 into	community-based	care	delivery
systems.	 This	 shift	 has	 further	 compromised	 access	 to	 comprehensive	 rehabilitation	 services.	 For	 instance,
oncology	practitioners	who	have	little	exposure	to	rehabilitation	medicine	during	training	are	unlikely	to	see	its
value	 when	 they	 enter	 private	 practice.9	 Patients	 treated	 in	 the	 community	 setting	 will	 face	 complications	 of
disease	 and	 treatment	 identical	 to	 those	 faced	 by	 patients	 treated	 at	 large	 cancer	 centers	 and	 thus	 need
comprehensive	 rehabilitation	 services.	 Because	 these	 centers	 are	 decentralized,	 the	 challenge	 of	 bringing
comprehensive	cancer	rehabilitation	services	to	these	patients	is	likely	greater	than	bringing	it	to	those	treated	at
large	centers.	The	benefits	to	the	patients	and	practitioners,	however,	are	the	same.

THE	REHABILITATION	TEAM
Safe	 and	 effective	 rehabilitation	 of	 the	 cancer	 patient	 almost	 always	 benefits	 from	 an	 interdisciplinary	 team
approach.10	What	constitutes	the	optimal	cancer	rehabilitation	team	varies	based	on	the	specific	needs	of	a	given
patient.	The	core	of	 the	rehabilitation	team	ideally	 includes	a	cancer	rehabilitation	physician,	physical	 therapist,
occupational	 therapist,	and	speech-language	pathologist.	The	importance	of	contributions	from	allied	physicians
(e.g.,	medical	oncology,	radiation	oncology,	surgical	oncology,	internal	medicine)	to	maximizing	the	function	and
quality	 of	 life	 of	 cancer	 patients	 and	 survivors	 cannot	 be	 overstated.	 Similarly,	 nursing,	 recreational	 therapy,
nutrition,	 social	work,	 psychiatry,	 psychology,	 neuropsychology,	 cognitive	 rehabilitation,	 orthotics,	 prosthetics,
and	 chaplaincy,	 as	 well	 as	 vocational	 counselors,	 hospice	 liaisons,	 home	 care	 agencies,	 support	 groups,
educational	 outreach	 programs,	 and	many	 others,	 often	 play	 a	 critical	 role.	 Successful	 rehabilitation	 of	 cancer
patients	and	survivors	also	relies	on	meaningful	contributions	 to	rehabilitation	efforts	by	 the	patient	and,	where
appropriate,	their	family.	Clear,	consistent,	and	effective	communication	between	members	of	the	oncology	team,
members	 of	 the	 rehabilitation	 team,	 the	 patient,	 and	 family	 members	 is	 essential.	 Such	 communication	 is
especially	vital	during	periods	when	the	patient’s	clinical	status,	prognosis,	and	treatment	strategies	are	changing
so	that	realistic	goals	and	expectations	for	rehabilitation	can	be	set.11

Physiatrist
The	physiatrist	(or	rehabilitation	medicine	specialist)	is	a	physician	specializing	in	the	assessment	and	treatment
of	functional	disability.	Most	physiatrists	have	extensive	training	and	skill	in	neuromuscular	and	musculoskeletal
medicine.	 Physiatrists	 specializing	 in	 cancer	 rehabilitation	 should	 also	 have	 expertise	 in	 the	 evaluation	 and
treatment	 of	medical	 comorbidities	 such	 as	 cardiac,	 pulmonary,	 and	 rheumatologic	 disorders.	 In	 addition,	 they
should	 possess	 considerable	 knowledge	 of	 oncology	 and	 the	 various	 oncologic	 treatments	 because	 this
information	will	impact	heavily	on	their	ability	to	safely	and	effectively	restore	function	and	quality	of	life	to	their
patients.	 The	 ability	 to	 safely	 and	 effectively	 prescribe	 medications,	 modalities,	 and	 orthotic,	 prosthetic,	 and
assistive	devices	in	a	way	that	accounts	for	all	the	competing	medical	and	psychosocial	issues	faced	by	the	patient
is	key	 to	 the	success	of	a	cancer	 rehabilitation	specialist.	The	physiatrist	serves	as	 the	 link	between	 the	clinical
oncology	team	and	the	multidisciplinary	rehabilitation	team	to	coordinate	and	optimize	rehabilitation	efforts.	They
prepare	a	comprehensive	plan	for	treatment	and	follow-up	in	order	to	increase	function,	reduce	pain,	and	prevent
disability.12

Assessment	of	 functional	 limitations	 is	a	primary	and	critical	 function	of	 the	cancer	rehabilitation	physician.
Functional	assessment	can	be	qualitative	and	geared	toward	specific	limitations	of	concern	to	the	patient	such	as
steadiness	of	gait,	difficulties	with	activities	of	daily	living	(ADLs),	or	pain.	Several	functional	assessment	tools
have	utility	in	the	cancer	rehabilitation	setting	including	the	Karnofsky	performance	scale,	Functional	Assessment
of	 Cancer	 Therapy–General	 scale,	 and	 Functional	 Independence	 Measure.13–15	 Accuracy	 and	 specificity	 in
diagnosis	are	imperative	so	that	rehabilitative	treatments	can	be	targeted	to	provide	the	maximal	clinical	benefit
while	 minimizing	 potential	 complications	 of	 treatment.	 Accuracy	 in	 diagnosing	 the	 specific	 cause	 of	 a	 given
disorder	starts	with	a	comprehensive	clinical	evaluation.	The	key	components	of	rehabilitation	assessment	are	the
history	 and	 physical	 examination.	 Physiatrists	 have	 extensive	 training	 in	 the	 use	 of	 physical	 examinations	 to
diagnose	the	multitude	of	neuromuscular	and	musculoskeletal	disorders	common	to	cancer	patients	and	survivors.
Imaging	 often	 plays	 a	 critical	 role	 in	 evaluation	 of	 pain	 and	 functional	 deficits	 in	 the	 cancer	 setting	 and	may
include	 x-rays,	 computed	 tomography	 (CT),	 and	magnetic	 resonance	 imaging	 (MRI).	 Imaging,	 although	 often
invaluable,	can	be	misleading	in	the	accurate	diagnosis	of	a	given	disorder.	The	clinician	should	always	strive	to
demonstrate	 congruence	 between	 the	 patient’s	 symptoms,	 physical	 examination	 findings,	 and	 imaging.



Electrodiagnostic	testing	can	be	an	extremely	valuable	diagnostic	and	prognostic	tool	in	the	cancer	population	for
evaluation	and	treatment	of	neuromuscular	and	musculoskeletal	disorders.	A	well-designed	study	can	help	clarify
the	etiology	of	a	patient’s	symptoms,	localize	peripheral	nerve	lesions,	exclude	competing	diagnostic	possibilities,
predict	neurologic	prognosis,	and	assist	in	chemotherapeutic	decision	making.11

Therapists	and	Allied	Rehabilitation	Clinicians
A	variety	of	therapists	are	key	to	the	successful	rehabilitation	of	cancer	survivors.	The	physical	therapist	generally
concentrates	on	maintenance	and/or	restoration	of	the	patient’s	strength,	stamina,	flexibility,	gross	motor	function,
and	mobility.	Therapy	may	 include	 training	 the	patient	 in	 the	proper	use	of	orthotics,	prosthetics,	 and	gait	 aids
such	as	walkers,	canes,	or	crutches.	The	occupational	therapist	focuses	on	the	restoration	of	ADLs	emphasizing
fine	motor	function,	upper	extremity	strength,	self-care,	adapted	equipment,	orthotic	fabrication	and	fitting,	home
safety,	and	cognitive	function,	among	other	issues.	The	physical	and	occupational	therapists	are	often	invaluable
in	 the	effective	management	of	pain	disorders	of	all	 types.	Similarly,	physical	 and	occupational	 therapists	with
specialized	 training	 in	 the	 use	 of	 contemporary	 decongestive	 techniques	 are	 on	 the	 front	 line	 of	 lymphedema
management.	Speech-language	 pathologists	 are	 specialized	 in	 the	 evaluation	 and	 treatment	 of	 dysphagia	 and
communication	disorders.	The	prosthetists	and	orthotists	 assist	 the	physiatrist	 and	 therapist	 in	 the	evaluation	of
gait	and	functional	deficits,	including	impaired	ADLs,	and	then	construct	and	fit	braces	and	prostheses	designed	to
aid	 mobility	 and	 function.	 The	 recreational	 therapist	 provides	 leisure	 activities	 and	 facilitates	 community
reintegration	 including	 independence	 at	 school,	 work,	 and	 other	 social	 settings.	 Vocational	 rehabilitation
involvement	 would	 allow	 persons	 with	 physical	 disabilities	 to	 engage	 in	 gainful	 employment.	 The	 role	 of
psychologist,	social	worker,	and	nutritionist	are	described	in	other	chapters.

COMPLICATIONS	OF	CANCER	AND	ITS	TREATMENT
The	complications	of	cancer	and	its	treatment	represent	a	broad	and	diverse	group	of	disorders	that	are	covered	in
detail	throughout	this	textbook.	In	the	context	of	cancer	rehabilitation,	several	specific	disorders	are	of	interest	as
they	can	impact	heavily	on	the	safety	and	effectiveness	of	rehabilitative	efforts.	It	is	imperative	for	the	clinician	to
fully	 understand	 that	 there	 are	 no	 absolutes	 in	 oncology	 and	 that	 every	 decision	made	with	 or	 on	 behalf	 of	 a
patient	has	an	implicit	cost–benefit	analysis	underlying	it.	This	is	as	true	for	the	physical	or	occupational	therapist
deciding	if	it	is	safe	to	ambulate	a	patient	as	it	is	for	the	neurosurgeon	deciding	whether	or	not	to	attempt	resection
of	epidural	disease	compressing	the	spinal	cord.	Bad	outcomes	are	common	in	cancer	and	can	happen	at	any	time,
often	unexpectedly	and	occasionally	dramatically.	The	challenge	 for	 the	 rehabilitation	specialist	 is	 to	maximize
function	and	quality	of	 life	while	minimizing,	 to	 the	best	of	 their	 ability	and	knowledge,	 any	potential	 adverse
outcomes.	 Unfortunately,	 they	 are	 often	 challenged	 with	 choosing	 between	 two	 very	 daunting	 options.	 For
instance,	is	it	better	to	attempt	to	ambulate	a	patient	with	a	recently	diagnosed	deep	vein	thrombosis	(DVT)	who
cannot	be	anticoagulated,	to	have	an	inferior	vena	cava	filter	placed,	or	to	confine	the	patient	to	bed	for	fear	of
precipitating	 a	 pulmonary	 embolus	 (PE)?	 This	 scenario	 and	 other	 equally	 challenging	 situations	 are	 not
uncommon	in	oncology.	The	unknown	risk	of	precipitating	a	PE	and	potentially	contributing	to	a	patient’s	death
must	be	carefully	weighed	against	the	equally	unknown	and	potentially	deadly	risk	of	maintaining	the	patient	on
bed	 rest	 indefinitely.	 This	 decision	 making	 carries	 no	 less	 gravity	 than	 subjecting	 a	 patient	 to	 medical
interventions	 that	 carry	 a	 high	mortality	 rate.	 The	 potential	 risks	 and	 benefits,	when	 they	 are	 known,	must	 be
carefully	considered,	not	in	isolation,	but	with	input	from	other	members	of	the	clinical	staff,	the	patient,	and	their
family.	 All	 persons	 involved	 in	 this	 decision-making	 process	 should	 understand	 that	 the	 ultimate	 outcome	 in
advanced	cancer	is	invariably	bad	and	that	courses	of	action	carefully	considered	and	made	with	the	best	interest
of	the	patient	in	mind	were	likely	the	correct	decision	regardless	of	the	outcome.

Direct	Effects	of	Cancer
The	direct	effects	of	cancer	are	often	obvious,	with	clinical	 impact	on	 function	being	dependent	 largely	on	 the
location	 and	 extent	 of	 disease.	 Examples	 are	 a	 large	 lung	 mass	 compromising	 pulmonary	 function	 and
subsequently	endurance	and	stamina	or	an	epidural	metastasis	compressing	the	spinal	cord	causing	weakness	and
pain.	A	working	understanding	of	several	of	the	direct	complications	of	cancer,	including	its	effects	on	the	central
and	 peripheral	 nervous	 system	 and	 on	 bony	 integrity,	 is	 of	 great	 importance	 in	 cancer	 rehabilitation	 and	 is
discussed	in	detail	in	subsequent	sections.
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Systemic	Therapy
Systemic	cancer	therapies	include	chemotherapy,	hormonal	therapy,	target	medications,	and	immunotherapy.
Chemotherapy	is	a	cornerstone	of	cancer	treatment	for	many	malignancies	and	may	be	given	either	with	intent

to	cure	or	to	prolong	life.	The	myriad	complications	of	the	ever-growing	number	of	agents	are	discussed	at	length
in	 other	 chapters.	 The	 impact	 of	 these	 complications	 on	 function	 and	 quality	 of	 life	 depends	 on	 the	 specific
derangement	 or	 complications	 induced	 by	 the	 agent.	 Anemia,	 neutropenia,	 thrombocytopenia,	 myopathy,
cardiomyopathy,	 neuropathy,	 contracture,	 fatigue,	 thromboembolism,	 nausea,	 and	 edema	 are	 just	 a	 few	 of	 the
common	disorders	resulting	from	chemotherapy	that	can	have	a	major	impact	on	rehabilitation	efforts.
Immunotherapy	 takes	 advantage	 of	 the	 immune	 system	 to	 fight	 cancer.	 Strategies	 include	 facilitating	 the

body’s	ability	to	attack	cancer	cells	(i.e.,	immune	checkpoint	inhibitors,	cancer	vaccines)	or	providing	monoclonal
antibodies	to	attack	specific	parts	of	the	cancer	cell.	Compared	with	traditional	chemotherapeutics,	this	new	class
of	medications	 is	generally	 less	 toxic.	Still,	 immune-related	adverse	events	can	occur	 in	almost	any	part	of	 the
body,	including	interstitial	pneumonia,	colitis,	hypothyroidism,	liver	dysfunction,	skin	rash,	vitiligo,	hypophysitis,
type	1	diabetes,	renal	dysfunction,	myasthenia	gravis,	neuropathy,	myositis,	and	uveitis,	among	others.16
Targeted	therapies	block	the	growth	and	spread	of	cancer	by	interfering	with	specific	molecules,	or	“molecular

targets,”	that	support	growth,	progression,	and	spread	of	cancer.	Target	therapies	have	substantial	adverse	effects
including	 diarrhea,	 hepatitis,	 skin	 and	 hair	 issues,	 clotting	 dysfunction,	 hypertension,	 and	 gastrointestinal
perforation.
Hormone	 therapy	 has	 become	 a	 cornerstone	 of	 the	 treatment	 of	 breast	 and	 prostate	 cancer	 treatment	 by

stopping	 or	 slowing	 the	 growth	 of	 hormone-sensitive	 tumors.	 Adverse	 effects	 can	 include	 hot	 flashes,	 loss	 of
libido,	bone	loss,	diarrhea,	nausea,	fatigue,	and	mood	changes.	Aromatase	inhibitors	are	associated	with	joint	and
muscle	symptoms	as	well	as	synovitis,	shoulder	dysfunction,	carpal	tunnel	syndrome,	and	other	issues.17

Radiotherapy
Approximately	 50%	 of	 cancer	 patients	will	 receive	 radiation	 therapy	 at	 some	 point	 during	 the	 course	 of	 their
disease,	 and	 radiation	 may	 play	 a	 critical	 role	 in	 as	 many	 as	 25%	 of	 cancer	 cures.18	 Despite	 the	 important
beneficial	effects	of	radiation	in	cancer	care,	its	adverse	effects	on	normal	tissue	are	a	major	source	of	disability
for	 both	 patients	 with	 active	 cancer	 and	 cancer	 survivors.19	 Evaluation	 and	 management	 of	 the	 long-term
complications	 of	 radiation	 can	 be	 an	 extremely	 important	 component	 of	 the	 clinical	 activities	 of	 the	 cancer
rehabilitation	clinician.

Surgery
Postsurgical	 impairments	 depend	 not	 only	 on	 the	 anatomic	 site	 and	 extent	 of	 the	 procedure	 but	 also	 on	 any
medical	comorbidity	the	patient	has.	Surgical	complications	are	common	in	the	cancer	setting	and	impact	heavily
on	overall	outcome	as	well	as	rehabilitation	needs.	Postmastectomy	pain	syndrome,	for	instance,	has	an	estimated
incidence	of	20%	to	70%.20	Rehabilitation	is	often	instrumental	in	returning	function	and	quality	of	life	to	patients
after	surgery.	Efforts	may	be	directed	at	the	restoration	of	functional	disorders	ranging	from	diminished	stamina
after	prolonged	bed	 rest	 to	 restoration	of	a	 limb	after	hemipelvectomy.	The	postsurgical	 rehabilitation	needs	of
any	given	patient	are	unique.

Other	Medical	Disorders
The	evidence	base	for	the	safe	and	effective	rehabilitation	of	patients	with	a	variety	of	general	medical	disorders	is
also	 limited.	 Despite	 this	 limitation,	 guidance	 with	 widespread	 clinical	 use	 has	 evolved	 on	 such	 issues	 as
thromboembolism,	 thrombocytopenia,	 anemia,	 neutropenia,	 cardiac	 dysfunction,	 pulmonary	 dysfunction,	 and
electrolyte	 abnormalities.	 In	 general,	 these	 recommendations	 applied	 to	 rehabilitation	 are	 based	 on	 indirect
evidence	 from	 the	 medical	 literature.	 Exercise	 precautions	 for	 cancer	 patients	 with	 a	 variety	 of	 disorders	 are
presented	 in	 Table	 144.1.	 Again,	 the	 potential	 risks	 and	 benefits	 of	 pursuing	 any	 course	 of	 therapy	 must	 be
carefully	weighed.

TABLE	144.1
Exercise	Precautions	for	Cancer	Patients



Medical	Problem Laboratory	Values Recommendations
Thrombocytopenia
Normal	values:	platelets
150,000–450,000/μL 30,000–50,000/μL

ROM,	aerobic	activity,	light	weights	(1–2	lb;	no	heavy
resistance	or	isokinetic	exercise);	ambulation

20,000–30,000/μL
Self-care,	gentle	passive/active	ROM,	aerobic	activity,
ambulation

<20,000/μL
Ambulation	and	self-care	with	assistance	as	needed	for
safety;	minimal/cautious	activity;	essential	ADLs	only

Anemia
Normal	values:
hematocrit	37%–47%;
hemoglobin	12–16	g/dL

Hematocrit	<25%,	hemoglobin	<8	g/dL
ROM	exercise,	isometrics;	avoid	aerobic	or	progressive
programs

Hematocrit	25%–35%;	hemoglobin	8–10
g/dL Light	aerobics,	light	weights	(1–2	lb)

Hematocrit	>35%;	hemoglobin	>10	g/dL Activity	as	tolerated

Neutropenia
Normal	values:	ANC
>1,500/μL

ANC	500–1,000/μL

Infection	risk	moderate;	consider	increased	hygiene
procedures	and	limited	contact	with	other	patients,
particularly	if	further	nadir	anticipated

ANC	<500/μL
Infection	risk	high;	strict	hygiene	and	limit	contact	with
other	persons

Pulmonary	Dysfunction
Pulmonary	function
tests,	chest	radiograph

Maintain	pulse	oximetry	>90%;	50%–75%
of	predicted	FEV1	or	diffusion	capacity

Titrate	oxygen	supplementation
Light	aerobic	exercise

75%+	of	predicted	FEV1	or	diffusion
capacity Most	programs	fine

Large	plural	effusions	or	pericardial
effusions	or	multiple	metastases	to	lungs

ROM;	few	submaximal	isometrics;	consult	cardiologist
and	oncologist

Cardiac	Dysfunction

Ejection	fraction,
electrocardiogram

Recent	premature	ventricular	contractions;
fast	atrial	arrhythmia;	ventricular
arrhythmia;	ischemic	pattern No	aerobics;	consult	cardiologist

Electrolyte	Abnormalities
Sodium <130	mEq/L No	exercise

Potassium
<3.0	mEq/L	or	>6.0	mEq/L	requires
treatment No	exercise

ROM,	range	of	motion;	ADLs,	activities	of	daily	living;	ANC,	absolute	neutrophil	count;	FEV1,	forced	expiratory	volume	in	1	second.

NEUROMUSCULAR	COMPLICATIONS	OF	CANCER	AND	CANCER
TREATMENT
The	 treatment	 of	 neuromuscular	 complications	 of	 cancer	 is	 a	 major	 component	 of	 the	 services	 offered	 by
rehabilitation	 clinicians.	 Such	 disorders	 include	 those	 of	 the	 brain,	 spinal	 cord,	 nerve	 roots,	 plexus,	 peripheral
nerve,	and	muscle.21

Brain	Dysfunction
The	 brain,	 along	with	 the	myriad	 cognitive	 and	 physical	 functions	 that	 it	 serves,	 is	 often	 compromised	 in	 the
cancer	 setting.22	 Dysfunction	 can	 result	 from	 direct	 effects	 of	 tumor,	 radiation,	 chemotherapy,	 paraneoplastic
effects,	or	other	medical	disorders.	Brain	tumors	vary	widely	in	aggressiveness	and	prognosis.	Even	a	benign	or
relatively	low-grade	lesion	may	have	severe	functional	consequences	depending	on	its	location.

The	most	common	neurologic	deficits	in	brain	tumor	patients	undergoing	acute	rehabilitation	include	impaired
cognition	 (80%),	 weakness	 (78%),	 and	 visual-perceptual	 impairment	 (53%),	 with	 most	 patients	 have	multiple
impairments.23	Although	overall	prognosis	may	be	a	factor,	most	rehabilitation	disposition	decisions	are	guided
by	 the	 patient’s	 neurologic	 status,	 clinical	 course,	 and	 activity	 tolerance.	A	 patient	whose	 neurologic	 status	 is
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actively	worsening	 is	 not	 likely	 to	 benefit	 from	 intensive	 rehabilitation	 efforts.	 Family	 training	 and	 supporting
equipment	needs	are	often	useful	in	such	situations.

Specific	 rehabilitation	 interventions	depend	on	 the	combination	of	deficits	and	are	generally	similar	 to	 those
used	 in	patients	with	other	etiologies	of	brain	disorders,	such	as	 traumatic	brain	 injury	or	stroke.	Rehabilitation
efforts	are	directed	toward	goals	such	as	improving	bed	mobility,	transfers,	self-care,	and	ambulation,	and	include,
if	necessary,	wheelchair	training.	Strategies	are	used	to	promote	functional	cognition,	clear	communication,	bowel
and	bladder	continence,	safe	swallowing,	adequate	nutritional	intake,	optimal	sensory	input	(including	vision	and
hearing),	and	restorative	sleep.	Attention	must	be	paid	to	prevention	of	complications	of	impaired	mobility	such	as
skin	breakdown	or	DVT.	Similarly,	complications	related	to	the	primary	tumor	and	other	comorbidities	such	pain,
neurologic	decline,	seizure,	and	depression	should	be	evaluated	and	treated.	The	hemiplegic	patient	will	generally
benefit	 from	gait	 training	with	an	assistive	device	and	a	brace	such	as	an	ankle-foot	orthosis	when	appropriate.
Proper	arm	positioning,	with	support	of	the	shoulder	to	prevent	pain	in	a	flaccid	or	spastic	limb,	should	be	used.	A
variety	of	adaptive	equipment	is	available	for	individuals	who	must	perform	tasks	one	handed,	such	as	reachers,
sock	donners,	and	elastic	shoelaces.

Cognitive	strategies	often	rely	on	compensations	such	as	keeping	a	regular	routine	and	maintaining	a	journal	or
“memory	notebook.”	The	patient’s	insight	into	cognitive	deficits	may	be	impaired,	and	education	regarding	these
deficits	 can	allow	 the	patient	 to	more	effectively	compensate	and	allow	 family,	 friends,	 and	caregivers	 to	have
appropriate	expectations.	In	some	cases,	especially	those	in	which	cognitive	status	is	anticipated	to	remain	fairly
stable,	in	which	functional	expectations	are	high,	or	where	conflict	or	confusion	exists	about	the	patient’s	abilities,
neuropsychological	 testing	 helps	 to	 more	 fully	 define	 the	 extent	 of	 cognitive	 deficits	 and	 also	 to	 elucidate
cognitive	 strengths.24	 For	 example,	 determining	 whether	 an	 individual	 learns	 best	 with	 auditory,	 written,	 or
nonverbal	presentations	can	facilitate	 the	most	efficient	compensation	for	cognitive	deficits.	Pharmacologic	and
nonpharmacologic	therapies	to	address	pain,	spasticity,	mood,	bowel	and	bladder,	and	sleep	and	wake	issues	are
often	indicated.

Functional	recovery	is	similar	in	patients	with	brain	tumors	as	in	those	with	acute	stroke.25	Better	 functional
improvement	 is	 a	 significant	 predictor	 of	 longer	 survival	 in	 patients	 with	 brain	 metastases	 and	 glioblastoma
multiforme.	The	literature	suggests	 that	 the	 length	of	stay	for	 inpatient	rehabilitation	for	brain	 tumor	patients	 is
generally	shorter	 than	for	patients	with	other	brain	disorders	such	as	 traumatic	brain	injury	and	stroke.26,27	This
may	relate	to	better	initial	functional	status;	other	possible	contributing	factors	include	fewer	behavioral	sequelae,
better	 social	 supports,	 and	 expedited	 discharge	 planning	 due	 to	 prognostic	 factors.28	 In	 one	 study,	 although
functional	status	improved	during	rehabilitation,	quality-of-life	scores	did	not	improve	until	discharge	home.	The
Functional	 Independence	 Measure	 and	 the	 disability	 rating	 scale	 are	 more	 sensitive	 than	 the	 Karnofsky
performance	status	scale	in	detecting	change	in	functional	status.29

Spinal	Cord	Dysfunction
Symptomatic	spinal	cord	injury	(SCI)	due	to	spinal	metastasis	occurs	in	up	to	5%	of	all	cancer	patients.30	Patients
with	 cancer	 can	 develop	 SCI	 as	 a	 result	 of	 their	 cancer,	 its	 treatment	 (i.e.,	 radiation),	 or	 other	 preexisting	 or
acquired	 conditions.	 SCI	 in	 the	 cancer	 setting	 can	 present	 a	 significant	 decision-making	 and	 management
challenge.31	This	challenge	is	compounded	because	cancer-related	SCI	most	often	occurs	as	a	late	complication
when	poor	 overall	 prognosis	 and	declining	medical	 status	 can	 significantly	 and	 adversely	 impact	 rehabilitation
interventions	and	functional	prognosis.

Life	expectancy	after	spinal	surgery	varies	with	cancer	type.	One	study	demonstrated	a	median	survival	of	7.7
months	 for	 all	 cancer	 types	 combined,	 with	 colon	 cancer	 patients	 surviving	 only	 3.3	months	 and	 lung	 cancer
patients	only	3.6	months.	Patients	with	sarcoma	or	prostate,	renal	cell,	or	breast	carcinoma	did	better,	with	median
survival	ranging	from	7.8	to	15.4	months.32	A	retrospective	evaluation	of	patients	with	neoplastic	SCI	admitted
for	 inpatient	 rehabilitation	demonstrated	a	combined	median	overall	 survival	 time	of	only	4.1	months	 from	 the
date	of	rehabilitation	admission	to	death.	Patients	with	gastrointestinal	cancer	had	an	even	poorer	prognosis,	with
a	median	survival	of	only	0.6	months.33	The	phase	of	cancer	treatment	can	have	a	profound	impact	on	survival
and	 prognosis	 for	 functional	 recovery.	A	 patient	with	metastatic	 prostate	 or	 breast	 cancer,	 for	 instance,	whose
initial	presentation	is	with	SCI	and	who	has	not	received	systemic	therapy,	can	be	expected	to	have	a	much	better
prognosis	for	survival	and	functional	restoration	than	a	patient	who	has	undergone	and	failed	multiple	treatment
options.

SCI	 in	 the	 cancer	 setting	 can	 result	 directly	 from	 the	 cancer	 (epidural,	 leptomeningeal,	 or	 intramedullary
tumor)	 or	 indirectly	 from	 the	 cancer	 (paraneoplastic	 phenomenon)	 or	 from	 treatment	 of	 the	 cancer	 (radiation,



chemotherapy,	 surgery).	Other	 causes	 of	 SCI	 in	 the	 cancer	 setting	may	 include	 infection	 (meningitis,	 epidural
abscess,	 diskitis/osteomyelitis),	 vascular	disorders	 (hemorrhage,	 infarct),	 degenerative	disorders	 (cervical	 spinal
stenosis),	and	metabolic	disorders	(osteoporotic	compression	fractures).

The	vertebral	body	is	the	most	common	site	of	metastasis	within	the	spine,	largely	reflecting	its	volume	relative
to	other	spinal	structures.	Metastatic	tumors	of	the	spine	are	more	common	than	primary	spine	tumors.	Cancers
that	 commonly	metastasize	 to	 the	 spine	 are	 those	of	breast,	 lung,	prostate,	 and	kidney.34	Epidural	 tumor	 is	 the
most	common	cause	of	SCI	in	cancer	and	can	arise	from	the	vertebra,	enter	 the	spinal	canal	 through	the	neural
foramen,	 or	 be	 deposited	 in	 the	 epidural	 space.	 Leptomeningeal	 metastases	 occur	 in	 3%	 to	 8%	 of	 all	 cancer
patients	and	can	be	associated	with	significant	neurologic	dysfunction.	The	most	common	tumors	that	metastasize
to	 the	 leptomeninges	 include	 leukemia,	 lymphoma,	 melanoma,	 and	 breast	 and	 lung	 cancer.35	 Intramedullary
tumors	 are	 the	 rarest	 of	 the	 tumors	 that	 affect	 the	 central	 nervous	 system	 (CNS)	 but	 can	 produce	 profound
neurologic	deficits	that	vary	depending	on	the	location	and	pathology	of	the	tumor.

SCI	 from	 epidural-based	 tumors	 generally	 affects	 all	 spinal	 tracts	 either	 completely	 or	 to	 varying	 degrees.
Asymmetric	 compression	 does	 occur	 and	 can	 have	 unpredictable	 patterns	 in	 early	 compression	 but	 generally
progresses	to	affect	all	components	of	the	spinal	cord.	Clinically,	such	patients	present	with	weakness,	bowel	and
bladder	dysfunction,	and	multimodal	sensory	loss	including	light	touch,	pain,	vibration,	and	proprioception.	Pain,
if	present,	is	usually	local.

Rehabilitation	 of	 cancer	 survivors	 with	 spinal	 cord	 dysfunction	 is	 a	 challenging	 endeavor.	 The	 barriers	 to
successful	rehabilitation	have	been	described	and	grouped	into	a	paradigm	that	includes	assessment	of	neurologic,
oncologic,	medical,	pain,	and	support	status.31,36

The	level	of	injury	significantly	affects	the	potential	for	functional	recovery.	The	degree	of	functional	recovery
anticipated	in	a	patient	with	a	nonmalignant	cause	of	SCI	(e.g.,	trauma	from	a	motor	vehicle	accident)	is	generally
greater	than	that	anticipated	in	malignant	SCI.	This	is	because	patients	with	cancer	tend	to	develop	SCI	later	in
their	disease	and	usually	progress	in	their	cancer	and	other	medical	comorbidities.

The	care	of	patients	with	acute	SCI	includes	maintenance	of	ventilation	in	those	with	high	levels	of	injury.	It
also	includes	treatment	of	pain,	autonomic	dysregulation,	and	bowel	and	bladder	dysfunction.	Patients	are	at	risk
of	 developing	 DVT,	 PE,	 pulmonary	 and	 urinary	 tract	 infections,	 fecal	 impaction,	 decubiti,	 immobilization
hypocalcemia,	spasticity,	contractures,	and	osteoporosis.	A	comprehensive	treatment	plan	includes	DVT	and	PE
prophylaxis,	 spirometry,	 and	 chest	 physiotherapy;	 initiation	 of	 intermittent	 urinary	 catheterization	 every	 4	 to	 6
hours	when	urine	volumes	are	less	than	2,000	mL	per	day;	initiation	of	a	bowel	program;	turning	every	2	hours;
and	 use	 of	 high-airflow	 mattresses,	 use	 of	 heel	 protectors,	 and	 daily	 PT	 and	 range-of-motion	 (ROM)
exercises.37,38

Patients	with	injuries	above	the	T6	level	are	at	risk	of	developing	autonomic	dysreflexia,	which	is	defined	as	an
increase	in	blood	pressure	of	greater	than	20	mm	Hg	above	baseline.	It	results	from	stimulation	of	the	splanchnic
division	of	 the	 sympathetic	nervous	 system	by	a	noxious	 stimulus	below	 the	 level	of	 the	 lesion	and	causes	 the
sympathetic	 responses	 of	 vasoconstriction	 and	 hypertension.	 The	 body’s	 autoregulation	 mechanisms	 are
interrupted	 because	 of	 the	 spinal	 cord	 lesion,	 and	 the	 uncontrolled	 blood	 pressure	 continues.	 Classically,	 the
patient’s	heart	rate	decreases	because	of	the	intact	response	of	the	parasympathetic	nervous	system	via	the	vagus
nerve.	 The	 patient	may	 develop	 a	 severe	 headache,	 experience	 an	 increase	 in	 spasticity,	 and	 describe	 a	 vague
discomfort.	This	is	a	medical	emergency,	and	immediate	treatment	must	be	initiated,	including	sitting	the	person
upright,	 loosening	 tight-fitting	 clothing,	 checking	 for	 bladder	 distention,	 and	 either	 checking	 an	 indwelling
catheter	for	kinks	or	initiating	urinary	catheterization.	A	urine	sample	should	be	sent	for	analysis	and	culture.	A
rectal	examination	should	be	performed	to	evaluate	for	and	treat	fecal	impaction,	and	an	inspection	for	ingrown
toenails	and	infected	decubiti	should	be	made.	If	the	source	of	the	autonomic	stimulation	is	not	found	or	the	blood
pressure	continues	to	be	elevated,	or	both,	nitroglycerin	paste	can	be	applied.	Oral	or	sublingual	nifedipine	is	no
longer	 indicated	 for	 the	 treatment	of	 this	hypertensive	emergency	because	of	 the	 risk	of	profound	hypotension,
myocardial	infarction,	and	death.	If	the	source	of	the	stimulus	is	not	found	or	the	blood	pressure	continues	to	be
elevated,	 or	 both,	 the	 patient	 should	 be	 transferred	 to	 the	 intensive	 care	 unit	 for	 treatment	 with	 intravenous
nitroprusside.39

The	 patient’s	 ability	 to	 participate	 in	 rehabilitation	 therapies	 while	 undergoing	 further	 treatments	 must	 be
considered	when	an	acute	or	subacute	inpatient	rehabilitation	program	is	sought.	Rehabilitation	programs	for	those
with	 SCI	 due	 to	 spinal	 tumors	 have	 been	 shown	 to	 improve	mobility	 and	 self-care.40	 Research	 indicates	 that
clinical	and	functional	status	is	a	valuable	prognostic	factor	for	survival	of	those	with	SCI	due	to	metastatic	tumor
disease.41	 The	 rehabilitation	 program	 should	 be	 started	 as	 early	 as	 possible	 and	 should	 be	 of	 short	 duration,
particularly	for	patients	with	limited	oncologic	prognosis.33	Thus,	selection	of	patients	who	have	the	potential	to
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improve	function	may	improve	survivability	as	well	as	quality	of	life	and	ability	to	perform	ADLs	and	mobility.

Peripheral	Nervous	System	Dysfunction
The	 peripheral	 nervous	 system	 includes	 the	 nerve	 root,	 plexus,	 peripheral	 nerve,	 neuromuscular	 junction,	 and
muscle.
Radiculopathy	can	result	from	a	variety	of	disorders	that	affect	one	or	more	nerve	roots	and	is	a	very	common

cause	of	pain	and	disability	in	the	cancer	setting.	Radiculopathy	can	occur	from	compressive	or,	less	commonly,
noncompressive	etiologies.	Although	the	incidence	of	radiculopathy	in	cancer	patients	and	survivors	is	unknown,
it	 is	 likely	 that	 most	 nerve	 root	 pathology	 results	 from	 the	 same	 degenerative	 disorders,	 largely
spondyloarthropathies,	that	affect	the	general	population	with	a	prevalence	of	3%	to	5%.42	Degenerative	causes	of
radiculopathy	can	be	discogenic	(e.g.,	herniated	nucleus	pulposus),	from	hypertrophy	of	ligaments	and	other	soft
tissues	(e.g.,	ligamentum	flavum),	or	from	excess	bone	formation	(e.g.,	osteoarthritis).	The	narrowing	of	the	spinal
canal	or	neural	foramen	with	subsequent	compression	of	neural	and	vascular	structures	resulting	from	one	or	more
degenerative	processes	is	called	spinal	stenosis.	Lumbar	spinal	stenosis	is	estimated	to	affect	1	in	1,000	persons
older	than	65	years	of	age.43

Compressive	radiculopathy	resulting	directly	from	cancer	most	commonly	results	from	epidural	tumor	that	can
arise	 from	 the	 vertebral	 body,	 paravertebral	 structures,	 or	 the	 epidural	 space	 itself.44	 Intramedullary	 tumor,
including	 leptomeningeal	 and	 intramedullary	 disease,	 can	 also	 cause	 compressive	 radiculopathy.	 Of	 these,
compression	by	leptomeningeal	disease	is	far	more	common,	affecting	5%	to	8%	of	patients	with	cancer.44

Noncompressive	 causes	of	 radiculopathy	 include	 radiation,	 chemotherapy,	 and	paraneoplastic	 syndromes,	 as
well	disorders	 such	as	 acute	 idiopathic	polyradiculoneuropathy	 (a	 subtype	of	Guillain-Barré	 syndrome	 [GBS]),
chronic	idiopathic	demyelinating	polyradiculoneuropathy	(CIDP),	amyloidosis,	sarcoidosis,	diabetes	mellitus,	and
rheumatologic	 disorders	 (Fig.	 144.1).1	Herpes	 zoster	 is	 also	 a	 common	 cause	 of	 radiculopathy	 in	 the	 cancer
setting,	causing	a	dermatomal	vesicular	rash	known	as	shingles.45	Herpes	zoster	causing	dermatomal	pain	without
a	 rash	 is	 termed	 zoster	 sine	herpete.46	Eruption	 of	 herpes	 zoster	 is	 related	 to	 immunosuppression	 from	cancer,
steroids,	and	chemotherapy,	with	1%	to	2%	of	cancer	patients	having	at	least	one	infection	during	the	course	of
their	 disease.47	 Polyradiculopathy	 from	 radiation	 may	 mimic	 leptomeningeal	 tumor	 as	 the	 cauda	 equina	 may
demonstrate	 enhancement	 on	 MRI	 (see	 Fig.	 144.1).48	 Although	 relatively	 uncommon,	 radiculopathy	 from
radiation	 has	 been	 reported	 as	 a	 sequela	 of	 testicular	 cancer,	 vertebral	 metastases,	 and	 lymphoma.49–54	 In	 the
author’s	clinical	experience,	radiation-induced	radiculopathy	is	most	commonly	seen	in	Hodgkin	lymphoma	(HL)
survivors	who	have	received	mantle	field	(MF)	or	periaortic	radiation	and	in	head	and	neck	cancer	patients	often
in	 conjunction	 with	 plexopathy.	 In	 addition,	 radiculoplexopathy	 was	 shown	 to	 occur	 after	 high-dose,	 single-
fraction,	image-guided	stereotactic	radiosurgery	for	spine	tumors	(2,400	cGy)	in	2.5%	of	patients;	this	percentage
increased	to	4.5%	when	the	thoracic	spine	was	excluded.55	Neurotoxic	chemotherapy	can	also	adversely	affect	the
nerve	root	as	part	of	a	more	generalized	neuropathy.	Patients	with	preexisting	radiculopathy	from	a	degenerative
or	other	cause	may	be	particularly	predisposed	to	the	adverse	effects	of	neurotoxic	chemotherapy.56,57	 Subacute
motor	 neuronopathy	 is	 a	 paraneoplastic	 disorder	 described	 in	 patients	 with	 HL,	 non-Hodgkin	 lymphoma,	 and
thymoma	as	a	subacute	lower	motor	neuron	syndrome	that	involves	primarily	the	lower	extremities	without	pain,
significant	 sensory	 loss,	 or	 upper	 motor	 neuron	 findings.	 Secondary	 thinning	 of	 the	 ventral	 nerve	 roots	 and
widespread	patch	segmental	demyelination	of	spinal	nerve	roots	and	brachial	and	lumbosacral	plexus	can	be	seen
histologically	 in	 addition	 to	 patchy	 degeneration	 and	 loss	 of	 anterior	 horn	 cells	 and	 occasional	 inflammatory
infiltrates.58	 Non–cancer-related	 causes	 of	 noncompressive	 radiculopathy,	 including	 diabetes,	 rheumatologic
disorders,	and	idiopathic	radiculoneuropathies	such	as	GBS	and	CIDP,	not	uncommon	in	the	general	population
should	 be	 included	 in	 the	 differential	 diagnosis	 when	 evaluating	 cancer	 patients	 and	 survivors	 with	 signs	 and
symptoms	suggestive	of	radiculopathy.



Figure	144.1	Radiculopathy	can	result	from	variety	of	etiologies	and	may	demonstrate	gadolinium
enhancement	on	magnetic	resonance	imaging.	A:	Radiation-induced	cauda	equina	enhancement	in	a

patient	with	testicular	cancer.	B:	Cauda	equina	enhancement	from	a	chronic	idiopathic
demyelinating	polyradiculoneuropathy	from	Waldenström	macroglobulinemia.	C:	Cauda	equina

enhancement	from	leptomeningeal	metastases	in	a	patient	with	breast	cancer.

Plexopathy	affects	as	many	as	1%	of	cancer	patients.59	The	cervical,	brachial,	or	 lumbosacral	plexus	can	be
involved,	and	the	etiology	can	be	neoplastic	or	radiation	induced	as	well	as	idiopathic	(idiopathic	brachial	neuritis,
CIDP,	GBS),	diabetic	(diabetic	radiculoplexus	neuropathy),	or	traumatic	(surgery).	Malignancy	most	commonly
affects	the	brachial	plexus	followed	by	the	lumbosacral	plexus	and	least	commonly	affects	the	cervical	plexus.60
Benign	 tumors	 of	 the	 plexus	 are	 usually	 reported	 to	 be	 more	 common	 than	 malignant	 ones.61–63	 Radiation
plexopathy	is	a	common	component	of	the	radiation	fibrosis	(RF)	syndrome,	which	is	characterized	by	insidious
fibrosis	with	axonal	demyelination	and	ultimately	axonal	loss.	Radiation	plexopathy	is	commonly	associated	with
radiculopathy.64	Radiation	to	the	plexus	can	rarely	cause	a	mild	reversible	syndrome	but	more	commonly	causes	a
delayed	and	progressive	one.65	The	risk	of	brachial	plexopathy	in	the	adjuvant	breast	cancer	setting	is	<1%	when
the	dose	per	fraction	is	2	Gy	and	the	total	dose	is	50	Gy	or	the	dose	per	fraction	is	2.2	to	2.5	Gy	and	the	total	dose
is	34	to	40	Gy.	However,	if	the	dose	per	fraction	is	2.2	to	4.58	Gy	and	the	total	dose	is	43.5	to	60	Gy,	the	brachial
plexopathy	risk	increases	to	1.7%	to	73%.66	Delayed	radiation-induced	brachial	plexopathy	usually	occurs	after	a
latent	 interval	 that	 can	 vary	 from	 a	 few	 months	 to	 several	 years	 with	 a	 peak	 onset	 of	 neurologic	 symptoms
occurring	between	2	and	4	years	after	 radiation.67	The	upper	plexus	 is	commonly	affected	preferentially	 in	HL
survivors	 treated	with	MF	radiation	and	head	and	neck	cancer	patients	possibly	due	 to	 the	 longer	course	of	 the
upper	trunk	and	lateral	cord	of	the	brachial	plexus	through	the	neck	as	well	as	the	pyramidal	shape	of	the	thorax
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providing	less	protective	 tissue.	In	addition,	 the	upper	plexus	may	represent	 the	most	caudal	extent	of	radiation
delivered	for	some	head	and	neck	cancer	patients.

Differentiating	radiation-induced	from	malignant	plexopathy	is	a	diagnostic	challenge,	and	both	etiologies	may
be	 present	 together.	 Imaging	 with	 gadolinium-enhanced	MRI	 is	 the	 diagnostic	 test	 of	 choice	 when	 excluding
tumor	of	the	brachial	plexus.68	Positron	emission	tomography-CT	has	a	role	to	play	in	selected	cases.	Malignant
etiologies	 of	 plexopathy	 are	 generally	 more	 painful	 than	 radiation-induced	 plexopathy,	 although	 either	 can
manifest	severe	pain.69	Myokymia	on	needle	electromyography	is	suggestive	of	a	radiation-induced	etiology	but
does	not	exclude	a	malignant	component.70

Idiopathic	brachial	neuritis	(IBN;	also	known	as	neuralgic	amyotrophy	or	Parsonage-Turner	syndrome)	has	an
incidence	of	approximately	2	to	3	per	100,000	person-years.71	The	disorder	can	be	idiopathic	or	hereditary.	The
idiopathic	 form	 is	 often	 precipitated	 by	 antecedent	 events	 such	 as	 infection,	 immunization,	 strenuous	 exercise,
surgery,	and	a	variety	of	other	causes.71	Clinically,	IBN	is	classically	characterized	by	severe	and	acute	burning
pain	in	the	shoulder	and	arm	that	may	last	for	several	days	or	weeks	and	is	followed	by	muscle	weakness,	atrophy,
and	sensory	 loss.	 IBN	may	go	unrecognized	 in	cancer	patients	 if	only	 the	obvious	cancer	and	 treatment-related
causes	 of	 brachial	 plexopathy	 are	 considered.	 Similarly,	 diabetic	 radiculoplexus	 neuropathies	 can	 affect	 the
cervical,	 thoracic,	and	lumbosacral	nerve	roots	as	well	as	 the	brachial	and	lumbosacral	plexus.	Perhaps	the	best
known	of	 these	 disorders	 is	 diabetic	 lumbosacral	 radiculoplexus	 neuropathy	 (DLRPN),	 also	 known	 as	 diabetic
amyotrophy,	 among	 other	 synonyms.	DLRPN	 usually	 presents	 clinically	with	 unilateral	 acute	 to	 subacute	 and
severe	lower	extremity	pain	in	the	thigh	or	leg	that	may	spread	to	the	entire	extremity.72	Like	IBN,	DLRPN	may
go	 unrecognized	 in	 the	 cancer	 setting	 if	 only	 neoplastic	 or	 treatment-related	 etiologies	 are	 considered	 and	 can
occur	even	with	relatively	low	blood	glucose	levels	as	might	be	seen	with	steroid-induced	hyperglycemia.
Neuropathy	 is	any	condition	arising	from	the	damage	and	dysfunction	of	 the	peripheral	nerves	 including	 the

motor,	sensory,	and	autonomic	nerves	that	connect	the	CNS	(brain	and	spinal	cord)	to	the	rest	of	the	body.73	The
peripheral	nerve	includes	the	nerve	root	and	plexus	as	well	as	the	peripheral	nerve	proper.	Peripheral	neuropathy
is	common	in	the	cancer	setting	as	a	result	of	neurotoxic	chemotherapy	or	radiation	but	also	occurs	due	to	direct
and	 paraneoplastic	 effects	 of	 cancer.	 Neuropathy	 is	 also	 very	 common	 in	 the	 general	 population	with	 diverse
etiologies	that	can	affect	cancer	patients	even	if	unrelated	to	malignancy	or	its	treatment.	Such	etiologies	include
toxic	 or	 metabolic	 derangements	 (diabetes	 mellitus,	 vitamin	 B12	 deficiency,	 alcoholism),	 inherited	 disorders
(Charcot-Marie-Tooth),	 paraprotein	 disorders	 (monoclonal	 gammopathy	 of	 unknown	 significance	 [MGUS]),
critical	 illness	 neuropathy,	 and	 idiopathic	 disorders	 such	 as	 CIDP	 or	 GBS,	 just	 to	 name	 a	 few.74	 The	 clinical
manifestations	of	neuropathy	may	 include	 any	combination	of	weakness,	 sensory	deficits,	 pain,	 and	 autonomic
dysfunction	with	resultant	gait	and	other	functional	deficits.	Often,	multiple	peripheral	nervous	system	disorders
such	as	radiculopathy	and	neuropathy	coexist,	compounding	the	clinical	features	of	each	disorder.	It	is	important
to	remember	that,	as	described	earlier,	any	preexisting	pathology	at	any	part	of	the	neuron	(nerve	root,	plexus,	or
peripheral	nerve),	 even	 if	 asymptomatic,	may	predispose	 the	patient	 to	development	of	weakness,	paresthesias,
pain,	 and	 other	 signs	 and	 symptoms	 commonly	 described	 as	 “neuropathy”	when	 challenged	with	 a	 neurotoxic
chemotherapy	 or	 another	 insult	 to	 the	 peripheral	 nervous	 system.	 This	 phenomenon	 is	 termed	 neuronal
predisposition.56,57

Peripheral	neuropathy	is	one	of	the	most	common	chronic	complications	of	cancer	and	its	treatment.	It	may	be
caused	by	a	variety	of	chemotherapeutic	agents	including	the	taxanes	(paclitaxel,	docetaxel),	the	vinca	alkaloids
(vincristine,	 vinorelbine,	 vinblastine),	 the	 platinum	 analogs	 (cisplatin,	 carboplatin,	 oxaliplatin),	 bortezomib,
thalidomide,	 and	 others.56,75–77	 The	 clinical,	 pathophysiologic,	 and	 electrodiagnostic	 features	 of	 the	 various
neurotoxic	chemotherapeutics	vary	significantly.	The	taxanes	and	vinca	alkaloids	are	tubulin	inhibitors	and	cause
a	predominately	length-dependent	motor	and	sensory	axonal	polyneuropathy	in	a	distal	symmetric	distribution.75
Clinically,	 this	 causes	 paresthesias,	 pain,	 sensory	 ataxia,	 and	 potentially	 weakness	 during	 and	 immediately
following	treatment	that	usually	improves	when	the	treatment	is	stopped.	The	platinum	analogs,	however,	damage
the	cell	body	of	the	sensory	nerves	in	the	dorsal	root	ganglion,	and	at	higher	doses,	they	can	damage	the	anterior
horn	cell	within	the	spinal	cord.	It	is	the	accumulation	of	the	platinum	analogs	within	the	neuron	cell	body	with
subsequent	DNA	damage	and	altered	cellular	activities	 that	underlies	 the	 toxicity.78	The	clinical	manifestations
include	severe	sensory	deficits	 including	sensory	ataxia	and	pain	usually	without	significant	weakness.	Because
the	 platinum	 analogs	 accumulate	 in	 the	 cell	 body,	 the	 deficits	 can	 progress	 for	 months	 after	 treatment,	 a
phenomenon	known	as	“coasting.”

Electrophysiologically,	neuropathy	due	to	platinum	analogs	may	demonstrate	a	widespread	decrease	in	sensory
nerve	 action	potential	 amplitudes	without	 a	 proximal	 to	distal	 gradient.	 In	 such	 cases	of	non–length-dependent



neuropathy,	 it	 is	 possible	 to	 see	 an	 electrophysiologic	 pattern	 wherein	 the	 sensory	 nerve	 action	 potential
amplitudes	 in	 the	upper	extremities	 (shorter	nerves)	are	 lower	 than	 those	 in	 the	 lower	extremity	nerves	 (longer
nerves).79	 This	 pattern	 is	 useful	 in	 differentiating	 not	 only	 non–length-dependent	 from	 length-dependent
neuropathies	 associated	with	 tubulin	 inhibitors	 but	 also	 other	 causes	 of	 peripheral	 nervous	 system	 dysfunction
likely	 to	 be	 encountered	 in	 the	 oncology	 setting	 including	 radiculopathy,	 chronic	 idiopathic	 demyelinating
polyradiculopathy,	and	diabetic	neuropathy.

The	 need	 for	 evaluation	 of	 neuropathy	 is	 largely	 dependent	 on	 the	 context	 in	 which	 a	 patient	 develops
neuropathic	signs	and	symptoms.	An	algorithm	for	the	prospective	assessment	of	neuropathy	in	the	cancer	setting
is	presented	in	Figure	144.2.	If	a	patient	develops	the	expected	signs	and	symptoms	from	chemotherapy	or	other
treatment	 that	 is	expected	 to	produce	 those	symptoms,	 then	no	 further	 investigation	 is	generally	 indicated.	 It	 is
when	a	patient	develops	signs	and/or	symptoms	that	exceed	what	is	generally	anticipated	or	at	a	time	when	they
would	 not	 have	 been	 expected	 to	 have	 complications	 of	 treatment	 that	 a	 workup	 is	 indicated.	 For	 instance,	 a
patient	with	metastatic	 prostate	 cancer	who	 develops	 lower	 extremity	 pain	 and	weakness	 on	 hormonal	 therapy
needs	evaluation,	whereas	a	patient	who	develops	the	same	symptoms	on	paclitaxel	does	not.	In	the	former	case,	it
is	prudent	to	consider	a	very	broad	differential	diagnosis	and	eliminate	possibilities	systematically	and	logically
because	many	of	the	causes	of	such	symptoms	are	curable	or	highly	treatable.	Oncologic	causes	such	as	epidural
spinal	 cord	 compression,	 leptomeningeal	 metastases,	 intramedullary	 metastases,	 and	 paraneoplastic	 disorders
should	 be	 considered	 along	 with	 degenerative	 causes	 of	 lower	 extremity	 pain	 and	 weakness	 such	 as	 spinal
stenosis,	disk	herniation,	facet	arthropathy,	and	compression	fracture.	Similarly,	idiopathic	and	acquired	causes	of
neuropathy	should	be	considered	including	disorders	such	as	diabetic	amyotrophy,	vitamin	B12	deficiency,	Lyme
disease,	alcoholism,	paraprotein	neuropathies	(MGUS),	and	CIDP.	As	with	 the	nerve	root	and	plexus,	 radiation
can	cause	damage	to	any	peripheral	nerve	in	the	radiation	field.	Such	damage	is	usually	obvious	when	it	affects
one	or	more	named	nerves	in	an	extremity	but	may	be	less	obvious	when	it	affects	nerves	on	the	trunk	such	as	the
dorsal	scapular	nerve	 to	 the	rhomboid	muscles	or	 the	supraspinous	nerve	 to	 the	supraspinatus	and	 infraspinatus
muscles.	 These	 nerves	 are	 commonly	 affected	 by	 MF	 radiation	 and	 radiation	 for	 head	 and	 neck	 cancer.
Radiculopathy	mimicking	peripheral	neuropathy	is	an	extremely	common	cause	of	lower	extremity	symptoms	in
cancer	 patients	 due	 to	 their	 often	 advanced	 age	 and	 predisposition	 to	 spinal	 degenerative	 disease.	 Acquired
neuropathies	including	MGUS	and	CIDP	are	also	relatively	common	and	should	be	considered	in	the	evaluation
of	patients	with	idiopathic	neuropathies.74,80
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Figure	144.2	A	neuropathy	assessment	algorithm	intended	to	be	used	before	and	during	the
administration	of	neurotoxic	chemotherapy	in	patients	with	breast	cancer.	This	algorithm	is	likely
useful	for	other	cancer	types	as	well.	DM,	diabetes	mellitus;	ETOH,	alcohol	abuse;	CMT,	Charcot-
Marie-Tooth	disease;	CIDP,	chronic	idiopathic	demyelinating	polyradiculoneuropathy;	CTS,	carpal

tunnel	syndrome;	PNS,	peripheral	nervous	system.	(Adapted	Stubblefield	MD,	McNeely	ML,
Alfano	CM,	Mayer	DK.	A	prospective	surveillance	model	for	physical	rehabilitation	of	women	with

breast	cancer:	chemotherapy-induced	peripheral	neuropathy.	Cancer	2012;118:2250–2260.)

Myopathy
Myopathy	in	the	cancer	setting	can	occur	as	a	result	of	a	variety	of	processes	including	direct	invasion	by	primary
or	metastatic	 tumor,	paraneoplastic	disorders,	 inflammatory	disorders	 (polymyositis,	dermatomyositis,	 inclusion
body	myositis),	infiltrative	disorders	(amyloid),	toxins,	or,	more	commonly,	corticosteroid	use	or	critical	illness.
Radiation	can	cause	a	focal	nemaline	rod	myopathy.81	Skeletal	muscle	metastases	are	relatively	rare	but	can	occur
from	a	variety	of	 tumor	 types	 including	lung,	breast,	melanoma,	 thyroid,	and	 liver.82	Paraneoplastic	necrotizing
myopathy	characterized	by	rapidly	progressive	proximal	muscle	weakness	that	occurs	over	months	can	be	seen	in
association	with	breast,	small-cell	lung,	gastrointestinal,	genitourinary,	bladder,	ovarian,	and	prostate	carcinomas
as	well	as	melanoma,	multiple	myeloma,	and	head	and	neck	cancer.83	Each	of	the	inflammatory	myopathies	has	a
distinct	clinical	phenotype	and	unique	myopathologic	features.84	Amyloid	myopathy	is	rare	but	can	be	seen	as	a
complication	of	multiple	myeloma	or	primary	amyloidosis.85,86	Vincristine,	alcohol,	and	a	variety	of	other	agents
can	cause	a	toxic	myopathy.87

By	 far	 the	most	 common	 therapy-induced	myopathy	 is	 steroid	myopathy	 from	 glucocorticoid	 use.	 Steroid-
induced	 myopathy	 is	 characterized	 by	 fast-twitch	 or	 type	 II	 muscle	 fiber	 atrophy	 with	 decreased	 fiber	 cross-
sectional	areas	and	reduced	myofibrillar	protein	content.88	Steroid	use	is	associated	with	a	variety	of	adverse	side
effects	that	are	related	to	the	total	and	daily	dose,	duration	of	therapy,	and	poorly	understood	patient	susceptibility
factors.89	In	one	small	prospective	study,	glucocorticoid	use	was	found	to	contribute	to	proximal	muscle	weakness
in	9	(60%)	of	15	patients	and	was	severe	enough	to	interfere	with	ADLs	in	6	(40%)	of	15	treated	patients.90	The



development	of	 steroid	myopathy	was	 rapid,	occurring	within	15	days	 in	eight	of	nine	patients	who	developed
weakness.	 Ten	 (63%)	 of	 16	 patients	 also	 demonstrated	 a	 significant	 decline	 in	 respiratory	 function.	 Steroid
myopathy	is	painless	and	usually	demonstrates	proximal	weakness	most	evident	on	physical	examination	to	affect
the	shoulder	and	hip	girdle	muscles	with	relative	preservation	of	distal	muscle	strength.	This	pattern	of	weakness
helps	 differentiate	 steroid	 myopathy	 from	 most	 types	 of	 neuropathy	 that	 cause	 distal	 relative	 to	 proximal
weakness.	 In	 addition,	 sensation	 and	 reflexes	 should	 be	 preserved	 in	 steroid	 myopathy	 but	 abnormal	 in
neuropathy.	 Although	 most	 cases	 of	 steroid	 myopathy	 are	 mild	 to	 moderate,	 in	 extreme	 cases,	 it	 can	 cause
complete	 tetraplegia	 and	 respirator	 dependence.	 Most	 patients	 with	 steroid	 myopathy	 recover,	 whereas	 some
completely;	however,	resolution	can	take	months	to	years.

Critical	 illness	myopathy	is	not	unique	to	 the	cancer	setting,	but	due	to	 the	nature	of	cancer,	 it	 is	commonly
associated	with	it.	Critical	illness	myopathy	is	often	associated	with	critical	illness	polyneuropathy.	Often	the	first
sign	of	 these	 disorders	 is	 difficulty	 in	weaning	 a	 patient	 from	a	 ventilator	 that	 is	 not	 explained	by	pulmonary,
cardiovascular,	 or	 another	 disorder.91	 The	 clinical	 features	 and	 time	 course	 for	 resolution	 of	 critical	 illness
myopathy	are	similar	to	those	of	steroid	myopathy.

Evaluation	of	Neuromuscular	Disorders
The	 key	 components	 of	 neuromuscular	 evaluation	 are	 history	 and	 physical	 examination.	 The	 etiology	 of	most
disorders	can	be	elucidated	with	accuracy	and	specificity	by	a	skilled	clinician	in	the	majority	of	instances,	even	in
the	cancer	setting.	Additional	evaluation	with	imaging,	electrodiagnostic,	and	laboratory	testing	is	indicated	when
competing	diagnoses	are	being	considered	and	require	exclusion.	Imaging	is	extremely	useful	to	exclude	tumor	as
a	 source	of	nerve	compression,	particularly	of	 the	 spinal	 cord	and	nerve	 root.	Although	a	variety	of	 tests	have
utility	in	select	situations,	MRI	is	usually	the	modality	of	choice	for	imaging	the	central	and	peripheral	nervous
systems.92,93	 Intravenous	 gadolinium	 is	 useful	 in	 the	 identification	 of	 peripheral	 nerve	 and	 plexus	 tumors,
leptomeningeal	disease,	and	intramedullary	spinal	cord	tumors	as	well	as	to	differentiate	scar	from	tumor,	exclude
infection,	 and	 identify	 radiation	 changes.35,94	 Nerve	 roots	 may	 enhance	 with	 gadolinium	 in	 acute	 idiopathic
polyradiculoneuropathy,	 CIDP,	 and	 radiation-induced	 radiculopathy	 (see	 Fig.	 144.1).49–54,74	 Electrodiagnostic
testing	is	often	extremely	useful	in	clarifying	the	etiology	of	symptoms	(radiculopathy	versus	plexopathy	versus
neuropathy	 versus	 myopathy),	 clarifying	 the	 type	 of	 neuropathy	 (i.e.,	 axonal	 versus	 demyelinating,
polyneuropathy	versus	mononeuropathy	multiplex	versus	mononeuropathy),	and	localizing	a	lesion	(i.e.,	femoral
mononeuropathy	 at	 the	 inguinal	 ligament	 versus	 intrapelvic).	 Electrodiagnostic	 testing	 can	 also	 assist	 in
chemotherapeutic	or	radiotherapeutic	decision	making,	predict	neurologic	prognosis,	and	exclude	disorders	in	the
differential	 diagnosis.	 Specialized	 expertise	 is	 useful	 in	 the	 electrophysiologic	 assessment	 of	 cancer	 patients.73
Laboratory	 testing	 is	 often	 indicated	 in	 the	 evaluation	 of	 peripheral	 nervous	 system	 dysfunction,	 particularly
neuropathy.	 Such	 tests	 may	 include	 complete	 blood	 count,	 erythrocyte	 sedimentation	 rate,	 C-reactive	 protein,
vitamin	B12,	 folate	 (methylmalonic	 acid	with	 or	without	 homocysteine	 for	 low	 to	 normal	 vitamin	B12	 levels),
comprehensive	metabolic	 panel	 (fasting	 blood	 glucose,	 renal	 and	 liver	 function),	 thyroid	 function	 tests,	 serum
protein	 immunofixation	 electrophoresis,	 glucose	 tolerance	 test	 if	 indicated	 to	 evaluate	 for	 impaired	 glucose
tolerance,	and	urine	protein	electrophoresis	with	immunofixation.95	Specialized	laboratory	investigations	may	also
be	indicated	depending	on	other	clinical	features	exhibited	or	expressed	by	the	patient.	Evaluations	may	include
but	are	not	limited	to	those	for	connective	tissue	diseases	with	vasculitis	(antinuclear	antigen	profile,	rheumatoid
factor,	 anti-Ro/SSA,	 anti-La/SSB,	 antineutrophil	 cytoplasmic	 antigen	 antibody,	 cryoglobulins),	 infections
(hepatitis	 B	 and	 C,	 HIV,	 cytomegalovirus),	 sarcoidosis	 (serum	 angiotensin-converting	 enzyme),	 dysimmune
disorders	 (antiganglioside	 antibody	 profile	 [GM1,	 GDla,	 GDlb,	 GD3,	 GQ1b,	 GT1b,	 anti–myelin-associated
glycoprotein]),	and	a	paraneoplastic	panel	(anti-Hu,	anti-CV2).95

Treatment	of	Neuromuscular	Disorders
The	 treatment	 of	 peripheral	 nervous	 system	 disorders	 can	 be	 highly	 specific	 (injection	 of	 a	 median
mononeuropathy	 at	 the	 wrist)	 or	 extremely	 general	 (prescription	 of	 opioids	 for	 pain).	 The	 most	 common
impairments	experienced	by	patients	with	peripheral	nervous	system	dysfunction	include	pain	and	weakness	with
subsequent	 disorders	 of	 mobility	 and	 ADLs.	 Skin	 breakdown,	 secondary	 musculoskeletal	 derangements	 (i.e.,
Charcot	joint,	rotator	cuff	tendonitis/adhesive	capsulitis),	contracture,	osteoporosis,	and	other	conditions	can	also
result.	 Dysfunction	 of	 the	 peripheral	 components	 of	 the	 autonomic	 nervous	 system	 can	 cause	 orthostatic
hypotension,	gastroparesis,	constipation,	urinary	retention,	erectile	difficulties,	and	a	variety	of	other	autonomic
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derangements.
Specific	 treatments	depend	 largely	on	accuracy	of	diagnosis	of	 the	underlying	disorder.	For	 instance,	 severe

and	 disabling	 hand	 pain	 may	 be	 from	 a	 CNS	 cause	 (thalamic	 or	 funicular	 pain),	 radiculopathy,	 plexopathy,
polyneuropathy,	or	mononeuropathy	such	as	the	median	mononeuropathy	responsible	for	carpal	tunnel	syndrome.
In	 addition	 to	 neuromuscular	 causes	 of	 pain,	 a	 variety	 of	musculoskeletal	 disorders	 such	 as	 osteoarthritis	 and
tenosynovitis,	as	well	as	infections	and	neoplasms,	should	be	considered	in	the	differential	diagnosis	because	they
can	coexist	with	or	mimic	neuromuscular	dysfunction.

A	primary	responsibility	of	the	cancer	rehabilitation	physician	is	to	be	a	diagnostician.	Accurate	diagnosis	of
pain	and	functional	disorders	is	often	instrumental	in	guiding	oncologic	colleagues	on	such	matters	as	whether	or
not	to	continue	neurotoxic	chemotherapy	or	if	a	lesion	requires	chemotherapy.	For	instance,	the	treatment	of	hand
pain	 that	 is	 due	 to	 carpal	 tunnel	 syndrome	 is	 very	 different	 from	 the	 treatment	 offered	 for	 a	metastasis	 to	 the
brachial	plexus.

A	comprehensive	discussion	on	the	management	of	neuropathic	pain	is	discussed	elsewhere	in	this	textbook.
The	 first	 step	 in	 effective	 treatment	 of	 neuropathic	 pain	 is	 its	 identification.	 Treatments	may	 include	 behavior
modification,	PT	 and/or	OT,	modalities	 such	 as	 transcutaneous	 electric	 nerve	 stimulation	or	 ultrasound,	 splints
and	 braces,	 injections,	 and	medications.	Weakness	 and	 difficulties	with	ADLs	 can	 often	 be	 improved	with	PT
and/or	OT.	Bracing	may	 be	 required	 to	 compensate	 for	 disorders	 such	 as	 foot	 dorsiflexor	weakness	where	 an
ankle-foot	orthosis	 is	 often	 indicated.	Discussions	on	nonpharmacologic	pain	management	 and	orthotic	use	 are
presented	later	in	this	chapter.

MUSCULOSKELETAL	COMPLICATIONS	OF	CANCER	AND	CANCER
TREATMENT
Musculoskeletal	disorders	represent	a	diverse	group	that	includes	derangement	of	muscle,	ligament,	tendon,	joint,
cartilage,	bone,	and	associated	 tissues.	 Included	are	arthritis,	 tendonitis,	 tenosynovitis,	bursitis,	myofascial	pain,
and	countless	other	disorders.	The	pain	associated	with	musculoskeletal	disorders	 is	 somatic	 from	activation	of
nociceptors	 in	 affected	 structures	 as	 opposed	 to	 neuropathic.	 There	 may	 be	 considerable	 overlap	 as	 when
neuromuscular	 disorders	 (i.e.,	 C5	 radiculopathy)	 play	 a	 causal	 role	 in	 the	 development	 of	 musculoskeletal
disorders	 (i.e.,	 rotator	 cuff	 tendonitis).96	 As	 with	 neuromuscular	 disorders,	 musculoskeletal	 disorders	 are
extremely	 common	 in	 the	 general	 population	 as	 well	 as	 in	 the	 cancer	 setting.	 The	 accurate	 assessment	 of
musculoskeletal	 disorders,	 including	 the	 differentiation	 of	 benign	 from	 malignant	 etiologies	 of	 pain,	 is	 an
important	 component	 of	 the	 cancer	 rehabilitation	 physician’s	 duties.	 It	 is	 often	 the	 case	 that	 benign
musculoskeletal	disorders	cause	as	much	morbidity	as	malignant	ones.	Successful	identification	and	treatment	of
these	 disorders	 can	 help	 improve	 the	 function	 and	 quality	 of	 life	 of	 cancer	 patients	 and	 survivors.	 A	 full
accounting	of	the	assessment	and	treatment	of	the	countless	musculoskeletal	disorders	is	not	possible	due	to	space
limitations.

Bony	Metastases
Bone	 metastases	 are	 a	 common	 complication	 of	 cancer,	 occurring	 in	 69%	 of	 patients	 with	 advanced	 breast
cancer.97	The	primary	risk	of	bony	metastases	is	fracture	with	subsequent	pain	and	disability.	Long-bone	fracture
poses	perhaps	 the	greatest	 risk	 to	patients	because	 it	may	prevent	 their	 ability	 to	ambulate	and	perform	ADLs.
Preventing	 fractures	 before	 they	 occur	 is	 instrumental	 to	 maintaining	 function	 and	 quality	 of	 life	 in	 cancer
patients.	 Improvements	 in	 oncologic	 treatments	 have	 changed	 the	 time	 course	 of	 bony	metastasis	 progression.
Patients	with	certain	malignancies,	such	as	an	estrogen	receptor–positive,	progesterone	receptor–positive,	human
epidermal	growth	factor	receptor	2–positive	breast	cancer	survivor,	may	go	for	months	or	even	years	with	widely
metastatic	 disease	 before	 it	 progresses	 to	 cause	 bone	 pain.	When	 they	 do	 ultimately	 progress,	 the	 treatment	 of
symptomatic	bony	metastases	usually	involves	radiation	and/or	surgery	depending	on	where	the	lesion	is	located.

The	 concept	 of	 prophylactically	 fixing	 impending	 fractures	 was	 first	 presented	 by	 Griessman	 and
Schuttemeyer98	 in	 1947.	 Although	 unproven,	 the	 potential	 benefits	 include	 a	 technically	 easier	 operation,
decreased	operating	time	and	blood	loss,	fewer	complications,	reduced	pain,	and	convenience.	Several	strategies
have	 been	 developed	 to	 predict	 the	 risk	 of	 sustaining	 a	 pathologic	 fracture.	 These	 predictive	models	 are	 only
useful	 in	 the	 long	bones.99	Mirels100	 proposed	 a	 scoring	 system	 to	 quantify	 the	 risk	 of	 sustaining	 a	 pathologic
fracture	through	a	metastatic	lesion	in	a	long	bone	based	on	the	site	(upper	limb,	lower	limb,	or	peritrochanter),



pain	 (mild,	moderate,	 or	 functional),	 lesion	 type	 (blastic,	mixed,	 or	 lytic),	 and	 size	 relative	 to	 the	 diameter	 of
affected	bone	(<1/3,	1/3–2/3,	or	>2/3).	Each	of	these	four	variables	was	given	a	score	of	1,	2,	or	3	according	to	the
degree	of	 risk.	 It	was	determined	 that	 lesions	with	 a	 cumulative	 score	of	 7	or	 lower	 could	be	 safely	 irradiated
without	 risk	 of	 fracture	 but	 lesions	with	 a	 score	 of	 8	 or	 higher	 required	 prophylactic	 internal	 fixation	 prior	 to
irradiation.	A	more	recent	study	comparing	various	methods	found	that	only	axial	cortical	involvement	of	more
than	 30	mm	 and	 circumferential	 cortical	 involvement	were	 predictive	 of	 fracture;	 the	 former	measure	 has	 the
advantage	of	being	accessible	via	plain	x-ray.101	 In	practice,	 the	actual	 lesion	size	may	be	difficult	 to	delineate
because	 of	 infiltrative,	 permeating	 pattern	 and	 surrounding	 osteopenia.	 Factors	 such	 as	 histology	 (with	 highly
vascular	 or	 lytic	 lesions	 perhaps	 at	 highest	 risk)	 and	 location	 (importance	 to	 weight	 bearing)	 are	 also
considerations.102	Perhaps	the	best	practical	determinant	of	fracture	risk	is	the	degree	of	pain	experienced	by	the
patient	 both	 spontaneously	 and	 with	 evocative	 maneuvers	 such	 as	 the	 Flexion	 Abduction	 External	 Rotation
(FABER)	 test	 for	 intrinsic	 pathology	 of	 the	 hip	 joint.	 Patients	 with	 symptomatic	 lesions	 without	 systemic	 or
radiotherapeutic	 treatment	options	are	 likely	 to	progress	and	 should	generally	have	 long-bone	 lesions	corrected
surgically.

Spine	 stability	 in	 the	 oncology	 setting	 is	 handled	 very	 differently	 than	 in	 the	 traumatic	 setting.	 The	 Spine
Oncology	Study	Group	defines	spinal	instability	as	the	“loss	of	spinal	integrity	as	a	result	of	a	neoplastic	process
that	is	associated	with	movement	related	pain,	symptomatic	or	progressive	deformity,	and/or	neural	compromise
under	physiologic	loads.”103	The	assessment	of	spinal	instability	is	determined	based	on	clinical	and	radiographic
criteria.	The	Spine	Oncology	Study	Group	has	developed	an	18-point	Spinal	Instability	Neoplastic	Score	(SINS)
to	aid	clinicians	in	the	diagnosis	of	neoplastic	spinal	instability.	This	grading	scheme	includes	elements	from	the
following	 six	 parameters:	 location,	 pain,	 alignment,	 osteolysis,	 vertebral	 body	 collapse,	 and	 posterior	 element
involvement.	Lesions	with	a	low	SINS	(0	to	6)	are	considered	stable	and	do	not	require	surgery.	Lesions	with	high
SINS	(13	to	18)	are	considered	unstable	and	likely	need	surgery.	Lesions	with	intermediate	SINS	require	further
assessment.	 In	 an	 analysis,	 the	 SINS	 demonstrated	 excellent	 inter-	 and	 intraobserver	 reliability	 for	 detecting
clinically	relevant	spinal	stability.104

Bilsky	 developed	 a	 conceptual	 framework	 to	 guide	 therapeutic	 decision	 making	 with	 respect	 to	 surgical,
radiotherapeutic,	and	chemotherapeutic	options	for	spine	tumors.105,106	This	tool	for	individual	patient	assessment
is	known	as	the	NOMS	criteria	and	is	based	on	an	evaluation	of	the	neurologic	(N),	oncologic	(O),	mechanical
instability	 (M),	 and	 systemic	 disease	 (S)	 status	 of	 the	 patient.	 In	 this	model,	mechanical	 instability	 is	 defined
simply	as	movement-related	pain	referable	to	a	focus	of	tumor.	Instability	pain	is	distinguished	from	biologic	or
tumor-related	pain	in	that	 it	does	not	respond	to	steroids.	Tumor	involving	the	atlantoaxial	complex	(C1	to	C2)
usually	 presents	with	 rotational	 pain.	 Such	patients	 are	 considered	 unstable	 if	 they	 have	 a	 fracture	 subluxation
greater	than	5	mm	or	angulation	greater	than	11	degrees	with	greater	than	3.5	mm	of	subluxation.	Patients	meeting
these	 radiographic	 criteria	 are	 generally	 offered	 surgery	 at	 presentation,	whereas	 those	with	 less	 than	5	mm	of
subluxation	can	be	irradiated	in	a	hard	collar	(usually	a	Miami	J	design	because	it	comes	in	a	variety	of	sizes,	is
more	adjustable,	and	is	more	comfortable	than	other	designs)	and	weaned	6	weeks	after	completion	of	radiation.
Bracing	is	rarely	used	to	treat	instability	of	the	subaxial	cervical,	thoracic,	and	lumbar	spine	for	instability	because
surgery	 is	 the	 treatment	 of	 choice	 in	 those	 instances.	 In	 cases	 where	 surgery	 is	 indicated	 but	 unable	 to	 be
performed	 because	 of	 other	 clinical	 contraindications	 or	 patient	 refusal,	 a	 thoracolumbar	 corset	 can	 provide
limited	support	and	pain	 relief.	Used	 in	combination	with	gait	aids,	 such	as	a	walker,	 the	 thoracolumbar	corset
minimizes	torque	across	the	spine.	Bed	rest	should	be	avoided	because	additional	functional	loss	will	occur,	and
thromboembolic	disease	may	complicate	the	course.

RADIATION	FIBROSIS	SYNDROME
Radiation	therapy	uses	high-energy	radiation	to	kill	rapidly	proliferating	tumor	cells.	The	less	mitotically	active
normal	body	cells	are	relatively	spared.	The	acute	effect	of	radiation	on	tissues	is	mediated	through	the	induction
of	apoptosis	or	mitotic	cell	death	from	free	radical–induced	DNA	damage.	RF	is	the	insidious	pathologic	tissue
sclerosis	that	occurs	in	response	to	radiation	treatment.19	The	mechanism	underlying	RF	is	complex	and	involves
interactions	between	multiple	cell	types	that	are	dependent	on	the	organ	system	involved.107	RF	is	associated	with
increased	collagen	synthesis,	altered	remodeling,	and	sequential	activation	of	key	fibrinogenic	growth	factors	and
cytokines	such	as	transforming	growth	factor-β1	and	connective	tissue	growth	factor.107	Important	to	the	process
of	 RF	 is	 activation	 of	 fibroblasts	 by	 fibrogenic	 cytokines.	 Once	 activated,	 myofibroblasts	 may	 not	 require
continued	 paracrine	 stimulation	 by	 fibrogenic	 cytokines.	 Autocrine	 stimulation	 may	 perpetuate	 fibrogenesis
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without	continued	inflammation	or	other	external	stimuli.107	This	may	explain	the	immortalization	of	the	process
of	RF	 in	 cancer	 survivors	wherein	 the	 progressive	 decline	 of	 organ	 function	 due	 to	RF	 can	 continue,	 albeit	 at
differing	rates,	indefinitely.

RF	 can	 damage	 any	 tissue	 type	 including	 skin,	 muscle,	 ligament,	 tendon,	 nerve,	 viscera,	 and	 bone.108	 The
effects	of	radiation	can	be	acutely	experienced	during	or	immediately	after	treatment.	Radiation	effects	can	also	be
early	delayed	(up	to	3	months)	or	late	delayed	(>3	months)	after	completion	of	treatment.109	Fatigue	is	generally
an	acute	or	early-delayed	complication	of	radiation	therapy.	RF	is	generally	a	late	complication	and	may	manifest
years	after	treatment,	may	progress	rapidly	or	insidiously,	and	is	not	generally	reversible.110

The	 term	 radiation	 fibrosis	 syndrome	 (RFS)	 describes	 the	 clinical	 manifestations	 that	 result	 from	 the
progressive	fibrotic	sclerosis	that	follows	radiation	treatment.19,64	RFS	occurs	locally	at	 the	treated	site	but	may
also	cause	distant	effects	when	a	neural,	vascular,	lymphatic,	or	other	structure	passing	through	a	radiation	field	is
damaged.111	The	 radiation	 field	can	be	 sharply	 localized	or	extensive.112	The	mantle	 radiation	field	historically
used	 to	 treat	 supradiaphragmatic	HL,	 for	 instance,	 involves	all	 lymph	nodes	 in	 the	neck,	chest,	 and	axilla.	The
inverted-Y	radiation	 field	 involves	 the	periaortic	and	 ilioinguinal	 lymph	nodes.	The	combination	of	mantle	and
inverted-Y	 radiation	 is	 known	 as	 total	 nodal	 irradiation	 (Fig.	 144.3).	 Such	 broad	 radiation	 fields	 can	 result	 in
widespread	neuromuscular	sequelae	including	myelopathy,	radiculopathy,	plexopathy,	neuropathy,	and	myopathy,
either	individually	or	in	combination.	This	syndrome	is	termed	myelo-radiculo-plexo-neuro-myopathy.19,64	Other
well-known	 late	effects	of	 radiation	 for	HL	 include	secondary	malignancies,	cardiovascular	disease,	pulmonary
disease,	thyroid	dysfunction,	infertility,	fatigue,	and	psychosocial	issues.113

Figure	144.3	Radiation	fields	commonly	used	in	the	treatment	of	Hodgkin	lymphoma	include	the
mantle,	periaortic,	and	inverted-Y	fields,	among	others.	When	all	nodes	are	radiated,	this	is	known
as	total	nodal	irradiation.	The	late-term	morbidity	experienced	by	Hodgkin	lymphoma	survivors



often	depends	on	the	extent	of	their	radiation	treatment.

Radiation	 damage	 to	 the	 CNS	 is	 also	 classified	 temporally,	 as	 acute,	 early	 delayed,	 or	 late	 delayed.	 Acute
encephalopathy	 occurs	 days	 to	weeks	 after	 initiation	 of	 treatment,	 and	 early-delayed	 encephalopathy	 at	 1	 to	 6
months	 likely	 represents	 transient	 demyelination.	 Clinical	 manifestations	 include	 irritability,	 loss	 of	 appetite,
exacerbation	of	tumor-like	symptoms,	Lhermitte	sign,	and,	in	children,	somnolence	syndrome.109,110	Late-delayed
encephalopathy,	 caused	 by	 irreversible	white	matter	 necrosis,	may	 rarely	 occur.	 Early-delayed	 encephalopathy
usually	responds	well	to	corticosteroids,	but	late-delayed	encephalopathies	respond	less	consistently.	Memory	loss
or	cognitive	dysfunction	may	result	from	brain	atrophy	after	whole-brain	irradiation.	Other	side	effects	of	cranial
irradiation	include	fatigue,	loss	of	taste,	decreased	salivation,	impaired	gag	reflex,	and	decreased	hearing.114

Radiation-induced	myelopathy	can	manifest	as	a	transient	syndrome	that	usually	occurs	within	4	to	6	months
of	treatment.	Delayed	radiation	myelopathy	usually	occurs	1	to	2	years	after	radiation	but	may	occur	as	soon	as	3
months	 or	 more	 than	 10	 years	 later.	 It	 usually	 presents	 with	 lower	 extremity	 sensory	 symptoms	 (numbness,
paresthesias,	or	dysesthesias),	followed	by	weakness	and	loss	of	bowel	and	bladder	dysfunction.	It	may	progress
over	weeks	 to	months	 in	 a	 stepwise	 fashion,	 leading	 to	 paraplegia	 or	 quadriplegia	 in	 at	 least	 50%	of	 patients.
Patients	may	rarely	show	spontaneous	recovery,	but	most	continue	to	progress.	Pain	is	not	generally	a	prominent
feature	of	radiation	myelopathy.65

RF	can	damage	any	peripheral	nervous	system	structure	including	the	nerve	root,	plexus,	peripheral	nerve,	and
muscle.115	Such	injury	can	cause	focal	paraspinal	muscle	spasms,	distant	muscle	spasms,	referred	pain,	local	pain,
and	weakness.96	The	upper	brachial	plexus	may	be	more	prone	to	damage	than	other	plexus	structures	arguably
because	of	its	superior	location	within	the	pyramid-shaped	chest	where	it	is	less	protected	by	overlying	tissue.59
Muscle	 cramps	 commonly	 occur	 as	 a	 result	 of	 radiation	 damage	 and	 are	 thought	 to	 arise	 from	 spontaneous
discharges	at	any	 level	of	 the	motor	nerve	with	 resultant	volleys	of	neural	activity	being	sent	 to	and	across	 the
neuromuscular	 junction,	 thereby	 involuntarily	activating	 the	muscle.116	Myokymic	discharges	are	common	 (but
not	 pathognomonic)	 in	 radiation	 damage	 to	 the	 peripheral	 nervous	 system	 and	 are	 responsible	 for	 some	of	 the
muscle	spasms	seen	in	RFS.	Myokymia	is	seen	clinically	as	vermiculations	(wormlike	movements	under	the	skin)
and	have	a	characteristic	sound	and	appearance	on	needle	electromyography.	Myokymia	is	thought	to	result	from
ephaptic	cross-talk	between	motor	nerves	that	have	been	focally	demyelinated.117	Progressive	fibrosis	 in	muscle
fibers	within	 the	 radiation	 field	can	cause	a	 focal	myopathy	 that	 is	associated	with	nemaline	 rods.81	Myopathic
muscles	are	weak	relative	to	normal	muscle	and	prone	to	spasm	and	pain.

Although	 RFS	 can	 potentially	 result	 from	 treatment	 with	 radiation	 for	 any	 cancer	 type,	 it	 is	 commonly
encountered	in	head	and	neck	cancer	and	HL	patients	and	survivors.

Radiation	Fibrosis	Syndrome	in	Hodgkin	Lymphoma
No	group	of	cancer	survivors	better	typifies	the	potential	for	long-term	radiation	complications	than	those	treated
for	HL.19,118	The	high	doses	of	radiation	historically	used	in	this	group	of	patients	are	responsible	for	a	variety	of
complications	 that	 can	 affect	 any	 organ	 system.	 The	 complications	 likely	 to	 be	 encountered	 in	 these	 patients
depend	 largely	 on	 the	 radiation	 port	 used	 (MF,	 inverted	 Y,	 total	 nodal)	 and	 thus	 the	 structures	 involved	 by
radiation	(see	Fig.	144.3).	Although	the	majority	of	neuromusculoskeletal	complications	result	from	late	effects	of
radiation,	 other	 morbidity	 such	 as	 cardiotoxicity	 may	 result	 from	 anthracycline	 exposure	 or	 a	 combination	 of
radiation	and	anthracycline	exposure.118	The	list	of	morbid	nonneuromusculoskeletal	conditions	ascribed	to	HL	is
long	and	includes,	but	is	not	limited	to,	arterial	disease	(coronary	artery	disease,	myocardial	infarction,	valvular
heart	 disease,	 congestive	 heart	 failure,	 pericardial	 disease,	 electrical	 conduction	 abnormalities,	 carotid	 artery
disease,	 peripheral	 arterial	 disease);	 lung	 disease	 (pulmonary	 fibrosis,	 pulmonary	 hypertension,	 chest	 wall
restriction);	autonomic	dysfunction	(carotid	barrow	receptor	failure,	orthostasis,	gastric	dysmotility,	 impotence);
endocrine	 dysfunction	 (hypothyroidism,	 infertility);	 and	 a	 variety	 of	 gastrointestinal,	 genitourinary,	 and	 sexual
disorders.113,118	Second	primary	malignancy	and	cardiovascular	disease	are	the	first	and	second	leading	causes	of
mortality	for	HL	survivors,	respectively.118	The	clinician	who	evaluates	and	treats	HL	survivors	should	be	acutely
aware	 of	 the	 vast	 potential	 for	 individual	 variation	 in	 the	 presenting	 symptoms	 and	 disorders	 in	 this	 complex
group	of	patients.

Subacute	myelopathy	 is	 estimated	 to	 occur	 in	 as	many	 as	 15%	 of	 patients	 treated	 with	MF	 irradiation	 for
HL.114	Brisk	reflexes	may	be	seen	 in	 the	 lower	extremities	accompanied	by	depressed	or	absent	 reflexes	 in	 the
upper	extremities	in	patients	treated	with	MF	radiation.	This	pattern	is	likely	due	to	the	combination	of	central	and
peripheral	nervous	system	dysfunction	in	HL	survivors	treated	with	MF	radiation.	Detrusor-sphincter	dyssynergia,
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bowel	dysfunction,	 spasticity,	weakness,	 sensory	 abnormalities,	 ataxia,	movement	 disorders,	 and	 abnormal	 gait
have	 all	 been	 seen	 in	 the	 author’s	 clinical	 practice	 as	 likely	 myelopathic	 manifestations	 of	 distant	 radiation.
Subacute	myelopathy	is	likely	a	contributing	factor	to	the	fatigue	seen	in	many	HL	survivors.	Myelopathy	in	HL
rarely	occurs	in	isolation	and	is	usually	part	of	a	myelo-radiculo-plexo-neuro-myopathy.64	MRI	of	the	spinal	cord
rarely	demonstrates	parenchymal	abnormalities,	although	degenerative	changes	are	often	seen	in	the	elderly.

Radiculopathy	 in	 HL	 survivors	 is	 often	 part	 of	 a	 myelo-radiculo-plexo-neuro-myopathy,	 but	 it	 is	 more
commonly	 seen	 without	 clinically	 overt	 myelopathy.64	 Neuronal	 predisposition	 from	 preexisting	 or	 emergent
degenerative	 spine	 disease	 is	 likely	 an	 important	 etiologic	 factor	 in	 the	 development	 of	 radiculopathy.
Radiculopathy	 can	 be	 seen	 in	 isolation,	 particularly	 when	 degenerative	 spinal	 disease	 at	 the	 affected	 level	 is
present,	but	is	more	commonly	part	of	a	radiculoplexopathy	or	a	radiculo-plexo-neuro-myopathy.	Patients	treated
with	MF	irradiation	generally	develop	radiculopathy	in	the	upper	(C5	or	C6)	roots	but	may	have	more	widespread
or	patchy	involvement.	Patients	treated	with	periaortic	or	inverted-Y	radiation	may	develop	radiculopathy	at	any
lumbosacral	 root,	 but	 the	 L5	 and	 S1	 levels	 are	most	 frequently	 involved,	 likely	 due	 to	 their	 coexistence	with
degenerative	 changes	 such	 as	 disk	 herniations	 and	 central	 or	 neuroforaminal	 spinal	 stenosis.	 A	 diffuse
polyradiculopathy	 is	 commonly	 seen.	Radiation-induced	 cauda	 equina	 syndrome	 should	 be	 suspected	when	 no
degenerative	 or	 other	 compressive	 etiologies	 are	 present	 on	 MRI	 to	 explain	 the	 nerve	 root	 dysfunction
documented	clinically	and/or	on	electrophysiologic	testing.

The	 electrophysiologic	 pattern	 of	 radiculopathy	 resulting	 from	 radiation	 is	 similar	 if	 not	 identical	 to
radiculopathy	seen	from	other	causes.	If	the	entire	cauda	equina	is	involved,	the	findings	are	more	widespread	and
involve	the	distribution	of	multiple	nerve	roots.	Myokymia	may	or	may	not	be	present,	and	its	absence	does	not
exclude	radiation	as	an	etiologic	contributor.117	Electrophysiologic	assessment	of	radiculopathy	in	HL	survivors
treated	with	radiation	may	be	complicated	due	to	the	coexistence	of	plexopathy,	neuropathy,	and/or	myopathy.119

Plexopathy	can	affect	both	 the	brachial	 and	 lumbosacral	plexus	 in	HL	survivors	depending	on	 the	extent	of
radiation	they	received	(i.e.,	MF,	inverted	Y,	total	nodal).	Brachial	plexopathy	is	rarely	seen	without	a	component
of	 radiculopathy,	 neuropathy	 of	 the	 nerves	 within	 the	 radiation	 field,	 and	 localized	 myopathy.	 Plexopathy,
however,	can	be	a	prominent	feature	of	radiation	in	HL	survivors.	Plexopathy	seems	less	common	in	the	author’s
clinical	experience	than	radiculopathy.	One	possible	reason	for	this	observation	is	that	the	plexus	is	not	directly
affected	 by	 degenerative	 changes.	 Plexopathy	 from	MF	 irradiation	 generally	 affects	 the	 upper	 brachial	 plexus
(upper	trunk	and/or	lateral	cord)	more	severely	than	the	rest	of	the	plexus,	but	a	pan-plexopathy	can	be	seen.	The
pyramidal	shape	of	the	thorax	provides	less	protection	from	radiation,	and	the	longer	anatomic	course	of	the	upper
plexus	relative	to	other	plexus	structures	may	arguably	explain	this	phenomenon.120	Lumbosacral	plexopathy	from
periaortic	and	inverted-Y	radiation	may	be	seen,	usually	in	combination	with	the	polyradiculopathy	of	the	cauda
equina	 syndrome.	 As	 with	 radiculopathy,	 the	 electrophysiologic	 assessment	 of	 plexopathy	 in	 HL	 survivors	 is
usually	complicated	by	the	presence	of	other	neuromuscular	disorders.



Figure	144.4	A	50-year-old	Hodgkin	lymphoma	survivor	treated	in	1982	with	staging	laparotomy,
splenectomy,	and	radiation	including	mantle	(40.2	Gy),	Waldeyer	ring	(39.9	Gy),	para-

aortic/splenic	pedicle	(35.7	Gy),	and	right	preauricular	(8	Gy)	radiation	as	well	as	nitrogen	mustard,
vincristine,	procarbazine,	and	prednisone.	Although	he	is	without	evident	disease,	he	suffers	from	a
host	of	late	effects	of	treatment	including	myelo-radiculo-plexo-neuro-myopathy	with	subsequent
severe	upper	and	lower	extremity	weakness	and	gait	disturbance	requiring	ankle-foot	orthoses	and	a

gait	aid	for	ambulation.	He	has	neck	extension	weakness.	Note	the	marked	atrophy	of	the
cervicothoracic	musculature	including	the	cervical	and	thoracic	paraspinal	muscles,	the	rhomboids,
and	supraspinatus	and	infraspinatus.	The	scapulae	are	protracted.	His	pectoral	muscles	are	relatively

spared	due	to	shielding	designed	to	protect	the	lungs.

Neuropathy	 associated	 with	 MF	 radiation	 affects	 only	 proximal	 nerves	 confined	 within	 the	 field.	 A
polyneuropathy	 from	 prior	 treatment	with	 neurotoxic	 chemotherapy	 or	 other	 causes,	 such	 as	 diabetes,	may	 be
present	 and	 may	 predispose	 the	 patient	 to	 the	 peripheral	 nervous	 system	 dysfunction	 caused	 by	 radiation.
Radiation-induced	mononeuropathy	 from	MF	 radiation	 affects	 nerves	 arising	directly	 from	 the	brachial	 plexus.
Nerves	originating	from	the	proximal	and	superior	plexus	are	most	commonly	involved	clinically	and	include	the
dorsal	scapular	nerve	to	the	rhomboids	and	the	suprascapular	nerve	to	the	supraspinatus	and	infraspinatus.	Other
commonly	affected	nerves	include	the	long	thoracic	nerve	to	the	serratus	anterior,	the	intercostal	nerves,	and	the
phrenic	nerve.	Nerves	originating	from	the	 lumbosacral	plexus,	 including	 the	femoral	nerve	and	 lateral	 femoral
cutaneous	 nerve,	 can	 be	 affected	 from	 inverted-Y	 and	 total	 nodal	 radiation.	 Again,	 the	 electrophysiologic
assessment	of	proximal	mononeuropathies	in	HL	survivors	is	usually	complicated	by	the	presence	of	coexistent
pathology	such	as	radiculopathy,	plexopathy,	and	focal	myopathy.

Focal	myopathy	is	a	common	neuromuscular	complication	of	radiation	in	HL	survivors.	Given	enough	time,	it
likely	develops	to	at	least	some	degree	in	most,	if	not	all,	patients	and	is	likely	the	major	cause	of	neck	extensor
weakness	in	this	population.	The	myopathy	is	characterized	by	nemaline	rods	and	is	sharply	localized	to	muscle
fibers	 within	 the	 radiation	 field	 such	 as	 the	 cervical	 and	 thoracic	 paraspinal,	 rhomboid,	 supraspinatus,	 and
infraspinatus	muscles.81

One	 of	 the	 most	 clinically	 obvious,	 ubiquitous,	 and	 disabling	 disorders	 afflicting	 HL	 survivors	 is
cervicothoracic	atrophy	and	neck	extensor	weakness	(Fig.	144.4).	At	its	worst,	this	usually	painful	condition	can
result	 in	 inability	 to	maintain	 the	 head	 in	 a	 normal	 upright	 posture	 long	 enough	 to	 participate	meaningfully	 in
ADLs	 or	 even	 complete	 neck	 drop.	Atrophy	 of	 the	 cervicothoracic	musculature	 is	 essentially	 universal	 in	HL
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survivors	treated	with	MF	radiation.	The	underlying	pathophysiology	is	likely	various	components	of	the	myelo-
radiculo-plexo-neuro-myopathy	 described	 earlier,	 with	 myopathy	 being	 the	 major	 contributor.64
Electromyography	of	the	cervical	paraspinal	muscles	in	HL	survivors	treated	with	MF	radiation	generally	shows
mixed	neuropathic	and	myopathic	motor	units.119

Although	there	is	no	way	to	reverse	the	fibrosis	and	resultant	cervical	and	thoracic	atrophy	resulting	from	MF
radiation,	the	function	and	quality	of	life	of	these	patients	can	be	meaningfully	improved	with	PT	to	improve	core
and	neck	strength,	posture,	body	mechanics,	and	endurance.	Myofascial	techniques	are	used	to	release	the	anterior
pectoral	 girdle.	 Proprioception	 of	 the	 neck	 and	 shoulders	 is	 often	 severely	 impaired.	 Lymphedema	 is	 almost
universally	 present	 in	 the	 neck,	 thorax,	 and	 extremities	 and	 should	 be	 treated	 to	 improve	 proprioception	 and
facilitate	 myofascial	 release.	 Emphasis	 on	 a	 lifelong	 home	 exercise	 program	 is	 of	 paramount	 importance	 if	 a
durable	benefit	is	to	be	achieved.	In	cases	where	neck	weakness	and	pain	impair	ADLs	despite	adequate	PT,	the
use	 of	 a	 cervical	 collar	 to	 assist	 elevation	 of	 the	 chin	 is	 recommended.	 The	 Headmaster	 Cervical	 Collar
manufactured	 by	 Symmetric	 Designs	 in	 Salt	 Spring	 Island,	 British	 Columbia,	 is	 smaller,	 lighter,	 and	 more
comfortable	than	other	collars	(Fig.	144.5).	Some	patients	(e.g.,	those	with	anterior	chest	wall	abnormalities)	may
prefer	 other	 designs,	 such	 as	 a	 soft	 cervical	 collar,	 and	 their	 preferences	 should	 be	 accommodated	 whenever
possible.	The	cervical	collar	is	not	intended	to	be	used	at	all	times	but	as	an	energy	conservation	device.	Patients
who	experience	pain	due	to	cervicothoracic	muscle	overload	and/or	fatigue	as	the	day	progresses	are	encouraged
to	 use	 a	 collar	 whenever	 possible.	 Such	 activities	 include	 housework,	 meals,	 and	 time	 spent	 in	 front	 of	 the
computer,	watching	television,	or	reading.	Use	of	the	collar	during	such	activities	may	rest	the	neck	muscles	so
the	patient	can	 tolerate	and	enjoy	activates	 that	occur	 later	 in	 the	day	without	wearing	 the	collar.	For	 instance,
using	the	collar	during	work	might	make	it	possible	to	comfortably	attend	and	enjoy	dinner	with	family	or	friends
after	work	without	the	aid	of	the	collar.



Figure	144.5	The	Headmaster	Cervical	Collar	(Symmetric	Designs	Ltd.,	Salt	Spring	Island,
British	Columbia,	Canada)	is	a	simple	and	comfortable	way	to	support	the	head	in	patients	with

weakened	cervical	paraspinal	muscles	from	radiation	and	other	cancer-associated	causes.	It	is	being
modeled	by	a	Hodgkin	lymphoma	survivor	with	severe	cervicothoracic	atrophy	and	neck	extensor
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weakness.

Shoulder	 pain	 and	 dysfunction	 in	 HL	 survivors	 are	 usually	 causally	 related	 to	 their	 radiation	 treatment.
Although	the	shoulder	joint	 is	 largely	outside	of	the	direct	effects	of	the	radiation	field,	 the	nerves	and	muscles
that	 actuate	 the	 shoulder	 are	 not.	Directly	 radiated	 structures	 include	 the	 cervical	 nerve	 roots,	 brachial	 plexus,
rotator	cuff	muscles,	and	nerves	such	as	the	suprascapular	nerve	that	innervate	the	rotator	cuff.	Any	damage	to	the
C5	or	C6	cervical	nerve	 roots	or	upper	brachial	plexus	can	denervate	and	weaken	 the	 rotator	cuff	muscles	and
refer	neuropathic	pain	to	the	lateral	shoulder	and	arm.	If	rotator	cuff	weakness	results	in	anterior	translation	of	the
humerus	within	 the	glenohumeral	 joint,	 then	 impingement	of	 the	 rotator	cuff	 tendons	may	develop	and	cause	a
secondary	rotator	cuff	tendonitis	and	potentially	a	tertiary	adhesive	capsulitis	due	to	the	local	inflammation	within
the	shoulder	capsule.96,121

Imaging	 of	 the	 rotator	 cuff	 is	 only	 necessary	 if	 clinical	 assessment	 including	 physical	 examination	 is	 not
consistent	with	what	is	expected.	For	instance,	MRI	is	indicated	if	a	palpable	mass	is	present	or	the	pain	elicited	is
atypical	 (e.g.,	 sharply	 localized	 to	 the	 spine	of	 the	 scapula	 suggesting	malignancy	or	 fracture).	 Imaging	 is	 also
useful	if	a	patient	has	not	responded	to	initial	treatment	measures	and	surgical	intervention	is	contemplated.	As	a
general	rule,	shoulder	surgery	should	be	avoided	in	RFS	patients	because	it	is	unlikely	to	impact	the	progressive
neuromuscular	 disorders	 that	 precipitated	 the	 shoulder	 dysfunction	 and	 will	 continue	 to	 drive	 the	 shoulder
pathology.	Conservative	measures	are	the	mainstay	of	treatment	for	shoulder	pathology	in	HL	survivors.	PT	is	the
primary	modality	 and	 is	 the	 only	 treatment	 to	 confer	 a	 durable	 benefit.	 Therapy	 should	 address,	 among	 other
disorders,	rotator	cuff	weakness	and	tightness	of	the	pectoral	girdle	with	the	goal	of	restoring	the	normal	anatomic
alignment	of	 the	shoulder	at	 the	glenohumeral	 joint	and	thus	the	rotator	cuff	 tendons	within	the	coracoacromial
arch.	Anti-inflammatory	medications	 and/or	nerve-stabilizing	 agents	 are	often	 indicated.	Subacromial	 injection,
although	not	curative,	may	facilitate	PT	efforts	and	comfort.

HEAD	AND	NECK	CANCER
Treatment-	and	disease-related	neuromuscular	and	musculoskeletal	complications	are	common	in	head	and	neck
cancer	survivors.	Common	complications	requiring	rehabilitation	include	shoulder	dysfunction,	trismus,	radiation-
induced	 cervical	 dystonia,	 lymphedema,	 a	 variety	 of	 nerve	 injuries	 including	 cranial	 mononeuropathies,	 and
speech	and	swallowing	dysfunction.64,122

Shoulder	 pain	 is	 one	 of	 the	most	 common	 sequelae	 of	 head	 and	 neck	 cancer	 treatment,	 being	 present	 in	 as
many	 as	 70%	 of	 patients	 after	 nonselective	 neck	 lymph	 node	 dissection.123	 Radical	 neck	 dissection	 involves
removal	of	all	the	ipsilateral	cervical	lymph	node	groups	(from	levels	I	to	V)	as	well	as	the	spinal	accessory	nerve,
internal	jugular	vein,	and	sternocleidomastoid	muscle.124	Modified	radical	neck	dissection	involves	excision	of	all
lymph	 nodes	 routinely	 removed	 by	 radical	 neck	 dissection	 but	 with	 preservation	 of	 one	 or	 more	 of	 the
nonlymphatic	 structures	 (i.e.,	 the	 spinal	 accessory	 nerve,	 internal	 jugular	 vein,	 or	 the	 sternocleidomastoid
muscle).124	In	selective	lymph	node	dissection,	nonlymphatic	structures	are	spared,	whereas	the	excision	of	lymph
node	groups	is	based	on	the	pattern	of	metastases.124	In	addition	to	pain,	neck	dissection	can	cause	reduced	ROM
in	the	neck	and	shoulder,	loss	of	sensation,	and	loss	of	neck	and	shoulder	function.122,125

The	role	of	exercise	in	the	treatment	of	shoulder	dysfunction	in	patients	treated	for	head	and	neck	cancer	has
been	 subject	 to	 investigation	 in	 several	 randomized	 prospective	 trials.126–128	A	Cochrane	 review	of	 these	 trials
concluded	 that	 progressive	 resistance	 training	 is	 more	 effective	 than	 standard	 PT	 treatment	 for	 shoulder
dysfunction	in	patients	treated	for	head	and	neck	cancer	in	terms	of	improving	pain,	disability,	and	shoulder	joint
ROM.129	Quality	of	life,	however,	was	not	improved.	Although	statistically	significant,	the	relative	benefits	were
small	compared	to	traditional	PT.

In	addition	to	PT,	medications	including	nonsteroidal	anti-inflammatory	drugs,	nerve	stabilizers,	and,	in	some
cases,	opioids	have	a	role	in	the	treatment	of	chronic	shoulder	pain	associated	with	neck	dissection	in	head	and
neck	cancer	survivors.	Subacromial	corticosteroid	injections	can	be	useful	for	severe	exacerbations	of	pain	or	to
facilitate	therapy	but	only	offer	temporary	relief.

The	prevalence	of	trismus	in	treated	head	and	neck	cancer	patients	ranges	from	5%	to	38%.130	Impairment	in
mouth	 opening	 may	 have	 an	 adverse	 effect	 on	 quality	 of	 life	 by	 compromising	 functions	 such	 as	 chewing,
swallowing,	 respiratory	 function,	 oral	 hygiene	 and	 health,	 ability	 to	 survey	 for	 recurrence,	 and	 intimacy.122
Normal	mouth	 opening	 for	 an	 adult	 ranges	 from	23	 to	 71	mm	as	measured	 between	 the	 incisors.131	The	wide



variation	in	reported	incidence	reflects	the	lack	of	uniform	criteria	for	the	definition	of	trismus.132	Trismus	in	the
head	and	neck	cancer	setting	can	result	from	tumor	invasion	into	critical	structures	of	mastication	including	the
masseter	 and	 pterygoid	 muscles	 and/or	 their	 neural	 innervation,	 the	 temporal	 mandibular	 joint,	 and/or	 other
supportive	 tissues.133	 Surgery	 and	 radiation	 therapy	 are	well-known	 causes	 of	 trismus.	 Radiation	 can	 result	 in
trismus	in	up	to	45%	of	patients	who	received	curative	doses.134	Trismus	evolves	most	rapidly	1	to	9	months	after
completion	 of	 radiation	 therapy.135	 Mandibular	 opening	 worsens	 as	 the	 dose	 of	 radiation	 delivered	 to	 the
pterygoid	muscles	increases,	and	the	probability	of	developing	trismus	is	reported	to	increase	by	24%	for	every	10
Gy	of	additional	radiation	delivered.136,137	Trismus	due	to	causes	not	related	to	cancer	or	cancer	treatment	is	also
common	in	the	cancer	setting;	these	causes	include	infection,	trauma,	and	osteoradionecrosis	of	the	jaw.138

Multiple	modalities	have	been	used	in	the	treatment	of	trismus.	PT	is	the	mainstay	of	trismus	treatment	and	is
often	used	alone	or	in	combination	with	other	modalities.	Despite	widespread	and	accepted	use,	the	use	of	PT	to
treat	trismus	in	the	head	and	neck	cancer	population	has	not	demonstrated	the	ability	to	improve	trismus.139–141	A
more	 recent	 prospective	 randomized	 trial,	 however,	 did	 demonstrate	 the	 benefit	 of	 exercise	 in	 slowing	 the
progression	 of	 trismus	 and	 improving	 swallowing	 function	 in	 nasopharyngeal	 carcinoma	 patients	 treated	 with
radiation.142	 Hyperbaric	 oxygen	 and	 pentoxifylline	 have	 shown	 modest	 efficacy.143,144	 Forced	 mouth	 opening
under	general	anesthesia	can	improve	trismus,	but	 the	effect	 is	often	short	 lived	and	potentially	complicated	by
alveolus	 fracture	 and	 rupture	 of	 adjacent	 soft	 tissues.	 Surgical	 coronoidectomy	 has	 demonstrated	 significant
efficacy	 in	a	noncontrolled	study	of	head	and	neck	cancer	patients	who	had	 failed	PT	but	 is	not	 in	widespread
clinical	 use.145	 Botulinum	 toxin	 injection	 has	 been	 reported	 to	 have	 potential	 benefit	 in	 treating	 selected
complications	of	RFS	including	trismus.146	A	study	of	the	efficacy	of	botulin	toxin	injection	into	the	masseters	of
head	 and	 neck	 cancer	 patients	 with	 radiation-induced	 pain	 and	 trismus	 did	 not	 demonstrate	 significant
improvement	of	trismus	but	did	demonstrate	significantly	reduced	local	pain.147

A	 variety	 of	 jaw-opening	 devices	 are	 available	 to	 treat	 trismus	 (Fig.	 144.6).148	 Devices	 commonly	 used	 in
clinical	practice	include	stacked	tongue	depressors,	corkscrew	devices,	the	TheraBite	Jaw	Motion	Rehabilitation
System	 (TB;	Atos	Medical,	New	Berlin,	WI),	 and	 the	Dynasplint	Trismus	System	 (DTS;	Dynasplint	 Systems,
Severna	Park,	MD).	The	TB	demonstrated	efficacy	in	a	small	trial	(seven	patients)	when	used	within	6	weeks	of
surgery	for	oropharyngeal	carcinoma.149	A	larger	trial	demonstrated	that	TB	increased	mouth	opening	an	average
of	5.4	mm,	but	 the	odds	of	 increasing	mouth	opening	5	mm	or	more	were	 reduced	as	 the	 time	from	oncologic
treatment	to	the	start	of	exercise	lengthened.150	TB	combined	with	unassisted	exercise	also	demonstrated	efficacy
in	patients	who	had	undergone	radiation	 therapy	within	 the	preceding	5	years	 (most	within	 the	preceding	year)
when	compared	with	unassisted	exercise	and	mechanically	assisted	mandibular	mobilization	using	stacked	tongue
depressors	combined	with	unassisted	exercise.141

The	 fabrication	 and/or	 use	 of	 dynamic	 jaw	 opening	 devices	 to	 treat	 both	 benign	 and	 oncologic	 causes	 of
trismus	have	been	detailed	in	reports	as	early	as	1968.151–156	The	DTS	is	a	commercially	available	dynamic	jaw
opening	 device	 that	 operates	 on	 the	 principle	 of	 low-torque,	 prolonged-duration	 stretch.	 It	 has	 demonstrated
efficacy	 in	achieving	 improved	 jaw	opening	 in	a	 retrospective	evaluation	of	48	patients	with	 trismus	from	four
cohort	groups	including	radiation	therapy	for	head	and	neck	cancer,	dental	treatment,	oral	surgery,	and	stroke.157
Although	 the	20	patients	 in	 the	head	and	neck	cancer	cohort	 improved	 their	maximal	 interincisal	distance	by	a
mean	of	13.6	mm,	little	demographic	and	oncologic	information	was	given	except	that	they	all	received	radiation
therapy.	A	 retrospective	 cohort	 study	 demonstrated	 the	 efficacy	 of	 the	DTS	 as	 part	 of	 a	multimodal	 treatment
strategy	with	improvement	in	the	maximal	interincisal	distance	from	16	to	27	mm	(P	<	.001).158
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Figure	144.6	Jaw	stretching	devices	used	to	treat	trismus	include	(A)	stacked	tongue	depressors,
(B)	corkscrew	devices,	(C)	the	TheraBite	Jaw	Motion	Rehabilitation	System,	and	(D)	the
Dynasplint	Trismus	System.	(From	Stubblefield	MD,	O’Dell	MW.	Cancer	Rehabilitation
Principles	and	Practice.	New	York:	Demos	Medical	Publishers;	2009,	with	permission.)

In	 clinical	 practice,	 the	 devices	 of	 choice	 are	 the	 TB	 and	 DTS.	 Stacked	 tongue	 depressors	 and	 corkscrew
devices	 are	 relatively	 ineffective.	 The	TB	may	 be	 effective	 early	 in	 the	 course	 of	 trismus	 development	 and	 is
inexpensive,	easy	and	intuitive	to	use,	and	readily	available.	The	device	is	inserted	in	the	mouth	and	activated	to
near	tolerance	by	squeezing	leveraged	handles	for	seven	repetitions	of	7	seconds.	This	is	usually	repeated	seven
times	per	day.	Although	often	effective	in	improving	mouth	opening,	this	regimen	may	cause	rebound	spasm	of
the	masseter	and	pterygoid	muscles.	 If	 the	patient	has	had	 trismus	 for	more	 than	3	months,	 the	DTS	may	be	a
better	option	because	it	works	on	the	principle	of	low-torque,	prolonged	stretch,	which	has	been	demonstrated	to
be	more	effective	at	improving	ROM	in	an	experimental	model	involving	contracted	rat	knees	than	high-torque,
short-duration	stretching.159	A	custom	bite	plate	is	fabricated	for	the	device	and	its	use	progressed	until	the	patient
is	able	to	tolerate	the	device	for	30	minutes	three	times	per	day.	PT	is	usually	used	in	collaboration	with	a	jaw-
stretching	 device	 to	 ensure	 its	 proper	 use,	 provide	 and	 teach	 muscle	 massage	 techniques,	 and	 address	 other
neuromuscular	and	musculoskeletal	issues	such	as	neck	pain,	stiffness,	or	weakness	that	often	accompany	trismus.
Pain	medications	may	 be	 necessary	 to	 diminish	 the	 pain	 and	 spasm	 of	mastication	muscles.	Generally,	 nerve-
stabilizing	agents	such	as	pregabalin,	gabapentin,	or	duloxetine	are	used	initially.	Botulinum	toxin	injections	will
not	improve	oral	opening	in	isolation	but	may	decrease	the	dynamic	muscle	spasm	that	contributes	to	trismus	and
makes	other	therapeutic	interventions,	including	PT	and	jaw-opening	devices,	more	effective.

Radiation-induced	cervical	dystonia	can	result	not	only	from	the	treatment	of	head	and	neck	cancers	but	also
from	 treatment	 of	 any	 tumor	 treated	with	 radiation	 that	 involves	 the	 occiput,	 cervical	 spine,	 or	 upper	 thoracic
spine,	including	metastatic	disease	from	any	cancer	type,	sarcomas,	lymphomas	such	as	HL,	or	thyroid	cancer.160
Idiopathic	cervical	dystonia	is	broadly	defined	as	a	movement	disorder	characterized	by	involuntary	contractions
of	 the	 head	 and	 shoulders,	 which	 may	 be	 twisted	 into	 abnormal	 positions	 including	 torticollis,	 laterocollis,
retrocollis,	and	anterocollis.161	In	radiation-induced	cervical	dystonia,	RF	likely	contributes	to	ectopic	activity	in
the	distribution	of	the	cervical	plexus,	spinal	accessory	nerve,	and	cervical	nerve	roots.	This	ectopic	activity	may
be	asymmetric	or	contribute	to	pain,	soreness,	tightness,	or	aberrant	positioning	of	the	head	and	neck	characteristic
of	cervical	dystonia.	More	often,	symptoms	are	at	least	partially	bilateral.	As	RF	progresses,	posturing	of	the	head
and	neck	becomes	less	pronounced,	and	fixed	contractures	can	develop.	Most	patients	complain	of	neck	tightness
that	progresses	slowly	and	insidiously	and	is	almost	always	accompanied	by	varying	degrees	of	pain.	Inability	to



position	 the	 head	 due	 to	 progressive	 fibrosis	 can	 affect	 swallowing,	 phonation,	 and	ADLs	 such	 as	 driving	 and
work-related	tasks	important	to	quality	of	life.

The	natural	history	of	 radiation-induced	cervical	dystonia	 is	usually	one	of	progression.	Aggressive	PT	with
emphasis	on	a	lifelong	home	exercise	program	designed	to	maintain	head	and	neck	ROM	is	critical.	It	is	usually
easier	to	prevent	a	contracture	than	to	treat	one.	Medications	may	be	useful	in	treating	the	symptoms	of	radiation-
induced	 cervical	 dystonia	 but	 are	 not	 a	 substitute	 for	ROM	exercises.	Medications	 of	 potential	 benefit	 include
muscle	relaxants	such	as	baclofen,	nerve	stabilizers	such	as	pregabalin,	and	analgesics.

Botulinum	toxin	injections	can	be	effective	in	treating	the	pain	and	spasms	associated	with	radiation-induced
cervical	 dystonia.	 Botulinum	 toxin	 injections	 will	 not	 directly	 treat	 fixed	 contracture	 but	 may	 facilitate	 the
progression	of	ROM	through	PT	and	a	home	exercise	program.	Techniques	used	 in	 the	 treatment	of	 radiation-
induced	 cervical	 dystonia	 are	 similar	 to	 those	 used	 for	 idiopathic	 cervical	 dystonia.	 Clinical	 evaluation	 with
particular	 emphasis	 on	 the	 patient’s	 anatomy,	which	may	 have	 been	 compromised	 by	 neck	 dissection,	 and	 the
patient’s	historical	account	of	symptoms	and	physical	examination	are	instrumental	in	choosing	targets	and	dosing
for	 botulinum	 toxin	 injection	 therapy.	 The	 dosages	 and	 technique	 are	 often	 modified	 on	 subsequent	 visits	 to
maximize	efficacy.	Potential	complications	of	botulinum	toxin	injection	include	bleeding	and	infection,	especially
if	injections	are	near	recent	or	active	infection,	spinal	stabilization	hardware,	or	tumor.	Neck	drop	can	occur	when
injecting	weak	or	liminal	cervical	paraspinal	muscles	or	the	trapezius.	Precipitation	or	worsening	of	dysphagia	is
particularly	problematic	as	patients	with	RFS	that	involves	the	neck	often	have	preexisting	deficits.	Overtreatment
with	botulinum	toxin	can	potentially	result	in	aspiration	or	the	need	for	a	feeding	tube.

LYMPHEDEMA
Lymphedema	is	the	abnormal	accumulation	of	protein-rich	lymphatic	fluid	in	an	extremity,	face,	neck,	trunk,	or
genitalia.	 Primary	 lymphedema	 is	 due	 to	 aplastic	 or	 hypoplastic	 development	 of	 the	 lymphatics,	 whereas
secondary	lymphedema	is	usually	the	result	of	infection,	tumor,	or	lymphatic	injury.	Risk	factors	for	lymphedema
include	 the	 extent	 of	 surgery	 (e.g.,	 axillary	 lymph	 node	 dissection,	 the	 number	 of	 lymph	 nodes	 dissected,
mastectomy)	and	being	overweight	or	obese.162	Radiation	therapy	involving	the	lymph	nodes	is	also	a	well-known
factor	in	the	development	of	lymphedema.163	In	addition	to	breast	cancer,	lymphedema	can	result	from	any	type
of	cancer	 in	which	 the	 lymph	nodes	are	 involved	directly	or	by	 treatments	such	as	 radiation	or	surgery.	Pelvic,
colorectal,	and	head	and	neck	cancers	are	commonly	associated	with	lymphedema.	If	untreated,	the	accumulation
of	protein-rich	 lymphatic	 fluid	can	 result	 in	 fibrotic	deposition	with	progressive	sclerosis	 further	worsening	 the
lymphedema	and	ultimately	resulting	in	elephantiasis.164	Lymphedema	is	not	usually	a	painful	condition	but	can
cause	 the	sensation	of	extremity	heaviness	or	constriction.	 Increased	weight,	 traction,	and	altered	biomechanics
can	contribute	to	secondary	neuromuscular	and	musculoskeletal	pain	disorders	in	patients	with	lymphedema.96

The	reported	incidence	of	lymphedema	in	breast	cancer	varies	depending	on	the	diagnostic	criteria	used	and	the
means	of	assessment.	For	instance,	a	systematic	review	and	meta-analysis	of	unilateral	arm	lymphedema	in	breast
cancer	survivors	measured	an	incidence	of	16.6%	for	all	of	the	72	studies	that	met	their	inclusion	criteria,	21.4%
for	 the	30	 included	prospective	cohort	 studies,	 and	28.2%	for	 the	9	 studies	 that	used	more	 than	one	diagnostic
method	to	measure	lymphedema.162	The	authors	also	found	that	the	incidence	of	lymphedema	was	approximately
four	 times	 higher	 (19.9%)	 in	 women	 who	 had	 axillary	 lymph	 node	 dissection	 than	 in	 those	 who	 underwent
sentinel	node	biopsy	(5.6%).

Swelling	 can	 occur	 immediately	 after	 surgery	 and	 resolve	 spontaneously	 without	 necessarily	 heralding	 the
onset	of	lymphedema.	Axillary	web	syndrome	is	characterized	by	palpable	cords	in	the	breast,	underarm,	medial
arm,	antecubital	fossa,	forearm,	and/or	abdomen	that	develop	after	axillary	lymph	node	dissection	(38%	to	72%)
or	sentinel	lymph	node	biopsy	(20%).	Fortunately,	the	disorder,	which	is	often	associated	with	pain	and	shoulder
ROM	limitations,	is	usually	self-limited.	New-onset	lymphedema	that	develops	after	the	acute	treatment	phase	of
the	 primary	 disease	 should	 prompt	 evaluation	 for	 recurrence.	 Imaging	 is	 the	modality	 of	 choice	 to	 exclude	 a
recurrence.	 An	 MRI	 with	 gadolinium	 is	 usually	 sufficient,	 but	 positron	 emission	 tomography-CT	 may	 be
necessary	in	borderline	cases.	A	duplex	Doppler	ultrasound	is	often	indicated	to	exclude	DVT.164	CT	scans	of	the
chest,	abdomen,	and	pelvis	commonly	used	by	the	primary	oncologist	as	screening	for	visceral	recurrences	will
potentially	miss	an	axillary	or	brachial	plexus	recurrence.

Peripheral	 edema	 from	 fluid	 overload,	 heart	 failure,	 pulmonary	 hypertension,	 hypoalbuminemia,	 and	 other
causes	is	common	in	the	cancer	setting	and	requires	differentiation	from	lymphedema.	This	differentiation	is	made
on	clinical	grounds	by	history,	physical	examination,	and	laboratory	evaluation	when	necessary.	Typically,	lower
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extremity	lymphedema	will	 involve	the	dorsal	foot	and	spare	the	metatarsal-phalangeal	 joints	and	will	not	have
peripheral	vascular	disease	stigmata,	vascular	distention,	or	ulceration.	Studies	such	as	lymphoscintigraphy,	which
evaluate	lymphatic	transport	and	abnormalities,	can	clarify	the	etiology	of	venous	edema	from	mixed	or	lymphatic
edema.	Lymphoscintigraphy	is	rarely	done	because	it	is	very	dependent	on	the	skill	of	the	examiner	and	carries
considerable	 morbidity	 without	 providing	 significant	 information	 over	 a	 comprehensive	 clinical	 evaluation.
Impedance	plethysmography	is	a	noninvasive	technique	that	uses	small	changes	in	electrical	resistance	to	evaluate
and	 follow	 lymphedema.165	 The	 American	 Physical	 Therapy	 Association	 has	 recently	 published	 practice
guidelines	for	the	diagnosis	of	upper	quadrant	lymphedema	due	to	cancer	and	recommends	bioelectric	impedance
analysis	to	detect	subclinical	or	early-stage	lymphedema.166

Improved	 cancer	 treatment	 approaches	 diminish	 but	 do	 not	 prevent	 the	 development	 of	 lymphedema.167,168
Lymphedema	 is	 not	 curable	 and	must	 be	managed	 as	 a	 chronic	 condition.	At-risk	 patients	 should	 be	 educated
about	 lymphedema	 and	 its	 complications,	 especially	 cellulitis.	 Risk	 reduction	 strategies	 include	 skin	 care	 and
protection,	avoiding	venipuncture,	blood	pressure	measurements,	or	constricting	clothing	 to	 the	affected	region.
The	 current	 research	 regarding	 airline	 travel	 in	 “at-risk”	 individuals	 is	 limited	 and	 controversial.	 One	 study
concluded	that	domestic	air	travel	(<4.5	hours)	is	low	risk	and	that	compression	devices	may	actually	contribute	to
increased	swelling.169

A	variety	of	therapies	have	been	trialed	for	the	management	of	lymphedema	including	complex	PT,	low-level
laser	 therapy,	 pharmacotherapy,	 and	 surgery.170	 Complex	 PT	 (also	 known	 as	 complex	 decongestive	 therapy,
complex	 decongestive	 therapy,	 or	 comprehensive	 decongestive	 therapy)	 is	 by	 far	 the	 most	 commonly	 used
modality	and	consists	of	manual	 lymphatic	drainage,	exercise,	nonelastic	wrapping,	application	of	compression
garments,	and	skin	care.	The	application	of	low-stretch	bandaging	followed	by	compression	stockings	was	found
to	be	superior	 to	compression	stockings	alone	 in	a	 randomized,	controlled,	parallel-group	 trial	 for	patients	with
both	 upper	 and	 lower	 limb	 lymphedema.171	 Low-level	 laser	 therapy	 was	 found	 to	 reduce	 the	 volume	 of	 the
affected	 arm,	 extracellular	 fluid,	 and	 tissue	 hardness	 in	 approximately	 33%	of	 postmastectomy	 patients	 in	 one
study	and	to	reduce	limb	volume	and	increase	shoulder	mobility	and	hand	grip	strength	in	approximately	93%	of
postmastectomy	 lymphedema	 patients	 in	 a	 more	 recent	 study.172,173	 Diuretics	 may	 have	 a	 role	 in	 treating
lymphedema	of	mixed	origin	 (e.g.,	 cardiogenic	plus	 lymphedema)	but	 are	not	 recommended	 for	 long-term	use
because	 although	 they	may	 effect	 an	 intravascular	 fluid	 volume	 reduction,	 they	 cannot	 effectively	 remove	 the
elevated	interstitial	protein	 that	characterizes	 lymphedema,	resulting	in	an	osmotic	gradient	 that	facilitates	rapid
fluid	 reaccumulation.	 The	 benzopyrones	 (e.g.,	 coumarin	 [5,6-benzo-(a)-pyrone,	 or	 1,2-benzopyrone])	 have	 had
controversial	findings	and	are	not	currently	approved	by	the	U.S.	Food	and	Drug	Administration.174	Flavonoids
have	 been	 reported	 to	 reduce	 stage	 2	 and	 3	 lymphedema;	 however,	 trials	 have	 been	 limited,	 and	 they	 are	 not
widely	used	 in	 clinical	 practice.175	Antibiotics,	 including	 second-generation	 cephalosporins	 and	 penicillins,	 are
commonly	used	to	treat	cellulitis	associated	with	lymphedema.	Patients	who	have	had	multiple	cellulitic	infections
may	 need	 to	 receive	 prophylactic	 antibiotics.	 A	 variety	 of	 surgical	 options	 exist	 for	 the	 management	 of
lymphedema.	These	techniques	can	be	categorized	as	physiologic	(flap	interposition,	lymph	node	transplantation,
lymphatic	 bypass,	 lymphaticovenous	 bypass)	 or	 reductive	 (direct	 excision,	 liposuction).176	 In	 general,	 the	 data
supporting	 these	 various	 options	 are	 limited	 and	 suffer	 from	 short	 follow-up	 intervals.170	 External	 pneumatic
compression	pumping	alone	or	in	combination	with	complete	decongestive	therapy	is	controversial.167

The	question	of	whether	or	not	patients	with	lymphedema	could	exercise	or	lift	weights	was	controversial	until
recently.	 Considerable	 high-quality	 data	 are	 now	 available	 to	 affirm	 that	 resistance	 exercise	 including	 weight
lifting	does	not	increase	the	risk	of	or	exacerbate	symptoms	of	lymphedema.177–179	In	contradiction	to	the	long-
held	dogma	that	weight	lifting	is	not	safe	for	patients	with	lymphedema,	those	in	the	weight	lifting	group	of	the
study	by	Schmitz	et	al.179	demonstrated	a	decreased	incidence	of	exacerbations	of	lymphedema	as	well	as	reduced
symptoms	and	increased	strength.	A	later	randomized	prospective	trial	by	Schmitz	et	al.180	not	only	demonstrated
that	women	at	risk	for	breast	cancer-related	lymphedema	who	lifted	weights	did	not	see	an	increased	incidence	of
lymphedema	 but	 also	 demonstrated	 that	 the	women	 in	 the	 highest	 risk	 group	 actually	 saw	 a	 decreased	 risk	 of
lymphedema	compared	with	the	control	group.	Comprehensive	treatment	of	lymphedema	should	address	weight
control	because	of	the	association	between	increased	body	mass	and	lymphedema.167,177,178	Although	the	women
in	the	majority	of	the	trials	evaluating	the	effects	of	resistive	exercises	wore	compression	garments,	it	is	not	clear
that	they	are	necessary	for	safe	exercise.181

REHABILITATION	INTERVENTIONS



Therapeutic	Exercise
The	benefits	of	exercise	in	cancer	patients	during	and	after	treatment,	as	well	as	for	cancer	survivors,	are	perhaps
the	best	 studied	 topic	 in	 cancer	 rehabilitation.	Several	 systematic	 reviews	 and	meta-analyses	have	 exhaustively
evaluated	the	available	evidence	concerning	the	role	of	exercise	in	cancer.182–186	Physical	activity	has	been	shown
to	have	positive	effects	on	physiology,	body	composition,	physical	functions,	psychological	outcomes,	and	quality
of	 life	 after	 treatment	 for	 breast	 cancer.185	 When	 other	 cancer	 types	 are	 included,	 physical	 activity	 is	 also
associated	 with	 reduced	 body	mass	 index	 and	 body	weight,	 increased	 peak	 oxygen	 consumption,	 peak	 power
output,	 and	 improved	 quality	 of	 life.185	 Exercise	 also	 has	 a	modest	 positive	 effect	 on	 depressive	 symptoms	 in
cancer	survivors.184	The	American	College	of	Sports	Medicine	has	issued	guidelines	on	the	safety	and	efficacy	of
exercise	 during	 and	 after	 cancer	 treatments	 and	 concluded	 that	 exercise	 results	 in	 improvements	 in	 physical
functioning,	quality	of	life,	and	cancer-related	fatigue	(CRF)	for	several	cancer	groups.187

Among	the	multiple	rationales	of	exercise	in	the	cancer	setting	are	avoiding	effects	of	deconditioning,	which
include	muscle	weakness	and	atrophy	and	 loss	of	cardiopulmonary	 fitness,	 and	 improving	efficiency	of	energy
metabolism	 at	 a	 cellular	 level.	 Improved	 immune	 effects	 have	 also	 been	 reported	 with	 exercise	 in	 cancer
survivors,	including	increases	in	natural	killer	cell	cytolytic	activity,	monocyte	function,	proportion	of	circulating
granulocytes,	and	decrease	in	duration	of	neutropenia.188	Appropriate	precautions	should	be	incorporated	into	the
exercise	 program	 (see	 Table	 144.1).	 A	 physician	 recommendation	 to	 exercise	 improves	 compliance.189	 The
program	 should	 incorporate	 interventions	 for	 strength,	 endurance,	 and	 flexibility	 and	 should	 be	 individualized.
When	possible,	the	form	of	exercise	should	be	one	that	is	enjoyable	and	sustainable.

Another	 strong	 justification	 for	 exercise	 in	 cancer	 patients	 is	weight	 reduction.	Body	mass	 index	 is	 directly
proportional	to	tumor	recurrence	rates	and	all-cause	mortality.190	Obesity	is	also	a	risk	factor	for	lymphedema.191
Weight	control	and	weight	reduction	require	limitation	of	caloric	intake,	but	patients	in	the	active	treatment	phase
may	have	side	effects	that	interfere	with	adequate	nutrition,	and	in	this	setting,	promoting	increased	caloric	intake
may	be	an	integral	part	of	management.	The	use	of	anabolic	steroids	has	been	described	to	augment	weight	gain
and	the	building	of	muscle	mass	but	is	rarely	used	in	clinical	practice.192	Hydration	must	be	adequate	to	prevent
orthostatic	hypotension.

An	appropriate	exercise	program	should	be	discussed	with	all	cancer	patients,	with	the	exception	of	those	with
cachexia.	Cachexia	is	defined	as	more	than	25%	loss	of	lean	bone	mass	or	a	body	mass	index	10%	or	less	below
normal	range.	Most	cachectic	patients	are	not	consuming	adequate	amounts	of	protein	or	calories	 to	meet	basal
needs,	and	rehabilitation	efforts	should	focus	on	maintaining	basic	functional	skills	and	quality-of-life	priorities.
Any	 activity	 program	 that	 is	 attempted	 should	 be	 individualized,	 taking	 into	 account	 the	 patient’s	 comfortable
tolerance,	and	incorporate	rest	periods.

It	is	estimated	that	50%	to	90%	of	patients	experience	fatigue	at	some	point	during	the	continuum	of	the	cancer
experience.193	Although	much	of	 the	 initial	 fatigue	and	 the	extremely	pervasive	nature	of	 this	disorder	 is	 likely
due	to	primary	treatment	with	chemotherapy	and	radiation,	the	disorder	can	persist	for	months	or	even	years	after
treatment.	The	 pathogenesis	 of	CRF	 is	 not	well	 understood.	A	variety	 of	 pathogenic	mechanisms	 are	 likely	 to
contribute	including	tumor-related	effects,	effects	of	cancer	treatment	on	the	central	or	peripheral	nervous	system,
muscle	energy	metabolism,	comorbid	medical	conditions	(anemia),	hypothyroidism,	cytokines,	sleep	disturbances
(circadian	rhythms),	mediators	of	inflammation	and	stress,	immune	activation,	hormonal	changes	related	to	effects
on	the	hypothalamic-pituitary	axis,	premature	menopause	in	women,	androgen	deprivation	in	men,	psychological
factors	(anxiety,	depression),	or	other	unknown	factors.193,194	A	Cochrane	review	concluded	that	aerobic	exercise
is	 beneficial	 for	 individuals	 with	 CRF	 during	 and	 after	 cancer	 therapy,	 specifically	 for	 those	 with	 breast	 and
prostate	 cancer	 but	 not	 those	 with	 hematologic	 malignancies.194	 Another	 Cochrane	 review	 noted	 preliminary
evidence	for	the	use	of	psychostimulants	to	treat	CRF	but	acknowledged	that	the	number	of	trials	was	small	(N	=
5)	 and	more	 data	were	 needed	 before	 definitive	 recommendations	 concerning	 their	 usage	 and	 safety	 could	 be
made.195

Therapeutic	Modalities
Physical	modalities	are	nonpharmacologic	agents	used	to	produce	a	therapeutic	effect	in	tissues.196	They	include
heat,	cold,	and	electrotherapy.	They	are	frequently	used	to	reduce	pain,	facilitate	stretch,	aid	in	wound	care,	and
introduce	medications	such	as	corticosteroids.

Heat	includes	superficial	and	deep-heating	modalities.	Superficial	heat	is	applied	to	the	surface	of	the	skin	to
achieve	the	maximum	tissue	temperatures	in	skin	and	subcutaneous	fat.	Heat	should	not	be	applied	to	an	area	of
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acute	trauma	and	inflammation	and	in	patients	with	bleeding	diatheses,	edema,	peripheral	vascular	disease,	large
scars,	 impaired	 sensation,	 or	 cognitive	 or	 communication	 deficits	 that	 impair	 their	 ability	 to	 report	 pain.
Superficial	 heat	 is	 applied	 using	 heating	 pads,	 moist	 compresses,	 hydrocollator	 packs,	 paraffin	 baths,	 and
whirlpool	baths.	Deep	heat	is	directed	to	heat	muscle,	tendons,	ligaments,	or	bone.	It	is	most	commonly	applied
using	ultrasound	waves.	Deep	heat	modalities	are	generally	avoided	to	an	area	where	active	regional	malignancy
exists	 for	 fear	 of	 causing	 tumor	 growth.197–199	 This	 recommendation,	 however,	 is	 based	 on	 in	 vitro	 studies	 of
tumor	 growth	 in	 mice	 subjected	 to	 ultrasound	 at	 intensities	 10	 times	 higher	 than	 are	 possible	 by	 standard
machines.200	There	is	contradictory	evidence	that	ultrasound	at	various	intensities	can	actually	have	an	antitumor
effect.198	It	is	unclear	if	this	phenomenon	represents	a	real	clinical	concern	and	if	it	can	be	extrapolated	to	other
heating	modalities	such	as	laser	or	moist	heat.	Because	of	the	reported	risk	of	increasing	tumor	growth	with	such
modalities,	 they	 are	 generally	 avoided,	 particularly	 in	 primary	 tumors	 subject	 to	 potentially	 curative	 treatment,
unless	 the	potential	benefit	 is	 substantial	and	outweighs	 the	unknown	risks.	 In	patients	with	metastatic	disease,
and	in	areas	well	away	from	a	primary	tumor,	the	risks	of	contributing	significantly	to	tumor	growth	or	spread,	if
any,	are	likely	minimal.

Medication	such	as	1%	lidocaine	or	corticosteroids	can	be	applied	using	ultrasound.	This	technique	is	known
as	phonophoresis	and	is	often	used	to	treat	tendonitis,	bursitis,	scar	tissue,	neuromas,	and	adhesions	that	may	be
complications	associated	with	cancer	or	its	treatment.201

Cold	modalities,	 also	known	as	cryotherapy,	 are	 often	 used	 to	 treat	 acute	 pain	 and	 inflammation	 associated
with	 musculoskeletal	 disorders	 as	 well	 as	 myofascial	 pain,	 spasticity,	 and	 emergent	 care	 of	 minor	 burns.
Cryotherapy	 is	 the	 treatment	of	 choice	 for	 acute	 trauma	and	 inflammation.	 It	 can	also	be	used	 in	patients	with
bleeding	 diathesis	 and	 large	 scars.	 Cryotherapy	 should	 not	 be	 used	 in	 cold-intolerant	 patients	 or	 those	 with
cryoglobulins,	cold	hypersensitivity,	and	Raynaud	disease.

Transcutaneous	electrical	nerve	stimulation	(TENS)	is	the	most	common	form	of	electroanalgesia	and	enjoys
widespread	use,	although	its	effectiveness	in	both	acute	and	chronic	pain	conditions	remains	controversial	in	both
benign	 and	 malignant	 conditions.202–204	 It	 has	 been	 used	 to	 help	 reduce	 neuropathic	 and	 nociceptive	 pain
conditions,	 depending	 on	 the	 type	 of	 TENS	 unit	 and	 parameters	 chosen.	 It	 is	 applied	 by	 placing	 one	 to	 four
electrode	pads	surrounding	the	area	of	pain.	A	small	stimulating	unit	is	connected,	and	specific	frequency,	pulse
width,	 and	 amplitude	 settings	 are	 selected	 based	 on	 the	 type	 of	 pain	 and	 the	 patient’s	 response.	The	 analgesic
effect	of	TENS	may	be	 the	 result	 of	 a	 combination	of	mechanisms,	 including	acting	 as	 a	 counterirritant	 in	 the
CNS	to	inhibit	activity	of	dorsal	horn	nociceptive	neurons,	activating	the	production	of	endogenous	opioids,	and
possibly	activating	other	neurotransmitter	systems,	including	the	serotonergic	and	substance	P	systems.	As	with
deep-heating	 modalities	 such	 as	 ultrasound,	 it	 is	 recommended	 that	 TENS	 not	 be	 delivered	 over	 or	 near	 a
malignancy	unless	 it	 is	being	used	 in	patients	with	 terminal	cancer.	As	with	ultrasound,	however,	 there	 is	 little
evidence	to	support	this	recommendation.
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145 Complementary,	Alternative,
and	Integrative	Therapies	in
Cancer	Care

Catherine	E.	Ulbricht,	Oliver	Grundmann,	Eunji	Michelle	Ko,	and	Nikhil	Sangave

BACKGROUND
Definitions
In	 the	 United	 States,	 complementary	 and	 integrative	 medicine	 (CIM)	 is	 defined	 by	 the	 National	 Center	 for
Complementary	and	Integrative	Health	(NCCIH)	as	a	group	of	diverse	medical	and	health-care	systems,	practices,
and	products	 that	 are	outside	of	mainstream	Western,	 or	 conventional,	medicine.1	Other	 terms	 used	 to	 refer	 to
CIM	include	folkloric,	holistic,	irregular,	nonconventional,	non-Western,	traditional,	unconventional,	unorthodox,
and	unproven	medicines.	NCCIH	classifies	CIM	 therapies	 into	 two	broad	 areas	 including	natural	 products	 and
mind	and	body	practices.	Additional	practices	include	traditional	healers,	Ayurvedic	medicine,	traditional	Chinese
medicine,	homeopathy,	and	naturopathy.1–3

Prevalence
In	the	United	States,	an	estimated	44%	of	the	population	used	at	least	one	CIM	therapy	in	1997.2,4–6	According	to
the	 2012	 National	 Health	 Interview	 Survey	 (NHIS),	 the	 prevalence	 of	 CIM	 use	 in	 the	 United	 States	 was
approximately	33%	for	adults	and	12%	for	children.7

Surveys	published	since	1999	suggest	that	between	25%	and	87%	of	U.S.	adult	cancer	patients	have	used	CIM
therapies	at	some	point	after	diagnosis,	with	variations	in	utilization	rates	depending	on	geographic	area	and	type
of	cancer.8–10	The	reported	prevalence	of	CIM	was	9%	to	16%,9	but	surveys	within	the	past	decade	estimated	the
prevalence	of	use	 in	pediatric	oncology	 to	be	31%	to	91%;	moreover,	 in	many	cases,	 the	 treating	provider	was
unaware	 that	 their	patients	were	using	CIM.11,12	 In	 the	past	decade,	 integrative	medicine	has	been	 increasingly
used	by	health-care	providers	as	a	model	to	combine	conventional	medicine	with	complementary	approaches	as	a
holistic	 treatment	 model	 to	 increase	 well-being,	 quality	 of	 life,	 and	 active	 patient	 involvement	 in	 treatment
approaches.

In	 the	West,	 CIM	 use	 appears	 to	 be	 more	 common	 among	 those	 with	 higher	 education	 levels	 and	 higher
incomes.	 CIM	 use	 is	 also	 higher	 among	 young	 females	 who	 have	 had	 surgery,	 used	 chemotherapy,	 or	 had	 a
history	of	CIM	use	before	diagnosis.13,14

ESTABLISHING	AN	INTEGRATIVE	ONCOLOGY	APPROACH	WITH
PATIENTS
Integrative	Oncology	Model
An	 integrative	 approach	 to	 cancer	 should	 be	 comprehensive,	 personalized,	 evidence	 based,	 and	 safe.	 The
conventional	 model	 of	 cancer	 treatment	 involves	 three	 different	 disciplines	 (surgery,	 radiation,	 and
chemotherapy),	and	integrative	oncology	aims	to	expand	the	interdisciplinary	approach	to	include	therapies	such
as	acupuncture,	yoga,	meditation,	diet,	exercise,	and	other	modalities.	This	is	in	response	to	the	concept	of	treating
the	whole	patient	 in	all	domains.	Engel’s	biopsychosocial	model	of	health	care,	 first	published	in	Science	more
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than	 30	 years	 ago,	 describes	 one	 conceptual	model	 of	 these	 domains	 of	 patient	 care	 and	 its	 importance	 in	 the
treatment	 of	 all	 patients.15	 The	 Integrative	 Medicine	 Program	 at	 MD	 Anderson	 Cancer	 Center	 provides	 one
example	of	how	this	framework	may	assist	in	creating	comprehensive	integrative	care	plans	(Fig.	145.1).	Without
a	comprehensive	assessment	and	appropriate	attention	given	 to	 their	needs,	patients	may	perceive	gaps	 in	 their
care.	With	comprehensive	care	plans,	patients	will	have	cancer	treatments	that	address	all	of	their	needs	in	a	more
seamless	manner.	These	plans	will	also	have	the	greatest	potential	for	improving	the	overall	health,	quality	of	life,
and	well-being	of	cancer	patients.

Physical	Well-being
Growing	evidence	supports	 the	important	role	of	physical	activity	and	nutrition	in	the	health	of	cancer	patients,
and	these	factors	have	been	correlated	with	improved	clinical	outcomes.	Maintaining	regular	physical	activity	or
establishing	a	physical	activity	schedule	can	prevent	the	loss	of	lean	muscle	mass	(sarcopenia),	which	is	often	a
significant	contributor	to	reduced	quality	of	life,	delayed	treatment,	and	shortened	life	span	in	cancer	patients.16,17
Moreover,	 several	 phytochemicals	 demonstrate	 pharmacologic	 effects	 on	 molecular	 targets	 in	 known	 cancer
signaling	pathways.18	 The	Women’s	 Intervention	Study	 reported	 that	 a	 24%	 reduction	 in	 fat	 intake	 resulted	 in
lower	cancer	recurrence	rates.19	Participants	were	 randomized	 to	 increase	 fruit	and	vegetable	 intake	and	 reduce
dietary	 fat,	 but	 a	 significant	 reduction	 in	 breast	 cancer	 incidence	 was	 not	 found;	 however,	 when	 secondary
analyses	 were	 performed,	 including	 physical	 activity,	 an	 increased	 survival	 of	 approximately	 50%	was	 found
among	 women	 who	 were	 physically	 active	 and	 maintained	 a	 diet	 high	 in	 fruits	 and	 vegetables.20	 Similar
associations	are	beginning	to	be	reported	in	colon	cancer	patients.20,21	The	American	Institute	for	Cancer	Research
(AICR)	and	the	World	Cancer	Research	Fund	(WCRF)	have	created	a	combined	report	for	guidelines	regarding
nutrition	 and	 physical	 activity	 to	 prevent	 cancer;	 the	 American	 Cancer	 Society	 (ACR)	 has	 also	 published
guidelines	for	those	with	cancer.22,23	In	addition,	a	study	examining	obesity	during	neoadjuvant	chemotherapy	for
breast	 cancer	 patients	 found	 obesity	was	 correlated	with	 decreased	 survival,24	 and	 a	 different	 study	 found	 that
obesity	predicts	a	second	primary	tumor	on	the	contralateral	breast.25	Patients	need	to	be	encouraged	to	follow	the
ACR	 guidelines	 and	 the	 AICR/WCRF	 guidelines	 for	 cancer	 prevention	 and	 be	 encouraged	 to	 adopt	 healthful
behaviors	in	regard	to	physical	activity	and	diet.

Figure	145.1	Guiding	model	for	integrative	medicine	at	the	MD	Anderson	Cancer	Center.



Psychosocial	Well-being:	the	Mind–Body	Connection
The	 mind–body	 connection	 is	 an	 important	 aspect	 of	 integrative	 oncology,	 as	 emphasized	 in	 the	 Institute	 of
Medicine	(IOM)	report	Cancer	Care	for	the	Whole	Patient:	Meeting	Psychosocial	Health	Needs.26

The	belief	that	what	we	think	and	feel	can	influence	our	health	and	healing	dates	back	thousands	of	years.27
The	 importance	 of	 the	 role	 of	 the	mind,	 emotions,	 and	 behaviors	 in	 health	 and	well-being	 has	 been	 a	 part	 of
medical	 traditions	of	 the	world,	 such	as	Chinese,	Tibetan,	 and	Ayurvedic	medicine.	Many	patients	with	cancer
turn	to	CIM	therapies	as	a	way	to	reduce	stress;	substantial	evidence	now	shows	the	negative	health	consequences
of	 sustained	 stress	 on	 health	 and	well-being.	 The	 profound	 psychological	 and	 behavioral	 effects	 of	 stress	may
include	 posttraumatic	 stress	 disorder,	 increased	 health-impairing	 behaviors	 (e.g.,	 poor	 diet,	 lack	 of	 exercise,
substance	abuse),	poor	sleep,	and	decreased	quality	of	life.28–30	Research	has	shown	that	stress	can	also	decrease
compliance	with	regular	health	screening.31

Stress	deregulates	a	variety	of	immune	indices,	as	shown	in	both	healthy	subjects	and	cancer	patients.32	Such
stress-induced	 physiologic	 changes	 can	 affect	 cancer	 progression,	 treatment,	 recovery,	 recurrence,	 and
survival.33,34	Spiegel	et	al.35	first	published	on	the	possible	impact	of	a	psychosocial	intervention	on	breast	cancer
survival,	 but	 subsequent	 studies	 have	 not	 consistently	 reproduced	 these	 results.	 However,	 some	 research	 has
demonstrated	 a	 survival	 advantage	 among	 breast	 cancer	 patients	who	 received	 psychological	 intervention	with
more	than	10	years	of	follow-up36	as	well	as	improved	mood	and	quality	of	life	during	and	after	radiotherapy.37
These	studies	underscore	the	importance	of	psychosocial	intervention	in	cancer	treatment.

Quality	of	life	is	an	important	overall	variable	for	patients	with	cancer	that	often	influences	their	decision	to
seek	 nonconventional	 medicine	 such	 as	 complementary	 and	 alternative	 approaches.	 A	 number	 of	 integrative
oncology	 studies	 have	 shown	 that	 patients	 diagnosed	with	 cancer	may	 seek	 or	 readily	 use	 integrative	medical
approaches	 that	 provide	 them	 with	 increased	 quality	 of	 life	 and	 decreased	 negative	 effects	 related	 to
chemotherapy.38,39

Patient–Clinician	Communication	Regarding	Complementary	and	Integrative
Medicine
Research	indicates	that	neither	adult	nor	pediatric	patients	receive	sufficient	information	or	discuss	CIM	therapies
with	 physicians,	 pharmacists,	 nurses,	 or	 CIM	 practitioners.	 Most	 patients	 do	 not	 bring	 up	 the	 topic	 of	 CIM
because	no	one	asks;	thus,	patients	may	believe	it	is	unimportant	to	disclose.	However,	a	better	patient–provider
relationship	 and	 a	 patient-centered	 communication	 approach	 can	 help	 to	 bridge	 this	 gap	 in	 reporting.40	 It	 is
estimated	that	38%	to	60%	of	patients	with	cancer	are	taking	complementary	medicines	without	informing	their
health-care	team.7,41	The	common	belief	by	patients	that	natural	means	safe	needs	to	be	addressed	with	education
because	some	herbs	and	supplements	have	been	associated	with	multiple	drug	interactions42	as	well	as	increased
cancer	risk	and	organ	toxicity.	These	specific	concerns	are	addressed	later	in	this	chapter.

Existing	research	suggests	that	the	majority	of	cancer	patients	desire	communication	with	their	doctors	about
CIM,43	 and	 there	 is	general	agreement	within	 the	oncology	community	 that	 in	order	 to	provide	optimal	patient
care,	 oncologists	 must	 not	 only	 be	 aware	 of	 CIM	 use	 but	 also	 be	 willing	 and	 able	 to	 discuss	 all	 therapeutic
approaches	with	their	patients.44,45	It	is	the	health-care	professional’s	responsibility	to	ask	patients	about	their	use
of	 complementary	 medicines,46	 and	 the	 discussion	 should	 ideally	 take	 place	 before	 the	 patient	 starts	 using	 a
complementary	treatment—whether	it	is	a	nutritional	supplement,	mind–body	therapy,	or	other	CIM	approach.

A	 number	 of	 strategies	 can	 be	 used	 to	 increase	 the	 chance	 of	 a	worthwhile	 dialogue.47	One	 approach	 is	 to
include	 the	 topic	of	CIM	as	part	of	a	new	patient	assessment,	which	 is	now	increasingly	being	implemented	as
part	of	the	intake	proceedings	and	forms.	Providers	may	consider	having	the	patient	bring	in	the	actual	bottles	of
herbs	 and	 supplements	 for	 evaluation.	 If	 the	 issue	 of	 CIM	 arises,	 clinicians	 need	 to	 develop	 an	 empathic
communication	strategy	that	addresses	the	patient’s	needs	while	maintaining	an	understanding	of	the	state	of	the
science.	 In	 other	 words,	 this	 strategy	 needs	 to	 be	 balanced	 between	 clinical	 objectivity	 and	 bonding	 with	 the
patient	so	that	it	can	benefit	both	the	patient	and	the	health-care	provider.	These	patients	need	reliable	information
on	CIM	from	evidence-based	resources	as	well	as	adequate	time	to	discuss	this	information	with	their	oncologists.
For	most	health-care	practitioners,	it	is	also	a	lack	of	formal	education	and	training	in	the	area	of	CIM	that	may
require	a	renewed	evaluation	of	academic	curricula	and	how	to	ensure	that	proper	tools	and	skills	are	provided	to
prepare	practitioners	for	this	area	of	practice.

Safety	Concerns



Dr. AVR @ TMH

Many	CIM	 therapies	 can	 potentially	 cause	 adverse	 outcomes	 and	 are	 thus	 a	major	 concern	 among	 health-care
professionals.48–50	Nonbiologically	 based	CIM	 therapies,	 such	 as	massage	 or	 acupuncture,	 often	 have	minimal
risks	when	performed	by	 trained	health	professionals.	 In	contrast,	herbs	and	 supplements	 should	be	considered
more	similar	 to	prescription	medications	 in	 that	 they	have	 the	potential	 to	have	powerful	effects	on	 the	natural
biologic	 processes	 of	 the	 body.	 This	 is	 especially	 true	 when	 natural	 plants	 are	 processed	 into	 concentrated
formulations.	The	pathways	by	which	CIM	therapies	may	 lead	 to	negative	clinical	outcomes	 include	metabolic
interactions,	 treatment	 interactions,	 direct	 organ	 toxicity,	 direct	 biologic	 effects	 on	 the	 cancer,	 and	 unregulated
low-quality	manufacturing	of	biologically	based	CIM.	Some	of	these	topics	are	briefly	reviewed	here.

Metabolic	Interactions
Many	botanical	agents	are	metabolically	active,	 raising	concerns	about	pharmacokinetic	effects	 that	can	 lead	 to
changes	 with	 conventional	 therapy,	 such	 as	 cytotoxic	 agents.	 Published	 data	 are	 available	 regarding	 potential
interactions	between	specific	herbs	or	vitamins	and	prescription	drugs.48,51,52	Overall,	there	is	substantial	clinical
evidence	 of	 herb–drug	 interactions	 in	 general.42	 Therefore,	 negative	 interactions	 should	 be	 considered	 prior	 to
integrating	herbs,	vitamins,	or	nutritional	supplements	during	chemotherapy.

Common	chemotherapy	agents	metabolized	through	the	cytochrome	P450	system	and	the	specific	isoenzymes
responsible	for	their	metabolism	are	a	starting	point	to	consider	possible	interactions.	St.	John’s	wort	(Hypericum
perforatum)	is	of	particular	concern,	with	multiple	well-documented	drug	interactions.	This	herb	appears	to	inhibit
the	hepatic	 enzyme	cytochrome	P450	3A4	acutely	 and	 then	 induce	 it	with	 repeated	 administration.	A	 study	of
individuals	 given	 irinotecan	 (CPT-11)	 reports	 a	 greater	 than	 50%	 reduction	 in	 serum	 levels	 of	 the	 active
metabolite	SN38	 after	 concomitant	 administration	of	St.	 John’s	wort.53	 Imatinib	 levels	 appear	 to	 be	 altered	 by
similar	mechanisms.54	St.	John’s	wort	and	similar	herb–chemotherapy	combinations	should	be	used	with	extreme
caution	because	of	the	potential	for	alterations	in	drug	metabolism.

Treatment	Interactions
Antioxidant	Interference	with	Chemotherapy	or	Radiation.	Because	oxidative	damage	to	cells	may	increase
the	risk	of	cancer,	the	use	of	antioxidant	herbs	and	vitamins	has	been	proposed	for	cancer	treatment	or	prevention.
Examples	 include	vitamins	A,	C,	and	E	as	well	as	 lycopene,	green	 tea,	 soy,	grape	seed	extract,	melatonin,	and
selenium.	Concern	has	been	raised	that	antioxidants	may	interfere	with	radiation	therapy	or	some	chemotherapy
agents	(e.g.,	alkylating	agents,	anthracyclines,	or	platinums),	which	themselves	can	depend	on	oxidative	damage
to	tumor	cells	for	 their	cytotoxic	effects.	Studies	of	 the	effects	of	antioxidants	on	cancer	 therapies	have	yielded
mixed	 results,	 with	 some	 reporting	 antagonistic	 effects,	 others	 noting	 synergism	 (i.e.,	 benefits),	 and	 most
suggesting	no	significant	 interaction.49,50,55	Whether	antioxidants	are	beneficial	or	harmful	 is	a	critical	question
without	a	clear	scientific	answer	at	this	time;	rather,	it	remains	an	area	of	continuing	study	and	controversy.56,57

Direct	Organ	Toxicity
Hepatotoxicity	 and	 Nephrotoxicity.	 The	 long-term	 use	 of	 concentrated	 natural	 products	 is	 an	 increasing
concern.	A	report	evaluating	the	risk	for	end-stage	renal	disease	in	Taiwan	found	that	chronic	use	of	traditional
Chinese	medicine	herbs	carried	an	increased	risk	of	kidney	failure.58	Multiple	herbs	and	supplements	may	cause
hepatotoxicity	or	 transaminitis	based	on	human	research	or	known	hepatotoxic	constituents	and	should	be	used
cautiously	in	combination	with	other	hepatotoxic	agents.	Patients	should	be	advised	to	either	discontinue	use	of
specific	supplements	or	substitute	a	supplement	with	known	hepatotoxicity	 for	another.	Most	supplements	with
potential	chronic	toxicity	are	not	meant	to	be	consumed	over	a	long	period	of	time.

Hematologic	Toxicity
Many	herbs	and	supplements	carry	an	 increased	risk	of	bleeding.	Multiple	case	studies	have	reported	clinically
significant	bleeding	with	 the	use	of	Ginkgo	biloba	 (either	 alone	 or	with	 aspirin	 or	warfarin),	 and	 isolated	 case
reports	 have	 reported	 bleeding	 with	 the	 use	 of	 saw	 palmetto	 (Serenoa	 repens),	 fish	 oil,	 and	 garlic	 (Allium
sativum).42	The	suspected	mechanism	for	increased	bleeding	is	interference	with	platelet	function.	Because	herbal
supplementation	is	common	among	cancer	patients,	surgical	staff	should	screen	patients	presurgically	for	use	of
herbal	and	other	dietary	supplements.	These	agents	should	be	discontinued	before	surgical	procedures	and	should
be	used	cautiously	with	other	agents	that	 increase	the	risk	of	bleeding.	Clinicians	should	also	be	cautious	about
taking	natural	products	concurrently	with	warfarin;	warfarin	is	known	to	be	sensitive	to	vitamin	K	intake,	which



can	result	in	possible	drug	interactions.

Direct	Biologic	Effects	on	Cancer
A	common	concern	is	 the	potential	for	herbs	and	supplements	to	have	procancerous	effects.	One	clear	example
comes	from	Sidney	Farber	from	Harvard	University	and	the	discovery	of	antifolate	agents	such	as	methotrexate,
which	came	from	the	observation	that	folic	acid	supplementation	actually	promoted	disease	progression.59	Until
appropriate	 clinical	 trials	 have	 been	 completed	 on	 herbs	 and	 supplements	 for	 individual	 types	 of	 cancer,	 the
resulting	impact—whether	beneficial,	harmful,	or	neither—will	remain	unknown,	and	thus,	caution	will	always	be
considered	a	prudent	approach.

Phytoestrogens.	 Phytoestrogens	 are	 plant-based	 compounds	 structurally	 similar	 to	 estradiol	 and	 capable	 of
binding	to	estrogen	receptors	as	agonists	or	antagonists.	Multiple	popular	herbs	contain	phytoestrogens,	such	as
black	 cohosh	 (Cimicifuga	 racemosa),	 red	 clover	 (Trifolium	 pratense),	 and	 soy	 (Glycine	 max)	 (Table	 145.1).
Although	some	epidemiologic	evidence	has	found	reduced	breast	cancer	risk	associated	with	the	consumption	of
phytoestrogens,60,61	effects	of	these	agents	in	hormone-sensitive	cancers	remain	unclear,	and	use	in	patients	with
estrogen	 receptor–positive	 breast	 cancer	 is	 controversial	 (see	 the	 Soy	 section,	 which	 follows,	 for	 further
discussion).

STANDARDIZATION	AND	QUALITY
The	preparation	of	herbs	and	supplements	can	vary	from	manufacturer	to	manufacturer	and	from	batch	to	batch
within	one	manufacturer.	Because	the	active	components	of	a	product	are	often	not	clear,	standardization	may	not
be	 possible,	 and	 the	 clinical	 effects	 of	 different	 brands	 may	 not	 be	 comparable.	 There	 may	 also	 be	 harmful
contaminants	in	products	not	manufactured	under	good	manufacturing	practice	(GMP).	Some	manufacturers	are
improving	 products	 by	 providing	 information	 on	 drug	 extract	 ratios	 (DERs),	 standardization	 of	 biomarker
compounds,	 and	 adherence	 to	GMP	 through	 independent	 testing	 laboratories.	 Furthermore,	 the	U.S.	 Food	 and
Drug	 Administration	 (FDA)	 established	 GMP	 guidelines	 for	 herbal	 supplements	 and	 requires	 new	 dietary
ingredients	to	be	tested	for	safety	before	entering	the	market.

TABLE	145.1
Herbs	and	Supplements	Containing	Potential	Phytoestrogens	or	Phytoprogestins

Herbs	Containing	Potential	Phytoestrogens	(constituents	reported	to	act	as	estrogen	receptor	agonists	and/or	to	exhibit
estrogenic	properties	in	basic	science	studies,	animal	research,	or	human	trials)

Aconite	(Aconitum	spp.),	agrimony	(Agrimonia	spp.),	alfalfa	(Medicago	sativa),	alizarin	(1,2-dihydroxyanthraquinone),	allspice
(Pimenta	dioica),	α-linolenic	acid,	amaranth	(Amaranth	spp.),	anise	(Pimpinella	anisum),	apple	cider	vinegar,	arabinogalactan,
arginine	(L-arginine),	arnica	(Arnica	spp.),	ashwagandha	(Withania	somnifera),	astragalus	(Astragalus	spp.),	avocado	(Persea
americana),	bay	leaf	(Laurus	nobilis),	bee	pollen,	belladonna	(Atropa	belladonna),	beta-sitosterol,	betel	nut	(Areca	catechu),
betony	(Stachys	spp.),	bilberry	(Vaccinium	spp.),	black	cohosh	(Cimicifuga	racemosa),a	black	currant	(Ribes	nigrum),	black	haw
(Viburnum	prunifolium),	black	hellebore	(Veratrum	nigrum),	black	horehound	(Ballota	nigra),	black	seed	(Nigella	sativa),
bladderwrack	(Fucus	vesiculosus),	blessed	thistle	(Cnicus	benedictus),	bloodroot	(Sanguinaria	canadensis),	blue	cohosh
(Caulophyllum	thalictroides),	blue	flag	(Iris	versicolor),	boldo	(Peumus	boldus),	boneset	(Eupatorium	spp.),	borage	(Borago
officinalis),	boron,	boswellia	(Boswellia	spp.),	bromelain,	bugleweed	(Lycopus	spp.),	bupleurum	(Bupleurum	spp.),	burdock
(Arctium	lappa),	butterbur	(Petasites	spp.),	calabar	bean	(Physostigma	venenosum),	calendula	(Calendula	spp.),	camphor,
Canada	balsam	(Abies	balsamea),	cannabis	(Cannabis	indica),	carrot	(Daucus	carota),	cat’s	claw	(Uncaria	tomentosa),
chamomile	(Matricaria	recutita),	chasteberry	(Vitex	agnus-castus),	cherry	(Prunus	spp.),	chia	(Salvia	hispanica),	chicory
(Cichorium	intybus),	cinnamon	(Cinnamomum	spp.),	cleavers	(Galium	aparine),	comfrey	(Symphytum	spp.),	cordyceps
(Cordyceps	spp.),	cornflower	(Centaurea	cyanus),	daisy	(Bellis	perennis),	damiana	(Turnera	diffusa),	dandelion	(Taraxacum
officinale),	danshen	(Salvia	miltiorrhiza),	deer	velvet,	devil’s	claw	(Harpagophytum	procumbens),	dill	(Anethum	graveolens),
dogwood	(Cornus	spp.),	dong	quai	(Angelica	sinensis),	echinacea	(Echinacea	spp.),	Essiac,	eucalyptus	(Eucalyptus	spp.),
evening	primrose	oil	(Oenothera	biennis),	false	pennyroyal	(Hedeoma	spp.),	fennel	(Foeniculum	vulgare),	fenugreek	(Trigonella
foenum-graecum),	feverfew	(Tanacetum	parthenium),	flax	(Linum	usitatissimum),	fo-ti	(Polygonum	multiflorum),	γ-linolenic	acid,
Gamma	Oryzanol,	garcinia	(Garcinia	spp.),	garlic	(Allium	sativum),	ginger	(Zingiber	officinale),	ginkgo	(Ginkgo	biloba),	ginseng
(Panax	spp.),	goji	(Lycium	barbarum),	goldenseal	(Hydrastis	canadensis),	gotu	kola	(Centella	asiatica),	ground	ivy	(Glechoma
hederacea),	guggul	(Commiphora	wightii),	hawthorn	(Crataegus	spp.),	hop	(Humulus	lupulus),b	horny	goat	weed	(Epimedium
spp.),	horse	chestnut	(Aesculus	hippocastanum),	horsetail	(Equisetum	spp.),	hyssop	(Hyssopus	spp.),	ignatia	(Strychnos	ignatia),
jointed	flatsedge	(Cyperus	articulatus),	kava	(Piper	methysticum),	kelp	(Laminariales),	kudzu	(Pueraria	lobata),c	lady’s	mantle
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(Alchemilla	spp.),	lady’s	slipper	(Cypripedium	spp.),	lavender	(Lavandula	spica),	lemongrass	(Cymbopogon	spp.),	licorice
(liquorice)	(Glycyrrhiza	glabra),b	lotus	(Nelumbo	nucifera),	lovage	(Levisticum	officinale),	maca	(Lepidium	meyenii),	meadowsweet
(Spirea/Filipendula	ulmaria),	melatonin	(N-acetyl-5-methoxytryptamine),	milk	thistle	(Silybum	marianum),	mistletoe	(Viscum
album),	mugwort	(Artemisia	vulgaris),	muira	puama	(Ptychopetalum	olacoides),	mullein	(Verbascum	thapsus),	neem	(Azadirachta
indica),	niacin,	noni	(Morinda	citrifolia),	nux	vomica	(Strychnos	nux-vomica),	oleander	(Nerium	oleander,	Thevetia	peruviana),
oregano	(Origanum	vulgare),	ovaraden,	passion	flower	(Passiflora	incarnata),	peony	(Paeonia	spp.),	peppermint	(Mentha	x
piperita),	pleurisy	(Asclepias	tuberosa),	pokeweed	(Phytolacca	americana),	pomegranate	(Punica	granatum),b	Pycnogenol,
pygeum	(Pygeum	spp.),	quassia	(Quassia	spp.),	quercetin,	raspberry	(Rubus	idaeus),	red	clover	(Trifolium	pratense),c	rehmannia
(Rehmannia	spp.),	resveratrol,	rhodiola	(Rhodiola	spp.),	rhubarb	(Rheum	officinale),	rose	hip	(Rosa	spp.),	rosemary	(Rosmarinus
officinalis),	safflower	(Carthamus	tinctorius),	sage	(Salvia	officinalis),	sarsaparilla	(Smilax	regelii),	saw	palmetto	(Serenoa	repens),
schisandra	(Schisandra	chinensis),	Scotch	broom	(Cytisus	scoparius,	syn.	Sarothamnus	scoparius),	sea	buckthorn	(Hippophae
spp.),	seaweed,	shepherd’s	purse	(Capsella	bursa-pastoris),	Siberian	ginseng	(Eleutherococcus	senticosus,	formerly
Acanthopanax	senticosus),	sitosterol,	skullcap	(Scutellaria	spp.),	slippery	elm	(Ulmus	rubra),	soy	(Glycine	max),c	St.	John’s	wort
(Hypericum	perforatum),	star	anise	(Illicium	verum),	stinging	nettle	(Urtica	dioica),	sweet	almond	(Prunus	amygdalus	dulcis),
sweet	marjoram	(Origanum	majorana),	sweet	woodruff	(Galium	odoratum),	tansy	(Tanacetum	vulgare),	tea	(Camellia	sinensis),
thyme	(Thymus	vulgaris),	tribulus	(Tribulus	spp.),	turmeric	(Curcuma	longa),	verbena	(Verbena	spp.),	white	horehound
(Marrubium	vulgare),	wild	ginger	(Asarum	spp.),	yucca	(Yucca	spp.).

Herbs	and	Supplements	Containing	Potential	Phytoprogestins	(constituents	reported	to	exhibit	progestin-like	activity	in	basic
science	and/or	animal	studies).

Bloodroot	(Sanguinaria	canadensis),	chasteberry	(Vitex	agnus-castus),	damiana	(Turnera	diffusa),	ephedra/ma	huang	(Ephedra
sinica),	oregano	(Origanum	vulgare),	PC-SPES,	saw	palmetto	(Serenoa	repens),	wild	yam	(Dioscorea	villosa),	yohimbe
(Pausinystalia	yohimbe,	formerly	Corynanthe	yohimbe),	yucca	(Yucca	spp.).

aEstrogen	and	isoflavone	constituents.
bEstriol,	estrone,	estradiol,	or	estrogen	constituents.
cIsoflavone	constituents.
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SPECIFIC	COMPLEMENTARY	AND	INTEGRATIVE	MEDICINE	THERAPIES
Many	CIM	therapies	used	for	cancer	are	the	same	as	those	used	in	the	general	population	for	common	noncancer
indications	 such	 as	 St.	 John’s	 wort	 (H.	 perforatum)	 for	 depression;	 kava	 (Piper	 methysticum)	 for	 anxiety;
Echinacea	 purpurea	 for	 common	 cold	 symptoms;	 or	 yoga,	 massage,	 and	 tai	 chi	 for	 overall	 well-being.	 This
chapter	lists	some	of	the	more	common	therapies	about	which	oncologists	might	be	questioned	by	their	patients;
this	only	represents	a	small	sample	of	therapies.	Several	resources	are	available	that	can	provide	a	summary	of	the
available	evidence	regarding	CIM	therapies.

Biologically	Based	Therapies	Used	for	Cancer	Treatment	and	Secondary
Prevention

Coenzyme	Q10	(Ubiquinol/Ubiquinone)
Clinical	Studies.	Coenzyme	Q10	 (CoQ10)	 has	 been	 studied	 for	 the	 prevention	 of	 anthracycline	 cardiotoxicity
based	on	purported	 antioxidant	 effects	 but	without	 conclusive	 results.	Cortes	 et	 al.62	 observed	10	patients	who
received	 doxorubicin	 and	 received	 CoQ10	 at	 a	 dose	 of	 50	 mg	 per	 day.	 A	 decreased	 incidence	 of	 cardiac
dysfunction	was	reported.	In	another	study,	20	children	with	acute	lymphoblastic	leukemia	(ALL)	or	non-Hodgkin
lymphoma	 (NHL)	 who	 were	 treated	 with	 anthracyclines	 were	 randomized	 to	 CoQ10	 therapy.63	 There	 was
decreased	fractional	shortening	in	both	the	CoQ10-treated	and	CoQ10-untreated	groups,	but	no	comparison	was
made	 between	 these	 two	 groups.	 The	 small	 sample	 size	 and	 poor	 study	 design	 limit	 the	 ability	 to	 draw	 firm
conclusions.	 Furthermore,	 a	 systematic	 review	 confirmed	 mixed	 results	 on	 its	 cardioprotective	 effect	 against
anthracyclines.64

Safety.	High	doses	 (>300	mg	per	day)	 for	 long	periods	may	elevate	 liver	enzymes	 (aspartate	aminotransferase
and	lactate	dehydrogenase).65	Concern	also	exists	when	CoQ10	is	used	with	antihyperglycemic,66,67	 psychiatric,
and	 cardiovascular	 agents	 and	 warfarin	 or	 anticoagulants68,69	 based	 on	 conflicting	 evidence	 and	 secondary
sources.70

Polysaccharide	K



Clinical	 Studies.	 An	 uncontrolled	 trial	 of	 polysaccharide	 K	 (PSK;	 Trametes	 versicolor,	 formerly	 Coriolus
versicolor)	 reported	 improved	 survival	 in	 cancer	 patients	 compared	 with	 historical	 controls.71	 PSK	 has	 been
reported	 to	 improve	 survival	 in	 colorectal,72	 gastric,73	 breast,74,75	 esophageal,76,77	 lung,78	 and	 hepatocellular
cancer79;	nasopharyngeal	carcinoma71;	 and	acute	 leukemia.80	However,	 other	 studies	have	 reported	no	 survival
benefit	 with	 PSK	 as	 an	 adjuvant	 therapy.71,80	 Preoperative	 carcinoembryonic	 antigen	 (CEA),	 purified	 protein
derivative	 (PPD;	 skin	 test	 agent;	 tuberculosis),	 human	 leukocyte	 antigen	A2	 (HLA-A2),	 and	 human	 leukocyte
antigen	B40	(HLA-B40)	have	been	reported	to	be	associated	with	response	to	PSK	therapy,	indicating	a	mainly
immune	modulatory	and	cell	cycle	arrest	role	for	its	potential	mechanisms	of	action.74,81–83

Safety.	 PSK	 generally	 seems	 to	 have	 a	 low	 incidence	 of	 mild	 and	 tolerable	 side	 effects.72	 Cases	 of	 liver
impairment	and	toxicity	have	been	noted	with	PSK	use,	and	gastrointestinal	upset,	darkening	of	 the	fingernails,
leukopenia,	thrombocytopenia,	and	coughing	have	been	reported	with	extended	use	of	PSK.84

Ginger
Clinical	Studies.	Although	some	evidence	supports	the	use	of	ginger	(Zingiber	officinale)	for	nausea	or	emesis
during	pregnancy85–88	 and	postoperative	 nausea	 and	 vomiting,89,90	 ginger’s	 effects	 on	 other	 types	 of	 nausea	 or
emesis,	such	as	chemotherapy-induced	nausea	or	motion	sickness,	remain	undetermined.91–93	Several	randomized
trials	that	used	different	doses	of	ginger	along	with	standard	antiemetics	have	found	mixed	results,94–97	although
overall,	the	studies	suggest	that	ginger	is	more	effective	than	placebo.89,98	Thus,	more	studies	are	needed	to	further
examine	ginger	therapy	for	chemotherapy-induced	nausea	and	vomiting.

Safety.	 The	 most	 frequent	 side	 effects	 associated	 with	 ginger	 use	 are	 gastrointestinal	 upset,	 heartburn,	 gas,
bloating,	 and	 mouth	 and	 throat	 irritation.99,100	 Estrogen	 receptor–positive	 patients	 should	 be	 cautious	 because
ginger	 may	 also	 exert	 high	 estrogenic	 potency,	 based	 on	 in	 vitro	 evidence.101	 Ginger	 may	 inhibit	 platelet
aggregation	 or	 decrease	 platelet	 thromboxane	 production,	 thus	 theoretically	 increasing	 bleeding	 risk.102	 When
ginger	was	used	in	patients	who	were	taking	nifedipine,	antiplatelet	aggregation	was	increased,	which	suggests	a
synergistic	effect	on	the	inhibition	of	platelet	aggregation.103	In	an	animal	study,	ginger	demonstrated	vasodilatory
effect	and,	therefore,	may	have	additive	effects	with	antihypertensive	agents.104

Ginseng
Clinical	Studies.	Ginseng	(Panax	ginseng,	Panax	quinquefolius)	 is	a	common	ingredient	 in	 traditional	Chinese
medicine	herbal	formulas,	but	few	clinical	trials	have	evaluated	the	use	of	ginseng	alone	as	an	anticancer	agent	as
well	 as	 an	 adjuvant	 in	 the	 prevention	 and	 treatment	 of	 fatigue.	 Results	 of	 clinical	 trials	 evaluating	 American
ginseng	to	 treat	cancer-related	fatigue	are	mixed.105,106	An	improvement	 in	quality	of	 life	was	found	in	another
smaller	randomized	clinical	trial	using	heat-processed	sun	ginseng.107	A	small	study	using	an	American	ginseng
extract	 found	 a	 decreased	 length	 of	 respiratory	 symptoms.108	 Further	 clinical	 trials	 are	 needed	 to	 determine	 if
ginseng	will	be	beneficial	for	cancer	patients	without	interfering	with	cancer	treatments.

Safety.	 Reported	 side	 effects	 associated	 with	 ginseng	 include	 headache,	 insomnia,	 and	 gastrointestinal
toxicities.105,109	 Concern	 exists	 when	 used	 in	 combination	 with	 diabetes	 medications	 (due	 to	 possible
hypoglycemic	 properties),	 anticoagulants,110	 monoamine	 oxidase	 inhibitors	 (MAOIs),	 and	 stimulants.	 Caution
should	be	used	when	ginseng	is	taken	with	medications	that	are	metabolized	by	cytochrome	P450	2D6.

Green	Tea
Clinical	 Studies.	 Several	 large	 case-control	 and	 cohort	 studies	 have	 mainly	 focused	 on	 the	 prevention	 of
gastrointestinal	and	breast	cancers	with	green	tea	(Camellia	sinensis).	Results	are	variable,	with	some	suggesting
chronic	 tea	 consumption	 may	 decrease	 cancer	 risk	 and	 others	 reporting	 no	 benefits.111–118	 Overall,	 the
epidemiologic	evidence	suggests	that	green	tea	consumption	may	protect	against	cancer;	however,	 these	studies
have	 been	 mostly	 observational,	 and	 other	 lifestyle	 choices	 of	 tea	 drinkers	 may	 confound	 these	 results.	 A
decreased	occurrence	of	prostate	cancer	was	 reported	among	healthy	men	 treated	with	green	 tea	extract	 (GTE)
versus	placebo	in	a	randomized,	placebo-controlled	study	in	60	volunteers	with	high-grade	prostate	intraepithelial
neoplasia.119	The	study	reported	a	reduction	in	tumor	development	(9	of	30	versus	1	of	30)	after	1	year	of	therapy
compared	to	placebo.
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One	Chinese	 case-control	 study	 concluded	 that	 increased	 consumption	 of	 green	 tea	 (>1.5	 kg	 tea	 leaves	 per
year)	correlates	with	a	lower	incidence	of	prostate	cancer.120	However,	a	series	of	case-control	and	cohort	studies
of	Japanese	and	Japanese	American	men	living	in	Hawaii	were	not	able	to	find	a	link	between	green	tea	intake
and	prostate	cancer	risk	in	these	populations.121,122

GTE	has	 also	been	 evaluated	 to	 treat	 premalignant	 oral	 lesions.	Patients	were	 randomized	 to	 three	doses	 of
GTE	or	placebo	 for	12	weeks.	The	 two	higher	dose	 levels	were	associated	with	a	higher	 response	 rate.111	 In	 a
breast	cancer	study,	green	tea	ingestion	was	associated	with	improved	prognosis	in	stage	I	and	II	cancers,	but	no
effect	was	seen	on	stage	III	cancers.	Additional	human	research	is	needed	before	a	recommendation	can	be	made
for	or	against	the	use	of	green	tea	in	cancer	prevention	or	treatment.

However,	a	clinical	phase	I	study	in	lung	cancer	and	a	phase	II	study	in	prostate	cancer	patients	did	not	indicate
any	antitumor	activity	of	green	tea	preparations.123,124	Similar	to	prostate	cancer,	a	correlation	between	large	green
tea	consumption	and	increased	survival	rate	was	seen	in	ovarian	cancer	patients.125

Safety.	Studies	of	the	specific	side	effects	of	green	tea	are	limited.	However,	green	tea,	a	source	of	caffeine,	is
known	 to	act	 as	 a	 central	nervous	 system	 (CNS)	 stimulant	 and	diuretic;	 it	may	also	 increase	 the	production	of
stomach	 acid,	worsen	 ulcer	 symptoms,	 increase	 heart	 rate,	 and	 raise	 blood	 pressure	 (although	 not	 to	 the	 same
degree	as	coffee).	Green	tea	supplement	capsules	usually	contain	 less	caffeine	(approximately	5	mg	of	caffeine
per	 500	 mg	 of	 extract).	 Case	 reports	 have	 also	 emerged	 linking	 green	 tea	 supplements	 and	 infusions	 to
hepatotoxicity;	 however,	 it	 is	 difficult	 to	 determine	 a	 definitive	 causal	 relationship.126,127	 Interactions	 with
chemotherapy	agents	must	be	considered,	 including	 inhibition	of	cytochrome	P450	enymes128	 and	 inhibition	of
bortezomib	effects.129

Lycopene
Lycopene	 is	 a	 carotenoid	present	 in	human	 serum,	 the	 liver,	 adrenal	glands,	 lungs,	prostate,	 colon,	 and	 skin	at
higher	levels	than	other	carotenoids.	Most	dietary	lycopene	is	derived	from	tomatoes	and	tomato-based	products.
Antioxidant	and	antiproliferative	properties	have	been	reported	in	preclinical	research,	and	there	are	more	than	75
case-control	 or	 cohort	 studies	 of	 the	 association	 between	 increased	 tomato	 and	 tomato-based	product	 intake	 or
serum	lycopene	levels	and	cancer	risk.	Approximately	two-thirds	of	these	studies	suggest	benefits	in	the	range	of
40%	 risk	 reduction,	 although	 less	 than	 half	 of	 the	 studies	 are	 statistically	 significant,	 and	 numerous	 studies
provide	negative	 results.130–132	A	 study	 that	 evaluated	 the	 association	 between	 intake	 of	 lycopene	 and	 specific
tomato	products	and	prostate	cancer	risk	among	29,361	men	during	an	average	of	4.2	years	of	follow-up	reported
that	lycopene	intake	was	associated	with	a	reduction	of	prostate	cancer	risk	among	men	with	a	family	history	of
prostate	 cancer	but	not	 in	 the	male	population	overall.133	Additional	 human	 research	 is	 needed	 to	 conclusively
determine	the	role	of	lycopene	in	cancer.

Maitake
Clinical	Studies.	In	a	small	2002	case	series,	therapy	with	maitake	(Grifola	frondosa)	powder	and	a	proprietary
maitake	extract	(MD	fraction)	was	associated	with	tumor	regression	in	greater	than	50%	of	patients	with	stage	II
to	IV	breast,	lung,	and	liver	cancer,	whereas	no	improvements	were	observed	in	leukemia,	gastric	cancer,	or	brain
tumors.134	 This	 series	 had	 limited	 information,	 particularly	 regarding	 patient	 baseline	 characteristics.	 A	 report
from	 the	 Memorial	 Sloan	 Kettering	 Cancer	 Center	 found	 that	 maitake	 mushrooms	 had	 a	 mixed	 response	 on
immune	cell	response	in	cancer	patients;	thus,	the	belief	that	these	mushrooms	are	purely	immunostimulatory	is
likely	incorrect.135	Studies	are	limited	to	in	vitro	and	animal	studies;	more	human	trials	are	needed	to	assess	the
utility	of	maitake	in	cancer.

Safety.	Although	maitake	has	not	been	well	studied,	a	long	history	of	dietary	use	suggests	that	it	is	safe	in	dietary
doses.	 Possible	 adverse	 effects	 of	 concentrated	 extracts,	 based	 on	 animal	 research,	 include	 hypoglycemia	 and
hypotension.	It	is	not	clear	if	this	agent	interacts	with	chemotherapy	regimens.

Melatonin
Melatonin	 has	 been	 evaluated	 in	 several	 studies	 for	 its	 benefit	 in	 slowing	 tumor	 growth	 as	 a	 complementary
treatment.136	Patients	with	unresectable	brain	metastases	secondary	to	solid	tumors	survived	significantly	longer	if
treated	with	 20	mg	 of	melatonin	 at	 8:00	 p.m.	 daily	 compared	 to	 supportive	 care	 alone.137	 In	 contrast,	 another



similar	study	could	not	find	a	survival	benefit	with	melatonin	in	patients	with	brain	metastases	who	also	received
radiation	therapy.138

Results	 related	 to	 weight	 loss	 with	 the	 use	 of	 melatonin	 are	 unclear.	 One	 study	 indicates	 that	 the	 use	 of
melatonin	led	to	less	weight	loss	in	patients	with	untreatable	metastatic	solid	tumors	compared	to	supportive	care
alone	given	similar	caloric	intake.	Another	study	did	not	support	these	findings	in	patients	with	advanced	lung	or
gastrointestinal	 cancers	 and	weight	 loss	 of	 at	 least	 5%	or	more	 body	weight	 in	 terms	of	 appetite,	weight	 gain,
quality	of	life,	or	survival.

A	combination	of	melatonin	with	aloe	vera	was	evaluated	for	its	immunomodulatory	effects	in	50	patients	with
advanced	solid	tumors	for	whom	no	effective	standard	chemotherapy	was	available.	Patients	received	either	920
mg	per	day	of	melatonin	alone	or	a	combination	of	melatonin	with	aloe	vera	(1	mL	twice	daily).139	Although	the
melatonin	group	did	not	 improve,	 the	combination	group	did	show	a	partial	 improvement.	This	result	has	 to	be
further	investigated	in	a	more	rigorous	follow-up	study.

Mistletoe
Clinical	Studies.	Multiple	case	series,	retrospective	analyses,	and	prospective	trials	of	mistletoe	(Viscum	album,
Iscador)	 extracts	 in	 humans	 have	 been	 published;	 these	 studies	 were	 largely	 conducted	 in	 Europe	 and	 have
examined	patients	with	breast,	lung,	cervical,	colorectal,	gastric,	ovarian,	and	pancreatic	cancers	as	well	as	renal
cell	carcinoma	and	glioma.	A	1994	systematic	review	included	11	controlled	clinical	 trials,	not	all	 randomized,
and	 concluded	 that	 overall	 methodologic	 quality	 of	 studies	 was	 poor	 and	 results	 were	 indeterminate.140
Subsequent	publications	have	not	provided	definitive	evidence	of	efficacy	but	have	suggested	survival	advantages
in	 patients	with	 colorectal,	 gastric,	 or	 breast	 cancers	 if	mistletoe	 extracts	 standardized	 to	 lectins	were	 used	 as
adjuvant	therapy.141,142	Negative	 results	have	been	reported	 in	patients	with	melanoma.143	According	 to	a	2006
reanalysis	 of	 previously	 published	 nonrandomized	 studies	 on	mistletoe	 therapy,	 breast	 cancer	 patients	 showed
increased	survival;	however,	this	required	a	further	evaluation	in	a	well-designed	randomized	controlled	trial.	In
another	randomized	trial	of	mistletoe,	researchers	evaluated	the	potential	side	effects	from	chemotherapy	among
breast	cancer	patients	and	concluded	that	patients	randomized	to	mistletoe	reported	fewer	side	effects.	No	long-
term	evaluation	was	performed	to	explore	the	impact	on	efficacy	of	treatment.	V.	album	L.	extracts	(VAEs)	seem
to	 have	 an	 impact	 on	 quality	 of	 life	 and	 reduction	 of	 side	 effects	 from	 conventional	 therapies	 (chemotherapy,
radiation)	in	experimental	trials	as	well	as	in	routine	daily	application.144

Despite	a	number	of	cohort	studies	supporting	the	benefit	of	complementary	use	of	mistletoe	extract	in	cancer
patients,	 the	 results	 from	 randomized	 trials	 are	 conflicting	 to	 date.145–148	 Systematic	 reviews	 of	 clinical	 trials
found	some	supporting	evidence	but	concluded	independently	that	the	data	are	insufficient	to	support	the	benefits
of	mistletoe	in	cancer	chemotherapy.149,150	The	mistletoe	preparation	Iscador	was	evaluated	in	a	meta-analysis	and
found	to	have	a	modest	benefit	for	cancer	patients	as	adjuvant	treatment.151	In	addition,	a	range	of	adverse	effects
need	to	be	considered,	most	significantly	anaphylactic	shock.152

Safety.	Mistletoe	 is	 contraindicated	 in	 patients	 with	 protein	 hypersensitivity	 or	 chronic	 progressive	 infections
(e.g.,	 tuberculosis).	 The	 most	 common	 reactions	 are	 erythema	 and	 hyperemia.140	 Other	 possible	 side	 effects
include	 anorexia,	 general	 malaise,	 depressive	 mood,	 fever,	 local	 skin	 inflammation	 or	 pain	 at	 injection	 site,
mydriasis	or	miosis,	myalgia,	and	elevated	liver	enzymes.

Omega-3	Fatty	Acids
Clinical	Studies.	Several	population	(epidemiologic)	studies	report	that	dietary	omega-3	fatty	acids	(α-linolenic
acid)	 or	 fish	 oil	 products	 may	 reduce	 the	 risk	 of	 developing	 breast,	 colon,	 or	 prostate	 cancer.153–156	 Two
randomized	controlled	trials	report	no	significant	benefits	of	supplementation	with	omega-3	fatty	acids	or	fish	oil
in	 cancer	 patients	 with	 cachexia.157,158	 Questions	 have	 been	 raised,	 however,	 about	 the	 proportion	 of
docosahexaenoic	acid	 (DHA)	 to	eicosapentaenoic	acid	 (EPA)	used	 in	 these	 trials.	 In	addition,	 there	are	 studies
suggesting	that	the	combination	of	fish	oil	and	vitamin	D	is	associated	with	breast	cancer	prevention.159

Omega-3	fatty	acid	consumption	is	not	associated	with	a	change	in	cancer	risk	for	11	different	types	of	cancer
according	to	a	systematic	review.160	Many	of	the	studies	included	in	the	review	reported	significant	findings,	but
the	 incidence	was	 either	 increased	 or	 decreased	with	 no	 apparent	 pattern.	Another	 trial	 found	 a	 sex-dependent
association,	with	an	increased	risk	for	women	consuming	omega-3	fatty	acids	but	not	for	men.161

Although	 targeted	 studies	 have	 not	 shown	 a	 benefit	 in	 reducing	 the	 incidence	 of	 various	 cancers	 with	 the
supplementation	 with	 fish	 oil,	 an	 analysis	 of	 41	 observational	 studies	 associates	 a	 decreased	 incidence	 of
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colorectal	cancer	with	the	consumption	of	fish.162

Safety.	The	FDA	classifies	intake	of	up	to	3	g	per	day	of	omega-3	fatty	acids	from	fish	as	“generally	recognized
as	safe.”	Caution	may	be	warranted	in	diabetic	patients	(due	to	potential	hyperglycemic	effects),	patients	at	risk	of
bleeding,	or	those	with	low	blood	pressure	or	high	low-density	lipoprotein	(LDL)	cholesterol	levels.163	DHA	may
have	 greater	 effects	 than	 EPA.	 Increased	 dietary	 intake	 of	 α-linolenic	 acid	may	 increase	 the	 risk	 of	 advanced
prostate	 cancer.164,165	 In	 contrast,	 EPA	 and	 DHA	 intake	 may	 reduce	 the	 risk	 of	 total	 and	 advanced	 prostate
cancer.165

An	 increased	 risk	 of	 bleeding	 is	 one	 of	 the	 primary	 concerns	 with	 fish	 oil	 supplementation.163	 Anecdotal
evidence	 suggests	 that	 fish	 oil	 may	 increase	 the	 international	 normalized	 ratio,	 a	 measure	 of	 bleeding	 time.
Caution	is	warranted	when	omega-3	fatty	acids	(from	plants	or	fish)	are	 taken	with	anticoagulant	agents.	Some
species	 of	 fish	 carry	 a	 higher	 risk	 of	 environmental	 contaminants,	 such	 as	with	methylmercury	 or	 other	 heavy
metals.

Resveratrol
Clinical	Studies.	Resveratrol	 is	a	naturally	occurring	hydroxystilbene	 identified	 in	more	 than	70	plant	 species,
including	 nuts,	 grapes,	 pine	 trees,	 and	 certain	 vines,	 as	 well	 as	 in	 red	 wine.	 Although	 there	 are	 several
observational	studies	that	correlate	the	consumption	of	wine	with	a	decrease	in	cancer	or	cardiovascular	disease
risk,166–168	high-quality	human	 trials	 supporting	 the	efficacy	of	 resveratrol	 for	any	 indication	are	 lacking	 in	 the
available	 literature.	Ongoing	 research	 is	examining	 resveratrol	 and	 its	possible	 role	 in	 increasing	 longevity	and
how	it	interacts	with	sirtuins.

Safety.	Laboratory	studies	suggest	 that	 resveratrol	has	antiaggregating	and	antithrombin	activity	and	may	have
additive	effects	when	taken	with	other	agents	with	the	same	actions.169	Thus,	use	of	resveratrol	with	antiplatelets
could	 cause	 increased	 risk	 of	 bleeding,	 although	 clinical	 reports	 of	 drug	 interactions	 are	 lacking.	 Resveratrol
apparently	has	the	potential	to	act	as	an	estrogen	agonist	or	antagonist	(selective	estrogen	receptor	modulator	or
SERM),	depending	on	such	factors	as	cell	 type	and	estrogen	receptor	 isoform	(estrogen	receptor	α	or	β).170–172
Resveratrol	 has	 also	 been	 shown	 to	 inhibit	 vitamin	 D3	 receptor	 expression	 through	 estrogenic	 regulation.173
Clinical	 evidence	of	 estrogen	 interactions	 is	 lacking.	Some	 in	vitro	 and	 in	vivo	 studies	 suggest	 that	 resveratrol
might	 interfere	with	paclitaxel.174	Resveratrol	 inhibited	all	of	 the	 cytochrome	P450	enzymes	 tested	 (1A1,	1A2,
1B1,	2A6,	2B6,	2E1,	3A4,	and	4A),	except	for	2E1.175

Selenium
Clinical	Studies.	 Initial	 evidence	 has	 suggested	 that	 selenium	 supplementation	 reduces	 the	 risk	 of	 developing
prostate	cancer	in	men	with	normal	baseline	prostate-specific	antigen	(PSA)	levels	and	low	selenium	blood	levels.
This	is	the	subject	of	large,	well-designed	studies,	including	the	Nutritional	Prevention	of	Cancer	(NPC)	trial	and
the	Selenium	and	Vitamin	E	Cancer	Prevention	Trial	(SELECT).176–182

The	NPC	trial	including	1,312	Americans	reported	that	200	μg	of	daily	selenium	reduces	the	overall	incidence
of	prostate	cancer,	although	these	protective	effects	only	occurred	in	men	with	baseline	PSA	levels	≤4	ng/mL	and
those	with	low	baseline	blood	selenium	levels	(<123.2	ng/mL).177–179,183	The	NPC	trial	was	primarily	designed	to
measure	the	development	of	nonmelanoma	skin	cancers	and	not	other	types	of	cancers;	therefore,	these	prostate
cancer	results	cannot	be	considered	definitive.

SELECT	was	started	in	2001	and	included	34,887	men	with	serum	PSA	levels	≤4	ng/mL.	The	study	was	ended
early	 in	October	2008	when	participants	discontinued	use	of	 study	 supplements	due	 to	 an	 interim	analysis	 that
determined	that	the	study	could	not	meet	its	expected	end	point	of	a	25%	reduction	in	prostate	cancer.	Since	that
time,	 participant	 follow-up	 continued	 in	 an	 unblinded	 fashion	 until	 July	 2011.	 The	 final	 analysis	 of	 data
demonstrated	 that	 selenium	 was	 associated	 with	 an	 absolute	 increase	 in	 risk	 of	 prostate	 cancer	 compared	 to
placebo.181	 Subset	 analyses	 indicated	 selenium	 supplementation	was	 associated	with	 increased	 development	 of
diabetes	mellitus.

Chronic	 administration	 of	 selenium	 in	 both	 animal	 studies	 and	 epidemiologic	 studies	 indicates	 an	 inverse
relationship	between	selenium	and	the	incidence	of	a	variety	of	tumors.184,185	A	cross-sectional	analysis	using	data
from	 the	National	Health	 and	Nutrition	 Examination	 Survey	 III	 (NHANES	 III)	 data	 set	 in	 14,000	U.S.	 adults
found	an	inverse	association	between	selenium	levels	up	to	130	ng/mL	and	cancer	mortality,	but	this	association



disappeared	at	levels	above	150	ng/mL.186
In	a	placebo-controlled	randomized	trial	evaluating	the	prevention	of	nonmelanoma	skin	cancer	with	selenium

supplementation,	a	significant	mortality	reduction	in	lung,	colon,	and	prostate	cancer	was	detected.	In	conjunction
with	other	antioxidant	supplements,	selenium	was	evaluated	in	a	systematic	review	in	combination	and	alone	in
four	trials;	the	overall	cancer	risk	was	reduced	significantly	in	men	but	not	in	women.	Contrary	to	these	findings,	a
later	meta-analysis	concluded	that	five	trials	using	selenium	did	not	show	a	significant	reduction	in	cancer	risk.187

Safety.	The	level	of	selenium	exposure	that	will	cause	chronic	toxicity	is	not	clear.	Daily	supplementation	should
not	 exceed	 200	 μg	 in	 healthy	 adults.	Based	 on	 an	 animal	 study,	 selenium	 has	 been	 associated	with	 prolonged
hypnosis	in	combination	with	barbiturates.188

Soy
Clinical	Studies.	Preliminary	 research	using	 soy	 (G.	max)	 to	 control	 hot	 flashes	 in	women	with	 breast	 cancer
suggests	that	it	is	possibly	safe,189	although	the	pending	results	of	ongoing	research	in	this	area	may	provide	more
definitive	safety	data.	Soy	contains	a	number	of	isoflavones	that	act	differentially	on	estrogen	receptors	depending
on	their	tissue	location	as	agonists	or	antagonists	(SERM).	Studies	have	indicated	that	moderate	dietary	soy	intake
(observed	 in	 most	 traditional	 Asian	 diets—no	 more	 than	 three	 servings	 daily)	 shows	 no	 risk	 and	 may	 have
possible	 benefits	 to	 breast	 cancer	 patients,	 even	 among	 women	 with	 estrogen	 receptor–positive	 breast
cancers.190,191	 Preliminary	 clinical	 evidence	 suggests	 that	 the	 short-term	 use	 of	 soy	 isoflavones	 does	 not	 elicit
endometrial	hypertrophy.	Soy	may	decrease	prostate	cancer	risk.192–195

A	 2017	 meta-analysis	 showed	 that	 there	 was	 no	 association	 found	 between	 soy	 consumption	 and
gastrointestinal	cancer	incidence	or	mortality.	A	higher	intake	of	soy	products	is	associated	with	the	decreased	risk
of	overall	gastrointestinal	cancer	and	gastric	cancer	but	not	colorectal	cancer.	This	protective	effect	was	observed
in	females	but	not	in	males.196

Safety.	 Soy	 is	 “generally	 regarded	 as	 safe”	 according	 to	 the	 FDA	 and	 has	 long	 been	 a	 staple	 of	Asian	 diets.
Epidemiologic	and	laboratory	evidence	suggests	there	are	unlikely	to	be	harmful	effects	when	soy	is	provided	in
the	diet	consistent	with	amounts	in	a	typical	Asian	diet.	Preliminary	studies	have	shown	potential	for	interactions
between	soy,	MAOIs,	and	hormone	replacement	therapy.197,198

Turmeric
Clinical	Studies.	A	phase	I	trial	found	limited	toxicity	with	doses	of	turmeric	(Curcuma	longa,	curcumin)	as	high
as	8	g	daily.	A	phase	II	clinical	trial	in	pancreatic	cancer	found	a	limited	response	rate,	with	3	of	25	patients	with
either	 stable	 disease	 or	 a	 reduction	 in	 tumor	 size.199	Multiple	 clinical	 trials	 are	 ongoing	 to	 evaluate	 the	 use	 of
turmeric	and	associated	compounds	for	the	adjuvant	or	stand-alone	treatment	of	cancer.

Safety.	 The	 most	 common	 side	 effect	 with	 turmeric	 reported	 in	 humans	 is	 gastrointestinal	 upset,	 including
epigastric	burning,	dyspepsia,	nausea,	and	diarrhea;	however,	the	latter	two	side	effects	have	been	shown	only	at
higher	doses	(8	to	12	g).199–201	There	is	mixed	evidence	about	 the	safety	of	 turmeric	 in	high	doses.	In	one	case
report,	a	patient	taking	high	doses	of	a	multi-ingredient	product	containing	turmeric	experienced	atrioventricular
block.199,202	The	turmeric	constituent	curcumin	has	been	reported	to	induce	liver	function	test	abnormalities	in	rats
and	 may	 be	 mildly	 hepatotoxic	 in	 high	 doses.200	 Caution	 is	 warranted	 when	 using	 turmeric	 with	 hepatotoxic
agents.	Increased	bleeding	risk	is	a	concern	with	high	doses	of	curcumin.200	There	is	evidence	that	turmeric	may
interfere	with	cytochrome	P450	enzymes,	which	are	responsible	for	metabolizing	various	agents	in	the	liver.203,204

Vitamin	A
Vitamin	A	is	composed	of	retinol	and	its	carotenoid	precursors.	All-	trans	retinoic	acid,	a	retinol	analog,	is	well
established	 as	 a	 differentiation	 agent	 in	 patients	with	 acute	 promyelocytic	 leukemia.205	However,	 there	 is	 little
evidence	to	support	the	use	of	nonprescription	vitamin	A	supplements	for	cancer	treatment	or	prevention.	Trials
have	yielded	variable	results,	suggesting	no	reduction	in	prostate	cancer	risk	and	possible	increased	risk	of	lung
cancer	 in	 high-risk	 patients	 such	 as	 smokers	 or	 those	 who	 have	 had	 exposure	 to	 asbestos.206–208	 Due	 to	 the
possibility	of	hypervitaminosis	A	with	supplementation	of	this	fat-soluble	vitamin,	chronic	intake	of	large	doses	is
discouraged.
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Observational	 and	 clinical	 studies	 involving	 vitamin	 A	 and	 carotenoid	 supplements	 have	 yielded	 mixed
results.209,210

The	 use	 of	 β-carotene	 supplementation	 was	 evaluated	 in	 two	 trials	 among	men	 at	 risk	 of	 developing	 lung
cancer	 due	 to	 smoking	 or	 exposure	 to	 asbestos.206,207	 β-Carotene	 supplementation	 was	 associated	 with	 a
statistically	 significant	 increased	 risk	of	 developing	 lung	 cancer	 in	 both	 trials,	which	 returned	 to	 control	 levels
once	the	supplement	was	discontinued.209

A	12-year	 cohort	 study	 of	 physicians	with	 few	 smokers	 indicated	 neither	 harm	 nor	 benefit	 of	 50	mg	 of	 β-
carotene	supplementation	every	other	day	in	the	incidence	of	malignant	neoplasms,210	which	was	also	supported
by	the	Women’s	Health	Study.211

Similar	 to	 the	 development	 of	 lung	 cancer,	 an	 increased	 incidence	 of	 prostate	 cancer	 and	 mortality	 was
observed	 in	 the	 Alpha-Tocopherol,	 Beta	 Carotene	 (ATBC)	 Cancer	 Prevention	 Study	 with	 β-carotene
supplementation,212	with	excess	risk	resolving	once	the	supplement	was	stopped.

The	 large	 observational	Women’s	 Antioxidant	 Cardiovascular	 study	 of	 7,627	 women	 found	 no	 association
between	β-carotene	supplementation	50	mg	every	other	day	and	 the	 incidence	of	cancer	at	 the	9.4-year	 follow-
up.213	Observational	 studies	 linking	vitamin	A	or	carotenoid	consumption	with	 incidence	of	breast	cancer	have
been	mixed.	Although	the	Iowa’s	Women’s	Health	Study	found	no	association	between	dietary	vitamin	A	intake
and	breast	cancer,214	the	Nurses’	Health	Study	indicates	that	high	carotenoid	consumption	may	decrease	the	risk
of	 breast	 cancer,	 with	 the	 strongest	 association	 observed	 in	 premenopausal	 women	 with	 a	 family	 history.
Interestingly,	the	same	study	also	determined	that	women	with	a	high	plasma	level	of	carotenoids	had	a	lower	risk
of	developing	breast	cancer.215

Strong	evidence	that	vitamin	A	and	carotenoid	supplements	reduce	the	risk	of	cancer	is	lacking.

Vitamin	C
Limited	clinical	 research	has	been	conducted	on	vitamin	C	 (ascorbic	acid)	 for	cancer	prevention.	 In	 the	1980s,
there	was	initial	excitement	over	epidemiologic	evidence	correlating	high	dietary	vitamin	C	intake	with	reduced
rates	of	cancer,	although	use	of	vitamin	C	in	observed	populations	may	have	correlated	with	other	healthy	lifestyle
choices	 (e.g.,	 diet,	 exercise)	 that	 confounded	 findings.	 Research	 on	 the	 effects	 of	 vitamin	 C	 intake	 on	 breast
cancer	is	mixed.	Some	epidemiologic	research	suggests	that	vitamin	C	is	associated	with	a	reduced	risk	of	breast
cancer,	 but	 others	 have	 found	 no	 association.216,217	 Two	 randomized	 controlled	 trials	 of	 high-dose	 intravenous
vitamin	C	in	cancer	patients	found	no	benefits.218,219	The	widespread	role	of	antioxidants	as	radical	scavengers	in
the	body	and	their	ability	to	potentially	prevent	cancer	by	reducing	toxic	free	radicals	has	led	many	cancer	patients
to	 take	 supplemental	 vitamin	 C,	 often	 at	 doses	 above	 the	 recommended	 daily	 intake.220	 Oral	 vitamin	 C
supplementation	has	not	 shown	any	benefit	 in	clinical	 trials	 for	cancer,	but	high-dose	 intravenous	vitamin	C	 is
used	 by	 CIM	 practitioners	 in	 cancer	 patients.221	 Four	 clinical	 phase	 I	 trials	 have	 used	 high-dose	 intravenous
vitamin	 C	 in	 advanced	 cancers,	 but	 none	 have	 sufficiently	 provided	 evidence	 of	 its	 proposed	 antitumor
effects.222–225

Safety.	Water-soluble	 vitamins	 are	 generally	 considered	 relatively	 safe	 in	many	 patients.	However,	 high-dose
supplementation	 should	 likely	 be	 avoided	 in	 patients	 on	 cytotoxic	 chemotherapeutic226	 agents	 including
bortezomib227	and	those	with	renal	dysfunction	or	those	prone	to	kidney	stones.	Preclinical	evidence	of	reduced
platelet	 aggregation	 suggests	 that	 risks	 may	 outweigh	 potential	 benefits.228	 Whether	 or	 not	 patients	 may
experience	scurvy	symptoms	after	abrupt	withdrawal	of	chronic	megadoses	remains	questionable.

Vitamin	D
Vitamin	D	is	one	of	four	fat-soluble	vitamins	and	is	traditionally	linked	with	calcium	metabolism	and	bone	health.
Growing	evidence	indicates	the	importance	of	vitamin	D	for	immune	processes.229	In	addition,	studies	in	cancer
populations	 indicate	 a	 possible	 worse	 outcome	 in	 those	 with	 vitamin	 D	 deficiency.230–232	 Appropriate
supplementation	should	be	considered	for	those	with	documented	deficiency	or	those	at	risk	for	bone	fractures	due
to	 poor	 bone	 health	 (i.e.,	 osteoporosis).	 Prolonged	 high-dose	 use	 of	 vitamin	 D	may	 lead	 to	 hypercalcemia.	 It
appears	that	vitamin	D3	supplementation	is	beneficial	in	patients	with	a	specific	vitamin	D	receptor	genotype,	as	a
study	indicated	in	colorectal	adenomas.233

In	general,	vitamin	D	supplementation	is	not	effective	in	the	prevention	of	cancer	according	to	expert	groups,
even	though	there	may	be	specific	biological	mechanisms	through	which	vitamin	D	may	be	involved	in	the	natural



protection	against	cancer.234

Vitamin	E
Vitamin	 E	 (α-tocopherol)	 is	 a	 fat-soluble	 vitamin	 with	 antioxidant	 properties.	 Epidemiologic	 studies	 suggest
mixed	 results	 regarding	 reduced	 breast,	 lung,	 and	 prostate	 cancer	 risk	with	 intake.	 However,	 prevention	 trials
report	no	reduction	in	risk	of	lung,	breast,	or	colon	cancers.219	Several	reviews	and	meta-analyses	have	also	found
a	higher	mortality	rate	with	doses	of	400	IU	or	less	daily.235,236	In	addition,	a	large	randomized	trial	among	head
and	neck	cancer	patients	investigated	vitamin	E	and	β-carotene	and	found	that	these	agents	were	associated	with
decreased	survival	among	subjects	taking	both	(ATBC	Cancer	Prevention	Study).	Several	studies	have	evaluated
the	potential	to	protect	against	chemotherapy-induced	peripheral	neuropathy	with	such	agents	as	platinum	agents
and	 taxanes	 with	 positive	 results.237–239	 However,	 these	 studies	 were	 not	 designed	 to	 assess	 for	 alterations	 in
chemotherapy	effectiveness.	Preclinical	evidence	of	reduced	platelet	aggregation	has	been	shown.240

Few	observational	studies	indicate	a	potential	effect	of	vitamin	E	in	specific	cancers	for	certain	subgroups	such
as	smokers,214,241–244	whereas	most	clinical	trials	do	not	indicate	a	beneficial	effect.213,245–248

The	Women’s	Health	Study	 serves	 as	 a	 large	 randomized	 trial	 following	39,876	women	 aged	 45	 years	 and
older	for	an	average	of	10.1	years.247	Supplementation	with	600	units	of	vitamin	E	had	no	effect	on	the	incidence
of	all	cancers;	breast,	lung,	or	colon	cancer;	or	cancer	death	compared	to	placebo.

In	the	ATBC	Cancer	Prevention	Study,	supplementation	with	50	mg	or	75	units	of	vitamin	E	resulted	in	a	32%
decrease	in	prostate	cancer	incidence	and	41%	decrease	in	mortality	over	5	to	8	years	among	male	smokers	versus
placebo.249	Vitamin	E	supplementation	(400	units	daily)	was	evaluated	in	35,533	men	aged	50	years	and	older	for
a	median	 of	 7	 years	 in	 the	 SELECT	 trial	 versus	 placebo	 and	 resulted	 in	 an	 increased	 risk	 in	 prostate	 cancer.
Another	study	evaluated	vitamin	E	supplementation	(400	units	every	other	day)	in	14,641	male	physicians	aged
50	years	and	older	over	an	average	of	8	years	and	found	no	effect	on	prostate	or	total	cancer	incidence.250

Multivitamins
The	Physician’s	Health	Study	was	a	 randomized	controlled	 trial	of	 a	daily	multivitamin	versus	placebo	 for	 the
prevention	of	all	cancer	 (excluding	nonmelanoma	skin	cancer),	with	prostate,	colorectal,	and	other	site-specific
cancers	among	the	secondary	end	points.246	In	this	large	prevention	 trial	of	male	physicians,	daily	multivitamin
supplementation	modestly	but	significantly	reduced	the	risk	of	total	cancer.

Other	Therapies
Other	 herbs	 and	 supplements	 that	 are	 used	 in	 cancer	 treatment	 without	 reliable	 evidence	 include	 aloe,
antineoplastons,	 barley,	 bitter	 melon,	 bladderwrack,	 bromelain,	 calendula,	 chamomile,	 clay,	 danshen,
dehydroepiandrosterone	(DHEA),	echinacea,	evening	primrose	oil,	eyebright,	flaxseed,	Gerson	therapy	and	coffee
enemas,	ginseng,	ginkgo,	goldenseal,	 guggul,	 gymnema,	hops,	horsetail,	 kava,	Lactobacillus,	 laetrile,	 lavender,
marshmallow,	passion	flower,	pennyroyal,	peppermint,	propolis,	red	clover,	sorrel,	St.	John’s	wort,	sweet	almond,
white	horehound,	numerous	types	of	mushroom	extracts,	and	various	combinations	of	Chinese	herbal	medicine.

Numerous	 therapies	 have	 also	 been	 used	 for	 cancer	 prevention,	 but	 they	 have	 not	 been	well	 studied.	These
include	 aloe,	 black	 tea,	 bromelain,	 cranberry,	 eucalyptus	 oil,	 ginseng,	 grape	 seed	 extract,	Lactobacillus	 (colon
cancer	risk	reduction),	oleander,	omega-3	fatty	acids/fish	oil,	psyllium	(colon	cancer	risk	reduction),	red	clover,
and	spirulina.

Nonbiologically	Based	Therapies
Nonbiologically	 based	 therapies	 generally	 fall	 into	 the	 categories	 of	 mind–body	 techniques,	 massage,
acupuncture,	 and	energy	 techniques.	These	 techniques	 are	generally	used	 to	 support	overall	well-being	or	 treat
specific	treatment-related	side	effects.251–255

Mind–Body	Techniques
Background.	Mind–body	modalities,	including	meditation,	hypnosis,	relaxation	techniques,	cognitive-behavioral
therapy,	biofeedback,	yoga,	 tai	 chi,	 qigong,	 and	guided	 imagery,	have	 increasingly	become	part	of	mainstream
care	over	the	years.	Mind–body	practices	are	defined	as	a	variety	of	techniques	designed	to	enhance	the	mind’s
capacity	to	affect	bodily	function	and	symptoms.1
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Clinical	 Studies.	 Techniques	 of	 stress	 management	 that	 may	 be	 helpful	 include	 progressive	 muscle
relaxation,256,257	 diaphragmatic	 breathing,258,259	 guided	 imagery,260–262	 social	 support,263	 and	 meditation.264,265
Participating	in	stress	management	programs	prior	to	treatment	has	enabled	patients	to	tolerate	therapy	with	fewer
reported	side	effects.266–268	Supportive	expressive	group	therapy	has	also	been	found	to	be	useful	for	patients	with
cancer.269,270	 Psychosocial	 interventions	 have	 been	 shown	 to	 specifically	 decrease	 depression	 and	 anxiety	 and
increase	self-esteem	and	active-approach	coping	strategies.271,272

There	 is	 some	 evidence	 that	when	 incorporated	 into	 cancer	 care,	 yoga,	 tai	 chi,	 and	meditation	may	 help	 to
improve	aspects	of	quality	of	life,	including	improved	mood,	sleep	quality,	physical	functioning,	self-esteem,	and
overall	well-being.271,273–275	Preliminary	clinical	research	suggests	that	practicing	tai	chi	for	1	hour	three	times	a
week	 for	 12	weeks	 improves	 self-esteem	 in	 patients	with	 breast	 cancer.	Hypnosis	 and	 especially	 self-hypnosis
have	been	found	to	be	beneficial	 for	 reducing	distress	and	discomfort	during	difficult	medical	procedures.260	A
National	 Institutes	 of	 Health	 (NIH)	 Technology	 Assessment	 Panel	 found	 strong	 evidence	 for	 hypnosis	 in
alleviating	cancer-related	pain.276	Hypnosis	effectively	treats	anticipatory	nausea	in	pediatric277	and	adult	cancer
patients,	 reduces	 postoperative	 nausea	 and	 vomiting,278	 and	 improves	 adjustment	 to	 invasive	 medical
procedures.279,280

A	meta-analysis	 of	 116	 studies	 found	 that	mind–body	 therapies	may	 reduce	 anxiety,	 depression,	 and	mood
disturbance	in	cancer	patients	and	aid	their	coping	skills.281	Newell	et	al.282	reviewed	psychological	therapies	for
cancer	patients	 and	concluded	 that	 interventions	 involving	 self-practice	 and	hypnosis	 for	managing	nausea	 and
vomiting	may	be	recommended	as	part	of	integrative	medicine	practice.	Ernst	et	al.283	examined	the	change	in	the
state	of	the	evidence	for	mind–body	therapies	for	various	medical	conditions	between	2000	and	2005	and	found
that	there	is	now	maximal	evidence	for	the	use	of	relaxation	techniques	for	anxiety,	hypertension,	insomnia,	and
nausea	due	to	chemotherapy.

Massage
Clinical	Studies.	Research	suggests	that	massage	is	helpful	for	increasing	relaxation	and	relieving	pain,	anxiety,
fatigue,	 and	 distress.251,284,285	 Preliminary	 clinical	 research	 suggests	 that	 massage,	 for	 20	 minutes	 on	 five
occasions,	significantly	reduces	nausea	compared	to	control	in	breast	cancer	patients	undergoing	chemotherapy.286
Another	 randomized	 controlled	 trial	 suggests	 that	 massage	 seems	 promising	 regarding	 the	 management	 of
chemotherapy-induced	nausea	and	vomiting.287	Despite	some	of	the	imperfections	in	research	design,	the	findings
are	encouraging.

Safety.	Massage	therapy	is	generally	safe	when	practiced	by	credentialed	practitioners	who	have	also	had	some
training	 in	 cancer	 patient	 care.	 Serious	 adverse	 events	 are	 rare	 and	 tend	 to	 be	 associated	with	 exotic	 types	 of
massage	or	untrained	or	inexperienced	practitioners.288	In	general,	cancer	patients	should	not	receive	deep	tissue
massage,	 and	 patients	 with	 bleeding	 tendencies	 should	 only	 receive	 a	 light	 touch.	 Obviously,	 areas	 that	 have
recently	 had	 surgery	 or	 radiation	 should	 be	 avoided.	 A	 therapeutic	 benefit	 may	 also	 be	 derived	 from	 simply
receiving	a	massage	to	the	feet,	hands,	and	head	(reflex	zone	massage)	because	these	areas	are	especially	sensitive
to	tactile	stimulation	and	may	result	in	providing	relaxation	and	an	increase	in	general	well-being.289

Acupuncture
Background.	Acupuncture	is	a	common	treatment	modality	in	many	cultures.	It	is	a	form	of	traditional	Chinese
medicine	 and	 has	 been	 practiced	 in	 China	 for	 thousands	 of	 years.	 Acupuncture	 is	 one	 of	 the	 most	 popular
traditional	Chinese	medicine	therapies	worldwide	and	is	used	in	at	least	103	countries.290	The	most	common	form
of	 acupuncture	 involves	 the	 placement	 of	 solid,	 sterile,	 stainless	 steel	 needles	 into	 various	 points	 on	 the
body.291,292	Different	techniques	can	be	used	to	stimulate	the	needles,	including	manual	manipulation	or	electrical
stimulation.291–293

Clinical	Studies.	There	is	good	scientific	evidence	that	acupuncture	is	effective	for	managing	both	postoperative
and	chemotherapy-related	nausea	and	vomiting.	An	NIH	consensus	statement	in	1998	supported	this	use,	stating
that	the	level	of	evidence	was	sufficient.294	Further	research	has	substantiated	this	claim,	and	the	ACS	now	states
that	 clinical	 studies	 have	 found	 that	 acupuncture	 may	 help	 treat	 nausea	 caused	 by	 chemotherapy	 drugs	 and
surgical	 anesthesia.	 There	 is	 also	 good	 evidence	 that	 certain	 types	 of	 acupuncture	 are	 effective	 for	 both
postoperative	and	chronic	pain	in	cancer	patients.294,295



A	growing	number	of	clinical	trials,	both	controlled	and	uncontrolled,	suggests	that	acupuncture	is	beneficial
for	radiation-induced	xerostomia,	hot	flashes,	and	aromatase-induced	arthralgias.202,296–298	For	the	management	of
other	 treatment-	 or	 cancer-related	 symptoms,	 the	 evidence	 is	 not	 as	 strong.	 Nevertheless,	 there	 is	 some
preliminary	 and	 anecdotal	 evidence	 to	 suggest	 that	 acupuncture	 may	 be	 useful	 in	 the	 treatment	 of	 anxiety,
depression,	fatigue,	constipation,	loss	of	appetite,	peripheral	neuropathy,	insomnia,	dyspnea,	and	leukopenia.299,300
However,	the	overall	quality	of	the	evidence	for	these	symptoms	remains	weak,	and	further	studies	are	needed.

Safety.	When	performed	correctly,	acupuncture	has	been	shown	to	be	a	safe,	minimally	invasive	procedure	with
very	few	side	effects.	The	most	commonly	reported	complications	are	fainting,	bruising,	and	mild	pain.	Infection
is	also	a	potential	risk,	although	very	uncommon.301,302	Acupuncture	should	only	be	performed	by	a	health-care
professional	 with	 an	 appropriate	 license	 and	 preferably	 one	 who	 has	 had	 experience	 in	 treating	 patients	 with
malignant	diseases.
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for	cholangiocarcinoma,	869,	874
for	esophageal	cancer,	725–727
for	hepatic	metastases,	1959
for	hepatocellular	carcinoma,	844,	849–850,	851–854
for	insulinomas,	1363
for	liver	metastases,	1906,	1961
for	metastatic	liver	disease,	1360
for	non–small-cell	lung	cancer,	640
for	pain	management,	2206t,	2207–2208
for	pancreatic	neuroendocrine	tumors,	1358
for	parathyroid	cancer,	1340
for	penile	cancer,	1142
for	pulmonary	metastases,	1950,	1951t
for	renal	cell	carcinoma,	1020,	1027–1028,	1027t
for	small	bowel	carcinoid	tumors,	891
for	thyroid	cancer,	1330,	1332,	1335

ABL	kinase	inhibitors,	301–302
Abscess,	brain/CNS,	1917,	1920–1921,	2058
Abscopal	(distant)	effects,	of	radiation	therapy,	213
Absolute	differences,	153
Absorption,	231
ABT-737,	290
ABVD	regimen,	338,	1655–1661

for	advanced-stage	Hodgkin	disease,	1658,	1659–1661
for	early-stage	Hodgkin	disease,	1655–1657
for	elderly	patients,	1661–1662
for	pregnant	patients,	1662
reproductive	function	and,	2139,	2140

ABV	regimen,	1655–1657
Acanthosis	nigricans,	2004
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Accelerated	fractionation,	213
Accelerated	partial-breast	irradiation,	1287–1288
Accelerated	radiotherapy	with	carbogen	and	nicotinamide	(ARCON),	202
Accelerated	repopulation,	213
Accelerated	titration	designs,	486–487
Acetabulum,	metastases	to,	1977
Acetaminophen,	2196–2197,	2196t,	2203
Acetazolamide,	1920
Acetovanillone,	71
2-Acetylaminofluorene,	121
Acetylcholine,	2078
N-acetyltransferases,	919,	1051
Achalasia,	721
Acidosis

lactic,	1931,	1932t
urinary	diversion	and,	1056

Acinar	cell	carcinoma,	802,	808
Acinetobacter	spp.,	2061
Acinetobacter	baumannii,	2061
Acinic	cell	carcinomas,	585
Acitretin,	425,	1489
Aclarubicin,	854
Acoustic	neuromas.	See	Vestibular	schwannomas
Acquired	immune	deficiency	syndrome.	See	HIV/AIDS
Acquired	resistance,	20
Acral	lentiginous	melanoma	(ALM),	1515,	1519
AC	regimen,	1296
Acrolein,	96,	252
Acromegaly,	688
Actinic	cheilitis,	1484
Actinic	keratoses	(AKs),	1483–1489

acantholytic,	1484
atrophic,	1484
behavior	patterns,	1486
Bowenoid,	1484
clinical	features	of,	1484,	1484f
etiology	of,	1483
field-directed	therapy	for,	1487,	1489
histology	of,	1484–1485,	1485f
hyperplastic,	1484
incidence	of,	1483
lesion-directed	therapy	for,	1487
management	of,	1487
pigmented,	1484
topical	therapy	for,	1478,	1487

Actinolite,	1863
Actinomyces	antibioticus,	339
Actinomycins,	339
“Actionable”	mutations,	186–187
Activated	B-cell–like	(ABC)	DLBCL,	1638–1640,	1638f,	1691
Activating	point	mutations,	1635
Activation-induced	cytidine	deaminase	(AID),	1632
Active	surveillance

in	kidney	cancer,	1020,	1027t,	1028–1029
in	prostate	cancer,	1087,	1097–1098,	1098f,	1099–1100



Activin	pathway,	799,	799f
Activin	receptors,	797,	799
Actovegin,	2103
Acupressure,	2082,	2152–2153
Acupuncture,	2082,	2152–2153,	2208,	2277
Acute	leukemias.	See	also	specific	leukemias

classification	of,	1742,	1744t
cooperating	mutations	in,	1739–1740,	1739f
core-binding	factor	in,	1730t,	1732–1733
epigenetic	modifiers	in,	1731t,	1735–1736,	1742
genetic	events	in,	1729–1732,	1730t–1732t
HOX	mutations	in,	1730t,	1733–1734
KMT2A	translocations	in,	1730t,	1735–1736
lymphoid	development	factors	in,	1730t,	1734–1735
management	of,	1742–1757
molecular	biology	of,	1729–1740
mutations	affecting	signaling	in,	1731t,	1737–1738
mutations	affecting	transcription	factors	in,	1730t,	1732–1735
myelosuppression	in,	2068
neutropenia	in,	2068,	2074
Philadelphia	chromosome	in,	1737,	1751–1752
Ph-negative,	1738
predisposing	factors,	1742–1743
retinoic	acid	receptor	alpha	gene	(RARα)	in,	1730t,	1733,	1740
splicing	factors	in,	1732t,	1739
stem	cell	transplantation	for,	1746–1750,	1754–1755,	2016–2017,	2029–2031
translocations	affecting	T-cell	receptors	in,	1731t,	1735
tumor	suppressors	in,	1732t,	1738

Acute	lymphoblastic	leukemia	(ALL),	1751–1757
in	adolescents	and	young	adults,	1619,	1623f,	1627
adult,	1751,	1756–1757
biology	of,	1751
classification	of,	1742,	1751
clinical	trials,	1753t,	1756–1757
CNS	prophylaxis,	1755,	1757
consolidation	therapy,	1754
cytogenetics,	1751–1752,	1752t
diagnosis	of,	1751
epidemiology,	1751
imatinib	trials,	1756
maintenance	therapy,	1755
mature	B-lineage,	1751,	1756
minimal	residual	disease,	1751,	1752–1753,	1753t
MLL	translocation,	28
pediatric,	1751
pharmacogenomics	in,	243–244
Philadelphia	chromosome-like,	1619,	1751–1752
Philadelphia	chromosome-negative,	1752–1753
Philadelphia	chromosome-positive,	1751–1752,	1755–1756
prognosis,	1750t,	1752–1753
relapsed/refractory,	1756–1757
remission	induction,	1753–1754
stem	cell	transplantation	for

allogeneic,	1754–1755,	2030–2031,	2031f
autologous,	1754–1755,	2017
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T-cell,	1751,	1752,	1756
therapeutic	disease	monitoring,	28
treatment	of,	1752–1757

blinatumomab	in,	365–366,	1756–1757
chimeric	antigen	T-cell	therapy	in,	383
cytarabine,	271–272,	1753–1754,	1755,	1756
inotuzumab	ozogamicin	in,	365,	1757
6-mercaptopurine,	273,	1755
stem	cell	transplantation,	1754–1755,	2017,	2030–2031,	2031f
subgroup-specific,	1755–1757

tumor	lysis	syndrome	in,	1928
Acute	myeloid	leukemia	(AML),	1743–1751

in	adolescents	and	young	adults,	1617,	1627
chemotherapy	and	risk	of,	1661,	2157
classification	of,	1742,	1743
cytogenetic	analysis,	1743,	1743t,	1745
cytogenetic	risk	stratification,	1743,	1743t
diagnosis	of,	1742,	1743–1744
in	elderly	patients,	1745–1746,	1749
genetics	and	genome	analysis,	5–6,	15,	28,	1742,	1743,	1743t
leukemic	stem	cells	in,	1729
minimal	residual	disease,	1744
morphologic	features	of,	1743
myelopoietic	growth	factors	and,	2073
newly	diagnosed,	1744–1745
PARP	inhibitors	and,	1253
pharmacogenomics	and,	239
predisposing	factors,	1742–1743
prognosis	for,	1743–1744
relapsed,	1746,	1747–1748,	1751
secondary	(s-AML),	1743–1744
stem	cell	transplantation	for

allogeneic,	1746–1750,	1749t,	2028–2029,	2029f
alternative	donor,	1750–1751
autologous,	1746,	1749–1750,	2016–2017
in	first	remission,	1748–1750
indications	for,	1747–1748,	1749t
outcomes	of,	1747,	1748f
posttransplant	treatment,	1751
preoperative	regimen	for,	1746–1747
relapse	after,	1751
in	relapse	and	primary	induction	failure,	1747–1748
salvage	chemotherapy	and,	1748

targeted	sequencing	panels,	37
therapeutic	disease	monitoring,	28
therapy-related	(t-AML),	1743–1744
treatment	of,	1744–1751

chemotherapy,	1744–1746
chimeric	antigen	T-cell	therapy	in,	383
cytarabine,	271,	1744–1746
DNA	methyltransferase	inhibitors	for,	317–318
gemtuzumab	ozogamicin	in,	362,	1745
general	recommendations,	1745–1746
stem	cell	transplantation,	1746–1751,	2016–2017,	2028–2029
6-thioguanine,	273



tumor	lysis	syndrome	in,	1928
Acute	pain,	2191
Acute	promyelocytic	leukemia	(APL),	27,	28,	1742
Acute	stress	disorder	(ASD),	2230
ACVR1B	mutations,	797
ACVR2	mutations,	797,	799
Acyclic	retinoid,	850
Acyclovir,	1838,	2026,	2052,	2101
Adalimumab,	2040–2041,	2132
Adamantinoma,	1451
ADAM	(a	disintegrin	and	metalloproteinases)	family	proteins,	4
ADAMTSs	(ADAMs	with	thrombospondin	domains),	4
Adaptive	coping,	2230–2231,	2230t
Addisonian	crisis,	1382
Adducts,	DNA.	See	DNA	adducts
Adefovir,	109
Adenocarcinoma.	See	also	specific	types	of	cancer

cervical,	1174–1176
endometrioid,	1214–1217,	1216t
esophageal,	145,	148t,	713–715,	718,	722
gastric,	288,	521,	715,	715f,	762
gastric	and	esophagogastric	junction,	762,	770
lung,	in	situ,	637–638
mucinous,	1000,	1175
pancreatic	ductal,	805–809
rete	testis,	1159
small	bowel,	886–889
of	unknown	primary	site,	1856
urethral,	1137,	1139,	1139f
vaginal,	1193–1195

Adenoid	cystic	carcinomas,	561,	585
Adenoid	cystic	esophageal	cancer,	722
Adenoma(s)

aldosterone-producing,	1319–1320
colorectal,	138,	139,	434,	434t,	907,	910–911,	910f
cortisol-producing,	1319
follicular,	1322
parathyroid,	1338,	1377
pituitary,	1322,	1379,	1600–1601

Adenoma	malignum,	1175
Adenomatous	polyposis.	See	APC	(adenomatous	polyposis	coli)	gene;	Familial	adenomatous	polyposis
(FAP)
Adenosine	A2α	receptor	inhibitors,	373t,	380–381
Adenosine	monophosphate	(AMP)-activated	protein	kinase	(AMPK)

Birt-Hogg-Dubé	syndrome	and,	1018
colorectal	cancer	and,	913
hepatocellular	carcinoma	and,	838
kidney	cancer	and,	1016f,	1018
lung	cancer	and,	612
metformin	and,	345,	435,	612
resveratrol	and,	436

Adenosine	triphosphate–binding	cassette	(ABC),	237,	237f,	291,	295,	540,	859
Adenovirus,	371t,	2027,	2052–2053,	2058
ADI-PEG	20,	860
Adipocytic	tumors,	1404t,	1407–1409
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Adjustment,	of	cancer	survivors,	2183
Adjuvant	therapy

for	adrenocortical	carcinoma,	1350
for	bone	pain,	2204–2205
for	breast	cancer,	213,	1286,	1290–1291,	1293–1299,	1294t
for	cervical	cancer,	1181–1183
for	chemotherapy,	1063–1064
for	cholangiocarcinoma,	869,	873,	876
for	colorectal	cancer,	937–938,	942–944
for	esophageal	cancer,	733–741
for	gallbladder	cancer,	880
for	gastrointestinal	stromal	tumors,	895,	900–904
for	hepatocellular	carcinoma,	850
for	HNSCC,	555
for	large	cell	neuroendocrine	carcinoma,	691
for	lung	cancer,	213
for	melanoma(s),	219,	1537–1540,	1543,	1543t
for	non–small-cell	lung	cancer,	639,	641,	642–643
for	pain	management,	2202–2205
for	pancreatic	cancer,	817–819
for	prostate	cancer,	1110–1113,	1111f
for	pulmonary	carcinoid	tumors,	689
for	rectal	cancer,	213,	979–989
for	renal	cell	carcinoma,	1031,	1032t
for	small	bowel	adenocarcinoma,	888
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	677
for	soft	tissue	sarcomas,	1419–1420
for	stomach	cancer,	773t,	776,	778–781
for	thyroid	cancer,	1330
for	upper	tract	urothelial	carcinoma,	1069–1070
for	uveal	melanomas,	1905

Adolescents	and	young	adults
breast	cancer	in,	1617,	1619,	1622f
cancer	in,	1617–1630

chemotherapy	for,	1625–1626
clinical	trials	lacking	for,	1627
delayed	diagnosis	of,	1622
diagnosis	of,	1623
epidemiology	of,	1617,	1618t,	1619f,	1620f,	1621f
etiology	and	biology	of,	1617–1620
future	challenges,	1630
management	of,	1623–1627
models	of	care,	1626
mortality	rates,	1627–1630,	1628f,	1629f
oncofertility	in,	1626
prevention	and	screening,	1622–1623
prognosis	and	survival	rates,	1619–1620,	1627–1630,	1628f
progress,	1627–1630
psychosocial	and	supportive	care	in,	1626
radiation	therapy	for,	1624–1625
sexual	issues,	2224–2225
surgery	for,	1624
symptoms	and	signs	of,	1620–1622,	1625f
treatment	setting	and	specialists,	1626–1627



melanoma	in,	1515,	1617,	1619,	1622f
Adoptive	cell	therapy	(ACT),	16,	221,	370,	370t,	382,	383f

for	cervical	cancer,	1169,	1193
for	melanoma,	1552–1553,	1552f,	1553f,	1553t
for	ovarian	cancer,	1166–1167

Ado-trastuzumab	emtansine	(T-DM1,	Kadcyla),	289t,	300t,	302,	339–340,	344t,	360t,	362
for	breast	cancer,	340,	362,	364,	1267,	1306
for	endometrial	cancer,	1220
solid	tumors	treated	with,	364

Adrenalectomy,	1349,	1382
Adrenal	gland,	1343–1344
“Adrenal	incidentalomas,”	1343,	1346
Adrenal	tumors,	1343–1351

anatomy,	1344
benign,	management	of,	1349–1350
diagnosis,	1346–1349
histology,	1344
imaging	of,	1346f,	1347,	1348f
molecular	biology	of,	1319–1321,	1344t,	1345,	1345t
multiple	endocrine	neoplasia	and,	1381–1382
palliative	care,	1351
pathology,	1345
perioperative	hormonal	control	of,	1349
postsurgical	surveillance	of,	1349–1350
screening	for,	1346
staging,	1349,	1349t
surgical	resection	of,	1349

Adrenocortical	carcinoma,	1319,	1320–1321,	1343–1351
adjuvant	therapy	for,	1350
chemotherapy	for,	1350
diagnosis,	1346–1349
etiology,	1343–1344
genetics,	1322,	1343–1343,	1345
incidence	of,	1343–1344
management	of,	1350
palliative	care,	1351
pathology,	1345
perioperative	hormonal	control	of,	1349
postsurgical	surveillance,	1350
recurrent,	1350
staging,	1349,	1349t
surgical	resection	of,	1350

Adrenocortical	tumors,	1319,	1343–1344
Adrenocorticotropic	hormone	(ACTH),	2002
Adrenocorticotropic	hormone-secreting	tumors,	703,	1347,	1363,	1369
Adult	T-cell	leukemia-lymphoma	(ATLL),	107–109,	108f,	1635,	1642,	1672,	1698,	1708
Advanced	glycation	end	products,	1864,	1865f
Advocacy,	for	survivors,	2186
AE-941,	646
Aerobic	glycolysis,	51–52
Aerodigestive	tract	malignancies,	721
AES-14,	2099–2100
AF9,	1729
Afatinib,	239,	300t,	2087
Aflatoxins,	114,	123,	846
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Aflibercept,	955,	1221t,	1587,	1993,	1996
Age/aging

and	acute	myeloid	leukemia,	1749
and	anal	cancer,	997,	998
and	birth	cohort	effect,	181
and	breast	cancer,	1269,	1270,	1275
and	carcinosarcoma,	1221
and	chemical	exposures,	1617–1619
and	chronic	lymphocytic	leukemia,	1796
and	colorectal	cancer,	918
and	endometrial	cancer,	1211,	1212
and	gastric	cancer,	789–790
and	hematopoiesis,	2069
and	incidence	rate,	164,	164f,	165t
and	kidney	cancer,	1020
and	lung	cancer,	622
and	medulloblastoma,	1596
melanoma	and,	1512,	1514,	1515f,	1521
and	multiple	myeloma,	1820
and	mycosis	fungoides,	1708
and	nausea/vomiting,	2078
and	neutropenia,	2069,	2074
and	non-Hodgkin	lymphoma,	1671
and	nonmelanoma	skin	cancer,	1475
and	ovarian	cancer,	1232
and	pancreatic	cancer,	804
and	pharmacodynamics,	232–233,	234
and	pharmacokinetics,	234
and	prostate	cancer,	1087
and	small	bowel	cancer,	884,	886,	889
and	small-cell	lung	cancer,	673
and	soft	tissue	sarcomas,	1384,	1402,	1403f
and	spinal	cord	compression,	1921
and	testicular	cancer,	1145
and	thymic	neoplasms,	700
and	vulvar	cancer,	1198

Agent	Orange,	1402
AIB1	(amplified	in	breast	cancer	1),	353
AIDS.	See	HIV/AIDS
AIM2	inflammasomes,	118
AIRE,	69
Air	pollution,	120,	121,	123,	124
Airway	obstruction,	657
Akkermansia	muciniphila,	74
AKT

bone	sarcomas	and,	1451
breast	cancer	and,	1261,	1267
germ	cell	tumors	and,	1149
melanoma	and,	1504–1505
neuroendocrine	tumors	and,	1368
prostate	cancer	and,	1082

Akt/PKB	signal	transducer,	44–45,	46
Albinism,	oculocutaneous,	1483
Albumin,	846–847,	860,	1823,	1862,	1992,	2117
Albumin	and	bilirubin	(ALBI),	847



Alcohol
breast	cancer	and,	1270–1271,	1271t
colorectal	cancer	and,	921
dietary	consumption	of,	134–135,	142,	143
esophageal	cancer	and,	134–135,	718–719,	723
head	and	neck	squamous	cell	carcinoma	and,	536–537
hepatocarcinogenesis	and,	845
oropharyngeal	cancer	and,	563
pancreatic	cancer	and,	804–805

Aldosterone,	1346,	1347
Aldosterone-producing	adenomas,	1319–1320
Alectinib,	300t,	304,	651,	1939,	1941t
Alemtuzumab	(Campath-1H),	360t,	365

for	adult	T-cell	leukemia-lymphoma,	1698
for	chronic	lymphocytic	leukemia,	365,	1791
infection	risk	and,	2040
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1716
for	stem	cell	transplantation	conditioning,	1747

Alisertib,	295
Alistipes,	73
Alitretinoin,	425
Alkaline	phosphatase,	1453
ALK/ALK	(anaplastic	lymphoma	kinase),	27,	27f,	190,	225,	304,	532t

anaplastic	large	cell	lymphoma	and,	27,	27f,	1643,	1692,	1696
cancer	of	unknown	primary	site	and,	1858,	1862
lung	cancer	and,	27,	27f,	39–40,	304,	532t,	613,	648,	650t,	651
mesothelioma	and,	1864
non-Hodgkin	lymphoma	and,	1675
smoking	and,	392–393
soft	tissue	sarcoma	and,	1406

ALK	inhibitors,	304,	607,	651
Alkylating	agents,	246–255

bifunctional,	247,	247f,	251
bladder	toxicity	associated	with,	252
carcinogenicity	of,	2157
chemistry,	246,	247f
for	chronic	lymphocytic	leukemia,	1790
classification	of,	246–250,	248t
clinically	useful,	249t–250t
clinical	pharmacology	of,	248t
conjugates	with	steroids,	254
contraindications,	252
doses	and	schedules,	249t–250t
future	perspectives	on,	254–255
gonadal	toxicity	associated	with,	253
high-dose	therapy	with,	253–254
historical	perspectives,	246
immunosuppression	caused	by,	253
for	multiple	myeloma,	1827–1829
nonclassical,	338–339
pharmacodynamics	of,	250–251
pharmacokinetics	of,	248t,	250–251
pulmonary	toxicity,	2112t
renal	toxicity	associated	with,	252
reproductive	dysfunction	and,	2135,	2138,	2139
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resistance	and	modulation,	254,	254t
teratogenicity	of,	253
therapeutic	index,	254
therapeutic	uses	of,	248t,	251–252
toxicities	of,	246,	248t,	252–253

Alkylating	reactions,	246
Alkyl	sulfonates,	246

classification	of,	246
clinical	pharmacology	of,	248t
therapeutic	uses	of,	246,	248t
toxicities,	248t

Allele-specific	polymerase	chain	reaction,	31t,	32–33
Allergic	reactions,	253
Allison,	James,	374–375
Allodynia,	2191,	2194,	2202,	2204
Allogeneic	stem	cell	transplantation,	2019–2032

for	acute	lymphoblastic	leukemia,	1754–1755,	2030–2031,	2031f
for	acute	myeloid	leukemia,	1746–1750,	1749t,	2028–2029,	2029f
for	chronic	myeloid	leukemia,	2031
complications	of,	2025–2028

bacterial	infections,	2025–2026
cytomegalovirus	infection,	2026–2027
Epstein-Barr	virus,	2027
fungal	infection,	2026
hepatic,	2027–2028
herpesvirus	infections,	2026–2027
infectious,	2025–2027
organ,	2027
Pneumocystis	jiroveci	infection,	2026
pulmonary,	2027
renal,	2028
viral	infections,	2026–2027

conditioning	regimens,	2019–2020
failure	of,	2028
future	directions,	2032
graft-versus-host	disease	secondary	to,	2020,	2022–2025
graft-versus-leukemia,	2020
haploidentical,	2022–2023,	2022f
for	hematologic	malignancies,	2028–2031
HLA-matched	donors,	2021
for	Hodgkin	lymphoma,	1665–1666,	2031
immunobiology	of,	2023–2024
for	mantle	cell	lymphoma,	2031,	2032f
for	multiple	myeloma,	1834
for	myelodysplastic	syndromes,	1812,	2029–2030,	2030f
outcomes,	2028–2032
radiolabeled	monoclonal	antibodies,	2020
relapse	after,	2032
for	solid	tumors,	2031–2032
sources	of	cells,	2020–2023,	2021f
umbilical	cord	blood	cells,	2022
unrelated	donors,	2021–2022

Allopurinol	(Aloprim)
for	hyperuricemia,	1929
for	tumor	lysis	syndrome,	1929



urate	oxidase	compared	with,	1929
All-trans-retinoic	acid	(ATRA),	424–425,	1733,	1746,	1916–1917,	1921,	2114t,	2116,	2276
Aloe,	2092t,	2277
Alopecia,	2128–2131

alkylating	agents	and,	253
anthracyclines	and,	281
classification	of,	2129
diagnosis	of,	2129–2130
etiology	of,	2129,	2130t
future	considerations,	2132
permanent,	2129
treatment	and	prevention,	2130–2131,	2131t
vinca	alkaloids	and,	293
WBRT	and,	1936

Alopecia	mucinosa,	1714
Alpelisib,	307
Alpha	aminolevulinic	acid,	1053
α-Blockers

for	adrenal	tumors,	1349,	1381–1382
for	urinary	toxicity,	1104

α-Fetoprotein	(AFP),	530
in	cancer	of	unknown	primary	site,	1859
in	gastric	cancer,	766
in	germ	cell	neoplasms,	708,	1598
in	germ	cell	tumors,	1146,	1151,	1152,	1155,	1157
in	hepatocellular	carcinoma,	462,	842
in	liver	cancer,	462
in	malignant	ascites,	1992
in	mediastinal	neoplasms,	703,	708
in	response	evaluation,	504t,	505
in	yolk	sac	tumors,	1147
5α-steroid	reductase	inhibitors	and,	433–434,	433t,	1088–1089

Alprazolam,	2235t
Alprostadil,	transurethral,	2220
ALT-803,	379
Alternative	medicine.	See	Complementary	and	integrative	medicine	(CIM)
Altretamine,	248t
Aluminum	chloride,	1475
Alveolar	rhabdomyosarcoma,	1620,	1624f

characteristics,	1410
cytogenetics,	1387t
histology,	1386f
molecular	abnormalities	in,	1387t,	1410
translocations	in,	1388–1389

Alveolar	soft-part	sarcoma
characteristics,	1413
cytogenetics,	1387t
histology,	1386f
management	of,	1436
molecular	abnormalities	in,	1387t,	1413
translocations	in,	1389

ALX148,	373t
AM0010,	372t,	379
Amatuximab,	1881
AMD473,	257f,	258
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Ameloblastic	carcinoma,	562
Ameloblastoma,	561–563
Amenorrhea,	2137
American	Association	for	Cancer	Research	(AACR),	14
American	Cancer	Society,	143,	457,	2187,	2223
American	Joint	Committee	on	Cancer	(AJCC),	544,	544t
American	Society	of	Clinical	Oncology	(ASCO),	505,	530,	534
American	Society	of	Clinical	Oncology	obesity	initiative,	149–150
Amifampridine,	1999
Amifostine	(Ethyol)

dosage,	556
for	oral	mucositis,	2098t,	2099
for	parathyroid	cancer,	1340
for	pulmonary	toxicity,	2111
radiation	protection	and,	204,	2099,	2105
saliva	production	affected	by,	556,	2105
for	xerostomia,	556,	2105

4-Aminobiphenyl,	92
Aminoglutethimide,	351,	1113,	1121
Aminoimidazole	carboxamide	(AICAR)	formyltransferase,	265
5-Aminolevulinic	acid	(ALA),	1478,	1482,	1487
Aminopterin,	265.	See	also	Antifolates
Amitriptyline	(Elavil),	2233–2234,	2234t
AML1.	See	RUNX1
Ammonia,	elevated	levels	of,	1931,	1932t
Amoeboid	invasion,	50
Amosite,	1863,	1864
Amphibole	asbestos,	1863
Amphiregulin,	713
Amphotericin	B

for	aspergillosis,	2049–2050
for	candidiasis,	2048
for	mucormycosis,	2050,	2053
for	oral	candidiasis,	2101
for	oral	mucositis,	2101,	2102
for	pulmonary	infiltrates,	2054

AMPK.	See	Adenosine	monophosphate	(AMP)-activated	protein	kinase
AMP	regimen,	1698
Amputation

for	angiosarcoma,	1493
for	bone	sarcomas,	1464–1468,	1467f,	1468f

Amrubicin,	681
Amsacrine,	2135,	2135t
Amyloid,	1845
Amyloid	myopathy,	2256
Amyloidosis,	329

classification	of,	1845,	1846t
light	chain,	1820t,	1845–1848,	2013

diagnosis	of,	1846–1847
immunohistochemistry	of,	1845,	1846f
prognosis	of,	1847
staging,	1847,	1847t
treatment	of,	1847–1848,	1848f

Anabolic	steroids,	846,	2215
Anal	canal	tumors



adenocarcinoma,	1010
pathology,	1010

Anal	cancer,	997–1010
biomarkers,	1002
chemoradiation	for,	212,	997,	1002–1004,	1004t,	1007
chemotherapy	for,	997
clinical	presentation	of,	1000–1001
diagnostic	evaluation	of,	1001,	1001t
epidemiology,	997
etiology,	997–998
follow-up	management,	1005–1006
in	HIV	population,	treatment	of,	1007
HPV	vaccine	and,	447,	997,	999
human	immunodeficiency	virus	and,	997–1000,	1000f,	1007
immunotherapy	for,	1009
localized,	1002–1008
metastatic	disease,	1008–1009,	1009t
papillomaviruses	and,	101,	997,	999,	1000
pathology	of,	999–1000,	999f,	1000f
persistent	or	local	recurrence,	1007–1008
prognostic	factors,	1002
race/ethnicity	and,	997,	998f
radiation	therapy	for

biologic	radiosensitizing	agents	and,	1005
intensity-modulated,	1005,	1005f
traditional,	1005

salvage	therapy,	1007–1008,	1008t
screening	and	prevention,	998–999
smoking	and,	998
staging,	1000–1001,	1001t
surgery	for,	997,	1002

Analgesic	drug	therapy,	2195–2202
nonopioid,	2196–2197,	2196t
opioid,	2197–2202

Analgesic	ladder,	2195–2196,	2202
Anal	intraepithelial	neoplasia,	998–1000,	1000f
Anal	margin	tumors

pathology,	1009
squamous	cell	carcinomas,	1009–1010

Anal-receptive	intercourse,	997
Anal	squamous	intraepithelial	lesions,	998–1000,	1000f
Analytical	studies

classification	of,	152,	153f
epidemiologic,	152–155

Analytic	validity,	27,	530
Anamorelin,	2215
Anaplastic	astrocytomas,	3,	1582,	1919f
Anaplastic	large	cell	lymphoma	(ALCL),	1634,	1643,	1696–1697

ALK	translocations	in,	27,	27f,	1643,	1692,	1696
cutaneous,	1717–1718

Anaplastic	lymphoma	kinase.	See	ALK
Anaplastic	meningioma,	1593,	1595
Anaplastic	oligodendrogliomas,	3,	1582–1583
Anaplastic	small-cell	carcinoma,	cervical,	1176
Anaplastic	thyroid	carcinoma	(ATC),	1324,	1327,	1333
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Anastrozole	(ATAC),	351,	432
for	breast	cancer,	1283,	1304,	2223
pharmacology	of,	351
side	effects	of,	351,	2223

Ancestim,	2070t
Androgen(s),	348t
Androgen	biosynthesis,	intratumoral,	1080–1082,	1081f
Androgen	biosynthesis	inhibitors,	1079,	1114,	1117,	1118f
Androgen	deprivation	syndrome,	1117,	2221
Androgen	deprivation	therapy	(ADT)

comparison	of	agents,	1121–1122
contemporary	management,	1120–1121
fractures	in,	1117,	1119f
initiation	of,	1121
intermittent,	1122,	1123f
for	prostate	cancer,	1079,	1113–1124,	2221
radiotherapy	and,	1108–1110,	1109t
sexual	problems	after,	1117,	2221
timing	of	initiation,	1121,	1122f
toxicity	of,	1117–1118,	1121
withdrawal	response,	1123–1124

Androgen	receptors,	354–355
action	of,	1079–1080
AR-V7	variant,	1128
genetic	mutations,	1077
inhibitors	of,	1079
prostate	cancer	and,	1076,	1079–1082,	1080f,	1113,	1128
structure	and	function,	1079,	1081f
superantagonists	of,	348t
targeting	of,	1076,	1079,	1128

Androstenedione,	1082,	1117
Anemia

aplastic,	2075
of	chronic	disease,	2003
clofarabine	and,	275
definition	of,	2003
fatigue	and,	2149,	2151
in	multiple	myeloma,	1838
in	myelodysplastic	syndromes,	1808
neutropenia	risks,	2071
as	paraneoplastic	syndrome,	2003
TAS-102	and,	271
treatment	of,	2151
in	Waldenström	macroglobulinemia,	1844,	1845

Anemia	pseudoaplastica,	1802
Anesthetic	cocktails,	for	oropharyngeal	pain,	2104
Anetumab	ravtansine	(BAY	94-9343),	1881
ANG1005,	1942
Anger	management,	2231
Angiogenesis,	48–49,	55,	85,	85f

in	breast	cancer,	118,	1265
in	lung	cancer,	615
in	ovarian	cancer,	1164–1165
pulmonary	toxicity	and,	2115

Angiogenesis	inhibitors



for	bladder	cancer,	1052
for	endometrial	cancer,	1219
for	Ewing	sarcoma,	1458–1459
for	glioblastoma,	1586–1587
for	meningiomas,	1595
for	mesothelioma,	1880
for	neuroendocrine	tumors,	1374
olaparib	with,	1250
for	ovarian	cancer,	1246–1248,	1247t
for	pancreatic	cancer,	825–826
for	pulmonary	carcinoid	tumors,	689–690
for	small-cell	lung	cancer,	685
for	soft	tissue	sarcomas,	1435
for	uterine	leiomyosarcoma,	1222–1223
for	uveal	melanomas,	1905

Angiogenic	switch,	48–49
Angiography

of	bone	metastases,	1979f
of	bone	sarcomas,	1454
of	cholangiocarcinoma,	868
intraocular,	of	uveal	melanomas,	1901
of	mediastinal	neoplasms,	703

Angioimmunoblastic	T-cell	lymphoma	(AITL),	1642,	1695
Angiolipomas,	1408
Angiomyolipomas,	1412

characteristics,	1408
renal,	1018,	1022,	1022f

Angiomyxomas,	1412
Angioplasty,	1913–1914
Angiopoietin	2,	381
Angiosarcoma	(AS),	1410,	1493

bevacizumab	for,	1435
clinical	presentation	of,	1493
epithelioid,	1493
etiology	of,	1493
histology,	1386f,	1493
idiopathic,	1493
incidence	of,	1493
lymphedema	and,	1401,	1410,	1493
management	of,	1493
metastasis,	1493
molecular	biology	of,	1393,	1410
pathologic	features	of,	1493
prognosis	of,	1493
radiation-associated,	1401,	1410,	1493
radiation	therapy	for,	1478,	1493
recommendations	for,	1435
staging,	1493
vulvar,	1199

Angiostatin,	49
Angiotensin-converting	enzyme	inhibitors,	2111,	2121
Animal	models

of	asbestos	carcinogenicity,	1863
of	cancer	risk–reducing	agents,	421,	422t
of	chemical	carcinogenesis,	123,	124
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of	chronic	myeloid	leukemia,	1766,	1774
of	colorectal	cancer,	910–911
of	esophageal	cancer,	714–715
of	gastric	cancer,	716
of	proteasome	inhibitor	activity,	321–322

Ankle-foot	orthosis,	2251,	2257
Ann	Arbor	staging	system,	891,	1678,	1678t
Anomalous	pancreatic–biliary	duct	junction	(APBJ),	867,	877,	878
Anorectal	fistulae,	1010
Anorectal	infections,	2056–2057
Anorectal	melanoma,	1010
Anorexia

cancer-associated,	69,	347,	356,	2213–2214
dysgeusia	and,	2213

ANRIL,	86
Anthocyanins,	435
Anthophyllite,	1863
Anthracenediones,	284
Anthracyclines,	281–284.	See	also	Daunorubicin;	Doxorubicin	(Adriamycin);	Epirubicin;	Idarubicin

for	acute	lymphoblastic	leukemia,	1753–1754
for	acute	myeloid	leukemia,	1744–1745
for	acute	promyelocytic	leukemia,	1746
for	breast	cancer,	1296,	1305
cardiac	toxicity,	283–284,	2119–2121,	2272–2273
for	choroid	plexus	tumors,	1608
coenzyme	Q10	and,	2272–2273
cytarabine	and,	271
description	of,	281
emesis	after,	2082
for	Merkel	cell	carcinoma,	1491
for	multiple	myeloma,	1831
reproductive	dysfunction	and,	2135
resistance	and	modulation,	254t
structure	of,	279f,	281

Antiandrogens,	348t,	354–356,	1117,	1118,	1121–1122,	1123,	1125.	See	also	Androgen	deprivation	therapy
(ADT)

resistance	to,	355–356
therapies	in	development,	356

Antianxiety	agents,	2235,	2235t,	2243
Antibiotics

empirical	therapy,	2043
microbiota	and,	69
for	oral	complications,	2101–2102
prophylaxis,	2038t,	2041

in	allogeneic	stem	cell	transplantation,	2026
in	multiple	myeloma,	1838
for	neutropenia,	2072,	2074

pulmonary	toxicity,	2112t
Antibodies

bispecific,	361–362,	370t,	374t,	381–382
chimeric,	359
glycosylation,	361
humanized,	359
modified,	359
monoclonal	(See	Monoclonal	antibodies)



size	of,	tumor	targeting	and,	359–360
solid	tumors	treated	with,	363–364
tumor	targeting	using,	359–361
unconjugated,	360t

Antibody-dependent	cell-mediated	cytotoxicity	(ADCC),	359,	360,	361–362,	361f
Antibody-directed	enzyme	prodrug	therapy	(ADEPT),	255
Antibody–drug	conjugates,	285,	285t,	294,	339,	359,	360,	362–363
Anticipatory	guidance,	2231
Anticipatory	nausea	and	vomiting,	2083
Anticonvulsants

for	brain	metastases,	1936
for	CNS	neoplasms,	1578
constipation	and,	2091
in	end-of-life	care,	2246
for	hot	flashes,	348
in	pain	management,	2203

Anti–cytotoxic	T-lymphocyte	antigen	4,	19
Antidepressants,	2233–2235

for	cancer-related	fatigue,	2151
for	depression	in	cancer	patients,	2233–2234
for	HNSCC	patients,	598
for	hot	flashes,	348
for	pain	management,	2203,	2204,	2234
for	smoking	cessation,	397
tamoxifen	metabolism	and,	2234–2235

Antidiarrhea	medications,	2088–2090
Antidiuretic	hormone,	293,	671–673,	1918,	1929–1930,	2000–2001
Antiemetic	agents,	2079–2083

highest	therapeutic	index,	2079–2082,	2080t
highly	emetogenic	chemotherapy	and,	2082
low	and	minimally	emetogenic	chemotherapy	and,	2082–2083
lower	therapeutic	index,	2080t,	2082
moderately	emetogenic	chemotherapy	and,	2082
single-day	IV	chemotherapy	and,	2082,	2082t
treatment	by	clinical	setting,	2082–2083

Antifolates,	265–269
clinical	pharmacology,	267
doses	and	schedule,	268t
mechanism	of	action,	265–266,	266t,	267f
mechanism	of	resistance,	266–267
for	mesothelioma,	1878–1880,	1879f
therapeutic	uses,	265,	268t
toxicities,	267–269,	268t

Antigen-binding	domains,	359
Antigen-presenting	cells	(APCs),	114,	116,	369–370
Antigens

chimeric	T-cell,	383–384,	384f
trigger,	361
tumor,	360–361,	369–370,	450–453,	450t,	1165–1166,	1165–1167

Anti-infectives,	436–438
Anti-inflammatory	drugs,	430t,	438

as	cancer	risk–reducing	agents,	429–431
mechanism	of	action,	429
for	oropharyngeal	pain,	2104
as	radioprotectors,	2100
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Antimetabolites,	265–275
doses	and	schedule,	268t–269t
mechanisms	of	action,	266t
mechanisms	of	resistance,	266t
pulmonary	toxicity,	2112t–2113t
radiation	sensitivity	and,	203
resistance	and	modulation,	254t
therapeutic	uses,	268t–269t
toxicities,	268t–269t

Antimicrobial	prophylaxis,	2038t–2039t,	2041–2043
Antimicrotubule	agents,	288–295,	289f,	289t
Antimitotics,	resistance	and	modulation,	254t
Antimüllerian	hormone	(AMH),	2137
Antioxidants,	139–140,	424,	426–427,	426t,	624,	920,	2099

treatment	interactions,	2271
Antipsychotic	agents,	2235,	2235t
Antithymocyte	globulin,	1747,	1812,	2025
Antiviral	agents,	100
Antrectomy,	2244
Anxiety,	2229

about	death,	2233
pharmacotherapy	for,	2235,	2235t

Apalutamide,	356,	1079,	1123
Apatinib,	787
APC	(adenomatous	polyposis	coli)	gene,	79t

in	colorectal	cancer,	909,	910,	911,	913
in	familial	adenomatous	polyposis,	79t,	83,	85,	910,	911–912,	922
in	hereditary	colorectal	cancer	syndromes,	412–413,	416
in	lung	cancer,	614
in	prostate	cancer,	1076,	1082
in	small	bowel	adenocarcinoma,	887
in	soft	tissue	sarcomas,	1389–1390,	1401,	1406

Aphasia,	1571–1572
Aphonia,	603
Aplastic	anemia,	2075
APOBEC	cytidine	deaminases,	9
APOE,	2177
Apoptosis

cancer	susceptibility	and,	78,	79f,	79t,	83–84
pulmonary	toxicity	and,	2115
resisting	of,	46–47
triggering	of,	45
tumor	suppressors	and,	78

Appendiceal	malignancy,	1892,	1893f
Appendiceal	neuroendocrine	tumors,	1372
Applied	Proteogenomics	OrganizationaL	Learning	and	Outcomes	(APOLLO)	network,	609
Apraxia,	1572
Aprepitant,	2080–2081,	2080t,	2082
APX005M,	372t
Aquaporin	2,	2000,	2001
Aquaporin	3,	2000
Aquaporin	4,	2000
Arachidonic	acid,	429
Arachnoidal	cap	cells,	1593
Arachnoid	granulations,	1917



Arc	of	Riolan,	924
Area	postrema,	2077–2078
Area	under	the	plasma	concentration–time	curve	(AUC),	231,	232,	232f,	233,	263
Arginase,	369
Arginase-1,	115,	379,	1857t
Arginase	inhibitor,	373t,	380
Arginine	butyrate,	1699
Argon	plasma	coagulation,	725,	1104
ARID1A	mutations

in	bladder	cancer,	1044
in	cancer	of	unknown	primary	site,	1862
in	cholangiocarcinoma,	842,	870
in	colorectal	cancer,	909
in	endometrial	cancer,	1167
in	lung	cancer,	614
in	lymphomas,	1679,	1680
in	ovarian	cancer,	1233
in	pancreatic	cancer,	801

ARID2,	842
ARID4A,	1044
ARIEL	trials,	1251,	1253
Aripiprazole,	2235t
ARN-509,	356
Arnold’s	nerve	tumors,	569
Aromatase,	351
Aromatase	inactivator,	351–352
Aromatase	inhibitors,	348t,	351–352,	432–433,	433t

for	adrenal	tumors,	1351
for	breast	cancer,	351–352,	432–433,	1283,	1294–1295,	1294t,	1304,	2223
classification	of,	351
efficacy	of,	432–433
for	endometrial	cancer,	1217–1218
for	endometrial	stromal	sarcoma,	1223
formulations	of,	432
mechanism	of	action,	432,	1266
nonsteroidal,	351
resistance	to,	352–353,	352f
reversible	and	irreversible,	351
sexual	problems	and,	2223
steroidal,	351
for	uterine	leiomyosarcoma,	1223

Aromatic	amides,	123
Aromatic	amines,	92,	123
Array	hybridization	methods,	28
ARRY-382,	374t
Arsenic	exposure,	1402,	1479,	1483,	1672
Arsenic	trioxide,	1746,	2120t
Arterial	thrombotic	events,	954
Artificial	larynx,	599,	601,	603f,	605
Artificial	saliva,	598,	2098t,	2105
Aryepiglottic	fold	lesions,	554,	569,	574,	575
Aryl	hydrocarbon	receptor,	1322
Arytenoid	lesions,	569,	574
Arzoxifene,	431,	435
Asbestos,	125–126,	130–131
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carcinogenesis	mechanisms,	1863–1864
animal	models	of,	1863
in	humans,	1863–1864

cellular	responses	to,	131
cholangiocarcinoma	and,	867
damage	induction	mechanisms,	131
lung	cancer	and,	131,	621–622
mesothelioma	and,	131,	1863–1864
pathogenicity	mechanisms,	1864,	1865f
reactive	oxygen	species	induced	by,	131
tissue	responses	to,	131

ASCC1,	713
Ascending	colon,	923–924,	924f
Ascertainment	bias,	507,	508f
Ascites

liver	cancer	and,	846,	860
malignant,	1991–1997,	2244–2245
nonmalignant	causes	of,	1991
stomach	cancer	and,	765,	1991,	1992f
terminal	illness	and,	2244–2245

Ascitic	fluid
cytology,	1992
homeostasis	of,	1991

ASCL1,	609
Ashkenazi	Jews,	BRCA1/BRCA2	mutations	in,	472,	1164,	1259,	1269
Ask-Advise-Connect	(AAC),	394–395,	394f
Ask-Advise-Refer	(AAR),	394–395,	394f
L-Asparaginase,	338,	343t

for	acute	lymphoblastic	leukemia,	1753–1754,	1755,	1756
clinical	pharmacology,	338,	343t
dosage	and	administration,	343t
drug	interactions,	293,	338
for	dural	sinus	thrombosis,	1921
for	extranodal	natural	killer/T-cell	lymphoma,	1698
formulations	of,	338
indications,	343t
mechanism	of	action,	338,	343t
toxicities,	338,	343t

Aspergillosis,	2047–2052
clinical	manifestations,	2048
cutaneous	infection,	2052
diagnosis,	2048–2049,	2049f
invasive,	2048–2050
prophylaxis,	2042
risk	factors,	2048
sinusitis	in,	2053
treatment	of,	2049–2050

Aspergillus,	2008,	2026,	2027,	2048–2052
Aspergillus	flavus,	846
Aspirin

adjuvant	use	in	colorectal	cancer,	960–961
as	cancer	risk–reducing	agent,	85,	429–431,	430t,	921
colorectal	cancer	and,	921
inhibition	of	MTX	excretion,	267
in	pain	management,	2196–2197,	2196t



for	rectal	cancer,	989
repurposing	for	chemotherapy,	345t

ASPL,	1389,	1413
Asplenia,	2036
ASPSCR1,	1389,	1413
Assisted	reproductive	technologies,	2141–2142,	2141t
Asthenia,	271,	273
Astrocytomas,	1578–1579

in	adolescents	and	young	adults,	1627
anaplastic,	1582,	1919f
cerebellar,	1590–1591
hereditary	syndromes,	1569
incidence	of,	1569f
magnetic	resonance	imaging	of,	1573f
molecular	biology	of,	1562,	1564
pilocytic,	1562,	1578–1579,	1591
spinal,	1608–1609

Astroglial	variants,	of	gliomas,	1591
ASXL1,	1044,	1736,	1739,	1742,	1767,	1786,	1806,	1808
ASXL2,	1044
Ataxia,	1923
Ataxia	telangiectasia

adolescent/young	adult	cancer	and,	1617
genomic	integrity	and	apoptosis	in,	83
ionizing	radiation	and,	127,	196
non-Hodgkin	lymphoma	and,	1672,	1672t
pancreatic	cancer	and,	805t

Ataxia-telangiectasia	gene.	See	ATM
Ataxia-telangiectasia	mutated	(ATM)	kinase,	127,	129,	196,	197f,	259–260
Ataxia-telangiectasia	mutated	(ATM)	kinase	inhibitors,	260
Atelectasis,	688
Atezolizumab,	222t,	224,	226–227,	375

for	bladder	cancer,	1055,	1067
for	esophageal	cancer,	753
infection	risk	and,	2040
for	lung	cancer,	615
for	non–small-cell	lung	cancer,	637,	652
pulmonary	toxicity,	2114t
for	renal	cell	carcinoma,	1032t
for	small	bowel	adenocarcinoma,	890t
for	small-cell	lung	cancer,	686

Atherosclerosis,	118–119
ATM	and	Rad3-related	(ATR)	kinase,	129,	129f,	259–260
ATM	mutations,	127

in	breast	cancer,	402t,	1260t,	1261,	1270
in	carcinoid	tumors,	687
in	chronic	lymphocytic	leukemia,	1768–1769,	1786
in	mantle	cell	lymphoma,	1636
in	pancreatic	cancer,	797,	804
in	prostate	cancer,	1087
in	SLL/CLL,	1684
in	urothelial	carcinoma	and,	1045

Atomic	bomb,	127
Atorvastatin,	346,	434
ATP1A1	mutations,	1319–1320
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ATP2B3	mutations,	1319–1320
Atrial	natriuretic	peptide	(ANP),	1930
Atropine,	2090
ATRX,	802,	809,	1356,	1511,	1563,	1564–1565,	1579
Attenuated	FAP,	911t
Attenuation,	207
Attributable	risk,	153
Atypical	carcinoid	tumors,	671,	687–690

pulmonary,	671,	687–690
thymic,	707

Atypical	fibroxanthoma	(AFX),	1495–1496
Atypical	intradermal	smooth	muscle	neoplasms,	1409
Atypical	lipomatous	tumor	(ALT),	1408
Atypical	lobular	hyperplasia	(ALT),	1273
Atypical	moles,	1517
Atypical	squamous	cells	(ASC),	463,	1174
Atypical	squamous	cells	of	undetermined	significance,	463,	1174
Atypical	teratoid	rhabdoid	tumors,	1595–1596
AURELIA	trial,	1247t,	1248
Auristatins,	294
Aurora	kinase	inhibitors,	295,	686
Australian	antigen,	109
Autocrine	signaling,	44
Autoimmune	hemolytic	anemia,	1788
Autoimmune	lymphoproliferative	disease,	1672t
Autologous	stem	cell	transplantation	(ASCT),	2008–2017

for	acute	leukemias,	1746–1750,	1754–1755,	2016–2017
for	acute	myeloid	leukemia,	1746,	1749–1750,	2016–2017
conditioning	regimens,	2011–2012,	2013
functional	imaging	and	outcomes,	2016
for	germ	cell	tumors,	2017
for	Hodgkin	lymphoma,	1662–1665,	2013,	2014t,	2016
HPC	collection,	2008,	2012–2013,	2016
indications	for,	2009,	2009f
late	complications	of,	2017
for	lymphoid	malignancies,	2016
for	lymphomas,	2013–2016,	2014t
maintenance	therapies	after,	2012,	2016
mortality,	2009,	2009f
for	multiple	myeloma,	1833–1834,	2009–2013
for	non-Hodgkin	lymphoma,	2013–2015,	2014t
in	older	patients,	2012
patient	selection	for,	2008
phases	of,	2008
for	plasma	cell	dyscrasias,	2013
salvage,	2013
supportive	care,	2008–2009
survival	after,	2009,	2010f
tandem	(double),	1834,	1834t,	2012
for	testicular	cancer,	1152,	1157
toxicities,	2008–2009
tumor	cell	contamination	in,	2016

Automatic	thoughts,	2232
Autonomic	nerves,	rectal,	971
Autophagy,	46–47



cancer	cachexia	and,	2214
hepatitis	viruses	and,	110
inflammation	and,	118
platinum	agents	and,	262

Autosomal	dominant	hypoparathyroidism	(ADH),	1321
Availability,	231
AVD	regimen,	1655
Avelumab,	223t,	226–227,	375

for	bladder	cancer,	1067
for	breast	cancer,	1306
for	esophageal	cancer,	753
for	gestational	trophoblastic	neoplasms,	1230
infection	risk	and,	2040
for	mediastinal	neoplasms,	706
for	small	bowel	cancer,	890t

Axicabtagene	ciloleucel,	383,	1683
Axillary	lymph	node	dissection	(ALND),	1282–1283,	1289–1293,	1535–1536,	1861
Axillary	lymph	nodes/metastases

in	breast	cancer,	1273,	1273f,	1275,	1282–1283,	1289–1293
in	cancer	of	unknown	primary	site,	1861
in	melanoma,	1535–1536

AXIN2,	838,	910,	912
Axitinib,	308

for	pancreatic	cancer,	825,	826
for	pulmonary	toxicity,	2115
for	renal	cell	carcinoma,	308,	1032t,	1035t,	1037

5-Azacitidine	(5AC),	123,	315–316,	316t
for	acute	myeloid	leukemia,	317–318,	1745
DNMT	inhibitors	and,	318
immunotherapy	and,	318
mechanism	of	action,	317
for	myelodysplastic	syndrome,	317–318,	1811–1812,	1813
response	time,	317
toxicities,	317

Azacytosine	nucleosides,	315
Aza-epothilone	B,	294.	See	also	Ixabepilone
Aza-induced	immune	genes	(AIM),	318
Azanucleosides,	for	myelodysplastic	syndromes,	1811–1812
Azathioprine

carcinogenicity	of,	2157
for	myasthenia	gravis,	703
pharmacogenomics	of,	243–244
pulmonary	toxicity,	252–253

AZD0156,	260
AZD1390,	260
AZD1775,	685
AZD5069,	372t
AZD5363,	308
AZD6738,	260
AZD9150,	372t
Azelastine,	2099,	2100
Aziridines,	246
Aziridinium	ions,	255
Azoospermia,	2135–2136,	2135t,	2136t,	2139,	2140,	2143,	2144
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B

B2M,	1508,	1639,	1640,	1642,	1650
Bacillus	Calmette-Guérin,	1054–1055,	1069,	1533,	1905
Bacillus	prodigiosus,	70
Bacteremia,	2051,	2087
Bacteria

β-lactamase–producing,	2061
as	cancer	drugs,	70
as	cause	of	cancer,	66–69,	68f
chemotherapy	and,	71,	72f
colorectal	cancer	and,	67–69,	157,	913–914
drug	metabolism	and,	70–71,	70f
gram-negative,	multidrug-resistant,	2061–2062
gram-positive,	multidrug-resistant,	2059–2061
immune	checkpoint	blockers	and,	73–74
immunotherapy	and,	71–73
ionizing	radiation	and,	126
metagenomic	studies,	158

Bacterial	infection	prophylaxis,	2038t,	2041
Bacterial	overgrowth,	2086,	2087
Bacteriuria,	1056
Bacteroidales,	73–74
Bacteroides,	73,	74
Bacteroides	fragilis,	67,	69,	73–74
Bacteroides	thetaiotaomicron,	73–74
BAK1,	1149
Bak	protein,	46,	290
Balanitis,	1140
BAP1,	1015,	1017t,	1566,	1864–1866,	1871,	1906,	1907
BAP1-associated	tumor	predisposition	syndrome,	1015,	1017t
Barcelona	Clinic	Liver	Cancer	(BCLC)	classification,	847,	851,	852f
BARD1,	1164,	1248,	1270
Bariatric	surgery,	146–147
Barium	enema,	924,	925,	972,	986
Barrett	esophagus,	713–715,	720–721,	725,	727,	753
Bartholin	gland	carcinoma,	1199
Basal	cell	adenoma,	585
Basal	cell	carcinoma	(BCC),	1478–1483

clinical	features	of,	1479,	1480f
description	of,	1478
diagnosis	of,	1475
etiology	of,	1479
FEP,	1481
Gorlin	syndrome	and,	84,	1479
incidence	of,	1479
infiltrative,	1479,	1480f,	1481,	1482
locally	advanced,	1482
management	of,	1481–1483
metastatic	potential,	1481,	1482–1483
micronodular,	1479,	1481,	1482
Mohs	micrographic	surgery	for,	1476,	1482
morpheaform,	1479,	1480f,	1481,	1482
nodular,	1479,	1480f
pathologic	features	of,	1479–1481,	1480f



prognosis,	1481
radiation	therapy	for,	1478,	1482
staging,	1481
subtypes,	1479–1481,	1480f
superficial,	1479–1481,	1480f
topical	therapy	for,	1478,	1482
ultraviolet	radiation	and,	129,	1478–1479
vismodegib	for,	339,	1482–1483

Base	excision	repair	(BER),	127,	127f,	131,	260,	333,	2158
Baseline	pain,	2191
Basiliximab,	2040
Basket	trials,	190,	191f,	241,	299,	309,	488
Basosquamous	carcinoma,	1481
BATTLE	study,	190
BAX	mutations,	799
Bax	protein,	46,	683
BAY1895344,	260
Bayesian	methods,	489,	495–496
Bazex	syndrome,	1479,	2004
4-1BB	protein	receptor,	372t,	377
BBR3464,	257f,	258
BCD	regimen,	1460
B	cell(s)

analysis,	28
antibody	production,	359
differentiation	of,	1672
immune	function,	52–53,	56
marginal	zone,	1685
monocytoid,	1685
origin	of,	1632–1633,	1633f,	1672–1674

B-cell	acute	lymphoblastic	leukemia,	1751–1752
B-cell	chronic	lymphocytic	leukemia,	1684
B-cell	lymphomas,	4,	1675t

aberrant	somatic	hypermutations	in,	1632–1635,	1633f
antigens,	360,	451
cell	of	origin,	1632–1633,	1633f
chromosomal	translocations	in,	1634,	1634f
copy	number	variation	in,	1635
Epstein-Barr	virus	and,	104–105,	1635
hepatitis	C	and,	111
IGH-BCL2	translocations,	35,	36f
molecular	pathogenesis	of,	1635–1642
non-Hodgkin,	1632–1633,	1633f,	1672–1674,	1673f
obesity	and,	146t
treatment	of,	checkpoint	inhibitors,	221,	375

B-cell	neoplasms,	1676–1677
B-cell	receptors	(BCRs),	1632,	1769,	1793–1795
BCL2,	1634,	1635,	1637,	1674–1675,	1689,	1769
Bcl-2	inhibitors,	1794–1795
Bcl-2	protein,	46,	290,	321,	683,	685,	1769–1770,	2115
BCL6,	1632,	1634,	1637,	1638–1639,	1644,	1674,	1689
BCL2L12,	9–10
BCNU.	See	Carmustine
BCOR-CCNB3	translocations,	1388
BCR-ABL1	fusion,	26–28,	26t,	32,	32f,	190,	240–241,	301–302,	450
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acute	leukemias	and,	1737,	1743,	1751–1752,	1755
chronic	myeloid	leukemia	and,	26–28,	32,	32f,	190,	240–241,	301–302,	1764–1767,	1765f,	1773–1774
functional	domains	of,	1764
molecular	anatomy	of,	1764
signal	transduction,	1766

BCR-ABL	kinase,	301–302,	1764,	1773–1774
DNA	repair	impaired	by,	1766
protein	phosphorylation	by,	1766

BCR-ABL	kinase	inhibitors,	301–302,	1773,	1776–1781,	2041
BRCAPRO	model,	for	breast	cancer	risk,	401–402
BEACOPP	regimen,	338,	1656–1661

for	advanced-stage	Hodgkin	disease,	1658,	1659–1661
for	early-stage	Hodgkin	disease,	1656,	1657

BEAMing,	41
Beckwith-Wiedemann	syndrome,	86,	1319,	1320,	1343,	1345
Beclin-1,	46
Beclin-1	protein,	46
Bednar	tumor,	1389
Behavioral	therapy,	for	pain	management,	2205
Belinostat	(PDX1010),	316,	316t,	706
Bellini	tumor,	1021t
Belotecan,	279f,	280t,	281
Bence	Jones	proteins	(free	light	chains),	1818,	1823–1824,	1838,	1841,	1842,	1848
Bendamustine	(Treanda),	247–250,	248t

for	chronic	lymphocytic	leukemia,	250,	1790,	1790t,	1792
for	diffuse	large	B-cell	lymphoma,	1691
for	follicular	lymphoma,	1681,	1682
for	Hodgkin	lymphoma,	1662
for	lymphoplasmacytic	lymphoma,	1685
for	mantle	cell	lymphoma,	1688
for	small-cell	lung	cancer,	682t
for	Waldenström	macroglobulinemia,	1844

Benign	lymphoepithelial	lesions,	585
Benign	mixed	tumors,	585,	586,	587,	589
Benign	prostatic	hyperplasia	(BPH),	1088,	1089,	1090,	1093–1094
Benign	schwannoma,	1411
Benzamides,	316–317
Benzene,	92,	1742,	1802
Benzo[a]-pyrene	(BaP),	92,	121,	123
Benzodiazepines,	2082,	2083,	2204,	2235,	2243
Benzopyrones,	2264
Benzydamine,	2099,	2100
BEP	regimen,	1153–1157,	1154,	1155,	1230,	1239,	2134–2135
Berries,	435,	437t
β-Amyloid	peptide,	1738
β-Blockers,	1349,	2121
β-Carotene,	139–140,	424,	426–427,	426t,	1271,	2276
Betacellulin,	713
β-Cryptoxanthin,	424
β-Lactamase–producing	bacteria,	2061
β-Lactones,	320–321,	321t
Beta-propiolactone,	123
Bethesda	system

for	cervical	intraepithelial	neoplasia,	462–463,	1174,	1174t
for	colorectal	tumors,	415,	415t



for	HNPCC,	912
BETTER	model,	for	communication,	2225–2226
Bevacizumab	(Avastin),	360t,	364

binding	of,	364
for	cancer	of	unknown	primary	site,	1861–1862
cardiac	toxicity,	2123
for	cervical	cancer,	1192
cetuximab	with,	959–960,	959t
characteristics	of,	364
for	colorectal	cancer,	940,	943,	948,	953–955,	953t,	954t,	959–961
for	endometrial	cancer,	1219
for	esophageal	cancer,	735,	739,	742,	752t,	753
for	Ewing	sarcoma,	1459
FOLFOXIRI	regimen	plus,	954–955
for	gastric	cancer,	786
for	glioblastoma,	1586
for	hepatocellular	carcinoma,	859
infection	risk	and,	2041
for	liver	metastases,	1962
for	malignant	ascites,	1993,	1996
mechanism	of	action,	362,	364
for	mesothelioma,	1880
for	metastatic	carcinoid,	891
for	neuroendocrine	tumors,	1374
for	non–small-cell	lung	cancer,	646,	653–654
olaparib	with,	1250
for	ovarian	cancer,	1165,	1246–1248
for	pancreatic	cancer,	825–826
pulmonary	toxicity,	2113t,	2115–2116
for	radiation	necrosis,	1938
for	rectal	cancer,	988–989
for	renal	cell	carcinoma,	1035t,	1036,	1037
for	soft	tissue	sarcomas,	1435
toxicities,	954–955
for	uterine	leiomyosarcoma,	1222
for	uveal	melanomas,	1899
for	vestibular	schwannomas,	1604

Bexarotene,	1713t,	1714,	1715–1716
Beyer	score,	1152,	1157
Biases

in	clinical	response	assessment,	507,	508f
definition	of,	155
in	dietary	studies,	133
in	epidemiologic	studies,	133,	155,	156
in	screening	tests,	455–456,	455f,	456f
sources	of,	155

Bicalutamide,	354–355
dosage,	354
pharmacology,	355
for	prostate	cancer,	1117,	1120,	1121–1122,	1124,	1125

Bicarbonate,	for	metabolic	acidosis,	1056
Bidirectional	chemotherapy,	788
Bifidobacterium,	74
Bifunctional	fusion	proteins,	374t,	381–384
Bifunctional	immunostimulatory	antibody,	374t,	382
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Bilateral	salpingo-oophorectomy	(BSO),	408,	464,	1214,	1222,	1272,	2224
Bile	duct

anatomy	of,	865–866
calculi,	867
cancer	of,	865
lymphatic	drainage,	866

Bile	salts,	malabsorption,	1057
Biliary	decompression,	875
Biliary	obstruction,	2057
Biliary	stenting

in	cholangiocarcinoma,	873–874,	876
in	malignant	obstruction,	2244
in	pancreatic	cancer,	812

Biliary	tract
anatomy	of,	865–866
calculi	of,	867
cancer	of

cholangiocarcinoma	(See	Cholangiocarcinoma)
description	of,	865
multidisciplinary	approach	for,	865
periampullary	tumors,	865

cystic	diseases	of,	867
malignant	obstruction	of,	2244

Biliary	tree,	865–866
Bilirubin,	846–847,	870,	875,	2028,	2244
Bimatoprost,	2131
Bim	protein,	46,	290,	683
Binding-site	barrier	hypothesis,	361
Binimetinib,	1545t,	1550
BIO	300,	2111
Bioavailability,	231
Biochemotherapy,	219
Biological	agents.	See	also	specific	agents

for	mycosis	fungoides/Sézary	syndrome,	1715
Biologic	response	modifiers,	2100–2103
Biomarkers,	25–28,	528–534.	See	also	specific	biomarkers	and	cancers

cancer	risk–reducing	agent	targets,	420f,	423,	423t
challenges,	27
chromosomal	translocations	as,	25–28
clinical	uses	of	tests,	528–530,	529t
clinical	utility	of,	530–534
composition	and	measurement,	528
criteria	for	incorporation	into	practice,	530–534
definition	of,	528
diagnostic	use,	27–28,	528
diet	and,	142
efficacy	end-points,	423,	423t
established,	26t
genetics,	27,	27f
identification	of,	528
immunohistochemistry	for,	39–40,	528
interleukin-2	response,	219
molecular	epidemiology,	156,	157–158
mutations	as,	25–27
pharmacodynamic,	189



predicting	response	to	therapy,	28,	529
predictive,	189–190,	239,	529,	530f
prognostic	use,	28,	239,	529,	530f
resources	and	guidelines,	530,	534
response	criteria	for,	505
risk	assessment	and	prevention,	28
screening,	528
serial	measurement	of,	529–530
serum	levels	of,	505
strategies	for	detecting,	26,	26f
therapeutic	disease	monitoring,	28,	529
tissue	of	origin	(differential	diagnosis),	528–529,	529t
tobacco	exposure,	94,	95t
useful	tests	for	solid	malignancies,	531t–533t
validity	of,	27

Biopsy.	See	also	specific	cancers	and	procedures
core,	1277,	1277t,	1354
excisional,	1475,	1518–1519
liquid,	19–20,	20f,	40–41,	616,	903
punch,	1475,	1476f,	1518
shave,	1475,	1476f,	1518

Biopsychosocial	model,	2269
Biospecimens,	human,	189
Biotene	chewing	gum,	2098t
BIRC3,	1641,	1786,	1789
Birth	cohort	effect,	181
Birt-Hogg-Dubé	syndrome

characteristics	of,	1018
description	of,	1018,	1023
genetics	of,	1018,	1025t
renal	cell	carcinoma	and,	1014,	1017t,	1018,	1023,	1025t

Birth	weight,	140
Bis-aceto-amine-dichloro-cyclohexylamine	platinum	IV.	See	Satraplatin	(JM216)
Bisacodyl,	2092,	2092t
Bischloroethylnitrosourea,	252
Bischloroethylamines.	See	Nitrogen	mustards
Bispecific	antibodies,	361–362,	370t,	374t,	381–382
Bispecific	T-cell	engagers	(BiTE),	359,	362,	374t,	382,	1255
Bisphosphonates

adverse	effects,	1837–1838
with	androgen	deprivation	therapy,	1115,	1117
aromatase	inhibitors	and,	351
for	bone	health	in	breast	cancer,	1295–1296
colorectal	cancer	and,	921
for	hypercalcemia,	1838,	1931
intravenous,	1971
for	metastatic	bone	disease,	1126,	1306–1307,	1971–1972,	2204
for	multiple	myeloma,	1837–1838,	1971–1972
oral,	1971
for	osteosarcomas,	1462
for	parathyroid	cancer,	1340,	1341
for	smoldering	multiple	myeloma,	1843–1844

BK	polyomavirus,	99t,	100,	103,	104
BK	virus,	2027
Black	box	warnings
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brentuximab	vedotin,	294
cabazitaxel,	292
capecitabine,	271
docetaxel,	291
ipilimumab,	1546
ofatumumab,	2040
rituximab,	2040

Black	cohosh	(Cimicifuga	racemosa),	2271
Bladder	cancer,	1050–1070

biomarkers,	1051–1052
BK	polyomavirus	and,	103
carcinoma	in	situ,	1042
chromatin	modification	and	architecture	in,	1044
clinical	presentation	of,	1053
DNA-based	subtypes,	1046
DNA	repair	pathways	in,	1045
epidemiology	of,	1050–1051
etiology	of,	1051
geographic	variations	in,	170
gonadal	dysfunction	and,	2133
heterogeneity	and	clonal	evolution,	1045–1046
locoregionally	advanced,	1064
metastatic,	1065
micronutrient	efficacy	and,	425,	427
microsatellite	instability	in,	1042–1043
molecular	biology	of,	1042–1049
molecular	subtypes,	1046–1048,	1047f
molecular	tumor	markers	for,	1052–1053
muscle-invasive,	1042

imaging	of,	1053–1054,	1054f
outcomes,	1058–1062,	1058t,	1059f–1060f
treatment	of,	1055–1062

mutational	landscape,	1042–1045,	1043t
mutational	processes,	1042–1043
mutational	signatures,	1042–1043
mutation	rates,	1042–1043
non–muscle-invasive,	1042

risk	stratification,	1054
treatment	of,	1054–1055

obesity	and,	146t
outcome	predictors,	1058–1061
papillomaviruses	and,	102
pathogenesis	of,	1042
pathology,	1052
physical	activity	and,	148t
primary	tumors,	1052
risk	factors	for,	1051
screening	for,	1051–1052
sexual	problems	and,	2221–2222
staging,	1053–1054,	1054f,	1054t
structural	alterations	to	genome,	1045
survival,	1055,	1055t
telomerase	reverse	transcriptase	gene	promoter,	1044
therapeutic	opportunities	and	future	outlook,	1048–1049
transcriptome-based	subtypes,	1046–1047



treatment	of
adjuvant	chemotherapy,	1063–1064
biologic	agents,	1067
bladder-preserving	approaches,	1057–1062,	1057f,	1064–1065
checkpoint	inhibitors,	226,	1067
chemotherapy,	1062–1067
complications	of,	1056–1057
cystectomy,	1055–1057,	1056t,	1061–1062,	1064–1065,	2221–2222
intravesical	drug	therapy,	1054–1055
multimodal,	1057–1061,	1057f,	1058t,	1064
neoadjuvant	chemotherapy,	1062–1063
non–muscle-invasive	cancer,	1054–1055
outcomes,	1058–1062,	1058t,	1059f–1060f
quality	of	life	after,	1057,	1064–1065
radiation	therapy,	1061,	1061f
second-line,	1066–1067
transurethral	resection,	1053–1054,	1057–1061
triplet	chemotherapy,	1066
urinary	diversion,	1056–1057,	1056f

tumor	suppressor	genes	in,	1042,	1044
Bladder	carcinogens	2-aminonaphthalene,	92
Bland	embolizations,	854,	855
Blast	crisis,	1773
Blastic	NK	lymphoma,	1718
Bleeding

esophageal	cancer	and,	746
herbs/supplements	and,	2271
rectal,	932,	936,	1189
vaginal,	1176,	1211,	1227

Bleomycin,	338,	343t
for	cervical	cancer,	1183
clinical	pharmacology,	343t
dosage	and	administration,	343t
for	esophageal	cancer,	749
formulations	of,	338
for	germ	cell	tumors,	1153,	1153t,	1154,	1155,	1239,	1599
for	gestational	trophoblastic	neoplasms,	1230
for	head	and	neck	cancer,	548
for	Hodgkin	lymphoma,	1655–1662
intracavitary,	338
mechanism	of	action,	338,	343t
for	nasopharynx	cancer,	550
for	osteosarcoma,	1460
for	penile	cancer,	1143
pleurodesis	via,	1984,	1985
pulmonary	toxicity,	252–253,	2112t,	2115–2118
reproductive	dysfunction	and,	2135,	2135t
sclerotherapy	via,	1988
for	seminomas,	709
for	teratomas,	708
therapeutic	uses,	338,	343t
toxicities,	338,	343t,	1661
for	vulvar	cancer,	1204t

Bleomycin	hydrolase,	2115
BLIMP1,	1632,	1639–1640,	1689,	2159
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Blinatumomab	(Blincyto),	360t,	365–366,	1255,	1756–1757,	1917
BLM,	79t
Blom-Singer	Voice	Prosthesis,	570,	601f,	603f
Blood–brain	barrier,	1578,	1939
Blood	group	A,	715
Blood	specimens,	29,	157
Blood	transfusions,	colorectal	cancer	and,	932
Bloom	syndrome,	79t,	83–84,	1672t
BLU-285,	902
Blumer	shelf,	765
BLZ945,	374t
Bmi1,	262,	541
BMP4,	914
BMPR1,	923
BMPR1A,	913
BMS-247550.	See	Ixabepilone
BMS-813160,	380
BMS-986016,	373t,	376
BMS-986205,	380
Bocavirus,	2053
Body	mass	index,	145,	919,	932,	1020,	1088,	1271,	2265
Body	surface	area	(BSA),	233–234
Boltzmann	transport	equation,	208
Bone	density,	androgen	deprivation	therapy	and,	1117
Bone	infarcts,	1451,	1452f
Bone	marrow

biology	of,	1672–1674,	1673f
examination,	in	multiple	myeloma,	1825
microenvironment,	1767
radionuclides	for,	1127,	1974
samples,	29
toxicity	of	alkylating	agents,	252,	253

Bone	marrow–derived	cells,	49
Bone	marrow	plasma	cells	(BMPCs),	1818,	1825,	1842,	1847
Bone	marrow	transplantation

for	chronic	myeloid	leukemia,	1774,	1781
for	mycosis	fungoides/Sézary	syndrome,	1717

Bone	metastases,	1970–1980
bone-targeted	agents	for,	1971–1972
in	breast	cancer,	1306–1307,	1970
complications	of,	1974–1980
diagnosis,	1970
in	Ewing	sarcoma,	1460
fractures	with,	1970,	1974–1975
half-body	irradiation	for,	1973
imaging	of,	1970,	1971f
lower	extremity,	1976–1977
in	lung	cancer,	657,	671,	1970
in	melanoma,	1543
in	multiple	myeloma,	1822,	1822f,	1824–1825,	1825f,	1837–1838,	1971–1972
pain	with,	1970,	2204–2205
palliative	treatment	for,	1126–1127
pathophysiology,	1970
preembolization	angiogram,	1979f
preoperative	embolization,	1977–1978



presentation,	1970
prevalence	of,	2257
in	prostate	cancer,	1126–1127,	1970
rehabilitation	considerations,	2257–2258
reirradiation	for,	1973–1974
in	renal	cell	carcinoma,	1970,	1977–1978
side	effects	of	treatment,	1974
spinal	(See	Spinal	metastases)
spinal	cord	compression	and,	1922
systemic	therapy	for,	1971
therapeutic	modalities	for,	1970–1971
in	thyroid	cancer,	1970
upper	extremity,	1978
winking	owl	sign,	1970,	1971f

Bone	pain
adjuvant	drugs	for,	2204–2205
epidemiology,	2190
metastases	and,	1970,	2204–2205
parathyroid	tumors	and,	1339

Bone	sarcomas,	1450–1473.	See	also	Osteosarcomas;	specific	sarcoma
in	adolescents	and	young	adults,	1617,	1619
amputation	for,	1464–1468,	1467f,	1468f
anatomy	of,	1451–1452
benign	bone	conditions	associated	with,	1451
classification	of,	1450,	1452,	1454t
continuing	care	for,	1468–1469
description	of,	1450–1451
diagnosis	of,	1452–1456

history	taking,	1453
overview	of,	1452
physical	examination,	1453
radiographs,	1452,	1452f,	1453–1456,	1455f
studies	used	in,	1452,	1453–1456,	1454t

environmental	factors,	1451
etiology	of,	1451,	1452f
high-grade,	1463
incidence	of,	1451
limb	salvage	for,	1464,	1467f,	1468,	1469f
low-	to	intermediate-grade,	1463
management	of,	1456–1469
molecular	biology	of,	1394
NCCN	statement	on,	1450
pathology	of,	1451–1452,	1453f
predisposing	syndromes,	1452,	1454t
pulmonary	metastases	from,	1951–1952,	1953t
screening	for,	1452
staging	of,	1456,	1456t
surgery	for	local	control	of,	1463,	1464f,	1465f,	1466f
systemic	therapies	for,	1456–1463

Bone	scans
for	bone	metastases,	1974
in	bone	sarcomas,	1453–1454,	1455f
in	prostate	cancer,	1095,	1096

Boronic	acids,	dipeptide,	320–321,	321t
Borrelia	burgdorferi,	1672



Dr. AVR @ TMH

Borrmann	classification,	of	gastric	cancer,	763–764
Bortezomib	(Velcade),	1685

for	acute	lymphoblastic	leukemia,	1752
for	AL	amyloidosis,	1847
for	amyloidosis,	329
approval	of,	321,	321t
clinical	activity,	322–328
clinical	trials,	323t–326t
combination	therapy	using,	322–328
development	of,	320–321,	321t
dexamethasone	with,	1835
diarrhea	associated	with,	2087
histone	deacetylase	inhibitors	and,	316,	322
infections	and	prophylaxis	with,	1838
for	lymphoplasmacytic	lymphoma,	1685
for	MALT	lymphoma,	1687
for	mantle	cell	lymphoma,	328–329,	1688–1689
mechanisms	of	resistance,	329–330
for	multiple	myeloma,	321,	322–328,	323t–326t,	1828,	1828t–1829t,	1830–1837
for	myelodysplastic	syndrome,	329
for	non–small-cell	lung	cancer,	329
pharmacokinetics	of,	322
preclinical	activity,	321
pulmonary	toxicity,	2113t,	2115
toxicity,	322
for	Waldenström	macroglobulinemia,	328–329

Bosutinib,	1776,	1777–1781,	1780f
Botulinum	toxin	injections,	for	radiation-induced	cervical	dystonia,	2263
Bowel	function,	971.	See	also	Constipation;	Diarrhea
Bowel	obstruction

malignant,	2243
radiation-induced,	214,	1189

Bowel	preparation,	934
Bowenoid	actinic	keratosis,	1484
Bowenoid	papulosis,	1485,	1486
Brachial	neuritis,	idiopathic,	2254
Brachial	plexopathy,	636–637
Brachytherapy

for	anal	cancer,	1003
for	bladder	cancer,	1061
for	cervical	cancer,	212,	1186–1188

complications	of,	1188–1189
dose,	1186–1187,	1187f
dose	rate	and	treatment	schedule,	1188
image-based	planning,	1187–1188,	1188f

for	cholangiocarcinoma,	872
for	CNS	neoplasms,	1577
for	esophageal	cancer,	729,	746,	748
fractures	with,	1430–1431
for	head	and	neck	squamous	cell	carcinoma,	212
for	hepatocellular	carcinoma,	212,	855
high-dose	rate

for	cervical	cancer,	1188
for	prostate	cancer,	1108,	1112
for	soft	tissue	sarcomas,	1422–1423,	1428



for	HNSCC,	546
isotopes	for,	210–211,	211t
for	lip	cancer,	557
for	mouth	cancer,	558
for	nasal	cavity	tumors,	582
for	nasal	vestibule	tumors,	582
for	nasopharynx	cancer,	579
for	non–small-cell	lung	cancer,	657
for	oral	tongue	cancer,	560
for	penile	cancer,	1142
for	prostate	cancer,	212,	1100–1101,	1105–1108

combined	with	EBRT,	1103–1104,	1107–1108
erectile	function	after,	1107
outcomes	of,	1106,	1106t
salvage,	1112
sexual	problems	after,	2221
technical	aspects	of,	1106–1107
toxicities,	1107,	1107t

for	rectal	cancer,	989–990
for	soft	tissue	sarcomas,	212

extremity	or	truncal,	1420,	1422–1423
retroperitoneal,	1428–1429

for	stomach	cancer,	789
for	tonsil	cancer,	567
treatment	with,	210–211,	212
for	urethral	cancer,	1139
for	uveal	melanomas,	1899,	1902
for	vaginal	cancer,	1196,	1197f
wound	complications,	1430

BRAF	inhibitors
carcinogenicity	of,	2157
for	melanoma,	241–242,	305–307,	1539,	1543–1544,	1545t,	1548–1550

BRAF	mutations,	9
in	cholangiocarcinoma,	867
in	chronic	lymphocytic	leukemia,	1768–1769,	1786
in	colorectal	cancer,	18–19,	18f,	21,	305,	909–911,	909t,	914–916,	930,	942
in	esophageal	cancer,	740,	752
in	germ	cell	tumors,	1149
in	gliomas,	1565,	1578
in	hairy	cell	leukemia,	1798
kinase	inhibitors	and,	298–299,	305–307,	1539,	1543–1544,	1548–1550
KRAS	mutations	and,	2
in	lung	cancer,	27,	305,	612,	613,	648,	650t,	651
in	melanoma,	2,	15,	190,	1194,	1501–1503,	1501f,	1510–1512

kinase	inhibitors	and,	305–307,	306f
pharmacogenomics	and,	241–242

in	multiple	myeloma,	1822
in	ovarian	cancer,	1163
in	pancreatic	cancer,	801,	807
pharmacogenomics	and,	239,	241–242
in	prostate	cancer,	1082
PTEN	mutations	and,	1505
pyrosequencing,	34
in	small	bowel	adenocarcinoma,	887
testing	for,	1516,	1541
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in	thyroid	cancer,	1323–1324,	1328,	1333
in	uveal	melanomas,	1906
V600E,	33,	40,	41,	239,	241,	305–307,	651,	1501–1503

B-RAF	protein,	44
Bragg	peak,	208f,	211,	1575,	1577,	2156
Brain	abscess,	1917,	1920–1921,	2058
Brain	dysfunction,	2178,	2251–2252
Brain	metastases,	1934–1942

in	breast	cancer,	1307,	1934,	1939–1940,	1941t
in	cancer	of	unknown	primary	site,	1859
chemotherapy	for,	1939–1941
clinical	presentation,	1934
diagnosis,	1934
epidemiology,	1934
in	gestational	trophoblastic	neoplasia,	1230
imaging,	1934
increased	intracranial	pressure	and,	1915,	1917
in	lung	cancer,	658,	1934,	1939–1940,	1941t
in	melanoma,	1541,	1543,	1553–1554,	1934,	1941t
prognosis,	1934–1935,	1935f
prophylactic	cranial	irradiation	for,	1936–1937
radiation	therapy	for,	1934
salvage	therapy	for,	1939
in	small-cell	lung	cancer,	671,	676–677,	686
stereotactic	radiosurgery,	1937–1939,	1938t,	1940t
surgery	for,	1937–1939,	1940t
symptom	management,	1935–1936
targeted	therapies	for,	1939–1941,	1941t
in	testicular	cancer,	1155–1156
treatment	options,	1936–1941
whole-brain	radiotherapy	for,	658,	686,	1553–1554,	1934,	1936–1939,	1940t

Brain	natriuretic	peptide	(BNP),	2120
Brain	necrosis,	radiation-induced,	214
Brainstem

emesis	control,	2077–2078
gliomas,	1589–1590
radiation	tolerance,	214t
tumors,	1572

Brain	tumors
adult,	1564–1566
anatomic	location	of,	1571–1572
chemotherapy	for,	1578
classification	of,	1569–1571,	1570t–1571t
clinical	considerations,	1571–1572
depression	with,	152–153
environmental	factors,	1568
epidemiology	of,	1568–1569
etiologic	factors,	1568
hereditary	syndromes	and,	1569
incidence	and	prevalence	of,	1568,	1569f
mass	lesions,	1572
molecular	biology	of,	1561–1566
neurocognitive	effects,	2174–2176,	2175t
neurodiagnostic	tests,	1572–1574
obesity	and,	146t



pediatric,	1561–1564
physical	activity	and,	148t
radiation	therapy	for,	1575–1578,	2175–2176
radiation	tolerance,	214t,	1575
rehabilitation	for	deficits	with,	2251–2252
secondary,	2167
surgery	for,	1574–1575
treatment	planning,	209,	209f,	210f
viral	associations,	1568–1569
WHO	criteria	for,	1561

BRCA1
adolescent/young	adult	cancer	and,	1617
bladder	cancer	and,	1045
breast	cancer	and,	9,	28,	80,	82,	1259–1261,	1260t,	1269–1270	(See	also	Breast	cancer)
in	cancer	of	unknown	primary	site,	1860
DNA	damage	signaling	and,	260,	334
DNA	repair	and,	333–334,	1259
female	carriers	of,	475–477
homologous	recombination	and,	198–199
identifying	high-risk	patients,	401–402,	402t
Jewish	ancestry	and,	472,	1164,	1259,	1269
leiomyosarcoma	and,	1392
melanoma	and,	476t
modifiers	of,	1259,	1261t
mutations,	9,	17,	28,	80,	82,	86
ovarian	cancer	and,	82,	405–407,	476–477,	476t,	1163–1164,	1165,	1232,	1233,	1235

clinical	implications,	1248–1249
genomic	scars,	1249
PARP	inhibitors	and,	1248–1253
reversion	mutations,	1252

PARP	inhibitors	and,	334–336,	1248–1253,	1259–1261
in	peritoneal	carcinomatosis,	1860
platinum	agents	and,	260,	261
prostate	cancer	and,	476t,	1076,	1079,	1083
reproductive	issues	and,	479
risk-reducing	surgery	and,	403,	476–477,	2224
sexual	issues,	2224
taxane	resistance	and,	295
testing	and	counseling,	472–473,	474,	475–477,	476t,	479
triple-negative	phenotype	of,	1259
tumors	versus	BRCA2	tumors,	1259

BRCA1-associated	protein	1	(BAP1),	1015,	1017t,	1566,	1864–1866,	1871,	1906,	1907
BRCA2

adolescent/young	adult	cancer	and,	1617
bladder	cancer	and,	1045
breast	cancer	and,	9,	28,	80,	82,	1259–1261,	1260t,	1269–1270	(See	also	Breast	cancer)
cancers	of	unknown	primary	site	and,	1858
DNA	damage	signaling	and,	260,	334
DNA	repair	and,	333–334,	1259
Fanconi	anemia	and,	800
female	carriers	of,	475–477
in	homologous	recombination,	198–199
identifying	high-risk	patients,	401–402,	402t
Jewish	ancestry	and,	472,	1259,	1269
melanoma	and,	476t
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modifiers	of,	1259,	1261t
mutations,	9,	28,	80,	82,	84
oropharyngeal	cancer	and,	537
ovarian	cancer	and,	82,	405–407,	476–477,	476t,	1163–1164,	1232,	1233,	1235

clinical	implications,	1248–1249
genomic	scars,	1249
PARP	inhibitors	and,	1248–1253
reversion	mutations,	1252

pancreatic	cancer	and,	797,	799,	800–801,	802,	804,	807,	807f,	809
pancreatic	neuroendocrine	tumors	and,	1356
PARP	inhibitors	and,	334–336,	1248–1253,	1259–1261
platinum	agents	and,	260,	261
prostate	cancer	and,	476t,	1076,	1083,	1087
reproductive	issues	and,	479
risk-reducing	surgery	and,	403,	476–477,	2224
sexual	issues,	2224
testing	and	counseling,	472–473,	474,	475–477,	476t,	479
tumors	versus	BRCA1	tumors,	1259

Breakage-fusion-bridge,	48
Breakthrough	emesis,	2083
Breakthrough	pain,	2191
Breast

anatomy	of,	1272–1273
benign	disease	of,	1271
biopsy	techniques,	1277,	1277t
body	image	and	sexuality,	2223
cosmetically	acceptable,	preservation	of,	1286,	1286f
lymphatic	drainage,	1273,	1273f
Paget	disease,	1299–1300

Breast	cancer,	1269–1307
in	adolescents	and	young	adults,	1617,	1619,	1622f,	1627,	1630
angiogenesis	in,	1265
axilla	management,	1282–1283,	1291–1292
axillary	metastases,	1300
basal-like,	1262,	1275–1276,	1276t
biomarkers,	531t,	1296–1297
BRCA1/BRCA2	mutations	in,	9,	28,	80,	82,	1259–1261,	1260t,	1269–1270

DNA	repair	and,	333–334,	1259
emerging	options,	1306
management	options,	403
modifiers	of,	1259,	1261t
PARP	and,	334–336,	1259–1261
recurrence	risk,	1284
risk	assessment,	401–402,	402t
testing	and	counseling,	472–477,	476t,	1269–1270,	1270t

as	cancer	of	unknown	primary	site,	1861
cancer	stem	cells	in,	59
carbohydrates	and,	140
carotenoids	and,	140,	1271
chemoprevention	for,	347–348,	402–403,	431–433,	432t,	433t,	1272,	1274
chest	radiographs	and,	1619,	1622f
coping	skills	training	in,	2231
copy	number	alterations	in,	1262
cyclin-dependent	kinases	in,	1267
diagnosis,	1277



diagnostic	evaluation	of,	302–303
diet	and,	135,	138,	141,	142,	1270–1271
ductal	carcinoma	in	situ,	459–460
early-stage,	458
environmental	factors,	1271
epigenetics	of,	1265
estrogen	receptor	imaging	in,	193,	193f
estrogen	receptor-negative,	1263,	1276,	1297
estrogen	receptor	pathway	in,	1265–1266
estrogen	receptor-positive,	1263,	1276,	1297
etiology	of,	1269–1271
expression	panel,	39
familial,	805t
familial	factors,	1269
folate	and,	139
fruit	consumption	and,	137
70-gene	assay	(MammaPrint),	189,	531t,	1263–1264,	1276–1277
21-gene	recurrence	score	(Oncotype	DX),	1264,	1297
12-gene	risk	score	(EndoPredict),	531t,	1264–1265
genetics	of,	1259–1261,	1260t
genome	landscape,	11f,	173f
geographic	variations	in,	170,	171f,	175,	1269
gonadal	dysfunction	and,	2133
growth	factor	receptor	pathways	in,	1266–1267
Halstedian	theory,	1283
HER2/HER2

adjuvant	therapy,	1297–1298,	1299t
amplification,	15,	302,	1212,	1259–1261,	1262,	1269,	1275–1277
HER2-enriched	subtype,	1262,	1275–1276,	1276t
signaling	pathway,	1266–1267,	1266f

hereditary,	81,	82,	83,	1259–1261,	1269–1270
high-frequency	genes	for,	1261t
high-penetrance	genes	in,	1259–1261,	1260t
high-risk	patients

identifying,	401–402,	402t,	1271
management	options	for,	402–403,	1271–1272
screening	in,	402,	459

histology,	1275
hormonal	factors,	1270
incidence	and	mortality	patterns,	173,	175
incidence	of,	1269
inflammatory,	1287,	1302
integrative	genomic	analysis,	15
invasive,	1274–1275
lifestyle,	1270–1271
locally	advanced,	1302
low-penetrance	genes	and	loci	in,	1260t
luminal	subtypes,	1262,	1275–1276,	1276t
lymphedema	in,	1292–1293,	2263–2264
Lynch	syndrome	and,	1261
macrophages	in,	50
male	patients,	1301
metastatic	disease,	1303–1307

anti-HER2	therapy,	1305–1306
axillary,	1300
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bone	metastases,	1306–1307,	1970
brain	metastases,	1307,	1934,	1939–1940,	1941t
capecitabine	for,	271
chemotherapy	for,	1305,	1305t
clinical	trials,	1307,	1307t
endocrine	therapies	for,	1303–1305,	1303t
liver	metastases,	1967
lung	metastases,	1952,	1953t
site-specific	treatment,	1306–1307

microbiota	and,	69,	142
micronutrient	efficacy	in,	425
microsatellite	instability	in,	1261
migrant	studies,	160
moderate-penetrance	genes	in,	1260t
molecular	biology	of,	1259–1267,	1275–1277
molecular	portraits	of,	1262
molecular	subtypes	of,	1262–1265,	1263f,	1275–1277,	1276t
mortality	rates,	1269
mutational	profiling	of,	1263
obesity	and,	134,	145,	146–147,	146t,	147t,	173,	1271,	1271t
occult	primary,	1300
pathologic	complete	response	in,	505
pathology	of,	1274–1275
pathway-directed	therapy	for,	241
pericardial	effusion	in,	1987,	1988t
phosphatidylinositol	3-kinase	pathway	in,	1261–1262,	1263,	1267
physical	activity	and,	147,	148,	148t,	149t,	173
PIK3CA	mutations	in,	3,	15,	307–308
pleural	effusion	in,	1983,	1986
precision	prevention,	194
Prediction	Analysis	of	Microarray-50,	1264,	1276
predictive	diagnostic	assays	in,	189
predictive	factors,	1275
pregnancy	and,	1300–1301
primary	operable	invasive,	1283–1293
prognostic	factors,	1275
proliferation	markers,	1275
protease	mutations	in,	3–4
protein/pathway	alterations	in,	1265–1267
Ras	pathway	in,	1267
recurrence,	1283–1286,	1284t,	1302–1303

patient	risk	factors,	1284
treatment-based	risk	factors,	1285–1286
tumor-based	risk	factors,	1284–1285

resistance	to	endocrine-targeted	therapy	in,	352–353,	352f
risk	assessment,	474
risk	factors	for,	1269–1271,	1271t
risk-reducing	surgery	in,	82,	401–403,	406–407,	1272,	1272t,	2224
risk-reduction	counseling	in,	433,	475–477,	476t,	1269–1270,	1270t
screening	for,	457–460,	1272

breast	density,	459,	1271
clinical	breast	examination,	457,	460,	1272
ductal	carcinoma	in	situ,	459–460
harms	of,	457,	460
in	high-risk	women,	402,	459,	460,	1272



mammography,	457–460,	1272
mortality	benefits	of,	457,	458
MRI,	402,	457,	458,	459,	1272,	1272t
newer	technologies	for,	459
randomized	studies,	457,	458,	458t
recommendations,	460
self-examination,	457–458,	460,	1272
ultrasound,	457,	458,	459
in	women	age	40	to	49,	460

second	malignancy	risk	in,	2162
as	second	primary	cancer,	2160–2161,	2161t,	2165–2166,	2165f,	2167f
sexual	problems	and,	2222–2224
smoking/smoking	cessation	and,	392
socioeconomic	status	and,	166
somatic	changes	in,	1261–1262
soy	products	and,	140
spinal	cord	compression	and,	1922
staging,	1275,	1277–1281,	1278t–1281t
superior	vena	cava	syndrome	and,	1910
survival,	165,	167f,	175,	1307,	2180,	2182f
survivors,	follow-up	for,	1298–1299,	1299t
temporal	trends,	170–173,	175
transcriptional	profiling	of,	1262–1265
trastuzumab	therapy,	186,	189,	190,	241,	302–303,	363

adjuvant,	1297–1298,	1297t
metastatic	disease,	1305–1306
pregnancy	and,	1301
targets	of,	1266–1267

treatment	of
accelerated	partial-breast	irradiation,	1287–1288
adjuvant	chemotherapy,	1296–1297,	1299t
adjuvant	endocrine	therapy,	1294–1296
adjuvant	radiation	therapy,	213
adjuvant	systemic,	1286,	1290–1291,	1293–1299,	1294t
ado-trastuzumab	emtansine	in,	340,	362,	364,	1267,	1306
allogeneic	stem	cell	transplantation,	2031–2032
aromatase	inhibitors,	351–352,	432–433,	1283,	1294–1295,	1294t,	1304,	2223
axilla,	1282–1283,	1291–1292
bevacizumab	in,	364
bisphosphonates,	1295–1296
boost	irradiation,	1285–1286,	1285f
breast-conserving	surgery,	1281–1287,	2223
cardiac	toxicity	of	RT,	1288,	2126
CDK4/6	inhibitors	in,	309,	353,	353f
chemotherapy,	1263–1264,	2223
endocrine	therapy,	1283,	1289,	1294–1296,	1303–1305,	1303t
estrogens	in,	356
everolimus	in,	341,	1304
fertility	preservation	during,	1302
fluoxymesterone	in,	356
fulvestrant	in,	350–351,	1266,	1304
GnRH	analogs	in,	353–354
HER2-targeted,	302–303
hypofractionated	whole-breast	irradiation,	1287–1288
immunotherapy,	1306
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kinase	inhibitors	in,	302–303,	307–308,	309
lapatinib	in,	271,	302,	1267,	1306
mastectomy,	1290–1291
maytansinoids	in,	294
megestrol	in,	356
metformin	in,	345
mTOR	inhibitors	in,	308,	353,	1304
multimodality,	1298
ovarian	suppression,	1295
PARP	inhibitors	in,	260,	334–336,	1259–1261,	1306
pertuzumab	in,	363,	1266–1267,	1289,	1298,	1305–1306
postmastectomy	radiation	therapy,	1290–1291,	1293
precision	medicine,	186,	189,	190
preoperative	systemic,	1288–1290
radiation	therapy,	1281–1282,	1282t,	1287–1288,	2223
raloxifene	in,	350
survival	and,	1307
tamoxifen,	347–350,	1266,	1283,	1289,	1294–1295,	1294t,	2223
targets	for,	1266–1267
taxanes	in,	288,	290,	1305
toremifene	in,	350

triple-negative,	1262–1263,	1269,	1275–1276,	1289,	1296,	1306
tumor-infiltrating	lymphocytes	in,	221
two-gene	ratio,	1265
vaccine	development,	452–453
vegetable	consumption	and,	137
vitamin	D	and,	139,	429
whole-genome	sequencing,	7–9

Breast	cancer	genes.	See	BRCA
Breast	Cancer	Index,	1265
Breast-conserving	surgery,	1281–1287

body	image	and	sexuality	after,	2223
contraindications,	1286–1287
cosmetically	acceptable	breast,	1286,	1286f
for	DCIS,	1281–1282
description	of,	1281–1282,	1283–1284
multidisciplinary	approach	and	shared	decision	making	in,	1286
patient	selection	for,	1286–1287
recurrence	after,	1283–1286
without	radiation	therapy,	1287

Breast	density,	459,	1271
Breast	reconstruction,	1290–1291,	1291f,	1291t,	2223
BrECADD	regimen,	1661
BrECAPP	regimen,	1661
Bremsstrahlung	x-rays,	205
Brentuximab	vedotin	(Adcetris),	289t,	294,	338,	360t,	362–363,	365

for	anaplastic	large	cell	lymphoma,	1696–1697
for	Hodgkin	lymphoma

advanced-stage,	1661
in	elderly	patients,	1662
relapsed	or	refractory,	1663,	1666

infection	risk	and,	2041
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1716
for	primary	mediastinal	B-cell	lymphoma,	1693

Breslow	thickness,	1520



Brief	Pain	Inventory	(BPI),	2192
Brigatinib,	300t,	304,	651,	1939
Brincidofovir,	2026,	2027,	2053
BRIP1,	402t,	405,	1164,	1232,	1235,	1248,	1260t,	1261
British	Cooperative	Group	Trial,	1524
Brivanib,	850,	859,	860
Bromocriptine,	1379,	1601
Bromodomain	and	extraterminal	motif	(BET)	proteins,	314,	315,	318,	683,	1080,	1082
Bromodomain	inhibitors,	709
Bronchial	intraepithelial	neoplasia,	637–638
Bronchial	neuroendocrine	tumors,	1370,	1380
Bronchiolitis	obliterans,	2027
Bronchiolitis	obliterans	with	organizing	pneumonia	(BOOP),	2109,	2110
Bronchoscopy,	724,	1912
Bronchoscopy,	therapeutic,	657
BR	regimen,	1844
Bruton	tyrosine	kinase	(BTK)	inhibitors,	309,	1683,	1689,	1726,	1769,	1793–1794,	2041
Buccal	mucosa

anatomy,	561
cancer	of,	560–561

clinical	picture,	561
complications	of	treatment,	561
differential	diagnosis,	561
epidemiology,	560–561
irradiation	technique,	561
outcomes	of	treatment,	561
pathology,	561
patterns	of	spread,	561
treatment,	561

Buccinator,	insertion,	561
Bucket	(basket)	trials,	190,	191f,	241,	299,	309,	488
Budd-Chiari	syndrome,	1409
Budesonide,	2089,	2103
Buparlisib,	307,	308,	1726
Bupivacaine,	2203
Buprenorphine,	2104,	2198,	2200
Bupropion	(Zyban),	396t,	397,	2151,	2234,	2234t
Burden

definition	of,	160
geographic	and	temporal	variations,	160–161
global	estimates	of,	161
measures	of,	160,	161
risk	versus,	160

Burkholderiales,	73
Burkitt,	Denis,	104,	137
Burkitt	lymphoma,	1694–1695

age	and,	1671
BCR-ABL1	translocation	in,	27
cell	of	origin,	1636
chemotherapy	for,	892t
chromosomal	translocations	in,	1634
clinical	features	of,	1694
clinical	variants,	1636
Epstein-Barr	virus	and,	104–105,	1635,	1637
genetic	lesions	in,	1633f,	1636–1637,	1637f,	1694
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HIV-associated,	1700
immunophenotype	of,	1694
MYC	oncogene	in,	27,	104–105,	1636–1637,	1637f
pathology	of,	1694
Plasmodium	and,	104,	1637
small	bowel,	891,	892t
stem	cell	transplantation	for,	2015
treatment	of,	1694–1695

Burn	scars,	SCC	and,	1483
Buschke-Lowenstein	tumors,	1000
Busulfan	(Myleran),	248t

adverse	effects,	252,	253
cardiac	toxicity,	2120t
for	chronic	myeloid	leukemia,	246
classification	of,	246
clinical	pharmacology	of,	248t
for	conditioning	in	stem	cell	transplantation,	1746–1747,	2012
doses	and	schedules,	249t
for	Ewing	sarcoma,	1458,	1460
hair	loss	with,	2129
neurotoxicity,	253
for	primary	CNS	lymphoma,	1725
pulmonary	toxicity,	2112t
reproductive	dysfunction	and,	2135,	2135t,	2138t,	2139
therapeutic	uses	of,	248t
toxicities,	248t,	252,	253

Busulfan-cyclophosphamide,	1747
Busulfan–fludarabine,	1747
1,3-Butadiene,	92
Buthionine	sulfoximine,	261
“Butterfly”	gliomas,	1571–1572
Buttock	cells,	1680
Butyrophenones,	2082
B	vitamins,	427–428,	428t
bZIP	factor,	108



C

CA	19-9,	505,	521,	530,	532t
in	cholangiocarcinomas,	868,	870,	873,	875
in	gallbladder	cancer,	878
in	gastric	cancer,	766
malignant	ascites	and,	1992
in	pancreatic	cancer,	805,	809,	817,	820,	822

CA	50,	766
CA	72-4,	766
CA	125

in	endometrial	cancer,	1212
in	gastric	cancer,	766
malignant	ascites	and,	1992
in	ovarian	cancer,	408,	463–464,	476,	530,	533t,	1233,	1234,	1235,	1246
in	pancreatic	cancer,	801,	805
use	in	response	evaluation,	504t,	505

Cabazitaxel
black	box	warning,	292
clinical	pharmacology,	290–291
development	of,	288
diarrhea	induced	by,	2086
dosages,	289t
formulation	of,	290
indications,	289t
for	prostate	cancer,	288,	1114,	1124–1125
toxicities,	289t,	292

Cabergoline,	1379,	1601
Cabozantinib,	304–305,	308,	859–860,	1035t,	1037,	1219,	1334,	1382
11C-acetate,	1111
Cachexia.	See	Cancer	cachexia	syndrome
CACNA1D	mutations,	1319–1320
E-Cadherin.	See	also	CDH1

anti-inflammatory	drugs	and,	429
cell-to-cell	communication	and,	541
encoding	gene	(CDH1),	49
endometrial	cancer	and,	1167,	1168
in	epithelial–mesenchymal	transition,	118
esophageal	cancer	and,	714
Fusobacterium	and,	69
gastric	cancer	and,	715,	764
hereditary	diffuse	gastric	cancer	and,	403–404,	404f
HNSCC	and,	541
silencing	of,	714,	716

Caenorhabditis	elegans,	2
Caesium-137	(137Cs),	211t
Café-au-lait	spots,	1320,	1322,	1364,	1453
Cafeteria	explanations,	2241
Caffeine,	138–139,	2201,	2205
Calcified	(porcelain)	gallbladder,	878
Calcimimetic	therapy,	1340,	1341
Calcineurin	inhibitors,	2025,	2103
Calcitonin
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analgesic	effects,	2204
for	bone	metastases,	1340–1341,	2204
for	hypercalcemia,	1931
in	multiple	endocrine	neoplasia,	411,	1381–1382
in	multiple	myeloma,	1838
in	neuroendocrine	tumors,	1379
in	parathyroid	cancer,	1340–1341
secretion,	1326
in	thyroid	cancer,	411,	1333–1335,	1381–1382

Calcitriol,	2131
Calcium,	138,	428–429,	920,	1117,	1453,	1838,	1928.	See	also	Hypercalcemia
Calcium	gluconate,	1929
Calcium-sensing	receptor	(CASR),	1321,	1339,	1341,	1378
Calcium	stimulation	test,	1362
Calicheamicins,	294
Calipers,	501
cAMP	response	element-binding	protein/activating	transcription	factor,	108,	713
Camptotheca	acuminate,	947
Camptothecins,	278

for	colorectal	cancer,	947–948
conjugates	and	analogs,	280–281
cytotoxic	mechanism	of,	277–278
for	small-cell	lung	cancer,	678,	685
structure	of,	279f

Campylobacter	jejuni,	884,	1672,	1686
Cancer

complications	of,	2250–2251
direct	effects	of,	2250
immunotherapies,	369–384
integrative	oncology	model	in,	2269
stage-specific	challenges,	2231,	2231t
statistics	regarding,	2248

Cancer	approval	end	points,	505–510,	507t,	508f
Cancer-associated	fibroblasts,	55,	55f,	116,	262
Cancer	cachexia	syndrome,	69,	356,	2212,	2213–2215

antidepressants	for,	2233
antipsychotics	for	disequilibrium	in,	2235
clinical	and	laboratory	features,	2213t
cytokines	involved	in,	2213,	2214,	2214t
definition	of,	2213,	2265
description	of,	2213
energetics	in,	2213
intermediary	metabolism	in,	2213–2214
pharmacotherapy	for,	2215
rehabilitation	in,	2265
screening	and	assessment,	2214–2215

CancerCare,	2186
Cancer	cells

cell-to-cell	signaling	pathways,	43–45,	57–59,	58f
description	of,	55
endothelial	cells,	55–56,	55f
fibroblasts,	55,	55f,	116
genetic	heterogeneity	of,	59–61
hyperproliferation,	79t,	84–85
immune	inflammatory	cells,	55f,	56



pericytes,	49,	55f,	56
progenitor	cells,	49,	56–57
replicative	immortality,	47–48
stem	cells,	50,	56–57,	59–61
stromal	cells,	50,	56–57,	57f

Cancer	clustering,	474
Cancer	epigenome,	312,	314f
Cancer	genes,	2–21

computational	tools	and	databases,	14t
discovery	of,	2–4
drug	resistance	and,	20–21
identification	of,	2
information	and	resources,	16t
integrative	analysis,	15–16
landscapes,	11,	11f,	13f,	15,	21
mutations	of,	2
pathway-oriented	models,	11–13,	12f,	13f
project	networks,	13–15
somatic	alteration	classes,	9–11,	10f
somatic	alterations	across	cancer	types,	8f,	9
somatic	alterations	per	tumor,	5,	242,	242f
taxonomy	of	tumors,	17–19
timeline	of	research,	4f

Cancer	Intervention	and	Surveillance	Modeling	Network	(CISNET),	627
Cancer	of	the	Liver	Italian	Program	(CLIP),	846
Cancer	of	unknown	primary	(CUP),	1856–1861

axillary	lymph	node	metastases	in	women,	1861
chemotherapy	for,	1861
classification	of,	1856
clinical	evaluation,	1859,	1860t
clinical	features,	1859
definition	of,	1856
diagnostic	evaluation,	1856–1858
favorable	subsets,	1859–1860
gene	expression–based	tissue	of	origin	testing,	1856–1858
immunohistochemistry,	1856,	1857t
metastatic,	1859,	1862
molecular	profile	assays,	1856–1858
next-generation	sequencing	in,	1858–1859
pathologic	evaluation,	1856,	1859
peritoneal	carcinomatosis	in	women,	1860
prognostic	factors,	1862
prostate-specific	antigen	in	men,	1857t,	1859,	1861
single	site	of	neoplasm,	1861
squamous	cell	in	lymph	nodes,	1861
targeted	therapy	for,	1861–1862
treatment,	1859–1862

Cancer	Origin	(test),	1857
Cancer	outcomes	research,	155–156
Cancer	Pain	Relief	Program,	2198
Cancer	Patient	Tobacco	Use	Questionnaire	(C-TUQ),	389
Cancer	prevention

in	adolescents	and	young	adults,	1622–1623
biomarkers	and,	28
chemoprevention	and,	419–438	(See	also	Cancer	risk–reducing	agents)
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as	clinical	oncology	discipline,	419–420
diet	and,	133,	142
precision	oncology	and,	194,	423
surgery	and,	401–414	(See	also	Surgical	prophylaxis)
susceptibility	testing	and,	77
vaccines	and,	370–376

Cancer	registries,	154,	161
Cancer	risk–reducing	agents,	419–438

5α-steroid	reductase	inhibitors,	433–434,	433t,	1088–1089
anti-infectives,	436–438
anti-inflammatory	drugs,	429–431,	430t
aromatase	inhibitors,	432–433,	433t
biochemical	prescreening	assays,	421
biomarkers	as	efficacy	end	points	of,	423,	423t
biomarkers	as	targets	of,	420f,	423,	423t
for	breast	cancer,	347–348,	402–403,	431–433,	432t,	1272,	1274
clinical	development	of,	422–424
for	colorectal	cancer,	920–921
defining,	420–421
developmental	phases	of,	423–424
dietary	equivalent	dosing,	436
diet-derived	natural	products,	435–436,	437t
difluoromethylornithine,	434,	434t,	438
for	endometrial	and	ovarian	cancer,	408
Hannah	and	Weinberg	hallmarks	of,	421,	421t
identification	of,	421
for	lung	cancer,	616,	624
metformin,	435,	436t
micronutrients,	424–429	(See	also	Micronutrients)
multiagent	approaches	to,	438
posttranslational	pathway	targets,	431–435
precision	prevention,	423
preclinical	development	of,	421
preclinical	efficacy	models,	421,	422t
principles	of,	85
for	prostate	cancer,	433–434,	433t,	1088–1089
selective	estrogen	receptor	modulators,	431–432,	432t,	433
statins,	434–435

Cancer	risk–reducing	surgery,	404–414.	See	also	Surgical	prophylaxis
Cancer	stem	cells,	59–61

in	gastric	cancer,	763
in	hepatocellular	carcinoma,	842–843
in	HNSCC,	539–541,	540f
in	lung	cancer,	615

Cancer	stem-like	cells,	262
Cancer	susceptibility,	77–87

angiogenesis	and,	85,	85f
chemoprevention	and,	85
emerging	knowledge	and	new	lessons,	85–86
epigenetic	factors	and,	86
familial	clustering,	77
genetic	testing,	77,	80
genomic	integrity	and	apoptosis	in,	78,	79f,	79t,	83–84
hallmarks	of	cancer	and,	83
haploinsufficiency,	78–80,	78f,	79t,	80f



high-throughput	methods	for,	86
hyperproliferation	in,	79t,	84–85
noncoding	RNAs	and,	86
principles	of,	77–80
syndromes,	77,	80–87
translation	and,	79t,	80f,	84,	86
two-hit	hypothesis,	77–78,	78f
weak	modifiers	and,	86

Cancer-testis	antigens,	370,	383,	451,	453,	1165–1166
CancerTYPE	ID,	1857–1858
Candida	spp.,	603,	748,	2008,	2026,	2047–2048

Candida	albicans,	1204,	2048,	2101
Candida	auris,	2048
Candida	glabrata,	2048
Candida	guilliermondii,	2048
Candida	krusei,	2048
Candida	lusitaniae,	2048
Candida	parapsilosis,	2048
Candida	tropicalis,	2048
enterocolitis,	2087
prophylaxis,	2042

Candidemia,	2048
Candidiasis

in	cancer	patients,	2048
chronic	disseminated,	2048
esophageal,	2048,	2056
invasive,	2048
oral,	2101
oropharyngeal,	2048
persistent	fever	in,	2044
pseudomembranous,	2101
skin	lesions	associated	with,	2052

Canfosfamide,	255
Cannabinoids,	2078,	2082
Capecitabine,	271

for	anal	cancer,	1003
black	box	warning,	271
for	brain	metastases,	1939–1940,	1941t
for	breast	cancer,	1296,	1305,	1306
for	cholangiocarcinoma,	873
clinical	pharmacology,	271
for	colorectal	cancer,	939,	940,	942–943,	947
description	of,	271
diarrhea	induced	by,	2086
docetaxel	and,	271
doses	and	schedule,	268t
for	esophageal	cancer,	735,	742,	750–751,	752
mechanism	of	action,	266t
mechanism	of	resistance,	266t
for	metastatic	disease,	1307
for	nasopharynx	cancer,	550
for	neuroendocrine	tumors,	1861
oxaliplatin	and,	271
for	pancreatic	cancer,	817,	819,	823,	825
pharmacogenomics	of,	244
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for	pulmonary	carcinoid	tumors,	689
radiation	sensitivity	and,	203
for	rectal	cancer,	985–988
for	stomach	cancer,	778,	783,	783t,	785–786,	785t
therapeutic	uses,	268t,	271
toxicities,	268t,	271

Cape/Ox	regimen,	939,	940,	942–943,	951–952,	985–986,	988,	989
Capillaries.	See	also	Angiogenesis

Starling’s	law	of	hemodynamics,	1991
Capillary	leak	syndrome,	275,	366,	378,	2115,	2117
Captisol-enabled	melphalan,	1827
Captopril,	2111
Carafate,	2098t
Carbamazepine,	2203
Carbapenem-resistant	enteric	bacteria,	2061
Carbapenems,	2026
Carbogen,	1584–1585
Carbohydrates,	140,	143
Carbon	ion	beam,	211–212,	856–858,	1423–1424
Carbonium	ions,	246,	247f
Carboplatin,	256,	258

for	adult	T-cell	leukemia/lymphoma,	1698
for	anal	cancer,	1008–1009
for	bladder	cancer,	1057,	1066
for	breast	cancer,	1298
cellular	responses	to	DNA	damage,	259–260
for	cervical	cancer,	1190,	1192
cetuximab	with,	549
for	diffuse	large	B-cell	lymphoma,	1691
doses	and	schedules,	249t
emesis	after,	2082
for	endometrial	cancer,	1217,	1218,	1219
for	ependymomas,	1593
for	esophageal	cancer,	736,	738–739,	742,	745,	749
feedback-controlled	dosing,	238
for	germ	cell	tumors,	1152,	1157,	1599
hair	loss	with,	2129
for	head	and	neck	cancer,	548–549

concurrent	with	RT,	552–553
induction	chemotherapy,	551–552

for	Hodgkin	lymphoma,	1663
mechanism	of	action,	259
for	mediastinal	neoplasms,	705
for	medulloblastoma,	1598
for	melanoma,	1551
for	mesothelioma,	1879
for	nasopharynx	cancer,	550
for	non–small-cell	lung	cancer,	641,	646,	653
for	optic	gliomas,	1589
for	ovarian	cancer,	1165,	1241,	1245
paclitaxel	with,	550,	705,	706
for	penile	cancer,	1143
pharmacodynamics	of,	263
pharmacokinetics	of,	262–263,	262t
for	pulmonary	carcinoid	tumors,	689



renal	impairment	and,	234
reproductive	dysfunction	and,	2135,	2135t
for	seminomas,	708
single-agent	treatment,	548
for	small-cell	lung	cancer,	678,	680,	685
for	soft	tissue	sarcomas,	1432
for	stomach	cancer,	783
structure	of,	257f,	258
for	thymic	carcinoma,	706
toxicities,	258

Carboxylesterase,	947
Carboxymethylcellulose,	2092t
Carcinoembryonic	antigen	(CEA),	451,	530,	531t

in	cancer	of	unknown	primary	site,	1859
in	cholangiocarcinomas,	868,	870,	875
in	colorectal	cancer,	925,	931,	941,	944,	945–946
in	gallbladder	cancer,	878
in	gastric	cancer,	766
immunocytokines	and,	382
in	ovarian	cancer,	1233–1234
in	rectal	cancer,	972
in	thyroid	cancer,	1334–1335,	1381,	1382
use	in	response	evaluation,	505

Carcinogenesis
field	concept,	420–421,	607
intervention	opportunities,	419–420
microbiota	and,	67–69,	68f
models	of,	421,	422t
molecular	biomarkers	of,	420f
tobacco	and,	94–96
toxicity	of	alkylating	agents,	253
tumor	microenvironment	and,	59,	60f

Carcinogens
chemical,	120–124	(See	also	Chemical	carcinogens)
infectious	agents	as,	445–446,	445t
in	tobacco,	92–96,	93t–94t,	607,	620

Carcinoid	crisis,	1373
Carcinoid	heart	syndrome,	890,	1373
Carcinoid	syndrome,	356–357,	890,	1370

diagnosis	of,	1372–1373,	1372f
management	of,	1372–1373,	1372f

Carcinoid	tumors
anatomy	and	pathology,	1368
antitumor	treatment,	1373–1375
appendiceal,	1372
bronchial,	1370,	1379,	1380
colorectal,	1372
diagnosis	of,	1368–1369
esophageal,	1370
etiology,	1368
gastric,	763,	1361–1362,	1370–1371,	1371t,	1379
gastrointestinal,	1368–1376
general	principles	for,	1368–1370
hepatic	metastases	from,	1360,	1369,	1369f,	1375–1376,	1375f
incidence	of,	1368
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management	of,	1370
multiple	endocrine	neoplasia	and,	1361–1362,	1371,	1379,	1379f
pancreatic,	809,	1352–1365,	1379
pulmonary,	671,	687–690,	1368–1376
screening	for,	1368
small	bowel,	886f,	889–891,	890t,	1368,	1371–1372
staging,	1369t,	1370,	1371t
thymic,	702t,	707,	1368,	1370,	1379

Carcinomatosis,	1915,	1918,	1921,	1991–1992,	1995
Carcinosarcoma,	1436

prostate,	1091
uterine,	1221–1222,	1436

CARD11,	1368,	1639,	1642,	1643,	1679,	1680,	1722,	1726
Cardiac	toxicity,	2119–2126

chemotherapy	and,	2119–2123
anthracyclines,	283–284,	2119–2121,	2272–2273
coenzyme	Q10	and,	2272–2273
cyclophosphamide,	254,	2121
fluoropyrimidines,	2122
ifosfamide,	2121
monoclonal	antibodies,	2119,	2122–2123
taxanes,	2121–2122
in	testicular	cancer,	1158

radiation	therapy	and,	636,	2119,	2123–2126
in	breast	cancer,	1288,	2126
in	Hodgkin	and	non-Hodgkin	lymphoma,	2124–2125,	2125t

Cardiogenic	pulmonary	edema,	2117
Cardiomyopathy

anthracyclines	and,	2119–2121
clinical	presentation,	2120
cyclophosphamide	and,	2121
ifosfamide	and,	2121
taxanes	and,	2121–2122

Care	plans,	for	survivors,	2183–2184,	2184t
Caretakers	of	the	genome,	54
Caretaker	tumor	suppressor	genes,	78,	79f,	81,	83
Carfilzomib,	1828t,	1830,	1832,	2012

clinical	activity,	328
clinical	trials,	326t–327t
combination	chemotherapy,	328
development	of,	320–321,	321t
mechanisms	of	resistance,	329–330
pharmacokinetics	of,	322
preclinical	activity,	321
pulmonary	toxicity,	2113t
therapeutic	uses,	328,	329

C-arm	linear	accelerator,	205–206,	205f
Carmustine	(BCNU),	248t

cardiac	toxicity,	2120t
clinical	pharmacology,	248t
doses	and	schedules,	249t
for	Hodgkin	lymphoma,	1663–1664
for	melanoma,	1551
for	mycosis	fungoides/Sézary	syndrome,	1713t
for	primary	CNS	lymphoma,	1724



pulmonary	toxicity,	2116
reproductive	dysfunction	and,	2135,	2135t,	2139
therapeutic	uses,	248t
toxicities,	248t

Carmustine	wafer	(Gliadel),	1578,	1585
Carney	complex	(CNC),	1318–1319,	1319t,	1343,	1345
Carney-Stratakis	syndrome,	896
Carney	triad,	896
Caroli	disease,	867
Carotenoids,	139–140,	424,	426–427,	426t,	1088,	1271
Carotid	body	tumors,	584
Cartilaginous	neoplasms,	low-grade,	1463
Cartilaginous	tumors,	molecular	biology	of,	1393–1394
Cascara,	2092t
Case-cohort	studies,	154
Case-control	studies,	153f,	154–155

advantages	of,	154–155
case-based,	154
classification	of,	154
controls	for,	154
defined	cohorts	in,	154
description	of,	154
diet,	133
molecular	epidemiology,	157
prospective,	154

Case-crossover	studies,	154
CASP5,	913
Caspases,	118
Caspofungin,	2050
Castleman	disease,	1848–1849
Cast	nephropathy,	1823,	1823f
Castrate-resistant	prostate	cancer,	355
Catalytic	toxins,	362
Cataracts,	tamoxifen	and,	348
Catechins,	435,	437t
Catecholamines,	adrenal	tumors	and,	1347,	1349
Catenins	(β-catenin).	See	also	CTNNB1

in	bone	disease,	1822
in	colorectal	cancer,	910
in	endometrial	cancer,	1167,	1168,	1213
in	esophageal	cancer,	714
in	liver	cancer,	839
in	ovarian	cancer,	1166
in	small	bowel	cancer,	887
in	soft	tissue	sarcomas,	1389–1390,	1410
in	thyroid	cancer,	1324

Catharanthus	roseus	G.	Don,	292
Cathepsin	K	inhibitors,	1972
Catheter(s)

central	indwelling,	513,	514t,	516
complications	related	to,	517–518,	1987
external,	513,	514t
infections	related	to,	518,	1987,	2047t,	2051
insertion	technique,	516–517
nontunneled,	513,	516
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for	pediatric	patients,	516
peripherally	inserted	central,	513–514,	514t,	516
peritoneal,	1992,	1993,	2244
pleural,	1985,	1986–1987,	1986f,	1987f
selection	of,	516
superior	vena	cava	syndrome	and,	1912,	1913
tunneled,	513,	514f,	514t,	516
types	of,	513–514
type-specific	advantages	and	disadvantages,	514t

Cationic	trypsinogen	(PRSS1)	mutations,	801,	804,	810
Catumaxomab,	1992–1993,	1996–1997
Causality,	judgment	of,	153
Caustic	injury,	721
CAV/EP	regimen,	679,	679t
Cavernous	sinus,	579,	580,	581f

nasal	cavity	tumors	and,	582
nasopharynx	cancer	and,	577,	578

CAV	regimen,	678–680,	679t,	681
CB-1158,	380
CBFβ/MYH11	fusion,	1732,	1740
CCDC6,	1858
C	cells,	1326,	1327,	1334,	1381
11C-choline,	1111
CCI-779.	See	Temsirolimus	(Torisel)
CCL2-CCR2	blockade,	in	pancreatic	cancer,	829
CCL2	chemokine,	116,	117
CCL5/RANTES,	50
CCND1.	See	Cyclin	D1
CCND2,	1148,	1636
CCND3,	1637,	1637f
CCNE1,	1045
CCR2	inhibitors,	373t,	380
CCR4	antibodies,	373t,	380
CCR5	inhibitors,	373t,	380
CD3	antibodies,	359,	362,	382
CD4+	cells,	52,	108,	115,	219,	369–370,	1786–1787
CD8+	cells,	52,	115,	118,	218–220,	369–370,	1708,	1786–1787
CD8+	cutaneous	diseases,	1708
CD19	antibodies,	359,	362,	365,	382
CD19	antigen,	383,	451
CD20	antibodies,	361,	362,	363,	364,	365
CD20	B-cell	marker,	105,	451
CD22	antigen,	451
CD27,	372t,	377
CD28	antibodies,	382
CD30	antibodies,	362,	365
CD30+	lymphoproliferative	disorders,	1708,	1717–1718
CD33	antibodies,	362
CD40,	372t,	377
CD47,	381
CD47/signal	regulatory	protein	α	regulatory	axis	in,	686
CD58,	1642
CD70,	376,	377
CD73	inhibitors,	371t,	376
CD95L/CD95,	46



CD122-biased	cytokine	(NKTR-214),	372t,	379
CD137,	372t,	377
CDH1

breast	cancer	and,	402t,	1260t,	1261,	1263,	1270,	1273–1274
description	of,	49
hereditary	diffuse	gastric	cancer	and,	403–405,	404f
lung	cancer	and,	614
ovarian	cancer	and,	1165
stomach	cancer	and,	715,	764

CDH9,	1391
CDH13,	614
CDK4,	1384,	1394,	1408,	1410,	1435,	1503–1504
CDK4/6	inhibitors,	299,	308–309,	353,	353f,	539
CDK6,	medulloblastoma	and,	1561–1562,	1562f
CDK8,	908,	915
CDKN1A,	1318
CDKN1B,	1083,	1377,	1378t,	1383
CDKN2A,	27,	85,	86

acute	leukemias	and,	1738
adrenocortical	carcinoma	and,	1345
bladder	cancer	and,	1042,	1044,	1045,	1048
cancer	of	unknown	primary	site	and,	1862
cholangiocarcinoma	and,	867,	870
function	of,	313
head	and	neck	squamous	cell	carcinoma	and,	536,	537,	539
lung	cancer	and,	613
lymphoma	and,	1636,	1637
malignant	peripheral	nerve	sheath	tumor	and,	1392
melanoma	and,	1503–1504,	1511–1512,	1516
meningioma	and,	1565
mesothelioma	and,	1864,	1865
osteosarcoma	and,	1394,	1411
pancreatic	cancer	and,	797,	798–799,	804,	807,	807f,	822
peripheral	T-cell	lymphoma	and,	1643
prostate	cancer	and,	1083
squamous	cell	carcinoma	of	skin	and,	1483

CDKN2B,	86,	313
cholangiocarcinoma	and,	867
lymphoma	and,	1637
malignant	peripheral	nerve	sheath	tumor	and,	1392
mesothelioma	and,	1865
multiple	endocrine	neoplasia,	1318
peripheral	T-cell	lymphoma	and,	1643
prostate	cancer	and,	1083
soft	tissue	sarcomas	and,	1391

CDKN2C,	1318
CDX2,	1857t
CDX-1140,	372t
CEA.	See	Carcinoembryonic	antigen
CEBPA,	86,	1743
C/EBPα,	1390
C/EBPα,	1734
Cecum,	923–924,	924f
Cediranib,	685,	1192,	1219,	1246,	1250,	1586,	1880
Ceftazidime,	2026
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Celecoxib,	430,	430t,	431,	435,	960,	1053,	2196t
Celiac	disease,	884
Celiac	plexus	block,	2088,	2207
Cell	cycle

aberrations,	in	prostate	cancer,	1083
ionizing	radiation	and,	127,	196–197,	197f,	202
melanoma	and,	1503–1504
ultraviolet	light	and,	129,	129f

Cell	death
autophagy	and,	46–47
cancer	susceptibility	and,	78,	79f
delayed	reproductive,	200
ionizing	radiation-induced,	127,	127f,	200–201,	200f,	214
microtubule	inhibitors	as	cause	of,	290
necrotic,	47
resisting	of,	46–47
tumor	suppressors	and,	78
ultraviolet	light	as	cause	of,	128,	129f

Cell-free	and	concentrated	ascites	reinfusion	therapy	(CART),	1994
Cell-free	circulating	DNA,	19,	505
Cell-mediated	cytotoxicity,	359,	360,	361–362,	361f
Cell	(mobile)	phones,	130,	1568
CellSearch	assay,	505
Cell	senescence,	45,	200–201,	200f
Cell-to-cell	signaling	pathways,	43–45,	57–59,	58f
Cellular	immortalization,	615
Cellular	myxomas,	1412
Cellulitis,	lymphedema	and,	2264
Censoring	bias,	506,	508f
Central	indwelling	catheter,	514t,	516
Central	line–associated	blood	stream	infection	(CLABSI),	518,	2051
Central	nervous	system

aggressive	lymphoma	prophylaxis,	1698
germ	cell	tumor	metastases	to,	1155–1156
infections	of,	2057–2059
lymphoma,	1721–1727

baseline	evaluation,	1723,	1723t
diagnosis	of,	1722–1723
in	elderly,	1725
epidemiology	of,	1721–1722
Epstein-Barr	virus	and,	1568
histopathology	of,	1722
magnetic	resonance	imaging	of,	1722–1723,	1722f
molecular	profile	of,	1722
monitoring	and	follow-up,	1726,	1726t
neurotoxicity	associated	with,	1726–1727
newly	diagnosed,	management	of,	1723–1725
refractory/relapsed,	1725–1726
response	assessment,	1723,	1724t

neoplasms	of,	1568–1609
in	adolescents	and	young	adults,	1617,	1627,	1630
anatomic	location,	1571–1572
anesthesia,	1574
chemotherapy	for,	1578
classification	of,	1569–1571,	1570t–1571t



clinical	considerations,	1571–1572
embryonal,	1595–1598
environmental	factors,	1568
epidemiology	of,	1568–1569
etiologic	factors,	1568
hereditary	syndromes	and,	1569
incidence	and	prevalence	of,	1568,	1569f
increased	intracranial	pressure	and,	1571,	1915
intracranial,	1571–1572
molecular	biology	of,	1561–1566
neurocognitive	effects	of,	2174–2176,	2175t
neurodiagnostic	tests,	1572–1574
radiation	therapy	for,	1575–1578,	2175–2176
rehabilitation	for	deficits	with,	2251–2253
secondary,	2167
surgery,	1574–1575
viral	associations,	1568–1569

radiobiology,	1575
Central	neurogenic	hyperventilation,	1918
Centrocytes	(CCs),	1632,	1633f,	1680,	1684
Centromeric	probes,	35
CEP-18770,	320
Cephalon.	See	Bendamustine	(Treanda)
Cephalosporins,	267,	2026
Cephalotaxus	fortunei,	337
Ceramide,	200
Cerebellar	astrocytomas,	1590–1591
Cerebellar	mutism	syndrome,	1597
Cerebellar	tumors,	1572
Cerebellopontine	angle	tumors,	1917
Cereblon	(CRBN),	341
Cerebral	edema,	1916,	1917,	1918,	1920
Cerebral	gliomas,	1578
Cerebral	herniation,	1916–1917,	1918
Cerebral	parenchymal	pressure,	1916
Cerebral	perfusion,	1916
Cerebrospinal	fluid	(CSF)

bottlenecks	in	circulation	of,	1915
brain	metastases	and,	1934
choroid	plexus	tumors	and,	1607–1608
disorders	affecting,	1916
drug	administration	in,	1578,	1942
evaluation	of,	1574
leptomeningeal	metastases	and,	1941–1942
medulloblastoma	and,	1596–1597
meningitis	and,	2057
obstruction	of,	1915,	1917
paraneoplastic	neurologic	syndromes	and,	1998
production,	1916,	1917
reabsorption,	1915,	1917

Cergutuzumab	amunaleukin,	374t,	382
Ceritinib,	300t,	304,	651
Certolizumab	pegol,	2040–2041
Cervarix,	101–102,	447–448,	999,	1172–1173
Cervical	cancer,	1171–1193
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adenocarcinoma	in	situ,	1174
in	adolescents	and	young	adults,	1630
cervical	stump,	1190–1191
clinical	evaluation	of,	1177
clinical	manifestations	of,	1176
cone	biopsy,	1174,	1177,	1179
diagnosis,	1176–1177
epidemiology,	1171–1172
fertility	preservation	in,	2143–2144
geographic	variations	in,	170,	171f,	179,	179f,	180f
human	papillomavirus	and,	100–102,	179,	447,	462–463,	1168,	1171–1172
incidence	and	mortality	patterns,	173,	179
incidence	of,	1171,	1172f
invasive,	1175,	1177
invasive,	unsuspected,	1190
locally	advanced,	212
locally	recurrent,	1191
locoregionally	invasive,	1176,	1182t
loop	excision	(LEEP),	1177,	1179
metastasis	of,	1191–1192
microinvasive,	1174–1175,	1179
micronutrient	efficacy	and,	425,	427
natural	history	of,	1173
neuroendocrine,	1176
pathology,	1174–1175
patterns	of	spread,	1173
PET-positive	lymph	nodes	in,	1173,	1173f
Peutz-Jeghers	syndrome	and,	1175
pregnancy	and,	1191
preinvasive	disease,	1179
prognostic	factors,	1177–1178,	1178f
rare	neoplasms,	1176
recurrent,	1191–1192
screening	for,	462–463,	1171–1172,	1176

cytology	terminology	and	characteristics,	462–463
in	low-resource	countries,	463
recommendations,	463

sexual	problems	and,	2224
stage	IA,	1179
stage	IB,	1180–1181
stage	IIA,	1180–1181
stage	IIB,	1183–1184
stage	III,	1183–1184
stage	IVA,	1183–1184
staging,	1175t,	1177
surgical	evaluation	of,	1177
survival,	167f
temporal	trends,	170
treatment	of,	1179–1180

adjuvant	radiotherapy,	1181–1183
adoptive	cell	therapy,	1169,	1193
brachytherapy,	212,	1186–1188,	1187f,	1188f
carboplatin,	1190,	1192
checkpoint	inhibitors,	221,	222t,	227,	1192–1193
chemoradiation,	1180–1181,	1182t,	1189–1190



cisplatin,	1182t,	1183,	1189–1192
combination	chemotherapy,	1192
external-beam	radiation	therapy,	1184–1185,	1184f
fertility-preserving	surgery,	1180,	1181
immunotherapy,	1192–1193
intensity-modulated	radiation	therapy,	1185–1186,	1185f
minimally	invasive	hysterectomy	for,	525–526
modified	radical	hysterectomy,	1179,	1180f,	1181
molecular	targeted	agents,	1192
neoadjuvant	chemotherapy,	1183,	1190–1192
neoadjuvant	radiotherapy,	1183
palliative	radiation	therapy,	1193
para-aortic	irradiation,	1185,	1186
radiation	therapy,	212,	1181–1190
radical	hysterectomy,	1179,	1181–1182
radical	trachelectomy,	1181
radiotherapy	complications,	1188–1189,	1189f
single-agent	chemotherapy,	1192
special	problems,	1190–1191
systemic,	1192–1193

vaccines,	101–102,	179,	444,	447–448,	462,	1168
Cervical	collar,	2260,	2261f
Cervical	cone	biopsy,	1174,	1177,	1179
Cervical	dysplasia,	1174
Cervical	dystonia,	radiation-induced,	2263
Cervical	intraepithelial	neoplasia	(CIN),	462–463,	1171,	1174
Cervical	lymph	nodes,	1536,	1861
Cervicothoracic	atrophy	and	neck	extensor	weakness,	2260–2261,	2260f
Cervix,	lymphatic	drainage,	1173
Cetuximab	(Erbitux),	297,	360t,	363

for	anal	cancer,	1007,	1009
bevacizumab	with,	959–960,	959t
carboplatin	and	5-FU	with,	549
for	cervical	cancer,	1192
characteristics	of,	363
cisplatin	with,	549
COB	regimen	with,	959–960,	959t,	961t
for	colorectal	cancer,	18f,	21,	189,	363,	940,	955–956,	955–961,	956t,	957t
diarrhea	associated	with,	2087
for	esophageal	cancer,	739,	742,	752,	752t
in	first-line	therapy,	957–958
for	gastric	cancer,	786
hair	changes	with,	2131
for	head	and	neck	cancer,	548–549,	548t
infection	risk	and,	2041
irinotecan	with,	363,	956,	956t
for	liver	metastases,	1962
for	lung	cancer,	612
mechanism	of	action,	362,	363
for	non–small-cell	lung	cancer,	363,	650–651
for	oropharyngeal	cancer,	550
for	pancreatic	cancer,	825
for	penile	cancer,	1143
pharmacogenomics	of,	241
pulmonary	toxicity,	2113t,	2116
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radiation	sensitivity	and,	203–204,	215
for	rectal	cancer,	988
resistance,	956–957
for	squamous	cell	carcinoma,	1488
toxicity	of,	958–959

Cevimeline,	556,	598,	2105
cGVHD	Activity	Assessment	Instrument,	2096
Chance,	epidemiologic	findings	and,	155
Chang,	Yuan,	103,	105
Charged	particle	radiotherapy,	856–858.	See	also	Proton	therapy
CHD1,	1076,	1078
CHD2,	1786
CHD4	protein,	315
Checkpoint	kinase	1	(Chk1),	197,	686
Checkpoint	kinase	1	(Chk1)	inhibitors,	260
Checkpoint	kinase	2	(Chk2),	127,	196,	197f,	259,	683
Chédiak-Higashi	syndrome,	1672,	1672t
CHEK2,	402t,	1045,	1079,	1087,	1164,	1260t,	1261,	1270,	1356
Chemical	ablation,	851
Chemical	carcinogens,	120–124,	846,	877

acute	leukemias	and,	1742–1743
adolescent/young	adult	cancer	and,	1617–1619
characteristics	of,	123–124
classes	and	sources	of,	123
determining	carcinogenicity	of,	121–123,	122t
identification	and	characterization	of,	120–121
pharmacokinetics	and	mechanisms	of,	123–124
soft	tissue	sarcoma	and,	1402
squamous	cell	carcinoma	and,	1483

Chemical	repair,	126,	126f
Chemoembolization

hepatic	arterial,	854,	855,	891,	1360,	1363,	1906
in	insulinoma	management,	1363
in	pancreatic	neuroendocrine	tumor	management,	1360
radioactive	microspheres	in,	1360,	1375
transarterial

for	adrenal	tumors,	1351
for	biliary	obstruction,	2057
for	cholangiocarcinoma,	869
for	hepatic	metastases,	1360,	1960,	1967
for	hepatocellular	carcinoma,	848–849,	854–855

Chemoimmunotherapy,	for	chronic	lymphocytic	leukemia,	1791–1792
Chemokine	inhibitors,	372t–373t,	379–380
Chemokines,	116,	117t,	369,	1708
Chemoprevention.	See	Cancer	risk–reducing	agents
Chemoradiation,	203–204,	212,	215

for	anal	cancer,	997,	1002–1004,	1004t,	1007
for	bladder	cancer,	1057–1061
for	cervical	cancer,	1180–1181,	1182t,	1189–1190
for	endometrial	cancer,	1217
for	esophageal	cancer

definitive,	741–743
for	locally	advanced	disease,	725
palliative,	746
postoperative,	739–740,	754



predictors	of	response,	743–746
preoperative,	736–739,	737t,	738f,	754
stage-directed,	753–754

for	gastric	cancer,	773t,	779–780,	782
for	glioblastoma,	1585
for	head	and	neck	cancer,	552–553,	553t
for	Hodgkin	lymphoma,	1655–1656
for	mesothelioma,	1881
for	non–small-cell	lung	cancer,	637,	643,	646–647
for	pancreatic	cancer,	817–819,	822–824,	822t
for	rectal	cancer,	971,	974–975,	981–985,	981t

chemotherapy	agents	in,	987–988
neoadjuvant,	985–987
patient	selection	for,	984–985

for	small-cell	lung	cancer,	674,	678,	680
for	upper	tract	urothelial	carcinoma,	1069–1070
for	urethral	cancer,	1138
for	vulvar	cancer,	1203–1204,	1204t

Chemoreceptor	trigger	zones,	2077–2078,	2201
Chemotherapy.	See	also	specific	agents;	specific	regimens

for	acute	lymphoblastic	leukemia,	1753–1754
for	acute	myeloid	leukemia,	1744–1746
for	acute	promyelocytic	leukemia,	1746
for	adolescents	and	young	adults,	1625–1626
for	adrenocortical	carcinoma,	1351
for	adult	T-cell	leukemia-lymphoma,	109
adverse	effects	of

alopecia,	2128–2131
cardiac	toxicity,	254,	283–284,	1158,	2119–2123,	2272–2273
cognitive	impairment,	2177–2178
diarrhea,	2086,	2089,	2090
fracture	risk,	1430–1431
gonadal,	2133–2134,	2134t
gonadal	(reproductive),	female,	2137–2139,	2138t
gonadal	(reproductive),	male,	1158,	2134–2136,	2135t,	2136t
gonadal	(reproductive),	pediatric,	2139
hepatotoxicity,	1962–1963
nausea	and	vomiting,	2077–2083
neurotoxicity,	253–254,	1153,	1158
neutropenia,	2071–2074
oral	mucositis,	2095–2096
ototoxicity,	1158
pulmonary,	2109,	2111–2118,	2112t–2114t
thrombocytopenia,	2074–2075
wound	complications,	1430

for	anal	cancer,	997
concurrent	with	RT,	1002–1004,	1007
in	HIV	population,	1007
metastatic	disease,	1008–1009,	1009t

for	anaplastic	astrocytoma,	1582
for	angiosarcoma,	1493
antioxidant	interference	with,	2271
for	appendiceal	malignancy,	1892
for	bladder	cancer,	1062–1067

adjuvant,	1063–1064
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in	metastatic	disease,	1065
neoadjuvant,	1062–1063
second-line,	1066–1067
triplet,	1066

for	brain	metastases,	1939–1941
for	brain	stem	gliomas,	1590
for	breast	cancer,	1263–1264

adjuvant,	1296–1297,	1299t
biomarkers	and	selection	of,	1296–1297
fertility	preservation	during,	1302
metastatic	disease,	1305,	1305t
neoadjuvant,	1288–1290
optimal	regimens,	1296
sexual	problems	after,	2223

for	Burkitt	lymphoma,	1694–1695
for	cancer	of	unknown	primary	site,	1861
carcinogenicity	of,	2157
for	carcinosarcoma,	1221,	1221t
for	cerebellar	astrocytomas,	1591
for	cervical	cancer

combination,	1192
concurrent	with	RT,	1180–1181,	1182t,	1189–1190
neoadjuvant,	1183,	1190–1192
single-agent,	1192

for	cholangiocarcinoma,	869,	873,	874,	876
for	choroid	plexus	tumors,	1608
for	chronic	lymphocytic	leukemia,	1790,	1791t,	1792t
for	CNS	germ	cell	tumors,	1599–1600
for	CNS	neoplasms,	1578
for	colorectal	cancer

adjuvant,	937–940,	942–944
combination	versus	single-agent,	952–954,	953t
duration	of,	952
preoperative,	944
in	unresectable	metastatic	disease,	946–961

complications	of,	2250
for	cranial	chordomas	and	chondrosarcomas,	1607
for	dermatofibrosarcoma	protuberans,	1493
for	diffuse	large	B-cell	lymphomas,	1690–1691
dihydropyrimidine	dehydrogenase,	244
drug	interactions,	235–236,	236t
drug	repurposing	for,	342–346,	345t
for	endometrial	cancer,	1217,	1218–1219,	1219t
for	endometrial	stromal	sarcoma,	1223–1224
for	ependymomas,	1593
for	esophageal	cancer,	728–729

adjuvant,	733–741
combined-agent,	749–751,	749t
palliative,	746
postoperative,	739–740
preoperative,	725,	733–736,	734f,	734t,	744–745
single-agent,	749

for	Ewing	sarcoma,	1456–1459
high-dose,	1458
in	newly	diagnosed	patients,	1456–1457



in	recurrent	disease,	1457–1458
for	extranodal	natural	killer/T-cell	lymphomas,	1697–1698
fertility-preserving,	2140
for	follicular	lymphoma,	1681–1683
for	gallbladder	cancer,	880–881
for	gangliogliomas,	1591
genotype-guided,	240,	240t
for	germ	cell	neoplasms,	708–709
for	gestational	trophoblastic	neoplasms,	1229–1230
for	glioblastoma,	1585–1587,	1585f
for	head	and	neck	cancer,	547–550

adjuvant	after	surgery,	555
concurrent	with	radiation	therapy,	552–556,	553t
induction,	551–552
organ	preservation	and,	554–555
as	part	of	curative	treatment,	551–556

for	hemangioblastomas,	1605–1606
for	hepatocellular	carcinoma,	850,	858–860
herb–drug	interactions,	2271
for	Hodgkin	lymphoma,	338,	339

advanced-stage,	1659–1661
early-stage,	1656–1657
salvage,	1662–1664,	1663t

for	insulinoma,	1363
intrathecal,	1942
for	large	cell	neuroendocrine	carcinoma,	691
late	effects	of,	2181–2183
for	leptomeningeal	metastases,	1942
for	liver	metastases,	1960,	1961–1964,	1966
for	low-grade	gliomas,	1580–1582,	1581t
for	lymphoplasmacytic	lymphoma,	1685
for	malignant	ascites,	1992,	1994–1995,	1995t,	2244–2245
for	MALT	lymphoma,	1687
for	mantle	cell	lymphoma,	1688–1689
for	marginal	zone	lymphoma,	1685–1687
for	mediastinal	neoplasms,	704–706,	705t
for	medulloblastomas,	1597–1598
for	melanoma,	1550–1551
for	meningiomas,	1595
for	Merkel	cell	carcinoma,	1491
for	mesothelioma,	1878–1880,	1879f
microbiota	and,	71,	72f
for	multiple	myeloma,	322–328,	1826–1831,	1828t,	1835–1837,	1836f
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1714,	1716–1717
for	nasopharynx	cancer,	550
for	neuroendocrine	tumors,	1359–1361,	1359t,	1374–1375
for	non–small-cell	lung	cancer,	637,	653

adjuvant,	639,	641,	642–643,	646–647
altered	fractionation	with,	647
choice	of,	647
induction,	646–647
postoperative,	642–643

for	optic	gliomas,	1589
for	oropharyngeal	cancer,	550
for	osteosarcomas,	1460–1463
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in	newly	diagnosed	patients,	1460–1461
in	recurrent	disease,	1462

for	ovarian	cancer,	1240–1246,	1241t
dose-dense	paclitaxel,	1243–1244,	1243f
intraperitoneal,	1242–1243,	1242f,	1896,	1897f,	1994–1995
maintenance,	1244
neoadjuvant,	1240–1241
sequential	doublets	and	new	triplets,	1240

for	pancreatic	cancer
adjuvant,	817–819
in	localized	cancer,	817–819
in	locally	advanced	cancer,	822–824,	822t
neoadjuvant,	813,	823–824

for	parathyroid	cancer,	1341
pathway-directed,	239,	240–242
for	penile	cancer,	1143
for	peritoneal	metastases,	1890,	1891–1892,	1994–1995
pharmacogenomics	of,	239–243
for	pineal	region	tumors,	1599–1600
for	primary	CNS	lymphoma,	1723–1725
for	primary	effusion	lymphoma,	107
for	pulmonary	carcinoid	tumors,	689
for	rectal	cancer

concurrent	with	RT,	971,	974–975,	981–985,	981t,	987–988
support	of,	985
total	neoadjuvant,	985–987

for	recurrent	glioblastoma,	1586–1587
for	renal	cell	carcinoma,	1034–1038,	1035
for	salivary	gland	tumors,	587,	588
second	malignancies,	1158,	1661,	2164
sexual	problems	after,	2222,	2223
for	skin	cancer,	1475,	1488
for	small	bowel	adenocarcinoma,	888–889,	889t
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	678–680

adjuvant,	677
alternating	cycles	of	combination	regimens,	678
for	brain	metastases,	686
dose	intensification,	680
etoposide	and	cisplatin	versus	other	regimens,	678,	679t
evolution	of	regiments,	678
induction,	678
maintenance,	680
in	recurrent	disease,	681
sequencing	with	radiotherapy,	674
triplet,	679–680

for	soft	tissue	sarcomas
advanced	disease,	1431–1435
dose	intensity,	1433–1435
extremity	or	truncal,	1424–1426,	1425t
histology-specific,	1431–1432,	1436–1438
palliative,	1438
recommendations,	1435
retroperitoneal,	1429,	1430
trials,	1434t



for	spinal	axis	tumors,	1609
for	stomach	cancer,	778–781

bidirectional,	788
combination,	783–786,	784t,	785t
intraperitoneal,	776,	788–789
neoadjuvant,	780–781
palliative,	782–786
perioperative,	773t,	778,	779–781
postoperative,	773t,	778
second-line,	786
single-agent,	783,	783t

for	testicular	cancer,	1149,	1152–1158,	1153t
thiopurine	methyltransferase,	243–244,	244f
for	thymic	carcinoma,	706
for	thyroid	cancer,	1332–1333,	1335
toxicity,	pharmacogenomics	of,	239–240,	243–244
tumor	response	to,	240,	240t
for	upper	tract	urothelial	carcinoma,	1069–1070
for	urethral	cancer,	1138
for	uterine	leiomyosarcoma,	1222–1223,	1223t
for	uveal	melanomas,	1906
for	vaginal	cancer,	1197–1198
for	vulvar	cancer,	concurrent	with	RT,	1203–1204,	1204t

Chemotherapy-free	intervals,	952
Chemotherapy-induced	nausea	and	vomiting	(CINV),	2077–2083
Chemotherapy-induced	neutropenia,	2036
Chen,	Lieping,	375
Chernobyl	disaster,	127
Chest	radiographs

in	bladder	cancer,	1053
and	breast	cancer,	1619,	1622f
in	esophageal	cancer,	724
in	head	and	neck	cancer,	544
in	lung	cancer,	464–465,	671,	673f
in	malignant	pericardial	effusion,	1988
in	malignant	pleural	effusion,	1983,	1985f
in	mediastinal	neoplasms,	708
in	melanoma,	1522,	1532
in	mesothelioma,	1869,	1869f
in	non-Hodgkin	lymphoma,	1678
in	pulmonary	toxicity,	2117
in	superior	vena	cava	syndrome,	1912

Chest	wall	tumors,	2245
Chiasmal	gliomas,	1587–1589
Childhood	cancer

basal	cell	carcinoma	and,	1479
electromagnetic	fields	and,	130
late	effects	of,	2181–2183
psychosexual	development	and,	2224–2225
second	malignancies	after,	2163–2169
survivorship,	2180

Child-Pugh	grading,	846,	847t
Children	(pediatric	patients)

acute	lymphoblastic	leukemia	in,	1751
brain	tumors	in,	1561–1566
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differentiated	thyroid	cancer	in,	1335
follow-up	with,	2184–2185
genetic	testing	in,	479
genome	projects,	13
gonadal	damage	in,	2139
medullary	thyroid	carcinoma	in,	1335–1336
melanoma	in,	1515
non-Hodgkin	lymphoma	in,	1671
presymptomatic	testing	in,	479
psychosexual	development	and,	2224–2225
second	malignancies	in,	2163–2169
solid	tumors	in,	5
spinal	cord	compression	in,	1922
superior	vena	cava	syndrome	in,	1912
with	thyroid	carcinoma,	1335–1336
vascular	access	in,	516

Children’s	Oncology	Group	(COG),	2182–2183
Chimeric	antigen	receptors,	369
Chimeric	antigen	receptor	T-cell	therapy,	370t,	383–384,	384f

cerebral	edema	with,	1917
for	chronic	lymphocytic	leukemia,	1795
for	hepatocellular	carcinoma,	860
for	mesothelioma,	1881
for	multiple	myeloma,	383,	1831
for	myelodysplastic	syndromes,	1813
for	non-Hodgkin	lymphomas,	383,	1683,	1689,	1691
for	ovarian	cancer,	1254
for	primary	CNS	lymphoma,	1726
pulmonary	toxicity,	2111,	2114t,	2116

Chimeric	human-murine	antibodies,	359
Chinese	University	Prognostic	Index	(CUPI),	846–847
Chlamydia,	1708
Chlamydia	psittaci,	1635,	1672,	1686,	1687
Chlorambucil,	247,	248t

clinical	pharmacology,	248t
conjugate	with	steroid,	254
for	lymphoplasmacytic	lymphoma,	1685
for	MALT	lymphoma,	1687
pharmacokinetics	of,	250
pulmonary	toxicity,	2112t
reproductive	dysfunction	and,	2135,	2135t,	2138t,	2139
secondary	malignancies	with,	253
stability	of,	250
therapeutic	uses,	248t
toxicities,	248t,	252
for	Waldenström	macroglobulinemia,	1845

Chlorhexidine,	2100,	2101–2102
Chlorinated	hydrocarbons,	805
Chloroethyl	diazohydroxide,	247f
Chloroethyl	nitrosoureas,	246,	247f,	250
Chlorozotocin,	250
Chlorpromazine,	1056,	2235t
ChlVPP	regimen,	2139
Choi	criteria,	for	GIST,	504,	504t
Cholangiocarcinoma,	866–876



cirrhosis	and,	867
classification	of,	866
description	of,	865
distal,	865,	866,	874–876

adjuvant	therapy	for,	876
algorithm	for,	876f
biliary	decompression	for,	875
diagnosis	of,	874–875
differential	diagnosis,	875
management	of,	875–876
palliative	care	for,	876
staging	of,	875,	875t
stent	placement,	876

epigenetic	changes	associated	with,	867
etiology	of,	866–867
genetic	alterations	associated	with,	867,	870
genomics	of,	867
gross	morphology	of,	867
histology	of,	867
intrahepatic,	842,	865,	866,	867–870

adjuvant	therapy	for,	869
algorithm	for,	868f
chemotherapy	for,	869
clinical	presentation	of,	867–868
diagnosis	of,	867–868
differential	diagnosis	of,	868
immunohistochemistry	of,	868
incidence	and	etiology,	867
liver	transplantation	for,	869
local-regional	therapies	for,	869
management	of,	868–870
radiation	therapy	for,	869,	869f
staging	of,	868,	868t
surgical	resection,	869

molecular	basis	of,	842,	867
nomenclature	of,	866
Notch	signaling	and,	865–866
pathology	of,	867
perihilar,	865,	866,	870–874

ablation	for,	874
adjuvant	therapy	for,	873
algorithm	for,	872f
clinical	presentation	of,	870
diagnosis	of,	870–871
liver	transplantation	for,	871–872
management	of,	871–874
palliative	care	for,	873–874
palliative	surgery	for,	874
photodynamic	therapy	for,	874
radiation	therapy	for,	872,	874
staging	of,	871,	871t
stent	placement,	873–874
stereotactic	body	radiation	for,	874
surgical	resection,	872–873
systemic	therapy	for,	874
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risk	factors	for,	866–867
Cholangiography,	870–871
Cholecystectomy,	878,	879,	880
Cholecystolithiasis,	877
Choledochal	cysts,	867
Cholestasis,	2028
Cholesteatoma,	584
Choline,	1111
Choline	magnesium	trisalicylate,	2196t
Chondroid	chordoma,	1606
Chondromas,	pulmonary,	896
Chondrosarcoma

in	adolescents	and	young	adults,	1617
anatomy,	1451–1452,	1453f
chemotherapy	for,	1435,	1436
clinical	features,	1606
cranial,	1606–1607
extraskeletal	myxoid,	1386f,	1412–1413,	1435,	1451

cytogenetics,	1387t
molecular	abnormalities	in,	1387t
translocations	in,	1389

high-grade,	1463
incidence	of,	1451
low-	to	intermediate-grade,	1463,	1464f,	1465f
molecular	biology	of,	1393–1394
osteosarcoma	and,	1451
pathology	of,	1451–1452,	1453f,	1606
predisposing	syndromes,	1452,	1454t
surgery	for	local	control	of,	1463,	1464f,	1465f

CHOP	regimen,	364–365,	1688,	1690,	1798,	2136,	2138
Chordomas,	1451

cranial,	1606–1607
spinal,	1608–1609

Choriocarcinoma,	533t,	708,	1147,	1147f,	1227
Choriocarcinoma	syndrome,	1156
Choroidal	melanomas,	1899,	1900,	1900f,	1904
Choroid	plexus	carcinoma,	1607–1608
Choroid	plexus	tumors,	1607–1608,	1917
Chromatin

abnormal	gene	silencing	and,	312–314
acute	leukemias	and,	1731t,	1736
in	gene	regulation,	312,	313f,	314

Chromatin	remodeling,	614,	809,	1044
Chromoendoscopy,	723–724,	766
Chromogranin	A,	890,	1347,	1349–1350,	1356–1357,	1368,	1369,	1370
Chromogranin	B,	1357
Chromophobe	renal	cell	carcinoma,	1018,	1020,	1021t,	1022f
Chromoplexy,	9
Chromosomal	abnormalities,	27–28
Chromosomal	deletions,	801
Chromosomal	instability,	in	colorectal	cancer,	412,	908
Chromosomal	rearrangements,	10–11,	25–28,	35,	1634
Chromosome(s),	aberrant,	from	faulty	DNA	repair,	199,	200f
Chromosome	11q13,	1339,	1356
Chromosome	18q,	930,	931t



Chromothripsis,	9
Chronic	atrophic	gastritis,	715,	715f
Chronic	B-cell	leukemia,	1785–1786,	1786t
Chronic	disseminated	candidiasis,	2048
Chronic	graft-versus-host	disease	(cGVHD),	2023,	2024–2025,	2094,	2096,	2103
Chronic	granulocytic	leukemia.	See	Chronic	myeloid	leukemia	(CML)
Chronic	leukemias.	See	also	specific	leukemias

molecular	biology	of,	1764–1770
Chronic	lymphocytic	leukemia	(CLL),	1785–1798

autoimmune	complications,	1788
B-cell,	1684
B-cell	receptor	signaling	in,	1769,	1793–1795
cell	of	origin,	1641
chromosomal	abnormalities	in,	1768
clinical	manifestations,	1787
clonal	evolution,	1769
description,	1641
diagnosis,	1787
diagnostic	criteria,	1787
disrupted	apoptosis	in,	1769
epidemiology	of,	1785
genetic	lesions	in,	1641–1642
genomic	instability	in,	1769
immune	abnormalities,	1786–1787
immunoglobulin	heavy	chain	variable	gene	mutation	status	in,	1785–1786
immunophenotype,	1785,	1786t
laboratory	findings,	1787–1788,	1787f,	1788f
minimal	residual	disease,	1792
molecular	abnormalities	in,	1786
molecular	biology	of,	1767–1770,	1785–1786
origin	of,	1767–1768
pathogenesis	of,	1768
prognostic	biomarkers	in,	239
prognostic	factors,	1789
progression	of,	1769
proliferation,	1769
recurrent	mutations	in,	1768–1769
response	criteria,	1789–1790,	1789t
second	malignancies,	1797
staging,	1788–1789,	1788t
transformation,	1640,	1797
treatment	of,	1790–1792

alemtuzumab,	365,	1791
B-cell	signaling	pathway	inhibitors	for,	1793–1795
Bcl-2	inhibitors,	1794–1795
bendamustine,	250,	1790,	1790t,	1792
Bruton	tyrosine	kinase	inhibitors,	309,	1769
CD20	maintenance,	1792
cellular	therapy,	1795–1796
chemoimmunotherapy,	1791–1792
chemotherapy,	1790,	1791t,	1792t
chimeric	antigen	receptor	T-cell	therapy,	1795
cladribine,	1790,	1791t
first-line,	1796,	1796t
fludarabine,	273,	1790,	1790t,	1791t
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immune	modulatory	agents,	1795
indications	for,	1789
monoclonal	antibodies,	1791–1792
ofatumumab,	365,	1791–1792,	1793t
phosphoinositide	3-kinase	inhibitor,	1794
recommendations,	1796–1797
relapsed/refractory	disease,	1796–1797,	1797t
small-molecular	inhibitor	trials,	1793t
splenectomy,	1797
stem	cell	transplantation,	1795–1796,	2031

Chronic	myeloid	leukemia	(CML),	1773–1782
in	adolescents	and	young	adults,	1630
advanced	disease,	1781
allogeneic	stem	cell	transplantation	for,	2031
animal	models	of,	1766,	1774
assessing	therapeutic	response,	1778
BCR-ABL1	fusion	in,	26–28,	32,	32f,	190,	240–241,	301–302,	1764–1767,	1765f,	1773–1774

functional	domains	of,	1764
molecular	anatomy	of,	1764
signal	transduction,	1766

blastic	phase,	1764,	1766–1767,	1773
bone	marrow	microenvironment,	1767
bone	marrow	transplantation	for,	1774,	1781
busulfan	for,	246
chronic	phase,	1773,	1778–1781

first-line	treatment,	1778–1780
second-line	treatment,	1780–1781

clinical	studies,	1776t,	1779–1780
comparison	of	TKIs	for,	1779–1780
cytogenetics,	1779
dasatinib	for,	301,	1776,	1777
diagnosis,	1774–1775
differential	diagnosis	of,	1775
discontinuation	of	treatment,	1782
epidemiology,	1773,	1774f
future	directions,	1781–1782
imatinib	for,	20,	28,	190,	240–241,	301–302,	1776–1777
interferon-α	for,	218
laboratory	tests,	1775
leukemic	stem	cells	in,	1766
logistical	aspects	of	care,	1781–1782
long-term	monitoring,	1779
molecular	biology	of,	1764–1767
MYC	gene	in,	27
new	molecules	for,	1782
omacetaxine	for,	337,	1778
pathogenesis	of,	1764,	1773–1774
pathway-directed	therapy	for,	240–241
patient	compliance	with	treatment,	1779
precision	oncology	in,	190
pregnancy	and,	1782
prognostic	factors,	1775–1776
progression	of,	1776,	1776t
resistance	in,	20,	1775,	1777–1778,	1780,	1781,	1782
staging,	1775



survival,	1776,	1776f
therapeutic	disease	monitoring,	28
treatment	of,	1776–1782

Chronic	myelomonocytic	leukemia,	1802,	1803
Chronic	obstructive	pulmonary	disease,	622,	640
Chronic	pain,	2190,	2191–2192
Chronic	transforming	retroviruses,	107
Chrysotile	exposure,	1863,	1864
CIITA,	1641,	1644,	1650
CI-994,	316t
CIC,	1579
CIC-DUX4	translocations,	1388
Cidofovir,	2053
Cigarettes.	See	Smoking;	Tobacco
Cilengitide,	1587
Ciliary	body	melanomas,	1900
Cimetidine,	345t,	1361
Cinacalcet,	1341
Cingulate	herniation,	1916–1917
Circadian	rhythmicity,	2152
Circulating	endothelial	cells	(CECs),	186
Circulating	tumor	cells	(CTCs),	186,	505
Circulating	tumor	DNA	(ctDNA),	19–20,	20f,	25,	40–41,	187–188,	505,	530
Circumcision,	1140
Cirrhosis

advanced,	systemic	treatments	for,	860
assessment	of,	846–847
cholangiocarcinoma	and,	867
HCC	treatment	in,	847–848
hepatitis	viruses	and,	845

Cis-diamine-dichloroplatinum	(II).	See	Cisplatin
Cis-diamine(cyclobutanedicarboxylato)-platinum	(II).	See	Carboplatin
Cisplatin

administration	of,	257
for	adrenocortical	carcinoma,	1351
adverse	effects	of,	second	malignancies,	2157
for	anal	cancer,	1003–1004,	1005t,	1007,	1008–1009
for	bladder	cancer,	1045,	1057–1058,	1062–1066,	1066t
cardiac	toxicity,	2120t
cellular	responses	to	DNA	damage,	259–260
for	cervical	cancer,	1182t,	1183,	1189–1192
cetuximab	with,	549
chemistry	of,	257
for	cholangiocarcinoma,	869–870,	874
clinical	pharmacology,	262–263
for	diffuse	large	B-cell	lymphoma,	1691
docetaxel	with,	549
doses	and	schedules,	249t
emesis	following,	2077,	2082–2083
for	endometrial	cancer,	1218
for	ependymomas,	1593
for	esophageal	cancer

chemoradiation	using,	736–739,	741–743,	745
combination	therapy,	749–751
immunotherapy	with,	752,	752t
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preoperative,	733–736,	744–745
single-agent,	749

etoposide	and,	739
for	extranodal	natural	killer/T-cell	lymphomas,	1697–1698
5-fluorouracil	(5-FU)	with,	548–549,	549t,	749–750,	749t,	783–785
for	germ	cell	tumors,	1149,	1153–1158,	1153t,	1239,	1599
for	gestational	trophoblastic	neoplasms,	1229–1230,	1229t
for	HCC	embolic	therapy,	855
for	head	and	neck	cancer,	548–549

concurrent	with	RT,	552–553
induction	chemotherapy,	551–552

history	of,	256–257
for	Hodgkin	lymphoma,	1663–1664
importance	and	impact,	256
interleukin-2	combined	with,	219
for	large	cell	neuroendocrine	carcinoma,	691
for	leiomyosarcoma,	1437
lipid	signaling	and,	260
for	liver	metastases,	1966
for	malignant	ascites,	1994–1995
mechanism	of	action,	258–259
mechanisms	of	resistance,	260–262,	261f
for	mediastinal	neoplasms,	704–706
for	medulloblastoma,	1597–1598
for	melanoma,	1551–1552
for	Merkel	cell	carcinoma,	1491
for	mesothelioma,	1878–1880,	1881,	1879f
for	multiple	myeloma,	1832
for	nasopharynx	cancer,	550
for	neuroendocrine	carcinoma,	1364
for	nonseminomatous	germ	cell	tumors,	709
for	non–small-cell	lung	cancer,	639,	641,	643,	646,	647,	653
for	optic	gliomas,	1589
for	osteosarcoma,	1461,	1462
ototoxicity	of,	1158
for	ovarian	cancer,	257
paclitaxel	with,	549
for	penile	cancer,	1143
pharmacokinetics	of,	262,	262t
for	pulmonary	carcinoid	tumors,	689
radiation	sensitivity	and,	203
reproductive	dysfunction	and

female,	2138
male,	2135,	2135t,	2139

for	salivary	gland	tumor,	588
sclerotherapy	via,	1988
for	seminomas,	708
single-agent	treatment,	548
for	small-cell	lung	cancer,	678–680,	679t,	685,	686
for	soft	tissue	sarcomas,	1432,	1433,	1435
for	stomach	cancer,	776,	778–786

combination	therapy,	783–786,	784t,	785t
second-line	therapy,	786
single-agent,	783,	783t

taxanes	with,	549



for	teratomas,	708
for	testicular	cancer,	257
therapeutic	monitoring,	238
for	thymic	carcinoma,	706
toxicities,	257,	783
for	upper	tract	urothelial	carcinoma,	1069–1070
for	urethral	cancer,	1138
for	vaginal	cancer,	1198
for	vulvar	cancer,	1203,	1204t

Citalopram	(Celexa),	2234t
c-KIT,	in	small-cell	lung	cancer,	684
Cladribine	(2-CdA),	274

for	acute	myeloid	leukemia,	1745
for	chronic	lymphocytic	leukemia,	1790,	1791t
clinical	pharmacology,	274
description	of,	274
doses	and	schedule,	269t
for	hairy	cell	leukemia,	1798
for	MALT	lymphoma,	1687
mechanism	of	action,	266t,	274
mechanism	of	resistance,	266t,	274
resistance	to,	362
therapeutic	usages,	269t,	274
toxicities,	269t,	274

Clam-shell	procedure,	704
Class-switch	recombination	(CSR),	1632,	1633f
Claus	model,	for	breast	cancer	risk,	401–402
CLDN14,	in	liver	cancer,	838
Clearance,	231–232
Clearance	rates,	of	tumor	antigens,	361
Clear	cell	chondrosarcoma,	1451
Clear	cell	ovarian	carcinoma,	1233–1234
Clear	cell	renal	cell	carcinoma,	1022f

classification,	1020–1021,	1021t
molecular	biology	of,	1014–1015

Clear	cell	sarcomas
characteristics,	1413
cytogenetics,	1387t
molecular	abnormalities	in,	1387t

Clear	cell	vaginal	cancer,	1193
Clinical	benefit	rate	(CBR),	506,	507t
Clinical	breast	examination	(CBE),	457,	460,	1272
Clinical	Interpretations	of	Variants	in	Cancer,	299
Clinical	Laboratory	Improvement	Amendments	of	1988,	29,	609
Clinical	oncology

cancer	prevention	as	discipline	in,	419–420
definition	of,	419

Clinical	response,	assessment	of,	501–510
Clinical	trials

adolescent/young	adult	participation	in,	1627
analysis	of,	486–499
basket,	190,	191f,	241,	299,	309,	488
Bayesian	methods,	489,	495–496
cancer	risk–reducing	agents,	423–424
clinical	response	assessment,	501–510
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definition	of,	486
design	of,	486–499
factorial	designs,	495–496
noninferiority,	495
phase	I,	486–487

accelerated	titration	designs,	486–487
cancer-risk	reducing	agents,	423
continual	reassessment	methods,	487

phase	II,	487–491
binary	end	points,	489,	490t
cancer-risk	reducing	agents,	423
combination	regimens,	489–490
historical	controls,	489–490,	490t
patient	selection	for,	487–488
randomized,	490–491,	490t,	491t
Simon	two-stage,	488t,	489t
single	agents,	488–489
single-arm	trials,	488–491

phase	II/III,	seamless	designs,	491
phase	III,	491–493

analysis	of,	496–498
cancer-risk	reducing	agents,	423–424
end	points,	491–492
patient	eligibility,	492
randomization,	492
sample	sizes,	493,	494t
stratification,	493

precision	oncology,	190–193,	191f
protocol	for,	486
results,	498–499

false-positives,	498–499
meta-analyses,	499
reporting	of,	498,	498t

Clinical	utility,	27,	530–534
Clinical	validity,	27,	530
Clobetasol,	2103
Clodronate,	1971
Clofarabine,	274–275

for	acute	myeloid	leukemia,	1745
clinical	pharmacology,	274
description	of,	274
doses	and	schedule,	269t
mechanism	of	action,	266t,	274
mechanism	of	resistance,	266t,	274
therapeutic	uses,	269t,	274
toxicities,	269t,	275

Clonal	cells,	28
Clonal	dermatitis,	1710
Clonal	evolution,	1769
Clonal	hematopoiesis	of	indeterminate	potential	(CHIP),	1802
Clonazepam,	598,	2203,	2204,	2235t
Clonidine,	2204
Clonorchis	sinensis,	445,	450,	866
Clostridium	spp.,	68f,	70,	2052

Clostridium	difficile,	66,	2008,	2026,	2060–2062,	2087–2088,	2196,	2217



C.	septicum,	2052,	2087
Clotrimazole,	2101
Cluster	designations	(CDs),	1673t
Clustered	regularly	interspaced	short	palindromic	repeats	(CRISPR),	15,	21,	77,	482,	610
c-MET	overexpression,	842,	859–860
CMF	regimen,	1296,	1297
CAMTA1,	1410
CMV	regimen,	1063,	1064,	1065,	1066t
CNKSR3,	1907
Coagulopathies,	and	increased	ICP,	1915,	1917,	1921
Coal	tar,	121,	1483
Cobimetinib,	300t,	890t,	1545t,	1549t
COB	regimen,	959–960,	959t,	960t
Cockayne	syndrome,	128
Codeine,	1382
Coding	region	mutations,	27
CODox-M/IVAC	regimen,	1693,	1694
Coenzyme	Q10,	2272–2273
Coevolution	of	tumor,	during	carcinogenesis,	59,	60f
Coffee,	138–139,	920
Cognition	(neurocognition),	2174–2178

assessment	of,	1934,	2174
brain	tumors	and,	2174–2176,	2175t
cancer-related	impairment,	2176–2177
chemotherapy	and,	2177–2178

incidence,	pattern,	and	course	of	decline,	2177
neural	substrate	in,	2177
risk	factors	for	impairment,	2177
underlying	mechanisms	of	impairment,	2177–2178

maladaptive,	2232
non-CNS	cancer	and,	2176–2178
postoperative,	2175
psychological	issues,	2229–2230
radiation	therapy	(WBRT)	and,	1934,	1936,	2175–2176
rehabilitation	and,	2251–2252
treatment	of	dysfunction,	2178

Cognitive-behavioral	therapy	(CBT),	2232,	2277
for	pain	management,	2205
for	sleep,	2152
for	smoking	cessation,	397

Cohesin	complex	genes,	1739
Cohort	effects,	180–181
Cohort	studies,	153–154

advantages	and	disadvantages	of,	153–154
ambidirectional,	153
classification	of,	153f
description	of,	153
diet,	133–134
molecular	epidemiology,	157
prospective,	153
retrospective,	153

COL1A1-PDGFB	fusion,	1389,	1406,	1492
COL2A1,	1393
COL6A3-CSF1	translocation,	1407
Colchicine,	2100
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Cold,	rehabilitative	uses	of,	2265
Colectomy

endoscopic	and	robotic,	524–525,	525t
laparoscopic,	936–937
prophylactic,	413–414,	415,	416,	416t
total	abdominal,	935

Coley,	William,	70,	119
“Coley’s	toxins,”	70
Colibactin,	69
Colitis

ischemic	(nonneutropenic),	2087
neutropenic,	2056,	2056f,	2086–2087,	2088,	2090
pneumatosis,	2086
ulcerative,	114,	867

Collaborative	Ocular	Melanoma	Study,	1899,	1902,	1904
Collecting	duct	tumors,	1020,	1021t
Collective	invasion,	50
COLO-829,	10f
Colon

anatomy	of,	923–924,	924f
cancer	of	(See	Colorectal	cancer)
radiation	tolerance,	214t
venous	and	lymphatic	drainage,	924,	925f

Colon	capsule,	926
Colonization,	49,	51
Colonoscopic	resection,	of	polyps,	933–934
Colonoscopy,	82,	460–461,	925–926,	926t

in	familial	adenomatous	polyposis,	413,	912
follow-up,	946
in	MUTYH-associated	polyposis,	415

Colony-stimulating	factor	1,	inhibition	of,	381
Colony-stimulating	factor	1	gene	(CSF1),	1407
Colony-stimulating	factors,	2070t.	See	also	Granulocyte	colony-stimulating	factor	(G-CSF);	Granulocyte-
macrophage	colony-stimulating	factor	(GM-CSF)
ColoPrint,	942
Colorectal	adenomas

in	adolescents	and	young	adults,	1620
dietary	fiber	and,	138
difluoromethylornithine	and,	434,	434t
folate	and,	139
Wnt	signaling	pathway	in,	907,	910–911,	910f

Colorectal	cancer,	918–961.	See	also	Rectal	cancer
in	adolescents	and	young	adults,	1617,	1619,	1623f,	1627,	1630
alcohol	consumption	and,	921
allelic	loss	of	chromosome	18q	in,	930,	931t
allogeneic	stem	cell	transplantation	for,	2031–2032
anatomic	shift,	919
anti-inflammatory	drugs	and,	429–431,	430t
aspirin	and,	85,	921,	960–961
bacteria	(microbiome)	and,	67–69,	157,	913–914
biomarkers,	531t–532t,	921–922
bisphosphonates	and,	921
blood	or	lymphatic	vessel	invasion,	929
blood	transfusions	and,	932
BRAF	mutations	in,	18–19,	18f,	21,	305,	909–911,	909t,	914–916,	930,	942



cancer	risk–reducing	agents	and,	920–921
carbohydrates	and,	140
carcinoembryonic	antigen	in,	925,	931,	941,	944,	945–946
category	III	factors,	931–933
coffee	and,	920
complications	of,	surgical	management	of,	935–936
critical	pathways	in	tumorigenesis,	911–914
diabetes	mellitus	and,	921,	932
diagnosis	of,	924–925
dietary	fat	and,	135–136
dietary	fiber	and,	137–138,	920
dietary	studies	in,	141
difluoromethylornithine	and,	434
Dukes	classification	of,	927
endoscopic	and	robotic	surgery	for,	524–525,	525t,	936–937
environmental	factors	associated	with,	919,	919t
epidemiology,	918–919
epigenetic	mechanisms	in,	909–910
Escherichia	coli	and,	922
etiology,	919–924,	919t
exome	analysis	in,	4
familial	causes	of,	922–923,	922t
family	history	of,	919
folate	and,	139
follow-up,	944–946
fruit	consumption	and,	136,	920
gender	predilection	for,	932
genetic	counseling	in,	922
genetic	instability	in,	907–908
genetic	pathways	to,	907–908,	908f
genetic	polymorphisms	in,	933
genetic	testing	in,	923t
genome-wide	association	studies	of,	913–914
genotypes	and	molecular	properties,	915–916,	916t
geographic	variations	in,	170,	171f,	175,	176f,	918
gonadal	dysfunction	and,	2133
hemorrhage	or	rectal	bleeding	in,	932
hereditary	syndromes,	907–908,	911–914,	911t,	922–923,	922t	(See	also	specific	syndromes)

genetics	of,	412–413,	412f
screening	for,	412,	413
surgical	prophylaxis	in,	412–416

histologic	grade	of,	928
histologic	types	of,	929
host	lymphoid	response	in,	931
human	papillomavirus	and,	922
immunogenomics,	17
incidence	of,	173,	175,	176f,	918
inflammation	and,	114
integrative	genomic	analysis,	15
KRAS	mutations	in,	18–19,	18f,	21,	33,	34f,	189,	413,	532t,	908–915
lifestyle	and,	921
lymph	nodes	in,	928–929
Lynch	syndrome,	412–413,	415–416,	912–913,	922–923	(See	also	Lynch	syndrome)
meat	intake	and,	138,	919–920
metastatic	disease
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capecitabine	for,	271
liver	metastases,	1959–1965
lung	metastases,	1953t,	1954
microscopic	nodal,	929
XELOX	for,	271

micronutrients	efficacy	and,	427–429,	428t
microsatellite	instability	in,	34,	412,	413,	907–908,	930,	941–942,	941t
microscopic	nodal	metastases	in,	929
migrant	studies,	160,	161t,	918
models	of,	907–909,	910–911
molecular	biology	of,	907–916
molecular	markers	for,	942,	961
molecular	subtypes	of,	916,	916t
mortality,	173,	175,	176f,	918
mutational	landscapes	in,	11f,	909–910,	909t
nonfamilial	causes	of,	922t
nonsteroidal	anti-inflammatory	drugs	and,	921
obesity	and,	145,	146t,	147t,	173,	919,	932
obstruction	and	perforation	in,	931,	936
oncogenes	and,	914–916,	914f,	933
perineural	invasion	in,	931
peritoneal	metastases	in,	1893–1894,	1894f
pharmacogenomics	in,	244
physical	activity	and,	147,	148,	148t,	149t,	173,	921
physical	findings	in,	924–925,	945
PIK3CA	mutations	in,	3,	18f,	909,	914–915
polyps	and,	937
primary	tumor	location,	932
prognosis,	928–931
prostaglandin	E2	in,	118
protease	mutations	in,	3–4
race/ethnicity	and,	918–919
residual	tumor	at	margins,	927–928
screening	for,	460–461,	925–926,	926t

blood	test,	461
colonoscopy,	460–461,	925–926,	926t
computed	tomography	colonoscopy,	461
fecal	DNA	testing,	460
fecal	immunohistochemical	tests,	460,	925
fecal	occult	blood	testing,	460
flexible	sigmoidoscopy,	460
in	high-risk	patients,	461,	461t
recommendations,	461

as	secondary	primary	cancer,	2168
as	second	primary	cancer	in	lymphoma,	2161–2162
sentinel	node	analysis	in,	929
sexual	problems	and,	2222
signs	and	symptoms	of,	924
smoking	and,	921,	932
socioeconomic	factors	in,	919
stage	I,	937
stage	II,	937–942
stage	III,	937–940,	942–961
stage	IV,	surgical	management	of,	946
staging,	926–928,	927t



steroids	and,	932–933
survival,	167f,	175,	2180–2181,	2182f
targeted	sequencing	panels,	37
taxonomy	of	tumors,	18–19,	18f
temporal	trends,	170–173,	175
TNM	classification	of,	926t,	927–928
treated,	somatic	mutations	in,	21
treatment	of

active	specific	immunotherapy,	944
adjuvant	chemotherapy,	937–940,	942–944
aflibercept,	955
anatomic	resection,	934–935
bevacizumab,	364,	940,	943,	948,	953–955,	953t,	954t,	959–961
bowel	preparation	for,	934
brachytherapy,	212
cetuximab,	18f,	21,	189,	363,	940,	955–956,	956t
checkpoint	inhibitors,	221,	222t,	225
colonoscopic	resection	of	polyps,	933–934
combination	adjuvant	therapies,	938–940
combination	versus	single-agent,	952–954,	953t
complete	mesocolic	excision,	935
descending	and	sigmoid	colon	resection,	935
duration	of	chemotherapy,	952
intraperitoneal	chemotherapy,	943–944,	1893–1894
investigational	adjuvant	approaches,	943–944
kinase	inhibitors	in,	299
laparoscopic	colon	resection,	936–937
large-scale	randomized	trials,	937
novel	agents,	961
oral	fluoropyrimidines,	937–938
oxaliplatin,	258,	938–940,	942–944,	948–952,	950t,	951t
panitumumab,	363,	940,	955–956,	955–961
portal	vein	infusion,	943
preoperative	chemotherapy,	944
ramucirumab,	364,	955
regorafenib,	960
right	colon	resection,	934–935,	934f
stage	II	patients,	940–942
stage	III	patients,	942–961
stent	placement,	936
surgical	resection,	933–935
timing	of	chemotherapy,	943
total	abdominal	colectomy,	935
transverse	colon	resection,	935
unresectable	metastatic	disease,	946–961

tumor	border	configuration	in,	931
tumor-infiltrating	lymphocytes	in,	221
tumor	size	and	configuration,	931–932
tumor	suppressor	genes	and,	914–916
tyrosine-kinase	domains	in,	3
unresectable,	936
unresectable	metastatic,	946–961
vaccines	in,	944
vegetable	consumption	and,	136,	920
vitamin	D	and,	139,	920
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Colorectal	Cancer	DSA,	942
Colorectal	neuroendocrine	tumors,	1372
Colorectal	polyps,	907
Combined	modality	toxicity,	215
Common	thymocyte	ALL,	1751
Common	variable	immunodeficiency,	1672,	1672t
Communicating	hydrocephalus,	1915,	1917
Communication

with	cancer	patient,	2238–2241
about	complementary	and	integrative	medicine,	2270–2271
explanations	and,	2240,	2241
improving,	2233
information	and,	2240
meaning	and,	2241
about	preventing	illness,	2238–2240
about	sexual	problems,	2220,	2222,	2225–2226
terminal	illness	and,	2242,	2246
uncomfortable	questions	and,	2240–2241

Community-acquired	pneumonia,	2053
Community-based	interventions,	153f
Community	respiratory	viruses,	2052
Companion	diagnostics,	298–299
Comparative	genomic	hybridization,	39,	54
Complementarity	determining	regions	(CDRs),	359
Complementary	and	integrative	medicine	(CIM),	2269–2277

biologically	based	therapies,	2272–2277
for	cancer-related	fatigue,	2152–2153
classification	of,	2269
communication	about,	2270–2271
definition	of,	2269
direct	biologic	effects	on	cancer,	2271
drug	interactions,	236,	2271
establishing	integrative	approach,	2269–2271
hematologic	toxicity,	2271
integrative	oncology	model,	2269,	2270f
metabolic	interactions,	2271
mind–body	techniques,	2277
for	nausea	and	vomiting,	2082
NIH	center	for,	2269
nonbiologically	based	therapies,	2277
organ	toxicity,	2271
physical	well-being	in,	2269–2270
phytoestrogens,	2271,	2272t
prevalence	of,	2269
safety	concerns,	2271
standardization	and	quality	in,	2271–2272
treatment	interactions,	2271

Complement-dependent	cytotoxicity,	362
Complete	hydatidiform	moles	(CHMs),	1227
Completeness	of	cytoreduction	score	(CC),	1890–1891
Complete	response	(CR),	501–502,	502t,	507t
Complex	physical	therapy,	for	lymphedema,	2264
Compound	haploinsufficiency,	78–80
Compressive	radiculopathy,	2253
Compton	scattering,	204–205,	207



Computed	tomography	(CT)
of	adrenal	tumors,	1347,	1348f
of	anal	cancer,	1001
of	ascites,	1991–1992
of	aspergillosis,	2048,	2049f
of	bladder	cancer,	1053–1054,	1054f
of	bone	metastases,	1970
of	bone	sarcomas,	1452,	1453–1456,	1469
of	brain	metastases,	1934
of	cancer	of	unknown	primary	site,	1859
cancer	risk	from,	622
of	carcinoid	tumor,	688,	688f
of	cervical	cancer,	1177
of	cholangiocarcinoma,	868,	870,	875
clinical	response	assessment	using,	503,	504
colonoscopy,	461
of	colorectal	cancer,	944,	945–946
of	cutaneous	lymphomas,	1712
of	endometrial	cancer,	1212
of	esophageal	cancer,	724,	747
of	gallbladder	cancer,	878–879
of	gastrinoma,	1361
of	gastrointestinal	stromal	tumors,	898–899,	898f,	904
of	germ	cell	tumors,	1151
of	gestational	trophoblastic	neoplasia,	1228
of	head	and	neck	cancer,	543–544
of	hepatocellular	carcinoma,	849,	853f,	856,	857f
of	increased	intracranial	pressure,	1918,	1919f
of	liver	metastases,	1958
localizing	radiation	and,	206
low-dose,	in	lung	cancer	screening,	390,	464–465
of	lung	metastases,	1946–1947,	1947f
in	malignant	pericardial	effusion,	1988
of	malignant	pleural	effusion,	1983,	1984f
of	mediastinal	neoplasms,	703
of	melanoma,	1522,	1531–1532,	1540
of	mesothelioma,	1869,	1870f,	1872t
of	multiple	endocrine	neoplasia,	1380,	1380f
of	multiple	myeloma,	1818,	1823,	1824–1825
of	neutropenic	enterocolitis,	2056,	2056f,	2087,	2088
of	non-Hodgkin	lymphoma,	1678
of	non–small-cell	lung	cancer,	628,	630–631,	631f
of	ovarian	cancer,	1237
of	pancreatic	cancer,	809–811,	810f,	820,	820f
of	pancreatic	cancer	screening,	462
of	pancreatic	neuroendocrine	tumors,	1356,	1364
of	paraneoplastic	syndromes,	1998
of	penile	cancer,	1141
of	peritoneal	metastases,	1891
planning	RT	treatment	and,	208–209,	209f,	1186,	1187–1188
of	primary	CNS	lymphoma,	1723
of	prostate	cancer,	1095
of	pulmonary	infiltrates,	2054,	2054f
of	pulmonary	toxicity,	2117
radiation	exposure	in,	1568
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of	rectal	cancer,	972,	973–974,	986
of	renal	cell	carcinoma,	1022,	1022f
of	small	bowel	cancer,	885–886,	885f
of	small-cell	lung	cancer,	674
of	smoldering	multiple	myeloma,	1842
of	soft	tissue	sarcomas,	1415–1416
of	spinal	cord	compression,	1922
of	stomach	cancer,	766
of	superior	vena	cava	syndrome,	1912
surgical	guidance,	in	non–small-cell	lung	cancer,	635
of	urethral	cancer,	1137,	1139
of	uveal	melanoma,	1904
of	vulvar	cancer,	1200

Computed	tomography	colonography,	925–926
Computed	tomography	urography,	1067,	1067f
Computer-based	support	tools,	2232
COMT,	2177
CONCORD	project,	165
Conditional	synthetic	lethality,	1165
Conditioning	regimens,	1746–1747,	2011–2012,	2013,	2019–2020
Condyloma	acuminata,	interferon-α	for,	218
Cone-beam	computed	tomography	(CBCT),	206
Confidence	intervals,	155,	497
Confidentiality,	genetic	testing	and,	481
Confocal	laser	endomicroscopy,	766,	871
Confounding,	155,	156
Conivaptan,	2001,	2001t
Conization,	1177,	1179
Conn	syndrome,	1319
Constipation,	2085,	2090–2093

definition	of,	2090
diagnosis,	2091
differential	diagnosis,	2091
laxatives	for,	2091,	2092t,	2201
management	of,	2091–2093
opioid-induced,	2090,	2201,	2205
prevalence	of,	2090
treatment-related	causes,	2090–2091

Contact	inhibition,	45
Contamination,	in	randomized	clinical	trials,	457
Continent	urinary	diversion,	1056
Continual	reassessment	methods,	487
Convection-enhanced	delivery	(CED),	1578
Co-occurring	oncogenic	mutations,	616
Cook,	Albert,	104
Cooling	caps,	2130–2131
Copanlisib,	307,	1682–1683
Coping,	2230–2231

adaptive,	2230–2231,	2230t
stage-specific	challenges,	2231,	2231t
training	in,	2231

COPP	regimen,	1656–1657,	1660
Copy	number	variation,	11,	13f,	25–26,	27,	38f,	39

in	acute	leukemias,	1729
in	breast	cancer,	1262



in	lymphoma,	1635
in	soft	tissue	sarcomas,	1384,	1385f

Cordectomy,	description	of,	570
Core-binding	factor	(CBF),	1730t,	1732–1733
Core	biopsies

breast,	1277,	1277t
FNA	versus,	1354
pancreatic,	1354

Coronary	heart	disease,	radiation	therapy	and,	2124–2125,	2125t
Corpus	callosum	disconnection	syndromes,	1572
Corticosteroids

antiemetic	efficacy,	2079–2083,	2080t
for	brain	metastases,	1935–1936
for	cancer-related	fatigue,	2151
for	graft-versus-host-disease,	2025
for	increased	ICP,	1920
infectious	risk	and,	2039
for	malignant	ascites,	1995
for	malignant	bowel	obstruction,	2243
for	mediastinal	neoplasms,	704–705
for	multiple	myeloma,	1829
for	myasthenia	gravis,	703
for	oral	cGVHD,	2100,	2103
for	pain	management,	1126
in	pain	management,	2204
for	paraneoplastic	syndromes,	1999
Pneumocystis	jiroveci	and,	2055
for	primary	CNS	lymphoma,	1723
for	pulmonary	toxicity,	2111,	2118
for	spinal	cord	compression,	1923,	1924
for	symptom	management,	1935–1936

Corticotropin-releasing	hormone	(CRH),	2002
Cortisol-producing	adenomas,	1319
Corynebacterium	parvum,	70
Costello	syndrome,	85
Cotinine,	91–92
Cowden	syndrome

breast	cancer	risk	in,	84,	408
description	of,	84,	913
endometrial	cancer	and,	1219
genetics	of,	79t,	84,	408,	923,	1025t
polyps	in,	911t,	923
renal	cell	carcinoma	and,	1025t

C-peptide,	134,	922,	1362
CpG	dinucleotide,	312
CpG	island	methylator	phenotype	(CIMP),	412,	910,	913,	916,	930
CpG	islands,	34,	312–314,	313f,	314f,	614,	1148
CpG	oligonucleotide,	71–73
CPI-444,	381
CPI-613,	829
CPX-351,	1745,	1813
Cranial	irradiation,	prophylactic,	676–677
Cranial	nerve	defects,	1606
Craniofacial	resection,	582,	583,	584
Craniopharyngiomas,	1569f,	1601–1602
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CRC.	See	Colorectal	cancer
C-reactive	protein,	920,	1034,	1453,	1823
Creatinine,	1453,	1823,	1928
CREBBP

lung	cancer	and,	609,	614
lymphomas	and,	1635,	1637,	1638–1639,	1643,	1679,	1680
urothelial	carcinoma	and,	1044,	1048

Cremophor–ethanol	(CrEL)	solvent-based	paclitaxel,	290,	291
Crenolanib,	902
CRISPR-Cas9	system,	15,	17,	21,	482,	610
Critical	illness	myopathy,	2256
Crizotinib,	300t,	304,	305,	651,	1406,	1939,	2115
CRLX101,	280,	280t
Crocidolite	exposure,	1863,	1864
Crohn	disease	(CD),	884
Cross-sectional	studies,	152–153,	153f
CRS-207,	1881
Cryopreservation

sperm,	2140–2141,	2141t
testicular,	2141t

Cryosurgery
renal,	1027–1028
for	skin	cancer,	1475,	1476–1478

Cryotherapy
for	actinic	keratoses,	1487
for	esophageal	cancer,	725
for	oral	mucositis,	2098t,	2099,	2102
for	pulmonary	metastases,	1950
for	rehabilitation,	2265
salvage,	for	prostate	cancer,	1112
for	squamous	cell	carcinoma,	1488

“Cryptic”	translocations,	27
Cryptococcus	spp.,	2057
Cryptococcus	neoformans,	1917,	2058
Cryptogenic-organizing	pneumonia,	2027
Cryptotethya	crypta,	271
CSF1R	inhibition,	373t
CSF-1R	TKI,	373t
CSFR1,	1735
Csnk1a1,	1807
CT-322,	1587
ctDNA	(circulating	tumor	DNA),	19–20,	20f,	25,	40–41,	187–188,	505,	530
CTHRC1,	713
CTLA-4.	See	Cytotoxic	T-lymphocyte	antigen	4
CTNNB1

in	adrenal	tumors,	1345
in	adrenocortical	carcinoma,	1320–1321
in	aldosterone-producing	adenomas,	1319
in	colorectal	cancer/hereditary	syndromes,	909,	909t,	912,	913,	915
in	desmoid	tumors,	1406
in	endometrial	cancer,	1213,	1218
in	hepatocellular	carcinoma,	842,	858
in	medulloblastoma,	1561,	1562f
in	pancreatic	cancer,	802,	809
in	prostate	cancer,	1082



in	soft	tissue	sarcomas,	1389–1390
in	vaginal	melanoma,	1194

CUL3,	609
Cumulative	incidence,	153
Cumulative	incidence	ratio,	153
Cumulative	risk,	164–165,	166t
CUP.	See	Cancer	of	unknown	primary	site
Curcumin,	435–436,	437t
Curettage	and	cautery/electrodessication	(C&D),	1475,	1476–1478,	1481,	1487–1488
Current	smoking,	389,	390,	395
Cushing	disease,	1601
Cushing	syndrome,	628,	1319,	1322,	1346,	1363,	1370,	2002

clinical	features	of,	2002
diagnosis	of,	2002
low-dose	dexamethasone	suppression	tests	for,	2002
small-cell	lung	cancer	and,	672–673,	2002
treatment	of,	2002

Custirsen,	1128
Cutaneous	B-cell	lymphoma	(CBCL),	1708,	1718–1719

classification	of,	1708,	1708t
epidemiology	of,	1708
etiology	of,	1708
pathobiology,	1708–1710
prognostic	index,	1708,	1709t

Cutaneous	CD30+	anaplastic	large	cell	lymphoma	(C-ALCL),	1717–1718
Cutaneous	infections,	2051–2052
Cutaneous	leiomyomas,	1409
Cutaneous	lichen	amyloidosis	(CLA),	1318,	1381
Cutaneous	local	anesthetics,	2204
Cutaneous	lymphoid	antigen	(CLA),	1708–1709
Cutaneous	lymphomas,	1708–1719

classification	of,	1708,	1709t
clinical	evaluation	of,	1712

Cutaneous	melanomas,	1510–1554
adjuvant	therapy	for,	1537–1540
anatomic	distribution,	1515
biopsy,	1518–1519,	1521–1522
cell	cycle	regulators	in,	1503–1504
clinical	evaluation,	1522–1523
clinically	localized,	1527–1528
clinical	T1B,	1528
clinical	T2A,	T2B,	1529
clinical	T3A,	1529
clinical	T3B,	1529–1530
depth	of	invasion,	1520
driver	mutations	in,	1510,	1511–1512
epidemiology	of,	1512–1514
estrogen	use	and,	1516
etiology,	1516
familial	predisposition	for,	1516
follow-up,	1528,	1529t,	1539–1540
future	directions,	1507–1508
genetic	testing	in,	1518,	1541
head	and	neck,	1530
in	situ,	1527–1528
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intratumoral	therapies	for,	1533–1534,	1534t
local	recurrence,	1522,	1532–1533
management	of,	1527–1540
melanin	synthesis	pathway	in,	1506–1508
melanocyte	progression	to,	1512,	1513f,	1514f
molecular	biology	of,	1500–1508,	1501f
mutational	landscape	in,	1510–1511
newly	diagnosed,	1522–1523
oncogenic	signaling	pathways	in,	1501–1506,	1504f
physical	traits	and,	1516
pregnancy	and,	1516
prevention	of,	1516–1517
primary

characteristics	of,	1518
diagnosis	of,	1518–1522
prognostic	factors,	1520–1521
special	considerations	in	management,	1530–1531
thin,	1528

radiation	therapy	for,	1531,	1536–1537
radiologic	studies,	1522–1523
regional	lymph	nodes	in,	1524–1527,	1532,	1534–1536
screening	for,	1517–1518
staging,	1520–1522,	1520t,	1521t
subtypes,	1519–1520
The	Cancer	Genome	Atlas	effort,	1500–1501,	1508,	1510–1511
thick,	1530,	1531–1532
wide	local	excision/excision	margins	for,	1521–1524,	1523t

Cutaneous	natural	killer	lymphomas,	1718
Cutaneous	peripheral	T-cell	lymphoma	(PTL),	1718
Cutaneous	plasmacytoma,	1718
Cutaneous	T-cell	lymphoma	(CTCL),	1643,	1708.	See	also	Cutaneous	lymphomas

classification	of,	1708,	1709t
clinical	evaluation	of,	1712
clinical	response,	assessing,	503
outcomes	of,	1709t
vorinostat	and,	316

CVD	regimen,	1551
CVP	regimen,	1681–1682,	1688
CX-01,	372t
CXCL8	chemokine,	116
CXCL9	chemokine,	116
CXCL10	chemokine,	116
CXCL12	chemokine,	116,	117
CXCR2	inhibitors,	372t,	379–380
CXCR4	inhibitors,	372t,	380
CyBorD	regimen,	329
Cyclin	B1,	451
Cyclin	D1	(CCND1),	613,	908,	1045,	1076,	1083

in	bladder	cancer,	1045
in	breast	cancer,	1267
cell	cycle	role	of,	714
in	colorectal	cancer,	908
in	esophageal	cancer,	714
in	head	and	neck	squamous	cell	carcinoma,	537,	538–539
in	lymphoma,	1634,	1636,	1675,	1684,	1687



in	melanoma,	1504,	1512
in	multiple	myeloma,	1820
in	parathyroid	cancer,	1339
in	prostate	cancer,	1083

Cyclin	D2	(CCND2),	1148,	1636
Cyclin	D3	(CCND3),	1637,	1637f
Cyclin-dependent	kinase	inhibitor	genes.	See	CDKN1A;	CDKN1B;	CDKN2A;	CDKN2B;	CDKN2C
Cyclin-dependent	kinase	inhibitors,	299,	308–309,	313,	353,	353f,	539
Cyclin-dependent	kinases,	353,	1267.	See	also	CDK4;	CDK6;	CDK8
Cyclin	E,	801
Cyclin	E1	(CCNE1),	1045,	1391
Cyclooxygenase-1,	117,	260,	429,	2095
Cyclooxygenase-2,	429

oral	mucositis	and,	2095–2096
prostaglandins	and,	117–118
STAT3	and	regulation	of,	118
tobacco	and,	96

Cyclooxygenase-2	(COX2)	inhibitors,	118,	429–431,	438,	960,	1053,	2196
Cyclophosphamide	(Cytoxan),	247,	248t

activation	of,	250–251,	251f
for	acute	lymphoblastic	leukemia,	1753–1754
for	adult	T-cell	leukemia/lymphoma,	1698
adverse	effects

alopecia,	253
hemorrhagic	cystitis,	252,	2059

antidiuretic	hormone	and,	1929–1930
bortezomib	and	dexamethasone	with,	329
for	Burkitt	lymphoma,	892t
cardiac	toxicity,	254,	2121
for	chronic	lymphocytic	leukemia,	1790
clinical	pharmacology,	248t
detoxification	of,	251,	251f
for	diffuse	large	B-cell	lymphoma,	1690,	1691
doses	and	schedules,	249t
emesis	after,	2082
for	ependymomas,	1593
for	Ewing	sarcoma,	1456–1457,	1458
for	follicular	lymphoma,	1681–1682
for	germ	cell	tumors,	1599
for	gestational	trophoblastic	neoplasms,	1229,	1229t
for	GVHD	prevention,	1750,	2025
hair	loss	with,	2129,	2131
for	head	and	neck	cancer,	548
high-dose,	253–254
for	Hodgkin	lymphoma,	1656–1662
immunosuppression	caused	by,	253
for	lymphoplasmacytic	lymphoma,	1685
for	MALT	lymphoma,	1687
for	mantle	cell	lymphoma,	1688
for	mediastinal	neoplasms,	704–705,	706
for	medulloblastoma,	1597–1598
for	Merkel	cell	carcinoma,	1491
metabolism	of,	250–251,	251f
microbiota	and,	71
for	multiple	myeloma,	1827,	1828t,	1829,	1832
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for	mycosis	fungoides/Sézary	syndrome,	1716–1717
for	myeloablation,	1747,	1755
for	osteosarcoma,	1460
for	paraneoplastic	syndromes,	1999
for	pediatric	sarcomas	in	adult	populations,	1436
pharmacokinetics	of,	250
for	primary	CNS	lymphoma,	1724–1725
for	primary	mediastinal	B-cell	lymphoma,	1693
pulmonary	toxicity,	2112t,	2116
reproductive	dysfunction	and

female,	2138,	2138t
male,	2135,	2135t,	2136,	2139

secondary	malignancies	with,	253
for	seminomas,	709
for	small-cell	lung	cancer,	674,	676,	678,	679,	679t,	680
for	soft	tissue	sarcomas,	1424,	1433–1435
stability	of,	250
for	stem	cell	mobilization,	2008
synthesis	of,	255
therapeutic	uses,	248t,	251–252
for	thymic	carcinoma,	706
for	thyroid	cancer,	1335
toxicities,	248t,	252,	253–254
for	Waldenström	macroglobulinemia,	1844–1845

Cyclophosphamide–total	body	irradiation,	1747
CYCLOPS	genes,	79–80
Cyclosporine

for	chronic	lymphocytic	leukemia,	1788
for	GVHD	prophylaxis,	2025
for	large	granular	lymphocyte	leukemia,	1798
for	myelodysplastic	syndromes,	1812
for	oral	cGVHD,	2103

CYP2B6,	251
CYP2C8,	290
CYP2D6,	tamoxifen	and,	349–350,	1295,	2234
CYP2E1,	537
CYP3A

toremifene	and,	350
vinca	alkaloid	metabolism	by,	293

CYP3A4
docetaxel	metabolism	by,	290
inhibition	by	aprepitant,	2081
paclitaxel	metabolism	by,	290

CYP3A5
docetaxel	metabolism	by,	290
vincristine	metabolism	by,	292

CYP19,	351
Cyproheptadine,	2215
Cyproterone	acetate,	1117,	1124
Cystectomy

for	bladder	cancer,	1055–1057,	1061–1062,	1064–1065,	2221–2222
complications	of,	1056–1057
nerve-sparing,	2221
outcomes	of,	1061–1062
quality	of	life	after,	1064–1065



sexual	problems	after,	2221–2222
survival	after,	1055,	1055t
urinary	diversion	and,	1056–1057,	1056f

Cystic	duct,	866
Cystic	fibrosis,	884
Cystitis,	252,	1104,	2059
Cytarabine	(ara-C),	271–272

for	acute	lymphoblastic	leukemia,	271–272,	1753–1754,	1755,	1756
for	acute	myeloid	leukemia,	271–272,	1744–1746
anthracyclines	and,	271
for	Burkitt	lymphoma,	1694–1695
cardiac	toxicity,	2120t
catabolism	of,	272
clinical	pharmacology,	272
description	of,	271
for	diffuse	large	B-cell	lymphoma,	1691
doses	and	schedule,	268t
for	Ewing	sarcoma,	1458
for	Hodgkin	lymphoma,	1663–1664
intrathecal,	1942
for	mantle	cell	lymphoma,	1688
mechanism	of	action,	266t,	271–272
mechanism	of	resistance,	266t,	272
for	metastatic	disease,	1307
oral	mucositis	and,	2096
for	primary	CNS	lymphoma,	1724–1725
pulmonary	toxicity,	2112t
reproductive	dysfunction	and,	2135,	2135t,	2139
therapeutic	uses,	268t,	271
toxicities,	268t,	272

Cytidine	deaminase,	316
Cytochrome	C,	46
Cytochrome	P450.	See	also	specific	isoenzymes

alkylating	agents	and,	250,	255
antiandrogens	and,	1117
antiemetics	and,	2081
drug	interactions	and,	235,	293
herb–drug	interactions,	2271
procarbazine	and,	338–339
tamoxifen	and,	349–350,	1295,	2234
targeted	therapies	using,	255
tobacco	and,	95,	95t

Cytochrome	P450	19,	351
Cytochrome	P45017	alpha	inhibitors,	348t
Cytokeratins,	in	cancer	of	unknown	primary	site,	1856,	1857t
Cytokine	receptor-like	factor	2	(CRLF2),	1737–1738
Cytokine	release	syndromes,	377,	383–384,	1795
Cytokines,	114,	115,	116–118,	117t

in	cancer	cachexia,	2213,	2214,	2214t
clinical	trials,	372t
cognitive	impairment	and,	2178
in	depression,	2234
endoscopic	surgery	and,	520
immunoconjugates,	362
immunotherapy,	369,	370t,	371t,	378
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for	malignant	ascites,	1995–1996
oral	mucositis	and,	2096
proteasomes	and,	320
radiation	and,	214
radiation	toxicity	and,	214
transformation	and,	118

Cytokine	storms,	117
Cytomegalovirus	(CMV),	1569,	2026–2027

pneumonitis	caused	by,	2055
prophylaxis,	2039t,	2042–2043
pulmonary	infiltrates	with,	2054

Cytoreductive	nephrectomy,	1031–1033
Cytoreductive	surgery

for	appendiceal	malignancy,	1892
for	malignant	ascites,	1994–1995
for	mediastinal	neoplasms,	704
for	mesothelioma,	1874–1878
for	ovarian	cancer,	1239–1240,	1240f,	1244–1245
for	peritoneal	metastases,	1889–1892

Cytosine	methylation,	314,	315
Cytotoxic	agents.	See	Chemotherapy;	specific	agents
Cytotoxic	edema,	1916
Cytotoxic	T-lymphocyte	antigen	4	(CTLA-4)

inhibitors/blockers,	19,	28,	53,	73–74,	221–223,	242,	375
for	brain	metastases,	1940
for	cancer	of	unknown	primary	site,	1862
diarrhea	associated	with,	2087,	2089–2090
FDA-approved,	221,	222t
GM-CSF	addition	to,	220–221
for	head	and	neck	squamous	cell	carcinoma,	539,	549–550
for	hepatocellular	carcinoma,	860
infection	risk	and,	2040
for	lung	cancer,	615
for	melanoma,	222t,	223,	1505,	1538–1539,	1544–1547,	1544t,	1545f
for	mesothelioma,	1880–1881
pulmonary	toxicity,	2111,	2114t,	2116,	2116t
radiation	sensitivity	and,	204
for	renal	cell	carcinoma,	1036
for	small-cell	lung	cancer,	681–682
T-VEC	addition	to,	220
for	uveal	melanomas,	1906

liver	cancer	and,	839
platinum	compounds	and,	260

Cytotoxic	T	lymphocytes	(CTLs),	52–53,	56
CYVADIC	regimen,	1424,	1433,	1435
CyVAD	regimen,	reproductive	effects,	2136



D

Dabrafenib,	241–242,	300t,	305
for	brain	metastases,	1940,	1941t
for	melanoma,	1503,	1543t,	1545t,	1548–1549,	1549t
for	thyroid	cancer,	1333

Dacarbazine,	248t
activation	of,	250
clinical	pharmacology,	248t
doses	and	schedules,	249t
for	Hodgkin	lymphoma,	1655–1661
interleukin-2	combined	with,	219
for	leiomyosarcoma,	1437
for	melanoma,	1549,	1550–1552
for	pancreatic	neuroendocrine	tumors,	1359
reproductive	dysfunction	and,	2135,	2135t
for	soft	tissue	sarcomas,	1424,	1426,	1432–1435
therapeutic	uses,	248t
for	thyroid	cancer,	1335
toxicities,	248t
for	uterine	leiomyosarcoma,	1222

Daclizumab
for	GVHD,	2025
for	oral	cGVHD,	2103

Dacomitinib,	1143,	1586
Dactinomycin,	282t,	284,	339

description	of,	284,	339
for	Ewing	sarcoma,	1456–1457
for	gestational	trophoblastic	neoplasms,	1229–1230,	1229t
limb	perfusion	therapy,	1426
for	osteosarcoma,	1460
for	pediatric	sarcomas	in	adult	populations,	1436
reproductive	dysfunction	and,	2135t
structure	of,	279f,	284
therapeutic	uses,	282t,	284,	339
toxicities,	282t,	284

DA-EPOCH-R	regimen,	1693–1695
Dairy	products,	138,	142,	143
Damage-associated	molecular	patterns	(DAMPs),	370,	378,	381,	2023
DAPK1,	614
Daratumumab	(Darzalex),	322,	324t,	360t,	366

for	multiple	myeloma,	366,	1828t–1829t,	1830–1836,	1836f
regimens	based	on,	1835–1836,	1836f

Dara-VMP	regimen,	1829t
Darbepoetin,	1810,	1838,	2070t
Darolutamide,	356
Dartmouth	regimen,	1551
Dasatinib	(Sprycel),	300t

for	acute	lymphoblastic	leukemia,	1755–1756
adverse	effects,	1777
for	chronic	myeloid	leukemia,	301,	1776,	1777–1781
development	of,	301
food	effects	on,	236t
imatinib	compared	with,	1779–1780,	1780f
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mechanism	of	action,	301,	1777
pulmonary	toxicity,	2113t,	2115
for	thymic	carcinomas,	706

Data	analysis
confidence	intervals,	497
forest	plots,	508
hypothesis	testing,	497
Kaplan-Meier	plots,	506–507,	509f
multiple	comparisons,	498,	498t
significance	levels,	497
spider	plot,	509,	510f
survival	curve	calculation,	497–498,	497t
swimmer	plot,	509,	510f
waterfall	plots,	508,	510f

DA-TEDDI-R	regimen,	1726
Daunorubicin,	282t,	283

for	acute	lymphoblastic	leukemia,	1753–1754
for	acute	myeloid	leukemia,	1744–1745
cardiac	toxicity,	283–284,	2120
description	of,	283
reproductive	dysfunction	and,	2135,	2135t
structure	of,	279f
therapeutic	uses,	282t,	283
toxicities,	282t,	283

da	Vinci	System,	520,	522,	523f
DAXX,	802,	809,	1356
DCF	regimen,	749t,	750–751,	783,	784–785
DDIT3,	1384
DDEF1,	1907
DDX3X,	1561,	1562f,	1768
DDX41,	86
Death

detoxification	of,	2233
end-of-life	care	and,	2242–2246
family	preparation	for,	2246
impending,	2245–2246
psychotherapy	and,	2233

Death	rattle,	2246
Deauville	response	scale,	1678
Debulking	surgery

for	appendiceal	malignancy,	1892
for	malignant	ascites,	1994–1995
for	mediastinal	neoplasms,	704
for	mesothelioma,	1874–1878
for	ovarian	cancer,	1239–1240,	1240f,	1244–1245
for	peritoneal	metastases,	1889–1892

Decerebrate	posturing,	1918
Decision	making,	coping	skills	and,	2231
Decitabine,	315–316

for	acute	myeloid	leukemia,	317–318,	1745
DNMT	inhibitors	and,	318
immunotherapy	and,	318
mechanism	of	action,	317
for	myelodysplastic	syndrome,	317–318,	1811–1812
response	time,	317



toxicities,	317
Deconditioning,	2264–2265
Dedifferentiated	chordoma,	1606
Dedifferentiated	liposarcoma,	1408

cytogenetics,	1387t
molecular	abnormalities	in,	1387t,	1390,	1408

Deep	inspiration	breath	hold	(DIBH),	1655,	1656f
Deep	mutational	scans,	86
Deep	venous	thrombosis	(DVT),	517–518,	2250
Deferasirox,	1812
Degarelix,	354,	1128
Degradome,	human,	3
Dehydration,	constipation	and,	2091
Dehydroepiandrosterone,	1082,	1117
Deinococcus	radiodurans,	126
Delanzomib/CEP-18770,	320
Delayed	reproductive	cell	death,	200
Demeclocycline,	672
Demethylating	agents,	312–318
Demethylepipodophyllotoxins,	278,	284
Demographic	factors,	165–170
Dendritic	cells,	116,	370,	1168
Denileukin	diftitox,	1713t,	1716
Denosumab	(Prolia),	360t,	364

with	androgen	deprivation	therapy,	1115,	1117
for	bone	metastases,	1126,	1306–1307,	1971–1972,	2204
characteristics	of,	364
indications	for,	364
in	multiple	myeloma,	1838
in	parathyroid	cancer,	1341

Dental	evaluation,	pretherapy,	2097
Dental	intervention,	2097
Dental	rehabilitation,	600
2′-Deoxy-5-azacytidine,	315–316,	316t
Deoxycytidine	analogs,	266t
Deoxycytidine	kinase,	273–274
Deoxyepothilone	B,	294
DepMap,	610
Depression,	2229,	2233–2234

antidepressants	for,	2233–2234
assessment	for,	2174
brain	cancer	and,	152–153
HNSCC	and,	598
mind–body	techniques	for,	2277
screening	for,	2230
tamoxifen	and,	348

Depth-dose	curves,	207–208,	208f
Dermatitis,	748

radiation-induced,	1204
Dermatofibromas,	1407
Dermatofibrosarcoma	protuberans	(DFSP),	302,	1406,	1491–1493

characteristics	of,	1406
classification,	1403
clinical	features	of,	1406
clinical	presentation	of,	1492,	1492f
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diagnosis	of,	1475
etiology	of,	1491–1492
histology,	1386f,	1492
incidence	of,	1491–1492
management	of,	1492–1493
metastatic	potential,	1492
molecular	biology	of,	1387t,	1389,	1492
pathogenesis	of,	1492
pathologic	features	of,	1406,	1492
prognosis,	1492
staging,	1492

Dermatologic	syndromes,	paraneoplastic,	2004–2005
Dermatomyositis,	1998,	2005
Dermoid	cysts,	708
Descending	colon

anatomy	of,	923–924,	924f
resection	of,	935

Descriptive	studies,	152,	153f
Desipramine	(Norpramin),	2233–2234
Desmoid	tumors	(fibromatosis),	414,	922,	1406

characteristics,	1406
cytogenetics,	1387t
histology,	1386f
management	of,	1437
molecular	abnormalities	in,	1387t,	1389–1390,	1401
radiation-associated,	1401
risk	factors,	1401
trauma	and,	1401

Desmoplastic	melanoma,	1519–1520,	1530
Desmoplastic	small	round	cell	tumors	(DSRCT),	1413

cytogenetics,	1387t
histology,	1386f
molecular	abnormalities,	1387t
molecular	abnormalities	in,	1387t
translocations	in,	1388

Dexa-BEAM	regimen,	1663–1664
Dexamethasone

for	acute	lymphoblastic	leukemia,	1753,	1754
for	AL	amyloidosis,	1847
antiemetic	efficacy,	2080–2083
bortezomib	and	lenalidomide	with,	322
bortezomib	with,	1835
for	brain	metastases,	1935–1936
for	cancer-related	fatigue,	2151
colorectal	cancer	and,	933
for	diffuse	large	B-cell	lymphoma,	1691
for	extranodal	natural	killer/T-cell	lymphoma,	1697–1698
for	Hodgkin	lymphoma,	1661,	1663–1664
for	increased	ICP,	1920
lenalidomide	with,	1835
for	lymphoplasmacytic	lymphoma,	1685
for	multiple	myeloma,	1828–1837,	1828t–1829t
for	oral	cGVHD,	2103
in	pain	management,	2204
pomalidomide	with,	1835



for	primary	CNS	lymphoma,	1726
for	Waldenström	macroglobulinemia,	1844–1845

Dexamethasone	suppression	test,	1347,	2002
Dexrazoxane,	283–284,	1222,	2120
Dextroamphetamines,	2203,	2205
Dextromethorphan,	2204
DHAP	regimen,	1663,	1691
Diabetes	insipidus,	1598,	1602
Diabetes	mellitus

colorectal	cancer	and,	921,	932
endometrial	cancer	and,	1211,	1220
liver	cancer	and,	845
pancreatic	cancer	and,	805
superficial	fibromatosis	and,	1405–1406
in	terminally	ill	patients,	2246

Diaminocyclohexane	(DACH),	258
Diaphragm	sparing,	in	mesothelioma	surgery,	1875,	1875f
Diarrhea,	2085–2090,	2093

assessment	of,	2088
C.	difficile,	2087–2088
celiac	plexus	block	and,	2088
chemotherapy-induced,	2086,	2089,	2090
complicated,	2089
definition	of,	2085–2086
enteral	feeding	and,	2088
grading	of,	2088,	2088t
immunotherapy-induced,	2087,	2089–2090
management	of,	2088–2090
prevention	of,	2090
prophylaxis,	2090
radiotherapy-induced,	2087,	2089,	2090
somatostatin	analogs	for,	1363,	1382,	2088–2089
targeted	therapy-associated,	2087
uncomplicated,	2089

Diazepam,	2235t
Diazoxide,	1362
Dibenz[a,h]anthracene,	121
Dibenzonaphthyridinones,	279f
DICER1	syndrome,	86,	1322
Diclofenac,	345t
Dideoxy	sequencing.	See	Sanger	sequencing
Diet,	133–143.	See	also	Nutritional	support

after	cancer	diagnosis,	141–142
alcohol	consumption	in,	134–135,	142,	143
assessment	of,	134
breast	cancer	and,	135,	138,	141,	142,	1270–1271
calcium	in,	138
carbohydrates	in,	140,	143
carotenoids	in,	139–140
coffee	consumption	in,	138–139
colorectal	cancer	and,	141,	919–920
constipation	and,	2091
dairy	products	in,	138,	143
in	early	life	phases,	140–141
energy	and,	134
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epidemiologic	studies	of,	133–134,	141–142
esophageal	cancer	and,	719
fat	intake,	135–136
folate	in,	139
food	and	nutrients	in	cancer	etiology,	134–140
fruits,	136–137,	143,	424,	435,	437t,	719
future	directions	of	research,	143
limitations	of	studies,	142
methodologic	challenges	for	studying,	133–134
microbiome	and,	142
microbiota	and,	69
milk	consumption	in,	138
prostate	cancer	and,	135,	136,	141–142,	1088
recommendations	for,	143
red	and	processed	meat	in,	138,	142,	143
role	in	cancer,	2212
selenium	in,	140
soy	products	in,	140
vegetables,	136–137,	143,	424,	719
vegetarian,	140
vitamin	D	in,	139,	142,	143

Dietary	equivalent	dosing,	436
Dietary	fiber,	137–138,	920
Dietary	inflammation	index	(DII),	920
Dietary	patterns,	140
Diet-derived	natural	products,	435–436,	437t
Diethylstilbestrol	(DES),	124,	356,	1116,	1120,	1121,	1193
Differential	diagnosis,	biomarkers	for,	528–529,	529t
Differentiated	thyroid	cancers

adjuvant	therapy	for,	1330
in	children,	1335
external-beam	radiation	therapy	for,	1332
incidence	of,	1328
long-term	surveillance,	1331–1332
MEK	inhibitors	for,	1332–1333
pathology,	1328–1329
prognosis,	1328,	1330t
radiation	exposure	and,	1327
radioiodine	remnant	ablation	for,	1330
surgery	for,	1329–1330
systemic	agents	for,	1332–1333
treatment,	1329–1333
tyrosine	kinase	inhibitors	for,	1332–1333

Diffuse	alveolar	hemorrhage,	2027
Diffuse	hemangiomatosis,	1410
Diffuse	idiopathic	pulmonary	neuroendocrine	cell	hyperplasia,	687
Diffuse	intrinsic	pontine	glioma	(DIPG),	1589–1590,	1590f
Diffuse	large	B-cell	lymphomas	(DLBCL),	1689–1691

activated	B-cell–like,	1638–1640,	1638f,	1691
age	and,	1671
cell	of	origin,	1638
chromosomal	translocations	in,	1634
clinical	features	of,	1689–1690
CLL	and	FL	transformation,	1640,	1680,	1683
CNS,	1722



CNS	prophylaxis	in,	1698
copy	number	variation	in,	1635
cutaneous,	1718–1719
description,	1637–1638
early-stage,	1690
epidemiology	of,	1689
Epstein-Barr	virus-positive,	NOS,	1692
gene	expression	profiling,	1677,	1679
genetic	lesions	in,	1633f,	1638–1640,	1638f,	1640f,	1689
germinal	center	B-cell–like,	1638–1639,	1638f
HIV-associated,	1699–1700
immunophenotype	of,	1689
not	otherwise	specified	(NOS),	1637–1638
pathology	of,	1689
relapsed	or	refractory,	1691,	2015
rituximab	for,	365
small	bowel,	892t
stem	cell	transplantation	for,	1690–1691,	2014t,	2015
superior	vena	cava	syndrome	and,	1910
testicular,	1692
treatment	of,	1690–1691

Diffuse	melanomas,	1900
Diffuse	peritoneal	leiomyomatosis,	1409
Diffusion-mediated	hypoxia,	202
Diffusion-perfusion	MRI,	1573
Diffusion-weighted	magnetic	resonance	imaging,	1095
Diflomotecan,	280t
Diflunisal,	2196,	2196t
Difluoromethylornithine,	434,	434t,	438,	1582
Digestive	tract	tumors,	secondary,	2168
Digital	breast	tomosynthesis	(DBT),	459
Digital	rectal	examination	(DRE),	465,	925,	972,	1093,	1094
Dihydrofolate	reductase	(DHFR),	265–266,	267
Dihydropyrimidine	dehydrogenase	(DPD),	244,	269–270,	2086
Dihydrotestosterone,	433,	1079,	1081f,	1120
4-Dimethyl-aminoazobenzene,	121
7,12-Dimethylbenz[a]anthracene,	124
Dinaciclib,	1831
Dinoprostone,	2100
Dinutuximab	(Unituxin),	360t,	366
Dioxin,	867,	1402
Dipeptide	boronic	acids,	320–321,	321t
Diphencyprone,	1533,	1534
Diphenhydramine

for	oral	mucositis,	2098t,	2100,	2104
for	oropharyngeal	pain,	2098t,	2104

Diphenoxylate	hydrochloride,	1104
Diphtheria	toxin,	denileukin	diftitox	from,	1716
Direct	effects	of	cancer,	2250
Direct-to-consumer	genetic	testing,	479,	480
“Disappearing	metastasis,”	1964
Discoid	lupus,	SCC	and,	1483
Discrimination,	genetic	testing	and,	481
Disease-free	survival,	497,	499,	507t
Disease	progression,	in	clinical	response,	501–503,	502t,	503f
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Disposition,	231–232
Disprin,	2100
Disseminated	intravascular	coagulation,	2244–2245
Distal	cholangiocarcinoma,	865,	866,	874–876
Distal	pancreatectomy,	minimally	invasive,	525
Distant	(abscopal)	effects,	of	radiation	therapy,	213
Distress.	See	Emotional	distress
Distribution,	231
Diuretics

for	cardiomyopathy,	2121
constipation	and,	2091
for	hyperkalemia,	1929
for	hypoglycemia,	2003
for	lymphedema,	2263
for	malignant	ascites,	1992,	1993,	2244

DKC1,	84
DKK-1,	1822
DLBCL.	See	Diffuse	large	B-cell	lymphomas
DLEC1,	614
DLEU2,	1641
DLK1,	609
DM1,	294
DMRT1,	1149
DNA

asbestos	damage	to,	131
platinum-induced	damage	to,	259–262
radiation	damage	to,	125,	126,	126f,	197f
ultraviolet	light	damage	to,	125

DNA	adducts,	94–95,	121,	123
PAH-DNA	adducts,	94
platinum-DNA	adducts,	72,	258–259,	261

DNA	damage	response	inhibitors,	260
DNA-damaging	agents,	125–126
DNA	extraction,	29
DNA	hypermethylation,	312–313,	318
DNA	intrastrand	cross-links,	259
DNA	methylation,	312–316

abnormal	gene	silencing	and,	312–314
colorectal	cancer	and,	909–910
lung	cancer	and,	614,	683
ovarian	cancer	and,	1165
regulation	of,	314–315

DNA	methylation	binding	protein,	314
DNA	methyltransferases	(DNMTs)

action	and	function	of,	314–315
description	of,	312,	313f
for	hematologic	malignancies,	317–318
inhibitors	of,	312,	313,	315–318

DNA	ploidy,	27–28
DNA	polymerase,	oncogenic	viruses	and,	98–100
DNA	repair

asbestos	damage	and,	131
base	excision,	127,	127f,	131,	260,	333,	2158
BCR-ABL	kinase	and,	1766
bladder	cancer	and,	1045



cellular	pathways,	333–334
chemical,	126,	126f
faulty,	chromosome	aberrations	from,	199,	200f
gynecologic	cancer	and,	1164
homologous	recombination,	198–199,	198f,	259,	260,	261,	333,	1164
interstrand	cross-link,	333
intrastrand	cross-link,	259,	333
mismatch,	797,	912–913

deficiency,	34–35,	221,	222t,	225,	740
description	of,	797
HNPCC	and,	912–913,	923
prostate	cancer	and,	1083

nonhomologous	end	joining,	127,	127f,	197–198,	198f,	333,	334
nucleotide	excision,	128,	261
platinum-induced	damage	and,	259–261
poly(ADP-ribose)	polymerase	inhibitors	and,	333–336
prostate	cancer	and,	1083
radiation	damage	and,	127,	197–199,	198f
radiation	response	and,	201
secondary	primary	cancers	and,	2158
ultraviolet-light	damage	and,	128

DNA	testing,	474
DNMT3A,	6,	313f,	315,	1642,	1695,	1729,	1736,	1742
DNMT3B,	313f,	315,	1148
DNX-2401,	371t
Docetaxel	(Taxotere)

adverse	effects,	291–292
approval	of,	288
black	box	warning,	291
for	bladder	cancer,	1053,	1055,	1065–1066,	1067
for	breast	cancer,	1296,	1298
capecitabine	and,	271
for	carcinosarcoma,	1221t
cardiac	toxicity,	2121–2122
cisplatin	with,	549
clinical	pharmacology,	290
diarrhea	induced	by,	2086
dosages,	289t
drug	interactions,	291
for	endometrial	stromal	sarcoma,	1224
for	esophageal	cancer,	735,	749,	750–751
for	Ewing	sarcoma,	1457–1458
for	germ	cell	tumors,	1157
hair	loss	with,	2129
for	head	and	neck	cancer,	548–549

induction	chemotherapy,	551–552
identification	of,	288
indications,	288,	289t
for	leiomyosarcoma,	1436,	1437
mechanism	of	action,	288–290
mechanism	of	resistance,	295
for	non–small-cell	lung	cancer,	641,	647,	648,	653
for	osteosarcoma,	1462
for	ovarian	cancer,	1241
for	penile	cancer,	1143
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for	prostate	cancer,	1114,	1114t,	1118–1120,	1124–1125,	1128
pulmonary	toxicity,	2113t
radiation	sensitivity	and,	203
single-agent	treatment,	548
for	small-cell	lung	cancer,	682t
for	soft	tissue	sarcomas,	1435
for	stomach	cancer,	779–781,	783,	783t,	784–785,	786
toxicities,	289t,	291–292,	783
for	uterine	leiomyosarcoma,	1222

Docosahexaenoic	acid,	2215,	2274–2275
Doege-Potter	syndrome,	1389,	1407
Dolasetron,	2080,	2080t
Doll’s	head	maneuver,	1918
Donepezil,	2178
Donor	lymphocyte	infusions	(DLIs),	2032
Dopamine,	2078
Dopamine	agonists,	for	pituitary	adenomas,	1601
Dopamine	D2	receptors,	2078
Dose	calculation	algorithms,	for	radiation	therapy,	207–208,	208f
Dose-painting,	1006
Dose	proportionality,	232,	232f
Dose-rate	effects,	of	radiation,	201
Dose	sculpting,	1577
Dose	searching	pilot,	1578
Dose-toxicity	models,	487
Double-balloon	enteroscopy,	886
Double-hit	lymphoma,	1683,	1689,	1694,	1698
Double-strand	break	(DSB),	126,	127,	197–199,	198f,	333–334
Dovitinib,	1220
Downstream	pathways,	44
Down	syndrome,	genetics	of	acute	leukemias	in,	1734,	1735,	1738
Doxazosin,	1349
Doxepin	(Sinequan),	2104,	2234t
Doxifluridine,	776
Doxorubicin	(Adriamycin),	281–282,	282t

for	acute	lymphoblastic	leukemia,	1754
for	adrenocortical	carcinoma,	1351
for	adult	T-cell	leukemia/lymphoma,	1698
alopecia	and,	253
for	anaplastic	thyroid	carcinoma,	1333
for	bladder	cancer,	1054,	1057,	1062–1064,	1065
bortezomib	and	dexamethasone	with,	322–328
for	Burkitt	lymphoma,	892t
for	carcinosarcoma,	1221
cardiac	toxicity,	283–284,	2120–2121,	2272–2273
characteristics	of,	281
coenzyme	Q10	and,	2272–2273
description	of,	281
for	desmoid	tumor,	1437
for	diffuse	large	B-cell	lymphoma,	1690
emesis	after,	2082
for	endometrial	cancer,	1218
for	endometrial	stromal	sarcoma,	1224
for	Ewing	sarcoma,	1456–1457
hair	loss	with,	2131



for	HCC	embolic	therapy,	854–855
for	head	and	neck	cancer,	548
for	hepatocellular	carcinoma,	859
for	Hodgkin	lymphoma,	1655–1661
for	large	granular	lymphocyte	leukemia,	1798
for	leiomyosarcoma,	1436,	1437
limb	perfusion	therapy,	1426
liposomal,	281,	282,	282t

bortezomib	and,	322
lower	cardiac	toxicity	of,	2120
for	multiple	myeloma,	1831,	1836–1837
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1717
for	ovarian	cancer,	1244
for	primary	CNS	lymphoma,	1726
for	soft	tissue	sarcomas,	1431–1432

for	liver	metastases,	1966
for	malignant	ascites,	1995
for	mantle	cell	lymphoma,	1688
for	mediastinal	neoplasms,	704–705,	706
for	multiple	myeloma,	1831,	1832
for	mycosis	fungoides/Sézary	syndrome,	1716–1717
for	osteosarcoma,	1461,	1462
for	pancreatic	cancer,	818
for	pediatric	sarcomas	in	adult	populations,	1436
for	primary	mediastinal	B-cell	lymphoma,	1693
reproductive	dysfunction	and,	2135,	2135t,	2136,	2139
for	salivary	gland	tumors,	588
secondary	leukemia	and,	281–282
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	674
for	soft	tissue	sarcomas,	1424,	1426,	1429,	1431–1435
for	stomach	cancer,	783,	783t
streptozocin	with,	1359
structure	of,	279f,	281
therapeutic	uses,	281,	282t
for	thymic	carcinoma,	706
for	thyroid	cancer,	1333,	1335
toxicities	of,	281–282,	282t
for	upper	tract	urothelial	carcinoma,	1069
for	uterine	leiomyosarcoma,	1222
for	Waldenström	macroglobulinemia,	1844

Doxycycline
for	MALT	lymphoma,	1687
pleurodesis	via,	1984,	1985
sclerotherapy	via,	1988–1989

DPC4	mutations,	797
DPd	regimen,	1828t,	1830,	1835,	1836f
DPPA3,	1148
DPYD,	2086
DRC	regimen,	1844–1845
DRd	regimen,	1828t,	1836f
Driver	mutations,	11–13,	19,	26–27,	243,	624,	1261

in	acute	leukemias,	1732
in	melanoma,	1510,	1511–1512
in	non–small-cell	lung	cancer,	648–651
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in	pancreatic	cancer,	797
Dronabinol,	2080t,	2082
Droperidol,	2201
Drop-in,	and	randomized	clinical	trials,	457
Droplet	digital	PCR	assay,	41
Drosophila	melanogaster,	2
Drug	development,	505–510
Drug	interactions,	235–236,	236t
Drug	maytansinoid-1,	294
Drug	repurposing,	342–346,	345t
Drug	resistance.	See	also	specific	drugs

after	alkylating	agents,	254,	254t
cancer	genomics	and,	20–21

DS-8201a,	285,	285t
Dual-fusion	probes,	35
Ductal	carcinoma	in	situ	(DCIS),	1274

description	of,	459–460
features	of,	1274
observation,	1281
treatment,	1281–1283

breast-conserving	surgery,	1281–1282
endocrine	therapy,	1283
excision	with/without	radiation,	1281–1282,	1282t

Dukes,	Cuthbert,	927
Dukes	classification,	927
Duloxetine	(Cymbalta),	2203,	2234,	2234t
Dupuytren	contractures,	1406
Dural	sinus	thrombosis,	1915,	1917,	1917f,	1921
Durvalumab,	223t,	225,	226,	375

for	bladder	cancer,	1067
for	esophageal	cancer,	753
for	head	and	neck	cancer,	539
for	hepatocellular	carcinoma,	860
infection	risk	and,	2040
for	non–small-cell	lung	cancer,	637,	646–647
for	ovarian	cancer,	1254
for	small-cell	lung	cancer,	685,	686

Dutasteride,	433–434,	433t,	1089
Dutcher	bodies,	1684
Duvelisib,	2041
DVd	regimen,	1829t,	1830,	1835,	1836f
Dyclonine	hydrochloride,	2098t,	2104
Dynamic	contrast-enhanced	MRI,	1573
Dynamic	instability,	microtubule,	288
Dynamic	sentinel	lymph	node	biopsy	(DSLNB),	1143
Dynasplint	Trismus	System,	2262–2263,	2262f
Dysarthria,	brain	tumors	and,	1572
Dysbiosis,	66–67,	69
Dysembryoplastic	neuroepithelial	tumors,	1562
Dysgeusia,	cancer-associated,	2213
Dyskeratosis	congenita,	84
Dysmorphology	screening,	473
Dysphagia

brain	tumors	and,	1572
esophageal	cancer	and,	723,	746



hypopharynx	tumors	and,	575
laryngeal	lesions	and,	569
palliation	of,	746
parotid	gland	tumors	and,	586
radiation-induced,	214
stomach	cancer	and,	765,	789
superior	vena	cava	syndrome	and,	1910
support	and	rehabilitation,	598–599,	601
surgery	and,	545,	560,	568,	573,	577
tonsil	cancer	and,	564
vocal	cord	lesions	and,	569

Dysplastic	nevus,	1513f
Dyspnea,	628,	671,	688,	708

lung	cancer	and,	628,	671
malignant	pleural	effusion	and,	1983
mediastinal	neoplasms	and,	708
mesothelioma	and,	1867,	1875
pericardial	effusion	and,	1988
pulmonary	carcinoids	and,	688
radiation-induced	pulmonary	toxicity	and,	2110
terminally	ill	patients	and,	2242–2243

Dystrophic	epidermolysis	bullosa,	1483

E

E2	transcriptional	regulator,	101
E3	ubiquitin	ligase	complex,	1014–1015,	1015f,	1077
E5	oncogene,	101
E6	protein,	101,	102,	721,	1168,	1172
E7	protein,	101,	102,	721,	1168,	1172
Early	detection,	454
Early	postoperative	intraperitoneal	chemotherapy	(EPIC),	776,	1890,	1891–1892,	1994
EBF1	mutations,	1735
EBVP	regimen,	1655
ECF	regimen

for	esophageal	cancer,	749t,	750,	752
for	stomach	cancer,	779–781,	785,	785t

Echinacea,	236
Echinacea	purpurea,	2272
Echinocandins

for	aspergillosis,	2050
for	candidiasis,	2048

Echocardiography,	1988,	2120,	2123,	2124
E-cigarettes,	92,	388–389
Ecologic	studies,	133,	152,	153f
ECT2,	842
Ecthyma	gangrenosum,	2051
Ectopic	Cushing	syndrome,	2002
ECX	regimen,	785t
Eddy,	Bernice,	102
Edema.	See	also	Lymphedema

cardiogenic	pulmonary,	2117
cerebral,	1916,	1918,	1920
cytotoxic,	1916
reexpansion	pulmonary,	1984
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vasogenic,	1916,	1918,	1920
Edmonton	Symptom	Assessment	Scale	(ESAS),	2193
Educational	issues,	2185
Effect	modification,	155
Effect	modifiers,	155
EGFR	mutations,	18,	27,	38f

in	bladder	cancer,	1045,	1048
in	cholangiocarcinoma,	842
in	chronic	lymphocytic	leukemia,	1768
in	colorectal	cancer,	909,	911
drug	resistance	and,	20–21
in	esophageal	cancer,	751–752
fragment	analysis,	33
in	gallbladder	cancer,	877,	878
in	gliomas,	1564–1565,	1583
in	head	and	neck	squamous	cell	carcinoma,	538
in	large	cell	neuroendocrine	carcinoma,	690
liquid	biopsy,	41
in	liver	cancer,	838
in	lung	cancer,	303–304,	607,	610–612,	613,	624,	648–651
in	neuroendocrine	tumors,	1368
in	pancreatic	cancer,	797,	801
precision	medicine,	190
Sanger	sequencing,	33

EGFR	Mutation	Test	v2,	41
Eicosanoids,	429
Eicosapentaenoic	acid,	2215,	2274–2275
Ejaculatory	dysfunction,	2133,	2134,	2135
Elastofibromas,	1403–1405
Elderly

acute	myeloid	leukemia	in,	1745–1746,	1749
chronic	myeloid	leukemia	in,	1773
gastric	cancer	in,	789–790
Hodgkin	lymphoma	in,	1661–1662
neutropenia	in,	2071,	2074
non-Hodgkin	lymphoma	in,	1692
primary	CNS	lymphomas	in,	1725

Elective	neck	dissection	(END),	546–547
Elective	neck	irradiation	(ENI),	546–547
Electrical	abnormalities,	radiation-induced,	2124
Electrocardiogram,	2120
Electrocautery,	after	shave	biopsy,	1475
Electroencephalogram	(EEG),	in	ICP	monitoring,	1920
Electromagnetic	fields,	125–126,	130
Electron	beam	radiation,	postoperative	boost,	989–990
Electronic	cigarettes,	92,	388–389
Electronic	technology-based	interventions,	2232
Electrophiles,	123
Electrotherapy,	in	rehabilitation,	2265
Eligard,	1116
Elimination,	231–232
Elimination	rate	constant,	232
ELK3	transcription	factor,	1390
Ellagic	acid,	435
Elomotecan,	280t



Elotuzumab	(Empliciti),	360t,	366,	1829t,	1830
Eltrombopag,	1813,	2070t
EMACO	regimen,	1229–1230,	1229t
EMAEP	regimen,	1229–1230,	1229t
Embolic	therapies

for	adrenal	tumors,	1351
for	biliary	obstruction,	2057
for	bone	metastases,	1977–1978,	1979f
for	cholangiocarcinoma,	869
for	hepatic	metastases,	1360,	1375,	1959–1960,	1967
for	hepatocellular	carcinoma,	847–850,	854–855
for	insulinomas,	1363
for	neuroendocrine	tumors,	1360
for	parathyroid	cancer,	1340
for	small	bowel	carcinoid	tumors,	891

Embryoid	nuclei,	1696
Embryonal	carcinomas,	708,	1146,	1147f,	1148,	1151
Embryonal	CNS	neoplasms,	1595–1598
Embryonal	rhabdomyosarcoma,	1194

characteristics,	1409–1410
cytogenetics,	1387t
molecular	abnormalities	in,	1387t,	1410

Embryonal	tumors	with	abundant	neuropil	and	true	rosettes	(ETANTRs),	1595–1596
Emergencies,	oncologic

increased	ICP,	1916–1921
metabolic,	1928–1932
spinal	cord	compression,	1922–1927
superior	vena	cava	syndrome,	1910–1914

Emerging	hallmark,	52
Emesis.	See	Nausea	and	vomiting
EML4-ALK	fusion

therapeutic	target,	304
translocations,	10,	18,	36

Emotional	distress
coping	with,	2230–2231
differential	diagnosis,	2230
interventions	for,	2231–2233
screening	for,	2229,	2230
as	sixth	vital	sign,	2229

Emotional	expression,	2232–2233
Employment	issues,	2186
Emtansine,	294
EMT	transcription	factors	(EMT-TFs),	49–50
Enabling	characteristics,	53–54,	53f
Enasidenib,	300t,	1746
Encephalitis,	2057
Encephalomyelitis,	1998
Enchondromas,	1463

molecular	biology	of,	1393
Encorafenib,	1545t,	1550
Endobronchial	ultrasound	and	needle	aspiration	(EUS-NA),	631
Endocervical	glandular	dysplasia,	1174
Endocrine	pancreatic	cancers,	805,	808
Endocrine	tumors

molecular	biology	of,	1317–1324
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thyroid	cancer	(See	Thyroid	cancers)
Endodermal	sinus	tumor,	1146
Endogenous	retroviral	(ERV)	transcripts,	318
Endometrial	cancer,	1211–1220

bilateral	salpingo-oophorectomy	for,	1214
chemoradiation	for,	1217
chemotherapy	for,	1217,	1218–1219,	1219t
diagnosis,	1211–1212
diet	and,	135,	136
early-stage,	1214–1217
endocervical	mucosal	invasion,	1216
endocrine	therapy	for,	1217–1218
epidemiology,	1211
etiology,	1211
genomic	landscape	of,	1213,	1213f
geographic	variations	in,	180,	181f
gonadal	dysfunction	and,	2133
HER2	overexpression	in,	1219–1220
hereditary

chemoprevention	of,	408
Lynch	syndrome	and,	407,	415,	912,	1211,	1212
screening	for,	408
surgical	prophylaxis	for,	407–408

imaging	of,	1212
incidence	and	mortality	patterns,	173,	179–180
integrative	genomic	analysis,	15
isolated	vaginal	recurrence,	1220
KRAS	mutations,	1167,	1168
luteinizing	hormone–releasing	hormone	and,	1217–1218
microbiota	and,	69
microsatellite	instability	in,	1167,	1212
minimally	invasive	hysterectomy	for,	525–526
molecular	biology	of,	1167–1168
natural	history	of,	1211
nodal	(para-aortic)	recurrence,	1220
obesity	and,	134,	145,	146–147,	147t,	173,	1211
pathology	of,	1212,	1212t
physical	activity	and,	147,	173
PIK3CA	mutations	in,	3,	1167,	1219
pretherapy	evaluation,	1211–1212
prognostic	factors,	1212–1213
radiation	therapy	for,	1214–1216,	1216f,	1220
recurrent,	treatment	of,	1217–1220
risk	factors,	1211
routes	of	spread,	1211
screening	for,	408,	464
sentinel	lymph	node	mapping	in,	1214,	1215f
stage	IA,	grade	3,	1214–1215
stage	IB,	grade	1	and	2,	1215–1216
stage	IB,	grade	3,	1216
stage	III,	1217
staging,	1213–1214,	1214t
surgical	approaches,	1214,	1220
survival,	nomogram	for,	1213
tamoxifen	and,	348,	431–432,	1211



temporal	trends,	180
therapeutic	agents	in	development,	1219–1220
toremifene	and,	350
transvaginal	ultrasonography	for,	1212
treatment	of,	1214–1222
type	I,	1167,	1213
type	II,	1167,	1213

Endometrial	hyperplasia,	1212
Endometrial	intraepithelial	neoplasia,	1167
Endometrial	stromal	sarcoma,	1223–1224,	1387t,	1436,	1437
Endometrioid	adenocarcinoma,	1214–1217,	1216t
Endometrioid	cancer,	1212
Endometrioid	carcinoma,	1163,	1167
Endometriosis,	1233
EndoPredict,	531t,	1264–1265
Endorectal	coil	MRI,	973
Endorectal	ultrasound	(EUS),	972–973,	973f
Endoscopic	biopsies,	986–987
Endoscopic	mucosal	resection	(EMR),	727–728,	753,	772
Endoscopic	retrograde	cholangiography	(ERCP),	870–871,	875,	876,	879
Endoscopic	retrograde	cholangiopancreatography,	2244
Endoscopic	submucosal	dissection	(ESD),	725,	728,	753,	772
Endoscopic	surgery,	519–526

advantages	and	disadvantages	of,	521–522
applications	of,	520–522
colorectal,	924–925,	925t,	936–937
conventional,	robotic	surgery	versus,	522,	522t
diagnostic	use	of,	520–521,	521t
emerging	techniques,	526
esophageal,	524,	723,	727–728,	731–732,	731f,	732f,	753
gastrointestinal	and	hepatopancreatobiliary,	524–525
genitourinary	and	gynecologic,	525–526
immunologic	effects	of,	520
palliative	use	of,	521
pancreatic,	525,	813–814
physiologic	effects	of,	520
staging	in,	521
stomach,	776
thoracic,	522–524
treatment	techniques,	521
upper	trace	urothelial,	1069

Endoscopic	ultrasonography	(EUS)
in	cholangiocarcinoma,	871
in	colorectal	cancer,	925,	944
in	esophageal	cancer,	724,	728
in	gastrinomas,	1361
in	pancreatic	cancer,	811
in	pancreatic	neuroendocrine	tumors,	1356
in	stomach	cancer,	766

Endoscopy,	in	gastric	cancer,	766
Endostatin,	49
Endothelial	cells,	55–56,	55f,	186
Endovascular	stenting,	1913–1914
Endoxifen,	350
End	points,	for	assessing	clinical	response,	505–510,	507t,	508f
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End-stage	liver	disease	(ESLD),	851
Enema,	2091–2092
Energy,	134
Energy	expenditure,	2213
Energy	metabolism,	51–52
Energy	restriction,	134
Enfortumab	vedotin,	294
Enhanced	permeability	and	retention	(EPR),	290
Enkephalins,	2078
ENL,	1729
Enoblituzumab,	371t,	376
Entecavir,	109–110
Enteral	nutrition,	2216–2218

contraindications	to,	2216
diarrhea	and,	2088
hyperosmolar	formulas	for,	2217
indications	for,	2216
palliative,	2218
recommendations,	2217t
specialty	formulas,	2218
timing	of	initiation,	2216–2217

Enteritis,	radiation-induced,	2087
Enterobacter	spp.,	2061
Enterochromaffin	cells,	2078
Enterochromaffin-like	cells,	1370
Enterococcus,	2026

vancomycin-resistant,	2044,	2059,	2060
Enterococcus	faecalis,	67,	2044
Enterococcus	faecium,	74
Enterococcus	hirae,	71,	74
Enterocolitis

ischemic	(nonneutropenic),	2087
neutropenic,	2056,	2056f,	2086–2087,	2088,	2090

Enteropathy-associated	T-cell	lymphoma	(EATL),	884,	892t,	1696
Entinostat,	316–317,	316t,	318
Entrectinib,	309
Envelope	proteins,	107–108
Environmental	exposures,	120.	See	also	Chemical	carcinogens;	specific	exposures

acute	leukemias	and,	1742–1743
adolescent/young	adult	cancer	and,	1617–1619
asbestos,	125–126,	130–131,	621–622,	867,	1863–1864
bone	sarcomas	and,	1451
breast	cancer	risk	and,	1271
CNS	neoplasms	and,	1568
mesothelioma	and,	1863–1864
non-Hodgkin	lymphoma	and,	1671–1672
radon,	128,	622
soft	tissue	sarcoma	and,	1402
squamous	cell	carcinoma	and,	1483
thorotrast,	867,	1402,	1866
uveal	melanomas	and,	1899

Environmental	irritants,	114–115
Envoplakin,	721
Enzalutamide,	355–356,	1079,	1114,	1122,	1125
Enzastaurin,	1587,	1690,	1691



Enzyme-linked	immunosorbent	assay	(ELISA),	528
EOF	regimen,	749t,	785t
EOX	regimen,	749t,	750,	752,	785t
EP300,	609,	614,	1044,	1048,	1637,	1679,	1680
Epacadostat,	373t,	380
EPCAM,	413,	912
Ependymoblastomas,	1595
Ependymomas,	1592–1593

arachnoid	granulation	obstruction	in,	1917
chemotherapy	for,	1593
clinical	and	pathologic	features	of,	1592,	1592f
description,	1563–1564
incidence	of,	1569f
infratentorial,	1592
molecular	biology	of,	1563–1564,	1564f
posterior	fossa,	1592–1593,	1592f
radiation	therapy	for,	1592–1593
second-look	surgery	for,	1593
spinal,	1608–1609
supratentorial,	1592
surgery	for,	1592

EPHA6,	909
Ephedra,	236t
Epicolic	nodes,	924
Epidemiology

biases	in,	133,	155
definition	of,	152
global	incidence	and	mortality,	160–181

data	sources,	161
demographic	factors	affecting	risk,	165–170
geographic	and	temporal	variations,	160–161
measures	of	burden,	160,	161
measures	of	risk,	160,	164–165
number	of	new	cases	and	deaths,	161,	162f
patterns	for	common	cancers,	173–180
prevalence,	161,	163f
temporal	trends,	170–173,	180–181

interpretation	of	findings,	155
methods,	152–158

case-control	studies,	133,	153f,	154–155
cohort	studies,	133–134,	153–154,	153f
cross-sectional	studies,	152–153,	153f
dietary	studies,	133–134,	141–142
ecologic	studies,	133,	152,	153f
migrant	studies,	133,	160
study	design,	152,	153f,	157

molecular,	124,	156–158
Epidermal	growth	factor	(EGF),	56,	118

inhibitors	of,	pulmonary	toxicity,	2113t,	2115
for	oral	mucositis,	2100
pulmonary	toxicity	and,	2115
radiation-induced	lung	injury	and,	2109–2110

Epidermal	growth	factor–containing	fibulin-like	extracellular	matrix	protein	1	(EFEMP1),	1868
Epidermal	growth	factor	receptor	(EGFR)

anal	cancer	and,	997,	1002
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biomarker,	532t
brain	metastases	and,	1939
cancer	of	unknown	primary	site	and,	1858,	1862
checkpoint	inhibitors	and,	225
colorectal	cancer	and,	909,	911,	955–961
description	of,	27
endometrial	cancer	and,	1219–1220
esophageal	cancer	and,	713–714,	740,	742,	751–752
glioblastoma	and,	1586
HNSCC	and,	538–539,	548,	549
imaging,	193
malignant	peripheral	nerve	sheath	tumor	and,	1392
mediastinal	neoplasms	and,	706
monoclonal	antibodies	and,	362,	363
non–small-cell	lung	cancer	and,	648–651,	653–654,	653t
pancreatic	cancer	and,	825
papillomaviruses	and,	101
penile	cancer	and,	1140
pharmacogenomics	and,	239,	241,	243
proteasome	inhibitors	and,	329–330
radiation	and,	200
radiation	sensitivity	and,	203–204,	215
salivary	gland	tumors	and,	588
small-cell	lung	cancer	and,	683
smoking	and,	392–393
squamous	cell	carcinoma	and,	1483,	1488
statins	and,	346
stomach	cancer	and,	786
as	therapeutic	target,	298–299,	303–305
tobacco	and,	96
urothelial	carcinoma	and,	1052,	1067

Epidermal	growth	factor	receptor	(EGFR)	kinase	inhibitors,	298–299,	303–305
Epidermodysplasia	verruciformis,	102,	1483
Epidermoid	cysts,	1159
Epidermotropism,	1709–1710
Epidural	analgesia,	2201,	2207
Epidural	local	anesthetics,	2203
Epidural	spinal	cord	compression,	657–658
Epigallocatechin	gallate,	435,	437t
Epigenetically	targeted	therapy,	318
Epigenetic	alterations,	26
Epigenetic	changes,	312–316,	313f
Epigenetics,	26,	312

abnormal	gene	silencing,	312–314
and	acute	leukemias,	1731t,	1735–1736,	1742
and	breast	cancer,	1265
and	cancer	susceptibility	syndromes,	86
and	carcinogens,	124
and	cholangiocarcinoma,	867
chromatin	in	gene	regulations,	314
and	chronic	lymphocytic	leukemia,	1770
and	colorectal	cancer,	909–910
DNA	methyltransferase	inhibitors,	312,	313,	315–318
enzymes	and,	314–315
in	epidemiologic	studies,	158



and	genome	analysis,	9,	15
histone	deacetylase	inhibitors,	316–317,	318
immunotherapy	and,	318
and	liver	cancer,	838–839
and	lung	cancer,	96,	607,	614,	683
and	molecular	diagnosis,	25–26
and	NUT	midline	carcinoma,	709
and	ovarian	cancer,	1165
and	precision	prevention,	194
and	prostate	cancer,	1083
small	molecules	targeting,	in	development,	316t,	318

Epigenome,	312,	314f
Epigenomics

integrative	analysis,	15
single-cell,	15

Epipodophyllotoxins,	278,	282t,	284,	293
Epi	proColon,	925
Epiregulin,	713
Epirubicin,	282t,	283

cardiac	toxicity,	2120
for	cervical	cancer,	1182t
description	of,	283
for	esophageal	cancer,	735,	750–751
for	Hodgkin	lymphoma,	1655
for	nasopharynx	cancer,	550
for	salivary	gland	tumor,	588
for	small-cell	lung	cancer,	679t
for	soft	tissue	sarcomas,	1424,	1432–1433
for	stomach	cancer,	778,	779–781,	783,	783t,	785–786,	785t
structure	of,	279f
therapeutic	uses,	282t,	283
toxicities,	282t,	283

Episcleral	plaque	radiation	therapy,	for	uveal	melanomas,	1903
Epithelial	ovarian	cancer.	See	Ovarian	cancer,	epithelial
Epithelial-to-mesenchymal	transition,	49–50,	118

breast	cancer,	1262–1263
cervical	cancer,	1179
lung	cancer,	614–615
ovarian	cancer,	1165

Epithelioid	angiosarcoma,	1493
Epithelioid	cell	gastrointestinal	stromal	tumors,	895,	896f
Epithelioid	cell	melanomas,	1900,	1907
Epithelioid	hemangioendothelioma,	861,	1410,	1435
Epithelioid	sarcomas,	1199,	1413
Epithelioid	trophoblastic	tumors,	1227,	1230
Epithelioma	cuniculatum,	1484
EPOCH	regimen,	109,	1693,	1713t,	1716–1717
Epoetin-α,	2070t
Epoetin-β,	2070t
Epothilone	B,	294
Epothilone	D,	294
Epothilones,	289f,	294
EP	regimen,	678–680,	679t,	1154
Epsom	salts,	2092t
Epstein,	Michael,	104
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Epstein-Barr	virus	(EBV),	99t,	100,	104–105
Burkitt	lymphoma	and,	104–105,	1635,	1637
carcinomas	associated	with,	105,	445
CNS	lymphoma	and,	1568
extranodal	NK/T-cell	lymphoma	and,	1718
history	of,	104
hit-and-run	mechanism,	100,	105
HIV-associated	lymphoma	and,	1699–1700
Hodgkin	lymphoma	and,	104,	105,	1644,	1648,	1651–1652
infections,	2036
life	cycle	of,	104
lymphoid	cancers,	105
meningoencephalitis	and,	2057–2058
nasal	NK/T-cell	lymphoma	and,	1718
nasopharynx	cancer	and,	105,	542,	550
non-Hodgkin	lymphoma	and,	1671–1672
pancreatic	cancer	and,	797,	801
posttransplant	lymphoproliferative	disorders	and,	884,	1699,	2055–2056
prevention	of,	105
stem	cell	transplantation	and,	2027
stomach	cancer	and,	105,	715,	767
treatment	of,	105
vaccine	development,	105,	448–449

Epstein-Barr	virus-positive	diffuse	large	B-cell	lymphoma,	NOS,	1692
ERBB2.	See	HER2/HER2
ERCC1,	1053
ERCC1/XPF	protein	complex,	261
ERCC2	mutations,	1042–1043,	1045,	1053
ERd	regimen,	1829t,	1836f
Erectile	dysfunction,	2144

androgen	deprivation	therapy	and,	1117,	2221
assessment	of,	2226
bladder	cancer	and,	2221
colorectal	cancer	and,	2222
GVHD	and,	2222
prostate	cancer	and,	1107,	2220–2221,	2226
race/ethnicity	and,	2225
radical	cystectomy	and,	2221
radical	prostatectomy	and,	2220–2221
testicular	cancer	and,	2221
treatment	of,	2220,	2221

Eribulin,	1222,	1305,	1432,	1435
Erionite,	1864
Erlotinib	(Tarceva),	300t

for	advanced	pancreatic	ductal	adenocarcinoma,	826
for	anaplastic	thyroid	carcinoma,	1333
for	brain	metastases,	1939,	1941t
for	cancer	of	unknown	primary	site,	1861–1862
clinical	development	of,	298,	303–304
for	colorectal	cancer,	960
diarrhea	associated	with,	2087
food	effects	on,	236t
for	gastric	cancer,	786
for	glioblastoma,	1586
hair	changes	with,	2131–2132



hair	loss	with,	2129
for	head	and	neck	cancer,	548,	549
for	hepatocellular	carcinoma,	859
for	leptomeningeal	metastases,	1942
for	non–small-cell	lung	cancer,	20,	298,	299,	303–304,	648–651,	653
for	pancreatic	cancer,	822
pharmacogenomics	of,	239
pulmonary	toxicity,	2113t
radiation	sensitivity	and,	203–204
resistance	to,	298,	303–304
for	vestibular	schwannomas,	1604
for	vulvar	cancer,	1204

Error,	sources	of,	155
Erythema	gyratum	repens,	2004
Erythrocytosis,	paraneoplastic,	2003
Erythroderma,	1708,	1710–1712,	1711f
Erythroplakia,	558
Erythroplasia	of	Queyrat,	1141–1142,	1484,	1486
Erythropoiesis-stimulating	agents	(ESAs),	1810,	1813,	1838,	2070t,	2151
Erythropoietin,	552,	1810,	1838,	1845,	2070t
ES414,	374t
Escherichia,	70
Escherichia	coli,	67,	68f,	69,	71,	518,	922,	2061
Escitalopram	(Lexapro),	2234t,	2235
ESHAP	regimen,	1663
“Eskimoma,”	585
Esophageal	adenocarcinoma	(EAC),	145,	148t,	713–715,	718,	722.	See	also	Esophageal	cancer

models	of,	714–715
progression	to,	713,	714f
staging,	724,	726t,	727f
survival,	727f,	728f

Esophageal	cancer,	718–754
ablative	therapies	for,	725–727
adjuvant	therapy	for,	733–741
alcohol	consumption	and,	134–135,	718–719,	723
anatomy,	721–722,	722f,	723f
animal	models	of,	714–715
Barrett	esophagus	and,	720–721
brachytherapy	for,	729
cell	culture	models	of,	714–715
checkpoint	inhibitors	for,	753
chemoradiation	for

definitive,	741–743
intensification	of,	741–742
for	locally	advanced	disease,	725
palliative,	746
postoperative,	739–740,	754
predictors	of	response,	743–746
preoperative,	736–739,	737t,	738f,	754
stage-directed,	753–754
surgery	after,	743
targeted	agents,	742
toxicity,	741

chemotherapy	for,	728–729
adjuvant,	733–741
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combined-agent,	749–751,	749t
palliative,	746
postoperative,	739–740
preoperative,	725,	733–736,	734f,	734t,	744–745
single-agent,	749

clinical	presentation,	723
diagnostic	studies,	723–724
endoscopic	and	robotic	surgery	for,	524,	723,	727–728,	731–732,	731f,	732f,	753
epidemiology,	718,	719f

incidence,	718
mortality	rates,	718

etiologic	factors,	718–721
functional	genomics,	715
geographic	variations	in,	170,	171f,	718
GERD	and,	718,	719,	720
Helicobacter	pylori	and,	720
histology,	722–723
HPV	and,	721
immunotherapy	for,	751–753
incidence	and	mortality	patterns,	173
irinotecan	for,	278,	736,	744–745,	749,	751,	752
localized,	729–743
locally	advanced,	212
metabolic	changes	in,	744–746
metastatic	disease,	749–753
micronutrients	efficacy	and,	427
microsatellite	instability	in,	740
molecular	biology	of,	713–715,	714t
natural	history,	723
nonresection	therapies	for,	728–729
obesity	and,	145,	146t,	173,	720
palliative	care,	746
patterns	of	failure,	723
pericardial	effusion	in,	1987,	1988t
PET	imaging	in

biomarker	of	response,	743–746
diagnostic,	724
treatment	planning,	747

physical	activity	and,	148t,	173,	720
predictive	and	prognostic	markers	of	outcomes,	740–741
predictors	of	treatment	response,	743–746
predisposing	conditions,	718–721
premalignant	and	T1	disease,	725–729
pretreatment	staging,	723–724
race	and	ethnicity	in,	718,	719f
radiation	therapy	for,	212,	728–729,	741,	746–749

acute	and	long-term	toxicity,	748–749
brachytherapy,	748
intensity-modulated,	747
palliative,	746
planning	and	technical	considerations,	746–748
proton,	747–748

resection,	725,	727–728,	729–733,	753
argument	against,	725
conventional	approaches,	729t



endoscopic	mucosal,	727–728,	753
endoscopic	submucosal	dissection,	725,	728,	753
extended,	732–733,	732f
minimally	invasive,	731–732,	731f,	732f
rationale	for,	725
transhiatal,	729–731,	729t,	730t
transthoracic,	729t,	730–731,	730t

salvage	surgery	in,	743
screening	for,	462
as	second	primary	cancer,	2161–2162,	2168
squamous	cell,	713,	714f,	718,	722,	724,	726t,	728f
stage-directed	treatment	recommendations,	753–754
staging,	724,	725t,	726t,	727f,	728f
surveillance,	720–721,	725
targeted	therapies	for,	739,	742,	751–753,	752t
tobacco	and,	718–719,	723
treatment	of,	724–754	(See	also	specific	treatments)
trimodal	therapy	for,	736
tumor	invasion	and	metastasis,	714
types	of,	713
tyrosine	kinase	inhibitors	for,	751–752

Esophageal	candidiasis,	2048,	2056
Esophageal	dysplasia,	713,	714f,	720–721,	725
Esophageal	neuroendocrine	tumors,	1370
Esophageal	obstruction,	2057
Esophageal	stenosis,	636
Esophageal	voice,	601,	603
Esophagectomy,	728,	729–733,	753

argument	against,	725
endoscopic	and	robotic,	524
extended,	732–733,	732f
minimally	invasive,	731–732,	731f,	732f
rationale	for,	725
transhiatal,	729–731,	729t,	730t,	773
transthoracic,	729t,	730–731,	730t

Esophagitis,	636,	676,	748,	2056
Esophagogastrectomy,	773–774
Esophagogastric	junction	cancer,	762,	770
Esophagogastroduodenoscopy,	888
Esophagogastroscopy,	724
Esophagus

anatomy,	721–722,	722f,	723f
lymphatic	drainage,	722,	723f
radiation	tolerance,	214t
strictures,	748

Esthesioneuroblastoma,	579,	580,	583
Estradiol,	356
Estramustine	phosphate,	254

approval	of,	294
description	of,	294
dosages,	289t
indications,	289t,	294
mechanism	of	action,	289f,	294
for	prostate	cancer,	1124
structure	of,	255
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toxicities,	289t,	294
Estrogen(s)

aromatase	inhibitors	and,	351–352
breast	cancer	and,	1270,	1271t
cancer	treatment	with,	348t,	356
cutaneous	melanoma	and,	1516
cytotoxic	effects	on,	2137
endometrial	cancer	and,	1167,	1211
fibrolamellar	HCC	treated	with,	860
overweight/obesity	and,	134
for	prostate	cancer,	1116,	1124,	2221

Estrogen	receptor(s)	(ER),	193,	193f,	431,	1857t
breast	cancer	and,	1263,	1275,	1276,	1297
down	regulators,	348t
pathway,	in	breast	cancer,	1263–1264
resistance	and,	352–353,	352f

Estrogen	receptor-negative	breast	cancer,	1263,	1276,	1297
Estrogen	receptor-positive	breast	cancer,	1263,	1276,	1297
Estrogen-secreting	tumors,	1239
Eszopiclone	(Lunesta),	2235t
Etanercept,	2040–2041,	2103
Ethanol	metabolism,	845
Ethmoid	sinuses

anatomy	of,	579
carcinoma	of,	579,	583
lymphatics,	580
tumors	of,	579

clinical	picture,	581
patterns	of	spread,	580
recurrence,	583
staging,	581,	581t
treatment	modalities,	583
treatment	outcomes,	583

Ethnicity,	166–167,	169t.	See	also	Race/ethnicity
Ethylenediaminetetraacetic	acid,	40
Ethyleneimines,	248t
Ethylene	oxide,	96
Etidronate,	2204
Etiologic	studies,	155–156,	158
Etirinotecan	pegol	(NKTR-102),	280–281,	280t
Etodolac,	2196t
Etoposide	(VP-16),	282t,	284

for	adrenocortical	carcinoma,	1351
for	adult	T-cell	leukemia/lymphoma,	1698
cardiac	toxicity,	2120t
characteristics	of,	284
for	choroid	plexus	tumors,	1608
cisplatin	and,	739
for	diffuse	large	B-cell	lymphoma,	1690,	1691
doses	and	schedules,	249t
for	ependymomas,	1593
for	esophageal	cancer,	733,	739
for	Ewing	sarcoma,	1456–1457
for	extranodal	natural	killer/T-cell	lymphoma,	1697–1698
for	germ	cell	tumors,	1153–1157,	1153t,	1239,	1599



for	gestational	trophoblastic	neoplasms,	1229–1230,	1229t
for	Hodgkin	lymphoma,	1656,	1658–1664
for	large	cell	neuroendocrine	carcinoma,	691
for	liver	metastases,	1966
for	malignant	ascites,	1994
for	mediastinal	neoplasms,	705–706
for	medulloblastoma,	1598
for	multiple	myeloma,	1832
for	mycosis	fungoides/Sézary	syndrome,	1716–1717
for	neuroendocrine	carcinoma,	1364
for	non–small-cell	lung	cancer,	646,	647,	653
for	osteosarcoma,	1461,	1462
for	primary	CNS	lymphoma,	1724,	1726
for	primary	mediastinal	B-cell	lymphoma,	1693
protein	binding	and,	235
for	pulmonary	carcinoid	tumors,	689
reproductive	dysfunction	and,	2135t
for	seminomas,	709
for	small-cell	lung	cancer,	678–680,	679t
for	soft	tissue	sarcomas,	1432,	1436
for	stem	cell	transplant	preparation,	1755
structure	of,	279f
for	teratomas,	708
therapeutic	monitoring,	238
therapeutic	uses,	282t,	284
toxicities,	282t,	284

Etretinate,	424,	425
ETS	family	gene	fusions,	1077
ETV6,	86,	1808
ETV6-NTRK3	fusion,	1407
ETV6/RUNX1	fusion,	1732–1733
European	Organisation	for	Research	and	Treatment	of	Cancer	(EORTC)

Cancer	Quality	of	Life	Questionnaire-C30,	2193
criteria,	504,	504t

EUTOS	score,	1775
Euvolemic	hyponatremia,	1930,	2001
Evaluation	bias,	507,	508f
Evaluation	criteria,	502t
Everolimus	(RAD001,	Afinitor),	340–341,	344t

for	breast	cancer,	1304
clinical	pharmacology,	340–341,	344t
diarrhea	associated	with,	2087
for	diffuse	large	B-cell	lymphoma,	1690
dosage	and	administration,	344t
for	endometrial	cancer,	1218
for	esophageal	cancer,	752t,	753
food	effects	on,	236t
for	gastric	cancer,	787
for	insulinoma	management,	1363
for	liver	metastases,	1966
mechanism	of	action,	340,	344t
mTOR	inhibition	by,	308,	340
for	neuroendocrine	carcinoma,	1861
for	neuroendocrine	tumors,	1358–1359,	1358t,	1360,	1374,	1376
for	pulmonary	carcinoid	tumors,	689
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pulmonary	toxicity,	2113t,	2115
for	renal	cell	carcinoma,	341,	1032t,	1035t,	1036,	1038
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	684
therapeutic	uses,	341,	344t
for	thyroid	cancer,	1333
toxicities,	341,	344t

Ever	smoking,	389
Ewing	sarcoma

in	adolescents	and	young	adults,	1617,	1619,	1627
in	adult	populations,	1436
amputation	for,	1464–1468
anatomy	and	pathology,	1451–1452,	1453f
bone	metastases	in,	1460
chemotherapy	for,	1435,	1436,	1456–1459

high-dose,	1458
in	newly	diagnosed	patients,	1456–1457
in	recurrent	disease,	1457–1458

continuing	care	for,	1468–1469
cytogenetics,	1387t
diagnostic	studies	in,	1454
distal	femur,	1466
extraosseous,	1451
histology,	1386f
incidence	of,	1451
limb	salvage	for,	1464,	1468
molecular	abnormalities	in,	1387t,	1451
nasal	cavity,	580
novel	agents	for,	1458–1459
PML-RARA	translocation	in,	27
predisposing	syndromes,	1452,	1454t
radiation	therapy	for,	1459–1460
spinal	cord	compression	and,	1922
surgery	for	local	control	of,	1463
systemic	therapies	for,	1456–1460
translocations	in,	1384–1388,	1451,	1458

Ewing	sarcoma	family	tumor,	1384–1386
EWSR1-NR4A3	fusion,	1412–1413
EWSR1	translocations,	35,	1384–1389,	1412–1413,	1415,	1451,	1458
EWSR1-WT1	chimeric	oncoprotein,	1388
Exatecan,	825
Exceptional	responder	trials,	191f
Excisional	biopsies,	1475,	1518–1519
Exemestane,	351–352

chemoprevention	and,	403,	432,	1272,	1274
dosage,	352
for	metastatic	disease,	1304
pharmacology,	352,	432
side	effects,	352,	2223

Exercise.	See	also	Physical	activity
for	cancer-related	fatigue,	2152,	2265
for	cancer-related	rehabilitation,	2264–2265
for	cognitive	dysfunction,	2178
precautions,	for	cancer	patients,	2251,	2251t,	2264–2265
weight	loss	through,	2265



Exocrine	pancreatic	cancers,	805–809
Exomes,	4–5,	26f,	187,	370,	382,	481–482,	615
Exon	capture	transcriptome,	26f
Experimental	studies

classification	of,	153f
epidemiologic,	152,	156

Explanations,	2240,	2241
Exposure	odds	ratio,	154
Expression	panels,	39
EXT1,	1393,	1394
EXT2,	1393
Extended	esophagectomy,	732–733,	732f
Extended-field	radiation	therapy	(EFRT),	1655
External-beam	radiation	therapy	(EBRT)

for	adrenal	tumors,	1351
for	anal	cancer,	1003
for	base-of-tongue	cancer,	567
for	bladder	cancer,	1061
for	buccal	mucosa	lesions,	561
for	cervical	cancer,	1184–1185,	1184f
for	cholangiocarcinoma,	872,	874,	876
for	CNS	neoplasms,	1575
for	craniopharyngiomas,	1602
dose	delivery,	207
for	esophageal	cancer,	745,	746,	748
fractures	with,	1430–1431
for	gallbladder	cancer,	881
for	gingiva	and	hard	palate	lesions,	562
for	head	and	neck	cancer,	545–546,	547
for	hepatocellular	carcinoma,	855–856
for	lip	cancer,	557
for	metastatic	bone	disease,	1972–1975
for	mouth	cancer,	558
for	nasal	vestibule	tumors,	582
for	oral	tongue	cancer,	560
for	pathologic	and	impending	fractures,	1974–1975
for	penile	cancer,	1142
physics	of,	204–207
for	prostate	cancer,	1100–1105

androgen	deprivation	therapy	with,	1108–1110
brachytherapy	with,	1103–1104,	1107–1108
dose	escalation,	1103–1104,	1103t
hypofractionated,	1104–1105
palliative,	1126–1127
potency	preservation,	1104
sequelae,	1104,	1104f
sexual	problems	after,	2221
target	volume,	1103

for	rectal	cancer,	990–991
for	soft-palate	SCC,	567
for	soft	tissue	sarcomas

extremity	or	truncal,	1420–1422,	1426–1427
retroperitoneal,	1428–1429

for	spinal	cord	compression,	1923–1927,	1926t
for	spinal	metastases,	1977t
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for	stomach	cancer,	779,	789
for	thyroid	cancer,	1332,	1335
treatment	with,	205–207,	205f,	206f,	207f
types	of,	210
for	vaginal	cancer,	1196–1197
wound	complications,	1430

External	catheters,	513,	514t
Extracellular	signal-regulated	kinase	(ERK),	241,	305–307,	1501,	1651
Extracorporeal	photophoresis,	2103
Extracorporeal	photochemotherapy	(ECP),	1713t,	1715
Extragonadal	germ	cell	carcinoma,	1861
Extramammary	Paget	disease,	1495
Extramedullary	plasmacytomas,	1848
Extranodal	marginal	zone	lymphoma,	1641,	1672,	1686–1687
Extranodal	natural	killer/T-cell	lymphoma,	1697–1698
Extranodal	non-Hodgkin	lymphoma,	1708
Extrapleural	pneumonectomy	(EPP),	in	mesothelioma,	1874–1877,	1876t,	1878t
Extrascleral	extension,	of	uveal	melanomas,	1900,	1904
Extraskeletal	chondro-osseous	tumors,	1405t,	1411
Extraskeletal	myxoid	chondrosarcomas	(EMCs),	1451

characteristics,	1412–1413
cytogenetics,	1387t
histology,	1386f
management,	1435
molecular	abnormalities	in,	1387t
translocations	in,	1389

Extraskeletal	osteosarcoma,	1411,	1451
Extremity	sarcomas

adjuvant	therapy	for,	1419–1420
algorithm	for,	1419f–1420f
brachytherapy	for,	1420,	1422–1423
chemotherapy	for,	1424–1426,	1425t
management	of,	1417–1427
multimodal	management	of,	1426–1427
prognostic	factors,	1417,	1417f
radiation	therapy	for,	1420–1424,	1426–1427
surgery	for,	1418–1419,	1426

Exudate,	1983
Eye,	radiation	therapy	and,	579,	584
Eyelash	alopecia,	2131
EZH2,	1368,	1639,	1679,	1680,	1689,	1736–1737,	1766,	1808
EZH2	inhibitors,	318,	1683

F

Fab2,	381
Fab	domains,	359
Facial	paralysis,	588
Factorial	designs,	495–496
Fadrozole,	351
Faecalibacterium,	74
Fallopian	tube	cancer

PARP	inhibitors	for,	335
surgical	prophylaxis	for,	406–407

False-positive	findings,	in	molecular	epidemiology,	157



False	vocal	cord	lesions,	569
FAM190A/CCSER1,	797,	801
Familial	adenomatous	polyposis	(FAP),	412–414,	911–912,	911t,	922–923

anti-inflammatory	drugs	and,	430–431,	430t
attenuated,	911t
cancer	susceptibility	syndrome,	79t,	81,	83–85
clinical	features,	83,	922
COX-2	inhibitors	for,	118
desmoids	in,	414,	922
extracolonic	manifestations,	414,	922
gastric	cancer	and,	715
genetics,	83,	412,	412f,	922
hyperproliferation	in,	84–85
incidence	of,	83
molecular	mechanism,	83
mouse	models,	83
small	bowel	cancer	and,	884,	888
surgical	prophylaxis	in,	413–414
surveillance	for,	413
therapeutic	interventions,	83
Wnt	signaling	in,	911–912

Familial	atypical	multiple	mole	melanoma	(FAMMM),	536,	804,	805t
Familial	hypocalciuric	hypercalcemia,	1321
Familial	isolated	hyperparathyroidism,	1321,	1338
Familial	isolated	pituitary	adenomas,	1322
Familial	juvenile	polyposis,	911t,	913
Familial	medullary	thyroid	carcinoma	(FMTC),	1317,	1333,	1377,	1380–1382

aggressiveness	of,	1382
characteristics	of,	1334t
clinical	features	of,	409,	409t
description	of,	1334t,	1381
diagnosis,	1382
gene	carriers	in,	408–409
incidence	of,	1382
metastatic	disease,	1382
molecular	basis	of,	1377,	1381t,	1382
screening	for,	1381
surgical	prophylaxis	in,	409–412,	1381

Families
preparing	for	death	of	terminally	ill	patient,	2246
support	for,	2233

Family	history
cancer	clustering,	474
genetic	counseling	and,	473

Famotidine,	1361
FAMTX	regimen,	749t,	750,	785
FANCA,	1045,	1392
FANCC	mutations,	797,	798–799,	1045
FANCD2,	1045
FANCG	mutations,	797–799
FANCM,	1045
Fanconi	anemia	(FA)

family	history	in,	473
genes	involved	in,	800–801
genomic	integrity	and	apoptosis	in,	83–84
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head	and	neck	squamous	cell	carcinoma,	536
reproductive	issues	and,	479

FANG	maintenance	autologous	tumor	cell	vaccine,	1254
FAP.	See	Familial	adenomatous	polyposis
FAS/FAS,	46,	1642
Fatigue,	cancer-related,	2148–2153

complementary	and	integrative	therapies	for,	2152–2153
consequences	of,	2148
definition	of,	2149
etiology	of,	2148–2150,	2149f
exercise	for,	2152,	2265
HNSCC	and,	598
interventions,	2150–2153,	2151t
management	of	concurrent	symptoms,	2152
mechanisms	of,	2148–2150
nonpharmacologic	approaches	for,	2152
pharmacotherapy	for,	2151
radiation-induced,	214,	748,	1936
screening	and	evaluation,	2150,	2150t
stomach	cancer	and,	765
supportive	care,	2150–2151
WBRT	and,	1936

Fat	intake,	135–136,	1088,	1270–1271
Fatty	acid	synthase,	1020
Fbx4,	714
FBXO11,	1639
FBXW7	mutations,	797,	801,	1221,	1642,	1768
Fc	domains,	359
FCR	regimen,	1791–1792
FcγRs,	361–362
18F-DCFPyL,	1111–1112
18FDG-PET–positive	lesions,	1327
Fecal	continence,	971
Fecal	DNA	testing,	460
Fecal	immunochemical	tests	(FIT),	460,	925
Fecal	impaction,	2092–2093
Fecal	loading,	2091
Fecal	occult	blood	testing,	460
Feedback-controlled	dosing,	238
Feet,	soft	tissue	sarcomas	of,	1438
Femur

diaphyseal	lesions	of,	1976,	1977
metastases/pathologic	fractures,	1976–1977,	1977t,	1978f
operative	techniques	for,	1976–1977
peritrochanteric	region,	1978f
proximal,	lytic	metastases	to,	1976–1977

Fenoprofen,	2196,	2196t
Fenretinide,	424,	425
Fentanyl

for	cancer-related	pain,	2198,	2200
constipation	and,	2090
for	oropharyngeal	pain,	2104
routes	of	administration,	2200
single-dose	potency,	2198t
switching	from,	2198t



Ferric	subsulfate,	1475
Fertility

adolescent	and	young	adult,	1626
assisted	reproductive	technologies,	2141–2142,	2141t
cryopreservation	techniques,	2140–2143
gonadal	toxicity	and,	2133–2140
optimization	of,	2141
pharmacologic	treatments,	2143
preservation	of,	2140–2144,	2141t,	2221

Fever,	2043–2047
algorithm,	2045f
definition	of,	2043
first	episode	of,	2044
after	neutropenia	resolution,	2047
neutropenic	syndromes,	2044–2047
persistent,	2044–2045
recrudescent,	2047
risk	stratification	for,	2044

18F-fluorocholine,	1111
FGFR1,	613,	1406,	1562
FGFR2,	1220,	1368,	1858
FGFR3,	613,	1042–1048,	1051,	1820
FGFR4,	1410
FG	repeats,	1733
FH,	85,	1017,	1022f,	1345
Fiber,	dietary,	137–138,	920
Fiber-optic	endoscopic	evaluation	of	swallowing	(FEES),	599
Fiber-optic	nasoendoscopes,	599
Fibroblast	growth	factor	pathway,	613
Fibroblast	growth	factor	receptor(s),	HNSCC	and,	538–539
Fibroblast	growth	factor	receptor	1,	613,	1406,	1562
Fibroblast	growth	factor	receptor	2,	56,	867,	1220,	1368,	1858
Fibroblast	growth	factor	receptor	2	inhibitors,	1220
Fibroblast	growth	factor	receptor	3

lung	cancer	and,	613
multiple	myeloma	and,	1820
urothelial	cancer	and,	1042–1048,	1051

Fibroblast	growth	factor	receptor	4,	1410
Fibroblastic	tumors,	1403–1407,	1404t
Fibroblasts,	cancer-associated,	55,	55f,	116,	262
Fibroepithelioma	of	Pinkus	(FEP),	1481
Fibrofolliculomas,	1018
Fibrohistiocytic	tumors,	1404t,	1407
Fibrolamellar	hepatocellular	carcinoma,	861
Fibromas,	1405
Fibronectin,	1165,	1992
Fibrosarcoma

in	adolescents	and	young	adults,	1617
description	of,	1407
infantile,	1387t
radiation-associated,	1401

Fibrosis,	radiation-induced,	214
Fibrous	dysplasia,	1451
Fibrous	histiocytoma,	1407
Fibrous	tumor	of	the	pleura	(FTP),	1866,	1867f
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Fibroxanthoma,	atypical,	1495–1496
Field	carcinogenesis,	420–421,	607
Filanesib,	1831
Filgrastim,	1435,	2070t,	2072–2073.	See	also	Granulocyte-macrophage	colony-stimulating	factor	(GM-
CSF)
Finasteride,	433–434,	433t,	1088–1089
Fine-needle	aspiration	(FNA)

in	breast	cancer,	1277
core	biopsy	versus,	1354
in	esophageal	cancer,	724,	728
in	gallbladder	cancer,	879
in	gastrointestinal	stromal	tumors,	900
in	head	and	neck	cancer,	544
in	pancreatic	cancer,	811
in	pancreatic	neuroendocrine	tumors,	1354
in	soft	tissue	sarcomas,	1416
in	thyroid	tumors,	1327,	1327f,	1333

Finger	MOST	mnemonic,	1900
Fingers,	melanomas	of,	1531
First-pass	effect,	231
FISH.	See	Fluorescent	in	situ	hybridization
Fish,	in	diet,	143
Fish	oil,	2271,	2274–2275
5A’s,	for	smoking	cessation,	394–396,	394f
5-year	survival	rate,	165,	167f,	2180
FK-binding	protein	(FKBP),	340
FLAG-Ida	regimen,	1744
Flaviviridae,	99t,	110
Flavonoids,	for	lymphedema,	2264
Flavopyridol,	309
FLCN,	909,	1014,	1018,	1022f
Fleet	enema,	2092
Fletcher-Suit-Delclos	applicator	system,	1186
Flexible	sigmoidoscopy,	for	colorectal	cancer,	460,	925
FLI1,	1077,	1451
Flow	cytometry,	28
FLOX	regimen,	938,	942–943
Floxuridine

for	hepatic	metastases,	1964
for	stomach	cancer,	776

FLT1,	1393
FLT3,	33,	239,	1733,	1737,	1739–1740,	1743,	1745,	1746,	1748f
FLT3	kinase	inhibitors,	1745–1746,	1751
FLT3	ligand,	2070t
FLT4,	1410
Fluciclovine,	1111
Fluconazole

for	candidemia,	2048
for	candidiasis,	2048
for	oral	candidiasis,	2101
for	prophylaxis,	2042

Fludarabine,	273–274
for	acute	myeloid	leukemia,	1745
adverse	effects,	274
for	chronic	lymphocytic	leukemia,	273,	1790,	1790t,	1791t



clinical	pharmacology,	274
description	of,	273
doses	and	schedule,	269t
for	follicular	lymphoma,	1682
infections	risk	and,	2039–2040
for	mantle	cell	lymphoma,	1688
mechanism	of	action,	266t,	273
mechanism	of	resistance,	266t,	273–274
for	mycosis	fungoides/Sézary	syndrome,	1713t
for	myeloablation,	1747
pulmonary	toxicity,	2113t
reproductive	dysfunction	and,	2135t
therapeutic	uses,	269t,	273
toxicities,	269t,	274

Fluid	intake,	constipation	and,	2091
Fluid	retention,	docetaxel	and,	292
Fluorescent	in	situ	hybridization	(FISH),	27–28,	31t,	35–36,	36f
Fluorine-18	(18F),	1111
Fluorodeoxyglucose-positron	emission	tomography,	504,	504t
Fluorodeoxyuridine	monophosphate	(FdUMP),	269
Fluoropyrimidines,	269–271

biomodulation	of,	270
cardiac	toxicity,	2122
for	cholangiocarcinoma,	870,	876
clinical	pharmacology,	269–270,	270f
doses	and	schedule,	268t
for	gastric	cancer,	784
mechanism	of	action,	266t,	269
mechanism	of	resistance,	266t,	269
oral,	for	colorectal	cancer,	937–938
for	rectal	cancer,	988
therapeutic	uses,	268t,	269
toxicity,	268t

5-Fluorouracil	(5-FU),	269–270
for	actinic	keratoses,	1478,	1487,	1489
administration	of,	269
adverse	effects,	diarrhea,	2086
for	anal	cancer,	997,	1003,	1004t,	1007,	1008–1009
for	anal	intraepithelial	neoplasia,	999
for	basal	cell	carcinoma,	1482
biomodulation	of,	270
for	bladder	cancer,	1057–1058
for	breast	cancer,	1305
cardiac	toxicity,	2122
for	cervical	cancer,	1182t,	1190
cetuximab	with,	549
for	cholangiocarcinoma,	872
cisplatin	with,	548–549,	549t,	749–750,	749t,	783–785
clinical	pharmacology,	269–270,	270f,	947
for	colorectal	cancer,	937–943,	941t,	944,	947,	947t
doses	and	schedule,	268t,	270
for	esophageal	cancer

chemoradiation	using,	736–739,	741–743,	745
combination	therapy,	749–751
immunotherapy	with,	752
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preoperative,	733–736
single-agent,	749

for	gallbladder	cancer,	880,	881
for	gestational	trophoblastic	neoplasms,	1230
for	glioblastoma,	1586
for	head	and	neck	cancer,	548–549

induction	chemotherapy,	551–552
hepatotoxicity	of,	1962
irinotecan	and	leucovorin	with,	951t
irinotecan	and	oxaliplatin	with,	278
irinotecan	with,	948,	948t
for	liver	metastases,	1960,	1962,	1966
for	malignant	ascites,	1994
mechanism	of	action,	266t,	269
mechanism	of	resistance,	266t,	269
for	nasopharynx	cancer,	550
for	non–small-cell	lung	cancer,	639
oral	mucositis	and,	2096
oxaliplatin	with,	949,	949t
for	pancreatic	cancer,	817–819,	822–828,	822t,	829
pharmacogenomics	of,	244
pyroptosis	induced	by,	119
radiation	sensitivity	and,	203
for	rectal	cancer,	981,	984–985,	987–989
reproductive	dysfunction	and,	2135,	2135t
for	salivary	gland	tumors,	588
single-agent	treatment,	548
for	skin	cancer,	1475,	1478
for	small	bowel	adenocarcinoma,	888–889
for	small	bowel	carcinoid	tumors,	891
for	stomach	cancer,	776,	778–786

combination	therapy,	783–786,	784t,	785t
single-agent,	783,	783t

streptozocin	with,	1359
therapeutic	monitoring,	238
therapeutic	uses,	268t,	269
for	thyroid	cancer,	1335
topical,	for	penile	carcinoma	in	situ,	1141–1142
toxicities,	268t,	270,	783
for	urethral	cancer,	1138
for	vulvar	cancer,	1203,	1204t

Fluoxetine	(Prozac,	Sarafem)
for	depression	in	cancer	patients,	2233–2234,	2234t
dosage,	2234t
tamoxifen	metabolism	and,	2235

Fluoxymesterone,	356
Flurbiprofen,	2100
Flutamide,	354

dosage,	354
pharmacology,	354
for	prostate	cancer,	1114,	1117,	1120,	1123–1124

Fluvastatin,	346,	434
Focal	myopathy,	2260
Focal	nonepidermolytic	palmoplantar	keratoderma.	See	Tylosis
Folate,	139,	427–428,	428t,	920,	1271



FOLFIRI	regimen
bevacizumab	with,	960
for	colorectal	cancer,	939,	948,	949–953
for	esophageal	cancer,	751
for	gastric	cancer,	785
for	liver	metastases,	1960

FOLFOX-4	regimen,	938,	940,	943,	944,	949–950,	1962
FOLFOX-6	regimen,	949–950
FOLFOX-7	regimen,	952,	988
FOLFOXIRI	regimen,	954–955,	1962
FOLFOX	regimen

for	colorectal	cancer,	938–940,	942–943,	944,	949–953
for	esophageal	cancer,	742,	745,	751,	752,	753
for	gastric	cancer,	785,	788
for	rectal	cancer,	981,	985,	986,	988,	989

Folic	acid,	139,	427–428,	428t,	920
FOLIRINOX	regimen,	819,	826–828,	829
Follicle-stimulating	hormone	(FSH),	2134,	2137,	2139–2140
Follicular	adenomas,	1322
Follicular	cells,	1326,	1327
Follicular	lymphoma,	1680–1684

advanced-stage,	1681–1682
cell	of	origin,	1637
chromosomal	translocations	in,	1634
clinical	features	of,	1680
description,	1637
early-stage,	1680–1681
epidemiology,	1680
genetic	lesions	in,	1637,	1680
grade	III,	1683–1684
immunophenotype	of,	1680
interferon-α	for,	218
International	Prognostic	Index,	1679,	1679t,	1680
newer	agents	for,	1683
obinutuzumab	in,	365,	1681,	1682
pathology	of,	1680
prognosis	for,	1680
relapsed,	1682–1683
rituximab	for,	365,	1680–1683
stem	cell	transplantation	for,	1682–1683,	2013–2015,	2014t
transformation,	1640,	1680,	1683,	2016
treatment	of,	1680–1683
vaccines,	1683

Follicular	mucinosis,	1714
Follicular	thyroid	carcinoma

familial	syndromes,	1328t
molecular	biology	of,	1323–1324

Folliculin,	1018
Folliculin	interacting	protein	(FNIP),	1018
Follow-up

in	cancer	survivors,	2169,	2184–2185
in	cohort	design	studies,	153
in	genetic	counseling,	477

Folylpolyglutamyl	synthase	(FPGS),	265,	267
Food	intake,	and	pharmacokinetics,	235,	236t,	339
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Foramen	of	Monro,	pressure	on,	1918,	1919f
Forest	plots,	508
Forkhead	box	A1	mutations,	1078
Forkhead	O	transcription	factors	(FOXO),	1765f,	1766
Formaldehyde,	92
Formalin,	1104
Formalin-fixed	paraffin-embedded	(FFPE)	tissue,	28,	29,	35,	39,	609
Former	smoking,	389,	395
Formestane,	351
Forodesine,	1756
FOS,	melanoma	and,	1501
Fosaprepitant,	2080t,	2081
Fosbretabulin,	1246,	1333
Foscarnet,	2026,	2043,	2052
Foster-Kennedy	syndrome,	1917
Fotemustine,	1551,	1941t
Founder	mutations,	807
4D	models,	for	radiation	therapy	planning,	209
FOXA1,	1077–1078
FOXF1,	713
FOXL2,	1239
FOXO1,	1388–1389,	1410,	1620,	1679,	1680
Fractionated	stereotactic	radiotherapy	(FSRT),	1575,	1576,	1604
Fractionation,	201,	202,	213,	545–546,	545t
Fractures

androgen	deprivation	therapy	and,	1117,	1119f
bone	metastases	and,	1970,	1974–1975,	2257–2258
femoral,	1976–1977
humeral,	1978
multiple	myeloma	and,	1837–1838
parathyroid	cancer	and,	1338,	1339
pathologic,	radiation	therapy	for,	1974–1975
rehabilitation	considerations,	2257–2258
spinal	cord	compression	and,	1921
spinal	metastases	and,	1976
treatment-related,	1430–1431

Fragile	histidine	triad	(FHIT)	gene,	878
Fragment	analysis,	31t,	33,	33f
Framework	Convention	on	Tobacco	Control	(FCTC),	90
Frangula,	2092t
Free	light	chains	(FLCs),	1818,	1823–1824,	1838,	1841,	1842,	1848
Freeman,	Gordon,	375
French	and	Swedish	Cooperative	Surgical	Trials,	1523–1524
French-British-American	(FAB)	classification,	of	myelodysplastic	syndromes,	1802,	1803,	1805t
Frequentist	methods,	495
Frizzled	related	protein,	910–911
Frontal	sinuses

anatomy,	579
carcinoma	of,	579,	583

Frontal	tumors,	1571–1572
Frozen	sections,	1416
Fruits,	136–137,	143,	424,	435,	437t,	719,	920
Ftorafur,	548
FUBP1,	1579
Full-field	digital	mammography	(FFDM),	459



Fulvestrant,	350–351,	1266,	1304
dosage,	351
pharmacology,	350–351
resistance	to,	352–353
side	effects	of,	350

Fumarate	hydratase,	85,	1014,	1017
Functional	assessment,	2249
Functional	Assessment	of	Cancer	Therapy–General	(FACT-G),	2192
Functional	genomics

esophageal	cancer,	715
in	lung	cancer,	609–610
in	sarcomas,	1394

Functional	MRI,	1573
Fungal	infections.	See	also	specific	infections

in	cancer	patients,	2047–2050
in	carcinogenesis,	69
increased	ICP	and,	1917
prophylaxis,	2038t,	2042
in	stem	cell	transplantation,	2026

Fungemia,	catheter-related,	2051
Furans,	92
FUS,	1384,	1415
Fusarium	infection,	2042,	2050,	2051,	2052
FUS-DDIT3	translocations,	1384
Fusiform	excision,	1475
Fusion	proteins,	613
Fusobacterium,	67–69,	68f
Fusobacterium	nucleatum,	67,	69,	914
Future	liver	remnant	(FLR),	1958–1959,	1966
FZD3,	838
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G

G3139	(oblimersen),	685
Gabapentin,	348,	2203,	2234
GADD45,	1483
Gag	proteins,	107–108
GAIL/NCI	model,	for	breast	cancer	risk,	401
Gain	of	function	mutations,	26,	27
Gallbladder

anatomy	of,	866
calcified	(porcelain),	878
lymphatic	drainage	of,	866
polyps	of,	878,	879

Gallbladder	cancer,	865,	877–881
adjuvant	therapy	for,	880
algorithm	for,	880f
chemotherapy	for,	880–881
diagnosis	of,	878–879
ethnicity	and,	877
etiology	of,	877
geographic	variations	in,	877
incidence	of,	877
management	of,	880–881
obesity	and,	146t,	173
palliative	care	for,	881
pathology	of,	877–878
physical	activity	and,	148t,	173
prevention	of,	878
primary	tumor	location,	866
radiation	therapy	for,	881
risk	factors	for,	877
staging	of,	879–880,	879t
surgery	for,	880

Gallium-68	(68Ga),	886,	1111–1112,	1334,	1356,	1357,	1361,	1364,	1365
Gallium	nitrate,	1341,	1931,	2204
Gallstones,	877,	1372
Galunisertib,	373t,	380
Gamete	genomic	analysis,	2144–2145
γ-aminobutyric	acid	(GABA),	2078
Gamma-aminobutyric	acid	type	A	receptor	alpha	1	subunit	(GABAA1),	1564–1565
γ/δ-positive	disorders,	1708
γ-globulin,	1838
γ-Secretase,	1738,	1752,	1756
Ganciclovir,	105,	1699,	2026,	2043,	2101
Gangliogliomas,	1562,	1591,	1608
Ganglioside	vaccine,	219
Gardasil,	447–448,	999,	1172–1173
Gardasil	9,	101–102,	447,	1172–1173
Gardner	syndrome,	911t,	1405,	1406.	See	also	Familial	adenomatous	polyposis	(FAP)
Garlic	(Allium	sativum),	236,	2271
Gas	insufflation,	for	endoscopic	surgery,	520
Gasserian	ganglion,	559
Gastrectomy



intraperitoneal	drains	after,	781
nasogastric	drainage	after,	781
prophylactic,	in	HDGC,	405
reconstruction	after,	781–782
for	stomach	cancer,	772–778
technical	issues,	781–782
volume–outcome	relationships	for,	777
for	Zollinger-Ellison	syndrome,	1361

Gastric	adenocarcinoma,	288,	521,	715,	715f,	762.	See	also	Gastric	cancer
Gastric	and	esophagogastric	junction	(EGJ)	adenocarcinoma,	762,	770
Gastric	cancer,	762–790

anatomic	considerations,	762–763,	763f
ascites	in,	765,	1991,	1992f
cancer	stem	cells	in,	763
cancer	susceptibility	syndrome	and,	82
classification,	767–770
dietary	fiber	and,	138
in	elderly,	789–790
endoscopy	in,	766
Epstein-Barr	virus	and,	105,	715,	767
fruit	consumption	and,	136–137
genetic	susceptibility	to,	715
geographic	variations	in,	171f,	175–177,	176f,	777–778
Helicobacter	pylori	and,	67,	114,	175–177,	403,	437–438,	438t,	715,	716,	763
hereditary	diffuse,	403–405

diagnostic	challenge	in,	404–405
genetic	counseling	in,	404
genetics	of,	403–404,	404f
prophylactic	gastrectomy	in,	405
screening	criteria	for,	404

histopathology,	763–764
incidence	and	mortality	patterns,	173,	175–177
metastatic,	782–789
migrant	studies,	160
models	of,	716
molecular	biology	of,	714t,	715–716
molecular	classification	of,	764
nodal	involvement

individualized	assessment,	777
metastasis	risk,	772
patterns	of,	764–765
preoperative	computer	modeling	of,	777
preoperative	endoscopic	peritumoral	injection,	777
sentinel	node	biopsy,	777
surgery,	774–775

nomograms,	770–771
obesity	and,	145,	146t
palliative	care,	782–786
pathology,	763
patterns	of	spread,	764–765
peritoneal	cytology	in,	767
peritoneal	metastases	in,	1895,	1895f
physical	activity	and,	148t
potentially	curable,	770–771,	771t
red	meat	and,	138
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resection	classification,	770
risk	factors	for,	765t
screening	for,	462,	765–766
as	second	primary	cancer	in	lymphoma,	2161–2162
signs	and	symptoms	of,	765
stage	I	(early),	772
staging,	763–764

AJCC/UICC	TNM,	767–770,	768t,	769f
Japanese	system,	767,	768t,	770,	770f
laparoscopy,	767
pretreatment,	766–767

subtypes,	764
temporal	trends,	170,	175–177
treatment	of

adjuvant	therapy,	773t,	776,	778–781
bidirectional	chemotherapy,	788
checkpoint	inhibitors,	221,	222t,	227,	787–788
chemoradiation,	773t,	779–780,	782
chemotherapy,	773t,	776,	778–786
combination	chemotherapy,	783–786,	784t,	785t
combined-modality	therapy,	778–780
endoscopic	mucosal	resection,	772
epidermal	growth	factor	receptor,	786
esophagogastrectomy,	773–774
gastrectomy,	772–778
intraoperative	radiotherapy,	779
intraperitoneal	chemotherapy,	776,	788–789,	1895
liver	resection,	in	metastatic	disease,	787
localized	disease,	772–781
lung	resection,	in	metastatic	disease,	787
lymphadenectomy,	774–775
mid-	and	distal	cancers,	772–773
minimally	invasive	surgery,	776
mTOR	inhibitors,	787
multivisceral	resection,	in	metastatic	disease,	787
neoadjuvant	chemotherapy,	780–781
neoadjuvant	therapy,	778,	779,	780–781
outcomes	in	Japan	versus	Western	countries,	777–778
outcomes	in	Korea	versus	Western	countries,	778
palliative	chemotherapy,	782–786
palliative	radiotherapy,	789
palliative	surgery,	789
pancreatectomy	and	splenectomy,	775–776
PARP	inhibitors,	787
perioperative	chemotherapy,	773t,	778,	779–781
postoperative	chemotherapy,	773t,	778
preoperative	chemoradiation,	780
proximal	cancer,	773–774
quality-of-care	processes,	776
radiation	therapy,	778–780,	782,	789
ramucirumab	in,	364,	787
second-line	therapy,	786
single-agent	chemotherapy,	783,	783t
spleen	and	pancreas-preserving,	776
stage	I,	772



stage	II	and	III,	772–781
stage	IV	(advanced	disease),	782–788
surgery,	772–778,	781–782,	788–789
surgical	resection,	770–776,	771t
targeted	therapies,	786–788
technical	issues,	781–782
trastuzumab	in,	363,	786
tyrosine	kinase	inhibitors,	786–787

tumor	biology,	763
tumor	markers,	766
vegetable	consumption	and,	136–137

Gastric	mucosa–associated	lymphoid	tissue	lymphoma,	114
Gastric	neuroendocrine	tumors,	763,	1370–1371,	1371t,	1379
Gastric	outlet	obstruction,	2244
Gastrin,	1361–1362,	1368,	1371
Gastrinomas,	1361–1362,	1379
Gastroesophageal	cancer	biomarkers,	532t
Gastroesophageal	junction,	721–722
Gastroesophageal	junction	cancer,	288,	722,	735.	See	also	Esophageal	cancer

endoscopic	staging	of,	521
Gastroesophageal	reflux	disease,	718,	719,	720
Gastrointestinal	cancers,	as	second	primary	cancers	in	lymphoma,	2161–2162
Gastrointestinal	infections,	2047t,	2056–2057
Gastrointestinal	pseudo-obstruction,	chronic,	1998–1999
Gastrointestinal	stromal	tumors	(GISTs),	895–905,	1405t

adjuvant	medical	therapy	for,	895,	900–904
in	adolescents	and	young	adults,	1619
anatomy	of,	895–897
benign,	900
clinical	response,	assessing,	504,	504t
contour	maps,	899–900,	899f
cytogenetics,	1387t
definition	of,	895
description	of,	895
diagnosis	of,	898–899,	898f
epidemiology,	895
epithelioid-cell,	895,	896f
etiology	of,	895
extragastrointestinal,	895
familial,	897
genotyping,	897
imatinib	for,	900–904,	901f,	904f
incidence	of,	895
kinase	inhibitors	in,	301–302
KIT	and,	895–897,	896f,	897f,	902–903
liquid	biopsy	in,	903
management	of,	900–904
molecular	abnormalities	in,	1387t
morphology	of,	895–896,	896f
natural	history	of,	900,	905
neurofibromatosis	type	1	and,	895–897,	900,	902
overdiagnosis,	898
palliative	care	for,	905,	1437
pathology	of,	895–897,	896f
patterns	of	tumor	response,	904,	904f
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PDGFRA	and,	895–897,	896f,	902–903
prognosis	for,	895,	899–900,	899f
regorafenib	for,	900t,	903
resistance	of,	1436
ruptured,	900
screening	for,	898
small	bowel,	886,	887f,	892
spindle-cell,	895,	896f
staging	of,	899–900
succinate	dehydrogenase	(SDH)-deficient,	895,	896–897,	900
sunitinib	for,	900t,	903
surgery	for,	895,	900
tyrosine	kinase	inhibitors	for,	895,	900–905

Gastrojejunostomy,	789,	2244
Gastrostomy,	2243,	2244
GATA1,	1734
GATA2,	86,	1263,	2036
GATA	binding	protein	3	(GATA3),	1857t
GATA	transcription	factors,	1734
Gatekeeper	genes,	78,	81,	81f
Gaze	paresis,	1917–1918
G	banding,	27
GC	regimen,	1057,	1065–1066
GD2,	1462
GDF3,	1148
Gefitinib	(Iressa),	300t

for	anaplastic	thyroid	carcinoma,	1333
for	brain	metastases,	1939,	1941t
clinical	development	of,	303–304
for	colorectal	cancer,	960
diarrhea	associated	with,	2087
for	esophageal	cancer,	751–752
food	effects	on,	236t
for	glioblastoma,	1586
hair	changes	with,	2131
hair	loss	with,	2129
for	head	and	neck	cancer,	548
for	lung	cancer,	303–304
for	non–small-cell	lung	cancer,	20,	646,	648–651
pulmonary	toxicity,	2113t
resistance	to,	298,	303–304
for	stomach	cancer,	786
for	thymic	carcinomas,	706

Gelclair,	2098t,	2104
Gelfoam,	for	embolization,	854–855
Gemcitabine,	272–273

for	bladder	cancer,	1054,	1055,	1057,	1066
for	breast	cancer,	1296,	1305
for	cancer	of	unknown	primary	site,	1861
for	carcinosarcoma,	1221t
cardiac	toxicity,	2120t
for	cervical	cancer,	1182t
for	cholangiocarcinoma,	869–870,	873,	874
clinical	pharmacology,	272–273
description	of,	272



for	diffuse	large	B-cell	lymphoma,	1691
doses	and	schedule,	268t
for	endometrial	stromal	sarcoma,	1224
for	Ewing	sarcoma,	1457–1458
for	germ	cell	tumors,	1157
for	head	and	neck	squamous	cell	carcinoma,	258
for	hepatocellular	carcinoma,	859
irinotecan	with,	1861
for	large	cell	neuroendocrine	carcinoma,	690
for	leiomyosarcoma,	1436,	1437
for	malignant	ascites,	1994
mechanism	of	action,	266t,	272
mechanism	of	resistance,	266t,	272
for	mesothelioma,	1878–1880
microbiota	and	metabolism	of,	71
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1717
for	nasopharynx	cancer,	550
for	non–small-cell	lung	cancer,	641,	647,	653
for	osteosarcoma,	1462
for	ovarian	cancer,	1245
for	pancreatic	cancer,	203

combination	therapy,	825–828,	825t,	827f
as	gold	standard,	824–825
stage	I/II	(localized),	817,	818–819,	819f
stage	III	(locally	advanced),	822–823,	822t
stage	IV	(metastatic),	824–826,	825t

pharmacokinetics	of,	824
pulmonary	toxicity,	2112t,	2117
radiation	sensitivity	and,	203
for	small-cell	lung	cancer,	681
for	soft	tissue	sarcomas,	1433,	1435
therapeutic	uses,	268t
toxicities,	268t,	273
for	urethral	cancer,	1138
for	uterine	leiomyosarcoma,	1222

Gem-FLP	regimen,	1138
GEMOX	regimen,	869
Gemtuzumab	ozogamicin	(Mylotarg),	360t,	362

for	acute	myeloid	leukemia,	1745
for	acute	promyelocytic	leukemia,	1746
approval	of,	362
characteristics	of,	362
description	of,	294
use	of,	362

Gender.	See	Sex	(gender)
Gene(s),	patents	on,	474
Gene	amplification,	25–26,	27,	28,	35,	528,	801
Gene	conversion,	333
Gene	editing,	610.	See	also	CRISPR-Cas	9	system
Gene–environment	interactions,	156
Gene	expression,	39,	312,	313f
Gene	expression	changes,	25–26,	312–316
Gene	expression	profiling

of	cancer	of	unknown	primary	site,	1856–1858
of	colorectal	cancer,	915–916,	916t



Dr. AVR @ TMH

of	HCC,	841–842
of	lymphoid	neoplasms,	1677,	1679
of	uveal	melanomas,	1907

Gene	silencing
abnormal,	description	of,	312–314
reversal	of	layers,	314

Gene	therapy
for	glioblastoma,	1587
for	head	and	neck	cancer,	548

Genetically	engineered	mouse	models	(GEMMs),	610,	808
Genetic	counseling,	471–482

access	to,	471–472
in	breast	cancer,	433,	475–477,	476t,	1269–1270,	1270t
cancer-specific	versus	traditional,	471
candidates	for,	472–473,	472t
changes	in	delivery	modes,	480
communication	in,	471
components	of,	473–477
counselors,	472t
DNA	testing,	474
follow-up	after,	477
future	directions	of,	481–482
goal	of,	471
in	hereditary	diffuse	gastric	cancer,	404
for	inherited	colorectal	cancer	and,	922
issues	in,	477–481

confidentiality,	481
discrimination,	481
insurance,	481
psychosocial,	480–481
reproductive,	479
testing	in	children,	479

presymptomatic	testing	and,	479
in	RET	mutation	carriers,	409
risk	assessment	and,	473–474
risk	reduction	options	in,	475–477,	476t
surveillance	options	and,	475–477

Genetic	epidemiology,	156–157
Genetic	Information	Nondiscrimination	Act,	481
Genetic	signatures,	203
Genetic	testing,	474–475

categories	of	results,	474–475
in	children,	479
in	colorectal	cancer,	923t
cost	and	reimbursement,	474,	481
direct-to-consumer,	479,	480
evolution	of,	471
general	population,	482
hereditary	cancer	genes	in,	478t
moderate-risk	or	lesser	known	genes	in,	478–479
in	pancreatic	cancer,	829
patents	on	genes,	474
selection	and	approaches,	477–478
tumor,	479–480

Genioglossus	muscle,	557



Geniohyoid	muscle,	557
Genistein,	435
Genital	GVHD,	2222
Genitourinary	infections,	2059
Genome

caretakers	of,	54,	78,	79f,	81
guardian	of,	54
mitochondrial,	801
regulatory,	86

Genome	analyses,	4–21
broadening	spectrum	of	characterization,	187–188
cancer	of	unknown	primary	site,	1858–1859
computational	tools	and	databases,	14t
drug	resistance	and,	20–21
esophageal	cancer,	713
exome,	4–5
gamete,	2144–2145
information	and	resources,	16t
integrative	analysis,	15–16
kinase	inhibitor	identification,	299
landscapes,	11,	11f,	13f,	15,	21

bladder	cancer,	1042–1045,	1043t
breast	cancer,	1261–1262
colorectal	cancer,	11f,	909–910,	909t
cutaneous	melanoma,	1510–1511
endometrial	cancer,	1213,	1213f
liver	cancer,	839
lung	cancer,	607–609
ovarian	cancer,	1239,	1239t
prostate	cancer,	1076–1077,	1077f

liver	cancer,	837–838
lung	cancer,	607–610,	683
next-generation,	5–10,	6t,	7f,	13f,	14t	(See	also	Next-generation	sequencing)
pathway-oriented	models,	11–13,	12f,	13f
perspectives	of,	21
project	networks,	13–15
single-cell	genomics,	15
somatic	alteration	classes,	9–11,	10f
taxonomy	of	tumors,	17–19
whole-exome,	9,	26f,	187,	370,	382,	481–482
whole-genome,	6–9,	26f,	36–39,	243,	481–482

Genome	instability,	53–54,	53f
Genome-wide	association	studies	(GWAS),	156–157,	240,	263

in	breast	cancer,	1261
in	colorectal	cancer,	913–914
in	second	primary	cancers,	2158–2159
in	testicular	cancer,	1149

Genomic	fingerprint,	1806
Genomic	instability,	21,	333,	334,	1769
Genomic	integrity,	78,	79f,	79t,	83–84
Genomic	microarrays,	31t,	39
Genomic	profiling,	tumor,	479–480
Genomics,	2.	See	also	Genome	analyses

in	tumor	progression,	2,	3f
Genomic	scars,	1249
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Genomics	Evidence	Neoplasia	Information	Exchange	(GENIE),	14,	299
Genotoxic	carcinogens,	123
Genotype-guided	chemotherapy,	240,	240t
Genotypic	markers,	157
Geographic	location,	167–170,	170f,	171f,	172f,	173f,	172t
Geographic	variations,	160–161

breast	cancer,	170,	171f,	175,	1269
colorectal	cancer,	918
esophageal	cancer,	170,	171f,	718
gallbladder	cancer,	877
kidney	cancer,	170,	1020
liver	cancer,	171f,	178–179,	178f,	837,	845,	846
lung	cancer,	170,	171f,	172f,	174,	619,	619f,	620f,	621f,	633
melanoma,	1513
migrant	studies,	133,	160
ovarian	cancer,	170,	1232
small	bowel	cancer,	886
stomach	cancer,	171f,	175–177,	176f,	777–778
testicular	cancer,	1145

Geospatial	analysis,	170
Germ	cell	neoplasia	in	situ	(GCNIS),	1145
Germ	cells

cryopreservation	of,	2142–2143
loss	of,	2134,	2137

Germ	cell	tumors	(GCTs)
biology,	1147–1149,	1148f
cancer	of	unknown	primary	site	and,	1861
CNS,	1569,	1598–1600

chemotherapy	for,	1599–1600
clinical	and	pathologic	considerations,	1598
radiation	therapy	for,	1599
surgery	for,	1598–1599

extranodal,	1861
lung	metastases,	1149,	1952–1954,	1953t
mechanism	of	germ	cell	transformation,	1147–1148,	1148f
mediastinal,	707–709,	1156

anatomy,	707–708
diagnosis,	708
etiology,	707
histology,	708–709
incidence,	707
nonseminomatous,	708,	709
pathology,	707–708
prognosis,	709

nonseminomatous,	708,	709
histology,	1146–1147,	1147f
management,	1153–1158
metastatic,	1150–1151,	1150f,	1151f,	1154–1156

ovarian,	1238–1239
pluripotency	of	embryonal-like	differentiation	in,	1148
seminomatous	(See	Seminomas)
spinal	cord	compression	and,	1926t
stem	cell	transplantation	for,	2017
superior	vena	cava	syndrome	and,	1910
testicular	(See	Germ	cell	tumors,	testicular)



Germ	cell	tumors,	testicular
adjuvant	chemotherapy	for,	1152–1155,	1153t
biology	of,	1147–1149,	1148f
cisplatin	sensitivity,	1149
CNS	metastases	from,	1155–1156
conventional-dose	chemotherapy	for,	1157
diagnosis,	1145–1146
epidemiology,	1145
familial	predisposition	to,	1149
follow-up,	1158–1159
gonadal	dysfunction	and,	1158,	2135
good	prognosis,	1155
high-dose	chemotherapy	for,	1152,	1157
histology,	1146–1147,	1146f,	1146t
immunohistochemical	markers,	1149
incidence,	1145
intermediate	or	poor	prognosis,	1155–1156
intratubular,	1145,	1147–1148
management,	1152–1158
metastatic,	1145,	1149–1151,	1150f,	1151f,	1154–1156
nonseminomatous

histology,	1146–1147,	1147f
management,	1153–1158
metastatic,	1150–1151,	1150f–1151f,	1154–1156

outcome,	factors	affecting,	1151–1152
personalized	strategy	for,	1155
psychosocial	issues,	1158
relapsed	or	recurrent,	1157
residual	disease,	1156
retroperitoneal	lymph	node	dissection	for,	1151,	1153–1154,	1156
risk	classification,	1151–1152,	1152t
risk	factors	for,	1145
salvage	chemotherapy	for,	1157
serum	tumor	markers,	1151,	1155
spermatocytic,	1145
stage	I,	1152–1154
stage	III,	1154–1156
staging,	1149–1152,	1150t
stem	cell	transplantation	for,	1152,	1157
surveillance,	1152,	1153
symptoms	and	signs,	1145
treatment	sequelae	of,	1157–1158

Germinal	aplasia,	2134,	2134t,	2136t
Germinal	center	B-cell–like	(GCB)	DLBCL,	1638–1639,	1638f
Germinal	centers,	1632–1633,	1633f,	1674,	1718
Germinomas,	1598–1600
Germline	mutations,	85–86,	239,	240t,	479–480,	1858
Germline	sequencing,	187
Gestational	trophoblastic	neoplasia	(GTNs),	1227–1230

hCG	measurement,	1227–1228
high-risk	disease,	1229–1230
incidence	of,	1227
low-risk	disease,	1229,	1229t
molar	pregnancy	and,	1227
natural	history	of,	1227
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nonmolar	pregnancy	and,	1227
pathology,	1227
pretreatment	evaluation,	1228
prognostic	scores,	1228,	1228t
staging,	1228,	1228t
subsequent	pregnancies,	1230
treatment	of,	1229–1230,	1229t

Ghrelin,	1353
Giant	cell	fibroblastoma,	1389
Giant	cell	tumors	(GCTs),	1407
Giant	cell	tumors	of	the	bone	(GCTB),	364
Giant	condyloma	of	Buschke-Lowenstein,	1000,	1484
Gimatecan,	279f,	280t,	281
Gimeracil,	750
Ginger	(Zingiber	officinale),	435,	437t,	2082,	2273
Gingiva

anatomy,	561
carcinoma	of,	561–563
pathology,	561

Ginkgo	biloba,	236,	236t,	2271
Ginseng	(Panax	ginseng,	Panax	quinquefolius),	236,	236t,	2151,	2273
Girentuximab,	1032t
Givinostat	(ITF-2357),	316t
Glands	of	Zeis,	1494
Glassy	cell	carcinoma,	1175–1176
Gleason	grades,	1091,	1091f,	1096
Gliadel	(carmustine	wafer),	1578,	1585
Glial-derived	neurotrophic	factors	(GDNF),	1317–1318
GLI	family	zinc	finger	2,	1394
Glioblastoma(s),	1583–1587

biomarker,	529
brain	stem,	1589–1590
chemotherapy	for,	1585–1587,	1585f
gene	therapy	for,	1587
immunotherapy	for,	1587
incidence	of,	1569f
integrative	genomic	analysis,	15
molecular	biology	of,	1583
novel	agents	for,	1587
PIK3CA	mutations	in,	3
radiation	therapy	for,	1583–1585

dose	escalation,	1584–1585
radiosensitizers	in,	1584–1585

recurrent,	1586–1587
ROS1	mutations	in,	304
surgery	for,	1583
survival	rates,	1587,	1587t
targeted	therapies	for,	1586–1587
tumor	treating	fields	for,	1585–1586

Glioblastoma	multiforme,	1583–1587
biomarkers,	532t–533t
brain	stem,	1589–1590
chemotherapy	for,	1585–1587
gene	therapy	for,	1587
genome	project	networks,	13



IDH1	mutations	in,	5,	1564–1565
immunotherapy	for,	1587
MGMT	mutation,	34,	1565,	1583,	1585
molecular	biology	of,	1563,	1563t,	1564–1565,	1583
radiation	therapy	for,	1583–1585
recurrent,	1586–1587
viral	association,	1569

Gliomas,	1578–1590
adult,	1564–1565
arachnoid	granulation	obstruction	in,	1917
biomarkers,	532t–533t
brain	stem,	1589–1590
chiasmal,	1587–1589
clinical	response,	assessing,	503
driver	events	in,	1562–1563,	1563t
grade	I,	1578–1579
grade	II,	1579–1582
grade	III,	1582
grade	IV,	1583–1587
hereditary	syndromes,	1569
high-grade	(See	also	Glioblastoma(s))

adult,	1564–1565
molecular	biology	of,	1563,	1564–1565
pediatric,	1563

hypothalamic,	1587–1589
IDH	mutations	in,	17,	1562,	1563,	1564–1565
low-grade,	1579–1582

adult,	1564
astroglial	variants	of,	1591
chemotherapy	for,	1580–1582,	1581t
description	of,	1579
molecular	biology	of,	1562–1563,	1564,	1579
pediatric,	1562–1563
radiation	therapy	for,	1579–1580
surgery	for,	1579

magnetic	resonance	imaging	of,	1573f
malignant,	1573f,	1574,	1583–1587
microRNAs	in,	7
molecular	biology	of,	1562–1565,	1569,	1579
neurocognitive	effects,	2174–2176
obesity	and,	146t
optic,	1587–1589
pathologic	classification,	1578
pediatric,	1562–1564
pineal	region,	1598–1600
pseudoprogression,	1574
pseudoresponse,	1574
secondary,	2167
treatment	of,	resistance	to,	20
WHO	classification,	1562,	1563t,	1578

Gliomatosis	cerebri,	1587,	1588f,	1917f
Global	incidence	and	mortality,	160–181

data	sources,	161
demographic	factors	affecting	risk,	165–170
geographic	and	temporal	variations,	160–161
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measures	of	burden,	160,	161
measures	of	risk,	160,	164–165
number	of	new	cases	and	deaths,	161,	162f
patterns	for	common	cancers,	173–180
prevalence,	161,	163f
temporal	trends,	170–173,	180–181

Global	MD	Anderson	Scoring	System,	1802,	1808–1810,	1809t
GLOBOCAN,	161
Glomulin,	1411
Glomus	jugulare	tumors,	1604–1605
Glomus	tumors,	1410–1411
Glossectomy,	559–560,	600
Glossotonsillar	sulcus,	563
Glottis

anatomy	of,	569
carcinoma	of

outcomes	of	treatment,	573,	573t
radiation	therapy,	573,	573t
staging,	571t

lymphatics,	569
Glucagon,	1353,	1357,	1362–1363,	1368,	2003
Glucagonomas,	1363
Glucocorticoid-induced	TNF	receptor-related	protein	(GITR),	372t,	377
Glucocorticoids.	See	also	specific	agents

for	acute	lymphoblastic	leukemia,	1753
for	adrenal	tumor	management,	1349
Cushing	syndrome	and,	2002
for	parathyroid	cancer,	1341
radiation	pneumonitis	treated	with,	636

Glucocorticoid	signaling,	in	prostate	cancer,	1082
Glucose.	See	Hypoglycemia
Glucose	transporter	(GLUT)	proteins,	346
GLUT1,	1015
Glutamine,	2099–2100
Glutathione

alkylating	agents	and,	247,	251,	254
platinum	analogs	and,	258

Glutathione,	radioprotection	and,	2099
Glutathione-S-transferase,	254,	255,	260,	263,	919,	1051,	1752,	2158
Glutathione-S-transferase	pi	(GSTP1-1),	255,	255f
Glycemic	control,	1362–1363,	2218
Glycerin	suppositories,	2092
Glycerol,	for	increased	ICP,	1920
Glycinamide	ribonucleotide	(GAR)	formyltransferase,	265
Glycolytic	fueling,	51–52
Glycosylation,	361
GNA11,	1510,	1906,	1907
GNAQ	mutations,	1510,	1511,	1906,	1907
GNAS,	801,	1076,	1322,	1412
GOG	0218	trial,	1246,	1247t
Golimumab,	2040–2041
Gonadal	dysfunction,	2133–2145

cranial	irradiation	and,	2139–2140,	2140t
female

biologic	considerations,	2137



characteristics	of	toxicity,	2137–2138
chemotherapy	agent–specific	effects,	2138–2139,	2138t
children	(girls),	2139
combination	regimens	and,	2138t,	2139
cytotoxic	effects,	2137–2139
radiation	therapy	and,	2138t,	2139

genetic	concerns,	2144–2145
impact	of	cancer	and	cancer	therapy,	2133–2134,	2134t
male

biologic	considerations,	2134
characteristics	of	toxicity,	2134–2135
chemotherapy	agent–specific	effects,	2135,	2135t
children	(boys),	2139
clinical	and	laboratory	features,	2134,	2134t
combination	regimens	and,	2136,	2136t
cytotoxic	effects,	1158,	2134–2136,	2221
radiation	therapy	and,	2135–2136,	2135t,	2139

periodic	evaluation,	2137t
Gonadal	shielding,	2140
Gonadal	stromal	tumors,	1159
Gonadal	toxicity,	253
Gonadoblastomas,	1159
Gonadotropin	hypothesis,	1232
Gonadotropin-releasing	hormone	(GnRH)

analogs,	353–354
characteristics,	353
for	fertility	preservation,	2143
pharmacology,	354
for	prostate	cancer,	353–354,	1079
route	of	administration,	354
therapeutic	uses,	353–354
toxicities,	354

antagonists,	348t,	354
mechanism	of	action,	354
pharmacology,	354

Good	manufacturing	practice	(GMP),	2272
Gorlin	syndrome

basal	cell	carcinoma	and,	84,	1479
brain	tumors	and,	1569,	1596
cancer	susceptibility	in,	79t
hyperproliferation	in,	84

Goserelin,	354,	1116
pharmacology,	354
route	of	administration,	354

gp100	vaccine,	223
Graded	prognostic	assessment	(GPA),	1934–1935,	1935f
Graft-versus-host	disease	(GVHD)

acute,	2023,	2024–2025,	2024f
chronic,	2023,	2024–2025,	2094,	2096,	2103
conditioning	regimens	and,	1747,	2019
corticosteroids	for,	2025
donor	T-lymphocytes	for	mediating,	2032
future	directions,	2032
immunobiology	of,	2023–2024
infection	risk	and,	2037
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interleukin-2	and,	219
mismatched-related	donors	and,	2022–2023
oral	manifestations,	2094,	2096,	2103
pharmacologic	prophylaxis	for,	2025
prevention	of,	2025
relapse,	2032
sexual	problems	and,	2222
signs	and	symptoms	of,	2024–2025,	2024f
stem	cell	transplantations	and,	1665,	1747,	1750–1751,	2019,	2022–2025,	2031

Graft-versus-leukemia,	2019,	2023–2024,	2031,	2032
Gram-negative	bacteria,	multidrug-resistant,	2061–2062
Gram-positive	bacteria,	multidrug-resistant,	2059–2061
Granisetron,	2080,	2080t
Granular	cell	myoblastomas,	559
Granular	cell	tumors,	1411
Granulocyte-colony-stimulating	factor	(G-CSF),	115,	2070t

complications	of,	2073–2074
cost	of,	2073–2074
in	infections,	2050
mechanism	of	action,	2070t
in	myelodysplastic	syndromes,	1813
for	neutropenia,	2072–2074
for	oral	mucositis,	2100–2101
pulmonary	toxicity	and,	2115,	2118
in	soft	tissue	sarcoma	management,	1435
for	stem	cell	stimulation,	2008
timing	of	use,	2073
trials/studies,	2074

Granulocyte-macrophage	colony-stimulating	factor	(GM-CSF),	115,	220–221,	2070t
complications	of,	2073–2074
cost	of,	2073–2074
in	infections,	2050–2051
mechanism	of	action,	220,	2070t
in	neutropenia,	2072–2074
for	oral	mucositis,	2100–2101
in	osteosarcoma,	1462–1463
in	small-cell	lung	cancer,	680
in	soft	tissue	sarcomas,	1435
timing	of	use,	2073
trials/studies,	2074

Granulocyte	macrophage	progenitors	(GMP),	1766–1767
Granulocyte	transfusions,	2050–2051,	2074
Granulosa	cell	tumors	(GCT),	1159,	1239
Grape	seed	extracts,	2271
Graves	disease,	1327
Gray	zone	lymphomas	(GZLs),	1652,	1652f,	1677,	1693–1694
Green	fluorescent	protein,	56–57
Green	tea	(Camellia	sinensis),	236t,	437t,	2271,	2273
GREM1,	412
Grief,	death	anxiety	and,	2233
Gross,	Ludwik,	102
Ground	glass	nodules,	637–638
Ground	glass	opacification,	628–629,	639,	2110–2111,	2117
Groupe	d’Etude	et	de	Traitement	du	Carcinoma	Hepatocellulaire	(GETCH)	staging,	847
Group	psychotherapy,	2232–2233



Growth	factor	independent	1b	transcriptional	repressor	(GFI1B),	1562
Growth	factor	independent	1	transcriptional	repressor	(GFI1),	1562
Growth	factor	receptor	pathways,	in	breast	cancer,	1266–1267
Growth	factor	receptors,	362
Growth	factors,	hematopoietic,	2069,	2070t
Growth	hormone,	2215
Growth	hormone–releasing	hormone	(GHRH),	688
Growth	kinetics,	509–510
Growth	modulation	index,	490
Growth	patterns

buccal	mucosa	cancer,	561
cervical	cancer,	1173
endometrial	cancer,	1211
head	and	neck	cancer,	543
hypopharynx	tumors,	574
laryngeal	cancer,	569
melanoma,	1519–1520,	1521
mouth	cancer,	557
nasal	cavity	tumors,	580
nasal	vestibule	tumors,	580
nasopharynx	cancer,	543,	577
paragangliomas,	584
paranasal	sinus	tumors,	580–581
prostate	cancer,	1090,	1123
salivary	gland	tumors,	586,	589
stomach	cancer,	764–765
vaginal	cancer,	1193–1194
vulvar	cancers,	1200

Growth	rate	constants,	509–510,	511f
Growth	suppressors,	45
Grubbe,	Emil,	196
GSK3174998,	372t
GSK3359609,	371t
GSP	oncogene,	1239
GSTP1,	2158
Guadecitabine,	316,	317,	318,	1812
Guanosine	5′-triphosphate	(GTP),	288
Guanosine	triphosphatases	(GTPases),	in	melanoma,	1503
Guardian	of	the	genome,	54
Guided	imagery,	2205,	2277
GWN323,	371t
Gynandroblastoma,	1239
Gynecologic	cancer

homologous	recombination	defects	in,	1164
human	papillomavirus	and,	1168
molecular	biology	of,	1163–1169
research,	1163
sexual	problems	and,	2224

Gynecologic	perineum,	1200
Gynecomastia,	354,	1118

H

HIC1,	1394
H2AX,	197,	198f
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H3	histone	family	member	3A	(H3F3A),	1563
Haemophilus	influenzae,	2036,	2053
Hair,	2128–2132

anatomy	and	physiology	of,	2128–2129,	2129f
future	considerations,	2132
loss	(See	Alopecia)
patient	feelings	about,	2128
radiation-induced	changes	in,	2131
treatment-related	changes	in,	2131–2132

Hairy	cell	leukemia,	218,	1798
Half-body	irradiation,	for	bone	metastases,	1973
Half-life,	of	tumor	antigens,	361
Hallmark	cells,	1696
Hallmarks,	of	cancer,	43–54,	44f

angiogenesis	induction,	48–49
cancer	risk–reducing	agents	and,	421,	421t
cancer	susceptibility	syndromes	and,	83
characteristics	that	facilitate,	53–54,	53f
energy	metabolism,	51–52
evading	growth	suppressors,	45–46
evading	immune	destruction,	52–53
future	of	research,	61–62
invasion	and	metastasis,	49–51
overview	of,	43
proliferative	signaling,	43–45,	44f
replicative	immortality,	47–48
resisting	cell	death,	46–47
stromal	cells	and,	57,	57f
therapeutic	targeting	of,	61,	62f
tumor-promoting	inflammation,	53,	53f,	54

Hallucinations,	1572
Haloperidol,	2201,	2235t
Halstedian	theory,	1283
Hamartoma,	PTEN	mutations	and,	85
Hamartomatous	polyposis	syndromes,	923
Handbook	of	Carcinogenic	Potency	and	Genotoxicity	Databases,	123
Hand-foot	syndrome,	267,	271,	293,	860,	903
Hands,	soft	tissue	sarcomas	of,	1438
Hanahan	and	Weinberg	hallmarks,	421,	421t
Haploidentical	transplantation,	1749,	1750–1751,	2022–2023,	2022f
Haploinsufficiency,	78–80,	78f,	79t,	80f
HapMap,	2
Hard	palate

anatomy	of,	561
carcinoma	of,	561–563
pathology,	561
resection,	562

Harmful	and	Potentially	Harmful	Constituents,	92
Harvoni	therapy,	850
Hashimoto	thyroiditis,	1327,	1335,	1641
Hazard	ratios,	493,	507–508,	509f
HBOC.	See	Hereditary	breast	and	ovarian	cancer	syndrome
Head,	lymph	node	levels,	542–543,	542f
Head	and	neck	cancer.	See	Head	and	neck	squamous	cell	carcinoma	(HNSCC)
Head	and	neck	infection,	2046t



Head	and	neck	melanomas,	1530
Head	and	neck	squamous	cell	carcinoma	(HNSCC),	542–589

adjuvant	therapy,	555
anatomy,	542–543,	543f
brachytherapy	for,	212
cancer	of	unknown	primary	site,	1861
cancer	stem	cells	in,	539–541,	540f
cetuximab	for,	363
checkpoint	inhibitors	for,	221,	222t,	226,	539,	549–550
chemotherapy,	547–550

adjuvant	after	surgery,	555
concurrent	with	radiation	therapy,	552–556,	553t
induction,	551–552
organ	preservation	and,	554–555
as	part	of	curative	treatment,	551–556

diagnosis	of,	543–544
distant	spread	of,	543
epidemiology	of,	536,	542
Epstein-Barr	virus	and,	542
etiology	of,	536,	542
follow-up,	556
gemcitabine	for,	258,	548
genomics	of,	538–539
incidence	of,	536,	542
inhibitor	of	immune	escape,	539
locally	advanced,	212
lymphatic	spread	of,	543
management,	545–546

combined	modalities,	550–551
primary	site,	545–546
support	during,	598–605

metastatic	disease
chemotherapy	for,	548–550
chemotherapy	trials,	549t

molecular	biology	of,	536–541
molecular	mechanisms	in,	537–538
natural	history	of,	543
NC-6004	for,	258
organ	preservation,	547,	551,	554–555,	554t
papillomaviruses	and,	101,	102,	536,	542,	551
pathology,	542–543
patterns	of	spread,	543
PD-1/PD-L1,	39,	539
physical	activity	and,	148t
pretreatment	counseling,	598
primary	lesion,	543
radiation	therapy	for,	212,	213,	214,	545–546,	545t
recurrent,	chemotherapy	for,	548–550,	549t
rehabilitation	for,	598–605,	2261
risk	factors	for,	536
sexual	problems	after,	2222
staging,	544–545,	544t
taxanes	for,	288,	548
toxicity	reduction,	555
transoral	robotic	surgery	for,	545
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treatment	of	(See	also	specific	treatments)
centers	with	expertise,	545
combination	therapy,	215,	548–549
molecular	strategies	in,	539,	540f
principles	of,	545

trismus	associated	with,	2262–2263
Health	insurance

for	cancer	survivors,	2186–2187
discrimination	in,	481
genetic	testing	and,	481

Health	Insurance	Portability	and	Accountability	Act	(HIPAA),	481
Healthy	volunteer	effect,	456
Hearing,	chemotherapy	and,	1158
Heart,	2119–2126

chemotherapy-induced	toxicity,	2119–2123
anthracyclines,	283–284,	2119–2121
cyclophosphamide,	254,	2121
fluoropyrimidines,	2122
ifosfamide,	2121
monoclonal	antibodies,	2119,	2122–2123
taxanes,	2121–2122
in	testicular	cancer,	1158

radiation-induced	toxicity,	636,	2119,	2123–2126
in	breast	cancer,	1288,	2126
in	Hodgkin	and	non-Hodgkin	lymphoma,	2124–2125,	2125t

radiation	tolerance,	214t
Heat,	rehabilitative	uses	of,	2265
Heat	shock	proteins,	proteasome	inhibitors	and,	330
Hedgehog	pathway

bone	sarcomas	and,	1394
chronic	lymphocytic	leukemia	and,	1769
lung	cancer	and,	615,	685
medulloblastoma	and,	1561,	1562f
meningioma	and,	1565,	1565f
nonmelanoma	skin	cancer	and,	129,	1479
urothelial	carcinoma	and,	1046–1047
vismodegib	and,	339

Heidelberger,	Charles,	269
Helical	tomotherapy,	206,	206f
Helicobacter	bilis,	877
Helicobacter	hepaticus,	67,	68f
Helicobacter	pylori,	68f,	437–438

as	carcinogen,	445
eradication	of,	438,	438t,	766
esophageal	cancer	and,	720
gallbladder	cancer	and,	877
gastric	mucosa-associated	lymphoid	tissue	lymphoma	and,	114
gastrinoma	and,	1361
MALT	lymphoma	and,	1635,	1641,	1672,	1686,	1687
marginal	zone	B-cell	lymphoma	and,	884,	892t
mechanism	of	infection,	437–438
non-Hodgkin	lymphoma	and,	1635
screening	for,	765–766
small	bowel	cancer	and,	884,	892t
stomach	cancer	and,	66–67,	114,	175–177,	403,	437–438,	438t,	715,	716,	763



vaccine	development,	448
Helicos	BioSciences/HeliScope,	5,	6t,	7f
Helper	T	cells,	52,	115
Hemangioblastomas,	1569,	1605–1606,	1608
Hemangioendothelioma,	epithelioid,	861
Hemangiomas,	1410
Hemangiomas,	sclerosing,	1407
Hemangiomatosis,	1410
Hemangiopericytoma.	See	Solitary	fibrous	tumor	(SFT)/hemangiopericytoma
Hematologic	malignancies.	See	also	specific	cancers

allogeneic	transplants	for,	2028–2031
chemotherapy	and,	1661
DNA	methyltransferases	for,	317–318
infections	and,	2036,	2037t
monoclonal	antibodies	for,	364–366
survival,	2180–2181,	2182f

Hematologic	toxicity,	of	herbs/supplements,	2271
Hematomas,	subdural,	1918,	1921
Hematopoiesis,	2068–2069,	2069f
Hematopoietic	cells,	1729,	1766,	2008,	2012–2013,	2016
Hematopoietic	growth	factors	(HGFs),	2069,	2070t

choice	of	agent,	2073
complications	of,	2073–2074
cost	of,	2073–2074
for	neutropenia,	2072–2074
for	oral	mucositis,	2100–2101
palliative	use	of,	2074
timing	of	use,	2073
trials/studies,	2074

Hematopoietic	progenitor	cells,	2008,	2012–2013,	2016
Hematopoietic	stem	cells,	2068–2069
Hematopoietic	stem	cell	transplantation.	See	Stem	cell	transplantation
Hematuria,	1051,	1067
Hemianesthesia,	1917–1918
Hemiglossectomy,	600,	600f
Hemihepatectomy,	1957
Hemilaryngectomy,	570,	601
Hemiparesis,	contralateral,	1918
Hemipelvectomies,	1464
Hemoglobin,	cervical	cancer	and,	1178
Hemoptysis,	628,	657,	1946,	2117
Hemorrhage,	thrombocytopenia	and,	2074
Hemorrhagic	cystitis,	252,	1104,	2059
Hepadnaviridae,	99t,	109
Heparin-binding	EGF-like	growth	factor,	713
Hepatectomy,	two-stage,	1959,	1962,	1963f
Hepatic	arterial	chemoembolization	(HACE),	891
Hepatic	arterial	infusion	(HAI),	1959–1960,	1964
Hepatic	artery	embolization	(HAE),	854,	855,	891,	1360,	1363,	1906
Hepatic	ducts,	866
Hepatic	encephalopathy,	1931
Hepatic	impairment,	pharmacokinetic	effects	of,	235
Hepatic	metastasectomy,	1360
Hepatic	metastases.	See	Liver	metastases
Hepatitis	A	virus,	109,	110
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Hepatitis	B	surface	antigen	(HBsAg),	109,	446,	845
Hepatitis	B	virus,	99t,	100,	109–111,	178–179

in	adolescents	and	young	adults,	1617
characteristics	of,	109
cholangiocarcinoma	and,	866,	867
chronic,	114
epidemiology	of,	109
genome	of,	109
hit-and-run	mechanism,	100
liver	cancer	(HCC)	and,	111,	446,	837,	839,	841–842,	844–845
malignancies	associated	with,	110–111,	445,	446
management	of,	109–110
monoclonal	antibodies	and,	2040
pathogenesis	of,	110,	845
prevention,	2043
prophylaxis,	2039t,	2043
stem	cell	transplantation	and,	2027–2028
vaccine,	110,	444,	446–447,	845

Hepatitis	Bx	(HBx)	gene	product,	845
Hepatitis	C	virus,	99t,	100,	109,	110–111,	178–179

in	adolescents	and	young	adults,	1617
B-cell	non-Hodgkin	lymphoma	and,	111
characteristics	of,	110
cholangiocarcinoma	and,	866,	867
chronic,	114
epidemiology	of,	109
hit-and-run	mechanism,	100
liver	cancer	(HCC)	and,	111,	837,	839,	841,	844–845
malignancies	associated	with,	110–111,	445
management	of,	110
non-Hodgkin	lymphoma	and,	1635,	1672,	1685,	1686,	1687
pathogenesis	of,	110,	845
prevention	of,	2043
reactivation	of,	111
stem	cell	transplantation	and,	2027–2028
treatment	before	and	after	cancer,	850
vaccine	development,	449

Hepatitis	D	virus,	110
Hepatitis	E	virus,	2043
Hepatitis	viruses,	109–111.	See	also	specific	viruses

chronic,	114
description	of,	109
hepatocellular	carcinoma	induced	by,	109,	111,	114,	446,	837,	838,	841–842,	844–845
malignancies	associated	with,	110–111,	445,	446
pathogenesis	of,	110

Hepatoblastoma,	861
Hepatocarcinogenesis,	837–840,	840f,	845–846
Hepatocellular	carcinoma	(HCC)

alcohol-induced	hepatocarcinogenesis,	845
allelic	imbalance	in,	838
chemical	carcinogens	associated	with,	846
Child-Pugh	grading	of	cirrhosis	in,	846,	847t
classification	of,	841–842
clinical	response,	assessing,	504
coffee	consumption	and,	138–139



comorbidities,	848
conditions	associated	with,	845–846,	846t
diagnosis	of,	846
epidemiology,	844,	845
epidemiology	of,	837
epigenetic	alterations	in,	838–839
etiologic	factors,	845–846
exome	sequencing	of,	839,	842
fibrolamellar,	861
genetic	alterations	in,	837–838
geographic	variations	in,	837,	845,	846
hepatitis	viruses	and,	109,	111,	114,	178–179,	446,	837,	838,	841–842
imaging	of,	849
incidence	of,	178–179,	837,	845
localized,	ablation	of,	851–854
microenvironment	of,	839–841
molecular	biology	of,	837–843
mortality,	178–179,	837,	845
mutational	landscape	of,	839,	840f
next-generation	sequencing	applications	to,	837
nonalcoholic	fatty	liver	disease	and,	837,	841,	845
PIK3CA	mutations	in,	3
prognostic	factors,	841–842
regional	disease,	embolic	therapies	for,	854–855
screening	for,	462
signaling	pathways	and	molecules	in,	839,	841t
staging	of,	846–847,	847t
therapeutic	options	for,	111
treatment	of,	847–850,	847t

ablation,	844,	849–850,	851–854
adjuvant,	850
algorithm	for,	851,	852f
brachytherapy,	212,	855
charged	particle	radiotherapy,	856–858
checkpoint	inhibitors,	221,	227,	860
chemical	ablation,	851
chemotherapy,	850,	858–860
choice	and	comparison,	851,	851t
embolic	therapies,	847–850,	854–855
external-beam	radiotherapy,	855–856
first-line	combination	therapies,	859
first-line	single-agent,	858–859
immunotherapy,	860
irreversible	electroporation,	852–853
liver	transplantation,	844,	848–849,	849f,	849t,	850t,	851,	851t
microwave	ablation,	852,	853,	853f
multimodality	management	while	awaiting	transplant,	849–850
neoadjuvant,	850
percutaneous	ethanol	injection,	849,	850
progress	in,	844–845
radiation	therapy,	855–858
radioembolization,	854,	855
radiofrequency	ablation,	849–854,	854t
second-line	therapies,	859–860
sorafenib,	850,	858–860
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stereotactic	body	radiotherapy,	849–850,	856,	857f
surgical	resection,	847–848,	848t,	851,	851t
systemic	therapies,	858–860
transarterial	chemoembolization,	848–849,	854–855

untreated,	survival	rate,	844
vaccines,	858
whole-genome	sequencing	of,	837,	838,	839,	842,	843

Hepatocyte	growth	factors	(HGF),	305,	859,	2070t
Hepatocyte	growth	factor/scatter	factor	(HGS/SF)	receptor,	1015
Hepatoid	adenocarcinoma,	763
Hepatolithiasis,	867
Hepatosplenic	T-cell	lymphoma,	1643,	1697
Hepatotoxicity

of	chemotherapy,	1962–1963
of	herbs/supplements,	2271

HepPar-1,	1857t
HER2/HER2,	193,	531t,	532t

ado-trastuzumab	emtansine	and,	339–340
breast	cancer	and

adjuvant	therapy,	1297–1298,	1299t
amplification,	15,	302,	1212,	1259–1261,	1262,	1269,	1275–1277
anti-HER2	therapy	for	metastatic	disease,	1305–1306
HER2-enriched	subtype,	1262,	1275–1276,	1276t
signaling	pathway,	1266–1267,	1266f

chimeric	antigen	T-cell	therapy	and,	383
cholangiocarcinoma	and,	842,	867
development	of	targeted	therapies,	302–303
endometrial	cancer	and,	1219–1220
esophageal	cancer	and,	739,	740–741,	742,	751,	753
gallbladder	cancer	and,	881
gastric	cancer	and,	764,	767,	786
guidelines	for	testing,	534
identification	and	measurement,	528
large	cell	neuroendocrine	carcinoma	and,	690
lung	cancer	and,	607,	609,	612,	648,	651
melanoma	and,	1505
monoclonal	antibodies	and,	363
mutations,	15,	27,	35,	302
osteosarcoma	and,	1462
ovarian	cancer	and,	1163
pancreatic	cancer	and,	799
pharmacogenomics,	241
precision	oncology,	186,	190
prognostic	use	of,	529
prostate	cancer	and,	1083
rectal	cancer	and,	984
salivary	gland	tumors	and,	588
small	bowel	cancer	and,	887
urothelial	carcinoma	and,	1052,	1067
vaccines	and,	451,	452–453

Herbs,	2272–2277
direct	biologic	effects	on	cancer,	2271
drug	interactions	with,	2271
organ	toxicity,	2271
phytoestrogens	in,	2271,	2272t



safety	concerns,	2271
standardization	and	quality	of,	2271–2272

Hereditary	breast	and	ovarian	cancer	syndrome	(HBOC),	81,	82,	804,	805t
clinical	features,	82
Fanconi	anemia	and,	84
genetics,	82
genomic	integrity	and	apoptosis	in,	83
molecular	mechanism,	82
mouse	models,	82
therapeutic	interventions,	83

Hereditary	cancer	syndromes.	See	also	specific	syndromes
genetic	counseling	in,	472–473

Hereditary	diffuse	gastric	cancer	(HDGC),	403–405
diagnostic	challenge	in,	404–405
genetic	counseling	in,	404
genetics	of,	403–404,	404f
prophylactic	gastrectomy	in,	405
screening	criteria	for,	404

Hereditary	head	and	neck	paragangliomas	(HPGL),	1018
Hereditary	leiomyomatosis	renal	cell	carcinoma	(HLRCC),	1014,	1017,	1017t,	1021t,	1024,	1025t
Hereditary	mixed	polyposis,	911t
Hereditary	nonpolyposis	colorectal	cancer	(HNPCC).	See	Lynch	syndrome
Hereditary	papillary	renal	cancer	(HPRC),	1023,	1025t

description	of,	1014
genetics	of,	1014–1018,	1025t
type	1,	1015–1016,	1017t
type	2,	1017–1018

Heredity,	molecular	epidemiology	and,	156
Herpes	simplex	virus

cutaneous	infection,	2052
encephalitis,	1917,	2057
esophageal,	2056
HSV	1,	378
prophylaxis,	2038t,	2042,	2101
pulmonary	infiltrates	with,	2054

Herpesvirus	infections,	stem	cell	transplantation	and,	2026–2027
Herpes	zoster,	1838,	2253
HES/FIP1L1-PDGFR-A,	302
Heterocyclic	amines,	92,	123
Heterotypic	signaling,	57–59,	58f
HF10	oncolytic	viral	therapy,	371t
HFE,	2121
Hibernomas,	1408
HIF.	See	Hypoxia-inducible	factor
High-grade	B-cell	lymphoma,	1677,	1693–1694
High-grade	prostatic	intraepithelial	neoplasia	(HGPIN),	1077–1078
High-grade	serous	ovarian	cancer	(HGSOC),	1163
High-grade	undifferentiated	pleomorphic	sarcoma,	1413–1414
High-grade	vulvar	intraepithelial	neoplasia,	1199,	1201
Highly	active	antiretroviral	therapy,	997,	1007
High-mobility	group	protein	(HMG1	and	HMG2),	259,	1863,	1864,	1865f,	1868
High-resolution	anoscopy	(HRA),	998,	1007
High-throughput	technology,	15,	21,	86–87,	157
Hilleman,	Maurice,	102
Hills,	11,	12,	15,	1261



Dr. AVR @ TMH

Hirschsprung	disease	(HD),	1317,	1318,	1381
Histamine,	2078,	2100
Histamine,	in	carcinoid	syndrome,	1372–1373
HIST1H1E,	1768,	1786
Histone	acetylation,	314–315
Histone	acetyltransferases	(HATs),	314,	315
Histone	deacetylase	inhibitors,	312–318

benzamide,	316–317
bortezomib	and,	316,	322
clinical	development,	316,	316t
description	of,	316
DNMT	inhibitors	and,	318
hydroxamic	acid,	316
for	multiple	myeloma,	1830–1831
for	mycosis	fungoides/Sézary	syndrome,	1716
proteasome	inhibitors	and,	330
small	chain	fatty	acids,	316
types	of,	316–317

Histone	demethylases	(HDMs),	315
Histone	methylation,	315
Histone	methyltransferases	(HMTs),	315,	614
Histrelin	acetate,	1116
HIV/AIDS

anal	cancer	and,	997–1000,	1000f
anal	cancer	treatment	and,	1007
cancer	diagnoses	in,	98,	100,	445
cholangiocarcinoma	and,	866
CNS	lymphoma	and,	1568
Epstein-Barr	virus	in,	105
HPV-related	cancer	and,	1171–1172
Kaposi	sarcoma	in,	105–107
Merkel	cell	carcinoma	in,	103
non-Hodgkin	lymphoma	and,	1635,	1672,	1699–1700
nonmelanoma	skin	cancer	and,	1483,	1489,	1490
Pneumocystis	jiroveci	in,	2055

HLA-A,	1642
HLA-B,	1642
HLA-I,	1639
HMCA2,	1406
HMGA2,	1408,	1412
HMG-CoA	reductase	inhibitors.	See	Statins
HNF1A,	in	liver	cancer,	839
HNPCC.	See	Lynch	syndrome
Hoarseness,	569,	570,	573,	574
Hodgkin	lymphoma	(HL),	1648–1666

in	adolescents	and	young	adults,	1617,	1627
advanced-stage,	1657–1661

chemotherapy	for,	1659–1661
clinical	challenge	in,	1657–1658
complications	of	treatment,	1661
consolidation	radiotherapy	for,	1660
novel	agents	for,	1660–1661
positron	emission	tomography–directed	approaches	for,	1660
prognostic	factors	in,	1658–1659,	1658t
treatment	of,	1659–1661



associated	systemic	syndromes,	702t
cells	of	origin	in,	1643–1644,	1648
classical,	1643,	1648–1652,	1649t

differential	diagnosis	of,	1652,	1652f
genetics	of,	1650–1651,	1651t,	1652f
histopathology	of,	1648–1649,	1649f,	1650f
immunophenotype	of,	1649–1650
mechanisms	of	immune	escape,	1651
subtypes	of,	1648–1649

classification	of,	1648,	1649t
description,	1643,	1648
differential	diagnosis	of,	1652,	1652f,	1653–1654
early-stage,	1654–1657

chemotherapy	for,	1656–1657
clinical	trials	for,	1658t
combined	modality	therapy	for,	1655–1656
oncology	principles	in,	1654
positron	emission	tomography	in,	1657,	1657t,	1658t
prognostic	features	of,	1654
radiation	therapy	for,	1654–1655,	1655f
response-adapted	treatment,	1657,	1658t
stratification	criteria	for,	1654,	1654t
treatment	of,	1654–1657

in	elderly	patients,	1661–1662
Epstein-Barr	virus	and,	104,	105,	1644,	1648,	1651–1652
esophageal	involvement,	723
FL	transformation,	1683
genetic	lesions	in,	1644
molecular	pathogenesis	of,	1643–1644,	1650–1651
nodular	lymphocyte-predominant,	1643,	1649t,	1652–1654

differential	diagnosis	of,	1653–1654
histopathology	of,	1652,	1653f
immunoarchitectural	patterns	of,	1652
immunophenotype	of,	1652–1653
pathogenesis	of,	1653
T-cell	histiocyte-rich	large	B-cell	lymphoma	versus,	1653

pathology	of,	1648–1654
in	pregnancy,	1662
radiation	fibrosis	syndrome	in,	2258f,	2259–2261,	2260f
radiation	therapy–induced	heart	disease	in,	2124–2125,	2125t
radiculopathy	in,	2253
Reed-Sternberg	cells	in,	1643,	1648,	1649f,	1650f,	1651f,	1651t
relapsed	or	refractory,	1662–1666,	1663t
secondary	primary	cancer	in,	253,	1661,	2159–2162
shoulder	pain	in,	2261
superior	vena	cava	syndrome	and,	1910
treatment	of

checkpoint	inhibitors,	221,	222t,	225–226,	375,	1661,	1663,	1666,	1666t
chemotherapy,	338,	339,	1655–1661
combined	modality	therapy,	1655–1656
complications	of,	1661
consolidation	radiotherapy,	1660
FDG-PET	in	response	assessment,	1657,	1657t,	1658,	1658t,	1660,	1664
gonadal	toxicity,	2139,	2140
novel	agents	used	in,	1660–1661
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radiation	therapy,	1654–1655,	1655f,	1660
response-adapted,	1657,	1658t
salvage	chemotherapy,	1662–1664,	1663t
stem	cell	transplantation,	1662–1666,	2013,	2014t,	2016,	2031
umbilical	cord	blood	transplants,	1665–1666

Homer-Wright	rosettes,	1596
Homocamptothecin,	280t
Homoharringtonine	(HHT),	337–338
Homologous	recombination,	198–199,	198f,	259,	260,	261,	333,	1164
Homologous	recombination	deficiency,	1249
Homonymous	superior	quadrantanopsia,	1572
Honjo,	Takasu,	375
HOOK3,	1368
Hopkins	Verbal	Learning	Test-Revised,	1934
Hormone	replacement	therapy	(HRT),	breast	cancer	and,	1270,	1271,	1271t
Hormones

in	cancer	cachexia,	2214
in	fertility	preservation,	2143

Hormone	therapy,	347–357,	348t.	See	also	Androgen	deprivation	therapy	(ADT);	specific	hormones	and
agents

complications	of,	2250
for	endometrial	stromal	sarcoma,	1223
for	fertility	preservation,	2143
ovarian	cancer	risk	and,	1232–1233

Horner	syndrome,	1923
Hospital-acquired	pneumonia,	2053
Host–environment	interactions,	158
Hot	flashes

androgen	deprivation	therapy	and,	1117
antidepressants	for,	348,	2234
management	of,	348,	356
tamoxifen	and,	348,	2223

HOXB13,	1079,	1265
HOX	transcript	antisense	intergenic	RNA	(HOTAIR),	261,	614
HOX	transcription	factor	family,	1730t,	1733–1734
HRAS	mutations,	85

in	adrenal	tumors,	1346
in	bladder	cancer,	1043–1044
in	germ	cell	tumors,	1148,	1149
in	HNSCC,	538
in	large	cell	neuroendocrine	carcinoma,	690
in	melanoma,	1503
in	multiple	endocrine	neoplasia,	1381
in	prostate	cancer,	1082
in	thyroid	cancer,	1324

HRPT2,	1321,	1338,	1339
HSD3B1,	1082
HSP90,	1368
HTI-1090,	373t
Hu5F9-G4,	373t
Human	antimouse	antibody	(HAMA)	responses,	359
Human	biospecimens,	189
Human	chorionic	gonadotropin	(hCG),	504t,	505,	530,	533t

in	cancer	of	unknown	primary	site,	1859
in	gastric	cancer,	766



in	germ	cell	neoplasms,	708,	1146–1147,	1151,	1152,	1155,	1157,	1598
in	gestational	trophoblastic	neoplasia

hyperglycosylated,	1228
measurement	of,	1227–1228

in	mediastinal	neoplasms,	703
parathyroid	cancer	and,	1339

Human	epidermal	growth	factor	receptor	type	2.	See	HER2
Human	epididymis	protein	4	(HE4),	1236
Human	Genome	Project,	2,	21
Human	herpesvirus	6	(HHV-6),	2057
Human	herpesvirus	8	(HHV-8),	99t,	445,	1635,	1672
Human	immunodeficiency	virus.	See	HIV/AIDS
Human	leukocyte	antigens	(HLAs),	16–17,	370,	382,	450,	1750–1752,	2020–2024
Human	mesothelial	cells	(HMCs),	1864,	1865f,	1866
Human	metapneumovirus,	2027,	2052
Human	papillomavirus	(HPV),	99t

antigens,	383
Bowenoid	papulosis	and,	1485,	1486
cancers	associated	with,	179,	445,	447

anal,	101,	997,	999,	1000
bladder,	102
cancer	of	unknown	primary	site,	1861
cervical,	100–102,	179,	447,	462–463,	1168,	1171–1172
colorectal,	922
esophageal,	721
gynecological,	1168
head	and	neck,	101,	102,	536,	542,	551
HNSCC,	536–537
nonmelanoma	skin	cancer,	102
oropharyngeal,	102,	536–537,	537f,	550,	563,	566
penile,	101,	1140,	1141,	1143
squamous	cell	carcinoma,	1483,	1489
tonsil,	566
urethral,	1136,	1138–1139
uterine,	100–101
vaginal,	101,	1168,	1193
vulvar,	101,	1168,	1198,	1201

E2	transcriptional	regulator	in,	101
E5	oncogene	expression	of,	101
E6,	101,	102,	721,	1172
E7,	101,	102,	721,	1168,	1172
genomes	of,	101
high-risk,	99t,	100,	101,	1171–1172
high-risk	genotypes,	1168
history	of,	100–101
hit-and-run	mechanism,	100,	101
HPV-16,	99t,	101–102,	447,	462,	536,	999,	1140,	1168,	1172
HPV-18,	101–102,	447,	462,	536,	999,	1140,	1172
immune	evasion	by,	1168
oropharynx	replication	of,	536,	537f
smoking	and,	392–393
testing	for,	462–463,	1176
tissue	tropism,	101
types	of,	101
vaccines,	101–102,	444,	447–448,	1168
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in	adolescents	and	young	adults,	1622–1623
and	anal	cancer,	447,	997,	999
and	cervical	cancer,	101–102,	179,	447–448,	462,	1168,	1172–1173,	1622–1623
and	penile	cancer,	447,	1140
and	vulvar	cancer,	447,	1198,	1201

Human	T-cell	leukemia	virus	type	1	(HTLV-1),	99t,	100,	107–109,	445
clinical	characteristics	of,	108–109,	108f
epidemiology	of,	107
genome	of,	108
malignancies	associated	with,	108–109
molecular	biology	of,	107–108
non-Hodgkin	lymphoma	and,	1635,	1642,	1672,	1698
vaccine	development,	449–450

Humeral	metastases/fractures,	1978
Humoral	hypercalcemia	of	malignancy,	1931
Hürthle	cell	carcinoma,	1324,	1328–1329
Hutchinson	freckle,	1519
Hyaluronic	acid,	829
Hydatidiform	mole,	1227
Hydrocephalus

chronic,	1918
communicating,	1916,	1917
intermittent	obstructive,	1917f
normal	pressure,	1916,	1919,	1920
obstructive,	1916,	1920

Hydrocodone,	2198–2199
Hydrocortisone	replacement	therapy,	1349
Hydromorphone,	2198

side	effects	of,	2201–2202
single-dose	potency,	2198t
switching	from,	2198t

Hydronephrosis,	1067,	1176,	1177,	1181
Hydroxamic	acids,	316
3-Hydroxy-3-methylglutaryl	coenzyme	A	reductase	(HMGCR),	346
Hydroxyapatite,	1974,	2204
Hydroxychloroquine,	345t,	2103
Hydroxyglutarate	(2-HG),	318
5-Hydroxyindoleacetic	acid,	890,	1369,	1373
17β-Hydroxysteroid	dehydrogenase,	1082
4-Hydroxytamoxifen.	See	Tamoxifen
5-Hydroxytryptamine-3	receptor	antagonists

constipation	induced	by,	2090
for	nausea	and	vomiting,	2077,	2078,	2080–2083,	2080t

Hydroxyurea
for	cervical	cancer,	1182t
for	chronic	myeloid	leukemia,	1778–1779
for	head	and	neck	cancer,	548

concurrent	with	RT,	552
induction	chemotherapy,	551–552

for	meningiomas,	1595
25-Hydroxyvitamin	D,	139,	428
Hydroxyzine,	2203
Hyperalgesia,	2202
Hyperalimentation	catheters,	1910
Hyperammonemia,	1931,	1932t



Hyperbaric	oxygen	(HBO)	therapy,	202,	1584–1585
Hyperbilirubinemia,	2028,	2244
Hypercalcemia,	1930–1931

familial	hypocalciuric,	1321
management	of,	1340–1341,	1930
multiple	myeloma	and,	1838
parathyroid	tumors	and,	1339–1341
risk	groups,	1930,	1931t
symptoms	of,	1930
types	of,	1930

Hypercoagulable	states,	1917
Hypercortisolism,	1347,	1349,	1380
HyperCVAD	regimen,	1693,	1694,	1754,	1756
Hypereosinophilic	syndrome	(HES),	302
Hyperfractionation,	213
Hyperglycemia,	2218
Hyperkalemia,	1929
Hyperosmolar	agents,	1920
Hyperosmolar	formulas,	for	enteral	nutrition,	2217
Hyperparathyroidism,	1321,	1338,	1339–1340,	1377,	1378–1379,	1381,	1930
Hyperparathyroidism-jaw	tumor	syndrome	(HPT-JT),	1321,	1338
Hyperphosphatemia,	1929
Hyperpigmentation,	2131–2132
Hyperprogression,	509
Hyperproliferation,	79t,	84–85
Hypertension

endometrial	cancer	and,	1211
treatment-induced,	in	kidney	cancer,	1034–1035

Hyperthermic	intraperitoneal	chemotherapy	(HIPEC)
for	appendiceal	malignancy,	1892
for	colorectal	cancer,	943–944,	1893–1894
diarrhea	induced	by,	2086
for	malignant	ascites,	1994–1995,	2245
for	ovarian	cancer,	1242–1243,	1896,	1897f,	1994–1995
for	peritoneal	mesothelioma,	1894
for	peritoneal	metastases,	1890,	1891–1892,	1994–1995
for	small	bowel	cancer,	888,	892
for	stomach	cancer,	776,	788–789,	1895

Hypertrichosis	lanuginose,	2005
Hypertrophic	osteoarthropathy,	2005
Hyperuricemia,	1928–1929
Hyperventilation

central	neurogenic,	1918
mechanical,	1920

Hyperviscosity	syndrome,	1838
Hypervolemic	hyponatremia,	1930
Hypnosis,	2231,	2233,	2277
Hypnotic	agents,	2235,	2235t
Hypocellular	myelodysplastic	syndromes,	1803–1805
Hypofractionated	whole-breast	irradiation,	1287–1288
Hypofractionation,	213
Hypogammaglobulinemia,	703,	1787,	1788,	1797
Hypogastric	lymph	nodes,	1173
Hypoglycemia,	1362–1363,	1379,	2002–2003

diagnosis	of,	2003
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differential	diagnosis	of,	2003,	2003t
treatment	of,	2003

Hyponatremia,	1929–1930
classification	of,	1930,	1931f
diagnosis,	1930
etiology	of,	1929–1930
incidence	of,	1929
increased	ICP	and,	1918
management	of,	1930,	1931f
screening	for,	1930
SIADH	and,	1929–1930,	1999–2000
vinca	alkaloids	and,	293

Hypopharynx
anatomy	of,	574
complications	of	treatment,	577
lesions	of,	574–575

clinical	picture,	575
staging,	575,	575t
treatment,	575–576

lymphatics,	575
outcomes	of	treatment,	576–577,	576t

Hypopigmentation,	2131–2132
Hypopituitarism,	1601
Hypothalamic	gliomas,	1587–1589
Hypothalamic–pituitary–adrenal	axis,	1344,	1346–1347,	1349
Hypothalamic–pituitary–gonadal	axis,	1115–1117,	1116f,	2134
Hypothalamic–pituitary–ovarian	axis,	2143
Hypothesis	testing,	497
Hypovolemic	hyponatremia,	1930,	2001
Hypoxanthine-guanine	phosphoribosyltransferase	(HGPRT),	273
Hypoxia

acute,	202
carbon	ion	beam	and,	211–212
cervical	cancer	and,	1178
chronic,	202
diffusion-mediated,	202
oxygen	consumption	and,	202
prognostic	value	of,	202
transient,	202

Hypoxia-inducible	factor,	308
HIF-1α,	52,	85,	114,	202,	689–690,	740

in	Birt-Hogg-Dubé	syndrome,	1018
pheochromocytoma	and,	1320
in	renal	cell	carcinoma,	1036
in	von	Hippel-Lindau	disease,	1014–1015,	1015f

HIF-2α,	85,	1036
ovarian	cancer	and,	1164–1165

Hysterectomy
for	cervical	cancer

extrafascial,	1179
irradiation	before,	1183
irradiation	following,	1181–1183
minimally	invasive,	525–526
modified	radical,	1179,	1180f,	1181
radical,	1179,	1181–1182



recurrence	after,	1191
for	endometrial	cancer,	1214
for	gestational	trophoblastic	neoplasms,	1230
minimally	invasive,	525–526,	1214
prophylactic,	408,	477
robotic-assisted,	1214
total	abdominal,	1214
for	uterine	sarcomas,	1222
for	vaginal	cancer,	1195

I

Ibandronate,	1971
Ibritumomab	tiuxetan	(Zevalin),	360t,	363,	1682
Ibrutinib,	309

for	chronic	lymphocytic	leukemia,	1769,	1770,	1793–1794,	1793t,	1796
for	hairy	cell	leukemia,	1798
for	non-Hodgkin	lymphomas,	1682–1683,	1685,	1686,	1689,	1690–1691
for	primary	CNS	lymphoma,	1726
for	Waldenström	macroglobulinemia,	1844–1845

Ibuprofen,	430,	2196,	2196t
ICE	regimen,	680,	1230,	1663
ICE-V	regimen,	680
ICON-7	trial,	1247t,	1248
Idarubicin,	282t,	283

for	acute	promyelocytic	leukemia,	1746
therapeutic	uses,	282t,	283
toxicities,	282t,	283

Idelalisib,	307,	1682–1683,	1769,	1770,	1794,	1796,	2041
IDH1,	5,	6,	17

acute	leukemias	and,	1729,	1735,	1738,	1742
cholangiocarcinoma	and,	867,	870
gliomas	and,	17,	1562–1565,	1579
prostate	cancer	and,	1077
soft	tissue	sarcomas	and,	1393

IDH2,	5,	6
acute	leukemias	and,	1729,	1735,	1738,	1742,	1746
angioimmunoblastic	T-Cell	Lymphoma	and,	1642,	1695
cholangiocarcinoma	and,	867,	870
gliomas	and,	1545,	1579
soft	tissue	sarcomas	and,	1393

Idiopathic	brachial	neuritis,	2254
Idiopathic	inflammatory	myopathies,	2005,	2256
Idiopathic	intracranial	hypertension	(IIH),	1915–1916,	1919,	1921
Idiopathic	pneumonia	syndrome,	2027
Idiopathic	thrombocytopenic	purpura	(ITP),	2075
Idiotype-keyhole	limpet	hemocyanin	(KLH)	vaccine,	1683
131I-ferritin,	858
IFL	regimen,	939,	948,	950
Ifosfamide	(IFOS),	247,	248t

activation	of,	250
adverse	effects

hemorrhagic	cystitis,	252
neurotoxicity,	253–254
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for	carcinosarcoma,	1221
cardiac	toxicity	of,	2121
for	cervical	cancer,	1192
clinical	pharmacology,	248t
for	diffuse	large	B-cell	lymphoma,	1691
doses	and	schedules,	249t
for	endometrial	stromal	sarcoma,	1224
for	Ewing	sarcoma,	1456–1457
for	extranodal	natural	killer/T-cell	lymphoma,	1697–1698
for	germ	cell	tumors,	1153t,	1157,	1599
for	gestational	trophoblastic	neoplasms,	1230
for	head	and	neck	cancer,	548
high-dose,	253–254
for	Hodgkin	lymphoma,	1663
for	leiomyosarcoma,	1436,	1437
for	mediastinal	neoplasms,	704
for	nonseminomatous	germ	cell	tumors,	709
for	osteosarcoma,	1461,	1462
for	penile	cancer,	1143
for	primary	CNS	lymphoma,	1724
pulmonary	toxicity,	2111
reproductive	dysfunction	and,	2135,	2135t
for	small-cell	lung	cancer,	679–680
for	soft	tissue	sarcomas,	1424,	1426,	1432–1435
for	synovial	sarcomas,	1436
synthesis	of,	255
for	teratomas,	708
therapeutic	uses,	248t
toxicities,	248t,	252,	253–254
for	urethral	cancer,	1138

IGF2,	86,	908,	909,	915,	1320–1321,	1345,	1389,	1406–1407
IGFRII,	715
IGH

in	Burkitt	lymphoma,	1636
in	diffuse	large	B-cell	lymphomas,	1639
in	mantle	cell	lymphoma,	1636
in	marginal	zone	lymphoma,	1641
translocations,	1634

IGH-BCL2	translocations,	35,	36f,	1634
IGH-CCND1	translocations,	35
IGHV	mutations,	1767–1769,	1785–1786
IGSF4,	1165
IKAROS	mutations,	1735,	1751
IKZF1,	1735,	1751
IKZF3,	1786
Ileal	carcinoid,	886f,	1371–1372
Ileal	pouch-anal	anastomosis	(IPAA),	413–414
Ileorectal	anastomosis	(IRA),	413–414,	415,	416
Ileostomy,	413
Iliac	lymph	nodes,	1536
131I-lipiodol,	850,	858
Illness

preventing,	communication	about,	2238–2239
state	of,	2239

Illumina	HiSeq2000,	6t,	7f



Illumina/Solexa,	5
IMA901	vaccine,	1036
Image-guided	radiation	therapy	(IGRT)

charged	particle	beams	and,	212
for	non–small-cell	lung	cancer,	635
for	prostate	cancer,	1101–1103
systems	used	in,	206–210,	209f

Imaging,	precision	oncology	and,	193–194,	193f
Imatinib	mesylate	(Gleevec,	Glivec),	297,	300t

for	acute	lymphoblastic	leukemia,	1756
adverse	effects,	1777
for	anaplastic	thyroid	carcinoma,	1333
approval	of,	303
availability	and	price,	1777
carcinogenicity	of,	2157
for	chronic	myeloid	leukemia,	20,	28,	190,	240–241,	301–302,	1776–1781
comparison	with	other	TKIs,	1779–1780,	1780f
for	cranial	chordomas	and	chondrosarcomas,	1607
for	dermatofibrosarcoma	protuberans,	1492–1493
for	desmoid	fibromatosis,	1390
for	desmoid	tumor,	1437
development	of,	301–302
diarrhea	associated	with,	2087
dosage,	1779
food	effects	on,	236t
for	gastrointestinal	stromal	tumors,	301–302,	900–904,	901f,	904f
for	giant	cell	tumor,	1407
hair	changes	with,	2131–2132
herb–drug	interactions,	2271
for	hypereosinophilic	syndrome,	302
mechanism	of	action,	301,	1776–1777
for	meningiomas,	1595
pharmacogenomics	of,	240–241
pulmonary	toxicity,	2113t
resistance,	28,	301,	1777–1778
for	salivary	gland	tumor,	588
secondary	resistance	to,	902,	903,	904
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	684
for	soft	tissue	sarcomas,	1384,	1435

IMCgp100,	374t,	382
Imidotecan,	281
Imipramine	(Tofranil),	2234t
Imiquimod	(Aldara),	381,	999,	1141

for	actinic	keratoses,	1487
for	basal	cell	carcinoma,	1482
for	melanoma,	1530,	1533
for	skin	cancer,	1475,	1478

Immature	teratomas,	708,	709,	1147
Immonium	ions,	247f
ImmTACs,	374t,	382
IMMU-140,	285t
Immune	checkpoint	activators,	371t–372t,	377

anti-CD27,	372t,	377
anti-CD40,	372t
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anti-CD137,	372t,	377
anti-GITR,	371t,	377
anti-ICOS,	371t,	377
anti-OX40,	371t–372t,	377

Immune	checkpoint	inhibitors,	221–227,	370,	370t,	371,	374–376,	375f,	452
anti-B7-H3,	371t,	376
anti-CD73,	371t,	376
anti–CTLA-4,	19,	28,	53,	73–74,	221–223,	242,	375,	452

approval	and	indictions,	221,	222t
for	brain	metastases,	1940
for	cancer	of	unknown	primary	site,	1862
diarrhea	associated	with,	2087,	2089–2090
GM-CSF	addition	to,	220–221
for	head	and	neck	squamous	cell	carcinoma,	539,	549–550
for	hepatocellular	carcinoma,	860
infection	risk	and,	2040
for	lung	cancer,	615
for	melanoma,	222t,	223,	1505,	1538–1539,	1544–1547,	1544t,	1545f
for	mesothelioma,	1880–1881
pulmonary	toxicity,	2111,	2114t,	2116,	2116t
radiation	sensitivity	and,	204
for	renal	cell	carcinoma,	1036
for	small-cell	lung	cancer,	681–682,	686
T-VEC	addition	to,	220
for	uveal	melanomas,	1906

anti-KIR,	371t,	376
anti–LAG-3,	371t,	376,	1166
anti–PD-1/PD-L1,	221–227,	242,	369,	375,	452

approval	and	indictions,	221,	222t–223t
for	bladder	cancer,	1055,	1067
for	brain	metastases,	1940
for	breast	cancer,	1306
for	cancer	of	unknown	primary	site,	1862
for	cervical	cancer,	222t,	227,	1192–1193
dosing,	227
for	endometrial	cancer,	1219,	1220
for	esophageal	cancer,	753
for	follicular	lymphoma,	1683
for	gastric	cancer,	222t,	227
for	germ	cell	tumors,	1157
for	glioblastoma,	1587
for	head	and	neck	squamous	cell	carcinoma,	222t,	226,	539,	549–550
for	hepatocellular	carcinoma,	222t,	227,	860
for	Hodgkin	lymphoma,	222t,	225–226,	1661,	1663,	1666,	1666t
immunogenomics,	17
infection	risk	and,	2040
for	large	cell	neuroendocrine	carcinoma,	691
liquid	biopsies	monitoring,	19
for	lung	cancer,	615
mechanism	of	action,	53
for	mediastinal	neoplasms,	706
for	melanoma,	222t,	223–224,	1505,	1539,	1544,	1544t,	1545f,	1547–1548
for	Merkel	cell	carcinoma,	223t,	226–227,	1491
for	mesothelioma,	1880–1881
microbiota	and,	74



for	mismatch-repair	deficient	of	microsatellite	instability-high	cancers,	222t,	225
molecular	diagnostics	and,	28,	34–35,	37,	39,	40f,	53
for	non–small-cell	lung	cancer,	222t–223t,	224–225,	242,	637,	646–648,	651–652
for	osteosarcoma,	1463
for	ovarian	cancer,	1166,	1253–1254,	1254t,	1255
for	penile	cancer,	1143
precision	medicine,	186,	189
for	primary	CNS	lymphoma,	1726
for	primary	mediastinal	B-cell	lymphoma,	222t,	227,	1693
for	prostate	cancer,	1127
pulmonary	toxicity,	2111,	2114t,	2116,	2116t
radiation	sensitivity	and,	204
for	renal	cell	carcinoma,	221,	222t,	225,	1034,	1035t
for	small-cell	lung	cancer,	681–682,	686
for	soft	tissue	sarcomas,	1432
for	squamous	cell	carcinoma,	1488–1489
for	stomach	cancer,	787–788
for	thyroid	cancer,	1333
T-VEC	addition	to,	220
for	urothelial	cancers,	222t–223t,	226
for	uterine	leiomyosarcoma,	1223
for	uveal	melanomas,	1906
for	vaginal	cancer,	1198

anti-TIGIT,	371t,	376
anti-TIM,	371t,	376
anti-VISTA,	376
approved	agents,	218
clinical	trials,	371t
combination,	223–224,	225
inflammatory	mediators	and,	114
mechanism	of	action,	374–375
toxicities,	375–376

Immune	effector	cells,	378–379
Immune	inflammatory	cells,	55f,	56,	115–116
Immune-mediated	toxicity,	1255
Immune-mobilizing	monoclonal	TCRs	against	cancer	(ImmTACs),	374t,	382
Immune	priming,	1031
Immune	response.	See	also	Immunotherapy

in	ovarian	cancer,	1165–1166,	1255
to	radiation,	202–203,	214

Immune	status	of	tumor,	17,	17f
Immune	surveillance,	52–53
Immunochemoprevention,	436–437
Immunoconjugates,	360t,	362–363
Immunocytokine	conjugates,	362
Immunocytokines,	374t,	382
Immunoediting,	52
Immunoembolization,	1906
Immunofluorescence,	528
Immunogenic	tumor	cell	death,	202–203
Immunogenomics,	16–17,	17f
Immunoglobulin	enhancer	loci,	1731t
Immunoglobulin	light	chain	(AL)	amyloidosis,	1820t,	1845–1848,	2013

diagnosis	of,	1846–1847
immunohistochemistry	of,	1845,	1846f
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prognosis	of,	1847
staging,	1847,	1847t
treatment	of,	1847–1848,	1848f

Immunoglobulin	receptors,	361–362
Immunoglobulins

cell-mediated	cytotoxicity,	361–362,	361f
complement-dependent	cytotoxicity,	362
description	of,	359
functional	domains	of,	359
glycosylation,	361
quantitation	of,	1823
structure	of,	359,	360f

Immunohistochemistry,	28.	See	also	specific	cancers	and	markers
biomarkers,	39–40,	528

Immunoproliferative	small	intestinal	disease	(IPSID),	884,	891
Immunoproteasome	subunits,	320,	329–330
Immunosuppression

from	alkylating	agents,	253
anal	cancer	and,	998
atypical	fibroxanthoma	and,	1496
cervical	cancer	and,	1172
CNS	lymphoma	and,	1568
for	myelodysplastic	syndromes,	1812
non-Hodgkin	lymphoma	and,	1672
nonmelanoma	skin	cancer	and,	1483
small	bowel	cancer	and,	884

Immunotherapy,	16–17,	28,	218–227,	369–384.	See	also	specific	agents
adoptive	cell	therapy,	16,	221,	370,	370t,	382,	383f
for	anal	cancer,	1009
approaches	to,	370t
approved	agents,	218
for	brain	metastases,	1939–1941,	1941t
for	breast	cancer,	1306
for	cancer	of	unknown	primary	site,	1862
for	cervical	cancer,	1192–1193
checkpoint	inhibitors	(See	Immune	checkpoint	inhibitors)
chimeric	antigen	receptor	T-cell	therapy,	370t,	383–384,	384f,	870
for	chronic	lymphocytic	leukemia,	1795–1796
clinical	origins	of,	218
clinical	response	in,	assessing,	502t,	503
clinical	trials,	371t–374t
for	colorectal	cancer,	944
complications	of,	2250
diarrhea	induced	by,	2087,	2089–2090
epigenetics	and,	318
for	esophageal	cancer,	751–753
for	glioblastoma,	1587
granulocyte-macrophage	colony-stimulating	factor,	220–221
for	hepatocellular	carcinoma,	860
immune	effector	cell	activation	in,	378–379
innate	immune	modulation	in,	370t,	381
interferon-α,	218–219
interleukin-2,	219–220
for	malignant	ascites,	1995–1997,	1996t
for	mediastinal	neoplasms,	706



for	melanoma,	1505–1506
for	Merkel	cell	carcinoma,	1491
for	mesothelioma,	1880–1881
microbiota	and,	71–73
microsatellite	instability	analysis,	34–35
for	multiple	myeloma,	1831
for	mycosis	fungoides/Sézary	syndrome,	1713t
oncolytic	viruses	in,	370t,	371t,	377–378
for	ovarian	cancer,	1166–1167,	1253–1255
for	pancreatic	cancer,	804,	829
personalized	neoantigen	in,	370–376,	371t
platinum	compounds	and,	260
as	primary	pillar	of	cancer	treatment,	369
principles	of,	369
for	prostate	cancer,	1114,	1125–1126
radiation	sensitivity	and,	204
for	renal	cell	carcinoma,	1033,	1035–1037,	1038
signaling	modulation	in,	372t,	379
for	soft	tissue	sarcomas,	1432,	1439
soluble	factors	in,	373t–374t,	380
for	squamous	cell	carcinoma,	1488–1489
for	stomach	cancer,	787–788
talimogene	laherparepvec,	220
tumor	antigens,	360–361,	369–370,	382,	450–451,	450t
tumor	immunogenicity	in,	218
for	uveal	melanomas,	1906
vaccines,	227,	370–376,	370t,	371t,	444–453

Immunotoxins,	362
IMO-2125,	381
Implantable	devices,	514–516,	514f
Implantable	drug	delivery,	2201
Implantable	infusion	pumps,	515–516
Implantable	ports,	514t,	515–517,	515f
INCAGN01876,	371t
INCAGN01949,	372t
INCB001158,	373t
Incessant	ovulation	hypothesis,	1232
Incidence

data	sources,	161
demographic	factors	affecting	risk,	165–170
geographic	and	temporal	variations,	160–161
global,	160–181
migrant	studies,	160,	161t
patterns	for	common	cancers,	173–180
temporal	trends,	170–173,	180–181

Incidence	density,	153
Incidence	density	ratio,	153
Incidence	rates,	164,	164f,	165t
Incident	pain,	2191–2192
Inclusion	body	myositis,	2005
Incontinent	urinary	diversion,	1056
Indels,	10,	25–26,	27
Indenoisoquinolines,	277–278,	279f,	281
Individual-based	trials,	153f
Indocyanine	green	(ICG)	test,	848



Dr. AVR @ TMH

Indoleamine	2,3-dioxygnease	(IDO),	369,	380,	452
Indoleamine	2,3-dioxygnease	(IDO)	inhibitors,	373t,	380
Indomethacin,	430,	2100
Indotecan,	281
Indoximod,	373t
Inducible	T-cell	costimulator	(ICOS),	371t,	377
Induction	chemotherapy.	See	also	Chemotherapy;	Stem	cell	transplantation;	specific	regimens

in	esophageal	cancer,	733–736,	734f,	734t
in	head	and	neck	cancer,	551–552
in	non–small-cell	lung	cancer,	646–647
in	small-cell	lung	cancer,	678

Indwelling	peritoneal	catheters,	1992,	1993,	2244
Indwelling	pleural	catheter	(IPC),	1985,	1986–1987,	1986f,	1987f
Infantile	fibrosarcoma,	1387t
Infants,	melanoma	in,	1515
Infections.	See	also	specific	infections

abdominal,	2056–2057
anorectal,	2056–2057
in	cancer	patients,	2036–2062
catheter-related,	518,	1987,	2047t,	2051
central	nervous	system,	2057–2059
fever	and	neutropenia	in,	2043–2047
gastrointestinal,	2056–2057
genitourinary,	2059
immune	augmentation	for,	2050–2051
immunomodulatory	agents	and,	2039–2041
intrinsic	host	factors	in,	2036
malignancy-related	factors,	2037t
multidrug-resistant	organisms,	2059–2062
multiple	myeloma	and,	1838
neurosurgical	procedure–related,	2057
oral,	2094
oropharyngeal,	2056
prevention	of,	2041–2043
prophylaxis,	2038t–2039t,	2041–2043
pulmonary	infiltrates,	2053–2055
respiratory	tract,	2046t,	2052–2053
risk	factors	for,	2036–2041,	2037t
skin,	2051–2052
soft	tissue	infections,	2051–2052
stem	cell	transplantation	and,	2008–2009,	2025–2027,	2036–2037
surgical	intra-abdominal,	2057
treatment-related	factors,	2036,	2037t

Infectious	agents,	445–446
cancer	types	and	percentages	attributed	to,	445,	445t
lymphoma	and,	1635
malignant	ascites	and,	1996
new	cancer	cases	caused	by,	445,	446t

Inferior	mesenteric	artery	(IMA),	924
Inferior	vena	cava	thrombus,	1029–1030,	1030f
Infiltrating	ductal	carcinoma,	1274
Infiltrative	basal	cell	carcinoma,	1479,	1480f,	1481
Inflammasomes,	118–119
Inflammation,	114–119

in	angiogenesis,	118



cellular	mechanisms	of,	118
description	of,	114
diet	and,	920
endoscopic	surgery	and,	520
in	epithelial–mesenchymal	transition,	118
molecular	mechanisms	of,	118–119
pathogen	and,	114,	115t
targeted	therapies	and,	119
transcription	factors,	118
in	transformation,	118
tumor-extrinsic,	114–115
in	tumor	growth	and	survival,	118
tumor-intrinsic,	114
tumor-promoting,	53,	53f,	54

Inflammatory	bowel	disease	(IBD),	884
Inflammatory	breast	cancer	(IBC),	1287,	1302
Inflammatory	cells,	55f,	56,	115–116
Inflammatory	mediators,	114,	116–118
Inflammatory	myofibroblastic	tumors	(IMT),	1387t,	1406
Infliximab,	2040–2041,	2090,	2103
Influenza,	2027,	2052
Influenza	vaccine,	1838,	2052
Information

cancer	websites,	2232
communication	of,	2240

Information	bias,	155
Informative	censoring,	508f
Informed	consent,	457
Infrahyoid	epiglottis,	569
Infusion	pumps,	implantable,	515–516
Ingenol	mebutate,	1478,	1487
Inguinal	lymph	nodes,	1142–1143,	1536,	1861
Inhibin,	1857t
Iniparib,	335
INK4a,	1384,	1502–1503,	1505,	1864,	1865
Innate	immune	modulation,	370t,	381
Innate	immune	response,	to	radiation,	199
Inotuzumab	ozogamicin	(Besponsa),	360t,	363,	365,	1757
111In-pentetreotide	imaging,	886
Insomnia,	2152,	2235
Institute	of	Medicine	(IOM)

report	on	psychosocial	well-being,	2270
survivorship	care	plan,	2184,	2184t

Insulin,	1357,	1362,	2002–2003,	2215
Insulin-like	growth	factor	1	(IGF-1),	134,	345,	921–922

in	Ewing	sarcoma,	1459
in	hypoglycemia,	2002
in	lung	cancer,	613,	684
in	pituitary	adenomas,	1600–1601
in	weight	loss	and	malnutrition,	2215

Insulin-like	growth	factor	2	(IGF-2),	921–922,	2002–2003.	See	also	IGF2
Insulinoma-associated	1	(INSM1),	671
Insulinomas,	1362–1363

advanced,	1362–1363
diagnosis	and	management,	1362–1363
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hypoglycemia	and,	1362–1363,	2002–2003
localized,	1362
in	multiple	endocrine	neoplasia	type	1,	1379

Integrative	genomic	analysis,	15–16
Integrative	medicine.	See	Complementary	and	integrative	medicine	(CIM)
Integrative	oncology	model,	2269,	2270f
Integrin-associated	protein	(CD47),	381
Integrins,	αvβ6,	868
Intensity-modulated	proton	therapy	(IMPT),	210

for	endometrial	cancer,	1220
shrinking	field	technique,	212

Intensity-modulated	radiation	therapy	(IMRT)
for	anal	cancer,	1005,	1005f
beam	intensity	patterns,	205–206
carcinogenicity,	2156
for	cervical	cancer,	1185–1186,	1185f
clinical	applications,	211
for	CNS	neoplasms,	1575–1576,	1576f
for	craniopharyngiomas,	1602
for	esophageal	cancer,	747
for	ethmoid	sinus,	583
fractures	with,	1430–1431
for	head	and	neck	cancer,	546
isodose	distribution,	209–210,	210f
for	medulloblastoma,	1597
for	mesothelioma,	1876,	1882–1883
for	nasal	cavity,	582
for	non–small-cell	lung	cancer	treated,	633–635
for	paragangliomas,	584
for	pituitary	adenomas,	1601
for	prostate	cancer,	1101–1103,	1104,	1105
for	small-cell	lung	cancer,	675–676
for	soft	tissue	sarcomas

extremity	or	truncal,	1421,	1423,	1426–1427
retroperitoneal,	1428–1429,	1430

for	stomach	cancer,	782
for	tonsil	cancer,	564–566
toxicity	reduction	with,	1104,	1105
treatment	planning,	209–210,	209f
for	vaginal	cancer,	1196
for	vulvar	cancer,	1203
wound	complications,	1430
xerostomia	reduction	in,	598

Intention-to-treat	analysis,	496,	506
Interaction,	in	epidemiologic	studies,	155
Interaction	modification,	155
Intercalators,	278,	281,	339
Interferon(s),	116,	117t,	218,	378

for	bladder	cancer,	1054
cardiac	toxicity,	2120t
for	hepatocellular	carcinoma,	858
for	malignant	ascites,	1996
mechanism	of	action,	218
for	melanoma,	1537–1538
for	osteosarcoma,	1462



for	renal	cell	carcinoma,	1035–1036
for	skin	cancer,	1475,	1478
stimulator	of	genes	(STING),	373t,	381
for	uveal	melanomas,	1905,	1906

Interferon-α,	116,	218–219,	378
for	adult	T-cell	leukemia/lymphoma,	1698
for	bladder	cancer,	1055
depression	and,	2234
for	hairy	cell	leukemia,	218
for	hepatitis	B,	109
for	hepatitis	C,	110,	111
for	Kaposi	sarcoma,	218
for	mantle	cell	lymphoma,	1688
mechanism	of	action,	218
for	melanoma,	218–219,	1533,	1538,	1543t,	1551–1552
for	multiple	myeloma,	1834
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1715,	1717
for	neuroendocrine	tumors,	1374
for	nonmelanoma	skin	cancer,	1478
pegylated,	1538
pulmonary	toxicity,	2114t
recombinant	formulations,	218
for	renal	cell	carcinoma,	218
reproductive	dysfunction	and,	2135t
for	small	bowel	carcinoid	tumors,	891
for	uveal	melanomas,	1906

Interferon-α2b,	218,	850,	1538,	1595,	1996
Interferon-β,	116,	1996,	2114t
Interferon-γ,	17,	116,	118

alcohol-induced	hepatocarcinogenesis	and,	845
cancer	cachexia	and,	2214
esophageal	cancer	and,	753
mycosis	fungoides/Sézary	syndrome	and,	1709
nonmelanoma	skin	cancer	and,	1478
proteasomes	and,	320
squamous	cell	carcinoma	and,	1483

Interferon	regulatory	factor	4/multiple	myeloma	oncogene	1,	1649
Intergroup	Melanoma	Trial,	1524
Interim	analyses,	phase	III	trials,	496–497,	496t
Interleukin(s),	116,	117t

diet	and,	920
IL-1,	116

cancer	cachexia	and,	2214
diffuse	large	B-cell	lymphoma	and,	1639–1640
graft-versus-host	disease	and,	2096
oral	mucositis	and,	2096

IL-1β,	1822
IL-2,	219–220,	378

in	adoptive	cell	therapy,	382
biochemotherapy,	219
biomarkers	for	outcome,	219
for	follicular	lymphoma,	1683
for	hepatocellular	carcinoma,	858
high-dose,	378–379
infection	risk	and,	2040
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mechanism	of	action,	219
for	melanoma,	219–220,	1533–1534,	1548,	1551–1552
for	metastatic	disease,	219
for	mycosis	fungoides/Sézary	syndrome,	1715
pulmonary	toxicity,	2117
recombinant	production,	219
for	renal	cell	carcinoma,	219–220,	1034,	1035–1036
squamous	cell	carcinoma	and,	1483
variant	molecules,	372t,	378–379

IL-3,	2070t
IL-4,	50,	1708
IL-5,	1708
IL-6,	50,	116,	369

asbestos	and,	131
ascites	and,	1991
cancer	cachexia	and,	2214,	2215
Fusobacterium	and,	69
graft-versus-host	disease	and,	2096
liver	cancer	and,	840
multiple	myeloma	and,	1820,	1822
mycosis	fungoides/Sézary	syndrome	and,	1708
radiation	toxicity	and,	214,	2109
skin	cancer	and,	1478
STAT3	signaling	and,	118
transformation	and,	118

IL-8,	50
asbestos	and,	131
ovarian	cancer	and,	1164
skin	cancer	and,	1478

IL-10,	115,	369,	379
clinical	trials,	372t
mycosis	fungoides/Sézary	syndrome	and,	1708
ultraviolet	light	and,	130

IL-11,	2070t,	2075
IL-12

microbiota	and,	71–73
for	mycosis	fungoides/Sézary	syndrome,	1715
skin	cancer	and,	1478

IL-13,	mycosis	fungoides/Sézary	syndrome	and,	1708
IL-15,	372t,	379
IL-18,	118
IL-22,	115
IL-33,	116
IL-35,	115

Interleukin-17B	receptor	(IL17BR),	1265
Intermediate	nodes,	924
Intermittent	androgen	deprivation,	1122,	1123f
International	Agency	for	Research	on	Cancer	(IARC),	92,	103,	121,	122t,	131,	161,	445
International	Cancer	Genome	Consortium	(ICGC),	13,	14
International	Classification	of	Diseases	for	Oncology,	161
International	Index	of	Erectile	Function	(IIEF),	2226
International	Prognostic	Index,	1678–1679,	1678t,	1679t,	1680,	1688
International	Prognostic	Scoring	System,	1658–1659,	1658t,	1802,	1808,	1809t
International	Working	Group	(IWG),	503
Internet



cancer	information	websites	on,	2232
information	available	on,	2240

Interspinal	analgesia,	2207
Interstitial	cell	of	Cajal,	895
Interstitial	irradiation,	558
Interstitial	pneumonitis,	252–253
Interstrand	cross-link	repair,	333
Intestinal	crypts,	mouse,	910–911
Intestinal	metaplasia,	715,	715f
Intestinal	stem	cells	(ISCs),	887,	888f,	907,	910–911
Intimacy,	disruption	of,	2225
Intra-abdominal	sarcomas,	prognostic	factors,	1418,	1418f
Intracranial	pressure	(ICP),	increased,	1916–1921

clinical	presentation,	1917–1919
CNS	neoplasms	and,	1571,	1916–1917
diagnosis,	1919–1920
epidemiology,	1917
imaging	of,	1919–1920,	1919f
pathogenesis,	1917
pathomechanisms	of,	1916
pathophysiological	issues,	1917
treatment,	1920–1921

Intracranial	tumors,	1571–1572
Intracranial	volume,	1916
Intracytoplasmic	sperm	injection	(ICSI),	2140–2143,	2221
Intraductal	papillary	mucinous	neoplasms	(IPMNs),	801,	805,	806f,	808
Intraepithelial	neoplasias,	423,	423t
Intrahepatic	cholangiocarcinoma,	842,	865,	866,	867–870

adjuvant	therapy	for,	869
algorithm	for,	868f
chemotherapy	for,	869
clinical	presentation	of,	867–868
diagnosis	of,	867–868
differential	diagnosis	of,	868
immunohistochemistry	of,	868
incidence	and	etiology,	867
liver	transplantation	for,	869
local-regional	therapies	for,	869
management	of,	868–870
radiation	therapy	for,	869,	869f
staging	of,	868,	868t
surgical	resection,	869

Intrahepatic	cholangiocellular	carcinoma,	842,	865,	866.	See	also	Intrahepatic	cholangiocarcinoma
In-transit	metastases,	in	melanoma,	1532,	1532f,	1533
Intraocular	melanoma.	See	Uveal	melanomas
Intraoperative	radiotherapy	(IORT)

for	cholangiocarcinoma,	876
for	rectal	cancer,	990–991
for	soft	tissue	sarcomas,	1427,	1428–1429
for	stomach	cancer,	779,	782

Intraoral	cone	irradiation,	558
Intraperitoneal	chemotherapy

for	appendiceal	malignancy,	1893
for	colorectal	cancer,	943–944,	1893–1894
diarrhea	induced	by,	2086
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for	malignant	ascites,	1992,	1994–1995,	1995t,	2245
for	ovarian	cancer,	1242–1243,	1242f,	1896,	1897f,	1994–1995
for	peritoneal	mesothelioma,	1894
for	peritoneal	metastases,	1890,	1891–1892,	1994–1995
for	small	bowel	cancer,	888,	892
for	stomach	cancer,	776,	788–789,	1895

Intrapleural	local	anesthetics,	2205–2206
Intrastrand	cross-link	repair	(ICR),	259,	333
Intrathecal	analgesia,	2201
Intrathecal	chemotherapy,	1578,	1942
Intratubular	germ	cell	neoplasia	(ITGCN),	1145,	1147–1148
Intrauterine	device	(IUD),	1171
Intravascular	large	B-cell	lymphomas,	1691–1692
Intravenous	leiomyomatosis,	1409
Intravenous	local	anesthetics,	2205
Intravenous	urogram,	1068
Intravesical	drug	therapy,	1054–1055
Intrinsic	resistance,	20
Intussusception,	885,	885f,	1541,	1542f
Invasion,	as	cancer	hallmark,	49–51
Invasive	aspergillosis,	2048–2050
Invasive	candidiasis,	2048
Invasive	ductal	carcinoma,	1274
Invasive	mole,	1227
Inverted	papillomas,	580–581,	582,	583
In	vitro	fertilization	(IVF),	2141–2142
In	vivo	models,	188–189,	188f
Involved-field	radiation	therapy	(IFRT),	1655,	1655f
Involved-node	radiation	therapy	(INRT),	1655
Involved-site	radiation	therapy	(ISRT),	1654–1655,	1655f
Iodine,	pleurodesis	via,	1985
Iodine-125	(125I),	211t,	212,	1106
Iodine-131	(131I),	1327,	1332
Iodine-131	(131I)-labeled	antibodies,	363
Ionizing	radiation	(IR),	125–128.	See	also	Radiation	therapy

acute	leukemias	and,	1742
bone	sarcomas	and,	1451
brain	tumors	and,	1568
cancer	risks	associated	with,	127–128,	622
carcinogenicity,	2155–2157,	2156f
cell	cycle	effects,	127,	196–197,	197f,	202
cell	death	caused	by,	127,	127f,	200–201,	200f,	214
cell	survival	and,	200–201,	200f,	201f
cellular	responses	to,	127,	127f,	196–201,	197f
damage	induction	mechanisms,	126–127
definition	of,	126
DNA	damage	caused	by,	125,	126,	126f,	196,	197f
DNA	repair,	127,	197–199,	198f
dose-rate	effects,	201
innate	immune	response	to,	199
linear	energy	transfer,	126,	196,	197f
membrane	signaling	and,	199–200
mesothelioma	and,	1866
metabolic	effects	of,	199
normal	tissue	response	to,	200–201



protein	damage	caused	by,	126–127
radiation	biochemistry,	126,	126f
radon,	128,	622,	867
relative	biologic	effectiveness,	201–202
second	cancers	caused	by,	128
soft	tissue	sarcoma	and,	1401
threshold	doses,	200,	200f
thyroid	cancer	and,	1327

Ion	Torrent,	5
IPASS	study,	303
IPd	regimen,	1836f
IPI-549,	372t
Ipilimumab,	223,	375

for	anal	cancer,	1009
approval	and	indications,	222t,	223,	375
black	box	warning,	1546
for	brain	metastases,	1940,	1941t
for	cancer	of	unknown	primary	site,	1862
diarrhea	associated	with,	2087,	2089–2090
GM-CSF	addition	to,	220–221
infection	risk	and,	2040
for	lung	cancer,	615,	652,	681–682,	686
for	melanoma,	222t,	223,	375,	1538–1539,	1543,	1543t,	1544–1547,	1544t,	1546t
for	mesothelioma,	1881
for	osteosarcoma,	1463
for	ovarian	cancer,	1253
pulmonary	toxicity,	2114t,	2116
radiation	sensitivity	and,	204,	213
for	renal	cell	carcinoma,	1036
for	small	bowel	adenocarcinoma,	890t
for	soft	tissue	sarcomas,	1432
for	stomach	cancer,	787–788
T-VEC	addition	to,	220
for	uveal	melanomas,	1906

IRd	regimen,	328,	1829t,	1836f
iRECIST	for	immunotherapy,	502t,	503
Iressa.	See	Gefitinib
IRF4,	1786
Iridium-192	(192Ir),	211t,	746
Iridociliary	melanomas,	1904
Irinotecan,	278–279,	280t

administration	of,	278–279
for	cancer	of	unknown	primary	site,	1861
for	cervical	cancer,	1192
cetuximab	with,	363,	956,	956t
for	colorectal	cancer,	939–940,	943,	947–948,	947–952,	948t,	950t,	951t
description	of,	278
diarrhea	induced	by,	2086
for	esophageal	cancer,	278,	736,	744–745,	749,	751,	752
for	Ewing	sarcoma,	1458,	1459
5-FU/leucovorin	with,	951t
5-FU	with,	948,	948t
for	gastric	cancer,	786
gemcitabine	with,	1861
for	glioblastoma,	1586
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for	head	and	neck	cancer,	548
hepatotoxicity	of,	1962
for	liver	metastases,	1960,	1962
microbiota	and	metabolism	of,	70–71
nanoliposomal,	281
for	neuroendocrine	carcinoma,	1364
for	non–small-cell	lung	cancer,	646,	653
oxaliplatin	and	5-FU	with,	278
oxaliplatin	with,	951t
for	pancreatic	cancer,	819,	825,	826–828,	829
for	rectal	cancer,	988
for	small-cell	lung	cancer,	678,	679t,	681,	682t,	685
for	stomach	cancer,	783,	785
structure	of,	278,	279f
therapeutic	uses,	278,	280t
toxicities,	279,	280t

Irish	node,	765
Iris	melanomas,	1900,	1900f,	1904
Iron	chelation,	1812,	2120
Iron	supplements,	2091
IROX	regimen,	for	colorectal	cancer,	950
Irreversible	electroporation	(IRE),	852–853
Isatuximab,	1831
Isavuconazole,	2050,	2053
Ischemic	colitis,	2087
Iseganan	hydrochloride,	556
Isocitrate	dehydrogenase	(IDH).	See	also	IDH1;	IDH2

acute	myeloid	leukemia	and,	1746
epigenetic	therapy	and,	318
gliomas	and,	17,	1562,	1563,	1564–1565,	1579
prostate	cancer	and,	1078

Isodose	distributions,	209–210,	210f
Isolated	limb	perfusion,	1426,	1533
Isolation,	and	psychological	issues,	2232–2233
Isoniazid,	gallbladder	cancer	and,	877
Isotopes,	radioactive,	210–211,	211t
Isotretinoin,	1489
Ispaghula,	2092t
Ispinesib,	295
Itacitinib,	372t
ITD,	1734,	1739–1740,	1743,	1748f
Itraconazole,	345t,	2042
Ixabepilone,	294

for	breast	cancer,	1305
for	carcinosarcoma,	1221t
characteristics	of,	294
dosages,	289t
for	endometrial	cancer,	1219
indications,	289t
toxicities,	289t

Ixazomib,	1829t,	1830
Ixazomib/MLN	9708,	320–321,	321t,	327t,	328



J

Jacobson’s	nerve	tumors,	584
Janus	kinase	1	(JAK1),	17

acute	leukemias	and,	1737
anaplastic	large	cell	lymphoma	and,	1643
melanoma	and,	1508
proteasome	inhibitors	and,	329–330

Janus	kinase	2	(JAK2),	17,	26t,	30,	33,	715
acute	leukemias	and,	1737
chronic	myeloid	leukemia	and,	1766
Hodgkin	lymphoma	and,	1650
melanoma	and,	1508
myelodysplastic	syndromes	and,	1803
primary	mediastinal	B-cell	lymphoma	and,	1640–1641

Janus	kinase	3	(JAK3),	acute	leukemias	and,	1737
Janus	kinase	inhibitors,	2041
Japanese	arrowroot,	236t
Japanese	staging	system,	767,	768t,	770,	770f
Japan	Integrated	Staging	(JIS)	score,	847
Jaundice,	765,	812,	867–868,	870,	875,	878,	925
Jaw,	osteonecrosis	of,	1837–1838,	1931,	2095
Jaw	stretching	devices,	2262–2263,	2262f
JC	virus,	103
JC	virus	encephalopathy,	2040,	2059
Jewish	ancestry,	472,	1164,	1269
JM216,	257f,	258
JM335,	257f,	258
JNJ-61186372,	374t
JTX-2011,	371t
JumonjiC,	614
JUN

liposarcomas	and,	1390,	1408
melanoma	and,	1501

c-Jun	amino-terminal	kinase	(JNK)
anti-inflammatory	drugs	and,	429
platinum	agents	and,	259–260

Juvenile	granulosa	cell	tumor	(JGCT),	1239
Juvenile	polyposis	syndrome,	911t,	923

K

K0706,	1782
Kahler	disease.	See	Multiple	myeloma	(MM)
Kallikrein	markers,	1094,	1372
Kaolin-pectin,	2104
Kaplan-Meier	method,	for	survival	distribution,	497,	497t
Kaplan-Meier	plots,	506–507,	509f
Kaposi,	Moritz,	105
Kaposi	sarcoma

in	adolescents	and	young	adults,	1617
clinical	manifestations	of,	105,	106f
esophageal	involvement,	723
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geographic	variations	in,	169,	171f
herpesvirus,	99t,	100,	105–107,	445
history	and	epidemiology	of,	105
lymphoproliferative	disorders	caused	by,	106–107
treatment	of,	interferon-α,	218
vaccine	development,	449

Karyotyping,	28
Kataegis,	9
Kava	(Piper	methysticum),	236,	236t,	2272
KCd	regimen,	1828t
KCNJ5	mutations,	1319–1320
KDM5C,	1015
KDM6A,	1044,	1561–1562,	1562f
KDM	lysine	demethylases,	614,	1015,	1044,	1561–1562,	1562f
KDR,	1393,	1410
Kd	regimen,	1828t
KEAP1,	616,	1017
Kegel	exercises,	2223
Keratinocyte	growth	factors,	2099,	2101
Keratinocytes,	537,	1484–1486,	1485f
Keratoacanthomas,	305,	556,	1483
Kernohan	syndrome,	1918
Ketamine,	2104,	2204
Ketoconazole

for	ACTH-secreting	tumors,	1363
for	adrenal	tumors,	1349,	1351
for	Cushing	syndrome,	2002
drug	interactions,	235
for	oral	candidiasis,	2101
for	pituitary	adenomas,	1601
for	prostate	cancer,	1113,	1117,	1121,	1124

Ketoprofen,	430,	2196t
Ketorolac,	431,	2196t
KIAA1549,	1562
Kidney

cystic	lesions	of,	1022
radiation	tolerance,	214t
small	masses	of,	1024
stem	cell	transplantation	and,	2028
supplements	toxic	to,	2271
toxicity	of	alkylating	agents,	252

Kidney	cancer,	1020–1038.	See	also	Renal	cell	carcinoma	(RCC)
active	surveillance	in,	1020,	1027t,	1028–1029
Birt-Hogg-Dubé	syndrome	and,	1014,	1017t,	1018,	1023,	1025t
clinical	presentation	of,	1021–1022
computed	tomography	of,	1022,	1022f
demographics	of,	1020
epidemiology,	1014,	1020
etiology,	1020
future	directions,	1038
genetic	basis	of,	1016f,	1023–1024
geographic	variations	in,	170,	1020
hereditary	syndromes,	1017t,	1022f,	1023–1024,	1025t
incidence	and	mortality	patterns,	173
kinase	inhibitors	for,	308



localized,	1024–1029,	1027t
magnetic	resonance	imaging	of,	1022
metastatic,	1031–1037
MET	protooncogene	in,	305,	1014,	1015–1016,	1022f
molecular	biology	of,	1014–1019,	1023–1024
obesity	and,	145,	146t,	173,	1014,	1020
pathology	of,	1020–1021
physical	activity	and,	148t,	173
positron	emission	tomography	in,	1022
risk	factors	for,	1020
screening	for,	1020
smoking	and,	1020
staging,	1021–1023,	1024t
subtypes	of,	1014
succinate	dehydrogenase-associated,	1017t,	1018,	1021t,	1022f,	1025t
survival,	1020
von	Hippel-Lindau	disease	and,	1014–1015,	1017t,	1023,	1025t,	1026f,	1034,	1035
XP11.2	translocations	in,	1016–1017

Killer	cell	Ig-like	receptor	(KIR)	inhibitors,	371t,	376
Kinase	inhibitors.	See	also	specific	types

as	anticancer	drugs,	297–310
approved,	297
early	successes	with,	301
future	directions,	310
genetics	of	identifying,	299,	300f
knowledge	bases,	299
multitargeted	therapy,	308
in	non–small-cell	lung	cancer,	298,	299,	303–305,	646,	648–651,	650t
pan	cancer	drug	target,	309–310
repurposing	paradigm,	302
resistance	to,	297–298

Kinase	oncogenes,	801
Kinases,	cancers	driven	by,	297
Kinesin	spindle	protein	(KSP,	EG5),	295
KIR,	and	GVHD,	1750–1751
KIT	kinase

gastrointestinal	stromal	tumors	and,	895–897,	896f,	897f,	902–903
immunostaining	of,	895–896,	896f
melanoma	and,	1505,	1550

KIT	kinase	inhibitors,	301–302,	895,	1550
KIT/kit	ligand	(KITLG),	1148–1149
KIT	mutations,	33,	84,	537,	690,	706

acute	leukemias	and,	1737
melanoma	and,	33,	1194,	1505,	1510–1512,	1516
soft	tissue	sarcomas	and,	1384
testicular	cancer	and,	1148–1149,	1148f
testing	for,	1516

Klebsiella	spp.,	2061
Klinefelter	syndrome,	708,	1156,	1301,	1672t
KMT2A,	1044,	1729,	1730t,	1735–1736
KMT2C,	1076,	1643
KMT2D,	1044,	1076,	1561,	1562f,	1635,	1637,	1638,	1643,	1680
KN1B,	1318
Knudson,	Alfred,	77–78
Kocher-Cushing	reflex,	1918
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KPd	regimen,	1828t,	1836f
KRAS,	9

mutations,	12
in	acute	leukemias,	1737
and	anti-EGFR	therapy,	956–957,	960,	960t
in	bladder	cancer,	1043–1044
BRAF	mutations	and,	2
in	cancer	of	unknown	primary	site,	1862
in	carcinosarcoma,	1221
in	cholangiocarcinoma,	842,	867,	878
in	chronic	lymphocytic	leukemia,	1768,	1786
in	colorectal	cancer,	18–19,	18f,	21,	33,	34f,	189,	413,	532t,	908–915
co-occurring,	616
in	endometrial	cancer,	1167,	1168
in	esophageal	cancer,	740,	752
in	gallbladder	cancer,	877
in	germ	cell	tumors,	1148,	1149
in	gliomas,	1562
kinase	inhibitors	and,	299,	303,	304
in	large	cell	neuroendocrine	carcinoma,	690
in	lung	cancer,	27,	33,	131,	241,	303–304,	607–612,	624
in	melanoma,	1503
in	multiple	endocrine	neoplasia,	1381
in	multiple	myeloma,	1822
in	Noonan	syndrome,	85
in	ovarian	cancer,	1163
in	pancreatic	cancer,	11,	12f,	15,	797–798,	798t,	799,	807–809,	807f
pharmacogenomics	and,	241
pyrosequencing,	34
in	rectal	cancer,	984
Sanger	sequencing,	33,	34f
in	small	bowel	cancer,	887
in	thyroid	cancer,	1324
tobacco	and,	95
vaccines	and,	450,	452

smoking	and	activation	of,	620
KRAS	pathway,	798,	799f
KRd	regimen,	328,	1828t,	1832,	1836f
Krebs	cycle,	kidney	cancer	and,	1014,	1018
Krukenberg	tumors,	765,	878,	1232
Kruppel	like	factor	4	(KLF4),	1565,	1565f
Kyphoplasty,	1980

L

L2	capsid	protein,	102
L19-IL2,	374t
Labetuzumab	govitecan,	285,	285t
Labia	majora,	1200
Labia	minora,	1200
Lactate	dehydrogenase	(LDH),	108–109

in	cancer	of	unknown	primary	site,	1859,	1862
in	embryonal	carcinoma,	1146
in	follicular	lymphoma,	1680
in	germ	cell	tumors,	1146,	1151



in	lung	cancer,	673
in	mediastinal	neoplasms,	703
in	melanoma,	1522–1523,	1531–1532
in	multiple	myeloma,	1823
in	non-Hodgkin	lymphoma,	1678
in	renal	cell	carcinoma,	1034
in	small	bowel	cancer,	885
in	tumor	lysis	syndrome,	1929

Lactation
chronic	myeloid	leukemia	and,	1782
ovarian	cancer	risk	decrease	in,	1232

Lactic	acidosis,	1931,	1932t
Lactobacillus	spp.,	69,	73,	2061,	2090,	2277

Lactobacillus	acidophilus,	71
Lactobacillus	fermentum,	73
Lactobacillus	intestinalis,	73
Lactobacillus	johnsonii,	71
Lactobacillus	murinus,	71,	73
Lactobacillus	reuteri,	69
Lactobacillus	rhamnosus,	2090

Lactobacillus	brevis	CD2	lozenges,	2102
Lactulose,	2092t
LAG525,	371t
Lambert-Eaton	myasthenia	syndrome,	673,	1998–1999
Lamivudine,	109
Lamotrigine,	2203
Landscapes,	genome,	11,	11f,	13f,	15,	21

bladder	cancer,	1042–1045,	1043t
breast	cancer,	1261–1262
colorectal	cancer,	11f,	909–910,	909t
cutaneous	melanoma,	1510–1511
endometrial	cancer,	1213,	1213f
liver	cancer,	839
lung	cancer,	607–609
ovarian	cancer,	1239,	1239t
prostate	cancer,	1076–1077,	1077f

Langerhans	cells,	129
Lanreotide,	356–357,	1358,	1358t,	1360,	1601
Laparoscopic-assisted	hysterectomy/BSO,	1214
Laparoscopic	surgery.	See	Endoscopic	surgery
Laparoscopy

colon	resection,	in	colorectal	cancer,	936–937
in	stomach	cancer,	767,	776

Lapatinib,	300t
for	brain	metastases,	1939–1940,	1941t
for	breast	cancer,	271,	302,	1267,	1306
cardiac	toxicity,	2122–2123
for	cervical	cancer,	1192
development	of,	302
for	esophageal	cancer,	751,	752t
food	effects	on,	236t
for	gastric	cancer,	786
pharmacogenomics	of,	241

Large	cell	neuroendocrine	carcinoma	(LCNEC)
pancreatic,	802,	1364
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pulmonary,	671,	672f,	690–691
thymic,	707

Large-dense-core	vesicles	(LDCV),	1354
Large	granular	lymphocyte	leukemia,	1798
Large	granular	lymphocytes	(LGLs),	1798
Larotrectinib,	309
Laryngeal	cancer,	569–574

alcohol	consumption	and,	134–135
cancer	susceptibility	syndrome	and,	82
clinical	picture,	569
complications	of	treatment,	573–574
differential	diagnoses,	570
incidence	of,	536
outcomes	of	treatment,	572–573
pathology,	569
patterns	of	spread,	569
staging	of,	570,	571t
treatment	of,	212,	570–572

Laryngectomy,	560,	567,	570,	572
complications	of,	573
partial,	570,	572,	601
rehabilitation	after,	599,	601–605
supraglottic,	572,	573,	601
total,	570,	572,	573

Laryngectomy	tubes,	601f,	603
Laryngopharyngectomy

partial,	575
rehabilitation	after,	601–605
total,	575,	577

Laryngoscopy,	576
Larynx

anatomy	of,	569
artificial,	599,	601,	603f,	605
lymphatics,	569
physical	examination	of,	570
preservation	of,	554–555
squamous	cell	carcinoma,	569	(See	also	Laryngeal	cancer)

pathology,	569
patterns	of	spread,	569

supraglottic,	lesions	of,	569,	571t,	572–573
Laser	treatments

for	esophageal	cancer,	725
for	lymphedema,	2264
for	oral	mucositis,	2099,	2102
for	penile	carcinoma	in	situ,	1142
for	skin	cancer,	1475
for	uveal	melanomas,	1899

Lasofoxifene,	431
Late	effects,	2181–2183

identifying,	2181–2182
interventions	for	preventing,	2183
surveillance	and	guidelines	for,	2182–2183

Lateral	lymph	node	dissection,	in	rectal	cancer,	978–979
Laurén	classification,	of	gastric	cancer,	764
Laxatives,	2091,	2092t,	2201



LBH-589,	316t
LBH589.	See	Panobinostat
Lead	time	bias,	455,	455f
Ledderhose	disease,	1406
LEF1,	1735
Left	colic	artery,	924
Legionella	spp.,	2026,	2053,	2054
Legionella	pneumophila,	2053
Legumes,	143,	920
Leiomyoma,	1409
Leiomyomatosis,	1409

angiogenesis	in,	85
diffuse	peritoneal,	1409
intravenous,	1409

Leiomyosarcomas,	1409
characteristics	of,	1409
cytogenetics,	1388t
esophageal,	723
histology,	1386f
management	of,	1435,	1436
molecular	abnormalities	in,	1388t,	1391–1392,	1409
radiation-associated,	1401
stomach,	763
uterine,	1222–1223,	1223t,	1436–1437
vulvar,	1199

Lenalidomide	(Revlimid),	341–342
for	adult	T-cell	leukemia/lymphoma,	1698
adverse	effects	of,	1810–1811
bortezomib	and	dexamethasone	with,	322
carfilzomib	and	dexamethasone	with,	328
for	chronic	lymphocytic	leukemia,	1795,	1796
clinical	pharmacology,	344t
daratumumab	with,	366
dexamethasone	with,	1835
for	diffuse	large	B-cell	lymphoma,	1690–1691
dosage	and	administration,	344t
for	follicular	lymphoma,	1682
hair	changes	with,	2132
for	Hodgkin	lymphoma,	1661
indications,	344t
ixazomib	and	dexamethasone	with,	328
for	mantle	cell	lymphoma,	1688–1689
mechanism	of	action,	341,	344t,	1811
for	multiple	myeloma,	341,	1828–1835,	1828t–1829t
for	myelodysplastic	syndromes,	1807,	1810–1811,	1813
for	primary	CNS	lymphoma,	1726
pulmonary	toxicity,	2113t
rituximab	with,	365
thrombocytopenia	with,	2074
toxicities,	344t

Length	bias,	456,	456f
Lenograstim,	2070t,	2072
Lentiginous	melanoma,	1515,	1519
Lentigo	maligna	melanoma	(LMM),	1515,	1519
Lentiviruses,	107
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Lenvatinib,	308,	858,	1035t,	1037,	1382
Leptin,	921,	2214
Leptomeningeal	carcinomatosis,	1916,	1920
Leptomeningeal	metastases,	1307,	1941–1942,	1942f,	1943f
Leser-Trélat	sign,	2004
Letermovir,	2043
Letrozole,	351,	432–433

for	breast	cancer,	1295,	1304,	2223
for	endometrial	cancer,	1218
for	fibrolamellar	HCC,	860
for	leiomyosarcoma,	1437
pharmacology	of,	351,	432
side	effects	of,	351,	2223
for	uterine	leiomyosarcoma,	1223

Leucovorin,	267,	270
in	colorectal	cancer,	937–940,	942–943,	944,	947
diarrhea	induced	by,	2086
in	diffuse	large	B-cell	lymphoma,	1690
in	esophageal	cancer,	743,	750–751,	752
5-FU	and	irinotecan	with,	951t
in	gestational	trophoblastic	neoplasms,	1229
in	hepatic	metastases,	1960,	1962
oxaliplatin	and	5-FU	with,	949
in	pancreatic	cancer,	818,	819,	826–828,	829
in	rectal	cancer,	981,	984–985,	988
in	stomach	cancer,	778,	779–780,	785–786
in	urethral	cancer,	1138

Leukemia(s).	See	also	specific	leukemia;	specific	leukemias
acute

classification	of,	1742,	1744t
cooperating	mutations	in,	1739–1740,	1739f
core-binding	factor	in,	1730t,	1732–1733
epigenetic	modifiers	in,	1731t,	1735–1736,	1742
genetic	events	in,	1729–1732,	1730t–1732t
HOX	mutations	in,	1730t,	1733–1734
KMT2A	translocations	in,	1730t,	1735–1736
lymphoid	development	factors	in,	1730t,	1734–1735
management	of,	1742–1757
molecular	biology	of,	1729–1740
mutations	affecting	signaling	in,	1731t,	1737–1738
mutations	affecting	transcription	factors	in,	1730t,	1732–1735
myelosuppression	in,	2068
neutropenia	in,	2068,	2074
Philadelphia	chromosome	in,	1737
predisposing	factors,	1742–1743
retinoic	acid	receptor	alpha	gene	(RARα)	in,	1730t,	1733,	1740
splicing	factors	in,	1732t,	1739
stem	cell	transplantation	for,	1746–1750,	1754–1755,	2016–2017,	2029–2031
translocations	affecting	T-cell	receptors	in,	1731t,	1735
tumor	suppressors	in,	1732t,	1738

in	adolescents	and	young	adults,	1617
allogeneic	stem	cell	transplantation	for,	2019–2032
chronic,	molecular	biology	of,	1764–1770
DNA	hypermethylation	in,	313
electromagnetic	fields	and,	130



geographic	variations	in,	171f
germline	mutations	in,	86
Noonan	syndrome	and,	85
physical	activity	and,	148t
secondary,	253

doxorubicin	and,	281–282
topoisomerase	II	inhibitors	and,	284–285,	1735,	1743

Leukemia	inhibitory	factor,	2070t
Leukemia-initiating	cells	(LICs),	337
Leukemias,	pericardial	effusion	in,	1987,	1988t
Leukemic	stem	cells	(LSCs),	1729,	1766
Leukocytes,	56
Leukocytosis,	2003–2004
Leukoencephalopathy,	1942
Leukoplakias,	556,	558,	559,	561,	562,	563,	1139
Leukotrienes,	429
Leuprolide,	354,	1116,	1128

for	fibrolamellar	HCC,	861
pharmacology,	354
route	of	administration,	354

Levamisole,	937
Level	of	evidence	(LOE)	studies,	533
Levofloxacin,	1838,	2026
Levorphanol,	2198,	2198t,	2199
Levothyroxine	therapy,	1335
Leydig	cells,	2134,	2139
Leydig	cell	tumors,	1159,	1159t
LGH447,	1831
Lichen	planus,	561
Lichen	sclerosis,	1140
Lidocaine

for	cancer-related	pain,	2203,	2205
intravenous,	2205
for	oral	mucositis,	2098t,	2104
for	oropharyngeal	pain,	2098t

Life/APG’s	SOLiD3,	5
Life/APG’s	SOLiD	5500xl,	6t
Life	priorities,	2233
Lifestyle

breast	cancer	risk	and,	1270–1271
cancer	survivorship	and,	2183
colorectal	cancer	and,	921
prostate	cancer	and,	1088

LIFR,	1391,	1394
Li-Fraumeni	syndrome,	79t,	84,	408

adolescent/young	adult	cancer	and,	1617
adrenocortical	tumors	and,	1319,	1320
bone	sarcomas	and,	1394,	1452
brain	tumors	and,	1569
HNSCC	and,	536
melanoma	and,	1516
soft	tissue	sarcomas	and,	1394,	1401

Light	chain	amyloidosis,	2013
Light	chain	deposition	disease,	2013
Limbic	encephalitis,	1998
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Limb	perfusion
for	melanoma,	1533
for	soft	tissue	sarcoma,	1426

Limb	salvage,	for	bone	sarcomas,	1463,	1467f,	1468,	1469f
Lineage-derived	differentiation	antigens,	370
Lineage	survival	oncogenes,	1506
Linear,	no	threshold	model,	of	ionizing	radiation,	127–128
Linear	accelerator	x-ray	beam	production,	205–207,	205f,	206f,	207f,	210
Linear	energy	transfer	(LET),	126,	196,	197f
Linear-quadratic	model,	of	ionizing	radiation,	128,	200,	200f
Linezolid,	2044,	2054,	2060
Lingual	nerve,	559,	560
Linifanib,	859,	860
Linkage	analysis,	156
Linoleic	acid,	429
Linolenic	acid,	2274–2275
Lip

anatomy,	556
pathology,	556
squamous	cell	carcinoma,	556–557

Lipegfilgrastim,	2070t,	2072–2073
Lipid-mobilizing	factor	(LMF),	2214
Lipid	signaling,	260
Lipiodol,	855
Lipomas,	1377,	1380,	1407–1408
Lipomatosis,	1408
Lipopolysaccharide,	71–73
Liposarcomas,	1408–1409

in	adolescents	and	young	adults,	1619
CDL4/6	inhibitors	for,	309
characteristics,	1408–1409
dedifferentiated,	1408

cytogenetics,	1387t
histology,	1402
molecular	abnormalities	in,	1387t,	1390,	1408

myxoid/round	cell,	1408–1409
cytogenetics,	1387t
histology,	1386f,	1402
molecular	abnormalities	in,	1387t,	1409
translocations	associated	with,	1384

pleomorphic
characteristics,	1409
cytogenetics,	1388t
histology,	1386f,	1402
molecular	abnormalities	in,	1388t,	1390–1391

radiation-associated,	1401
well-differentiated,	1408

cytogenetics,	1387t
histology,	1386f,	1402
molecular	abnormalities	in,	1387t,	1390,	1408

Liposomal	doxorubicin.	See	Doxorubicin	(Adriamycin),	liposomal
Liquid	biopsies,	19–20,	20f,	40–41,	616,	903
Lirilumab,	371t,	376
Listeria	welshimeri,	71
Lithium,	672,	2025



Liver
anatomy	of,	866,	1957
chemotherapy-associated	hepatotoxicity,	1962–1963
metastases	to	(See	Liver	metastases)
physiology	of,	1957
supplements	toxic	to,	2271

Liver	cancer,	844–861.	See	also	Hepatocellular	carcinoma	(HCC)
in	adolescents	and	young	adults,	1617,	1619
alcohol	consumption	and,	134–135,	845
allelic	imbalance	in,	838
checkpoint	inhibitors	for,	227
chemical	carcinogens,	846
Child-Pugh	grading	of	cirrhosis	in,	846,	847t
diagnosis	of,	846
epidemiology,	844,	845
epidemiology	of,	837
epigenetic	alterations	in,	838–839
etiologic	factors,	845–846
genetic	alterations	in,	837–838
geographic	variations	in,	171f,	178–179,	178f,	837,	845,	846
hepatitis	viruses	and,	109,	111,	114,	178–179,	446,	837,	838,	841–842,	844–845
incidence	of,	173,	178–179,	837,	845
microenvironment	of,	839–841
migrant	studies,	160,	161t
molecular	biology	of,	837–843
mortality,	173,	178–179,	837,	845
mutational	landscape	of,	839,	840f
nonalcoholic	fatty	liver	disease,	837,	841,	845
obesity	and,	145,	146t,	845
physical	activity	and,	148t
radiation	tolerance,	214t
screening	for,	462
signaling	pathways	and	molecules	in,	839,	841t
staging	of,	846–847,	847t
temporal	trends,	170,	179

Liver	disease
radiation-induced,	214
stem	cell	transplantation	and,	2027–2028

Liver	fluke,	866
Liver	metastases,	1957–1967

ablative	therapies	for,	1959,	1961
in	anal	cancer,	1009
biologic	agents	for,	1962
in	breast	cancer,	1967
in	cancer	of	unknown	primary	site,	1859
chemotherapy	for,	1960,	1961–1964,	1966
in	colorectal	cancer,	1959–1965
“disappearing	metastasis,”	1964
embolic	therapies	for,	1360,	1375,	1906,	1959–1960,	1967
extrahepatic	metastases	and,	1961
in	gestational	trophoblastic	neoplasia,	1230
hepatic	arterial	infusion	for,	1959–1960,	1964
imaging	of,	1958
liver	transplantation	for,	1360,	1375–1376
metastasectomy	for,	1360,	1958,	1959,	1960,	1961t,	1966,	1966t
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in	neuroendocrine	tumors,	1359–1360,	1369,	1369f,	1375–1376,	1375f,	1965–1967
postembolization	syndrome,	1360
prognostic	factors,	1964,	1967
radiation	therapy	for,	212–213
radiofrequency	ablation	for,	1906
resection	of,	1906
in	sarcomas,	1967
selective	internal	radiation	therapy	for,	1960,	1965,	1967
in	small	bowel	cancer,	890–891
stereotactic	body	radiation	therapy	for,	1959,	1964–1965,	1965t
transarterial	therapy	for,	1959–1960
two-stage	hepatectomy	for,	1959,	1962,	1963f
in	uveal	melanoma,	1905–1906,	1967
whole-liver	radiation	therapy	for,	1960

Liver	resection
for	gallbladder	cancer,	880
for	hepatic	metastases,	1958,	1960,	1961t,	1962,	1966,	1966t
for	metastatic	disease,	1375
for	small	bowel	cancer,	891

Liver	transplantation
for	cholangiocarcinoma,	869,	871–872
for	hepatocellular	carcinoma,	844,	848–849,	849f,	849t,	850t,	851,	851t
for	metastatic	liver	disease,	1360,	1375–1376

Living	donor	liver	transplantation	(LDLT),	849,	850t,	872
Living	in	the	present,	2233
Lixivaptan,	2001t
LKB1,	79t,	84,	804
LMP744,	281
lncRNA,	9,	614
LOAd703	oncolytic	virus,	371t
Lobaplatin,	256,	257f,	258
Lobectomy,	639,	640

endoscopic	and	robotic,	523–524
Lobular	carcinoma	in	situ	(LCIS),	402,	1271,	1273–1274
Lobular	neoplasia	(LH),	1273–1274
Local	anesthetics,	2203–2206
Lock-out	time,	2200
Locus-specific	probes,	35
Lomustine

for	anaplastic	astrocytoma,	1582
for	anaplastic	oligodendroglioma,	1583
for	glioblastoma,	1586
for	low-grade	gliomas,	1580–1582
for	medulloblastoma,	1597
for	optic	gliomas,	1589
procarbazine	and,	339
reproductive	dysfunction	and,	2135,	2135t,	2139

Long	noncoding	RNAs	(lncRNAs),	9,	614
Loop	electrosurgical	excision	procedure	(LEEP),	1177,	1179
Loperamide	hydrochloride	(Imodium),	1104,	1382,	2088,	2089
Lorazepam,	2082,	2235,	2235t
Lorlatinib,	651
Loss	of	function	mutations,	26,	27
Loss	of	heterozygosity	(LOH),	2,	10f,	35,	39
Lovastatin,	346,	434–435,	921



Low-dose	computed	tomography	(LDCT),	in	lung	cancer	screening,	390,	464–465,	626–628,	627f
Lower	alveolar	ridge,	562
Lower	extremities,	bone	metastases	in,	1976–1977
Lower	Risk	MD	Anderson	Model,	1802,	1808,	1809t
Low-grade	cartilaginous	neoplasms,	1463
Low-grade	serous	carcinoma	(LGSC),	1163
LOXO-195,	309–310
l/r2	reduction,	207
LT	proteins,	103
Lückenshädel,	1918
177Lu-Dotatate,	689
Lumbar	sympathetic	block,	2207
Lung

chemotherapy-induced	toxicity,	2109,	2111–2118
agents	and	characteristics,	2112t–2114t
alkylating	agents	and,	252–253
clinical	features,	2116–2117
diagnosis	of,	2117
histopathology,	2115–2116
imaging,	2117
mechanism	of	injury,	2115–2116
pulmonary	function	tests,	2117
signs	and	symptoms,	2117
treatment	of,	2118

metastases	to	(See	Lung	metastases)
radiation-induced	toxicity,	2109–2111

clinical	features,	2110–2111
diagnosis,	2111
imaging,	2110–2111
patient	considerations,	2110
pulmonary	function	tests,	2111
treatment,	2111

radiation	tolerance,	214t
trapped,	1986

Lung	cancer.	See	also	Non–small-cell	lung	cancer	(NSCLC);	Small-cell	lung	cancer	(SCLC)
aberrant	pathways,	609
age	and,	622
airway	obstruction	in,	657
ALK/ALK	in,	27,	27f,	39–40,	304,	532t,	613,	648,	650t,	651
angiogenesis	in,	615
asbestos	and,	131,	621–622
β-carotene	and,	139
biomarkers,	27,	529,	532t,	614,	615–616
BRAF	mutations	in,	27,	305,	612,	613,	648,	650t,	651
cancer	stem	cells	in,	615
candidate	oncogenes,	608t
carcinoid	tumors,	671,	687–690
cellular	immortality	in,	615
chemoprevention	of,	616,	624
clinical	translation	of	molecular	data,	615–616,	616t
CRISPR-Cas9	gene	editing	in,	610
EGFR	mutations	in,	18,	303–304,	532t,	607,	610–612,	613,	624,	648–651
environmental	factors,	621–622
epidemiology	of,	152,	607,	618–622
epigenetic	changes	in,	607,	614,	683
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epigenetics	and,	96,	607,	614
epithelial-to-mesenchymal	transition,	614–615
exomes	in,	615
fibroblast	growth	factor	pathway	in,	613
fruit	consumption	and,	137
functional	genomics	in,	609–610
fusion	proteins	in,	613
genetic	alterations	in,	607,	608t,	610–613
genetic	predisposition	for,	620–621
genome	project	networks,	13
genome-wide	RNA-based	and	shRNA-based	screening,	610
genomic	analysis,	607–610,	683
geographic	variations	in,	170,	171f,	172f,	174,	619,	619f,	620f,	621f,	633
HER2	mutations	in,	607,	609,	612,	648,	651
heterogeneity	of,	607,	608–609
immunotherapy,	28,	71
incidence	and	mortality	patterns,	173–175,	174f
insulin	growth	factor	pathway	in,	613,	684
KRAS	mutations	in,	27,	33,	131,	241,	303–304,	607–612,	616,	624
lessons	learned	and	future	directions,	609
locally	advanced,	212
MET	amplification	in,	609,	612,	648,	651
metastatic	disease,	614–615

bone	metastases,	657,	671,	1970
brain	metastases,	658,	1934,	1939–1940,	1941t

methylation	and	chromatin	remodeling	in,	614
micronutrient	efficacy	and,	424,	426–427
molecular	biology	of,	607–616
mortality	from,	618
multiple	pulmonary	sites	of,	655–657,	656t
MYC	protooncogene	in,	612
neuroendocrine	tumors,	671,	672f,	690–691
noncoding	RNAs	in,	614
NTRK	mutations	in,	613
obesity	and,	146t
occupational	factors,	621–622
pericardial	effusion	in,	1987,	1988t
physical	activity	and,	147,	148t
PI3K/AKT/mTOR	pathway	in,	612
PIK3CA	mutations	in,	307–308,	612
pleural	effusion	in,	1983
preclinical	model	systems	for,	610
proteomic	approaches,	609
RAS/RAF/MAPK	pathway	in,	612
recurrent,	mutated	genes	in,	608t
RET	mutations	in,	304–305,	613,	648,	651
ROS1/ROS1	in,	39–40,	304,	613,	616,	648,	650t,	651
screening	for,	464–465

chest	radiography,	464–465
low-dose	computerized	tomography,	390,	464–465,	626–628,	627f
mortality	effects,	464–465
non–small-cell,	626–628,	627f
recommendations,	465
small-cell,	671
sputum	analysis,	464



second	primary,	655
as	second	primary	cancer	in	lymphoma,	2161
separate	tumor	nodule,	655–656
sex	and,	174
smoking	cessation	and,	390–392
somatic	landscape	of,	607–609,	608t
spinal	cord	compression	in,	657–658,	1922
squamous	carcinoma,	13
STK11	mutations	in,	607
superior	vena	cava	syndrome	and,	658–659,	1910,	1912–1913,	1912t,	1914
survival,	2181,	2182f
symptom	management,	657–659
targeted	therapies	for,	610,	611t,	616
taxonomy	of	tumors,	18–19
temporal	trends,	170–173,	174–175
tobacco	(smoking)	and,	90–91,	95–96,	124,	173,	174,	607,	618–620,	621f
TP53	mutations	in,	607,	613,	683
transcriptome	profiling,	609
treatment,	endoscopic	and	robotic	surgery	in,	523–524,	633,	639
treatment	of

adjuvant	radiation	therapy,	213
checkpoint	inhibitors	in,	615,	860
kinase	inhibitors	in,	298,	299,	303–305,	607,	612
precision	medicine,	190
radiation	therapy,	212
taxanes	in,	288

tumor	microenvironment,	614–615
urethane-induced,	124
vegetable	consumption	and,	137
whole-exome	analysis,	9

Lung-MAP	Study,	190
Lung	metastases,	1946–1954

ablative	therapies	for,	1950,	1951t
in	breast	cancer,	1952,	1953t
in	cancer	of	unknown	primary	site,	1859
clinical	presentation	of,	1946
in	colorectal	cancer,	1953t,	1954
diagnosis,	1946–1947
in	germ	cell	tumors,	1149,	1952–1954,	1953t
in	gestational	trophoblastic	neoplasia,	1230
imaging,	1946–1947,	1947f
lymph	node	dissection	for,	1949,	1949f
in	melanoma,	1952,	1953t
metastasectomy,	1946,	1947–1950,	1948f,	1953t
open	versus	minimally	invasive	surgery,	1948–1949,	1949t
in	pancreatic	cancer,	820
radiation	therapy	for,	212–213
in	renal	cell	carcinoma,	1952,	1953t
in	sarcomas,	1951–1952,	1953t
stereotactic	body	radiation	therapy	for,	1950–1951,	1951t
targeted	therapies	for,	1946
in	uterine	leiomyosarcoma,	1222

Lung-sparing	surgery,	for	mesothelioma,	1877–1878
Lung	TRACERx,	609
Lurbinectedin,	683
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Luspatercept,	1813
Lutein,	424
Luteinizing	hormone	(LH),	2134,	2137,	2139–2140
Luteinizing	hormone–releasing	hormone	(LHRH)

agonists,	for	endometrial	cancer,	1217–1218
agonists	of,	348t

for	prostate	cancer,	1114,	1116–1117,	1117f,	1120–1121,	1123–1124
antagonists	of,	1117,	1117f,	1120–1121,	1123–1124
description	of,	1115

Luteinizing	hormone–releasing	hormone	agonists,	858
Lutetium	Lu	177	dotatate,	1360
LY2157299,	373t
LY3022855,	374t
LY3321367,	371t
LY3381916,	373t
Lycopene,	142,	424,	427,	1088,	2271,	2273–2274
Lymphadenectomy

in	adrenocortical	carcinoma,	1350
in	cervical	cancer,	1177
in	endometrial	cancer,	1214
in	esophageal	cancer,	722,	732–733,	732f
in	gastric	cancer,	774–775
in	melanoma,	1535–1536,	1535f
in	penile	cancer,	1143
in	renal	cell	carcinoma,	1024,	1030–1031
three-field,	722,	732–733,	732f
in	vulvar	cancer,	1201–1203,	1202f,	1203–1204

Lymphangioleiomyomatosis,	1412
Lymphangioma,	1987
Lymphangiomyomatosis,	1018
Lymphatic	mapping,	1524–1527,	1526f
Lymphatic	vessels,	56
Lymphedema

angiosarcoma	and,	1401,	1410,	1493
breast	cancer	and,	1292–1293,	2263–2264
radiation	fibrosis	syndrome	and,	2261
rehabilitation	for,	2263–2264
soft	tissue	sarcoma	and,	1401
treatment	of,	2264
vulvar	cancer	and,	1204

Lymph	node	dissection
gonadal	dysfunction	and,	2133,	2135
in	melanoma,	1524–1527,	1534–1536
pelvic,	1097
for	pulmonary	metastases,	1949,	1949f
retroperitoneal,	1151,	1153–1154,	1156,	2133,	2135
in	testicular	cancer,	1151

Lymph	nodes
anatomy	and	pathology,	542–543,	543f
axillary

in	breast	cancer,	1273,	1273f,	1275,	1282–1283,	1289–1293,	1300
in	cancer	of	unknown	primary	site,	1861
in	melanoma,	1535–1536

cervical,	1861
clinically	positive	neck,	547



inguinal-femoral,	1200,	1200f,	1201–1203,	1202f,	1861
interaortocaval,	1149,	1150f
perigastric,	763,	770,	774
retroperitoneal,	1151
staging	in	HNSCC,	544–545,	544t
supraclavicular,	1861

Lymphoblastic	lymphoma,	1671,	1679,	1910
Lymphocyte-activation	gene	3	(LAG-3)	inhibitors,	371t,	376,	1166
Lymphocyte-depleted	classical	Hodgkin	lymphoma	(LDCHL),	1648
Lymphocyte-rich	classical	Hodgkin	lymphoma	(LRCHL),	1648
Lymphocytes

radiation	killing	of,	214
tumor-infiltrating,	221,	376,	382,	652,	740,	1166,	1552–1553

Lymphocytopenia,	1577
Lymphoepithelial	lesion,	benign,	585
Lymphoepithelioma-like	carcinoma,	763
Lymphoepitheliomas,	543,	563,	577,	585
Lymphoid	cells,	1672–1675
Lymphoid	differentiation	factors,	1730t,	1734–1735
Lymphoid	neoplasms,	classification,	1676–1677,	1676t
Lymphoid	stem	cells,	2069
Lymphomas.	See	also	Hodgkin	lymphoma	(HL);	Non-Hodgkin	lymphoma	(NHL);	specific	lymphoma

aberrant	somatic	hypermutations	in,	1632–1635,	1633f
in	adolescents	and	young	adults,	1617,	1619,	1627,	1630
assessing	clinical	response,	501
autologous	stem	cell	transplantation	for,	2013–2016,	2014t
and	cancer	of	unknown	primary	site,	1861
cells	of	origin,	1632–1633
chromosomal	translocations	in,	1634,	1634f
classification	of,	1632
CNS	prophylaxis	in,	1698
copy	number	variation	in,	1635
cutaneous,	1708–1719,	1709t
definition	of,	1632
Epstein-Barr	virus	and,	104–105,	1568,	1635
esophageal	involvement,	723
gene	expression	profiling,	1677
genetic	lesions	in,	1633f,	1634–1635
infectious	agents	and,	1635
IWG	criteria	for,	503
laryngeal,	569
molecular	biology	of,	1632–1644
neutropenia	management,	2072
oropharyngeal,	563
pleural	effusion	in,	1983
primary	effusion,	106–107
second	malignancy	risk	in,	2159–2162
small	bowel,	884,	886,	886f,	891–892
spinal	cord	compression	and,	1921,	1926t
superior	vena	cava	syndrome	and,	1910,	1912t,	1914
testicular,	1159,	1692
thyroid,	1335

Lymphomatoid	papulosis	(LyP),	1710,	1714,	1716,	1717
Lymphoma-type	adult	T-cell	leukemia-lymphoma,	109
Lymphopenia,	neutropenia	and,	2072
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Lymphoplasmacytic	lymphoma,	1684–1685,	1844
Lymphoproliferative	disorders

CD30+,	1708,	1717–1718
Epstein-Barr	virus	and,	105
Kaposi	sarcoma	and,	105–106
posttransplant,	884,	1698–1699,	2055–2056

Lymphoscintigraphy,	1524–1525,	1525f,	1533
Lymphovascular	space	invasion,	1151,	1153,	1173,	1177,	1212,	1274
Lynch	syndrome,	912–913,	922–923

Amsterdam	criteria	for,	415,	923,	923t
anti-inflammatory	drugs	and,	430–431,	430t
breast	cancer	and,	1261
cancer	susceptibility	syndrome,	81–82
caretaker	gene	mutations	in,	81
clinical	features,	82
colorectal	cancer	and,	34,	82,	412–413,	415–416,	912–913
diagnosis	of,	912,	912t
endometrial	cancer	and,	407–408,	415,	912,	1205,	1211,	1212
epigenetic	factors	in,	86
gastric	cancer	and,	715
genetics,	81–82,	407,	412–413,	412f,	415,	715,	923
genetic	workup	for,	412,	412f
genomic	integrity	and	apoptosis	in,	83
incidence	of,	81
microsatellite	instability	in,	34,	194,	407–408,	413,	415,	415t,	912–913
molecular	mechanism,	82
mouse	models,	82
ovarian	cancer	and,	407,	1163–1164,	1235
pancreatic	cancer	and,	805t,	809
predictive	models	for,	415–416
prostate	cancer	and,	1083
small	bowel	cancer	and,	884
surgical	prophylaxis	for,	407–408,	415–416,	416t
therapeutic	interventions,	83
urothelial	cancer	and,	1051

Lysine	acetylation,	314,	315,	316
Lysine	demethylases,	614,	1015,	1044,	1561–1562,	1562f

M

M7824,	374t,	382
Maalox,	2104
MacDonald	criteria,	for	glioma	response,	503
Macroadenomas,	1600
Macrophage	inflammatory	proteins,	1822
Macrophages,	50,	115

cytotoxicity	of,	361
tumor-associated,	115,	369,	379,	381,	452

Macroscopic	complete	resection,	for	mesothelioma,	1874–1878,	1877t,	1878t
Maffucci	syndrome,	1393,	1451
Mafodotin,	294
MAGE	antigens,	382,	451
Magic	mouthwash,	2104
Magnesium,	dietary,	920
Magnesium	citrate,	2092t



Magnesium	hydroxide,	2092t
Magnesium	sulfate,	2092t
Magnetic	resonance	cholangiography	(MRCP),	870,	873,	875,	879
Magnetic	resonance	colonography,	925
Magnetic	resonance	imaging	(MRI)

of	adrenal	tumors,	1347,	1348f
of	anal	cancer,	1001
of	bladder	cancer,	1054
of	bone	metastases,	1970
of	bone	sarcomas,	1452,	1454–1456,	1455f
of	brain	metastases,	1934
for	breast	cancer	screening,	457,	458,	459,	1272,	1272t
breast	cancer	screening	using,	402
of	cancer	of	unknown	primary	site,	1859
of	cardiomyopathy,	2120
of	cervical	cancer,	1177
of	cholangiocarcinoma,	868,	870,	871,	875
of	CNS	neoplasms,	1572–1574,	1573f
of	colorectal	cancer,	925,	944
of	cutaneous	lymphomas,	1712
of	diffuse	intrinsic	pontine	glioma,	1589,	1590f
of	endometrial	cancer,	1212
of	gallbladder	cancer,	878–879
of	gastrointestinal	stromal	tumors,	899,	904
of	gestational	trophoblastic	neoplasia,	1228
of	gliomatosis	cerebri,	1587,	1588f
of	head	and	neck	cancer,	544
of	hepatocellular	carcinoma,	849,	856
of	increased	intracranial	pressure,	1919
of	leptomeningeal	metastases,	1941,	1942f,	1943f
of	liver	metastases,	1958
of	lung	metastases,	1946
of	malignant	pleural	effusion,	1984
of	mediastinal	neoplasms,	703
of	medulloblastoma,	1596–1597
of	melanoma,	1532,	1540
of	mesothelioma,	1869,	1870f
of	multiple	endocrine	neoplasia,	1380
of	multiple	myeloma,	1823,	1824–1825,	1825f
of	pancreatic	cancer,	809,	810
of	pancreatic	neuroendocrine	tumors,	1356
of	penile	cancer,	1141
of	pituitary	adenoma,	1600,	1600f
of	prostate	cancer,	1094–1095,	1095f,	1126
radiation	therapy	localization	using,	206–207
radiation	therapy	planning	using,	208–209,	1186,	1187–1188,	1188f
of	rectal	cancer,	972,	973–974,	986
of	renal	cell	carcinoma,	1022
of	small	bowel	cancer,	885–886,	887t
of	smoldering	multiple	myeloma,	1842
of	soft	tissue	sarcomas,	1415
of	spinal	axis	tumors,	1609
of	spinal	cord	compression,	1922,	1926f
of	stomach	cancer,	766
of	urethral	cancer,	1137,	1139,	1139f
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of	vestibular	schwannomas,	1602–1603
of	vulvar	cancer,	1200

Magnetic	resonance	spectroscopy,	1573
Magnetic	resonance	urography,	1067
MAID	regimen,	1426,	1430,	1432,	1435,	1436
Maitake	(Grifola	frondosa),	2274
Major	histocompatibility	complex	(MHC),	361,	369–370

Hodgkin	lymphoma	and,	1650,	1651
stem	cell	transplantation	and,	2020–2024
tumor	vaccines	and,	370

Malabsorption,	bladder	cancer	treatment	and,	1056
Maladaptive	cognitions,	2232
Malaria,	1637
Male	breast	cancer,	1301
Male	germline	malignancies,	biomarkers	for,	533t
Malignant	ascites,	1991–1997,	2244–2245

anatomy	and	pathology,	1991
diagnosis	of,	1991–1992
etiology	of,	1991
incidence	of,	1991
management	of,	1992–1997,	2244–2245

cell-free	and	concentrated	reinfusion	therapy,	1994
chemotherapy,	1992,	1994–1995,	1995t,	2244–2245
corticosteroids,	1995
cytokines,	1995–1996
diuretics,	1992,	1993,	2244
immunotherapy,	1995–1997,	1996t
indwelling	catheters,	1992,	1993,	2244
infectious	agents,	1996
monoclonal	antibodies,	1992–1993,	1996–1997
novel	therapies,	1995–1997
paracentesis,	1992,	1993
regional	treatments,	1994–1995
shunting,	1993,	1994f,	2244–2245

pathophysiology	of,	1991
Malignant	biliary	obstruction,	2244
Malignant	bowel	obstruction,	2243
Malignant	fibrous	histiocytoma	(MFH)

characteristics,	1413–1414
classification	of,	1495–1496
cytogenetics,	1388t
histology,	1386f
molecular	abnormalities	in,	1388t,	1391
radiation-associated,	1401

Malignant	hypoglycemia,	1363
Malignant	melanoma.	See	Melanoma(s)
Malignant	pericardial	effusion	(MPCE),	1987–1989

clinical	presentation,	1987–1988
diagnosis,	1988
radiologic	examinations,	1988
treatment	of,	1988–1989
underlying	malignancies,	1987,	1988t

Malignant	peripheral	nerve	sheath	tumors	(MPNSTs)
characteristics,	1411
cytogenetics,	1388t



histology,	1386f
management	of,	1411
molecular	abnormalities	in,	1388t,	1392,	1401,	1411
radiation-associated,	1401

Malignant	pleural	effusion	(MPE),	1983–1987
algorithm	for,	1987
clinical	presentation	of,	1983
diagnosis,	1983–1984
radiologic	examinations,	1983–1984,	1984f,	1985f
treatment	of,	1984–1987
underlying	malignancies,	1983,	1984t

Malignant	spinal	cord	compression	(MSCC),	1922–1927,	1978
clinical	presentation	of,	1922–1923
diagnosis	of,	1922
differential	diagnosis,	1922
grading,	1924,	1923f
histology	of,	1924
lung	cancer	and,	657–658,	1921
MNOP	algorithm	for,	1924–1926,	1925f
pain	in,	1922,	1922t
pathophysiology,	1922
prognosis,	1924
surgery	for,	1925–1926,	1926f,	1978–1980,	1980f
treatment	of,	1923–1927

Malignant	syringoma,	1494
Malnutrition,	2212–2213

cancer-associated,	2212–2213
causes	of,	2212–2213,	2213t
description	of,	2212
pharmacotherapy	for,	2215

Malnutrition	Screening	Tool,	2214
MALT1,	1641,	1686
MALT	lymphoma,	1685,	1686–1687

cell	of	origin,	1641
chromosomal	translocations	in,	1634
clinical	presentation	of,	1687
epidemiology	of,	1686
genetic	lesions	in,	1641,	1686
H.	pylori	and,	1635,	1641,	1672,	1686,	1687
pathology	of,	1686
treatment	of,	1687

Mammalian	target	of	rapamycin	(mTOR)
activation	of,	45,	46
Birt-Hogg-Dubé	syndrome	and,	1018
colorectal	cancer	and,	915
gastrointestinal	stromal	tumors	and,	896
hepatocarcinogenesis	and,	838,	860
inhibitors	of,	297,	307–308,	340

for	breast	cancer,	308,	346,	1304
diarrhea	associated	with,	2087
for	endometrial	cancer,	1218,	1219
for	esophageal	cancer,	753
for	Ewing	sarcoma,	1459
for	glioblastoma,	1586
for	hepatocellular	carcinoma,	860
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indications	for	use	of,	308
for	insulinoma,	1363
for	lung	cancer,	684
metformin	as,	345
for	neuroendocrine	tumors,	1358–1359,	1374
for	pulmonary	carcinoid	tumors,	689
pulmonary	toxicity,	2113t,	2115
for	radiation-induced	lung	injury,	2111
for	renal	cell	carcinoma,	1035t,	1036,	1037–1038
for	stomach	cancer,	787
for	synovial	sarcomas,	1436
for	thyroid	cancer,	1333
for	tuberous	sclerosis,	308

lung	cancer	and,	612
pancreatic	cancer	and,	809
pancreatic	neuroendocrine	tumors	and,	1356
prostate	cancer	and,	1082
pulmonary	carcinoid	tumors	and,	687
radiation	toxicity	and,	2109

Mammalian	target	of	rapamycin-associated	protein	complexes	(mTORC),	307,	308
MammaPrint,	189,	531t,	1263–1264,	1276–1277
Mammary	adenocarcinoma	of	vulva,	1199
Mammography,	457–460,	1272
Mandibular	gingiva,	562
Mandibulectomy

marginal,	558
segmental,	558

Mandibulotomy,	567
Mannitol,	for	increased	ICP,	1920
Manometry,	599
Mantle	cell	lymphoma	(MCL),	1687–1689

cell	of	origin,	1636
classical,	1636
clinical	features	of,	1688
description,	1636
genetic	lesions	in,	1636,	1687–1688
IGH-CCND1	translocations,	35
immunophenotype	of,	1687–1688
International	Prognostic	Index,	1688
leukemic	non-nodal,	1636
pathology	of,	1687
small	bowel,	892t
treatment	of,	1688–1689

proteasome	inhibitors	in,	328–329
stem	cell	transplantation,	1688–1689,	2014t,	2015,	2031,	2032f
temsirolimus	in,	340
tyrosine	kinase	inhibitors	for,	309

Manual	lymphatic	drainage,	for	lymphedema,	2264
MAP2K,	797,	801,	1262,	1263
MAPK1,	1768
MAP	regimen,	1433,	1435,	1461
Maraviroc,	373t
Marginal	mandibulectomy,	558
Marginal	zone	lymphoma

cell	of	origin,	1641



description,	1641,	1685
description	of,	1685
extranodal,	1641,	1672,	1686–1687
genetic	lesions	in,	1641
infectious	agents	and,	1672
nodal,	1641,	1685
ocular	adnexal,	1672
small	bowel,	892t
splenic,	1641,	1672,	1685–1686
stem	cell	transplantation	for,	2015

Marijuana,	medical,	2082
Marimastat,	825
Marizomib,	320–321,	321t,	1831
Masaoka-Koga	staging,	701–702,	701t,	704
Masitinib,	825
Massage,	2153,	2277
Mass	screening,	454
Mast	cells,	56
Mastectomy,	1290–1291

for	DCIS,	1281–1282
modified	radical,	1290
for	Paget	disease,	1300
prophylactic,	1272,	1272t,	2224
radiation	therapy	after,	1290–1291,	1293
reconstruction	after,	1290–1291,	1291f,	1291t,	2223
risk-reducing,	403,	1272,	1272t
sexual	problems	and,	2223,	2224

Mastermind	like	domain	containing	1	(MAMLD1),	1564
Master	protocol	design,	190–193,	191f
Mastoid,	sequestrum	of,	584
Matrix	metalloproteinases	(MMPs),	4,	1165,	2110
MATRix	regimen,	1724–1725
Mature	B-cell	neoplasms,	1676–1677
Mature	B-lineage	ALL,	1751,	1756
Mature	T-/NK	cell	neoplasms,	1676–1677
Maxillary	sinus	tumors

anatomy,	579
clinical	picture,	581
patterns	of	spread,	580
staging,	581,	581t
treatment	modalities,	582–583
treatment	outcomes,	583

Maxillectomy,	562,	582–583
MAX	mutations,	1345
Maytansine,	294,	340
Maytansinoids,	294
Maytenus,	294
Mazabraud	syndrome,	1451
MBD2,	314
MBG453,	371t
MC1R	pathway,	1507
MCC.	See	Merkel	cell	carcinoma
McCune-Albright	syndrome,	1322,	1451,	2002
McGill	Pain	Questionnaire	(MPQ),	2192
MCLA-128,	374t
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MDM1,	1390
MDM2

acute	leukemias	and,	1738
bone	sarcomas	and,	1393–1394
cutaneous	melanomas	and,	1503–1504
mesothelioma	and,	1864
myelodysplastic	syndromes	and,	1807
secondary	primary	cancer	and,	2158
soft	tissue	sarcomas	and,	1384,	1390–1391,	1392,	1435
urothelial	carcinoma	and,	1045

MDR1,	2069
MDX-1203,	376
Meat,	138,	919–920
Mebendazole,	345t
Mechanical	hyperventilation,	1920
Mechlorethamine,	247,	248t

administration	of,	250
clinical	pharmacology,	248t
for	Hodgkin	lymphoma,	1655–1656,	1659
instability	of,	250
for	mycosis	fungoides/Sézary	syndrome,	1713t
pharmacokinetics	of,	250
therapeutic	uses,	248t
toxicities,	248t

Meclofenamic	acid,	2196t
MED12	oncogene,	1409
MEDI4736,	371t
MEDI9447,	371t
Mediastinal	lymphoma.	See	Primary	mediastinal	B-cell	lymphoma
Mediastinal	neoplasms,	700–709

associated	systemic	syndromes,	702–703,	702t
chemistry,	703–704
chemotherapy	for,	704–706,	705t
combined	modality	approaches,	705–706
germ	cell	tumors,	707–709,	1156
hormone	production	by,	703
immunotherapy	for,	706
invasive	diagnostic	tests,	704
management	by	stage,	704–706
radiation	therapy	for,	704
radiographic	imaging,	703
serology,	703–704
targeted	therapies	for,	706
treatment	results,	706–707

Mediastinal	radiation	therapy,	and	coronary	heart	disease,	2124–2125
Mediastinoscopy,	1912
Meditation,	2277
Medroxyprogesterone	acetate	(MPA),	356,	2215

dosage,	356
for	endometrial	cancer,	1217–1218
formulations	of,	356
for	hot	flashes,	356
pharmacology,	356
for	renal	cell	carcinoma,	1035

Medullary	colorectal	carcinoma,	929



Medullary	renal	cancer,	1021t
Medullary	thyroid	carcinoma	(MTC),	1333–1335.	See	also	Familial	medullary	thyroid	carcinoma	(FMTC)

in	children,	1335–1336
classification,	1327–1328
diagnosis,	1333–1334
familial	syndromes,	1327,	1328t
gene	carriers	in,	408–409,	409t
genetic	testing	and	counseling	in,	409,	472–473
prognosis,	1334
sporadic,	1333
staging	of,	1333–1334
surgical	prophylaxis	in,	409–412
systemic	therapy	in,	1335
treatment,	1334–1335

Medullary	tumors,	1572
Medulloblastoma,	1596–1598

characteristics	of,	1561
chemotherapy	for,	1597–1598
classification	of,	1595–1596
clinical	features	of,	1596
driver	events	in,	1561–1562,	1562f
epidemiology	of,	1596
exome	analysis	in,	4
hereditary	syndromes,	1569,	1596
integrative	genomic	analysis,	15
molecular	biology	of,	1561–1562,	1562f
pathology	of,	1596
PIK3CA	mutations	in,	3
PTCH1	gene	and,	79t,	84,	1561,	1562f
radiographic	features	of,	1596
risk	groups,	1596
SHH	signaling	in,	1561,	1562f
spinal,	1608–1609
staging,	1596
surgery	for,	1596–1597
survival	rate,	1562
WNT	pathway	in,	1561–1562,	1562f

MEF2,	1680
MEF2B,	1679
Mefenamic	acid,	2196t
MEGA271,	371t
Megakaryocyte-potentiating	factor,	1868
Megestrol	acetate,	356

for	cancer	cachexia,	2215
for	cancer-related	fatigue,	2151
dosage,	356
for	hepatocellular	carcinoma,	858
for	hot	flashes,	348
pharmacology,	356
for	prostate	cancer,	1121
toxicities,	356

Meibomian	glands,	1494
MEK	inhibitors,	305–307

for	differentiated	thyroid	cancers,	1332–1333
for	melanoma,	1503,	1539,	1543,	1549–1550
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Melan-A/melanoma	antigen	recognized	by	T	cells	1	(MART-1),	451,	1519,	1541,	1552,	1553
Melanin	synthesis	pathway,	in	cutaneous	melanomas,	1506–1508
Melanocytes,	1500

progression	to	melanoma
cellular	changes	in,	1512,	1513f,	1514f
genetic	events	in,	1512

radial	growth	phase	of,	1512,	1513f
vertical	growth	phase	of,	1512,	1513f

Melanoma(s)
acral	lentiginous,	1515,	1519
in	adolescents	and	young	adults,	1515,	1617,	1619,	1622f
age	distribution,	1514,	1515f,	1521
anatomic	distribution,	1515
anorectal	region,	1010
antigens	in,	451
biomarker	of,	529
biopsy,	1518–1519,	1521–1522
BRAF-mutant,	2,	15,	190,	1194,	1501–1503,	1501f,	1510–1512

kinase	inhibitors	and,	305–307,	306f
pharmacogenomics	and,	241–242

BRCA1/BRCA2	genes	and,	476t
cancer	of	unknown	primary	site	and,	1861
cell	cycle	regulators	in,	1503–1504
cervical,	1176
in	children,	infants,	and	neonates,	1515
choroidal,	1899,	1900,	1900f,	1904
ciliary	body,	1900
clinical	evaluation	of,	1522–1523
clinically	localized,	1527–1528
clinical	T1B,	1528
clinical	T2A,	T2B,	1529
clinical	T3A,	1529
clinical	T3B,	1529–1530
depth	of	invasion,	1520
desmoplastic,	1519–1520
diffuse,	1900
driver	mutations	in,	1510,	1511–1512
epidemiology	of,	1512–1514
esophageal	involvement,	723
estrogen	use	and,	1516
etiology	of,	1516
familial	atypical	multiple	mole,	536,	804,	805t
familial	predisposition	for,	1516
fingers	and	toes,	1531
follow-up,	1528,	1529t,	1539–1540
future	directions,	1507–1508
gender	and,	1512,	1514,	1515f,	1520–1521
genetic	testing	in,	1518,	1541
geographic	variations	in,	1513
head	and	neck,	1530
immunogenomics,	17
immunotherapy,	28,	71,	218–221
incidence	of,	1512,	1514
in	situ,	1527–1528
iridociliary,	1904



iris,	1900,	1900f,	1904
KIT	mutations,	33,	1194,	1505,	1510–1512,	1516
lentiginous,	1519
lentigo	maligna,	1515,	1519
local	recurrence,	1522,	1532–1533
melanocyte	progression	to,	1512
metastatic	disease,	1512,	1513f

bone	metastases,	1543
brain	metastases,	1541,	1543,	1553–1554,	1934,	1940,	1941t
clinical	evaluation	of,	1540–1541
distant	metastases,	1536–1537,	1540–1553
histologic	or	cytologic	diagnosis,	1540–1541
in-transit,	1532,	1532f,	1533
lung	metastases,	1952,	1953t
patterns	of,	1540
prognostic	factors	in,	1540
progress	in	treatment,	1543–1544
radiation	therapy	for,	1553–1554
regional,	1532–1540
regional	node,	1532,	1534–1536
resected,	1543
satellite,	1532,	1532f,	1533
small	bowel,	1541,	1542f
surgery	for,	1541–1543
timing	of,	1540
unresectable,	1543–1553
visceral	metastases,	1536–1537,	1541–1543

mitotic	rate,	1521
molecular	biology	of,	1500–1508,	1501f,	1510–1514
mucous	membranes,	1530–1531
mutational	landscape	in,	1510–1511
newly	diagnosed,	1522–1523
nodular,	1519
obesity	and,	146t
ocular,	1513
oncogenic	signaling	pathways	in,	1501–1506,	1504f
oral	cavity,	560
pathway-directed	therapy	for,	241–242,	242f
PD-1/PD-L1,	17,	39,	74
physical	activity	and,	148t
pregnancy	and,	1516
prevention	of,	1516–1517
primary

characteristics	of,	1518
diagnosis	of,	1518–1522
prognostic	factors,	1520–1521
special	considerations	in	management,	1530–1531
thin,	1528

protease	mutations	in,	4
radial	growth	phase	of,	1512,	1513f
radiologic	studies,	1522–1523
regional	nodes	in,	1524–1527,	1532,	1534–1536
screening	for,	467,	1517–1518
secondary,	2167–2168
small	bowel	metastases,	892
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socioeconomic	status	and,	166
of	soft	parts,	1413
somatic	alteration	classes	in,	9–10
staging	of,	1520–1522,	1520t,	1521t
subtypes,	1519–1520
subungual,	1519,	1531
superficial	spreading,	1514f,	1519
survival	rates,	1512,	2181,	2182f
targeted	sequencing	panels,	37
The	Cancer	Genome	Atlas	effort,	1500–1501,	1508,	1510–1511
thick,	1530,	1531–1532
treatment	of,	1527–1540

adjuvant	therapy,	219,	1537–1540,	1543,	1543t
adoptive	cell	therapy,	1552–1553,	1552f,	1553f,	1553t
anti-PD-1/PDL-L,	375,	1507,	1519–1520,	1539,	1544,	1544t,	1545f,	1547–1548
biochemotherapy,	219,	1551–1552
BRAF	inhibitor-based,	241–242,	305–307,	1539,	1543–1544,	1545t,	1548–1550
checkpoint	inhibitors,	221,	222t,	223–224
clinical	end	points,	1544t,	1545t
clinical	trials,	1523–1524
combination	chemotherapy,	1551
interferon-α,	218–219,	1533,	1538,	1543t,	1551–1552
interleukin-2,	219–220,	1533–1534,	1548,	1551–1552
intratumoral	therapies,	1533–1534,	1534t
ipilimumab,	204,	375,	1538–1539,	1544–1547,	1544t,	1546t
isolated	limb	perfusion,	1533
kinase	inhibitors	in,	305–307
lymphadenectomy,	1535–1536,	1535f
MEK	inhibitors,	1503,	1539,	1543,	1549–1550
neoadjuvant	therapy,	1539
precision	medicine,	190
radiation	therapy,	219,	1531,	1536–1537,	1553–1554
single-agent	chemotherapy,	1550–1551
talimogene	laherparepvec,	220,	377–378

triple	wild-type,	1506,	1506f
tumor-infiltrating	lymphocytes	in,	221
ultraviolet	light	and,	129,	1500,	1508,	1516–1517,	1619,	1622f
uveal,	1899–1908

adjuvant	therapy	for,	1905
anatomy	of,	1899–1900
biomarkers	of,	1907
choroidal	melanomas,	1899,	1900,	1900f,	1904
ciliary	body,	1900
clinical	prognostic	factors,	1907
clinical	trials,	1906
cytogenetics,	1907
diagnosis	of,	1900–1902
diffuse	growth	pattern,	1907
etiology	of,	1899
extrascleral	extension	of,	1900,	1904
eye	preservation	in,	1899
Finger	MOST	mnemonic	for,	1900
fundus	autofluorescent	imaging	of,	1901,	1901f
genetics	and	molecular	biology	of,	1907
histology	of,	1900



immunotherapy	for,	1906
incidence	of,	1899
intermediate	T2,	1902
intraocular	angiography	for,	1901
intraocular	tumor	biopsy	for,	1902
iridociliary,	1904
iris	melanomas,	1900,	1900f,	1904
large	T3	and	T4,	1902
liver-directed	therapy	in,	1905–1906
management	of,	1902
metastasis	of,	1904–1906,	1905f,	1967
mutations	in,	1510,	1511
observation	of,	1902
ophthalmic	examination	for,	1900–1901
optical	coherence	tomography	for,	1901,	1901f
pathology	of,	1899–1900
positron	emission	tomography	of,	1540
proton	therapy	for,	1903–1904
quality	of	life	effects,	1899
radiation	therapy	for,	1899,	1903
small	T1,	1902
staging	of,	1902,	1903t
systemic	therapy	for,	1906
targeted	therapies	for,	1906,	1907f
tumor	size	and	location,	1907
ultrasound	imaging	for,	1902

vaccine,	1548
vaginal,	1194
vertical	growth	phase	of,	1512,	1513f
vulvar,	1199
whole-exome	analysis,	9,	1507,	1510
whole-genome	sequencing	in,	6–7,	1507,	1510
wide	local	excision/excision	margins	for,	1521–1524,	1523t

Melanoma-associated	antigen	1	(MUM1)/interferon	regulatory	factor	4,	1722
Melanoma-associated	antigens,	383
Melatonin,	2215,	2271,	2274
Melena,	924–925
Melphalan	(Alkeran),	247,	248t

for	AL	amyloidosis,	1847
bortezomib	and	prednisone	with,	328
captisol-enabled,	1828
clinical	pharmacology,	248t
doses	and	schedules,	250t
for	Ewing	sarcoma,	1458,	1460
for	germ	cell	tumors,	1157
for	Hodgkin	lymphoma,	1663–1664
isolated	limb	perfusion	with,	1426,	1533
for	melanoma,	1533
for	multiple	myeloma,	1827–1828,	1828t–1829t,	1832–1833,	1836–1837
pharmacokinetics	of,	250
pulmonary	toxicity,	2112t
reproductive	dysfunction	and,	2135t,	2138t
secondary	malignancies	with,	253
for	stem	cell	transplantation	preparation,	1746,	1747
therapeutic	uses,	248t
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toxicities,	248t,	252,	253
tumor	necrosis	factor	with,	1426

Memantine,	1936,	2178
Membrane	signaling,	radiation	and,	199–200
Memorial	Symptom	Assessment	Scale	(MSAS),	2192
MEN.	See	Multiple	endocrine	neoplasia
MEN1,	1317,	1318,	1377

in	adrenocortical	carcinoma,	1345
in	neuroendocrine	tumors,	1368
in	pancreatic	cancer,	802,	809
in	pancreatic	neuroendocrine	tumors,	1353,	1356
in	parathyroid	cancer,	1339

Menarche
and	breast	cancer,	1270
and	endometrial	cancer,	1211

Mendelian	syndromes,	913–914
Meningeal	carcinomatosis,	1918
Meningiomas,	1593–1595

anaplastic,	1593,	1595
arachnoid	granulation	obstruction	in,	1917
atypical,	1593
benign,	1593
chemotherapy	for,	1595
epidemiology	of,	1565
incidence	of,	1569f
malignant,	1595
molecular	biology	of,	1565–1566,	1565f
obesity	and,	146t
pathology	of,	1593,	1594f
radiation	therapy	for,	1594–1595
resection	of,	1593–1594

preoperative	planning,	1593
recurrence	following,	1594,	1594t
Simpson	grades,	1593–1594

rhabdoid,	1566
secondary,	2167
WHO	grading	of,	1593

Meningitis,	1916,	1917,	2057–2058
intrathecal	chemotherapy	and,	1942
neoplastic,	1941–1942

Meningoencephalitis,	2057–2058
Menin/Menin,	1317,	1378t
Menopause

and	breast	cancer,	1270
and	endometrial	cancer,	1211

Menopause,	premature,	2137–2138
Meperidine,	2199–2200,	2201–2202
2-Mercaptoethane	sulfonate	(mesna),	252,	1153t,	1426
6-Mercaptopurine	(6-MP)

for	acute	lymphoblastic	leukemia,	273,	1755
clinical	pharmacology,	273
description	of,	273
doses	and	schedule,	268t
mechanism	of	action,	266t,	273
mechanism	of	resistance,	266t,	273



metabolic	pathways,	273
pharmacogenomics	of,	243–244,	244f
pulmonary	toxicity,	252–253
reproductive	dysfunction	and,	2135,	2135t
therapeutic	uses,	268t,	273
toxicities,	268t,	273

Merkel	cell	carcinoma	(MCC),	1489–1491
as	cancer	of	unknown	primary	site,	1861
checkpoint	inhibitors	for,	221,	223t,	226–227,	375,	1491
chemotherapy	for,	1491
clinical	features	of,	103,	103f
clinical	presentation,	1490
etiology	of,	1489–1490
histology,	1490,	1490f
incidence	of,	1489
management	of,	1491
metastatic,	1490–1491
oncogenic	virus	and,	103–104,	445,	449–450
prognosis,	1490–1491
radiation	therapy	for,	1478,	1491
recurrence,	1491
staging,	1489–1490
transcriptome	of,	11

Merkel	cell	polyomavirus,	99t,	100,	103–104,	445,	449–450,	1490
Merlin,	45,	1565,	1864,	1865
Mesalazine,	2100
Mesenchymal	cell	differentiation,	537
Mesenchymal	invasion,	50
Mesenchymal	stem	cells,	50
Mesna,	252,	1153t,	1426.	See	also	MAID	regimen
Mesocolic	excision,	complete,	935
Mesocolon,	924
Mesorectal	excision,	total,	970,	974–978,	977f,	980t
Mesothelial	cells,	1864,	1865f,	1866
Mesothelin,	451,	1881
Mesotheliomas,	131,	1863–1883

angiogenesis	inhibitors	for,	1880
asbestos	carcinogenicity	and,	1863–1864
asbestos	pathogenicity	and,	1864,	1865f
benign,	1866
biphasic,	1867
chemotherapy	for,	1878–1880

clinical	trials,	1880
first-line,	1878–1879f
second-line,	1879–1880

clinical	presentation,	1867
clinical	response,	assessing,	503
closed	pleural	biopsy	for,	1871
cytogenetics,	1865
death	rates,	1863
description	of,	131
diagnostic	approach,	1871
epidemiology,	1863
extrathoracic,	1871
genetic	predisposition	to,	1866
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immunohistochemistry,	1866–1867
immunotherapy	for,	1880–1881
laboratory	findings	and	blood	biomarkers,	1868–1869
malignant,	1863,	1866–1867
mesothelin-targeted	therapy	for,	1881
molecular	mechanisms	in,	1864–1866
natural	history	of,	1871–1874
novel	therapeutic	approaches,	1880–1881
pathology	of,	1866–1867
pericardial	effusion	in,	1987,	1988t
peritoneal,	1864,	1889,	1894

clinical	presentation,	1894
diagnosis,	1894
histopathology	of,	1890
treatment	and	results,	1894

physical	findings,	1867
pleural,	1983
prognostic	indicators,	1871,	1872t
proteomic	analysis,	1868–1869
proton	therapy	for,	1883
radiation	therapy	for,	1876,	1882–1883

adjuvant,	1882–1883,	1883f
chemotherapy	with,	1881
palliative,	1883
scar	recurrence	prevention,	1883

radiologic	examination,	1869,	1869f,	1870f,	1871f,	1871,	1872t
staging,	1872–1874,	1873t,	1874f
superior	vena	cava	syndrome	and,	1910
supportive	care	for,	1874
surgery	for,	1874–1878

controversy	over,	1874,	1876–1877
diagnostic,	1874–1875
extrapleural	pneumonectomy,	1874–1877,	1876t,	1878t
intraoperative	and	specimen	photography,	1875f
lung-sparing,	1877–1878
macroscopic	complete	resection,	1874–1878,	1877t,	1878t
palliative,	1874–1877
purpose	of,	1874–1875

survival,	1874f
testicular,	1159
thoracocentesis	for,	1871
thoracoscopy	for,	1871
treatment,	1874–1883
trimodality	therapy	for,	1876,	1876t

MET,	19,	38f,	84
in	alveolar	soft-part	sarcoma,	1413
in	esophageal	cancer,	751,	753
functional	consequences	of	mutations,	1015–1016
in	liver	cancer,	839
in	lung	cancer,	609,	612,	648,	651
in	ovarian	cancer,	1165
in	renal	cell	carcinoma,	305,	1014,	1015–1016,	1022f

Meta-analyses
epidemiology	methods,	157
of	research	outcomes,	499



Metabolic	acidosis,	urinary	diversion	and,	1056
Metabolic	emergencies,	1928–1932
Metabolic	syndrome,	114–115,	118–119,	845
Metabolomics,	158
Metagenomics,	158
Metallothionein,	261
Metaorganism,	66
Metastasectomy

hepatic,	1360
for	liver	metastases,	1360,	1958,	1959,	1960,	1961t,	1966,	1966t
for	pulmonary	metastases,	1946,	1947–1950,	1948f,	1953t
soft	tissue	sarcoma	and,	1431

Metastases.	See	also	specific	cancers	and	anatomic	sites
as	cancer	hallmark,	49–51
dissemination,	49,	50–51
inflammation’s	role	in,	115,	116,	118
interleukin-2	for,	219
phases	of,	51
radiation	therapy	for,	212–213
stromal	cells	in,	59,	60f
whole-genome	analysis,	7,	8f

Metastatic	colonization,	49,	51
Metastatic	signatures,	51
Metatypical	carcinomas,	1481
Metchnikoff,	Elie,	75
Metformin

as	cancer	risk–reducing	agent,	435,	436t,	1089
endometrial	cancer	and,	1218,	1220
lung	cancer	and,	612
prostate	cancer	and,	1089
repurposing	for	chemotherapy,	345

Methadone
for	cancer-related	pain,	2198,	2199,	2200
constipation	and,	2090
routes	of	administration,	2200
single-dose	potency,	2198t
sublingual,	2104

Methanobrevibacter	smithii,	69
Methicillin-resistant	Staphylococcus	aureus,	518,	2044,	2051,	2053,	2059–2060
Methionine,	dietary,	920
Methotrexate	(MTX),	265–269

for	acute	lymphoblastic	leukemia,	1754,	1755,	1756
adverse	effects,	267

gastrointestinal,	267
myelosuppression,	267

bioavailability,	267
for	bladder	cancer,	1057,	1062–1064,	1065,	1066
for	Burkitt	lymphoma,	892t,	1694–1695
for	choroid	plexus	tumors,	1608
clinical	pharmacology,	267
for	dermatofibrosarcoma	protuberans,	1493
for	diffuse	large	B-cell	lymphoma,	1690
doses	and	schedule,	268t
drug	interactions,	293,	338
for	esophageal	cancer,	750
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excretion,	267
for	extranodal	natural	killer/T-cell	lymphoma,	1698
for	gestational	trophoblastic	neoplasms,	1229–1230,	1229t
for	GVHD	prophylaxis,	2025
for	head	and	neck	cancer,	548
high-dose	therapy,	267,	1721–1722,	1724–1726
for	Hodgkin	lymphoma,	1662
intrathecal,	1942
for	large	granular	lymphocyte	leukemia,	1798
mechanism	of	action,	265–266,	266t,	267f
mechanism	of	resistance,	266–267,	266t
for	medulloblastoma,	1598
for	metastatic	disease,	1307
microbiota	and	metabolism	of,	70
oral	mucositis	and,	2096
for	osteosarcoma,	1460–1461,	1462
for	penile	cancer,	1143
for	primary	CNS	lymphoma,	1721–1722,	1724–1726
pulmonary	toxicity,	2112t,	2117
reproductive	dysfunction	and,	2135,	2135t
single-agent	treatment,	548
for	squamous	cell	carcinoma,	1488
therapeutic	uses,	265,	268t
toxicities,	267,	268t

Methylaminolevulinic	acid	(MAL),	1478,	1482
Methylation	analysis,	13f,	34,	158
Methylation-sensitive	multiplex	ligation-dependent	probe	amplification,	34
Methylation-specific	PCR,	34
Methylcellulose,	2092t
3-Methylcholanthrene,	121
Methyldopa,	gallbladder	cancer	and,	877
Methylene-tetrahydrofolate	reductase,	139
Methylmelamines,	248t
Methylnaltrexone,	2091,	2201
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone	(NNK),	92,	95–96,	620
Methylphenidate,	2178,	2201,	2205
Methylprednisolone

for	GVHD	prophylaxis,	2025
for	multiple	myeloma,	1829,	1836

Metoclopramide,	2082
MET	receptor	tyrosine	kinase,	305
Metyrapone,	1349,	1351,	1363,	2002
Mevastatin,	346
Mexiletine,	2203
MGCD-0103,	316t
MGMT,	34,	614,	1165,	1565,	1583,	1585
MGN1703,	373t
Mianserin,	2233
MIBG	scans,	886
Micafungin,	2042
Microadenomas,	1600
Microbiome,	66–75

bacteria	as	cancer	drugs,	70
bacteria	as	cause	of	cancer,	66–69,	68f
cancer	as	disease	of	metaorganism,	66



colorectal	cancer	and,	67–69,	157,	913–914
diet	and,	142
epidemiologic	studies,	158
future	of	research,	74–75
immune	checkpoint	blockers,	73–74
local	and	systemic	effects	of	microbiota,	66,	67f
microbiota	and	chemotherapy,	71,	72f
microbiota	and	drug	metabolism,	70–71,	70f
microbiota	and	immunotherapy,	71–73
modulation	of	predisposing	conditions	and	comorbidity,	69
tumors	in	tissues	not	directly	colonized,	69

Microcystic	adnexal	carcinoma	(MAC),	1494
clinical	presentation,	1494
etiology	of,	1494
histology	of,	1494,	1494f
incidence	of,	1494
management	of,	1494
prognosis,	1494

Microenemas,	2092
Microenvironment,	of	tumor,	43,	55–61,	55f

cancer-associated	fibroblasts,	55,	55f,	116
cell-to-cell	signaling	pathways,	57–59,	58f
coevolution	during	carcinogenesis,	59,	60f
endothelial	cells,	55–56,	55f
heterotypic	signaling	in,	57–59,	58f
immune	inflammatory	cells,	55f,	56,	115–116
immunotherapy	and,	218
intratumoral	heterogeneity,	59–61
liver	cancer,	839–841
lung	cancer,	614–615
ovarian	cancer,	1164
oxygen	levels	in,	202
pericytes,	55f,	56
progenitor	cells,	56–57
prostate	cancer,	1125–1126
stem	cells,	56–57
vaccines	and,	452

Microhematuria,	1051
Micrometastases,	49,	51
Micronutrients,	424–429

antioxidant,	424,	426–427
B	vitamins,	427–428,	428t
calcium,	428–429
as	cancer	risk–reducing	agents,	424–429
carotenoids,	424,	426–427,	426t
definition	of,	424
folic	acid,	427–428
retinoids,	424–427,	425t
summary	of,	429
vitamin	D,	428–429

Microphthalmia-associated	transcription	factor	(MITF),	1017t,	1501,	1506–1507,	1516
MicroRNAs	(miRNAs),	7,	25–26,	62,	86

in	cholangiocarcinoma,	867
in	chronic	lymphocytic	leukemia,	1768,	1770,	1786
in	colorectal	cancer,	942
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in	liver	cancer,	838–839,	845
in	lung	cancer,	614
in	mesothelioma,	1869
in	myelodysplastic	syndromes,	1807
in	pulmonary	toxicity,	2111
in	soft	tissue	sarcomas,	1384
in	tissue-of-origin	testing,	1857

Microsatellite-	and	chromosome-stable	(MASC)	colorectal	cancer,	412
Microsatellite	instability

in	bladder	cancer,	1042–1043
in	breast	cancer,	1261
in	colorectal	cancer,	34,	412,	413,	907–908,	930,	941–942,	941t
in	endometrial	cancer,	1167,	1212
in	esophageal	cancer,	740
in	familial	adenomatous	polyposis,	912
in	gastric	cancer,	715,	764,	767
in	Lynch	syndrome,	34,	194,	407–408,	413,	415,	415t,	912–913
in	pancreatic	cancer,	801

Microsatellite	instability	analysis,	34–35,	194
Microsatellite	instability-high	cancers,	221,	222t,	225,	908
Microtubule	antagonists,	294–295

auristatins,	294
epothilones,	289f,	294
estramustine	phosphate,	289f,	289t,	294
maytansinoids,	294
mechanisms	of	resistance	to,	295
reproductive	dysfunction	and,	2135

Microtubule-associated	proteins	(MAPs),	288,	289f,	292,	295
Microtubule-destabilizing	drugs,	289f
Microtubules,	288
Microtubule-stabilizing	drugs,	288–292,	289f
Microwave	ablation

for	cholangiocarcinoma,	869
for	hepatic	metastases,	1959
for	hepatocellular	carcinoma,	852,	853,	853f
for	pulmonary	metastases,	1950
for	small	bowel	carcinoid	tumors,	891

Microwave	radiation,	125–126,	130
Middle	colic	artery,	924
Middle	ear,	lymphatic	network,	543
Midline	lethal	granuloma,	580
Midline	tumors	of	uncertain	histogenesis,	1159
Midostaurin,	1745–1746
Mifepristone,	1351,	1595,	2002
Migrant	studies,	133,	160,	161t,	918
Milk	consumption,	138
Milk	thistle,	236
Mind–body	connection,	2270
Mind–body	techniques,	2277
Mindfulness	training,	2152,	2153,	2178,	2231
Mini-BEAM	regimen,	1663–1664
Minigenes,	370
Minimal-deviation	adenocarcinoma,	1175
Minimally	invasive	esophagectomies	(MIEs),	524
Minimally	invasive	surgery,	519–520.	See	also	Endoscopic	surgery



Minimal	residual	disease,	19,	28
in	acute	lymphoblastic	leukemia,	1751,	1752–1753,	1753t
in	acute	myeloid	leukemia,	1744
in	chronic	lymphocytic	leukemia,	1792
in	multiple	myeloma,	2012

“Minimax”	designs,	488
Mini	Nutritional	Assessment,	2214
Minor	histocompatibility	antigens,	2023
Minoxidil,	2131
Mi-OncoSeq,	1858
Mirizzi	syndrome,	878
Mirtazapine,	2234,	2234t
Misclassification,	in	epidemiologic	studies,	155
Mismatched	donors,	2022–2023
Mismatch	repair,	DNA

deficiency,	34–35,	221,	222t,	225,	740
description	of,	797
HNPCC	and,	912–913,	923
prostate	cancer	and,	1083

Misonidazole,	microbiota	and	metabolism	of,	70
Misoprostol,	2100,	2196
Missenses	mutation,	27
Mistletoe	(Viscum	album,	Iscador),	2274
Mitelman	Database	of	Chromosome	Alterations	in	Cancer,	1391
MiT	family	translocation	renal	cell	carcinoma,	1021t
Mithramycin,	1341
Mitochondrial	genome,	801
Mitogen-activated	protein	kinase	(MAPK),	297,	298f

anti-inflammatory	drugs	and,	429
bladder	cancer	and,	1043–1044
breast	cancer	and,	1267
chemical	carcinogens	and,	124
chronic	myeloid	leukemia	and,	1766
gastrointestinal	stromal	tumors	and,	896
gliomas	and,	1562
hepatocellular	carcinoma	and,	859
inhibitors	of,	305–307
ionizing	radiation	and,	127
lung	cancer	and,	612
melanoma	and,	1501–1503,	1502f,	1510–1512
microwave	radiation	and,	130
multiple	myeloma	and,	1822
pharmacogenomics	and,	239,	241–242,	242f
platinum	agents	and,	259–260
prostate	cancer	and,	1082–1083
uveal	melanomas	and,	1906

Mitogenic	signaling,	44
Mitomycin	C,	123

for	anal	cancer,	997,	1003,	1004t,	1007,	1008
for	bladder	cancer,	1045,	1054,	1057
cardiac	toxicity,	2120t
for	cervical	cancer,	1182t
drug	interactions,	293
for	esophageal	cancer,	749,	750
for	gallbladder	cancer,	880
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for	HCC	embolic	therapy,	854–855
for	malignant	ascites,	1994–1995
for	mesothelioma,	1878
for	non–small-cell	lung	cancer,	646
for	pancreatic	cancer,	818
pulmonary	toxicity,	2112t
reproductive	dysfunction	and,	2138t
for	soft	tissue	sarcomas,	1433,	1435
for	stomach	cancer,	776
toxicities,	252,	253
for	urethral	cancer,	1138
for	vulvar	cancer,	1203,	1204t

Mitotane,	1350,	1363
Mitotic	motor	protein	inhibitors,	294–295
Mitotic	rates,	1521
Mitoxantrone,	282t,	284

characteristics	of,	284
for	follicular	lymphoma,	1682
for	Hodgkin	lymphoma,	1662
for	prostate	cancer,	1114,	1124
reproductive	dysfunction	and,	2135,	2135t
for	salivary	gland	tumor,	588
structure	of,	279f
therapeutic	uses,	282t,	284
toxicities,	282t,	284

MIW815,	373t
Mixed	cellularity	classical	Hodgkin	lymphoma	(MCCHL),	1648
Mixed	germ	cell	tumors,	1598
Mixed	lineage	leukemia	(MLL)	gene,	318
Mixed	müllerian	tumors,	1221–1222.	See	also	Carcinosarcoma
Mixed	neuroendocrine–nonneuroendocrine	neoplasms	(MiNENs),	1354
MK-1454,	373t
MK-7684,	371t
MKL1,	1735
MLF1,	1368
MLH1,	34

breast	cancer	and,	1261
cancer	susceptibility	and,	82,	86
endometrial	cancer	and,	1211
gastric	cancer	and,	716
lung	cancer	and,	614
Lynch	syndrome/colorectal	cancer	and,	407–408,	413,	415,	910,	912–913,	1211
prostate	cancer	and,	1083
secondary	primary	cancer	and,	2158
small	bowel	cancer	and,	884

MLH2,	1083
MLH3,	82
MLH6,	82
MLL,	28,	1803
MLL3,	797
MLL4,	1345
MLL-AF9	fusion,	1729
MLL-ENL	fusion,	1729
MLL	fusion	genes,	1729,	1730t,	1735–1736
MLN2238,	321



MLN9708.	See	Ixazomib/MLN	9708
MLT,	1675
MMAE,	294,	362–363
MMR,	887
MNOP	algorithm,	for	spinal	cord	compression,	1924–1926,	1925f
Mobile	phones,	130,	1568
Modafinil,	598
Model	for	End-Stage	Liver	Disease	(MELD)	score,	851
Modified	radical	hysterectomy,	1179,	1180f,	1181
Modified	radical	mastectomy,	1290
Modified	radical	neck	dissection,	546
Mogamulizumab,	373t,	380,	1698,	1713t,	1716
Mohs	micrographic	surgery	(MMS),	1475,	1476,	1477f

for	angiosarcoma,	1493
for	atypical	fibroxanthoma,	1496
for	basal	cell	carcinoma,	1476,	1482
for	dermatofibrosarcoma	protuberans,	1492
for	extramammary	Paget	disease,	1495
for	microcystic	adnexal	carcinoma,	1494
for	sebaceous	carcinoma,	1495
for	squamous	cell	carcinoma,	1476,	1487–1488

Molar	pregnancies,	1227
Molds,	2047,	2050,	2052
Molecular	barcode	sequencing,	41
Molecular	breast	imaging,	459
Molecular	diagnostics

allele-specific	polymerase	chain	reaction,	31t,	32–33
broadening	spectrum	of	characterization,	187–188
cell-free	DNA	technologies,	25,	40–41
expression	panels,	39
fluorescent	in	situ	hybridization,	27–28,	35–36,	36f
fragment	analysis,	31t,	33,	33f
genomic	microarrays,	31t,	39
laboratory,	29
loss	of	heterozygosity	analysis,	35,	39
methylation	analysis,	34
microsatellite	instability	analysis,	34–35
next-generation	sequencing,	28,	36–39,	37f,	38f
oncology	applications	of,	25–28
polymerase	chain	reaction,	27–28,	30–33
precision	medicine,	189–190
predicting	response	to	therapy,	28
pyrosequencing,	33–34
real-time	polymerase	chain	reaction,	30,	31t
reverse	transcriptase	polymerase	chain	reaction,	30–32,	31t,	32f
risk	assessment	and	prevention,	28
Sanger	sequencing,	33,	34f
specimen	for,	29,	157–158,	189
targeted	mutation	analysis,	30–36,	31t
testing	process	of,	29–30,	29f
therapeutic	disease	monitoring,	28

Molecular	epidemiology,	124,	156–158
analysis	of	biomarkers,	156,	157–158
multidisciplinary	approach,	156
research	design,	157



Dr. AVR @ TMH

study	of	genetic	factors,	156–157
Molecular	markers,	156,	157–158
Molecular	pharmacodynamics,	189–190
Molecular	tumor	profiling	(MTP),	1856–1858
Moles,	atypical,	1517
Molgramostim,	2070t,	2072
Monoamine	oxidase	inhibitor,	339
Monoclonal	antibodies,	297,	359–366

altered	signal	transduction	and,	362
bispecific,	361–362
cardiac	toxicity,	2119,	2122–2123
CD47,	381
cell-mediated	cytotoxicity	and,	361–362,	361f
for	chronic	lymphocytic	leukemia,	1791–1792
complement-dependent	cytotoxicity	and,	362
diarrhea	associated	with,	2087
engineering	of,	361,	362
for	esophageal	cancer,	751–753
FDA-approved,	359,	360t
hematologic	malignancies	treated	with,	364–366
immunoconjugate	strategies,	360t,	362–363
immunocytokine	conjugates,	362
immunotoxins	and,	362
infection	risk	and,	2040
for	malignant	ascites,	1992–1993,	1996–1997
for	multiple	myeloma,	1830
for	mycosis	fungoides/Sézary	syndrome,	1716
naming	rules,	359,	361t
for	non–small-cell	lung	cancer,	653–654,	653t
for	oral	cGVHD,	2103
pulmonary	toxicity,	2111,	2113t–2114t
radioimmunoconjugates,	363
radiolabeled,	for	stem	cell	transplantation,	2020
solid	tumors	treated	with,	363–364
for	stomach	cancer,	786
unconjugated,	360t,	361–362

Monoclonal	gammopathy	of	unknown	significance	(MGUS),	1818,	1820–1822,	1839–1841
algorithm	for,	1840f
clinical	features	of,	1839
cytogenetic	abnormalities	in,	1820,	1821t
diagnostic	criteria	for,	1819t
differential	diagnosis,	1839
epidemiology	of,	1839
IgM,	1819t,	1839
incidence	of,	1839
light	chain,	1819t,	1839
management	of,	1840f,	1841
non-IgM,	1819t,	1839
prevalence	of,	1839
prognosis	of,	1839
progression	of,	1821–1822
risk	stratification,	1841,	1841t

Monoclonal	(M)	proteins
in	monoclonal	gammopathy	of	undetermined	significance,	1839–1841
in	multiple	myeloma,	1818,	1823–1824,	1824f,	1838



in	smoldering	multiple	myeloma,	1841,	1842
in	solitary	plasmacytoma,	1848
in	Waldenström	macroglobulinemia,	1844

Monocytes,	361
Monocytoid	B	cells,	1685
Monographs	on	the	Evaluation	of	Carcinogenic	Risks	to	Humans,	121
Monomethyl	auristatin	E,	294,	362–363
Monomethyl	auristatin	F,	294
Monro-Kellie	hypothesis,	1916
Monsel	solution,	1475
Monte	Carlo	techniques,	208
Mood

psychotherapeutic	interventions	and,	2232–2233
psychotropic	medications	and,	2233–2235

Moore,	Patrick,	103,	105
MOPP	regimen,	339,	1655–1656,	1659
Moraxella	catarrhalis,	2053
Morphine	sulfate

for	cancer-related	pain,	2197
constipation	and,	2090
for	dyspnea,	2243
for	oropharyngeal	pain,	2104
side	effects	of,	2201–2202
single-dose	potency,	2198t
switching	from,	dose	ratios	for,	2198t,	2199

Mortality
adolescent/young	adults,	1627–1630,	1628f,	1629f
data	sources,	161
demographic	factors	affecting	risk,	165–170
geographic	and	temporal	variations,	160–161
global,	160–181
migrant	studies,	160,	161t
patterns	for	common	cancers,	173–180
psychotherapeutic	intervention	and,	2233
screening	outcomes	and,	456–457
smoking	effects	on,	388,	391
temporal	trends,	170–173,	180–181

Mortality	rates,	164,	165t
Motexafin	gadolinium,	1585
Motilin,	1372
Mountains,	11,	15,	1261
Mouth	cancer,	558–559

anatomy,	557
clinical	picture,	558
complications	of	treatment,	559
early	lesions,	558
follow-up,	559
irradiation	technique	for,	558
moderately	advanced	lesions,	558
outcomes	of	treatment,	558–559
pathology,	557
patterns	of	spread,	557
recurrence,	management	of,	558
surgical	treatment	of,	558,	558t
treatment	of,	558
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Moxetumomab,	1798
Moxibustion,	2153
MOZ/CBP	fusion	protein,	1736
MOZ/TIF2,	1736
MPL,	33,	1737
MP	regimen,	1828,	1832–1833,	1843
MPT	regimen,	1828,	1832–1833,	1836–1837
MPV-A	regimen,	1725
MREHA,	1164
MRN	complex,	197f,	198–199,	198f
MSB0011259C,	374t,	382
MSCC.	See	Malignant	spinal	cord	compression
MSH2

breast	cancer	and,	1261
cancers	of	unknown	primary	site	and,	1858
colorectal	cancer	and,	912
endometrial	cancer	and,	1167
Lynch	syndrome/colorectal	cancer	and,	407–408,	413,	415–416,	912,	923
secondary	primary	cancer	and,	2158
small	bowel	cancer	and,	884

MSH3,	715,	912
MSH5,	1261
MSH6,	413,	415,	715,	912,	923,	1045,	1083,	1167
MSK-IMPACT,	1858
MSR1,	713
MTAP,	1392
MTC.	See	Medullary	thyroid	carcinoma
MTHFR,	1165
MTIG7192A,	371t
mTOR.	See	Mammalian	target	of	rapamycin
MTX/FA	regimen,	1229
Mucin,	2105
Mucin	1	(MUC1),	451,	452–453,	530,	715,	944
Mucin	16	(MUC16),	801
Mucinous	adenocarcinoma,	1000,	1175
Mucinous	carcinoma

ovarian,	1233t
stomach,	763

Mucinous	colorectal	cancer,	929
Mucinous	cystic	neoplasms,	805,	806f,	808–809
Mucinous	tubular	and	spindle	cell	RCC,	1021t
Mucoepidermoid	carcinoma,	esophageal,	722
Mucoepidermoid	carcinomas,	585
Mucormycosis,	2050,	2053
Mucosal-associated	lymphoid	tissue	(MALT),	1674.	See	also	MALT	lymphoma
Mucositis

after	radiation	therapy,	556
biologic	response	modifiers	in,	2100–2103
chemotherapy	and,	2095–2096
cryotherapy	for,	2098t,	2099,	2102
graft-versus-host	disease	and,	2096,	2103
infection	risk	and,	2036
laser	therapy	for,	2099,	2102
oral,	2094–2104
oral	mucosa	assessment,	2097–2098



paclitaxel	and,	291
pain	with,	2097
pathogenesis	of,	2095–2096
prevention	of,	2097–2098
prophylaxis,	2099
radiation	therapy	and,	2095–2096
radioprotectors	in,	2099–2100
risk	factors,	2094–2095,	2095t
support	and	rehabilitation,	598
treatment	strategies,	2098–2099,	2098t

Mucous	membranes,	melanomas	of,	1530–1531
Muir-Torre	syndrome,	923,	1494
Multicentric	Castleman	disease	(MCD),	106
Multidrug	resistance	gene	(MDR1),	295
Multidrug-resistant	organisms,	2059–2062
Multifocal	ground	glass/lepidic	adenocarcinoma,	656–657
Multifocal	myoclonus,	2201–2202
Multigated	acquisition	scan	(MUGA),	2120
Multileaf	collimator	shaping,	205,	206f
Multilocular	cystic	clear	cell	renal	neoplasm,	1021t
Multilocular	peritoneal	inclusion	cyst,	1866
Multiple	comparisons,	498,	498t
Multiple	cutaneous	and	uterine	leiomyomata	(MCUL),	1017
Multiple	endocrine	neoplasia	(MEN),	1377–1383

adolescent/young	adult	cancer	and,	1617
hyperparathyroidism	and,	1321,	1338,	1377–1378,	1381
MEN1	gene,	1317,	1318,	1353,	1356,	1377
type	1,	1377–1380

adrenocortical	carcinoma	and,	1343
cancer	susceptibility,	80
clinical	features,	1317
clinical	features	of,	1378t
description	of,	1317
etiology	of,	1377–1378
follow-up	for,	1380
gastrinoma	and,	1361
gene	carriers	in,	408–409
genetic	testing	in,	1378
hyperparathyroidism	in,	1338,	1377–1378
incidence	of,	1377–1378
insulinoma	and,	1362
insulinomas	in,	1379
less	common	tumors	associated	with,	1379–1380
metastatic	disease	in,	1380
molecular	genetics	of,	1317,	1318t,	1377,	1378t
mortality	causes	in,	1378,	1378t
neuroendocrine	tumors	and,	1353,	1361–1364,	1371,	1379,	1379f
parathyroid	adenoma	associated	with,	1377
pheochromocytoma	and,	1320
pituitary	tumors	associated	with,	1377
pulmonary	carcinoids	and,	687–688
RET	kinase	inhibitors	for,	308
screening	in,	1378

type	2,	1377,	1380–1382
adrenal	tumors	and,	1344



Dr. AVR @ TMH

calcitonin	in,	411
cancer	susceptibility,	80
clinical	features	of,	409,	409t,	1317,	1378t
description	of,	1377
etiology,	1380–1381
familial	medullary	thyroid	carcinoma	and,	1333,	1334t,	1380–1382
gene	carriers	in,	408–409
genetic	testing	in,	1380–1381
hyperparathyroidism	in,	1338,	1381
hyperproliferation	in,	84
incidence	of,	1380–1381
molecular	genetics	of,	1317–1318,	1318t,	1377,	1378t,	1381,	1381t
pheochromocytomas	in,	1381–1382
RET	kinase	inhibitors	for,	308
screening	for,	1381
surgical	prophylaxis	in,	408–412,	409–412,	410f,	411f,	1381

type	3	(MEN2B),	1377,	1382
clinical	features	of,	409t,	1378t,	1382
familial	medullary	thyroid	cancer	and,	1333,	1334t
incidence	of,	1382
metastatic	disease	in,	1382
molecular	genetics	of,	1317–1318,	1318t,	1378t,	1381t,	1382
pheochromocytoma	in,	1382
surgical	prophylaxis	in,	408–410,	410f

type	4,	1318,	1318t,	1377,	1382–1383
Multiple	intestinal	neoplasia	(Min),	910
Multiple	myeloma	(MM),	1818–1838

anemia	in,	1838
bisphosphonates	for,	1837–1838,	1971–1972
bone	disease	in,	1822,	1822f,	1824–1825,	1825f,	1837–1838,	1971–1972
bone	marrow	examination	in,	1825
classification	of,	1822
clinical	features	of,	1823
clinical	trials,	323t–327t
cytogenetics	of,	1820,	1821t,	1822
definition	of,	1818
diagnostic	criteria	for,	1818,	1819t
diagnostic	tests,	1823–1825
differential	diagnosis	of,	1825
hypercalcemia	in,	1838
hyperviscosity	syndrome	in,	1838
incidence,	1818–1820
infections	in,	1838
mechanisms	of	resistance	in,	329–330
monoclonal	proteins	in,	1823–1824,	1824f,	1838
newly	diagnosed,	1831–1834,	1831f
obesity	and,	145,	146t
pathogenesis,	1820–1822,	1821f
physical	activity	and,	148t
premalignant	clone	in,	1820–1821,	1839–1841
prevalence	of,	1818–1820
prognosis	of,	1825–1826
relapsed,	1835–1836,	1836f
renal	failure	in,	1838
response	criteria,	1827,	1828t



risk	stratification,	1825–1826,	1826t
secondary	primary	cancer	in,	253
smoldering,	1818,	1821t,	1841–1844
spinal	cord	compression	and,	1922,	1926t
staging	of,	1825,	1826t
stem	cell	transplantation	for,	1831–1835

allogeneic,	1834
autologous,	1833–1834,	2009–2013
candidates/induction	therapy,	1832,	1832t,	2011–2012
conventional	chemotherapy	versus,	2010,	2010f
high-dose	therapy	and,	1833,	1833t
HPC	collection,	2012–2013
novel	agents	and	(modern	era),	2010–2011
patients	not	eligible	for,	1832–1833,	1833t
response	and	minimal	residual	disease	after,	2012
salvage,	2013
survival	after,	2009,	2010f
tandem	(double),	1834,	1834t,	2012

supportive	care	for,	1837–1838
treatment	of,	1827–1837

active	drugs,	1827–1831
alkylating	agents,	1827–1829
chemotherapy	regimens,	322–328,	1826–1831,	1828t–1829t,	1835–1837,	1836f
chimeric	antigen	T-cell	therapy	in,	383,	1831
daratumumab,	366,	1828t–1829t,	1830–1836,	1836f
elotuzumab,	360t,	366,	1829t,	1830
investigational	agents,	1831
lenalidomide,	341,	1828–1835,	1828t–1829t
maintenance	therapy,	1834–1835,	1834t,	2012
in	older	patients,	1830,	1835,	2012
pomalidomide	in,	342,	1828t,	1830,	1835
proteasome	inhibitors,	321,	322–328,	323t–327t,	1830,	1831
pulmonary	toxicity,	2113t
radiation	therapy,	1831
stem	cell	transplantation,	1831–1835,	1832t–1834t,	2009–2013
thalidomide,	322–328,	341,	1828–1837,	1828t

Multiple	osteochondromas	syndrome,	1393
Multipolar	electrocoagulation,	725
Multitargeted	kinase	inhibitor	therapy,	308
Multivariate	logistic	regression	models,	153
Multivitamins,	2276–2277
Muramyl	tripeptide	phosphatidylethanolamine	(MTP-PE),	1462
Muscle-invasive	bladder	cancer	(MIBC),	1042
Musculoskeletal	complications,	2257–2258
Mutanome-associated	neoantigens,	370
Mutated	gene	products,	370
Mutation.	See	also	specific	genes	and	mutations

“actionable,”	186–187
classification,	27
epidemiology,	156–157
genomic	instability	and,	21,	53–54,	53f
polymorphism	versus,	27

Mutation	profile,	13f,	21
Mutation	rate,	13f
Mutation	spectrum,	13f
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MUTYH-associated	polyposis,	412–415,	884
diagnosis	of,	414–415
extracolonic	manifestations,	415
genetics,	412–413,	412f,	414

MUTYH	mutations,	1356,	1858
MVAC	regimen,	1062–1064,	1065,	1066,	1066t
MVPPd	regiment,	2139
MVP	regimen,	1878
Myasthenia	gravis,	700,	702–703
MYB	protooncogene	like	1	(MYBL1),	1562–1563
MyCancerGenome,	299
MYC-IGH	translocation,	1634
MYCL1,	1045
MYCN,	28,	1410,	1561–1562,	1562f
Mycobacterium,	2026
Mycobacterium	bovis,	70
Mycobacterium	tuberculosis,	2054
MYC	oncogene,	27

acute	leukemias	and,	1734
amplification	in	angiosarcoma,	1393
angiogenesis	and,	48
angiosarcoma	and,	1410
Burkitt	lymphoma	and,	27,	104–105,	1636–1637,	1637f
cancer	of	unknown	primary	site	and,	1862
colorectal	cancer	and,	908,	914,	915
cutaneous	T-cell	lymphoma	and,	1643
diffuse	large	B-cell	lymphoma	and,	1639,	1640
glycolytic	fueling,	51
inflammation	and,	114
liver	cancer	and,	837–838,	839
lung	cancer	and,	612,	683
lymphoma	and,	1634–1635,	1674,	1689,	1694
medulloblastoma	and,	1561,	1562f
multiple	myeloma	and,	1822
peripheral	T-cell	lymphoma	and,	1643
prostate	cancer	and,	1076
secondary	primary	cancer	and,	2159

Mycophenolate	mofetil
for	GVHD	prevention,	1750
for	myasthenia	gravis,	703
for	oral	cGVHD,	2103

Mycosis	fungoides/Sézary	syndrome,	1708–1717
biologic	therapies	for,	1715
clinical	features	of,	1710–1712,	1711f
combined	and	sequential	therapy	for,	1715
description,	1708
diagnosis	of,	1710,	1710t
epidemiology	of,	1708
etiology	of,	1708
pathobiology	of,	1708–1710
skin-directed	therapy	for,	1714–1715
staging,	1710–1712,	1712t
systemic	treatment	of,	1715–1717
therapeutic	principles	in,	1712–1714
treatment	of,	1712–1717,	1713t



Mycostatin,	2101
MYD88,	1639–1640,	1684,	1685,	1722,	1768–1769,	1786,	1807,	1844,	1845
Myelitis,	radiation-induced,	214
Myeloablative	(conditioning)	regimens,	1746–1747,	2011–2012,	2013,	2019–2020
Myelodysplastic	syndromes	(MDS),	1802–1813

5q	minus	syndrome,	1807
clinical	presentation	of,	1808
definition	of,	1802
DNA	hypermethylation	in,	313
epidemiology	of,	1802
etiology	of,	1802–1803
French-British-American	classification	of,	1802,	1803,	1805t
genetic	alterations	in,	1806–1807,	1807t
germline	mutations	in,	86
historical	perspective,	1802
hypocellular,	1803–1805
immunity	dysregulation	as	driver	in,	1807
PARP	inhibitors	and,	1253
pathogenesis	of,	1806–1807,	1806f
pathology	of,	1803,	1804f
predisposing	factors,	1742–1743
prognosis	for,	1808–1810,	1810t
risk	assessment	of,	1808–1810,	1809t
treatment	of,	1810–1813

5AC,	317–318,	1811–1812,	1813
allogeneic	hematopoietic	cell	transplantation,	1812,	2029–2030,	2030f
azanucleosides,	1811–1812,	1813
bortezomib,	329
decitabine,	317–318,	1811–1812
DNMT/HDAC	therapy,	318
epigenetically	targeted,	318
erythropoiesis-stimulating	agents,	1810,	1813
immunosuppressive	therapy,	1812
iron	chelation,	1812
lenalidomide,	1807,	1810–1811,	1813
recommendations,	1813

treatment-related,	1803,	2157
World	Health	Organization	classification	of,	1802,	1803–1805,	1805t

Myeloid-derived	suppressor	cells,	115–116,	119,	369,	379,	452,	716
Myeloid	stem	cells,	2069
Myeloma	kidney,	1838
Myelomas,	multiple.	See	Multiple	myeloma	(MM)
Myelopathy,	radiation-induced,	2258–2261
Myelophthisis,	2071,	2075
Myelopoietic	growth	factors,	for	neutropenia,	2072–2074
Myeloproliferative	neoplasms,	1803
Myelo-radiculo-plexo-neuro-myopathy,	2258
Myelosuppression.	See	also	Neutropenia;	Thrombocytopenia

chemotherapy-induced,	2068–2075
MYH9-USP6	translocation,	1405
MYH-associated	polyposis,	911t,	913
Mylohyoid	muscle,	557
Mylohyoid	ridge,	557
Myocardial	dysfunction,	radiation	therapy	and,	2123–2124
Myocardin	(MYOCD),	1392
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MYOD	mutation,	1409
Myofibroblastic	tumors,	1403–1407,	1404t
Myofibroblasts,	55
Myopathy,	2005,	2256
Myopericarditis,	2121
Myositis,	2005
Myositis	ossificans,	1405,	1415
Myxofibrosarcoma,	1407

cytogenetics,	1388t
molecular	abnormalities	in,	1388t,	1391

Myxoid/round	cell	liposarcoma,	1408–1409
cytogenetics,	1387t
histology,	1386f,	1402
molecular	abnormalities	in,	1387t,	1409
translocations	associated	with,	1384

Myxomas,	1412



N

NAB2-STAT6	fusion,	1389
Nabilone,	2080t,	2082
NAD-dependent	histone	acetyltransferases,	315
NAD(P)H:quinone	oxidoreductase-1,	2158
NADPH	oxidases,	71
Naloxegol,	2091,	2201
Naloxone,	2197,	2199–2200,	2201
Nalp3,	1864,	1865f
Nanog	pathway,	539–540,	1148
Nanoliposomal	irinotecan,	281
Nanoparticle	albumin-bound	(nab)	paclitaxel,	288,	289t,	290,	291

clinical	pharmacology,	290
dosages,	289t
formulation	of,	288
indications,	289t
for	melanoma,	1551
for	non–small-cell	lung	cancer,	653
for	pancreatic	cancer,	819,	826,	827f
toxicities,	289t,	291

Nanoparticles,	125–126,	131,	1439
Naphthalene,	92
2-Naphthylamine,	123
Naproxen,	2196,	2196t
Napsin,	1857t
Nasal	cavity	cancer,	579,	583
Nasal	cavity	tumors,	579–584

anatomy,	579
clinical	picture,	581
complications	of	treatment,	583–584
lymphatics,	580
pathology,	580
patterns	of	spread,	580
recurrence,	582
squamous	cell	carcinomas,	580
staging,	581,	581t
treatment	of,	582
treatment	outcomes,	583

Nasal	type	of	extranodal	natural	killer/T-cell	lymphomas,	1697–1698
Nasal	vestibule	tumors,	579–584

anatomy,	579
clinical	picture,	581
complications	of	treatment,	583–584
lymphatics,	579
pathology,	580
patterns	of	spread,	580
squamous	cell	carcinomas,	580
treatment	of,	582
treatment	outcomes,	583

Nasometers,	599
Nasopharynx

anatomy,	577
lymphatic	network,	577
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Nasopharynx	cancer	(NPC),	577–579
in	adolescents	and	young	adults,	1619
chemotherapy	for,	550

concurrent	with	RT,	553–554
clinical	picture,	577–578
description	of,	577
epidemiology	of,	542,	577
Epstein-Barr	virus	and,	105,	542,	550
incidence,	542
lymphatic	spread	of,	543
pathology,	577
patterns	of	spread,	577

lymphatics,	543,	577
primary,	543,	577

radiation	therapy	for,	546,	578
recurrence,	579
staging,	578,	578t
treatment,	578–579

complications,	579
follow-up,	579
outcomes,	579
selection	of	modalities,	577

National	Academy	of	Medicine	guidelines,	457
National	Cancer	Institute	Center	for	Cancer	Genomics,	14
National	Cancer	Institute-MATCH	trial,	192–193,	192f,	192t,	241
National	Coalition	for	Cancer	Survivorship	(NCCS),	2187
National	Comprehensive	Cancer	Network	(NCCN)

bone	sarcoma	statement,	1450
neutropenia	recommendation,	2072
pain	management	guidelines,	2190
smoking	cessation	guidelines,	393–394

National	Health	and	Nutrition	Examination	Survey	(NHANES),	152
National	Institutes	of	Health	(NIH),	13,	2269
National	Lung	Screening	Trial,	626–627,	627f
National	Toxicology	Program	(NTP),	121–123
Natural	history	of	disease,	153
Natural	killer	cells	(NK	cells),	52–53,	56,	361,	1675

cytotoxicity	of,	361
graft-versus-leukemia	and,	2023–2024
GVHD	and,	1750–1751
interferons	and,	218

Natural	killer	(NK)	lymphomas,	cutaneous,	1708,	1718
Natural	orifice	transluminal	endoscopic	surgery	(NOTES),	526
Nausea	and	vomiting,	2077–2083

alkylating	agents	and,	252
anticipatory,	2083
antiemetic	agents	for,	2079–2083

highest	therapeutic	index,	2079–2082,	2080t
highly	emetogenic	chemotherapy	and,	2082
low	and	minimally	emetogenic	chemotherapy	and,	2082–2083
lower	therapeutic	index,	2080t,	2082
moderately	emetogenic	chemotherapy	and,	2082
single-day	IV	chemotherapy	and,	2082,	2082t
treatment	by	clinical	setting,	2082–2083

breakthrough,	2083



chemotherapy-induced,	2077–2083
complementary	therapies	for,	2082
delayed,	2077
doxorubicin	and,	281
malignant	bowel	obstruction	and,	2243
opioid-induced,	2201,	2205
radiation-induced,	214,	2077,	2078,	2083,	2083t
risk	of,	2078–2079,	2079t
special	problems,	2083
syndromes	associated	with,	2077
treatment-induced,	pathophysiology	of,	2077–2078
weight	loss/malnutrition	in,	2213

NAV3,	1710
Navitoclax	(ABT-236),	685,	1794
NBN,	1164
NC-6004,	258
NCI	Molecular	Analysis	for	Therapy	Choice	(MATCH)	trial,	192–193,	192f,	192t,	241
NCOR1,	1076
NCOR2,	1076
NCSTN,	838
Necitumumab	(Portrazza),	360t,	364,	654
Neck.	See	also	Head	and	neck	squamous	cell	carcinoma	(HNSCC)

clinically	negative,	546–547,	546t
clinically	positive	lymph	nodes,	547
dissection	of,	rehabilitation	after,	599–600
failure	of	initial	treatment,	547,	547t
5-year	control,	547,	547t
lymph	node	levels,	542–543,	543f
modified	radical	dissection,	546,	547
radical	dissection,	546
selective	dissection,	546

Neck	drop,	2260,	2263
Necrolytic	migratory	erythema,	1363,	2004
Necrotic	cell	death,	47
Necrotizing	(neutropenic)	enterocolitis,	2056,	2056f,	2086–2087,	2088,	2090
Nedaplatin,	256,	257f,	258
NEFH,	in	liver	cancer,	838
Negative-feedback	mechanisms,	44–45
Negative	predictive	value,	455,	455t
Neglect	syndromes,	1572,	1917–1918
Neisseria	meningitidis,	2036
Nelarabine,	1756
Nelfinavir,	repurposing	for	chemotherapy,	342,	345t
NEMO,	in	liver	cancer,	840
Neoantigens,	16–17,	221,	370,	370t
Neoantigen	vaccination,	370–376,	371t
Neomycin,	1931,	2089
Neonatal	severe	hyperparathyroidism	(NSHPT),	1321
Neonates,	melanoma	in,	1515
Nephrectomy

cytoreductive,	1031–1033
laparoscopic	and	robotic,	526
minimally	invasive,	1027t
partial,	1020,	1024,	1026–1027,	1027t,	1028f
radical,	1020,	1024–1025,	1027t
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Nephrocalcinosis,	1339
Nephrolithiasis,	1339
Nephropathy,	multiple	myeloma	and,	1838
Nephrotoxicity,	of	herbs/supplements,	2271
Nephroureterectomy,	1068–1069
Neratinib,	302,	1298,	1307,	1941t
Nerve	blocks,	2206–2207
Nested	case-control	studies,	154
Netupitant-palonosetron,	2080t,	2081
Neural	tumors,	1404t–1405t
Neuraminidase	inhibitors,	for	influenza,	2052
Neuraxis	imaging,	1573
Neurilemmomas.	See	Schwannomas
Neurinomas.	See	Schwannomas
Neuroablative	procedures,	2206t,	2207–2208
Neuroblastoma

ALK	translocations	in,	27,	27f
associated	systemic	syndromes,	702t
dinutuximab	for,	366
MYCN	amplification,	28
overdiagnosis	of,	456
renal	cell	carcinoma	after,	1021t
spinal	cord	compression	and,	1922

Neurocognition.	See	Cognition	(neurocognition)
Neuroectodermal	tumors,	cancer	stem	cells	in,	59
Neuroendocrine	carcinoma

cervical,	1176
high-grade,	1364
laryngeal,	569
pancreatic,	802,	1364
prostate,	1083
pulmonary,	671,	689,	690–691
vaginal,	1194

Neuroendocrine	markers,	1356–1357
Neuroendocrine-secretory	protein	55,	1354
Neuroendocrine	tumors	(NETs)

anatomy	and	pathology,	1368
antitumor	treatment,	1373–1375
appendiceal,	1372
bronchial,	1370,	1379
cancers	of	unknown	primary	site	and,	1856,	1861
colorectal,	1372
diagnosis	of,	1368–1369
esophageal,	1370
etiology,	1368
gastric,	763,	1370–1371,	1371t,	1379
gastrointestinal,	763,	1368–1376
general	principles	for,	1368–1370
hepatic	metastases	from,	1359–1360,	1369,	1369f,	1375–1376,	1375f,	1965–1967
high-grade,	1861
low-grade,	1861
management	of,	1370
molecular	basis	of,	1368
multiple	endocrine	neoplasia	and,	1353,	1361–1364,	1371,	1379,	1379f
pancreatic,	809,	1352–1365,	1379	(See	also	Pancreatic	neuroendocrine	tumors	(pNETs))



pulmonary,	671,	690–691,	1368–1376
screening	for,	1368
small	bowel,	885–886,	886f,	889–891,	890t,	1368,	1371–1372
staging,	1369t,	1370,	1371t
thymic,	702,	702t,	707,	1368,	1370,	1379

Neurofibromas,	702t,	1401,	1411,	1917
Neurofibromatosis	(NF)

type	1
adrenal	tumors	and,	1319,	1320,	1344,	1344t
brain	tumors	and,	1587–1588
cancer	susceptibility	syndrome,	81,	82–85,	84
clinical	features,	83
CNS	tumors	and,	1569
gastrointestinal	stromal	tumors	and,	895–897,	900,	902
genetics,	82
hyperproliferation	in,	84–85
molecular	mechanism,	82–83
mouse	models,	83
neuroendocrine	tumors	and,	1363,	1364,	1371
neurofibromas	associated	with,	1401,	1411
soft	tissue	sarcoma	and,	1401,	1411
therapeutic	interventions,	83

type	2
CNS	tumors	and,	1569
vestibular	schwannomas	and,	1602–1603

Neurofibromin	1,	1320,	1411.	See	also	NF1
Neurofibromin	2.	See	NF2
Neurofibrosarcomas,	vulvar,	1199
Neurokinin	A,	890,	1357
Neurokinin-1	receptor	antagonists,	2077,	2078,	2079–2083,	2080t
Neurokinin	receptors,	2078
Neuroleptics,	2235
Neuromedin	B,	1389
Neuromuscular	complications,	2251–2256

brain	dysfunction,	2178,	2251–2252
evaluation	of,	2256
idiopathic	brachial	neuritis,	2254
myopathy,	2256
neuropathy,	2254–2256,	2255f
peripheral	nervous	system	dysfunction,	2253–2256
plexopathy,	2253
radiculopathy,	2253,	2253f
spinal	cord	dysfunction,	2252–2253
treatments,	2256

Neuronal	predisposition,	2254
Neuron-specific	enolase	(NSE),	1354,	1357
Neuropathic	pain,	2191

adjuvant	analgesics	for,	2203–2204
opioid	analgesics	for,	2197,	2198

Neuropathy,	2254–2256,	2255f,	2260
paclitaxel	and,	291
vincristine	and,	293

Neuropeptide	Y,	2214
Neuropsychological	assessment,	2174
Neurostimulatory	procedures,	2206t,	2207–2208
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Neurosurgery-related	infections,	2057
Neurotensin,	1357
Neurotoxicity,	of	chemotherapy,	253–254,	1153,	1158
Neurotropic	melanoma,	1530,	1531
Neutron	therapy,	212

carcinogenicity,	2157
for	soft	tissue	sarcomas,	1423

Neutropenia,	2043–2047,	2068–2074
in	acute	leukemia,	2068,	2074
algorithm,	2045f
anemia	and,	2071
antibiotic	prophylaxis	and,	2072,	2074
aurora	kinase	inhibitors	and,	295
chemotherapy-induced,	2036,	2071–2074
cladribine	and,	274
clofarabine	and,	275
definition	of,	2043,	2071
diagnostic	evaluation	and	therapy	modifications	during,	2046t–2047t
docetaxel	and,	291
dose-limiting,	233
fever	after	resolution,	2047
fludarabine	and,	274
gemcitabine	and,	273
lymphopenia	and,	2072
management	of,	2072–2074
myelopoietic	growth	factors	for,	2072–2074
paclitaxel	and,	291
prevention	of,	2072
prophylaxis,	2038t,	2041
pulmonary	infiltrates	in,	2053–2054
risk	assessments,	2071–2072,	2071t,	2072t
risk	factors	for,	2071–2072
risk	stratification	for,	2044
stem	cell	transplantation	and,	2026
TAS-102	and,	271
treatment-related	complications	in,	2073–2074
vinca	alkaloids	and,	293

Neutropenic	enterocolitis	(colitis),	2056,	2056f,	2086–2087,	2088,	2090
Neutropenic	fever	syndromes,	2044–2047
Neutrophil–lymphocyte	ratio,	1002
Neutrophils,	50,	56,	115,	2071
Neutrotrophic	tyrosine	kinase	(NTRK/NTRK),	309–310,	613,	651,	867
Never	smoking,	389,	395,	607
Nevoid	basal	cell	carcinoma	syndrome

basal	cell	carcinoma	and,	84,	1479
brain	tumors	and,	1569,	1596
cancer	susceptibility	in,	79t
hyperproliferation	in,	84

Newcastle	disease	virus,	378
Next-generation	cellular	therapy,	383
Next-generation	sequencing,	5–10,	6t,	7f,	13f,	14t

bladder	cancer	application	of,	1042
cancers	of	unknown	primary	site,	1858–1859
cancer	susceptibility,	80
liver	cancer	application	of,	837



molecular	diagnostics,	28,	30,	31t,	36–39,	37f,	38f
precision	oncology,	186–187,	190
sarcoma	applications	of,	1394

NF1,	79t,	82–83
in	adrenal	tumors,	1320,	1344t,	1345
in	gliomas,	1562,	1565,	1583
in	glomus	tumors,	1411
in	lung	cancer,	609
in	melanoma,	1503,	1510–1512
in	neuroendocrine	tumors,	1358,	1364
in	neurofibromas,	1411
secondary	primary	cancer	and,	2159
in	soft	tissue	sarcomas,	1391,	1392,	1401

NF2,	45
ependymoma	and,	1564,	1564f
meningioma	and,	1565,	1565f
mesothelioma	and,	1864,	1865

NFIB	transcription	factor,	614
NFKBIA,	1644,	1651
NFKBIE,	1642,	1644,	1651,	1768
NFKB2,	1643,	1786
Niacin,	2118
Niacin	deficiency,	1373
Nicotinamide,	202,	1489,	1584–1585
Nicotine,	388,	620
Nicotine	replacement	therapy,	389,	396–397,	396t
Nicotine	vaporizers	(e-cigarettes),	92,	388–389
Nicotinic	acetylcholine	receptors,	95–96
Nicotinic	acid,	1056
Nilotinib	(Tasigna),	300t

for	acute	lymphoblastic	leukemia,	1755–1756
adverse	effects,	1777
for	chronic	myeloid	leukemia,	301,	1776,	1777–1781
development	of,	301
dosage,	1779
food	effects	on,	236t
imatinib	compared	with,	1779–1780,	1780f
mechanism	of	action,	1777

Nilutamide,	355,	1117,	1120,	1124
Nintedanib,	1165,	1880
Nipple-sparing	mastectomy	(NSM),	403,	1290,	2223
NIR178,	373t
Niraparib	(Zejula),	260,	300t,	333,	335,	335t

for	breast	cancer,	1260
for	ovarian	cancer,	1164,	1251–1252,	1251f,	1253–1254

NIS793,	373t
Nitrogen	mustards,	247–250,	248t

clinical	pharmacology,	248t
conjugates	with	steroids,	254
metabolism	of,	246,	247f,	251
metabolites	of,	246
for	mycosis	fungoides/Sézary	syndrome,	1714
novel	(canfosfamide),	255
reproductive	dysfunction	and,	2135t
resistance	and	modulation,	254t
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sensitization,	253
structure	of,	255
therapeutic	uses,	248t
toxicities,	248t

Nitroimidazoles,	1584–1585
Nitrosamines,	92–96,	123,	620,	867
N′-nitrosonornicotine,	92
Nitrosoureas,	248t,	250

activation	of,	250–251
clinical	pharmacology,	248t
mechanisms	of	action,	251
metabolism	of,	246,	247f,	250
metabolites	of,	246
pulmonary	toxicity,	2112t
resistance	and	modulation,	254t
secondary	malignancies	with,	253
therapeutic	uses,	248t,	250
toxicities,	248t,	250,	252,	253

Nivolumab,	39,	222t,	224–227,	375,	376
for	anal	cancer,	1009
for	bladder	cancer,	1067
for	cancer	of	unknown	primary	site,	1862
for	endometrial	cancer,	1219
for	esophageal	cancer,	753
for	follicular	lymphoma,	1683
for	glioblastoma,	1587
for	head	and	neck	squamous	cell	carcinoma,	539,	549–550
for	hepatocellular	carcinoma,	860
for	Hodgkin	lymphoma,	1663,	1666,	1666t
for	lung	cancer,	615
for	melanoma,	1539,	1543,	1543t,	1544t,	1546t,	1547–1548
for	mesothelioma,	1881
for	non–small-cell	lung	cancer,	637,	652
for	ovarian	cancer,	1253,	1255
for	primary	CNS	lymphoma,	1726
pulmonary	toxicity,	2114t
for	renal	cell	carcinoma,	1032t,	1035t,	1036
for	small	bowel	adenocarcinoma,	890t
for	small-cell	lung	cancer,	681–682,	686
for	squamous	cell	carcinoma,	1488–1489
for	stomach	cancer,	787–788
for	uterine	leiomyosarcoma,	1223
for	uveal	melanomas,	1906

NKTR-214,	372t,	379
NKX3.1,	1078,	1857t
NLG802,	373t
NLRP1/3	inflammasomes,	118
NMB,	1389
Nocardia	spp.,	2026,	2054–2055
Nodal	marginal	zone	lymphoma,	1641,	1685
NOD-like	receptors,	118
Nodular	basal	cell	carcinoma,	1479,	1480f
Nodular	fasciitis,	1405
Nodular	lymphocyte-predominant	Hodgkin	lymphoma	(NLPHL),	1643,	1652–1654

differential	diagnosis	of,	1653–1654



histopathology	of,	1652,	1653f
immunoarchitectural	patterns	of,	1652
immunophenotype	of,	1652–1653
pathogenesis	of,	1653
T-cell/histiocyte-rich	large	B-cell	lymphoma	versus,	1653

Nodular	melanoma,	1519
Nodular	sclerosis	classical	Hodgkin	lymphoma	(NSCHL),	1648–1649,	1651f
Nomograms,	gastric	cancer,	770–771
NOMS	criteria,	2257
Nonacid	reflux,	715
Nonalcoholic	fatty	liver	disease	(NAFLD),	837,	841,	845
Nonalcoholic	steatohepatitis	(NASH),	845
Noncoding	RNAs,	7–8,	80,	86,	124,	614
Nongerminatous	germ	cell	tumors,	1598–1600
Non-Hodgkin	lymphoma	(NHL),	1671–1700

in	adolescents	and	young	adults,	1617,	1627
aggressive,	in	elderly,	1692
B-cell,	1632–1633,	1633f,	1635–1642,	1672–1674,	1673f,	1675t
biology	of,	1672–1675
chromosomal	translocations	in,	1634,	1634f,	1675
classification	of,	1672,	1673t
clinical	presentation	of,	1677
description,	1671
diagnosis	of,	1677
diseases	associated	with,	1671–1672,	1672t
disease	sites,	1677
environmental	exposures	and,	1671–1672
epidemiology,	1671
Epstein-Barr	virus	and,	1671–1672
etiology,	1671–1672
extranodal,	1708
gene	expression	profiling,	1677,	1679
genetic	features	of,	1675,	1675t
geographic	variations	in,	170,	171f
gonadal	dysfunction	and,	2135
HIV-associated,	1672,	1699–1700
HIV-related,	1635
incidence	of,	1671
initial	management	of,	1677–1678
molecular	pathogenesis,	1635–1643
natural	killer	cells	in,	1675
pathology	of,	1672–1675
physical	activity	and,	148t
radiation	therapy–induced	heart	disease	in,	2124–2125
second	malignancy	risks,	2159–2162
small	bowel,	891
spinal	cord	compression	and,	1922
staging,	1678–1679,	1678t
superior	vena	cava	syndrome	and,	1910,	1913,	1914
T-cell,	1633,	1642–1643,	1673f,	1674–1675,	1675t
treatment	of

alemtuzumab	in,	365
allogeneic	stem	cell	transplantation,	2031
autologous	stem	cell	transplantation,	2013–2015,	2014t
bendamustine,	250
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bortezomib	in,	328
chimeric	antigen	T-cell	therapy	in,	383,	1683,	1689,	1691
CHOP	regimen,	364–365
cytarabine,	271
ibritumomab	in,	363
procarbazine	in,	339
radioimmunoconjugates	in,	363
rituximab	in,	364–365
tositumomab	in,	363

tumor	lysis	syndrome	in,	1929
Nonhomologous	end-joining	(NHEJ),	127,	127f,	197–198,	198f,	333,	334
Noninferiority	trials,	495
Noninvasive	follicular	thyroid	neoplasm	with	papillary-like	nuclear	features	(NIFTP),	1323,	1329
Non–islet	cell	tumor-induced	hypoglycemia,	2002–2003
Nonisocentric	miniature	linac	robotic	delivery	systems,	206
Nonmelanoma	skin	cancers,	1475–1478

destructive	modalities	for,	1475,	1476–1478
diagnosis	of,	1475
follow-up,	1489
incidence	of,	1475
Mohs	micrographic	surgery	for,	1475,	1476
overview	of,	1475
radiation	therapy	for,	1475,	1478
secondary,	2167–2168
surgical	excision,	1475–1476
topical	therapy	for,	1476,	1478

Non–muscle-invasive	bladder	cancer	(NMIBC),	1042
NONO,	1368
Nonopioid	analgesics,	2196–2197
Nonseminomatous	germ	cell	tumors

mediastinal,	708,	709,	1156
testicular,	1146

chemotherapy	for,	1153,	1153t,	1154
histology,	1146–1147,	1147f
management,	1153–1158
metastatic,	1150–1151,	1150f,	1151f,	1154–1156
recurrent,	1157
residual	mass,	1156
retroperitoneal	lymph	node	dissection	for,	1153–1154
stage	I,	1153–1154
stage	II,	1154–1156
stage	IIA,	1154
surveillance,	1153

Nonsense	mutation,	27
Non–small-cell	lung	cancer	(NSCLC),	607,	618–659

algorithm	for,	648,	649f
ALK/ALK	in,	27,	27f,	40,	648,	650t,	651
anatomy	of,	622–625
bone	metastases,	657
brain	metastases,	658,	1939–1940
case	volume	and	outcome	in,	632–633,	632f
chemoprevention	of,	626
clinical	presentation	of,	628
clinical	trial	end	points	in,	637
diagnosis	of,	628–629



discrete	N2	node	involvement,	643–645,	644f
driver	mutations	in,	648–651
EGFR	mutations	in,	18,	20–21,	27,	33,	648–651,	650t
EML4-ALK	translocations	in,	10,	18
environmental	factors,	621–622
etiology	of,	618–622
extrathoracic	staging	of,	630
genetic	characterization	of,	623–624,	624f
genetic	predisposition	for,	620–621
geographic	variation	in,	619,	619f,	620f,	621f,	633
global	incidence	of,	618
histologic	classification	of,	622–623,	624t
incidence	of,	618–622
incidental	stage	IIIA	(N2),	642–643
infiltrative	stage	III,	645–647
locally	invasive	tumors,	641–642
low-dose	computed	tomography	screening	for,	626–628,	627f
mediastinal	staging	of,	630–631,	631f,	631t
metastatic	disease,	654–655
mortality	rates,	618
multidisciplinary	approach,	632
multiple	pulmonary	sites	of,	655–657,	656t
mutational	testing	in,	648
occupational	factors,	621–622
oligometastases,	654–655
oligoprogressive	sites,	655
palliative	care	for,	654–655,	657–659
Pancoast	tumors,	642,	1922
pathology	of,	622–625
pathway-directed	therapy	for,	241,	242
PD-1/PD-L1	in,	39,	40f,	375,	637,	648,	651
positron	emission	tomography	evaluations,	628–631,	631f
preinvasive	and	minimally	invasive	disease,	637–638
prevention	of,	626

chemoprevention,	626
smoking	cessation,	626
tobacco	control,	626

prognostic	factors	for,	624–625,	625f
recurrence,	1946–1947
screening	for,	626–628,	627f
second	primary	cancers,	655
separate	tumor	nodule,	655–656
signs	and	symptoms	of,	628
smoking	and,	618–620,	621f,	622
special	clinical	situations,	654–657
spinal	cord	compression	in,	657–658
stage	I,	II	N0	tumors,	638–641

adjuvant	therapy,	639
approach	to	patients	with	poor	general	health,	640
general	approach,	638–639
nonsurgical	treatment,	640–641
surgical	resection,	639

stage	II	N1-positive	tumors,	641
stage/staging	of

I,	630
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II,	630
III,	630
IV,	630
classification	of,	622,	623t
evaluation	based	on,	629–631,	630t
extrathoracic,	630
management	based	on,	631–659
mediastinal,	630–631,	631f,	631t

structural	aspects	of	patient	care,	631–633
suboptimal	care	in,	632
superior	vena	cava	syndrome	and,	1913,	1914
superior	vena	cava	syndrome	in,	658–659
symptom	management,	657–659
T3	N0,1,	641–642
T4	N0,1,	642
targeted	sequencing	panels,	37
taxonomy	of	tumors,	18–19
tobacco	and,	95
treatment	of

5AC	with	entinostat,	318
adjuvant	chemotherapy,	639,	641,	642–643,	646–647
advanced	disease,	647–654
anti–PD-1/PDL-1,	375,	637
bevacizumab	in,	364
bortezomib	in,	329
carboplatin,	641,	646,	653
cetuximab,	363,	650–651
checkpoint	inhibitors,	221–225,	222t–223t,	242,	375,	615,	637,	646–648,	651–652
chemoradiation,	637,	646–647
chemotherapy,	637,	647,	653
cisplatin,	639,	641,	643,	646,	653
concurrent	and	sequential	chemoradiotherapy,	646
discrete	N2	node	involvement,	643–645,	644f
goal	of,	647
image-guided	radiation	therapy,	635
immunotherapy,	651–652,	652t
induction	chemotherapy,	646–647
intensity-modulated	radiation	therapy,	633–635
kinase	inhibitors	in,	298,	299,	303–305,	646,	648–651,	650t
lobectomy,	639
locally	invasive	tumors,	641–642
maintenance	therapy,	653
monoclonal	antibodies,	653–654,	653t
multimodality,	644–645,	645f
necitumumab	in,	364
overview	of,	631–637
paclitaxel,	646
postoperative	chemoradiotherapy,	643
postoperative	chemotherapy,	642–643
postoperative	radiotherapy,	641,	643
proton	therapy,	635–636
radiation	dose	and	fractionation,	647
radiation	therapy,	212,	633–637,	645–647
ramucirumab	in,	364
resistance	to,	20–21



stage	I,	638–641
stage	II,	638–642
stage	III,	642–647
stage	IV,	647–654,	649f
stereotactic	body	radiation	therapy,	640
sublobar	resection,	633,	638,	639,	640
surgery,	633
surgical	outcomes,	633,	634f
systemic,	637
targeted	agents,	646
taxanes	in,	288,	290,	291
three-dimensional	conformal	radiation	therapy,	635,	635f
vinca	alkaloids	in,	292

Nonsteroidal	anti-inflammatory	drugs	(NSAIDs)
for	cancer-related	pain,	2196–2197,	2203
as	cancer	risk–reducing	drugs,	429–431,	430t,	921
clinical	trials	of,	430–431
colorectal	cancer	and,	921
combination	therapy,	438
for	desmoid	tumor,	1437
inhibition	of	MTX	excretion,	267
mechanism	of	action,	429
for	palliative	pain	management,	657

Nonsteroidal	aromatase	inhibitors,	351
Nonsynonymous	changes,	12
Nontunneled	catheters,	513,	516
Noonan	syndrome,	85
Nordic	regimen,	1688
Normal	pressure	hydrocephalus	(NPH),	1916,	1919,	1920
Normothermic	intraoperative	intraperitoneal	chemotherapy	(NIIC),	776
Nortriptyline	(Pamelor),	2234t
Notch	signaling

acute	leukemias	and,	1735,	1738,	1752
breast	cancer	and,	1262
cancer	stem-like	cells	and,	262
cholangiocarcinoma	and,	865–866
chronic	lymphocytic	leukemia	and,	1642,	1768–1769,	1786,	1789,	1796
gliomas	and,	1579
HNSCC	and,	538–539
lung	cancer	and,	609,	615
lymphoma	and,	1636,	1640,	1641,	1651,	1684,	1687
pharmacogenomics	and,	239
soft	tissue	sarcomas	and,	1392,	1410
squamous	cell	carcinoma	and,	1483

Noxa	protein,	46
NPI-0052,	clinical	development,	320–321,	321t
NPM1	mutations,	33,	33f,	1643,	1675,	1739,	1743
NR4A3,	1389,	1412–1413
NRAS,	7,	34

acute	leukemias	and,	1737
chronic	lymphocytic	leukemia	and,	1786
melanoma	and,	1194,	1503,	1510–1512,	1516
multiple	endocrine	neoplasia	and,	1381
multiple	myeloma	and,	1822
myelodysplastic	syndromes	and,	1808
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NTRK2,	1562
Nuchal-type	fibromas,	1405
Nuclear	factor	kappa	B	(NK-κB),	108,	118–119,	124,	131,	321,	429

acute	lymphoblastic	leukemia	and,	1752
asbestos	and,	1863,	1864
cancer	cachexia	syndrome	and,	2214
chronic	lymphocytic	leukemia	and,	1769,	1770
colorectal	cancer	and,	908
cutaneous	T-cell	lymphoma	and,	1643
diffuse	large	B-cell	lymphoma	and,	1639–1640
ependymoma	and,	1564
esophageal	cancer	and,	740
Hodgkin	lymphoma	and,	1644,	1650–1651
liposarcomas	and,	1390
liver	cancer	and,	840
marginal	zone	lymphoma	and,	1641
multiple	myeloma	and,	1822
oral	mucositis	and,	2096
primary	CNS	lymphoma	and,	1722

Nuclear	protein	in	testis	(NUT)	midline	carcinoma,	702,	709
Nucleic	acid	“baits,”	9
Nucleic	acid	sequencing-based	methods,	27
Nucleophilic	substitution	reactions,	246
Nucleoside	analogs,	for	hairy	cell	leukemia,	1798
Nucleosomal	remodeling	complex	(NuRD),	314,	315
Nucleosome,	312,	313f
Nucleosome-remodeling	transcriptional-repression	complexes,	315
Nucleotide	excision	repair	(NER),	128,	261,	2158
Nucleotide	substitutions,	9–10,	25–26,	27
Nucleus	tractus	solitarius,	2077–2078
Nulliparity

and	breast	cancer,	1270,	1271t
and	endometrial	cancer,	1211

Number	of	new	cases	and	deaths,	161,	162f
Numeric	chromosomal	abnormalities,	27–28
NUP98/HOXA9	fusion	protein,	1733,	1739
NUP160-SLC43A3	fusion,	1393
NuRD,	314,	315
Nutlin-3α,	1390,	1391
Nutrition

esophageal	cancer	and,	719
physical	well-being	and,	2269–2270
role	in	cancer,	2212
screening	and	assessment,	2214–2215,	2215t

Nutritional	support,	2212–2218
algorithm	for,	2216f
description	of,	2215–2216
nutrient	requirements,	2217
palliative,	2218
prescribing	of,	2217
recommendations	for,	2216,	2217t
routes	of	administration,	2216
specialty	formulas	for,	2218
timing	of	initiation,	2216–2217
tumor	growth	and,	2218



Nuts,	143
NY-ESO-1	antigen,	383,	451,	453,	1165–1167,	1409,	1432,	2023
Nystatin,	2101

O

Obatoclax,	685
Obesity,	145–147

ASCO	initiative,	149–150
avoidance	of,	143
breast	cancer	and,	134,	145,	146–147,	146t,	147t,	173,	1271,	1271t
cancer	outcomes	and,	145–146
cancer	risk	and,	145,	146t,	147t,	173,	2212
cancer	treatment-related	complications	and,	146
colorectal	cancer	and,	145,	146t,	147t,	173,	919,	932
definition	of,	145
description	of,	134,	145
endometrial	cancer	and,	134,	145,	146–147,	147t,	173,	1211
esophageal	cancer	and,	145,	146t,	173,	720
exercise	for,	2265
interventions	for,	146–147
kidney	cancer	and,	145,	146t,	173,	1014,	1020
liver	cancer	and,	145,	146t,	845
lung	cancer	and,	146t
mechanistic	data,	149
ovarian	cancer	and,	146t
overnutrition	and,	2212
pancreatic	cancer	and,	146t,	805
prostate	cancer	and,	145–146,	147t,	1088

Obinutuzumab	(Gazyva),	360t,	365,	1681,	1682
Objective	response	rate	(ORR),	507t
Obligate	haploinsufficiency,	78f,	79–80
Oblimersen,	685
Observational	studies

classification	of,	153f
clinical	trials	versus,	486
epidemiologic,	152,	156

Ocaratuzumab,	361
Occupational	therapist,	2249–2250
OCEANS	trial,	1246–1248,	1247t
Ocrelizumab,	361
Octamer-binding	transcription	factor	4	(OCT4),	539–540
Octreoscan,	886
Octreotide,	356–357

for	diarrhea	management,	1363,	1382,	2088–2089
dosage,	357
for	hepatocellular	carcinoma,	858
for	insulinoma,	1362–1363
for	malignant	bowel	obstruction,	2243
for	mediastinal	neoplasms,	706
for	neuroendocrine	tumors,	1358,	1373–1374
for	peptide	receptor	radiotherapy,	1359
pharmacology,	357
for	pituitary	adenomas,	1601
for	pulmonary	carcinoid	tumors,	689
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routes	of	administration,	357
for	small	bowel	carcinoid	tumors,	891
tolerability,	356
toxicities,	356

Ocular	adnexal	marginal	zone	lymphoma,	1672
Ocular	melanoma,	1513
Oculocephalic	reflex,	1918
Oculocutaneous	albinism,	1483
Odds	ratios,	153,	154,	155,	156
ODM-201,	356
Odontogenic	tumors,	561,	580
Odynophagia,	723
Ofatumumab	(Arzerra),	309,	360t,	362,	365,	1791–1792,	1793t,	2040
OK-432,	1996
Okuda	staging	system,	846
Olanzapine	(Zydis),	2079,	2081,	2082,	2083,	2235t
Olaparib	(Lynparza),	260,	333,	334–336,	335t,	477

antiangiogenesis	therapy	with,	1250
for	breast	cancer,	1260,	1306
carcinogenicity	of,	2157
for	endometrial	cancer,	1219,	1220
for	Ewing	sarcoma,	1459
for	gastric	cancer,	787
for	ovarian	cancer,	1164,	1165,	1246,	1249–1250
for	prostate	cancer,	1128
for	small-cell	lung	cancer,	685,	686

Olaratumab	(Lartruvo),	360t,	366,	1222,	1433,	1435
Oligodendrogliomas,	1579

anaplastic,	1582–1583
biomarkers,	532t
recurrent	anaplastic,	1583
spinal,	1608

Oligometastases,	213
in	non–small-cell	lung	cancer,	654–655
in	stomach	cancer,	782,	788–789

Oligospermia,	1158,	2135,	2141
Ollier	disease,	1393
Ollier	syndrome,	1451
Omacetaxine,	337–338,	343t,	1778
Omega-3	fatty	acids,	435,	437t,	2215,	2274–2275
O-6-methylguanine	DNA	methyltransferase,	529
Ommaya	reservoir,	1942
OMP-313M32,	371t
OMP-336B11,	371t
Onartuzumab,	753
Oncocytic	carcinoma,	763
Oncocytomas,	585,	1022,	1022f,	1023
Oncofertility,	1626
Oncofetal	antigens,	451,	453
Oncogene(s).	See	also	specific	oncogene

in	colorectal	cancer,	914–916,	914f,	933
co-occurring	mutations,	616
glycolytic	fueling,	51–52
kinase,	801
lineage	survival,	1506



lung	cancer,	608t
mutations,	2
sources	of,	27

Oncogene	addiction,	610,	624
Oncogenic	viruses,	98–111,	99t,	445.	See	also	specific	viruses

description	of,	98
direct	mechanism	of,	98–100
hit-and-run	mechanism,	100
indirect	mechanism	of,	98,	100
papillomaviruses,	99t,	100–102
vaccines,	100,	111
virology	of,	98–100

Oncogenomic	profile,	21
OncoKB,	299,	300t
Oncolytic	viruses,	370t,	371t,	377–378,	1254,	1996
Onconeural	antibodies,	1998,	1999t
Oncotype	DX,	39,	189,	609,	1097,	1264,	1297
Oncotype	DX	Recurrence	Score,	942
Ondansetron,	2080,	2080t
ONX-0912,	320,	321t
Oocyte	banking,	2141,	2141t
Oophoropexy,	2140
Open	thoracotomy,	633,	639
Opioid(s)

abuse	potential,	2198–2199,	2202
adverse	effects,	2201–2202,	2205
for	bone	pain,	2204
for	cancer-related	pain,	2197–2202
choice	of	agent,	2198,	2198t
combination	of	drugs,	2201
constipation	and,	2090,	2201,	2205
dependence,	2202
diarrhea	management	and,	2088
for	dyspnea,	2243
equianalgesic	doses,	2200
guidelines	for	rational	use,	2197,	2197t
for	malignant	bowel	obstruction,	2243
for	oropharyngeal	pain,	2098t,	2104
overdose,	2202
regular	administration,	2200
relative	potency,	2200
routes	of	administration,	2200–2201
single-dose	potency,	2198t
switching,	dose	ratios	for,	2198t,	2199
tapering	of,	2202
tolerance	to,	2202

Opioid-resistant	pain,	2197
Opioid	responsiveness,	2198
Opioid	Risk	Tool,	2198
Opisthorchis	viverrini,	445,	450,	866
Opium,	tincture	of,	2089
Opportunistic	screening,	454
Oprelvekin,	2070t
Oprozomib,	320,	321t,	1831
Opsoclonus-myoclonus	syndrome,	1998–1999
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Optical	coherence	tomography,	1901,	1901f
Optical	colonoscopy,	925
Optic	disc,	choroidal	melanomas	and,	1904
Optic	gliomas,	1587–1589
Optic	nerve	atrophy,	1917
Optic	nerve	sheath	meningiomas,	1595
Optic	neuropathy,	radiation	and,	1904
Orabase,	2104
Oral	cancers,	geographic	variations	in,	170,	171f
Oral	candidiasis,	2101
Oral	cavity

anatomic	reconstruction,	600,	600f
anatomy,	556
rehabilitation,	600–601
verrucous	carcinoma,	561

Oral	cavity	prostheses,	600–601
Oral	competence,	557
Oral	complications,	2094–2105

biologic	response	modifiers	in,	2100–2103
prevention	of,	2097–2098
radioprotectors	in,	2099–2100
sequelae	of,	2097
symptom	management,	2103–2105
treatment	strategies,	2098–2099,	2098t

Oral	contraceptives
for	chemoprevention,	408
endometrial	cancer	and,	1211
gallbladder	cancer	and,	877
melanoma	and,	1516
ovarian	cancer	and,	1232–1233,	1235

Oral	florid	papillomatosis,	1484
Oral	fluoropyrimidines,	937–938
Oral	infections,	2094
Oral	intake,	return	to,	604–605
Oral	motor	assessment,	600
Oral	mucositis,	2094–2104

biologic	response	modifiers	in,	2100–2103
characterization	of,	2094
chemotherapy	and,	2095–2096
cryotherapy	for,	2098t,	2099,	2102
graft-versus-host	disease	and,	2096,	2103
laser	therapy	for,	2099,	2102
mucosa	assessment,	2097–2098
pain	with,	2097
pathogenesis	of,	2095–2096
prevention	of,	2097–2098
prophylaxis,	2099
radiation	therapy	and,	2095–2096
radioprotectors	in,	2099–2100
risk	factors,	2094–2095,	2095t
symptom	management,	2103–2104
treatment	strategies,	2098–2099,	2098t

Oral	Mucositis	Assessment	Scale	(OMAS),	2098
Oral	Mucositis	Rating	Scale,	2098
Oral	tongue	cancer.	See	Tongue	cancer



Oratect	Gel,	2104
Orbicularis	oris,	556,	557
Orchiectomy,	1113,	1116,	1117,	1120,	1145–1146
Organic	anion	transporters	(OAT),	237,	237f
Organic	anion-transporting	polypeptides	(OATP),	237,	237f,	346
Organic	cation	transporters	(OCT),	237–238,	237f
Organoid	cultures,	188f,	189
Organ	preservation,	212

in	bladder	cancer,	1057–1062,	1057f,	1064–1065
in	head	and	neck	cancer,	547,	551–552,	554,	554t
in	stomach	cancer,	776

Orgotein,	2100
Orocutaneous	fistulas,	559,	560
Oropharyngeal	cancer,	563–568

alcohol	and,	563
chemotherapy	for,	550
clinical	picture,	564
HPV	and,	102,	536–537,	550,	563,	566
immune	response	in,	537
pathology,	563
patterns	of	spread,	543,	563–564
staging,	564,	565t–566t
tobacco	and,	563

Oropharyngeal	candidiasis,	2048
Oropharyngeal	infections,	2056
Oropharyngeal	pain,	2094

symptom	management,	2103–2104
treatment	strategies,	2098–2099,	2098t

Oropharynx,	563
Orphan-Annie	nuclei,	1328
Orteronel,	1128
Orthodenticle	homeobox	2	(OTX2),	1561
Orthotics,	2249–2250
Orthotists,	2250
Orthotopic	urinary	diversion,	1056,	1056f
Oseltamivir,	2052
Osimertinib,	298,	300t,	303–304,	651,	1939,	1942
Osmotic	demyelination	syndrome,	2002
Osmotic	diuresis,	1920,	2001
Osseointegrated	transdermal	anchorage	system,	1468,	1468f
Osteitis	fibrosa	cystica,	1339
Osteocalcin,	1117
Osteochondroma,	1393,	1451
Osteonecrosis	of	jaw,	1837–1838,	1931,	2095
Osteopenia,	androgen	deprivation	therapy	and,	1117
Osteopontin,	1868
Osteoporosis

androgen	deprivation	therapy	and,	1117
parathyroid	tumors	and,	1338
raloxifene	for,	350

Osteoradionecrosis,	559,	560,	563,	568,	2095
Osteosarcomas

in	adolescents	and	young	adults,	1617
in	adult	populations,	1436
amputation	for,	1464–1468
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anatomy	and	pathology,	1451–1452,	1453f
bisphosphonates	for,	1462
chemotherapy	for,	1435,	1436

in	newly	diagnosed	patients,	1460–1461
in	recurrent	disease,	1462

chondrosarcoma	and,	1451
continuing	care	for,	1468–1469
distal	femur,	1466,	1467f
etiology	of,	1451
extraskeletal,	1411,	1451
GD2	expression,	1462
high-grade,	1463
incidence	of,	1451
limb	salvage	for,	1464,	1467f,	1468,	1468f
low-	to	intermediate-grade,	1463
molecular	biology	of,	1394,	1411
novel	agents	for,	1462–1463
predisposing	syndromes,	1452,	1454t
pulmonary	metastases	from,	1951,	1953t
pulmonary	relapse,	1462–1463
radiation	therapy	for,	1463
retinoblastoma	and,	81
secondary,	2167
spinal	cord	compression	and,	1922
surgery	for	local	control	of,	1463
systemic	therapies	for,	1460–1463

Oteracil,	750
Otitis	media,	577,	578,	584,	588
Ototoxicity,	1158
OTT1/MAL	fusion	gene,	1735
Outcomes

cancer	approval	end	points,	505–510,	507t,	508f
clinical	responses,	501–510
evaluation	criteria,	502t

OVA1	blood	test,	1236
OVA2	blood	test,	1236
Ovarian	borderline	tumors,	1238–1239
Ovarian	cancer,	1232–1255

in	adolescents	and	young	adults,	1617
angiogenesis	in,	1164–1165
asymptomatic	patients,	505
biomarkers,	530,	533t
blood	tests	for	(OVA1	and	OVA2),	1236
BRCA1/BRCA2	mutations	in,	82,	405–407,	476–477,	476t,	1163–1164,	1165,	1232,	1233,	1235

clinical	implications,	1248–1249
PARP	inhibitors	and,	1248–1253
reversion	mutations,	1252

clinical	response,	assessing,	504t
diet	and,	136
epigenetics	in,	1165
epithelial,	1163–1164,	1232–1255

adnexal	mass	in,	1235–1236
advanced,	1236–1237
angiogenesis	inhibitors	for,	1246–1248,	1247t
chemotherapy	for,	1240–1246,	1241t



classification,	1233–1234,	1233t–1234t
clinical	presentation	of,	1236–1237
cytoreductive	surgery	for,	1239–1240,	1240f,	1244–1245
diagnosis,	1235–1236
dose-dense	paclitaxel	for,	1243–1244,	1243f
early-stage,	1238
early	versus	delayed	treatment	of	recurrence,	1246
epidemiology,	1232–1233
etiology,	1232
gonadotropin	hypothesis,	1232
immunotherapy	for,	1253–1254
incessant	ovulation	hypothesis,	1232
incidence	of,	1232
intraperitoneal	chemotherapy	for,	1242–1243,	1242f,	1896,	1897f,	1994–1995
maintenance	therapy	for,	1244
neoadjuvant	chemotherapy	for,	1241–1242
origin	of,	1163,	1233
pathology,	1233–1234
platinum	sensitivity	in,	1244–1246
prevention	of,	1235
recurrent	disease,	1244–1246
sequential	doublets	and	new	triplets,	1241
staging,	1237–1238,	1237t–1238t

familial,	1164
genetic	testing	and	counseling	in,	475–477,	476t
genome	project	networks,	13
geographic	variations	in,	170,	1232
gonadal	dysfunction	and,	2133–2134
hereditary,	405–407,	1164

chemoprevention	of,	408
genetic	testing	in,	405–406
Lynch	syndrome	and,	407,	1163–1164,	1235
Peutz-Jeghers	syndrome	and,	408
screening	for,	408
surgical	prophylaxis,	406–407,	408,	476–477,	1232,	1233,	1235,	2224
susceptibility	syndrome,	81,	82,	83

high-grade	serous,	1163
homologous	recombination	defects	in,	1164
immune	responses	in,	1165–1166,	1255
inherited	syndromes	of,	1163–1164
integrative	genomic	analysis,	15
malignant	ascites	in,	1994–1995
metastatic	disease,	1165
microenvironment	of,	1164
molecular	biology	of,	1163–1167
molecular	pathways	to,	1163–1164
mutational	landscape	of,	1239,	1239t
obesity	and,	146t
oncolytic	viruses	in,	1254
peritoneal	metastases	in,	1895–1896,	1896f,	1897f
physical	activity	and,	148t,	149
platinum-resistant,	261
screening	for,	408,	463–464,	1234–1235
secondary	primary	cancer	in,	253
sexual	problems	and,	2224
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stromal	cells	in,	1164
treatment	of

adoptive	cell	therapy,	1166–1167
allogeneic	stem	cell	transplantation,	2031–2032
angiogenesis	inhibitors,	1246–1248,	1247t
checkpoint	inhibitors,	1166,	1253–1254,	1254t,	1255
chemotherapy,	1240–1246,	1241t
chimeric	antigen	receptors,	1254
cisplatin,	257
cytoreductive	surgery,	1239–1240,	1240f,	1244–1245
dose-dense	paclitaxel,	1243–1244,	1243f
immunotherapy,	1166–1167,	1253–1254
intraperitoneal	chemotherapy,	1242–1243,	1242f,	1896,	1897f,	1994–1995
maintenance	therapy,	1244
neoadjuvant	chemotherapy,	1241–1242
PARP	inhibitors,	260,	334–335,	406,	477,	1164,	1239,	1248–1253,	1249t
taxanes	in,	288,	1240

uncommon	and	rare	tumors,	1238–1239
vaccines,	1254
vitamin	D	and,	139

Ovarian	cancer-specific	antigens,	1165–1167
Ovarian	cysts,	1235–1236
Ovarian	failure,	2138–2139,	2138t
Ovarian	suppression,	in	breast	cancer,	1295
Ovarian	tissue,	cryopreservation	of,	2142
Ovaries

protection	in	radiation	therapy,	2140
toxicity	to,	253,	2137–2139

Overall	response	rates	(ORRs),	503,	506
Overall	survival	(OS)

response	evaluation	using,	506,	507t
stable	disease	and,	506

Overdiagnosis,	456
Overexpressed	gene	products,	370
Overnutrition,	2212
OX40,	377
Oxaliplatin,	256,	258

capecitabine	and,	271
cellular	responses	to	DNA	damage,	259–260
for	cholangiocarcinoma,	869,	870
for	colorectal	cancer,	258,	938–940,	942–944,	948–952,	950t,	951t
emesis	after,	2082
for	esophageal	cancer,	735,	736,	749,	750–751,	752
5-FU	and	leucovorin	with,	949
5-FU/leucovorin	with,	951t
5-FU	with,	949,	949t
for	germ	cell	tumors,	1157
for	hepatocellular	carcinoma,	859
hepatotoxicity	of,	1963
irinotecan	and	5-FU	with,	278
irinotecan	with,	951t
for	liver	metastases,	1960
mechanism	of	action,	259
microbiota	and,	71
for	pancreatic	cancer,	819,	824–828,	829



pharmacokinetics	of,	262t,	263
pulmonary	toxicity,	2111
for	rectal	cancer,	981,	985–986,	987–989
for	small	bowel	adenocarcinoma,	888
for	stomach	cancer,	778,	783,	785–786,	785t
structure	of,	257f,	258
therapeutic	uses,	258

Oxazaphosphorines,	252
Oxcarbazepine,	2203
Oxidative	stress,	845
Oxycodone,	2198t,	2199
Oxycodone/naloxone,	constipation	and,	2090
Oxygenation,	tumor,	202
Oxygen	effect,	126,	126f
Oxygen	enhancement	ratio	(OER),	202
Oxymorphone,	2198t
Oxyphenisatin	(Veripaque),	2092
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P

p14ARF,	867,	1864
p16

lung	cancer	and,	613
pancreatic	cancer	and,	797,	798–799,	807,	809
promotor	hypermethylation	and,	313
urothelial	carcinoma	and,	1052

p16/CDKN2A,	797,	798–799
p16INK4A,	714,	715,	867
p16	protein,	in	HNSCC,	537,	539,	541
p16/RB1	pathway,	798–799,	800f
p21,	1002,	1052
p53.	See	TP53
p53	protein,	45,	46,	48,	54

ionizing	radiation	and,	127
pharmacogenomics	and,	243

p63,	715,	1857t
PA28	proteasome	activator,	320
Pacific	Biosciences	PacBio	RS,	5,	6t
Paclitaxel	(Taxol)

for	anal	cancer,	1008–1009
for	anaplastic	thyroid	carcinoma,	1333
for	angiosarcoma,	1493
antiepileptics	and,	1578
approval	of,	288
bevacizumab	with,	364
for	bladder	cancer,	1057,	1065–1066
carboplatin	with,	550,	705,	706
for	carcinosarcoma,	1221t
cardiac	toxicity,	2121–2122
for	cervical	cancer,	1190,	1192
cetuximab	with,	363
cisplatin	with,	549
clinical	pharmacology,	290
Cremophor–ethanol	solvent-based,	290,	291
diarrhea	induced	by,	2086
dosages,	232f,	289t
drug	interactions,	291
for	endometrial	cancer,	1217,	1218,	1219
for	esophageal	cancer,	738–739,	742,	745,	749,	751
generic	form,	288
for	germ	cell	tumors,	1157
for	head	and	neck	cancer,	548–549
identification	of,	288
indications,	288,	289t
for	malignant	ascites,	1994
mechanism	of	action,	288–290
mechanism	of	resistance,	295
for	mediastinal	neoplasms,	705
for	melanoma,	1551
nanoparticle	albumin-bound

clinical	pharmacology,	290
dosages,	289t



formulation	of,	288
indications,	289t
for	melanoma,	1551
for	non–small-cell	lung	cancer,	653
for	pancreatic	cancer,	819,	826,	827f
toxicities,	289t,	291

for	nasopharynx	cancer,	550
for	non–small-cell	lung	cancer,	646,	647,	653
for	ovarian	cancer,	1236,	1241,	1243–1244,	1243f,	1245
for	penile	cancer,	1143
protein	binding	and,	235
pulmonary	toxicity,	2113t
radiation	sensitivity	and,	203
ramucirumab	with,	365
for	salivary	gland	tumor,	588
schedule	dependency	of,	233
single-agent	treatment,	548
for	small-cell	lung	cancer,	679t,	680,	681,	682t
for	stomach	cancer,	780,	783,	783t,	787
for	thymic	carcinoma,	706
toxicities,	289t,	291
for	urethral	cancer,	1138

PAD	regimen,	322–328
Paecilomyces	infection,	2042,	2050
Paget	disease

anal,	1010
bone,	1451
breast,	1299–1300
extramammary,	1495
vulvar,	1198

Pain
acute,	2191
baseline,	2191
breakthrough,	2191–2192
cancer-related,	2190–2195
chronic,	2190,	2191–2192
clinical	assessment	of,	2193–2195
common	syndromes	of,	2193
definition	of,	2191
epidemiology	of,	2190–2191
intensity	of,	2192
measurement	of,	2192–2193
oropharyngeal,	2094,	2098–2099,	2098t,	2103–2104
patient	complaint,	2193
patient	reports	(self-reports),	2192–2193
psychological	issues	in,	2193–2194
temporal	aspects	of,	2191–2192
types	of,	2191

Pain	management,	2190–2208
acupuncture,	2208
algorithm	for,	2208
epidural	and	interspinal	approach,	2207
future	directions,	2208
individualization	of,	2194
neuroablative	procedures,	2206t,	2207–2208
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neuropharmacologic	approach,	2207
neurostimulatory	approaches,	2206t,	2207–2208
neurosurgical	approach,	2205–2207,	2206t
peripheral	nerve	blocks	for,	2206–2207
pharmacologic,	2195–2202

abuse	potential,	2198–2199,	2202
adjuvant	drugs,	2202–2205
anticonvulsants,	2203
antidepressants,	2203,	2204,	2234
complications,	2202
drug	combinations,	2201
equianalgesic	doses,	2200
local	anesthetics,	2203–2206
nonopioid	analgesics	in,	2196–2197,	2196t
opioid	analgesics	in,	2197–2202
rational,	guidelines	for,	2197,	2197t
regular	administration,	2200
routes	of	administration,	2200–2201
side	effects,	2201–2202,	2205
tapering,	2202
tolerance	in,	2202

physiatric	approaches,	2208
in	prostate	cancer,	1126–1127
psychological	approaches,	2205
three-step	analgesic	ladder,	2195–2196,	2202
trigger	point	injections,	2208

Palatal	drop	prosthesis,	600–601
PALB2	mutations,	260

bladder	cancer	and,	1045
breast	cancer	and,	402t,	1260t,	1261,	1270
Fanconi	anemia	and,	801
pancreatic	cancer	and,	797,	801,	804
prostate	cancer	and,	1079,	1083,	1087

Palbociclib,	309,	353,	353f,	1267,	1435
Palifermin,	2101
Palifosfamide,	for	soft	tissue	sarcomas,	1433
Palladium-103	(103Pd),	212,	1106
Palliative	care

for	adrenal	tumors,	1351
for	bleeding,	746
for	bone	sarcomas,	1468–1469
for	cervical	cancer,	1193
for	cholangiocarcinoma,	873–874,	876
for	dysphagia,	746,	789
early	inclusion	of,	2242
for	esophageal	cancer,	746
for	gallbladder	cancer,	881
for	gastrointestinal	tumors,	905
for	mesothelioma,	1874–1878
for	non–small-cell	lung	cancer,	654–655,	657–659
pain	management	in,	2190,	2195
in	pancreatic	cancer,	816,	829
primary,	2242
for	prostate	cancer,	1126–1127
for	small	bowel	adenocarcinoma,	888–889



for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	686–687
for	soft	tissue	sarcomas,	1438
specialist,	2242
specialist	consultation,	2195
for	stomach	cancer,	782–786,	789
for	terminally	ill	patients,	2242–2246

Palliative	nutritional	support,	2218
Palliative	radiation	therapy,	213,	746,	1126–1127,	1193,	1438,	1883
Palliative	surgery,	endoscopic,	521
Palmar	fibromatosis,	1406
Palonosetron,	2080,	2080t,	2081
Pamidronate

for	hypercalcemia,	1838
for	metastatic	bone	disease,	1306,	1972,	2204
for	osteosarcoma,	1462
for	parathyroid	cancer,	1341
in	smoldering	multiple	myeloma,	1843–1844

Pan	cancer	drug	target,	309–310
Pan-Cancer	initiative,	14
Pan	cancer	radiation	response,	534
Pancoast	tumors,	642,	1922
Pancreas

anatomy	of,	805
insulinomas	of,	1362–1363
preservation,	in	stomach	cancer,	776

Pancreastatin,	1357
Pancreatectomy,	813–816

distal,	814
in	gastric	cancer,	775–776
minimally	invasive,	813–814

Pancreatic-biliary	duct	junction,	867,	877,	878
Pancreatic	cancer,	804–830

acinar	cell	carcinoma,	808
alcohol	consumption	and,	804–805
anatomy,	805
biology	of,	808
biomarkers,	532t
BRCA2	mutations	in,	797,	799,	800–801,	802,	807,	807f,	809
cancer	susceptibility	syndrome	and,	82
CDKN2A	mutations	in,	797,	798–799,	804,	807,	807f,	822
cystic	types,	805
diabetes	mellitus	and,	805
ductal	adenocarcinoma	(See	Pancreatic	ductal	adenocarcinoma)
endocrine,	805,	808
endoscopic	and	robotic	surgery	for,	525,	813–814
endoscopic	staging	of,	521
environmental	risk	factors	for,	804–805
epidemiology	of,	804–805
etiology	of,	804
exocrine,	805–809
familial,	804,	805t
genetic	profile	of,	798f
genetic	risk	factors	for,	804
genetic	testing	in,	829
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geographic	variations	in,	170
hereditary	nonpolyposis	colorectal	cancer	and,	805t
incidence	of,	804
intraductal	papillary	mucinous	neoplasms,	801,	802,	805,	806f,	808
KRAS	mutations,	11,	12f,	15,	797–798,	798t,	799,	807–809,	807f
medical	risk	factors	for,	805
molecular	biology	of,	797–802
mucinous	cystic	neoplasms,	806f,	808–809
multi-institutional	collaboration	in,	829–830
obesity	and,	146t,	805
PALB2	and,	797,	801,	804
pancreatitis	and,	805
pancreatoblastoma,	808
pathology	of,	805
physical	activity	and,	147,	148t
pulmonary	metastases	in,	820
red	meat	and,	138
risk	factors	for,	804–805
screening	for,	462
as	second	primary	cancer,	2161–2162,	2168
signaling	pathways,	11,	12f
solid-pseudopapillary	neoplasms,	805,	808
solid	types,	805
staging	of,	811,	811t
timeline	of	management,	829,	829f
tobacco	and,	804–805
treatment	of

adjuvant	therapy,	817–819
allogeneic	stem	cell	transplantation,	2031–2032
chemoradiation,	817–819,	822–824,	822t
distal	pancreatectomy,	814
future	directions	and	challenges	for,	829–830
gemcitabine-based,	203,	817,	818–819,	819f,	822–826,	822t,	825t
metformin	in,	345
monitoring	of	response	to,	828–829
operative	reporting,	816
palliative	surgery,	816
pancreaticoduodenectomy,	812–813,	813f,	814
PARP	inhibitors,	801,	804
promising	new	therapies,	829
resectability,	811–813,	812t,	820–821
surgery,	813–816
surgical	pathology	reporting,	816

Pancreatic	ductal	adenocarcinoma,	805–809
biology	of,	808
biomarkers	for,	817
borderline	resectable,	820,	823–824
CA	19-9	levels,	805,	809,	817,	820,	822
computed	tomography	in,	809–811,	810f,	820,	820f
diagnosis	of,	810–811
distal	pancreatectomy	for,	814
early	detection	of,	806,	829
epidemiology,	804–805
etiology	of,	804
familial	nature	of,	804,	805t
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in	locally	advanced	cancer,	822–823,	822t
in	metastatic	disease,	824–826,	825t

genetic	profile	of,	798f
genetics	of,	797–802,	806–807,	806–808
immunotherapy	for,	804,	829
incidence	of,	804
metastatic,	824–829
molecular	biology	of,	797–802
pathology	of,	805–806,	806f
personalized	therapy	for,	806
prognosis	for,	816–817
recurrence	of,	808,	811,	813,	817,	820
screening	for,	809–810
signs	and	symptoms	of,	809
stage	I/II	(localized),	811–820

adjuvant	therapy	for,	817–819
distal	pancreatectomy,	814
future	questions	and	ongoing	adjuvant	trials,	819
neoadjuvant	therapy	for,	813
operative	reporting,	816
palliative	surgery	for,	816
pancreaticoduodenectomy,	812–813,	813f,	814
patterns	of	failure,	817
prognosis	for,	816–817
resectability	of,	811–813,	812t
surgery	for,	813–816
surgical	anatomy,	811,	812f
surgical	pathology	reporting,	816
surgical	trials,	814–815,	816t
surveillance	postresection,	819

stage	III	(locally	advanced),	820–824
basic	management	considerations,	821
borderline	resectable,	820,	823–824
chemoradiation,	822–824,	822t
evolution	of	management,	821–823
locally	and	regionally	unresectable,	821–823
neoadjuvant	therapy	for,	823–824
randomized	trials,	821–822,	821t
resectability	of,	820–821
staging,	820–821

stage	IV	(metastatic),	824–829
gemcitabine	as	gold	standard	in,	824–825
gemcitabine	in	combination	therapy,	825–828,	825t,	827f
modest	breakthroughs	in	treatment,	826–828

staging,	811,	811t
stroma	of,	805–806,	806f
symptom	palliation	in,	829
treatment	of

adjuvant	therapy,	817–819
chemoradiation,	817–819,	822–824,	822t
distal	pancreatectomy,	814
future	directions	and	challenges	for,	829–830
monitoring	of	response	to,	828–829
operative	reporting,	816
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palliative	surgery,	816
pancreaticoduodenectomy,	812–813,	813f,	814
promising	new	therapies,	829
resectability,	811–813,	812t,	820–821
stereotactic	body	radiotherapy,	824
surgery,	813–816
surgical	pathology	reporting,	816
targeted	therapy,	804,	807,	829

unresectable,	820,	821,	824,	826
Pancreatic	duodenal	homeobox	1	(PDX-1),	1354–1355
Pancreatic	intraepithelial	neoplasia	(PanIN),	801,	806,	807f
Pancreatic	neuroendocrine	tumors	(pNETs),	809,	1352–1365

age	at	diagnosis,	1353
classification,	1353–1355,	1355t
classification	of,	809
diagnosis,	1353–1356

biopsy,	1354
immunohistochemistry,	1354–1355
pathologic,	1353–1355

epidemiology,	1353,	1353f,	1354f
etiology,	1353
functional,	1352
functional	status	of,	1352
genetic	landscape	of,	809
grading,	1355,	1355t
hereditary	syndromes	and,	1363–1364

multiple	endocrine	neoplasias,	1353,	1363–1364,	1379,	1379f
neurofibromatosis,	1363,	1364
tuberous	sclerosis,	1353,	1364
von	Hippel-Lindau	disease,	1353,	1364

imaging	of,	1356,	1361,	1364
immunohistochemistry	markers,	1354–1355
incidence,	809,	1353,	1353f
management

ACTH-secreting	tumors,	1363
advanced	unresectable	tumors,	1358,	1360–1361,	1361f
chemotherapy,	1359–1361,	1359t
functional	tumors,	1361–1365
gastrinomas,	1361–1362
glucagonomas,	1363
insulinomas,	1362–1363
liver-directed	therapy,	1359–1360
mTOR-targeted,	1358–1359
nonfunctional	tumors,	1356–1361
peptide	receptor	radiotherapy,	1358
serum	tumor	markers,	1356–1357
small,	nonfunctioning,	sporadic	tumors,	1365
somatostatin	analogs,	1358,	1358t
somatostatinomas,	1363
surgery,	1357–1358
surgical	pitfalls,	1364–1365
systemic	therapy,	1358–1359,	1358t
VEGF-targeted,	1358t,	1359
VIPomas,	1363

molecular	genetics	of,	1355–1356



pathology,	1353–1355
staging,	1355,	1355t
survival,	1353,	1354f
symptoms,	1356
WHO	classification,	1355,	1355t

Pancreaticoduodenectomy,	525,	812–814,	813f,	872,	875–876,	900
Pancreaticojejunostomy,	813,	813f,	814
Pancreatic	polypeptide-secreting	tumors	(PPomas),	1356,	1357
Pancreatitis

hereditary,	804,	805t
inflammation	and,	114
pancreatic	cancer	and,	805

Pancreatoblastomas,	808
Panendoscopy,	544
PanIN	lesions,	801,	806,	807f
Panitumumab	(Vectibix),	360t,	363

characteristics	of,	363
for	colorectal	cancer,	18f,	21,	363,	940,	955–961
diarrhea	associated	with,	2087
for	esophageal	cancer,	752,	752t
in	first-line	therapy,	957–958
for	liver	metastases,	1962
mechanism	of	action,	362
pharmacogenomics	of,	241
resistance,	956–957
for	stomach	cancer,	786
toxicity	of,	958–959

Panobinostat	(LBH589),	316,	330,	1716,	1829t,	1830–1831
Papanicolaou,	Georgios,	101
Papanicolaou	(Pap)	smears,	101,	179,	462–463,	1171–1172

cytology,	462–463,	1174,	1174t
description	of,	462
false-negative	rates,	1176
recommendations,	1176

Papillary	cystadenoma	lymphomatosum,	585
Papillary	renal	cell	carcinoma,	1020

molecular	biology	of,	1015–1018
sporadic,	1016,	1017–1018
type	1,	1015–1016,	1021t,	1022f
type	2,	1017–1018,	1021t,	1022f

Papillary	thyroid	cancer/carcinoma,	1323,	1329–1330
Papillary	thyroid	microcarcinoma,	1330–1331
Papilloma(s)

choroid	plexus,	1607–1608,	1917
inverted,	580–581,	582,	583

Papillomaviridae,	100
Papillomaviruses,	100–102,	179.	See	also	Human	papillomavirus	(HPV)
Para-aortic	irradiation,	1152–1153,	1185,	1186
Para-aortic	lymph	nodes,	1173
Paracentesis,	for	malignant	ascites,	1992,	1993
Paracolic	nodes,	924
Paraffin,	liquid,	2092t
Parafibromin,	1321
Parafollicular	cells,	1327,	1333,	1334,	1381
Paraganglioma(s),	584,	1320,	1604–1605
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anatomy,	584
complications	of	treatment,	584
familial	syndromes,	1344,	1344t
outcomes	of	treatment,	584
palliative	care,	1351
pathology,	584,	896
patterns	of	spread,	584
pheochromocytoma	with,	1343–1351
recurrence,	584,	1350
treatment	of,	584,	1349–1350

Paraganglioma,	pheochromocytoma,	and	pituitary	adenoma	association	(3PA),	1322
Paraganglioma	syndrome,	1319
Parainfluenza,	2027,	2052
Paranasal	sinus

anatomy,	579
cancer	of,	579,	583
lymphatic	network,	580
squamous	cell	carcinomas,	580
tumors	of,	579–584

clinical	picture,	581
complications	of	treatment,	583–584
pathology,	580
patterns	of	spread,	580–581
staging,	581,	581t
treatment,	582–583

Paraneoplastic	cerebellar	degeneration,	1998
Paraneoplastic	leukemoid	reaction,	2003–2004
Paraneoplastic	necrotizing	myopathy,	2256
Paraneoplastic	sensory	neuronopathy,	1998–1999
Paraneoplastic	syndromes,	1998–2005

anemia,	2003
Cushing	syndrome,	2002
dermatologic,	2004–2005
endocrinologic,	2000–2003
hematologic,	2003–2004
hormonal	therapy	for,	347
hypertrichosis	lanuginose,	2005
hypertrophic	osteoarthropathy,	2005
hypoglycemia,	2002–2003
idiopathic	inflammatory	myopathies,	2005,	2256
leukocytosis,	2003–2004
neurologic,	671–673,	1998–1999

classical,	1998–1999
diagnosis	of,	1998
diagnostic	criteria	for,	1998,	1999t
onconeural	antibodies	and,	1998,	1999t
treatment	of,	1999

non–small-cell	lung	cancer	and,	628
pemphigus,	2005
polycythemia,	2003
rehabilitation	considerations,	2256
rheumatologic,	2005
small-cell	lung	cancer	and,	671–673,	1998–1999
syndrome	of	inappropriate	antidiuretic	hormone	secretion,	2000–2002
thrombocytosis,	2004



vasculitis,	2005
Parathormone,	703
Parathyroid	adenoma,	1338,	1377
Parathyroid	cancer,	1338

clinical	manifestation,	1338,	1339
diagnosis,	1339–1340
follow-up,	1341
incidence	of,	1338
management	of,	1340–1342

chemotherapy,	1341
radiotherapy,	1341
surgical,	1341

molecular	genetics,	1339,	1340
natural	history	of,	1341
pathology,	1338–1339
prognosis,	1341–1342,	1342t
screening	for,	1339
sites	and	physical	findings,	1339,	1339t
staging,	1340,	1340t

Parathyroidectomy,	410–411
Parathyroid	hormone	(PTH),	1321,	1338,	1339–1340
Parathyroid	hormone–like	hormone,	1393
Parathyroid	tumors,	1321–1322,	1338–1342
Parenteral	nutrition,	2216–2218

administration	of,	2217
indications	for,	2216
palliative,	2218
prescribing,	2217
recommendations,	2217t
timing	of	initiation,	2216–2217

Parietal	and	visceral	(P/D)	pleurectomy,	1875,	1877–1878
Parietal	peritoneum,	1991
Parietal	tumors,	1572
Parinaud	syndrome,	1572,	1598,	1918
Parosteal	osteosarcoma,	1451,	1463
Parotid	duct,	561,	585
Parotidectomy,	587
Parotid	fascia,	585
Parotid	gland

anatomy,	585
benign	mixed	tumors,	586
biopsy	of,	586
tumors	of,	585–588

clinical	picture,	586
differential	diagnosis,	586
malignant,	586
pathology,	585
patterns	of	spread,	586
treatment,	586–587
treatment	outcomes,	587–588

Paroxetine	(Paxil),	348,	2151,	2203,	2233–2234,	2234t
Partial	hydatidiform	mole	(PHM),	1227
Partial	laryngectomy,	570,	572
Partial	laryngopharyngectomy,	575
Partial	nephrectomy,	1020,	1024,	1026–1027,	1028f
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Partial	pericardiectomy,	1989
Partial	pleurectomy,	1875,	1985–1986
Partial	response	(PR),	501–502,	502t,	503f
Particle	radiation,	196
Parvovirus	H1,	378
Passavant	ridge,	574
Passenger	mutations,	11–13,	26–27,	370,	1261
Patents,	on	genes,	474
Paterson–Kelly	syndrome,	721
Pathogen-associated	molecular	patterns	(PAMPs),	370,	378,	381,	2023
Pathogenic	germline	variants	(PCV),	1858
Pathogenicity	islands,	69
Pathogenic	variant,	in	genetic	testing,	474–475,	478–479
Pathway-directed	chemotherapy,	239,	240–242
Pathway-oriented	models,	11–13,	12f,	13f
Patient-controlled	analgesia	(PCA),	2020
Patient-derived	xenografts	(PDXs),	188–189,	188f
Patient-Generated	Subjective	Global	Assessment,	2214–2215
Patient	Protection	and	Affordable	Care	Act,	2186–2187
Pattern	recognition	receptors	(PRRs),	381
Patupilone,	294
Pautrier	microabscess,	1709
PAX-FOXO1	fusion,	1620
PAX3-FOXO1	fusion,	1389,	1410
PAX5,	86,	1634,	1672–1674,	1733,	1734–1735
PAX7-FOXO1	fusion,	1388–1389,	1410
PAX8,	1857t
Pazopanib	(Votrient),	308

for	cervical	cancer,	1192
for	ovarian	cancer,	1165
pulmonary	toxicity,	2115
for	renal	cell	carcinoma,	1031,	1032t,	1035t,	1036,	1038
for	soft	tissue	sarcomas,	1432,	1435
for	synovial	sarcomas,	1436
for	thyroid	cancer,	1333
for	uterine	leiomyosarcoma,	1222–1223

PBF-509,	373t
PBRM1,	801,	1015
PCI-32765	(ibrutinib),	309
PCV	regimen,	1580–1582,	1583
PDL1/PDL2,	1639,	1640–1641
Pd	regimen,	1828t,	1836f
PEComas,	1412
Pediatric	patients.	See	Children	(pediatric	patients)
Peer-modeling	videotapes,	2232
PEG-L-Asparaginase,	338
Pegfilgrastim,	2070t,	2072–2073
Pegylated	arginine	deiminase	(ADI-PEG	20),	860
PEGylated	human	recombinant	hyaluronidase	(PEGPH120),	829
Pegylated	interferon-α,	1538
Pegylated	liposomal	doxorubicin	(Doxil).	See	Doxorubicin	(Adriamycin),	liposomal
Pellagra,	1373
Pelvic	exenteration

anterior,	in	female	urethral	cancer,	1139
for	endometrial	cancer,	1220



total,	in	rectal	cancer,	979
Pelvic	inflammatory	disease	(PID),	1233
Pelvic	lymph	node	dissection	(PLND),	1097
Pelvis,	lytic	metastases	to	bone,	1977
Pembrolizumab,	34–35,	39,	300t,	375

for	adolescents	and	young	adults,	1619
for	anal	cancer,	1009
approval	and	indications,	222t
for	bladder	cancer,	1055,	1067
for	brain	metastases,	1940,	1941t
for	breast	cancer,	1306
for	cancer	of	unknown	primary	site,	1858,	1862
for	cervical	cancer,	222t,	227
dosing,	227
for	esophageal	cancer,	753
for	gastric	cancer,	222t,	227
for	germ	cell	tumors,	1157
for	head	and	neck	squamous	cell	carcinoma,	222t,	226,	539,	549–550
for	hepatocellular	carcinoma,	860
for	Hodgkin	lymphoma,	222t,	225–226,	1666,	1666t
for	lung	cancer,	615
for	mediastinal	neoplasms,	706
for	melanoma,	222t,	223–224,	1544t,	1546t,	1547
for	Merkel	cell	carcinoma,	1491
for	mesothelioma,	1880–1881
for	mismatch-repair	deficient	of	microsatellite	instability-high	cancers,	222t,	225
for	non–small-cell	lung	cancer,	222t,	224,	242,	637,	652
for	ovarian	cancer,	1253–1254,	1255
for	primary	CNS	lymphoma,	1726
for	primary	mediastinal	B-cell	lymphoma,	1693
for	primary	mediastinal	large	B-cell	lymphoma,	227
for	prostate	cancer,	1127
pulmonary	toxicity,	2114t
radiation	sensitivity	and,	204
for	small	bowel	adenocarcinoma,	890t
for	small-cell	lung	cancer,	686
for	squamous	cell	carcinoma,	1488–1489
for	stomach	cancer,	787–788
for	thyroid	cancer,	1333
T-VEC	addition	to,	220
for	urothelial	cancers,	226
for	uveal	melanomas,	1906

Pemetrexed	(Alimta),	265–269
clinical	pharmacology,	267
description	of,	265
doses	and	schedule,	268t
for	head	and	neck	cancer,	548
mechanism	of	action,	265–266,	266t,	267f
mechanism	of	resistance,	266–267,	266t
for	mediastinal	neoplasms,	704
for	mesothelioma,	1878–1880,	1881,	1879f
for	non–small-cell	lung	cancer,	641,	646,	647,	653
for	ovarian	cancer,	1245–1246
for	primary	CNS	lymphoma,	1726
therapeutic	uses,	265,	268t
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toxicities,	267–269,	268t
hand-foot	syndrome,	267
mucositis,	267
myelosuppression,	267
rashes,	267

Pemphigus,	paraneoplastic,	2005
Penectomy,	1142
Penetrance,	156
Penicillin,	and	inhibition	of	MTX	excretion,	267
Penicillium	citrinum,	346
Penile	cancer,	1140–1143

anatomy	and	pathology,	1140
carcinoma	in	situ,	1141–1142
clinically	node-negative	disease,	1143
clinically	node-positive	disease,	1143
diagnosis,	1140–1141
etiology,	1140
HPV	vaccine	and,	447,	1140
incidence	of,	1140
invasive,	1142
locally	advanced,	1142
metastatic,	1143
papillomaviruses	and,	101,	1140,	1141,	1143
regional	lymph	node	management	in,	1142–1143
squamous	cell	carcinoma,	1140–1142,	1484,	1486
staging	of,	1141,	1141t
symptoms,	1140–1141
treatment,	1141–1143
treatment	challenge,	1136

Penile	fibromatosis,	1406
Penile	prosthesis,	2220
Penile	rehabilitation,	2222
Penile-sparing	techniques,	1138,	1142
Pentamidine,	2042,	2055
Pentostatin

cardiac	toxicity,	2120t
for	chronic	lymphocytic	leukemia,	1790–1792
for	hairy	cell	leukemia,	1798
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1717
for	oral	mucositis,	2103
pulmonary	toxicity,	2116

Pentoxifylline,	559,	560,	568,	2215
PEPC	regimen,	1691
Peptic	ulcer	disease,	765
Peptide	epoxyketones,	320–321,	321t
Peptide	receptor	radionuclide	therapy	(PRRT),	689,	1374–1375,	1382
Peptide	receptor	radiotherapy	(PRRT),	1358,	1359
Percutaneous	endoscopic	gastrotomy	(PEG),	2243,	2244
Percutaneous	ethanol	ablation,	ultrasound-guided,	1332
Percutaneous	ethanol	injection	(PEI),	849,	850
Percutaneous	transhepatic	cholangiography	(PTC),	871,	876,	879
Percutaneous	vertebroplasty	(PV),	1979–1980
Periampullary	tumors,	865,	1371
Perianal	skin,	tumors	of,	1000
Pericardectomy,	2123



Pericardial	disease,	radiation-induced,	2123
Pericardial	effusion,	1987–1989,	2123
Pericardial	window,	1988,	1989
Pericardiectomy,	1989
Pericardiocentesis,	1988,	2123
Pericardiostomy,	1988,	1989
Pericarditis,	radiation-induced,	2123
Pericardium	sparing,	in	mesothelioma	surgery,	1875,	1875f
Pericytes,	49,	55f,	56
Periengraftment	respiratory	distress	syndrome,	2027
Perihilar	cholangiocarcinoma,	865,	866,	870–874
Perineural	invasion,	543,	556,	589,	931
Period	effects,	180–181
Periodic	physical	examination,	454
Periosteal	osteosarcoma,	1451,	1463
Peripheral	blood	stem	cell	support,	1843–1844
Peripherally	inserted	central	catheter	(PICC),	513–514,	514t,	516
Peripheral	nerve	blocks,	2206–2207
Peripheral	nerve	sheath	tumors.	See	Malignant	peripheral	nerve	sheath	tumors	(MPSTs)
Peripheral	nervous	system	dysfunction,	2253–2256
Peripheral	neuropathy,	2254–2256,	2255f
Peripheral	T-cell	lymphoma	(PTCLs),	1642–1643,	1695
Peristomal	manometry,	599
Peritoneal	cancer

genetic	testing	and	counseling,	476–477
PARP	inhibitors	for,	335
surgical	prophylaxis	for,	406–407

Peritoneal	cancer	index	(PCI),	1890,	1891f
Peritoneal	carcinomatosis,	1860,	1889,	1995
Peritoneal	catheters,	1992,	1993,	2244
Peritoneal	chemotherapy.	See	Intraperitoneal	chemotherapy
Peritoneal	cytology,	767,	1214,	1891,	1992
Peritoneal	inclusion	cyst,	multilocular,	1866
Peritoneal	leiomyomatosis,	1409
Peritoneal	mesotheliomas,	1864,	1889,	1890,	1894
Peritoneal	metastases,	1889–1897

abdominal-pelvic	exploration,	1890
appendiceal	malignancy	and,	1892,	1893f
chemotherapy	for,	1890,	1891–1892,	1994–1995
clinical	features	of	primary	cancer,	1891
colorectal	cancer	and,	1893–1894,	1894f
completeness	of	cytoreduction	score,	1890–1891
computed	tomography	of,	1891
cytoreductive	surgery	for,	1889–1892
gastric	cancer	and,	1895,	1895f
histopathology	of,	1890
local-regional	progression	of,	1890,	1890f
natural	history	studies	of,	1890
ovarian	cancer	and,	1895–1896,	1896f,	1897f
prognostic	indicators,	1890–1892
staging,	1891,	1892t

Peritoneal	sarcomatosis,	1896–1897
Peritonectomy,	1890
Peritoneovenous	shunt,	1993,	1994f,	2244–2245
Perivascular	epithelioid	cell	differentiation,	1412
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Perivascular	tumors,	1404t,	1410–1411
Peroral	cholangioscopy,	871
Peroxisome	proliferator-activated	receptor	γ	(PPAR-γ),	429,	1323–1324
Peroxisome	proliferators,	123,	124
Personalized	Cancer	Therapy,	299
Personalized	neoantigen	vaccination,	370–376,	371t
Pertuzumab	(Perjeta),	300t,	302,	360t,	363

for	breast	cancer,	363,	1266–1267,	1289,	1298,	1305–1306
for	endometrial	cancer,	1220
mechanism	of	action,	362
pharmacogenomics	of,	241
solid	tumors	treated	with,	363

PET	Response	Criteria	in	Solid	Tumors	(PERCIST),	504,	504t
Peutz-Jeghers	syndrome,	79t,	84,	911t,	913,	923

cervical	cancer	and,	1175
gastric	cancer	and,	715
pancreatic	cancer	and,	801,	804,	805t,	809
small	bowel	cancer	and,	884
STK11	mutations	in,	801
surgical	prophylaxis	in,	408

Pexa-Vec	(JX-594),	371t,	858
Pexidartinib,	373t
Peyronie	disease,	1406
PF114,	1782
PF-02341066	(crizotinib),	300t,	304,	305
PF-04136309,	373t
PF-04518600,	371t
PF-05082566,	372t
PF-06863135,	374t
P-glycoprotein,	2069
Phaeoacremonium,	2050
Pharmacodynamics

of	alkylating	agents,	250–251
concepts	of,	232–233
description	of,	231,	232f
dose	adaptation	using,	238
exposure	markers,	232,	233t
molecular,	189
physiologic	models,	233
of	platinum	agents,	263
variability	in,	233–238

Pharmacogenetics,	237–238,	240.	See	also	Pharmacogenomics
Pharmacogenomics,	239–243,	534

chemotherapy	drug	toxicity,	239–240,	243–244
future	directions,	244
pathway-directed	therapy,	239,	240–242
of	platinum	agents,	263
practical	issues	in	somatic	analysis,	242–243
preemptive,	2159
tumor	response,	240,	240t

Pharmacokinetics
absorption,	231
age	and,	234
of	alkylating	agents,	248t,	250–251
bioavailability,	231



body	size	and	composition	effects	on,	233–234
concepts	of,	231–232
description	of,	231,	232f
disease	effects	on,	234
disposition,	231–232
distribution,	231
dose	adaptation	using,	238
dose	proportionality,	232,	232f
drug	interactions	and,	235–236,	236t
elimination,	231–232
food	intake	and,	235,	236t
hepatic	impairment	effects	on,	235
inherited	genetic	factors	effect	on,	237–238,	237f
microbiota	and,	70–71,	70f
pathophysiologic	changes	that	affect,	234–235
of	platinum	agents,	262–263,	262t
renal	impairment	effects	on,	234–235
serum	proteins	effect	on,	235
sex	(gender)	and,	235
variability	in,	233–238,	234f

Pharyngeal	walls
anatomy	of,	563,	574
carcinoma	of

clinical	picture,	575
complications	of	treatment,	577
irradiation	technique,	576
outcomes	of	treatment,	576
pathology,	574
patterns	of	spread,	574
recurrence	management,	576
treatment,	575–576

combined	treatment,	576
lymphatic	network,	564,	575
radiation	therapy,	576
squamous	cell	carcinoma	of,	563,	574
tumors	of,	564

Phenazopyridine	hydrochloride	(Pyridium),	1104
Phenol,	2206–2207
Phenothiazines,	2078,	2082
Phenotypic	markers,	157
Phenoxybenzamine,	1349,	1381–1382
Phenylbutyrate	mouthwash,	2103
Phenytoin,	293,	2203
Pheochromocytoma,	1320,	1322,	1343–1351,	1344

diagnosis,	1346–1349
etiology,	1344
familial	syndromes,	1344,	1344t
genetics,	1320,	1320t,	1322,	1344,	1345
incidence	of,	1344
locally	recurrent,	1350
multiple	endocrine	neoplasia	and,	1381–1382
palliative	care,	1351
pathology,	1345
perioperative	hormonal	control	of,	1349
postsurgical	surveillance	of,	1349–1350
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resection	of,	1381–1382
surgical	resection	of,	1349

Philadelphia	chromosome,	301
in	acute	leukemias,	1737,	1751–1752
in	acute	lymphoblastic	leukemia,	1751–1752,	1755–1756
in	chronic	leukemias,	1764,	1765f
in	chronic	myeloid	leukemia,	301,	1773,	1774
inotuzumab	ozogamicin	and,	365–366
in	older	adults	versus	adolescents,	1619,	1623f

Philadelphia	chromosome-like	ALL,	1619,	1751–1752
Phimosis,	1140
Phlebitis,	vinca	alkaloids	and,	293
Phonophoresis,	2265
Phosphatase	and	tensin	homolog	gene.	See	PTEN
Phosphatase	mutations,	3
Phosphatidylinositol	3,4,5-phosphate	(PIP3),	44
Phosphatidylinositol	3-kinase	(PI3K)	gene	family,	3.	See	also	PIK3CA	mutations
Phosphatidylinositol	3-kinase	(PI3K)	pathway,	44–45,	46,	297,	298f

anaplastic	large	cell	lymphoma	and,	1643
bladder	cancer	and,	1043–1044
breast	cancer	and,	1261–1262,	1267
Burkitt	lymphoma	and,	1637,	1637f
cholangiocarcinoma	and,	870
chronic	lymphocytic	leukemia	and,	1769,	1794
chronic	myeloid	leukemia	and,	1766
endometrial	cancer	and,	1219,	1220
gastrointestinal	stromal	tumors	and,	896
germ	cell	tumors	and,	1149
hepatosplenic	T-cell	lymphoma	and,	1643
Hodgkin	lymphoma	and,	1651
inhibitors	of,	307–308,	372t

PI3Kγ,	372t,	379
PI3Kδ,	372t,	379

liver	cancer	and,	839
lung	cancer	and,	609,	612,	684
melanoma	and,	1504–1505,	1512
meningioma	and,	1565,	1565f
mutations	in,	307
ovarian	cancer	and,	1165
prostate	cancer	and,	1076,	1082,	1128
thyroid	cancer	and,	1324

Phosphodiesterase	type	5	(PDE-5)	inhibitors,	for	erectile	dysfunction,	2220–2221,	2222
Phosphorus-32,	1974
Photochemotherapy,	for	mycosis	fungoides/Sézary	syndrome,	1713t,	1714,	1715
Photodynamic	therapy	(PDT)

for	actinic	keratoses,	1487
for	basal	cell	carcinoma,	1482
for	cholangiocarcinoma,	874
for	esophageal	cancer,	725–727
for	skin	cancer,	1475,	1478

Photoimmunosuppression,	129–130
Photon	beams,	204–207,	205f,	206f,	207f
Photons

clinical	applications	of,	211
interactions	of,	204–205



therapeutic	use	of,	196,	204–207,	205f,	206f,	207f
Phototherapy

for	mycosis	fungoides/Sézary	syndrome,	1713t,	1714
for	oral	mucositis,	2103

Phyllodes	tumor,	1301–1302
Physaliferous	cells,	1606
Physiatric	approaches,	for	pain	management,	2208
Physiatrist,	2249
Physical	activity,	134,	143,	145,	147–149.	See	also	Exercise;	Rehabilitation

breast	cancer	and,	147,	148,	148t,	149t,	173
cancer	outcomes	and,	148
cancer-related	fatigue	and,	2152,	2265
cancer	risk	and,	147–148,	148t,	149t,	173
colorectal	cancer	and,	147,	148,	148t,	149t,	173,	921
constipation	and,	2091
definition	of,	147
endometrial	cancer	and,	147,	173
esophageal	cancer	and,	148t,	173,	720
guidelines,	149
interventions	encouraging,	149
kidney	cancer	and,	148t,	173
lung	cancer	and,	147,	148t
mechanistic	data,	149
ovarian	cancer	and,	148t,	149
pancreatic	cancer	and,	147,	148t
physical	well-being	and,	2269–2270
prostate	cancer	and,	148,	148t,	149t

Physical	factors,	125–131.	See	also	specific	factors
Physical	therapist,	2249–2250
Physical	well-being,	2269–2270
Phytochemicals,	435
Phytoestrogens,	2271,	2272t
PI3K	signaling	pathway.	See	Phosphatidylinositol	3-kinase	pathway
Picoplatin,	682t
Pigmented	actinic	keratosis,	1484
PIK3CA	mutations,	11,	12,	15

in	breast	cancer,	1263,	1267,	1274
in	cancer	of	unknown	primary	site,	1862
in	carcinosarcoma,	1221
in	cervical	cancer,	1179
in	colorectal	cancer,	18f,	909,	909t,	914–915
in	endometrial	cancer,	3,	1167,	1219
in	esophageal	cancer,	715,	740,	751,	752
in	gliomas,	1565
in	HNSCC,	538–539
kinase	inhibitors	and,	307–308
in	lung	cancer,	307–308,	612
in	melanoma,	1504–1505
in	meningioma,	1565f
in	myxoid/round	cell	liposarcomas,	1384
in	pancreatic	cancer,	801,	809
in	prostate	cancer,	1082
prostate	cancer	and,	1076
somatic,	3
in	thyroid	cancer,	1324
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in	urothelial	carcinomas,	1042,	1043–1044
PIK3CB	mutations,	1076
PIK3CD,	1643
PIK3R1,	1167
PillCam	Colon	2,	926
Pilocarpine,	556,	598,	2098t,	2105
Pilocytic	astrocytoma,	1562,	1578–1579,	1591
Pilomyxoid	astrocytoma,	1588
PIM1,	1634,	1639
Pineal	region	tumors,	1598–1600

chemotherapy	for,	1599–1600
clinical	and	pathologic	considerations,	1598
radiation	therapy	for,	1599
surgery	for,	1598–1599

Pineoblastomas,	1595–1596,	1598–1600
Pineocytomas,	1598
Piroxicam,	430,	430t
Pituitary	adenomas,	1322,	1379,	1600–1601

clinical	and	pathologic	considerations,	1600
imaging	of,	1600,	1600f
radiation	therapy	for,	1601
surgery	for,	1600–1601

Pituitary	apoplexy,	1600
Pituitary	gland,	1322
Pityriasis	lichenoides,	1710
Placental	site	trophoblastic	tumors	(PSTTs),	1227,	1230
Placentrex,	2100
Plantar	fibromatosis,	1406
Plasmablastic	lymphoma,	1699–1700
Plasma	cell	dyscrasias,	2013
Plasma	cell	leukemias,	1837
Plasma	cell	neoplasms,	1818–1849

diagnostic	criteria	for,	1819t–1820t
multiple	myeloma	(See	Multiple	myeloma	(MM))
spectrum	of,	1818

Plasma	cells,	1673f,	1674
Plasmacytomas,	563,	569,	1718
Plasmacytomas,	solitary,	1848

diagnosis	of,	1848
diagnostic	criteria	for,	1819t,	1848
with	minimal	marrow	involvement,	1819t
prognosis,	1848
treatment	of,	1848

Plasmacytoma	variant	translocation	(PVT1),	1561,	1562f
Plasmapheresis,	1845
Plasmodium	chabaudi,	1637
Plasmodium	falciparum,	104
Plasticity,	50,	61
Platelet-derived	growth	factor	(PDGF)

gastrointestinal	stromal	tumors	and,	895–897,	896f,	902–903
germ	cell	tumors	and,	1149
hepatocellular	carcinoma	and,	858–859
mesothelioma,	1880
neuroendocrine	tumors	and,	1368
PDGF-α,	301–302



glioma	and,	1564–1565,	1583
soft	tissue	sarcomas	and,	1384

PDGF-β,	301
dermatofibrosarcoma	protuberans	and,	1492
ovarian	cancer	and,	1164
soft	tissue	sarcomas	and,	1390,	1406

pulmonary	toxicity	and,	2115
renal	cell	carcinoma	and,	1036
soft	tissue	sarcoma	and,	1406

Platelet-derived	growth	factor	(PDGF)	kinase	inhibitors,	301–302
Platelet-derived	growth	factor	receptor	(PDGFR),	301–302
Platelet-derived	growth	factor	β,	papillomaviruses	and,	101
Platelet	transfusions,	for	thrombocytopenia,	2075
Platform	trials,	491
Platinum	agents

analogs,	256–263
autophagy	and,	262
cancer	stem-like	cells	and,	262
cellular	responses	to	DNA	damage,	259–260
chemistry	of,	257
after	cisplatin,	257–258
clinical	pharmacology,	262–263
DNA	adducts	and,	72,	258–259
history	of,	256–257
immunotherapy	and,	260
importance	and	impact,	256
inactivation	of,	261
increased	DNA	damage	tolerance,	262
increased	DNA	repair,	261–262
for	large	cell	neuroendocrine	carcinoma,	691
lipid	signaling	and,	260
mechanism	of	action,	258–259
mechanisms	of	resistance,	260–262,	261f
microbiota	and,	71
newer	structures,	256,	257f,	258
for	non–small-cell	lung	cancer,	641,	643,	653
pharmacokinetics	of,	262–263,	262t
radiation	sensitivity	and,	203
reduced	uptake,	261
resistance	and	modulation,	254t
structures	of,	257f
therapeutic	index	of,	263

Platinum	sensitivity,	1218,	1244–1246
PLCG,	1393,	1410
PLCG1,	1642
PLCO	Cancer	Screening	Trial,	460,	464,	466,	626,	1234
Pleomorphic	adenomas,	585,	586,	587,	589
Pleomorphic	liposarcoma,	1409

characteristics,	1409
cytogenetics,	1388t
histology,	1386f,	1402
molecular	abnormalities	in,	1388t,	1390–1391
undifferentiated,	radiation-associated,	1401

Pleomorphic	malignant	fibrous	histiocytoma	(PMFH).	See	Pleomorphic	sarcoma,	undifferentiated
Pleomorphic	rhabdomyosarcoma,	1410,	1436
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Pleomorphic	sarcoma,	undifferentiated
characteristics,	1413–1414
classification	of,	1496
cytogenetics,	1388t
histology,	1386f
molecular	abnormalities	in,	1388t,	1391

Pleomorphic	xanthoastrocytoma,	1578–1579,	1591
Plerixafor,	372t,	380,	2008
Pleura,	anatomy	of,	1983
Pleural	biopsy,	closed,	1871
Pleural	catheter,	indwelling,	1985,	1986–1987,	1986f,	1987f
Pleural	effusion

malignant,	1983–1987
mesothelioma	and,	1867
postobstructive	pneumonia	and,	2055
pulmonary	toxicity	and,	2110,	2115,	2117

Pleural	mesothelioma,	1983
Pleural	tumor,	localized	fibrous,	1866,	1867f
Pleurectomy,	1875,	1877–1878
Pleurodesis,	1984–1986
PleurX	catheter,	1986
Plexiform	neurofibromas,	1411
Plexopathy,	2253,	2259–2260
Plicamycin,	1341
PLK1,	842
Plummer–Vinson/Paterson–Kelly	syndrome,	721
PLX3397,	373t
PML-RARA	translocation,	27,	28,	32
PML/RARα	fusion,	1733,	1740
PMMA	bone	cement,	1976–1977,	1980
PMS1,	82,	923
PMS2,	82,	413,	415,	912,	923,	1083,	1211,	1261
Pneumatosis	colitis,	2086
Pneumatosis	intestinalis,	2087
Pneumococcal	infection,	1838,	2041
Pneumococcal	vaccine,	1838
Pneumocystis	jiroveci,	1838,	2026,	2055

clinical	features	of,	2055
diagnosis,	2054,	2054f,	2055
prophylaxis,	2038t,	2042
treatment	of,	2055

Pneumonectomy,	extrapleural,	1874–1877,	1876t
Pneumonia

community-acquired,	2053
hospital-acquired,	2053
postobstructive,	2055
ventilator-associated,	2053

Pneumonic	type	of	adenocarcinoma,	657
Pneumonitis

bleomycin-induced,	338
chemotherapy-induced,	2115–2118
cytomegalovirus,	2055
PARP	inhibitors	and,	1253
radiation-induced,	214,	636–637,	657,	676,	748,	2110–2111

Pneumoperitoneum,	520



Pneumothorax,	517,	520,	2110
Pocock-Simon	method,	493
POEMS	syndrome,	1820t,	1848–1849,	2013
Point	(single-nucleotide)	mutations,	25,	27
Polaprezinc,	2099
Polarity	therapy,	2153
POLD1,	412,	908,	913
POLE,	412,	908,	913,	1042–1043,	1045,	1213,	1220,	1587
Poleward	flux,	288
Polo-like	kinase	inhibitors,	295
Polonator	G.007,	5,	6t
Pol	proteins,	107–108
POLR2A,	1565,	1565f
Poly(ADP-ribose)	polymerase	(PARP)

DNA	damage	signaling	and,	260
DNA	repair	and,	333
pancreatic	cancer	and,	801,	804
radiation	sensitivity	and,	204
small-cell	lung	cancer	and,	683

Poly(ADP-ribose)	polymerase	(PARP)	inhibitors,	260,	333–336
approved,	335,	335t
for	BRCA	mutant	cancers,	334–335
for	breast	cancer,	260,	334–336,	1259–1261,	1306
carcinogenicity	of,	2157
clinical	results,	334–335
development	of,	334
for	endometrial	cancer,	1219,	1220
for	Ewing	sarcoma,	1459
future	prospects,	336
genomic	scars	and,	1249
for	glioblastoma,	1585
homologous	recombination	deficiency	and,	1249
mechanisms	of	resistance,	335–336
for	non-BRCA	germline	mutant	cancers,	335
for	ovarian	cancer,	260,	334–335,	406,	477,	1164,	1239,	1248–1253,	1249t
for	pancreatic	cancer,	801,	804
for	prostate	cancer,	1079,	1083,	1128
resistance,	261
for	small-cell	lung	cancer,	685
for	stomach	cancer,	787
synthetic	lethal	therapy,	333,	334,	336
tolerability	of,	1252–1253
topoisomerase	inhibitor	and,	285

Polyamines,	434
Polyclonal	proteins,	1818
Polycyclic	aromatic	hydrocarbons

description	of,	121,	123,	124
pancreatic	cancer	and,	805
tobacco	and,	92–96,	121,	620

Polycystic	ovarian	syndrome	(PCOS),	1233
Polycythemia,	2003
Polycythemia	vera,	1737
Polyethylene	glycol,	2092,	2092t,	2093
Poly-ICLC,	370
PolyICLC,	373t
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Polymerase	chain	reaction	(PCR),	5,	6t,	26f,	27–28,	30–33,	36
allele-specific,	31t,	32–33
cell-free	DNA,	41
methylation-specific,	34
mismatch	repair	deficiency,	35
real-time,	30,	31t
reverse	transcriptase,	30–32,	31t,	32f

Polymerase	proofreading-associated	polyposis	(PPAP),	908,	911t,	913
Polymorphism,	27

and	cancer	susceptibility,	95
and	carcinogens,	124
and	DNA	repair,	128
and	tobacco	use,	91,	95

Polymorphisms,	epidemiology,	156–157
Polymyositis,	2005
Polymyxin	E2,	2102
Polyomaviruses,	102–104

BK,	99t,	100,	103,	104
history	of,	102–103
Merkel	cell,	99t,	100,	103–104,	445,	449–450,	1490

Polyomavirus	KI,	2053
Polyphenolic	phytochemicals,	435
Polyradiculopathy,	2253
Polysaccharide	K,	2273
Polyubiquitin	tagging,	320
Pomalidomide	(Pomalyst),	341,	342,	344t,	1726

dexamethasone	with,	1835
for	multiple	myeloma,	342,	1828t,	1830,	1835
pulmonary	toxicity,	2113t

Ponatinib,	1755,	1776,	1778–1781,	1780f
Pontine	gliomas,	1589–1590,	1590f
Pooled	analyses,	157
Poorly	differentiated	carcinomas	(PDC),	1856
Population	attributable	risk,	153
Population	pharmacokinetics,	238
Population	screening,	1623
Porcelain	gallbladder,	878
Porta	hepatis,	866
Portal	hypertension,	847–848
Portal	triad,	866
Portal	vein	embolization,	847–848,	1959
Portal	vein	infusion,	943
Ports,	implantable,	514t,	515,	515f

placement	of,	517
selection	of,	516

Posaconazole,	2042
for	aspergillosis,	2050
for	candidiasis,	2048
for	mucormycosis,	2050,	2053

Positive	predictive	value,	455,	455t
Positron	emission	tomography	(PET)

of	adrenal	tumors,	1347
of	anal	cancer,	1001
of	bone	metastases,	1970
of	bone	sarcomas,	1452,	1453–1454,	1469



of	cancer	of	unknown	primary	site,	1859
cancer	risk	from,	622
of	carcinoid	tumor,	688,	688f
of	cervical	cancer,	1173,	1173f,	1177
of	cholangiocarcinoma,	871
clinical	response	assessment	using,	503,	504,	504t
of	CNS	neoplasms,	1573–1574
of	colorectal	cancer,	945
of	endometrial	cancer,	1212
of	esophageal	cancer

diagnostic	use,	724
prediction	of	treatment	response,	743–746
treatment	planning,	747

of	gallbladder	cancer,	879
of	gastrointestinal	stromal	tumors,	902,	904
of	germ	cell	tumors,	1151
of	gestational	trophoblastic	neoplasia,	1228,	1230
of	head	and	neck	cancer,	544,	547
of	Hodgkin	lymphoma,	1657,	1657t,	1658,	1658t,	1660,	1664
of	large	cell	neuroendocrine	carcinoma,	690
of	liver	metastases,	1958
of	lung	metastases,	1946
of	malignant	pleural	effusion,	1984
of	mediastinal	neoplasms,	703
of	mediastinal	seminoma,	709
of	melanoma,	1522,	1531–1532,	1540
of	mesothelioma,	1867,	1869,	1870f,	1871f,	1871,	1872t
of	multiple	myeloma,	1818,	1823,	1824–1825,	1825f
of	neuroendocrine	tumors,	1369,	1369f
of	non-Hodgkin	lymphoma,	1678
of	non–small-cell	lung	cancer,	628–631,	631f
of	ovarian	cancer,	1237
of	pancreatic	neuroendocrine	tumors,	1356
of	paraneoplastic	syndromes,	1998
precision	oncology	and,	193,	193f
of	primary	CNS	lymphoma,	1723
of	prostate	cancer,	1111–1112
radiation	therapy	planning	using,	208–209,	209f
of	rectal	cancer,	974,	986
of	renal	cell	carcinoma,	1022
of	small	bowel	cancer,	886
of	small-cell	lung	cancer,	673,	674,	675
of	smoldering	multiple	myeloma,	1842
of	soft	tissue	sarcomas,	1415
of	spinal	cord	compression,	1922
of	stomach	cancer,	766–767
of	thyroid	lesions,	1327,	1332
of	uveal	melanoma,	1904
of	vaginal	cancer,	1194
of	vulvar	cancer,	1200

Postcricoid	pharynx
anatomy	of,	574
lesions	of,	574–575

Postembolization	syndrome,	1360
Posterior	fossa	ependymomas,	1592–1593,	1592f
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Posterior	fossa	syndrome,	1597
Posterior	mylohyoid	ridge,	561
Posterior	tonsillar	pillar,	563,	566,	574
Postobstructive	pneumonia,	2055
Posttransplant	lymphoproliferative	disorder	(PTLD),	105,	884,	1698–1699,	2055–2056
Posttraumatic	stress	disorder	(PTSD),	2229–2230
POT1,	1769,	1786
Pott,	Percival,	120
POU5F1,	1148
Poziotinib,	for	non–small-cell	lung	cancer,	650
PP2R1,	1221
PPARG,	1045
PPARγ/PAX8	rearrangements,	1322–1324
PR-047.	See	ONX-0912
PR-171.	See	Carfilzomib
Pralatrexate,	265–269

for	angioimmunoblastic	T-cell	lymphoma,	1695
clinical	pharmacology,	267
doses	and	schedule,	268t
mechanism	of	action,	265–266,	266t,	267f
mechanism	of	resistance,	266–267,	266t
for	mycosis	fungoides/Sézary	syndrome,	1717
therapeutic	uses,	265,	268t
toxicities,	267–269,	268t

Pravastatin,	346,	434–435
Prazosin,	1349
PRDM1	(BLIMP1),	1632,	1639–1640,	1689,	2159
PRDM6,	1562
“Precancer	atlas,”	194
Precision	oncology,	186–194

approach	to,	186,	187f
cancer	risk–reducing	agent	development	in,	423
clinical	trials	and	trial	designs,	190–193,	191f
definition	of,	186
future	prospects	in,	194
HNSCC,	539
human	biospecimens	in,	189
imaging	and,	193–194,	193f
molecular	pharmacodynamics	in,	189
next-generation	sequencing	for,	186–187,	190
preclinical	models	for,	188–189,	188f
predictive	diagnostic	assays	in,	189–190
spectrum	of	molecular	characterization,	187–188

Precision	prevention,	194
Preclinical	models,	for	precision	oncology,	188–189,	188f
Precounseling	information,	473
Precursor-B-ALL,	1751
Precursor	B-cell	leukemia/lymphoma,	1679
Precursor	B-cell	neoplasms,	1676–1677
Precursor	T-cell	leukemia/lymphoma,	1679
Precursor	T-cell	neoplasms,	1676–1677
Prediction	Analysis	of	Microarray-50	(PAM-50),	1264,	1276
Predictive	diagnostic	assays,	189–190
Prednimustine,	254
Prednisolone



for	acute	lymphoblastic	leukemia,	1753
for	Hodgkin	lymphoma,	1662
in	prostate	cancer,	1118,	1120,	1125

Prednisone
for	acute	lymphoblastic	leukemia,	1753,	1755
for	adult	T-cell	leukemia/lymphoma,	1698
for	cancer-related	fatigue,	2151
for	diffuse	large	B-cell	lymphoma,	1690,	1691
for	follicular	lymphoma,	1681–1682
for	GVHD	prophylaxis,	2025
for	Hodgkin	lymphoma,	1655–1661
for	large	granular	lymphocyte	leukemia,	1798
for	mantle	cell	lymphoma,	1688
for	mediastinal	neoplasms,	705,	706
for	medulloblastoma,	1597
for	multiple	myeloma,	1828,	1829,	1832–1833
for	mycosis	fungoides/Sézary	syndrome,	1716–1717
for	primary	mediastinal	B-cell	lymphoma,	1693
in	prostate	cancer,	1118,	1120,	1124,	1125,	1128
reproductive	dysfunction	and,	2135t,	2136
for	Waldenström	macroglobulinemia,	1844

Preemptive	antifungal	therapy,	2047
Preemptive	pharmacogenomics,	2159
Preemptive	radiogenomics,	2159
Pregabalin,	2203
Pregnancy

assisted	reproductive	technologies,	2141–2142,	2141t
breast	cancer	and,	1300–1301
cervical	cancer	during,	1191
chronic	myeloid	leukemia	and,	1782
cutaneous	melanoma	and,	1516
Hodgkin	lymphoma	during,	1662
molar,	1227–1230
outcomes,	in	cancer	survivors,	2144
ovarian	cancer	risk	decrease	in,	1232
subsequent,	after	GTN	treatment,	1230

Preleukemia,	1802
Premetastatic	niches,	59
Pressurized	intraperitoneal	aerosol	chemotherapy	(PIPAC),	788–789
Presymptomatic	testing,	479
Prevalence,	161,	163f
PREVENT	Cancer	program,	421
Prevotella,	73
Primary	bone	malignancies,	1451–1452,	1454t
Primary	central	nervous	system	lymphoma	(PCNSL),	1721–1727

baseline	evaluation,	1723,	1723t
chemotherapy	for,	1723–1725
diagnosis	of,	1722–1723
in	elderly,	1725
epidemiology	of,	1721–1722
histopathology	of,	1722
magnetic	resonance	imaging	of,	1722–1723,	1722f
molecular	profile	of,	1722
monitoring	and	follow-up,	1726,	1726t
neurotoxicity	associated	with,	1726–1727



Dr. AVR @ TMH

newly	diagnosed,	management	of,	1723–1725
prognostic	models,	1723
refractory/relapsed,	1725–1726
response	assessment,	1723,	1724t
treatment	of,	1723–1726
whole-brain	radiation	therapy	for,	1723–1726

Primary	cutaneous	B-cell	lymphoma	(PCBCLs),	1708,	1718–1719
Primary	effusion	lymphoma	(PEL),	106–107,	1672,	1699–1700
Primary	hyperparathyroidism,	1321,	1338,	1339,	1342t,	1377–1378,	1381
Primary	mediastinal	B-cell	lymphoma	(PMBCL),	1692–1693

cell	of	origin,	1640
checkpoint	inhibitors	for,	221,	222t,	227
clinical	features	of,	1693
genetic	lesions	in,	1640–1641,	1693
immunophenotype	of,	1693
pathology	of,	1692–1693
superior	vena	cava	syndrome	and,	1910
treatment	of,	1693

Primary	sclerosing	cholangitis,	867,	870,	875
Primitive	neuroectodermal	tumors

central	nervous	system,	1595–1598
description	of,	1595–1596

Principal	nodes,	924
Prior	distributions,	495
Prioritization,	psychotherapy	and,	2233
PRKCB,	1642
PRKCD,	1722
PRKD3,	1768
Probability	odds,	153
Pro-B-ALL,	1751
Probenecid,	267
Probiotics,	2061,	2088,	2090,	2102
Procarbazine	(Matulane),	338–339

for	anaplastic	astrocytoma,	1582
for	anaplastic	oligodendroglioma,	1583
clinical	pharmacology,	339,	343t
for	diffuse	large	B-cell	lymphoma,	1691
dosage	and	administration,	343t
drug	interactions,	339
food	effect	on,	339
for	Hodgkin	lymphoma,	1655–1661
for	low-grade	gliomas,	1580–1582,	1581t
mechanism	of	action,	339,	343t
for	medulloblastoma,	1598
for	optic	gliomas,	1589
for	primary	CNS	lymphoma,	1724
for	recurrent	glioblastoma,	1586
reproductive	dysfunction	and

female,	2138
male,	2135,	2135t

therapeutic	uses,	339,	343t
toxicities,	339,	343t

Processed	meat,	138,	142,	919–920
Prochlorperazine,	2080t,	2201
Proctitis,	radiation-induced,	1104,	2087



Proctocolectomy,	prophylactic,	413–414
Prodrug	therapies,	255
Product	of	perpendicular	diameters,	501,	503f
Progenitor	cells,	49,	56–57
Progestational	agents,	348t,	356,	1034,	1217–1218,	2215
Progesterone	receptors,	1263,	1275,	1857t
Progestins,	for	endometrial	cancer,	1217–1218
Prognostic	Nutritional	Index,	2215
Programmatic	screening,	454–455
Programmed	cell	death.	See	Apoptosis
Programmed	cell	death	protein	1	(PD-1)

esophageal	cancer	and,	715
Hodgkin	lymphoma	and,	1650–1652
immune	function,	53,	221
inhibitors/blockers,	221–227,	242,	369,	375,	452

for	bladder	cancer,	1055,	1067
for	brain	metastases,	1940
for	breast	cancer,	1306
for	cancer	of	unknown	primary	site,	1862
for	cervical	cancer,	222t,	227,	1192–1193
dosing,	227
for	endometrial	cancer,	1219,	1220
for	esophageal	cancer,	753
FDA-approved,	221,	222t–223t
for	follicular	lymphoma,	1683
for	gastric	cancer,	222t,	227
for	germ	cell	tumors,	1157
for	glioblastoma,	1587
for	head	and	neck	squamous	cell	carcinoma,	222t,	226,	539,	549–550
for	hepatocellular	carcinoma,	222t,	227,	860
for	Hodgkin	lymphoma,	222t,	225–226,	1661,	1663,	1666,	1666t
immunogenomics,	17
infection	risk	and,	2040
for	large	cell	neuroendocrine	carcinoma,	691
liquid	biopsies	monitoring,	19
for	lung	cancer,	615
mechanism	of	action,	53
for	mediastinal	neoplasms,	706
for	melanoma,	222t,	223–224,	1505,	1519–1520,	1539,	1544,	1544t,	1545f,	1547–1548
for	Merkel	cell	carcinoma,	1491
for	mesothelioma,	1880–1881
microbiota	and,	74
for	mismatch-repair	deficient	of	microsatellite	instability-high	cancers,	222t,	225
molecular	diagnostics	and,	28,	34–35,	37,	39
for	non–small-cell	lung	cancer,	222t–223t,	224–225,	242,	637,	648,	651–652
for	osteosarcoma,	1463
for	ovarian	cancer,	1166,	1253–1254,	1254t,	1255
precision	medicine,	186,	189
for	primary	CNS	lymphoma,	1726
for	primary	mediastinal	B-cell	lymphoma,	222t,	227,	1693
for	prostate	cancer,	1127
pulmonary	toxicity,	2111,	2114t,	2116,	2116t
radiation	sensitivity	and,	204
for	renal	cell	carcinoma,	221,	222t,	225,	1034,	1035t
for	small-cell	lung	cancer,	681–682,	686
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for	soft	tissue	sarcomas,	1432
for	squamous	cell	carcinoma,	1488–1489
for	stomach	cancer,	787–788
for	thyroid	cancer,	1333
T-VEC	addition	to,	220
for	urothelial	cancers,	222t,	226
for	uterine	leiomyosarcoma,	1223
for	uveal	melanomas,	1906
for	vaginal	cancer,	1198

liver	cancer	and,	839
smoking	and,	393,	398
vaccines	and,	452

Programmed	cell	death	protein	ligand	1	(PD-L1),	369
biomarker,	242
esophageal	cancer	and,	715
Hodgkin	lymphoma	and,	1650–1652
immune	function,	53,	221
inhibitors/blockers,	221–227,	375,	452

for	bladder	cancer,	1067
for	cervical	cancer,	1192–1193
for	esophageal	cancer,	753
FDA-approved,	221,	222t–223t
for	germ	cell	tumors,	1157
for	hepatocellular	carcinoma,	860
for	Hodgkin	lymphoma,	1666,	1666t
immunogenomics,	17
infection	risk	and,	2040
for	lung	cancer,	615
mechanism	of	action,	53
for	melanoma,	1519–1520,	1544,	1544t,	1545f,	1547–1548
for	Merkel	cell	carcinoma,	223t,	226–227
for	mesothelioma,	1880–1881
microbiota	and,	74
molecular	diagnostics	and,	28,	34–35,	37,	39,	40f,	53
for	non–small-cell	lung	cancer,	222t–223t,	224–225,	646–647,	648,	651–652
for	ovarian	cancer,	1166,	1253–1254,	1254t,	1255
for	penile	cancer,	1143
for	prostate	cancer,	1127
pulmonary	toxicity,	2111,	2114t,	2116
radiation	sensitivity	and,	204
for	small-cell	lung	cancer,	681–682,	686
for	stomach	cancer,	787–788
for	urothelial	cancers,	223t,	226
for	uterine	leiomyosarcoma,	1223
for	uveal	melanomas,	1906
for	vaginal	cancer,	1198

liver	cancer	and,	839
platinum	compounds	and,	260
vaccines	and,	452

Progression-free	survival	(PFS)
as	end	point,	506,	507t
in	phase	II	trials,	488,	490,	490t
in	phase	III	trials,	492
response	evaluation	using,	503–504

Progressive	multifocal	leukoencephalopathy,	2040,	2059



Progressor	mutations,	807–808
Proinsulin,	in	pNETs,	1357
Project	DRIVE,	610
Prolactinoma,	1379
Proliferative	inflammatory	atrophy	(PIA),	1090,	1090f
Proliferative	signaling,	43–45,	44f
Prolymphocytes,	1797–1798
Prolymphocytic	leukemia	(PLL),	1797–1798
Promiscuous	translocations,	1634
Promyelocytic	leukemia	(PML)

PML-RARA	translocation	in,	27,	28
treatment	of,	alemtuzumab	in,	365

Proof-of-concept	(PoC)	studies,	189,	382,	487
Proof-of-mechanism	(PoM)	studies,	189
Prophylactic	cranial	irradiation	(PCI),	676–677,	1936–1937,	2176
Prophylactic	surgery.	See	Surgical	prophylaxis
Propranolol,	repurposing	for	chemotherapy,	342–345,	345t
Proptosis,	577,	581
PRO-SELF	Mouth	Aware	Program	(PSMA),	2102
Prosigna,	1264,	1276
Prospective	studies,	153,	154
Prostacyclin,	117
Prostaglandin(s),	429,	1164

oral	mucositis	and,	2095–2096,	2100
radiation	toxicity	and,	2109
radioprotection,	2100

Prostaglandin	D2,	117,	429
Prostaglandin	E2,	117–118,	429,	1164
Prostaglandin	F2α,	117
Prostate	cancer,	1087–1128

active	surveillance,	1087,	1097–1098,	1098f,	1099–1100
age	and,	1087
androgen	signaling	in,	1079–1082,	1080f,	1113,	1128
biochemical	recurrence,	freedom	from,	1097,	1097f,	1099–1100,	1100t–1102t,	1101t–1102t
biomarkers,	529,	532t,	1093–1094
biomarkers	of,	1127–1128
biopsy	of,	1094–1095,	1094t
BK	polyomavirus	and,	103
bone-directed	therapy	for,	1126–1127
BRCA1/BRCA2	genes	and,	476t,	1076,	1079,	1083,	1087
as	cancer	of	unknown	primary	site,	1861
cancer	susceptibility	syndrome	and,	82
castration-resistant,	355,	1114,	1114t,	1122–1125

metastatic,	1076
molecular	biology	of,	1076

cell	cycle	aberrations	in,	1083
characterization	of	local	tumor,	1096
clinically	localized,	1097–1100
clinical	response,	assessing,	503–504,	504t
clinical	states	model	of,	1087,	1088f
contemporary	management,	1120–1121
dairy	products/calcium	and,	138
diagnosis,	1093–1097
diet	and,	135,	136,	141–142,	1088
dietary	fat	and,	135,	136,	1088
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difluoromethylornithine	and,	434,	434t
DNA	repair	pathway	in,	1083
early	detection,	1087
epidemiology,	1076,	1087–1088
epigenetic	alterations	in,	1083
etiology	of,	1087–1088
ETS	family	gene	fusions	in,	1077
extrapelvic,	1121–1122
family	history,	1087
future	directions	for,	1127–1128
genetic	signature	in,	203
genetic	susceptibility,	1087
genomic	landscape	of,	1076–1077,	1077f
geographic	variations	in,	169–170,	171f,	177–178,	177f
Gleason	grading,	1091,	1091f,	1096
glucocorticoid	signaling	in,	1082
gonadal	dysfunction	and,	2133
heritability,	genetic	basis	of,	1078–1079
high-risk,	1100,	1102t,	1108,	1110–1113
histopathology,	1090–1092
imaging	in,	1095–1096,	1095f
incidence	and	mortality	patterns,	177–178
incidence	of,	1087
integrative	genomic	analysis,	15
intermediate-risk,	1108–1109
intratumoral	androgen	biosynthesis	in,	1080–1082,	1081f
mesenchymal,	1091
metastatic,	1114t,	1118–1120,	1122–1125

bone	metastases,	1126–1127,	1970
castration-resistant,	1076
clonal	evolution	of,	1078

microenvironment	of,	1125–1126
micronutrient	efficacy	and,	427,	428
molecular	biology	of,	1076–1083
molecular	profiles	of,	1097
molecular	subtypes	of,	1077–1078
mortality	rates,	1087
neuroendocrine,	1083,	1091
next-generation	sequencing	of,	1076
nomograms,	1097
noncastrate,	1115–1117
obesity	and,	145–146,	147t,	1088
overdiagnosis	of,	465–466
pain	management	in,	1126–1127
palliative	care	for,	1126–1127
pathogenesis,	1090
pathologic	stage,	1097,	1097f
pathology,	1089–1093
patterns	of	spread,	1090,	1123
phosphatidyl	3-kinase/AKT/mTOR	pathway	in,	1082,	1128
physical	activity	and,	148,	148t,	149t
prevention	of,	1088–1089
quality	of	life	in,	1087,	1122
race/ethnicity	and,	1088
red	meat	and,	138



resistance	to	androgen	therapies	in,	355–356
risk	assessment	in,	1096–1097
risk	factors	for,	1087–1088
robot-assisted	surgery	for,	521,	523f,	526
screening	for,	465–467

antigen	(PSA),	465–467,	1092–1093
digital	rectal	examination,	465,	1093
harms	in,	467
prospective	randomized	trials,	466–467
recommendations,	467

sexual	problems	and,	1107,	2220–2221,	2226
signs	and	symptoms	of,	1093
smoking	and,	1088
socioeconomic	status	and,	166
spinal	cord	compression	and,	1922
staging,	1095–1097,	1096t
survival,	167f,	2180,	2182f,	2220
temporal	trends,	170–173,	177–178,	180–181
TMPRSS2-ERG	translocations,	10,	27,	1077
TNM	classification	of,	1096,	1096t
treatment	of

abiraterone	acetate,	355,	1079,	1114,	1121,	1128
abiraterone	with	prednisone	or	prednisolone	(AAP),	1118,	1125,	1128,	11120
adjuvant	radiation	therapy,	1110–1113,	1111f
androgen	deprivation	therapy,	1079,	1113–1124,	2221
androgen-targeted,	in	development,	356
antiandrogens,	354–356,	1117,	1118,	1121–1122,	1123,	1125
aurora	kinase	inhibitor,	295
brachytherapy,	212,	1105–1108,	1106t,	1112,	2221
cabazitaxel,	288,	1114,	1124–1125
combination	strategies,	1114t,	1118–1120
combined	androgen	deprivation	therapy–radiotherapy,	1108–1110,	1109t
combined	EBRT–brachytherapy,	1103–1104,	1107–1108
cytotoxic	therapy,	1124–1125
docetaxel,	1114,	1114t,	1118–1120,	1124–1125,	1128
efficacy	end	points,	1114–1115,	1115f,	1128
enzalutamide,	1114,	1122,	1125
enzalutamide	in,	355–356
external-beam	radiation	therapy,	1100–1105,	2221
GnRH	analogs	in,	353–354,	1079
GnRH	antagonists	in,	354
immunotherapy,	1114,	1125–1126
initiation	of	hormone	therapy,	1121,	1122f
intensity-modulated	radiation	therapy,	1101–1103,	1104,	1105
intermittent	androgen	deprivation,	1122,	1123f
mortality	rates	and,	466
PARP	inhibitors,	334–335,	1079,	1083,	1128
pelvic	lymph	node	dissection,	1097
proton	therapy,	1105
radiation	therapy,	1100–1113,	2221
radical	prostatectomy,	1097–1100,	2220–2221
radiopharmaceuticals,	1111–1112,	1127
radiotherapy,	203,	212
salvage	radiation	therapy,	1111,	1112–1113
single-agent	trials,	1114t
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sipuleucel-T,	227,	451,	1114,	1115,	1125–1126
stereotactic	body	radiation	therapy,	1104–1105
taxanes,	288

urinary	molecular	biomarkers	of,	1094
vaccine,	1126
vitamin	D	and,	139
Western	diet	and,	141–142

Prostate	cancer	antigen	3	(PCA-3),	1094
Prostate	Cancer	Working	Groups,	503–504
Prostatectomy,	radical,	466,	1098–1100

acute	postoperative	complications,	1099
adjuvant	RT	after,	1110–1113,	1111f
cancer	control	using,	1099–1100,	1100t–1102t,	1101t
robot-assisted,	1098,	1099
robotic-assisted,	521,	523f,	526
sexual	problems	after,	2220–2221
surgical	approaches,	1099,	1099t
technique,	1098

Prostate	ductal	carcinoma,	1091
Prostate	gland

anatomy	of,	1089,	1089f
premalignant	lesions,	1090–1091,	1090f

Prostate	intraepithelial	neoplasia	(PIN),	1090–1091,	1090f
Prostate	metastases,	1091–1092
Prostate-specific	antigen	(PSA),	1092–1094

age	and,	1093
androgen	signaling	and,	1079
as	biomarker,	529,	532t
biopsy	indications,	1094,	1094t
cancer	of	unknown	primary	site	and,	1857t,	1859,	1861
contemporary	management,	1120–1121
description	of,	1092
efficacy	end	points,	1114–1115,	1115f
extrapelvic	disease	and,	1121–1122
free/total,	1094
nonprogression	rates,	1099–1100,	1100t,	1101t
posttherapy	patterns,	1128
predictive	value	of,	1092,	1092t
rising	levels,	managing	patient	with,	1111–1126
screening	programs,	465–467,	1092–1093
thresholds,	1092,	1093
use	in	response	evaluation,	503–504,	504t,	505

Prostate-specific	antigen	density,	1094
Prostate-specific	antigen	velocity,	1094
Prostate-specific	membrane	antigen,	1111–1112
Prostatic	intraepithelial	neoplasia	(PIN),	1090,	1090f
Prosthetics,	2249–2250
Prosthetists,	2250
PROSTVAC,	1126
Protease	mutations,	3–4
Protease	proteins,	107–108
Proteasome	inhibitors,	320–330

biomarkers	for,	329–330
chemical	classes	of,	320–321
clinical	activity	in	cancer,	322–328



clinical	development,	320–321,	321t
clinical	trials,	323t–327t
mechanism	of	action,	321
mechanisms	of	resistance,	329–330
for	multiple	myeloma,	321,	322–328,	323t–327t,	1830,	1831
pharmacokinetics	and	pharmacodynamics	of,	321–322
preclinical	activity	of,	321

Proteasomes,	320
Protein-calorie	malnutrition,	2071
Protein	consumption,	919–920
Protein	electrophoresis,	1818,	1823,	1824f
Protein	gene	product	9.5	(PGP	9.5),	1354
Protein	kinase	cAMP-dependent	type	I	regulatory	subunit	alpha	(PRKAR1A)	gene,	1319
Protein	kinases,	297
Protein-targeted	molecular	therapy,	for	advanced	soft	tissue	sarcomas,	1435
Protein	translation,	cancer	susceptibility	syndromes	and,	79t,	80f,	84,	86
Proteolysis-inducing	factor,	2213–2214
Proteomics,	15

lung	cancer,	609,	683
mesothelioma,	1868–1869

Protocadherin	gamma	subfamily	A,	1	(PCDHGA1),	1563
Protocol,	clinical	trial,	486
Proton	pump	inhibitors	(PPIs)

Barrett	esophagus	and,	721
for	cancer-related	pain,	2196
gastrinomas	and,	1361–1362
neuroendocrine	tumors	and,	1369,	1371
pNETs	and,	1357

Proton	therapy
carcinogenicity,	2156–2157
for	CNS	neoplasms,	1577
for	cranial	chordomas	and	chondrosarcomas,	1607
for	craniopharyngiomas,	1602
for	esophageal	cancer,	747–748
for	hepatocellular	carcinoma,	856–858
for	medulloblastoma,	1597
for	mesothelioma,	1883
for	non–small-cell	lung	cancer,	635–636
for	prostate	cancer,	1105
for	small-cell	lung	cancer,	675–676
for	soft	tissue	sarcomas,	1424
for	uveal	melanomas,	1903–1904

Protooncogenes,	27
Protoporphyrin	IX	(PpIX),	1478
PRPS6	overexpression,	in	cholangiocarcinoma,	842
PR/SET	domain	6	(PRDM6),	1562
PRSS1	mutations,	801,	804,	809
“Prudent	pattern”	diet,	140
Pruritus,	2234
Psammoma	bodies,	1233
Pseudogenes,	80,	86
Pseudomembranous	candidiasis,	2101
Pseudomonas	spp.,	2026,	2087
Pseudomonas	aeruginosa,	518,	1987,	2044,	2051–2054,	2056

meningitis,	2057



Dr. AVR @ TMH

multidrug-resistant,	2061–2062
Pseudomonas	exotoxin,	362
Pseudoprogression,	503,	1574
Pseudoresponse,	1574
Pseudotumor	cerebri,	1916,	1918
Psoralen	plus	UVA	(PUVA)	therapy,	1479,	1483,	1489–1490,	1713t,	1715,	2103
Psychiatric	conditions,	2229–2230
Psychoeducational	interventions,	2152,	2205,	2231–2233
Psychological	issues,	2229–2236

in	constipation,	2091
coping	with,	2230–2231,	2230t,	2231t
distress	as	sixth	vital	sign,	2229
implications	for	cancer	progression	and	mortality,	2233
interventions,	2231–2233

cognitive-behavioral	therapy,	2232
group	psychotherapy,	2232–2233
mindfulness	training,	2231–2232
outcome,	2233
psychoeducational,	2231–2233
psychosocial,	2231
technology-based,	2232

mind–body	techniques,	2277
in	pain	assessment,	2193–2194
in	pain	management,	2205
psychotropic	medications	for,	2233–2235
screening	for,	2229,	2230

Psychologist,	2250
Psychosocial	issues

adolescent/young	adults	cancer	and,	1626
genetic	counseling	and,	480–481
interventions,	2231,	2277
screening	for,	2230
testicular	cancer	and,	1158
well-being,	2270

Psychostimulants
for	cancer-related	fatigue,	2151
for	cognitive	dysfunction,	2178

Psychotherapy	groups,	2232–2233
Psychotropic	medications,	2233–2235
Psyllium,	2092t,	2277
PTCH,	79t,	84,	129,	1409,	1479
PTCH1,	79t

Gorlin	syndrome	and,	79t,	84
medulloblastoma	and,	79t,	84,	1561,	1562f
nonmelanoma	skin	cancer	and,	129,	1479
rhabdomyoma	and,	1409

PTEN
cancer	susceptibility,	77–80,	78f,	79t,	80f
mutations,	11,	12,	307

BRAF	mutations	and,	1505
in	breast	cancer,	1260t,	1261,	1267,	1270
in	carcinosarcoma,	1221
chemoprevention	and,	85
in	colorectal	cancer,	913,	915
in	Cowden	syndrome,	408,	913,	923,	1025t



in	endometrial	cancer,	1167–1168,	1219,	1220
in	gliomas,	533t,	1565
in	hereditary	breast	and	ovarian	cancer,	82,	402t,	408
high-throughput	scans,	86
in	HNSCC,	538
in	juvenile	polyposis	syndrome,	923
in	leiomyosarcoma,	1391–1392,	1409
in	lung	cancer,	614
in	malignant	peripheral	nerve	sheath	tumor,	1392
in	melanoma,	1502–1505,	1512
in	myxofibrosarcoma,	1391
in	ovarian	cancer,	1165
in	pancreatic	cancer,	809
in	prostate	cancer,	1076,	1077,	1082
in	renal	cell	carcinoma,	1018,	1022f
translation	and,	84
in	urothelial	carcinoma,	1045,	1051
in	uterine	leiomyosarcoma,	1223

negative	feedback,	44–45
PTEN	hamartoma	syndrome.	See	Cowden	syndrome
PTENP1	pseudogene,	86
Pterygoid	hamulus,	561
Pterygomandibular	raphe,	561
Pterygomandibular	space,	561
PTHR1,	1393
PTK-787,	1996
PTPN1,	1641,	1650–1651
PTPN11,	85,	1562
PTPRB,	1393
PTPRD,	1685
Pulmonary	carcinoid	tumors,	671,	687–690,	1368

anatomy	and	pathology,	687
chemotherapy	for,	689
clinical	presentation	of,	688
diagnosis	of,	688,	1369
genetics	of,	687–688
imaging	of,	688,	688f
incidence	and	etiology	of,	687
management	by	stage,	688–689
somatostatin	receptor–targeted	therapies	for,	689
stage	IV,	689
staging,	688

Pulmonary	chondromas,	896
Pulmonary	edema,	2117
Pulmonary	embolism,	518,	2115,	2244,	2250
Pulmonary	fibrosis,	252–253,	636
Pulmonary	function	tests,	2111,	2117
Pulmonary	infiltrates,	2053–2055

in	cellular	immunity	defects,	2054–2055
computed	tomography	of,	2054,	2054f
in	neutropenic	patients,	2053–2054

Pulmonary	metastases.	See	Lung	metastases
Pulmonary	toxicity

chemotherapy-induced,	2109,	2111–2118
agents	and	characteristics,	2112t–2114t
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alkylating	agents	and,	252–253
clinical	features,	2116–2117
diagnosis	of,	2117
histopathology,	2115–2116
imaging,	2117
mechanism	of	injury,	2115–2116
pulmonary	function	tests,	2117
signs	and	symptoms,	2117
treatment	of,	2118

radiation-induced,	2109–2111
clinical	features,	2110–2111
diagnosis,	2111
histology,	2109–2110
imaging,	2110–2111
mechanisms	of	injury,	2109–2110
patient	considerations,	2110
pulmonary	function	tests,	2111
treatment,	2111

Puma	protein,	46
Pumps,	implantable,	515–516
Punch	biopsies,	1475,	1476f,	1518
Pure	red	cell	aplasia,	703,	2003
Purine	analogs,	1717,	1790,	1845,	2039–2040.	See	also	Azathioprine;	6-Mercaptopurine	(6-MP);	6-
Thioguanine	(6-TG)
PVSRIPO,	371t
PVT1,	1561,	1562f
PX-171-004.	See	Carfilzomib
Pyogenic	granulomas,	559
Pyridostigmine	bromide,	for	myasthenia	gravis,	703
Pyridoxine,	427
Pyriform	sinus

anatomy	of,	574
carcinoma	of

clinical	picture,	575
complications	of	treatment,	577
irradiation	technique,	576
outcomes	of	treatment,	576–577,	576t
pathology,	574
patterns	of	spread,	574
recurrence	management,	576
treatment,	575–576

combined	treatment,	576
lymphatic	network,	575
radiation	therapy,	575,	576
squamous	cell	carcinoma	of,	574
tumors	of,	574–577

Pyrolysis,	carcinogens	from,	123
Pyroptosis,	119
Pyrosequencing,	6t,	7f,	31t,	33–34

Q

5q	deletion	syndrome,	80,	1807
Quality	of	life	(QOL)

in	advanced	stomach	cancer,	786



ascites	and,	2245
bladder	cancer	and,	1057,	1064–1065
bowel	obstruction	and,	2243
dyspnea	and,	2242
hair	loss/changes	and,	2128,	2132
metastatic	colorectal	cancer	and,	946
oral	complications	and,	2094
prostate	cancer	and,	1087,	1122
psychological	issues	and,	2233
psychosocial	well-being	and,	2270
reproductive	function	and,	2133
response	evaluation	using,	509
sexual	problems	and,	2220,	2221

Quality	of	Life	Questionnaire-C30,	2193
Quantitative	immunoglobulins,	1823
Quasi-sufficiency,	78f,	79
Queckenstedt	maneuver,	1916
Quetiapine,	2235t
Quick	brain	MRI,	1574
Quiescent	gestational	trophoblastic	disease,	1228
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R

RAC1,	1505
Race/ethnicity,	166–167,	169t

acute	lymphoblastic	leukemia	and,	1751
anal	cancer	and,	997,	998f
bladder	cancer	and,	1050
brain	tumors	and,	1569
BRCA1/BRCA2	genes	and,	472
carcinosarcoma	and,	1221
cervical	cancer	and,	1171
colorectal	cancer	and,	918–919
dermatofibrosarcoma	protuberans	and,	1491
diffuse	large	B-cell	lymphoma	and,	1689
esophageal	cancer	and,	718,	719f
gallbladder	cancer	and,	877
HNSCC	and,	542
kidney	cancer	and,	1020
melanoma	and,	1513
monoclonal	gammopathy	of	underdetermined	significance	and,	1839
mycosis	fungoides	and,	1708
neuroendocrine	tumors	and,	1368
non-Hodgkin	lymphoma	and,	1671
pancreatic	cancer	and,	804
penile	cancer	and,	1140
prostate	cancer	and,	1088
sexual	problems	and,	2225
small	bowel	adenocarcinoma	and,	886–887
small	bowel	carcinoid	tumors	and,	889
testicular	cancer	and,	1145
urethral	cancer	and,	1136,	1138–1139
uveal	melanomas	and,	1899

R-ACVBP	regimen,	1690
RAD001.	See	Everolimus	(Afinitor)
Rad3-related	cell	cycle	checkpoints,	129,	129f
RAD21,	1739
RAD50,	1164
RAD51/RAD51,	198–199,	333–336,	405,	613,	1248–1249,	1766

RAD51C,	1164,	1232
RAD51D,	1079,	1087,	1164,	1232

Radiation.	See	also	Radiation	therapy
acute	leukemias	and,	1742
adverse	effects	of,	214,	676
bone	sarcomas	and,	1451
brain	tumors	and,	1568
carcinogenicity,	2155–2157,	2156f
cell	survival	and,	200–201,	201f
field	design,	746
mesothelioma	and,	1866
of	normal	tissue,	200–201
physics	of,	204–208
responses	to,	201–203,	534
sensitization	to,	203–204,	215
soft	tissue	sarcoma	and,	1401,	1410



thyroid	tumor	risk	and,	1327
tolerance	doses,	214,	214t,	1575
toxicity	of,	214,	636–637,	676
tumor	oxygenation	and,	202

Radiation	biochemistry,	126,	126f
Radiation	biology,	194–201,	1575
Radiation	fibrosis	syndrome,	2253,	2258–2261,	2258f,	2260f
Radiation-induced	cervical	dystonia,	2263
Radiation-induced	dermatitis,	1204
Radiation-induced	enteritis,	2087
Radiation-induced	hemorrhagic	cystitis,	1104
Radiation-induced	liver	disease,	855–856,	858
Radiation-induced	lung	injury	(RILI),	2109–2111
Radiation-induced	plexopathy,	2253
Radiation-induced	pneumonitis,	214,	636–637,	657,	676,	748,	2110–2111
Radiation-induced	proctitis,	1104,	2087
Radiation-induced	radiculopathy,	2253
Radiation	necrosis,	1938
Radiation	oncology

biologic	aspects	of,	196–201,	1575
principles	of,	201–203,	201f
treatment	intent,	212–213
treatment	planning,	208–210

Radiation	protection,	204,	2099–2100,	2105
Radiation	recall,	281–282,	284
Radiation	retinopathy,	1904
Radiation	therapy

adjuvant,	213
for	adolescents	and	young	adults,	1624–1625
for	adrenal	tumors,	1350,	1351
adverse	effects,	2095
for	anal	SCC

chemotherapy	with,	997,	1002–1004,	1004t,	1007
intensity-modulated,	1005,	1005f
radiosensitizing	agents	and,	1005
traditional,	1005

for	anaplastic	astrocytoma,	1582
for	anaplastic	oligodendroglioma,	1583
for	angiosarcoma,	1478,	1493
antioxidant	interference	with,	2271
for	astrocytoma,	1579
for	basal	cell	carcinoma,	1482
for	base-of-tongue	cancer,	567
for	bladder	cancer,	1061,	1061f
for	brain	metastases,	658,	686,	1553–1554,	1934,	1936–1939
for	brain	stem	gliomas,	1590
for	breast	cancer,	1281–1282,	1282t

accelerated	partial-breast,	1287–1288
boost,	1285–1286,	1285f
cardiac	toxicity	of,	1288,	2126
hypofractionated	whole-breast,	1287–1288
postmastectomy,	1290–1291,	1293
sexual	problems	after,	2223

for	buccal	mucosa	cancer,	561
carcinogenicity,	2155–2157,	2156f
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for	carcinosarcoma,	1221
cardiac	toxicity,	636,	1288,	2119,	2123–2126
for	cerebellar	astrocytomas,	1591
for	cervical	cancer,	212,	1181–1190

after	hysterectomy,	1181–1183
chemotherapy	concurrent	with,	1180–1181,	1182t,	1189–1190
complications	of,	1188–1189,	1189f
definitive,	1183
external-beam	technique,	1184–1185,	1184f
neoadjuvant,	1183
neoadjuvant	chemotherapy	with,	1190–1192
palliative,	1193
para-aortic,	1185,	1186
recurrence	after,	1191–1192

for	cholangiocarcinoma,	869,	869f,	872,	874,	876
for	choroid	plexus	tumors,	1608
for	chronic	lymphocytic	leukemia,	1684
clinical	applications	of,	211–212
for	CNS	germ	cell	tumors,	1599
for	CNS	neoplasms,	1575–1578

neurocognitive	effects,	2175–2176
planning	and	delivery	methods,	1575–1578
radiobiology	and	toxicity,	1575

combining	anticancer	agents	with,	215,	215f
complications	of,	559,	2250
cost	of,	212
for	cranial	chordomas	and	chondrosarcomas,	1607
for	craniopharyngiomas,	1602
deep	inspiration	breath	hold,	1655,	1656f
for	dermatofibrosarcoma	protuberans,	1492
for	desmoid	tumor,	1437
diarrhea	induced	by,	2087,	2089,	2090
for	diffuse	large	B-cell	lymphomas,	1690,	1691
distant	(abscopal)	effects	of,	213
dose	calculation	algorithms,	207–208,	208f
for	endometrial	cancer,	1214–1216,	1216f,	1220
for	endometrial	stromal	sarcoma,	1223
for	ependymomas,	1592–1593
for	esophageal	cancer,	212,	741,	746–749

acute	and	long-term	toxicity,	748–749
palliative,	746
planning	and	technical	considerations,	746–748

esophageal	stenosis	secondary	to,	636
esophagitis	secondary	to,	636,	676,	748
for	Ewing	sarcoma,	1459–1460
for	extramammary	Paget	disease,	1495
for	extranodal	natural	killer/T-cell	lymphomas,	1697–1698
for	follicular	lymphoma,	1680–1681
fractionated,	201,	202,	213,	545–546,	545t
fractures	with,	1430–1431
for	gallbladder	cancer,	881
for	gangliogliomas,	1591
for	gestational	trophoblastic	neoplasms,	1230
for	glioblastoma,	1583–1585
for	glomus	jugulare	tumors,	1604



for	glottic	larynx,	573,	573t
gonadal	shielding	in,	2140
hair	changes	in,	2131
for	head	and	neck	squamous	cell	carcinoma,	212,	545–546,	545t

adverse	effects,	555–556
concurrent	chemotherapy	and,	552–556,	553t
elective	neck,	546–547
induction	chemotherapy	and,	551–552
intensity-modulated,	546
organ	preservation	and,	554–555,	554t
surgery	plus,	550–551

for	hemangioblastomas,	1605
for	hepatic	metastases,	1959–1960,	1964–1965,	1966
for	hepatocellular	carcinoma,	855–858
for	Hodgkin	lymphoma

advanced-stage,	1660
adverse	effects/toxicities,	2124–2125,	2125t,	2258f,	2259–2261,	2260f
consolidation,	1660
early-stage,	1654–1655,	1655f

for	hypopharynx,	576
image-guided,	206–207
for	laryngeal	cancer,	212
late	effects	of,	214,	2075–2077,	2181–2183
for	leptomeningeal	metastases,	1942
for	lip	cancer,	557
liver	disease	induced	by,	855–856,	858
for	low-grade	gliomas,	1579–1580
for	lung	cancer,	212
for	MALT	lymphoma,	1687
for	mediastinal	neoplasms,	704
for	medulloblastomas,	1597
for	melanoma,	219,	1531,	1536–1537

interaction	with	immunotherapy,	1554
special	considerations	for	brain	metastases,	1554

for	meningiomas,	1594–1595
for	Merkel	cell	carcinoma,	1478,	1491
for	mesothelioma,	1876,	1882–1883

adjuvant,	1882–1883,	1883f
chemotherapy	with,	1882
palliative,	1883
scar	recurrence	prevention,	1883

for	metastatic	bone	disease,	1972–1974
for	metastatic	disease,	212–213
for	microcystic	adnexal	carcinoma,	1494
for	mouth	cancer,	558
mucositis,	556
for	multiple	myeloma,	1831
for	mycosis	fungoides/Sézary	syndrome,	1713t
for	nasal	cavity	tumors,	582
for	nasal	vestibule	tumors,	582
for	nasopharynx	cancer,	578

concurrent	chemotherapy	and,	553–554
nausea	and	vomiting	induced	by,	2077,	2078,	2083,	2083t
neurocognitive	effects,	1934,	1936,	2175–2176
for	non–small-cell	lung	cancer,	212,	633–637,	645–647
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oophoropexy	in,	2140
for	optic	gliomas,	1589
oral	mucositis	induced	by,	2095–2096
for	oral	tongue	cancer,	560
for	osteosarcomas,	1463
palliative,	213,	746,	1126–1127,	1193,	1438,	1883
for	paragangliomas,	584
for	paranasal	sinus	tumors,	583
for	parathyroid	cancer,	1341
for	pathologic	and	impending	fractures,	1974–1975
for	penile	cancer,	1142,	1143
peptide,	for	pNETs,	1358,	1359
for	pineal	region	tumors,	1599
for	pituitary	adenomas,	1601
for	POEMS	syndrome,	1848–1849
postoperative,	213

in	esophageal	cancer,	739–740,	754
in	head	and	neck	cancer,	550–551,	555
in	non–small-cell	lung	cancer,	641,	643
in	rectal	cancer,	982,	982t

preoperative,	550
in	esophageal	cancer,	736–739,	754
in	head	and	neck	cancer,	550
in	rectal	cancer,	982–984

for	primary	CNS	lymphoma,	1723–1726
for	prostate	cancer,	212,	1100–1113

adjuvant,	for	high-risk	patients,	1110–1113,	1111f
androgen	deprivation	therapy	with,	1108–1110,	1109t
brachytherapy,	1105–1108,	1106t,	1107t
combined	EBRT–brachytherapy,	1103–1104,	1107–1108
dose	escalation,	1103–1104,	1103t
intensity-modulated,	1101–1103,	1104,	1105
palliative,	1126–1127
potency	preservation,	1104
salvage,	1111,	1112–1113
selection	of	intervention,	1100
sequelae	of	EBRT,	1104,	1104f
target	volume,	1103

for	pulmonary	carcinoid	tumors,	689
pulmonary	toxicity,	2109–2111
for	rectal	cancer

adjuvant,	979–985,	981t,	982t
patient	selection	for,	984–985
postoperative,	982,	982t
preoperative,	982–984,	982t
radiation	fields,	991,	992f
reirradiation,	for	recurrence,	990
survival	effects,	981,	981t
techniques	in,	990–991

reproductive	dysfunction	and,	2133–2134,	2134t
cranial	irradiation,	2139–2140,	2140t
female,	2138t,	2139
male,	2135–2136,	2135t,	2139
pediatric,	2139

response	to



biomarker	tests	of,	534
in	vivo	determination	of,	201

for	salivary	gland	tumors,	587
second	malignancies,	128,	1104,	2164,	2165f
for	seminomas,	708
sensitization	to,	203–204,	215,	215f
sexual	problems	after,	2221,	2223
side	effects	of,	636
for	skin	cancer,	1475,	1478
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	674–676

for	brain	metastases,	686
chest,	in	extensive	disease,	677
dose	and	fractionation,	674–675
early	versus	late,	675
sequencing	with	chemotherapy,	674
treatment	volumes	and	technique,	675–676

for	small	lymphocytic	lymphoma,	1684
for	soft	palate	squamous	cell	carcinoma,	568
for	soft	tissue	sarcomas

extremity	or	truncal,	1420–1424
palliative,	1438
retroperitoneal,	1428–1429,	1430

for	solitary	plasmacytoma,	1848
for	spinal	axis	tumors,	1609
for	spinal	cord	compression,	1923–1927,	1926t
for	spinal	metastases,	1975–1976,	1975f,	1976f,	1978
for	squamous	cell	carcinoma,	1478,	1487–1488
for	stem	cell	transplantation	preparation,	1747,	1755
for	stomach	cancer,	778–780,	782,	789
for	superior	vena	cava	syndrome,	1913,	1914
surgery	with,	550–551
teratogenic	risks,	2144
for	testicular	cancer,	1152–1153,	1154
for	thyroid	cancer,	1333,	1334,	1335
for	tongue	cancer,	560
for	tonsil	cancer,	566
toxicities,	858,	1104
toxicity	of,	636–637,	676,	748–749
types	of,	210–211
for	upper	tract	urothelial	carcinoma,	1069–1070
for	urethral	cancer,	1138,	1139–1140
for	uterine	leiomyosarcoma,	1222
for	uterine	sarcoma,	1436–1437
for	uveal	melanomas,	1899,	1903
for	vaginal	cancer,	1196–1197

chemotherapy	concurrent	with,	1203–1204,	1204t
for	vocal	cord	carcinoma,	570
for	vulvar	cancer,	1203
whole	brain	(WBRT),	658
wound	complications,	1430
xerostomia,	555–556,	578,	588,	598,	2097–2099,	2105

Radical	cystectomy,	1055–1057,	1055t,	1061–1062,	1064–1065,	2221–2222
Radical	hysterectomy,	1179,	1181–1182,	1195
Radical	inguinal	orchiectomy,	1145–1146
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Radical	neck	dissection,	546
Radical	nephrectomy,	for	renal	cell	carcinoma,	1020,	1024–1025,	1027t
Radical	nephroureterectomy,	1068–1069
Radical	prostatectomy,	466,	1098–1100

acute	postoperative	complications,	1099
adjuvant	RT	after,	1110–1113,	1111f
cancer	control	using,	1099–1100,	1100t–1102t,	1101t
robot-assisted,	1098,	1099
robotic-assisted,	521,	523f,	526
sexual	problems	after,	2220–2221
surgical	approaches,	1099,	1099t
technique,	1098

Radical	scavengers,	126,	126f,	199
Radical	trachelectomy,	1181
Radicular	spinal	cord	syndromes,	1608
Radiculopathy,	2253,	2253f
Radioactive	isotopes,	210–211,	211t
Radioactive	microsphere	embolization,	1360,	1375
Radioembolization	(RAE)

for	cholangiocarcinoma,	869
for	hepatocellular	carcinoma,	854,	855

Radiofrequency	ablation	(RFA)
for	adrenal	tumors,	1351
for	cholangiocarcinoma,	869,	874
for	esophageal	cancer,	725–727
for	hepatocellular	carcinoma,	849–854,	854t
for	insulinoma,	1363
for	liver	metastases,	1906
for	metastatic	liver	disease,	1360
for	non–small-cell	lung	cancer,	640
for	pancreatic	neuroendocrine	tumors,	1358
for	parathyroid	cancer,	1340
percutaneous	systems	for,	852
for	pulmonary	metastases,	1950,	1951t
for	renal	cell	carcinoma,	1027–1028
for	small	bowel	carcinoid	tumors,	891

Radiofrequency	radiation,	125–126,	130
Radiogenomics,	preemptive,	2159
Radioimmunoconjugates,	363
Radioimmunotherapy,	1584–1585,	1682
Radioiodine	remnant	ablation	(RRA),	1330,	1335
Radioiodine	therapy,	1330–1332,	1335
Radiopharmaceuticals

in	adrenal	tumors,	1351
in	craniopharyngiomas,	1602
in	metastatic	bone	disease,	1127,	1974,	2204–2205
in	prostate	cancer,	1111–1112,	1127
in	spinal	cord	compression,	1926

Radiosensitizers,	1584–1585
Radiosurgery,	202
Radium-223,	1114,	1115,	1127,	1972
Radon,	128,	622,	867
Radotinib,	1776
RAF	kinase,	10,	241,	1501–1503,	1502f
RAF	kinase	inhibitors,	297,	305–307



Raloxifene,	350,	1266
chemoprevention	and,	402–403,	431–432,	433,	1272,	1274
dosage,	350
pharmacology,	350
toxicities,	432

Raltitrexed,	1879
Ramucirumab	(Cyramza),	360t,	364

for	bladder	cancer,	1053,	1067
for	colorectal	cancer,	364,	955
for	esophageal	cancer,	752t,	753
for	gastric	cancer,	787
for	hepatocellular	carcinoma,	860
for	non–small-cell	lung	cancer,	654
pulmonary	toxicity,	2116

RANBP2,	1406
Random	error,	155
Randomized	clinical	trials,	133,	134,	141,	156,	456–457

phase	II,	489–490,	490–491,	490t,	491t
phase	III,	492

Randomized	discontinuation	design,	491
Ranimustine,	1698
Ranitidine,	1361
Rapalogs,	308
Rapamycin,	308,	340,	345.	See	also	Sirolimus
RARα,	1730t,	1733,	1740
RAS,	532t.	See	also	HRAS	mutations;	KRAS

acute	leukemias	and,	1737
angiogenesis	and,	48
glycolytic	fueling,	51–52
inflammation	and,	114
ionizing	radiation	and,	127
lymphoma	and,	1635
thyroid	cancer	and,	1323,	1324,	1328,	1333

Rasburicase,	1929
RAS	pathway

in	breast	cancer,	1267
in	chronic	myeloid	leukemia,	1766

RAS	proteins,	44,	85
RAS-RAF-MAPK	pathway,	cutaneous	melanoma	and,	1500–1503,	1502f,	1510–1512
Ras-related	C3	botulinum	toxin	substrate	1	(RAC1),	1505
RASSF1A,	614,	867,	1165
Rate	ratio,	153
Rational	drug	design,	301,	421
RB1

adrenocortical	carcinoma	and,	1345
bladder	cancer	and,	1042,	1044,	1048
cancer	susceptibility	and,	78–79
carcinoid	tumors	and,	687
HNSCC	and,	539
kinase	inhibitors	and,	299
large	cell	neuroendocrine	carcinoma	and,	690
leiomyosarcoma	and,	1391–1392
liver	cancer	and,	837–838
lung	cancer	and,	613,	683
melanoma	and,	1504
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mutations,	81
myxofibrosarcoma	and,	1391
osteosarcoma	and,	1394,	1411
pancreatic	cancer	and,	798–799,	802
prostate	cancer	and,	1076,	1083
secondary	primary	cancer	and,	2168
soft	tissue	sarcoma	and,	1384,	1401

RBL1,	609
RBL2,	609
RBM15,	1735
RB	protein,	45
RCHOEP	regimen,	1690
RCHOP	regimen,	365

for	AIDS-related	lymphoma,	1700
for	diffuse	large	B-cell	lymphoma,	1690–1691,	1692
for	follicular	lymphoma,	1681–1682,	1683
for	gray	zone/high-grade	lymphoma,	1693–1694
for	intravascular	large	B-cell	lymphoma,	1692
for	mantle	cell	lymphoma,	1688
for	primary	mediastinal	large	B-cell	lymphoma,	1693
for	Waldenström	macroglobulinemia,	1844,	1845

RCVP	regimen,	1681–1682
R-DHAP	regimen,	1688,	1691
Rd	regimen,	1828t,	1832–1833,	1835,	1843,	1847
Reactive	oxygen	species,	124,	127,	129,	131,	199,	283,	426–427,	2109,	2115
REAL-2	trial,	785–786
Real-time	polymerase	chain	reaction,	30,	31t
Real-time	sequencing,	5,	6t
Real-world	assessments,	510
Reassortment,	after	radiation,	201,	201f
Recent	smoking,	389
Receptor	tyrosine	kinases	(RTKs).	See	also	Epidermal	growth	factor	receptor	(EGFR);	Tyrosine	kinase
inhibitors

HNSCC	and,	538–539
lung	cancer	and,	609
melanoma	and,	1505

RECIST	1.0	guidelines,	501–503,	502t
Recombivax	HB,	110
RECQL4,	1394
Recrudescent	fever,	2047
Rectal	bleeding,	932,	936,	1189
Rectal	cancer,	970–991

adjuvant	therapy,	213
adjuvant	therapy	for,	979–989
chemoradiation	for,	971,	974–975,	981,	981t

chemotherapy	agents	in,	987–988
neoadjuvant,	985–987
patient	selection	for,	984–985

combined	modality	therapy,	979–981
endorectal	ultrasound	of,	972–973,	973f
endoscopic	biopsies	in,	986–987
locally	advanced,	989–990
locally	recurrent,	990
nonoperative	management	of,	985
obesity	and,	146



prognosis,	971
radiation	therapy	for

adjuvant,	979–981,	982t
intraoperative,	989–990
patient	selection	for,	984–985
postoperative,	982,	982t
preoperative,	982–984,	982t
radiation	fields,	991,	992f
reirradiation,	for	recurrence,	990
survival	effects,	981,	981t
techniques	in,	990–991

as	second	primary	cancer	in	lymphoma,	2161–2162
stage	I,	974–975
stage	II	and	III,	975–976
stage	IV,	979
staging,	971–974
surgery	for,	974–981

lateral	lymph	node	dissection,	978–979
outcomes/failure	rates,	979–980,	980t
resection	of	contiguous	organs,	979
total	mesorectal	resection,	970,	974–978,	977f,	980t
total	pelvic	exenteration,	979
transanal	endoscopic	microsurgery,	975

synchronous	primary	and	metastases,	989
total	neoadjuvant	therapy	for,	985–987
unresectable	primary,	989–990

Rectal	neuroendocrine	tumors,	1372
Rectum

anatomy	of,	923,	970,	971f
autonomic	nerves	of,	971
function	of,	971
lymphatic	drainage,	970–971
radiation	tolerance,	214t

Recursive	partitioning	analysis	(RPA),	1934,	1935f
Red	cell	aplasia,	703,	2003
Red	clover	(Trifolium	pratense),	2271,	2277
Red	meat,	138,	142,	143,	919–920
Reduced	folate	carrier	(RFC)-1	transport	protein,	265
Reduced	intensity	conditioning	(RIC),	1746–1747,	1755,	2019,	2020
Reed-Sternberg	cells,	1643,	1648,	1649f,	1650f,	1651f,	1651t
Reexpansion	pulmonary	edema	(RPE),	1984
Refractory	anemia	with	excess	blasts	(RAEB),	1802,	1803
Refractory	cytopenia	with	multilineage	dysplasia	(RCMD),	1803
Refractory	cytopenia	with	unilineage	dysplasia	(RCUD),	1803
Regional	lymph	node	metastases,	of	cutaneous	melanomas,	1524–1527,	1532,	1534–1536
REGN3767,	371t
Regorafenib,	300t,	787,	859,	900t,	903,	960
Regramostim,	2070t,	2072
Regulatory	genome,	86
Rehabilitation,	2248–2265

for	cancer-related	fatigue,	2152
cancer/treatment	complications	and,	2250–2251
cold,	2265
description	of,	2248–2249
electrotherapy,	2265
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exercise	precautions,	2251,	2251t,	2264–2265
in	head	and	neck	cancer,	598–605,	2261–2263
heat,	2265
in	laryngectomy	or	laryngopharyngectomy,	599,	601–605
for	lymphedema,	2263–2264
in	metastatic	bone	disease,	2257–2258
multidisciplinary	approach,	605
for	musculoskeletal	complications	of	cancer,	2257–2258
in	neck	dissection,	599–600
for	neuromuscular	complications	of	cancer,	2251–2257

brain	dysfunction,	2178,	2251–2252
evaluation	of,	2256
idiopathic	brachial	neuritis,	2254
myopathy,	2256
neuropathy,	2254–2256,	2255f
peripheral	nervous	system	dysfunction,	2253–2256
plexopathy,	2253
radiculopathy,	2253,	2253f
spinal	cord	dysfunction,	2252–2253
treatments,	2257

oral	cavity,	600–601
in	pain	management,	2208
in	partial	laryngeal	procedures,	601
in	radiation	fibrosis	syndrome,	2258–2261,	2258f,	2260f
resources,	605
for	sexual	health,	2222,	2223–2224
speech	assessment,	599
swallowing	assessment,	598–599
swallowing	rehabilitation,	599
team	approach,	2249–2250
therapeutic	exercise,	2264–2265
therapeutic	modalities,	2265
for	trismus,	2262–2263
vocational,	2250

Rehabilitation	medicine	specialist,	2249
Reiki,	2153
Reimbursement,	474,	481
REL,	1635,	1644,	1650–1651
RELA-C11orf95	fusions,	1564,	1564f
Relative	biologic	effectiveness	(RBE),	201–202
Relative	differences,	153
Relative	risk,	153,	156
Relatlimab	(BMS-986016),	373t,	376
Relaxation	techniques,	2231,	2277
Renal	calculi,	1056
Renal	cell	carcinoma	(RCC),	1020–1038

active	surveillance	in,	1020,	1027t,	1028–1029
advanced

chemotherapy	for,	1035
predictive	markers	for,	1034–1035
prognostic	factors	for,	1034
prognostic	schema	in,	1034,	1034t
second-line	therapy	for,	1038
surgical	management	of,	1031–1034
systemic	therapy	for,	1034–1038



angiogenesis	in,	85
biopsy,	1022,	1023f
Birt-Hogg-Dubé	syndrome	and,	1014,	1017t,	1018,	1023,	1025t
chromophobe,	1018,	1020,	1021t,	1022f
chromosome	3p	translocations	in,	1014
classification,	1020,	1021t
clear	cell,	1014–1015,	1020–1021,	1022f
clinical	presentation	of,	1021–1022
computed	tomography	of,	1022,	1022f
differential	diagnosis	of,	1021–1023
epidemiology,	1014,	1020
follow-up,	1029,	1029t
future	directions,	1038
genetic	basis	of,	1016f,	1023–1024
geographic	variations	in,	1020
hereditary	forms	of,	1022f,	1023–1024,	1025t
inferior	vena	cava	thrombus,	1029–1030,	1030f
integrative	genomic	analysis,	15
leiomyomatosis	and,	1014,	1017,	1017t,	1021t,	1024,	1025t
localized,	1024–1029,	1027t
locally	advanced,	1029–1031
magnetic	resonance	imaging	of,	1022
metastatic,	1031–1037

bone	metastases,	1970,	1977–1978
chemotherapy	for,	1035
immunotherapy	for,	1033,	1035–1037
lung	metastases,	1952,	1953t
prognostic	factors	for,	1034
second-line	therapy	for,	1038
surgical	management	of,	1031–1034
systemic	therapy	for,	1034–1038

MET	protooncogene	in,	305,	1014,	1015–1016,	1022f
minimally	invasive	nephrectomy	for,	526
molecular	biology	of,	1014–1019,	1023–1024
nephrectomy	for

cytoreductive,	1031–1033
minimally	invasive,	1027t
partial,	1020,	1024,	1026–1027,	1027t,	1028f
radical,	1020,	1027t

obesity	and,	145,	146t,	1014,	1020
papillary,	1015–1018,	1020,	1021t,	1022f
pathology	of,	1020–1021,	1022f
positron	emission	tomography	in,	1022
radiographic	findings,	1021–1022,	1022f
recurrent,	1033–1034
risk	factors	for,	1020
screening	for,	1020
as	secondary	primary	cancer,	2168
spinal	cord	compression	in,	1926f
sporadic,	1016,	1017–1018,	1021t,	1022f,	1023
staging	of,	1021–1023,	1024t
survival,	1020
treatment	of

adjuvant,	1031,	1032t
allogeneic	stem	cell	transplantation,	2031–2032
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checkpoint	inhibitors,	221,	222t,	225,	1031,	1032t,	1034,	1035t
chemotherapy,	1035
cytoreductive	nephrectomy,	1031–1033
everolimus,	341,	1032t,	1035t,	1036,	1038
immunotherapy,	1033,	1035–1037,	1038
interferon-α,	218
interleukin-2,	219–220,	1034,	1035–1036
lymphadenectomy,	1024,	1030–1031
minimally	invasive	nephrectomy,	1027t
mTOR	inhibitors,	308
partial	nephrectomy,	1020,	1024,	1026–1027,	1027t,	1028f
radical	nephrectomy,	1020,	1024–1025,	1027t
targeted	therapies,	1031,	1033,	1035–1037,	1035t
temsirolimus	in,	340,	1035t,	1037–1038
thermal	ablation,	1020,	1027–1028,	1027t
tyrosine	kinase	inhibitors,	308,	1031,	1035t,	1037

unclassified,	1020,	1021t
vaccine,	1036
von	Hippel-Lindau	disease	and,	1014–1015,	1017t,	1023,	1026f,	1034,	1035
XP11.2	translocations	in,	1016–1017

Renal	epithelial	neoplasms,	1020,	1022f
Renal	failure

in	multiple	myeloma,	1838
in	tumor	lysis	syndrome,	1929

Renal	impairment,	pharmacokinetic	effects	of,	234–235
Renal	pelvis,	cancer	of,	1050,	1051,	1067–1070

adjuvant	topical	therapy	for,	1069
advanced,	treatment	of,	1069–1070
clinical	presentation	of,	1067
diagnosis	and	staging,	1067–1068,	1068f,	1068t
surgical	treatment	of,	1068–1069

Reovirus,	378
Reoxygenation,	201,	202
Replicative	immortality,	47–48
Replicative	senescence,	47–48
Repopulation

accelerated,	213
after	radiation,	201,	201f,	213

Report	on	Carcinogens,	121–123
Reproductive	system

assisted	technologies,	2141–2142
cranial	irradiation	and,	2139–2140,	2140t
female

biologic	considerations,	2137
characteristics	of	toxicity,	2137–2138
chemotherapy	agent–specific	effects,	2138–2139,	2138t
children	(girls),	2139
combination	regimens	and,	2138t,	2139
cytotoxic	effects,	2137–2139
radiation	therapy	and,	2138t,	2139

fertility	preservation,	2140–2144,	2141t,	2221
genetic	concerns,	2144–2145
impact	of	cancer	and	cancer	therapy,	2133–2134,	2134t
male

biologic	considerations,	2134



characteristics	of	gonadal	toxicity,	2134–2135
chemotherapy	agent–specific	effects,	2135,	2135t
children	(boys),	2139
clinical	and	laboratory	features,	2134,	2134t
combination	regimens	and,	2136,	2136t
cytotoxic	effects,	1158,	2134–2136,	2221
radiation	therapy	and,	2135–2136,	2135t,	2139

periodic	evaluation,	2137t
Repurposing,	drug,	342–346,	345t
Resimmune,	1716
Respiratory	depression,	opioids	and,	2201
Respiratory	syncytial	virus,	2027,	2052
Respiratory	tract	infections,	2052–2053

community	viruses,	2052
prophylaxis,	2046t

Response	Assessment	in	Neuro-Oncology	(RANO)	criteria,	502t,	503
Response	Evaluation	Criteria	in	Solid	Tumors	(RECIST),	501–503,	503f,	828,	904,	1332

evaluation	criteria,	502t
limitations	of,	502–503
WHO	criteria	compared	with,	501

Resting	energy	expenditure	(REE),	2213
Resveratrol,	435–436,	437t,	1089,	2275
RET,	84,	114,	1317–1318

adrenal	tumors	and,	1344t,	1345
in	children,	1335–1336
description	of,	1317–1318
follicular	adenomas	and,	1322
genetic	testing	for	mutations,	1318
Hürthle	cell	carcinoma	and,	1324
kinase	inhibitors	and,	308
lung	cancer	and,	304–305,	613,	648,	651
multiple	endocrine	neoplasia	and,	308,	408–412,	410f,	1317–1318,	1377,	1378t,	1381,	1381t
RET-PTC	translocations,	27,	36
surgical	prophylaxis	and,	409–412
testing	and	counseling	for,	409
thyroid	cancer	and,	308,	408–412,	1333,	1335–1336

Rete	testis	adenocarcinoma,	1159
Retinoblastoma

chemotherapy	for,	81
childhood	cancers	and,	80–81
clinical	features,	81
incidence	of,	80–81
molecular	mechanism,	81
mouse	models,	81
osteosarcoma	and,	81
radiation	therapy	for,	81
secondary	malignancy	risk,	2168–2169
soft	tissue	sarcoma	and,	1392,	1394,	1401
susceptibility,	77–79,	78f,	80–81

Retinoblastoma	(RB)	genes.	See	also	RB1
cancer	susceptibility	and,	77–79,	78f
mutations,	81

Retinoblastoma	(RB)	protein,	45,	98
13-cis-retinoic	acid,	424–425,	427
Retinoic	acid	receptor	alpha	gene,	1730t,	1733,	1740
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Retinoids
acyclic,	850
as	cancer	risk–reducing	agents,	424–427,	425t
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1714,	1715–1716
for	skin	cancer,	1489

Retinoid	X	receptor-selective	retinoids,	425
Retinol,	424,	426–427
Retinopathy,	radiation-induced,	1904
Retromolar	trigone

anatomy,	561
carcinoma	of,	561–563
pathology,	561

Retroperitoneal	lymph	node	dissection	(RPLND),	1151,	1153–1154,	1156,	2133,	2135
Retroperitoneal	sarcomas

algorithm	for,	1427f
chemotherapy	for,	1429,	1430
management	of,	1427–1430
multimodal	management	of,	1429–1430
prognostic	factors,	1418,	1418f
radiation	therapy	for,	1428–1429,	1430
surgery	for,	1427–1430

Retropharyngeal	adenopathy,	543
Retrospective	studies,	153
Retroviruses

animal,	107
chronic	transforming,	107
classification	of,	107
endogenous,	107
exogenous,	107
HTLV-1,	100,	107–109
HTLV-1	and,	1698
human,	107

RET	tyrosine	kinase,	1323
RET	tyrosine	kinase	inhibitors,	304–305,	308
Reverse	phase	protein	analysis	(RPPA),	683
Reverse	transcriptase	polymerase	chain	reaction,	30–32,	31t,	32f,	1857
Revlimid.	See	Lenalidomide
RGTA-OTR4131,	2102–2103
Rhabdoid	meningioma,	1566
Rhabdoid	tumors,	1595–1596
Rhabdomyomas,	1409
Rhabdomyosarcoma,	1409–1410

in	adolescents	and	young	adults,	1620,	1624f,	1627
in	adult	populations,	1436
alveolar,	1620,	1624f

characteristics,	1410
cytogenetics,	1387t
histology,	1386f
molecular	abnormalities	in,	1387t,	1410
translocations,	1388–1389

chemotherapy	for,	1435
embryonal,	1194,	1409–1410

characteristics,	1409–1410
cytogenetics,	1387t
molecular	abnormalities	in,	1387t,	1410



high-dose	chemotherapy	for,	1435
pleomorphic,	1410
prostate,	1091
vulvar,	1199

RHBDF2	mutations,	713
Rhenium-186,	1974
Rheumatoid	arthritis,	114
RHOA	mutations,	715,	1642–1643,	1695
Rhodiola	algida,	2103
R-HyperCVAD	regimen,	1688
Ribavirin,	110,	2027
Ribociclib,	309,	353,	353f,	1267
Ribosomal	RNA	(rRNA),	66
Ribosome	biogenesis	stress,	259
R-ICE	regimen,	1691
Richter	syndrome,	1640
Richter	transformation,	1797
Ricolinostat,	330
RICTOR,	1391
Ridaforolimus,	1218,	1459
Rifaximin,	1931
Right	colic	artery,	924
Rigoni-Stern,	Dominico,	100–101
Rigosertib,	825,	1813
Rilotumumab,	753
Ring	sideroblasts	and	thrombocytosis,	1803
Risk

acquired	versus	inherited,	160
burden	versus,	160
demographic	factors	affecting,	165–170
environmental	exposures	and,	173
geographic	and	temporal	variations,	160–161
global	estimates	of,	161
measures	of,	160,	164–165
migrant	studies,	160

Risk	assessment,	28,	473–474
Risk	of	Ovarian	Cancer	Algorithm	(ROCA),	1234–1235,	1236
Risk	ratio,	153,	155
Risk-reducing	agents,	419–438.	See	also	Cancer	risk–reducing	agents;	specific	agents
Risk-reducing	hysterectomy,	408
Risk-reducing	mastectomy	(RRM),	403
Risk-reducing	salpingo-oophorectomy	(RRSO),	1235

breast	cancer	and,	403,	406–407
immunohistochemical	findings	in,	407,	407f
laparoscopic,	406
ovarian	cancer	and,	406–407,	408,	476–477,	1232,	1233
peritoneal	cancer	and,	406–407
sexual	issues,	2224

Risk-reducing	surgery,	404–414.	See	also	Surgical	prophylaxis
Risk-reducing	thyroidectomy,	409–412,	411f
Risperidone,	2235t
RIT1,	85,	609
Rituximab	(Rituxan),	360t,	364–365

approval	of,	364
for	Burkitt	lymphoma,	1694–1695
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cardiac	toxicity,	2123
characteristics	of,	364
CHOP	regimen	with,	364–365
for	chronic	lymphocytic	leukemia,	1788,	1791–1792,	1794–1795,	1796
for	CNS	prophylaxis,	1698
complement	and,	362
for	diffuse	large	B-cell	lymphomas,	1690
for	Epstein-Barr	virus,	105
for	follicular	lymphoma,	1681–1683
for	hematologic	malignancies,	364–365
for	Hodgkin	lymphoma,	1661
infection	risk	and,	2040
for	Kaposi-associated	lymphoproliferative	disorders,	106
for	lymphoplasmacytic	lymphoma,	1685
for	MALT	lymphoma,	1687
for	mantle	cell	lymphoma,	1688–1689
for	marginal	zone	lymphoma,	1685–1687
for	mature	B-lineage	ALL,	1756
mechanism	of	action,	364
for	oral	cGVHD,	2103
for	posttransplant	lymphoproliferative	disorders,	1699
for	primary	CNS	lymphoma,	1724–1725,	1726
for	primary	cutaneous	B-cell	lymphoma,	1719
for	primary	mediastinal	B-cell	lymphoma,	1693
pulmonary	toxicity,	2114t,	2116
response	rates,	250
for	Waldenström	macroglobulinemia,	1844–1845

R-MegaCHOEP	regimen,	1690
R-MPV	regimen,	1724–1725
RNA

noncoding,	7–8,	80,	86,	124,	614
ribosomal,	66
short	hairpin,	610
small	interfering,	610
synthetic	(minigenes),	370

RNA-based	screening,	in	lung	cancer,	610
RNA	expression,	13f
RNA	polymerase	II,	9
RNA	polymerase	II	subunit	A	(POLR2A),	1565,	1565f
RNA	sequencing	(RNA-Seq),	15,	37–39
RNF43/RNF43,	801,	809,	909,	910,	913,	1082
RO6874281,	374t,	382
RO7009789,	372t
Robot-assisted	radical	prostatectomy,	1098,	1099
Robot-assisted	retroperitoneal	lymph	node	dissection,	1154,	1156
Robotic-assisted	esophagectomies,	524
Robotic-assisted	hysterectomy,	1214
Robotic-assisted	radical	prostatectomy,	521,	523f
Robotic	surgery,	519–526

advantages	and	disadvantages	of,	521–522
applications	of,	520–522
conventional	laparoscopic	surgery	versus,	522,	522t
emerging	techniques,	526
gastrointestinal	and	hepatopancreatobiliary,	524–525
genitourinary	and	gynecologic,	525–526



in	lung	cancer,	523–524,	633,	639
thoracic,	522–524
transoral,	526,	545,	564–566
treatment	techniques,	521

Roche	454	GS	FLX,	5,	6t,	7f
Roentgen,	Wilhelm,	196
Rofecoxib,	430,	430t,	960
Rogletimide,	351
Rolapitant,	2080t,	2081
Rombo	syndrome,	1479
Romidepsin,	316,	316t,	1713t,	1716
Romiplostim,	2070t,	2075
ROS1/ROS1,	40,	190,	304,	648,	650t,	651,	1858,	1862
Rosenberg,	Steven,	382
Rosenburg,	Barnett,	256
Rosuvastatin,	434
Rotator	cuff	pain,	2261
Rothmund-Thomson	syndrome	(RTS)

bone	sarcomas	and,	1394,	1452
genomic	integrity	and	apoptosis	in,	83–84

Rous,	Peyton,	100,	107
Rous	sarcoma	retrovirus,	100
Rovalpituzumab	tesirine	(Rova-T),	682–683
RPS14,	1807
RPS15,	1768
R-spondins	(RSPO/RSPO),	909,	910,	911,	912,	1082–1083
RSR-13,	1584–1585
RTG-OTD70DERM,	2103
Rucaparib	(Rubraca),	260,	300t,	333,	335,	335t

for	breast	cancer,	1260
for	ovarian	cancer,	477,	1164,	1250–1251

Ruminococcus,	73
RUNX1,	86,	1732–1733,	1739–1740,	1743,	1767,	1802,	1808,	2157
RUNX1/ETO	fusion,	1732–1733
RUNX1T1,	1739–1740
Russell	bodies,	1684
Ruxolitinib,	2041,	2131
RVD	regimen,	322

S

S-1,	750,	778,	783,	783t,	825,	938
S100,	529,	1415
Sacituzumab	govitecan,	285,	285t
S-adenosylmethionine,	139,	315,	433
Sagopilone,	294
St.	John’s	wort	(Hypericum	perforatum),	236,	236t,	2271,	2272
St.	Jude	Children’s	Research	Hospital,	13
Salinosporamide	A,	320–321,	321t
Saliva

agents	stimulating	production	of,	556,	598,	2098t,	2105
artificial,	2098t,	2105

Salivary	glands
anatomy	of,	585,	588
biopsy	of,	586
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cancers	of,	585
major,	585–588
minor,	588–589
tumors	of,	569,	574,	579,	585–589

clinical	picture,	586,	589
differential	diagnosis,	586
pathology,	585,	588–589
patterns	of	spread,	586,	589
as	secondary	primary	cancer,	2168
staging,	586,	587t
treatment,	586–587,	589
treatment	complications,	588
treatment	outcomes,	587–588,	589

Salmonella	spp.,	70
S.	enterica,	67,	68f
S.	typhi,	877

Salpingo-oophorectomy,	1214,	1222,	1232
risk-reducing,	403,	406–407,	1232,	1233,	1235,	1272,	2224

“Salt	and	pepper”	skull,	1339
Salvage	radiation	therapy,	for	prostate	cancer,	1111,	1112–1113
Samarium-153,	1127,	1974,	2204–2205
Samarium-153–EDTMP,	1127
Samarium-153	lexidronam,	1127
Sample	size,	in	epidemiologic	studies,	155
Sample	sizes

one-sided	tests,	493,	494t
phase	II	trials,	487,	488
phase	III	trials,	493,	493t,	494t
two-sided	tests,	493,	494t

Sanger	sequencing,	4–5,	31t,	33,	34f
Sarcomas.	See	also	Bone	sarcomas;	Soft	tissue	sarcomas;	specific	sarcoma

cancer	of	unknown	primary	site	and,	1861
complex	types,	1390–1393
cytogenetic	abnormalities	in,	1387t–1388t
definition	of,	1450
description	of,	1384
endometrial	stromal,	1223–1224
functional	screens,	1394
liver	metastases	from,	1967
molecular	abnormalities	in,	1387t–1388t
molecular	biology	of,	1384–1394
next-generation	sequencing,	1394
pediatric,	in	adult	populations,	1436
PML-RARA	translocation	in,	27
subtypes	of,	1384,	1386f
survival	rate,	1450
translocation-associated,	1384–1389
uterine,	1221–1224
vulvar,	1199

Sarcomatoid	carcinoma,	763
Sarcomatoid	squamous	carcinoma,	1175
Sarcomatosis,	1896–1897
Sargramostim,	1435,	2070t,	2072–2073
Satavaptan,	2001t
Satellite	metastases,	in	melanoma,	1532,	1532f,	1533



Satraplatin	(JM216),	257f,	258
Saw	palmetto	(Serenoa	repens),	2271
Scalp	cooling,	2130–2131
Scalp	tourniquet,	2130
Scedosporium	infection,	2050
Schistosoma	haematobium,	445,	1051,	1052
Schistosomiasis,	vaccine	development	for,	450
Schlafen	11	(SLFN11),	285,	685
Schubert	Oral	Mucositis	Rating	Scale,	2096
Schwann	cells,	1392
Schwannomas,	702t

arachnoid	granulation	obstruction	in,	1917
benign,	1411
characteristics,	1411
description,	1602
hereditary	syndromes,	1569
spinal,	1608–1609
vestibular,	1569,	1602–1604

Scintigraphic	cisternography,	1919,	1920
Sclerosing	agents

for	malignant	pericardial	effusion,	1988–1989
for	malignant	pleural	effusion,	1984–1986

Sclerosing	hemangiomas,	1407
Sclerosing	sweat	duct	carcinoma,	1494
Scopolamine,	2243
Screening,	454–467

for	adolescents	and	young	adults,	1622–1623
for	adrenal	tumors,	1346
for	biomarkers,	528
for	bladder	cancer,	1051–1052
for	bone	sarcomas,	1452
for	breast	cancer,	457–460

breast	density,	459,	1271
clinical	breast	examination,	457,	460,	1272
ductal	carcinoma	in	situ,	459–460
effectiveness	of,	458–459
false-negative,	459
false-positive,	458–459
harms	of,	457,	460
in	high-risk	women,	402,	459,	460
mammography,	457–460
mortality	benefits	of,	457,	458
MRI,	402,	457,	458,	459
newer	technologies	for,	459
randomized	studies,	457,	458,	458t
recommendations,	460
self-examination,	457–458,	460,	1272
ultrasound,	457,	458,	459
in	women	age	40	to	49,	460

for	cancer-related	fatigue,	2150
for	cervical	cancer,	462–463,	1171–1172,	1176

cytology	terminology	and	characteristics,	462–463
in	low-resource	countries,	463
recommendations,	463

for	colorectal	cancer,	460–461,	925–926,	926t
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blood	test,	461
colonoscopy,	460–461
computed	tomography	colonoscopy,	461
fecal	DNA	testing,	460
fecal	immunohistochemical	tests,	460
fecal	occult	blood	testing,	460
flexible	sigmoidoscopy,	460
hereditary	syndromes,	412,	413
in	high-risk	patients,	461,	461t
recommendations,	461

definition	of,	454
for	dysmorphology,	473
efficacious,	requirements	for,	454
for	endometrial	cancer,	408,	464
for	esophageal	cancer,	462
for	familial	medullary	thyroid	carcinoma,	1381
for	gastric	cancer,	404,	462
for	gastrointestinal	stromal	tumors,	898
guidelines	and	recommendations	for,	457
for	H.	pylori,	765–766
for	hyponatremia,	1930
for	kidney	cancer,	1020
for	liver	cancer,	462
for	lung	cancer,	464–465

chest	radiography,	464–465
low-dose	computerized	tomography,	390,	464–465
mortality	effects,	464–465
non–small-cell,	626–628
recommendations,	465
small-cell,	671–673
sputum	analysis,	464

for	melanoma,	1517–1518
for	multiple	endocrine	neoplasia

type	1,	1378
type	2,	1381

for	neuroendocrine	tumors,	1368
for	nutritional	status,	2214–2215,	2215t
opportunistic	versus	programmatic,	454–455
for	ovarian	cancer,	408,	463–464,	1234–1235
for	pancreatic	cancer,	462
for	pancreatic	ductal	adenocarcinoma,	809–810
for	parathyroid	tumors,	1339
for	prostate	cancer,	465–467,	1092–1093

antigen	(PSA),	465–467
digital	rectal	examination,	465
harms	in,	467
prospective	randomized	trials,	466–467
recommendations,	467

for	psychological	problems,	2229,	2230
for	skin	cancer,	467
for	small	bowel	adenocarcinoma,	887–888
for	stomach	cancer,	765–766
for	tumor	lysis	syndrome,	1929

Screening	tests
assessment	of,	455–457



biases	in,	455–456,	455f,	456f
efficacy	of,	457
informed	consent	for,	457
negative	predictive	value,	455,	455t
outcomes	of,	456–457
overdiagnosis,	456
performance	characteristics	of,	455,	455t
positive	predictive	value,	455,	455t
randomized	trials,	456–457
sensitivity	and	specificity	of,	455,	455t

SCRIB,	838
SD-101,	373t,	381
SEA-CD40,	372t
Sebaceous	carcinoma,	1494–1495
Secondary	primary	cancers,	2155–2169

alkylating	agents	and,	253
carcinogenicity	and

chemotherapy,	2157
radiation	therapy,	2155–2157,	2156f

chemotherapy	and,	1158,	1661,	2164
childhood	cancer	and,	2163–2169

epidemiology,	2163,	2164f
host-related	risk	factors,	2163
influence	of	primary	cancer,	2163
multiple	subsequent	cancers,	2164

chronic	lymphocytic	leukemia	and,	1796
doxorubicin	and,	281–282
epidemiology,	2155
follow-up	and,	2169
genetic	conditions,	2168–2169
Hodgkin	lymphoma	and,	253,	1661,	2159–2162
hypothesis-generating	genome-wide	association	studies	for,	2158–2159
ionizing	radiation	and,	128,	1104
lung	cancer,	655,	2161
lymphomas	and,	2159–2162
monogenic	and	multigenic	models	of,	2157
mortality,	2155
preemptive	pharmacogenomics,	2159
preemptive	radiogenomics,	2159
prevention	of,	424
radiation	therapy	and,	2164,	2165f
risk	reduction	and	prevention,	2163
smoking	effects	on,	392
topoisomerase	inhibitors	and,	284–285,	1735,	1743

Second-generation	sequencing,	6–9
Secreted	frizzled	relation	protein	(SFRP),	910
Secreted	protein	acidic	and	rich	in	cysteine	(SPARC),	290,	826
Secretin	stimulation	test,	1361
Sectionectomy,	1957
Sedentary	behavior,	148
Segmental	mandibulectomy,	558
Segmentectomy,	1957
Seizures

brain	metastases	and,	1936
intracranial	tumors	and,	1571
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Seizures,	alkylating	agent	induced,	253
E-Selectin,	1708–1709
Selection	bias,	155,	456
Selective	estrogen	degrader	(SERD),	350
Selective	estrogen	receptor	modulators	(SERMs),	348t,	431–432,	432t,	433

cancer	treatment	with,	347–351,	1266
endoxifen,	350
fulvestrant,	350–351
raloxifene,	350
resistance	to,	352–353,	352f
tamoxifen	(See	Tamoxifen)
toremifene,	350

Selective	internal	radiation	therapy	(SIRT),	891,	1960,	1965,	1967
Selective	neck	dissection,	546
Selective	serotonin	reuptake	inhibitors	(SSRIs),	598,	2203,	2234–2235
Selenium,	140,	424,	426t,	427,	1088,	2271,	2275
Self-esteem,	2231,	2232
Self-expanding	metallic	stents,	936
Self-seeding,	51
Selinexor,	1831
SEMA3B,	878
Seminomas

mediastinal,	708–709
histology,	708–709
management	of,	708–709
mediastinal,	708–709
prognosis,	709

testicular,	1146
chemotherapy	for,	1152,	1154
histology,	1146,	1146f
management,	1152–1158
metastasis	of,	1149,	1154–1156
radiation	therapy	for,	1152–1153,	1154
recurrent,	1157
residual	mass,	1156
stage	I,	1152–1153
stage	II,	1154–1156
surveillance,	1152

Senna,	2092t,	2201
Sensitivity,	of	screening	test,	455,	455t
Sensory	neuronopathy,	1998–1999
Sentinel	lymph	node	mapping,	1215f,	1289
Sentinel	lymph	nodes	(SLNs)

in	breast	cancer,	1282–1283,	1289,	1292–1293,	1292t
in	cervical	cancer,	1177
in	colorectal	cancer,	929
in	cutaneous	SCC,	1486–1487
in	endometrial	cancer,	1214,	1215f
in	gastric	cancer,	777
in	melanoma,	1524–1527,	1525f,	1527f,	1533–1534
in	Merkel	cell	carcinoma,	1490–1491
in	penile	cancer,	1143
in	vulvar	cancer,	1202

Sequencing	by	ligation,	5,	6t,	7f
Sequencing	by	synthesis.	See	Pyrosequencing



Sequencing	platforms,	5,	6t,	7f,	35–39
Sequential	chemoradiotherapy,	for	non–small-cell	lung	cancer,	646
Sequestrum,	584
SEREX	(serological	analysis	of	recombinant	cDNA	expression)	libraries,	1165
Serine	peptidase	inhibitor,	Kazal	type	1	(SPINK1),	1078
Serine-threonine	kinase	11	oncogene.	See	STK11
Serine/threonine	kinases,	295.	See	also	AKT
Serotonin,	1353,	1369,	1372–1373,	2078,	2214,	2265
Serotonin–norepinephrine	reuptake	inhibitors	(SNRIs),	2203,	2234
Serotonin	receptor	antagonists

constipation	induced	by,	2090
for	nausea	and	vomiting,	2077,	2078,	2080–2083,	2080t

Serotonin	reuptake	inhibitors,	598,	2203,	2234–2235
Serotonin	syndrome,	2199–2200
Serous	carcinoma

endometrial,	1212
ovarian,	1233–1234,	1233t

Serous	tubal	intraepithelial	carcinoma,	1163
Serratia	marcescens,	70,	119
Sertoli	cells,	2134
Sertoli	cell	tumors,	1159,	1159t
Sertoli-Leydig	tumors,	1239
Sertraline	(Zoloft),	2234t,	2235
Serum	amyloid	A,	921
Serum	response	factor	(SRF),	108
SETD2,	1015,	1643
Severe	aplastic	anemia	(SAA),	2075
Severity-Weighted	Assessment	Tool	(SWAT),	503
Sex	(gender)

and	acute	lymphoblastic	leukemia,	1751
and	adolescent/young	adult	cancer,	1617,	1630
and	anal	cancer,	997
and	cancer	of	unknown	primary	site,	1860–1861
and	chronic	myeloid	leukemia,	1773
and	CNS	neoplasms,	1568,	1569
and	colorectal	cancer,	932
and	esophageal	cancer,	718
and	hepatocellular	carcinoma,	845
and	incidence	rate,	164,	164f
and	kidney	cancer,	1020
and	lung	cancer,	619,	621f
and	medulloblastoma,	1596
and	melanoma,	1512,	1514,	1515f,	1520–1521
and	mesothelioma,	1863
and	mycosis	fungoides,	1708
and	nausea/vomiting,	2078
and	oropharyngeal	pain,	2097
and	pancreatic	neuroendocrine	tumors,	1353
and	pharmacodynamics,	232–233
and	pharmacokinetics,	235
and	risk,	166,	166t,	168t
and	small	bowel	cancer,	886–887
and	thymic	neoplasms,	700
and	thyroid	cancer,	1328
and	urothelial	carcinoma,	1050
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Sex	and	the	Woman	with	Cancer	(American	Cancer	Society),	2223
Sex	cord/gonadal	stromal	tumors,	1159,	1159t,	1239
Sex	determining	region	Y-box	2	(SOX2),	539–540,	609,	715
Sexual	function

assessment	tools,	2226
childhood/adolescent	cancer	and,	2224–2225
communication	about,	2220,	2222,	2225–2226
interventions	for,	2226
preservation	of,	2140–2144
problems	with,	2220–2226,	2229
relational	considerations,	2224,	2225
sociocultural	considerations,	2225

Sézary	cells,	1708
Sézary	syndrome,	1708–1717.	See	also	Mycosis	fungoides/Sézary	syndrome

clinical	features	of,	1710–1712,	1711f
diagnostic	criteria	for,	1708,	1710
immunosuppression	in,	1710
mycosis	fungoides	and,	1708
staging,	1710–1712

SF2B1,	1786,	1807
SF3B1	mutations,	799,	1642,	1684,	1768–1769,	1786,	1789,	1796,	1807
SG110,	316t
Sharpe,	Arlene,	375
Shave	biopsy,	1475,	1476f,	1518
SHH	signaling,	in	medulloblastoma,	1561,	1562f
SHIVA	study,	190
Shope,	Richard	Edwin,	100
Short	hairpin	RNA	(shRNA),	610
Shoulder	pain

in	head	and	neck	cancer,	2261–2262
in	Hodgkin	lymphoma,	2261

Shrinking	field	technique,	212
Shunting

peritoneovenous,	1993,	1994f,	2244–2245
ventriculoperitoneal,	1920

SIAH-1,	838
Sialagogues,	for	xerostomia,	2105
SIFT	algorithm,	13–14
Sigmoid	colon

anatomy	of,	923–924,	924f
resection	of,	935

Sigmoidoscopy,	flexible,	460,	925
Signaling	modulation,	372t,	379
Signet	ring	carcinomas,	929
Significance	levels,	497
Sildenafil,	1107,	2222
Silent	mutation,	27
Simian	virus	40	(SV40),	102–103,	1866
Simon	two-stage	phase	II	designs,	488t,	489t
Simpson	grades	of	resection,	1593–1594
Simvastatin,	346,	434–435,	921
Single-arm	phase	II	trials,	488–491
Single-cell	epigenomics,	15
Single-cell	genomics,	15
Single-cell	RNA-seq,	15



Single-molecule-targeted	therapy,	20
Single-nucleotide	addition,	5
Single	nucleotide	array,	39
Single-nucleotide	polymorphisms	(SNPs),	263

biomarkers,	25–26
epidemiology	methods,	156–157
HapMap,	2

Single-nucleotide	substitutions,	25,	27
Single	nucleotide	variants	(SNVs),	370
Single-photon	emission	CT	(SPECT),	of	carcinoid	tumor,	688
Single-strand	annealing	(SSA),	333,	334
Single-strand	break	(SSB),	126,	127,	197,	333,	334
Sinus	bradycardia,	291
Sinusitis,	2053
Sinusoidal	obstruction	syndrome,	2027–2028
Sipuleucel-T,	227,	451,	1114,	1115,	1125–1126
Sirolimus	(rapamycin),	308,	340

for	cranial	chordomas	and	chondrosarcomas,	1607
description	of,	340
for	GVHD	prophylaxis,	2025
for	hepatocellular	carcinoma,	860
for	nonmelanoma	skin	cancers,	1489
for	oral	cGVHD,	2103
pulmonary	toxicity,	2113t,	2115

SIRT1,	315
Sirtuins,	315
Sister	Mary	Joseph	node,	765
Sjögren	syndrome,	1641,	1686,	2097
Skeletal	muscle	tumors,	1404t,	1409–1410
Skeletal-related	events	(SREs),	1970.	See	also	Bone	metastases;	Fractures
Skin,	biopsy	techniques,	1475,	1476f,	1712
Skin	adnexal	tumors,	1861
Skin	cancer,	1475–1496.	See	also	Melanoma(s)

in	adolescents	and	young	adults,	1515,	1617,	1619,	1622f
difluoromethylornithine	and,	434,	434t
Gorlin	syndrome	and,	84
micronutrient	efficacy	and,	425,	427
nonmelanoma,	1475–1478

diagnosis	of,	1475
incidence	of,	1475
management	of,	1475–1478
overview,	1475
papillomaviruses	and,	102
secondary,	2167–2168
ultraviolet	light	and,	129

obesity	and,	146t
radiation	therapy	for,	1475,	1478
screening	for,	467
topical	therapy	for

imiquimod,	1475,	1478
retinoids,	1489

ultraviolet	light	and,	128–129
Skin	infections,	2051–2052
Skin-sparing	mastectomy,	403,	1290,	1291f
Skin	Weighted	Assessment	Tool,	1712
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Skull,	“salt	and	pepper”	appearance,	1339
Sleep,	cancer-related	fatigue	and,	2152
Slug	transcription	factor,	716
SMAD2,	915
SMAD4/SMAD4

cholangiocarcinoma	and,	870
colorectal	cancer	and,	915,	930–931
familial	juvenile	polyposis	and,	913
gastric	cancer	and,	716
juvenile	polyposis	syndrome	and,	923
pancreatic	cancer	and,	797–799,	801,	807,	807f,	817,	822

SMAD/SMAD.	See	also	SMAD2;	SMAD4/SMAD4
in	colorectal	cancer,	911
in	neuroendocrine	tumors,	1368
pathway,	798–799,	799f
radiation-induced	lung	injury	and,	2109

Small	bowel
complications	of	RT,	991,	1189
intussusception,	885,	885f,	1541,	1542f
metastases	to,	892,	1541,	1542f
radiation	tolerance,	214t

Small	bowel	cancer,	884–892
adenocarcinomas,	886–889

adjuvant	therapy	for,	888
anatomy,	887
chemotherapy	for,	888–889,	889t
clinical	trials,	889,	890t
etiology,	886–887
incidence,	886–887
management,	888–889
palliative	care	for,	888–889
pathology,	887,	888f
prognosis,	888
screening	for,	887–888,	889t
staging,	888
surgery	for,	888

biochemical	investigations,	885
carcinoid	tumors,	889–891,	1368,	1371–1372

adjuvant	chemotherapy	for,	891
anatomy,	889
clinical	presentation	of,	889,	1371
diagnosis	of,	889–890,	1369
epidemiology	of,	889
etiology,	889
hepatic	artery	embolization	for,	891
imaging	of,	885–886,	886f
incidence,	889,	1368
management	of,	890–891,	1371–1372,	1372f
palliative	surgery	for,	891
pathology,	889,	1371
prognosis,	890
staging,	890,	890t

clinical	presentation	of,	885
diagnosis	of,	885
epidemiology	of,	884



gastrointestinal	stromal	tumor,	886,	887f,	892
geographic	variations	in,	886
lymphoma,	891–892

clinical	and	pathologic	features	of,	892t
diagnosis,	891
etiology,	891
imaging	of,	886,	886f
incidence,	891
pathogenesis,	884
staging,	891
treatment	of,	891–892

pathogenesis	of,	884
radiographic	studies,	885–886,	885f,	886,	887f,	887t
risk	factors	for,	884
tumor	markers,	885

Small	bowel	follow-through	(SBFT),	885
Small-cell	carcinoma

cervical,	1176
colorectal,	929
esophageal,	722–723
neuroendocrine,	543,	1364
ovarian,	hypercalcemic	type,	408
prostate,	1083,	1091
stomach,	763
vaginal,	1194

Small-cell	lung	cancer	(SCLC),	671–687
anatomy,	671
angiogenesis	inhibitors	for,	685
aurora	kinase	inhibition	for,	686
BCL-2	protein	in,	683,	685
biomarkers,	671,	686
carboplatin	for,	678,	680,	685
CD47/signal	regulatory	protein	α	regulatory	axis	in,	686
checkpoint	inhibitors	for,	615,	681–682,	686
chemoradiation	for,	674,	678,	680
chemotherapy	for,	674,	678–680

adjuvant,	677
alternating	cycles	of	combination	regimens,	678
for	brain	metastases,	686
dose	intensification,	680
evolution	of	regiments,	678
induction,	678
maintenance,	680
in	recurrent	disease,	681
sequencing	with	radiotherapy,	674
for	small-cell	lung	cancer,	678,	679t
triplet,	679–680

chemotherapy-refractory,	680,	681
chemotherapy-sensitive,	680
cisplatin	for,	678–680,	679t,	685,	686
clinical	and	serologic	predictive	factors,	673
clinical	presentation	of,	671–673
combined,	671
Cushing	syndrome	in,	672–673,	2002
diagnosis	of,	671–673,	673f
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dinutuximab	for,	366
epidemiology	of,	671,	672f
epigenetic	modulation	in,	683
etiology	of,	671
etoposide	for,	678–680,	679t
extensive-disease,	676–677
EZH2	inhibition	and	SLFN11	in,	685
G2/M	cell	cycle	checkpoint	in,	685–686
genomic	studies	of,	683
incidence	of,	671
limited	stage

initial	management	of,	674–680
thoracic	radiotherapy	in,	674–676

management	of,	673–674
molecular	characterization	of,	683
mortality,	671,	672f
palliative	care	for,	686–687
paraneoplastic	neurologic	syndromes	in,	671–673,	1998–1999
PARP	inhibitors	for,	685
pathology,	671,	672f
prognostic	factors,	673,	680–681
prophylactic	cranial	irradiation	for,	676–677
proteomic	analysis	of,	683
radiation	therapy	for,	674–676

chest	irradiation	for	extensive	disease,	677
dose	and	fractionation,	674–675
early	versus	late,	675
sequencing	with	chemotherapy,	674
toxicity,	676
treatment	volumes	and	technique,	675–676

relapsed,	680–683
early-phase	clinical	trials	in,	681–683
treatment	of,	680–681,	682t

research	efforts	in,	683
screening,	671
spinal	cord	compression	and,	1922
staging,	673
sunitinib	for,	685
superior	vena	cava	syndrome	and,	1910,	1913
surgery	for,	677–678
systemic	therapy	for,	678–680
targeted	therapies	for,	684–686,	684t
tolerable	radiation	port	for,	680
tyrosine	kinase	inhibitors	for,	683,	684

Small	chain	fatty	acids,	316
Small	interfering	RNA	(siRNA),	610
Small	lymphocytic	leukemia,	1684
Small	lymphocytic	lymphoma,	2015
Small/medium-sized	pleomorphic	T-cell	lymphoma,	1708
Small	renal	masses	(SRMs),	1024
SMARCA2,	610,	1768
SMARCA4,	614,	801,	1561,	1562f
SMARCB1,	1565,	1565f
SMARCE1,	1565
Smart	compounds,	1394



SMC1A,	1739
Smegma,	1140
SMO	(smoothened),	1479,	1561,	1565,	1565f
Smokeless	tobacco,	92,	389,	390
Smoking

ALK	and,	392–393
anal	cancer	and,	998
assessment	of,	389,	395,	397t,	398
cancer	recurrence	and,	391
cancer	treatment	toxicity	and,	391–392
clinical	effects	on	cancer	patients,	390–393,	398
colorectal	cancer	and,	921,	932
electronic	cigarettes,	92,	388–389
epidemiology	of,	388
epidermal	growth	factor	receptor	and,	392–393
esophageal	cancer	and,	718–719,	723
global	rates	of,	90
human	papillomavirus	and,	392–393
kidney	cancer	and,	1020
lung	cancer	screening	in,	390,	464–465
lung	cancer	susceptibility	and,	607,	618–620,	621f
micronutrients	and,	424,	426–427
mortality	affected	by,	388,	391
myelodysplastic	syndromes	and,	1802–1803
nicotine	and	addiction,	388
non–small-cell	lung	cancer	and,	618–620,	621f,	622
pancreatic	cancer	and,	804–805
PD-1	and,	393,	398
prostate	cancer	and,	1088
research	and	future	considerations	in,	398–399
second	primary	cancer	risks,	392
small-cell	lung	cancer	and,	671
squamous	cell	carcinoma	and,	1483
urothelial	carcinoma	and,	1051

Smoking	cessation,	393–399
5A’s	for,	394–396,	394f
assistance	with,	395
cancer	patient	and,	390
continued	use	versus,	390
electronic	cigarettes	and,	389
empirically	tested	interventions	for,	397–398
follow-up	in,	395–396
guidelines	for,	393–395
implementation	in	clinical	practice,	395–396
interventions	for,	624
lung	cancer	screening	and,	390
nicotine	replacement	therapy	for,	389,	396–397,	396t
non–small-cell	lung	cancer	prevention	through,	624
pharmacologic	treatment	for,	396–397,	396t
relapse	in,	390
research	and	future	considerations	in,	398–399
support	during,	398
survival	and,	391
treatment	strategies	for,	396t

Smoldering	adult	T-cell	leukemia-lymphoma,	108
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Smoldering	multiple	myeloma,	1818,	1841–1844
clinical	features	of,	1841
cytogenetics	of,	1821t
diagnostic	criteria	for,	1819t
differential	diagnosis	of,	1841–1842
management	of,	1842–1844,	1843f
pathogenesis	of,	1822
prevalence	of,	1841
prognosis,	1842
risk	stratification,	1842,	1843t

Smoldering	Waldenström’s	macroglobulinemia,	1819t,	1844
Smoothened,	1479,	1561,	1565,	1565f
Smooth	muscle	tumors,	1404t,	1409
SMPD3,	in	liver	cancer,	838
SN1	alkylation	reactions,	246
SN2	alkylation	reactions,	246
SN-38,	947,	2086
Snail	transcription	factor,	716
SNCAIP,	1562
Social	support	networks,	2232
Social	worker,	2250
Socioeconomic	status	(SES),	166,	166t,	168f,	173

brain	tumors	and,	1569
colorectal	cancer	and,	919
esophageal	cancer	and,	719

SOCS-3,	867
Sodium.	See	Hyponatremia
Sodium	bicarbonate,	1929,	2102
Sodium	4-carboxymethoxyimino-(4HPR),	425
Sodium	lauryl	sulfoacetate,	2092
Sodium	phosphate	enemas,	2092
Sodium	picosulfate,	2092t
Sodium	sulfate,	2092t
Sofosbuvir,	110
Soft	palate,	anatomy,	563
Soft	palate	squamous	cell	carcinoma

clinical	picture,	564
complications	of	treatment,	568
irradiation	technique,	568
outcomes	of	treatment,	568
pathology,	563
patterns	of	spread,	564
recurrence	management,	568
surgical	treatment,	568
treatment,	568

Soft	tissue	infections,	2051–2052
Soft	tissue	necrosis

after	RT,	557,	558,	559,	563,	567,	568,	574
base	of	tongue,	568
gingiva	and	hard	palate,	563
larynx,	574
lip,	557
mouth,	558,	559
oral	tongue,	559,	560
pharyngeal	wall,	577



soft	palate,	568
tonsillar,	567

Soft	tissue	sarcomas,	1400–1439
in	adolescents	and	young	adults,	1617,	1619–1620
advanced	disease,	1431–1435

chemotherapy	for,	1431–1435,	1434t
dose	intensity	for,	1433–1435
immunotherapy	for,	1432
multimodal	management	of,	1431
protein-targeted	molecular	therapy	for,	1435
recommendations	for,	1435
surgical	resection	of,	1431
trials,	1434t

age	distribution,	1384,	1402,	1403f
anatomic	distribution	of,	1402,	1402f
biological	potential,	1402–1403
biopsy,	1416
classification	of,	1384,	1402–1403,	1404t
clinical	features,	1403–1407,	1414
complex	types,	1390–1393
complications	of	treatment,	1430–1431
copy	number	alterations	in,	1384,	1385f
cytogenetic	abnormalities	in,	1387t–1388t
cytogenetics,	1415
diagnosis	of,	1414–1416
differential	diagnosis,	1414–1415
epidemiology,	1400–1401
etiology,	1401
extremity	or	truncal

adjuvant	therapy	for,	1419–1420
algorithm	for,	1419f–1420f
brachytherapy	for,	1420,	1422–1423
chemotherapy	for,	1424–1426,	1425t
multimodal	management	of,	1426–1427
prognostic	factors	for,	1417,	1417f
radiation	therapy	for,	1420–1424,	1426–1427
surgery	for,	1418–1419,	1426

future	directions,	1438–1439
grading	of,	1414
of	hands	and	feet,	1438
histology,	1384,	1386f,	1402–1403,	1402f,	1404t–1405t,	1414,	1417–1418
histology-specific	chemotherapy	for,	1431–1432,	1436–1438
imaging,	1415–1416
incidence	of,	1400–1401
isolated	limb	perfusion,	1426
laryngeal,	569
metastatic,	1415–1416,	1431–1435

liver	metastases,	1967
pulmonary	metastases,	1951–1952,	1953t

molecular	abnormalities	in,	1387t–1388t
molecular	biology	of,	1384–1393,	1385f,	1401,	1415
nomograms	for,	1417
nucleotide	alterations	in,	1384,	1385f
olaratumab	for,	366,	1433
palliative	care	for,	1438
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pathologic	features,	1403–1407
radiation-associated,	1401
retroperitoneal

algorithm	for,	1427f
brachytherapy	for,	1428–1429
management	of,	1427–1430
multimodal	management	of,	1429–1430
prognostic	factors	for,	1418,	1418f
radiation	therapy	for,	1428–1429,	1430
surgery	for,	1427–1430

risk	factors,	1401
secondary,	2167
simple	karyotype	associated	with	mutations,	1389–1390
staging	of,	1416–1417,	1416t
translocation-associated,	1384–1389
trauma	and,	1401
vaccines,	1439

Sokal	scores,	1775
Solid-pseudopapillary	neoplasms,	805,	808
Solid	tumors

infections	and,	2036,	2037t
neutropenia	management,	2072
stem	cell	transplantation	for,	2031–2032

Solitary	fibrous	tumor/hemangiopericytoma	(SFT/HPC)
characteristics,	1406–1407
cytogenetics,	1387t
histology,	1386f
management,	1435
molecular	abnormalities	in,	1387t,	1406
translocations	in,	1389

Solitary	plasmacytoma,	1848
diagnosis	of,	1848
diagnostic	criteria	for,	1819t,	1848
with	minimal	marrow	involvement,	1819t
prognosis,	1848
treatment	of,	1848

Solitary	pulmonary	nodule,	628,	629f
SOLO	trials,	1250
Soluble	factors,	370t,	373t–374t,	380
Soluble	mesothelin-related	peptide	(SMRP),	1868
Somatic	analysis,	242–243
Somatic	hypermutations	(SHM),	1632–1635,	1633f
Somatic	pain,	2191
Somatostatin,	in	pNETs,	1358
Somatostatin	analogs,	348t,	356–357,	689

for	carcinoid	syndrome,	1372–1373
for	diarrhea	management,	1363,	1382,	2088–2089
for	hepatic	metastases,	1966
for	insulinomas,	1362–1363
for	malignant	bowel	obstruction,	2243
for	neuroendocrine	tumors,	1358,	1358t,	1373–1374,	1376
for	peptide	receptor	radiotherapy,	1359
for	pituitary	adenomas,	1601
for	small	bowel	carcinoid	tumors,	891
for	thymic	carcinomas,	706



Somatostatinomas,	1363
Somatostatin	receptors	(SSRs),	1358,	1359,	1369,	1369f
Somatostatin	receptor	scans,	886
Somatostatin	receptor–targeted	therapies,	689
Sonic	hedgehog.	See	Hedgehog	pathway
Sorafenib	(Nexavar)

for	acute	myeloid	leukemia,	1745
for	advanced	liver	cirrhosis,	860
for	carcinosarcoma,	1221t
cardiac	toxicity,	2120t
for	desmoid	tumor,	1437
diarrhea	associated	with,	2087
food	effects	on,	236t
hair	changes	with,	2131
hand-foot	syndrome	with,	860
for	hepatocellular	carcinoma,	850,	858–860
for	malignant	peripheral	nerve	sheath	tumors,	1392
for	melanoma,	1551
for	mesothelioma,	1880
for	osteosarcomas,	1462
for	ovarian	cancer,	1165
for	renal	cell	carcinoma,	308,	1031,	1032t,	1035t,	1037,	1038
for	small-cell	lung	cancer,	685
for	soft	tissue	sarcomas,	1435
for	synovial	sarcomas,	1436
for	thyroid	cancer,	1323,	1332,	1335,	1382

Sorangium	cellulosum,	294
Sorting	intolerant	from	tolerant	(SIFT)	algorithm,	13–14
Sotatercept,	1813
SOX11,	1687–1688
Soy	products,	140

phytoestrogens	in,	2271,	2272t
therapeutic	use	of,	2275
treatment	interactions,	2271

Spatial	additivity,	215
Specificity,	of	screening	test,	455,	455t
Specimens,	29,	157–158,	189
Speckle-type	POZ	protein	mutations,	1077–1078,	1080
Speech,	generation	of,	599
Speech	assessments,	599
Speech-language	pathologists,	2250
Speech	(voice)	rehabilitation,	601–605
Sperm

chemotherapy	agent–specific	effects,	2135,	2135t
cryopreservation,	2140–2141,	2141t
cytotoxic	effects	in	boys,	2139
cytotoxic	effects	in	men,	1158,	2134–2136,	2135t,	2136t,	2221
genetic	concerns,	2144

Spermatocytic	tumors,	1145
S-phase	fraction,	1275
Sphenoid	sinus

anatomy	of,	579,	580,	581f
carcinoma	of,	579,	583
tumors	of

patterns	of	spread,	580
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treatment,	583
Sphingomonas	spp.,	2061
Spider	plots,	509,	510f
Spinal	axis	tumors,	1572,	1608–1609
Spinal	cord

anatomy	of,	1922
compression	of,	213,	1922–1927,	1978–1980	(See	also	Malignant	spinal	cord	compression	(MSCC))
radiation	tolerance,	214t

Spinal	cord	infarction,	1922
Spinal	cord	injury	(SCI)

epidural-based	tumors	as	cause	of,	2252
rehabilitation	considerations,	2252–2253
spinal	metastasis	as	cause	of,	2252

Spinal	imaging,	1573
Spinal	Instability	Neoplastic	Score,	1924
Spinal	metastases,	1922–1923,	1923t,	1970,	1971f.	See	also	Malignant	spinal	cord	compression	(MSCC)

complications	of,	1978
external-beam	radiotherapy	for,	1977t
preoperative	neurologic	deficit	with,	1978–1979
rehabilitation	considerations,	2252–2253,	2257–2258
stereotactic	body	radiation	therapy	for,	1975–1976,	1975f,	1976f,	1977t
surgery	for,	1978–1980,	1980f
vertebral	compression	fracture	with,	1976
winking	owl	sign,	1970,	1971f

Spindle-cell	gastrointestinal	stromal	tumors,	895,	896f
Spindle	cell	lipomas,	1408
Spine	stability,	2257
SPINK1,	1078
Spironolactone,	1351,	2244
Spitz	nevi,	1515
Spitzoid	melanocytic	tumors,	1515
Spleen	preservation,	in	stomach	cancer,	776
Splenectomy

in	chronic	lymphocytic	leukemia,	1797
in	gastric	cancer,	775–776
infections	and,	2036

Splenic	marginal	zone	lymphoma,	1641,	1672,	1685–1686
Splenomegaly,	848
Splicing	factors,	in	acute	leukemias,	1732t,	1739
Split-dose	repair	(SDR),	201
SPOP,	1077–1078,	1080
Sporadic	cancer,	germline	mutations	in,	85–86
Sprue,	884
Spumaviruses,	107
Sputum	cytology,	464
SPYR4,	1149
Squamous	cell	carcinomas	(SCCs)

anal,	998–1000,	999f,	1000f
localized,	1002–1008

anal	canal,	1010
anal	margin,	1009–1010
buccal	mucosa,	560–561
as	cancer	of	unknown	primary	site,	1861
caustic	injuries	and,	721
cervical,	1171–1176



in	cervical	lymph	nodes,	1861
chemical	carcinogens	and,	124
esophageal,	713–715,	714f,	718,	722

staging,	724,	726t,	728f
survival,	728f

gingiva	and	hard	palate,	561–563
head	and	neck	(See	Head	and	neck	squamous	cell	carcinoma	(HNSCC))
hypopharynx

pathology,	574
patterns	of	spread,	574

in	inguinal	lymph	nodes,	1861
lip,	556–557

clinical	picture,	556
complications	of	treatment,	557
outcomes	of	treatment,	557
pathology,	556
patterns	of	spread,	556
treatment,	557

lung,	13,	607
oral	tongue,	559–560

clinical	picture,	559
differential	diagnosis,	559
incidence	of,	542
outcomes	of	treatment,	560
pathology,	559
patterns	of	spread,	559
treatment,	559–560

oropharynx,	563
papillomavirus-induced,	100,	102
penile,	1140–1142,	1484,	1486
salivary	gland,	585,	589
skin,	1483–1489

clinical	features	of,	1484,	1484f,	1485f
diagnosis	of,	1475
distant	metastases,	1488–1489
etiology	of,	1483
follow-up,	1489
histology	of,	1484–1486,	1485f
incidence	of,	1483
inoperable,	1488–1489
in	situ,	1475
invasive,	1485–1486,	1485f,	1488–1489
local,	management	of,	1487–1488
Mohs	micrographic	surgery	for,	1476,	1487–1488
molecular	pathogenesis	of,	1483
prognosis,	1486–1487
radiation	therapy	for,	1478,	1487–1488
regional	lymph	node	metastases,	1488–1489
secondary	prevention,	1489
staging,	1486–1487
topical	therapy	for,	1478

soft	palate
clinical	picture,	564
complications	of	treatment,	568
irradiation	technique,	568
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outcomes	of	treatment,	568
pathology,	563
patterns	of	spread,	564
recurrence	management,	568
surgical	treatment,	568
treatment,	568

stomach,	763
in	supraclavicular	lymph	nodes,	1861
tongue

molecular	treatment	strategies	for,	540f
in	young	patients,	536,	540f

ultraviolet	light	and,	129,	1483
urethral,	1136,	1139
urothelial,	1067
vaginal,	1193
vulvar,	1199

Squamous	intraepithelial	lesions	(SILs),	463,	998–1000,	1000f,	1174,	1179
Src	kinases,	1083,	1972
SS1P,	1881
SS18,	1388
SS18L1-SSX1	fusion,	1412
Stable	disease	(SD),	502,	502t,	506
STAG2	mutations,	1739

in	urothelial	cancer,	1042,	1044–1045,	1051
Stage	shift,	456
Staphylococcus,	2026
Staphylococcus	aureus,	518,	1987,	2036,	2044,	2051–2054

methicillin-resistant,	2044,	2051,	2053,	2059–2060
Staphylococcus	epidermidis,	518
Starling’s	law,	1991
STAT1/STAT1

alcohol-induced	hepatocarcinogenesis	and,	845
inflammation	and,	118
interferons	and,	218
tumor	evasion	and,	17

STAT3/STAT3
acute	leukemias	and,	1737
anaplastic	large	cell	lymphoma	and,	1643
cholangiocarcinoma	and,	842
diffuse	large	B-cell	lymphoma	and,	1639–1640
hepatosplenic	T-cell	lymphoma	and,	1643
inflammation	and,	115,	116,	118
inhibition	of,	372t,	379
interferons	and,	218
lung	cancer	and,	612
proteasome	inhibitors	and,	329–330

STAT5/STAT5,	612,	1643,	1737,	1766
STAT6/STAT6,	1641
State	of	illness,	2239
Stathmin	overexpression,	295
Statins

as	cancer	risk–reducing	agents,	434–435,	921,	1089
colorectal	cancer	and,	921
prostate	cancer	and,	1089
rectal	cancer	and,	989



repurposing	for	chemotherapy,	345t,	346
Statistical	significance,	155
STAT	transcription	factors,	1737
Stealth	model,	of	ionizing	radiation,	128
Stellate	ganglion	block,	2207
Stem	cell(s),	50,	56–57.	See	also	Cancer	stem	cells

hematopoietic,	1729,	1766,	2008,	2012–2013,	2016,	2068–2069
intestinal,	887,	888f,	907,	910–911
leukemic,	1729,	1766
T	stem	cell	memory	cells,	1167

Stem	cell	factor,	684,	2070t,	2131
Stem	cell	transplantation	(SCT)

for	acute	lymphoblastic	leukemia,	1754–1755
allogeneic,	1754–1755,	2030–2031,	2031f
autologous,	1754–1755,	2017

for	acute	myeloid	leukemia,	1746–1751
allogeneic,	1746–1750,	1749t,	2028–2029,	2029f
alternative	donor,	1750–1751
autologous,	1746,	1749–1750,	2016–2017
in	first	remission,	1748–1750
indications	for,	1747–1748,	1749t
outcomes	of,	1747,	1748f
posttransplant	treatment,	1751
preoperative	regimen	for,	1746–1747
relapse	after,	1751
in	relapse	and	primary	induction	failure,	1747–1748
salvage	chemotherapy	and,	1748

for	AL	amyloidosis,	1847
allogeneic,	2019–2032	(See	also	Allogeneic	stem	cell	transplantation)

failure	of,	2028
future	directions,	2032
for	hematologic	malignancies,	2028–2031
HLA-matched	donors,	2021
immunobiology	of,	2023–2024
outcomes,	2028–2032
relapse	after,	2032
for	solid	tumors,	2031–2032
sources	of	cells,	2020–2023,	2021f

autologous,	2008–2017	(See	also	Autologous	stem	cell	transplantation	(ASCT))
functional	imaging	and	outcomes,	2016
HPC	collection,	2008,	2016
indications	for,	2009,	2009f
mortality,	2009,	2009f
patient	selection	for,	2008
phases	of,	2008
supportive	care,	2008–2009
toxicities,	2008–2009
tumor	cell	contamination	in,	2016

for	Burkitt	lymphoma,	2015
chemotherapy-related	emesis	in,	2083
for	chronic	lymphocytic	leukemia,	1795–1796,	2031
for	chronic	myeloid	leukemia,	2031
for	diffuse	large	B-cell	lymphoma,	1690–1691,	2014t,	2015
for	follicular	lymphoma,	1682–1683,	2013–2015,	2014t
haploidentical,	1749,	1750–1751,	2022–2023,	2022f
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for	HIV-associated	lymphoma,	1700
for	Hodgkin	lymphoma,	1662–1666

allogeneic,	1665–1666,	2031
autologous,	1662–1665,	2013,	2014t,	2016

infections	and,	2008–2009,	2025–2027,	2036–2037
for	mantle	cell	lymphoma,	1688–1689,	2014t,	2015,	2031,	2032f
for	marginal	zone	lymphoma,	2015
for	multiple	myeloma,	1831–1835

allogeneic,	1834
autologous,	1833–1834,	2009–2013
candidates/induction	therapy,	1832,	1832t,	2011–2012
conventional	chemotherapy	versus,	2010,	2010f
high-dose	therapy	and,	1833,	1833t
HPC	collection,	2012–2013
novel	agents	and	(modern	era),	2010–2011
patients	not	eligible	for,	1832–1833,	1833t
response	and	minimal	residual	disease	after,	2012
salvage,	2013
survival	after,	2009,	2010f
tandem	(double),	1834,	1834t,	2012

for	mycosis	fungoides/Sézary	syndrome,	1717
for	myelodysplastic	syndromes,	1812,	2029–2030,	2030f
for	non-Hodgkin	lymphoma

allogeneic,	2031
autologous,	2013–2015,	2014t

for	older	patients,	1749
oral	complications	of,	2094,	2096
for	plasma	cell	dyscrasias,	2013
for	POEMS	syndrome,	1849,	2013
for	primary	CNS	lymphoma,	1725
for	solid	tumors,	2031–2032
for	T-cell	lymphomas,	2013,	2014t,	2016
for	testicular	cancer,	1152,	1157
for	Waldenström	macroglobulinemia,	1845,	2015

Stenotrophomonas	maltophilia,	2052,	2061
Stensen	duct,	561
Stenting,	for	esophageal	cancer,	746
Sterculia,	2092t
Stereotactic	ablative	body	radiotherapy	(SABR),	1950
Stereotactic	body	radiation	therapy	(SBRT),	202,	211

for	cholangiocarcinoma,	874
for	Ewing	sarcoma,	1460
for	hepatic	metastases,	1959,	1964–1965,	1965t
for	hepatocellular	carcinoma,	849–850,	856,	857f
for	metastatic	melanoma,	1541,	1543
for	non–small-cell	lung	cancer,	640
for	pancreatic	cancer,	824
for	prostate	cancer,	1104–1105
for	pulmonary	metastases,	1950–1951,	1951t
pulmonary	toxicity,	2111
for	soft	tissue	sarcomas,	1423,	1437
for	spinal	cord	compression,	1924–1927
for	spinal	metastases,	1975–1976,	1975f,	1976f,	1977t
for	stomach	cancer,	782

Stereotactic	radiosurgery	(SRS),	202



for	brain	metastases,	1937–1939,	1938t,	1940t
for	choroid	plexus	tumors,	1608
for	CNS	neoplasms,	1575–1576,	1576f
for	cranial	chordomas	and	chondrosarcomas,	1607
for	glomus	jugulare	tumors,	1605
for	hemangioblastomas,	1605
for	medulloblastoma,	1597
for	meningiomas,	1594–1595
for	metastatic	melanoma,	1541
neurocognitive	effects,	2176
for	oligometastatic	non–small-cell	lung	cancer,	655
for	soft	tissue	sarcomas,	1423,	1437
for	vestibular	schwannomas,	1603–1604

Steroidal	aromatase	inhibitors,	351
Steroid-induced	myopathy,	2256
Steroid	receptor	RNA	activator,	9
Steroid	receptor	RNA	activator	protein,	9
5α-Steroid	reductase,	1079,	1082
5α-Steroid	reductase	inhibitors,	433–434,	433t,	1088–1089
Steroids.	See	also	Corticosteroids

alkylating	agent	conjugated	with,	254
colorectal	cancer	and,	932–933

Stevens-Johnson	syndrome,	1936
Stewart,	Sarah,	102
Stewart-Treves	syndrome,	1410,	1493
STI571.	See	Imatinib
Stimulator	of	interferon	genes	(STING),	373t,	381
STING	agonists,	373t,	381
STK11

breast	cancer	and,	402,	402t,	1260t,	1261
familial	juvenile	polyposis	and,	913
LCNEC	of	the	lung	and,	690
lung	cancer	and,	607,	612
pancreatic	cancer	and,	797,	801
Peutz-Jeghers	syndrome	and,	84,	408

Stomach
anatomy,	762–763,	763f
genetic	alterations	in,	715–716
lymphatic	drainage,	763
peritoneal	metastases	in,	1895,	1895f
radiation	tolerance,	214t

Stomach	cancer,	762–790
advanced,	chemotherapy	for,	782–786,	783t
anatomic	considerations,	762–763,	763f
ascites	in,	765,	1991,	1992f
cancer	stem	cells	in,	763
cancer	susceptibility	syndrome	and,	82
classification,	767–770
dietary	fiber	and,	138
in	elderly,	789–790
endoscopy	in,	766
epidemiology,	762
Epstein-Barr	virus	and,	105,	715,	767
fruit	consumption	and,	136–137
genetic	susceptibility	to,	715
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geographic	variations	in,	171f,	175–177,	176f,	777–778
Helicobacter	pylori	and,	67,	114,	175–177,	403,	437–438,	438t,	715,	716,	763
hereditary	diffuse,	403–405

diagnostic	challenge	in,	404–405
genetic	counseling	in,	404
genetics	of,	403–404,	404f
prophylactic	gastrectomy	in,	405
screening	criteria	for,	404

histopathology,	763–764
incidence	and	mortality	patterns,	173,	175–177
metastatic,	782–789
migrant	studies,	160,	161t
models	of,	716
molecular	biology	of,	714t,	715–716
molecular	classification	of,	764
nodal	involvement

individualized	assessment,	777
metastasis	risk,	772
patterns	of,	764–765
preoperative	computer	modeling	of,	777
preoperative	endoscopic	peritumoral	injection,	777
sentinel	node	biopsy,	777
surgery,	774–775

obesity	and,	145,	146t
palliative	care,	782–786,	789
pathology,	763
patterns	of	spread,	764–765
peritoneal	cytology	in,	767
physical	activity	and,	148t
potentially	curable,	770–771,	771t
red	meat	and,	138
resection	classification,	770
risk	factors	for,	765t
screening	for,	462,	765–766
as	second	primary	cancer	in	lymphoma,	2161–2162
signs	and	symptoms	of,	765
stage	I,	772
stage	II,	772–781
stage	III,	772–781
staging,	763–764

AJCC/UICC	TNM,	767–770,	768t,	769f
Japanese	system,	767,	768t,	770,	770f
laparoscopy,	767
pretreatment,	766–767

survival,	762
temporal	trends,	170,	175–177
treatment	of

adjuvant	therapy,	773t,	776,	778–781
bidirectional	chemotherapy,	788
checkpoint	inhibitors,	221,	222t,	227,	787–788
chemoradiation,	773t,	779–780,	782
chemotherapy,	773t,	776,	778–781
combination	chemotherapy,	783–786,	784t,	785t
combined-modality	therapy,	778–780
endoscopic	mucosal	resection,	772



endoscopic	submucosal	dissection,	772
epidermal	growth	factor	receptor,	786
esophagogastrectomy,	773–774
gastrectomy,	772–778
intraoperative	radiotherapy,	779
intraperitoneal	chemotherapy,	776,	788–789,	1895
liver	resection,	in	metastatic	disease,	787
localized	disease,	772–781
lung	resection,	in	metastatic	disease,	787
lymphadenectomy,	774–775
mid-	and	distal	cancers,	772–773
minimally	invasive	surgery,	776
mTOR	inhibitors,	787
multivisceral	resection,	in	metastatic	disease,	787
neoadjuvant	chemotherapy,	780–781
neoadjuvant	therapy,	778,	779,	780–782
outcomes	in	Japan	versus	Western	countries,	777–778
outcomes	in	Korea	versus	Western	countries,	778
palliative	chemotherapy,	782–786
palliative	radiotherapy,	789
palliative	surgery,	789
pancreatectomy	and	splenectomy,	775–776
PARP	inhibitors,	787
perioperative	chemotherapy,	773t,	778,	779–781
postoperative	chemotherapy,	773t,	778
preoperative	chemoradiation,	780
proximal	cancer,	773–774
quality-of-care	processes,	776
radiation	therapy,	778–780,	782,	789
ramucirumab	in,	364,	787
second-line	therapy,	786
single-agent	chemotherapy,	783,	783t
stage	I,	772
stage	II	and	III,	772–781
stage	IV	(advanced	disease),	782–788
surgery,	772–778,	781–782,	788–789
surgical	resection,	770–776,	771t
targeted	therapies,	786–788
technical	issues,	781–782
trastuzumab	in,	363,	786
tyrosine	kinase	inhibitors,	786–787

tumor	biology,	763
tumor	markers,	766
vegetable	consumption	and,	136–137

Stomatitis,	2096
Stool	softeners,	2092t
Streptococcus	spp.

Streptococcus	gallolyticus,	67,	2036
Streptococcus	pneumoniae,	2036,	2038t,	2053
Streptococcus	pyogenes,	70,	119,	1996

Streptomyces	peucetius	var.	caesius,	281
Streptomyces	verticillus,	338
Streptozocin,	248t,	250

for	adrenocortical	carcinoma,	1351
clinical	pharmacology,	248t
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design	of,	250
doses	and	schedules,	250t
for	insulinoma,	1363
for	liver	metastases,	1966
for	pancreatic	neuroendocrine	tumors,	1359,	1360
for	small	bowel	carcinoid	tumors,	891
therapeutic	uses,	248t,	250
for	thyroid	cancer,	1335
toxicities,	248t,	250

Stress	reduction,	2231,	2277
Stress-related	disorders,	2229–2230
Stromal	cell-derived	factor	1	(SDF-1),	1822
Stromal	cells,	50,	56–57,	57f,	1164
Strontium-89,	1127,	1974,	2204–2205
Structural	chromosomal	abnormalities,	27–28
Study	designs

case-cohort	studies,	154
case-control	studies,	133,	153f,	154–155
case-crossover	studies,	154
cohort	studies,	133–134,	153–154,	153f
cross-sectional	studies,	152–153,	153f
ecologic	studies,	133,	152,	153f
evaluation	of	findings,	155
migrant	studies,	133,	160
in	molecular	epidemiology,	157

Styrene,	92
SU5416,	1880
Subacute	cerebellar	degeneration,	1998
Subacute	motor	neuronopathy,	2253
Subacute	myelopathy,	2259
Subcutaneous	panniculitis-like	T-cell	lymphoma,	1697,	1708,	1718
Subdural	hematomas,	1918,	1921
Subependymal	giant	cell	astrocytomas,	308,	1569,	1578–1579,	1591
Subependymomas,	1592
Subfoveal	choroidal	melanomas,	1900
Subglottic	larynx

anatomy	of,	569
carcinoma	of,	569

patterns	of	spread,	569
staging,	571t
treatment,	572

lesions	of,	569
lymphatics,	569

Sublinear	model,	of	ionizing	radiation,	128
Sublingual	gland

anatomy,	585
tumors	of,	585–589

clinical	picture,	586
malignant,	586
patterns	of	spread,	586

Submandibular	duct,	557,	558,	559
Submandibular	gland

anatomy,	585
tumors	of,	585–589

biopsy,	586



clinical	picture,	586
differential	diagnosis,	586
malignant,	586
pathology,	585
treatment,	587
treatment	outcomes,	588

Subperiosteal	bone	resorption,	1339
Substance	P,	1357,	1372,	2078,	2080–2081,	2265
Subtotal	lymphoid	irradiation	(SLI),	1655
Subungual	melanoma,	1519,	1531
Subxiphoid	pericardiostomy,	1988,	1989
Success	rate,	493
Succinate	dehydrogenase	(SDH)

adrenal	tumors	and,	1344,	1344t,	1345,	1351
familial	renal	cancer	and,	1017t,	1018,	1021t,	1022f,	1025t
genetic	mutations,	1018,	1022f,	1025t
pituitary	tumors	and,	1322

Succinate	dehydrogenase	(SDH)-deficient	GISTs,	895,	896–897,	900
Sucralfate,	2103–2104
SUFU,	1561,	1562f
Sulfasalazine,	prophylactic,	2090
Sulfonamides,	1916
Sulfonylurea,	1362
Sulfonylureas,	2003
Sulindac,	430,	430t,	438,	1437
Sunitinib,	300t

cardiac	toxicity,	2120t
for	desmoplastic	small	round	cell	tumors,	1388
diarrhea	and,	1363,	2087
for	extraskeletal	myxoid	chondrosarcoma,	1389
food	effects	on,	236t
for	gastric	cancer,	786–787
for	gastrointestinal	stromal	tumors,	900t,	903
for	germ	cell	tumors,	1157
for	hepatocellular	carcinoma,	858–859
for	liver	metastases,	1966
for	meningiomas,	1595
for	mesothelioma,	1880
for	neuroendocrine	carcinoma,	1861
for	neuroendocrine	tumors,	1358t,	1359,	1360,	1374,	1376
for	ovarian	cancer,	1165
pulmonary	toxicity,	2115
for	renal	cell	carcinoma,	308,	1031,	1032t,	1035t,	1036,	1038
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	685
for	soft	tissue	sarcomas,	1435
for	synovial	sarcomas,	1436
for	thymic	carcinoma,	706
for	thyroid	cancer,	1335
for	uveal	melanomas,	1905

Sun	protection,	1516–1517
Superficial	basal	cell	carcinoma,	1479–1481,	1480f
Superficial	fibromatosis,	1405–1406
Superficial	parotidectomy,	587
Superficial	spreading	melanoma,	1514f,	1519
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Superior	mesenteric	vein–portal	vein	axis	(SMV-PV),	811
Superior	vena	cava	syndrome	(SVCS),	213,	1910–1914

anatomy,	1910,	1911f
areas	of	uncertainty,	1914
catheter-induced	obstruction	and,	1912,	1913
clinical	presentation,	1910,	1911f,	1911t
diagnosis,	1912
disease-specific	management	and	outcomes,	1912
endovascular	therapy	for,	1913–1914
etiology,	1910–1912,	1912t
lung	cancer	and,	658–659,	1910,	1911t,	1913,	1914
nonmalignant	causes	of,	1912,	1913
pathophysiology,	1910,	1911f
in	pediatric	patients,	1912
radiation	therapy	for,	1913,	1914
recommendations,	1914
surgery	for,	1914
treatment,	1913–1914

Supplements,	2272–2277
direct	biologic	effects	on	cancer,	2271
hematologic	toxicity,	2271
interactions,	2271
organ	toxicity,	2271
phytoestrogens	in,	2271,	2272t
safety	concerns,	2271
standardization	and	quality,	2271–2272

Support	groups,	2232–2233
Suppositories,	for	constipation,	2091–2092
Supraglottic	laryngectomy,	572,	573,	601
Supraglottic	larynx

anatomy	of,	569
carcinoma	of,	569

clinical	picture,	569
combined	treatment	policies,	572
irradiation	technique,	572
outcomes	of	treatment,	573
patterns	of	spread,	569
recurrence	management,	572
staging,	571t
surgical	treatment,	572
treatment,	572

lymphatics,	569
Suprahyoid	epiglottis,	569
Supralinear	model,	of	ionizing	radiation,	128
Surfactant	proteins,	2116
Surgery.	See	also	specific	cancers	and	procedures;	specific	procedures

for	adolescents	and	young	adults,	1624
for	anal	cancer,	1002
for	anaplastic	oligodendroglioma,	1582–1583
for	brain	metastases,	1937–1939,	1938t,	1940t
for	breast	cancer,	1281–1287,	2224
for	cerebellar	astrocytomas,	1591
for	cervical	cancer,	1179,	1181
for	cholangiocarcinoma,	869,	872–873,	875–876
for	choroid	plexus	tumors,	1608



for	CNS	neoplasms,	1574–1575
cognitive	impairment	after,	2175
for	colorectal	cancer,	933–935,	934f,	946
complications	of,	2250
for	cranial	chordomas	and	chondrosarcomas,	1606
for	craniopharyngiomas,	1602
for	ependymomas,	1592
for	esophageal	cancer,	725,	727–733,	753
for	gallbladder	cancer,	880
for	gangliogliomas,	1591
for	gastrointestinal	stromal	tumors,	895,	900
for	glioblastoma,	1583
for	glomus	jugulare	tumors,	1605
for	hemangioblastomas,	1605
for	hepatocellular	carcinoma,	847–848,	848t,	851,	851t
for	large	cell	neuroendocrine	carcinoma,	691
for	lymphedema,	2264
for	mediastinal	neoplasms,	704
for	medulloblastoma,	1596–1597
for	melanoma	metastatic	disease,	1541–1543
for	meningiomas,	1593–1594
for	mesotheliomas,	1874–1878
for	non–small-cell	lung	cancer,	633
for	optic	gliomas,	1588–1589
for	pain	management,	2205–2207,	2206t
for	pancreatic	neuroendocrine	tumors,	1357–1358,	1364–1365
for	pituitary	adenoma,	1600–1601
for	pulmonary	carcinoid	tumors,	688–689
for	rectal	cancer,	974–981
risk-reducing,	401–414
for	small-cell	lung	cancer,	677–678
for	soft	tissue	sarcomas

extremity	or	truncal,	1418–1419,	1426
retroperitoneal,	1427–1430

for	spinal	axis	tumors,	1608–1609
for	spinal	cord	compression,	1925–1926,	1926f,	1978–1980,	1980f
for	superior	vena	cava	syndrome,	1914
for	thymic	carcinoma,	706

Surgical	intra-abdominal	infections,	2057
Surgical	prophylaxis,	401–414

in	breast	cancer,	82,	401–403,	406–407,	1272,	1272t
identifying	high-risk	patients,	401–402,	402t
management	options,	402–403
timing	of,	403

in	endometrial	cancer,	407–408
in	gynecologic	cancers	associated	with	rare	hereditary	syndromes,	408
in	hereditary	colorectal	cancer	syndromes,	412–416,	416t
in	hereditary	diffuse	gastric	cancer,	403–405
in	MEN	type	2/thyroid	cancer,	409–412,	411f,	1381

follow-up	in,	411
procedure	for,	410–411,	411f

for	multiple	endocrine	neoplasia,	1318
in	ovarian	cancer,	406–407,	408,	476–477,	1232,	1233,	1235,	2224

Surveillance,	in	genetic	counseling,	475–476
Survival	curves
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calculation	of,	497–498,	497t
sample	sizes	and,	493,	493t

Survival	function	S(t),	497
Survivin,	451,	452
Survivorship	(survival),	165,	167f,	2180–2186

adjustment	and	lifestyle	in,	2183
adolescent	and	young	adult,	1619–1620,	1627–1630,	1628f
advocacy	for	survivors,	2186
best	practice	models,	2184–2185
breast	cancer,	165,	167f,	175,	1298–1299,	1299t,	1307
cancer	type	and,	2180–2181,	2182f
care	plans	for	survivors,	2183–2184,	2184t
components	of	care	for,	2080,	2181t
definition	of,	2180
educational	considerations,	2185
employment	issues,	2186
epidemiology,	2180,	2181f
follow-up,	2169
follow-up	care	for,	2184–2185
health-care	goals,	2181–2183
health	insurance	for	survivors,	2186–2187
late	effects,	2181–2183
measurement	of,	455,	455f
optimal	outcomes	for	survivors,	2180
overall	survival,	506,	507t
rehabilitation	and,	2248–2249
research	into,	2185
scope	of	problem,	2180–2181
smoking	cessation	and,	391

Susceptibility.	See	Cancer	susceptibility
SV40,	102–103
Swallowing	assessments,	598–599
Swallowing	rehabilitation,	599,	601
Sweat	gland	carcinoma,	1494
Sweet,	Benjamin,	102
Sweet	syndrome,	2051
Swimmer	plots,	509,	510f
Switch	maintenance	therapy,	1252
SX-682,	372t
Symptom	control,	psychotherapy	for,	2233
Symptom	end	points,	507t
Synapsis,	198,	198f
Synaptic-like	vesicles,	1354
Synaptophysin	(Syn),	1354,	1368,	1370
Synaptotagmin	1	(SYT1),	1564–1565
Syndrome	of	inappropriate	diuresis	(SIAD),	2001
Syndrome	of	inappropriate	secretion	of	antidiuretic	hormone	(SIADH),	1918,	1929–1930,	2000–2002

clinical	manifestations	of,	2000
diagnosis	of,	2000–2001,	2000t
etiology	of,	2000
lung	cancer	and,	628
small-cell	lung	cancer	and,	671–673
treatment,	2001–2002
vasopressin	receptor	antagonists	for,	2001–2002,	2001t
vinca	alkaloids	and,	293



Synonymous	changes,	12
Synovial	sarcomas,	1412

in	adolescents	and	young	adults,	1619–1620,	1624f
characteristics,	1412
cytogenetics,	1387t
histology,	1386f
management	of,	1436
molecular	abnormalities	in,	1387t,	1412
translocations	associated	with,	1388

Synthetic	lethal	therapy,	333,	334,	336,	1165
Synuclein	alpha	interacting	protein	(SNCAIP),	1562
Syringoma,	malignant,	1494
Systematic	error,	155
Systemic	HIV-related	lymphoma,	1699–1700
Systemic	immunoglobulin	light	chain	amyloidosis,	1820t
Systemic	targeted	radionuclide	therapy	(STaRT),	211
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T

T315I	mutations,	1778,	1780–1781,	1782
TAC	regimen,	288
Tacrolimus,	1750,	2025,	2103
TAF15,	1389,	1415
TAF15-NR4A3	fusion,	1413
Tai	chi,	2152,	2277
TAL1/TAL2/LMO1/LMO2/LYL1	translocations,	1735
Talampanel,	1587
Talazoparib,	685,	1252,	1260,	1306
Talc	pleurodesis,	1984,	1985
Talimogene	laherparepvec	(T-VEC),	220,	377–378,	378f
Tamoxifen,	347–350

for	breast	cancer,	347–350,	1266,	1283,	1289,	1294–1297,	1294t,	2223
carcinogenic	potential	of,	348
carcinosarcoma	associated	with,	1221
chemoprevention	and,	347–348,	402–403,	431–432,	433,	1272,	1274
for	desmoid	tumor,	1437
dosage,	348
for	endometrial	cancer,	1217–1218
endometrial	cancer	associated	with,	348,	431–432,	1211
for	hepatocellular	carcinoma,	858
mechanism	of	action,	348,	431,	1266
for	meningiomas,	1595
metabolism	of,	348–349,	349f,	1295,	2234–2235
for	metastatic	disease,	1304
for	ovarian	suppression,	1295
pharmacokinetics	of,	348–349
pharmacology	of,	348–350
pregnancy	and,	1301
resistance	to,	352–353
selective	serotonin	reuptake	inhibitors	and,	2234–2235
sexual	problems	and,	2223
toxicities,	348,	431–432

Tamoxifen	flare,	1304
Tamsulosin	hydrochloride	(Flomax),	1104
TAP	regimen,	1218
Tar,	smoking	and,	91,	620
Targeted	mutation	analysis,	30–36,	31t,	41
Targeted	therapies

for	bone	metastases,	1971–1972
for	brain	metastases,	1939–1941,	1941t
cardiac	toxicity,	2119
for	cervical	cancer,	1192
complications	of,	2250
diarrhea	associated	with,	2087
epigenetics	and,	318
for	esophageal	cancer,	739,	742,	751–753,	752t
for	germ	cell	tumors,	1157
inflammation	and,	119
for	leptomeningeal	metastases,	1942
for	liver	metastases,	1962
for	lung	cancer,	610,	611t,	616



for	lung	metastases,	1946
for	malignant	ascites,	1992–1993,	1996–1997
for	mediastinal	neoplasms,	706
for	mycosis	fungoides/Sézary	syndrome,	1713t
for	non–small-cell	lung	cancer,	646
for	pancreatic	cancer,	804
for	pancreatic	ductal	adenocarcinoma,	804,	807,	829
for	pulmonary	carcinoid	tumors,	689
radiation	sensitivity	and,	203–204
for	recurrent	glioblastoma,	1586–1587
for	renal	cell	carcinoma,	1031,	1033,	1035–1037,	1035t
for	small-cell	lung	cancer,	684–686,	684t
for	soft	tissue	sarcomas,	1435,	1439
for	stomach	cancer,	786–788
for	uveal	melanomas,	1906,	1907f
for	vestibular	schwannomas,	1604

TAS-102,	266t,	268t,	271,	960
Taurine,	2118
TAX325	trial,	784–785
Taxanes,	288–292.	See	also	specific	drug

for	anaplastic	thyroid	carcinoma,	1333
for	bladder	cancer,	1065–1066,	1066t
for	breast	cancer,	288,	290,	1305
cardiac	toxicity,	2121–2122
cisplatin	with,	549
clinical	pharmacology,	290–291
development	of,	288
drug	interactions,	291
for	endometrial	cancer,	1218
for	head	and	neck	cancer,	288,	548
for	large	cell	neuroendocrine	carcinoma,	690
mechanism	of	action,	288–290,	289f
mechanisms	of	resistance,	295
for	ovarian	cancer,	288,	1240
pulmonary	toxicity,	2113t,	2117
radiation	sensitivity	and,	203
reproductive	dysfunction	and,	2135
toxicity,	291–292

Tax	protein,	108
Taxus	spp.,	288
Taxus	baccata,	288
Taxus	brevifolia,	288
TBL1XR1,	1722
Tbo-filgrastim,	2070t,	2072
T	cell(s),	115,	369

adoptive	cell	therapy,	16,	221,	370,	370t,	382,	383f
analysis,	28
CD4+,	52,	108,	115,	219,	369–370,	1786–1787
CD8+,	52,	115,	118,	218–220,	369–370,	1708,	1786–1787
CD44+,	539–541
development	of,	1633,	1674–1675
differentiation	of,	1672
immune	function,	52–53,	56

T-cell	acute	lymphoblastic	leukemia,	1751–1752,	1756
T-cell	bispecific	antibodies,	381–382
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T-cell	depletion,	1750,	2025,	2027
T-cell	histiocyte-rich	large	B-cell	lymphoma,	1653,	1692
T-cell	immunoglobulin	and	mucin	domain	3	(TIM-3)	inhibitors,	371t,	376
T-cell	immunoreceptor	with	immunoglobulin	and	immunoreceptor	tyrosine-based	inhibitory	motif	domain
(TIGIT)	inhibitors,	371t,	376
T-cell	lymphomas,	1675t

chromosomal	translocations	in,	1634
classification	of,	1708,	1709t
cutaneous,	1708
molecular	pathogenesis	of,	1642–1643
nasal	cavity,	580
non-Hodgkin,	1633,	1673f,	1674–1675
small	bowel,	891,	892t
stem	cell	transplantation	of,	2013,	2014t,	2016

T-cell	neoplasms,	1676–1677
T-cell	receptor(s),	1633,	1731t,	1735
T-cell	receptor	complexes,	369
TCF3,	912,	1637,	1735
TCF4,	912
TCH	regimen,	1298
Tcll,	1770
TCRβ,	28
TCRγ,	28
Teachable	moment,	397,	2183
Tea	extract,	426t
Technetium-99m–GSA	scintigraphy,	848
Technology-assisted	interventions,	2232
Teeth,	2097
Tegafur,	639,	750,	783,	937–938,	942
Telbivudine,	109
TEL/JAK2	fusion	proteins,	1737
Telomerase,	47–48

activation,	714
cellular	immortality	and,	615
cutaneous	melanomas	and,	1505
delayed	activation	of,	48
description	of,	47
esophageal	cancer	and,	714
transient	deficiency	of,	48

Telomerase	reverse	transcriptase	(TERT),	7,	86,	451,	452
bladder	cancer	and,	1044
gastrointestinal	cancer	and,	715
glioma	and,	1564
HNSCC	and,	538
liposarcomas	and,	1390,	1408
liver	cancer	and,	839
melanoma	and,	1505,	1510–1512
meningioma	and,	1565–1566
parathyroid	cancer	and,	1339
thyroid	cancer	and,	1323–1324

Temazepam	(Restoril),	2235t
Temozolomide	(TMZ),	248t

for	anaplastic	astrocytoma,	1582
for	brain	stem	gliomas,	1590
for	cerebellar	astrocytomas,	1591



classification	of,	246–247
clinical	pharmacology,	248t
doses	and	schedules,	250t
for	Ewing	sarcoma,	1458,	1459
for	glioblastomas,	1584–1586
for	gliomas,	20
for	low-grade	gliomas,	1581,	1581t
for	melanoma,	1551
for	neuroendocrine	carcinoma,	1861
for	optic	gliomas,	1589
for	pancreatic	neuroendocrine	tumors,	1359
for	primary	CNS	lymphoma,	1724,	1726
for	pulmonary	carcinoid	tumors,	689
pulmonary	toxicity,	2111
radiation	sensitivity	and,	203
radiotherapy	and,	1585
for	recurrent	glioblastoma,	1586
for	small-cell	lung	cancer,	681,	682t,	685
for	soft	tissue	sarcomas,	1435
for	spinal	axis	tumors,	1609
therapeutic	uses,	247,	248t
toxicities,	248t
tumor	treating	fields	and,	1585–1586

Temporal	bone	tumors,	584
Temporal	meningioma,	1919f
Temporal	trends,	170–173,	180–181
Temporal	tumors,	1572
Temsirolimus	(Torisel),	340,	344t

clinical	pharmacology,	344t
description	of,	340
diarrhea	associated	with,	2087
dosage	and	administration,	344t
for	endometrial	cancer,	1219
for	glioblastoma,	1586
indications,	344t
mechanism	of	action,	344t
mTOR	inhibition	by,	308
for	primary	CNS	lymphoma,	1726
pulmonary	toxicity,	2113t
for	renal	cell	carcinoma,	340,	1035t,	1037–1038
for	small-cell	lung	cancer,	684
toxicities,	341,	344t

Tenascin,	1585
Ten-eleven	translocation	(TET)	proteins,	314,	315,	318
Teniposide,	282t,	284

cardiac	toxicity,	2120t
structure	of,	279f,	284
therapeutic	uses,	282t,	284
toxicities,	282t,	284

Tenofovir,	109–110
Tenosynovial	giant	cell	tumor	of	soft	tissue	(TGCTs),	1407
Teratogenesis,	253
Teratogenic	risks,	2133,	2144–2145
Teratoid	tumors,	1595–1596
Teratomas
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mediastinal,	708–709
histology,	708
management	of,	708–709
mediastinal,	708–709
prognosis,	709

testicular,	1147,	1147f
Terminally	ill	patients

communication	issues,	2242,	2246
diabetes	mellitus	in,	2246
impending	death	for,	2245–2246
interdisciplinary	care	for,	2242,	2245
preparing	family	for	death	of,	2246
primary	care	of,	2242
problems	commonly	seen	in

chest	wall	tumors,	2245
dyspnea,	2242–2243
gastric	outlet	obstruction,	2244
malignant	ascites,	2244–2245
malignant	biliary	obstruction,	2244
malignant	bowel	obstruction,	2243
wounds,	2245

specialized	care	of,	2242–2246
TERT.	See	Telomerase	reverse	transcriptase
TERT-CLPTM1L,	157
Tesetaxel,	291
Testicular	cancer,	1145–1159

adjuvant	chemotherapy	for,	1152–1155,	1153t
in	adolescents	and	young	adults,	1617,	1619
biology	of,	1147–1149,	1148f
cisplatin	for,	257,	1149,	1153–1157,	1153t
classification	of,	1146,	1146t
clinical	response,	assessing,	504t
CNS	metastases	from,	1155–1156
conventional-dose	chemotherapy	for,	1157
diagnosis	of,	1145–1146
epidemiology,	1145
familial	predisposition	to,	1149
follow-up,	1158–1159
gonadal	dysfunction	and,	1158,	2133–2134,	2221
good	prognosis,	1155
high-dose	chemotherapy	for,	1152,	1157
histology,	1146–1147,	1146f,	1146t
immunohistochemical	markers,	1149
incidence,	1145
intermediate	or	poor	prognosis,	1155–1156
lymphoma,	1159,	1692
management,	1152–1158
metastatic	disease,	1145,	1149–1151,	1150f,	1151f,	1154–1156
obesity	and,	146t
outcome,	factors	affecting,	1151–1152
personalized	strategy	for,	1155
psychosocial	issues	in,	1158
residual	mass	management,	1156
retroperitoneal	lymph	node	dissection	in,	1151,	1153–1154,	1156
risk	classification,	1151–1152,	1152t



risk	factors	for,	1145
salvage	chemotherapy	for,	1157
secondary	malignancy	risk	in,	1158,	2162–2163
serum	tumor	markers,	1151,	1155
sexual	problems	and,	1158,	2221
stage	I,	1152–1154
stage	II,	1154–1156
stage	III,	1154–1156
staging,	1149–1152,	1150t
stem	cell	transplantation	for,	1152,	1157
surveillance,	1152,	1153
symptoms	and	signs,	1145
treatment	sequelae	in,	1157–1158

Testicular	metastases,	1159
Testicular	tissue,	cryopreservation	of,	2142–2143
Testis

anatomy	of,	2134
toxicity	to,	253,	2134–2136

Testosterone
cancer-related	fatigue	and,	598,	2151
germ	cell	treatment	and,	1158
prostate	cancer	and,	1116–1117

Testosterone	cypionate,	2222
Testosterone-secreting	tumors,	1239
TET2,	1642,	1643,	1695,	1729,	1736,	1738,	1739,	1742,	1806
Tetracycline	antibiotics,	1916,	1985,	1988–1989
TFAP2E,	961
TGFBR1	mutations,	797
TGFBR2	mutations,	797,	799,	801,	913,	923
TGN1412,	377
TGR-1202,	372t,	2041
Thalamic	tumors,	1572
Thalidomide	(Thalomid),	341,	344t

for	cancer	cachexia,	2215
for	chronic	lymphocytic	leukemia,	1795
clinical	pharmacology,	344t
constipation	and,	2091
daratumumab	with,	366
dosage	and	administration,	344t
for	hepatocellular	carcinoma,	858
indications,	344t
for	lymphoplasmacytic	lymphoma,	1685
mechanism	of	action,	341,	344t
for	multiple	myeloma,	322–328,	341,	1828–1837,	1828t
for	nausea	and	vomiting,	2081–2082
for	non–small-cell	lung	cancer,	646
for	oral	cGVHD,	2103
for	pulmonary	carcinoid	tumors,	689
pulmonary	toxicity,	2113t,	2115
rituximab	with,	365
for	small-cell	lung	cancer,	685
teratogenicity	of,	341
toxicities,	341,	344t

The	Cancer	Genome	Atlas	(TCGA),	13–14,	124,	313
adrenal	tumors,	1345
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cervical	cancer,	1179
colorectal	cancer,	908,	931
cutaneous	melanoma,	1500–1501,	1508,	1510–1511
endometrial	cancer,	1167,	1213
gastric	cancer,	764
glioblastoma,	1583
HNSCC,	538–539
liver	cancer,	839
lung	cancer,	607
prostate	cancer,	1076
renal	cell	carcinoma,	1016,	1018
urothelial	carcinoma,	1052

TheraBite	Jaw	Motion	Rehabilitation	System,	2262–2263,	2262f
Theranostics,	28
Therapeutic	drug	monitoring,	238
Therapeutic	exercise,	2264–2265
Therapeutic	windows,	239–240
Thermal	ablation,	for	renal	cell	carcinoma,	1020,	1027t
Thick	melanomas,	1530,	1531–1532
Thin	primary	melanoma,	1528
6-Thioguanine	(6-TG),	273

for	acute	myeloid	leukemia,	273
description	of,	273
doses	and	schedule,	269t
mechanism	of	action,	266t,	273
mechanism	of	resistance,	266t,	273
for	optic	gliomas,	1589
pharmacogenomics	of,	243–244
reproductive	dysfunction	and,	2135,	2135t
therapeutic	uses,	269t,	273
toxicities,	269t,	273

Thiopurine	methyltransferase	(TPMT/TPMT),	28,	243–244,	244f,	273,	2159
6-Thiopurines,	273

clinical	pharmacology,	273
description	of,	273
doses	and	schedule,	269t
mechanism	of	action,	266t,	273
mechanism	of	resistance,	266t,	273
therapeutic	uses,	269t
toxicities,	269t,	273

Thiotepa,	246
for	bladder	cancer,	1054
classification	of,	246
clinical	pharmacology,	248t
doses	and	schedules,	250t
hair	loss	with,	2129
intrathecal,	1942
for	medulloblastoma,	1598
for	primary	CNS	lymphoma,	1724–1725
reproductive	dysfunction	and,	2135t
sclerotherapy	via,	1988
therapeutic	uses,	246,	248t
toxicities,	248t,	253

Thoracentesis
for	malignant	pleural	effusion,	1983,	1984



in	mesothelioma,	1871
Thoracic	surgical	oncology,	522–524
Thoracoscopy,	in	mesothelioma,	1871
Thoracotomy,	open,	633,	639
Thorotrast	exposure,	867,	1402,	1866
3D	conformal	radiation	therapy

for	bladder	cancer,	1061
for	esophageal	cancer,	747
for	non–small-cell	lung	cancer,	633,	635f
for	stomach	cancer,	782

3D	models,	for	radiation	therapy	planning,	208–209
Three-step	analgesic	ladder,	2195–2196,	2202
Threshold	model,	of	ionizing	radiation,	128
Thrombocytopenia,	2074–2075

alkylating	agents	and,	252
causes	of,	2074–2075
cladribine	and,	274
clofarabine	and,	275
definition	of,	2074
fludarabine	and,	274
HCC	and,	848
management	of,	2075
myelodysplastic	syndromes	and,	1808
platinum	agents	and,	263
TAS-102	and,	271

Thrombocytosis,	1868,	2004
Thromboembolism,	tamoxifen	and,	348,	432
Thrombolysis,	for	superior	vena	cava	syndrome,	1913–1914
Thrombopoietic	agents,	2070t,	2075
Thrombopoietin,	2070t,	2075
Thrombospondin-1	(TSP-1),	48–49,	55
Thromboxane	A2,	429
Thrush.	See	Candidiasis
Thymectomy,	703
Thymic	carcinoma,	700,	702–707

associated	systemic	syndromes,	702–703,	702t
diagnosis,	702
histologic	classification,	702
signs	and	symptoms	of,	702–703
staging	of,	702,	702t
targeted	therapies	for,	706
treatment	of,	706
treatment	results,	707

Thymic	neuroendocrine	tumors,	702,	702t,	707,	1368,	1370,	1379
Thymidine	phosphorylase,	947,	960
Thymidylate	synthase	(TS),	244,	265,	267,	269,	1752,	1878–1879,	2086
Thymolipomas,	707
Thymomas,	700–702

associated	systemic	syndromes,	702–703,	702t
chemotherapy	for,	704–706,	705t
classification	of,	701,	701t
combined	modality	approaches,	705–706
gross	appearance	of,	700–701
management	by	stage,	704–706
noninvasive	versus	invasive,	701
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radiation	therapy	for,	704
radiographic	imaging,	703
serology	and	chemistry,	703–704
staging,	701–702,	701t,	702t
treatment	results,	706–707

Thymus
anatomy,	700
biology	of,	1633,	1672,	1673f,	1674
neoplasms,	700–707

etiology,	700
incidence,	700
pathology,	700

Thyroglobulin	(Tg),	1331–1332,	1857t
Thyroid	cancers,	1326–1336

in	adolescents	and	young	adults,	1617,	1619,	1630
bone	metastases	in,	1970
classification,	1327–1328,	1329t
differentiated

adjuvant	therapy	for,	1330
in	children,	1335
external-beam	radiation	therapy	for,	1332
incidence	of,	1328
long-term	surveillance,	1331–1332
MEK	inhibitors	for,	1332–1333
pathology,	1328–1329
prognosis,	1328,	1330t
radiation	exposure	and,	1327
radioiodine	remnant	ablation	for,	1330
surgery	for,	1329–1330
systemic	agents	for,	1332–1333
treatment,	1329–1333

distant	metastasis,	1332
epidemiology,	1328
etiology,	1327
familial,	1327,	1328t
familial	syndromes,	1327,	1328t
geographic	variations	in,	170,	171f
local	recurrence,	1332
medullary

clinical	features	of,	409,	409t
gene	carriers	in,	408–409,	409t
genetic	testing	and	counseling	in,	409

molecular	biology	of,	1322–1324,	1328
obesity	and,	146t
overdiagnosis	of,	456,	1617
physical	activity	and,	148t
radioiodine	therapy,	1330–1332,	1335
RET	mutations	in,	308,	408–412
RET-PTC	translocations,	27
risk	factors,	1327
secondary,	2166–2167
socioeconomic	status	and,	166
sporadic	medullary,	409t
staging,	1328
surgical	prophylaxis	in,	409–412,	411f,	1381



survival,	2181,	2182f
tyrosine	kinase	inhibitors	for,	304–305,	1332–1333,	1335
ultrasound-guided	percutaneous	ethanol	ablation	of,	1332

Thyroidectomy,	1329–1330,	1335
prophylactic,	409–412,	411f,	1318,	1381
risk-reducing,	409–412,	411f

Thyroid	gland
anatomy	and	physiology,	1326,	1327f
incidental	18FDG-PET–positive	lesions,	1327
lymphatic	drainage,	1326,	1330,	1331f
malignancies	of,	1327
metastatic	disease	of,	1327
prophylactic	thyroidectomy,	409–412,	411f,	1318,	1381

Thyroid	hormone,	703
Thyroid	hormone	replacement,	411
Thyroiditis,	1327,	1335,	1641
Thyroid	lymphoma,	1327–1328,	1335
Thyroid	nodules,	1326–1327,	1327f
Thyroid	replacement	therapy,	1335
Thyroid-stimulating	hormone	(TSH),	1326,	1330–1332
Thyroid	transcription	factor	1,	529,	671,	1857t
Thyrotropin-releasing	hormone,	2151
Tight	junction	protein	1	(TJP1),	329
Time	to	progression,	506
Time	to	treatment	failure,	506
Tin-117,	1974
Tipifarnib,	825,	1586
TIP	regimen,	1157
TIRAP,	1807
Tirapazamine,	1584–1585
Tisagenlecleucel,	383
Tissue	of	Origin	(test),	1857
Tissue	of	origin,	biomarkers	of,	528–529,	1856–1857
Tissue	Organization	Field	Theory,	420–421
Titanium	dioxide,	131
Tivantinib,	859
T-Lineage	ALL,	1751,	1752
TLX1/TLX3	translocations,	1735
T-Lymphoblastic	lymphoma,	1756
TMEM127	mutations,	1345
TMPRESS-ETS,	27
TMPRSS2-ERG	fusion,	10,	27,	1077
TMS1,	1165
TNF.	See	Tumor	necrosis	factor
TNFAIP3,	4,	1640,	1644,	1651,	1722
TNFRSF14,	1639
Tobacco,	90–96,	388–399.	See	also	Smoking

activation	and	detoxification	of	toxicants,	95,	95t
anal	cancer	and,	998
assessment	of	use,	389,	395,	397t,	398
biomarkers	of	exposure,	94,	95t
cancer	caused	by,	90,	91t,	124,	174,	388,	563
cancer	patient’s	use	of,	388,	389–393
carcinogenesis	and,	94–96
carcinogens	in,	92–96,	93t–94t,	121,	607,	620
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clinical	effects	on	cancer	patients,	390–393,	398
colorectal	cancer	and,	921,	932
control	policies	for,	90,	624
deaths	caused	by,	90–91
epidemiology	of	use,	90–92,	388
esophageal	cancer	and,	718–719,	723
geography	and,	170
HNSCC	and,	536–537,	542
kidney	cancer	and,	1020
lung	cancer	susceptibility	and,	607,	618–620,	621f
mortality	effects	of,	388,	391
myelodysplastic	syndromes	and,	1802–1803
nicotine	and	addiction,	388
non–small-cell	lung	cancer	caused	by,	618–620,	621f,	622
pancreatic	cancer	and,	804–805
polycyclic	aromatic	hydrocarbons	in,	92–96,	121,	620
prevalence	of,	388
products	with,	evolution	of,	91–92,	388
prostate	cancer	and,	1088
radiation-induced	pulmonary	toxicity	and,	2110
research	and	future	considerations,	398–399
risk	relationship	with,	173
small-cell	lung	cancer	and,	671
smokeless,	92
urothelial	carcinoma	and,	1051
use	behaviors	for,	91

Tobramycin,	2102
Tocilizumab,	384,	2116
Tocopherols,	435
Toes,	melanomas	of,	1531
Tolerable	radiation	port,	680
Toll-like	receptor(s)	(TLRs),	119,	1639–1640
Toll-like	receptor	2	(TLR2),	1864,	1865f
Toll-like	receptor	3	(TLR3),	370,	381
Toll-like	receptor	4	(TLR4),	1864,	1865f
Toll-like	receptor	8	(TLR-8),	1254
Toll-like	receptor	modulators,	373t,	381
Tolvaptan,	672,	2001,	2001t
Tongue

anatomy,	559
base	of

anatomy	of,	563
carcinomas	of,	563–564,	567–568

finger	function	of,	600
lymphatics,	559
rehabilitation	of,	600–601,	600f

Tongue	cancer
in	adolescents	and	young	adults,	1619
base	of	tongue,	567–568

complications	of	treatment,	568
follow-up,	568
irradiation	technique,	567
outcomes	of	treatment,	567,	568t
pathology,	563
patterns	of	spread,	564



recurrence	management,	567
surgical	treatment,	567
treatment,	567

oral,	559–560
clinical	picture,	559
complications	of	treatment,	560
differential	diagnosis,	559
excisional	biopsy,	559
incidence	of,	542
irradiation	technique,	560
molecular	treatment	strategies	for,	540f
outcomes	of	treatment,	560
pathology,	559
patterns	of	spread,	559
recurrence,	management	of,	560
surgical	treatment,	560
treatment,	559–560
in	young	patients,	536,	540f

Tonsil	cancer,	563–567
clinical	picture,	564
complications	of	treatment,	567
HPV	and,	566
irradiation	technique,	566
molecular	treatment	strategies	for,	540f
outcomes	of	treatment,	566,	567t
pathology,	563
patterns	of	spread,	563
recurrence	management,	566
surgical	treatment,	564
treatment,	564–566

Tonsillar	area
anatomy	of,	563
cancer	of,	563–567	(See	also	Tonsil	cancer)

Tonsillar	fossa,	563.	See	also	Tonsil	cancer
anatomy	of,	563
cancer	of,	563–564

TOP1MT,	283
Topiramate,	2203
Topoisomerase(s),	276

biochemical	characteristics	of,	276
biologic	functions	of,	276
classification	of,	276,	277t
cleavage	complexes	of,	276–277,	277f,	278f
DNA	versus	RNA,	276
mechanisms	of,	276,	277f
swiveling	versus	strand	passage,	276,	277f

Topoisomerase	inhibitors
antibody–drug	conjugates	with,	285,	285t
camptothecin,	278
classification	of,	277t
for	colorectal	cancer,	947–948
cytotoxic	mechanisms	of,	276–278,	278f
future	directions,	285
I,	278–281

camptothecin,	277–278
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classification	of,	277t
in	development,	280–281,	280t
irinotecan,	279f,	280t
mechanism	of	action,	277–278,	278f
noncamptothecin,	281
topotecan,	279–280,	279f,	280t

II,	281–285,	282t	(See	also	Anthracyclines)
anthracenediones,	282t,	284
classification	of,	277t,	281
dactinomycin,	279f
daunorubicin,	279f
doxorubicin	(See	Doxorubicin	(Adriamycin))
epipodophyllotoxins,	278,	282t,	284
epirubicin,	279f,	282t
etoposide	(See	Etoposide	(VP-16))
idarubicin,	282t
mechanism	of	action,	278,	278f,	281
secondary	primary	leukemias	with,	284–285,	1735,	1743
teniposide,	279f

as	interfacial	poisons,	276–278
structure	of,	279f

Topotecan,	279–280,	280t
for	carcinosarcoma,	1221t
for	cervical	cancer,	1192
description	of,	279
for	Ewing	sarcoma,	1458
for	ovarian	cancer,	1244,	1245
pulmonary	toxicity,	2111
for	small-cell	lung	cancer,	678–679,	679t,	681,	682t
structure	of,	279,	279f
therapeutic	uses,	279,	280t
toxicities,	280,	280t
veliparib	and,	285

Torcula	herophili,	1917
Toremifene,	350,	1117
Torulopsis	glabrata,	2026
Tositumomab	(Bexxar),	360t,	363,	1682
Total	abdominal	colectomy,	935
Total	abdominal	colectomy	with	ileorectal	anastomosis	(TAC/IRA),	413,	415,	416
Total	abdominal	hysterectomy,	1214
Total	body	bone	scan	(TBSS),	1453–1454,	1455f
Total	laryngectomy,	572,	573
Total	laryngopharyngectomy,	575,	577
Total	lymphoid	irradiation	(TLI),	1654–1655
Total	mastectomy	(TM),	403
Total	mesorectal	excision	(TME),	970,	974–978,	977f,	980t
Total	parotidectomy,	587
Total	pelvic	exenteration,	979
Total	proctocolectomy	(TPC),	prophylactic,	413–414
Total	skin	electron-beam	therapy,	1713t,	1714–1715
Totipotent	stem	cells,	2068–2069
Touch,	healing,	2153
TOX,	1722
Toxicity	end	points,	233
Toxic	metals,	123



Toxic	metals,	in	tobacco,	92
Toxoplasmosis,	2058–2059,	2058f
TP53,	127

aurora	kinase	inhibitors	and,	295
mutations,	12,	27

in	actinic	keratosis,	1483
in	acute	leukemias,	1732t,	1738,	1743
in	adrenocortical	carcinoma,	1345
in	anal	cancer,	1002
in	bone	sarcomas,	1451
in	breast	cancer,	402t,	1260t,	1261–1262,	1263,	1270
in	cancer	of	unknown	primary	site,	1862
in	carcinoid	tumors,	687
in	carcinosarcoma,	1221
in	cholangiocarcinoma,	842,	867,	870
in	chronic	lymphocytic	leukemia,	1642,	1768–1769,	1786,	1789,	1796
in	colorectal	cancer,	532t,	909,	913,	915
driver,	12,	19
in	endometrial	cancer,	1167
in	esophageal	cancer,	714,	715,	740
in	gastric	cancer,	716,	764
in	gliomas,	1564–1565,	1579
in	hepatocellular	carcinoma,	837,	842,	845
in	hereditary	breast	and	ovarian	cancer,	82
in	HNSCC,	537–538
in	large	cell	neuroendocrine	carcinoma,	690
in	leiomyosarcoma,	1392,	1409
in	Li-Fraumeni	syndrome,	84
loss	of	function,	27
in	lung	cancer,	607,	609,	613,	683
in	lymphoma,	1635,	1637,	1640,	1643,	1684
in	malignant	peripheral	nerve	sheath	tumor,	1392
in	medulloblastoma,	1561,	1562f
in	melanoma,	1504,	1511
in	mesothelioma,	1865
in	myelodysplastic	syndromes,	1808
in	myxofibrosarcoma,	1391
in	oral	tongue	cancer,	536
in	oropharyngeal	cancer,	537
in	osteosarcoma,	1394,	1411
in	ovarian	cancer,	1163,	1164
in	pancreatic	cancer,	797,	799,	801,	802,	807,	807f,	822
in	penile	cancer,	1140,	1141
in	prostate	cancer,	1076,	1077
in	secondary	primary	cancers,	2157,	2158,	2168–2169
in	small	bowel	cancer,	887
in	soft	tissue	sarcomas,	1384,	1401
in	squamous	cell	carcinoma,	1483
in	thyroid	cancer,	1324,	1333
tobacco	and,	95
in	urothelial	carcinoma,	1042,	1044,	1045,	1052

oncogenic	viruses	and,	98
pathway,	799,	800f
pathway	of,	799,	800f
pharmacogenomics	and,	243
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platinum	agents	and,	259
product	of,	799
suppressor	function,	45
tumor	vaccines	and,	450–451

TP53	protein,	127,	799
TP73,	609
TPMT,	273,	2159
TPX0005,	309–310
Trabectedin,	1222–1223,	1245,	1384,	1432,	1435,	1436,	1437
TRACERx	clinical	trial,	19
Tracheal	stenosis,	601,	601f
Trachelectomy,	radical,	1181
Tracheoesophageal	fistula,	746
Tracheoesophageal	voice	prosthesis	(TEP),	599,	601–604,	602f
Tracheostoma,	601,	603–604

adhesive,	603,	603f
hands-free	devices,	603–604,	604f
heat	and	moisture	exchange,	604
housing,	603–604
occlusion,	603,	603f

Tramadol,	2198–2199
Trametinib,	241–242,	300t,	305,	651,	1543t,	1545t,	1549,	1549t,	1940
Tranquilizers,	2235,	2235t
Transaminitis,	1755
Transanal	endoscopic	microsurgery	(TEMS),	975
Transarterial	chemoembolization

for	adrenal	tumors,	1351
for	biliary	obstruction,	2057
for	cholangiocarcinoma,	869
for	hepatic	metastases,	1360,	1960,	1967
for	hepatocellular	carcinoma,	848–849,	854–855

Transarterial	embolization	(TAE),	for	hepatic	metastases,	1375,	1959–1960,	1967
Transarterial	radioembolization,	869
Transbronchial	needle	aspiration	(TBNA),	631
Transcriptome	analysis,	10–11,	15,	26f

bladder	cancer,	1046–1047
liver	cancer,	838,	839,	842
lung	cancer,	609

Transcutaneous	electrical	nerve	stimulation	(TENS),	2265
Transfalcian	herniation,	1916–1917
Transformation,	inflammation’s	role	in,	118
Transforming	growth	factor-α,	esophageal	cancer	and,	713–714
Transforming	growth	factor-β,	369

antiproliferative	effects	of,	46
in	colorectal	cancer,	911
corruption	of	pathway,	46
in	endometrial	cancer,	1167
in	familial	juvenile	polyposis,	913
in	gastric	cancer,	715
in	HNPCC,	913
inhibitors	of,	373t
in	liver	cancer,	839
myeloid-derived	suppressor	cells	and,	115
in	ovarian	cancer,	1164,	1165
in	pancreatic	cancer,	797,	799,	801



pulmonary	toxicity	and,	2109,	2115
radiation	and,	200
radiation	toxicity	and,	214,	2109
secretion,	53
vaccines	and,	452

Transforming	growth	factor-β/activin/Smad	pathway,	797,	798–799,	799f
Transforming	growth	factor-β	kinase	inhibitors,	380
Transhiatal	esophagectomy,	729–731,	729t,	730t,	773
Trans-3′-hydroxycotinine,	91
Transient	transaminasemia,	273
Translation,	cancer	susceptibility	syndromes	and,	79t,	80f,	84,	86
Translocations,	10–11,	25–28,	35,	199
Transoral	laser	microsurgery	(TLM),	564,	568,	570
Transoral	robotic	surgery	(TORS),	526,	545,	564–566
Transplantation,	liver.	See	Liver	transplantation
Transrectal	ultrasound	(TRUS),	1094
Transtentorial	herniation,	1917
Transthoracic	echocardiography,	2120
Transthoracic	esophagectomy,	729t,	730–731,	730t
Transthoracic	esophagogastrectomy,	773–774
Transthoracic	needle	aspiration	(TTNA),	628–629
Transthoracic	partial	pericardiectomy,	1989
Transudate,	1983
Transurethral	resection	of	the	bladder	tumor	(TURBT),	1053–1054,	1057–1061
Transvaginal	ultrasound	(TVUS),	408,	463–464,	1212,	1234,	1235,	1236
Transverse	colon

anatomy	of,	923–924,	924f
resection	of,	935

Trapped	lung,	1986
Trastuzumab	(Herceptin),	300t,	360t,	363

adverse	effects,	cardiomyopathy,	1305
approval	of,	303
for	bladder	cancer,	1052
for	breast	cancer,	186,	189,	190,	241,	302–303

adjuvant,	1297–1298,	1297t
metastatic	disease,	1305–1306
pregnancy	and,	1301
targets	of,	1266–1267

cardiac	toxicity,	2122–2123
characteristics	of,	363
development	of,	297,	302–303
for	endometrial	cancer,	1220
for	esophageal	cancer,	739,	751,	752t
for	gastric	cancer,	363,	786
mechanism	of	action,	363,	1266–1267
for	osteosarcoma,	1462
pharmacogenomics	of,	241
pulmonary	toxicity,	2111,	2114t
solid	tumors	treated	with,	363

Trazodone	(Desyrel),	2234,	2234t
Treadmilling,	microtubule,	288
Treanda.	See	Bendamustine
Trebananib,	1246
TREE-1	regimen,	950
TREE-2	regimen,	950
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Treg	cells,	115,	369,	452,	1794
Tremelimumab,	539,	686,	860,	1546,	1880,	2114t
Tremolite	exposure,	1863
Tretinoin,	cardiac	toxicity	of,	2120t
Triamcinolone,	for	malignant	ascites,	1995
Triazenes,	246–247,	248t

clinical	pharmacology,	248t
therapeutic	uses,	248t
toxicities,	248t

Trichloroacetic	acid,	999
Trichodysplasia	spinulosa	polyomavirus,	104
Trichofolliculoma,	1494
Trichostatin	(TSA),	316
Triclosan,	2102
Tricyclic	antidepressants,	2203,	2204,	2233–2234,	2234t
Triethylenethiophosphoramide	(TEPA),	246
Trifluridine/tipiracil	(TAS-102),	266t,	268t,	271,	960
Trigger	antigen,	361
Trigger	point	injections,	2208
Trimethoprim,	1717
Trimethoprim/sulfamethoxazole

for	brain	abscess,	2058
for	meningitis,	2057
for	MRSA,	2060
in	multiple	myeloma,	1838
for	neutropenia,	2074
for	Nocardia	infections,	2055
for	Pneumocystis	jiroveci,	2042
for	Pneumocystis	jiroveci	infections,	2055
for	toxoplasmosis,	2059

Tripe	palms,	2004
Triple-hit	lymphoma,	1694
Triple-negative	breast	cancer,	1262–1263,	1275–1276,	1289,	1296,	1306
Triple	wild-type	melanomas,	1506,	1506f
Triptorelin	pamoate,	1116
Trisectionectomy,	1957,	1959
Trismus

buccal	mucosa	cancer	and,	561
head	and	neck	cancer	and,	2262–2263
maxillary	sinus	tumors	and,	581
maxillectomy	and,	583–584
nasopharynx	cancer	and,	577,	579
oral	tongue	cancer	and,	559
radiation	therapy	and,	2095
rehabilitation	for,	2262–2263,	2262f
retromolar	trigone	lesions	and,	562,	563
salivary	gland	treatment	and,	588
soft	palate	carcinoma	and,	564
tonsil	cancer	and,	563,	564,	567

Trophoblastic	tumors,	1227–1230
Tropisetron,	2080,	2080t
Troponin	T,	1847
Tru-Cut	biopsy,	1416
True	vocal	cord	lesions,	569
Truncal	sarcomas



adjuvant	therapy	for,	1419–1420
algorithm	for,	1419f–1420f
brachytherapy	for,	1420,	1422–1423
chemotherapy	for,	1424–1426,	1425t
management	of,	1417–1427
multimodal	management	of,	1426–1427
prognostic	factors,	1417,	1417f
radiation	therapy	for,	1420–1424,	1426–1427
surgery	for,	1418–1419,	1426

TRX518-001,	377
TS-1,	778
TSC1

brain	tumors	and,	1569
pancreatic	neuroendocrine	tumors	and,	1364
PI3	kinase	pathway	inhibitors	and,	308
renal	cell	carcinoma	and,	1022f
soft	tissue	sarcomas	and,	1412
urothelial	carcinoma	and,	1042,	1046,	1048

TSC2,	308,	809,	1022f,	1358,	1364,	1412,	1569
TSR-022,	371t
TSR-033,	371t
T	stem	cell	memory	cells,	1167
TTI-621,	373t
Tuberous	sclerosis.	See	also	TSC1;	TSC2

brain	tumors	and,	1569
chemoprevention	in,	85
genetics	of,	1017t,	1018,	1022f,	1025t
metformin	and,	345
mTOR	inhibitors	for,	308
pancreatic	neuroendocrine	tumors	and,	1353,	1364
protein	translation	and,	84
renal	cell	carcinoma	and,	1017t,	1018,	1022f,	1025t

Tube	thoracostomy	pleurodesis,	1985
Tubulin,	288

isotypes,	292,	295
polymerization	of,	288,	362

Tubulocystic	renal	cell	carcinoma,	1021t
Tumor(s).	See	also	specific	tumor

genetic	complexity	of,	4–5
immune	status	of,	17,	17f
microenvironment	of,	43,	55–61,	55f

cancer-associated	fibroblasts,	55,	55f,	116
cell-to-cell	signaling	pathways,	57–59,	58f
coevolution	during	carcinogenesis,	59,	60f
endothelial	cells,	55–56,	55f
heterotypic	signaling	in,	57–59,	58f
immune	inflammatory	cells,	55f,	56,	115–116
immunotherapy	and,	218
intratumoral	heterogeneity,	59–61
liver	cancer,	839–841
lung	cancer,	614–615
ovarian	cancer,	1164
oxygen	levels	in,	202
pericytes,	55f,	56
progenitor	cells,	56–57
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prostate	cancer,	1125–1126
stem	cells,	56–57
vaccines	and,	452

progression,	3f
progression,	genomics	and,	2,	3f
taxonomy	of,	17–19
virology,	principles	of,	98–100

Tumor	antigens,	360–361,	369–370,	382
characteristics,	360–361
glycosylation,	361
half-life/clearance	rate,	361
in	ovarian	cancer,	1165–1167
vaccines	and,	450–453,	450t

Tumor-associated	macrophages	(TAMs),	115,	369,	379,	381,	452
Tumor	control	dose	(TCD50)	assay,	201
Tumor	d’emblée,	1710
Tumor	density,	CT-based,	504
Tumor-extrinsic	inflammation,	114–115
Tumor	genomic	profiling,	479–480
Tumor-infiltrating	lymphocytes	(TILs),	221,	376,	382,	652,	740,	1166,	1552–1553
Tumor-intrinsic	inflammation,	114
Tumor	lysis	syndrome	(TLS),	1928–1929

clofarabine	and,	275
definition	of,	1928
diagnosis	and	staging,	1928–1929
etiology	of,	1929
incidence	of,	1929
management	of,	1929,	1930t
pathogenesis,	1929
risk	assessment,	1929f
screening,	1929

Tumor	mutation	burden	(TMB),	37
Tumor	necrosis	factor	(TNF),	117

asbestos	and,	131
ascites	and,	1991
isolated	limb	perfusion	and,	1426
melphalan	and,	1426
microbiota	and,	71–73
secretion,	115
TNF-α,	378

asbestos	and,	1863,	1864,	1865f
cancer	cachexia	and,	2214
cognitive	impairment	and,	2178
inhibitors,	infection	risk	and,	2040–2041
liver	cancer	and,	840
for	malignant	ascites,	1996
oral	mucositis	and,	2096
ovarian	cancer	and,	1166
proteasomes	and,	320
pulmonary	toxicity	and,	2109,	2115
transformation	and,	118
vaccines	and,	452

TNF-β,	378
epithelial–mesenchymal	transition	and,	118
radiation	toxicity	and,	214



Tumor	necrosis	factor	receptor	3	(TRAF3),	537,	1651
Tumor	necrosis	factor	receptor	6	(TRAF6),	1807
Tumor	necrosis	factor	receptor	7	(TRAF7),	1565,	1565f
Tumor	neoantigens,	16–17
Tumor	oxygenation,	202
Tumor-promoting	inflammation,	53,	53f,	54
Tumor	Proportion	Score	(TPS),	39
Tumor	registries,	486
Tumor	regression	grade,	973
Tumor	response	registries,	299
Tumor	suppressor	genes.	See	also	TP53

acute	leukemias	and,	1732t,	1738
anal	cancer	and,	1002
bladder	cancer	and,	1042,	1044
caretaker,	78,	79f,	81,	83
colorectal	cancer	and,	909t,	914–916
function	of,	78
gatekeeper,	78,	81,	81f
haploinsufficient,	78–80,	78f,	79t
inflammation	and,	118
lung	cancer	and,	609,	610
mutations,	2,	27
oncogenic	viruses	and,	98
pharmacogenomics	and,	243

Tumor	vaccines,	370–376,	450–451
Tunneled	catheters,	513,	514f,	514t,	516
Turcot	syndrome,	911t,	1569,	1596.	See	also	Familial	adenomatous	polyposis	(FAP)
Turmeric	(Curcuma	longa,	curcumin),	2275
Turner	syndrome,	1617
T-VEC,	1533
Two-hit	hypothesis,	77–78,	78f
Tylosis,	esophageal	cancer	and,	713,	721
Tylosis	palmaris	et	plantaris,	713
TYMS,	2086
Typhlitis,	2056,	2056f
Typical	carcinoid	tumors

pulmonary,	671,	687–690
thymic,	706

Tyrer-Cuzick	model,	for	breast	cancer	risk,	401–402
Tyrosinase,	451
Tyrosine-kinase	domain,	3
Tyrosine	kinase	inhibitors,	297,	298–299,	303–310

for	acute	lymphoblastic	leukemia,	1619,	1752,	1755–1756
for	brain	metastases,	1939
carcinogenicity	of,	2157
for	cervical	cancer,	1192
for	chronic	lymphocytic	leukemia,	309,	1769
for	chronic	myeloid	leukemia,	1767,	1773,	1776–1781

advanced	disease,	1781
chronic	phase,	1778–1781
comparison	of	agents,	1779–1780
discontinuation,	1782
dosages,	1779
first-line	treatment,	1778–1780
second-line	treatment,	1780–1781
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for	colorectal	cancer,	955–961
for	desmoid	tumor,	1437
for	endometrial	cancer,	1219–1220
for	esophageal	cancer,	751–752
for	gastrointestinal	stromal	tumors,	895,	900–905
for	glioblastoma,	1586–1587
hair	changes	with,	2131–2132
for	head	and	neck	cancer,	548
for	hepatocellular	carcinoma,	858–860
for	lung	cancer,	607,	612
for	mediastinal	neoplasms,	706
for	neuroendocrine	tumors,	1374,	1376
for	non–small-cell	lung	cancer,	298,	299,	303–305,	646,	648–651,	650t
for	osteosarcomas,	1462
for	pancreatic	cancer,	825,	826
pulmonary	toxicity,	2113t,	2115
for	renal	cell	carcinoma,	308,	1031,	1035t,	1037
resistance,	1775,	1777–1778,	1780,	1781,	1782
for	small	bowel	carcinoid	tumors,	891
for	small-cell	lung	cancer,	683,	684
for	soft	tissue	sarcomas,	1435,	1439
for	stomach	cancer,	786–787
for	thyroid	cancer,	304–305,	1332–1333,	1335,	1382

Tyrosine	kinase	mutations,	in	acute	leukemias,	1737
Tyrosine	kinase	receptors.	See	also	Epidermal	growth	factor	receptor	(EGFR)

HNSCC	and,	538–539
lung	cancer	and,	609
pathways,	1266–1267,	1266f

U

Ubiquitin	ligase	complex,	VHL,	1014–1015,	1015f
Ubiquitin-proteasome	pathway,	320,	2213
UCLA	Prostate	Cancer	Index/Expanded	Prostate	Cancer	Index	Composite	(UCLA	PCI/EPIC),	2226
UFT	regimen,	783,	783t,	937–938,	942
UGT1A1,	279,	534
UGT1A1*28	polymorphism,	2086
Ulceration,	melanoma	lesion,	1520
Ulex	europaeus	lectin,	1493
Ultrasound

in	breast	cancer	screening,	457,	458,	459
in	catheter	insertion,	517
in	endometrial	cancer	screening,	408
endorectal,	972–973,	973f
endoscopic,	724,	728,	766,	811,	871,	925,	944,	1356,	1361
of	gallbladder	cancer,	878
of	gastrinoma,	1361
high-resolution	thyroid	scans,	1326,	1332
of	increased	intracranial	pressure,	1919–1920
in	liver	cancer	screening,	462
of	malignant	ascites,	1991
of	malignant	pleural	effusion,	1983–1984
ophthalmic,	of	melanoma,	1902
in	ovarian	cancer	screening,	408,	463–464
of	pancreatic	neuroendocrine	tumors,	1356



of	penile	cancer,	1141
of	testicular	cancer,	1145
transrectal,	1094
transvaginal,	1212

Ultrasound-guided	percutaneous	ethanol	ablation,	1332
Ultraviolet	radiation	(light),	128–129

actinic	keratosis	and,	1483
ATM	and	Rad3-related	cell	cycle	checkpoints,	129,	129f
atypical	fibroxanthoma	and,	1496
basal	cell	carcinoma	and,	129,	1478–1479
cancer	risks	associated	with,	129
cell	death	caused	by,	128,	129f
cell	membrane	receptor	activation,	129
cellular	responses	to,	128,	129f
damage	induction	mechanisms	of,	128
description	of,	125,	128
melanoma	and,	129,	1500,	1507,	1508,	1516–1517,	1619,	1622f
Merkel	cell	carcinoma	and,	1489–1490
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1714
nonmelanoma	skin	cancer	and,	129,	1475
p53	gene	activity	and,	1483
photoimmunosuppression,	129–130
squamous	cell	carcinoma	and,	129,	1483
translesion	DNA	synthesis,	128–129

Umbilical	cord	blood	transplantation,	1665–1666,	1749,	1750,	1754,	2022,	2026–2027
Umbrella	trials,	190–193,	191f
UM-SCC-17A	cell	line,	538
UM-SCC-17B	cell	line,	538
Uncal	herniation,	1917,	1918
Uncertain	differentiation,	soft	tissue	tumors	of,	1405t,	1411–1413
Uncomfortable	questions,	2240
Unconfirmed	progressive	disease	(UPD),	503
Unconjugated	monoclonal	antibodies,	360t,	361–362
Undernutrition,	2212
Undifferentiated	pleomorphic	liposarcoma,	radiation-associated,	1401
Undifferentiated	pleomorphic	sarcoma

characteristics,	1413–1414
classification	of,	1496
cytogenetics,	1388t
histology,	1386f
molecular	abnormalities	in,	1388t,	1391

Undifferentiated/unclassified	soft	tissue	tumors,	1405t,	1413–1414
University	of	Michigan	Oncology	Sequencing	Program,	1858
Unknown	primary	site.	See	Cancer	of	unknown	primary	site
UPF1,	802
Upper	alveolar	ridge,	562
Upper	extremities,	bone	metastases	in,	1978
Upper	tract	urothelial	cancer	(UTUC),	1051,	1052,	1067–1070
Uracil,	269

for	colorectal	cancer,	937–938,	942
for	head	and	neck	cancer,	548
for	stomach	cancer,	783,	783t

Uracil	mustard,	123
Urate	oxidase	(Rasburicase),	1929
Urelumab,	372t,	377
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Ureteral	cancer,	1050,	1067–1070
adjuvant	topical	therapy	for,	1069
advanced,	treatment	of,	1069–1070,	1070f
clinical	presentation	of,	1067
diagnosis	and	staging,	1067–1068,	1068f,	1068t
surgical	treatment	of,	1068–1069

Urethane,	124
Urethral	cancer,	1050,	1051,	1136–1140

in	female,	1138–1140
anatomy	and	pathology,	1139
diagnosis,	1139
incidence	and	etiology,	1138–1139
staging,	1139,	1139f
treatment,	1139–1140

in	male,	1136–1138
anatomy	and	pathology,	1137
bulbomembranous	urethra,	1137,	1138
diagnosis	of,	1137
distal	urethra,	1138
incidence	and	etiology	of,	1136–1137
prognosis/survival,	1137,	1138t
prostatic	urethra,	1137,	1138
radiation	and	multimodal	therapy,	1138
staging	of,	1137,	1137t,	1138t
surgical	management	of,	1137–1138
treatment	of,	1137–1138

treatment	challenge,	1136
Urethrectomy,	1138
Uric	acid,	elevated	levels	of,	1928–1929
Uridine	triacetate,	2089
Urinary	bladder

cancer	of	(See	Bladder	cancer)
toxicity	of	alkylating	agents,	252

Urinary	diversion,	1056–1057,	1056f
Urinary	molecular	biomarkers,	1094
Urinary	tract	infections,	1051,	2059
Urocanic	acid,	130
Urothelial	carcinoma,	1050–1070

checkpoint	inhibitors	for,	221,	222t–223t,	226
chromatin	modification	and	architecture	in,	1044
DNA-based	subtypes,	1046
epidemiology	of,	1050–1051
FGFR3	mutations	in,	1042–1048,	1051
heterogeneity	and	clonal	evolution,	1045–1046
molecular	alterations,	1042
molecular	subtypes,	1046–1048,	1047f
molecular	tumor	markers	for,	1052–1053
mutational	landscape,	1042–1045,	1043t
pathology	of,	1052
PIK3CA	mutations	in,	1042,	1043–1044
risk	factors	for,	1051
screening	for,	1051–1052
structural	alterations	to	genome,	1045
survival,	2181,	2182f
therapeutic	opportunities	and	future	outlook,	1048–1049



transcriptome-based	subtypes,	1046–1047
upper	tract,	1051,	1052,	1067–1070

U.S.	Food	and	Drug	Administration	(FDA),	29,	92,	118,	186,	221
approval	end	points,	505–506,	507t
black	box	warnings

brentuximab	vedotin,	294
cabazitaxel,	292
capecitabine,	271
docetaxel,	291
ipilimumab,	1546
ofatumumab,	2040
rituximab,	2040

HPV	vaccines	approved	by,	447
kinase	inhibitors	approved	by,	297
monoclonal	antibodies	approved	by,	359,	360t
PARP	inhibitors	approved	by,	335,	335t
renal	impairment	guidance,	235
supplement	guidelines,	2272
tobacco/nicotine	product	regulation	by,	389

U.S.	Preventive	Services	Task	Force	guidelines,	457
Uterine	cancers,	1211–1224.	See	also	Endometrial	cancer

in	adolescents	and	young	adults,	1617
incidence	and	mortality	patterns,	179–180
papillomaviruses	and,	100–101

Uterine	carcinosarcoma,	1221–1222
chemotherapy	for,	1221,	1221t
epidemiology,	1221
genetics	of,	1221
radiation	therapy	for,	1221,	1221t
risk	factors	for,	1221

Uterine	leiomyosarcomas,	1436–1437
Uterine	sarcomas,	1222–1224

carcinosarcoma,	1221–1222
characteristics,	1436
description	of,	1222
endometrial	stromal	sarcoma,	1223–1224
leiomyosarcoma,	1222–1223,	1223t
management,	1436–1437

Uterine	serous	carcinoma,	1167
Uterine	transplantation,	2143–2144
Utomilumab,	377
Uveal	melanomas,	1899–1908

adjuvant	therapy	for,	1905
anatomy	of,	1899–1900
biomarkers	of,	1907
choroidal	melanomas,	1899,	1900,	1900f,	1904
ciliary	body,	1900
clinical	prognostic	factors,	1907
clinical	trials,	1906
cytogenetics,	1907
diagnosis	of,	1900–1902
diffuse	growth	pattern,	1907
etiology	of,	1899
extrascleral	extension	of,	1900,	1904
eye	preservation	in,	1899
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Finger	MOST	mnemonic	for,	1900
fundus	autofluorescent	imaging	of,	1901,	1901f
genetics	and	molecular	biology	of,	1907
histology	of,	1900
immunotherapy	for,	1906
incidence	of,	1899
intermediate	T2,	1902
intraocular	angiography	for,	1901
intraocular	tumor	biopsy	for,	1902
iridociliary,	1904
iris	melanomas,	1900,	1900f,	1904
large	T3	and	T4,	1902
liver-directed	therapy	in,	1905–1906
management	of,	1902
metastasis	of,	1904–1906,	1905f,	1967
mutations	in,	1510,	1511
observation	of,	1902
ophthalmic	examination	for,	1900–1901
optical	coherence	tomography	for,	1901,	1901f
pathology	of,	1899–1900
positron	emission	tomography	of,	1540
proton	therapy	for,	1903–1904
quality	of	life	effects,	1899
radiation	therapy	for,	1899,	1903
small	T1,	1902
staging	of,	1902,	1903t
systemic	therapy	for,	1906
targeted	therapies	for,	1906,	1907f
tumor	size	and	location,	1907
ultrasound	imaging	for,	1902

V

VACA	regimen,	1456–1457
Vaccines

cancer,	100,	111,	444–453
for	cancers	of	noninfectious	etiology,	450–451,	450t
prophylactic,	444–453
prospects/development,	448–450
therapeutic,	451–452
tumor	(tumor-specific),	370–376,	450–451
types	of,	444–445

in	colorectal	cancer,	944
in	follicular	lymphoma,	1683
Haemophilus	influenzae	type	B,	2036
hepatitis	B,	110,	444,	446–447,	845
hepatocellular	carcinoma,	858
HPV,	101–102,	444,	447–448,	1168

in	adolescents	and	young	adults,	1622–1623
and	anal	cancer,	447,	997,	999
and	cervical	cancer,	101–102,	179,	447–448,	462,	1168,	1172–1173,	1622–1623
and	penile	cancer,	447,	1140
and	vulvar	cancer,	447,	1198,	1201

influenza,	1838,	2052
in	melanoma,	1548



in	multiple	myeloma,	1838
oncolytic	virus,	371t,	377–378
in	ovarian	cancer,	1254
personalized	neoantigen,	370–376,	371t
in	prostate	cancer,	1126
in	renal	cell	carcinoma,	1036
sipuleucel-T,	227
in	soft	tissue	sarcomas,	1439
varicella-zoster,	2042

Vaccinia	virus,	378
Vacuum	erection	device,	2220
VAD	regimen,	322
Vaginal	bleeding,	1176,	1211,	1227
Vaginal	cancer,	1193–1198

clinical	evaluation	of,	1194
diagnosis,	1194
epidemiology,	1193
HPV	and,	101,	1168,	1193
natural	history	of,	1193–1194
pathology,	1194
patterns	of	spread,	1193–1194
prognostic	factors,	1195,	1195t
stage	I,	1195
stage	II,	1196
stage	III,	1196
stage	IVA,	1196
staging,	1194,	1194t,	1195t
treatment	of,	1195–1198

brachytherapy,	1196,	1197f
checkpoint	inhibitors,	1198
chemotherapy,	1197–1198
radiation	therapy,	1196–1197

Vaginal	intraepithelial	neoplasia	(VAIN),	1193,	1194,	1195
Vaginal	melanoma,	1194
Vaginal	metastases,	1193–1194
Vaginectomy,	1195–1196
Valacyclovir,	1838,	2101
Valerian,	236t
Valganciclovir,	2043
Valproic	acid	(VPA),	316t,	2203
Valrubicin,	for	bladder	cancer,	1055
Valsalva	maneuver,	1916,	1919
Valvular	disease,	radiation-induced,	2124
Vancomycin,	2044,	2045f,	2054
Vancomycin-resistant	Enterococcus,	66,	2044,	2059,	2060
Vandetanib,	304–305,	308,	685,	1332,	1335,	1382
Vanillylmandelic	acid	(VMA),	456
van	Leeuwenhoek,	Antonie,	66
Vanucizumab,	374t
Varenicline	(Chantix),	396t,	397
Variant	of	uncertain	significance	(VUS),	475
Variants	of	almost	known	significance	(VAKS),	243
Variants	of	unknown	significance	(VUS),	187,	243
Varicella	zoster	virus	(VZV),	2026

cutaneous	infection,	2052
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encephalitis,	2057
prophylaxis,	2039t,	2042
pulmonary	infiltrates	with,	2054

Varlilumab,	372t,	377
Vascular	access,	513–518
Vascular	endothelial	growth	factor	(VEGF),	114,	117,	118

angiosarcoma	and,	1393,	1410
ascites	and,	1991,	1993,	1996
bevacizumab	and,	364
bladder	cancer	and,	1053,	1067
cervical	cancer	and,	1192
colorectal	cancer	and,	955,	959–961
esophageal	cancer	and,	742,	752–753
gastrointestinal	stromal	tumor	and,	903
glioblastoma	and,	1586–1587
hemangioblastomas	and,	1605–1606
hepatocellular	carcinoma	and,	846,	850,	858–860
imaging,	193
mesothelioma	and,	1880
neuroendocrine	tumors	and,	1359,	1374,	1376
non–small-cell	lung	cancer	and,	653–654,	653t
ovarian	cancer	and,	1164–1165
pancreatic	cancer	and,	826
pulmonary	carcinoid	tumors	and,	689–690
pulmonary	toxicity	and,	2109–2110,	2111,	2113t,	2115–2116
renal	cell	carcinoma	and,	1034–1037,	1035t
secretion,	308
small	bowel	carcinoid	tumors	and,	891
small-cell	lung	cancer	and,	685
stomach	cancer	and,	786–787
uveal	melanomas	and,	1899,	1904
VEGF-A,	48,	55–56,	381
VEGF-C,	56

Vascular	endothelial	growth	factor	inhibitors,	308
Vascular	progenitor	cells,	49
Vascular	tumors,	1404t,	1410
Vasculitis,	2005
Vasoactive	intestinal	peptide	(VIP),	1357,	1363,	2088–2089
Vasogenic	edema,	1916,	1918,	1920
Vasopressin	receptor	antagonists	(vaptans),	2001–2002,	2001t
Vatalanib,	1595
VAV1,	1642
VBM	regimen,	1662
VCAP-AMP-VECP	regimen,	1698
VCAP	regimen,	1698
VCd	regimen,	1828t,	1832–1833,	1835,	1836f,	1847
VDC/IE	regimen,	1457,	1458
V-domain	Ig	suppressor	of	T-cell	activation	(VISTA),	376
Vd	regimen,	1828t
VDT-PACE	regimen,	1832,	1835,	1837
VECP	regimen,	1698
Vedotin,	294
Vegetables,	136–137,	143,	424,	719,	920
Vegetarian	diet,	140
Veliparib,	285,	685,	691,	1252,	1260



Vemurafenib,	241–242,	297–299,	300t,	305–307,	306f
for	brain	metastases,	1941t
keratoacanthoma	risk	with,	1483
for	melanoma,	1503,	1539,	1545t,	1548

Venetoclax,	1745,	1770,	1794–1795,	1796,	1831,	2041
Venlafaxine	(Effexor),	348,	2151,	2234,	2234t,	2235
Venous	hypertension,	1917
Venous	outflow	obstruction,	1916,	1917,	1917f
Venous	thromboembolism	(VET),	1936
Venous	thrombosis,	catheters	and,	517–518
VENTANA	ALK,	40
Ventilator-associated	pneumonia,	2053
Ventriculoperitoneal	shunting,	1920
VEPEMB	regimen,	1662
Verner-Morrison	syndrome,	1363
Verrucous	carcinoma,	1484

anal	margin,	1000
cervical,	1175
laryngeal,	569
oral	cavity,	561
penile,	1140,	1143

Vertebral	bodies,	metastatic	disease	of,	1922,	1975–1976,	1975f,	2252
Vertebral	column	resection	(VCR),	1979
Vertebral	compression	fracture,	1976
Vertebroplasty,	1979–1980
Vesicular	stomatitis	virus,	378
Vestibular	schwannomas,	1569,	1602–1604

clinical	and	pathologic	considerations,	1602–1603
observation,	1603
radiosurgery	for,	1603–1604
surgery	for,	1603
targeted	therapy	for,	1604

Veterans	Administration	Lung	Study	Group	(VALSG),	673
VHL.	See	von	Hippel-Lindau	(VHL)	disease;	von	Hippel-Lindau	(VHL)	gene
Viadur,	1116
Vibrio	vulnificus,	2052
Video-assisted	thoracoscopic	surgery	(VATS),	522–524

for	lung	cancer,	631,	633,	640
for	malignant	pericardial	effusion,	1988,	1989
for	malignant	pleural	effusion,	1984,	1984f,	1985–1987,	1985f,	1986f
for	pulmonary	infiltrates,	2054
for	pulmonary	metastases,	1946,	1948–1949,	1954

Video	capsule	endoscopy	(VCE),	886
Videofluoroscopic	swallow	study	(VFSS),	599,	603,	604
Villous	lymphocytes,	1685
Vinblastine	(VBL)

for	bladder	cancer,	1057,	1062–1064,	1065,	1066
clinical	pharmacology,	292–293
for	dermatofibrosarcoma	protuberans,	1493
description	of,	292
dosages,	289t
drug	interactions,	293
for	esophageal	cancer,	737
for	Ewing	sarcoma,	1459
for	germ	cell	tumors,	1153t,	1157
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for	head	and	neck	cancer,	548
for	Hodgkin	lymphoma,	1655–1662
indications,	289t,	292
interleukin-2	combined	with,	219
mechanism	of	action,	292
mechanism	of	resistance,	295
for	melanoma,	1551
for	mesothelioma,	1878
for	nonseminomatous	germ	cell	tumors,	709
for	optic	gliomas,	1589
reproductive	dysfunction	and,	2135,	2135t
for	seminomas,	709
for	teratomas,	708
toxicities,	289t,	293

Vinca	alkaloids,	292–293
cardiac	toxicity,	2120t
clinical	pharmacology,	292–293
constipation	and,	2090
drug	interactions,	293
mechanism	of	action,	292
mechanisms	of	resistance,	295
overview,	292
toxicities,	293

Vincristine	(VCR)
for	acute	lymphoblastic	leukemia,	1754,	1755,	1756
for	adult	T-cell	leukemia/lymphoma,	1698
alopecia	and,	253
for	anaplastic	astrocytoma,	1582
for	anaplastic	oligodendroglioma,	1583
antidiuretic	hormone	and,	1929–1930
for	Burkitt	lymphoma,	892t
clinical	pharmacology,	292
description	of,	292
for	diffuse	large	B-cell	lymphoma,	1690
dosages,	289t
drug	interactions,	293
for	ependymomas,	1593
for	Ewing	sarcoma,	1456–1457,	1459
for	follicular	lymphoma,	1681–1682
for	germ	cell	tumors,	1153
for	gestational	trophoblastic	neoplasms,	1229t,	1230
for	Hodgkin	lymphoma,	1655–1662
indications,	289t,	292
for	low-grade	gliomas,	1580–1582
for	mantle	cell	lymphoma,	1688
mechanism	of	action,	292
for	mediastinal	neoplasms,	705
for	medulloblastoma,	1597–1598
for	mycosis	fungoides/Sézary	syndrome,	1716–1717
for	optic	gliomas,	1589
for	pediatric	sarcomas	in	adult	populations,	1436
for	penile	cancer,	1143
for	primary	CNS	lymphoma,	1724
for	primary	mediastinal	B-cell	lymphoma,	1693
procarbazine	and,	339



reproductive	dysfunction	and,	2135,	2135t,	2136
for	small-cell	lung	cancer,	678,	679t
for	soft	tissue	sarcomas,	1424,	1432,	1435
for	thyroid	cancer,	1335
toxicities,	289t,	293
for	Waldenström	macroglobulinemia,	1844

Vindesine,	292,	646,	1698
Vinflunine,	292,	293,	1067
Vinorelbine	(VRL)

for	angiosarcoma,	1435
for	bladder	cancer,	1066
clinical	pharmacology,	293
development	of,	292
dosages,	289t
for	head	and	neck	cancer,	548
indications,	289t
for	leiomyosarcoma,	1437
mechanism	of	action,	292
for	mesothelioma,	1879–1880
for	non–small-cell	lung	cancer,	641,	647,	653
for	salivary	gland	tumor,	588
for	small-cell	lung	cancer,	682t
toxicities,	289t

Vinyl	chloride,	1402
VIPomas,	1363
VIP	regimen,	679–680
Viral	gene	products,	370
Viral	infections.	See	also	specific	infections

prophylaxis,	2038t–2039t,	2042–2043
Viral	mimicry,	318
Virchow	node,	765
Virtual	colonoscopy,	461
Viruses.	See	also	specific	virus

oncogenic,	98–111,	99t,	445
oncolytic,	370t,	371t,	377–378,	1254,	1996

Visceral	pain,	2191
Vismodegib,	236t,	339,	343t,	685,	1394,	1482–1483
Visual	aberrations,	1572
Visual	field	deficits,	1918
Vitamin(s)

in	nutritional	support,	2217
radioprotection,	2099
therapeutic	uses	of,	2276–2277
treatment	interactions,	2271

Vitamin	A,	424,	624
bladder	cancer	treatment	and,	1057
esophageal	cancer	and,	719
therapeutic	use	of,	2276

Vitamin	B,	427–428,	428t
Vitamin	B6	(pyridoxine),	427
Vitamin	B12

bladder	cancer	treatment	and,	1057
mesothelioma	and,	1868

Vitamin	C,	424,	427,	2099,	2276
breast	cancer	and,	1271
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esophageal	cancer	and,	719
Vitamin	D,	139,	142,	143,	428–429

alopecia	and,	2131
with	androgen	deprivation	therapy,	1117
colorectal	cancer	and,	139,	920
therapeutic	use	of,	2276

Vitamin	D	receptors,	139
Vitamin	E

bladder	cancer	treatment	and,	1057
as	cancer	risk–reducing	agent,	424,	426–427,	426t,	624
esophageal	cancer	and,	719
food	sources	of,	424
prostate	cancer	and,	1088
radioprotection,	2099
therapeutic	use	of,	2276

Vitamin	K,	858,	1057,	1920,	2271
V(D)J	recombination,	1632,	1634
VMP	regimen,	328,	1828,	1828t,	1833,	1836–1837
Vocal	cords

carcinoma	of
clinical	picture,	569
in	situ,	570
irradiation	technique,	570
outcomes	of	treatment,	572–573
pathology,	569
patterns	of	spread,	569
recurrence	management,	570–572
surgical	treatment,	570
treatment,	570–572

lesions	of,	569,	570
stripping	of,	569,	572

Vocational	rehabilitation,	2250
Voice	prostheses,	570,	601–605
Voice	rehabilitation,	570,	599,	601–605
Volume	of	distribution,	231
Volumetric	modulated	arc	therapy	(VMAT),	205,	209,	782
Vomiting.	See	Nausea	and	vomiting
Vomiting	center,	2077–2078
von	Hippel-Lindau	(VHL)	disease

adrenal	tumors	and,	1319,	1320,	1344,	1345
angiogenesis	and,	85
brain	tumors	and,	1569
cancer	susceptibility	and,	80,	85
characteristics	of,	1014,	1023
genetics	of,	1014–1015,	1025t,	1034
hemangioblastomas	and,	1605–1606
pancreatic	neuroendocrine	tumors	and,	1353,	1364
renal	cell	carcinoma	and,	1014–1015,	1017t,	1022f,	1023,	1025t,	1026f,	1034,	1035

von	Hippel-Lindau	(VHL)	gene
adrenal	tumors	and,	1320,	1344t,	1345
angiogenesis	and,	85
neuroendocrine	tumors	and,	1364
renal	cell	carcinoma	and,	1014,	1022f,	1025t,	1034,	1035

von	Hippel-Lindau	(VHL)/hypoxia-inducible	factor-signaling	axis,	308
von	Hippel-Lindau	protein,	1014–1015,	1015f



von	Recklinghausen	disease.	See	Neurofibromatosis	(NF),	type	1
Voriconazole

for	aspergillosis,	2049–2050
for	candidiasis,	2048
for	mucormycosis,	2050
for	prophylaxis,	2042
for	pulmonary	infiltrates,	2054
for	Scedosporium	infection,	2050

Vorinostat,	316
bortezomib	and,	322,	330
food	effects	on,	236t
for	mycosis	fungoides/Sézary	syndrome,	1713t,	1716
therapeutic	uses,	316

Vorozole,	351
Voxel-based	morphometry	(VBM),	2177
VP1	capsid	protein,	103
VR-CAP	regimen,	1688
VRd	regimen,	1828t,	1832,	1835
VSIG10L	mutation,	713
VTd	regimen,	322,	1828t,	1832,	1835
VTX-2337,	1254
Vulvar	cancer,	1198–1204

chemoradiation	for,	1203–1204,	1204t
clinical	evaluation,	1199–1200
diagnosis,	1199–1200
epidemiology,	1198
HPV	and,	101,	1168,	1198,	1201
HPV	vaccine	and,	447,	1198,	1201
locoregionally	advanced,	1203–1204
lymphadenectomy	in,	1201–1203,	1202f,	1203–1204
lymphatics,	1200,	1200f
metastatic,	1204
microinvasive,	1198–1199
natural	history	of,	1200
pathology,	1198–1199
patterns	of	spread,	1200
prognostic	factors,	1200–1201
radiation	therapy	for,	1203
regional	disease,	1201–1204
sarcomas,	1199
staging,	1199t,	1200–1201
treatment	complications,	1203–1204
treatment	of,	1201–1204

Vulvar	intraepithelial	neoplasia,	1198–1199,	1201
Vulvar	melanoma,	1199
VX-970,	260

W

Waldenström	macroglobulinemia,	328–329,	341,	1684–1685,	1818,	1844–1845
description	of,	1844
diagnosis	of,	1844
diagnostic	criteria	for,	1819t,	1844
prognosis,	1844,	1844t
relapsed,	1845
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smoldering,	1819t,	1844
stem	cell	transplantation	for,	1845,	2015
supportive	care	for,	1845
treatment	of,	1844–1845,	1845f

Warburg	effect,	52,	2214
Warfarin,	356
Warthin	tumor,	585
Washington	University,	13
Wasting	disease,	2213–2214
Watchful	waiting,	in	prostate	cancer,	466
Waterfall	plots,	508–509,	510f
WEE1	inhibitors,	204,	260,	685,	807
Weight	guidelines,	149
Weight	loss

cancer-related,	146–147,	2212–2213
cachexia	and,	2213–2214
causes	of,	2212–2213,	2213t
esophageal	cancer,	723
pharmacotherapy	for,	2215
stomach	cancer,	765

exercise	for,	2265
Well-being

physical,	2269–2270
psychosocial,	2270

Well-differentiated	liposarcomas,	1408
cytogenetics,	1387t
histology,	1386f
molecular	abnormalities	in,	1387t,	1408

Wells	syndrome,	1787
Werner	syndrome,	83–84,	1324,	1452
Western	blot,	528
“Western	pattern”	diet,	140
Wharton	duct,	557–559
White	matter

demyelination	of,	1917
necrosis,	1917,	1922

Whole-brain	radiation	therapy	(WBRT)
for	brain	metastases,	658,	686,	1553–1554,	1934,	1936–1939,	1940t
for	CNS	neoplasms,	1723–1726
neurocognitive	changes	after,	1934,	1936,	2175–2176

Whole-exome	analysis,	9,	26f,	187,	370,	382,	481–482
Whole-genome	analysis,	6–9,	26f,	36–39,	243,	481–482
Whole-liver	radiation	therapy	(WLRT),	1960
Wide-field	radiation,	for	bone	metastases,	1973
Wilms	tumor	1	(WT1/WT1),	451,	452,	1732t,	1738,	1767,	1866–1867
Winking	owl	sign,	1970,	1971f
Wiskott-Aldrich	syndrome,	1672,	1672t
WISP1,	838
Wnt	pathway

adrenal	tumors	and,	1345
chronic	lymphocytic	leukemia	and,	1769
colorectal	cancer	and,	907,	910–911,	910f
endometrial	cancer	and,	1167
familial	adenomatous	polyposis	and,	911–912
leiomyoma	and,	1409



liver	cancer	and,	837–838,	845
medulloblastoma	and,	1561,	1562f
multiple	myeloma	and,	1822
prostate	cancer	and,	1082–1083
small	bowel	cancer	and,	887
soft	tissue	sarcomas	and,	1439

World	Cancer	Report,	121
World	Health	Organization	(WHO)

analgesic	ladder,	2195–2196,	2202
bone	sarcoma	classification,	1452,	1454t
brain	tumor	criteria,	1561
cancer	pain	guidelines,	2190,	2195–2196
Cancer	Pain	Relief	Program,	2198
CNS	tumor	classification,	1569–1571,	1570t–1571t
cutaneous	lymphoma	classification,	1708,	1709t
evaluation	criteria,	502t
glioma	grades,	1562,	1563t
leukemia	classification,	1742,	1743,	1775
lymphoid	neoplasm	classification,	1648,	1649t,	1676–1677,	1676t
Melanoma	Program	Trial	No.	10,	1523
meningioma	grading,	1593
myelodysplastic	syndrome	classification,	1802,	1803–1805,	1805t
oral	mucositis	grades,	2095
ovarian	cancer	classification,	1233,	1233t–1234t
pNET	classification,	1355,	1355t
Prognostic	Scoring	System,	1802,	1809t
RECIST	criteria	compared	with,	501
sex	cord/gonadal	tumor	classification,	1159t
soft	tissue	sarcoma	classification,	1403
testicular	germ	cell	tumor	classification,	1146t
thymic	tumor	classification,	701,	701t
treatment	response	criteria,	501,	502t

Wound	care,	in	terminally	ill	patients,	2245
Wound	complications,	1430
WP1066,	372t
WT1,	1732t,	1738,	1767,	2023
WWTR1,	1410

X

Xanthine	oxidase,	273
Xanthoma,	1407
X-box	binding	protein	1	(XBP1),	330
XELOX	regimen,	271
Xenotropic	murine	leukemia	virus-related	virus	(XMRV),	107
Xeroderma	pigmentosum	(XP)

adolescent/young	adult	cancer	and,	1617
basal	cell	carcinoma	and,	1479
genomic	integrity	and	apoptosis	in,	83–84
melanoma	and,	1516
squamous	cell	carcinoma	and,	1483

Xerostomia,	2094,	2097
grading	of,	2105
prevention	of,	2097–2098
radiation	therapy	and,	555–556,	578,	588,	598,	2097–2099,	2105
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symptom	management,	2105
treatment	strategies,	2098–2099,	2098t

XL184,	1587
X-linked	acrogigantism,	1322
X-linked	agammaglobulinemia,	1793
X-linked	lymphoproliferative	disease,	105,	1672t
XP11.2	translocations,	1016–1017
XPD,	2158
XP	genes,	84
XPO1,	1768,	1786
X-rays,	196,	205–207,	205f,	206f,	207f
XRCC1,	2158
XRCC3,	2158

Y

YAP1,	1390,	1391,	1564
Yeasts,	2047.	See	also	Candida	spp.
YK-4-279,	1458
Yoga,	2152,	2277
Yolk	sac	tumors,	708,	1146
Young,	Hugh	Hampton,	465
Young	adults.	See	Adolescents	and	young	adults
Yttrium-90-labeled	antibodies,	363
Yttrium-90	radioembolization,	854,	855,	1906
Yttrium	microspheres,	212
YWHAE-NUTM2A/B	fusion,	1223,	1437
YWHAZ,	1045

Z

Zaleplon	(Sonata),	2235t
Zalutumumab,	548
Zanamivir,	2052
Zanolimumab,	1713t
ZAP70/ZAP70,	1768,	1786,	1789
ZD0473,	258
Zidovudine,	1698
Zinc,	427
Zinc	sulfate,	2099
ZK-EPO,	294
ZMYM3,	1786
ZNRF3,	1320–1321,	1345
Zoledronate

with	androgen	deprivation	therapy,	1115,	1117
for	hypercalcemia,	1931
for	metastatic	bone	disease,	1126,	1306–1307,	1971,	1972,	2204
for	multiple	myeloma,	1837–1838
for	osteosarcoma,	1462
for	parathyroid	cancer,	1341
for	smoldering	multiple	myeloma,	1843–1844

Zollinger-Ellison	syndrome	(ZES),	1361–1362,	1371,	1379
Zolpidem	(Ambien),	2235t
Zoster	sine	herpete,	2253



zur	Hausen,	Harald,	101
Zygomycetes,	2026,	2027
Zygomycosis.	See	Mucormycosis
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